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IMpeaucaosue

Hactosumii cbopHuk npegHasHaueH B MOMONIbL MOCTYNAKMMM B BhIC-
mue yueGHble 3aBeJeHUs MPH TIOATOTOBKE K 3K3aMeHaM no Gu3nKe, a TAKKE
CITYIIATENSAM NOATOTOBUTENbHEIX oTAesennit i Kypcos. OH copepxKuT 3a7a-
YH MO BCEM BONPOCAM NPDOrpaMMbl BCTYTNTHTENLHBIX 3K3aAMEHOB, KpOMe 3a0a4
Ha BOJTHOBBIE CBONCTBA CBETA W 3a/1a4 N0 ATOMHON (hU3HKe, MPAKTHYEeCKH He
BCTPEYAIOIINXCA B 3K3aMeHannoHHbx 6unerax. B kHury Bownn npeumynte-
CTBEHHO 3a]a4H, NPe/JIATABIIUECH B TeYeHHE PHAA JIeT Ha BCTYUTeNbHBIX
9K3aMeHaX Mo PHU3NKe Ha PUIHYECKOM, MEXAHHKO-MATEMATHYECKOM, XHMH-
YeCKOM, MeoJIOMHYeCKOM, GHOMOr0-NoYBeHHOM U reorpaduyeckoM Gakyib-
retax MockoBCKOro rocyaapersentoro ynusepcurera um. M. B. Jlomonoco-
Ba, 4 TAKKe Ha (haKynbTeTe BRIYHCIHTENbHON MATEMATHKH B KHOepHeTHKH
H dakyabTeTe NOYBOBEICHHS.

B cbopruke npeicTaBieHb 3ajJa4u pa3HON TPYLHOCTH, 4TO, ¢ OZHOH
CTOPOHBI, NpecefyeT MeTOqHYeCKHe 116, a ¢ APYTOil CTOPOHbBI, OTPaXKAET
Pa3HYHYH0 CTENeHb CIOMHOCTH 3a4a4. B KHHry BKIOYEHB! TAKXKE 3a]a-
YH, HECKOJBKO BBIXOAALIME 34 PAMKH AelficTBYIOIEH B HACTOsALIEe BPEMA
nporpamMMsl 1o Ghu3nRKe A58 MOCTYNAIMNX B BY3bl. TAKOBbIME ABAAKTCA
Hexoropble 3aga4d § 11 «Konebanus U BoNHBI», 33784 HA PACHeT eK-
TPHYECKHX NoJiel B qualeKTpuKax, psaj 3agay § 23 «MarawrHoe none Toka.
SDnekTpoMarHUTHAS HHAYKIUsA», BCe 3agaun § 24 «Tlepemennniil anexkrpy-
yeckHil TOK» M HekoTopble 3afauu pasjena «Onrtuxas. B 6onbummcTse
CIYHaeB 3TH 3aJa4H OTHOCATCA K BONpPOCaM, KOTOPBIe TAK MJIH MHAYe pac-
CMATPHBAIOTCA B LIKOMLHEIX YuebHUKAX N0 hu3HKe. ABTOPHI CUUTAIOT, YTO
pa3bop YKa3aHHBIX 3a0a4 MOMOXKeT YHTaTeN 0 Gonee ¢cBobOAHO OPHEHTHDO-
BATLCA B OCHOBHOM MaTepHaJie NMporpaMMbl BCTYNHTENBHBIX S3K3aMEHOB 110
dusnke.

B uensix pa3sBHTHS HABLIKOB H KYJbTYPBHl pelueHHs (u3HYeCKHX 3a-
Jad MHOIHEe M3 HHMX cHab:keHbl nofgpobHbiMu pemrenusimu. Bee pemenus
MOCTPOEHbI TI0 efUHOMY, HauboNee Nefecoobpa3HoOMy MIAHY: COCTABJIEHHE
HeoBOXOAUMBIX ypaBHeHUH, pellenue uX B oblieM BHOe, MOACTAHOBKA YHC-
JIOBBIX AAHHBIX; MPH 3TOM MATEMATHKA UCMONBL3YETCA B MOJHOM obbheme
MpOrpaMMsbl cpeHeil KWL

K kaxpoit TeMe 3a0aYHMKA JaHbl KPATKHE YKA3AHWA, KACAIOLIHECH
obuieli MeTOOMKM peIleHHsA 3aja4, W NepevyeHb OCHOBHEIX (hOpMyI, M-
NONb3YeMBIX NMpPH pelieHud. B psAge MecT npuBeieHb MeTOAbl pelIeHMsA
3a,/1a4, KOTOPLIE, XOTS ¥ He BRIXOAAT 33 PAMKH HPOrpaMMEl cpeHel LKk



6 fIpeducaosue

M MOTYT ObITb JTETKO OCBOEHBI TIOCTYMAKUMMH B BY3bI, B CpefHell mKone
paccMATPHBAIOTCH AAfIEKO He BCerda. YCBOeHHE NoA0DHbIX METOJ0B 3HAYH-
TebHO 00/1erYaer NoAroTOBKY K BCTYNHTENbHBIM SK3aMeHaM W NOMOraeT
MOCTYTNUBIIHM B BY3 CPaBHHTEJLHO JIErKO MMEPeHTH OT MKWIBHBIX METOI0B
06y4eHns K BY30OBCKHM.

COH0pHUK HEOJHOKPATHO NepepabaThIBANCS, PACIIHPSAICSA H NOMOIHAICH
HOBBIMH 33Ja4aMi M3 YUCIA NPEAJNATABIINXCA HA PA3HBIX (DaKy/JbTeTax
MOCKOBCKOTO YHUBEDCHTETA NPH MOArOTOBKE TPeThero Haganua (1976 r.).
Torpa >ke B COOTBETCTBHH € NOXKEJAHUAMH NOATOTOBHTENLHBIX OTAe]e-
HHH M KypCcoOB, KOTOPbIE HIMPOKO TOJBE3YIOTCA 38aYHHKOM, H B LEJAX
CTHMYJIHPOBAHNS CAMOCTOATENLHON paboThl YYalHEXcs AN 4acTH 3aj3ad
Oblal OMylileHb! pellleHUs ¥ AaHbl UL oTBeThl. [logpobubie pernenus
NMpHBEJEHBl, KaK TMpaBljo, [ OCHOBHBIX 3a/a4, HAa KOTOPLIE W JOJAKHBI
OpPUEHTHPOBATLCA YUTATENH.

B macroamewm uznanum obuuil naan KHKECH, cOfiepXKAHHE H HyMepaiius
3a0a4 OCTayunch npekHMMH. OaHako ¢GOpMYJNHPOBKH M peIleHHsA 3aday
CyllecTBeHHO NepepaboTaHel ¢ yderom TpeboBaHuli HbIHe AeliCTBYIOMMX
nporpaMm 1o pH3MKe 4 NOCTYNAIOIMX B By3kl. B KOHIe KHHIH NpHBEAeH
psig, Tabnuil, Toe3HBIX IPH PeIlleHHN 3aa4.

Paspen chopruka «Mexanukas, kpoMe 3a/1a4 Mo KHHEeMAaTHKe, HATACAH
I. 5. MakumessiM, passen <Tennora u MonekynapHas usukar U 3a1a4n
no kueemaTuke — B.B. Kepxkenuersnim, pasgen «DnekTpHuecTso W mar-
HetHaM» — [ A. BenapukoesiM, pasaen «Ontukar» — B.B. Byxosuesrim.
Obuee pegakTuposanne c6opruka seinonneno B. B. Byxosuessim.

ABTops BhipaxkaioT riybokyro 6narogapuocts B.I. 3yGosy u [LE. I1y-
CTOBAJIOBY, HEMaJIO criocoGCTEOBABIINM YiTyYIleHHIO COOpPHHKA.



3AJIAYN

T'nasa I
MEXAHHNKA

§ 1. ITpamomuHeliHoe paBHOMEpHOE W paBHOIIEpeMeHHOe
JBHKeHUue

Hayuenne Mexanuky 06BIMHO HAMMHAIOT ¢ KHHEMATHKH. KHHEMATHKS ONMKUCH-
BAET MEXAHMYECKOE JBHIKEHHME TEJ ¢ FeOMETPHYECKOll TOYKH 3peHus, 6ea paccmor-
peHns OeficTBYIOLIMX HA HUX CHJI.

Janauelt KHHEMATHKYN ABJAETCA ONpEJENEHHe KMHEMATHUECKHX XADaKTepH-
CTMK [BHXKEHHA TeJl — HX NoioxkeHus (KOOpanHaT), ckopocteil, yckopenuit, Bpe-
MEHH JBHXKEHHA H T. . — W NONy4YeHHe YpaBHeHu N, CBA3BIBAIOLIMX 3TH XAPaKTepH-
CTHKH Mexay coboll. 3TH ypaBHeHHS NMO3BOJNAIOT MO ONHHM HIBECTHBIM XADAKTE-
PHCTHKAM HAXOAMTE APYTHE W TEM CAMLIM JAIOT BOIMOXHOCTE NPH MHEHMATEHOM
HYHOE HCXOOHBIX JAHHBIX MOTHOCTRH) ONHCEIBATE JBHMKEHHE TEJ.

Ipu pewenun 3amas MEXAHUKH, B HACTHOCTH KMHEMATHKH, HY?KHO B NIEPBYO
ouepenb BLIDpATL CHCTEMY KOOPAMHAT (cMeTeMy OTCHYETAa), 384aTh ee HAYA0
H MOJIOXKUTENMLHBIE HATIPABAEHHUA KOODAMHATHBIX 0cell ¥ BuIBPATL HAYANO OTCHeTa
BpemenH. Bea Bribopa cHCTEMbI KOODAWHAT OMHMCATD JBHXKEHHE HeBO3MOXKHO. B co-
OTBETCTBMH ¢ XapaKTepoM 3aJa4, PaCCMATPHBAaEeMbIX B AasbHeiinem, Mbl Gynem
NOTB30BATECA B (IyHae NpAMONHHEHNHOro ABHXKEHHs CHCTeMON KOODAMHAT, co-
crosnel u3 oaHoll koopauHaTHoit ocn O S, BAONE KOTOPOI NPOHCXOAMT ABHKEHHE,
¢ HayanoM orcueta B Touke (). B Bonee ciomubix cnyvasx Gyner npHMeHsTLCA
JEeKAPTOBA NPAMOYTONLHAA CHCTEMA KOOPAHHAT ¢ B3AHMMHO NEPNeHIHKYAPHBIMH
ocamu OX un OY, nepecexaromumuca 5 Touke (), KOTOpAA ABIASTCA HAYANOM
OTCUEeTA.

PasHomepHoe M paBHOMEPEMEHHOE NPAMOJIMHEHHOE JBH)KEHHE ONHCHIBAEST-
€l KHHEMATHYECKHMH YDABHEHHMAMH (TAK HAILIBAEMBLIMH 3AKOHAMH JBHXKEHU),
JALIMMH 3ABHCHMOCTE KOOPAMHATE 8 H CKOPOCTH ¥ OT BPEMEHH:

2
at
3=80+U0t+—z"‘, v = vg + at, (1)

rjie a — yckopenue, f — Bpems, NPOTEKIIEee ¢ HAYANA OTCHeTa, T.e. ¢ MOMEHTA,
KOrJa TeI0 MMEJIO HAYANBHYIO KOODIMHATY 8p M HAYANBHYIO CKOpOCTh vg. [lpH
a = const ypasHenus (1) ONMCBIBAIOT pABHOMEPeMEHHOE ABMMKEHMe, NMPH a =
= 0 — pasHOMepHoe. Bee ocTanbhele OPMYJbl PABHONEPEMEHHOO JBHMKEHHSA,
HAMpHMEpP CBA3bL MEXAY HAYANBHON CKOPOCTHIO M KOODAMHATON Tena B MOMEHT
ool OCTAHOBKH: 8o = U3 /2, MOXHO JIETKO MOTYHHTE K3 STHX YPaBHeHHi.
Hucno ypassennii Tina (1) 3aBHCHT KAK OT XADAKTEPA ABMIKEHHS, TAK K OT
peibopa cHeremnr koopaunar. Hanpumep, npu suifope B KakecTBe CHCTEMB KO-
opavuar ocu OS (puc. 1) ana Tena, asuxkyuwerocs w3 Toukn A B Touky B no
npaMofl ¢ HAYANLHON CKOPOCTBIO Vo M YCKODEHMEM A, HAMDABMEHHLIM NMPOTHBE



8 Omeemot u pewenus [[Cn. 1

NOJIOXKHTENBHOTO HAMNpPaBJieHusl KOOpAWHATHOR OcH, ypashenus (1) ByayT umers
BUI 8 = 80 + vot — at? /2, v = vy — at.

Jlns onucaHHA JBHXKEHHA ITONO XK TeJla MOXKHO B3IATH TAKXKE MPAMOYTONb-
HY10 CHCTeMY KOOPAMHAT ¢ ocami OX u OY, pacnonomeHHbIMH, KAK NMOKAIAHO
Ha puc. 1. Koopaunara sp Tena B atom ciyuae Gyer onpelenaTbes NPOEKLMs-
MM Zo H yo Ha ocu OX u OY. Ilpu apmwkeHnuu Tena 3TH NPOEKUMH HA OCH
KOOPAMHAT MaMmeHaloTca. CKOPOCTb V Te/A MOXKHO NMPEACTABHTh B BHOE CyM-
MEl OBYX COCTABMAIMMX Uz H Uy, HAMPABMACHHLIX BAOIB KOOPAMHATHBIX oceil.
Mongynu 3THX COCTABASIOLMX paBHBI MOLY-
MAM npoeKuMifi vy M Uy, CKOPOCTH HA CO-
OTBETCTBYIOLIHE OCH. AHANOTMYHO, MOAYH
COCTABAIOINX YCKOPEHHA PABHbI MOAYJIAM
npoekuHi ax M ay. dna kaxnol npoexuns
KOOPAWHATHI M CKOPOCTH Ha COOTBETCTBYIO-
HIYI0 OCh MOXEeT GBITE HANMCAHA CBOA NAapa
KHHEMATHHECKHX YPaBHeHuil:

2
az|t
¢ = |zo| + |voz|t = L*il—
Ve = |voz| — |aalt;
|“vit=

¥ = |yol = |voylt + —p

Puc. 1

vy = —|voy| + |aylt.

3mece @g, Yo M oz, Voy — NMPOEKUMH HAYATLHOR KOODAWHATBI H HavaibHOM
CKOPOCTH Tesld Ha KoopauHaTHbie ocH. (O BEIGOpE 3HAKOB Nepel ¥os, Voy, G
H Gy CM. HHXKE.)

OHHC&HM ABHMKEHNA B Pa3jiHYHbLIX CHCTEMAX KOOPOHHAT 3KBHBAJIEHTHLI
Mexk/1y coDol B TOM CMBIC/IE, HTO IPH M3BECTHOM PACHOJIOMEHHH JBYX CHCTEM KO-
OPAMHAT OTHOCHTELHO APYT APYTA M0 BEAMYHHAM, HallieHHEIM B OnHON cHeTeMe,
MO>KHO OTpeleNHTh COOTBETCTBYIOIMe BeNRuHHLL B apyroit. Hanpumep, nerko

, 4To paccrosnne AB (puc. 1), npoitnernoe Tenom u pasaoe s — sq,
BLIPAXKAETCA Yepe3 PACCTOAHMA & — Zo H }Jo, HA KOTODBIE NEPEMECTHINCh 34 3TO
BpeMA I'IPOGKLIHH KOODAHHATHI TeNa:

s—8g=/(x—z0)? +93.

Hauannnas cKOpOCTB v ¥ YCKOpEHHE @ Tea MOTYT ObITh HARIEHDI, CIH H3BECTHEI
UX MPOEKIHH HA OCH KOOPAMHAT!

vo=q/vd.+v},, a=,/aZ+al.

Ipu pewenuy 3ana4 cnefyeT BLIGHPATE TAKYIO CHCTEMY KOODAMHAT, B KOTO-
po#l ypaBHEHHsA, ONUCHIBAIOLLIKE ABHXKEHHE, NOMYHAKTCA NPocTbiMU, FcHO, uTO
MpPH NMPAMOTHHEHOM ABHXKEHHH CHCTEMA YPABHEHUl, ONHUCHIBAIOILAS 3TO JBHKE-
HHE, BHIMMIAJHT NpOILE, ecin GepeTes OHA OCh KOODAHHAT, HANPABNEHHAA BAO/b
Aprxenns. [Ipn KpuBoHHeRHOM IBMIKEHMH NPUXOANTCA BPATL NPAMOYTONLHYIO
CHCTEMY KOODAMHAT ¢ ABYMA OCAMH H NPeACTAB/IATE ABMXKEHHE B BHAE CYMMbI
ABYX ABKeHult, TPOMCXOAAIMX BAOIL KOOPAHHATHLIX Ocell. YpaBHeHHs umMeloT
Gonee npocToii BuA, KOrga HanpaBieHust ocell BLIBHPAIOTCA TAK, YTO HEKOTOPLIE
13 npoexuHil B TeUeHHe BCEr0 BPEMEHH JBHXKEHHA PABHBI HY.IO.



§1] IMpamosunetinoe PaGHOMEDPHEE U PAGHOMEPEMEHHOE 06UNCEHUE 9

[1pu cocTannenun ypapHeHHH O4eHE BAXKEH BONPOC 0 3HAKAX Nepe] Moy IAMM
npoexunii 8, v ¥ a. EciH KoopaAHHATA OTCHHTEIBAETCA B NOJIOAKHTENBHYO CTOPOHY
OT HaYala OTCHeTa (MONIOAKMTENBHOE HANPAB/IEHHE OCH KOOPAHHAT YKA3LIBAETCA
CTPEJIKOM HA KOHLE OCH), TO efi npunucsiBaeTcen 3Hak nimoc. [poekumn yekoperui
¥ CKOpOCTeN CYMTAIOTCA NONOKHTENBHBIMHK, 8CJTH HATIPABJIEHHE COOTBETCTBYIOIIEH
COCTARNAOUIEA COBNAJAET ¢ NONOMKHTENLHBIM HANPABJIEHHEM OCH, B IPOTHBHOM
cydae B YPABHEHMSX OHH MUIIYTCH €O 3Hakom muHyc. Hanpuwmep, na pue. 1
NpoeKilKs YCKOpeHus Ha ock OY NookuTeNbHA, & NPOSKLUHA CKOPOCTH HA TY e
ock orpHuaTensHa. HeuapecrHbie BenMunHbl Ty4ine NUCATH €0 3HaKoM nuioc. [lpu
HAXKJAEHHH ITHX BEJIMYMH B MPOLECCE DEIUEHHA 3a0a4H HX 3HAK ONPEJeIHTCA
cam coboil. Hanpumep, ana Tena, BpouIeHHOr0 BEPTHKAJNIBHO BEEPX ¢ HAYAJILHOH
CKOPOCTBLIO Vo, eciiu ock (S HANpaBleHa BEPTHKANLHO BBEPX H HAYAJIO OTCYETA
COBNAAET ¢ TIOBEPXHOCTBLIO 3eMan, 8 = vot — gi* /2 (ycxopenne ceoboamoro na-
feHusi g HanpanneHo puu3). B sToM cayuae 3sHAK KOOPAMHATHI 8 3ABMCHT OT t:
ana t > 2vp /g KOOPAUHATA 8 OTPHUATE/IBHA.

Wnoraa npoligenHslit TenoM MyTe OTOXKIESCTBAAIOT ¢ KOOPAHHATOMH 3, & ypaB-
nenne (1) vasmiBaloT ypaBHeHHeM nyTH. B ofwem ciyvae 310 HENPABHIBHO.
IlyTe — 3TO cyMMma Bcex paccTOosHMEl, NpoliAeHHEIX TeNOM BOOME TPAEKTODHH.
B uyacTHOCTH, B NpMBEIEHHOM BLILIE MDUMEpPe KOODAMHATA 8 B MOMEHT BPEMEHMH
t = 2vy /g Byaer paBHa Hym1O (TeNO yNaAeT HA 3EMJII0), B TO BPEMA KaK npoiiaeH-
HBIH TEJIOM K 3TOMY BpeMenu nyTh [ GyaeT paseH cymMMe pacCTOAHHHA OT 3eMJH JI0
HAMBBICIIEH TOYKH, JOCTHIHYTOM TeoM, K OT 3ol ToukK a0 3eman (I = vl /g).

[pu pewenun 3a7a49 HA ABMXKEHHE HECKONLKHX TEN DEKOMEHIAYETCH MOJb-
3opaThea ogHoll cucremolt koopaunaT B nexoTopeix ciyuasx GweiBaer yaobHO
CHCTEMY KOODIAMHAT CBA3ATh ¢ OJHHMM M3 ABHXKYIIMXCH TEl M PAcCMATPHBATE
JIBH>KEHHE OCTAJILHBIX T/ OTHOCHTENLHO M3bpaHHoro.

DT yKA3aHHUA OTHOCATCA Npexae pecero K § 1-3, oaqHako oMU MoryT noHano-
OUTBLCA M TIPH PELIEHHH NPYTHX 387Aa4 BO BeeM pasnene <Mexanuxas.

1. TopapHwlii noesg uIeT co ckopocTeio U7 = 36 kM/4. CnycTa Bpems
7 = 30 MuH ¢ Toil »Ke CTAHIHK N0 TOMY »Ke HallpaB/IeHHIO BbIlIe] SKCIpece
€O CKOPOCTBIO Uz = T2 KM/ 4. Yepes Kaxoe Bpems ¢ nocjie BEIXOIa TOBAPHOIO
noe3ja M Ha KAKOM DAcCTOAHHMH § OT CTAHLMH SKCNpPecc HArOHWT TOBapPHLIH
noe3n? 3agauy pPelinTh aHANHTHYECKH H rpadHYecKH.

2. Us ropogos A u B, paccrosnue mexxay koropbiME L = 120 km,
O/JHOBPEMEHHO BhIEXaJld HABCTPEYY APYr APYTY JBE ABTOMAIIMHH CO CKO-
pocramu vy = 20 km/u u vy = 60 km/u. Kaxkpas asromaummsa, npofias
120 k™, ocranosunack. Yepes kakoe Bpems { U HA KAKOM PACCTOSIHMH 8§ OT
ropoga C, naxoasameroca Ha nonmyTn mexxay A u B,
BCTPETHATCS ABTOMAIINHLI? 3284y PEllliTh aHATHTHYe-
cku u rpacpuueckn. [locTpoutsh rpadpuk 3aBHCUMOCTH
PacCTOAHUA | MeXAy aBTOMAallHHAMM OT BpeMeHn L.

3. Crepxens AB nnuebl | onupaercs KOHIAMH
o non K creny. HaliTu 3aBHCHMOCTH KOODAMHATHI Y
KOHLIA CTep>KHA B OT BpeMeHH t NpH ABH)KEHHH KOHIA
CTep>KHA A ¢ NOCTOAHHO CKOPOCTBIC ¥ B HANpaBJIeHHH,
YKA3AHHOM Ha PHC. 2, eCIM NepBoHAYANBHO Komen A
MMeJl KOODANHATY Ty.

4. Topapuuifi noe3g anuusl [; = 630 M u skcnpece
anuuet (o = 120 M Ay T N0 ABYM NapajIeIGHBIM Ty TAM
B OJIHOM HANDPABJEHUH CO CKOPOCTAMH v = 48,6 kM /4 Puc. 2
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u v = 102,6 xM/u cooTBeTcTBEHHO. B TeueHne Kakoro BpeMeHM 3KCIIpeCe
6yaet ob6roHATH TOBADHBI ToE3a7
5. [IBa noeana MOYT HABCTPEYY APYT ADYTY CO CKOPOCTAMH U = 36 kM /4
¥ v = 54 kM/u. [laccaskup B NepBOM Noe3je 3aMevaeT, YUTO BTOPOl moes]
NpoxXoOHT MHMO HENO B TEYEHHE BPEMEHH ti= 6 C. K&l(OBB AJHHA BTOPOTO
noespna?
6. Tennoxoa, umerommil auuny [ = 300 M, aBrXkeTes No OpsiMOMY KYpCy
B HENOJBHKHOI BoJe co ckopocThio vy. Kartep, uMermuil cKOpocTh g =
= 90 xM/4, NPOXOAUT PACCTOAHHE OT KOPMBI JBHXKYINETOCH Tenaoxoja [0
ero Hoca ¥ obpaTHo 3a BpeMs t = 37.5 c¢. Halttu ckopocTs vy Tennoxona.
7. Ha HaxnoHHYI0 NJOCKOCTb, COCTABJANILYI0 C NOPH3OHTOM YIod «,
ONHPAETCS CTEP)KEHb, KOTOPHIH MOXKEeT nepeMellaTbesl TOJIBKO N0 Bep-
Txkanu Graronaps Hanpasjsiomemy yerpoiicrsy AB (puc. 3). C xakoit
CKOPOCTBIO U TIOJHUMAETCS CTEepsKeHb, eCNM Ha-
KJIOHHAS MJIGCKOCTh [BHYKETCS BJEBO CO CKOpO-

CTBIO U7

A% ZB 8. Kannw poxkis HA OKHAX HeNOIBHXKHOIO
TPaMBaf OCTABISIOT TNOJOCHI, HAKJIOHEHHBIE TMOA
yranom ¢ = 30° k eprukany. Ilpu gsuokenny Tpam-

i Bas CO CKOPOCTHIO U = 18 KM/4 nosiocsl oT 40X

o T — peprHKanbHbl. HaliTu ckopocTs Kamenb poxas v
B HE3BeTPeHHYIo TIOTOAY ¥ CKOPOCTH BETpa .

Puc. 3 9. [lnosey nepenybiBaeT pexy, MMEIONLY1O LIH-

puny h. [Tog kakum yraoM a K HaNpPaBIEHHIO TeYe-

HHSA OH JOJDKEH IIBITh, 9TOOR MepenpasuThes Ha MPOTHBONWIOXKHBIK Geper
B KpaTuafimee Bpema’ [ne on B aroM ciyuae orakercs W Kaxoil nmyTe 8
NpONMJBIBET, 6CIAA CKOPOCTh TeueHHs PEeKH pPaBHa U, & CKOPOCThL TJIOBIA
OTHOCHUTEJLHO BOABI paBHA v7

10. JlomoYRNK, NepenpaBisAck Yepe3 PeKy LUMpHHBl h u3 nyHkTa A
B myHKT B, BCe BpeMs HanpaBaseT NOAKy noa yraom a k Gepery (puc. 4).
HaiiTu ckOpOCTb IOKH ¥ OTHOCUTENIBHO BOZbI, €CJIH CKOPOCTH T€YeHHs PEKH
paBHa &, & JOJKY CHeCJIo Hmxe nyHkTa B Ha paccrosume [.

11. Kopabae uget Ha 3anaj co ckopocTsio v. M3BecTHo, uTo BeTep ayer
¢ roro-3anaga. CkopocTh BeTpa, u3MepeHHada Ha nanybe xopabng, paBHa ug.
HaiiTu CKOpOCTH BETPA U OTHOCHTENBHO 3EMJTH.

i C
L

i
u

G
<

7’
nd--
=
.

Pue. 4 Pue. 5

12. Teno 1 nauunaeT ABUraTHCA W3 TOUKH A Mo HANPABJIEHHIO K ToUKe B
€O CKOPOCTBLIO ¥; OAHOBPEMEHHO Teso 2 HAYMHAET JBMIATHCA M3 TOUKH B
no HanpaeJeHHI0 kK Touke C co ckopocTsio vz (pHc. 5). Paccrosinue AB =
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= L. Ocrpuiit yron ABC = a. B kakoii MoMeHT BpeMeHH t paccTosnue |
Mexxay Tenamu 1 u 2 ByaeT MHEHMAJILHBIM H KAKOBO 3TO paccToanue’

13. Ogue moesn mes1 NMONOBHHY NYTH & CO CKOPOCTHIO v = 80 kM/y,
a MOJOBHHY MyTH — €O cKopocThio v] = 40 km/u. [lpyroit noess wen
MONOBHHY BpeMeHH t co CKOPOCTLIO ¥z = 80 KM/4, a NONOBHHY BpeMeHH —
co ckopocThio vy = 40 kM/4. KakoBa cpeJHsisi CKOPOCTb Kaxkaoro noesaa’

14. Teno, uMesa HAYANLHYIO CKOPOCTb Vg = 2 M/, JBUTANOCH B TEUEHHE
Bpemenn t; = 3 ¢ paBHoMepHO, {3 = 2 ¢ ¢ ycKopeHHeM ap = 2 M/Cz, tz =
=5 ¢ ¢ yckopenneM az = 1 m/c?, t4 = 2 ¢ ¢ yckopennem ag = —3 Mm/c?,
l5 = 2 ¢ paBHOMEPHO €O CKOPOCTBI), NMOJYUYEHHON B KOHLE NMpOMEXYTKa
BpemenH t4. HafiTH KoHeuHYI0 CKOPOCTE v, PO AEHELI NYTH § K CPEIHION
CKOPOCTE Ugp HA 3TOM MYTH. 3aJa4y PeliNTh aHAJTHTHYECKN H TpaduiecKn.

15. Camoner, neTamuil roOpH3OHTAIBLHO CO
CKOPOCTBIO U, MONAJAeT B NONOCY 0I5, Kall-
JIH KOTOPOr'o NajarT BepPTHKAJILHO CO CKOpO-
cThio w. KabuHa nuiora umeer apa CcTekja:
BepXHee — N'OPH3CHTAJILHOE W NepejlHee — Ha-
KJIOHEHHOE K FOPH30HTY oA yriiom a (puc. 6).
Kaxaoe ua crexkon mmeer naomans S. Haii-
TH OTHOHIEHHE YNCIIA KANEJ b BOAbl, MAJAILIHX Puc. 6
B €JUHUILY BpeMeHH Ha NnepeHee CTeKN0, K YHc-

JIy Kanejb, Najalolux B eJJMHALY BpeMeHH Ha BepXHee CTEKJO.

16. Teno, umesi HaYANBHYIO CKOPOCTE Vg = 1 M/¢, ABMrANOCH PABHOYCKO-
peHHO W proGpeno, npoliia HEKOTOPOEe PACCTOSHHE, CKOPOCTb Uk = T M/C.
KB.KGBB. BHJ’IR CKOpOCTE TeJla HA NOJIOBHHE 3TOM0 pacc‘l‘!}ﬂ}l}{ﬂ?

17. Teno, uMes HeKOTOPYIO HAYAJIBHYIO CKOPOCTh, JBHXKETCH PAaBHO-
YCKOPEHHO H3 HEKOTOPOro NONCKeHHA. V3BeCTHB! KOODAWHATEL TENA T, T2,
&3, OTCYHTAHHEIE BAOJb HATIPABJIEHNSA ABHKEHHA OT MPOM3BONLHOTO HAYAJA
OTCYEeTA B MOMEHTELI BpeMeHH ty, t2, t3. Halitw yckopenue Tena.

18. MNapannoTHeT cNycKaeTes ¢ NOCTOAHHOM cKOpocThio v = 5 M/c. Ha
paccroauu b = 10 M ot 3emau y nero Buinan npegmet. Ha ckonbko mosske
MPH3EMIUTCH TIAPALIIOTHCT, YeM 3ToT npeamer? ConpoTHBIEHHEM BO3AYXA
Ana nagamouero npegmera npenebpeus. CuntaTh ycxkopenne cBobGogHOTO
nagenus g = 10 m/c>.

19. Teno, uMes HeKOTOPYIO HAYAJILHYIO CKOPOCTh, ABHMYKETCH PABHO-
YCKOpeHHO. 3a BpeMs ¢ Teso NpoILIo NYTh §, TPHYEM ero CKOpoCcTh YBelH-
yunack B n pa3. HaiiTh yckopenne Tena.

20. I1o ogHOMy HanpaBJeHHIO U3 OAHON TOYKH OJHOBPEMEHHO HAYANM
ABHIATHCA [Ba TeJla: OJHO — PaBHOMEpHO co cKopocThio v = 980 cm/c,
a [pyroe — paBHOYCKOpPEHHO 63 HAYANLHON CKOPOCTH € YCKODEHHEM @ =
= 9,8 cm/ ¢?. Yepes kakoe BpeMsi BTOPO€ TeJI0 JOTOHHT nepsoe?

21. JIsa noe3aa NpouL OJHHAKOBbLIH NYTh 8 3a OJHO U TO >Ke BpeMs i,
O/IHAKO OJMH M0oe3/]l, HMes HAYaJbHYI0 CKOPOCTh, PABHYIO HY/IIO, NpoIue
BeCck MYTh C yCKopeHueM a = 3 c¢M/c?, a Apyroil moess MONOBMHY MyTH
&N ¢O CKOPOCTRIO ¥ = 18 KM /4, & MONOBHHY MYTH — €O CKOPOCTBIO Vg =
= 54 xm/u. HaiiTun nyTs 8, npoiiileHssii noesaamu.
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22. Astomobunn, Tporasace ¢ MECTa, eJeT ¢ YecKopenueM a,. [locturuys
CKOPOCTH v, OH HEKOTOpOE BpeMsA eleT PAaBHOMEPHO, a 3aTeM TOPMO3HT
€ YCKOpeHHeM ag A0 ocTranoBKM. HaliTu Bpemsa { gpuskenus apTomobuis,
€CJTH OH MpOIIe MYTE 8§,

23. lloesn npowen nyte s = 60 kM 3a Bpemst ¢ = 52 mun. Cuauana
OH 1UeJl ¢ YCKOPEHHEM +a, B KOHLE ¢ YCKOPEHHEM —&, OCTA/BHOE BpPEMsA
€ MBKCHMaJIbHOH cKopocTbio v = T2 kM /4. Haitti Moayne yckopeHns, ecnu
HaYaJIbHAs M KOHeuYHas CKOPOCTH PABHLI HYJIIO.

24, Kaxasa npefenbHasi CKOPOCTb MPH3EMIEHHA U NMAPAIIIOTHCTA [0-
NYCTHMA, eCIH YeJOBEK, He HWMes MADANIoTa, MOMXKeT De30macHo NphITAThH
€ BBICOTHI h < 2 M7

25. Kamensn GpotneH ¢ BbicOTE. h = 28 M BEPTHKANLHO BEEPX ¢ HAYANL-
HOlt ckopocThio vy = 8 M/c. HaliTh ckopocTh v majeHus KaMHA Ha 3eMIIo0.

28. Teno nagaer Ge3 nayaapHoH CKOPOCTH ¢ BBICOTH A = 45 M. Haiitn
CPe/IHIOI) CKOPOCTD Ugp NI3/IEHNA HA BTOPOH NOJIOBHHE MYTH.

27. 3a xakoe spems { cBobogHO najawoiiee HGe3 HayalbHOH CKOPOCTH
TeNno npofifer coreili CAaHTHMETpP CBOEro myTH?

28. Croboano najatomee 6e3 HayanLHON CKOPOCTH TeJ0 B MOGTEIHION
cexyHay maneHusa npomao 2/3 ceoero mytu. Hafitu myts s, npoitgennnii
TEJIOM.

29. Teno BpoueHo ¢ HEKOTOPOH BBICOTHI BEPTHKAILHO BBEPX C HAYAL-
HOl cxopocTei0 vy = 30 m/c. Haiith koopaunaTy h M ckopocTs v Tena
gepe3 Bpems t = 10 ¢, a Taroke npofiaenHbi# 3a 310 BpemsA nyTh 8. Cuntars
ycxopenue ceobogHoro nagenus g = 10 M/c"".

30. Crobogno najfaoiiee 6e3 HauaTLHON CKOPOCTH TeNO CIYCTS HEKo-
TOpOE BpeMd Mocie HayaJa NafeHHs HaXo4uaock Ha Bbicore by = 1100 M,
a eme yepes Bpemsa At = 10 ¢ — Ha BeIcOTe Ay = 120 M HaA NOBEPXHOCTHLIO
semiu. C Kaxoil BercoTsl h nagano teno?

31. Teno, Gpoilennoe BEPTHKANBHO BBEPX, ABAKABI NMPOXOJMT depes
TOYKY Ha BhicoTe k. IIpomescyTok BpeMeHn MeMAY STHMH MTPOXOXKACHHAMH
pasen At. Halttu nauanbuyio ckopocTs Tesia vg u Bpemsa Afy oT Havyana
[IBHYKEHHs TeJla 0 BO3BPATA B HAMAJLHOE TIONOXKEHHE,

32. Opno Teno GpoiIeHO BEPTHKANBHO BBEPX € HAYAJIBLHONR CKOpO-
CTBIO tg, APYTOEe MaaaeT ¢ BIcoThl h 6e3 HauanbHol ckopocTi. [Ipuskenus
HAYAJIHCh OAHOBPEMEHHO W MPOHCXoaAT no oaHol npamoill. Haiiti 3asucs-
MOCTb PACCTOSHHA § MEXIY TelaMH OT BpeMeHH t.

33. C 6ammnn, nmelouelt soicoty h, GpocaloT 0ZHOBPEMEHHO ABa WIADH-
Ka: OJHH — BePTHKAJLHO BBEPX CO CKOPOCTBIO Uy, APYIrO#f — BEpPTHKAILHO
BHH3 €O CKOpocThio vs. HaliTw mpomexyTok Bpemenu At, orgensiomuii
MOMEHTH! X NaJeHHs Ha 3eMJI0.

34. C kpuinm najaoT ofHa 3a apyroit gse xaniu. Yepes spems fp =
= 2 ¢ mowIe HAYANA MAJEHHS BTOPOH KAMHM PACCTOAHHEE MEXKY KAMJIAMMA
CTaJI0 PABHEIM 8 = 25 M. Ha cko/bKo paHbille MepBas KANIA OTOPBAJACK OT
Kpbimn?

35. C Boicotsl i) = 10 M 6Ge3 HavyalbHOH CKOPOCTH NAJAET KaMEHb.
OaHoBpeMeHHO ¢ BBICOTH fig = 5 M BepTHKaNBHO BBepx GpocaioT apyrod
kameHb. C Kakoi HauaNbHOH CKOPOCTHIO Ug GpoiueH BTOPOH KaMEeHbL, eciy
KAMHH BCTPETHANCHL HA BhicoTe h = 1 M nan 3emneii?
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36. [IBa Tena HpolreHb! BEPTUKAJIBHO BBEPX C OJHHAKOBBIMH HAYalIb-
HBLIMH CKOpPOCTAMH ¢ MuTeppanoM spemens At. C kakofi ckopocteio Byger
JBHTATLCA BTOPOE TEJ0 OTHOCHTEILHO MepBora?

37. Jlogka noaTsArmBaeTcs K BLICOKOMY Oepery osepa NpH NOMOILH
BEPeBKH, KOTOPYIO HAMATHIBAIOT ¢ TNOCTOAHHON CKOpPOCTHIO ¥ = 1 M/c Ha
uunuHapudeckuit 6apaban, Haxoasumii-
cst Ha BeicoTe h = 6 M Haa ypoBHEM BOALI
(pmc. 7). HaitTu 3aBHCHMOCTE CKOPOCTH
JIOOKH ¥, OT OQJuHbl Bepepkwu [. Halitn
TAKKE CKOPOCTH JIOOKH B MOMEHT Bpeme-
HH, Korga | = 10 m, # nepemellienne a04-
KH M3 3TOr0 NoJioxkeHus 3a spemsa t = 1 c.

38. Mo waknoHHOH NMJIOCKOCTH OAHO-
BPEMEHHO HaYajM JBHMIATHCA JABa Teja:
OIH0O — BBEpX C HAYAJLHON CKOpPOCTBIO
vy = 0,5 M/c, apyroe — suu3 63 HaYalb-
Hoit ckopocTn. Yepes kakoe ppems 1 Teja BeTpeTATes M Kakolt Oyger ux
OTHOCHTEJIBHAA CKOPOCTL B MECTe BCTPEYH, €QTH HEPBOH&‘{HJII:HDE pﬁ-UCTDﬂ-
Hue Mexxay teaamu [ = 2.5 m7

39. Teno cockanb3biBaer He3 TpeHus ¢ HaknoHHON naockocT. Hafitu
Yroil & HaKJOHa TWIOCKOCTH K TOPH30HTY, eWIH CPeJHAA CKOPOCTb Teja
3a mepseble 0,5 ¢ Ha 2,45 M/c MeHblle, YeM CpeJHAR CKOPOCTh Teja 3a
nepesie 1,5 c.

40. CransHoit wapuk, ynaswui ¢ Beicotel h = 1,5 M Ha craneuyio
JOCKY, OTCKAKHB&ET OT Hee ¢ norepeil 25 % ckopoctH. Haiiti spems f,
KOTOpO€ NPOXOAXT OT HAMAJA ABHYKEHHs [IAPHKA J0 €ro BTOPOro najeHus
Ha JOCKY.

41. Mau ceobogro nagaer ¢ sbicoThi i = 120 M HA FOpPH3OHTANLHYIO
nAocKoCTh. [1pH Kark oM OTCKOKE CKOPOCTh €r0 YMEHBLIAETCA B n = 2 pasa.
[TocTpouTsb rpacuk ckopocTH U HaliTu npofigeHHbI# MA4¥OM OYTH OT HA4AJA
ABHXKEeHHA 00 OCTAHOBKH.

42. Ha apmkyluyiocs BEPTHKAJBHO BBEPX €O CKOPOCTBIO U FOPH30H-
TAJIbHYI0 MAJKYI0 NIRTY cBoboano najaer mapuk. Paccrosuue or Tou-
KH HaYajla NaJleHHs IIapuKa J0 ero Mecta BCTPedH ¢ Tumrofl pasna hg.
Ha kaky1o BeicoTy /i OT 3TOro MecTa NOACKOYHT 1a-
pUK nocie coyaapenus ¢ nanroi? Ilawra, obnagas
oueHn Gonsmoit Maccoli, He U3MeHseT cBoell CKopo-
CTH B Pe3y/IbTaTe coyJaperus ¢ mapukoM. CunutaTs
coyaapeHue abCcoMIOTHO YIIPYTHM.

43. Beprikanenas ranajkas [JIHTa ABHXKETCH Mo-
PH30HTAJIBHO CO CKOpOCTRIO . JleTsnum# B ropn-
30HTAJLHOM MJI0CKOCTH CO CKOPOCTBIO Vo IIAPHK CO-
yaapsieres ¢ manToil. Hanpasnexnde nosieta mwapuka
COCTABJIAET Yroa ¢ ¢ NEeprneHgHKYAAPOM K TUIHTe

Puc.8 (puc. 8). Haiitu ckopocTs V 1IIApHKa MOCIe coyna-

perus ¢ nautoii. [lauTa, obnagas ouers Gonbimoit

Maccoil, He H3MeHAET CBoell CKOPOCTH B Pe3y/IBTaTe COYJapeHus ¢ IapHKOM.
CunTath coyaapenue abconioTHo ynpyruM. Cunoil TskecTu npenebpedn.
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§ 2. KpusonmmHeiinoe asmxenue

Tlpu npaAMonuHeHHOM OBHMKEHHH HANPABJCHHME CKOPOCTH TENa OCTASTCH He-
wamenHbiM. Ecin e Teno [BHKeTCA No KPHBOJMHHERHON TPAaEKTOPHH, ero CKo-
pocTs B mobo#t ToUKe HANpAaBJ/ieHa N0 KACATe/bHON K TPaeKTODHH B 3TOH TOYKe.
Kpuponuueftnoe gsikenve ABNAETCH BCerja YCKOPEHHLIM, TAK KAK H3IMEHHAETCH
HaNpas/eHle CKOPOCTH, NAXKe eC/IH He H3MEHAETCA €€ MOLY/b.

JAna pacyera OBUKEHHA NO KPHBOMHHERHOH TpaekTopuu yaobHO ucnonsso-
BaTh NPAMOYTOALHYIO CHCTEMY KOOPAHHAT ¢ AByma ocamu. Oauy K3 ocelt Hanpas-
NAKT 00BIYHO NAPAJIENEHO YCKOPEHHIO, ADYTYI0 — NeplIeHIHKYIAPHO K Hemy.

44, Teno 6poweHo ¢ BEICOTH i FOPH30HTAIBHO € HAYAJBHON CKOPOCTLIO
vp. Kak 3apucaT or BpeMeHH KOOPAMHATHI TENA M €r0 MOJHAH CKOPOCTb?
BriBecTH ypaBHEHHE TPAEKTODHH.

45. C dawnn, umeomell Boicoty A = 25 M, ropusonTansHo Gpomen
KaMeHb C HauaabHol ckopoctsio vy = 10 m/c. Ha xakom paccroanun s or
OCHOBaHMA GaluHy OH ynajer Ha 3emnio?

46. Kamenb, bpouienabiil ¢ Galing NOpH30HTANBHO ¢ HAYANLHOH CKO-
poctsio vg = 10 M/c, ynan Ha paccroannu § = 10 m or Gawnn. C kakol
BBICOTHL h Gbin Bpoien kamenb?

47. Teno Gpomeno co crona ropusoHtansio. [Ipw nagenum Ha mon
ero ckopocts v = 7,8 M/c. Beicora crona i = 1,5 M. HaliTi HavanbHyio
CKOPOCTb TeJsla vg.

48. Kamenn GpornieH ¢ ropsl TOPU3OHTANBLHO C HavyalbHOH CKOPOCTHIO
vg = 15 m/c. Yepea kakoe Bpems ¢ ero ckopocts Gyzer HanpasieHa noa
yraom a = 45° k ropusonTy?

49. Kamenn, GpomeHHbIH ¢ KPbITH A0Ma TOPHIOHTAIBHO ¢ HAYATBHOMN
CKOPOCTBIO vg = 15 M/¢, ynan Ha 3emMaio noj ymoMm & = 60° kK ropu3oHTY.
Kaxosa Bricota h goma?

50. Tesio GpoweHo ¢ BLICOTH fi = 2 M rOPH3OHTAJIBHO TAK, YTO K MO-
BEPXHOCTH 3eMJIH OHO MOAJETaeT Noj yrioM a = 45° k ropuaonty. Kakoe
PacCTOsIHUE N0 TOPHIOHTANH MPONeTaeT Teao?

51. Teno 6pomeno ropuzoHTanbHo. Yepes Bpems ¢t = 5 ¢ nowte 6pocka
HANpPABJEeHHUsA MOAHON CKOPOCTH V M NOJHOIO YCKODEHHSA & COCTABHJIH Yol
B = 45°. HaiiTh nonnyo CKOpPOCTh V Tela B 9TOT MOMeHT. CYUTATE yCKO-
petue ceoboanoro nageHua g = 10 m /cz.

52. Kamers Gpoltes ¢ BICOTH h BBEPX MOA YrJOM & K TOPH3OHTY
¢ HaYadbBHOR CKOpOCTBIO vgp. [lof KakuM yrioMm 5 K FOPH3OHTY H ¢ Kakoi
CKOPOCTEIO ¥ KAMEHB yNajeT Ha 3emiio?

53. Teno GpolieHO FrOPU3OHTANBHO C HA4AIbHOMN CKOPOCTBIO ¥y = 15 M/c.
HaiiTn HOpManeHOe @, H KACATeNbHOE 4, YCKOPeHHs 4depes Bpema t =1 c¢
nocjie Ha4ala ABHKEHHA Tea.

54. Teno 6poleHo ¢ 3eMH O] YIJIOM (¢ K I'OPH30HTY € HadajbHOM
CKOPOCTEIO vp. Kak 3aBHCAT OT BpeMeHH CKOPOCTL v Tena u yroa 3 ee
HaKJIOHA K POPH30HTY?

55. Teno GpowmeHo ¢ 3eMAM NOJ YIVIOM ¢ K MOPH30HTY C HAYabHOM
CKOpOCTBIO Tp. HaliTH 3aKonbl ABMKEHHA JI15 KOOPAWHAT TEJa H NOJYYHTh
YPaBHEHHE TPAaeKTOPHH.
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56. Teno GpowmeHo ¢ 3eMJiM NOA YIVIOM (¢ K TOPH3OHTY C HaYaJ bHOH
CKOPOCTBIO g. Ha kakyio seicory h nopaumerca reno? B Teuenme kakoro
BpemeHH ¢ GyJeT NpoJoKATECA noIbeM Tena’

57. Teno 6poieHo ¢ 3eMAH NMOA YrIAOM (¢ K TOPH3OHTY € HAYAJLHOW
CKOpOCThI0 vg. Kakoe spemsa ¢ Teno Gyaer naxoauTbesa B novieTe? Kaxoe
pPACCTOAHHE § MO NOPH3OHTAJH OT MecTa OPOCAHHA NMpONeTHT Teno?

58. Teno GpoiueHo ¢ 3eMiH NOA YIAOM & K TOPH3OHTY C HAYAJbHOMH
CKOPOCTBIO Vg. [locTponTh rpaduKn 3aBHCHMOCTH BEDTHKANBHOM MPOEKLINH
CKOPOCTH ¥y OT BpPeMeHH t; KOODAHHATEI Y (BLICOTHI); KoopAHHATH! & (pac-
CTOAHMA MO TOPH3OHTAJH OT MecTa Gpocanus).

59. Kamenn Gpomen mog yrnom a = 30° kK ropu3oHTy ¢ HAuaTbHOW
ckopocTbio vy = 10 m/c. Yepes kakoe Bpemsa t kamenb Oyaer Ha BbICOTE
h=1wm?

60. Kamens, Gpomennntil mog yraoMm a = 30° K rOpH30HTY, ABAMKABI
OB HA OAHON BbICOTe h: crycrs Bpems £, = 3 ¢ u Bpema io = 5 ¢ nocye
Hauyaya aprkenus. HafiTh HauanoHyo ckopocts vy B BoicoTy h.

61. Teno, Gpomwentoe nog yrnom a = 60° kK ropu3oHTY, Yepe3 BpeMsi
t = 4 ¢ nocyle HavaJa JBMXKEHHS HMEJ0 BEPTHKAILHYIO MPOEKIHI0 CKOPOCTH
vy = 9,8 m/c. HaiiTu paccrosiine s mexkay MecToM GpOCAHMA W MECTOM
najieHHs.

62. Kamens Gpouten ¢ 6amnu, nMeroueit BeICOTY 1, ¢ HAYATBHON CKOpO-
CTBIO Vg, HANPABJEHHON MO YIVIOM @ K ropH30HTY. Ha KakoM paccToAHHH 8
0T OCHOBAHHA BGalBN YNageT KaMenb?

63. Ipa Tena GpolieHbl NMOJ YIJIaMH O M (r9 K TOPH30HTY M3 OOHOM
ToukH. KakoBo oTHOWeHHe cOODIEHHBIX MM HAYAJBHBIX CKOpOCTeH, eciu
OHHM YNAJIA HA 3EMJIEO B OIHOM H TOM e mecTre?

64. Teno GpoieHo nog yraoM K TOPH3OHTY € Ha4YalbHOH CKOPOCTBIO
vg = 10 m/c. HallTi ckopocTs v Tela B MOMEHT, KOT[a OHO OKA3aJ0Ch Ha
BeicoTe h = 3 M.

65. KaMenb Opouien ¢ BbICOTBI i 1M0J YoM K FOPH30HTY ¢ HA4a/bHOM
CcKopocThbIo vg. C KaKoil CKOPOCTLIO U KAMEHb YNALET Ha 3eMJI0T

66. Teno Gpoweno nox yrioM & K MOPH3OHTY C HAYaJBHOH CKOpO-
eTbio V9. Jepe3 KAKHe MPOMEXKYTKH BpeMmeHH nocjie Gpocanusi CKOPOCTb
Teqnia ByeT cocTaBAAThL ¢ TopA3oHTOM yranl 31 = 45% n G, = 315°7

67. Kakyo HauaJbHYI0 CKOPOCTh ¥Up HMEJ CHAps[, BbUJIeTeBHIHHA H3
NYIKH nog yraoM & = J0° K TOPH3OHTY, eCIH OH NMpOIeTeNl PAcCToAHHe
s = 17 300 m7 MzBecTHO, 4TO CONPOTHBJICHNE
BO3]IYXA YMEHBLLUINJIO NalLHOCTE NOMNeTa B Ye-
ThIpe pasa.

68, MOTOLHKIHCT BLE3KALT HA BLICOKHI
Geper psa, NapaMeTpbl KOTOPOI0 YKa3aHbl
Ha puc. 9. Kakyio MEHHMAJILHYI0 CKOPOCTb v
A0JKEH HMeTh MOTOLMKAHCT B MOMEHT OTpbI-
Ba oT Gepera, uTo6E NePECKOUNTS depe3 PoBT

69. Kamens Gporuen ¢ 6amnu nog yrioM Puc.9
a = 30° K rOpH30HTY ¢ HAYATBHOH CKOPOCTBIO
vy = 10 m/c. KakoBo kparyaitiuee paccroanune | mexxay mecrom bpocanus
W MECTOM HaXQX<JeHHsl KAMHS CIycTs Bpems ¢ = 4 ¢ nocie Gpocanna?
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70. Ceepx3ByKOBO# CAMOMET JETHT POPH3OHTANBHO CO CKOPOCTBIO ¥ =
= 1440 xu/q Ha Beicore i = 20 kM. Korga caMoner mponeraer Hajg 3e-
HHuTHO! ycTanoskoll, H3 opyaus npoussoguTca BeicTped (puc. 10). Kakosa

JomiHa ObITb MHHHMAJbHAR HAYAJbHAR
" CKOPOCTD Vg CHAPAJA M YTOJ (& €€ C TOPH30H-
7 — TOM, 4TODLI CHAapAJ MONal B CAaMOIeT?

71. /lpa Tena OpoLIeHE OJHOBPEMEHHO
M3 OfHON TOYKH — OAHO BBEpX, APYTOE BHH3,
oba ¢ HauanbHOH ckOpocTEIO Uy = 30 M/c
nog, yruom @ = 60° k Beprukanu. HaltTn
pas’HOoCTL ypoBHell, Ha KoTOpHX ByayT Haxo-
JHUTLCS Teja cnycTs Bpems { = 2 c.

72. C camonera, JeTa11ero ropH3oHTab-
HO CO CKOPOCTBIO Ug, H& BbicoTe hy cOporen
rpy3. Ha kako#t seicore h ckopocts rpy3a Oy-
JieT HANIPaBJIeHa NoJ, YIJIOM & K DOPH30HTY?
ConpoTnpnenneM Bo3ayxa npexeGpeds.

Puc. 10 73. CaMoneT, OTOPBABIIKCH OT B3JIETHOM

J[OPOXKKH, JETHT 1O MPAMOI JJMHHH, COCTAB-

JAoLelt ¢ ropusonToM yroa a = 30°, ¢ HauaabHO#H cKopocThio g = 50 M/¢

H YCKopeHnem a = 3 M/c’. H3 camonera cnyers Bpema i = 5 ¢ mocne

OTPBIBA €0 OT 3eMJH BHIOPOLIEH MO BEPTHKAJW BHH3 KJIH0Y ¢ HAYaabHOMN

CKOPOCTBIO g = 3 M/¢ oTHOCHTesIbHO camoneta. Ha kaxom paccrosinum ot
MECTA B3JIeTa yNajeT Koy’

74. C Boicotei h = 2 M BHE3 nog yraom a = 60° k ropusonty Gporuen
MAY ¢ HauanbHOH ckopocThio vg = 8,7 m/c. HailiTu paccrosumne s mexuy
AByMsA TIOC/IeAOBATEbHBIMA YIaDaMH MA4a O 3eMaAI0. YIaps cuHTaTh ab-
COJIIOTHO YTIPYTHMH.

75. lllapuk ceob60AHO NafaeT MO BEPTHKAJMN HA HAKAOHHYIO NJIOCKOCTS.
Ilponeres paccTosnue i = 1 M, OH YIPYTo OTPAXKAETCH U BTOPOIi pa3 najaert
Ha TY >Ke naockocTh. HaliTh paccrosinHe 8 MeKAy MepBHIM M BTODBIM
YAapaMH IAPHKA O IIOCKOCTD, €CJIH NOCNeAHAR COCTAB/AET ¢ TOPH30HTOM
yroa o = 30°.

§ 3. BpaluatenbHOE OBHIKEHHE

HameHerne nonoeHus Te/ia NPH ABUKEHHH 110 OKPYKHOCTH XAPAKTepU3yIoT
YIVIOM NOBOPOTA& PagHyca, [POBELEHHOr0 K Teay. YToj NoBOPOTa Yallle BCEro
BBIPAMKAIOT B PAJHAHAX:

2w pag = 360°, 1pag= 180° /mr, 5 = /180 paa.

Yrnoeaa CKODOCTL « DBBHOMEPHO ABHACYIIENOCA MO OKPYMKHOCTH Tena —
OTHOIUEHWE YTJI& NIOBOPOTA PAAHYCA, MPOBEJEHHOrO K TeNly, K NPOMEXCYTKY Bpe-
MEHH, B Té4eHHe KOTOPOTO COBEpIleH 3ToT noBopoT. Eauuuuel yriosol ckopocTr
SIBJISIeTCS pagMaH B cexynay (paa/c).

Jlnnelinas cKOPOCT U TeNla — OTHOLUIEHHE JJMHbB! NPONOEHHOrO MYTH K Npo-
MeXNCYTKY BPEMEHH, B T€4€HHEe KOTOPOro npoiae 3ToT nyts. Oua onpenensercs
Yry1oBol CKOPOCTBIO W TeNIa M ero paccrosnxeM R oT ock Bpawenns: v = wh.
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BhICTpOTY qBHAKEHHS Tea M0 OKPY>KHOCTH XADAKTEDH3YIOT TAKKe JacToToR
BPALIEHHS N — YNCIOM 0B0POTOB, COBEPILAEMBIX TEIOM B EIMHHIY BDEMEHH, H Bbi-
paxkaioT B obopoTax B cekyHay (06/c). HacToTa BpalieHus 1 CBA3aHA C YIVIOBOH
CKOPOCTLIO W COOTHOLIEHHEM W = 27,

Tlepuon spauenuss T — BpeEMA, B T€YEHHE KOTOPOrO TeNO AENAT MOJNHLINA
obopor: T = 1/n = 27 fw.

[lpu pasHOMEpHOM ABHKEHHH TeNA MO OKPYKHOCTH yCKOpeHHe Tena B mobof
TOYKE HAINPABIEHO NEePHeHAHKYIAPHO K CKOPOCTH [ABHKEHHA, T.€. N0 PAaMycy
OKPYHOCTH K €€ LBHTPY. DTO YCKOPEHHE Ha3hIBASTCH LeHTPOCTPEMHUTETLHBIM.
Ero moayns a, = v* /R = w*R.

TIpH paBHOYCKOPEHHOM ABHKEHHH TEJ& N0 OKPYKHOCTH LEHTPOCTPEMHTEb-
Hoe (HOPMANLHOE) YCKOPEHHE @y, BMECTE C KACATEbHLIM (TAHMeHLMALHbLIM) YCKO-
peHneM a, (M3MeHRIOUMM MOY b CKOPOCTH v) ONpeelsioT NoJHoe YCKOPeHHe &
Tena.

76. Haiitu paguyc R MaxoBHKa, eciii PH BpallieHWH JHHeHHAH CKO-
pocThk To4ek Ha ero 0boge v; = 6 M/c, a TOUEK, HAXOAAIUXCS HA PACCTOSHHEA
r = 15 cm Bumake K ocu Bpauenusi, vy = 5,5 m/c.

77. Jluneitnan ckopocTs Touex 0oboa Bpataloierocs gucka vy = 3 m/c,
4 TO4EeK, HAXOAIMXCA Ha paccToanud r = 10 cM 6GaMxke K OCH BpalieHus,
vg = 2 m/c. HaliTi acToTy BpallleHHA JKCKA.

78. Benocunegucr efer ¢ NocTOAHHON CKOPOCTLIO ¥ MO NpAMOIHHEAHO-
My y4acTky gopors. Halitu mruopennble tuHefiHble CKOpoCTH TOYeK A, B,
C, D, E, nexaumx na oboge xomeca (puc. 11),
OTHOCHTEJIbHO 3eMJIN.

79. MaTepnanbHan TOUKA OBHXKETCH 110 OKPYXK-
HocTH paauyca R = 20 cm paBHOYCKOpeHHO ¢ Kaca-
TeAbHbIM YCKOpeHHeM a, = 5 cm/c?. Yepes kakoe
Bpems © Mowile Ha4aja ABHYKEHHA IEeHTPOCTPEeMH-
TeNbHOE ycKopenue a, Gyaer Gonbure a, B n = 2
paza’?

80. MarepuajbHas TOYKa, ABHIASCh pABHO-
YCKOPEHHO N0 OKpy>KHoCcTH pajguyca R = 1 M, npo-
mna 3a spems £y = 10 ¢ oyre 8 = 50 M. C kakum
HEHTPOCTPEMHTENALHBIM YCKODEHHEM G, ABHIAJNACH
TOYKA COyCTH BpeMd 11 = D ¢ HOCJe HAYaJa ABUKEHHS |

81. Och BpalIAKIEroca OHCKA OBUXKETCH MOCTYNATENbHO B MOPH30H-
TaJLHOM HANPAaBNEHHH €O CKOpocThio ¥, (Chb rOpH30HTANBLHA, HATIPABIEHHE
ee NBIOKEHHA MepNeHIMKYNAPHO K Heilt camoif. HaliTH MrHOBeHHYW CKo-
POCTL v BepxHell TOYKN AMCKA, €C/IH MIHOBEHHAA CKOPOCTh HHXKAEHR TOYKH
JHCKA paBHa Uz,

82. Tlpu paBHOYCKODEHHOM [BHKEHHH TeJa [0 OKPYKHOCTH NOIHOE
YCKOpeHHe a W JHHellHaA cKopocTk v Teaa obpasyior yron a = 30°. Hafitu
OTHOILEHHE [EHTPOCTPEMHTEIBLHONO W KACATENBHOIO YCKOPeHHi.

83. HaiiTu ausefiHyi0 CKOpOCTE U H 1IEHTPOCTPEMHUTENBHOE YCKOpEe-
HUE @, TO4YEK Ha IKBATOpE U Ha uupore @ = 60°. CuuraTs paguyc 3eMan
R = 6400 xm.

84. MaxoBoe kouseco, Bpamaonieecs ¢ yactorolt n = 240 o6/munH, octa-
HABJIHBAETCH B TedeHHe NpomexxyTka spement t = 0,5 mun. Haltta uncino
oboporoe N, ceNaHHBIX KOJIECOM 10 MOIHON OCTAHOBKH.

Puc. 11

2 T.A. Benapmuros u ap.
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85. Iloe3n pbe3rkaeT Ha 3RKPYIVIEHHBIH Y9ACTOK NYTH C HAYAALHON CKO-
POCTEIO Vg = 54 KM/Y i NPOXOAHT PaBHOYCKOPEHHO paccTosinne 8 = 600 M
3a ppemsa ¢t = 30 ¢. Paguyc sakpyrnenus R = 1 gm. Haiita ckopocrts v

H TNMWJIHOES )"UI(O]}EHHE a Imoesja

B KOHLE 3TOr0 Y4acTKa NYTH.
88. C koneca asTomobuis,
JBHKYUIErocs ¢ NOCTOAHHOA CKOo-
POCTBIO U, GJIETAIOT KOMKH TPA3H.
Paauyc koneca paren R. Ha ka-
Ky BeicoTyY h Hag goporoit 6y-
5 et 0TOPACHIBATECH TPA3b, OTOP-
BaBIIAACA OT TOukM A Koneca,
yka3anuo#l na puc. 127 Uamenur-
A° cs 11 BBicoTa h, ecnm Komeco by-
i

6T KATHTBECA C NMpobyKcoBKo#?
87. B sunToBoil yxenob nono-
Puc. 12 Pue.13 eH Taxenw# wapuk (puc. 13).
C KakuM YCKODEHHEM a HY>KHO
TAHYTE HATb, HAMOTAHHYIO Ha WIHHAD ¢ »ejJoboM, 4ToObl WAPHK najad
¢B0GOIHO, eCIH JHAMETP UHIMHApa paBeH [J, a mar BHHTOBOrO »<enoba
paser h7

§ 4. JIrnaMuKa IpaAMOIHHENRHOIO ABUMEHUS

[Ipy peleEuH AMHAMHMYECKHX 3a0a4 HYKHO NMpeXKJe BCero BbIACHHTDL, KAKHE
cuibl AeHCTBYIOT HA TeJIO, ABHXKEHMEM KOTOPOro Mbl uHTEpecyemca. Heobxogumo
u306pasHTL 3TH CHibl Ha yepTexe. [IpH 3TOM HY»KHO OTHET/IHBO NPEACTABIATH
cebe, cO CTOPOHBI KAKHX Tes AefcTByloT pacecmarpubaemble cuabl. Caeayer nom-
HHTDb, YTO CHJIB «JeHCTBHSA» M <«NPOTHBOAEHCTBUAY, HIYPUDYIOUIHE B TPETHEM
3akone Hrworona, npunoskenn K pasusim Tesam. [losromy Ha nannoe Teo Moxer
JAeHCTBOBATE JIMILL OOHA M3 ITHX ABYX CHJL.

B 3agauax 0bbIMHO BCTPEYAIOTEA GIEAYIOIHE THIIBL CHIL

1. Cunst Taxkeetn mg (pue. 14) — cuna, neficTByOIAS HA TEJIO CO CTOPOHLI
3emaun. 3Ta cHNa NPUIMKEHA K LEeHTpY Macc Tena. Ecnm apyrux cua Her, To
CHJIA THAXKecTH cooblaeT Temy Macchl ™ yckopenue ¢BoGOAHOrO najenus g =
= 9,80665 m/c® = 9,81 m/c’. Ecom npenefpeun spaienuem 3emin, a Takme
OTKJIOHEHHAMH OT ChHEPHYSCKOH CUMMETPHH pDaCnpefenelus COCTARMAIOIMNX ee
MAcC, TO CHIAY TAMXECTH MOAKHO CHHTATL Halpas/ieHHOH K LeHTpy 3eMiH.

L ¥R

Puc. 14 Puc. 15

2. Cuna peaxuun onopsl N (pue. 15 a) — cuna, ¢ koropo#t onopa geficreyer
HA TeN0. ITa CHAA NepneHiHKynApHa K NOBEPXHOCTH CONMPHKOCHOBEHHA TeJ.
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3aBUCHMOCTE CHJIBI PEAKIMH ONOPBI 0T AechopMAalK B 3aja4ax obbIYHO He pac-
CMATPHBASTCH.

3. Cuna nopmancHoro gasienns Fun (pue. 156) — cuna, ¢ xotopo#t Teno
AAaBHT HA ONOpPY. DTA CHNA NMEPNEHIHKY/IAPHA K NOBEPXHOCTH CONMPHKOCHOBEHHS
Tes, PABHA MO MOAYJIO (COrMACHO TpeTeMy 3akoHy HelorTona) cune peakipm
ONOPE! H NPOTHBONOJIOMKHA €ff 0 HANPaB/IeHHIO, TAK YTO A8 MOAYJIeH THX CHIT
CnpaseinBo paseHcTso Fy, = N.

4. Cuna narssxkenus nogeeca T — cuna, ¢ koropo# nogsec gelicTByeT Ha TeJio.
DTa cusia HanpasaeHa BAO/b OCH NoJpeca. Eesu Tesia cA3aHbl HEBECOMOI HHTBIO
(Bepeskoif, TPOCOM H T. I.), TO HATAHYTAA HHTb JEHCTBYET C OHHAKOBLIMH CHIAAMH
KAK Ha O/HO, TaX U Ha Apyroe Teno (pHc. 16). [1pu 9ToM HHTL MOXKeT ObITE NepeKu-
HYTa Yepes cHcTeMy HeBecoMbix 610koB. OBLIuHO HHTE CYHTASTCA HEPACTAXKUMOI
H 32BHCHMOCTDb CHJ/Ibl HATAXKEHHA HHTH OT AedOpMalHK HE PACCMATPHBAETCS.

Cuna saTskeHusi nogpeca (CHIa peakuHH TOIBECA), TAK Ke KK W CHAa
peakuuM Onophi, OTHOCHTCA K CHJIAM YNPYTOCTH, 0COOEHHOCThL KOTOPBIX COCTOMT
B TOM, YTO OHU HANDABJEHB! NEPNEHIMKYIAPHO K NOBEPXHOCTH CONPHKOCHOBEHUA
B3AMMOJEHCTBYIOLLMX TEJl HAM BANWIb UX ocell.

Puc. 16 Puc. 17

5. Cuna rtpeuns f (puc. 17) — cusa CONPOTHBIEHHS, BOIHMKAIOLIAA [IPH OTHO-
CHTEJIbHOM NepeMelleHHH NPHAATHIX APYE K APYTy Tel. JTa Cuila HAIPABJIeHa Mo
KACATENBLHOH K NOBEPXHOCTH CONPHKOCHOBEHHS TeJ M NPOTHBONIONOKHO HAIPAB-
JIEHHIO TIEPEMELLEHHA JAHHOro Tena. Baxno o6paTHTE BHHMaHHe HA HeoHO3HAY-
HOCTh CHJTbI TPeHHA NOKOA. [1pi NoKoe Cuia TPeHHA B 38BHCHMOCTH OT APYTHX CHJL,
NPHJIOAKEHHBIX K TEJY, MOKET MEHATECA OT HYJIA A0 HEKOTOPOro MAKCHMAJIBHOrO
3HAYEHHA, ONpEJeSIAEMOro CHAOR HOPMAILHOrO AaBieHHA Fyai fmex = KFua,

rae k — kosdpuument tpennsa '). [lpr cxoubrkeHun

06BIYHO NPHHUMAETCH, YTO f = fmax (PHC. 18). Yuursi- f

BAS, YTO MOJYJIM CHJl HOPMAJILHOTO JABNIEHHMSA H PEAKLMH f
— max

OnopbLl PABHB!, MOKHO BbIPAINTL MAKCHMAJLHYI CHIY
TPEHHA frnax YEPEI CHIY peakuiu 0nopbl N: fray = kN
(ana moayneid cun). 3T cooTHOWeHNe GyaeT 4YacTo Hc-
NOJIb30BATLCA MPH PELIEHHH 34034,

Jna Toro urobul onpeaesnTb HANPABJIEHHE CHJIbl TPe-
HHMA, MOMCHO NPHMEHHTb clieayomui npuem: npegnoio- frnex
KHMTh, YTO CH/IA TPEHHS MTHOBEHHO HCYE3Na, W HAWTH
HAMpaBAeHHA OTHOCHTENBHEIX CKopocTelt TpyLuxes Ten.
Hanpaenenna cun Tpenus GynyT NPOTHBONONOMHBI Ha- Puc. 18
NpaBJeHUAM OTHOCHTEJbHBIX CKOpOCTeit,

[Mocne Toro Kak HafigeHbl JelCTBYIOLME HA TeNO CHbl, GJIeIYeT 3allMCaTb
ypapHeHHe ABKkeHus (BTopoi 3akoH Heiorona). [1pn asnzxennn no npamoit emo-
potl saxon Heromona nmeersunma=Fy + Fo+ ...+ Fp,rpe Fr, Fa, .., Fo —
NPOEKLMH CHN HA NpPAMYIO, N0 KOTOpoH nponcxomut asmkenue. [lonoxxurens-
HO® HANDABJIEHHE OTCYeTa yA00HO BRIOMPATL COBNANAOLIMM C HANPABJEHHEM
yexopenns, Ecnu nanpasnenne COCTABIAIOMEH CHJIBI COBIAIALT € HAMPABJEHHEM

1) B nacTosiiiee Bpema Ans 0603HAueHHA Ko3bDDULHEHTa CyXOro TPEHHA vale
Henonsayercsa byksa .

o*
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YCKOPEHHSA, TO COOTBETCTBYIOLAA MPOEKLMA CHbI HepeTca co IHAKOM NJII0C, B IIpo-
THBHOM CJIy4ae — CO 3HaKoM MHHYC. []0 TOro Kax 3aja4a pelleHa, HANpaB/IeHHe
yeKopeHus, BoobIle ropops, HeM3BECTHO H MOKET OLITh BLIDPAHO NMPOM3BOILHO.
Ecan nonyuentioe B npotecce peiientsa 3a1a4H YCKOPEHHE NO0MKHTEILHO, TO €ro
HANpaBieHHe BbIGPaHO NPABHABHO, €C/IH OTPHLATENLHO — TO HENPABM/ILHO.

B sHanpaeneHHH, NEPNEHAHKY/IAPHOM K NMPAMOIHHENHOMY ABHXKEHHIO, CYMMa
TIPOEKUHE CHJT PABHA HYJII0, TAK KAK YCKOPEHHE B 3TOM HANPABNEHHH OTCYTCTBYET.
DTHMH PaBEHCTBAMH MOMKHO BOCTIONBI0OBATECA B CIYYae, KONAa HAJ0 HAaWTH CHITY
PeaKIHH ONMOPHI, ONPEJEIAKIIYI0 CHITY TPEeHHH,

Ecai paccMarTpHBaeTca ABHXKEHHE CHCTEMBI Tell, TO YPaBHEHHE ABHMKEHHA
HY?KHO 3&IMCATH AJSl KAsOro TesIa CHCTEeMBbl. 3ajadua MoeT GbiTh peleHa
JIMIIL TOTAA, KOTAS YHCIO0 HE3ABHCHMbIX YpaBHEeHHE DaBHO YHCTY HEW3IBECTHBIX.
B 4H(I0 HEH3IBECTHBIX YaCcTO KPpOMe BeIMYHH, KOTOphIe TpebyeTca HAlTH Mo yeio-
BHIO 38,a4M, BXOJAT eille CHJIbl PEaKlMH OMOopbl, TPEHHA K HATSDKEHHA NOABeca,
BOSHHKAIOLIHE NPH BIAUMOAHCTBUH TeJ CHCTEMbI.

Jas peienys 3a0aud 0 ABHKEHHH CHCTEMBI CBA3AHHLIX APYT C APYIOM Ten
OfHMX ypaBHeHuil ABvKenms, BooBwe rosops, HegoctaTouno. Hysxuo 3anncars
el TAaK HA3LIBACMLIE KMHETHYECKHE YCJOBHHA, BBIPAMKAIO-
e coGoll COOTHOLIEHNA MEXIY YCKOPEHHAMH TeNl CHCTe-
M1, 08y C/I0BNEHHbIE CBA3AMH BEYTpH Hee. Hanpumep: 1) Te-
Na, CBA3AHHLIE HEPACTAMHMON HHUTEIO, HMEIOT OJNHAKOBLIE
no Moaynio yckopenus: |a;| = |aa| (o6eruno 310 cooTHOWE-
HHE [0APA3YMEBAETCS HENOCPEICTBEHHO MPH 3ANHCH YPaB-
HeHMl OBHIKeHHA); 2) NpH HAMHYHHM NOABUXKHOrO OJIoKa
YCKOpEHHE Tesla A N0 MOJYJ1I0 B [Ba Pa3a MEHBLIE YCKOPDEHHA
Tmena B (puc. 19): |ag| = 2|a ]

Pewenne cneqyer nepBOHAYAILHO TOMYYHTE B ODILEM
BH/IE W JIHIUbG 38TEM NOJACTABJATE YUC/IOBBIE 3HAYEHHUA B H3-
OpanHoit cHcTeme eannnu, [lonesno npocneauTe, Kak GyayT
M3MEHATHCA HAlJEHHBIE BEJTHUHHBI B 3AaBUCHMOCTH OT BEJIH-

Puc. 19 YHH, 34JaHHBIX B YCIOBHH 3aJa4H.
Ecnu s 3aaa4e Tpebyerca HallTH HE TONBKO CHIb] H YCKO-
penus, HO TAK)KE KOODAHHATHI (HNH NpoilaenHble NyTH) Ten
M MX CKOPOCTH, TO KPOME YPABHEHUH ABMMKEHNA HYXKHO HCMO/Ib30BATh KHHETHYE-
CKHE YPaBHEHNA [Jis KOOPAMHAT M ckopocTeil,

88. IMoesa maccst m = 500 T nocsie NpekpaleHUsa TAMH MAPOBO3a 0CTa-
HABAMBaETCA 1noj Aelicrerem cuabl Tpeaus f = 0,1 MH uepes spems t =
= 1 mun. C kakoil CKOPOCTBIO ¥ IIeJ 10e3/ J0 MOMEHTA NPEKPALleHHSA TATH
napososa’

89. ITapoBo3 HA rOPH3OHTAJIEHOM Y4YacTKe NYTH, MMEIOIIeM JUTMHY § =
= 600 m, passupaer cuay tare F = 147 kH. Ckopocts noesga macest m =
= 1000 T BospacTaer npu sTomM oT v = 36 KM/4 g0 v = 54 km/u. Haiirn
CHJTY COMPOTHBJIEHHs [ ABMZKEHHIO Noe3ja, CUNTAA ee OCTOAHHOMH,

90. Bosaymbii wap maccsr M onyckaercs ¢ NOCTOAHHOA CKOPOCTLIO.
Kakoii maccel m Gannact Hy>KHO BHIGPOCHTD, 9TODH WIAP NOAHUMAJICA C TO#
ke ckopoctbio? Tlogbemuas cuna BoagymHOro uiapa () M3BECTHA.

91. C kakoit cunoli F' Hy>kHo JeficTBOBATE Ha TeJI0 Macchl M = 5 K,
uTO0b OHO NAJAI0 BEPTHKATBLHO BHU3 ¢ yckopenuem a = 15 m/c??

92. Apromobuab ABWKeTCA ¢ yckopennem a = 1 M/¢?. C xaxoit cunoft F
qenoBeK Macchl m = T0 Kr AaBUT Ha CIHHKY CHAEHbLAT



§4] Hunasmuxa npamosuneiinozo deuscenus 21

93. [lpoBoyiOKa BLIAEDIKHBAET I'PY3 MACCH Mmpmax = 450 kr. C kaxum
MaKCHMAaJbHBIM YCKODEHHEM MOXHO TIOJHHMATBL Ipy3 Maccel m = 400 kr,
noasemeHHLIA Ha 9Toll MpoBoJoKe, YTOOL oHA He obopeanach?

94. Bepeska BHIJEpKHBAET rpy3 Maccsl my = 110 KT npn nogbeMe ero
€ HEKOTODBIM YCKOPEHHEM, HAMDABJEHHBIM TI0 BEPTHKAJH, H I'DY3 MACCHI
ma = 600 Kr npu onmycKAHHH €ro C TAKMM e MO0 MOAYJI0 YCKOPEHHEeM.
Kakopa MakcHuMansnasa Macca m rpysa, KOTOpbifl MOXHO NOAHATL HA ITO#H
BEPEBKe, [BHMAS €ro ¢ MOCTOSHHONA CKOpocThio?

95. Haittu cuny sarsi>kenus T KaHaTa, K KOTOPOMY NOABELIEHS KIETh
NoALeMHOA MaluHHEL, eciy KjeTh Macckl m = 300 Kr aBHKeTCH: ¢ YCKOpe-
nuem a; = 1,6 m/c?, nanpasnennsIM BBEpX; ¢ ycKopenuem az = 0,8 m/c?,
HBﬂpaBJIEHHb]M BHH3.

98. Macca mdpra ¢ naccaxkupamu M = 800 kr. HaiiTu yckopenue nudpra
W €r0 HanpaB/JeHHe, VM CHJIa HATAXKEHUA TPOCA, HA KOTOPOM MO/BENIeHa
kabuna nmudTa, TaKasd XKe, Kak ¥y HenoJsuxKHoro Judra Macest m = 600 xn.

97. K noronky asmsxyierocs auchTa Ha HHTH NOABEIISHA MHPS MACCHI
mq = 1 kr. K sT0#f rupe npupaAsana qpyras HUTH, HA KoTopoil NoaBelIeHa
rupa Maccel mg = 2 Kr. HalTu cuny narsoxkennss T pepxuefi HuTH, ecin
CHJIA HATSXKEHHA HUTH Mexkay rupamna T = 9,8 H.

98. C xaxoit cnnofi F, , Gyger faBuTh HA JHO IWAXTHOA KJETH Ipys
maccsl m = 100 Kr, ec/IM K/1eTh NOAHAMAETCA ¢ YeKoperneM a = 24,5 m/c??

99. I'pya macest m = 140 kr, aexkamuii Ha nosTy KaGHHBI ONMYCKAOMIErocs
audrra, gaBuT Ha noa ¢ cuaoit Fy , = 1440 H. Hatitu yckopenne nudpra
H ero HalpaBJjeHue.

100. B audrre ycranoBieH AMHAMOMETD, HA KOTOPOM MCABELIEHO TEJIO
maceet m = 1 kr. Yro Gyjer nokaswiBaTh AuHaMomerp, ecan: 1) audr
IBMIKETCA BREpX ¢ ycKopenneM a; = 4,9 m/c?; 2) nndr gemxerca Beepx
3aMe/iIeH o ¢ yckopenneMm az = 4,9 m/c?; 3) audr apwxercs BHUS ¢ yCKO-
pennem as = 2,45 m/c?; 4) nuct ABMIKETCS BHA3 3aMEANEHHO ¢ YCKOPEHHEM
aq = 2,45 m/c??

101. Kakas ropusontansHas cusia F' rtpebyercs, utobbi Temo macch
m = 2 Kr, JeKallee Ha TOPH30HTAILHON NOBEPXHOCTH, HAYAJIO CKOJL3IHTh
no et ¢ yckopenuem a = 0,2 M/c?? KosdbbuuuenT Tpennsa Mexcay Tenom
H noBepxHOCTHIO k = 0,02.

102. Ilpu GelcTpOM TOpPMOXKEHHHM TpaMBaH, HMeBIIMH CKOPOCTB ¥ =
= 25 KM/4, HAYAN ABHUCATLCA «H030M» (3ATODMOMKEHHEIE KOZeca, Heé Bpa-
MasACchk, HAYAIH CKOML3UTE MO peabcam). Kakoit yvacTok myTH s mpoiiger
TpaMBali ¢ MOMEHTA HAYANA TOPMOXKEHHUA A0 nojHol octanosku? Koaddu-
LHEHT TPEHHs MEXY KoecaMH M penncamu k = (,2.

103. Kamenb, ckoab3siuiii Mo rOpU3OHTANBHON MOBEPXHOCTH, OCTa-
HOBMACH, npoiifs paccrosune s = 20,4 M. Haliru navanbhyo ckopocts
kamust v. Cuna Tpenus [ Mex<y xaMHeM M MOBepXHOCTHIO cocTasaseT 6 %
CHJIBI TSKECTH, JeficTByiomed Ha KaMeHb,

104. Ha ropuzonTtansnoii gocke nexuT rpy3. Kakoe yckopenue a B ro-
PHM30HTAABHOM HAMpPABJIEHMH cllegyeT coobmuTb AocKe, ¥TOGB Ipys co-
cKOMB3HYN ¢ Hee? KoadbuiHenT Tpenua Mex Iy rpy3om u aockoli & = 0,2.
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105. Ha ropusonTanbHoil noBepxHOCTH JeKUT gocka Macesl M = 10 kr,
a Ha pocke — Gpycok maccsl m = 1 kr. Kakywo munumanenyio cuay F
B NOPM30HTAJLHOM HANPABJIEHWH HAZ0 NPHIIOMKHMTHL K JOCKe, 4TOobHl Bpy-
cok cockoubanyn ¢ Hee? Koaddunnent Tpenus mexxay 6pyckom 1 gockoii
k=01
106. Teno maccel M OBHXKETCA MO MOPH30HTAJNLHOH NMOBEPXHOCTH noa
aeficteueM cusibl F', nanpasieHnoil nmoa yriioM o K ropusoHTy (pmc. 20).
Hafitu yckopenue a Tena. [lpn kakoii cu-

N ne Fy apuxxkenne byaer pasHomepHsiM? Ko-

F F  shdunuenT TpeHHA MeXAY TEJOM H TII0c-
KOCThIO pasel k.

A 107. Teno macchl ™ JBHKETCA BBEpX

[0 BEPTHKAJILHON CTEHE MMoJ| JeficTBHeM CH-

PAALATIATASEA IS,
asl F', nanpasieHHoON noj yIiioM @ K Bep-

tukaan (puc. 21). Haittu yexopenue a Tena.
Koadybunment Tpenus Mex 1y TeaoM H cTe-
HO paBeH k.

108. Kakoii myTe 8 3a Bpema t npoiiner «1030M» BO3 Macchl 1M, eciu
UyKa M paK THHYT €ro B NPOTHUBONOJOXKHBIE CTOPOHEI N0 TOPH30HTAJH
c cunamu F'y n Fy, nebennb Tsner ¢ cunoil F3 B Ty Xe CTOPOHY, YTO H PaK,
HO moj yrioM & K ropuzonTy? KosdbuuuenT Tpenus Mexkay KOJECAMH
H NOBEPXHOCTBIO 3eMJIH paseH k. HavanbHaa ckopocTh Boza vy = 0.

109. Teao maccet m = 40 r, 6pomenHoe BEPTHKAILHO BBEPX ¢ HAYAIb-
HOll ckopoCThIO vy = 30 M/c, AOCTHIMIO BBICIIEH TOUKHM NOABEMA CIYCTA
Bpems t = 2,5 ¢. Halitu cpeaniolo cuny compoTusienus [ Bosayxa, aeii-
CTBOBABILYIO Ha TE/IO0 BO BpeMsA NOJETa.

110. Axpobar maccst m = 70 Kr OpHLICHYA € TPameiMH Ha HATAHYTYIO
CETKY, KOTOpasi MPH 3TOM NporHyaack Ha paccrosHue Ah = 1 M. Boicora
Tpaneiyu Haja cetkoit b = 6 M. C kakum yckopendem a ABuragcsa akpobar,
nporubas ceTky, ¥ ¢ Kakoii cunoii peaknuun N cerka jeficTBoBasia Ha Teno
akpobara?

111. Kakas MuHMMANbHAS CHIIA CONpPOTHBJIEeHuA [ Bo3ayxa jeficreyer
HA NapanoTHCTa U napamwT obmel maccsl m = 75 KI OpH MOJHOCTHIO
PACKPLITOM mapainiore’

112, Cuna conporussienus [, AeficTBylolas Ha PACKpPEITHIN MapallioT,
MpONOPLMOHATbHA KBAAPATY CKOPOCTH (K03 ULHERT NPONOpPUHOHATLHO-
cru k = 20 H - ¢® /m?). Macca napannorucra m = 72 kr. C kaxoit Bbicotsi b
JOMKEH CNPBITHYTH YesioBeK Oe3 napannora, 9Tobbl CKOPOCTE €ro NpHieM-
JIEHHA PaBHANACH CKOPOCTH MPH3eMJEHHs NapallioTHCTa, NPLICHYBIIEro
¢ bonbnoit BeICOTH?

113. JIpa Tena ¢ maccamu my = 50 r u my = 100 r cBsizans HuTHIO 1)
M Jle)kaT Ha riafKol rOpM3OHTAJLHON nopepxuHocTH (puc. 22). C kakoi
cunof F' Mo>KHO TAIHYTH nepBoe Tejo, YTobbl HHTB, CIOCOOHAs BbIAEPIKATD

Puc. 20 Puc. 21

b Hanomuum, 4To HHTE (BEpeBKa, TPOC M T.1.) CYMTAETCA HEBECOMON M Hepac-
TAAHMOT.
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cuny HaTaxeHus 1., = 5 H, He obopsanack? HM3MenuTes 11 pesynsTar,
€CJTH CHJTY TIPHJIOXKHTE KO BTOPOMY Teay?

F

rf—o m2 ]

Puc. 22

114. /Ipa Tena ceA3AHEI HUTHLIO H JIEXKAT HA IMTAAKOH NOPH3OHTANLHOMN
noBepxHocTH. K Tesry Maccel m) npuaoxkeua cuna F|, HanpaBJeHHAS BAOIb
NOBEPXHOCTH, & K Tely Macchl Mg — cuna Fy < F, HanpasneHHad B npo-
THBONOJIOHXKHYH0 cTopory. Halitu cuny nataykenua T HATH Npn ABHMKEHHH
TeJ.
115. Tpu Tena CBA3aHBI HUTHIO M JIEKAT HA INIAOKOH ropH30HTANBLHOMN
noBepxHocTH. K ety Maccel .y npniokena cuna Fy, HanpasjieHHas BIOJb
TIOBEPXHOCTH, & K Teny Macchl mg — cuaa Fp > F), Hanpasaensas B npo-
THBOMOJIOXKHYIO cTopony (puc. 23). Haiitu cuny narsokenus T' HuTH Mexxay
TelaMH ¢ MACCaMH My H 3.

S L ) o )

Puc. 23

116. Ha 6pycok maccet my = 0,18 kr noctaBnena rups Maccsl my = 2 kr
(puc. 24). C nomompio HUTH, nepekunyToil uepes Gaok 1), Gpycok ¢ rupeit
CKONIB3UT € MOCTOAHHOH CKOPOCTBIO
Mo AOCKe, KOrJa Ha YalllKy MACCHI y
mg = 0,18 Kr nososkeHa rMps MACCHI
myq = 0,6 kr. Haiitu kosdduumuent ﬂ
Tpenus k Mexay 6pyckom U J0CKOR. i

117. K oasOMYy KOHIY BepeBKH, m )

nepekuHyTOl epes 6J10K, nogpemen
rpys maccel m = 10 kr (pmc. 25). ASNNANR
’ YF

C xaxoit cunost F HyxHO TAHYTH
BHH3 3a JpYrofi KoHell BePeBKH, 4To- m
6Bl TPY3 MOOHUMAJICH C YCKOPeHHeM ms
a=1m/c??

118. Yepes 650K, noaseIeHHbINA Puc. 24 Puc. 25
K JHHAMOMETPY, MEepPeKHHYT IIHYP,
HA KOHIAX KOTOPOTO YKPEIJIEHE! TPY3hi C MACCAMH My = 2 KM U ma = 8 Kn.
Uto nokazeIBaeT JUHAMOMETD NPH ABHMKEHHH rpy3oB?

119. Ha ogHOM KOHIE HHTH, NEPeKHHYTOH Yyepes O/10K, nogBelueH rpys
maccel m = 500 r. M3apecTHO, 4TO HUTL He oOpbLIBAETCA, €CNH HA JpPYIoM

1)3nech u ganee 610K CYHTATH HEBECOMBIM, €CJIH TPOTHBHOE HE OrOBOPEHO
B YCIOBMM 3ajaqu.
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€e KOHIEe 3aKpenHTh rpy3 mMaccel M = 1 T M OCTOPOKHO OTNYCTHTB €rO.
Kakyio cuny narsoxenuss T BblAEDXKHBAET B 9TOM CIYYA€ HHThT

120. Ha ogHoM KoHue HUTH, IepeKMBEYTOH Yepe3 6JI0K, NOABEIIEHO TeJI0
maccel my = 30 . JIpyroit koHen HUTH coequHeH ¢ Jerkoil NpPy>XHHOM,
K KOHLY KoTopoll mpukpenseHo Teno maccel ma = 50 r. [Iauna npyxu-
HEl B HepacTaHyToM coctosnmn [y = 10 oM. Tlog peitcTeuem cuanl F =
= 0,1 H npy»kuna yanuuaerca; ee nepopmanusa Al = 2 em. Haittu gouny [
NPYKHHBl BO BpEMSA ABHXKEHHA IPY30B, CYMTAA, YTO KoNeOaHHS B CHCTEME
OTCYTCTBYIOT.

121. [Ise rupu ¢ MaccamMu m; = 3 KT ¥ my = 6,8 Kr BHCAT Ha KOHLAX
HHTH, NepekuHyTo yepes Gook. [lepeas rups HaxoauTes Ha 2 M HHMKe
sropoii. 'upu npuman B geukenue 6e3 HavanbHOMN ckopocTH. Yepes xkakoe
BpeMs t OHHM OKAXKYTCA Ha OJHOM BhicoTe?

122. Ipa Tea maccel m = 240 r xaxkjoe nojseieHbl HA KOHIAX HHTH,
nepexknHyTOH Yepes 6ok, Kakyio Maccy my A0MKEH HMETh IPY3, OJIOXKEeH-
HEI Ha OAHO W3 TeJ, YTODh KaXK0e U3 HUX NpOoLLIo 3a Bpemsa t = 4 ¢ nyTs
h = 160 cm?

123. [Iea Tena macest m = 100 r kaxxjoe NoABEMIEHBI HA KOHIAX HHTH,
nepexuHyTo# yepea 6iok. Ha ogno uz Ten nonoxen rpy3 maccet mg = 50 r.
C kakoit canoit F, , 6yaer naBuTh rpy3 Ha Tes0, HA KOTOPOM OH JIXKHT,
KOT/a BCA CHCTEMA NPUJET B ABM>KeHne?

124. C KaknM YCKODEHHEM 4 M B KAKOM HanpasjeHHH OyaeT nepeme-
IIATBCA LIEHTP MACC JBYX IPY30B ¢ MaccaMu my ¥ my (my < my), eciu 3

rpys3bl CBA3aHBI HHTEIO, NepeKHHyTOH yepes Gaok?
% 125. HafiTu cuny narskenns T HUTH B ycrpoil-
crBe, H300paykeHHOM Ha pHc. 26, ecnim Maccel Ten
mi=100rnms =300

126. Haiitu yckopenue a Tesa, COCKAJTb3bIBAN-
Iero ¢ HaKJIOHHON naockocTH, obpasywouell ¢ ropu-
3oHTOM yroa a = 30°. Koaddument Tpenus mexay
TeJoM H mIockocTeio k = 0,3,

127. C pepluuusl HAKNOHHON NMIOCKOCTH, HMEH-
weit gauny | = 10 M u BeicoTY h = b M, HAYRHAET ABR-
raTbes De3 nauanbHoll ckopocTH Testo. Kakoe Bpema ¢
JBHKeHne Tena Oyner Mpogo/DKATLCA A0 OCHOBAHMA
HAKJIOHHOH MJIOCKOCTH H KAKYH CKOPOCTH U OHO NMpPH

Puc. 26 atom Gyner umers? Kosdbdpuument Tpenus mexxay
TenoM H niaockocTeio k = 0,2,

128. Teno HaunHAET ABHIXKEHHe ¢ HAYAJBLHON CKOPOCTBIO ¥y BBEPX MO
AaKkAoHHON mnJocKocTH, obpasywlieil ¢ ropu3oHTOM yroa «. Yepes Kakoii
NPOMEKYTOK BpeMeHH { TeJl0 BEPHETCH B TOYKY, M3 KoTopoll oHO Havano
Apuratbest Beepx? KoaddmuuenT Tpenuss MeXkay TeNOM M IIOCKOCTHIO
k < tg c.

129. Ilo ckaory ropel, uMeromeit guuny [ = 50 m u BeicoTy A = 10 M,
HA BepeBKe CMycKaioT 6e3 HavadabHOoN CKOPOCTH caHKH Macchl m = 60 kr.
Haitta cuny natsoxkenns T BepeBKH, eciiM CAHKH Y OCHOBAHHSA NOPbI MMEIOT
CKOpPOCTL ¥ = 5 M/C, a CANAa TpeHHs [ MeXOy CAHKAMH H NOBEPXHOCTBIO
ropsl cocraBnsier 10 % cunsl TaxecTn, geficTByiomedl Ha CaHKH.
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130. Ha rnagkoii naknoHHO#H muiockocTH, obpasylomeii yron o = 30°
€ TOPH30HTOM, HaXoquTeA Tejo Macest m = 50 kr, Ha KoTopoe geficTByer
FOPU3OHTAILHO HanpasjeHnasi cuna F' = 294 H (puc. 27). HaltTa yckope-
HHe o Tena u cuany Fy ., ¢ koTopo#t Teno gaBHT Ha
NIOCKOCTb. F

131. /Iea Tena ¢ maccamu my = 10 r u my =
= 15 r cBA3aHbLI HATLIO, NEPEKHHYTOH uepes Glok,

YCTAHORJEHHBI Ha HakJIoHHOA naockoerH (puc. 28). o
[TnockocTs obpasyer ¢ ropuszoHTOM yron a = 30°.

HaiiTu yckopenue, ¢ koTopbiM 6yAyT OBUCATHLCA 9TH Pue. 27
Tena.

132. Tpu rpysa ¢ MaccamMu my, s ¥ Mgy CBA3AHL HUTHLIO, MEPeKHHYTOMN
4epe3 610K, ycTaHOBJeHHbIi Ha HaKJOHHOI Niaockoctd (puc. 29). Ilaoc-
KOCTH 06pa3yeT ¢ ropu3oHTOM yroa &. HauansHsie CKOPOCTH TPY30B PaBHBI
mymo. Hafitn cuny natsxkenns T HuTH, cBaA3biBatomefi rpyssl, HaXoAfA-
muecs Ha HakJoHHoH naockocTH. KoadhdunmenT TpeHus Meskay rpy3aMH
M MJIOCKOCTLIO paBen k.

Puc. 28 Puc. 29

133. Illap maccsl m JeXHUT B ANHKEe, cOCKANb3bIBalomeM Ge3 TpeHus
¢ HaKIoHHOH naockoeTr. [TnockocTs ofipasyet ¢ ropuzonToM yron a. Haittu
CHJTBI, ¢ KOTOPBIMH [IAD JABUT Ha MEpeqHION CTEHKY H Ha JHO ANMKA.

134. Ha naknonHoli niockocts, obpasylomei yron a ¢ ropu3oHTOM,
cTouT Ky6mK Maccel m. [lnockoeTs HaxoauTea B JaudTe, ABMAKYLIEMes
C YCKODEHHeM a, HanpaBJeHHbIM BeepX. HaliTH cuny HopMmansHoOro aas-
nenusa F,,, kybuka Ha naockocTs. [IpH xakom koadduumente Tpenus k
MeXAY KyDHKOM H MI0CKOCThI0 Ky6uK He 6yaerT COCKANb3bIBATL BHH3T

135. [ocka Maccel M MOMET ABMTaThCA 083 TpeHHs Mo HAKJOHHOMN
NJ0CKOCTH, o6pa3yomell ¢ rOPH3OHTOM yroil a. C KakMM YCKOpeHHeM a
¥ B KAKOM HANlPABJEHHH J0/KeH GeXKaTh 10 JOCKe YeloBeK MACCH! 1, YTOOhI
[0CKA He COCKANb3bIBAIA ¢ HAKIoHHON nuockocTn?

136. Ha renesxke, ckaTeiBaomeiics 6e3 TpeHHSA ¢ HAKJIOHHOH MJIOCKO-
CTH, YCTAHOBJIEH CTEPXKEHD C MOABEIIeHHbIM Ha HHTH IIAPHKOM MACCH M =
= 2 r. Haiitu cuny narasenua T HHTH, eCIHM MJIOCKOCTE 0bpasyer ¢ ropu-
30HTOM Yyroa a = 60°,

137. Ha nakioHHO# n1ocKocTH, 00pasyiomell ¢ rOpE3OHTOM Yrou g,
HaxonauTcs bak ¢ Bogofl, nMmeowun#i maccy m. C xako#t cunofl F', napannens-
HOM HAKJIOHHOM NJOCKOCTH, HYXKHO JBUTATh bak, YToObl NOBEPXHOCTD BOLEL
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B Haxe GbL1a NapanfenbHa HaKJIoHHOH nnockocTH? KosdbHuneHT TpeHns
Mek 1y HAKOM H HAKJIOHHOMN TUIOCKOCTHIO PABEH k.

138. [lo Tpocy, obpasyioneMy ¢ TOPH3OHTOM YIOI ¢, KATHTCA be3 Tpe-
una 6/0K, K KOTOpOMY MOJABelieHo Bejpo ¢ Boaoil. Bricota Boanl B Bespe
paBea h. KakoBo gapneHnse BoAbl HA AHO Bepa BO BpeMs ABIOKeHH:AT

Puc. 30

139. C xakuM YCKOpPEHHEM @ AO/DKEH eXaTb I'DY30BHK, uT00bLI OpeBHO
OJuHbL [ M KaHaT ONMHB b, KOTOPBIM OHO NPHMBA33HO K IPY30BHKY, COCTAB-
nAnn npamMyio auauio (puc. 30)? Kanar npupssan K rpy30BHKY Ha BhicoTe h
oT DOBEPX}IOCTH JEeMJIH.

§ 5. 3aK0oH COXpaHEeHWs UMIYJhCa

H3z sToporo u Tpersero 3akoHoB HEIOTOHA CNEOYeT 3axoH COTPAMEHUR UM-
NYABCA: U3MEHEHHE OJHOI0 HMMITYJhCa CHCTEMBbl Te/l PABHO CYMME MMITY/NLCOB
BHEIIHHMX CHJI, AefCTBYIOIMX HA TE1a CHCTEMB. TAK KAK MMMYJIbC TENa H HMITYJIBC
CHIIBI — BEJIMYMHBI BEKTOPHBIE, TO TAKOE PABEHCTBO BHINOJIHAETCA V15 NPOSKiuit
THX BETHYHH HA mobyo npaMyio. Takns obpazom,

(mivi + mavy + ...+ mavy) — (Mavy + mava + ...+ Mavn) =
= F1At + FqAt + ...+ FLAt,

rae mi, Ma, ..., Mn — MACCh! Te CHCTEMBL, U1, U2, ..., Un H V], Vg, ..., Up —
NPOSKIHY HAYATTBHBIX H KOHEUHBIX CKOPOCTEH STHX TEJT H& HEKOTODOE HATIPABIIE-
Hue, a F1At, Falt, ..., FaAt — npoexuun KMOyNLCOB BHEIIHHUX CHUJl HA BTO e
HanpaBJIeHne,

EC.J'IH CHCTEMA 3aMKHYTa, T. . Ha TeJla, KOTOPbLIe Mbl OTHOCHM K 3’I‘Elﬁ cHCTeEME,
He ,ueﬁmym'r BHEIIHHE CHIIBI, TO CyMMﬂ. l'Ip-OEKU,HH HMIMYJIbLCOB BHEUIHHX CHJI Ha
moboe HATpABIEHRE DABHA HY.TIO!

FAt+ RAL+ ...+ FrAt =0,
M, CAeN0BATEBHO,

L ’ ’
miv; + mavg 4+ ...+ My, = MU + meva + ...+ Mintn,

T. €. MPOSKUMA MMMYJIBLCA CHCTEMB TeJT Ha J1060e HANPABNEHHE COXDAHAETEs He-
uamennoit. OaHako u 4 HE3AMKHYTON CHCTeMbl MOXKET OKA3BTBLCA, YTO CYMMA
MPOeKIHil HMNYJILCOB BCEX BHEIHMX CHJI HA HEKOTOPOe M30pAHHOe HANpABJEHHE
pasHa Hym0. Toraa ocTaeTcd HEM3MEHHOH NMPOEKLMA MMIYJbCa CHCTEMb Ted
JIHIL HA 3T0 Hanpapienue. [IpoekuMM >Ke MMIYNIbCA CHCTEMBI TeJl HA OpyrHe
HATIDABJIEHHS [PH STOM HE COXPAHAIOTCA.

Hy>XHO HMETE B BHIY, YTO €CJIN KOHEYHOE COCTOSHHE CHCTEMbl OTJAJIEHO OT
HAYANILHOI'0 MAJLIM HHTEDBANIOM BpPeMeHH (HANPHMEp, BPEMA BhICTPEIAa HIH CO-
yAapeHus Te), TO uMOyJibcoM F'AL TAKHX BHEIUIHHX CHJl, KAK TATOTEHHE U BAIKOE
TpeHHe, MOXKHO NpeHeDpedb W PACCMATPHBATL CHCTEMY KAK 3AMKHYTYIO.
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[Tpu 3anucu 3aKoHA COXPAHEHHA WMIMYJILCA HYXKHO CJIEOHTL 34 MPABHILHO-
CThI0 PacCTAHOBKH 3HAKOB. HekoTopoe nanpasnexue nponsponbHo Buibupaeres 3a
noyioxkHTe bHOe. [1poeKuHa nMny/ibca Te/1a 3ANUCBIBASTCA CO IHAKOM TJIIOC, BCIH
HAMpaBJeHHe COCTABJIAIOWEH COBNANAET ¢ U3OpAHHBIM HANPABIEHHEM, W CO 3HA-
KOM MHHYC — B IPOTHBHOM Glyuae. Jlis Tes, HanpaBaeHHs ABHAKEHHA KOTOPBIX HE
3a/]aHbl B YCIOBMH 34J1a4H, 3HAKH MOryT OuiTh paccTaBieHsl npoHasoibho. Fein
B pe3y/IbTATE pPelIeHHA 38a4YH OKAMKETCH, YTO NPOeKLHA WMITYJILCE NONOXKHTEIb-
HA, TO HANPABIEHME BHKEHHA Tesa BeIOpPAHO NMPABHABLHO, €CNTH OTPHUATENBHO,
TO — HEMPaBHABHO.

140. Kakosa cpegnsin cuna gasienus F Ha njedo npu crpenbbe u3
arTOMaTa, ecytd Macca nmyau m = 10 r, a cKOpoCcThE NyJIM NPH BbLIETE U3
creona v = 300 m/c? Yneno BeicTpenos u3 aBTOMATA B €JUHHIY BPEMEHH
n = 300 mun~ L,

141. Ma4 maccel m = 150 r yaapsierca o riajkyio CTEHKY MOJ yTJOM
a = 30° kK Hell m orckakmeaer Oe3 norepH ckopoctH. HaliTH cpemHiowo
cany F', peficTByoLy 0 Ha MsY CO CTOPOHBI CTEHKH, eCJIH CKOPOCTH Ms4a
v = 10 Mm/c, a npogomxkuTenstoeTs yaapa At = 0,1 c.

142. Tlapaomuit BepTUkaibHO mwapuk mMacent m = 200 r ynapsercs of
TOJ1 €O CKOPOCTBI0 ¥ = § M/C H MoANpLITHBaeT Ha BbICOTy i = 46 cm. Haiin
H3MeHeHHe Ap HMNYJbCa MIAPHKA NPH YAape.

143. U3 opyaus maccet M = 3 T, He HMeIOLIEr0 MPOTHBOOTKATHO-
ro ycTpoiicTBa (CTBOJ JXeCTKO CKpenjeH ¢ JadeToM), BHLTETAET B TODH-
30HTAJIHOM HANpaBJeHHH CHapAj Macchi m = 15 KI' cO CKOPOCTBIO ¥ =
= 650 m/c. Kakyio ckopocTs 1 nonydaer opyaue npu oraade?

144. Crapag maccst = 20 kr, feTepluMil FOPH3OHTANLHO CO CKOPO-
cTeio v = 50 M/c, nonajaer B niaTdopMy ¢ NECKOM M 38CTPEBAET B NECKe.
C kakoii CKOPOCTBIO u HauHeT jBuraThes naardapma, ecan ee macca M =
=10 r?

145. Tlymka, cTosiias HA TAAAKON MOPH3OHTAALHON MioniafKe, cTpe-
qaset noa yraom a = 30° k ropusonty. Macca chapsaga m = 20 kr, ero
HayanbHasA ckopocTs v = 200 m/c. Kakyio ckopocTs u nprobpeTaeT mymka
TIpH BRICTpeNe, ecH ee Macca M = 500 kr?

146. Opyaue, uMeromtee maccy ctsona M = 500 kr, cTpensieT B roOpH30H-
TalbHOM HanpaBfieHHH. Macca cHapsaa m = 5 Kr, ero HauaJlbHasi CKOPOCTh
v = 460 m/c. [Ipu BEICTPENE CTBOM OTKATHIBAETCA HA paccToaHue 8 = 40 cM.
HaliTi cpegHio cuiry TOpMOMKeHHA [, BOSHHKAIOUIYIO B MEXAHH3ME, TOD-
MO3ALEM CTBOJ.

147. Cuapaa maccst m = 50 kr, nersiuuii co ckopocrsio v = 800 m/c nog
yraom a = 30° K BepTHKaJ 1, nonaaaeT B naaTdopMy ¢ NECKOM H 3aCTPEBAeT
B Hem. HaliTn ckopocTh naaTdopmbl u Mocsie NONAJAHNSA CHADSIA, eCln ee
Macca M =161

148. Yenosek, cTosilMil Ha KOHbKAX Ha TIAJKOM IbIY pekH, Gpocaer
kamenb Maccsl m = 0,5 kr. Cnycrs Bpems t = 2 ¢ KaMeHb JocTuraer Gepera,
npoliaa paccroanne § = 20 M. C kako#t CKOpPOCTBIO U HAYHHAET CKONbL3HTh
koHbKoDexer, ecsin ero macca M = 60 xr? Tpennem npenebpeyn.

149. /Ipa yenoBeka ¢ maccaMu m; = 70 Kr ¥ mg = 80 Kr cToAT Ha
POJIMKOBBIX KOHBKAaX JpYr NpPOTHB apyra. [leperiii 6pocaer BTropoMy rpy3
Maccel . = 10 KI' O CKOpPOCTBIO, NOPH3OHTANBHASA COCTABJISAIONAS KOTOPOH
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v = 5 M/c oTHocuTenbHo 3eman. HaliTi ckopocTs v mepeoro denoseka
nocne GpocaHus rpy3a ¥ CKOPOCTh V2 BTOPOrO MOCIE TOTO, KAK OH nofimaer
rpy3. Tpenvem npexebpeus.

150. Teno maccer M = 990 r nexknT Ha FOPH30HTAJILHON MOBEPXHOCTH.
B nero nomagaer myns maccsl m = 10 r u sacrpesaer B HeMm. Cxopocts
oyau v = 700 M/c ¥ HanpasieHa ropusonTaieHo. Kakol myTs s mpoitger
Tedo o ocranobki? KosdduumenT Tpenns Mexx 1y Te/IoM U NOBEPXHOCTHIO
k = 0,05.

151. Hascrpeuy naatdropme ¢ neckoM, ABRKYyeHca Co CKOPOCThIO v,
No MIaJAKOMY HAKJOHHOMY »Kesoby COCKaTL3bIBaeT be3 HavanbHOH CKOPOCTH
Teo MAacCH M M 38CTpeBaeT B necke. 2Kenob anuuel | obpazyer ¢ ropu3oH-
ToM yron «. Halttu ckopoete u naatdopmMsl rnocsie nonajanus B Hee Teja,
ecnn Macca nnardopmel paBHa M.

152, Pakers, umemas smecte ¢ 3apsgom maccy M = 250 r, Baneraer
BEPTHKANBHO BBEpX W Accturaer seicotel b = 150 M. Macca 3apsga m =
= 50 r. HaliTn ckopocTh v HCTEUEHUs TA30B U3 PAKETHI, CUWTAdA, YTO Cropa-
HHE 3apAga MPOUCXOANT MIHOBEHHO.

153. C nnardopmset Macest M = 20 1, apuxkyutefica co CKOpOCThIO U =
= 9 KM/, NpOM3BOAMTCH BhICTpes U3 myiukH. CHapsaj maccel m = 25 Kr
BBEIJIETAET W3 OpYJHsa €O ckopocThio v = 700 m/c. HaliTu ckopocTn nuar-
(OpPMBI HENOCPEACTBEHHO NOC/Ie BHICTPENA: €CJIH HANPABJIEHHS [BHKEHHSA
niaTgopMbl ¥ BLEICTpPENa COBNAJAIOT, €CNH 3TH HAMPaBAeHHS MPOTHBOMO-
JIOMCHBI.

154. [To ropH3oHTANLHEIM PENLCaM co CKOpocThio ¥ = 20 KM /4 ABUKeT-
e nnardopma Macest M = 200 kr. Ha nee mepTHKANBEHO NafiaeT KAMeHbL
maccsl m = 50 Kr 1 ABHKeTCA B JanbHelilem BMecTe ¢ nanaTdopmoii. Hepes
HEKOTOpOe BpeMa B MNATHODME OTKDHIBACTCA JIIOK, H KAMEHbL TPOBAJH-
Baercs BHEH3. C KakoM CKOPOCTBIO u ABHXKETCH rocie roro naardopma?
T'penuem npenebpeds.

155. Aapo, neresiiee ropu3oHTANIBLHO €O cKopoceThio v = 20 Mm/c, paso-
pBAJIOCh HA JABA OCKOJKA ¢ MaccamMu my = 10 kr u ma = 5 k. CkopocTs
MeHbIIero ockonka vy = 90 M/c U HampaBieHa TaK JKe, KAK M CKOPOCTb
sAapa Ao pa3psisa. HaliTu ckopocTs v W HanpaBieHHe aBUKeHnA Honbuloro
OCKOJIKA.

156. [lpe nogkm IBMCKYTCA TO HHEPLUMH [APa/LIeIbHBIMH KyDCamH
HABCTpedy Apyr Apyry. Korma noakyu nopaBHAIMCE, ¢ OOHON M3 HHX HA
JPYTYI0 OCTOPOYKHO NepemKuiy rpys maccet m = 25 kr. Ilocne sroro
JIOOKA ¢ TPY30M OCTAHOBHJIACK, & NoAKA 6e3 rpy3a npofio/kana ABAraThest
co ckopoeTbio v = 8 M/c. C KaKMMH CKOPOCTAMH 1 M U3 JBHIAJIHCEH JIOJKH
J10 BCTPEUH, eClTH MACCA JIOJKH, B KOTOPYIO Nepenoxuam rpys, M =1 17

1567. Tpu noaxu Maccel M KaxKaaa JBHXKYTCA MO HHEDNMH APYT 3a
ApPYTOM € OOMHAKOBHIMM ckKopocTamu v. M3 cpeaseil nogku B Kpalinme
OAHOBPEMEHHO NepebpachIBAIOT TPY3bl MACCH! M KaXKABIH CO CKOPOCTBIO U
OTHOCHTENBLHO JOAOK. Kakue CKopocTH v, v2 M v3 OyayT HMeTb JIOOKH
nocsie nepebpacHBAHNS TPY30BT

158. Yesosex macch m = 60 kr nepexoguT ¢ HOCA Ha KOPMY JIOLKH.

Ha kakoe paccrosinue 8 nepeMecTuTCs JOAKA Aauibl [ = 3 M, ecid ee Macca
M =120 kr?
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159. Toeaq maccer M = 500 T naer paBHOMEPHO NO IOPH3OHTAJILHOMY
nytu. Or noesaa oruensserca nociennnii saron maccsl m = 20 . B mo-
MEHT, KOT[la BaroH OCTAHABJIHMBAETCS, PACCTOSHHE MEXIY HHM M [Oe30M
s = 500 m. Kako#i nyTs | npoxogur BaroH 10 OCTAHOBKH, €CJIH HIBECTHO,
YTO CHJIA CONIPOTHBJIEHHA JIBHXKEHHIO PONOPIHOHANBHA CAJIE TAXKECTH H He
3ABHCHT OT CKOPOCTH JBUKEHHs !

160. CHapsig BLLAETAET H3 OPYAHA CO CKOPOCTBIO Vg NOA YTJIOM @ K N'OpPH-
30HTY. B Bepxnell Touke TpaeKTODHM CHaps] pa3pblBaeTCcs Ha JBa Pa3HBLIX
OCKOJIKA, IPHYeM CKOPOCTH OCKOJIKOB HEMOCPeACTBEHHO Nocyie B3PhiBa MOpH-
3OHTAJILHLL H JIEXKAT B MJIOCKOCTH TpaeKTopuH. [lepeniit ockook najaer na
PACCTOSHHH 8 0T OPYAMA B HanpasieHHn BoicTpena. Halte mMecTo nagenns
BTOPOIQ OCKOJIKA, €CJIH H3BECTHO, YTO OH NMajaeT Jajbile MepBoro.

161. Cuapsg netut no napabone n paspriBaeTcs B BepXHel TOYKe Tpa-
E€KTOPHM Ha JBa pasHbix ocKoika. [Mepsbifi OCKONOK NajJaeT BePTHKAJIBHO
BHM3, BTOPOIf — HA PACCTOAHAH § N0 TOPH30HTAJTH OT MecTa pa3phiea. Halitn
CKOPOCTH CHAPA/IA Nepe/] pA3PbIBOM, 8CJIH H3BECTHO, YTO B3DBIB MPOUCXOAHT
HA BhICOTe h U BpeMs NajeHHs NepBOTro OCKOIKA PABHO tg.

§ 6. CraTtuka

[lpu pewenny 3a0a4 Ha CTATHKY, TAK K€ KAK H [TPH PelIeHHH JHHAMHYECKHX
3a4a4, HY>KHO MpeXIe BCEro BHIACHMTh, KAKHE CHJIbI JefCTBYIOT HA PAcCMATPH-
BAEMBbIE TEJIA, DTH CHJbI HEOOXOAHMO HI0OPAIUTL HA “HepPTerKe.

B cTaTHKe NCNOVL3YIOTCA 4BA THOA YPABHEHH, BbIPAXAIOLIMX YCIOBHA PaB-

HOBECHHA TENna:
Y R=0

(cymma npoexuufi AefcTBYIOIIMX HA TeNo CHA Ha moboe HanpasneHue pasHa

HYNI0) M
z M; =

(CyMMa MOMEHTOB ITHX CHJI OTHOCHTENLHO M0G0l HenoaBH»KHOH OCH paBHa HY-
mo).

MMpw peennn 3aaa4 Ha IIGCKOCTH (MMEHHO TAKHE 381a4H NPeHMYLLECTBEHHO
BCTPEYAloTCs ) AN NPOeKLMi CHJI MOMCHO 3ATHCATE JBA HE3ABHCHMBIX YDABHEHHA
A/ B3AMMHO NEPNeH HKYIAPHbIX HANDAB/IEHHH, HANpHMEpP 4 FOPH30HTAJIBHO-
ro u seprukansuoro. llenecoobpasno snibupaTh HanpapienHs Takum obpadom,
4TobLI MPOEKLHK CHJ BHIPAXKAIHCH Haubonee nNpocTo, T. €. 4Tobbl COOTBETCTBYIO-
LHE KOCHHYCBI YIVIOB MeXay CHAaMH H BuibpanHbiM HaNpasieHneM cocTasnann 0
nin 1 win Gouin Gl 3apanee u3pecTHbl. HyKHO cieIHTD 38 TeM, YTOGL! NPOEKLNH
CHI, HMEIOIUMX 0JHHAKOBbIE HAPABJIEHHA, BXOLHJIH B YPABHEHHE C OAHHMH K TEMH
e JHAKAMH.

Ecnu paccmaTpuBaeMbie B 38a4€ CHJIbI JIEXAT B OAHOHN NJIOCKOCTH, TO MOXKHO
3ANMCATb TOJIBKO OJHO HE38BHCHMOE YPABHEHHE A1 MOMEHTOB CHJI OTHOCHTENBHO
OCH, TIEPNIEHANKYAAPHOHR K 9ToH nnockocTn. Pewenne 3anayun ynpomaeres, ecm
ochk BeIOpATE TaK, 4Tobn B ypasuenue » . M; = 0, N0 BOSMOXHOCTH, HE BXOJMIIH
MOMEHTBI CHJl, 3HAHHE KOTODbIX He TpefyeTca mo ycioBHi 3aja4u. [na storo
HY»KHO, 4ToBbI MUIeys 3THX Cua OBIH PaBHBI HYJTIO.

MomeHTHI CHII, BPAILAIOLIMX TeJ0 MO YACOBOH CTPE/IKe, BXOAAT B YPABHEHHe
€ OJIHKM 3HAKOM, & MOMEHTbI CHJ1, BPALIAIOLMX TENO NPOTHE 4acoBoll cTpenkw,
JOMAKHBI KMETh MPOTHBONONMKHBIN 3HaK. Kenn nanpasnenye cocraBisiouMx oT-
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JeNBHBIX CHJ WJIH HAMNDAB/IEHHE BPALLEGHHA /18 MOMEHTOB 3THX CHJ HE H3BECTHbI
3apaHeée, TO, KK H B 3a0a4ax Ha JHHAMMKY, 3HAK MOeT ObiTh BLIOpaH npous-
BOJILHO, & O IeHCTBHTEBHOM HANpasieHnd MOxKHO Gy ZeT CyIHThL Mo pe3yJ/ILTATaM
pelleHns 3a0a4K.

[Ipu naxoxcaenHM LEHTDAa MAcC CHCTEMbI TeJ MpOINe BCEro, KAK MPAaBHiO,
PaccMOTPeT: MOMEHTH! CHJ1 OTHOCHTENLHO OCH, NPOXOAAlIEH YEpe3 HEHTP Macc.
PaBeHCTBO HyNiI0 CyMMBI MOMEHTOB CHJl TAXECTH OTHOCHTESILHO ITOI OCH npej-
crapnaeT coboit ypaBHeHHe A5 KOOPIHMHAT, ONPEeALNSAIOIIMX NONOKEHHE LeHTpa
Macc.

162. B oasOM chiyyae ABa 4YeNOBEKA TAHYT B MPOTHBOTIONCKHBLIE CTOPO-
HBl 33 KOHIBI KAHAT ¢ paBHbIMH Mo Moy canamu F. B apyrom cayuae
OAMH KOHel] KAHATa NPHBA3aH K HENOABMAKHOH onope, a 3a Apyroi ero
KOHEIl] TAHYT [Ba YeJOBeKa C TeMH e no Moayaio cuaamu F. Kakywo cuny
HATAYKEHNA HCOLIThIBAET KaHAT B 000ux ciaydasx?

163. Uunnuap gBUraTefisi BHYTPEHHENO CTOPAHHA HMEeT BHYTpPeHHHI
aunametp D = 0,16 M. Yneno GonToe, Kpensammx KpulUKY UHIHHEIPa, n = 8.
Ilpu cropanun roprodeit cMeck passuBaeTca AapaeHue P = 6 MIla. Haiitu
guamerp d Gosros, obecnedMBaOIMX JECATHKPATHBI 3a0ac MPOYHOCTH.
Jonycrnmoe vanpspkenne B cramm Py = 150 MIla.

164. C xakoil MuHEManbHOR cunoil £, RanpaBaeHHOH NOPH3OHTAIBLHO,
HYKHO NIPHXKATE TI0CKHA Opycok mMacchl m = b Kr K cTeHe, 4ToObl OH He
cockonb3Hyn Buua? Koaddunuent tpenus mexay 6pyckom u crenoii k =
=0,1.

165. Opgropoanas muuelika Macesl m Ha 1/3 Aaueae BEIcTYTIAET 3a Kpali
crona. Kakyio cuity £ Hy»KHO NDHAOXKHTD, YTOOL! COBHHY T AHHEHKY BAOADL
ee nnuHHOH cTopoHbl? KoaddunneHt TpeHus mexay AuHelikolt ¥ cTonoM
paBeH k. 4

166. [lepepsinneill Gpycox MacChl M = 2 Kr JIEXKHT HA HAKJIOHHON
njockocTH, obpasyiomeli ¢ ropusonTom yron « = 60°. C kaxo#t cunoit F,
HanpaBJIeHHOH NeprneHHKyISPHO K MJIOCKOCTH, HeobX0 MO NPH>KATE Bpy-
cok, uTobnl on He cockonb3nyn? Kosdduument Tpenus mexay bpyckom
¥ nnockocTeio k = 0,4.

167. Tonxas foCcKa ¢ ABYMS| HH3KHMH ONIOPHBIMH BEICTYTIAMH Ha KOHIAX
JIeXKUT Ha HAKJOHHOH miaockocTH (puc. 31). [Tpu kakom MuHHMaIbHOM 3HA-
YEeHHH YI718 HAKJIOHA ¢ MJIOCKOCTH K TOPH3OHTY [0CKA HAYHET CKOML3HTh M0

HaxnoHHO# mnockocTH?  KoadduumenTn
TPEHRA MeXKAY HUXKHell H BepxHelt omopaMmu
M HAKJOHHOH TIOCKOCTbIO PaBHbI k1 H kg,
kq 168. Qonape Macesl m = 20 Kr noage-
IIeH Ha ABYX OJHHAKOBBIX TPOCcax, 0bpa3yo-
mux yron a = 120°. HaiiTu cuny HaTsxe-

A k1 uusi T TPOCOB.

169. K tpocy gmmubl { = 3 M, KOHUBI
KOTOPOTO 3aKpenJieHbl HA 04HOH BLICOTE, HA
PacCTOAHMUAX @ = 1 M OT TOYEK 3aKpenieHns
MoJBelIeHbl ABa rpy3a Maccsl m = 1 Kr kask-
aptfi. [Ipoprcanne Tpoca B cpeanedt yactu coctasuao Al = 10 cm. Haiitu
cuiibl HaTxKeHHA T, Ty M T3 Tpoca Ha KAXKAOM H3 TPEX YYACTKOB.

Pue. 31
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170. Ha kpormreiine, n30bpaXkeHHOM Ha pPHC. 32, BUCHT Ipy3 MAacCh!
m = 100 kr. Hattu cunbl HaTsykenus crepxkueft AB n BC, eciu oun
obpasytor yroa a = 60°, a B Toukax A, B u C — wapHupbl.

171. Tlpn B3PelIMBAHHH HA HEPABHOIUIEYHX PHIMANK-
HBIX BECAX Macca Tedia (Mo cymMMe MACC yPaBHOBEIUHBaIO-
WX MMPb) HA OAHGH Yalie BECOB OKA3AJACH paBHOMR My =
= 2,2 kr, a Ha apyrofi — ma = 3,8 kr. Hafitn ucteHHyI0
Maccy Tenaa m.

172. OanopoaHbiii CcTepKeHb ¢ NPHKPENJEHHBIM Ha
OJJHOM H3 €r'0 KOHLIOB Ipy30M Macchl m = 1,2 Kr HAXOAHTCA
B p&BHDBG(:HH B TNOPH30HTAMBHOM MNOJIOMKEHHH, eCJIH ero
NoJNepeTh Ha PacCTOSAHUM 1/5 [IHHBI CTEPIKHS OT rpy3a.
Haiit maccy crepsxna M.

173. Oavopoanas Gajlka JIEXKHT Ha TIATGOPMe Tak,
4TO OJMH €e KOoHel Ha 1/4 nauHb cBemmBaeTcs ¢ naatdopmel. K cpemmsain-
LLIeMYCH KOHIY NPHJIACAIOT CHIY, HANPABJEHHYO BEPTHKAILHO BHU3. Korga
3Ta CHJa CTaHOBHTCA pasHoil F' = 2000 H, npoTuBononokesiil Konew 6ankn
HA4YMHAEeT nogHuMaTbed, Halitn maccy Ganku.

174. /lpa uenoseka necyt TpyOy maccel m = 80 kr w gmsb [ = 5 M.
TNepesiit yenosex nopaepkuBaeT Tpyby Ha paccToAHuM @ = 1 M OT ee KoHIIa,
a BTOPOH JepKHT NpOTHBONONOXKHBIA KoHew TpyOul. Halitu cuny nasnenns
TPYGbI, HCTILITHIBAEMYH) KaXKIBIM Y€JIOBEKOM.

175. K creHe mpHcioHeHa JECTHHIA MAcChl M MOA YIIOM a K Bep-
THKa M. LleHTp Macc JecTHULBI HAXOAUTCA Ha DPAcCTOAHHM 1/3 AnuHBL OT
€e BEPXHErD KOHLEA. Kakylo ropH30HTAIbHYIO CHAY F' HYXKHO NPHIOKHUTD
K CepedMHe JIeCTHHLbI, 4TOOL BEPXHHI KOHEL, ee He OKA3bIBAJ LABJICHHUS HA
creny?

176. IMog KaKMM MHHMMAJILHBIM YIVIOM (¢ K MODM30HTY MOXKET CTOATb
JeCTHHIA, TPHCIOHeHHAS K TVIa1KOH BePTHKAJBHOH CTeHe, eCJIH LeHTD MAace
ee HaxoguTcs B cepefiHe! Koadduuuest Tpenus Mexxay secTHuuel U mo-
J1OM paBeH k.

177. pe ogMHAKOBLIE TOHKHE AOLIEYKH ¢ MMaAKHMH 3aKpPYTVeHHBIMH
KpasiMH [OCTABJIEHbl HA CTOJ M ONMPAOTCA 4pyr Ha Apyra. Kaxnas go-

wedka obpasyer ¢ BepTHKaIbIO yron « (prc. 33). Ka-
! KHM aoJkeH ObIThb KO3(DMHIHEHT TpeHns X Mexay

Puc. 32

J0LIeYKOH M CTONIOM, YTOOL! AOMIEYKH He najanu?
ﬂ 178. Crepxkenb Macchl m = 1,5 Kr ¥ anunst | =
> = 1 M 0aHMM KOHLIOM IADHUDHO MPHKPENJeH K Mmo-

ToaKy. CTepKeHb YIep)KHBAETCA B OTKJOHEHHOM
MONOXKEHHH BEPTHKAJIBHBIM HIHYPOM, IPHBA3AHHBIM
K ceoGogHOMY KOHUY cTep:xus. HaltTu cuny HaTaxxe-
uus T WHYpPA, ecyii LeHTP MAcC CTePKHA HAXOIUTCA
7 Ha paccrosunu a = 0,4 M oT wWapHupa.
179. Tsokeanlii UMIHHAPHYECKHT KATOK Mac-
Puc. 33 Chl T HEOOXOANMO TIOHATH Ha CTYTIEHLKY BBICOTH h
(puc. 34). HafiTn munumansryo cuny F, Kotopyio
HeoOXOAMMO 1A 3TOTO0 NPHJIOXKHTE K IEHTPY MACC KATKA B TOPH30HTAIBHOM
HaNpaBJIeHHH, €CTH PaJlyC KaTKa T G0MbIle BRICOThI CTYNEHBKH h.
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180. [Jucpdpepennuanerelil BOPOT COCTOMT U3 ABYX UKJNHAPOB C PAJIHY-
cami r; = 0,2 M 1 rg = 0,1 M, 3aKpenyienHbIx Ha obueit ocu (puc. 35). Ha
LHJIHHAPAX YKPenJeH KaHaT, KOTOPbIi NpH BpalleHuy BOPOTA HAMATHIBAET-
csl Ha UMARHID Gonbliero JuaMerpa U CMATHIBAETCA € UHANHAPA MEHbLIErO
guameTpa. Ha obpasyemoii kanaTrom netne noapemen 610K, Kakyio cuny F
HY>KHO NPHJIOXKHTB K PYKOSTKe BopoTa AuuHbl [ = 1 M, 4T00H yiepyKHBaThL
MJIH PABHOMEPHO NOJHHMATH TPy3 Maccsl m = 10 xr?

Puc. 34 Puc. 35 Puc. 36

181. Koreny ognopoanoro crepyus AC, umeroumero maccy m;, map-
HHPHO 3aKperieH Ha Jocke B Touke A (puc. 36). K apyromy xoniy crepxus
NpuBA3aHA NepebpolieHHas Yepes 6A0K HHTb, HAa KOHIIE KOTOPOH HAXOAUTCA
rpy3. Kakosa qosmkHa 6ITh Macca rpy3a ma, [J1A TOTO YTOOLI OTPE30K HUTH
BC 6pin ropusoHTANLHEIM, a CTepykeHb 06pa3oBbIBAN ¢ jockofi yron a?
Byner nn paBHoBecue ycToHYHMBRIMY

182. K rnagkoii BepTHKaNbHOM CTeHe HA BepeBKe AMMHHL [ = 4 cMm
nogsemen map maccei m = 300 r » pagmyca r = 2,5 cM. Hailitu cuny
JAABJEHHA LIADPA HA CTEHY.

183. Ha nnockom gue sinpMka Haxogutcs map. Jno simpxa obpa3syer
HeKoTOphift yrou ¢ ropusontoM. Illap yaep)kusaeres B paBHOBECHH HHTDIO,
napannaensHoit any (puc. 37). Ha kaxoit MakcuManbHbIH yTon & MOXKHO Ha-
KJIOHUThL JHO AIUKA, YTOOH miap octaBaJsics B pasHoBecun? Koaddumnenr
TPEHHA MeXK[y IHAPOM M AMIMKOM DaBeH k.

Puc. 37 P, 38

184. Jlpe ToHKHe MAJOYKH ¢ Maccamu M u m COeUHEHBI B CHCTEMY,
nzobpakennyio ua puc. 38. [Tanouxe moryr Bpamarsca 6e3 TpeHus BOKpYr
ocett A n B, npoxogsanmx yepes HUKHHe KOHOBI najiodek. Bepxnue konnpi
NAJIOYEK CXONATCH IO/, NPAMBIM YTJIOM TAK, YTO KOHEI] 0HOH MAJIOYKH Jie-
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>KHT Ha Tople apyro#i (nocnenuuit 3akpyraes). Bepxuas nanouka macest M
obpa3syer ¢ ropu3oHTOM yroa a. [Ipn Kakom MHHHMaNBHOM KoadhbunuenTe
TPeHHA k MeXy NaJIOMKaMH HHXKHAA He ynajger?

185. [ise napaj/ie/ibHbie ¥ IPOTABOTIONIOXHO HANPAB/IEHHBIE CHALI F] =
= 10 Hu F3 = 25 H npunoxens: B Toukax A v B cTepkns, PACTIONIOMEHHBIX
Ha paccrosann d = 1,5 m apyr ot apyra. Halttu cuny F, ypasHosemusaio-
WY CHALL F} B Fa, H TOUKY ee NPpUAOKeHH.

186. [1sa ogHopoaHbix Ky6HKa ¢ Maccamu my = 0,3 kru ma = 1,2 kr
H aauHamH pebep (; = 0,08 M u [y = 0,12 M coeauHeHBI MPH MOMOIIH
OOHOPOJHOIO CTepXHdA, HMetolero maccy m = 0,6 kr u gaunay d = 0,1 M.
Konupl crepykis npukpenfieHbl K cepeiuHamM rpanell KyOukoB, a LIEHTDHI
KyOWKOB JIesKaT Ha Npoao/ikeHHH ocH cTepxkHA. HaliTi nonoxenue nentpa
MAacC CHCTEeMBbI.

187. Yernipe ogHOPOAHBIX IAPA C MACCAMH 1My = 1 KI, M2 = DKr, M3 =
= T K, M4 = 3 Kr yKpenJieHsl HA HEBECOMOM CTEPXKHE TakK, YT0 UX LEHTPbI
HAXOAATCA Ha paBHBIX paccToguusx d = 0,2 M apyr or apyra. Ha kakom
PacCTOAHHH T OT LEHTPA TPeTREro Iapa HAXOAHTCA [EeHTp MACC CHCTeMEl?

188. [lse cTopOHBI NIPOBOJIOYHON PAMKH B (hOpMe PABHOCTOPOHHErO Tpe-
YroNbHHKA CAeNiaHbl M3 aJIIOMHHHEeBOH NMPOBOJIOKH, & TPeThA — H3 MeaHof.
Ipoponoku HMeOT OOMHAKOBLIE CEYEHHs!, & CTOPOHA TpeYroibHHKa | = 1 M.
MaorHoern amomunus u mean py = 2,7 - 10 xr/m3, py = 8,9 10% kr/M3.
Hafiti nonoxkeHne HeHTpa Macc CUCTEMBIL

189. OgHOpoAHBIN IMANHAP NOCTABASH HA HAKJIOHHYIO TIOCKOCTD, 0D-
PA3YIOIYI0 ¢ NOPH3OHTOM Yroqi . [IpH KAKOM MAKCHMAIBHOM 3HAYEHWH
YV Qmax UHJIHEAD €l€ He ONPOKHHETCHA, eC/H BHICOTA IMJIHHIPA BABOE
Gone ero paguyca?

190. Ha xakoM pacCcTOSHWH OT JHA HAXOAHMTCHA LEHTP MacC TOHKOCTEH-
HOT'O LH/IHHADHYECKOrO CTaKaHa, HMeIoLero Beicoty f = 12 oM H guametp
d = 8 cMm, ecin ToJUMHA AHA B [ABa pasa Gosbe
TONMIHHBI CTEHOK?

191. Oauopoanasa naactTuHa umeer dhopMmy no-
JYKpYTa paguyca r, CO8IHHEHHOTrO ¢ MPAMOYTOTb-
HUKOM, HMEWIHM OCHOBaHHE, PaBHOE OUAMETPY
nonykpyra, H Boicoty h (puc. 39). Haiitr otnowe-
Hue h/r, eciiu eHTp Mace Beeli NNACTHHLI COBNAIA-
€T C PeOMETPHYECKHM LeHTPOM NONyKpyTa (Toukod
C'). Paccroanue ot yenTpa mace nonykpyra C, o
ero reomerpiyeckoro neurpa C pasuo 4r /3. Puc. 39

192. OaHopoaHBI# NOIYIIAD MACCH! 111 , HMe0-
wHit paguyc r, BEINYKJ0# croponoil 1eXKHT Ha MOPH3OHTANLHOR MI0CKOCTH.
Ha xpa#i nonymapa nonoxkex HeGonbmo# rpy3 Macce! my. [log Kakum yrmom
K TOPH30HTY HAKIJIOHEH orpaHHuMBaioumii nonymap kpyr? Paccrosiune ot
[eHTpa Macc NOJyILapa 40 FeOMeTPHYECKOro LeHTpa pasHo 3r/8.

193. HaliTn nonokenue LeHTpa Macc OGHOPOIHOrO AUCKa paauyca R, ua
KOTOPOro Bbipe3aHo orsepcrue paguyca r < R/2 (puc. 40). Llentp Buipesa
HAXOAHTCH HA PAcCTOSTHMH R/ﬁ! OT LeHTpa JAHCKA.

194. Tpu uenoBeka HecyT OJHOPOAHYIO METANIUYECKYIO TUIHTY, HMEFO-
uyio topMy paBHOGEIPEHHONO TPEeYrWILHMKA ¢ ocHoBanueM a = 0,6 m

3 I A. Benapukon u ap.
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u ppicoTod h = 1,25 m. Tonmuna nautsl d = 4 €M, OJ0THOCTL MaTepHasa
maatel p = 3,6+ 10® xr/M®. Kakyio cuily 1aBieHnst HCIBITHLIBAET KaXabiil
YeJIOBEK, eC/H BCe HeCylHe [ep AT MJIKTY 3a BePIIKHLL TPeyroALHUKA?

(D

Puc. 40

195. Tpu yenopeka HECYT OJHOPOAHYIO MJIMTY
Maccel mq = 70 Kr, uMewlyo ¢dopMy paBHOCTO-
POHHEro TPEYTOIbHHKA ¢0 cTOpoHOH a = 2 M. [poe
NepXKAT MJIMTY 3a OJHY U3 BepIlUHH, & TPeTHH —
38 TNPOTHBONONOXHOE ocHopaHnue. Ha kakom pac-
CTOAHHH [ OT 9TOM BepIUHHBI 3aKPenyeH Ha NJINTe
COCpeoTOYeHHbIH rpys macebl mg = 100 kr, ec-
JI¥ CHJIA JABJEHHS PACTpee/eHa NOPOBHY MeXIY
BCEMH HECYTUMHT

196. Ha aByx BepPTHKAJNBHO PACHOIOMKEHHBIX
NPY>KHHAX OJWHAKOBOH JJHHE TOPH3OHTAJBHO
NoABElIeH CTepoKeHb, JKeCTKOCTH NpyXuH £ =

=0,02 H/m 1 k2 = 0,03 H/wm, paccToanue mexxay vuMu d = 1 M. B xakom
MECTe CTepPXKHsS HYKHO IOABECHTb IPY3, 4T0Dbl CTEPKEHb OCTAJCA B N'OPH-
30HTaJabHOM nonmkennn? Maccoll creprkaa npenebpeys.

197. Bepxnuit KoHel CTANLHONO cTepsKHA JaHEEL { = 1 M u paguyca r =
= 0,5 cm 3akpenJen (pruc. 41). Mogyas HOnra cranu E = 196 I'la. Haditu

yonueenne Al crepxkus, ecim
K €ro cepeAMHe W HHAKHEMY
KOHLY C TMOMOILBLIO CHELHANb-
HOT'O TIOZBeca IPUKPENUTDb rpy-
3bl maccel m = 400 Kr Kax-
autii. Maccol creprkua npene-
Gpeus. ;

198. Kpomuuwrreiin, ykpen-
JeHHBI# HA  BePTHKAJIBHOMN
CTeHe, HUMEET KOHCTPYKUMID,
n3obparkeHHyl0O Ha pHC. 42
Tpeyronenuk ACB — pas-
HODEJDEHHEI, C OCHOBaHHEM
AB, pacnoioeHHBIM  ro-
PH30OHTAJLHO, W BbICOTOH h.
Crepxknn AD w BD pnunmt |
KaXKAbIf MApHUPHO TIPHKpen-
JeHel K creHe. Kawmar CD

Yrdrs iy,

0

Puc. 41

Puc. 42

)

TakoKe umeer anuny {. Haiimu cuny Hatsokenus T xanata CD u cuawt NV,
cykumaompe crepxkun AD u BD, ecnn B Touke D nogeewen rpys

maccul . Maccamu crepykHelt n Kanata npenebpeys.

§ 7. 3aKoH coOXpaHeHHs 3HePTUH

[lpn pewennn 3agay AaHROTO naparpada HCNOTE3YETCA JIGKOH COLPAHEHUA
anepeuu. Pasnocts mexxay koneunniv ( B3) u nauanbisiv (E1 ) 3nasenuamu snep-
MM CHETEMBI DABHA PAGOTE BHELIHMX CHIL:

By — E1 = A.
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lna gByX Ten noJiHAs SHEPrHA PABHA CYMME KMHETHYECKHX sHepruft Tenm M no-
TEHLMATLHON PHEPTHH HX B3aHMOASHCTBHA:

mw? + mw§
2 2
B 3ana4ax o6bIMHO BCTPEYAETCA TOMLKO OfHA YACTHAA HOPMA NOTEHUHATLHOM]
IHEPrHH — JHEPTUH B3AMMOLEHCTBHA ¢ 3emJuell Tesa, NOAHATOrO HAJ NOBEPX-
HOCTBI0 Jemin Ha Boicoty h: U = mgh. Uamenenne norenumansHoll sneprau
HE 3aBHCHT 0T (GOpMBI NYTH, M0 KOTOPOMY [BMIKETCA TEJ0, M ONpenesiaeTca
Pa3HOCTBIO BBICOT.
Tak kak npy NageHNH TEJA H3MEHeHHeM KHHeTHYECKOH 3HeprHH 3eMITH MOXK-
HO [IpeHebpeys, TO 34KOH COXPAHEHHA SHEPrHU MOKHO HATKCATL B BHJE

mo}

2

Pabora cunsl F' npu nocTynaTensHOM NepeMelleHWd Tela, K KOTOPOMY OHAa
MPHIOKEHS, HA NPAMOMHHEHHOM OTPE3KEe AHHbL § BrIpakaeTca dopmynofi A =
= Fscosa, roe @ — yron MexJay Hanpas/leHHAMH cuibl F u orpeska s. [pm
a < /2 pabora nonokuTensHa, npu @ > 7,2 pabora oTpruaTenbHa.

Caeyer HMeThb B BHLY, UTO MEXAHHUYECKAS] BHEDIHA B 3aMKHYTOR cucTemMe He
COXPAHSAETCS, eC/IH BHYTPH CHCTeMBI JefCTBYIOT CHIIbI CONPOTHBIEHHA (MM Tpe-
HHA), 3aBUCAME OT cRopocTH |} . PaBoTa cui cONPOTHBIEHHS IOMKHA OITOMY
BCETJa PACCMATPHBATLCA Kak paboTa BHemwnux cun. Ilpu nanwumu conpoTHeNe-
HHA AN1A HE3AMKHYTOH CHCTEMBI

E. — E, = A+Aoonpa

rae A — pabora BHelnHHX ¢iil, Aconp — paboTa CHII CONPOTHBAEHHS, AeHCTBYIOMMX
BHYTPHM cHCTeMbl. Mexannueckas SHeprus He COXPAHAETCH TAKIKE NPH HEYIPY-
TOM COYJAPEHHH. 34eCh [ HAXOM/EHHA CKOPOCTe Mocie CoyAapeHus Clegyer
NONLIOBATECA 3AKOHOM COXPAHEHHA HMITYJ/1LCA.

Ecnu paBora copepaercs 3a BpeMa |, TO CPEAHAA MOLIHOCTL

E =

+ U.

2
+ mghy m—;"l + mgh: = const.

W= F.&-:;osct‘

rae 8/t — cpeanasn ckopocrs. MrHopenHana MOIIHOCTE
W = Fvcosa,
rje ¥ — MrHOBEHHAA CKOPOCT.

199. Jleramas ¢ HEKOTOPOH CKOPOCTLIO NYJAs MONAJAeT B MEHIOK ¢ mec-
KOM W BXOAMT B Hero Ha raybuny [} = 15 ¢m. Ha kakymo raybuuy s
BOMJET B TIECOK IyJis TOH »Ke MACCHl, ec/iH CKOPOCTh ee ABMxenus Oymer
Biasoe Gonpuwe? CUHTATH CHIY CONPOTHBIEHHS [JBH)KEHHIO NYJHM B IECKe
MOCTOAHHOMH.

200. MNyns maccst m = 10 r nogneraer k aocke Tomuuns d = 4 cM co
CKOPOCTBIO Ug = 600 M/c W, NpoGHB AOCKY, BLLAETAET U3 Hee CO CKOPOCThIO
v = 400 M/¢. Haittu cpeanioio cuny F conpoTHBaeHUs JOCKH.

!) Cunamu conporvBaenws (nam TPeHHA) NPH peLIEHHN 38,484 CJIELYET NpeHe-
Opeyn, eCIM HeT JPYTHX YKA3aHHH B YCIOBHH,

3*
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201, IMyns Maccul 17 JETHT CO CKOPOCTBIO Ug M NpobuBaeT TSIKeNy
JOCKY TOAMHHL d, ABRACYLLYIOCA HABCTPEUY MyJie co cKopocThio 4. C kako#
CKOPOCTBIO ¥ BBLIETHT nyns M3 gocku? CyMTaTs cuiy conporuBieHHst F
JBHXKEHHIO MYJIH B JlocKe nocTosanHol. CKopocTb J0CKH 3aMeTHO He H3Me-
HAETCH,

202. B teno macesl my = 990 r, nexkainee Ha ropH30HTAILHOA noBepx-
HOCTH, nonajaer myis maccsl my = 10 r u s3acrpesaer B Hem. CkopocTs
nyad v = 700 M/c n HanpasneHa ropusoHTansHO. Kakol nyTh 8 npoiiger
Teno go ocranosku? KoadyunuenT TpeHHa MeK Iy TENOM H NOBEPXHOCTHIO
k = 0,05.

203. Cuna F = 0,5 H geficrByer Ha Teso maccet m = 10 kr B Teyenne
spemenn ¢ = 2 ¢. HailTu Koneunylo KHHeTHYeCKy10 3nepriuio Tena K, ecim
HAYaNbHAY KHHETHYeCKas 3HepI'Hs paBHA HYJIO.

204. Tloe3x maccel T = 1500 T gBrsKeTcest co ckopocThio v = 57,06 kM/4
H NpH TOPMOXKEHHM OCTAaHABJIMB&eTCH, npofiga myts 8 = 200 M. Kakosa
cuaa TopMoxkenus F'? Kak Jo/DKHE H3MEHHTBCA CHIIA TOPMOXKEHHS, YTODbLL
TI0€3 OCTAHOBHJICH, npoliaa B apa pasa MeHbLuull nyTe?

205. Kakyio paGoTy coBeplUIHJl MaJbYHK, CTOALIMHA HA MIAJKOM JNbAY,
COOBLIHB CAHKAM CKOPOCTDL ¥ = 4 M/C OTHOCHTEJILHO JIbA8, €CIH MACCa CAHOK
m = 4 Kr, a macca manpunka M = 20 kr?

206. Hafitu mommnocte W, pasbBuBaeMyi0 NOPOXOBBLIMH FA3aMM MPH
BLICTpPE/IE U3 BHHTOBKH, CaH JiuHA ¢TBojia | = 1 M, macca nymm m = 10 r,
& CKOPOCTD IyJM NpH Beliere v = 400 m/c. Maccoll razoB, conpoTHBIEHHEM
JABHXKEHHIO ITyJIH H oTAavell BHHTOBKY npeHebpeyb. CunuTaTh CHILY JaBJIEHHA
ra30B NOCTOSHHON B TeYeHHe BCErO BPEMEHH JBHXKEHMA NYJIH B CTBOJIE.

207. [sa aBTOMOOHIA C OJHHAKOBLIMH MACCAMH OJHOBPEMEHHO TpO-
FAIOTCH C MECTa M JBHXKYTCS pPaBHOYCKOpeHHO. Bo CKObKO pa3 MOIHOCTD
nepeore apToMoDHNA DOMNblue MOLHOCTH BTOPOrO, ecJid 32 OAHO M TO JKe
BpeMs nepBelil aBTOMOOWAL JocTHraeT Bapoe Dobinell CKOPOCTH, YeM BTO-
poi?

208. ApToMOGHAB MaCChl M = 1 T TPOraeTca ¢ MECTA H, ABHTasiCh PABHO-
YCKOPEHHO, TIPOXOIHT My Th ¢ = 20 M 3a Bpems ¢ = 2 ¢. Kakyo mouaocts W
OOJKeH pPasBHTb MOTOD 9TOro asromobnnsa?

209. MoToph! 3/1eKTPOBO3a PH ABM)KEHHH CO CKOPOCTBIO ¥ = T2 KM/4
norpedasior Mownoets W = 800 kBr. KI11 cri10oBOfi yCTAHOBKE IEKTPO-
po3a 1 = 0,8. Halitu cuny mare F' moTopos.

210. Kakoil MaKCHMAaJbHLIH NOABEM MOKET NpeojofieTh TellIoOB03, pas-
pusatonuii MouHocte W = 370 kBT, nepememas coctap maccot m = 2000 T
co cKopocTeio ¥ = 7,2 kM/4? CunTaTe yrol HAKJIOHA (¢ OJIOTHA YKeJIe3HOf
[OpPOrN K T'OPH30HTY MAJIBIM, & CHJIy CONpPOTHBJIEHHS [BHXKeHHIO DABHOH
kmg, roe k = 0,002.

211. Momnocts rugpocranuns W = 73,5 MBr. HaflTi obbeMubiit pac-
xog sogbl Vi, ecoin KI1/1 cranumu n = 0,75 u nioTHHa NOAHHEMAET yPOBEHD
BOAbL HA BbicoTy h = 10 M.

212. llogvemubift Kpan 3a Bpemst { = 7 4 noJgHUMaeT MaCCy CTPOHTEIb-
Hblx MaTeprajos m = 3000 T na pricory A = 10 m. Kakopa mompocte W
asurarens kpana, ecnn KI1JT kpana n = 0,6.
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213. Tpakrop maccel m = 10 71, pa3puBawmwmit moumocte W =
= 150 kBT, noguumaercs B ropy co ckopocteio v = 5 m/c. Haitru yron
HAKJIOHA ¢ TOPbl K TOPHIOHTY.

214. Tpancnoprep noguuMaeT maccy necka m = 200 kr Ha aBTOMAIIMHY
3a Bpems { = 1 ¢. [lnnna nenTel Tpancnoprepa [ = 3 M, yroi HAK/IOHA ee
% ropusonty « = 30°. KI1[] rpancnoprepa n = 0,85. Haiitu momuocts W,
PA3BHBAEMYIO €r0 NIEKTPOSBHIATEEM,

215. lllapuk npukpen/ieH K KOHLY HEeBECOMO JKeCTKOH CIHLLI, HMEI0-
medi gnuHy [ = 10 cm. Bropo#t xomen cnuibl 3aKperuieH Tak, YTO COMna
C MIAPHKOM MOXeT cBOOOJHO BpamaThbes B BepTHKANLHON miockocTH. Ka-
KYI0 MHHHMAJbLHYIO CKOPOCTL U B MOPH3CHTAJILHOM HANPABIAEHHH HYXHO
coobmuTE WapuKy, 4Tobbl cnuua caenana nonnslil obopor? B navanbusii
MOMEHT CNHLA BEPTHKANbLHA M IIADHK DACTIONOXKEH BHH3Y.

216. Tsokennlit mapHK, NOJBELIEHHEIH HAa HEPACTSHXUMON 1 HeBecoMofi
HUTH, HMeomed JAuHY [, OTKACHSIOT OT BEDTHKAJAH HA YroJ O H 3aTeM
oTnyckaloT. Kaxyio MakcHMaJbHYIO CKOPOCTs ¥ puobperer mapHk?

217. Teno GpoieHo nog YrJjoM K TOPH30OHTY CO CKOPOCTRIO vg. Menone-
3ysl 3AKOH COXpaHeHUs YHepruH, HallTH CKOpPOCTL Tena v Ha BeicoTe h Han
TOPH30HTOM.

218. Kamens maccel m = 300 r 6pomen ¢ 6aIHK rOPH3OHTANILHO C He-
KoTopofi ckopocteio. Cnyers Bpems ¢ = 1 ¢ CKOpOCTBE KaMHSI COCTABHJIA
¢ ropusonTom yron a = 30°. HaliTw kuvernyeckywo sHepruio K kamus
B 3TOT MOMEHT.

219. Kamenp Maccel m = 5 Kr ynmasa ¢ Hekotopo#t BeicoTel. HaitTn
KHHEeTHYeCcKY10 sHepruio i kaMuAa B cpejHell TOUKe ero Iy'TH, eC/TH OH najan
B TedeHHe BpemMeHH t = 2 .

220. Kakoit kuneTuveckoit sueprueit K obragaer Teno macest m = 1 kr,
najatomiee He3 HavyanbHOH CKOPOCTH, CNycTs BpeMs t = 5 ¢ mowie Havaja
najgeHHs "’

221. Ilynsa, BolieTeBlias M3 BMHTOBKH BEPTHKAJILHO BBEPX CO CKOPO-
erbio v = 1000 M/c, ynana Ha 3emmio co cxopoctbio v = 50 M/c. Kakas
paGora A Obina copeplieHa CHJION CONDOTHBJICHHS BO3JAYXa, €CIH Macca
nyau m = 10 r?

222. [lyna maccet m = 0,3 r, BLINYILEHHAS U3 THEBMATHYECKOH BHHTOB-
KM BEDPTHKAJIGHO BBEpX, yrnana Ha 3emiwo cnycrs Bpemsa t = 11 c¢. Kakoso
cpejHee JaBjeHHE BO3JyXa HAa NyJI0 BHYTDH CTBOJA, €CIH ero JAauHa [ =
= 45 cm, a guamerp d = 4,5 Mm?

223. Teno GpolIeHO BEPTHKANLHO BBEPX CO cKopocThio v = 49 M/c. Ha
KaKoil BeicoTe h ero KuHeTHuYecKas 3Heprus K Oyger paBHa NOTEHUHAILHOM}
suepruu U?

224. K teny Maccel m = 4 Kr NpHJoXeHa Hanpab/leHHas BeDTHKAJIbHO
seepx cuna F' = 49 H. Halitn xunernueckyto sHepruo K Teja B MOMEHT,
KOr'a OHO OKarketcs Ha BeicoTe h = 10 M Ha g 3emaedt. B Havyanbabill MOMeHT
TeJIO OKOKJIOCE Ha MOBEPXHOCTH 3eMJIH.

225. Teno, Gpowennoe ¢ BbicoThi H = 250 M BepTHKAJbLHO BHH3 CO
ckopocTeio v = 20 M /¢, norpy3usiocsk B rpyHT Ha raybuny h = 20 cm. Haitrn
CHJIY COMpOTHRIEHHS F' rpyHTA, eciim MAcCA Teja M = 2 KI.
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226. dna 3abuBku cBau rpy3 maccel m = 200 Kr nogHMMAIOT CO CKOpO-
cTbiO ¥ = 5 M/c, a 3aTeM oTnycKaioT Ha BeicoTe H = 10 M, nociie dero oH
IBHxeTcs cBoboHo 10 yaapa o caio. Macca ceau M = 300 kr. Cnaa conpo-
THBJEeHHA IpyHTa AsmxeHHio cead F = 20 kH. Kaxora sneprus rpysa E
B MOMEHT ero yaapa o csaw? Ha kakyio raybuny h onyckaercs cepas nocne
raxkgoro yaapa? C xako#t MAKCHMMAJIbHOM 4acTOTO) T MOMKHO NPOH3BOJUTD
yaapsi? CuntaTs yekopenue csobognoro nagenns g = 10 m/c?.

227. Camoner Macchl m = 5 T ABMrajicd NOPH3OHTAIBLHO CO CKOPOCTBIO
v; = 360 km/u. 3aTrem on noguszncs Ha Beicory h = 2 kM. [Tpn arom ero
cKopocTb cTanta v2 = 200 kM/4. Haittu pabory A, saTpadeHHyio MOTOPOM
Ha MOJA'beM CAMOJIEeTa.

228. [lyna maccel m = 20 r, BuNYLEHHAas 01 YIIOM @ K FOPH3OHTY,
B BepXHeil TOUKe TPAEKTOPHE MMeeT KuHeTnaecKyio anepruro K = 88,2 I,
HaiiTu yron , eciiu HavaibHas ckopocTh myqm v = 600 m/c.

229. Yenosek maccel M mpeoiraer nog yrioM o K FOPH30OHTY CO CKO-
pocThio vg. B Bepxseli Toyke TpaekTOpHM OH GpocaeT CO CKOpPOCTBIO U
BEPTHKAIBHO BHU3 rpy3 Maccel . Ha kakyio obiyio BoicoTy i NOANPLITHY
yesiopeK?

230. Bpouwennoe peprHKannio peepx Testo Maccel m = 200 r ynago xHa
3emmo cnycra Bpems § = 1,44 c. Haiitu xunernyeckyio suepruio reaa K
B MOMEHT NaJeHNs HA 3eMJII0 M NoTeHnWaakHyo sHepruio U B Bepxuel
TOYKE TpﬂBKTUDHH.

231. May nagaer ¢ BeicoTEl A = 7,5 M Ha rmagxui nod. Kakyio cko-
POCTB ¥ HY>XHO cooDIUTE Msidy, 4Tobbl IowIe ABYX YAApoB O NOJ OH TMoJ-
HsJICA 40 MepBOHAMAJLHON BBICOTEHI, eC/Ii MPH KaXKJ0M yaape MsY Tepser
40 % sueprun?

232. Konbkoberkell, pa3orHaBIUHCh JO CKOPOCTH v, Bbe3XaeT Ha Jieas-
Hy10 ropky. Ha xaxyio Boicory h OT HAUANLHOrO YPOBHA OH NMOJHHMAETCH,
©CJTH FOpKa COCTABJsAET yrou a ¢ ropusonTom? Koaduunent tpenns mexk-
Oy KOHbKB8MH H JIbI0M paBeH k.

233. Canku cHe3kaloT ¢ ropel, umetoneid soicoTy h W yros Hakiosa
K FOPH30HTY (x, M ABHXKYTCs! fiafiee N0 POPU30HTAIBHOMY Y4acTKy (puc. 43).

Koadduuuenr Tpenns Ha BceM myTH
oanMHaKos u pasen k. Halitu paccroa-

\ HHE 8, KOTOpoe NpofiayT CAaHKH, JBHIa-

h # fICh M0 MOPU3OHTAJIBHOMY YHACTKY, 10
" MOJHOM OCTAHOBKH.

234. Kupnuu ¢ pasmepamu [ X

Puc. 43 % 20 x 4] knagyT HA FOPH30HTAJIEHY1O

NJOCKOCTL TIOOYEPEAH0 B TPeX pas-
JHYHBIX NWIOMKEHHSAX. Kal( MEeHAeTCHd MNoTeHIHalLHad HepPrisa KHprnHa4ya
NPH N3MEHEHNH ero NoIoKeHns T

235. Kakyio pabory A Hy»HO coBepuinTh, 4TOOB NOAHSTE TPYHT Ha
NOBEPXHOCTH 3€MJTH IIPH PLITHE KONOALE, uMeroiero raybduny b = 10 M u no-
nepeunoe ceuenne § = 2 m?? Cpeguss naornocts rpynTa p = 2 - 10% kr/m3.
C‘{m’[‘b, YTQ BRIHHMAaeMEIH FPYHT pacChilnacTCcAd TOHKHM CJI0eM No MoBepXx-
HOCTH 3eMJIM.
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236. Oanoponuan nenoyka AMMHL! [ NesKUT Ha raagkoM crone. Hebone-
11asA 9acTh HEMOYKH CBeNIHBAETCA co cToMa. B HauanbHBIf MOMEHT BpeMeH#n
JIeKANIMA HA CTONIE KOHEIl [ENOYKH NPHAEDPYKUBAIOT, A 3aTEM OTHYCKAKT,
H LenovKa HAYHHAET MOA AeHCTBHEM CHJIbI TAMECTH COCKAJB3LIBATH CO
crosia. HaliTu ¢KOpOCTE ABHIKEHMS LENOYKH B TOT MOMEHT, KOrA4 AJIHHA
ceemmBaontefics sactu ¢ < [ /2.

237. Konogen, umewonmit rnybuny h u naomags gHa S, HANONOBHHY
sanonned sogol. Hacoe suikaunsaer Bogy W NofjaeT €e HA OBEPXHGCTh 3eM-
71 uepe3 uuanHapuyeckyio Tpyby pagnyca R. Kakywo pabory A cosepumr
HACOC, eCJTH OH BBIKAYAET BCIO BOAY W3 KOJMOALA 34 BpemsA t7

238. Ceunnoseiit wap maccel m = 500 r, AsMKymMHCA CO CKOPOCTLIO
v = 10 M/c, coyaapAeTca ¢ HeNOABHMKHBLIM ILAPOM M3 BOCKA, HMEINIUM
maccy M = 200 r, nocne yero oba mapa geuxytes eMmecte. HafiTu kunern-
YecKy1o sHepruio K 1mapoB nociie coyJapeHus.

239. MnacTmaccosbiit map Maccst M J1€KUT HA NOJACTABKE C OTBEPCTH-
em. CHUBY B map yepes oTBepCTHE NONAJAET BePTHKANLHO JeTAlas nyns
Macchl ™ M TMpODHBAET ero HACKBO3L. [IpM 3TOM IIAD MOACKAKHBAET HA
sbicoty H. Ha kakyio eeicoty h Haj noactaBkofi nogHHMeTcs npobuBiias
map myqd, ecly Nepej NonajaHueM B IDAD OHA MMeNa CKOPOCTh Vg7

240. YeTnipe ognHakoBsix Tena Macchl m = 20 r Kayk10e pacnooyxKeHbl
Ha OIHOM NpAMON HA HEKOTOPOM paccTosHum Apyr or apyra. C kpafiHum
TENIOM COYAApsieTCsl TAKOE e TeJlo, uMeronlee ckopoets v = 10 M/e 1 asu-
JHyTieecs BIOAbL NPsiMOil, Ha KOTOPoil pacnonoensl Tena. Halitu kuHeru-
yeckyro aHepruio K cucreMsl Noche coyaapeHmii, CUMTasi coylapeHust Tes
abCoMIOTHO HEYTIPYTHMAL.

241. Ha ropuzoHTanbHOM MIOCKOCTH CTOAT ABA CBA3AHHRIX HUTHIO O/1H-
HAKOBBIX OpYCKa, MeXJY KOTOPbIMH DACTIOVIOXKEHA CXKATAA TIDY)KHHE, He
ckpennennasn ¢ 6pyckamu. Huth mepexkuraior, n 6pycku pacTalKHBaIOTCS
B pﬂﬂHHE C‘TOPDHH TaK, 4YTO paccrosmﬂe ME)K,IU HHMH BDB]JWI‘ Ha Be-
auunny Al. Haiitn norenumansuyio suepruio [J cxarTofl npy>KWHB, ecoiu
macca kaxknoro 6pycka pasua m. Koacdduuuenr rpenus mex gy bpyckamu
M TMJI0CKOCTBIO paBeH k.

242. 1sa abCcoMOTHO YIPYIUX LIApa, HMeolne MACCH Ty U Mg B CKO-
POCTH V1 M ¥4, IEHTPANLHO COYAAPAIOTCA APYT ¢ Apyrom. Halitn ckopocTH
INApOB Mocje COYAADEeHHs.

243. Bpycok NexHT Ha aHe AlMKa y cTeHKH A (puc. 44). Slmuk B pe-
3YABTATE KPATKOBPEMEHHOI'O BHELIHENo BO3JeHCTBHS HA NPOTHBOMOJIONK-
HYIO CTEHKY B HAYHHAET ABHIATHCS NOPH30HTAMb-
HO €O CKOpPOCTbIO ¥. PaccTosHHe MeXIy CTeHKa-
v A n B pasno l. [lnuna 6pycka Mana no cpaBre-
uuio ¢ {. Maccsl aumuka u 6pycka oaunaxkossl. He-
pe3 Kakoe Bpemsi ¢ OpDYCOK BHOBb KOCHETCH CTeH-
ku A? Cunrats coygapenue Gpycxa co crenkoit B
ABCOMIOTHO YIPYTHM. Puc. 44

244. Knun maccs M naxogures Ha HaealiEHO
rNaaKoi ropH3oHTaNBHON nuockoern. Ha kimne nexkur 6pycok maccel m,
KOTOpPBIN Moj| JAeficTBHeM CHJIBI TSXKECTH MOXKeT CKOJIL3HThL 1o Kiuny Gea
TpeHna. HaknoHHaa MJIOCKOCTE KIWHA HMEeT MJIABHEI Mepexo] K ropH30H-
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TanbHOH MiockocTH (puc. 45). B HawanbHBIH MOMEHT CHCTEMa NMOKOHTCA.
Haiitn ckopocTk ¥ KAHMHA B TOT MOMEHT, Korja 6pycok ¢ BRICOTBI h co-
CKOJIb3HET Ha IJIOCKOCTE.

245. [laTe OAWHAKOBBIX IWIAPOB, LEHTPBI KOTOPbLIX JIEXKAT Ha OJHO#
npaMoli, HaxoasaTcs Ha HebonbnioMm paccroguuu apyr ot apyra. C kpafamm
LmIapoM COyJapAeTcH Takxoil »Ke Wap, uMelomii ckopocTs v = 10 M/c n aBE-
>ymuiicss Baoab npamoit, coeaunaionieft nentpel mwapos. Halitu ckopoers
NoC/IeiHero 1apa, CYHTAA COyAapeHHs MAapoB abCONOTHO YIPYIHMHU.

PO
e __
M o

e e R R

Puc. 45 Puc. 46

246. Wpeansho raagxuil miap A, Jsixymuiics o CKOPOCTBIO ¥p, OHO-
BpEMEHHO COYAapPASTCA ¢ ABYMSA TAKHUMHM >Ke, COMPHKACAIONIMMHCA MeH Iy
coboft mapamu B u C (puc. 46). HaliTH cKopoCcTH n1apos nocie coyaapeHHs,
CYHTAH COYJAApEeHHS MApPOB abCONIOTHO YIIPYTHMH,

247. [pa uaeanbHO rMaJKHX [Iapa pajuyca T JeXKaT, COMpPHKACAACH
ApYT ¢ APYT'OM, Ha HAEANbHO IN1aaKoH ropH30HTaNbHON naockecTH. TpeTnil

Takol e wap paguyca 2r, ABHKylHiics

v €O CKOPOCTBIO Vg 1O TOM »Ke MIOCKOCTH, CO-
< S /. YAApseTcA OZHOBPEMEHHO ¢ ABYMSA IAapPaMMH
(puc. 47). HatiTu ckopocts Gosbitoro mapa

nocie coyqapeHus, CUHTAS COYIAPeHNs 1A
poB abCOJIIOTHO YIDYTUMH.

Puc. 47 248. Tlog KakMM yrjioM ¢ pasneTarT-

cs nocyle abCoTIOTHO YNPYToro CoyaapeHus

JBA OJMHAKOBLIX HACANLHO IIAIKHX LIAPa, €CJId A0 COYJApPEHHs OJHH M3

HHX TOKOWJICH, & ApPYTO# ABHIAJICA CO CKOPOCTBLIO g, HAlpaBJeHHOH 1104

yraoM a # 0 k npsMoil, coeuHsIOLEH UX UEHTPLl B MOMEHT COYAapeHns’

249, [Isa abconoTHO yIPYTHX MIAPA JIETAT HABCTPEYY
apyr apyry. Kuneruueckas smeprusi nepsoro wapa B k%  Zassi
pa3 Gosemre, wem proporo (k = 4/3). Ipu kakom oTHOLIE-
HHM vz /v cKopocTell fo yaapa wape! nocie yaapa oyayT
ABHMATLCA B TY #Keé CTOpPOHY, YTO M nepenif map Jo yaapa,
eClIH Macca NMepBOro mapa 1 Dosbllie MAccsl BTOPOro
mapa my?

250. [Ipa abcomoTHO YNpYrHX MIApHKA € MAaccaMmu
my = 100 r 1 mg = 300 r nogBelIens! HA OAMHAKOBBLIX
HUTAX JnEel [ = 50 cM Kasknas (puc. 48). [lepsolit mapuk m;@mg
OTKJIOHSIIOT OT TIOJIOXKEHHs paBHOBeCHs Ha yroa a = 90°
H oTmyckaioT. Ha Kaky1o BhICOTY NOAgHHMETCA BTOPO# mia-

PHK noche coyaapennsa?’ Puc. 48
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251. Illapuk 6pocaoT U3 ToOukM A BEPTUKANBHO BBEPX ¢ HAYAJNLHON
CKOpPOCTBIO Vo. Korga oH focTuraeT npeaenbHOH BLICOTH NOgbeMa, H3
TOYKH A Mo TOMY K€ HANPABIEHHIO ¢ TOI >Ke HAYANBHOH CKOPOCTLIO Vo
6pocalor gpyroii Takol xe wapuk. Yepes HekoTopoe BpeMs IWAPHKH BCTPe-
YAITCA ¥ NpoucxoguT abcontoTHo ynpyroe coynapenue. Ha kakoli BricoTe
coygapawrea wapukn? Ha Kakyro BeICOTY Nociie coyjaperns NoJHHMeTcs
nepeetii wapuk?

252. CHapaj npH BePTHKAJILHOM BHICTPENe A0CTHT BCIIel ToUYKH no-
nera h = 3000 M u pasopsajcs Ha B3 OCKOJNKA C MaccaMH Mmj = 3 KU
# mg = 2 kr. OcKoNKK NPOJOJKAIOT IeTeTh TI0 BEPTHKAJIH — NepBbid BHU3,
Bropoii Beepx. HaiiTi ckopocTH ocKONKoB v) ¥ Vg Yepea Bpems ¢ = 2 ¢ nocae
B3pLIBA, €CJTH WX MOJNHAA SHeprusi B MoMeHT Bapwipa F = 24T k/x.

§ 8. JIuHaMHKa BPAIIATENLHOTO JBUKEHUSA

IMpu peuiennu 3a484 Ha AHHAMHKY BPALLATENBHOIO ABMMKEHHUA ClegyeT mo-
CTYNATE TAKHUM ke 00pa30M, KAK M NPH PelieHHH 3A0aY Ha AHHAMMKY NPAMOJIH-
uelinoro asuxxenun. [Ipexkae Bcero HyHO BLIACHHTb, KAKHE CHJIL OefiCTBYIOT Ha
ABHXYLIHECA TeNna, H HBOE‘D&SHT]} FTH CHITBI HE MEePTEXKE. 3arem cleqyeT 3AnHCATh
YpaBHeHHA JBH KeHHA. :

Ipu paBHOYCKOPEHHOM BPALIEHHH TEJa MO OKPY?KHOCTH LEHTPOCTPEMHTE b~
HOE YCKOPEHHE dn = ‘U?/ R=w’Rna CYMME ¢ KACATETLHBIM YCKODEHHEM @r O8eT
nonHoe yckopenue Téna. [Ips paABHOMEPHOM BpPALUGHUH YCKOPEHHEe (-, XAPaKTe-
PH3YHOILEE M3IMEHEeHHEe CKOPOCTH N0 MOAYJ/I0, PABHO HYJIO W MOMHOe YCKODEHHEe
onpefeyigeTca TONBKO LEHTPOCTPEMHTEILHLIM YCKOPEHHEM: 4 = v? /R= w?R.

