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Al. YtoObI OTBETUTH Ha BOTIPOC, HA/I0 BCIIOMHUTD OTPEACIICHUE KAXI0H U3 (PU3NUECKUX BEIIMUHUH.

CKoOpocCTh IBUKEHHS — BEeKTOPHAsl (M3UUYeCKas BETUYMHA, MOYJIb KOTOPOU paBeH OTHOIIECHUIO MyTH S, TIPOK-
JIEHHOMY TE€JIOM 3a HEKOTOPBII MPOMEKYTOK BPEMEHHU t, K STOMY MPOMEKYTKY BPEMEHH.

Pabotoii, coBepiiaemMoii mocTossHHON cuitoil F, Ha3pIBaeTcs ckaasApHas (pU3MUecKas BeIWYMHA, PaBHAS IPOU3-
BEJICHUIO MOIYJICH CHJIBI M TIEPEMEIICHUS, YMHOKEHHOMY Ha KOCHHYC yIJjla Ol MEXIy BEKTOpaMu CHIIbI F 1 me-
pemereHus S.

JlaBeHueM Ha3bIBAaeTCS CKaJsipHasi (pu3nueckas BEJIMYWHA, paBHA OTHOIICHUIO MOIYJSI CUJIbI F nmercTByro-
e MepIeHAUKYISIPHO TTOBEPXHOCTH, K IJIOMAAHN S 3TON MOBEPXHOCTH.

OTtBer: 5.

A2. [IpoBeneM aHain3 IBUKEHUS aBTOMOOUIIS.
C MoMeHTa Havajia OTCYETa BpEMEHH B TEUEHUE OJJHOW MUHYTHI aBTOMOOUJIb Mpoexai 1 KM B OJOKUTEIbHOM
HanpasieHuu ocu OX.
IToToM OH KM3MEHMJI HaIlpaBJIIEHWE CBOErO JIBUKEHUS U Mpoexal OT OTMETKH 3 KM 10 OTMETKM =l kM 3a
3 MuHyTHI. [Ipy 3TOM Ba)KHO MOHATH, YTO HAC HE UHTEPECYET TOT (PaKT, YTO B MOMEHT BpEMEHH 2 MUHYTHI 10-
MEHSUIOCh 3HaUYeHue (HO HE HarpaBlIeHHE) CKOPOCTH aBToMOOuIs. Takum 00pa3oM, 3a3TOT MPOMEXKYTOK Bpe-
MEHU aBTOMOOUIIb TIpoexai 4 KM.
C MomeHTa BpeMeHHU 4 MUHYTBI [10 MOMEHT BPEMEHH 7 MUHYT aBTOMOOWJIb HUKY/1a HE JBUTAJICs.
C MomeHTa BpeMeHH 7 MUHYT IO MOMEHT BpEMEHHU 8 MUHYT aBTOMOOWIIb poexain emie 1 KM B MOJIOKUTETEHOM
HanpasyieHuu ocu OX.
B 3amaue Hac mpocsT HAWTHU MyTh MpoMIeHHBIH aBToMoOMIeM. CKiaapiBaéM JTUMHLK TPOMIEHHBIX aBTOMOOU-
neM y4dacTkoB. [Tomyunm

L=1+4+1=6(xm)
OrtBer: 3.

A3. Dra 3aa4a UMECT OYCHb IMPOCTOC PCIICHHUEC C TOYKH 3PCHUA (1)I/I3I/IKI/I M BCCbMa TPYAHOC C TOYKHU 3PCHUMA
MaTECMAaTUKU.
Haﬁ[IGM BpEMA ABHXKCHHUA, KOrJia JIOAKA IIVIBIBET MO TCYCHUHIO PEKH. CKOpOCTI) JJOJKHK OTHOCHUTCJIBHO BO/JbI
Unonku (STa CKOpPOCTD, C KOTOpOfI JJOAKA IBUIaCTCA B CTOSMCIH BOIC, TO/CCTh CKOPOCTh, KOTOPasA 3aBUCUT TOJIBKO
OT MOIIHOCTH MOTOpa 1100 OT CHIIBI rpe6ua), CKOPOCTb PCKH OTHOCHTECJIBbHO 6epera Upexn, CICAOBATCIBHO,
CKOpPOCTDH JIOAKH OTHOCHTECJILHO 6epera

L = Unonin + Upexn-
CJ'Ie)IOBaTeJ'IBHO, BpEM: IBUKCHUS 110 TCUECHUTO 6YZ[CT paBHO

., A (0.
Unomm + Upexu

9TO0T PE3YIbTAT JICTKO MOJYHUTH ITPOCTHIMHA JIOTUYCCKUMU PACCYKACHUAMMU. Ecnu xe JIOJIKA IBUIKCTCA MPOTUB
TCUYCHHUA, TO JOTUYHO 6y,ueT NPCANOJIOXKUTDH, UYTO CKOPOCTD JIOAKH OTHOCUTCIIBEHO 6epera 6yI[eT paBHa

L= UJ‘IOZ[KI/I - Upelm-
CHGI{OB&TGHBHO, BpPCMs NBUKCHUS IIPOTUB TCUCHUA 6y21€T paBHO

S

=" (2).
L

noaku Upe}cn
Kak nerx6 3amoMHuUTh, KOT/1a CKJIaJbIBaTh, @ KOraa BeluuTaTh ckopoct? Ilomoxer npuniun B3AUMOIIO-
MOILLM, kOTOpBIM,3aKITI0YAETCS B CAEAYIOIEM: €CJIH ABA ABUKEHUA MOMOTAK0T APYr APYry (4ejioBeK MoI-
HUMaeTCsH O ABHKYIIEeMYCsl BBEPX 3CKAJIATOPY, UM ABA 110€3/1a, KOTOPbIe e1yT HABCTPe4y APYr APYry,
nomMorasi Apyr ApPyry cO0JM:KaThbCsl, MJIM KaTep, KOTOPbIi IJIbIBET BHU3 MO TE€YEHUID PEKH), TO CTABUM
3HaK «III0C». U Ha000poT, eciiM ABUKEHUS] MELIAKT JAPYr APYry, TO CTABUM 3HaK «MUHYC». Hanmpumep,
KOI'JIa OJJHa MalIuHa JOTOHseT (MK o0roHseT) Apyryto. OueBHUIHO, YTO OOTOHSIEMBI HE OYEHb XOYET, YTOObI
€ro JIOTHaJIM, U BCIYECKU 3TOMY MpensarcrByeT. [loaromy uist onpeneneHus OTHOCUTEIbHOM CKOPOCTH HAaJ0
MPOCTO BBIYECTh CKOPOCTH MAITUH APYT U3 JAPyTa.
B crostueit Boie Bpemsi IBMKEHUS OYIET paBHO
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C Touku 3peHus (HU3UKH 33/1a4a yxKe pelieHa. A BOT Teepb HACTYIAET caMoe TPYAHOE — PEIIUTh CUCTEMY U3
TpeX YPaBHEHUHU C YETBIPbMsI HEU3BECTHBIMU. JlJIs1 3TOT0O BBIPA3UM I1yTh, KOTOPBIN MIPOIILIA JIOJKA, U3 IIEPBOTO
1 BTOpOro ypaBHeHul. [lomyunm

S = (Unomm + Upeku )tl 2t S = (Unoznm - Upeku)t2
TeHepB HpI/IpaBHﬂeM 9THU HyTI/I U 11oACTaBUM 3HAHUC BpeMeH t]_ 158 t2 (XOTB TakK AcJaThb U HerI/IHﬂTO). HOJIquM
(Unozum + Upekn )tl = (Uno;nm - Upe]m )tZ = (Unomm + Upelm ) 20 = (Unomcn - UpCKI/I ) 30 =

13
20 +2v. =3v -3v = v =5v = v =

JIOJIKH peku JIOJIKH peku JIOJIKH pexu pekn 5

Tenepp moacTaBUM IMOJIYYEHHYKO CKOPOCTh PEKHM B IIEPBOE ypaBHEHME (a MOXXKEM U BO BTOPOE YpaBHEHHE;
NPUHLMIIHAIBLHON pa3HuULbl HeT). [lonyunm

S S 58 5 S S 6
tl = = = = —- - = tl . —
UJ‘IOHKI/I + UpeKH ) UHOHK“ GUHO/I[KI/I 6 UJIO):[KH UHOJ:(KH 5
JIOAKA
5

BoT MBI 1 onyyniM OTBET, Beb HAM U HaJ0 ObUTO HAWTH OTHOLICHHE MPONICHHOI'O HYTH K CKOPOCTH JIOJIKH
(popmyna (3)). OkoHUATETHHO TTOTydaEM

SR
5

JIOAKA

=24 (MUHYTBI).

u|lo

OtBer: 3.

A4. Ha teno neiictByer 3 cuibl — cuia Tru F, cuna Tspkectn Mg (3zd cuina OyneT AeCTBOBATh HA TEJO B
99,9 % 3amau no xypcy «/lnHamuka») u cwia peakuun omopbl NeCuia DpeHns (cuma COnpOTUBIICHUS) OTCYT-
CTBYET, TaK KaK 0 YCJIOBHUIO 33]]au MIOBEPXHOCTh, 10 KOTOPOH JIBHIKETCS TCIIO, TIAKAS.

Pemenue OonpmmHCTBA 3a/1a4 110 (PU3UKE HAUMHAETCS ¢ puUcyHKa. 1 »Ta 3amaua He uckimtoueHue. He 3a0biBaeM
MoKa3aTh Ha PUCYHKE HAINPaBJICHUE YCKOPEHUS, C KOTOPBIMpBUKEECS FCIT0.

