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1. Onucanue (poHIA OLIEHOYHBIX CPeACTB (OLIEHOYHBIX MATEPHAJIOB)

®oHJ OIICHOYHBIX CpPeACTB (OLIEHOYHBIC MaTepHalibl) BKIIOYACT B ce0si KOHTPOJIBbHBIC 3a/1a-
HUSE ¥ (MJTH) BOMPOCKI, KOTOPBIE MOTYT OBITh MPEIIOKEHBI 00y4aromEeMycsl B paMKax TEKYIIEero
KOHTPOJISL YCIIEBAEMOCTH U MPOMEXYTOUYHOW aTTeCTAllMU MO JUCIHMIUIMHE (MOIYJ0). YKa3aHHbIC
KOHTPOJIbHBIC 337aHus U (HJIH) BOIPOCHI MO3BOJISIOT OLEHUTh JOCTHKECHUE O0YYAIOIIMMCS TUIaHH-
PYEMBIX Pe3yJabTaToB OOYYEHUS 1O TUCHUILUIMHE (MOJYJIIO), YCTAHOBICHHBIX B COOTBETCTBYIOILCH
paboueii mporpaMmme TUCHUIUTHHBI (MOIYJIs), a TaKkKe CHOPMUPOBAHHOCTH KOMICTEHIIUMH, YCTaHOB-
JICHHBIX B COOTBETCTBYIOLIEH OOIIEH XapaKTepUCTHKE OCHOBHOM mpodeccruoHanbHOM 00pa3zoBa-
TEJIbHOW MPOrpaMMBl.

IlosiHbIE HAUMEHOBAHMSI KOMIETEHIIMM M MHIUKATOPOB UX JOCTUKEHHUS IPEICTABIICHBI B
001el XxapakTepUCTHKE OCHOBHOM MPO¢heCcCHOHATBHOM 00pa30BaTEIbHOM MPOTPAMMBI.

2. OneHo4YHBbIE CPeCcTBA (0L €eHOYHbIE MATEPHAJIBI) JAJIs1 MPOBEAEHUs TEKYIIEro
KOHTPOJISl YCIIeBAEMOCTH 00Y4YaoIUXCs M0 JUCHUILIHHE (MOILYJII0)

2 cemecTp

Ilepeyenb KOHTPOJIbHBIX 32JaHUI H (HJIH) BOMPOCOB IS OLeHKH COPMUPOBAHHOCTH KOM-
nereHnun OIIK-4 (koHTpoMpyeMblii HHANKATOP A0cTH:KeHUsI komnereHuu OIIK-4.1)

1. KonrponsHoe 3aianue. Ha pucyHke n3o0pakeHa miIockasi KpuBasi, Ha3blBae- y
Mmast Kirotouoit (crimpansio KopHio). Touka A JBHIKETCS BIOJIb 3TOM KPUBOM B
HaIlpaBJIECHUH, YKA3aHHOM CTPEJIKOM, C MOCTOSTHHOM MO BEJIMYUHE CKOPOCTHIO.

[Tpu sTOM BenuuKnHa €€ MOTHOTO YCKOPEHUS: a) paBHa HYIIIO; 6 5

0) MOCTOSIHHA M HE paBHA HYJIIO;  B) YBEIMYUBACTCH;  T) YMCHBLIACTCS,

2. KontponbHoe 3amanne. Ha Teno, nMmeBiiee uMImyibCc P B TeYEHUE OUYEHb KOPOTKO- o —>5
ro BpeMeHH At neiicTBoBasia cuiia 6ombimas cuina F . [locne okoHwaHus necTBUS [l 120

CHITBI TEJIO JIeTUT 1ot yritoM 120° K HalpaBIeHHIO IEPBOHAYAIBHOTO JIBHKEHUSI C
MMIYJIbCOM, BEJTMYMHA KOTOPOrO paBHA BEJIMYMHE MIEPBOHAYAIBHOTO UMITYJIbCA TENA! |f)| = | f)| :

[Ipu 5TOM BENIMUYMHA UMITYJIbCA AEHCTBOBABILIEH HA TEJIO CUJIBI ‘IfAt‘ Oyzer paBHa!

a)0;  6) ptgl2d; B) pcos120; r)pl2,  n)p; e) psin120; %) 2p;

3. KontponbHoe 3aganue. M3 xecTH BeIpe3aii TPH OJTMHAKO-

BbIC JICTAJIM B BUJIE DJUIHIICA. [IBe eTany pa3pes3aiu Ha YeThl- li.
pe OAMHAKOBBIE YAaCTH. 3aT€M BCE YaCTU OTOJBUHYIIH JPYT OT D ]

Jpyra Ha OJIMHAKOBOE PACCTOSHHE M PACCTABUIA CHMMETPHY- ol Q D il
HO oTtHOCcHTENbHO ocu OO' (M. puc.). Beibepure nmpaBuibHOE

COOTHOIIEHUE MEXy MOMEHTAMH MHEPIMH ITHX J€Talel OT- f I, I3
HocutenabHo ocu OO".
a) |l>|2>|3; 6) |l<|2<|3; B) |1<|2=|3;

I) HE XBaTaeT JaHHbBIX;

4. KonrtponbHoe 3ananue. Llunmmuap maccel 2m u paguyca R Moxet BpamaTbest 6e3
TPEHUSI BOKPYT TOPU30HTAIILHON 3aKPETUICHHON OCH, MPoXo et uepes ero meHTp 0.
K xoHIIaM HUTH, IEPEKNHYTOI Uepe3 MMWINHAP, IPUKPEIIIEHBI TPY3bl C MaCCaMu M U
3M, KOTOpbIE ABUXKYTCS MOJ ACHCTBUEM CHUIIBI TSDKECTH. Y CKOPEHHE CBOOOTHOTO Ta-
neHus paBHO 0. Cuiibl HATSDKEHUS HUTH Pa3iInyaroTCsl C pa3HbIX CTOPOH LMJIMHJIpA Ha




4

BenmmunHy AT . Cuna, ¢ kotopoii onopa O geiictByer Ha nuuuAp, paBHa N. HUTH He mpockaib3bl-

BACT 110 MOBEPXHOCTH IMInHApa. Vcnosb3ys NpuBeeHHbIE JaHHbIE, YKaXXUTE IPABUIBLHOE BbIPa-

YKEHHE JUIsl BEIMYMHBI YCKOPEHUS Tpy3a M.

2AT | AT+ N AT -N AT -N . AT AT

—); 06)a=———,; B Aa=————; rna=——; pa=——; e a=—,
m 2m m m 2m

a) a=
5. KontponbHoe 3amanwe. C TOpKH, C OIHOM W TOW e BBICOTHI N,  ckaTbBatoTcsi 0e3
IPOCKaNIb3bIBAHUS AP, LWIMHAP M TOHKHHA 0Opy4 (TOHKOE KOJIBIIO), MMEIOIIHE OJHHAKOBBIC
Macchl W OJMHAKOBBIe paauychl. [lepBoHadanbHO Ha BBICOTE N Bce TpH Tela IMOKOWIIUCH.
MeieHHee Bcex ¢ TOPKH CKaTUTCS:

a) mIap; 0) UIUHAD; B) 00pyHY; I) BCE TPH Tejla CKAThIBAIOTCS 3@ OJMHAKOBOE BPEMSI;
6. MuMo HenmoIBM>KHOTO Ha0roAaTeNs Ha 3emiie ¢ OOJIBIION CKOPOCTHIO, PABHOU —a=
v=2-16 m/c, nposietact pakera. KoOCMOHABT B pakeTe JepiKall CTepKeHb JIuHbI |~ — i% > =

MapaJUIelIbHO JBMKCHUIO pakeThl U moBepHy:t ero Ha 90°, HarnpaBuB MEPICHINKY-
JISIPHO JIBMYKEHHIO pakeTsl. [l1s 4enoBeka Ha 3emJie JIHHA CTePIKHS I10CIIe 3TOr0
Oynet paBHa (¢ —CKOpOCTh CBETa B BaKyyMe):

a)l; o) I/(l—«/l— vz/cz); B) | Q1-Vv?/c?; 1) I/wll— v2/c?;  n) I[Ql—«/l— vz/cz);

7. KonTposnbHoe 3aaHue. MosspHble TEII0EMKOCTH HAEAILHOIO Ta3a B IPOLECCax P
1-2ul- 3pasusl Cq u C, coorBercTBeHHO. MX OTHOLIEHHE Cl/Cz =0,75. 2
Taxum ra3oM MOXKeT OBITH (YKaXKUTE BCE IPABUIIbHBIC OTBETHI): 3

a) ammuak NHs;  0) kuciopon O2;  B) a3oT Np; 1) yriekucisiii raz COy;
n) renuit He;  e) Bogopoxa Hy; ) JaHHOE yCJIOBHE HEBO3MOKHO;

1 v

85. KontponrsHoe 3aanue. Ykaxute Gopmyiy i BHIYUCICHUS MPUpPAILEHUs SHTPOIHH

UJCaLHOTO ra3a Mpu U300apHOM OXJTAKICHHH: a) —J.d?u : 0) I(dU + pdV) :
vC,dT
B) I @; r) I Tp; x) j pdV; ) J‘d?u ) HET IPaBHIBHON (OpMYIIHI;

9. KonrponbHoe 3amanne. Ha pucyHke npuBeneHsl ABa rpaduka GyHKIHH pacrpeaesieHus 1Mo
BEJIMYMHAM CKOPOCTEH MOJIEKYJI OJJHOTO U TOTO K€ MIeaThbHOrOo ra3a Mpy pa3HbIX Temreparypax. 7’
— TeMIepaTypa ra3a, S —IUIoaas Mo KpuBoii rpaduka. [IpuBeneHs! clieayrone COOTHOMICHHS
A)T,=Ty;, B)To<Ty B)T.>Ty INS=S; NH)S>S;, E)S<S.

Kakwne u3 3TUX COOTHOIICHUIT SIBIISFOTCS MPABHIIbHBIMU ?

Oteerel: a) A, I'; ©O)AE; B)A,; r)b,I; n)B,E;, e)bI; x)B,E; 3)B,/I;
n) B, T;

10. KonTpoasHoe 3ananue. J{aBieHne raza, COBEpIIAOIIETO U30TEPMUIECKUN MPOIIECC, YMEHBIIN-
7ock B 2 paza. [lpu 3ToM cpenHss JuinHa CBOOOAHOTO TpoOera MOJIEKyII ra3a:

a) yBenuumiach B 4 pasa; 0) yBelIMUYHIIaCh B 2 pa3a; B) MPAKTHYECKU HE H3MEHUIIACH,

) yMEHBIIMJIACH B 2 pa3a; [) yMEHbIIMIACh B 4 pa3a,

KJQ,/].Q\J-Q\].Q ~
—— i T X x| x | x| . ! x
TEPXKH, U aXKCH- X X X ; ' ; ; : ; ; , ; : - ;
cTep ! 306p © ! 2 X1 X X1 X> X1 X2 X1 X> X1 X2 X1 X>
HOT'O Ha JICBOM pH- a) 0) B) r) 1) €)
CYHKE, UIMEET BCIOY

OJIMHAKOBBIH, HE 3aBUCAIINNA OT TeMIEPATyPhl KOAPPHUIIMEHT TEMIONMPOBOAHOCTH. KOHIIBI CTepKHS

21. KoHTponbsHoE 3a- T 7 Jo
nanue. Marepuan )2 =
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NOJ/IePKUBAIOTCS NpH pa3Hbix Temneparypax 71 = 400K u 77 = 300K. Ykaxute npaBUiIbHbIHI
rpaduK 3aBUCHMOCTH BEJIMYHHBI ITIOTHOCTH TIOTOKA TEIUIA jo OT PACCTOSHHS X BJIOJb €ro OCH:

IlepeyeHb KOHTPOJIbHBIX 3aJaHUI H (HJIH) BOMPOCOB JUIsA OLeHKH ChOPMHUPOBAHHOCTH KOM-
nereHuun OIIK-4 (koHTpoMpyeMblii HHANKATOP T0cTH:KeHUsI KomneTeHuu OIIK-4.2)

1. KontponwsHoe 3aanue. MarepuanbHas TOUKa ABMXKETCS TaK, YTO C TEUEHUEM BpEMEHU €€ Koop-
JIMHATHI U3MEHAIOTC 110 3aKoHaM: X = X + 6> — 4t3, y= 5t2—41t3+1,5t4 nz=4+ 8 — 2% BoluncauTte
MOZYJb CKOPOCTH MarepHajbHON TOUKM B MOMEHT BpeMeHH t = 6.

2. KonrponbHoe 3amaHue. MarepuanbHas TOYKa IBMXKETCS BJOJIb KPUBOJIMHEHHOH TpaeKTOpHH,
npuYeM BelMYMHA (MOIYNb) CKOPOCTH JTOW TOYKHM MEHSETCS CO BpeMeHeM t 10 3aKkoHy

V(t) = At? - Bt+ C, rne A B,C-mnocrossHHBIC BEIWYWHBI, HE paBHbIE HYNIIO. B Kakoil MOMEHT

BpeMeHH [ BEKTOp MOJIHOTO YCKOPEHHS TOYKU Oy/eT MEepPIeHIUKYSIPEH TPAaeKTOPHU? a)

B 2A
mpu t=—; O)opu t=—;
p A ) ip 5

B)npnt=\/Bz—4AC; r)npnt=2—AL;’; z[)npnt=%; e) mpu t =0;

k) B JII000 MOMEHT BPEMEHHU BEKTOP YCKOPCHHUS HE TICPIICHMKYIISPEH K TPACKTOPHH;

3. KontponbHoe 3aganue. Ha ¢usznueckoe Teno neicTByeT cuma. 3aBUCUMOCTD F..H

OT BPEMEHHU €€ NIPOEKIIMU HAa OCh X IOKa3aHa HAa pUCYHKE. B HauanbHBIN MO- P S
MeHT BpeMenu to = O mpoeKLus uMIyjbca Tella Ha 0Ch X OblIa paBHa HYIIIO. o AR
Uemy ona OyneT paBHa B MOMEHT t = 6¢7? 2146

a) Okr-m/c; 06) 1kr-m/c; B) 2kr-m/c; 1) 3kr-m/c; n)4xr-mlc; —2l:\/+++++

e) Skr-m/c; k) 6kr-m/c; 3) 8kr-m/c; 1) HET MPaBHJILHOTO OTBETA,;

4. KoutponbHoe 3aganue.lllkuB pagunyca R mMoxer Bpamarbcest 6€3 TpeHUs: BOKPYT
TOPU3OHTAIILHON 3aKPETUICHHONW OCH CUMMETPHH, IPOXOsIIeH uepes ero neHtp 0.
Uepes MIKUB NIEpEKMHYTA HATh, K KOHIIaM KOTOPOH IOJBEIIEHBI IPY3bl pa3HOU Mac-
cbl. Macca MEHbILIEro rpy3a paBHa M, a HUTh TSHET €0 C CWION Ty = mg/2, rae g —

yCcKOpeHue cBoOoHoro najaeHus. Cuia HaTsSDKEHUS] HUTH, ISHCTBYIOIAs Ha BTOPO
rpy3 paBHa T, =3mg. HuTh 1BHXeTcst BMecTe C BpallalouMces 00010M IIKHUBa He

IIPOCKAJIB3bIBAs. 3alIMIINTE YPABHEHUS JUHAMUKY BPALATEIBbHOTO U IOCTYATENbHOIO ABUKECHHUS,
C ¥X IIOMOUIBIO MTOJYYUTE BHIPAKEHUE MOMEHTA HHEPLUU IIKMUBA, 3aIIMCAaHHOE Yepe3 BEIUYUHBI M U
R, 1 yKkaxxuTe npaBuiIbHbIN OTBET:

a) 1=5mR%/2; 6) I=2mR%; B) I=5mR%; 1) I=3mR%; n)l=2mR%/5; ) | =mR;

5. KoutposbHoe 3ananue. llokosiuiicss crepskeHb Macchl M U aauHbI | crioco- % 0
OcH BpaIaThbCsi BOKPYT NEPHEHANKYIISIPHON 3aKperuieHHon ocu OO’, mpoxos- V=T$l.
1IeH yepes3 ero UEeHTp. B MpoTUBONOIOKHBIE Kpast CTEPKHS OJHOBPEMEHHO Bpe- ok L{ v
3aI0TCSI MAJIEHbKHUE IUIACTUIMHOBBIEC IIAPUKH C TEMU K€ MaccaMu M, JIETEBIINE
HaBCTpedy APYT APYTY C ONMHAKOBBIMU IO BEJIMYMHE CKOPOCTSIMU V NEPHEHANKYISIPHO KaK
CTEpXKHIO, TaK U K ocu BpauleHus. [llapuku npuiaumnaroT K cTepkHio. PaccunTaiiTe HA OCHOBaHUU
MPUBEJEHHBIX JAHHBIX YTJIOBYIO CKOPOCTh CTEPXKHS C MPUIMIIIUMHU IAPUKAMHK cpasy Mocie yaapa
U YKaXXUTE OTBET:
V., 2V, 3v, 3v, 5v, 6v. v, A 12v, 3v .
a) —; 0)=; =, 1) =; I —; —; K) —; 3) —; ) =—; K)-—;
I 3 2l 8l 6l 5l 5l 12 7l 10
J) APYroi OTBET;
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6. KontposnbHoe 3ananue. TOHKHI CTEpKEHb MacChl M | JTUHBI | MOXKET coBepIiaTh He- 0
3aryxaronue KojaeOanus BOKPYT TOPU30HTaIbHOM ocu oaBeca O, mpoxo el yepes

Kpaii cTepxkHs. B 1IeHTpe cTepKHs MPUKpPEIUIeH MalleHbKUI rpy3uk Maccsl 3m. Paccuu-
TaiiTe Ha OCHOBAaHUH 3THX JAaHHBIX BEJIMUYMHY IIEpUOJIa MAJIbIX KOJIeOaHUH TaKOoro MasiT-
HHKA U YKQKUTE IPaBUIBHBIN OTBET (J — yCKOpeHHEe CBOOOIHOTO MaJICHUS): m,l

a) 21 il; 0) 21 E; B) 2T E; r) 2T 7—l; o) 21 8—l; e) 21 I—;
39 24g 129 12g 99 g
5 1n :

x) 2T [—; 3) 2T |—; 1) HET MPaBUILHOTO OTBETa (IPUBEIUTE €r0);
99 129

7. KontposbHoe 3amanne. UneanpHbIi ra3 HAaXOAWICS B cOCye moj mopirHeM. [Topiiens cxanm,

YMEHBIITHB 00BEM COCY/a B 2 pa3a MPH HEM3MEHHOMN TeMIIepaType, | P 3TOM BBITYCTHIIH U3 CO-
Cy/a IMOJIOBHHY MacChl HaXOAMBIIETOCS TaM rasa. Kak mpu 3ToM H3MEHHIIOCH JaBJICHHE Ta3a, OC-

TaBIIErocs B cocyue?

a) YBEIUYMIIOCH B 4 pa3a; 0) yBeIMUYWIIOCH B 2 pa3a;  B) YMEHBIIMIOCH B 4 pa3a;

') YMEHBIIMIOCH B 2 pa3a; 1) yBeIuumioch B 16 pas; €) He U3MEHUJIOCH;

) yMEHBIIHIOCH B 16 pas;

3m

8. KontponbHoe 3ananue. MneanbHslii ra3 coBepiraer mpomecc 1 — 2 —» 3, uzo-
OpakeHHBIN Ha auarpamme P-V,rae Po =4p;, Vo =2V, V3 =3V, p = 10°a,

V; =1 sutp. 3a BpeMs 3TOro MpoLecca BHYTPEHHA SHEPI U I'a3a yMEHbBILIAECTCS Ha

BennunHy 150 [Ix. Kakoe Temio momyvaer ras 3a Bpems npomecca 1 — 2 — 3?
a) 150/Tx; 6) 200/x; B) 250/x; r) 300/ x; mx) 350/1x; ¢)400Ix; x) 450/1x;
3) Apyroi OTBET;

9. KontponbHoe 3ananue. Ha pucyHke npencTaBiieH NpsSMON UK TETJIOBON Mally- 2 3
HBI B KoopauHatax T — S, rae T — TepMoAMHAMUYecKas TEMIIepaTypa, S— 3HTpo- "

nusl. YKaXHTe YIacTKH, Ha KOTOPBIX TEIUIOTa OCTYNAeT B paboyee TEJIO MAITHHBI OT - Na s
HarpeBartesie, U y4acTKH, IJIe TEIIOTa OTIACTCS XOJIOAUIbHUKY:

a) 12, 23 —1ocrymaet; 34,41 -otnmaercs; 0) 12, 23, 41 -focrymaet; 34 —ormaercs;

B) 12, 41 —ocrymaer; 34 —otmaercs; r) 23 —mocrynaer; 41 —oTnaercs;

10. KonTtponbHoe 3amanue. J[aBneHue ra3a, COBEpIIAONICTO H30TEPMHUCCKUIT ITPOLIECC, YBEIUIHU-
70ch B 2 paza. [Ipu aToM cpeansist ;yimHa CBOOOAHOTO MPoOera MOJICKYJI ra3a.

a) yBenuumiack B 4 pa3a;  0) yBenmmumiach B 2pasa;  B) MPaKTUYECKU HE M3MEHUIIACH;

') yMEHBIIMIACh B 2 pa3a; 1) yMEHbIIMIAch B 4 pasa.

Ilepeyenb KOHTPOJIbHBIX 3aJaHUI H (HJIH) BOMPOCOB IS OLeHKH COPMUPOBAHHOCTH KOM-
nereHnun OIIK-4 (koHTpoMpyeMblii HHANKATOP AocTH:KeHUsI komneTeHuu OIIK-4.3)

1. KonrtpoapHslii Bonpoc. CTosBIIAs aBTOMAIINHA HAUNHAET IBUTaThCs C YCKO- il
perueM a . [lepBblil HaOMOJATENh CYUTACT, YTO IPUUUHOM ITOTO SBISETCS Tpe- ﬁ‘%
HUE KOJIEC O MOBEPXHOCTh JOPOTH, IOCKOJIBKY APYTHUX CHJI, TSHYIIMX aBTOMO-

Ouib Briepen HeT. BTopoii yBepeH B TOM, YTO TPEHUE MOKET TOJIBKO 3aTOPMO3UTH JIBUKEHUE aBTO-
MOOWIISA, HO HUKAaK HE YCKOPUTh. BbICKkaxkuTe CBOE MHEHUE O TOM, KTO U3 HaOJtogaTesne mpas.
OrneHure poib TPEHHS KOJIEC O IOPOTY: OyaeT OHO MPUYMHOM YCKOPEHHUS WK 3aMeIJICHUs] aBTOMO-
Oowtst. OTBET 00OCHYHTE € TTOMOIIIBIO (PU3UIECKUX 3aKOHOB U (hopMyII.
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2. KoHTpObHBIH Bompoc. B aTTpakiroHe 4yenoBeK JT0JIKEeH OTBECTH TSKEIBbIN IIap,
MOJIBELICHHBIN Ha IIHYpE U TOJIKHYTh €ro Tak, 4TOObI BO BpeMs BO3BPATHOIO JBU-
KEHHU IIap cOMII KErJIio, CTOSIIIYIO MPSIMO IO/ TOYKO#, B KOTOPOI IHYp MOIBEIICH

K TIOTOJIKY (TIepet Kerjiel CTOUT MPENsITCTBHE, HEe MO3BOJISIONICe COUTh e€ TpPSIMBIM
yaapom). OIIeHUTh BO3MOXKHOCTh COMTB IIAPOM KETJTI0 B TAKOM aTTpakiuone. Kak
ciemyeT ToJakaTh map? OTBeT 000CHYHTE C TOMOIIBIO (U3HYECKUX 3aKOHOB U (hOPMYJI.

24
A

3. KortponpHsrii Borpoc. dyTdoauct ObET neHaNbTH. B MOMEHT yaapa Hora -
¢yTbommcTa UMeeT CKOpOCTh V, a Macca ObIOIIEH 1o M4y HOI'M BO MHOTO pa3 /ﬁl @ <V—$
Oosbie Macchl Mst4a. [Ipeanoxute croco0, MO3BOIISIONIHA ¢ TIOMOIIBIO 3aK0- ‘
HOB MEXaHUKHU HAWTU CKOPOCTh MAYa MOCIE YAapa U HaAIuTe 3Ty CKOPOCTb.