Cornacuo propomy 3akony Huiorona

m};a =ZF"\

rae Y. F; — cymma npoekuuit cun Ha Hanpasaenue pagnyca. Ecin npoekuns cubl
HAIpaB/eHa K UEHTPY, ee HY»HO CHHTATL MOJOXKHTETLHOMN, c/IH OT 1eHTpa — 0T-
PHUATENBHON, Ty CyMMY NMPOEKIMil CHJ HACTO HA3LIBAIOT LEHTPOCTPEMHUTENLHOH
cunoit. OgHako cneayeT WMeTh B BHAY, YTO HeT 0CcoGBIX LIEHTPOCTPEMHTETLHBIX
CHJ cIeUMHEECKON NPHPOAL, & 8CTh CyMMa NPoeKLui Tex ¢HJl, KoTopble Boobime
PACCMATPHBAIOTCH B MEXAHMKE # 0 KOTOPBIX KPATKO NOBOPHJIOCH BO BBEAEHHH K § 4.

253. llapux macest M noapewen Ha HutH, umeromedt anany [ [apak
OTKJIOHSIIOT OT NOJIOXKEHKsI PABHOBecHsl Ha yranl ag = 90° u oTnyckalor 6es
TONYKA. B TOT MOMEHT, KOIJa IIApHK NPpOXOOAT nogoXxkeHHe paBHOBECHS, Ha
HEMD CAAHTCH MY Xa MACCHI 1M, JETEBILAA I"DPHEIOHTBJII:HCI H&BCT'[J'B'-I}' HIapHKY
co ckopocTeio v. Ha kakoil yrol o OTKJIOHHTCS TIOCTE ITON0 mapiK?

254. Ha ropusontannho spainaiomelics niaatdopMme Ha PACCTOSHHH
R = 50 em ot ocu Bpamienus nexxuT rpy3. [Ipu kakoll 4acToTe n BpameHHs
naatrdopMsl Tpy3 HaureT ckoNb3nTh? KoadubuuueHnt TpeHus MeXAy rpy-
som u aaardopmoit k = 0,05.

255. Ha kpatro ropusoHTanbHO Bpamfawnielica naatdopmMel paguyca
R =1 M aexut rpys. B kakoit MoMeHT Bpemens { mocnie Hauana Bpaile-
Hust nnanhopMbl FPY3 COCKOJIb3HET C Hee, eCNH ee BPalleHHe PaBHOYCKO-
pEHHOE W B MOMEHT BpeMeHM typ = 2 MUH OHA HMeEeT YIJIOBYH) CKOPOCTB
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= 1,4 paa/c? Koaddbunument TpeHus mexkay rpy3oM H mnaatdopmoii
0,05

,05.

256. Kaxop gomskeH 6bITh MMHHUManbHbIN KoadhdHIMEHT TpeHnA k MexK-
Ay mmHaMH aBTomobuas r acdanbrToMm, uTobbl aproMobuns Mor npoiTH
6e3 npockans3LIBAHHA 3aKpyraense paguyca R = 100 M npu ckopocT v =
= 50 xkm/9?

257. Teno maccet m = 200 r pasHOMePHO BPANIAETCA B POPUICHTATLHOM
TIIOCKOCTH 1O OKPY»KHOCTH paiuyca R = 0,5 M ¢ yacroroit n; = 3 ob/c.
Kakyio pabory A Hy»KHO COBEPIINTE, YTODE! YBETHUYHTE YaCTOTY BPAILEHUA
[o ng = 5 06/c?

258. Bapaban cymnapHo# MauMHe!, nMewonmit auamerp D = 1,96 M,
Bpaluaercs ¢ yrnosofi ckopocTeio w = 20 paa/c. Bo ckonbko pas cuna F,
NPHXKHMAIOIIAS TKAHE K CTeHKe, DoNblie CHIILI TAKeCTH mg, AelcTRy e
HA TKAHL?

259. Camoner penaer nermo Hecreposa (e«MepTByio nerims ), NMeio-
myto paguyc R = 255 M. Kakyro MEHHMAABHY0 CKOPOCTE ¥ J0JKEeH HMeTh
CaMOJIET B BEPXHEH TOUKe NeTaH, 4Tobbl JEeTHHK He TOBHC HA DEMHAX,
KOTOPBIMH OH IIPHCTETHYT K Kpecay?

260. C KaxkHM MaKCHMAJbLHBLIM NEPHOAOM T MOYKHO DABHOMEDHO Bpa-
IATh B BEPTHKANBLHON MJIOCKOCTH LIADHK, IPHBA3AHHBIN K HHTH, HMeloLedl
Jumny | = 2,45 M7

261. Hesecompiil cTepskens paBHOMEPHO BpalllaeTes B NOPHIOHTANILHOM
miockoetu ¢ yacrotodt n. Ha paceroauusx ly u [l ot ocu Bpamenus 3a-
KpenJeHbl Tpy3bl ¢ MAaccaMH my U mg. Kakas ropusoHTansHasa cuna F
JleficTBYeT Ha OCh BPAEHHS, €CIH OCh HAXOAHUTCA MeXKAY rpy3aMu’

262. Astomobuas Maccel m = 1000 Kr ABMXKeTCA CO CKOPOCTBI U =
= 36 xM/4 NO BEINYKIAOMY MOCTY, HMEIOLEMY paauyc KpueHsnul R = 50 m.
C kakofi cunoft F' pasur aproMobuib Ha mMocT B ero cepeanne? C kakoil
MHMHHMAJLHOA CKOPOCTBIO Vmin AQJIXKEH JBHIATHCS ABTOMOOMJIBL [JJIs TOTO,
urobLl B BepXHell TOUKe OH MepecTall OKASHIBATL JaBJeHHe Ha MOCT?

263. AproMobuns Maccel m = 2000 Kr ABMXKETCH CO CKOPOCTBIO U =
= 36 xM /4 N0 BOTHYTOMY MOCTY, HMeIOIeMY paauyc Kpueuansl K = 100 m.
C xaxoit cuioit F' gaBHT aBToMOOMAL Ha MOCT B ero cepeaue?

264. ApTOMOOMIBL MACCHI M ABHIKETCH CO
CKOPOCTBIO ¥ N0 BBINYKJIOMY MOCTY, HMEOIEMY
pamuyc kpususnsl R. C kaxoit cunofi F' gaBur
apTOMODM/IL HA MOCT B TOYKe, HAIpAaBJeHHe Ha
KOTOpYH) M3 HeHTpa KpPHBH3HEI MOCTA COCTAB-
JIfIeT ¢ HANpaBJeHHeM Ha ero cepefHHy yroa a
(puc. 49)7

265. Yepes pexy mupunst d = 100 M nepe-
Gpolien BLIMYKIIBIR MOCT B (DOpME OYTH OKpY K-
nocTH. Bepxnas Touka MocTa noaHUMaeTCs HAT
6eperom Ha Bricoty h = 10 M. MocT MoxeT BbI-
JIePXATE MakCHMaNbHY0 cuny aasnenus F = 44 1 kH. [Npu kaxoii ckopo-
cTH rpy3oBiK Macchl . = 5000 kr MoXkeT nepeexaTs yepe3 mMocT?

266. Hepecomuili cTep)KeHE MOXKeT BpallaThCcA Oe3 TpeHna BOKPYT Io-
PH30OHTAJLHON OCH, NMepneHIHKYIAPHOHl K CTepPKHIO M npoxojaneil yepes

Puc. 49
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Touky O (puc. 50). Ha crepykne ¢ onHON CTOPOHBI OT OCH YKpPerJieHbl
OJMHAKOBbIE N0 Macce rpy3sl Ha paccroanusx | u [ /2 or Touku 0. C gpyroit
CTOPOHBI Ha CTepKHE YKperuieH rpy3

YABOSHHOI Macchl HA paccTosaHun /2 1/2

oT ocH. B HayaneHBIA MOMEHT cTep- :_'10

KeHb GBI PACTIONOXKEH TOPHIOHTANL- (P 9, Q
HO, & 3aTeM OTMyIleH 0e3 TOMYKa. l 2y 12

HaliTu ckopocTh v cpeljHero rpysa
B MOMEHT NPOXOKAEHHA CTEPAKHEM M0~ Pue. 50
JIOXKEeHHS PaBHOBECHH.

267. Yenosek maccsl m = 70 kr cuanT Ha cepeaune Tpanenun. [Tanka
Tpanenuu nojpeiieHa Ha BepeBkax NJauHbl [ = 8 M. [1pn KayaHHH YenoBek
MPOXOAUT TIONOXKEHHE PABHOBECHA €O cKopocThio v = 6 M/c. Kakora cuna
HaTaxxeHns T KaXka0i# BepeBKH B 3TOT MOMeHT?

268. [llapux maccel m, mogeeileHHEbIl HA HUTH, OTKJIOHAKOT OT NOJO-
JKeHusl papHOBecHs Ha yroa o = 90° u ornyckaior. KakoBa MakcnMmaJbHasA
cuna Hatsokenns T auru?

269. I'py3uk maccel m = 20 r, NpHKPeNJeHHbIH K KOHLY HEBECOMOIO
crepxHs, umetoniero aauHy [ = 40 cM, paBHOMepHO BpalllaeTcsi B BEpTH-
KabHOf MI0CKOCTH BOKPYT APYToro Komia ¢ yactorofi n = 10 o6 /c. Halltu
cunbl HaTsxkeHua Ty u Ty CTEpKHA B MOMEHTHI MPOXOXKIEHHA TPY3HKOM
BepxHell H HU>KHell TOUeK TpaeKTOpPHH.

270. Hefonboe Teno Macckl 1 BpalaeTCs B BEPTHKAJTBHOMN ILJIOCKOCTH
Ha HeBecoMoli wTanre. HaiiTh pa3snocTe cnn HATSA)KEHHS IUTAHTH B CIydae,
eCJIH: &) CKOPOCTE BPalLeHus NOCToAHNA; §) H3MeHeHne CKOPOCTH BPALLEHUS
BhI3LIBAETCS CHJOH THXKECTH.

271. lllapuk macchl ™ noARelleH HAa HWTH, BhiJep>KHBAlONEN cHIY
HaTskenuss T = 2mg. Ha Kakoil yroa @ oT BePTHKANH HYXXHO OTKJIOHHTB
LIAPHK, YTOGB! 0H 0G0PBAN HUThL, MPOXOAA Yepes Nono-
JKeHHe paBHOBECHs.

272. Illapuk Macchl m NOJBeIleH Ha HUTH, HMel-
weit amuny [ B Touke A, orcrosei or noapeca na
paccTosHMK @ Mo BepTHKAAH, BOMT rsosab (puc. 51).
UzpecTHOo, 9TO HATL ODPEIBALTCA MPH CHJIE HATAMKEHUA
T > mg. Ha xakoll MUHHMAaNbHBIH yroil @ OT BepTH-
KAJIH HYHO OTKJIOHUTH Tpy3, 4Tobbl NpH AajibHeliemM
cBOBOAHOM JBHIKEHNH K MOIOXKEHN IO PABHOBECHSA HHTh
obopBanach, 3alENUBUINCE 3a FBO3ALT

273. [lpy xaxoM OTHOIIEHHH Macc m;/me ABa

m TeNna, CBA3aHHbIE HUTHIO, MOTYT BPAIUATLCA C OOHHA-
KOBLIMH YTJIOBBIMH CKODOCTAMH Ha I‘J'IB,I];KD“ rOpH30H-
Puc.51 TAJTLHOM MOBEPXHOCTH, €CJIH OCh BPAILEHHA JeJHT HHTh

B orHomienuu 1 : 37
274. [lo BepTHKANEHO pacroncXKeHHOMY obpyuy pagmyca R Moxer
6e3 TpeHHsa CKOMB3HTE Koneuko. O6pyy BpallaeTcss BOKPYT BEPTHKAJNLHO#MN
ocH, npoxoasiuedi yepes ero ueHtp. Koseuko HaAX0AWTCA B DABHOBECHH Ha
BeicoTe h oT HuxHelt Toukn 06pyua (puc. 52). Haitta yriosyio ckopocTs w
BpalleHua obpy4a.
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275. Ha BeprukanbHOH OCH yKpemJieHa MOpH3OHTaJ1bHAs INITaHra, Mo
KOTOpo# MOryT Ge3 TpeHHs MepeMellaThes JBa IPy3a C MACCAMH 1M, H Mo,
CBA3aHHBle KUTbIO AnuHbL [. Cucrema spamaer-
cq ¢ yraosoit ckopocTeio w. Ha Kaknx paccros-
HAAX OT OCH HAXOOATCA T'py3bl, Oyay4u B mo-
nokeHHH papHoBecusi? Kakosa npu atoMm cuia
Hats>kenus T HATH?

276. Manpunk mMaccel m = 45 Kr Bpaiia-
eTcs Ha «PHFAHTCKHX LIArax» ¢ YacToTod n =
= 12 06/mun. Jnuna xanarta | = 5 m. Kakosa
cuna Hatsxxkenus T kanata?

277. KaMmens, noasenieHdsii X MOTOMKY Ha
BepEeBKe, JBUXKETCA B TOPH3OHTANBHON MIOCKO-
CTH N0 OKPY>KHOCTH, OTCTOALIEH OT TOTOMKA HA
paccroanun h = 1,25 m. Hafitu nepuog v obpa-
IMEHHA KaMHSA.

Puc. 52 278. lllapuk macchl m, NogpeleHHBIR Ha

HHUTH, UMemomeil anuny [, Bpauaercs B ropu3oH-

TanBHOM niockoeTH. Kakosa go/kHa 66iTh cusa HaTs>kenus T nuTH, yToObl

paguyc R OKpY>KHOCTH, MO KOTOPOH ABHXKETCH INAPHK, MOr JOCTHTHYTb
Beswannbl 20/v/57

279. llapnk, nogsemeHHelf Ha HATH, uMmemollelt anuHy [, onuckiBa-
€T OKDYKHOCTB B NOPHM30HTAJBHOH naockocTH. HuTk cocraBaser ¢ Bep-
THKATEIO0 yroa o. HaliTu mepuos 7 obpamieHus mIapHKa, eclid MasTHHK
HaXoguTCA B JHdTe, IBHXKYIIEMCSH ¢ NOCTOAHHBIM YCKODEHHeM a < g, Ha-
NpaBIeHHBIM BHH3.

280. I'apbka Macchl M, NPHUBS3aHHAs K PE3HHOBOMY LIIHYPY, BpallaeTca
B MOPH30HTANLHOMN nnockocTH ¢ yactoTol n. [Ilnyp cocrapnser ¢ Bepruka-
nbio yron a. Halitu gymny HepacTsinyToro maypa lg, ecis M3BECTHO, HTO
[15 pacTsKeHHs ero 1o AauHbl | Tpebyercs cuna F.

281. Kaxky:o CKOPOCTE ¥ JQIIXKEeH HMeTh BaroH, ABHXKYIHItcs no 3aKpyr-
nenuto paguyca R = 98 M, urobsl wap Maccel m = 10 xr, noABemeHnLI
HAa HHTH K NMOTOMKY BAarOHA, OTKJOHHJCA OT BEPTHKAJH Ha yron a = 45°7
Kaxosa npn aToM cuna natsxkenna T uautu?

282. Hebonbmoe Teno COCKANb3LIBaeT Ge3 TPeHHMsA ¢ BEDIIHHBL MOJy-
cepnt paguyca R. Ha xaxoit Beicote h Teno oropeeTcst OT MOBEPXHOCTH
nonycgepst?

283. Manenbkoe KoJedKO Macchl 11 HageTO Ha DoNblIce NPOBONOYHOE
KObLO paguyca R, pacnosiokeHHOe B BepTHKANLHOMK nuockocTn. Koneuko
Ge3 HauaILHON CKOPOCTH HAYMHAET CKOJIB3UTh BHU3 H3 BepxHel Touku 6ob-
moro Koabia. [lo kaAKoMy 3aKOHY M3MeHAeTCA CHIa AaBneHus F' Koreuka
Ha BonbIIoe KOMbLO B 3ABUCHMOCTH OT BBICOTH! fi, HA KOTODYHO OILyCTHTCA
roneuko? Tpennem npenebpeus.

284. HeboabIuoe Tes10 COCKAML3LIBAST N0 HAKJIOHHON NOBEPXHOCTH, Ne-
pexonsiuie#l B «MepTBYW neTio», ¢ Buicotel Hy = 2R, roe R — pagnyc
nersm (puc. 53). Ha xakoli Bhicore h Teno oroppeTcs OT NOBEPXHOCTH
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nernu? C kakoll BbicOTEl H LOMMKHO CKATHIBATLCA TEJO, ANA TOMO 9TOOH
OTpbLIBA HE MPOoH30uLIo?

285. BenocunegucT npH NOBOPOTE NO 3aKpyrVIeHHIO paguyca R Ha-
KJIOHSeTCs K UeHTPY 3aKpYIJeHHs Tak, YTO YIoJ MeXJAy IJIOCKOCThIO
BeJIOCHIIENA H ﬂOBEpIHOCTbI'D 3EMJIM paBeH Cx.
Haiitn ckopocTb v BEJIOCHNEAUCTA.

286. [NonoTHo JOpOrH HA NOBOPOTE pady-
ca & HaKNOHEHO B CTOpOHY LIEHTPA 3aKpyrie-
HHA H COCTABJSAET yroa & ¢ ropusontoM. [lo
J0poTe eAeT BeAOCHNEeANCT, CKOPOCTh KOTOPO-
ro TaKOBa, YTO HA TOBOPOTE BeJIOCHIE] Mep-
NeHANKY/APEH K NoNoTHY Aopord. C kakoit cu-
noil F' Benocunea JaBHT Ha A0POTY, €C/IH MAcca
BeJIOCHNeAuCTa ¢ Befocuneaom pasaa m? Ka-
KOB& IIPH 9TOM CKOPOCTb U BeJocHneaa?

287, Konbkobeser| ABMKETCS CO CKOPOCTBIO ¥ 110 OKPYXKHOCTH PaJuy-
ca R. Tlop kakum yrioMm a K ropusoHTY OH JOMeH HAKJIOHMTLCS, YTOOBI
COXPA3HHTb paBHOBecHe?

Puc. 53

§ 9. 3akoH BCEMHUPHOI'0 TATOTEHHA

Jaxon GCEMUDPHO20 MAZOMEHUA B BHOE

mima
F=T 7t
T

rae v = 6,6720-10""' H- m?/xr? ~ 6,67-10""" H - M”,’xr’ — IPaBHTALMOHHAA
MOCTOAHHAA, HEMOCPEACTBEHHO CMPABELIMB TONBKO AJA MATEPHANBHBIX TOYEK,
T. €, JJ1A TeJl, FeOMeTPHUYECKHe PAa3Mepbl KOTOPbIX BO MHONO PA3 MEHbILUE PAcCTos-
HHA T Mexay Hume. Ecan ogHo m3 Ten mmeer dhopmy wapa, paguyc KoToporo
mHOro Gonblue pasmepa ApYroro Tea, TO ITOT 3aKDH Takxke cnpasegnus. [ns
AByx Tes cpepryeckoil dopMbl OH CrIpaBejIHB NpH JI0OLIX HX PAIMEDAX.

I'paswTaunonsas cuna (cuna Tsxectu) coobiuaer BeeM Tenam, csoboauo na-
JAIOLHM Y NOBEPXHOCTH 3eM/TH, HE3ABHCHMO OT HX MBCCHI OJHO H TO JKe YCKOpeHHe
g = 9,80665 m/c? = 9,81 m/c’. DTO NPOMCXOAUT BCIEACTBHE TONO, YTO HHEPTHAS
MACCA TeNIa, BXOAALLAA B yPABHEHHE OBH KEHHA, W TDABHTALIMOHHAA Macca B 3a-
KOHE BCeMHPHOMO TAMOTEHHA PaBHBI APYT APYTY.

He cnepyer cmewmmsats cuiy TaxcecTH u Bec Tena. [log secom nonmmaercs
CHJIA, ¢ KOTOPOH TEI0 JABHT HA ONOPY, HIIH 7K€ CHIA, ¢ KOTOPOH OHO DACTArHBAeT
nogsec. Cuna TaxkecTw Ha 3emie BCIOLY, 33 HCKJIOYEHHEM NOMIOCOB, HE PABHA
BECy, TAK KAK Tella yMACTBYIOT BO BPALUEeHHH 3eMH H, CJIJ0BATEILHO, ABHAKYTCA
¢ ycxopenuem. [1osTOMy, CTPOro roBopA, CH/Ia TAMKECTH HE YDABHOBELIHBAETCH
CHJIOH peakuMH ONopkl, paBHOH Mo Moaynio Becy. [1pasaa, pasHULA Mexx Iy CHIOM
TAXKECTH M BECOM OY€Hb MAJa W3-3a MaJOll YIIoBOH CKOPOCTH BPAIUEHHs JeMJIn.

288. Haitti cuny nputsxkenus F mexay 3emnelt n JIlynoh. Macca 3em-
a ma = 6-10%* kr, macca Jlynsl my = 7,3 - 102 xr, cpeqHee paccrosinue
MexKIy uX nenTpamu + = 3,8 - 10° m.

289. Yckopenue cBoOOAHOTO MajeHHA y MoBepxHocTH JIyHel B 6 pas
MeHblIIIe YCKOpeHHA CBODOAHOrO NajeHns y nosepxsocTH Jeman. Bo cxons-
KO pa3 Bblllle H JaJibllle MOXKeT MPLIrHYTh YenoBek Ha JIyne, yem Ha 3emne?
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290. BoiuncinTh MepByl0 KOCMHMYECKYH) CKOPOCTh ¥ Y TIOBEPXHOCTH
JIynt, ecin paguye Jlyaet Ry = 1760 kM, a yckopenue ceobogHoro nagenusa
y nosepxsoct Jlynn! B 6 pa3 menbine yckopeaus cpobofiHOrO najeHus
¥ MOBEPXHOCTH 3eMaH.

291. Pakera nognanacs #a seicoTy b = 990 xm. Ha ckonbko ymeHbm-
Jlack CHJIA TAYKECTH, AeiCTBYIONIAR HA paKeTy, Ha BbicoTe h mo CPABHEHHIO
C CHJIOH TAXKeCTH Mg, AeliCTBYIOWEl HA Hee, ¥ OBEPXHOCTH 3emin 1)?

292. Paguyc Jlyns R; npumepso B 3,7 pasa MeHbLIE DAAHYCa 3eMJH
Rs, a macca Jlyssl my; B 81 pa3s Menbue maccsl 3emau mz. Hafimu yeko-
penHe cBoGOAHOIO NafeHus g Y nopepxusocTa JlyHst.

293. Paauyc Connua R npumepno B 110 pas Gonbuie paguyca 3eman
R3, a cpeauss naordocTe CoNHUA pc OTHOCHTCH K CpejgHeil MIOTHOCTH
3eman ps, xax 1: 4. Haiitu yckopenue ceoboiHoro najieHus g¢ y noeepx-
nHoctu Counna.

294, Kakymo pabory A HY>XHO COBEpIIHTh, YTOOB BEIBECTH CIYTHHK
macceel m = 500 Kr Ha KpyroBy10 opOHTY, NPOXOAALY O BOIH3H NOBEPXHOCTH
3emnn? ConpoTusaeHnem Bo3ayxa npeHebpeds.

205. 3peasHas CHCTEMa COCTOMT M3 ABYX OJMHAKOBBIX 3Be3]l, HAXOIS-
muxcs Ha paccrosmuu r = 5- 10'! m apyr or apyra. Haiitn nepuog T
oﬁpa.menns snea,u BOKPYT 0b11ero 1ieHTpa Mace, ecyTH Macca KaxK0i 3Be3/bl

=1,5-10% kr.

29[] CrnyTHHK ABHXETCA BOKPYT HEKOTOPO# m‘la.HeTbl no Kpyrosoi op-
6ure paguyca re = 4,7 - 10% M co ckopoctsio v = 10* m/c. Kaxosa cpeguss
NIOTHOCTL P NJIAHETHI, ecTH ee paguyc B =1,5- 10% m?

207. Hckycersennbilt cnyTHUK 3eMH JBHXKeTCs N0 KPYroBoi opbure
Ha paccTosiHuM i oT ee nopepxnoctn. Haitu nepuon T obpaienus cnyt-
HUKa, ecyii paguyc 3eman K3 > h.

298. Kaxko# nepuog T obpantenns umen 66l HCKYCCTBEHHBIN CyTHHK
3eman, yaaneHustii OT ee NMOBEPXHOCTH HA PACCTOSHWE, PABHOE PaJHyCcy
3eman Ra?

299, Haittu paguyc r. xpyrosoii opbMTB HCKYCCTBEHHOIO CHYTHHKA
3eman, HMmeroLero neproa obpamenns T = 1 ¢y

300. Ha#ttu nepnoa T obpawenns Jlynol Bokpyr 3emun, ecan Jlyna
ABMXKETCH 10 Kpyroso# opbure paguyca rj = 3,8 - 10% m.

301. HaiiTu cpenHiol NJOTHOCTh P TJIAHETHI, €C/IH Ha ee IKBaTope
NoKA3aHMe JHHAMOMETpPa, K KOTopoMy noaseweno teno, na 10 % menbure,
geM Ha nojoce. [1pogomKuTenLHOCTE CYTOK Ha maaHeTe £ = 6 u,

§ 10. 'mapo- 1 aspoMexXaHHKA

B sagadax Ha rMApo- M a3POCTATHKY BCTPEYaeTCA HOBBIA THI CHJIbl — BBITAJ-
KHMBaloWasa cuaa Aprumeda. B ocTanbioM 9TH 30841 HE OTIHYAIOTCH OT O0LIMHBIX
craTMueckux 3ajaau. Creayer MMeTh B BHAY, 4TO cHia ApXMMeIAa NpHIOMKeHa
K LEeHTpY Macc 00beMa >KHAKOCTH, BbITECHEHHOH TenomM.

OcobeHHOCTEIO MKHAKOCTEHN M MA30B KAK MEXAHHYECKHX Cpej| ABJIAeTCH NoL4u-
Henue ux 3axoHy [lackana. JaenenHe Ha XKHOKOCTB HAH Ia3 NepeaeTcs OOHHA-

1) 3neck u ganee cuntaTs pagmyc 3emun Rz = 6400 km.
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KOBO BO Bcex Hanpassenusix. [TosroMy nasieHHe BHYTPH MHIKOCTH Ha JAHHOMN
rayGuHe OyaeT NoCTOAHHBIM,

Ipr pewendy 3a4a4 Mo THAPO- ¥ AIPOIHHAMUKE MCNOVIBIYIOTCA B OCHOBHOM
38KOHBI COXPAHEHHH MMITYJIbCA H SHEPrHH.

302. B nanonHeHHOe [0 KpaeB BeJpO ONMYCKAIOT KYCOK Jbja. YacTh
BOJBI, paBHasa ofbeMy morpy»keHHOH YaCTH AbAa, IPH ITOM BLLIMBAETCH.
H3ameHHTCA 1M JaBjEeHHE HA JHO, KOTAa jlejl pacTaeT?

303. B mununapugeckoe peapo guamerpa D = 25 cM HaauTa BOga,
sannMaloman obvem V = 12 1. KakoBo naBneHHe p Bozbl Ha CTEHKY Beapa
Ha BbicoTe h = 10 cm ot ana 1) 7

304. [do kaxoit BbICOTEL h HY>KHO HaJUTb »KUAKOCTH B LHJAHHAPHYECKHH
cocyq paauyca R, 9Tobel cuna F', ¢ KOTOPO#l »KHIKOCTE JaBHT Ha BOKOBY1O
NOBEPXHOCTH COCYAa, Oblia paBHA cHJie JaB/JIeHHA HA OHO?

305. Ilpobrpky aaunsl { = 10 cM goBepXy 3aNOJHSAIOT BOLON H OMyCKa-
IOT OTKPBITEIM KOHLIOM B cTakaH ¢ BogoH. [Ipu sTom nmoytn Bea npobupka
Haxogutcs Hana sogol. Haitte nasnenue p Bogbl Ha AHO MpoGupku. ATMO-
cdeproe nasnenne po = 0,1 Mlla.

306. Llunnuapugecknii cocyn BoicoTbl h = 1 M 3300JHAIOT MACIOM
¢ naotHocThIO p = 0,9 - 10° kr/M? ¥ norpy’kaioT OTKPLITHIM KOHLOM B Gac-
ceitn ¢ Bogoli (puc. 54). HaliTh gaBnenve Maciia B COCYe HENOCPEACTBEHHO
Y €ro AHa B TOYKe A, eCiH H3BECTHO, YTO HMXKHHH
KOHel cocyAa HaxoouTcss Ha riybune H = 3 M ot
NOBEpXHOCTH BoAsl B Gacceline. ATmocdepnoe nan-
Jenne pg = 0,1 Mlla.

307. B U-obpasnyio TpyOKY HanuBaiOT PTYTE.
3aTeM B 0OHO M3 KOoyleH TPYOKH HAJHBAIOT MAacio,
a B apyroe soay. ['paHHUBI pasjena pTyTH ¢ Mac-
JIOM ¥ BOAOi B 060MX KOMeHAX HAXOJATCA HA OJHOM
yposre. HailTu BricoTy cronba soawt hg, ecnu Bbi-
cota cronba macna i = 20 cm, a €ro NIOTHOCTL © =
= 0,9 10% xr/nm®.

308. B pgBa uMIMHADHYECKHX COOOLIAIOIIHXCS
COCYa HAJIHBAOT pTyTh. (edeHHe 0gHOTO H3 COCY-
gos sasoe Gonpbite apyroro. lllnpokuit cocys nonn- Puc. 54
BaloT BOAOH Jo kpad. Ha kakyio Beicoty h noguu-

MeTCsA IPH 3TOM YPOBEHE PTYTH B gpyrom cocyae? Ilepsonavanbno yposeHs
pryTH BBl HA paccTosHEM [ OT BepxHero Kpas mwupokoro cocyia. Ilaorno-
CTH DTYTH ¥ BOALL p ¥ pg HIBECTHDL.

309. B U-obGpasuyio TpyGKy ¢ cedenneM S HAJIMTA PTYTh, 38HAMAIOIAs
obbem V. Barem B 04HO M3 KOJIEH TPyOKM HAJIM/IH BOAY M OIMYCTHIIM >Ke-
Jie3HBIH wapuk Maccel m. Ha kakyio BbicoTy h nogHsJicsl YpoBeHb PTYTH
B Apyrom xonere? I110THOCTH PTYTH H BOABL p B Py HIBECTHBL

310. Mansi# nopiuens rUApaBIHYeCcKOro Npecca 3a OJMH X0 ONycKa-
erca Ha Buicoty h = 0,2 M, a BonbLIOH NOpLIEHEL NOJHUMAELTCA HA BHICOTY

) 31ech n gasnee cHRTATH MACTHOCTL BoAsl py = 10% kr/m®.
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H = 0,01 m. C kakoii cunolt F' geiicTeyer mpecc Ha 3a:KaTOe B HEM TeJio,
eClIH HA MaJibil nopuieHs gedcreyer cuna f = 500 H?

311. Tlpn nogwveme rpy3a, uMemmErc mMaccy m = 2 T, ¢ ONOMOLBIO
ruApaBiIHYecKoro npecca Obuia 3aTpavena pabora A = 40 Dx. Ilpn sToM
manbifi nopwens caenan n = 10 xomos, nepeMelwasck 3a OAHH X0 Ha
BeicoTy h = 10 cM. Bo ckonbko pa3 naonaas S 6oasioro nopiuns Gonsine
naonaay § Majioro?

312. B umiHHAPHYECKHIT COCY/] HAJIUTH PaBHBIE TI0 MAacce KOJAHYecTsa
oAbl u pryTH. Obmas BbicoTa cTonba xkuakocred B cocyne H = 143 cm.
Ha#iTn pasnense p na auo cocyaa. [lnornoers pryta p = 13,6 - 10% xr/m3.

313. Jlbauna paBHOMEDHOI TOJILLMHLI [IJIABAET, BLICTYTIAA Ha[| YPOBHEM
BOJBI HA BEICOTY h = 2 cM. HallTH maccy nbauHbl, ec/id IJIOMAIL ee OCHO-
sanus S = 200 cm?. ITnornocrs apaa p = 0,9 - 10° kr/m®,

314. KaxuM MoseT ObiTh Haubonbiumit obbem Vy npaunbl, nnasaromeii
B BOJE, €ClK amoMHHMesbili 6pycok ofvema Vo = 0,1 m*, npumepaummii
K NbAHHE, 3aCTABJAET ee YToHYTh! [lioTHoCTH nbja u amoMuHEa gy =
=0,9-10% kr/m3 n pg = 2,7-10% xr/m®.

315. Kycok sbaa maccel m = 1,9 kr niasaer B UMJIHHADHYECKOM CO-
cy/ie, HANOIHEHHOM MKHAKOCTIO ¢ mioTHoeTbio p = 0,95 - 10° kr/m?. ITno-
mwaas ana cocyaa S = 40 em?. Ha ckonbKo M3MEHHTCA YPOBEHb KHAKOCTH,
KOrjga nel pactaer’

3186. [Nonerit map, cAeNaHHBIA N3 MATEPHATA C MOTHOCTBIO g, TJABAET
Ha MOBEPXHOCTH AKHKOCTH, HMeloLiel MIOTHOCTE pa. Pannycs: wapa u no-
noctH pasabl R n . Kakosa gomkHa 6bITh N10THOCTD BELIECTBA P, KOTOPBIM
cjlefyeT 3aN0/JHUTh NOJIOCTh Wapa, YTo0bl OH NJaBaj BHYTPH KHAKOCTHT

317. Bpesno, umeromee anuny | = 3,5 M 1 anamerp D = 30 ¢, naasaer
B Bofe. KakoBa macca m 4eJ0BeKa, KOTOPBIH MOXKET CTOATh Ha GpeBHe, He
samouns Horu? [LnotHocTs aepesa p = 0,7 - 103 kr/m3,

318. Kuna xsionka, HaXOAACk B BO3AYXe, PACTACHBAET NPYXKHHY [H-
HamomeTpa ¢ cunoft P, = 1470 H. C xakoi#i cuno#t P Gyner pacrarusath
TIPY>KHEY Ta YK€ KHMa, Haxonsch B Bakyyme? IlnoTHocTH xnonka B kune
u Bosayxa p = 0,8 - 10% kr/m® u p, = 1,2 xr/m>.

319. Haiitn naorsocTs p OZHOPOZHOrO TeNla, AeHCTBYIOLIEro HA HENo-
JBIDKHYIO ONOpY B Bo3ayxe ¢ cuyolfl P, = 2,8 H, a B Boge — ¢ cunofl Py =
= 1,69 H. Beirankusaromiefi cunol Bo3gyxa npenebpeys.

320. Jna onpepenenns NAOTHOCTH HEM3BECTHOMN KN IKOCTH OIHODOJHOS
TEJO0 NMOJBECHNIN Ha JHHAMOMETPE B ITOH KMIKOCTH, a 3aTeM B BaKyyme
u B Boje. OKasaliocs, YTO Ted0, HAXOAACH B KHJAKOCTH, PACTATHBAET Npy-
MCHHY JHHaMomeTpa c cuaoll Py, = 1,66 H, B Bakyyme —ccunoit P = 1,8 H,
B Boge — ¢ cunois Py = 1,6 H. Halitu nnoTHocTH sxujkoeTH u Tena p, H p.

321. U3 Bogoema MenJeHHO € NOCTOSHHON CKODOCTBLIO BLITACKHBAMOT
AIOMHHHEBLIH nUAuHAp, uMmeomud gmuny | = 2,3 M ¥ naowaas none-
peunoro cedenns S = 100 cm?, Koraa nag MOBEPXHOCTRIO OKazanack 1/4
YACTh ANHHEI HUJIKHADPA, Bepepka obopeanack. HafiTn Makcumansuyio cuny

narskenus T, KOTOPYIO BbIAEPACHBALT BepeBKa. [IOTHOCTL oMUt p =
=2,7-10% kr/m3.



§10] I'udpo- u aspoMeTanuxa 49

322. Tlosbrit wApHK M3 AJMIOMHHMA, HAXOASCH B BOOE, PACTATHBAET
npy»KUHY AuHaMoMeTpa ¢ chunoilt Py = 0,24 H, a B 6ensune — ¢ cuno#t P =
= 0,33 H. Haiitn obuem V nonoctu. IlnoTHocTH amomuuns u GeH3una p =
= 2,7-10% kr/m® u ps = 0,7 - 10° xr/m®. Bumanknpaioweit cunoft Bo3ayxa
npexHebpeys.

323. Tlpu B3pemmBanuy B Bo3ayXe Teno obbema V = 1000 cm? Guino
YPABHOBEIIEHO MeJHBIMK MHPAMHA Macchl ., = 880 r. Kakosa macca ypas-
HOBEIIHBAIONINX T'HPh TP B3BCIIMBAHEHE 3TOT0 TeJa B BakyyMe? [LnoTnoctn
Meau H Bo3ayxa p, = 8,8-10% kr/M® n p = 1,2 kr/mP.

324. CauTok cnnasa 3010Ta M cepebpa B BO3AyXe DACTACUBALT NPYKUHY
AunaMomerpa ¢ cunolt P = 14,7 H, a B soge — ¢ cunoti ta AP = 1,274 H
menbiue. HafiTi Maccel 3on0ma m, 4 cepebpa mq B CINTKe, CYNTAS, YTO NIPH
CIJaBJeHHH HX ﬂEpBOHﬂ‘IaJIbHHn (ﬁ‘bEM He H3MEHHCH. HJIOTHOCTH 30J10Ta
u cepebpa p; = 19,3 - 10® kr/m® u pp = 10,5 - 10® kr/m>,

325. /Ipa 0HOPOAHBIX Tesa U3 OAHOTO ¥ TOIO ¥Ke MATePHAJIa NojBewe-
Hbl K MPOTHBOMOJIOXKHBIM KOHIIAM PbIYara 1 ypaBHOBEIIMBAIOT APYT ApYra
B BakyyMme, CoxpaHHTCs /W 3TO paBHOBeCHe B Bo3gyxe?

326. Tonkas ogHopoaHas MaJOYKa WAPHHPHO 3aKpenjeHa 3a BepxHuil
koHen, Husknull koHen manoyky morpysken B Bogy. [1pe paBHOBecHER nojg
BOAOMH HaxoauTesa k = 1 / 5 yacTs aauub nanoyku. HaliTe nioTHoCTS Bele-
CTBa NaJNO4YKH.

327. K konuy ognopoaHoi nanouku, umeroinell maccy m = 4 r, noase-
IlIeEH HA HATH ANIOMHHUEBH mapuk paguyca r = 0,5 cm. [lanouky kaagyT
Ha Kpali cTakaHa ¢ BoJoi, Jo6UBAACH PABHOBECHS TPH TOTPYKEHUH B BOAY
NOJMOBHHBL NapHKa. B KakoM OTHOLIEHNH JeJUTCS NAJ0YKA TOUKOH onophi?
[lrornocTs anoMunus p = 2,7 103 kr/M3.

328. Oanopoansiii ky0 nnasaeT B Boae, npuyeM 3/4 ero odbema norpy-
senbl B Boay. Ecan ¢ noMolbo TOHKOR HHTH NPHKPENHTE LEHTP BepXHe
rpans Kyba K nuedy poiuara JauHbl {; = 8 M U ypaBHOBECHTbH €ro rHpeil
Maccel m = 30 r, IpUKpenJeHHol K APYTOMY TiJiedy peiyara [auHb [p =
= 4 cM, To Kyb Gyaer norpykeH B BOAY ToAbKo Ha 2/3 coero obmema.
Ha#ltu gauny | pebpa kyba.

329. B uunuaapuueckuii cocys ¢ Bogolt oOmyCTHIH XKeJe3HY0 Kopoboy-
Ky, H3-32 4ero ypoBeHb BOABI B COCYAe MOJHAJCA Ha BuicoTy [ = 2 cMm. Ha
CKONBKO OMYCTHTCH YpPOBeHEB BOABI, eciii KopoGouka yroner? IlnoTHocTh
xenesa p = T7,8-10% xr/m?.

330. Opnopoanwiii ky6 nnasaer B pryTH, npuyeM 1/5 yacTs ero obbema
norpy»eHa B pTyTh. Eeau Ha stor Ky6 nonoxuts prOpoil Ky0 Takoro
JK€ pa3Mepa, TO MepBblii Ky6 NorpyauTes B pTYTh Ha 1/2 4YacTh cBoero
obbema. Kakoea nnoTHocTs MaTepnana Broporo Kyba pk? Byaer am cm-
cTeMa NJIaBalomMx KyGoB B ycroliuneom pasHoBecHu? IlnoTHocTs pTyTH
p = 13,6 -10% xr/nm®,

331. B cocyne HaxogATcA ABe HeCMEIUMBAIOWIAECA >XHAKOCTH C pas-
NHYHBIMH NJoTHOCTAMA. Ha rpanuue pa3zgena >kuakocrell niaBaeT oJHO-
poansi# Ky6, morpy>keHHbIi LeMHKOM B >kuaKocTs. [lnoTHocTs MaTepnana
kyba p Bonbliie NI0THOCTH p1 BepXHEeH »KHAKOCTH, HO MEeHbIIEe MJIOTHOCTH P
HUXKHEH XKugkoeTn: py < p < py. Kakas uacre obwema kyba maxogures
B BepxHedt >kuakoctn?

4 I A. Benapukon u ap.



50 Omeemui U pelienua [Fn.]

332. [[nasawompil Ky6 morpys>ked B8 pTyTh Ha 1/4 ceoero obwema. Ka-
Kas 4yacTbh o0beMa Ky6a Oyaer morpy»keHa B PTYTh, CIH NOBEPX Hee Ha-
JHUTL cloit BOABL, MOMHOCTHIO 3aKpbiBatotmit Ky6? [1noTHoCT: PTYTH p =
= 13,6 - 10% kr/m>.

333. Ily3sipek raza MOAHUMAeTCH CO JHA 03e€pa C MOCTOSAHHOH CKOPO-
CTBIO. I;[a,ﬁ'm CHJIY COMpOTHBAEHHA Boabl f, ecnH obbem mysmipeka V =
=1 cm®,

334. 'pys, npUKpenIeHHbIH K JBYM OAMHAKOBBIM BO3AYIIHLIM IIAPaM,
MOJHHMAETCA C NOCTOAHHOM ckopocThio. [lnoTHOCTH BO3OYXa M ra3a B ma-
pax paBHbI p U pp. KakuM Gyaer yckopeHue rpysa @, €M OAHH H3 IAPOB
nonHet? Maccoti o6onouek WapoB 1 CONPOTHBAESHHEM BO3AYXa NpeHebpeys.

335. /lpa aspocTaTa NOJHMMAKIOT BBEPX OQHHAKOBBLIE rpysbl. [lepsbii
JBHXKETCH ¢ YCKOpeHHeM a = g /2, a BTOpo#l — ¢ MOCTOAHHON CKOPOCTHIO.
[l10THOCTH ra3a g, B A3POCTATAX OAWHAKOBBI H PABHBI MONOBHHE MIOTHOCTH
Bo3ayxa p. O6bem nepBoro aspocrata pasen Vi. Haltte o6wvem Va BTOpO-
ro aspoctarta. CuuTaTH Maccel obonodek oAuHaKoBsiMH. ConpoTHRAEHHEM
BO3AYXa npenebpeur.

336. Kaxyro paboTy A HY>KHO COBEPIIMTE NMPH MEAJEHHOM NOgbeMe
KaMHs, HMetomero obbem V = 0,5 m®, w3 Bogwl ¢ roy6umsl h = 1 m?
IMnoTHocTs xamusa p = 2,5 - 10% kr/m.

337. CreknsaHublt wapuk maccel m = 100 r, Haxopamuiica y noeepx-
HOCTH [NIMLEPHHA, IOrpy>KaioT Ha raybuny A = 1 M. Haiith namenenne AU
NOTEHIHAJILHON SHePrHM Wapuka. [1IOTHOCTH INTHLEPHHA M CTeKNa p =
=1,2-10% xr/m> u pg = 2,4+ 108 kr/m>.

338. Mau maccer m = 0,5 Kr ¥ guameTpa d = 24 CM NOTPYKaloT B BOAY
Ha raybuny h = 4 M. HafiTh namenenne AU/ noreHuuanbHoll 3Hepriu Ms4a.
Hedopmanneit Maya npereGpeys.

339. C xakoit BeICOTHI h 0AKHO NAJATH TEJ0, HMEIOIIEe MIOTHOCTD p =
= 0,4 10% kra/m3, uTobut ono norpysunocs B Boay Ha ruybuny H = 6 cm?
ConpoTnBaeHHeM BOLI B BO3AyXa npenebpeyb.

340. Cocya ¢ Bogo#l ABMXKETCH NOCTYNATENLHO BAOIbL MOPA30OHTAIBHON
npaMolt ¢ yckopenneMm a. Ilog kaxkum yriom o K ropuzsonty byger pacno-
JIATaTLCA NOBEPXHOCTD BOALIT

341. B bak pasHoMepHO#i CTpyeii B eAMHHULY BpEMEHH NOCTYNaeT 00beM
poabt Vi = 2 am® /c. Ha kaxom yposne h Gyaer gepxatbes poga b Gaxe?

342. HanpassieHHas FrOPH30HTAJIBHO CTPYS BOJbl ObeT B BEPTHKAIBHYHD
crenky. C kakoit cunoil CTpys QaBHT Ha CTEHKY, €CJIH CKOPOCTh MCTEYEHHs
Bognl v = 10 M/c 1 Boga nocTynaeT uepes TpyOKY, HMEIONLYIO CeyeHne S =
= 4 ¢cm?? Cuntath, YTO NOCAE YApa BOJA CTEKAET BAOIL CTEHKH.

343. C xaTepa, HAYILETO CO CKOPOCTBIO ¥ = 18 KM/4, ONMyCKaloT B BOAY
H3OTHYTYIO MO MPAMBIM YI10M TpyOGKY Tak, 4To onyleHHbIH KoHel TpyOKH
rOpH30HTAJEH H 00pAallleH OTBEPCTHEM B CTODOHY ABHxkeHus. [lpyroi KoHen
TpyOKH, Haxogswulica B BO3Ayxe, BepTHKanen. Ha xakywo BmicoTy h mo
OTHOIIEHNIO K YPOBHIO BOJEI B O3€pe NoAHUMeTCs BoAa B TpyOke? Tpennem
npexebpeys.

344. Kakopa npuMepHO CKOPOCTb KATEpa ¥, €1 BOJA NOJHHMAETCS OpH
JABUXKEHHH BONb €r0 HOCOBOM BEPTHKAJIbHON YACTH HA BhICOTY h = 1 M7
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345. Ha rnaakoii ropu3oHTaNbHON NOBEPXHOCTH CTOMT COCY[ C BOJOM.
B Gokoeoii cTeHke cocyza y AHa HMeeTcs oTBepcTHe miomann S. Kakyio
CHJIY HYXHO TIPHJIOXKHTH K COCYAY, 94T0OBl Y/epXKaTh €ro B PABHOBECHH,
eC/IH BBICOTA YPOBHA BOABLI B cocyae pasHa h7

346. Ha nopuwenr mmpuua naomwaau S aeficteyer cuna F. C xaxofi
CKOPOCTBIO ¥ JOJIYKHA BLITEKATh B FOPH30HTAJbLHOM HANPABJIEHHH CTPYH H3
oTBepcTHs MAomaaH 37 [110THOCTE YKHAKOCTH PaBHA p.

§ 11. Konebaunsa ¥ BOTHBI

Iepuon konebannii MATEMATHYECKONO MAATHHKA, T. €. T4, FEOMETPHYECKHE
paiMephl KOTOPOro HAMHOINO MEHbIIe AJHHBI HHTH, Ha KOTOpoll OHO nogBeLieHo,
a Macca HaMHOro Gombie Macchl HHTH NOABECA, BRIYHCIAETCH N0 hopMyne

T=2r L
g

Ocoboe Buumanue wiegyer obpaTnTb Ha 3agaun 355-3567 1 371, Onu cnoxubl n1a
NOHUMAHHS, M B LUKOJAE ODLIYHO HE PACCMATPHBAIOTEA.

B ycnosuax 3agad moryT GLITh JaHbl PA3JIHYHBIE SHAYEHUA CKODOCTH 3BYKA
B BO3/yXe, TAK KAK 3TA CKOPOCTb 3aBHCHT OT TEMNepaTyphl.

347. OauH ¥3 MaATHUKOB 33 HEKOTODOe BpeMs cosepmua nq = 10
koseGanuit. [pyroi 3a To »ke Bpems copepiuui ng = 6 konebannii. Pasnocts
anun MasTEukoB Al = 16 oM. Halte anunsl MmasTHHKOB {1 H [g.

348. MasTHuk npeacrasaser coboll ynpyruii WwapHx, NpHKpenieHHbii
K KOHIY HHTH, UMelomeil anuny {. IIpn koneba-
HHAX IIAPHK CTAJKHBaeTCA ¢ ynpyroii maccueHo#i
CTEHKOW B MOMEHTEI, KOT/Ja HHTh 3aHHMaeT BEPTH-
kasibHoe nonoxxenue. Halitu nepuon T konebanmit
MaATHHEKA. JJAUTeNbHOCTBIO CTOKHOBEHHSA NpeHe-
Gpeus.

349. MaTtemaTHuecKuii MAATHHK AJAHHBL | CO-
Bepuiaer Konebanns BOAM3M BepTHKANLHON CTeH-
kH. [loa Toukoif nogseca MaATHHUKA, HA PACCTOA-
HEE a = [/2 or Hee, B CTeHKy BOWT rBo3ab
(puc. 55). Haittn nepuoa T' koneGannit MasTHHKA,

350. /lpa oaAMHAKOBBLIX YIPYTHX IIAPHKA DO~
BeIIeHbl HAa HHTAX, HMeWMX aauobl [ =1 M
u log = 0,25 M, TAK, YTO UEHTPH MAcCC APHKOB
HAXOAATCA Ha OJHOM YPOBHE M IIADHKH COTIPH- Puc. 55
KacawTes Apyr ¢ apyrom. Huts sroporo mapuka
OTKJIOHAIOT Ha HeGoubuio# yron u ornyckawT. CKONbKO pa3 CTONKHYTCA
wapuku 3a BpeMs At = 4 ¢, MpolleAmee ¢ HAYAJA JABHXKEHHA BTOPOro
mwapuKa?

351, I[Ipu remnepatype 6, = 20 °C nepuog konebaunit Mastuuka T =
= 2 c. Kak uamenurcs nepuos koebanuil, ecnn TeMnepaTypa BO3PACTET J0
f; = 30 °C? KosdduumenT nuHeliHOr0 paciunpeus MaTepHana MasTHHKA
a=185-10""K*,

4.
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352. Macca Jlynot B 81 pa3s meHbiue macesl 3emin, a paguyc 3emian B 3.7
pa3a Gonbure paguyca Jlynel. Kak uamennTcea nepuoa koebanuii MaaTHHKA
IIPH NepeHeceHHH ero ¢ 3eman Ha Jlyny?

353. Yacel ¢ ceKyHAHBIM MASTHUKOM, MMEHIHE MEpHON KomeGaHHi
Ty = 1 ¢, Ha moBepxHOCTH Jeman uayT TouHo. Ha ckonbko GyayT orcrasats
ITH YACH! 33 CYTKH, 8CTH HX NOAHATH HA BbicoTy h = 200 M Han noBepxHO-
cThio Seman?

354. HaiiTn noreHumanbayio sHepriio [J MaTeMaTHYeCKONO MAasTHHKA
maccel m = 200 r B NONI0}KeHNH, COOTBETCTBYIOIIEM YIUIy OTKJIOHEHHSA HUTH
oT pepraKaiM o = 10°, ecoim wacToTa Konebanmit MasTHuka v = 0,5 ¢ 7L,
CunTaTh NOTEHUMANBHYIO 3HEPruio MaATHHKA B TIOIOMKEHHH PABHOBECHS
paBHO# HymIO.

355. C KaKMM YCKOpPEHHMEM @ M B KAKOM HANDABJIEHHH [OIKHA JIBH-
raTbcs kabuna audra, uTobsl HaxonAUMACA B Hell CeKYHIHBIA MAATHUK 3a
spems t = 2 muH 30 ¢ copepmng n = 100 xonebanui?

356. Maremaruueckut MaATHHK JIuHE | NoZBeineH B BATOHE, JBHXKY-
IeMCs FOPHU3CHTAJbLHO ¢ ycKopenuwem a. Halith nmepuoa konebanmuit sToro
MasATHHKA.

357. Kybuk copepluaeTr Madbie KonebaHus B BEPTHKANBHOMN NJOCKOCTH,
ABHrasAch 0e3 TPEHHA MO BHYTpeHHell nopepxXHOCTH cepHuecKodt yainu.
Hatitu nepnos konebanuii Kybuka, ecyin 4alla ONYCKaeTCH BHHU3 C YCKOpe-
unem a = g /3. Cuurats, yTo BHyTpennnil paguyc ganm R muoro Gonmme
pebpa Kybuka.

358. 9Oxo0, BLI3BAHHOE PY>KeHHBIM BBICTPEJIOM, JOLLIO 0 CTPEIKA Yepes
BpeMs t = 4 ¢ nocie BeicTpena. Ha KakoM paccTOSHHH $ OT CTpe/Ka Ha-
XOOHMTCA Mperpaja, OT KOTOpoil npousoino orpayxenne 3syka? CKoOpocTh
3BYKa B BO3ayxe v = 340 M/c.

359. Ha paccroauuu 8 = 1068 m o1 nabnoaarens yaapaior MOIOTKOM
N0 KeNe3HoA0pmKHOMY peabcy. Habaiogarens, NMPHAOKHB yX0 K pebey,
yoabinan 3ByK Ha Bpems Af = 3 c panblue, ueM OH Jouies A0 Hero o
Boaayxy. Haiitn ckopocTs 3Byka u B craqn. CkopocTe 3ByKa B BO3AyXe
v = 340 m/c.

360. 3ByK BbiCTpeJa M NyJd OQHOBPEMEHHO JOCTHIAIT BBICOTH fi =
= 680 M. BricTpen npou3eefeH BepTHKANLHO BBepx. KakoBa HavyanbHas
ckopocTs nyau? CxkopocTs 3ByKa B Bo3ayxe v = 340 m/c. ConpoTrBnenneM
JBIOKEHHIO nyau npeHebpedn.

361. Uz nynxra A B nyuxt B 6bin nocsiad 3ByKoBOl CHIHA YACTOTHI
n = 50 'u, pacnpocrpansiomwuiica co ckopoetsio v = 340 m/c. [Tpn srom na
paccrosauy oT A j0 B yknaapisasiocs nesoe 4rcsio BoH. OnelT NoBTOPRIHK,
korga Temneparypa Obiia sa Af = 20 K peiwe, gem B nepeoM ciyuae.
[Ipe sTOM YHCIO BOJNH, YKAAJLIBAIOUIAXCA Ha paccTosAHHHM oT A mo B,
YMeHbIIUN0CH Ha ABa. Haiitn paccroanue | mexxay nmyHktame A u B, e
MpH MOBHIIIEHHH TeMnepaTypbl Ha 1 K CKOpOCTH 3ByKa yBeJIHUMBAETCA
Ha 0,5 m/c.

362. Hatiru ckopocTh 3ByKa v B Boje, eyl kKonebanus ¢ nepuogom T =
= 0,005 ¢ BLI3LIBAIOT 3BYKOBYIO BOJIHY AaMHBI A = 7,175 M.
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363. Haiiti yacToTy V/ 38YyKOBBIX KoneDaHuli B CTANM, ECJIN PACCTOSHHE
Mexx Ay BnuxaifimM TOYKaMH 3BYKOBOH BONTHBI, OTVIHYAIIIHMECA N0 dhaze
Ha ¢ = 90°, cocraBnser [ = 1,54 M. CkopocTs 3ByKa B cTanu v = 5000 M/c.

364. Haiiti pasuocts (ha3 ¢ Mexay ABYMS TOUKAMH 3BYKOBO#l BOJIHE,
OTCTOSILIAMHM JPYT OT Jpyra Ha paccrosHuu | = 25 cM, ecin 4acToTa Kode-
Ganu#t v = 680 ['n. Cxopocrs 3ByKa B Bo3ayXe v = 340 M/c.

365. ¥Yanul cTosdell BOTHBI, co3/aBaeMoifl KAMEDPTOHOM B BO3JyXe, OT-
CTOAT OpyT OT Apyra Ha paccroannu { = 40 cm. Halttu vactory v konebanuit
kaMepToHa. CKOpOCTE 3BYKa B BO3ayxe v = 340 M/c.

366. 3sykoBnle KonebaHHA YACTOTH I/ MMEIOT B NepBofl cpefie AMHHY
BOJHBI Aj, & BO BTOPOH — JAMHY BOJHEI Ag. Kak M3MEHSETCA CKOpPOCTH
pacnpocTpaHeHusl 3THX kojebaHull nNpu nepexofe W3 NepBoi cpegbl BO
BTOPYIO, eciin A; = 2A,7

367. 3myxombie KonebaHusi PACIPOCTPAHAIOTCA B BOJE CO CKOPOCTBIO
vy = 1480 m/¢, a B Bo3ayxe — €0 CKOpocTbIo v = 340 M/c. Bo ckonbko pas
H3MeHUTCH JTHHA 3BYKOBOH BOJIHBI IPH MEPEX0/Ie 3BYKA U3 BO3LYXa B BOAY?

368. KamMepToH oauH pa3 3a>KAT B THCKAX, a JpPYrol pa3 CTOMT HAa
pe3oHaTOpHOM AnuKe. B 0boHX ciy4asx kamMepToH Bo30yKAaeTCA OOHHAKO-
BLIMHU 1O cHJle yaapamu. B kakoMm ciyyae kameprou 6yger 3sy4ats gonsme?

369. K pepxHeMy KOHIy UWJIHHIDHYECKOT'O COCYAa, B KOTODBIl nocre-
TIeHHO HAJTMBAIOT BOAY, NOAHECEH 3BYUYANIHI KAMEepPTOH. 3BYK, H3/1aBaeMbli
KAMEepPTOHOM, 3AaMEeTHO YCHNWBAETCH, KOr[a PACCTOAHHSA OT NOBEPXHOCTH
MHIKOCTH [0 BEPXHEro0 KOHIA Cocyaa JOCTHralT 3HaueHnit h; = 25 om
u hy = 75 cm. Halitu vacroTy koneGanmit v kameprona. CKopocTh aByka
B BO3AYXe v = 340 m/c.

370. TpybGa anuuel [ = 1 M 3anoiHeHa BO3JYXOM MPH HOPMAILHOM
armoceprom gasnenny. Onnn pas Tpyba OTKpPBITA ¢ OAHOrO KOHUA, APYTO#H
pa3 — ¢ oboHX KOHIOB M B TpeTHii pa3 3akphiTa ¢ 0boux kouuoB. [Ipu ka-
KMX MHHUMAJLHBIX YacToTax B Tpybe OyAyT BO3HUKATH CTOSMHE 3BYKOBLIE
BOJIHBI B YKA3aHHKIX ciyyasix! CKopocTb 3ByKA B Boaayxe v = 340 m/c.

371. [lenxymuiica no peke Tensoxo[ JaeT 3ByKosofi CHMHAJN YacTOTHI
v = 400 I'u, Croawmuii na 6epery HabmoaaTeNs BOCIPHHHMAST 3BYK CBUCTKA
Kak Konebanusa ¢ uacroroil ¥ = 395 I'u. C kakoii ckopocThIO u ABHXKETCA
Tenaoxoa? [pubnukaercs v yaansercs on or Habmogatena? CkopocTs
3ByKa B BO3flyxe v = 340 m/c.
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§ 12. TensioBoe paclIMpeHNe TBEPALIX TeJ M XXHIAKOCTEH

VpaBHeHHs, BbiparKalollHe 3aBHCUMOCTE ofbema M JHHENHOrO pasamepa Ten
OT TeMNepaTyphl:
Vi=VWo(l +at), I =I(l+4t), (1)

ABNAIOTCH NPHOIMIKEHHBIMH, TOCKOJIbKY B HHX HE MPHHHUMAETCA BO BHUMAHHE
3ABHCHMOCTb CAMMX TEMMEPATYPHBIX KO3dbHUHEeHTOB 0GBEMHOrO M JHHeHHOTO
pacliupenns a u 3 or Temneparypsi. [Ipu pacuerax no dopmyaam (1) cregyer
HMETB B BHJY, YTO MOJYUY3EMBIE PE3YJILTATH MOTYT BLIThH AOCTATOYHO TOUHBIMM
TOBKO B HHTEPBAJIAX TEMIEPATYP, B KOTOPBIX U3MEHEHHS KOMDOhHIHMEHTOB MalIbl
no cpasHenHio ¢ 3THMH Ko3dhpuumentamu. B rabnuuax obwiuHo npHBOmATCA
cpeJHHe 3HaYeHHa o M ¢ yKa3aHMeM MHTEPBAJIOB TEMMNEPATYp, ANs KOTOPBIX
ITH 3HAYEHHA onpeaeneHs (cM. 3anavy 376).

3nauenns Vo ¥ lp B dopmynax (1) oruocsarca k Temneparype t = 0 °C. B rex
Cy4asx, KOrjia B 3aa4ax JaHb! HauasbHbie 0GbeMbl HITH JUTMHBI TP TeMnepa-
Typax, Hé PABHbLIX HYJII0, YACTO HAYHHAIOT pellieHHe 3aja4 ¢ onpegenenusa Vo u g
M B HTOrE NOJY4Aal0T, HAPHMEp, A7 AJMHBI BhiparkeHue

= 'l'l-j
T 148t (1+ Bia).

Takoft meTon pacuera HeuenecooGpazen. JleficTBUTENBHO, YMHOAKHE YNCIHTE b
¥ 3namenaTesk 3ol bopmyns Ha 1 — i, nomyunm
1+ Btz — 1) — B tata
1 .
1- 41
Beugy manocru koadppuumenta S no cpasnenuio ¢ eguunuedl, 4wiensl, coaepia-
e A2, MBIl O CPABHEHHIO € YIEHOM, B KOTOPbIH 3 BXOAHT B neppofi cTeneHy.

Hx moxno otbpocuts. B pesynemare dhopmyna qns poiumcnenus Anuns [; okasbi-
Baetcs Gonee npocToit U AOCTATOYHO TOMHOM )15 NPAKTHYECKH BAMKHBIX CJIy4aes:

L=4L[1+8(tz - i]]].

l;

‘l=1

TouHo Tak e uMeem
Vi=Vi[l1 + a(t: — t1)].

372. Kak gonxnsl orHocuTees gunnsl [y ¥ la aByx crepskueil usz ma-
TEePHAJIOB C Pa3snHuHBIMH Ko3hduuuentamMn nuHeHHOro paciiHpenus (3,
u 33, yTobe! npu M060i TEMNEpaType pa3HOCTE AJWH CTEDXKHEH ocTaBanach
NOCTOAHHOM?

373. [1Ba 04UHAKOBBIX CTAJLHBLIX MOCTA JAGIMHBI OBITH MOCTPOSHKI OIHH
Ha ceBepe, Apyro# Ha wore. Kakoent gonskusl 6biTe npu 0 °C 3a30ph,
KOMMEeHCHPYIOIIHE YAJIMHEHHEe MOCTA NPH M3MEHeHHH TeMIEpPaTYphl, eCiH
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HA 10re BO3MOXKHBEI Konebanus ot —10 no 450 °C, a Ha cesepe oT —50 g0
+20 °C? Ilpu 0 °C pnusa mocra Lg = 100 M, kosdpduumnenT auneitnoro
pacmupenns cranu § = 107% K~1.

374. JlaTyHHbi# coCy IPH HAIDEBAHWH YBeJIMYHJICH B obbeMe Ha n =
© = 0,6 %. Haiitn ypenuuenue Temnepatypnt At cocyaa, ecin xoadppunment
nuuefinoro pacmmpenus aarynu § = 2. 1075 K1

375. Tlpu Temneparype tg = 0 °C AnuBbL ATIOMHHEHEBOTO W >KEJIE3HOTO
crepsxueii lg, = 50 eM u g = 50,05 cM. Ceyenna creprxnedt o JHHAKOBRIL,
Ilpu xaxkoit TeMnepaType t1 JJIHHBI CTEPKHel W MPH Kakoll TeMnepaType tg
ux obbemel 6yayT oauHakosbi? KoadduimenTs: anHeitnoro pacimpenns
ATIOMHUHAA U 2Kene3a B, = 2,4-100" K 'u 8, =1,2-10"T KL,

376. KospdumnnenTs 06beMHOTO pacHIEpeHHa BOALI JJf TPEX HHTep-
BAJIOB TEMNEPATYD:

o =—3,3.107% K1 (0<t, £4°0),
as=4,8-1075 K™! (4 <t £10°C),
az=1,5-10"* K1 (10 < t3 < 20 °C).

Haiitu ofbem soasl V' npn Temnepa'rype t=15 ¢, €C/H IPH Temnepa-
Type t! = 1°C ofbem V' = 103 cm?.

377. Coobuialommecss cocy/Ibl 3aMOJHEHb! XKHAKOCThI), UMeIell TeM-
neparypy ti. [Ipn Harpesannm >XUJKOCTH B OJHOM H3 COCYAOB A0 TeMme-
paTypbl {3 YPOBEHb »KUJKOCTH B 3TOM COCY/[€ YCTAHOBHJCS Ha BbicoTe H,
a B ApyroMm — Ha Belcote h. Haiitu xoadppuniuent obremHoro paciunpenns
HKHIKOCTH.

378. Haiiti 06beM LIApHKA PTYTHOTO TEPMOMETPA, ECJIH H3BECTHO, YTO
npu Temnepatype tg = 0 °C pryTh 3anofHseT TONBKO LIADHK, & MEXAY
aenenuamu 0 u 100 °C ofvem xanana V = 3 mm®. Kospdunuent obnem-
Horo pacmmpenus prytn a = 1,8 - 10™* K~1, kosdpduument nnneitnoro
pacmupenus crekna 3 = 8- 1078 K1,

379. B kpapueswiit uTpoBsiii cocys auamerpa d = 6 cM g0 monosu-
Hbi HAJTHJIH m,c;y a 3aTeM NOJOMKHIH wap w3 360HATA, UMeomHE 0bbeM
V = 100 em®. Ha kakyio Beicory Ah nogaumercs YPOBeHb BOAbI NpPH
H3MeHeHUH Temnepa.wpu or t; = 10 °C po to = 70 °C? Koaddunuenr
obbemuoro pacumpenns soast a = 3+ 1074 K~ koadbduiment aunetinoro
pacmupenns s6onuTa J = 8 - 1075 K~'. TennopbiM pacum-
peHHeM KBaplia npenebpeun,

380. B xsapuessit cocya obbema V) = 2,5 a nomeien
NATYHHBIH UHAHHAP Maccel mg = 8,5 kr. OcTansHas 4acTh
cocyaa 3anonHeHa Bogoi. Ilpm Harpeeanum cocyga BMecTe
¢ coflep>kHMEIM Ha At = 3 °C ypoBeHb BOABI B cOCyde He
uamennacs. Haitti xoachdunuent obbeMHOro paciidpeHus
Boabl . KoadpduiHeHTH! THHEHHOTO paclinpeHUs KBapua
uanarynn 8 = 0,42 - 107 K~ u 8, = 0,2-10~* K™, [1noT-
HOCTD JIATYHH py = 8,5 - 10% kr/m?.

381. B wonby, nnorHO 3aKprITYi0 npobkoil co BCTaB-
nenHoli B Hee TpyOkoit, no camoli NpoBKH HAJIMT KepOCHH Puc. 56
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(puc. 56). Kak H3aMeHNTCA AaBieHHe HA JHO KONObI MPH HATPEBAHHH Kepo-
cuHa Ha At = 30 °C, ecnn obveM kobet V = 2 1, Boicota ee h = 20 oM,
ceuenne Tpy6ku S = 2 cM*? Koadbuument 06beMHOr0 pacuiupenus Kepo-
cuna a = 10~% K1, ero naornocTs f0 Harpepanua p = 0,8 - 10° xr/m®.
TensnoBsiM paciperneM Koabbl npeHebpeys.

§ 13. KoamyecTso Tendorel. Kosddunmenr nonesnoro
AaedcTBHA

KonudecTpoM TennoTsl HA3LIBAIOT SHEPrHIO, NEPEeAAHHYI0 OT OfHOrO Teja
K apyromy 6e3 cosepuienss paboThi.

IlpH H3MeHEHHH TEMMEPATYDHI TENA KONMYECTBO MEPEAaHHON TenaoThl Bhi-
yucnseTca no gopmyne

Q =em(tz — t1) = cmAt = emAT, (2)

Tge ¢ — YAenbHas TelIOeMKOCTh BelliecTBa, f; n tz — HavanbHAd M KOHEYHas
TEMIEPATYDEI TENA.

[Mpespaienne >KHAKOCTH B Map MPOMCXOAHT MPH NOCTOAHHOR TEMNEpPATYpe.
KonnuecTso Tensiorsl, nepejaHHoll Npu 3TOM »KHAKOCTH, BelMHCAseTes no ¢op-
MyJie

n— -’im,

rge A — yaefibHas Tennota napoobpasosanus. [Ipu konaencaumu napa Takoe »xe
KOMTHYeCTBO TelN0Thl BblOEJAeTCH:

Qx = —Am.

InapnenHe KPHCTAINHYECKOrO TeJa TAKMKE COBEPIIAETCA TPH MOCTOAHHOMN
TeMnepaType K TpefyeT nepefaquu TeNy KOJHYECTBa TENIoThl

Qm = rim,

rae v — yieJibHadA TelNoTa INJiaBJeHHsA. an KPHCTAJLIH3AUHH TO e KOJIHYeCTBO
TENNOTHI BblAEIASTCH:

Qup = —rm.

Ecau BHyTpH cHETeMbBI, H30HPOBAHHON OT OKPYXAIOIIMX TEN, He CoBepLIa-
eTcs MexaHwuyeckol paboTbl, TO [ANA Hee CNPABEIIHBO YPABHEHHE TEILIOBOro
Dananca:

Q+Qa+...+Qn=0, (3)

rae @i, @3, ..., @n — KONIMYECTBA TEIUIOTHI, MOJNYYEHHBIE (MOJOMKHTENbHbIE)
MMM OTJaHHLIe (OTPHUATENLHLIE) TEJIAMH CHCTEMBL. DTH KOIHYECTBA TEIUIOTH
BBIPAXKAIOTCA BhILIENDHBEAEHHBIMH hOpMYyIaMH.

382. Tarynustii cocya macest m = 0,2 xr copepxxkut m; = 0,4 kr ann-
auHa npH Temneparype t; = 10 °C. B cocya gonnnu ms = 0,4 kr anununa,
HArpeToro Jo remMnepatypbi 2 = 31 °C. Halimi yaeibHY 0 TenioeMKoCcTh Cq
aHHJIMHA, €CITH B COCY/Ie yeTaHoBHaACh Temneparypa 6 = 20 °C. Yaensnasn
TennoeMKkocTh JatyHu ¢ = 0,4 k[Ix/(kr - K).

383. B cocyn obrema V ¢ TennoHenpoHHIAEMBIMH CTEHKAMH, 3ATION-
HeHHBIH razoM ¢ MoasipHo#t maccolt ¢ npu Temnepatype T ¥ gaBneHuH p,
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BHECEH MeJHbIN IAPHK Macchl T, , umetoniuii remaeparypy T,,. Kakas Tem-
nepatypa # ycranosutcs B cocyfe? YaenbHbie TEMIOEMKOCTH Ta3a H MeJH
paBHBI C U C,,. ['a30Bas nocrosunas R = 8,31 Jx/(moas - K).

384. B cocye cMeIUMBAIOTCS TPH XMMHYECKH He B3amMoedCcTByoLIHe
KHIKOCTH, HMelomHe Macckl my = 1 kr, ma = 10 kr, mg = 5 Kr, Temne-
parypsl t; = 6 °C, 1 = —40 °C, t3 = 60 °C u yaennHbie TeMI0OEMKOCTH
e = 2 kx/(kr - K), 2 = 4 klx/(kr - K), es = 2 x/Ix/(xr - K).
HaiiTu Temnepatypy 8 cmecu M KonuuecTso TEMAOTHl, HeobXogumoe AnA
nocaeaylouero narpesanus eMmecu o t = 6 °C.

385. B apa onqMHAKOBBIX COCYMa, COAEPKAIHX Boay (B oJJHOM Macca
Boaet m; = 0,1 xr npu Temnepatype t; = 45 °C, B gpyrom macca BoAsl
ma = 0,5 kr npn Temnepatype ta = 24 °C), nanunn noposHy pTyTh. [locne
YCTAHOB/IEHHS TENJOBOr0 DaBHOBecHsi B 0DOMX COCyZax OKa3alnoch, 4TO
TeMnepaTypa Bogbl B HMX OfHA W Ta ke # pasHa § = 17 °C. Haittu Tenno-
emkocThb O cocynos. Yaensnas renaoemkocts noast ¢ = 4,2 kJx/(kr - K).

386. /lna uaMepenus TeMnepaTyphl BOjbl, HMesoleld maccy m = 66 r,
B HEE HArPY3HJIHM TEPMOMETP, KOTOphI noka3an TeMnepaTypy t; = 32,4 °C.
Kakosa geficreuTensnas Temnepatypa € Boabl, €CIHM TENI0EMKOCTB Tep-
momerpa Cr = 1,9 I /K u nepen norpy»KeHHeM B BOJY OH NOKA3LIBA/
TeMnepaTypy nomMemenus to = 17,8 °C? YnenbHas TeNAOEMKOCTb BOABI
e =4,2 klx/(xr - K).

387. B creknanusli cocyn, uMeionui Maccy m, = 120 r u reMnepaTtypy
to = 20 °C, nanunu ropadyio Boay, Macca kotopolt m = 200 r u remnepaty-
pat = 100 °C. CnycTa spemsa T = 5 MHH TEMIIEPATYPa CoCyha ¢ BOAOH cTaja
pasnoit § = 40 °C. Tepsaemoe B eQHHHLY BpeMeHH KOJIHYECTBO TEILIOTH
nocrosnHo. KaKoe KOMMUECTBO TENJIOTH TEPAJNOCH B €AHHHMLY BpeMeHH?
VienbHble TeMJIOEMKOCTH cocyna ¥ Boast ¢, = 840 [x/(xr - K) u ¢ =
= 4,2 /Ix/(xr - K).

388. B cocya, copepxauuii Maccy oAbl m = 2 Kr ONpH TeMmneparype
t = 5 °C, nonioyKeH KYCOK JbJa MacChl M, = 5 Kr, UMelomuil TeMnepaTypy
t, = —40 °C. Haittu TemnepaTtypy 6 u obvem V' cmecu nocie ycraHoBme-
HHUS TENJOBOTO DABHOBECHA. Y/EJbHbIE TENJIOEMKOCTH BOABI M JbJa ¢ =
=4,2 x[Ix/(xr - K) u ¢, = 2,1 k/Ix/(kr - K), ux njiorHocts npu tg =
=0 °C pasuw p = 10% xr/M® u p, = 0,92 - 10° xr/m3. Yaennnas Tennora
nnapnenns abja r = 0,33 Mx/kr. TennoeMKocTsI0 COCYAa B MOTEPAMH
TenJja npeHebpeyb.

389. Bauny obbema V = 100 51 Heob6xoauMo 3aN0nHUTE BOgO#H, HMelo-
wedt Temneparypy # = 30 °C, ucnanbays ody ¢ Temnepatypoit t = 80 °C
u nea ¢ Temneparypoii t, = —20 °C. Hailitu maccy m, Jbaa, KOTOpPbIH
npujeTcs NoJOAHATh B BAHHY. YIeJbHble TEMIOEMKOCTH BOABl H JbJa ¢ =
= 4,2 kx/(xr - K) u ¢; = 2,1 x[x/(xr - K), nnorrocTs BOALI p =
= 10° kr/m*. VYapenvnaa rennora nnasienus abaa v = 0,33 MJbx/kr
TennoeMKOCTBIO BAHHBI K [IOTEPAMK Tera npenebpeys.

390. B cocyn, copep:kanmit maccy Boas! m = 10 kxr npu Temmepa-
type t = 10 °C, nonoxunu nea, umeiomuit Temneparypy t, = —50 °C,
mocie 4ero Temneparypa obpasosaBiueiics cmecH okasanach pasnol 6 =
= —4 °C. Kakas macca m, Ibja Ouia nosnokena B cocya? YpesabHas
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TenIoeMKocTs Boabl ¢ = 4,2 kJIxk/(kr - K) u ygenbHas TennoeMKoCTb
abaa ¢; = 2,1 k/lx/(kr + K). ¥Yaensnaa TennoTa NAABAEHHA JbOa T =
= 0,33 MIx/kr.

391. Kycok cBHHIA, uMmeroniiit Maccy m = 1 Kr, pacniaBUACA Hamo-
JOBMHY TpH cooblleHMH eMy KosaWdecTBa TemaoTe @ = 54,5 x/lx. Ka-
KoBa Obla HAYANBHAA TeMmepaTypa 1’ ceMHUA? YOenbHas TenjJoeMKOCThb
ceunna ¢ = 130 [k /(kr - K). YaensHas TenaoTa niaefneHHsa CBHHUA r =
= 24 k/Ix /xr, ero TeMnepaTypa naasneHusa 1, = 600 K.

392. Turens, cogeprkamuii HEKOTOPYIO MACCy OJI0BA, HAI' DEBAETCA IEK-
TPUYECKHM TOoKOM. BhigenseMoe B e JMHHILY BpeMeHH KOJIHYECTBO TEILIOTHI
nocrosHHO. 3a BpeMs 7g = 10 MuH TeMnepaTypa OJIOBA MOBLILAETCA OT
t1 = 20 °C go ty = 70 °C. Cnycra eme speMss T = 83 MHH O/IOBO MOIHO-
CTBIO pacmiiaBuiock. HaitTu yaenbHYO TENNoeMKOCTh ¢ ONOBa. Yie bHas
Tena0Ta NIaBneHusa onosa r = 58,5 kXK /Kr, ero TeMnepaTypa naap/ieHus
tan = 232 °C. TennoeMKOCThIO THIIA U MOTEPAMH TErJIa npeHebpeys.

393. B cocy noaoKMIH KYCOK JibAa Maccel m, = 10 Kr, HMeoLnii Tem-
nepatypy t; = —10 °C. Haiir Maccy m Boabl B COCy/€ MOCJIE TOTO, KAK ET0
COAePXKUMOMY COOBIIANN KoyuecTBO TemioThl () = 20 MIx. Yaenshuie
TenaoeMKocTH Boas! M abjaa ¢ = 4,2 k[bk/(kr - K) u ¢, = 2,1 kDx/(kr - K).
YaoensHas Temaora naasienus apga r = 0,33 Mk /kr, yaensHas TermsioTa
napoobpasosanus soast A = 2,3 M x /kr.

394. B npaMoyronbHyIo KioBeTy ANMHBEI a@ = 24 cM W mupuHbl b =
= 20 cM, coTep>KALLYIO BOAY NpRA TeMnepaTtype t = 25 °C, Haanau XK axkuit
a30T, B3ATHIN Npu TeMnepaType ero kuneuns t, = —196 °C. [locae uena-
PEHHMA A30Ta BOAA OXJAJHJIach 10 Temmnepatypbl to = 0 °C M nokpeinace
KOpouKkod nbaa mpu To# ke Temneparype. Haltu romummny h snegsmHoi
KOPOYKH, CYHTASA, YTO [IAP 230Ta YXOJUT OT NOBEDXHOCTH Nbj1a, HArPEBIINCH
J0 €ro TeMIEpPaTyphi, & MONOBUHA BCEr NOJYHEHHOIo NMApPOM KOTHYecTBa
TennoTel oTdaHe Bojoli. O6beM Boam B Kiopere Owin V = 1 ;1, macca
azota m, = 0,8 kr. [lnotroctn Boget w mpma p = 10% xr/M® n p, =
= 0,92 - 10° kr/M>. YnenbHble TEMTIOEBMKOCTH ra3006pasHOro a3oTa M BOALI
ca = 1,05 xJIx/(xr - K) u ¢ = 4,2 k[Ix/(kr - K). Yaensnas tennora
nnasienda Jeaa r = 0,33 M/lx /kr, yaeasHas Tennora napoobpasoBaHHs
azora A = 0,2 M[Ix/kn

395. B cocyne copepxxuresa cMmech soasl Macchl m = 500 r v 1bAa Macchl
my = 54,4 r npn remneparype tg = 0 °C. B cocyn BBoauTcs cyxoil Hachi-
meHHbIH nap Macchl My = 6,6 r npn Temnepatype t = 100 °C. Kakoit 6yger
TeMnepaTypa § mocse YCTAHOBJIEHHA TEIIOBOrO PABHOBecHA? YaenbHas
TeNI0eMKOCTE Boakl ¢ = 4,2 k[ /(kr - K). ¥YaensHas Tenaora nnasieHus
aeaa r = 0,33 M/Ix/kr, yaennHaa TennoTa napoo0pasoBaHHA BOAR A =
= 2,3 M/Ix/xr.

396. Iloa konoxonoM BOZAYILHONO HACOCA HAXOAHTCA BOJA MacChl M =
= 40 r npu Temneparype tp = 0 °C. Bo3ayx us-noa konoxona 6bicTpo 0TKa-
4YKBalOT. Biarojapa HHTEHCHBHOMY HCNApeHHI0 BOABI OCTABILAACA YACTDb ee
samep3aet. Haltt maccy m, obpazoBasiierocs n1bJa, €c/iH €ro TeMIOEpaTy-
pa Tak:ke tg = 0 °C. ¥YaenbHas Tennora naasnenus apjaa r = 0,33 MJbx/kr,
yAenbHas Tenota napoobpaszosanus Boan A = 2,3 Mk /kr.
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397. B cocyne, 3 KOTOPOro OTKAYMBAIOT BO3AYX, HAXOAHTCHA HeGonbIAs
Macca BoJwl MpH TemnepaType tp = 0 °C. Baarogaps HHTeHCHBHOMY HCMa-
PEHHIO BO/JbI OCTABIIASICA YACTb ee 3amMep3aeT. Mcnapusmasca soga HMeer
maccy m = 2,71 r. HafiTu nepeorauanbhyio Maccy Boaml M. YnenwHas
TerIoTa MIaeneHus aeja r = 0,33 Mk /kr, yaenssas TensoTa napoobpa-
3oBaHuA Boast A = 2,3 M/ /kr.

398. Haittn maccy m Boabl, KOTOpas MOXeT ObITL NpeBpalleHa B Jea
ucnapenueMm pupa, uMmewere maccy m. = 0,1 kr u Temnepatypy { =
= 20 °C. HavanbHas Temneparypa Bogbl Takxke { = 20 °C. ¥VaenbHbie TEn-
noemkocTd Bogbl u 3dupa ¢ = 4,2 k[bic/(kr - K) u e, = 2,1 xJhk/(kr - K).
Yaenenas Tensora nnasnenus apaa r = 0,33 Mk /kr, yaensnas Tennora
napoobpazopanua 3dupa A = 0,38 MLx/kr.

399. Boga moxeT ObITE NepeoxnaXkiena Ao Temnepartypsl ¢ = —10 °C.
Takoe cocTosHue BOABI HeycTONuYHBO, W TpH JI0DOM BO3MYNIEHHH BOJa
npespamaercs B neq ¢ Temnepatypoit tg = 0 °C. Kakosa macca m, abga,
00pa30BaBIIErocs W3 NepeoXJIaxIeHHol Bobl, eciu macca ee m = 1 kr?
VYaenbnas Tennoemkocts Bogst ¢ = 4,2 k/Ix/(kr - K). Yaensnas Tennora
nnasienns apjaa r = 0,33 MJIx/kr

400. Konba 3anonHeHa cMechio BOABLI U PTYTH, MACCH KOTODBIX My =
= 0,5 kr u mg = 1 k. [Ipn coobiuernn cogepxuMoMy Koubbl KOMHYECTBA
renaoTel () = 90 kI3 u3 Konbbl BHLIKBAETCA YACTh BOAL Macchl m = 3,5 1.
Haiitu xoaddurmest o6beMHOr0 paciiupeHusa PTYTH (3. YJeNbHBIE Tel-
N0eMKOCTH BOABlI ¥ pTYTH ¢1 = 4,2 k[ /(kr + K) u cg = 140 [Ix/(kr - K),
ux nnoruocr p; = 10° kr/mM® n py = 13,6 - 10% xr/m®. Kospdpuument
06LeMHOrO pacMpenns Boasl a; = 1,5 1074 K1,

401. B cocya ¢ TalIUM JbI0M NONOXKHIA KYCOK NATYHH MacCH m =
= 430 r. [1pu ?ToM 4acTs Abga Maccel m, = 200 r npeBpaTHIACL B BOLY.
Hai#ite ofbem naTtyam V B MOMEHT NOTrpYKeHHs €€ B COCyd. YOenbHas
tennoemkocTs Jaryan ¢ = 0,4 k/x/(kr - K), ee nuotnocts npu tp =
=0 °C pasna py = 8,6 - 103 Kr/‘Ms. VhenbHas TemioTa NJABJEHHA JbAA
r = 0,33 MIx/kr. Koadbduuuent nuneitnoro pacmnpends jatysu 5 =
=2-107% KL

402. B uunusgpe ABMraTeNs BHYTPeHHEro cropaHus npu pabore obpa-
3YI0TCA Ta3bl, Temneparypa Koropbix £, = 727 °C. Temneparypa orpabo-
TaHHoro ra3a t, = 100 °C. [puratens pacxogyeT B eJUHHIY BpEMEHH Mac-
cy my = 36 kr/4 TonuuBa. Kakylo MakCHMAJbHYIO MOJE3HYH MOIIHOCTD
MOMKET Pa3BHBATH 9TOT JABHrATENL! YAeJbHAS TEemI0oTa CropaHus TONJIHBE
q = 43 M I /xr.

403. Bo ckonbko pas makcumanbio BosmokHbill KITJ] gpuratens sBHyT-
penHero cropanus Gonbumre Makcumanbuo BosmoxkHoro KI/T naposo#t ma-
wuHe, pafoTalonieli Ha neperpeToM nape npu Temneparype t; = 300 °C,
€CIH TeMOepaTypa ra3oB B IUJAMHADE ABHTATeNs gocTuraer tp = 1000 °C?
OrpaGoTankbie ras U Nap KMelOT OHHAKOBBIE TemmepaTypsl t = 100 °C.

404. Cyano Ha NoABOAHLIX Kpbiabax <MeTeops» pasauBaeT MOLIHOCTH
N = 1500 kBt npu KI1/] asurarens = 30 %. Hafitu pacxon Toniuea Ha
eAWHNLY QJHHEI Ty TH NMPH CKOPOCTH cyAHa v = T2 KM/4. YensHas Tenaora
cropanus Tonausa ¢ = 50 M/x/kr.
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405. PeaxTupHrI#l caMoner nponeTaer co ckopocTeio v = 900 kM /4 nyTs
8 = 1800 xm, 3aTpaunBas Maccy Tonausa m = 4 T. MomHocTs ABUraTeNd
camoneta N = 5900 kBr, ero KI1[ 1 = 23%. Kakosa ygenbHas Teniora
CropaHus ¢ TOILIMBA, IPUMEHsAEeMOoro camosteToM?

4086. Kakyio maccy kepocuna m norpebosanoch 6b1 cokeun, uTobb BBI-
BecTH cmyTHHK Maccel M = 10° xr na xpyrosyio opbuTy B6JIH3M mOBEpPX-
HOCTH 3eMJIH, ec/iH Dbl BCe KOJMYECTRBO TEMJOTh Npespamnaiock B pabory?
Pagnyc 3emau R = 6400 xm. YiensHas TenaoTa cropaHusi KEPOCHHA ¢ =
= 46 M 1x/kr.

407. Kakos K1/l n asurarens arromamuns momuoct N = 20 xBr,
€CJIM TIPH CKOPOCTH v = T2 KM/4 asHrarens norpebasier obwem V = 10 n
Gensuna Ha mytw s = 100 km? YaenwHas Tennora cropakus Gensuna g =
= 44 MIx/kr, ero naotsocTs p = 0,7 - 10% kr/m>.

408. B anekrpryeckoM yalinuke mongHoerd NV = 800 Br moxHo Bexu-
natuTe obvem V = 1,5 2 Bogbl, umeromeit remneparypy £ = 20 °C, 3a
spems 7 = 20 mun. Haliru KT/ saiinuka. YoenabHan TennoeMKoCTh BOAbE
c = 4,2 x]Ix/(kr - K).

409. 3a BpeMa T = 1 4 B XONOAWJbHHKE NPEBpAILAeTCs B Jief TIPH
Temnepatype tg = 0 °C macca soasi m = 3,6 kr, uMeBllIas HAYaNbLHYIO
Temnepatypy t = 20 °C. Kakaa mommuocte /N morpebasiercs xonognib-
HHUKOM OT 3/IeKTDOCETH, €CIH OH OTAAaeT B OKpY>Kalolllee MPOCTPAHCTBO
B eauHHLY Bpemen# snepruio @, = 840 [x/c? Yaeabhan TeniioeMkocThb
Bogel ¢ = 4,2 k/lx/(kr - K). Yaeabnas mennoma niapienus abga r o=
= 0,33 MIx/kr.

410. Tloesg maccst m = 2000 T npn TOPMOXEHHHU C YCKOPEHHEM @ =
= 0,3 m/c? ocranoBunca cycrs Bpema 7 = 50 ¢ nocne Havana TOPMOXKEHHS.
Kakoe xonngecTBO TennoTsl () BHIAEINIOCH NPH TOPMOXKEHHH?

411. C xakoit CKODPOCTBIO U JOMXKHA BBUJIETETL M3 DY’Kbsl CBHHIO-
pasi ApoOHHKA MpH BLICTpEJe, COENAHHOM BEDPTHKAJIBHO BHH3 C BBICOD-
el h = 100 M, yrobLl npu ygape o Heynpyroe Tejno ApobMHKa pacria-
punace?! Hawanbhas remneparypa apoburkn T = 500 K, Temmepartypa
naasaenus ceuaua Ty, = 600 K. YnensHas TennoeMKocTh CBHHLA ¢ =
= 0,13 x/Ix/(xr - K), ero yaenwnaa tennota naasnenus r = 25 k/x/kr.
CYHTaTh, 4TO BLIAENHBINEECS KOIHYECTBO TEITOTH PACcTpefelinioch MexK-
oy ApobHHKON M TeNnoM nopoBHY.

412. Bpycox Maccel m paBHOMEPHO NIOJHHMAIOT 33 MPHUBA3AHHYIO K He-
My BEpEBKY Ha BBICOTY h 1o Jocke, Koropasi 06pasyeT ¢ FOpH30HTOM Yo .
Bepeeka napasensna gocke. Kosdppuuyuent tpenns 6pycka o qocky pa-
ser k. Halimn swepruio W, koropas naer Ha narpesanme gocku u 6pycka.

413. Teno maccst m = 1 KI' COCKAJIL3LIBAET ¢ HAKJIOHHOH MIOCKOCTH
AnuHe | = 22 M, KoTopas obpasyer ¢ ropusoHToM yroa a = 30°. CkopocTb
Tela Y OCHOBAHHA HAKJOHHOH miockocTn v = 4 M/c. Kakoe konugecTso
TenJ0TH! () BbIAEMUIOCE NIPH TPEHHH TEJA O MIOCKOCTb, €CIH HAYAIbHAS
cKopocTh Tesa vg = 07

414. HafiTu yacTOTy BpalleHns 71 Baja NapoBOil MAIIWHEI, ECJTH CPEeiHee
nasiaenue napa p = 1 MITa 1 MmomuoctTs mamuuet N = 200 xBr. 3a onun
obopoT Bajla TopIiUeHb AenaeT oguH pabounit xon | = 0,5 m. Ilnomanw
nopuss S = 0,2 M2
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415. [yna macesl m, neTdiaa co CKOPOCTHIO ¥4, MONAJAET B JepeBsTH-
Hbift Ky maccsl M, nesxammit va rnaaxkom crone, u npobusaer ero. Hadiru
snepruo W, npeBpaTHBuIyiOcs B TENJo, €CIH MyJs Npollja Yepes LUeHTD
Kyba H CKOpOCTEH €e Moc/ie BLLJIeTa CTaja PaBHOH vg.

416. HailTy KOMM4ecTBO TennoTsl ), KOTOpOe BLIASTHIOCH NpH abco-
JIIOTHO HEYNPYIOM COYJAPEHHH ABYX LIADOBE, BUCABLINXCA HABCTPEYY APYT
apyry. Macebr nepsoro u Broporo mapos my = 0.4 xr 1 mq = 0,2 kr, HX
ckopocTH U1 = 3 m/c n vy = 12 m/c.

§ 14. 3axoHbl HOealbHOrO ras’a H ypaBHeHHEe COCTOAHUS

Cocroanne rasa onpejenaerca ero obvemom V', jasnexuem p U TeMnepary-
pofi t. 3aKOHBI A5 HAEAJbHBIX MA30B BbipaaloTcs Gonee npocTbiMu hbopMynamH,
ecan TeMrieparypa Boipakena B kenweunax: T/K = ¢t/ °C + 273,15. Ecin macca
ra3a NOCTOAHHA, TO COCTOAHHE IA3a ONMHCHIBAETCA CJIEIYIOLUIMMI 38KOHAMH.

3axon Botlan—Mapuomma. Ilpy nocTosHHOi Temnepatype (H30oTepMHYeCKHi
npouece, t = const)

pVi=pmVa=...=piVo,
HJTH
pV = const. (4)
3axon leti-/Toccaxa. [lpu nocrosnnom pasnennn (u3obapHbift npouecc, p =
= const) obbem rasa npu Temneparype t
Vi = V(1 + at),

rae Vo — obbem rasa npu tg = 0 °C n a = (1/273) K~' — remneparyphuiii
KO3 HUHERT 00BEMHOrD PacluHpPEHHSA, HIH
V/T = const. (5)

3axon [lapas. Tpu nocrosnHoM ofweme (M3oxopuuit nmpouece, V' = const)
JABJIEHHE MA3& NPH TemnepaType ¢

pe = po(l + Bt),

rae po — masJenve rasa npu tp = 0 °Cu 3 = a = (1/273) K~! — remneparypusift
KOMPHLUHEHT JABJIEHHSA, UIH

p/T = const. {ﬁ)

Obsedunennnt zazoewt saxon. [Ipn nebobIMX NAOTHOCTAX M3H NOSYHHA-
IOTCH YPABHEHHIO

pVi _paVa . _ poWh
T T 7 To
HJIH
% = const. (7

Benuunnn pg, To 1 Vg COOTBETCTBYIOT <HOPMAJILHOMY COCTOSHWIO» [A34, T.€.
cocTosanHio npu po = 101,325 klla (760 mm pr cr) u Ty = 273 K. 3anu-
MaeMbifl ra3oM o6beM NMpoNOpUHOHAJIEH KONTHHecTBY ra3a v, EaiM komHuecTso
m3a ¥ = 1 Moab, TO OPH HOPMAJLHLIX YMIOBHAX (JABIEHHH Py H Temne-
parype Tp), cornacto sakony Asoranpo, mwoboft res sanumaer obvem Vg, =

= 22,41 - 10~% M* /monb. Cnegosarensho,

Vo _
e = R.
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Benuuuna R ogpa u ma xe ansa seex rasos: R = 8,31 M /(monb + K) — u nocur
HA3BAHHE rAa30BOM NOCTOAHHOM.

Takum obpazoM, ofbeauHeHHbI! TA30BBIH 38KOH Ans Y = 1 MOAL MOXKHO
NpejCTABHTL B BHAE

pV. = RT. (8)

2TO COOTHOLIEHHE HA3biBAeTEH ypasuenuem Knanefipona—Menpeneesa.

Ypaenenue cocmoanus udeaarnozo 2a3a. JINR NpoM3BOALHOND KOJHYECTBA
rasa v offbem NpH Tex XKe YCIOBMAX YBeAHUYHBaeTcs B 1 pas. CnenosaTensHo, Bo
CTOMBKO e Pa3 yBeJH4YHBAeTCA M IIpaBas 4acTh ypasHeHus (8), T e.

pV = uRT = % RT, (9)

rAe v = m/j, M — Macca rasa M i — €r0 MOApHAA Macca. Boipakenme (9)
HOCHT HA3BAHME YPABHEHMS COCTOSHMA Maeasbnoro raza. Ouo onpejenser cBs3b
MeKIY NApAMETPaMM, XAPAKTEPHUIYIOLWMMH COCTOAHHE ra3a. [na HeuaMenHOTO
KOJIMY€CTBE ra3a V IOCTOAHCTBO OJHOIC U3 NAPaMeTpPOB MPHBOLHT K 3AaBHCHMOCTH
MeXCIY ABYMA OCTABIIMMHMCH, T. €. K VPABHEHHIO COOTBETCTBYWOLLErO [A30BONG
saxoa. Tak, npu T' = const nomyuaercs sakon Bofita—-Mapuorra (4), npu p =
= const — 3akon eii-Jlioccaxa (5) u npu V' = const — saxon Llapna (6).

3axon Jaavmona (3akoH napumanbhbix gasnenwit). Jasnenne, KoTopoe oKa-
apiBas Gu1 ra3, Bxoasmwil B cocTaB cMecH, ecai bt oH BLLT OaUH B 3TOM cocyae,
HaspipaeTes napyuaabios. CornacHo 3akoHy JanbToHa AaBfieHHe CMECH rasos
PBBHO CYMMe HX MapLUHAIbHIX JasneHud. C TOYKH 3peHna MOTEKyNApHoH dhu3u-
KM, COrTaCHO KOTOPO# JaBleHne oObACHASTCH Y IAPAMM MOJIEKYJ O CTEHKH COCYaa,
3akoH [JJabTOHA 03HA4AeT, YTo AeHCTBMA HA CTEHKHM COCYA MOTEKYJ KAMAOro
H3 ras’os ckaaabiBaoTed. B wacrHocTw, 3akon [anbrona npumMeHuM u npH go-
GaBsienuu B COCY, B KOTOPOM Y Ke HAXOOUTCA a3 M0f JABJEHHEM P, HEKOTOPOTO
KOIHYeCTBa 3TOro ke rasa. B stom cyuae napunanstoe nasnenue qobasnenHoro
ra3a MOXKHO PACcCUMTLIBATL TAK, KAK ecan Obl cocya Ou mycroit. OkoHuarensHoe
e AapjeHHe OyIeT CK/IaIbIBATLCA U3 3TOr0 NAPUMANLHOIO AABJACHHA U JABJIEHHA
TA3a p B COCYJE.

Vpanuenns (4)-(9) onHewIBAIOT TONTBKO TAKHE COCTOSHHUA, AM1A KOTODBIX BO
Bcex Toukax ofbeMa, 3aHHMAEMOro ra3oM, TEMNEPATYPhl H JABIEHHA O4UHAKOBBI,
T. €. COCTOAHMA, KOrJa ra3 HAXOOHUTCA B TenJioBoM paBHoBecHH. [1pu HenpepsiBHOM
wamenenuu p, V u T ypasaenus (4)~(9) npumenumsl Ko BCelt NOC/IE0BATETLHOCTH
COCTOAHMA TOJBKO NPH GECKOHEYHO Mel/IeHHbIX NPOLECCax, KOra HepaBHOMepHO-
CTH B PACTIPEJe/IeHdH TEMNEPATYPbI M Aabienns beckoneuno manst. Ecnau nponec-
cbl HAYT He DEeCKOHewHO MEJIeHHO, PACCMOTPEHHEIE YPABHEHHA KAK YDABHEHHA
TIPOLIECCOB HE MMEIOT CMBEICNA, HO OCTAIOTCA COPABELIHBLIMH KAK YDABHEHHA CO-
CTOAHHSA A1 MOMEHTOE BPEMEHH, KOIAA A3 OKAZLIBAETCA B COCTOAHHH TeIIOBOIO
PABHOBECHS.

417. Tlpeacraputh Ha rpadukax, B koopaunatax p, Vi p, T u V,
H30TEPMHYECKHH NPOUece A1 OJHOr0 MOJs ra3a NpH Temneparypax T
=TT =3T;.

418, lpn HopmanbHBIX ycloBMAX Ta3d 3anuMaer obbvem Vo = 1 mo.
Kakolt o6bem V' Gyaer saHuMaTh 3TOT ras NpH U30TEPMHYECKOM CHKATHM
ao paeaennsa p = 4,9 MIla? Hopmanbaoe armocdeproe gasnenne pg =
= 0,1 MIla.

419. I'a3 coxaT u3orepMudecku ot obrema V) = 8 1 no obema Vy = 6 1.
Haenenne npu 3TomM Bo3pocio Ha Ap = 4 klla. Kakum 6si10 nepsonayans-
HOe JaBleHue pp7

T
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420. KakoBo aaBjieHHe ra3a B [HAMHPE NOJ TOPIIHEM, €CJ1d NOpILeHb
VAEP/KHBAETCA B PABHOBECHH NMPH MOMOILM CTEPXKHA, BAOIE KOTOPOro Aei-
crayer cuna F' = 9,8 H (puc. 57)7 [lnomaas nopums S = 7 cm?, crepxkens
COCTABJISET ¢ HOPMAABID K MOPIIHIO yron a =

= 30°. Armocceproe nasnenme pg = 0,1 MIla. -~
Tpenuem npenebpeus. F

421, B 6annone obbema V' = 10 51 naxoanres SHT% .
Kucjopoj, Macca Koroporo m = 12,8 r. [as-

nennie B GannoHe uamepsierca U-obpasHeiM Ma-

HOMETPOM, 3anoJHeHHbM Boaoi. Kakopa pas- Puc. 57

HOCTE ypoBHelt Ah Boael B Tpybkax MaHoMmeT-

pa npu Temnepatrype raza t = 27 °C? Armocdephoe jgaBieHne py =
= 0,1 MIla. [TaorHoeTs Bogwt p = 10° kr/m?, MonsipHas macca kucnoposa
m = 0,032 kr/moms.

422. B yuaunape nojg nopmHEeM Macesl m = 6 Kr HAXOAMTCH BO3LYX.
MMopwens nmeer propmy, nokasanuywo Ha puc. 8. [lnowass cevenus mu-
nuaapa S = 20 em?. ATmocdepHoe aasnenue pg = 0,1 MITa. Hafitu maccy

rpysa M, xoTOpbifl HAJO MONOXKHTL HA MOPILEHb, YTOOLI
So obbeM BO3OyXa B LHIHHIDE H30TePMHYECKH CKATb B JBa
T pa3a. Tpennem npenebpeys. _
I!H!‘i H 423. Oqun KoHen HuJANHAPHYecKol TpyOku gumnb [ =
= 25 cm u pagmyca r = 1 cM 3akpeiT npobxoil, a B Apyroi
BCTABJIEH MOPILEHb, KOTOPBIH MeAJeHHO BABHIAIOT B TpyG-
ky. Korjia nopiiens nofprHeTca Ha paccrosine Al = 8 oM,
npobKka suineraet. CuHTAA TeMnepaTypy HeumaMmeHHofl, nali-
TH CHAY TpeHHa F npobKH © CTeHKH TPYOKH B MOMEHT
BbL1eTa npobkn. ATmocdepnoe nasnenue py = 0,1 Mlla.
Puc. 58 424. Y3kas UHIHHADHYecKas TPYOKa AJMHBL L, 3aKpbl-
Tasi ¢ OJHONO KOHLA, COAEPXKHMT BO3AYX, OTAEJEeHHBIH OT
Hapy»HOro cToadukoM pryth gausbi h. TpyOka pacnono:eHa OTKPBITBIM
konom seepx. Kakosa 6eina anuna | cronbuka po3ayxa s Tpybke, eciu npu
nepeBepTHIBAHHA TPYOKH OTKDBITHIM KOHIIOM BHH3 U3 TPYOKH BbLIHJAACH
nonopHa pryTtu? IlnotHocts pryTH paBHa p. ATMmocdepHoe JaBleHHe
paBHO py.

425. Ilocepeanne oTkauaHHOfl ¥ 3anasxHON ¢ 0OOMX KOHLIOB OPH30H-
TAJbHO PACIIOKeHHON TpyOKkH anuabl L = 1 M HaxoauTes cToibuK pTyTH
aauibl b = 20 cm. Eenun TpyGKy NocTaBuThL BEPTHKAJIBHO, CTONGHK PTYTH
cmecTuTes Ha paccrosnue | = 10 em. [lo kakoro gasnenus p Oulna oTKauaHa
Tpy6ka? [TnorsocTs pryty p = 13,6 - 10% kr/M3.

426. 3anasHHY0 ¢ OgHOrO KOoHuA TPYyOKY Aammewl L = 76 cMm norpy-
AT B BEPTHKAJBHOM NOJOKEHHN OTKPHITHIM KOHLUOM B COCYJ C PTYTBIO.
Ha kakoM paccTosHHHN [ OT NOBEPXHOCTH JOJXKeH HAXOAWTLCA 3anasHHBIHA
KoHen, Tpy6ku, 4ToOLI ypoBeHb pPTYTH B Hell Obll1 HH)KE YDOBHA PTYTH
B cocyne Ha peanuuny h = 76 cm? Tlnornoetes prytn p = 13,6 - 10% mr/us.
ATmocdeproe gasnenue pg = 0,1 MIla.

427. OrkpoiTyi0 ¢ 000ux KOHUOB TPYOKy anuusl L = 2 M norpy»Kaior
B BEPTHKAJBHOM MOJOMEHHH Ha MONOBHHY €¢ AJHHBI B COCYJ ¢ PTYThIO.
B tpybky sasurator nopiuens. Ha kakom paccrosanuu [ 0T noBepxXHOCTH PTY-
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TH B COCY€ JONKEeH HAXOJUThCA MOPILIens, YTOOR YPOBEHE PTYTH B TPYOKe
omycTuncs Ha pemunny h = 1 M7 [Lnotaoets pryTh p = 13,6 - 10% kr/m.
Armocceproe gasnenne pp = 0,1 MIla.

428, K any uuIvHApa AJHHBL ) ¢ IVIOIAALIO NOTEPEeYHOI'o CeYeHHs S
npugenana TpyOka Anuubl [ ¢ nIOWAaALIO nonepeyHoro cedenns Sy, Tpy6-
Ka 11eJIHKOM [orpy»kena B pTyThb (puc. 59). Ha kakyo seanuuuy h omycTur-
CA PTYTh B TPyOKke, eciid BBLLABHHYTH NOPIIEHb [0 CAMOIO JHA LHAHHADA?
Ipu kakofi MUHUMANLHON MJAOIIAJM TOMEPEYHOTO CeYeHHsl NUAHHIApA 5y
13 TpybKu 6y aeT BeITecHeHa Bes pTyTh? [L1oTHOCTE PTY-
TH paBHa p. ATMoc(hepHOe JaBjeHHe PaBHO Po.

429. B cocya ¢ pTYTHIO NOIPYXKeHa B BePTHKAJILHOM
nonoykeHHKn TPyOKa C NMOPIUHEM, OTKPHITAs C HHXKHEro
Konna. Eciu noplienb HaxogHTCs HE paccTosHuu lp =
= 1 ¢M OT NOBEPXHOCTH PTYTH B COCYAE, TO YPOBHH PTYTH
B cocyae u Tpybke ogunakopul. HaiiTh aaBnenue BO3-
Jyxa p B TpyOKe Mocie NoAbeMa NOPIIHA Hal YPOBHEM
= PTYTH B cocyae ao Beicothl | = TH cm. [laoTHOCTE pTY-
il ™ p = 13,6 - 10° kr/m%. Armocdeproe pasnenne py =
= = (0,1 Mlla.

430. [ns uamepenus riiybHHbI NOrPY>KeHHs B MOpe

Puc. 59 Pa3NIn4HbIX NPUOOPOB IPHMEHAETCS 3anasHHas ¢ OJHONO
KoHNa crekyannas Tpybka pgauesl lg = 1 M, koTopasa

MOTPY’KAETCH B BOAY BMmecTe ¢ NpubGOpaMH B BePTUKANLHOM TONIOMKEHHH
OTKPbITBIM KOHIIOM BHH3. MakcuManbHas rimy6uHa norpyskeHus H BbIYHC-
nAeTcs Mo MEEMMAALHOH BLicoTe | CokaToro Bo3ayxa B Tpy6ke. [lna onpege-
JIEHUs BBICOTBI [ BHYTPEHHHE CTEHKH TPYOKH MOKDPBIBAIOTCA JerKOpacTBO-
prMoit B Boge kpackoit. Ta yacTe TpyOKH, KyJa He MPOHKMKJIA BOJA, OCTAETCS
okpawennofi. Ha kaxywo riybuny H Geina onymena Tpybka, ecan okasa-
nock, yro | = 0,2 M? [Lnornoets ot p = 10° kr/m®. Armocdepnoe gaBne-
une pg = 0,1 MITa. TemnepaTypy Bo3ayxa B TpyOKe CYHTATE NOCTOAHHON.

431. [ly3blpek BO3AYXa NOAHUMAETCS CO JHA BOJOEMA, HMEIOIIEro TIy-
6uny H. Ha#iru 3apucuMocTb paauMyca My3bipbKAa T OT TIy6HHBI h ero
MEeCTOHAXOXK/A6HHA B JAHHBIN MOMEHT BDEMEHH, eclnH ero obbeM Ha JHe
BojoeMa paseH V. Cusbl NOBEDXHOCTHOTO HATAXKEHHSA He YYHTLIBATD.

432, Touxuli pesuHOBLIAl Wap paguyca r; = 2 CM 3al0/HEH BO3JYyX0M
npu Temneparype t; = 20 °C u gasnenun pg = 0,1 MIla. Kakor Gyzer
paauyc Wapa Ty, eCilM €ro OMyCTHThL B BOAY ¢ Temnepatypoit t; = 4 °C na
rnybuny b = 20 m?

433. M3 saTonypmmx NoIBOAHEIX JOJOK WHOTAA CNACANNCH, OTKPLIBAS
CHAuAJA HUXKHME KJanaHsl (KHHI'CTOHBI), a 3aTeM BEDXHHI JTIOK, H € My3bl-
péM BO3IYXA BHICKAKMBANM Ha nosepxHocTh. Kakas pona k obbema aogku
Hé 3ATHBAJIACH BOAOM NOCNe OTKPHITHA KHHICTOHOB, €CJIH JIOJKA HAX04H1aCh
Ha raybune h = 42 M7 IlnoTHOCTL Mopekoit Boas p = 1,03 - 10% xr/m®.
Havannnoe gaBnenne posayxa B jogke pg = 0,1 MIla.

434. Obonouky aspocrara, obbem koropoit Vi = 600 m3, sanammsior
npu atMoceprom gasaenun py = 0,1 MITa reanem, umeiompm obnem Vo =
= 500 m®. Ha xakoii BbIcOTe HAJ YPOBHEM 3€MJIM ra3 LEIHKOM 3anoJIHHT
obonouxy aspoctata’? ATMocdeproe AaBnerne y6ripaeT BOaH3u 3eman Ha
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Ape = 133 [1a npu nogbeme Ha kaxapie AH = 11 m Boicorsl. TemnepaTypy
CYHTATH NOCTOAHHOM.

435. /Isa ogMHAKOBLIX COODILAIOUIMXCH COCYAA C MOPIUHAMH YacTHYHO
3aN0/HEHbl KHAKOCTBIO € IJIOTHOCTRIO p. Paccros-
HHs NOpIIHell OT moBepxXHOCTeH KHIKOCTH OQHHA-
KOBBbI ¥ pasHbl A (puc. 60). Ogun w3 nopumed 3a-
KpenJjeH, a BTOpo# nogHuMaioT Ha BbicoTy h. Ilpu
KaKOH BricOTE fi pasHOCTL yPOBHEH »KUIKOCTH B CO-

2 H
cynax Oyzer papna H7? HauanbHoe naBneHue Bo3zy- p P
Xa B KAXKJIOM M3 COCY/0B DABHO P, =2 =
436. PryTp, nanuras B U-oOpasnyio TpyGky, ne  [— | e

JOXOJHT 10 ee KOHLOB Ha paccTosnue h = 20 cm. = s
OpHo koneHo TpyGkn 3anasiHo (puc. 61). Haiétta no-
HHXKeHHe hs YPOBHA PTYTH B OTKDHITOM KOJleHe, Pue. 60

€C/IH MPH BBEIMYCKAHHH YACTH PTYTH 4Yepe3 KpaH ee
YPOBeHL B 3aNasiHHOM KoJleHe NoHu3Mca Ha h; = 18 cM. IlnoTHoCTE PTYTH
p = 13,6 - 10° xr/m*. ATmocdepnoe aapnenne pg = 0,1 MIla.
437. Halit o6bem v 3acacuBalomell KaMeps! OpLI-
HEBOTO HACOCA, €C/H NPH OTKAYMBAHHM ITHM HACOCOM
h h Bo3ayxa u3 Ganona obbema V = 4 11 maBreHne yMeHb-
WaeTcs NPH KaXX/10M UuKJe B n = 1,2 pasa.
438. Hacoc umeet ofvbeM 3acachiBaroLiet Kamephl v.
3a CKONBKO UMKOB paboThl HACOCA MOXKHO OTKAYATH
Gannon obbema V', CHH3UB JaB/leHHE B HEM CO 3HAYEHHA P
1o p,7 Temneparypy CYNTATb NOCTOAHHOR.
439. Komnpeccop, obecneunsatomuii pabory orboii-
HBIX MOJIOTKOB, 3aCACHIBAET M3 aTMocdepbl B eQUHHLY
Bpemenu obbem Bozayxa V> = 100 a/c. Cronsko orboii-
HBIX MOJIOTKOB MOXeT pafoTaTh 0T 3TON0 KOMIIPECCopa,
Pue. 61 €C/IH KAMCObi MOJOTOK DAcXoiyeT B €AMHHIY Bpeme-
Hu obbem Bospyxa v, = 100 cm?/c npu gaBnenun p =
= 5 MITa? Armocdepnoe nasnenne pg = 0,1 MIla.

440. [o xakoro Japjenua HakayaH ¢yTOonpHBf Ma4y obvema V =
= 3 132 n = 40 kavauuii nopuHesoro Hacoca? [lpu Kask10M KAYAHKH HACOC
3aXBATHIBAET M3 aTMocdepsl 0bbem Bozayxa v = 150 cm®, ATmocdepnoe
Aasaenue pg = 0,1 Mlla.

441. Kamepsbl aBTOMODHJIBHBIX IIHH HAKAYHBAIOTCA [PH MOMOLUH Ha-
coca, paboraomero ot asurarens. CKoJbKO BpeMeHH TpebyeTcs 418 TOro,
uTobbl KamMepy 06bema V' = 6 1 HakauaTe 40 gasaenus p = 0,5 Mlla, ecin
NpH KaXkKJOM LHKJ/Ie HACOC 3AXBATLIBAET H3 aTMochephl UHIAHHADHYECKHH
ctonb Bozayxa ebicotl b = 10 cMm ¥ guamerpa d = 10 ¢M u ecin BpeMs
onHoro kadanns 7 = 1,5 ¢? Havanenoe gasnense B kamepe pg = 0,1 MIla.

442, [pa cocyia, HANOJHEHHBIX BO3AYXOM NPH OABJIEHHAX P =
= (,8 MIla u p; = 0,6 MIla, umeror obvemnr Vi = 3 nn Vo = 5 a. Cocyant
coeJUHAOT TPYOKOi, 06beMOM KOTOPOH MOXKHO npeHeGpeydb N0 CPABHEHHIO
¢ obbemamn cocyzoB. HaliT ycTaHOBHBILIEECA AaBleHHe P B COCYAax.
TemnepaTypy CYHTaTh NOCTOSHHOI.

5 IA. Benapuron u ap.
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443. [sa cocyga ¢ obbvemamu Vi = 40 1 n V4 = 20 1 cogepxkaT ra3 npu
OAHHAKOBLIX TEMIEPATypaxX, HO pa3HbIX JaBjneHusx. Ilocne coepunenus co-
CYOOB B HHX YCTAHOBHJIOCE gapjenue p = 1 MIla. Kakoso 6bi10 HavansHoe
JaeneHne p; B ODonblueM cocyje, ecii HavaJbHOE JaBJIeHHE B MEHbLIEM
cocyae py = 0,6 MITa? Temneparypy CHMTATE NOCTOSHHON.

444. Tpu cocyaa ¢ oiMHAKOBBEIMH 00beMamMK coobLiaoTes MeXxay coboil
kpaHaMi. [lepBbilt cocyn COAepsKHT ra3 Macchl mj, TPETHH — TOT e ras
MACCHI g, BO BTOPOM cocyhe — pakyyM. CHayasa COBaUHHIANR BTOPOH 1 Tpe-
TH# COCynbl, 8 KOTAA JaBJE€HHE BLIPOBHAJIOCH, BTOPO COCYA OTCOEANHUIIN
OT TPETBErO H COeUHHJIN C NEPBLIM. []aBnenne B 1epBoM B BTOPOM COCYJax
YCTAHOBUJIOCH paBHBIM p. HaliTh HayaibHOe naB/ieHue Py B IEPBOM COCY/eE.
TemnepaTypy CYMTATbH NOCTOSHHOMA.

445. [TpeacraBnTs Ha rpacduxax B koopaunarax p, Vip, T u V', T u3o-
HapHbIil pollece a8 OQHOTO MOJS Ta3a NPH JaBJIeHHAX p = pp B p = 3p;.

4486. lNpn sarpesanny raza va AT = 1 K npu nocrossaoM nasnennn
00beM ero yBeJIMUW/ICA B JBa pa3a. B KakoM HHTepBasie TeMNepaTyp npo-
HCXOANNO HarpesaHue?

447. 'a3 HarpepaoT oT TeMnepaTyphl £, = 27 °C ao Temnepatypsl tg =
= 39 °C npu nocrosinHoM gapneHHH. Ha cKoNBKO MponeHToB yBennunacs
ero obbem?

44R. [Isa cocyna ¢ ofuHaKoBLMEI obbemamu V' coenuHeHbl TOHKOR Ka-
NHJIAPHO#H TpyOKO#H, 0GbeMoM KoTopoll MOXKHO npeHebpeysb 110 CPABHEHHIO
¢ ofbemaMu cocy/i0oB. B cepeanHe Kanuanspa HaxXOAHTCS KAnaA PTYTH.
HafTn 3aBHCHMOCTb MeKAY OTHOCHTEJNLHBIM H3MEHEHHEM TeMNEpATYPh
AT/T u cmewmennem Kanmu Al, ecu HavyaIbHAsA TeMIEDATypa ra3a B 060-
ux cocyiax Geina pasHa T M HarpesaeTcs TONBKO OZWH cocya. Ilnomann
Kalujisapa paBHa 9.

449, Monsiit mapux ofwema V = 100 cm® cuabien anunnoit Tpy6xoit
¢ genenusivu. O6bem Tpybkn Mexxay coceumu aenennamu AV = 0,2 em®.
B mapuke # yacTd TpyOKM HaxoauTcs BO3AYX, KOTOPHIH OTAeleH OT Ha-
pPy»KHOTO BO34yXa Kanjeli prytu. [lpu remnepatype ¢ = 5 °C kanas pTyTH
cTOUT Y Jesierns i = 20. B Kakux npefenax MOXKHO U3MEPATH TEMIEPATYPY
TAKUM TEPMOMETpOM, eciu Tpybka umeer N = 100 genenuii? Tennosbiv
paciiipeHHeM wapHka H TpyOku npenebpeys.

450. 3akpuITHIA QUIHHID, PACIOJIOYKEHHBIA NOPH30HTAJILHO, pas3eeH
Ha OBe H9acTH MOABHMCHLIM IOPIITHEM. O,EI,HB YaCTh NHJHHODA FanoJIHeEHA
HEKOTOPBIM KOJIMYECTBOM rasa npu temnepartype t; = =73 °C, npyras —
TAKMM ke KOJIMYeCTBOM rasa npu temnepatype ts = 27 °C. [Topwens na-
XoauTcA B paBHOBecHH. HailiTu o6bemul V) n Vi, 3aHuMaeMele rasoMm B ABYX
YacTAX UHAREApPa, ecin obmuit obbem raza V = 500 oM,

451. Iununapudeckuit cocy, pacrnoyioXKeHHbI NOPHIOHTAIBLHO, 3800J1-
HeH ra3oM npe temnepartype ¢t = 27 °C u gasnennn p = 0,1 MIla u pasgenen
Ha JiBe paBHBIE YACTH NOABHXKHONA neperopoakoit. Kakoso Dyjaer aasnenne
p’, eciu B oaHolt wacTh ra3 marpeth Ao Temnepatypu t' = 57 °C | a B apy-
rofi — TeMnepaTypy ra3a OCTaBHTL 6e3 H3MeHeHHa?

452, lnnuuap pasgesied Ha ABe YACTH NOABHXKHBIM MOPIIHEM, HMEH-
HIAM Maccy m M mowaab ceveHus S. [lpy ropH3cHTaNbHOM MOMOXEHHH
OWJHEADPA [JaB/leHHe ra3a B cocyje no 00e CTOPOHBI NOPUIHS OAHHAKOBO
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n paBHo p. HaliTh napnenue p’ rasa naj nopummem, KOraa LHJIHHAD Pacno-
J0KeH BepPTHKaAbHO. TemmepaTypy CHHTATH NOCTOAHHOM.

453. B tpybxe amunst L = 1,73 M, 3anonnenHoi ra3oM, HAXOOHTCA CTOJ-
6uk pryt gnunsl h = 30 mm. Korga Tpybka pacnofioyeHa BEPTHKAIBHO,
PTYTB AeAUT TPYOKY HA JBe paBHble YacTH. [lapnenue rasza naj pryThio p =
= § klla. Ha kakoe paccrosnue | caBHHeTCA PTYTh, €C/IH TPYOKY NONOKHUTD
ropu3oHTanasHo? [1noTHOCTE PTYTH paBHa p.

454. B obweme V = 4 1 naxoaures macca m = (0,012 kr rasa npu
temneparype T = 450 K. Ilpn kakoit Temneparype T’ miaoTHocTs 3TOrO
raza p’ = 6 xr/m37 [lanenne cYMTATL NOCTORHHBIM,

455, OTKpBITYIO CTEKAAEHYIO Ko1by, HMemyo $hopMy apa paguyca
r = 2 ¢m, ¢ ropasimkom gaunel [ = 10 em u anamerpa d = 1 cM Harpe-
JB 0 HEKOTOpON TeMmepaTyphl t), a 3aTeM MOTPY3H/IH LEJHKOM B BOAY
ropasikoM BHu3. [Ipm oxnakaesuu Konbbl BOJA BOWLA B TONIBILUKO.
Korga konba npunAna TeMnepatypy Bogwl to = 13 °C, ee nprnogHsamm u3
BOJbI, HE MEepeBOpavMBas, TaK YTO Iapoodpa3Has 4acThb OKA3ajlach Haj
BOJOfi, & rOpJBIIIKO — YaCTHYHO MOrpyXKeHHbIM B Bogy. Korna ypomrm
BO/IbI B FOPJBILIKE H CHAPYXKH BLIPOBHSJINCE, 10, BOAOH OCTAJIaCh NOJIOBUHA
ropaeimka. Kakoea Temnepatypa t,, 10 koropo#t Guina Harpe'm Konba?
TennopuiM pacmmpennem Koibul npenebpeys.

456. Bo3gyx B OTKpBLITOM COCyJ€ HArPeBaioT OT TeMOepaTypbl t) =
= 10 °C go remneparypel t; = 600 °C. 3arem, repMeTH4YecKH 3aKpLIB
cocyq, OXJAXKJAWT BO3AYX B HEM [0 NepeoHavajJbHOH TeMneparypol t.
HaiiTn nioTHOCTE BO3AYXA B cOCYAe NPH TeMOepaType lo H nocne 0XJax-
nenns. [INOTHOCTL BO3AYXa NPH HOPMAJBHBIX yCI0BHAX pp = 1,3 kr/m®.
TennoeeiM pacmHpenneM cocyda npeHebpeds,

457. Unnueap ¢ TeaXenblM NOPIIHEM, DACNOIOMEHHLIH BepTHKAJbL-
HO, 3anojiHeH KHCcaopoaoM, macca kotoporo m = 10 r. [locne ysenuye-
urA Temnepatypbl Ha AT = 50 K nopwens nogusnca Ha BeiCOTY h =
= 7 cm. Haiir maccy mopuus M, ecyid JaB/ieHHe ra3a HaJ NOPLIHEM Dy =
= 0,1 MITa. [Naomwane nopwas S = 100 cm?. Monsipaas Macca KHCIOpoaa
# = 0,032 xr/mons.

458. B 3anasuHo#l uunuHApHYecKoil TpyOKe, pacnoyioxKeHHOH ropH3oH-
TATBHO, HAXOAHTCH BO3YX NPH HOpMalbHBIX yoioBusx. Tpybka pasgene-
HAa TIOOBMXKHBIM IOPIIHEM HA [Be YaCTH, OTHOLIeHHe O0'LeMOB KOTOPHIX
Vi/Ve = 1/2. lo kakoii TeMnepaTtypsl t| cliegyeT HArPETh MEHBILYIO 4aCTh
TpyOKH M A0 Kakoil TemnepaTyphl {2 OXNaJHThL OOABLLIYI0 YacTk TPyO-
KM, 4TOGbl mopieHb genaun TPyOky Ha jgpe pasHble HacTH?! Harpepanue
N oxsaxaenre obenx gacreil npoussoaures npu V/T = const.

459. Tlocepeaune 3akpbiToli ¢ 0DOMX KoHUOB TPYDKH AnHHLL L =
= 1 M, pacnofoXKeHHO# roOpH3CHTAJIbLHO, HAXOAHTCA B PABHOBECHH MOOBHMK-
nas neperopoaxa. Cnesa or nee Temneparypa rasa ¢, = 100 °C, cnpasa —
t2 = 0 °C . Ha xakoM paccTosiniu [ OT JIeBOro KOHUA TPYOKH YCTAHOBATCH
MeperopoJKa, eCIH TEMNEPaTypa BCEro rasa CTaHeT papHoilt tp = 0 °C?

460. OTKpuITYI0O MTPOBHPKY ¢ BO3AYXOM NPH AaBIE€HHH P; MEIJIEHHO
HArpeJH [0 TeMNepaTypbl t, 3aTeM repMEeTHYEeCKH 3aKDPBUIH M OXJIAUIIH
a0 Temneparypsl t9 = 10 °C. lasiaenue npu 3ToMm ynano go p; = 0,7p;. o

5*
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KAaKOI TeMnepaTypsl t; Oblia Harpera npobupka? TerioBbiM paciHpeHem
npobupku npenebpeys.

461. B npHHAPe N0J NOPIIHEM HAXOJHTCS BO3AYX NPH JABIEHHH Py =
= (0,2 MIla u Temneparype t; = 27 °C. Kakoii maccel rpy3 m HY»KHO
MOJNIOYKHTL Ha [OPLIeHDb NOC/e HArPeBaHus BO3AYXa JI0 TeMnepaTypsl i =
= 50 °C, urobul o6beM Bo3AyXa B UHIAHHADE GbLLN paBeH NEPBOHAYATLHOMY !
Iaomags nopmas S = 30 cm?.

462. Manomerp Ha DanjioOHe C ra3oM B MOMELUGHHH C TeMIepaTypoi
t; = 17 °C nokaswpaer gaenenre p = 240 xlla. Ha ynune nokazamnme
MaHoMeTpa yMenbiuunock Ha Ap = 40 klla. Haittu Temneparypy Bosgyxa
Ha yJaule, eciu atmocdepHoe gaenenne pg = 0,1 MIla.

483. [Tpu H3roToBIEHHH MEKTPOAAMI HX HATIOJHAIOT HHEPTHLIM ra3’oM
nipu remnepatype 1 = 150 °C. Tlon kakumM gaBJeHHeM TONKHLI HANONHATh-
¢ lamriel, 9T0BbI NpH TemnepaType ta = 300 °C, KoTopas ycTaHaBIMBAETCSA
B JaMMné MpH TOpeHHU, JaBleHHe He MPeBbIao
po = 0,1 MIla.

464. [Joka3aTb, MONB3YACh 3aKOHAMH Mealib-
HBIX [230B, PABEHCTBO TEMIIEPaTYPHLIX KoshdHum-
€HTOB 00'bEMHOr0 PACLUMPEHHA & U JABIEHHs B.

1 465. Ha puc. 62 pan rpacdhuk uameHeHus cocTos-

g 4  uma waeansHoro rasa B koopaunartax V., T. Tlpea-
S CTABHTH ITOT TpoIliecc Ha rpadMKax B KOOpAMHA-
maxp, Vup T.

466. ['a3 nocneoBaTe/IbHO NEPEBOAUTCH H3 CO-
¢cToAHKA I ¢ TemnepaTtypoii T B cocTosnue 2 ¢ TeM-
neparypo#t Ty, a 3aTem B cocTosHMe 3 C Temmepa-
Typoit T3 ¥ Boappamaerca B cocroguue 1. Hafitn
Temnepatypy T3, eciiu npoueccs u3MeHeHHsi COCTOAHHUS NMPOHCXOHITH TakK,
KAK 9TO nokasaHo na puc. 63, a remneparypsl T7 U Ty W3BECTHBI.

467. a3, zanumaionmit npu Temnepatype T7 = 400 K n paenenun
p1 = 0,1 MIla ofvem V) = 2 1, n3oTepMuyeckn CKUMalOT g0 obbema Vo
H JaBJEHHA Pg, 3aTeM H306apHO oxnax aaioT 40 TremnepaTyphl T3 = 200 K,
[OCIE Yere H30TEPMHUYECKH HM3MEHAIT 00beM [0
Vi = 1 n. HafiTi koHeuHOe gaBieHue py. p 2 9

468, PewnTs npeapiayuyo 3a4a4y rpadHyecKkH,
nocTpouB rpaduxn B koopausarax p, V;p, Tu V, T.

469. BeiuncinTs rasoryio nocrosuuyio R, koro-
pasi BXoguT B ypasrenue pV, = RT, onuceiBaiomee

vV 2

<
3

Puc. 62

COCTOSIHME OJHOTO MOJIA Ta3a. #
470. Haliti maccy m Bogopoja, HaxXOAAILErocs 4
B Gannone obvema V = 20 51 nox japneHnem p = S

= 830 xIla npu Temneparype t = 17 °C. Monsipuas
Macca sogoposa u = 0,002 kr/monb.

471. Hexoropsrit raz maccel my = 7 r npu Temne-
paType t; = 27 °C coznaer B Gannole jaBheHue py =
= 50 kIla. Bogopoa maccet ma = 4 r npu Temnepatype t2 = 60 °C coanaer
B TOM e Gannone gashenue pp, = 444 klla. Kakosa Monaprasa macca m;
HeuspecTHoro rasa’ MonspHas macca Bogopoga ue = 0,002 xr/Mouns.

Puc. 63
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472. OTKpeITEIR COCyl CONEPXKUT BO3AYX NPH TemnepaTtype ¢, = 27 °C.
Kakas yacTb Macchl BO3JyXa OCTAHETCS B HEM NDH HarpeBaHUH OO TeMIe-
paTyphl to = 450 °C? TennoBbrIM pacmpeHHeM cocyaa npexebpeys.

473. W3 GannoHa co cKATBHIM KHCJIOPOJOM H3PACXQAOBAIM CTONBKO
KHCJI0pOAa, YTO ero AapJeHHe YnaJjo co 3Hadenus p; = 9,8 MIla o p =
= 7,84 MIla. Kakas yacTe Macchl KHCIOpoa H3pacxononana?

474. B Gannone o6bema V = 0,2 M3 naxomuTcs renuft npy AaBieHnn
p1 = 0,1 MIla i remneparype ¢, = 17 °C. Maccy reans B 6annone ypeanyn-
JIH, IPH 3TOM €ro JaBjleHHe NoBLIcHIock 10 Py = (0,3 MIla, a remneparypa —
1o ta = 47 °C. Ha cxonbko ysenuunnack macca remusi? Monsipuas macea
renus g = 0,004 kr/monnb.

475. a3z maccet m = 16 r npu gasnenun p = 1 MIla u Temnepatype
t = 112 °C zauumaer ofbem V = 1600 cm®. Onpegennts, kakoil 910 ras.

4786. Haifru nnotaocts a3ota npu Temneparype t = 27 °C u gasnennn
p = 0,1 MITa. Moasipuas macca asora g = 0,028 kr/monb.

477. Bricora nuxa Jlenuna na Tamupe H = 7134 M. Ar™mocdeproe nas-
nenne Ha 310l Beicore p = 38 k[la. Haiitu niorHoCTh BO3YXa HA BEpIIMHE
nuka npu tg = 0 °C. Monsipuas macca soaayxa p = 0,029 kr/mounb.

478. lpr kakoM [JaBlleHWH P IJOTHOCTH ra3000pA3HONO A30Ta MPH
Temneparype t = —73 °C cocTasnser 0,4 n10THOCTH BOABI TIPH KOMHATHOI
remneparype pg = 10% xr/m*?

479. Ton KakuM JaBJeHHeM Py HY)XXHO HANWIHATL BO3AyxoM Dasyon
obbema V) = 10 51, yrobet npn coegunennu ero ¢ Gannonom obvema Vo =
= 30 n, copepxanmumM Bo3ayx npu aaenenun pp = 0,1 MIla, ycranoeuaoch
obwee papnenue p = 0,2 MIla?

480. [pa cocyaa oauHaKoBoro obbema coAepXKaT BO3AYX; OJHH — TIPH
Temneparype 1) ¥ JaBjeHHH pi, Apyrofi — npu temnepatype T, u gasje-
HuH po. Cocyapl coeuHEeHBbl, W NOCIE BHIPDABHUBAHHS JaBlleHH H TeMmne-
paTyp Bo3gyx Harper no rtemneparypul 1. Kakoe nasnenue ycranoBHTCH
NocJie Harpesanus ?

481. 3akpbiTeifi ¢ 0BOMX KOHUOB UMJIMHAD, PACTIONOMKEHHbI! TOPH30H-
TAJILHO, HanoiHeH rasom npu aasinenuu p = 100 Ila u Temneparype ¢ =
= 30 °C u pa3sjeneH NoABM»KHBLIM MOPIIHEM HA JBe DABHBLIE YACTH JIMHBI
L = 50 cm. Ha kakyro seanunny AT Hy»KHO NOBBICHTL TEMIIEPATYPY Ta3a
B OMHON YACTH LHAMHAPA, YTOOLI MoplleHh CMeCTHNCS Ha paccTosiHue [ =
= 20 cm? Bo BTOpO# HacTH UMAKHEIPA TeMNepaTypa He Hamensierca. Haiitu
JapjeHHe rasa p’ nocne cMelieHusl NOPIIHS.

482. Jlnunnas npoOMpKa OTKPBITEIM KOHLOM MOTPY>KeHa B COCYA € PTY-
Thio. IIpu Temneparype t; = 47 °C yposru pryTH B npobupke u B cocyje
coenajator. Hag ypoBrnem pryTH ocTaercss 4acTb npobupku ganeel L =
= 76 cm. Ha xakywo Bwicory [ mogHumercss pTyTh B NpoOHpKe, eciiH ee
oXJIaAnTh A0 Temmepatypbl ta = —33 °C? Armocdepnoe nasnenne py =
= 0,1 MIla.

483. Cocyn obwema V = 100 n paspgenen va ABe paBHBIE YACTH MO-
nynpoHHuaeMoit nieperopogkoil. B oamoit yacTu cocyna HaxomuTes my =
= 2 r Bogopoaa, o Bropoilt — vz = 1 mons azora. Halire nasnenne, ycra-
HOBHBLIEeCs N0 00e CTOPOHBI MEeperopojikH, eclH OHA MOXKeT NMPONYCKATH
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ToNbKO Bojgopod. Temneparypa B ofenx NoJoBMHAX COCYAa OfHA W Ta »e:
t = 127 °C u nocrosuna. Monapuas macca Bofopoaa iy = 0,002 xr/monb.
484. BHYTpH 3aKpBITOrO UMAMHADA, PACTONOMKEHHOTO TOPHIOHTAILHO,
HMeeTCsd TOHKHMI TenNoHenpoHMiaeMslii nopmens. B ogHolt yacTH uuanH-
Apa HaXOOUTCA KHCIOpo4 npu Temneparype t; = 127 °C, B apyroit —
BOAOPOJ NpH Temneparype ty = 27 °C. Macce! oboux razoe oguHakoesl. Ha
KAKOM pAcCTOAHHHM | OT TOpna UMJIUHIPA B YaCTH, B KOTOPOH HAXOAHTCA
BOAOPOJ, pacnonoxeH nopieds? Jnuna yununapa L = 65 cv. Monapuuie
Macchl KHCI0pofa u sogopoga py = 0,032 kr/mone u g = 0,002 kr/mons.
485. Cocyn ¢ razoM pa3fienen NogBHKHON Tieperopoakoit Ha ABe YacTH,
oTHomreHne obbeMos kotopsix Vi / Vo = 2/3. TemnepaTyps! rasa B MeHbIIEM
u Gonbuem obvemax t; = 177 °C u to = 267 °C, paBneHus B HEUX OJUHa-
KOBbI M paBHe! p. Kakoso 6yger oTHomeH#ne 06HEMOB, €ClIH TeMMEpaTyphl
cpasusrorcs? Tennoobmen BOIMOXKEH TOJILKO Y€pe3 Neperopoaky.

486, Hpaungp gneael L = 85 cM paszesien Ha ABe YACTH NOJBHXKHBIM
nopmaem. OgHa wacTe WHIMHIpA 3anciHeHA KHCIOPOAOM, a Apyras —
BogopogoM. Ilpn xakoM nonoxkenmm nopiuns JaBieHHs B obedx wacTax
nuaueapa GyayT oauHakobsl! TeMnepaTypbl ¥ MacChl ra30B B 0BEUX HACTIX
uuAuEgpa ofuHakoBkl. MonApHBie Macchl KNGTOpoAa W BOZOPOAA (1 =
= 0,032 kr/moue 1 gp = 0,002 kr/Moab.

487. B ycnoBrax npeasiayweil 3aga4u HaliTH, NpH KaKHX TeMIepaTy-
pax kucnopoga Ti w Bogoposa T: nopuens OyaeT AeNuTh UHIHHAD Ha
paBHBIE YACTH.

488. HaiiTu remneparypy T asora maccel m = 2 r, 3aEMMAaoIero obbeM
V = 830 cm® npu aasaennu p = 0,2 MTTa.

489. Illap 3anonrex razom npu papaenuu p; = 0,105 MITa u Temne-
patype t; = 27 °C. [locne mogbema mapa Ha BBICOTY, IJI€ JlaBAeHHe Tasa
po = 0,08 MIla, obbem mapa yeennunsaca va n = 5% ¥ jaBneHne B HeM
CTaJI0 OTIHYaThest oT atMocdeproro Ha Ap = 5 klla. Haltte Temnepary-
py t2 BO3Ayxa Ha 3TOH BBICOTE, NpeAnIaras, YTO a3 B ape [IPHHAN 3TY
TeMOepaTypy.

490. Cxonbko 6an10HOB BOAOPOa, HMEOIMX obbeM © = 50 11 kaXkabiii,
npu rTemneparype t = 27 °C u pasnennn p = 4 MIla norpebyercs mns
3anonHeHnsa aspoctara obwema V! = 1000 M, ecsit npu Temneparype t' =
= T °C paBienne B HeM JoKHO OmTH p' = 0,1 MITa?

491. B xaxxayio U3 YeThpex IIMH aBToMOOUNA HakadaH obbem V) =
= 200 1 Bo3ayxa npu Temneparype t; = 17 °C. O6bem wunnt Vo = 54,6 o,
MIoWaAb CHeNIeHHs IHMHBLL ¢ IPYHTOM NpH TeMmnepatype to =0°C §
= 200 cm2. HafiTu maccy m asromobuns. Armocdeproe aasnenme po
= 0,1 MIla.

492. Bannon ofmema V) = 40 1 copeprkHT CHKATBIR BO3AYX NPH JaBie-
Eun pp = 15 MIla u Temnepatype t1 = 27 °C. Kakoit 06bem V' Boas moxxno
BBHITECHATh N3 NUCTEPHBI NOABOAHOMN JTOAKH BO3AYXOM 3TOro HanioHa, eciu
nogxa HaxoAurca Ha riaybume h = 20 m, rge remnepatypa tp; = T °C?
MMnorroers Boan p = 10° xr/mM>. ATMocdeproe nasnenue pg = 0,1 MIla.

493, [IBa HeBecOMBIX NOPIIHSA, COCAMHEHHBIX HHTBIO, BCTABJEHLI B OT-
KPBITYIO C ABYX CTOPOH TPYOKy, HMerumyo miomais cedenna S = 10 M2,
H MOTYT nepemeniatbcd 6e3 Tpeuus. [apneHws ¥ TemnepaTypbl Mex<ay

inn
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NOPIIHAMH H CHAPYXXH OJHHAKOBHLI H paBHLl pg = 0,1 MIla u ¢t = 27 °C.
o xaxoil Temneparypsl t’ Hy»KHO HArPeTB BO3AYX MEXAY MOPIIHAMH,
4T0DObl HUTh, COEAHHAOMAN MOpLHH, nopeatack? HHTE BblaepyKHBaET CHITY
nars:xenns F = 30 H.

494, B 1ByX roOpH30HTAILHO PACTIONIOMEHHBIX NWJIMHAPAX ¢ 3aKPenieH-
HbLIMH MOPIIHAMY HAXOAWTCH BO3JAYX NPH JABJIEHHH Pg M Temneparype Tg
(puc. 64). Ofbembt BO3AYXa B HUAKHApPaX paBHbl V) B V), nomamy ceve-
Huil mopwmseit pasunl S # S3. Hapy>khoe nasnenne paeno Hymo. Mexay
MOPLIHAMH BCTABISAIOT CTEPXKeHb # 0CBOOOMK JAIOT MOPIIHHE OT 3aKPEIJIeHNs,
a 3aTeM BO3AYX B IEPBOM UHAHHAPE HATpeBatoT 10 Temnepatyps! T'. Halitu
cuary F', CKUMAIOMIYIO CTEP)KEHD B YCTAHOBUBILEMCSH COCTOSHHH,

495. Ulap ¢ nepacrsxkumoit obonoukodt macest M = 11,6 r nanon-
HeH BOJIOpPOAOM, 3anumaommunm obvem V = 10 g1. Temneparypa Bogopoga
" oKpyawmero map sosayxa tp = 0 °C. Hafitu nasienme p sojoposa
B IIape, eClH PE3YNbTHPYIONIAA NMOAheMHAS CHJA UIApDA PABHA HYJIO, T.e.
map napHT B Bo3ayxe. AtMocdeproe gasnenne pg = 0,1 MIla. Monapusie
Macchl Bogopoaa u Bozayxa ; = 0,002 kr/mone u o = 0,029 xr/mons.

MSI{

Puc. 64 Puc. 65

LA PSP S F 7
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496. Boaayx B craxkane peicotsl H = 10 oM ¢ nuiomaasio ana S = 25 em?
Harpet jo TeMneparypel t; = 87 °C. CtakaH norpy»keH BBepx JHOM B BOJY
TAK, YTO er'o JHO HAXOJAMTCA HA YPOBHe NoBepxHocTH Boanl. Kakoil ofbem
BOABI BONET B CTAKAH, KOTJa BO3JYX B CTAKAHE MPHMET TEMMNEPATYPY BOALI
t, = 17 °C? Armocdepnoe gaenenue pg = 0,1 MIla. [TnotaocTs BOAR p =
= 103 kr/m3.

497. Crakan BbicoTel h = 9 cM, HanonHenHbl! Ha 2/3 Bogoii, niasaer
B BOJIe TaK, 4YTO €r'0 Kpasi HAXOJATCH Ha yPOBHe ee noepxnoctn (puc. 65 a).
DTOT e CTAKAH ¢ BO3AYXOM, HArDeThIM fo Temnepatypel t; = 87 °C,
MOTPYKaloT B BoAY BBepX AHoM (puc. 65 6). Ha kakywo raybuny H my»xuo
MOrpY3HTh CTaKaH, 4ToObl OH, MPHUHAB TeMNepaTypy Boasl tg = 27 °C, He
BCOABLIBAN U He Tonya? ATMmocdeproe gasnenue pg = 0,1 MIla. [Taotrocts
soabi p = 10° kr/m3.

§ 15. DneMeHTHI MoJleKynapHoO# duznkn

Bee Tena cocTOAT M3 OTAENbLHBIX MEeNBHARIIHX HACTHI: MOJEKYJ, aTOMOB,
IEMEHTAPHBIX YACTHL. JaCTHLIbI XAOTHYECKH ABMXKYTCA M B3ANMOAEHCTBYIOT
ApYT ¢ ApYToM, Moneky/sl WM ApYTHE CTPYKTYDHLIE 3/IEMEHTHI (ATOMBI, HOHBI,
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MEKTPOHbI) HACTOVIBKO MAJEI, 4TO B JIIOGOM MAKPOCKONMMYECKOM Tejle MX YMCIo
orpomto. Mx uncie, otHecennoe k ogHOMy MU0, Ha3bIBAETCA NOCTOAHHON ABo-
ragpo:
23 -1
Na=6,02-10" mons™ .

MonsipHoli Maccoli HASHIBAIOT MACCY BELECTBA, BINTOr0 B KOTHYECTEE OIHOTO
MoJIs:

u=malNa,

rge mo = m/N = m/Nsv — macea oanoli MosleKynl.

MYECKOe TEMNJIOBOE ABUMKEHWE MOJIEKYJ Ma3a MPUBOIUT K HX YIPYTHM
COYJapPEHHAM CO CTEHKAMH COCYa, B KOTOPOM a3 HaxoIMTCA. [ poMaaHoe YKo
TAKHX COYAPEHHI CO3NAET JABJIEHHE 434, KOTOPOe, TAKMM 00PA30M, MPONopuHo-
HATBHO CpenHeli KHHeTHYEeCKol SHEPrHK NMOCTYMATENLHOrO [BHEHHA era Moue-
KYJI.

498. Haiita mMacchl MONEKYA BOAOPOAR H KHCIOPOAA.

499. Yucio Monekyn B eHHHLEe 0f/béMa HEM3BECTHOTO A3a NPH HOpP-
MAJIBHBIX YCTOBHAX Rg = 2,7 - 10%% M™%, Dror ke ras npu Temmeparype
t = 91 °C u pasyenun p = 800 kITa umeer naornoers p = 5,4 kr/m>. Haiitn
MACCY ™ MOJEKYJBl 3TOrO rasa.

500. HailTn 4ncio Moaekyn ng B eqHHHIE 00beMa ra3a NpH HOPMaJb-
HbIx ycnoenax. [locroaunas Asoragpo N4 = 6,02 - 10%® mons 1.

501. B uynnuuape nos nopiuseM HAXOAHTCA a3 NPH HOPMATLHBIX YI0-
Busix. CHavasa ofbeM rasa ysequuuad B k = 10 pas, 3aTeM ras Harpean
OpH TOCTOSHHOM JaBieHHn A0 Temneparypwl ¢t = 127 °C. Haittu umcno
MOJIEKYJT ¢ B eARHHELEe 00'beMa ra3a B KOHeYHOM COCTOSHHH.

502. Amnyna obbema V = 1 em®, cogeprraimas BO3AYX NPH HOPMaJlb-
HEIX y{:ﬂﬂﬁ“ﬂx, OCTapJieHa B KOCMDCJE‘, r,qe AaBJIEHHE MOXKHO CYHTATE paBHBIM
Hynio. B amnyne npoburo orsepcTne. Yepes kakoe BpeMsa T saBienue B am-
MyJIe CTAHET PaBHbIM HYJII0, €CJIH CUHTATh, YTO Yepe3 OTBePCTHE B N HUILY
BpeMmenn sbinetaer n, = 10°% ¢~ mMonexyn Boagyxa?

503. Ulap paguyca r, cogepxkamuii ras npn Temneparype T, HaxoguTcs
B BakyyMe. epes oTBepCTHE B CTEHKE IIADA YACTh MA3a BhITeKAeT. Kakum
OKAXKeTCH laB/IeHHe Pz Ta3a B LIape, NOCAe TONO KAK BBIJIETHT N MOJEKYJ
ra3a, ec/IH Ha4YaJbHOE JaB/ieHne ra3a BHyTpH mwapa 6bisio py 7 [Ipn HopMase-
HEIX YCJIOBHSX B €HHHIE 00bema ra3a COoNepyKHTCs YACI0 MOJIEKYI Tig.

504. OuaMerp Monekynn azota d = 0,3 um. Cuuras, 9ro Monekynnbl
nuMeloT cepudeckyio dopmy, HallTH, Kakas HacTh ofbeMa, 3aHMMaeMOoro
ra3oM, MpPUXOAUTCA Ha O0beM CaMHX MOJIEKYJ NPH HODMAJBHBIX YCJIOBHAX
(Ty =273 K, pg = 0,1 MIla), a Taksxe npu gasnenun p = 500pp. Cunrars,
YTO IIPH STHX AABJCHHAX a3 HE OTIHYAETCA OT HAEATLHOro.

505. Ha crenky nyomaau S HaleTaeT NOTOK MOJIEKYJT, HMEIOIIHX cpef-
HIOIO CKOPOCTE ¥. Uncno Moniekyn, ABHXKYINXCA [0 HANPABAECHUIO K CTeHKe,
B efuHALE obbema paBHO Mg, Macca xax ol MofieKynnl paBia m. Haittn
AeficTBYIOIINE HA CTEHKY CHJY U JaBJeHHe, eciii MONEKYJIbl ABHACYTCS [ep-
MeHUKYJIAPHO K CTEHKE H YAapbl MOJEKYJ 0 CTEHKY abCONIOTHO yIpyTHE.

506. Cocya B dopme xybuxa cogeprxnr v = 1073 moap naeanbnoro
rasa. K kasxpo#t m3 mectu rpanell KyGHKa nepneHHKyJIspHO K rpaHsM
B J:000it MOMEHT BpeMeHH ABHXKETCA OMHAKOBOE YMCJo Modexkyn. Macca
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KXk a0l Mostexyanl m = 3 - 107%% kr, cpeansis CKOpPOCTb TENUIOBOrO ABM-
sxennst Monexyn v = 500 m/c. Halitn pasaenue p rasa. Cuurats ynapsl
MOJIEKYJI O CTEHKY COCY/a aDCONIOTHO YNPYIHMH.

507. B cocyne naxogutca ras npu aasnenuu p = 0,15 MIla u remnepa-
Type t = 273 °C. Kakoe 4yncno n MONeKy-l HAXOAHUTCA NPH STUX YCIOBHAX
B enuHnne obbema cocyna?

508. Kakosa TemnepaTtypa T rasa, HaxoAsLerocs 1o JaBjleHHeM p =
= 0,5 MIla, ecu B cocyae obbvema V = 15 1 comepsxkures n = 1,8 - 1024
MOJIEKY.1?

509. B cocyae obwema V' = 1 1 npu Temneparype t = 183 °C naxogutca
n = 1,62 - 10%* monexya rasa. Kakoso 6yaer nasnenne p rasa, eciiu obbem
cOCYJa M30TepMHuecKH yBeauuuTbh B k = 5 pa3? YUmcno monexyn rasa
B eAuHnLe 06BEMa COCY1a IPH HOPMATLHBIX YCIOBHAX ng = 2,7 - 10%% m~3,

510. CoBpeMeHHEIE BAKYYMHBIE HACOCH! MO3BOJAIOT MOHHXKATH JAaBJie-
uue 1o p ~ 10710 [Na. Kaxoe uncno MoekyJ1 rasa n COOepXHUTCA B eJHHULIE
obbeMa Npu 3TOM JABIE€HHH W Temmeparype ¢ = 48 °C?

511. HexoTopas macca Bojopofia HaxoquTes npu Temneparype Ti =
= 200 K u gasnenun p; = 0,4 k[la. Mas narpepator fo remneparypu Ty =
= 10000 K, npr koropoli MofieKyabl BOAOPOJA TPAKTHYECKH NOJHOCTHIO
pacnajalores Ha aTromul. Hafitu nannenne py rasa, eciii erg ofbeM B Macca
ocTanuck 6e3 N3MeHeHus.

§ 16. BuyTpeHHss sHeprus W pabora paciuMpeHHs rasob.
TennoeMKocTb

Sueprus @, cooblnaemas Teny B BWAE TEILIOTHI, WAET Ha WameHeHue AU
BHyTpeHHeli SHEPrUM ITOrO TeJIA M HA COBEpLIEHHE ITHM Tesiom paborsl A Han
OKPYIKAIOIWMMHY ero TenamH. COoracHO 38KOHY COXPaHEHH:A IHEPIHH

Q=AU+ A (10)

BuyTpenuasa aHeprus Tena CKAAALIBAETCA H3 KMHeTHUeCKOH SHepPruM ero Mo-
NeKyq, 3asucAmedi 0T cpegHelt CKOPOCTH HX TEIUIOBONO XAOTHYECKOI'O JABHIKEHUI,
H MOTeHLMATLHON 3HEeprUM B3aMMOJelcTBHA MOeKyn mexay coboll, 3aBucAlelt
OT B3aHMHOTO pacnonoxkenus Mmonexyn. [lorennuanbiasd sHeprus B3auMofeit-
CTBHA MOJIEKYJl MAEA/ILHOTO ra3a pasHa uyno. [TonHas >xe KuHeTHYeCKAs sneprus
MOMIEKY/ I'a3a NpONopLMOHANbHa (MpH mocTosHHOM ofbeMe) JaBleHMIO rasa Ha
cTeHKY cocyaa (cw. 3amaum 505 u 506). C apyro#t cTopoHbl, B 3TOM Cly4ae
no zakony lllapna pasnenne nponopuuoHansHo Temnepatype. Takum obpasom,
BHYTPEHHASA 3HEPrHsA MILANLHONO ra3a MPONOPLAOHAIEHA €ro TeMNePaType.

Pabora, coBepliaemas rasoMm npu pacumpenuu ot obbema Vi go Va, ecan
NaBaeHHe P OCTAETCH MOCTOAHHBIM, ONPEJEJAETCA BhIPAMXKEHHeM

A=p(Va— V1) (11)

CornacHo 3aKoHy coxpaHeHWs sHepruu (10) nna ysennyeHns BHyTpeHHel
IJHEPTHH Ta3a HA O4HY H Ty 7Ke Be/IHYHHY, A C/Ie[0BATe/ILHO, H AJA NOBLILEHHA HA
CAHY M Ty € BEJIHYHHY TEeMIepaTypbl rasa Tpefyerca coobuTE eMy DA3THYHOS
KOMYECTBO TerJIOThl B 3aBHCHMOCTH OT paboTel, coBepuiaeMoil IPH 3TOM rasoM.
[Mo3TOMY, B HACTHOCTH, TEMIOEMKOCTS ra3a NpH nocrosHHoM obkeme Cyv, Korga
Npolece HACPEBAHMS He COMPOBOMIAETCs coBeplleHHeM paboTwl, oxasmBaeTes
MEHbLIE, YeM TEMNOEMKOCTb €ro TIpn nocTosnHOM gamneduu Cp, xorja ras, co-
rnacHo ¢opmyne (1), coseplaer pabory.
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512. B pepTHKAJNLHOM HUIHHAPE N0 TAMKENBIM TIOPLIHEM HAXOAMTCHA
KHCIOpog Macehl m = 2 kr. Jlna nosbilileHHA TeMNEePATYDB KHGIOPOAa Ha
AT =5 K emy 6bu1o coobiierno konugectso Tenaorsl @ = 9160 . Hait-
TH YAeAbHYI0 TENI0eMKOCTb KHCIopoaa ¢p, paboty A, coBepiaemyio um
NpHM PACIIMPEHHH, H YBeJHYeHHe ero BHyTpenHedl sneprun Al Moaspnas
macca kucsopoga pu = 0,032 kr/monb.

513. lllap, nanonHeHHEIH CyXUM BO3LYXOM NpHM Temneparype tg =
=0°C u gasnenun p; = 99,4 klla, ypasnosenen Ha pecax. Korga wap
6Bl OTKAYAH OO JABNEHWS BO3Ayxa B HeM pg = 1 klla, Ansi paBHOBecHsA
notrpeboBanoch NONOXKHTEL Ha OJJHY M3 YallleK BecOB I'py3 Macchl m = 37 .
HaiiTu o6vem V' mapa. [lnorrocte BO3gyXa npu HOPMANBHBIX YCJIOBHAX
po = 1,3 xr/m3.

514. Hexkoropas macca rasa naxoautcss B Hannone obwema V =1 a.
MMocne BeINYCKaHHA YaCcTH Ta3a 3 GalJoHA JaBAEHHE B HEM YMEHBIIHIOChH
na Ap = 56 kIla, a macca Gannona c rasom — na Am = 2 r. TemnepaTypa
rasa MpH 9TOM He H3MeHHIach. HaliTH MJIOTHOCTE pg TA34 NPH HOPMAJTbHOM
pasnennu pg = 0,1 MTTa u remneparype onsita.

515. B 6annone ofbema V' = 2,5 1 HaXoAWTCA Ta3 NPH TEMMEPATYpPe
tp = 0 °C. Macca Ganmora ¢ razsom m; = 200 r. B 6annon nobasunm
NOPUHIO TOTO Ke ra3a, Nnocie 4ero Macca DasjoHa ¢ ra3oM YBEJIUYHAACh
1o my = 201 r. Ha kaxyro senvunny Ap sospociio gasfieHue B Gannoxe,
ecnn J0OABIEHHBIN Ta3 NPH HOPMAJBHBIX YGHIOBHAX UM MIOTHOCTD pg =
= 1,2 kr/m*? TemnepaTypy CuMTATL TOCTOAHHO.

516. B uuaunpe noj nopiuHeM HAXOAUTCH KUCIOPOT MACCH! 112 = 2 K.
Moputens 3akpenaen. Kakoe konuuecTBo TemaoThl (@ HY>KHO COOOIMTH
KHGIopoay, 4Tobsl ero Temneparypa nossicuiacs Ha AT = § K7 Haiitu
yBeJueHne BHyTpeHHeR sHeprun Al u yIedbHYI0 TenaoeMKoCTh KGO0
poaa ¢y, B ®TOM cinyuae (cM. 3agaqy 512).

517. Isa Metanamyeckux uiapa pajgumyca r = 10 cM ¢ 0JJHHAKOBBIMH
MACCAMH, OfMH H3 KOTOPHIX OTKAYAH, 4 JPYTOi 3anofHeH KHCIOPOAOM
npH fasieHEn p = 2 MITa, BHOCAT B KaMepy, Yepe3 KOTOPYH HAET MOTOK
HACBHIIEHHONO BOAAHONO Mapa, WMetollero TeMnepaTtypy t, = 100 °C. [Tocne
TOTO KAK TeMIepaTyphl Napa M LIapPOB BBIPOBHAIHCH, OKA3aJOCh, YTO Ha
OTKAYAHHOM IHADE CKOHGHCHPOBAJACH Macca BoAbl iy = 10 r, a Ha 3amon-
HEHHOM ape — Mg = 12,33 r Boast. HavanbsHbie TeMnepaTyps! mwapos t =
= 27 °C. HailTu yaenbHym0 TEMI0EMKOCTh ¢ KHGI0POAa. YAeabHAA TenaoTa
napoobpasosanus sogsl A = 2,3 M/x/kr. Monsaprasa macca Kucinopoga
o= 0,032 kr/mons. TennoBeiM paciinpeHneM MIAPOB TMpeHebpets.

518. B rennomsonmposanHoM cocyge obvema V' = 5,6 1 HaxoauTca
KHcAopoa npu Temnepatype £y = 66 °C u masnenun p; = 0,25 Mlla. dnsa
Harpesa rasa o temnepatypsi ta = 68 °C emy Tpebyerca coobuuTe Komu-
yecTro TemoTe () = 21 /Ix. Kakopa y1ebHas TEMI0eMKOCTh ¢ KHCIOPOIa
npu atHx ychnosuax? Monspras macca kucaopoga p = 0,032 kr/mons.
TennosuiM paclIMpeHneM cocya npeHebpeyb.

519. Temneparypa ra3za, UMEIOLIET0 MACCY 1 M MOIAPHYIO MACCY [i,
NoBLIIIAOT Ha BenuunHy AT 0JuH pas NpH NOCTOAHHOM JABJEHHH P, & ApY-
ro#t pa3 npmn nocrosiaHoM obbeme V. Hackonbko otnuualoTea coobmennsle
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ra3y KOAH4ecTBa TenfoTel Qp, Qv # ylelbHble TENJIOEMKOCTH Cp, Cy; TIPH
NOCTOAHHOM JABJIEHHN W NOCTOAHHOM obbeme?

520. [Ipu m30TEPMHYECKOM paclIMpeHHH NAeaJbHBI ra3 cosepuiaeT
pabory A = 20 k. Kakoe xonnyectso Tennoret () coobueno rasy?

521. B TennoH30/MpOBaHHOM LHJIHHJADE C NOPIUHEM HAXOAHTCS A30T
macesl m = 0,2 kr npu Temneparype t; = 20 °C. Asor, pacumpssce, coBep-
waer pabory A = 4,47 x/Ix. HallTh uamenenue BHyTpeHHell 3HEPIUH A30Ta
AU w ero Temneparypy {; nocjie pacuiMpeHHs. Y/jeJbHas TEMI0eMKOCTh
a3oTa npu nocrosHHoM obbeme ¢y = 745 [k /(kr - K).

522. [Tns noBblllIeHHs] TEMIIEPATYPhI ra3a, UMelonero Maccy m = 20 kr
1 MonsipHyto macey p = 0,028 kr/moab, na AT = 50 K npu nocrosnnom
JaBieHHN HeobX0ANMO 3aTpPaTHTL KoaHdecTso TensoThl @, = 0,5 M/Ixk.
Kakoe xonugecTso Tennortel (Qy cliegyeT OTHATL OT ITOr0 rasa NpH noc-
TOSTHHOM 0bbeme, 4ToObt ero Temneparypa nonuanaack va AT = 50 K7

523. TemnepaTtypa soas Macckl m = 1 xr nosuimaercs va AT =1 K.
Haiitu ysenuuenue puyrpenned sneprun Al/y, npuxoasuieecs: Ha 0HYy Mo-
Jexyay. YaensHas Tennoemkocts Bofasl ¢ = 4,2 k [k /(kr - K), ee monspuas
macea g = 0,018 xr/moub. Koadbunuent ofbeMHOro paciiipeHus BOJbI
a =2-10"* K~!. Armocdepnoe nasaenne py = 0,1 MIla.

524. Ogun MOTb KHGJIOPOJa HArDEBAaeTCs NPH MOCTOSHHOM Oobbeme OT
remnepartypst top = 0 °C. Kakoe konuuectso Tennorur § Heofixogumo coob-
LIATE KHCAOPOLY, YTODE! €ro JaBjeHne yBeJHUnIoCh B TpH paza? YienbHas
TENJIOEMKOCTH KMCIOPOJa NPH NocTosiHHoM obbeme ¢y, = 657 [k /(kr - K),
ero Monsipaas macca (¢t = 0,032 kr/monb,

525. Bozayx maccel m = 5 r HarpepaeTcsi NpH NOCTOAHHOM JaBJIEHHH
o1 Temnepatypbl Ty = 290 K. Kakoe konnyectso Tenyorsl  neobxognmo
coobmMTL BO3AyXy, 4Tobbl ero obbem yBenuunncs B gpa pasa? Cuutars,
YTO ylelbHAs TEelJIOEMKOCTh BO3JYXa NpPH TOCTOAHHOM JABJEHWH paBHA
cp = 1,018 xJhic/(kr - K).

526. [laenenue asora B cocyne obbema V = 3 & nocie HarpeBaHHs
Boapocao na Ap = 2,2 MIla. Haitre xonmuectso Tennorst @, coobmen-
HOe ra3y. YieabHasi TEMJOEMKOCTb a30Ta NpPH MOCTOsHHOM ofbeme ¢y, =
= 745 JDx/(kr - K), ero monsipnas macca pu = 0,028 kr/monb.

527. B unnunape nog HEBECOMBIM MMOPIIHEM HAXOIHTCH BO3JYX MacChi
m = 3 xr. Temneparypa Boagyxa ysenuuusaercs na AT = 100 K npu
nocroaniom gasaennn. Haiitu paboty A, cosepluaeMyio ra3oM npH paciun-
pernn. T10THOCTE BO3AYXa NP HOPMAJBHBIX yeaoBuax pg = 1,3 kr/m.

528. B nunungpe obbema V) = 190 cm® nog nopurteM HaxoQuMTes ras
npu Temneparype 17 = 323 K. Haiitu paoty pacmmpenns raza npe Ha-
rpesaiun ero Ha AT = 100 K. Macca nopuna m = 120 xr, ero niomans
S = 50 em?. Armocdreproe nasnenue py = 0,1 MIla.

529. B uuaunape noj nopliHeM HaxoAWTCA ra3, COCTOSHHE KOTOpOro
U3MEHsIeTCA CllefyromuyM obpa3oM: B nipolecce 1-2 yBe/IHUHBAETCH Japje-
HHe NpH nocrosHHOM obbeme V; B npouecce 2-3 ypenuuupaeTcst obbem
NpH NOCTOAHHOM JaBJEHMH Pi; B npouecce 3—4 ypennunsaercsa ofbem npu
nocToAHHON Temneparype T3; B npolecce 4-1 ra3 Bo3Bpalliaercd B nep-
BOHAYMANBHOE COCTOSHHE TNPH NOCTOSHHOM JABJEHHH ps. IIpeacTaBHTH Ha
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rpacHKAX H3IMEHEHME COCTOSIHMS rasa B koopamnHatax p, Vip, Tu V, T.
IokazaTs, NpH KAKMX [pomeccax ras noayyaer (orgaer) rengoty. Kak npu

ITOM M3MEHHETCH TEMIEPaTYPa M Kakas coBepmaercs pabora?
530. Hexoropas Macca rasa, 3anumatomero obwem V) = 0,01 a3, na-
xoguTca npH gasneaud p; = 0,1 MIla u remneparype T = 300 K. I'as
HATpeBaeTCsl BHAYAje NMPH NOCTOSHHOM 0Obe-

P, T, me go temnepatypsl To = 320 K, a saTem npu

par==5 ° 9 NOCTOAHHOM J4BJEHHHM [0 Temreparypbl T3 =
I ! = 350 K (pwuc. 66). Haitru pabory A, cosep-

piF--4Ty ' LIAEMYI0 TA30M OpPH NEPeXofe W3 COCTOosAHHS [
1 ' B cocTosinue 3.

0 V=V, Vs V 531. B unamnape mog nopinHem B obbeme

V = 1674 cM® HaxomuTes HacbileHHBIH BOAs-
Holl nap, umeromuil Maccy m = 1 r U Temme-
parypy t = 100 °C. Kakyw pabory A uy>xHO
3aTPATHTL, YTODB CXKATH BeCh Nap 40 TOJHOIO
NPeBPAIeHHs ero B JKHAKOCTh NpH Toil >xe Temnepatype? [lnornocrs Boabt
npu ¢ = 100 °C nog, gaBnenuem ee nacsimentoro napa p = 0,96 - 10% kr/m3.

532. B nByx TennoM30aHpOBAHHBIX UHAMHApPaX ¢ obbemamu Vi = 3 n
u Vo = 5 n maxogarcs ogunakoBklie raswl NpH gasieHusx p; = 0,4 MIla
u pa = 0,6 MITa n Temneparypax t; = 27 °C u t; = 127 °C. LHununapn
coeuHsAOT TpyOKoit. Kakaa remneparypa T w kaxoe paBnenue p ycraHo-
BATCA B UMAMHADPAX Noche CMelluBaHus ra3on?

Puc. 66

§ 17. HacenneHHble 1 HEHACHINIeHHEIe TTaphl

Mapom vasbBaoT 0brivHO ras npu TEeMMEPATYPe HHXKe KPHTHYecKoil, korga
OH MO>KeT ObITh NPeBpalleH B XKUAKOCTL MOBLILIEHHEM JABNeHHs 663 NoOHHKeHNs
TemnepaTyphl. Hachimenusift nap — 310 nap, HaxogAwuiica B PABHOBECHH CO
cBoell XKUAKOCTBI0. ECau HACBILEHHBIN NAp COAEPYKHUT BIBELIEHHBLIE KAMENbLKH
AHOKOCTH, TO OH HA3bIBAETCA BJIAMKHBLIM, B MPOTHBHOM CJIy4ae — CYyXHM. Hena-
ChIILEHHBIA Nap HA3LIBAIOT TAKMKE NeperpeTbiM napoM.

Henacrimennniif nap no ceoell npupoje HUYeM HE OTINYASTCA OT OOBIYHODO
ra3za. [losToMy nns Hero CNpaBesNBO yPABHEHHE COCTOAHMA

pV = L RT. (12)
[

Oanako no Mepe npPHGIHMKEHHA TEMIEPATYPbI K KPUTHYECKON B COCTOAHMAX,
GJIH3KHX K HACHIILEHMIO, HaGIOJAIOTCH 3aMETHLIE OTKJIOHEHHA OT YPaBHEHMSA
(12), Bosuuxaomme w3-3a B3auMonelcTBHA Monexyn Mmewxay cofoil. C To#l ke
OrOBODKOH 3TO ypaBHeHHE MOXeT OLITE NMPUMEHEHO H B KAYECTBE YPABHEHHA
COCTOAHUA AJis CyXOr0 HACHILEHHOMO napa. B srom cnyvae obvem V' B ypasnenun
(12) Byger yxe ne obLemom Beero cocyaa, a JHiLL 06LEMOM, KOTOPEIH 3aHMMaeT
nap (B cocye KpoMe HACHLILEHHONO napa obbIMHO COAePIHUTCS H HEKOTOPOE KO-
JIMYECTBO SKHIKOCTH).

TIpu paccMOTpeHHE MPOLECCOB, MPOHCXOAALIMX ¢ HACLIUEHHBIM NAPOM, HY-
HO Y4YHTBIBATH, 4TO PH HAIMEHEHHH TEMTNEPATYPHI, JABJEHHS HIH 00'beMa uaMeHs -
eTCH TAKME U Macca napa. B yacTHooTH, MPH H30TEPMHYECKOM HAIMEHEHHH ofbeMa
MACCA MAPa HAMEHAETCA NMponopuHoHansio obbemy. CleaoBaTensHo, NAOTHOCTS
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napa p=m/V u ero gasnenue p ve usmensiores. [losroMy Ans HACHILIEHHOrO
NAapa ypaBHeHHe COCTOAHHS YACTO YA0OHO NMPHMEHATH B BHIE

_np
P=RT

533. B umamHOpe c TOPLIHEM HAXOAWTCH KHAKOCTb Nop GoabLimm
gapyienneM. [lopmwens megnenno noguumarot. [lpencrasute rpaduyeckn
3aBHCHMOCTD JaBJIEHHS P B UHJIHHADE OT YBEJIHYEeHHA Dﬁ’heMﬂ. V AN ABYX
nocroaHEex Temneparyp T7 w Ty (m3orepmer T; = const u Ty = const;
T < Tg).