10Y

o 1] 0X

W, /////;Y//// S

—>
Y mg
Obpamiaro Banie BHUIM@HKE Ha TO, YTO cuia F, ¢ KOTOpo# TAHYT Teno, AEHCTBYET B IBYX HallpaBieHUsX. B ro-
pH30oHTaTbHOM HanpasneHru (Fy) cuia TSHET Teno Brepea, TO eCTh MPHIAeT Telly YCKopeHHe. B BepTukaibHOM
HanpasieHly (Fy) — npunogHUMaeT Teno (WM APYTHMH CIOBaMU YMEHBIIACT CHITy TaBJICHUS Tella Ha MOBEPX-
HOCTb, 10 eCTh yMeHbIaet N).
Brioripaem, ciictemy orcdyera. Ock OX HanpaBuM 10 YCKOPEHUIO — FOPU30HTAIBHO. BTOpas 0Ch, €CTECTBEHHO,
OyzeT BepTHKaJIbHA.
Bropoii 3akon HeioToHa B BeKTOpHOU (hopMe OyeT UMETh BUJT
F+mg+N=ma.
B ckansipHoit popme B mpoekunu Ha ock OX
F, =ma um F cosa =ma.
B ckanspHoii ¢popme B mpoekiuu Ha ock OY
F,+N-mg=0 nm Fsina+N-mg=0
Bronbs ocu OY cymma cuit paBHa 0, Tak kak Bosib ocu OY HeT ABukeHus. B npuHuune Bropoe ypaBHEHUE B

3TOM 3a71aye HaM He MOHAJ00UTCS, TaK KaK JJIS PEeLIeHHUs JOCTaTOYHO TOJBKO MEPBOT0 ypaBHEHUs (M3 HETO MbI
JIETKO HalZIeM YCKOpEHHUeE, C KOTOPBhIM JIBUXKETCs Telo). Bropoii 3akoH HeioTOHA B MpoeKIMK Ha BEPTUKAIBHYIO
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O0Ch OOBIYHO HY)KEH JIJI1 HaXOXKJICHUS CHJIBI TPEHHUS, TaK Kak FTp = uN . Kcrartu, B 9T0# 3ama4e o4eHb BaXKHO

nomMHHTh, 9yT0 F =N, ane F = umg, Benp cua Tsru F yMeHbIIAeT CHILY PeaKiliH OTOPBI.

3anoOMHUTE OJHO OYEHb BaxkHOE npaBuiio. Ilpm 3anMcu BTOPOro 3aK0HA HHIOTOHA B OJHOM YacTH YpaBHe-
HHS BCerja J0JKHbI CTOATh CHJIbI, B IPYroil — Ma (ecJim TeJIo ABUKeTCsl YCKOpeHHo) niu () (ecyid 1BUKe-
HHE PABHOMEPHOE WJIH eCJIU TeJIO He JIBUKETCS B10JIb BLIOPAHHOI OCH).
Tak e BaXHO ITOHUMATh, YTO BCE CHJIBI, JICHCTBYIOIIME HA TEJIO, MOYKHO pa3/Ie/IuTh HAa TPH THIIA:
. Cubl, moMoraromue JBHKEHUIO (CUjla TSATH B HAIIICH 3a1aue).
Il.  Cuisl, Memiaronme JBHKEHUIO (B HaIIEH 3aaue HET; OOBIYHO CHJIA TPEHHUS).
1. Cunbl, HarpsiIMyIO0 HE BIMSIIOIIME Ha JBHXKEHHE. B HalieM ciydae 3TO CHiIa TSYKECTH U CHJIa peaKLuu
ornopsl. IX mpoeKIuii €CTh TOJBKO BJIOJh BEPTHKAJBHONH OCH M 3TH CHJIBI HUKAaK HE MOTYT JIOBJIHUSTH
Ha FOPU30HTAJIbLHOE JBHKEHUE TeJa.
W3 npoekuuu BToporo 3akoHa HbplOTOHA Ha TOPU3OHTANBHYIO OCh HalJeM yCKOpeHHe Tena (IpHu pacueTe He

3a6BIBaeM IOCMOTPETH B CIIPAaBOYHYIO Ta6J'II/II_[y B Ha4aJI€ TECTa, IITO6I>I Y3HAaTb 3HAYCHHC \/5)
ma 5-2 10-2
=2 <= =102 =14,2 (H):

cosa_ﬁ_ J2
2

Fcosa=ma=F =

OrtBer: 2.

Ab. OI{HI/IM nus3 HpO?IBJIeHI/Iﬁ CHWJIBI BCEMUPHOTO TATOTCHUA ABJIACTCA CUJIA THKECTH: Tak IIPUHATO HA3bLIBATH
CUITY IIPUTAKCHUS TCII K 3emiie uian I[perﬁ mwiadere. Ecaun M — Mmacca ITJIaHCTHI, R=¢ee paauyc, m — macca Te-
JIa, KOTOPOC HAXOAUTCS HAa IMOBEPXHOCTHU IIJIAHCTHI, TO CHUJIA TAXKCCTU 6YIIGT paBHa

F:GM—THF:mg = GMZm:mg0 = g(,zGM2
R3 R3 R3

rze go — yckopenue csodoanoro naaenus y IOBEPXHOCTH manersl.
N3 popmyabl BUIHO, YTO YCKOPEHHE CBOOOHOI0 NAACHUs 3aBUEHT TOJIBKO OT MACChI IVIAHETHI U ee pa3-
MepOB, 1 HUKAK He 3aBHCHUT OT MAaccChl TeJla, HAX0Asel ocsi Ha TOBEPXHOCTH IIaHeThI.
Ota popmyiia OyaeT NpuMEHsThCS B TeX 3ajjauax, ffie HaM OyAeT naHaMacca I1aHeThl (Wi OyAeT UATH pedb O
COOTHOIIICHUH MEXITY MacCaMHU IUTAHET) U PaIHyC TUIAHCTHI (MJIH OISITh e OyJIeT MITH pedb O COOTHOIICHUU
MEX]y paJiiycaMu IUIaHET).
B Hameil ke 3aaue uaeT peyb o IIIOTHOCTAX IutaHeT, JlopaboraeM 3Ty hopmyny. Maccy Tena Mbl MOKEM Hak-
TH 110 popmyIie
m=pV,
rJie p — TUIOTHOCTH Tena. Tak KaK Mbl UMEeM, JIeJI0 ¢ TUTaHETaMU (2 OHU MIapooOpa3HbIe Tea), TO UX 00bEM
V= 4 7R°.
3
[Tpu momomu 3THX ABYX (OPMYNI MOXKHO MOJYYHUTh HYXKHOE HaM COOTHOLIEHHE JJIi YCKOPEHUs CBOOOHOTO
MmaacHus Ha MMOBCPXHOCTH HJIAHCTDBI, BBIPAKCHHOC YC€PE3 IMJIOTHOCTH BCIICCTBA IJIAHCThI

4 s
PR,
gOZGMZZGp_\Z/: —32 :ﬂGpﬂRn,
R R R 3
rae R, — patuyemhanersl.

. 4
VY ckOpeHHUEEBOOOIHOTO NTa/IEHUs Ha IOBEPXHOCTH MEPBOH IUIaHETHI OyJIET paBHO (;, = §G R, .

. 4
YckopeHue cBOOOTHOTO Na/IeHUs] Ha TOBEPXHOCTH BTOPOIl MmitaHeTs! OyzaeT paBHo g, =—Gp,7R
2 3 2 2

Pa3znenum nepBoe ypaBHeHue Ha BTopoe. [Tomyunm

4
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9. _3 AR, _ AR :& PR P 9.R,
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R
Io ycnosuo 3anaun —2==4=R, =4R, u 92 -0 g, =29, . [loncTaBuM 3TH COOTHOIIEHUS
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A _9R _94R
P 9R 20,R ' ’

OtBer: 3.

A6. UMnyJibcoM (KOJIMYECTBOM JIBUKEHHUS) TeJla HA3bIBAIOT (PU3NYECKYI0 BEKTOPHYIO BEIUUYHHY, SIBJISIIOLLYIO-
Csl KOJIMYECTBEHHOW XapaKTEPUCTUKOM MOCTYNATeNbHOTO ABMKEHH Tesl. MMmynse ob6o3Hadaetcs p. mmynbe
TeJa paBeH MPOM3BEICHUIO MAacChl TeJla Ha €ro CKOPOCTh:
p=mo.

Hanpasienue umnynsca P COBIAJAET C HAIIPaBIEHUEM BEKTOpAa CKOPOCTHU Tea (HaIIpaBJIEH IO KacaTelbHOM K
TPAEeKTOPUU IPU KPUBOJIMHEHHOM JABIKeHNM). EnuHumIa nsMepenus umiynbca — krem/c. [Ipu B3aumogeiicTBuu
T€J UMITYJIBC OJHOTO TEJIa MOYKET YaCTUYHO WIIH IIOJHOCTBIO IIEPEAABATHCS IPYIOMY TEIly.
B 3amkHyTOI1 ccTeMe BeKTOpHasi CyMMa HMIIYJIbCOB BCeX TeJl, BXOAAIIUX B CHCTEMY, OCTaeTcs I0CTo-
SIHHO# TIPH JIIOOBIX B3aUMO/IEHCTBUSAX TeJI ITO CHCTEeMbI MEXKIY c000ii (ecii Ha CUCTEMY TOMHe A CTRY-
10T BHEILIHUE CUJIBI CO CTOPOHBI IPYIHX TEJ WM UX PaBHOJAEHCTBYIOIIAs paBHA HYJO, TO #aKas CCTEMa Ha3bl-
BacTCs 3aMKHYTOIA).
OT0T (hyHIAMEHTAIBHBIA 3aKOH MPUPOABI HAa3bIBACTCS 3aKOHOM coxpaHeHusi umnyJabkea. [P OTOM CA-
MU UMITYJBCbBI MOI'YT MEHSTBCS, HO UX BEKTOPHASI CYMMA OCTAETCS IIOCTO-
STHHOM.
JUis citydast B3aMMOJIEHCTBUS ABYX TeJl 3aKOH COXPAHEHHs UMITYJIbCA YacTO 3aIUCHIBAIOT B BUJIE:

muo, + m,0, =mu, +m,U,,
rae Moy, u MU, — IMITyJIbC IEPBOTO Tela A0 M IOCIe B3aUMOJICHCTBHA, MU, W M,U, — UMITYJIbC BTOPOTO Tella

70 ¥ IOClie B3aUMOJIEUCTBUSA. DTO PAaBEHCTBO O3HAYaeT, UYTO B.pe3yiibIare! B3aUMOAECUCTBUS ABYX TeNl HX
CYMMAPHBIN UMITYJIbC He H3MEHHUICS.
Tax ke npuMepoM HaxXOKJIEHHUSI CKOPOCTU B3aUMOJICHCTBYIOMIMX Tel AaKe TOr/a, KOraa 3HaYeHUs JeiCTBYIO-
IIMX CUJI HEU3BECTHBI, MOXKET CIIY’KUTh PEAKTUBHOE JIBUIKEHUE.
[Ipu ctpenbOe u3 opyaus BOZHUKAET 0TAAYA — CHAPSYIBUKETCS . A
BIIEpE]], a OpyAHEe — OTKaThiBaeTcs Hazaj. CHapsig v epynue/ — v
JBa B3auMoJAeHCTByrOmmMX Tena. CKopocTh, KOTOPYIO Tpuebdpe-
TaeT opyaue MpU OTAaue, 3aBUCUT TOJIBKO OT ¢KQPOCTU CHapsa
U OTHOLIEHUS Macc (CM. pUCYHOK). HadanbHbIi cyMMapHbIii UM-
MyJbC CUCTEMBI CHapsI—opyaue OyneT paBeH Hyo (10 BBICTpe-
J1a ¥ OpyJiue U cHapsi nokositces). Ecinu ckopocTH ©pyaus u cHa-
psina 0603HaunTh yepe3 V u v, a @Xmmacchl yepes M u m, To Ha
OCHOBAHHUU 3aKOHA COXPAaHEHUMMITYJIbCA MOXKHO 3aKcaTh B MPOEKIMIX Ha ock OX:

0=mv-MV.
B Hamem ciyyae Mbl uMeeM €UCTEMY OXOTHUK—Ipo0b. CKOpOCTh OXOTHHKA IOCIIE BBICTpEIa OyAeT paBHA

oMV = MV=mo = vz%zwzo,wwc.

