MUWHOBPHAYKU POCCUN
denepanpHOE TOCYAAPCTBEHHOE OIOKETHOE
o0pa3oBaTeNbHOE YUPEKICHNE BHICIIETO 00pa30BaHMs

«TynbCcKkuil rOCy 1apCTBEHHBIN YHUBEPCUTET

NuctutyT ECTECTBEHHOHAYUYHBIN MHCTUTYT
Kadenpa puzuku

VYTBepkaeHO Ha 3aceaHnu Kadeapsl
1N7I2IN’
«31» aBrycra 2020r., mpotokoi Ne 1
3aBenytomuii kadenpoit
P.H.PocroBiues
®OH/ ONEHOYHBIX CPEACTB (ONEHOYHBIE MATEPHAUJIBI) JJISA
HNPOBEJEHUSA TEKYIEI'O KOHTPOJIA YCIIEBAEMOCTHU U
IMPOMEKXYTOYHOU ATTECTAIIMM OBYYAIOLIUXCHA 11O
JAUCHUIIIMHE (MO4YJIIO)
«OU3UKA»
OCHOBHOI1 nMpo(eccHoHATBLHOM 00pa30BaTEILHON MPOrpaMMBblI

BbICIIETr0 00pa30BaHUA — MIPOrpaMMbl DaKaJIaBpuaTa

10 HaMpaBJICHUIO
04.03.01 Xumusn

C HaIPaBJICHHOCTHIO (TIpoduiiem)
XuMHS OKPY KAIOIIel cpebl, XHMHUYECKas IKCIEPTH3a U IKOJIOrudeckasi 6e30-
MacHOCTh

dopma oOydeHUs: OUHas

Nnentuduxanmonnsiii Homep oOpazoBatenbHoil mporpammsl: 040301-01-21

Tyma 2021 ron



JIMCT COTJIACOBAHUSI
paboueii nporpaMMbl AHCHHILIHH LI (moay.ist)

Paspaborunk:

Pocrosues P.H..3aB.xad., A.7.H., onent —
(DPHO, nomkHoCTh, yueHan cTeneHs, YHEHOE IBaHHe)

(noanuce)



1. Onucanue GpoHAA OLIEHOYHBIX CPEICTB (OLEHOYHbIX MATEPHAJIOB)

@DOoH/ OLIEHOYHBIX CPEACTB (OLICHOYHbIE MaTepHalibl) BKIIIOYAET B c€0s1 KOHTPOJIbHBIE 3a/1a-
HUSL U (WJIM) BOIMPOCHI, KOTOPBIE MOTYT OBITH MPEITIOKEHBI 00YYaIOIMEMyCsi B paMKax TEKYIIETo
KOHTPOJIsI YCIIEBAEMOCTH U NMPOMEXKYTOYHON aTTeCTalMM MO JUCLMIUIMHE (MOAYJI0). YKa3aHHbIE
KOHTPOJIbHBIE 3a/1aHus U (WJIM) BOMPOCH! MO3BOJISIOT OLEHUTh JTOCTHKEHUE 00yYaroluMesl TIaHU-
pPYEMBIX pe3yJIbTaToB OOY4YEeHHs MO JUCLUIUIMHE (MOJYJII0), YCTAHOBJIEHHBIX B COOTBETCTBYIOIIEH
paboueii mporpaMMe JUCHUIUIMHBI (MOIYJIs), a TaKke C(HOPMUPOBAHHOCTH KOMIIETEHITNH, YCTaHOB-
JIEHHBIX B COOTBETCTBYIOLIEH OOIIEH XapaKTepUCTHKE OCHOBHOM NpodeccuoHanbHOM 00pa3zoBa-
TEJIbHON IPOrPAMMBI.

[losHBIE HAaMMEHOBAaHMs KOMIETCHIMM M MHIUKATOPOB UX JOCTHKEHHUS IIPEICTABIICHBI B
00ImIeit XapaKTepUCTHUKE OCHOBHOM MPpodecCHOHATBHOM 00pa30BaTeIbHON IPOTPAMMBI.

2. OneHOYHBIE CpeIcTBA (OLIEHOYHbIe MAaTEePHUAJIbI) 1JIs1 NPOBEeHUN TEKYIero
KOHTPOJISI YCIIEeBAEMOCTH 00Y4alOIIMXCS M0 JUCIHUILINHE (MOYJII0)

2 cemecTp

IlepeyeHb KOHTPOJIBLHBIX 32/1aHUI M BONIPOCOB /JIsl OLIEHKHN ¢()OPMUPOBAHHOCTH KOMIIETEH-
o OIIK-3 (koHTpoMpyeMblii HHANKATOP AocTHKeHHsA KomnereHunu OIIK-3.1)

1. Ha pucynke n3zo0pakeHa 1iockasi KpruBas, Ha3bIBaeMasi KJIOTOHIOM (crupa- y

ab10 Kophio). Touka A aBHMKETCS BJOJIb 3TOM KPUBOW B HAIIPABIICHUH, A
YKa3aHHOM CTPEJIKOM, C TTOCTOSIHHOM MO BEJIMYKUHE CKOPOCTHIO. [Ipu aTOM

BEJIMYMHA €€ MOJHOI'0 yCKOPEHUS: a) paBHa HYJIIO; 5 >
0) MOCTOSITHHA W HE paBHA HYJII0;  B) YBEJIWYUBACTCH, I') YMEHBIIAETCS; 6

2. Yactuma ABWXXKETCS IO KPUBOJWHEWHOW TPAGKTOPUHU C TIOCTOSHHBIM IO BEIHYMHE (MOJIYIIIO)
HOPMAJIBHBIM yCKOpeHHeM. IIpu 3TOM Oka3bIBaeTCs, YTO pajauyC KPUBHU3HBI TPACKTOPUM B MECTE

HAXOJKICHUS YACTHI[BI BO3PACTACT CO BPEMCHEM t 110 CIIeyIolIeMy 3aKkoHy: R ()= const- 1> . Yxa-

KHUTE MPABIIBHBINA rpaduK 3aBU- |V v v \4 N v
CUMOCTH BEJIIMYUHBI CKOPOCTH . / P k P P ¢
a) 0) ) €)

YacTHUIBI OT BPEMCHU t:

B) r) a

3. MarepuanbHas Touka M ABIKETCS 10 mapadosie \
(puc.1) B HanpaBieHny, ykasaHHOM cTpenkamu. ['papux 4 U Puc2
M3MEHEHUs BEJIMUUHBI (MOMyJIsl) €€ CKOPOCTU IIPUBEIEH Puc.1 \\//
Ha puc.2. Ha puc.]1 nokaszaHo nonoxeHue Touku M B M ro
MOMEHT BPEMEHH t3. YKaXKUTE HA 3TOM PUCYHKE HanpaB/ieH1e ty tp t

3. 2 1 [BUKEHNA 1 2 13
HalpaBJIeHUE CUJIBI, IeHCTBYIOIIEH Ha TOUKY M B 3TOT
MOMEHT BPEMEHU t3: a) 1; 0) 2; B) 3; r) 4;
4. Ha teno, uMeBIIiee UMIYJIBC p B TEUCHHE OYCHb KOPOTKOTO BPEMEHHU Af JCHCTBO- o—>5
Basa cuiia Oospiias cunia F . ITocne okoHYaHMs JeMCTBUS CUIIBbI TEJIO JIETUT MOJ yT- <, 120

sioM 120° K HATPaBJIEHUIO IEPBOHAYATBHOTO JIBUKEHUSI C UMITYJILCOM, BEINYMHA KO-
TOPOT0 PaBHA BEJIMYMHE NIEPBOHAYAIILHOI'O UMITYJIbCA TeJa: | D '| = | ]3| . Ilpu aTOM Be-

JIMYMHA UMITYJIbCA JEHCTBOBABILIECH HA TEIO CHUIIbI ‘F At‘ OyJzeT paBHa:

a)0;  6) ptgl20°; B) pcosl20°; r)p/2;  m)p; e) psinl120°; x) 2p;



5. U3 )xectH BbIpe3anu TpU OJUHAKOBBIC JETAIH B BUJE DJI-

nurnca. JIBe neranu pazpe3any Ha YEThIpe OJJMHAKOBBIE YaCTH. 0 |17
3areM Bce 4acTH OTOABUHYJIHU PYT OT ApyTa Ha OJUHAKOBOE
paccTOsSHUE U PaCCTABWIIN CUMMETPUYHO OTHOCUTEIIBHO OCU
OO' (cM. puc.). Boeibepurte npaBuiibHOE COOTHOIICHUE MEXTY S s >
MOMEHTAaMH MHEPLIMU ITUX AeTaneil oTHocuTenbHO ocu OO0 I I, I3
a) | >1,>13; 0) I, <I,<Is; B) [ <I,=1I;

I') HE XBaTaeT JAHHBIX;

IlepeyeHb KOHTPOJILHBIX 32JJaHUI M BOIMPOCOB /IJIsl OLIeHKH C(hOPMUPOBAHHOCTH KOMIIETEH-
nuu OIIK-4(xoHTpOoTMpyeMbIil HHANKATOP AocTHKeHHA kKommneTrenunu OITK-4.1)

1. Ha pucynke npencrasieH rpaguk GpyHKIUN pacrpeneneHus MakcBeuia Mo-
JIeKyJ UICATIbHOTO ra3a Mo BeIMYUHAM cKopocTed. Cpean OTMEUEHHBIX Ha HEM
CKOPOCTEH Vi UMEIOTCS BEJIMUUHBI CPEIHEH, CpeAHEH KBaIpaTUYHOM U Hauboiee

. 2
BEPOSTHON CKOPOCTU MOJIEKYJT ra3a. Be3pasMepHoe OTHOMIEHHE V3 - Vy / (v2)

3n? \/§ /3n2 16 3n \F
aBHO: a) \[——; ©0),—; B)s—; T).—; — 5 €)4—;
P ) 32 ) T ) 64 ) o 2 16 ) T

8 81 o
X) |—; 3).|—; H)IpYyrou OTBET;
o 3

2./laBneHue ra3a, COBEpILAOIIEr0 U30TEPMUYECKUI TPOIIECC, YMEHBIINIOCH B 2 pa3za. [lpu sTom
CpeIHsisl JUTMHA CBOOOIHOTO Mpobera MOJIeKyII rasa:

a) yBenMuuiach B 4 paza; 0) yBeJMuuiach B 2 pa3a; B) MPAKTHUYECKU HE M3MEHHIIAC;

I') yMEHBIIMJIACh B 2 pa3a; J1) yMEHbBIIWIACH B 4 pa3a;

3 B motoke ra3a, HallpaBJICHHOM IIPOTHUB OCH Yy, BEJIIMYNHA CKOPOCTHU I'a3a pacCTET B 110~ z

JIOKHUTETHHOM HalpaBieHU! ocH z. [lepeHoc umiybpca HampaBJIeHHOTO JABMKEHHS ra3a :(___V ¥y
IIPOMCXO/IHT: X

a) BIOJIb OCH X;  0) IPOTHB OCH X; B) BAOJb OCHY; T)IIPOTUB OCHUY; ) BAOJb OCH Z;

€) MPOTUB OCH Z; ) IPYroi OTBET;

4.Matepuall CTepKHs,

T 7. Jol, ot 4o Jol Jq Jq
n3o0paxe 10 2 : : ; : — ;
PDKEHHOTO Ha P T kx DX \x \x | by /x
JIEBOM PUCYHKE, UME-  X| X X — S I S

X1 X2 ,Xll Xy X1 Xy X1 X2 X1 X2 x'1 Xy
€T BCIOJIy OJIMHAKO- a) 0) B) I) ) e)

BBIN, HE 3aBUCSIIUIN

OT TeMIepaTypbl KO3PPHUIMEHT TEIIONPOBOAHOCTH. KOHIIBI cTEepKHS MOAEPKUBAIOTCA [P pa3-
HbIX Temnepatypax T; =400 K u T, =300 K. Ykaxkute npaBuibHbIi rpaduk 3aBUCUMOCTH BEJIH-
YHMHBI INIOTHOCTH IIOTOKA TEIUIA jo OT PACCTOSIHUS X BJOJb €r0 OCH:

5.Ha pucynke npuseneHa auarpamMma coctosinuil Bemectsa H,O ¢ kpuBbiME paznena
TBEPJIOH, )KUAKON U razo00pa3Hoii (a3. Kakas Touka (WM TOUYKH) Ha JUarpaMme co-

OTBETCTBYET COCTOSIHUIO KUIISIIEH BOBI?

a)l;  0)2; B) 3; N4, n)s; e) 6; x®) 7, 3)8; ) 9;

K)2u3; n)lué;




IlepeyeHb KOHTPOIBHBIX 3aJaHUH M BONIPOCOB 1JIsl OLIEHKH C()OPMHUPOBAHHOCTH KOMIICTEH-
uun OIIK-3 (koHTpoMpyemMblii HHANKATOP AocTHKeHusA KomneTeHunu OIIK-3.2)

1. MarepuasibHasi TOUKa JBUXKETCSI TaK, YTO C TEUEHUEM BPEMEHH €€ KOOpAMHAThI U3MEHSIIOTCS 110
3aKoHaM: X = 2t + 6t° — 4t°, y= 5t-4t’+1,5t" n z = 4 + 8t — 2t°. Berunciute MOJyJIb CKOPOCTH Mare-
pUaIbHON TOYKH B MOMEHT BpeMeHH t = 6 c.

YCKOPCHHUE U HOPMAJIbHOC YCKOPCHUEC BO3PACTAOT CO BPEMCHCM t o HHHefIHOMy 3aKO0-

2. Ilpu 1BUXkKEHUM MaTepUAIbHON TOUYKH 0 KPYTOBOW TPAEKTOPHH €€ TaHT€HLIMATIbHOE
On

@\V
Hy: a, =const-¢, a, =const-¢. [Ipu 5ToM BennurHa TaHreHca tg0 yriaa MexIy BeKTo-

POM V CKOpPOCTH TOYKH M BEKTOPOM €€ MOJTHOTO YCKOPEHUsS d OyJeT U3MEHATHCS CO

BPEMCHCM 110 3aKOHY:

a)D%; 6)Dt2; B) ¢ r)D%; z[)Di; e)Dt3; K) tg0 He n3MeHsercs;
t t

3) TaKO€ ABMKCHHEC HCBO3MOKHO,

3. MarepuanbHasi TOUKa JBIXKETCS BIOJb KPUBOJIWHEHHOW TPACKTOPHH, MPUYEM BeIHYMHA (MO-
IyJib) CKOPOCTH 3TOM TOYKH MEHSETCS CO BpPEMEHEeM t TI0 3aKOHY V(t)IAZZ—Bt+C, rae

A, B,C — IOCTOSIHHBIE BEJIMYMHBI, HE PaBHbIC HYJ0. B Kakoil MOMEHT BpeMEHH t BEKTOP IMOJIHOTO

B 24
YCKOPEHUS TOUKH OyJET MEPICHAUKYIIIPEH TPACKTOPHUH? a) mpu t = i ; O)mpum t= 3 ;

B)HpI/It=\/Bz—4AC; r)npnt=%; H)Hpﬂt=%; e)npu t=0;

) B 11000 MOMEHT BPEMEHH BEKTOP YCKOPEHUS HE NEPIIEHANKYISIPEH K TPAEKTOPUH;

4. YacTHua ABMXKETCS BOJIb OKPYKHOCTH C PauycoM 1 M B COOTBETCTBUU C ypPaBHEHHEM
o(t) = 27‘C(t3 —247% 1241 12) , TIe @ — YroJl B paauaHax, ¢ —BpeMs B CeKyHJax. Bennunna Tan-

TeHIMAIBHOTO (KacaTeIbHOTO K TPACKTOPHH) YCKOPEHHSI YaCTHUIIBI PaBHA HYJIIO B MOMEHT BPEMEHHU
(B cexkyH1ax), paBHBIN:
a) 1; 0) 2; B) 3; r)4; n) 6; e)8; ’K) HET NMPaBUJILHOTO OTBETA;

5. Huck paanyca R HaunHaeT BpalaTtbCsi U3 COCTOSIHUS MTOKOSI B TOPHU-

N . £ 2
30HTAJIBHOMN IJIOCKOCTH BOKPYT OCH Z, TPOXOSIICH MEPICHANKYIISIPHO z, pa/e
€ro MIOCKOCTH Y€pPe3 ero HEHTP. 3aBUCHMOCTb TIPOEKIIUH YIJIOBOIO yc- 2
KOPEHHUS OT BPEMEHH T0Ka3aHa Ha rpaduke. B kakoit MOMEHT BpeMeHH 0

BEJIMYMHA (MOJYJIb) TAHIEHIMAIBHOTO YCKOPEHHUs TOUKM Ha KParo JUCKa | |
JOCTUTHET MaKCUMAaJIbHOI BEJIIMYNHBI?
a)llc; 0)6; B) 5¢c; r)4c;

IlepeyeHb KOHTPOIBLHBIX 3aJaHUH M BONIPOCOB /ISl OLIEHKH ¢()OPMHUPOBAHHOCTH KOMIIETEH-
uuu OIIK-4 (koHTpoIMpyeMblii HHAMKATOP AocTHKeHus kKomneTeHuuu OIIK-4.2)
1. UneanbHslii ra3 coBepiiaet npouecc 1 — 2 — 3, n300pakeHHbIN Ha AUarpamme I

p-V.rme p, =4p;, Vo =2V, V3=31, p1 = 10°a, V1 =1 nutp. 3a Bpems 3T0ro

npolecca BHYTPEHHsISI 3HEprus ra3za yMeHbluaercs Ha Bennuuny 150 k. Kakoe P2
TEILJIO MOJIy4aeT ra3 3a Bpems nporecca 1 — 2 — 37 MLRE
a) 150 JIx; ©0)200 JIx; B)250 Ix; r)300 Ix; m) 350 JIx; e)400 JIx; x) 450 Jx;

3) Apyroi OTBET;
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T
2. Ha pucynke npeacTaBieH OpsiMOW LUK TEIJIOBOM MalllMHbI B KoopauHartax I’ —§, (-2 3
rae T — TepMOJUHAMUYECKas TeMIIeparypa, S — 3HTPOnus. YKaKUTE Y4acTKU, Ha "
KOTOPBIX TEIUIOTA MOCTYIAaEeT B paboyee TeJIO MAIIMHBI OT HarpeBartese, U y4acTKH, : 4 S

/1€ TEIUIOTa OTAACTCS XOJIOINIbHUKY:
a) 12,23 —mocrymnaer; 34,41 — oTnaercs;
0) 12, 23,41 —noctynaer; 34 — ornaercs;
B) 12,41 — mocrynaet; 34 — oTmaercs; r) 23 —mocrymaer; 41 — otmaercs;

3. aBnenue Bo3ayxa B armocepe ¢ Temmepatypoil T yMeHbIIUTCS B 2 pa3a, €CJId MOAHATHCS Ha
BBICOTY (L -MOJIIpHAsl Macca Bo3ayxa, R — yHUBepcaabHas ra3oBas MOCTOSHHAS ):

a) h =£exp(2); 0) h =—2RT; B) h =Eln2; r) h K8 ;o0 h =Eexp(2)
RT ug ug RTIn2 ug

o n_ AT
2ng

4. B IByX 3aKpBITBIX COCY/IaX C OAMHAKOBBIM 00beMOM V| =V, TpH OJMHAKOBBIX
temriepatypax T; =T, Haxomarcs pa3Hbie ra3bl: B IepBOM (JIEBOM) cocynie — 1 Moib
metaHa CH4 ¢ MonsipHOIi Maccoii [ = 16 r/Moib, BO BTOpoM (TipaBoM) cocyie — 8
MOJIEHT TeJIHsl ¢ MOJISIPHON Maccoii [, = 4 r/Moib. Yemy paBHO otHOmeHHE AN| /AN,

YHCIIa COyJapeHUH MOJIEKYJI C OIMHAKOBBIM YYaCTKOM CTEHKH C TUIOMAbi0 AS 3a 0TMHaKOBOE
Bpems At B 3TUX cocynax?

a)256; 0)16; B)4; r)2; n) 1; e)1/2; xK) 1/4;  3) 1/16;  m) 1/256;

K) IpYTrOii OTBET;

5. JlaBiieHue rasa, COBEpIIAIONIET0 U30TEPMUUECKHUN MTPOLIECC, YBEIUUMUIIOCH B 2 pasa. [Tpu atom
CpeaHsis JJIMHA CBOOOIHOTO Mpobera MOJIEKYJI ra3a;

a) yBenuuuiach B 4 pasa;  0) yBeIMUWIach B 2 paza;  B) MPAKTHYECKU HE U3MEHUIIACH;

I') YMEHBIIWJIACH B 2 pa3a; 1) yMEHbIIUJIACh B 4 pasa.