534. Ha puc. 67 npejacraBnena 3aBHCHMOCTD JABJIEHHA HACHIIIEHHOrO
napa ot remnepaTypsi (Kpueas abek). [Touemy sTa 3aBucHMOCTSB, B OTIHYNE
ot 3akona Ulapns ana razos, e ABnas-
erca auxeiHo#? B kakux ciyvaax 3aBH-
CHMOCTB [IABJIEHHA TIApa OT TEMMEpaTy-
pel Byaer u3obpaskaThcA MUHAAMHA abd
H abce?

535. HenacbllueHnbtit nap B UMIHH-
Ape nojJ NOPIIHEM CHAYa/la HACPEBAIOT
l'lpl! NOCTOAHHOM [)G'bEMe, 3aTEM MeJieH- -
HO CKHMAIOT NPH NOCTOAHHON Temnepa- o2
Type A0 nodHoro cokmkenus. [Ipeacta- %)
BUTL IpadHYecKH 3aBHCHMOCTL JaBJie-
uus p or obbema V.

536. CkoIbKO MOMEKYJd COJePHHT Pue. 67
eTHHHUIA MACCHI HACBIILIEHHBIX 1 HEHACHI-

IIEHHBIX MApPOB pTyTH M Boabl? MonsipHbie Macchl PTYTH H BOABL fi; =
= 0,2 kr/moas u pgy = 0,018 kr/mosns.

537. [Ipn temneparype t = 4 °C gaBneHHe CyXOro HACHILIEHHOrO Napa
p = 0,8 klla. Bo ckosibKo pa3 MJIOTHOCTb BOABI P, MPH TEMNepatype t =
= 4 °C bonbie naoTHoctH napa p? Kakne ofbeMbl NpUXOAATCA Ha OOHY
MONIeKyJTy Boabl 1 napa? Mousipuas Macca Boast u = 0,018 kr/moas.

538. Bo ckonbko pa3 npu Temnepatype ¢t = 400 °C nnoTHOCTE p) Napa
PTYTH OpH aTMOCEpPHOM [aBJEHHH OTJIHYAETCH OT MJOTHOCTH P2 HACHI-
mennoro napa prytu? Armocdepuoe gapnenne p; = 0,1 MIla, gasnenue
HACLILEHHOro napa pryTH npu temneparype t = 400 °C p; = 0,22 MITa.

539. B koren oovema V = 5 M® nakauanu maccy BOObl M, = 20 Kr.
Copeprxkumoe kotna Harpean go remneparypsl T = 453 K. Haiirn maccy m
W JaBjieHue p napa B Kowie. [11oTHOCTh HACKIIIIEHHOrO Napa NP TEeMIepaTy-
pe T = 453 K pg = 5,05 kr/m®. Monspnas macea sogst i = 0,018 kr/mons.

540. B samxHyTOM cocyge obvema V = 1 m* naxogurcs BOja Maccel
My = 12 r ¥ HEKOTOp&As Macca HACBHIEHHOro Napa, IJIOTHOCTh K AaBJIeHHe
KOTOpOro NpH JasHo# Temneparype pg = 0,008 kr/m® u pg = 1,1 kIla.
Kakoe paBnenne p ycraHoBaTca npu yeesauveHud obbema B k = b pas?
Temneparypa npH yBeJH4eHnn 00beMa He H3MEHSeTCH.

541. Tloa koMOKOIOM BO3AYIUHOIO HACOCA HAXOAMTCH BiaXkHas rybka.
[Tpu oTKauMBaHNMHE rA3a NOJ KOJOKOIOM YCTAHOBWIOCH faBjenne p = 1 kx[la

k

d

]
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i
]
]
[}
]
]
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n Temnepatypa t = 7 °C. Cnycta Bpema T = 1 4 mociie Ha4yalla OTKad-
KM JlaBJenue pesko ymajo. Ha#Te mMaccy m BoAbl, KOTOpas COOEprKAJAChH
B rybke. Hacoc oTkaunsaer B eauuuiy speMeny ofbem sogwt Vo = 10 a/c.
Monsipras macca soawt p = 0,018 Kr/Monb.

542, 3akpeiThlit cocyn obwema V = 0,5 m?, conepskammit Bogy Macchbl
m = 0,5 kr, narpeau go temneparypst ' = 420 K. Ha xakywo penuuuny
AV caegyer u3MeHMTh 06beM cocya, YTOGBI B HEM COTEPXKAJICH TONbLKO
nachiennnili nap? [Jasnenue HacbiuleHHOro napa npu Temnepartype T =
= 420 K pg = 0,47 MIla. Monspuas macca pogst g = 0,018 xr/mouis.

543. B naponeperpepareib, cogep:xanmii cyxofi map maccel m = 120 kr
npu temneparype t = 177 °C, nogaHo HEKOTOpPOE KOMHYECTBO TEJIOTH, H3
KOTOPOro Ha JOMI0 [apa NpHILIOCE KonuvecTBo TemIoTel @ = 18 M[Dx.
B pesynbrare gaBieHHe napa JOCTHIVIO MIPeAeNbHOrO 3HAYCHHs H NOJHAJCS
npeoxXpannTeIbHBIA Kianan, umelomuil quaverp d = 4 em.
Kakoso Briio HauanpHOe QaBjeHne napa p, eciii CHJa, OT-
Kpoipalomas knanan, F = 1,57 kH? Vaenbnas rennoem-
koctsb napa ¢ = 1,5 x/x/(kr - K).

544. B Tpybke, OTKpPHITHIM KOHIOM OMYIICHHOR B BOAY,
B o6veme V = 30 cm® npu remneparype t = 17 °C maxoanTes
CMeCh HACHILIEHHOTO napa u reaus (puc. 68). Beicora cronba
Boawl B Tpybxe h = 10 cm. Haidire maccenr napa u resus my
H M. [laBnenye HACBLILEHHOrO Mapa TIPH TeMnepaType t =
=17°C p; = 1,94 xlla. Monapuble maccsl BoaBl W resus

Puc. 68 w1 = 0,018 kr/moab u pg = 0,004 kr/mons, armocdepHoe
Japnenue po = 0,1 MIla.

545, B umnupape nog nopuxeM Haj BoAol B obbeme V =1 M3 npn
remmepatype t = 30 °C HaxoguTCs cMech HACHINIEHHOrO Mapa M a3oTa.
Macca cmecn m = 286 r. Kakas macca napa Am ckonaeHcHpyeTca, ecan
obbem ymenbuTh B k = 3 pasa npu noctosintoil Temneparype! Kakoe
naBnenue p O6uino y eMecH o okatus? [laBnenue HaCHIEHHOTO TIAPA MPH
remnepatype t = 30 °C p; = 4,2 k[la. MansipHble Macchl BOJABI M a30Ta
p1 = 0,018 kr/moab u gy = 0,028 kr/monb.

546. Bnaxmuwii nap, copepkamuit n = 15% (no macce) sognl B BUje
Kanejex n uMmeronmi nasnenue p = 15 k[la n Temnepatypy t, = 100 °C,
KOHJEHCHPYIOT, CMENIMBas ¢ BOAO/, TemnepaTypa Kotopoil t = 20 °C. Ka-
KOe OTHOILIeHHE BOAbI M napa Tpebyerca (mo Macce) AJsA MOJYUeHHA CMECH
¢ remneparypoit § = 40 °C? Temneparypa KHNerus BOABI NPH JaBJICHHH
p = 15 klla tgn = 54 °C. YgennHbie Tenn0eMKOCTH BOALI M Mapa ¢ =
= 4,2 k[Tx/(xr - K) u ¢y = 1,9 x/lk/(kr - K). ¥Yaensnas tennora napoob-
pasoBanusa Boasl A = 2,3 M/ /kr.

547. Korga B Boji¢ HET PACTBOPEHHBIX A30B, OHA MOKeT ObITH HAarpeTa
npu armocdepHOM AaBJEHNM [0 TeMIepaTyphl Gonee BHICOKOH, 4eM TeM-
nepatypa kunenus. [lpu BBeZeHuH B BOAY KakuM-aubo cnocoboM Bo3my-
Xa meperperas Boga OypHO, B3pbIBOOOPA3HO 3aKHMAET, H TEMNEpaTypa ee
6LICTPO TIAJAET [0 TEMNEPATYDbI KUNEHUs NpH aTMocepHOM AaBJEHHH.
Kakas Macca my, napa noJy4YdTcs U3 Bokl, HArpeTofl 0O TeMnepaTypst £ =
= 120 °C, ecnn macca soapt m = 10 kr? YaennHas TensoeMKoOCTb BOABI
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¢ = 4,2 kIx/(kr - K). ¥Yaenshas tennora napoobpa3csanns BoAbl A =

= 2,3 MIx/xr.
548. B sakpbitom cocyae obbema V = 0,4 M? HAXOOATCA B TEMJOBOM
paBHoBecun npu Temnepatype ¢; = —23 °C nea n Hacsunennbil nap, Macca

koropeix m = 2 r. Kakoe konugecrso Tennorsl () meobxoaumo coobmpTh
COAEPXKHMOMY COCYAa AJisl NOBBILIEHHS] €r0 TeMNEePaTypsl g0 i = —1 °C?
Jasnenre HacbieHHoro napa p; = 77 [la npu Temnepatype t; u po =
= 560 Ila npm Temmepatrype to. YaenbHbie TENJIOEMKOCTH NPH TeMIe-
patype umxe to = 0 °C npga ® napa: ¢, = 2,1 xIx/(xr - K) u ¢ =
= 1,3 k/Ixk/(kr- K). ¥Yaeavnaa TennoTa nnaeaenns asga r = 0,33 k Ix/kr.
Yaenbnas TensoTa napoobpasosanus oAbl A = 2,3 M/Ix/kr. Monapras
macca sogel ¢ = 0,018 kr/mous.

549. B ofbeme Vi = 20 1 cogepxuTcst HachILEHHBIA Iap NPH TeMmnepa-
Type t = 100 °C. Kakyio paboTy Haao copepmuTh, 4TOOLI MyTEM H30TEp-
MHYECKOr0 COKATHA YMeHbIIHTE obbem napa go Vo = 10 17 Obbemom Bobl,
ofpa3oBasiueiica NpH KOHAEHCAUNH, peHebpeyb.

550. Haittu pabory napa nmo mepemellleHHiO MOPIUIHA HAa DPACCTOAHHE
| = 40 cm, ecn¥ JaBneHHe Napa PABHOMEPHO YOLIBAET NpHU NepeMelieHun
nopiuss ot p; = 2,2 MITa 10 p2 = 0,2 k[la. [lnomaas nopus S = 300 cm2.
[TpeacrasuTe pabory Ha rpacdHke 3aBHCHMOCTH JABJEHHS OT obbema.

551. Qneir Toppuyeniu Npou3BOAAT €O CIMPTOM BMecTo pryTH. Haii-
TR BoicOTY h, A0 Koropo# noguumercs cnupt. ATmocdepHoe mapiaeHue
B MoMeHT onbita p; = 93,6 xIla. [lnorHocts coupra p = 0,76 - 10° kr/m>,
JaBJeHHe Tlapa COMPTa NpH TeMnepaType onbita pp = 0,6 klla.

552. Haitti abcomnoTHy 10 BAAXKHOCTL BO3/YXA, €C/IH NaplHaibHOe AaB-
nenne HacwinenHoro napa p = 14 klla, a temnepatypa t = 60 °C. Monap-
Hast Macca Bojasl p = 0,018 Kr/Modb.

553. AbcomorHas BAaKHOCTB BO3JlyXa npu Temneparype t; = 60 °C
p1 = 0,005 xr/m®. Hafitn abcomoTHYI0 BIAXKHOCTh BO3AYXA P TOCHE
noHu:KeHus Temneparypel go ¢ = 20 °C. [laBnenue HacbeHHOro napa
npu 370l Temnepatype pp = 2,335 klla. Monspras macca Bogwl g =
= 0,018 kr/moanb.

554. AbBconoTHAA BJIAXKHOCTb BO3JAYXA NpH Temnepatype t; = 60 °C
p1 = 0,05 kr/m®. Haiirs abconioTnyio BAAXKHOCTE BO3AYXa pg Mociie mo-
HIDKEHUS TeMnepaTypol o ta = 10 °C. /lasjleHue HacHIIEHHOTO Napa
npu 3710l Temnepatype pz = 1,226 xlla. Monspuas macca sogml p =
= 0,018 kr/mouk.

555. B cocyae HaxoauTea BO3AYX, OTHOCHTEJbHAS BJIAXKHOCTD KOTOPOTO
npu Temneparype t; = 10 °C f; = 60%. Kaxosa Gyger orHocHTe/bHAS
BIAXKHOCTL fo mochie ymeHblienusa obvema B k = 3 pasa u Harpepanusa
BO3AYyXa Ao Temnepatypsl o = 100 °C7? [110THOCTE HACHILEHHOTO TApa NPH
temnepatype t; = 10 °C p; = 9,4- 1073 xr/m®. Monapnaa macca Bogut
p = 0,018 kr/Monb.

556. [lnoTHocTE BiaxkHoro Bo3ayxa npu remneparype t = 27 °C u gas-
aennu p = 0,1 MITa p = 1,19 kr/m3. Haittn abcomoTnyio p’ u oTHoCHTENB-
uyto f' BnaykHocTH BO3ayxa, ecn npu Temneparype ¢ = 27 °C mwioTHOCTD
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HachlenHoro napa pg = 0,027 kr/m>. Monsipible Macchl BO3LyXa 1 BOIbI
1 = 0,029 kr/mons u g = 0,018 Kr/Monb.

557. B xomnare obvema V = 40 m® npm remneparype t = 20 °C or-
HOCHTeJLHAS BIAXKHOCTL Boafyxa f; = 20%. Kaxywo Maccy BOOB! HYKHO
NCNApHUTh JVIf YBEJHYEHHS OTHOCHTEJbHOH BAAYKHOCTH BO3AYXa A0 f2 =
= 50 %7 IlnoTHOCTh HACHILIEHHOro napa npH Temnepatype t = 20 °C p =
= 17,3 - 1073 xr/m3.

558. B xomuare o6bema V = 50 M® oTHOCHTENbHAS BIAXKHOCTS BO3IYXA
fi = 40%. Ecim ncnapuTs AONONHHTENRHO Maccy Boawl m = 60 1, To
OTHOCHTENbHAS BIAXKHOCTb BO3IyXa yBennunTea 4o f2 = 50 %. Kakosa npu
sroM Oyger abcomoTHas BAMKHOCTL BO3ayxa p?

559. Haiitu oTHOwWERKE NIOTHOCTEH BAAXKHOIO (OTHOCHTENIBHAS BJIAXNK-
socte [ = 90%) u cyxoro Bosgyxa npu aasienum po = 0,1 xIla n Tem-
neparype t = 27 °C. IlioTHOCTL Hacbimennoro mapa npu t = 27 °C pg =
= 0,027 kr/m%. Monspusie Macce Bozpyxa u Boasl iy = 0,029 kr/mousb
u pg = 0,018 xr/mons.



TI'nasa III
SJNEKTPUYECTBO I MATHETHU3M

§ 18. 3akon Kynona

Mo aaxony Kysona cuna p3anmopeficTBHA [ ABYX TOYEHHBIX 3aPAIO0E (1
H g2, HAXOOALUIMXCA B BAKYYME, NPAMO PONOPUHOHANBHA NPOK3BEAEHHIO 3APAA0B
H 0OPATHO NPONOPUHOHATIbHA KBAAPATY PACCTOAHHA MEMH(Y HHMH:

F=ri2 (1)
™

Ecuin 3apsajibl HAX0AATCA B Cpele ¢ AnanekTpu4eckoll nponunaemoctsio € (g > 1),
TO CHN& BIAHMOAeHCTBHA MeMIY HHMH

4142
F=k—. 2
p~ (2)

AuanexkTpHyeckas NPOHHUAEMOCTb € NMOKA3LIBAET, BO CKOMLKO Pa3 CHUJIA B3AHMO-
JAefiCTBHA MexK 1y 3aps/JaMH B CPeJle MEeHBIIE, YEM B BAKYYMe; ILisi BaKyyma £ = 1,
T. e. (hopmyaa (2) B 3Tom ciyuae copnagaet ¢ opmynoit (1).

B cucreme equnnu CH ocHoBHOIM sneKTpU4ecKol e AHHHLEH ABNAETCA eAUHHLA
cunbl Toka amnep (A) — cuna Toka, NpH KOTOPOM OTPE3KM TOHKHX Geckoneuno
JUTHHHBIX TapaJLIebHbIX [POBOAHMKOB MMEBL 1 M Kaxkablll B3anMogeficTeyior
B BAKyyMe ¢ CHioit 2 - 10™" H. Eaunnua 3apaja B 270N CHCTEME SAMHHL, KYI0H
(K1) aBasierca npoussogHoli M ONpefensieTcs KAK 3apsl, NPOXoAsAwuil yepe3s
NONepe4YHoe CeYeHHEe NPOBOAHHKA MpPH 3eKTpHYeckom Toke 1 A B Teuyenne 1 c:
l1Kn=1A- ¢

Yrobet nomyunTs npu nomoutu dopuynst (1) cuny B cucreme eaunmy CH —
B HBIOTOHAX, — 3aPALbl BLIPAXKAIOT B KY/JIOHAX, PACCTOAHHA — B MeTpax, Kosd-
BHUKMEHT NPONOPLMOHANBHOCTH & NPH 3TOM 3AMKCHIBAIOT B BHE

_ 1
T dweg’

rae sg = 8,85 10712 @ /M — 31eKTPHUECKAR NOCTOAHHAS, BhpaXkaemasn B gapa-
dar ma Memp, a MHOMKHTeNb 47 BBegeH ans Toro, 9Tobn pag apyrex dopmyn
umen Bovtee npoctoit (paunonanshsiil) Bug. Taxkum obpazom, B CH koappuument
MPONOPUHOHATILHOCTH

1

s 411'60

=9.10° H-m*/Kn®

— pasMepHas BeJHYHHA.
B cooTBeTCTEMM € ITHM CHIA B3aHMOIEHCTBHA ABYX 3apA0B, HAXOAAIHXCA
B Cpene, BuipaykaeTca (opmynoi

Fe L B0 ®)

6 [A. Benapuxos u ap.
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rae € — oTHoCcHTeabHas (Ge3pasMepHas) JHANEKTPHHECKAS MPOHHUAEMOCTh BE-
mecTBa (OTHOCHTENLHO JMNIEKTPHYECKOH MPOHMLAEMOCTH BaKyyMa), 3HA4EHHHA
koropofi npusoasTes B Tabunmax ) .

Ecin umeercst Heckonbko (Gonee pyX) 3/eKTPHYECKHX 3APA0B, TO CHJLI
BIAMMOJEHCTBHA MeX/AY KAX0H napoll 3THX 3APAA0B HE 3ABHCHAT OT HAJHYHA
ocTanbHbIX. [losToMy pesyneTHPYIOMas cHIA, JeHCTBYIOWAA HA KAKALIH 3apan,
CKJIAALIBAETCA TIO NPABKITY C/I0XKEHHA BEKTOPOB M3 CHJ, JeHCTBYIOWIMX HA HEro
CO CTOPOHBL BCEX APYTHX 3apafoB (NPHHLKN CYTEePIO3HLIHH).

IMoBepXxHOCTHON MACTHOCTBIO ¢ JMEKTPHUYECKOrD 3apAAa HAILIBASTCA 3apad,
NPUXCAAIIMACA HA €JMHHLY NJAOLIAAH TOBEPXHOCTH 3apsaxkeHHoro Tena, Ilpu
PaBHOMEPHOM DPAclpejeseHHH 3apsAja g No NOBepXHOCTH Tesla MOBePXHOCTHAS
MJIOTHOCTE 3apsja
.4
=3

rae S — naomans Tena. [loBepxHocTHAS NIOTHOCTL 3PS BHIPAKAETCS B KYA0-
nax no xeadpamusits memp (Ka/m?).

a

560. /IBa OQMHAKOBBIX TOUEYHBIX 3apsAa § B3aUMOJEeHCTBYIOT B Ba-
kyyme ¢ cunoli F' = 0,1 H. Paccrosnne mexxay sapagamu ¢ = 6 M. HaliTu
9TH 3aps/bl.

561. Kakoe umcno N 3nekTpoHoB cOmepsKHT 3apsg B OfHY eAHHH-
uy sapsiga B cucreme eamuny CH (1 Ka)? Daementapnbii sapag e =
=1,60-1071% Ka.

562. [Ipa ToueyHbIX 3apsaja ¢ M ¢z HEAXOAATCH HA PACCTOSHHMH T° ApYT
ot apyra. Ecnu paccrosnne mMexkay HIMH yYMEHbILASTCS Ha BeIHUnHY Ar =
= 50 cm, To cuaa B3aumogeicTens F yBenuunsaerca B apa pasza. Hafitu
PACCTOSIHUE P,

563. Toxkas UIENKOBAS HUTH BbIJAEPIKHBAET MAKCHMAJBHYIO CUJY Ha-
Taxkerua T = 10 mH. Ha 3roit HuTe nonsemen mapuk Maccst m = 0,6
pMmeonmMit nonoxuTensHui 3apag ¢ = 11 uKn. Cuuzy B manpaeaenun
JINHHH NOABECA K HEMY NOJHOCAT IWIAPHK, MMEIOMMH OTpHLATENbHBI 3apsg
g2 = —13 uKa. [lpu kakoMm paccTosEuy r MeXIy IWAPHKAMH HHTL Pasop-
BeTcsH?

564. Orpunarensuprli Toyeunslit 3apsaj ) pacnojioykes Ha npsMoil,
coeUHSIoLIEN 1Ba OJNHAKOBEIX NON0KHTENLHBIX TOYeYHBIX 3apija ¢. Pac-
CTOAHMA MEXKAY OTPHUIATEILHBIM 3aP51/1I0M M KAX/IbIM U3 NOJOMKHUTENbHbIX
oTHOCATCA Mexay coboil, kak 1: 3. Bo ckonsko pa3 uameHnTces cuna, meii-
CTBYIOIAA HA OTPHUATE/bHbIN 3apAjl, eCJIH ero MOMEeHATb MeCTaMH ¢ 6Ju-
>alfilKM MoNoKHTeTbHBIM T

565. [lpa oTpHIATeNbHBIX TOYEYHBIX 3apaja ¢1 = —9 BKa n g9 =
= —36 uKn pacnonokeHsl Ha paccTosHHA r = 3 M Apyr oT Apyra. Koraa
B HEKO‘TCIpl}ﬂ TOYKe NOMECTHJH 3apsal Jp, TO BCe TPH 33[35[,[[& OKA3aJTHCE
B pasHoBecun. HafiTn 3apag ¢y ¥ paccTosinue Mex Iy 3apsajaMH g M gp.

566. Tpu ogunakoBbIX Toveunnx 3apsajga q = 20 uKn pacnonokenst
B BEPIUIMHAX DABHOCTOPOHHEro TpeyroabHHuka. Ha kaxxawiil 3apan aeficTey-
et cuna ' = 10 mH. HafiT pivny a cTOpOHE! TpeyroibHUKA.

') B GonbumueTee 3a0a4 3TOMO Pa3fena OTHOCHTETHAR THIJIEKTPHYECKAS Tpo-
HHLAEMOCTE £ MPHHATA PABHOMN eIMHHLE H B HOPMYJIbHEIE BEIDAXKEHHA HE BXOHT.
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567. TpH ogMHAKOBLIX TOYEYHbIX 3apAfa q; = g2 = g3 = 9 uKa pac-
NOJIOM<EHbI B BEPIIHHAX PABHOCTOPOHHErO TpeyToNbHUKA. Kakoi ToyedHbii
3apaj ¢p Hy»KHO TIOMECTHTE B LleHTPe TPeyroibHUKA, YTOObI CHeTEMA HAXO-
JAuUNachk B paBHOBECHH?

568. YeTsipe oaHHAKOBbIX TOUe4HbIX 3apaAga ¢ = 10 HKn pacnonoxkenst
B BEpIUMHaX KBajpaTa co cropoHo#d a = 10 cm. Haitta cuny, aeficteyonryio
€O CTOPOHBI TPEX 3aPAJ0B HA YETBEDTHI.

569. YeTbipe 0IMHAKOBEIX MO MOAYJMIO TOYEHHBIX 4 q_
3apaja |g| = 20 uKn, ABa U3 KOTOPBIX NOJOKHTENb-
HBl, 4 JBa OTPHUATEBHEI, PACTIONIOXKEHB! B BepPIIHHAX
KBajJpaTa co ¢cTopoHo#l a = 20 ¢M TakK, KaK NMOKa3aHo 9o
ua puc. 69. Haiiti cuny, geficTyoniyio Ha nomenen-
HBIf B LEHTpe KBaJpaTa NOJIOAKHTENbHbBIH TOUeYHEIH
3apag gg = 20 nKn.

570. Ha n3onuposanHoil NOJCTABKE PacnoNOzKeH q a qT

BEPTHKAJIBHO TOHKHI hapdhopoBLLil CTEP)KeHb, Ha Ko-
TOpEI# HajeT MeTannnueckuil monielit mwapux A pa- Prc. 69
Juyca r (puc. 70). [Tocne coobuienus wapnky sapajga
g = 60 HKn no cTep:kHIO ONMYIIeH Tako# >Ke He3apsKeHHBI MeTanande-
cknit mapuk B maccst m = 0,1 r, KOTOPBIi CONPHKACAETCA ¢ MApUKOM A.
Ha xkakom paccroanun h ot mapuka A Gyaer HaxoguTh-
¢ B PABHOBECHH WWAPDHK B nocie cOMpMKOCHOBEHMSA,
ecnn mg < k(0,5q)2/(4r)?? Tpennem mapukos o crep-
JKeHb npeHebpeub.

571. Bokpyr OTpHIATETLHOTO TOYEHHOrO 3apsaja
go = —5 HKn paBHOMEpPHO ABHXKETCS TO OKPY KHOCTH
noa AefcTBHEM CHJIBI NPHTAMEHHA MaJleHbKHi 3apa-
JKeHHBIH WapHK. YeMy DABHO OTHOIIEHHe 3apafaa Ila-
PHKa K €ro Macce, eciii YIVIOBas CKOpOCTh BpAIl@HHsA
mapyka w = 5 pag/c, a pagnyc okpyxuoctu R = 3 cm?

572. [lpa oauHAKOBBIX IapHKa Macckl m = 9 r Ha-

Puc. 70 XOJATCA APYT OT APYTa Ha PACCTOSHHM I, 3HAUHTEJEHO

NpeBblIIAIONIEM HX pa3Mepsl. Kakmue paBHble 3apsajbt
HeoOX0ANMO MOMECTHTH Ha LIAPHKAX, YTOObI CHJIA X KYJIOHOBCKOTO B3aH-
MOJeiCTBHS YDPABHOBELINBANIA CHIY TPABUTALIMOHHOIO NMPHTAXKeHUs T

573. HaiiTn cuabl B3auMoAeHCTBHA ABYX TOMEYHBIX 3apaaos ¢ = 4 HKn
H g2 = 16 iKn B BakyyMe 0 B KEPOCHHE (JIMNTEKTPHYECKAA MPOHRIAEMOCTD
£ = 2) Ha paccroaHuu r = 20 oM.

574. [Ipa To4euHbIX 3apAja, HAXOIACH B BO3AYXE HA DACCTOAHHH '] =
= b cM, B3auMOJeHCTBYIOT OpyT ¢ ApyroM ¢ cuaoii F; = 120 mxH, a Haxo-
ASICk B HEKOTOPOH HenmpoBoAsILell XKUAKOCTH Ha paccTossHul 9 = 10 oM, —
c cunoil Fy = 15 mxH. KakoBa auanexTpHYeckas NPOHHIAEMOCTS MKHOKO-
ctu?

575. Hailtu paccrosnme r) Mexay ABYMA OJWHAKOBLIMH TOYEYHBI-
MH 3apafaMH, HAXOAAIMMMHCA B Macie (IMIEKTPHYECKAs MPOHKIAeMOCTh
£ = J), ecliH CHIIA B3AUMOJIeHCTBHA MeXKY HEMH TaKAA e, KAK B BAKyyMe
Ha paccTosHMU T = 30 oM.

Q

6*
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576. [lpa oAHHAKOBbLIX 3apAyKEeHHBIX IIAPHKA, NOJBELIEHHbIX Ha HUTAX
PaBHOH AJHHBL B OJHON TO4YKe, Pa30LLIHChL B BO3AYXe HA HEKOTOPLIH yron
2. Kakopa gonmkHa ObITh NJIOTHOCTE ¢ MaTepPHaa IIAPHKOB, 4TOOLl NpH
HOTPYEeHHM HX B KEPOCHH (JHAIeKTPHYECKas NPOHALAaeMOCTb € = 2) yroa
Mexay HuTaMH He uamenunca? [lnoTHocTs kepocuna p, = 0,8 - 103 kr/m3.

577. lpa OAMHAKOBBIX 3apsAXKEHHBIX IUAPHKA TOJBELIEHb! HA HHTAX
paBHOH AMHHLI B OAHOH TOYKe W TMOrpy’KeHBl B >KHAKOCTB. [InoTHocTh
MATEpHAJIA LIADHKOB M XKHAKOCTH PABHB P H P I1pn Kakoil auanexkTpH-
YyecKoH NPOHHIAEMOCTH JKHAKOCTH YI'OJl PACXOKIEHHS HHTeH B MKHIKOCTH
H B Bo3ayxe Oyner ogun u ToT xe?

578. OgnouMeHHbIe TOYEYHbIE 3aPSbl ¢ M §2 PACHONOXKEHbI B BEPILIH-
HAX PABHOCTODOHHErO TPeYyroJibHHKa co cTopoHolt © B oaHopoHol cpeae
¢ AnsneKTpHuecKkolt mporunaeMoctsio £. Haittu cymmapuyio cuny F, neit-
CTBYIOIIYI) Ha TOYedHbIH 3apAj ¢3, PAcIOIOKEHHBIH B TpeThell BepuInHe
TPEYTOIbHHKA.

579. Tpu ToveuHBIX 3apsjla, PACTIONOXKEHHBIX APYT OT APYTa Ha pac-
CTOSHHMSAX 19, T13 U T'gg, B3aUMOJEHCTEYIOT B BaKyyMe ¢ cunamu Fg, Fg
u Fy3 coorpercrrenno. Halitu yepes napecTHble BeIHYHHBI BBIpaskKeHNe 418
TPETLErO 3apsAga.

580. C xaxoii cunofi B3aumogeiicTBoBasn 6Bl B BaKkyyMe JBa OQUHAKO-
BBIX ToYeuyHbIX 3apsiga ¢ = 1 Kn, naxogsace na paccrosnun r = 0,5 km gpyr
ot apyra?

581. [Ipa oaMHAKOBBLIX IAPHKA MOJABENIEHEl B BO3JAYXe Ha HHUTAX Tak,
YTO HX NOBEPXHOCTH conpHkacawTes, [locne TOro Kak KaxkioMmy IIApHKY
6oLt coobien 3apan a = 0,4 mxKa, mapukn pasomancs Ha yron 2a = 60°.
HafiTH Maccy mIApHKOB, €CJIH PacCTOAHME OT LEHTPOB IIAPHKOB A0 TOUYKH
nogseca | = 0,2 m.

582, CocraBieH npubop M3 ABYX OJHHAKOBLIX NMPOBOAALINX IIADHKOB
Macchl m = 15 r, 04MH M3 KOTOPLIX 3BKperJieH, a APYroil nojpewied Ha
uuTH gauns [ = 20 cm. Hlapuku, HaxoaAce B CONPHKOCHOBEHHH, TIOJY 4aI0T
OJMHAKOBBIE 3aPsA/bl, BCIEJCTBHE Y€r0 NOABHAKHBIH [IAPHK OTKJIOHAET HHTh
Ha yroa 2a = 60° or sepruxasnn. Halitu 3apsig kaxxgoro mapuka.

583. lllapuxk, necymmi sapsa g = 50 uKn, xocnyacs BHyTpenHei no-
BEPXHOCTH He3apsi»KeHHO! nposogsuieil cchepw paguyca R = 20 cm. HailiTu
TIOBEPXHOCTHYIO0 IMIOTHOCTD 3apA/a Ha BHellHel MoBepxXHOCTH chephbl.

584. HaliTn moBepXHOCTHYIO MIOTHOCThL 3apAja Ha BHelIHel moBepx-
HocTH npoBoaameil cdepwt paguyca R = 20 cM, ecin B LeHTpe chephl Ha
H3OMUPYIOmEd NaJouyKe HAXOAMTCA IMAPHK, Hecymuii 3apaa g = 50 aKon.
Byaer 11 H3MEHATHCS NOBEPXHOCTHAS MIOTHOCTD TIPH H3MEHEHHH [OJI0Me-
HHSA WAPHKA BHYTPH cepbl?

§ 19. SuexkTpHyecKoe noJe

Hanpamceunocmb JAERTIPUNECKO20 TROAR

DNeKTpUUECKHE 3ADAbL CO3JAIOT B NPOCTPAHCTBE BOKPYT cebs snexkTpuYe-
croe nosie. Ha snexTpuydecknii 3apsj, noMeieHHeI! B TOYKY NPOCTPAHCTEA, TAe
€CTB eKTPHYECKOe None, AefCTBYeT CHAA.
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SDnexTpHyeckoe Noyie B KAXKIAO0H TOYKe NMPOCTPAHCTBA XAPAKTEPH3YETCA Ha-
npsaXeHHoCTe0. HanpsskeunocTbio anextpuueckoro nons E B paunoii Touke
Ha3blBAETCA OTHOWEHHE cuabl F', aeficTeyowed HA NOMEIEeHHbI B 3TY TOYKY
TOYeUHBLIH 3APAM §o, K ITOMY 3APALY:

E= E (4)
Jo
Hanpsi>keHHOCTb MEKTPHYECKOTD MONA — BEKTOPHASN BeJHYHHA, HANpAaBIeHHEe
KOTOpOl coBnajaeT ¢ HanpaBsneHHeM cunbl F' npu go > 0. Ecsu u3secTHa Hanps-
JKEHHOCTE /IEKTPUMECKOTO MO B JaHHOH TOYKe, TO, cornacHo dopmyae (4), na
noMeleHHkfi B 3TY TOMKY 3apAd ¢o AeHCTBYET cHAa

F =gE. (5)

Toueunsiit 3apaa ¢ co3paer BOKpYr celfl aeKTPHYECKOE NOJe, HANPAXKeH-
HOCTh KOTOPOro B TOYKe, yaaneHHolt oT 3Toro 3apaja Ha PacCTOSHHE T, COMIACHO
dopmyne (4) u sakony Kynona (2), B enereme eaunun CH Boipaskaetcs cooTHO-
HIeHHEM

1 ¢
E=k2 = . 8
;;-T dmeg grt’ (6)
rAe £ — AMAEKTPHYECKAR TPOHMIIAEMOCTh CPelkpl, mmuﬁmmeﬁ NPOCTPAHCTBO
BOKDYT 3apafa, & Ko3bDHUHEHT MPONOPUHOHATEHOCTH
1 H- M

- —g.10°
e

B cuereme eaurny CH 33 eaHHMUY HANPAXKEHHOCTH NPUHHMAETCA 60AbLM Ha
semp (B/m), T. e. Takan nanpakenHOCTH, NpH KoTopoit Ha 3apaa 1 Kn geifcreyer
cuaa 1 H (em. ganee dopmyay (11)).

HanpsixkenHocTs 3nekTpuueckore nons E, coasapaemoro B pannoft Touxe
HECKOIBKHMM TOYEYHBIMM 3apPsiaMH, DABHA BEKTOPHOH cyMMe Hanpsixkennocrtedt,
cm,qanae)umx B 3TOM TOYKE KAM/BLIM 38DAJI0M MO OTAENBHOCTH (MPHHUME Cyniep-
NOZHLMH):

E=E1+E2+~--+En-

CneqyerT UMeTb B BHAY, YTO IEKTPHYECKOE TMOJIE PABHOMEPHO 3apHyKEHHOIO
wapa paanyca R, nonsbiii 3apaf KOTOPOro paseH ¢, COBNAAET BHE IIADA C /€K~
TPHYECKHM MOJIEM TOYEYHOI'O 34PAJAA, PABHOIO 3APAAY ¢ LWAPA M NMOMELEHHONO
B ero uentpe. [losromy HANPAMKEHHOCTE B TOYKAX, YAANEHHBIX OT LEHTPa LIADA
Ha paccTosiuue © = R, mokHO BHMHGAATL no Gopmyae (6).

585. Ha kakom paccrosinun r ot Todyeynoro 3apaga ¢ = 0,1 nKa, naxo-
JALErocss B AUCTHIIHPOBAHHON Boje (aMayleKTpUYecKas NPOHNNAEMOCTH
¢ = 81), HanpsKeHHOCTH 3neKTpudeckoro noas E = 0,25 B/m?

586. B uentpe nposogamei cdepbl noOMeIeH TOYEYHEIA 3apag q =
= 10 aKn. Buyrpennnii u sremanii paguycel cepul r = 10 eMm u R =
= 20 cM. HaiiTn Hanpa>KeHHOCTH 3NEKTPHUECKOTO Noa y sBHyTpenneii ( E)
u BHewHelt (Fa) nosepxtocreidl cdepnl.

587. OgurakoBhle MO MOAYMIO, BO Da3HBIe MO 3HAKY 3apaawl |q| =
= 18 uKn pacnonoxkeHsb! B ABYX BepLIMHAX PABHOCTOPOHHETO TPEYTOIBHUKA
co cropoHo#i a = 2 M. HaliTu Hanps:keHHOCTE 1EKTpHUYecKoro nons £
B TpeTheil BepIIHHe TPeyToJLHHKA.
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588. B sepmmHax NpH oCcTPHIX yraax pom0a, COCTABIEHHOIO U3 ABYX
PABHOCTOPOHHHX TPEYTOIIBHUKOB CO CTOPOHOH @, MOMeNeHk OJHHAKOBbIe
TIOJIOMKHTENLHEIE 3apaabl ¢ = g2 = ¢. B BepuiMne npu ogHOM U3 TYNhIX
yrioB pomba noMeitied monoxuTensHbd 3apag (. Hafitu nanpsaxennocrs
aneKTpudeckoro nmois E B yerseprofi pepumne pomba.

589. Pewns npeipiayilyo 3a4aqy, ecjii 3apsaa () oTpunaTesieH, B ciy-
uasix, Korga: a) |Q| < ¢:6) Q] = g; 8) Q| > g.

590. [uaronanu pomba d; = 96 em u dy = 32 em. Ha xonnax gnunnoil
JHArOHAJH PACcTIONoMKeHbl Toueunbie 3apaasl ¢ = 64 nKa u g2 = 352 uKn,
Ha KOHIAX KOpPOTKOH — Toueunbie 3apsaabl ¢z = 8§ HKn u g4 = 40 uKa.
Hatin Moayme u Hanpasienue (OTHOCHTENBHO KOPOTKON AMArOHANM) Ha-
NIPAXKEHHOCTH 3NMEKTPHYECKOro Nodia B HeHTpe pomba.

591. Kako#l yroa a ¢ BePTHKAIbLK COCTABHT HHMTb, HA KOTOPO# BHCHT
LWIAPHK MACCHL M = 25 M, eCcyii IOMECTHTL LIAPHK B MOPH30HTAJLHOE 0-
HOPOJIHOE 3MEKTPHYECKoe Novie ¢ HanpsoxenHoctbio £ = 35 B /m, coobums
eMmy 3apag ¢ = T mxKa?

592. lllapuxk mMaccw m = 0,1 r 3sakpenneH Ha HHTH, JJIMHA KOTOpOH [
BEJIMKA MO0 CPaBHEHWI0 ¢ pa3mepamu wapuka. [llapuky coobmator 3apaj
¢ = 10 K n noMemaoT B 0AHOPOHOE 3TEKTPHULCKOE MOJe ¢ HATIPAXKEH-
HocTeio K| Hanpasnennoii seepx. C kakum neproaom 6y aer konebarbes ma-
PHK, €C/IH CHJla, AeHCTBYIOIAA Ha HENo CO CTOPOHBI ANTEKTPAYECKOTO MO,
Gonbwe cunel TskecTH (F > mg)? Kakoii fjonsHa GBITh HANPAXKEHHOCTH

noas E, urobst mapuk konebancs ¢ nepuogom Ty = 2w /1 /g7

593. Illapuk maccet m = 1 r nogsemen Ha vuTH Anuebl [ = 36 cm.
Kak uamennTcs mepmon konebauuii mapuxa, ecnu, coobis emy nono-
XKUTENbHBIA unu orpunarensnniil s3apsaa |¢| = 20 nKa, nomectus mapnx
B OJHOPOJIHOE eKTpHuecKoe mnoje ¢ HanpskenHoerbio K = 100 xB/m,
HanpasaenHofl pana?

594. B opHOpOaHOM 3MEKTpPHUECKOM Mofe ¢ HanpskeHHocThio E =
= 1 MB/m, nanparnenno#t noa yrmoMm a = 30° K BepTHKANH, BUCHT Ha
HHMTH WIAPHUK Macchl m = 2 r, Hecymmit 3apaa g = 10 uKn. Hafitu cuny
HaTA>KeHusA HUTH T'.

595. DNeKTPOH JBHMKETCH B HANPABIEHHH OJHOPOJJHOTO AIEKTPHUYECKO-
ro nond ¢ Hanps:xeHHocTeio F = 120 B/wm. Kakoe paccroanne mponerut
3NEKTPOH [0 NOHOHt noTepHn CKOPOCTH, €CITH €ro HadaJbHaA CKOPOCTh U =
= 1000 xm/c? 3a kakoe BpeMa Gyjer npoligeno aTo paccToanue?

596. Ilyyok KATOAHBIX JYUEH, HAPABJEHHbIH NAPAIENBHO 00KIaJKAM
TIOCKOrO KOHAEHCATOpa, Ha myTH [ = 4 cM OTKJIOHAETCA Ha pacCToAHHe
h = 2 MM OT nepBOHAYANEHOTO Hanpasienusa. Kakyio CKOpOCTh U H KHHe-
THYECKYIO 3Hepruio K HMEeIoT 3eKTPOHbBl KATOJHOTO JYYA B MOMEHT BJETa
B KoHJeHcaTop? HanpskeHHOCTE 3MeKTPHYECKONO NOAA BHYTPH KOHJeHCA-
Topa E = 22,5 kB/m.

llomenyuan. Paboma nexmpureckus cua

PasnocTbio moTeHumasioB (maW HanpaxkenweM) V' mexay Toukamu a M b
AMEKTPHYUECKOrO MOJIS HAILIBASTCA OTHOWeHHe paboTsl A, KOTOPYI0 coBepluaioT
WIEKTPHHUECKHE CHIILI TIPU NEPeMelLeHuH 3apAa § U3 TOYKH a B TOUKY b, K 3ToMy
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3apaay:
V=—. (7)

97Ta BEMYMHA HE 3ABMCHT HW OT (POPMEI MYTH, NO KOTOPOMY NMPOHCXOJHT Nepe-
MELIeHHe, HH OT CaMoro 3apaja ¢, 8 3ABHCHT TOJLKO OT CBORCTE EKTPHYECKOrO
nonsa u ot suibopa Touek a W b. IlosToMy, eciu B KayecTBe KOHEUHON TOUKH
nepeMeileHa 3apAja ¢ BbIOPATh HEKOTOPYIO MOCTOAHHYIO TOYKY ¢ (HANDHMED,
fecKOHEUHO YJaJIeHHYIO TOYKY), TO OTHOWeHHe A/§ MOMKET CIY*HTb XapaKTe-
PHCTHKON IEKTPHYECKOro MO B NPOM3BOALHON Touke a. B srom ciyuae era
HA3LIBAIOT MOTEHLMAIIOM (P, TTONA B TouKe a (oTHocHTesbHO ToukH ¢). [lorenuyuan
MoONA B TOYKE ¢ MOXKHO CYMTATH PABHLIM MPOM3BOMLHON NMOCTOAHHON BelHuHHE,
KOTOPYI0 yA06HO NONOXKUTE paBHOR HY/10.
Ecam pq 1 @p — norexHumansl Touex a M b, To

V =, — . (8)

Cornacho copmynam (7) 1 (8) pabora A, coBepliiaeMasn SNEKTPHUECKUMH CHIBMMH
MpH MepeMelleHHy 3apaja ¢ M3 TOYKHM @ B TOYKY b, ecsin M3BeCcTHa Da3HOCTH
NOTEHUHANOE V' MEX Y STHMH TOYKAMH WJTH H3BECTHEI NOTEHLIHATE @ H ) NONA
B 3THX TOYKAX, ONPEJeNAETCA BEIPAXKeHHEM

A=4qV =q(pa — vs). - (9)

Eaunnueli passocTH noreHuyuasnos B cucteme enuuul, CH sisnsiercs soavm
(B) — Taxkas pa3HOCTL MOTEHLHANOE, NPH KOTOPOH 3JIeKTPUYeCKHe CHIIbI COBEpP-
waior pabory 1 [dx npu nepememenns 3apaga 1 Kn: 1 B =1 Ix/Ka.

Ecnn anexkTpuyeckoe nojie CO34aeTCA TOYEYHBIM EKTPHUECKHM 3aDAIN0M ¢,
noMeneHHbiM B Cpene c ,D,HBﬂEKTpH‘lﬁCKGﬂ NPpOHHLAEMOCTLIO £, TO NOTeHUHaJ
B TOYKE, YAAJIEHHOH HA PACCTOAHHE T OT 3TOTO 3apPALAA,

peh Lot L (10)
ET dmeg €T
3pechk NMOTEHLUHAN OTCYHTLIBASTCH OTHOCHTENLHO beckoHewHO ynaneHHOH TOYKH,
B KOTOPOI OH PaBeH HY/IO. 3HAK NOTEHLUMANA ONpeeseTes 3HAKOM 3aps/ia q.
l"Im'eHuna.rt ATeKTPHYEeCKOTO NOA, CO30ABAEMOTO B MHO“ TOYKE HECKOJb~
KHMH TOYEYHBIMH 3apaiamMH, pasen anrebpandeckoli cyMMe NOTEHUUANOB nonei,
CO3/1ABAEMBIX B 3TOH TOYKE KAMCBIM 3APAI0M M0 OTAIbHOCTH:

e=p1+vz+...+¢n.

[lpyn wenoapMxkHBIX 3aPAJAX MOTEHLMATIBEI BCEX TOYEK HA MOBEPXHOCTH H BHYTPH
NMPOBOJAHHKA OJUHAKOBBI.

nekTpUUECKOE NOJe PABHOMEPHO 3APAKEHHOrO wWwapa paguyca R, nosusih
3ap#A] KOTOPOTO PaBEH ¢, COBTIAJAET BHE [LIAPa C AEKTPHYECKHM TNOJIEM TOYEYHOro
3apsAa, PABHOTO 3apady ¢ luapa ¥ nomelieHHoro B ero uentpe. [TosroMmy noren-
LMAT TOYEK MOJ#A, COIABAEMOrO WAPOM HA paceTosHusax r = R or ero nenrpa,
MOMKHO BEIYMCIATS 110 dopmyne (10). B yacTHOCTH, NOTEHUMAN TOYEK Ha NOBEPX-

HOCTH H BHYTPH NPOBOJALLEro lIAPa paanyca & ONpenenaeTca BHPaskeHHeM
el 1 4
i ksR " dmeg R’

Mexay ABYMA XADAKTEPHCTHKAMM SJEKTPHYECKONO MOIA — HAMPAYKEHHO-
CTbIO H NOTEHLMANIOM — CYLIECTBYET CBA3b. Ecain o, ¥ ) — NOTEeHMAIB TOYeK a
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H b, nexammx Ha OAHON JHHHH HATPAYKEHHOCTH B OQHOPOAHOM WNIEKTPHHYECKOM
MOJIE HA PDACCTOAHHH T ApYT OT JPYra, TO HANDSXXEHHOCTb JEKTPHYECKOTO MOMs

_ ¥a— Pb
E=fe 9 (1)

Ecnm none HeogHOpoaHo, TO 9Ta OpPMYNa AaeT JHLL CpeJHee 3HAYeHHe Hanps-
FKEHHOCTH HA JIMHHH HANPAXEHHOCTH MEXKAY ABYMA ITHMH TOUKAMH.

N3 dpopmynst (11) cneayer, 4To HANPAAKEHHOCTH WEKTPHYECKONO NOIA MOAKHO
H3MEpPSTHb PASHOCTBI0 NOTEHUMAJIO0B, Npuxogsulelica Ha eaMHHLY AnuHbLL. B cu-
creme egunuy, CH 33 eamHALy Hanps>keHHOCTH MPHHHMAETCA G0ALIM HE MEMp
(B/M) — Takas HaANPAXKEHHOCTL WIEKTPHUYECKOrO MOJA, NPH KOTOpO#l PasHoCTb
NOTEHUHANIOB MEXAY TOYKAMMH, YAaNeHHLIMH ApYT OT Apyra Ha paccroaxue 1 m
N0 JIMHHK HANPAYKEHHOCTH, pasHa 1 B.

597. Haittu notentpan wapa paanyca R = 0,1 M, e Ha paccTosHun
r = 10 M OT ero NOBEPXHOCTH MOTEHIUAN ANeKTPHUecKoTo noas ¢, = 20 B.
598. N ogunHakoBbIX MApoOOPa3HBIX KAMENEK PTYTH OJHOUMEHHO 3a-
PpsKeHB! 10 OJHOT'O M TOrO e noredinana . Kakos 6yner noreniuan ¢
6anbIION KANITH PTYTH, TOJIYYHBIIEHCA B PE3YIBTATE (JIMAHHA ITHX KANEIh?
599. B uenrpe merannuueckoii ccepsl paauyca R = 1 M, Hecymeli nono-
xurensnsili 3apsg Q = 10 uKa, HaxoguTes ManeHbKHH WMAPHK ¢ NOJOMXKH-
TeJBHBIM HJIH OTPHIATENsHBIM 3apsaaoM |g| = 20 eKa. Haiitn norenuman ¢
EKTPHYECKONo MoJA B Touke, Haxofdsniefica Ha paccrosaun r = 10R ot
LieHTpa Cchephl.
600. o xakoro noTeHnMana MOXKHO 3ApAAUThL HAXOAANIHACA B BO3OYXe
(ananeKTpHyYecKAs NMPOHHIAEMOCTH € = 1) MeTajsMueckuil map paany-
ca R = 3 oM, ecqin HANPAXKEHHOCTL AMEKTPHYECKOTO TI0-
'OH- 52 1151, TPK KOTOPO# MpoRcXoauT npoboit B Bosayxe, £ = 3
MB/m?
601. /Isa oguHAKOBO 3apsAXKEHHBIX IAPHWKA, Pacno-

é JNOMKEHHBIX ApPYT OT APYTA HA PACCTOAHHH r = 25 cmM,

B3anmogeiicrayor ¢ cuaoii £ = 1 mxH. o xakoro no-

-4 +3 TeHIWaJa 3apsyKeHk! MIAPDHKH, eclu UX AuaMeTpsl [J =
=1em?

Puc. 71 602. B epmmuax keagpaTa pacrnoioKeHbl TOYey-

Heie 3apaasl (B HKa): q; = +1, g2 = =2, g3 = +3,
qq = —4 (puc. 71). Ha#iTh noTeHnmMan ¥ HANPAXKEHHOCTb EKTPUUYECKOTO
nondA B UeHTpe KBaapaTa (B Touke A). Jnaronans keagpata 2a = 20 em.

603. HaliTi noTeHIHANL ¥ HANPAXKEHHOCTH 1eK-

TPHYeCKoro Mojid B TOYKAX a W b, maxoaamuxca ot 0q
To4YeuHoro 3apaaa ¢ = 167 uKn va paccroanuax r, = Pa \‘ T
=5 cMmu rp = 20 oM, a TaKKe paboTy 3NeKTPHYECKHX o '
CHJI MIPH NepeMelleHHH ToYe HOTo 3apaaa ¢ = 1 nKa ao-'_"___,___‘b b
M3 TOYKN a B TOUKy b.

604. Toueunslll nonoxkuTenbHLI 3apsag ¢ co3aaer Puc.72

BTOuKaX a # b (puc. 72) nons ¢ nanpsxenHocTamu E,

u Ep. Hafitu pabory aieKTpHYeCcKHX CHJ MPH NEPEMELIEHNH TOYEeYHOTO
3apAfa G U3 TOMKH G B TOUKY b.
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605. B aTomuo#i duanke 3HEPrui0 GHICTPLIX 3aPAXMKEHHBIX YACTHL BhI-
PAXKAIOT B 3eKTPOHBOMBTAX. Faexmponsoasm (3B) — 370 Takas sHeprusg,
KOTOPYH TpPHODDETAST 3/eKTPOH, NMPOJETeB B NIEKTPHYECKOM NOJe MyTh
MeXCAY TOYKAMH, PA3HOCTh MOTEHLHANOB MEXAY KOTOpbiMu papHa 1 B.
BbIpasuTh eKTPOHBONILT B JPKOYIAX. KakKyio CKOpOCTh HMeeT IeKTPOH,
obaagaommit sneprueit 1 3B?

606. DaexTpoH JETHT OT TOYKH a K TOoYKe b, pa3sHOCTh TOTEHINAIOB
mexcay koropeivi Vo= 100 B. Kakyio ckopocTh npuobpeTaer 3eKTpoOH
B Touke b, eC/IM B TOUYKE a €ro CKopocTh Okina paBHa HyJ0?

607. Kakyio paboty Heo6xoqnMo COBEpPIUINTHL NPH NepeHoce TO4eYHOro
3apaga ¢o = 30 HKn 13 GecKOHeMHOCTH B TOYKY, HAXONSALLYIOCA Ha pac-
crosHnE = 10 ¢M OT NOBEPXHOCTH 3apsXKEHHONO METAJIMYecKoro mwapa?
[Torenunan na nosepxnocru mapa ¢ = 200 B, paguyc mapa R = 2 cm.

608. Ipu nepenoce Toueunaro 3apsaa gp = 10 vKn uz beckoneuno-
CTH B TOYKY, HaxoAsiulyiocs Ha paccrosHud r = 20 cM OT NOBEPXHOCTH
3apsyKeHHOT0 MEeTAJINYECKOTO Iapa, HeoDX04HMO coBepIIuTh paboty A =
= 0,5 mx /. Panuyc mapa K = 4 cm. HaiiTu notenuunan ¢ Ha noBepxHOCTH
Wapa.

609. dea oauHakoBLIX 3apaa go = ¢ = 50 MxKn naxogares Ha pac-
CTOAHUN 7o = 1 M apyr ot apyra. Kakyo pabory A nano copepmnTs, 4T06b!
cOMM3NTE UX A0 paccToasnd ry = 0,5 m?

610. [dsa 3apaga ¢, = 2 MxKa u gy = 5 mxKn pacnonokesbt Ha
paccrosHuu r = 40 cM Apyr oT Apyra B Toukax a u b (puc.73). Baoab
npsamoii ed, npoxoasme#t napannensto npamoil ab va paccroanun d = 30 cm
OT Hee, epemeriaetcs 3apaa qq = 100 mxKa. Haitru pa-

GOTY 3NEeKTPHYECKHX CHJI IIPH NepeMelleHHH 3apaaa. go ‘o !
H3 TOYKH ¢ B TOYKY d, eciii npsMble ac U bd nepnenau- ¢ -------- <
KYJAApHBL K npsamoi cd. ) i

611. [Ipa napajieibHBIX TOHKHX KOJbLRA pajuyca R 1 gi
PacnoJoyeHbl Ha paccTosHUE d ApYT OT ApYTa HA ofHol E r
ocu. Haiitu pabory anekTprueckux cUa TIPH TiepeMerie- !

HHUH 3apAJa o U3 IeHTpa NEPBOro Kofblla B LIEHTP BTO- I
1

I
poOT0, €CJIH HA TIePBOM KMIbIIE PABHOMEPHO PACTIDefeneH Qb ________ ‘_i,:,
3apAj q1, 4 HA BTOPOM — 3apaj gz qb, i

612. Ha TonxkoMm xonele paguyca R paBHOMepHO ! :
pacnpejenen 3apaj . Kakopa HauMeHblIast CKOPOCTh v, Puc. 73

KOTODYI0 HeoBX0AMMO coobIMTE HAXOAANIEMYCS B [1eH-
TPpe KOJIbIa IAPHKY MAcChl 17t C 3apsajoM go, 4TOOLI OH MOT YJATUTBLES OT
KONTbila B BecKoHEeUHOCTH T

613. Ha niapuk paguyca R = 2 eM nomemten 3apaa ¢ = 4 nKa. C ka-
KOl CKOPOCTBIO MOAJETaeT K LIAPHKY WIEKTPOH, HavyaBIuA OBUXKEHHE U3
GecKOHeUHO yaaseHHOH OT Hero TOYKH?

614. Mexkay ropH30HTAJbHO PACTIOOMKEHHBIMH NJACTHHAMM TIJIOCKOTO
KoHgencaTopa ¢ suicorhl H cBofogHo majaeT He3apsDKEHHBIR MeTannwye-
ckuil wapux maccel m. Ha xakywo Beicoty h mocne abconioTno ynpyroro
YAapa 0 HHXKHIOK MJACTHHY TIONHMMETCH NIAPHK, €CIM B MOMEHT yJapa
HA Hero nepexoauT 3apsy ¢! PazsHOCTE NOTEHINANOB MEXAY MJAACTHHAMH
KOHAeHCATODA paBHa V, pacCTOAHNE M)XKy NJIACTHHAMH pPaBHO d.



90 Omsembl u peLents [Ca. I

615. [Ipa mapuka ¢ O4UHAKOBEIME 3apsijaMH ¢ PacloioKeHbl Ha OfiHOT
BepTHKaTH Ha paccroaum H apyr or apyra. Husau#i mapux 3axpen-
JIEH HeMoOABHXKHO, & BEDPXHHH, MMEIOIHA Maccy m, OOIyyaeT HaYadbHYIO
CKOPOCTh ¥, HApaBJeHHy1o BHM3. Ha kakoe MHHMMannHOe paccTosHue h
nNpubIH3HTCA BepXHAl IAPHK K HAXKHeMY T

616. HafiTn MaxcuManbHOe paccToAHHe h MeXKy MapHKAMH B YCIOBH-
X npebiayieit 3aJa4M, eciH HeNoABHXKHEIN NIADHK MMEeT OTPHLATE/Ib-
Hbift 3aps] ¢, a HAYaJbHas CKOPOCTh ¥ BEPXHEro IApHKa HAIPAB/IEHA
BBEpX.

617. DnexTpoH, NpojeTas B 3JEKTPHYECKOM TIONE TYThH OT TOYKH a
K TOUKe b, yBeNUYHA CBOIO CKOPOCTE ¢ U, = 1000 kM /c 1o v, = 3000 xMm/c.
Ha#Ti pasHOCTb NOTEHIHANOB MeXKAY TOUYKAMH @ H b 3JIeKTpHYeCKOT0 noJiA.

618. B naockuli KOHAEHCATOD BJIETAET JMEKTPOH CO CKOPOCTBIO ¥ =
=2.10" M/c, HampaBieHHoll napaJeabHO NJIacTRHAM KoHJeHcaTopa. Ha
KaKO€e PACCTOsHKE fi OT CBOEro NepBOHAYAIBHOTO HANDaBIEHHS CMeCTHTCH
UIEKTPOH 38 Bpems npodera kougencaropa’? PaceTosHue MexK Iy NJacTHHA-
mu d = 2 cm, ayiHHA KoHAeHcaTopa | = b oM, pa3sHoCcTh NOTEHIHANIOB MEXKIY
naacrunamu V' = 200 B.

619. INonoxuTenbHO 3apsXKeRHaa NblInHKa Macest m = 1078 r naxo-
JUTCA B PABHOBECHH BHYTPH ILIOCKOrO KOHAEHCATODA, TIACTHHLI KOTODO-
o pacmofioXKeHs! rOpH3oHTaNbHO. Mexxay nnacTHHaMH YCTAHABJIHBAETCH
pasnocTs norenuuanios V; = 6000 B. Paccrosnue mexxay miactuHamn d =
= 5 cm. Ha xakyio Besnunny HeobxoQuMO W3MEHHTH PasHOCTH MNOTEHINA-
J10B, 4TOOBI NBLITMHKA OCTANACH B DABHOBECHH, €CIH ee 3apsifl YMeHbIINICs
Ha go = 1000 e?

620. PeutuTh npeabiayiyio 3a1a4y, CYATAsA NBUTAHKY 3apAKeHHO OT-
PHUATEIHHO.

621. B snexkTpuueckoe Nojie MJIOCKOr0 KOH/AEHCATOpA, MMACTHHBl KOTO-
POT'0 PACTONOKeHbl TOPH3OHTANBHO, NOMELLEHA KATIEIbKA Macila, HMeloLLas
sapag ¢ = le. HanpameHHOCTDL 3JIEKTPHYECKOro nonA nogobpana Tak, 9To
KanesbKa NOKOMTCH. PAa3sHOCTL MOTeHIHAIOB MeX Iy NIACTHHAMM KOHJeH-
caropa V' = 500 B, paccrosuue mexay nnactunamu d = 0,5 em. [Taorrocrs
macaa p = 0,9-10° kr/m®. Haittu paguyc Kanesbkn Maca.

622. BuyTpu niocKoro KOHAEHCATOPA, TWIACTHHBI KOTOPOTO PACMono-
#KEHbI BEPTHKAJbHO, MOMEIEHa AH3TEKTPHYECKAA NaJ04Ka ANHHbL | = 1 cM
¢ METAJITMYECKHMHM ILAPHKAMM HA KOHLAX, HECYILHMMH 3apaAabl +¢ A —¢

(lg| = 1 uKa). INanouka moxer ppauwarbea Ges

d TpeHHs BOKPYI BepTHKaJbHONU ocH, npoxoadinert

yepes ee cepequny. PasHocTs noreHnnanos Mex-

= 4 Ay nuactMHamu Konaexcatopa V = 3 B, paccron-

Hue mexkay nuactaHami d = 10 em. Kakyio pabo-

714 TY HeoBX0JHMO COBEPIIHTE, YTOOL! OBEPHYTE Ma-

JIOYKY BOKPYT ocH Ha 180° mo OTHOIIEHHIO K TOMY
MOJOYKEHNIO, KOTOPOE OHA 3aHAMAeT Ha pHC. T47

Puc. 74 623. BuyTpH nJoCKOro KOHJEHCATOpA MO-

MelleH JHAIEKTPHYECKHH CTep)KeHb MINHB | =

= 3 cM, Ha KOHIAX KOTOPOTO MMEKOTCH JIBA TOYeYHBIX 3apaja +g u —¢g

(lg| = 8 nKx). PasrocTs noTeHuuanos mMexky MJIACTHHAMH KOHIEHCATOPA
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V = 3 B, paccroaupe mexxgy nnactusamu d = 8 cm. CrepkeHb OpH-
eHTHpPOBaH napajlesbHo njacTHEaM. HaiiTu momenT cua, geficTByromus
HA CTepXeHb ¢ 3apsaJaMH.

624. Ha xonpax auajieKTpMYecKo# Najoyuku
anuabl [ = 0,5 cM NpHKpenJeHbl [Ba MafleHb-

KHMX [IapHKa, Hecynmux 3apsaasl —g u +q (|q| = + ! _
= 10 uKn). Nanouka HaxogHTCsa MKy MAACTH- O(p
HAMHN KOHIEHCATOpAa, PACCTOAHHE MEXIY KOTO- q q

poivi d = 10 M (puc. 75). [1pn kakoil MEHIMAJB-
HOl pa3HOCTH NOTEHLIMAJIOB MeXAY IJIACTHHAMH
KoHJeHcaTopa V' najouka pasopBeTcs, ec/iM OHa
BbLIEPXHBAET MAKCHMAJILHYIO CHITY PACTAMKEHHA
F = 0,01 H? Cunoii Ts:kectu npenebpeds.
625. Merannuueckuit wapuk I paguyca Ry = 1 eM npukpernes ¢ no-
MOIIbH ,H.HQ.I'IEKTDH‘-IECKD# NaJo49KH K KOpOMBICITY BBCOB, nocjie 4ero Bechl
ypasHoBeulensl rupsmu (puc. 76). ITog
| WApPHKOM [ NOMEIaloT 3apAKeHHbIH
mapuk 2 paguyca Ry = 2 cm. Paccros-
1 HHe Mexxay wapukamu h = 20 cm. 1la-
pukn 1 u 2 3aMbIkaoT Mexny coboil
h NPOBOJIOYKOH, & MOTOM NPOBOJIOYKY yOH-
paior. [Tocne sToro aas BoceTaHoBAeHHA
2 paBHOBECHS TPUXOAUTCS CHATH ¢ YAITKH
BecoB rupto Maccel m = 4 mr. [Jo xakoro
C.b noTeHnHana  Gbla 3apsXKeH mapwk 2
Puc. 76 /10 3aMBLIKAHHA €ro MpoBosoukoll ¢ ma-
) puxom 17

Puc. 75

Qnemmpuuecm EMKOCTD

nexTpHYeCcKo eMKOCTBIO ( HAH MPOCTO EMKOCTLIO) YEAHHEHHOTO NMPOBOAHHKA
HA3LIBAETCA BETHHHHA

0= % (12)

rae q — ero 3apsaj, ¢ — noreHuuan (oTHocuTensHo GeckoneunoctH). EmkocTs
YEAMHEHHOI'O apa panuyca R, NOMEmeHHoro B cpeLy ¢ AUNIeKTpHUYeCcKol npo-
HHULAEMOCTBIO £, BblMHCIAETeA N0 GopMyne

C = 4meocR,

rae €0 = 8,85 - 1072 @ /M — aneKTpPHUECKAS MOCTOAHHAS.

JlBa M30MMPOBAHHBLIX APYT OT APYra NPOBOJHMKA, 3APAXKEHHbLIX PABHEIMH 110

MOAYMNI0, HO NPOTHBOMOMOMKHEIMH M0 3HAKY 3apaaaMu, o6pasylT KOHAEHCATOP.

OTH NPOBOJHMKH HA3LIBAIOT 0OKIAJKAMA KOHAEHCATOPA, EMKOCTBIO KOHAEHCATO-

Pa HA3LIBAETCH NOJOMHTEILHAA BEJHYHHA
q

c=—1_=

q
p1—p2 V' 5}

rae ¢ — 3apag na oavolt u3 ero obknagok, V = ;1 — (o3 — pa3HOCTb NMOTEH-
LMATIOB Mex Ty HuMH. EMKOCTh KOHOEHCATODA € ANSJNEKTPHKOM, 3AMOJHALIHM
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NPOCTPAHCTBO Mexkay obknaakamu,
= ECU.

roe Cp — eMKOCTh 3TOrO e Konaencatopa 6e3 guanexTpuka. EMKocTs niockoro
KOHAEHCATOpA, npejcTasisiouniero coboil Ape napansenbHbIE NIACTHHBI NJ0LLA-
oy S Kaskas, NPOCTPAHETBO Me(1Y KOTOPLIMH 3AMOJIHEHO JHIIEKTPHKOM ¢ M-
MEKTPHHECKOR IPOHHLAEMOCTLIO £, BLIYUCASETCs 10 (hopmyne
£0eS

d 1
roe Cp = £05/d — eMxocTs maockoro xoHAeHcaropa Ge3a auanexTpuka, a d —

paccrosHre Mexay naacTuHamu. Ecnu ¢ — 3apaa Ha ogHol u3 NAACTHH KOHIEH-
CaTOpa, TO HANPAKEHHOCTE TOJIA MEXKAY MIACTHHAMH

q
goeS’

Pa3HocTh NOTEHUHANOE MeXKOY MIacTHHAMH

C=£Cu=

qd
V= - = Fd = ;
@1 — 2 PPy
[Ipu napannensnoM coenuuenuu Koujexcatopos ¢ emxocramu Ch, Cz, ..., Cq

ux o011aA eMKOCTE
C=C]+C‘2++--+Cn-

06]].“[10 EMKOCTE NOCIEJOBATEILHO COSIHHEHHBLIX KOHJAEHCATOPOEB C eMKOCTA-

mu C, Ca, ..., Cn MOXkHO HaliTH M3 COOTHOLIEHHA
L T B
C i Ca O

Konpencarop ¢ emxoctsio C, 3apsisxeHHblil 3apafgoM ¢ 40 PasSHOCTH MOTEH-
upanos V', obaanaer anepruedt
gy g ¥
2 20 27

3a ¢AMHKLY eMKOCTH, corstacuo dopmynam (12) u (13), B cucreme egunnn CH
npuuumaerca gapad (L) — 310 EMKOCTD TAKOIO NPOBOIHHKA, TOTEHIHAT KOTOPOro
u3Menserca Ha 1 B npu coobuenny emy 3apaga 1 Ka:

1®=1Kn/1B.

W=

626. Bo ckonbko pa3 M3MEHHTCH €MKOCThH MPOBOASAINErc IIapa pajH-
yca R, eciM OH cHAYATA MOMENICH B KEPOCHH ([JM3/IeKTPHYECKasl MPOHH-
ua.emoc'rb)%; = 2), a 3aTeM B INIHLEPHH (AHANEKTPHYECKAs MPOHHIAEMOCT
g = 56,2)7

627. Ilnockuit konaencarop umeer emkocts C = b n®. Kakoii 3apsaa
HAXOOHUTCS Ha KAXKJ0M K3 ero MJIACTHH, €CJTH Pa3HOCTb MOTEHITHAJIOB MeX Y
amvu V' = 1000 B?

628. [loBepxHOCTHAS MJIOTHOCTL 3apAja Ha NIACTHHAX IJIOCKOIO Ba-
KyymHoro Kompencatopa o = 0,3 mxKa/m?, I[lnomaas naactunst § =
= 100 cm?, emxocTs korgencaropa C = 10 nd. Kakyio ckopocTh npuobpe-
TaeT IEKTPOH, Mpofiid pACCTOAHHE MEXKTY NMAACTHHAMH KOHAEHCATOpa?
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629. ITnockuli BO3AYWIHEIA KOHOEHCATOD COCTOHT M3 TPEX ILIACTHH,
COBJUHEHHBIX, KaK TOKa3aHo Ha puc. 77. [lnomwage kasgoll naacTHHE
S = 100 em?, paccrosinne mexay wump d = 0,5 cm. HaliT eMKocTe
KoHgeHcaTopa. Kak H3MeHHTCA eMKOCTE KOHIEeHCATO-
pa MpH NOrPY>KeHHH ero B [VIMUEpHH (AuaieKTpHye-
cKas IPOHHIAeMOCTh £ = 56,2)7 _—j

630. KongeHcaTop COCTOHT H3 7N JATYHHBIX
JHCTOB, MPOIOKEHHBIX CTEKIAHHBIMH NPOKJIAJKAMH
Tonmues d = 2 mM. [lnomaam natynHnoro JucTa
M CcTeKasHHON Npoknaaxk# pasHe S = 200 cm?, au- Puc. 77
3/1eKTpHYecKasa NMPOHHMIIAEMOCTh cTekna £ = 7. Haiitn emMxocTh KoHJeHCa-
Topa, e » = 21 W BHIBOOL KOHOEHCATOpPA NpPHCOSIHHEHB K KpalHum
JIACTAM.

631. Manenekull mapuk, uMetowmii 3apan ¢ = 10 uKn, noxpemen
Ha HUTH B NPOCTPAHCTEE MJOCKOrO BO3AYIIHOrG KOHJAEHCATOpA, KPYTVble
MAACTHHBI KOTOPOr0 PacroyIOXeHb! FOPH30HTANBHO. PagHyc nIacTHREBE KOH-
nencaropa R = 10 cM. Koraa nracTHHaM KOHAeHCAaTOpa COODIIMIN 3apaj
Q@ = 1 mxKn, cuna natsykenrs HUTH ypenuumnack pasoe. Halfttu macey
HIAPHKA,

632. Mexxay BepTHKANBHLIMY NJACTHHAMH MJIOCKON'O BO3AYLIHOTO KOH-
JeHcaTopa NOJABELIEH HA HMTH MajleHbKuil mIADHK, HeCylHi 3apajg ¢ =
= 10 uKa. Macca mapuka m = 6 r, niomwaas NAACTHHB KOHISHCATOPA
S = 0,1 m*. Kakofi zapag @ nago coobmuTh NaacTHHAM KOHJEHCATOpA,
yTo6Bb! HUTH OTKJIOHHJACH OT BEPTHKAJH Ha yrot a = 45°7

633. Kakoil 3apag npofiger no nposojaM, COEAHHAIOLIMM NJACTHHbI
TJIOCKOTO BO3/YIIHOIG KOHJEHCATOPA H MCTOYHHMK TOKA € HalpsXKeHHeM
V = 6,3 B, npu norpy»<eHHH KOHAEHCATOPA B KEPOCHE (AN3IIEKTPHYECKAs
nponnuaemocts ¢ = 2)7 Maomaae naacTub Kosgercatopa S = 180 em?,
paccTosHNe MeXAy TacTHHamu d = 2 MM,

634. [Naockuit Bo3AYUIHBIA KORAEHCATOP 3aPAJUIH 4O PASHOCTH NOTEH-
nuanos Vo = 200 B. 3arem koHgeHCATOD OTKAWYKIK OT HCTOYHHMKA TOKA.
Kakoli cTaHeT pasHOCTb NOTEHIIRAN0B MeXAK LY Mia~
CTHHAMH, €GJIH DACCTOsAHHE MEXKAY HUMH YBEJIH-
yuTEk or do = 0,2 MM g0 d = 0,7 MM, a mpo-
CTPAHCTBO MEKAY MIACTHHAMH 3aNOTHHTE cmiogolt
(auaneKkTpHUecKas NPOHMLAEMOCTb € = T)7

635. [lnacTHHB MAOCKOTG BO3AYINHOTO KOH-
JIEHCATOPA TIPUCOEIHHEHbl K MCTOYHHKY TOKA ¢ Ha-
npskesuem V' = 600 B. Ilnomaas ksampaTHoOi
ILIaCTHHBL KoHAeHcaTopa Sp = 100 cM?, paccros-
HHe Mexay naactuHamu d = (0,1 cm. Kakoit Tok
6yaeT NPOXOAUTH TI0 NPOBOJAM NMPH NAPAJIEIbHOM

Puc. 78 nepeMelleHHH OQHONH NAaCTHHB BAONL Apyrodt co
ckopocteio v = 6 cm/c (puc. 78)7

636. Haiiru 3apsj, KOTOphI# HY»KHO COODMIMTHL ABYM NapAJLIENBHO
coeMHeHHBIM KoRfencaTopaM ¢ emkoctamu €y = 2 Mx® n €y = 1 Mx®,
yTo6Bl 3apAJHTE UX 10 pa3nocTu noteHnmanos V = 20 kB.
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637. [IBa 0AMHAKOBEIX IVIOCKHX KOHAEHCATOPAa COeJHHEHBI Napaielib-
HO U 3apsAXKeHH 10 pa3HoCTH norennmanoe Vi = 6 B. Halitn pasnocts no-
TeHUHAJ0B V' MeXKAy NIacTHHAMH KOHAEHCATOPOB, e/ Mocie OTKInYeHnA
KOHJEGHCATOPOB OT MCTOYHHKA TOKA ¥ OJHOTC KOHOEHCATOPA YMEHBIINIH
PACCTOAHNE MEXKAY MJIACTHHAMH BABOE,

638. /lsa xomgencatopa ¢ emkoctamu C; = 1 Mmx® u Oy = 2 mx®d
3apAaunIn Ao pasHocred norenumnanos V) = 20 B u Vy, = 50 B. Hafitu pas-
HOCTb TMOTEHUHUAJIOB V' mocie coeMHEHUSA KOHIEHCATODOB OJHOMMEHHBIMH
MOIOCaMH.

639. Konaencarop emxoct () = 20 Mx®, 3apsokeHHbIH 10 pa3sHOCTH
norennuanos V) = 100 B, coegunnnn napannensHo ¢ 3apAXKeHHEIM [0 pas-
HocTH noteruuanos vy = 40 B konaencaTopom, eMkocTs KoToporo (' HEn3-
BeCTHa (COeAMHMNN OJHOMMEHHO 3apAXKeHHble 0OKIAIKH KOHAEHCATOPOR).
Haiitr emxocts C3 BTOPOr0O KOHMAEHCATOpA, €ClH Pa3HOCTL MOTEHNHANOB
MexKay oDKNagKaMu KOHJEHCATOPOB TOC/e CoeMHeHHs OKA3aJach paBHO
V = 80 B.

640. Kongencatop emkoctu (7 = 4 M, 3apakeHHH 10 pasHocTH
noreHunatos Vi = 10 B, coeaunen napannenbHo ¢ 3apsasKeHHBIM 10 pas-
HocTH morenuuanos Vo = 20 B kongencatopom emkoctu (p = 6 mMxd
(coeaMHMAM PA3HOMMEHHO 3apAXKeHHble 0BKNaAKU KoHaeHcaTopos). Kakoit
3apAJ OKAXKETCS HA MJIACTHHAX MePBOT0 KOHAEHCATOPA TOCIE COSTHHEHMUA !

641. Korgencarop, 3apa:KeHnblil 10 pasHocTH noTeHunanos Vi = 20 B,
COSHHAJM NAPAJJIENbHO C 3aPAsKeHHBIM [0 Pa3HOCTH NMOTeHUHaaos Vo =
= 4 B xonpencaropoMm emkoctH (o = 33 Mx® (coemHMIM PA3HOMMEHHO
3apsykenHble 00KNAIKH KoHAencaTopos). Halitu emkocTs (') nepsoro Kou-
AeHCaTOpa, eCNIN PA3HOCTH MOTEHIWAJOB MexK Ay o0KnagKaMH KOHEHCATO-
poB noche ux coequnenus V = 2 B.

642. Kongencarop emxocts () = 1 Mx®, 3apaskeHsslil 0 pasHoCTH
notreHuuanos V; = 100 B, coegnaunm ¢ xkoHaencaTopoMm eMkocTd (g =
= 2 Mx®, pasHOCTE NOTEHUHMANOB Vo Ha 06KIaAKAX KOTOPOrO HEM3BECTHA
(coeqMHHIK PAZHOMMEHHO 3apsA>KeHHble 0DKNaKH KoHaeHcaTopos). Haitu
Pa3HOCTh NOTEHUMATOB V3, €CIH PAIHOCTE NOTEHUMANIOB MeXK Y 06KIaaKa-
MM KOH/IEeHCATOPOB NOC/e COeJHHEeHHA oKasanachk pasnoil V = 200 B.

643. 1sa npoeoaawmux mwapa ¢ paguycamu R; u Rs pacnonoskeHs! Tak,
YTO PacCTOSHHe MeXXAY HHMH BO MHOro pas Gonblle pajnyca Gonbliero
wapa. Ha wap paguyca R, nomemer zapag ¢. Kakoew 6ygyT 3apags
HA LIAPAX Moche COSAMHEHHA MX NPOBOAHHKOM, eclH BTOpoil map He 6ol
3apsixkeH? EMKOCTBIO NPOBOJHKUKA, COSAMHAIONIETO WAL, TPpeHebpeys.

644. [pa nposopamux wapa ¢ paguycamu R; = 8 cm u Ry = 20 oM,
HAXOAALINXCA Ha OONBIOM PACCTOAHHH APYI OT APYra, HMENH 3JIeKTPH-
yeckue 3apagel ¢ = 40 BKa u go = —20 sKn. Kak nepepacnpegensarcs
3apAAbl, eclM IIADEl COSJHHMTE NpPOoBOAHHKOM? EMKOCTBIO MpOBOJHMKA,
COeUHHAIOLIEN? MIaphbl, npeHebpeysn.

645. /Iea npoopgamux wapa ¢ paguycamu f; = 10 em u B9 = 5 oM,
3apsPKeHHBIX A0 noTeHumance ¢; = 20 B n @, = 10 B, coeauustorea
npoeoaHnkoM. HaliTM noBepxHoOCTHBIE MIOTHOCTH 3apAA0B Ha IMApax o)
H 03 [OC/IE HX COeauHeHHs. PaccTosnne Mexxay mWapamMu BeJIMKO MO Cpab-
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HEHHIO ¢ MX paauycaMd. EMKOCTBIO MPOBOJAHHKA, COSAHHAMIIEN0 MIADDI,
npenebpeys.

646. [lnockuil BO3AYIIHBIA KOHJAEHCATOD, 3apPAXKEHHBIH JO0 PasHOCTH
noreHuuanos Vp = 800 B, coeguHu/IM napaniebHO ¢ TAKHM JKE N0 pa3Me-
pam H&apﬂ}i{BHHHM K’DH,E[BHC&TD]]DM, 3anoJIHEeHHbIM AHIEKTPHKOM. KRKO-
BA JU3NEKTPHYECKAS MPOHULASMOCTE € IHIeKTPHKA, eCIH [10c/1e CoeuHe-
HHA Pa3HOCTh MOTEHINANOE MEXXAY NJIACTHHAMH KOHAEHCATOPOB OKA3AaCh
paenoit V = 100 B?

647. HafiTu emxocts C Tpex MIOCKHX BO3AYIUHBIX KOHJEHCATOPOB,
COEeJHHEHHBIX NApajyebHo. Pasmepbl KOHIEHCATOPOB OAMHAKOBBLI: ILIO-
mab naactaebl S = 314 cm?, paccrosinne Mexkay nuacTHHaMu d = 1 MM.
Kak naMeHUTCH eMKOCTb TPEX KOHJEHCAaTOPOB, €I NPOCTPAHCTBO MEKLY
MIACTHHAME OJHOI0 KOH/IEHCATOpa 3alOJIHHTL Clogoll (AusnekTpryeckas
NPOHHLIAEMOCTDb £; = T), a Apyroro — napadmboM (AuaneKTpUYecKas npo-
HHIAEMOCTE £ = 2)7

648. B 3apa>XKeHHOM MJIOCKOM KOH/AEHCATOPE, OTCOeIMHEHHOM OT HCTOY-
HHK3 TOKA, HANPAXKEHHOCTh IEKTPUYECKOro nosis pasHa Ep. Ilonosuny
MPOCTPAHCTBA MEAY IIACTHHAMU KOHJEHCATOPA 3aIlONHU/H AHNIEKTPH-
KOM € ZHNIEKTPHYECKOil NPOHMLAEMOCTBIO £ (TOMINHA JUNIEKTPHKA PABHA
paccTOsHUIO Mexcay TacTHHamu ). HaliTi HanpsizkeHHOCTDb SIeKTpHYecKo-
ro nojis E B npocTpancTee Mex/ly NIacTHHAMH, cBODOJHOM OT AM3IEKT-
pHKa.

649. /Isa nocne0BATEIbHO COEAHHEHHBIX KOHIEHCATOPA C eMKOCTAMHM
Cy = 1Mx® u Cy = 3 Mx® noaknoueHsbl K HCTOYHHUKY TOKA ¢ HANPAXKEHHEM
V' = 220 B. HaiiTi nanpsykeHue Ha KAXKIOM KOHAEHCATODE.

650. [sa nmocnenoparensHO COSAHHEHHEIX KOHIEHCATODA ¢ eMKOCTSAMH
Ci = 1mx® u Oy = 2 Mmx® noak0YeHB! K HCTOYHHKY TOKA ¢ HANPSDKEHHEM
V = 900 B. Boamoxmna s pabora Taxoil cxeMmsl, ecii Hanpsikenue npobos
kougeHcaTropos Vo, = 500 B?

651. /IBa nocneaoBaTeNbHO COSMMHEHHBIX KOHABHCATODA NMOAKNIOYEHb]
K HCTOYHMKY ToKa ¢ Hanpsukenuem V = 200 B (puc. 79). Oaun xouaencatop
uMeeT NocToAHEYK eMKoeTe () = 0,56 Mx®, a apyroft — nepemenHy:o
emxocth Cz (o7 Chin = 0,05 Mx® 10 Chax =
= 0,5 M®). B kakux npegenax u3MeHsIeTCA HANpPS- o—| ”! .
yKeHHe Ha TlepeMeHHOM KOHJeHCaTope NPH H3MeHeHUH
ero eMKOCTH OT MHHHMAJIBHON [0 MakCHMaabHOH? G Ca

652. Tlpn nocnenoBaTe/IbHOM COSAMHEHHH TPeX Puec. 79
PA3THYHBIX KOHJEHCATOPOB eMkKocTh uermn (Cp = :
= 1 mx®P, a npu napanIeSsHOM COeIHHEeHHH eMKocTs nenn C' = 11 mxd,
Haitt emxoctu xongencatopos (' u (3, €CIM 6MKOCTh KOHAEHCATODA
C, = 2 mx®.

853. Ilpu nocnenoBaTensHOM COEIHHEHHH TPeX PA3fIMYHBIX KOHAEHCa-
topos emxocts uenu Cp = 0,75 M@, a npu napanneibHoM COeIHHEHHH
emkocTs nermn C' = 7 mx®@. Haiitu emxoetu kongencaropos Cs v Cy ¥ Ha-
npskenns Ha Hux Vo u V3 (npu nocnejgoBaTenbHOM coefMHEHMH), eciH
eMKOCTb KoHgeHcaTopa (' = 3 Mk®, a Hanpaxenue na nem Vj = 20 B.

854. Tpu nocnefoBaTeNLHO COSANHEHHBIX KOHIGHCATOPA C eMKOCTAMH
Cy = 100 n®, Cy = 200 nP, C3 = 500 nP nogknwOYeHbl K HCTOMHUKY
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TOKa, KOTOpbifi coobumn um 3apag ¢ = 10 sKa. Haifirn nanpsxenns na
konpencatopax Vi, Vo u V3, sanpsskenue ncrounmka toxa V' u eMmxocTb
Beex kongencaropos Cy.

655. Tpu nocneoBaTeIbHO COEANHEHHBIX KOH/IEHCATOPA C EMKOCTSIMH
Ci = 0,1 mx®, C3 = 0,25 mx® u C3 = 0,5 mx® noaxn0yeHb K HCTOYHHKY
Toka ¢ HanpsikenweM V = 32 B. Hafitn nanpsxenna Vi, Vo u V3 na
KOHJEHCATOPAaxX.

656. /Isa oqHHAKOBLIX BO3AYIIHLIX KOHAeHcaTopa emkocTd C' = 100 n®
COeMHeHbI NOIeqOBATEJIbHO H NOAKJIHYEHbl K HC‘TD‘]HHKy TOKA C Hﬂﬂpﬂ-
sxennem V' = 10 B. Kak uamenures 3apsaj Ha KOHJEHCATOPAX, €C/IH OJHH M3
HHX MOT'PY3UTh B AHNIEKTPHK ¢ JHNIEKTPHYECKOH NPOHHNAeMOCThI0 £ = 27

657. [lBa nnockux BO3yIIHBIX KOHAEHCATOPA C OAHHAKOBLIMH eMKOCTSI-
MH COeJHHeHbI NOJIEl0BATEeJIbHO H NOOAKIYEHbI K HCTO‘-IHHK}’ TOKA. Hpo—
CTPAHCTBO MeX1y NJACTHHAMH OJHOT0 H3 KOHJEHCATODOB 3aNOJIHAIOT dH-
WIEKTPUKOM C AUNIEKTPHHYECKO#H npoHuuaemocTso £ = 9. Bo ckosbko pas
H3MEHNTCHA HATIPSAXKEeHHOCTE JEeKTPHYECKoro nois E B 3ToM Kol geHcaTope?

658. Pemurs npeasiayuiyro 3aaaqy A8 CIy4as, KOIa KOHIeHCATOpD
nociie BBpﬁ,[[KH OTKMHOYal0TCH OT HCTOYHHEKA TOKA.

659. /Ipa naockMX BO3JYIIHLIX KOH/IEHCATOPA € OJWHAKOBBIMH €MKO-
cramu C' = 10 n® coeaunenn nocaegosaTenbHo. Hackonpko w3MeHHTCR
€MKOCTL KOH/IGHCATOPOB, ©CJIH MPOCTPAHCTBO MeKAy IJIACTHHAMH OJHOrO
H3 HHX 3aloJHHTDb ,LI,HS.]'IBKTPHKOM C ,IlHBJ'IEK'T'pH‘IeUKOﬁ HpDHHl.[&EMOcT’bIO
e =127

660. B nuockuit Bo3aywmHBIN KOHIEHCATOP C MIOLAABI 00KJAad0K S
H DAcCTOSTHHEM MeXKAy HEHMH d BBeJeHa NapalelbHO OOKIaiKaM MpOBO-
Aslasl NJacTHHKA, pasMepbl KOTOpo#l paBHBI pa3mepaM oOKIaIoK, a ee
TONIIMHA HAMHOrO Menbile d. HallTi eMKoCTE KOHAEHCATOPA ¢ NpoBoasiedt
NJIACTHHKOf, €C/IH MJIACTHHKA PACIOJIOXKeHa Ha paccTosHuM | oT ogHOl H3
0DK/18J0K KOHAEHCATOopa.

661. B nuocku#t BosayuwHbill KOHAEHCATOP C NAOMWAAbI 00kgagok S
H PACCTOSTHHEM MeXKJy HUMH d BBeJeHA NapajijielbHo 00KIaJKaM npoBos-
Hias NJAACTHHKA, pasMepbl KOTOpoii paBHbl pasMmepaM 00KJIAI0K, & TONILMHA
dn = d/3 < d. Haiiru eMxoCTh KOHieHCATOPa C NPOBOAALIEH MIACTHHKOM.

882. Tnockuil Bo3aywHEBI KOHIEHCATOD 33pAMKEH A0 PA3HOCTH [IOTEH-
uuayios Vg = 50 B u orxiirowen ot nerounnka toxa. [Tocne aToro B Kongenca-
TOP NapaliiesibHO 00KA8KaM BHOCHTCS MPOBOASILAA [IJIACTHHKA TOJIHHbLI
dn = 1 mm. Paccrosinne mesxay obknaakamu d = 5 MM, naomaan o6xnanox
W NNACTHHKH oguHakoBbi. HaliTu pasnocTs notenuuanos V mex gy obxnan-
KAMM KOHJJEHCATOPAa € MPOBOsLIeH nIacTUHKOM.

863. B nnockuii so3aymusil KongencaTop ¢ niomansio obkaagok S
H paccTosiHMeM MeXy HuMH d BBOAMTCH Napa/uiellbHo oDKJagKaMm au-
EeKTPHYecKas! TINIACTHHKA TOMUMHB d1 < d. [JuanekTpuyeckas npoHuLae-
MOCTb IJIACTHHKHM PABH& £, IUIOWALM 0DKNAA0K H TMJIACTHHKH OJHHAKOBbLI
o pasubl S. HaifTi eMKOCTh KOHIEHCATOPA C AUNIEKTPHYECKOH NTACTHHKOI.

864. [pocrpancTeo Mex(ay ODKIAAKAMM IIOCKONO KOHIEHCATODA 3a-
TIOJTHEHO TPeMsi AHIeKTPHYEeCKHMH MIACTHHKAMH DaBHON ToNMUHHB d =
= 2 MM u3 crexna (e = 7), cmoast (€2 = 6) u napaduna (g3 = 2). [lno-
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manu oOKIAJ0K M MAACTHHOK OAHMHAKOBEI M pasubl S = 200 cm?. Hafitu
eMKoCcTh € TAKOT0 KOHAEHCATOPA.

665. B nnockuit Bo3gyniHbIi KOHAEHCATOD C MAOMAALID 06KABA0K S
M PACCTOAHHEM MeXAY HUMH d BHECEHa NMapajyenbHO obKIagKaM QHNIeK-
TPHYECKAA MJIACTHHKA C AWIEKTPpHYECKOH NpOHHLIAEMOCTEIO £ = 2, KOTO-
pas pacTIONIOXKeHa TaK, Kak nMokasaHno Ha puc. 80. Bo ckoneko pas namenuTes
€MKOCTh KOHAEHCATOPA NPH BHECEHHH B HEro MJACTHHKHT

666. Haiitn obuyio eMKOCTE KOHAEHCATOPOB, BKIIOYEHHLIX MO CXEME,
usobpaxkensoii Ha puc. 81. EMxoctn kongencatopor C) = 3 Mx®, Cp =
=5 Mx®, C3 =6 mx® u Cq = 5 mx D,

d/2 I_H Tj__”_

47 ke EEh ol Ei
é"?}/% I C I Cs

Puc. 80 Puc. 81 Puc. 82

d s/

667. HaliTh obuyr eMKOCTb KOHAEHCATOPOB, BKJIOYEHHBIX M0 CXeme,
naobpaskenHoit Ha puc. 82. EmMkocTs kaxkaoro xonjgencaropa pasua Cy.

668. HaiiTH pasHOCTb MOTEHUHAJIOR MEXJAY TOYKAMH a U b B cxeme,
n3obpaskenHoit na puc. 83. Emkoctn kongencaropos C; = 0,5 Mm@ u C) =
= 1 mx®, HanpsykeHHa HCTOUHKKOB Toka Vi = 2B n Vo =3 B.

669. Bymaxnwiii kougencatop emkoctd C); = § Mx® W BO3AYMIHBIN
koHaeHcaTop emkocT (s = 30 nd® coeanHeHs! MOCIEJOBATENBLHO H TOAKJIIO-
4yeHbl K UCTOYHHKY TOKA ¢ Hanpsikenuem V' = 200 B.
Barem BO3AYIIHBIN KOHAEHCATOD 3AJUBAETCA KePOCH-
HoM (auaneKTpUYecKas npoHHLaeMocTh € = 2). Kakofi

3apsj| q NPOTeYeT NpPH 3ToM Mo uenn? %% ke
670. [Ipa oUHAKOBRIX MIOCKHX BO3/YLIHBIX KOH- :

[IEHCATOPA COBAMHEHb! MOC/EIOBATENLHO U TIOAKMode-  © I“

Hbl K MCTOYHHKY TOKa. Bo CKONbKO pa3 H3MEHHTCH V. ==,

eCJIH ApPYroi 3anoiHHATE AUVIEKTPHKOM C JHJIEKTPH-
YEeCKOM NPOHHLIAEMOCTEIO £ = 47

671. Ha Toveunniii 3apsj, HaxoAsinicsa BHYTPH Puc. 83
IJIOCKOrO KOHIEHCATOPa, HMEIOLIEro 3apsy, ¢, 4eHCcTBY-
et cuna F. Ha kakyio peinunny A F W3MEHMTCH 9Ta CHJa, BCH KOH/eHCa-
TOp B TeYyeHHe BpeMeHH t 3apsyKaTh TokoMm {7

672. KomnaeHcaTopel, COeJHHEeHHble IO cxeme, H300pa)kenHoli Ha
pHc. 84, NOAK/IIOYAIOT B TOYKAX 4 H b K UCTOYHMKY TOKA C HANpPAXKeHHEM
V = 80 B, a aarem oTkJawuaT oT Hero. HaitTu 3apaa, koTopsiii nporeyer

1
HAMNPAMEHHOCTD WIEKTPHYeCKOro noJisd B 0JHOM H3 HHX, T

T I'A. Benapukos u ap.
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4yepe3 TOYKY &, ecId 3aMKHYTb Kiawy K. Emkocrn konpencaropoe O =
=Cy=C3 =CyuCy=3Cy rae Ch = 100 mxd.

673. Yernipe konaeHcaTopa coeJuHeHB! MO cXeMe, H3obparkeHHo# Ha
puc. 85. Iloarockl HCTOYHMKA TOKA MOMKHO [IPHCOEAHHHTE NUO0 K TOYKAM a
# b, 1n6o K Toukam m u n. EMkocTu konaencaropos C; = 2 mx® u 3 =
= 5 mx®. HaliTn emxocTn xougencatopor Cy 1 Cy, NpH KOTOPBIX 3apsifbl
Ha ODKJIaJKax BCeX KOHAEHCATOPOB No MoAyio GyayT paBHbI Mexay coboil
HE3aBHCHMO OT TOr0, KaKuM cnocobom DyaeT npHcoequHeH HCTOYHEK TOKA,

L—._“ ==
c Ci==

J<>E1

Puc. 84 Puc. 85 Puc. 86

674. /IBa 0qHHAKOBBIX NAOCKHX BO3AYLIHBIX KOHAEHCATOPA BCTABJEHBI
Apyr B ApYTa TAK, YTO DACCTOAHME MEXAY JOBIMH ABYMSA COCeIHHMH
nnactuHaMu d = 5 MM. Kaskapili KoHJeHCATOp COeJHHEH C MCTOYHHKOM
TOKa, Hanpsskenne xoroporo V' = 100 B, ogxa H3 nnacTHH KaXKAOTO KOH-
AencaTopa 3ademnena (puc. 86). Kakopa HANpsKeHHOCTL MIEKTPHYECKOrO
nona £ mexay nnactaHaMy a u b?

675. HaliTn noBepxHOCTHYI0 NJIOTHOCTE 3apPsia HA MJTACTHHAX MJI0CKOro
KOHJEHCATOPA, £CIH MEKTPOH, HE UMeBLIMA HAYAJILHOR CKOpOCTH, n?oﬁ,qa
TYTE OT OfHOH NMNACTHHLI K Apyro#l, npHobpeTaeT ckopocth v = 107 m/e.
Paccroanne mexay nnacTuHamu d = 3 cm.

678. Konpencaropy eMkoctd C = 2 Mx® coobuen 3apaa ¢ = 1 mKa,
O6kyIagKe KOHAEHCATOPa cOoeaMHMAM nposognukoM. HailiTu xonuuecTso
TermIoTH (), BHIJENHBIIEECH B NPOBOIHHKE NPH Pa3psiiKe KOHAEHCATOPA,
H Pa3HOCTE NOTEHIHANIOB MeXK Ay 06KIaJKaMy KOHAEHCATOPa 10 Pa3pAIKH.

677. ITpu paapsaake GaTtapen, cocrositest u3 n = 20 napainensHO BKJIIO-
YeHHBIX KOHEHCATOPOB ¢ OAMHAKOBbIMH emkocTaMH (' = 4 Mx®D, Beigenu-
J0Ch KoauvecTso TemnoTel (@ = 10 [Ix. [lo kakoit pa3sHOCTH MOTEHIHANOB
6LINK 3apAYKEHBI KOHAEHCATOPEI T

678. Kakoe KomMuecTBO TeNaoTH () BBIAEIHTCA

Vi Va NpH 3a3eMJIEHHHM 3apAXKEHHOTO A0 MOTeHUHANna ¢ =
""" l = 3000 B mapa paanyca R =5 cm?
o) 679. Kako#l 3apag ¢ coofuen mapy, ecin OH 3a-
I I psxkeH g0 nmorenuuana = 100 B, a zanacennas um
= = anekTpuyeckaa sueprua W = 2,02 Tx?

680. Haiitn konuuecTso TemnoTs! (), BElgeHBIIee-
CA TIPH COeJMHEHNH BePXHUX He3a3eMJeHHbIX 06KAa 10K
KOHIEHCATOPOB ¢ eMKocTAME C] = 2Mk® u Cs = 0,5 Mx®D (puc. 87). Pazuo-
CTH NOTEHIHANIOB MEX Y BEPXHUMH OOKJIAJKAMH KOHACHCATOPOB H 3eMieit
Vi=100 Bu Vp = -50 B.

Puc. 87
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681. Haditn konuyecTBo Tennorsl (), BLIAEGIUBLICSCH TIPH COSANHEHUH
CAHOHMEHHO 3apsKEHHBIX ODKMAL0K KOHIEHCATOPOB C eMKOoCTAMH () =
=2 Mk® u Cy = 0,5 Mx®. PasHocTn noTeHUMaNoB MexJy oOKJaAKAMU
kongencatopos Vi = 100 B u V; = 50 B.

§ 20. ITocToAHHBIN 3NEeKTPHYECKUN TOK

Jaxon Oma das yuacmra yenu. Conpomusaenue nposotnuxos

Cuna snekTpuyeckoro Toka (Mnu npocto Tok) enpegenserca no opmyne

rie q — 3apaj, NPOTEKAIOLIHHA 4epe3 NonepeYHoe CeYeHne NPOBOAHHKA 34 BpeMs L.
B cucreme eaunny CH egunuua cuinbl Toka amnep (A) seasercs ochos-
HOIl M ONpeesAeTcs KaK CHJA TOKA, NpH KoTopoll orpesku Tonkux BeckoHeuno
JATHHHBIX NTAPaJIIeIbHBIX NPOBOAHHKOB JUTHHBI 1 M B3aHMOJeHCTBYIOT B BAKYYME
ccunofi 2:- 1077 H. B coorBererBum carum 1 Kn=1 A - e
TnoTHOCTBIO TOKA (NIPH PABHOMEPHOM DACMPEAENEHHH TOKE MO NONEPeTHOMY
CeYeHHIO MPOBOAHHKA) HASBIBAETCA BEJTHYHHA

™
J'-'S1

rae S — naollaab NonepedHoro cevents nposoguuka. Eannnuedi nnotHocTH Toka
ABASETCA amnep na xeadpammmd memp (A/m?).

Jlna yuacTka Lenu, coIepaKallero NpoBOHHUKH NepBore ¥ BToporo poaa (Me-
TAJL/IBI M PACTBOPbI WJIH PACIIABEI WIEKTPOIWTOB), cnpasennus saxon Oaa:

=%,
rae R — conporusienue nposogHuka, k = 1/ R — ero nposogumocts, a V' — na-
Nps3KEHHE HA ITOM YYACTKE ey (Pa3HoCTDb NOTEHLMAIOB MEXKIY ero Konuamu).
B cucreme egunnu CH 3a egunmiy conpoTheiieHus npueHar om (Om) —
CONPOTHB/IEHHE TAKOrO NPOBOJHMKA, B KOTOPOM NpH HanpsxxeHuH 1 B Teuer Tok
1A:10m =1 B/A. Eauunuelt nposogrmoctu sanserca cumenc (Cm): 1 Cm =
=10m"L
ConpoTHBJeHKE MPOBOAHMKA C MOCTOAHHBIM MOMEPEeYHLIM CEUYEHHEeM, W3NOTOB-
JIEHHOTO M3 OHOPOAHOrO MaTepHasa, CBA3AHO C JIMHOH npoBoakuka | u mio-
WALIO ero MONepeyHoOro cedeHus S COOTHOLIEHHEM

umm I = kV,

l
R=p-§.

rae p — yAeibHOe CONPOTHBNeHHE MaTepuana nposoanuxa. Equnuuedi yaensnoro
CONpPOTHBAEHHA ABnAeTcA om-memp (Om - m).

3aBHCHMOCTL CONPOTHBJIEHHS METAIJIHYECKOIND MPOBOIHHKA OT TEMIEPaTy-
pbi £ onpegensieTes BHIPAMKEHHEM

Re = Ro(1 + at),

rae o — TemnepaTyphuiit Koscduunent conporHsnenns, R — conpoTHBNeHHe
NpoBOAHHKA NpPH Temnepartype to = 0 °C.

""l
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682. HafiTu nnoTHOCTE ToKa, ecnu 3a BpeMd t = 10 ¢ yepes nonepeunoe
ceyeHHe NPOBOJHHKA npoTekaer 3apag ¢ = 100 K. Ilnomaas nonepeyroro
ceyeHus NPoBOAHMKA S = 5 mMm>.

683. BosbTMeTp pACCYNTAH HA U3MEPEHHE HANPSXKeHNUH 10 MAKCHMAJb-
soro 3navennst V = 3 B. Conporusnenne npubopa R = 300 Om. Yucno
fenenni wkansl npebopa N = 100. Kakopa OyaeT ueHa AeNeHHA LUKAIbI
npubopa, eciy HCNONbB30BATE €10 B KaYecTBe MHJIHamMnepmerpa?

684, Kakum conporusnenuem gomxen obnagare npubop, uTobul ero
MOXKHO OBINIO MCTIONB30BATH JUG0 B KAYeCTBE BOJILTMETDA C MpejeioM W3-
MepeHnsa HanpsokeHul Jo sHavennii V = 15 B, 1ubo B kauecTse Munnnam-
NEpMETPA C [peJesioM H3MepeHHUA TOKOB A0 3HaveHnit [ = 7,5 MA?

885, OTkI0HEHKHE CTPEJIKK BOILTMETPA 10 KOHLA WKAJBI COOTBETCTRYET
nanpsbkennio Vp = 15 B. Ilpu sTom uepe3 BosibTMETp TeueT TOK [g =
= 7,5 MA. HailTu conporusienue BObTMETPA ¥ TOK, TEKyIIuil Yepe3 BILT-
METp, KOIZla OH NoKa3biBaeT Hanpssxenue V = 5 B,

686. HaliTu TOK B 1eNM MCTOYHUKA TOKA, 3AMKHYTOTO HA TPOBOJHHK
c conpotusaennem R = 1000 Owm, eciin npr nocienoBaTesHOM BKIIOYEHHH
B 3TY LleNb MHJIHaMnepMeTpa ¢ conporusiaenueM Ry = 100 Om on nokaszan
ToKk [y = 25 mA.

687. Hailthn smanps:keHMe Ha NPOBOJHHMKE € CONPOTHBIeHHeM | =
= 10 Om, ecnn 3a Bpems ¢ = 5 MuH nporekaeT 3apsg § = 120 Kn.

G88. B ajiekTpuUieCKy 0 CETh MOCIEJOBATELHO BKJIIOYEHEI [IJIHTKA, peo-
CTAT U amnepmerp, umeromme conporusienns Ry = 50 Om, Ry = 30 Om
# Rg = 0,1 Om. HaliTu Hanpsixkenus Ha njWTKe, PEOCTATE H aMIepMmerpe,
ecsin B 1enu npotekaer Toxk [ =4 A,

689. ConpoTHENEHHE eAUHNUIE ATHHBLI MeHOM poBotokn Ry = R/l =
= 2,23 Om,/m. HaliTh yaensHoe conpotusineHne p Mean. [uamerp nposo-
Jok D = 0,1 mm.

690. HaliTu conporupienne R menHoll npoBoiokH, Macca KOTOpo# m =
=1 kr, a nuomaas nonepeunoro cedenusi S = 0,1 mm?. [aoTHoeTs Menn
v =8,9-10° Kl"/Ma. ee yjensHoe conporusienue p = 0,017 mxOm - M.

691. YoensHoe conpoTHBAeHHe PadHTOBOrO CTEPXKHSA OT KADAHJAIA
T = 400 MxOwm - M. Kaxo#t Tok | mpofiger no cTepkHio, €C7IH HA HEr0 TIOJATh
Hanpskenne V = 6 B? [lmuna crepxus [ = 20 oM, ero guamerp D = 2 mm.

692. [Ipn BKIIOYMEHHH B EKTPHYECKYIO LENb NPOBOSHHKA, HMEIOLIEro
auamerp D = 0,5 MM u gauny [ = 47 MM, HanpsKeHHe Ha HeM V =
= 1,2 B npu toxe B yenu [ = 1 A. Haiitn ygensnoe conpornpienne p
MAaTepHaJa NPOBOJHHKA.

693. DnexTpuueckas UenL COCTOUT U3 TPEX MOCEAOBATENBLHO COeIH-
HEHHBIX KYCKOB ITPOBOJa OAHHAKOBOW AJNWHBI, CAETAHHBIX U3 OJHONO MaTe-
pHaJIa, HO MMEIOLIUX PasHbie ceuenns: S; = 1 MM2, S = 2 Mm%, S35 = 3 mm2.
Hanpsxenue Ha xonyax nermn V' = 11 B. HafiTi HanpsisKenue Ha Kasxgom
NpoOBOOHUKE.

694. lns u3MepeHHs TemMnepaTypbl NPHMEHHIN JKeJIe3HYI0 T1POBOJIoY-
Ky, uMerouly1o npr temneparype ¢, = 10 °C conporusienne Ry = 15 Om.
T1pu nexoTopoii TemnepaType i2 oHa nvena conporusienne Ry = 18,25 Om.
Haitru sty remneparypy. Temnepatypubiit koadbuunent conpornsaenus
xenesa o = 61073 K~1,
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695. Ha#ttu Temnepatypy to BonsgdpaMoBOl HUTH JAMITIOYKH, ECIH NPH
BKJIEOUEHHH B ceTh ¢ HanpsixkerneM V' = 220 B no nurn nger Tox [ = 0,68 A.
Ipu Temneparype t; = 20 °C conporusnenne uutn R = 36 Om. Temnepa-
Typuuili koachpunment conporusnenus sonbbpama a = 4,6 - 1073 K1,

MMocaedosamensioe 4 NAPALAICABHOE COLGUNENUR TPOSOOHUKOS,
Aobagounnie cONPOMUBAEHUR 1 WYHMBE 1)

Ofmee cONPOTHBIEHHE LIEMH [IPH MOCIEI0BATE/NbBHOM COSIHHEHUH MPOBOAHH-
KOB PABHO CyMMe COMNpPOTHBIEHH 3THX MMPOBOIHHKOB:

R=Ri+Ra+...+ Rn.

Of6wee cONpoTHBEHHE NAPANIENbHO COSIHHEHHBIX MPOBOIHUKOB CBA3AHO € CO-
NPOTHEJIEHUAMM 3THX NPOBOAHUKOB COOTHOLIEHHEM
1 1 = 1 + i 1
BT P ek
CooTsereTBenn0 001As NMPOBOAMMOCTE MOMIEAOBATENLHO BKAOYEHHBIX MPOBOI-
HHKOB Y/OBJIETBOPAET COOTHOLIEHHIO
1 1 1 1

E=E+E+...+E.

a obmas NpoBOAMMOCTE NAPAJLJIENBHO BK/IIOYEHHbIX MPOBOAHMKOB DABHA CyMMe
HX NpoBoguMocTeil:
k=ki+kat+...+Ekn

696. Kaxoe najo s3sTh conporusaenne R, 4robni MoxKHO GbLI0 BKAO-
YUTH B ceTh ¢ Hanpsoxennem V' = 220 B nammy, paccunTanHyio Ha Hanps-
senue Vo =120 Bumok [y =4 A?

697. [lpe oyroeeie JaMITbl M CONPOTHEMEHNe R coeMHEHBI nocneaopa-
TebHO B BKJIOYEHB! B ceTh ¢ HanpsykenneMm V' = 110 B. Haiitu conporue-
nenne R, echin KaXkaaa naMna paccunTana Ha Hanpsixkenue Vp = 40 B, a Tok
puemu | = 12 A,

698. [lns n3mepenns HANPsKEHUs! HA YYACTKE LENH NOCIeJ0BATeLHO
BKJII0YeHbI JiBa BobTMeTpa (puc. 88). Tlepsuiil BONLTMETD JlaeT NOKa3aHWe
Vi = 20 B, sropoii — V, = 80 B. Hatiti conpotus-
JieHHe BTOPOTo BoJbTMeTpa o, €CIH conpoTHBae-
HUe nepsoro soasT™MeTpa R; = 5 kOM.

699. PeoctaT M3 »Kele3Hoil NMPOBOJOKH, MHJ-
JHaMMepMeTp W HCTOYHHMK TOKA BKJIIOYeHB [0CHIe-
posarenbno, Ilpn Temneparype ty = 0 °C conpo- Puc. 88
TupJaenue peocrata Ky = 200 Om. Conporusnenue
musmamnepmerpa B = 20 Om, ero noxkazanne Iy = 30 mA. Kaxoit Tok Iy
6y ieT NOKAIBIBATD MUJIJIHAMITEPMETD, €CNTM PEOCTAT HArPEeT s J0 TeMNepa-
Typhl t = 52 °C'i Temneparypubiit Ko3hOHUIMEHT CONMPOTHRIEHNA XKelle3a
a=6-107" K~

') ConpoTuBienyem NoABOASIMX NPOBOAOE NPH PEIEHWH 3384 CIefyeT npe-
Hebpeus, eClTH OHO HE 38JaHO B YCIOBHH.
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700. Ilpoeoauuk c conpotusienuem R = 2000 OM cocTOMT HM3 ABYX
nocnenoBaTe/lbHO COedHHeHHBIX '-IB.CTeﬂ! )’!"D.JII:HO['O CTE]})KHS H HpUBD-
JIOKHM, MMEIONINX TeMIEepPaTypHble KO3(MPHIMEHTEl CONPOTHBIIEHHA O =
=-10-10"* K~ ' w ay = 2- 1072 K~!. Kakumu cneayer smipats conpo-
THBJIEHHs 3THX dacTell, yrobbl obiuee conpoTHBienne npoBoguuka R ne
3aBHCENIO OT TeMIepaTyphi’

701. CocTaBHTB TAKYIO CXEMY JEKTPONPOBOAKH AJ1s OCBEIeHHs OJHOM
JIAMIIOYKOH KOPHAOPA, KOTOpasA MO3BONSET BKJIIOYATE M BHIKJIIOYATE CBET
HE3aBHCHMO B M1000M KOHLE KOpHUAOpA.

T02. B cers ¢ nanpsikennem V = 120 B pkiiodens! Be ieKTpUYecKue
JIaMMOYKH ¢ OAMHAKOBEIMH conporupienuamu R = 200 Om. Kaxo#t Tox nofi-
JIeT Yepes KAXKY10 JJAMIOUYKY NPH HX NapasielbHOM H MOCTe10BATeIbHOM
coeUHeHnAX

T03. PeoctaT €0 CKOMB3AUIAM KOHTAKTOM, CO€IMHEHHBLIA MO cXeme,
npusejeHHoN Ha puc. 89, ABAAETCA MOTEHIMOMETPOM (JeauTeneM Hamps-
>kerns). [lpy nepememenuy ABHXKKA MOTEHIHOMETPA CHHMAEMOE C HErO
HanpsikeHHe V, H3MeHseTcs OT Hylsd A0 Halpsxke-
HHMSA Ha KJemmax dcTodnmka Toka V. Halith saBn-
CHMOCTL HBHPH)KBHHH Vm OT NOJOXKEeHHHA IBHAKKA.
[Mocrpouts rpacduk 3TOM 3aBHCUMOCTH A4 cIydas,
KOrja NnojiHoe CONpOTHBJIEHNHE NoTeHHOMeTpa f BO
MHOTO Pa3 MeHbIIe COMPOTHBIEH!SA BONLTMETpA T.

704. Haiith conporusnenue R Oumerannnye-
CKOTO (»Kene3o—Mejs) mpoBoaa amuasl [ = 100 m.

Puc. 89 Juamerp BuyTpennell (>xenesnoft) dwacTH nposoja

= 2 mM, obmui guamerp npoeoga D = 5 mm.

Yaenpusie conpornpienus dkenesa u megu oy = 0,12 mxOm - M u pg =

= 0,017 MxOm - M. [Insa cpaBHenus HAHTH CONPOTHBICHHA >KEJEIHODO
H MeJHOro nposojos R, u R, avamerpa D u naunw [,

T05. HaiiTi obiee conpoTHBAEeHHE NPOBOJAHUKOB, BKJIKYEHHbBIX B LieNb
no cxeMe, n3obparkenHoit Ha puc. 90, ecnn conporusnenns By = Ry = Rs =
= Rg=10m, Ry =10 0m, Ry =8 Om.

706. O0wee conpoTHBIEHHE ABYX NOCIEN0-
BATEJLHO COeIMHEeHHBIX NpoBogaukos R = 5 Om,
anapananenbno coeaunenabnix Rg = 1,2 Om. Hai-
TH COMPOTHBACHHE KAXKAOr0 NMPOBOAHHKA.

707. K npoBoiouHOMY KOJBILY B IBYX TOYKAX
TIpHCOeJHHERB! TOABOAAIINE TOK MpoBoja. B ka-
KOM OTHOMIEHHH JEJAT TOYKH NPHCOeJUHEHH
JNHHY OKPYXXHOCTH KOJblia, eciii obiee conpo-
THBJIEHHE IICN'IY‘]HBUJE“’I}I oernd B n = 4,5 paaa MeHbIUE CDTIPO’I‘HBJ]EHHS[
MPOBOJIOKM, M3 KOTOPOH ¢enaHo Koibio?

708. B uenu, uzobpaxkennoii na puc. 91, aMnepMeTp NoKasLIBaET TOK
I = 0,04 A, a BonsT™MeTp — Hanpskende V = 20 B. HafiTu conporusaenue
BoNkTMeTpa My, eciu conporuBaenue nposoaiuka B = 1 kOwm.

T709. Hafitu conpoTuBiaenne f; JaMnouky Mo NOKA3AHHAM BONLTMETpA
(V = 50 B) u ammepmerpa ({ = 0,5 A), BKIIOYEHHEIX NO cxeMe, H30Opa-
JKeHHOH Ha puc. 92, ecsin conpoTrBaenHe soabT™erpa Ry = 40 kOm.

—o V

o Vv,

Puc. 90
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710. Haitti conpornenenue nposoganka K no nOKazanuaM aMIepMeT-
pa (I =5 A) u Bonsrmerpa (V = 100 B), sxmodeHHsIX N0 cxeme, n306pa-
>keHHo#t Ha puc. 93, ecyin conporHBieHHe BoarTMeTpa R = 2,5 kOm. Ka-
koBa Dyner ommnbka B onpegenenun Ry, eciiy, IpeanoNoKHe, 94T0 fa = Ry,
npH pacyerax npesebpedb TOKOM, TEKYIIHM Yepe3 BOJLTMeTpT

I i I
Y Y
R]_ Rl
e Cam— I .
Puc. 91 Puc. 92

711. K ucTOYHHKY TOKa ¢ HanpsAxeHHeM V' npucoeguHeHsl Nocieno-
BaTeJbLHO JBa NPOBOJHNKA C OOQHHAKOBbIME cormpoTHeieHuaMu R. Kakosa
Gyner pa3sHULA B NOKA3AHHAX BOJIBTMETPOB C COMpoTHBNeHuamu R u 10R,
eCJIH MX Io0YepeHO NOAKNIOYATL K KOHLIAM OJHOIO U3 TIPOBOJHHKOB?

—@Ss

Puc. 93 Pue. 94

712. K ucTouyHuKy ToKa ¢ Hanpsxxenuem V = 12 B npucoegunenn: ape
namnouxy (puc. 94). ConpoTHBIeHHS YIACTKOB LIENH ) =y = r3 =1y =
= r = 1,5 Om. Conpotusienuns namnodek R; = Ry = R = 36 Om. Haiirn
HANPsKeRNe Ha KaKaol namnouke.

713. B cxeme, n3o6pakenHoil Ha puc. 95, HanpsXKeHHe MCTOYHHKA TOKA
V = 200 B, a conporusienns nposoguukos Ry = 60 Om, Ry = Ry =
= 30 Om. HaiiTi nanpskenue na conporusienun Rj.

Ry [T R

Puc. 95 Prc. 96

714. BnexTpuyecKas Lelb COCTOMT U3 HCTOUHUKA TOKA C HATIPS>KeHAEM
V = 180 B u norenunomerpa ¢ nonueim conporusiennem R = 5 kOm, Hait-
TH NOKA3aHWS BOJBLTMETPOB, NPHCOEIHHEHHBIX K MOTEeHLIHOMETPY MO CXe-
Mme, u3obparkennoli na puc. 96. Conporuenenns soabrmerpos ) = 6 kOm
1 Ra = 4 kOM. [IBHXKOK T CTOMT NocepeanHe MOTEeHIHOMETPA.
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T15. Tpu pesncropa BKJIW0OYEHbL N0 CXeMe, n300paykenHolt Ha puc. 97.
Ecnu pesmcTopbl BK/IOYEHB B UeNb B TOYKAX a W b, TO compoTuBienue
uenu 6yger R = 20 Om, & eciiv B TOMKAX a M ¢, TO CONPOTHBJIEHHE LieNH
6yner Rp = 15 Om. Haiitu conporurnenns pesucropos Ry, Rz, Ra, ecan
Rl - 2R2.

716. Ha ckonbKo paBHbIX uacTeif Hy>KHO pa3pe3aTh NPOBOAHMK, HMEH0-
uuit conporusiaenue i = 36 Om, yrobm conporusnenune ero yacreil, coe-
JUHEHHBIX NapajanenbHo, b0 Ry = 1 Om?

717. U3 nporonoku caenan kapkac B cdopme Kyba (pue. 98), xaxmaoe
pebpo KoToporo umMeer conpotueaenue r. Halitu conporusnenne R atoro
Kapkaca, echit Tok [ B ofmeft nenu naet ot sepumuanl A k Bepinne B.

(i

Ry “ ‘*

b — e I A d

Pue. 97 Puc. 98 Puc. 99

718. M3 npoeonokn, eAWHMUA AAMHBI KOTOpoit HMeeT cONMpOTHRJIe-
Hue f;, cAenal Kapkac B copMe OKPYKHOCTH pafiHyca r, NepecedeHHol
OBYMS B3aHMHO NMEPNeHAMKYAADHRIMH Anamerpamu (puc. 99). Halitu co-
npotusienne R, KapKaca, €CH HCTOUHUK TOKA MOAKJIOYEH K TOUKaM ¢ i d.

719. I1posoa anuEbl L = 1 M cnjieTeH U3 TPex XU, KaxK1as U3 KOTOPBIX
npeacTaBiger coboll KycOK HeH3ONHMpPOBAHHOH MPOBONOKH C COMPOTHBJIE-
nuem emgunuupl fumeel R = 0,02 Om/m. Ha xoHuax nposoga cosgako
nanpsixense V' = 0,01 B. Ha xakyio sennunny Al M3MEHHTCH TOK B 3TOM
npoBoJe, ecliH OT OAHOH XUl YASJHTL KYCOK AauHbl { = 20 cMm7

720. Vcrounnk TOKa NepBOHAYANbHO NPHCOEAHHAIOT K ABYM COCel-
HHM BepLIMHAM MPOBOJIOYHON paMKH B (OpMe NMPABHIABHOIO BBIMYKJIOTO
N-YTOIbHEKA. 3aTeM HCTOYHHK TOKA IPHCOEJHHSAIOT K BEPIUIHHAM, PACTION0-
>KeHHBIM Yepe3 oguy. [Ipu sToM Tok ymensiuaeres B 1,5 pasza. Haditu uncno
CTOPOH N-yTOJLHHKA,

721. Kak Hajo COeIMHHTL HeTHIpe NMPOBOJHHKA ¢ COMPOTHBICHHAMH
Ri=10M R, =20M Ry =3 OM u Ry = 4 Om, 4Tobel MOMYHHTS
conporusnenue K = 2,5 Om?

722. Halitu npoBoguMOCTb k& uenH, coCToswel W3 ABYX MOCTEN0Ba-
TeJLHLIX MPYNN Napajje/lbHO BKJIOYEHHBIX NpoBogHKKOB. ITpoBoaumMocti
KaXK 010 MPOBOAHMKA NepBoi 1 Bropoil rpynn pasusl &1 = 0,5 CM u &y =
= 0,25 Cwm. Tleppas rpynna coCTOHT U3 YeTbipex NMPOBOJAHHUKOB, BTOpPas —
U3 ABYX.

T723. BoneTmeTp paccunTan Ha M3MEPEHHE HANPAXKEHUH 0 MAKCHMAJb-
Boro 3Hauenus Vg = 30 B. Tlpm 3Tom uepes soabT™merp mzer Tok | =
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10 mA. Kakoe noBapounoe conpoTuBieHne H,; HY>XHO NPHCOEJAHHHTE
BOJIBTMETDY, 4TOOB MM MOXKHO GBbLIO W3MEPATh HanpsoKeHusa go V =
150 B?

724. Crpelka MHIIMaMIEPMETPa OTKJIOHAETCH A0 KOHLIA WIKAJIBL, eCIH
yepea muanuamnepmerp uger ok [ = 0,01 A. Conporusnenne npubopa
R = 5 Om. Kakoe nobasounoe conpotuieHne R, HY)KHO NPHCOEAHHHTL
K npubopy, 4To6bl ero MOKHO GLLIO HCMONL30BATE B KA49ECTBE BOJNIBTMETDA
C MpejenoM H3MepeHns Hanpsxkenn#l V = 300 B?

725. BoasTMmeTp, cOeIHHEHHBIH MOCNETOBATENRHO ¢ COMPOTHBASHHEM
R; = 10 xOm, npu BkIoyeHun B ceTs ¢ Hanpsikeanem V' = 220 B noxaasl-
paeT Hanpsbkenue V) = 70 B, a coeuHennn#l nocne0BATENHHO € CONPO-
THBJIeHHeM Ry, nokaswisaer Hanpsikenue Vo = 20 B. Haidita conporusie-
nue fo.

726. Bonermerp ¢ conporreienueM R = 3 kOw, BKAIOYEHHBLIH B To-
POACKYI0 OCBETHTENBHYIO CeTh, Mokasan Hanpskenne V = 125 B. Ilpn
BK/IOYEHHH BOJLTMETpPA B CETh uepe3 CONPOTHBNEeHHE fly ero moxasanue
ymensumock go Vg = 115 B. Haitti 3to conporuBienne.

727. Boabrmerp ¢ conpotusaennem R = 50 kOm, nogknouer#siii K Hc-
TOYHMKY TOKa BMecTe ¢ jobGaBounbiM conporusnennem R, = 120 xOwm,
[oKa3bLiBaeT Hanpsikenue Vg = 100 B. Hailtn nanpsoxenne V' ucrounuka
TOKA,
728. HafiTu noxkasanne BosibTMeTpa V ¢ conpoTuniieHneM R B 1ens,
usobpaxkennoii Ha puc. 100. Tok mo pa3serBrenus
pasen [, cONpOTHBAEGHWS NpoBOAHHKOB Ry u Hy
M3BECTHBI,

729. Umeerca npubop ¢ uenoli genenus ip =
= 1 mxA/pen. v uncnom genennit mxaner N = 100.
Conpornenenue nputopa R = 50 Om. Kak aror
npubop NpucnocobuTh ANA M3MEPEHHMS TOKOB J0
3navenus | = 10 MA WU HANPAXKEHHI 10 3HAYEHUSA
V =1B7? Puc. 100

T30. MuaauaMnepMeTp ¢ NpeaesoM U3MepeHns
ToxoB [o = 25 MA HeobBXoAMMO HCMONIB30BATH KAK aMIOEPMETP ¢ NpeleoM
waMepenus Tokos | = § A. Kakoe conporunnenune Ry, A0MKeH HMETh IIYHT?
Bo cronbKo pa3 ymeHblIaeTca 4yBcTBHTeNbHOCTH npubopa? Conpornsie-
Hue npubopa A = 10 Om.

731. Amnepmerp ¢ conporusnenueM R = (0,2 Om, HakopoTko npracoe-
JUHeHHBI#f K HCTOUHMKY TOKA ¢ HanpskenueM V = 1,5 B, noka3niBaeT ToK
I =5 A. Kakoit Tok [ nokaskeT aMnepMeTp, €CsIH €ro 3alIyHTHDOBATL
conporuenenuem Ry, = 0,1 Om?

732. Tlpu wyHTHpOBaHWMN rAJILBAHOMETpA CONpoTHBIeHHsMH Ry, R
u R3 B Hux orsersaserca 90, 99 u 99,9 % roka I obmeit uenu. Ha#iTu st
CONMPOTHBJIEHHUSA, ECTH CONPOTHBJEHKE rajbsaHomeTpa R = 27 Om.

733. MunnuamnepMmeTp ¢ YHCIOM Jenenuii wkanel N = 50 umeer neny
aenenns ip = 0,5 MA /aen. u conporuenenue R = 200 Om. Kak stor npubop
MPUCNOCOGHTL M5 W3MepeHHs TOKOB 10 3HaueHnd [ = 1 A?

=
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734. K amnepMetpy ¢ conpotusiaennem K = 0,1 OM noakamoyden mIyHT
¢ conporusnenunem R, = 11,1 mOm. HaillTa Tok, Tekymuit 4epe3 amnep-
MeTp, el TOK B obmedt nermn [ = 27 A.

736. [Mapannentuo aMmnepmerpy ¢ conporubienneM K = 0,03 Om Britio-
yeH MeaubIi nposoguuk gnuusl | = 10 cm u guamerpa D = 1,5 mm. Haitru
ToK B uenu I, ecim ammepmerp noxa3nisaer Tok [y = 0,4 A. ¥Yaeasnoe
conporusaenue Meau p = 0,017 mxOwm - M.

Baxor Oma dar noanotl (samxnymotl) uyenu

DnexTpH4ecKuil TOK B MosHON (3aMKHYTOR) UenH, cocToAwmell U3 BHELIHEero
conporusnenus R u ucrounnka toka ¢ 3JIC & u puyTpeHHMM CONPOTHBJIECHHEM T,

I & &
Rnonn R+r :
Hanpsixxensne na YHacCTKe LeNnH, ecyTH 3TOT Y4HacTOK COOEPMHT HCTOYHHK TOKA

¢ 3JIC & u umeer conporunnenue R (BkJOHAA WM BHYTpPEHHEE CONMPOTHBIEHHE
MCTOYHHMKA TOKa),

V=p1-p2=¢~1R,

[A€ @1 W @3 — NOTEHLMANILL HAYANA M KOHLA 9Toro yuyacrka (puc. 101 a). 3aecs
npeanojaraeTca, YTOo HAaYaao yYHacTKa — ¥ NOJOAHTEeBHOM NOMHCa HCTOYHHEA
TOKA, KOHEL, Y94CTKA — Y OTPHLATE/ILHOTO NOJIKNCA H 9T0 TOK { BHYTDPH HCTOUHHKA
TeYeT OT OTPHUATENBHOI0 MOMIOCA K NoJoHTeNbHOMYy. Eciu npyrue yuacTku

a p 6 ;
P2 f’f #1 P2 f":l_ @1
A S A

Puc. 101

LENH TAKME COASPHAT HCTOMHHKH TOKA, TO HAa JAHHOM YJACTKE BO3MOYKHO NMPOTH-
BOTIONOMHOE HATIDABIEHME TOKA BHYTPH WCTOYHKKA (puc. 101 6). B atoM cayuae

M=¢+IR.

736. B uenu mcrounnka Toka ¢ DJC & = 30 B uaer Tok [ = 3 A.
Hanpsbkenne Ha 3aokumax Herounnka V' = 18 B. Halitu BHemnee conpo-
TUBJeHHe Neny R ¥ BHyTpeHHee CONPOTHBIEHHE HCTOYHHKA T.

T37. B uenn, cocrosimeii w3 peocrata u ucrounuka Toka ¢ DJC & =
= 6 B u Buyrpennum conporusnenuem r = 2 Om, uger rox I = 0,5 A.
Kakoit Toxk [ noliner nmpm yMeHbIIEHHH COTMPOTHBJIEHHS DEOCTATA B TDH
pasa?

738. Hcrounnk Toka ¢ IAC & m BHYTPEHHHM CONDOTHBJIEHHEM T
3aMKHYT Ha conporuBienue R. Kak MmeHsieTcs TOK B Lend W Hanpsi>KeHHe
Ha 3a)KHMax ucTouHHka B 3asucumoctn ot R? TNocrpours rpacduks sTux
sapucumocTeit npn & =15 Bur = 2,5 Om.

739. Huth nakana paguonaMinsl BKJIHOYEHA NOCTEA0BATELHO ¢ PEOCcTa-
TOM B Henb ucTouHuka Toka ¢ I/1C & = 2,5 B u BHYTpeHHUM CONPOTHB.JIE-
mueM r = 0,1 Om (puc. 102). HeobxoauMerli TOK HAKANA JOCTHIAETCH, KOToa
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conpoTuBienne peoctata R = 8,4 Om. Halitu Tok B nenu nakana I, eciiu
CONpPOTHBJIEHHE HATH Hakana Ry = 30 Om.

740. [Ins nuTaHHA HATH HAKAJIA DAJMOIAMIIBI HEODXOAMMBL HAN PSKe-
aue V =4 B u Tok [ = 1 A. Haiitu pononnurensuoe conporusnenue R,
NpPH KOTOPOM B IENHM HAKAJA JOCTHraercs HeoOxomumuill Tok (puc. 102).
9J1C merounuka Toka & = 12 B, ero BuyTpennee conpo-

Tusgaenune r = 0,6 Om.

741. Jlamna noakmoyYeRa MegHLIMH TPOBOJAMH
K nerounuky Toka ¢ 3/IC & = 2 B u snyTpennum conpo- g
tusaennem r = 0,04 Om. Jauna nposogos [ = 4 M, ux R
aunamerp D = 0,8 MM, yIeIbHOE COMPOTHBJICHHE MEJH € p
p = 0,017 mxOwm - M. Hanpssxenue Ha 3a:KuMax HeTOY- i
nuka V' = 1,98 B. Hailtu conporusnesue namnst R.

742. BonkTMeTp, NoAKMIOYEHHBIH K HCTOYHUKY TOKA
¢ IJIC & = 120 B u BHYTpEeHHHM COMPOTHBICHHEM T =
= 50 Owm, noka3nipaer Hanpsykenwe V' = 118 B. Haiitu conporusnenue
BOsILTMeTpa f.

743. [Ipu nogknoveHHn BHelHe# LeNH HANPAXKEHHEe Ha 3a>KHMAaX MC-
Tounuka Toka ¢ J1C & = 30 B okaseiaercs pasusim V = 18 B. Breunee
conpotusnenue uenu R = 6 Om. Hality BHyTpeHHee CONPOTHBIEHHE HCTOY-
HHUKA T.

744, Ucrounux Toxa ¢ 3[IC & = 1,25 B ¥ BHYTpeHHHM CONPOTHBIEHHEM
r = 0,4 OM nuTaer jamny, paccuMTaHHyi0 Ha Hanpskenme V; = 1 B.
Comnporusnenue gamnsl 1 = 10 Om. HaiiTu conporuBnente noaeogsiHx
nposonos R, u Hanps:kerue Ha Hux Vo,

745. Ucrounuk Toka nutaer n = 100 naMn, paccyuTaHHBLIX Ha Hanps-
senne V) = 220 B u coequnenneix napannensno. Conporuniienne Kaxaof

anamnsl Ry = 1,2 kOmM, cOnpoTHBIEHEE NOABOAAIINX
1 nposogoe Ry = 4 Om, BHyTpeHHee CONPOTHBJIEHHE
é ucrounuka r = 0,8 Om. Haiitu nanpsxkenue na 3a-
sKMMax uerounuka u ero IJ1C.
R 746. Kakosa pgomxna 6ot 9C & ucrounuka
— TOKa B cxeme, uzobpaxkentoit Ha puc. 103, urobnl Ha-
NpaAAEeHHOCTH AWEKTPHYECKOND NJiA B IJIOCKOM KOH-

Puc. 102

.T nencatope 6una E = 2,25 kB/M? BuyTpennee co-
'l nporusienue uctounnka r = 0,5 Om, conporusnenune
Puc. 103 pesucropa R = 4,5 OM, paccToaHHe Mexx1y MJacTH-

Hami KoHgencatopa d = 0,2 cm.
T747. Ucrounuk toxa ¢ 9JJC ¢ = 15 B 1 BHyTpeHHUM CONpPOTHBIEHHEM
r = 5 OM 3aMKHYT Ha pe3ncTop ¢ conpotusierneM R = 10 Om. K 3axkumam
HCTOYHHKA MOJKIIOYeH KoHgeHcaTop emkocTn O = 1 mx®. Hafitu zapan
Ha KOHJeHCaTope.
748. DaekTpuYeCKas UeMb COCTONT M3 MCTOYHMKA TOKA 1) M ABYX mo-
CAe0BATeTBHO COSHHEHHBIX PE3HCTOPOB ¢ OJHHAKOBBIMH CONPOTHRIEHNSA-

Y 3aech M ganee BHYTPEHHHM CONPOTHBIEHHEM NCTOYHHKA TOKA H NOABOASIIHX
NPOBOJOB clieayeT npeHebpeyb, ecIH OHO He 330aH0 B YC/IOBHH.
eb
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mu H. K KoHuam ogHOro U3 pe3sncTOpOB NMPHCOEAMHSIOT N0 OYepedH JBa
BONBTMETPa: OfUH MMeeT conporuBnenue R, a npyroit — conporusienne
10R. Bo ckonbKo pas GyayT OTIHYATECS N0KA3aHAs BOJLTMETPOB?

749. K ucrounuky toka ¢ 94C & = 8,8 B npucoeautens nocieao-
BATE/ILHO PE3HCTOP € HEM3BECTHBIM CONpOTHBJeHueM F; U pe3ucTop ¢ co-
nporrenenneM Ry = 1 kKOuM. Bonrr™erp ¢ conporusrennem R = 5 kOwm,
NOJKIIOYEHHBIA K KOHIaM pe3ucTopa R, NokasbiBaeT Hamps:keHme V =
= 4 B. Kakoe namenue nanpsxenus V' Gyzer ma peaucrope Ry, ecam
OTKJIOYHTE BOABTMETDT

750. Kaxo#i Tok | nokaker ammepMeTp 1) B cxeme, usobpaskenrofi Ha
puc. 1047 Conporusnenus pesucropos R; = 1,25 Om, Ay =1 Om, H3 =
=3 OMm, Ry =7 Om, DJIC ucrounuxa & = 2,8 B.

751. Hatitu rox [, naymmii yepes HCTOYHHK TOKa B cxeme, H30DpaskeH-
wo#t Ha puc. 105. Conporupnenus Bcex pe3UCTOPOB OLHHAKOBLI W PaBHBI
R = 34 Om, 3[C ucrousuka & = 7,3 B.

752. Haiitn Tox [, waymmuii yepes pean-
CTOP C CODPOTHBJ'[EHHEM RQ B CXeMe, Ha.pﬂME’I‘-
pbl Koropoll jane Ha pac. 106.

753. Ogun nomoc HeTouHMKa Toka ¢ 9J1C
&€ = 1400 B ¥ BHYTDEHHHM CONPOTHBJIEHH-
eM r = 2,2 OM nogkJw4YeH K LEeHTpabHOM
anoMEHUeBOl Jkune kabensa (amamerp >km-

Puec. 104 et D) = 8 Mm), gpyroft — K erc cBHHLOBOH
obonouke (HapyKHbIH guameTrp Dy = 18 M,

pHyTpennufi — dg = 16 mm). Ha xakom paccroannu [ oT ucToynuka kabenn
MOPBATNCH ¥ MPOH3OILIO 3aMBIKAHHE XKUJB! ¢ 060NouKOH, ecny HAYANbHEBIH
TOK KopoTKoro 3ambikauus [ = 120 A7 YaensHble CONPOTHBAEHUA ATIOMHE-

uus u ceHHLA p; = 0,03 MkOm- M u pa = 0,2 MxOM - M.
| 23}

C

I_.

R
R
R
R

Ra
&

. a
i | =

Puc. 105 Pue. 106 Puc. 107

754. Hafitu Tox [, Tekymuil yepe3 pesucTOp ¢ COMPOTHBAeHHeM {1
B CXeMe, IapaMeTphl KoTopo#t gansl Ha puc. 107, B nepsbit MoMmenT nocne

1) 3pecs ¥ ganee CONPOTHBIGHHEM AMNEPMETPa IEAYeT NpeHebpeyb, eciiu OHO
HE 38/aHO B YCJIOBHH.
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3aMBIKAHHA KJOYa, eCTH J0 3TOr0 HaNpsyKeHHe Ha KoHJeHcaTope Gwiljo
MNOCTOAHHBIM,

755. HaiiTu nanps>kenns V] u Vo Ha KongeHcaTopax ¢ eMkoctamu C
n Cy B cxeme, napaMerpsl KoTopoli JaHsl Ha pre. 108,

756. Hatrtu 3apagst g1, g2 ¥ ¢3 Ha KAXKJA0M M3 KOHJEHCATOPOR B CXEME,
napaMeTpsl KOTOpo# gaHsl Ha puc. 109.

Puc. 108 Puc. 109 Puc. 110

757. B uenn, nuTAeMyi0 HCTOYHHKOM TOKA ¢ BHYTDEHHUM COMPOTHBJIE-
uueM r = 3 OM, BXOAST ABa PE3HCTOPA ¢ OJMHAKOBEIMH COMPOTHBJICHHAMH
Ry = Ry = 28 Om, BKIWOUYEHHBIE MAPAJIENBHO, H PE3HCTOD ¢ COTIPOTHE-
nenueM R3 = 40 Om (puc. 110). ITapanaensso pesucropy Hg nogkmawouen
korgencarop emkoctd C' = 5 Mx®, 3apsaa koroporo ¢ = 4,2 Kan. Haiiru
DC & nerounuka.

758. /IBa pesucTopa ¢ OIHHAKOBLIMHU COMPOTHBJAEHMUAMH 1 = 25 Om
H pe3HcTop ¢ conporueiennem H; = 50 OM nogxkmoYeHH K HCTOYHHKY
TOKa Mo cxeme, n3obparkennoit Ha pmc. 111. K yvactky ab nogkmioden
konaencarop emkoctH O = 5 mx®. Haittn JC & ucrounuxa Toka, ecnn
3apsaja Ha KonjeHcatope ¢ = 0,11 mKa.

759. Haiiru 3apsiy Ha konjeHcaTope emkocTH C' B cxeMme, napaMeTphbl
KOTOpO# JaHbl Ha pHe. 112,

760. Halita Hanpsi>xeHue Ha KOHIEHCATOPE eMKOCTH B CXeMe, IapaMer-
pbl KOTOpoH AaHbl Ha puc. 113.

< —

il - A

R

ap—{—1—4b R, —
R b Rs IC
— =3 {—

Fe R b
JI [— II
1| d ‘I

Puc. 111 Puc. 112 Puc. 113

761. Ucrounuk Toka ¢ BHyTpeHHUM conporuniensem r = 1 Om 3amk-
HYT Ha pe3ucTop ¢ conporusaenuem A. Bonwrmerp, nogknioyeHHbId K 3a-
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MUMAM HCTOYHMKA, MoKaskiBaeT Hanpsixkenue Vi = 20 B. Korga napasn-
JIENBHO PESHCTOPY € COMPOTHBIEHHEM R NPHCOS JHHEH PE3HCTOP C TAKHUM e
conmpoTHBAeHneM R, mokasaHue BonbTMeTpA yMeHbmaercs ao Vy = 15 B.
Haiitnn conpornBiense pesucropa R, eclu CONPOTHRJIEHHE BONLTMETpA Be-
JIMKO IO CpaBHEeHHIo ¢ R,

762. K ncrounuky Toka ¢ 9[C & = 200 B u BHYTpeHHUM COMPOTHB-
JerueM r = 0,5 OM noaxnoyYeHsl NOCAEJOBATENLHO OBA PE3UCTOPa ¢ Co-
npotupaenusimMu Ry = 100 Om n Ry = 500 Om. K KoHuam pesucropa Fa
noAkaoueH sowibrMmerp. Haditu comporuenenne R BonsTMmerpa, eciu o
TIOKA3KIBAET Hampsixkenue V' = 160 B.

763. TlpoBonoka M3 HEXPOMAa M30THYTA B BHJE Kojblla paguyca a =
=1 M (puc. 114). B nenTpe Konblia MOMEIIEH TATbBaHHYECKHH 3nemeHT
¢ DIC € = 2 B u BHYTPEHHHM COMPOTHBIGHHEM
r = 1,5 OM. DnemenT coelHHeH ¢ TOYKAMH ¢ W d
KOJ1bLia 0 AHAMEeTPY ¢ HOMOILUBIO TaKoMH ke HUXpo-
moBo#i nposonoku. Hafitu passocere notenumnanos
Mexy TOUKaMu ¢ U d. YIe/lbpHoe CONpPOTHBJeHHE
Huxpoma p = 1,1 mxOm « M, naomaanL ceveHns npo-
Bostoku § = 1 mm?,

T64. K MCTOUHHKY TOKA C BHYTPEHHUM COTIPO-
THpJaendeM r = 1 OM nogknooYyens! ABa napanies-

Puc.114 HO COEQHMHEHHBLIX Pe3HCTOpPA € CONMPOTHBJIEHHAMH

Ry =10 Om u Ry = 2 Om. HaliTh oTHOWeHMe

TOKOB, POTEKAIOLINX Yeped pesncTop Ry 40 ¥ nocjie o0pLIBA B LENH pe3H-
cropa Rs.

765. 1sa pesucropa ¢ conporusnenuamu R = B3 = 1 Om n peocrar,
Hmeromuit nonsoe conpoTusierne iz = 2 OM, NpHcoeHHEHBI K HCTOYHHKY
TOK& C BHYTPEHHHM COTNPOTHBIEHHEM r =

= 0,5 Om (pmc.115). K passerBnennomy Rs

YYACTKY LeNH NOAKIIoYeH BOJLTMeTp. Kor- ve)
Ja OBHKOK peoCTaTa HaxXoJHTCH Ha ero ce- t‘-'-l

peaune (To4xa @), BOABTMETP TOKAa3LIBAET Ry Ry

nanpsxenne V, = 13 B. Kakoso 6yner no- ¢— —} ¢ —1
KasaHHe BOIETMETPa, eClH JBUKOK Nepe/iBu-

HYTb B KpaliHee TIpaBoe MoOJOKeHWe HA peo- N\
crare? ConpoTHB/eHHe BOJLTMETPA BEAHKO 9, p
no cpaBHeHHIO ¢ A n Hs. il
766. LllecTb MPOBOHHKOB C OHHAKOBBI- f
Mmu conpotuBiennamMi Ry = 2 Om coegune- Puc. 115
HBI TONAPHO Napanaenbno. Bee Tpu mapobt
COSZMEEHB! TIOWIENOBATENbHO H MOJKIIOYEHB K HCTOYHMKY TOKa € BHYT-
pernnum conporupnernem r = 1 Owm. [lpu srom no xakgomy npoBogHuKy
TedeT Tok Ip = 2,5 A, Kako#i Tok 6yner Teub Mo Kax/JIOMYy NPOBOAHHUKY,
€CJIH OJHH M3 HHX YJaJHTb?
767. Merounnk Toka ¢ 3C & = 100 B u BHyTpeHHNM CONPOTHBAEHHEM
r = 0,2 Om 1 Tpu pesucropa ¢ conporusnennamu ) = 3 Om, Ry = 2 Om
1 R3 = 18,8 Om BratoueHs! no cxeme, uzobpaxkennolt na puc. 116. Haittn
TOKH, TEKYILHe Yepe3 pesHctopbl Ry u Ry,
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T68. K ncrounuky toxa ¢ 3/C ¢ = 120 B v BHyTpeHHHUM CONPOTHB-
nennem T = 10 Om noaxmoveHs! [Ba NapajiedbHbLIX NPOBOAA C CONPO-
THBJeHHsIMH R; = 20 Om. Cpoboansle Konubsl npo-

BOJOB H HX CepeJHHBbl COeJHHEeHbI JpYyr ¢ JpyroMm &,r Rs
yepe3 ABe JAMIIbI C CONPOTHBIeHHsAMA Ry = 200 Om, _|| =
HaiiTi Tok, Texymuii yepe3s HCTOUHHMK TOKA. R

769. Ilpu 3aMbIKAHAH HCTOYHHKA TOKA Ha De3u~ Pl

cTop ¢ conporuenenremM R; = 5 OM B uenu uaer ToK e

I =5 A, a npu 3aMbIKaHHH Ha PE3UCTOP € COMpo- ?
tusnendem Ry = 2 Om uger Tox J, = 8 A. Hajitu L
BHYTpeHHee conpoTnsaenue r U 3C HcTOYHHKA TO- Puc. 116

Ka &,

770. Ilpu 3aMbIKAHMH UCTOYHHKA TOKA HA DPE3UCTOP C COMPOTHBIEHHEM
R; = 14 Om nanpsrkenue Ha 3askumax ucrtounuka Vi; = 28 B, a npn
3aMBIKAHHMH Ha Pe3ucTOp ¢ conpoTusierneM Ha = 29 Om Hanps:xeHne Ha
saxkumax Vo = 20 B. Haiimi sHyTpeHHee CONPOTHRIEHHE ©* HCTOUYHMKA.

771. AMnepmeTp ¢ conporusienuem R, = 2 OM, nogkmoveHHbIH K He-
TOYHHKY TOKA, Mokaanisaer Tok [} = 5 A. Boastmerp ¢ conpoTuniennem
Ro = 150 OM, noakiioyeHHBIA K TAKOMY K€ HCTOYHHKY TOKA, [I0KA3bIBAET
nanpskenue V' = 12 B. Haiitu Tok Kopotkoro 3ameikanust [, ncrounuxa.

772. JIsa napanjensbHo CoeJHMHEHHBLIX PE3HCTOpPa ¢ CONpPOTHBICHHAMY
Ry = 40 Om u R3; = 10 Om noaxiniouensl K ucrounuky toka ¢ I/AC & =
= 10 B. Tok B uenn I = 1 A. Hailits BHyTpeHHEe CONPOTHB/IEHHE HCTOYHHKE
i TOK KOPOTKOT'0 3AMbIKAHMSI.

773. Akxymynarop ¢ 3/1C & = 25 B u BHyTpeHHHM CONpPOTHBJICHHEM
r = 1 Om 3apskaeTcsa oT ceTy ¢ HanpsixkenueM V' = 40 B yepe3 conpoTus-
nenne R =5 Om. Haiirn nanpsokenune V, Ha 3a)KHUMaX aKKyMYJIATODA.

Mocaedosamentioe 1 NAPLAIIEADHOE COLPUHEHUR UCTRONHUKOS TROKA.
[Tpasuna Kupzzoga

DaekTpuueckuil Tok B o6ieR LEMH NpH MOCIEJ0BATE]BHOM COSIMHEHHH T
OAHHAKOBBLIX MCTOMHHKOB TOKA B DaTapeio

I — né
R+ nr'
rie R — puemnee conpotusienue uenu, a & u r — 3J1C u BHyTpEHHee conpo-
THBJIEHHE KAXKAOrO HCTOYHMKA TOKA (AKKYMYIATOD, FreHepaTop, rajibBaHuyeckuil
WIEMEHT B T. J1.).
[Mpy napaiuie/ibHOM COBLOMHEHHH 1L OAMHAKOBBIX HCTOYMHHWKOB TOKA TOK B 00-
utefl uenu

#
= —.
R+4+r/n
Ipu pewenny 38084 HA PA3BETE/EHHBIE MWIEKTPHYECKHE LIENMH, 0COBEHHO ecsH
B 3THX LUENAX HAMeeTCA HeCKWIhKO MCTOYHHMKOB TOKA, }’ADﬁHO NB30BATHCA Npa-
suatmts Kupzzogda, KOTOpLIE 3AKIIOYAIOTCA B CIIELYIOIEM.
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Anrebpanueckas CyMMa BCEX TOKOB, NMPUXOASAIUMX B TOYKY DPa3BeTBAEHW:A
(y3en) u BRIXOLAIUMX H3 HEe, DABHA HYJIO:

h+h+...+1.=0. (14)

Toku, BxogAmme B y3en, CHUHTAIOTCA NOIOMKHTENbHBIMH, & BbLIXOJAIIHE H3
yana — orpuuaresnbunimi. Hanpumep, ans y3na e va pue. 117 ypasnenue ana
Tokos 6ymer Is — 1 — 4 = 0.

Hanpasienwe TOKA Ha KAMAOM
YYACTKE UENMH MEXAy ABYMS Y3INamu
MOX<HO BHIGHPATH NPOM3BO/LHO, COXPa-
HAA, OAHAKO, 3TO HAMpPABJEHHEe Ha BCEX
Tanax pelleHHa 3ajadyd. Ecam B pe-
3yJIbTATE PEILEHMA A8 KAKHX-JHO0 TO-
KOB MOMYYAIOTCA OTPHLATEJLHbLIE HHC-
JNIOBbIE 3HAYEHHA, TO 9TO O3HAYAET, YTO
NepBOHAYATLHLIE HANPABAEHHS TOKOB
Griin BBIGpAHBI HEMPABHLHO,

IMpu ofxoae mawGore 3aMKHYTOTO
KOHTYPAa B CJIOHON 3JleKTpHYecKo Le-
nu anrebpanyeckan cymMma nageHnii na-
Opsi>KeHHsl Ha IEMEHTaX Uenw (B
Yyasi M BHYTPEHHHE CONMPOTHBIIEHHA MC-
TOYHWKOB TOKA) pasxa anrebpanueckofl cymme D[]C HCTOMHHMKOB TOKA, HMeEIO-
LIMXCA B 9TOM KOHTYpe:

LhRi+ LR+ . . .+ W Rp=E +8a 4., .+ &, (15)

&,r
Rl 1,71

?52» ra

tg'3»“"“3

Puc. 117

Hanpasnenve ofixofa kaxcoro KOHTYpa (Mo 4acoBofl CTPENKE HIIH MPOTHB
Hee) npoussanbio. [lajeHue HANPAXKEHHS CHMTAETCH IOJIONCHTENBHBIM, €CJ1H Bhib-
paHHOe 33apaHee HANPABIEHHE TOKA HA ITOM YHACTKEe Mex(Iy ABYM: y3JaMH COB-
NajaeT ¢ Hanpas/ieHneM 06X04a KOHTYPA, H OTPHLATE/IbHBIM, €CJIH HaNpaBIeHHe
TOKA NPOTHBONONOKHO Hanpasnennto obxona. 3/C cunTaeTca NONOXKHTETBHOIM,
ecie Npu 06X0Ae N0 KOHTYPY HMCTOYHHMK TOKA MPOXOAMT OT OTPHUATENBHOTO MO
JII0CA K NOOAKHTEIBHOMY, H OTPHUATeNBHOR — B nporuBHOM ciyuae. Hanpumep,
ana KoHTypa abed sa puc. 117 npu obxoae no yacosoit crpenke ypasHeHue (15)
3aNHIIeTCH B BHJE

Ii(Ry+71) 4 Ia(Ra+ 72) — I3(Ry + r3) — I4Ry = &1 — &5 — &s.

Ec/i1 nonHAA CXeMa COlepsKuT T y310B, To ypasHenus (14) cocraBasiores aas
m — 1 yanos. [Ipu cocraienun ypasuenu#t (15) Anst KOHTYPOB HYXHO CJIEHTE
38 TeM, YTOOB! KAk bl BHOBL B3ATLI KOHTYD HE MO GbITH NOMYHEH CIAOMKEeHHEeM
WJIH BBIHTAHMEM YK€ DACCMOTPEHHEIX KoHTypoB. [lonmoe umcno ypaenenwi,
cocraBnennnix no npasunam Kupxroda, aomiHo COBNAZATE € YHCIOM YUACTKOB
MEeX /Iy Y3JaMH, T. €. C YHGIOM PA3JHYHLIX TOKOB B JaHHO# cxeme.

774. HaliTH pasHOCTh DOTEHUMAJIOB MexK[y TOHMKAMH & H .b B CXeMe,
uzobpaskennoii na puc. 118. /1C ucrounnkos Toka &y =1Bn & = 1,3 B,
conpotusaenus pesuctopos Ry =10 0mM u Ry =5 Om.

775. Jlsa snemenra ¢ DJIC &; = 1,5 B u &, = 2 B u Buyrpennumu
conpotusaenuamu r; = 0,6 Om u rg = 0,4 Om coennHeHsl no cxeme, H300-
paykenno#i ga puc. 119. Kakyo pa3HOCTE MOTEHUHATIOB MEXK/Y TOYKAMH d
H b noKakeT BOJIbTMETP, €CJIH CONPOTHREHHE BOJIbTMETDA BEJIHKO MO CPaB-
HEHMIO C BHYTPEHHMMHM CONPOTHBICHHIMM 3/1eMEHTOB?
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776. Isa snementa ¢ 3JC &, = 1,4 Bu &3 = 1,1 B u sayrpennumu
conporuenenuamn 7 = 0,3 Om u ro = 0,2 OM 3aMKHYTEI PASHONMEHHEIMH
nomocamu (puc. 120). Haittn nanpsi>kenne nHa 3akumax suemenTos. [lpu
KaKHX YCJIOBHSX PA3HOCTH TIOTEHIHAIOB MeXK 1Y TOYKaMH a U b pasHa Hym0?

&q,ra &1, a,rg | &1y

I a b
Puc.118 Puc. 119 Puc. 120

777. Jlpa ucrounuka Toka ¢ oguHakoeuiMu IC & = 2 B u puyTpen-
uuMu conporueaenusamn v = 0,4 Om u r; = 0,2 Om coeausens nocieso-
paTesibHO. [Ipn KakoM BHelllHeM CONMPOTHBIEHHH Lenu R Hanpskenue Ha
3)KMMaX OJHOI0 M3 HCTOYHHKOB OyzeT paBHBIM Hym0?

T78. HaitT BHyTpeHHee CONPOTHBJIEHHE Ty EPBOTO 3JleMeHTa B CXeMe,
n3obpaskeHHoH Ha puc. 121, ecin HanpspKeHHe HA €ro 3aXKMMAaxX PaBHO
uyaio. Conporupienus pesuctopos R = 3 Om, Ry = 6 Owm, BEyTpenuee
COMpOTHBJIEHRE BTOporo nementa g = 0,4 Om, 3JIC iemeHTOB OfMHAKO-
Bbl.

779. Ilpn KakoM COOTHOILEHHH ME3KIY COMPOTHB/ICHHAMH De3HCTO-
pos R;, Rs, Rz ¥ BHYTPEHHHMMH CONPOTHBJIEHHSMH JIEMEHTOB Ty, T
(puc. 122) nHanpssKeHue Ha 320KMMax OJHONO W3 3JemeHTOB ByAeT paBHO
uynw? 3C sneMeHTOB OUHAKOBHI,

780. Jpa reneparopa ¢ ogunakoeeivu I/1C & = 6 B u suyrpennums
conporusaenuavu r; = 0,5 Om u r2 = 0,38 Om BruouyeHsl N0 cxeme,
n306pasxennofi Ha puc. 123, Conporneaenns pesucropos Ry =2 Om, Ry =
=4 Om, R3 = 7 Om. Hadiru Hanpsxenns V) v Vs Ha 3asxumax renepaTopos.

R

— ;
- )
R ™ =
: I I I RS E RS
1 g T2 51'1+ ﬁ',m+ ¥i
e OO
Puc. 121 Puc. 122 Puc. 123

781. Tpuanemenrac IAC &, =2.2B, ¥, =1,1Bu &3 =0,9 B u BayT-
peHHEMEA conporuBaeHuamME Ty = 0,2 OM, ro = 0,4 Om u 73 = 0,5 Om
BKJIIOYEHB! B lleNb NochieJoBaTenbno. Bremnee conporusnenue uenn R =
= 1 Om. HailTu Hanps>keHHe HA 382KMMAX KaXI0ro SJIeMeHTa.

8 IA. Benapuros u ap.
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782. Batapes u3 yeThipex NocieJ0BATENLHO BKIKYEHHBIX B 1ieNb je-
menTos ¢ JIC & = 1,25 B u suyrpennnm conpotusiennem r = 0,1 Om
NMTAET ABa NapaJileNbHO COEJMHEHHbIX MPOBOJHHKA C COMPOTHBIEHHAMH
Ry = 50 Om u Rs = 200 Om. Halitn nanpsixkenue Ha 3axumax Gatapeu.

783. Ckonbko oaunaxoBbix akkymyaaropos ¢ 9J1C & = 1,256 B u suyr-
penanM conpotupienneM r = 0,004 Om HY»XHO B3SITb, YTODLI COCTABHTH
6arapeio, koTopas gaBaja Obl Ha 3axumax Hanpsikenne V = 115 B npn
Toke [ = 25 A?

784. Barapes u3 n = 40 nocieaosaTeNbHO BKJIKYEHHBIX B NENb aKKY-
myastopos ¢ DJC & = 2,5 B u puyTpennnm conporusaenueM r = 0,2 Om
3apsaeTes OT ceTd ¢ Hanpsbkenuem V = 127 B. Haltrn sapsiaubiit Tok,
ec/IH NOC/IEA0BATENILHO B LIENb BBEEH NPOBOJHHK C conporuBieHHem R =
=12 Om.

785. [Ipa snementa ¢ [C &, = 1,25 B u #; = 1,5 B u ogunakosn-
MH BHYTpeHHHMH conporusienusyu r = 0,4 OM coeguHeHbl NapajifensHo
(puc. 124). Conporusnenne peaucropa R = 10 Om. Haitti Toku, Texymue
Yepes Pe3HCTOP M KAX/LIN 3JIeMEHT.

786. [pa anemenrta ¢ DJC &, = 6 B u &3 = 5 B u BuyTpeHnuMu conpo-
TueieHuaME 7y = 1 OM 1 ro = 2 OM coeguHeHbl N0 cxeMe, H30DpasKeHHOH
na puc. 125. Haftrn ToK, Tekyunii Yepe3 pe3ucTop ¢ conpoTheienueM R =
=10 Om.

Bun n

b |
Ea,r
"—‘—-I}--—-- . R T,

R i 1".51,1‘1

L
—

Puc. 124 Puc. 125 Puc. 126

T87. Tpu omunakosbix anementa ¢ IAC & = 1,6 B u BHYTpeHHEM
conpotusaenueM r = 0,8 OM BKIOYeHE! B LeNk N0 CXeMe, n306pakeHHOl Ha
puc. 126. Munanamnepmerp nokassieaer Tox [ = 100 MA. ConpoTHenenns
pesucropoe Ry = 10 Om u Ry = 15 OmM, conpoTusnenne pesucropa R He-
u3BecTHO. Kakoe nanpspkenue V' nokaswvieaeT Bonwt™MeTp? ConpoTHBaeHue
BOJLTMETPA 0YeHb BEJHKO, CONPOTHBACHHe MHIIHAMIEpMeTpa npeHebpe-
HKUMO MAJIO.

788. Conporueaenus peaucropos R, u Ry u AC &, n &, ncrounukos
TOKA B Cxeme, H3obparkeHHol Ha puc. 127, uzsectnnt. [lpu kaxoit DAC &,
TpeThero HCTOYHMKA TOK Yepea peaucrop Ry He Teuer?

789. llenb M3 Tpex OAMHAKOBLIX TOCJAEIOBATENbHO COEJUHEHHBIX 3Je-
mentos ¢ I/IC & u BHyTpeHHUM CONPOTHBJICHHEM ' 3aMKHYTA HAKOPOTKO
(puc. 128). Kakoe HanpsizkeHne NOKAKeT BOILTMETP, TOAK/TIOMEHHBIH K 3a-
HKHUMAM OJHOrO H3 JIeMeHTOB?
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790. Herounuk toka ¢ 3/IC &) Brilodyen B cxemy, napamerpbl KOTO-
po#t paunt Ha puc. 129. Haittn 3C ¢ scrouHMKa TOKA ¥ HANpaBJieHHe
€ro MOAKIIYEHHs K BHIBOJAM @ M b, NpH KOTOPBLIX TOK 4Yepe3 Pe3HCTop
¢ CONpOTHBNeHHeM Mo He nuuer.

Rs

re ]

Puc. 127 Pue. 128 Pue. 129

791. JlBa anemenTa ¢ oauHakoBeiMH DJC & BRMOYeHE! B Uenb nNo-
cegoBaTebHo. BHemnee conpotusienue penu R = 5 Owm. OTHomrenue
HANpAXKeHHA HA 30KMMaX NepPBONO MNIEMEHTA K HANPAXKeHUI0 Ha 3aKHMax
BTOPOTO 3yteMeHTa pasHo 2/3. HaltTu BHyTpeHHHE cONPOTHRACHNS 3AeMeH-
TOB 7] M T'a, €CIIH 7, = 2719. .

792. /sa oaunaxkoBulx 3ementa ¢ IJAC & = 1.5 B u BHyTpeHHuM
conporiBaeHHeM r = (0,2 OM 3aMKHYTEI Ha PE3UCTOP, CONPOTHEJIEHHE KO-
TOPOro COCTABNAET B oaHoM cinydae Ry = 0,2 Om, B apyrom — Re = 20 Om.
Kak HY»KHO COeOUHHTH 3/1eMeHTHl (OCIEJOBATENLHO W/IH NAPAJIENLHO)
B IEPBOM H BO BTOPOM CJIyHasAx, YTOOB! MOTYHHTE HAanGoIbIIHA TOK B Lenu?

793. /Isa snementa c DJC & = 4 B u €3 = 2 B u BHyTpeHHUMH CONPO-
TupaeHuamu v = 0,25 Om u rg = 0,75 OM BKIIOYEHBI B CXeMY, H300parkeH-
nyio Ha puc. 130. Conporusnenns pesucropos B; =1 Om u Re = 3 Oum,
eMKoCTb Kongencaropa C = 2 mx®@. HailiTu 3apsag Ha KoHgeHCATOpE.

794. K 6atapee u3 AByX napajiensHO BKJIIOYEHHBIX 3neMenToB ¢ 3C
&1 n &3 ¥ BHYTPEHHMMH COMPOTHBJIEHHAMH T'| B Ty NOAKIIOUEH PEIUCTOD
¢ conpotuBaenHem K. Haiitu Tok I, Texyumii yepea peaucrop R, u Tokn [,
n /5 B nepBoM 1 BTOpOoM 3nemenTax. [Ipn KaKHUX YCI0BUAX TOKH B OTA€/IbHbIX
1enax MoryT BGbITh pABHBIMH HYJIIO HIIH MOTYT H3MEHATL CBOE HalpaBJ/ieHne
Ha obpaTHOe?

795. Batapes H3 n OJHHAKOBBIX AKKYMYJIATOPOB, COEINHEHHBIX B Oi-
HOM CJIy4ae MOCAeJ0BATENBHO, B ADYIOM — MApPAJJeNbHO, 3aMbIKAETCH HA
pe3ucTop ¢ conporuBaenneM f. [1pu KakKuX yCIOBHAX TOK, TeKyLIHMi uepes3
Pe3ucTop, B 000uX cayuaax byaer oquH M TOT xe?

796. Batapesa n3 n = 4 OQMHAKOBEIX 31EMEHTOB ¢ BHYTPEHHHM COIPO-
tusienueMm 7 = 2 OM, CoeMHEHHBIX B OJHOM CJy4ae NOC/eJOBATELHO,
B JpPYroM — MApaJIIejbHO, 3aMBbIKAETCH HA Pe3HCTOpP C CONPOTHBIEHHEM
R = 10 Om. Bo ckoJbKO pa3 MOKa3aHHe BOJIBTMETPa B OfIHOM Cyuae
OTJIHYAeTCs OT MOKA3aHHA BOJALTMeTpa B apyroM ciyyae? Conporubienue
BOJIETMETPA BEJIMKO 10 CpaBHeHHio ¢ R u r.

T9T. Kak H3MEHUTCA TOK, TeKYIHH Yepe3 pe3sHcTop ¢ COPOTHBJIEHHEM
R =2 0mM, eciii n = 10 0ZHMHAKOBBIX NIEMEHTOB, COeAHHEHHLIX NOCIe0Ba-
TEJBHO € STHM PE3HCTOPOM, BKJIIOYHTEL napayiennto emy? 3/C snemenrta
& = 2 B, ero suyTpennee conporupaenue r = (0,2 Om.

g



116 Omeemut U pewenus [ . 1T

T98. Barapes cocraBieHa u3 N = 600 oaMHAKOBHIX 31€MEHTOB TakK,
YTO N IPYMN COENNHEHE! MOCIEOBATENBHO H B KAXK/OH H3 HHX COAEpKHT-
CH M NIEMERTOB, COeAMHEHHBIX napannenbro. IC xaxaoro smemenTa ¢ =
= 2 B, ero BuyTpennee conporneiaenne r = 0,4 Om. [lpn xakux 3navenu-
ax n n m Gartapes, GyaAyun 3aMKHYTa Ha BHeELIHee CONpPOTHBJeHne R =
= 0,6 Om, oTAaCcT BO BHEUIHIOWO LleNb MakCcHMaibHy10 momHoers? HaiiTw
NpH 3TOM TOK, TeKyuluil yepe3 conporusienne R.

799. EmkocTs akkymyastopa Qg = 80 A - u!). Haiitn emxocrs 6a-
Taped M3 1 = J TAKHX AKKYMYJIATODOB, BKJIIOYEHHBIX MOGIEN0BATENLHO
H TIApaiie bHO,

. rHHeee ]
iy NEI—'I—-F—'I—- ]
T TeanT ¢ S

Puc. 130 Puc. 131 Prc. 132

800. Hafiru emxocTe OaTaper AKKyMYyJAsTOPOB, BKJIFOYEHHBIX IO
cxeme, H3oOpaxcenHoli Ha pume. 131. EmxocTs kaxjaoro akkymyisaropa
Qo=64 A -u

801. MoeT ans M3MepeHUs CONPOTHB-
neHul cOaNAHCHPOBAH TakK, 4YTO TOK ue-
pe3 ranibBaHOMETD He maet (puc. 132). Tox
B npaeoft Beten [ = 0,2 A. Haiitu Hanpa-
»keHHe V' Ha 3a’KMMax HCTOYHHKA Toka. Co-
NpPOTHBNEHHA pesucTopoB B, = 2 O0Mm, R: =
=40wm, B3 =1 Om.

802. HaliTi ToKH, NpOTeKAIOLIHE B KAXK-
Aot BeTBH Uenu, u3obpaskennol Ha pue. 133.
3JC ucrounukor Toxka ¢ = 6,5 Bu #3 =
= 3,9 B. Conporusnenus: pesncropos Ry =
Puc. 133 =Ry=R3=Ry=Rs = Rg = R=100m.

§ 21. Pabota 1 MomHoCTe TOKa. 3akoH [Ixxoyna—Jlenna

Ilpu nepemeileHHn 3apAJa § B NIEKTPHYECKOM NOJIE H3 TOYKH ¢ MOTEHUHA-
JIOM 1 B TOYKY € NOTEHUHAJIOM {3 3JEKTPUUECKHE CHJIbI COBepliaoT pabory

A = qlpr = 2) = qV.

Eciiv no npoBoAHHKY Te4eT ToK [, TO Yepes MonepeyHoe ceyelne NpoBoIHHKA
B TeYeHne BpeMeHH T npoxoauT 3apan q = I 7. [losromy npu npoxoxx gennn Toka [

1) EMKOCTBIO 8KKYMY/IATOPA HA3LIBAETCS 3apaz (Q, KOTOPLIH NPOXOAKT N0 LenH
NpH paspsAjKe Yepe3 Hee 3APSXEHHOro akkKymynsropa. [Ipu paspsanom Toke [
H BpEMeHH Pa3pAAKH T eMKOCTh akkymynsTopa (@ = I u suipaykaeTca B aMmnep-
yacax (A -u).
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no NpOBOJHHKY, PA3HOCT MOTEHIMANOB MeXy KOHIIaMH KOTOpOoro paBHa V, 3a
Bpems T cosepinaercs pabora
A=TVr.