M —
v

.—.-.

o X

OTtBert: 1.

A7. Ecnu Bam HY»KHaA TOMOIIL IPU PEUIEHUH JaHHOM 3a1aun, To BaM Bcepbe3 CTOUT 3aymarbest O 1enecoo0-
pasHocTi caauipklT no ¢pusuke. M 310 He mryTka.
OtBetii.

2
A8. U30TepMHYeCKHM MPOIECCOM HA3BIBAIOT MPOIIECC, MPOTEKAFO-
UK TpU TOCTOSHHOM TemnepaType 1. M3 ypaBHEHUS COCTOSHHS
uaeansHoro raza pV =vRT crnexgyer, 4To npH NMOCTOSHHON TeMIIe-

patype T 1 HEM3MEHHOM KOJIMYECTBE BEIIECTBA V B COCYJE MPOU3BE-
JICHHe TaBJCHHs P Ta3a Ha ero o0beMm V JOHKHO OCTaBaThCs MOCTO-
STHHBIM:

pV = const uam p1Vi = poVo,
rae P; 1 Vi — HavaabHBIE aBlICHHE U 00beM rasa, P u V, — KOHEU-
HBIC JJaBJICHHE U 00BHEM rasa.
Ha mockoctu (P, V) H30TEpPMHUYECKHE TTPOLECCH H300paXkaroTes mpu L

4
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pa3IMYHBIX 3HAYECHUAX TEMIIEpaTyphl 1 cemelicTBOM rumepboi p ~ 1/ V, KOTopble Ha3bIBAIOTCS H30TEPMAMHU.
Tak kak xK03(PuImeHT MPONOPIMOHATFHOCTH B 3TOM COOTHOIIEHUH YBEJIMYUBACTCS C POCTOM TEMIEpaTyphl,
M30TEPMBI, COOTBETCTBYIOIIME 00Jiee BHICOKMM 3HAUCHUSM TEMIIEpaTypbl, pacrojiaraloTcs Ha rpauke BbIIIE
U30TEPM, COOTBETCTBYIOIIUX MEHBIIINM 3HAYCHUSIM TeMieparypsl (cM. rpaduk, T3 > T > Ty).
B kakux 3agauax npuMeHsaTh? XOpoIIo, €ClU B 33/1a4e€ HAMKCAHO, YTO TeMIlepaTypa raza HeusmMeHHa. UyTb
XYK€, €CJIM B YCJIOBHUHU MPHUCYTCTBYET CIOBO «MeIUIeHHO». Hampumep, ra3 MeaJIeHHO CKMMAIOT MM MEIJICHHO
pacmupsitor. Eie Xyke, eciiu CKa3aHo, YTO ra3 3akpbiT TEIUIOHENPOBOAALIMM mopiuHeM. Hakonel, coBcem
IUI0X0, €CIIH NP0 TEMIIEPaTypy HE CKa3aHO HUYETO, HO U3 YCIOBUS MOKHO MPEINOJIO0KHUTh, YTO OHA HE U3MEH -
etcsi. OGBIYHO B 3TOM Cily4yae YYSHHKHU MPUMEHSIOT 3akoH boitsi—MapuorTa oT 6e35ICX0/THOCTH.
B nameit 3aaue 4eTko ckazaHo, 4To Ipoiecc uzorepmuueckuid. [lo ycinoBuro 3amauu, raz cxumaics. ITo 3Ha-
YUT, YTO

AV =V, -V, =V, =V, -AV

CrnenoBartenbHO,
p1V1 =P, (V1 _AV) = p1V1 = pZVl - pzAV = pZVl - p1V1 = pzAV = V1 ( Pom pl) = pzAV =
3
vi=av P e 12010 g ()
(p,—p)  120.10°-80-10

Oopamaro Barie BHIMaHuE Ha TO, YTO MPH pacueTax U3MEHEHHE 0ObeMa raza Mbl He MEPEeBOANIIN U3 JIUTPOB B
MeTpbl Kyouueckue. TyT 3To HeoOs13aTeNIbHO, TaK KaK OTBET HaM HaJlo AaTh B JduTpax. Tak ke TyT Obl10 HE0O0s-
3arenbHO nepeBoauTh Klla B I1a. OgHako Ba:kHO MOMHMTB, YTO B 3aayax Ha, MKT Bcerna o0sizaTenbHO
HA/10 lepeBOIUTH TemMiepaTypy u3 rpaaycoB Lleabcus B KeabBunpi!!

OrtBerT: 2.

A9. TlepBrIii 3aKOH TepMOAMHAMUKY TJIacuT: KoJim4yecTBO TendoThI, MOJY9eHHOE CHCTEMOii, H1eT Ha u3Me-
HEeHUe ee BHYTPEHHEH Hepruu U Ha COBeplueHHe PadoTBI'CHMCTeMOH HAl BHEIIHMMHU TeJlaMH (WM IPo-
CTO HA COBepIIIEHUE CUCTEMOM padoThI).
Q=AU £A.
B n306apuom npomecce (p = const) pabora, coBepLIagmas ra3oM, BEIPAKACTCSI COOTHOIICHHEM
A =p(V2 — Vi) = pAVamsiir A = vVRAT
[lepBbiii 3aKOH TEPMOAMHAMUKH /17151 ©1300apHOFO IpoIiecca OyIeT UMETh BUJ
Q= U(T2) — U(T)#p(V2 — V1) = AU + pAV,
rae U(Ty) u U(T,) — BHyTpeHHME SHEPTd# ra3a B HAYATbHOM U KOHEYHOM COCTOSHUSIX MPU TemIepaTypax 71 u
T>. Tak xak ra3 0JJHOATOMHBIH, TO

Q=AU +A=§vRAT +VRAT =§vRAT Q)
2 2
1501050
Q=AU+A=§pAV+pAV=gpAV 2

Kakyto u3 popmyiLB8bI0pars APU pelieHnu 3aaa4ya Oy/IeT ICHO ociIe 03HAKOMJIEHHUS C YCIIOBHEM 3aJauu.
ITpu n3o06aproy pactmpetnn Q > 0 — Terio moromaercs ra3oM. ['a3 coBepmaeT MoJ0KHUTENbHYIO0 paboTy U
ero BHYTpEHHs\Heprus BospactaeT. Ilpu nzobaprom cxartuu Q <0 — Tenso oTnaercs BHEUIHMM TenaM. B
atoM ciyyde A <\0. Temmeparypa raza npu nzobapHoMm cxatu yMmeHbmaercst (T, < T1); BHYTPEHHSS SHEPTus
yObIBaeT, To ' €eThAU < 0.
Tak KaKimo, yCJIOBUIO 3314l HAM JJaHO U3MEHEHHE TeMIIepaTyphl, TO y100He! BbIOpaTh NepByo GopMyily 1is
MIOJIyYE€HHOM Fa30M TETIOThI
Q=2vRAT =2 M RAT =2 2% 31.40 - 8310 (1T ) = 8,31 7Tk

2 2M 2 20
Obpamiato Bamie BHUMaHHe Ha TO, YTO Maccy rasa Mbl MOJICTaBWIM B TpaMMax, TaK KaK MOJISIPHYIO Maccy Mbl
HE MePEeBOAMIN U OJCTABUIIN C Pa3MEPHOCTHIO I/MOJIb.
OrtBert: 5.

A10. Ecniu Bel 3HaeTe OTBET Ha BOMPOC 3a/1a4H, TO 005A3aTEIHHO CKAKUTE OOJIBIIOE CITACHO0 CBOEMY IIIKOJIb-
HOMY YUUTENIO (PU3UKH.
OTtBer: 5.
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All. CnenaeM HEOOJIBIION OSICHUTEIBHBIA PUCYHOK

Fy

yIoHa

Ha nBuoxymuiicss oTpuuaTenbHblil 3apsa ( AeHCTBYeT cuia nputskeHus (cwia KynoHa) K 1OJI0KUTEIbHOMY
3apsny Q, koTopas paBHa

Kynona = R2 '

rjae ( — MOAYJb 3apsjia JBIKYIIerocs mapuka. Bropoit 3akon HbploToHa AJis IBHXKYIIETOCS 10 OKPY>KHOCTH
11apyuKa uMeeT BUJ
F

Kynona

= ma” .
2

€ a, — UEHTPOCTPEMHUTENBHOE (HOPMAIIbHOE) yCKopenue Tena. Tak kak a, = w R, 10

R’»’R
k @ =mo’R = q_FRaoR

R m kQ
Sl crieranbHO HE cTall 00BLEAUHATE R? i R. Ceifuac moiimeTe noueMy. [loacrapisiem 3HaUeHUA
2 2
q (Ra)) R (0,2'50) -0,2 £1200-0,27 2 99 Kn
m kQ 9.10°-104 9 " kr
Baxxnoe npumeuanue. B caMoM Hayae TecTa B CIPaBOUHBIX TAHHBIX BbLHE Hal1eTe 3HAYECHUE DIICKTPUUECKON
nocTtosiHHO#M K. Ee 3HaueHuHe XUTpo crpsATaHo. BaykHo MOMHUTE, YTO
1
K= .
4re,

FKynoua = mau =

OtBer: 3.