IlepeyeHb KOHTPOJILHBIX 321aHNI U BONPOCOB JIJIS1 OlleHKH ¢)OPMHUPOBAHHOCTH KOMIIETEH-
muu OIIK-3 (koHTpoMpyeMblii HHANKATOP A0cTHKeHHsA KomnereHunu OIIK-3.3)

1. CrosBiiasi aBTOMaIIMHA HAYWHAET JBUTATHCS C YCKOpEeHHeM d . [lepBriii Ha- il
OJIrofaTelNlb CYUTACT, YTO IPUUUHON ITOTO SIBJISIETCS TPEHUE KOJIEC O TTIOBEPX- ﬁ‘%
HOCTb JIOPOTH, MIOCKOJIbKY IPYTHX CHJI, TSHYIIUX aBTOMOOWIIb Briepe HeT. Bro-

pOI71 YBCPCH B TOM, UTO TPECHUC MOKCT TOJIBKO 3aTOPMO3UTH JBUKCHUC aBTOM06I/IJI$I, HO HUKAaK HE
YCKOpUTh. BrickaXkute CBOE MHEHHE O TOM, KTO U3 HabmoaTene mpas. OLEHUTE poJib TPEHUS KO-
JIeC 0 10pory: OyJeT OHO MPUYMHOMN YCKOPEHUS WM 3amMeaieHus: aBToMooussi. OTBeT 000CHYHTE C
MOMOIIbIO PUBUYECKUX 3aKOHOB U (OPMYIL.

2. B aTTpakiioHe 4esloBeK JI0JIKEH OTBECTH TSKEIIbIH I1ap, OIBEIICHHbIN Ha LIHY-
P€ ¥ TOJKHYTH €ro TaK, YTOOBI BO BPEMsI BO3BPATHOTO JIBMYKECHUS IIap COMII KETJIIo,
CTOSIIYIO IPSMO 0T TOYKOH, B KOTOPO IIHYP MOJBEILEH K MOTOJIKY (mepen
KEIJIel CTOUT MPENITCTBUE, HE MO3BOJIsIONIee COUTh €€ NpsIMbIM yapoM). OLleHUTh
BO3MOXHOCTb COMTb IIIAPOM KEIJII0 B TAKOM aTrTpakinuoHe. Kak cienyer Tosnkars
mrap? OTBET 000CHYITE ¢ TOMOIIBIO (PUZNIECKUX 3aKOHOB U (hOPMY L.

24
A

3. ®yTOonuct 66ET NeHanbTH. B MOMEHT yapa Hora GpyTdonucTa UMeeT .
N v
CKOPOCTH V, a Macca OBIOIIEH 110 M4y HOTH BO MHOTO pa3 00JIbIlIe MacChl /ﬁ'

©
A
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msaa. [Ipeanoxure crioco0, MO3BOIISIONIHIA C TIOMOIIHIO 3aKOHOB MEXaHUKH HAHTH CKOPOCTh Ms4a
1oCJIe yiapa u HalJuTe 3Ty CKOPOCTb.

4. meeTcst METaJUIMUECKUI CTEPKEHb, KOTOPBIA MOKHO MOABECUTH 32 KPIOYOK
Ha KOHIE. JIMHENKU 1o pyKoil HET, HO UMEIOTCS Yyackl. [Ipepioxure npouenypy
oTpezieNieHus JJTMHBI CTEPKHS C TIOMOIIBIO UMeroIuXxcst yacoB. O0ocHyTE
MPEUIOKEHHYIO MPoLeypy GopMyIamMu, MO3BOJISIFOIIMMHE BEIYHCIUTE TPEOYEMYIO JUTUMHY CTEPIKHS.

5. Ha 06071 KoJIeca co CIUIAaMU U Ha 000 CILIOIIHOTO JUCKA TOTO %Ke paguyca MR
R u TOﬁ K€ MaCChl M HaMOTaHbl HCBCCOMBIC HUTH, K KOTOpBIM HpI/IerHHeHLI /
m(]
Ih

MR

OJIMHAKOBBIC IPy3bl Maccoii m. M koJieco, ¥ TUCK MOTYT BpallaThCsl BOKPYT
TOPU30HTAILHOM 3aKPETICHHOW OCH CHMMETPUH 03 TPEHUS U TIepBOHAYAITb-
HO IIOKOATCH, a I'Py3bl HAXOAATCA Ha OI[HHaKOBOﬁ BBICOTEC h HaJ ITOJIOM.
OneHuTe, KaKOH U3 rpy30B ObICTpEE YMaeT Ha MOJI TIOCIIe Havaya ABYKCHHS.
OTtBeT 000CHYHTE ¢ TOMOIIBI0 (PU3HUECKUX 3aKOHOB U (DOPMYII.

ITepeyeHb KOHTPOJIBHBIX 32IaHUH H BONIPOCOB /ISl OLIEHKH C()OPMHUPOBAHHOCTH KOMIIETCH-
uuu OIIK-4 (koHTpoIMpyeMblii HHANKATOP AocTHKeHUsA KomneTeHnnu OITK-4.3)

1. lapuk, moABEIICHHBIN HA HEBECOMOM NMPY>KUHKE COBEPLIAET BEPTUKAIbHBIE
KOJICOAHUS B TIIMLIEPUHE. Y TBEP’KAAETCS, YTO TOCIIE TOTO, KaK B TIIMLEPHUH J00aBUIH
BOJly, @ IIAPUK [TOJIBECHJIN HA JPYToi NPy KUHKE C MEHBIIEH )KECTKOCTBIO, OH IIepecTa
coBepIaTh KojeOaHus. BoickakuTe cBOE CyXKIeHHE O BO3MOXHOCTH WIIH
HEBO3MOXKHOCTH Takoro pesyibrarta. Halinure B cienlaHHOM yTBEpKAECHUU T€ (HaKTOPBHI,
KOTOpBIE MOTJIM MJIM HE MOTJIM IPUBECTHU K JaHHOMY pe3ysbTary. OTBeT 000CHYHTE C
HOMOILBIO (PU3NYECKUX 3aKOHOB U (hOpMYII.

2. HexoTopoe KoJIMuecTBO Ta3a CieayeT NEPEBECTH U3 COCTOSIHUS C JaBJICHUEM P; U 00BeMOM V|

B COCTOSTHUE C JJABJICHHUEM P2 =2p; U ¢ 00beMoM V,=2V|. IT0 MOXKHO CAENATh UCTIONB3Ys (KOM-
OMHMPYST) TOJBKO ABa 00pPaTUMBbIX MIPOLIECCA U3 UETHIPEX MEPEUUCICHHBIX: H30TEPMUUECKHM, N30-
Oapuueckuii, 130Xopudeckuil U aguadaTuueckuil npoueccsl. Heo0xoanuMo HalTH TaKyro KOMOMHA-
LU0 U3 JBYX NEPEYMCIIEHHBIX MPOIECCOB, YTOOBI I'a3 B pe3ysbTaTe ATUX ABYX MPOIECCOB MEPEIEN
U3 HAYQJIBHOTO B KOHEYHOE COCTOSIHUE, COBEPIIMB MIPU ATOM HauboblIyto padoty. Mznoxure cBoé
MHEHHE O TOM, KaKasi KOMOMHAIUs MPOIIeCCOB OYET YAOBIETBOPATH JAHHOMY ycioBUI0. OTBET
000CHY#TE C MOMOIIBIO (PU3UYECKHX 3aKOHOB U (hopMyJ1, H300pa3uB BEIOPAHHYIO KOMOMHAIIUIO
MPOIECCOB Ha Axarpamme p — V.

3. B tpy6ky U-00pa3Horo MaHomeTpa, COSIMHEHHOTO C COCYJIOM, 3aJIUTa
KHUJKOCTh C HEM3BECTHOU TIOTHOCTBIO p, . [I09TOMY MOKHO U3MEPUTH

pa3HOCTh YPOBHEH h KHMIKOCTH B MAaHOMETPE, HO HEJIb3sl OIPEAETIUTH
Pa3HOCTh IaBICHUN Ap =p,.gh BHYTPU U BHE cocynaa. C moMoLIbI0 HAaco-

ca H MoxHO 3akauaTh B coCy]l BO3yX noJ OonbiiuM aasienueM. C no-
MoIIbI0 kpaHa K M0kHO ObICTPO BBIMTYCTUTh 3aKaUaHHBIA BO3IYX.
Tepmomerp T mO3BOJISIET TOYHO ONPENEIUTH TEMIIEPATYpPy BO31yXa B
cocyze. U3BecTHO, UTO MoKa3arenb aanadaTsl Bo3ayxa y=1,4, a atMochepHOe 1aBlIeHUE paBHO

Pary - LIpEATIONKHTE TIPOLIEAYPY ONPEAEIEHUS INIOTHOCTH p, HEU3BECTHOM JKHUJKOCTH C TOMOUIbIO

JTAHHBIX H3MEPUTETBHBIX MPUOOPOB. OOOCHYHTE MPENTIOKEHHYIO MpoLeaypy GopMyIamu, Mo3Bo-
JISIFOIIMMU BBIYHCIIUTH TPEOYEMBIN pe3yJibTarT.

4. ITpu 20°C mutoTHOCTH BOJBI paBHa =~ 1000 KI/M° , TJIOTHOCTB MOCOJTHEYHOTO Macia

~ 925 xr/m’, motHOCTh HeTH ~ 830 Kr/M’, IIOTHOCTB STUIIOBOTO criupTa ~ 789 kr/M’ . Tem He



MeHee, 0oJiee JISTKUH CIIUPT pacTBOPSIETCS B BOAE, a O0JIee TsHKENIbIE Maclio U He()Th BCIUTBIBAIOT HA
MOBEPXHOCTh BOJBI. BBICKaKUTE CBOE CyXJEHHE O TOM, Kakue (pru3nuecKkune 3aKOHbI MPUBOIST K
3TOMY pe3yibTary. MI3MeHeHHE KaKuX BEJTMYHMH B OTUX 3aKOHAX HAJIO MPUHSATH BO BHUMAHUE U TI0-
yemy”?

5. Ilpuxoxast 3uMOH B CBOE JKIJIMIIIE YETIOBEK MOKET CECTh Ha JKEJIE3HBIN CTYJI, @ MOXKET — B IUTIOIIE-
BOE Kpeciio. B mepBom ciydae eMy OyAeT X0JI04HO, @ BO BTOPOM — TEIUIO, XOTs TEMIeparypa U CTy-
Ja, ¥ Kpecia 0JMHaKOBa U paBHa TeMIlepaType Bo3ayxa B KoMHaTe. OnpeaenuTe NpuIMHy TaKoro
pa3nuuus B pe3ysbTatax U 00bSICHUTE €€ C MOMOIIBIO 3aKOHOB U (OopMyJT (pHU3HKH.

3 cemecTp

IlepeyeHb KOHTPOJIBHBIX 32/1aHNI U BONPOCOB /1 OLIeHKH C()OPMHPOBAHHOCTH KOMIIETEH-
o OIIK-3 (koHTpoaMpyeMblii HHANKATOP AocTHKeHHsA KomnereHunu OIIK-3.1)

1. DnekTpuueckoe Mmojie Co3/1aH0 TOUCUHBIMU 3apsiaamu q; 4 qx. Ecnm q; = —q, q, 4, 5
gz = *+q, a paccTOsSTHUE MEXIY 3apsaamMH U OT g 10 Touku C paBHO a, TO BEK- S o ! I
TOP HANPSHKEHHOCTH 110J1 B Touke C OpUEHTUPOBAH B HATIPABJICHHH ... a 4 l4 3

a)l; 0)2; B)3; r)4; 1) pasen(

2. Jlana cucteMa TOUEUHBIX 3aps/I0B B BAKyyMe M 3aMKHYTbIE I10BEpX-
HocTH S, S,, S, u §,. Uepes KaKkylo IOBEPXHOCTh IIOTOK BEKTOpA Ha-

TIPSYKEHHOCTH JJIEKTPOCTATUYECKOTO OIS, CO3IAHHOTO STHMH 3apsiia-
MH, paBeH —2q/&,

a‘) Sl’ 6) Sza B) S3a F) S49

3. B cpene, 3apspkeHHOW paBHOMEPHO €
IUIOTHOCTBIO DJIEKTPHYECKOTO 3apsiia

2 K.]I/ M’ , IPOBEICHBI YeThIpe chepuyecKre 3aMKHYThIE O-
BepxHocTH S, §,, S; U S, ¢ 0OIMHUM LEHTPOM U C pafnycaMu
ry=1m,r,=2m, r;=3M u r, =4 M COOTBETCTBEHHO. UeMy
paBHO oTHOLIEHHE D, / @, TOTOKOB BEKTOpA HAIIPSHKEHHOCTH

JIEKTPOCTATUYECKOTO MOJIS YePE3 MOBEPXHOCTH S, U S, paBHO:
a) 1; 0) 4; B) 16; r) 64;

4. Ilo o4yeHb NPOTSHKEHHOH (MPAKTUIECKU OECKOHEYHOM ) TIJIOCKOM MOBEPXHO-
CTH OYEHb TOJICTOM METaJNIMYECKOM MIaCTHHBI, parMeHT KOTOPOH MoKa3aH
Ha PUCYHKE, C OJUHAKOBOM BCIOAY ITOBEPXHOCTHOM TUNIOTHOCTBIO

G = const pacnpeieseH NOJ0XKUTENbHbIN AeKTpruueckuil 3apsaa. Ha paccros-
HUM I| C OHOM CTOPOHBI TOBEPXHOCTH BEITUYMHA HAIPSKEHHOCTH AJIEKTPHU-
YECKOI0 MOJIsl, CO3JAaHHOI0 3TUM 3apsiioM, paBHa E;. Ha paccTostHum r; = 2r;
C Ipyroil CTOpOHbI MOBEPXHOCTU BEIMUYMHA HANPSKEHHOCTH paBHA E,.

&, — DIIEKTpUUecKas nocTosiHHas. [Ipu 3ToOM pa3HOCTh BEIMYMH (MOIyJIeH) HanpskeHHOCTel Ej—

E; paBHa:

o o 20 4o o o 20 4o
a)—; 0) —; B)—; )—; ) ——; ) ———; K ——; 3) ——; n)0;
& 2¢, 0 & &, & &, &,
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5. Ha pucyHke noka3zaHbl 3KBUIIOTCHUUAIbHBIC IMHUU

5JEKTPOCTATHYECKOTO MO ¥ 3HAYEHHUs IOTEHIHNAJIA Ha HUX. e
CBOOOHBIN 3MEKTPOH, TOKOUBIIMICS IEPBOHAYAIBHO B TOUKE P, T
v T
YKa3aHHOI1 Ha PUCYHKE, HAYHET JBUTAThCS B HAIIPABIICHUM: D £ IS0
. . . . | it
) A. 6)B, 8 C 1) D Ll
TR
| ~
0B

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

IlepeyeHb KOHTPOJILHBIX 33/IaHUI U BOINPOCOB /ISl OLIEeHKH C()OPMHUPOBAHHOCTH KOMIIETEH-
nuu OIIK-4(xoHTpOoIMpyeMblil HHAUKATOP AocTHKeHHA kKommneTenunu OITK-4.1)

0, g 1.K xonny “B” nepBoHauaibHO HE3apsHKEHHOTO METAJIIMUECKOTO CTEPHKHS
44 momHecTH MOJ0KUTENBHBIA TOYSYHBIH 3aps] +(, TOCIIE Yero Mo CTEPIKHIO pac-

IIpeIeIuIcs UHAYLIMPOBAaHHBIN 3apsa/ (cM. pucyHOK). Kakum craner cooTHO-
HIEHUE MEX/1y MOTeHLHAIaMH POTUBOIOJIOKHBIX KOHIIOB CTEPHKHSL:

A Bakyym B

a)pa<os  0) Qs> 0B B) A = @p  I') BCE MHIYLIMPOBAHHbBIE 3apsiibl UMEIOT OJMH 3HAK
2. Mertannuyeckas INIACTUHKA BHECEHA B OJJHOPOJHOE JIEKTPUYECKOE 10JIE C Ha- mMeTann  Bakyym
npsKEHHOCTHIO E M Ha Hell MOosBIsAEeTCS MHAYUMPOBAHHBIN dJIEKTPUYECKUM 3apsi]l, S
NOKa3aHHBIM Ha pucyHke. Kakum OyzieT rpaguk 3aBUCUMOCTH BEJIMYMHBI HAPS- - E E
XKEHHOCTH JIEKTPUYECKOIO MOJIS B 3aBUCUMOCTH OT KOOPIMHATHI X: F
C 3 X
E E E E TG g
| | X TN X /_/ X ]_/_ X | TNy
0 X1 X 0 X1 Xy 0 Xq Xy 0 X1 Xy 0 x1>k2
a) 9) B) r) n)

3. Yucno CUIIOBBIX JIMHUK JIEKTPOCTATUYECKOTO M0JIsI, TIOKA3aHHBIX HA PUCYHKE,

MPONOPIMOHATBHO BennunHe Hanpsik€HHocTH E aToro mons. Jlunuu E nepnen- €4 A € B
JMKYJISAPHBI K IUIOCKO# rpanuiie Ab paszaena AByX OJHOPOJHBIX AUDJIEKTpUYE- NN “>—
CKUX Cpe]l C JUDJIEKTPUUYECKUMHU IMPOHULIAEMOCTIMH € U €. COrIacHO PUCYHKY — L
(BBIOEpUTE TIPABHIILHOE YTBEPKICHHE): — EZaa _
a) &/e; =2, 0) yka3aHHBIN Ha pucyHKe B TuHuN E HEBO3MOXKEH; i _
B) Ha rpanuiie Ab obpa3yeTcst IBOHHOMN AIEKTPUIESCKUI CIION U3 CBSI3aHHOTO 3a- A 5 —

psina, MpU4eM CyMMAapHBINA 3aps]] 3TOTO CJIOS TOJIOKUTEIICH;
r) Ha rpanunie Ab oOpasyercst 1BOMHOM MEeKTpHUUECKUl CTION U3 CBSI3aHHOTO 3a-
psina, IpyUYeM CyMMApHBIN 3apsif] 3TOTO CJIOSI OTPHULIATENICH.