4. KoHTponbHbli Bonpoc. MiMeeTcst MeTaJuIMuecKUi CTEPKEHb, KOTOPHII MOMKHO
MOJIBECUTH 3a KPIOUOK Ha KOHIIE. JINHEIKH Mo1 pyKOH HET, HO UMEIOTCS Yachl.
[Ipennoxxure nporenypy OnpeaeacHus AIUHbI CTEPHKHS C ITOMOILBIO UMEIOLIUX-
cst yacoB. OOOCHYITE NPeIOKEHHYIO TIpoLeypy GopMyIaMH, HO3BOJISIFOIMMH BBIYUCIUTD Tpe-
OyemMyIo JJTUHY CTEPIKHS.

fas 1

5. KontponbHsliii Bonpoc. Ha 0001 koeca co ciunamu 1 Ha 0001 CIIOITHOTO
JTUCKa TOTO e paauyca R u To# ke Maccel M HamMOTaHBI HEBECOMBIC HUTH, K
KOTOPBIM MPUKPETUICHBI OIMHAKOBEIE TPY3bI Maccoit M. U koneco, u JUCK MO-
T'yT BpaIllaThCs BOKPYT TOPHU30HTAIBHOMN 3aKPEIUICHHON OCH CUMMETpHUH 0e3
TPEHHUsI U TIEPBOHAYAIILHO MOKOSTCS, a TPY3bl HAXOAATCS HA OJJUHAKOBOU BBI-
core h wnax momom. OneHuTe, Kakoil U3 rpy30B OBICTpEE YIaaeT Ha MOJI MOCIIe
Hayvasa JBwkeHuss. OTBET 000CHYNWTE C TOMOIIBIO (PU3NYECKUX 3aKOHOB U

dbopmy.

6. Kontponbasiii Bonipoc. [llapuk, moaBemeHHbI Ha HEBECOMOM MPYKHUHKE COBEPIIIACT
BCPTUKAJIBHLIC KOHCGaHHH B TJIMLICPHUHC. YTBep)KI[aGTCH, YTO IIOCJIC TOT'O, KaK B I'JIMIIC-
PHH 100aBUIIK BO/LY, a MIAPHK MMOJBECHIIN Ha JPYroi MPYKUHKE ¢ MEHBIIIEH KECTKO-
CTBIO, OH TIEPECTal COBEPIIATh KoueOaHus. BrickaxkuTe CBOE CyKIEHUE O BOZMOXKHOCTH
WJIM HEBO3MOXKHOCTH Takoro pe3yibrata. HaliiuTe B cienaHHOM yTBEpKJIeHUHU Te (ak-
TOPBI, KOTOPbIE MOTJIM MJIM HE MOTJIM IPUBECTH K JAaHHOMY pe3ynbraTy. OTBeT 000CHYH-
T€ C TOMOIIBIO PU3HYECKUX 3aKOHOB U (HOPMYI.

7. KontponbHbiii Boripoc. HekoTopoe Kon4uecTBO ra3a clielyeT MepeBECTH U3 COCTOSTHUS C JIaBJie-
HUEM p; 1 00beMOM V) B COCTOSIHHE C JaBIICHUEM po = 2p1 1 ¢ 00beMoM Vo = 2V, DTO MOKHO
clieNaTh UCTOb3Ysl (KOMOMHUPYS) TOJBKO ABA 00PaTUMBIX MPOIECCa M3 YEThIPEX MEPEUHCIICH-
HBIX . U30TePMUYECKUH, U300apUUECKUi, U30XOpUYECKHii U anuabaTudeckuil mpoueccsl. HeoOxo-
MO HAWTH TaKyl0 KOMOWHAIIMIO U3 JBYX MEPEYNCICHHBIX IPOIIECCOB, YTOOBI ra3 B pe3yJbTaTe
3THUX JIBYX MPOILIECCOB MEPenIn U3 Ha4YalIbHOTO B KOHEYHOE COCTOSIHUE, COBEPILNB IIPU ATOM Hau-
Oosbiryro padoty. M3moxkure cBOE MHEHHE O TOM, Kakas KOMOWHAIIHS TIPOIECCOB OYyIET yI0OBIe-
TBOPSATH TaHHOMY ycioBHI0. OTBET 000CHYHTE C MOMOIIBIO (PU3NYECKHX 3aKOHOB U (popmMyi, U30-
Opa3uB BHIOPAHHYIO KOMOMHAITMIO MPOIIECCOB Ha nuarpamme P — V.

8. KontponbHslii Botripoc. B Tpyoky U-06pa3znoro MmanomeTpa, CoeIMHEH-
HOT'O C COCYJIOM, 3QJIUTA )KUAKOCTh C HEU3BECTHOM MJIOTHOCTHIO P, . [1o0-
ATOMY MOKHO H3MEPHTh Pa3HOCTh YPOBHEH N JKUAKOCTH B MAHOMETPE,
HO HEJIb3s ONPEENIUTh Pa3HOCTh AaBJIEHUN Ap =p, gh BHYTPHU U BHE CO-
cyaa. C nmoMouipio Hacoca H MOXHO 3aKkadath B COCY]l BO3yX MO
6onpmm nasieHueM. C nmoMomrsio kpana K M0OXHO OBICTPO BBITYCTHTD
3aKkadyaHHbI Bo3ayX. Tepmomerp T mO3BOJSET TOUYHO OMPEACTUTH TEM-
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neparypy Bo3ayxa B cocyze. M3BecTHO, UTo moka3aTelnb aauadaTsl Bo3ayxa y=1,4, a atMochepHoe
JABJICHUE PABHO P,y - [IpEIOKUTE MpOLIeIypy ONpEeIeHHs] ITIOTHOCTH P, HEM3BECTHOM KUIKO-

CTH C ITOMOIIBIO JAHHBIX U3MEPUTENbHBIX MPUOOPOB. OOOCHYIHTE IPEIOKEHHYIO TPOLIETYPY
(dopMynaMu, MO3BONISIONIMMH BBIYMCIUTE TPEOYEeMbIil pe3ysbTar.

9. KonTponsusiii Bonpoc. ITpu 20° C mnotHocTs Bos! paBHa =1000kr/M°, MI0THOCTH MOACON-
HeuyHoro mMacia = 925xkr/m®, miotHocth Heptr =830 Kr/M°, IOTHOCTH STUIIOBOTO CIMPTA

= 789 «kr/m°. TeM He MeHee, Goiee IErkuii CIIUPT pacTBOPsETCS B BOJIE, a Golee TAKeNbIe MaclIo 1

HE(TH BCIUIBIBAIOT Ha TOBEPXHOCTH BOJIBL. BBICKaXXUTE CBOE CYX/IEHUE O TOM, Kakue (pu3nyeckue
3aKOHBI IIPUBOJIAT K 3TOMY pe3yibTaTy. Vi3MeHeHne KakuX BEIWYHMH B 3THX 3aKOHAX HAJ0 MPHHATH
BO BHUMaHHE U TIOYEMY?

10. KonTpomasHsiii Borpoc. [Ipuxost 3uMoii B CBOE JKHIIHIIE YEIIOBEK MOYKET CECTh Ha KEJIE3HBIN
CTYJ, a MOJKET — B IJTIOIIEBOE Kpecsio. B mepBom citydae eMy OyieT X0I0HO, @ BO BTOPOM — TETLIIO,
XO0Ts TEMIIepaTypa U CTyja, U Kpeciia OJMHAKOBa U paBHaA TeMIlepaType Bo3ayxa B komHare. Ompe-
JIeUTe MPUYUHY TaKOTO Pas3iINuus B pe3yabTaTax U 00BsICHUTE €€ C IOMOIIBIO 3aKOHOB M (hOpMYIT
bu3uKH.

3 cemecTp

IlepeyeHb KOHTPOJIbHBIX 32JaHUI H (HJIH) BOMPOCOB IS OIeHKH COPMUPOBAHHOCTH KOM-
nereHnun OIIK-4 (koHTpoMpyeMblii HHANKATOP AocTH:KeHUsI komneTeHuu OIIK-4.1)

1. KoHTpoJibHOI 3a1aHKE. DIEKTPUUECKOE T10JI€ CO3aHO TOUEYHBIMU 3apsiia- q q, 2
MU Ch ¥ Cp. Ecin 0 = —Q, @ = +Q,a paccTosiHuEe MEX]y 3apsaaMu U OT Cp A0 @1 o L lc
Touku C paBHO a, TO BEKTOP HAIIPSLHKEHHOCTH 110JI B Touke C OpUEHTUPOBAH B a d ¢4 3
HATPABIICHUH ... a)l, 0)2; B)3 r)4; 1) pasen 0

2. KonTponbHoii 3ananue. JlaHa cuctemMa TOYeUHBIX 3apsijIoB B BaKyyMe
U 3aMKHYTBIE IOBEPXHOCTH S,, S,, S; u S,. Uepes kakyro noBepx-

HOCTb IIOTOK BEKTOPA HAIPSIXKCHHOCTH SJICKTPOCTATUUCCKOI'O I1OJIA,
CO3IaHHOT'O 3TUMU 3apssaaMu, paBCH —2q/80 .

a) S;; 6) S,; B) S;; 1) S,;

3. KonrtponbHoii 3ananue. Ha piucyHke nmokasanbl SKBUITOTEHITH-
aJIbHbBIC JJUHUM JIEKTPOCTATUYECKOTO TOJISI M 3HAYCHUS TTOTEH-
ruana Ha HuX. CBOOOHBIN AJIEKTPOH, TOKOUBIIUNCS TIEPBOHA-
4JaubHO B TOUKE P, yKka3aHHOW Ha PUCYHKE, HAYHET JIBUTATHCS B ;
HaIIPABJICHUH

a)A;, ©0)B, BC 1) D

58 4 3B2B1B | -1B-2B-3B-4B-5B

R Pg 4. KonTtponbHoii 3ananue. K konny “B” NIEpBOHAYANBHO HE3APSDKCHHOTO Me-
J4d  TaIITMYECKOTO CTEePIKHS TIOTHECITH MTOJIOKUTEITbHBIN TOUEUHbIH 3apsz +q, o-
A sakyym B CJIE YETO TI0 CTEPIKHIO PaCHpeICTUICS HYIIUPOBAHHbIH 3aps (CM. pHCYHOK).

KakuMm cTaHeT COOTHOIIEHHE MEXTy TTOTEHIIHATIAMH TPOTHBOIOIOXKHBIX KOH-
IIOB CTEPXKHS:
a) oA <@g  0) Pa > 0p B) o =@ TI) BCE HHAYIIUPOBAHHBIC 3aPS/IbI UMEIOT OJIUH 3HAK
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5. KontponbHoii 3ananue. YUCiio CUIIOBBIX JIMHUMA 3J€KTPOCTATUUECKOTO MOJI,

IIOKa3aHHBIX Ha PUCYHKE, IPONOPLIMOHAIBHO BEIUYUHE HaNpsDKEHHOCTH E 3TOTO | €4 A €
nond. Jluaum E nepneHMKyIIApHBI K INIOCKOM rpannie Ab paszgena IByX OfHO- >, >
POIHBIX AUDJIEKTPUUECKHUX CPEJl C UNICKTPUIECKUMH IIPOHUIIAEMOCTSIMHU €1 U €2. T =
CornacHo pUCYHKY (BbIOEpUTE PAaBUIIBHOE YTBEPKACHUE): - L
a) eole; =2;  0) yKazaHHBIN Ha pUCYHKe BH ITMHKI E HEBO3MOXKEH; 7
B) Ha rpanuiie Ab oOpa3yercst IBOHHOM 3JIEKTPUYCSCKUN CIIOH U3 CBA3aHHOIO 3a- h 5 o

psna, IpU4eM CyMMApHBIN 3apsil 3TOTO CJIOS MOJIOXKUTEIICH,
r) Ha rpanune Ab oOpa3yeTcst IBOMHOM AJIEKTPUYECKHIA CIION U3 CBSA3aHHOT'O 3apsijia, IPUYEM CyM-
MapHBIN 3apsizi TOTO €10 OTPULIATEIICH.

6. KonTponwsHoii 3ananue. Ha pucyHke mokasaHsl TUHUU BekTopa D anekTpuueckoi D
WHIYKIWU 3J€KTPOCTATUYECKOTO MOl B OJTHOPOJIHOM cpejie. Y KaKUTE BEpHOE /
COOTHOIIEHUE MEXKY IUIOTHOCTHIO SHEPTUHU W TaKOTO MOJjs B TOUKax A u B: ~A ‘B

a) Wa > Wg; 0) Wa = Wg; B) Wa < Wg; ') HEOCTATOYHO JaHHBIX,

7. KontponbHoii 3ananue. Tok |, Tekyniuii mo npoBOJAHUKY MEHSIETCSI CO BpeMeHeM t

TI0 3aKOHY, H300pakEHHOMY Ha puc.l. YKaxuTe, 10 KakoMy 3aKOHy OyaeT 1
MEHATBHCA CO BpEMEHEM 1
0 0 0 ) t
BeJIMYMHA JHKOYJIeBa Termia Q, 0
; ; ; BBIICISIONIETOCs B IPOBOIHUKE! Puc.1
0 0 > 0 0
a) 0) B) r)

8. KoHTponbHOI 3a1aHne. YKakuTe ypaBHEHHE, BhIpakatoliee TeopeMy ["aycca /uis MarHuTHOTO

moms: a) §BB =, 1 ; 6) §Bdl =yl w) §Bd =0; 1) § BE=0;

9. KonTponbHoii 3ananue. CMeImaHHbIN ITy490K 3JIEKTPOHOB U MOJIOKUTEIIBHO 3apsHKEHHBIX HOHOB
BOZIOPO/IA, ABWKYIIHUXCA B INIOCKOCTH PUCYHKA C OJJUHAKOBOW CKOPOCTBIO, BJIETAET B MacC-
CIEKTPOMETPE B NMEPIEHANKYIISIPHOE MATHUTHOE 110JI€, MHAYKIMS KOTOPOro HallpaBJIeHa 3a IJ10C-
KOCTh pUCYHKa. [10 KaKMM TPaeKTOPHUSM JBIIKYTCS YaCTHIIBI B 3TOM M0JjIe (BBIOCPUTE MPABUIIbHBIN

PHCYHOK):

a) E )\I/IOHI;I 6) ' OHBI B)  ANEeKTPOHBbI r)

ONEKTPOHbI
— —

p— ® B p— : =
nysok: \ nyvok ) ny4ok \ nyuok )® B
' | AMEKTPOHbI !

1 ANEeKTPOHbI ! WNOHBI i MOHBI

10. KonTpomasHoii 3aganue. [1-o6pa3Has pamka pacnoyioxkeHa B TOPU30H-
TaJIbHOU IMJIOCKOCTH, HC UMCCT COIIPOTHUBJICHUS U HAXOAUTCA B ITIOCTOSIHHOM ®§ [{mR ®§

—

OJTHOPOJHOM MarHUTHOM I10JI€, JIMHUY UHAYKIMKA B xoToporo nepneHauky- v
JISIPHBI K IVIOCKOCTH PaMKH U HAIIPaBJICHBI 3a INIOCKOCTh pUCyHKa. I1o pamke

0e3 TpeHHs MOXKET JIBUTaThCs TIONepeyHast NepeKIainHa ¢ Maccoi M, JutnHou | 1 conpoTuBieHHEM
R. IlepexnaauHy TOJIKHYJIN BIEBO ¢ HAYaJIbHOU CKOpPOCThIO V. [Tpy 3TOM 110 3aMKHYTOMY KOHTYpY,
00pa30BaHHOMY PaMKO# M MEPEeKIAANHON OyIeT MpoTeKaTh HHAYKIIMOHHBINA TOK, BEJIMYMHA KOTO-

POrO CO BPEMEHEM ....... U KOTOPBIi 00TEKAET KOHTYP ....... (BrIOEpHTE MPABUIIBHOE YTBEPIKIC-
HUE):

a) YMEHBIIIAETCS .... [10 YaCOBOM CTPEIIKE; 0) yMEHbIIIaeTCs ... ... MPOTUB YaCOBOW CTPEJIKH;
B) BO3pacTaer ...... 10 YaCOBOU CTPEIIKE; T) BO3PACTaCT ...... NPOTHB YaCOBOW CTPEJIKH;

1) HE U3MCHSETCS ... [T0 YaCOBOM CTPEIIKE; €) HE U3MEHSIETCS ... ... MIPOTUB YaCOBOM CTPEIIKH;
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11.KonTtposnbHoi 3aanue. B anexkTpuyeckoM KonedaTelbHOM KOHTYPE C HHTyKTHB- R c
HocThIO L, éMkocThio C u pesuctopoM R mpoucxonst coOCTBEHHBIE 3aTyXaloIHe ﬁljv}]
3IIEKTpUYECKHE KoeOaHus ¢ 4acTOTOl o u ¢ K03 duumentrom 3aryxanus 3. Ecnu L
BennunHy éMKocTH C yBeIHUYMTh MPU HEM3MEHHBIX BennmuuHax R u L, To (BeIOepuTe mpaBHiIbHOE
YTBEPIKICHHE):

a) ® yMEHbINAETCs, B He MeHseTCs; 0) ® YMEHbIIAEeTCs, 3 pacTeT; B) ® PacTeT, 3 HE MEHSCTCS;
) ® HE MEHAETCH, 3 YMEHBIIIAETCS;  JI) ® pacTeT, f YMEHbBIIACTCS,  €) ® He MEHsETCs, 3 pacTer;

12. KonTponwHoii 3ananue. Kakue 3 nmpuBeneHHbIX HIKE B qudpepeHnmnansaon hopme ypaBHe-
HU cucTeMbl MakcBeIia 3anucanbl ¢ OMUOKON (HEBEPHO):

1) rotE:%—?; 2)rot|§:%—lt3+]; 3) divD=p; 4)divB=0:

a)lud;, 0)2u3; B) 1lu 3; r) 3u 4, n) 2u 4, e)1lu2;

13. KonTponpHoii 3aganue. BeioepuTte mpaBUIbHOE PACIIONOKEHUE TUATIa30HOB YJICKTPOMArHHT-
HBIX BOJIH 8 NOpsOKe YOblBAHUS YACMOMbl U3TYUEHUSL.

a) YJIBTPAKOPOTKUE PAIMOBOJHBI, BUIUMBIN CBET, HH(PPAKPACHOE U3TYUCHUE, MUKPOBOIHOBBIN
JTMaIla3oH;

0) omnTHYECKHI quana3oH, HGPAKPACHBII TUana3oH, MUKPOBOJIHOBBIN auana3oH, Y KB-nuana3oH;
B) HH(ppaKpacHOE U3IyUCHHE, ONTHUECKUI TUaa3oH, YIbTPa(HroIeTOBOC H3TydEHHE, PEHTTEHOB-
CKO€ M3JIy4YCHHUE;

I) PEHTTEHOBCKOE M3IyYCHHE, ONTHUECKUI TUAMa30H, YIbTPa(QHrOIeTOBOEC H3TyUYCHHE, MHKPOBOJI-
HOBBI THAIIa30H,

IMepeyeHb KOHTPOJIBHBIX 3aJaHUI H (HJIH) BOMPOCOB JUISA OIeHKH ChOPMUPOBAHHOCTH KOM-
nerennuu OIIK-4 (koHTpoJMpyeMblii HHIUKATOP A0cTH:KeHUus1 KommneTeHuun OITK-4.2)

1. KonTponbsHoii 3ananue.l1o 6eCKOHEUHO JUTMHHOMY U OY€Hb TOHKOMY
LUJIUHAPUYECKOMY IIPSIMOMY IIPOBOAY C OJMHAKOBOM BO BCEX TOYKAX
IJIOTHOCTBIO O = CONSt pacrpesiesieH dIeKTpudeckuii 3apsia. Ha paccrosauu I' oT ocu mpoBoja Be-

r
“++++++T++++++)

JIMYMHA HAIPSKCHHOCTH JJICKTPUYCCKOT'0 MMOJIsA, CO3AAHHOTO 3TUM 3apia10M, paBHA E. Ecnu usme-
PHUTBH BEIMYMHY HAMPSHKCHHOCTH TTOJISI HA PACCTOSTHUU 2I' OT OCH ITPOBO/IA, TO OHA OKAXKETCSI paB-
HOIA: a) El4; 0) E/2; B) 2F; r) 4E;

1) U151 0ECKOHEYHOTO MPOBO/Ia HANPSHKCHHOCTh OJIMHAKOBA Ha JIIOOOM yaajlcHuH I ¥ paBHa F)

2. KonTtponbHo# 3aianue. BOIM3u MoBepXHOCTH 3aKPEIJICHHOTO HEMOABH)KHO-
ro 1apa, o NOBEPXHOCTU KOTOPOTO0 PaBHOMEPHO PaclpeAeiieH 3JIEKTPUIECKUM +q’
3apsij +(, IepBOHAYAIBHO MOKOMJIACh CBOOOHAS YaCTHIIA C MACCOW M H ¢ Mo- ‘m
JIOXKUTCIIBHBIM 3apsAa0M. YI[aJII/IBI_HI/ICB mon I[CI>'ICTBI/ICM QJICKTPHUYCCKUX CUJT CO
CTOPOHBI I1apa Ha OECKOHEYHOE PacCTOSHUE, YaCTHUIa MPUOOpeTaeT CKOPOCTh, paBHyto V. [lomyuu-
T€ ¥ YKa)KUTE MPABUIIbHOE BbIpaKEHUE JIJIS pacuyeTa BeJIMUMHBI 3apsiia (' 4acTHUIIbL:

8re,mv’R, . V'R | 2mE,mMVPR, ATER | 87E,R | 2R |

a) , 0) B) , T) > ) > €) >
q q q gqmv gmv gnv

) Apyroi OTBET;

o
\4
—

3. KortponbHoii 3aganue. B HeKOTOPOIi 3aMKHYTOH 11eTTH

. 2 Om B 30m C 4 Om D
CYILIECTBYET y4acCTOK, COCTOSAIIUI U3 TPEX PE3UCTOPOB, /flﬂj | | | =
COCANMHCHHBIX I1OCJICAOBATCIIBHO. B Toukax COCANHCHUA P=2B »=5B
A C

pe3uctopoB A u C U3BECTHBI HOTEHIMAIBI ¢, U @ (CM. pHC.).