A12. Tlpocreiinmii KOHIEHCATOP CUCTEMA U3 JIBYX TUIOCKUX MPOBOISIIMX IJIACTUH, PACTIONIOKEHHBIX Mapa-
JICTBHO JIPYT APYTY Ha MaJioM (J10 CPABHEHHIO C pa3MepaMH IUIACTHH) PACCTOSIHUU U Pa3JICNICHHBIX CIOEM JIU-
ANEKTpUKa (MHOT/Ia 3TO MOXKeT OBITh IPOCTO BO3/1yX). Takoi KOHJIEHCATOP HA3BIBAETCS MIOCKUM. DIEKTpHUe-
CKOE€ T10JI€ MIJIOCKOT0 KOHAEHEaTopa B OCHOBHOM JIOKATM30BaHO MEX/1y IJIACTUHAMM.

|«

BHCKTPOCMKOCTBIO TAKOI'0 KOHACHCATOpA 6y,I[CT paBHa
c=1,
U
rue q — 3apsAad KOHACHCATOopa, U - HAIPsSPKCHUE MCKAY OGKHaI[KaMI/I. HOI[ 3apsAaA0M KOHACHCATOpA IMOHUMAIOT
TOJIBKO 3PS €r0 MOJOKHUTEILHON 0OKIIAIKH.

Oueprus W¢ konaercaropa emkocTu C, 3apsKEHHOTO 3apsaoM (, MOXKET OBITh HaiifieHa 1Mo Gpopmyme
2
w, =3
2C
dopmyiy, BEIpaXaroIyI0 SHEPTUIO 3apsHKEHHOTO KOHEHCATOPa, MOKHO TepenucaTh B IPYrol SKBUBAIEHTHOM
(dbopMe, eciti BOCIIONB30BaThCs cooTHOIIeHneM ( = CU:
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2 2 2
w, =& (V) _cu
2C 2C 2

U
Tax xak HanpsHKEHHOCTh OJHOPOIHOTO OIS B IJIOCKOM KOHZEHcaTope paBHa E = q =U =Ed, t0

2
2 c(ed) 0,8-10°-(10°-10°
4 GV _C(EQ) 080" (10°10)
2 2 2
i 4 MxJIx.
OtBert: 4.

=0,4-10"°-(10° )2 =0,4-10°-10 =0,4-10° = 4-10° ]I

A13. BcnomuuMm 3akoH OMa Jy1s 1OJTHOM (3aMKHYTO#) LIENH: CHJIa TOKA B 3aMKHYTOW LIENH paBHA IEKTPOIBH-
XKyIIEH cuiie UCTOYHMKA, JIeJICHHOHN Ha o01iee (BHyTpEHHEE + BHEILIHEE) COIPOTUBIICHUE LIETTH
l=—5
R+r
ComnpotuBieHnue I' — BHyTpeHHee (COOCTBEHHOE) CONMPOTHUBICHHE MCTOYHHMKA ToKa (3aBHCHT OT, BHYTPEHHETO
crpoeHus uctoynuka). ConporusieHue R — conporuBieHre Harpy3Kku (BHEIIHee cOpoTuBiIeHHe 1ieni). Eciau
nepenucarb GopMyiIy B HECKOJIBKO HHOM BHUJIE, TO
e=IR+Ir=U,+U,
rae Ur — mageHue HampspkeHUsl BO BHEIHEH 1ieny (HanpshKeHue Ha UCTOYHUKE)) U, — MTazieHne HanpshKeHus B
uctoyHuke. Ham HeoOxoauMo HalTH HaIpsDKEHHUE Ha 3aKMMaxX MCTOYHMKA MM CKOIIbKO BOJIbT UCTOYHMK OT-
JlaeT BO BHEIIHIO Lenb. To ecTh

r . Ryt Ry —r _ . R +R,

&
Ug=¢e-U =¢-Ir=e——r=¢|1-————#
R +R,+r R+R,4F R+R,+r R +R,+r

IToxpcraBnsiem dyucna

+R 1+3 16

U,=¢ R+R, =4 ===32 B.
R+R,+r 1+341) 5

OTtBet nomxeH ObITh 00s13aTebHO MeHbINEe yeMdd/[C MCTOUHNKA, TaK KakK JaTh BO BHEIIHIOKO LIETIh HAIPSIKE-

Hue Oonbiiee, yeM 3J1C, HCTOYHUK HE MOXKET.

OrtBer: 4.
A14. Ceituac Bam npuzaercs npoynTaTb HEMHOTOTEOPUH U CAMOCTOSITENILHO PEIIUTD 3a/1a4y.

MATHUTHOE ITOJIE TOKA
B npocTpancTBe, okpyxaroufeM IBUMKYLINECS dJIEKTPUUECKHUE 3apsiibl BOSHUKAET MarHUTHOE TOJIE.
O HaIMYUU MarHUTHOTO IO MOYKHO CyauTh 110 €TI0 I[GI\/'ICTBI/IIO Ha ABMXXYHIUCCA DJICKTPUICCKUC 3apsAabl, DJICK-
TPUYECKUE TOKU, Margdbl. V13 Tpex mposiBIEHUI TOKa MarHUTHOE T10JIE€ BO3HUKAET BCETJa U 3aBUCHUT TOJIBKO OT
CHJIBI TOKA U €r0 HallpaBJICHUS.
Maenumnuviv Ha3bIBAGREs. 83aLUMOO0elicmaue MeXIY ABIKYIIUMUCS SIEKTPUUSCKUMU 3apsiIaMu.
Cunogvimu 1HUAMU MATHUTHOIO 0JIS1 HA3BIBAIOT JIMHUH, 110 KACATEJIbHBIM K KOTOPBIM Pacno/iaralTcs
MATHUTHBIE CTPEJIKH.
Maenumtiott enipenxoti Ha3pIBAIOT JJIMHHBIA U TOHKUN MarHWT, €ro Mojiroca TouedHsl. [lonBemnenHas Ha HUTH
MarHMTHas CTPEKa BCEr/a MOBOPAaYMBAETCA B OAHY CTOPOHY. [Ipn 3TOM O/lMH ee KOHell HallpaBjeH B CTOPOHY
ceBepa, BTOPOH — Ha 1or. OTCr0/1a — Ha3BaHME TOJIOCOB: ceBepHBIN (V) U 105KHBIH (S).

BEKTOP MATHUTHOMN UHIYKIIAH
Bexmop maenummnoti unoykyuu — BeKTOpHasi pU3UUECcKasi BEIMYMHA, SBISIOMIASACA XapaKTePUCTUKONH MarHuT-
HOT'O TOJIs, YUCJIEHHO PaBHAsI CWJIE, IEUCTBYIOIIEH Ha 3JIEMEHT Toka B 1 A u mymHOM 1 M, eciu HanmpaBiieHHE
CUJIOBOMW JIMHUU NEPIEHAUKYIIIPHO IIPOBOJHUKY.
Ob6o3nauaercst B, enununa nsmepenus — 1 Tecna. 1 Tin — oueHb Gosbliasi BeJIMYKHA, TOATOMY B pealbHbBIX
MarHMTHBIX MOJIIX MAarHUTHYIO HHIYKIIMIO U3MEPSIOT B MT 1L
BexkTOop MarHUTHOM MHAYKIMH HANPABJIEH IO KACaTeJbHOH K CHJIOBBIM JHMHHUAM, TO €CTh COBIAJaeT C
HAINPABJIECHHEM CEBEPHOIO IOJII0CA MATHUTHOM CTPEJIKH, IOMELIEHHOM B JaHHOEe MarHUTHOE I10JIe.
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Hanpasnenue B omnpenensercs npaBuioM mpaBoil pyku. Hanpasnenue B He coBmagaer ¢ HampaBlie€HUEM CHU-
JIbl, ACUCTBYIOIIEH HA MMPOBOJIHUK, IO3TOMY CHUJIOBBIEC JIMHUM MAarHUTHOTO MOJIsl, CTPOrO TOBOPS, CUIIOBBIMHU HE
SIBIISIIOTCSL.

OO0HOpPOOHbIM MacHUMHBIM NOJleM HA3bIBaeTCs MOJE, B KaXI0W TOuKke KOTOporo BekTop B oaunaxos. Iloutu
OJHOPOJHOE I10JIE B COJICHOUJIE U MEXKY IOISIMU JyrooOpa3HOro MarHuTa.

CWJIOBAS JIUHUSA HAIIPABJIEHA OT IOKHOI'O IMOJKOCA MATHUTHOM CTPEJIKH K CE-
BEPHOMY, TO ECTb OT CEBEPHOTI'O IIOJIIOCA MAT'HUTA K IO’)KHOMY.

B ciyyae nOCTOSHHBIX MarHUTOB:

N <S>~ S N S

B ciiyyae MarHuTHOrO MOJIS SAEKTPUUYECKOTO TOKA ISl ONPEICTICHUSI HAMPABIICHUS CUJIOBBIX JIMHUM HCTIOJB3Y-
1or IPABUJIO IIPABOM PYKH: eciin B3SITh NPOBOJHHK B NPABYI0 PYKY TaK, 4To0bl 600bII0N majen
ObLJI HANPABJIEH MO TOKY, TO YeThIpe NaJblia, 00XBATHIBAKOIIUE IPOBOAHUK, MOKA3LIBAKT HANPABJICHNE
CUJIOBBIX JIMHUI BOKPYT MPOBOJIHUKA.

B cirygae npsiMoro Toka JIMHUM MarHUTHOWM MHIYKIIMHM — OKPYXKHOCTH, TUIOCKOCTH KOTOPBIX MEPHEH UK YIS PHBI
TOKY.

Yl

BekTopa MarHuTHOM WHIYKIIMK HAIIPABJICHBI 10 KacaTeIbHON K OKPYMKHOCTH. A Tenepb CaMOCTOSTENIBHO JaiiTe
OTBET Ha BOMPOC 3a/1a4H.
OtsBer: 4.

A15. I'py3 HEKOTOPO# Macchl M, MPUKPEIICHHBIN K TPYMUHE 5KeCTKOCTH K, BTOPOIi KOHEI[ KOTOPO# 3aKperuieH
HEMNOJIBUKHO, COCTAaBIISIIOT CUCTEMY, CIIOCOOHYIO ¢OBEPIATh B/OTCYTCIBHE TPEHUSI CBOOOHBIE FTAPMOHUYECKUE
kosnebanus. ['py3 Ha mpyKHHE Ha3bIBAIOT MPYKMHHBIM MAATHHKOM.