4. Ha pucyHKax NpHUBEICHbl KAPTUHBI CUIOBBIX JIUHUI
IUTsE parMeHTOB HEKOTOPBIX SJEKTPHUSCKUX TOJICH.
Kaxoit n3 mpuBeneHHBIX (parMeHTOB MOXKET
COOTBETCTBOBATH IJIEKTPOCTATHUECKOMY ITOJTIO
(MCTIONIB30BaTh TEOPEMY O IIUPKYJISAINN):

my
F

7N

°Y
N—

=
N—

5. Ha pucyHke nmoka3aHbl JJUHUU BEKTOpa D 3JIEKTpUUYECKON MHIYKIIMH D
ANEKTPOCTATUYECKOIO MOJIS B OTHOPOJIHOM cpeie. Y KaKUTe BEPHOE COOTHOIICHHE ,,_//
MEX/y TUIOTHOCTBIO SHEPTUH W TaKOro MoJjs B Toukax A u B: ~A_ B

a) Wa > W3 0) Wa = Wg$ B) Wa < Wp$ ') HEIOCTATOYHO JaHHBIX §
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IlepeyeHb KOHTPOJIBHBIX 3aJaHUI H BOIPOCOB /Il OLICHKH C(POPMHPOBAHHOCTH KOMIICTEH-
uun OIIK-3 (koHTpoMpyemMblii HHANKATOP AocTHKeHusA KomneTeHunu OIIK-3.2)

1. ITo 6eckOHEYHO ATMHHOMY M OY€Hb TOHKOMY IFJTUHIPHYECKOMY
IPSIMOMY MPOBOJY C OIMHAKOBOM BO BCEX TOYKAX IJIOTHOCTHIO

£ = const paclpeseseH dIeKTpudecKkui 3apsa. Ha paccrosauun r ot
OCH ITPOBOJIA BEJIMYMHA HAIIPSHDKEHHOCTH JIEKTPUYECKOTO MOJIs1, CO3JaHHOTIO ATUM 3apsAI0M, paBHa
E. Ecnu u3mepuTh BeIMUMHY HAIPSHKEHHOCTH TOJISI HA PACCTOSIHUM 21 OT OCH MPOBOJIA, TO OHA
OKa)KeTCs paBHOM:

a) E/4; 0) E/2; B) 2E; r) 4E;

1) A7 0ECKOHEYHOr 0 MPOBOJA HANPSKEHHOCTh OJIMHAKOBA Ha JIIOOOM yJaleHUU r U paBHa E;

r
”++++++T++++++)

2. CuIoBbIE JIMHUHT QJICKTPOCTATUYCCKOI'O ITOJIA PACXOAATCA B paAUAJIbHBIX

\ HarnpaBJICHUAX. Bennunaa pasHOCTH MOTEHIMAIIOB B 3TOM T10JIe UMEET Hau-
F MEHbIIIee 3HAYCHUE MEXY CIIeTYIONIMMHU TOUYKaMH (BBIOEPHUTE MPABUIIbHBIN
OTBET): a) AuB; 06) AuC; B) AuD; 1) AukF;
/ D
1 © 3. B0sn31 NOBEPXHOCTH 3aKPETJIEHHOI'O HEMOABUKHOTO
1mapa, 1o MOBEPXHOCTU KOTOPOTO PaBHOMEPHO pacIpe/ieicH +q’ 3
AIIEKTPUUYECKHHA 3apsij +(, IEPBOHAYAIBHO IMOKOMUJIACh CBOOOIHAS YACTHIIA C m

Maccoi m M C MOJOXKUTEIbHBIM 3apsIOM. Y JadUBIINCh O ACHCTBUEM JIIEK-
TPUUYECKUX CHJI CO CTOPOHBI IIapa Ha OECKOHEUHOE PAcCTOSHHUE, YaCTUIA IPH-
o0peTaeT CKOpoCTb, paBHYIO V. [lodydnTe U yKaxxuTe MpaBUIbHOE BEIPAXKEHHE I pacyeTa Belu-
YMHBI 3apsiia ¢' 4acTULBL:
2 2 2
8re,;mvR 4rg;mvR 2rggmv R 4re,R

a) ; 0) ; B) ; T) =5 1) =5 ©) =
q q q qu qu ql’l’IV

’K) IpyTOM OTBET;

4. Konaencarop uMeeT ABe IMWIMHAPUUIECKUE OOKIAIKU ¢ paanycamMu R
u 2R mmunoit L (LU R), mpocTpaHCTBO MEXIY KOTOPBHIMH 3aIl0JIHEHO
O/THOPOJIHBIM JINANIEKTPHKOM. EMKOCTB Takoro KoHaeHcartopa pasHa C.
Ykaxute Gopmyiy, 0 KOTOPO MOXKHO BBEIYUCIUTH MPOHUIIAEMOCTD €
JTUAJICKTPUKA B TAKOM KOHJICHCATOPE:

DO E \\\\\\3}

YANSNNNNR RN

C C Cln2 2re, L Cln2
) e=——; 0)e=—; B)E=——; I E="""; N)E=——"—;€) £=——)}
2re L 2reyR 2rg L Cln2 4r7e,Cln2 dre,L
5. DneKkTpocTaTuYecKoe MoJje CO3/1aHO0 ABYMS OJUHAKOBBIMHU IO 3HAKY BaKyym
3apsaamu +q U +2q. Ykaxkute GopMyiTy, 0 KOTOPO# CleyeT BhaucIuTs 3 +_2q
IMJIOTHOCTB SHCPI'UH TAKOT'O ITOJIA B TOYKE A, H&XOIISIH.[CﬁCSI Ha pacCTOsIHUU b 2b
b ot 3apsna +q Ha pacctosiHud U 2b 0T 3apsaa +2q (CM. pUCYHOK):
2w, = qz.):qz.):qz.):qz.):qz.
412877, bt 1 6an’eht’ 1 3nght’ 4ol6n’gpt’ 1 8ntg bt

IlepeyeHb KOHTPOJILHBIX 33JaHUI M1 BONMPOCOB /sl OLIEeHKU ¢OPMHUPOBAHHOCTH KOMIIETEH-
uuu OIIK-4 (KkoHTpoIMpyeMblii HHAMKATOP AocTHKeHus kKomneTeHuuu OIIK-4.2)

1. /IBa OJHOPOIHBIX LWJIMHAIPA U3 OJAMHAKOBOIO MaTepuasa MOAKIIOUEHBI NTapaJljiellb-
HO K UCTOYHHKY ITOCTOSIHHOTO HAaIPsDKEHUA. YTO MOXKHO CKa3aTh O COOTHOLICHUH Me-
Y1y BEJIMYMHAMU IUIOTHOCTEN TOKA B HWIMHIAPE A 1 B muiuHape B?
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a) j,<Js 0) j,=Js B) j, > J, ') KCXOJS U3 PUCYHKA, HEJIb3sI CKa3aTh OIpe/ie-
JIEHHO (Ha/10 3HaTh TOYHOE COOTHOUICHNE MEXKAY AIMHOM U IUIOIAAbI0 LIUIHHAPA).

2. B HeKOTOpOI 3aMKHYTOH 1IENH CYIIECTBYET Yy4acTOK,

o 20 p30M o 40M p
COCTOSIIIIMN U3 TPEX PE3UCTOPOB, COEAUHEHHBIX AH: | } | .
HocJieioBaTeNnbHo. B Toukax coenuHenns pesuctopos A u C ®-2B ©=5B

A
U3BECTHBI IOTEHIMATBI @, U ¢. (cM. puc.). PasHocTb c
HNOTEHLUAIIOB (- PaBHa... a)—4,2 B; 0) 7 B; B) —7 B; r) 4,2 B;
3. B anextpuyeckoi cxeme, NOKa3aHHOM Ha PUCYHKE, €
R,=R,=R,=100Mm, ¢ =108, ¢, =20B, ¢, =30B. Buyrpennue ] R,
COINPOTHBIICHUS UCTOYHUKOB TOKA paBHBI HyJI10. Haliaure noaxonauiuii 6T Ry R,
3aMKHYTBII KOHTYp LIEIIU U ONPEEIUTE HANIPABICHUE U CUITY TOKA, } -

IPOTEKAIOILET0 Yepe3 pe3UcTop R, , €Cllu uepe3 pe3ucTop R, mpoTekaer

TOK 2 A cnpaBa HaJIeBO, a YEPEe3 PE3UCTOp R, MPOTEKAeT TOK 2 A CHHU3Y BBEDX.
a) 1 A; cmpaBa HaneBo;  0) 1,5 A; cpaBa HaneBo;  B) 0,5 A; cripaBa HaJleBo;
r) 1 A; cneBa nampaBo; 1) 1,5 A; cneBa Hanpaso; e) 0,5 A; cnipaBa HaJeBo;
’K) TOK PaBeH HYJIIO;

4. Ha pucyHke n300pakeHbl CEYeHHUs ABYX MapajuIeNbHbIX

|
|
MPSIMOJIMHEVHBIX JUIMHHBIX IPOBOJAHUKOB C OJTHOHAIIPABICHHBIMHU g I éz
— a I
TOKaMmH, ipudeM [, =271, . UHaykuus B MarHMTHOTO IOJIS 9TUX TOKOB b + © d
paBHa HYJIIO B HEKOTOPOU TOUKE y4acTKa: a) a; 0) b; B) C; r)
d;
5. Ilo nByM mapauienabHbIM NPSIMbIM O€CKOHEUHBIM MPOBOAHUKAM TEKYT TOKH — __ .
OJIMHAKOBOM BeIUYMHBI | Tak, Kak I10Ka3aHO HAa pucyHKe. Uemy paBHa MHIYK- 0 ; b
[[1s1 MATHATHOTO T10JIs1, CO3JAHHOI0 ’TUMH TOKaMU B Touke O Ha OJMHAKOBBIX b ]
B

paccTosiHUAX b 0T 060MX NPOBOJHUKOB:

o) p=tol, pyptl, g ALy p L p MLy,

a) B = ILI_OI ; b b b 9
4b 27h

4p°’

IlepeyeHb KOHTPOJIbHBIX 32JAHUI U BONPOCOB /ISl OLIeHKH ¢(pOPMHPOBAHHOCTH KOMIIETEH-
o OIIK-3 (koHTpoMpyeMblii HHANKATOP AocTHKeHHsA KomnereHunu OITK-3.3)

1. 3aMKHYTBII KOHTYp OXBaThIBACT MPSMbIC TPOBOIHUKH C ToKamHu I, I, I3 I /\ 7
1
u l4. DTOT KOHTYp, HaMpaBJIeHHUE ero 00X0/a 1 HAIMIPABJICHUS TOKOB yKa3a- / 2

HBI HA pI/IC}’HKe. YKEDKI/ITG, eMy paBHa I_[I/IpKy.]'IﬂHI/IH BeKTopa I/IHIIYKI_[I/II/I Mmar- / OS}WOi I 3

HUTHOTO I10JIA I10 ’TOMY KOHTYDY, ACJIEHHAs] HA MATHUTHYO ITIOCTOSIHHYIO | A\ L
. N4

udez / Ly :

a) [1-Ir-I5-14  0) -I;+Ix+1s+1ly B) [1-15-215-214 1) -I)1+[h 21321 @) [+, +215+21,  e) -11-12-215-214

2. Tox I B psimom O€CKOHEYHOM TTPOBOJIHUKE TEUET MTPOTUB OCH Z. DIIEKTPOH C
3apsIOM -€, HaXOJISAIINIICS Ha OCH 'y Ha paccTOsSHUM b oT Havana koopauHat O,
JBUKETCSI CO CKOPOCTHIO V B MPOTUBOIIOJIOKHOM HampaBiIeHUH (CM. PUCYHOK).
Yemy paBHA MPOEKIMS HA OCb Y MarHUTHOM CHUJIbI, IEUCTBYIONICH Ha 3JIEKTPOH CO
CTOPOHBI TOKA:
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poelv noelv poelv poelv
a) F,=—>—— 0) F,=- B) F, = r) F,=-— F,=0
)£ 2b ) B 2b ) £ 2mb )£ 2mb N

3. B IpocTpaHcTBe MEXITy KOAKCHAIbHBIMH JUTMHHBIMY IIMIMHIPUYECKUMU N
KATOJIOM H aHOJIOM CO3/aHO OJHOPOIHOE MArHHTHOE IoNe B , mapasenbHoe HX B

ocu. MexIy aHOJIOM U KaToI0M MPHJIOKEHO MpsAMoe Hanpsukenue U
IPUBOJAILEE K MOSABICHUIO aHOAHOrO Toka / B lienu. Beibepute npaBuibHOE 1
YTBEPIKJICHHUE:
a) BeIMYMHA TOKA | OJMHAKOBA IPHU JTIOOBIX 3HAUEHUSAX UHIYKLIUHA MarHUTHOTO

mons B T
0) ¢ yMeHbIIEHHEM BEJIUUMHbI MHAYKIMH MATHUTHOIO 10JIsl B BeluuuHa Toka |
MOHOTOHHO YMEHBIIAETCS; A\‘d/
B) C POCTOM BEIMYMHBI MHIYKLMA MaTHUTHOTO 110J11 B BenuduHa Toka [ gu
HEOTPAHHYEHHO BO3PACTACT; &
) BeIMYuHA TOKa / IIpU HEeGONBIINX 3HAYEHMSX MHIYKIUU MarHUTHOTO HOJS B IOCTOSHHA, a
3aTeM HAYMHAET MOHOTOHHO yMEHBIIATHCS 10 HYJIS C POCTOM B ;

—

4. Ha pucyHke noka3aHbl JIMTHUHM BEKTOpa HanpsbkeHHocTd H mMarHutHoro mo- Y
JIs1 Ha TUIOCKOM TPaHMIIE ABYX OJHOPOIHBIX MAarHETUKOB C MAaTHUTHBIMU TIPO- [V |/ o L%
HUIAEMOCTSMH [ =3 U Wp = 2. [IpOEKIMK 3TOTO BEKTOPA Ha HOPMAJIbHOE HA- | %‘/ -
MPABJICHUE N K IPAHUIIC C Pa3HBIX CTOPOH OT TpaHullel paBHbl Hy, u Hpp. Toku >~ ©
MIPOBOJIMMOCTH Ha TPaHULIE Cpell OTCYTCTBYIOT. UeMy paBHa BenuunHa Hyy,

ecau Hy, =4 A/m?

a) 1l A/m 6) 1,5 A/m B) 2,67 A/M r)4 A/m o) 6 A/m €) Ipyroi OTBET

5. JIMHMY MHAYKIEE B OJHOPOIHOTO MArHHTHOTO HOJS MEPIEHIUKYIAPHBI KPyTrOBO-
MY 3aMKHYTOMY IPOBOJAIIEMY KOHTYpY (CM. pucyHok). Bennunna B mensiercs co

BpPEMEHEM t 10 3aKoHy B =B, — - t*,Tae 3 —oJIoXKHUTeNbHAs KOHCTaHTa. [IpH aTOM

B KOHTYpP€ BO3HHUKAECT TOK, BEJIMYMHA KOTOPOI'O U3MEHSIETCS CO BpEMEHEM t I10 3aKOHY i, ‘1' ¢ \l' lg
...... Y KOTOPBIN HAMpPABIIEH ...... (BBIOEpUTE MPaBUILHOE YTBEPKACHUE, I1€

C, u C, —IONOKUTEIbHbIE KOHCTAHTHI):

a) [ =C, —C,-t, 0 4acOBOM CTpEIIKE; 0) I/ =C,—-C,-t, IpOTHB YaCOBOH CTPEJIKH;
B) / = C|, IO 4aCOBOM CTpEIIKE; r) [ =C,, IpOTHB YacOBOH CTPEJIKH;
n) I =C, -t, 10 4aCOBOH CTpEIIKE; e) I =C, -t, IpOTHB 4aCOBOM CTPEIIKU;

IlepeyeHb KOHTPOJIBLHBIX 32JaHNH M BONIPOCOB ISl OLIeHKH C()OPMUPOBAHHOCTH KOMIIETEH-
uuu OIIK-4 (koHTpoIMpyeMblii HHAMKATOP AocTHKeHus kKomneTeHuu OIIK-4.3)

1. CBoOoxHast OJsIpHAst MOJIEKYJIa OKa3aJlaCh BO BHEITHEM OJHOPOIHOM JIEKTPHYECKOM II0JIE,
CHJIOBBIC JITHHH KOTOPOTO MEPIIECHIUKYIISIPHBI OCH Z, U TIOBEPHYJIACHh TaK, YTO €€ 3JCKTPHYCCKUN
JIMITONIbHBIA MOMEHT TIPUHSLIT BRIPAKEHUE P, = —ip, + jp, , TAE p, — IOJIOKUTEIbHAS KOHCTAHTA, & i |
J — OpTHI IeKapTOBOi cucTeMbl KoopanHaT. OOBICHUTE, KaK OyAyT HapaBJICHbI CUIIOBBIC JTMHUH

(J'II/IHI/II/I HAIPsSIZKEHHOCTU E ), HapHCYﬁTe OTH JIMHUU Ha INIOCKOCTH XY, YKAXKUTC UX HAIIPABIICHUC U
3aIMMIIUTC BBIPAKCHUC JIA MIOTCHIMAJIAa JAHHOI'O ITOJI KaK q)YHKIII/II/I KOOpAUHAT. HaHpSDKGHHOCTI)
I1oJIs1 UMECT BCIIMYNHY EO .
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2. Ha yenuHeHHBIN METAIIIMYECKUH 1Iap pajnyca a MOMEIIEH MOJI0XKUTEIbHbIN

3apAan +q . lllap okpy»arT 1ByMs IEpBOHAYAIBHO HE3apsHKEHHBIMA TOHKMMH Me-

TATMYECKUMHU c(hepaMu C panycaMu b U b, . Mexy BCeMH MPOBOJAHUKAMU U b _&3
CHapy»kH BHelIHel cepbl — BakyyM. [1epBbii SKCIIEpPUMEHTATOP YTBEPHKAAET, UTO