Pa3zHOCTh MOTEHLINMANIOB (-, PABHA... a) —4,2B; 0) 7B, B) —7 B; r) 4,2B;
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4. KontponpHoii 3aaanue. [1o AByM mapanienbHbIM MPSMBIM OCCKOHEYHBIM - s ..
MIPOBOJIHUKAM TEKYT TOKHM OJIMHAKOBOM BEJIMUMHEI | Tak, Kak MoKa3aHO Ha pU- 0 b

*
cyHke. YeMy paBHA HHIYKIUS MAarHUTHOTO TOJISI, CO3JJAHHOTO 3TUMU TOKaMH B 'b

tTouke O Ha OJIMHAKOBBIX PACCTOSHHUAX D OT 000MX POBOJIHUKOB:

a)B:/'I_OI' 6)B:'u_0| B) :’u_OI' F)B:'uol : H)B:'uol : e)B:/j—OI, }K)O,

1 ) 1 1
4b 2b b 47 2mb 7o
5. KontponbHol 3a1anne. 3aMKHYTBIN KOHTYP OXBaThIBAa€T MPSMBIE TIPO- I /\ 7
f
BOJIHHUKH C TOKaMmH |1, |2, |3 1 |4. DTOT KOHTYDp, HanpaBieHue ero 06xoaa u 4 2
HAIpPaBJICHUS TOKOB YKa3aHbI HA PUCYHKE. Y KaXXUTE, EMy paBHA IIUPKYJIs- [ °6,’$)” L3
1S BEKTOPA UHIYKIUHA MarHUTHOTO TOJIS 110 3TOMY KOHTYpPY, AeNEHHAs HA | A I

MarHUTHYIO TIOCTOSIHHYIO (ﬁédT / My
a) 11-1o-13-14 6) -l1+l o+ 3+ 4 B) 11-15-213-214 F) -l4+1o+213+214 IL) l1+15o+213+214 e) -11-15-213-214

6. KontposnbHoii 3amanne. Ha pucyHke moka3aHbl TUHUW BEKTOpPA HaIIPSIKEH- YV
HOCTH H MarHUTHOIO I10JIs Ha IJIOCKOW TPaHULE ABYX OJHOPOIHBIX MarHeTu- W, ~ |/ / / z
KOB C MarHUTHBIMU MTPOHUIIAEMOCTAMH 1 =3 U W = 2. [Ipoekiuu 3Toro Bek- MW «
TOpa Ha HOPMAJILHOE HAIpaBJIE€HUE N K IPaHUIIE C Pa3HBIX CTOPOH OT FPAHUIIBL >~ /] ™ -
paBHbl H1n 1 Hpn. Toku MpOBOIMMOCTH Ha TPaHUIIE Cpesl OTCYTCTBYIOT. Uemy

paBHa BenuuuHa Hop, ecnu Hin =4 Alm?

a) 1 Alm 0) 1,5A/m B) 2,67A/m r) 4 Alm n) 6 Alm ¢) Apyroii OTBET

H,

7. KontponbHoii 3ampanue. [1o 3aMKHYTOMY TPOBOIAIIEMY KOHTYPY T€UET
TOK, BEJINYMHA KOTOPOI'O MEHSETCS CO BpEMEHEM t, Kak IM0Ka3aHo Ha rpa-
¢uke. Onpenennure U yKaxuTe BEIMUYUHY UHIYKTUBHOCTU KOHTYpA, €CIH
Bo3HMKaromas B HeM D/1C caMOMHIyKIIMM UMEeT BeNn4ynHy 2 B:

a)1l'a; 6)2Tw;, B)3Im; 1r)4Il'm; na)6Inm; ¢)8In; x) 120w,

8. KonTponbHoii 3aganwue. JlJis 2IeKTpudecKoro KojaebaTenbHOro KOHTypa
n300pakeH rpaduk COOCTBEHHBIX 3aTyXalOIIMX KOJICOaHMI dIIeKTpruye-
CKOTO 3apsijia Ha KOH/ICHCATOPE, ONMUCHIBAEMBII YpaBHEHUEM

q(t) =Ae'" Sin(ool t+ (p) (cm. pucyHOK). OmnpenennuTe BETUIUHY JOra-

pUGMHUECKOTO AeKpEMEHTa 3aTyXaHus Koebanuii 0 (;rorapudm oTHOIIE-
HUS aMIIJIMTYbl B HadaJIbHBIII MOMEHT BPCMCHH K aMIIJIUTYAC YCPE3 I1C-

puonm): a)0,25; 6)1; 8)0,333; 1)0,167; m) 0,5  e)0,667;

TUBHBIM conpoTuBieHneM R, émkocTeio C ¥ MHAYKTUBHOCTHIO L, n300pa-
JKCHHBII HA PUCYHKE, BKJIFOYEH ITOCIEA0BATEIbHO HCTOYHUK IIEPEMEHHOTO
TOKa C aMILIUTYJOU €, U C TAKOM 4aCTOTOM ®, YTO aMILIUTY/A [1aleHUs HANPSDKEHU HA KOH/EH-

9. KontponbHoii 3aganue. B anekrpudeckuii konedaTeabHbld KOHTYP C aK- R C
L i” ?"_80 cos(at)

catope C JIOCTUraeT MakCUMaJIbHOHM pe30HaHCHOW BenuuuHbl. EMKOCTh C nepeMeHHOro KOH/EH-
caTropa yBeJIM4YWId B 2 pa3a. UTo Halo caenaTh ¢ napaMeTpaMu KOHTYpa, 4TOObl pe30HaHCHOE yBe-
JMYEHHUE aMIUTUTYBI TaIeHHUs] HAaNPsHKEHUS Ha KOHICHCATOPE MO-TIPEeXHEMY Ha0JI0Jalloch PU TOU
e 4acToTe o:

a)u R,u L yBenuuuts B 2 pasa; 0) R yBenmuuuTh, a L ymeHbiiuTh B 2 pasa;

B) L yBeanuuTh, a R yMeHbIINTh B 2 pasa, r)u R,u L ymeHwIuTh B 2 pasa;

1) OOJIBIIIE HUYETO HE MCHSTh; €) HeT MPaBUIBHOTO OTBETA,
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10. KonTtponbHoii 3ananue. HanpsykeHHOCTh MArHUTHOTO T10JIS TUIOCKON 3JIEKTPO- z

—

MarduTHOU BOJIHBI IMEET BHUI H =k H, COS( wt+ Kk X) . Torga HanpsbkeHHOCTH E g

AIIEKTPUUYECKOTO TOJIS 3TOU BOJIHBI UMeeT BU (I, | ,K — OpThI qekapToBOM cUCTEMBI  y /= I‘_|’

KOOPAWHAT):
a) -] E,coqwt+kx);  6) kEjcowt+kX);  B) -k E,coqwt+kX);
) JE, COS( wt +k X) ;) HET IPaBUJIBHOIO OTBETA,;

IlepeyeHb KOHTPOJILHBIX 3aJaHUI H (AJIH) BOMPOCOB JUISA OIeHKH CPOPMUPOBAHHOCTH KOM-
nerenuu OIIK-4 (koHTposMpyeMblii HHIHUKATOP A0cTH:KeHUus1 KommneTeHuun OITK-4.3)

1. KonTpomsHsbiit Bonpoc. CBOOOMHAS MOJSIpHAs MOJIEKYJIa OKa3ajlach BO BHEIITHEM OJTHOPOIHOM
SJICKTPUYCCKOM I10JIC, CUJIOBBIC JINHUW KOTOPOTO NCPIICHAUKYJIISAPHBI OCHU Z, MOBCPHYJIACh TAK, UYTO

€€ DIICKTPUYCCKUI JUITOIbHBI MOMEHT MPHHSIT BEIPAKEHUE P, = —iPy + JPg, TIE Py — HOJIOXKUTEIb-
Hast KOHCTaHTa, & i W | — OPTHI AEKAPTOBOM cucTeMbl KoopAauHaT. OOBsICHUTE, KaKk OyayT Hampas-
JICHBI CUJTOBBIC IMHUH (JINHUH HAMPSHKCHHOCTH E ), HApUCYHTE 3TH JTMHUH Ha TUIOCKOCTH XV, yKa-

JKUTE UX HampaBJIeHUE U 3alUIIUTE BhIpaKEHUE AJIs MOTEHLIMaNa JaHHOTO MO KaK (GyHKIIUH KO-
opauHat. HanpsikeHHOCTD MOJIsl UMEET BEIUYUHY E, .

2. KoutponbHslii Bonpoc. IIpaBuibHO i H300paKCHBI TUHUM HANPSKEHHO- _
CTH E 3JEKTPOCTATHYECKOTO MOJIS B IUIOCKOM 3apsuKCHHOM KOHIeHCaTope? =1 0 1]
Ecnu na, To 4emy paBHa HUPKYJISLIKS BEKTOpa E O MPSIMOYrOJIEHOMY KOH-
TypY, N300paXEHHOMY Ha PUCYHKE IITPUXOBOH JIMHNEH, 1 HE HAapyIIaeT JIN
HOJTyYCHHBIH pe3ysIbTaT TeopeMy O HIUPKYsinuu E ? Eciau HeT — To Kak MpaBHIbHO HAPHCOBATh
nuann E ? OTBeT 000CHOBATH M MOATBEPAUTH (HOPMYITaMH.

-

3. KonTtposbHblil Bonpoc. B sxcniepuMenTe nepBoHavyaabHO He3apsi- \weTann

JKEHHBIN MeTayumyeckuil ctepkeHb ACB moaHOCAT K 3apsSKEHHOMY R B
teny (1).ITocne aToro crepxkens pasaenstor Ha ae yactu AC u CB, A c
KOTOPBIC Pa3/ICISAIOT, K IEPEHOCST Pa3/ICICHHbIC YaCTH HA OYCHb 2) MeTann MeTann
0oJbIIIOe yaaleHHe OT 3apsukeHHOro Tena (2). Beickaxkute cBoe MHe- /_\|' o ot ‘B

HUE O TOM, KaKo! JOJKHA OBITh Pa3HOCTh OTEHLHUANIOB ¢ — g B

Toukax A ¥ B Ha KOHIIaX CTEpKHS [0 pas3jaeicHus (BEpXHUI PUCYHOK) U TOCIIE pa3/IeIICHUs H T1e-
pemetnieHus (HIKHUE pUCYHOK). ONpene/inTe MPUUUHBI BO3MOYXKHOTO U3MCHEHHUS BEJIMYHHBI

ba —dg WIM OTCYTCTBHUS ATOTO M3MeHEeHUs. OTBET 000CHYITE (HU3NUECKUMH 3aKOHAMH U TIPUHIIH-

aMH.

4. KOHTpObHBIN BONPOC. DKCIEPUMEHTATOP MPOTSIHYI Ba TOHKUX Ia- T b
paJUIeNbHBIX IPOBOJIAa HA MAJIOM PACCTOSIHUM | JIPYT OT Apyra ¥ mpoIycKa- /

€T 110 IPOBO/IaM TOKH B pPa3HbIX HAIIPaBJICHUAX, KaK IOKAa3aHO HA PUCYHKE, | 1

CYMTasl, YTO Pa3HOHAIPABJICHHBIEC TPOBOIHUKY C Pa3HOHANPABICHHBIMUA TOKAMHU MIPUTSAHYTCS APYT
K JIPYTY U MOXHO, 3Hasl UX MacCy U CUIIY IPUTSKEHUS, HAUTH BPEMs, 3a KOTOPOE MPOBOIHUKH
COMKHYTCSI M TOKH HCUE€3HYT. BbICKaxuTe cBOE CyKIeHHE O MPaBOTE UM OUTMOOYHOCTH 3aKIII0ye-
HUS 9KcriepuMeHTaropa. OG0CHYHTE CBOM BBIBOJIBI C IOMOIIBIO (PU3NUECKUX 3aKOHOB, U C IOMO-
1160 GopMyI ONpPEAECTUTE BEIMYNHY U HApaBiIeHUE CUJI, IEHCTBYIOMUX Ha €UHUILY JJIMHBI IIPO-
BOJIHHMKOB.

5. KontponbHslii Bonpoc. 1o rieHTpanbHOM xuie paguyca & npsmMoro KOakCHajabHOro Kadess Te-
4ér TOK |. Takoi#i ke TOK | Teder mo BHEIIHEMY IHMIIHHAPHIECKOMY ciioto (“crakany”) paauyca b
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HaBcTpeuy. Hapucyiite rpad ik 3aBUCHMOCTH HANPSDKEHHOCTH TOJIsL H , CO3JaHHOTO STHMH TOKa-
MH, OT paccTosHus I' 10 ocu kabesns. OTBET 000CHOBATH M MOATBEPIUTH (hopMynIamH.

6. KontponbHslii Bonpoc. Ha heppoMarHuTHBINA TOPOUAATBHBIN CEPACUHUK U3
MaTepuaia ¢ MarHUTHON MPOHUIIAEMOCTBIO | paBHOMEPHO HaMOTaHbl N BUTKOB
IPOBO/IA, IO KOTOPOMY TE€UET NMOCTOSHHBIN TOK |. Bo3HHKaloIIee B cepieuHHKe
MarHUTHOE I0JI€ UMEET BABOE MEHBIIYIO BETUYUHY HANPSKEHHOCTH, YeM HE0O-
XOJIUMO JUTSI ONBITA. DKCIIEPUMEHTATOP CYUTAECT, UTO JIJIS YBEIHMUCHUS HAMIPSKEH-
HOCTH MarHUTHOTO TTOJIsl BHYTPU OOMOTKH B 2 pa3a HEOOXOIUMO YBEIHMYUTD U
YHCIIO BUTKOB OOMOTKH, U TOK, MPOTEKAIOIINN 1O 0OMOTKE B J[Ba pasa, a TAK)KE HAMOTATh MPOBO/T
Ha TaKkou ke 1o opMe u pazMepam CeplIeYHUK, HO CACIIaHHBINA U3 MaTepraja C BABOC MEHBIIICH
MarHUTHOHM MPOHUIIAeMOCTHI0. V37105KUTE CBOE MHEHHE O IPABOTE MJIM OIIMOOYHOCTH BBIBOJIA HKC-
nepumeHTaTopa. CBoi 0TBET 00OCHYHTE C MOMOIILI0 (PU3NMUECKUX 3aKOHOB H MOATBEPAUTE Op-
MyJIaMHU.

7. KonTponbHbli Borpoc. IleprneHauKynsapHo ri1aikoil TOpU30HTaIbHON
IUIOCKOCTH CO3/IaHO MEPIEeHIUKYISIPHO HAMIPaBICHHOE HEOJHOPOIHOE Mar-
HHUTHOE TI0JIE ¢ MHAYKIKEH B, BeIMYrHA KOTOPOM BO3pacTaeT, Kak Imokasa-
HO Ha PUCYHKE. DKCIIEPUMEHTATOP TOJKHYI KEJIEe3HOE KOJIbIIO C paglycoMm I
U C Maccoil M B 00acTh 0oJiee CHIIBHOTO MOJISl C HaYallbHON CKOPOCTBIO V(, YTOOBI BBISICHUTD, YTO
IIPOM30MIET C ABMXKEHHUEM KoJlblla B JanbHelmeM. Ero uatepecyer, uro OyAeT Jaiblie mpoucxo-
JUTH CO CKOPOCTBIO KOJIBIIA: OyJET OHA BO3PACTaTh, YMEHBIIATHCS MU HE U3MEHHUTCS U OYAET T
IIPU STOM BBIACIATHCS TEIIIO, €CIM TPEHUE KOJIbIA O INIOCKOCTh OTCYTCTBYET. U3noxure cBoe
MHEHHUE O TOM, 4TO Oy/IEeT MPOUCXOTUTH C KOJIBIIOM IIPH IBHXKEHUHN H 0OOCHYHUTE CBOH BBIBOJIBI C
MOMOIIBIO (PU3UYECKUX 3aKOHOB, IPUHITUIIOB ¥ (JOPMYIL.

8. KoHTposbHBIN BOMIpOC. 3aMKHYTYIO HAKOPOTKO KaTYIIKYy-coeHou 1 13 N BUTKOB
C compoTuBIeHNEeM R ¥ ¢ mIomanpo oJHOTo BUTKA S;, 0Ch KOTOPOH MepBOHAYalh- —

U

HO GBIHa HaHpaBJIeHa HepHeHI[I/IKyJIHpHO JIMHUAM HHI[yKHHH B IIOCTOAHHOI'O Mar- == >

HHUTHOT'O IT0JIA (CM. pldcyHOK), HOBOpan/IBaIOT TakK, 4TO OChb KaTy]_HKI/I CTAaHOBHUTCS %Gjﬁ
=<
>SN

napasienabHol muHusAM B . Kak onpeaenuTs NpOTeKInii P 3TOM Yepe3 KaTyIIKy
3apsa? Uemy on Oyzaer paBeH? OTBeT 000CHOBATH M MOATBEPIUTH (POpMyIamMH.

S, Bamios

9. KonTponbHeIit Bompoc. J[Ba SKCIIepuMEHTATOpa PACCy AAFOT O TOM, KaK MOXKET
U3MEHATHCS BETUYHMHA 6 Jorapu(MHUUECKOTO IeKpEeMEeHTa 3aTyXaHus COOCTBEH-
HBIX 2JICKTPUUYECKUX KOeOaHU B KOHTYpE, H300paKeHHOM Ha PHCYHKE, TJIe BEJIH-
YUHBI EMKOCTH KOoHJeHcaTopa C U MHAYKTUBHOCTH KaTyIIKU L (uUKCHpOBaHEI, a
COTIPOTHBIIEHUE peocTaTa R MOXKHO U3MEHSThH B MOOBIX mpeaenax 0< R< . [IepBbIil akciepuMeH-
TaTOpP CUYMUTAET, YTO BEJIUYMHA 6 HE MOXKET NMPEBBICUTh HEKOTOPOTO 3HAYCHUS, @ BTOPOH YBEPEH B
TOM, 4TO BEJIUYMHA 6 MEHSAETCS HEOTPAHWMYCHHO U JOCTUTAET BEJTMYMHBI O = MpU R = . Bricka-
JKUTE CBOE MHEHHE O TOM, KTO U3 HUX IIPaB WM HE MpaB, U 000CHYWTE CBOM BBIBOI, TOJY4IHB (HOP-
MYITY JJIS TIPEIEIIOB U3MEHEHUsI BeIMurHa 6 . MOXKeT In O cTaTh paBHOW OECKOHEYHOCTH, U €CITH
1ia, TO MPY KakoM 3HadeHun conpotusienus R? Hapucyiite mpubnu3uTenbHbIi Tpaduk 3aBUCHMO-
ctu 6 ot R

10. KoHTpobHBII BOIpoc. B 11enb 31eKTpuYecKkoro kKonedareabHoro KOHTypa o L R
BKJIFOYEHA BHeIHAs nepeMenHas DJC ¢ HUKIMYECKO 4acTOTOH m. MeHss 3Ty E %
~Epcosot

YacCTOTY, ONPEIEIIWIIN, YTO MAKCUMAJIbHAS BEJIMUMHA aMIUIUTYAbl HAIPSIKEHUS
Ha KoHeHcaTope C momyyaeTcsi, Korjaa w= wy , a MaKCUMallbHasl aMIUIMTY/Ia TOKA B IIETH — IIPU

w=w,, IpuYeM w, -w, =,/ 2. Kak HaiiTu cooTHOmIEeHne Mex 1y napamerpamu nenu R, L u C mpu
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3TOM ycnoBun? Beipazute eMkocTh KoHaeHcaTopa C uepes conpotusieHne R ¥ nHIyKTUBHOCTH L
KaTymku. OTBeT 000CHOBATh U MOATBEPAUTH (HhOpMyIaMU

4 cemecTp

IlepeyeHb KOHTPOJIbHBIX 32JaHUI H (HJIH) BOMPOCOB IS OLeHKH COPMUPOBAHHOCTH KOM-
nereHuun OIIK-4 (koHTpoMpyeMblii HHANKATOP AocTH:KeHUsI komnereHuu OIIK-4.1)

1. KonTponbsHoe 3amanue. Ha TOHKYIO TUIGHKY M3 TTPO3PavyHOro MaTte- Genulii ceeT
pHala ¢ IIoKaszareieM IpeaoMIeHus N, HaXOMAILYIOCS B BO3AyXe, aja- | | | Vo /‘J Vil
eT cBepxy Oenblil cBeT. [Ipu 3TOM Ha NOBEPXHOCTH MJIEHKU HAOIOA- — 7 ., 7 . no

Z 7 T s T
I0TCS MHTEp(EepEHIIMOHHBIE MOJIOCHL. [[BeTOBast OKpacka yyacTKa Kax-

JIOM 13 MOJIOC MEHSIETCS B HAIIPaBJICHUHU CIIPaBa HAJE€BO, YKA3aHHOM CTPEJIKOW Ha PUCYHKE Clie-

JYyIOIIMM 00pa3oM (BEIOEPHTE OTBET): a) 3eje-

Hasi—CUHSSI—KeNTass— OpaHKeBasi;

0) 3eneHas—IKeaTas—O0paHKeBas—KpacHas, B) OpaHXeBas—KeJITas— CHHsISI—3¢/ICHas;
T) )KenTas— ronyoas— 3eJeHas— CHHSI, 1) KpaCHas—OpaHXeBas— KeaTas— 3elieHas;
¢) HaOJII0Aat0TCs YepeayIoIInecs Oelibie U TEMHBIE TOJIOCH;

2. KontposbHoe 3a- 3) I

nanue. Ha nudpak-

[IUOHHYIO PEIIECTKY (p

najaeT MOHOXpoMa- 0

Thyeckuii ceer. [pa- 1

BUJIBHOM KapTUHOHN B)

pacrpeesnieHus UH-

TEHCUBHOCTHU | CBe- P

Ta, TPOIIE/IIIETO 32
pelIeTKy, OT yriia OTKJIOHEHHS (@ OT HalpaBJICHHS NaJaroIIero cBeta Oynet (BhIOepUTe MpaBuIlb-
HBII PUCYHOK):

3. KontponbHoe 3aganne. MoOHOXpOMATHYECKUN CBET C JUTMHOU cBeT

BOJIHBI A TaJiaeT HOPMaJIbHO Ha IUIOCKYIO MPErpajy C Mpope3aH- ——

HBIM OTBEpPCTHEM pajryca I (CM. pUCYHOK). 3a mperpajoif Ha yna- — = ¢ 0
NeHun | yCTaHOBJEH MapauieNbHbIi 2kpaH. UToOHI B IIEHTpE 9K-  — = y

paHa 0 u3-3a qUdpaKIMK CBETa HA OTBEPCTUH HAOIIOIANICS JTH-
(paKIMOHHBII MAKCUMYM OCBEIICHHOCTH, PACCTOSTHUE | JTOJIKHO
OBITh paBHO (BBIOEpHTE MPABUIIbHBIN OTBET, IJI€ IMF IEJI0E YKHCIIO):

oy R am 2 (me )
Vom0 O Ay 9

i) :

4. KontponbHoe 3aganue. EcTecTBeHHBIN CBET MajlaeT Ha CUCTEMY
u3 1ByX noisipusaropos 11 u I, ocu nponyckanus KOTOPBIX CKpe-
wensl nox yriaom 90°. Mexny HUMU MOMEIAIOT TPETHIA TTOIApU3a-

nperpaga aKpaH

Top I3, 0Ch MPOIyYCKAHUs KOTOPOTO COCTaBIAET yron o =45° ¢
OCBIO MPOITYCKaHMS IEPBOTO MoJisipuzaTopa (cM.pucyHok). HTen-
CHBHOCTH CBETA, POLIEIIIETO YePe3 CUCTEMY U3 TPEX MOJSpU3aTo-
pOB OKa3zanachk paBHOM |. UeMy paBHa HHTEHCUBHOCTH | maparomie-

TO Ha CHCTeMY cBeTa (YKa)XXUTE MPAaBUIIbHBINA OTBET):
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a)l; 6)v21; B)2l; 1)2J/21; n)8l; ¢)8J/2l; x)16l; 3)apyroii oteer;

5. KontponbHoe 3ananue. [lepBoHa4anbHO C €MHUIBI TOBEPXHOCTH a0COIIOTHO YEPHOT'O TEJa HC-
MyCKaJ0Ch TEIUIOBOE M3ydyeHue ¢ MOIHOCThio Pg = 300BT. 3aTemM MOITHOCT ATOTO U3TydeHUS
Bo3pocia 10 BenunuuHbl P = 1200BT. Onpenenute, BO CKOJIBKO pa3 M3MEHWIACH IPH 3TOM JJTUHA
BOJIHBI, HA KOTOPYIO MPUXOANTCS MAKCHMYM TEIUIOBOTO M3ITy4EHUS:

a) yMeHbInMIach B 16pa3;  0) yMeHbIIMIach B 4 pa3a;  B) YMECHBIIMJIACH B 2 pa3a;

r) yMenbImaach B 1,41pas; 1) HE M3MEHUIIACH, ¢) yBenuumnnacek B 1,41pas3;

K) yBeIIMYMJIACh B 2 pa3a;  3) yBeIMUYWIach B 4 paza;, M) yBenu4miach B 16 pas;

6. KonTponbHoe 3aganue. ['pauky 3aBUCHMOCTH MaKCHMAaJIbHO BO3MOXKHOM
KHHETHYECKOW SHEPTUH JICKTPOHOB, BEIOMTHIX U3 ABYX MeTauioB “1” u “2”, ot
Y4acTOTHI V Magaroniux (JOTOHOB UMEIOT BUJI, U300paKCHHBIN Ha pUCYHKe. BbI-
OepuTe MPaBUIBLHOE YTBEPIKICHHE:

a) yroJ HaKJIOHa 000X rPpa)uKOB K OCH v ISl pa3HBIX METAIIOB IOJDKEH OBITh Pa3JInYHbIM,
0) st moOBIX MeTayioB “1” u “2” rpaduKu T0JKHBI COBIAIATh

B) paboTa BbIX0/1a 3JICKTPOHA U3 MeTasuia “1” Gosbiie, yeM u3 Metauia “2”

r) paboTa BBIXOJa MJIEKTPOHA U3 MeTaia “1” MeHbIe, 4eM U3 MeTayia “2”

7. KontponbHoe 3aganne. @otonsl “1” ¢ MIHMHON BOJIHBI A1 TAJAIOT HA 3
MOKOSIIIUAKCS 3JIEKTPOH. B pe3ynbTraTe KOMIITOHOBCKOTO PacCEsTHHS Ta-

KUX (POTOHOB OT AMEeKTpOoHA pazieratorcs Gpotonsl “2”, “3” u “4” ¢

JUTMHAMHM BOJIH A2, A3 M Ay COOTBETCTBEHHO (CM. prcyHOK). HaumeHb- ’