[lepuon T rapmoHndeckux KojieOaHUM Tpy3a HA IPYKUHE PAaBEH

T 42, M
k

Teneps BCHOMHUM UTO Takoe NMepHOMpkoieOanuii. MUHUMANBHBIA HHTEPBAl BPEMEHH, Yepe3 KOTOPBIA mpouc-
XOJIUT TIOBTOPEHUE JIBMXKCHUS Fei1a, Ha3bIBAETCs repuoaoM kosnebanuii T. Ecnu ke konmndecTBo koseOanuii N,
a ux Bpems t, To nepuo Haxo 1M TCskaK

Taxum o6pazom, nomyyaem
t m
- =27 =
N k

BO3BCI[CM 066 JacTu ypaBHeHI/I}I BO BTOpYIO CTCIICHb U BLIpaSI/IM KCCTKOCTh HpY)KI/IHBI. HOJ‘Iy‘lI/IM
2 2 2 2
t m t m A7°m
(_j oz M| = (_j a5 ke

v ()

Bpewms Bce xonebanuit paBHo 1 Munyta unm 60 cexynz. [Tonyuaem
2
K = 4.314 0,222 _ 4.2,17 _217 (Ej
(60/ 30) 4

M

Ortser: 4.

A16. Bce BemecTBa MOKHO YCJIOBHO pa3JefUTh Ha JIBa THUIA — ONTUYECKH MPO3pPAauyHbIe (B KOTOPHIX MOXKET
pacipoCTpaHATHCS CBET) U ONTHUECKU HE MPO3padHble (B KOTOPHIX CBET PACHpPOCTpPaHAThCA HE MoxkeT). Hawm,
€CTECTBEHHO, OyJyT HHTEPECHBI TOJIBKO MEPBHIE.

8
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Kaxxnas ontuyecku mpo3paudHas cpella XapaKTepU3yeTcs OAHHM Ba)KHBIM IMapa-
METPOM — MOKa3aTejeM MpPeJOMJIEHHs cpeabl N. DTa BEJIMYMHA MMOKA3bIBAET BO
CKOJIBKO pa3 CKOpocTh cBeTa B gaHHou cpene, Oyner MEHBIIE, yem B Bakyyme.
To ecTh, eciiu mokazaresb IPETOMIICHUS CPebl PaBeH 2, TO 3TO 3HAYUT, YTO CKO-
POCTh CBEeTa B IaHHOI cpezie OyneT paBHa

L= % _ wzom/c — 150 000 kw/c.

UYeM BblIIE [TOKA3aTeNb MIPEIOMIICHUS CpeJibl, TeM 0osiee ONTHUYECKH IUIOTHAs cpe-
na. Y nao6opot. Cpeny ¢ MEHBIINM IOKa3aTeNeM IPEIOMIICHHS Ha3bIBAIOT ONTH-
4EeCKU MEHee IUIOTHOM.

Ha rpanuue paznena OByX NpO3payHBIX CPEll CBET YACTUYHO OTPAXKaeTcsl M dac-
TUYHO MPOXOAUT Yepe3 IPAHHULLy U PACIPOCTPAHATHCS BO BTOPOH cpeie.

3AKOH HNPEJIOMJIEHHMSA CBETA: nagaromuii U OpeaoMJICHHBIH JIydd, a
TaKXe NepHeHIUKYIIAp K TPaHULe pa3/iera ABYX Cpell, BOCCTAHOBJIEHHBIM B TOUKE MaJIeHUs Jiyda, JIeXar B 0/1-
HOM 11ockocTu. OTHOIIEHHE CHHYCA yTJIa MAJACHUS o K CHHYCY YIila IpeioMiIeHUs f,eCTh BeNUUHA, TTOCTOSH-
Hasl JUIsl IBYX JAaHHBIX CPE.:

sina_n,

sing n
rie N; — abCONFOTHBIN NOKa3aTelb MPEJIOMIICHHUS IEPBOU Cpejibl, N; — aOCONKOBHBIN TTOKA3aTeNb PEIOMIICHUS
BTOpO#i cpenbl. [lokazaTenb MpeOMIICHUS CPEIbl OTHOCUTEIBHO BaKyyMa-Ha3bIBAOT 2GCOIOTHBIM MOKa3aTe-
JieM TpeJIoMJICHHS.
B nameii 3amadue o = 2f3. K coxxanenuto 6e3 3HaHUN TPUTOHOMETPpUISCKUX (POpMys TYT He 0O0HTHCH.

sine _n, _ ;3 _, SIN2B_ 5 2SINBCosfigimy | cosﬂ=£ = p=30°
sing n, sin B sin 2

Tenepb BEPHEMCH K 3aKOHY IPCIIOMIICHU A

_S!n;=«/§ = sina=«/§sin,6=\/§sin30°=\/§%=§ = a=60"
sin

Ortser: 3.

51 He coBceM mMoHUMal0, 3a4eM Ha BTopoM 3Tane PT Bam npennarart pemnts 3agaun A17 u A18. Jdas
UX pelieHusi He00X0AUMO 3HATh TeMbl, KoTopbi¢ Bbl eme He npomuin B mkoJe. [loatomy s mocraparoch
A0CTATOYHO MOAPOOHO U3/10KUTH Ae0pHI0, KOTOpasi He00X0 MM /IS pellleHUs ITHX 3a/1a4.

Al7. ®OTOH — >JIEeMEHTapHAS MacTHlla, [IEPEHOCUUK 3JIEKTPOMAarHUTHOIO B3aUMOJICHCTBUS, KBAaHT 3JIEKTPO-
MarHuTHoro noJjs. oToHbKOO003HATAKTCS OYKBOH Y, TO3TOMY MX 4aCTO Ha3bIBAIOT TaMMa—KBaHTaMH (OCOOEH-
HO (POTOHBI BBICOKHUX 3HEPIUit). DTU TEPMUHBI TPAKTUUECKH CHHOHUMHYHBI.

@DOTOH HE MMeeT MacEhl HIOKOS M MIEKTpUIeCcKOoro 3apsia. MOTOH y4acTBYET B 3JIEKTPOMAarHUTHOM M I'paBUTa-
unoHHoM B3aumogeiictsuu. Macca IIOKOS ¢orona paBna Hymaro. Dueprus (oToHa paBHA

E=hv

rae v — gactota\(poToHa, ¢ — CKOpocTh cBeTa, h — nocrosiHHas [Tnanka (3Ha4YeHUsI MOCTOSHHBIX CMOTPUM B Ha-
yase Tectd)a0oTOH BHKETCS B BAKyyMe CO CKOPOCTBIO cBeTa. Tak Kak 4yacTOTa 3JIEKTPOMarHUTHON BOJHBI V U

C
JJIMHa BOJIHLbI A CBSI3aHEI COOTHOIIIEHUEM V = — , TO

_hc_6,6310*-3-10°
A 0,4210°

MpI nostyuusu oTBeT B JIKOYJIsIX, KOTOPBINM HaJo nepesectd B 3B. OnsaTh cMOTpUM B TaOIHUILY.
15B = 1,610 IIx.

E

=47,35-10" (J1x)=4,735-10"° (J1x).

CoctaBuM NpoNopIrIo
15B — 1,6:10™° JIx.
X 9B — 4,735-10° JIx.
[Tomyuaem, uro 4,735 1071° Ik =~ 3 3B.
OTtBer: 2.
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http://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
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http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B7%D0%B0%D1%80%D1%8F%D0%B4
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%B2%D0%B7%D0%B0%D0%B8%D0%BC%D0%BE%D0%B4%D0%B5%D0%B9%D1%81%D1%82%D0%B2%D0%B8%D0%B5
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A18. B HacTosIiee BpeMs TBEPAO YCTAHOBJIEHO, YTO aTOMHbIE SIIpPa Pa3JHYHbIX 3JIEMEHTOB COCTOSIT W3
ABYX YAaCTHIl — MPOTOHOB M HEHTPOHOB. [lepBast U3 ATUX YACTHUII IPEACTABISAET COOON aTOM BOJIOPOJIA, U3 KO-
TOPOTO yJaJIeH €IUHCTBEHHbIN 3JIeKTPOH. [10 cOBpeMEHHBIM H3MEPEHUSIM, MOJIOKUTEIBHBIN 3apsil MPOTOHA B
TOYHOCTU PABEH JIEMEHTAPHOMY 3apsiay € = 1,60217733-10*° Kun, T0 ects paBEH MO MOAYJIO OTPULATEIb-
HOMY 3apsiy 27ekTpoHa. Takoe coBnajeHue 3apsAa0B IBYX HEIIOXO0XKHUX IPYT Ha Ipyra YacTHUI] BbI3bIBAET YAUB-
JICHUE W OCTAeTCsl OJHOU u3 (yHIAMEHTAIBHBIX 3araJiok coBpeMeHHOU (u3mku. Macca mMpoOTOHA, IO COBpE-
MEHHBIM U3MEPEHUSAM, paBHa My = 1,67262:10 %" xr. B sIepHO (PU3UKE MAcCy YacTHIIBI YacTO BBIPAXKAIOT B
aATOMHBIX EMHHIIAX MACCHI (a. €. M.), paBHOU 1/12 mMaccel aToMa yriiepoia ¢ MacCOBBIM duciaoM 12:
la. e m. =1,66057-10 % kr.
CnenoatensHo, M, = 1,007276 - a. e. m.
Bropas snementapHas yactuiia — HeMTpoH. [1o coBpeMeHHBIM U3MEpPEeHUsIM, Macca HelTpPoHa
My = 1,67493-10 %" kr = 1,008665 a. ¢. M.
Macca HelTpoHa IpUOIU3UTENIBHO HA JIBE 3JIEKTPOHHBIE MAaCChI IPEBOCXOAUT MAcCy MPOTOHA.
ITPOTOHBI 1 HEUTPOHBI ITPUHSTO HA3BIBATh HYKJIOHAMM.
JJ1s XapaKTepUCTUKU aTOMHBIX sJIep BBOAUTCS psii 0003HaueHui. Uncio npoToHOB)BX0AsilllX, B COCTaB aTOM-
HOTO sJIpa, 0003HAYAIOT CUMBOJIOM Z W HA3bIBAIOT 3aPSiI0BBIM YHCJIOM WM aTOMHBIM HOMEPOM (39TO HOPSI-
KOBBIIl HOMEp B IepuoAnYEeCcKOil Tabnuie MenneneeBa). 3apsia sapa paBeH Ze, rie € —~ IeMeHTapHbINH 3apsil.
Yucno HEUTpOHOB 0003HAYAIOT CUMBOJIOM N.
Oo0111ee YncI0 HYKJIOHOB (TO €CTh MMPOTOHOB U HEUTPOHOB) HA3BIBAIOT MACCOBBIM unciomM A!
A=Z+N.

Slapa XMMHUYECKUX 3JIEMEHTOB 0003HAYAlOT CUMBOJIOM 5 X , Tie X — xuMideckHifherMBo siemMenTa. Harpu-
mep, {H — Bomopos, °,e — snektpon, ;€ — Mo3UTPOH (371eKTPOH, MMEKOfiIMIA OJOKUTENbHBIN 3apsn), 5 He —
renmii (o—vactuna), ;O — kuciopos, ¢ C — yriepon, o' U — ypdif!