Mo 3akoHy coXpaHeHHs: SHEPTUH Pe3yLTATOM 3Tl paboThl ARIAETCS TO, YTO
NpPOBOAHMK NMpUoGpeTaeT CaM M MEPefaeT OKPYMAIOLHMM TEJNAM SKBHBAJIEHTHOE
KosMuecTso suepruu W B pasnuunbix pugax (B BHAE TEMNOTHI, MEXAHHYECKO,
XMMHYECKOH SHEPrHH H T. 1.). B 4acTHOCTH, ECIN NPOMCKOAUT BLIAENEHHE SHEDTHH
TONIBKO B BHJE TEMNOTH (, TO

Q=W=1IVr.

3aMmeHsis B coOTBeTCTBHMH C 3akoHoM Oma V Ha [ R, nonyuaem saxon Jowoyas—
Jlenya:
2
Q=1rRr="1,
rae R — conpoTHBaenHe MPOBOJHHKA.

B cucreme enunuy, CH eaunnuell paboTbi, sHepruu M TennoThl ABNAETCA
docoyan (k). TlosTOMy, eC/IH 3MEKTPHYECKHE BEMTHUYHHbLI BRIDAXKATD B €IMHH-
uax cucremst CH (3apan B xkysnoHAX, TOK B AMMEDAX, COMPOTHB/IEHHE B OMAX
H Pa3HOCTE MOTEHLMAIOB B BOIBTAX), TO KOMMYECTBO TEMAOTH, BEIYHCAAEMO N0
npHBEJEHHBIM (POPMYJIaM, MONYHAETCA B IKOYIAX.

MowHocTs nocTosHHONO TOKa | MPH MPOXOXK/IEHHH 110 MPOBOAHKKY C COMPO-
THBJEHHeM R Onpejensercs COOTHOILIEHHSIMH

2
n=¥_ww=rr=Yt.
T R
Eaunuuet mowpoct 8 cucreme egunuiy CH asnserca samm (Br): 1 Br =
=1dx/lc=1A-B.

DieKTpHYECKAR IHEPIUs MOKET BhIPAAKATLCS TAKHKE B @IHHHLAX, ABJNSAIOLIHX-
CA NPOM3BECHHEM €HHKI, MOLIHOCTH M e/MHHLl Bpemenn. B uacTtaoeTh, Tak Kak
1Jx=1Br-¢,r01kBr-u=10rBr-u=3,6-10% Br- ¢ = 3,6 - 10° [Ix.

Koadbuuymenrom nonesnoro geficreun (KIN[) cucremn nasbiBaercs Benm-

HHHa
o wlmn e w:!rrp = wﬂmp
= Wanen 1003 Waarp

rae Wion — nonessas pabora (aneprus), Waerp — nonuas saTpauennas sueprus
# Wiorep — noTepsinHas sueprus.

n - 100 %,

803. Kakas sueprus (B IeKTOBATT-4acax M AXKOYJsAX) 3aNaceHa B aK-
kymyasaTope ¢ IJIC & = 2 B, umesouiem emxoers @ = 240 A-y?

804. Kako#t 3apag npoitger no nNpoBOgHMKY C conpoTHBieHHemM R =
= 10 Om 3a Bpems 7 = 20 ¢, ec/IH K ero KOHLAM NPHIOMXKEHO HANpSKEHHe
V = 12 B? Kakas npn satom Gyaer npouasejena pabora?

805. Hackonbko H3IMEHHTCA TeMIEPATYpa BOAbL B COCYAE, COAEPMKAIIEM
maccy Bogel m = 0,2 Kr, ecnu 4epes NpoBOJHHUK, NOMEIIEHHEIH B Hero, npo-
west 3apsaa g = 100 Ki, a kK KoHIIaM IDOBOAHHMKA NPHUJIOXNKEHO HANPAXEHHE
V = 20 B? ¥Yaenbnas tennoemkocts Bogsl ¢ = 4,2 /b /(kr- K).

806. MoxkHo 1 BMECTO ZBYX NApasje/IsHO BKJIIOUEHHBIX SJEKTPOIIIH-
Tok MomHocTH N = 500 Br kaxnas BKINOUNTE B CeTh 3NIBKTPOKAMHH,
kotopoifl norpebasier Tok | = 12,5 A npn nanpsokennn V' = 120 B, econ
NpefoXpaHuTeNh PAacCYUTaH Ha TOK, NoTpebnsdeMslil nanTkamu?
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807. Ha#tu nnomans cevenns nposojoB, OTBOASANIAX TOK OT PeHepa-
Topa MoluHocTH N = 1 I'Br, ecsin Tok nepemaerca wa TparcdopmaTop
nop HanpskenueM V' = 15 kB. [lnoTHoeTs ToKa B NpoBoje He aonxkHa
npeebimars j = 10 A/mm?.

808. [lyrosas neus notpebnser Tok J = 200 A oT ceTu ¢ HanpaxKeHHeM
V' = 120 B uepes orpanmuupaiouee conporusienne R = 0,2 Om. Halitu
MOIIHOCTB, NOTPebaseMyIo neyso,

809. HarpesaTenbnas cnnpadb sieKTpoannapata AJs HCIapeHus BOJbI
umeeT npe Temneparype ¢ = 100 °C conporusaenune R = 10 Om. Kaxkoii
ToK | HAAO NPOMYCKATE Yepes 3TY CMHpalb, uTobbl annapaT ucnapsan mMaccy
oAbl m = 100 r 3a Bpemsa 7 = 1 Mun? YaensHasa Tennorta napoobpasosaHus
sogsl A = 2,3 MJIx/xr.

810. nexTponeys JOIKHA JABATE KOJTHUECTBO TenaoTe Q@ = 0,1 MIx
3a speMs 7 = 10 mun. KakoBa gon>kna 6uiTh 4/1MHA HHXPOMOBOH [IPOBOJTOKH
ceuenusi S = 0,5 Mm%, eciu neun npegHasHAYAETCE NS CETH C HANMDSXKe-
uueMm V = 36 B? YaeasHoe conpornsienue puxpoma p = 1,2 mxOMm - M.

811. Komnarta Tepsier B CyTKH KomyecTBo Tersotel (@ = 87 M/Dx.
Kaxoit anussl | HEafio B39ThH HUXPOMOBYIO MPOBOJNOKY AuaMerpa D =1 mm
A5 HAMOTKH 3JI€KTPONeYH, NoAAepKUBAIOIIER TeMNEPaTYpy KOMHATH! He-
uzMenHo#? [leun BKIIOYaeTes B ceTh ¢ Hanpsa>kenneMm V' = 120 B, yaensHoe
conporueieHHe HuXpoMa p = 1,2 mxOM - M.

812. B cocyg, cogeprxauuii maccy sogsl m = 480 r, noMeIlen aneKTpo-
Harpesatens momuoctn N = 40 Br. Hackonsko wamenunacs remneparypa
BO/IBI B COCY/Ie, €GN TOK Yepe3 HAIDeBaTeNlb MPOXO/H/] B TeUeHUe BPEeMeHH
T = 21 mun? YpenvHas TenaoeMkocTs ol ¢ = 4,2 kJ/Ix/(kr- K), Tenno-
€MKOCTE COCYAA BMecTe ¢ Harpesateaem C, = 100 Tx /K.

813. Haittm momnocTs N 3M€KTPOHArPEBATENs KACTDIMIH, €c/H
B Heifl 3a BpeMa 7 = 20 MMH MOXKHO BCKHNATHTB 00bem Boant V = 2 a.
KI[I anextponarpesatens n = 70 %. Yaensnas TenjoeMKOCTh BOAbL ¢ =
= 4,2 x/Ix/(xr- K), nauansnas temneparypa sogst 1, = 20 °C.

814. Ckonbko BpeMEHH HAJI0 HATPEBATH HA 3JIEKTPONJNTKE MOIHO-
ctu N = 600 Br npu KIIJl n = 75% wmaccy absaa m, = 2 kr, saaroro
npH Temmepatype t; = —16 °C, urobsl 0obpaTHTE €ro B BOAY, a BOAY Ha-
rpetk g0 Temnepatypsl to = 100 °C? YaensHad TenaoeMKoOCTh Jibja ¢, =
= 2,1 k[lx/(kr- K), yaensnas Tennora naasnenns apaa r = 0,33 MIx /xr,
YAeJbHas TemJoeMKOCTb Bogbl ¢ = 4,2 kx/(kr- K).

815. KakoBa nomksa ObITh ANMHA HHXPOMOBON NpPOBOJIOKH AHAMET-
pa D = 0,3 mm, uyTobbl NpH BKJIIOYEHHH TocefoBaTeNbHo ¢ 40-BaTTHO!

namnoykod, paccauTanHo# Ha 127 B, nposonoka paa-

v R BaJla HOPMAJIbHBLI HAKall MPH HANpsXKEHHH B CeTH

D—;L—O V = 220 B? YnenbHoe conpOTHBRJIEHHEe HUXpOMA p =
tlo =12mMxOm M.

816. PeocTaT ¢ nonaHbiM conpoTHBaeHHeMm R moa-

Puc. 134 KJIFO4eH K ceTH ¢ Hanpsokennem V (puc. 134). Bo ckons-

KO pa3 HaMEeHWTCA NoTpebiisieMas 0T CeTH MOLHOCTD, ECJ/IH JBHXKOK PEOCTATA
nepemMecTHTE Ha 1/4 gnuHbl 0T ero Konua?

817. Haitru KII/l nacocuoli ycTaHOBKHM, KOTOpas NogaeT B eJUHHLY
BpeMeHH ofbeMm Boawl Vi, = 75 n/c na swicotry h = 4,7 M uepes Tpyby,
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umesomyio cedenne S = 0,01 M?, ecin Morop norpebaser momuocts N
= 10 kB

818. MoTopsl 3yeKTpomoe3na NpH JBHXKEHHH €O CKOPOCTBIO ¥ =
= 54 km/u norpebnsior mowmocts N = 900 kBr. KII/l moropos
u nepegatoniux Mexanusmos 7 = 80 %. Haimu cuny maru F, paseuBaemyio
MOTOpaMH,

819. XKeneanas U MeIHaAs NPOBOJIOKH OJHHAKOBBIX IJIHH M CedeHHH
COeIHHEHBI NOC/eJOBATENBHO U BKIIOYeHE B ceTh. HaliTn oTHOIeHHe KoH-
Y€CTB TeNJ0Thl, BbIASTHBILHXCA B KAXC10/ NPOBOIIOKE. YeJbHbIe CONPOTHB-
JeHusA enesa U Meqd pasHbl py = 0,12 MkOM-M u pg = 0,017 MxOm - M.
Pewuts 9Ty e 3ajady 4Js caytasi NapaesibHOr0 CoeJHHeHMs TPOBOJIOK.

820. Xenesnas u MeJHasl NPOBOJOKH OJHHAKOBLIX [JIMH H CeuYeHM
BKJIIOYEHEI B CeTh HAa paBHBIe NPOMEXKYTKH BpeMeHH CHAauaja nociejoBa-
TeJIbHO, 3aTeM MapanneqsHo. HaliTh oTHOIEHHe KONNYeCTB TeMnJ0Thl, Bbi-
JIEJTUBIIHXCA B MPOBOJIOKAX B 000MX CNY4AAX, 6CIH TI0 XKeJle3HOH NpPOBOJIoKe
TE€K OOHH M TOT K€ TOK. YJe/IbHBIE CONPOTHBIIEHHS JKejle3a H Meju p; =
= 0,12 MxOm- M H pg = 0,017 MkOMm - M.

821. 3a Bpema 7; = 40 ¢ B uyenn M3 TpeX OAMHAKOBLIX NPOBOJHHKOB,
CDE,I[HHEHHHK napaJiieJibHO | BKJHYEHHBIX B CETh, BH,?],B.‘]H.TIOCB HGKO"POPOB
KOJTH9ECTBO TEMJIOThI. 3a KAKOE BPEMsl T3 BbIJBJUTCH TAKOE >Ke KOTHYEeCTRO
TEMIO0Th, €CJIH TPOBOJHUKH COEAHHHTD NOWIEOBATENBHOT

822. /Ipa oguHAKOBEIX NIEKTPOHATPEBATEN, NOTPEOAAIOMINX KA IBIH
momrocTe N = 200 Br npu vanpsxenun V' = 120 B, 11HHHBIME H TOHKUMH
MpOBOJaMH MOAKIIOYEHL! K MCTOYNMKY ToKa. HailiT conporHBiienue npo-
BogoB R, eciiv npu nocneqoBaTelbHOM H NPH NAPa//IeIbHOM COeIHHEHNSIX
HarpesaTeneil OHH BbLIENSIOT B €JHHHILY BPEMEHH OJHO H TO e KOJIUYECTBO
TEMJIOThI.

823. B anexTpouaitiike ¢ AByMs HArpesaTeNsMH HeobDX0aUMO HArpeTh
ofheMm oAbl V' = 2 1 or komuaTHOH TeMnepaTyphl (tg = 20 °C) go Temne-
paTyphl Kuneuusa. Kaskawuili HarpeeaTens, BKIIOYEHHBIH B CeTH OTHENLHO,
euigenser momwnrocTs Ny = 250 Br. Yepes kakoe BpeMs 3aKHNHT BOJA, eCIH
ee NIOAOTPeBaTh OQHUM HATDEBATENeM WM JAByMs, BKIIOYEHHBIMH B TY ¥Ke
ceTb nociefoBaTensHO WK napauiensuo apyr apyry? KITJ narpesarens
n = 80 %. Yaensnas Tennoemkocts Bogbl ¢ = 4,2 kx/(kr- K).

824. Dnexrpoualinnk uMmeer B HArpesaTesne ase cekiuu. [1pu Briode-
HUH TIePBOit CeKIMH Bofa B yaiiHuKe 3aKunaer 3a spemsa 71 = 10 mun, a npu
BKJIIOYeHHH BTOpO# cexnuu — 3a spemsa o = 40 mun. Yepes kakoe BpeMs
3AKUMUT BOJA, €C/TH BKIOUHTE 06€ CeKIuu NMADANIeNBHO HJIH TMOCIea0Ba-
TeNbHO?

825. [Ipe naMnet HMewT oauHaxkoBsle MowuocTH. OHA U3 HEX PaCcCYH-
Tana Ha Hanpsbxenue V) = 120 B, gpyras — na nanpsoxenve Vo = 220 B.
Bo cxonkko pas oTIMYalOTCA CONPOTHBIIEHHA Jamn?

826. Kakoe conporusnenne umeior 40- u 75-BaTTHLIE JAMTTBI, paccyu-
TaHHBIe HA BK/IIOUeHHe B ceTh ¢ HanpskeHnem V' = 120 B? Kakoii Tok Teuer
Yepes KaXKAyio JaMmy?!

827. Kakyio MoniHocTs 6y et noTpebaaTs 25-BaTTHAA JAMIIOYKA, pac-
cuMTAHHAR Ha Hanpsokenue V) = 120 B, ecnin ee BKAOYHUTL B CETh ¢ HANpS-
xenuem Vo = 220 B?
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828. 100-saTTHARA JaMNa BKJIIOUEHA B CeTh C Hanps>kenuem V' = 120 B.
ConpoTHBIeHHe aMNbl B HAKANIEHHOM COCTOAHHM 6Gomblue, ueM B X0a0f-
oM (mpu temneparype tp = 0 °C), 8 10 pa3. Ha#iTn TemnepaTypHbiil
k03 dUIHEHT CONPOTHBIEHHA MATepHasa HUTH H COTIPOTHBJIEHHE JIAMITBI
B XOJIOIHOM COCTOAHMH, 1M BO BPEMsl FOPEHNA JAMIbl TeMNEPATYPa HHTH
t = 2000 °C.

829. Haittu conporusiaenue 100-saTTHON JaMnibl NpH KOMHATHON TeM-
nepatype tg = 20 °C, ecsiv npn Hanpsikenun cetu V' = 220 B remnepatypa
uuTH t = 2800 °C. Temnepatypssili kosddHIHENT CONPOTHRIEHHA MaTe-
puana HUTH o = 4- 1073 K~1,

830. K ucrounuxy Toka ¢ 3/IC & = 140 B na paccroauuu [ = 400 M or
HEro MoJKJI0YEHA TAMIA, PACCUMTAHHAA HA HanpsxkeHnne V' = 120 B u mom-
nocts N = 100 Br. Kak wamennTea nafieHHe HANPsAXKeHUs Ha JIAMIMe, ecTH
TIApAJNeNLHO eif MOAKMIOYHTE BTOPYIO TaKYIo e naMny? YaensHoe conpo-
TuBieHue nposoda p = 0,028 mxOm - M, ero ceuenne S = 1 MM2,

831. Ha kaxoe paccrosuue | MOXKHO NepefaBaTh NIEKTPOIHEPIHIO OT
ucrounuka toka ¢ JIC & = 5 kB Tak, uTobEl HA HArpY3Ke C COMPOTHB-
nenwem R = 1,6 xOm seigensnacs momuocts N = 10 xBr? Yaeasnoe
conpoTuBJeHne npoeoaa p = 0,017 MxOM - M, ero ceuenne S = 1 mm2,

832. Tog xakum HANpsAkeHHeM V' HYKHO TIepeJaBaTh EeKTPOIHEPTHIO
na paccroanne | = 10 kM, uTo6H npu naoTHocTH Toka j = 0,5 A/mm?
B CTANbHBIX MPOBOJAX ABYXNPOBOAHON JHHHH NIEKTpONepefayH TOTEpPH
B JHHHM cocTasnann 1% nepepasaemoli MonrHocTH? YaenabHoe CONMPOTHB-
nenue ctanu p = 0,12 MmxOm - m.

833. llenb cocTOMT U3 ABYX MAPAeNbHO BKIIOYEHHBIX JaMM MOLI-
Hoctu N = 30 Br xaxaas. Tlotepu MOMHOCTH B MOABOJANIIAX MPOBOAAX
coctapasiiorT 10% nonesnoit mommuocTy. HaliT Hanpsikerne Ha 3asKHMax
HCTOYHHMKA TOKA, C/IH 0H obecnieunsaet B tenu Tox [ = 2 A,

834. OT ncToyHHKA ToKa ¢ Hanpsxxennem V' = 750 B neobxogumo nepe-
nats MomHoeTs N = 5 kBT Ha HexoTopoe paccToauue. Kakoe Haubonbuee
COTPOTHBJIEHHe R MOXKEeT WMeTh JIMHHUA Nepefayvl, 4Tolbl NoTepH IHePruH
B Helt He npensimany 10 % nepeaasaemoil MonmocTu?

835. Kakoii HauGonpmeil MOIHOCTH WIEKTPONEYh MOXKHO YCTAHOBHTh
B KOHIe AByXmnpoeogHof munuu, umeomell conporuenenne A = 10 Om,
1M MCTOYHHMK TOKAa passuBaeT MomHocTs N = 6 kBT npn nanps>kenun
V =1kB?

836. /Isa napansieqsHO COEQHHEHHBIX PE3UCTOpPA ¢ COMPOTUBAEHHAMH
R; =6 Om u Ry = 12 OM nogxaioueHb! MOCAE0BATEIBLHO ¢ PE3UCTOPOM,
HMeromuM conpoTueiaenue R = 15 Om, K 3a:kumaM renepatopa ¢ I/C
& = 200 B u suyTpennuMm conporusnenuem p = 1 Om. Haiitu mousocTs,
BhIASJIAOIIYIOCA Ha pe3ucTope R;.

837. Jaement ¢ 3JAC & = 12 B u BHYTpEHHUM CONMPOTHUBIEHHEM T =
= 4 Om 3aMKHYT Ha conpoTHeaenne i = 8 Om. Kakoe KonnyecTeO TeMIOTH
GyJ€eT BbIAENATHCA BO BHEIIHel 1leny B e AHHUIYY BpeMeHH?

838. HaiiTu nonHyio MOMHOCTE 31EeMEHTA MPH CONPOTHBIEHHH BHeITHeil
uenu R = 4 OM, ecoim BHyTpeHHee CONpPOTUBIEHHEe aleMeHTa r = 2 OM,
a Hamps»<eHHe Ha ero saxkumax V' = 6 B.
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839. Barapes snemenToB, 3aMkHyTas Ha conporusiende Ry = 2 Om,
gaer tok [, = 1,6 A. Ta »xe GaTapes, 3aMKHyTaa Ha conpoTHBieHHe Ry =
= 1 Om, paer tox I3 = 2 A. Haiitu MoniHocTs, TepsemMyo BHYTpU baTapen
BO BTOPOM Cliyyae.

840. Haditu 9/1C ¢ u BHyTpeHHee CONPOTHBIEHHE T AKKYMYJIATO-
pa, ec npu Toxke [y = 15 A OH oTJaeT BO BHELIHIOW LENs MOINHOCTH
N; = 135 Br, a npn Ttoke [y = 6 A — momnocte No =

= 64,8 Br. 1
841. K ucrounuky toxa ¢ 3/IC & = 8 B noaxmoue- R

Ha Harpy3ka. Hanpsokenue na 3axumax ucrounmka V = ¢ — 4

= 6,4 B. Haittu KITJ1 exemst. R
842. Hailtu KI1J] cxemsi, usobpakerHoii Ha puc. 135. r

Conporusnenus peaucropos B, = 2 Om u Ry = 5 Om, 1
BHYTpEHHee COMpPOTHBAeHNe HeToYHRKa Toka 7 = 0,5 Om.

843. Haidtrn KI1/[ cxeMul, B KOTOPYIO BKJIOYEH 3Je- Puc. 135
ment ¢ 3JC € n BHYTpEHHHM CONpPOTHB/ICHHEM T, ECIIH
oK B uenu paseH /. Buipazurs KI1/1: uepea &, r u I; uepes conporupnenne
BHemHell enu R u BHyTpeHHee conpoTuBjeHHe 3jemeHTa r; yepes DJ1C
3neMeHTa ¢ W HANPsA>KeHHe Ha ero 3axkumax V.

844. Haiitn Tox / B nenu akkymyasaropa ¢ 2JC & = 2,2 B, ecin
conpoTusienne eHemHedt nenn R = 0,5 Om u KI1JI cxemst = 65 %.

845. HaliTn pHyTpeHHee CONpPOTHBRIEHHE AKKYMYISTOPA r, ecllH NpH
3aMeHe BHelnHero compotupieHus R, = 3 Om na Rp = 10,5 Om KIIJ
CXeMbl YBEJIHUHIICH BABOE.

846. Barapes u3s n = 6 nociesoBareibHO BKJIOYEHHBIX 1EMEHTOR
¢ opgunaxosuivMu IJIC € = 1,5 B nurtaer Tokom I = 0,28 B nse nocneno-
BaTE/IbHO BKJIOYEHHBIS JaMNbl ¢ conporusnennem R = 12,5 Om xaxpan.
HaitTn KI1]l 6aTapen u BHyTpeHHee CONPOTUB/IEHHE SJIEMEHTA.

847. llpn BKIIOYEHHH 3AEKTPOMOTOPA B CETH C HampsKeHHeMm V =
= 120 B on norpebasier Tok [ = 15 A. Haittu mounocts, norpebasemyio
moropoM, u ero KI1/1, eciu conporusnenne obmoriu moropa R = 1 Om.

848. Haitr 3aBncaMocTs momuoct V), BoigensieMol Bo BHewnHel ne-
nu, MomuocTH Na, BEIJIeIAeMOH BHYTPH MCTOYHHMKA TOKA, 8 TAKXKE NOIHOMN
momHocty N = Ny + Ny, passeBaeMoli MCTOYHHKOM, OT COTIPOTHBJEHAA
puewneit nenu R. [Nocrponts rpaduku stux sasucumoctedt. 3/1C ucrou-
nuka ¢ = 15 B, ero uyTpennee conporusienue r = 2,5 Om.

849. Haifitu conporusnenne R; sHemHeil 1ieny sneMeHTa, NPH KOTOPOM
momuocts N, norpebnsiemas Bo BHemrHell LienM, TAKas e, KAK H NPH
conpotupiensd Ry = 10 Om. BuyTpennee conpoTHBieHHe 3JIEeMeHTa " =
= 2,5 Om.

850. K axxymyssiTopy ¢ BHyTpennuM conporusiennem r = 1 Om nog-
KJII0YeH HarpesaTh ¢ conporubienveM R = 8 Om. 3areM napainensHo
¢ MepBbIM MOAKAIOYMAM BTOpoll Takofi »e narpeeaTenn. Haittn oTHOme-
HHe KOJHYECTB TelJ0Thl, BbIASTAIONIUXCA B AHHUIY BPEMEHH BO BHellHel
uemnu.

851. K mcTouHHKY TOKa C BHYTPEHHHM conpoTuBiaeHnem r =1 Om
NOAKJIIOYAIOTCH ABa pesuctopa ¢ conporusiennem R = 0,6 Om kaxaniil.
OpuH pa3s pe3sucTOpbl TIOAKJIIOHAIOTCA NOCJEJ0BATE/bHO, APYrof pa3 —
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napaanenbho. HaliTh oTHolrenne MomHocTel, BLIENAIOMIEXCA BO BHEIIHeH
nend B 06OMX CAyYasX.

852. BaTapesi COCTOHT U3 NapaJiefbHO COeHHEHHBIX aneMenToB ¢ 9/1C
& = 5,5 B u sHyTpennumM conporubaenuem r = 5 Om. [Ips Toke Bo BHemHe#H
nenu | = 2 A nonesnas momuocte N = 7 Br. CkonbKo 31eMeHTOB nMeeT
Gatapes?

853. Harpeparens, umerompuii conporusnenne R = 25 Owm, nuraercs
OT ABYX OOHHAKOBBEIX AKKYMYJISITODOB C BHYTPEHHHM CDI'IPGTHBHEHIIEM ™=
= 10 Owm. Tlapannensuo HIM MOCTEAOBATENLHO CIEAYeT COSAMHHTh AKKY-
MYNSTOPEL, YTOGB MOJYYHTE B HATPEBATENE GONBIIYH MOIHOCTE?

854. DaekrpoBos Maccel m = 300 T ABMXKETCA BHH3 MO rOpPe €O CKOpOC-
TeIO ¥ = 36 KM/4. YKJI0H ropsl a = 0,01, cCHNa CONPOTHBIEHNSA ABHXKERHIO
WEeKTpoBO3a coctapaser 3% or JeficTBylomeH HAa HEro CHJIbI TSXKECTH.
Kakoil TOK npoTexaeT yepe3 MOTOD NIEKTPOBO3a, €C/IH HANDAXKEHHE B CETH
V = 3 kB u KII/J anexrpososa 17 = 80 %7

855. M3 oguoro nyHkTa B Apyroii nepeaaeTcs seKTPOIHEPTHs, MHTAI0-
mas yceragosky momHoetd N = 62 kBr. ConpoTipienue npoBojos JHHKUH
R = 5 Om. Hafitt nagenve Hanpaskenns B JMHUH, TOTepH MolliHocTel B Heit
1 KITJI nepenaun, ecin nepeaayva ocyllecTBISeTCA IPH HanpssKenuax V; =
= 6200 B u V; = 620 B.

856. Kakoe conporusnenne R gokeH MMeTh PE3UCTOP M3 HHUXPOMO-
BOl! NMPOBOJIOKH, BKJIIOYEHHBIN MOCTeJoBaTeNlbHO ¢ JaMmoi, uTobsl JamMna
ropenia HOPMAJBHBIM HAKAJIOM NpH Hanpskennsd V = 220 B, ecsin namna
paccuutaHa Ha Hanpsokenue Vg = 120 B npu momsoetn N = 60 Br? Hatitu
aauny | npoeonoku, eciu ee ynensHoe conporueienue p = 1,0 MxOm-m,
a ee ceuenne S = 0,5 mm.

857. Hafitu MomuocT: N, BHIIEAAIONYIOCS BO BHELIHel 1jenu, COCTos-
uleii U3 ABYX PE3HCTOPOB C COMPOTHE/IeHNeM R KaxKAklll, ecliH Ha pe3ncTo-
pax BBIAENAETCS OJHA W Ta JKe MOUHOCTE KaX [PH NOoCTeJoBaTeNEHOM, TaK
u npH napanjensHoMm coegunenun. D/1C ucrounuka Toka & = 12 B, ero
BHyTpeHHee conpoTusienne r = 2 Om.

858. Kakyio mommocts N mnorpebasier cxema, naoGparkeHHas Ha
puc. 1367 3/C anementa & = 12 B, ero BHyTpeHHee CONpPOTHBIeHHE
r = 0,4 Om. Conporusnenus: peaucropor ; = 2 Om, Ry = 4 Om, R =
=30mM R4=60mu A5 =10 Om.

B59. Tpu ogunaxoBux aneMenTta ¢ IJC & u peancrops! ¢ CONPOTHE-
nexveM R kaXkablil BKJIIOYEHB! B lienb, u306paskeHHyo Ha pHc. 137, Haditu
MOILHOCTD, BHASSIOLIYIOCH HA BCEX CONPOTUBICHHAX CXEMBI,

860. Ins cocrapnenns en04H0H rEpAaHAL uMeeTcs i, = 10 naMnoyex
motnoctd N = 2 Br nps HomubanbHom nanpsikenun Vi = 4 B u neko-
TOpOE YHEIO JAMAOUEK, HMEKIIHX Ty e MON[HOCTb NpPH HOMHHAJILHOM
nanpsbkenus V) = 8 B. Kakoe MmuHHMansHoe uHeI0 1y 8-BOABTOBRIX JaM-
[OYEK HYKHO B3ATh, YTOOL!, JOOABUE HX K JECATH 4-BONLTOBEIM, COCTABUTD
THpJISHLY AJA BKIIIOYeHHs B ceTb ¢ Hanpsxennem Vp = 120 B?

861. McTounnk ToKa 3aMBIKAIOT NepBLIl pa3 HA COMPOTHBIeHHe R =
= 9 Owm, propoii pa3 — na conporneienne Ry = 4 Om. O6a pasa 3a ogno
H TO e BDeMsdA Ha CONPOTHBASHHAX BLLIENAETCH 0JHO B TO e KONITHYEeCTBO
Teryiorsl. HatiTi BHYTpeHHEE CONPOTHBJACHHE T HCTOYHHUKA.
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862. [Tpu oaHOM M TOM e HANPSDKEHHH OfHA JlaMna norpebaser Mou-
HOCTh, B [Ba pa3a Goaeuryio, yem apyras. Halitu mouwnocrn Ny u Na,
norpebasieMble KXol JaMnofi Npd HUX NOCIeJ0BATENBHOM BKJIOYEHHH
B IleNlb, eCJIH BMECTe OHM B 3TOM ciydae norpebasior Moupoers N.

Iy
|-l

Puc. 136 Puc. 137 Puc. 138

_l l,_
: cl Cﬂ
R K
R b Ca C'.q,
— 11— & _| ]—
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863. Ot ucrounuka Toka Heobxoaumo nepesatrs norpeburenio momi-
Hocts Ny = 4 kxBr. Conporusnenne nogsogsmux nposogos R = 0.4 Om.
Kakoe nanpspkeHue JomkHO 6HITL Ha 3a>KHMAX HCTOYHMKA, YToOB! NoTepH
MOIIHOCTH B MpoBofax coctasaanu 4 % norpebasemoit Montoeru?

864. Kongencarop emxoctn Cp, uMmeromuil 3apaj ¢y, COBAMHAIT He-
pe3 pe3sncTop ¢ KoHAeHcaTopoM emkocTH (o, WMeloIuM 3apajg ¢z. Kakoe
KOJTHYECTBO TEMAOTH (} BhiAensercsa Ha pesucrope! CoeIHHAIOTCA MPOTH-
BOTIONOMKHO 3apsKeHHble 00KIa KH.

865. Haittu snepruio W Garapen kongencatopos, uzofipakenHoit Ha
puc. 138, npu pasoMKHYyTOM ¥ 3aMKHYTOM Kmoue K. EMKocTH KoHgeHcaTO-
poe C; = C,Cy = 2C, Cy = C/2,Cy = C. 3]1C ucTOMHHKA TOKA paBHa .

§ 22. Baexkrponus. 3akousr Papanes

DNeKTPONHIOM HAILIBAETCH BbIIE/IEHHE BELIECTBA HA JVIEKTPOJAX, MOTPYKeH-
HbIX B PACTBOP MIH DPACIIAB ANEKTPONHTA, NPH NPOXOxIeHHH Toxa. Macca m
BbIJEJIHBIIEN0Cs MPH IEKTPOJIH3E BELIECTBA COrNIAcHO nepeomy saxony Papades
MPONOPLHOHANLHA 3apPsiy g, TPOLIEAIIeMY Yepe3 PACTBOP WJIH DACIIAB NEKTPo-
JuTa;

m=kg=kir,

rae | — TOK B yenu, T — BpPEMSs €ro NpOXoxieHns, 4 KoadduuuenT nponopuHo-
HANLHOCTH k, pasnuuHbll ANs Pa3HBIX BEILECTH, HOCHT HAZBAHWE IIEKTPOXHMH-
“eCKOT0 SKBHBAJIEHTA M BBIDAYKAETCR B Kuiozpammar na xyaon (xr/Ka).
Cornacio emopomy saxony Papades 37eKTPOXUMHYECKHA SKBUBAJICHT Be-
ECTBa NMPAMO MPONOPLHOHATIEH MONAPHON Macce g ITOro pemjectsa W obpaTHo
NPONOPIHOHATIEH €r0 BANEHTHOCTAM 2:
Fr A -
F Fz
rie XHMHYeCKHH SKBHBATIEHT BemlecTsa A = (1/2 BHIDAXKAGTCA B KUI02PAMMAT
na moat (kr/mons). [Tocroanunan @apanes F' (B xysomar na moav) umeer pns
BCEX BELIECTB OJHO M TO JKE 3HAYEHHE W PABHA NMPOM3IBEIEHHIO NOCTOAHHOH ABO-
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ranpo N4 HA snemeHTapHLIA 3NeKTPHYECKHIT 3apaa e:
F = Njse = 96 484,56 Kan/mons 2= 9,65 - 10* Ka,/monb.

DTa NOoCTOAHHAA MOKA3ILIBAET, KAKOH 3apaj Jo/KeH npoiiTH Yepes PacTBOP MeK-
TPOJIUTA, A8 TOro 4Tobbl Ha MEKTPOJE BbIAEIHIACH MACCA BELIECTBA, YHCIEHHO
PABHAS €r'0 XHMHYECKOMY IKBHBAJIEHTY.

lNogcrasus 8 dhopmyty nepsoro 3akona Qapanes seipaskenue ana k, nonyuum
ebsedunennmtl aaxon Papades:

_ b
m= 2 Ir.

B66. HafiTu snexrpoxumMudeckuil sxsusanent narpus. Moaspraa mac-
ca Hatpus g = 0,023 xr/monb, ero panenTHocTk z = 1. [Tocrosunas Papa-
aea F = 9,65 - 10* Kn/mons.

867. Llnukoselil aHOJ Macchl M = 5 I NOCTABJEH B AEKTPOJHTHYECKYIO
BaHHY, 4Yepe3 KoTopyw mnpoxoiuT Tok | = 2 A, Yepes kakoe Bpems T
aHO[ MOJIHOCTBI0 H3PACXOAYETCH Ha NOKDPBHITHE METANAMYECKHX H3pesuil?
SaexTpoxumuyeckuit sxsusanent winka k = 3,4 - 10”7 xr/Ka.

868. Haiitu nocronunyio Qapanes, eciu npu NpoxoyKAeHUH Yepes sJieK-
TPOMHTHYECKYIO BaHHY 3apsaja g = 7348 Kn va kaTofe BeIAEIHIACh MACCA
aonoTa m = b r. XumuuecKuil skpusaienT sonota A = 0,066 kr/monn.

869. Haiitu anemenTapHbift anexTpuuecKuil 3apsaj €, eCIH MACCA Bellle-
CTBa, YHCAEHHO PaBHAS XHMHYECKOMY 3KBHBaNeHTY, coaepxut Ng = N4/z
ATOMOB MJIH MOJIEKYI.

870. Monsapunasa macca cepebpa y; = 0,108 kr/mous, ero BajeHTHOCTD
z1 = 1 m anekTpoxumMHueckuit sxeusanent ky = 11,18 1077 kr/Ka. Hadttn
AMEKTPOXHMHYECKUH SKBHBAJIEHT 30010Ta kg, 8CIH MOJNSPHAA MAcca 30010Ta
i2 = 0,197 Kr/Monb, €ro BaJIEHTHOCTE 22 = 3.

871. HaiiTu macchl BemeCTB, BLIJENHBIINAXCA 3a Bpema 7 = 10 4 Ha
KATO/IAX TPeX WIeKTPOJHTHYECKHX BAHH, BKJIOYEHHBIX IOCJIEJOBATENLHO
B CETHb MOCTOSIHHOTO TOKA. AHOJBI B BAHHAX — MEeIHBIN, HAKEJEBbIH H ce-
pebpsubii — onyiensl coorpeTcTeeHno B pactsopsl CuSQ0y4, NiSQy4 n
AgNOj3. TnoTHOCTH TOKA NpH 37ekTponu3e j = 40 A/M?, nomaas kaToaa
B kaxzgofl Banne S = 500 cm?. DjexTpoxuMMUecKHe IKBHUBANEHTHI MeJH,
nukensi u cepebpa k; = 3,3 - 1077 kr/Kn, k2 = 3- 1077 kr/Ka n k3 =
=11,18-10"7 kr/Ka.

872. IlpM HHKeNHpOBAHMM H3JeJHii B TeueHHe BpeMeHH T = 2 4
ortnoxkunaca cnolt Huxensa tomumusl { = 0,03 mm. Halime naorsOCTB
TOK& NpPH FIEKTPOIH3e, IJNeKTPOXHMHYECKHH 3KBHBAJEHT HUKeas k =
= 3.10~7 xr/Ku, ero nnoraocts v = 8,9 - 10° kr/m3.

873. Amnepmerp, BKIIOYEHHBIH MOCAEOOBATENLHO € WIEKTPOIHTHYE-
ckoit BanHOMN, nokaseieaeT Tok g = 1,5 A. Kakyio nonpasky HaJ0 BHECTH
B NOKA3AHHE AMOEPMETpa, eyl 3a Bpems T = 10 MHH Ha KATOJe OTJIOMH-
nack Macca mean m = (0,316 r? DnexkTpoxuMHdecknii 3KBUBANIEHT MeIu
k=33-10"7 xr/Kn.

874. YKenas npoBEpHTh NPABMJILHOCTE NOKA3AHHI BOJIBTMETPA, €ro
NOAKIIOYHIN apasIeIbHO PEe3HCTOPY € W3BECTHBIM CONpPOTHBIeHHEM R =
= 30 Om. [TocnepoBarenbHO B ODILYIO HENb BKAIYHIN NEKTPOTHTHYECKYIO
BaHHY, B KOTOpo#l BejeTcs anekTposina cepebpa. 3a speMs 7 = 5 MHH B 3TOH
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BalHe BhljJenHaack macca cepebpa m = 55,6 Mr. BoibTmerp mokaasisan
nanpskenre Vp = 6 B. HaliTh pa3sHocTh MexIy nokasaHHeM BOJETMETDA
H TOYHBIM 3HAYEHHEM NAJEHUA HANPAYKEHUA HA PE3UCTOpe. JNEKTPOXHMHU-
uecknit 3xBuBasenT cepebpa k = 11,18 - 10~7 xr/Kan.

875. Jna cepebpenns noxek 4epe3 pacTeop con cepebpa B TeueHHe
BpeMenH T = 5 4 nponyckaerca Tok | = 1,8 A. Katogom ciryxkar n = 12
JIOXKEK, KAX1asi W3 KOTOPBIX MMeeT IJIomaab nosepxHocTH S = 50 cm?,
Kako#t Tonmpasl c1of cepebpa ornoxurea Ha nokkax? MonspHas macca
cepebpa u = 0,108 kr/manb, ero BaneHTHoCTh z = 1 M MAOTHOCTE v =
= 10,5 - 10% xr/m®,

876. /lpe 3NeKTPONMHTHYECKHE BAHHBLI BKJKYEHB MOCIEJ0BATENBHO.
B nepsoii BaHHe HaXOAWTCA PacTBOD XJAopHeToro xkenesza (FeCly), so sTo-
po#t — pacTsop xnopHoro xene3a (FeCly). Haitty Macce BeiaemmpIuerocs
JKee3a Ha KATOAaX M XJI0pa Ha aH0JaX B KAXKA0H BaHHE TPH NPOXOXKAEHHU
yepes BaHHY 3apaja ¢ = 9,65 - 107 Kn. MonsipHble Macchl ee3a u X/10pa
o = 55,85 - 1073 xr/monb u g, = 35,357 - 1073 kr/mons.

877. Ilpu snexkTposn3e pacteopa cepHoil Kueaots (CuS0y4) pacxomy-
erca momuocts N = 37 Br. HafiTh conpoTnBnenue anekTponuTa, eciiy 3a
Bpemsi T = 50 MuH Begenserca macca Bogopoga m = 0,3 r. Monspuas
macca sogopoga p = 0,001 kr/mons, ero sajenTHocTs z = 1.

878. Ilpx a3neKTpoJMTHYECKOM criocobe MoNyYeHus HUKeNA Ha e JUHULY
macchl pacxoayerces Wy, = 10 kBt - 9/ kr snekTposseprun. DNeKTpoXuMH-
ueckuil sKBUBaNeHT HuKena k = 1,08 - 1073 xr/(A - u). [1pn kaxoM HAnps-
JKEHUU MPOH3BOIUTCA WIEKTPOIH3?

879. Haittu maccy BmigequBiueiicas Meau, €CIH [AAA €€ NOJy4eHnst
WIEKTPONHTHYECKHM criocobom 3aTpadyeno W = § kBt - u anexTpoaneprum.
DNeKTpONN3 NPOBOANTCA NpH Hanpsa:xennu V = 10 B, KI1/I ycranosku i =
= 75 %. DnexTpoxumuueckuit sxkausanent mean k = 3,3- 1077 kr/Ka.

880. Kaxofi 3apaj npoxoanT Yepes pacTeop cepHoit kuciotst (CuSOy)
3a spema T = 10 ¢, ecsiH TOK 32 3TO BpeMsa paBHOMEPHO Bo3pacTtaer ot [ =
=0 go I = 4 A? Kakas macca Meau BbIAeNAETCA TIPH 3TOM Ha KaToge?
DNeKTPOXUMHYeCKHH skBHBaneHT Mean k = 3,3 107" xr/Ka.

881. Ilpn padunnpoBanny MegH ¢ NOMOIILI0 EKTPOMH3A K MOC]e-
J0BATeLHO BKIIOYEHHBEIM MIEKTPOIHTHYECKHM BaHHAM, HMewluM obiee
conporusyaenne A = 0,5 Om, nogpeaeno nanpsokenue V = 10 B. Haittn
Maccy 4ucToH MelH, BhlAeNUBIISCA HA KATOJaxX BaHHBI 3a BpeMa ¢ = 10 4.
1C DOVIAPH3ALMH & = 6 B. DnexTpoxuMH4yecKkuil SKBHBANEHT MefHu k =
=3,3-1077 kr/Ka.

882. Tlpn snekTposnse Bogbl Yepe3 WIEKTPOJUTHYECKYIO BAHHY B Te-
yeHne Bpemend T = 25 mun wen Tox | = 20 A. Kakosa Temneparypa ¢
BLIJIJTMBLIETOCS KUCJIOPOJa, ecliH OH Haxoaurcd B obbeme V = 1 5 nog
aasnennem p = 0,2 MIla? Monsipuas macca soast p = 0,018 xr/mons.
DNeKTPOXUMUYECKHI IKBHBANEHT KucIopoaa k = 8,29 - 1078 kr/Ka.

883. IIpu 3MeKTPOAUTHYECKOM CNOCOGE MOMYYueHHA ANIOMHHIA HA €H-
Huny macce! pacxopyercas Wi, = 50 kBr-u/ kr snekTposHepruu. Jnek-
TPOJH3 NPOBOAMTCA NpH HanpsxkeHun V; = 16,2 B. Kakum 6yaet pacxon
WIEKTPOIHEpruH Wy, Ha eqHHHIYY Macchl MpH Hanpsa:xennu Vo = 8,1 BY
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§ 23. MarseuTHOE 1noJie TOKA., JNEeKTPOMArHUTHAS WHIAYKIHMS

Bokpyr npoBOHHKOB ¢ TOKOM H MOCTOAHHBIX MATHHTOB 00pa3yeTcs MarHHT-
Hoe nmosie. I1pu nomelennn B MAFHHTHOS NONE NPOBOJHHMKA C TOKOM Ha OTPE30K
NPOBOAHMKA JeHCTBYET CHJIA, 3aBHCHLLAS OT OPHEHTALMH OTPE3KA B POCTPAHCTBE,
OPONOPUHOHANIBHASA JJIMHE 3TON0 OTPE3KA H TOKY B HEM.

Maruurioe none xapaxrepuayerca MarsuTHol muoykuue#t B. Maruntuas
uHaykuus B nanpasieHa Bio/lb OTpe3Ka MPOBOLHUKA C TOKOM, €CJIN 3TOT OTPE30K
OpPHEHTHPOBAH TAK, YTO HA HErO CO CTOPOHBI MArHHTHOTO NONA He nellCTBYeT CHA.
Ecnu marnuTHas uHaykuus B neprnenankynspHa K HANPaBAEHHIO OTPE3KA, TO
MOYJb MArHHTHON MHAYKUHH

5 = Fouax
i’
roe | — AMMHA OTPE3Ka TPOBOSHMKA, | — TOK, TeKyluni b HeM, Fiax — MAKCH-
MaNbHAA CHJIA, NeHCTBYIOIAA HA OTPE30K NPOBOAHHKA B MATHHTHOM MoJe.

B cucreme eannuy CH, xorpa chia Beipakaerca B HBIOTOHAX, TOK — B am-
nepax, a AMHHA — B MeTpax, eAWHHUeH MArHUTHOR MHIOYKIMH ABJSAETCA mMecad
(Tn).

Ecnv B HexkoTopolt ofnacTi NpocTpaHCTBA H3BECTHA MACrHHTHAS MHIYKLHS,
TO Ha NOMELeHHLIR B 3Toll 0bacTH OTPe30K NPOBOAHMKAE AMHHE {, N0 KOTOpOMY
TeqeT Tok [, AeficTBYeT cO CTOPOHBI MAPHUTHOTO MOJIA CHJIIA

F = IBlsina, (16)

TAe ( — YTOJl MeX(ly HaNpaB/eHneM MArHUTHOH HHAYKUMH H OTPE3KOM MpPOBOJ-
uuka. Hanpasnenue stolt cuiml onpegensieres npasuaom aeeoil pyxu. 3amernm
TAK}KE, YTO 9TO NPABHJI0 MOMKET CNIYXKHTE H ANA ONPEJeNIeHHA HANPABIEHHA MAr-
HHTHOH MHIYKUMH, €C/IH H3BECTHBI HANPAB/EHHE CHIIBI, GefiCTBYIOIER Ha OTPe30K
NPOBOAHUKA ¢ TOKOM, H HANPABJIEHHE TOKA.

BenomoraTensHOH BeJIHUHHOMN, XAPAKTEPHIYIOWEA MATHHTHOR NoNe, ABJIAeTcs
HaNpsKeHHoCTh MariuTHoro noias H. Mopyns v manpasnenmne manpsorentocTu
MAarHMTHOMO NOVIA-B JAHHOH TOYKE NPOCTPAHCTBA MOTYT ObiTh HalieHsl, eciu
M3BECTHBI (POPMA, PASMEDHI H PaCONIOMHKEeHHe KOHTYPA, N0 KOTOPOMY TEYeT TOK,
co3gaouuit MarduTHOE moje, H caMm IToT TOK. B uacTHocTH, Momynb Hanps-
FKEHHOCTH MarHHTHOrO MojsA, CO3JABAEMOrNO OYE€Hb AJHHHBIM TPAMONHHeHHBIM
NPOBOJHUKOM, MO KOTOPOMY TE€YeT TOK [, B TOUKAX, /IeKAINX HA PACCTOAHMAX T
OT MPOBOJHHKA, BbIDAXKAETCA B BHJE

i
H T (17)
B sToM ciyuae JIMEMM MHAYKUMH MATHWTHOTO NOJA (JMHHMM, HANDAB/EHHE Ka-
caTeNbHOH K KOTOPBIM B J1000# TOYKe COBNMAJAET C HANPABJEHHEM MACHHTHOMH
uHaykuse B B 3Toft Touke) npeacrasaanT coboill oKpy»KHOCTH C LEHTpaMK Ha
NpOBOAHHKE, JIEXKALLKE B [IJIOCKOCTAX, NEepneHAHKYNAPHBIX K NPOBOIHHKY.
B cucreme egunul CH egunmueit HANpAXKeHHOCTH MATHHTHOMO NOJIS ABJISETCA
amnep wa memp (A/m).
M M3BECTHA HAMDPAMEHHOCTh MArHUTHOrO nonia H, To MarHUTHYIO HHIY K-
o B mosno HafiTH no dopmyne

B = pouH. (18)

Baecs pg = 4w - 1077 /v = 12,56 - 1077 T'ii/M — MArHHTHAA NOCTOSAHHAS, & p—
OTHOCHTeNbHAs (6e3pasMepHas) MATHWTHAS NPOHNIAEMOCTb BELIECTEA (OTHOCH-
TeNbHO MarHHTHOM NPOHHLIAEMOCTH BAKYYMa), 3HaYeHMA KoTopoil npusoaaTes
B Tabnuuax. [Ina sakyyma p = 1; ana scex seurecTs, kpome heppPOMATHETHKOB
(»keneza, HuKens, KODATLTA ¥ HEKOTOPBIX CILIABOB), 4 OYEHbL MAJIO OTVIHYAETCS



§23] Maznumnoe noie moxa. SAERMPOMAZHUMHAA UHOYRYUR 127

0T egnHUULl. JdnAa GeppOMATHETHKOB L CHJILHO 3ABHCHT OT HAMPAMKEHHOCTH MAr-
HHTHOrO TonA A ¥ MOXKeT JOCTHIATE JeCATKOB THICAY,

M3 copmynst (18) cneayer, uto B cucreme enuuny CU semvunae: H u B
MMEIOT Pa3Hble PA3MEPHOCTH M HX YHCJIOBbIE SHAYEHMS PAIJIHYHbIL.

MarHuTHEIM NOTOKOM (TIOTOKOM MATHWTHON HMHAYKUMA) Yepe3 HeKOTOpYIO
NOBEPXHOCTD MJIOWISAH S HA3LIBAETCA BENHYMHA

® = BScos

roe a — Yroa Meskay HanpasjenneMm martutHolt muaykuun B u HopManbio
(nepnesaukynapom) K nosepxHocT. [Ipu 9TOM NoApasyMeBaeTC, YTO BETHYHHA
B tos a BO BeeX TOYKAX MOBEPXHOCTH O4HA U Ta zxe. [Ipu nosepxHocTAX CnoxkHol
thopMbl, KAK, HANPHMEP, IOBEPXHOCTh, OrPAHHYSHHAA BUTKAMH KATYILKH, CJELY-
eT HaliTH NOTOKH Yepes OTAeNbHbIE YYACTKH MOBEPXHOCTH (uepe3 NOBepPXHOCTH,
OrpaHHYeHHbIE OT/e/ILHLIMHM BHTKAMH ), & 3ATEM CJIOKHTh 3TH NoTOKH. B cuereme
eauauy, CH eguuuuedt marnurHoro noroka sisnsierca eebep (B6): 1 B6=1Tn- M2,
Eciu MArHHTHOE NoJie BLI3B&HO TOKOM [, MPOTEKAIOIHMM N0 KAKOMY-JIHG0 KOH-
TYPY, TO MArHHTHLIN MOTOK Yepe3 NOBePXHOCTh, OrPAHHYEHHYIO STHM KOHTYDOM,

NPONOPUHOHAJIEH TOKY!
&=1LI, (19)

rge [ — MHOYKTHBHOCTL KOHTYDA, KOTODAs 3aBMCHT OT MeOMETPHUYECKHX cBolicTB
{chopmut 1 pasMepoB) KOHTYDA W MATHHTHBLIX CBOHCTB (MArHNTHON NpoHMIAEMO-
cTH) okpyxawowe# cpegel. B cucreme egunuy CH uHAYKTHBHOCTS BhipaXkaeTcs
B zenpu (I'n).

[pu U3MEHEHUH MATHATHOTO MOTOKA Yeped NOBEPXHOCTL, OTPAHHYEHHYIO He-
KOTOPBIM KOHTYPOM, B 9ToM KouType uuayuupyerca 3AC & (30C unayxuuu),
paBHaf CKOPOCTH W3MEHEHHA MACHHTHOIO MOTOKA:

) Ad

& Ar (20)
rae A® — H3MEHeHHE MAUHMTHOrO NoToka, Af — NMPOMEXYTOK BPEMEHH, B Te-
YeHHE KOTOPOro NPOH3OLLJIO 3TO H3MEHEHHe, & 3HAK MMHYC OTPAMKAET MPaBHJIO
JleHua, COrMACHO KOTOPOMY HHAYUHpyeMas B KOHType []C BHI3BIBAET TOK Ta-
KOTO HANPABNEHHs, YTO MATHHTHOE MO/ 3TOCO TOKA NPENnATCTEYeT MU3MEHEHHIO
MACHUTHOrO NOTOKA. B GoNbIIMHCTBE (WIy4aes [NPH YMCIOBLIX PACHETAX ITOT IHAK
MOKET GBITH OMYILEH.

[Ipn geu>keHMH B MATHMTHOM NOJIE HE3AMKHYTOrO NPOBOOHMKA B STOM NpO-
soaHuke ungyuupyerca 30C, koropaa moxker GuiTh Hallgena no opmyne (20),
eC/H CYHTaTb, 4To AP — NoTOK Yepes MOmMAgk, <3aMe-
TaeMyl0» NPOBOAHHKOM 3a Bpema At (Ha puc. 139 mno-
mwaae S, «3aMeTaeMan» MPOBOJHHKOM b NMpH ero mepe-
MELEHHH M3 NOIoXKEHHs [ B nOnoxKeHHe 2, 3amTpHXO-
Baha). B arom ciiyuse TOK B NPOBOAHMKE HE BOSHMKAET,
HO MeXX[y KOHUAMH MPOBOJHHKA MOABIAETCH Pa3HOCTh
norenuuanos, papuasa I[1C vagykuuu &,

Ecnu MarHuTHBL NOTOK Yepe3 NOBEPXHOCTE, OrPaHH-
HEHHYI0 KOHTYPOM, M3MEHSIeTCs BCleJCTBHE MIMEHEeHMs
TOKA, NMPOTEKALIErO NO 3TOMY KOHTYDY, TO B KOHTYpe Puc. 139
uuayuupyerca 2C, koropyo Hasumsawor /C camoun-
ayxupn. [pa nocroannolh negykrueroctr L (T. €. npu HeMaMeHHbIX MArHUTHOH
NpOHHLAEMOCTH CPeJibl, pA3Mepax H dopme KouTypa) 2C caMOMHIYKIHH

% _ A¢  LAT
At At '
rae A — H3MeHeHHE TOKA 3a Bpema At.
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B84. Uuaykues oaHopoaHoro MariuTHoro nojasa B = 2 Ta. Haditu
HaIIpﬁHCEHHCN:Th MArHWTHOIO NoJia

885. Hanpsa>keHHOCTL OJHOPOAHOrC MAMHHTHOTO NOJA JJIHHHOMO coe-
vouga H = In/l. HaltTe MArHUTHYIO HHAYKIHIO B JKEJIE3HOM CepAedHHKe
COJIEHOMJa, ecqi¥ JJHHa coteHonga | = 50 oM, uncno sutkos n = 500, Tok
[ =10 A. MaruuTHaa NpoHMLAEMOCTD Xenesa u = 5000.

886. Halitr MArHHTHY O NPOHUIIAEMOCTh YKEJIE3d, BCIIH HANPAXKEHHOCTh
MATHHTHOTO Nonsa B keseae H = B00 A/m, a MarHHTHAs MHAYKUMA B =
=5 Ta.

887. Ilpamo#t npoBogHKK AnuMHBI | = 1 ¢M pacrnosioykeH NeprieHAuKY-
JAPHO K JHHHAM HMHAYKUHH B oaHopoAnoMm mone. Kakasa chiaa geficteyer
HA TPOBOJHHK, eciu no HeMmy uaet Tok | = 1 A, A MarHUTHAA MHIYKIWA
B =10 MTn?

888. Ilpsamott mposoguuk ab gaunet [ = 0,2 M B Maccel m = 5 T nog-
BelIeH MOPH3OHTAJBHO HA JBYX HEBECOMBIX HHTAX oa u ob B ofHOpPOOHOM
MACHUTHOM none. MaruutHas unaykuus 8 = 49 mTn u nepnenaukynapua

K npoBoARKKY (puc. 140) 2) . Kakoit Tok Hago npo-

L T s MYCTHTE Yepe3 NMPOBOAHHK, 4TOOL 0JHA H3 HUTel
B o Pa30pBaJach, 6CJIH HUTh DA3PLIBAETCS MPH HATPY3-
B® Ke, papHON HaM npepbimatoweit Mg = 39,2 mH?

TA 1 AT 889. Ha npamoii nporogHHK aauusl | = 0,5 M,
— PacnoioXKeHHblH NepneHAHKYJIAPHO K JJHHAAM HH-
a b JAYKUHH MArHHTHOIC noas, JeilcTByer cuna F =
me = 0,15 H. Ha#iru Tox I, npoTexawomuii B nposoa-

F HHKe, eCJIH MarHuTHasa Reaykuus B = 20 mTa.
) 890. Mexay nomocaM¥ MarHMTa NOJBELLEH
Puc. 140 TOPH3OHTAJIBHO Ha JABYX HEBECOMBIX HHTAX NPAMOii

npoBogHuK AJHHLl [ = 0,2 M 1 Maccet m = 10 1.
Muaykuus ogsopogHoro MarnuthHoro nois B = 49 mTn u nepnenamky-
nspHa K nposoguuky. Ha kakoli yron o o7 BEPTHKANH OTKJIOHATCS HHTH,
NojJep<HBAIOIHE TTPOBOAHHK, €CJIH 0 HeMY NMponycTuTs Tok | = 2 A?

891. Ha#itu nanpsukesnocts H u uugykuuio B MarsuTHOro noas nps-
MOrO TOKA B TOYKe, HAXOAsIIENACH HA PACCTOAHHH T = 4 M OT IPOBOJAHHKA,
ecim Tox { = 100 A.

892. I'OCT 8.417-81 gaer Takoe onpeje/ieHHe EOHHHLLI CHJIBI TOKA —
amnepa: «AMrnep paBeH CHlle HEH3MEHSIIOLIETOCs TOKA, KOTOPLIH MPH Mpo-
XOMEHHH [0 JBYM NapalieJIbHbIM NPAMOIHHEHHbIM NPOBOAHMKaM bec-
KOHEeYHOH JJHHBEI M HHYTOXKHO MaJol TJIOLIAAN KPYNOBOIO MONEepeYyHoro
ceueHMsl, PACTIONIOZKEHHBIM B BAKYyMe HA DACCTOSIHHM 1 M OfHH OT Apyroro,
BHI3BAJ Dbl HA KAXKJOM yYacTKe NPOBOJHMKA JIuHLI 1 M cuay B3aumoeli-
crens, pasuyio 2+ 107" H». Mexoga us sroro onpegenenusi, BBIYHCIHTD
MATHHTHYI0 MOCTOSIHHYIO fig.

1) 3nech u aanee, rae 1O He OrOBOPEHO B YCJIOBHH 38]a4H, MATHHTHAA MPOHH-
LAEMOCTE CPeasl (i = 1 u B JOPMy/IBHBEIE BEIPAXKEHHSA HE BXOHT.

%) Kpy»oK ¢ TOMKOM 03HAYAET, YTO MHIYKUHS HANPABIEHA HA YMTATENs Nep-
NEHAHKYAAPHO K MJOCKOCTH PHCYHKA, B KOTOpOH sexxaT BexTopsl I u F.
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893. Hairu cuny p3aumogefcTBust, TPHXOAALLYIOCS HA eMHHLY JJIMHbBI
[OpPOBCAOE BO3AYIUHOH JIMHHM WIEKTPONepeaadd, ewIH TOK B JHHMH | =
= 500 A, a paccrosnue mexxay nposogamu r = 50 cm.

894. Uuaykuus ogHopoaHoro maruutHoro mons B = 0,5 Ta. Hafitu
MAPHUTHBIH NOTOK 4epes nIomAAKy S = 25 cM?, pacnonoKeHHyI0 nepren-
JUKYNAPHO K JHHESAM HEIYKUHE. Yemy Gy-
JeT paBeH MaArHMTHEIA NOTOK, eIM NIonan-
Ky MoBepHyTb Ha yrai ¢ = 60° or nepsona-
YaJLHOrO NONOXKeHHA T

895. Hailru MarHUTHYI0 HHIYKLIHIO
M MACHHTHBIE I@OTOK 4epe3 NonepeyHoe
ceyeHHe HUKeJIeBOro CepledYHUKa CONIeHOHIa Pue. 141
(puc. 141), ecam HANPAXKEHHOCTH OAHOPOA-

HOT'O MAaTrHHTHOTO Moasi BHYTpH coneHomaa H = 25 kA/m. [lnomans
noriepe4Horo cedenns cepaednuka S = 20 cm?, MarHUTHAS NPOHHLIAEMOCTD
aHuxensa p = 200.

896. MarHdTHbIH NOTOK Yepe3 MonepevHoe CeYeHHe KATYIIKH, UMEeio-
el n = 1000 BUTKOB, H3MeHnJca Ha BeHYHHY AP = 2 MB6 B pesyavrare
u3MeHeHNus Toka B Karywke or [y = 4 A no [3 = 20 A. Hajitn naayxTue-
HOCTE L KaTymkm.

897. Burok naomaan S = 2 cm? pacnonoiKen NepneH UKYIAPHO K JH-
HUSIM MHAYKIHUH OfIHOPOAHOrO MarHuTHoro nojs. Hafitu wegyumpyemyso
B Butke 3/]C, ecnu 3a Bpems At = (0,05 ¢ MarauTHas HHIAYKIIHSA PABHOMEp-
#o yboiBaer or By = 0,6 Tn go B, = 0,1 Tha.

898. Kaxoii MarHuTHb! DOTOK NPOHM3BLIBAJ KAXKIbl BUTOK KATYIIKH,
nmetomteil n = 1000 BUTKOB, €ClH TIPH PaBHOMEPHOM HCY€3HOBEHMH Mar-
HUTHOTO Mons B TedyeHue BpeMenu At = 0,1 ¢ B KaTyIIKe HHAYUAPYETCA
C & =10 B?

899. Pamka B chopme paBHOCTOPOHHETO TPEYTONLHHKA TIOMEIEHA B 01-
HODOJHOE MArHUTHOE mojie ¢ HanpsikeHnoctoio H = 64 kA /m. Hopmans
K MJIOCKOCTH PAMKH COCTAB/SET C JHHWUAMH MHAYKUHH MArHUTHOIO IOJS
yroj a = 30°. HaiiTi g1MHy CTOPOHBLI PAMKH @, €CJTH B PAMKE IIDH BBIKJII04e-
HHHM nons B Tedenne ppemenn At = 0,03 ¢ uuayunpyeres IC € = 10 MB.

900. KeaapaTHas paMmka co cTopoHoil ¢ = 10 cM nomellesa B 0JHOpPOI-
HOE MArHHTHoe none. HopManb K NI0CKOCTH paMK# COCTABNSAET C JJMHHAMA
HHAYKIUMHE MACHATHOrO nons yroa a = 60°. HaliTw MarHuTHyO MHOYK-
l.[]‘]lﬂ B ITOT0 NOJIA, eCJIH B paMKe NpH BHIKJIHOYEHHWH NNOJIA B TEYEeHHE BpeMeHH
At = 0,01 ¢ unpgyuupyerca IJC & = 50 MB,

901. IMiockuii euTox naomaan S = 10 cm? nomewen B oAHOpOAHOE
MArHHTHOE [10J1€ NepPNeHAnKyJISPHO K JHHUAM HEAYKLuK. ConpoTHBieHne
sutka K = 1 Om. Kakofi Toxk | mporeder mo BHTKY, €ClIH MarHuTHAS
HHAYKUEA noas Oyaer youBaTe co ckopocteio AB /At = 0,01 Ta/c?

902. IMnockuft putoxk maomams S = 10 cm? nomemen B oAHOPOAHOE
MArHUTHOE node ¢ HanpspkenHocTblo H = 80 kA /m, nepnenaukynspuoe
k nuauasM HHAykunH. Conpornenenne sutka R = 1 Om, Kakoi sapsap
NpOTeYeT N0 BATKY, €cIH noje GyJeT HC4e3aTh ¢ MOCTOAHHON CKOPOCTLIO?

9 I''A. Benppuros u ap.



130 Oméemnt u pewsenus [[n. 111

0803. KakoBa HHAYKTHBHOCTb KATYIIKH C JKEJE3HbIM CEPAEIHHKOM, eC/H
3a Bpema At = 0,5 ¢ Tox B uenu uaMennnaca or /), =10 A go I =5 A,
a Boznukmaa npu stoM DC camounaykuun & = 25 B?

904. [lpoBoguHK AnHHBL | = 2 M ABHXKeTCH B OJHOPOJAHOM MATrHHTHOM
TI0JIE CO CKOPOCTBIO ¥ = § M/c, NnepneH Ky AspHOil K IPOBOJHUKY ¥ JIMHAAM
unaykuun nonst. Kakaa 9/C ungyuupyercs B npoBojiHHKe, €CJIH MarHuT-
Has MEAYKous B = 0.1 Ta?

905. Camosner JeTHT rOpH3OHTAJIBHO €O cKopocThio v = 900 KM /4.
HafiTi pa3nocTs NMOTEHIHANOB, BO3HHKAKILIYIO MEXKIY KOHLAMH KDBUILEB
CaMOJIETA, €CJTH BEPTHKAJbHAA COCTABAAIOMAA HHAYKIHH 3¢MHOIO MArHuT-
noro nona By = 0,5 MxTa 1 pasmax kpeinbes camoniera [ = 12 m,

906. C xaxoif CKOPOCTLIO AO/DKEH JBHIATbLCS TPOBOAHMK AJAHHBL [ =
= 10 cM nepneHanRKyJApHO K JHHHSM MHIYKIOMHE OQHOPOAHOTO MAarHHTHO-
ro noas, 4Tobbl MesKAy KOHLIAMH [IPOBOJHAKA BO3HHKIIA PA3HOCTb MOTEH-
muasoB V = 0,01 B? CkopocTs npoBofHMKAa COCTABIAET ¢ HANPABJIEHHEM
caMoro npoeoAHuka yroa a = 30°. JIuHuH WHAYKIHH DepneHJHKYAsApHbI
K TIPOBOAHMKY, HHAYKuua B = (0,2 Ta.

907. Kaxoit Tox Te4eT 4yepe3 ralbBAHOMETP, MPHCOEAHHEHHBIH K XKejes-
HOAOPOXKHBIM PeJbCaM, NpH NpuUiAHKeHHH K HeMmy Moe3ja CO CKOPOCTbIO
v = 60 km/4? BepTuka/ibHas COCTABIAIOMAS HHIYKIHH 36MHOTO MATHHT-
soro nonst By = 50 mxTa. Conporuenenne ranssanomerpa R = 100 Om.
Paccrosinne mexxay penscamu | = 1,2 M; pesibChl CYHTATE H30IHPOBAHHBIME
IOpYT OT APYTa H OT 3eMAH.

908. Ksagpathas pamka co ctopoHoii [ = 2 cM nomMelieHa B 0JHOPOAHOE
MaruuTHoe nose ¢ naaykuueit B = 100 Ta. IlnockocTs paMKK nepneHaH-
KyAApHAa K JHHMAM MHAYKOUE noas. Conporusnenue pamkun R =1 Owm.
Kakoli TOK nporedeT Mo paMmke, €c/ii €e BbIIBHIATH H3 MArHMUTHOrO NOJA
€O CKOpOCTbIO v = 1 cM/c, nepnenaukynsprod k auHuam uagykiuu? [one
HMEeT Pe3Ko 0YepYeHHBIE TPAHUIIbI, # CTOPOHBI PAMKH NAPaJl/IeIbHbl 3THM
rpaHHIaM.

909. INposonounsifi BuToK naomaau S = 1 cm?, umMerouuit conpoTuHBIe-
Hie R = 1 MOM, NpOHH3BIBAETCA OJHOPOAHLIM MATHUTHBIM MOJEM, JTHHHH
HHAYKIHA KOTOPOTO MEPNeHANKYJIAPHb! K TJIOCKOCTH BHTKa. MarnutHas
HEIYKIHS H3MeHseTcs co ckopocteio AB /At = 0,01 Ta/c. Kakoe konnde-
CTBO TEILIOTHI BbLIENAETCH B BHTKE 33 eAMHHLY Bpemenn?

910. [TpsamoyronbHas paMka, NOABHKHAS CTOPOHA KOTOPOH HMEeT /K-
Hy [, nomemena B ogHopogHoe marHuTHOe mose ¢ ungykuuedt B. ITnoc-
KOCTb PAMKH TIePNeHAMKYJsipHa K JMHUAM MHAYKIHH MarHHTHOTO TOJA,
TMomeuskHy10 CTOPOHY, KOTOpasi BHAYAJE COBNAJAET ¢ NMPOTHBONOIOMKHOM
et HeNoABM>KHON, HAYHHAIOT ABUCATL DABHOMEPHO CO CKOpocThio v, HalTh
3aBHCUMOCTE ToKa | B pamke ot Bpemenu t. ConpoTHB/IEHHE €QHHHLBL
JLJIHHLI MPOBOSHUKA paBHO .

911. /Isa napannejbHBIX, 3aMKHYTBIX HA OJHOM KOHIlEe NpOBOJA, pac-
CcTOsIHKE MeK 1y KoTopbiMu [ = 50 cM, HAXOAATCA B OJJHOPOAHOM MATHUTHOM
none ¢ uagykauedi B = 5 mTa. TTaockoets, B KOTOpo#l pacnoyiosKeHB! PO~
BOfIa, MEPNeHAHKYIAPHA K JUHHUAM uuayKuuu nois. Ha nposoja nosioxkeH
METAJUTHYeCKHA MOCTHK, KOTOPBIA MOYKeT CKOJIB3HTE MO MpoBoaaM Oes Tpe-
HuA. Moctuk mog geiicreuem cuael F' = 0,1 MH apuzkeTca co cKkOpoCThIO
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v = 10 m/c. Hafitu conporueaenne R mMocTika. ConpoTHBIeHneM NPOBOAOB
npeneGpeyb.

912. Pamka u3 n = 1000 BHTKOB, MMeOIMX naomags S = 5 cm?,
3aMKHYTa Ha raabBaHoMeTp ¢ conpoTtusiennem R = 10 kOM # nomemena
B D/IHOPOJHOe MarHKWTHoe nove ¢ vHayKnuedi B = 10 mTn, npuuem nuaun
HHAYKUMH N0NA NepneHauKynsapHbl ¥ ee miockoere. Kaxo#l 3apaj g npo-
TeYeT N0 LeNK ralbBaloMeTpa, ec/li HARNpaBb/eHne HHIYKIHH MarHHTHOTO
NoJA NIaBHO M3MEHHTE Ha obpatnoe?

913. 3amkHyTAaA KaTywka adamerpa [ ¢ 4uclIoM BHTKOB 1 NOMeILe-
Ha B OJHOPOJHO® MarHuTHoe none ¢ unayknneit B. IlnockocTs kaTymiku
NepneHInKyJIsApHA K JJHHUAM HHAYKIMu nonsa. Kako#i sapsp g nporeyeT no
Hernu KaTylukH, ecid ee nosepHyTh Ha 180°7 Tlposonoka, u3 koTopoit Hamo-
Tana l{aTyIJ.lKa., HMeeT NJaoiaib CeveHHst S H yﬂ,ﬁﬂbl{ﬂ@ CONpPOTHBJICHHE p.

914. B uenb BKAIOYEHB! [0C/EL0BATENLHO HC-
rounnk Toka ¢ DC & = 1,2 B, peocrar ¢ conporus- e
nenreM R = 1 OM n KaTYWIKa ¢ HHAYKTHBHOCTBIO
L =1 I'n. B uenu npoTexkan nocToAHHBIR ToK [j. ‘

¢ d

C HEKOTOpOre MOMEHTa COMNPOTHBJIEHHE pPeOoCTaTa

HAYHHAIOT MEHSITh TakK, 4TODbl TOK YMeHbIIANCS
¢ nocrosrHoil ckopocteio AT /At = 0,2 Afc. Ka-
KOBO CONpoTHBJeHue F; nenu coycTs Bpems i = 2

¢ mocile Hava/1a W3MEeHeHus Toka? Puc. 142

915. Kaxkoii Tok | noxasx<eT aMIepMeTp B cxeme,

u300parkeHHO#t Ha puc. 142, eciH MHAYKUAA Tep-
OEHAMKYJIAPHOTO K TJAGCKOCTH DUCYHKA OQHOPOJHOrO MACHWTHOTO MOJA
MeHsleTcs ¢ TeyeHueM BpemeHH no 3akoHy B = kt7 Touku ¢ n d nexkat na
KOHLAX AHAMETpa NPOBOJIOYHOro Konblia. ConpoTHBIEHHE eAMHHIL ATUHEL
NpOBOJIOKY PaBHO Rp; AuameTp konbua pased D.

916. KsagpaTHas paMxa co cTopoHoit a =
= 1 cM nomeniesa B OJHOPOAHOE MArHHTHOE
nojne ¢ unaykuueit B = 10 mTn Tak, 4ro ase
CTOPOHB DAaMKH TIEPNEHIHKYJISPHBEl K JHHHAM
HHAYKIHH NOJsA, & HOpMadb K MJIOCKOCTH PAMKN
obpasyer ¢ HuMH yroa ¢ = 30°. HaiiTe MoMeRT
cun M, geficreyommii Ha pamKy, €caH no Hell
nporexaer Tok [ = 0,1 A.

Puc. 143 917. [Maruyronsnas pamka abede, n30bpa-

JKEeHHasi Ha pHc. 143, aBuxkercs B OZHOPOOHOM

BEPTHKAJILHOM MArHNTHOM I10J1€ CO CKOPOCTBIO U, NEPHeH Ky AAPHOH K 1n-

HUAM WHAYKIHH [0AS W CTOPOHE paMkH ab. MarHuTHas HHAYKUHA NOJA
paena B. Hafitu 3/1C, unayuupyemMyo B paMKe, H TOK B Heli.

918. C xakoil yrnoBoil cKOPOCTHIO HAJI0 BPALATH TIPAMON MPOBOAHUK
oauHbl = 20 cM BOKpYr OAHOIO M3 ero KOHIOB B MJOCKOCTH, NMEepreH-
OHKYJAPHOA K JIHHMAM HHEAYKUMH OJHODONHONO MarHHTHOIO Nojis, 9Tobbl
B nposoguuKe uugyuuposanack I0C ¢ = 0,3 B? MaruutHas nugyKuus
nonsa B = 0,2 Tn.

g




132 Omsemst 4 pewienus [ . 111

§ 24. IlepemMeHHblil 31eKTpU4YecKHll TOK

Yacrota konebanuft f, nepuon T u Kpyrosasa 4YACTOTA W MEPeMEHHOrO TOKa
CBA3AHBI COOTHOLIEHHAMHM
1 27
f = 'T—.” W = ? = 21?]..

B ciyuae. Tak HASBIBAEMBIX CHHYCOMAANBHBLIX EDEMEHHBIX TOKOB MPH MrHO-
BenHbx 3navennax IJC s kouType
¢ = fosin(wt+ @)
HJIH NPH HANPAKEHEH (HA KOHLAX Y4aCTKa LenH)
V = Vosin(wt + ) (21)
MrHOBEHHbIE 3HAYEHHS TOKA B 3TOM KOHTYDE (Ha 3TOM yHacTKe uenw)
[ = Ipsinwt. (22)

3aeco &g, Vo u Jy — amnanTyause (nanbonswine) snadenna 30, nanpazxenua

H TOKa, ¢ — HavaapHad dasa I[C (uau Hanpsarkenun). Havanbnas dasa Toka
TPHHATA PABHONR HYJTIO.

MNpu nocnenoBaTensHOM BKIIIOMEHMH B LieNb MEPEeMEHHOrD TOKA NPOBOAHKKA

€ AKTHBHBLIM CONPOTHBJEHHeM R, KATYIIKH ¢ MH-

AYKTHBHBIM CONPOTHBNEHHEM X = wl W KOH-

R L ¢ JASHCATOPA € EMKOCTHBIM COMpPOTHBIEHHeM Xco =
= 1/wC (puc. 144) nonnoe conporuseHHe Lenu
& 2
1
@ Z=\/R=+(wL——) ; (23)

wC

Puc. 144 Mesay AMITMTYAHBLIMH 3HAMEHHSAMH TOKA B 9TOH
LIEMH H HATIPAYKEHMEM HA €€ KOHLAX CYILECTBYET CBA3b, AHANOrHY Has 3akory OMma;

W
7"

B srom ciyuae capur ¢a3 Mex Iy HANDAMKEHHEM H TOKOM (OH PaBeH HAYALHOI
<hase HANpsYKEHUA, €CIM MTHOBEHHBIE 3HAYEHHSA HANPAXKEHHS W TOKA Onpejens-
1ores dopmynamu (21) u (22)), Moo HallTH M3 BhIpaXeHus

wlL - 1/(wC
tgy = +] (24)
Ecnn B uenn orcyrcreyer conpornsienne R wan mHaykTusHocts L, To B dop-
mynax (23) u (24) ux crnegyer nonoxuts papunivu wymo. [lpu oreyterBun xe
KOHOeHcaTopa emkocTs C Uen# cneayeT cH4HTATL beckoneuno Gonbuwoit.
SDdpexTrBHEIe 3HAYEHHA TOKa, Hanpsxkenusa H DC cBA3aHBI € MX AMMIH-
TYAHLIMH 3HAYEHHAMH COOTHOILEHHAMH

fu Vo ﬁl.‘r
— Vi=—=, &,=—.
V2 V2 V2

Eciv MraoseHible SHAYEHHA HANDAXEHHA M TOKA HA YYACTKE LEMH Onpene-
nsorea cpopmynamu (21) u (22), To cpeaHAs MOLIHOCTL, BHIIENAEMAN HA ITOM

Iy =

fg=
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YHACTKE,
IV
2

rie cos ¢ — KoadupHIMeHT MOIHOCTH.
TTpu NpoXoykJeHHH Mo NPOBOJHMKY € conpoTunienneM R nepeMennoro Toka
B TEY€HHE BPEMEHH T BhLOENAETCA KOMHYECTBO TENNOTHI

Q = I*Rr.

Ha HHAYKTHBHOM M €MKOCTHOM CONPOTHUBEHHAX TEII0 He BLIASJSETcs.

[Mpu npecfpasosaHun nepeMeHHOr0 TOKA ¢ NOMOLLLIO TPpaHeghOpMaTOpa, B KO-
TOPOM MOXKHO TpeHefpedh paccesHHeM MArHUTHOrO MOTOKA M TOKOM B NepBHYHOM
obMOTKe MpH pas’oMKHYTON BTOpH4HON (TokoM xomoctoro xoga), Toku Iy u Iy
B 0bMOTKax 06pATHO NMPONOPUHMOHANIBHEBI YHC/IAM Wy H Wg BUTKOB 06MOTOK:

N=

cosp = Iy V5 cos g,

.h - w1y i
In  w
BenuunHa k HOCHT Ha3zBaHHe koa@HLKHeHTA TpaHChODMALHH.

SAC &y u &2, nugyunpyembie B 06MOTKAX M3MEHSIOUIMMCA MAMHHTHBIM MO-
TOKOM, NPAMO NPONOPLUMOHATLHEl YHCIAM BUTKOB:

&1 wn
&2 wa 3
Tpanedopmarop, conporusieHne oBMOTOK KOTOPOrO MANO MO CPABHEHHIO
€ HHAYKTHBHBIM conporusiaerneM, umeer KI1/, 6nuakut k equuune. [ns maxoro

tpancopmaropa I) &; = I3, T.e. MOmHOCTL TOKA BO BTOpM4HOR LENM pasHA
MOLHOCTH TOKA B NEPEMYMHON menw.

919. Mpsamoyronsuas pamxa niaomaan S = 100 cm? spamaerca B ro-
PHM30HTAJILHOM OJHOPOJHOM MACHMTHOM mode ¢ wactotoii n = 50 of/c
(puc. 145). Marauthaa mEaykums nona B = 0,2 Ta.
Ha#iTi 3aK0H H3MeHeHHS MATHMTHOT'O MOTOKA Yepe3 PaM-

KY B 33BHCHMOCTH OT BPEMEHH (, €cin B HaYaJbHLIA B
MOMEHT BPEMEHH TLIOCKOCTh PAMKH: &) PACTIONOMKEeHA ro-
pu3oHTANLHO; 6) cocTaBisieT ¢ rOPH30HTAIBHON NI10CKO-
CThIO yToa1 ¢ = 30°,
920. B ycnoeusx 3amaun 919 malitu amnawrygy Puc. 145

C, unayunpyemoii B pamxe. Kak namenures: aMnau-
tyaa I/IC, ecan yacToTy BpallleHHs PAMKM YBEJWYHTE B TpH pasa?

921. Ha#ty MakcUMAaNBHEI MATHHTHEIE TIOTOK Yepes MPAMOYTOMLEYIO
PaMKy, BPAWAOMYICA B OAHOPOAHOM MArHUTHOM MOJe € 4YacToTolt n =
= 10 06/c, ecnn amnumTyga uugyuupyemof B pamke DC &; = 3 B
(puc. 145).

922. HafiTi yacToTy BpauleHHs NPAMOYTOJIbHOR PAMKH B OJHOPOZHOM
MarHuTHOM node ¢ uagykauelt B = 0.5 Tn, ecir aMnnTyga v yunpyeMoi
B pamxe I]IC &y = 10 B (cm. puc. 145). Tlnomaas pamkn S = 200 cm?,
YHCI0 BUTKOR pamku w = 20.

923. Hanpskenne Ha KOHIAX YYACTKA TIeMH, N0 KOTODOMY TedeTr nepe-
MeHHBIH TOK, H3MeHAEeTCs ¢ TeUeHHeM Bpemenn no 3akony V = Vj sin (wt +
+ m/6), rae ¢ = 7 /6 — nauanbHas da3a HanpAXKeHus. B MoMmeHT BpeMeHH
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t = T /12 MrHoBenHoe 3Havenne Hanpsxkenus V = 10 B. Haditn amnautyay
HAMpsXKeHua Vp, KpYTOBYIO HacTOTY & M 4acTOTY f TOKA, eC/IM NepHos Ko-
aebanuit T = 0,01 c. [Ipeacrasuth rpacdhuyuecku 3aBHCHMOCTD HATIPSKEHUS
OT BPEMEHH 1.

924. HaliTn MHAYKTHBHOCTh KATYIIKH, €CIM AMILUTHTYAA HATIDSDKEeHUs
Ha ee konnax Vo = 160 B, amnnuryna Toka B vefi [y = 10 A u yacrora Toka
f=50Tn.

925. UnaykresHoe conporubnenre Karyukn X = 500 Om, apdexk-
THBEHOE® HalpsAXKeHHe CeTH, B KOTODYH0 BKJAMUeHA KaTymwika, V, = 100 B,
gactota ToKa f = 1 k['n. Hafitn aMnauTyy ToKa B enH H HHIYKTHBHOCTD
KATYIIKH.

926. Haiita capur das ¢ mexay nanpsokeduem V = Vg sin (wi + @)
u TokoM [ = [gpsinwit ana nenw, cocrosnet U3 NocneoBaTeNbLHO BKIIIO-
4YeHHBIX pesucTopa ¢ conporusBienneM R = 1 xkOwm, KaTymkn ¢ wHAyK-
TueHocThio L = 0,5 I'n u konaencaropa ¢ emkocthio C = 1 mx®d. Haiiru
MOI[HOCTh, BhIZEJAEMY0 B LIENH, 8CIH aMIIUTY/ja Hanpsoxkenns Vy = 100 B,
a yactota Toka f = 50 I'u.

927. B uens nocfiefloBATEbHO BKIIOYEHBI PE3HCTOP € CONPOTHBIEHHEM
R =1 kOwm, katymka ¢ naaykTusdocTsio L = 0,5 ' u konaeHcaTop ¢ em-
xocthio C = 1 mx®. HaliT unaykTusHoe conpoTHBaenue X 1, eMKOCTHOe
CONIPOTHENEHHE X W NMOJHOE COMPOTHRIEHHe £ 1|eNu MPH YacTOTAX TOKA
fi=580Tuwm fo = 10 xI'u.

928. K 3a>kuMaM reHepaToOpa MPHCOeAMHEH KOHJEHCATOP C €MKOCTBIO
C = 0,1 mx®. HaiiTu aMnauTyay HanpsokeHHS Ha 3a0KMMAX, ecJiH aMrid-
Tyaa toka [p = 2,2 A, a nepuop Toka T = 0,2 mc.

929. B cers nepemenHonro Toka ¢ sdpekTHBHBIM Hanpsskenuem V, =
= 127 B nocteoBaTeNbHO BKIIOYEHL! PEIHCTOP ¢ COTIPOTHBJAGHHEM R =
= 100 Om u xongencarop ¢ emxocreio C = 40 mx®. Haiiru amnauryay
TOKa B LieNH.

930. B cets nepeMeHHOr0 Toka ¢ 3chpeKTHBHBIM Hanpsixkenuem V, =
= 120 B nocnenosaTeibHO BKAOYEHE! POBOAHUK C COMPOTHRIeHHeM R =
= 15 OM ¥ katymka ¢ uaayKTHBHOCTEIO L = 50 mI'n. Hafith wacrory
ToKa f, CIM aMIITHTYAa Toka B tenu [y = 7 A.

931. Haittu nonHoe cOMpOTHBJIEHHe 1[ENH, COCTOAIIEH H3 NociejoBa-
TeJBHO BKJIIOYEHHEIX KOHAeHcaTopa ¢ emkocThio O = 0,1 Mk® u kaTyuku

¢ uHAyKTHBHOCTRIO L = 0,5 I'H, npu yactoTe Toka f =
& = 1 kI'u. [1pu kaxoit yacTore f nonHoe conporusnenue
LIeN# PABHO HYOT
932. B konebarennHbiii KouTyp (pHc. 146) praouen
L c HCTOYHMK nepemennoro Toka ¢ 9/]C & = &y sinwt, roe
R amnautysa 9JC &, = 2 B. lpu pesonance amnan-
TY[a HanpaA»KeHHs HA OTJeJbHBIX IeMEeHTaX KOHTYpa,
Puc. 146 HANpHMEP Ha KOHAEHCATOPe, 3HAYHTENLEHO YBeJTHUYHBA-
ercd. HaiiTi pe3oHaHCHYI0 AMOJUTYAY HANPAXKEHHA Ha
KOHJEHCATOPE, CJIH U3BECTHO, YTO OHA BO CTOJBKO pa3 GobIe AMIIHTY Abi
IC, Bo ckobKO pa3 WHAYKTHBHOE CONPOTHBIEHHMe X (MM €MKOCTHOE
conpoTuBienne X ¢) npu pesonance Gonbwe conporusaerns R. Pesonanc-
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Has yacToTa KoHTYpa fo = 0,1 MI'u, unaykrusrocts kaTywkn L = 1 mIn,
cONpoTHBJIeHKHe KOHTypa R = 3 Om.

933. Conenoup ¢ >Kene3HbIM CepJeuHUKOM (Apoccens), HMeonHil -
ayktusHocTs L = 2 I'e u conporusienne obmoTkr R = 10 Om, saouen
CHAYAJIA B CETh NMOCTOAHHOTO TOKA ¢ Hanpsykennem V' = 20 B, asarem B ceTn
nepeMeHHoro Toxa ¢ adbexTusHbiM Hanpsxennem V, = 20 B u gacToroii
roka f = 0,4 k['u. Haltru Tok, Texywuii qepes conenons, B nepBom caydae
H aMILTHTYAY TOKA BO BTOPOM CITydae.

934. Halitu xoadhpHureHT MOLIHOCTH COS 0 NMEKTPHYECKOH LenH, ecin
reHepaTop OTAaeT B Uenk MomHocTe N = 8 kBT, aMnnuTyaa TOKa B wenu
Iy = 100 A u aMnIuTyaa HANPAXKEHHA HA 3a>KUMax refeparopa Vy = 200 B.

935. OT reHepaTopa MEPEMEHHOrO TOKA TIHTAETCA NEKTPONeYb ¢ Co-
nporusiernem R = 22 Om. Hatimu konuuectso Tennorsr (), BeIgeAsieMoe
nedbio 3a BpeMsi T = 1 4, ecim amnauTyna Toxka g = 10 A,

936. KunsatuabHHk paboTaeT OT CeTH NepeMeHHOro TOKA ¢ 3 deKTus-
HbeiM Hanpspkennem V, = 100 B. Ilpu temneparype {g = 20 °C conpoTus-
nenue ¢pexpanesoli cnupamm B = 25 Om. Kakas macca kunameil Boant npe-
BpailaeTcst KHIATUILHHKOM B nap 3a Bpemsa 7 = 1 Mun? YaenbHas TenaoTa
napoobpazosanus soast r = 2,3 M/Ix /kr. Temneparypusiil koaddbunnent
conpotusienus dexpans o = 21072 K~

937. Heonopas naMna BKANYEHA B CETh IEPEMEHHOI0 TOKA ¢ 3 ek THB-
HeIM Hanpsbkenuem V, = 71 B n nepuogom T = (1/50) ¢. Hafitu npomesxxy-
TOK BpeMenH Af, B TeueHHe KOTOPOro AJIMTCA BCIbIMIKA JAMIbI, H YacTOTY
BCTIBILIEK JaMnbl n. Hanpsskenue 3askuranusa Jamnsl V, = 86,7 B cuvrare
PaBHBIM HANPAXKEHWIO ramenna V.

938. HaiiTH yacToTy BCHEBIIEK HEOHOBOW JIAMNBI, BKIAUYEHHO# B ceTh
NMEepeMeHHOT0 TOKAa Mo cxXeMe, n3obpasxennoit na puc. 147. 3JC Garapen
anemenTos ¢ = 60 B, adupexTupnoe Hanpsixenne,
cHuMmaemoe ¢ aprorpaHcedopmaropa, V, = 28,3 B, na-
npsXeHHe 3aKHranusa Jamnel V, = 86,7 B. YacroTa
nepemennoro Toka f = 200 'n.

939. Tok B nepeu4HOi 00MOTKe TpaHchopMaTOpa
I, = 0,5 A, nanpsaxxenne Ha ee konnax V; = 220 B,
Tox Bo BTOpHMuHOil obMOTKe TpaHcdopmaTopa [y =
= 11 A, nanpskenne na ee konnax Va = 9,5 B. Haitru Puc. 147
KI1J rpauncdopmaTopa.

940. Ilepeuunan obmorTka noHMkawuero TpaHcdopmaropa ¢ kosd-
dunmenToM TpancdopManuy k = 8 BKIWOYEHA B CETh NePEMEHHOIO TOKA
¢ nanpsbxkennem V) = 220 B. Conpotupnenue BTOpHYHOI OOMOTKH r =
= 2 Owm, Tox B Helt [ = 3 A. HaliTu Hanpsokenne Vi Ha 3a0KHMax BTOpHUHO#M
0BMOTKH.

941. llepeuuynas obmoTka TpaHcdopMaTopa AMd NMHTAHUNS HAKANA pa-
auonpuemMHuka ameer wy = 12 000 BETKOB 1 BKJIIOYEHA B CETH MePeMEHHOro
Toka ¢ HanpspkenneM Vi = 120 B. Kakoe unciio BUTKOB we AONMKHE HMETD
BTOpH4Has 00MoTKa, ecin ee comporusienne r = 0,5 Om? Hanpaxkenue
Hakanga paguonpuemuuxa Vo = 3.5 B npu roke J =1 A,
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942, [lepeuynas 06MOTKA MOHHKAIOIIENO TpaHchOpMATOpa BKIIOYEHA
B CeThb TepEMEHHOro ToKa ¢ Hampskenuem Vi = 220 B. Hanpsokenue na
3akuMax BropuuHoO#t obmorke Vo = 20 B, ee conpotusienune r = 1 Owm,
ToK B Heit | = 2 A. Haitth xoacbduuuent Tpanchopmanuu k u KI1/ n
TpancopMaTopa.

943. [NepeHunas o6MOTKA NOHMKAIOLIErO TpaHcdopMaTOopa ¢ Kosddu-
nueHToM TpaHcdopmanur k = 10 BKII0YEHA B CETh NePeMEHHON0 TOKa € Ha-
npsicenneM Vi = 120 B. Conpornsnenne propuunoit o6MoTkH r = 1,2 Om,
ToK B Heit | =5 A. Haifrn conporusnenue R narpysku rpancdopmaropa
B HampsixkeHue Vp Ha 3a>KHMax BTOPUUHOH 0BMOTKH.

944. Halitu amnautyay u dasy Hanps>ken#st B ceTH, naTaeMoll ABYMs
noce oRaTeNEHO BKIKOYeHHBIMHE IeHepaToOpaMi NepeMeHHOoro TOKa, Halps-
JKeHHA Ha 3aKHMax Kotopeix Vi = Vigsinwt m Vo = Vigsin (wt — ¢q).
AMnauTya HanpsiKeHus renepatopos Vig = 60 B u Vo = 100 B; uacro-
Ta Toka f = 50 ['m; Havanenaa cha3za HanpsrKeHHs BTOPOTO NeHepaTopa
Py = 30°,

§ 25. DnexTpoMaruuTHbIe KOIe6aHUA W BONHEI

Mepnon T cobeTBeHHBIX AMEKTPOMArHMTHLIX KonebaHul KOHTYpa, COCTOS-
Uiero M3 KATYIIKH ¢ HHAYKTHBHOCTBIO L m kompencatopa ¢ emkocrbio C, ecm
AKTHBHBIM CONMPOTHBJEHHEM R KOHTypa MoxKHO npeHefpeys Mo CPABHEHHIO ¢ MH-
OYKTHBHBIM (NPH pe3oHaHCHOH yacToTe), onpedenserca dopmynoit Tomcona:

T =2rvLC,

YacToTa 31EeKTPOMArHHTHBIX KodieBanuit konTypa
; " 1 y
T 2x7vVLC

JlnMHa 3eKTPOMATHHTHON BOJIHBI B BaKyyMe
c
?s
rae ¢ = 2,99792458 - 10° m/c ~ 3 - 10° m/c — cxopocts pacnpocTpanenns snex-
TPOMArHHTHBIX BOJH B BaKyyMe (CKOPOCTb CBETa B Bakyyme).

A ==

945. [locne Toro xak KOHJAEHCATODY KonebaTenbHOro KORTypa Bl co-
obimen 3apan ¢ = 1 MKKN, B KOHTYpe NPOHCXOAAT 3aTyXalonlHe 3MeKTpo-
MarHuTHbe Konebanua. Kakoe KOMHUECTBO TEMJOTH BHJIGTHTCA B KOHTYDE
K TOMY BpeMeHH, KOTAa KoJebaHHs MOMAHOCTBIO 3ATYXHYT!? EMKOCTH KOH-
nencaropa C' = 0,01 Mx®.

046. SddexTuBHOE HaNpsiKeHHe Ha KOHJeHcaTope konebaTenbHOro
koutypa V, = 100 B. Emxocte kongencaropa C = 10 n®. Haiity mMakcn-
MAaJIbHbIE 3HAYCHHS WNIEKTPHYECKOH U MAarHHTHOH 3Heprufl B KOHTYpe.

947. KonefaTenbHblit KOHTYp COCTOMT M3 KATYIUKH C HHIYKTHBHOCTBIO
L = 3 mI'n u naockoro kongencatopa B BHAE ABYX AMCKOB pajHyca T =
= 1,2 cM, pacnonoxenusix Ha paccroauuu d = 0,3 mm apyr or apyra.
Halitn nepuog T sneKTpoMarHMTHBIX Komebamuit xontypa. Kakos Gygmer



§25] DALKMPOMAZHUMNKBE KOAEOAHUA U 604N 137

nepuon T xonebanmit, ecnu KOHAEHCATOP 3aN0HATE BEUIECTBOM € AHIJEK-
TPHYECKOH NpOHHMLIAEMOCTLIO £ = 47

948. /Ina npeloTBpAlIEHHS KOPOTKOMO 3aMBIKAHHA B Konebarennuom
KOHTYpe reHepaTopa (BeieACTBHE CIy4altHOro CONPHKOCHOBEHHS 00KIan0K
NepeMEHHOr0 KOHIEHCATOPA APYT C SPYIOM) NOCIENOBATENLHO C IepeMeH-
HbIM KOHJEHCATOPOM BKJIKOHAETCH NMOCTOAHHLIH KOHOEHCATOD, EMKOCTE KO-
Toporo Cy HamMHOro Gonbmie MAKCHMAJIBHON €MKOCTH NMEePeMEHHOr0 KOH-
aencaropa C. o BKIOHYEHHA NOCTOAHHONO KOHAEHCATOPA MaKCHMaJLHOM
EMKOCTH MepeMeHHOro KoHaeHcaTopa C' COOTBETCTBOBAJIA HACTOTA KoJie-
banuit f;. Bo ckonbpko pa3 M3MeHWTCH YacTOTa KonebaHHit KOHTypa nocie
BKJIIOYEHHA NOCTOAHHOIC KOHACHCATOPA, CJIH eMKOCTb 3TON0 KOHIeHCaTopa
Co = nC, rae n = 507

949. Pezonanc B KonebaTesHOM KOHTYDE, COAEPIKAIeM KOHJEHCATop
emkoctn Cp = 1 mx®, nactynaer npu yacrore xonebaumii f; = 400 I'u.
Korga napanjienbHO KOHAEHCATOPY eMKOCTH Cp NOJKIIIOMAeTCH KOHIEHCa-
Top emkocTH C, pe3oHaHCHAA YAcTOTa craHoBMTea passolt fo = 100 I'm.
HaiiTu emxocTs Kongencatopa C.

950. B xaknx npejenax JoNKHa W3MEHATHCA WHAYKTHBHOCTb KATYII-
KH KO/eDaTebHOr0 KOHTYpa, YToDbl B KOHTYPE NPOMCXOAHIH KoneGaHus
¢ uacroro#t or f; = 400 I'y mo f» = 500 'u? Emxocts konjencaropa C =
= 10 mx®.

951. PaguonpueMHHK MOXHO HACTPAHBATL Ha NPHEM PAIHOBOIH pa3-
anyHoMt ammHBL OT Ap = 256 M g0 Ag = 200 M. B kakyio cTopoHy m BO
CKOJTBKO PA3 HYXKHO H3MEHHTh PACCTOAHME d MeXIY TINIACTHHAMHE ILIIOCKOr0
KOHJEHCATOPA, BKJIYeHHOTO B KonlebaTenbHblff KOHTYD PAJHONDHEMHHKA,
NpH nepexoge K npuemy Gonee anuHHBIX BonH?

952. Kakop gHana3oH 4acTOT PaJHOBONH MUJJIEMETPOBOIO JHANIA30HA
(ot A1 =1 MM g0 A2 = 10 mm)7?

953. Haittin anuHy BONAHbI PEHTIEHOBCKHX yyel, ecin HX yactora f =
=3-10°TTn.

954. HafiTu guanason AJHH BOMH reHepaTopa, BO30Y KAAIOMIETO NIEK-
TPOMACHUTHbIE Konebanus 3a0aHHON AMILIHTYABl W YaCTOTHI, €C/IM OH pac-
cYMTAH Ha Auanasol yactor ot f; = 0,1 MI'y go fo = 26 MI'n.

955. Kakofi HHTepBan 4acTOT H JAJHH BOJIH MOXeT NepeKpelTb OJHH
W3 AMANA30HOB DAJHONPHEMHMKA, €CJM HHIYKTHBHOCTb KoebaTelbHOro
KOHTYpa pajHonpHeMHHKa 3Toro guanasona L = 1 mxI'n, a ero emkocrs
naMenseres or C; = 50 n® po Cs = 100 nd?

856. Kakymio AMuHY BOJNHBI SNeKTPOMATHHTHBIX Konebanuii 6yaer npu-
HUMATh PaAHONpPHEMHHK, KojlebaTenbHbI KOHTYP KOTOpOro MMEeT KOH-
Jencarop ¢ eMkocTbio C = 750 n@® M KaTywky ¢ MEAYKTHBHOCTBIO L =
= 1,34 mI'n? Haiiri yacToTy KoneGanuilf KOHTYpa paAHONPHEMHUKA.

957. Yacrora xonebanuit snekrpomMarnuTHoro koutypa fo = 30 xI'u.
Kaxoi Gyaer ero yacTora f, eC/iH paccTOsHHE MeXAY MIACTHHAMH IJIOC-
KO0 KOHJEHCATODA KOHTYpa YBeJH4YHTh B n = 1,44 pasa?

958. [lpu M3MeHEHHH TOKA B KATYIIKe HHAYKTHBHOCTH Ha BeJIHMYHHY
Al =1 A 3a spema At = 0,6 ¢ B neit ungyunpyerca IC & = 0,2 mB.
Kaxymo amuny A 6yier uMeTh paJHOBONIHA, H3/IYYaeMana reHepaTopoM, Ko-
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nebaTebHbIN KOHTYP KOTOPOTO COCTOHT W3 3TOH KATYIIKH H KOHAEHCAaTopa
emkoctu C' = 14,1 u®?

959. Haittu yacrory [ anexkrpoMarHuTHLIX Kosebanuit KOHTYpa, H300-
paskKeHHOro Ha pHc. 148, a Takoke Kpyrosyio 4acToty w, nepuoa T v gnuny
BOJIHBI A, Haayuaemol koutypoM. UugyktusHoers ka-
Tywkyu Koutypa L = 10 mI'H, eMKocThs KOHAeHCaTOpa
b Caﬁf Cy = 880 n®, eMKoCTE MOACTPOEYHOIO KOHAEHCATOPA

Cz = 20' nd.
960. KonebarenbHblll KOHTYp, cogepkauiuil KoH-
Puc. 148 Jencarop emkoct C' = 20 n®, nacrpoen Ha AnuHY

BodiHel A = 5 M. Halitn unayxrussocrs katymku L
KOHTYpa M YacTOTy ero konebauuii f.

961. Ha kakyio ANHHY BOJIHBI HACTDOEH KoJeBaTeJbHBIH KOHTYpP, CO-
CTORAIMI W3 KATYIIKH ¢ HHAYKTHBHOCTRI0 L = 2 MI'H M nnockoro KoHaeH-
catopa? [IpocTpaHCTBO MeXKIY MJIACTHHAMHA KOHIEHCATODA 3aMOJIHEHO Be-
LIECTBOM C JHEKTpHYecKo#H nponnnaeMocTsio € = 11. [lnomaas naacTHl
kongencaropa S = 800 em?, paccrosiune mexxay numu d = 1 cm.

962. HaiiTn eMKoCTL KOHAeHCATOPa KOeOATeILHOrO KOHTY DA, ecJii NIpH
uaaykTasHocTH L = 50 Mx['H koHTYp HAaCcTpOeH Ha JNUHY BOJHBI ATEKTPO-
MarHUTHBIX KoneGanuii A = 300 m.

963. EMKoCTh NepeMeHHOro KOHJEHCATOpPa KOJMeDATeNBLHOro KOHTYpa
u3MeHserca B npegenax or Cy go Cy = 9C,. Haiity auanason AJMH BOH,
NPHHHUMAEMBIX KOHTYPOM, eCJIl eMKOCTH KoHjencaropa C) COOTBETCTBYET
JJIHHA BONHBL A; = 3 M.

964. Konebarensuuill KOHTYD paJHONPHEMHUKA HACTPOEH HA PaHO-
cTaHUu, YacTora Kotopoll fy = 9 MI'y. Bo ckonbko pa3s Hy»xKHO H3MEHHTH
E€MKOCTb MEPEMEOHHOI0 KOHEHCATOPa KOHTYpa, 4To0bl o BbLI HACTPOEH Ha
JauHy BosHBl A = 50 m7?

965. DneKTPOMArHHTHEIE BOJHBI PACIPOCTPAHAIOTCA B HEKOTOPOH of-
HOPOJHOM Cpese Co CKOPOCThIO ¢, = 2 - 10% m/c. Kakyw amuny sonust A
HMEIOT MEKT?pOMarHHmuE BOJIHBI B 9TOH cpeje, eCliM HX 9acTOTa B BAKyyMe
fo=1MTu?



T'nasa IV
OIITHUKA

§ 26. BonHoBble ¥ KBAHTOBLIE CEOMCTBA CBeTA

B Bakyyme u B 0AHOPOAHON Cpe/le CBET PacnpOCTPAHSAETCA NPAMOIMHENRHO,
CkopocTh cBeTa B Bakyyme ¢ = 2,99792458 - 10° Mica 3. 10% M/C, B BELIECTBE —
€n = ¢/n, PIe 1 — NOKA3ATENbL NPEJOMJIEHNH BELIeCTEa,

Ceer npeacrasnser cobolt nonepeuHsie 3NEKTPOMArHUTHEIE BoHbl. [Inuxa
BOJIHBI A CBA3aHa ¢ yacToTo#l xoneGanuil i, nepuoaom T M CKOPOCTLIO ¥ COOTHO-
LIEHHAMH

A=aT=2,
v

KpanToBbie cBoficTBA CBETA NPOABIAITCA BO B3AHMOAEACTBHH CBETA C Belle-
©TBOM. DHeprusi KBanTa (MOPUMH) CBETA C HACTOTON I ONpeensieTes BhlpaykeHHeM

£ = hu.

Baece h = 6,626176 - 107 [k - ¢ ~ 6,62 - 107" Jx-c (mam Jx/Tu) —
nocroauran [lnanka.
Ypasuenue Ditnwrelina ana doroaddexra

E:Aaux+K

CBA3BIBAET IHEPrHK £ MAJAKIEND Ha BELIECTEO KBAHTA CBETA, Paﬁﬂ'l'y BBIXOOA
Apux WIEKTPOHA H3 BELECTBA M KMHETHYECKY1o 3Hepruio K = mua,r‘i BhLITETER-
ero 3MeKTPOHA.

966. Yenosek, poct KoToporo h = 1,7 M, uaeT ¢o ckopocThio v = 1 M/¢
MO HaNpaBleHHID K YJIH4YHOMY <oHapio. B HeKoTopol MOMEHT BpeMeHH
AJHHa TeHH 4Yenobeka Ovlia [; = 1,8 M,

a cnyeTs BpeMs ¢ = 2 ¢ AJHHA TEHH CTaJ1a S
{> = 1,3 m. Ha kakoii sricote H BuCHT ¢po-
Hapb? yB A

967. Cxema onbita MajikenbcoHa mo
onpejeneHnio CKOPOCTH ceeTa u306padke-
Ha na puc. 149. Paccrosume AB =1 = c D
= 35,5 kM. C kako#l wacroroit v goms-
Ha BpalllaThCsA BOCbMHIpaHHAA 3epPKaJibHaA
npusMa K, 4Tobbl HCTOYHMK cBeéTa S ObLN
suaeH B Tpyby T'7 Paccrosame OB mano
No CPaBHEHMIO ¢ paccTosHueMm AB.

968. AnmasHas NIACTHHA OCBELIAETCA (DHOJIETOBBIM CBETOM YACTOTHI
v=0,75- 10%% I'u. HafiTH amunsl BonH A H A9 (pHONeToBOro CBETa B Ba-
KYYMe H B ajMa3e, eC/IH NOKA3ATe/b MpeoMIeHHA AlMa3a A7a 9THX QJIHH
BOJH 1 = 2,465.

A,
]
ro)

Pue. 149
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969. HailTn nokasaTenb npeloMieHHs n cpebl, B KOTOPOH CBET ¢ 3Hep-
rueli keaHTa € = 4.4 - 1079 I umeer aauny Boaubl A = 300 am.

870. HadiTi sHepruio € KBaHTa CBETA, COOTBETCTBYONIETO [IHHE BOJHbI
A = 500 um.

971. Hailitw nnumy eosHbl A cBeTa, KOTOPHIM OCBEIIAETCA MOBepX-
HOCTb MeTalia, ecyin (POTONIEKTPOHBI MMEIT KHHETHHYECKYH) IHEpPrHio
K=45" 10"&' Ik, a pabora BeIXOJa TEKTPOHA M3 MeTanna Ag.. =
=7,5-10"1° Ix.

972. KakoBa MUHUMA/ILHAS YACTOTa I CBETA, IPH KoTopol eme Habmio-
paercsa ¢oroaddext, ecnn pabora BEIXO4a IEKTPOHA W3 MeTalna Agy =
=3,3-107"° [Ix?

§ 27. OTpaxkeHue B NMpejloMJieHMe CBeTA Ha MNJOCKOH# rpaHuIe

Ha rpannue apyx cpen HaAGMIOOAIOTCA ABJNEHHA OTPAa*KEeHHMS W TIPEJIOMIEHHA
CBETA.

IMpu oTpaxesnn cseta najawouuit ay4, NepneHaHKyIAp, BOCCTAHOBIAEHHBIH
B TOYKE NAJEHHSA JY4a K OTPAXKAIOLIEN MOBEPXHOCTH, H OTPAMKEHHBIN My JIEXKAT
B OAHOR TJIOCKOCTH, YTON OTPAXKEHHs DABEH YLIy NAJEHHS.

B cuyuae npesiomienus najaomuil Jyd, NepneianKynap, BOCCTRHOBIEHHBIT
B TOYKE NAJEHMS JIy4a K FPAHMLE pa3fiefla [ABYX CPeJ, M MpeioMieHHbid myy
nex<aT B OfHON naockocTH. Yrom nNageHus o M yrod npenomsenus 3 cea3aHbl
PaBEHCTBOM

sina _ na

sinf~ ng'

rie f1 ¥ Nz — NOKA3ATEH NpenoMIeHus nepeoll W sropoil cped, a n = nz/n; —
OTHOCHTeNBHBIH NoKa3aTens npenomieHns aApyx cpea. [nsa sozayxan = 1.

Ecm na < ni1 (BTOpas cpefa onTH4YecKH MeHee MnoTHas), To a < [. Mak-
cHMansHOMY yray npenomaenns [ = 90° cooTBeTCTByeT yron NajeHHR o, Onpe-
pensembifl paBeHcTBOM 8in ag = nag/ny. [lpu yrne nagenuns o > ap cywecrsyer
TONBKO OTDAXKEHHBIA JIyY, NMPeNoMJEHHBIR JyY OTCYTCTBYET (ABJEHHE NOJIHOND
OTpaXkeHus).

973. Kpyrawiii 6acceilin pagnyca R = 5 M 3anuT go xkpaes sogoii. Han
uenTpom baccefina Ha BeicoTe h = 3 M OT IOBEPXHOCTH BOJbI BUCHT JIAMIIA.
Ha xakoe paccrosumne | or xpasi baccefiHa MoXKeT OTONTH 4Ye/loBEK, poOCT
xotoporo H = 1,8 M, uTobnl Bre ellle BUAETL OTPaskeHHe JaMnbl B Boje?!

974, flpkas naMna BMCHT HAJ UEHTPOM

» S KOMHAaTLI Ha BbicoTe b = 2,5 M oT nona. Brico-

Ta KoMHaTH H = 4 M. Ha mony nexxut nnockoe
sepkanble auamerpa d = 5 cm. Kakoro gua-
MeTpa «3afiyuKks OyJeT OT Hero Ha TOTOJIKE,
€CJIM 3ePKAJIbLIE PACTIONONKEHO HA PACCTOAHHSX
i =0,5mul; =1,5M 0T HeHTPa KOMHATHI?
975. Yron mexay AByMs NIOCKHMHA 3€PKa-
Puec. 150 NaMB MOXKHO H3MEHATDb, BPALIAA OHO U3 3ep-

KaJ Bokpyr pebpa yrua (puc. 150) ¢ nocros-

HHo#t yrnoso#t ckopoecThio w = 1,5 rpag/c. Toveunn#t HeTOYHHK ceeTa S
PAcTIONIOXKEH Ha MepNeHIMKYJNsApe K HEeMOABHMKHOMY 3€pKally, BOCCTAHOB-
fenHnoMy B Touke A peGpa na paccroanun h = 10 em ot nero. Yepes kakoe
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?pELlﬂ t p?mmune MeXk [y H306paskeHHAMH HCTOYHRKA B 3epkasax Byper
= 10 cm?

976. [Isa nnockMxX 3epKasia PacnoioXKeHbl NOJ YIVIOM APYT K ADPYTY,
H MeXK/[y HUMH TIOMEIleH TaYeYHbI HCTOYHMK cBeTa. Maobparkenue HeTou-
HHKa B MEPBOM 3€DKaJIe HAXOJHTCS Ha PACCTOSHUH a) = 6 ¢M, a BO BTODOM
3EPKAJIE — HA PACCTOAHHMH Gg = 8 CM OT HCTOuHHKA. Paccrosinne mMexiay
n3obpaskeHuAMH HcTodHHKA [ = 10 cM. Haitta yron ¢ mexxay 3epxanam.

977. lpa ManbIX NJOCKHX 3ePKA/a DacrooXKeHbl Ha OJHHAKOBBIX PAC-
CTOAHUAX JPYT OT APYTa H OT TOYE4YHOro HCTOYHUKA cBera. KakoB pomien
BBITb Yroa @ MexK/ly 3epKajiaMu, eciin Jiy focje gByX oTpakenull: a) Ha-
npaBJsieTcsl NpAMO K HCTOYHHMKY; 6) BO3Bpamaercs 06paTHO K HCTOYHHKY
1o NpoiiJeHHOMY TyTH (T. €. HCIBITHIBAET ellje OAHO OTpaxenue)?

978. Ilmockoe zepkano nosopaumsaloT Ha yroa ¥ = 27°. Ha kakoif
yroa ) nosepHeTCH OTPaX<EHHBIN OT 3epKaJa JTy4?

979. ¥Vakuft 1y ceeTa, NpOXoAs Yepe3 MAJIEHBKOE OTBEPCTHE B SKpaHe
(mepneHIHKYISPHO K MOBEPXHOCTH 3KPaHa), MMONAJaeT HA BPAIIAIOIIEecs
[IECTHIPAHHOE 3EPKAJIO, OCh BPALIEHHS KOTOPOrO NapajlleNlbHa NOBEepXHO-
CTH 9KpaHa W HaxoAWTCa HanpoTus orsepcTus. Kako# gamuet L Gyger
NpOYepYHBATL NONOCKY Ha 9KpaHe OTPAaXKeHHBIH OT 3epkana Jyd, eclH
paccTosinne Mexkay 3epkajioMm u akpaHom [ = 1 m? Pasmepamn rpaneit
3epKAJIA 10 CPABHEHHUIO ¢ PaccTosAHHeM [ npeHebpeyb.

980. [sa zepxana obpasyiorT Apyr ¢ Apyrom yroa ¢ < w. Ha ogmo
M3 3ePKaJ NAajaeT JIyd CBeTa, Jeraluii B MI0CKOCTH, NeprnesauKyaapHoil
K pebpy yrna. [JokaszaTh, Y4TO yros oTKJOHeHH:A § 3TOrO Jyua OT NepBOHA-
4aJBHOIO HANPABJICHHSA MOC/Ie OTPAXKEHHS OT 000MX 3epKaJ HE 3aBHCHT OT
yriia najeHns.

981. [Ipa miockux 3epkana obpasyior apyr ¢ Apyrom yroa ¢ < . Jlyu
CBeTa OTPaXAeTCs NocieJoBaTenbHo oT AByx 3epkan. Ha xawoit yron #
OT CBOENO MEePBOHAMAJIBHOIO HANPABIAEHNA OTKJIOHHTCH OTPAXKEHHBIH Jyd,
eclIi CHCTEMAa 3€PKAN NOBOPAYHBAETCA HAa Yrod 1 BOKDYT OCH, Jexkatueit
B nJockocTH oboux 3epkan? Kaxk nagarouuit, Tak B OTpa)KeHHBIH Jy4H
JIEXKAT B [JIOCKOCTH, NEPIIEHJHKYAAPHOH K 310l ocH.

982. Ceuenne CTeKJAHHON npusmbl HmeerT (Gopmy paBrOGEIPEHHONO
tpeyronbanka. OgHa w3 paBHbIX rpanell npu3Mbl nocepebpena. Jlyy ceeta
najaeT Ha HenocepeOpeHHYI0 TPaHb NMPH3MBI NEPIEHAHKYJSIPHO K €e No-
BEPXHOCTH H TOGIE ABYX OTPaXKEHWH BLIXOAMT 4epe3 OCHOBAHHE MPH3Mbl
nepnedAHKYNApHO K Hemy. HaltTh yrasl npuambt,

983. Jly4 ceeTa BXOAHT B CTEKNAHHYI MPH3MY MOA yriaoM a = 7/6
H BBIXOJNT W3 NPH3MBLI B BO3JAYX MOA YryioM 4 = /3, npHyem, npoias
NpH3MY, OTKJOHAETCH OT CBOEIC NEPBOHAYAJLHONO HANDABJIEHUA HA YT
8 = w /4. HallTy npesioMIA0muil yroa 4 npu3Mel.

984. HaliTu noxasareib NpeNoMJIeHHA 1 CKHNHIApa H CKOPOCTb pPac-
MPOCTPaHeHHA CBETA ¢y, B CKHIUAADE, ECAH NIPH YIiie najenus o = 45° yran
npenomaenusa [ = 30°,

985. Jlyu ceera najaeT nepneHAMKYAApPHO K GOKOBON MOBEPXHOCTH
MpH3MBL, npeaoMasromuil yron kotopoi ¢ = 30°. Hatitu yron otknone-
HuA § My4a OT NepBOHAYANBHOTO HATIPABJIEHHA NOCTIE BLIXOAA U3 NPH3MEL.
[Toxazarenr npejgoMaends MaTepuana npusMel n = 1,4.
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986. Bricora Conuua Hag ropusorToM ¥ = 20°. [lonk3yach 3epkaniomM,
MYCKAIT «3ai4HK» B BOAY 03epa. [lo1 KAKHM YTJIOM % K TOPH3OHTY HY?KHO
PACTIOVIOXKHTE 3€PKaNo, YTeOBl Jy4Y cBeTa B Boge wWwena moj yraom § = 41°
K Beprukaau? Ilokasarens npenomnerus sogs n = 1,33.

987. IlpH nageHHn Ha NAOCKYH FPAHHLY ABYX Cped ¢ NOKAZATeNAMH
NpPeAoMIeHHSA Ty ¥ T JYY CBETA YACTHYHO OTPAYKAETCSH, YACTHYHO TIPEIoM-
nsercs. [Ipu kakoMm yryie nageHus  OTpakeHHBIH Ty4Y neprneHauKynsapeH
K MpefoMJIeHHOMY Jy4y”

988. [lpenomnenHbiit Jyy cBeTa COCTABIAET ¢ OTPaXKEHHBIM yroa 90°.
Haiirn oTHOCHTENBHBIA NOKazaTeN: NpeNoMIeHHs, eclu Jy4 najaeT Ha
MIJIOCKYH0 I'DAHMILY CPpen Mof YIVIOM &, Anf KoToporo sina = (,8.

989. Ha nosepxHocTH BogoeMa, HMeromero raybuny H = 5,3 M, nnasaer
danepuuiit Kpyr paguyca r = 1 M, HaJ LEHTPOM KOTOPOTN'O HA HEKOTOPOH
BBICOTE PACHOJIOXKEH TOYeuHBIH HCTOYHHK cBeTa. KakoBa qomkHa 6wITh 3Ta
Bbicota h, uTobel paguyc R TeHH OT Kpyra Ha AHe Bojoema OLLT MaKcH-
manbHeiM? HaliTn sTOT MakcuManeHsii paguyc. [lokazaTens npenomiaeHus
poast n = 1,33.

990. Ha noeepxnocTH 03epa, aMetowero raybuny H = 2 M, HaxoauTca
kpyrasili naot paauyca R = 8 m. HailiTu panuyc r nonHoit TeHn ot miota
Ha JHe 03epa NPH OCBELIEHHH BOALI paccessHHLIM cBeToM. [loka3arens npe-
JoMIIeHHs Boaw n = 1,33.

991. Jlyy ceera magaeT HA CTEKAAHHYIO TIACTHHKY € MOKA3aTeseM
npenomMaenus n = 1,7 nog yrnom o, ans koroporo sin & = 0,8. Benueammi
H3 MJIACTHHKH JIyY OKA3AJICA CMELUEHHBIM OTHOCHTENBLHO NAaJalonIero Jy4a
Ha paccrosHue b = 2 cM. Kakopa Toamuba A niacTHHKH?

992. Ha kakoe paccTosinpe | CMECTHTCH JIy4 CBeTa, PACMpOCTPaHAI-
muiica B CTEKJ€E ¢ NOKA3ATENEM NPEJOMIEHHS 7i, CH HA €ro MyTH HMEeTCA
NJOCKONAPaIeNIbHAA LIeNb IHPHHE! d, 3aN0JHEHHAsA Bo3ayxoM? Yrou na-
JAeHHs Jy4a Ha Llenk paBeH a. [lonHOro oTpakeHHA He MPOHCXOOMT.

993. Jly4 cBeTa BBIXOZWT M3 NPHU3MBI MOJ TEM K€ YIJIOM, TOJ KAKHM
BXOJHT B [IPA3MY, NPHYeM OTKJIOHASTCHA OT NePBOHAYABHOTO HANPABIeH!A
Ha yroa § = 15°. Ilpenomasroumit yroa npusmet ¢ = 45°. Hafitu nokaza-
TEJIb NPeIOMAEHHS Tt MATEPHANA NPH3MEI,

994. V¥ npuaMbl ¢ noka3laTenem npenomiaeHus n = 1,41 u npenom-
aaomuM yraom ¢ = 30° oaHa rpaHb nocepebpena. Jlyy cBeTa nmajaer Ha
HernocepebpeHHy10 rpaHk noj yriioM & = 45° B nocie OTPaXKeHHs BLIXOAUT
A3 IPH3MBI Y€pes 3TY »Ke rpaHb, HaitTu yron 6 MexKIy NajaiolinM H BLIXO-
AAIIEM JTy4YaMH.

995. Hafitu yron # oTkn0HeHNA JYYa CTEKAAHHOH npH3Moll ¢ npeioM-
NANIEM YoM @ = 5°, eclin AyY NajaeT Ha I'DaHbL MPH3MLI NOJ MAJBIM
yraom. [lokazatens npenomiaenus crekaa n = 1,8,

9986. Jly4 ceera nmajgaer noa yrioM & = 58° Ha NOBEPXHOCTHL BOAOHI,
HanuTOM cyioem Tonuuuel i = 10 MM B cTexnsaHHOE BaroALe ¢ MIOCKONAPA-
nensHBIM AHOM. [lokasarens npenomaenns sogel ny = 1,33. Haiirr nokaza-
Tellb NPeIOMJIEHHA N cTekNa bmoaua, ecny seiwesmmi noa 6aoauem mayy
CMelleH OTHOCHTeNLHO MaJarilero Ha paccroanue [ = 6,2 MM, a B cTekne
Ny4 NPOXOAMT MyTh L = 5 MM.
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997. Ha ropusonTanbioM Ane Bogoema, umenomero raybuny b = 1,2 M,
JIEYKHT IJIOCKOE 3epkaqo. Jlyd ceera najaeT Ha NOBEPXHOCTh BOJLI TOJ
yrioMm a = 30°. Ha kakom paccrosuuu | oT MecTa najieHusi TOT Jy4 CHOBA
BEIiIET Ha MTOBEPXHOCTE BOABI MOC/e oTpaykeHusa oT 3epkana? [lokasarens
npejoMaeHns soasl n = 1,33.

998, Ha ropuzonTtansuoMm gue bacceitna, umetomero raybuny h = 2 M,
JIeXKHT NJI0CKOe 3epKado. JIyd cBeTa, Ipe/IOMHBILHCE Ha [IOBEPXHOCTH BOAbI,
OTPasKaeTCs OT 3epPKajia U BHIXOLHT B BO34yX. PaccTosHKEe OT MecTa BXOX-
JeHHs J1y4a B BOAY A0 MECTA BbIXOfla OTPAXKEHHOro Jiy4a u3 sogel | = 1,5 m.
Ha#ity yros nagesus jgyda . [Noxazarens npenomaesus sogsl n = 1,33.

999. ¥ naockonapaifieibHON NNACTUHKH, HMEIONeH TonHHy d = 5 cM,
HIDKHSIA [OBePXHOCTh Nocepebpexa. Jlyu ceeta, najaromui Ha NJIACTHH-
Ky nog yriaoMm a = 30°, yacTHYHO OTparkaeTcs OT BepxHeil NOBEPXHOCTH,
YACTHYHO NMPOXOJHT B MJIACTHHKY, OTPA*KAETCA OT HHMXKHeH [OBEepPXHOCTH
MIACTHHKH, H, NPeIOMIAAChH BTOPHYHO, BRIXOJHT B BO3JYX NapajeibHo
NEpBOMY OTparKeHHOMY Jiy4y. HaliTh nokasaresib npesioMIeHHs 71 MATEPHA-
71 TIJIACTHHKM, €CJIM PACCTOAHME MEXKY MaJaloniHM ¥ BBIXOSALIIMM JYYaMi
{ =205 cm.

1000. Ha crexnannyio NIOCKONAPANIENbHYIO TUIACTHHKY TOMLMHE d
najaer Jyd ¢BeTa Noj ymioM . JIyY YacTHYHO OTpaXkaeTcs OT BepxHeil
MOBEPXHOCTH, YACTHYHO NMPOXCIHUT B MIIACTHHKY H, OTPA3HBIIHCE OT HIbKHeR
TIOBEPXHOCTH, BEIXOAUT Hepe3 BepxHicw, HalTi yroa ¢ Beixoja Tyya U Jau-
Hy L myTn, npolAeHHOro NpejoMIeHHbIM Jy490oM B niacThike. [Tokazarens
NpeJIOMJIEHHS CTeKJIa PaBeH n.

1001. Kakopa TonmpHa d CTEKIAHHON IIOCKONAPaIeILHON TIacTHH-
KH, €c/IM TOYKY Ha 3aaHefl MOBepXHOCTH MIACTHHKY HabniogaTens BHAMT Ha
paccrosinnu | = 5 cm ot nepegneit mosepxuoctu? [lokazarens npenoMiaesns
crekaa n = 1,6. Jlyu apeHnsa nepneHaAUKyIApeH K NOBEPXHOCTH OJACTHHKH.
Hnsi Mansix yrioe iga =~ sina = a.

1002. ¥ nnockonapaiesbHOM NIAaCTHHKH, HMeolwel TonumHy d =
= 1,2 em, 3aguas nopepxnocTe nocepebpena. Toueunbidi HCTOYHMK CcBeTA
pacnonoeH Ha paccrosunn | = 1,5 oM oT
nepeaneit nosepxnocru mnacruuki. Ha xa-
KOM paccrTosiHMM L OT MCTOYHWKA HAXOAMTCS
ero uaobparkenue, NOJAYyaweecs B Pe3yIbTa-
Te OTpaskeHMs Jyuell oT 3aaHed MOBepXHOCTH
nuacTuHkn! [loxkazarens npenoMiaeHHs Mmare-
puana nnactuakd n = 1,6. Jlyy 3penus nep-
MeHAHKYJIAPeH K NOBePXHOCTH IJIACTHHKH.

1003. CrepceHp OnyLieH KOHLOM B TPO-
3paYyHyI0 ¥KHJKOCTh, NOKA3ATe b NpeJoMJIeHus
KOTOpOIi paBeH 7, U 0Dpasyer ¢ MOBEPXHOCTHLIO
suaxkoctH yron a. Habmogartenwo, koTopbiil
CMOTPHT CBEPXY, KOHel| CTEePXKHH, MOrpy>KeHHbI#t B >KHIKOCTb, KayKeTcs
cMmenennbiv Ha yroa B (pnc. 151). IIpn xakoM yrie HaKJIOHa CTEDXKHS o
yroa cMmentenns 3 GygeT MakCHMabHBIM?

1004. Ceyenne CTeKIAARHON npu3Mbl uMeeT (opMy PaBHOCTOPOHHErO
TpeyroibHuKa. Jly4 najaer Ha oAHy M3 rpaHedl NepHeHAHKYAApPHO K HeH.

Puec. 151



144 Omeemst U peutenuR [Cn. IV

HaifiTu yron 6 Mexxiay HanpapjieHHAMH NaJAOLIEro JyYa H Jy4a, Bbilled-
mero W3 npu3mel. [lokasaTens npenoMienus cTekna n = 1,5.

1005. B uucrepne ¢ cepoyrieponom Ha riybuse h = 26 cM noj nosepx-
HOCTBLI0 PACMOJIOMKEH TO4YeYHBIH HcTOYHMK ceeta. Haliru nmomaas xpyra
Ha MOBEPXHOCTH YKHJKOCTH, B Npe/eaX KOTOPOro BOSMOXKEH BbIxoa Jy4eii
B Bo3ayx. [okazarens npenomaenns cepayrnepoaa n = 1,64,

1006. Bogonas cToUT Ha TOPHU3OHTAJIBHOM [lHEe BOAGEMa, HMEIOIEro
raybuay H = 15 m. Ha kakom paccrosinum | oT Bogosiaza, pocT KOTOPOro
h = 1,7 M, HAXOAATCA Te YACTH AHA, KOTOPbIE OH MOMKET YBHIETH OTPasKeH-
HBIMH OT noBepxXHocTH BoAbl? [lokazarens npesomaenHa sogst i = 1,33.

1007. Ha gue Bogoema, umerwtero rybuay H = 3 M, naxoaures To-
YeqHbIl HCTOYHHK cBeTa. Kakoit MHHAManbHBI paguyc H JomkKeH HMeTh
KPYMIBifl Henpo3padHbill AMCK, MJIABAIOMIMA HA NOBEPXHOCTH BOAB HANM
HCTOYHHKOM, 4TODBI C BEPTO/IETA HENb3s Obi10 OOHADYKUTH ITOT HCTOYHHMK
ceera? [lokasarens npenoMienns Boasl n = 1,33.

1008. B >kugkocTn ¢ noxkasaTeneMm npesnomaends n = 1,8 nomemen
TO4eyHBIi HCTOYHMK cBeTa. Ha kakoM MaKCHMAJILHOM paccTosHHH h Han
HCTOYHMKOM HAJ0 NMOMECTHTL AucK anamerpa D = 2 cm, urobwl ceer He
BBILIEN W3 KHAKOCTH B BO3ayxT

1009. B ronmie crexna ¢ nokasaTenem npenomaenus n = 1,5 va pac-
croauun i = 10 cM OT N/10CKO# NOBEPXHOCTH CTEKJA HAXOOHUTCH TOYEYHBIN
HCTO4YHHMK cBeta. Henpo3paunbili gHCK pacnonioykeH HA 3TOH NMOBEPXHOCTH
TAK, YTO €ro LEeHTp HaxoauTca B Gmuwkalimell Kk HCTOMHHKY Touke. JHck
H CTEKJIO TOKPBITHI CHAPYKH IJIOCKHM CJI0eM TaIKOro Jbaa 6e3 Bo3ay mHol
npocnofiku. Kakoli muHuManbhbilt paguyc R gonken HMeTh AUCK, YTOOHI
CBeT He BhIlIE] Yepe3 NOBEPXHOCTE AbAa’

1010. [Ty4ok cBeTa CKONL3NT BAONE GOKOBOM rpaHM NPH3MbI, CEYEHHE
koropo#i nmeet Gopmy pasHODeapeHHOro TpeyronbHuka. [IpH kakoM npe-
JeJIHOM NPesOMJIAIONeM YITie (p IPH3MBI IPEJIOMJICHHBIE JIyUH [IPETEPNsT
nojHoe OoTpa<eHne Ha BTopol Gokosoil rpanu npuamet? [Tokasarens npe-
JNOMJIeHRsi MaTepHana npusmer n = 1,6.

1011. Ipusma ¢ npesomasiowem yraom ¢ = 60° caenana us crekna
¢ mokasaresiem npesomaenns n = 1,75, [Ipn xakoM yrie najenus o ayda
CBETa Ha OHY W3 rpased BBIXOJ NyH4a H3 BTOPOH DAHH CTAHOBHTCH HEBO3-
MOYKHBIMT

1012. Jly4 cpeTa najaer nepneHAHKY/IAPHO K KOPOTKOH TPaHM Tpex-
rpasHoft NoBOPOTHOM NpH3amet ¢ yraamu 90° u 45°, naroToeneHHol U3 cTek-
Jla ¢ nokaszaresiem npejgomienus n = 1,75. Ha kako#t MakcumansHwiii yron 6
MOJKeT OTKJIOHWThCHA Nyd B Hanpasaenuu k 90°-my pebpy B ILIOCKOCTH,
NEPHeRAMKYIAPHON K 9TOMY pebpy, 4Tobbl CBET He BBEIXOOHN YACTHYHO
Yyepes AJHHHYIO MPaHb NPH3MbIT

§ 28. ®oromeTpHus

B doromerpun BBOAAT cBeTOBbie BenuuMHbl TaK, 3HEPrHio, MEPEHOCHMYHW
CBETOM 4Yepe3 KaKy-HHOyb NJIOIAIKY 38 eJUHHLY BPeMeHH H OLEHHBAEMYIO [0
IPUTENLHOMY BOCIPHATHIO, HAJLIBAIOT CBETOBLIM noTokoM & uepes sty niowaa-
Ky. OcpemenHocTb nopepxHocTH E = @/ 5, rae § — naowases nosepxaocty.



§ 28] Pomomempur 145

Cunofi cBeTa MCTOYHHKA MO JAHHOMY HANDAB/EHHIO HA3BIBAETCA BENHYMHA
I = ®/w, rae w — TenecHwli yron, B KOTOPOM PaCNpPOCTPAHAETCR CBETOBON
norok $. Tenecuwili yron onpenenserca oTHo-
LIeHHEM IIOWAAH Sg NOBEPXHOCTH, Bbipe3ae-
MOR TeNIeCHBIM YoM H3 chephi (LeHTp KoTo-
polt HAXOAMTCA B BEPLUMHE TEJECHOro yraa),
K KBANDATY pajuyca r 3Toil cdepsl, T.e. w =
= Sy /r? (puc. 152). B cayuae manoro eseco-
r'o yria, ec/ii BMECTO NOBepXHOCTH cdepnl Sy
GepeTcA OrpaHH4YEHHAS TEM e TeNECHBIM yT-
JIOM MACWALKA S, PACCTOAHHE A0 KOTOpPOH
OT BEPILHHLI TEJECHOTO YINa PABHO T M Mep-
NeHJHKYAP N K KOTOPOH COCTAB/AET Yron o Pue. 152
¢ paguycom, To Sp = S cos . [Ipu arom E =
= (Icosa)/r®, roe r — paccTOSAHHE OT HCTOMHHKA [0 OCBELaeMOft NJAOILALKH,
G — Yroq NajeHuA aydel Ha Hee.

Equnuueli cBeToBOro noToKa ABNAETCH AOMER (JIM), OCBEIIEHHOCTH — JA10KC
(1), ennmr eseta — wamdeaa (kn), Tenecnoro yria — cmepaduan (cp). Paccros-
HHE T BBIPAMKAIOT B MeTpax (M).

1013. Jlamna ¢ cuno#t ceeta { = 200 kA yKpenneHa Ha NOTOIKE KOM-
Hatel. Haltty nonuetfi ceerosofi morox ¢, najamwimuil HA CTeHH! W mon
KOMHATBL.

1014. @ororpacdrgeckuil CHUMOK MEYATAIOT «KOHTAKTHEIM CTIOCOGOM>.
[lpn 3TOM namna pacnonaraeTca Ha paccToaHuH 7; = 60 ¢M OT CHMMKa,
a 3KkcnosuuuAa gautca i = 16 ¢. KakoBo gomkHO 6biTh BpeMsi 3KCTIO3H-
uHH 3, €C/IH JaMEeHHTDb JIAMITY Ha APYTYIO ¢ CHJIOH cBeTa, BTpoe MeHblied,
H MOMECTHTL €¢ Ha PACCTOAHHH T2 = 45 cM oT CHUMKA?

1015. [dpe namnbi, cuasl cBeta KoTopeix I; = 75 xa u [p = 48 ka,
HAXO0AATCA JPYT OT Apyra Ha paccTosHuu r = 1,8 m. [ne Haao noMecTHTs
MeMN<Iy HHMH 3KpaH, 4ToGbl ero ocBelleHHOCTh OblLna OgWHAKOBA ¢ TOMH
H Apyro# croponsi?

1016. [se namnet, cuasl cBeta Kotopeix [; = 25 xa u [y = 8 kA, Haxo-
AATCA APYT OT Apyra Ha paccTosnMH m = 1,8 M. Ha kakom paccTosHmH 1y
OT nepBol NaMMbl (Ha JTNHEH, COEANHAIONIEH NAMITBI) HAO0 OMECTHTh JIHCT
Gymarn, 4robb! OCBELIEHHOCTE €0 CO CTOPOHBI NepBoil JaMnb Gbiaa BABOE
Gonbuie, 4eM co CTOpPOHBI BTOPO# T

1017. Ilpu ocMoTpe BHYTpeHHell NMOBEPXHOCTH chepHYECKOro pesep-
Byapa, uMmetomero auamerp d = 20 M, B ero sepxHeil Touke 6bl YKpennen
HCTOYHHK ¢ cuioit ceeta | = 1000 xa. HaiiTh oceemiennocTe B TO# TOuke
NOBEPXHOCTH De3epByapa, B KOTOpOi JIyYH NafaloT noj yriaoM a = 34°.
CaeT, oTparkeHHBIH OT CTEHOK pe3epByapa, Heé YYHTLIBATD.

1018. Hap uenTpoM KBAaApaTHOTO CTOJNa co CTOpoHo#t @ = 1,6 M Ha
BeicOTe i = 1 M OT NOBEPXHOCTH CTONA BUCHT Jamna. Bo ckonbko pas
H3MEHHUTCH OCBEILEHHOCTh B IEHTPE CTONA, 6CJIH 3TY e JAMIY NOBeCHTh Ha
Tofl JKe BeICOTE HaJ OJHHM M3 yrios crona?

1019. Ha crone nex<XuT pPacKpbITAf KHHMA, KOPeNOK KOTOPO# NIMHbLI
[ = 52 cm HanpaBneH K HacTonbHOH namne. Jlnuua, coegunmoman Bepx
CTPaHMIbl ¢ HUTBIO JAMIEB!, HMeeT TaKyl0 Keé AJHHY [ M HaKJOHeHa moj

10 IA. Benapukos u op.
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yriom ¢ = 60° x moeepxHocTH crona. HallT paszmmny ocBemensocreii
BEpXa M HH3a CTPAHMIbI, €CIH CHJa cBeTa namnbl | = 60 xa.

1020. Haittu nonueti ceetoBolt norok ¢, co3gaBaeMblii HCTOYHHUKOM,
NOMEIIEHHBIM Ha MauTe BbICoThl i = 12 M, ecoiu Ha paccrosnmn [ = 16 M
OT OCHOBAHMS MaYThl OH CO3jaeT ocBenleHnocTh E = 3 ak.

1021. Ha Boicore h = 8 M Haj 3emiell BHCHT Jamna ¢ cuiol ceeta
I = 1000 ka. Hafith naomwans S yyacTka, B IPEAesax KOTOPOTO OCBEIIEH-
HOCThL He MeHbIle yeM F = 1 Jk.

1022. Ha BricoTe h = 5 M Hajg 3emMJefi BUCHT JaMna ¢ CHoll ceeta [ =
= 400 ka. Hailtr nnomaner S yyacTka, BHYTPH KOTOPOrO OCBEIEHHOCTH
MeHnseTca B npeaenax or E; = 0,25 ak go E; = 2 nk.

1023. Haa nnomaapo BHCHT (pOHADE, CO3aI0ILHA OCcBellenHoCTE F) =
= 10 JK B TeX TOYKAX, B KOTOPBLIX JY4H NaJal0T HA 3eMJII0 MOA YTIOM
(cosay = 0,3). KakoBa ocpentennocts Fg B TOUKaX, B KOTOPBIX JY4H na-
JAOT HA 3eMJIIO TIOL, YTIoM ag (cos ag = 0,6)7

1024. Kpyrastii 3an auamerpa d = 30 M oceelaeTca namnoii, ykpen-
JneHHolt B uenTpe notoaka. Haiitu BricoTy h 3ana, ecin HAHMEHbIIAA OCBe-
MIEHHOCTL CTE€HLI 3aja B 1 = 2 pa3a Oonblle HaHMEHbLIEH OCBEIIEHHOCTH
noJia.

1025. Ha eeicote hy = 2 M Haj cepeuHON KPYTVIONO CTOMA, HMEIOLIETo
aunamerp d = 3 M, BucHT Jamna c cunoii ceeta [y = 100 ka. Ee samenunn
Jnammnoii ¢ cuoii ceeta [y = 25 ki, U3MEHHB PACCTOSIHIE OT JIAMIBI [0 CTOJA
TaK, YTO OCBELeHHOCTh CePeJHHLI CTONIA He UIMEHHJIACh. Kak MaMeHunach
OCBEIleHHOCTE Kpas cTona’

1026. [lnomagka ocsemaeTcs AByMA Pa3lIHYHBIMH JIAMIAMH, BHCALLH-
MM Ha cronbe ogua Haj Apyroii Ha Beicote hy = 8 M u hy = 27 m. Ha
KAKOM paccTosAHMHM | OT ocHOBaHMA cTon0a HAXOAATCA TOYKH ILIOILAIKH,
OCBELIEHHOCTh KOTOPLIX HEe W3MEHHTCS], eC/IH OMEHSITE JIAMITbl MeCTaMu?

1027. Tpu ogHHAKOBLIX TOYEYHBLIX HCTOUHHUKA ¢ cuaoli ceeta [ = 10 k1
KaxkKblli pacrnoioykeHbl B BepIIHHAX DABHOCTOPOHHETO TPEYTOJbHHKA CO
cropoHot a = 1 M. B uenTpe TpeyronbHHKA TIEPIeHARKYAAPHO K €ro naoc-
KOCTH H NapaJljiefibHO OfHOH W3 €ro CTOPOH PAcnofioXeHa MaJieHbKad NJia-
ctuHka. HaliTh oceelneHHOCTL Kaxka0# M3 CTOPOH IJIACTHHKH.

1028. Tpu namnbt M HeDoapLIOf SKpaH pacnooXeHbl B BEPIIMHAX
pomba, 0JHA W3 IMATOHAJEl KOTOPOro PABHA ero CTOpoHe. JKPaH nepreH-
OMKyAsipeH K apyro#i auaronanu (puc. 153). Kakyio cuny cera I umeer
cpefiHsis JlaMna, ecld NpH ee BhIK/JIIYeHHH OCBEIEHHOCTh 3KPaHa YMeHb-
maetca B n = 2 pasa M JiBe ApyTHe Jamnbi MetoT cuay ceera Iy = 10 ka?

1029. /Ise namnsl ¢ cuaoit ceera | = 200 kA kaxkaas BHCAT Ha cTonGe
oaHa Hag gpyroit Ha BeicoTe hy = 3 M u ho = 4 M. Haiitu ocsemensocTs
NOBEPXHOCTH 3eM/IM Ha PACCTOAHMH { = 2 M OT OCHOBAHMA CTONIGA.

1030. [Be oguHAKOBEE JaMINbI NPHKPENJIEHb! K NOTONKY KOMHATHI Ha
paccrosinun | = 4 M Apyr oT Apyra, Ha BbicoTe h = 2 M OT NOBEPXHOCTH
crona. HaliTu oTHoulenue oceelieHHOCTEN EHTPA CTONA B CIYUYasX, KOraa
CTOJI PACTIVIOXKEH: MO/ OJHOH M3 JlaMIl; oCepeuHe MeXXay JIaMIaMH.

1031. 3kpan ocemaeTca JAeyMs Jamnamu ¢ cuiodl ceeta [y = 200 ko,
PAcTIONIOXKEHHBIME CHMMETPHYHO OTHOCHTEILHO LEeHTpa 3KpaHa. Paccros-
HHe OT KayKJoM JaMIbl 10 3KpaHa (no nepnedaukyaapy) hg = 4 M, paccros-
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uue mexkay gamnamu | = 2 m. Kakyio cuny ceera | gonkna mMmers gamna,
nomellensas Ha paccrosuun b = 6 M or uenaTpa skpana, yTobbl OHa gana
B LEHTPE 3KPaHa TAKYH YK€ OCBelIeHHOCTh, KAK JIBe YTIOMSHYTHIe JaMnbl?
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Puc. 153 Pue. 154 Puc. 155

1032. Toueunniil HcTOuHMK cBera S ocpemaer nopepxuocts AB
(puc. 154). Bo ckonbko pa3 yBenMuMTCH OCBEIEHHOCTL B Touke C, ecnm
cboky oT ucTouHMKA cBeTa Ha paccroanuu S D = SC nomecTHTL MIOCKOE
3epKajio, oTpaxkamouee cser B Touky (7 Koadbdwuuumenr orpaxenus
3E]}K&ﬂa CYHHTATDL pBBHh]M EeIHHHILIE.

1033. Jlamna, nogpelieHHas K NOTONKY, HMEeT B NOPH3OHTAJLHOM Ha-
npaeiennn cuny ceera I = 96 xn. Kaxoit ceerosoit notok ¢ nagaer na
kapTHHy momaau S = 0,5 M%, ecoiM KAPTHHA BACHT BEDTHKAJILHO HA CTEHe
HaﬂpCITHB JaMIbl Ha P&C’C’I‘OHHHH a= ‘i M OT Hee, a Ha TIPOTHBOI'IQHO}KHOH
cTeHe Ha paccTosHHH b = 2 M or jamnbl HaxoauTcs OOJNbILIOE NJIOCKOE
3epPKaJIo’

1034. KakoBa 0CBEIEHHOCTh MaJIeHbKOH FOPH30HTAILHON MIIOMAAKH
(pue. 155), ecan van neit Ha paccrosunu [ = 2 M HaxXOAMTCs TOYEUHbIH
neTouHuk ¢ cuaoii ceera I = 60 k4, a na paccroauni d = 1 M 0T HCTOYHHKA
H MNOATKH BEDTHKAJNBHO pBCnﬂJTD}KEHO NNoCKoe 3GPKBJIO?

1035. IMnockuit 3kpan ¥ HASAILHO OTPAXKAKILEE [IOCKOe 3EPKAJIO
obpasyior apyrpasssiii yroan ¢ = 45°. Mexay skpanom M 3epkanom, Ha
0/JMHAKOBOM PAacCTOSHHM @ OT HUX, TIOMelleH ToYedHbIf HCTOYHMK cBeTa 5.
Kakosa ocsenienHoCTh B Touke A akpana, bimxadiined kK MCTOUHHKY !

§ 29. Cdepuyeckue zepkana

Cdrepuueckoe seprano npeictabiaser cobofi OTNONMPOBAHHYK) NOBEPXHOCTH
waposoro cermenta. Ilpsmas, nposesennas udepes uentp ccepnt (onTH4ecknil
LEHTD 3epKa/ia) ¥ BEPLUHHY LIAPOBOro cerMeHTa (IOJIOC 3€PKANA), HA3LIBAETCH
rAaBHON ONTHUYeCKON OCbIO 3epkadia. Beakas apyras npaMas, NpoxogAas 4epes
ONTHYeCKHH LeHTp, HassiBaeTc N0OO4HON onTHueckol ockbio.

Jly4, napannensubill rnaBHOR onTHYECKOR OCH, NOC/E OTPAYKEHUS MEPeCceKa-
er ee B (okyce 3epkana, nexkaulem Ha paccrosuun F' = R /2 or sepkana, rae
R — paguyc kpuBH3Hbl 3epkana (paauyc cdepni). B cnyuae seinmykioro sepkana
IJIABHY0 ONTHYECKYH OCh MEPECEKAET He CAM OTPaXKEHHLIR Jy4, & ero MHHMOe
npogosienre. B arom cnyuae hokyc MOMHO HAZBATL MHHMBIM.

10"
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[InockocTs, npoBeaeHHasn Yepe3 (POKYC NEPHEHAMKYIAPHO K INIaBHOMA onTHYe-
¢Koil ocH, HasmiBaeTca GOKANLHON NNOCKOCTHIO. JlyuH, napannenshbie nobouHo
ONTHYECKON OCH, MOC/Te OTPAXKEHHA CXOAATCA B TOYKE, Jexamedi Ha doxkanbHol
NIOCKOCTH 3epKada (B CIy4ae BbIMYKJIOr0 3epKaja — NPOogOiKeHHs Jyyel ).

Jlyun, nexogauwmue or HeGONLWOrO NpeaMeTa, NOGIE OTPAXKEHUA OT 3epKaJa
obpasyror w3obpasenne. Kax ol Touxe npegmeTa cOOTBETCTBYET OHA TOYKA
n3obpaxenns. H3obparkenue moxer GbiTh AeficTBHTENBHBIM, KOrga oHO obpaso-
BAHO CAMHMH JIy4aMH, OTPAXKEHHEIMH OT 3¢pxasna (puc. 156), nax MHMMBIM, KOraa
OHO 06PA30BAHO NPOAOINKEHUAMN OTPAXKEHHBIX Jyuelt (puc. 157).

TMycrs npeameT (MM HCTOYHHK) PACTIONATAETCA B BEPIIMHE My4KA nepece-
karowuxca ayqefl. Ecan 31a sepunna geficTBHTE/IBHO CYLIECTBYET [OAXKEe MNMPH
HANHYMH 3ePKAJA, TO HCTOYHHMK cuuTaeTca deficreurenshbim (puc. 158). Ecan xe
B MPHCYTCTBHH 3EPKANA BepuinHa obpaljoBana JTHIIbL NPOAOJIAKEHHAME Jydefi, To
MBI HMEeM [el0 ¢ MHHMMBIM HeTouHukoM (puc. 159).

a § \ \
E 5
*
§\ § ---...h_ = é %Za‘;ﬁ‘ -
-"" --‘-fﬂ’
Pue. 156 Pue. 157 Puc. 158 Puc. 159

Paccrosnue d or npeameTa a0 3epkana, paccroanue f or 3epkana a0 usobpa-
eHus M GokycHoe paccTosiue F' cBA3aHbl COOTHOUIEHHEM

1,1 1
ok 7 L
HaswiBaeMBIM opmysioli 3epkana. [1pu Takom nanncanuu GopMyJibt BeTHYHHEI d,
f u F cuumaiorca noaoxHTelbhbiMi (B yloBMAX 3ada4 3Havenun d, f u F
3a4aHbl [0 MOAY10). 3HAKHM e nepea uieHamH (popMyJibl 3eprana ubnpanTca
o npasKy: ecin npeamer (McTouHKk ), H3o6paxenne, hokye ABNAIOTCA AefCTBH-
TENBHBIMH, TO NEpes COOTBETCTBYIOIWMMH “eHaMH (DOPMYJLl CTABHTCH NJIHOC,
€CJTH MHHMBIMM, TO CTABHTCA MHHYC.

Ecnn nepen scemu uneHamy hopMyJ/ibl 3CPKANA 3HAKH NOCTABJNEHBI B COOT-
BETCTBHH C YKA3AHHBIM MPABWJIOM, TO NoJyyeHHEI# oTBeT Byaer Bcerga nonoxku-
Te/IbHEIM, TAK KAK OH XAPAKTEPH3YeT TOJILKO MOAY b HCKOMOH Benuumnbl, HacTo,
OHAKO, AEACTBUTEIBHOCTD HIM MHHMOCTD HCTOMHHKS, H300parkeHnA K doxyca
HeussecTHa. B aTom cnyuae nepeg cooTBeTeTBYIOIMM HieHOM B (hOPMYyJIe 3epKaia
MOYKHO NOCTABHTH 110608t 3Hak (yao6Hee 0BbIuHO NAKOC), T. €. NPEANONATATD Npe-
mer (u3obpaxkenue, pokyc) geficTeuTesbHbM uiaH MHEuMbIM. [lonoxarenbaocTs
OTBEeTA YKA3bIBAET TOTAA HA MPABHIbHOCTb 3TOrO NPeANOIOMKEHHS, OTPHIIATE b
HOCTh — HA ero oHBOYHOCTS.
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@dopMyna 3epKana M BCE BhIIEYKA3AHHbLIE CBOHCTBA 3epKala cnpasefiHBbI
TONLKO A Ay4ed, naywnx eOauan raasHoit onTH4eckofi OCH M COCTABIAIOIMX
¢ Hell manwie yrabsl. Bo Beex sasadax nogpasymeBaeTcs, YTO Mbl MMeeM JeJo
HMEHHO C 3THM CiTyaeM.

1036. Ilocepebpennas cdepa paccedeHa Ha [JBe YaCTH TIOCKOCTBIO.
Ha xakom paccroaunun b ot yeHTpa cdepsl NPOXOIHT 3Ta NJIOCKOCTh, €CJIH
MeHbIIAS YAcTh NpeAcTaBaaeT cobolt cdepuueckoe 3epKalio JHaAMETpa @ =
= 0,64 m ¢ ¢dokycunm paccrosiauem F = 0,65 m?

1037. Ha xakom paccrosuuy d OT BOTHYTOrO 3epkania ¢ (hOKYCHBIM
paccroganeM F' = 1 M HeoBx0QUMO NMOMECTHTh HCTOYHHK CBeTa, 4T06h! ero
u306parkeHHe COBIAJIO C CAMMM HCTOYHHKOM T

1038. Paccrosinge ot npeaMeTa no poruyroro zepraga d = 0,5 M, pac-
CTOAHHE OT 3epKana Ao naobpaenus [ = 2 m. Haitru paguyc kpususas R
3epKaJa.

1039. Ipeamer Boicotsl h = 0,06 M HaxoguTes wa paccrosunn d =
= 0,14 M or BoruyToro sepkaga ¢ cokycHbiM pacctoanueM F = 0,11 m.
Haiitu Bricoty H n3aobpaskenus npeamera.

1040. MMpeamer naxoaurca Ha paccrosuud d = 0,48 M oT BOTHYTOrO
3epKasa. JepKago JaeT AeitcTBHTeNbHOe H306paskeHHe NpeJMeTa ¢ YMeHb-
wenunem k = 4. HaliTu paguyc kpuBu3Hsl R 3epkana.

1041. BorsyToe 3epxaJjo aaeT AelicTBUTENbHOE H300paKeHHe TpeaMeTa
¢ ypenuuennem k = 4. Haiitu doxycnoe paccroanne F' sepkana, ecnm
paccTosHIe MeXXIy TIPEAMETOM H ero uzobparkenuem a = 1,5 M.

1042. Mansifi yyacTok rosepxHocTu cpeprt nocepebpen. Ha gunamer-
pafisHO MPOTHBOMONOMKHOM CTOPOHE chephl NOMYYHIOCh H3oOparkeHHe He-
KOTOPOTO MpeMETa, NoMemeHHoro BHYTpH Hee. C kakum ypennuenuem k
naobpaxkaeTca npeamer?

1043. PaccrosinMe OT TOYEUHOTO MCTOUYHHKA CBETA [0 BOCHYTOIO 3ep-
kana d = 2R, rne R — paanyc xpusnaun 3epkana. Merounnk naxonures
HAa IVIABHOH onTHYeckoll ocn 3epkana. [ie pacnonoxeHno ero nzobpaxkenne?
INMocTporTe Xon mydeii.

1044. Ha soruyroe 3epkano nagaer ay4 AO B, nepecexaouuii raas-
HY10 ONTHYECKYI0 Och 3epkaia B Touke . OrpakenHsili OT 3epKaJya Jyd
BO' D nepecekaer Ty e ock B Touke O’

(puc. 160). Haittu nocrpoennem nonode-

A
HHe (GoKyca IepKasa. g / , D
1045. Borayroe 3epkano  jgaer O O,d

AefticTBUTENbHOE K300paXkeHHe NpegMeTa

c yeesuuenuem ky = 5. Eenu mepemMecTUTE B

TIpeMeT Ha HEKOTOPOE DPACCTOAHHE BJONB i

rnapHoil onTHueckolt ocm, n3obpackenue Puc. 160

TMEPEMECTHTCA BAOJAb OCH Ha TaKoe e

paccroanue. Hajitu ysennyenne ks Npn HOBOM pacnoNoXKeHHH NpeaMeTa.
1046. BoruyToe 3epkajio gaeT JelicTBUTEbHOE H30Dpa>KeHHe NpegMeTa

¢ yBeauuenuwem ky; = 5. Eciu 3epkano nepemMecTHTE Ha PACCTOAHME 4 =

= 2 cm Bamke K MpeAMETY, TO YBeJuyenue npeameta ctaner ko = 7. Hailtu

doxycHoe paccToanue F' 3epKada.
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1047. BoruyToe 3epkaino naet AeficTBHTeIbHOE H300paXkeHHe NpeaMeTa
¢ ymenbmenueM k; = 1/4. Ecnn npeamMer nepemecTHTs Ha paccTosiHue a =
= 5 cm Garoke K 3epKaTTy, TO YMeHbllenue n3obparkenus craner ky = 1/2.
Haiitu doxycHoe paccrosuune F sepkana.

1048. Pokyc BOTHYTOTO 3epKAia DACTONOXMEH Ha pPACCTOAHHA 4 =
= 0,24 M oT npeaMeTa ¥ Ha paccToanuK b = 0,54 M oT ero u3obparkeHus.
Haiitu yBenuuenne k nmpeamMera, JaBaeMoe 3€DKATIOM.

1049. Ceersamasca To4Ka pacnoaoxena Ha paceroanud d = 0,75 M oT
BOTHYTOIO 3epkajia ¥ Ha paccrosnus [ = 0,05 M or rnaeHol onTHYecKoH
ocu 3epkana. U3obpaskenune Toukn naxogurces Ha paccrosuun L = 0,2 m ot
ocu. Halitu paguyc xpususasl R 3epxana B ciiyuasx, Korja usobparkenue
nefcTBHTENLHOE U MHHMOR,

1050. [ly4ox nyyeit ot 6eckoHEUHO YAANEHHONO HCTOUYHHKA CBETA Naja-
eT Ha 3KpaH, uMerouuil oTeeperie guamerpa d = 7 oM. IlnockoeTs sxpana
nepnenUKyAApHa K jJy4aM. Ha paccToanun a = 68 cM 3a skpaHoM pacno-
7I0KeHO BOTHYTOe 3epKalio ¢ (poxycHuM paccrosnnem F = 0,28 m, rnasnas
ONTHYECKas! 0Cb KOTOPOTrO COBNAJaeT ¢ ocbio mydka. Haltu guamerp D
CBeTJIOr0 Kpyra Ha 3KpaHe.

1051. Toueunsit ucTouHuk cBeTa nomenien B ¢okyce 3epkana ¢ ¢o-
KyCHBIM paccrosHuem F' = 20 cm. Bo ckolbKo pa3 OCBEIIEHHOCTb 3KpaHa,
Haxofdueroca Ha paccrogiuu r = (0,2 KM OT HCTOYHHKA NPH HATUYUH
3epkafa Gonenle, 4eM B TOM ke TOuKe sKkpaHa Ge3 sepkana?

1052. Ilpoxexrop ycraHoBnen Ha BbicoTe h = 30 M OT NOBEPXHOCTH
semisin. Ha#iTe oceewennocTs E B LeHTpe CBETVIONO NATHA HA MOBEPXHOCTH
3eMaH Ha paccrosauul [ = 40 M o7 ocHoBanus BuIUKH. [IpoXkekTOp HMeeT
ToYedHBI# HCTOUHHK ¢ cuaoi ceeta | = 500 kg u peduiekTop ¢ dpoOKyCHBIM
paccrosauem F = 20 cm. Cuurath, 9T0 NpmKEKTOD JaeT napajifeibHbil
My40K Jyye.

1053. Boruyroe 3epkanio ¢ paauycoM Kpususnsl A = 1 M naeT MHEAMOE
u3obparkeHue mpeaMeTa, PACMONOXKEeHHOe HA paccToaHMK f = 3 M OT 3ep-
kasia. Ha kakom paccrosuun d oT 3epkaia HAXOJHTCA npeameT?

1054. BorayToe 3epkano ¢ paguycom xpususnel R = 120 cm aaer nps-
Moe n3obpasieHue npeamera ¢ yeeandenueM k = 4. Ha kakom paccrosaum d
OT 3EPKAJIA HAXOANTCS TIpeaMeT?

1055. Borayroe 3epkano gaer uzofiparkeHue nipeMeTa ¢ yBeJIHYeHHeM
k = 6. HaliTu panuyc KpueH3HE R 3epkana, eclii IpeIMeT PACTIOJIOXKeH Ha
paccrosaauu d = 21 cM oT 3epKana.

1056. BoruyTtoe 3epkano Jaer usobparkeHHe NpeaMeTa ¢ YBeJHYeHHeM
k = 2. Hafttu paguyc xpuBManbl R 3epkana, eciM pacCTOSHHE MEeXxay
npeaMeToM M H3obpakenuem a = 18 cm.

1057. Crersujascs ToOYKa HAXOAMTCA HA ryasHoll onTHYeckoll ocu Bor-
HYTOTO 3€pPKajia Ha OJHHAKOBLIX DACCTOAHMSX OT 3epkana W ero ¢okyca.
[TepnenaMKyIapHO K OCH 3ePKafla pacnoioXeH 3KpaH, UeHTP KOTOPOro COB-
MajaeT ¢ ONTHYECKHM IeHTpOM 3epkana. Bo cKoNbKo pa3 JuaMeTp CBETIOro
KpyTa Ha 3KpaHe NpeBLILIAET JHAMETp 3epKana’

1058. 3epkasno aaer MHMMOe H3obparkeHHe ¢ yBeanwueHuem k = 2.
Haiitu paguyc kpuBu3Hel A 3epKajia, eciii paccTOSHUE MEXKY MpeMeToM
u uzobpaxkenuem a = 1,5 m.
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1059. Cpersmascs Touka pacnoioxkena Ha paccrosiauu [ = 0,2 M ot
TJIABHOM ONITHYECKOH 0CH BOTHYTOTO 3ePKAJA, €€ MHHMOe H300paykeHne — Ha
paccrosuun L = 0,5 M o1 Toii >e ocu. Bo ckonbko pas dokycnoe paceros-
HHEe 3ePKaJla MPeBLILIAeT PACCTOAHHE OT CBETALIEHCS TOUYKH 10 (POKANEHOR
TUIOCKOCTH?

1060. Orpesok, coegunsiomuii (hokyc BOMHYTOrO 3€pKANA C €ro Ho-
JI0COM, pa3jiesieH Ha TPH PABHBIE HaCTH, H B TOYKAX AE€JIEHUS TIOMeIleHbl
ToueYHbIEe HCTOYHMKY cBeTa. Kakoso paccrosmue | Mexy n306parkeHHAMH
ITUX HCTOYHHKOB, €CJIH PAJNyC KPUBH3HBI 3epkana pasen R7

1061. Vnasmmi Ha MATKYIO MNIMHY LIAD OCTaBua B Hell yruybnenue,
paauyc kotoporo pasex 0,8 paguyca mapa. [locne 3arsepiesanusi rMHEL
BLIEMKY NMocepebpHIIH M nonyYHBILeec cdepuyie-

CKO€ 3epKAJI0 HAKPBIIH TII0CKEM creknom. C ka- AL
KHM yBeJIH4eHHeM AaeT 3TO 3epKano uzobpaxke-
HHE DHCYHKA, HAHECEHHOTO B LEHTPe cTeKaa?

1062. Ha puc. 161 SO — npeamer, S'0" —
ero MuHMoe n3obparkenme B 3epxane, 00 —
TNABHAS ONTHYeCKAs 0Ch 3epkajia. HaliTh no-
CTPOEHHEM TIJIOXKEeHHA NoJTIoca 3epKadia, ero on- Puc. 161
THYECKOTO 1leHTpa u oKyca. :

1063. Yenosek BHAMT cBoe H3oOpaskenue B chepHuUeckoM 3epKaJge,
HaXoAsAeMcs oT Hero Ha paccrosauu d = 0,2 M, yeenuyennsim B k = 1,5
pa3a 1o CpaBHEeHHIO ¢ H300paXkeHHeM B IJIOCKOM 3epKaJie, HaXo/s1eMes Ha
TaKoM e paccrognun. Halimu paguyc kpusuaner R edepuueckoro seprasna.

1064. Cxopsimupecs JTyus TAJAIOT HA BOTHYTOE 3ePKAJO C (hOKYCHBIM
paccrosiHuem F' = 0,5 M u nocne orpaxenns cobupalnTes B TOUKe, OTCTOS-
meil na paccrosuun f = 0,2 m or 3epkana u na paccrosnun L = 0,15 m
OT ero rnasHo#l onTraeckoii ocu. Ha kakom paccrosnun [ or ocu cobepyres
nyun, eciau yopars sepraso? [TocrponTs xoa nygeit.

1065. Cxoasmuecss Ty4H MAJalOT HA BOTHYTOE 3epKaJio ¢ (hPOKYCHBIM
paccrosaueM F = 10 M Tak, 4To UX NPOJONKEHUS NEPeCeKAIOTCA HA [aB-
HOM ONTHYECKOH ocH 3epKaa Ha paccrosiiuu d = 0,3 M 3a sepkanom. Ha
KAKOM PACCTOSTHUM OT 3epKaJjia cofiJIyTcs JIydn nocie oTpaxenns?

1066. Cxopsisecs Jy4u MajaloT HA BOTHYTOE 3€PKAJIO TaK, 9TO MX
NPOAGIKEHN MePeceKaoTes HA MIaBHON ONTHYeCKON OCH 3epKania Ha pac-
croauun d = 0,2 M 3a 3epkanom. [Nocie oTparkenns Jyus CXosTCes B TOYKE,
pacnosioxkeHHoll Ha paccrosnnnl, pasHom 1/5 dokycnoro pacerosuus 3ep-
kagna. HaiiTu paguyc kpueuannl R 3epkana.

1087. Paccrosinue ot cseTsimedca Toukn ao 3epkana d = 4,8 cm, pae-
CTOSHHE OT H300pakeHHs 3TOH ToYKM Jo dokyca 3epkana a = 20 cm.
Touxa HaxoguTest Ha MIABHOM onTUdYecKol ocH 3epkana. Halitu dokychoe
paccrostaue F' 3epkaa.

1068. Ha rnasHo#t onTHdeckofi OCH BOTHYTOrO 3epKafia ¢ Pajjuycom
KPUBH3HEBI R HAXOQWTCH MaJIeHbKAS JJaMNOYKA Hakanusanus. Paccrosune
or samnouku Ao sepkasa d = R/4. Haiitu ocsemennocrs E; B nentpe
3KpaHa, pacnooKeHHOro MepneHAHKYJ/IsSpHO K TVIaBHOH onTH4YecKoil ocH
Ha paccrosiiuu 2R or 3epkana. OCBRIUEHHOCTL B LEHTPe 3KpaHa, HAXO-

s
i
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aAuerocs Ha pacctosHuu R, pasHa FE,. [lorepamu cBeta npu oTpaskeHnu
npenebpeys.

1069. [NocTpouTs u3obpaxenne S’ ceeranefica rouku S, Haxoasameiics
Ha IMaBHOM ONTHYeCKOH OCH BBIMYKJIOrO 3ePKANA, €CJIH MONOMKEHUSA ONTH-
YyecKoro 1enTpa 3epkana C, ero nomwoca P u ¢dokyca F ussecTHHL

1070. IlpegMeT HaXOAWTCA HA PACCTOAHHMH d = 5 M OT BHIMYKJIOrO
3epkana ¢ paguycoM Kpususansl R = 1,5 M. Ha xakom paccroauun f ot
3epKaJia HAXOAUTCA u3obpaxkenne npeamera’

1071. HaobpakeHne UCTOYHHKA CBETA MOIYYEHO C NOMOILELIO BHIMTYKJIO-
ro 3epkaJyia Ha paccrosHue f = 60 cm ot 3epkana. Ha kakom paccroanuu d
OT 3€pKAaJia PACTIONIONKEH HCTOYHMK, e (DOKYCHOE PAcCTOSHHe 3épKaJja
F =90 cm?

1072. Muaumoe naobpaskeHne npeJMeTa MTYUeHo ¢ TIOMOIIBIO BBIMYK-
Joro 3epkana Ha pacctoaHuH [ = 12 cm ot 3epkana. Ha kakom paccros-
HUH d OT 3epKajia PacTOJIOXKeH TPeIMeT, el Paauyc KPHBH3HBLI 3epKana
R = 40 em?

1073. Iaama ceeun HAXOAUTCA Ha paccTosiuKn d = 1,5 M OT BBIMYKJ10r0
3epkaga ¢ OKycHbIM paccrosumem F = 0,5 M. Halltm ymenwuenne &
H300pAXKEHHU A TIIAMEHH CBEYH.

1074. [Ipeamer BuicoTsl h = 4 MM HaxoauTes Ha paccToaHun d = 10 cm
OT BBITIYKJIOTO 3epKaJia ¢ paguycoM KpuBusuel i = 60 cm. HatiTu ericory H
u300paskeHns npeaMeTa.

1075. Buinyknoe 3epxano ¢ ¢okycHbIM paccrofnueMm F = 0,2 M gaer
MHHEMoe H30bpaXKeHHe NpeaMeTa ¢ yMeHbIenueM k = 1/2. Ha kaxom pac-
cTofHuM d OT 3epKania pacnonoxkeH npeaMer? IlocTtpouts xon mywei.

1076. Paauyc kpuBH3HBI BhIMyKaoro 3epkana R = 1,6 M. Ha kakom
paccTOsHUH d TIepe]] 3ePKAJIOM AKEH HAXOAUThCA NpeaMeT, 4Tobbl ero
usobpaskenne noayuuiock B n = 1,5 pasa OAMKe K 3epKany, 4YeM cam
npegmer?

1077. Ceerqamasca TOYKA pacmofioXKeHa Ha pacctoaHud d = 1 M or
BBINYKJIOTO 3epKada, a ee H3obpaskeHHe OEJUT TOYHO MONOIAM OTPe3oK
TTIABHON ONTHYECKOH OCH MeXKIY TIONIOCOM 3epKaqa u ero dpokycom. Haiirn
paaMyc KpHBH3HBI R 3epkaJa.

1078. Yesnopek CMOTPHT B nocepeOpeHHBIH CTEKIAHHBIN IIAD THAMETpA
! = 0,6 M, saxogsck oT Hero ua paccroauuu d = 0,25 M. Ha xakom pac-
CTOAHHH @ OT YeJOBEeKa PACMONOXKEeHO €r0 YMEeHbINEHHOe MHUMOE NpAMoe
nzobpakenne?

1079. Tonkuit kapangam aaueel [ = 6 cM pacnofoxes BAOIbL IJIaB-
Holt onTHyeckoll ocu BrIMyKnoro 3epkana. Mzobpakenne ero Gamskaiimero
K 3eDKANY KOHIA HAXOAUTCA Ha pacctoasuu f; = 20 cM oT 3epkana, nanbHe-
ro — Ha paccTosHuu fy = 24 cM ot 3epkania. Haiitu dokycHoe paccTosanue F
3EPKAJA.