LIYI0 JUIMHY BOJHBI A MMeeT GoToH (Min GOTOHBI): LS e PP
a)l;, 06)2; B3, 104, n1)lu?2; ¢)lu 4, 4 SNeKTpoH

) BCce (POTOHBI UMEIOT OJMHAKOBYIO A;

8. KonrponbHoe 3ananne. KnHeTHueckue SHEPIHU HEPENSITUBUCTCKUX IPOTOHA U O — YaCTHUIIBI
(s1po aToMa renus) OJUHAKOBBI. YKaKUTE BEPHYIO BEINUYUHY OTHOLICHUS Ay / App AJIHHBIL BOII-

HbI 7ie bpoins O —4acTUllbl K JUIMHE BOJIHBI i€ bpoitisg npoToHa:

a)l; 6)v2; B2 V8 4 e)%; m)%; 3)

1
—=; Hu)—;
8 4
9. KontponbHoe 3amanne. MukpodacTuiia HaXOAUTCS B CTAIIMOHAPHOM MTOTEHITMAILHOM TI0JIe, B

KOTOPOM MMeEET MOTEHIMaNbHYI0 3Hepruto U (X) , 3ABUCSIIYIO OT OJHOM KoopAWHATHI X. [losHas

SHEPTHs YacTUIlBl paBHA E, a €€ COCTOSTHUE ONMMUCHIBACTCS BOJHOBOM QyHKIIMEH (X) . Ecu

h=1,05511034 JIx [€, To Maccy M 94acTHILI MOXHO BBIYUCIUTH U3 COOTHOIIEHHS (YKaKUTE TIpa-
BUJIbHBIN OTBET):

a) m= Ui dzq"(x)- 6) m=2(E_U(X)) dztp(x)_
2(E-U(¥)w(¥ dx Pu(x)  de
B) M= Ui d2l]J(X)_ r) m= hzlp(x) :
2U(X)-E)w(¥) dx 2(E-U (X)) Pw(®)/ d®’
n) m= 2V (9~ E) (). e) m= 729 (x) .
(g de 2(U(x)-E) Py (3 d X
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10.KontponbHoe 3ananue. Ilepexon snekTpoHa ¢ 60pOBCKOW OPOUTHI € TIIABHBIM KBAHTOBBIM YHC-
JIOM N Ha OpOUTY C IJIaBHBIM KBAaHTOBBIM YHCIIOM N’ B aTOME BOJOPO/ia COOTBETCTBYET JTMHUH O/
HOM M3 CHEKTpaJIbHBIX cepuil m3mydenus. [Ipu aTom nmepexomy N=o — N'=2 COOTBETCTBYET
CIIeTYIOIIAsl JUTHHA BOJTHBI U3JTydeHus A (BbIOEpHTE MPaBUIIBHbINA OTBET):

a) MHHUMalbHas A B cepun JlaiimaHa, 0) MuHMManbHas A B cepuu banbpmepa,
B) MUHUMaJIbHas A B cepuu [lamieHa; r) MakcuMaibHast A B cepuu JlaiimaHa,
1) MakcuMajbHas A B cepuu bambmepa, ¢) MakcuMasbHasi A B cepuu [lamieHa;

11.KontponbHoe 3a1anue. Bce paccMaTprBaemMble OJ000I0YKH aTOMa ypaHa 3an0JTHEHbI JJI1eK-
TPOHAMH MOJHOCTBI0. N; —4nciio 2ekTpoHoB B 5T —momo6omouke, a Ny —4rcio 3JeKTpOHOB B

2S—110/1000J109Ke. YKaKUTE TPABUIHHYIO BETHYUHY Pa3HOCTH N;— N, !
a)l;, 06)2; B)3;, N4, n6;, ¢7;, x)8; 3)9; u)l0; x)12; na)14; wm)15; =n)16;

12. KoHTposbHOE 3a/1aHne. YKaXUTe, Kakas 4acTb aTOMHBIX SIJIEP PaIMOAaKTUBHOTO BEIIECTBA pac-
majgaeTcs 3a BpeMs, paBHOE TPEM IIepHoJaM IojIypaciajia.
1 2 3 3 7 3 1 1 1 1 N
a)=: 0)=: B)=: 1) =; —e)=: XK)=;3)=; HU)=; K)=; 1 OU OTBET;
)5i 05 B0 WLl ¢y W) Si3) Sl W) g k) 0 M) apyr

IlepeyeHb KOHTPOJIbHBIX 3aJaHUI H (HJIH) BOMPOCOB IS OLeHKH COPMUPOBAHHOCTH KOM-
nereHnun OIIK-4 (koHTpoJMpyeMblii HHANKATOP TocTH:KeHUsI komneTeHuu OIIK-4.2)

1. KourponbHoe 3amanue. ITocTosiHHAs AU(BPAKIIHOHHON PEMIETKH, HA KOTOPYIO MaJaeT HOPMAaJIbHO
MOHOXPOMAaTHYECKHI CBET, paBHa 3,6 MKM. 3a pemerkoii oz yriaom 30° K HapaBIeHHIO Taak0-
IIEr0 CBeTa HA0II01aeTCsl HHTEPPEPCHITMOHHBIN MaKCUMyM (CIIEKTp) 4-ro mopsiaka. J[iinHa BOJTHBI
1a1afoIIero cBeTa paBHa (YKaXKHTe MPaBUIIbHBIN OTBET):

a) 400uMm;  0) 450uMm;  B) 500mM; 1) 600HM; 1) 700HM;  e) 750HM;

) Apyroi OTBET;

2. KontponbHoe 3amanne. TodeyHBIN HCTOUHUK MOHOXPOMAaTHYECKOTO CBETA
C IJTMHOW BOJIHBI A HAXOJIUTCS Ha PACCTOSIHUU @ OT HEMPO3PavyHOMN TUIOCKOM
Iperpajibl ¢ MpOpe3aHHBIM B HEH KPYIJIBIM OTBEPCTHEM paauyca I'. 3a mperpa-
JI0M Ha TAKOM K€ PACCTOSIHUU @ YCTaHOBJICH MApAJUICIIbHBIN el 9KpaH. [Ipu
3TOM PacCTOSHUE & MMeeT HAauOO0IbIIYI0 BO3MOKHYI0 BeJIMYMHY [ TOTO,
4yT100bI B Touke O sKpaHa (Jiexaleil, Kak 1 ICTOUHUK CBeTa S, Ha OCH OTBEp-
cTHst) Habmroancs AU pakIMOHHBIH MUHIMYM OCBEIICHHOCTH. YTOOBI B Touke O Habmo1acs
coceqHUi MU paKIMOHHBIA MAKCUMYM MEHBIIETO TOPSIKA, ITUHY BOJHBI MOHOXPOMATUIECKOTO
CBETa HAJ0. a) yBEIMUMTH B 4 pa3a; 0) yBENMUUTh B 2pa3a, )yBEIUUHUTH B /2 pa3;

I) YMEHBIIMTG B 4 pa3a; ) yMEHbIIUTH B 2 pa3a; €) yMEHBLIUTh B /2 pas;

3. KonrposnbHoe 3a1anue. EcTecTBEHHBIN CBET MPOXOIAUT YEePE3 CUCTEMY H3 i,
nByx nossipuszatopos 11 u I1p. Yron Mexay ocsiMu npornyckaHus MoJspusa- Iy |}
TopoB paBeH o =30° (cM.pucyHoK). MHTEHCHBHOCTH CBETa, mpomreamero ue- V'V
pe3 cuctemy MoJsIpU3aTOPOB U3MEPEHA U paBHA | . Uemy paBHAa HHTEHCHB- \

HOCTb | MAJAIOIIero Ha CUCTeMY cBeTa (YKaKUTe MPaBHIbHbBIN OTBET):
4]

41 2l 8l
a)2l; 0)—. B)—=; 1) —; o) 4, e€)—, X) 8l 3)HeT nPaBUIILHOIO OTBETA,
) )3 W DG A S )uet mp
4. KontponpHoe 3aganue. ['paduk 3aBUCHMOCTH MaKCHMAJIBHO BO3MOKHOTO Eon

3HaYeHUs KUHETUYECKON 3HEPTUH 3JIEKTPOHA, BHIOUTOrO U3 METAJUIa, OT YacTo-
ThI V TaJal0UMX GOTOHOB M300paxkeH Ha pucyHke. [locrosunuyto Ilnanka Hamo
UCKaTh 10 GopmyIe:
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a) h=arctga; ©6) h=ctga; B) h=tga/2; r)apyras popmyia;

5. KontponbHoe 3amanne. Y CKOpeHHas pa3HOCTHIO MOTEHIIUATIOB A 3apsDKeHHAs MUKPOYACTHIIA C
Maccoi M 1ocie yCKOPEeHUs: UMEET BOJIHOBBIE CBOMCTBA, XapaKTEPU3yeMble JUIMHOU BOJIHBI JI€
Bbpoitns As. Ykaxkurte Gopmyiy, Mo Kako# CIeTyeT BEIYUCIUTD BEIMUYUHY YJIEKTPUUECKOTO 3apsiia
Ia”HHOM yacTuusl, eciii h = 6,63- 16+ Jx-c —mocrosaHasg I1nanka:

2 2 2 2 2 2
mh2A¢ MAG Ay 2mAd A g mthd) 2m|12A¢ MAG Ay

) HET MPaBHJILHOTO OTBETA;

6. KonrponbHoe 3ananue. CocTosHuEe CBOOOIHON MUKPOUYACTHILIBI C MAacCOM M B ciydyae 0JHOMEp-
HOTO JIBMDKEHHSI OMMCHIBAETCS BOJTHOBOM (hyHKIMEH ) (X) = Cexp( i X) , Tie C ¥ 0— IOCTOSTHHbIE

BEJIMYMHBI, | — MHMMAs €IWHUIA, TIOJIHAS SHEPrus yacTuibl paBHa E. Ecin 71 =1,055110 34 Jx (¢,
TO MOCTOSIHHYIO 0. MOYKHO BBIYHMCJIMTH U3 COOTHOIIEHUS (OMPEIEIUTE H YKAKHUTE OTBET):

a)a=‘2 E; 6)0(=—1\/2—7m; B)O(=—‘2 E; r)0(=1 2—m; n)a=-h\/E;
h E i 2m

h h\ E

7. KoHTponbHOE 3a7aHKe. DINEKTPOH C MacCOM M U C OTPULIATEIbHBIM JIEKTPUUECKUM 3apsI0M
—( o0Opa3yeT OJJHOAIEKTPOHHBIN aTOM BMECTE C SAPOM, UMEIOIUM Maccy M >> M u Mon0XKUTEeNb-

HBIN 35eKTprudeckuii 3apsia +Q. UeMy paBHO OTHOIICHHE BEIHMYHH (MOIYIIEH) ‘El‘ / ‘ Ez‘ SHEPTHH

E1 anmexkTpoHa, HaXO/ISIIErocs: B IepBOM BO30YKJACHHOM COCTOSIHUM, U DHEPTHH E, 3JEKTpOoHA, Ha-
XOJISIIIIErOCs Ha TPEThel OOPOBCKOi opOuTe (YKaXKHTE MPaBUIBHBIN OTBET):
a)4; 0)1,5 B3, 1)2; 18 ¢)225 k)45 3)9; u)apyroi oreer;

8. KoHTponbHOe 3ajaHue. YKaKUTe IPABUIbHYIO BeNHIuHy oTHOWeHns Eg/ By sHepruu tperbero

BO30YXKIEHHOTO COCTOSHUS HEKOTOPOrO OJIHOMEPHOTO KBAHTOBOIO FAPMOHMYECKOTO OCLUILIATOPA
K SHEPIMH MEPBOTO BO30YKIEHHOIO COCTOSHHS STOTO OCHUILIATOPA!
a)3; 0)14/9; B)2; 1)6; n)7/2; €)7/3; x)7/4; 3)5/2; wu)4d; K)xapyroi OTBET;

9. KontposbHoe 3a1anue. YeMy paBHO OTHOIICHHE BETMYUHBI (MOAYJISl) BEKTOpa OPOUTAIEHOTO
MOMEHTAa HMIYJIbCa IEKTPOHa, Haxoasmierocs B 3d — mo1o00104Ke aToMa K HanOoJIbIIeMy BO3-
MOKHOMY 3Ha4E€HUIO BEJTHYMHBI (MOJIYJIS) MPOCKIIMU BEKTOpA OPOUTAILHOIO MOMEHTA MMITYJIbCa
9TOTO 3JIEKTPOHA Ha OCh Z, KOTOPasi HalpaBJICHA BJOJIb JINHUI MHIYKIIMY BHEITHETO MAaTHUTHOTO
noJst (BBIOEPUTE MPABUIIBHBINA OTBET):

a)l; 6)1,155; B)1,225; 1)1,414; n)1,732; ¢)2; x)2449; 3)3;

10. KontponsHoe 3amanue. Ilepmoapl momypacnana siaep paadoakTUBHBIX H30TOmoB “1” m “2”
paBHBI, COOTBETCTBeHHO, T1 = 1¢ u Tz = 4 c. B HauanpHBIH MOMEHT BpeMeHH ty = O yucno suep
000X M30TONOB B 00pasiie ObLI0 0MHAKOBO. ONpeeNnnuTe U yKaKUTE MPaBUIbHYIO BETUUUHY OT-
Homenuss N1/N; , rme Np — gmcio sigep nepBoro uszotona, a Ny — 4uciio sjaep BTOpOro u30Torma co-
XpaHUBIIUXCS B 00pa3iie K MOMEHTY BpeMeHu t = 4c¢:

a)2, 0)exp(4); B)16; r)exp(-4), m)8, e)l; x)1/4 3)exp(3); mu)4, x)1/8;

n) 1/2; wm) 1/16; H) apyroii oTBeT;

235
11. KontponbHoe 3amanue. Sapo ogHOro M3 M30TonoB ypana U 9> MCIIBITHIBAET MOCIIEN0BATENb-

HO CHadYaJia ImpoIece 0-pacriajia, a 3aTeM mporecc [3 —pacnaaa u npeBpamaetcst B siupo (yKaxure
NPaBUJIBHBIN OTBET):
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a) Ra§§7; 0) Paéfl; B) Acggl; r) Pugis; 1) Thgg5; e) Thsgl; x) Paéfs;

IlepeyeHb KOHTPOJIbHBIX 32JaHUI H (HJIH) BOMPOCOB IS OIeHKH COPMUPOBAHHOCTH KOM-
nereHnun OIIK-4 (koHTpoHpyeMblii HHANKATOP AocTH:KeHUsI KomneTeHuu OIIK-4.3)

1. KoHTposbHBII BOTpoc. B aMepuKaHCKMX YHUBEPCUTETAX IS HILTIOCTPAIIMH BOJIHOBBIX CBOMCTB
AJIEKTPOMATrHUTHBIX BOJIH CTY/IGHTaM IpeIararoT cieayronmil npumep: “Korna aBuanus Cor03HBIX
BOWCK JieTesa Ha 00JbIIOM yaaineHuu L ot Gepera Ha/i MOBEPXHOCTHIO MOPS Ha ONIPEICIICHHON BbI-
core hy, To pagunonokannonnsie craniuu (PJIC) repmanckux

BOWCK, CTOSIIMX Ha Oepery Ha BeicoTe Ny Ha ypoBHEM MOpS U H3- > A BAC
JTYYaBIIUX AJIEKTPOMArHUTHBIE BOJHBI C JTTHHON BOJIHEI A, HE T10- h & L mhz
Jy4aii OTPaXCHHBIM OT CAMOJIETOB CUTHAJ, YTO IMO3BOJISIIO aBHA-
MU OECIPENSATCTBEHHO MPOJIeTaTh HaJ JIMHUEH 000POHBI HA Oepery, U ObLIO OJTHOM U3 TTaBHBIX
NpUYHH 00EIbI COI03HUKOB Hal (pamrctckoil ['epmanueit Bo 2-if MupoBoit BoiiHe.” M3noxure
CBOE MHEHHE O TOM, KaKHe 3aKOHBI BOJIHOBOW ONTHKH ITO3BOJISIOT CIIENATh TAKOW BBIBOJ, U, UC-
MIOJIB3YSl ATH 3aKOHBI, ONIPEICIIUTE BHICOTY N1, HA KaKOM JTOJIXKHBI JIETETh CAaMOJICThI. BhICKaXuTe
TaKXe CBOE MHEHHE O MOI0OOHOM CUTYaIlMH U PUBEINTE 00OOCHOBAHHBIE ApPTYMEHTHI O €€ HEBO3-
MOYKHOCTH.

Mope

2. KonTposbHeiii Borpoc. Jlokaxure, 4To co3aaBaeMble AU(PAKIIMOHHON PEIIETKOW CIEKTPhI BTO-
POTO U TPETHETO NOPSIKOB B Cllyyae OeJIoro cBeTa BCEr/la NepeKpbIBAIOTCS.

3. KorTponpHsrii Borpoc. Ha myTu miockoit MOHOXpOMAaTHYECKOW CBETOBOM A J
o o —
BOJIHBI C JUTMHON A TIOMEMIAIOT HEMPO3PAYHBINA JUCK JOCTATOYHO OOJIBIIOTO R i 0
nuametpa d (cm. pucyHok). Ha ocu mucka B Touke O 3KpaHa, yCTaHOBICHHOTO \
1 3KpaH

3a TUCKOM, HaOIIOAaeTCs TEMHOE TISATHO. TpH SKCIIepUMEHTaTopa, OTBeYast Ha ~ —
BOIIPOC O TOM, YTO OYAET MPOUCXOIUTh C OCBEIICHHOCTHIO YKpaHa B Touke O mpu MOCTENEeHHOM
YMEHBIIICHUH auameTpa qucka d 10 oueHb MajbIX pa3MepOB B JIOJIM MUJUTUMETPA, BBICKA3bIBAIOT
pasnuuHoe MHeHue. [1epBbrii cuntaet, uto B Touke O Bce BpeMs OyaeT HaOIr0AaThCsl TEMHOE TISITHO,
MOCKOJIBKY 3Ta TOYKA HAXOUTCS B 00JIACTH TeHH. BTOpOil yBepeH, 4To OCBEIIEeHHOCTh B Touke O
[P MOCTEIICHHOM YMEHbIIIeHHH 0 HaYHET MepUoIHUeCKH MEHATRCS, U B Touke O OymeT HabJro-
JaThCSl TO MAaKCUMYM, TO MUHUMYM OCBEIICHHOCTH. TpeTHil monaraer, 4To mpu MOCTETICHHOM
YMEHbBIIICHUU TUaMeTpa npenstcTBus d ocBeneHHOCTh ToUKH O, 3aKPBITOH OT MPSAMOTO MO aHuUsI
CBETa, MOCTEIIEHHO CTAHET TaKOH ke, KaK U PHU OTCYTCTBHH JucKa. CpaBHUTE UX TOYKU 3PEHUS U
BBICKKUTE CBOE CYXKACHUE O TOM, KTO M3 KCIIEPHMEHTATOPOB TpaB, 000CHOBAB CBOE MHEHHUE C
MOMOIIbIO (PU3UUYECKUX 3aKOHOB.

4. KonTponsHsliii Bonpoc. Ha 1 M 3eMHO IIOBEPXHOCTHU B pallOHE 3KBATOPA KaXKAYI0 CEKyHy Ia-
naet ~1,37x/[)k COMHEYHOTro M3TydeHHUs (CONHEYHAs TOCTOSTHHAS). BBISBUTE PHHIMITB, T03BO-
JSIOUINE OLEHUTH CPEAHIOI TEMIIEPATYPy 3EMIIA U U3JI0KUTE CBOE MHEHHUE O TOM, UYTO MPOU3OILIIO
OBI CO cCpeHel TeMItepaTypoi 3eMIIH MPH YBEIIMUCHUH TeMIIepaTypbl oBepXHOCTH COJTHIIA XOTS
05l B 2 pa3a. B Hactosmiee Bpems temneparypa nosepxuoctu Conuna ~6000K. OtBer 060cHOBATH
U MOATBEPAUTH (POpPMYJIaMHU.

5. Kontponbubliii Bomipoc. Ha pucyHke mokasaH y4acTOK CIEKTpa a G s cepust
U3JIyYCHUs BO30YKICHHBIX aTOMOB BOIOpo/ia (CIUIONIHBIC TMHUU A ;}IﬂKePHHFa
u3 cepuu banbMepa) U 0JIHOKPATHO HOHM3MPOBAHHBIX ATOMOB , Dalemepa
renus (ITPUXOBBIE TMHKUK U3 cepur [Tukepunra). BuaHo, 4to ‘ i ‘ | ‘ | Anu

400 500 600 700

YacTh CIEKTPATbHBIX JTUHUN U3 dTUX CEPUM MPAKTUUECKH COBIIA-
JAI0T, HO MEXY JIMHUSIMU cepuu banbMepa a1 BoJopoa NOSIBISIIOTCS CIIEKTPaJIbHbIC JIMHUM “a”,
“0”, “B” m3myuenus renusi. C MOMOIIBIO 3aKOHOB (PU3UKH M HEOOXOIUMBIX (POPMYIT OOBSICHUTE TI0-
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SBJICHHE CIEKTPaIbHBIX JIWHUH “a”, “6” u “B”. YuecTs, uro cepus [lukepuHra cOOTBETCTBYET Iie-
pexonam n - n'=4 Ha 4-t0 60poBcKylo opouty. OTBeT 000CHOBATD.

6. Kontponbasiii Bomipoc. [Ipu momaue Ha aHOT BaKyyMHOTO (pOoTORIIEMEHTa 00-
paTHOTO HaIpsDKEHHs Haubosiee ObICTPBIE AJEKTPOHBI, BEIOUTHIE U3 KaToaa (o-
TOHaMHU MOHOXPOMATHYECKOTO YJIbTPa(HOIETOBOTO H3IyUEHHS C YaCTOTOM V,
IPOJIETAIOT TOJIBKO MOJIOBHHY PACCTOSHHS | MEX/y KaToJ0M U aHOJIOM, [TOBO-
paunBas Hazax (cM. pucyHok). Mcmonb3ys 3akoHbl poTodddekra, 1 3Has BEIU-
YUHY A, PaOOTHI BEIX0/1a DJIEKTPOHOB U3 KaTO/Ia, OTPEICIUTE BO CKOJIBKO pa3

HAJI0 YBEIWYHUTH YaCTOTY MAJAIOIIET0 N3ITy4YeHHs, YTOOBI 3JICKTPOHBI IOJICTANIHN /10 aHOJA U aMIep-
MeTp Havyasl GUKCUpoBaTh HoToTOK. OTBET 000CHOBATH

7. KOHTpOIbHBIH BOMpoc. DKCIEPUMEHTATOP MPEACTABIII TPAPUK 3aBUCUMOCTHU U3ITY-  fiopuepn
YaTenbHON CIIOCOOHOCTH a0COIIOTHO YEPHOI'O Tea OT LIUKINYECKOM YacTOThI U3Jyye-
HUS © TPU ABYX Pa3IMYHBIX TeMIleparypax. Beickaxkute cBOE MHEHHE O TOM, Ipa-
BUJIBHO JIM HAPHCOBAH 3TOT IpadUK, U €CIIM OH HapUCOBaH HENPaBUIBHO, TO IZie Clie-
naHbl ommuOKu? OTBET 000CHOBATH M MOATBEPAUTH 3aKOHAMH U (OpMYIIaMu (PU3UKU.

8. KoHTposbHEI# Bompoc. DIEKTPOH B BO30YXKJICHHOM aTOME BOJIOPOa COBEPIALT MEePEXO/I, HC-
nmyckas ()oTOH, COOTBETCTBYIOIINM JIMHUM cepuu bambMepa ¢ MaKCUMaJIbHOM JITTMHOM BOJIHEI. M-
NOJIB3Ys 3aKOHBI U GOPMYIIBI (PU3HUKH, OTIPEIETUTE, BO CKOJIBKO pa3 MPHU 3TOM U3MEHHUTCS YHEPTUs
MOHM3AIMH TaKOro aToMa? ¥YBeanuuiach OHa WM yMeHbImIack? OTBeT 000CHOBATh U MOATBEP-
JUTH BBIYUCIICHUEM UCKOMOI'O OTHOIIICHUA.