Kak onpenensTh 4ucio MpoTOHOB M HeiiTponos? Ha npumépe ypana >°U — umcino mpotono Np =Z =92,
yucio HedTpoHoB Ny = A — Z = 238 — 92= 146.
Slnpa 0JTHOTO M TOTO K€ XMMHUYECKOTO DJIEMEHTA MOTYT OFTHUYATHCA\UNCIOM HEHTPOHOB. Takue sapa Ha3bIBa-
I0TCSl M30TOMAaMM. Y OOJIBIIIMHCTBA XMMHUYECKUX IEMEATOB HMeeTCS HCCKOJIbKO M30TonoB. Hampumep, y Bo-
Jopojia Tpu u30Tona: ; H — oObruHbIi Bogopong:H — telfiépuii u ; H — tpuruii. V yrieposa — 6 M30TOIOB, y
Kuciopoaa — 3.
Baxnelnnyro poJib B sIepHON (U3MKE UTPACT MOHITHSIHEPTUU CBA3HU s/IpA.
SHEPTUS CBSA3M SIIPA PABHA“MHUHUMAJIBHON SHEPTMH, KOTOPYIO HEOBXOJNUMO
3ATPATUTD JJIS ITIOJHOI'O PACIHENIJIEHUSA SIIPA HA OTAEJIBHBIE YACTUIbI.
W3 3akoHA COXpaHEHUS dHEPTUHU ‘CASHYeE, HTO SHEPTHs CBSI3M paBHA TOW SHEPTHUU, KOTOpAs BBACISACTCS MPH
00pa3oBaHUH spa U3 OTACTHHBI YaCTHII.
DHEPruo CBS3M JII0OO0TO sAPa MOKHOIOIPEISIUTH C MTOMOIIBI0O TOYHOTO U3MEPEHHUs ero Macchl. B Hacrosimee
BpeMst (PU3HKH HAYIHITUCh H3MEPSATh MAaCChl YaCTHIl — 3JICKTPOHOB, IIPOTOHOB, HEUTPOHOB, SIIEP U JIp. — C OUYCHB
BBICOKOW TOYHOCTBHIOADTH, N3MEpEHHUs MOKAa3bIBAIOT, YTO Macca Jwdoro sapa M, Bcerna MeHbllle CyMMbI
Macc BXOISIIMX B£ro COCTAB NPOTOHOB H HEHTPOHOB:
M, < Zmp + (A —Z)mp.
Pa3nocts mace
AM =Zmp + (A - Z)m, — M,.
HasbiBacTcs Hederrom mMacchl. [1o 1ed)eKTy Macchl MOXKHO ¢ IIOMOIIBIO (opmyast Diinmreiina E = mc? on-
peneUTBRHCPTUIO, BHLICTHBIIYIOCS ITPH 00pa30BaHUU TaHHOTO S/Ipa, TO €CTh YHEPTHUIO CBS3H siapa Eqy:
Eee = AMC? = (Zm, + (A — Z)m, — M,)c%
Dra 3HEPrHsl BHIJCIICTCS TPH 00pa30BaHUU SApa B BUC U3JIYICHUS Y—KBaHTOB.
IIpu pemenun 3a5a4 JaHHOTO THIIA COXPaHANTe KAK MOKHO Oosbie (6—7) 3HakoB nocJie 3ansiroil. Hu B
KOeM ci1y4ae He OKpyrJsiiiTe 10 neyabix!!! Terneps BepHeMcs K Halen 3aaade.
Ham nan docop 2P . B atom sjpe 6yaer 15 npotonos u (31 — 15) = 16 HeHTPOHOB. DHEPrHs CBA3M TAKOTO
spa Oy/eT paBHa
Ees = (15m, + 16m, — M,)c? = (15.1,6726.10 %" + 16+1,6750.10 %" — 51,4351.10 ") « (3.10°%)%=
= 0,4539.10 %7.3.10° = 4,0851.10 ** [Ix.
OrtBerT: 2.
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Bacunescxuii A.C. Penemumop no mamemamuxe u ¢usuxe. WVW.repet.by

B1l. V¥V »T0ii 3amaun ecTh ABa PEIICHUs] — MPOCTOE M JJIsl IPOJIBUHYTHIX YYCHHKOB. PaccMoTpum cHavana mpo-

CTOC PCLICHUC. 3aBUCHMOCTh KOOpAUHATHI TCJIa OT BpCMCHU IJIsA J1I000T0 JABUXKCHUSA UMCECT B
2

a
X=X, +0,t+—.

IloncraBuM A u B B ypaBHEHUE, TaHHOE B yCJI0BUM 3aaauu. [lomyuum
x =15t +0,4t>.
HeMmHOro noaronum 1o ypaBHeHHE MOJ CTaHAAPTHBINA BUJ

2
Xx=0+15t + 0.8t

¥ CPaBHHM 3TO ypaBHEHHE C ypaBHEHHeM B obuieM Buje. OueBuaHO, 4T X, =0M, v, =15Mm/c, a# 0,8 m/c’.

V-,

3aBUCHMOCTH CKOPOCTH T€J1a OT BPEMEHH JIETKO HaXOoAuTCs U3 (popmynsl yekopeHus. Tak kak a& , TO

L = Vg T at.
[ToncraBuM croa 3HaYCHUS HAYAIBHON CKOPOCTH M yCKopeHus. [lomydunm
v=15+0,8
Hy a Tenepb mpocTo moacTaBuM 3HaUYE€HUE BpeMeHU t
v=15+0,8f =15+ 0,8:5 =19 m/c.
Teneps paccMOTPHM peIleHHe Il TIPOABHHYTHIX. Y HAC ecTh ypaBHeHHe ABMIkeHMS X =15t +0,4t*. Tak kax
CKOPOCTh paBHA IPOU3BOAHON OT (DYHKIIUU KOOPJAMHATHI 110 BPEMEHU, TQ

v=(x) = (15t +0,4t?) =15+0,8

A Tenepb MpOCTO MOACTABIISIEM BPEMSI.
Otser: 19.

B2. /Iy perienus 3Toil 3a1aun Ba)KHO BCIIOMHUTB OJJHY OUEHb BaXKHYTO BBIICPKKY U3 TEOPHH.
IJIOIIAIBb IOJ TPA®UMKOM CKOPOCTH YHEIEHHO TO3BOJISIET HAWMTHU IIYTh U TIE-
PEMEUIEHUE, npoiinenHbie TeaoM (3T0 OTHOCHTCS Klt000My aBuokeHu0). Eciu mbl xotuMm Haiitu ITYTh,
T0 MBI 10KHBI CJIOZKUTD mutomaau orpaHdd4€HHbIe TPAQUKOM CKOPOCTH HAJ UM O] OChI0 BpeMeHH. Eciu
mbl xotuM Haiitu IEPEMEIIEHHUE, o mnomatmHA /I OCBIO Bpemenu Mbr 6epem co 3HaKoM «ITJTHOCy,
IHO/X — co 3rakom « MUHY C» u cymmupyem.
Paccmotpum nipocto npumep. [1ycTh CKOpOCTh ABMXKEHUS Tela MEHSJIACh TaK, Kak MoKa3aHo Ha rpaduxe. Haii-
JIEM IIyTh U NEpEMEILECHHUE Tella 32 SCCKYH IBIKCHUS. AV, M/C
S1=viAt; =32 =06W, 3k
S> = VA, T 1=l M,
S3 =v3At; =23 =— 6 M (Teno ABUTANOCH B HAIIpaBJIE-
uuu, obpaTHoM Hanpasiaenuo ocu 0X). _
Ss = vaAty = 01 =0 (reno nokounocs), 7 AT NN NN
Se= At = 11 = 1 m, 3 LSy Syt S
TakuMm o0pa3oM, poiiIEHHBIN TEJIOM MYTh PABEH . " 5 3 1 5 6 7 i
L =|S&|S, % [Ss| +]S.| +|Ss| = 6+1+6+1=14 m. : : § Z,¢C
IlepememeHme Tejia COCTaBUT \ :
S&S5, +S,+5,+S5,+5,=6+1-6+1=2 m. P
A Tenepb caMOCTOATENBHO PEIINTE TaHHYIO 3aauy.
Orter: 21.

o
o8

B3. [lepen Tem Kak HayaTh PEIICHHUE TAHHOM 3a]1a4d BaXKHO IMOHATh HEKOTOPHIE MOMEHTBI.

1. O6Bem mapa COCTOUT U3 ABYX 00bEMOB — 00beMa MeJIi U 00beMa BO3AYIIHOM MOJIOCTH.

2. Bynem y4uThIBaTh CHITY TSDKECTH, KOTOpasi IEHCTBYET TOJIBKO HA ME[Tb.

OueBuAHO, YTO HA AP JEHCTBYIOT JIBE€ CHJIBI — CHJIA TSDKECTH U cuila Apxumena (1ap NorpyKeH B KHJIKOCTD).
Tak kak Teno HaXOJUTCS B MOKOE M MOJHOCTBIO MOTPY>KEHO B )KUJIKOCTh, TO COIVIACHO BTOPOMY 3aKOHY Hbro-
TOHA 3TU CWJIbI KOMIIEHCUPYIOT IpYyT Apyra

mg = pBOZ[LI gV = m= pBOﬂLIV
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Bacunescxuii A.C. Penemumop no mamemamuxe u ¢usuxe. WVW.repet.by

[Ipu pacuere cwibl ApxruMena BaXHO MIOMHUTh, TO CHJla ApXyUMe/a 3aBHCHT OT 00beMa MOTPY:KeHHOM JacTu
Tenta. B Hamem CJIydac TCJIO NOTPYKCHO IMOJTHOCTHIO U MBI ITIPOCTO MOACTABIIACM 06’beM TCIa.
O0bem mapuka paBeH (CMOTPHUTE MIEPBBIN MTYHKT)

m
V=V, +VMe;m =V +—.
pMeﬂl/l
[ToncraBuMm Teneps 3HaUCHHE 00BEMa B TIEPBOE ypaBHEHHE
m
m = pBOJI[BI Vn +
pmezm
Hy a Tenepb packpoem CKOOKH U BBIpa3uM Maccy Meau (He 3a0bIBaeM IepeBecTH cM’ B M3)
p BOJIbL p BOJbL p BOJbI
m = pBO,ElbIVI’l + m :> m - m = pBO/JbIVI’l :> m 1_ = pBO}:lbIVn :>

Menu p Meau p Menu

V 3 0010
m= m = m= pBO}ZlprMe[[M Vn _ 10 8,39 10 : 8’9.10—6 :10’02-10_3 (Kr) _ (Fp)
1 @ pMelIl/l _pBO,ElbI 81910 —10
pMC,ElI/I

Otser: 10. L i .