3aMKHYTas MeTaJlIn4eckasi IOBEPXHOCTb 3KPaHUPYET AIEKTPOCTATUUECKOE TOJIE,

Y TI03TOMY BHE TIEPBOii, a TeM 0oJiee BHE BTOPOil cdepsl (TIpH 7 > b, ) TOJIe OTCYTCTBYET. Bropoit
AKCIEPUMEHTATOP HE COIJIACEH C HUM, U CUUTAET, YTO BEJIMUMHBI IOTEHIMAIA U HATIPSKEHHOCTH
3JIEKTPOCTATHUECKOTO MOJISl BO BCEX TOYKAX BHE METaJlIa COBMA/IAIOT C BEJIMUUHAMM JIJISl TIOJIS TO-
YEYHOT0 3apsijia g, a B HeHTpe mapa O 1 HanpsyKEHHOCTh U OTEHIMAN paBHBI HYJI0. BbickaxuTe
CBOE MHEHHE O TOM, KTO U3 HuX MpaB. Eciau onu o6a He mpaBsbl, TO MPEITIOKUTE CBOE MIPEICTaBIIe-
HUE O TOM, KaKUM JIOJKHO OBITh TI0JI€ B YKa3aHHOM Ha pUCyHKe ciiydae. Hapucyiite kapTuny cuiio-
BBIX JIMHUM MOJIA U YKa)KUTE BEIMUMHY HAINPSHKEHHOCTH U MOTEHIIMAJA B TOUKaX »=0, a<r<by,

b<r<by U r>b

3. IIpaBWIbHO JI H300paKeHB! INHAN HAPSDKCHHOCTH E JNeKTpocTatude- . .
CKOTO IOJISl B INIOCKOM 3apsKeHHOM KoHzaeHcaTope? Ecnu na, To yemy pas- S
Ha [UPKYJSIHSA BEKTOpa E MO MPSMOYTOIEHOMY KOHTYPY, H300paKeHHOMY
Ha PUCYHKE IITPUXOBOM JIMHUEH, U HE HAapyIIaeT JIU MOJy4YeHHBIN pe3ysbTar
TeopeMy o mupkysinun E ? Eciau HeT — To Kak mpaBUIIbHO HapucoBaTh uHUK E ? OTBET 060CHO-
BaTh U NOATBEPAUTH (HOPMYITAMHU.

my
{indal

4. B sKCrIepUMEHTE NEPBOHAYATIBHO HE3APSHKEHHBIN METAIMYECKHUI eTann
crepxkens ACB noanocar x 3apsokensomy teny (1). ITocie atoro R A:jB
crepkens pasaenstor Ha ase yactd AC u CB, KoTopsle pa3aensior, u c
IIEPEHOCAT pa3/IeICHHBIE YaCTH Ha OYCHb OOJIBIIOE yIAICHHE OT 38~  2) MeTann 4 meTann

pskeHHOTO Tena (2). BrickaxkuTe cBOe MHEHHE O TOM, KaKOW JOJHKHA P!' "C Cl' B
OBITH PA3HOCTH ITOTEHIIAAIOB —pr BTOUYKax A u B Ha xoHIax
Pa — 0B

CTCPIKHA 0 pasACJICHUA (BerHI/Iﬁ pﬂcyHOK) " MOCJIC pa3ACIICHUA U NICPCMCIICHUA (HI/I)I(HI/II>'I pu-
CyHOK). OHpGIIeJII/ITC MMPUYIKUHBI BOSMOXHOT'O UIBMCHCHUA BEJINYHUHBI @p —¢@p WU OTCYTCTBHA 3TOTI'O

u3MeHeHus. OTBeT 000CHyHTe PU3NUECKUMHU 3aKOHAMU M MTPUHIIUTIAMH.

5. Mexy macTuH MIIOCKOT0 KOHJEHCATOopa, MOJKIOYEHHOTO K HCTOYHUKY TTOCTOSSHHON c
SJIC &, naxoauics OHOPOIHBIN TUAIIEKTPUK C AUAIEKTPUUECKON MPOHUIIAEMOCTBIO €. c
I[Tpu aTOM EMKOCTH TAKOTO 3aIIOJIHEHHOTO KOHAeHcaTopa Obuia paBHa C. Beickaxute cBoe
MHEHHE O TOM, OyJIeT JIU TUAJIEKTPUK BBITAJIKUBATHCS AIEKTPUUECKUMH CUIIAMU U3 KOH- 1
JICHCaToOpa WM HET, U KaKylo paboTy HaJ0 COBEPIINTD, YTOOBI YAAIUTh TUICKTPHK U3
KoHzeHcaTtopa? OTBeT 000CHOBATH C MOMOIIBIO (PU3MUYECKUX 3aKOHOB U MPUBECTU (HOPMYITY IS
TaKOW paboThI, BRIPAKEHHYIO Yepe3 BenYuHbl &, C 1 €.

4 cemecTp

IlepeyeHb KOHTPOJIBLHBIX 32JaHNH M BONIPOCOB Il OLleHKH C()OPMUPOBAHHOCTH KOMIIETEH-
nuu OIIK-3 (KkoHTpoIMpyeMblii HHAMKATOP AocTHKeHus komneTennuu OIIK-3.1)

1. Ha ToHKY!O IJICHKY U3 MMPO3PAavyHOro MaTepHala Cc mokasareiemM Genbli CBeT
MPETOMIICHUS N, HAXOSIIYIOCS B BO3yXE, MAaeT CBEpXY OEIbIi CBET. ]r i l i Vi /ﬂ v l i i
[Tpu 5 TOM Ha MOBEPXHOCTH TIJICHKHA HAOIIOAI0TCS HHTEP(EPEeHIIMOH- —/—/-T

(V3 \
HBIC I10JIOCHI. HBCTOB&H OKpacCKa y4aCTKa KaXA0H U3 11O0JIOC MCHACTCA B
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HaNPAaBJICHUU CIPaBa HAJIECBO, YKa3aHHOM CTPEIIKON Ha PUCYHKE CIIEAYIONINM 00pa3oM (BeIOepHTe
OTBET): a) 3eJICHass— CUHSS—IKENTasi— OpaHKeBas;

0) 3eseHas—XKeNTasi—OpaHKeBasi—KpacHas; B) OpaHKeBasi—KeITasi— CUHSIsI—3eJIeHas;

T) XKenTass— roixy0as— 3eeHas— CHHSIS, 1) KpacHas—OpaHKeBasi— KeITass— 3eJICHas

€) HaOJIFOIAf0TCS Yepe Iy oIIHecs Oellble U TEMHBIC TTOJIOCH;

N

o o ) ~| CBET A1, N, I
2. MOHOXpOMaTHYECKUN CBET C JUTMHON BOJIHBI A PACIPOCTPAHSIETCS B S l$ i,,& if,,i l$ ]’U
CTEKJIE C TTOKa3areyieM npenomiieHns n = 1,5 u majgaer HOpMaJbHO Ha e @d BO37YX §
TOHKYI0 BO3IYLIHYIO TIPOPE3b-IIPOCTIONKY TOMIIHHEI d. Y CcIIOBHEM HH- { B
TepPEepEeHIIMOHHOTO MaKCUMyMa ISl OTPayKEHHOTO OT MPOpe3u CBETa
OyneT (BpIOCpUTE MPABUIIBHBINA OTBET, €CJIM M — IIEJIOE YUCIIO).

a) 2dn=2mk; 6)2d=(m+1/2)A; B)2d=2mk; 1) 2dn=mk;
m) 2dn=(2m+1)k; e)d=(m+1/2)L; k) 2dn=(m+1/2)hk;

CTEKNo ~»~ N~ “)
7”7 7”7

”

3. Ha nudpakumon- a) I

HYIO PEIIETKY MaaeT

MOHOXPOMaTHYECKUI (p
cgerT. [IpaBunpHON 0

KapTHUHOH pacmpee- 1

JIEHUS] UHTEHCUBHO- B)

cTu I cBeTa, mpo-

IIE/IIIIETo 32 peleT- ¢
Ky, OT yIJIa OTKJIOHE- 0

HUS (¢ OT HaIpaBJe-

HUS Ta/1arolero ceera Oyaet (BriOepuTe MpaBUIIbHBIN PUCYHOK):

4. Ha nudpakuMoHHYO0 pelIeTKy najgaet Oeiblil CBeT co BceMH JuIMHamMu BosiH. Ha skpane, pacno-
JIOKEHHOM 3a JU(PPaKIUOHHON pelIeTKOM, BOIM3H LeHTpa O MHTep(EepeHIMOHHON KapTHHBI Ha-
OJII0JAI0TC MAaKCUMYMBI OCBELLICHHOCTH (CTIEKTPBI m —T0 nopsijka). C yBeIMYeHUEM MOopsIKa
cnekTpa m (BbIOEpUTE NMPaBUIIBHOE YTBEPKICHUE):

a) ero IIMpHUHA PACTeT, a IPKOCTh OCTAETCS HEM3MEHHOM

0) ero mupuHa OCTaéTCSI HEM3MEHHOMH, a SIPKOCTh YMEHBIIIACTCS
B) €ro HIMpPUHA U SIPKOCTh HE U3MEHSIOTCS

I') €ro HIMPHHA U SIPKOCTH YMEHBIIIAIOTCS

J) €ro ImHpUHA YBEINUHUBACTCS, a SPKOCTh YMEHBIIIACTCS

5. MoHOXpOMaTUYECKUI CBET C JUTMHOM BOJHBI A TIajJaeT HOP-

MaJIbHO Ha IUIOCKYIO Mperpaay ¢ Npope3aHHbIM OTBEPCTHEM pa- cBeT

nuyca r (CM. pUCYHOK). 3a perpajion Ha yJIaJeHuu / yCTaHOBJIEH ——=

napajuienbHbINA SKpaH. UToObI B IIEHTpe 2KkpaHa 0 u3-3a qudpak- — ¢ 0
% —_—

IIUU CBETA HAa OTBEPCTUH HAOIIOAAICS TUPPAKIIMOHHBIA MAKCUMYM 7

OCBEILIEHHOCTH, PACCTOSIHUE / JTOJKHO OBITH paBHO (BbIOEpUTE
IIPABWIBHBIN OTBET, II€ M- LIEJI0€ YHUCIIO):

r2 r2 (Zm + 1) 1’2 2mr2 rPeTPaAs e
a) ——~; 0) ; B )—; X
x(m+ %) 2m A A
1 2
Ty (m+ )"
(2m+1)A’ Ao



15

ITepeyeHb KOHTPOJIBHBIX 32IaHUH H BONIPOCOB /ISl OLIEHKH C()OPMHUPOBAHHOCTH KOMIIETCH-
uuu OIIK-4 (koHTpoIMpyeMblii HHANKATOP AocTHKeHHsA KomneTeHnnu OITK-4.1)
1. Ha myTu s1y4a ecTECTBEHHOI'O CBETa C MHTEHCUBHOCTBIO /, YCTaHOB-

JIEHBI ABE IUIACTUHKYU U3 TypManHa. [locie npoxoxaeHus miacTUHKU

1 CBET MOJIHOCTBIO TUIOCKOIIOJIIPU30BaH (CM.pUCYHOK). [Tnactunka 2 1
BHayaJle yCTaHOBJIEHA TakK, YTO HE MIPOITycKaeT cBeTa. Ha kakoi yroa @

HaJ0 TI0CJIE 3TOT0 NMOBEPHYTH ochb O'O' BTOPOIl IIIACTUHKYU 2 BOKPYT
HalpaBJIEHUs paCIPOCTPAHEHUS JIyya CBETa, YTOOBI OHA CTajia MpoILyc-

KaTh CBET C MHTEHCUBHOCTBIO [, =/ / 47?

a) Ha 30° 0) na 45° B) Ha 60° r) Ha 90°

2. EcrecTBeHHBIN CBET MaJIa€T HA CUCTEMY U3 JBYX MOJISPU3ATOPOB
IT; u I, ocu mpoIycKanus KOTOPLIX CKPEIEHb o yriom 90°.
Mexay HUMHM IOMELIAOT TpeTui nossipuszatop I3, ock nmpomycka-
HUsL KOTOPOTO COCTABNsAeT yron o, = 45° ¢ ochblo IpoIycKaHus Hep-
BOTO TToJsipu3aTopa (CM.pUCYHOK). IHTEeHCUBHOCTH CBETA, MPO-
HIE/IIIETO Yepe3 CUCTEMY U3 TPEX MOISPU3ATOPOB OKa3alach paBHOU
I. Yemy paBHa HUHTEHCUBHOCTH /() IaJAIOIIETO HA CUCTEMY CBETa

(YKa)XUTE MPaBHIbHBINA OTBET):
a)l; 6)~N21I; B)2[; 1 2J21; n)8I; e 8&/21; x)161; 3) apyroii oret;

3. IlepBOoHa4YaIbHO C €AUHUILIBI TIOBEPXHOCTH aOCOIIOTHO YEPHOT'0O TeJa UCIYCKAJIOCh TEIIIOBOE U3-
Jqy4yeHue ¢ MOIHOCThIO Py = 300 BT. 3aTeM MOILIHOCT 3TOr0 U3TyYEHUs] BO3POCIA 1O BETUYUHBI

P =1200 Br. Onpenenure, BO CKOJIBKO pa3 U3MEHHWIIACH IIPU ATOM JJIMHA BOJIHBL, HA KOTOPYIO MTPH-
XOJUTCSI MAKCUMYM TEIUIOBOTO U3ITy4YEHHUS:

a) yMeHpIIMIach B 16 pa3;  0) yMmeHbIIMiIach B 4 pa3a;  B) yMEHbILIMIACh B 2 pa3a;

r) ymeHbIuiacs B 1,41 pas; 1) HE U3MEHUJIacCh; e) yBenuuumiach B 1,41 pas;

) yBeIMUMWIACh B 2 pa3a;  3) yBEIMUYWIAch B 4 paza; M) yBelIu4ymiach B 16 pas;

4. A6conoTHO YepHoe Teno umelto (popMy mapa. 3aTeM ero 0o0beM yMEHbIIWIN B §

pa3, yMEHBIIUB pa3Mep AuameTpa B 2 pasa, a remneparypy T yBennuwiu B 2 pasa. 2 &
Omnpexnenure, BO CKOJIBKO pa3 U3MEHWJIACh BEJTMUMHA SHEPTHU TEIJIOBOTO M3JIyUeHHus, "M "
HCITYCKAacMOro JaHHbIM TCJIOM I10 BCEM HAlIpaBJICHUAM 3a CAWHUIY BPCMCHHU: S 1
a) yMeHbIIMIach B 16 pa3;  0) yMeHbIIWIACh B 8 pas; B) YMEHBIIWIACH B 4 pa3a;

I') yMEHBIINWIIACh B 2 pa3a; J) HE U3MEHWIACh,  €) yBEJIMuYWiIach B 2 pasa;

) YBeIMYMJIAch B 4 pa3a;  3) yBeNWYWiIach B § pa3; M) yBenuumiach B 16 pas;

5. BriGepuTe npaBUIbHBIN IpadUK 3aBUCHMOCTH MaKCUMaJIbHO BO3MOXKHOM BETMUMHBI CKOPOCTH V
BBIOMTOTO M3 METaJljIa 3JIEKTPOHA OT BEIMYMHBI SHEPTHU E}, manaomero Ha MeTaJu ¢dorona npu

a)() 6)() B)U F)U 'q)() e)z)
/E¢ ]/ Eo /Ed’ 1/'54’ E¢ Eo

IlepeyeHb KOHTPOJILHBIX 32aHUH U (UJIH) BONIPOCOB JIA OlleHKH ¢)OPMHUPOBAHHOCTH KOM-
nereHunu OIIK-3 (koHTpOTMpYyeMBblil HHAUKATOP AocTHKeHus komneTeHuun OIIK-3.2)

dotorpdexre:
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1. ITocTosiHHas MUPaKIUOHHON PEIIETKH, HAa KOTOPYIO MajaeT HOPMaJIbHO MOHOXPOMATUYECKUIA
CcBeT, paBHa 3,6 MKM. 3a pemeTkoi moja yriaom 30° K HarpaBIeHUIO TaJar0NIEro CBETa HaOI0IaeT-
csl HHTep(hEePEHIIMOHHBIN MAaKCUMYM (CIIEKTp) 4-T0 mopsaKka. [[rHa BOJTHBI MaJaroIero CBeTa pas-
Ha (YKa)XuTe MPaBUIbHBINA OTBET):

a)400 am;  6)450mM;  B)500EHM; 1) 600 HM; ;) 700 HM;  e) 750 HM;

) IPyroii OTBET;

2. Toue4HbI! HCTOYHUK MOHOXPOMATUYECKOTO CBETA C AJTMHOM BOJHBI A Ha-
XOAUTCS HA PACCTOSIHUU @ OT HEMPO3pPayHOU IJIOCKOM Mperpaasl ¢ Mpope3aH-
HBIM B HEH KPYTJIbIM OTBEPCTHUEM paJuyca r. 3a MPerpagoi Ha TAKOM Ke pac-
CTOSIHMM @ YCTAHOBJIEH MapajuiesibHbIi e skpad. [Ipu 3TOM paccrosiHue a
uMeeT HanGoJIbIIYH0 BO3MOKHYI0 BEJTHYHHY /ISl TOTO, 4YTOOBI B Touke O
9KpaHa (JIeKaIien, Kak ¥ ICTOYHHUK CBETa S, Ha OCH OTBEPCTHsI) HaOIroAaICs
TG PaKIIMOHHBIN MUHUMYM ocBellieHHOCTH. UToOBI B Touke O Habmioancs cocenHuit audpakim-
OHHBII MAKCUMYM MEHBIIETO MOPSAKA, JUTMHY BOJIHBI MOHOXPOMAaTHYECKOTO CBETA HAIO:

a) yBEeJMUMTh B 4 pa3a; 0) yBEeIMYUTh B 2 pasza; ) yBEJIUUYMTh B /2 pas;

I') YMEHBIUMTG B 4 pa3a; ) yMEHBIIUTH B 2 pa3a; €) yMEHBIIUTh B /2 pas;

3. EcTecTBeHHBIN CBET MPOXOAUT YEPE3 CUCTEMY U3 IBYX MOJsipu3aTtopos I, i,
u I1,. Yron Mexay ocsiMu MpoIyCKaHus MOJSPU3aTOPOB paBeH o =30° Iy |

(cM.pHCYHOK). IHTEHCHBHOCTB CBETa, TIPOILIE/IIETo Yepe3 cucTeMy momspu- Vv
3aTOPOB U3MEpEHa U paBHa [ . YeMy paBHAa HUHTEHCUBHOCTD /| I1aJIafOIIETO

Ha CHUCTEMY CBeTa (YKa)XKUTE IPABUIbHBIN OTBET):

4] 21 81 4]
a)2/; ©0)—; B)—; TI)—; n) 41; e€) —; K) 8/; 3)HeT NpaBWILHOI'O OTBETA;
s 95w 0 man o W s 3wermp