9. KoHTpobHBIHi Bompoc. J[Ba TOHKUX MapauleibHbIX IyYKa aTOMOB BOJIO- 5
poJia oce10BaTeIbHO BIETAIOT B OYEHb CUJIBHOE HEOAHOPOJHOE MAarHNT-  "E=Lss ?
HOE I10J1¢, JINHUY UHAYKIIMY KOTOPOTo IIOKa3aHbl HA PUCYHKE. B nepsom aromst H

My4Ke aTOMbI HAXOASTCS B OCHOBHOM COCTOSIHMH, @ BO BTOPOM ITyYKe OHU

Haxo4dATCsa B ICPBOM B036y)K,Z[€HHOM COCTOSTHMH. BBICKa)XUTE CBOE MHCHHUE O TOM, 4TO HpOHSOfI,Z[GT
C MyYKaMH aTOMOB IIOCJIE TIPOJIeTa yepe3 MaruuTHoe nojie. OO0CHYITE CBOI OTBET C MOMOIIBIO
HNOIXOAALINX (PU3UUECKUX 3aKOHOB U (popMyit. OleHUTe BETMYUHY U3MEHEHHUH, TIPOUCXOAIINX C
My4YKaMH{ U TIOJITBEPAUTE CBOIO OLIEHKY (OopMyaMHu.

10. KonTpomasHsiii Bopoc. Ha pucyHke nmpuBeieHb Bce BO3MOKHbI€ OPUCHTAIINH BEK- Z, B
TOpa Op6HTa.HBHOI‘O MAarouTHOIrO MOMCHTA 3JICKTPOHA OTHOCUTCIIBHO BBII[CHCHHOﬁ oCH Z. m
C moMoIipIo 3aKOHOB ¥ GOpMYIT (PUBHKH OTIPEICTUTE B DIIEKTPOHHON 000JI0YKE C KAKUM ()
MHHUMAQJIbHBIM 3HAYCHUEM KBAHTOBOI'O YHCJIa N MOXET HaAXOAUTHCA DTOT OJICKTPOH, a

TaK)Ke YeMy paBHa BEJIMYHHA €T0 OPOUTAITHPHOTO MOMEHTa uMmyJibsca L? OTBeT 000CHO-

BaTh.

3. OneHouHbIe cpecTBa (OIEHOYHbIE MATEPHAJIBI) 1JIsl TPOBEAEHUSI IPOMEKY-
TOYHOW aTTecTAIHH 00YYAIONIUXCS 10 THCHUTINHE (MOTYJTIO)

2 cemecTp

IMepeyeHb KOHTPOJIBHBIX 3aJaHUI H (HJIH) BOMPOCOB JUISA OIeHKH ChOPMUPOBAHHOCTH KOM-
nerennuu OIIK-4 (koHTpoJMpyeMblii HHIHKATOP A0cTH:KeHUs1 KomneTeHuun OITK-4.1)

1. KonTponbsHoe 3ananue. MatepuanbHas Touka M cBOOOIHO 06€3 TPEHHS CKOTB3UT A 2 | 4By,
B I10JIE€ CHUJIBI TAXECTHU 110 I'NTaAKUM CTCHKaM I.[HJ'IHH,Z[pH‘-IGCKOfI CHMMGTpH‘-IHOﬁ SAMBI 0 M
U B pacCMaTpUBaEeMblii MOMEHT BPEMEHH JIBIKETCS BBEPX 110 HAMPABJICHUIO K TOYKE 1% |5
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B (A u B - HauBbICIIHE TOYKH MTOABEMA). Y KOKUTE IPABUIBHOE HAITPABICHUE BEKTOPA ITOJIHOTO
yckopeHus Toukd M (cm.pucyHok): a) 1;  0) 2; B) 3; r) 4, n) 5

2. KontponbHoe 3amanwne. [Imanera Mmaccoit M IBMXXKETCS MO JUIMIITHYECKOM opou- = m -
o ~ \J v

T€, B OJJHOM U3 (POKYCOB KOTOPOH HaXOAUTCS 3Be3aa Macchl M. I - paanyc-BeKTop 'A

IUIAHETHL, 1 =4 O ku, r 2=6 & kum (cM.pucyHOK). BennauHbI CKOPOCTH >

TJIaHETHI B Hanbosiee yaaieHHoW u Hanbosee OJIM3KOM K 3Be37e TOUKEe OPOUTHI paBHBI, COOTBETCT-
BEHHO, Vo =24 xm/c u V4, =36 kmM/c. Torna orHomeHue I 2/r 1 paBHO:

a) 0,667; ©0)1,225; B)0,8165; r)1,5; 1) 0,75; e) 1,33; k) HET NPaBUIBHOI'O OTBETA

3. KonrponsHoe 3amanue. I10 TOpU30HTAIBLHON MOBEPXHOCTH CO CKOPOCTHIO V

KaTHTCS ap Macchl M u paauyca R. Ha kakyro MakcuManbHyr0 BbicoTy h map m,f? 5V h
MOXET TOJHATHCS Ha TOPKY, KaTsich 0e3 mpocKanb3biBaHus (J — YCKOpPCHHE

CBOOOIHOTO TaIcHUs)?

1Ov2 5V | ’vz ) 2V V2 . v2 W
) ’ 6) 1 B) U] r) U H) — e) ~ >K) —
9 g g 59 29 10g

3) Her HpaBI/IJ'IBHOFO OTBETA;

4. KonTponbHOe 3aaHue. I'py3uk Maccsl M Ha NPYXUHKE C KO-
s¢duIEeHToM KECTKOCTH K coBepIraeT BepTHKAIbHBIE Koyieha-
HUSI B BSI3KOM KUIKOCTH IO JE€HCTBUEM BHELIHEW CHIIBI, ME-
HSIOLIEHCS] CO BPEMEHEM C IIUKJIMYECKON YaCTOTOM ® IO rap-

Tt
’11:, ﬁTg?pnlluunonD,-E
YR
B
%

|
S
er

MOHHYECKOMY 3aKkoHy F = Cos(oot + O() . 3aBUCUMOCTbH aM-

IIUTYAbl CMCIICHUA Xmax " aMILIUTYAbl CKOPOCTH Vmax TAaKOIro MasiTHUKA OT 4aCTOTHI ® ITOKa3a-
HBI Ha pUcyHKe. Kakoit MoxeT ObITh BETMUMHA OTHOIICHHUS W,/ YaCTOT, yKa3aHHBIX HA 3TOM PH-
CyHKe?

a) 1,1; 6)1; 80,9 1) 1/2 n) e1=0,3679; e) 0; x) o

5. KonTponbHoe Vi D1 \3 p p P3P p
sananue. Ha pu- t 2 T 5 TI 3 E 2 ] Tl 2 ]

CyHKe CllcBa Ha F;T & 1&V QZ‘ 4 _,Dl Ly, _:\_j y 1%
nuarpamme V-T a) 0) B) r) 1) e)

n300pakeH HUKINYECKUH MPOLIECC, COCTOSIINN U3 N300aphl, U30XOPhI U U30TEPMBI. Y KaXXHTE Ipa-
BUJIBHBIM PUCYHOK 3TOT0 LIMKJIA MU HA AUarpamme p-V, uin Ha quarpamme p-1-

6. B mporecce cxatus ra3a BHENTHUE Tela COBEPIIAIOT HAJl Ta30M paboTy 4 = 6 k[, mpuyem rasy
coobmraercs teruiota AQ = 2k/[x. Ykaxute, 4eMy paBHO U3MEHEHHE BHYTPEHHEH SHEpruu rasza?
a) +8kJx; 0) +6kJ/Ix; B) +4x/kx; 1) +2x/x; n)—2x/x; ¢) —4x]K;

xK) —6kJIx;  3) —8kJIK;

7. KonTposnbHoe 3a1anue. MosspHble TeIII0EMKOCTH UAEAILHOIO Ta3a B IPOIeccax
1- 2ul- 3pasusl Cq u Cy, coorBercTBEHHO. X OTHOLIEHHE Cl/Cz =1,33.

Takum ra3oM MOXKeT ObITh (YKaKUTE BCE MIPABUIBHBIC OTBETHI):
a) kuciopoa Oy,  0) renmit He;  B) yruekucnbiii raz3 COg; 1) a30T Ny;
n) meran CHy, ¢) Bomopoa Hy; ) JaHHOE YCJIOBHE HEBO3MOKHO;

8. KontponbHoe 3aganue. Kakue U3 npuBeeHHBIX HUXKE YTBEP)KJIEHUN OTHOCSTCSI KO BTOPOMY Ha-
Yajy TepMOJIUHAMHKH (YKaKUTE J1Ba MPABUIIbHBIX OTBETA)?
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a) DHTPOITUS BCEX TE B COCTOSHUM PABHOBECHSI CTPEMHUTCS K HYITIO 110 Mepe MPUOIMKEHHS TEMITE-
patypsl k Hym0 KenbBuHa;

0) DHTPONHS TEPMOAUHAMUIECKONW CHCTEMbI MAKCHMaJIbHA, €CITH 9Ta CHCTEMA HaXOJUTCS B PABHO-
BECHOM COCTOSTHHH,;

B) EXMHCTBEHHBIM PE3yJIbTATOM MIPOIIECCOB, TPOTEKAIOIINX B TEPMOJANHAMUIECKOM CHCTEME HE
MOXeT OBITh Mepeaya Teria oT 00Jiee HarpeToro Tejia K MeHee HarpeTomy;

r) KIIJI nuxma KapHo pasen (T, - T, )/T, x100%, rae T, u T, - TeMIepaTypsl “HarpeBarens’ u “Xo-
JIOAWJILHUKA”,

1) DHTpOMHS —3TO PYHKIIHMS COCTOSHUS, KOTOPAasi He 3aBUCUT OT MPOIIecca, C MOMOIIBIO KOTOPOTO
CHCTEMa TIPHIILIA B 9TO COCTOSHHE,

€) DHTPOIHUS UACATBHOTO ra3a [0/DKHA YOBIBATH MPH €ro H300apUUECKOM OXJIKICHHUH;

9. KonTtponbHoe 3amanue. Ha pucyHke npencrasiieH rpaduk pacrpeneieHus T W)
M

MoJIEKyJT MIeaIbHOTO rasa 1o BenuunHam ckopocreit, rae f,, (V) =dN/ Nd/ f
Mmax

JIOJISL MOJIEKYJI, CKOPOCTH KOTOPBIX 3aKTFOUYECHBI B MHTEPBAI CKOPOCTEH OT V
70 V+dV B pacueTe Ha eAMHUILY 3TOTO HHTepBasa. [Ipy yMeHbIIEHHN TeMIIe-
paTypbl raza MaKCUMaJIbHOE 3HaYeHHE f, 2, ITOTO Ipaduka: a) cTpe-

o

MUTCS K OCCKOHEYHOCTH; 0) YBEIMYMBACTCS, B) HE U3MEHSCTCS;, TI) YMEHBIIACTCS, M) MOXET
KaK yBEJIIMYUBATHCS, TAK M YMEHBINATHCS B 3aBUCUMOCTH OT MACChl MOJICKYJT I'a3a;

10. KonTponbHoe 3aganue. Jlorapudm In p mapuuanbHOro qaBieHus a3ota B arMochepe IIaHeThl,
UMeEIoIeH OJMHAKOBYIO BO BCEX np np Inp Inp Inp Inp
TOYKaX TEMIIEpaTypy, 3aBHUCUT OT I

BLICOTBI N Hajl IOBEPXHOCTHIO l/ h I/h l/h h Kh }\ h
TIAHETHI CIIETYIOIIHM 06pa3oM a) 6) B) r) n) e)
(ykaxxute BepHbIi rpaduK):

—

11.KonrtposabHoe 3a1anue. B moroke rasa, HanpaBaeHHOM B0k BekTopa N = K, mpoucxoaut

HarOOJIbIIIee BO3PACTAHNE BEIUMYUHBI CKOPOCTHU Ta3a B Hampasienuu N'=i + | (roe i,j,K — enu-

HUYHBIE BEKTOPHI (OPTHI) AEKapTOBOI cucTeMbl KoopauHaT). [lepeHoc UMIyIbca HalPaBICHHOTO
JABHKEHHUS ra3a POMCXOAUT B HAIIPaBICHUU BEKTOpA!

ai+j; 6)i-j; B) | -1 ; r) - —j; n k; e) -k ; ) Apyrou OTBET;

IlepeyeHb KOHTPOJIbHBIX 32JaHUI M (HJIM) BOMPOCOB JUISA OLEHKH CHOPMUPOBAHHOCTH KOM-
nereHnun OIIK-4 (koHTpoMpyeMblii HHANKATOP AocTH:KeHUsI KomneTeHnuu OIIK-4.2)

1. KonTposnbHoe 3aanue. YacTuiia JBUKETCA BI0JIb OKPYKHOCTH € paauycoM 1 M B COOTBETCTBHU

¢ ypaBuenuem ¢(t) = 2T[(t3 - 27t + 1% , Tae ¢ — yrox B paguanax, t —Bpems B cekyHaax. Uemy

paBHO TaHTCHIMAIBHOE (KacaTeabHOE K TPACKTOPHH) YCKOPEHHE YacTHUIBI (B M/ c2) B TOT MOMCHT

BPEMEHH, KOT/Ia €€ HOPMAIbHOE YCKOPEHHE PABHO HYIIIO:
a) 0; 0) 4n; B) 6m; 1) 8t; n) 12t; e) 24n; k) 36T, 3) HET MPABUIBHOTO OTBETA,

2. KoutposbpHoe 3a1anue. B pesysnbprare AeiCTBUS B TEUEHHE KOPOTKOTO Bpe-
MeHH At ummynbea sl FAL , HeKOTOpoe Teno IpHoBPeso UMITYIIbE o)
(cm. pucyHok). Kakoit Obliia BeTHUMHA HAYaILHOTO HMITYJIbCa TEJIa JI0 AEHUCT-
Bus cuibl?  a) Skr-m/c; 0) \/7 kr-m/c; B) 1kr-m/c; 1) 4kr-m/c;

n) 2kr-m/c; ¢€) 3kr-m/c; 3K) HET MPaBHUIILHOTO OTBETA,;
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3. Konrponbnoe 3ananue. llIkuB pagumyca R mMoxxer Bpamiarbcsi 6€3 TpeHust BOKPYT ro-
PH3OHTAIILHON 3aKPETNICHHONW OCH CUMMETPHH, Tpoxosaiieit uepes ero neHtp 0. K Hu-
TH, HAMOTAaHHOM Ha LIKUB, IIPUKPEIUICH I'PY3 MACChI M, KOTOPBIN NAaJAeT MOX JAECHCTBUEM

CHJIBI TSDKECTH. MOMEHT MHEpLUH IIKKUBA paBeH | = 3mR2/ 4. 3anuiuTe I NIKUBa

YpaBHCHHUC NTUHAMUKHU BpaAIIATCIIbHOTO ABUKCHHUA OTHOCUTCIIBHO OCH BpalliCHUSA O, a
AJId Tpy3a — YpaBHCHHUEC JUHAMUKU IMOCTYIIATCIIBHOI'O IBUXKCHU A, Haﬁ,I[PITe N3 HUX BBIPAKCHUC CUJIBI
HATS’KCHUSA HUATH, 3alIMCAHHOC Y€pPE3 BEIMYNHBI M U R, " YKAXXUTC HpaBI/I.HBHHﬁ OTBCT.

a) T=mg/2; 6) T=3mg/7; B)T=2mg/3; 1) T=3mg/4; n) T=mg/3;

e) T=mg/6;  x)HET NPaBUILHOTO OTBETA;

4. KonTposbHoe 3aanue. B noxosimuics nuck Macesl 2m u paauyca R, ciocoOubii —_ m sFO‘ R
BpAILATHCSI BOKPYT 3aKperuieHHoi ocu cummerpun OO, OMHOBPEMEHHO BPE3aAIOTCA ¥ 2,
JIBa MaJICHbKHX TJIACTUJIMHOBBIX LIapHKa, UMEIOLINE BABOE MEHBIIIYIO Maccy M Ka- T
KJIBIA U JIETSIIIUE 110 KacaTeIbHBIM K 0001y JMCKa ¢ OJUHAKOBBIMHU IO BEJTHYUHE ok “m

ckopoctsmu V. [llapuku npunumnarot k 00o1y. PaccunTaiite Ha OCHOBaHUM NPUBEACHHBIX TaHHBIX
YIJIOBYIO CKOPOCTh IMCKA C MPUIIUIIIUMU IapUKaMU Cpa3y IO0CIe yaapa U yKaXUTE IPABUIbHBINA
OTBET:

v v 2v 4v 3v 2v 5v 4v v 6v
a) —; 0)—=; B)—; T)—,; -z €)= X)-—, 3)—; H)—, K)_-_;
)ZR )R R )R H)ZR )3R )4R )SR )6R )7R
) IPaBUJIBHOTO OTBETA HET (IPUBEIHUTE €r0);
5. KontponbHoe 3amanue. [ py3uk Ha IpyXKUHKE COBEPIIACT MaJIble BEPTUKAJIbHBIE KOJIe- Py

6aHI/I5I B BA3KOU KHUAKOCTH, IPHUICM €TO CMCIICHUC X OT HOJIOKCHUA PAaBHOBCCHUA MCHS-
€TCsI CO BpeMeHeM t 110 3aKoHy X(t) = Ae & Cos( bl) , ipuaeM b = /3. Paccunraiite Ha

OCHOBAHMHU 3THUX JAaHHBIX BEJINYUHY HHKHH‘ICCKOﬁ HaCTOThI (th HE3aTyXaromuX MajbIX

KoJie0aHUI TaKoro MPYKUHHOTO MAasATHHUKA B TOM cly4yae, Korja oH Oy/eT coBepuiaTh Ko-
neGaHus B BO3JyX€, M YKaXKHUTE IPAaBUIIbHBIA OTBET:

a) al3; 6)\/§a; B)\/§a; r)\/ga; /:[)\/§a; e)\/ﬁa; }K)\/l_73.; 3)\/§a/2;

) \/Ea/ 3, k)17 a/ 4; 1) HeT MPaBWJILHOTO OTBETA (IPUBEIAMUTE €T0);

6. KonrponbHoe 3ananue. Kak n3MeHUTCs TeMIieparypa HIealbHOTO ra3a, €Clid YMEHBIIHTh €ro
00beM B 2 pa3a B Ipoliecce, pu KOTOPOM COOTHOIIICHHE MEXy AaBJICHUEM U 00bEMOM rasza
p/ V2 = cons: a) yBenuuutcs B 8 pa3;  0) yBenudutcs B 4 pa3a; B) YBEIMUYHUTCS B 2 pasa;

) HE U3MCHUTCS;  JI) YMCHBIIUTCS B 2 pa3a; €) YMCHBIIUTCS B 4 pa3a; 3K) yMEHbIIUTCA B 8 pas;
3) HET IPaBUIIBHOTO OTBETA,;

7. KonrponpHoe 3aanue. MossipHble TEMIOEMKOCTH BOASHOIO Mapa B Ipolieccax P
c,-C 2{
1- 2wul- 3pasas C, u C, cooTBeTCTBEHHO. Bemmunna oTHOmEHNS ——— ™ s
1
2 \
paBHa: a) 1/3 0) 1/4 B) 2/5 r) 2/3

8. KonTtponbHoe 3ananue. MeanbHslii ra3, copepiuas 1ukia KapHo, momyuun ot Harpesarens S kJ[x
TEIUTOTHI 1 coBepinmi pabory 1 k. Uemy paBHo otHomieHue T,/ Ty Temmeparyp HarpeBaress u
XOJIOAUIBHUKA? a) TW/Ty.=1,2; 0) T./Ty.=1,25; B) Tu/Tyx.= 1,33;

r) T/Tx.=15;, n) TJ/T=1,67; e) TJ/T=2; ) Apyroi OTBET;

9. KonrponbHoe 3amanne. C HEKOTOPHIM HACATBHBIM Ta30M IPOUCXOUT MPOIIECC aInadaTUIECKOTO
yMeHblIeHUs qaBiaeHus. [Ipu 3ToM BenmmuuHa cpeiHei KBaJpaTUHYHON CKOPOCTH €0 MOJIEKYII. ..



23

a) He U3MCHsETCs;  0) yBEMUMBACTCS;,  B) YMCHBIIACTCS,
I) JaHHBIX B YCIIOBHH HEAOCTATOYHO I OTBETA;

10. KonTpoasHoe 3a1aHue. £ nn nn 7 Inn . .

MonekyJibl uaeanbHOro ra- ’\ > |7 I/

33 HAXOJSATCS B IMOJIC BHEIII- X X X X X X X
I a) 0) B) r) 1) e)

HuX cui. ['paduk 3aBucu-

MOCTH TMOTEHIIUAILHOW SHEPTUH £y MOJIEKYIIBI OT KOOPIUHATHI X TPE/ICTABIICH Ha JICBOM PUCYHKE
|. VkaxkuTre mpaBUIbHBIN rpaduK 3aBUCHMOCTH OT KOOPAWHATHI X (GyHKIuHU jorapudma Inn ot
KOHIICHTPAILIMK MOJIEKYJ ra3a (TeMreparypa rasa BCIOJy OJMHAKOBA):

11. KonTpoasHoe 3ananue. MaeanbHplil Ta3 HAXOAUTCS B COCYIE, 00bEM KOTOPOTO MOXKET MEHSITh-
Csl, ¥ COBEPIIAET H30TEPMUUECKHI MPOIIece, TOCIe KOTOPOTO YHCIIO COYAapeHU MOJIEKYII ra3a C
SIMHMIICH TOBEPXHOCTH CTCHKH COCYJIa 33 SAMHMITY BPEMCHH YBEJIIMYMIOCH B 2 pa3a. [Ipu aToM
00BEM cocyna:

a) yBenuumics B 16 pa3; 0) yBenuumics B 4 pa3a; B) yBEIUYHJICS B 2 pasa,;

T) YBEJIUYMIICS B \/E pa3; 1) HE U3MEHWICS; €) YMCHBIIHICS B \/E pas;
’K) YMEHBIIMJICS B 2 pa3a;  3) YMEHBIIWICS B 4 pa3a; H) yMeHbIIWIcsS B 16 pas;

IlepeyeHb KOHTPOJIbHBIX 32JaHUI H (HJIH) BOMPOCOB IS OIeHKH COPMUPOBAHHOCTH KOM-
nereHnun OIIK-4 (koHTpoMpyeMblii HHANKATOP AocTH:KeHUsI KomneTeHuu OIIK-4.3)

Ooo..0| 1 KOHTPOIBHBIN BOMpPOC. B BHICOKMIA COCY € PACTUTEIBHBIM MACIOM OJIHOBPEMEHHO
- — —| BpICBIMaNM MHOKECTBO MAJICHPKUX METAJUIMYECKUX IIAPUKOB PAa3HOTO paguyca r.
_ - —| Ilpoananu3upyiiTe mpouecc MajeHus MIapruKOB B KHUIKOCTH U OOBSICHUTE MOPAIAOK UX
_— | mnanmenus Ha 1HO. OTBET 0OOCHYHTE C MTOMOIIBIO (PU3UIECKUX 3aKOHOB U (hOPMYII.

— — —| 2.Kontponpnsrii Boripoc.llIkuB MoxeT BpamaThcsi BOKPYT CBOCH 3aKpe- vz
rieHHoU ropu3oHTanbHO ocu 00" Ge3 Tpenus. [lox pykoii umeercs Ju- 0
HelKa, CEKyHIIOMEp, U TaKKe IPY3UK MacChl M, KOTOPBI MOXKHO MOJBECUTh K HUTH, A
HaMOTaHHOH Ha 1KkuB. [IpeanoxxuTe mpoueaypy onpeaeaeHuss MOMEHTa HHEPLUU

IKUBa OTHOCUTENHHO ocu 00’ ¢ MOMOIIBI0 UMEIOIIMXCSI TTOJ] PYKOH TPEIMETOB. m
Ob6ocHyiiTe mpeUIoKEeHHYIO TpoLeypy (hopMyIamMu, TO3BOJSIOMIMMHU BRIYUCIUTH TPEOYEeMBbIi MO-
MEHT MHEPLUH.