B4. Cuavana pemnM 3anady KiaccuyeckuMm crocobom. Ha
Ipy3 JAEUCTBYIOT JIB€ CHJIBI: CHJIA TSDKECTH M CHJIa HATSKEHUS
HUTH, HalpaBjeHHas BAOJIb HUTH. BbiOpaB oaHy U3 ocell ro-
PU30HTANIBHO (BJIOJIb YCKOPEHUs), a BTOPYIO — BEPTHUKAJIBHO
BBEPX, 3allUILIEM ypaBHEHHE BM)KEHHUS B IPOEKIUH HA 3TH
ocu

OX: Tsina=ma
OY: Tcosa—mg=0
WckmounB u3 3TUX ypaBHeHuit cuny T (Bbipasum T’ U3 Kax10-

IO YpaBHCHHUS M MPUPOBHSIEM IOJyYCHHBIC (POPMYJIbI), MOy~
YUM

wazi,
g

OTKy/a momydaem, 4to a = 10 (tak kxak tg 45° = 1).

Ectp eme ogun cnoco6 pemenusi. Ha moit B3risin, 6osee mpocToit u ynoo-
HbI. K cokajleHuto, ero MO>KHO MPUMEHATh TOJBKO K MaJIOMy KOJHUYECTB
3ajad 1o nTuHaMuKe. HapucyeMm TpeyroibHUK CHII IEHCTBYIOIIMX Ha TEJIO.
VYron o OyAeT paBeH yriy MexX]y BEpTHKAJIbIO U HUThIO. 3 TpeyroiapHuKa
CWJI HaljeM tgo

mg

Y

tg ma a :
oQ=—=—.

ITosrydyaeM OTBET, aHAJIOTMUHBIN MIPEABIAYIIEMY pelieHno. Kakoe penieHne 3aloMuHaTh peniaTbh BaM.

Ortger: 10.

BS. C xax/sIM 13 ra3oB IPOUCXOIUT U30TEPMUUECKUI ITpoLECcC. 3aMIIEM YPAaBHEHHE COCTOSIHUS JUIsl IEPBOTO
Y BTOPOTO ra3a B HA4aJIbHOM COCTOSIHUU

m m
) 1:M1RT up, ZZVZRT-

HOCJ’IG TOT'0, KaK KpaH OTKpOIOT, Tra3bl CTaHYT OJIHUM LI CJIBIM (rasm BEAb 110 yCJ'IOBI/IIO 3agauu OZII/IHaKOBI)Ie). Ta-
KOH Ta3 3aiiMeT Bech MpeocTaBiIeHHbINH eMy 00beM (V1 + V7) u OyaeT uMeTh Maccy paBHYIO CyMME Mace Ta3oB.
VYpaBHEHHE COCTOSIHUS TAKOTO Ta3a Oy/1eT UMETh BU]I

p(v1+v2)=—ml':;|m2 RT.

TCHCpB BBIpa3uM M1 1 My U3 ypaBHCHI/Iﬁ OIIMChIBAOMIMX HaYaJIbHBIC COCTOAHUA I'a30B
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Bacunescxuii A.C. Penemumop no mamemamuxe u ¢usuxe. WVW.repet.by
V,p,M vV, p,M
_ V1M _ VYoM
m=———mumm,=—"-"-—-—
RT RT
" NOACTAaBHUM B YPABHCHUC, OIMUCHIBAIOIICC KOHCYHOC COCTOSTHUC. HOJ’Iy‘II/IM
Vl le + Vz P, M

p(V, +V,)=—RT v RT_ Rt

Temneparypa, MOJIsIpHas Macca U yHUBEpCaJlbHas Ia30Basi IOCTOSIHHAS YCIIEIIHO COKPAIIArOTCS
Vip +V, P,
(V1 +V2)
OGpamaIO Bame BHHMMAHHEC HA TO, UTO U OGLGM 1 I1aBJICHUC MBI MOXXEM IIOACTABUTH BO BHCCUCTCMHBIX €AUHM-
nax (o0weM B JIMTpax, a napieHue B klla). Equnuiibl usmepenusi oobeMa MpoCcTo COKPATATCS U OTBET MbI ITOTY-

gyuM B klla (3T0 He JacT HaM BO3MOKHOCTH 00JIaXKaThCsl PH 3aITUCH OTBETA B OJIaHK)

=V1p1 +V,p, _ 4-90+6-200 =156 xIIa.
(V,+V,) 10

p(v1 +V2) :V1 P, +V2 p, = p=

OtBer: 156.

B6. Cuity TpeHus MHOT/A €llle Ha3bIBalOT JUCCUIIATUBHOM CHJION, TO €CTh\€UJOH, KOTOpas PacCceuBaeT SHep-
ruo. JTO O03HAYAeT, YTO paboTa CHIIBI TPEHUS BCErJa HallpaBieHa Ha TO, HTOOBI 3a0pagfb SHEPIuio y Tena u
IIPEBPATUTh 3Ty SHEPIUIO B TEIUI0. B Hamem ciydae Temio moiier Ha TasHue cHera. [lony4yaem

M._...9S
A[peHI/IS[ = QTaﬂHpm = FTpS = Z’mcr-lera = luMcaHeﬁ gS = ﬂ“m — M = m'

CHEra CHEra ﬂ,

[ToncraBnsiem uncia v He 3a0bIBa€M NIEPEBECTH MOJIYUEHHBIN OTBET M3, KWIOFPaMM B IrpaMMbl
m,,, = “Ma0S 0,095 2499- 80 _ 115 r) 112 (rp).
2 330000

Otser: 112.

B7. Tak kak B yCJIOBUH 3aJ]a4¥ €CThb CTPOKU O TOM, YTO, «<ra3d HAXoAMTCcH B cocyae, 3akpbiTom [NOABUK-
HBIM nopuiHeM», TO MBI JieJlaéM OJHO3HAYHBIMIBBIBO/I UTO TIpOIIecC, MPOUCXOISAUIHM ¢ Ta3oM, OyaeT u3zobap-
HbIM. 13 Kypca TepMOJUHAMUKH HaM U3BECTHO, YTOMIPH M300apHOM IIpoliecce TEIUIoTa, epeJaHHast ra3y pac-
XOJIyeTcsl Ha COBepIIeHHE ra3oM pabOThl M HA U3MEHEHUE ero BHYTpeHHel sHepruu. Tak Kak ra3 0JJHOATOM-
HBIA, TO

Q=AU+ A=ngAT +VRAT = ngAT

[Ipu momomu ypaBHEeHUs! COCTOSIHUS, WieanbHOro paza PAV =vRAT 3anuceiBaeM BbIpakeHUe JJis MepeiaH-

HOr'o TCIlJIa B HEMHOI'O IPYyroM BHUAC

5 5
=>VRAT == pAV .
Q=7 > P

N3menenne o0beMa OyEeT paBHO

AV =SAh
rae Ah — BBICOTaj\Ha KOTOPYIO MOJHUMAETCs mopiieHb. [loacrasiseM nsmMeHeHne oobeMa B GOpMyITy ISl TETl-
10T1sl. LIoyqaem

5 5
=2 pAV =2 pSah
Q > p > p
OTKy/1a BeIpaskaem Ah:

Q=2psah = ah=22

2 5 pS

Ba)kHO MOHMMATh, YTO TaK KakK MOPIIEHb HEBECOMBII, TO JaBJIeHUE Ta3a OyJAeT paBHO aTMOC(EepHOMY JaBiie-
HHUIO. OKOHLIaTeﬂBHO HOquaeM

L 2Q 2 500

" 5p,S 5100-10°-100-10°

=0,2 (M) =20 (CM).

Otser: 20.
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B8. 3amaun Takoro THITAa MOXKHO M JIaXKe HY)KHO peliaTh 0e3 OrIsaIKy Ha PU3H-
Ky. [lenaem pucyHok. [1o ycioBuio 3aauu HaM Halo HalTH paccrosiHue .
O4eBUIHO, YTO MOTYUYUBIIUECS TPEYTOJIBbHUKHA OYyAyT OTOOHBIMH (IO TPEM YT-

nam). Cien0BaTensHo, H
x X
—=— = X=H, h
h H
TaK Kak JJIMHA TEHU paBHa BbIcOTe HiecTa. OKOHYATEIBHO M10JIy4aeM -
=X-x=5-2=3(m). M l"
OrtBer: 3. ~ —— —
X

B9. B sT0i1 3a1aue Mbl UMeEM J1€JI0 ¢ IEPEMEHHBIM TOKOM. 3aMEHUM aMIUIMTYJHOE 3HAYCHUE TOKagia JIeicT-
BYIOILIEE 3HAYEHUE TOKA.

JeiictByromium (3¢ (peKTuBHBIM) 3HAYEHHEM [IEPEMEHHOIO TOKA HA3bIBAETCS CHJIA TAKOTO IOCTOSIHHOTO TO-
Ka, KOTOPBIH, IPOXOs MO IEeNH, BhIASIUI Obl B €MHUIY BpPEMEHH TaKO€ e KOJIUYECTBO TEIJIOThI, YTO U JaH-
HBIM nepeMeHHbIN TOK. JIpyruMm cjioBaMu JelcTByloLlee 3HaYeHHe nepeMeHHoOro toka ects CPE/IHEE
3HAYEHMUE nepemeHHOro Toka. /{15 nepeMeHHOro ToKa JIEMCTBYIOIIEE 3HAYCHUE CUIIbl TOKA PaBHO

o
2
Takum 0O6pa3om, MbI 3aMEHSIEM IIEPEMEHHBIN TOK Ha TIOCTOSIHHBIH.
Bcenomuaum 3akon [xoyns—/lenna. PaGora A ajiekTpuyeckoro Toka |, IporeKalomiero no HemogBHKHOMY
NMPOBOIHUKY C coNpoTHBJIeHUeM R, npeodpa3syercs B Temio Q, BbIALIs01CecsT HA IPOBOIHUKE
Q = A= I’RAt mm Q = IUAt (Bciomunaem 3akos OMaAUIst y9acTKa 1ern).
D10 Temo OyAeT NOTPaYeHO Ha HAarpeB BOAbI
Q =cmAT

[Tonyyaem paBeHCTBO

I—°U AV'=CmAT

J2

OTkyna HaxouM JEHCTBYIOIIEE 3HaUYECHNE HAIPSKEHU S
_ J2cmAT  1/42,4200-0,22 (50 - 20)
At 2-5-60

=65 (B).
OtBer: 65.