1080. Jlyuy nepecexaeT rMaBHYK) ONTHYECKYHO OCh BRINMYKAOrO 3epKala
B HeKoTopo#t Touke A. Ha kakom paccTosHHHK OT ToYkH A HeoOxoaumMo pac-
TIOTOXKHTH 3€PKAJO, YTOOH JIyd, OTPA3UBINNCL OT HEro, NMepecek TIABHYH
ONTHYECKYI0 0Chb B TOuke B, orcrosaumie#t or Toukd A Ha paccrosiHuH [ =
=1,5F7
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1081. Cxogauuecs Jiyun NagaiT HA BHINYKI0E 3ePKAJIO TaK, 4TO HX
NpOAOIKEeHHs MepeceKaloTesl Ha TNaBHO onTHYecKoll 0CH 3epKaJa Ha pac-
crosuun d = 24 cm 3a 3epranom. [locne orpakenus oT 3epkana nydH
CXOAATCS Ha OCH 3epKaJia B TOUKe, HaxoJsuleifica nepes HEM Ha PacCTOAHMH
f = 40 em. Hadiru paauyc kpususunl R 3epxana.

1082. Brinykaoe 3epkano ¢ dokycHuiM paccrosunem F = 1,45 m 3a-
KpbiBaeT cofoli orsepcTHe B HempoapauHoM 3sKpane. Cxoasinuecs Jy4u
MAA0T HA 3ePKANIO TAK, YTO MOCHe OTPAYKeHHs OHN CXOJATCA Ha rnaBHo#
onTHYeckol ocu 3epkana Ha paccroAanuu f = 55 cMm nepea skpanoM. Ha
KAKOM PACCTOSHHM d 34 9KPAHOM COMAYTCS TydH, €CJIH BHIHYTH 3€PKA0 U3
oTBepeTHA T

1083. Cxopsuipecss Ay4Yl MAJAOT HA BHIMYKAOE 3€PKAJIO € PAJuycoM
KpHeH3Hbl R = 0,4 M Tak, 4T0 HX MPOANDKEHUA NePeceKalOTCa HA TIaBHOH
onTHUecKoi ocK 3epkada Ha paccrosuun d = 0,7 M 3a 3epkanom. Ha xakom
PACCTOAHHH f OT 3epKaia COHAYTCS JIYUH NOCHE OTParKeHus?

1084. Cxoasamueca AyYW NafjaloT Ha BLIMYKJ0€ 3€DKAJIO TaK, YTO HX
NPOJOJAKEHHA NMEPECEKAIOTCA B TOUKE, HAXOAAUISHCS HAa DPACCTOAHUM d =
= 0,4 m 3a 3epxanoM. [locne orparkerus OT 3epKaNa Y4l PacXoAATes
TakuM 06pasom, 4TO UX NPOJONAKEHHS TEPeCeKAIOTCs B TOYKe, OTCTOAlEH
oT 3epkana Ha paccrodanuu f = 1.6 m. Obe TouxkH mepeceueHHs JeXKAT
Ha riasHoil onTHYeckofi ocu 3epkana, Halitu dokycnoe paccroanue F'
3epKana.

1085. Yepes kpyriioe OTBePCTHE B 3KpaHe, HMeloNee JHaMeTp d = 4 oM,
Ha BBIMYKJIOE 3eDKAN0, HaX0AsAlleecs HA paccTosHmu a = 16 cMm or 3kpa-
Ha, MajaeT MapainensHsll My4oK cBeTa (BAOML TNaBHON onTHYecKo#l ocH
3epKajla NeprneHAMKYAApHO K 3Kpany). OTpasuBIIMCL OT 3epKalia, NyuYoK
CBETA, MONAJAdA HA TOT >Ke 3KpaH, obpa3yeT BOKPYI OTBEDCTHA CBETJIOE
naTHo anamerpa D = 6 cm. Haditu paguyc kpuensusl A 3epkana.

1086. [Iyuok nmapannensHeIx aydeil, npoitaa yepe3 Kpyraoe OTBEPCTHE
B aucte Gymaru, ofpasyeT Ha 3KpaHe, NapajjelbHOM JHUCTY H Pacnoyo-
JKEHHOM OT HEro Ha paccToAHHM a = 45 cM, ceeTawlil Kpyr anamerpa d =
= 6 cM. Korga skpaH 3aMeHHJH BBITTYKJIBIM 3ePKAJIOM, TO Ha JHcTe Gymaru
noABuscs ceeTarlfi kpyr auamerpa D = 33 cm. Halltu paguye xpueu3nel A
3epKaJa.

§ 30. Toukue JIMH3bI

Jlun3of HA3LIBAETCA NPO3PAYHOE TEM0, OrPAHMYEHHOE ABYMs ChepHYecKH-
M uaH chepubeckolt u naockoft nosepxsocramu. Tonmuuy nuHasl Gyaem cum-
TaTh Mafoll Mo cpaBHeHHIo ¢ paauycamu KpuBu3Hbl Ri M Ra ee nosepxHocTeif.
[osromy BepuimHB! chepHyuecKHX MOBEPXHOCTEH MOXKHO CHHTAThL MPAKTHYECKH
CIMBAIOLIMMHCA B OOHOH TOUKEe, HA3LIBaeMOl ONTHYECKUM LUEHTPOM MHH3LL Jlyy,
OPOXOASALIHA Yepe3 onTHYecKull UeHTP JHH3LL, T. . HAYLHE BAOIL ONTHYECKONR
OCH JIHH3b], HE U3MeHAeT CcBoero Hanpasienus. OnTHuYecKas OCb, NPOBEJEHHAS
uepes BepHIMHL] chepHueckux noBepxHoCcTeld, HASLIBALTCA rABHON ONTHYeCKON
0CBIO, NIpoune — NoBoUHBIMH.

Jlnnaa, y koropoil cepepnna Tonne, HeMm Kpasi, Ha3biBaerca cobuparoiiei.
Ecnu kpas AMH3LI TOMIE CePeiMHbLI, TO JHH3a — DACCEMBAIOLIARA. YCJIOBHOE
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obo3nayenne cobupawiel MHH3B NOKA3aHo Ha puc. 162, pacceupamomelt — wa
puc. 163.

Jlyuu, napannesbHble rIaBHON! OITHHECKON OCH, MOCJIe NPEJIOMIeH!S B JIHH3E
exonarea B ¢okyce. Pokyc nuHIbl geficrBHTENbHBR Ans cobupatomel TMHIRL,
MHHMBIH — ana paccemparoweii. [lnockocTs, Nposenennas veped OKyC nepnex-
AHKYNAPHO K ONTHYECKOH OCH, Ha3siBaeTca (oKanbHoll niockocTsio. Kamawti us
nmyyetdt, napanjenbHsix 1OB0YHOR ONTHYECKOH OCH, NOCTE NPeJIOMAEHHA NPOXOANT
4epes OQHY M TY e TOUKY, Jexkaulyo Ha (hoKansHol nnockocTh auH3sl. B ciyuae
paccenBaioLedl IMHABI B 3TOH TOMKEe MEPECEKAIOTCH HE CAMH JIy4H, 8 HX Npojoi-
HEHHA.

**
*
Puc. 162 Puc. 163 Puc. 164

Toxkasn nuu3a ansa ayyell, COCTABAAIOIMX MANLI YTOJ ¢ FIABHON ONTHYECKO#H
ocklo, 0bnagaer ceoficTEOM JaBaTh H30DparkeHne TOMKH MpefMeTa B BHAE TOUKH.
Wzobpaxenue npegmeta MoxeT BuiTh JefiCTBUTENbHBIM KA MHUMEM. B nep-
BOM C/ly4ae OHO 06pas0oBaHO ny4amu, NefiCTBUTENLHO NEPeCceKaAloMMHCH MocTe
npenoMaeHHA B JuE3e (puc, 164), Bo BTOpoM cnyvae usobparkense obpasosano
NPOSOJIAKEHHAMH MPEJOMJIEHHBIX B JIMH3e ayeit (puc. 165).

Yhepem nuxay u HalgeM BepIMHY NYYKa nepecexalolmxcs mayuell. ITa sep-
LIMHA — OJH& H3 TOYEK MPEJMETA HITH HCTOYHHKA. TAK KAK B MPHCYTCTEUH JIMH3L!
JIy9H MOTYT W HE MepeceKkAThLCH B JeiCTBHTENLHOCTH B 3TOM TOYKe, TO NpeiMeT
HJIH HCTOYHHK MOKeT ObiTh Kak fefterBHTeNbHbIM (pHc. 166), Tak 1 MHHMBIM
(puc. 167). B nocneanem ciyyae HCTOUHMKOM ByJeT BEPIIMHA MyYKA NPOAGIIKE-
HHEfl nyyeli, nagamMUX HA IHH3Y.

.
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Puc. 165 Puc. 166

PopMmyna THH3BI H NMPABHJI0, MO KOTOPOMY CTABATCH 3HAKHK Nepes “4ieHAMH
arolt copMynbl, MOMHOCTLI0 COBMAJAKT € AHAJIOIHYHBIMH ANA CEpHYecKoro
3epKana, T. e.

1 1 1
T e
d ™ f F'
rae paccTosiHMe OT npejmera A0 NuH3L! d, paccTOAHME OT JHH3BI 10 u3cbpa-
weHua [ u oKycHoe paccTosHne F' ABAATCA BeMUHHAMM MONOKHTENbHBIMA.

Tmoc nepen uneHamu HOPMY/bI CTABUTCH, €CIH COOTBETCTBYIOUMI NpesMeT
(uz06parkenne) neficTBHTENLHEIN, MUHYC — €CTM MHMMbIH. JHAK OTBETA YKA3LI-
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BAET NMINL HA NMPaBWILHOCTL ONpPejiefieHHs XapakTepa (HO He MOAYJIsA) Heus-
pecTHO# Benuunnbl. [lonoxurenbHblil OTBET CBUOETENBLCTBYET O CIIPaBe/IHBOCTH
NpeanoNoyKeHns 0 MHHMOCTH MU AefCTBHTENbHOCTH M300paxkenna (npeameral,
oTpHuATenbHBI — 06 oLHBOUHOCTH.

dokycnoe paccrosinne F', paguycs
rpueH3HE R; u Ry cepuieckux no- A ok
BepxHOCTell MHH3L! ¥ MOKA3ZATENN Mpe- i f,::*
JOMJIBHHA N1 M Ng BEILECTBA JWH3BI s i
M OKpPYKaloled cpeiibl CBA3AHE COOT- - ‘,f’ o~
HOLIEHHEM ) #

1 L3 1 1

= (nz 1) (im * R,.;)'
Puc. 167

Kak ofwiuno, ¢opMyna IaeT TONLKO

mogyas F'; 3HaK »ke nepeq nesod 4a-

cTbio BhIGMpaeTcis No obLMHOMY NpaBuiy: MOC — JedcrBurensHBIf oKy,
MHMHYC — MHMMbIA. 3HakW nepen wnenamu, copepxauwpmu R u Ry, Gepyrea
NONOKHTENBHBIMY /1A BEINYK/BIX NOBEPXHOCTEH, OTPHUATEILHLIMH — JJA BOM-
HyThix. Bennuuna D = 1/ F, obpatnan dokycHOMY PACCTOAHMIO, HAIBIBAETCA ON-
THYeekoit cnnoii muH3Ll. OnTuueckan cuna [ nMH3LI BLIPAXKKAETCA B CUONMPUAT:
lantp = 1w 1,

1087. Ilpu cbemke aBToMObHA ANuMHE [ = 4 M NJIeHKa pacnojaranach
oT obbexkTHBa Ha paccroanun f = 60 cm. C kakoro paccrosuns d cHUMANN
aBTOMODHMIIb, €CH AJIMHA ero HeraTHBHOro usobpakennst L = 32 mm?

1088. [IpoBepsia cBOH OYKH, YEJIOBEK MOJYYHJ HA NOJNY KOMHATH Jei-
CTBHTENILHOE H300pasKenue JaMnbl, BucAmeil Ha saicote H = 3 M, nepxa
OYKOBOE CTeK/0 nog namnoit Ha paccrosuun h = 1 m or mona. Kakosa
onTuveckas cuna D crexna?

1089. Toueunnifi HCTOYHHK CBETA HAXOAHTCH HA MIABHON onTUYECKON
ocH cobmparome#t gunsbl ¢ (okycHeiM paccrosinnem F' = 6 cm Ha pac-
crosauid d = 4 ¢cM or Hee. Ha kakoM paccTosHMM a OT JMH3BLI [0 TY ¥XKe
CTOPOHY, 9TO ¥ UCTOYHUK, HEOOX0AUMO NOCTABUT TIOCKOE 3EPKAJIO, YTOOE!
M0 APYrYI0 CTOPOHY JIHH3BI CYIIECTBOBANO NefiCTBHTENbHOe H300paskeHue
WcTouHMKA Ha paccrosinun [ = 12 em ot aun3b?

1090. Ha puc. 168 § — Toueunwit mcTOUHMK cBera, S' — ero u3ob-
paskenue. HaliT mocrpoeHueMm nonioskeHue ONTHHECKOTO LEHTPA JHH3bI

* S

W —

» S

Ir

Puc. 168 Puc. 169

M KaXKJOro M3 ee (POKYCOB B (JIyuasx, KOrja rMaBHol onTHYecKo# ockio
JIMH3bI ABASIOTCA NpAMbie 1-4.

1091. Haittu nocrpoenueM nonosxenne GoKycoB THH3LI AJIs Jy4a, H306-
pakeHHoro Ha puc. 169.
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1092. ®ororpad, naxoaamuiica Ha 60pTy CyAHA, CHUMAET KATep, Hay-
WMl BCTPEYHBIM KypcoM. B MOMEHT ChbeMKH KATEp HAXOAMTCA MOA YIJIOM
a = 45° no xoay cyaHa Ha paccrosaudM d = 150 M ot mero (pwmc. 170).

CropocTH ABI>KeHUA cygHa v; = 18 KM/4, a KaTepa
vy = 36 kM/4. Kakoe MakcHManbHOE BpeMs SKCHo-
aunmu At Moxker Jath cortorpad, uTobnl pasMbi-
THe H300paKeHUs Ha NieHKe He Tpepslwano Al =
= 0,03 mm? DokycHoe paccTosHue obwexkTHBa tho-
o rToannaparta f' = 5 cMm.
1093. Kak HY»HO H3MEHNUTH PACCTOAHHE MeXK-
Vi Ay obbexkTHBOM hOTOANNApaTa W TIACTHHKON npH
nepexofe OT ChEMKH OY€Hb Y/AJEHHBIX MPEIMETOB
K CbeMKe 00heKTa, PACTIONIOMKEHHOTO HA PACCTOAHHH
d =2 M or obfbexkTHBa ¢ (hOKYCHBIM DPACCTOAHMEM
Pue. 170 F =135 cm?
1094. Uzobparkenne npeaMeTa TOTY4aeTCA Ha
MaToBOM cTekJe horoannapara. Ha kakoe paccToanne a Haao nepeJBHHYTh
00beKTHE OTOANNAPATA, €CIH MeXaY 00bLeKTHBOM M MATOBLIM CTEKJIOM
TIOMECTHTh CTEKJIAHHYIO MJACTHHKY TOJIMMHBI A = 4 MM ¢ MOKA3ATEeM
npenomaenua n = 1,67 CuuTaTe yribl NafeHHs HACTONBLKO MAJBIMH, YTO
sin a = tg a.

1095. Cobupaloimas JMH3a BCTABIEHA B KPYIVIOE OTBEPCTHE B HEMNpo-
apavHoit mHpmMe. ToueyHEIH HCTOYHHK CBETA HAXOAMTCA HA [VIaBHON onTuU-
yecko#l ocn JMH3E HAa paccToAHHH d = 10 cm ot Hee. [lo apyryio cTopony
JMH3Bl HA TAKOM K€ PACCTOSHHUU d OT HEe MOCTABJEH NEPNeHIUKYIAPHO
K ocH 3KkpaH. Ha sxpane Buaen ceeTanlit Kpyr, AMaMeTp KOTOpPOro B n = 2
pa3a MeHbille JHaMeTpa auH3sl. Halitu dokycHoe paccroanue F' n1uH3BL

10986. Toyeynslll HCTOYHHK CBETA HAXOAUTCH HA TMABHON ONTHYecKoH
OCH JIHH3HI Ha paccTosHEK d = 25 cM oT Hee. PoOKYCHOE PACCTOAHME THH3BI
F =10 cm, ee paguyc r = 5 cm. [lo gpyryio cTopoHy JUH3E CTABAT 3KpaH
TaK, YTO Ha HeM MOJIy4aeTca YeTKoe H300parkeHne HCTOYHHUKA. 3aTeM 3KpaH
TIepeMelIaloT BAOJb OCH Ha paccToaHue a = 5 cm. Halitu paauyc R ceernoro
Kpyra Ha 3KpaHe.

1097. Cobupatomast JHH3a ¢ HOKycHBIM paccToanueM F = 0,06 m
BCTaBJieHa B oTBepcTHe paauyca r = 0,03 M B Henpospaunoit wupme. Ha
IKpaHe, HaxoAsleMca Ha paccToauui a = 0,16 M OT NIHPMBI, NOTY4YeHO
4eTKoe H30bpaskeHne TOUeHMHOTO HCTOMHKKA cBeTa. Kakos 6yaer paguyc R
CBETNOr0 KPYra HA SKPAHE, C/IH BEIHYThH JHH3Y W3 OTBEPCTHA

1098. Cobupaionias aun3a ¢ GOKYCHBIM paccToAHMeM F = 5 cM BCTaB-
JIeHa, B KPYTJI0€ OTBepPCTHE paauyca r = 3 cM B Aocke. ToueuHbll HCTOUHHK
CBeTa HAXOJHTCH HA MIABHOH ONMTHYecKoll OCH NHH3bI HA DACCTOAHMH d =
= 15 cM ot Hee. [lo apyryio cropoHy mocku moMelteH auct Gymaru, Ha
KOTOPOM NOJydaeTcs YeTKoe Haobparkenne ucrounnka. Kakos Gyaer paan-
y¢ R ceeTsioro Kpyra Ha JHcTe GyMaru, eciin IMH3Y BLIHYTh H3 OTBEPCTHA?

1099. Haobparkenne MEUINTHMETPOBOTO JEIeHHA LIKANBI, PACTIONOMKEH-
Ho# mepen nuH30# Ha paccrosHun d = 12,5 cM, UMeeT Ha SKpaHe JNUHY
L = 8 cM. Ha kaxoMm paccTosiui f OT JIHH3BI HAXOAHUTCA SKPaH?
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1100. OcBelennas uens BeICOTE A = 5 M NpoenHpyeTcs ¢ NOMONIbIO
cobuparontell uH3L ¢ (OKYCHBIM paccTosHueM F = 10 cMm Ha 3kpaH, oT-
cTOAILKA OT MHH3EI HA paccToaHHn f = 12 cM. Hailtu Beicoty H uzobpa-
HEHHA LIeJIH Ha 3Kpane.

1101. INpeamer annust [ = 8 cM npoennpyerca Ha sKkpan. Kakoe dokyc-
Hoe paccrosane F' ao/okeH uMeTh 0GbEKTHB, HAXOAAIMIACA HA PACCTOAHAN
f = 4 m ot akpaHa, yToGbl n30GparkeHHe NpeAMeTa Ha IKPAHE HMEJIO AJTHHY
L=2wm7?

1102. B nenTpe NIOCKOr0 3epKaJia, MOCTABJAEHHOTO MO YIJIOM @ =
= 45° K rOpH3OHTY, HAXOAMTCA BepXHHil (POKYC MOPH3OHTAIBHO pacmono-
KeHHOH NHH3bI OOBLEKTHBA IMHMAMACKONA
¢ ontuyeckoil cuaol D = 10 gntp. Ha
paccrosinnn [ = 2 MM oT HHXKHETO DOKY-
¢a MOMENIAIT APKO ocBellerHy 0 (oTorpa-
Hi0, HMeIoLIyIo pasMepsi a X b = 4 x 6 cm®
(pue. 171). HafiTu paccTosinue L oT skpaHa
A0 raaBHOH OonTHYeckolt OCH JMHH3BI H pas-
mepbl A X B verkoro usobparkenus ¢oTo-
rpachHH Ha 3KpaHe.

1108. Cobupamwiian nuH3a ¢ ONTHYe-
ckoit cunofi D = 8 antp paer Waobpaxenune Puc. 171
npeaMeTa, pasHoe pasmepy npeamera. Kak
HYKHO M3MEHMTb DACCTOAHME MEXJY JHH30H W mpegmeToMm, 4Tobwl ero
n306parkeHHe YMEHBIIUAOCk B TPH pa3al

1104. Cofupaloman JHH3a AaeT Ha 3KpaHe H3oOparkeHHe MpeaMeTa
¢ yeenndenneMm k = 2. Paccrosanue oT npeaMeTa [0 JUH3LI NPEBLIIAET ee
dokycHoe paccTosHMe Ha BeaHuMHy a = 6 cm. Halitn paccrosanme f or
JHMH3BLL 0 3KpaHa.

1105. Toueunslil HCTOYHHK CBETA HAXOJWTCH Ha PACCTOAHHH d OT COOU-
patwomeii MuA3L ¢ pokycHbM paccTosnuem F = 0,6 m. Konebanna nunsbl
nonepex TIaBHOH ONTHYECKON OCH NMPHBOAAT K KoneGanusiM n306parkenus
TOYKH ¢ aMnautyaoil A; = 1,6 cM, a nonepeuynsle KonebaHust UCTOUYHHKA
€ TOl >Ke aMNIHTYA0H BhI3BIEAIOT KoNebaHua n3obpakeHusa ¢ aMNIATY ol
Az = 1,5 em. Haittn paccrosHue d OT HCTOYHHKA 10 JHH3HI

1106. Paccrosinue or npeamera a0 cobuparomeii JHH3LL B 1 = 5 pas
Bostbie pokycHOro paccrosinus 3L, HaliTH yBenuyenue k JMH3LL

1107. Ha xakom paccrosiaun f 0T 00/beKTHBA IPOEKLHOHHOIO ANNAPATa
¢ cokycnpim paccrosinmem F' = 0,1 M HYKHO NOMECTHTH 3KpaH, 9TOObI
u3obparkeHne Ha sKpane Guio B k = 50 pas Gonbire npegMera Ha guano-
3HTHBE?

1108. [Ipu Tonorpaduyeckoil CbeMKe ¢ CAMOIETA, JIETAIIEr0 Ha BHICOTE
H = 2000 m, HeoOX0aHMO IOIYYATEH CHEMKH MECTHOCTH B Mactrrabe 1: 4000.
KakoBo aomkno 66Tk (hokycHoe paccronnue F obbexTusa?

1109. O6bexTHB TeNneBU3MOHHOTO NepeJaTUMKa oTOpackBaeT u300pa-
»kenne cBofoqHO NajaloLero npeagMeTa, HAXOAALIErocs nepej HAM Ha pac-
cToAHMM d = 5 M, HA CBETOUYBCTBHTEJbHBIH CJI0fi nepegatowedl TpyOKH.
Haiitu dokycHoe paccrosuue F' ofbekTnsa nepeaaTynka, ecyiy n3obpace-
HHE JBHXKeTCA ¢ yckopennem a = 0,2 m/c?.




158 Omeems U pewenu [Fn. IV

1110. ITocTpouTs naobpakenue orpeska A B, napaaneasHoro riaBHoil
onTHueckoit ocu cobupatoieit auusel (puc. 172).

1111. Toueunnifi npeaMeT ABHXKETCA MO OKPY>KHOCTH CO CKOPOCTBIO
v = 3 cM/c BOKpYT IVIaBHOM onTu4eckoit ocH cobuparoweil THA3LI B NJ0C-

KOCTH, MEPNeHJUKyIsipHOi K OCH ¥ oTcTosALEl OT
B A JINH3LL HA paccTositnn d = 1,5F, raoe F' — dokyc-
D> HO€ pPaccTosiHMe JIWH3bl. B KaKOM HanpaB/eHHH
B C Kakol ckopocTbio V' aBHxkeTcs n3obpaskeHHe
F F npeameTa?
1112, Cofuparwmas aHH3a ¢ POKYCHBIM pac-
P crosuuem F = 4 cM gaeT u3obpakeHHe TOYKH,
uc, 172

pacnonozkeHHo# Ha paccToaHun d = 12 cM OT IHH-
3bl HECKOJILKO BhILIE ee onTH4deckoit ocH. Ha kakoe paccrosinne L cMecTHTCA
HaOﬁmeeHHe TOYKH Ha 3KpaHe IpH nepeMerleHHH JIHH3bI HA ]J&OCTUF[HHB

{ = 3 cM BHH3 OT ee NePBOHAYAJILHOTO TOJIOMEHNA T

1113. Ceeramasca TOYKa ONUCHIBAET OKPYKHOCTHL PajMyca T B MJIoc-
KOCTH, NeprenanKyaspHoi K IaBHOH onTHYecKo# ocH cobupaoeii THH3bL
¢ onruueckoi canolt D, a ee n3obparkeHHe ONMHCLIBAST Ha SKpaHe OKpYX-
HocTb paanyca R. Ha kaxom paccTosHHE f OT THH3BI HAXOAUTCA 3KpaH?

1114. Kakoe ypenu4eHue k JHANO3MTHBA JaeT O0BEKTHB NPOEKIHOH-
Horo douapa ¢ ¢okycHsim paccrosnuem F = 0,25 M, ecan skpan yzadien
oT obLeKkTHBa Ha paccroanue f = 4 m?

1115. Paccrosnne ot npeamMera o cobupaionieil TUH3LI U OT JHH3LI A0
n300parkenus oguHakossl U pastbl d = (0,5 M. Bo ckonbko pa3 yeenuuurea
uzobparkenue, eciim CMECTHTH TpeaMeT Ha pacctosuue a = 20 cM mo Ha-
NpaBJeHHIO K JHH3e?

11186. C nomousio doTorpacdhuueckoro anmnapara, HMeIONIero pa3mMepnl
kaapa 24 x 36 mm? u dokycnoe paccroanue ofbexTHpa F = 50 MM, npons-
poauTtcs hororpadupoBaHue CTOSALIErO YellOBeKa, pocT Koroporo h = 1,8 m.
Ha kakom paccrosinnu d OT 4eI0BEKA HYKHO YCTAHOBHTE Anmnapat, 4Tobsl
cchoTorpabMpoBaATE YENOBEKA BO BECH POCT?

1117. [leficreurenbioe u3obpaskenue ceeTanieiicss TOUKH MOTYYAETCA
Ha paccrosiuM f = 8 cM OT AMH3BI W HA paccTosHHH L = 2 cM HMXKe
ee riasHoi onTryeckoi ocu. MoxycHoe paccTosnme auH3bl F' = 5 cMm, ee
paauyc 7 = 5 cM. Ha kakom paccToAHMH a nepej JHH30i Hy»KHO NOCTABHTD
sKpaH, HMetomuil ¢hopMy BepxHell MONOBMHE! NHH3BL, YTOBLI H300parkenne
TOYKH HCYe3107

1118. Kunooneparopy TpefyeTcs CHATH aBTOMODHIIL, ABHKyIIHACH CO
ckopocThio v = 72 km/4 Ha paccrosinne d = 26 M or oneparopa. PokycHoe
paccrosnne obbekTuBa KuHOKamephl F = 13 mm. Kakosa jgonxHa ObITh
skcnoaunus At, yrobui paaMeITocTh AL KOHTYPOBR H300pa>keHHA He Mpe-
Bhirana seqHuuibl a = (0,05 mm7?

1119. ®okycHoe paccTOSHHE ABOAKOBLIMYKJON nuH3EI F = 5 em. To-
Ye4HbIl] HCTOYHHNK CBETA HAXOAUTCA HA MJIaBHON ONTHYECKO OCH JIHH3bI HA
paccrosanui d = 6 cMm ot Hee. JIuH3y pa3pe3asn no AuaMeTpy Ha JBe PaB-
Hble YACTH, KOTOPbIe pasABUHY/IH Ha paccrosane 20 = 1 cM cUMMeETPHYHO
oTHOCHTe bHO ocH. HaliTm paccrosinne S mexay AByMs u300parkeHHsAMA
TOYKH.
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1120. Bpons raasno# onTHYeckol ocH cobupatonieil nuH3LL ¢ doKyce-
HBIM paccrosiHueM F = 12 ¢M pacnosioykeH npeamMeT, 0AUH KOHel] KOTOPOro
HAXOAUTCH HA paccToAHMH dy = 17,9 cM oT MHH3EL, a Apyroii — Ha paccTos-
uun dg = 18,1 cm. HaliTH yBennuenne b nsobpaskenus.

1121. C xakuMm yBennuenHeM k n3obparkaerca TOHKHI npsamoit npea-
MeT, COBNaJalolnfi HA HEKOTOPOM YYaCTKe ¢ [VIABHOM ONTHYECKOH OCBIO CO-
buparoLielt IHH3B], €cyIH 00bEKT, YCTAHOBJIEHHEIR y OJHOI0 KOHIIA NIPe/IMEeTa,
usobparkaercs ¢ ysenuyenuem ky, a y apyroro — ¢ ypenudenuem ka7 Oba
KOHLIA NpeJMeTa HaXOAATCA OT JHH3bI Ha paccToaHusAX Goabule hokycHoro.

1122. Illapux noouyepeano nomemalor B Toukn A u B, Haxoaammuecs
Ha rVaBHOM OoNTHYecKo# ocH cobnpatoniell IMH3L 0 OAHY CTOPOHY OT Hee.
Paccrosune AB = [. Jlun3a gaer nooyepeano Jsa H300parkeHHs ILADHKA
¢ yBequueHnsaMH k4 u kg. Hafitn paccroanne L mexxay n3obpaskenusamu
MIADHMKOB.

1123. KakoBo MEHHMANBLHO BO3MOKHOE PACCTOAHHE Qmin MEKIY Npea-
METOM M ero u3obparkeHueM, NoOAYYeHHbIM ¢ TOMOLIbI0 COGHpaOIIEl JTHH3BI
¢ hokycHEIM paccTosiHuem F'7

1124. Paccroanne Mexay nNpeaMeToM M €ro AelcTBHTeNbLHBEIM H300pa-
xenuem a = 6,25 F, roe F' — cdokycHoe paccTosnHe cofHpatomeil JTUH3LL
Haiiti paccroanus d u f or npegMeTa 40 JMH3LI H OT JIMH3BL 10 H300pa-
JKEeHHA,

1125. Cpeya HaxoanuTea Ha paccTosHud @ = 3,75 m or skpana. Mexay
HHMH TOMEIAIT cOOMpPAUIYI0 JIMH3Y, KOTOpas [JaeT HA SKpaHe YeTKoe
u3obparkeHne CBeYd NpH ABYX nouokenusx aun3st. Haditu dokycroe pac-
crosnne F NMH3B, €CIM PacCTOAHME MEXKJY MONOXKEHWSMH JHH3B b =
= 0,75 m.

1126. Cpeva HaxX0AUTCA HA PACCTOSHHH @ OT 3KpaHa. Mexkgy HHMH
NOMeIaoT coBHpPAIoULYIO JTHH3Y, KOTOpas JaeT HA SKPaHe YeTKoe u306pa-
JKeHMe CBeYM NpH ABYX NoJoxKeHusix juH3bl. Halitu paccrosnue b mexxny
MNOoJoOXeHHAMHE JIHH3bI, €CJTH Q)OK)’CHQE p&CCTDHHH'E' JTHH3bL PaBHO F.

1127. Cobupalomas nun3a faer 4yeTkoe H3oOpaskeHue npeaMera Ha
3kpane, umeroniee Buicory Hp. OcraBnsa HeNoJBHXXHLIMH 3KPAH M npem-
MET, NepeMelaloT JHH3Y K 3KDaHy U HaXOoJAT, YTO NMPH APYTOM HeTKOM
u300paskeHnn npeaMeTa BblcoTa H300paxkenua paBHa Hi. Halitu BhIcOTY
npeamMeta h.

1128. [lpegmeT naxoguTcs Ha paccrosiuun a = 0,6 M or skpana. Mexxay
HHMH TIOMELIAIOT CODHpAIoLYI0 JHH3Y, KOTOpas JaeT HA SKpaHe 4YeTKoe
n300paykeHre NpeaMeTa NPH OBYX NOJMKeHHAX auH3bl, HafiTh ornowe-
HHEe 71 pa3sMepoB H300pa>keHHi, eciiM PACCTOSHHMA MEXIY TOJ0XKeHHSAMH
aunzel b = 0,4 m.

1129. ITpeamet naxoauTcsa Ha paccTosnni a = 0,9 m ot skpana. Mex gy
HUMH MOMEMAIT COOMPAMIIYIO JHH3Y, KOTODAS NpPH OZHOM MOJOXKEHHH
JaeT Ha 9KpaHe yBeJIHYeHHOe H300pakeHuwe mnpeaMeTa, a NPH ADYTOM —
yMmenbiuennoe. Haiitu ¢okycnoe paccrosnpe F' nMH3BL, eciM OTHOLIEHUE
pa3MepoB H3obpaxkennii n = 4.

1130. [Ipeamer naxoaures Ha paccrosuny o = 0,8 M ot sxpauna. Mexay
HHMH NOMENAT coDMpAaIoLIyIo JHH3Y, KOTOpas [JaeT Ha 3KpaHe 4YeTKoe
uzobparkenue MpeaMera NMpH ABYX NONOXKEHWAX JuH3bL HaliTH paccros-
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HHe b MeXXIy NONOMKEeHNAMH JHMH3bL, €CJIH OTHOLIEHHE PasMepoB H3obpaske-
HEli n =9,

1131. Mpegmer naxogurcs Ha paccrosuud a = 0,1 M oT nepeanero
doxyca cobuparomeii THH3BI, & IKPaH, HA KOTOPOM NOJIYYAETCH 4YETKOe
n3obparkenne npegmera, — Ha paccrosinun b = 0,4 m or saguero dokyca
munssl. Halitu dokycHoe paccrosnme F' u ypennuense k JTHH3BL

1132. Nzobparkenne npejmeTa HA MaTOBOM cTekae cdoToannapara npu
cbeMKe ¢ paccTosHuA d; = 8,5 M nmeer Buicoty Hy = 13,5 mm, a ¢ pac-
crosuns dy = 2 M — Beicoty Hy = 60 mm. Hatiti dokycHoe paccroaune F
obbeKTHBA.

1133. C noMoubio MHH3L HA SKpaHe NOAYYRIE YeTKoe H300pakenne
TIAMEeHH CBeYH, HMelolee BuicoTy H; = 15 cm. OToapuHySB cBedy OT JIHH3L
Ha paccTosiiue b = 1,5 cM M nepeaBuHyB 3KpaH, NOIY4YHIH YeTKoe n3obpa-
JKeHHe TJaMeHH cBedH, umeiotee Beicory Hy = 10 cm. Haitn dokycnoe
paccTosiiHe F’ NMH3BI, €CJIH BBICOTA npeaMeTa h = 5 oM.

1134. McToMHHK CBETA HAXOAUTCA HA PACCTOAHHH @ = 5 M OT 3KpaHa,
Ha KOTOPOM C NOMOIbI0 coBHpalommeli JTHH3BI NOJTYYA0T YBeJHYeHHoe B k =
= 4 pa3sa n300pa>KeHHe HUCTOYHHKA. DKDaH OTOLBHIAIOT HA DACcCTOsHMe
b = 4 m; Opu 3TOM BOCCTAHOBHTL YETKOCTH YBEJIMYEHHOIO M30DparkeHHs
MOXKHO, MepeiBUHYB JAWH3Y Wian ucTouynuk. Halitw yeenwuenna k; W ko
B oboux cnyuasix.

1135. Kaxoe yBenuuenne k MOXKET JaTh JIyNa ¢ ONTHYecKo# cunoit D =
= 8 antp? Paccroanne Haunyuero 3penus dg = 25 cm.

1136. Jlyna naer ysesqimyeHHoe B k) = 5 pa3 n3obpaskenne npeamera,
nexamero B ee (oKanbHON MJIOCKOCTH. ITY JYMYy XOTAT HCHONB30BATH
B KavecTee obbexTHBA npoekuuonHoro conapa. Ha kakom paccrosnum d
oT 00LEKTHBA JOIDKEH PacroaraThCd QMANO3MTHB, YTOOLI Ha SKpaHe Mo-
JyYunocs ero usobpaxkenwe, ysennmvenHoe B ks = 10 pas? Paccrosune
Hauay4imeno spexns dg = 25 cm.

1137. Jlyna HaxoauTca Ha paccTosHuM b = 5 oM or rnasza, uzobpasie-
HHEe — HAa DAacCTOAHMHM Hauayuinero 3perusa dp = 25 cm. Ha kakom pac-
CTOAHHWH @ OT rJa3a JOJIXK€H PACIOJATAThLCH MPEeJMeT NMPH PACCMOTPEHHMH
ero 4Yepes Jyny ¢ (OKycHbIM paccTosHueM F' = 2 cM? Kakoe npu stom
nosy4nTes ysenudenue k7

1138. Jluuza ¢ onTuyeckoit canofi D = 4 anTp faeT ypeandenHoe B k =
= b pa3 usobpaxkenne npeamera. Ha kakom paccrosnnu d nepej nun3ol
HAXOAHTCS NpeaMer?

1139. CobGupaloman JHH3a JAeT pACXOAsiiHiics My4oK cBeTa, MpHYeM
yron MexJay KpalfHuME gydamu nydka 2a = 60°. Halita dokycuoe pac-
CTOSHHE F' JME3LL, eCJIH ee Paguyc r = 5 CM, a TOYEeYHBIA HCTOYHHK CBETA
HaXOAHTCA HA PAcCTOAHHH d = 4 CM OT JIMH3BI.

1140. Cobupaiomas sun3a ¢ QOKYCHBIM paccTosHHeM F = 6 cM gaer
pacxoasuiuics: TyYoK CBeTa, NPHYeM Yol MeXX 1y KpalHuMH JTy4aMH ITy4Ka
2a = 90°. Haiiti paccrosinne d OT TOMEYHOr0 HCTOUHHMKA CBETa JIO JIMH3LI,
eCIH ee paguyc r = 3 cM.

1141. Toveunsifi HCTOUHMK cBeTa momenieH B hokyce cobuparomiei
JHUH3BE ¢ POKYCHBIM paccTrosiueM F = 6 cMm. 3a AuH30fl HA paccTOsHMM
b = 12 cm oT Hee pacnonoXKeH NJAOCKHKI! 9KpaH, HA KOTOPOM BHAHO CBET/Oe
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naTHO. B KaKyio cTOpOHY ¥ Ha Kakoe paccTosiiue a ot $poKyca JUA3LI HAA0
nepeMecTHTh BJOJL IMIABHOW onTHUYecKol OCH MCTOYHMK, YTOOBI pajmyc T
CBETJIONO MATHA HA SKPAaHEe YBeIMuwiIcs B n = 2 paza?

1142. TTocTponTs H3ohpaskenne cBeTsIeRCA TOYKH, JeXalllel Ha IIaB-
Holt onTHyeckoli oci cobupalolieli THH3B Ha PACCTOSHAN, MeHbIeM (hoKyc-
Horo. [lonoxkenne pokycos MHH3LL 3a1aH0.

1143. HaiiTu nocrpoenueM noioxeHHe CBeTAMeRCH TOYKH, ecTH H3Be-
CTeH Xof ABYX Jaydeit nocne ux npejomnenus B aunse (puc. 173). Ogun ns
ITHUX JIyUeil NepecexKaeTes ¢ NIaBHON ONTHYECKON OChIO
JHH3BI B ee dhokyce.

1144. MuuMoe n3obparkenne npeaMeTa HAXOQHT-
¢ HA paccroanun f = 1 m or cofupaiomeit JRH3LI
¢ dokycHeIM paccTosHHem F = 0,25 m. Ha xakom
PACCTOSIHHUH d OT TWH3BI PACTIONOMKEH TPeMeT !

1145. MunrMoe H3obparxkeHune npejamMeTa, pacnono-
JKeHHOro Ha paccrosinun d = 0,4 M or cobuparomei
JIMH3BI, HAXOAHUTCA Ha paccTosanud f = 1,2 M or aunssl. Kakoso dokycHoe
paccTosHue F nunabi?

1146. Muumoe n3obpakenne npegmera HaxoanTes B okaibHol Mioc-
KOCTH cobupaiouniell nun3bl. Ha xakom pacerosHum oT AHH3bLI pacnionoXken
npeamer?

1147. Cobuparoman AuH3a gaet npsiMoe u3obpaskenne npeaMera ¢ ype-
augernem k = 2. Paccrosinne mexay npegmerom M u3obpakeHmeM a =
= 20 cm. Haiitu dokycroe paccrosiane F nuH3bL

1148. Cobupatomyio aup3y ¢ onTHdeckod cunoli D = 0,5 qnTp nome-
AT MEXKAY IBYMs TOUEYHBIMH HCTOYHMKAMH CBETA TaK, 9TO OTHOIIEHHE
paccTosinuit d1 W dz OT HCTOUHKMKOB Jo auH3E 1 = d) /dz = 4. Paccroanue
MeXKay Haobpakenusmu b = 2 M, npruem H306paskeHns HAXOAATCS 10 OJIHY
cToporbl Auu3bl. Halitn paccrosnune a Mex 1y MCTOUHHMKAMY.

1149. [Ipa Toue4HBIX HCTOYHHKA CBETA HAXOAATCA HA paccTosHHE b =
= 24 cm apyr ot apyra. Mexny sumu Ha paccrosup d = 6 oM oT ggHOTO
H3 HHX nomemeHa cobupatouias aunsa. [pu srom w3obpaxenus obomx
HMCTOUYHHKOB TIOJYYMJIHCE B 0fiHON W To#l e Touke. Halitu okycHoe pac-
cToAHHe F NuH3bL

1150. Paccrosaue or npeamera ao quusbl d = 10 M, paccrosHre or
JuH3E J0 u3obpaxcenusn [ = 2,5 M. Hadtu ontuveckyio cuny D simu3wl
B (J1y4asiX MHEMOTO H AeHCTBHTEJLHONO H3obpaskeHuid.,

1151. doxycnoe paccrosnue cobupawoumedt aunant F = 18 cm. [ne
PACTIOVIOMKEHA CBETALIAACH TOYKA, eciH ee n30bparkeHHe TONTyJaeTcs Ha
paccrosuusx f = 12 cm or omu3u 1 L = 5 oM or rmasHO# onTuyeckoit ocu?

1152. Cobnpatommian aunza qaet nzobparkeHue npeaMeTa, PACTIONOMKEH-
HOro OT Hee Ha paccrosaur d = 9,9 oM, ¢ yseanuennem & = 10. Hafiu
dokycHoe paccTogHue F JIMH3BL B CIYyUasX AeHCTBHTENLHOTO W MHMMOMQ
un3obparkeHnit.

1153. PokycHoe paccrosuie cobupanomedt qunast F = 10 cm, paceros-
Hue oT npeamMeTa Ao dbokyca b = b oM, BuicoTa npeamera b = 2 cm. Hadiru
BeicoTy H AeficTBUTENnbHOrO M MHEMOrO H30DpaXkeHut.

Puec. 173

11 T.A. Bengpukor u ap.
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1154. ['napnas onTHuecKas och cobupalonied THH3bI COBNIAJAET C OChIO
CBETOBOrO KOHYyca, 06pa30BaHHOIO CXOAALMMCA My4YKOM Jjy4elt, a cokyc
JIMH3BI COBMAAaeT ¢ BepmHHo# koHyca. Ha kakom paccrosHuM [ OT JMHH3BI
MEePeceKaloTCs JY4H TIoCie NpeioMieHnd, ecllH ONTHYECKas CHJA JIMH3LI
D =5 antp?

1155. Ha nytn cxopamerocs myuka jgydeli noctasuan cofmparnomyio
aun3y ¢ poKycHBIM paccToanuem F' =T cM. B pesyasTaTe nyum comnuck
B Touke A Ha paccroauuu f = 5 cM ot nuH3sl. Ha kakom paccrosHuu b ot
Touku A cofigyTes Tyun, eciu aunsy ybpats?

1156. [Jununapudeckuit ny4ok Jayueil, HMeOABl paguyc 1 = 5 CM,
HANPpaBJseTcss Ha PacCeHBAIYI0 JIHH3Y NapajulefibHO ee IJIaBHOH OnTH-
yeckoii ocu. Tlpofins nHH3Y, NMy4YoK Jaer HA 3KpaHe [IATHO pajuyca r; =
= 7 cm. Kakos Gyger pajguyc rs naTHA HA SKPaHe, eC/lM PACCEHBANILYIO
JIMH3Y 3aMeHUTDb cobupaloweil ¢ TeM ke (PoKyCHBIM paccrosnuem?

1157. Llununapudecknii my4oK cBeTa pagnyca ry = 4 M Hanpapisercs
Ha COOHPAIOLIYIO JHH3Y NapaJsijie/ibHO ee raBHOH onTHyeckoit ocu. [Tpotias
JIHH3Y, 40K AaeT HA SKPaHe MATHO pajnyca T2 = 2 cM. Kakos 6yaer pagu-
¥C r3 MATHA Ha 9KpaHe, eCTH coGHPAaIoIIy10 THH3Y 3aMEeHATE PaccenBalommei
¢ TeM Ke (hOKYCHBIM paccTosiHuem?

1158. Muaumoe u3obparkenue cpeTalleiica TOMKH B paccenBaoniedl auH-
3e ¢ ONTHYeCcKo# cunoit D = —5 AnTp HaxXoAUTCH B Ba pa3a GJMxKe K THH3e,
geM cama Touka. Halith monorkenwe cBerameiics TOUKH, €CIH OHA JIEXKHUT
Ha rMABHON OTITHYECKOR OCH JTUH3BL.

1159, Bucawmii Ha creHe 3gaHMs TEPMOMETP PAacCMATPHBAIOT 4Yepes3
pacceMBalolLLy0 JHH3Y ¢ onTuyeckofi cumofi D = —5 anrp. Jlussa pac-
NOJIOMEHA NApAJJIE/IbHO CTEHE HHIKE TBPMOME’I‘pa. TaK, 4TO mapmc TED-
MOMeTpa BHJAEH B HANpABJIEHHH nobo4YHOM onTHYecKOoM OCH JIMH3BI, OT-
KAoHsowelcsa ot riapHoll onTHuyeckofi ock BBepx Ha yroa a = 30°. Tlog
KakiaMm yrioM § K rnasHo#t ocu pacnoioykeHa nobouHas ocb, Ha KOTOPOH
nexuT H3obpaskeHHe BepxHel TOYKM TEPMOMETpAa, €CJH JAJHHa n3obpa-
JKeHHsa Tepmomerpa H = 6,4 cMm, a paccToAHHe MeXXAY JHH30H M cTeHOMH
d = 60 cm?

1160. Ceersnasica Touka S pacnofioxeHa nepeq paccerBaromeli nun-
301, [locTpouThb X0 NpoH3BonkHOro Ayya S K, Nagaiomero Ha paccenBao-
ugyio aunsy. [lonoxkenne onTruueckoro uentpa O nAuH3LI B X0 ayya S BC
sanansl (puc. 174).

*

Puc. 175
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1161. [NocrponTs Xoa npouseonkHoro ayda A B, najawouero na paccen-
paloiLyo JUH3Y. [Tonokenns rnaBHOl oNTHYeCKOl OCH JIHH3L U ee (POKYCcoB
sagansl (puc. 175).

1162. Tlpegmer seicotel b = 0,03 M pacnofioxken Ha pacCcTOAHHMH d =
= 0,15 m or pacceuBawouieil JuA3bl ¢ GokycHbiM paccrosinuem F = 0,3 m.
Ha xakom paccrosaun f ot muH3sl HaxoguTes w3obpaxkenne? Kakosa byger
soicota H msobpaykenun?

1163. Toueunnil HCTOYHHMK CBETA, PACTIOJIOXKEHHBIH HA PACCTOSHHH
d; = 1,2 M or paccensatouieli MuH3ILI, TPUOIHXKAIOT K Hell BAOIL INIABHOM
onTu4eckoii ocu g0 paccrosuns de = 0,6 m. IIpu sTom MEEMOe H306pa-
JKeHHe HMCTOYHMKA NPOXOAHT BAoIs ocu paccrosinwe | = 10 em. Haittn
cokycHoe paccrosaue F aMH3EL

1164. Ceeropoil nyy, najaomuil Ha pacceuBaloulyio nuH3y ¢ doxyc-
HBIM paccTosErem [ = 13,5 cM, nocre npenomienusi B Heil mepecekaer
IJIABHYIO OTITHYECKYIO OCh JIMH3kI B TOYKE, OTCTOAMeA OT JIMH3BLI Ha pac-
crosiany [ = 9 cm. B kakoil Touke nepecever ayy ock, ecau aun3y yopars?

1165. Cxogsaumiica nmydok ayudeil, npoxoasuuii yepea oTeepcTHe pa-
auyca r = 5 cM B HenpospayHoH MMpMe, JaeT Ha dKpaHe, PacTiVIoKEeHHOM
3a wMpmoit Ha paccrosituu b = 20 oM, ceersioe naTHO paguyca R = 4 cm.
[Mocste TOro Kak B 0TBEpPCTHE BCTABHIIM JIMHIY, NATHO NPEBPaTHIOCH B TOYKY.
Haiitu chokycnoe paccrosuue F nUH3bL

1166. Cxogsaumuiics ny4oK Jy4eil HMeeT BRHJ KOHYCa ¢ BePIIHHON B TOY-
ke A. Korna na nyTu sy 4eil nocTaBU/In PACCEMBAIOILYIO TUHIY, CXOASAIINACA
NYy40K NpeBpaTiics B pacxoasuiniica ¢ sepumunofl B Touke B. Toukn A u B
JIEXKAT HA IVIABHOW ONTHYECKOH OCH JIHH3L! HA paccTosinnn [ = 0,45 m apyr
OT ApYyra, W ONTHYecKuli LeHTp JUH3LI JeanT orpe3ok B A B oTHOmenun
n:m =1:2 Haiitn dokycnoe paccrosinue F nuH3bL

1167. Paccenparomasn aunsa ¢ okycubiM paccrosunem F = 12 em
NoMeleHa Mex</y AByMsi TOYEYHBIMH WCTOYHMKAMH B [ABa pasa Gamke
K OQHOMY M3 HHUX, ueM K gpyromy. Paccrosnme mexxay u3obparkeHHsMH
ucrounukos L = 7,8 cm. Halimu paccroanne | Mesxay MCTOYHHKAMM,

1168. Dkpan pacnonoxen Ha paccrosuuu | = 21 cm ot oTBepeTus, B Ko-
TOpOe BCTABJICHA JuH3a paguyca r = 5 cm. Ha nunsy napaer exogsmutics
ny4yok Jy4deil, B pesysapTaTe uerc Ha skpaHe of0pasyeTcs CBETJOE MATHO
paanyca R = 3 cm. Oxasanoch, 9T0 ecin JauH3y yOpaTh, TO paguyc naTHA
ne uamensiercs. Haiiru pokycuoe pacerosiane F auH3bL

1169. Creknannas JMH3a HMeeT B Bo3ayxe (n =~ 1) onTH4ecKyio cuiy
D = 5 anrp. Halitu dokycnoe paccrosinne F Toll ke JTHUHIBL, TOTPY>KEeHHOM
B Bojy. [TokasaTesb NpeJoMIeHHs CTeKJA Ney = 1,5, Boasl ny = 1,33.

1170. Creknsnubiil cTeprkeHb ¢ MOKA3ATENEM MPENOMJIeHHA N = 1,5
HMeeT BO3/IYIIHYIO NoNocTh (1 & 1), oana cTropoHa KOTOpPOl NNOCKAs U Iep-
NEeHJKYJIAPHA K OCH CTEP/KHSA, & JPYTas — BhilYKJas, ¢ PAIHYCOM KPHBH3-
uel R = 10 cm. Baoss crepkHa pacnpocTpaHAeTes NyYOK MapajliebHBIX
ayuqeii. Halitun doxycnoe paccrosnve F Bo3fylisoi JHHIbL

1171. Kycok crekna ¢ nokasarejieM NpeiloMAeHHs Ner = 1,5 umeeT
BO3AYIIHYIO NOJIOCT (N & 1) B BUAe ABOAKOBLINYKJIOMH JHH3bL C PaMYCAME
kpupn3nbl B = 10 em. Ha rnasunoil onTuueckoii ocH JIMH3L! BHYTPH CTEKJa

11*
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Ha paccrosinuu d = 20 cM OT JIKH3B HAXoAuTCA necynnka. Haiith paccros-
Hue [ OT NUH3B 10 H30DPaXKeHHs MeCYHHKH.

1172. Kpa#tuue Jrydd BHAHMOrO CINEKTPA JJisl ONTHYECKOTO CTEKJIA
«(NIMHT» HMEIOT NOKA3ATENIH NpejoMJennsi ny = 1,745 u na = 1,809. U3
ITOr0 CTEKJIA CALJTAHA JBOAKOBLINYKJ/as JHH3a ¢ PaJHyCaMi KPpHBH3HBEL R =
= Ra = 0,2 m. HaliTu paccrosinme a mesxxay GhoKycamu JUHIB L8 KpalHUX
ayqeil cnexkTpa.

1173. Cobupaloiana JuH3a ¢ paguycaMn KpuemsHo R; = 12,56 om
u Rz = 26 cm gaer B Boaayxe (n = 1) aelicTuTensHoe naobpaxenne npea-
MéeTa, PaCHoVIOEHHOE Ha PAcCTOAHMH f = 24 CM OT JIMH3BI, KOTJa NpPeJMeT
Hax0gHTCs Ha paccToAHKH d = 50 cM oT nuH3bL. Ta XKe AUH3A, TOrpY>KeHHAA
B XKHJKOCTDb, AeHCTBYeT KaK paccenBatomas ¢ POKYCHBIM PacCTOAHHEM F =
= 1 m. HaitTn noxasaresb NpPeJOMIECHHA T JKHIKOCTH.

1174. [IBe cobupaoiye nuu3bl 0auHaKoBOl (OpMbI CAeNaHbl B3 pa3-
HbIX COPTOB CTEKJI4 C [OKA3aTe/siMi NpenomMieHus ny; = 1.5 u ne = 1,7.
Haiirs oTnowenne hoKycHbIX paccTosinuit IMH3 B Bosayxe (n = 1) u b Boge
(na = 1,33).

1175. Tlnockoeeimyknas nun3za ¢ GoKycHLIM paccTosinuem F; = 10 cm
NOrpy»exa IIOCKoi NOBEPXHOCTBIO B BOAY Tak, uTo cdieputeckas nosepx-
HOCTb JIMH3BI HaxXOAMTCA B Bozdyxe. IleprieHiMkynsipHo K noBepxHOCTH
BOALI MaJaloT NMapasienbHbie Jyud cBeta. Ha kakom paccrosmun Fy or
IJIOCKOH MOBEPXHOCTH JIMH3EI (POKYCHPYHOTCA cBeToBble Nyun? INokazarean
npenomieHus Bognl n, = 1,33, JJnaMerp JHH3EI MHOTO MeHblIe ee (POKyc-
HOI0 PacCTOAHHSL.

1176. @oTorpad ¢ JOAKH CHUMAET MOPCKYIO 3BE3/TY, JeXKAILYIO Ha AHe
npsAMo noj HuM Ha ruybune H = 2 M. Bo ckoneko pas m3obpaskenmue Ha
nienke Byaer Menbpine npegmera, ecyin (OKYCHOE paccTodlMe 00beKTHBA
F; = 10 cm, paccrosinne ot 0GbeKTHBA 40 noeepxHocta Boaul | = 50 cm?
[Moxazarens npenomienns Bogsi 1, = 1,33,

1177. B mysee cdororpachupobana Gonbmas rpasiopa, a 3aTeM H ee
OTenbHbIe (DPArMEHTHl B HATYpansHy10 BeMuuny. Bo ckonbko pa3 6wiio
YBEJIHYEHO BpeMs IKCIIOZHIMH NpH (oTorpadupoBannn JeTanell PasiOpH,
4TOGB! MHTEHCHBHOCTE TIOYePHEeHHs DOTOMIACTHHKY ocTanach npexHedi?

§ 31. OnTH4YecKHe CHCTEMbI

Pacuer n3o6parkennii B coxkHOl onTHYeckol CHCTEME, KOMNOHEHTBI KOTOPOH
(nunsb1, 3eprana) pacnonoxeHs! Baoab obuweli rasHolt onTHyeckol ocu, yaobHo
NPOM3BOAHTE, Pa3bHUB €ro Ha nocieaoBaTenbHbie ITansl. He ofpaman nepeona-
Ya/lbHO BHHMABHHMA H& BCe KOMIMOHEHTBI CHCTEMBI, KPOME NEPBOTO, HYXKHO Bhi-
YUCIHTE NOJIOXKEHHe H300parkeHus, jasaeMoro nepeoft nun3oll (MK sepkanom).
910 n3obparkenne B CBOIO 0YEPE/Ib CIYHKHT UCTOYHHKOM 1A BTOPON AHHIbI (WIH
3epKaJia), KOTOpasi TAKXKE PACCMATPHBAETCS OTIOENBHO OT BCEX OCTAIBHEIX HacTel
CHCTEMBI,

[1pu 3ToM, €ciu NEpEBIf KOMNOHEHT CHCTEMBI JaeT MHMMOE H3ohpaeHue, TO
Ha BTOPOH KOMMOHEHT NAJAI0T PACXOIAILHecH JIyYH, |, CJIeI0BATETLHO, HCTOYHHK
Ans Hero Gyaer peficreurenphbiM. Ecin ke nepsbift KOMNOHEHT CHCTEMBI AA€T
AefcTBHTENLHOE H306DAXKeHe, TO HA BTOPOI KOMTIOHEHT MOTYT, B 3ABMCHMOCTH OT
€ro NOJIOYKEeHNs, Na0aTh CXOAAHEcs WK pacxoasamumecs ayud. B nepepoM cnyuae



§31] Onmuseexue cucmemnt 165

HCTOYHHMK JA BTOpOll MMH3L! (MM 3epKAJa) JOMXKeH, KaK 00bIYHO, CYMTATLCH
MHHMMBIM, BO BTOPOM Ciydae — JefcTBUTeNbHbIM,. TaK KaK Iy H NajaioT gajee Ha
CIeAYIOUIYI0 JHH3Y (MK 3€PKANO), TO MPOLECC PacHeTa MPOJOJINKAETCA H Janee
110 BbIXOAA Jy4elt U3 CHCTEMbI.

Paamep nomyuennoro H306paYkeHHA W YBEIHYEHHE PACCHHTHIBAIOTCA AHAJIO-
riuno. Ocobuifl MHTEpec NpeacTABIfeT BLIMHCASHHE YIUIOBOMO YBE/MYEHHA, 33
Mepy KOTOPOr0 MOYHO NPUHATH OTHOLUEHWE TAHMEHCOB YTVIOB MEXKOY My-Kamu
ayuetl, BYOAAIHMY B CHCTEMY H BRIXOAAIMMY U3 Hee. Ecnu paceMaTpHPATE TONB-
KO NPHOCEBbIE MYYKH (Manble YIilbl), TO OTHOILIEHHE TAHTEHCOB MOXKHO 3AMEHHTH
OTHOLIEHHEM CHHYCOB MJIH OTHOLUEHHEM CAMHMX YIJIOB.

MHKpOCKON MOXHO PACCYHTHIBATE KAK JABYX/JMH30BYIO CHCTEMY, B KOTOpO#H
neficTBHTENLHOE H3oBpaskenue, JaBAEMOe 00bEKTHBOM, DACCMATPHBAETCA B OKY-
JIpD KAK B JIYyTIY. Veeauuene MHKPOCKONA BhIYHCAAETCA KAK MPOH3BEAEHHE YBe-
nuuenudt obbexTuBa M okynsapa. [lpu anurenshoi paGore rnas nabmogaTend
JomkeH OLITh He Hanpsi>keH (AKKOMOAWPOB&H Ha DECKOHEYHOCTb). 3T0 03HA-
yaeT, uro 06bLEKTUB co3gaeT H30Dpa>keHue B (POKATLHON NAOCKOCTH OKYJIADA,
W yBeJIMueHHe OKynspa k2 = da/ F2, rne dy — paccrosnue HaWIyylIero 3peHus
HOpMAaLHOrO rasa, Fa — (hOKYCHO® paccTosHWe OKysapa (cm. 3amsaqy 1135).
Yeenuuenue obsextusa k1 = d/ F1, rae i — dokycHoe paccTosnne ofbeKTHBA,
d — pmmaa TyGyca MEkpockona (paccToOsHHE MEXIY 3a0HUM HOKYCOM 06LeKTHRA
u nepearum PokycoM okyaspa). Taknm 06pasoM, yseHueHHe MUKPOCKONA

ddg
F\Fsy’

Mog paccTosauem HamTy4qmero 3peHds do BO BCEX 3A0aUAX NOHUMBETCA HAH-
MeHblIEe pacCTOAHHE, Ha KOTOPOM YeJIOBEK MOMET “eTKO BHIETHh JeTallH npeg-
meTon He3 Hpe3MEePpHOro HalpAXKeHHHA Jiasza. Tax KAK 4pe3MepHOe HANpPSKeHHe
rna3a HUrge He NpeanoiaraeTes, noa pACCTOA HHEM HAHYHLIEND 3PEHHA do MOMKHO
noapa3symMeBaTs OmnkHE# npenen akKOMOAAUMH HOPMANLHOTO TMasa. Bo ncex
3a0a4axX CUMTaeTCA, uTo do = 25 oM.

QuxH, pacCMaTpHBaeMLle B PAJE 3a]a4, NPeJcTaBNAnT cobolt TOHKHe THH3LI,
BIJIOTHYIO MPUJIEraloliMe K TJIa3y.

k=kiks =

1178. /Ire nun3snl ¢ GOKYCHEIME paccTosanusaMy F) u Fy, npucTas/ien-
HBleé BIUIOTHYIO APYTr K APYTY, AalOT H300pakeHHe MCTOYHHKA, Pacroso-
*KEHHOT'0 HA HEKOTOPOM PAcCTOSHHH neped avu3amu. 06e IHHIBI 3aMeHs 0T
oano#, nomemeHHo# Ba ToM e MecTe. Kakosa Ao/nkHa GBITE onTHYeCKAs
cuna D arolt MH3EI, 9T00BI noNoKeHHe H300parkeHHs HCTOYHUKA He H3Me-
HUN0CH?

1179. Toyeunsili MCTOYHMK CBeTa moMenieH B dokKyce paccempatomied
anusbl. Cobrpalolias AMH3a, MPHCTABISHHASA BIVIOTHYIO K paccenBatoweH,
npeBpaliaeT Nafaloninii Ha Hee W3 pacceHBalollel JHMH3L pacxosAluics
ny4ok Jyueft 8 napannensusiil. Hafitu ornomenue ¢oxkycubix pacerosnnit
JIHH3.

1180. PoroannapaToM, HMEOIHM 06BeKTHB ¢ (hOKYCHLIM PACCTOSHUEM
F, = 13,5 cM, dororpacdupyior npegmer, HAXOAAMMNACA HA PACCTOAHUM
d = 18 em or obnexrusa. Paccrognue or ofbexTHEa A0 HOTONIACTHHKH
f = 27 em. Hatiru doxyctoe paccroanue Fy NUH3EL, KOTOPYX HAAO NpH-
CTABHTh BILIOTHYIO K 06beKTHBY, UT00bl H306pasKeHHe Ha NIACTHHKE ObLIO
Pe3KHM.

1181. [noCKOBBIMYKAAs JIMH3a H3rOTOBJEHA W3 BElecTBa C NOKA3aTe-
JeM npefoMienns n. Paauyc KpUBH3HbLI BBIOYKJOH NOBEDPXHOCTH JIWH3BI
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paBeH f, INOCKAA MOBEPXHOCTH JHH3EI nocepebpena. HaliTh onTuyecky:o
cuny [ Taxoil cucTeMsr.

1182. [lpegmer pacnonoken Ha paccrosamu d = 18 cm or miocko-
BLIMYKA0H JauH3bl ¢ doxkycHsiM paccrosauem F = 12 em. Brimywsas no-
BEPXHOCTb JHMH3bl O0pallleHa K OpeJMeTy, NJOCKAA MOBEPXHOCTh JIMH3bI
nocepebpena. Ha kakom paccrosnum [ ot nuH3bl HaxoguTes usobparkeHue
npeamera?

1183. Cxogauuiics ny4oK Jiydeil, 1aJa10MIKX HA JBOSKOBOTHY TYIO JIHH-
3y ¢ paJuycoM KpUBH3HEI K = 3 M, MMeeT BMJ KOHYCA, BEPIIMHA KOTOPOro
HAXOAUTCH Ha PAacCTosHEH d = 4 M 34 un30#. 3a1HAA NOBEPXHOCTE JIMHIEI
nocepebpena. [Ipenomusmcs Ha nepegHeil MOBEPXHOCTH JHH3LI, OTPA3UE-
IIKCE OT 3aaHell U CHOBa NPeNOMHBIIMCE HA NepeliHell, Ty4H CXOAATCA B TOY-
KY, pacnoyiorkeHRyio Ha paccroauun f; = 12 M nepea Jaunz0it. Ha kakom
paccroasnu f 33 AuH30#H cownnck 661 Ayun, eciM 6bl 3aTHAS TOBEPXHOCTD
nuH3B! He 6b11a nocepebpena’

1184. Cpersanasics Touka HaxogauTea Ha paccrosuuu d = 15 cm or
IJIOCKOT'O 3epPKaJia Ha riaBHo# onTnueckoh ocn. [lnockoe 3epkano pacno-
JIOXKEHO B ONTHYECKOM LIEHTPe BOMHYTOMNO 3epKaja ¢ PajHyCcOM KPHBH3HBI
R = 60 cm 1) . HaliTn nonokenye n3obpaskenus cersineficss TOUKH, JaBae-
MOr0 Jy4YaMH, OTPayKeHHLIMM OT BOPHYTOrO, A 3aTeM OT IUIOCKOI0 3epKatia.

1185, Toyeunsiii HCTOYHHK CBeTA HAXOJUTCA HA ABOHHOM (POKYCHOM
paccrosany oT cobupatowmell nuu3Ll Ha rasHoR onTHyeckoit ocu. [lnockoe
3€PKAJIO PacroIOXKEHO HA TAKOM DACCTOAHHMM 33, JIMH30MH, 4TO JIyuH, OTpa-
3MBILKCE OT 3epKaJia H BTOPHYHO NpPoiiaa uepes3 IHH3Y, HAYT NapadielbHBIM
nyuxoMm. Hafitu auamerp [ myuka, ecnu quaMeTp JNH3L! paseH L.

1186. Cpeya HaxoauTca Ha paccToaHuH d = 15 cM nepen cobupalonieii
mun30# ¢ PoKycHBIM paccrosHuem F' = 30 cm. Ilnockoe sepkano pacmo-
J02KeHo Ha paccTosuHun b = 15 ¢M 3a amuzeli. Ha kakoM paccrosuuu a or
JIHH3LL NONYUYMTCA u30bparkeHte cBedH, JaBpaeMoe CHCTeMO T

1187. Toueunslii HCTOUHHK CBeTa HAXOANTCHA Ha paccTostHun d = 15 cm
OT paccenBaionieil THH3bI ¢ (bokycHBIM paccrosinueM F' = 10 cM na rnaenoii
ontH4eckoi ocu. Tlo apyryio cropony nun3bL Ha paccTosHus b = 5 cM o1 Hee
PacnoIoyKeHo MiocKoe 3epkano. Halitu paccTosinne a Mexxay HCTOUHHKOM
¥ €ro MHUMBEIM H300payKeHueM B 3epKale.

1188. Tlapannenbusiii my490K cBeTa NaJaeT Ha COOMPAIOLLYIO JIHH3Y,
a 3aTeM Ha BOIHYTOE 3epKaio ¢ (DOKYCHBIM paccTosHHeM Fp = 24 oM.
Paccrosmme mescay nun3odt u 3epranom b = 32 cm. KakuMm gomiHO 6bITh
cokycHoe paccToAEMEe [} THH3LI, 4TOGbLI CBET, OTPA3NBIIKCE OT 3e€pKAaJa.
cobpaJsics B TouKe, yIaleHHO! OT 3epkasa Ha paccrosHHe f = 6 cm?

1189. Cobuparomas nuH3a ¢ GhOKycHBIM paccToanHeM F HaxoauTesa Ha
paccrosHnu b nepes BOrHYTHIM 3épKanoM ¢ paauycoM Kpueuanel H. Ha
KAKOM PacCTOAHHH d nepes JTHH30H HYKHO MOMECTHTh TOUEYHBIH UCTOUHHK
cBeTa, YTOOH! JyuH, mpoiiga JWH3Y, OTPA3HBIIMCE OT 3EPKAJA M CHOBa

') 3necs m jganee MMeeTcAa B DMAY, WTO BCE KOMIMOHEHTH! CHCTEMLI (JMH3LI,
3epKaJla) PACTIONIOXKEHBI BAOAL 06imeli rnasnofi ontuueckoit ocu.
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npoiiasa nuH3Yy, cobpannCk B TOM e ToYKe, re pacnoniokeH ueroynuk? Ilpu
KAKHX pAcCTOAHHAX b OT JIMH3bLI 10 3ePKAJa pellieHHe BO3MOXHOT

1190. Toueunsbiit HCTOUHHK cBeTa Haxo uTcH Ha paccrosaun d = 10 cm
ot cobupatouieli auasbl ¢ poKycHbiM paccTosaueMm F = 12 em na rnasnoit
onTHueckoll ocu. Jlyud, nNpenoMMBIIHCH B JHMH3E, NAJAIOT HA BbIMTYKJIOE
3€PKAJIO, PACTIVIOMKEHHOE Ha paccToauH b = 3 em 3a aunsoit. OTparxennbre
OT 3epKajla Jy4H, BHOBb Mpolis uepes JHH3Y,

HAYT MNYYKOM, MNapaiiejbHbIM ontuyeckoit ocH ™ v
(puc. 176). HaliTu pagnyc xpuBusHbl R 3epkana.

1191. Toyeunsiii HCTOYHHMK CBeTa HAXOAHTCHA HA ,_._.d b
paccrosinuu d = 15 cM oT auH3B ¢ DOKYCHBIM pac-
croaaueM F' = 10 eM Ha rnasHoO#l onTHuecko#l ocH. NP
3a IHH30M PacnoNoXKEHO BHIMYKJIOE 3€PKAJIO ¢ pa-
auycoM KpuBH3HB R = 24 cm. Jlunza dopmupyer Puc. 176

n306pa’keHHe MCTOYHMKA ¢ MOMOIULIO Nydeit, npo-

LIeJIIINX Y€pe3 JTHH3Y, OTPaXKeHHEBIX OT 3ePKAJa M BHOBE NpPOILEAIINX Yepe3
nun3y. Ha kakoM MMHMMA/ILHOM DacCTOAHMH G OT JIMH3BLL AOKHO HAXo-
AHTHCH 3epKadio, YyTo0bl u306parkeHie MCTOYHHKA CBETA COBNAJIO C CAMHM
HCTOYHHAKOM

1192. Pacceusaloniasi JHH3a W BOTHYTOE 3ePKAJI0 PACHOIOMXEHBI Tak,
YTO MYYOK JyHel, NapannenbHbIX r1asioll onTHYyeckoit ocu, npoii s JUH3Y,
OTPa3HBIIHCE OT 3epKaJia H €lle pa3 NpoHJsA JHH3Y, OCTAETCA Mapajjenb-
HbIM TOH ke ocH. QOKYCHble PACCTOAHMA JHH3L! U 3epkana F; = 12 cm
n Fy = 36 cM. I'ge u kakoe nonyuuTtcs usobparkeHue, eciy MOMECTHTD
TOYe4HBIt HCTOYHUK CBETA B ONTHYECKOM LieHTpe 3epkana’

1193. Manbie npoTHBONQIICKHBIE YYACTKH [IOBEPXHOCTH cdephl pajuy-
ca R mocepebpenni. CseTsinasics TOYKA HAXOAMTCA HA AMAMETPE, COeOH-
HAWOIEM HeHTps! yuacTkoB. Ha kakom paccrosnuu a ot uentpa cdeps
NONAKHA HAXOAHTBCA CBETAIAACA TOYKA, YTOObI 0CIE OTPAXKEHHSA OT OJHO-
ro, a 3aTeM OT APYrOro Y4YacTKa Jy4H COILINCH Ha paccrosuuu b = 3R /4
oT ueHTpa chepni?

1194. [Ise cobuparouse JUH3LI ¢ ONTHYeCKHMH cunamu [y = § anrp
n Dy = 3 antp pacnonosxenst Ha paccrosunu b = 10 cM apyr or apyra.
Ha kakom paccrosuum or 3anell JuH3LI NotyyaeTcs H3obpaxenne Hecko-
HEYHO YAJIeHHONO UCTOYHHKA, JaBAEMOe CHCTeMOol, ec/iM CBeT MCTOYHHMKA
nonajaeT cHayana Ha JuH3y: 1) ¢ onTHdeckoit cumoit Dy; 2) ¢ onTuyeckoil
cunoit Da?

1195. /Iee cobBupatomue IHH3BI ¢ (POKYCHBIMH paccToaHHaMH F) =
= 10 em u F; = 15 cm pacnosokennl Ha paccroauuu b = 30 eMm gpyr ot
apyra. e crnesyeT noMecTHTh ToYe4YHbIH HCTOYHHK CBETA, YTOOLI HAYILIHE
OT HEro JYYH N0 NMPOXOKAeHHH obeux NuH3 00pa3oBasiM My4OK Jyded,
napanfesbHLIX rMasHol onTHyeckodt ocn?

1196. [Ise cobupaioljpe JHH3bI ¢ (bOKyCcHBIMH paccrosinusMu F =
=20 ecMm u Fa = 40 cm pacmonoxkeHsl Ha paccrosHuM b = 1,5 M apyr
or apyra. [lpeaMer BmicoThl | = 2 cM HAXOOMTCA HA DACCTOAHWH di =
= 25 cM ot nepeo#t nuu3kl. Ha xakom paccrosuum f; oT BTOpOll JHH3E
noJy4YuTca u300parkeHue NpeaMeTa NocIe NPOXOXKIEHHA aydeil depes obe
nun3e? Kakosa Buicota Lo nonyuennoro n3obparkenHs?
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1197. /lee ogurakosbie cobuparoiine JuH3IbL ¢ (POKYCHBIM DACCTOAHHEM
F =0,1 M kaxxgaa pacnonoskensl Ha paccrosHud b = 0,25 M apyr ot
npyra. [Tpeagmer naxogurea Ha paccrosaun d = 0,2 M ot nepBoit aunssl. Ha
KAKOM PacCTOSIHMHA @ OT MpeIMeTa HAXOAMTCS ero n3obparkeHue, JaBaeMoe
cHcTemoll aHH3T

1198. [ee cobuparoiie JuH3b ¢ GOKYCHLIMH paccToaHHAME F; = 2 eM
u Fy = 20 cm pacnonoxkennst Ha paccrosuum b = 24 em apyr or apyra.
[MocTponTh M306parkeHwe NpeaMeTa, HAXOAAIIErocs HA paccTosHMM d =
= 3 cM ot nepeoli aun3zsl. Halitu ysenuuenne k.

1199. [Ise cobupasonme JuUH3H ¢ (POKYCHBIME PacCTOAHUAMH F; =
=10 em 1 F3 = 15 cM paiot usobpaxkeHue npeameTa BhicoThl | = 2 oM,
pacnonoxenHoro Ha paccrosaHud d = 10 cMm or nepsoit auuzel. HakiTu
BeicOTY L uaobpaskenus npeamera, fapaeMoro cucremont auns. [locrpours
u300parkeHune NpeMeTa.

1200. B tpyby BcTaBnessl ABe oaMHaKOBbIE cobupaloiue JuH3k! ¢ do-
KyCHHM paccTosiinem F = 12 oM kaxjan. [Tpeamer pacnonoxen Ha pac-
croaHun d = 3 M or nepsofi suH3nl. Ha kakom paccroanuu f or eropoil
JHH3B NOTYYRTCH H300pAXKeHHe, eCTH DACCTOAHHE MKy AuHzamu b =
= 25 cM?

1201. Ha xaxkom paccrosuum b Apyr oT Apyra HY»KHO PacnoJIOMKHTb
nase cobupalonye JUH3H ¢ QOKYCHLIMH paccTosiusamu 1 =5 omu Fy =
= 3 oM, uTobbl NapanienbHbill nyqok gyuelt, npoliag ckBo3s HUX, ocTANCH
napaiienbHbIM?

1202. Ha kaxom paccrosmuu b apyr or apyra Hy»KHO PACTOJIOMKHTE
cOBHPAIIIYI0 ¥ PACCeMBAIILYI0 JIHH3B! ¢ GOKYCHBIMH paccTosuuamu F =
=10 cm u Fp = 6 em, urobst napaiensasili nyyok aydell, npois cKBo3b
HHX, OCTAJICA NapalneNLHEIM?

1203. Ha cucremy 13 Tpex JHH3 NajaeT NapauielbHblil ny4oK Jyued.
Cobupaloman u paccensaionan JUH3LI ¢ (POKYCHLIME paccToAHHAMK F) =
= 10 eM u Fy = 20 oM HaxonsaTcea na pacctosHuu b = 15 em apyr ot apyra.
Ha xakom paccTosiHMH @ OT pacceHBalollefi JIHH3BI HYKHO PACTIOIOMKHTE
BTOPY10 cobHpalonlyto Aun3y ¢ hoKycHbIM paccTosgnneM F3 = 10 e, urobbi
BBIXOASIHH M3 CHCTEMBI ITYYOK Jy4el OCTAJICA NapasiebHBIM ]

1204. Cobupaionias ¥ pacceMBaioilias JMH3b ¢ OKYCHBIME PaccTOs-
ausMu Fy = 30 cm u Fy = 10 em pacnonorkenst Ha paccroannn b = 20 cm
apyr ot apyra. Ha cobupatoniyio JuH3y nafgaeT MapanienbHbift mydok
ayuet auamerpa Dy = 12 mm. Kakos guamerp Ds nmyuka Ha paccroanuu
a = 20 cM 3a paccenBaioiiel nun3on?

1205. Cobupatonias 1 pacceHBaoman JHH3L ¢ GOKYCHBIM PacCTOSHHEM
F = 20 cM kaoxaas HaxoaaTcsa Ha paccrosHuu b = 25 oM apyr ot apyra.
Ha wxakoMm paccrosunu d or cobupammiell AHH3ILI HYXKHO DACOOIONHTD
Ha raaBHOH ONTHYECKON OCH TOYeuHbLIA MCTOYHHMK CBeTa, YTOOLI CHCTeMa
fAana napannensHsifi nyyok ayueit? INoctpouTs xoq Ayued B ciryuyae, korja
MCTOYHHK HE HAXOAUTCA HA TVIABHON ONTHYeCKOH OCH JIMH3.

1206. Pacceupaionias # cobUpaoimas JuH3IbI ¢ (GOKYCHBIME PacCTOA-
ausMH F; = 8 cm n Fy = 10 oM naxoasTes na paccrosuun b = 6 oM apyr
ot apyra. Ha kakom paccrosuuu d or paccenBalome JHH3LL HY3KHO pacno-
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JIOXKHUTb HA MAABHON OMTHYECKON OCH CBETANLYIOCA TOUYKY, 4Tobbl cHCTEMA
JaBaJia NapajiebHbIl mydok aydei?

1207. Paccerparomasn ¥ cobupaoiias JuH3b ¢ hOKYCHBIMH paccTos-
Husamu F; = 10 em 1 Fy = 15 M pacnonoxers! Ha paccTosuui b = 30 cMm
apyr or gpyra. Ha paccrosmum d = 12 cM oT paccenparomefl JuH3EL Ha
I/1aBHON ONTHYeCKON OCH HAaXOQMTCH Touve4HbIdl HMCTOYHHK cBera. Halimu
PACCTOSIHHE @ MEXXAY HCTOYHHKOM H ero JefiCTBHTeNbHEIM H300parkeHneM.

1208. Ha kakom MHHMMAILHOM paccTOAHMH | JOJKHBI BBITH OMeIeHb!
Ha JlyHe gBa SpKMX HUCTOUYHHKA CBeTa ] TOro, 4Tobbl MX MOXKHO Gblio
BHJETH ¢ 3eMAH B Tedleckon pasaensho? PokycHrie paccroanus ofbekTHba
H oKyJdpa Teneckona F; = 8 M u Fy = 1 cm. YenoseueckHii rnas MoxKer
BHAETH PA3/e/IbHO JBa NMpeaMeTa, HabamnaaeMbie O YIIOM He MEHEE Py =
= 0,001 paa. Paccrosnue or 3eman go Jlynst r = 3,8 - 10% M.

1209. dokycuble paccTosEus ofbekTHBa M OKyJasipa Tpybs [annnes
Fy =45 em u F; = 5 cm. Ilpn 3amene un3 B Tpybe Ha ase cobupaiomme
nanyunaack Tpyba Kennepa ¢ Tem >xe ysenugenmem, uro u tpyba Nanmnes.
Haiiru drokycunie paccrosuus F3 n Fy apyx cobuparommx JuH3.

1210. 3purensnan Tpy6a ¢ GoOKyCHBIM paccTosHHeM obbekTHBa F =
= 24 cm ycraHoBieHa Ha GeckoHeuHocTsk. [locne Toro kak oxynsp TpyGui
6BIS MepeiBHHYT Ha HEKOTOPOE PACCTOSIHHE, CTAH ACHO BHAHLI MPEJMETH,
yaanenHsie oT 0bbexTHBaA Ha paccrosnne d = 6 M. Ha xakoe paccrosinune a
nepeIBHHYIN OKYJsIp?

1211. [Ins onpepesenus yBeJuueHUs! 3pUTeNLHOR TPYDOLI, OKyJIsipoM
KOTOpO# siBasierca cobupalowas JMH3a, 00LEeKTHB 3aMeHsIIOT KBaJpaTHOM
muacdparmoit co cropono#t [. Halith ysennuenue k Tpybsi, ecnn okyasip
JAaet gelicTeuTensHoe uzobparkenne quadparmel co cTopoHodt L.

1212. Kakosa anuta [ 3putensHo#t Tpy6sl, 06beKTHB K OKYAAD KoTOpoH
umeioT dokycHble paccToanusa ) = 25 cm u Fy = 8 cM, ecnu paccMATpH-
BaeMmelii mpeaMeT yaaneH B GECKOHEYHOCTh, 8 ero H3obpaykeHue, JaBaeMoe
OKY/ISIpOM, HAXOAWTCA OT OKYJSDa Ha PACcCTOSIHMH HAMIYYIIEro 3peHwusl
dg = 25 cMm?

1213. [Jas wabaropenus HeKoToporo ofbekTa HCNONB3YIOT AIHHHOGMO-
KYCHBIH MHKDOCKOTI, 0fbEKTHB KOTOPOTO He AOIXKEeH NPUOIMKATHCA K 06~
ekTy Bamxke yeMm Ha paccroguue d = 5 cM. C kakuM (POKYCHEIM paccTOAHH-
eM F Hag0 B3ATH OGLEKTHB, €CNIH YBENTHYEHHEe MHKPOCKONA OMKHO GbITh
ki = 180, a ypenuuerne okynspa ke = 207

1214, doxkycHoe paccrosnue obbexTHsa Muxpockona Fi = 0.5 om,
paccTosAHue Mexay o0beKTHBEOM B okynsipoM | = 16 cM. YBennyeHHe MHK-
pockona k& = 200. Halitu yeennuenue ky oKyasipa, ecylH paccTOAHHE Hau-
Jay4iero 3penus dy = 25 oM.

1215. dokycHoe paccTosHHe OKYAApa MUKpockona Fy = 4 oM, paccros-
HUE MeXy oObeKTHBOM H oKyasApoM [ = 16 cMm. Yeennuenne MHKpoOCKoNa
k = 300. Haiitu doxycrHoe paccTosnue F; 06beKTHBA MHKPOCKONA, €U
paccTosHNe Hauay4uero 3pedus dp = 25 cm.

1216. QokycHble paccToAHHA 00/bEKTHBA H OKY/sApa MuKpockona F'| =
= 8mmu Fy = b oM, paccToanue Mexxy o0beKTHROM B oKyjaspom | = 21 cm.
Haiitn yBesuuenne k MHKpPOCKOTIA, €CJTH PACCTOSHHE HANTYYIIErO 3PEHNns
dg = 25 em.
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1217. QokycHbie paccTosHMA 00bEKTHBA U OKYJIsIDA MHKDOCKoMNa ) =
=3 mm u F; =5 cm. [Ipegmer naxogures or 06beKTHBA HA PACCTOSIHHM
d = 3,1 mm. Halitn yBennuenne k Mukpockona n paccrosure [ mexxny obb-
€KTHBOM M OKYASIPOM, €CJIH PACCTOAHNE HAWIYUWIEro spenus dn = 25 cm.

1218. DokycHbie paccTosHisT OGBLEKTHBA H OKYJIApa MHKpocKona F'| =
=4 Mmu Fy = 2,5 mm. [Ipeamer naxoanrces Ha paccTrosHuu a = 0,2 MM ot
dokyca obbvexTuna. Halitn yeenuuenue k u anuny d Tybyca MHKpPOCKONA,
ecllH pacCTOdHHe Haunyduluero speHus dp = 25 cM.

1219. lpeamer naxogutca na paccrosuun d = 6,1 MM or obbexTHBa
mukpockona. DoxycHoe paccrosuue okynspa Fy = 1,256 oM, yBenudenue
mukpockona k& = 1200. Hailtn dokycnoe paccrosnue obnexkrupa F, ecnun
PacCcTOAHWEe HaWJIyUIlero 3peaus dy = 25 oM.

1220. dokycHoe paccrosuue obbexkTHpa MHKpockona F; = 0,3 om,
AnuHa TYGyca MUKpocKona 4 = 15 ¢M, yBennuenne MuKpockona k = 2500,
Haittu dokycHoe paccrosnue Fy okyaapa, ecii DacCTOAHHE HAMIYUILIEro
apenns do = 25 cM.

1221. Bavskuutt u ganbHul npejeibl AKKOMOJALHY r1a3a 6In30pyKoro
venopeka d; = 10 cM u dg = 12,5 em. Kakossl 6yayT npegenst dj u dy, ecin
YeJIOBEK HaJleHeT 0YKH ¢ onTukeckon cunof Doy = —7 anrp?

1222. Y4yeHHK NPUBLIK YHTAThL KHULY, Jep:KA €€ HA paccTosiHHH d =
= 20 cm or rnasa. Kakosa gonixkHa GbITh ontHyeckas cuja Doy, 04KOB,
KOTOpbIE AOJKEH HOCHTb Y4eHHMK, YToDbl YUTATh KHHTY, Jep:Ka €e Ha pac-
CTOAHHMN HAHIY4LIero 3peHua dy = 25 cM7?

1223. Banzopykuil uenopexk MOKET YeTKO BHAETh NpeJMeT, ecyii OH
HBXOOHTCH HA PaccToAHWH He ganbine d = 20 oM or rnasza. Kakopa gomxHa
ObITh ONTHYECKAR CHNA Dguy OYKOB, KOTOPBIE JAOIXKEH HOCHTD 3TOT YeJIOBeK,
o1e0bl YeTKO BUETh YaleHHbIe peaMeTs

1224. Kakue oukH HeoOX0AHMO TIPOMHCATL GIH30PYKOMY HeJ0BeKY,
0 KOTOPOM HIla peub B 3adade 1221, 9TobBl MCNpaBUTL HEAOCTATKHR €ro
3peHHAT

1225. Janero3opkuil 4eI0BeK MOXKET YHTATE KHHTY, JEPXKA ee Ha pac-
crosuun He menee d = B0 cM or rnaza. Kakosa gomxHa GbITh ONTHYECKAS
cung Doux 09KOB, KOTOPBIE JOJIPKEH HOCHTh YeJIOBEK, YTOOB YMTATL KHHTY,
JIeprKa ee Ha PAcCTOSHUM Hauaydilero 3peuus dy = 25 cm?
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MEXAHMWKA

§ 1. IIpaMosHHelHOe DABHOMEDHOE H DABHONIEPEMEHHOE ABHXKEHHe

1. Hanpasum koopaunathyio ock OS ¢ HayanoM B TOYKe OTNDABJEHHA NO-
£370B BAOJE HATIPABNEHUA ABMkeHua (puc. 177). KoopaunaTa TosapHoro noezja
B MOMEHT BpeMeHH f, KOrjga ero AOrHal IKcnpece, §1 = v1t. Koopaunata axkcnpec-
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Ca, KOTOPbLIH 11EJ1 HA BPEMA T MEHbLLE, B ITOT e MOMEHT BPEMeHH 83 = t.l-;{t -_— 1').
O6e aTn KOOPAHHATHI NOJIAHBI DbITh paBHbl KOOpIHHATE MECTa, rie 3Kcnpecc
IOTHAT TOBAPHBIA Moe3n: 8, = 8 = 8. ﬂpupaaﬂaa 81 M 83, HAXOOHM

VT muaT

t= =1y, 8= —"—"=236km.
Vg — U U —t

['pacbuueckoe pewenne npegcTapneHo va puc. 178, rae auaum 1 u 2 — rpadm-
KH ABHIKEHHA TOBAPHOrO Noe3aa u skenpecca. Touka ux nepecedenns onpeaenser
KOODJHHATY 8§ MECTa, e SKCNpece AOTOHWT TOBADHBIN moe3a, ¥ Bpems f, Korga
3TO NpPOK30iHaeT.

2. Hanpaeum KoopauHaTHYIO och ¢ Hasasiom B Touke C' or C' k B (puc. 179).
3akonsl OBM>KeHHMs nepsoii 1 BTOpOf aB-

TOMAILHH HMEIOT BH A w C W B
> i
81=—§+‘Ult‘ 82=%—‘Ugt. [ Lj2 ._I__ L/2 __I s
I1pn BCTpeUe KOOPAWHATHI AONAKHBI OBITE Puc. 179
OQMHAKOBLL: 81 = §2 = 4. [lpupaBuse s, u §2, HaxoaMM
L L L
t= o =154, 8= E—vgt——'—?—kmt:—%[m,

I'pachuueckoe pewienye npeacTasnedo Ha puc. 180, roe auaum 1 ¥ 2 — rpadm-
KH JBI>KeHus nepsoif 1 sropoit anromamuH. Touka Ux nepecedenus onpegenser
BpeMsa t ¥ KOOPOHHATY § MECTA BCTPEYM.

I'pacbmk 3aBHCHMOCTH PACCTOAHHA | MeXKAY ABTOMALUIMHAMH OT BPEMEHH t
NoKa3aH Ha puc. 181,
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3. 3aKoH OBHXKEHHA KOHLA CTEXKHA A! &4 = To + vi, y4 = 0; cienoBaTens-

HO, Yp = +/1* = (2o + vi)?.
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Puc. 180 Pwue. 181

4. B nenoapuxnHoi cucreme koopauHat (puc. 182) ofiron mauunaetcs, korga
KOOPAHHATH Ha4yaJla 3KCIPecca H KOHLA TOBAPHOrO Noe3a OAHHAKOBL H DaBHBI,
HANpPHMEP, 8p. 3aKaH4YMBaeTCs 0OroH B MOMEHT BPEMEeHH, KOr[a OJHWHAKOBBI KO-

Puc. 182

OpPAMHATA 81 HAYANA TOBAPHOrO MOE3Ja M KOOPAHHATA 82 KOHUA 3Kcnpecca. Ecnu
3a HAYATLHLI MOMEHT BPEMEHH MPHHATL HAYANO 06NOHA, TO 3AKOHBI ABHXKEHMUA
HAYAJA TOBADHOIO NOE3/1a M KOHLA Kenpecca ByayT

81 = 8g+ 1 +mit, 83 =a8p— 1+ val.

[pupasusas 81 w 82, nomyaum ¢ = (I + [2) /(va — v1) = 50 c.

DTy 38084y MOYKHO PEINTEL B ABMYIeHica BMECTE ¢ TOBAPHLIM NOE3A0M CHC-
TeMe KOOPAMHAT, HA4AJI0 KOTOpOoH coBnafaeT
€ HAYANOM STOTO MOe3[A, & HAMDABIEHHE —
€ HanpaBleHHeM ero aswxkenus (puc. 183).

bt s B aroif cucremMe KOOPAMHAT CKOPOCTE 9KC-
npecca vh = vz — Uy. 3AKOH ABUKEHHS KOHLA

Ia i 3IKCTpecca, eciiH 33 HAYAJbLHLIH MOMEHT Bpe-
MEHM NMPHHATE HAauajo obrona, 6ymer uMeTh

Puc. 183 sun 8 = —(l; + I3) + vat. B momenT 3aBep-

mwenHs obrona KOHEL] 3IKCTpecca OKAMKEeTCHA
B Hayasle Hawell cHCTeMsl koopauHaT. [losTomy ero xkoopaunata s = 0; cienosa-
TE/ILHO, [JISt ITOMO MOMEHTA BPeMeHH
I+ l2
U — 1!

Lhi+la=wvyt, t= =50 c.

5.1 =(v1 +va)t =150 m.

6. v, = -,/vg — 2lva/t =15 m/c.
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7. B cucreme koopauHaT, u3obpaxcentolt ma puc. 184, 3aKoHBl ABHIKEHWS
HAKJIOHHON NIOCKOCTH M CTEPIKHA HMEIOT BHA,

zi=s=ut, =0 z2=0, y2=h=ut.

Jan moboro momenTa BpeMeHn Y2 = h = stg a, cnegoeaTensHo, U = Utga.
8. Beprukanbian COCTABJAKILIAA CKOpO-
CTH KANeb ¥y = U COS & OT CKOPOCTH JBHKE-
HHA TpaMBas U W CKODOCTH BeTpa w He 3a-
BHCHT. ['OPH3OHTANBHANA TPOEKIMS CKOPOCTH
Kanesib NPH HEeNoABHAKHOM TPAMBae onpepe-
JAETCA CKOPOCTBIO BETpa: v = vsina = w.
[Tpy aBezkeHHH TPaMBAasA COTJIACHO YCJIOBHIO

v. =vsina—u=0, wm w=u=5m/c

M3 puc. 185 nHaxoguM, 4TO CKOPOCTL KANENb
B GesBeTpeHHYIO Mnoromy vy = vz Ctga =
=uctga = 8,66 Mm/c.
9. Hanpasum oce OX cHcTeMbl KOOpAH-
HAT C HAYAJIOM B MECTE, I TUIOBEl, BXOIHT Puc. 184
B BOAY, BAOAL Depera no Tewenuo, & ock OY — nepnengukynspHo Kk Gepery.
Tl peAnonoKuM, 4To CKOPOCTD NA0BUA U cocTasaser ¢ ocsio O X yroa a (puc. 186).
Torna 3aKoH JBHKEHHA MJIOBLA B NPOEKLHAX HA OCH KOOp-
o ve X OuHAT Dyler HMeTb BU

z=(u+vcosa)t, y=(vsina)t.

[Nnosey nonagaer na apyroit beper, koraa y = h. Heobxogu-
Moe ana 3toro Bpema t = h/v sin a. Ono Gyaer MUHHMAIL-
HBIM, xo:f‘r.u.a sina makcumanen, T.e. a = w/2 (puc. 187):
tmin = hjv.

...... Ipu a = 7/2 nmeem = = ut. [losTomy, Koraa naosen
oKaxkeTcA Ha apyrom Gepery, | = Zmin = Utmin = uh/v.
Jarna npofigeHHore nyTH

s=+1+h =%\/u’+v=.

10. B cucreme koopaunar X OY ¢ nayanom B nynkre A (puc. 188) xoopawu-
HaTHI JOAKH:

Puc. 185

z=(u—vcosa)t, y=(vsina)t.
Moacragaas ¢ = I, y = h, nonyunm v = hu/(Isina + hcos a).

1}’ Y

V“

-

I
i
i
veosa O u X (0] ul X
Puc. 186 Puc. 187

11. Hanpaeum oce OX cucremsl koopauuat (puc. 189) npoTHe msmxeHus
Kopabnsa (Ha BOCTOK), a och OY — nepneHAMKYJNSPHO K JABMXKEHHIO (Ha cesep).
lpoekuua uor = UgCoS 3 CKODOCTH BETPa Uiy OTHOCHTE/ILHO Kopabna Gonblue
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NpoeKLHH Uy = U COS CKOPOCTH BETPA U OTHOCHTENILHO 36MJIH HA BEJIHYHHY U

TY
! }.I
L
h v : o
r'--- USINo i
talNI
m:o:-:r o .1; 1 X
Puc. 188 Puc. 189

(3mech B M a — yribl MexxAy KypcoMm Kopabns ¥ HANPaBIEHHAMH CKopocTedl ug
H 4, ¥ — CKOpOCTb Kopabuis):

upcos B =ucosa + v. (1)

Tpoexkunn ckopocreft upy = o 8in F H 4wy = usin @ B HANPABIEHHH, NePNeHIU-
KyAAPHOM K JBHXKEeHHIO Kopabns, paBHbl Mexxay coboH:

ug sin # = usina. (2)

Yrobbr HekiounTs HenssecTHbill yron 3, soaseaem (1) n (2) B kBagpaT U CIOAHM

MO4JIEHHO: uﬁ =u® 4+ 1% + 2vu CO8 C¢; OTCHAa

#=-vecosa+ \/;g{om"a -1+ 3.

Vunreipas, 4to o = 457, HMeeMm

2

v 2 U
Uu=-——=+/tug— —.
vz Y92

3aeck Mbl OTOPOCHAHN OTPHUATENbLHBIH KOPEeHb, TAK KAK COrNIACHO YCI0BHIO 1 > ()
(sTOT KOpEHL NOABKCS NPH BO3BEJEHHH B KBAApaT ypasHenuit (1) u (2)).
12. Pacemorpum gpurkenue Tena 2 oTHocHTensHo Tena 1. B cucreme koop-
aunat X OY', ceasannol ¢ Tenom [
1Y (puc. 190), NpoeKiUHH OTHOCHTENLHON
ckopocTH v Tesa 2 Byayr

v = —(v1 + v2co8a), v, =vesina.

By Cama OTHOCHTeJIbHAA CKOpOCTh ¥ =

/2 = a = /vI+v] wnanpasnena no guarc-

1 vif v i 2 X  HAJIHM NPAMOYTOJILHUKA, MOCTPOSHHONO

o T h — Ha vy M vy. Kparualtumm pacerosnu-

eM mexcay Tenamu I n 2 33 pce Bpems

HX ABMMKeHus BymeT ANHHA NeprneHau-

Puc. 190 kynapa AD = [ k auHuM, N0 KOTOPOH

HAMPABJIEHA OTHOCHTE/NLHAA CKOPOCTD.

Ecnn o6o3naumTs yron mexay oceio O X u 0THOCHTeNbHON CKOPOCTLIO v Hepes 3,
to | = Lsin g, npuuem sin F = vy /v. Takum obpazom,

[= Luy, _ Lvesinax

v+ v} u/v¥+u§+2uw:casa



§1] [Tpamosuneiinoe DREHOMEDHOE U PAGROTLEDEMENNHDE DEUNCERUE 175

Bpemsi, B TeueHHe KOTOPOTO Teno £ B OTHOCHTE/NLHOM JBHMKEHHH mpoiijer pac-
croaume BD = Lcos B, 6yper t = BD /v = (Lcos 3)/v. Ilopcrapnas 3navenus
cos 8 = |v./v| n v, nony4um

= L{vy + vz cos a)

vf +v§ + 2wqvg cos a

13. Bpems apuxenus nepmoro noesga t; = s8/2v, + s/2v], ero cpeauas
CKOPOCTB Vep 1 = 2011 /(11 + v1) = 53,3 km/u. [lyTs, npoftaennsiii BTOPRIM No-
e300M, 82 = (vz + v5)t,2, ero CpeaHAn CKOPOCTD Vepa = (V2 + v4)/2 = 60 kM/u.

14. v = vo + agts + asts + asts = 5 M/

8 = vots + (vota + @ats/2) + [(vo + azte)ts + asts/2] +
+ [(vo + a2tz + asts)ts + ast:/2 + viets]) = 82,5 m;
a
“httattatlitis

Ha rpaduke v = f(t) (puc. 191) koneunan ckopocte vx = 5 M/c. [lyms 8

YHCAEHHO PABEH CYMME ILIoIane 8¢, obo3HaueH-

HbiX Ha pHCYHKe: 8 = 3 8; =6+ 8+ 42,6+ 16+

+ 10 = 82,5 m. CpeaHsas CKOPOCTDb Vep YHCJIEHHO
paBHA BLICOTE NPAMOYNONLHHKA, Nuowaab koro- 10
pOro pasHa CyMMe T0IATeH 8.

15. CkopocTh Kanenb J0KAA OTHOCHTENBHO
camoneta u = /w? + v3, rae vo = —v, cocTae-
nsier yron 3 ¢ ropu3oHTOM, npuyem sin § = w/u m
u cosfS = vo/u (puc. 192). Ha nepeaHee crek-
10 B @IMHHLY BPEMEHHM NMAJAIOT KAITH JOAIHA,
HAXOAALIHECA B KOCOR npu3me ¢ obpasyroied u, Puc. 191
MJI0ILAALI0 OCHOBaHKMA S (OCHOBAHKEM ABIAETCA )
3T0 cTeko) M Boicorolt A = usin-y, roe v = e + 4 (puc. 193). Obsem sToii
NpPH3MBI

Vep = 5,9 m/e.

<
=
a

1

TTTTTTTTIT

V = Susin{a + ) = Su(sinacos§ + cosasin ).

Ecnu B egunnue 00beMa HAXOOMTCA OOHOBPEMEHHO N Kane/b, TO YHGIO Kanelb
B NPH3ME, HJH, 4YTO TO Ke, 4YHCIO0 KANelb, NAJAOLIIMX HA TepeaHee CTeKJo
B eaHHuLy BpeMenH, N, = nV. Yunrbisaa snavenna V| sin 8 u cos 3, nadtnem

N . . bl e M
o w *

Pue. 192 Pue. 193

N1 = Sn(vsina + wcos a). [lonoxus B 310l dopmyne a = (), monyuum 4ucio
KarneJb, NaJal0NUX B eJHHHLY BDEMEHH Ha BepxHee cTekno: N3 = Snw. Takum
obpazom,

% = —{L—{vsina—Fwemu}.
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16. Tak kak v2 — v2 = 2alnv® — v2 = 2al/2,T0ov = VI(vd +v2)/2 =5m/c.
17. CocTapnsAeM YypaBHEHHA JABHIKEHHSA:

1 1
zz—ax1 =uvilt2— 1) + Eﬂ{ia—f.l)z, T3 —I1 = vl{ta—£|]+§ﬂ(ta —-!1}2,

rAe ¥1 — CKOpOCTh B Touke x1. Mckmovas vy M3 3THX ypasHenu#l, Halinem

(za — =3)t1 + (z1 — z3)ta + (w2 — =1 )Hs
(ta — t1)(ts — ta)(ts — ta)

18.T=g+%(u—1m2+2gh) =1¢
_2(n-1)s
(n+1)t*"

20. Korzaa BTopoe Teno JOrOHUT NMepBoe, HX KOOPAHHATHI OyAyT PABHLL, & Bpe-
ma T = 2v/a =200c

8vivi
a(vy + 1.!-;}“
22, O603HAYHB BpEMEHA PABHOYCKOPEHHOr0, PABHOMEDHOIMO M DABHO3AME[-

NIEHHOTO 3TANOB ABMXKEHMA uepes iy, {2 u L3, COCTABHM yPaBHEHHA [/ KaXJ0ro
ITAna:

a=2

19.a

21, 8= = 3750 M.

1 1
81 = 5&1!?: v=a1t1, 43 =uvity, 83=vis— Eﬂztgs vg =0 —azts =0,
Bmecte ¢ coorhowenuavu t =ty +t2 + i3 v 8 = 87 + 83 + §3 OHH COCTABAT
CHCTEMY H3 CeMH YPABHEHHH C CeMbI0 HeH3BECTHRIMH. Peiuas 3Ty cuctemy, Halgem

8 v v
: o + (2n1 o 2{:2) )

3HAYMTEIbHO MPOLLE MOKHO NOIYYWTh PELIEHHE NMPH NMOMOIIM rpadmuka v =
= f(t) (puc.194). Ilyrs umcnexso pasen nuowaan UCypsl, OrpaHHYeHHOM
JjomaHol auHKel, Bolpaxkaloulel 3Ty 3aBHCH-
4 MOCTb, H OChI0 BpEMEHH, 3Ta II010a0b PABHA
NAOIIAAH NPAMOYTOJILHHKE 89 = vt Be3 nao-

ugaaedl TPeyronsHHKOB 81 M 83:

2 2
v v
a=8—8 —83=vi— — — —

51 2a, 2aq’

1
1]
i
i
1
i
1
+ OTKYJA [Jisi BpeMeHH { Nnosyy4uus 3HAYEHHEe,
tl—J,— ta L 3 I [PHBELEHHOE BbiLLE,
23. XapakTep OBHXKEHHA MNOE3[JA TAKOH
Puc. 194 e, KAK H ABHMXEHMA aBTOMOOHAA B 3aia-
ye 22. [losroMy 4nA HAXOMAEHHA PelleHUA
JOCTATOYHO B OTBeTe 3adauM 22 yuecTb, 4T0 a; = a2 = a. B peayawrare no-
nyuum t = 8/v + v/a. Pewas 370 ypaBHEHHWe OTHOCHTEJNLHO @, Haliem a =
=v?/(vt — 8) = 0,17 m/c*.
24. v = /2gh =~ 6,3 m/c.
25. v = /2gh + v =248 m/c.

26. v, = gh (V2 +1)/2 =~ 254 m/c.
27.t=/2/g (Vha —vh1) =0,02¢c.
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28. 3a Bpems gBiKeHHs f TeNo npofiger myTh 8 = gt /2, a 3a Bpems ABMKe-
una tg < t — nyTe 89 = gtg /2. [No ycnosmo sapaqn 8 — 8¢ = (2/3)sut—tg =
=7 =1 c. U3 cucremu veTwipex ypaeHeHHH ¢ YeThIPLMA HEWIBECTHRIMH MOMKHO
Nogy4nTh A8 8 KBagpaTHoe ypasuenne: s° — 3gtis + 9g%t! /16 = 0. Ua asyx
Kopteit 3Toro ypaBHeHHs

8= %(2:&\&)3‘#2

JHILbL NepBbifl YAOBNETBOPAET YCaoBHIO 3a4a4u. Takum obpasoMm, s = (3/4)(2 %
+/3)gt? = 27,4 m.

29. Hanpasum koopauHaTHyo ock O H ¢ HayasoMm orcyeta B MecTe bpocanus
Tena ssepx (puc. 195). Torna ypasHenua apH>keHHA GyAyT HMeTb BHJ

2
h:vot—%, v = vy — gt. (1)

[lpu pocTuxKeHUM MAKCHMMANLHON BBICOTHI NOALEMA fimax CKOPOCTE TEA ¥ = 0.
M3 sroporo ypasnenus (1) Haljem, 4TO T€NO JOCTHMAET BLICOTHI RAmax COYCTA
ppema ¢t = vo /g nocne Gpocanusn. [lpn t € vo/g woopan-

HaTa h M NyThb § paBHBIL; B 4acTHOCTH, npu { = vy /g nyTs H

8 = hmax = v3/2g. Tipu t > 1o/ g koopaunaTa h yGbiBaet,
B TO BpeMs Kak NyTb 8 (CyMMma BCex paccTOosHHM, npoit-
JAEHHBIX TENIOM, HE3ABHCHMO OT HATMPABNEHHA [BHXKEHHHA)
NPOJQJIMAET YBeJHYNBATLCA; B Y8CTHOCTH, npu § = 2ug /g
xoopauHaTa h = 0, T. . Tello BepHYIOCH B MecTo Gpacanns,
anyrs 8 = 2hn. = v3/g. lpu t > 2u0/g koopaunaTa
CTAHOBHTCHA OTPHLATENLHON, T €. TeNo CNYCKAeTCH HIKe 3
mecTa GpocaHua (ec/iH, KOHEYHO, /IS 3TOrO 8CTh BOZMOMK- f
HocTh). M3 puc. 195 suano, yro npu t > vo /g npotaennbiit —h
TEJIOM MY Th

hmax

2 2
=2hmu_h=ﬂ_("0£—%)n (2,)
- N

rae t — Bpemsi, NpOTeKilee ¢ HA4AaNa ABHKeHHs . 3T Bupa- Puc. 195
skenne Oyer sepHo v npu t > 2vg/ g. B Tex ke ciyuasnx, ?
xorga t < vg/g, MyTb BBIMHCIASTCA, KAK H KOODAWHATA, N0 nepsoit dopmy.te (1).

Mo yenosuo £ = 10 ¢ > v /g = 3 c. [loaTromy BhIUMCNEHHE MYTH HAA0 NENATH
no cpopmyne (2); npu sTom nonyuaercs s = 290 M. KoopaunaTa ¥ ckopocTs st
3TOr0 MOMEHTE BPEMEHH, HalfeHHble no ¢opmynam (1), Byayr h = —200 mu v =
=-=TOMm/c.

g (hi—ha A\ _
30. h h1+2( P7. ¢ 2) = 1225 m.

31. Ecnn 3a Hauadlo oTCYeTa B3ATH MecTo DpocaHHs Tena, TO KoOpauHATa f
Tea, HPOLIEHHOrO BBEDX, ONPENENAeTCH yPABHEHuEM

2
n:::.;t-%-. 1)

3T0 ypaBHEHHE NPH 34JaHHLIX Vg W fi y10BJIETBOPAET ABYM 3HAYEHUAM i

tia = % (t;od: W vd —Egh).

12 T.A. Benapuxos u ap.



178 Omeemn u peltenus [Ta.1

Pasnocts 3THX 3Ha4eHHH eCTb NMPOMEXKYTOK BPEMEHH MEXKY NPOXOMISHHAMH
TesioM ofHoM M Tol e BuicoTH h, T. €.

2
At =t; —t; = = /v — 2gh; (2)
2 1 g (]

orciona vg = /2gh + g2(At)?/4. Ecau s seipaxkenun (2) noaoxuts h = 0, T0
MBIl NOVIYHHM TPOMEXYTOK BPEMEHH OT Hadajla ABHKeHMA 00 BO3BDaTa B Ha-
YanbHOe nojoxenue: Atg = 2vg/g. [Noncrasnaa 3navenHe vo, Hafigem Aty =

= 23./2.&./’3' + (At)2/4.
2. 8=h —vgt.
33. Hanpasum KoopauHaTHY10 och O H ¢ Ha4anoM B MecTe GpOCAHHSA IIAPHKOB
BBepx. Toraa ypaBHEHHA ABMXKEHHA IAPHKOB OyIyT HMETE BHI

g i3
h1=h+t?1h—£-—1, h2=h—vnt2—&1
2 2
rae t1 u t3 — BpeMEHA NafeHHs HA 3eMJII0 IEPBOro 1 BToporo wapiukos. [lagenHio
HA 3eMJII0 COOTBETCTBYIOT KOOpAMHATHEL Ry = hz = 0. Onpepenus t; U tz H3
NoNY4YeHHBIX KBAJAPATHLIX YPaBHeHHit, Halliem

ﬁt:t;—tg:é(v1+ua+\/v¥+2gh—\/u§+2gh).

34. At = /2s8/g+ tg —ta=1lc.
35. vo = (h1 — ha)/8 /+/2(h1 — h) ~ 3,69 m/c.

36. CropocTH MEPBON0 H BTOPOTO Ten B MOMeHT Bpemenu ¢ GyayT vy = vg —
— gt u v = vg — gt — At). CxopocTs BTOpPOro Tena OTHOCHTENLHO MEPBOro
v = vy — v1 = gAt NoCTOAHHA, T. €. TeJa ABMAKYTCA OTHOCHTEIBHO ODYT ApYra
PABHOMEPHO.

37. Ilycrs 3a mekoTopuili BecbMa Manbifi NPOMEXKYTOK BpemeHn ¢ J10JKa
nepemecTHachk W3 ToukH A B Touky B na paccrosmue s — 8g = uat (puc. 196).
3a 970 BpeM#s BepeBKa, HMeBLIAs No-
noxenue AD, 3aHana nonoskeHwe
BD, npudem AnuMHA ee yMEHBLUH-
nack Ha penHyuny | — lp = vt [Ipu
MaioM BpeMeHH t GyaeT Man Takike
n yroa . [Tostomy yroa B B pasHo-
BeapeHHoM Tpeyronbhuke BC D Gy-
JeT OYeHb MaJlo oTIHYaThea ot 90°,
1. e. Tpeyroiibtink A BC Mmoo cun-
TATb NPAMOYTONLHBIM H

=1y vt v

—_— — = — =087

8 — 8o vnt Un
oreloga v, = v/ cosy. [1pn npubnn-
JKEHHH JIOJKH K Depery yron 7y yse-
JIMYMBAETCA H CKOPOCTL U, BO3pac-
TaeT. Kak BuaHo u3 puc, 196, cosy =
= 8/l = /1?7 = h? /I; nosromy npu | = 10 M ckopoeTs noaku

vl
VE—

Jns HAXOXIEHHA NMEepeMelleHHs NOoAKH (opMyJy NyTH PaBHOMEPHOTO JBH-
JHEHHUA § — 89 = U,l MOMKHO NPHMEHATL JHILIb B TOM CIY4ae, KOra MPOMEXYTOK

Puec. 196

Up = = 1,25 m/c.
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BpeMeHH { JOCTATOYHO MaJl H CKOPOCTD JIOKH B TEYEHHE HErO He YCNeBALT 3AMeTHO
H3IMEHHTBCA:

s—sg=vI2—h? — /B - h? =vVI2—h? — /(I —vt)2 - h? =125 m.

38. Hanpapum koopamHaThyio ock OS ¢ HAyanoM B MecTe PacnojoxKe-
HHSl [I€PBOrO TeJa BAGIbL HAKAOHHOH mnockoctn (puc. 19T) u 3anMiuem 3akoHLI
JABHXEHHA 7S NIEPBOT0 M BTOPOrO TeJ:

vy = g — {gsina)t,
8, =t — % (g sin &]tn;

ve = —(gsina)t,

1
s2=1- 3 (g sina)t?.

Puc. 197

B momenT BeTpeuH 8; = 8z, | = vot, T.e. £ = {/vg = 5 ¢. CkopocTs BToporo Tena
OTHOCHTEJILHO MEPBoro v = v — v1 = —vg = —0,5 m/c.

39. vep1 = 81/t = vo + (gsina)t:/2, vepa = 82/ta = vo + (gsina)te/2;
orciofa sina = Avepa — vep1)/g(ta — 1) = 1/2, ne. a = 30°.

40. CropocTb ABMMKEHHA WAPHKA Y JOCKH NPH NEPBOM NANEHHN HA Hee v =
= 2gh , Bpema nagenus t; = 1/2h/g . CKOPOCTL B MOMENT OTCKAKHBAHHA U =
= 0,75v1 = 0,75v/2gh . U3 yenosua v = v — gta = 0 Haxoaum Bpemsa JBHrKeHMs
LIAPHKA BBEPX MOC/Ie OTCKAKMBaHus: ty = wva/g = 0,75./2h/g. Tak kak Bpe-
MA NOABeMa H BPeMA NaJeHHA OJMHAKOBLI, TO HCKOMOE BpeMsa t = 1) + 2t2 =
=2,5¢/2h/g =1,38¢c.

41. Ecnn koopauuaThHyio ock OH HANpaBuTh BBEPX, TO NpPH NaJeHHH MA-
4a NPOEKUMA CKOPOCTH OTPHUATEJILHA M NPONOPUHOHAJILHA BpeMeHH: v = —gt.

Ha rpadmke TakoMy JABHIKEHHIO COOTBETCTBY-

v B er auiua OA, npuueMm tga COOTBETCTBYET
ycxopennwo —g (puc. 198). Tlpn ynape npo-

\ r\ EKLHA CKOPOCTH MIHOBEHHO MEHSeT 3HAK Ha

N NPOTHBONONOMKHBIH, W MOAY/b €8 YMeHbIlA-

ONa C \J N eTCH COMVIACHO Y(IOBHIO 33384 B 1 = 2 pa-

3a, T. €. NOCJie yAapa MOAY/b CKOPOCTH COOT-
seTcTByeT Touke B. [lpu nogbeme CKOpocTh
D najgaer Ao vynaa (Trouka C'), npuyem HAKIOH
JIMHHH OCTAETCA NPEXKHHM, TAK KAK YCKODeHHe
BCe Bpems pasHo —g. [lanee cHoBa mpoucxo-

A aur nagenue. [Ipu nagenmm pocTraerca Ta
€ M0 MOJYJTH CKOPOCTh, KOTOpas Buina B nep-
Puc. 198 BhIi MOMeHT nocsie yaapa (touka D), w T a.

Cornaco dopmyne v? = 2gh sucora
nogseMa MpPONOpPLUHOHANBHA KBAAPATY ckopocTH. [lostomy nocne k-ro yaapa,
KOTZa CKOPOCTDb Byer B n* pas MeHslue, 4eM nepea NepBbIM YAAPOM, BHICOTE hix
Gyaer 8 n** pas menswe h, T.e. hx = h/n?*. Ilocne xaxaoro yaapa mau Gyaer
MPOXOAHTE BBEPX H BHH3 MYTh, PABHLLA YAB0EHHOA BLICOTE: MOCIE NEPBONO YAapa
$1 = 2hy = 2h/n®, nocae eroporo yaapa s2 = 2h; = ih.jn.‘, noc/ie TPeTLeno
yaapa sg = 2hg = 2h.fn6 H T. 4. YTolbl NOAYYHTb NOMHBIA MYTh, HANO K CYMME
81 + 82 + 8a + ... npubasnTh elle nyTL 8o = h, npoliaentnifl 1o nepsoro yaapa.

>
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T‘a.KHMDﬁp&BDM,
+—2+?+... - +1+—4+ .

3aeck B ckobkax cTouT HeckoHeuHO yBLIBAIOIIAA TEOMETPHYECKAS IPOTPECCHS €O
anamenatenem ¢ = 1/n®. Cymma unenos takoit nporpeccun pasna 1/(1 —g) =
= n?/(n® — 1). MogcTaBHB 3TO 3HAYEHHE B BHIPAXNKEHHE IS MYTH, NOJYUHM
s=h(n®*+1)/(n® - 1) = (5/3)h = 200 m.

42, lllapuk Kk MOMeHTY BCTpeYM ¢ NKHToM npuobpen B HenoasuKHON cHeTeMe
OTCHETA CKOPOCTE Vp = —+/2gho . CKOPOCTD 1IAPHKA OTHOCHTE/LHO [WIHTHI, ABH-
JKyIIefics eMy HABCTPeYy, B 3TOT e MOMEHT paBHa wo = —(v2gho + u ). [Tocae
aBCOMIOTHO YNPYroro COYAAPEHHA CKOPOCTh WIAPHKA OTHOCHTENLHO VIHTHI W =
= —wq. CxOpOCTb ¥ LIAPHKA B HETIOABMKHOA CHCTEME OTCHETA NOC/Ie COyAapeHHs
GoUiblle CKOPOCTH IAPHKA OTHOCHTEIBHO IJIMTH HA BEJIHYHHY  (IUIHTA JOrOHSeT
oTckouMBILKA WADHK €O cKOpOCTBIO u): v = w + u = /2ghy + 2u. Hckomas

BBICOTA

2 ] K

h=L=L_____\M=(m+uﬁ) ,
2g 2g g

43. Pa3no:uM CKOPOCTh LIAPHKA Vg HA TAHMEHUMANLHYIO (BLOML IJIMTHL)
M HOPMAJBHYIO (MEPNEHAHKY/IAPHO K [HTe) COCTABJAWOILME: Vg, = VoSina
H Vgn = Up COS . TAHNEHUHANBHAA COCTABJIAANA, OIAr04apA MNAIKOCTH CTEHKH,
nocne coynapeHHda LapHkKa C NAMTOR HEe W3MEHWTCH. HDpM&.ﬂbHaﬂ COCTABJIARK-
HIAS OTHOCHTEJIBHO ABHXKYLIEHCH TUIMTH Won = Ugn + U = g COS & + u mocae
COYABPEHUA H3MEHHT 3HAK, COXPAHHB CBOH MOIY/b: Wn = —Won. OTHOCHTENBHO
HEMOABHAKHOH CHCTEMBI OTCHETa HOPMAJIbHAA COCTABNAKOIIAA Un M3MEHHTCA Ha
BEJAHYHHY u (NANTA AOrOHAET OTCKOYMBLIHI IAPHK CO CKOPOCTBIO U):

Un = —(Wn + u) = —(vocosa + 2u).

[MonHAA CKOPOCTH WAPHKE OTHOCHTENLHO HENOABHAKHON CHCTEMB! OTCYETa nocie
coyaapeHus ¢ nauTol Gyaer

v= \/vﬁ-{-vg, = \/{'vacos&-i-?u): + v3sin® a.

§ 2. KpusonnHeiiHoe OBH>KeHHe

44. Hanpasum oct OX cucremst koopaunat XOY (puc. 199) ¢ navanom Ha
[OBEPXHOCTH 3€MJM BAOIL HAMANLHON CKOPOCTH Vo, a ock OY — BeprHkanbHo
BBEEPX B TO4KY, H3 KoTopoii bpomweno teno. [su-

Y Vi JKEHHE TeJla MOXKHO MNPEJCTABHTb KAK CYMMY
PABHOMEDHOTO [ABHXKEHHSA CO CKOPOCTHIO Vg B Io-

PH3OHTAJIBHOM HAMPABNEHHH W PABHOYCKODEH-

v: = U HOrO ABHKEeHHA Ge3 HAa4aANBHON CKOPOCTH B BEp-
yp--====-== THKAJIBHOM HAMNPAaBJIeHHH € YCKOPEHHMEM Oy =
h i = —g, sanpaeieHubiM BHH3. [Ipoexumn ckopo-
B ! CTH HA OCH KOODJHHAT M MOMHAA CKOPOCTD B 3TOM

enyyae Gyayr
o E i X a) ve =vo; 6) vy = —gt, (1)

Puc. 199 v= \/UE- +vi = Jug + g2, (2)
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3aKoHLI ABMXKEHHA JJIS KOODAMHAT HMEIOT BH
a)z=uwot; 6)y=h-—gt/2. (3)

Ueknouus spems ¢ u3 ypasuensnit (3), nony4um ypasHeHHe TpaekToOpHK:

3
gx
310 — ypasHeHKe napabonbl,

45. Wekmouns speMa ¢ 13 ypastennst (3) sagaun 44, npu y = 0 naiingem s =
=z =v/2h/g =226 m.

46. Hckniounn ppems t u3 ypasuenus (3) 3agaum 44, npu r =suy =10
naftnem h = gs? /208 = 4,9 m.

47. Uckmioune spems t u3 ypastenuit (2) u (36) 3agaun 44, npu y = 0 nafigem
vo = /v —2gh =56 m/c.

48. Korga ekopocTb Tena, HpOLIEHHOro ropusOHTaIbHO, COCTABIAET C FOpPH-
3oHTOM yroq & = 45° (em. puc. 199), umeem tg a = vy /vz = —1; oTciona cornacHo
ypaeHeHHaM (1) sana4u 44 nonyuaem t = vo /g = 1,5 ¢.

49. h = (votga)?/2g =~ 34,4 m.

50. | =2h/tga =4 m.

51. [Nonuuim yckopenneM SIBNSETCS YCKOPEHHe CBOGOAHOrO NajfieHus g; cie-
JoBaTenbHO, § — yron Mex<ay nofHol CKOPOCTBIO M BEPTHKANLIO (eM. puc. 109).
MMosTomy tg 8 = v:/vy = 1 w vz = vy = gt (no mogynio). B srom ciyuae u3
ypasHenus (2) aanaun 44 cneqyer v = /2v2 = gty/2 = 70,5 m/c.

52. Bpems nagenus kaMus (MOMeHT, Korga y = —Ah)

1 =
= = [vosina + v/(vosina)? + 2gh ).
Vron 3 onpeaensieTcs BbipaxeHHEM

g e oy
i El= vosina — gt _ _V(vosine)? + 2¢ _
®

Up COS Vo CO8 &

CxopocTs kamusi B MomenT najgenus v = /v + v = \/v3 +2gh.

53. Kak Bugno u3 puc. 200, npoekuun yckopenusi cBoDOJHOrO NajeHHs Ha
HOpMAaJb On M KacaTenbHyo (T TAKOBLI:

A Uz , vy
an = gecosa, a,= gsina, cosa:—-;, s1na=?.

3aBHCHMOCTH Uz, Uy M U OT BPEMeHH ONpPeAeNsAloTea ypasuenusmu (1) u (2)
3aga4H 44; cregosaTensHo,

2
A c S T TR . (SRR ST |

Vo ol + g2 Voo e 4 g2

54. Hanpasum ock OX cucrems koopaunat X OY ¢ wauanoM B mecre 6po-
CaHHA Tella FOPH3OHTAJILHO B TY CTOPOHY, KyAa Teno Gpoweno, a oce OY —
BepTHKANbHO BBepx (puc. 201). [lsukenme Tena MoXHO NpeCTABHTL B BHAE
CYMMbI PABHOMEPHOMND JBHMKEHHA B NOPDH30OHTANTBHOM HANDABIEHHH CO CKOPOCTBLIO
Vor = Up COSQ M PABHOYCKOPEHHONO ABHXKEHHA B BEPTHKAJILHOM HAMDABIEHHH
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€ Ha4aNLHOM CKOPOCTBIO Ugy = Vg SiNQ H YCKOpeHHeM a, = —g. [lpoexuun cxo-
POCTH HA OCH KOODAWHAT M MOAYJlb CKOPOCTH B 3TOM cly4ae BynyTt

a) vz = vgz = wocosa; 6) v, = voy, — gt = vosina — gt, (1)

v= \/vg +v2 = ¢/v} + g?t? — 2(vosina)gt. (2)

3aeucumocTs yraia 0T BpEMEHH ONpPeAesIAeTCA BhIPAXKEHHEM

v, vgsina — gt
tgf=t=—>.
Y Vg €OS

Ha pocxogawmeit vacru Tpaektopun (npu voy > gt) umeem tg J > 0 v BepTHKAIIL-
HAH COCTABMSAIOIIAA CKOPOCTH HANDABJIEHA BBEpX, MPoeKius vy = 0; HA HHCXOAS-
welt yacTn TpaekTopHK (NpH Vo, < gt) tg 8 < 0 1 BepTUKANLHAA COCTABAAIOLLAA
CKOPOCTH HATPaBJIEHa BHH3, NPOeKLua vy < 0.

Y
Voy Voy
e v
hf----- % g
B Ve
T v
Voul wvg ’ d : g |
] e[ =~ v
&_:"‘0
[0} - z *g‘t s X
Puc. 200 Puc. 201

55. Hcnonbaya Ty e cUCTEMY KOOPAHHAT, 4TO H B 3adaqe 54 (cm. puc. 201),
3ANHLIEM 3AKOHBI ABHEHNA A KOODJWHAT Tena:

2
a) ¢ = (vocos a)t; G}yz(vosina]t—%. (1)

YpaBsHenue TPAEKTOPHH TENA MOMYYHM, MCKNIOYMB BpeMs f H3 3THX ypasHeHuil:

2
y=ztga — £2 (2)

2(vg cos a)2 k

D10 — ypaBHeHHe napabosisl,
56. llpu y = h npoekuus cxopoctu vy = 0. Bpems nogwema t v BricoTy h
Hafigem H3 ypasuenuit (1) 3agay 54 u 55:
. . 2
- vosma‘ - (v 8in &) ‘
g 2g

57. Tax kak B Mecte nagesus y = 0, To u3 ypastenus (16) 3agaum 55 nafigem
Bpemd noneta: t = 2(vosina)/g. Jansnocts nonera s = z, T. e. KOOPAHHATY Me-
cTa najenus, Haflgem u3 ypasrenus (la) aagaun 55, nogcrasus B Hero HadlieHHoe
3HaueHHe BpeMeHH nonera: s = (v° sin 2a)/g.
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58. Ipachux 3asucumoctn v, = f(t) crpontea no dopmyne (16) sagauu 54
(pme. 202). Ilpu ¢t = 0 umeem v, = vg, = vosina; npu t = t* = (vosina)/g
npoekuus vy, = 0. 'paduk 3aBucHmocTn vy, = f(y) nosyuum, Hekmouus spems ¢
u3 ypasHenu#l (16) 3anay 54 u 55 (puc. 203):

vy = +/(vosina)? — 2gy .

I'pacbuk 3asucumoctn vy = f(z) nonyunm, HCKIIOUKB BpeMA § U3 ypaBHeHHUA
(16) samaun 54 u ypasHenus (la) sanauu 55 (puc. 204):

. gx
vy = Vosina — .
Vg COS ¢
Yy

Uy vy vy
Uiy Yoy

h
o [0

e * t v x* z
Puc. 202 Puc. 203 Puc. 204

59. Uz dopmynnr (16) 3apaun 55 npu y = h nonyuum gna t ypasHenue
_ 2usina d 2h -
g g

ABa KOopHs koroporo t, = 0,28 ¢ u t2 = 0,756 ¢ nokaawiBaloT, 4TO HA BricOTE A
KaMeHb BbL gBaXKaLL.

60. Ucnonbayn ypasuenue (1) sanaun 59 u csoficrea Kopreli kBagpaTHOro
YPABHEHHA, COTTIACHO KOTOPHIM t1 + t; = 2(vpsina)/g u titz = 2h/g, nonyuum

vy = M =T84m/e, h= ghita =T3,5 m.
2sina 2

& 0, (1)

61. Wewnouas navansuyio ckopoeTs vg W3 ypasHenms (16) sagaum 54
H HCTIONIB3YA pelleHue 3aaauu 5T, noryyunm

= 2vy +gt)" ctg a = 284 m.
g

62. B cucTeme KOOPAMHAT C HAYATIOM B Me-
cre Gpocanusa (puc. 205) 3akoHsl gBurKeHHUS By-
AYT Te Xe, 4To U B 3ana4ue 55. Mckomoe pac-
crossne § = z npu y = —h. MNoacrapnaa y =
= —h B ypasuenue (2) sagaum 55, nomyumum
LA £ KBAJPaTHOe YPABHEHHE, PeLIas KOTopoe,
Haligem

= —:3— cos a(vgsina + v/ (vosina)? + 2gh).

B ernifpansofi cucreme koopamnar x > (), nosromy BTOpOH KOpeHbL YpaBHeHHA
oThHpolLed.

Puc. 205



184 Omeems u peluenus [Ta. 1

83. Obosnauum HaYalbHbie CKOPOCTH Ten OykBamMu vgy W vag. Jas Ten,
YNaBlUMX KA 3emnio, B dopmyne (2) 3agaum 55 Hano nonoxkuts y = 0. 3amenss
B 370l hOpMYNE g M & HA Vg1 U (1 AfA NEPBONO TENA U HA Vg2 H Qo AJA BTOPOro,
HallgiemM M3 AByX NOMYYHBLUMXCA ypaBHeHHR vo1/ve2 = +/8in 2az/ sin 2a; . Ecan
az = 90° — a1, 70 vo1/vo2 = 1 4 vo1 = vo2.

64, v = /v — 2gh = 6,4 m/c.

85. v = \!vg + 2gh.

86. CornacHo puc. 201 tg 8 = vy /v.. Tlo yonosmo tg 1 = 1, tgfa = —1.
Henonbays mgna ve u vy chopmyns (l‘ sagauu 54, Haligem

t1 = % (sina —cosa), t2= 1;—0 (sina +cosa).

67. JaneHoCTh NoseTa cHapana Ge3 y4yeTa COMPOTHE/IEHHA BO3MYXA NpH 3a-
NaHHON HAYANLHON CKOPOCTH MOXKHO HaltTi no dopmyne z = (vl sin 2a)/g (cm.
aagauy 57). Corsacso yenosuio & = 4s; orciofa vo = 24/g3/ sin2a = 886 m/c.

68. B cucreme KoOpAHHAT ¢ HauyanoM B Touke A (cMm. puc. 9) TpaexTopuA

morouHkancTa GyaeT onuceiBaTeCa ypasHenneM (2) aanaun 55. Tlogcrasnas s 3o
YPABHEHHE KOOPAWHATHI TOYKH MNpPH3eMJIeHHA £ = 8 M ¥ = —h, naliiem MuHH-

MAJIbHYI0 CKOPOCTD:
3\g

v = :
cosa+/2(h + stga)

69. Hcnonbays Ty e CHCTeMY KOOPAMHAT, 4TO ¥ B 3a0a4e 62 (cMm. puc. 205),
umeem [ = /2?2 4+ y?, rge ¢ M y — KOOpAMHATLI KAMHA B JAHHBIA MOMEHT

Bpemenn. 3aBHCHMOCTL KOOPAHHAT KaMHSA OT Bpemenu jaercsa dopmynamu (1) u
(2) sagaun 55. [Tosromy

2,2

4

I=tJu,§-(vusinag}gt+g = 67,9 m,

T0. Yrobrl cHapa AOCTHT CAMOJIETa, MOPH3OHTANbHAA NMPOEKLHA ero Ha4Yalb-

HOH CKODOCTH U AOVIXKHA BBITE HE MEHbILUE CKOPOCTH CAMOJIETA U, & BEDTHKAL-
Has NMPOSKUHA HAYAIBHON CKOPOCTH o, AOIXKHA GEITE Mo KpaliHeli Mepe paBHa

v2gh ; oTcI088 MHHHMANBHAS HAYANLHAS CKOPOCTL CHAapaa vy = y/v% + 2gh =
= 743 m/c. U3 yenosus tg o = voy /voz = 28k /v = 1,56 naxoaum o« = 57°.

T1. 31 — y2 = 2vetcosa = 60 M.

72. Ucnonsaya Ty »Ke CHCTEMY KOODIMHAT, YTO H B 3agave 44 (cm. puc. 199).
TMpoexkuuu CKOPOCTH MPY3a NMPH ero NajeHHH vy = Yo M Uy = —gt. Yron HaknoHa
CKOPOCTH K NOPH3OHTY ONPEJENAETCA BRIPAKeHHeM tg o = vy /vz. CropocTs ume-
eT yro/ HAKJIOHA & B MOMeHT BpeMenH t = —(vo/g)tga (a < 0). [logcrapnas
STO 3HAYEHHE | B 3AKOH IBHIXKEHHSA FPY34 MO BEPTHKANTLHOMY HATIDABJIEHHIO Y =
= ho — gt?/2, naitnem h = y = ho — (votga)?/2g.

T73. B cucreme xoopanHaT, M3obpaskeHHoll Ha puc. 206, KOODAMHATEI KITOYA
B MOMEHT BRIOpPOCA €ro K3 CaMOIeTa:

t3 2\ .
Tg = (vutu + %) cos@, Yo = (uoto + %) sin ex.

Tpoeximyu CKOPOCTH KJ0YA B 3TOT MOMEHT:

vge = (Vo + atg) cosa, wo, = {vo + atg) sine — ug.
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KoopauHaThl KA04a Nocle BeI6poca H3 CAMOJETa:

2
= T+ Voot = (untg - -a%‘l) cosa + [(vo + ato) cos alt, (1)
2 2 2
t t
¥ = Yo + voyt — g—é— = (ugtu + %E-) sina + [(vo + ato) sina — ug)t — S'T
(2)

B moment nanenus knwoya y = 0. Mekmouas spems u3 (1) u (2), naitaem paccros-
uue 8 = ©. Beugy cnoxuocTu koadduumenTos B ypasHeHun (2) pekoMeHayeTc
NpeJBAPHTENLHO BhiuMcnuTh 3TH KoddpduumenTol. Umeem yo = 144 M, vo, =
=29.5 m/c, g/2 = 4,9 m/c?. Uckomoe paccroanue 8 = TH6 m.

Vi hmax
0
h
B T el
O xg x &I
Puc. 206 Pue. 207

74. BepTuxkancHad nDpPOEKLMA CKOPOCTH B MOMEHT Yaapa vy =
= /(vgsina? +2gh; Bpema nogbemMa HA MAKCHMAJBHYKO BBICOTY Amax
(pue. 207) ¢t = v, /g. TopusoHTANLHAR [PO-
eKIMsa CcKopocTH v = mgcosa. Mekomoe
pacCTOAHHE PABHO KOOPAMHATE TOYKH BTO-
poro yaapa:

8= =2tvy = 2Upco8 X

x \/(uosin a)? + % ~ 0.7 wMm.

75. B cucreme kooparnar X OY ¢ naua-
JIOM B TOYKE NEpBOro YJAPa MAPHKA O IJ10C-
xocTh (puc. 208) ckOpPOCTL LIAPHKA COTJIAC-
HO 3AKOHAM YNpPYroro yaapa B MOMEHT yja- Puc. 208
pa M MepeLll MOMEHT nocie yAapa paBHa

v2gh unanpasnena nociie yAapa nog yrioM
90° — a x ocu O X. TMpoexkunn CKOPOCTH MOCTE YAapa:
ve = /2gh cos(90° — @) = gsinat = /2gh sina + gtsina, (1)
vy = v/2gh sin(90° — a) — geosat = V2gh cosa — gtcosa. (2)
W3 ypasHenus (2) Hax0AMM, 4TO BPEMS JOCTHXEHHSA BbICIIEH TOYKH TPAEKTOPHH

t1 = +/2h/g. Bpemsa mexay nepseim u srOophiM ymapamu t = 2. Hcxomoe
PACCTOSIHHE PABHO KOOPZMHATE TOYKHM BTOPOro yaapa:

2
sg=u=+/2gh tsinca + %sina: Bhsina =4 M.
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§ 3. BpamarensHoe ABU3XeHNE

6. R=uir/(vi—va)=1,8m.

T7.n=60(v1 — v2)/(27r) = 97 06/Mun.

78. Tpn KaueHNH KOJIECA MO 3eMJie BCE er0 TOYKH YHACTBYIOT OJHOBPEMEHHO
B JABYX [OBHMKEHHSX: BAOJb NMOBEPXHOCTH 3€MJIH C NOCTOAHHON rOPH3IOHTATbHOR

CKOPOCTbIO U M BOKDYT OCH BPAIIEHHA € KACa-

B v,v, vg TENILHOH CKOPOCTLIO ¥y, MOLY/Ib KOTOPOIt No-
s CTOsIHeH, a Hanpasienue Menseres. [Ipu ka-
yeHun 6e3 npoSyKCHPOBKH HITH MPOCKAIL3bI-
BAHHA CKOPOCTH ¥ M ¥r MO MOAYJIO PABHHEI.
MrHoBeHHBIE CKOPOCTH YKAJAHHBIX TOUHEK
KOJIECA HAXOAHMM, CKIAALIBAS ¥ H Uy TIO Npa-
BHJIAM BEKTOPHOro cioxenus (pue. 209):

vy =tr=—v=10, vg=uv,+v=2,
v ve = ui4 e =2,

o
vp = vv2 4 v? 4+ 2urvcosa = 2vcos o
7

Pune. 209

-
vg = v+ v? - 2v,0co8a = 2usin 3

79. a, = vz,-’R, v = a-t. [lo ycnoeuio 3a0a4u an = nar; CIe0BATEIBHO,
t=/nRfa, =2,78¢c.

80. a, = 43%%}&‘.3’ = 25 m/c?.

81. vy = 2v — v; (cm. 3anauy T8).

82. an/a,; = tga = 0,58 (puc. 210).

83. Ha sxsarope

27 R 5
vo = ﬂT =466 M/C, Qno = %ﬂ = 0,034 m/c*;
Ha wupore = 60°
Puc. 210
vy =2 RC;‘*" ~ 233 m/c,
Ve

= = 2»
Ong Reaw 0,017 m/c

B4. N = nt/2 = 60.
85. Or Havyana 3aKpYTNIEHHON0 YYACTKa MyTH M0e3] MPOXOAHT PacCTOAHHE
2

3=vnt+a.,%, (1)
rae G — KACATEJIBHOE YCKODEHHE. HpH ITOM Eero CKOpOCThE
T = Uy -1- aft. (2)

Ha (1) u (2) naxoaum

- ) 28 — vot
a1=m—t;@t—}=[},33mfcu. v=-st—vo=25Mf'c.
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[lonuoe yckopenue

4 1 = 4
a=+y/al+at = ”'% +a = F¢%ﬁ+d(s—vut}“ = 0,708 m/c’.

B6. B cucreme xoopaumar X OY, uzobpaxennoft na pue. 211, ckopocrs
KOMKA rps3# B MOMEHT OTDbIBA OT KOJIECA HANpaB/eHAa N0 KACATeNbLHOH
Kk oboay B Touke A (eMm. puc. 12). Ecau koneco xa-
THTCA Oe3 NpobyKCOBKH M/IH NPOCKANbL3LIBAHMA, TO
vy = v. Tak Kax HaYaNbHAs BEPTHKAILHAA KOOPOW-
HaTa KOMKA Y = R(1 — cos ar), To 3aK0H ABMKEHNS
saosit ocH OY umeer Bua

2
y= R(l - cose) + (vsina)t — %

Janee, ncnone3sys ypastenue (16) 2agaum 54 u Bpe-
MA JBHMKEHHA 40 MAKCHMAJBHON BRICOTHI (CM. 3a-
gaqy 56), nomyum

i (vsin a)? .
2g

Ecnu apurxenne aBToMobuasA © Toll Ke cKOPOCThIO CONMPOBOMKARETCA MpoOYK-
COBKO# KO/leca, To ¥, > U M BRICOTA NOALEMA KOMKOB rpsazn byaet Goasiue. Ecnu
»KE KOJECO NMPOCKAMLILIBAET OTHOCHTE/ILHO MOBEPXHOCTH 3EMIH NPH TOPMOXKEHHH
(aBMKeHME 1030M), TO Uy < ¥ M KOMKH OyyT B3NETATL HA MEHBILYIO BBICOTY.

87. llyers N — uneno oBopoTos, caenannbix UNIAMHIPOM 3a Bpems &, B stom
cnyuae wapHk He Dyner 3afep>KUBATBCA >Kenobom, ecou anmuna N WwWaros BHE-
ToBoro xenoba GylerT paBHA PaCCTOAHHIO, HA KOTOpPOE INADHK YTIANET 34 310
Bpems npu ceoboauoM nagenuu, T.e. Nh = gt? /2. Ecin HUTL TAHYIM NPH 3TOM
C YCKODEHHEM @, TO DACCTOAHHE, HA KOTOPOe ee BuTAHY.H, | = at® /2, uto pasHo
B TO 7K€ BPEMA [JIMHE CMOTAHHBIX ¢ uuamMuapa N surkes wute: [ = # DN, Ua
ITHX BbipakeHuit nerxko nonyuuts a = wgD/h.

h=y= R(l - cosa)

§ 4. InHaMHUKa NPAMOJIHHEHHOrO JBHXKeHHS

88. v = ft/m = 43 km/u.

89. f=F —ma=F —m(v® - v3)/2s ~ 4,3 xH.

90. Tlpu chnycke ¢ NOCTOAHHOR CKOPOCTBIO CyMMAa Cual, AelCTBYIOUHX Ha
wap, pasna nymo: Mg — @ — f =0, rae / — cuia CONPOTHBIEHHA JBHKEHHIO
wapa. [Ipu nogneme wapa cuna conpoTHBNEHHS MO-NPEXKHEMY PaBHa f, Tak Kak
COTNIACHO YCIOBHIO 387184H CKOPOCTE NOCTOAHHA, HO TENEPh 3Ta CHJIA HANpaBieHa
BHK3. CymMma BCEX CHJl € yHETOM YMEHBLUEHMA MAcChl 3a c4eT BbIOpOLIEHHOro
fannacra no-npesHemy pabHa nymo: (M — m)g — Q + f = 0. Hckmouas w3
sTHX ypasHennit f, nafinem m = 2(M — Q/g).

91. [eitcTyiomue Ha Teslo cunbl H3obpamxens Ha puc. 212: F — uckoman
cuna, mg — cuia taxkecru. Ha ocnosanuu sroporo aakona Heiorona

ma= F +mg;

orciopa F = m(a — g) = 26 H.
92. F=ma=70H.
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93. JeitcTeyiomue Ha rpy3 cHisl n300parkens va pue. 213; T — cuta naTsoxe-
HHA MPOBONOKK, ME — cuna Taxkectn. Ha ocnopanun proporo saxona Huworona
ma = T — mg. Cornacuo ycnosmio 3agau T € Thax = Mmaxg. CnegosarensHo,

lF 1-1- aég(?—l}ﬁl,ﬂm/’cz.

94. m = Zmimaz/(miy + mz) = 190 kr.

95, Cuna HATSKEHHA KAHATA HE 3ABHCHT OT HAMpPAB-

JIeHMA JBHYKEHHS CaMmoit KieTH (HANpAaBJeHHSA ee CKOpo-

T l CTH) M ONpeJenseTcs TONMbLKO ee yckopennem. B nepeom
* Cllyuyae HANPABNEHHE YCKOPEHHA COBMANAET C HATPARE-

*mg Mg  HHEM CHJIbI HATH»KeHHA KaHata. [losTomy sHaku ay u T

O[IMHAKOBRI: mai = T1 — mg, T e.

T, = m(a: + g) ~ 3420 H.

Pue. 212 Puc. 213

Bo sropom cnyuae maz = mg — Ta, T.e.
Tz = m(g — a2) = 2705 H.

96. Ucnoasays pewetue 3anaun 95, nonyuum a = g(1 — m/M) = 2,45 m/c*;
YCKOpEHHe HANPABJAEHO BHM3.

97. [eficTBylOLIHE HA THDPH CHIbI M30DPaXeHbl Ha pUc. 214. YpaBHEHHA JABH-
JKEHHS UMEIOT BHJ,

mia=T —Ty —m1g, maa=To—mag,
rje G — YCKOPEHHe TpPy3a, PDABHOE YCKOpeHHio JudTa, Mg H Mag — CHABL

TAXEeCTH, JeHCTBYIOIMe HA THPH M M ma. Peluas ypaBHeHuA oTHOCHTeNbHO T,
nonyunm T = (mq + ma)To/ma = 14,7 H.

2
T
1s
s' mig
To \ N
To x
mg
—p '\Fms
Puc. 214 Puc. 215 Puc. 216

98. Cuia peakuwn gHa xkinern N nanpassieHa saoiis yckopenws Judra a
(puc. 215). Cnegosarensho,

ma= N —mg;

OTCHOA
N =mg + ma = 1004,5 H.
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[lo Tperbemy 3akony HeloToHa ¢ TAKOH e (no Moaymio) cunoit rpya Gyaer JaBuThb
HA AHO KJETH:
Fua= N =1004,5 H.

90.a= N/m — g = 0,49 m/c?, rae N — cina peaxiuu nosna kabunbl, pasHas
(mo Monyn0) cule AABNEHMA HA Mo KAGHHBL Fy 57 YCKODEHHE HATIPABJIEHO BBEPX.

100. [eficTeyomue Ha Teno cunbl n3obpaskennl nHa puc. 216: T — cuna,
¢ KOTOpO#l NeHCTBYET HA TeJIO PACTAHYTAA NPYXKHMHA (NOKA3AHHE NHHAMOMETpA),
Mg — cuna TAXKecTH. B ciyuae 1) ypasHenue QBHMKEHHA TEJIA HMEET BHA Ma) =
=T — mg; orcioga Ty = m(g + a1) = 14,7 H. B ciyuae 2) umeem mag =
= mg + T2, Tax Kax HANPABIEHHA YCKOPEHHA Q2 M CHJILl TAMECTH COBMAJAIOT,
cnepoBarenbio, Ty = m(g — a2) = 4,9 H. B ciyuae 3) smpaxenne gasa cuiibi T'
HMEET TOT »e€ BU, 4TO H B cay4ae 2), K60 Hanpas/ieHHe YCKODEHHS TO e CaMOoe:
Tz = m{g — az) = 7,35 H. B ciiyuae 4) cuna Ty = m(g + as) = 12,25 H.

101. Ha ocnoeanuu Broporo 3akona Huiorona ma = F — f, rge f = kN,
a N — euna peakuun onops! (puc. 217). Tak kak OBHXKEHHE BAONb BEPTHKAIH
arcytcreyer, To N = mg; chegosatensto, F' = m{a + kg) = 0,79 H.

102. s = v*/2a = v?/2kg ~ 12,3 m.

103. v = /2. 0,06gs =~ 4,9 m/c.

104. B ropn3oHTAIBHOM HANPABJEHHH Ha IPY3 JeACTBYeT TOJLKO CHJA Tpe-
uus [ (pue. 218). Coobuiaemoe rpy3y yckopetive a = f/m. B seprukaibHOM Ha-
npasJeHHH rpys He apuxercs: N —mg = 0, rae N — cuaa peakunn onopst. Mak-
CHMAJILHAS CHJIA TPEHHA NOKoA fmax = kN = kmg. CnepoBarensno, BO3MOMHDIE
3HAYEHHS YCKODEHHSI I'DY3a Y/A0BJETBOPSAIOT HEPABEHCTBY @ < fmax/m = kg.

N
| N
r! l ;F f
a
v - ]
mg mg

Puc. 217 Puc. 218 Puc. 219

Hocke HY»KHO COOBLIMTBL yCKopeHHe a > kg = 1,96 m/c?. B sToM ciyuae cuna
TPEHHA HE CMOKeT COOBIINTE rpy3y YCKOpeHHe, JOCTATOYHOE [JIA ero JBHMKEHHA
fe3 NpoCKANIL3LIBAHKA.

105. Hcnonbsys pewenne sagaum 104, nafigem, yro F 2 kg(M + m) =
= 10,8 H.

1086. Coobaemoe rpy3sy yexopehue (puc. 219)

o F(cosa + ksina) TR kmg‘ .
m cosa + ksina

107. a = Flcosa — ksina)/m — g.

108. [leiicTByrollHe Ha BO3 CHABbI H3oOpaxkeHbl Ha pHC. 220. Ecmm mg <
< Fisin @, TO BO3 MOMKET OKA3aThLCA B «0fiiakaxs (pelueHHe BLIXOAUT 3a PAMKH
YCIOBHMA 3aa4H, TAK KAK DK H [LYKA y>Ke He OyayT TAHYTh B NPOTHBONOIOMKHEIE
CTOPOHBI).

Ecin mg > Fysinawu f = kN = k(mg — Fisina) > |F; — F1 + Facosal,
rae N — cuna peakuuu nopepxHOCTH 3EMIH, TO <BO3 M HbIHE TaM», T.&, 8 = 0.

Ecnn mg > Fssina u k(mg — Fasina) < |F; — F1 + Facosal, To

2
8 =[+(F1 — F2 — Fscosa) — k(mg — Fssin a)];;,
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rjie 3HAK TIH0C OTHOCHTCA K caytato Fy > Ficosa + Fy, a 3nak MuHyC — K Q1y-
saw Fy < Fycosa + Fi.

Puc.220

109. f = m(wo/t — g) ~ 0,088 H.

110. a = gh/Ah = 58,8 m/c*; N = mg + ma = mg(1 + h/Ah) ~ 4802 H.

111. f = mg =735 H.

112. h=m/2k = 1,8 m.

113. Harauymaa HATE JefiCTBYeT ¢ OOHHAKOBbIMM cunamu T Ha oba Te-
na (pnc. 221). Ha nepeoe Tesio BAO/b FOPHIOHTANIM AefiCTByeT Takwe chia F.
JeficTByIolIHE N0 BEPTHKAIH CHJIbI B3GHMHO YDABHOBELIEHLI M He BIHSIOT Ha
JABMAKEHHE TeJI B HATIPABJISHHH CHAibl F', YpaBHeHus [BHIKeHH NePBOro 1 BTOPOTO
Tes1 uMeroT BuA mia = F — T, maa = T. 3pecs yyreHo, uto oba tena nMmeior
onuHaKoBble yckopenua. Cornacto yenoBnio 33084 T € Thax) Cle10BaTENbLHO,
a8 € Tmax/M2 1

™My + mMma

Fngnx'i'mIa: Tmax=7|5 H.

ma

Ecnu cnna mpunoxeHa KO BTOPOMY Tely, TO NPHBEAHHBIE PACCYAIEHHA
OCTAIOTCS B CHJIE, TOJIbKO MacChl 171 M M2 MeHsioTest Mectamu. Tenepn

oo B T T
ma
F T T
i
Puc. 221

114. T = Em:le + maF1)/(my + ma).

115. T' = [my F3 + (ma + mz)Fi]/(mq + ma + mas).

118. Cunwl, geficTByiowHre Ha 6pYCOK ¢ rupell U HA YawIKy ¢ THpei, H3obparke-
Hul Ha puc, 222; N — cuna peakuns 1ocku, T — cuna naTaxkenns HuTH, f — chaa
Tpetns. Tak kak AsurkeHue no BepTHKANK orcyTeryer, o N — (m1 + ma)g = 0.
Ipu paeHOMepHOM ABMaenuu umeem T — f = 0 u (m3g + my)g — T = 0. Cuna
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Tpeuns f = kN = k(m; + ma)g. Uckmouasn ua srux ypasuenuti T, nafigem k =
= (m3 + my4)/(m; + mg) = 0,3.

117. Ha rpy3 aeficTBYIOT CHJIA TAXKECTH MZ H CANA HATAXKEHHA T BepeBKH,
paeHasa cune F, npunoxenHol k ee apyromy koHuy (puc. 223). Hekoman cuna
ONpenenAeTcs ¢ NOMOLLBI0 BTOPODO

sakona Heiworona: ma = F — mg; AN 5
orcioga F = m(a + g) = 108 H.
118, Tax kak 6BNOK HEMOABH- |

sKeH, TO AeHCTBYIOWAs HA HEro co
CTOpOHBI AMHAMOMETpa cuna F =
= 2T (pwuc. 224). YpaBHeHuA ABHAKe-

HHA TPY30B: 1 T

maa =mag — T,

(m1 +ma)g
mia=T —myg. F
31eCh YUTEHO, TG YCKOPEHHA TPY30B (ms +ma)g
OMHAKOBbI, HO YCKOPEHHE BTOPOro
rpy3a Ha.r[p;hanmo BHH3, & NepBOro — Puc. 222 Puc. 223

seepx. Mckniouas w3 sTux ypasHe-
uu#l a, nafigem T = 2gmyma /(mq + ma). Uckomoe nokasanne aunamomerpa Ha
OCHOBAHHH TpeTbero 3akoHa HbioTona Gyaer

s

F=2T=4g
my -+ g

= 62,7 H.

119. Tak kax Macca rpy3a m BO MHOrO pa3 MeHblle Macchl rpyza M, To
MO>KHO CYHTATE, YTO FPY3kl ABMXKYTCA ¢ yeKopeHHeM g. CHNA HATAXKEHHA HHTH
onpenenserca ypasHenwem mg = T — mg; orcwoga T = 2mg — 9,8 H.

120. CornachHo pewenuio 3agaqu 118 cuna, pacTareeaw-
F wasi npyskuny, T = 2mimag/(m; + ma). [lo zakony I'yka
T = k(l — ly), rne k = F /Al — »ecTKOCTb NPYI>KHUHBL; OTCIONA

mymsg

I=lo+2gAl —L22- F = 17,35 om.

my

oY T 121. t = /2gh(my + m3)/(ma2 — my) =0,7c,rneh =1
M — NyTb, npoligennniii Kaxao# M3 rups.
122. mg = 4hm/(gt* —=2h) =10 .

A 123. [e#icTyomue Ha Te10 ¥ rPy3 CHJIbI H300paens! Ha

T  puc. 225. [lo Tpersemy 3akony HuioroHa cuna HOpMAnILHOrO

E;] AaBnetns rpysa F, ; pasia no Mooymo cine peakiun N Tena,

HA KOTODOM OH JIEXKHMT. YPaBHEHHA OBMMKEHHA AJA ABYX TeJ
M MPY3a 3aMMIIYTCH B BUAE
e ma=T—-mg, ma=mg-—T+ N,moa=mog— N.
Hexknwouan orcioga a u T, naltgem

mimg
Puc. 224 Fna=N=2gmﬁﬂ,39H.

mag

124. llenTp mace rpy3os, ouesHaHo, Oyaer onyckaTses. [lyers BHauane uentp
mace HaxoguTest B Todke Cp (pue. 226) na paccrosiimM b; N0 BEPTHKANH OT
NepBOro rpy3a H Ha PACCTOAHHH Do OT Broporo. Benuuunsl by 1 by yaopneTeopsoT
YCAOBHIO

miby = mabs. (1)
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3a spema t pTOpOfl rpy3 ONYCTHTCH HA PACCTOAHHE

t2 _
n-st @

a nepebift MOAHKUMETCA Ha TO ke paccTosarne. LleHTD MACC CHCTEMBI ONMYCTHTCS 3a
3TO 7€ BpeMA Ha paccToaHKe h, onpejenaeMoe ypaBHeHHeM

ma(H + b2 — h) = ma1(H + b1 + h).
Orciona, yuuThisan ypasHenns (1) u (2), natigem, 4T0 B AAHHLIA MOMEHT BPEMeHH

h_mz—m1 H__m:—m1 ﬂotg
me + M ma+m: 2

Yexopenmne ag onpejensierca cucTemofi ypaBHeHuil, npueeseHHO#f B 3a0a-
ye 118: ag = (ma — m,)g/(m1 + ma). [osTomy

h= (m..s_—_ml)“ gt _at
 \my 4+ my 3~ 2"

Taxum o6pasoM, LEHTP MACC CHCTEMb! ABHMKETCS PABHOYCKOPEHHO C YCKOPEHHEM

2

Mz — 1My
= —_—— e —— 7
g(ml-{-mg)

T Thh™
Fiia mo g
‘mg mg + m2g
Puc. 225 Puc. 226 Puc. 227

125. Cumras, 4TO TENO MACCHE M, NOAHHMAETCH, & HenoABHxkHbi Guok
¢ TEJ0M MAacCH Tz OMYCKAETCH, YPABHEHHA ABMIKEHMA MOXKHO 3aITHCATb B BHJIE
(pme. 227)

miay =T —myg, maay = meg — 2T

Ceash Mexxly YCKOPEHHAMH a1 U az Haligem n3 crenyrownx coobpamenuii. Ecnu
NepBOe TeNo NOAHHMETCH Ha BbIcOTy hii, TO BTOPOE TeNO ONMYCTHTCA 3a ITO BpeMa
na puicoty ha = hi/2. Tak kak npofifeHHble MYTH TIPAMO NPONOPLHOHANLHBL
YCKOPEHHSAM, TO OTCIOLS BBHITEKAET, YTO N0 MOAy/o a3 = a;/2. Pemasn gaunyio
CHCTeMY ypaBHeHHH, Halinem

m1ma

T=3g ———
g4m1+mz

= 1,26 H,
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a5 =2gzﬂ3n;-_2"h —B8ujed, sg=—gBiMm

+ maq T % dmy + ma

=2,8m/c’.

126. Yckopenne BAONL HAKNOHHON MJIOCKOCTH ONpee/iseTcd CyMMO npoek-
umit cun Ha ganHoe nanpasnesne (puc. 228): ma = mgsina — f. Cymma npo-
eKLKil CHJT HA HanpaBJeHHe, NePreHIHKyIAPHOe K HAKJIOHHOH TIJIOCKOCTH, paBHa
nymo: N — mgcosa = 0. Cneaosarensuo, cuna tpenusa f = kN = kmg cos a.
YekopeHnue

f

a=gsina — o = g(sina — kcosa) ~ 2,45 m/c’.

127. Kak BuaHO M3 pelleHHA 3aja4n 126, yckopenwe Tena a = g(sina —
— kcos a). Cornacxo ycnosmio 3agauk sina = h/l = 1/2,cosa =T = h? /l =
= /3/2. Bpema 0 KOHEYHAA CKOPOCTb ONPENENsOTCA KHHEMATHYECKH!

t= -201';:2,!'”:, v=v2al = 8wm/c.

128.t = 2 Vsina — kcosa + vsina+ kcosa

g (sina+ kcosa)yvsina — kcosa
129. Bropoi#t 3akon HuroTona Ans ABMXKeHHMA BIONb HAKJIOHHON NIOCKOCTH
sanumercs B Buge (puc. 229) ma = mgsina — f — T, rme sina=h/l,a f =

Puc. 228 Pue. 229 Puc. 230

= 0,1mg. KnnemMaTH4ecKoe COOTHOILIEHHE, ONPEeNAIOUIEe YCKODEHHE, HMEET B,
a = v? /2l; cnegoBaTensno,

T = mgh ?

v
~ 44,1 H.
21 !
130. [na asuxenus Tena BA0bL HaAKJI0HHON naockoeTH ypasHenwe Helorona
umeer Bua (pre. 230)

Fcosa

ma = mgsina+ Fcosa, naua = gsina + =10 m/c’.

Cuny aaBneHus Ha NAOCKocTh Fy z, PABHYIO No TpeTbeMy 3akoHy HuwoTona cune
peakumMH niocKocTH N, MOMHO HAHTH M3 PABEHCTBA HYJIO NpoeKUW# chAa Ha
HATpaBJIEHHE, NepNeHAHKYIAPHOE K HAKJOHHOH NJIOCKOCTH:

mgcosa — Fsina— N=0,

HIH
Fya=N=mgcosa— Fsina = 277,3 H.

13 I''A. Bennpuxos u ap.
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131. Eciii npenonouTs, YTO MEPETATHBAET IPY3 MACCH Mg, TO ypPaBHe-
HHSA [ABHKEHHS CPY30B 3anmumyTcs B BHge (puc. 231) maa = magsine — T,
mia =T — mig. Mexkmouan cuny natasxenun T,

N T HaflnieM TNpOeKUMIO YCKODEHHMS HA HAMpPABleHHEe

T JBHAKEHHA:

mogsina—m
o= TAIRNX " ThE _ _0.08 m/ch.
ma + ™My
= mag

m1E  3HaK MHHYC O3HAa4aeT, UTO JABHXKEHHE B AeHCTEH-
Puc. 231 TeNLHOCTH NPOMCXOIUT B HATIPABAEHHH, 0OpaTHOM

TOMY, KOTOPOE Mbl IPeANONIOMAHIIH,
132. YpaBreHus ABMIKEHHA IPY30B /A NPOEKLUHA HA HANPABACHHS JIBHKE-
HHS UMEIOT BUJ,

mia=mg— Ty, mea=To—T — mag(sina =+ kcos a),
mga =T — mag(sine + kcosa).
3aech To — cHla HATSXEHHA HHTH MEXKAY IPY38MH C MACCAMM T3 M fMa; 3HAK
MI0C OTHOCHTCS K CNY4al0, KOMJA IPY3bl ABHIXKYTCS BBEPX M0 HAKJIOHHOH nioc-

KOCTH, 3HAK MMHYC — K CJIy4al0, KOra OHM ABMKyTCa BHu3. M3 stux ypasxenuit
HAXOIHM

m1 — (mg + ma)(sina = kcosa) l+sina*kcosa

a= y T =mam
& my + my + mg A ™y + ma + Mg

Npuxxenne BBepx no naknonuo#t nnockocru (a > 0) Bo3MOMHO npu my >
> (ma + ma)(sinx + kcosa), a apmwxkenne BHuz (@ < 0) — npu my <
< (mg + mgy)(sina — kcosa), tga > k. Ecin 9TH ycioBHA He BHINOJHAIOTCH,
TO IPY3bl HEMOABMKHLI, & CUAA HATAXEHUA T MOXKET NPUHHMATL PA3NHYHEIE
SHAYSHHA:

1+sina+ kcosa

my + Mz + Ma

or 0 go mamag

— B 32BHCHMOCTH OT COOTHOILEHHH MeKay mi, Mz, M3, k ¥ a U OT CUIBI HATA-
FHEHHHA HHTH B HAYanbLHbi moment. Hanpumep, npu tga < knmy < ma(sina +
+ kcosa) rpysbl HA HAKJIOHHOH MIOCKOCTH MOYKHO YCTAHOBHTb T&K, YTO HMTL
MeX Ay HUMH He Oyaer HaTaHyTa, T.e. T = 0.

133. Ilo Tpethemy 3axkony HbloTOHA cHIIA HOPMA/IBHOIO AABJEHHMA HA ONO-
py Fu.a paBHa no monynwo cuie peakuuu onopel N. Co cropoHsl swMka Ha
Wap MOryT AeHCTBOBATH cuiibl peakumn Ny v Ny, nepnesaukyispHbie k gHy
H nepenHed crenke supmKa (puc. 232). YpaBHeHHe ABHAKEHHS IAPA MMEET BHJ
ma = mgsina — Ny, YuuThiBas, 4To yCKOpeHMs LIADA M SIHKA OQMHAKOBHL,
YDaBHEHHE [IBH>KEHNA ALMKA MOXKHO 3anucaTh B Buge Ma = M gsina + N3, rae
M — macca SmMKA. DTH ypaBHeHHA COBMECTHBI AHIIEL NpH N2 = 0. Cuna gasne-
HHUA HA TIEPEHION CTEHKY AmMKa Fy,2 = Ny = 0, Tak Kak COCTABAAIOLIME CHJI
TAXKECTH, AeHCTBYIOLIHX HA IIAD U ALMK, COOBIIAIT IWADY U ALMKY OAHHAKOBLIE
YCKOpPEeHHs g sina.

Cuna gaBnenusi Ha JHO ALIMKA TAKAs e, KAK M IPH 00bINHOM COCKAJIB3bIBA-
Huu Tena: Fyn = N1 = mgceose.

134. Cuam, geficreywompe Ha KyGuk, wzobparkeHnl Ha puc. 233: f — cu-
na rpenus, N — cuia peakuum nioCKOCTH, PABHAS N0 MOAY/IIO HCKOMOH cHie
HOPMAJLHOTO AabfieHHA F, ; Ha niockocTe. COrNacHo YEJNOBHIO 3aJa4M KYGHK
JABUXKETCHA BMECTE ¢ JUGTOM ¢ YCKOPEHHEM a, HATDABJIEHHbIM BBEPX. Y DaBHeHHe
ABHYKEHHMA /1 BEPTHKAJIBHONO HATPABIEHMA WMEET BHJ]

ma = Ncosa — mg + fsina. (1)
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B ropH3oHTANBHOM HANDAaBJIEHHH YCKOpeHue orcyTcrsyet. [lostomy cymma npo-
eKLHil cHJl Ha NOPH30HTANIbLHOE HANPABJIEHHEe PABHA HYJIO:!

feosa— Nsina =0. (2)
M3 ypasuennit (1) n (2) naxogum
Fua=N=m(g+a)cosa, f=m(g+a)sina.

Takum 006pa3zom, HAJHYHE ¥ JHMTA YCKOPEHKA, HANPABIEHHOTO BBEPX, IKBH-
BAJIEHTHO YBEJIHHEHHIO YCKOpeHHa cBobogHoro najnenusi Ha BenuunHy a. Koad-
(QHUMEHT TPeHHMA AOJHEH, KAK H B C/Y4ae HEeMOABMMHON HAKJIOHHON MII0CKOCTH,
YAOBJAETBOPATL Yenosuio kK > tg a.

i

Ny
N2
N
f
m
L 4 o mg
Pue. 232 Puc. 233 Puc. 234

135. [lpoekups Cuabl THKECTH, AefCTBYIOLER HA AOCKY BAOJbL HAKIOHHOM
niockocTH, pasia Mg sin a. CnepoBarensno, npH paBHOBECHH JIOCKH TAKAA JKe
CHNA JOMXKHA AeHCTBOBATL HA JOCKY B MPOTHBONOIOXHOM HANPABIEHHH €O CTO-
poHbl 4Yenopeka. [lo Tperbemy 3axony HeloToHa Ha 4YenoBeKa CO CTOPOHBI JOCKH
Takxke Gyper neilcTBOBATH CHIA peakuWH, paBHaa Mgsina u HanpasieHHaA
NapamIensHo nockoctu sHu3 (puc. 234; u306paskensl MHIWEL Te COCTABMAWOILHE
CHJ1, JefCTBYIOLHX HA JOCKY H YEJIOBEKA, KOTOPbIE HAMPABJIEHB! BAO/b HAKJIOHHON
NIOCKOCTH ).

[lo sropom 3akony HeloTona yckopenswe yesioBeka BAOJIE HAKJIOHHOR mnioc-
KOCTH ONpefesseTcs CyMmmoll npoexkumit CHI Mo TOMY HAMPaBieHHIO: ma =
= mgsin & + M g sin a. 13 sroro ypasHenns Haiigem, 4To yesiobek gonxken Ge-
XKATb € YCKOperueM a = g sin a(l + M /m), nanpaenennsiM sHis. Hanpasnenue
JABMZKEHHS CAMOIO 4eJIOBEKA npu 3Tom Geapasznnuno,

136. [1pegnonoxum, 4TO NPH YCTAHOBMBIIEMCH OBEMXKEHHH IIAPHK OTKJIOHEH
OT NePNeHMKYIApa K HakIoHHo# naockoctH va yroa 3 (puce. 235). Torpa sropoit
3akoH HbloToHa oA ABHIKeHMS ILADHKA BJIOJL MJIOCKOCTH 3AIHLISTCA B BHJE

ma = mgsina + T s8in 3. (1)

Cymma cuil, JeficTBYIOIMX HA IIAPHK B NePreH UKy I8 PHOM K MNJI0CKOCTH HANDPAB-
JIEHHH, PABHEA HYJIO!

mgcosa—Tcosf = 0. (2)
Ho npu yeTaHOBHBILEMCS [BHKEHHH BCE TOUKH TEJIEXKKH, LIADHK ¥ HHTL IBHMCYT-
sl ¢ OJHHM H TEM Ke yCKopeHHeM a = g sin a. [Nogerasnsn ero B ypasxenue (1),
namyy4um T sin 8 = 0. U3 ypasuenus (2) euguo, vro T # 0; cnegoparensho, 8 =0
H HHThb NMEpPreHIMKYIAPHA K HAKJOHHOH MaockocTH. MckoMas cuia HaTAXKeHHA

T =mgcosa = 9,8 mH.

13*
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137. Ha manuiit anemenT soast Am, Haxoasiuica y NOBEPXHOCTH, JefcTByeT
cuna peakiuu AN co croponbl gHa Daka, NeprneHAMKY/APHAA K NOBEPXHOCTH,

Pue. 235 Puc. 236

u cuna Taxecrn Amg (puc. 236). daa Toro 4Tobbl MOBEPXHOCTL BOAB! B Gake
6bljla NapaIeibia HAKJIOHHON NJIOCKOCTH, YPABHEHHE ABHKEHHA HIEMEHTA BO/hI
JAOIKHO MMeTh Bug Ama = Amg sin a; wiefoBATENbHO, YCKOPEHHE 3TOr0 e-
MeHTa @ = g sina. ITo yCKOpeHHe JOkeH HMeTh Beck Dak ¢ pozoil. YpasHenne
JABHYKEHHUA [J15 HErO SAIHIUETCH B BHAE

ma = mgsina = mgsina — kmgcosa + F.