3. Konrponsnslii Bonpoc.IIpu abcoaroTHO ynpyrom COyaapeHHHn IByX METAJUIA-

v, VY, I
YEeCKHX IIAPUKOB C MACCAMH My 1 Ny, IBUTABIIMXCS HABCTPEUY APYT IAPYTY CO L <

CKOPOCTSIMHU Vi 1 Vo, B MOMEHT Han00JIb1Iero cOJIMKeHHs IapUKU ABIXKYTCS C OTHON CKOPOCTHIO

Vg, OTIpEJENIsIeMOi 3aKOHOM COXPAaHEHHS UMITYIIbCa |mvy — My | = ( m+ M)V o1 TOIBKO IOTOM pa3-
JeTaloTcs B CTOpOHBIL. [1pu 3TOM KHHETHYEeCcKasi SHEPTHsI MEHSAETCS Ha BEJINYUHY

2
AE, = myv,° + v S _(m+my) vg
H 2 2 2

win 00 omMoOKax B 3aMMCaHHBIX (OpMyIIax.

>0. M3noxuTe Balle MHEHHE O MPUYNHE U3MEHEHUS SHEPTUU

4. KoHTponbHbli Bonpoc. [ImacTuamHoBbIN MapuK Macchl M, JIETEBIINHM €O CKOPOCTHIO V,
CTAJIKMBACTCS C BUCEBIIUM HEMOABUKHO CTep)KHEM Macchl M 1 utnHbI |, clOCOOHBIM
BpaIaThCs 0€3 TPEHUSI BOKPYT TOPU30HTAIBHON OCH, POXOSINEH Yepe3 TOUKY Mo IBeca 5 m
O, HO HE MPUIMNAET K CTEP’KHIO, @ OTCKAKMUBAET OT Hero. OnpenennTe 3aK0H COXpaHEHUs =
KaKOW BEJIMYMHBI MOKHO, a KAKOW HEJB3sI UCIIOJIb30BaTh IIPU COYIAPEHUU: MEXAHUYECKOU
sHeprun? Umnynsca? MoMeHTa uMItyibca? 3aluinTe CBOE CYXKIEHHUE O TIPUYNHE COXpa-
HEHUS UM U3MEHEHUS KaXKJOM U3 ITUX BEJIUYUH.

M

>
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5. KontponbHblii Boripoc. B HauaapHBII MOMEHT BPEMEHH CTEP)KEHb MacChl M U A|E‘
JuHbI | cBOOOIHO BpaliaeTcst 0e3 TPEHHUs C YIIIOBOH CKOPOCTBIO &y B TOPHU30H- ¥m m,l
TaJbHOM MJIOCKOCTU BOKPYT 3aKPEIUICHHOM OcH, Ipoxoadiiel yepe3 ero kpai. [1o

CTEP>KHIO MOKET CBOOOIHO 0€3 TpeHHsI CKOJIb3UTh Ha/leTasi Ha Hero My(dra ToH e

Maccel M. B HaganbpHBI MOMEHT My Ta HaxoauIack BOJIM3HM OCH BpalleHus. Hukaknx BHEITHHUX
CHJI B TOPU3OHTAJIBHOM II0cKOoCTH HeT. [Ipoananmsupyiite nBuxeHne MyQThl, I3MECHEHNE KHHETHU-
YEeCKOH PHEPTUH, IMITYJIbca 1 MOMEHTA HMITYJIbCa CHCTEMBI CO BPEMEHEM M BBICKQ)KUTE CBOE MHE-
HHUC O COXPAaHCHUU 3TUX BCIUYNH HUJIN O ITPUYIMHAX UX U3MCHCHUA. O6OCHYI>'ITC CBOC CYXXJICHUC HC-
00X0AMMBIMH 3aKOHAMHU U (hopmysaMu (pU3UKH.

6. KoHTposIbHBIN BOTIPOC. DKCIIEPUMEHTATOP OMYCTHII TSHKEIIBIA MAPUK, TPUKPETIICHHBINA
K KOHIlY IIPY’KUHKH, B BA3KYIO )KUJKOCTb U PACKAYUBAECT APYrOW KOHELl IPYKUHKH B BEP-
TUKaJIbHOM HAIIPaBJICHUHU C YaCTOTON w, B pE3yJIbTATe Yero MapuK CoOBEpIIaeT Koyeda-
HUS TI0 3aKOHY X = Acos(wt+¢). [Ipi 3ToM 3KcTieprMeHTaTop 3aMETHII, 9TO IPH HEKOTO-

19999909!
ES
|

2
S
x

poii 4acToTe W=y aMIUIMTyAa A KoJeOaHUil MapuKa B )KUIAKOCTH OKa3bIBACTCS CaMOi

Oosbioi. Micxoas U3 3TOro OH c/ienall BEIBOJ O TOM, UYTO MIPH TOHM e 4acToTe «y OyaeT
MaKCUMaJIbHOW U aMILUIUTY/AA CKOPOCTH IIapuKa v = dx/ dt. BeICKakuTe CBOE CyKI€HHE O IIPaBUIIb-
HOCTH WJIM HETIPABUJIbHOCTHU BBIBOJA, CCIAHHOTO YKCIIEPUMEHTATOPOM. ECiiu 3TOT BBIBO/ HEBEPEH,

YKQ)KUTE, KaK HaZl0 U3MEHHUTh YaCTOTY W, YTOOBI MOTYYUTh MAaKCUMAJIbHYIO aMIUIUTYy CKOPOCTH.
OtBet 000CHY#TE C TOMOUIBIO (PU3UUECKUX 3aKOHOB U (POPMYIL.

7. KonTponbHbIH Bompoc. 1'a3 3akadaH 1o JaBJI€HUEM B TPEXIUTPOBBINA CTEKIISH-
HBIN COCY/JI, 3aKpbITasi KPBIIIKAa KOTOPOro UMeeT KiianaH K, BeIMycKarnui ra3 B TOM
CiIy4ae, KOT/la ero JaBJIeHUEe JOCTUTaeT BEIMYUHBI Py . IMEIOTCS BECHI, MO3BOJISIIO-
M€ TOYHO U3MEPUTh MAcCy COCyAa C ra30M; ropesika, MO3BOJIAIOIIAs HATPETh COCY
710 OOJBIION TeMIIepaTyphl, © TEPMOMETP, MO3BOJISIOMINNA U3MEPUTH €T0 TEMIIepaTy-
py. IIpennoxute npouenypy onpeneneHust MOJISIPHOM Macchl [ rasza B COCYAE C

MOMOIIBIO JAHHBIX YCTPocTB. OOOCHYITE MPEIOKEHHYIO MpoLeaypy GopMyaamu, MO3BOJISIO-
IIMMH BBIYHCIUTH TPEOYEMBIi pe3ybTar.

8. KontponbHblii Boripoc. Tpu 3KCIIepuMEHTaTOpa HaYaIl CIIOPUTH O TOM, YTO TPOUCXOAUT MOCTIE
HarpeBaHud rasa ¢ 4McCJioM €ro MOJICKYJI, BCIIMYNHBL CKOpOCTCfI KOTOPBIX OTJIMYAKOTCA OT CKOPOCTHU
v, He boJee, yeM Ha Av =*1wm/c, TJIe CKOPOCTh Vq PaBHA MOJIOBUHE CPEIHEN CKOPOCTH MOJIEKYI

JaHHOTO ra3a. [IepBblil yTBEpkKAaeT, YTO YUCIIO TAKUX MOJIEKYJI TIOCJIe HarpeBaHUs ra3a yBeTUUUT-
Csl, BTOPOIl —YTO HE U3MEHHTCS, a TPETUH —YTO YMEHBIINTCS. BRICKa)XuTe CBOE MHEHHE O TOM, KTO
U3 HUX 1paB. CBO OTBET OOOCHYHTE ¢ TOMOIIBLIO (PUZNUECKUX 3aKOHOB U (POPMYI.

9. KonTtposbHbIi Boripoc. BrIckakuTe CBOE MHEHHUE M C TIOMOIIBIO 3aKOHOB (PU3UKU 00b-
SICHUTE TIPUYUHY TOTO, YTO YBEIIMYCHHE BBICOTHI N 1MeYHO TPpyOBl MPUBOAMT K YBEIHUE-
HUIO MIOTOKA BO3/1yXa, 3aTSTUBAEMOT0 B IBEPIY IEYH U K JIydIIIeMy TOPEHHIO 1poB. OTBET
000CHYHTE MOIYy4eHHBIMU BaMH (hOpMYJIaMH TaKOH 3aBUCHMOCTH.

10. KonTpomasHsIil Bompoc. /[Ba mpuxaThIX APYT K APYTY CIOS TEIIION30-
JHIUOHHOI'0 MaTepuajia UMCIOT OIMHAKOBYIO IJIOIA/lb S, HO pPa3HbIC

> PUIHEHTHI TennonpoBoAHOCTH X, =1HK @Y n x, =2HXK @' n
IponopiuoHaibHyto uM Tonmuny | u 21 coorsercrsenno. Temnepary-
PBI C pa3HbIX CTOPOH paBHBI T =400 K u T, =200 K (cM. pucyHOK). Ilep-
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BBI DKCIICPUMEHTATOP CYMTACT, YTO TaK KaK TEIUIONPOBOJHOCTh BTOPOTO MaTepuaiia B 2 pasa
OoJIbIIie, TO OH MPOITYCKAeT B 2 pa3a O0JIBIINI MOTOK TEIIa, a TEMIIEpaTypa CONpUKacaroIieics mo-
BEPXHOCTH CJI0€B paBHa T'=(T, +T,)/2. Bropoii skcriepuMeHTaToOp He YBEPEH B 3TOM U CUHMTAET,

4TO TeMIlepaTypy T' Halo CUUTaTh 1o ApYroii popmyne T'=(2T, +T,)/3. CornacHsl 1 BBl C HUMHU?

Ecnu HeT, TO mpenioxkuTe mporeaypy peleHus, MO3BOJISIONIYI0 HAUTH TeMneparypy T' U MOIydu-
Te €€ 3HaUEeHueE.

3 cemecTp

IlepeyeHb KOHTPOJIbHBIX 32JaHUI H (HJIH) BOMPOCOB IS OLeHKH COPMUPOBAHHOCTH KOM-
nereHnun OIIK-4 (koHTpoMpyeMblii HHANKATOP A0cTH:KeHUsI komnereHuu OIIK-4.1)

1. KonrpoinbsHoe 3a1anue. [1010KUTENbHBIN TOYSUHBIH 3aps Oy = +20 U OTpUIa-

TEJBHBINA TOYCUHBIN 3apsi Op = = HAXOJSTCS B JIBYX BEPIINHAX PABHOCTOPOHHETO 10
TPEYTOJIbHUKA C JJTMHOM CTOPOHBI |. YKa3aTh MpaBUIIbHOE HAIIPABJIICHHE BEKTOpA Ha- |1
NPSHKEHHOCTH E CO3aHHOr0 MMM 3JIEKTPOCTATHYECKOTO HOJIs B TPEThEH BEpIIHHE 12
9TOTO TPEYTOJIbHHUKA (CM. PHCYHOK): a)l 6)2 B3 nNd4 n)b q,, '

)6 x)7 3)8 wm)9 k)10 m) 1l wm)12

2. KonTponbHoe 3aganne. Ha pucyHke mokasaHa KapTHHA YKBU-
MOTEHITUATBHBIX JTMHUH 3JIEKTPOCTATUYECKOTO OIS ¥ 3HAUCHUS ‘
norennuana Ha Hux. Ormeuensl Touku A, B, C u D. U3smenenue \ l
BEJIMYMHBI CKOPOCTH TIEPBOHAYAILHO MOKOMBILENCS 3aPSUKEHHON 4B \ \
YACTHIIBI TIOJ] ICHCTBUEM DIIEKTPOCTATUIECKOTO TMOJIST UMEET Hau- AN Lo
OoJipIiee 3HaUYEHUE TIPU TIEPEMEIIICHUH YaCTHUIIbI: NN
a) u3 Touku D B Touky B;  6) u3 Touku D B Touky C; NN

~ NN

B) u3 Touku D B Touky A; 1) u3 104k C B Touky A; ~2 :‘é

2B 1B 1B 2B
\
)
\

B

1
1
!
|
L
|
L
1
L
|
1
!
l
1
\

3. KontponbHoe 3aganue. [TomoxuTenbHbIi 3aps +0 MOMECTHIN Ha yeIu- v 7 v s”

HEHHBI METAITUYECKU map panunyca R, okpykeHHbII 0eCKOHEYHOMN OJTHO- L (R o HA q/ ”
o o o o +

POMTHON TUANIEKTPUIECKON CPEION ¢ TUAICKTPUICCKON MPOHUIIAEMOCTHIO €. meTann

v “ ”

Pa3zHOCTh MOTEHIIMAIOB (A — (o B TOUKE A Ha IOBEPXHOCTH Iapa (Ha mape) w7 BMAneKTOMK
BT . S RS W
4rE,R 4ree,R l6rz,R

. qa_. qa_. qa_. qa_ .
0, - ] - 1 - 1 - 1
N0 D r ™ imr ) e " lomR

u B Touke O ero nentpa Oyner paBHa: a) +

q :
+ )
v 167ze,R?

1
4. KoHTposbHOE 33aHue. DIEKTPUUICCKOE MTOJIe CO3aHO 3apsaoM (, | A
.. 1
MOMCIIICHHLIM Ha IUVIACTHUHBI IIJIOCKOTO KOHJACHCATOPA. Y10 MOKXHO CKa3aTh O q + ++ +'+ + + \\

— I
3HaKe MHTEerpaia (ﬁ ELdF or HanmpspKEHHOCTH TOTO MOJIS IO 3aMKHYTOMY v |
I

KOHTYpY, IOKa3aHHOMY Ha PUCYHKE IITPMXOBOM JTHHKEH (YKaKUTe MPaBUIIh- .
HOE yTBEpIKJeHNE). a) (JSEd?>O; 0) (JSEd?<O; B) (JSEd”=O; -

r) (JSEd? =o00; 1) HEIOCTATOYHO JAaHHBIX;

5. KontponbHoe 3ananne. BennunHa 3MeKTpUIeCcKOro TOKa, TEKYIIe-
'O 0 MPOBOJHUKY, MEHSIETCS CO BpeMeHeM U 1o 3aKoHy, n300pa-
XKEHHOMY Ha pUCYHKe. UeMy paBHa BeIHUYMHA 3JIEKTPUUECKOTO 3apsi-
J1a, TPOTEKILIETO Yepe3 MONEepPeuHoe CEUeHUE MPOBOAHUKA 3a UHTEP-
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Bajn Bpemenn 0<t < 3¢?
a)0,6Kn ©6)1,67Kn  B) 5Kn 1) 7,5Kn na) 15Kn

6. KonrtponbHoe 3a1aHue. 3anuchIBaloOIIas rojJJoBKa MaruuTooHa NMeeT BU1 TOPOUAATIBLHOTO cep-
JICYHHMKA U3 MaTepraia ¢ MarHUTHOM MPOHUIIAEMOCThIO L/ >1, B KOTOPOIt cenana nmpopesb (cM.

pucyskn). Tok |, Tekymuii mo 0OMOTKe, HABUTOW Ha CEPJACYHUK, CO3aeT B HEM MarHUTHOE TI0JIE C
JUHUSAMHA UHIYKIAA H .

YKaxXuTe pUCYHOK C IIpa- 2) g ° q o ® g
BWJIbHOW KapTUHOW JIMHUI !
H B cepneunuke u B mpo-

pesu: 2 7 H 7 u 7

7. KontponbHoe 3ananue. IIoCTOSHHBINA MarHUT U NEPIICHAUKYIAPHBIA K €10 cer— I
Y J—5
N S

-

!

OCH KpYTOBOM BUTOK C TOKOM | HEMOABHKHBI IPYT OTHOCUTEIBHO JPYTa.

Kak nipu 3TOM AeiicTBYeT Ha BUTOK MAarHUTHAS CHJIa CO CTOPOHBI MArHUTA?

a) OHA MPUTATUBACT BUTOK K MarHUTY; 0) OHA OTTAJKUBACT BUTOK OT MAarHUTa; B) OHA CTPEMHT-
Csl CMECTHTh BUTOK BOOK;  TI') OHA paBHA HYJIIO, TaK KaK BUTOK U MarHUT HETOIBU)KHBI;

8. KonrponbHoe 3ananue. [1o 1BymM O1HM3KO0 pacronokeHHBIM BUTKaM TEKYT OJJMHAKOBBIC 110 BEJIH-
yuHe TOKU. [Ipu Kakoi OpueHTalu BUT- / /
KOB BEJIMYMHA DHEPTUH UX MarHUTHOI'O d; d} d; gb[ d; —G d) —G
B3aMMOJICHCTBHS OyleT HaNMEHBIIeH T 7 7 7
(LLeHTpBI BUTKOB BO BCEX YETHIPEX CITydasx a) 0) B) r
HaXOJISITCS HAa OJJMHAKOBOM PACCTOSIHUM):

-

9. KontponbHoe 3aganue. B nienu 31mekTpuueckoro KonedaTesIbHOro KOHTypa, u30- c
OpaXeHHOTO Ha PUCYHKE, IEPBOHAYATHHO 3aMKHYTHIN Kitod K pazomkaynu. [Ipu R
9TOM TEPHO]T COOCTBEHHBIX JJICKTPUUECKUX KOJIeOaHUH K

a) YMCHBIIIHJICS, 0) HE U3MEHWJICS, TaK KaK 3aBHCUT TOJIbKO OT BenuuuH L u C;

B) YBEIHYHJICS; r) 9JEKTpHUYECKHE KOJIeOaHUs PEKPATHIIHCH;

10. KonrponbHoe 3ananue. Yactora Wy, BHemHel D/1C, MeHstomelics mo rapMo- c
HUYECKOMY 3aKOHY U BKJIIOUEHHAs B AEKTPUUECKUI K0IeOaTeNbHbIN KOHTYp (CM.

PHCYHOK) TaKkoBa, YTO aMILIATY/Ia BHIHYKIACHHBIX KOJIeOaHNi ToKa B KoHType Mak- &St R
cumanbHa. ConporuBienue R yBennumBarot, He MeHss mapameTpsl L u C.Ilpu

5TOM JIJI TIOJIy4E€HHUs HOBOI'O MaKCHMAaJIbHOTO 3HaYE€HHs aMILUTUTY bl TOKA CIEYeT:

a) YMEHBIIUTh BEIUUUHY (W, ?  0) yBEIHMUYUTH BEIUUUHY Wy ?

B) BEIMUUHY (W, M3MEHATH HE HAJ0?  T) IIPU CONMPOTHBICHUAX R, OONBIINX KPUTUUECKOTO 3HA-
YeHHs, BEIHYKJIEHHBIE KOJIEOAaHUs TOKA B LIENU BO3HUKATh HE MOT'yT?

11. KonTpoasHoe 3a1aHue. YKaXuTe, KaKue U3 MIPUBEACHHBIX HIKE YPaBHEHUH CUCTEMbI Mak-
CBeJIJIa 3alKCaHbl ¢ OMIMOKON (HEBEPHO):

- B L oD - (- - I I
1) ¢ Edl =-|—dS; 2)¢Bdl = | —dS+| jdS; 3) ¢ EdS= av; 4) ¢»BdS=0:
e e e T I
a)lud;, 0)2u3; B) lu 3; r) 3u 4, n) 2u 4, e)1lu2;
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IlepeyeHb KOHTPOJILHBIX 3aJaHUIT H (AJIH) BOMPOCOB JUISA OIeHKH CPOPMUPOBAHHOCTH KOM-
nerenuu OIIK-4 (koHTposMpyeMblii HHIUKATOP A0cTH:KeHUs1 KomneTeHuun OITK-4.2)

1. KontponpsHoe 3axanue. Ha pucyHke nokasassl 1Be 3aMKHYTHIE TOBEPXHOCTH
S u S, okpyxkaromue Toueunble 3apsaasl g = —1MkKi, ¢ = +2mkKi, g = -3
MkK, g = —4MxKn u s = +4 MxKi1, KoTOpBIE€ CO3/1aI0T SIEKTPOCTATHUECKOE
1oJIe ¢ HanpskeHHOCThIo E . TToTokn BekTopa E uepes 3aMKHYTbIC MOBEPXHO-
CTH S U Sy paBHBI, COOTBETCTBEHHO, @1 U D7. 3apsasl Oy U 05 MOMEHSIIN MecC-
TaMH, KaK Moka3aHo ctpenkamu. [Ipu 3ToM (yKakuTe MpaBHIbHOE YTBEPXKICHHE,
&, — 2JEKTpUYECKasl IIOCTOSHHAS):

a) 1 @1, u @,. IOMEHSIN 3HAK, HE U3MEHUB BEJIUYHHEI, 0) u @1, u D,. HE U3MEHUIIHCD;
B) @1 MOMEHSI 3HaK, ;. HE U3MCHUJICS, r) @1 yBeJIMUYHUICS Ha 8MKKJ‘I/ &,y ©2. HE UBMEHUIICH,

n) @1 yBeTUUMIICS Ha 4MKKJ'I/ &y, @o. HE UI3MEHWIICS;  €) HeT IIPaBUIILHOTO OTBETA;

k) @1 yBenmmumncs Ha 4MkKi/ &, , @,. ymenbimics Ha 4MxKi/g, ;

2. KoHTponbHoOe 3a1aHue. B IeHTpe 3aKpernyieHHOr0 HeMoABUKHOT'O TOHKOTO

+ t
KOJIbIIa pagnyca R, Mo KoTopoMy paBHOMEPHO pacipenesieH MIEKTPUICCKUi 3a- ++
+q

psn +0, IepBOHAYAIILHO MMOKOMIACh CBOOOTHAS YAaCTHUIIA C TAKUM XKE 110 BETHYH- P
HE ¥ 3HAKY MOJIOKUTEIBHBIM 3apsaoM +(. Y JaTuBIINCH IO JEHCTBUEM dJICK-
TPUYECKHUX CHJI CO CTOPOHBI KOJIbIIa HA OECKOHEYHOE PACCTOSHUE, YACTHIIA TIPH- v

o0OpeTaeT CKOpOCTh, paBHYIO V. KakuM OyieT mpaBHIIbHOE BRIpOKEHHUE JIJIS pac-
YeTa MacChl YaCTHUIILI?

q° gV’ q q°v? q q’v’
Vmrer Damr  Yemrd Vser M ompe Q2R

) Apyroi OTBET

2 2

3. KortponbHoe 3aganue. B HeKOoTOpoOii 00;1acTH MPOCTPAHCTBA CO3/IaHO
AIIEKTPOCTATUYECKOE M0JIC, BEKTOP HAIIPSHKCHHOCTH KOTOPOTO B TOUKe P(X1,Y1)
HAIpaBJICH 0 HEKOTOPBIM yIJIOM K ocH x (cM. puc.). Kakas 3aBUCUMOCTb

IMOoTCHIHUAaJIa 3JICKTPUUCCKOT'O ITOJIA OT KOOpAWHAT ¢ (X, y) MOXET COOTBETCTBOBATH

TaKOMY HaIlPaBJICHUIO HAMIPSKEHHOCTHU?

a) ¢ =3x° -4y’ 6) ¢ = -3y* B) ¢ =3X° r) ¢ =4y° - 3%

4. KontponbHoe 3aganue. Touka “A” HaxoguTcs Ha paccTosiHuM I = 2R = = = = == — — =

OT OCH JUTHHHOTO 3apsHKEHHOTO IIMIMHAPHYCCKOTO KOHIEHCATOPA, a 2 R} b4 bttt
touka “B” — Ha paccrosiHum I, = 3R ot 3T0# ocu. Pamnycer 00kmagok —[———r—-—-- )
Takoro kougaencaropa Ry = R u R; = 4R ¢m. pucynok). Onpenenure / A%rA BVB
OTHOIIEHUE Wa/Wp IUIOTHOCTEH SHEPTUM DIIEKTPOCTATUIECKOTO TIOJIS B

Toukax A u B: a) l 6) 1,5 B) 2,25 1) 3,375 ) 5,0625

5. KonrponbHoe 3ananue. Ha pucynke n300pakeHbl CEUeHUs TpeX napaiesb-
HBIX NPSIMOJIMHENHBIX JUIMHHBIX TPOBOJIHUKOB C Pa3HOHANPABIEHHBIMU TOKaMHU

OJIMHAKOBOU BEJIMYUHBI ‘I 1‘ = ‘I 2‘ = ‘I 3‘ . PaccTostnus mexay npoBOJHUKAMHU

OJMHAKOBBI, U B ToUKe O, paBHOYJAJIEHHOW OT BCEX MPOBOJIHUKOB, KXl U3
TOKOB CO3/1a€T MarHUTHOE I10JI€, BEJIMUMHA UHAYKLIMU KOTOporo paBHa B . Bek-
TOP MHAYKIIMH CYMMapHOTO MarHUTHOTO TIOJISI BCEX TOKOB B ToOUuke O mMeeT
HaIlpaBJICHUE:!

a) 1 6) 2 B) 3 r) 4
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6. KonTponbHoe 3aganne. JINHUM WHAYKIUHA B OJHOPOIHOTO MAarHUTHOTO TOJIS Ha- BAZ
IIpaBJIEHBI BIOJIb OCH Z. 3apsKEHHAs 4acTHIla B HAYAJIbHBI MOMEHT BBUIETAET U3 Ha- o4 ¥
gajia koopauHaT O €O CKOPOCTHIO, HAMPABICHHOW BIOJb OCH X, U CITyCTS IPOMEXyY- 3,/ ™

TOK BpeMeHH Al B mepBbIii pa3 Bo3Bpamaercs B Touky O. Kakas ¢dopmyna npu 3Tom X
MPABUIILHO 331a€T yIENbHBIN 3apsi YACTHIIBI ?