4. I'paduik 3aBHCUMOCTH MaKCUMAaJIbHO BO3MOXKHOTO 3HAYCHHsI KMHETHYCCKOM =
9HEPIHU JJIEKTPOHA, BHIOUTOrO M3 METAILIa, OT YAaCTOTHI v MaJaloluX (POTOHOB
n300paxxeH Ha pucyHke. [locrosHuyro [Tanka Hago uckarte mo Gpopmysie:

a) h=arctga; ©0) h=ctga; B) h=tga/2; r)apyras popmyna;

o Vv
5. @OTOH C UMITYJIBCOM P; PACCEUBAETCS HA MOKOSIIEMCS JJIEKTPOHE MO yI- P, -
oM 6 = 120° K nepBOHAYAIBHOMY HAIPABJICHHIO JBUKCHHUS M UMEET MOCIE "N AANArSs A
paccesiHUsI UMITYJIbC P2 (CM. PUCYHOK). BenmnunHny KOMITOHOBCKOM JJTMHBI ﬁ/{/—/f d
BOJIHBI BJIEKTPOHA A MOXHO paccuuTaTh 1o GpopmyJe (yKaKuTe MpaBUIbHBIN

oTBeT, T1ie h — mocrostaHas [1nanka):

a) 2n=p). g pmp). Mp-p). oy 2hm=py). oy h(m=pa)

b b B) b 9
)2¥2) 2p1py y2V%) 3pip 2p1py
o h(py—p1) . - 2h(py—p1) . 3 h(py—p1) . ) 3h(py—p1) . ) 2h(py—p1) .
2p1p2 3pip2 )21 2p1p2 )292)

ITepeyeHb KOHTPOJIBHBIX 32IaHUH H BONIPOCOB /ISl OLIEHKH C()OPMHUPOBAHHOCTH KOMIIETCH-
uuu OIIK-4 (koHTpoIMpyeMblii HHANKATOP AocTHKeHHsA KomneTeHnnu OITK-4.2)

1. Ha moBepXHOCTb Tejla HOPMaJIbHO MaJatoT (POTOHBI MOHOXPOMATHYECKOTO
Ja3epHOTO U3TYUYECHHUs C [UTMHOW BOJIHBI A, IEUCTBYS Ha IUIOMIanKy AS cuioi
F. Cxonbko ¢poroHoB AN momnasaer Ha 3Ty IUIOLIA/IKY 3a BpeMs At, eciiu TeJo
3€pKAJIbHO OTPaXkaeT BCE MaJarollee Ha Hero U3IyYeHHe (YKaXXUTe IPaBUIIb-
Hyt0 hopmyny, rae h — nocrosiuaas [lnanka):

2) F;tAt; 6) FAAt 5) F/IAI; r) 2hFAAL: m) 2F;tAt; &)
h 2h hAS h

NN \ZEPKano

hFAAt
AS

hF At
;K ——;

A

9
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2. YckopeHHas pa3HOCTBIO MOTEHIMATIOB AQ 3apspKEHHAs MUKPOUYACTHIA C MACCOM M IOCJIE YCKO-
pEHHs UMEET BOJIHOBBIE CBOMCTBA, XapaKTepu3yeMble JUIMHOM BOJHBI Ae bpoiins Apg. Ykaxute
dopmyIty, 1O KaKol ClIeAyeT BBIYUCIUTh BEIMYUHY JIEKTPHUUECKOTO 3apsiaa JAaHHOW YaCTHUIIbI, €CITH

h=6,63- 103 JIx-c — mocrossHHas [1naHka:

Ag h? h? 2052 Ag 2h?
a) ——; 0) 5 B 5 D—>—; A5 —; &) —;
mh” A mAQ AR 2mAQ Ly mh” A 2mh” A mAQAg

) HET IPaBUJILHOT'O OTBETA;

3. Kunernueckas sHeprus nepBoil HEPEIATUBUCTCKOM MUKPOYACTHUIIBI B UETHIPE pa3a 0oJIbIle Ku-
HETUYECKON YHEPIMH BTOPOM MUKPOYACTHLIBI. Y KAKUTE IPABUIIbHYIO BEJINYMHY OTHOLICHHUS
A / A, JUIMHBI BOJIHBI A€ bpoiis nepBoil MUKpoOYacTHULIbI K JUIMHE BOJIHBI A bpoiins BTOpoil MUK-

pOYACTHUIIBI, €CITU Macca MEePBOM MUKPOUYACTHIIBI B /1Ba pa3a O0JIbIIe MAaCChl BTOPOIl MUKPOYACTHLIBI:

a) \/g; 0)0,5, B)2; 1) 1/\/5; m4; e)l; x) \/5; 3) 1/\/§; n) 0,25; K) apyroii oTBeT;

4. CocrostHre cBOOOTHOWM MUKPOYACTHIIBI C MACCOM M B CIy4ae OJTHOMEPHOTO JIBUYKEHUS OITUCHI-
BAeTCs BOJIHOBOM (yHKLHMEH (x) =C exp(iocx), rzae C ¥ 0— MOCTOSIHHbIE BEIMYUHBI, 1 — MHUMas

eIMHUIIA, TI0JTHAs SHepTHs yacTullbl paBHa E. Ecou i =1,055- 10734 JIx - ¢, TO HOCTOSTHHYIO O
MO>XXHO BBIYHUCIIUTH U3 COOTHOIIICHUA (OHpeILCHI/ITC nu yKa)KI/ITC OTBGT)I

h n\ E h W\ E \ 2m

5. DNeKTpPOH C MacCOi M | C OTPULIATENILHBIM JIEKTPUYECKUM 3apsiioM —q 00pa3yeT OJITHOIJIEK-
TPOHHBIN aTOM BMECTE C SAPOM, UMEIOIIMM Maccy M [ m W NOJIOKUTENBHBIN AIEKTPUIECKUH 3a-

pan +Q . Uemy paBHO OTHOIIICHUE BETUYUH (MOIYJICH ) ‘E 1‘ / ‘E 2‘ sHepruu E| snexktpoHa, Haxons-

HIETOCsI B IEPBOM BO30YKIEHHOM COCTOSIHUU, ¥ SHEepruu E, aieKTpoHa, HaXosMImerocs Ha TpeTheil
00poBCKOi OpOuUTE (YKaXKUTE MPABUIIbHBIN OTBET):
a)4; 0)15 B3 102 mS8 e)225 x)4,5; 3)9; u) apyroii oTBer;

IlepeyeHb KOHTPOJIBLHBIX 32/IaHNI M BONIPOCOB /ISl OLIeHKHU c()OPMUPOBAHHOCTH KOMIIETEH-
o OIIK-3 (koHTpoMpyeMblii HHANKATOP AocTHKeHHsA KomnereHunu OITK-3.3)

1. MukpouacTHiia ¢ MacCoi m HaxOJUTCS B OJHOMEPHOU MPSIMOYTOJIbHON MOTEHIU- U
aJIbHOM siMe mupuHON L ¢ OeCKOHEYHO BBICOKMMHM CTeHKaMU. BoiHOBbIE yHKINH,
ONMCBIBAIOIIME ABA PA3PEIICHHBIX COCTOSHUS YaCTULbI, UMEIOT BUJ

2 . 2mx 2 . 4mx
yi(x)= TS 1 ¥y (x)= 7 sin——. Benuuuna (MOLyIIb) Pa3HOCTH 3HAYe-

HUM SHEprun A E 9acTHIIBI B 3TUX COCTOSHUAX paBHA (YKa)KUTE MPABHIIbHBINA OTBET, 01

3

rae i =h/2n—nocrosunas [lnanka):

222 242 222 242 242 242
2) n°h . 5) 3n“h : 5) Snh 7 Tn°h . o On“h : ) 12n°h
2
2mL 2mL 2mL 2mL 2mL 2mL

2. VKaXuTe IPaBHIIbHYIO BEIHIHHY OTHOLICHUs E3/E| SHEpTHH TPEThero BO30YKICHHOTO CO-

CTOSTHUSI HEKOTOPOT'O OJJHOMEPHOTO KBAHTOBOT'O TAPMOHHUYECKOTO OCIMJUIATOPA K SHEPTHH MIEPBOTO
BO30YKIIEHHOTO COCTOSTHUS 3TOTO OCHMIIISATOPA:
a)3; 0)14/9; B)2; 1)6; Mm)7/2; e)7/3; x)7/4; 3)5/2; u)4; K) Ipyrou oTBET;
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3. MukpouacTuiia ¢ Maccoil m HaxOAWUTCS B OJHOMEPHOH MOTEHIUAIBHOM Me, UMes TOTCHIUAITb-
nyt0 sHepruio U =k x* /2, rae k = const, 1 HMeeT HAMMeHbIIIee Pa3pElICHHOE 3HAYCHHE SHEPIHHL.
Yemy paBHa AIMHA BOJHBI ()OTOHA, KOTOPBIN J0JKHA MOTJIOTUTH YacTHUIIA, YTOOBI IepeiiTn Ha co-
CelHMii pa3peleHHbIi YHepreTHuecKuil ypoBeHs (¢ — CKOpocTh cBeTa, /i =1,055-107* JIx ¢ ):

k 2m k 2k e |m m 1 |m
5o 0 me == B) 27e |~ o D ST @) 2mey s w) o
a) zc 5 ) mc . B) 27c r) 7c 1) xr e) 2xc k x) X

AW
4. Ha pucyHKe yKa3aHbl BCE BO3MOXHbIE OpUEHTAIIMH BEKTOpa OPOUTATIBLHOIO Mar- 352 =

HUTHOTO MOMEHTA 3JIEKTPOHA, HAXOISIIETOCs B OJHON U3 AIIEKTPOHHBIX M0A000JI0- 21
Y€K aTOMa, OTHOCUTEIBHO OCH Z, HAITPABJICHHOW BIOJIb JIMHUN WHIYKIIMU BHEIIIHETO Mg
MarHuTHoro noiisi. Yemy paBHa BelnM4MHA 3TOroO BeKTopa ( [l —MarHeToH bopa, omn- _HOE_

pelenuTe npaBuIbHBINA OTBET)? -2Up

a) VISug; 6) 4ugs B) 15ug/4; 0 V12pg: m)N20p; e VBopg/2;  T3E

5. UeMmy paBHO OTHOILICHHE BEIMYUHBI (MOJIYJIs1) BEKTOpPAa OPOUTAIBHOTO MOMEHTA UMITYJIbCA JJICK-
TpoHa, Haxoserocs B 3d —nogp0005104ke aToMa K HanOOJIbIIEMY BO3MOKHOMY 3HAUEHUIO BEJIU-
YUHBI (MOJIYJIs) TPOEKIIUHM BEKTOPa OPOUTAIILHOTO MOMEHTA UMITYJIbCA 3TOTO 3JIEKTPOHA Ha OCh Z,
KOTOpasi HalpaBJIeHa BIOJIb JIMHUH MHIYKIIMY BHEITHETO MarHUTHOTO TIOJIsS (BBIOEpUTE TPaBUIIb-
HBIN OTBET):

a)l; ©0)1,155; B)1,225; 71)1,414; n)1,732; e)2; x)2,449; 3)3;

ITepeyeHb KOHTPOJIBHBIX 32IaHUH H BONIPOCOB /ISl OLIEHKHU C()OPMHUPOBAHHOCTH KOMIIETCH-
uuu OIIK-4 (koHTpoIMpyeMblii HHANKATOP AocTHAKeHUsA KomneTeHnnu OITK-4.3)

1. O6os10uKa MHOTORJIEKTPOHHOI'O aTOMa € TJIaBHBIM KBAaHTOBBIM YHMCJIOM N =5 TOJHOCTBIO 3aI10JI-
HEHa AJIeKTpoHaMH. B mocnenHeit momo0omouke 3Toif 000JI09KH ¢ MAKCUMAJIBHBIM 3HAYEHUEM Op-
OUTaNIBbHOIO0 KBAaHTOBOI'O YMCJIAa HAXOAUTCS Ni 3JEKTPOHOB, a B IpeArnocieanell nogodonouke — Ny
3JIEKTPOHOB. YKaXUTe NPABHIIbHYIO BEIHIMHY OTHOIWEHUsE Ny /N,

4 9 9 5 7 16 11 13 12
1: a. . . 2. 1. . 19, . o 1o Le.
DL 0 B D3 N3 9n WX YT W N3 )T M

2. Ilepuoasl monypacmnaja sjaep paauoakTUBHBIX H30TONOB “1” u “2” paBHBI, COOTBETCTBEHHO, T =
1 ¢ uT, =4 c. B HauanbHBII MOMEHT BpeMeHH tp = 0 4ucio sigep 060ux U30TONOB B 00pasiie ObI-
70 oguHaKoBO. OMpeneNnnTe  yKaKUTe MPaBWIIbHY0 BenuanHy oTHomeHus Ni/N, , tae N — umncio
s7iep MepBOro U30TOMa, a Ny — YHUCIIO Aep BTOPOTO U30TOMA COXPAHUBIIMXCS B 00pasiie K MOMEHTY
BpeMeHu t = 4 c:

a)2; 0O)exp4); B)16; T)exp(-4); m8 e 1, x) /4 3)exp(3);, w4 ) US;

1) 1/2; wm) 1/16;  H) opyroii OTBeT;

3. B HauanbHbIl MOMEHT BpemeHH top = 0 B oOpasie coaepxanoch Ny sifep HEKOTOPOTO paaroak-
TUBHOTO M30TOMa ¢ nepuojom nonypacnaga T = 1 ¢. Coycrs kakoe BpeMsi B 00pasiie pacnajaercsi
15No/16 simep manHOTO M30TOMA (OTMPEACIIUTE M YKAKUTE OTBET)?

a)lc; 0)2c; B) 3 c; r)4c; n)5c; e)6c; x)7c;

3) 8 c; 1) IpyTOi OTBET;

235
4. Slapo oxHoro u3 u30TONOB ypana Ugy™ HCHBITBIBACT MOCIENOBATENBHO CHAYasa IPOLECC O~
pacmaza, a 3aTeM npolecc 3 —pacnaja u npeBpaiaercs B sapo (YKaXUTe IpaBUIbHbIM OTBET):

227, 231, 231, 235, 235, 231, 235,
a) Rage™; 0) Pag; ; B) ACgq ; r) Pug,™; n) Thgy™;  e) Thyys xK) Pag)™;
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5. B HayanbHbIli MOMEHT BpeMeHH top = 0 B oOpasue coaepxanoch Ny saep HEKOTOPOTrO paroak-
TUBHOTO M30TONA C nepuojom nomaypacnaga T; =1 c¢. K MomeHTy Bpemenu t = 3 ¢ 3a cuer pacnaja
s7iep U30ToMa B 00paslie BBIASINIOCH TeIo Q. YKaXuTe NpaBUIIbHOE COOTHOILIEHHUE U1 BEIYUCIIE-
HUs BelnMuuHbl E| sHEpreTMyeckoro BbIX0Ja pacnaja sapa JaHHOTO U30TOola:

a) Q/No;  6) 16Q/No;  B) 4Q/No; 1) 8Q/No; 1) 2Q/No;  ¢) 16Q/15No; %) 4Q/3No;

3) 8Q/7Np; W) Opyroi OTBeT;

3. OueHo4YHbIe cpeAcTBa (OLEHOYHbIE MATEPHUAJIbI) AJIsl IPOBEACHUSA IPOMEKY-
TOYHOM aTTeCTAIMU 00YYAIOIIMXCH M0 JUCHHUILIMHE (MOYJII0)

2 cemecTp

IlepeyeHb KOHTPOJIBLHBIX 32JaHMI M BONIPOCOB ISl OLleHKH C()OPMUPOBAHHOCTH KOMIIETEH-
uuu OIIK-3 (koHTpoIMpyeMblii HHAMKATOP AocTHKeHus komneTenuuu OIIK-3.1)

1. MarepuanpHast Touka M cBOOOAHO 0€3 TPEHUS CKOJB3HT B MOJIE CHIIBI TSKECTH 3
110 IJIaJKUM CTEHKaM HUWIMHAPUYECKONM CUMMETPUYHOU SIMBI U B pACCMAaTPUBAEMBI A
MOMEHT BPEMEHH JBMIKETCSI BBEPX IO HampaBiieHHIo K Touke B (A u B - HauBbIC-

[IME TOYKU MOJbeMa). YKaKUTE MPaBUIbHOE HAMIPABJIECHUE BEKTOPA MOJHOTO YCKO-
peHus Touku M (cM.pucyHok):  a) 1; 0) 2; B) 3; r) 4; n) 5;

2. MarepuanbpHasi TOYKa HAUMHAET BPAIIAThCS 110 KPYroBO#M TpackTopuu 0e3 Ha- %?

YaJIbHOW CKOPOCTH BOKPYT 3aKPEIUIEHHON OCH C IIOCTOSIHHBIM YITIOBBIM YCKOPEHU-
€M € , M UIMEET B HEKOTOPBIA MOMEHT BPEMEHH YIJTIOBYIO CKOPOCTBH BpalllCHHUs, PAB- I a
Hy10 . UeMy B 3TOT MOMEHT BPEMEHH PaBHO OTHOLIEHHE a, / a . BEIUYUHBI HOP-

MaJIbHOI'O YCKOPCHUA 4, TOYKH K BCINIHNHC eé TaHICHOUAJIBHOT'O YCKOPCHHUA a ?

1 2 2 1
a)—; 6’ B 25 D o) o e’ oK) —;  3) 5
€W () € € o o)
3. Karymka maccel m = 1 kr ¢ paguycom R =3 M MoxeT Bpamarbcst 1100 BOKPYT R

OCH CUMMETpPUHU A, IpoXoAsIIel yepe3 e€ LeHTp, MO0 BOKPYT NMapajuieabHol ocu B, M
IpOXOJsIIel yepe3 Kkpail 000/1a KaTyIIKH (CM. pUCYHOK). MOMEHT MHEpLIUHU KaTyIIKH
OTHOCHUTENIBHO OCU A paBeH [, =3 KT oM. Uemy paBeH MOMEHT HHEPLUU [ OTHOCH-

TeNnbHO ocu B?

a)4 kr-m’;,  6) 6 krm’ B) 8 kr'm’; 1) 10 krM%  m) 12 krm’;  e) 18 kM’

) HET MPaBUIIBHOIO OTBETA;

4. Ilmanera Maccold m JBYDKETCS MO JUIMIITHYECKONW opOuTe, B OAHOM U3 (OKYCOB v m

\4
KOTOPOH HaXOAMTCS 3B€3/1a MacChl M. 7 —paanyC-BEKTOD IUIAHETHI, 7| =4 - 10 KM, 'A

-

-

ry=06- 10% km (cM.pUCYHOK). BemmuuHBI CKOPOCTH TUIAHETHI B HAUOO0JIee yaalleH- V2
HOU M Hanbosee OJIU3KOM K 3Be3/1€ TOUKE OPOUTHI paBHBI, COOTBETCTBEHHO, V5 =24 KM/C U

v =36 xm/c. Torza oTHOWERHE 7)) /r| PaBHO:
a) 0,667; ©0)1,225; B)0,8165; 71)1,5; n)0,75; e)1,33; ) HET MPaBUILHOTO OTBETA

5. (Y) Ilo ropu3oHTaJIbHON MOBEPXHOCTH CO CKOPOCTHIO V KATHTCS LIap MaccChl
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m u paguyca R. Ha kakyio MakcuMasbpHyI0 BBICOTY h I1ap MOKET MOAHATHCS Ha TOPKY, KaTsaCch 0e3
IPOCKaJIb3bIBaHUS (g — YCKOPEHHE CBOOOHOTO MaieHust)?