Orcioga HaxoauM, 4To AeficTeylomas Ha Bax cuna F' pasHa no Moaymo cujie
Tpeunsa: F = f = kmgcosa.
138. [py yCTAHOBUBILEMCH ABHKEHHH BCE JIEMEHTbI BeApa ¢ BOAON ABHAKYT-
CA [0 NPAMBIM JIMHEAM, 0BPA3YIOLIMM ¢ TOPH30HTOM YTOJ (ry KAK M TIPH JBHKEHHH
Tena no HakJouHo#t naockoern. Caeno-
BATEJIbHO, BCE IEMEHThl BOALI [ABMMKYTCH
€ yCKOpeHneM a = g sin a, KoTopoe coobia-
€TCA COCTABNAWEN CHMABI TAMXKECTH BAOITHL
TpOCa. 3HAYHT, CHJIA PeaKkLUHH €O CTOPOHEI
[AHA BEApPA H& BOAY MepneHinKyJApPHA K Ha-
MpaBJeHHI0 [BHXEHHA W YPABHOBELIHBAET
COCTABARICILYIO CHIbl TAMKECTH BJIOJbL 3TOM0
nanpasnenmsi: N = mg cosa (puc. 237).
[lo yenoewio 3apaun m = pSh, rae § —
MJOWALL JHA Bepa, a 0 — IVIOTHOCT: BOJILL
Puc. 237 Cornacxo tpersemy 3akoHy HbioroHa cuna
WE AaBJeHMsA BOJbl Ha AHo Beapa F, ; paBHa
cusie peakiuu N co croponst aaa. [osromy aaBnenne Boas! HA JHO BEapa

P= - pghcosa.
s

139. BEpesno Gyaer COCTABAATL ¢ KAHATOM OJHY JHHHIO B TOM CIYy4ae, ecliH
oHo He By geT kacaThes 3eMan. B nporuBHOM ciyuae oxaxeTcs, 4TO, KOrga 6pesno
W KAHAT COCTABJAIOT OAHY JIMHHIO, CYMMa MOMEHTOB CHJl OTHOCHTEJIBHO LIEHTDA
macc GpeBHA OT/IHYHA OT HYAS.

Ypasuenue aBuxkenus GpeBHA NPH BLINOTHEHUH yoI0BHS 3aaa4u Gy ger umers
Bug ma = T cose, rae m — macca Opesna, T — CHNIA HATHAXKEHHA KAHATA,
a — yron Mexay 6pesHoM H noBepxHocTeio 3eMaH. [lo BepTHkann nepemeinenns
OpeBHa He NPOMCXOOHT, noaTomy mg = T sin a; oTCKOaA

u:gctga}% (b+1)? - h2.
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§ 5. 3ak0oH cOXpaHEHWH MMIIYJbCA

140. F = Ap/At = mun = 15 H.

141. Tax KaK CTeHKa MAAKAH, TO PH CTONKHOBEHHH COCTABJIAIOMAS HMITY b
ca MA4a BJOJL CTEHKH He uaMenserca (puc. 238; u3obpaskeHbl MMITY/LCH MSAYa
nepe; ynapom pp M nocnie yaapa pz). Cocrasnsomasn sxe, nepneHuKy/IapHas
K CTeHKe, MeHsieT manpasienue. B pesysibTame MAu OTCKAKMBAET MO YIJIOM O
K cTeHke. MlaMeneHue MpoeKUHH MMITYNbCa MAYS Ha HaNpaBleHHe, epHeHauKy-
NAPHOE K CTEHKE, HMEeT B

Ap=muvsina — (—-mvsina) = 2mvsina.

Hexkoman cuna
Ap  2(mvsina)

142. Ap=m(v + +2gh) = 1,6 xr-m/c.
143. v = —mv/M = —3,25 m/c. JHAK MHHYC NOKA3BIBAET, YUTO CKOPOCTH

OpyAHS W CHAPAA HanpaBJieHbl B NMPOTHBONOIOMHBIE CTOPOHBI.

144. u = mu /(M +m) = 1 m/c.

145. Umnyasc cucreMbl NyliKa-cHapsA BAOIB NOPH30HTANBHOTO HANpasie-
HHA, ]J-&EIHHFI HYNH 00 BRICTPLNA, 33 BPEMA BLICTPEIA HE HIMEHAESTCH, TAK KAK
B 3TOM HANpPaBMeHHH BHELUHHEe CHNLI HE .D,EﬁCTB)'l{.YI‘. B JaHHOM CGITY4ae BbhICTPEN
NMpOHM3BENEH MO ¥TJIOM ( K COPH3OHTY, M NPOoeKUHA HMNYNbCA CHapAAa HAa To-
PHM3OHTAJILHOE HANPAaBJIEHHE paBHa mu cos a (puc. 239). Ilo sakony coxpanenns
uMnyisca Mv + mv cos a = 0; oTcioga

muycos &

o= —Tz "'7MfC.

146. f = Ma = m?v® /(2s M) = 13,2 kH.

p1sing

mvsina

e

Puc. 238 Puc. 239 Puc. 240

147. lpoekuna uMnynsca CHAPALA Ha FOPH3OHTANBHOE HAMDAB/EHHE PaBHA
musina (puc. 240). 3akoH coxpaHeHHs MMIMYNbCa AMA HAMPABAEHHA BAOAbL ro-
PH30HTAIH HMEeT BHT

muvsin o
m+ M

Beprukanbhas ke cocrapisiolias uMmnylbca cHapaas Gyser nepesana 3emue
B LIEJIOM.

148. u = ms/Mt = 0,083 m/c.

149. v1 = mv/m1 = 5/7 m/c; v2 = muv/(ma + m) = 5/9 m/c.

150, s = m?v?/[2kg(M + m)?] = 50 m.

151. u = (Mv — m+/2glsina cosa)/(M + m).

musina = (m + M)u; orcioga u = ~ 1,25 m/c.
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152. v = (M — m)/2gh/m = 21T m/c.

153. B neppom cnyyae u; = (Mu — muv)/(M — m) = 6 km/4, BO Bropom —
uz = (Mu+ mu)/(M —m) = 12 km/u.

154. Ckopocte naatdOpMbl MOCNe NAJEHHA HA HEE KAMHA ONpeJesercs
€ MOMOIUbIO 33KOHA COXpaHeHus umnynsca: u = Mu/(M + m) = 16 km/4. 3
CKOPOCTH HE W3MEHHTCS TNPH BHINAAEHUH KAMHSA Yepe3 JIIOK, TAK KAK NPH 3TOM He
BOIHHKAIOT CHJIEL, AeficTBYI0IIKE HA NAATGhOPMY B TOPH3OHTABHOM HAIPABIEHHH.

155. v; = [(my 4+ ma)v — mavz]/mq = —15 M/c; CKOPOCTL NEPBOrO OCKOJIKA
HANpPAaBJleHa NPOTHE CKOPOCTH BHXKEHHA A/pa J0 Pa3phipa.

166. v = muvy /M =02 m/c; v =v =8 m/c.

157. Cropoctu 0A0K nocyie nepebpackiBaiisa TPY30B ONPeAenAoTca ¢ no-
MOILbIO 38KOHA COXPAHeHHA uMnyibca. ['pys, 6powennuiil B nepeyio noaky, 6yaer
HMETb OTHOCHTEJIBHO BOJbI CKOPOCTb U + 4, & rpy3, GpolueHtbiil B TPeThio JOAKY,
npuobpeTaeT ckopocTs v — u. MMnysse cueremsl nepeas nogka-rpys Ao nonaaa-
HHSA rpy3a B nogKy pased Mv + m(v + u). [IpupasunBas ero uMnyabcy cHCTeME
nocie NoNajaHuA rpy3a B JOAKY, MOIYyYHM CKOPOCTb Nepsoil noaKu:

Mv+ m(v + u)
=(M = ————
Mv+m(v+u)=(M+m)e,, n ¥ R
Jns Tpersefl 10AKH 3AKOH COXPAHEHNS HMITYJILCS HMEET BH,

My +m(v—u) = (M + m)us, v3=%ﬁ.

Ckopocts BTOpOft NM0oAKM He uamenurca. [leficreurennno, a0 nepeGpaceiBaHHs
rpy30B MMIYJBC JOAKH ¢ Tpy3om pasen (M + 2m)v. Cornacho ycinosuo on He
M3MEHHTCH MOCe BHIOPACHIBAHNA PY30E:

(M +2m)v = Mva + m({v + u) + m{v — u); orcioga vz = v.

158. EciE v — CKOpOCTb Ye/IOBEKA OTHOCHTENLHO NOAKH, a8 % — CKOPOCTDL
JIOAKH OTHOCHTEMBHO BOJBI, TO CKOPOCTh YENIOBEKA OTHOCHTENLHO BOABI Byner
pasHa v + u. [lo 3akony coxpanenmsa nmnynsca

m
M+m’
OrHowenne ckopocreii BO BpeMms [BHXeHMA ocTaerca noctostubim. [losromy
OTHOLIEHHE NPoiAeHHbLIX Nepemenienuil HyJeT pasHO OTHOMEHHIO CKOpOCTefi:

mi{v+u)+ Mu=0; cm:m,u,a.%z—

E m W im _
{1~ M+m' 7~ M+m

3Hak MHHYC NMOKA3LIBAET, YTO NEPEMEIIEHHA HeJI0BEKA M JIOAKH TPOTHBONON0HE]
M0 HANPABJIEHHIO.

159. Monnasn cuna, ¢ xkoropoit noess aeficTByer Ha 3eM/I10 B NOPH30HTANb-
HOM HANPABJEHHH, DABHA HYJIO, TAK KAK CHI4 TATH MOCTOAHHA W PABHA CHIE
Tpenus. Paspuis coctapa me u3amensier 3Toro ¢bakTta, HHO CHTA COMPOTHBNEHMS
JABHXXEHHIO He 3aBHCHT MO YCI0BHIO OT ckopocTH. CnegoearensHo, cuna, aeii-
CTBYIOIAS B NOPH3OHTAJILHOM HANPABJEHHM CO CTODOHBI 3EMJM HA CHCTeMY
NOE3N-OTUENUBIIKIACA BANOH, TaKxe pasHa HyaK0. [[09TOMY K CHCTEMEe MOMCHO
NPUMEHHTE 3aKOH COXPAHEHHA MMINYJbLcA. Yaobuee BCEro 3TO GAENATh B CHCTEME
OTCYeTa, OBHXKYILeHCH CO CKOPOCThIO, PABHON CKOPOCTH NOe3Ja A0 ero paspbiBa:
mv+ (M —m)u=0, rge v ¥ ¥ — CKOPOCTH BATOHA H MOE3[A OTHOCHTEJBHO
BLIOPAHHON CHCTEMBI OTCUETA B MPOM3BO/bHLI MOMEHT BPEMEHH; OTCIOAa ¥/ u =
= —(M — m)/m. Buak MuHYyC COOTBETCTBYET TOMY, 9TO B HAlleli CHCTEME BATOH
H N0e3]1 ABKKYTCA B PA3HbIE CTOPOHbLI. TAK KAK OTHOLIEHHE CKOPOCTEH NOCTOAHHO
M HaYallbHbIE CKOPOCTH BAIOHA M 0343 OAMHAKOBLI, TO OTHOWeHWe nyTeit [’

-1 M.
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u L' npoftaenubix B aaraKymieica cucTeMe KOOPAHHAT BANOHOM M Toe3 oM, Gyaer
PABHO OTHOLUIEHHIO CKOpOCTeii:
¢
M-
kM= 1)
L m
B moMeHT, Korjja CKOPOCTE BAMOHA B ABIDKYLIEHCA CHCTEME KOOPIMHAT CTaHeT
paBHON CKODOCTH Ug MOE3Ja 40 ero paspbisa, GyAeT BLINONHATLCA PABEHCTBO

s=1'+1L" (2)

[Ipofiaentoe paronom paccrossve [ paBHo [ — PACCTOSIHMIO, KOTOpDOE BaroH
NPOXOJHT A0 OCTAHOBKH B MOKOAIIEHCA CHCTEMEe KOOPAHHAT, TAK KAK YCKODEHHE
BATOHA MO MOAY/IO M BPEMA ABHXKEHHMS BAIOHA OOHM H Te )Ke B obeHX cHcTeMax
(B 0QHOM H3 HMX CKOPOCTb H3MEHAETCA OT HYJIA 40 Vo, & B Apyrofl — or v 4o
Hyns). Pemas cucremy ypasnensuit (1) u (2), naiinem [ = (M — m)s/M = 480 m.

160. Ha puc. 241 unobpaskeHbl TPAeKTOPMH CHapAga M OCKOMKOB. Pa3spuin
MpOMCXOAHT B Touke A, nexauteli Ha Beicore h = (vosin a)?/2g w naxoaameii-

Pue. 241

ca na paccrosnumn | = (vl sin2a)/2g or mecta muictpena (eM. 3agaun 56, 57).
CkopocTh cHapsaa B 3TOH TOuke v = vp cos . HaualibHbie CKOPOCTH OCKOJIKOB
CHApAJa vy M U3 CBA3AHBI CO CKOPOCTBIO CHAPSAJA B STON TOYKE 3AKOHOM COXpa-
Henus uMnyabca: Mv = Mv; /2 + Mwva/2, rne M — macca cuapaza.

Havanshiyio CKOPOCTDL MEPBOTG OCKOJIKA U1 MOXKHO HallTH No 3aJaHHOMY pac-
croaumio 8. imeem s — [ = vit, rnet = /2h /g = (vosin2a)/ g — Bpems nonera
OCKOJKA; OTCI0AA

sg
4 = ———=— — Pg COS .
vg SN &

HauanbHAsA CKOPOCTE BTOPOTO OCKOJIKA
8
g =2v — vy = Jvecosa — -L
vosina
Hckomoe paccToaHue

2 4 .

L=1+uwvyt = —v5sin22a — 3.
g

Hauuyio 3aga4qy MOMHO PelinTbh M Apyrum cnocobom. LlenTp mace ockonkos
JBHIKETCA TaK, Kak Jsuranca 0wl Hepazopsasuinfics cHapsi. OCKONKH NAJAI0T
HA 3eMJII0 OJHOBPEMEHHO, M LEeHTp MACC CHCTeMbl B MOMEHT najeHws Gyger
HaxoAHTLeA HA paceToanuy 2[ or mecta BuicTpena. [Ins sToro HeobxoaumMo, 4TOOL!
BBLIMONMHANOCE COOTHOLIERNE

M(2l-s) _ M(L-20)
2 - 2

161. [Ipumem 3a MONOXKHUTENbHBIE HATIPABJIEHNSA oCell KOOPIWHAT BePTHKATbL-
HOE BHH3 M FOPH3OHTANTbHOE B CTOPOHY mnonera cHapsia (puc. 242). [locne pas-

- m*cm,u,aL:rit‘—s:Evgsin:Za-s.
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PHIBA CHAPA,JA NMePBLI OCKOIOK COMJIACHO YCIOBHIO HMEET TOJIbKO BEPTHKANBHY IO
COCTABJAILLYI0 CKOPOCTH. [103TOMY 3AKOH COXPAHEHMA HMITYJIbCA B MPOEKUHAX

Ha TOPH3OHTAJILHOE Hanpab/ieHHe HMEeT BHA
Vay, .. V3 Mv = Muvaz /2, rae M — macca cuapsaa,
a8 Uzz — MOOYNb COCTABJAIILEH CKOPOCTH
BTOPOr0 OCKOJIKA. TAK KAK MMIYJIbC CHAPSJa
N0 BEPTHKANH Nepel B3PLIBOM DABEH HYMO:
Muiy /2 + Muay /2 = 0, T0 BepTHKATBHBIE CO-
CTABJAAWILHE CKOPOCTEH OCKOJKOB PABHBI MO
MOAYJTHO M HAMPARJIEHL! B NPOTHBONOMOMHEIS
CTOPOHBI: Vay = —Uy.

Puc. 242 3anuieM TaK/Ke KHHEMATHHYECKHE ypas-
HeHHs [IBHXeHUA OCKONKoB. JINs nepBoro H BTOPOra OCKONKOB HMEeM
2 2
t
h=vavta+£2£°-, h = va,t + ST, 8 = Vel

rae { — BpemMs nageHus BToporo ockonka. Heknmoune U3 sTux ypasnesull v1y, U2z,
Vay M ¢, NOJYYUM [J15 CKOPOCTH CHAPSAA lePej] PA3PbIBOM KBAIPATHOE Y PABHEHHE:

2_8 (gto _h\, _go® _
v 2h.(2 :o)“ Tl

W3 apyx ero kopueft

v=2 (8o _h\, s (gt A
4h 2 to 4h 2 to
pelueHHem 3a0auu DyneT Kopeks, COAepAIMA JHAK M110C, TAK KAK MpPH HAIIeM

Beibope nonoxuTenbHOro Hanpasaenus v > 0. Takum ofpasom, oxonuarensso
HMeeM v = ggtp/4h.

§ 6. CraTuka

162. Ty = F; T, = 2F.

163. d = D\,’IDP;nPn ~ 36 mm.

164. [e#icreyomme Ha Gpycok cuibl nmaobpasxenst Ha puc. 243: N — cuna
peaxkuun crensl, T < kN — cuna Tpenna, mg — cuna masxecrn. [Ipu papnobecuu
N = Fu f = mg.Cnenosarensuo, kF 2 mg. Munumansuan cuna F' = mg [k =
= 490 H.

185. F' > kmg.

166. [eiicreyiomme Ha Gpycok cunbl u3obparkenst Ha puc. 244: N — cuna
peakuuH niockocTH, I < kN — cuna Tpennsa, mg — cuna taxectn. [Ipn paenose-
CHH CYMMBI TIPOEKIHI CHA BAOJIb HAKJOHHON TJIOCKOCTH H B NEPNeHHKY/ISPHOM
HANPaBNEHHH PABHEI HYJTIO!

f—-mgsina=0, F+mgcosa—-N=1;

orcioga F = mg(sina — kcosa)/k =~ 32 H.

167. [eficreyiompe Ha QOCKY CHIbI W30Oparkenbl Ha puc. 245: Ny u Ny —
CHAB peakuuy HakjaonHo#t nuockoeru, fi u fa — cunbl Tpexua, mg — cuna Ta-
skecTH. PaBeHCTBO HYMI0 CYMMBI MOMEHTOB CHJl OTHOCHTE/IBHO ocefl, NpOXoAAIMX
4epes HUXKHION W BepxXHIOW onopsi, saer N1 = N3 = (mgcosa)/2. Pasencrso
HYJII0 CYMMEI NPOEKUMH CHJI BO/b HAKJOHHON TJIOCKOCTH NMPUBOJMT K YPaBHe-



§6] Cmamuxa 201

umio mgsina = f; + fi. Ckonbxkenne Gymer orcyrersosath npu fi1 < k1N
u fa < ko No. Munumansunifl yron onpesensercs ypasHeHneM

1 ki + k.
mgsina = E(h + ka)mgcosa; orcoga tga = #—F.
f
N
3
F N Ni fa
S
g \rmg 4 fi Ymg
Puc. 243 Puc. 244 Puc. 245

168, Pasencrso npoexuufi CHA HA FOPH3OHTAJIBHOE HanpabJelue Tpefyer pa-
BEHCTBA CHIl HaTAxeHus Tpocos (puc. 246). [lns paBHoBecHA HeobxonumMo, YTOGH!
CyMMa MpoeKuMil CHT HA BEPTHKAJIbHOE HAnpasnenue Gbi/1a paBHA HYIIO:

2Tcﬂa% —mg=0; orciopa T' = Ln-zicos% = 196 H.

Puc. 246 Puc. 247

169. T\ =T3 =98 H; T, =97,56 H.

170. [elicteyionue na rouky B kpoumrrefina cunel uzobpaskensl Ha puc. 247.
Crepxers AB pactanyt ¢ cunoit Ty, a crepxkers BC cxat ¢ cunolt Th. Cymmer
NpoeKkuHii 3THX CHA BAOJbL MOPH3OHTAJIH M BAOAL BEPTHKANH PABHE HYJIO, TAK
KAK TOYKA B HAXOAWTCA B PABHOBECHH:

Ty —Tacosx =0, mg—Tasina=10;

orciona

Ty =mgetga =568 H, T = —& ~1126 H.

sin o
171. m = /mima = 2,9 k.
172. PaBeHcTBO MOMEHTOB CHJl THKECTH OTHOCHTENLHO OCH, onauedt
yepes Touky onopsl (puc. 248), npusoauT k ypasnennio mgl /5 = Mg(l/2 — 1 /5),
rae | — aauna crepkns; orcioga M = 2m /3 = 0,8 kr.
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173. OrnocuTenbHO ocH, Npoxogauiell yepes kpail niaTOpMLI, CyMMa Mo-
MEHTOB cujl mg W F paBHa Hymo. TaK KaK Iie4H 3THX CUA B COOTBETCTBHH
€ yclioBHeM 3aja4u oauuaKosst (puc. 249), ro mg = F = 2000 H u m = 200 xr.

i/5 /4
|
5 | | [: -
T +
mg # ¥ ; F
Mg mg7
Puc. 248 Puc. 249

174. CornacHo TpeThemy 3akony HbioroHa cunbt peakuuu Tpy6ur N1 v No
PaBHbl N0 MOAYMI0 MCKOMBIM cHIaM Aabjends (puc. 250). Tax xaxk cymma cua
nonxHa OLITh NpH PABHOBECHH PABHA HYJK, TO N1 + N2 — mg = 0. Pasencrso
MOMEHTOB CHNl OTHOCHTENBHO OCH, npoxoasuieii uepea Touxky O (moxkno 6biio

61 BHIOPATH U JI00Y10 APYTYIO OCh), HMEEeT BHA
N, Ny Ni(l - @) = mgl/2. Pemas nonyuennyio cu-

[ creMy ypasHenuil, nalinem
o
__mgl _
a M= gy =490 H,
Ymg
mg(l — 2a)
Nag= ———— =204 H.
Puc. 250 * 2(l —a)

175. Ecin Bepxuuil KoHel, JieCTHHUbI HEMHOTO OTOLIEA OT CTEHBI, TG OTHO-
CHTENIbHO OCH, mpoxoaaumedt yepea Touxky O (pue. 251), MOMEHT CO3AAIOT TONBKO
cunbl F u mg. PapeHCTBO MOMEHTOB 3THX CHJI MO3BONAET 3aMH-

caTh ypaBHeHHE v

lecosa 2lsina
F 3 mg 3 =0,
rae | — gamna necrhuusy; orciona F = (mgtga)/3.

176. a = arctg (1/2k).

177. U3 paBeHCcTBA CYMMEI CHJ BAONL BEPTHKAJIM CJIEYET
(puc. 252), yro N = mg. YpasHeHHe MOMEHTOB CHJ1 OTHOCH-
TeNbHO OCH, NpoxofAielt yepes TOUKY CONMPHKOCHOBEHHA ROL1e-
HeK, HMeeT BH

%EE sina+ flcosa = Nlsina,

rae | — ONMHA JOWEYKH; OTCIONa
- - —g s
f ( 5 )tga 5 o

dns paBHoBecHs HeoBxomumo Beinonxenne yonosus [ < kN; criegosarenbHO,
k2 (tga)/2.

178. PasencTso Hylt0 cymmbl momenTos cunt mg u T (puc. 253) ornocurensho
ocu wapHnpa (touxa O) NPHBOAHT K YPABHEHUIO

VI 2
T2 — b2 —mga—{—i-—b- =0,

rae | — mauHa wHypa; oreona cuna vatskenns T = mga/l =6 H.

Puc. 261
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179. F=mg+/ h(2r — h) /(r - h).

180. F=mg(r1 —r2) /20l =5 H.

181. ma = (m1 tg ) /2; paBHOBecue ycToHuuso.

182. Tak Kak CTEHA MMAKAdA, TO CO CTOPOHBI CTEHbI HA WAD AEHCTBYET TONLKO
cuna peakuud onopet IV, nepnexaukynapHas k crene (puc. 254). 3ra cana no

mg
Puc. 252 Puc, 253 Puc. 254

TpeTheMy 3axkoHy HbloTOHA paBHa mo MOAYMo MCKOMONM CHNe NABNEHHA 1WApa
Ha cTery. MomenTsl cun N u mg orHocurensio Touku O pasHul Hyniw. Cneao-
BATEJILHO, CHJIA HATAeHHA T HHTH Tak>Ke He CO3JAeT MOMEHTA OTHOCHTEJNLHO
aroit Toukn. [Ipogonkenne uuTH npofiger uepe3 UEHTP MACC.IAPA. YCIOBHA
PABHOBECHS [UTH COCTABAAIOIMX CHJT B FODH30OHTASIH M BEDTHKANH HMEIOT B

N—-Tsina=0, mg-Tcosa=10; orcioga N = mgtga.
M3 rpeyronenuka AQ B naxonnum

T mgr
T SRS ..
¥ Grrp-r VIT + 2rl

183. Cymma npoexunit CHA HA HaNpaBIeHHE, NEPNEHAHKYIAPHOE K OHY ALLM-
Ka, JoJixkHA ObiTh pasHa Hymo (puc. 255). [Ipoekuun Ha 3T0 HANPABJIEHHE HMEIOT
TOJBKO CHJIA TAXKECTH TNE M CHIa peakiuu aHa siguka N. Takum obpazom, N =
= mg cos . CnegosaTensto, CHAA TPeHUS

J € kmgcosa. (1)

PaBHOBeCHE 11ADA 3ABHCHT OT BLINOJHEHUs 3TOro Hepasexcrsa. [losromy Bei-
Gepem 0Ch, OTHOCHTENLHO KOTOpO# GyaeM onNpeleNaTh MOMEHTBI CHJ TAK, YTOOR!
MOMEHT CHALI TPeHHs GBI OTMIMYEH OT HYJSA, MOMEHT K€ CHIBI HaTA:KeHHa T

N T

ol ME

Puc. 255 Puc. 256

HuTH 06paiancs 6u1 B Hyb (Y4TGB MOXKHO 6110 HE BEIMHCIATS 3Ty cHIty ). STomy
YCJIOBHIO Y[OBNETBOPSET OCh, MPOXOOAIAN 4Yepe3 TOYKY A 3aKperUieHHs HUTH
nepneHaHKyIApHO K MIOCKOCTH pHcyHka. OTHOCHTENbHO 3TOH OCH MIeuo CHIbI
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TpeHHA PABHO 27, ILJIe40 CHAbI TAXECTH [ = rsina, a nneun cun T u N pasubl
Hymo (r — paguyc wapa). CyMMa MOMEHTOB CHJ1 DM PDABHOBECHH DABHA HYJIO:

2rf —mgrsina = 0; orcioga f = 'r_nig sin a.

Vuureisas nepasenctso (1), wafigem, 4To npu paBHoBecuM kmgcosa =
> (mgsina)/2; ciegoBaTesbHO, MAKCHMANBHBIN YIoN  ONpefensieTes U3 yeao-
i tg o = 2k.

184, [eficTeyrolMe HA BEDPXHHE KOHLBLI MANOYEK CHAB H30OpAXKEeHBl HA
puc. 256: f — cunst Tpenns, N — cunw peakuuu nanodek apyr Ha apyra. Ecnm L
i | — Anuiibl Gonbiuolh H MA/IEHBKON NANOYeK, TO YPABHEHHA MOMEHTOB OTHOCH-
TensHO oceft A u B, npoxogammux 4epes KOHLUbI NAJOYEK, HMEIOT B

Lecosa N T, mgim;la = fii

orciopa N = (Mgcosa)/2, f = (mgsina)/2. Tak xax f < kN, 7o MunuMans-
HuIH Ko3dhhHILMEHT TPEHHA, MPH KOTOPOM cHcTeMa Dy1eT HAXOOHUTHLCA B PABHOBE-
ceu, k= f/N=mtga/M.

185. [1nsa paeHoBECHA Heo6X0aHMO, YTOGB! PABHANHCE HYJIIO CYMMbI CHJ, Aefi-
CTBYIOLIMX HA CTEPXKeHb, H MOMEHTOB CHJl OTHOCHTENIBHO OCH, Npoxodsaiedi yepes
a0byio HenoasHxkHYH Touky. M3 ypashenna Fy + F — F3 = 0 sBweiTexkaer, urto
cuaa F' napasuiesnsia cunam Fy n Fy, nanpaenena saons Fi u pasna Fz — F} =
=15 H (puc. 257).

Touky npunoskenus cunw F npoiue seero HaiiTi, ec/in PACCMOTPETh CYMMY
MOMEHTOB CHJT OTHOCHTENIBHO OCH, TIpoXoasuel vepes sTy Touky. B smoMm ciyqae
MOMeHT cuasl F 6ygner paBeH Hym0, & MOMeHTH cun Fy m Fy nomxHbl ypas-
HOBEIUMBATL Apyr Apyra. [lycrs sma Touxka C pacnoioykeHa Ha PACCTOSHHHM &

“or Touks A M Bce CHJIbI COCTABASIOT CO CTepXKHEM yroa . 1orga ypasHeHme
MOMEHTOB cuil Gyaer uMeTs BHJ

Fad
Fy— Fy

Peayanrar He 3aBMCHT OT yraa &, 3a MCKJIIOMEHHeM ciy4asa a = 0, korza
cuna F' moxker GuiTe npHnoaKeHa B mo6ofl TOUKe CTEprKHA,

Fizsina + Fz(d — z)sina =0, nan x = =25 m.

la

I
F1 ™ i F d
> )
[ 7{.& — - ; “_glc' ]
A x cr B SR mg *
Fy mag
Puc. 257 Puc. 258

186. CymMa MOMEHTOB CHJI THKECTH OTHOCHTENbLHO OCH, MPOXoAsied yepea
LEeHTP Mace, JOJIXKHA paBHATLeA Hy 0. Fonmm @ — paccrosinMe oT yeHTpa Macc
cucrembl C' 10 LeHTpa macc crepsxus (puc. 258), To

h  d Iz d
m1g(2 +2+z)+mga:—mgg(2 +§—::)4D.
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orciona x = [ma(ly + d) — mq(L + d)]/[2(m1 + mz + m)] = 0,06 m, T e. yenTp
MACC CHCTEMEI JIEJKHT B TOYKE TIpHKpenyenHs Gonbuero KyGHka.

187. [NonoxeHne LEHTPA MACC CHCTEMBI 3apaHee He H3BecTHO. [losTomMy Moxk-
HO NMPEeANOIOMKHTL, YTO OH HAXOAWTCH B NPON3BONBLHON Touke C crep:kh:A, He
COBNANAIILEN ¢ LEHTPOM HH OIHOMC M3 WAapos (pHC. 259). CyMMma MOMEHTOB CHJT
OTHOCHTEJILHO OCH, Npoxoasiieli yepes uentp mace C' cHeTeMbl, AOKHA DBITH
paBHA HY/TIO:

mig(2d + z) + mag(d+ z) + magz — meg(d —z) =0;

orcioga @ = (m4 — ma — 2ma)d/(m1 + m2 + ma + ma) = —5 cm. 3HAK MHHYC
O3HAYAET, YTO LEHTD MACC CHCTEMbI JIEXKHT HE CIPABA OT LEHTPA TPETHErO 1LAPa,
K&K MBI MPENoJIOAKHIN, & CIEBA HA PACCTOAHKH 5 cM.

188. PaccTosHHE OT UEHTPA MACC CUCTEME! 0 CepefiMHEl MeIHOH NpOBOIOKH
z =3 pl/[2(2p1 + p2)] = 18,3 m.

189. das 1oro 4Tobb UWAHHAP He ONPOKHHYACA, Heobx0oaumo, 4Tobbl Mo-
MEHT CHJIbl TAXKECTH OTHOCHTEJIBHO OCH, NpoxXofALleil yepes Touky A (puc. 260),
NOBOPaYMBAN LHIKHAP NPOTHE 4acoBoll cTpenkn. CreoBaTeNbHO, BEPTHKAILHAA

® 5 ol 5
d d d
mME Y A
Y m4g mg
mag 1
m3g a
Puc. 259 Puc. 260

NpAMas, NPOBEJCHHAR Yepe3 LEHTP Mact LMAHHAPS, JOJDKHA NPOXOAHTh Hepes
ocHopanue uauHapa. [lo yenoswio 3ajaun ceueHue UMIMHADA NpeJCTaBIsET
coboli KBaAPAT, NO3TOMY HCKOMOE MAKCHMAJbLHOE IHAUYEHHE YN8 Qmax = 45°.

190. ¢ = h*/(d + 2h) = 4,5 cm.

191. h/r = /2/3.

192. Ha puc. 261 usobparketbl CHJIbl, CO3JAIOUIME OTAXYHBIA OT HY/1A MOMEHT
OTHOCHTE/IBHO OCH, npoxoasAlel yepes Touky A. [lneun cun mig H Mmag paBHBl
BC = 3(rsina)/8 u ED = r cos a. CymMa MOMEHTOB 9THX CHJl DABHA HYJIIO!

E'm (rsina) — mercosa =0; orciogs tga = il
g M 2 i S

193. Ilpu onpegenennu NoN0KEHUA LEHTPA MACC AHCK ¢ BhIpe30M (BOPMAJIBHO
MO>KHO PACCMATDHBATH KAK CIJIOIIHOH QHCK MACCHI 71, H& KOTOPBIH HaJIOMEH
JMCK PAANYCA I, MMEHLIHIA OTPHUATENLHY IO MAcCy — Mg, PABHYIO 110 MOLYJIIO MAC-
ce Beipesannofi wactu. M3 coobpasenunit CHMMETPHM O4€BHHO, YTO LEHTP Macc
aucka (Touka C na pue. 262) nexuT Ha npogonzkenuy npamoit O A, coegnrnsaiomedi
LEHTPE JHCKA H BhIpe3a. PaBeHcTBO MOMEHTOB CHMT THMKECTH, gefiCTBYIOLIMX
HA NOJIOKATETbHYIO H OTPHLATENLHYIO MACCHI, OTHOCHTENLHO OCH, npoxoasieit
uepes touky C, gaer (2 = OC)

R
MgT = M2g £+'§‘ .

Yuureipas, 4To m1 = wR30 1 ma = nric, rie 0 — Macca eAHHUUb! NJOWLALK
[HMCKA, HAXOIMM MCKOMOe paccTosnme: x = r° R/[2(R* — r?)].
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194. H3 coobparkenuit CHMMETPHH OYE€BMIHO, YTO B BEDLIMHAX, COOTBET-
CTBYIOILIMX PABHLIM YIVIAM, HA MJIMTY CO CTOPOHBI HECYLIMX ee Jwoaell geficTByioT

Puc. 261 Puc. 262

OOMHAKOBbIE cuibl, T.e. N3 = Nj. LlenTp mMacc TpeyrobHHKa JIEKHT Ha NEpece-
ueHud ero mesuan (Touka C Ha pwe. 263). PaBeHCTBO HYMO CyMMBI MOMEHTOBR
cun oTHocHTenbHO ock 00, npoxoasime#t vepes UEHTP MACC MJIHTHLI NAPAJLIENbHO
ocHopanuwo B D, naer

Nzh & Nsh _2Nih _
3 3 3 -

3aech yuTeHo, YTO B paBHODEAPEHHOM TPEYTOJbHHKE BbLICOTA, OMNYIIEHHAS Ha
OCHOBAHHME, COBNAJAET ¢ MeAMaHOfi, 4 TOYKA NepecevyeHHsi MeAHAH OTCTOHT OT
OCHOBAHHMA TPEYTrO/IbHUKA Ha 1/3 AnMHBI MeJHAHBI.

W3 aroro ypasuennn cieayer, 4o N1 = N3 = Na. Tak kak npu paBHOBeCHH
CYMMAa CHJl, JeHCTBYIOWMX Ha MIMTY, paBua Hyao, o Ny + Ny + N3 —mg =0,
T. €,

0.

N,=N;=Ng=%=$:-&€:=176,4ﬂ

CornacHo TpetheMy 3akoHy Heloroua cunwt Ny, N2 v N3 paBunl no monymo
HCKOMBIM CHJIAM.
195, | = — T2 =T o973 em.
2v3 ma
196. Crepxxenb 0CTASTCH B FOPH3OHTAIBHOM [MOJOMKEHHH, €CIH YIJIHHEHHS
MpY»KHH OAHHAKOBLI. B 9TOM cily4ae Ha cTeprkKeHb CO CTOPOHLI Npyx#HH by 1y T nefi-

CTBOBATL CHJbL F = k12w Fu = ko, rge © — yanunsenne npyxuusl (puc. 264).

Fy d F2
[ 20 |
a
._lilmg
Puc. 263 Puc. 264

Touxka O npuKpenieHHs rpy3a ONpPeAeNAeTCA PABEHCTBOM MOMEHTOB CcHa F
u [ oTHocuTensHO ocH, npoxoasuiel uepes aTy Touky: Fia = Fi(d — a), rae



§7] 3axon COTPAHEHUR IHEPIUL 207

@ — paccTosHHe OT TOYKH () [0 MPYHKHHBI € HKECTKOCTLIO k1) OTCIONA HCKOMOE
paccroanne a = dkz/(k1 + k2) = 0,6 m.

197. Al = 3mgl/ (277’ E) = 0,38 mm.

198. Heiicrayowue na Touky D cunbi u3obpaxeHs! Ha puc. 265: mg — cuna
TRAKeCTH, AeficTBYOAn Ha rpy3, N — cnabl peakunn crepsxnell gpyr Ha ApyTra,
oxumalouue crepxxkud. Ma coobpasxenniit cCHMMETPHH O4€BHOHO, YTO CTEPXKHH
AD u BD oxars oauHakoso. CnpoeuypoBsas CHIlbl Ha Hanpasnenne suicorsl D F
nupamuasl A BC D u npupaBHABR HY/IIO CYMMY NMpoexKUHit CUl, NOMy4uM ypaBHe-
uue Teosex — 2N cos @ = 0, roe & — yron mexkiy JobeM K3 pebep nupamMuab
u ee seicoTolt D E (paseHcTBO yruios mesxkay peGpamu nupamuast i seicatolt D E
BEITEKAET M3 DABEHCTBA NPAMOYTOIbHEIX Tpeyronbuukos CDE, ADE w BDE).

Pue. 265 Puc. 266

Teneps HalleM NPOEKLMHM BCEX CHJ HA BEPTHKAJLHYIO TJIOCKOCTb, MEpreH-
AMKYnAprylo K Buicore DE (puc. 266). Hmeem Ty = T'sina, Ny = Nsine,
roe sina = CE/|. ¥ron (3, pasunifi yrny AEF, onpeaenserca cooTHOLIEHHEM
cos 3= (h—-CE)/AE = (h— CE)/CE. Cymma npoexuuii Bcex CHIl Ha BEPTH-
kans CF paBHa Hyno.

mg —Tsina —2Nsinacos = 0.

Yunrrisan, uro T = 2N, u noacraBnas BLIPAXKEHHA 474 YIO0B a ¥ 3, noay-
unm T = lmg/h, N = lmg/2h.

§ 7. 3aKoH cOXpaHeHHUS IHEPrumu

199, {3 = 4l; = 60 cm.

200. F = m(v? — v3)/2d = —25 xH; 3nak MMHYC yKa3hiBaeT Ha TO, uTO
cuna F HANPaBJeHA NPOTHE CKOPOCTH MYJH.

201. v = /(vo + u)? = 2Fd/m — u.

202. s = miv? /2(my + ma)’kg = 50 m.

203. Pabora cunup F' paBna npupamennio kunetH4eckodn sueprun: Fz = K|
rje r — paccrTosiHHe, npoiaenHoe Tenom 3a Bpems t. Tak kKak yckopexue Tena a =
= F/m nocrosuso, 1o & = Ft*/2m. Cnegosarensno, K = (Ft)?/m = 0,05 [Ix.

204. F = mv® /23 = 960 kH; cuna TopMoskennsa J0NKHA YBEJIHYHTHCA B ABa
pa3sa.

205. A = (m+ M)mv?/2M = 38,4 Ix.

206. W = mv®/4l = 160 kB

207. B 4 pasa.

208. W = 4s*m /t® = 200 xBr.

209, F =npW/v =32 xH.

210. o = W/(mgv) — k = 0,007 paa.
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211. V; = W/(pghn) = 10° »* /.

212. W = mgh/(nt) = 20 kBr.

213. a = arcsin (W/(mguv)) = 17°.

214. W = (mglsina) /0t = 3,46 B,

215. v = /gl =~ 1,98 m/c.

2186. [loTenunanbHas SHEPrus WAPUKA, OTKIOHEHHOrO Ha yroa a, U = mgh,
rae h = DC (pue. 267). Ouesnano, wro DC = BD — BC = (1 — cosa) =
= |- 2sin?(a/2). Cnegosarensno, U = 2mglsin®(a/2). Makcumanbhyio cko-
pocTh MaATHHK ByJeT nMeTs B nosoxkenuu D, Koraa Bes NOTEHUMATLHAS 3HEPris
€ro NpeBpaTHTCA B KMHeTHYeckyio: 2mgl sin?(a /2) = mv? /2; orcona ckopocTs
v = 2/gl sin(a/2).

217. v = /vZ — 2gh.

218. K = mg?t*/(2sin® a) = 58 [1x.

219, K = mg?t® /4 = 480 [x.

220. K = mg?t?/2 = 1,2 x[x.

221. A = mvg /2 — mv® /2 = 4987.5 [l

222. p = mg*t? /(2nd*l) = 61 «Ila.

223. h=v"/dg = 61,25 m.

224. K = h(F — mg) = 98 [Ix.

225. F = m[v? + 2g(H + h)]/2h =~ 26,9 xH.

226. Ecn npusATs 3a HYNeBOH YPOBEHb NOTEHUHANBHYIO SHEPrHIO rpy3a
Ha ypOBHE MJIOBKH CBaH, TO €ro 3Hepria B MOMEHT yaapa 5y,u,e'r paBHA NOJHOR

3HEePrHH 'PY3& B TOT MOMEHT, Korda rpy3s Onii oTnylyesx:

2 2
Ll T mgH + m; = 22,5 k/1x, (1)
rfe v1 — CKOPOCTh I'PY3a HEMOCPeACTBeHHO nepes YAapoM.

Beuay KpaTKOBPEMEHHOCTH YAAPa CHJlA COMPOTHBIEHHA
rPYHTA HE MOXKET 33 BPEMSA YJADPA 3aMETHO M3MEHHTH HM-
Nyasc cMcTeMul. Tak Kak yaap Heynpyruit, To

E =

muy = {m + M)’!Jg, {2}
rae Uz — CKOPOCTbL rpy3a M csam nocne yaapa. Pasmoctn
Puc. 267 KOHeYHOH SHEDrHH rpy3a M CBaM (MOTEHUHMANLHON SHEPrHH

Ha rayGuHe h) M HX HAYANLHOH 3HepruM (KHHETHHECKOH
SHEPrHH Cpa3y nocne y,u,apa} pasHa pabore CHJIBI CONPOTHBIIEHHA IPYHTA:

(m+ M)gh - M _ oy, 3)

W3 coorHowennit (1)-(3) Hatgem

fo m=(2gH+v“}
"~ 2g(m+ M)(mg + Mg — F)

3pecs F' > mg + Mg. B nporustom cayuae (F < mg + Mg) csaa Gesocrano-
BOYHO NOrpyxanach Obl B rpyHT, Aaxke eciid Bbl rpys Gbil nomeleH Ha Hee Gea
BCAKOro yaapa, anpe F > M g norpy>xeHne cBau nporcxoauio Oul H B OTCYTCTBHE
rpy3a.
Bpems Mexay AByMS MOCIEI0BATENLHBIME YAapamMH DyaeT He MeHblue
H v

1
t=—+—+ —y/2gH +v?.
v g &

= —0,6 M.
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YacToTa yAapoB He JONXKHA NPeBbLIIATE
_ 60vg
Hg+ v’ + vy2gH +v?

227T. A= mgh +mvi/2 — mv?/2 ~ 81 MIIx.

228. a = 60°.

229. h = (vosina)?/2g + m*v?/(2M?g).

230. K =U = mg®t? /8 ~ 5 JIx.

231. v = 4/2gh /3 = 16,2 m/c.

232. h = v*/[2g(1 + kctga)].

233. s = h(l —ketga)/k. [Ipn k > tg o cankn ocTaHyTca Ha MecTe,

234. Uy — Us =mgl; Uz — Uy, = mgl/2; Us — U; = 3mgl/2.

235. A= Spgh®/2 = 1,96 M/Ix.

2386. [lycTy noTeHUHaNbHAA IHEPrHA LENOYKH, JexKawedl Ha CTONE, paBHa
Hymo. Torma B MOMeHT, Korga GyHeT CBELIMBATBCA YACTb LENOYKH, MMEIOLAs
JJHHY I, €€ NOTeHLMABLHAS SHePris OYAeT PABHA NPOHIBENEHHIO CHIIbl TAXKECTH
mgz /I, peflcTeyiomeil Ha CBEIMBAIOULYIOCH YACTD, H paccTosHus — ¢/ 2 (1enouxa
OAHOPO/HA, ¥ LEHTD MacC CBellNBalollelcs YACTH HAXOANTCS HA PACCTOSHHH T /2
HHMKe Kpad cTona). 3aecs m — macca uenodkH. Ha ocHoBaHME 3aKoHa coxpa-
HeHHsA 3HepruM HMmeem (npexeOperas norenunanbHoll IHepruedl YacTH LENOYKH,
CBeMMBAIOEHCH B HAYATBHBIA MOMEHT)

2 2
My MEE . e -1
) 2 0; orcwpa v z‘/:.

237. Uentp mace BoALL B KOIOAUE HAXOAHTCA HA paccToaHuH 3h /4 or nosepx-

HOCTH 3eMJIH. ﬂommy Ha MOAHEM BOALI H3 KONOALUA 3ATDAYHBAETCH paGOTB
3h h 3h _ 3pgSh*
A =mg— = _——— T
L = PkY S 5

rje p — IWOTHOCTL Boabl. Kpome Toro, Hacoe coobliuaeT Boje HEKOTOPYIO KHHETH-
YeCKY10 SHEPrHI0, TAK KAK U3 TPYDEI BOJAA BRITEKAST C ONPEeNeHHOH CKOPOCTBIO U,
KOTODYIO MOMHO HalTH M3 coorHowenus Sh/2 = w R*vt. Jononnurensuas pa-
Hora

n 2~ 13 mun ",

e mu? _ pSahs
T2 T R
[Monnas pabora
3 3 pS*h?
A=ZpgShig+ ———.
gre T

238. K = m*v?/[2(m + M)] = 1,8 m/Ix.

239. Cornacho 3aKoHy COXpaHEeHHs HMITynbca mug = mv + Mu,roe v v u —
CKOPOCTH MYJIH K I1apa B nepewlilt MoMedT nocne npobuesanna wapa nyneil. 3akol
COXPaHeHHs 3HePrHH JaeT [Ba yDABHEeHHH:

2 2
mv Mu
mgh = =i MgH = -

Hckmouas U3 3THX ypaBHeHHH U M u, Hallnem

fie (mvo — M\/2gH)? .

2mgg

14 I''A. Bengpuxos u aAp.
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240. K = mv?/10 = 0,2 JTx.

241. U = kmgAl.

242, Ha ocHOBAHHH 38KOHOB COXPAHEHHA HMIY/NbCA H SHEPIHH HMEeM

mv; 4 mavy _ MIvL 3 mavy
2 2 2 g

rae Ui M U5 — CKOPOCTH WIAPOB nocne coyaapenud. [1a pelieHns sTolt cHCTeMBbI
ypasHenunlt y206H0 B 060MX YpaBHEHHAX N0 OHY CTOPOHY 3HAKA DABEHCTBA 00b-
eIMHMTb BEJINYHHBI, OTHOCAIMECsS K NEPBOMY WIAPY, & N0 [PYTYI0 — KO BTOpOMY,
nocsie Yero pa3’fesMThL BTOpOe YpapHenHe Ha neppoe. B pesysbrate nomyunTes
ypaBHeHMe Nepsol cTeneHu: vy + v] = vz + vy Pewas 370 ypaBHeHHe COBMECTHO
¢ NePBBIM, NOTYUYHM :

’ 4
mivr + mavz = Mav; + Mavy,

R (m1 — ma)vy + 2mavy o = (mg — mi)ve + 2myn
! my + ma ’ ? my + ma
243.t =2l /v.
244. Ha ocHOBAHMH 38KOHOB COXPAHEHHA WMIYJIBCA H IHEPIHH MMeeM
mu? Md?
mu=Mv, mgh= — ;
2 2

rie 4 M v — CKOpocTH OPYCKAa H KJIMHA MowIe TOro, Kak Opycok COCKO/IB3HET Ha
FOPH3OHTANBHYIO TWIOCKOCTE. Pémenne 3THX ypaBHenult paer

SN . .
- (m+ MM "®

245. [pu abconoTHO YNPYroM COYIAPeHHH ABYX OMHAKOBbIX LIAPOB NPOHC-
x0auT obMmeH ckopocTAMH. [IBkylnuiics mAp OCTRHABJIHBAETCH, 8 NOKOAIIHACA
npHoGpeTaeT ero CKOpoCTb. JTO HENOCPEACTBEHHO BHITEKAST W3 BhIpaceHHil s
CKOpOCTEH LIAPOB MOC/E COYAAPeHHS, NOTYHEeHHBIX B 3ana4e 242:

v (m1 = ma)vy + 2mava v {ma = mi)ve + 2man

= y  Ug
mi1 + Ma my + ma

Ilpu m1 = ma u vz = 0 Gyaem umerts vy = 0, a v3 = v;. [losTomy nocne paja
NOWIAOBATENLHbIX COyAapeHnil Bee waps GyAyT NOKOUTLCA, KPOMe NMOoCIeJHero
uapa, koTopsiit npuobperer ckopocrs v = 10 m/c.

2486. [llap A nanyumr ckopocth v = —vp /5, a wapsl B n C — ckopocTh u =
= 2v3vg/5.

247. B MoMeHT COyAapeHHa Ha MajleHbKHe WAapPLl JeHCTBYIOT CHJIbI, HANpaB-
NEHHbIE BAOb PAMbBIX, COEIHHAIOLIMX HX UEHTPHI C LUEH-
Tpom Bonbiroro wapa. [Nosromy nocne coypapenus ux
ABHAKEHHE NPOHCXOANT N0 3THM NpsaMuiM. Bugy cummer-
PHH MX CKODOCTH OJMHAKOBLI [0 MOJYJIIO H COCTABASIOT
€ HaTpaBJeRHeM JBHXKeHNs GaTLIIOro WAPA OIMHAKOBLIE
yrael o (puc. 268). Bonbuwoli ke map coxpaunser csoe
HaMpaBieHHe JBHAKEHHA.

3anuiuemM 3aKOH COXPAHEHHA HMITYJLCA ANA MPOeK-

Puc. 268 uui Ha HanpasneHue JBHXKeHUA BobLIIONo Wwapa # 3aKoH
COXPAHEHHA SHEPrHM:

Mu? . Mv? 2ma?

Muvg = Mv 4+ 2mucos a, Ty + B

(1)
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rae M u m — maccs 6ONBLIOrO M MAJEHHLKOFO LUAPOB, & ¥ M U — MX CKOPOCTH
nocie coyaapenus. [lpeoGpasyem sripaskenus (1) K sumy

M(vo — v) = 2mucosa, M(vs—v*) = 2mu’. (2)

Bossenem nepsoe 13 ypasHenuil (2) B KBAIPAT W MNOJENHM HA BTOPOE:

2= — 2mcos® a. (3)
g + v

[lpu penenmm orOpoluen cnyuyait v = v, koraa ckopocTh Bojbloro mapa He
HAMEHAESTCH, T. €. COyAapeHna He nponcxoaut. Ma ypasnenus (3) nmeem
M - 2mcos® a
U(}'-—'—'—'—_z.
M +2mcos” a
2

Paccmarpusaa Tpeyronsuuk BAC, nony4um cos
uro M = 8m, HaxoauM OKOHYATENBHO U = Ttg/11.

248. Tlocne coygapenus BTOPO# 1wap co cKOpocThio U Byger ABMraTbCA no
npamol, coeguuaowedl yeHTpbl [WAPOB B MO-
MEHT coyAapeHns (cM. 3agady 247), a mepsbiit —
€O CKOPOCTBIO ¥ MOA YraoM « K He#t (puc. 269).
3anuiuem 3aKOH COXPAHEHMS HMOYAbCA A
NpoeKuHil HA HANPABIEHHR, NAPAJIENbHOE 3TOR
NpAMONH W NepneHjuKyaApHoe K HeH, a Takrke
3aKOH COXPAHEHHA SHEPTHH:

a = 8/9. YuHThiBaA TaKKe,

MU COS Qg = MV COS & + T,

mwvg 8inap = muv sin a, (1)
2 2 2
mu;  mv mu
= 2
3 2 I 5 (2) Puc, 269

rae m — Macca Kaxaoro wapa. Cokpatum ypasrenua (1) na m, Bo3seiem Kaxioe
M3 HHX B KBAOPAT H CJIOAKHM:

v =2? + 2vucosa + ul. (3)

Cokpatus (2) Ha m/2 W BuIuTS nomyuenHoe Buipaxenne w3 (3), nonyuum
2rucosa = 0; orcioga umeem cosax = 0, re. a = 7w /2.

249. [ycTs ckOpocTs Nepeoro wapa 40 yaapa v1 > 0. Torga ekopocTs BTO-
poro wapa g0 yaapa vz < 0. YuWTbipad 3HAaKH v ¥ vz, Halloem H3 dopmyn,
nosyHeHHbIX B 3aaaqe 242, ckopocTH Nepsoro M BTOPOro WAapos Nocle yiaapa:

") (1 — ma)ur + 2mavs o (me — my)ve + 2min
1 = 2 = -
my + ma ' my + ma

Tak kak my > ma, T0 vy > 0 B mobom cayuae. s suinonnenus rpeGosanus
v} > 0 neobxogumo, 4Tobol

m v
(ml - mz}tu > 2magvy, HAK R 1> 2-—-3

™2 "
C aopyroit cTOpOHBI, COTJIACHO YCJIOBHIO 3AIaYH,
2 2
myv Mgt v 1 (m
1]‘=k2—:-‘---2~, T e e b ) (1)
2 2 U1 k My

14



212 Omeems u pewenus [a. 1

Cneposarensho,

my 2 mi i 1+ vET+1
— =1> = /—; orcioga | — > ——«——,
my kY my V ma k

Tak xak mocne yuera 3HAKOB CKOpOCTeil Be3sie NoApPasyMeBAIOTCA HX MOAYJH, TO

u3 (1) cnenyer, uto /mi/ma > 0. [losToMy pelueHHe HEPABEHCTBA CO IHAKOM
MHHYC cegyeT oTOpocnTk. Takum obpasom,

E>l+‘/k2+l

: 2
T B (2)
YuuThiBas, 4TO My > ma, U3 dopmyan (1) umeem

V3 1
" * k- ()
W3 wepasencrs (2) n (3) cnenyer s3ate mepasencTso (2), Kak Gonee cuibHOe
(umcnmrens B npaBoii ero wacth Gonbuwe k, M, C1JOBATENLHO, NPABad YacTb
Gonbiue 1/k). [pu & = 4/3 nonyunm v /v1 > 3/2.
250. h = 4Im3/(m1 + m2)? = 12,5 cm.
251. Lllapuku coyaapsioTcs Ha Bhicote h = 3v3 /Bg; nepsuifl WAPHK NOIHK-
maeTcA Ha Beicoty H = vl /2g.
252. INoanas sneprus B nepsbift MOMEHT MOCTE B3PLIBA

I 2
E={m1+mz)gh+1u%+2?—m,

e v1g " 39 — CKOPOCTH OCKOJIKOB B 3TOT MOMEHT. Tak kax B\'JphlB npmem OYEHL

BLICTPO, TO HMNYJILCOM CHJIbI THMKECTH 33 BPEMSA B3PLIBA MOXKHO Npenebpeys u ans

HAXOHIEHHA COOTHOIIEHHA MEAOY CKOPOCTAMH OCKOJIKOB B HEPBHﬁ MOMEHT nocae

B3DLIBA MOMHO NMPHUMEHHTE: 3AKOH COXpaHeHHA HMIYJBCA. 1My to + Matag = 0.

Pewasa cucteMy 3THX ABYX ypasHenu#l, Hafinem

ma E — (my + ma)gh i 2ﬂE—(m1+ma}gh
miy mi + ma ! ma my + ma ’
Hckombie ckopocT ockonkos ByayT

Vg = — 2

v =vp — gt = —164 mfc, va = va — gt = 245 m/c.

§ 8. unaMHKa BpallaTEILHOIO ABHKEeHHMS

283, o = 2a.rccos-—M——— \"231_"“’_
2(M +m) /gl
1 kg " g
254. n > 5’; "'k; = D,].ﬁ 06., C.
b (kg
255.t = = 7 2~ 1 MHH.

256. k = v’,f'Rg 0,2,

257. A =27 R*m(n3 - n}) = 15,8 JOx.

258. F/mg = w?D/2¢g = 40.

259. B sepwumue netan Ha NuaoTa OeHCTBYIOT CHIA THMECTH ME H CHIA
peakuun N co cTopoHb! Kpecsia, HANpaBiaeHHas BHK3 (prc. 270 a), win €O CTOPOHE
pemuefi, nanpasnennas eeepx (puc. 270 6). Dt cunnl coobiannT HeobXOOHMOE
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ANA BPAlEHHs LUEHTPOCTpeMUTeNnbHOe yekopeHue. CnelosaTensHo, B obmeM cmy-
yae
mﬂz

R

TMpu gocrarouno Gombuiol ckopocTu camonera mv? /R > mgu N >0, re. N
HANPAB/JEHA B Ty K€ CTOPOHY, YTO H CH/IA TAMKECTH, W, CEJOBATENBHO, MHIOT
Byaer npiaT K kpecay (puc. 270 a). [pu mu? /R = mg nunor nepectaer AABHTL
Ha kpecno. Hakowew, npn HacTonsko manofi cxopocry, uro mv’ /R < mg, cuna
N < 0. B srom cnyuae nuioT MOBUCAET Ha peMHAX U cuna N Gyner HanpaeneHa
sBepx (puc. 270 6). Takum 06pa3om, MUHHMAJIBHAA CKOPOCTh OMPEOE/IAETCA He-
paBexcrsoM v° /R = g; orelona v 2 g R &~ 180 km/u.

260. 7 < 27/1/g =3,14c.

261. F = (2mn)*(limy — lama).

262. Cuanl, neflerByomue Ha ABTOMODHAb BAOJB PAIMYCA MOCTa, H30bpae-
HBl Ha puc. 271 mg — cuaa Taxectn, N — cuna peakuun mocra. [To rpernemy
3akoHy HeloToHa Mcromas cuna naerenus F paBHa no moaynio cuie peaxkuuH
mocta N. Cornacno sropomy 3akoHy HruioToHa neRTpoCTpeMHTEILHOS YCKOPeHHe
apTOMOOU/IA onpefenseTca cyMmoil cHa, JelicTBYIOLUMX HA HEro BAOML pagWyca
OKPY#HOCTH, MO KOTOPOH OH ABHXKETCH:

=mg+ N.

2
muv

R

Puc. 270

Cuna JjapneHHA HA MOCT CTRHET PapBHOI HYmO NpH mvfmfR = mg. Cneno-
BATEJILHO, Vmin = —,,r‘gR = 80 km/4. [1px ckopocTH, NpeBbIUAIOIHENR Umin, ABTO-
MoOHIL He OyAeT OKA3LIBATL JABJIeHHE Ha MOCT.

Puc. 271 Pue. 272 Puc. 273
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263. B otauuune ot 3agaum 262, 3geck K LEHTPY OKPY’KHOCTH, MO KOTOpoil
NPOMCXOAUT JABMKEHHe aBTOMODMNA, HANpaBJeHa CHIa peakuuH mocta N, a He
cuna Taxkectw mg (puc. 272). Cornacho propomy 3axony Huiorona mv?/R =
= N — mg. Hckomasn cuna

2
mv

F=N=mg+ = 21,6 xH.

264. Boonn paguyca MoeTa Ha apToMobuab AellcTBYIOT CHAA DEAKUINH MOCTA
N u npoexkuns cunbl Tsikecrn mgcosa (puc. 273). CornacHo BropoMy 3aKoHY
HebroTona uckomasn cuia

2
mu
F=N=mgcosa - ——.
R

OHa AOCTHIHET MaKCHMYMa npH a = (.

265. MakcumanbHas cuna JaBieHus Ha MOCT Dyaer B Bepxuell TOuKe Mo-
cra (cm. 3agaay 264). MunumanbHo JOnycTHMY10 CKOPOCTbH ¥ MOMKHO HaliTn M3
Bhipakenua mg — F = mvz,fR, rae m — macca rpysoBuka. CrnepopaTenbHo,

BOJIZKHO BLIMOMHATLCA HepaBeHeTso v 2 o/ R(mg — F')/m . Panuyc kpusHsHb
MocTa onpejenserca H3 TpeyronbHuka ACO (puc. 274). Tlo Teopeme [Mudaropa
R? = d*/4+ (R — h)?; orciona paamnyc kpususust R = (4h* + d*%) /8h. C yuerom
ITOrO MOMYHHM, 4TO v = 40,6 kKM /u.

Puc. 274 Puc. 275 Puc. 276

266. Mckomyo ckopocTh MOKHO HaMTH ¢ MOMOUILI) 3AKOHA COXPAHEHH:A
aneprud. Ecim 3a nynesoli yposenb noTeHuMasbHOH 3HEPrHM MPHHATH FOpH-
FOHTAJILHYIO MJIOCKOCTh, MPOX0sAllyio yepe3d Touky O, TO HAYANBHAA 3IHEPrus
rpysos Gyner pasna nymo. [Mosromy Gyjser paBHa HYMO M NOMHAA KOHE4YHAs
IHEPIrHs IPY30B B TOT MOMEHT, KO CTePXKeHb 3aiMeT BePTHKANLHOE NOJICXKEeHHE.
O6o3HauHB Yepe3 M MAcCy KAaXKAO0ro W3 Malbix rpy3os, GyaeM uMeTb

mv®  m(20)°  2mo®

l l
e ek -ng-mgl+2mg§—0

(3necs ywTeno, YTO CKOPOCTL MAJIONO TPy3a Ha KOHUE cTepskHA BABOe Gosblue
CKOPOCTH CpeHero rpysa); orciona v = /gl /7.
267. [eficTyioline HA CHCTEMY HENOBEK—TPANEUHA CHJbl H300paXkeHBl HA

puc. 275. Tak Kak B HHKHel TOYKe TPAEKTODPHH MenoBeK HMmeeT yckopenwe v’ /1,
HATIPABJIEHHOE BBEPX, TO COTMIACHO BTOpOMY 3aKoHy HnioTona

2 2
%=2T—m3‘; mmaT=%+ng¢c:5ﬂ{]H.
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268. MakcHManbHYI0 CHIly HATAMKEHHH HHTL HMEEeT B MOMEHT, KOTJa apHK
NpOXOAHUT uepe3 nojiokeHue pasHosecus. Mimelno B 3Toit ToOUKe CKOPOCTD WAPHKA
MaKCHMA/TLHA, 4 CHIA HATAXKEHHS HAMpPAB/EHa Npo-
THB CHNbI TAXecTH (puc. 276). Ilo sropoMy 3akoHy
Heiorona mv?/l = T — mg, rpe | — pauna uurw, .~ mg
a T — ee cuna HaTaxkenua. CKopocTs ¥ WAPHKA Hail- ’ T, N
JeM W3 3AKOHA COXPAHEHHA SHePrHH: mv“,’? = mgl. i
Hckaowan w3 atex gByx ypasrenuil v, umeem T = : i

1

= dmg.

269. VpaBHeHHs IBMIKEHHSA A MPYIHKA B BEPX- % E
Hell ¥ HMKHel TOYKAX TPAEKTOPHH 3ANHLIYTCH B BH- ‘s‘ Ty
ae (puc. 277) T N

mw’l=mg+T, mw’l=T:-mg, mg
rie w = 2mn — yriosas CKOPOCTh BPAlLEHMA; OT- Pue. 277
cloga

T =mw’l—mg~31,35 H, T;=mw’l+mg=~31,75H.

270.a) To — Ty = 2mg; 6) Ty — Th = 6mg; agecs Ty u Ty — cunnt nara-
JKEHHA LUTAHTH NPH TIOJOKEHHH TEJ& BBEPXY H BHH3Y.

271. Bropoit 3axon HploToHa B MOMEHT, KOTJa 1IAPHK TIPOXOJHT NOJOXKEHHE
paBHOBeCHs, MOXHO 3anmcars B suge mv’/l = T — mg (puc.278). Ckopocrs

IWADHKA B HHXKHEH TOYKE TPAEKTOPHH MOXKHO HAlTH M3 3a-

% KOHA coXpaHeHus SHeprum: mv’ /2 = mgl(l — cosa). Hurs

oﬁopaegwcn. ecnn T > 2mg. Cnegoearensho, cosa < 1/2, ne.
a > 60°.

272.cosx = 1— (I — a)(T — mg)/(2mgl).

273. m,/m2 = 3, Tak Kak ocbh AOMKHA MMPOXOOMTH Yepe3
LEHTD MACC CHCTEMBI.

2Td. w=+/g/(R—h).

275. I'pyz Maccel My AONIKEH HAXOAMTBCA HA pac-
croauun x2 = mal/(m1 + m2) or ocu epawenws; T =
== mlmgfwzf{mz + ma).

276. Manbumk ABHXKETCH B rOPH30OHTAILHOMR MIOCKOCTH 110

Puc. 278 OKpYKHOCTH paguyca R = [sina, rae @ — yron Mexay kana-

TOM H BepTkansi (puc. 279). LentpocTpemutensHol cunoii,

JeficTeyomeil HA MaNEMHKA, ABNAeTCA Npoekuua F = T sin a CHABI HATAXKEHHA

T KaHATA Ha HANpABJEHHE PAAHYCA (NPOBKLMA CHIBI TAXKECTH, aeficTByOwLelt Ha

MATBMHKA, HA 3TO HANPABIEHHE PABHA HYJI0). YYHTHIBAA, UTO YTJIOBAA CKOPOCTH

MAJIBYHKA W = 27771, 3anMiueM BTOPoi 3akon Hb0TOHA 405 JBHKEHHS 10 OKPY K-
HOCTH:

mg

2 . .
mw?R = F, wm 4n*n*misina = Tsina:

orcioga T = 4n’n?ml = 355 H.

277. lUeurpocrpemutensuofl cunoit, nelicreymouiell Ha KameHb, ABAAETCH
npoerima F' = T sina cunbl HaTaxkeHWsa sepeBkH T Ha HanNpaBneHHe paJMyca
(puc. 279), roe o — yron, KOTOpLIH BEPEBKA COCTABJAET ¢ BEPTHKANBIO. BTopo#t
3akon HploToHa AnA ABHKEHHA KAMHS 1O OKPY>KHOCTH paguyca R 6yaer umers
BHA

mw?R = Tsina, (1)

rae w = 27 /T — yTioBas CKOPOCTh KaMH#, a Tt — ero macca. Tak Kak B BepTH-
KAJIbHOM HAMPABJAEHWH YCKODEHMS Y KAMHSA HET, TO MPOeKIHH HA BePTHKAIL CHI,
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AeHCTBYIOIIMX HA HEr0, PABHBL M0 MOAYJIIO H NPOTHEOMNOJIOXKHEL N0 3HAKY, T. €.
Tcosa =mg. (2)
Pasgenue (1) u (2), nonyuum tga = w’R/g. Yunrnsas, uto R = htga wu,

cregorarenbho, wrh/g = 1, nonyanm w = /g /h w7 =2x/hjg ~2,25¢c.
278. T = mg+v/5 (cM. 3a0aun 276 u 277).

Puc. 279 Puc. 280 Puc. 281

279. Ha wapuk aeficreyior cuna TaxkeeT# mg M cuna sartsxenna T wurn
(puc. 280). [iBmwkenne ero 0THOCHTENBHO 3eMIH CKAAABIBALTCA H3 [ABHIKEHHS 110
BEDTUKANIH BMecTe ¢ MugToM M obpamenns Bokpyr ocu AO. 3anunem sropoit
3axon HeloToHa An# npoexunit Ha BEPTHKANLHOE HAMPABJIEHKE H HA HANPABJIEHUE
paguyca OB okpy>kHOCTH, ONUCHIBAEMON WAPHKOM:

Fps .
ma =mg — Teosa, mw lsina = Tsinga,

roe w — YrfoBas CKOPOCTE IIAPHKA, M — erc Macca. Mckmoyas H3 9THX ypabHe-
nuit T, nonysmum w?l = (g — a)/ cos a; orciona

2r {cosa

(2xn)*ml - F

(27n)*(mg — F cos «) £

281. Cunmi, gelfcrsyiomne Ha wap, w3obpaskeHnr Ha pue. 281: T — cuna ua-
TAMEHHSA HATH, ME — CHIA TAXKECTH (LIEHTP OKPYKHOCTH, TI0 KOTOPOIl BHXKeTcsA
BarcH, cripasa or Barcna). LlenrpocrpemurensHofi cnaol ans wapa siBnsercs
npoexuus cuibl HaTsKeHus T HA HanpaBnenve paauyca (MPOEKUMS CHIThI THMKE-
CTH HA 3TO HATPABJIEHUWE PaBHa Hymo). Bropoit sakon Helorona ana gsusxenns
N0 OKPY)KHOCTH B 3TOM CIyHae MOXHO 3amucath B Buie mv’ /R = Tsina.
B BepTHKANLHOM HANPABIEHHH YCKOPEHHA Y IUAPA HET; NOITOMY NMPOSKUMM Ha
BEPTHKANL CHJN, AefiCTBYIOLIMX HA ILAD, PABHBEI M0 MOAYJK M NPOTHBOMONOMHE!
N0 HAMpAaBJIeHHN, T.e. mg = T cos a. Pasgenus neppoe ypasHenue Ha BTOpOE,
NOTYYHM

280. lp =

2
T’;—E =tga, orkysa v = v/ Rgtga = 112 km/u.

Cuna watskenns vut T = mg/ cosa = 137 H.
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282. Toka Teno He NOKMHYIO NOBEPXHOCTEL Noaycdephl, HA HENO, KPOME CHITL
TAXKECTH g, AelicTByeT enle cuna peaxuun onopst N (puc. 282). Bropo#t 3akon
HeloTona nna asu>kenus no nonycdepe uMeer
BHO

'.rl"l.l,?2

R

T. €. TIPOH3BEIAEHHE MACCHI TENA HA LEHTPOCTDe-
MHTEJILHOS YCKOPEHHE DABHO CYMME npoexiut
Ha paauyc noaycdepbl cuil, JeHCTBYIOLMX Ha
Teno (yrosl ¢ OnpeesseT NONOMKEHHe TeNna Ha
nomycdepe). Puc, 282
B moment, xorga cuna peakumu onopsi N

JesiaeTcs paBHON Hy/o, Teso oTpuiBaeTca or noaycdeps. CooTsercTByIOLIHA
Yroa o HaXoauM u3 ypaskenus mu® /R = mg cos a. Uenonsays 3akon coxpane-
HKA IHEPIHH, MOMKHO 3aIHCATh

=mgcosa — N,

3
muv

mgR = + mgRcosax.
Canenosaresbo, 2(1 — cos a) = cos a; orcioga cos a = 2/3. Uexomas sricora h =
= Rcosa = 2R/3.

283. CornacHo TperbeMy 3akoHy HbloTona cuna pnasnenns F koneuka Ha
GoNTbINOe KOMBLO PABHA MO MOAYITIO CHAE PEAKUMK NV o CTOPOHBI GOMBIIOrO KoMb-
ua: F = N =mg(l—3k/R).Tlpu h < R/3 cuna naBnenus Koneuka HanpasJeHa
K uenTpy Bonbworo konbua, a npu h > R/3 — or uenrpa.

284. Teno oTpuiBAETCA OT NOBEPXHOCTH meTih B Touke B (puc. 283), xor-
A4 CUNA PEAKIMM CO CTOPOHBI NMOBEPXHOCTH METIH CTAHOBHTCA PaBHON HYmO
M LEHTPOCTPEMATENEHONW CHIION ABIAETCA TPOeK-
LMA g COS (@ CHJILI TAXKECTH g Ha paguyc. Cne-
JOBATENLHO, KAK M B 3anade 282 3neck N0OMMHBLL
BLINIONHATHLCA BTopo# 3akon Helomona u 3axou co-
XPAHEHNsA IHEPrUM:

2 2
m———; =mgecosa, mgHo= —m; + mgh.
IIILTIIII7E Yumrwisan, yro h = R(1 + cos a), u3 3Tux ypas-
Puc. 283 HeHHit HaxoauM, uto cosa = 2/3, n.e. h =5R/3.

YrobBI TESIO He 0TOPBAJIOCH OT NETJIH B €€ BepX-
Helt Touke, korga o = 0 u h = 2R, HexoQHble YPABHEHHA AOMMKHBI HMETb BHJ

2 2

s =mg, mgH= % +2mgR.

R

M3 stix ypasaenwit nonyunm H = 5R/2.

285. Ha senocuneauera u pesiocunen neficTBYIOT: CHIA TAXECTH ME, CHIA
peaxiiuu nosepxuocTH 3emau N u cuna Tpenma f (puc. 284). Tak kax ueHTp
Macc He nepememaercs no seprukann, o N — mg = 0. Heobxopumoe ana
JBMXKEHHS 110 OKPYKHOCTH HEHTPOCTPEMHTENLIOE YeKaperue coobiaeTcs cuaolt
Tpenus: mev®/ R = f. Maccy cHCTeME! BeJIOCHIEAUCT-BeToCHne ] GyeM CUHTATL
COCPeOTOYeHHON B UeHTpe macc. Torna HanpaBieHwe pe3y bTHPYIOWed CHIL
N + f coenagaeT ¢ HANpaBNEHHEM BIObL BEJOCHNENA K LEHTPY MACC CHCTEMBI
penocunenucT-penocunen. [loaromy f = Nctga = mgctg . [loocrasnaa sro
3nauenve f B ypaBHenue aBukenus, nafinem v = JgRetga.
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286. Cunei, geficTBYIOLIME Ha BEJIOCHTIE, C BeJIOCHIIEAMCTOM, H30DpAKEHE! Ha
puc. 285. Tak KAK MOXKHO CYHTATE, YTO MOMEHT CHJ OTHOCHTE/IBHO LIEHTPA MACC
BEJIOCHTIENA C BENTOCHTIEANCTOM pa-
BEH HYJI0, TO CHJA TPEHHA OT-
CyTCTBYET. PaBeHCTBO HYyJ/O Cym-
Mbl TpOEKIMil CHI HA BEPTHKAIL-
HOE HAMPABJIEHHE JaeT YpaBHe-
ure Ncosa = mg, otkyza N =
= mg/cosa. [lo Tpersemy 3axo-
Hy Heiorona ¢ Takoit e no mogy-
210 cunoft Benocunen ByaeT JaBHTh
Ha J0pOory.

LienTpocTpeMATENBHOE  YCKO-
penne coobaeTcsa npoexkuuest cu-
JIBl PEAKLMH nanoTHa gopors NV Ha
Puc. 285 rOPH30HTANBHOE HATDABJIEHHE:

R = Nsina=mgtga; orciogav =/ Rgtgo.

287. & = arctg (Rg/v?).

§ 9. 3akoH BCEMHPHOr'0 TATOTEHUR

288. F =2-10" H.
289. Yenosex npsiraet wa Jlyne 8 6 pa3 Beiue u ganeie, yem #Ha 3eme.

200.v=+/Rng/6 = 1,7 xm/c.

201. Ha mg /4.
2
_ ma (R _ 2 T
202.gn = ,g,rm3 (R_n) = 1,65 m/c".
203. go = ERCPC - 970 /2
303
204. A=mv?/2=mgR/2 =16 [x.

205. T = /2527 fym = 1,57+ 10° c. ,W;;;m;g

296. p = 3vir./(4nyR?) = 0,5 10 kr/m®. e
3 3
207. T = 21?‘/ Rs + (1+ —i) . Vumrsimas, uto Puc. 286
Y3 Rs

g = yma/ R%, U npeHebperasa ksagparom n kyGom oTHowenus h/Ra, wadigem
T =2r\/Rs/g+3h/g.

208. T = 4«,/‘2}{3;'3 =~ 3y 58 mun.

209. r. = {/gRZT? /4n? ~ 42400 km.

300. T = 27+/r3 /gR} ~ 27 cyr.

301. Ha meno, nogeeueHHoe K AHHAMOMETDY, AeHfCTBYIOT CHIIA TAMXECTH Mg
¥ cuna natssxerns T npysxunbl aunamomerpa (puc. 286). Obe cuabl HanpasJeHbl
BJoNL paauyca naanets. Ha skpaTope Teno qpuMeTes Mo OKPY»KHOCTH CO CKOPO-
eteio v = 27 R /7, rae R — paguyc nnanern:. Paznocrs cun mg — T coobmaer
TeJIy LEHTPOCTPEMHTENbHOE yekoperre, CorniacHo BTopomy 3akoHy Herorona

mv®  4r’mR
R = T =mg - T.
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Mo ycnosuio 3agaun T = 0,9mg. Cuna TsxecTH y NOBEPXHOCTH MJIAHETH Mg =

= m'}r?. roe M — ee macca. Mckomywo nnornoers p = MOXHO Hall-

4rR*/3
TH, MOOCTABHB B YDABHEHHE OBHMEHHSA BbhIDa*KeHHA ANA CHJI Mg H T: P =
= 3n/(0,197%) =~ 3,03 - 10® kr/m>.

§ 10. I'ugpo- ¥ a3pOMEXAHHUKA

302. He usmennTea.

303. p = pog(dV/mD? — h) = 1,2 kIla.

304. h = R.

305. [asnenne (B MM pr. cT.) BaiuncinioT no opmyne p = pg — pol/p, roe
p = 13,6 - 10° kr/m® — nnoTHoCTL pTYTH, & | BRIpaskeno B MuTHMerpax. Mckomoe
Jasnenue p = T52,6 MM pt. ot

308. Jasnenune s m060i TOUKe CoCya ¢ AHAKOCTBIO cornacko 3akony [Nacka-
JIA 3aBUCHT TOJBKO OT BricoTel. Ha rpanunue paajena macna ¢ Bogoit y OTKpeITOro
KOHLIA COCYla AaBieHHe Boabl Gyaer prp = po + pogH. C apyroft croponm pas-
HOCTh JABJIEHHUI MACTA BHYTpPH cocyia mexay Touxoft A u rpanmuelt pasgena
Macna ¢ Bogoit onpesenserca BeicoTol cTronba macna: pep — p = pgh; orcioga
p=po+glpoH — ph) = 120,6 lla.

307. ho = ph/pg = 18 cm.

308. h = 2p0l/(3p — po).

309. h = (m+ poV)/(2p85).

310. F = fh/H = 10 xH.

311. 5/s = mghn/A = 490.

312. Hckomoe nasnenwe p = poghi + pghe, rae hy u hy — BoicoTH
cronboB mopbl W pryTH (puc. 287). CornacHo ycnoswio 3aaauu H = hi + ha
u poh18 = phe S, roe S — nnowanes nonepeuHoro ceye-

HHA cocyda. PellnB nonyueHuyio CHCTeMYy ypaBHEHH, Tl
HallgeM p = 2ngopf}pu + p) & 26,1 klla. [—— —

313. m = pophS/(po — p) = 3,6 k. 0 D

314. Vi < (p2 — po)Va/(po — p1) = 1,7 m®. ———1 |H#

315. h = (m/S)(p — po)/(ppo) = —2,5 em (ypo- alondledem
BEHb MOHHIUTCA ). hyf F=—=—=—

316. p = (p2 — p1)(R/7)* + p1.

317. m = (po — p) - *D*1 /4 = T4 xr. Puc. 287

318. P = P.(1+ pa/p) = 1472,205 H.

319. p = poPa/(Pa — Po) = 2,5 -10% xr/m®.

320. p = %lf-'l =07-10° kr/v’, p = 3 P"“ =9-10° xr/m.
Fa
321. T =gS[pl - pn(f —1/4)] = 440 H.
322. V = [Ps(p = po) = Po(p — ps)]/[gp(po — pe)] = 10 em®.
323. m = mu(l — p/pu) + Vp =~ 881,08 .
324. m; =296 r; ma = 1204 1.
325. Coxpanures.
326. p = 2pok(1 — k/2) = 0,36 - 10° kr/m>.
J.'
327 =1+ oy (20— po) & 1,58.
1
328. Panencm MOMeHTon cul, u306paKeHHBIX Ha pHc. 288, oTHOCHTENBHO
ocu poigara (Touku O) nossonser szanucath ypaenenne Mgl — Fly = mgla,
rae Mg = pgls u F = pog - 213 /3 — cuna TxecTn M BHITAIKMBAIOWAS CHAE,
AeficTBYIOIIME HA KyD, Mg — CHJIA TSDKECTH, JelfcTBYIONAS HA THDPIO, p — MJIOT-
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HOCTb BenlecTBa Kyba. Tax kak cBobonno nnasatoumit Kyb norpy»ken B Bogy Ha
3/4 ceoero ofibema, T0 p = 3po/4. [NopcraBue Boipaskenus ais cun mg u F

¥ TUIOTHOCTH 0 B HCXOAHOE ypasrenue, nonyunm | = {/dmla/poli =~ 4 cm.

329. INocne Toro kak kopobouky OnNycTHaM B cOCyld, 00BLEM COAEDPMHUMOrO
COCYAA, HAXOAALUETOCA HHXKE YPOBHA BO/bI, BK/IIOYAA TENEPb H NOJBOAHYIO HACTh
KOpoBOYKH, YBENHYHIca HAa BenuuuHy Sl, roe S — naomags NonepedHoro ce-
yenns cocyaa. Ho Tak kak ofbem BOABI B cocy/e He H3MEHW/ICA, TO yBeJHYeHue
obbeMa KaK pa3 papHO 00beMy NoaBOAHON 4acTH KOpoDOYKH, T. €. obbeMy BRITEC-
HEHHOM €10 BOJLI.

O6beM KopoboukH V' MOXKHO HAATH H3 PABEHCTBA CHJIBI TAXKECTH W BHITAJIKH-
BalOLeH CHJEL, AeficTByOILMX Ha Kopoboukry: V pg = Slpog. Ecnn 6b1 kopoGouka
Cpa3y YTOHY/A, TO yPOBEHb BObI B COCY /e NOAHAJCA Gbl HA BEIMUHHY T, KOTOPYX
MaxkHO HaliTH M3 pasencrBa Sz = V = poSl/p. Tlpu noronnenun kopobouku
yposenb Boas! omyctuTes Ha semwuuny [ —x = I(1 — po/p) = 1,74 em.

330. INocnie Toro kak Ha nepsbiil Ky6 nonoxeH sropoil, nepebiil KyDh norpy-
»aeTcd B pryTh enle Ha 0,3 vyacTH csoero obbema. CnegoBaTenbHo, MIOTHOCTL
marepuana sToporo Kyba p, = 0,3p = 4,08 - 10® kr/m®. Pasnosecue Byger ue-
YCTOMYMBBIM, TAK KAK NPH OTKJIOHEHHM Ky0OOB OT MOJIOMKEHHS PABHOBECHS BO3-
HMKAST MOMEHT CHJ, eme Gonbile HaknoHaowWMA cucremy (puc. 289, rone Mg —
CHJIa TSKECTH, AeHCTRyWAn HAa cHcTeMy KyDoB, F' — BLITANKMBAIOLLANA CHIIA,
TOUKA MPHJIOKEHHA KOTOPOH NpH HADYLIEHHH PDRBHOBECHA CMEILEHA OTHOCHTE b=
no ocu 00).

h

Puc. 288 Puc. 289 Pue. 290

331. Ha ky6 Baons sepruxanu geitersyior Tpu cubl (puc. 290): euna TaxecTy
Mg = pg.'.s. CHA JABJEHHA HA BepxHiol rpab Fi = prg(h — 2)1* u cuna
AABNEHHA HA HIDKHIOW rpanb Fy = [p1gh + pag(l — z)){*. T1pu pasuosecun F; +
+ pgl® — Fy = 0; 01c00a pl — p1z = pal — paz. B Bepxueit »uAKOCTH HAXOAHTCSA
4yacTb kKyba, umerowan obbvem Vy = {*z. Cnesosarensto, B BepxHell XHAKOCTH
HAXOOMTCA 4acTh 00beMa, paBHAA V{Is = z¢/l. Kak BHTEKAET H3 NOIY4EHHOTD
ypashenus, =/l = (p2 — p)/(p2 — ;).

332. [lorpy:xeHHasd B pTYThb 4acTh 0bbema kyba pasna 1 — i Sp

(p = pa)
333. f = poVg = 9,8 mH.
334.a=g/2=4,9 m/c%.

—erlateg) !
385. vy = 28—t g) 1y,
(p—pe)(a+g) 3

336. A=g(p— po)hV = 73,5 xIx.

337. AU = mgh(p1/p2 — 1) = —0,49 [Ixx (ymenblmnacs).

338. AU = (wd*po — m)gh ~ 265 JIx (yeequunnacs).

338. h=(po—p)H/p=9cm.

340. Ha manni#t anemenTt Bogel Am y NoBepxXHOCTH AefCTBYIOT CHIIA PEAKLIHH
AN co cTOpOHEI gHA COCYAa, TEPNeHAHKYNAPHAA K MOBEPXHOCTH, H CHIIA THAHECTH

=0,19.
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Amg (puc. 291). Cymma 9THX CHIl JOMKHA BBHITH N'OPH30HTANbHA, TAK KAK JTEMEHT
BMECTE C COCYAOM ABHIKETCS, HMes MOpPH3OHTalbHOe yckopenue a. Ilo sTopomy
3axoHy Heworona Ama = Amgtga; orciona tga =a/g.

341. h = V32 /(285%) =5 m.

342. Hmnynse F AL canm, gelicTeyiomiell Ha CTeHKY, pabeH MO MOLY/MO H3-
MEHEHHMID HMIYJbCa CTPyH BOAbl 34 BpemsA At, Tak KaK N0 TPETbEMY 3aKOHY
HuloTona cuibl B3auMOAEHCTBUA CTEHKH M CTPYH
pasHbl. 3a Bpema At uepes ceuenne Tpybkn npote-
veT macca Boaul m = poSvAt. Cornacho ycioBHIO
3a0a4H KOHEYHAA CKOPOCTh BOAL! B IOPH3OHTAMb-
HOM HALpPABJAeHHH paBHa HyJ0. [losTOoMy 38 Bpems
At MMIYAbe CTPYH BOALI H3MEeHHTCA HA Ap = mv =
= poSv?At. Cnegoparensuo, F = ppSv® = 40 H.

343. Ynobuee pelnaTs 3a1a4y, CUNTAS KATEP He-
NOABHKHEIM, & BOAY — ABHAKYLeHCA OTHOCHTEIbHO
nero co ckopoctsio v. Toraa soga B TpyOke noaHu-
MeTCsl BBEDX, NPHOOPeTAs HEeKOTOPHIH 3anac noTeH-
UMANBHONW IHEPIHH 38 CYET KHHETHYECKOH SHeprHH
AHAKOCTH, NocTynawlell 8 HixHuH KoHew, TpyOKH, 3aKOH COXPaHEHHA SHEPIHH
ANs eOMHHLb OFBEMA YKHIKOCTH OyieT HMeTh BuA pav” /2 = pogh; orcioaa h =
=v1/2g 13 M

344. v = /2gh = 4,4 m/c (cm. 3anauy 343).

345. F = 2pghS = 2p8S, rne p — nasnenue y aua. Boga aeficTeyer Ha CTeHKY
¢ oTBEpPCTHEM ¢ cHiloil Ha 2pS menbLieN, Yem Ha NPOTHBONOMCXKHYIO CTEHKY, & He
Ha pS, xkak Morio Obl NOKA3ATHCA HA NEp-
Bbifl B3MIAJ. 3TO CBA3AHO € YMEHBIIEHHEM
JABJEHUA HA CTEHKY C OTBEPCTHEM BoJef-
crBue Gonbluedl CKOPOCTH Te4YeHMA BOAL!
¥ 3TOH CTEHKH.

346. [lycrs 3a spema At mnoplueHb
nepemeliaercs  Ha  paccroanne  ult
(puec. 292), rae # — CKOPOCTb MOPILHA.

Puc. 292 Torga cuna F' copepuiuT 3a 3TO BpeMs

pabory A = Fult. 3a ppema At BuTEKAET

macca uakoctu m = pSult. [lostomy H3MeHeHMe KHMHETH4YeCKOH SHEPrHmM

xuakoctn pasio pSudlt(v?/2 — u?/2). Do Mamenenme npomM3OULIO 38 CueT
paborsl sreiukiedl cunbl F'. ClnenosaTensro,

l;2 1&2

pSuist (? - ?) = Fult.

CKOpOCTb HCTEYEHHS YKHAKOCTH U CBSI33HA CO CKOPOCTLIO MOPILIHA 1 COOTHOIUEe-
uneMm Su = sv. Mekmouan w3 geyx nocnennux ypasHeHu u, nHaligem

— 2F
Sp(1—s*/87)"

Ecnn, kak obwiuno, 8 < 5, 7o v = /2F/Sp.

§ 11. Konebanusi ¥ BOIHEI
347. I, = n3Al/(nd - nd) =9 em; [2 = nlAl/(n] —nd) =25 om.
348. T =w\/l/g.
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349. T =nm/T/g (1 + V2 /2).

350. 5 paa.

351. Bospacraer s 1,0000093 paza.

352. Ysesmuurcs npumepHo B 2,4 pasza (cm. samaqy 292).

353. Ha nosepxnocTy 3emam MadATHUK ANWHBI | 3a Bpems ¢ COBEPIUUT N =
= t/To xonebauu#i, npuvyem To = 2m+/l/go rae go — yckopenue csobogHoro
nageHus y nosepxnocTH Jemsn. Ha seicore h nag 3emneit uacki oTCTAHYT Ha
spems At = n(T — Ty), rae T = 2w/l/g — nepuos xonebauuli MasTHMKA Ha
seicoTe i, & g — yckopetse ceoboanoro naaenus Ha roft ewicore. Menonsaya dop-
mysy mg = mgo/ (1 + h*/ Ra), cBA3LIBAIOUIYIO CHY THMECTH Mg Ha BbicoTe h
¢ curiofi TRIKecTH mgo ¥ nosepxHocTH Semin, natinem g/ go = R3/(Ra + h)?, rae

R3 — paguyc 3emau. Orvowerne nepuogos To/T = \/g/go = R3/(Ra + h);
orciopa T' = To(Ra + h)/Ra, T — Ty = Toh/R. Taxum obpa3om, 3a Bpems t
yacsl oTcTAHYT Ha Bpema At = Tonh/Rs = th/Rs. llpu ¢t = 1 cyr = 86400 ¢
oTcTaBaHMe cocTaBMT At = 2,7 ¢,

354. U = mg?(1 —cosa)/(dr*v?) =~ 2,9 m[Ix.

355. Mo ornomenuio K cTeHkam JnudTa, ABHMKYILIErOCs ¢ YCKOPEHHEM a, Teqa,
HENOABHKHBIE OTHOCHMTE/NbHO 3emnH, GyiyT HMeThb YCKODEHHE, HAIPABJIEHHOE
NPOTHB YCKOpeHHs JucTa. T0 SKBHBAJIEHTHO H3MEHEHHIO YCKOPeHHs cBODOAHOrO
nageHua. OHo, MOKHO ckasaTk, DygeT paBHO He g, a g = @ B 3aBHCHMOCTH OT
HAMpPaBJIEHHA YCKOpeHHA JHdTa. MMeHHO Tak MOXHO HCTONIKOBATDL PE3YJILTATbI,
nosyyeHHsle npH pewenud 3agaq 95, 96, 98-100. Takum obpasom, B nudre,
ABHMKYIIEMCA C YCKODEHHEM 4, MAATHHK JJIHHEI [ nmeer nepuoa Konebauuii T =
= 2m+/1/(g £ a), npuueM 3HAK MMJI0C N0OJ KOPHEM COOTBETCTBYET YCKODEHMIO,
HAIPABJICHHOMY BBEpX, & 3HAK MHHYC — YCKOPEHHIO, HanpasjeHHoMy BHH3. Ha-
MpPAaBJIEHHE JKE JBHXKEHMA MUDTA (HANPABIEHHE €r0 CKOPOCTH) HA MEPHOJ KoJle-
Gannit HUKAKOTO BJIMAHHA HE OKA3BLIBAET.

[Nepron KoneGaHHA MAATHHKA B JH(hTE COMNAcHO YCIOBHIO 3aJa4YH YBEIH-
uymiicsi: oH copepuwna 1 = 100 xonebanuit 3a spems £ = 2 mun 30 ¢ = 150 ¢,
a ne 3a spema t = 100 ¢. Caegoparenbno, yeckopenue ¢BoGOAHOr0 NaLEHHs Teq
B AU(TE OTHOCHTENBLHO €ro CTEHOK PABHO £ — @, & caM Jaud T uMeeT ycKopeHue,
HanpasneHHoe BHH3. [lepuon koneGanwnit maaTHuKa B Apvkymemca upre T =

= 2m/l(g — a) = t/n. B Tom xe cnyuae, Koraa AupT HENOABHIKEH OTHOCHTENb-
HO 3emnu, MaaTHHK HMeeT nepuoa Ty = 2wy/l/g = 1 c. OTHOWeEHKE nepuoaos
P t z n*Ty

—_— T — = —_— - _— = 4 ’12.
To = nTh g‘a,o'vcwnaa g’(l tz) 5,4 m/c

356. Yexopenve ¢8060JHOMO NAAEHWA OTHOCHTEIbHO BArOHA CKJIAJbIBAETCA
BEKTOPHO H3 BEDTHKANLHO HANDPABJIEHHONO YCKOPeHHsi CBODOJHOrO mMajeHus g
OTHOCHTEJIbHO 3eMJIH M JIONGIHHTE/ILHOTO YCKODEHHA A, HANPABAEHHOrD rOpH-
30HTA/IbHO, KOTOPOE HMEKT OTHOCHTE/EHO CTEHOK BArOHA TENA, HEMOABMIKHLIE
oTHocHTeNBHO Jeman (cMm. 3agaqy 355). [Toaromy maaTHHK B Barone GyaeT WMeThb

nepuo konebaunit T' = 2w4/1/\/a? + g2
357. T = 2n+/3R/2g (cm. zanauy 355).
358. 8 = vt /2 = 660 M.
359. u = sv /(s — vAt) = 5100 m/c.
360. vo = v+ gh/2v = 3498 m/c.
361. [Jnuua Bonnbl B nepsom onbiTe A = I/n, rge n — 4MQIO MJIHH BOJH,

yKAaasBaommxca Ha paccroauuu [ Bo sropom onbite Apg = [/(n — 2). Mo
NOBBLILIEGHUA TEMNEPATYPHI CKOPOCTEL 3BYKAa ¥ = A = vl/n, a nocne nosbiie-
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HHA Upg = vApg = vl/(n — 2). Tak kak n = vifv, To vy = viv/(vl - 20).
CxopocThb 3BYKA BO3PACTAET TIO JHHERHOMY 3aKoHy: Uag = v(1 + alf), rie a =
= (0,5/330) K™'. Moacrasass B JaHHOE BLIPAKEHWE 3HAYEHHE Vg, NOITYHHM
I =2v(1 + alf)/vaAld = 450 m.

362. v = A/T = 1435 m/c.

363. v =v/4l =812 T'u.

364. ¢ = 27 /2 = 180°.

365. v = v/A = 425 I'n.

366. Ilpx pacnpocTpaHeHMH BOJIH YACTOTa KO/eOaHHH He MIMEHAETCH NpH
nepexoae W3 ogHOH cpeam B apyryio. Tak kak v = v/ A, 10 11 = 2us.

367. Tak xak npn nepexoge u3 ool cpelbl B JPYTYIO 4acToTa KomebaHuH
He uaMenseTes, 70 Ay /s = vy /vy = 4,35.

368. Kamepron Ge3 pe3oHATOPHOrO SILMKA 3BY4YMT ropasgo cnabee, uem
¢ AMIMKOM, M, (IEIOBATENLHO, TEPAET MEHbIle SHEPrMH B eJHHHIYY BPEMEHH HA
u3anyuerHe 3BYKOBbIX BoNH. [losToMy kamepToH, 3axaThit B THCKax, GyaeT 3By-
YaTb AONbILE.

369. 3syuanue KaMEPTOHA YCUIHBAETCA B TOT MOMEHT, KOTAa 4acToTa cob-
cTBeHHBIX Konebauuil BozaywHoro cronba B cocyAe COBNAJaeT ¢ 4ACTOTOR Koje-
Gannit kameprona. Cobersennnie konebanus Bo3fyluHoro cronba B cocyde cooT-
BETCTBYIOT YCTAHOBJIEHHMIO B HEM CTOAYelN BOJHBI TAKOA JUTHHEL A, 4TO Y HH2KHETO
KoHUa o0pa3yeTcs y3en CMELLEHHs YaCTHL, BO34YXA, & ¥ BEPXHEro — IMy4YHOCTb.
Takum obpasom, p ceoboaoi yacTH TpyOul b yknagmisaerca A4, 3A/4, 5A/4
M T. 4., T e. B obuem cryyae (2k + 1)A/4 = h, rae k — uenoe umneno. Hanomemm,
4TO B CTOAYENl BOUIHE Mexay ABYMHA Y3/IAaMH YKNAIbIBAETCS MOJIOBHHA IJIHHBI
BOJIHBL,

Tak kak uacToTa konebanuil B 3ByKoBoil BONHE ¥ = v/ A, TO COOTBETCTBYIOLIAA
HEKOTOPOMY 3HaueHHi0 k& JacToTa ameproHa v = (2k + 1)v/4h. [lo ycnosuio
381844 YACTOTA MMEET BNJIHE OnpeneqeHHoe 3Hadenwe. [loaTomy paznHuHbIM
BbICOTAM BO3AYLIHOrO cTonba hy 1 hy JONZKHBL COOTBETCTBOBATDL ABA 3HAYEHMA k,
OTNHYAIOLIHECA HA eIMHHLY: kK = N K kg =
= n + 1, nNpHyYeM JONKHO BBINOJHATLCA %
yenosue (2k1 + 1)v/dhy = (2k2 + 1)v/4hy; i
orciona, nonaraa n = 0, nHaiigem ky, = 0
u k2 = 1. Cnegosarensro, v = v/4h, =
= 3Ju/dhs = 340 T'u,

370. vy = v/4l = 85 Ty va = vy =
=v/2 =170 'y,

371. Yacrora 3ByKa 3aBHCHT OT CKOpPO- Puec. 293
CTH OBHIKeHHA ueTouHHKa (addext Jonne-
pa). [Ipu Henoasu>kHoM ucrounuke (Touxa Sp Ha puc. 293) 3a Bpems, paBHoe ne-
puoay konebanufi T, konebakine pacnpoCTPAHHTCA Ha PACCTOAHHE, DABHOE LTHHE
sosiibl Ap = vT. Ecn sxe ucrounuk (S na puc. 293) ABHKETCA €O CKOPOCTBIO U,
To 3a Bpema T OH NpOfiJer B HAMPABIAEHUM DPACNPOCTDAHEHHUA BOJHBI MyTh uT,
M KosebaHMe PacnpOCTPAHMTCS 3a 3TO BpeMs Ha paccrosHue A = Ao — uT =
= (v —u)T. [pu ynanmwowmemca ucrounuke A = (v + u)T. Takum obpasom,
yacTora Kosefanuii, BOCNIPHHHMAEMBIX YXOM HENOABHKHOIO Y€JOBEKA OT ABH-
JYILIEroCH MCTOYHMKA 3BYKA, ¥ = v/A = vAo/ (v F u). FT0 BHIpAmKEHHE MOXKHO
YIPOCTHTL, €CH U < v. [Ins 3TOro yMHOMKHM YHCAHTENDL U 3HAMenaTens Ha (v +
+ u) u npeneGpexem unenom u’ no cpasnenmio ¢ v°. Torga v = wo(l £ u/v).
3HaKy MJIOC COOTBETCTBYET NpUB/IMIKEeHHe HCTOUHHMKA, & 3HAKY MHHYC — yoaJe-
HHE.

CornacHo ycI0BHIO 3aJa4K 1 < Vg, W, (IGAOBATENBHO, TEIVIOXOM, YAANAETCS
ot Bepera. Mcxomasn ckopocts u = v(1 — v /1) = 4,25 m/c.




I'nmasa II
TEIIJIOTA 1 MOJIEKYJIAPHASA ®U3HUKA

§ 12. Tensaosoe pacMpeHHe TBEPABIX TeJ M XKHIAKocTel

372. Crepx<uu npy HArpeBaHMM Ha BesHuuHy At GyayT Mmers anunbl [} =
=hL + LAt uly =13 + 1382 At. TTo yenoswo 1 — [} = 13 — {1. Cnegosarensno,
l1 /13 = Ba/Bi1. Tak kak kosdhuyuenT NHHEAHOrO PACLIMPEHNA 38BHCHT OT T€M-
nepaTypsl, TO HallaenHoe YCNOBMe YOBJIETBOPSET [OCTABIEHHOMY TPeGOBAHHMIO
JUTS HHTEDBAJIOB TEMIEPATYP, B KOTOPBIX MOXHO CYMTaTh, 4T0 B2/ = const.

373. 3azop npH noHuxkeHHH TemnepaTypsl Huke 0 °C ysenuuusaerca. Cre-
JAOBATENLHO, Pa3MEp 3a30pa J0NXKEH OMNPEJeNATLCH TOMbKO MAKCHMATLHOH TeM-
neparypo# sarpesanns suiue 0 °C. Jlna mocta na wre Ly — Lo = LoBt) = 50 mm,
Ana mocTa Ha cesepe Ly — Lo = Loftz = 20 mm.

374. At = n /3008 = 100 °C. ;

_ rl'-u* = I{Iq _ am. _ bow — lon . o

BT e —To T A R TauB) T

376. V = V'(1 + a1 At + a2tz + azAts) = 1001 cm®, rae Aty =3 °C,
Aty =6 °C, Ats =5 °C.

377. lna unrepsana memneparyp f; < t € {; woapcuument obbemHoro
paciunpesus xuakocti a = (H — h)/(hts — Hty).

378. Eum Vp — ofbem LIApDHKA ¢ PTYTBIO NpH TemmnepaTtype g, TO IpPH
TEMNEpa t = 100 °C wapuk u kanan ao aenenus 100 °C 6yayT nmers obbem
(Vo + V)(1 4+ 3pBt). Dror obvem pasen obvemy prytn Vo(l + at) npu ol xe
TeMINEepaType; OTCIoa

Vo = V(1+38t) _ Vv
T (a-38t  (a-38)t
379. Ilpu yka3aHHLIX pa3Mepax COCYAa H lapa H npu obbeme HANHTON BOALI
Vo = 500 cm® map naxoaures ueankoM nog, ool nostomy
Ak = 4(aVg + 38V)(ta — t1)/md® ~ 0,37 cm.

380. INpu narpesatnn ofbem cocyaa yeennqnaca na AVy = V) - 38, At, obw-
em naTyHHoro uyuannapa Va = ma/pa yBeanunaca na AV = (ma/p2) - 324A¢,
obbem Bogm V = Vi — V; uamenuncs va AV = (V] — Va)aAt. Tak kak yposens
BOABLI B cocyne He uamenmnnces, To AV — AV, = AV orciopa

a = 3(f1Vipa — Bama)/(Vipa — ma) = —3,79-107° K™%,

3HaueHHe @ MOJIYYHAOCh OTPHLATENbHLIM, T.€. HACDEBAHHE MPOHCXOAMIIO NPH
Temneparype mexay 0 u 4 °C.
381. Ap = pgalt(V — hS)/[S(1 + alt)] = 2,24 klla.

2 191 mm.

§ 13. Konuuecrpo rennorsl. Kosddunuent nomesnoro aeicrens
382. ¢, = em(8 — t1)/[ma(ta — 8) — mi(0 — t1)] = 2 xx/(xr - K).
383. 0 = (upcV + eumu RTW)T [(upcV + cumu RT).
384. Temneparypa cmecu 6 = —19 °C; ana Harpesanus cmecu go t = 6 °C
HeobxoauMo KomKryecTso Tenaorsl @ = 1,3 M .
885. C. = c[ma(ta — 8) — ma(ty — 6)]/(t1 — t2) = 140 [Ox/K.
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386. TepmomeTp NpH NOrPY>HEHHH B BOAY NOTYHHI KOJIHHECTBO TeIoThl @ =
=C.(ty — h;. 3T0 KOMHYECTRO TEMJIOTEl OTJAAHO €MY BOAOH; CleJOBATENLHO, Q =
= mc{f — t1); orciona 0 = Co(ty — t2)/mc+ t1 = 32,5 °C.

387. B epunKLy BpeMeHH TEPANOCH KOJIHYECTBO Tennoth Qr = 161,3 Hac/c.

388. Moxkno npencrasurh cebe ciegywomme cayuaun: 1) sech nen pacraer,
H TemnepaTypa cmeck Gyaer seie to = 0 °C; 2) sea Boga 3aMepaser, U TeMnepa-
Typa cMecH Gyaer Huxke to; 3) TemnepaTypa cmecu Gyaer paBHa to, H Y&CTb JbJa
pacTaer.

Tpu oxaaxaenun 10 g BoAa OTAAET KONKWYECTBO TenoTh Q1 = me(t — tg) =
= 42 g/, B TO BpeMsl KaK NpH HAMPEBAHHH 00 iy e NONIOIAET KNIHYEeCTBO
TernoTel Q2 = Maca(to — ta) = 420 x/x. Tax xak Q2 > @i, To MOryT ocy-
WECTBAATLCA JHIL cayyan 2) uau 3). Ecau Beca BOOa 3aMepaHeT, TO OH& OTAACT
eule KouHyecTBo TemioThl Q3 = mr = 660 k[x. Taxk kak Q3 + Q1 > Q2, 10
BOBMOEH JIMWIb Cay4ait 3); ciegosaTesbHo, TemnepaTypa cmecn € = ig = 0 °C.
CocTaBHB OA8 TOM0 CJIy4as ypaBHeHHe Ternosoro Hananca:

me(t — 0) + mer = maca(8 — L),

Haiiiem maccy 3amepseil Boasl me:
= % [maca(8 = £x) = me(t = 0)] = 1,145 xr.

Takum ofpasom, Macchl HAXOAALMXCA B COCyade npu Temnepatype # = 0 °C
BOJBI M J1bJ1A DY,1yT PABHEI T — Ty W T, + Mg, & ux obbembt Vi = (m — mg)/p,
Vi = (ma + mz)/pa. O6imit obbem cmecn

Ve Vs T T T g .
P P

389. KonuuyecTso TenioThl, NOJYYEHHOe JibI0M MNPH HAFDEBAHHHM OT TEMIe-
paTypbl t; go to = 0 °C, paBHO macats. Konuuecrso Tennotsi, HeobGxomumoe
AfA TNABJGHHA /bAa, PABHO M,r. KONW4ecTBO TENNOTHI, MONYYEHHOE BOAOH,
obpasopasuieiica W3 Nbaa, npu Harpepanuu ot to = 0 °C go Temneparypm @,
paBHO m,ycf. KoMyuecTBo TennoThl, OTAAHHOE TEMOR BOAOH NPH OCTHIBAHHH OT
TemnepaTypsi t 1o Temnepatypsi 8, pasno (pV — ma)e(t — 6), rae (pV — ma) —
macca temnoit soas. CocraBnsem ypasHenue Tensnosoro Gananca:

MaCaly + MaT + mJICB e (PV - m.ﬂ}c{t - e)r

orcroaa ma = pVe(t — 0)/(r + cata + ct) = 30 kr.

300, m, = DAt b}t mrd mello —0) g e e 45090,

calf — ta)

391. T = Thy — (2Q — mr)/(2me) = 2T3 K.

392. ¢ = rro/[(t2 — t1)7T — (tan — t2)70) = 0,23 x[lx/(xr - K).

393. Konmuecrsa TennoTsl: Ans marpesaxusa jgpaa go to = 0°C — @y =
= Maca(to — ta) = 0,21 M[lx; ana naasnedus abaa — Qo = m,r = 3,3 MIx;
ans uarpesanms soast Ao t = 100 °C — Q3 = mae(t — to) = 4,2 Mx; ana
HCnapeHHs Bofibl — (y = maA = 23 M/>x. CpaBHuBas 3TH KOTMYECTBa TEMJIOTH
¢ KOJIHYECTBOM TenaoThl (), BUAHM, YTO

Qi+ @2+ Q3< Q< +Q2+4Q3+Qq,

T.€. BECh JIe MPEBPATHTCA B BOAY ¢ Temneparypoii ¢ = 100 °C ¥ nuws 4acTs
BOJibI MACCHI T, — M npespaTuTes B nap. Ha npespamenue B nap arofl Maccw:
BoAbl noTpebyercs KonMdecTBo TemnoTh Qs = (my; — m)A. Takum obpasom,
KOJTHYECTBO TemJIOThl, coobieHHoe coqepnmomMy cocyaa, @ = Q1 + Q2 + Qs +

15 I''A. Benapnkos u ap.
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+ Q@s. Togcrapue Cioaa HaWAeHHBIE BBILLE BLIPAXKEHHA H PEIUHMB MNOMYYEHHOE
YypaBHEHHE OTHOCHTEJILHO 1M, Hafiem

m= —-?[A%*cn(to—tn]—i—r'ﬁ-c{t—ta)]—%=4‘ﬁxt‘.

394. h = [ma(A + eata) — 2pVet]/(2paabr) = 0,4 cm.

395. B cocyae npoHcXOAUT BhIJENTEHHE KOMHYECTBA TEIUIOTH ()1 NPy KOHAeH-
cauMH napa B (Q2 TPH OXJaXKAeHHH BOAbl, obpasosabliedicAa M3 ITOrO nmapa, oT
Temnepatypst £ = 100 °C go Temnepatypsi cmecu . B To »ke BpeMa mpoHcxoamT
NOrAOLIEHHE KOJTMYECTBA TeMoTH (J3 MPH NNABIEHHH Jbaa 1 Q4 NPH HATPeRAHHH
Boawl, OniBuredt paree B cocyne u obpasoBaBlleficA NpH NMAABRJIEHHH JbJa, OT
Temnepatypst to = 0 °C g0 Temnepatypbl eMmecu .

MakcumarbHOe KONMHYECTBO BbigeneHHoH TemioThl (KOrga Beck nap CKOH-
JeHcupyerca, a obpasoBasmiasica npu 3ToM Boja oxaagurea go to = 0 °C)
Q1 + Q2 = MaA + mac(t — tg) = 18 x/|>x pABHO KONMHECTBY TEMJOTH Q3 =
= mar 2 18 gllx, nornowexHHoMy 1bJ0M, KO8 OH Bech pacniaBuTcA. Takum
obpasom, @« = 0, u B cocyae Byaer Toasko Boaa npu TeMnepatype 8 = to = 0 °C.

3906. VcnapuBmasics Boga MMeeT Maccy 1M — My, Ha ee ucnapenne tpebyerca
KoNHYecTBo Temiorsl (@ = (m — my)A. [Ipu GuicTpoM OTKAMMBAHWHH TENNOTa OT
OKPY KAIOLIMX TEJ1 He YCTeBaeT nepeaasarbes poje. [1osToMy Bee 310 KONW4eCTBO
TeNnOTHEl NONy4YaeTcA Npu obpa3osaHnn nbla, T.e. Q = mar. Cnegobatensho,
(m—ma)A=marumy=mA/(r+A)=35n

397. M =m(r+ A)/r =227 r (cm. 3anauy 396).

398. Komuuecrso Temiorsl, HeobxoauMoe 0Ad HenapeHns 3Hpa, OTOASTCA
BoaoNH ¥ 3bHPOM NpH UX OXJMaXKJeHMA J0 TemnepaTtypel tg = 0 °C u nogoli npu
samep3aHiH. Taxkum obpazom,

MsA = Mace(t — tg) + me(t — to) + mr;

OTCIOAR M = Ma|A — ¢(t — ta)]/[r + ¢t — to)] =82 .
399. KonnvecTro TennoTsi, HeobxoanmMoe A1A HArPEBaHHA BObl, OTHHMAETCA
Y BOAbI IPH NPEBPalleHHH €e B Jied, T. €.

me(to — t) — 1241

me(ty — t) = mar; orcioga m,; =
400. TpeanonoskKuM, 4T NPH HAMPERAHHK TEMIIEPATYPA COAEPAKUMOro KOOI
ysenuuunace na AT. [lo narpeanuns Boga umena obbem Vi = my /py, a prys —
Va = maz/p2. [lnotHocTs BOABI nocie HarpeBanus p = p1/(1 + a1 AT). O6vem
BhITeKLIeH BOIbI
m _ m(l+aiAT)
P m

INpu narpesanuu obbem Bogbl yeenuunnca Ha AV, = a; V1 AT, a ofbem pryTi —
Ha AVy = as Vo AT. Tak kak xonba Grina 3anonHeHa 00 kpaes, To AV) + AV, =
= AV. Tloebiwenre remneparypwt AT Hallgem u3 ypasHeHHa @ = (maici +
+ mae3)AT. B peaynbraTe umeem

= [ 1]
prmaQ)

V=

an [m{m1c1+mﬂcz)—ﬂ1Q(ﬂh -— m]]i‘: 1,7'10—4 K-l.

401. Macca natyun m = Vopo = Vp, rae p = po/(1 + 39t) — naorHocTs
JIATYHH J0 NOrPYKEeHHs B COCY, KOTa KYCOK JIATYHH HMeJ TeMIIepaTypy i; oTcio-
aa V = (m/po)(1 + 35t). Anna onpegenenus Ha4aAbHOH TeMNEpaTypb! JATYHH t
COCTABHMM YDaBHEHHE TeILI0Boro DanaHCa: TENNOTA, 3aTPaveHHas Ha MJABNEHHe
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JibJa, NOJAYYeHa 33 CUET OXJAXKAEHHA NATYHH, T.€. Mar = mc(t — tg), oTkya
t = mar/me. CnenosaTrensuo,

Vo 1L (1 i s‘aﬂ) = 51,2 em®.
Po me

402. KonuuecTso Tennorsl, BbiAIAIOLIEEcH NMPH CTOPAHAM TONJIHEA B EIH-
HHLY BpemenH, (J, = m,q. M3 9T70ro koauyecTsa TEIIOTH 3a TO e BpeMsA npe-
BpALLAETCH B NoNe3uyio pabory auwb yacts N = Q.n,roen = (Th = Ta)/Th —
naubonsmmé KIJ geurarens (T; = ¢, + 273 K; @ = 1, 2). Cneposarensuo, no-
Ne3HaA MOUIHOCThL, PA3BHBAEMAS YTHM JBUTATEEM, He MOMKET NPeBbIlIATH

N= m,.q(Tl and Tz)fT-l = 263 xBr.

403. Maxkcumanbho poamosxHbie KIIJl gsuratens u naposoit maummbi
m=T-T)/Ta v = (T -T)/Th (rre Ti = t;i +273 K; i =
= 1,2). Ornowenne KIIJ| asurarens u naposofl MAWIMHBI pasHo M1 /72 =
= [Te - TJT],’{T] - T)Tg ~ 2,

404. Pacxon Tonnusa na eauuuuy Adunbl nytn my = N/(gnu) = 5 kr/km.

405. ¢ = Ns/muvn =~ 46 Mk /r.

406. Yenosue apukenus cryThHka no opbure Mv?/R = Mg moxer 6urts
BLINOHEHO, €C/IH CIYTHUKY coobuiena kuneTHyeckas sneprua W = Mv? /2. Oma
SHEPrHA NOJYYaeTCA NYTEM NPEBpalleHHs TENJIOBOA 3HepruuM @ = ¢m, Bbiae-
AANOIERCA NPH CrOPaHHH KepOCHHA, B MEeXaHHM4ecKylo sHepruw, T.e. W = Q
CosmecTHoe pelleHHe sTHx ypasHenudl jlaer m = Mg R/2q =~ 670 kr.

Ns

407. 7 2V Ov 100% = 32 %.

408.n= Vpe(ts — t1)/(N7) - 100% = 52 %, rae t; = 100 °C — Temneparypa
KHMMEHHA BOLBL.

409. B oxpyrkaiouiee NPoCTPAHCTED 34 BPEMS T OTAAETCA KOJIHYECTBO TenJio-
Thl Qg = me(t — tg) + M7, OTHATOE ¥ BOALI TPH €€ OXJAXKAEHHH H NPEBPAILEHHH
B JeJl, A TAK)Ke NPeBpalleHHAA B TEeMJIOTY B npouecce paboThbl XOMOZMAbHHUKA
sHeprua W, nonyuentan ot snektpoceT. Beero 3a spems T 0TaaeTca KonnyecTso
TenaoTel Q-7 = Qo + W. MouwnocTs, norpebnaemas xonogquaLEHKoM,

w
N=T:Q,—%:q—-?[c(t—ﬂo)+Tl=4lﬁBT

410. Q = ma®7r?/2 = 225 M[Ix.

411. v = /4c(Tna — T) + 4r — 2gh = 388 m/c.

412. Tak kak ABMKEeHHE pABHOMEDHOE, TO CHJA HATSDKeHHA Bepepkn F paBna
CYMMe NPoeKUHI HA HANPAB/IEHHE HAKIOHHON MJOCKOCTH CHJILI TAXKECTH W CHIIbI
rpenusn: F = mg(sin a + k cos a). [1pu nogseme rena na seicory h 0HO NPOXOANT
BAO/b HAKAOHHOH nuockocTu paccrosuue | = h/sina. [lpn srom cosepuiaercs
paGora A = Fl, koropasi MAeT HA YBeJUYEHHE MOTEHUMANTLHONW SHEPrHH TeNa
(KMHETHYECKAR SHEPrHA HE H3MEHHRETCH) M Ha HarpeBaHHe GpYCKa M JOCKH, T. €.
A=mgh+ W; orciona W = kmghctga.

413. Q = mglsina — mv?/2 = 100 [dx.

414.n = N/(pSl) = 2 ob/c.

415. M3 3akona coxpaHeHHst HMITYIbCA HAXOAHM CKOPOCTL KyDa nocne nposme-
Ta CKBO3b Hero nynu: v = (m /M )(v1 — va). DHeprus, npeBpaTHBILANACH B TENJO,
paBHA PA3HOCTH KMHETHYECKOH SHEPIHMK MyJIK nepej nonajanuem s ky6 moul /2
W KuHeTHuecko# sueprum Kyb6a u nymm Mv?/2 + mv2 /2 nocne npoxoxenns

15%
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mysu ckeo3b Ky6. CnegoBaTenbHo,

muv? (Mvn mv-ﬁ) m 2

= m . _m _ 2
e 2 T2 ‘2["1 vi = 7w "’“)]‘

416. CornacHo 3aKOHy COXPaHEHMS HMNYJIbCA CKOPOCTL COBMECTHOTO JBHIKE-
HHS WapOoB nocie abeomoTHO Heynpyroro yaapa v = (miv; — mava)/(m1 + ma).
Janee u3 3aKOHA COXPAHEHHSA IHEPTHM CEIYET

2 2 2 2
Q="H%  mita (m1 +ma)v” _ mama(v +v2)” _ 15 .
2 2 2 2(my + mg)

§ 14. 3axKoHEI HOEANBLHOIO IM'A38 ¥ YPaBHEHHE COCTOSHMSA

417. Cm. pucynku 294-296.
418. Corsacuo 3akoHy Boitns-Mapuorra poVo = pV;oreiona V = poVy /p =
= 0,02 M3,

N Vi

Ty

|

|

:'

o Vv 0 T T (0 T nT
Puc. 294 Puc. 295 Puc. 296

419. p; = VaAp/(Vi = V3) = 12 kl]a.

420. p = (Fcosa)/S + po = 110 kila.

421. Ah = |mRT — uVpo|/(pV pg) = 2,9 cm.

422. [lasnenve p BHYTPH UMauHApa §e3 rpy3a Ha NOPLIHE ONpeie/seTcs

H3 YCJIOBHA paBHOBecHs nopuwns (puc. 207): pScosa = mg +

pS + poSo, rae S = Sp/ cosa — nnowaap BHyTpeHHeH CKOlenl-

HO# NOBEPXHOCTH MOPIUHSA; 0TCOAa p = mg /Sy + po. Jasne-

Hue p’ BHYTPM UWIHHADA, KOTAA Ha [OPIIHE JeXHT rpy3, Onpe-

Aensercs avanornuno: p' = (mg + M g)/So + po. Ilo 3axony

Boitas-Maprorma pV = p'V', rae cornacro ycnoeuio 3anauu

V' = V/2. W3 arux ypasuenntt nonyuum M = poSo/g +m =

= 26 kr.

423. F = ponr®l/(l — Al) = 46 H.

424. /lasnenwe Bo3ayxa p; BHyTpH TpybGku, obpauienHoi
OTKPBITBIM KOHIOM BBEPX, PaBHO CyMMe aTmocdepHoro aas-
JIEHHA pp M JaBnenus cronbuxa pryt pgh: p1 = po + pgh.
O6beM Bozayxa B Tpybke Vi = S, rne S — nnowans none-
peunoro cevenns Tpybku (pue. 298). Korga Tpybka nosephy-
T& OTKPBITBIM KOHUOM BHH3, TO aTMocdhepHoe aasheHne po

Puc. 297 YPABHOBELIMBAETCA JABJEHWEM BO3AYXA BHYTpH TpyDKM pg

M nasiennemM cronbuka ocraBiieiica B welt pryru pgh/2: pg =
= pa+ pgh/2, nan pa = po — pgh/2. O6bem Bosayxa B 9TOM ciyuae Vo =

Mg
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= S(L — h/2). Ucnonsaya zaxon Boltna-Mapuorta p1 Vi = p2Va, naliaem

| = (Po—pEh/2)(L — h/2) :
po + pgh

425. B oboux koHUAX TPYOKM BO3YX NepBOHAMAIILHO 3aHHMAan obwem V =
= S(L - h)/2, rae S — naowaab nonepeuHoro ceveHrs Tpybku, H UMeN gasne-
une p. Korga tpybky nocrasuaun seprikansho (puc. 299), o6beM Bosayxa B Bepx-
Heit yacth Tpybxu cran Vi = S[(L — h)/2 + [], a paBnenue crano pi1; B HHAxHER
uactn Tpybru obwem cran Vo = S[(L — h)/2 — [], a nannenune ctano paBHeIM pa.
Cornacuo 3akony Bolina—Mapuorra ansa sepxuelt yacru Tpybxu

pV =pVi, orkyna (L — h)p= (L — h+ 2)p; (1)
ans zHwkHell wacTe TpybKK
pV = paVy, oreyna (L — h)p = (L — h — 20)p,. (2)

C gpyroit cTOpoHb, CTONGHK PTYTH HAXOAHTCH B PABHOBECHH, KOTMIA JaBJIeHHE
BO3yXA B HMdKHeH udacTu TpyDkH paBHO CyMMe OABNEHMI BO3AYXA B BepXHel
yacTh TpyGku M cronbuka pryTH, T. €.

ps = p1 + pgh. (3)
Wermouns py u pz w3 ypasuenwit (1)-(3), naftaem
(L—h)*—al’

p= pgh—w = 50 k[la.
426. [lasnenue po3gyxa B TpyDKe 10 ee IOrPYX<EHHA B PTYThb P = Po,

a obvem ero Vi = SL, rne § — nnowans nonepeynoro cevenun Tpybxu. [locne
NOTpy»eHUA TPpyOKH B PTYTH AABJAEHHE BO3NYXa B Hell cTasio p; = po + pgh,
aofvemero Vo = S(h + 1) (puc. 300). INo sakony Bolins-Mapuorra p1 Vi = p2Va,
HiTH

poL = (po+ pgh)(h +1);
oTeIoaa

w b

po + pgh

T. €. 3ANAAHHBIK KoHel TPpyOKM A0YKeH HAXOAHTLCA Ha pacctoanuy [ = 38 oM or
NOBEPXHOCTH PTYTH B COCYIE.

h=—-38 cm,

h/2 =

\ A

Puc. 208 Pue. 299 Puc. 300
427. [ = Lpo/[2(po + pgh)] — h = =57 em (puc. 301).
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428. [o sppuranua nopmwesa ofnem soagyxa B umamnape Vi = S1l;, a ero
JaBJieHue p1 = po. [lpu sasunyTOM nopune obbem Bosayxa B Tpybre Vo = Sah,
a ero jamneiine ps = po + pgh (puc. 302). Cornacuo 3axony Bolina-Mapuorra
Vi = paVa, uau

poSily = (po + pgh)Sah;

2
h=pﬂ:i: (F0)+P051r1
2gp 2gp PES?
Ilepes kopHem cleayer B3ATh 3HAK TUNIOC, TAK KAK BEJIMMHHY h MBI CUHTAEM
nonoxkuTenbhol (¢ ysenuyenunem h nasnexue pe ysenuuueaercs). [logcrasus e 7o

¥Ke ypaBHeHHe h = l; W pDelUIHB ero OTHOCHTENbHO 51, HAHAEM MHHHMATLHYIO
TUIOLIAAE MONEPeYHOr0 CeYeHHA IHIHHAPA:

OTCIOAA

g _ po+ pgla)Sala
1min = ——————.
poli

429. o nogvema nopuma obuem Boaayxa B Tpybke Vo = Slp, roe § —
ToWAAb NONEPEeYHOr0 cedenua TpyOKH, a JaBJieHMe BO3qyxa paBHO pg. [locne
TIO/TLEMA MOPITHA Ha BHICOTY [ PTYTh B Tpy6Ke nogHuMeres Ha BuicoTy h HAZ ypoB-
Hem pTyTH B cocyae (puc. 303). O6bem posnyxa s Tpybke craner V = S([ — h),
a ero fasnenme p = po — pgh, T.e. h = (po — p)/pg. CornackHo 3akony Boitna—
Mapuorma poVo = pV, wmm poSlo = pS(l — h). YunrbiBan seipaxkenue ana h,
umeeM popglo = p(pgl — po + p); oTcrona

_ Po—pgl (b0~ pgl)®
2 4

P + popglo .
Tak Kak gapjieHHe BO3AYxa B TpyGke He MoXkeT ObiTh OTPHUATEILHLIM, TO Tepes,
KOPHEM CJIefyeT B3ATh 3HaK nmoc. B peayawmare nomyuum p = 11,6 klla.

430. O6sem pozfyxa B Tpybre no ee norpysenun Vo = Slo(5 — nonepeunoe
cedenne TPYOKH), a A8BNeHME BO3AYXa B Heil paBHO po. Ecnn Huxknmil xomew

i
|

rt
-

4

HiE

Puc. 302 Pue. 303

TpyOKH norpyxeH Ha rmybuny H (puc. 304), To obbwem BO3gyxa B Heit V =
= 51, a ypoBeH: BOALI BHYTPH TpYBKM HaxoauTca Ha paccroauuu H — (lp — )
OT nosepxHocTH Mopsa. [Ipu aTom paBnenmne Bo3myxa B TpyOke Gyaer paBHo p =
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= po + pg(H — lp + 1). To 3akony Boitns-Mapuorra poVp = pV, T e.
polo = [po + pg(H — lo + 1)]h;
orciona H = (po + pgl)(lo — 1)/ pgl = 41,6 m.

431. Jasnenne Bo3ayxa Ha AHe BOJOEMA p1 = po + pgH, Ha rnybune h —
p2 = po + pgh. O6vem nysbipbka Ha rnyGune h pasen v = 4xr® /3. Cornacho
saxony Bottna—Mapuorra piV = pav, unu (po + pgH)V = (po + pgh)dnr?/3;
oTCioga

= 3/3(po+ pgH)V
47 (po + pgh)

432. ra = r1/poT2/(po + pogh)T: = 1,37 cm (cm. 3anauy 431).

433. k = v/V = po/(po + pgh) = 0,19, rae V — obbem noaxu, v — ofbem
N0AKH, CBOGOIHBIN OT BOIbI.

434. H = po(Vi — Va)AH/ViApe = 1,38 km.

435. Hauanbhbifi obbem Bosyxa nog nopwHamu V' = SH, roe S — naowans
TMonepedHoOro ceveHus cocyoB. Koneunnilt obbeMm BO3AyXa nof 3AKPENIEHHBIM
nopuxem pasen Vi = S(H + H/2) =35H/2,
a 1noj NoABHKHBIM nopiuHem Vo = S(H + h —
- H/2) = S(h + H/[2) (puc. 305). Koneunsie
NABJEHHA NOJ HUMH DPaBHbl p1 M p2. Pas-

HOCTL 3THX JABJIEHUIl ONPEJEIAETCA PAIHO- oL Th | -
CTBIO YPOBHEH XXHAKOCTH B COCYax; p1 — P2 = {. "
= pgH. Cornacuo 3zakony Bofins-Mapuorma H2l
OIS COCYAA C 3aKPenieHHbIM MOPLIHEM 'i—j-_—"_‘—j """ e H/2
S H == =1 1
pV =mVi, wm pH = —p%-; e =]
orcioga Py = 2p;‘r3. CnenoBparensuo, pa = Puc. 305

=p1 — pgH = 2p/3 — pgH. Cornacvo zakony Bolins—Mapuorra gna cocyga
C MOABHMKHBIM MOPLIHEM

H H
pV = paVa, nau ph = pg (h + —_.z) = (2p/3 - pgH) (h+ -2-) i
oTCIOAa
b (dp+ 3pgH)H
hi 2(2p — 3pg H)
ha 436. Hayanshbifi obbem BO3yXA B 3aNasiHHOM KOJIEHe
Vo = Sh (S — nnowans nonepeuHono ceveHUs ITOro Koje-
Ha), & JaBJEHUE B HEM PaBHO pPo. [locne BimycKaHNHA YaCTH
pTyTH 06beM BO3AYXA B 3TOM KoseHe ctan V = S(h + hi),
a JaBjieHHe B HeM p = po — pg(he — h1) (pue. 306). Co-
raacHo 3aKoHy Bona-Mapuorra

poVo = pV, wmm poh = [po — pg(ha — hu))(h + h1);

oTCI08A
Puc. 306
po + pg(h + hi1)

pg(h + h1)
437. lepen sacacuiBanneM BO3AYX 3aHMMaer ofrbem Gannona V' u umeer

naBneHHe py. B koHue 3acaceiBaHuA 06beM, 3aHHMAEMbIH BO3/YXOM, COCTOHT H3
ofbema Bannona w obwema 3acacnBaliell kavepu: V' + v, JaBieHHe nNpH 3TOM

ha = hy = 53 cm.
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CTaHoBHTCA paBHbiM p2. CornacHo 3akony Boitna—Mapuorma p1 V' = po(V +v),
win p1/p2 = (V + v)/V. o yenoswio sagauu p1,/ps = n. Cnegosarensho, v =
=V(n-1)=08a

438. Tlepen 3acacwiBaimeM Bo3ayx 3anumaer obbem Dannona V', a nasnenue
ero pasHo p, B Konue nepeoro 3acacelBaHHA 00beM BO3AYXA CKNALBIBAETCHA M3
obbema GannoHa M ofnema 3acachipalwowleil kamepsi: V + v, a JaBneHue ero
CTAHOBUTCA pasHbiM pi. CornacHo 3akony Bolina-Mapuorra pV = pi(V + v),
OTKY 3

pV

V4o

IIpx BTOPOM LHKJE POk HAYANLHONO JaBJeHKA OyJeT HFPATL Pi) NOITOMY

1% voy?
e g ()

n=

T V4w V+uv
TIpu Tperhem LMKAE HAYAJLHOE AaBnenue GyJer pa; CIENOBATENLHO,
3
_ mV _ v
e 7 _p(V+v) '
u T. 4. Hlcuo, uTo mocne n uMKNOB fasnenue Gyaer

= '--'—-—v " Irl.l'al—n-' ¥ "
pﬂ_p v+‘ﬂ ¥ p_‘ ".r'+v N

Jlorapudmupys, naitaem

Ig (Pn/p0)
lg[V/(V+v)]

439, O6beM BO3OyXa NPH JABMIEHHH p, HEODXOAUMBIA B AHHULLY BPEMEHH 115
paboThi 1 MONOTKOB, paBeH nu,. [No 3akony Bofna-Mapuorma pi Ve = pnu.;
orcioga n = po Ve /pv,. = 20.

440. B xoHLe KAXKA0r0 3aCAChiBAHHA BO3/YX NPH aTMochepHOM AaBAEHHH Py
s3aHuMaeT ofybeM v 3acaceiBaoliell KaMeph! Hacoca. B Msue 3ToT Bo3qyx 3aHHMaeT
obbem V' ¥ MMeeT napumanbHOe JABJEHHE P, KOTOPOE MOXHO HallTH M3 3aKoHA
Bo#ina-Mapuorra; p = vpe/V. locne n kauanuil naenenue p. B Made Gyger
PABHO CyMMe NapLUHANBHBIX JABMEHHE: pn = np = nupe/V = 0,2 MIla.

441, [TapuxansHoe JaBIeHKe 0AHON NOPLKHA BO3AY XA MOXKHO HAKTH Npu NOMO-
mu 3aKkoHa Bofina-Mapuorta (oM. 3anauy 440): py = vpo/V, rae v = md*h /4 —
ofbem BO3ayxa, 3acacwBaeMeill Npu 0gHOM uMkne paborm Hacoca. Cymma nap-
UHMANbLHBIX JaBneHHlt Bcex nopunit soagyxa, AobaBiAeMbIX B KAMEDY 34 1N UHKJI0B
paborsi Hacoca, Gyaet npy = md*hnpo /4V. CiioknB 3Ty BeIHUHHY ¢ HAYATLHBIM
JABNEHHEM B KaMmepe pg, HallaeM KoHeuHoe gasaesme: p = md hnpo/4V + po;
OTCIOAA YHMIO LHKAOB paboThel HACOCA, HEOOXOIMMBIX A8 NOTYHEHHS JABJEHHSA P
B KaMepe,

. ST =
lgpu—nlgV+u. WM N =

_ 4V(p - po)
ﬂ'd’kpu
Bpemsa nakaunsanua xamepsl
PP V. ) LY
wd” hpg

442. Tlocne coeqMHeHHA COCYI0B BO3AYX, HAXOAMBIIMACA B KAMIOM M3 HHX,
pacnpegenures no obvemy Vi + Vo asyx cocymos. Jdna Bosayxa, Haxoauswerocs
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B NepBOM coCy/le, coryiacHo 3akony Bofina-Mapuorra p, Vi = pi (Vi + Wa); ana
BO3[YXA, HAXOHBLIErOCs BO BTOpOM cocyne, pzVa = ph(Vi + Vi), roe pi w ph —
napumanbible fasnenua. Cknaguisas TH PaBEHCTBA, noayuuM pi Vi + pa Vs =
= (p} + p2}(Vi + Va). ITo 3axony JanbToHa ycTaHOBMBLIEECA OaB/eHne p = py +
+ p4. Taknm obpazom,

mWVi+mWa
Vi+ Ve
443. p1 = [p(V1 + V2) — p2V2]/ V1 = 1,2 MMa (cm. 3anauy 442).

444, p; = dpm1/(2m; + ma).
445. Cum. pucynkn 307-309.

= 675 xlla.

P p v
apb— 3py m
3p
Pi—— P
oV o 7 0 T
Puc. 307 Puc. 308 Puc. 309

4486, Hauansuasn u koneunan temnepatypsi rasa (V3 = 2Vi):

_ AT _ _ Wa/war
T WV -1 =48 BEgr

447. AV/Vi = (Va — W)/ Vi = [(T: —T1)/Th] - 100% = 4%.

448. [Ina HeHArpeToro Cocyla, COMMACHO 3akoHy Boltna-Mapworma, pV =
= p'(V — SAl); ana warperoro cocya, cornacHo obbeaMHEHHOMY FA30BOMY 3a-
kony, pV/T = p'(V + SAI/(T + AT), roe p u p' — papnenns B cocymax Ao
W nocsie narpesanus. Mexkmouup w3 aTux ypasuenuit p/p’, nalinem AT/T =
= 25Al/(V — SAl) = 25Al/V.

_ TV _ _T(V+NAV) _

449.0r Th = V+nAV =2TK o T2 = V AV = 321 K.

450. Vi = VT}/(T1 + TQ) = 200 CMS, Vo= VT:/(T], + Tg) = 300 cm®.

451. Hamenenue obbema AV ogunakoso ana obenx uacred pnaungpa. Co-
r1acHO 06bE AMHEHHOMY FA30BOMY 3AKOHY AN HeHarperolt yacTa uummaapa pV =
= p'(V = AV), ana narpetoit pV/T = p'(V + AV)/T", rae V — nepeonasans-
Hulil ofbem KaokaoH HacTH unaMEApa. Mexmoyas orciopa AV/V, vaitgem p' =
= p(T + T") /2T = 105 klla.

452. [ycTs NpH rOpH30HTANLHOM MOIOXKEHHH HHIUHApa obbeM Kaskiol ua
uactedi pasen V. [Ipu BepTHKANLHOM NONOXKEHHH UMNKHEADA 00bem BepxHell YacTH
cran V + AV u pasnenme B Heft pasno p', ofbem minkHelt yacti cran V — AV
W papnenve B He#l paBHo p + mg/S. Cornacno saxony Bottna—Mapuorra umeem

T} =2K.

pV = P'(V+AV), pV= (p' + %) (V —AV).
Hekmouns 3 stux ypasrennit AV/V, nonyunm
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oTCHa
1|, _mg 2. (MEY
p_z[p S"'p"'(s) ’

(sTOpoit Koperb oTOpoIen, TAK KAK OH JaeT AnA p' OTPHUATEeNLHLIE SHAYEHHS ).

453. [ = pgh(L — h)/[2(2p+ pgh)] = 17 cm.

454. T' = pT/p' = mT/Vp' = 225 K.

455. Tak kak pasnenwe B xonfe nepej NOrpy>KeHHEM M B KOHEYHOM ee
COCTOAHMH OJHO M TO e (paBHO armoc)epHOMY), TO ISt ITUX coCTOsIHMA rasa
Vi/Va=Ti/Te, rae Vi = dwa®/3 + wd®1/4, V2 = 4na® /3 + wd®1/8 — navams-
HuIf ¥ Koneunbilt obbembr Bosayxa B konbe. Cnemoparensuo, T) = To V) /Ve =
= 2Ty(16a® + 31d*)/(32a® + 31d°) = 316 K.

458. pa = poT1 /T2 = 0,41 xr/m”.

457. YpaBHeHHe COCTOAHHSA TA3a [0 U Nocjie HArPEeBAHKA:

pVv = % RT, p(V +Sh)= 33- R(T + AT),

rge p, V u T — gasnenue, ofbeM U TEMNEPaTYPa ra3a A0 HArpepaHus. BuunTas
BTOPOE YPABHEHHE K3 MEPBOT0 M YYMTBIBAA, YTO p = po + Mg /5, nafinem

mRAT  poS
ugh g

458. Ycnoeue V/T = const 03HAYAET, YTO MPOLECCH! HAPDEBAHHA M OXJIANK-
peHHsA mpoucxoasaT uzobapro. [lpu oTHoweHur Hauanbueix obvemor Vi /Va =
= 1/2 sti o6beMbl cocTaBasior qactu Vi = V/3 u Va = 2V/3 or obrema V
seeft Tpybku. Koneunsie obbemsl obenx yacrel ogunakosst: V3 = V/2. Cornacho
saxony lefi-/lioceaxa nna menwwedi wacru Vi / Vi = Ty /T, ana Gonbweit sactu
Va/ Vs = To /T2, rae Ty = 273 K — Temneparypa, COOTBETCTBYOLIAA HAYAILHBLIM
YCJIOBMAM; OTCIOAA

~ 85 kr,

_m Vs 3To _m Va3
Tl—TuVl =S ~4IGK,T2_T¢,-‘Z—4T¢=5205K.

459. | = LT, /(Th + T2) =~ 42 cm.

460. Th = p1 Ty /p2 = 404 K,

461. m = Sﬂl{ 2= Tl),l’ng = 4,6 k.

462. ManomMeTpbl 06bIYHO PPALYHPYIOTCA TAK, 9TO OHH MOKA3LIBAIOT PA3HOCTE
MEXIy JaBfeHreM BHyTpH Gannona u armocdeprbiM nasnenwem. [Mosromy nas-
nenne B HanIOHe, KOTJA OH HAXOAWTCH B MOMEIIEHHH, P1 = P + Po, & JaBIeHHe
B OanfoHe, KOrja OH BBIHECEH HA YJHLY, pa = p + po — Ap. Tak xkak obbem
ra3a OCTAETCH Hen3MEHHBIM, TO no 3akony Llapns p /T = pg/To, rae Ta =1t +
+ 273 K — memnepaTrypa Hapy»KHOro BO34yXa; OTCIOAA

Pr_ . Ptpo—Ap
m P+ Po

463. JasneHie raza, KOTOPbIM HAMOJHAITCS JAMIILL, JONAKHO YAOBIETBOPATE
saxony Llapna: p/Th = po/Ta; orcriona p = Tipe/Ta = 74 «Ila.

464. [Mycrs B uuIMHAPE NOJ NOPIIHEM HAXOAMTCA HEKOTOPas Macca rasa,
koTopbill npu Temneparype tg = 0 °C umeer naBnenue po u obwem V.

1) Harpeem ras no Temnepartypni {1 NpH NOCTOSHHOM aaBneHHH po. Torpa no
saxony l'efi-Jlioccaka ras zaitmer obvem Vi = Vo(l + at;).

2) Coxkmem ra3 npH nocTosHHol Temnepatype t) ot obsema Vi o ofnema Vi,
B peayarTraTe ras 6yaer HMeTh OaBNEHHE 1, NpHYeM no 3akoHy Bolina-Mapuorta
poVi = ;1 Vo

Ta=T, = 256 K.
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3) Oxnanum ras no remneparyps! to npu nocrosHHom obveme Vy. Ilpu sTom
ra3 BO3BPATHTCA B NEPBOHAYAJILHOE COCTOAHME H €M0 JAaBJEHHE YMEHBILIHUTCA OT P1
110 po. Cornacuo sakony [llapns py v pg esasans: coorHolenneM p1 = po(l + At).

INoncrasus suipaskenue ana Vi ua saxona efi-Jlioccaka u shiparkeHme s pq
u3 3akoHa [lapna B Bhipasenne 3akona Boitna—Mapnorra, nonmyunm poVo(l +
+ at) = poVo(l + B11); orciona a = .

465. Cm. pucyrkn 310 u 311.

466. Ina nepexona Mex oy COCTOAHHAMH J H 1 OONMKHO BHINOJIHATBCA COOT-
nowenue p3Va /T3 = p1 Vi /T1. C apyro#t croponsl, xak BrgHO M3 puc. 63, B 3TOM
cnyqae V = kp, Te Vi/ps =
= Vi/p1. Tlpouecc mepexo- 3 p 3
A8 MeXIY COCTOSAHHMAMH 1
H 2 M30XOPHLIH; CNeJOBATENE-

Ho, p1/p2 = T1/T2. Haxoneu,
NPOLECe MEXAY COCTOAHHSAMH
2 u 3 wzobapHbill, T.e. po =

ps. i3 npuBeaeHHbIX €OOTHO- 4 2 Pt 2
wennit naiigem Ty = T2 /Th. .

467.ps =pi VT3 /ViTh = © 1% (o} T
= 0,1 Mlln. Puc. 310 Puec. 311

468. na panpoit maccn
ra3a npv JiobsiX npoleccax
MOXKHO NPUMEHATL obbegunennbil razoswfl aakoH B Bune pV /T = B = const.
MocToarky0 Be/MHHY B MOXKHO HAHTH, NOACTABHE B 9TO ypaBHEHHE H3IBECTHbBIE
IS HAYAJIBHOIO COCTOSIHMA 3HaveHus Py, Vi, T1; mmeem ans Hamefl 3agaun
B =piVi/T1 = 0,5 [Lk/K. Ilocrpoum rpaduku npoueccos, NpenBapHTeNBHO
srifpas MacwTab ana p, V u T (puc. 312-314). B peaynbrare nany4um, 4ro py =
= 0,1 MIla.

, MIT ¥
p, MIla & " ) . a
2 3
0,2
0,2
1 1
0,1f----8 T =400k "
P AN LT
Ty =200K | ~~=~=p
= = 1 . 0
0 1 2 V,n
Puc. 312 Puc. 313 Pue. 314

469. Tlpu HopmanbHbix yciosuax (gaBnenun pg = pghe = 101,325 kIla,
rae p = 13,585 - 10® Kr‘fMﬂ — NAOTHOCTH pryTH, g = 9,81 M_/c2 — YCKOpeHHe
cBobogHoro nagerua B ho = 760 MM — BrICOTA PTYTHOrO cTON64A, H TeMnepaType
To = 273 K) mons moboro rasa CONAcHO 3aKOHY ABOragpo 3aHHUMaeT obbem
Vo, = 22,41 - 1072 m® /mons; orciona

V, V;
R= p?,‘ = 1’“T_u°" = 8,31 [/ (vomn - K).
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470. U3 ypapHeHus COCTOAHHA HALANLHOINO ra3a Hailgem
m=pun % =138 r.

471, iy = mapapaTh /(mep1 T2) = 0,028 kr/mons.

472. YpaBHeHHA COCTOAHHA BO3OYXA B COCYAE MPH aTMocd)epHOM JABIEHHH P
Ao u nocne narpesaxua: pV = miRTh /p u pV = mo RTa/p, voe mi v ma —
MAacChl BO3LYXA B cOCyae 0o u nocie narpesanud. [logenus sropoe ypasieHHe Ha
nepsoe, Haltnem ma/my = T /T2 = 0,415.

473. (my —ma)/mi = (p1 — p2)/p1 =0,2.

474. mo —my = (uV/R)(p2/Tz2 — p1/T1) =56Tr

475. p = mRAT /pV = 0,032 kr/mone (kucaoposn).

476. U3 ypassenus cocroanus umeem p = m/V = up/RT = 1,12 kr/md.

4TT. po = 0,49 kr/m? (cm. 3apaqy 476).

A78. p = 0,4RT po/p = 24 MIla (cm. 3anauy 476).

47T9. 3ana4yy MOXKHO PELINTL TpeMs crnocobamu.

I. YeranoBusiueecsa faBnenue Boipaxaerca dpopmynoit (cm. sanaqy 442)

_pVit+pVa, _pVi+Va)—paVa
p= Viz Vs oTCiona pr1 = v, = 0,5 MIla.
II. ¥pasHenus cocTOAHUA BO3AYXA B MEPBOM H BO BTOpoM bansoHax:
RT RT
Vi = BLEL, p2Va = e H
b u

nocne coeaunenns Gannonos p(Vy + Va) = (mq + ma)RT /e, roe my v ma —
MACChI BO3AYXA B NepBoM M BTopoM Bannonax. Meknrouue u3 sTux ypassenmit m,
H Mg, Noay4uM cHoBa p1 = [p(Vi + Va) — p2Va]/ V.

I11. TIpeanonoxkum, uro B Tpybe, coequusiiomwed BaNN0oHsl, UMEETCA NOPLUICHb
(pue. 315). CmecTim nopuieHb Tak, 4ToBbl JaB-
nenus B BaNIOHAX CTAIH OJMHAKOBBIMH H PaB-
HeiMu p. O6beM BO3Oyxa B nepsoM Dannone
YBEIHUUTCA Ha BenHuuHy AV n cTaner paBHEIM
Vi + AV, a o pTOpOM BANsIOHe YMEHLIUHTCA
HA TY >Ke BeJM4HHY ¥ cTaneT paBHbiM Vo — AV,

Puc. 315 Tenepr NOpMIEHE MOXKHO YAAIHTL, HE HADYILAS
paenoBecus ra3a. [lo saxkony Bo#ina-Mapuorra

Wi =p(Vi + AV) u p2Va = p(Va — AV). Crnaabipas 31u ypashenus, Halkoem
m Wi+ paVa = p(Vi + V1), otkyma nomyumm gas ONpesieNieHHAs P1 NPEKHION

pMYyJTy.
480. p = (T/2)(pr /T + p2/T2).
481. YpaBuenne COCTOAHHSA MA34 40 HATPEBAHMA B KAXKAOH YACTH UHIHHADA:

oSL="RT, (1)
n

rae SL = V — obnem xawaoil yacTH uMauHapa, S — NAOWALE €r0 Monepeud-
Horo ceuenus. O6bemsl Harpetofi ¥ neHarperoil uacrel: Vi = S(L+ 1) n Va =
= §(L — l). Ypasuenus cocTosHuA ra3a B HUX:

p'S(L+I}=ER(T+AT}, (2)

'S(L<=1)= 2 BT, 3
p'S( ) pT (3)
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rae p' — nabienue ra3s nocne CMelieHHa nopuns (0aHo K To xe 8 obenx wacTax
LUHIHHAPA B CHIy paBHopecHs nopiunsa), T + AT — remnepaTtypa B Harperoi
vacTi uununapa. [logesus ypasxeHus COCTOSHMA APYT HA APYTA, MOTYYHM
T+AT=TEY reomaT =27 =404k,
L=1 L-1|

INpastie yacTu ypasHeHuit cocroanua (1) u (3) pasHe Mexkay cobolt, mosTomy
p'S(L — 1) = pS L (3ro ypasuenne npeacrannser coboli saxon Bofins—Mapuorta
A5 TOH HACTH UHIMHADE, TEMMNEPATYDA KOTOPOH He H3IMEHHNIACH); OTCIONA HAXO0-
aum p' = Lp/(L — 1) = 167 k[la.

482.1 = L(1 — /T2 /T ) = 10 cm. (IIpu pewennu 3anauu o6paTHTL BHUMA-
HHME HA TO, 4TO pg = Po/ L.)

483. Tak xak BOOOpOA CEODOOHO MPOXOOWT YEpPE3 MNEPEropoAky, TO OH pac-
npocTpaHsercs no obwemy V' BCero cocyaa m s Hero ypasHeHHME COCTOSIHMSA
byger p1V = miRT/pu,, orkysa ero gasnenwe py = my RT/p V. dna asora
ypaBHeH#e cocTositus 6yner pa V' /2 = (mo/ pa) RT = 13 RT. Tak kak B Toli yacTH
cocyna, B Kotopoli paHbue Gbi1 OAMH A30T, TeNePh HAXOAATCH H BOJOPOL M A30T,
TO MONHOE JaBNeHHe P OyaeT CKAAOBIBATECA U3 NAPLMANLHBIX JaBleHHH P U pa.
Taxkum ofpazomm,

p=p1+pg-—-(ﬁ+2m) RT—O 1 MIa.
1 Vv

484. = i LT /(1 T2 + pﬂ";) = 60 oM.
485, YpaBHeHHA COCTOAHHA AJA rA3a B nepeoit ¥ Bropoll YacTAX cocyda 1o
BLIPABHHBAHHA TEMIEPaTYP:

T
pWi = mlTRI, pVa =

ma RTy

[logenus ux Apyr Ha Apyra, Haxoaum Vi T2 /VaTy = m1/ma. Ypasnenua cocros-
HHA QA ra3a B Nepeofl M BTOPOM 4acTAX COCYAA MOCTE BHIPABHHBAHMA TeMrepa-
TYD:

my RT s
PVi=—"— pVi=

ma RT

rae Vi u Vi — koneunbie ofbemel nepsoft u propoft uacredl, T — obwas Tem-
NepaTypa M p' — AABJIEHHE, OJHO H TO XKe B 00eMX HACTAX B CHJTY PABHOBECHA
neperopoaku. [logenus 3T apa ypasHeHusa Apyr Ha Apyra, wafimem V{/Vj =
= m1/m2. Takum obpazom, V' /Va = ViTa/VeTh = 4/5.

486. Tlycte anuHa TOH YACTH UMJIKWHADA, KOTOPAA 3ANONHEHA KHCIOPOIOM,
paBHa [, Toraa BOOOPOAOM 3ANOMHEHA YaCTh UHAMHApa oHHE L — [, Mx obbemul
papum Vi = Sl n Vi = S(L — I), rue § — nnowans nonepevHOro cedeHus
UHAMAApa. Y PaBHEHUs COCTOAHHA KHWIOPOAa H BOAOpPOaa:

mRT mRT
S = ——, S(L-1)= ——.
P - pS( ) -

[Mogenns 0AHO ypaBHeHHe HA APYroe, NONY4YHM
! _ B2,
L-1 ' 1+ pa

487. Monoykue B ypapHeHHsX cocTOosHMA (cM. 3agavy 486) | = L/2, T =
= T1 ana kuenopoga u T = Ty Ans pogopona, 3aMeTHM, YTO JEBhLIe YACTH 3THX
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ypasrenu#t 6yayT pasibl. [IpHpaBrABE nosTroMy npassie HacTH, nony4ynm T /Tz =
= py/pz = 16. [Npn mobeix TeMnepaTypax, /A KOTOpPbIX GYIeT BHINOIHATLCA
9TO YCJI0BHE, NOpLIeHs Byaer NenuTh UHIHHAD HA PABHBLIE YACTH.

488. T = upV/mR = 280 K.

489. [locne noawema wapa ero obvem Vo = Vi + nVq, a nasnenue rasa B Hem
p2 = po + Ap. Cornacio obbeguHeHHOMY ra30BOMY 3aKoHY umeem pq Vy/Th =
= paVa/Ty; orciona

VaT;
T==P2 211

T
= (po+ Ap)(1 + n)— =255 K.
T (pa Pl n]p'

490. O6bem BopOpoja, 3akaverHHoro B n Gannonax, V = nv. M3 obn-
equMHEHHOro rasoporo 3akona pV/T = p'V'/T' naxoaum gucno Gannonos: n =
=p'V'T/pvT =~ 536.

491. [JeficTeyowas Ha aBTOMOOHIb CHIIA TAXKECTH Mg, HANPABJIEHHAA BHH3,
YPABBHOBELUMBAETCA YETHIPEMA CHJIAMH PEAKLHH ONOPbl CO CTOPOHBLI IDYHTA HAa
UIHHbI, HATIDABJIEHHLIMH BBEPX. By/leM CHMTATH, YTO BCE YETLIPE CHJIbI PEAKLHH
OMopLl OIMHAKOBL! M paBHul F' = mg /4. Ha conpukacaomuiica ¢ rpyHTOM nioc-
KHH Y4YacTOK LUHHBI CBEPXY (H3HYTDH) OelcTBYeT chiia naBfieHdA pS BO3Ayxa,
3AKJI0YEHHOrO B LUHHE; CHH3Y »Ké AefCTBYET CHJIA PeaKlUMH ONOpPbl CO CTOPOHBI
rpyuTa F. DTh cHibl ypaBHoBemnsaoresa. Takum obpazom, npu remneparype fz
JAABIEHHE BO3JYXa BHYTPH WHHbl p = F /S = mg/4S. Cornacto obbeauHeHHomy
ra3oBOMY 3aKOHY

p_Vg_ i oV i mgVa 5 pon;
T T 45T, T

orcioga m = 45Tape V1 /VaTi g 2 4000 kr.

492, Y7106kl BHITECHHTE BOAY H3 LUCTEPHL], BO3AYX JOIDKEH HMETE JABJIEHHE,
no KpaitHeit Mepe paBHOE JaB/eHHIO BOALI Ha rayOuue h: pa = pg + pgh. [locne
pacliMpeHHa Bo3ayx 3afiMer obwem Vi = V 4+ Vi. CornacHo obbeanHeHHOMY
ra30BOMY 3aKOHY

pVi _pVa  piVi _ (po+ pgh)(V + Vi)
Tl TR i T] Tg !

orciona V = p1 ViT: /[(po JgFPgh]T]] -Vi=185m"
’ e
493. ' > (F + poS) -z = 390 K.

494. PaBHoBeCHE YCTAHAB/IHBASTCA, KOMIA CHIIb JABICHHS BO3JAYXA B LIMJIMH-
Apax Ha oba nopuns GyayT pasHbl, T.e. Korga p; 81 = p2Sz. [lpumennm ans
BO3YXa B NePBOM LUHAKHAPe o6 beanHennpiit razoswift 3akon: po Vi /To = ;1 VY /T,
a /18 BO3AYXA BO BTOPOM UMJHHADe — 3akon Bolina—Mapuorra: poVa = p2 Vi,
Ilocne narpesatua NOPLIHH CMECTATCA HA OAHHAKOBLIE PDACCTOAHMA H HIMEHEHHA

0ObEMOB BO3AYXA B LKARHAPAX GyayT NpONopUMOHANBHBI NJOLIALAM NOPLIHEIl:
(Vi = V1) /(Va — V3) = 81/ S;. Pelunns cueremy yeTbipex ypaBHeHHH © YeTHIPLMS
HEH3BECTHLIMH P1, P2, V}, Vi, nafigem

- Posl{T'/] +TOVg)_
To(Sz2Vi + S1Va) '

8182po(TVi + ToVa)
To(S2Vi + 5,1V2)

orciopa F' = p Sz =

495. WUa ypasrennii coCTOAHMA HAXOAMM MACCY T BOAOPO/A, HAXOAALETOCH
B LIAPe, H MAcCy Mg BO3LYXA, BLITECHEHHONO wapoM: my = pV iy /poVop u ma =
= Vs /Vop, rae Vo, = 22,41 - 107% m*/monn — ofbem Mona uaeanssoro rasa
npu HOpPMANbHBIX yciosuax. CornacHo 3akoHy ApxuMena npu NapesHH# 1Lapa
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B BO3/LyXe CHJIA TAXKEeCTH, AeiicTByloLaA Ha wap ¢ Bogopodom, (M + m, ) g pasna
CHJIe TAXKECTH BBLITECHEHHOIO BO3AYXA Ma g OTCIOAA

.| (_u.g s vm,ﬂ) ~ 0,15 MIla.
pa v

496. [lycTe ypoBeHb BOABI B CTAKAHE HaxXOAWTCA HA PAcCTORHHWH h OT AHa
crakana (puc.316). [lasnenne mozgyxa s craxkame Gymer po + pgh. Tax kax
JABJAEHHE Pg COOTBETCTBYET NpHOAK3HTeNAbHO Aasienuio 10-merposoro cronba
Boanl, a h < H = 0,1 m, To pgh cocrapnsier menee 1 % armocdeproro gasneHns
U penuumHoll pgh moxHo npenebpeyn No CPABHEHMIO € Py, T. €. CYMTATH, YTO
JaBjeHHE BO3AYXa B cTakaHe Henamenno. Toraa, cornacuo 3akony Iefi-Jlioccaka,
Vi/Ty = Va /Ty, rge Vi = HS u V3 = hS — navansHuifi ¥ KOHeuHL# o6beMBl
BO3AYXa B CTaKaHe, oTcioga h = H'T2 /T, n o6bem soweaweii B CTakaH BOLLI

v=-ns=HsEZ T — g

1

Eenu yyecTs usMmeHende NaBjeHHsl BOALl B CTAKAHE B 3ABHCHMOCTH OT
CTOAHMA h M NPHMEHUTH NPH 3TOM OfbeHHEHHBIA ra30BbIl 3aKkoH: po HS /T, =
= (po + pgh)hS/Ta, To ana h nomyuntca cioxuan dhop-

MYJIA:
Po 4HTypg ) e —
h=—— 1+ ——= —-1]. Fod e
2pg (\.’ poTh (=] 5 Er3

Buruncnenne no stolt popmyne naer V = 50 cm®. 3amernm i)
ellle, YTO €CJH KODEHb B 3TOM BEIPAXKEHHMM DAINIOKMTE MO |- — — — —
dropmyne 6uHoMa Hbl0TOHA 1 OrPAHHYMTBECA ABYMA 4JIeHAa- g o S e |
mu: 1 +2HT;pg /poTh, 7o Mbl nonyuum ana h Boipaxkenne, o — — — —
HafifeHHoe paHee npn nomomy 3akona lefi-JTioccaka. i i
497. CornacHo 3akoHy ApXMMena NOCpYXeHHbIR 10
Kpaes crakaH (cm. puc. 65a) nnasaeT npu YCNOBHMM, YTO Puc. 316
CHJTA THXKECTH Mg, neficTByIOIAA HA HErD, BMECTE ¢ CHAO#H
TaxecTH pg Vi, AelicTByolell HA HANHTYIO B HEro BOAY, PaBHbl CUie Apxumesa
pegV,rne V = hS — obwem crakana, Vi = hS/3 — ofbem HaUTOl B HEro BoOALI
(S — nnowaap ere nonepeqdnoro ceuenus). Taxum o6pazom,

2pghS pghS

3 3 =

INorpykennslit BBepx gHoM Ha Taybuny H crakan (cm. puc. 65 6) 6yner na-
XOOHTBECA B PABHOBECHH, ecyH cHna Apxumena pgVa, rae Vo — obbem cxaToro
B CTAKAHE BO3/YXA, PABHA CHJIE THXECTH 11 g, AeliCTEYIOLEH Ha CTAKAH. Y YHTBIBAR
Bbipaxkenue o mg, naktgem Vi = hS/3. lasnenne Boaayxa B crakane p = pg +
+ pg(H — 2h/3). Hcnonbays ofbeauHeHHbIN rasoBbil 3aK0H:

pohS _ [po+ pg(H —2h/3)]hS/3
T: Tz '

nomyunm H = po(3Te — Th)/(pgTh) + 2h/3 =154 m.

mg + = pghS; orcwoga mg =

§ 15. DaemenTsl MonexyaspHoll hH3nKn
498, Maccut Monexyn Bogopoaa n kucaopoga mi = 3,3+ 1072 kr u mp =
=53.107% kr.
499. m = popT/(nopTo) = 3,33 - 1072 kr, rpe To = 273 K, po = 0,1 MIla.
500. ng = Na/Vou = 2,7- 10*® M~ (nocrosnnas Jlowmuyra).
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501. n = NaTo/kVo,T = 1,83-10* M, rae Ty = 273 K, Vo, = 22,41 x
% 107% Mm% /mone — ofnem, aanuMaeMuIfl OHHM MONeM HASANLHOTO ra3a MpH
HOPMAJTEHBIX YCIOBHSAX.

502. B obreme Vo, = 22,41 - 10~° m*/mons comepoxurcs npu HOpMAanL-
HBIX YCIOBHAX 4Hceno monekyn Na = 6,02 - 10 monw~!. Tax Kak np omHMX
M TeX XKe YIOBMAX YHEII0 Tlg MOJEKYN B COCY/E MPONOPLMOHANLHO €ro obbemy,
To ng/v = Na/Vou; orciona ng = vNa/Vo,. Hekomoe Bpems T = ng/n, =
= vNa/Voun, = 8500 ner.

503. p2 = p1 — 3npeT/(4mner3Ty), roe Ty = 273 K 1 py = 0,1 MIa.

504. Bo3ememM 0QuH MOMB A30Ta, KOTOPBIH NPH HOPMAJILHBIX YCIOBHAX 38HH-
maer obbem Vo, = 22,41 - 103 m® /Monb, a npu nasnesun p u Tol ke TeMnepaTy-
pe, cornacHo 3akony Boitna-Mapuorra, sannmaer o6vem V = Voupo/p. B oanom
MOJIE 230Ta COTEPIKUTEA uncno Monekyn Na = 6,02 - 10*® mons ™. O6bem kaxaoil
w3 Hux pasen wd® /6, u ux cymmapubili obvem v = md? N4 /6. Taxum obpaszom,
Ha 0/beM CAaMMX MOJIEKYJ NMPHXOAHTCA NPH JABJSHHH Do 4aCTh obbeMa

v wd® Na
E—W‘lm%—u:oss%l
& NpH JABJIEHHH P — HacTh ofbema
v _ wd’Nap _

505. Kaxxnas monexyna 40 yAapa O CTEHKY HMEET MMIY/bC 1My, HAINDAB-
nennbift kK crenxe. [locne abconorTHo ynpyroro yaapa HaNpab/ieHHe CKOPOCTH
MONEeKyNbl MeHaerca Ha obparhoe. [1osroMy MMIOY/BC MOJNEKY/bI NOCJE yaapa
CTAHOBHTCH HeiM —mu. [Ipu 3TOM M3MeHEHMe HMIMYNBCA KAXKA0H MONEKyJbl
my — (—muv) = 2mu.

B meuenue npoMerkyTKA BPEMEHH T O CTEHKY Y/AAPATCA BCE T€ MOJEK)JIb,
KOTOpble, HaXOQACh B MNapaqjenenunese ¢ ocHosaHMem S n gmuoil [ = vr,
JIBUTAJINCH MO HANPABJIeHHIo K cTerke (puc. 317). O6w-
eM 3TOre napannenenunesa V = Svrt, u B HeM Haxo-
aures N = nSvr gBHMKYLIMXCA K CTEHKe MoJeKy. 3a
NPOMEAKYTOK BPEMEHM T NPOM30OAJLET H3IMEHEHHE HM-
nyabca N monekyn, pasaoe 2muenSuvr. [lo Bropomy
sakoHy Heiorona 2munSvr = F'r,rne F — cuna, aefi-
CTBYIOLIAA HA MOJIEKYJIbI CO CTOPOHBI cTeHKH. Cornacko
Tperbemy 3akoHy HbloTona takas ke cusia geficTsyer
Ha crenky. Takum obpaszom, F' = 2nmuv? S u gapnenne p = F/S = 2nmo’.

506. Japnenne Ha cTeHky p = 2nmv’ (cm. 3ajauy 505), rae n — umcao
MOJIEKYJT B efHuLE o0beMa, ABMMKYIMXCA N0 HanpaBaeHuio K 3Tol crenke. [lo
HaTPaBJeHHI0 K Kax ol rpanu kybuxa geusxerca n = v N 4 /6 monexyn; orciona
p=vNaimv?/3 =1,5Tla

507. Yucno Monexys, COOEPKALLHXCA B OAHOM MOJIE Ma3a, PABHO NOCTORHHOM
Aporagpo Na. Cornacso ypaBHEHMIO COCTOAHHA KostHuecTBO rasa v = pV/RT;
oTCIO0a

_vNa _pNa _, 25 -3

=V T RT - 2-107 m™".

508. T = pV Na/nR = 301 K (cm. 3anauy 507).

509. p = npeT /(nokV Ty) = 20 xlla, rae pp = 0,1 Mlla, Ty = 273 K.
510. n = pN4/RT =3.10"" m~3.
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511. Macca raza m = nmp, ero MoispHas Macca i = mo N4, roe mg — macca
OAHOR MONEKYbI, T — YHCJ0 MOJIEKYJ B JaHHOM obbeme 1 N 4 — YHCA0 MONTEKY
B OJHOM MoJe ra3a (nocroanuas Asoragpo). [logcrasue m u 4 B ypaBHeHne
cocroaunsa pV = mRT /[, naxognm p = nRT /NaV, T. €. npu npounx paBHbIX
YCIOBHAX AABJEHHE NPONOPUHOHANLHO uYucay 4acTHy n. Ecan 6t MomeKyhbi
He pacnajanuch, o, cornacHo 3akony lllapnsa, npu Temnepatype T2 Guino Gui
nasnenue py = p;T2/T). Benencersue pacnaja Kaekoofl Moyiekysisl BOAOPOJA Ha
[lB& ATOMA MNOJTHOE YHCIO YACTHL, yBenHuupaercs pasoe. [Tosromy npu remnepa-
type Ta nasnenue Gyaer 2pz = 2p1 T2/ Th = 40 Klla.

§ 16. BHyTpeHHAA 3Heprusa H paboTa paclunpeHHA ra3oB.
TennoeMKOCTh

512. Ha nopwens aefCcTBYIOT CHIIA THMECTH, CHJIA ATMOC(DEPHOrD JaBIeHNA
M3IBHE M CHJIA JaBJeHNA KHeJ0poaa u3HyTpH. [lepBbie ABe cHNBI Bee BpEMS OCTAIOT-
CA NOCTOAHHBIMA. TAK KaK nopiueHb B J1060f MOMEHT HAXONHTCA B PABHOBECHH, TO
BO BpEeMs HAMPEBAHWA KHGIOPOLA €ro JaBlIeHHE P OCTAETCA TAKXKE MOCTOAHHBIM.
Taxum obpazom Moxxer ObiTh HAllLEHA yAENbHAS TEMJIOEMKOCTE KHCGIOPOJA MpH
noctosHHOM gasnenuu: cp = Q /(mAT) = 916 Jx/(kr - K).

Pafora pacuumpenus npu rnocrosniom jasnedun A = p(Va — Vi), roe Vi
u Vo — HauanbHbifl M KOHeuHbIl 06beME ra3a. YpaBHEHHA COCTOAHHMA MA3a 10
H MOCJIe HATPEBAHHSA;

mRT, mRT,
Vi= ——, Vo = .
PV r pPv2 m
BhiuuTas nepBoe ypaBHEHHE W3 BTOpOro, Hafiaem
R(T: — T
pVa— Vi) = ﬂ_(,.z_l},

rae Ta — Ty = AT — pasuoctb KoHeuHON M HAYAIBHOR TemMnepaTyp; orcioaa A =
=mR(T:, - T1)/p = 2,59 x[Ix.

INogpoauMoe K M3y KOTMYECTBO TEMJOTH HAET HA YBEJIHYEHHME ero BHYTpPeH-
uefl sneprun AU/ u na cosepienne paborst A: Q@ = AU + A; orciona AU = @Q —
- A= 6,57 x/[Ix.

513. V = mpo/(p1 — p2)po ~ 29,2 n.

514. YpaBHeHHs COCTOAHMSA [0 ¥ NOCHE BHINYCKAHKA ra3a u3 bansoHa:

plv=m1RT| Pﬁv=m=RT:
K H

rae m; M My — MACCH ra3a B 6ansone, & p1 M P2 — AABNEHUs Fa3a A0 M Noche
BBLIMYCKAHUA. BLIMMTAS 0HO YPABHEHHE U3 AIPYTOrO M YYHUTBIBAA, YT0 Am = m, —
—m3a u Ap = p; — pa2, umeem VAp = AmRT /p; orciona u/RT = Am/V Ap.
C apyrofl CTOpOHBI, MJIOTHOCTb TB38 pg NpPH JABICHHH Py MOMKHO HAlTH H3
YPABHEHHS COCTOSIHHA:

po= =0 = ——— = 3,Tkr/m’.

515. Ap = po(ma — m,)/V pp = 68 xlla.

516. Ecin ra3 narpesaerca npu nocToAHHOM obbeMe, TO ra3 He COBEpLIALT
pabore. [losToMy BCE NOABOOMMOE K rasy KOJMMYECTBO TenjaoThl () MieT Ha yBe-
smuenne ero BuyTpenHelt sneprun AU (oM. 3anaqy 512): @ = AU = 6,57 kIx.
YaennuHasm TeNJIoeMKOCTh KHGIOPOAA NPH NOCTOAHHOM obbeme cy = Q/mAT =
= AU/(mAT) = 857 x/(kr- K).