7At 7At 27At At At
a) — d=- ) 4.z ) a4 ; r)3=—; n)ﬂz—;
ZB B B m 2B m 7B
q ZN q _ T q_ 1T | 2 o )
xK) - = —— 3 —=— K OH OTBET,
)m nB )m 2BAt )m BAt )m BAt ) Apyroi oTBeT
7. KontponbHoe 3ananue. [1o 3aMKHYTOMY TPOBOISAIIIEMY KOHTYPY C HHIYKTHBHO- I A

crbio L = 2T'H TedYeT TOK, BeIMYMHA KOTOPOTO MEHSIETCS cO BpeMeHeM t 1o mapa- 10
0O0JIMYECKOMY 3aKOHY (~ t2) , KaK TIokazaHo Ha rpaduke. Onpeaenure u yKaxuTe
BennunHy DJ{C caMOMHAYKIIUY, BO3HUKAIOIIEH B KOHTYPE B MOMEHT BpeMeHu t = 2 4[-i it

c: ol it
a)2B; 06)4B; B)6B; 1)8B; 1) 12B; e) 18B; x) 24B;

8. KoHnTponbHoe 3aaHue. 3aKperyieHHbII 3aMKHYTBIH POBOSIINI KPYroBOi BUTOK C COPOTHB-
aeHreM R pacrnosoxkeH B TOpU30HTAIbHOM MIIOCKOCTH B MarHUTHOM T10J1€, JINHUM UHAYKLIUU KOTO-
poro BepTuKaibHbI (puc.l), a BETMYMHA HHIYKIIUH HAYMHACT U3MEHITHCS CO BpeMeHeM t 1o 3aKo-

ny B= B + Bt-B,t, rne By, B, u [3,— NONOKUTENbHbIE KOHCTAHTBI. YKaXKHUTE NPaBUIbHbI

rpaduK 3aBUCUMOCTH BEJIH- a)il 0)4 B) ) )} V1Y e
YUHBI HHIYKIIHOHHOTO TOKA, I
BO3HHKAIOIIETO B BUTKE, OT > ! ! t ! t !

s
BpEMEHH t:
Puc.1
9. KontponbHoe 3aganue. C yMeHbllIeHuEM BeIUYUHBI EMKOCTH C B 3JIEKTPHUYECKOM R

C
K0JIeOaTebHOM KOHTYpE, H300paKEHHOM Ha PUCYHKE, BEIMYMHA JIOTapH(PMUIECKOTO
JICKpEMEHTa 3aTyXaHUsl IEKTPUIECKUX KoJIeOaHMH: L

a) YMEHBIIIaeTC, 0) He U3MEHAETCS,
B) YBEJIIMYMBAETCS, T) JUIs OTBETa He XBaraeT 3HaHus Benuund L, Cu R;

10. KoHTpomnbHOE 3a1aHue. AMIUTHTY/Ia HAPSHKEHHOCTH MarHUTHOTO TI0JIS QJIEKTPOMAarHUTHOM
BOJIHBI, PACIIPOCTPAHSIOIICHCS B BAKYyMe, YBenuumiachk B 4 pasa. [Ipi 3TOM aMIUTUTy1a TUIOTHOCTH
MOTOKA YHEPTUH, IEPEHOCUMAs 3TON BOJHOM:

a) He U3MEHMWJIACh, 0) yBenMUYWIIach B 2pa3a; B) yMEHbBIIMIACh B 2 pa3a,

r) yBenuumiack B 4 paza; 1) yMEHbIIMIAch B 4 pa3a; €) yBenuumiach B 16 pas;

) yMmeHbIIMIach B 16 pa3;  3) HET MpaBUIIBHOTO OTBETA,

IMepeyeHb KOHTPOJIBHBIX 3aJaHUI H (HJIH) BOMPOCOB JUISA OIeHKH ChOPMUPOBAHHOCTH KOM-
nerennuu OIIK-4 (koHTposMpyeMblii HHIUKATOP A0cTH:KeHUus1 KommneTeHuun OITK-4.3)

1. KonTponbHbiit Bonpoc. [ToTeHIman 3meKkTpocTaTHIeCKOTo MOoJIs Ha MIIOCKOCTH Xy 3a71aH (hopMy-
noit ¢ =kxy, rae k =1B/m? . HapucyiiTe KapTUHY CHIOBBIX JIMHHIA HI€KTPOCTATHIECKOTO MO B 00-
Jactu x=0, y= 0. OTBeT 000CHOBATH M MOATBEPIUTH (HOPMYyJIaMH WIH 3aKOHAMH (DU3HKH.
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2. KonTpounbHsblii Boripoc. Ha miockoctu Xy mokasaHa KapTHHA KBHUIIO- y4838 28 g

\ \ ‘\

TCHIHAJIbHBIX HOBGpXHOCTCﬁ SJICKTPOCTATUYCCKOI'O I10JIsA, B KOTOPOM Ha- \ N

XOJUTCS CBOOOIHASI OJISIPHAS MOJIEKYJTa C 3apsiiaMu +0 ¥ —(] Ha KOHIIax
(cM. pucyHok). [Ipoananu3upyiite nanpHeIIee TOBEICHHE MOJICKYJIIbI 1
BBICKQ)KUTE CBOC MHEHHE O TOM, KAKOE MOJIO)KEHUE OHA MOXKET IPUHSATH U
B KAKOM HaIlpaBJICHUH JIOJDKHA IBUTAaThCS U M0 KaKuM npuyrHaM. OTBeT
000CHOBATh U MOATBEPANUTH (PUNICCKUMH 3aKOHAMH U (OPMYJIaMHu.

i
1
1
|
|
!
!
i
1
i
i
]

3. KonTponbHslii Borpoc. JInauy HampskeHHOCTH E anekrpocraTu-  m o Bar
YECKOI'0 IOJIst MOT'YT MEHATh HaIlpaBJICHUE Ha IUIOCKOW IPAHUILIE IBYX W ///{/
UJICANIbHBIX JUDJIEKTPUUECKUX CPEJl C AUDIIEKTPUIECKUMH IIPOHUIIAE- ; / /

N\ AN AN N

82 ”
MOCTSIMU &, U &,, KaK [10Ka3aHO Ha pucyHKe. [loxoxee siBlIeHNE Ha- & '51/ /
< /8

Onr01aeTcsl B ONTHKE MPH MTPOX0XKIEHUH CBETOBOTO JIy4a Yepe3 IpaHu-

Iy IBYX TPO3PAYHBIX Cpell (3aKOH MpeoMIIeHUsT). BEICKaKuTE CBOE CYKIEHHE O CIPABEITHBOCTH
UCTIOJIb30BaHUS ONTHYECKOTO 3aKOHA MPEIOMJICHUS B JaHHOM citydae. Micnonb3ys puznueckue 3a-
KOHBI U IIPUHIMIIBI, HAlIUTE CBA3B (3aBHCHMOCTB) MEXAY yriaMu &, u &, B 3aBHCHMOCTH OT BEJHU-

YHH JUDJIEKTPUYECKHX NIPOHHLIaeMocTell & H &,. OTBET 000CHOBATH M MOATBEPIUTH (POPMYIaMH.

4. KontponbHblii Bonpoc. [1o TOHKO# 0eCKOHEYHO IITMHHOM HMIMHIAPUIECKOH MOBEPXHOCTH pa-
auyca R paBHOMEPHO ¢ IOBEPXHOCTHOM IJIOTHOCTBIO G PAaCHpEelieH IEKTPUUECKHUI 3apsil.
Hpyrue 3apsapl OTCYTCTBYIOT. OOBACHUTE, KaK HATH 3aBUCUMOCTH ITOTEHIIMAIIA 3JIEKTPOCTaTHYe-
CKOI'O IOJISL @ OT pacCTOSIHUA ' 10 OCH JAHHOM MOBEPXHOCTH, €CJIN U3BECTHO, YTO BEJIMYMHA I10-
TEHIMaJla Ha OCH IWJIMHIPUYECKOI MOBEPXHOCTH paBHa ¢, . [IpuBeaure popmymy 3T0i 3aBHCHMO-

CTH ¥ IIOCTPONTE MPUMEPHBIH rpaduk 3aBUCUMOCTH ¢ =¢(r) mpu 0<r <o,

5. Kontponbasiii Boripoc. Kimrou K nepeBonsat u3 monoxxenus “1” B monoxxkenue “2”, R |_C
3aMbIKasi 00KJIaaKy 3apsauBiIerocst ot ucrounnka JJIC € konnencaropa ¢ émkoctsio C
yepe3 conpoTuBieHre R. Kak MOKHO BBIUMCINTB TOK, TEKYLUI yepe3 KOHAEHCaTop? M e
Kak sTot TOK Oyzer 3aBucetb oT BpeMeHu? Hapucyiite npumMepHslii rpaduk 3aBUCUMO- l—| —
CTH 3apsi/ia Ha KOHAEHCATOPE U TOKa, TEKYILEro Yepe3 KOHAEHCaTop, OT BpeMeHu. OTBeT
000CHOBATh U MOATBEPAUTH (POPMYIIAMHU.

2

6. KontponbHslii Bonpoc. ConpoTUBIEHNE peocTaTa, MOAKII0UEHHOT0 K HICTOUHUKY I10- R
crosiuHOU DJIC € ¢ BHYTPEHHUM CONPOTUBIICHHUEM I, Obl10 paBHO R. IlepenBunyB monzy-
HOK peocTara, yMEHbBILIWIN €ro CONPOTUBIICHUE B 2 pa3a: R — R/2. IlepBblil aKkCTIepIMEH- »
TATOP CUUTAET, YTO MPH STOM TEIJIOBasE MOLTHOCTb, BbIJIEIsIeMasl Ha peocTare, 00s3aTesb- '
HO JIOJ’KHA U3MEHUThCS. BTOpoii sKcriepuMEeHTaTOp YyTBEPKIAET, UTO BblAEIAEMas TEIIOBast MO -
HOCTh HE U3MEHHUTCS IIPU OIPEICIIEHHOM COOTHOILIEHUH MeX Ty R u r. Brickaxure cBoe 000CHO-
BaHHOE 3aKOHAMU (PU3UKU MHEHUE O TOM, KTO U3 HUX IIPaB, U €CJIH [IPaB BTOPOH IKCIEPUMEHTATOP,
TO MOJYYUTE U MPUBEIUTE HEOOXOAMMOE COOTHOIIeHNE R 1 I', mpu KOTOpOM BbIiesieMast Ha peo-

cTaTre TCIIoBasis MOIIHOCTh HE U3MCHUTCH.

7. KontponbHbiii Boripoc. [1o 6ecCKoOHEUHOMH TIIIOCKOCTH, Y4aCTOK -q v
KOTOpPOM NOKAa3aH Ha PUCYHKE, TEYET OJHOPOIHBIN MTOCTOSHHBIN Ar—=
3MEKTPHYCCKHI TOK C TTOBEPXHOCTHOI INIOTHOCTHIO | . Hax mioc- — =
KOCTBIO Ha PAacCTOSIHUM [ MapajuleIbHO HAIIPaBJICHUIO TOKA JIETUT —_— >

CO CKOPOCThIO V YacTHla C OTPULATEIbHBIM 3apsaoM —( . Bol-

CKaXUTE CBOE MHEHHE O TOM, MOJKET JIM YacTula cnycTs Bpemst At BepHYThCS B TOUKY A, B KOTO-
poii OHa HaXOIUJIaCh B MOMEHT BpEeMEHH, YKa3aHHbIN Ha pucyHke. Ecnu na, To yemy paBno At ?
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CBoU BBIBOJIBI 00OCHYITE C TIOMOIIIBIO (PU3NYSCKUX 3aKOHOB U TIPUHIIUAIIOB M MOATBEPAUTE HEOOX0-
JTUMBIMU (HOPMYJIaMHU.

8. Kontpounbnsiii Boripoc. [lepBoHaYaIbHO TIJIOCKOCTH MACCUBHOM MTPSMOYTOJIBHOM

paMKH ¢ TOKOM | BepTHKalbHa, a cama paMKa IOKOUTCSA U HaXOAUTCS B OHOPO- B
HOM MarHWTHOM TioJie B = CONStIMHUM KOTOPOTO HANpaBJIeHbl BEPTUKAIBHO (CM.
pucyHOK). Pamka MoxeT Bpamarbcest 0e3 Tperust Bokpyr ocu OO’. DkcnepuMeHTa-

TOp CUUTAET, YTO paMKa He OyJeT JBUTaThCsl, MOCKOIbKY MHAYKIMS B MarHuTHO- !
r'0 [10JIs BCIOJly OAMHAKOBA, & TOK TEUYET 110 MPOTHUBOIIOIOKHBIM CTOPOHAM PAMKH B //
pa3Hble CTOPOHBI. BbICKaXkuTe CBO€ MHEHHUE O TOM, IIPaB JIM 3TOT KCIIEPHUMEHTA-

top? Ecnu 1a, TO moATBEpANUTE 3TO ¢ IOMOIIBIO (PU3NUECKUX 3aKOHOB U (opmyi. Eciu Her, TO
0OBSICHHUTE C IOMOIIBIO (GOPMYJT KaKylO CTOPOHY Oy/eT BpaliaThCs pamMKa, 1o KakoMy 3aKoHY 0y-
JIeT MEHSThCA €€ YIII0BOe YCKOPEHHE U UTO OYyAET MPOUCXOIUTh C PaMKO B JalbHEHIIIEM: OCTaHO-
BUTCSI OHa, WK HeT? OnuimTe Xapakrep €€ AaabHEHIIEero JBIKEHUS.

Sov

9. KoHTposbHbIH Boipoc. B 1eHTpe KpyTiioro mpoBOISIIErO BUTKA C PaIAyCOM
' HAXOJMUTCS MAJICHBKHUI MTPOBOIAIIMIA BUTOK ¢ AuameTpoM d U ¢ COpoTHUBIIE-
HUeM R, (d < r, IUIOCKOCTH BUTKOB COBIAAal0T). MeHsis conpoTuBiieHre R

peoctara (CM. pUCYHOK) U3MEHSIOT TOK, IIPOTEKAIOIIHI 110 BHEIITHEMY BUTKY,
MPHUYEM 3TOT TOK MEHSETCS CO BpeMeHeM t Mo 3aKOoHy | =1q+at +[ 2 Tne

lg,0, B~ ITOJIOKUTEIbHBIE KOHCTAHTHI. BBICKa)KUTE CBOE MHEHHE O TOM, I105I-

BUTCSI TN MHIYKLIMOHHBIA TOK B MAaJIEHbKOM BHYTpeHHEeM BuTKe. Ecnu aa, To Kak 3TOT TOK OyneT
3aBHCETh OT BpeMeHU t 1 oT mapameTpoB R,, d, r, lg, a, B. [Tonyuute popMyinsl qaHHOIM 3aBHCH-

MOCTH M HapuCyiTe rpa)vK 3aBUCHMOCTH MHIYKIIMOHHOTO TOKAa OT BpeMeHH {.

10. KonTtponbHblii Bonpoc. B anekTprudeckoi nenu, ykazaHHOW Ha pUCYHKE Hayallu I
U3MEHATH BenuunHy éMkoctu C mepemeHHoro konjaeHcaropa ot 0 10 « . Kak npu L R
9TOM OYJeT MEHAThCS COOCTBEHHAsI YacTOTa KOJIEOAHUI TOKA B TAKOW 1EeNU? YKaKUTE

uHTepBai u3MeHeHus C, Ipu KOTOPOM KoJIeOaHUs TOKAa BO3MOXKHBI. HapucyiiTe mpuOIM3uTe IbHBIN
rpaduk 3aBUCUMOCTH BEJTMYUHBI YacCTOTHI KoJeOaHUN @ oT BenuunHbl eMKkocTu C. OTBeT 060CHO-
BaTh U MOATBEPAUTH (GOpMYIaMHu.

4 cemecTp

IlepeyeHb KOHTPOJIBLHBIX 3aJaHUI H (HJIH) BOMPOCOB JUISA OIeHKH ChOPMUPOBAHHOCTH KOM-
nerenuu OIIK-4 (koHTpoJMpyeMblii HHIHUKATOP A0cTH:KeHUus1 KommneTeHuun OITK-4.1)

1. KonTponbsHoe 3amanue. Ha Henmpo3padnyto nperpaay ¢ 1ByMs Y3KUMH
napauIeIbHBIMU MPOPE3SIMH, HAXOSIIMMUCS Ha paccTossHiK 0 IpyT OT
Jpyra, NajaeT HopMaJIbHO MOHOXPOMATHUYECKUN CBET C YTMHOW BOJIHBI A.
3a mperpanoi Ha OOJBIIIOM yAaneHuHu L > d pacmosioxkeH skpaH. [Tokasa-
TEJIb IIPEJIOMIICHUS ITPO3PAYHON Cpelbl MEX Y HUMHU paBeH N. [Ipu ogHo-
BPEMEHHOM YMEHBILIEHUU MOKa3aTels MpeaoMiieHuss N B 2 pa3a U yMEHb-
IIEHUU paccTosiHus L B 2 pa3a mmpuHa nHTepPEpeHIIMOHHBIX 1MoJI0c Ax

Ha 9KpaHe (BBIOEpUTE OTBET): a) yMeHbIIraeTcs B 4 pasa, 0) yMeHbIIaeTcst B 2 pasa,
B) HE U3MCHSCTCS, T) yBEJIUYMBaETCs B 2 pasa, 1) yBeIUuuBaeTcs B 4 pasa,
2. KoHTponbHoe 3a1aHie. MOHOXpOMAaTHYECKUN CBET MaIaeT U3 BO3- BO3AYX

JYIIHOW Cpeibl HOPMAIbHO Ha IIOCKYIO MPO3PaYyHyI0 MBUTBHYIO IJICHKY /) l l l it L L L L ls

ToMHbI d ¢ mokaszareneM npeiaomiieHus N = 1,33, Haxo/suryocs Ha \Ei d MbmbHas nnenka N §

CTEeKJIe ¢ TToKa3areneM npenomiienus N, = 1,5.MaTrepdepeHtinonnbIit - eteae ~ ng %)
7”7 7”7 C

”
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MaKCHMYM JIJIs1 OTPaKEHHOTO OT MBUILHOM IIJICHKU CBETAa HAOJIOIaeTCsl B TOM Cily4ae, KOria JUIMHA
BOJIHBI A TTaJIal0Iero cBera paBHa (YKakKWTe MpaBUIIbHBIN OTBET, eciin M =1, 2, 3, 4, ...).

2 20 g A gy 2,y 20Ny 2% ) 2y 20
m m m (2m+1) m+1/2 m+1/2 n(2m+1)
3. KonrtponbHoe 3ananue. Ha qudpakiinoHHyo pemeTKy I

najlaeT HOPMAJIbHO MOHOXPOMATUYECKUI CBET. 3aBUCH-

MOCTh UHTEHCHBHOCTH | CBeTa, mpoleanero 3a pemer-

Ky, OT CHHYCa YIJla OTKIOHCHHS ¢ TI0KA3aHa HA PUCYH- . | ” H f
ke. Bo CKoJIbKO pa3 U3MEHSTCS pacCTOSHHS MEKIY WH- 0
TephepeHIIMOHHBIMI MAKCHMyMaMH (CTIIEKTPaMH) Ha TOM PHCYHKE, €CIIU TIOCTOSIHHYIO PEIISTKH
YMCHBIIUTD B 2 pa3a, a JUIMHY BOJHBI AJAFONIET0 CBETa YBEIHUYNTh B 2 pa3a (YKaKUTE MPABUIIb-
HBII OTBET):

a) yBenuyarcs B 4 paza; 0) yBenuuarcs B 2pas3a;  B) HE H3MEHATCS;  TI') yMEHbIIATCS B 2 pa3a;
1) yMeHbIiarcs B 4 pasa;

ﬂMSIH(P

4. KontponbHoe 3aganne. MOHOXpOMATHYECKUN CBET IMaiaeT HOP-

MaJIbHO Ha Y3KYIO LIENb-IIPOPE3b B HEMIPO3PAYHOM IPErpaje u I
pacnpocTpaHseTcs 3a MIEJbI0 M0 BCEMU BO3MOXKHBIMU yTJIaMU @

K HallpaBJICHUIO NajieHus. Pacripenenenre NHTEHCUBHOCTH | 11po- sin®
IIEJTIIET0 Yepe3 IIelb CBETa B 3aBUCUMOCTH OT SiN IMOKa3aHo Ha _:_Z_)

pucyHke. UTo mpou30UaeT ¢ MUPUHON HEHTPAIBHOIO MAKCUMYyMa
A Ha 3TOM PHCYHKE, €CJIH HIUPUHY TIPOPE3H YMEHBIIUTD B 2 pa3a, a [UIMHY BOJHBI MAIAI0IIET0 CBe-
Ta YMEHBIIUTH B 2 pa3a (yKa)KUTe MpaBHIbHBIA OTBET):

a) yBenuuuTcs B 4 pa3a;  0) yBenMuuTCA B 2pa3a;  B) HE U3MEHHUTCS, T) YMEHBIIUTCS B 2 pasa,;
1) yMEHBIIHUTCSA B 4 pa3a;

5. KonTponbHoe 3aganne. AGCOTIOTHO YepHOe TeIo umeno popMy Kyda. 3aTem ero
00beM yMeHBIINIIN B 8 pa3, yMEHBIUB pa3Mep pedep kyda B 2 pasa, a Temreparypy |
YBEJIMYWIH B 2 paza. Bo CKOIbKO pa3 u3MEHUIach BeTUYUHA YHEPTUH TEIJIOBOTO U3My- MV

7_L

YeHHsI, HCITYCKaeMOT0 IAaHHBIM TEJIOM 110 BCEM HAIPABIICHUSM 32 SMHHILY BPEMEHH ? 5
a) ymeHpmmiaack B 16pa3;  0) ymeHbiimiach B 8 pa3;  B) YMEHBIIWIACH B 4 pas3a;

r) yMEHBIIMIACh B 2 pa3a; ) HE U3MEHHIIACh,  €) YBEJIMUYWIIACh B 2 pa3a;

) yBeNIW4MiIach B 4 pa3a;  3) yBenumuwiach B 8 pa3; M) yBenumumiach B 16 pas;