2 2 2 2 2 2 2
o e B A S I A Ry KA B AP0 W KA
g Tg g g 5g 2g 10g

3) HET NpaBUIIBHOTO OTBETA;

IlepeyeHb KOHTPOJIBLHBIX 32JaHNH M BONIPOCOB ISl OLIeHKH C()OPMUPOBAHHOCTH KOMIIETEH-
uuu OIIK-4 (koHTpoIMpyeMblii HHAMKATOP AocTHKeHus kKomneTeHuuu OIIK-4.1)

1. I'py3uk Macchl m Ha IPY>KUHKE C KOIPPUIIUEHTOM KECTKO- 0% X max Vinax

cti k coBepIiaer BepTHKaIbHbBIE KOJICOAHHSI B BI3KOU KH]IKO- __%_ _ : !

CTH MOJ A€HCTBUEM BHEITHEN CHUJIbI, MEHSIIOLIECHUCS CO BPEMEHEM __-4\2:_ =z i

C UUKJINYECKON 4YaCTOTOM ® II0 FTapMOHUYECKOMY 3aKOHY _—Ff__l} : ) : (0]
F=F cos((ot + oc) . 3aBUCUMOCTb aMIUIUTYAbl CMEIICHUS X — 0 o 0

max

¥l QMIUTUTYBI CKOPOCTH V., TAKOI'O MasTHUKA OT YaCTOTHI ( OKa3aHbl Ha pucyHKe. Kakoii Mo-
KeT ObITh BEMYMHA OTHOIIEHHS ®, /@, YAaCTOT, yKA3aHHBIX HA 3TOM PHCYHKE?

a) 1,1; 0) 1; B) 0,9; r) 1/2; 1) e 1=0,3679; e) 0; xK) o]

24 o o
2. E=4-10"" JIx — mosHasi SHEprHsl YaCTUIbI, JIETSIIEH CO CKOPOCThIO, OJIM3KOM K CKOPOCTH

CBCTAa C; T — BPCMA KU3HU MMOKOSIIECs YaCTULIBI OT MOMEHTa POXIACHUA 10 MOMCHTA paciiaaa. He-
MOABYKHBIHN Ha6J'II-OI[aTeJ'IB B Ha60paTOpHOﬁ CUCTEMC OTCUCTA 3aMCTUJI, YTO JICTALAsd YaCTUlla pac-
najiaCb CIIyCTsl BpEMsL 41 mocie POXIOCHUS. SHCPFI/IH MMOKOSI JAHHOM YaCTHIIbI paBHa:

a) 1072 JIxk; 0) 2-107* JIx; B) 4-10%* JIxk; r) 8-107 Ix; 1) 5-107% JIx; €)
HCT MMPAaBUJIIBHOI'O OTBCTA,

3. UneanpHblii ra3 coBepuiaet npouecc 1 — 2, n300paxeHHbIil Ha quarpamme T-p T
(Temmepatypa-aaBieHue), rae p, =3p;, 1} =37, . YTo NpoucXoauT ¢ BETUIUHON T, \\

| 2
obwema V rasza npu takom mporecce? OH: a) yMeHbIaercs B 9 pas; I--1--- “p

0) yMeHbIlaeTcs B 3 pa3a;  B) YMEHBIIAeTcs B V3 pa3;  T) HE U3MEHSEeTCH;

1) yBEJIMYUBACTCS B NE) pa3; e) yBeiauuuBaercs B 3 pa3a; k) yBeauuuBaeTcs B 9 pas;

4. Ha pucyHke

Vi Py \3 P p p 3 P p 2
ClleBa HA JUa- Ti,?z —_ T ,:} 5 [1(:13 E,?z Tl( 2 1
rpaMmme V-T --q T 1 V 3 V ag] T 1' 27T 3 V 1 37
M300pakeH IUK- a) 0) B) r) n) €)
JMYECKUH MPOIECC, COCTOSALINNA U3 N300apbl, N30XOPHI U H30TEPMBI. Y KKUTE MPaBUILHBINA PUCY-

HOK 3TOTO IIMKJIa WM Ha JuarpamMme p-V, win Ha auarpamme p-T:

5. B mporiecce cxxaTus ra3a BHENTHUE TEJIa COBEPIIAIOT HaJ ra3oM padoty A = 6 k[, mpuyem razy
coobmraercs terwiora AQ = 2 k/x. Ykaxute, 4eMy paBHO U3MEHEHHE BHYTPEHHEH sHeprun rasa’?
a) +8 xkJIx; 0)+6k/lx; B)+4x/k; 1)+2k/bkx; 1) -2k/kx; e)—4 k/x;

K) —6 kIx;  3) -8 kJIk;

IlepevyeHb KOHTPOJIBLHBIX 32JaHNH M BONIPOCOB 11l OLleHKH C()OPMUPOBAHHOCTH KOMIIETEH-
nuu OIIK-3 (KkoHTpoIMpyeMblii HHAMKATOP AocTHKeHus kKomneTeHuuu OIIK-3.2)
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1. MaTepuanbHasi TOUKa HAUMHAET JIBUTaThCsl 10 KPUBOJIUHEHHON TpaeKTOpUM 0€3 HauaJIbHOU CKO-
pOCTH, IPUYEM BEINYMHA €€ TAHT€HIMAIBHOTO YCKOPEHHS BO3PACTaeT CO BPEMEHEM t 10 JTMHEN-
HOMY 3aKOHY, a, = const-f, a paJnyc KpUBU3HBI TPAEKTOPHH HE MeHsAETCs, R = const . ITo kakomy

3aKOHY OyJeT U3MEHSATHCS CO BPEMEHEM BEIMYMHA HOPMAJIBHOTO YCKOPEHHS TOUKH?

1 1 1 1
a)anth; 6)anDt—3; B)anDt3; r)anD;; ;[)anDt—4; e)a,lt; >K)an|]t—2;

3) a,l 4 n) a, =const;

2. Yactuna ABUKETCS BIOJIb OKPY>KHOCTH € PaluycoM | M B COOTBETCTBHH C ypaBHEHUEM

o) = 2n(t3 =27t + 12) , € (@ — yroJ B paauaHax, ¢ —BpeMs B CeKyHAaX. YeMy paBHO TaHT€HIIH-

aJbHOE (KacaTeabHOE K TPACKTOPUHN) YCKOPEHHE YacTHUIIbI (B M/ c? ) B TOT MOMEHT BPEMEHH, KOI'ia

e€ HOpMaJIbHOE YCKOPEHUE PABHO HYJIIO:
a) 0; ©0) 4m; B) 6m; 1) 8n; nm) 12m;  e) 24m; k) 36m;  3) HET MPABWIHHOTO OTBETA;

3. ®u3nyUecKoe TEO BPAIlaeTCs BOKPYT 3aKPEIIEHHON OCH C YTJIOBOM CKOPO-
CThI0, 3aBUCUMOCTb MPOEKIIMH KOTOPOIl HA OCh BpallleHHs OT BpeMEHU t TOKa-
3aHa Ha pucyHke. Ha kako#t yron noepuercs Tesno 3a Bpemst 0 <t <4 c?
a)Opan;  6)lpan; B)2pam; r1)3pan; m)4pan; e Spag

K) 6 pan, 3) 7 pan; 1) HET MPABWIBHOTO OTBETA;

4. B pe3ynbrare AecTBUS B TEYEHHE KOPOTKOIO BpeMEHH At MMITyJIbCa CHIIbI
FAt , HEKOTOPOE TeJI0 PHOBPEITO UMITYIIHC P> (cm. pucyHok). Kakoii 6bu1a
BEJIMYMHA HAYAIBHOTO UMITYJIbCA TEJa 10 NEHCTBHS CHIIBI?

a) 5 xr'm/c; 0) J7 kr-m/c; B) 1 kr-M/c; 1) 4 krm/c; 1) 2 Kr-M/c;

e) 3 Kr-M/c; k) HeT MPaBUIILHOTO OTBETA;

5. UMnynbc 4acTUIBl ¢ MACCOM M, HaXOSIIecss B MOMEHT BpeMeHu t = 1 ¢ B TOUKe

C KOOpJMHATAMH X =y = 1 M, MEHsETCsl CO BPEMEHEM 110 3aKOHY p = for’ + j Bt3,

TJIE i, j —OpTHI IEKAPTOBOIl CHCTEMBI KOOPAMHAT O, =— 1 KT - m/ct, B=+1xr- m/ct.

VYKaXuTe Ha pUCYHKE IIPABUIIBHOE HAIIPABJICHUE BEKTOPA CWIIBL I, IEUCTBYIOLIEH
Ha YacTUILy B yKa3aHHBII MOMEHT BPEMEHHU.

IlepeyeHb KOHTPOJIBLHBIX 32/1aHUI M BONIPOCOB /JIsl OLIEHKHU c()OPMUPOBAHHOCTH KOMIIETeH-
nuu OIIK-4 (koHTpoIMpyeMblii HHANKATOP AocTHKReHHsA KomnereHunu OITK-4.2)

1. IIkuB paguyca R MoeT BpamaThest 6€3 TpeHHsI BOKPYT TOPH30HTAJIbHON 3aKpen-
JIEHHON OCHU CUMMETpHUH, ipoxosiei yepes ero ueHTp 0. K Hutu, HamoTaHHOH Ha
LIKUB, IPUKPEIUIEH IPy3 Macchl M, KOTOPBIM NMaJacT oA JEHCTBUEM CHIIBI TSKECTH.

MoMeHT MHepLUH IIKUBA paBeH [ = 3mR> / 4 . 3anumure A7 IIKMBA ypaBHEHUE

JMHAMUKH BPALIATELHOTO JABMKCHHUSI OTHOCHTEIBHO OcH Bpautenus O, a 1uis rpy3a —
YPaBHEHHUE AMHAMUKH [IOCTYNIATENbHOTO ABHKEHHS, HAINTE U3 HUX BHIPAXKEHUE CHIIbI HATSIKECHHS
HUTH, 3aIIMCAHHOE Yepe3 BENMYMHBI M U R, ¥ yKaXKUTe NPABHIIbHBIHA OTBET:

a) T=mg/2; ©)T=3mg/7, B)T=2mg/3; 1)T=3mgl/4; n)T=mg/3,;

e) T=mg/6; ) HET MPaBUJILHOT'O OTBETA;
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2. B mokosmuiics qMCK Macchl 2m M paaryca R, crocoOHBIN BpalaTeCst BOKPYT 3a- iFO'
KperieHHoi ocu cummerpun OO, 0JIHOBPEMEHHO BPE3aIOTCS B MAICHBKHX IIa- 2m,R
CTHWJIMHOBBIX IIAPUKA, UMCIOIINE BIBOC MCHBIITYIO MAacCy M KKIBIA U JICTSIIHE T10 T
KacaTeJIbHBIM K 0001y JIHCKA C OJIMHAKOBBIMHU 110 BEJIMYUHE CKOPOCTSIMH V . ok “m

lapuku npununaiot K 0601y. Paccunraiite Ha OCHOBaHWU MPUBEACHHBIX TAHHBIX YTIIOBYIO CKO-
POCTh JUCKa C MPUWIMIIINMU IAPUKaMU Cpa3y MOCIE yaapa U YKa)KUTe IIPABUIBHBIN OTBET:

v v 2v 4v 3v 2v 5v 4v Tv 6v
a) —; 6)5; B) —; TI)—; — ¢ ; K) —; 3)—; H)—; K)—;

b

3

2R’ R R Vo 3R’ 4R
J1) MPaBWJIBHOTO OTBETA HET (IPUBEIUTE €T0);

3 3

5R’ 6R 7R

3. I'py3uk Ha IPY>KUHKE COBEPIIACT MaJIble BEPTUKAIbHBIC KOJICOAHUS B BA3KOW KHUIKO-
CTHU, IPpHUYCM €TO CMCHICHUC X OT IMOJIOKCHHA PaBHOBCCHUA MCHACTCA CO BPCMCHCM t o

3aKoHy x(7)= Ae™ cos(br), npudem b = a/3. Paccuuraiite Ha OCHOBAHHHU ITUX

JaHHBIX BCIIMUYUHY UKJIAYECKON 4acTOTEI ®g HEC3aTyXaroIuX MaJIbIX KOJIEOAHHH TaKOTO

MPYXUHHOTO MasiTHUKA B TOM CiIy4ae, Korja oH Oy/IeT coBepIIaTh KojaeOaHus B BO3IyXe,
U YKaXUTE MPABUIbHBIA OTBET:

a)al/3; 6)x/§a; B)\/ga; r)\/ga; z[)\/ga; e)ﬂa; m)x/ﬁa; 3)\/§a/2;

n) J10a / 3; K)+J17a / 4; 1) HET NPaBWIBHOIO OTBETA (IPUBEIUTE €T0);

4. dusnyeckuii MasITHUK COBEPIIIACT BHIHYKACHHBIC KOJICOAHUSI BOKPYT TOPU30H-
TaJabHOU ocu noaseca Oz B BSI3KOH KUAKOCTH MOJ JEUCTBUEM BHEIIHETO MOMEHTA
CHJI, MPOEKILIHSI KOTOPOTO Ha OCh BPAILEHUSI MEHSIETCSI CO BPEMEHEM 110 FapMOHNYe-

CKOMYy 3aKoHy M, =M, cos(cot + oc) . IIpy HMKIIMYECKON YaCTOTE ’TOrO0 MOMEHTA

-1 o
ow=3c¢ Ha6n10naeTc>1 PE30HAHC aMIUTUTY bl YTJIOBOHU CKOPOCTU MAATHHUKA, 4 IIPU

qacToTe ®=>5 ¢ | HabmoaeTes PE30HAHC AMIUTUTY Bl €r0 OTKIOHEHHS () OT TI0JIO-
KCHUs paBHOBecHs. YeMy paBeH k03D (UIIMCHT 3aTyxXaHus B COOCTBEHHBIX KOJICOAHHI ITOTO Ma-
SITHUKA B JKHIKOCTH (YKa)KUTE PABHIIBHBI OTBET B ¢ )7

a)3c'; 6)2c¢’; B) V3 ¢ 1) J8 ¢l on V2 ¢y e)dc!; %) J6 ¢l

3) HET NPaBUJIILHOIO OTBETA;

MpaBJICHUSAX OTHOCUTEIHHO HEMOABMKHOTO HaOmoaarens A. Kocmonast B

5. JIBe paketsl ¢ kocMoHaBTaMu B n C ABMXKYTCS B IPOTHBOIIOJIOKHBIX Ha- .
A
yJiausieTcst OT HabmoaaTels A co CKopocTeio v = c¢/2, a kocmonasT C ﬁ

- V)
e

PUOIMIKAETCS K KOCMOHABTY B €O CKOPOCTBIO V 5 = ¢/4 , TJIe ¢ — CKOPOCTH CBETA B BakyyMe. [lpu

3TOM BeJIMYHMHA CKOPOCTH KocMoHaBTa C OTHOCHTEIBHO HabuoqaTess A paBHa:
a) ¢/3; 0)2c/7; B) c/4; 1)2¢/5; n)3c/4; e) c/2; %) 3¢/8; 3)c/8;

M) HET IPAaBUJILHOTO OTBETA;

IlepeyeHb KOHTPOJIBLHBIX 3a1aHNI U (MJIM) BONPOCOB JIsl OLIEHKH C(hOPMHUPOBAHHOCTH KOM-
nereHunu OIIK-3 (koHTpOTMpYyeMblil HHAUKATOP AocTHKeHus komneTeHuun OIIK-3.3)

1. B BeIcOKUIt cocy € paCTUTCIIbHBIM MaCJIOM OAHOBPEMCHHO BBICBIIIAIM MHOXKECTBO
- - = MaJICHbKUX MCTAJUIMYCCKUX MIAPUKOB PAa3HOI'0 paanuyca r. HpO&HﬁHH3pr1>1TC mnmponecc
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NaJIeHNs LIAPUKOB B KUAKOCTU U OOBSICHUTE MOPAJOK MX NajeHus Ha AHO. OTBEeT 000CHYMHTE C MOo-
MOLIbIO (PU3NUECKUX 3aKOHOB U (OPMYII.

2. llIkuB MOXeET BpamaThcs BOKPYT CBOCH 3aKpEIIeHHON ropu3oHTanbHo ocu 00’ vz
0e3 Tpenus. [log pykoit mMeeTcst THHEWKa, CEKYHIOMED, U TAaKKe TPY3UK MAcChl M, 0
KOTOPBI MOXKHO IOJIBECUTh K HUTH, HAMOTaHHOU Ha 1mkuB. [IpeamoxkuTe npouenypy 2
OTpeIeTICHUS MOMEHTA HHEPIUH IKKUBAa OTHOCUTENIBHO ocH 00’ ¢ MOMOIIBIO 0

m

uUMerIuxcs noJ pykod npeaMetoB. OO0CHy#Te NpeyI0KEHHYIO IPOLETYPY
(dopMysiaMu, MO3BOJISIOLUIMMHI BBIYUCIUTE TPEOYEMbII MOMEHT MHEPLIUU.

3. TIpu a6COMOTHO YIPYTOM COYIAPEHHH ABYX METAIMYECKUX IAPUKOB C m__ s v m
2
MaccaMu my u my , IBUTABIINXCS HABCTPEUY JAPYT APYTY CO CKOPOCTAMHU Vi 1 V5, B O—; <

MOMEHT HAHO0O0JIbIIero COJIMKEHUs APUKU IBIXKYTCS C OJTHON CKOPOCTBIO vy, OTIPEIEISIEMOM
3aKOHOM COXPAHEHUs UMITYJIbCA |myvi —myvy|=(my +my)vy ¥ TONBKO TIOTOM PA3NIETaIOTCSA B CTOPOHBL.

2 2 2
_ mvi + myVy _ (ml +m2 )VO
2 2 2
N3noxure Baiie MHEHHUE O MMPUYIUHEC U3MCHCHU A SHCPTHUU UITU 00 omuOKax B 3alMCaHHBIX (I)OpMy-
Jiax.

[Ipu >TOM KMHETHYECKask SJHEPTHsI MEHACTCS HA BEIUUUHY AE,,, >0.

4. I1nacTUIMHOBBIN MIAPUK MACCHI M, JIETEBIIHI CO CKOPOCTBIO V, CTAJIKUBAETCS C

¢
BHCEBIITNM HETIOABM)KHO CTEPKHEM MacCchl M M ITUHBI |, ctocoOHBIM Bpamarbes 0e3
TPEHHUSI BOKPYT TOPU3OHTAIBHON OCH, MPOXOISAIIEH yepe3 ToUKy nojseca O, HO HE s m
MPWINMAET K CTEPKHIO, @ OTCKaKUBAeT OT Hero. OnpeenuTe 3aKOH COXPaHEHUs KaKon *
BEITMYMHBI MOXKHO, a KAKOW HEJb3s UCIIOIh30BaTh MPU COYAPECHUHU: MEXaHUYECKOM M
sHeprun? Mmnynbca? MoMeHnTa nMiysibsca? 3aluilInTe CBOE CYKICHUE O IPUUUHE |
COXpaHEHUS WU U3MEHECHHS KaXX0M U3 ATHX BEJIUYHH.
5. B HavanpHBIA MOMEHT BPEMEHHU CTEP)KEHb MacChl M U JJIUHBI | cBOOOIHO E
Bpaiaercsi 6e3 TpeHUs C yriI0BOM CKOPOCTHIO ) B TOPU30HTAIBHOMN INIOCKOCTH ¥ m,l

BOKPYT 3aKpEIUICHHOW OCH, IPOXOAAIIEer yepe3 ero kpai. I1o crepkHI0 MOXKeT CBO- )
601HO 0e3 TpeHUs CKOJIb3UTh HajleTasi Ha Hero MyQTa Toi ke Macchl m. B

HavaIbHBI MOMEHT My()Ta HaXOAWJIach BOJIM3H OCH BpamieHus. HIKaKkuX BHEIIHUX CHII B TOPH-
30HTAJILHOM MIIOCKOCTH HeT. [Ipoananusupyiite aABrkeHre MyPTbl, ”3MEHEHHE KHHETUYECKON
SHEPrUM, UMITYJIbCa U MOMEHTA UMITYJIbCa CUCTEMBI CO BPEMEHEM U BBICKa)KUTE CBOE MHEHHUE O CO-
XPaHEHUHU ATHUX BEJIMUYUH UM O MPUUMHAX UX u3MeHeHus. O0ocHyiiTe cBoe Cyk/1eHue HeoOX0a1-
MBIMH 3aKOHaMU U (popMynamMu (pU3HKH.