16 A. Bergpuwos 1 ap.
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517. W3 ypaBHeHHs COCTOAHMA HAXOAMM Maccy KHcaopoga: m = upV/RT =

= dnr’up/(3RT), rae V = 4nr?/3 — ofnem mapa. YpasHenus Tennosoro ba-
JIaHCA 4nA OTKAHYaHHOM0 M 3anOJMHeHHOrO IWAapos:

Ci(Ta—T) = Amy, (mes+ C1)(Ta—T) = Ama,

rae C] = TeILIOEMKOCTh OTKAYMaHHOID [iapa. HCKJ’IK)"IM H3 3THX ymBHBHHn

BenuuuHy C') M yUHTBIBAA BBIPAXKEHHE J/IH 771, IOJIYYHM YAeABHYI0 TEIIOEMKOCTE
KHCIOpOa:

_ 3A(ma = my)RT

Arr®p(Ty — T)pe

518. c = QRTy/[ppV (T2 — T1)] = 660 T/ (xr-K).

519. Konuuecrso Tennorsl (J, coobiaemoe rasdy, HAET HA yBEJIHYEHHE ero
suyTpenHedt snepruu AL/ u Ha coeepwenne razom pabotei: @ = AU + A. [Ipn
NOCTOAHHOM Jasnenun p pabora pacimpenns raza A = p(Va — Vi), e Vo Vi —
KOHEYHBIH M HauyasbHbifi 06beMm rasa. YpapHeHHA COCTOAHMA rA3a 40 M MOCAE
HATPEBAHHA:

= 670 ok /(kr - K).

mRL le-a
Vi= ——1 pVp= =22,
pWi pVa

BuiunTas nepeoe ypaBHeHHe K3 BTOpOro, Haigem p(Va — Vi) = mRAT /i, rae
AT = Ty — T1 — pa3ssoCcTh KOHE4YHON M HAYANLHON TeMnepaTyp ra3a. B peayis-
Tate @, = AU + mRAT / .

Ipu nocrosnnom obbeme pabora pacwmpenns rasa A =0 n Qy = AU,
Cneaosarensho, Qp — Qv = mRAT /p.

y,EI,EJ'IhHhIE TEMIOEMKOCTH MPH NOCTOAHHOM JABJEHHH H NOCTOAHHOM ofeeme:
ep = Qp/(MAT), ¢y = Qv /(mAT). Paspeaus pasnocrs Qp — Qv na mAT,
NONTYyYMM Cp — Cy = R/ p.

Takum 06paz3om, CYIECTBYET PAITMYHE YAENBHEIX TEMJIOeMKOcTel ra3os, Ha-
XOAALIMXCSA PH NOCTOAHHOM JABJIEHMH H NPH nocTosHHoM obbeme. [Ina TBepabix
H XHIKHX TeJ, BEMAY 3HAYHTENbHO MeHblIEro KoadpdpuumeHta ux obbemHOro
pacluMpeHnd, B GOMbIIHHCTBE CTy4aes 3Tofl pasHuued MOXKHO npeHebpeys.

520. BuyTpeHHaa 3Hepry{a MAeANbHONO M3a NpeAcTaBnAeT coboli KMHeTHYe-
CKYI0 3HEPIHIO er0 MOJIEKYJT, KOTOPas 3aBHCHT TOJIBKO OT TEMNEPATYPhI ra3a, HO He
3aBHCHT OT DACCTOAHMSA MEXKIY MOJICKYJaMH M, GlIe[0BaTebHO, 0T offbeMa rasa.
IMpu M30TEPMHYECKOM MpOLECCE HE H3MEHAETCH TEMNEPATYPA, TOITOMY BHYT-
pennsis 3Heprus octaerca noctoanuoii. ClegopaTensHo, KOMHYECTBO TeNiOThL,
coobulaeMoe rasy, aovkHo BuiTh pasHo pabote, cosepiuaemoll razom: () = A =
= 20 .

521. Taxk Kak ra3 B UH/IHHADE TENJOH3IONMPOBAH, TO OH CoBepuaeT paborty
TONBLKO 34 cueT yMeHblenua AU cpoeli sHyTpenHelt suepruu. [lostomy AU =
= A = 4,47 k1. C apyro#i cTOpoHBI, K COCTOAHHIO MA3a ¢ TOH »Ke KOHeYHOH TeM-
nepaTtypoft mosHO npuATH (oM. 3aga4y 519), €ciim YMEHBILNTL €ro BHY TPEHHIOK
IHEPrHIO HA TY e BeJHuuHy AU, OTHHMAA ¥ HEFD KOJHYECTBO TEMJOTH Qv =
= mey(T1 — T2) npu nocrosurom obweme. Takum obpazom, AU = mey (Th —
— Ta); orcioga Ta — Ty — AU /mey = 263 K.

522. lNpu uameHeHHH TeMIePaTYpbl IA3a HA OOHY K Ty ke Besnunny AT npn
NoCTOAHHOM Ufrheme H OpH NOCTOAHHOM JaBMEHHH PDA3ZHOCTE KOWIMYECTB TeIJIOThI
Qp — Qv = mRAT /p (em. 3agauy 519); orcriona Qv = Qp — mRAT /p =
= 0,2 M/Ix.

523. Konuuecteo Tennorsl () = em AT npH HArpeBaHHH BObI HIET HA YBEJIH-
yenne Al ee BHyTpeHHel 3HEPrUH M HA COBEPLUEHHE MPH TENJIOBOM PACIIHDEHHH
soabl pabotel A = peAV = poaV AT nporus cun armocdepHOro AaBNeHHS, Iae
V103 M — nepsoHauabHLIl 06bem soabl. [1posens BoluHCneHHA, NOLYHHM
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A 20,2 m[Ix, B To BpeMa kaxk Q = 4,2 kI, T e. npx obbuEbIX yonoBuax @ >
3> A. INosromy moxkHO cunTaTs, 4T0 Q@ = AU,

Oamu monb rasa comepskur Nao momekyn (N = 6,02 - 10** mons™"). Boga
maccu m cogepacut 1 = mNa/p monexyn. Takum oBpasom, Ha OfHY MONEKyny
NPHXOAUTCH YBENHYEHHe BHyTpeHnedt suepruu AU, = AU/n = 1,26 - 107** [x.

524. Q = 2pcy To = 11,5 MIx.

525. Q = mcp AT = mepTo = 1,49 x/lx.

526. YpaBHEeHUA COCTOAHMA rasa 40 U NOGIE HArPeBAHHA:

oy MATL L mRTy
m I

e P1 ¥ P2 — HAYAJIBHOE M KOHEYHOE JaBeHudA, T 1 Ty — Haua/bHAA W KOHEUHAR
TEMITEPATY Dbl, 1l — MACCA IAa3a. Briuntas nepeoe ypaBHEHHE U3 BTOPOro, Halaem

mR(Ty —Th) _ uVap
-T, orcioma Ta — Th = —F
KonuyecTso Teniorsl, cooblleHHoe rady MpH NocTOAHHOM obbeme,

VAp=V(ps—p) =

Q =mey(Tz —Th) = ‘—‘f—‘%ﬂ = 16,5 k.

527. A = mpoAT/poTy = 84,5 w[lx, rme po = 0,1 Mlla u Ty = 273 K —
HODMA/IBHBIE AABJCHHE K TEMIEPATYpA.

528. JlaBnenue rasa B UMIHHADE NOCTOAHHO: p = pg + mg/S. Pabora pac-
LIMPeHMA ra3a npH nocroaniom aasnennn A = p(Va — V1), rae Vo — koneunbiit
obem raza. [Mo saxony Mefi-Jlioccara Vi /V1 = Ty /Th; orcioaa

ViTs Vi(T: — Th) ViAT
= -Vi= =t :
Va T Va 1 T T
Taxwum obipazom, A = (po +mg/S)VIAT /T = 20 Tx.
529. I'pacduk H3MeHeHHA COCTOAHMA ra3a B Koopauuatax p, V npuBeseH

Ha puc. 318. Yuactok 1-2 — u3oxopHbill npouecc: TeMnepaTypa yBeJMYHBaeTcH,
NPOMCXOAUT NOrNOLIEHHE TEMNoTH, paboTel ra3 He coBepiuaeT. Y4acTok 2-3 —

P ’
P / p1 = const
2 8
& w
s g
b o
A ]
raid
’el pa1 = const 4
!‘
U
o V o T
Puc. 318 Puc. 319

uzobapuoe pacwmpense. Temneparypa ysBesnunsaerTca (H30TepMa, Ha KOTOPOH
NeXHUT TouKa 3, cooTeEeTcTByeT Donbliell TeMmnepaTtype, YeM H30TepMa, Ha KOTO-
POH NIEXKKUT TOYKA 2), MPOUCXOAMT MOTNIOLIEHHE TEeNJIOTH, Fa3 copepliaer pabory.

16%
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YyacTok 3-4 — H30TEPMHUYECKOE pacIlMpPeHHe: TeMIIePaTYPa OCTAeTCH NOCTOAH-
HOH, NPOHCXOAHT NOTJIOIEHHE TENJIOTH, a3 cosepiuaer pabory. YyacTok 4-1 —
H300apHOe CKATHE: TEMNEPATYDA yMeHbluaeTcs (M30TepMa, HA KOTOPOH JNeMuT
Touka 4, COOTBETCTBYeT GoJiblliel TeMnepaType, HeM H30TEPMA, Ha KOTOPOH JIesKuT
TOYKa 1), TPOMCXOAMT BhbIAENeHHe TENAOTbI, paboTa — OTPHLATENbLHAN.

I'padukn uameHeHus cocTosHuA rasa B koopauuartax p, T u V', T npuseaens
Ha pucyHkax 319 u 320,

530. Ipu nepexoae mexay cocromHuamH 1 v 2 ras paboTm He coeepuiaer,
TEK KaK ero ofbem He H3MeHsAeTcA (nopiuens nenodsixen). [Ipu nepexoae mexn-
Ay cocronumami 2 u 3 pabora rasa A = p3(Vs — Va). Beanuunm pg, Vo u V3
ONpeAessioTCA H3 ypabHenult npoueccos — usoxopuoro (1)-(2): p1/p2 = T/ Ta
(Vi = V3), u usobapuoro (2)—(3): Vz/Vs = T3 /T3 {pa = const); orciona A =
=pVi(Ts — T2)/Th = 100 [Ox.

531. A =po(V — V') = po(V — m/p) = 167 [Ix, rae po = 0,1 MIla —

JaBjeHHe HACBILEHHONO BOAAHOMO Mapa Npu t =
V1k 47

~

= 100 °C, paBHOe HOPMAJBHOMY ATMOCGhEPHOMY
nasnennto, a V' — obnem cxonpencuposasieiics
BOALI.

532. BHyTpeHHAs 3SHEprHa MAEajbHONO rAa3a
npeAcTaBIAeT cofoH KHHEeTHYECKYIO SHEPTHIO ero
monexkys1. OHa NPONOPUHOHAILHA €0 TEMIEPATY-
pe M uHchy monexkyn. BuyTpennue sheprum ra-
3a B nNepeoM M Bropom wwiauHapax Uy = kinTh
P1=const M Uy = kraTy ¥ rasa B IMIHHAPAX NOCE CMELIHBA-
uua U = k(i + v2)7T, roe k — xosdppuynent npo-
NOPLUHOHANLHOCTH, 3aBUCAIKA OT NPHPOAH rada,
V1 H P — KOJIMYECTBA rasa (B MOJAX) B TEPBOM
u BO BTOpoM umnunapax. Cornacko 3akony co-

(o] T xpanenus aueprun Uy 4+ U; = U, n, cneposarens-
no, 1171 + 13Ty = (g + 19)T. U3 ypasuenu#t co-
Puc. 320 CTOSAIHKA 714 Ma30B 40 CMELIHBAaHHA HaligeM v =
= Vi/RTy u va = poVa/RT,. Mogcrasus atu
BBIPAXKEHHA B NPebliylee PABEHCTBO, TIONYYHM

W +p:V:= = (P1V1 + Pz'/:),r‘

T3 = const

a

R R RT:  RT.
Takum ofipasom,

Vi + 2V
p1ViTe + p2VoTh
W2 ypaenenns coctoanua mis cmecu rasos p(Vi + Va) = (01 + na) RT, uenons-
3yA HafljeHHBIE DANEe BRIPAXEHHA 404 V1, ¥ M T, monyunm (oM. zanauy 442)

_mVi+paVy
ToVi+ W

T =TTz = 366 K.

= 525 klla.

§ 17. HachiuieHHble ¥ HeHACLIIIEHHBIE IAPHI

533. PaccmoTpum xoa n3orepmst T = const (puc. 321). [Ipn noaveme nopu-
HA JaBneHue Ha XKUAKOCTh yOuiBaeT O6beMm ke KHIAKOCTH OT L&BACHHA MOYTH
He 3ABHCHT (KHAKOCTH NMpaKkTH4eckH Hecxumaemsl). [TosTromy noka nog nopu-
HEM HAXOAWTCA TONLKO AHAKOCTB, YYACTOK ab M30TepMbl MPAKTHYECKH COBIA-
naer ¢ uzoxopoit. Korna fasnenue B UMAMHAPE CTAHOBHTCH DABHBIM JIABJEHHIO
HACBHIIIEHHOrO Napa NpH Temneparype 1) (JaBIEHHIO Pp), B LMIHHIpPE, KDOME
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KHAKOCTH, NOABAAETCA HachlleHHbId nap. /laBnenne HacbienHOrO napa He 3a-
BHCHT 0T ero obbema. [osromy npu ganbHefiuem ysenwyenuyn obLema uzoTepma
coBnajaer ¢ uzobapol (yuacTok be) oo Tex

nop, TOKA BCHA KMAKOCTH B UWJIHHIADE He p
npespatutca B nap (npu oobeme V). Ipu
JanbHeiliuem ypenndenuu ofvnema nap cra-
HOBHTCA HEHACBILIEHHbLIM, W 3ABHCHMOCTD
€ro JABJeHHH 0T 06beMA NOJYMHAETCH 3a-
koHy Bolina-Mapuorra.

Xog maorepmbr Ty = const Takoit e,
HO, TAK KAK [IABJIEHUE W MJOTHOCTH HACHI-
LIEHHOrO Napa npu roll Temnepatype 6ob-
e, TIOTHOE HCTIAPEHHE XKHUAKOCTH Npou3oii-
Jet npu obweme V. < V..

534. [lasnenue, OKA3ILIBAEMOE NAPOM HA

CTEHKH COCya, oBycnoBieHo yaapamu mo-
JIEKYJl O CTEeHKH M NPONOPIHMOHANLHO KH- Puc. 321
HETHYECKOH SHEPrHN MOJIEKYJl H 4HCITY MO-
Jnexkyn B equnule obbema (cm. 3anauy 506). Cpepnnasi KMHETHYeCKAs 3IHEPTHA
MOJIEKY/1 napa NpoNopUHOHANBHA TeMnepaType (cm. seederue K § 16), 5 To Bpe-
MS KAK YHCIO MOMEKY]l HACBLIEHHOrO Mapa B eAHHHIE 00beMa BO3PACTAET MpPH
MOBLILIEHHH TEMMEPATYPHI.

Jlunusa abd na puc. 67 Ha yuacTke ab coBnajaeT ¢ 3aBUCHMOCTBIO NABJTEHHSA

HaCHILLEHHOrO Nnapa OT TEMNEPaTYPbl, HA y4acTKe bd npeacrasnser coboit orpesok
npAMoi, npoxoasieit Yepe3 Havanao xKoopawHaT Taxofi
P xoa obbAcHsAeTca TeM, 4TO npu Temneparype Ty BCa
i 3 KUIAKOCTL, OBIBILAA B COCYA€ BMECTe ¢ HACBILEHHBIM Na-
poM, npeepaTHIAChk B nap. Janee e npoMcxoauT, cornac-
2 no saxony lllapas, naoxophoe ysesmuenne gasnenus. Jlu-
Hus abee npeacrasnser cobolt Takolt xe npouece, HO npu
Bonbiuedt macce xuaKoCTH K napa B cocyae. Temneparypa
1 Ty — kpurHueckas Temneparypa. [oBopuTs 0 napax npu
TeMnepaType Bbillle KPUTH4YecKOH HeT cmuicna. [losromy

o v BCe NIMHHUH OBPLIBAIOTCA MPH 3TOH TeMneparype.
Puc. 322 535. Yuactok 1-2 (puc. 322) — uzoxopHoe ysennue-
L HHE JaBJEHMA NPH HarpeBaHHH. Y4acTok 2-3 — uzorep-
MHYECKOe (2KATHE HEHACHILIEHHOrO napa (NPOMCXOOAT COrnacHo 3akoHy Boltna-
MapuorTta 40 HachlLUEHHA nNapa — J0 HAYANA ero cxuxenws). Yuacrok 3-4 —
MIOTEPMHYECKOE CHKATHE HACBHILIEHHOTO Napa (MPOMCXOANT CKIDKEHME, & JaBNe-

HHE OCTARTCA MOCTOSHHEIM).

536. Yucno monekyn BewmiecTBA NPH 3ANAHHOWH €r0 MACCe HE 3ABHCHT OT
COCTOAHHA BEUIECTBA, eC/IH He NMPOHCXOOMT XHMuueckux peakuuil. Koawuecrso
BELIeCTEA (B MOJISIX), MMEIOIEro MAaccy ™M M MOJAPHYIO maccy g, ¥ = m/p.
Opne Monb BewecTsa cogepxuT uncino monexyn N4. CnepoBarensHo, macca
BEILLECTBA M. COAEPKHUT Yucio Modnekyn 1 = vNy = mNa/p. Eguuuoa maces
BELUECTBA COAEEHT M0 MONEKYST Ny = N4/ 8, UTO ANA NAPOB PTYTH M BOIdLI
aaet

a

N - N -
fimi = —2 =3-10* &r ¥ r.le;v=—A-=3,3-1(:';“5 ke,
131 M2
537. [1pu TemnepaType t = 4 °C nnotHoeTs Bogw! pp = 10° kr/m>. IlnoTHoCTE
napa p MOXHO HalTH NPH NOMOLIH YPaBHEHHA COCTOAHMA:
Kp P= = ps RT — 1,6-105.

= —; oTcrja —
P~ BT p up
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Opus MONb BELECTBA COAEPHMT YHCN0 Monekyna pasio N4 = 6,021 Moap L,

Eauunua ofbema peliecTsa COOEPXKHT YHAI0 Manell v = p/pu M, CIe0BATeNbHO,
uucno monekyn plN 4 / pt. Ha kaviayio monexyy Boast ¥ mapa npuxodsaTcest obbeMbl

[ -28 3 I RT
= =3.10 ! V = —
Vx P-NA 3 M pN,q pNA

0‘33

=48-10"% 0.

538. Cornacuo ypastenuio cocroauus pV = mRT /[y nnornocty rasos u na-
POB TIpH NOCTOAHHON TeMMEPATYPe NPONOPLUMOHATLHLI ux Jasienuam. [losromy
p1/pa = p1/pa = 0,45.

5308. Macca napa, nHeofxognmas anis Haceiennsa 00beMa KOTJ& NMPH TeM-
neparype T = 453 K, mg = poV = 25,25 kr. Tak kak mqo > M, TO Bea BOJA
npespaTHNack B HeHachimenubit nap. Cnenoparensho, m = ms = 20 xr. Hs
YPABHEHHA COCTOAHMA Haxogum aasnenwe: p = mAT/uV = 0,84 MIla.

540. B cocyae ao yeesHueHus ero ofrbema COOEpPXKalcA Map Maccsl Mo =
= poV = 8 r (obmemom, 3anmuMaemuM Bosoil, MoxkHO npenebpeus). Macca po-
bl 1 napa Gena me + me = 20 r. [Jaa saceiuenna obbema kV npu Toi ke
TeMnepaType Heobxoauma macca napa mg = pokV = 40 . Tak kax ms + mp <
< mg, To nocie ypenuuenus obrema nap Gyaer HexacuiLeHHEM. Ero naotHocts
p = (ms+mg)/kV. [asnenne npu agannoil Temnepatype NpONOPLUHOHATLHO
nnoraoct. [losromy p = pop/po = po(me + ma)/(pokV) = 0,55 klla.

541. [laBnende oCTABAJIOCH MOCTOSHHLIM, NMOKA MOJ KONOKOIOM Dbl Hachl-
weH bl NAp, MIOTHOCTEL KoToporo p = up/ RT. 3a spema T Gbln oTKauaH obbem
V = Vi, B KoTOopom cogepaanca nap macest m = pV = upVo7/RT =279,

542, Hacenuenuniii nap maccel m nNpH JaBjd€HHH P, COMVIACHO YPABHEHHIO
COCTOAHHS, AomkeH 3anumars obvem V = mRT /up. Cneposaressno, AV =
=V' -V =mRT/up — V = —0,29 »® (3nax munyc nokasmisaer, 4To obnbem
JonAKeH GBITE yMeHbILEH).

BB g ST
wd* (T + Q/me)

544. [laBnenwe cmecH HACHLILEHHONO napa u reaus B Tpybke p = po — pgh.
Tlo zakony [anwToHa 3TO AaBneHHe CKAAILIBAETCH H3 NAPUHANLHLIX AABNEHUA
napa M TeJHsA Py M p2; OTCIOAA P2 = po — p1 — pgh. W3 ypaBnenus cocroanua
HafIeM MAcChi MADA M MEJHS TR, B TMa:

~ 1 MIa.

_mpV 10-T _ #z2(po —p1 — pgh)V
my = “RT =4,3-10"" kr, me= BT

545. Ecne 6b1 B upnuugpe Gb17 TOMLKO HACLILIEHHLIR Nap Macchl M M BECh
OH CKOHOEHCHpOBANCA, TO Obbem obpazomasweiics soabl (okoao 0,3 - 1073 wm?)
6uin 611 Man no cpasHenuio ¢ ofbemom V' = V/k = 0,33 m®, ocTaBmmMes Toa
NOpIIHEM noche cxaTHA. [103ToMY MOXKHO CHUHTATB, YTO Bech ofbeM LMAMHApA
NOCNe CAKATHA 3AHAT CMEChIO MAPA M A30Ta, NMPHYEM NAPLUHATEHOE JABNEHHE Ma-
pa p1 BO BPEMA CKATHS HE M3MeHU/I0Ch. M3 ypaBHEeHHS COCTOAHHA HAXOIMM MACCH
HACBIILEHHOTO MApa [0 ¥ nowie cxatua: my =y V1 /RT, mi =pm V' m /RT =
= p1 V1 /(kRT); oTcioaa Macca CKOHIEHCHPOBABIIErOCA napa

_ " Plvlﬂz(k'—l] -
Am=m mj———_fcRT =Wr

Macca asora mz = m —m; = (mRT — pyV )/ RT. Us ypasuenus coctrosnHus
HAXOAMM MADLKANBHOE JABJIEHHE A30TA [0 CHKATHA:

_maRT _ mRT —p1V
TV T p2V '

=4,8.10"% kr,
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Jlannenue cMecu 0o cxaTiA no 3axkony laneToHa

p1V{(p2 — 1) + mRT
paV

546. Bnamubii nap Maccsl ™, OTAAeT KOMMYECTBA TenuoTe: (1 =
= eman(tn — txwn) NpPH OXJAKIEHHH BXOAAIWEH B €ro cocTaB BOABL [0
TeMnepaTypsl KoHAeHcaunH; Q2 = cnmal(l — n)(tn — txun) npH oxnaxcaeHun
cyxoro (3a poiueToM kanenn BOAL) napa g0 TOR ke Temneparypsl; Q3 =
= Amg(l — n) npu xongencanuu napa; Q4 = mpc(txyn — ) NpH oxnaxkaeHun
obpasoBaBwrefics ¥3 napa Boabl (Br/OYas W OLIBIIHE B HEM KANENbKH) J0
TeMNEpPATYPhbl CMECH. Xonoagnan BOAA MACCh! M NOMTYHAET KOMHYeCTBO TEeNJOTH
Qs = cm(8 — t). Cornacro ypaekennio tennosoro Gananca Q1 + Q2 + Qs +
+ Q4 = Qs5; OTCIO0A MACcCa XONIOAHOH BOJBI, NMPHUXOAALIAACA HA EAHHKLY MACCHI
napa,

p=pm+p= = 27,2 xlla.

m _ [en+ea(l = n)](tn — tiwn) + A(1 = ) + cltiun — 0) _ 24
Ma c(f—t) e

547, mp = me(t = tean) /A = 0,37 kr, rae tn = 100 °C — temneparypa
KHNEeHWs BOMAbI NMPH aTmocthepHoM JaBJieHun.

548. O6bemom, KOTOpPBI 3aHMMaeT B cocyfe Jej, MoxkHO npenebpeun. U3
YpaBHEHHs COCTOsIHMA Hafiem Maccsl napa npu Temneparypax t; u fa:

Vpip —_— Vipas
RT.> *T RTy’

Maccu HEnapMBIISrocs M OCTABLUEroCs JibAa

my =

BV fpa . _mRTa—an:
L e (T;. 'T‘l) it == ANasS RT:

KonuuecTso rennots, Heobxonumoe: s uenapenus asaa, Q, = ma(r+ A); ans
HarpeBaHns napa, Q = mae(ta — t1); Ans narpesanus ocTaslierocs nbaa, QL =
= Mca(tz — t1). [onuoe konuuecTBo TenAOTHI

Qn+Q+Q:,=
= WV(r+d) (2 ), [6VPa(e—ca) R
- R (Tz T:)+[ RT: + mea| (2 — t1) = 3,92 w/lx.

549. [lasnenne HachIUEHHROTO Napa NpH NOCTOAHHON TEMNEpAType HE 3aBH-
cut or obvema, [Ipu Temneparype ¢ = 100 °C oHo paBHO HOpPMANBHOMY ATMO-
cchepromy pasnenuio py = 0,1 MIla. [Ipu uzobapuueckom oxarum pabora A =
=po(Vi — V2) = 1 klIx.

550. [1pu nepemewmenuu nopwna ofbem uuanHapa uaMenunca va Vo — Vp =
= Sl. Ilpn paBHOMepHOM YOLIBAHMM OQABNEHHA MOMKHO B3ATL B PACHeT CpeaHee
JaBneHHe p = (p1 + p2)/2 v uckats paboTy, KAK NpH NOCTOAHHOM JABlEHHH:

S
A=pVa-Vi)=(m +p1]-2— = 14,4 xk[x.

I'pacur 3aBucumocT nasnenus ot ofwema (puc. 323) npu pasHOMepHOM yOhI-
BAHMH JABJEHHA OT p1 A0 P2 M300parkaeTcA oTpeskoM npamoit ab. [lnowans
TPAMNELHH C OCHOBAHKAMH aV1 = py u bVa = pg W BeicoToOl Vo — V4 = S| uncnenno
pasxa pabore A.

551. h=(p1 — p2)/pg = 12,5 m.

552. p = up/RT = 0,001 kr/m".
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553. IlnoTHoCTh HachIEHHOro napa npd Temneparype t; = 20 °C pa =
= ups/RT, =17,3" 10~% kr/m®. Taxum oBpazom, pa > p1. [osromy npw oxtak-
JIeHHM 10 TeMNepaTypsl g HACLILLEHHe He DyJeT AOCTHIHYTO, KOHJEHCALMA He
HAYHETCA, W COOEPIKAHME Mapa B eanHuLe 00beMa BO3IYXA OCTAHETCH MPEAHHM,
T.e py = o = 0,006 xrfM“.

554, Ilpu Temnepatype tz = 10 °C nnoTHOCTH HACHILIEHHOrO Mapa pg =
= pupy/RT: = 9.4 - 1073 lcr,"MS. Taxum obpazom, py < p;. [losromy npm

OXNAX/EHHH [0 TeMMepaTypsbl fz YacTk napa
p CKOHJEHCHpYeTCs, W aBCOMOTHAN BIAXKHOCTS By-
p1 AeT ONpefeNATBCA MJAOTHOCTBIO HACHILIEHHOTO
napa p2 = 9,4 - 1072 kr/m°.

565. Ilpu temneparype t; abcomornas
BJAXKHOCTE BO3AYXA 00 YMEHLILEHHA ero obbema
m = fip. Macca Bnaru B eguuuue obbvema co-
CyAa MOC/e CHATHA BO34yxa (He TOMLKO B BRAE
napa, HO M B BUJE CKOHCHCHPOBABILEHCH AU KO-
CTH, €C/IH BOSHMKJIM YCJOBHSA [15 KOHJEHCALMH )
p2 = kfip=16,9 1072 kr/m>. Tpu Temnepa-

Puc. 323 Type tz = 100 °C aasnenue HACLIIEHHOro napa

PaBHO HOPMANBHOMY aTMochepHOMY AABIEHHIO

po = 0,1 MIla u ero notHocTs pp = wpo/ RTa = 0,58 kr/m”. Tak kak py > p2, TO

B cocye GyOeT HEHACHIIEHHBIA NAD ¢ OTHOCHTENBHON BIAKHOCTEIO f2 = po/po =
= (kfipRTa/ppo) -100% = 2,9 %.

556. p' = (uup — pRT)pa/[RT (1 — p2)] = 13,1 - 107° xr/M*; f' =
=(p'/po) - 100% = 48,5 %.

B57.m = (fa— f1)pV =208 r.

558. p=mfa/(fa — f1)V = 0,006 xr/m*.

559. IlnoTrocTs cyxoro Boaayxa p1 = pipo/ RT. Ilpn oTHOoCHTeTBHOM BIAXK-
nocru f nuorHocTs napa p' = fpg = uzpa/RT, rae p2 — napumanbuoe JaBne-
Hue napa; orciofa p: = fpoRT /ue. Tak xkax masnenue BIaKHOTO BOZAYXa Po
CKNAObIBRETCA H3 MAPUMANBHEIX JABJEHHI BO3AYXA H NAPa P1 H P2, TO P1 = Po —
= pa2 = po — fpoRT/ p2. [lnorHocTs Bo3ayxa (Ge3 napa) npu 3TOM NapuMaibHOM
AABNEHHH

P

P13

P mpr _ mpo _ pfpo

~ RT RT 2
[MnoTHOCTE BAAMKHOIO BO3AYXA
’ it HiPo 23]
=p+p =2 (2 -1 :
pr=p +p RT (M ) foo
OTHowerre NNOTHOCTE! BAAMNCHOND H CYXOro BO3LYXA

P2 __ (=) fpoRT
£, HiftzPo

~ 0,987.



I'nmasa III
AJNIEKTPUYECTBO U MATHETHU3M

§ 18. 3axon Kynoua

560. Mo zakony Kynona ¢ = r\/eF/k = 0,2 mxKn, rae k = 1/(4weg) =
=9-10° H-m?/Kn®.

561. N = q/e = 6,25 - 10"® snexrponos.

562. r = Ar(2+v2) = 1,71 m.

563. r < \/k[g1g2|/(T — mg) =18 cm.

564. [lonoxkurenbHble 3apaabl ¢ MOrYT OBIThH DACTIONOXKEHB! Kak no obe cto-

POHEI OT OTPHIATEILHOTO 3apsfa Q, Tax U Mo oAHY CTOPOHY oT Hero. OTHOWeHNe
CHJI B [EPBOM M BTOPOM CYHARX:

vop o= 17,99 .8,4Q
F:R=pkiz o~

m
? 3 10
F.?:F==Z qr—?'? qf—?:ﬁ,ﬁ?ﬁ‘

rae r — paccrosanue oT 3apaaa @ no Gmkaiiuero NoAKHTENbLHOrO 3apaja g.

565. OGoznaunM Moaynb cHabl Oykeoi F' ¢ OBymMA MHOEKCAMH, NepBblil H3
KOTOPLIX MOKA3LIBAET, HA KAKOH 3apaj JefiCTBYET CHIA, & BTOPOH — €O CTOPOHE!
KaKoro 3apsaa oxa gelicrayer (Hanpumep, Fo1 — cuna, gelicteyiolas Ha 3apag go
€O CTOpPOHH 3apsaga ¢i1). Bossmem B kauecTBe koopauHatTHo# ocH OX npamyo,
NPOXOAALLYI0 Yepes 3apaasl ¢1 ¥ g2 (puc. 324). 3a navano orcuera O npumem To4-
KY, I[le HAXOJUTCA 3apsj] §1, 4 3a NOJOXKHUTENLHOEe HAMPABJIEHHe — HATIPaBleHHe
OT 3apAaa §; K 3apsny gz. 3akon Kynona (B Haweit sanuck) gaet BOIMOMHOCTD
OnpeAenuTL JHMbL MOAY/b BEKTODA CHAbL, & 3HAK MPOEKLUHHU BexTopa Dyaer, kak
OOBIYHO, MOTOKHTEBHBIM, CJTH CHITA HATIDABJEHA B NOJIOXKHTENBHOM HAMDABITe-
Hui ocH O X, H OTPHUATENLHLIM B NPOTHBHOM CIy4Yae.

T

™

71
- Fa - il E. -
- py

Fi2 O Fiwo Foig9o Foe Fao Fa1 X

q2

Puc.324

Ha xaxkaeiii w3 Tpex 3apafoe AeRCTBYIOT CO CTOPOHE! ABYX APYTHX MO ABe
cunbl. [lns pasHoBecHs Heobx0auMo, yToDbI 3TH ABe CUJIbI BbLAH IPOTHBONONIGHK-
HBIMH TI0 HanpasjeHnio. Jlerko BHOETh, YTO 3ITO YCJIOBHE BLIMONHAETCH JIMIIbL
B CJIy4Ae, KOTOa 3apaj ¢o HaxoauTes Ha ocl O X Medxy 3apajaMu g U §a H HMEeT
TPOTHBONOJIOXKHLI MO cpaBHeHHIO ¢ ¢; M g2 3Hak. [lyeTb paccrosinHe Mex(Ly
3apagaMH g1 M go pasHo z (0 < z < r). Toraa (puc. 324):

a) Ha go AeficTBYIOT CHABI

kqoga

P = (r—a)

u Foa =

kgoq:
£
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6) Ha ¢ AeACTBYIOT CHIIBE

k k
Fuo= |*20 |y £y = | 2022,
r
B) HA g2 AEACTBYIOT CHIIBI
k k
p29=‘% ,,p,=‘ 9291 |
{r—2) r

[Ipu paBHOBECHH BCeX TpeX 3apsoB:
a) — Fou + Fo2 =0; 6)— Fia+ Fio =0; 8)Fa; — Fao =0.

Venosue a) NpUBOAKT K KBAJPATHOMY YPABHEHHIO OTHOCHTENBHO Z:

2
:2 + !QIl re — lql.' r'] =0.
lgal = lqa] lg2| — |1l

Jlns KopHeil 3TOrO ypapHeHus

_ Zlal £ Vi -lga|

lg2| = |aa

BhiNoNKAIOTER yenosua: 0 < xp < r B moboM ciyuae; @2 < 0 npu |q2] > |q1;
T2 > T TpH 1q;r< lg1|. Bropoit kopens gomxen 66Tk oTGpOLLIEH, KAK HE YAOBTe-
TBOPAIOWMHA yenopHAM paBHopecus. Takum ofpazom,

Vgl - lgz| = g1

r=Hn=——rsrelM
lg2| — lga]

T2

Yenosue 6) naer |gog:|/z? = |q1¢2|/r?%; orciona

lg212” _ lg2l(v/Iga] - Iga] — lga))’
. i

ol = =3 (laal = laa])?

566. Kaxnaniit 3apan ¢ B3anMoAeHCTByeT ¢ ABYMA APYTHMH 3apajaMH g,
PACnoNOyKEHHBIMH HA PACCTOAHHM a OT paccmarpusaemoro (puc. 325). TTosromy
Ha Jio6oft 2apag aeficTeyloT ABe pasHble no moayio cuam Fy = Fy = kq? /a®.
PasnoselicTBy01mas aTHx cuiT (MPOEKIMs BEK-
TOPHON CYMMBI 3THX CHJ1 HA AHANOHANL NapaJ-

= 4 nKn.

JenorpaMma)
2
F.= 2"”2 cos E,-
2
OTCIONA
Puc. 325 — 2k¢ostar’2) 0,

567. Ha 3apsia g1 geficTeyloT ABe paBHBLIE MO MOAYMIO CHJbI CO CTOPOHEI
3apAfoB g2 M g3, & TAKXKE CHIA CO CTOPOHEI 38psja go (pue. 326). Beuay pasencrsa
38PSOOB §1 = g2 = g3 = ¢ nonyyaeM go = v3¢/3 = 5,2 uKn. Ha 3apag qo
AeficTBYIOT TPH PAaBHbBIE N0 MOAYJIO CHJbl, PABHOAEHCTBYIONUIAA KOTOPLIX PaBHA
HYJTIO.
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5688. Kaxwiit 3apsaj g s3auMofieficTBYET ¢ TPEMA JPYTHMH 3ApAJAMH ¢, ABa
U3 KOTOPBIX HAXOAATCA HA DACCTOAHMH @ OT PACCMATPHBAEMOrO, & OJHH — Ha pac-
cToAHHH r = a/ cose = +/2 a (pue. 327). [Nosromy Ha 6ol 3apan AelicTBYIOT

q q
q q Fant o
a r Jo
. 3
- 7N
= - 4
y e o
Fa Fi q q
Puc. 326 Puc. 327 Puc. 328

Tpu cuast: Fy = F3 = kg®/a® n Fa = k¢* /(v/2 a)®. Pasrogeficrsyioman aTix
cHyl (TPOeKIMH BEKTOPHON CYMMBI 3THX CHJ1 HA IMATOHANL KBAJPATA)

V2 kq2 qu

F=2Fcosa+ F; = - +F=172MKH
a

a

M HAMpAB/IEHA [0 AHATOHAJH KBALPATA OT €ro LeHTPA.

569. Ha zapaa go aeficTByOT 4eThbipe CHilbl, HAMPABJIEHHLIE MOMAPHO MO
ABYM QUaroHasam Ksaapata (puc. 328) u pasabie no mogymo Fo = kgog/ r?
(r = a/+/2 — nonosuna guaronanu keajpara). PasHogeficTyomas 3mux cui

Bkgugcosa
ol

F=4Fscosa = = 509 mxH,

rae a = 45° — yron mMexkay AWArOHANBIO M HANpABIEHHEM paBHOZeRCTBYyOWweH.

570. INocne conpukocHoBenus wapHka B ¢ wapukom A 3apsg g nepepac-
NpejennTes MeX /Iy apHKaMy NopoBHy ¥ wapuk B Gyaer nogHuMaTLCA BBEpX.
PaBnoBecue cHIbl TSXKECTH M cHIbl Kynona HacTynuT npn k(0,5q]2,’h2 = mg;
orciona h = 9 cm,

571. ¢/m = w*R*/(k|go|) = 15 mxKn/kr.

572. ¢ =m+\/G/k = 0,774 nKn, rge G = 6,67 -10~"" H - m? /r® — rpasu-
TAUHOHHAS MOCTOAHHAS.

573. CuHnel B3aMMOJEHCTBHA 3APAJOB B BAKYYME H B KepocuHe F =
= kq1q2/'r2 =144mHu F, = kqlqg)'.s'r? = F/e=0,72 mH.

Cneayer OTMETHTB, YTO CUJIE], NPUIOXKEHHbIE K PAJIMYHBLIM MO MOLYJIIO 38~
PAAaM, PaBHHI M0 MOYJII0 H NPOTHBONGJIOAKHBL N0 Hanpasyenuio. Ha skaamenax
Hepegko omxbalores, yTeepakaas, uyTo K bonsiemy 3apany npuaokena bénbmas
cuia. DTO NPOTHBOPEYHT He TONbLKO 3axkoHy KynoHa, HO M TpeTbeMmy 3aKOHY
Hemworona.

574. e = Fir} /Fard = 2.

576. r1 = ra//e = 17,3 cm.

576. o norpyeHnsi B KEPOCHH Ha wWapHKH aeftcreyior (puc. 329a): cuna
TSDKECTH Mg, cuna HaTsKeHus HUTH T, cuna xynoHoBCKOro oTTankusanHs F =
= kq®/r?, rae m — macca wapuka, ¢ — €ro 3apag M T — PACCTASHNE MEMCLY
wapukamy. [IpH paBHOBeCHM 1IAPHKA CYMMbI NMPOEKUH CHN HA BEPTHKANILHOE
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¥ FOPU30HTANBHOE HANPABJIEHUA PABHBI HYMO (CM. BBeleHue k § 6):
Tecosa—mg=0, F-Tsina=0. (1

TIpn norpyesns wapukos B Kepocun cuna Kynowa Fy = kq®/er®; cuna
Apxumena f = mgpy/p v Hanpas-

- 6 nena Bpepx (puc. 3296). Yenosne
DABHOBECHA CHMJ TEMepb MpHMET
BHA
Tkcosa — (mg— f) =0, (2)
= Fy—=Txsina =0.
__f Mz (1) u (2) umeem
L L L R Fo. ME
q | = F. f-mg'
_— e orcoa
_ EPx 3 ]
Puc. 320 S e U R

577. ¢ = p/(p — p=) (eM. 38724y 576).

578. F = k\/(q7 + q192 + q2)q3 /7°.
579, OboanauyumM 3apsaibl Yepes ¢, g2 H g3. Toraa no aakony Kynoua

_kae o kaes g kgags
= ] 3 13 = 3 ] 8= 3 d

LT ] T1a Faa
Wexkmouasa ua »THX ypasHeHuil ¢y H g2, Haligem

= riares [ F1aFas
riz ¥ kFiz2

580. Cuna s3aumogeiicTeus F = kqigz/r’ = 36 xH. Dra cuna nosonsHO
BEJIHKA; OHA NPUOIM3HTENBEHO PABHA CUJie, ¢ KOTOpOl NMPUTACMBAETCA K Jemae
Teno Maccel m = 3600 kr.

581. Ha xaskapiil wapHk aeficTByoT: cuna HaTsokenus kit T, cina TsokecTu
ME ¥ CUIA KyJOHOBCKOrO oTTankusanua F = kq? /r?, rae r = 21 sin a (puc. 330).
Tlpu paBHOBECHH IIADHKA CYMMBI NIPOEKLIMI CHJT HA BEPTHKAJILHOE  POPH30HTAJb-
HOE HANPABJIEHHA PaBHbl Hymo (cM. 3apauy AT6):

Teosa—mg=0, F-Tsina=0.

Fiz

Hexmouns u3 yux ypasvenntt T v y4uTHIBAA BHIpaykeHHA ana F u r, momy<um
kq®cosa

e Mt T
4l gsin’ o

682, Ha noasixHblll wiapuk aeficTBYIOT: CHIIA TAMECTH Mg, CHIA KYJOHOB-
cxoro orrankuBauns F u cuna varsokenus vute T (puc. 331). [1pu pasHoBecH#
MAPDHKA CYMMBI TIPOEKIMI CHIT HA FOPHIOHTATLHOE M BEDTHKANLHOS HATIDABIEHUA
PaBHBI HYMO:

Feosa—Tsin2a=0, Fsina+Tcos2a—mg=0.
Hcknouas w3 sTex ypasHenuit T, HaxoauM
tg 2ex
" cosa + tg2asina

mg.
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Henonbays uasecthyio dopmyny ctg o = sin 2a/(1 — cos 2a), nomyyaem
e 1 —‘oosﬂa -
sin a

Kak Buano w3 puc. 331, paccroanune mexxay wapukamu r = 2l s8in a. Caenosa-
TEJILHO,

.'cqva kql :
r 4% sin’ o

q=2£\/¥{1—c0&20}sina =1 ng = 0,8 mxKn.

Puc. 330 Puc. 331 Puc. 332

583. Bapaj WApHKa ¢ TONHOCTHIO NEpPelaeT Ha BHELUHIOK MOBEPXHOCTS Cdhe-
pbl M pacnpegenntes no Heft pasHomepro. [MoaTomy noBepxHOCTHAA MIIOTHOCTD
aapsina Ha cepe
g _ 9

S  anR?

584. [lpu BHecenuM WApHKA ¢ 3aPAAOM ¢ BHYTPb nposojsAwed cdepsl Ha
BHeUHel NOBEPXHOCTH cepbl NOABAAIOTCA HHAYLUHPOBAHHBIE 3ApAL TOMO XKe
3HaKA, 4YTO M 3apaj ¢, & Ha BHyTpeHHell — NpOTHBONOMIOMKHOIO 3HaKA (puc. 332).
[NosepxnocTHan nioTHOCTL 3apsga Ha chepe

q q 2
o=== = 0,1 mxKan/m".
S 4xR* /

[IpH H3MeHEeHHH MNOJIOMEHWSA IWAPHKA SMEKTPHUYECKOE NOJE BHYTPH cdephl
fyaeT MEHSTLCA, HO 9TO HE CKAXKETCS HA PACTpEeNieHdH 3apAf0B HA BHemHe®
noBepxHoCcTH cepbl M HX NJOTHOCTL OyaeT npexxueit.

=0,1 MKK.nfmz,

§ 19. DaexTpHUyecKkoe naje

Hanpmeuﬂocmb SAERMPUNECKOZ0 TIOAR

585. HanpaykeHHOCTh 3NTEKTPHYECKOro NOJIA, CO3AaBaeMan TOYe4YHLIM 3aps-
aom, E = kg/er?®; orciona r = kq/eE = 2,1 m.

586. Bapaa g, sHaxogawmica B UeHTpe cepsl, HHAYLMPYET HA BHYTDEH-
Hell nosepxHocTH chepbl 3apa] —¢, a8 Ha BHemHeH NOBepxXHOCTH — 3apajg +¢
(em. 3anauy 584). HuayunpoBaHHbie 3apafbl BEHAY CHMMETDHH DACIDEEJEHD]
PABHOMEDHO. JJIEKTPHYECKOE MOJie Y BHeliHel nosepxHocTH cdepbl COBNAJAET
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¢ MOJIEM TO4EYHOrO 3aPALA, PABHONO CYMME BCEX JAPAL0B (HAXOAALIErocs B LEeH-
Tpe M MHAYLMPOBAHHBIX), T.£. ¢ MOJEM TOYEYHOro 3apaja ¢. CrnenosarennHo,
E; = kq/R* = 2,256 kB/m.

3apsasl, pacnpeaeneHHble paBHOMEPHO 10 cepe, BHyTpH 310l chepnl k-
TpHYecKoro nons He cosaaiot. [losromy suyTpm cdepm none Gyaer coznasaTbes
ML 33PASOM, TOMElIeHHEIM B ueHTpe. Cnegosarensno, £y = kg/r? = 9 xB/m.

587. HanpsseHHocTb anexTpryeckoro ross E B Tperseil Bepiunte Tpeyronb-
nuka (B Touke A) smBnserca BekTOpHOH CymMmMOH Hanpsxensocreiin Ei u Eg,
CO3JABAEMbIX B 3TOH TOMKE NONOKHTENbLHbBIM H OTPHIATENbLHBIM 3apAfaMi. 3TH
HAaNPsKEHHOCTH DABHEI N0 Moay.1io: 51 = Ey = kqg/a®, v HanpaseHbl nog yraom
2a = 120° apyr x apyry. Pesysibrupyouias 3tHx HanpskenHocTelt pasHa 1o
mogymo E = 2k|glcosaja® =
= 40,5 B/m (puc. 333), napannensua
JHEHE,  coeauHawwell  3apass,
H HANpaBieHa B CTOPOHY OTPHLA-
TeNbHOPO 3apsa.

588. HanpsaxkenHocTn anekTpu-
YECKOrO noJyif B HeTBepToll Beplun-
ve pomba (B Touke A) sBaser-
CAl BeKTOPHOH cyMMON HanpAXKeHHOo-
creil (puc. 334), cospaBaembix B 31O
TOYKE 3apajamu ¢, g2 v @: E =
=E, + Ez + Es.[lo Mcu:ly'no Hanps-
MEHHOCTH Fy = kQ,’a By =Eqy =
= kq/a*, npuuem nanpasnenus uanpssxennocreii E; n Eqy coctapasior ¢ Ha-
npasJieHneM HanpaXkeHHoCTH By oauHakosuie yras a = 60°. Pesyasrupylouas
HANPSIAKEHHOCTh HANPABAEHA BAOJBE KOPOTKON guaroHasnu pomba or 3apaga @
H paBHa 110 MOAYJTIO

@ N

Puc. 333 Pue. 334

B ot L conn =52,
a a a

580. Hanpssxkennocru anexktpuueckoro nona E., E; u Ea, cosgasaemuie
3APASAMH g1, 2 ¥ @ B 3aJaHHO TOYKe, HMEIOT MOLYJH, HAlJEHHBEIE B 3aJa4e
588, ognaKko HanpsxeHHocTh E3 Hanpasnena B npoTHBONOMOXHYIO CTOPOHY, T. €.
k 3apany Q. Takuem obpasom, Hanpasnenna Hanpskennoctedi B, B u By cocras-
AT Mexay coboll yrast 2a = 120°. a) Tpw || < g uckoMas HATIPAYKeHHOCTD
E = k(¢ — |Q|)/a* u nanpaBnena aons KopoTko#t guarosany pomba oT 3apsi-
Ja Q; 6) npu Q| = ¢ nanpskennocrs £ = 0; B) npu |Q| > ¢ HANPAXKEHHOCTD
E = k(|Q| — ¢)/a* n nanpasnena aons xopoTKo# guarosans pomba K 3apaay Q.

590. Ha.npnmeunocrﬂ WIEKTPHYUECKOrO NOJIs B UeHTPpe pomba, co3gaBaeMblie
COOTBETCTBEHHO BADAAAMM 1, 2, 3 ¥ G4,

4kql
dy

4k 4k 4k
g2 E aqa B, = q4 )

E= ¥ ]
: d? =8 d3

Ey =

Hanps>keHHOCTE B LgHTpe pomba

(B2 = FP + (s - B)” = 3.5 (@~ @) + (g — go)at =
= 15,9 kB/m.
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Yron ¢ Mexay HANPaBJeHHEM 3TOH HANPSYKEHHOCTH W KOPOTKOW QHATOHAJIBIO
pomGa Onpele/aeTcA BbiparKeHHeM

Ey, - E -q d3
tga = c . Q'Q g1 os =1, Te.a=45°.
Es—E; ~ s — qs dl

591. Ha wapux geficreyior: cuna Taxecrn mg, cuna F = gE co croponn
3MEKTPHYECKOro rons u cuna Harsokenuss Hutu T (pue. 335). [Ipu pasHoBecHM
LAPHKA CYMMBI POEKUHH CHA HA BEPTHKANBHOE H N'OPH30HTANILHOE HANPABJICHHSA
paBHbl HYMO:

Tcosa—-—mg=0, -Tsina+qgE=10

orcioga tga = gE/mg =1, .e. a = 45°.

502. Ha wapuk peficreytor: cuna taxxecTd mg u cuna F = gF co croponst
IMEKTPHYECKONO MOJIS, HAnpasjeHHas Beepx. Tak kak no ycnoeww F > mg,
TO MPH PABHOBECHH LIAPHK OyAeT HAXOAWTLCA ¥ BEPXHEro KOHUA BEPTHKANLHO
HaTAHYTOA HuTH (puc. 336). PaBropeficTeyiowan cuna F n mg, econ On1 wapuk
6u1n cOboEH, BHIZLIBANA OBl YCKOPEHHE @ =
= qF/m — g, KoTopoe, Tak e KAK H YCKO-

F
peHue CBOGOJHOTO MAAESHHA g, HE 3ABHCHT '
OT nosiokeHus wapuka. [lostomy nosegenne
wapuka DyaeT OnHCHIBATBCA TEMH e (op- (@]
MYJIAMH, 4TO H NOBEJeHHE LWAPHKA Moj gefi-
CTBHEM CHJIBl TAXKECTH 0e3 3NeKTPHYecKoro Y mg

nodisi (NpH NPOYHX PABHBIX YCIOBHAX), €CIIH
TONBKO B 3THX (POPMYNax g 3aMeHHTb Ha a.
B uacTHOCTH, Neprog KonebaHM WADHKE Ha

T
T:zﬂ\/zzzﬂ- _mt
a qE - mg ) Plic. 335 Plﬂ:.33ﬁ

[lpu T = Ty AOGMKHO BHINOJIHATECA YcloBHe a = g. CnegosarensHo, E =
= 2mg/q = 196 kB/m.

593. [lpn HamMuMK OQHOPOAHOrO IIEKTPHYECKONO OIS C HAINPAKEHHO-
cTei0 E, HanpaBnenHo# suu3, nepuoa Kosebannii wapuka (cMm. 3agavy 592) T =

= 21r \fm!/ mg + |g|E ). B orcyrcreue anextpuueckoro nona Tp = 2m4/l/g

20 c. /lna nonoxkurenstHoro sapaaa g nepuog Ty = 1,10 ¢, a ansa oTpuua-
TE..I'IhH(}l'O Ty = 1,35 c. Takum obpazoM, H3MEHEHHMA NMEPHOAA B NMEPBEOM H BTOPOM
cnyuaax 6yaytr Ty — To = -0,10cu T2 — Ty = 0,15 ¢.

594. Ha wapuk neficrsyior: cuia TsixecTH mg, cuna £ = gFE co cropous
WIEKTPHYECKOTO NOJIsi M cHna HaTsukenua wurd T (pue. 337). Boamownnt asa
c/lydas: &) HANPAXKEHHOCTE MOJIA HanpaB/ieHa BHM3; §) HANDAXKEHHOCTh NOMA
HanpasJeHa peepx. [IpH paBHOBeCHH LIADHKA

Tcos=mg+gEcosa, Tsinfl=qgEsina,

rie 3HaK MJII0C OTHOCHTCA K CIIyYalo a), & 3HAK MUHYC — K ciy4aio 6); 8 — yron
MeXKAY HANpaBJIeHHeM HHTH M BePTHKaNbio. Mceknwyaa u3 »Tux ypasHenuil 3,

Halnem

T = /(mg)? £ 2gmgE cosa + (¢E)?.
Mpu srom: a) T =28, 7wmH; 6) T = 12,0 mH.
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595. DsexTpoH B NoNe ABHAKETCH pasnodamenenHo. [Ipoiigennuii nyTsh 8
H Bpems i, 38 KOTOpOe OH NPOXOAHT 3TOT NyTh, ONPeIe/fIOTC] COOTHOLEHHAMH
2
v v
— =23TcM, t=— =47 He,
29E vE
roe ¥ = e/m = 1,76 - 10'"" Ka/kr — ynensusit 3apsg snexrposa (oTHOmenne
3apAafa MMEKTPOHA K ero Macce).

;=

Puc. 337 Puc. 338

596. Ha aieKTpOH NpH €ro ABHXKEHHH MEXIy IJACTHHAMH KOHEHCATOpA
Zdeficrayer cuia F' = e F ¢o cToponn aniexTpryeckoro nons. 3Ta cuiia HanpasJieHa
NepneHaHKYAApHO K MAACTHHAM B CTODOHY, NPOTHBOMONOMHYI) HAMNPABICHHIO
HAMPAXEHHOCTH, TAK KAK 3apsa] 3eKkTpoHa orpuuatener (puc. 338). Cunolt ta-
MKECTH Mg, AeHcTeyomel Ha 31eKTPOH, MOXKHO NpeHebpeyb 0 CPABHEHHIO ¢ CH-
aoit F. Takum o6pa3om, B HANPABIEHKH, NAPAJJENLHOM UIACTHHAM, 3JEKTPOH
JABHMKETCHA PABHOMEDPHO CO CKOPOCTLIO ¥, MMeBLIeCH ¥ Hero [0 Toro, KAK OH BJIETE
B KOHZEHCATOP, H NpofeTaeT paccrodline [ 3a spems £ = [/v. B nanpapnennu e,
NepneHHKYIAPHOM K INIACTHHAM, IEKTPOH JBHMKETCA N0 AeHeTsHeM cunbl F u,
©J1eJI0BATEIbHO, HMeeT yekoperne a = Ffm = e E/m; 3a pema t OH cMemaeTcs
B 3TOM HANPARIEHHN Ha paccrosiine h = at® /2 = e BI® /(2mv?); orciona

_ eE 7 _mvz_eEla_ —18
v_.l-“/m-—&ga-lﬁ mie, k=—-=-—"—=72-107"lx

[Tomenyuas. Paboma 3AeKTpuNeECKUT cua

597. Tlone BHe WApPA COBNAJAET C NOJIEM TOYEYHOTO 3aPAAA, PABHOTO 3ADALY G
WAapa M MOMELIEHHOro B €ro ueHTpe. [loaToMy NOTEHUMAN B TOYKE, HAXOAA-
welica Ha paccroauuu R + r or uewrpa wapa, @, = kq/(R + ); oTcions ¢ =
= (R 4 r)p,/k. lNorenunan na nosepxnocry wapa p = kg/R = (R+ r)p. /R =
= 2,02 xB.

598. [lycTb 3apsn 1 paauyc Kaxxaol KanenbkKu pTYTH pasHul ¢ M . Toraa ee
noTeHumas ¢ = kq¢,/r. 3apan Goabwoit kanau Q = Ng, u eciiu ee paguyc pasen R,
To ée norenupan ¢ = kQ/R = kNqg/R = Ner/R. Obbeme masienbkoit 1 6on-
wolt kanesis v = 47r? /3 u V = 4w R* /3 coasanu mexxay coboil cooTHoEHHEM
V = Nu. Cnegosarensho, v/ R = 1/N/3 u norenupan & = N /N3 = N?/3,,

599. B pesynbTaTe NeKTPOCTATHYECKOR MBAYKLHH HA BHEIUHEH U BHYTDEH-
Hel MOBEPXHOCTAX Cdephl NMOABATCA PABHBIE M0 MOLYJIIO, HO MPOTHBONONOMCHLIE
No 3HAKY 3apagni (cM. 3agagsy 584 u puc. 332). Bue cdepun norenumanm anek-
TPHYECKHX TIONel, CO34aBaeMbIX ITHMH 3apajamu, B n106oft Touke paBHB no
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MOAYJII0 W MPOTHBONOIOMXHE! Mo 3Haky. [losTomy norenumnan cyMMapHOro nons
HHAYLHPOBAHHBIX 3apaAoB paseH Hymo. Takum ofipasom, 0CTAIOTCA JHWL NOAA,
co3nasaembie BHe cepnl 3apaaom B Ha ee noBepxHOCTH H 33PAA0M LIAPHKS g.
[NoTeHuman NepBoro NoJA B TOYKE YAAJNEHHOM OT UeHTPa cepsl HA DACCTOAHME T,
w1 = kQ/r = kQ/10R, a noTeHuman BTOPOroc noust B TOH e TOYKE v =
= kq/r = kq/10R. [onnwmit norenunan ¢ = 1 + @2 = k(Q + q)/10R. Ipu
g=+208Kn o =27TB;npn q=-20ukn ¢ =-9B.
600. HanbGonbiuyo HANPAXKEHHOCTh WIEKTPHUHYECKOE MOJIE HMEET ¥ MOBEPXHO-
eru wapa: E = kq/e R?. INorenunan mapa ¢ = kg/eR;orciona p = ER=090B.
601. U3 3akona Kynona onpegensem 3apsas wapuxos: ¢ = ry/ F/k. 3a-
pAa g, HaxoaAwMica Ha wapuke paguyca R = D/2, cozgaer Ha NOBEPXHOCTH
ITOrO WAPHKA MOTEHLHAN
g _,rF/k _2r
pr=k R k R D VEF.
B ToM MecTe, rie HAXOQHTCA ITOT WAPHK, 38PAJ APYTOTO IWAPHKA CO3/aeT MOTEH-

uuad g2 = kg/r = VEF . Takum 06pa3oM, NOTEHUHAN KAMXIONO WADHKA
i il (1 + 2) = 4,84 xB.
D 2r

602. [lorenumnan B ueHTpe KBAApaTA paBeH anrebpanyeckol cyMMe noTeHuM-
AN0B, C031aBaeMbIX BCEMH 3apAJaMH B ITOH Touke:

W=+ 2=

k
Y= +S¢2+‘Pa+<p’4=E{Q1+QQ+63+QQ)=—1BDBY

Hanps:xeHHOCTE NOAA B LUEHTPe KBAADATA AB/IAETCA BEKTOPHOH CymMMol Hanps-
»keHHocTell, co3faBaeMbix KaxkabiM 3apaaom B arolt Touke: E = E; + E; + Eg +
+ E4. Mogyan aTux Hanps>xeHHocTed

kg kqa kqs
s A e R

Ya0bHo cHauYana CNOAHTDL [ONAPHO BEKTOPbI, HANPABJIEHHbIe N0 OgHOR aHa-
POHAJIH B NPOTHBONONOKHBIE cTOpoHm (pue. 339): E; + Eg v Ea + E4. Ilpu
naHHbIX 3apanax cymma E; + E3 no moaynio
pasHa cyMMe Eq2 + Ey. [losToMy pesyabsTHpyio- +1 -2
was panpaxennoctTs E nanpasnena no Guccex- & o
TPHCE YT/Ia MEHRLY AHANOHANAMH H COCTAB/IAET
C ITHMH JHarcHanamu yrasl a = 45°. Ee mo-
ayas E = 2545 B/m.

603. HanpsaeHHOCTH 3N1eKTPHYeCcKOro no-
N B TOUKAX a U b
B, = %-,—?- =600 kB/m, E; = Eg = 37,5 kB/m.

Ts

[MoTenumansl B 3THX TOYKAX —4 Eg

_kq _ . . ° ’
Pa = oy =30kB, = F i 7,5 xB. Puc. 339

PaboTra anekTpnuecKnx CHI NpH NePEMEeIleHHN 3APAJA ¢o U3 TOYKHA G B TOYKY b

1 1
A = qo(pa — ¥) = kqog (— - r—b) = 22,5 Mk /Ix.

Ta

17 IA. Besapuxos u ap.
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604. Hanps>keHHOCTH 3MEKTPHYECKOrO MOAA B TOYKaX a M b pasnm E, =
= kqfr: uE, = kq;’rf, TOe T'a M Ty — PACCTORHHA TOYEeK o M b oT 3apsaja q.
MoTeHumansl B TOYKAX a M b paBubl @, = kq/ra = VEqE, u ¢y = kq/rs =
= +/kqE} ; orciona paboTa, HeofxoauMan 1715 NepeMelUeHHA 3APAAA go H3 TOUKH Q

B TouKy b,
A = qo(wa — b)) = gov'kq (VEa — VEy).

605. [Ipu npoxox<AeHHH 3/IEKTPOHOM pPasHOCTH norteHuuanoe V = 1 B anek-
TPHYECKHE CHJIBI COBEPILIAIOT HaJl MeKTpoHom pabory A = eV = 1,60 - 107 [x.
STa paboTa paBHa KHHeTHYECKOI 3Hepriuy, npuobperennoit anexTponoMm, T.e. 1 3B
=1,60-10""? . ITockoneky eV = mu“ﬂ, To v = /2eV/m = 593 xm/c.

606. Pabota 3iieKTPHYECKHX CHJl PABHA W3MEHEHHMIO KMHETHYECKOH 3HEPrHH
anexrpona: eV = mv? /2; orciona v = /2eV/m = 5930 km/c.

607. Morenunan Ha nosepxHocTu wapa ¢ = kq/R; orciopa ero 3apag ¢ =
= @R /k. Norenuman na paccrosnun R + r or uenrpa wapa ¢, = kg/(R+ 1) =
= pR/(R + r). Ilpn nepexoce 3apajga gg ¥3 TOYKH C NOTEHLHMANOM ¢, B Gecko-
HeYHOCTL pafora anekTpHueckux cun A = goior = qopR/(R+ 1) = 1 mx[lx.
Takyo xe pabory HeoOXOAMMO COBEPIIMTDL NMPOTHB WIEKTPHYECKUX CHJI IIPH 1€~
peHoce 3apAja go M3 DeCKOHEYHOCTH B TOYKY, HAXOOSAILIYIOCH HA DACCTOAHHMH T OT
MOBEPXHOCTH [IApAa.

608. p = A(R+r1)/gR =0,3kB.

609. A = gol(ps — wa) = kgog(l/rs — 1/ra) = 22,5 .

610. A = kqgo(ga — qo)(1/d — 1/v/77 + d% ) = —0,36 mIk.

611. HaiineMm noreHuman, co3faBaeMbiil 3apaIoM ¢, HAXOIAILMMCA HA KONbLE,
B TOYKe A HA OCH KO/bLIA, PAcMoOfiOXKEHHON HA DACCTOAHMHM & OT €ro UEHTpa
(puc. 340 a) u, CIEAOBATENBHO, HA DACCTOAHHAX T = v/ RT + 2% or Touek, ne-
MalmMX Ha Kouiblie, Pa3zobbeM KoNbLO HA OTDE3KH, MAJIble N0 CDABHEHHIO C pac-

q1 g2
A R R

Puc. 340

croauuem 1. Torga 3apaa Ag;, HAXOAAWMACA HA KAXIOM OTpe3ke (i — HOMep
OTPe3Ka), MOXKHO PACCMATPHBATL Kak ToueuHbill. OH co3aer B Touke A noTeHLu-
an p; = kAg;/r. [lorenuuan, coznasaemsifi B ToUKe A BCEMH OTPE3KAMH KOJbLA
(oTcTOAWKME OT ITOH TOMKH HA OOHO M TO Xke paccroanue 1), Gyner

k
(Agi + Agz + Ags +...).

o

P=p1+pates+...

B cxofKkax CTOHMT CyMMa 3apafoB BCEX OTPE3KOB, T.€. 3apAA BCEro KOJbLA
nostomy ® = kq/r = kq/vR® +z°.

[Morenuuan $1 noss B LEHTPE NEPBOro KOMbLA CKAAALIBAETCA H3 MOTEHLHANA,
CO3AABAEMOr0 3APAL0M ], HAXOASALIMMCS HA IEPBOM KOJIbLE, AJS KOTOPOro T =
= 0, H NOTEHUMANA, CO3JABAEMOT0 3APAJOM 7, HAXOAAIMMCS HA BTOPOM KOJIbLE,
Ana koroporo £ = d (puc. 340 6). AHAIOrHYHO HAXOZHTCA MOTEHUHAN B LEHTPE
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BTOPON KOJTbIla:

q1 gz gz g
@ =k m+—-—), ¢:k(—+——————).
‘ (R VR + & ’ R /Rt d

OxoHYaATENLHO AN paboThl UMEeeM

1
A= P, -3 =k A
qo(®1 2) qo(q: — q2) (R m)

612. Ecau 3apaabl go W ¢ OOHOIO 3HAKA, TO YAAAHTbL IIAPHK OT KOJIbLA
B GECKOHEUHOCTE MOMCHO, COODLIMB eMy BeckOoHeuHO Manyio ckopoctb. Ecin xe
3HAKH 3APAJI0B PAa3HbIe, TO CYMMa KHHETHYECKOR M TMOTeHLHANLHON sHeprui
IIAPMEKA B LEHTPE KOLUA J0JKHA BbITE paBHA HY/II0, TAK KAK OHA PABHA HYJIO
B BeckonewHocTH: mv® /2 + g = 0, rae ¢ = kg, R — norenuman B uenTpe KobIA
(em. zapauy 611); orcioaa

2k|qaq|
mR

613. v = \/2keg/mR = 800 km/c.

614. BHyTpH KOHAEHCATOPA HMEETCH OJHOPOAHOE 3MEKTPUUECKOS MONE ¢ Ha-
npaskeHHocteio E = V/d, nanpaenennoli peprukansHo. Ilocne yaapa wapux
npuobpeTaeT 3apAd TOrO 7K€ 3HAKA, YTO M HHXKHAA MJIACTHHA KOHAEHCATODA.
[Mosromy na mero Gyaer AefcTBOBATH CO CTOPOHBI AEKTPHYECKOTN0 NoviA CHJa
F = qFE = qV/d, nanpasnennasn esepx. CoriacHo 3aKoHY COXpaHEHMSl IHEPrUH
M3MEHEeHHEe IHEPrHH PaBHO paboTe BHELIHHMX CHJ (B AaHHOM Cllydae — JeKTpHuYe-
CKHX). Y4UHTBIBAS, 4TO yAap abcouioTHO ynpyruit 1 4TO B HAYANLHBIR H KOHEYHBIR
MOMEHTbI WAPHK HMEeT JIHIUL MOTEHUHANbHYIO 3HEePrHiOo B NoJe CHIbl TAMECTH,
MOMYYHM

=rh=4 -l
A=Fh= h=mg(h— H), orkyaa h e e

615. CornacHo 3aK0Hy COXPAHEHHA IHEPrHUH

2
mgh — (Eﬁv_ +mgH) = qV,

rae gV — pabora snexktpuueckux cui, V = kg/H — kq/h — pasnocth no-
TEHLHMAJIOB TOYEeK HAYA/IBHOIO M KOHEYHOrO NOJIOMKeHHs BepxHero wapwuka. [ns
onpejeneHua h noay4aeMm KBaJpPaATHOE YPaBHEHHE:

2 2

kq kq’

Bt = (” ) h+ -3 =g,
2g mgH meg

Pewas ero, Hafigjem

1 (v kg 1 (v kq’ ? kg’
"-5(5+mgy+” i\t een T2 "
(3HAK NI0C Nepe KOPHEM COOTBETCTBOBAN Obl MAKCHMAJLHOM BBICOTE, JJOCTHIHY-

TON APHKOM, ec/Ti Bbl OH TONYYH TY »Ke HAYANLHYIO CKOPOCTD, HANPABIEHHYIO
BBEPX).

Y kq® ) 1 (v: kq* ) kq®
16. h=—- | — — H - H —
616. h = (2g cchilg e
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617. PaGora, copeplleHHAA HAJ VIEKTPOHOM IEKTPHYECKHM MOJIeM, HAET Ha
YBEJIHUEHHE KHHETHYECKOH 3HEPrHH 3/1eKTPOHA:

2
mvs  mup

2 3

e(pa — b)) =

oTKy AR
2 2

” Vo — Uy ——
Ya — Po = Z'T = 22$7 B)

roe ¥ — yAenbHbill 3apaj siekTpona. PasnocTs noTeHuManos oTpHLATENbHA, Tak
KAK 3JIeKTPOH MMEeT OTPHLATE/bHLI 3aPA, TO CKOPOCTb EKTPOHA YBEJHUHBA-
eTCsl TIPH ero JBHIKEHHH B CTOPOHY BO3DACTAHMS NMOTEHUHANA.

618. 3a spema nposera t = [/v (cm. 3apa4qy 596) smexTpon cmellaeTcs
B HanpasieHHH AeflCTBHA CHJIbI HA DACCTOAHHE

at®>  Vi?
h = — = 7
2 2v°d
rae ¥ — yOenpHBIH 3apAa 3MEeKTPoHA.

619. Ha nbeuHHKY AefCTBYIOT CHabl TAxKeCTH mg H cuina F = ¢ E; co
CTOPOHBI NIEKTPHYECKON) NOVIA, 4e §1 — HAYasbHbIl 3apsag NbuUtHHKH H By =
= V1 /d — nanpsizeHHOCTL JWIEKTPHYECKOro NoNsA B koHaeHcaTope, Yrobel nbinun-
KA MOIJIa HAXOOHTBCA B DABHOBECHH, BEPXHSA NJACTHHA KOHASHCATOPA AOMMKHA
6uiTh 3apsykeHa OTpHUATeNbHO. [1pH paBHOBecHH

= 5,0 MM,

mg = F, unu mg = 1 V1/d; orciopga ¢ = mgd/Vi.

Tak kax ymeHbuleHHe 3apAfa NblAHHKK Ha o = 1000 e paBHOCHNBHO yBenHue-
HHI0 TIOAOAKHTE/LHOND 3APAAA HA o, TO HOBLIl 3apAJ NBUIHHKH g3 = q1 + qo.
[Mpu pasnosecun mg = g2 V2 /d, roge Va2 — HOBas pa3sHOCTb MOTEHLHMANOB MEHLY
NAGCTHHAMM. YUMTHIBAA BHIPAOKEHHA ANA 1, g2 M o, Hailmem

mgd _ mghhd

Va= q2 - mgd + 1000 eV

= 5020 B.

Takum 06pazom, pa3HOCTb NOTEHUHANOB HYXKHO H3MeHHTL Ha Vo — V1 = —~980 B
(3HAK MMHYC NOKAJIBLIBAET, YTO €€ HY’KHO YMEHLIUHTb, TAK KAK 3apsj NbLTHHKH
YBeTHYMIICS).

620. Bepxssas nJacTHHA KOHAEHCATOpA JoDkHA ObITh 3apsiKeHA NMOIOHKH-
TensHo. Hobwil 3apag nuauHku ¢z = ¢1 — go, rae go = 1000 e. [Tosromy (em.
aapauy 619)
mgd _ mghid

Ve = =
: qa megd — 1000eV;

= 7460 B.

Hanpsisenne mexy naacTHHAMH HYXKHO yBenuuuTh Ha Vi — Vi = 1460 B.
621. IIpu paBHoBecHn

3
4—11;"; pPE = %, OTKYaa r = ‘S(J% =7,6-10"° cm.

622. HanpsaseHHOCTE anekTpriecKoro nons B koHgencarope B = V/d. Pas-
HOCTb TNOTEHIHAJOB MEXIY TOYKAMH, T/e PACTIONOMKEHB! 3apaasl, Vi = @a —
— s = El =VI/d, rne ¢ — noTenunan B TOYKe PACTIONOXKEHHA 3apaja ¢,
a oy — NOTEHLMAT B TOYKE PACTIONIONKEHHA 3apAJa —g; TIPH 3TOM Pq > . [lpu
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NOBOPOTE MAJOYKH EKTPHYECKNE CHIIbI COBEPLIAIOT paBoTy Mo nepeHocy 3apsaia
—q M3 TOYKH 4 B TOYKY b H 3apaga +¢ u3 ToukH b B TOUKY a, pABHYIO

A= —q(ps — 98) + q(s = pa) = =2¢(¢a — ) = =2q1V/d = =6 107" [Ix.
3naK MHHYC 03HAHAET, YTO PaboTy OOVIHLI COBEPLIHTSL BHELUHHE CHIIBL.
623. M =qVI/d=9 107" H-m.
e
624. V = g (F‘+ kli,) = 460 kB.

625. Ecnu 00 3aMbikanus WAPKK 2 MMEJ 3aps ¢, TO CYMMa 3aps10B IAPHKOB
1 1 2 nocne 3aMblKaHHA @1 + g2 = ¢. [loTeHurane! ke HX NOChe 3aMBIKAHHA
opmHakoBel: ¢ = kq/R1 = kqga/Rs. Cneposatensho, g2 = g1 Ra/ Ri. Tocne
JaMBIKAHHA WAPKHK 2 gefcTByeT Ha wapHkK 1 ¢ cuuoil

¢ R R
mg=kL =k R’l, omyza g = hy/ E 2L

Hauyanehbift norenyuan mapuxa 2

_ kg _ kle +aq2) _ 1+ Ra/R1 Ri Ri+ Ra
w= = R =kq R =h kngQ RiRs = 12,6 xB.

JAEKMPUNECKAR EMROCTIL

626. EmkocTu nposoasiiero wWapa B Kepocuse u 8 rmiuepune Ch = dngoe1 R
u Cy = dwegeg R. Ux ornowenue Ca /C = e3/e1 = 28,1.

627. 3apaa Ha nnacTHHe, 3apsykenHoll nonoxkurenbho, g = CV = 5 nKn.

628. v = /2vsS/C =1,03- 107 m/c, rme v — ynensusiii 3apsia 37IeKTPOHA.

629. KonpencaTop u3 Tpex NMIACTHH MOXKHO PACCMATPHBATE Kak OB I1OC-
KHX BO3AYIIHBIX KOHJEHCATODA C eMKOCThIO £0S/d wawapifi '), coeanreHHbIX
napainenbuo (em. puc. 77). [losromy obwaa emkoctt (6e3 ausnextpuka) Coy =
= 2£085/d = 35,4 n®. Tlpy norpy>keHnn KOHAEHCATOPA B TMHLEPHH €r0 EMKOCTh
C =¢eCp = 2608 /d = 200 nd,

630. C = C1/(n—1) = g0£5/((n — 1)d) ~ 31 nd.

631.m = gE/g = |4|Q/(e0R*g) =3,71.

632. HanpsykeHHOCT b JEKTPHYECKOro MOJA BHYTPH ILIOCKON0 KOHAEHCATODA
cBA3aHa ¢ 3apagoM ) Ha ero nnacTHHax cootTHomenneM E = @ /e0S. Ha mapuk
BHYTPH KOHJEHCATOPA JeHCTBYIOT CHNA TAXKECTH MG, CHIS HATAMEHHA HATH T
u cuna F = gE co cropoust snekTpuyeckoro nona (cm. puc. 335). [lpu pasnose-
CHH LUAPHKA B MPOCTPAHCTBE KOHAEHCaTOpa (cM. 3anady 591) ¢F = mg tg o, wm

qQ

S
2% = mgtgo; orcoma Q = 221K
€05

tga = 5,2 mxKn.

633. Ecnu ¢1 v g2 — 3apaabl Ha NJACTHHAX A0 H MO MOrPYAKEHUsS KOHeH-
CATOpa B KEPOCHH, TO

Ag=qa—q1 = co(e — 1)CoV = ep(e - 1)%‘-{ = 50 uKa,
!) Hanomuum, uTo B GOILIMIMHCTEE 3284 OTHOCHTE/IBHAA AHATEKTPHYECKAS NTPO-

HHUAEMOCTb CPelbl, B TOM YHCJI€ H BO3[yXa, NPHHATA PaBHON eluHHUE H B thop-
MYJIbHbIE BLIDAXKEHHMS HE BXOAHT.
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634. 3apaa Ha NIACTHHAX He M3amensercr, noatomy V = dVp/edo = 100 B.

635. [1pn nepeMelieHnM MIACTHHBI EMKOCTh KOHJEHCATOPA B JAHHBLIH MOMEHT
BpPEMEHH ONpeJeNseTcs TOW HaCThIO MIOLELH [UIACTHH, 10 KOTOPOH OHM nepe-
KPHIBAIOT OApyT Apyra. B MoMmenTol Bpemenn #; u 2 nuiomanu S; = Sy — vity,
Sy = 8¢ — vity, e [ = 10 cM — pnuHA CTOPOHB! NaacTHHBL. B 3TH MOMeHTHI
BpPeMeHH KOHAeHCATOP umeeT eMrocTH C = £051/d, C2 = £052/d, a 3apaas! na
ero NAaCTHHEX

eg V rd

QIZCIV:T, g2 = a2V = T

3apaa, nporekmuil no nposonam 3a spema At =ty — £,

S -8V Lty = t1)V
ﬂq=m_q2=sn{1d 3) =£ov(ad 1) )

Tpu sToM Tok | = Ag/At = eoviV/d = 32 HA.

636. O6wmii 3apsal NapalebHO  COSAMHEHHBIX KOHAEHCATOPOB ¢ =
=(C1 + C2)V = 0,6 mxKa.

637.V =2V,/3=48.

838. V = (C1V1 + C2:V2) /(Cy + C2) = 40 B.

839. Cy; = Ci(Vi — V)/(V — Va) = 10 mxD.

840. 3apagw KOHASHCATOPOR A0 ux coeaunenua ¢y = C1V) u gz = Ca V.
[locne coepuuenns pa3HOMMEHHO 3apAXKeHHBIX 00KNAN0K KOHIEHCATOPOB obuil
sapag ¢ = |g2 — qi| = (C1 + C2)V u 3apaz nepsoro xouaencaropa ¢; = Ch V),
rae V' — pasHOCTE NMOTEHUMANOB MexJy 00KJIAJAKAMH KOHJEHCATOPOB NOC]E Co-
eAHHEHHA; OTCIONA

4l - Ch|CaVa — C1 V|
! Ci1+Cq
641. lNocne coeauHenns pasHonMeHHbIX ODKnAanok obumit zapag g = C'V
papeH pasHocTH 3apafos g1 = C1 Vi u g3 = U7V oTaebHBIX KOHAEHCATOPOB, [ie
C = ) + C; — obuias emxocTs nocne coeaunenus. Taxum obpasom,
(Ci+C)V =C1 Vi —CaVa, q1 > qa;
(C1+ Co)V =CaVa —= V1, @1 < g2,
Pemas 3TH ypaBHeHHsA, NONYYUM B [IePBOM H BO BTOPOM CIY4asX

(Va + V)C2 (Ve = V)Ca
— = 1l mx®, () = ————— =13 nuxd,
Vi—V e Vit V R
642. [lo coequHenns 3apsa/bl EPBONO H BTOPOro Kouaencatopos g; = |C V|
u g2 = |CaVa|. lMocne coepunenwa pasuoumennbix obkaagok obuwil 3apsaj

g2 — q1 = |Ca V3| — |Ch V| = £|(C, + C3)V|.

Hsofinoli 35aK MBI 3J€Ch NOCTABHJIN NOTOMY, 9TC 3apaHee HE U3BECTHO, KAKOH H3
3apajos, g2 WM g1, boablue; oTcoaa

|C1 Vil =+ [(C1 + Ca) V|
Cs )

Penienne co 3HAKOM MHHYC COOTBETCTBYET CJIYHAID, KOPJA 3HAKH 3apDAJAOB HA
MIIACTHHAX NEPBOrO KOHASHCATOPA NOMIE COSAMHEHWA NJIACTMH He MEeHRIOTes,
& CO FHAKOM IJIIOC — CJIyHal), KOrJa 3TH 3HAKH CTaHOBATCA OOpaTHeiMH. Tak
KeK B HameM cmydae |ChVi]| < [(C1 + C2)V|, & Benuunna |Va| gomkHa GbiTh
BCET/A MONOYKHTENbHOM, TO CYMIECTBYET JHIIE OJHO PEIIEHHE — CO 3HAKOM ILIIOC.
B pesynaprate |Va| = 350 B.

= 32 mxKn.

G =

|Va] =
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643. g = Riq/(R:1 + Rz2); g2 = Raq/(R1 + Ra).
644. Coesunenne Wapos NPOBOAHMKOM 3KBHBANEHTHO NAPALIETLHOMY CO-
enMHeHHIO KoHaeHcaTopos. [locne coeguHenns

: T+ qz 41 + g2
B Ga v A uia,
g1+ q2 q1+ g2
= C3 = R4 ~ 4,8 uKn.
R 5 Trdde R
645 3apﬁnu HA lapax A0 W nowe coeaHHeHHA §i = Miy1, g2 = Raya
# g1 = Rip, g3 = Rap. OBumit noTenupan wapos nocie coequHeHns Onpesenum

M3 YCIOBHA coxpaHemus sapaga: ¢ = (Rig1 + Rapa)/(R1 + R2). 3apagw Ha
NEPEOM M BTOPOM IIAPAX TIOCNE COeaHHEeHH

Rip1 + Raya

Rip1 + Rapa

| ¥
= R 3 = R
q 1 PR g2 2 R+ Ra
[MosepxHoCcTHEIE NIOTHOCTH 3APAAOB Ha WAPaX
’
£0qy Rig1+ Rapa 2
01 = —% =0 = 4,425 uKn/m",
YT RT T°Ri(R: + Ra) /
’
R R
oy = i L il = 8,85 HKﬂsz.

TR T Ri(Rr + Ra)

646.e = (Vo - V)/V =T.

647. Emkxocrs Tpex wongencaropoe 6ea ausnextpuka C; = 3C; =
= 3e0S/d ~ 832,5 n®. [Ipu 3anonHeHHy ABYX KOHIEHCATOPOE AMIEKTPHKAMH
EMKOCTE TPEX KOHJEHCATOPOB

Ca=e1Co+e2Co+Ch=cole1 +e2+ 1)-2— ~ 2775 n®.

848. Ecnn d — paccrosuue mexxay niaactunamu M Cp — €MKOCTb KOHOEHCA-
Topa Be3 AMINEKTPHKA, TO PA3HOCTL MOTEHLHAJIOB MEMAY [JIACTHHAMH KOHOEH-
caTtopa (6e3 auasektpuka) Vo = Eod u 3apag va nnactunax g = CoV = Cp Egd.
KonpencaTop, monoBHHA KOTOPOro 3anoHe-

HA ANNIEKTPHKOM, MOXKHO PACCMATPHBATL KAK
[IBA COEIMHEHHBIX NMAPAJNENbHO KOHIEHCATO- Ca
pa (cM. puc. 341), npu4eM OJMH He COAEPXKHT
JMIEKTPHKA H uMmeeT emkocTs Ch = Co/2,
a B ApPYrOM BCE HPOCTPAHCTBO MEXIy n.ia-
CTHHAMH 3aNOMHEHO AHAEKTPHKOM, H NO3To-
My ero emkocts Cz = eCo/2. Tonunas em-
KOCTh KOHJEHCATODA, TIOJIOBHHA KOTOPOrO 3a-
Co

nonnena guanextpuxom, C = C1 + Cy = (e +
+1)Co /2. I1pn OTKII04EHHOM HCTOYHHKE TOKA
3apA] HA MNACTHHAX COXPAHAETCHA, [O3TOMY
PA3HOCTL NOTEHLMANOB MEMCIY MIACTHHAMM Puc. 341
V = q/C, » nanpaxeHHOCTh 3NeKTPUHECKOrD
noJiA B NMPOCTPAHCTBE MEXJY nJacTHHAMH, cBobogHoM oT awsnexkTpHka, E =
=V/d=q/Cd=2Es/(¢ +1).

649. Echu Vy, u Vo — nanpsokenus HA MepPBOM H BTOPOM KOHJEHCATODAX, TO
V = Vi + Vi, a sapaan Ha HHX OQMHAKOBEL H paBHul ¢ = C1 V) = C;Vh; orciona

OV

Vi=——=16B, Vo= —_— =558.
‘T T+ L P 8
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Ipu nocnenopateibHOM COEAMHEHNH KOHACHCATOPOB HA KOHJCHCATOPE MEeHbIUeH
€MKOCTH HanpaAXkeHHe Gonblle, 4eM HA KOHAeHcaTope Gonblueil eMKOCTH.

650. Hanpsxeuns w©a nepsoM ®  BTOpPOM KOHJeHcaTopax Vi =
= CV/(Ci1+C3) =600 Bu V3 = CV/(C, + Cz) = 300 B (cm. 3anauy 649).
PabotaTe NnpH YKA3AHHOM B YCIOBHH 3aJa4H HATIPAXKEHHH Npo6oA KOHOSHCATOPOB
HeJsb3d, W60 npousoitaer npobolt nepsoro, 4 3aTeM W BTOPOr0 KOHAEHCATOPOB.

651. lpu uamenenun emrocTH nepemenHoro Kouaeucaropa Ci ot Cyin A0
Cmax HaNps>Kexue Ha Hem V' n3mMensiercs B npegenax (cm. sagaqy 649)

o av . aVv
Vinin = =100B, Viex = g

c"i +CIHBK
2
852. Ci3 = C"ZC‘ + 3/{0 'f‘} L€ GGG Cy = 6 mxd

Ci1 - Cq
u C3 = 3 Mk,

653. Tlpu nocnenoBaTessHOM COSAMHEHMHM KOHAeHcATopos umeem 1/Cy —
—=1/Cy =1/C3 + 1/Cs, npu napannensuom C — C; = Ca + Ci. U3 3tux ypas-
vennit naxonum C2Cs = CoCi(C — C1) /{C1 — Co). Cornacno Teopeme Buera C-
H C3 gomkHbl GbITh KOPHAMH KBAJPATHOIO YPABHEHHSA

C-C
Ci_C, =0.

Pewasn ero, naiigem &1 9 = C2 = C3 = 2 mx®. Bapaasl HA BCEX KOHISHCATOpPAX
NPH NOCIEA0BATE/NILHOM COBMHEHUH PABHLI MeX<y coboli:

q= C]V1 = C‘z‘/‘a == C:!VS;

= 182 B.

22 +(C1 - C)z + CoCh

_GiVi _ _ GV
Va = C =30B, Va= Cs

654. [Ipy nocneaoBATENLHOM COSOHHEHMH KOHAEHCATODOB 3apAj KAXKIOro
KOHOEHCATOPa PaBeH §, NOITOMY

= 30 B.

q q q
Vi==4=30B, Va=—==15B, Vi=—=—=6B.
. Cl - s ¥ . Ca
HanpsikeHne MCTOYHHKA TOKA PABHO NMOJHOMY HATIDAAEHWIO HA BCEX KOHJEHCa-
Topax: V = V] + V2 + V3 = 51 B. Tak kak np nocnegoBaTeNlbHOM COETHHEHHM
1/Co=1/Cy +1/Ca+1/Cs, 10

CiC:0) N
T e e
C'*.-C;V

855. Vi = = 20 B:
s C:ZQS + CaCy k

— l S — .

W= Ci1Ca+ C1C3 + C2C3 B8

Vs CiGV =4 B.

Ci1C2 + CiC3 + C2C3
656. [Ipu nocneqOBATENBHOM COEAMHEHMH KOHACHCATOPOB 3apAdbl HA KOH-
JAeHcaTopax pasHbl. o morpykeHus OOHOMO M3 HHX B AMIEKTPHK 3apsi Ha
KEOKJIOM KOHJeHcaTope go = CVo = CV/2; nocne norpy>keHHs OOHOTO H3 HHX
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B AUAMEKTPHUK 3aPAIBI KoHIeHcaTopor byayr ¢ = CV; = eC'Vy. YuuThiBas, uTo
Vi+ Vo=V, nmeem q = eCV/(1 + ¢). Hamenerue 3apaja Ha KOHOSHCATOPAX

__C@e-1V
979 = 0 +e)

657. [epBonayaibHAs HANPAAKEHHOCTD 3MEKTPHYECKOTO NOJA B KAXK,I0M KOH-
gencarope E, = V/2d, roe d — paccrosinue Mexay IUIaCTHHAMM KOHAEHCATO-
pa. [locne sanonHeHHss OAHONO KOHAGHCATOPA AMMIEKTPHKOM HANPAXEHHOCTh
snekTpuueckoro nons B uem Ea = V/[(e + 1)d]. Otnowenue nanpsxennocreft
Ey/Ei=2/(e+1)=0.2.

658. INocne oTkaOUEeHHA KOHAEGHCATOPA OT HCTOYHHKA TOKA M 3ANOMHEHMA
ero JMNIEKTPHKOM 3apaj HA Hem He uamenserca: ¢ = CV/2 = ¢CV,. Hanps-
JKEHHOCTE 3MeKTPUHECKONo M0JA B KOHJEHCATOPE, 3aNOJHEHHOM JHNIEKTPHKOM,
E; = Va/d = V/[2ed]. OTHowenne nanpsxennocredt £,/ Ey) =1/e = 1/9.

659. Hamenenne emkocTu coeammennnix KoHjgeHcatopoB AC = (g — 1) %
x O/[2(e + 1)] = 1,7 n®.

660. [Tocne BeaeHHA NIACTHHKH 00Pa30BaNOCH ABA MOCNEOBATENLHO BKITIO-
4eHHbIX KOHAeHcaTopa ¢ emkocTamu C1 = €05/l n Cp = oS/ (d — 1) (puc, 342).
Mx ofury1o eMKOCTE ONpeaeuM H3 COOTHOLLEHHA

11,11 d-i_d _1
Co C " Ca eS8 S &S C’

rae C — nmepeoHayaibHAA BMKOCTh KOHAeHcaTopa. Takum 06pa3om, nociie Beeae-
HUS NIACTHHKH npr mobom ee nonoxenun Cy = C.

= 167 nKn.

d .
! dn dz dy
' d-—r-
i [
| Ca h Ca fod
' o —o
i
H
e ] e al | Ld
d d-1 1 > !
Puc. 342 Puc. 343

661. Beesenne nposoasied NAACTHHKH MeXKAy O0OKNAIKAMH KOHIEHCATODA
NpPUBOAKT K 0GPA3OBAHKMIO JBYX NOCNEJOBATENLHO BKJIOUEHHBIX KOHJIEHCATOPOB
¢ paccToAHnAME Mexy obknaskamu dq ¥ d2 u emkocramu Cy = £9S/d1 m Ca =
= £08S/da, roe di + d2 = d — d, (puc. 343). Hix obuiyio eMKOCTs HAXOAHM H3
COOTHOLIEHHS

1o 1 L F i e, e D

Co G G &S &8 @ TombeEg_d
TMpu dy = d/3 umeem Cy = 3C /2, rae C = £05/d — nepsonayansnas eMKOCTb
KOHIEHCATOPA.

662. EMKOCTH KOHIEHCATOPA JO ¥ MOGIE BHECEHMs NpoBoJAmel NiaacTHH-
Ku Tonmmesl dy (cm. 3amauy 661)Co = £05/d u C = €05/(d — d.). 3apag
KOHJEHCATOPS, OTKMIOMEHHOTO OT UCTOYHMKA TOKS, He uamensercs: ¢ = CoVp =
= CV; oTciona pa3HoCTb MOTEHIMAJIOB MesK, 1y 00KIaQKAMH KOHJeHCATOopa nocTe
sHecenua nposoasied naactuHku V = CoVo/C = (d — da)Vo/d = 40 B.
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663. EcnH B KOHAEHCATOD BBECTH TOHKYIO NMPOBOAALIYIO MIACTHHKY, MApa-
JIEIBHYH0 ero 0DKJIAJKAM, TO HA €€ MOBEPXHOCTH MOABATCA PABHbIE 3aPA AL TPOTH-
BOTIONIOXKHOTO 3HAKA. [TpH 3TOM 30IeKTPHYECKOe NOUe B KOHIEHCATOPE He H3MEeHHT-
CHl M EMKOCTb KOH[EHCATOpA OCTaHeTcsn npeskHeil (cp. ¢ 3apaueit 660). Emxoers
KOHJEHCATOPA C AH3NeKTPHYeCKOH! NaacTHHKOR MOXKHO HAHTH, NPeATNONOMKHE, YTO
H& MOBEPXHOCTAX 3TOH MIACTUHKH HAHECEHB! TOHKHE NMpoBoaauine cion. B stom
caiyqae 06pasyloTea TPH NOCNENOBATENBHO COEAMHEHHBIX KOHAEHCATOPa € EMKO-
cramu C = g0e8/d1, C2 = £05/da n C3 = £05/ds, rae da u d3 — paccroanna
MeXKJy TOBEDXHOCTAMM [HINEKTPUYECKONR MIACTHHKH M ODKIAIKAMM, NpHYEM
dy + d3 = d — d; (puc. 344). Obwas emxocTh KongencaTopa C onpegensiercs u3

cbopmyn
1 1 1 1 1 dy
=t =t —=—=—{—+d dz ] ;
c C1+Cz 03 EDS(€+2+ s)
OTCIOAA
i £0eS )
ed + di(l —¢g)
864. C = cpe1e2635/(c162 + €163 + £263)d =~ 90 n® (cMm. 3anauy 663).
665. [IpeacTaBuM KOHAEHCATOD ¢ AHATeKTPHYecKol naacTHHKON B BHAE ABYX

NAPAJLIENLHO BKJIIOYEHHLIX KOHJEHCATODOB, NEepBuifl U3 KOTOPLIX HE COAEPMUT
AuanekTpuka ¥ umeer emkocts Cp = Co /2, rae Co =

d = £05/d — nepBoHaYalbHAA EMKOCTb KOHJEHCATOPA,

a BO BTOPOM MJIOLlaab ODKIAJKH PABHA MJCLUALH M-

dy dy dg anexTpuueckolt macrurku S/2 (puc. 345 a). 3arem
T L}

BTOPOHl KOHAGHCATOP NPEACTABUM B BHIE ABYX Mocje-
JAOBATENbHO COEAMHEHHBIX KOHAEHCATODOB, OJHH W3 KO-
TOPLIX HE COAEPKMT AM3NEKTPUKA M HMEET E€MKOCTh
C2 = Ch, a Apyroil NOMHOCTLI) IANOIHEH AWNIEKTPH-
—0 KoM M umeer emkocTb (s = £C (puc. 345 6). Emkocts
3THX ABYX Kongencaropo Gy = C2C;3/(C: + C3) =
= eCo/(1 + €). EmMKOCTh BCEX TpPEX KOHIEHCATOPOB
C=0C1+ Cy=(1+3e)Co/21 + ). OTHOWIEHNE eM-
kocrell C/Co = (1+ 3¢)/[2(1+€)] =T7/6.
Puc. 344 3aeck Mbl CYMTAEM, YTO pa3Mepbl 0OKAAN0K Ha-
MHOro Gonibie pacCTOAHMA MEXAY HHMH, B MOITOMY
npenebperaem KpaesbiMu 3heKTaAMH, T. 2. OTIHYHEM AWIEKTPHUECKOr0 MOJA Ha
Kpasx o0KJAJ0K H AUNIEKTPpUYecKol NiacTHHKH oT ogHopoaHoro. B nporueHoM
CJTy4ae eMKOCTb MEePBOHAYAJIBHOTO KOHAEHCATODA He DaBHA €MKOCTH TPEX KOH-
AEeHCATOPOB, HI0OparkeHHLIX Ha puc. 345 6.

666. C = C1Cs/(C1+ Cs) + C2C4/(C2 + Ca) = 4,5 mxd.

667. Cxema BKIIOUEHHA, NPEACTABIEHHAA HA PHC. 82, SKBUBA/IEHTHA CXEME,
uzobparkenHolt Ha puc. 346 a. Benay papeHcTBa eMKocTell BCEX KOHIEHCATOPOB
PasHOCTL TMOTEHLMAJIOB Mexay ToukaMu ¢ u b paBna mymo, kougencarop Cy
BCET/JA He 3apiaKeH, U cxeMa ynpoiuaetcs (puc. 346 6). Obmwas eMKOCTb KOHeH-
CATOPOB

Z
Z
é
Z
%
é

C=0C14+CoCs/(Ca+ Ca) + CsCsﬂ(Cs + Ca) = 2C%.

B668. Vap = (C1V1 — C2V2) /(C1 + C2) = -1,3 B.

8608. ¢ = VCiCa(e — 1)/[(C1 + Ca)(C1 + £C2)] = 30 nKa.

670. Buayane pasHOCTb NOTEHIHATOB MeHy 0DKNALKAMH KAMK 10N KOHIeH-
catopa Beuta Vi = V/2, rne V — nanpsokenue ncrounuka toka. [locne 3anos-
HEHHA OJHOr0 U3 HHX auanektpukom V = q/C + q/eC = q(e + 1) /eC, rae g —
3apag Ha Kaskgoli ofknagke, a q/C = Ve/(e +1) = Va u g/eC — pasnoctn
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NOTEHUHANOB MeX Ay OBKNAAKAMM [0 H NOCTIE JANOITHEHUA KOHIEHCATODA JWaTIeK-
TpHkoM. Tak KAK HANPAMKEHHOCTH IEKTPHYECKOr0 MONA B KOHAEHCATODE mpo-
NOPUHOKANLHA PASHOCTH NOTEHUMANOB MEXIY ero 0DKJANKAMM, TO OTHOLIEHHE
HanpsykenHocrell 1o ¥ nocae sanonvenns B /E; = Vi /Vh = (e +1)/2e = 5/8.

) J °l Al les CJ_ ol ol
; 1 C1‘|‘ ‘f—ﬂ'{* ClT i1
2 C{I‘ 4 TGn il CaT CeT

' Puc. 345 ’ Puc. 346 6

871. AF = FIt/q.

672. lNocne nogxkNiOYeHHs K HMCTOMHHMKY TOKA 3ADAST KAY0rO KOHAEHCATO-
pa B nocnesosarensHoi nenu amb pamen g¢' = C'V, rge C' = C1C3/(Cy +
+ C3) — eMKocTE UenH amb, & 3apAl KAXKIONO KOHAEGHCATODA B NOCHAEA0Ba-
TeanHol uenu anb pasen ¢" = C"V, rge C" = C3C4/(Ca + C4) — emxocts
uenn anb. Pasnocrs norenumanos Mexqny Toukamu a ¥ m papha V' = ¢'/C =
= C3V/(C1 + Cs); pasHocTh NOTEHUMANOR MEXK/AY TOUKAMH a u n pasHa V' =
= g"/Cy = C4V/(Cz + Cj). [locne oTKMIOUEHHSA OT HCTOMHUKA TOKA CXEMY MOXK-
HO PACCMATPHBATHL KAaK JBE MAPAJNENbHbIE UEMH M3 MOCIE0BATENBHO BKIIOYEH-
ubiX KoHAeHcaTopoB (man uz Ch u Ca » mbn wa C3 u Cy), 3apsizKeHHBIX 10
PAIHOCTH MOTEHIUATIOB

Cy Cs
Vo=V"-V'= = V.
= (ca+c4 Ci +Ca)

an 3aMBIKAHME KJiouda K PAa3HOCTE MOTEHLHANMOB MEeXOY TOYKAMH M H N

CTAHOBUTCA paBHOH Hymo. llens man paspaxaercs, n 4epes TOYKY a NpoTeKaeT
sapagq = CV,rpe C = C1Cs/(C1 + C2) — emxocts sro#t uenn. Takum obpaaom,

Ci1Cy ( Ca Cy )V:Cu"/

q Ci1+Ca Ca+Cy O+ Cs 8 =1

673. C; = C3 =5 mx®; Oy = €1 = 2 mxD.

674. OrHOCHTENBEHO 3EMJIM MAACTHHA @ MMEeT MoTeHlUHan ¢, = —V, a nna-
ctuna b — norenynan @, = V. Pa3nocTs NOTEHUMANOB MEXIY HUMH O — (p, =
= 2V, M HANPAXKEHHOCTL eKTpH4eckoro nona E = (v — pa)/d = 2V/d =
=40 kB/m.

675. o = v /(8ymrd) =~ 833 uKa/m*, rae v = ¢/m = 1,76 - 10'* Ka/kr —
YAenbHbIH 38pal 3JEKTPOHA.

676. [lo 3akoHy COXPAHEHHMA IHEPrHH KOJIMYECTBO TEMJIOThH, BhbiJeJNHMBILE-
ecs MPH Paspsjlke KOHIPHCATOPA, PABHO 3MEKTPHUYECKON 3HEeprum, 3anaceHHoi
B KoHOeHcaTope: @ = W = q’j2C = 0,25 [lx. PasHocTh NOTEHUHANOB MEMXKIy
obxaagkaMH KoHaeHcaTopa a0 paspagku V = q/C = 500 B.

677. Dueprus, sanacennas B n Kougencatopax, W = nCV?/2 = Q; orcioma
pasnocTs noteduuanoe V = /2Q /nC = 500 B.

678. Esvikocte wapa C = 4reo R. Bena anekTpuyeckan SHEPruA 3apasKeHHONO
wapa nepeiiaer B remnory: Q = Cp? /2 = 2meg R® = 25 mxJIx.
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679. DnexTpHyeckas sHeprus, 3anaceHHas wapoM, W = g /2, otkyaa g =
=2W/p = 0,4 mKa.

680. [lo coequnenus konaexcaropos ux 3apsaas g1 = Ch1 V7, qa = Ca V2, a ux
obwan swepria Wy = C1V;2/2 + €3 Vi3 /2. Tlocae coennuenms KOHIEHCATOPOB HX
nonubift 3apan g = q1 + g2 = (C1 + C2)V, roe V — pasHocTs NOTEHUMANIOB MesK-
[y BepxHuMH obknankamu u semneft; orcioga V = (C1 Vi + Ca2Va) /(Ch + C2).
Tlocne coepnHenus BepxHHx OBKNAAOK KOHASHCATOPOB Mx obuwas sHeprua W =
= (C1 + C2)V?/2 = (C1 Vi + CaV2)? /[2(C1 + C2)]. Buinenupieecs konu4ecTso
TENA0Tsl PABHO PA3HOCTH HAYANbHON M KOHeuHON SHepruil KOHAHCATOPOB:

C1C2 (Vi = V2)?
2(C, + C2)
Ipu Vi = V; Her nepexoa 3apsa0B, NOITOMY TEN/OTA He BhigenseTca. Ecnu no-
TeHumansl Vi M Vo MMeOT 0OHHAKOBRIE 3HAKH, TO TENNOTH BLIAENASTCA MEHbILE,

4eM B ¢JIyYae PA3HLIX IHAKOB MOTEHLHANOB.

681. Beiaenusieecs KONHYECTBO TENJIOTH PABHO PA3HOCTH 3HeprHil KoHeH-
CaTopoB 40 M nocne coeguneHns (cM. 3agaqy 680):

Ci1Ca (Vi — ‘l/:g)2
2(Cy + Ca)

Q=W-W= = 4,5 mx.

Q=Wi-W= = 0,5 mIx.

§ 20. Iocroanubili snexTpuueckuil Tox

Saxon Oma dan ywaemna yenu. Conpomusaenue npogodHuKos

682. Tok B nposoguuxe [ = q/t. IlnorHoers Toka j = [/S; orciopa j
=q/t8 = 2 xkA/M".

683. Llena menenms wxanmsr npubopa kak MuiaMamnepmerpa i = [ /N
=V/RN = 0,1 mA/aea.

884. Conporusnenue npubopa R = V/I = 2 kOm.

685. ConporuBienue BobTMETPA HANJEM M3 YCJIOBHS, 4TO NPH OTKIOHEHHH
CTPeJIKM H& BCIO LIKAMY HanpshkeHne Ha 3amkumax npubopa paBHo Vo, a Tok,
Texymuit yepes npubop, pasen lo: R = Vo/lo = 2 kOm. Koraa ke sonsTMmerp
NOKa3BIBAET HanpsxexHHe V', To depes wero rewer ok | = V/R = Lh)V/V, =
= 2,5 MA.

686. | = Io(R+ Ro)/R = 27,5 MA.

687.V=gR/t=4B.

688. Vi =IR; =200B; Vo, =/R:=120B; Vs = IR3s = 0,4 B.

689. p= wRD? /4l = 0,017 MxOm - m.

690. R = pm/v5? = 191 Om.

691. / = vV D?/(dpl) = 0,236 A.

692. p=VS/Il = VxD?/(41l) = 5 MmxOm- m.

S25:.V
893. Vi =IR; = = :
» S BT TS A o8
§518V
Va=IRy = =3 B;
" T AR L5 Ba b
Va=1IRs = SV =2B.

5182 + 51853 + 52853

6894. Ilpu Ttemneparypax f; u %3 CONPOTHBIEHHA NPOBONMOYKH Hi =
= Ro(1 + at1) v Ra = Ro(l + ats), rae Ro — ee conporusaenue npu to = 0 °C.
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Hekomas Temnepartypa

_Ra(l+at)-R
- 031

895. tg = [V(1+ at1) = [R|/(JaR) = 1910 °C.

ta L — 48,3 °C.

[TocaedosamenbHoe U NAPAMMENLHOE COEPUHERUR NPOEOTHUKODS.
Hobagounsie coNPOMUBAEHUR U WYHMb

696. R=(V — Vu)/lo = 25 Om.

697. Hanpsaxenne na conpotusiaeuuu Ve = V — 2Vo. [lo 3akony Oma Ig =
= IR; orciopa R = (V —2V4)/I = 2,5 Om.

698. Yepes ponbT™eTph nporekaer oguH H ToT e 1ok [. Tak kak BonbT-
METP TNOKA3LIBAET HATNpsenue Ha cobersennom conporusnenuu, o [ = Vi /Ry
M CONpOTHBJEHHE BTOporo BonkTMerpa Ry = Va /I = ViR /Vi = 2 kOm.

699. I, = In(Ro + R)/[Ro(1 + at) + R] = 23,6 mA.

700. Ilpu remneparype t ofilee CONPOTHBIEHHE MOCNEAOBATENLHO BKITIO-
4eHHBIX YacTell MPOBOAHHMKA ¢ CONpoTHBAEHHAMH R, m Ra Gymer R = Ry +
+ R = Rio(l + a1t) + Rao(l + azt) = Rio + Rao + (01 Rio + Gzﬂau‘!l.nﬂ.ﬂ Rio
u a0 — CONPOTHBIIEHHA YPOJILHOIO CTEPXKHS W MpoBonoku npH tg = 0 °C. Obwee
CONPOTHBJ/IEHHE MPOBOAHHKA HE 3ABUCHT OT TEMIIEPATY DI, eC/H a1 Rip + az R0 =
= 0. B arom cayuae npn nwboli remneparype R = Rip + Rag. Ha nocnegnnx
AByx ypasHenuil Halinem
B B SiOn RS TR 80 O
Gz — @ 6 Qg — @y (]

T01. CxeMbl 3MEKTPONPOBOAKH, MO3BONAOLIHE BKJIKOYATD H BHIK/TIOYATD J1aM-
nouKy B 0BOM KOHLe Kopuaopa, nokasaHsl Ha puc. 347. ¥V konuos xopugopa
ycTaHaBNuBaloTeA ABa nepexmogarens (11 u [Tz, kaxxapill U3 KOTOPbIX HMEeT ABa
noaoxkenHs. B 3aBHCHMOCTH OT PACNONOAKEHHA BLIBOJOB OT CETH MOFKET OKA3ATLCA
BLIFOJHEE C TOYKH 3PEHHA SKOHOMHH NMPOBOJOB BADHAHT 4 HAH O.

gz S An

Ry =

0

Cete

i

= o o

Puc. 347

702. I, = V/R = 0,6 A npn napanaensHom coeaunennn; [ = V/IR =
= 0,3 A npH NocNea0BATENBHOM COEAHHEHNH,

703, IlycTtk npu JAHHOM NOJIOXKEHHH ABHYKKA CONPOTHB/IEHHE YYACTKA G T no-
TEHUHOMETPa PABHO Tz (cM. pHc. 89). Torga obuiee conpoTHBIEHHE ITOO YHACTKA
M BOJILTMETPa (OHH COemuHeHb! napannensHo) R, = r.r/(r. + r), a conporusne-
HHe 0CTaNbHOI YacTH noTeHuuomeTpa b pasno Ry — rz. Takum 06pasom, nontoe
CONPOTHB/EHNE MeX 1y TO4YKamH a u b Oyger

rzar _ ra(Ro—1a) + Ror

R=R0_rm+Ra=R0_rx+rr+r- Tet+ T

Tok B uenn [ = V/R. Hanpaskenue Ha yuacTke ax

r:rV

r2(Ro — 72) + Ror’

Vv
V,—-!R:_-ER:_
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Tak kak no ycnosue Ro <€ 7 H, Kpome T0ro, vz < Ro, TO NepeuiM 4ieHoM
B 3HaMeHaTesle MOXHO npexebpeus no CPABHEHWIO CO BTOPLIM (nepBuiil 4ien
npeactapnseTr cobol NpoH3BeneHHe ABYX MAJIbIX Be-
Va/V JHYHH T: W g — 7z, B TO BpemMa Kak BTOpOH —
Lty : npoussejenne Manofl BeuuHHE Hg HA HONBLIYIO Be-
! auunny r). Cnegoerarensuo, Vi = r,V/ Rg, T. €. Ha-
/ ! nipszkenne Vo nponopLMOHAaNEHO CONPOTHEJIEHKIO Ty .
0,5+ 3 B ¢Bow ovepeap CONpOTHBIIEHHE Tz TPONOPIHOHA L-
J HO A/IHHE YHACTHA Q2.
! Ha puc. 348 cnnownas npsAMas NOKa3biBaeT 3a-
J BHCHMOCTE Vi OT Ty, WTPHXNYHKTHPHAA JHHHA —
Rp rz 3aBucumocTh Vp oT T, Korna Hg ~ 7, T.e. Korga
Puc. 348 B Bbipaskenuu ms V, Hensas npeneGpevb NepsBbIM
4JIEHOM B 3HAMEHATE e, DTa 3aBHCHMOCTb HE ABJAET-
¢ MHHeHHOH, OAHAKO M B 9ToM ciyuae V; M3aMeHsieTca B mpejesax OT HyJis j0
HAIMPAXKEeHHS HA KJIeMMAaxX HCTOYHHKA V.
704, Ilnomaan ceyeHMA kenesHoft W meaHolt uacrelt nposoga S =
= nd*/4 n S; = w(D* — d*)/4 (pumc. 349). Mx conporupnenna Ri = p;i/S
u Ry = p3l/S2. Conporusnerue R GuMeTanianyeckoro nposoaa

H&J(.CIJJ,I!TCH no d}opuyﬁe napa.n.rle.nbuam COSIHHEHHA ]'[]JOBB,E[HH— a
KOB.
=N

Row 0B 24""’”}" - ~ 0,10 Om. —/
Rit+ R  n[;D* +(p2 — p1)d’]

ConpoTHBNEHNA JKENE3HOr0 H MEIHOro NPosoaos auameTpa D
u e § Puc. 349

7 =

Ru=22L _0610m, R.=222 _ 0087 0n.
: rD mD

705. R — (Ri+ Re)(Ra+ Rs + Ra + Rs) + (R2 + Ra + Rs)Rs _ 7 Ont.
Ra+ Ry+ Ra+ Rs

7086. Tlpu nocnefoBaTeNbHOM COEIMHEHHMH OBYX MPOBOAHHKOE ¢ COMPOTHE-
newuaMu Ry n Ry ux obiuee conporusnenne R = R; + Rz, a npu napaniedib-
HOM coeubenwd — R = RiRa/(R1 + Rz); orcwopa RgR = R; R2. Cornacho
H3BECTHOMY CBOHCTBY NPHBEIEHHOrO KBAIPATHOrO ypasHenus (reopema Buera)
CyMMa& KOpHeH 3TOTO ypaBHeHHS paBHa BTopoMy ero kosdduumenty ¢ obpaTHeim
3HaKOM, & Npou3BeJeHHe KopHell — csoGognomy uneny, T.e. Ry n Rz Jonmnb
6BITH KOPHAMH KBBJPATHOrO ypaBHenus r~ + pr+g=0¢p=—-Rug= RoR;
orcioga Ri2 = (R &+ VRI= 4Ro R) /2. Nogerasue anauenns Ro v R, ualigem
Ri=30mMu Ra=20M(nm R; =2 O0mu R =3 Om).

707. ToukH npHcosAMHEHHA NMOABOAAIIMX NPOBOACE JENAT LIHHY OKPYHHO-
CTH KOJIbLIA B OTHOLIEHHH 1: 2, T €. OTCTOAT ApyT OT Apyra no ayre Ha 120°.

T08. Ra = VA /(IR —V)=1xkOnm.

709. Tok B obwell uenu I = [1 + Iz, rge Iy v Iz — Toku, Texyume qepes
namnouky u sosstmerp. Tak kak V = 1Ry = 3Rz, o ls = V/Ry u Ry =
=V/hL =V/(I- 1) =VRy/(IRs — V) =100 Om. [Ipenedperas Toxom [ =
= 1,25 MA no cpasuenmio ¢ [ = 0,5 A nonyuum no npubmumennofi chopmyne
R = V/I 10 ke 3Hauenue conporusienua namnouxu: Ry = 100 Om.

T10. [Nokasanue sonsr™erpa V = [; Ry = I3 Ra, rae Iy u Iz — Toxu, Tekyiue
Yyepe3d conpoTHeiense W BosibTMmerp. Obwmit Tok [ = [y + [+ orciona Ry =
=V/Lh=V/{(I-1lh)=VRy/(IR2 = V) =20,16 Om.
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Ecan npenebpeus Tokom [2 no cpasHenuio ¢ [, TO HCKOMOE CONPOTHBIEHHE
Ry = V/I = 20 Om. Owubxa s onpegenenun Ry Gyner

N W e v

Yunrwisan, uro V/I = Ry u Ia/I1 = R,/ Ra, nailnem otrocHTensHylo omubky:
ARy /Ry = R}/R2 = 0,008, r.e. 0,8%.

711. BonvTmerpsl ¢ conpoTHBaeHHAMH R ¥ 10 A nokasbiBalOT HaNpPAXKEHHA
Vi = V/3 u Vi = 10V/21; nosToMy pa3Hula B NOKAAHMAX BONLTMETpOB Va —

-V =V/
712. HanpsaxkeHus Ha NeppBoil H BTOPO JAMIOYKAX
2
i RACER) orsem ws XE _aman
v +6rR+ R 4+ +6rR+ R
Ry RV
713. Vi = = 80 B.
'~ Rs(R1 + Ra) + RaRa
Ri(2R2 + R)V
14. Vi = = 06 B;
T 4R1R2 + (R1 + R2)R 4
Vo Ra(2R; + R)V SRR

4R\ Ra+ (R + R2)R
715. DKBHBANEHTHbIE CXeMbl BKJIOYEHHA M300padkeHbl Ha puc 350. Conpo-
THBJIEHHS! PEOCTATOR

4R, - R R
Ry = =R _ 30, : — ,
_ (R—Ro)(4Ro — R) _ i T
Ry = 2Re — R = 20 Om, 1] ]
Ry

R =2R; =40 Om

A a — ¢
T16. Becb n HHK MMeeT conpoTuBierine R = - m .
poBo poT

= nr, rge r — CONpOTHBJIEHHE KAXI0H H3 N paBHLIX

yacTell nposoanHka. [1pu napannensHOM COEIHHEHUH Puc. 350

7l 0JMHAKOBbLIX NPOBOAHHMKOB HX ODLIee CONPOTHBJE- :

uue Ro = r/n. Hekmouas r, nonyunm R/ Rg = n?; n MoMKeT BbITh LB LETHIM

NOJNOMHTENLHBIM YHCITOM, OOUbluMM eauunubl. [TosToMy pelneHns BO3MOMHBL
TobKO B ciyuansx, koraa R/ R = 4, 9, 16, 25, 36,...

B B namem ciyqae n = 4/36/1 = 6.
b T17. Ha yuactkax Aa u bB (puc. 351), eeuay pa-
BEHCTBA CONpoTHBAeHUA peGep Ky0a n X OAMHAKOBODO
b BKJIIOYEHUHA, TOK | PABHOMEPHO PA3BETBJNETCH 110 TPEM
A BETBAM M Mo3ToMy B Kaxaofi u3 wux pasen /3. Ha
yuacTkax ab Tok pasen [ /6, Tak KaK B K&K I0H TOUYKE G
TOK BHOBB Da3BeTBJAETCA NO JBYyM pe0paM ¢ paBHbIMH
e COMPOTHBJIEHWAMM M BCe 3TH pelpa BK/IIOYEHB! OJHHA-
o KOBO.
A Hanpsixenwe Vaig = IR mewuay Toukamun A u B
CKJaabiBaeTcs W3 HanpsaxeHns Vi, = Ir/3 Ha yuacTke
Pre. 351 Aa, Hanpsxenua V,s = Ir/6 Ha yuacTke ab u Ha-
npaxennsa Vg = It/3 na yuactke bB: IR = Ir/3 +
+Ir/6+4 Ir/3=5Ir/6; orciopa R = 5r/6.
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T18. Ecnu HCTOYHHMK TOKA NOAKJIYEH K TOYKAM ¢ M d, TO HANPAMKEHHA HA
YYacTKAX da H ab paBHBI, MOCKOMbLKY TIPOBOJIOKA ofAHopoaHa. CreaopaTenbHo,
Pa3HOCTL NOTEHLMAIOB MeXCAy TouKaMK a H b pasna nymo. Tok ua sToM yuacTke
orcyrcreyer. [losToMy HAaNK4KHEe HAM OTCYTCTBHE KOHTAKTA B TOUKEe MepeceueHHs
nposogtnkos ab u cd Geapaznuyno. Conporusnenne R, Taknm obpasom, nped-
cTaByser coboll CONPOTHBIEHHE TPEX NAapPaJIeNIbHO BKJIIOYEHHBIX MPOBOAHHKOB!
ed ¢ conporusnenuem 2r Ry, cad v chd ¢ onuHakoBbiMH conpoTUBieHnAMu T Ry,
U3 cooromenna 1/R; = 1/(2rRy) + 1/(rrR) + 1/(rrR;) naxopum R, =
=2rrR /(7 +4).

719. Al = 3VI/[RL(2L +1)] = 0,136 A.

720. n = 5.

721. Conpornsnenue R = 2,5 Om gocTuraerca, KOrAa NpoBOAHHKH BKAKHE-
HBI 110 CXE€ME CMELIAHHOro coeamuenns (puc. 352).

722. k = 4k1ka /(2k1 + k2) = 0,4 Cm.

723. [lnsa uamepeHus BONLTMeTpoOM HoNee BRICOKMX HAMPAXKEHWHA, YeM Te, Ha
KOTOpbLIE PACCYMTAHA LIKANA, HeoOX0 UMO BKIIOHHTL MOCIEI0BATENbHO € BOMLT-
MeTpom qobasoyHoe conpoTHENenne R, (puc. 353). Hanpsaxxenue na sTom conpo-

Ry Ry
Ry
Vo ! :
Puc. 352 Pue. 353

THBIEHHH Vi = V — Vg, mosromy conporusnenne Ry = (V — Vy) /T = 12 xOm.

724. [1na usmepenun npubopom nanpsixxeHuil, He npessnuatomux V', Heobxo-
AMMO MOCNEAOBATENLHO ¢ HUM BK/IOYHTL Takoe fobapovHoe conpoTuBienne Ry,
yrobsl V = I{R+ R,), rae ] — MakcumanbHbll ToK Yepes npubop; orcioga R, =
=V/I - R =~ 30 xOm.

725. Ry = Ry VA(V — Vo) /Va(V — Vi) = 46,7 xOm.

728. 'opoackan OCBETHTENLHAA CETh NPEACTABJAAET CODOM HCTOYHHK TOKA,
obnajamuil BHYTPEHHHM CONPOTHB/IEHHEM, HAMHONO MEHbIIHM CONPOTHBIIEHHA
sosnbT™Merpa K. [losToMy Hanpssxenne V' = 125 B, KOTOpoe NOKA3LIBAN BONBTMETD
NpH HENOCPEACTBEHHOM BKJIIOYEHHH B CETh, PABHO HANPAMEHHIO HCTOYHHKA TOKA.
DTO 3HAHHT, 4TO OHO HE HAMEHAETCA H NPH BKIIOYEHHH BOBTMETPA B CETh Hepes
conporusnenue Ry, [Mosromy V = I(R + Rp), rae [ = Vo/ R — 1ok, Tekyiui
yepe3 BobTMETP; orcioga R = (V — Vo) R/Vp = 261 Om.

T27. Tok, Texywuii 4epes sonbTmerp n nobaBoqHoe conporusienne, [
= V},/g. Hanpsixenne ucrounnka Toka V = [(R+ Ry) = (R+ Ra)Vo/R
= 340 B.

728. V=IR:R/(R + 2Ry + Ra).

729. [Ana namepenns 60nee BLICOKHX TOKOB, HEM Te€, HA KOTODBIE PAcCUHTa-
H& UIKAJA, MAPAVIENbHO NPHOOPY BK/IOYAETCHA LIYHT C CONpOTHBIeHHeM R, =
= igNR/(I — igN) = 50,5 Om; ois u3MepeHus HANPAXEHAN NOCIEJ0BATENLHO
¢ npubopom Brmouaeres qobasounoe conporusnenne Ry = (V — igNR) [igN =

= 199 Om, rge igN = lp — TOK, Tekywui yepes
ﬂpl{ﬁop UPH MAKCHMAIIBHOM OTHKJIOHEHHH C’I‘peﬂl(l“l,

e I @ Ig P 10N R = Vo — HanpsyKeHHe Ha ero KJ1eMMax B 9TOM
cryyae (oM. 3a0aun 723 u 730).

T Ry 730. Tpu exaouenur napaniensno npuGopy

—{ ) — wynTta (puc. 354) ok | goypken JeaMTLCA TAK,

uTobbl Yepe3 MHJUIHAMNEPMeTD NpoTexan Tok fj.

Puc. 354 Yepes wyHT npu 3ToM Tever Tok lw, T.e. [ =
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= Iy + Iy. Hanps>kenus Ha wysTe # Ha MmusinaMmnepmerpe pasubi: lg R = Iy Ry
orciopa Ry = IgR/(1 — Ip) = 0,05 Om. YyscTeurensuoers npubopa yMenbiua-
ercd, a ueHa genenus npubopa ysenuuusaerca B n = [ /Jy = 200 pas.

781. I = VRu!/[V(Ru+ R) - IR} =3 A.

732. Tak KaK LWYHTBI NPHCOSJHHAIOTCA K ra/ibBAHOMETDY MAPAIeNbHO, TO
YCIOBHE PABEHCTBA HANPAMKEHHI! Ha MAJLBAHOMETPE H Ha LUYHTAX AAeT

0,1/R=0,9/Ry, 0,01IR=0,99/R;, 0,001/R=0,999/Rs;
OTCHO0A
Ri=R/9=30M, R:=R/99=273M0m, Rs= R/999=27,1MOmM.

733. Haubonswui Tok, nporexaroumit uepes npubop, Jo = ioN. Jdaa ua-
MepeHUs TOKOB, 3HAYMTR/IbHO NPeBbiAIMX ToK [y, HeoBX0aUMO NapaNIenbio
nNpuBoOpY BKJIOYHTL IUYHT, CONPOTHBNEHHE KOTOPOro Ry, 3HAYMTENBHO MeHbIle
CONPOTHRNIEHHA MUIIuaMnepmerpa R (cm. 3agavy 730):

IoR wolVR
Ry = = = 5,125 Om.
WRIT-K I-iN -

734. Tok, rexywmit yepea wynt, [y = I — [y, [lagenus nanpaaenus na
wynTe u amnepmerpe pasubi: Iy, Ry = IoR; orcopa [y = TRy /(R + Rw) =
=2TA.

735. 1 = Io(1 4+ 7D*R/(4pl)) = 12,9 A.

3axon Oma dar noanoil (samsnymotl) yenu

736. Hanparkenue Ha BHelIHeM conpoTHedeHMH uenu V = [ R, Tok B uenu
I=¢&/(R+r);orcoma R=V/I=60m,r=(-V)/I=40m.

737. lo 3akony Oma gna uenn I1 = € /(R+7)wu I = &/(R/3 + r), rae
R — conporusnenne peocrata. Mekmwouns u3 sTux ypasHenult R, nallgem I3 =
=30L&/(€+20r)=1,125 A,

738. Tox B uenu [ = & /(A + r). Hanpsiokenne Ha 3a)kumax HCTOYHHKA TOKA
V=IR=¢R/(R+r).llpu R = 0 uepes UCTOYHUK TEYET TOK KOPOTKOIO 3aMhl-
kanua I, = 6 A. C ysesninaennem R Tok cTpeMUTCA K Hym10 (110 runepboiH4eckomy
saxony) (puc. 355 a), a nanpsokenne crpemures k 3/1C & = 15 B (puc. 355 6).

1
0 10 20 R, Om 0 10 20 R,Om

Puc. 355

739. Tok uenu nakana { = & /(R + Ra2 + r) = 656 MA.

740. Conporusnienne HUTH Hakana f; = V/I. Tox nakana npH HaaH4HH
AOTMONHHTEIbHOTO conpoTHenenna Ry suenu [ = & /(R1 + Rqe + r); orcioma Ry =
=(¢=V —=1Ir)/I=T7,40m

741. R=Vr/(é - V) — 4pl/xD* = 3,82 Om.

T42. R=Vr/(¢ — V) = 2,95 kOm.

18 T.A. Benapukos u ap.
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743. Hanpazcenue Ha 3a>KHMaX HCTOUHMKA TOKA PABHO NANEHHIO HATIPS AEHHSA
Ha BHeluHeMm conpoTeesaennd uenu: V = IR, rge | = ¢ /(R + r); orcopa r =
= R(&-V)/V =40m.

744. Tok B uenu [ = &/(Ry + Rz + r). [lagenne nanpaxenus wa namne
H noasoaAwmx nposojax Vi = fR1 u Va = T Ry, U3 aTux ypasuenun#t naxonoum

=ER1—H(R|+T}=210M VQZE!.RI_VI(RI.'-”
Wi ’ : R,

T45. Yepes wkamnywo namny Teder
— .
Raf2
R R
QOrr & e
I' Rqf2 h v 1
~ — ..

rok Iy = Vi/R; (puc. 356). Tox B 06-
| S )

utett uenw I = nly = nVi/H,. Hanpsaxe-

HHE B NoABOJAWNX nposoaax Vo = TRy =
Ri |Ri = nViR:/R:. Hanpsoxenne na 3axumax
I

R2

= 0,21 Om.

® HCTO4YHMKA Toka u ero 3JC
I

V=W+Va=W (1+n%)=2933‘
1

Puc. 356

Ra+1r
R

#’=V+Ir='l.r'1(1+n
1

) = 303B.
746. & = (R + '.?Ede =5B.

747. g = CER/(R + r) = 10 mxKa.

ras, Vo - (R/D(OR/N+R) _ 7

Vo (10R/11)(R/2+ R) 10°

749. V' = &Vr/(ér — VRy) =4,4 B.

750. Maobpasum cxemy uHase (puc. 357). 3aMEHHUM CONPOTHRIEHHS PEINCTO-
pos Ry, Rs u R3 conporusnenmem Ry = R; +
+ Rz R3/(R: + Rs). Torna nonunoe conpotusnenue
Len#

R= RoR4 _
Ro+ Ry
_ (RiRa+ RiRy+ RaRs)Ra _ 58
T RaRs +(R1 + R4)(Ra + R3) T 36

H amnepmerp nokaxer ok [ = ¢ /R = 1,8 A.

T51. [ =34€/T3R=0,1 A.

752. INagenus HanpaykeHHs Ha pesucropax )
H Ra, a Takoke Ha pe3ucropax 2R1 u 2R2 nponop- Puc. 357
LHOHAMBHBI HX conpoTHeaeHuam. [losTomy name-
HHE HANpPSYKEHHsl HA peavcrope R paBHO HYNIO M TOK 4Yepe3 HEro He MPOXOIMT.
Yepea peancrop R; Teuer Tok [ = ¢ /(R + Ra).

753. INosmoe conporusnenwe uenw B = Ry + Ra + 7, rae conpoTHBneHns
MBI ¥ ODONIOMKH A0 MECTa 3aMLIKAHHA

N S
1 plS] -ple?u z—ﬂzsz mﬂ[Dg—dg).

Tok & uenu I = &/ R; orciona

w(€ —Ir)
= ] 2 2
41[p1/ DY + p2/(D3 — d3)]

= 2,18 xm.
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754. Hanpsoxkenue na xongencarope V = €. Dto xe nanpsxenue Gygmer
B NEPBbI MOMEHT NOC/e 3AMbIKAHHA KNI04a Ha peauctope f. [losTomy Texywmi
4epes Hero B 3TOT MoMeHT Tok | = &/ R,

755. [Mocne prmovenna ucrounnka toka ¢ IJC ¢ xongencaropsl 3apaasaTes,
M, KOTJI& TOK NPEKPATHTCH, Bee HX 0DKIaAKH, CoeqHHEeHHbIe ¢ pesHcTopoM R, By-
AYT HMeTh 0aMHaKoBbill notedunan. Kongencaropn ¢ emxocrsamu C + Cy u C +
+ €3 BKIIOYEHLI NOCTEA0BATENLHO C HCTOMHHKOM ToKa, O0llee HANpsAXKeHHEe Ha
uux Vi 4+ Va = ¢, azapag nauux ¢ = (C + C1) Vi = (C + C2) Va; orcioga

C+ Ca Vi — ¥ C+Ch
WHCI+C T LG+

7568. Obknagkn koHgencaTopa (' 3aMKHYTH 4epe3 pesucTopsl H; v Ra.
[losromy sapsa Ha 9ToM KoHgeHcaTope ¢; = 0 (nocne npekpamleHHs 3apaakH
rouaencaropos Ca # C3). Tak Kak nocne 3apsikH KOHAEHCATOPOB TOKH B CXeMe
HE MPOTEKAIOT, TO HaNpsXeHHA Ha kKoHgencatopax Ca u Oy pasust &. Cnegosa-
TeNnsHO, g2 = Ca & ¥ g3 = Cs .

757. [lanenune nanpsaxenun Ha pesucrope R 6yner V = ¢/C = I R3; orciopa
Tok, Tekyumi uepea stor pesucrop, | = q/C R. [Moinoe conporusnenne uenmn
u 3/C uerounHKa TOKA

R Ra

R1+Rz+ A

758. € = (g/C)(1 + 2R2/R1) = 110 B.

759. ConpoTHBIeHNe KOHIAEHCATOPA MNOCTOAHHOMY TOKY GECKOHEYHO BeJIHKO.
[Moaromy nocne 3apAaKH KOHAEHCATOPA NO pe3ucTopy A3 TOK NpoTekaTs He GyaeT.
He Gyaer n nagexns HanpsaeHus Ha atom peaucrope. CreqosaTenbHo, TOYKS G
u Bepxuan obknanka kongencaropa byayT nmers ogunakosbiil norenyman. [loren-
umad e Toukn b 6yaer pasen norenunany HuxkHelt obknanku kongencaropa. Ta-
KuM 06paszoM, Hanpsi>KeHue Ha KOHaeHcaTope Gy1eT paBHO NaeHHI0 HANPSXKEHHS
na pesncrope Rz. Tox suenn I = € /(R1 + Ra)n V = IRz = €Ra /(R + Ra);
OTCIOAA 3apaf Ha KoHaencatope ¢ = CV = CE&Ry /(R1 + Ra).

ERaz Ry Ry
760. V = ; 759).
R Ry + R Ry Fa + o RaRea + RaRa g O 38484y 759)

761. Hanpsikenus Ha 3a)KMMaxX MCTOMHHKA TOKA B MEPBOM H BO BTOPOM
cnyvasx Vi = [ R u Va = [aR/2. Toku B ofwell nenu B 9Tux cnyyaax [, =
=¢/(R+r)ul,=¢/(R/2+r); orciona
Vi=W
Ve =W

762. [lagenue nanpskenns na pesucrope Ro (u na sonwrmerpe) V = IRp
(puc. 358), rae Ao = Ra R/(R2 + R) — conporHBaenne Napaiie/ibHO BKIKYEH-
HbIX BOILTMETpa K pesncTopa Rz. Tok B obwedi uenu pasen | = ¢ /(R + Rp +r).
Peluaa cOBMECTHO 3TH yPaBHEHHHA, NOJYHHM

V(R +r)Ra

&Ry — V(Ry+ Ry + 1)

ToT e pesyNETAT MOMCHO NOTYYHTh, PELIAR CHCTEMY ypabHeHnil
I=lh+1l, V=LAR V=ILR:,, ¢=V+IR +1Ir.

763. B sksusanentHol cxeme pesHCTOpPbl R COOTBETCTBYIOT NMpPOBOJIOKAM,
COEMHAIOUIMM 3JIEMEHT C KOJIbLIOM, 8 PE3HCTOPhl R — ABYM NOJOBHHAM KOJbla
(puc. 359). MonHoe BHewnee conporueieHne uenn K = 2R, + Ra/2, rne Ry =

Vi=¢

q ( RiRy
R+ R,

+Rg+r)=1,2B.

R=r =2 Om.

R=

= 2,05 kOm.

18*
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=pa/S u Ry = pra/S. Tox B obweti uenu I = &/(R + r). Pasnocts norenum-
AJ10B MEXAY TOYKAMH ¢ u d

Vo IR _ Ry tn
T 2 T AR+ Ry+2r 4+ w+2rS/pa

T64. hf‘rfi = (R + T')Rg/’[ﬁlﬂg + r(R1 + Ra ] = 11/16.
Va[R1Rs + (Ra + 7)(2R: + Ra)] _

= 0,64 B,

o Ve e RS
Rz
: A !ﬂ
— @ d
R Ry D2 Ra
: N ¥ R R
t":" g T
Pue. 358 Puc. 359 Puc. 360

766. Conporusienve kKawaoll napsl nposoaHukoB paeHo Mo /2. Tlonnoe
BHELHEe CONPOTHBISHNE LENK OO YAMIEHNA OJHOrO U3 nposogunkes R = 3Ry /2.
o zaxony Oma ana nonwoii uenu [, = 2l = &/( Ry + r); orciopa 3/C ucroy-
uuka Toka & = 2[o(Ry + r) = Iy(3Re + 2r). Tocne ynanenna ogHOro M3 npo-
BOJHHKOB NOJIHOE BHEUIHee conporHeaenue yenn Rz = 2Ry /2 + g = 2R,. Tox
B obwed nenu Iz = &/(Ra + r). Yepes nposoanuk, ocrasumiica 6ea napet, Gyaet
uaTH oKk I3 = Jo(3Rg + 2}2!(2&] + 1) =4 A, a yepes OCTANLHLIE TIPOBOJHHKH
GyayT waTh Toku I2/2 = 24,

#Ry
=
oL (Rs+r){R1?_+ R2) + R1 Ry

R

= =297 A.

fa (Rs+r)(Ri + Ra2) + R1R» S
768, Bepxnaa naMna H NMposoja, MOyWHe K HeH, HaUWHAsi OT MECTa IMpH-
coeaunennsa HuxKHedt namnbl (pHe. 360), obpasywor nocienoBaTenbHYIO LENOUKY
¢ conpornBiensem Ry = Ry + R;. 971a uenoyxa coesyHeHa NapaLieibio ¢ HIK-
Heil namnoft ¥ BMecTe ¢ Helt obpasyer conporreienve Ry = R /(Rs + R1) =

= (R1+ R2)R1/(2R:1 + Ry). llonuoe BHewRee CONPOTHBNERNE LieTH

Ra(2R, + Ra) + (R1+R2}R1
2Ry + Ra

=1,98 A;

R=R3+ Rs=

Yepes HCTOYHHK TOKA TEYET TOK

£ _ £(2R, + Ra)
r+Ro  (r+ Ra)(2R:1+ Ra) + (R1 + Ra) Ry

769. Eciu ¢ u r — 3JC u BHyTpeHHee CONDOTHBNEHHE HCTOYHHKA TO-
Ka, T0 I, = i‘jgﬂq +r)n ly = &/(Re + r). U3 9mux ypabHenuft umeem r =
= (LR - fgﬂié(h —1Nh)=30m, & =§LI:(R1— Ra)/(Iz — I) = 40 B.

T70. r = RiRa(V2 — V]}f(vlﬁg — VzRﬂ =1 0Om.

771. Tlpn MOAK/MIOYEHHH K MCTOYHMKY TOKA AMIIEPMETpa 4epe3 Hero TeyeT
Tok Iy = €/(R1 + 1), rne ¥ — BJIC Gatapen, a 7 — ee BHyTpeHHee CONMpo-
THBJIEHHE; NPH NOAK/IOMEHHM K HCTOYHHKY TOKA BONLTMETPA YEPe3 Hero Te-

I=

= 0,87 A.
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yer Tok I; = &/(Rz + r), u ponsT™MeTp nokaswiBaeT Hanpsoxenue V = [ Ry =
= ¢ R2/(Ra + r); orcioga

V-hR R — Ry
e #=hVie—L.

Tok xOPOTKOrO 3aMbiKaHMA (MPH PABHOM HYJII0 BHEILIHEM COMPOTHBJIEHHH)

= E_ fﬂ/{ﬂg— R]_) =
I = = #Wﬂn(v—hﬂﬂ =206 A.
_g{R]'l'R'JJ—IRlRZ_ 8 _E__
T72.r= (R + R2) —20M,Ix—r—5}\,.

773. llpu 3apanke aKKyMYNATOP BKIIOYAETCA HABCTPEHY HCTOYHHKY TOKA.
Bo BpeMs 3apAaKH TOK BHYTPH AKKYMYJISTOPA TEHeT OT NOIOKUTEIbHOrD MoIoca
K orpuuaTensHomy. Hanpsxenue ceru V = ¥ + (R + r), rae [ — Tok 3apsaaxm;
orcioga I = (V — &) /(R + r). Hanpsykenne Ha 3a0KMMaxX aKKyMYJATOpa
Vr+ &R

Va=Ir+ e 7.5

[Mocaedosamenthoe i NAPAANEADHOE COEIUNEHIR UCTIONHUKOS MOKA.
ITpasuaa Kupzzoga

774. Nockonbky €2 > &1, 7o Tok | Gyger uaTH B HANPABISHHH, YKASAHHOM
Ha puc. 118, npn 3TOM pPAasSHOCTEL NMOTEHUMANIOB MEX/AY TOUKAMH a H b

EqRy + &Ry
Ry + Rs

775. Mockoneky #9 > &y, To Tok | Gyger MATH B HANpABJEHHM, YKA3aH-
HoMm Ha puc. 119. Tokom uepea sonsT™erp npenefperaeM BBHAY TONO, YTO €0
CONPOTHBJIEHHE BEJIHKO N0 CPABHEHHIO C BHYTPEHHHMH CONPOTHBACHHSAMH 3TEMEH-
ToB. [Tagenve HANPSAYKEHWA HA BHYTPEHHHX COMPOTHBJICHHAX 3EMEHTOB JOTHKHO
paBusithes pazvocTd 3/C aneMeHTOB, TAK KAK OHM BEJIIOYEHB! HABCTPeYY ApYT
apyry: I(r1 4 re) = €2 — &,; orciona I = (&2 — &) /(r1 + r2). Pasnocrs noren-
LMAJI0B MEXKAY TOYKAMH a M b (nokasauue BonbTMETpA)

V=t +IR=¢—-1R= =1,2B.

Vel ip=tiatln gy
ri+ra

TT6. V = (&1ra + €ary)/(r1 +1r2) = —0,1 B; Vos = 0 npu &2 = &ary,

TTT. Tox B uenu [ = 2& /(R + r1 + r2) (puc. 361). Hanpsskenus na 3axicumax
wneTounukos Toka Vi = & — Iry u Vo = & — [ry. Pewas nepseie asa ypasHeHHA
npu yenosnp Vi = 0, nonyusum R = ry — rg = 0,2 Om. Yenosue
Va2 = 0 HeocylecTBMMO, TAK KAK COBMECTHOE PelLeHHe IePBoro
W TpeThero ypasHeHufl npuBoauT K 3nauenuio R < 0.

7T8. Tok B obwedi nenn [ = 26 /(R+r + f‘:;, rje BHel- % vy
Hee conporuBienue uenw R = Ry R3/(R; + Raz). Ilo yeno- ! R
BHIO 3a]a4H HANpS>KEHHe HA 3a>KMMAX MepBoro sneMenTa V =
=& — Ir; = 0; orcrona &, ry
RiRa + ra(R1 + R2) _
2 S R: + Ra =324 O Puc. 361

T79. R=1r, —rz, rne R = RiR;R3(Rz:R3 + RiRs + R1Rz2) (cm. sana-
yy T78).
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780. Tox B obweit uenu { = 2¢ /(R + r1 + r2), nae sHelHee CONPOTHRIEHKE
venu R = R1 Ry Rs(R1R2 + R1 R3 + Rz R3). Hanpsiskenus Ha 3a>kumMax nepsoro
H BTOpOrO reHepaTopos:

E[R1RaR3 + (ra — 1 )(R1 Ra + Ri1 Rs + RaRs)]
RiR3Ra+ (r2 + r)(R1R2 + RiRs + RaR3)

E[R1RaRs + (r1 — r2)(R1 R2 + Ri Rs + RaR3)]
RiR2Rs + (r1 + r2)(R1R2 + R1Rs + R2Rs)

781. Ilo sakony Oma ans nonnoit uenu Tok [ = €/(R+r), rge & = &, +
+ #2 + €3 v v =11 + ry + r3. Hanpsbkense Ha 3a0KMMAX KAMKAOrO JIEMEHTA

pasro pasxoctd I/C u nagenus HanpsAXKeHWA HA BHYTPEHHEM COMPOTHBAEHHH
ATEMEHTS!

Vi=é—-Ir = =3B,

Va=&—Iry = = 3,72 B

E(R+ra+ra) = (E2 + €3)m

Vi=é&1-Irm = R =1,8 B,

W B T Ea(R+r1+1m)— (1 + &3)m =03 B,
R+ri+ra+nms

Vs - g.s _ If‘;; = is-sl:R-i-'I"]_ +'."1] —(?E], o+ (;2)7‘3 - _0‘1 B

R+ri+ra+rs

Hanpsxenne Ha 3azkumax DaTaped sneMeHTOB PABHO NaAeHHI0 HATPAMXKEHHA
HA BHEIIHEM CONpoTHBJIeHHMH uenH: V = Vi + Va + V3 = 2 B. Hanpsokenue na
3aCHMAX TPeTbero 3JIEMEeHTA OKA3AN0CH OTPHUATEILHLIM, TAK KAK TOK OIpeaens-
eTcH BCEMH CONPOTHBJIEHHAMH Lenu H cymmapuoit 3/1C, a nagenve nanpsxenus
HA BHYTPEHHEM CONPOTHBIEHHH T3 Gonblue, dem €3,

782. V =IR=4¢R:Ra/[R1R2 + 4r{R:1 + R2)] = 4,95 B.

T83. Hanpaxkenue Ha 3axkumax batapen V = né — Inr. Cnepoparensho,
n=V/(&-Ir)=100.

784. I = (V —né&)/(R+nr) = 2,7 A.

785. INageHne HANDSXKEHUS HA PE3UCTOPE, £CITH TOKH TeKYT B HANPABRJIEHHAX,
ykasaHHbix Ha puc. 124, V = IR = ¢, — I1r = &3 — Ior. Yuurmbas, uyro [ =
= I + I, naxoqum

_?51"!'?’-:2_

I=3r7r ~01A
_(R+T)51—Rga__ _{R-{-r]ﬁa“ﬂél_
h= Ry = OBA L= =0 A

3amerum, uto I} < 0. 3T0 3Ha4NT, 4TO HAnNpaBieHHe TOKA [, MPOTHBOMOIOXKHO
yKasaHHOMY Ha puc. 124.

786. Buibpas HANPABIEHHA TOKOB, YKA3AHHLIE HA pHC. 362, cocTABMM ypasHe-
nusi Kupxroda. Ina yana b umeem [, + fo — I = 0; gna kourypa abe f (obxoa no
uaconoit crpenxe) ey + TR = ¢, u ana koutypa bede (0bxon nporus uacoroii
crpenku) Iarg + IR = &9. Ha sTux ypasnenwuit naiigem

= Eirg + Eamy
R(ri 4+ r2) + rira

= 0,53 A.

T87. Buyrpennee conpoTHBIEHHE 3MEMENTOR T‘g =r4+r A2 = 3r/2. Ccmpc—
THBJ/ICHHE TIAPAJJIENbHO BKJIOUYEHHBIX peaucropor Ry = Ry Ra /(R + Ry). 06-
wasn IJIC anementos &5 = 2¢. Cornacho 3akony Oma ans noauolt yenn

o g - g RIR'J Ir
V =& — I{Ro+10) = 2¢ I(-__R1+Rg+2)_l248B



§20] Mocmoannnitl anexmpuseckuil mox 279

788. Bribepem nanpasnenua toxos I1, [2 n Iy uepes peaucropm Ri, Ra
u R3, ykazannbie na puc. 363. Torga I3 = I + I;. Pasnocts norenunanos mexmy
Toukamu a u b Gyner pasna & — 1Ry = &3 — [sRy = €3+ I3 Ry. B I3 = 0,
ol =—I3, & + 1R = & u & = €3 — [; Ro. Uexkmouas [, naxoaum &3 =
= (€1 Ry + & Ry)/ (1 + Ra).

i b g ha I2 - .
I I V—\i
wil W Tas | La ke
: I $ L/-
f— b A
Puc. 362 Puc. 363 Puc. 364

789. Pacemorpum Ty ke cxemy bea sonermerpa (puc. 364). Mz sakona Oma
ans noaxolt nenu naxooum I = 3¢ /3r = ¢ /r. U3 3axona Oma g5 yHacTKa uenu
Mexay Toukamu a M b nonyuum Vi, = —Ir + & = 0. [logkmouenre BonsMeTpa
K TOYKAaM, PA&3HOCTb MOTEHLMAJIOB MEXJAY KOTODBIMHM DABHA HY/IO, HHYENO He
MOKET HIMEHHTE B uenH. [losromy onbTmeTp GyAeT NOKA3LIBATE HANDPAMKEHHE,
paBHOE HYJIO.

T90. [MoaknoukM HCTOYHHK TOKA K BhIBOJAM @ W b U BuibepeM HanpasjieHus
TOKOB, YKa3aHHbie Ha puc. 365. [lna y3na e uveem I = [y + 1. [Ipu obxone
KOHTYpOB ae fb u ecdf no uacopol CTpenKe NOMYYUM

I(Ri+ R3)+ IaRy =&, IgRo — IRz = &,.

Hcnonesys yenoeue I; = 0, naxogum & = — o Ry + R3)/ Ro. 3nak MUHYC noka-
3LIBALT, YTO MOIIOCH HCTOYHMKA TOKA Ha pHc, 365 HYKHO NMOMEHATH MECTAMM.
T91. M =2R/6=20M,ra = R/5=10m.

#1,m
c ll d
Iy
ﬁ:,f’ﬁ
b :I e
I
! R
a e f
Puc. 365 Puc. 366

792. llpu napannensHOM COSAHHEHMHM JBYX JIEMEHTOB BHYTDEHHEe COnpo-
tusnenue u IJIC pasubi /2 u &; npH NocIeIOBATENLHOM COEIMHEHHH OHH PaBHL
2r u 2¢. Yepea peaucrop R NpH 3TOM TEKYT TOKH

_ & o 2& &

TR+r2 T Ry2r R2+1

Orciona Bugno, uro I > I, ecom R/2+r < R+ r/2, re. ecmm r < R. Tlo
YCNOBHIO 3a1a4H B NepBOM cydae Ry = ) cNeJ0OBATENBHO, TOKH NPH NAPaie/b-

HOM M TMOCNEJOBAaTENLHOM COEIHHEHHAX OAHHAKOBLL. Bo BTOpOM cmydae Re > r.
MosTomy ToK GauibiLie NpH NOCNENOBATENLHOM COSIHHEHHH.

I
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708.q=C @1(Ra + r2) + E2( Ry + 12)
Ri+Ra+ri+mr

T94. Bribepem HanpaBJieHHA TOKOB, yKA3aHHbie Ha puc. 366. [lna yana b

umeem [ — [y — I3 = 0. Tlpu obxone koutypos abe f u bede no uacosoit crpenxe

NOTYYHM

=T mxKn.

Iara+ IR = €2, ©Liri— lara =&, — &,.
W3 3mix ypaBHeHH# HaxoauMm
_ Eira+ &y 7, = Ea(R+ 1) - &R
S et 1 = )
R(ri+ra)+rmir R(ry +ra) + rry

_ Ea(R+m) - B4R
T Rm+r)+mr

Tok [ = 0 Toraa, Korga W3MeHEHA MONAPHOCTH BKJIOYEHHA OOHOrO W3 3fe-
MEHTOB M, KPOME TOr0, BRINOJIHEHO yenosue €1rg = Eary. Tok [1 = 0 npu & =
= R&/(R+m),amrok I3 =0 npu &3 = RE1 /(R + 7). Tokn I u I3 ume-
10T HANDABJEHHA, YKA3aHHBIE Ha puc. 366, ecnu RE;/(R+1m) < & < (R +
+ 11) &2/ R. Ouu mMeHaoT cBoe Hanpasnenue npH &1 < Ré2 /(R + o) unn &2 <
< RE;;"(R+T’1].

795.Mpun(R —r) = R — r. Ecin R = 7, To YHC/I0 31EMEHTOB NPOH3BOILHO;
e R # r, 3aga4a He umeer pewenus (n = 1),

798. Vi/Va = (nR+r)/(R+ nr) = 2,33, roe V1 — nokasauue ponbTMeTpa
NPH NOCEA0BATE/IBHOM COSAHHEHHH JIEMEHTOB, V2 — NpH NapannenbsHoM.

T97. Al =n(n—-1)(R=r)¢/(R+nr)(nR+r)=4 A.

T98. Obwee gucio snementor N = nm (pwuc. 367). Tok o BHewHedi uenm
I =né/(R+ nr/m), rie r/m — BHyTpeHHee CONMPOTHBIEHHE TPYNNAL K3 M

NapasieabHo COEMHEHHBIX IEMEHTOB,

a mr/m — BHyTpeHHee CONpOTHBNEHHE T

rpynn,  coeaMHEeHHBIX NOCNeA0BATENBHO.

MakcumanbHas MOWHOCTE (cM. 3aga4dy B48)

OTAAETCH BO BHEIHIOK LEnh NPH PABEHCTEE

conpoTHaienuss R BHYTpeHHeMy CONPOTHB-

newHio bamapen snemenTos nr/m, T.e. R =

m nr/m = n*r/N; orciona n = RN/r =

=20, m = N/n = 30. Ilpn 3TOM uepes
conpoTHeaeHre R Teuer To [ = 46 A,

799. Tpu nocsegoBaTENLHOM COEAMHEHUM

4yepe3 BCe aKKyMyJaTopsl Gataped Tewer ommn

Puc. 367 H TOT e TOK, MOITOMY BCe OHM Pa3pALATCH

B TEYEHHE OIHOTO U TOro xe Bpemenu. Caeno-

nagz.ubuo, eMKOCTh BaTapen GyaeT paBHA EMKOCTH KA 0N aKKyMynaTopa: () =

=Qo=80A-u

Tlpy napannensHOM COEIHHEHHH Ti AKKYMYJNATOPOB 4Yepes KAMIbIA M3 HHX
TeydeT 1/n 4acTh 06IIEro TOKA; MOITOMY NPH TOM KE DA3PAIHOM TOKe B obuieii
uenu Gatapes GyneT paspsKATRCA B N Pa3 A0bILE, YeM OJHH AKKYMYJATOD, T. €.
emMkocTh Batapes B n pa3 Bonbine eMKOCTH OTAENLHONO AKKymyasTopa: Qg =
= ﬂQu ] 24‘[] .A =9,

3ameruM, oauako, 4uTo dHeprua W = &Jr = ¥Q, ornapaeman Gatapeeit
B LeNb, H NpPH NOCIEA0BATENBHOM M NPH NAPANIETBHOM COSAHHEHHH T AKKY-
MYJIATOPOB B 7t pa3 Goblie IHEPryH, OTAABAEMONR OIHHM AKKYMYASTOPOM. 3T0
MPOHCXOAMT TOTOMY, YTO NPH nociaenosaTenbHoM coenunenuu D/1C batapen B n
pa3 Gonbiue 3/1C ogHOre aKKYMYIATOPA, & NPH NAPaiIensHOM coeaunennu 1C

et

o= —————
N i e
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Batapen octaercs Tof ke, HTO B AJIA KAMKA0N0 AKKYMYJIATOpa, Ho ) yBesmunBa-
eTcs B 1 pas.

800. Kaxknas rpynna M3 nATH aKKYMYJIATOPOB, BKJIIOHYEHHBIX NMOCNENO0BA-
TeJIbHO, HMeeT eMKOCTb @1 = Qo = 64 A - u (em. 3agaqy 799). Tpu napannensno
BKJIIOYEHHBIe TPYNNbl Aa10T 0buyo eMxocTs batapen Q2 = 3Qo = 192 A - u.

801. V =1IR,(R:+ R3)/R; =2B.

802. Cocmapnsiem ypasHeHMsa Kupxroda B COOTBETCTBMHM ¢ HANDABJTEHHAMH
TOKOB, YKA3aHHLIMH HA puc. 133: Iy + Jo — Ja =0 ana yana b; In — Iy — Is =
=0 ana yana h; Is — Iy — Is = 0 ana yana f; npu srom Iiry + Isrs = &1 —
— &9 nna koutypa abfg (06xon no vacoeodt crpenke), la(ra + r3) + lara = — &2
ana xoutypa bedh (obxon nporus yacoso#t crpenku) u {yry — fgrs — Isrs =0
ans kouTypa hde f (06xon no wacosoil crpenxe). Peutas sty cucremy ypasnenuil
€ YHETOM, YTO BCE COMPOTHBJEHHA OAMHAKOBR u pashbl K = 10 Om, noayunm

L (8&, —Téq) &1+ 4¢4
———==0,19A, Ih=—-—mm=-0,1TA
13R 13R o
_ T#L — 11&; _ _ 28, - 5if, _
I3 = TR—-——- =0,02A, 4= T = -0,05 A,
_ 5#1 ——ﬁt’a _ _ 3'2 —3§I1 —
fﬁ = _13R_ —0,0? A, lrﬁ-' ‘W‘“ _0112 A.

Orpuuarensusie 3uaqenus Tokoe [z, 4 u I3 NOKa3biBAKOT, YTO NPH AAHHBIX
9/4C ncrouHHKOBE M CONPOTHBJEHWSAX PE3HCTOPOB 3TH TOKH TEKYT B CTOPOHBI,
MPOTHBONOMNOXHEIE YKAZAHHBIM HA puc. 133,

§ 21. Pafora 1 mouHoeTs Toka., 3axkon Ixoyns—Jlenua

803. 3anacennas sneprus W = ¢ 11; emkocts akkymynaTopa Q@ = IT; o
cioga W = #Q =48 rBr - v =1,73 M/Dx.

804. 3apaa, npowemuxi no nposogHuky, ¢ = It = Vr /R = 24 Ka. Tlpous-
BefeHHas npH 3ToM pabora A = Vir /R = 288 T

805. Cunras, 4TO 3HEPrUs, BbLASNAIOIASCA B MPOBOJHHKE NPH NPOXOAKACHHH
TOKA, MOJHOCTBLIO HAET HA HarpesanHe Boabl, umeem qV = em(tz — t1), rae £
H [3 — HAYAJILHAN M KOHEYHAS TEMNEepPaTypbl BO/bI; OTCIOLA HAMEHEHHE TeMIepa-
Typbt Bogbt At =t —t; = gV /em =24 K.

806. [1pu aByx napanienbHO BRAKYEHHEIX B CETh NHTKAX TOK B 06wel uenn
I =2N/V =8,3 A. Tok [ = 12,5 A, norpebnsiembiit kamunom, Gonsiue, uem I1;
MOITOMY HEJIb3A PYYAThCA 34 TO, YTO NPEJOXPAHHTE b, BbLIEPKHBAIOIHHA TOK
MPH BKIOYEHHH TJIMTOK, He NEPErOPUT NPH BKIIOYEHHH KAMMHA.

807. Tok B mpoBOgax, HAYLINX OT reHepaTopa, | = N/V, a nnoTHocTe TOKA
i =1/8; orciona nnomans cewennsa nposoaos S = N/jV = 6,7- 10° mm?.

808. N = I(V - IR) = 16 xBr.

809. Cunrtan, 4TO BCA WEKTPHUECKAA IHEPrHA 3ATPAYHBAETCH Ha HCIapeHHe
Boaki, nonyurm I*R = Am/r; oraopa [ = /Am/7R =19,4 A.

810. Io aaxony dxoyns—Jlenna Q = Vr/R, rne R = pl/S — conporus-
Nenue npososioxH, | — ee pmuna; orciona | = V2Sr/pQ ~ 3,24 m.

811.{ = #D*V2r/4pQ = 10,2 m.

812. IlonyueHHO® KONMHYECTBO TENJOTHI MAST HA HATDEBAHHE BOALI M COCYIA
¢ Harpesarenem, nosromy Nt = em(ta — £1) + Ce(tz — t1), rae ¢ u ta — na-
4HANBHAA ¥ KOHE4Has TeMnepatypa Boasl. M3meHnenue TemnepaTypbl BoAbI

Nt

At=t -t = —— =24 K.
s ! em + C.
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813. DnexkTpHUecKas IHEPrUA, HAYIUIAA HA HarpesaHue sogsl, W = nNt =
= em(tz — t1), rme m = pV = 2 kr — macca Boapl, £; = 100 °C — koHeunas
TemnepaTypa Boabl; orciona N = em(ts — t;)/nr = 800 Br.

{ 814.cl;;pems HATPEBAHHS ONPEAENAETCA M3 YPaBHEHHA Tennoporo Gananca
to = 0 °C):

_— eatita(to — t1) + rma + em,(ta — to)
= N

815. [ = (V - Vo)Vor D? /(4pN) = 19,2 m, e Vo = 127 B.
816. OTHOWeHNe BLACNAEMBIX HA peocTaTe MowHocTelt No/N = 4/3.
817. [lna noga4x BOALl HA BRICOTY h HeoDXoaMMa MOLHOCTH

pViev?

AU+ AT

= 348 c.

Ng

KI1][l yeranosku

N Vv, 754
n= —Nﬂ = "N (gh + 25:’) = 0,556, me.n = 55,6%.

818. MownocTb, HeoDxoaMMaA ANA ABMXKeHMs noe3aa, pasHa No = Fl/t =
= Fu=nN;orciona F = nN/v = 48 kH.

819. Toku, uaywmme uepes obe NPOBONIOKH, COEIMHEHHbIE NOCIE0BATEILHO,
oaHHaKoBbl H paBHul {. [IpH 3TOM B NPOBANIOKAX 33 BPEMS T BbIAEJSIIOTCH KOUIH-
yecrsa Temothl Q1 = I°Ri7 u Qa2 = I*Ret, rae Ry = p1l/S, Ra = pal/ 5 —
CONPOTHBNEHUS ¥Keseauoft u MmenHol nposanok, | 1 § — UX ANHHA M NIOWALL
ceyenus. OTHOLIEHHE KOMHYECTB TEMJOTH MPH NOCIEIOBATEILHOM COSAHHEHHH
Q1/Qa= Ri1/Ra2=p1/p2 =T7,06.

[Ipu napannensHOM CO8AHHEHNH TOKH B >xefie3Holl u Meanoft nposonokax [y =
=V/Ry n I; =V/R2, rue V — nanpsxenne n cet. B sTom cnyuae 3a spems 7
B NPOBOJIOKAX BLLIENAIOTCA Komsecrsa Tenaotsl Q) = V2r /Ry v Q4 = V37 /Ra.
Hx orHowenue Q) /Q) = Ra/R1 = pa/p1 = 0,14.

820. Q1/Q2 = Rz /Ry = pa/p1 = 0,14,

821. 13 = 91, = 6 mun, Tak kak Q = 3V?n /R = V?ry /3R.

822. R=V?*/N =72 Om.

823. [Ina HarpesaHus BoAbl 00 TemnepaTyponl Kunenusa t = 100 °C uneob-
XOOHMC KONu4ecTBO Tennotel @ = em(t — o), rae m = pV = 2 kr — macca
BOoObI B yalEuke. [Ipn BKIIOUEHHH 0HONC HATPeBATENA ero MowHocTs NV, = [V,
rae [ — ToK, Tekymmii 4epes Hero, n V — Hanpaskenue cerH. B atom cayuae
Ha HAT'DEBAHHE BOALI HJAET YaCTh TEIJIOTHI, Bbigensemoft HarpesarTenem, @ =
= n/N171; 0TCIO/Ia BpeMsA HArPeBAHHA BOLLI OJHMM Harpesatenem 7 = Q/nN, =
= em(t = to) /nN1 = 56 mun.

Ipu napaiiensHOM BKIKOHEHHH ABYX HATPEBATENEN, KAK M NPH BKIKYEHHH
OQHOMO M3 HUX, HA KAXO0M Harpeearene Gyaer nanpsxenue cern V. Cnegosa-
TEITLHO, B KAXIO0M H3 HHX Byner BeiaensThes Ta xe momuocts Ni u obmas mour-
HocTk Byner Na = 2N1; 0TCi00a BpeMs HArpeBAHMA BOALI ABYMA HAMDEBATENAMHK
T = Q/nNg = 72/2 =~ 28 mun.

Ilpu nocnepoBaTenbHOM BKJIIOUYEHMM HarpesaTenell ofuuit TOK uepes HHX
6yaer pasen I /2. Tlosromy obiiaa MolHocTs, BeAeNsAemas B Hux, N3 = [V/2 =
= N1/2. Cnegosare/ibno, Bpemsi HArPEBAHKS BOABI B 3TOM cilyyae T3 = @ /N3 =
=21 = 1 4 52 MuH.

824. Ilpu nocnesoBaTeNsHOM COBOMHEHHMH CekuUMi T3 = 71 + T2 = 50 MuH;
MpH NapaifeibHOM COequHEHHH Cekuull T4 = 7172/ (71 + 72) = 8 Mun,
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825. Ucnoneays zakon Qxoyna-Jlenua N = V¥ /R: = VI /Ra, naxogum
Re/R:i = V&V =34,

826. Mowsocte Jamnet N = IV = V’/R, rae | — Tok, Tekyuui uepes
nammy, i — ee conpoTHBNEHHKe; OTCIOAA ANA NepBoil H BTOPOH NaMn HMeeM

y? N
R1—m—3600m, f]—v—033A
v? Ny
R = Ng =1920Mm, 2= e 0,63 A.

827. No = V¥ N1/ V¥ = 84 Br.

828. Korga namna skaouena, N = V2 /R, rge R = Ro(l + at) — conporus-
nenue HuTH ropswed gamnul ¥ Ry = R/10 — conpoTHBRIeHHe HUTH JAMILI TPH
TemnepaType fp; oTCI08a

_R-Ro _ =8 pe—i _v
a=—p= =4,5:-107" K™, Ro= T 14,4 Om.

829. Ro = V(1 4 ato)/[N(1 + at)] = 42,8 Om.

830. ConporusJienns namMnbl ¥ nposogos Ry = V2 /N u Ry = p- 21/8. Tok,
"[‘El{yuu{ﬁ no JIHHHH, H ﬂa.'CLEH"'E Ha.ﬂpﬁ)ﬂe}[ﬂﬂ Ha Jamne pﬂBHH

& R &
[=—— V= A
Ri1 + Ra R + R
[Npu noakawYeHnKH BTOPO NaMnbl CONPOTHBACHHE ABYX Jamn pashio R /2. lNo-
ITOMY TOK, TeKYIIHil No JHHHK, ¥ NAJeHHE HATIPSYKEHUS HA JIAMIAX PABHEI

Fio é V' = #Ry/2
Ri/2+ Ro’ Ri/2+ Ry

HNamenenue HANPAMXEHHA HA JlaMmne

] ?!—RIR‘Z
AV =V -V =- =

(R1+ R2)(R1 +2Rg)
¥ 2
— Epf.zN.V . — _14B.
(2pIN + SV*)(4pIN + SV*)

3HaK MHHYC NOKA3LIBAET, YTO NPH BKIIOUEHHH BTOPOH JaMIbI NAJEHKHE HATPSHE-
HUA HA nepeoit ymenbmae'rca

831. I—S(?‘\/R/N R)/2p = 11,4 km.

832. V = 200 pl = 120 k.

833. Hanpsizxenue na saxxumax uerounuxka toka V = V) + Vo, roe Vi u Vo —
NaJeHKs HANPSKEHHS HA HAIDY3KE W Ha NpoBojax JHHHH. MolHocTb, Beiense-
Mas Ha Harpyske, NV, = 2N = V). llorepn mommocTH B auann Ny = 0,1N, =
=0.2N = IVy; orciona Vi = 2N/I, Vo = 02N/ 1wV =22N/1 =33 B.

834. R=V?/12,1N = 9,3 Om.

835. Tok B nusuu [ = N/V. lorepu mommocrd B munuu Ny = IR =
= N2 R/V?, MownocTs snektponeun N = N = Ny = N = NaR/V? = 5,64 xBr.

836. N = £*R,R2/[(R: + R2)(R + r) + Ry R3)* = 267 Br.

837. Tok B wenu | = &/(R + r). Konu4ecTso TennoTsl, BblAENAEMOE BO
BHewel uenu s eaunuuy spement, Q. = IR = €. R/(R + r)® =~ 8 [x/c.
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838. Ilonxasa momsocTs nementa N = [*(R +r), rae | — Tox B uenu. Tax
kak [ = V/R,70o N=V*(R+r)/R* = 13,5 Br.

830. Buyrpu Gatapen Tepserca mommocts N = I3r, roe r — BHyTpeHHee
conpotusnenue batapen. Ecnu f — 3/1C bamapeun, To no aakony Oma ana nonmofi
Leny B nepeoM H BTopoM cayuasx & = [1(Ry + r) u & = I2(Ra + r); oTciona

_ LR:i-LR _ o hRy— LB
T‘——"—-:f'm'——, N—fg ."1-—;'2 = 12 Br.
2 2
840. 1 = Naly — Nila =02 Om, & = Naly — Nily _ 12 B.

Lia(l - I) hiy(ly - Iz)

841. KI1[] — sr0 ornowerue none3noit pabors! (MOLHOCTH) KO Beeit 3aTpa-
uenHof pabore (noanoli mownocTy). [Toneanolt MOLHOCTBIO B JAHHOM CIyHae siB-
JIAeTCA MOUIHOCTD, Bhifesisemas Ha Harpyske, Ny = [V, rge I — Tox B uenn. Tak
kak 3[1C & no onpenenennio npeacraeaseT coboil nonHyo paboTy, COBEPIIAEMY IO
HCTOYHHKOM TOKA NMPH NepeMelleHdH Mo ueny eaHHHYHOro 3apaia, a B €JHHHLY
BpPEMEHM Yepe3 CEeYeHHe NPOBOAHHKA NPOXOJUT 3apaj, YMCIeHHO paBHbill [, TO
MOJTHAS MOLIHOCTEL MCTOYHHKA ToKA pasHa No = ¢ /. Taxum obpaszom, KI1 [ cxemu
n=Ni/Na=V/& =08, re. n=280%.

)842. n= RiRa/|R1R2 + p(R1 + Ra)] = 0,74, me. 1= T4% (cm. 3apauy
841).

843. KIIJ cxemmt n = V/& (cM. 3amauy B841). Tak xak V = IR n ¢ =
=I{R+r)=V+Irron=R/(R+r)=(&-Ir)/é =V/E.

844, KIL[ cxemnt n = V/ & (cm. sagauy 841), rae V = I R — nanpsskense ua
3a)KMMax HCTOMHMKA; oTciona | = né /R = 2,86 A.

B45. r = R;Rﬂ,"(ﬂg o 2R|) =1 0M4

846. n=2/R/¢ =078, r.e.n=T8%; r = (né —2IR)/nl =1,2 Om.

847. lMonnas mowHoOCTs, noTpebnaeman Motopom, N1 = IV = 1,8 kBr. Ha
Harpesanue o6MoTOK TepaeTca mownocts N = [° R. [loneanaa mouHoets N =
= N1 — Na = I(V = IR). KI1[1 moropa n = N/N, = (V = IR)/V = 0,875,
T.e. 7 = 87,5 %. 3geck He y4TEHH NOTEPH MOLIHOCTH, BOSHHKAIOIHE BIEICTBHE
HArPeBAHNA CEepAeYHHMKOB SKODA H CTATOPA BMXDPEBbIMH TOKAMM M BCJIEJCTBHE
TPEHUA B NOJMIMMHHKAX.

848. Tok Buenu I = # /(R + r). MowmnocTs, Boiaenseman Bo BHEWIHeN Lenu,
Ny =I’R = t"zﬁf(R - r]z. MownoeTs, BulenseMas BHYTPH MCTOYHHKA TOKA,
Ny = &*r/(R + r)*. TlonHas MOWHOCTH

#2
R+r’

N=Ny+Ny=18=

Uz puc. 368 Buano, uro ¢ ysenndenuem R mownocts Ny, Bmipensemas Bo
BHEIIHEeH LIeny, CHAYAJIA BO3PACTAET, & 3aTeM ymeHbluaerca. YTobel HafiTh co-
MpoTHBIEHHe R, NPH KOTOPOM BBLAENAETCA MAKCHMATLHAR NMONE3HAA MOLIHOCTD,
PAcCMOTPHM 3aBHCHMOCTE N1 oT Toka [:

Ni=N-Ny=16-I*r.