B10. K coxanenuto, cocTaBUTEIN/TECTOB,HEMHOTO HEOPEIKHO OTHECIUCh K COCTABICHUIO YCIIOBHSI 3TOW 3aaun
U HE yKa3ajH, 9YTO pa3Hble TOKM,HM MOUTHOCTH BO3HUKAIOT IMPH MOJIKIIOYCHUN PA3HBIX BHEIIHUX COMPOTHBIIE-
Hull (Harpy3ok). Tak uTo ycifoBHE 3afjayyl, Ha MOM B3I, HEMHOI'O HEKOPPEKTHO.
BcriomMHUM HEMHOTO TEOPUU (UAaCTh TEOPUU MBI YK€ BCTIOMUHAIIN IIPH perieHnu 3a1aun Al3). 3akon Oma s
MOJTHOH (3aMKHYTOI)AIeny: ¢1jia TOKa B 3aMKHYTON LIENH paBHA 3JIEKTPOJBUKYIIEH CUIIe HCTOYHMKA, EJIeH-
HOI Ha oO1iee (BHYTpEHHES = BHEIIIHEE) CONTPOTUBIICHHUE LIETIH.
=
R+r
Comnporupgiedre | — BHyTpeHHee (COOCTBEHHOE) COMPOTUBIIEHHWE MCTOYHMKA TOKA (3aBUCUT OT BHYTPEHHETO
CTpoeHys nCTOuHMKa). ConpoTuBieHne R — cOnpoTUBIEHNE HArPYy3KH (BHEILIHEE CONPOTHUBIIEHHE 1enn). Eciau
nepefimcash, GopMyiTy B HECKOJIBKO HHOM BHUJIE, TO
e=IR+Ir=U;+U,,

rne Ur — mageHue HampspkeHUsl BO BHEIIHEH 1ienu (HanpshkeHue Ha uctoyHuke), Uy — majieHue HanpshKeHUs B
HCTOYHUKE.
IAC U BHYTPEHHE COIIPOTUBJIEHUE UCTOYHUKA HE MEHAIOTCH, ITPU ITOAKJIIOYE-
HUU PA3ZHBIX HATPY3OK!!! 3TO HAJAO YUYUTBIBATH I1PU PEILIEHUU 3AJTAY!!!
Ecnu conpoTuBienue Harpy3ku paBHO HYJIO (MCTOYHUK 3aMBIKAeTCs caM Ha ce0s) WIM MHOTO MEHbIIIEe COIpo-
TUBJIEHUS UCTOYHMKA (I>>R), TO TOr/1a B LIeNU MOTEYET TOK KOPOTKOI0 3aMbIKAHUS

&

K3 r
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[To ompeneneHn o MOITHOCTH IEKTPUIECKOTO TOKA paBHA OTHOIICHUIO paOOThI TOKA A, COBEpPIICHHOW TOKOM, K
MHTEpBaly BpeMeHHu At, 3a koTopoe 3Ta paboTa Obljla COBEepIIeHa:

P= A = VAt =P=IU
At At
Hcnonb3ys 3akoH OMa 1715 y4acTKa Lenu
U
| =—
R

MO>KHO TOJYYHTh ApYyror BuA hopmyssl aist momHocTd. Tak kak U = IR, o
P=IU=1-IR=1I°R
ITpu Harpy3ke conpoTuBieHueM R MOIIHOCTb TOKa OyAeT paBHa

_ 12
R=IR
[Tpu Harpy3ke conpoTUBIeHHEM R MOIIHOCTH TOKa Oy/eT paBHA
_12
PZ - I2 RZ

MoOHO KOHEYHO peniaTh B 00IIeM BUAE U MOIYYUTh «OOHYC» B BUE OosblINX Apoleil. OAHAKO, B 3TOil 3anaue
MBI JIydliie OyJeM cpa3y cuuTaTh Bee, yTo MoxHO. Haiinem Ry u Ry. Tomyunm

P 30 P, 40
R1:—§=—=6 Om)u R, :—§=—:4 (Om)
I} 5 I, 10
Ceityac 3anumiem 3akoH OMa /1J1 MOJHOW LeNH JJIsl KaXKJ1I0T0 U3 BHEITHUX COTIPOTHBIICHMM
& P

|, = ul, =
1 2 '
R +r R,+r
O4eBuHO, YTO Y HAC MOJIYYHJIaCh CHCTEMA M3 JABYX YPaBHEHUU C_JBYMsi HEM3BECTHhIMU. Pemiaercs oHa sne-
MEHTapHO. BrIpaxaeM € u3 KaxXJ10ro ypaBHEHUsS U IpUpaBHUBaEM. [Tosyaum

e=L(R+n)ne=L(R+r) =01 (RHAr)=1,(R,+r)
Omnstb He OyzaeM cedst MydnTh C BBIpAKEHHEM BHYTPEHHEIQIeoNPOTMBIeHUs UICTOUHUKA I' B 00meM Buze. Iloa-
craBuM yucia. [lonyuanm

5(6+ r) :10(4+ r) = 30+5r=40+10rf = 5r=10 = r=2 (Om).
Teneps nerko Haiaem 3/]C ucrounuka
= Il(R1+r)=5(6+2) =40 (B).
Tok KOPOTKOro 3aMbIKaHUSI paBEH
e 40
=—=—=20 (A).
r 2

Otser: 20.

B11. [Ipu nBuKEeHUU 3apsDKEHHOM YacTUIBI B MarHUTHOM mojie cuia JlopeHna paboTel He coBeplIaeT (cuia
JlopeHna HampaB/ieHEPHCHANKYIISIPHO HAIIPABJICHAIO JBIDKEHUS). [103TOMY MOIyIIb BEKTOpa CKOPOCTH IIPU
JBUKCHUM YaCTULBL HE U3MCHSIETCS, TO €CTh HE MEHSETCA YHCJEHHOE 3HaueHue ckopocTu. OIHAKO IpU 3TOM
HalnpaBJeHne KOPOCTIOY1eT MEHSETCs.
Ecnu 3apsbkeHHad dacTUld ABUXKETCS B OJHOPOJHOM MAarHUTHOM IIOJI€ MOJ JeicTBueM cuibl JIopeHua, a ee
CKOPOCTh JI€KHT B IJIOCKOCTH, IEPIEHIUKYIISIPHON BEKTOPY MHIYKIIMM MarHUTHOIO IOJIA, TO 4acTUIa Oyner
JBUTATHCS 11Q OKPYKHOCTH. BTopoit 3akoH HbroTOHA i1 9TOTO Cily4ast IpUMET BU
ma, = quB. 2
IIpu 3TOM pacKphIB a, MOTydaeM A 4 4
2

nZ — . R
OTKyz1a pagnyc OKPYKHOCTH, IT0 KOTOPOI JIBHKETCS IPOTOH, OYIET paBeH A _,7

L |
R=—. gt | e
gB
Tenepb OCTaJIOCh HAUTH CKOpPOCTH, KOTOPYIO npno6pen ITIPOTOH B PE3YJILTATE

pasroHa B AJIEKTPOCTATHUYECKOM IOJIe. DIIEKTPOCTATUYECKOE MMOJIe coBeplIaeT paboTy MO pa3roHy MpPOTOHA.
CnenoBartenbHO,
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2 2 2
m
A‘mns{ = AEKI/IHCTI/I‘{ = F97d = mo - UO = qu = mo y
' 2 2 2
rae d — paccrosiHue, npoiineHHoe mpotoHoM. Tak kak Ed = U, To
2
mov
U= :
| 2

OTKY/1a Hai1leM MPHOOPETECHHYIO IPOTOHOM CKOPOCTb

o= /@
m

[ToxcraBnsiem 3HaU€HHE CKOPOCTH B GOPMYITY [T pagryca OKPY>KHOCTH

m. [29Y.
noMo_ V' m _my2qU _V2mu _1 [2mU
B\ q

qB qB gBJVm  BJq

HOI[CTaBJ'IﬂeM qucia

—27 —27
ol MU _ 1 2167107450 1 |2-L67-107450 ) 4e () b0 (i) = 10(@he).
B\ g 03\ 1610 0,3\ 1610

Otser: 10.

B12. Jlnst Toro, 4ToObl Jy4iie MOHATh (PU3MKY Mpoliecca c/esiaeM HeOOoIbiel NOSCHUTEeIbHbINA PUCYHOK.

U,

S e S

S
rd

+ 7 -

S cnenManbHO HA PUCYHKE NOKA3all, YTO MIEKTPOCTATHUECKOE TI0JI€ HAMPABIICHO OT MOJIOKUTEIBHBIX 3apsAI0B K
oTpuLaTeNbHBIM. Ternepb 04eBUIHO, UYTO CHUJIA CO CTOPOHBLAIEKTPOCTATUIECKOrO MOl OyaeT TOPMO3UTh 3a-
psa. Takum oO6pazom, Ha Halll 3apsa OyneT 1eHETBOBaTh ABE CUJIbl — CHJIA TPEHUS U KYJOHOBCKAsi CHJIa CO CTO-
poubl nosst. M 06e 3Ti cuiibl Oy1eT TOPMO3UTH TEJ0, 3aruiieM BTOpoi 3akoH HploTOHA 1 HaliileM YCKOpeHHe, ¢
KOTOPBIM JBUKETCS IIAPUK

N B _ umg+qE
F,+F.&may= gmg+geE=ma = a—T

Cpa3y BbIYHMCIUM 3HAYEHHE YCKOPEHUS
a— 0,3-04-10+50-10°-3-10° _ 0,3+15-10°° _ 0,3+0,015
0,1 0,1 0,1
YckopeHue Tena, npo#ASHHbIN TEJI0M ITyTh, Ha4aJabHas U KOHEYHAsl CKOPOCTH TeJla CBSI3aHbl COOTHOILIEHUEM

=3,15 (m/c?).

_v'-y
25

v =4Ju; +2aS

HpI/I TTOACTAHOBKEC JAHHBIX Ba)>XHO ITOHMWMATh, YTO JBHMXXCHUEC TCJIa 6y21€T 3aMeEaJICHHOC. CHC}IOB&TCJ’IBHO, YCKO-
PE€HUE TCIa HAAO MOACTABIIATE CO 3HAKOM «MHHYCH. OKOHYATEIHHO MMoJIy4num

v=4172-2.315-10 =15 (m/c).

OTKyI[a HanzeM KOHCUHYIO CKOPOCTH TCJIa

Ortser: 15.
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