IlepeyeHb KOHTPOIBHBIX 3aJaHUH M BONIPOCOB 1JIsl OLIEHKH C()OPMHUPOBAHHOCTH KOMIICTEH-
uun OIIK-4 (koHTpoIMpyemMblii HHANKATOP A0cTHKeHus1 KomneTeHunu OITK-4.3)

1. DxciepuMeHTaTOp OIYCTUJI TSDKETBIN MIApUK, TPUKPEIIIICHHBIN K KOHILY MIPY>KUHKU, B
BA3KYIO )KMJIKOCTh M PACKa4MBAET IPYrol KOHEL NPY>KMHKHU B BEPTUKAJIbHOM HaIlpaBile-
HHUH C YaCTOTOH ®, B pe3yJIbTaTe YEro IapUK COBEPIIAET KOJEOaHUs 110 3aKOHY

x = Acos(wt+¢). IIpr 3TOM 2KCIIEPUMEHTATOP 3aMETHJI, YTO IIPU HEKOTOPOIl YacToTe

999!
==

S
2
x

©=0, aMIUIUTYJ1a A KoJeOaHMii MIapHKa B XKUIKOCTH OKa3bIBAETCS CaMOM OOJIBILION.

Hcxons u3 3T0Oro oH cenan BIBOJ O TOM, YTO IPH TOH ke yacToTe o; Oyaer
MaKCHMaJbHOW U aMIUINTY1a CKOPOCTH 1IapHKa v = dx/dr . BpICKaXXHUTe CBOE CyXAEHUE O NPaBUIIb-
HOCTHU WJIM HENIPABWJIBHOCTH BBIBOJIA, CACIAHHOTO SKCIIEPUMEHTATOPOM. ECIIM 3TOT BBIBOJI HEBEPEH,
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YKa)KUTE, KaK HaJl0 U3MEHHUTh YaCTOTY , YTOOBI MOJYYUTh MAKCUMAILHYIO aMIUTUTYy CKOPOCTH.
OTBeT 000CHYHTE C TOMOIIBIO (PU3NUECKUX 3aKOHOB M (hOPMYII.

2. I'a3 3akayaH 1noJ JaBJCHUEM B TPEXJIUTPOBBIN CTEKIISIHHBIN COCY/I, 3aKpbhITas
KpBIIIKa KOTOPOro uMeeT kiamnan K, BelllycKaroumii ra3 B TOM ciiydae, Korja ero
AAaBJICHUC JOCTUTAaCT BCIIMYUHBI p . Nmerotcs BCChI, ITO3BOJIAIOIIME TOYHO USMEPHUTH
Maccy CcocyJa ¢ ra30M; ropeiKa, MO3BOJISIONIAas HATPETh COCY 10 OOIBIION
TEMIIEPATYPbl, U TEPMOMETP, O3BOJISIONINN U3MEPUTDH €r0 TEMIIEPATYPY .
[Ipennoxute npouenypy OnpeneiaeHuss MOJISIPHOM MacChl p ra3a B COCYAE C

MOMOIUIbIO TaHHBIX yCTpoiicTB. OOOCHYHTE MpenoKEeHHYIO Mpoueaypy GopMyiaMu, MO3BOJISIO-
IIMMU BBIYUCIUTH TPeOYEMBbIl pe3ysbTarT.

3. Tpu skcniepuMeHTaTOpa Havyajau CIIOPUTH O TOM, YTO MIPOUCXOIUT MOCJIE HarpEeBaHUs ra3a C 4yuc-
JIOM €r0 MOJIEKYJI, BETMYUHBI CKOPOCTEH KOTOPBIX OTIMYAIOTCS OT CKOPOCTH v, He Oojiee, yeM Ha

Av =+1 m/c, TJIe CKOPOCTh v PaBHA MOJOBUHE CpeIHEN CKOPOCTH MOJIEKYJI JaHHOTO Tra3a. [lepBlii

YTBEPKAAET, YTO YHUCIIO TAKUX MOJIEKYJI IIOCIIE HarpeBaHUs ra3a yBeJIMIUTCS, BTOPOI — 4TO HE U3-
MEHUTCS, & TPETUN — YTO YMEHBIIUTCS. BhICKa)KUTE CBOE MHEHUE O TOM, KTO U3 HUX npaB. CBOMI
OTBET O0OCHYHTE C MOMOILBIO (PU3NUYECKUX 3aKOHOB U (hOpMYI.

4. BoIckaxuTe CBO€ MHEHHE U C IOMOIIbIO 3aKOHOB (PU3UKU O0BSCHUTE MPUUYUHY TOTO, YTO
YBEJIMYEHUE BHICOTHI h TIeuHOM TpyObl MPUBOAMT K YBEITHUEHHIO MIOTOKA BO3/1yXa, 3aTSTHU-
BaeMOT0 B JIBEpILy ME€YH U K JydlieMy ropeHuio 1poB. OTBeT 000CHYHTE MOIyYEeHHBIMU
BaMH (pOpPMYJIaMHU TaKOH 3aBUCUMOCTH.

5. JIBa mpmKaThIX APYT K APYTY CIIOS TETUIOM30JIALIMOHHOTO MaTepHaia
UMEIOT OJIMHAKOBYIO IUIOMIAAb S, HO pa3Hble KO3(PPHUIIUEHTHI

TEIIONpoOBOAHOCTH 3y =1 H-K!.¢’!

1 -1 TTOTOK S
Uy, =2H-K -¢” u1po- Teﬂﬂa\\

MOPLUOHATBHYIO UM TonMHy | 1 21 cooTrBeTcTBeHHO. TeMmeparypsl ¢ W

pa3HbIX CTOPOH paBHBI 7; =400 K U 7, =200 K (cM. pucyHOK). [lepBbIit I
\

9KCIIEPUMEHTATOP CYUTAET, YTO TAK KaK TEIUIONPOBOIHOCTh BTOPOIO
Mmatepuaia B 2 pa3a 0oJibllle, TO OH MPOITyCKaeT B 2 pa3a 00BN TOTOK
TEI1a, a TEMIIEPaTypa CONpHKacaroIeiicss HOBEPXHOCTH cloeB paBHa T'=(7; + 75 )/2 . Bropoii 3xc-

NEPUMEHTATOP HE YBEPEH B 3TOM H CUHTAET, YTO TEMIEpaTypy 7' HaJ0 CUUTATh MO APYyrou Ghop-
Myse T'=(27; +7,)/3. CornacHsl 11 Bl ¢ HUMU? Ecii HET, TO IpeUIoKKUTE MPOLEAypYy PeLIeH s,

MO3BOJIAIOILYIO HATH TeMmiepatypy 7' U MOJy4yuTe e€ 3HaueHUE.

3 cemecTp

IlepeyeHb KOHTPOJILHBIX 3aJaHNI U BONIPOCOB JIJIS1 OlleHKH ¢)OPMHUPOBAHHOCTH KOMIIETEH-
o OIIK-3 (koHTpoMpyeMblii HHANKATOP AocTHReHHs1 KomnereHunu OIIK-3.1)

1. TTosoxUTENbHBIA TOYEYHBIN 3apsia ) = +2q U OTPUUATEIbHBIA TOYECYHBIN 3apsi
(2= —( HaXOAATCS B JBYX BEPILINHAX PABHOCTOPOHHETO TPEYIrOJbHUKA C IJIUHON

cTOpoHHI |. YKa3are npaBuiIbHOE HANPaBJICHNUE BEKTOPA HAPSHKEHHOCTH E co3aH-
HOT'O UMH AJIEKTPOCTATHYECKOTO TIOJISI B TPEThEH BEPIIMHE 3TOTO TPEYTOJIbHHUKA (CM.
PHUCYHOK):

a)l 0)2 B3 N4 mS5 e6 x)7 38 w9 k)10 a)ll

M) 12
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2. VkaxxuTe ypaBHEHHE, BbIpaXkaroliee TeopeMy ['aycca B 311€eKTpOCTaTHUKeE:

a)§f?d§:&; 6)§Edf=&; B §EdS=0; 1) §Ed =0;
G €&, / €€ G 7

3.Ilo O6T>6My mrapa ¢ OJIMHAKOBOM BO BCEX TOYKAX MJIOTHOCTHIO P = const pac- " ” "

” ” o

npeesieH dneKTpuaeckuit 3aps. [lap okpyxeH O€CKOHEYHON TUANEKTPUIECKO € ”
Cpeioi, UMEIOILIEeH TUAIEKTPUUECKYIO TPOHUIIAeMOCTh €. Ha pacctosiHun r ot Y v I
LEHTpa I1apa (3a ero npejaeaamMu) BeTUYMHA HAPSDKEHHOCTH AJIEKTPUYECKOTO Yo .
T0JI5, CO3JJaHHOT0 3TUM 3apsaoM, paBHa E. Ecinu moMecTuTh JaHHBIN 3apsiKeH- v " i
HBIH map B BakyyM (yOpaTh AMDIIEKTPHUK), TO TIOJIe C BIBOE MEHBIIEH BETUIMHON

HanpspkeHHocTu E/2 Gynet HabmoaaThesl B BaKyyMe Ha BABOE OOJIBIIIEM PACCTOSHUM 21 OT IIEHTpa
mapa. Yemy paBHa AMAJIEKTPUUYECKAsi MPOHULIAEMOCTh CPEbI?

a) l; 0)1,41; B)2; r)4; n) 8; €) Ipyroi OTBET;

" "
" ” "

4. Ha pucyHke ImokazaHa KapTHHA SKBUIIOTEHIIMAJIbHBIX JTUHUN
3JIEKTPOCTATHYECKOTO MOJIS M 3HAYEHUS TOTEHIMala Ha HUX. 3B
OtMmeuensl Touku A, B, C u D. I3MeHeHne BeTMUnuHbBI CKOPOCTH '
MEPBOHAYAJIBHO MOKOUBILICHUCS 3apsHKEHHON YaCTHUIIBI IO \
NEHCTBUEM 3JICKTPOCTATHUECKOTO TIOJISl UMEET HauOOobIIee \ \
3HAYEHHE NPU NEPEMEIICHUH YaCTHLIBL: N
a) u3 Touku D B Touky B;  6) u3 touku D B Touky C; NN
B) u3 Touku D B Touky A; 1) u3 Touku C B TOUKY A; N

5. BHyTpu He3apsKEHHOM MOJI0M MeTan- z T
JMYECKON cepbl MOMECTHIIN TOUSUHBIH \B”e yd
MOJIOKUTENBHBIN NEKTPUUECKUH 3apsij, m %_\

Esre / EBHe:O EBHe
] j',q .
CMECTHUB €T0 U3 LeHTpa cepsl, Kak Mo- w ?)\W/ ]
Ka3aHOo Ha pucyHkax. Kakoii Oyzaer kap- pd
o l B) r) \
TUHA CUJIOBBIX JIMHUN AJIEKTPUYECKOTO a)
0JIsl B BaKyyMe BHYTPH U BHE cepbl?

IlepeyeHb KOHTPOJILHBIX 32JaHUI U BONIPOCOB /ISl OLIEeHKU ¢)OPMHUPOBAHHOCTH KOMIIETEH-
un OITK-4 (KkoHTposIMpyeMblii MHAMKATOP AocTHKeHust komneTenuuu OIIK-4.1)

1. Ha TOHKMIT MeTalIIM4ecKuil TUCK paanyca R momMecTuin nojaoKuTeNbHbIN 3IeK-

. Y
TpUYECKHH 3apsy . Ha pucyHkax yka3zaHbl 3aBUCMMOCTH IIOTEHIIMANA (¢ U IIOBEPX- @R_,
HOCTHOM IIJIOTHOCTH 3apsAa G B 3aBUCUMOCTH OT PACCTOSIHUSA I' 10 LICHTPA JUCKA. r

¢ \ c c [TpaBUIIbHBIMH 3aBUCUMOCTSAMU OYIyT:

_E\ r [\ r r r

0 R 0 R 0O R 0 R a) A-B; 0) A-I'; B) b-B; r) b-I';

A) B) B) M)
2. IlonoxxutenbHbIN 3apsi +q MOMECTUIU Ha YEIMHEHHBIH METaNIMYECKUI ” L
map paauyca R, okpykeHHbII 0€CKOHEUHOM OJTHOPOIHON TUAIECKTPUICCKOM R oA ~ €
Cpemoi ¢ ANAICKTPUUECKOM MPOHUIIACMOCTHIO €. Pa3HOCTh MOTCHIIMAIOB Pp — erarn +q 7
®o B TOYKE A Ha IIOBEPXHOCTH wapa (Ha mwape) u B Touke O ero uenrtpa 0y-  ~ AMS,’{QKTW’,Z
JIET paBHa! a) +L2; ) +L2; B) +L2;

4re,R 4ree,R l67e,R
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q q q q q
t—— D0 ) K) 2 3) ———— M)
167eg,R’ ) ) 4re, R ) drmee, R ) 167&,R’ ) 167eg,R’

3. Ilnockuii 3apsiKEHHBINA

a) B 6) B B) r)
KOHJICHCATOD C 3apsAIoM ¢ Ha T T JJ
METAJUTHYECKAX O0KIIaIKaxX Tt L L+q AV N+q £+ 4 4G 4+t 4+ 4]
3aII0IHEH JUDJIEKTPUYECKOU @/ ggj/ @ 7 @ P
CPEJIOH ¢ JUDICKTPHUCCKON = 1- l = \L -q = T = f- A9 ==="=9 =="-"-9
TIPOHUIIAEMOCTBIO & =2 U P P

HAXOAWTCS B BaKyyMe. BriOepuTe pruCyHOK C MPaBUIIHHBIM HalpaBICHUEM JIMHUIN BEKTOpa MOJSPH-
30BaHHOCTU P :

4. DIIeKTpUYECKOE I10JIE€ CO3/1aHO 3apsIOM (, IOMEUIEHHBIM Ha IJIACTHUHBI o

IJIOCKOT'O KOHJACHCATOpPA. YTo MOXKHO CKa3aTh O 3HAKE HHTCIrpajia UjE -dr ot

HaIpPsKEHHOCTH 3TOTO ITOJIS 110 3aMKHYTOMY KOHTYPY, IOKa3aHHOMY Ha
PHUCYHKE IITPUXOBOM JTMHUEH (YKaXXUTE MPABUIIHOE YTBEPXKICHHE):

a)[ﬁEd?>0; 6)[|jEd7<o; B)ngdf=o; r)UjEdf=oo;

1) HEJIOCTATOYHO JaHHBIX;

5. BIonp MWIMHAPUYECKOTO METAJUIMYECKOTO MPOBOJIa Painyca I, y4acTOK KOTOPOro JUTHHBI L
MMeEEeT CONPOTUBIIEHNE R, CO3/1aHO CTOpOHHEE CTAIMOHAPHOE HIIEKTPUUECKOE TOJIE C
Hanpspk€HHOCThIO E. Onpenenure u ykaxxute Gopmyiry JUisl ITIOTHOCTH TOKA, BBI3BAHHOTO 3TUM

7r’RE . 7r'E . EL . 7r'R LR

nojiemM: a) j=——; 6)]:RL; B)sz,z; r) j= EL; H)]:msz

2

€) Ipyroi OTBET;

IlepeyeHb KOHTPOJILHBIX 32aHUH U (UJIH) BONIPOCOB JIA OLleHKH ¢)OPMHUPOBAHHOCTH KOM-
nereHunu OIIK-3 (koHTpOTMpYyeMBblil HHAUKATOP AocTHKeHns komneTeHun OIIK-3.2)

1. Ha pucyHke nokasaHsl ABE 3aMKHYTbIE IIOBEPXHOCTH S| U Sy, OKpPYIKaIOILIUE
ToueuHsble 3apanbl q; = —1 MxKin, g, =+2 mxKn, q3 =-3 MK, q4 = —4 MxKi u
qs = +4 mxKi, KOTOPBIE CO3/IAIOT JNIEKTPOCTATHEECKOE OJIE C HATIPSKEHHOCTBIO
E . Totoku BEKTOpa E 4yepe3 3aMKHYTHIE IOBEPXHOCTH S| U S, paBHBI, COOTBET-
ctBeHHO, @ u D,. 3apsaabl G4 U s TOMEHSIM MECTaMHU, KaK IMMOKa3aHO CTpPEJIKa-
mu. [Ipu 3TOM (yKakuTe paBUILHOE YTBEPKACHUE, &, — AIEKTPUUECKAsi IIOCTO-

SIHHAs1):
a) u @, u O,. MOMEHsITN 3HAK, HE U3MCHHUB BEJTMYHUHBI; 0) u @, u O,. HE UBMEHWINCB;
B) @, momensn 3Hak, @,. He m3MeHWICs; T) D) yBenWuwics Ha 8MKK.]I/ &, » ©2. HE U3MeEHUIICH;

n) @, yBenmuwmics Ha 4 MK / &, , ©2. HE U3MEHUIICA;  €) HET IPABUIILHOIO OTBETA;

k) @, ysenmamics Ha 4MrKi/ g, , @,. ymenpumics Ha 4 MK /g, ;

2. DNEKTpUYECKUM 3aps]l  paclpeiesieH paBHOMEPHO BHYTPHY LIWJIUH- R,
npa paguycoM R; u BeicoToit h. Paguyc nununapa yBenuuuiu 10

R, = 3R}, ocTaBuB BbICOTY 0€3 M3MEHEHHUS, U 3aps]l pABHOMEPHO pac-
npeenuics o 00beMy BHYTPU HOBOTO LMIIMHAPA. Bo ckombko pa3
YMEHBIIWJICS IOTOK BEKTOPA HANPSKEHHOCTHU JIEKTPUUECKOTO MO




27

CKBO3b [IWIMHIPUYECKYIO 3aMKHYTYIO IOBEPXHOCTh paauyca R;.