[MpubaBUE K 3TOMY BBIPAXKEHHIO H OTHAB OT HErD BEAHYMHY &2 /4r, MoxHO npea-
craBuTh N7 B BHIE
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OTCIONA CIELYET, YTO MAKCHMAIbHAA Nose3nas Mommocts No = &° /dr supens-
erca npu Toke | = & /2r, 7.¢. npu R = r. B s1om cayyae K[ 7 = No/N = 0,5,
1. e. n = 50 %. Mouwnoern Ny u N ¢ ysenuuenuneMm & MOHOTOHHO YMEHbILAOTCA.
INpun srom OGsicTpee yMeHbILIAETCA MOLL-
uocts Ny, BujlensiemMas: BHyTpH ncrounuka. IV, BT
[Nosromy ¢ pocrom R KI1/1 pospacTaer.

W3 rpaduxa 3asucumoctu N, ot R Bug- 100)
HO TAK»Ke, YTO O/IHA H TA YKE NONeIHAS MOLI-
HOCTE MOXKET OBITE NOTy4eHa NMpH ABYX 3Ha-
yenusx R, 0gHO U3 KoTOpBIX GONbLUe, & ApY- N
roe MeHblue r,

849. Ecom & — IJC uctounuka TO-
Ka, TO u4e| conporusienne R; Teuer N
Tok [y = Eﬁﬂl + 7) B BO BHewHeH ue- Nyl

PO o | s 1

M Bnu_uenae'rcs M:l:)!.l.l.HOCTb N=KR = 0 P 10 R, Om
= & Ri/(R1+7r)". Yepea -conporusie-
nne Ry Tever Tok [ = &/(Rz + 1) u BO Puc. 368
BHEWHEH Leny BBIAENAETCH MOUHOCTE N =
= I3 Ry = €* Ry/(Rz2 + r)?; otciona a5 onpegenenns Ry nony4aem KBagpaTHoe
YPaBHEHHE:

2 R§ -+ 'l“'J
Ry s
Peutms ero, natinem R, = 0,625 Om uan Ry = R2 = 10 Om (cm. 3anauy 848).

850. Q-2/Q-1 = 2(R+1)?/(R+2r)* = 1,62.

851. N1/Na = (R + 2r)*/(2R 4+ 7)* = 1,56.

852.n=I'r/(¥] - N)=5.

853. Ni/Ny = (R + 2r)?/(2R + r)* = 9/16; 66bas MomHocTs — NpH
NAPAIETBHOM COeHHEHHH.

854, [Ilpoexkumss CHJIB TSOKECTH B HANPABJEHMH [BkeHus F =
= mgsina &~ mgtga = 0,0lmg menbwe cunnl conporusnenna f = 0,03mg.
[MosTomy mMoTOp coBepiiaer paboTy NpoTHB paBHOgeHcTBYIOWEH 3THX cHA. 3a
spema T ata pabora A = (f — F)vr = n/Vr, rge I — ToK, Tekywwmit yepes
moTop; orcioga | = 0,02mge /nV = 245 A,

855. [1py HANPAAEHAN HA 3AXKHMAX HCTOYHEKA TOKA V' ¥ ciufie Toka B IuHKH [
momuocTs ncrounuxa IV = I?R + N; orciofa ToK B mH#M

_ V+VVI—4NR
= F .

JlBa 3HAYEHMS TOKA COOTBETCTBYIOT [BYM BO3MOMHBIM CONPOTHBJIEHHAM HArPY3-
KH, NPH KOTOPBIX HA HAIPY3KE BbLOEJIAETCH OHA H TA XK€ MOIIHOCTE (CM. 3a1a-
uy 848), 3uak MHHYC nepesi KOPHEM COOTBETCTEYET MeHBIIEMY TOKY, & CleJ]0Ba-
TeIbHO, H MEHbIIHM MOTEPAM MOLHOCTH B JIHHUK,

TNapenue HAMPAKEHUA H MOTEDH MOUHOCTH B JIHHHH

V++vV2—-4dNR _ VI-2NR+VVVEI—-4NR
2 ! - 2R '
KI1[ nepegaun (0THOIIEHHE MOLIHOCTH, NoTpebiaemoli yeTaHOBKON, K MOIIHOCTH,
OTAABAEMOH MCTOYHMKOM B JIHHHIO)
N IV-N  Vv-V' 1 V:—d4dNR
n=-——= = = = 14+ —m—— H
v IV 1% 2 Vv

R +r? =0,

I

ViR N =1v'
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Mpu V = V; = 6200 B Najerue HaNpsKeHHs i NOTePH MOLLHOCTH B JHHHK
v’ —503 uH 6150 B) u N' = 508 Bt (unm 7,6 MBr); KI1J] nepepaun n = 99,8 %
(unnu 0,8 %(] Lncdpel B ckobkax cooTeeTCTBYIOT GONblueMy 3HAYEHHIO TOKa. [1pu
V= Vn = 620 B non kopHeM MOJIYHaeTCs OTPHUATENBHOE YHCIO. DTO IHAYMT,
STO NPH CONPOTHBAECHMH JHHEE R = 5 OM B 370M ciy4ae Henb3A NONYHHTH
TpebyeMy10 MOIHOCTE HHM NPH KAKOM 3HAYEHHH CONPOTHBJIEHHS HATPY3KH.

856. R=(V — W)Vo/N =2000m;l = RS/p=(V — Vu)VoS/Np =100 m.

857. N = 2¢%/9r = 16 Br.

858. W3 ycnoeus R1/Rs = Ra/Ra cnepyert, wto Tok uepes peaucrop Rs ne
uaet. [losromy nonnoe conporusaenue R uenu CKNagLIBaeTCa H3 CONMPOTHBICHHUIA
ABYX nmapannensHeix uenodex Ri, A2 u Ra, R4 v BHyTpeHHEro conpoTHeIeHNA

leMeHTa T
(Rl + Hz}(Rx + R-t]
Ri+ R+ R34+ Ry

Cxema norpebiseT MOLHOCTE

ﬁ_ ¥Q(R1+R3+R3+R4]
R (R1+Rz)(Rs+ Rq)+(n1+ﬂg+ﬁs+ﬂa}‘r

859. N = 8¢*/3R.

860. Yepes namnouky aomken teus Tok [ = N/V, rae V — nHomupane-
HOE HanpsxeHWe, T.e. 4-BONbLTOBLIE NAMMOYKH paccumTanb: Ha Ttok 0,5 A, a &
BosibTOBBIE — Ha Tok 0,25 A, CaepoBatenbHo, HEOOXOOAMMO CMEIIAHHOE BKJIK-
YEHHE: TOCIEA0BATENBHO € AECATEI 4-BOJNLTOBBIMH JAMIIOMKAMH HY?KHO BKJIHO-
YHUThL NapPALIENIEHO APYT APYTY LB 00HMHAKOBLIE MPYNNLI 8-BOBTOBLIX JTAMMOYEK.
IMagenue Hanps>kenHs HA JONOMHHTENbLHBIX FPYNNax S-BOJLTOBLIX JAMMOYEK
oyzer Vo — n1Vi, a uucno namnodexk B obeMx rpynnax AoKHO ObITh ng =
= 2(% -m V1}fV2 = 20.

861. r =+ Ri1Ra =6 Om.

862. N, = 2N/3; Ny = N/3.

863. Iorepn mowocTy B noasoaamx nporogax N = 0,04 Ng. Tok B Hux

= /N/R. Ilagenne nanpsoxenus na narpyske Vi = No/I = Ngy/R/N . Ila-
IeHHe HANPSOKeHMA HA nogsogsimx nposogax Va = IR = + AN Hanps:xenue
H& 3a3KMMax UCTOYHHKA

V=WV +Ve=(No+ N)y/R/N =208 B.

864. Obwui 3apaa Ha coeauHenHbix 0bknagkax ¢ = g1 — g2. Emxocrs ofipa-
aopaBlieroca Konaencaropa C = ) 4+ 7. IHeprud, 3anaceHHas B KOHJAEHCATO-
pax Ao | nocsie coeJUHeHns,

R=

+r

N = = 36 Br.

2 2
U _lo-a)
Wi= 26, T 26, W= 2(Cy + C3)°

Ha PE3HCTOPE BLIAETHNOCE KOMHYECTRO TENNOThL

(:1Ca2 — q201)°
2C1C2(Ch + C2) )

865. IIpu pasomkHyTOM Kmoue K kKoraeHcaTtopsl C1 H C2 HMEIOT 3apAlsbl §;
Hanpsxkenusa Ha Hux Vi = ¢/C u Vi = ¢/2C, npuuem V1 + Vo = &; orcioaa g =
=2C¢/3, V1 =2¢/3u Va = & /3. Ananornuno naxogum 3aps/isl ¥ HATPAXKEHHA
Ha kouaeHcaropax Cs M Cy; ¢ = CE/3, Vi = 2¢/3 u Vi = #/3. Tak xax
Vi = Vi, norenumnansl obKnanoK KOHAEHCATOPOB, NPHCOSAHHEHHBIX K KJIIOUY,

Q=W -W, =
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OJHHAKOBBLI. HpH 3AMBLIKAHHH KJI04a HH4ero He Hamensercda. [lonnas IJHEPTHA
Ga'mpen KOHJEHCATODOR pABHA CyMMe 3Hepf‘ﬂﬁ, JANACEHHBIX B KAMIOM H3 HHX:

_a%i Y dVs  dVa _ CE
w="T0 o

§ 22. DnexTponns. 3akonel Papanea

866. k= u/Fz=239-10"" xr/Kan.

867. T =m/kl =24

868, Cornacuo ofweannentomy 3axkony Qapages m = ult/Fz = Agq/F,
rae A= u/z aq=1Ir;orciona F = Ag/m = 9,65 10* Kn/mons.

869. Honbl B pacTBOpe anekTpOHTA HecyT Ha cebe 4YMCIO ANIEMEHTAPHBLIX
34psA0B, PABHOE BAJIEHTHOCTH 2. [IpM BbIJEJEHMHM MACCHI BELIECTBA, YHJIEHHO
paBHON Er0 XMMHYECKOMY 3IKBHBAJIEHTY, Y€PE3 DACTBOD TNPOXOAWT 3PS, 4YHMC-
nenHo paBHulfl noctosnHoi Papanes, T.e. F = 2Ny = Nae. Cnepoearensho,
agemenTapHbifl 3apag e = F/N4 = 1,60-107'° Ka.

870. 1o sropomy 3akony Papanes umeem ky = 1 /Fz v ka = po/ Fzo;
OTCIOOA WIEKTPOXHMHYecKHH axkBuBasienT 3oniora ko = kizipe/zemm =
=6,8-10"7 kr/Kn.

871. Tok B Baunax [ = jS. Tlo nepsomy 3akony Papages Maccobl Bblaenus-
IUHXCA NPH JeKTpoIu3e Bewects my = k1 jST = 23,8 r, may = k2jST =216,
My = kst‘r — Sﬂ,ﬁ I

872. j =~l/kt =124 A/m>.

873. [lo nepromy 3akony Papanes m = kl7, rae | — TOk B UeNH; OTCIOOA
I'=m/kr =1,6 A, T.e. B nOKa3aHHe AMNEPMETPA HAJL0 BHECTH nonpasky Al =
=1-1Iy=0,1A.

874. [To nepeomy sakony Papanea m = ki1, rae | — Tok B uenn. Tounoe
3HAYEHHE NaJIeHNs HANPAXKeHUs Ha conporueiennn V = TR =mR/ kT = 4,97 B.
PasnocTs Mex Iy noka3anieM BOJIBTMETPA H TOYHBIM 3HAYEHHEM NAJeHHA HANDS-
wenua AV =V - Vo = -1,03 B.

875. Tonwuna cioa d = plr/(FzynS) = 58 mrm.

876. B nepsoii BaHHe »kene3o aAyxpajeHTHo (21 = 2), Bo Bropoll — Tpex-
BaseHTHO (22 = 3). [TosTOMY NpM NPOXOXKJAEHMH YEPE3 PACTBODbI OAMHAKOBbIX
3apH0B BEIJEJSIOTCS PA3jIMYHLIE MACCH! MKENE3A HA KATOAAX: B nepsoll panne
m1 = pwq/z1 F = 27,93 kr, B0 BTOpPO# BaHHE M2 = lUwq /22 F = 18,62 kr. Tak
KAK BAJIEHTHOCTb ATOMOB XJIOPA 2 = 1, TO HA AHOZJE KAMKIOH BaHHBI BBIASJAETCA
Macca XJ10pa m = mq;’:F’ = 35,357 kr.

sr. R=£ N7 _os0m

Fz® m

878. V=W.m/q=kW,, =108 B.

879. KII[ ycrauoskm 1 = IVr/W = Vg/W, rope ¢ — 3zapag, npo
wemuuid yepes paHHy. Macca sbigesHBinefica meaw m = kg; orciopa m =
= knW/V = 0,445 kr.

880. Cpegumit Tok | = ([} + I3)/2. 3a- I

NPOTEeKIUKA 4epes pacTeop, ¢ = [T =
(h + I2)7/2 = 20 Kn. Haxoxcuenue 3apsparpa- 4
drueckum myTem nokasaHo Ha puc. 369. Ha rpa- 9
¢huke 3aBHCMMOCTH TOKA OT BPEMEHH 3ALITPHXO-
BAHHAA MJOLAAL YMCJEHHO PABHA 3apaiy. Macca
Me,,[l,i{l, sbigenusluelica Ha katome, m = kq = 0 5 10 ¢t
= k(1 + [2)7/2 = 6,56 mr.
881. m )._, {c{V —€)T/R=95r Puc. 369
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882. t = pVyu/(kRIT) = 312 K, rae R = 8,31 [lx/(mons - K) — rasosas
MOCTOAHHASN.
883. Wy, = VaWi, /W4,

§ 23. MarHuTHOE IOJIe TOKA. DJNEeKTPOMATHHTHAA WHIYKIHSA

884, B = uoH; orcwopa H = B/ po = 1,59 MA /m.
885. B = popH = poplIn/l = 62,8 Tn.
886. u = B/uoH = 5000.
B887. Ha npsmofl npoBOAHHK ¢ TOKOM, PAcnONOMEHHLIH MepneHIuKyAApHO
K JIMHHAM HHIYKLHH B OGHOPOAHOM MATHHTHOM nogie, AeficTeyer cuna F' = Bl =
= 0,1 mH. Hanpaznenne cunel onpeaenserca npasunom nesolt pyxs (puc. 370) N
888. Ha npoBoaHuK OefiCTBYIOT: ABE OQMHAKOBBIE CHJIBI Ha-
B Taxenua Hurell T, cuaa TaskecTn mg u cuna F' = Bllsina
€O CTOPOHBI MACHHUTHONO MOJsA, Il @ — YIoJd MeXJy Hanpas-
nenusimu toka [ u maraurholi ungyxkuuu B (B Hawem cryuae
F a = 90° usin @ = 1). [logpasymesaeres, 9T0 HANPABIEHHSA TOKA
I H MArHWTHON MHAYKIMM TAKOBbI, 4TO cHja F' Hanpasiena BHu3
(cm. puc. 140). B npoTHBHOM ciTydae CHITE! HATAXKEHHA HATeH Npu
Pue. 370 MPOMYCKAHHH TOKA He BO3PACTAIOT, & YMEHLIIAIOTCS, H HHTH He
obops; ’
Ec/i# npoBoAHMK HaXOAMTCA B pasHoBechH, To 2T — mg — F = 0; orciona
T = (mg + F)/2. [ns pa3spsiBa 04H0# 3 HUTER HEOGXOAMMO BBINOJIHEHHE YCI0-
BHA

T=m£§t£;Mg,
HJIH
1;%:3)\.

889. Ecnu npoBOAHHK PACNONOXKEH NEPNeHIUKYNAPHO K HANPABJeHHIC Mar-
nm?il unayxuuu, ™0 F = BIl, rae ] — Tok B npooauuke; otciopa | = F'/ Bl =
=15 A.

890. Ha nposogiuk aeficTBYIOT: CHJILI HATAKEHHUA ABYX HUTel T, CHna TaxKe-
ctu mg ucuna F = Bl co cropous maruurHoro nons (puc. 371). [Ipu pasno-
BECHH MPOBOAHHKA CyMMBI NpoeKiuil cua (C yHeToM HX 3HAKOB) Ha BePTHKAJILHO
¥ rOpM30HTANLHOE HanpaBaenus pasunl Hymo: mg — Teosa =0, F — T'sina =
=0; orcrioga tga = F/mg = Bll/mg =~ 1, r.e. a = 45°,

891. H=1/(2xr) =4 A/m, B = pgH = pol /(2nr) = 5 MxTa.

892. Bokpyr GeckOHeYHO AMMHHONO NMPAMOIHHERHONo NMPOBOAHMKA, MO KO-
Topomy Teder Tok [, ofpasyercs MarHMTHOE MOJe€, HAMPAMEHHOCTh KOTOPOro
Ha paccToAHMM T oT mpoeofhuka H = I /(27r), a uugykuna B = popuH =
= populi/(2xr). Npn srom sextopel H u B nanpapnenbl 0aMHAKOBO M JeXaT
B IUIOCKOCTH, Nepnesaukyasphoi kK nposoguuky. Ha orpesok sToporo nposos-
HHKA JJIHHBI [, N0 KOTOpOMY TeuveT TOK [, MATHHTHOE Tone AeficTByeT c cHio#i
F = Blalsina, rae a@ — yron Mexjly HANDABIEHHAMM OTPE3KA NPOBOAHHKA
H MACHHTHOH HHAOYKUMH. TAK Kak BTOpOi NMPOBOAHMK MApaseseH MepBoMy, TO
a = 90° n sina = 1. Takum ofpasom, F = poul,f2l/(27r); orciopa po =
= 2rFr/(pllal). Noncrasus snavenua I = [ =1A, [ =1m, F=2-10"" H,
=1 (ana sakyyma), Haftnem o = 47 - 1077 'n/m.

893. Fi = F/l = pol®/(27r) = 0,1 H (cm. 3anauy 892).

1) Kpy»x0K ¢ KPECTHKOM 03HAYAET, YTO TOK HATIPAB/IEH OT HYHTATEIA NepreH M-
KYAAPHO K NJOCKOCTH PHCYHKA, B KOTOpoi nexat nextopst B u F.
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Puc. 371 Puc. 372

894. Ha puc. 372 noka3ano HANpABJIEHHE MATHHTHOR HHAYKUMH H TIONOMXKEHHE
naow@ankH s 06oux cayyanx. [lo onpegenennio maruuTheil notrok ® = BScos a,
rAe o — Yroil Mexiy HOPMANbI0 N K [UIOWAKE ¥ HANDABIEHHEM MArHHTHOR
vHaykumn B. B nepsom ciyuae a = 0, cosa =1 u & = BS = 1,25 MB6; so
BTOPOM CiTyyae @ = ¢ (Yribl ¢ B32aHMHO NEPNeHAUKYIAPHBIMU CTOPOHAaMH) U ¢ =
= BScosy = 625 MxB6.

895. B= pouH =6,28 Tn; ¢ = BScosa = BS = 12,56 mB6.

896, L = nA®/(ls — I1) = 125 mln.

897. ¢ = —(B; — B;)S/At = 1,6 mB.

898. ¢ = ¥At/n =1 mB6. ;

899. Havanoubit maruuTHBI noTok 4epes pamky ¢, = BScosa, rae 5 =
= a”y/3/4 — nnowaap pamku 1 B = poH — mareuTHas HHAyKuMs, Koneunbift
MarHuTHeIA notok $o2 = 0. Mamenenne maruuTHoro notoka A® = §, — §; =
= —BScosa. IAC unayxuun

A9 VB poa’Hcosa
At 4At '

1/2
a=2($) = 10 cM.
\fﬁmﬁmsa

900. B = ¢At/(a®cosa) = 0,1 Tn.
& Ad S AB

901. [ B AL = 7 AL = 10 mxA.

902. g =-C¢At/R=-A®/R=—poHS/R = 0,1 mKn.

903. 24C camonnmykumn ¢ = —LAI/At, roe Al = Is — I} orcoma
L=-¢At/(I2 - )=2,5Tn

804. 3/[1C nngykuun & = —Ad/At, roe
Ad = BAS = BlvAt — MarHuTHBIA NOTOK
uepes naomwaak AS, «3aMeTaEMYI0s IPOBOA-
urkoMm 3a Bpems At (pwmc. 373). Onyckas
3HaK MHHYC, Hafigem ¢ = Blv =1 B.

905. Kpbuina camonera 3a spemsa At
s3aMmeralor» naowans AS = [vAt. Maruur-
HbIfl MOTOK 4epe3 3Ty Naowanb pased Ad =
= BcosalAsS, rape Beosa = By — Bepri- Puc. 373
KAJILHAA COCTABAAIOIIAA HHAYKLIHH 36MHOMO
MArHUTHOTO NOVIA (@ — YPoul MeKJy BePTHKAJIBIO H HANPaBACHHEM MAIHHTHOM
uHAyKumn). PasnocTs norenyuanos V Merxxay KOHIAMH KPBLILEB CAMOJIETE PABHA
3C &, unayuupyemoit B METAILTHYECKHX KPLUIbAX ¥ KOPMYCE CAMOJIETA MPH ero

&=

oTCIoAa

19 I''A. Benapuxos u ap.
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ABHMEHHH B MArHHTHOM 0OOJie Semun:

Ad
V=¢6=—=Bylv=0]15B.
Y Rt
906. [Nnomans, «3aMeTacMan» 3a BpeMa Al NpOBOAHMKOM, CKOPOCTL KOTO-
poro v HampasjleHa Mo4 YIIOM O K CamMoMy NPOBOAHHMKY, NpeacTasaser coboil
niowans napanaenorpamma (puc. 374): AS = [vAisina. Marawrheifi notok
uyepes 3ty naommans AP = BAS. Pasnocts norenumanos V memay xonuamu
npopojuuka pasia 3JC ¥, ungyuupyeMoil B 9TOM OpPOBOAHHKE:
Ad Vv

V=¢= At Blvsina; orcioga v = Blsina

907. I = /R = Bglv/R = 10 mxA.

Puc. 374 Pue, 375

=1m/e.

908. Iloka pamka Hax0AWTCA B 0OMACTH, IOe HMEETCA MATHUTHOE MOJE, MAar-
HHTHEIl MOTOK 4€PEe3 NOBEPXHOCTb, O'PAHNYEHHYH PAMKOI, NpH ABHMKEHHH pam-
KH He u3amensierca. [Toaromy 3/1C muaykuun B pamke He Bo3Hukaer. [locae Toro
KaK O/IHA H3 CTOPOH PaMKH BbILlNA 3a rpaHuLly nons (puc. 375), MarHuTHbIR NoTOK
Yyepe3 NOBEPXHOCTb, OCPAHHYeHHYI0 pamkol, Oyner uamensTbcs. 3a Bpems At
PaMKa NepeMelaeTes Ha paccrosinne vAL M HaCTh MIOLIAM PAMKH, KOTOPYH)
MepecekaeT MArHHTHOE NoJie, YMeHbluaeTcs Ha Benuuuny AS = lvAt. MaruuT-
Huifl OTOK 3a TO BpeMs H3MeHAeTcs Ha penmunny A® = —BAS = —BlvAt.
Unayuupyemas s pamxe DAC ¢ = —Ad /At = Blv, u no pamke nporeqer Tok
I =&/R = Blv/R = 2 mxA. Korjga pamka suifiner w3 obnactu, rge umeercs
marHuTHoe noge, 310 HH,:LzyKuun CHOBA CTAHEeT PABHON HYJI0.

2

909. Q: = SE (%) =1 nllx/c.

910. I = vl B/[2R (L + vt)].

911. R = B*I*v/F = 0,625 Om.

912. lIpx nnaBHOM H3MEHEHHM MArHUTHON HHIYKLHH B PAMKE HHIYUHpPYeTCs
DAC & = Ad/At, rae AP — nameHeHHe MArHHTHOTO NMOTOKA, At — Bpemsl, B Te-
YeHHE KOTOPOro MPOHCX0AKA0 310 uamenenne. Tox s pamke | = €/ R = A®/RAL.
3apsg, nporexiuuit no yenu 3a spema At, g = [At = A®/R. Havansumii norox
MarHiTHOR mMHaykuMH ¢, = BSn. [lpn uaMeneHHH HANpPABAGHMA MATCHHTHOrO
nonsA Ha ofpaTHoe MArHUTHLIH NOTOK H3meHseT 3HAK. [losToMy KoHeuHBIH mar-
HuTHBIA norok ®3 = — BSn. Uamenenne maruuthoro notoka Ad = ¢; — ¢y =
= 2BSn. Takum obpasom, ¢ = 2BSn/R = 1 mxKan.

913. ¢ = BSD/2p (cm. 3anaqy 912).

914. Cymma I C ucrounnka toka u I/C, unayuupyeMoli B Liens npu pas-
HOMEPHOM M3MEHEHHH TOKA, pasHa & + LA /At. Tok uamensierca no saxony | =
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= Iy — (AI'/At)t, rae Ip = &/ R. Conporupiense uenu s 11060 MOMEHT BpemeHn
_ &+ LAI/AL
T 8/R-(AljAt)

B momenT Bpemenn t = 2 ¢ uckomoe conporusiendmne Ry = 1,75 Om,

915. Paccmorpum xoutypei emd u end, maomans xotopux S = wD?/8
(puec. 376). MaruuTHble MOTOKM Ye€pe3 Kas/bill KOHTYD B MOMEHTHI BpeMeHH
u f2 GyayT

¢, =B S= %kmpﬁ, &3 = B3S = ékth}? © 1,R;
DAC vBAYKUMH B KAMAOM KOHTYpe (moCKoNBKY 3 d

MArHHTHOE najie MeHseTcAa paeHoMepHo) ¢ = (by —
%) /(ta—t) = k'.‘tszs.
[Myers 3C HHAYKIMH BRI3LIBAST B KOHTYPAX TOKH, I3, Ra

R

HANPABJIEHUA KOTOPLIX NOKA3aHE! HA puc. 376, Baans na- =
npaejieHHe 06X00a KOHTYPOB MPOTHE YACOBOH CTPENKK
H NpHMEHMB npaeuna Kupxroda, nonyuum Puc. 376

IhRi+TRa=¥, IbtRe—LhBi=¢, L+hLh=1I,

rae f; = Ry D — conporuenense nposoguuka cd, Ry = Ryw D /2 — conporusne-
HHA NpoBoAHHKOB ¢cmd K cnd. Pewaa st ypasuenus, vaflgem [ =0, [ = [» =
=¢/Ra=kD/4R,.

916. Hanpasnenus cui, aefiCTBYIOUIMX HA PAMKY € TOKOM €O CTODOHBI MAr-
HMTHOI'O MOJs, ONpejensiloTest npasunom nesoit pyku (puc. 377a). Ha croponm
pamku ck u dl gefictsylor cunel ¥y u Fg, Hanpassiennble NPOTHBONONOAKHO NG

oavo# npamoili. Ouu He co3ga-
Fs 10T MomenTa cua. Ha cropomn
d Fa pamkn cd um kl pefcrByloT CcH-
aul Fy3 = Fy = [Ba. Oun o6pa-
< 3YIOT NAapy, CO34AKLIYI0 MOMEHT
B 4 i cun M, paenmit npousBegeHHIO
m OAHOM H3 3THX CHJ HA PacCcTOA-
G g HHE MeXay JHHHAMH, N0 KOTO-
n T puiM oHM Hanpasnenst. Kak Bua-
k™" HO W3 puc. 37T 6, HA KOTOPOM 10~
- KA3aH BUJ DAMKH €O CTOpoHb ck,
F, Fyosna IT0 paccTosHMe PaBHoO a sin a. Ta-
e 6 kUM obpasom, M = Fiasina =
Puc. 37T = IBa’sina = 50 uH - m.
917. Obwan 3/1C, ungyuu-
pyeMasi B DAMKE NPH JBHXKEHHH
B OJHOPOJAHOM MACHMTHOM MOJIE, PABHA HYJIIO, TAK KAK DABHO HY/IO M3MeHeHHe
MArHHTHOrO MOTOKA 4epe3 Mmoladb, orpaHHuyeHHyio pamxoi. [losTomy pasen
HYJII0 H TOK B DAMKE.

Obwyio IC, vHaAyuHpyeMylo B PAMKE, MOXXHO PACCMATPHBATL TAKIKE KAK
cymmy JC, HEAYUMPYEMBIX B KAXKA0# H3 CTOPOH paMKH. Ec/in cKOpOCTE aBHAKe-
HHA MPOBOJHNKA COCTABJAET YTOJN (@ € CAMHM NMPOBOAHMKOM, & JIMHHH HHAYKUHH
NoNsA NEPNEHAMKYIAPHE K HANDPABJIEHHAM NPOBOAHHKA W €r0 CKOPOCTH, TO HHY-
unpyemasn B nem 3/C ¢ = Blvsiny (cm. 3agauy 906). [Mozromy 3/C B cropo-
Hax pamkd ae W bc me moanmkawt. B cropone ab sozumkaer 3/C &, = Blgv.
B croponax ed u cd soaumkalor IJC &, = Blivsing, n & = Blavsings.

19*
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Tax kak 1 sin @1 + l2sings = lo, 70 nonuas D/C B croponax ed u cd Gyzer

#1 + €3 = Blov, T.e. pasHa no mogymo 3JC B cropone ab, Ho umeeT c Heil

NpOTHBONGNOXKHOE (MpH 06X0/e MO KOHTYPY ] HANPAB/IEHHE;

; NO3TOMY TOKA B PAMKEe HE BOSHHKAET.

X \\ w 918. 3a Bpema At NpoOBOJHHK, BPALIAAChH C YIVIOBOW

'J'N\\‘ CKOPOCTBIO W, NOBEpHETCA HA yronl ¢ = wAt u «3ame-

/i’%§&:‘s\‘§ TeT» cexkTOp, Momak Koroporo AS = pr? /2 = wrlAt/2

< (punc. 378). MarnuTHbifl noTok 4epes 3Ty nnomaab v IC
r HHIYKIHH

Puc. 378 é 1 5

i _1 2 ,_‘&___ 4
&‘b_B&S—szr At, &= A Hszr,

oTcioaa w = 2&/Br? = 75 paa/c.

§ 24. IlepemeHHbIH 3neKTpHYecKHil TOK

919. a) & = dgsinwt = BSsin(2ant); 6) ¢ = dosin(wt + ) =
= $gsin (wt + 30°), roe g = 2 MmB6. Orcuer nayanbho# asw @ npoussoauTen
OT NOPH3OHTANBLHOM AIOCKOCTH B CTOPOHY BDALIEHHA DAMKM.

920. Pamka, 38HHMABIUAA B HAYA/bLHLI MOMEHT BPEMEHH MOPH3OHTANLHOE
NOOMEHHE, BPALIAACH C YIVIOBOH CKOPOCTBIO w = 27N, B MOMEHT BpeMeHH ¢ Byaer
COCTABJISATHL C FTOPH30HTAIBHON NMIoCKoCThIO yron wi = 2wnt (puc. 379). B Teyenne
NOCNEAYIOLIEr0 OMEHE MAJIONO NPOMEXKYTKa BpeMeHd Al OHA NOBEPHETCH ee
Ha Manbiit yron wit. [lycre cropoHa paMxH, napannensHasa ocH OO, paBHa a
M CTOPOHA PaMKH, NEPNEHIUKY/IAPHAA K OCH, paBHa b. 3a Bpema At nNpoBOAHHK
paMKH cd epeMecTHTCA B NoJiodeHHe ¢ d' M «3aMeTeTs IPH 3TOM moman, AS =
= a(b/2)wAt = SwAt/2, rne S = ab — nnowaas pamku. Marnwtuufi norok
4epe3 MAoW@afdb, «3ameTaeMyior nposogHukoM cd, A = BAScosa, rae a —
YTON MeXTy HOPMANBIO N K naockocTu ce'd'd M HanpasienneM MArHHMTHOH HH-
aykuuu B.

Ecnu npomeskytox spemenut At odeHb Man, TO yron ¢ NpakTHYeCKH PAaBeH
yriy wit, TAK KAK HanpaB/ieHHe HOPMAMH N Mallo OT/IHYAETCA OT HANDABJIEHHA
CTOpPOHBI paMKH kd, a BekTop B no yciosMio HAnNpabieH ropH3OHTANBHO. Ta-
kum obpazom, Ad = (1/2) BSwAt coswt. CnenosaTennHo, B MOMEHT BpeMen f
B nposoguuke cd uugyuupyerca 3/C &, = A® /AL = (1/2) BSwcoswt,

Puc. 379 Puc. 380
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Bexrop B napannenes niaoCKocTsM, B KOTOPLIX NPH BPAILEHHH PAMKH JBH-
»xyTca nposoakuki kd u [c. [losToMy 4epe3 «3aMeTaemble» ITHMH NPOBOIHHKAMHE
NIOLIAAN MATHHTHBIR NoToK paBed Hyaw0o H DJIC He Bo3uukaer. B nposoaumke
ad, xkak nerko suaers, unayuupyerca IJAC &, pasnaa no momymo ¢, HO Ha-
npapJieHHaA Tak, 4To npu obxode no KouTypy pamku 3tH IC cknansisawTca.
B peaynwrare cymmapuas 3J|C, unayuupyemasn B paMke,

¢ =2¢, = BSwcoswt.

Haubonsree spnavenne 3/1C npuHMMAET B Te MOMEHTBI BPEMEHH, KOTAa o8 wi
MAKCHMAaNeH, T. €. paBeH equHuue. [losromy amnanryaa 3/4C

o = BSw =2mnBS = 0,614 B.

Tpy yBenngenun 4acTOTH BPaLlEHUA PAMKH B Tpu pa3a ammautyda SJIC rakxke
VBEJIHYHTCA B TPH pasa, T.e. g = 1,884 B.

921. &y = #p/(27rn) = 48 MB6 (em. 3anauy 920).

922, n = ¢#o/(2mwBS) = 8 06/c (cm. 3amauy 920).

923, Kpyrosas yacTora ToKa w = 27 /T = 628 ¢, yacromaTora f = 1/T =
= 100 I'u. B momenT spemenn ¢ = T'/12 mMruoBeHHOE 3HAYMEHHE HANPAXKEHMS

) T V3

= Vosin = = Voi

\ b . 2w g
V—Vosm(wé+-€)—\famn(—t+— e

T 6

orciona Vp = 2V/v/3 = 11,6 B. N'padmk 3aBHCHMOCTH HANDSMEHHS OT BpEMEHH
npegcrasien Ha puc. 380.

924. UnaykTuenoe conpotHenenne katymkn X = wkL, rae w = 27 f —kpy-
maag qaf‘m Toka. Amnautyaa Toka fo = Vo /X ; orciona L = Vo/(2nflo) =
= 0,051 I'u.

925. L= X, /(2rf) =0,080Tn; Ig = Vo /X1, = V2 Vi /X, = 0,28 A.
926. [lonkoe conporusnetnne Z = v’Rz +(wl — 1/wC)? . Mowpocts
2
N = 3 VOR 5 20,5 BT; t,g<p: M: --3'02'
2[R* + (wL - 1/wC)?) R
T.e. = -T2°40",

927. UnayxrusHoe conporHeaenne X = wl, eMKOCTHOE CONPOTHBJIEHHE
X¢ = 1/wC u nonnoe conporusnenue Z = /R* + (wL — 1/wC)?, roe w =
= 27 f — kpyroeaa yactota Toka. Ipu fi = 50 Ty (w = 3,14-10° ¢71)

XL =15TOm, Xc=318x0OM, Z =13,33 xkOwm;
npu fa = 10 xI'y (w = 6,28 10* ¢ 1)
XL =314k0m, Xc=15,90M, Z =314«0m.

928, Vo = o X¢ = IeT/(27C) = 0,7 xB.

928, Iy = Y = L
Z /R?+1/wiC?
930, f = /2V2 — [§R? /(2n]oL) = 61 'y,
931. lNonHoe conpoTHBRNeHWe Henu

=14 A.

1 1
X_IWL_w_C_ n fC

Us YCNOBHA, 4TO NPpH 4YacToTe fg) NOJTHOE CONPOTUBJAEHHE HENH PABHO HYJIH, HMeeM

2r foL = 1/(2x foC); orciona fo =1/(2nvLC ) =711 I'n.

2xfL -
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932, Vo =ndo=420B,raen =2n fo L/ R = 1/(27 fo RC) (cm. 3anauy 931).
933. B uenu nocrosuxoro Toka [ = V/R = 2 A. UaayKTHBHOE COMPOTHE-
nenme conenonga Xy = wl = 2xrfL = 5 kOm. AMnanTyza HanpsxeHua Vo =

=2 V,. Tak kak R < X1, To aMOIuTY/1a NEPEMEHHONO TOKA

To=Vo/X1=vV2Va/(2rfL) = 5,6 mA.

934. Mowpoers N = (I3 Vo /2) cos ¢; oreiona cos p = 2N/ [, Vo = 0,8,

985. Dddexrupnniit Tok Is = lo/V2 KonuuecTso TennoTsl, Bhaensemoe
neusio, @ = I2Rt = IfR7/2 = 3,96 M.

936. m = V;'1(1 + ato)/[rR(1 + at)] = 5r, rae t = 100 °C — TemnepaTypa
KHMNeHus BOJAbL

937. B cetu ¢ addexTHBHLIM Hanpsokennem Vi aMILIMTYAa HANpPsiKeHHs

Vo = V2 Vo. Tlpusnman Ha4abHylo (hasy HANpsKeHHs PaBHol Hy0, 3anuiem
38KOH H3MEHEHHS HANPS>KeHHA C TeYeHHEM BpeMeHH:

V = VWsinwt = Vpsin%t.

BaxcuraHua (TAeHUA) JAMIIbI TPOUCXOAAT B MOMEHThI BPEMEHH tw (14, ), KOrIa
MTHOBEHHOE HATIPSDKEHHE B CETH DABHO HATIPAMKEHHNIO 3axxuraHusa (puc. 381):

Vi Vs

2
2R ] = oh = BB

T Vo V2,

Haumenbmee nonoskurenbHoe 3HAveHHe, KOTOPOE MOMXET HMETb BelMuHHA
27t /T, cTOsMAR noA 3HAKOM cunyca, cocTasaser 60° = 7 /3. B ofwem ciyuae

Ve = Vosinz?ﬂtm i OTCIonA

2rtm Fis
R mm + 3
rmem =0, 1, 2, ... CnegopaTensto,
mT T
tm = — £ —.
2 i}

3HAK NAIOC 346Ch COOTBETCTBYET MOMEHTAM 3aKHIAHMA Jiamnbl (HANDAMXEHHEe
B 3TH MOMEHTHI BO3PACTAET M0 MOIYJII0), 4 FHAK MWHYC — MOMEHTaM FatleHus
namiel (Hanpsbkense yGuipaeT no Moaymo). B uacTHocTH, nepsas BCNLILIKA Npo-
ucxoauT npH tg = T'/6 u nepsoe ramwenue — npu ty = T/2 — T/6 = T /3. Taxkum
0fpa3oM, ANHTENLHOCTE BCNbuKU At = t] — 2o = T/6 = 3,3 mc.

Benuimkn H ralleHHs NPOMEXOAAT B TeYeHHEe KAXI0H NONOBMHEI MEpPHOAA;
C1e10BATELHO, HAacToTa Benbiek n = 2/T = 100.

v v

Va Vo b=/
Vo

I
1 1

]

1

L
0 T/4 T/23T/4 T ¢
Puc. 381 Puc. 382

~
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938. AMnauTya NepeMeHHOTO HaNpPAXKEeHUA Ha BRIXOJE ABTOTpaHChOpMAaTO-
pa Vo = V2 Vi, DT0 HanpAXKeHHEe ¢ TEYEHHEM BPEMEHH M3MEHASTCH MO 33KOHY
Vi = Vpsin (2 ft). Hanpskenue mexxuy anextpopamu namnm Vo = & + V) =
= & + 2 Vi sin (27 ft) (rpacuk 3aBHCHMOCTH TONO HATPSKEHHS OT BPEMEHH
npuseeH Ha puc. 382).

INpu sin(2rft) = 1 Hanpssxkenue Vo npunuMmaer Hauboseinee 3HaveHHe
Vamax = & + /2 V, = 100 B. Tlpn sin (27 ft) = —1 nanpskenve Va npuaumaer
HauMenblee 3HaYeHne Vamin = & — v2 V, =20 B, re. Vamax > Vs # Vamin <
< V3. Takum oGpa3oM, Hanps>KeHHe Ha 3JeKTPOAax JIAMNE! CTAHOBHTCA Dovblie
HATNPAYKEHHUA 38XKHTAHHMA JHIUL OQUH Pa3 B TE€YEHHE TIEPHOAa, MOITOMY YACTOTA
BCMBILIEK HEOHOBON JaMnbl papHa yactore Toka f = 200 Tu.

939. MowmnocTs, nogsoauman K nepeuuHON obmoTke (3aTpaueHHas moul-
uocrs), Ny = 11 V1. Mowsoers, orgasaemas sropuynoll obMoTkoit Harpy3ke (no-
neanas mowuoers), Na = [ V4. KI1/ Tpancdopmaropa

N _ LV
K A 273

940. Unayuupyemas o sropuutolt obmorke 3J1C & = V, /k. Hanpsxenue
Haeesakumax Vo =& — Jr =V, /k— Ir=215B.

941. Huoyumpyemas Bo propuyHoi obMorke DJC nonxHa GbITe PABHA Ha-
npAzkeHuio Hakana Vo M nageHuio HaNpAXKeHUA Ha COMPOTHBJEHHH obmoTKH [T,
[Moaromy oTHowenne unces BUTKOB B 0bmoTkax wa /wy = (Va + Ir)/V4; orciona
wy = (Va + Ir)w; / Vi = 400.

942. Unayumpyeman so sropuusol obmorke C &2 = Vi + Iar. Koaddu-
LHEHT TpaHchopMaUuK TpaHcdOopMATOpA

V], Vl
k=—=—=10.
o Va+ Iar
Tok B nepsuuHoil 0bmoTke Haxogum w3 yenosua Vi Iy = #9ly. KII tpancdop-
MaTOpa (OTHOLIEHHE MOIHOCTH Ha 38:KMMAaX BTOPHYHON 0BMOTKH K MOLIHOCTH,
norpebnsemoit nepeuynoll obmoTKo#)
_wl, W Vi

U Vily = & = Va + lar =001, re.n=01%.

943. Va=WVi/k-Ir=6B, R=Vo/I = Vi /kl —=r=1,20m.
944. AMnnuTyna nanpaxenua Vo = +/V3 + 2VioVag cos po + V3 = 155 B;
tg @ = Vaosingo/(Vie + Vaocos o) = 0,34, re. = 19°.

=095 e n=9%.

§ 25. DnexTpoMarHuTHEIE KoleGaHUA W BOJIHEI

945. [Npenebperas HanyyeHHEM WTEKTPOMATHHTHON SHEPIrHH B POCTPAHCTRO,
MOMKHO CHHTATH, 4TO BCA 3aNaceHHasi B KOHEHCATOpe IHeprusa nepeiger B Ten-
aory, T.e. Q=W = q:fﬂc =5 m/x.

946. DneKTpHUecKAs IHEPTHA B KOHTYDE MAKCHMAJILHA B T€ MOMEHTbI Bpe-
MEHH, KOTJa KOHAEHCATOD MOMHOCTHIO 3aPSKEH M TOK B KOHTYDE DABEH HYIIO.
Ee 3nauenne W = CV.ffZ = CV? =0,1 mx[x, rae Vo = V2 Vi — amnanTtyaa
HATIPAYKEHHA HA KOHAEHCATOpe, JTa 3HEPrHA PABHA NOJHOH IHEDPIHMH KOHTYPA.
B Te ke MOMEHTH BPEMEHM, KOrja KOHJAEHCATOP NMOIHOCTBHI0 PA3PAKEH W Mo
KATYIOKe ujaeT Hanbonbumii ToK, BHYTPH KaTykH obpa3yeTca Hanbonbllee Mar-
HUTHOE NONE, T.e. KOHTYp obnanaer makcumaneHoll MaruuTHON 3neprueil. Ecim
CYHTATL, YTO MOTEPH YHEPTHH B KOHTYpe 3a nepuoa konebaHuil npeHebpexkumo
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MAJIBl, TO MO 3aKOHY COXPAHEHWs SHEPrHM MAKCHMAJILHAS MATHMTHAS SHEPrus
paBHA MAKCHMANbLHONR anekTpuueckoit.

947, Tlepuoa xonebauntt T = 2nv/ LC = 2ary/meol/d = 1,26 mxe; T' =
= 2aVLC' = 2nry/meoel/d = 2,51 mkc.

948. f,/fi=/1+1/n =1,01.

949, f; = 1/(2nLCy), fa = 1/(2n+/L(Co + C)); orcioga emkocrs C =
= Co(ff — f2)/ 12 = 15 mx®.

950. Yactorn konebanmit xoutypa f1 = 1/(2rL,C), fa = IK{QNVLzC},
OTCIOAA MOMYHAEM, YTO MHAYKTHBHOCTh KATYIIKHM JODKHA MEeHATbCA oT L, =
=1/(4n*Cf}) = 16 MI'u g0 La = 1/(4x*C f§) = 10 mI'n.

951. dy/da = (A2/\1)? = 64.

952. 'paHuyHbIe 3HAYEHHA YacToT Auana3ona fr = ¢/Ai1u fa = ¢/Aq,roec =
= 3.10® M/c — cKOPOCTS PaCTpoCTpaHEeHHs JMEKTPOMATHHTHbIX BOJH B BAKYYMe.
B pesyabrare nomyunm fi = 300 'y, f» = 30 TTu.

853. A =c¢/f =0,1 um.

954.0r My =c¢/fi=3xmao \a =¢/fa =116 m.

955, YacroTa wieKTpOMarHMTHEIX Kojebannit f = 1;{%@). ANUHA BOJ-

Hal A=¢/f=¢c: 2/ LC . Nogcrasnas yucioBbe AaAHHbIE, HMEEM
fi =222 MMy, Ay = 13,4 M5 f2 = 16 MTy, A2 = 19,6 m.

Taxum oBpasoM, AHANAIOH PAAMONPHEMHHKA MNEPEKDbLIBAET HHTEPBAN HYacTOT
Af=222-16 MI'y u unrepran aaun poan AX = 13,4 — 19,6 m.

956. A =c/f =c-2nvVLC = 1,88 km; f = ¢/A = 0,159 Ml'u.

957. f = fo/n = 36 k[,

058, A 2r/CEAL/AT = 2450 m.

959. f = lffzwm] =53 k'yy w = 2«; = 1/,/‘““6,“1‘“{:“';'

3,33 - ICI5 ¢ T = 20/L{C1+C2) = 18,8 mre; A = =
= 21rc\/L(C1 + Ca) = 5650 m.

2
960. f = 32 = 60 MI'y; L:-é- (ﬁ:) T

961. A = ¢T = 2wcq/e0eSL/d = 2350 m.
962, [lepuon konebanult kontypa T = 2rv LC , rae € — eMKOCTb KOHICH-

2
caropa. Jdnuna Boaust A = eT'; orcioga C = x (—i-) = 507 n®d.

L \ 2mc

963. Juanason AMHH BonH orpanHuel Ay = ¢Th = 2wevLC1 ¥ A2 = ¢Th =
= 2ney/LC; = 6mey/IC1, rme ¢ = 3 10* m/c — cxopocTs pacnpocTpanenus
ANEKTPOMATHHTHBLIX BOMH, 71 M To — HAWMEHBLIIHH W HAMGONBIUMIA NEpHOAbI
xonebanuit KOHTYpa, L — HHAYKTHBHOCTBL KATYIUKH KOHTYDA; oTcioga Az = 3 =
= 9 m. Takum ofipasom, AHANA3OH JLNMH BOJIH KOHTYPA OrPaHuuer Ay = 3Mu Ay =
=9 m.

964. Cy/Cy = (Afo/c)? = 2,25.

965. Yacrora koneBaHmil aneKTPOMATHHTHON BONTHBE TIPH MEpexoae U3 oqHoH
cpefipl B APYTYIO HE M3MEHAETCH, MOSTOMY NPH CKOPOCTH PACNPOCTPAHEHHA Cep
JTHHA BOJHBI A = €ep/ fo = 200 m.



F'masa IV
OIITUKA

§ 26. BonHoBBIE ¥ KBAHTOBEIE CBOicTBA cBeTa

966. H = (vt + 11 — la)h /(11 — l2) = 8,5 m (puc. 383).

967. Ucrounnk Byaer suaen B Tpyby, ecian 3a spems £ = 21/ c npoxoxxaenus
ceerom nytH ABOC D npusma ycneer nosep-
Hyteea nHa 1/8, 2/8, 3/8, ..., poobue, na k/8 s
YACTE NofHoro obopora. [lToaTomy

2l 1k e

s E oW D’I'Ky.ﬂﬂ#—kﬁ = 528k I'u,
rnrek=1,23,... Hi

968. B sakyysme A1 = ¢/ = 400 am, B anma-
3e Az = Cu /¥ = ¢/nv = 162 Hm. vt

969. n = ch/Ae = 1,5. h h

970. e = hv = he/A 2 4-107" [Ix.

971. A = he/(Agux + K) = 250 1m. JEI wilnl

972. Tlo zakony Bfimmrrefina he = Apye +
+ mvz/ﬂ 2 Apux; ciegosarensho, cporosddext Puc. 383

nabuoaeTces npy vacTore v 2 Aguy/h = 5- 10" Ty,

§ 27. OTpackeHHe M NpeJioMJeHNe cBeTa Ha nJjockoll rpanuie

973.l= RH/h =3 m.

974. D =d(H/h + 1) = 13 cm B obonx ciayuasnx.

975. Touka S u ee uzobpaxenna S’ u §'' B 3epkanax Je>KAT Ha OKPYKHOCTH
paauyca h ¢ uentpom B Touke A (puc. 384). Quernano, uro yran S'AS" B gea
pasa Gonbiue yraa i = wt, Ha KoTopsifl nosephy-
Jock 3epkado. [Tosromy [ = 2hsiny u

arcsin (1 /2h)
CJ— R — ) |
= 0 c

376. cosp = (I* — a] — a3)/(2a182) =09 =
=ar 2

977. a) Jlyu Bo3BpalnaeTcs K UCTOUHKKY, ONH-
caB NpaBWbHbLA TpeyroasHuk (puc. 385). MosTo-
My YTbl NafeHns Tyya Ha 3epkana a = 30°, yras
ckonbxeHns ¥ = 60° u rpeyronsunx A BC' — npa-
BHJILHBIN, T. €. YTOJ MEXIY 3epPKANaMH @ = 5 =

= 60°.
6) Yrobwl BO3BPATHTHLCA K HMCTOYHMKY 1O
Puc. 384 npofileHHOMY TTYTH, JIy4 [OJI?KEeH YNAacTh Ha BTO-

pOe 3eDKAN0 NepneHJHKYIAPHO K ero MOBepXHO-
ctu (pue. 386). [Tosromy Tpeyranshuk A BC — npamMoyronshstii u yron ¢ = 30°.

978. Ecnu a — yroa nagenus Jiy4a Ha 3ePKAJIO A0 NOBOPOTA 3EPKAJIA, TO YT
OTPas<eHHA TAKMKE PaBeH . Yol Mexay NAJAILMM H OTPAXKeHHLIM JIy4aMH
pasen 2a. Tlocne noeopora 3epkasa YroJl NAIeHUsl CTAJ paBeH & + ®, yroa
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OTPAXKEHHA TAKXKe CTAJl PABEH O + 1, 4 YIOJI MeXay NajaloliHM i OTPAKEHHBIM
myuamu ctan paser 2(a + ). INagawouuil Iyy 0CTANCSH HENOABHIKHBIM; CJI6/I0BA-
TEJIbHO, OTPAXKEHHBIN /Ty MOBepHysca Ha yroa § =
s =2{a+¢) — 2a = 2y = 54°.
* 979. L = 2ltg60° = 3,46 m.

980. Fenu o — yron nafeHus Jyua Ha NepeBoe
3epkano, d — Ha sropoe (puc. 387), To # = 2a + 24
(kak BHewHuit yron Tpeyronbuuka A BC). Kpome To-
ro, u3 Tpeyroibiuka O BC umeem

po+(n/2-8)+(x/2—a)=m

orcioga 6 = 2(a + §) = 2¢, T.e. yron ¢ He 3aBHCHT
OT YT7a NageHHsA Jy4a.
981. lNocne aByx oTpaskeHuil OT 3epKan Ay4 HOET

e/ 10 HAMPABJIEHH IO, COCTABJIAIOIIEMY YTON 240 ¢ HATIPAB-
R neHueM nagamiero gay4a (cm. sagauy 980). Srot

ju YTOJ HE 3ABUCHT OT MOJOMKEHNA 3€PKAJ H MOTOMY HE

c M3MEHsieTCs npu Mx Bpauennn. OrparkeHHbill ay4, He
P]’[C. 385 NoBOpA4YHBAACH, NepeMellaeTCd NapauieJibHO CaMo-

My cebe. Mckomuiit yron 6 = 0.

982. Xop nyueil B npuaMe noka3zan Ha puc. 388. Yron naneHMa nyda Ha
nocepebpennyio rpads BC pasen yray ¢ = ZABC npuaMsl (3TH YTVIbI HMEOT
B3AHMHO MEPNEeHAMKYNApHble cropoHsl ). Ouesnano,

YTO Yroql TaAeHHA Ha HenocepebpeHHylo rpans AB *8

BuyTpH npusMul ZDEF = £SDE = 2 (kak BHyT-
pPEHHHE HAKDPECT JNEXALIMEe NMPH NAPANIeNLHLIX TIPA-
Mbix SD u EF u cexywe#t DE). Ha pucynke u3o6-
pakeH ciay4a#, Korga 3tot yroa Gonblie npeaensHo-
ro ana aaHHoro copra crexna. [pu srom ZFEAC =
= LZFEP = 2 (kak yribl ¢ B3AMMHO NepneHiuKy-
nsApHeIMM cTopoHami). Tak kak LABC + £LBAC +
+ ZACB =m, 10

LABC =9 =236°, £LEAC =ZACB=2p="T2".

983. OGoznauyum 4epes S m § yraw, KoTopbie
COCTABMAET JIyH, HAYIHMHA BHYTPH NPU3MEI, ¢ NepneH-
AuKyaspaMn K rpauam (puc. 389a). Cymma yruios
rpeyrosibiuka A K C' pasna 7, a cymma yrios 4eThi-

yronsuuka A BC K pasna 2p, npuuem £ZBAK =
= ZBCK = 7 /2. Cnegosatensio, ¢ = 4+ 4. B 1o ‘\‘f_,
e Bpems @ — suewnult yron Tpeyronsuuka ADC, y !
nosromy = (a - B) + (y—48) = a + v — . Ucko- \
Mbift yron ¢ = a + v — 8 = n /4. [locTpoenue xona C
JIy4a B NpH3Me, MOKA3AHHOE Ha puc. 389 6, npHBOIHT
K peleHtio ¢ = ¥ + 0 — a = 5w /12. Puc. 386

DTH pelIeHHsa MOMYHeHB! THIOE MPH NOMOUIH Feo-
meTputeckux yeiosull. OgHAKO OQHOBpEMEHHO € ITHMH YCJIOBHSIMM JOJIHCHBI
BLINOJHATLCA M 3AKOHLI NMpejomjienns. B 4acTHOCTH, BO BTOPOM cllyudae yroa
NAfeHUA HA BTODYIO rpans npuamul § = ¢ + § > . Tak kak nokazarens npenowm-
neHuA crekna n > 1w sind/siny = 1/n, to siny > sind u ¥ > . [lowieanee
HePABEHCTBO NPOTHBOPEYHT 3HaYeHHAM ¥ = 47 /12 u = 57 /12; nosromy BTOpOE
pemieHue ciieayer oThpocHTS,

984. n =sina/sinf = ¢/cn, Te. n & 1,4; ¢ = ¢/n = 2,14 - 10° m/c.
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985. sin 0 = sin (noosnp L= sinw} ~0,25; 0 = 14°30’, nubo 0 =
= arcsin (nsin @) — ¢ = 14°30°,

988. v = (1/2)[r /2 + ¢ + arcsin (nsin §)] = (1/2)(90° + 20° + 60°) = 85°.

987. Ilo 3AKOHY npenoMIeHHs

sina/sind = na/n;. Kpome moro, a +
+7/24+ 8 = (puc. 390); orciopa sinf =
= cosa, M, chejoBaTenbHo, tga = mi/ni,
a = arctg (nz/m ).

988, n = sina/sin(90° - a) =

=sina/y/1 —sin*a = 1,33.
989. tga = r/h, R = r + Htgp,
sine/sin @ = n (puc. 391); orciona

R=r|1+ L
= Vniht + ri(n2 — 1) : Puc. 387

MakCHMANbHBIM PAAHYC TeHH Rmex = 7+ H/vVn? —1 =7 M 6yaer npu h = 0.
990. r=R—- H/vVnT =1 =573 m.

Puc. 389
) < N2 ng < 1
* S
o a o : k\.
n ni /2 al T
na w2 n2 B
B 3 i
a 6 B

Puc. 390 Puc. 391
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991. Bommemumii W3 nAacTHHKM NyY napanfiefieH NaJaloueMy, MoIToMy
h/cos = b/ sin(a— 3) (pue. 392). Tak kak sina/sin 4 = n, o

bvVn? —sin®a

h = = 4,2 cM.
sin « (\/n" —sina - V1 - sinza)
(a3
] \ﬂ‘—ﬁ
BY s
h 8 .
b "~,_\
o Ty
Puc. 392 Puc. 393
992. [ = ) 1] dsina.

v1-n?sin’a
993. Xoa nyye#t B npusMe noxasan Ha puc. 393. Tax kak # — pHemwHKUA yroa
passobeapentore rpeyransanka ADC, 1o § = 2(a — B). Cymma yrios Tpeyross-
wuka ABC pasma ¢ + 2(x/2 — B) = «,
T.e. ¢ = 2f8. Ilo 3axkoHy npenoMiaeHus
sina/ sin = n; orciona

_sin[(0+¢)/2] _ [1-cos(8+y)
o osin(p/2) 1 —cosy

a 1.3,

994. Xopn gyuelt B npu3Me NOKa3aH Ha
puc. 394. Tak Kak yron Mexxay neprneHauKyis-
paMu K rpansim pasen @, To LACHB = 2(3 —
— ). B rpeyronbunke ABC cymma yrios

(/2+8) +2(8-p)+(n/2-B)=m;

oTCI0ga
§=2p-7. (1)
Hexombiit yron € ects Bremwnnit yron Tpeyronsuuxa AD B, Tloatomy
8=(n/2-a)+(n/249)=7+7-q. (2)
3anHcan ele 3aKOHBI MPENOMIEHHA:

sin a sind 1
. =T, - ——
sin 3 siny n

) (3)
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nosy4um cucremy ypassenuil (1)—(3), us xoropoii caegyer

2
sinf = ainqu - (3in2go\.f n? — sin® a — cos 2 sin a) -
—cosx (sinzgo\/n“ —sin’a -cosZ:,asina) .
Mogcrasus ¢ = 7 /6 1 a = « /4, naxogum

mns=§(v§u%—3nﬂ+d§Vmﬂ~q +1—vﬁdmﬁ—1).

Ecm n = /2, To nerko nokasaTts, uTo Ha nocepebpPeHHYI0 rPaHb NPU3MBI
B Touke C' Jiy4 najaeT nepneHgHKyJspHO K MPaHH; (1eJ0BATENbLEO, OTparKeHHb
Jay4 no#tger ne nytw nanawoulero. M3 nonyuyenno#t dopmynsl B 3TOM ciyvae
cneayer sin = 0 u 8 = 7. Ecau ke n = 1,41 Touno, To sin# = 0,0059, T.e.
MCKOMBIR yron ortnunuaerca or 180° npubausurensuo na 20'.

995. [IycTs ay4 nagaer na rpans AB nog yrnom a (puc. 385), u npenomis-
erca nog, yraom . o 3akoHy npenomienHs

sin o
=n. 1
sin g b M
CooTBETCTBEHHO
sin d 1
- = —. (2)
siny n

¥ron § — suewnu#t yron tpeyrossiuka ADC. [lotomy

0=(a—-pB)+(y-4). (3)
Hanee, ZAKC = 7w — y; cneaosarensno,
p=8+4. (4)

Pewas cacremy ypasrennit (1)—(4) u yunThiBasA, ¥TO NPH MAJBIX YIVIAX OTHOLLE-
HHE CHHYCOB MOJKHO 3aMEHHTbL OTHOILeHHeM YrioB, nonyuum § = (n — 1)p = 4°.

Puc. 395 Puc. 396
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9986. Xoa nyua noxkasad Ha puc. 396. Ouesnano, uro

h .
$= 50 sin{a — 2) + Lsin(a — 7).

Kpowme Toro, sina/sin§ = n;, sin3/siny = ng /n;; orciona

i [ hcosa ) _ y/ni-—sin’a —cosa

— - - h+ ;
L | sina 2 -y g
ni —sin” a

HJIH

\/n%(l—i-tg’u) —tg?a —1
nav1+tgt a B

bl Vittgie 4 1
\/nz{l +tg*a) —tg*

T Llh tga
[pasyo 4acTb, rae BCe BEIHYUHLI H3BECTHLL, 0003HAUHM 4epes A (A = 0,497).
Takum 06pazoM, NPHXOANM K KBAJADATHOMY YPABHEHHIO

Vi+tgZa (1— A%)ni —24n; — /1 +tg?a =0,

PelIeHHe KOTOpOTo

sl

A+y/(1- A g?at1
i
: (1-A*)1+tg? e

onpejenseT ABa 3HAUEHHSA N2, TAK KAK NOKA3ATENb NPEJIOMJIEHHS NONOXKHTE/EH,
TO np = 1,55.
997. M3 puc. 397 umeem [ = 2h tg 3. Tlo 3axony npenomnenus

8in a 2h sin a
. =mn; orcioaal = ——————— = 97 cm.
sin 8 n? —sin’ @

998. o = arcsin (nl/V4hT +17) ~ 28°.

\% B/
i
8
h
a8
L D

Puec. 397 Pue. 398
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999. Xon nyye# B niacTHHKe Nokasan Ha pHe. 398, Yron ABC B npamoyrois-
HoM Tpeyronbiuke AC B pased a, nosromy AB = [/ cos a. C apyroil croponsi,
u3 Tpeyroabhrka AD B suano, utro AB = 2dtg 3. Yrasl a u 3 cBa3anbl 3aKoHOM
npenomaenus: sina/ sin § = n. Pewias 3Ti ypaBHeHHs, naiyyMm

l

1000. ¢ = a; L = 2nd/v/n? —sin*a.

1001. [ina onpegeneHHs KAMCYIErOCA MECTONOJIOXKEHHMS TOYKH TOCTPOHM
ABA JIy4a, HCXOARIMX M3 TOYKHM M nonajawimx B rna3 Habmopatens. [lycrs
OAMH M3 ny4eit NepneHaMKYIAPeH K NOBEPXHOCTH TUIACTHHKH, BTOPOI nagaeT Ha
NOBEPXHOCTb NJACTHHKH MOA YIJIOM @, NpejoMiasercs nog yraom § # nonagaer
B r1a3 HabMI0AaTeNd, KOTOPOMY KAXKeTCH, YTO TOYKA HAXOJHTCH Ha NEPECeyueHnH
npogoixeHuit mydelt Ha paccrosuuu | or nopepxHocTH naactHHkH. M3 puc. 399
BuaHo, uTo ltg B = dtga; orciona tga/tg 8 = (/d. o 3akony npenomnenns
sina/sinf8 = 1/n. Jna Manbix yrnos & ¥ 5 JeBbie YACTH NOCNEAHKX ypasHeHuH
MOXHO CHHTATE OAWHAKOBLIMH; (JIEIOBATENLHO, PABHLI H MPABLIE YACTH, T.€. d =
=nl=8cm.

d 2
n=snai/l+ (2— cosa) ~ 1,8,

Pue. 399 Puc. 400

1002. HabnwozaTens suant naobpaxkenne B Touke S’ nepeceuenna apyx 6nus-
KHX JTy4eil, Bellueguux u3 S 1 OTPA3HBLIMXCA OT 3aAHel NOBEPXHOCTH NIACTHHKA
(puc. 400). Jlyu S BC, nepnengukyaapHbiii K [JIACTHHKE, N0GIE OTPAKEHHSA NPO-
xoauT yepes S. Jlyu, nagawoumil Ha NIACTHHKY M0J MAJbIM YIJIOM (, BRIXOAKT U3
Hee B Tovke A Ha paccroannn AB = [tg a + 2d tg A or ocu. B 1o ke Bpema AB =
= (L — 1) tg a. Beuay ManocTs yrios a u 3 3aK0H NPeIOMJIEHNAA MOYXKHO 3aITHCATh
B BHAe sina/sinfB = n ~ tga/tgS. Pe-
LIHB CHCTeMy ypaBHeHuit, Haifigem L =
=2(l+d/n) =45 cm.

1003. Kouey creprHs HAXOAMTCH HA
raybune H = lsina, rme { — nanwu-
Ha norpy»keHHol yacTu crepxkua. Benea-
CTBHE MPEJOMJIEHHA [y4ell HA MNOBEPXHO- a
CTH MHAKOCTH HAOMIOAATEb BUAHT KOHEL|,
cTepoxua Ha raybune h = [cos atg (a — )
(puc. 401). [Ina wabmogarens, cMoTpae-
ro B BEPTHKAJIBHOM HANDPABJEHHH, YI/bi
nageHua § M NpeNoMJIeHHA ¥ Madibl, M0
sromy H = nh (cm. 3agauy 1001), wau
tg e = ntg (a — B). Pewas s1o ypasnenne
OTHOCHTENBHO B, nonyyum (n — 1)/ tg 3 = Puc. 401
=tga+n/tga.

Yron [ Byaer MAKCMMAIBHBIM DM TAKOM Yrie @, NPH KOTOPOM CYMMa,
crosiaa B npasoit yactH, Oyaer muHumansuofl. Tak kak npousseieHHe 3THX
CIAraeMblX 8CTh YHCNIO MOCTOSHHOE, TO OYEBHAHO, YTO MHHMMA/IBHAR CYMMa [0~
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CTHIGETCH NPH paBeHcTBe cyiaraemsix. CrefoBaTensHo,

n
tg o e a = arctgv/n .
1004. [Ipesomupiumce na rpann AB npuamel, J1y4 He OTKJOHASTCA OT nep-
nenauKynapa (puc. 402); nosromy yron nagenus ay4a Ha rpass AC (B npusme)
coctasaner a = 60°. ¥ron, nog KOTOPLIM JIyY JOMMKeH
S' Gbin1 6b1 BLIATH, NPENOMHBIIKMCL HA Tpann AC | MOXHO
A 5 pallTh no sakoHy npenomnienus sinc/sin8 = 1/n.
INpu a = 60° u n = 1,5 yron 5 He umeer aeitcTEH-
TenbHeIX 3HavueHuli, CnenosaTensho, Ha rpanu AC
NPOHCXOANT MOJIHOE OTPAMNKEHHE U JIYY BBLIXOIMT Hepes
rpaHs BC' nepneHaukynsapHo k nelt. Mekommilt yron
h EOP =8 =60",
! 1005. § = 7h?/(n? — 1) = 1256 cm®.
: 1006. [ > (2H — h)/v/n% =1 = 32,3 m. Yactn
¥ c P AHA, HAXOIAUHecH HA paccTOsHMAX Ommxe 32,3 M,
E N0X0 BUAHLL BOAONATY, TAK KAK JIYYH OT STHX 4acTefi
MNOMAJAIOT B €ro [V1A3 NOGTE OTPAXKEHHA OT YHACTKA Mo~
Pue. 402 BEPXHOCTH BO/IbI, Y€PE3 KOTOPLIH JOCTHIAET BOAOAA3A
IOHEBHON cBeT.

1007. Jlyur HCTOYHMKA, NMONAJNANOLIME HA MNOBEPXHOCTb IOJ YIJIOM, Npe-
BBLINAWLIMM YTON MOJHOTO OTPaykeHHs, He BhIXOAAT B Boagyx. [losromy R =
=H/V/n?—1~36mnm

1008. a) h = 1,5 cm, ecnn rayBuna norpyzkenus ncrounuka Gonbiue 1,5 ou;
6) Ha noBEPXHOCTH, eciH riyOHHA MOrpyXEeHHs] HCTOYHMKA MeHblue 1,5 cM.

1009. R=hyn? —1 =89 em.

1010. ¥Yron 8 npenoMienns iydeit va nepsoit rpasuu (puc. 403) onpegensercs
W3 ypaBHeHus 8in (i /2)/sin§ = n, orkyaa sinf = 1/n, re. § — npegensubiii
YTOA MOJHONO oTpaxkeHns. [l noHOMO OTparkeHHs HA BTOPOHR rpaHH JONMXKHO
6oire 6 > 3. OueBnaHo, 4To ¢ = [ + §; CNeaOBATENBHO, MEHMMATLHEI Npenom-
JAOWHA Yron NpU3Mel @ = 23, WK

o

2vn% -1

sing =sin28 = 2sinfBcos f = ] 2= 0,976;
n

orcoga @ = T7°20°,

Puc. 403 Puc. 404

1011. Beixog jiyda M3 BTOpO TPAHH HEBO3MOMKEH, €CJIM Yrosl MajeHHs Ha
9Ty rpaHb § Gosiblue WM paBeH MpefesbHOMY YAy Noiaxoro orpakenus. Cne-
Jopatensho, sina 2 1/n. Kpome toro, kak Bmamo u3 puc. 404, ¢ = B+ 4
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u sina/ sin § = n; orelona

sini = nsinpV1 —sin® @ — ncospsina < sin pvn? — 1 — cosp = 0,7435;

ciefobaTenbho, a < 48°
1012. 5in 8 ~ 0,3; 9 =~ 17°30".

§ 28. ®oromerpua

1013. Crennl ¥ MO/ KOMHATH BHAHLI H3 TOUKH, HAX0Asawlefica HA NOTOJKE,
o/, TENECHBIM YIIOM w = 27 cp; nostomy @ = [w = 1256 mm.

1014. dororpadmueckoe nelicTBHE CBETA MOXKHO CHHTATE NPONOPUHOHANE-
HBIM cBeTOBON sHepruu, nonasiuell na QoTobymary 3a Bpems IKCIOIHUMHM. ITA
SHEPrMsl B CBOK O4epeb [PONOPLHOHANbLHA NMPOH3BEAEHHIO OCBeILeHHOCTH (o~
Tobymaru Ha Bpems. [losromy, mna Toro 4ol NOMYYMTL ONMHAKOBLIE CHHMKH,
Heob6x0aHMO OOOHTLEH BLINMIHEHHS DABEHCTBA

i Is h Ta
1
f tl = ztg‘ O".I"Clﬂ,ﬂa tz I ( ]_) 1 c

1015. [Iycrs 1y H T3 — paccTosieus or 3xpana a0 aamn. Mo yenoemo I /r? =
= 1'2,/1"% U T+ T2 =7 OTCIONA

I =vhis ~Ia+ Va2
rM=—r=1lmM m=—"r=08mMm.
[1—12 lrl“fﬂ

Bropoft xopelb KaX0ro KBaJDATHONO YPABHEHHS HE COOTBETCTBYET YCJIOBHAM
3a,084H, COMVIACHO KOTOPLIM 3KPAH A0MKEH BbITh PACTIONOKEH MEeX(y JAMMNAMH.
1018. 7y = r/T1 /(vTi £ v212 ). 3HaK MUHYC COOTBETCTBYET ClyUal0, KOTAa
ofe naMnbl OCBEIAKOT OJHY M TY ke CTOpoHy aucta: 7 = 9 m. Ecnu sxe nmer
PACMOVIOXKEH MEXKIY JaMnaMu, Ta r1 = 1 M.
1017. E = I/(d®’v/1 —sin®a ) ~ 3 nx.
1018. E; /Ey = (1 + a*/2h%)*/? = 3,1.
1019. Ecnu npHHATL HHTL JIaMIlbi 3& TO4EY-

HuIf neToYHUK ceeTa (puc. 405), To ocpelento-
CTH BEPXa M HU3A KHHTH

lcosa I'sinp
g

E, =

]

o IcosB _ Isin(yp/2)
S e e

Paccroanue or ucTounnka 0 uusa kuuru r = 21 cos (¢ /2) (3gecwy Henonb3obata
TEOPEMA O BHELLHEM YI/le TPEYrOJbHHKA H YYTEHO, YTO 3TOT TPEYTOJbHUK PABHO-
Beapennsil); oTcoaa

A .  sin(p/2) ]’“155
Ey-Ex = 7 [snup T (/) ~ K.

1020. Ecnu cuna cseta MCTOUHMKA OJHA H Ta K& M0 BCEM HANPABJIEHHAM, TO
nonnbtit ceerosofl notok ¢ = 4w E(1* + h?)%/% /h = 25130 ax.

20 [NA. Dengpukos 1 ap.
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1021. Yuacrok npejcrapiser cofolt Kpyr paanyca r, HA FPaHHMLAX KOTOPOro
E = Ih/(h* + r*)*%. [lnowans kpyra

2/8
S=ari=nx [(LE"‘) - rﬁ] ~ 1055 m°.

1022, § = w(Th)**(E7*® — B7%%) 2 942 2.

1023. E\(Tcoscn)/r? = (Icos® a1)/h?, Ea = (Icos® @2)/h?, tne h —
BoicoTa (hboHapsa Han 3emned, | — cuna ceema douapsa; orcioga Fp =
= Ei(cosaz/cosai1)® = 80 ax.

1024. Haumenbwasn ocsemennocth nona Ep nabnogaercs B ToYKAX mona
BOMIM3H CTEHBI, HAHMEHbIIAA OCBEIIEHHOCTL CTeHbI F; MMEST MECTO B TOYKAX

B6au3n nona (puc. 406):

g " 3 E = { cos 3 _ Th
g h*+d* /4 (h?+d?/a)°%
d By = [cosa _ id/2 _
Puc. 406 R 4 d' /4 (h® + 4P /a)°

o ycnosuio 3anaun Ez/E1 = n; orciopa sucorasana h=d/2n =75 M.
1025. OcsewennocTH cepeaHHB] CTONA OT Nepsoft 1 BTopolt namn: B, = [, ,J'h'f
n E3 = I3/h3. OcewennocTn Kpas crona B JBYX CIYHAAX!
‘_ {1hy " I2ha
(W +d* /a7 T (4 T
[lo ycnoemio 3anaun B, = Eq; orciona

Ef _ hbi(hd +d%/4)>% _ (4}’1&? i )3”‘ el
E:  Ihha(h] +d?/4)%2 450 + Id? '
1026. Cymmaphas OCBELLEHHOCTE B HCKOMBIX TOYKax (puc. 407)
oz Ik Iahs
(1 +hE)™2 (1 4 h3)Y

rae {1 v /2 — cunbl cBeta nepsoii n BTopoi namn. Eciiu noMeHsATs namMnbl MECTAMM,
TO CYMMAPHAS OCBELIEHHOCTE B TEX 7Ke TOUKAX

i I2ha Iihy ™
(P +h3)2 7 (12 4 3y
Mo yenosmio sagaun E = E'; cnesosarensno,
L= h hy* (R + h3"*)'? ~ 21,6 m. he
1027. Ocseuwensocts kamaod W3 cropon E =
=3I /a® = 30 ax.
1028. I = 3v3 (n — 1)1o = 52 ka. h
1
1029. E = Thy /(P + h3)2 + Tha /(1* + h3)¥/2 = ;
= 14,26 ax (pwrc. 407).

1030. OcpelmeHHOCTh UEHTPA CTONA €CTh CYMMA
ocpewennocTelt, cosmapaemeIx KoM namnoft B oT- Puc. 407
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aensuoery (puc. 408). Ecam cTon pacnonoskes noj oHo# U3 namn, To

I Icosa

E, = + , TAe cosa =
S A e A wﬁ T2
Fcau cTon pacnofiorked NOCEepeMHE MexK/y JaM-
namMH, TO
21 cos 83 h
Ey = ————, rge cos 3 =
TR (/2)° Wk i

OTHoweHHe OCBELIEHHOCTER

/2
Bi 1 (.4 12) 1 h
=t = S E S cn—
Ea 2 (h 4 hd * (h2+;2]sm ~ 1,5

2
1081, J = — 2Joheh” . 830 «a.
W3+ (/)

1032. Bsegerue nJ0CKOro 3epKaia PaBHOCH/LHO MOABJIEHHIO HOBOT'O HCTOY-
nuka S', apnaoweroca usobpaskenuem ucrounka S B aeprane (pue. 409). Herou-
Huk S’ umeeT Ty e cuny ceera [, TAK KAK NpH OTPA>KeHHH OT MJOCKOTO 3epPKATA
TeeCHLI YroJ, B KOTOPOM PacnpOCTPAHAETCS CBETOBAA YHEPrHA, HE H3MEHACTCA
# noTepu 3Hepruu oTeyTeTyoT. OCBEIIEHHOCTH NPH HANHYHE 3epKaJia i bes Hero:

I I cos’ a 1
a’  a'(l+cosa)’’ a’’

Otnomenne ocsemennocrelt £/ E2 = 3v2 /2 =~ 1,12.

L% 2 7
'—"l, 5!
a3
,‘,g.'.‘.:._
Sl
B =B
Puc. 409 Puc. 410

1033. Ocsewennocte E = I/a* 4 [/(a + 2b)® moxmno cuurats oanoft
W TOi »Ke BO BCEX TOYKAX KApTHHEI (cM. 3azauy 1032). Ceeroso#t norok ¢ =
= ES = 3,75 im.
I 1
1034. E= 5 |1+ — T =~ 20,3 nk.
l [1+ {4d°/17)]
1035. Muumoe nzobpaxenne S’ ucrounuxa B sepkane BD naxoaurca Ha
paccroanuu [ or akpana BC (puc. 410). OcsemennocTs B Touxe A

i Tcosa
E=—=+ ?
a® 2

20
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Beauyune! { # CO8 4 HAXOAATCA H3 FeOMETPHYECKHX COODparKeHHi:

12 = (2a)? + a? — 4a% cos (7 — ) = a®(5 + 4cos ),

sina _ sin(m — ) cos a — 14 2cosyp
2a l ‘ 1/5+4(:05th

B pesyabTare nomy4aem

xA l+2CDS(p
(5+4cosgp}3"r2

- 1+—% —{iasi,ll
(5+2v2)"*]| a

n’d.| i

§ 29. Coepuueckre 3epkana

1036. Paanyc kpusuansl cepuqeckoro sepkana R = 2F. Tlo reopeme Tln-
caropa (a/2)? + b* = R? (puc. 411); orciona b = \/4F? — a2/4 = 1,26 m.
1037. 1/d+1/f =1/F. Mo ycnoskio f =d, re.d=2m.
1038.1/d+1/f =1/F =2/R,r.e. R = 2df /(d+ f) = 0,8 m.
1039.1/d+1/f=1/F; H/h = f/d,mou H = Fh/(d - F) =0,22 m.
1040. R =2d/(k +1) = 19,2 em.
1041. k= f/d,1/d+1/f=1/F,f—-d=a,1re. F =ka/(ka —1) =04 m.
1042. k= 3.
1043. f = Fd/(d — F) = 2R /3; uaobpaxenue neficTBUTENLHOE.
Jlnsi nocTpoennst MOMKHO MCNOAL30BATL ABA JIy-
4a, HcxodslMe u3 Todku S (puc. 412). Jlyw SP uger
R BAONE rNaBHO onTHYeckolt OCH 3epKana H nocie orpa-
HEHMA MAET BAONL TOM ke ocu. Jns nocTpoenns xoga
10C/1e OTPAXKEHHS MPOH3BANILHONG Jy4a S A nposejem
i b nobounyio onruieckyio ock BC || SA. Orparkennbiii
ayu ADS' npotiaer uepes Touxy D nepeceuenus no-
Bounolt onTHyeckod ocu BC ¢ doxanbaoli niocko-
eTbi0 F'D. B Touke S’ Ha nepeceyeHHH OTpAXKeHHLIX
N nyueit P5' u AS' nonyuntca aeficTeHTeNnbHOE M306-
pakeHHe HCTOUHHKA S
Puc. 411 1044. Ecsin 661 Touka O Gbisia HCTOYHAKOM CBETA,
1o Touyka ' spnsnack 6bl ero uaocbpakeumem. Cre-
JoBaTensHo, a06oit my, ynaaumﬁ H& 3epKanoc M3 Touxku (J, nocie OTpasKeHHs
npoiiger uepes Touky O'. [lposeaem mobounyio onrtHueckyw ocs OF || BO'
u coepuanm Touxy E u O (prc. 413). Menonbays ceoiterso obpaTiMocTH myueit,

Pue. 412 Puc. 413

6y,AeM CYHTATD, UTO Ha 3ePKANIO NaAaloT napadaenstbie ayun O F u D B, xoropuie
Noc/ie OTPaXKeHHS OT 3epKaja cxoiaTca B Touke M, nexxawel na dhoxkansHol
nJocKocTH 3epkana. Onycrue U3 Touku M nepneHaMKynsip HA MIABHYIO OMTHYE-
CKYI0 OCh, ONPEAENHM TIoNoXKeHne dokyca F'.
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1045. llepsonauanshoe ypenuuenwe ki = f/d, npuuem 1/d + 1/f =
= 1/F. Ecnu npeaMer u ero uaofpareHHe NepeMeCTH/IMCh Ha PACCTOAHHE T,
o 1/{d+=x) +1/(f —x) = 1/F. Hosoe ypenuuenue k2 = (f — z)/(d + =);
orciopa ks = 1/ky =0,2n 2z = f — d, . e. npeaMer u u306parkeHe NOMEHATHCH
MEeCTaMH.

1046. F = k‘lkgﬂf}kz — k]% = 35 cmM.

1047. F = kiksa/(k2 — k1) = 2,5 cm.

1048. Ecau npegmer pacnonoskeH janswe doxyca sepkasia, o a = d — F,
b= f— F u dopmyna aeprana nmeer sug 1/d +1/f = 1/F. Ecan e npegn-
MET PacroyioyKeH MeXKy 3epKajoM H ero ¢okycom, To a = F —d, b= f+ F
u dopmyna 3epkana sanuceipaerca B suae 1/d — 1/f = 1/F. O6e cucremm
ypasnenuil qaor k = f/d = /b/a =1,5

1049. Eciiv Obl cBeTAIIASsCA TOYKA NpHHAALE-

JKAJIA HEKOTOPOMY NPeaMeTy, PACNONoXKeHHOMY nep- A B
NeHAUKYNAPHO K rnaBHoil onTuueckoil ocu 3epka-
na, oH H3obpaxkanca 6wl ¢ ypenuyensem k = L/l = M

= f/d. B cayuae aeHcTBHTENBHOMO H300paskeHUA F P
1/d+1/f =1/F=2/Rn R=2Ld/(L+1) = é
= 1,2 m. B ciiyuae maumoro msobpasenns 1/d — B
-1/f=1/F=2/RuR=2Ld/(L-1)=2m.

1050. Kpai#inuit nyd AB nyuka, OTpa3suBIUIHCH Puc. 414
OT 3epKana M npoiasa udepes ¢OKyc, NONaAaeT Ha
akpaH B Touky E, nexkanyio ma rpaunuie csernoro kpyra (puc. 414). Ms nogobusa
tpeyronsiukos BF P u EF M cnegyer

d D a—F
g F=5i1(@-F) oysa D=d—

1051. Bes zepkana uerounuk ¢ cunoll ceera | co3naeT Ha IKpaHe, yIATEHHOM
OT Hero Ha paccTosHue T, ocsemersocts E = I/r®. Tlpn Hanuuum 3epkana
K CBETOBOH 3HEPIHH, WOyl OT HCTOMHHKA, J0DABNAETCA SHEPrHA JTyHeH, MPHXO-
AAUMX K 3KPaly nocie oTpaskeHus oT 3epkana. Tak kak 3TH Jyud MOXKHO CUHTATL
napaniefabHbIME, TO cBeToBokH noTok ®, nagaomumit na nnowaaky S sxkpana nocne
OTpaykKeHHs OT 3epKaia, OyAeT TakuM >Ke, Kak U NOTOK, NajaoiHil Ha Takyo e
nnowanky S sepkana. Ofias OCBEILIEHHOCTD MIOMWAIKH S 3KPAHA NPH HATHYMH
3epKana

4

T

=0,1 m.

¢ Iw IS/F* 1 I
LY el b e T R

Otnowenne ocpewennoctefi By /E =1+ (r/F)? =~ 108

1052. Ha sxkpaHe, NOCTAB/IEHHOM MEPNEHANKYAAPHO K JYyHY NpOXKEKTOpa,
6yaer ceeTsIOE MATHO, OCBELIEHHOCTL KoToporo Ey pasHa ocseienHocTH pedaex-
Topa. Mcrounuk pacnonoxen B dokyce pedextopa, nostomy Eg = I/ F*. Ceer
najaeT Ha 3eMJI0 Mof YriaoMm «, ans koroporo cosa = h/y/I1?/h?; cnenopa-
TELHO,

I
E,=Ejcosa = —E—-——- = 7500 nx.

F*Vi +h?
1053. 1/d—-1/f =2/R; orcona d = fR/(2f + R) = 0,43 m.
1054. [Ipamoe uzobpaskeHue B BOPHYTOM 3epKane spnsercs MHuMbiM. Meko-
MOe DACCTOAHME onpelelifeTcs cueremol ypasHeHnl

1 _2 f . _ R(k-1)
J= R d°8 oM d=—

= 45 cM.

L
d
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1055.1/d+1/f =2/R, k = f/d. 3nak nnwoc COOTBETCTBYET ACHCTEBHTENL-
HOMY HM300paxKeHHio, MuHyc — MmuHMOMY. Orcwoga R = 2kd/(k £ 1), re. R =
= 36 ¢m gna geficTeuTenbHOro naobpaxenus u R = 50,4 cm ana MEMMOro.

1056. ¥Ysenuuennoe naobparkenue MoeT OLITL ASHCTBHTENLHBIM HIH MHH-
MBIM. B 3THX wiydasix coOTBETCTBEHHO JOMKHbBI ObITH BHIMOJHEHB! COOTHOLICHHS

1.1 2 f 1 1 2 f

d+f_R' d—k, f-d=a, e d--k, f+d=a.
O6e cucrems ypasnenuit aalor R = 2ka/(k* — 1) = 24 cm.

1057. Ceernoiil Kpyr Ha 3KpaHe NOJYYaAeTCA M3-3a OTDAXKEHHA Jyyell 3ep-
xanoM (pmc. 415). Tak kak ceeTsascs Touka S pacnonomxena Gmbxe dokyea,
JIyHHM MOMHO CHMTATH HCXOSAMMMK W3 MHMMONO HCTOMHMKA — M30bpaxcerus S’
Touku S. Ilo dcopmyne cihepuueckoro sepkana
1/d—1/f =1/F,rne d = F /2. [luamerp 3epkana
| = 2f tg o, IHAMETD CBETIIONO KPYTA Ha 3KpaHe L =
=2f+2F)tga; orciona L/l = 3.

1058, ¥VeenuuenHoe MEUMOE u3oOpaxkeHHe gaeT
BOTHYTOE 3epkano. [Tpe 3ToM A00KHBI BLINOJIHATD-

g’ ¥ s
* #* —O cH COOTHOLIEHHA
X F c 1 1_2 f
i 3 LT TR

orciona R = 2ka._/(k2 —1)=2m.
1059. Ecme 6B CBeTAIASCH TOYKA TPHHAM-
NEXKANs HEKOTOPOMY MPEAMETY, PACTIONOMKEHHOMY
Puc. 415 NepneHHKYNAPHO K TIaBHOl OnTHueckoll ocu 3ep-
KaJia, ol H3obpaxkanca 6w ¢ ypemunenwem k = L/l = f/d. Takkax 1/d - 1/ f =
=1/F,mok=F/(F-d)=L/l=2,5.

1060. Paccrosane Mexay MHHMbIMH H300-

namu uerounnkos [ = 0,75 R.

1061. Eciu CA = R — paguyc KpHUBHIHBI
seprana (pagwyc wapa), a BA = r — paauyc
BeIEMKH (pHC. 416), TO paCCTOAHHE OT PMCYHKA
{npeamera) no 3epkana B P = d onpeaenurca ua
Teopemsl [lucharopa (R — d)® + r* = R*. Yge-
muyenne k = f/d, npuvem 1/d — 1/f = 2/R.
Tak xak no yenosuio v/ R = 0,8, To

i . =
2/1— (r/R)? —1

1062, Jlyw, naywuit no paguycy 3epkana,
OTPAXKAETCHA MO TOMY ke paauycy. [losTomy no-
JNIOYKEHHE ONTHYECKOro UeHTpa 3eprana C Haii-
JeM, COEOMHHE TOuKH S u S’ M npogosue
JHHHIO JO NepeceueHnsa ¢ TMABHON onTHYecKoM
oceio (puc. 417). Jly4, orpaxennsit oT aepkana
B ero nomoce P, coctaBnser ¢ ocklo 00’ makofi
2Ke Yrodq, Kak # jyu nagawouwuil. Omnoxus oTpe- Puc. 416
3ok OQ), paBHblit paamepy npeaMeTa, No Apyryo
CTOpOHY OCH M coeaunuB Toukn Q u §', nailgem nomoc P sepxana. INonoxenue
dokyea F onpepenum, nposesa ays SM || OO’ w coegunns Touku S’ u M.

1063. MuuMoe nzobpaskeHHe B cdepuUeCcKOM 3E€DKATE HAXOOHTCA Ha pac-
croauuu r = (R — d) - 2d/(R — 2d) or uyenosexka u umeer pasmep H; =
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= Rh/(R — 2d), rne h — pasmep paccmaTpueaemoii gerann (puc. 418). B nnoc-
koM 3epkanie ( H — oo) umeem 3 = 2d u Hy = h. Vzobpaskenue B cpepuueckom
3epKATE YeOBEK HADIIOAALT MO YoM 1, npuyeM tg ¢ = Hi /7, B ninockom —
noa YIJaoM (0o, npuuem tg @2 = Ha/r2. Yrnosoe ypennuenne k = tg i/ tg¢a;
orcioga R = kd/(k—1) =0,6 m.

S"-&Q - _
! 3‘*5'\\ f .";‘;:‘:- % h
1 f il el VR : H, ke
1 ks i 7% ¢
E % ,j‘ﬂl d g
v
Hy =;£ h
A2 d
Puc. 417 Puc. 418

1064. [lns nocrpoenus yn06HO HCNONL30BATE NYYH, MPOXOAAILHe Hepea ¢o-
KYC H 4epe3 ONTHYECKHI NEHTP 3ePKANA, 4 TAKOKe ayd, napaniensHuifl rnapHoil
ontudeckoit ocu (puc. 419). Touxky S exowpenns nydell B oTcyTCTBHE 3epKasa
MOKHO PACCMATPDHBATL KAK MHMMBIf HCTOYHMK, a paccroanue | sTol Touku or
OCH — KaK pasMep MHMMOrO npeameTa, cogepxkauero touky S. Torna L — pasmep
AeficTBHTENLHOTO H30bparkenHs 3Toro npeamera, a S' — usobpaykenue ToukH S.
W3 dbopmyn —1/d+1/f =1/F u f/d = L/l naxomum | = FL/(F - f) =
= 0,25 M.

1065. Touky nepecevenns jy4eil, NpoAMINKEHHLIX 38 3ePKAJIO, MOXXHO pac-
CMATPHMBATL KaK MHMMBIH ucrounnk. Tak wak —1/d+1/f = 1/F, 1o f =
=Fdf(d+ F)=T75cm.

1066. R = 2F = 8d = 1,6 m (cm. sagaqy 1065).

1067. PokycHoe paccTOsSHHE ONpeaeseTcsl U3 CHCTeM ypaBHeHHH

1 1 1

E+?_F’ |f = Fl=a.
Ecnu w3obpaskenue ToukM pacnonoxkeno Gmoke k sepkany, uem ¢oKye, To
f— F = —a; ecsin ke w3obpaskeHue TOYKM pacnonoxeHo ganeiue chokyca, To

f — F = +a. [lepsaa cucrema ypasHe-
HHH Jaer

{ 2
a a
Fl.n—E:i: -4—~a.d,

T.e. F1 =12 om, Fa = 8 em. M3 sropoii
CHCTEMBl YDABHEHHHR HMmeeM

2
a i
Bua==g |y ¥ Puc. 419

T.e. F3 =4 cM, Fy = —24 cm. B nocnegnem wiy4ae 3epkalio OKA3bIBAETCH BIILY K-
NbIM.

1068. Jlamnouxka S pacnonomkena DIHMKe K 3epkrayy, 4em okyc, ee u3ob-
paxenue S’ naxonurca Ha paccroanuu f 3a sepkanom (puc. 420). U3 dopmynst
1/d —1/f = 2/ R nonyuaem f = Rd/(R — 2d). HaobpaxeHne 1amMnoyks MOXKHO
PACCMATPHBATH KaK A00aBOUHBLIR HCTOYHHK, CO3AAI0ONIMH HA NOBEPXHOCTH 3epKana
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TY K€ OCBELIeHHOCTb, 4To H Jamnouka. [losTomy cuna cseta [ 3TOro HCTOYHHKA
¢BA3aHa ¢ cuiloft ceeta samnouku fo coorHomenrem I/ f% = Ip/d?; orciona [ =

Puc. 420 Pue. 421

= Jof?/d* = 4lo. OcBemesHOCT: 9KpaHa, HAXOAALIErOCA HA PaccTOAHUMH R o1
3epKana,

! Io 321 9E, R®
1= R+71) + -7 =or’ me I = I
Heroman ocsemennocts
I Iy _ 333E,

Eﬂ == = 0,2?25‘1

@R+7)7  @R-d° 125

1069. [na noctpoeHus HeobBxoAuMO HalTH xon MwoOHIX ABYX Jyuel, HCXO-
Asux u3 Toukd S (puc. 421). Jlyu SP, orpasuBincs, HAeT BAOAL CAABHOM
ontHyeckolt ocH. YTobbl onpejenHTs HANpaBjieHHe NPOH3BAIbHOrO Jyda SK
nioclie OTPAasKeHUs OT 3epkasia, nposegeM nobounyio onThyeckyio oc CN || SK.
Yepes Touxky A nepecewenus nobounoit ocu ¢ dhokansHolt NAGCKOCTEIO AOMKHO
npoittu npogonxkenne AK orpaxennoro nyua K R. Haobpaxkenue Touku S na-
XOAMTCA B TOUKE S’ nepeceueHHA Npojo/xKeHHl oTparkennsx ayueit PD u K R.
Haobpaskenne ByaeT MHHMBIM, TAK KAK JIY4H PACXOOATCA.

1070. dns esimyknoro sepkana 1/d +1/f = —1/F, rge F' = R/2. Uexomoe
paccrosuue f = —Rd/(R + 2d) = —0,65 M. 3uak Munyc o3Ha4aer, uTo u3obpa-
JKEHHE MPeJMeTa MOMYYALTCE MHUMBIM.

1071. YunTHIBAA, YTO BHIMYKJIOE 3EDKAJIO JAET MHUMOE H300DAXKeHHe HCTOY-
HHKA, HMEEM

1 1 1 fF
3=7 ok orcioaa d F—7 18m

1072.d = fR/(R—-2f) = 30 cm.

1073. k= f/d=F/(d+ F)=1/4.

1074. H = Rh/(R + 2d) = 3 mm.

1075. [na nocTpOEHHA MOALIYEMCA JIYyHAMH, NAPALIENLHBIMH ONTHYECKONR
OCH, & TAKJ)Ke JIYYaMH, NPOAOIKEHHA KOTOPHIX MPOXOAAT Yepe3 (hoKye 3epkana
HJIH 4epe3 ero onTHveckuii uentp (pue. 422). Tak kax 1/d—1/f = -1/F, k =
=Lil=f/d=1/2,70od=(1/k—-1)f =02 m.

1076.d=(n—-1)F=(n-1)R/2=04 m.

107T7T. RA=2d =2 m.

1078. a=d + f =2d(2d + l)/(4d + 1) ~ 0,34 m.

1079. Ecnu Gnskaliinil K 3epkany KOHell KADAHIALLIA HAXOAMTCA OT HEro Ha
PACCTOAHKH di, JAJLHHH — HA PACCTOAHHH dz, TO

1 1 1 1 1 1

e i e —_——— = —— d—d =|'.'
di  h F' da f2 P
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Pemus 3ty cucremy ypaBnenuft, noyqum
po it h) £ VIl - ()@fifa - U +1f2)
201+ f1 — f2) )

3Haky MUHYC COOTBeTCTBYeT 3mauvenne F' = 12 cM, npu KOTOpOM mpeaMer me
MoxKeT GbITh deicTBHTENbHBIM, TAK KaK d < 0. [Ipu 3nake nmoc F = 120 cm.

Puc.422 Puc. 423

1080. Cuwnras, yro ayy N A NpHHALIEXKHT NYUKY Jy4ell, CXOOALMXCA K TOY-
Ke A, MOXHO NPHHATH 3TY TOYKY 3a MHMMBbIH HcTounHK (puc. 423). Touxa B
Gyaer Toraa AeficTBHTENbHBIM H3oBpAXKeHHeM HCTOUYHMKA, PaccToanne AP = d,
paccroanne BP = f. Ua dopmyant aepxana —1/d + 1/f = —1/F u yenoeus
d + f = | naxogum

d=F+%:t1|"F3+% =0,25F - (T £5).

lopurca Tonbko sHauenne d = 0,5F, Tak kak npu d = 3F ny4 nocne oTpaxenns
HE NepeceKaeT rIaBHy ONTHYECKYI0 0Ch.
1081. Ucrounuk muumblil, naobpaxenue aefictenrensHoe, rak uto B = 2F =
=2fd/(f — d) = 1,2 m (cm. 3anagy 1080).
1082. U3 dopmynst —1/d+1/f=—1/F umeemd = fF/(f+ F) =04 m.
1083. Tak Kak d — pacCTOAHHE OT JIHH3BI 40 MHHMOIO HCTOYHHKA, TO ¢op-
MYJ1a BBIMYKIOTO 3ePKANA HMEET BHJ
R | 1 2
s A i
[lepen unenom 1/ f, conepoxaimum HEH3BECTHOE PACCTOAHME OT 3EPKAJA A0 TOUYKH
nepeceyeHus Jyd4eil, cTasuMm 3nak nmoc. Eciu nocne orpaskenus OT 3epkana
NMepeceKyTCA He CAMM JNY4H, & UX MHHMBIE
NPOZOIAKEHNA, 3Havenne [ NONy4HTCA OT-
putaTensisiM. Ecin ske oTpaskeHHbIe Jyun

CXOJATCH, TO 3HAYEeHHEe [ MOJMYYHTCA MOS0~ —
wHTenbHbM. B nawesm cnyuae f = Rd /(R — dt D  ___lIzam
— 2d) = —0,28 M, T.e. oTparkeHHbIe Ny4H | -

PACXOAATCH TAaK, YTO HX NPOAOIKEHHA nepe- a R/2
CEKAaOTCA B TOUKeE, HaxonAwelca Ha paccTon- ' A
uuu f = 28 oM 3a 3epxanom. Puc. 424

1084. B ganHoM cnyuae KAK HCTOYHMK,
TaK W H30Opax<eHHe ABAAIOTCH MHHMBIMH, TIOSTOMY (OPMYJIa BLIMYKJI0r0 3epKafa
HMEeeT BHJ
1 1 fd

_?:_F; OTCIOJI&F-Em

=0,32 m.

Bl
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1085. OTpakenHbie Jy4H HAYT NYYKOM, pacxodsimMcs kak Obl 43 dokyca
3epKAfia, PACMOOMKEHHOro OT 3epkasa Ha paccrosuud F = R/2. W3 nogobus
TPEYTONbENKA creayer (puc. 424)

D a+R/2 22a+R 2ad
— = = , oTKyaa i =

d R/2 R D-d
1086. R = 2ad/(D — d) = 20 cm.

= 64 cm.

§ 30. ToHKHe JHH3BI

1087.d= fi/L=T,5m.
1088. D=1/h+1/(H — h) = 1,5 antp.
1 fF

1089. a 3 (f—F‘ +d) 8 em.

1090. Ontuueckuit tentp aunanl O NeskuT Ha nepecevenun npamoht S5
¢ rnasHolt onTuueckofi ockio. [poroas 3atem npamuie S B u S’ B, napannensHbie
OCH, CoeaMHMM TOouKy S ¢ Touxo#t B', a Touky S’ ¢ Touxoit B » npogonxum
npamele SB' u S'B o nepeceuenus ¢ ocvio. B Toukax mepeceuenus jexar
dokycsl auE3E (pHcyHKH 425-428).

Puc. 425 Puc. 426 Pue. 427

Wanoxennsiit cnocod onpeseneHus ONTHYECKOrO UEHTPA JHH3bI U ee GOKYCOoB -
OCHOBAH Ha W3BECTHOM METOJEe TIOCTPOSHHA H300parkeHHMA TOYKH C MOMOLUbLIO
Tpex Jydedl: Jy4a, NapalieabHOro rnasHoll ONTHUECKOH OCH, Jy4a, MAYILEro
4epes LEHTP JIMH3bL, W JYy4a, npoxoasiuero uepes gokyc. B cryuasax 1)-3) nunza
cobupalowas, B ciyuae 4) — paccensaiouan. B ciyuasix 1) u 4) usobpaxenne
MHHMOE, B ciydasx 2) u 3) — geficTBUTENbHOE.

; “

S

B.‘
4 * g I F
F d F a

Puc. 428 Puc. 429

1091. [Nonoxenue GOKYCOB MOXKHO HAHITH, OMYCTHE HA MIABHYIO ONTHUECKYIO
OCh MePNeHJUKYNAPbl U3 TOYEK MEPeCeHeHHA ¢ JAHHBIM JyHOM NMOGOYHBIX OMTH-
4ecKBX 0ceil, NapanneNsHBIX NAJA0LIEMY W PEJIOMIeHHOMY ay4aM (puc. 429).

1092. At &= dAl/[F(v, — va)sin o] = 8,5 mc.

1093.a=f— F= F?/(d— F) = 98 cm.
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1094. B pesyiarrare npoxoxKaeHusl Yepes MAacTHHKY CBeTOBRON Jiyd, COCTAB-
oKl ¢ onTH4eckolt ocsi0 yron a (puc. 430), cMmelaeTcA napannensHo caMoMy
cebe Ha paccToanue b, onpejenseMoe U3 ypaBHEHHNH

sina _,sin{a - A)
sinﬁ_n’ basi cosfg '

{em. zanauy 991). Touxa nepeceuenus nyueil nocsie NPOXOXKACHUA TTACTHHKH
CMECTHTCA Ha pPacCTOAHHE

sina tg o n

3aeck yuTeHo, HTO NPH BBINOIHEHHH YWIOBHSA SIN @ & tg @ BBHINOIHAETCA TAKAKE
sin # == tg 4. Ha Taxoe paccrosnune a Hago nepeasuHyThL obmexTis choToannapaTa.

Thr—

Puc. 430

1095. BosmoxkHel gea cuyyan. a) Ecnu paccroanne d oT NUH3B J0 9KpaHa
fonblle PACCTOAHHA f OT NMH3bI g0 H3ohparkenus S’ ucTOUHMKA S, IyUH NanaoT
Ha IKpaH pacxoaAwmumca nyyxom (puc. 431 a). M3 nogobua rpeyronsuuxos ABS’
u C DS’ naxoaum f /(d — f) = n. Ucnons3ya dpopmyny mumsm 1/d +1/f =1/F,
nonyuum F =nd/(2n+ 1) =4 em.

3 3
gfi\f'«_-f s/g“*-*-‘? ..... i
i/‘xﬂ L\w?’—“-"

B ;I,d—fl d B d f—d
led d f
a [
Puc.431

6) Ecnu paccrosnue d OT NMH3B 40 3KPaHa MeHbIUe PAaccToAHMA [ 1o H300-
pareHHs, JyUH NaJaloT Ha IKpaH cxoasaKrMes mydxom (puc. 431 §). Ha nogotua
TpeyronsHukos ABS' u C DS’ naxomum f/(f — d) = n. Ucnonsaya cxosa ¢op-
myny nunsw 1/d+1/f =1/F, noayuum F = nd/(2n - 1) = 6,7 oM.

1096. [NepsonauaibHoe paccTosAHKE OT AuH3LI 40 3kpana f = Fd/(d — F).
[locne Toro Kak 3KpaH NMepeMecTHIH HA DACCTOSHHE d, H30DpaXxKeHne HCTOYHUKA
pacnabinocs B Kpyraoe natio GH wnu DE (puc. 432). M3 nogobua Tpeyronsau-
ko ABC, GHC w DEC cnepyer 2r /2R = f/a, orkyna R = ar(d - F)/Fd =
=1,5cm.
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1097. M3 dopmynsl aunswl 1/d + 1/a = 1/ F u nogobua TpeyronLHUKOB
(puc. 433) umeem

2r 2R ar
T T e sy =0
d a
A R
a a
D
///T\Igl b4
- 4>
%
B
Puc, 432 Puc. 433

1098. R=dr/(d— F)=4,5cm.

1099. Yeenuuenue k = L/l = f/d, orkyma f = Ld/l =10 m.

1100. H=h(f/F - 1) =1 em.

1101. F = fi/(L+ 1) = 15,4 em.

1102. L = 1/ID* = 5 m. ¥Ynesmnenne k = 1/ID =50; A=ka =2m, B =
=kb=3m.

1103. ¥Yeenuuenue k = 1/3. Paccrosnue Meskay THHIOH 1 NpeAMETOM HY>KHO
yBenH4HThL HA Bennuuny a = (1 — k)/kD = 0,25 m.

1104. Cornacsio c¢opmyne nuuaw 1/d +1/f = 1/F, rae F — dokycHoe
paccToAHMe JMH3BE U d = F + a (no ycnosuio). Yeeanuenue k = f/d; orciona
f=kk+1)a= 36 cm.

1105. Ecmm A — amnunryga konebaunli TuH3B KM KeTouHMKA, TO A /A =
(f +d)/d m A2/A = f/d. Kpome moro, 1/d + 1/f = 1/F; orciopa d =
A1 F/A; = 0,64 m.

11086. k = 4.

1107. 1/d+1/f=1/F, k= f/d,oteysa f = (k+ 1)F = 5,1 m.

1108. 1/H+1/f=1/F, k=1/H =2,5-107%; orciona

F=HE/(1+k)=05m.

1108. B momenT Bpemenn ¢ csobogno naganonuil npeMer UMeeT CKOPOCTh

v = gt. 3a Manwit npomexkyTok speMenu At on npoftaer paccroanne Al = vAt,

u3obpaskenne npeamMeTa npoiiaer 3a To e ppems paccrosnue AL = VAf, rae
V = at. Ouesnano,

AL _f 1.1 1.
Al “d dTFTF
oTCIOaa
B are
+

1110. [Ina nocTpoenus H30GpaKeHHA KAXK/0i U3 TOYEK JOCTATOYMHO Onpeae-
.Em'rb E ].rnoﬁux ABYX Jydedt, HCXOAALIMX W3 TOYKH, NOCIE NPETOMIIEHHA B IHH3E
pHC. i

1111. HUa dopmynnt aumsut 1/d 4+ 1/f = 1/F nafigem paccrosnue f =
= Fd/(d — F) = 3F, a sarem ysenuuenne k = f/d = F/(d — F) = 2. Ilpea-
meT, u3obpaskeHHe H ONTHYECKHH LEHTP NHMH3bLI BCErda PACMONOXKEHB! HA OOHO#
npaMoli, no3ToMy H306pasKeHHe JBH)KETCA MO OKPY>KHOCTH BABOe GONbLILErc pa-



§30] Torrue Aunav 317

auyca ¢ asoe Goneieli ckopocersio: V = kv = 6 cm/c. [lpeamer ® uzobpakenne
HAXOAATCA B AHAMETPAJIBHO NPOTHEONONOMKHLIX TOMKAX OKPY’KHOCTel, TaK 4TO
CKOPOCTH v # V' HanpaesieHsl B NPOTHBOMNONOMKHbIE CTOPOHbL.

B A ~

*,
b

s

s

Puc. 434 Puc. 435

1112. Paccrosinue f o7 AMH3bBI A0 3KPAHA ONpejenseTcs no (OpMyJie JMHILI
1/d+1/f = 1/F. llpn cMewerun JIHH3bI BHA3 H300PAXKEHME TAKIKE CKOB3WT
BHU3 1o sxpany (puc. 435). U3 nogobus Tpeyronsuuxka ASB u O; S0; cnegyer,
yro L/l = (d+ f)/d; nostomy L =ld/(d — F) = 4,5 em.

1113. R/r = f/d. W3 dopmynst auuset 1/d + 1/f = D umeem f =
=(R+r)/rD.

1114. Hz ypasnenuit 1/d+ 1/f =1/F u k= f/d nallpem k= f/F - 1=
=}

1115. Jo cmewenus npeamera dy = d, fi = d u, cieposarensuo, no chopmyne
aunze F' = d/2 = 0,25 m. YBennuenne k; _f,/dl = 1. [Nocne cmemenna npea-
meta dz = d — a u ks = fa/dy. [lpumenss dopmyny munast 1/dy +1/f2=1/F,
MOJTY UM

F F d
W= —F T -F i-m ™

1116. d = F(1 + h/H). Tlo yciosuio pasmep usobpaxenus H < 36 mm;
cnegopaTensho, d = 255 oM.

1117. U3obparkenne HCUE3HET, BCAM HH OQMH JIYH, HCXOAAIMA K3 TOYKH, HE
nonaget Ha nundy (puc. 436). Torpa r/a = I /(d — a). Kpome Torg,

L_f 1.1_1. _ rFf
i@ 4T T TR A rE FTF

1118. Paccrosnue Al = vAt, Ha koTopoe nepeMecTuTes APTOMODHIE 38 Bpe-
M# IKCTIOZHUMH, H paccTosire AL, Ha KOTOpOE NEPEMECTHTCA 3a TO ¥Ke BPEMS ero
n3obparkenne, ceA3anbl cootHowennem AL /Al = f/d. Kpome toro,1/d + 1/ f =
= 1/F. o ycnosuo AL € a. Peluns ganuy0 cucremy ypasHeHnil 1 HEDABEHCTE,
nomyyrm At € a(d — F)/vF = 5 mc.

= 8 cM.

d I d

a N

A ; L
4

! P F Ly 21
F g L

~NT

Puc. 436 Puc. 437

1119. Popmyaaaunse 1/d + 1/ f = 1/ F nossonsier naitru paccroanue f, na
KOTOpOM H3obpakenne HAXOAMTCA OT JMH3bL Kasknas W3 pa3aBHHYTBIX 4acTelt
NMH3LL JeHCTBYeT KAK Lead HH3A, NMaBHAR ONTHYECKAS OCh KOTOPOH OTCTOHT OT
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HCTOYHHMEA Ha paccrosnun [, CrepoBaTenbHo, kKaxaoe 3 n300parkeHui OTCTOUT
oT 970l ocu na paccroanuu L = [ f /d (puc. 437). Wckomoe paccrosinne S = 2L +
+20=1d/(d— F)=6cm.

1120. YsenuueHuem H300pPAXKeHMA HA30BEM, KaK 0ObIYHO, OTHOlIe-
HHe nuuHeliHoro pasmepa u3obparkenus K pasmepy nupeamera: k = L/l
= (f1 — f2)/(d2 — d1). Hpumenns asaxant Gopmyny aunser: 1/dy + 1/ f
=1/Ful/da+1/fa=1/F,nonysum k = F?/[(d — F)(d2 — F)] = 4

1121. I[1peamer, pacnonosKeHHBIH BAOIE II&BHOH ONTHYeCKOH 0CH, H3obparka-
ercs ¢ ysenmyenuem k = F? [[(di — F)(dz — F)] (em. sagauy 1120). Obbekr, na-
XOAAWMACA HA PAccTORHHH dp, H3oOpaxkaeTcs ¢ ypenuvenuem ky = F£'/(d; — F),
Ha paccTosHuH d3 — ¢ yBeaudenrem ks = F/(dy — F) (em. aagaqy 1115). Cae-
AoBaTeNbHO, k = ki ka.

1122. L = k kpgl!.

1123. O6ozuauum a =d + f. Tak kak F = fd/(f+ d)u/Jd < (f +d)/2,
roa= fd/F < (f +d)*/4F = a?/4F;orciona a 2 4F. CaenosatensHo, Gmin =
=4F. l'IpHa‘de f=2F.

1124. 1/d 4+ 1/f=1/F,d + f = a; orciona

nu

2 2
a a 25+ 156 a a 25§15

Takum o6pazomM, BOIMOXKHE! [Ba PEIIEHUA:
d:[ =5F. f| =1‘25F H dz= 1,25}‘7, f2=5F.

Hannume stux asyx pewenufi cieayer u3 csoicTsa 06paTUMOCTH CBETOBbIX JIy-
yeli: HCTOMHHMK MOXKHO 3JAMEHHTL H3obpasenueM, a n30bparKeHHe — HCTOYHHKOM,
H3MEHHB HAIPABAEHHA Jy4Yell Ha NMPOTHBONMIOMKHbIE.

1125. [na nepBoro U BTOPOrO NOMOXKeHuH NHHIBI UMeeM

1 1 1 111
et by o By e oty
TtTR=F 4th HZTETF

Mo yenosuio |dz — d1| = b. M3 nepebix uetsipex ypasrennit cienyer, uro dy ¥ f1,
TaK e KaK 1 da K [, JONAHEl SBISTLCE KOPHAMM YPABHEHHA -z +aF =0,

T. €.
a {12 a -ﬂz
d1=f1=§:i: T—aF, d2=f1:§?F T—GF

(sTOpOe nonoxenue NHE3L ecTb obpaliertoe nepsoe). CnenopaTesbHO,

da+ fa =a.

2 2 2
bzzd(aT—QF), Hau F=a4ab = 0,9 M,

1126. b = va? — 4af (cm. 3anaqy 1125),

1127. ¥Ypenuyenue B nepeoM cinydae Hi/h = f1/d., Bo sropom Ha/h =
= fa/ds. [lpumensia apaxxap dopmyny aunsbl, nonyuum fi = dz u fa = dy (oM.
3anavy 1124). [Nepemuorkas nonyyennbie ypapHenua, naigem h = v H Ha .

1128. Mcnonbays asas bl HOPMYTY JHH3E H JaHHbIE O PACCTOAHUAX @ K b
{em. samaun 1124, 1125), nonyyunm

=fa=0,5(atb), da=fi=0,5(aFb).
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Pasmep u3obpakenus B nepsom cayuae [ fi/d;, Bo propom cayuae [ f; /dz, roe
[ — pasmep npeameta. OTHOILEHNe Pa3MepoB H300parkenut

o 142 _ (aFb)?
dif:  (a+b)?

1129. IlycTh NONOMKEHUA JHH3L OTCTOAT APYr OT APYra Ha PacCTOAHHH b,
Bocnone3oBasminck peluenHamy 3agad 1125 u 1128, nonyuum

(a +b)® a? - b? ayvn
— 1 F —| = = D‘
(o da  (Vh +1)

1130. b = a(vk — 1)/(vVk +1) = 0,4 m (cm. 3a8aun 1125, 1128).
1131. F = vab = 0,2 m, k = (vab + b)/(Vab +a) = /b/a = 2.
1132. F = (szz — Hidy)/(H: — Hy) = 11,3 ¢m.

1133. F = HyHab/[(H1 — H3)h] = 9 cm.

1134. [Jns 0CHOBHOIO PacroOdKeHUst

T.e. ki =0,04,ky = 25.

2 m.

1 1 1 = i o
E+?—F. d+f—ﬂ, d—k
Mocne nepeMelielns IKPAHA W THH3LI
1 1 1 _ ﬁ_
d1+f1-F' di+ fi=a+b, diukp
I._IDCJTE HQPEM&I.U,EI‘IHH IKpaHa H HCTOMHHKS
1 1 1 fa
—= — T — = b = —_— = .
dg+f~3 ak di+ fa=a+b+e, fa=f+b B kq
OTciopa

, =(1+k}Ja+b+M1—k}2+b(1+k)2 <
YT+ k)Vatb - Vall - k)2 + (L + k)2

2
RS S ST
ak

1135. Ecnu paccMaTpHBATL NMpeAMET Yepes JIymy, TO yroJl 3peHHsA o) onpe-
fesimerca U3 ypasHenus tg o1 = h/d = A/ f, rae h ¥ H — pa3mepnl npeameta
1 uzobpaxkenus. Tax Kak MHHMOE H300pakeHHe NOMXKHO JIEXKATH OT JIHH3HI,
NMPHCTABJIEHHOH BNAOTHYIO K rna3y, Ha paccTodauuk [ = dg, To H3 GopMyTBl THHIL!
1/d — 1/ f = D nomy4aeM, uro do /(1 + Ddo) < d < 1/D. Ecom paccmaTpusath
npeamer Ge3 nynsl, TO Yron 3peHHs (p; HaxoauTes no dopmye tg wa = h/dg.
Yeenuuenne aynsi k = tg iy / tg 2 = do/d; cnegosarensuo, Ddo < k < Ddg +
+1l,um2< k<l

1136. Jlyna maer yseauuenwe ky = do/F npeamera, nexauiero B ee ¢o-
kanbHoll niockoeru (em. sanauy 1135). Ecam ucnoas3osars ee B posiu 06beKTHBA
npoekuuonnoro ¢dponaps, To ona faer ysenwuenne k3 = f/d. Hsobpaxenne na
sKpaHe — geiicreurensuoe, nosromy 1/d + 1/f = 1/F. Cnepgoparensno, d =
= (k2 + 1)do/kek1 = 5,5 cm.

1137. Mo ¢opmyne muuaw 1/d - 1/f =1/ F, roe d = a — b — paccroanue
or npeameta ao aynsl, f = dq — b — paccrosEme oT qynsi A0 H3oOparkeHua.
[lpeamer, naxoasiumiics Ha paccTosHHM do, r1a3 BHOMT NOL, YTJIOM (1, KOTOpbIf
onpegenseTca W3 pasercrsa tg ¢ = h/do, roe h — pasmep npeamera. Ecin npea-

9,14,
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MET DACCMATPHBATEL HepPe3 JIyMy, TO Yol 3PEeHMst 3 Onpefensiercs no ¢opmyne
tg w2 = h/(a — b). Yeenuuenue k = tg 2/ tg 1 = do/(a — b). Cnepoparensho,
_ F(do-b) do do

a——m-i-bﬁﬁ,ﬁcm, k=m+'—§,—%14.

1138. YeenuueHHoe H306parkeHHe MOMKeT ObITh JeHCTBHTEIEHBIM HIH MHH-

MbIM: /
k+1
'&ﬂ:?—D‘ d—k, o'rcmqad—ﬁ.
Jns nonyvenus AefCTEHTENBHOMO H300PAXKEHHA NPEAMET HYXKHO MOMECTHTD Me-
pen nuu30f Ha paccrosnnu di = 0,3 M, MEAMOro — Ha paccroannH dz = 0,2 m.
1139. Kak suano u3 puc. 438, r = f tg a. Paccroaune f or anesse g0 usobpa-
>KeHHs HCTOYHUKA onpegensiercs no copmyne numsw 1/d — 1/ f =1/ F, orkyaa

.
T r-dtga
1140. Ha ypaswenntt 1/d — 1/f = 1/F n f = r/tga, e f —

paccrosnHe Mexxay JMH30H M u306pa’KeHMeM WCTOMHHKA, cneayer, 4ro d =
=rF/(2Ftga+7)=2cm.

s e |

~ 7,4 cm.

Puc. 438 Puc. 439

1141. Korna ucTouHMK HAXOAMTCA B (POKYyce MMH3bLI, HA 3KPaH NAaJaoT na-
pannenbHbIE JIydH W MATHO MMeeT paguyc, pasubifl pamuycy r Juusbl. Eenn
HCTOYMHHK YAANATE OT JIMH3bL, TO NATHO OyJeT CHauala yMeHbLUATHCHA, & 3aTeM
YBEJIHYMBATBCA 10 NPEXKHHUX pasMepos. CnefoBATENBHO, HCTOYHHK HYXKHO NpPH-
GamMkaTh K axu3ze. [lycTs Tpebyembie pasmepbl NATHO HMEET, KOIAa HCTOYHHK S
HaxoguTes na paccromuui d or aunani. [lpu srom nyuw or uzobparkenna S’
HCTOYHHKA, MPOXOASlIHe Yepe3 Kpas JHH3bl, HIYT K KpaaM NATHA N0 NpPAMBIM
aunnaM (puc. 439). Torga DouKHBI BLINONHATLCA COOTHOLIEHHA

1 1 1 Fb.- i

a=ff=d, d F°F ‘2rn 20

oTcIoaa

Fin-1)
= ———— =2 cM.
=ttt Fm-1n M
1142. [lna HaxoxaeHHus Xo4a NpoH3BanbHOro ny4ua S A nocne npeinomaesns
B nuH3e Heobxommmo HaliTh Touky B nepeceyenns noboyHol onTHueckol ocH
CB | SA ¢ doxansrolt nnockocTbio muH3bl (puc. 440). nas, pacnonoxenmniit

38 uu30M, yRUAMT MHUMOE u3oGpaetne S' B TOUKe NepeceveHHs NPOSOIMKEHHI
nyqeit OF n AB.
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1143. [lponomxHe fjaHHbe JTY4H A0 HX NepeceyeHHs, NoMy4YHM H3obpakenune
S’ caersuelica Touxu (puc. 441). Coegunum nonyveHHyo TouKy S’ ¢ ONTHYECKHM

Puec. 440 Puc. 441

uentpoM auusel 0. Jlys BF nocne npenomieHda uaeT 4epes POKYC; 3HAYHT,
A0 NpejoMieHds OH 1Ue NapajylesbHO TriaBHOH onTHueckoil ocu. [lposegem
SB || OF. Vckomas Touka S nexxuTt na nepecesennu OS' u BS.
1144. Tak kak w3obparkenue muumoe, o 1/d — 1/f = 1/F; orciopa d =
=fF/Hf+F)=02m.
1145. F = fd/(f —d) = 0,6 m.
1146. U3 dopmynst munset 1/d —1/f =1/F,rne f = F, umeem d = F /2.
1147. F = ak/(k — 1)* = 40 cm.
1148. Tlo ycnosmio a = di + d2 u dv = nda. Haobpaxxenue nepeoro ucroy-
HHKA — AeficTBHTeNbHOe, H3obparXkeHHe BToporo — mHumMoe, [lostomy
1 1 1 1 1 1
dy ¥ Hh F D, d2 fa F 2
rae fi u f2 — paceTosHua o1 NHH3BL 00 u306paxkenuii. [lo yenosmio |f1 — f2| = b.
B cnyuae, ecii n3obpakeHHe NepBoOro HCTOMHHKA HAXOQUTCA AAJbIIE OT JIMH-
3b1, yem u3obpaxkenne sroporo, T.e. fi — fa = b, nonyyaem ana da kBaapartHoe
VPABHEHHE

nD(2— Db)d3 + (Db —1)(n+1)dy — b= 0.

Pewasn ero, Haxoaum

(1= Db)(n+1)+ /(1 - Db)*n-1)+4n
2nD(2 — Db)

(oTpHUATENbHDLIA KOPEHb HE HMEeT CMBICTA).

B cayuae, ecnn fz — fi = b, dopmyny ans a nonyqmm, nomenss 3nak b Ha
obpaTuwifi. B peaynbrare Gygem umern a = 7,17 M (3nadenve a = 1,16 m e
YAOBAETBOPHET YCJIOBHMIO 3A084H, TAK KAK MPH 3TOM M300pa’keHHs HCTOYHHKOB
HAXOAATCA TO PA3HBLIE CTOPOHLL OT JIMH3HI).

1149. F = 2d(b—d)/b =9 cm.

1150. [Jna muemoro w3obpaxenuna 1/d — 1/f = D,, orkyma D) =
= (f-d)/fd = -0,3 antp (num3a paccempawomas). 3nak mmoc nepes [
B (hopMyne JIHH3bI MMOCTABJIEH MOTOMY, YTO ONTHYECKAA CHJIA JIMH3LI — BeJIMYHHA
nenspecrHas. Jna geficreuTensHoro naohparkenusa

1 1 f+d
d+f—Dzr orkyaa D; = fd
(nuu3a cobupawmas ).

1151. OrHomenue paccToAHHA OT H300parkeHHA TOUYKM H OT caMol TOYKM 40

rnasHoit onthyeckol ocu L/l = f/d. B cnyuae neficTeuTennHoro usobpaykeHus

=8m

a=(n+1)ds=(n+1)

= 0,5 anTp

21 I'A. Benapuros u ap.
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1/d+1/f=1/Fud=fF/(f—-F)=-3cm | =LF/(f — F)=-15 o™,
T, B, HA JIHH3Y NaJalOT JIy4H, KOTOpbIE B OTCYTCTBHE JIMH3bI COLLTHCD OBl B TO4KE,
oTcrosauiel or muH3L! Ha 36 ¢M u oT ocu Ba 15 em. Merounuk nonyyaerces MEMMBIM,
YTO NPOTHBOPEYUT YCNOBHIO 3a8a4n. B cnyyae mHBMoro wsobpakemua 1/d —
-1/ f=1/Fud=fF/{f+ F)=T2m,I=LF/(f+ F)=3cm.

1152. Veenuuenwre k = f/d, rae f — paccroanne 0T AME3E! 40 HI0EpasKeHN.
B ciiyuae peficreurensHoro nsobpaxenna 1/d+1/f=1/Fu F = kd;’}k +1) =
= 0 ¢m; B cory4ae MEHMOrO H3obpaxkenna 1/d - 1/f =1/Fu F =kdf(k-1)=
=11 c¢Mm.

1153. Ecnn d — paccrosiiue oT npegMeTa Jo JMH3HL, a [ — OT JAME3HL 10
n3obpaxkenns, To B ciiyuae geficTBiuTeNLHONO H3obpaxkenus

1,1 _1 H_j

B cnyyae MEMMOro n3o00paskeHns
1 1 1 B_f . auF-b

d F°F ® - d

O6e cucrembl ypasnennit gaor H = Fhib = 4 em.
1154. BepuwmHa KoHyca CIOY?CHT MHHMBLIM HCTOYHHKOM, HAXOIAIIMMCH Ha
paccroanuu d = F or auuHzsl. Cornacho dop-

-V,_..- MyJie JIHH3b
FQ'::::‘ 2rq | 2rg -——:-l- + % = l- =0
_-;-
[
. o-rxy,a,a,f:lj?f):[)‘lm.
R 1155. b = 72 /(F — f) = 12,5 cm.
[, 1156. M3 nogobupix TpeyroJsHHKOB HMEeM
2r |20 20 F (puc, 442)
_._.-""'
N r2 _a+F 1 _ ‘ F—a
Puc. 442 n F 7 om Fop

rfe & — PACCTOAHHE OT JMHIB! A0 3KPAHA. 3HAK MOAYJIS NOCTRBJEH A TOrO,
y9TOOLI Yy4ECTh BO3MOKHBIH cyuail a > F. Pewms cucremy ypasHenuil, nomyunm
rg = |2r —rz| =3 cM.

1157. rg = 2ry — r2 = 6 cM, eciIu paccTos-
HHUE OT JIMH3Bl 00 5KpaHa MeHbIue (hoKycHOro
paccTosauus; ry3 = 2ry + rz = 10 cm, ecain 310
paccToaHEe Gonbiue (hoKycHOro.

1158. [as pacceusawouielt nunant 1/d —
-1/f = -1/F = D. llo ycnoeuw 3amaum
J = d/2. CnepoBaTenpho, CBETALLAACA TOUKA
PACnONOKEeHa OT JIMH3bI HAa PacCTOAHHM d =
=F=-1/D=02m.

1159. Mo dopmyne nuuzwm 1/d - 1/f =
= —1/F = D. U3 pue. 443 Bugno, uto a =
= ftga n H+a = ftgs; orciona t.gﬁ =
=tga— Hfjd— H/D =~ 1, 1e § = 45°.

1160. Jlyy SO npoxoguT 4epe3 JHMH3Y, He
H3IMeHAs HanpaejeHns (puc. 444). 3uanne xo- Puc. 443
Ja OBYX Jy4ei, MCXOOAIIHMX 3 TOYKH S, no3- ’
ponaer HafTH ee msobpaxenwe 5. Jlyu SK nocne npenomnenms noitner no
sanpasnennio K P Tax, uTo npogosiaenue 3Toro ayya npofaer yepes Touxy S’
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1161. [Tposeaem nobounyo onTiHYeckyio ock auHast MON || AB u dokans-
HYI0 naockocTs Auaasl M F (puc. 445). [pogomxenne B M npenomnennoro nyua
BC npoxoaut yepes Touky M nepeceuenns hoxkanbHON MIOCKOCTH ¢ NOGOHHOMN

5%

Puc. 444 Puc. 445

ontuyeckoli ockio. Cnocof OCHOBAH HA TOM, YTO NAPAIIENLHEIN MYy4HOK Jy4ed,
OJMH M3 KOTOPLIX MO<HO CHHTATH COBNaJalomuM ¢ nobouHol onTrueckoll ocsio,
noc/ie NpeNoMIeHHA MAET TaK, YTO NPOJO/KEHHs Jydel coOMpaloTes B TO4YKeE,
nexxalefl Ha POKANLHON MIOCKOCTH JIHH3LL.
1162. f= Fd/(F+d)=0,1m; H = hF/(F +d) =0,02 m.
1163. [Ina apyx nonokeHuil HCTOYHHKA HMEeM
1 1 1 1 1 1

ik v - <

rae fi v fa — paccrosHHs OT JMH3BbI 10 n300parkeHuil B NepBoM M BTOPOM
enyuanx. [To ycnosmio fi — fa = [. Cucrema ypastenuit IPHBOAKT K KBALPATHOMY
YPABHEHHIO

(di — da — 1) F* — I(dy + d3)F = ldydz = 0,

pellieHHe KOTOpPOro JaeT

Udy + dg) + /U{dy — d2)[l{d1 — d3) + 4d1d2]
Wdi —ds - )

F=

=0,6m

(BTopoit KopeHs cooTBeTCTBYET cobupatowelt numze).

1164. Jlys nepeceuer rIaBHYK ONTHYECKYHD OCb B TO4YKe, oTcToAlled Ha
paccToaHHu d OT MJIOCKOCTH, B KOTOpOR Haxoaunacs auusa. Cornacto dopmyne
JIHH3bI

1 1 1 fF

— —_ = — = . e, d - -

d o 7 ol T. & F+F

1165. Touka cxomienns aydeit B OTCYTCTBHE JHH3bLI (MHHMBIH HCTOMHHK)
NEeXHT HA PACCTOAHUM d OT WKMPMBI, IPHYEM

R r R
gy (nppb<d) wm —d

Mo dopmyne nunzw —1/d + 1/b = 1/F (nepea unenom 1/F Gepem nonodxu-
TeNbHbll 3HaK, Tak Kak F' ABaAeTcAa HenspecTHEIM). Pelnas nomy4eHHyio cucTemy,
nafinem F = +rb/ R = +25 em. Bnax nuoc coorsercrayer ciyuaio b < d u yka-
3BIBAET HA TO, YTO B OTBEPCTHE HYXHO BCTABHTH COBHpAnLIYIO (NONOKHTENbHY10)
JIMH3Y, 3HAK MHHYC — PACCeMBAIONLYI0 (OTPHUATENBHYIO).

= 5.4 cm.

= 5 (npu d < b).

21
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1166. Touxka A urpaeT poik MHHMOTO HCTOYHWKA, TOYWKa B — MHHMOTO
uzobpaskenus (puc. 446), nosromy no dbopmyne auusst —1/d — 1/f = =1/ F.
Cornacno ycnosuio sagasu f +d= 1w f/d = m/n, orciona

{
Fle————————— =01m.
m/n+n/m+2 9:1.m

1167. [ = [-9F(F - L) + 3F/BF2+(F - L)2)/[4(2F - L)].

OTrpuuarent- ubili KOpeHs He uMeeT cMmbicha, noaromy { = 12 cm.

Puc. 446 Puc. 447

1168. Jlunza moxker OuiTh cobupatoweil uan paccensarowed. B ciyqae co-
Gupaoed IMH3LI BepIIHHA S CBETOBOrO KOHYCa B OTCYTCTBHE JIMH3BI (MHHMBIL
MCTOYHHK) JIE3KHT 38 3KpaHoM Ha paccroanuu dy = rl/(r — R) or oreepcrus
(puc. 447), a npu BaTHUUM JTMH3B Touka S’ cxoskaenms myuelt (u30Bpackenne)
HaxoauTcs Ha paccToanun fi = rl/(r + R). Tlo dopmyne nunsbl

1 1 1

hTRTR
orciopa Fi = rl/2R = 17,5 cm.
B cayyae paccensaowed aunss (puc. 448)

rl rl 1 I

d==ma fn=r_

Cnepoparensho, F2 = rl/2R = 17,5 cwm.
1169. OnTHyecKkan CH/IA JHMH3bI B BO3LYXE H B BOAE PABHBI COOTBETCTBEHHO

N o= (-1 (7 + 1)

J’ \\
1 (nﬂ —1) ( 1 1 );

/é—-’—-. F - Mg R_l T R
Puc. 448 orciopa F = Mo(Rer —1) _ 0,8 m.
D(ner — ms)

1170. PokycHoe paccroauue F BozmymHofi MHH3BI B CTEKIE ONDeIEseTcs

no dopmyne
1_(L_\1_1l-na
F~ \na. R naR’
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OTCHOA

F= ln_"f = =30 cm,

T. €. JIHH34 pacceHBalOLIAA.
1171. QokycHoe paccrosHue F Bo3gayiuHoON JHH3BI B CTEKJE ONpeIesseTcs

1 1 1 1
BLIPAXKEHHEM F= (— - 1) (E + E)' Mo dopmyne nun3bl

TNer

OTCHOa
f= = —8,57 oM,

T: 8. naoﬁpamenue MHHMOE,

Ri Ra(na — nq)
11T2.a=F1 = Fa = = 1,062 em.
# 1 4 (R1 + Raz){ny —1)(na — 1) s
1173. Ucnons3ya dhopMmyny AHHILIL, HMEEM
LS Y (TN T -
d f Y7 Ri ' Ra =

1 - 1 1
_? = (_ _1) (R_1+R_1) B MHIKOCTH,

_YRi+1/Ry+1/d+1/f
T = T R+ 1/Ra - 1/F

1174. B soaayxe F1/F2 = (n2 — 1)/(ny — 1) = 1,4. B sope F{/F; =
= (n2 — na)/(n1 — na) = 2,2,

1175. Ecnu 661 u3 AMH3BI Jy4 BXOAMI B BO3AYX, TO OH NpejoMianca Gsi nog
yraom 31 u Beien 6b1 M3 THH3LL HA paccToAnKK | oT ee onrrueckoft ocu (pue. 449).
Jna Takoro nyuya

2 1,66.

sna _ 1o L
sinf8;  Mer & A

Ecnu w3 JHH3B TyY BXOAUT B BOLY, TO

sina T I
sinfB2  Ter &2 Fa
C y4eToM 3TOro HAXOOHM

sin [
sin A2

1176. Mopckan 3sesna kamerca dororpady Haxogsulehcs HA PacCTOAHHN
h = H/n, or nosepxnocT Boawb, T. €. Ha paccroanun d = | + h o1 obnexTHBA
(em. sapaqy 1001). Mo dopmyne aunawm 1/d + 1/ f = 1/ F. Waobpaxenue Gyaer
MeHbLIe npeaMeta B k = d/ f pa3; cnegoparensho, k = (Ins + H)/Fn—-1=19.

1177. U3 kaxxao#t Touku pororpadupyemoro npeamera 06bekTs oToanna-
PaTa BHJEH MOJ TeleCHHIM yriaoM Aw = S{d’, rae d — paccTOAHWE OT NMpeaMeTa
a0 ofeekTnsa, S — nnowaas NuH3b obbexTHBa. Ceeropoil NOTOK OT npeaMmeTa,

=ny, u Fa=n,M=133cm.
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NPOHHKAIIAH BHYTPB (hOTOATIMAPATA, MPONOPLMOHANIEH MIOWALN TpeaMeTa S
H TeflecHoMy yray Aw:

¢ = bS5,Aw,

rae b — koaddHUMEHT NPONOPLUOHANLHOCTH. DTOT CBETOBON NMOTOK pacnpeje-
NAeTCA No aowaay uaobpaxkennsa S;. [Toaro-
MY OCBEIIEHHOCTE H30DparkeHHn

o & _bSi8w _bSiS _bS
TS 5 Sad®

rae f — paccrosHue oT 06BeKTHBA A0 WM300-
pakenus, a S,/ 82 = 42/ f.

IMpu cvemee rpasiopsl H3ganeka f = F,
NPH ChEMKE JKe JeTAJeH B HATYPAJILHYIO Be-
nuuuny fz = 2F. [lostomy ornomense ocpe-

LEeHHOCTEH
E. _bS/fi _f1 A4F
_—= 3 = =5 Br m—— 4,
Puc. 449 E;  bS/fs fi F

T. €. OCBEILIEHHOCTE YMeHbInHack B 4 pa3za. Bo cronbko e pa3 ciieayer yBeauuuTh
BpEMA IKCNOZNULHH, YTOOE! HHTEHCHBHOCTL NovepHents (oToONNACTHHKY OCTAJIach
npe;Heit.

§ 31. OnTH4yecKkHe CHCTEMEI

1178. Jlyuu, npowefiume MEpBYId JHH3Y, AanyT Hiobpamenue (peitcTem-
TENLHOE WM MHHUMOE) HAa PACCTOSHMM ¢ OT JIHH3bI, onpejeiseMom dopmyJoil
qaunsel 1/d + 1/a = +1/Fy, 970 HaolparkeHue Cly»KHT HCTOYHHKOM (MHMMBIM
uam mefteTBHTENLHBIM) AnA Bropol aumabl, T.e. *l/a + 1/f = £1/F;. [an
samenmiomei munsst 1/d + 1/ f = D. Cpaprusas CymMmy nepshix gsyx ypasHenuh
¢ TpersuM, yoexxaaemes, uro D = =1/ F1 £ 1/ Fy, 1. €. onTH4ecKas CHIA JTHH3bI,
saMensioliell cHeTeMy NPUCTABIEHHBIX BIJIOTHYIO JIMH3, PaBHA anrebpanueckod
CYMME ONTHYECKHX CHJl 3THX JIMH3.

Tak xaK paccy>KAeHHE MOXKHO NPOAOJIYKHTh, NPUCTABHE K ABYXJHH30BOH CH-
CTeMe TPeTHIO JIMHAY, TO Pe3yNbTAT MOXKeT BbITh PACpOCTpaHeH Ha ftiofoe YHCI0
nuH3. DopMyna 3epKANA N0 CTPYKTYPE M CMBICTY COBNALAET ¢ (DOPMYJION JIHH3LI,
TIOSTOMY GHEJIAHHBIN BLIBOJA KACAETCA TAKIKE ONTHYUECKHX CHCTEM, COMEPIKALIHX
36pKaJa (NpHCTABJEHHbIE BILIOTHYIO K JMH3e). 34eCh, 0,4HaK0, HeoGX0AHMO HMETh
B BHAY, YTO OTPA3HBILNCH OT 3EPKAJA, Jy4 elle pa3 MOXeT npoiTH Yepes JIHH3Y,
KOTOPYIO B 9TOM Cy9ae MPHAETCH YUHTHIBATD JBAMK DL

1179 F © Fuﬁ“ = 2

1130.1f“+ 1/f=1/F+1/Fyunu Fa =df Fr /(fF1 +dFy — df) = 54 em
(cm. aamauy 1178).

1181. Cucrema paBHOCHJILHA [ABYM C/IOMEHHBIM BMmecre junzam ¢ D, =
=1/F = (n - 1)/ A xaxaas, NOCKONLKY ONTHYECKAS CHIIA [LUIOCKOIO 3€pKana
pasHa Hymo. OnTHueckas cuna cuctemm D = 2D, = 2(n - 1)/R.

1182. f = Fd/(2d - F) =9 cm.

1183. /lns nenocepebpennolt aunant —1,/d + 1/ f; = —1/ F. locepefipennyio
NMUH3IY MOXKHO PACCMATPHBATH KAK CHCTEMY, COCTOAIIYIO M3 TPeX CJOMEHHbIX
BMeCTe KOMNOHeHTOB: paccenBaromieit munan ¢ D1 = —1/F, BoinyKI0r0 3eprana
¢ D3 = —2/R u paccemsasomeit munzn ¢ Dy = —1/F. Onruueckas cuna takoii
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cucremsl D = Dy + Do + Dy = -2(1/R + 1/F), nosromy ana nocepebpen-
HOMH JTMH3BI
.1 2f1Rd
ey - = D: P — i ; £
Ft =D o e TR

1184. Paccrosuue ot cseraumeiica TouKH 40 BOTHYTOro 3epkana a = A — d.
Paccroanue f or n3o6paxenus TOMKH 40 BOTHYTOrO 3€PKANA ONPEeJeNAeTcA Nno
dopmyane seprana 1/a + 1/ f = 2/ R. Paccroanue or 3Toro naobpaskenns 4o nioc-
koro 3epkana b = R — f. Bropoe uaobpaxkenue, JaBaeMoe MJIOCKHM IEDKATIOM,
HAXOAMTCA MO APYTYIO CTOPOHY IJIOCKOrO 3EPKAJIA HA TAKOM »Ke DACCTORHHH b oT
sero. CreaosarebHO, PACCTOAHNE OT BTOPOrO HM300PAXKeHHA JO BOTHYTOrO 3ep-
kanac = R+ b;orcioga ¢ = R(R — 3d) /(R — 2d) = 30 cm. Bropoe n3obpaxenue
HAXOAMTCH B (POKYCE BOTHYTOrO 3EpKANA.

1185. B orcyTersre 3epkasia nuusa Aana Bu u3obparkenne HCTOHHHKA B TOY-
ke C Ha paccrosnun f, onpegensemom u3 dopmyast Jursw 1/d+1/f = 1/F
(puc. 450). Y1o6bl JyuH nocie BTOPHYHOrO

npeJIoOMJIEHHA B JIHH3E LLJIH I'IH.]JBJ'IJ'IEJII:HHM A
My4KOM, OHH [JOJKHBI NOC/TE OTPAXKEHHA OT / D
3epKana coltTuck B pokyce MHHILL Tpeyrons- d C

uuku ABC u DEF nogobum. Cnegosarens- -II“'/—
wo, [/L = E/f; orciopa |l = (d — F)L/d. Tlo _._..\\ =
yenosuio 3aaun d = 2F, nosromy [ = L/2. \ E
1186. Haobpaykenne CBeuw, Jgapaemoe I
auH30fi, OTCTOMT OT Hee Ha paccrosHuu f,
a or 3epkasia — Ha paccrosHus b + f. Haob- Puc. 450
PAIKEHHE B NJIOCKOM 3ePKAJIe PACIOVIOXKEHO NO
ApPYTYIO CTOPOHY 3€DKANS HB TOM e PaccTosHuu b+ f M, cienoeaTenbHO, Ha
paccrosumn 2b + f or annast Jlyum, kak 6s1 nCxoAALME U3 ITOTO H3OOpaXKEHUA,
CHOBA MPOXOAAT 4Yepe3 JInH3Y, 00pasya w3obpaskeHHe HAa PacCTOSHHHM G OT Hee.
Wz dopmyn nun3sl ans nepeoro u sroporo w3obpasenwitt 1/d —1/f = 1/F
nl/(26+ f)+1/a=1/F nmeem

a=F el o el = 60 cm.

= " 2b(d- F) + F(F - 2d)

1187. Paccroauune f or NMH3EL 10 H300paKeHHA HCTOYHHKA, JABAEMOr0 JHH-
30fi, onpeaensiercst popmynoft 1/d — 1/ f = —1/F. 310 n3obpaxenue pacnono-
»KeHo Ha paccrosuuu f + b nepep sepkanom. Muumoe uzobpaskenue B 3epkaje
HAXOAWTCA HA TAKOM »ké PAcCTOAHMH 3a 3epkasiom. Obiuee paccTontue

Fd
a=(d+b)+(f+b)=d+2b+ T+d = 31 cm.

1188. Tak kak f < F3, TO Ha 3epKaJ0 najgaeT cxogauuiica myyoxk. Ecnu 6u
3epKaia He ObL10, TO BePIIHHA 3TOr0 My4ka HAXOAMIack Dbl Ha paccroauuu ) ot
JIMH3LI M, CIIEA0BATeNbLHO, Ha paccTrosiiuk d = F — b or sepkana (puc. 451). Ilo
copmyne sepkana —1/d + 1/ f = 1/ F2; orciona

[
Fa— f
1189. Jlyun cobupawoTces B TOYKe, IJl€ PACNIONOXKEH HCTOMHHK, eciw noboft

Ny4, HAYLHA OT HCTOYHHWKA, MpoiJA Yepe3 JHH3Y, NAJAET HA 3EPKAJIO MO ero
PaJHyCy ¥ OTPAXKAETCA MO TOMY XKe HanpasieHHio, JIMH34 NPH 3TOM MOXKeT ObITh

Fir=b+ = 40 cm.
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pacnonoxeHa Guamxke (puc. 452) wan ganbuie (puc. 453) onTuyeckoro uexdrpa C
3epKaa;
ol b+f=R wnm l+l*—l
d f F' - d [ F
O6e cucremel ypasuenu#t pator d = F(R — b)/(F + R — b). Tak kak no
YCIOBHIO MCTOYHHK AeliCTBHTENbHDIN, TO pelieHHe BOIMOXKHO JHMIUL B CIy4asx
h< Rumu F+ R < b.

b—f=F.

A
Puc. 451 Puc. 452 Puc. 453

Jlyyu cobupaioTes B TOYKe, IJe PACNOIOMWEH HCTOMHHK, TalKe B Cyy4ae,
£CJTH MCTOYHHMK HAXOAMTCH HA TAKOM DACCTOSAHMHM b OT NMHH3LL, YTO NHHIA AaeT
ero uzobparkenne Ha camom 3epkane (puc. 454), .e. 1/d + 1/b = 1/ F, orkyna
d= Fbj/(b— F). B srom ciysae neobxogu-
MO, 4T0OBI BBIMOMHANOCH yoaosue b > F,

1190. Jannyw 3anavy, kak o0BbI4HO,
MOMCHO I'Ip'BAC"IaBHTb KAK COBOKYIMHOCTh Tpex
3a/1a4, PACCMATPHBAEMbIX OC/IEJ0BATENLHO.

1) HcTouHMK pacnoiodkeH Ha pPaccTos-
HuH d OT AMH3LL ¢ (DOKYCHLIM PACCTOSHH-
em F'. Ero uzobparkenne HAXOONTCA Ha Pac-

Puc. 454 cToaAnky fi OT AuH3H (puc. 455).
2) Do m3obparkenne HAXOAWTCA HA pac-
CTOAHMH da OT 3EPKAJIA M CIYHKHT 1S Hero JeficTBUTeNbHBIM MCTOYHHKOM. Ero
u300parKeHne NONyHaeTcs HA paccTonnuK f3 or seprana (pue. 456).

Puc. 455 Puc. 456

3) Tax Kak Jiy4H MO BLIXOAE H3 JIMH3BI MAYT [Y4YKOM, MapajielbHbIM [IaB-
HOM onTHYeckoil ocu, To M300paxKenue, JaBAEMOe 3EPKAJIOM, CIYXKHT A1 JHH3bI
ZeilcTBATEIbHLIM HCTOYHMKOM, PACTIOJIOXKEHHLIM OT Hee HA DACCTOAHHH d3 = F
(puc. 457). CneporaTenso,

1 1 1 1 2

1
TR TR
di=fi+b, ds=fr+b=F;

_2(Fd+ Fb— bd)(F —b)
2(Fd+ Fb— bd) — F*

= 21 cm.
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1191. Paccrosuue fi oT AMH3LI A0 NEPBOro H306parkeHns HCTOYHHKA, JaBae-
Moro aun3ol, yaosnersopser ypasuenwio 1/d + 1/f; = 1/F. Bropoe u3obpa-
JKeHHe MOMY4aeTca B 3ePKAJie HA PAcCTOsAHHM fp OT
uero, npuuem 1/(a — f1) — 1/f = =2/R. Hako- —
Hell, JUTA TPeTLEro n300paskeHns, 1apaeMoro THHIOH, \\
OOVIKHO BRINOUIBATLCS yesosue 1/(a + fa) +1/d = ds
= 1/F. Vi3 neproro ypaBHEHHA CHCTEMBI HAXOIHM
fi = Fd/(d — F). Uckniouus f2 u3 asyx apyrux
YPaBHEHHH, NONYyYHM KBALPATHOE YDABHEHHE hd

Puc. 457

a’ = (2fi — Rla+ ff — Rfi =0;

orcrogaa = f — R/2+ R/2. Pewenne co 3naxom munyc gaera = Fd/(d — F) —
— R = 6 cm. B 3TOM cityyae JTy4H, BbIILEJIIHE H3 JJHHILL, NAJAIOT Ha NOBEPXHOCTh
3EDKAJIA NEPNEeHAHKYIAPHO, & NepBoe H30DparkeHne, JaBAeMOe JIHH30M, CoBnajaeT
€ ONTHYECKHM LEHTPOM 3epkana. Peuienue co 3HAKOM IIIIOC NPHBOAMT K Gonbre-
My 3Hadenmio: @ = f; = 30 cm. [Ipu sTom u3obparkenHe CoBNajaeT ¢ MOMIOCOM
3epKATIA.

1192. W3 yoioBua 3aja4M cienyer, 4To nepeaHuil (oxyc JMHIBI coBnanaer
¢ ONMTHYECKHM LEHTPOM 3€PKAJA, T.€. JIHH3A PACTIONIONKEHA OT 3EPKATa HA pac-
croanun R — Fy, rae R = 2F; — paanyc KpMBH3HBI 3epkaqa (puc. 458, sepxusas
nonosunra). Maobpasxerne nerounnka, nomeuensoro B (hokyce paccepawomiet
JIHH3BI, NONy4YaeTca Ha paccrosHuu fi = Fy /2 or nunswet (om. sagagy 1146) u,
clleJoBaTeNbHO, HA paccTosHuu dy = R — F /2 or sepkana. 310 u3obpaxenue
CIYKHT AEHCTBHTENbHBIM HCTOYHHKOM [JIA 3ePKANA. nCrBTDM}’, ecnu 6b1 JIY4YH HE
NPOXCAKAM BTOpPOf pa3 4epes AHH3Y, To oHK cobupanuck 6ui Ha paccrosnun f; or
3ePKaNa, NpHYeM

Eore Dk s R ISR TG R
dy fﬂ_F‘i‘.‘ “_du—Fz_ 2F -y

OTpasuBIIMACE OT 3epKANa CXOAALMIACA NYYOK BCTpPEYAeT JIKH3Y, PACTOJIOMKEH-
Hywo Ha paccrosnnn dy = fo — (R — Fy) = (3F; — F1)F1/(2F; — F1) or Touku
CXOMCAEHHA Nyyel; moaTomy

1 1 1 Fids __(3F2—F1}F'}

B i P Ll um Fa

[To yenoewo 3aaauu Fy < 2F2, nostomy f3 < 0. DTO 3HAYMT, 4TO, BHIAS H3
JHH3BL, JTYYH PACXOOATCA, & TOUKH MEPEeCeueHHA HX NMPOOONXKEHHH IEXKAT MeXKIy
3epkanom u aun3ofl Ha paccroanun f3 = —(3Fy — F1)Fy/F3 = —32 cm or aun3s
(pHe. 458, HHAKHAA TOJIOBHHA).

Puc. 459
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1193. Hna nepsoro yuactka umeem 1/(R —a)+ 1/(2R + ¢) = 2/R, pa=
sroporo —1/c+ 1/(R — b) = 2/R (puc. 459); orciona a = Rb/(4b — R). Ecin
b=3R/4,T0a =3R/8;ecom b = —3R/4, T0 a = 3R/16.

1194. Ecau 661 3aaHed nuH3bI He Gbin10, H300parkenne yAANeHHON0 HCTOYHAKA
nonysnaock Obi B OKANLHON MJIOCKOCTH nepenpeil JMH3bL 3T0 H300parkenue
CNYXHT A8 3aaHed NMHIBL MHHMBLIM HCTOYHMKOM. PacyeTsl JalorT B Mepsom
H BTODOM CITYHasx

ps 1—bD, W) - 1-bD, _T
“D,+D;-bD:D; 13 T Di+D:—bDiD: 65

1195, Ha paccroanun d = (b — F3) F /(b — F3 — F1) = 30 cm nepen nepeoii
nvH30l Wwau Ha paccrosuuu d = (b — F1)Fa/(b — 1 — Fa) = 60 cm 3a Bropoil
JMH30M.

1196. HUaobparkenne, coagasaemoe nepeoil MHH30H, HAXOAWTCA HA PACCTOs-
aul f1 or Hee n umeer Boicoty Ly = kil = (f1/d1)l, rne ki — yBenmuenne
nepsofi AHE3LL. OT BrOpoll JHMH3LI OHO HAXOAWMTCA HA paccTodAHHH do = [ — fy
M B CBOIO OYepelb CIYXKHT AnA Hee npegMmeroM. MaoGpaskermwe, cozgasaemoe
BTOPOH JIMH30M, HAXOAHMTCA HA PacCTOAHMM fz OT Hee W umeer BuicoTy L =
= ko L1 = (fa/d2) L1, rae ks — ypenuuenue propoit nuusst. [lo dopmyne aun3b

1 1 1 1 1 1
e e S e, e R ey
di  fp R Od o fs By
Pewaa nomyuennyo CHCTeMY ypaBHeHWH, Haitaem
b{d1 — F1) — Fidy B
(b= Fa2)(d1 = F1) = F1dy '
FiFal
Ly = kikal = =32 cm.
PTRRT R - ) —di Ry
1197. a = [b*F — (d + b)(b— 2F)d]/[F(2d — F) — b(d — F)] = 0,35 m (cm.
sagaqy 1196).
1198. Cm. 3amayy 1196 u nocrpoenme Ha puc. 462. Muumoe n3aobparkenue
HAXOOHTCA OT BTOPO# IHMH3LI HA PACCTOAHHH

bd — bEy — F1d
(Fa —6)(d - F1) + Fid

Yeemuuenne k = Py Fy /[(F2 — b)(d — ) + Fad] = 20.

1199, lpeameT pacnonoxer B (OKATBHON MJIOCKOCTH NEPBO MHALL; CNea0-
BATEJILHO, JIy4H, HAYIIHe OT Kakofi-a1ubo TOUKH NpeaMeTa, MO BLIXOLE U3 JIHH3bI
HAYT NapafenbHbivM nyykom. Eciau sropas AMH3a PacnoNoyKeHa Ha PAcCTOAHHH
b < (ay + a2)F1/2l or nepsBoli samH3bIL,
rje 41 M a3 — AMAMETPLI JIHH3, TO KaXAbIi
H3 TAKHX MapalJIeIbHBIX MY4YKOB, Npoiis
ETOPYIO THH3Y, DACT H30DDaXkenne cOOTRET-
CTBYIOWEH TOYKH npeaMeTa B (HOKATLHOMN
MJAOCKOCTH BTOPOH aHH3L!L. M3 nogobna Tpe-
YyrONLHUKOB cieayet (puc. 460), uto

3 &
Puc. 460 F'l - Fg’
IMocTpoenne xoaa ay4qedl scho W3 puc. 460. Maobpamenne nomyuaerca geii-

eTBHTENbHBIM. Ero MoxHO HabmogaTb, NMOMECTHB rila3d HA COOTBETCTBYIOLLEM
paccTOAHHK 3a BTOPOH NUH3OMH.

f2=F2

f=Fa =18 m.
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_ bd- F)— Fd _

1200. f=F G F)d~F) - Fd 3 m (cm. 3agauy 1196).

1201. 3agHas GoOKANbHAA MJIOCKOCTE NEPBOH JTHH3E! AWIXKHA COBNAJATE ¢ e-
peauet oKANEHON MJIOCKOCTBIO BTOPOi /HH3LL, nostoMy b= Fy + Fy = 8 em.
3anayy MOXKHO PEWIHTh TaKXKe, NpHMeHAa obwyio dopmyny (cm. sagaqy 1194),
B KOTOPOH HYXXHO NOJIOXKUTE f — 00,

1202. Ecan nepsoit Ha nyTH My4ka ¢TOMT cOOHpaKLIAnA JHH3a, TO 418 JOCTH-
KEHHA JKEJIJAEMOr0 Pe3yJIBTATA AONKHbBI COBNAJATH 3aHHe (DOKANBLHLIE MIOCKO-
cri auH3. Ecau 2ke nepeoil cTOMT pacceMBaloinas JHH3a, TO AOVIPKHLI COBNANATH
nepeaine oxkansHele naockocTH. Mekomoe paccrosnue b = Fy — Fa = 4 om
B oboux cnyqasx. [Ipu F{', < Fg}aa,qaqa HE HMEET pelleHus.

Fa(b - Fy

1203. a = F3 Pt F

1204. 3a paccenBalolleil TNHION MyHOK TAK>Ke Napajiesbhsii. Ero anamerp
Dz = D] FQ{F‘L = 4 MM.

1205. Herounkk criegyer nomecTHTs nepes cobupalonieft 1MH30f Ha TAKOM
paccroaHuH d, 4Tobsl cxogamHiics my4oK ay4eli MMes BEPIIHHY B TOYKE Ha 3aaHef

hoKANLHOMN NJIOCKOCTH PACCEHBAIOLILEN JIMH3LL.
4 Mo dpopmyne nunswt 1/d +1/(F +b) =1/F,

N
f é orkyga d = F(F + b)/b = 36 cm.
Eg HOCTP()eHHe xoja ny4eil ACHO U3 puc. 461,
R
“

= 6 cM.

Toura 5' saensercs waoSpaskeHHMEM HCTOYHM-

5! Ka S B cobupaoiieit 1uH3e, H, Cle10BATEILHO,
Hepea Hee AONTKHEI TPOATH NPOAONHKEHNS BCEX

7"'""-_:\ Jay4qeil, spiuequMX #3 cobnpaiowedl JHH3LL
Cpemgn stux Jyuell BeibMpaeMm TOT, KOTODIH

Puc. 461 HJET Yepe3 ONTHYeCKHH LeHTp pacceHBaloLeil

- saun3bl. Bee ocranbabie nyun, npowesmne cu-
cremMy, OyayT napadjenbHbl BRIOPaHHOMY.

1206. Ecnu ceeTswascs TOYKA PACNO/IOXKEHA CO CTOPOHLI PacceHBaoliedt
auu3sel, To d = Fy (F2 — b)/(Fy — Fa + b) = 8 cm (Touka pacnonoxena s doxyce
pacceuBaiolie JHu3e). Ecin cBeTALascs TOUKA PACTIONOKEHA CO CTOPOHBI CO-
Ouparowen THH3bI, TO

BFi+b)+ L Fy
Fi—Fa+ b

1207.a=d+ b+ Fa(Fid + Fib + bd)/[(b— F3)(d + Fi) + Fid] = 68 em.

1208. B Teneckone ¢oKanbHaA MIOCKOCTE 00LEKTHBA COBNAIAET ¢ DOKATIL-
HO# nuocKoCcThIo okyasapa. [lapannenshbift ny4oxk nyweii, npofigsa Takyio cucremy
JIMH3, OCTAETCA NAapasiie/ibHbiM, HO COCTABISAET YyKe APYroi yron ¢ oceio TpyGml.
Yrnosoe ymenuuenue teneckona k = Fy /Fy. Otpesok anuuel | Mexay AByms
APKHMH HCTOYHHKAMM IVIa3 BUAKT nod yraom ¢ = [ /r. [lo yenosuio sagaun kyp >
=2 wo; orcwoga | = worFa/ Fy = 475 m.

1209. Qnuna tpybu Fannnes [ = Fy — Fy, ee ysenuuenne &k = Fy [ Fa. Tlo
yeiioBHio 3aaa4n Tpyba Kennepa nosskHa nMets Ty ke annny | = F3 4+ Fy u Takoe
e ysennuenre k = Fy [/ Fy. Cneposarensno,

Fj = F Fi - F;
Fa F'-l 3 Fn Fl 36 CM, F.g F] s Fg

1210. Oxynap nepeasrHyny Ha pacctosnue a = F2/(d — F) = 1 cm pansuie
ot 06LeKTHBA.

1211. Ecan Tpyba npegnasiadeda A HabDNOAeHMA YAEHHLIX [PEJMETOB,
TO DPACCTOAHHE MeXTY ee of/beKTHBOM W oKynapom d = Fy + Fi, a ysenuuenue
Tpybul k = Fy/F3, nae Fy w Fa — dhokycennie paccrosnns o6beKTHBa H OKYISDa.

d= =41 cm

F2=4CM.
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[lpu nanuumn quadparms 1/d + 1/f = 1/ F,, npuuem f/d = L/l; orciona &k =
=1/L

1212. | = doFa /(do + Fa) + F1 = 31l em,

1213. Yeenuuenne mukpockona ky = kaks, obvextuea k3 = f/d. Ilo dop-
myne nunaw 1/d+ 1/f =1/ F; orciopa F' = kyd/ky + kz. Tak kak d 2 5 cm, O
F =45 em.

1214. VYeenuuenwe muxpockona k = kiko; ana ofvextusa ki = fi/d;
(pue. 462), npuuem di ® fi cBasaHm cooTmowenwem 1l/dy +1/fi = 1/F).
Yeeauuenne okynspa ko = do/de, rae dp =
= [ — f1. Pewus cucremy naATH ypaBHeHWi,
HAlTeM

k _do+kFy
AT =

Ha puc. 462 naobpacken ony4ali, xorga
OKOHYATE/IbHOE H300parkeHHe HAXOAHTCH HA
paccrosHud do OT AMH3bLL OKynapa. Ecan xe
rna3s HabJIJATENs HE HANPSAAKEeH, TO 3 OKYJA-
P& OJIAKHBI BBIXOAUTL NAPAJJIebHBE NY4KH
ayuyeit, B srom ciyuae dy = | — f1 = F, roe
Fa — rokycuoe paccrosnue okynapa. Cucre-

= 8.

Puc. 462 mMa ypaBHeHWll W DeIleHHE OCTRIOTCA TpeXK-
HHMH.
1215. Ypenuuenue muxpockona k = ddo/Fy F2, 6 = | = Fy = F2 — panna
TyByca MHKPOCKONa; 0TCHo4a
(I - Fa)do
Fi=>—"""=12 ;
1= TRt do 2,45 mm

1216. Jnsa menanpsxennoro rnaza k = (I — 1 — Fo)do/ F1 F2 = 95 (em.
sagaqy 1215). Ecnu ke okoHuaTebHOe H300parkeHHe PAcCMATPHBAETCA C pac-
CTOAHHA HAMJTYILEr0 3peHHA, TO
{—F1—Fa)do - F)

120.

e TR

1217. ¥pemuuenne obnwexrusa ky = Fy /(d — Fy) (oM. 3agauy 1115), okysspa
k2 = do/ Fa (cm. 3agaqy 1136). YeeanueHHe MUKPOCKONA H PACCTOSHHE MEHLY
O0’bEKTHBOM H OKYNAPOM

Fidg
(d— F1)F2

p

id
d—- P

k=kiks= =150, [= + Fy = 14,3 cm.
Ecnm rnas paccmarpusaer n3obpakenwe ¢ paccrosuus do, To ks = do/Fa + 1

(cm. sagaqy 1135) n

Fi(do + Fa) Fid F — 2dg
- + F3) - ~ 13,47 cm.
(d-FP)F d-F, " di+Fa o

1218, M3 dopmyae nunast 1/ (a + F1) + 1/ f1 = 1/ F} nony4aem ysenuqenue
obwekteBa ki = fi/(a + F1) = F1 /a; yeennuenne okynapa ka = do/ Fa. Vee-
nuuenue Mukpockona k = ki ks = Fido/aFy = 200; gnuna tybyca mukpockona
S=h-Fi=Fl/a=8em.

1219. Yeenuuenue mukpockona k = Fydo/(d — F1)Fz (cm. 3agauay 1217);
orciopa Fy = kdFy /(dg + kF2) = 6 mm.

1220. Fy = ddp/kF; = 0,5 em.

k =180, |
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1221. Korpa uenosex paccmatrpusaer 663 OUKOB MpeaMeT, Haxoaauimiics
Ha paccrosHuH BmkHero npeAena AKKOMOJALMM, TO MBIMILBL, YNPABIAICLIHE
npenoMmasiomed cueremoil ero rnaaa, Hanbonee Hanpspkensl. Ecan 3amennTs rinas
IKBHBAJIEHTHON NMH30M ¢ 3KkpaHOM (ceTuaTkoil), TO MOXKHO BOCHIOJILIOBATLCS
obrrunoit dopmynolt 1/dy + 1/ fi = Dy, rae fi — riybuna rnaaa (paccrosnue or
JIMH3BI, KOTOPOH MOYKHO 3aMEHUTL MPENOMIAIOLLYIO CHCTEMY [71a3a, A0 3KPAHa).
PaccmaTpusas TOT Ke npeaMeT B OYKAX, YeJ0BeK N0 YCNOBHIO 3a]a4H HATIDATAeT
MBIILITE [VIA34 TAK e, KAK U (63 OYKOB, TIOITOMY

1

+ T DI =+ Dolur.-
fl

Otcrona GmokHuit Mpeen AKKOMOJAUMM [/183a, BOODYXKEHHOro OMKaMmu, di =
= d[/l:l + Dam{dl} = 0.33 M.

AHaNOrM4HO ANA JANbHENO npejena akkoMojauuH (Hanbonbwee paccnabie-
Hue MLy raasa) uMeem 1/ds + 1/ fa = Da, rae riyGusa rnasa fz u onTHueckas
cuia rnasza Da, soobue rosopsa, apyrue. Ecin »ke uenopek HaJeHeT OYKH, TO

1 1

'—D +Dntn(|
& h o *
0TCI0AA
P AT MR
* T 14 Dowxda
1222. Ina rnasa 663 OYKOR M C OMKAMM HMEeM
1 1 1
-4+—==D = D 4+ Dgux;
" f " do f

o1cioda Dowx = 1/do — 1/d = =1 anTp. [lpoing Takyo JHH3Y, Ty4H OT NpeaAMeTa,
HAXOAALLEroca Ha paccToauuy do = 25 OM, HAYT TAK, KaK ecnu Gbl OHM HCXOINUIH
H3 TOYEK, OTCTOALIMX Ha paccroaHnn d = 20 cm 0T rnasa.

1223. Ilo ycnoeuio 3agauu d = 20 ¢m ecrb panbuill npeges AKKOMOSALHH
rnasza. [lostoMy B oukax Jo/mKHBI OHTH HCNONL30BAHLI TAKHE JIMH3bL, Npolias
KOTOPbIE NapajulejibHble NyYH 0T GecKoHeYHO YIANeHHBLIX MPeIMETOB KAZANHCH
6Bl UCXOOAMIMMH M3 TOYEK, OTCTOAUMX Ha paccroanMH d = 20 eMm. Tak kak 3TH
TOYKM JIEFKAT B (DOKANLHON MIOCKOCTH MHH3bI, TO ONTHYECKAS CHIA OYKOB Doy =
=-1/d = -5 anrp.

1224. UcnpapuTs HEeZOCTATKH 3PEHHA AAHHOTO YEJIOBEKA — 3HAYHT MpONH-
CATH EMY TAKHe OuKH, 4T0Dbl, HAJEB MX, OH MO YeTKO BUAETh NpPEeAMEeThl, HaX0-
AsillHecs Ha paccTosaHMM He Banxe do = 25 cm, a Taroke DecKoHe4YHO yaaleHHbIe
npeamerol. Jdns poctuxkenns nepsofl Lenu YeoBeKky Hy»KHbl OUKH ¢ ONTHYecKoH
cunolt Dy = 1/do — 1/dy = —6 anrp (em. zapnauy 1222). Torpa saubonee
JaNeKHe NpeJMeThl, KOTOPbIE CMOXKET BHAETL STOT HesoBeK, DyIyT HaxXoauTbCs
or Hero Ha paccroanuu dy = da/(1 + Diouwda) = 0,5 m (cM. 3apmauy 1221).
CnenosaTensHo, AMA TOro 4TOGL BHAETE OYEHE JATEKHE NMPEIMEeTLI, YENOBEKY
HY2KHEI ApYTHe O4KH ¢ onTHueckol cunoft Dacux = —1/da = —8 AnTp (eM. 3anauy
1223). Hanes ux, oH CMOXET BHAEThL NpeAMeThl, HaXoAsAluwmeca He Bmwxe dy =
== dl;“':l + D_'!uln(dl) - 0;5 M.

Takum obpasom, AaHHbIN YeNOBeK JOMKEH MMeTh OYKH ¢ ONTHYecKol cHoif
Diowx = —6 antp (sans 6auau») u ouxu ¢ onTudeckoil cuioft Dagux = —8 anmp
(«ans ganms ) WM OYKH, y KOTOPBIX HHXKHAA YACTh KAXKAOTO CTEKIa H3MOTOB/EHA
B BH/IE JIMH3LI ¢ onTHYecKoH cHNOH Doy, & BEPXHAS — B BHJE JIMH3BI C ONTHYE-
ckoft eunoft Dagyy (Tak nasuinaemble «BUQOKANLHBIES OYKH).

1225. Do = % - % = 2,75 antp (cm. 3anavy 1222).
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I‘panwmm-lonna.ﬂ NOCTOAHHARA

Yckopenne ¢poGOAHOTNO NageHUA
(nopmansioe)

CKOpOCTb CBETA B BAKYYME
MarHuTHAS NOCTOAHHAS

DneKTpHYECKAR NOCTOAHHAS
Macca nokos snexTpona
Macea nokos npotouna
SneMeHTAPHbLIT 3apaj

OTHOmenue 3apaga INeKTpoOHA K ero
Macce

[ocrosinnas [nanka
Tocroanuaa Asoragpo
INocroaunan Bonsumana
MonspHas rasoBasi NOCTOAHHAR
[locToannaa Papanes

O6bem MONA WASANBHOTO ra3a NpH
HOPMAJTbHBIX YCIOBHAX
(Po = 101325 Ma, Ty = 273,15 K)

G =6,6720- 10" H-m?/kr?
g = 9,80665 m/c?

e = 2,99792458 - 10* m/c
po = 4w - 1077 Ma/m=
=12,5663706144 - 1077 I'ni/m
€0 = 8,85418782 - 1072 d/m
m, = 9,109534 - 10~* kr
my, = 1,6726485 - 10~%7 kr
e =1,6021892- 107 Ka
e/m, = 1,7588047 - 10" Ka/xr

h = 6,626176- 10~ [Ix-c
N = 6,022045 - 10** moms™?

k =1,380662 - 10~** /K

R = 8,31441 T/ (Mo K)

F = 96,48456 - 10° Ka/mone
Vo = 22,41383 - 1073 s?® /moms

II. MHoX»xuTEenH ¥ NPHCTABKH OJ18 0Opa30BAHHSA JECATHYHBIX
KPATHBIX W JOJbHbIX €JUWHWUL] H UX HAWMeHOBaHHN
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1018 IKCO 2 107! AeuH A
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