6. KontponbHoe 3ananue. Boioepure npaBuiibHbIN rpadMK 3aBUCUMOCTH BENTMYMHBI UMITYJILCA Py,

KaXI0T0 U3 MAJA0NMX Ha METaUl (POTOHOB OT BEIMYMHBI MAKCHUMAJIBHO BO3MOKHOW KHHETHYE-
CKOM Hepruu E,,, BBIOMTOTO 1pH (poTorddeKTe 31eKTpoHa:

a)} Po 6)1Ps B)1 Py r)1Py A)1Pe
\ Ewn Ewm KAH E o Ewm
o' 0 = 0 0 0

7. KontposbHoe 3amxanue. [IpoBois H3MEpeHUs pa3InuHbIX TapaMeTPOB MUKPOYACTHIBI U3MEPSIOT
e€: 1) momHyto sHepruto £; 2)NOJHBIA MOMEHT uMIyibca L;  3) mpoeKuuo MOMEHTa UMITYIIbca
Lx Ha och x; 4)MIpOEKIHI0O MOMEHTa UMITyJIbca L, Ha oCh Z, 5)mpoeKnuio UMIyIbca py Ha OCh X;
6) IpOEeKLUIO UMITyIIbca py HA OChb J; 7)KOOPAUHATY X; 8)KoopauHaTy Z, 9)MOMEHT BPEMEHU
usmepenus t. Oka3pIBaeTCs1, YTO OJHOBPEMEHHO HEJIb351 U3MEPHUTD UITH OTPEIICIIUTh CIICAYIOIIUS
BEJIMYMHBI (YKaXKHUTE J1BA MPABUIBHBIX OTBETA):

a) lu 4; 0) 5u 8; B) 4u 3, r)1lu9;
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8. KonrponbHoe 3ananue. [lepexon anekTpoHa ¢ 60pOBCKOM OpPOUTHI € TTIaBHBIM KBAHTOBBIM YHC-
JIOM N Ha OpOUTY C TJIaBHBIM KBAaHTOBBIM YHMCJIOM N’ B aTOME BOJOPOJa COOTBETCTBYET JIMHUU OJ1-
HOM U3 CIEKTPaJIbHBIX Cepuil u3iydeHus. [Ipn 3TOM MakCUMaIbHON 4acTOTE U3JIyYEHUS B CEPUU
[TamreHa coOTBETCTBYET Mepexo/] (BBIOSpUTE MPABUIIBHBINA OTBET):

a) N=oo - N'=1; 6) N=c0 - N'=2; B) N=c0 - N'=3; 1) N=0 - N'=4;

n) n=2-n'=1 e n=3-n'=2; x) n=3-5n'=1, 3) n=4_- n'=1;

u) N=4-n'=2; k) n=4-n'=3;

9. KonTposbHoe 3a1anue. DIIEKTPOH HaxouTcs B oaHoM n3 d —nogobonoyek aroma. Kakoe u3 me-
PEUNCIIEHHBIX HUXKE 3HAYCHUI He MOKeT IPUHUMATh ITPOEKLUS BEKTOPA OpOUTATBHOIO MArHUTHO-
T'O MOMEHTA ITOTO JJICKTPOHA HA HAIIPABJICHUE Z BHELUIHEIO MAarHUTHOTO MOJIs (YKaXKUTE MTPaBUIIb-
HBII OTBET eciu [z —MarHeToH bopa):

a) 0; 6) 2Ug; B) 3uz; r -Ug; n) Ug;

10. KonTtposbHoe 3a1aHue. YKaXUTE MPaBIIIbBHOE YHCIIO Pa3HbIX MPOEKIMKA Ha HAaIIpaBJIeHHUE
BHCIIHCTO MArHuTHOT' O ITOJISL 0p6I/IT21J'IBHOFO MAaroiuTHOro MOMCHTA 3JICKTPOHAa U3 5f HO,I[O6OJ'IO‘IKI/I
aToMa BoJaopoJa.

a)l; 6)2; B8)3; N4, 15 e6; k)7, 3)8 wu9;, x)10; n)12; wm)15;

11. KoutponbsHoe 3amanue. B pe3ynprare saepHbIX pacnagoB ucmyckaiorcs: 1) a-usnydenue; 2) B-
u3nydenue; 3) y-usnyudeHue, 4) HeWTpoHbl. Cpeau MEepevrCIICHHBIX NPOIYKTOB pacraja HaM-
MeHb el TPOHUKAIOIIEH CIIOCOOHOCTRIO 00a1aeT (YKaKUTe MPaBUILHBIN OTBET):

a)l; 0)2; B) 3; r) 4;

IMepeyeHb KOHTPOJILHBIX 3aJaHUI H (HJIH) BOMPOCOB JUISA OIeHKH ChOPMUPOBAHHOCTH KOM-
nerennuu OIIK-4 (koHTpoMpyeMblii HHIHUKATOP A0cTH:KeHUus1 KomneTeHuun OITK-4.2)

1. KontponbsHoe 3ananue. [ToctosaHas 1udpakiinoHHON penieTKh paBHa 2,6 MKM, a JITTHHA BOJTHBI
Na/Ial0IEeTo Ha PEIIeTKY HOPMaJIbHO MOHOXpoMaTHueckoro cBeta paBHa A=600uM. CriekTp Kako-
r'0 MAaKCUMAaJIBHOT'O TIOPSIIKA Mmax MOKHO HAOIIOAATH 3a PEIeTKOM (YKaKUTE MPaBUILHBINA OTBET):
a)l; 06)2; B)3; 14, n)5 ¢€)6; x)7;, 3)8; e)apyroii oTBer;

2. KonTponbHoe 3aganre. MOHOXpoOMaTHYECKU CBET ¢ JuinHOUM BoimHb 600HM maja-
€T HOPMAJILHO Ha y3KYIO MPOpe3b-1Ieiib B HEMPo3pauHo nperpase. JudpakiinoHHbIi
MHUHEMYM M = 240 Topsiika HabroqaeTces 3a mienbio moj yriom 3(0° K HanpaBIeHUIO
najaromero cera. Yemy paBHa HIMPHHA @ Tpope3u (BIOCPUTE MPABUIIbHBIN OTBET):
a) 1,8mkm; 0) 2,4MKM;  B) 3 MKM; r) 3,6MkM; 1) 4 MKM, e) 4,8MkM;
) HET MPaBUIBHOTO OTBETA;

3. KontponbHoe 3aganue. I3BeCTHO, 4TO TEIIOBOE U3IIYYCHHE UCITYCKACTCS C % %
OOKOBOI TOBEPXHOCTH MPOBOAA (CUUTAst €ro aOCOTIOTHO YEPHBIM TEJIOM), KO-
TOPBIN MOAKIIOUYEH K HCTOYHUKY MOCTOSIHHOTO HanpspkeHus U. 7 —Ttemmepa- § §

VAVA

I%

AVAV

3
Typa G0KOBO# MOBEPXHOCTH MPOBOJIA, S — M0 lb OOKOBOW TOBEPXHOCTH U, §
npoBoJia, ¢ —nocrosiHas Credana-bonbivana. Texkymmii mo mpoBoay TOK | MOXHO BBIYUCITUTH
1o popmyiie (ONPEACTUTE U YKAKUTE OTBET):
2) u . us U oT*. oT* . oST

—= 0) —; — ; , ; 7 ;
ST ) e B) g r) U ) US e) U ) IPyroit OTBET

o

4. KonTtposnpHoe 3ananue. Ha moBepXHOCTh Tella HOpMAJIBHO MaIatoT (POTOHBI
MOHOXpOMaTI/I‘ICCKOI‘O nasepﬂoro I/I3J'Iy‘-IeHI/I$I C qaCTOTOﬁ Vv, HeﬁCTBYH Ha 11J10-
maaky AS cuioit F. Ckonbko poroHoB AN monamaer Ha Ty IUIOIMIAAKY 3a
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BpeMs At, eciiu Teo morjomaeTr Beé najaroiiee Ha Hero uznydeHue (YKaxurte npaBuiIibHYIO Gop-
myiy, rae h —mocrosuuas [1nanka, ¢ — CKOPOCTh CBETA):

2hvFAt FCAtAS | 2FcAt hvFAt | FcAt | FcAt | FcAt |
a) ——, 6) ———, B) r) 1) ¢) )

c h ' hv ’ c ' 2hv ’ hv hvAS’

5. KonrtponbHoe 3amanue. OTHOIIEHHE BEIMYUH CKOPOCTEH HEpEeIATUBUCTCKHUX yacTull 1 u 2 pas-
HO V, / V,= 1/2= 0,5, a oTHOIIEHKE UX JJIMH BOJIH 1€ Bpoiins paBHO, COOTBETCTBEHHO,

Agy / Ay, = 4. VKaKuTE NPaBHIBHYIO BEIMYUHY OTHOIIEHHMs M)/ M, MacChl EPBOM YaCTULBI K Macce
BTOPOW YaCTHUIBI:

a) 16; 0) 8; B)4, 1)2; n) 1; e) 12; x) 1/4; 3) 1/8; u) 1/16;

K) IpYTroil OTBET;

6. KonrponbHoe 3amanne. M3BecTHO, 4TO Macca CBOOOHON MUKPOUYACTHUIIBI paBHA M, a €€ COCTOsI-
HHE B CIIy4ae OJHOMEPHOTO JBM)KEHUS OMUCHIBACTCS BOJIHOBOM (yHKIMEH ¥/ (X) = ACOS( kx) , Tae

A u kK —nocrosaubie Benuuussl. Ecu /i =1,055110* Ik [&, To monHyo 2Hepruio £ uacTHIIbL
MOYKHO BBIYHCIUTH U3 COOTHOMICHHUS (YKaXKUTE MPABUIIbHBINA OTBET):
2mk* K*h® /. 2mk’ _ k.

: 0) E= X E=——:; E=—-—:; E :
h? ) 2m 2 2mk® ) h? 2 2m

a) E=

7. KonTponbHOE 3a7aHue. DIEKTPOH C MacCO M U ¢ OTPULIATENbHBIM JIEKTPUUECKUM 3apsSa0M
—( HaxOJUTCs B MOJI€ KyJIOHOBCKOTO MPUTSKEHU sApa ¢ Maccoii M ¥ ¢ MOJIOKUTEIbHBIM 3JI€K-

TPUYECKUM 3apsiioM +Q , 00pasys 0AHOdIEKTpOHHBIH atom. [lpu stom M >>m, k =1/4re,,

h = h/2r— nocrosuuas [nanka. DNEKTPOH IEPEXOIUT C YETBEPTOM HA BTOPYIO GOPOBCKYIO 0pOuU-
Ty. [IpH 9TOM €ro SHeprusi yMeHbIIIAeTCs Ha BEIMYMUHY (ONPENeIUTe U YKQKUTE IPABUIBHBIN OT-

1(kgQ'm o 1(kgQ'm o 3(kaQ'm ., 1(kqQ)m.

er): a : A b . By A Sk /A B
Bet) ) 5w 4w 16 1 8
) 3 —(k qQ)Z rn; €) pyroii OTBET;
32 w

8. KontposbHoe 3a1anue. UeMy paBHO OTHOLIEHUE BEIMYMHBI (MOYIIsT) HANOOJIBIIETO BOZMOYKHO-
0 3HAYCHHMS TMIPOCKIIUH BEKTOPa OPOUTAIEHOTO MOMEHTA UMITYJIbCa DIICKTPOHA, HAXOISIIETOCS B
2p — o06oI0YKe aTOMa, Ha 0Ch Z, KOTOpasi HalpaBJICHa BJOJIb JIMHUI WHIYKI[MHA BHEITHETO Mar-
HUTHOTO I0JIS, K Beln4rHe (MOJIYJII0) MPOSKIIUU BEKTOPa COOCTBEHHOTO (CITMHOBOTO) MOMEHTA
UMITYJIbCA ATOTO DJICKTPOHA Ha TY )K€ 0Ch (OTMPENEINTE U YKAKUTE MPABUILHBINA OTBET):

a)l; 6)2; 83, 14 15 €6 k7, 3)8;

9. KontponbHoe 3amanue. B HauanbHBI MOMEHT BpemeHH 1=0 pagmoakTuUBHBIA oOpaszel] uMen
8-1G° anep. B Moment t=1 C B Hem coxpaHMI0CH 4- 16° anep. CKONbKO paJuOaKTUBHBIX SIEP
pacnajgercsi B TOM 00pasile K MOMEHTY BpeMeHH t=3 C QmpeaennTe U YKaXuTe MpaBHIbHBIH OT-
BET):

a) 7,5:16% 6)7-16% 18)6,5-16% 1)6-16% 1)5,5-16% ¢)5-16% ) apyroii otBer;

10. KonTponbsHoe 3aanue. SIapo oTHOTO U3 U30TOMOB TOPHUsS Th 333 HCIBITHLIBAET MOCJIEI0BATEILHO
JIBa Mpoliecca B~ - pacmnajia u npespaiiaercs B sapo (YKaXuTe MpaBUIbHbINA OTBET):

a) Rn§§5; 0) Acggg; B) Fr82729; r) USS’S; 1) Ra§g3; e) Raggg; XK) Acgg’s; 3) Pagfs;



34

IMepeyeHb KOHTPOJILHBIX 3aJaHUI H (HJIH) BOMPOCOB JUISA OIeHKH CPOPMUPOBAHHOCTH KOM-
nerenuu OIIK-4 (koHTposMpyeMblii HHIUKATOP A0cTH:KeHUs1 KommneTeHuun OITK-4.3)

1. KonTtponbHbiit Bonpoc. JJis yydieHus ONTHYECKUX CBOMCTB HA TTIOBEPXHOCTh JIMH3 KaUYECTBEH-
HBIX ONTHYECKHUX YCcTpoiicTB (hoToanmnapaToB, OMHOKIIEH U T.I1.) HAHOCAT MOKPBITUS B BUJIC TOH-
yalimux mieHok. B pe3ynbrare B COTHEUHOM CBETE HA MOBEPXHOCTHU JIMH3 BUAHBI (PUOJIETOBO-
KpacHble OJIMKU. BIIBUTE IPUUMHY, 0 KOTOPOH CTEKJISIHHBIE JIMH3BI IOKPHIBAIOT 110100HBIMU
IUICHKaMH, U 00BSCHUTE MPUYHUHY MOSBIECHUS U IIBET TaKUX OJIMKOB, 000CHOBAB CBOE CYXJIECHUE C
MOMOIIBI0 HEOOXOIUMBIX (PU3MUYECKUX 3aKOHOB, IPUHIIUIIOB U (hOPMYII.

2. KoHTponbHbIii Bonpoc. Ha cTeKIIHHOM MIacTHHKE ¢ TOKa3aTeIeM MpeoM-
JIEHUS CTEKIIA Nereyy JIEKNT LUIMHIPUYECKAs! IJIOCKO-BBIMYKJIast JMH3a U3 Ta-
KOT0 ke cTekia. Ha muH3y cBepXy HOPMaJIbHO NalaeT CBET C JUIMHOW BOJIHBI A
(cm. pucyHOK). TIpocTpaHCTBO MEKTY JIMH30M ¥ IUTACTUHKON 3aIIOJHEHO Cpe-
JIOH ¢ rmoka3zateneM npenomieHus N. MaTepdepeHimonHas kapTuHa Habo-
JIAeTCsl B OTPAXKEHHOM CBETE C MOMOILBI0 MUKpOCKOMNa. C OMOIIbIO 3aKOHOB
¢u3uKu 00BSICHUTE, KaKOI BUJI UIMEET KapTUHA HHTep(PEpEeHIIMOHHBIX 1oJioc. [lomyunre popmynb
JUISL TOJIIMHBI 3TUX [OJIOC ¥ C UX MTOMOILBIO OOBSCHUTE, YTO POUCXOJUT C TOJILIMHOMN 3THX MOJI0C
10 Mepe yAaleHHsI OT LeHTpa KapTUHBI. OTBET 000CHOBATH.

3. Konrtponbaslii Bonpoc. TodeyHblit HCTOUHUK S MOHOXPOMAaTHUECKOTO CBETa
C JUTMHOMW BOJHBI A HAaXOJMTCS Ha PACCTOSHUU @ OT HEMPO3PAYHOMN TIOCKOM
Mperpajbl ¢ MPOPE3aHHbIM B HEM KPYTJIbIM OTBEPCTUEM paanyca I, a mapai-
NenbHBII SKpaH 3aKperieH Ha paccTosHuH L 3a mperpamoit, mpudeM r <+/LA .
[Tpu n3MeHeHUH PacCTOSHUSA & OCBEIIEeHHOCTh Touku O 3KpaHa (J1exariei, Kak
Y UCTOYHHUK CBETa S,Ha OCH OTBEPCTHS) TO CTAHOBUTCS OOJIBINION, TO YMEHbBIIIA-
etcs 10 Hyist. C moMOoIIb0 3aK0OHOB (PU3UKHU TOTyduTe POpMYIy IS TAKOTO PACCTOSIHUS &, Hauu-
Hasl ¢ KOTOPOT'O OCBEIIEHHOCTh B Touke O mepectaér “MuraTh’ M HAYMHACT HEMPEPHIBHO YMEHb-
matbes. O0bsicauTe Bamn BeiBOJ. B Kakyio CTOpOHY HA/lO IBUTaTh HCTOYHHK CBETA S, U3MEHSS
paccTosiHue a, YTOObI OJYYUTh MOHOTOHHOE U3MEHEHHE OCBEIIEHHOCTH — BJIEBO MM BripaBo? Ot-
BET 00OCHOBATb.

4. KoHTponbHBI BoIpoc. J[Ba OMHAKOBBIX MOJISIPOKIA (3TO TOHKAs MPO3payHasi TICHKa-
HOJISIPU3ATOP, MPOITYCKAoIIast IIOCKOIOISPU30BaHHbINA CBET) PACHOI0KEHBI TaK, YTO HE MPOITyC-

KarT Hal[aIOH_II/Iﬁ Ha HUX JTy4 CCTCCTBCHHOI'O COJIHCYHOI'O CBETAa C MHTCHCUBHOCTBLIO IO , A1 pacmo-

JIOKEHHBIN 32 MOJISPOUIAMH JIETEKTOp He (PUKcHUpyeT cBeTa. BrIckakuTe cBO€ MHEHUE O TOM, MOX-
HO JIA, HE AOTPAruBasch 10 3TUX NOJAPOUAOB, IOMECTUTh MEXIY HUMH TPETUH MOJISIPOU]] TaK,
YTOOBI CBET BCE XKe Ipomien B 1eTekTop? [IpuBeaure 000CHOBaHHbBIE apryMEHTHI B IOJIb3Y BO3-
MO>KHOCTH HMJIM HEBO3MOYKHOCTH IPOITYCKaHHUs cBeTa. Eciu Bce ke 3TO BO3MOKHO, IPEITIOKNATE
croco0 pa3MeIIeHus! TPETHETo MOJAPOH 1A TaK, YTOOBI MPOLIESAIINN B IETEKTOP CBET UME MaKCHU-
MaJbHYI0 UHTEHCUBHOCTh U HAWJIUTE BEIUYMHY 3TOM MaKCUMAJIbHON MHTEHCUBHOCTH.

5. Kontponbasiii Borpoc. C MOMOIIBI0 peocTaTa Ha KOHIIAX METAJUTHYECKO- T{-E Ao
TIPOBO,

ro npoBoja JumnHel | ¢ quamMerpom d co3maaHa pa3HOCTh MOTEHIMAIOB AP POBOA ; id

(cm. pucyHoOK). Kak u3mMeHHTCS TeMIiepaTypa MOBEPXHOCTH IMPOBO/IA, KOTO-

PYIO MOXKHO CUMTATh aOCOFOTHO YEPHBIM TEJIOM, €CJIH JUTUHY | TpoBoJIa YBEIMYUTH B JIBa pa3a, HE
MeHsist BenmuuuHbl d u A@ ? OTBeT 000CHOBATH M OJATBEPIUTH (POPMYJIaAMH.

6. Kontponbaslii Boripoc. OUH U TOT K€ UCTOY- cBET
HUK CBETa C YACTOTOM V OCBEIIAET KAaTOIbI IBYX
BaKyyMHBIX oTtodnemeHToB “1” u “2”, nzobpa-
JKEHHBIX Ha JIEBOM pPUCYHKE. BosbTamnepHsle xa-

A%
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PaKTEePUCTUKHN BOSHHUKAIOIIETO IMPHU 3TOM B IlenH PoToTOKa | MoKa3aHbl Ha MPaBOM PUCYHKE, T1Ie
KpuBble “1” u “2” COOTBETCTBYIOT MOJKIIOUYCHHIO (hoTO3IeMeHTOB “1” u “2”. Mcnoyb3ys 3aKOHbBI
dororddekra, onpeaenuTe KaKoi M3 KaTOIOB HMEET OOJBIIYI0 pabOTy BbIX0/1a U HAUTE BETHYH-

hy
HY OTHOIICHUS PabOT BBIXOJa ATHX KaTOJIOB IIPH YCIOBHH, UTO Uo = 4— , Tae h —mocrosHHas
e

HHaHKa, € — BCIIMYHHA 3apsaJa dJICKTPOHA. OrtBer 000CHOBATH COOTBCTCTBYIOIIMMH BBIYUCIICHUAMMU.

. KouTtpomnbpHsiil Bonpoc. Potor “1” ¢ 4acTOTOM Vg UCHBITHIBAET pacCesHUE Ha

7.K o 1

yroi 6 = 60 Ha nepBOHAYATBHO MOKOSIIEHCS YaCTHIIE ¢ MACCOM M, TIPEBpAIIascCh B 1 A_H\:elj
paccesiHHBIN (oToH “2”. Vcnonb3ys nmocrostanyto [Tnanka h u ckopocts cBera c, Vo m

oTpeieNuTe BEIMYUHY SHEPTUH, KOTOPYIO (DOTOH IEepeacT yacTHIle M mocie co-
ynapenus. OTBeT 000CHOBATh U MOATBEPAUTH BEIYUCICHUSIMHU.

8. KoHnTposnbHbIii Bonpoc. Bo30ykIeHHbII aToM BOI0po1a HCITYCTHI (POTOH, OTHOCSIIUICS K CIIEK-
TpanbHOU cepur banbmepa. OrieHuTe BO3MOKHOCTD TOTO, YTO B TAJIbHEHIIIEM 3TOT aTOM HUCITYCTUT
¢$oTOH cBeTa B BUAMMOI YEIOBEUECKOMY IJ1a3y YaCTH ONTUYECKOro criekTpa. OnpenenuTe Bo3-
MOKHBI MHTEPBAJ JJIMH BOJH AajbHEHIIEro n3aydeHus. OTBeT 000CHOBATh M OATBEPAHTH C IO~
MOIIbIO (PU3UYECKUX 3aKOHOB U (OPMYI.

9. KonTtponpHbIii Bompoc. B BO30yXIeHHOM aTOMe BOJIOPOJAA JIEKTPOH MEPEXOTUT ¢ OOpOBCKOI
OpOUTHI, COOTBETCTBYIOIIEH TPETheMY BO30YXKICHHOMY COCTOSHHUIO Ha OOPOBCKYIO OpOHUTY, COOT-
BETCTBYIOIIYIO BTOPOMY BO30YX/I€HHOMY COCTOSIHUIO, UCITYCKasi (DOTOH € JUIMHOW BOJHBI Aq. C m0-
MOIIBIO 3aKOHOB U (hOPMYJT aTOMHOU (PH3UKH OMPEAETUTE OTHOIICHHUE Ap/A1, TIE Ay — MaKCHMAIIb-
Hasl JJTMHA BOJHBI (DOTOHA U3 CIieKTpalibHOM cepun banbmepa. OTBeT 000CHOBATH.

10. KonTtpombHblil Bonpoc. Mmeronuiicst painoakTUBHBIN 00pa3el CoAepKUT HECTaOMIIbHBIE sIpa
JIBYX pa3HBIX H30TOIIOB: sIpa MEPBOTO M30TOIA UMEIOT NIEPUOT TIOJTypacnaia, paBHeld 1 MUHYTE, a
siipa BTOPOT'O M30TOIA — IMEPUO/T IOJypacmaia, paBHbIN 2 MUHyTaM. AHAIIU3 IMOKAa3all, 9TO B HC-
XOJIHBI MOMEHT BpemeHu obpasern Ha 89,89% cocrout u3 simep nepBoro uzorona v Ha 11,11% u3
siiep BTOpOro u3oromna. J{Jis mpoBeaeHHs SKCIIepUMEHTa HEOOXO0UMO, YTOOBI YUCIIO SIACP KaXkKIO0TO
u30Tona B 00pasie ObUI0 OJMHAKOBEIM. OIICHUTE BOBMOXKHOCTB TOTO, UTO CITYCTSI HEKOTOPOE BpeMsi
YHCIIO sIIeP IBYX JAHHBIX M30TOMOB B 00pasiie cpaBHsieTcs. Eciu 3T0 BO3MOXKHO, TO 4epe3 KaKoi
MIPOMEKYTOK BPEMEHHU 3TO Mpou3oiaeT? OTBeT 000CHOBATH U MOATBEPAUTH (POPMYIIaAMH.

4. OueHovHbIe cpeacTBa (OLEeHOYHbIe MATEPHAJIbI) [IJIsl MPOBEIEHHS POMEKY-
TOYHOM aTTEeCTAMH 00yJaroIUXcs (3AIUTHI KYPCOBOii padoThI (MMPoeKTa)) Mo
AUCHUILINHE (MOXYJIIO)

3aHATHSA yKa3aHHOTO THIMAa HE TPEIyCMOTPEHbI OCHOBHOW MpodecCHOHaNbHOW 00pa3oBa-
TEJIbHOHU IIPOrPAMMON.