a)p27pa3 06)B9pa3 B) B 3 pa3za I') HE U3MEHUJICS

3. B 1leHTpe 3aKperieHHOTO HETIOIBUKHOTO TOHKOTO KOJIblia paauyca R, o ko- IS
TOPOMY PaBHOMEPHO pacIpeiesieH dIEKTPUIECKUNA 3apsi +(, IepBOHAYAIBEHO ++
MOKOWJIACh CBOOOIHASI YaCTHUIIA C TAKUM JKE 10 BEJTUUYMHE U 3HAKY TTOJIOKUTEIb- —+ 4
HBIM 3apsI0M +(q. Y TATUBIINCH TIOJT ACHUCTBHEM ICKTPUICCKUX CHII CO CTOPOHBI

KOJIbI]a Ha OECKOHEUHOE PACCTOSIHUE, YaCTUIIA IPHOOPETAET CKOPOCTh, PABHYIO ‘L\7

v. Kakum OyzeT npaBuiibHOE BBIpAXKEHHUE I pacyeTa MacChl YaCTHUIIHI?

qZ 6 q2V2 ) q2 . q2V2 q2 e)
4re RV’ 4re,R 87e, RV’ 87e,R 27me RV’
q2V2
2meyR

) IPyroi OTBET

4. B HeKoTOpoii 007aCTH MPOCTPAHCTBA CO3JAHO IEKTPOCTATHUECKOE 0JI€, BEKTOp ¥
HaANpPsHKEHHOCTH KOTOPOro B Touke P(X;,y;) HampaBiieH 101 HEKOTOPBIM YIJIOM K OCH
X (cM. puc.). Kakas 3aBUCHMOCTb MOTEHLIMAA 3JIEKTPUYECKOT 0 TIOJIs OT KOOpAUHAT N[

go(x, y) MOKET COOTBETCTBOBATH TAKOMY HAIIPaBJICHUIO HaHpH)KeHHOCTI/I?

a) ¢ =3x" — 4y’ 6) p=-3" B e=3" 1) @=4y’-3x

5. Touka “A” HaXOOUTCS HA pacCTOSHUM 1] = 2R OT OCH JUIMHHOTO (= === === = =
3apsKEHHOTO MWIIMHAPUYECKOT0 KOHAEH CAaTopa, a Touka “B” — Ha Rz RX P
pacctosiHuu 1, = 3R 0T 3TO# ocu. Paauychl 00KIaI0K TAaKOTO Y= —-—-- )
koHgeHcaTopa R; =R u Ry =4R (cm. pucynok). Onpenenure / A“A Ber
OTHOIICHUE WA/Wp TUIOTHOCTEH HEPTUHU DIIEKTPOCTATUIECKOTO TOJIS B
toukax A u B: a)l 0) 1,5 B) 2,25 r) 3,375 n) 5,0625

IlepeyeHb KOHTPOJILHBIX 32JaHU M BOIIPOCOB /ISl OLIEeHKU ¢)OPMHUPOBAHHOCTH KOMIIETEH-
un OITK-4 (koHTpoIMpyeMblii MHAMKATOP AocTHKeHus komneTeHuuu OIIK-4.2)

1. Peocrar ¢ o6um conporusienneM R=10 OM noJakiroueH K HICTOUHUKY TOKa C g7
BHYTPEHHUM conpoTuBiieHreM 1 OM, Kak 1oka3aHo Ha pucyHke. Eciau ABUKOK peocTara %}_l
nepeMelaTh U3 KpaHero JeBOro MoJIoKEeHHsl BIIPABO 10 KOHIIA, TO MOIIHOCTh TOKA B R
peocrtare OyJeT ...  a) CHayalla yMEHbIIAThCS, a 3aTEM yBEJIMYUBATHCS;

0) cHauasia yBEeJIMUMBATHCS, @ 3aTEM YMEHBIIIAThCS; B) HENPEPBIBHO YBEINYHUBATHCS;

I') HEMIPEPHIBHO YMEHbBILATHCS;

N N e Rz
2. B aneKTpUYeCcKOi cXxeme, NOKa3aHHOM Ha pucyHke, R, = R, =100m, L
g, =20B, &, =10B. BuyTpennue conmpoTuBII€HUs] HICTOYHUKOB TOKA PaBHbI . €5 &4

1
nyito. Kakosa Bennunna 3/IC UCTOYHMKA TOKA €, W €T0 PACIIOIOKEHHUE B
83 R4
LENIH, €CIIU Yepe3 pe3ucTop R, mporekaer Tok 0,5 A cnpasa HaneBo?
-

a)@;%B 6)_@; 25B B)@;ISB r)_@_;ISB
I{)@;SB e)_@_;SB

3. Ha pucynke npeacTaBiieHa 4acThb JIEKTPUUECKON CXEMBbI, 1JIs1 KOTOPOH
U3BECTHBI TOJILKO HEKOTOpBIE apameTpsl: R, =4 Om, R, =1 Om, a HCTOYHHK

ki R R
MUKpOCXeMa




28

&, =3B n nmeer HyneBoe BHyTpeHHee conporusieHue. [lorenunaner ¢, =3B, ¢, =7 B, a cuna
TOKa 4epe3 conpoTusieHue R, paBHa [, =1A. Uemy paBHa cuiia TOKa 4yepes3 CONPOTHBICHUE R, ?
a) HeIb3s paccuuTaTh, T.K. He xBaraeT nanHeix 0) 0,8 A B)3,0A 1)50A

4. Ha pucyHke n300paxeHbl CEUEHUS TPEX NapasuieIbHbIX MPSIMOIUHEHHBIX
JUIMHHBIX IPOBOJHHUKOB C Pa3HOHAINIPABICHHBIMU TOKAMH OJIMHAKOBOM BEJIMYU-

HBI ‘1 1‘ = ‘1 2‘ = ‘I 3‘ . PaccTosiHust mexy npOBOJIHMKAMHU OJIMHAKOBBI, U B TOUKE

O, paBHOYJaJIEHHOM OT BCEX MPOBOJHUKOB, KX/l U3 TOKOB CO3/1a€T
MarHuTHOE I10J1€, BEJIMUYMHA UHAYKIIUKA KOTOPOro paBHa B . Bexktop unaykuuu
CyMMapHOT0 MarHMTHOTO OJIs1 BCEX TOKOB B Touke O HMMEET HampaBJiCHUE:

a) 1 0) 2 B) 3 r) 4

5. JIBa GECKOHEUHBIX MPSIMBIX MPOBOJIHUKA HAIIPABIIEHBI B3aUMHO MEPIEHIUKY-
nspHo. o npoBonHKMKAaM TEKyT TOKM OMHAKOBOM BeNW4YuHbL. Haumensinii o1-
PE30K IpsIMOM JIMHUU, COETUHSIONIEH MPOBOIHUKHU, UMeeT JuIMHY 2R (cM. pucy-
HOK). B Touke A mocepeanHe 3TOro oTpe3ka TOKHM CO3/1al0T MarHUTHOE I10JI€ C
BEJIMYMHON Hanpsk€HHOcTH H. UeMy paBHa Benm4MHA KaXJA0r0 U3 TOKOB, Te-

KyIIMX II0 IPOBOJHUKAM: a) [=7nRH 0)1[= 27RH
B) [=27RH 1) I=227RH 1) I=zRH/N2 ¢) I=nRH/2

IlepeyeHb KOHTPOJILHBIX 32JaHUH U (MJIM) BOIIPOCOB /JIs1 OLEHKU ¢C(OPMHUPOBAHHOCTH KOM-
nereHuun OIIK-3 (koHTpoampyemMblii HHANKATOP AocTHKeHUA KomneTeHunu OIIK-3.3)

1. IToTeHnman 31eKTPOCTaTUYECKOT0 MO Ha TUNIOCKOCTH xy 3a71aH (GOpMyJIoN ¢ = kxy , 1€
k =1B/m* . HapucyiiTe KapTHHY CHIOBBIX JTHHHI{ SIE€KTPOCTATHYECKOTO MOJIs B 001aCTH x>0, y > 0.
OtBet 000CHOBaTh U MOATBEPAUTH GOPMYIAMHU WM 3aKOHAMU (PU3UKU.

2. Ha miockocTu Xy noka3aHa KapTHHA 3KBUIIOTEHLUAIBHBIX [IOBEPXHO- y4838 28 g
CTEM AIIEKTPOCTATUIECKOTO TOJISL, B KOTOPOM HAaXOAUTCSI CBOOOIHAS MOJISIP- i
Hasi MOJIEKYJIa C 3apsAfaMy +q U —q Ha KOoHLax (cM. pucyHok). [Ipoananu- :
3UpyiiTe JanbHelIee OBEJCHUE MOJIEKYJIbl U BBICKQ)KUTE CBOE MHEHUE O :
I
I
I
1
1
1

TOM, KaKO€ I10JIO’KEHHE OHAa MOKET IIPUHATh U B KAKOM HAIlpaBJICHUH
JIOJKHA IBUTAThCSI U 10 KaKuM npuuuHaMm. OTBeT 000CHOBATH U MOJTBEP-
JUTh (PU3NYECKMMHU 3aKOHAMHU U popMysiaMu (popMyiaMu.

-

3. JIuHUY HAOPSKEHHOCTU E 3JIEKTPOCTATUYECKOTO OISl MOTYT Me- =

7 e I Ez 7 4 ”

HSTh HaNpaBjeHUE HA IJIOCKON TpaHUIle IBYX UICAIbHBIX AUAIEKTPH- . .5,
Y4ECKHX CpeJl C IUDIIEKTPUYECKMMHU IPOHULIAEMOCTSMH &, U &, , KaK ;

noka3aHo Ha pucyHke. [loxoxee siBIeHe HAOMIOIaeTCS B ONITUKE MTPU & E‘/ AA AT
IIPOXO0KJICHUH CBETOBOTO JIy4a Yepe3 I'PaHUIly ABYX MPO3PAvYHbIX CPE. SRS
(3aKoH mpenomieHus ). BbICKaXkuTe CBOE CyXkKJICHUE O CIIPABEATUBOCTH UCIIOIB30BAHUS OMITHYECKO-
r'0 3aKOHa MPeJIOMJICHUS B JaHHOM citydae. Mcnonb3ys pusndeckue 3aKoHbl U IPUHLUIIBL, HAliAuTe
CBSI3b (3aBUCHMOCTB) MEXKAY yIriaaMu 6, u 6, B 3aBUCUMOCTHU OT BEJIMYMH AUIEKTPUUECKUX IIPO-

HHULaeMocTell & U &,. OTBeT 000CHOBATh U MOATBEPAUTH (POPMYIIaMH.



29

4. Ilo ToHKOM OECKOHEYHO JTMHHOM WJIMHIPUYECKON MOBEPXHOCTH paauyca R paBHOMEpPHO ¢ 10-
BEPXHOCTHOM IUIOTHOCTBIO G PACIpEEIICH dIEKTPUIECKUN 3apsa. Apyrue 3apsasl OTCyTCTBYIOT.
OObsicHUTE, KaK HAWTU 3aBUCUMOCTD MMOTCHIIMAJA 3JIEKTPOCTATHYECKOTO TOJIS (0 OT PACCTOSHUS T
JI0 OCH JJAHHOM IMOBEPXHOCTH, €CJIU U3BECTHO, YTO BEJINYMHA NOTEHIMAIA HA OCU UWJIMHAPUYECKON
MOBEPXHOCTH paBHA ¢, . [IpuBenuTe popmyiy 3Toi 3aBUCUMOCTH U MIOCTPOITE NMPUMEPHBII rpaduk

3aBUCHMOCTH @ =¢(r) NPH 0<r<ow.

5. Kimrou K mepeBosT u3 nosoxenus “1” B mosoxeHue “2”, 3aMbIKas 0OKIaJKu 3apsi- R |§
nuBLierocst ot ucrounuka IJ[C € koHzaeHcaTopa ¢ EMKOcThi0 C uepe3 COIpOTUBIIEHHUE
R. Kak MOXHO BBIYUCIIUTH TOK, TEKYIIUN Yepe3 KonaeHcaTop? Kak aTot Tok Oyner 3a- c
BUCETh OT BpeMenu? Hapucyiite npumepHslii rpadyk 3aBUCUMOCTH 3apsijia Ha KOH/IEH- —
caTope M TOKa, TEKYLIEro yepe3 KOHAeHcaTop, OT BpeMeHu. OTBeT 000CHOBATh U MOJ-

TBEPIUTH (hOpMyIaMH.

IlepeyeHb KOHTPOJILHBIX 32JJaHUI M BOIMPOCOB /IJIsl OLleHKH C(hOPMUPOBAHHOCTH KOMIIETEH-
nuu OIIK-4 (koHTpoIMpyeMblii HHANKATOP AocTHKeHHsA KomnereHnnu OITK-3.3)

1. ConpoTuBieHue peocraTa, MOAKIIOUEHHOI0 K UICTOYHUKY nTocTosiHHOM D/[C € ¢ BHYT- R
PEHHUM CONPOTUBIICHHUEM I, ObUIO paBHO R. [lepeBUHYB MOJI3yHOK peocTara, yMEHbIIMIN
€ro CONPOTUBIIEHHUE B 2 pa3a: R — R/2 . IlepBblii SKCIIEPUMEHTATOP CUUTAET, YTO IIPU 3TOM =,
TEIJIOBasi MOILIHOCTb, BbIIEJsIeMas Ha peocTare, 00s13aTeNIbHO JOJKHA U3MEHUThCs. BTo- ’
POH DKCIIEPUMEHTATOP YTBEPKAAET, YTO BbIAEISIEMAs TEIJIOBAasi MOIHOCTh HE U3MEHUTCS IIPH OIl-
pEellelIEeHHOM COOTHOILIEHUH MeXly R U r. Brickaxure cBoe 000CHOBaHHOE 3aKOHAMH (PU3UKH
MHEHHE O TOM, KTO U3 HUX IIpaB, U €CIIHM IIPAaB BTOPOU IKCIIEPUMEHTATOP, TO MOIYYUTE U IIPUBEAUTE
HE00X0IMMOe COOTHOIIEHHE R U 1, Ipu KOTOPOM BhIJIesIseMasi Ha pPeocTaTe TEIIoBasi MOIIHOCTh He
WU3MEHUTCS.

2. Ilo 6ecKOHEUHOM TUIOCKOCTH, Y9aCTOK KOTOPOH IMOKa3aH Ha PH- -q v
CYHKE, TeYeT OJIHOPOIHBIN MOCTOSHHBIIN 3JIEKTPUUECKUH TOK C I10- Ar—=
BEPXHOCTHOM TLIOTHOCTHIO 7 . Ha/l IITOCKOCTBIO HA PACCTOSHUH 7 — f
HapajIeNIbHO HAIPABJICHUIO TOKA JIETUT CO CKOPOCTBIO V  4aCTHLA —_— =

C OTpULATCIIBHBIM 3apsAI0OM —( . Brickaxxute cBoe MHEHHE O TOM,

MOJKET JIM YacTULA CIIyCTsl BpeMsi Af BEpPHYTHCA B TOUKY A, B KOTOPOH OHA HaXOAMJIACh B MOMEHT
BPEMEHM, yKa3aHHbIN Ha pucyHke. Eciu aa, To yemy paBHO At ? CBou BBIBOJbI 00OCHYHTE C IO~
MOIIbIO (PU3UUECKUX 3aKOHOB U MPUHIIMIIOB U MOJATBEPIUTE HEOOXOIUMBIMU (POPMYIIaAMHU.

3. IlepBoHa4YaIbHO IJIOCKOCTh MAaCCUBHOM MPSIMOYTOJIbHOW PaMKH ¢ TOKOM | Bep-
THUKaJIbHA, a CaMa paMKa MOKOUTCS U HAXOAUTCS B OJTHOPOJJHOM MarHUTHOM I10J1€ B
B = const, TMHUM KOTOPOT0 HAaNpaBJIEHbl BEPTUKAIBHO (CM. pUCYHOK). PaMka Mo-

JKET Bpamarbes 6e3 TpeHust BOKpyr oc OO’. DKCIIepUMEHTATOp CUYUTAET, YTO

pamka He OyAeT ABUraThCs, MOCKOJIbKY MHAYKIMS B MarHUTHOTO mojisi BCIOAY /
»Xgﬂ/

OJIMHAKOBA, a TOK T€UET IO MPOTUBOIOJIOKHBIM CTOPOHAM PAMKH B Pa3HBIC CTO-
poHbL. BrickakuTe cBO€ MHEHHE O TOM, MPaB JIM ATOT IKcnepuMentarop? Ecnu na,
TO MOATBEPIUTE ITO C TOMOIIBIO PU3UUIECKUX 3aKOHOB U (hopMyir. Eciii HEeT, TO 0OBSICHUTE C TTO-
MOIIBI0 POPMYTT KaKyro CTOPOHY OyJeT BpallaThCsl paMKa, [0 KaKOMY 3aKOHY OyJeT MEHAThCS e€
YTIIOBOE YCKOPEHHUE M YTO OYJET MPOUCXOIUTH C PAMKOH B TaJbHEHIIIEM: OCTAHOBUTCS OHA, WIIN
HeT? OnummTe Xapakrep € JalbHENIIEero IBKECHHUS.
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4. B neHTpe Kpyriaoro mpoBOASIIETO BUTKA C PAANYCOM I' HAXOIUTCS MaJICHb-
KU TPOBOASIINN BUTOK C TuaMeTpoM d ¥ ¢ CONpPOTHUBIEHUEM R, (d [ r,

MJIOCKOCTH BUTKOB COBIaatoT). Mensis conpotupiienne R peocrara (cm. pucy-
HOK) U3MEHSIIOT TOK, IPOTEKAIOIIUI MO BHEIIHEMY BUTKY, IPUYEM 3TOT TOK Me-

HAETCS CO BpEMEHEM t 110 3aKOHY [ = [y +at+ Bt2 , rae Iy,a, B— IOJOKUTEIbHBIC

KOHCTaHTBI. BbICKaXuTe CBOE MHEHHUE O TOM, ITOSIBUTCA JIM UHAYKLIMOHHBIA TOK
B MaJIeCHbKOM BHYTpeHHEM BUTKe. Eciu 11a, To Kak 3TOT TOK OyJleT 3aBUCETh OT BpEMEHU t U OT Na-
pameTpoB R, , d,r, Iy, o, B. [Tomyunre hopmysbl JaHHON 3aBUCMMOCTH U HApUCYHTE IrpaduK 3aBU-
CUMOCTH MHAYKIIMOHHOTO TOKA OT BPEMEHH .

5. B anexTpuyeckoi 11eny, yKa3aHHOW Ha PUCYHKE Hadyald U3MEHATh BEINYUHY EMKO- c

ctu C nepemeHHOro konaeHcaropa ot 0 1o « . Kak npu aTom Oyet Menstbesa codber- | L ﬂ ER
BEHHasl 4yacToTa KoJieOaHui ToKa B Takoil nenu? Ykaxure unrepBai usmeHenus C,

pY KOTOPOM KoJieOaHHs TOKa BO3MOKHBI. HapucyiiTe npuOnmu3uTenbHbIi rpaduK 3aBUCIMOCTH
BEJIMYMHBI YacTOTHI KoJeOaHui @ OT BenmnuuHbl eMkocT C. OTBET 000CHOBATH M MTOATBEPIUTH
bopmynamu.

4 cemecTp

IlepeyeHb KOHTPOJIBLHBIX 32JaHNI M BONIPOCOB /IJISl OLIeHKH C()OPMUPOBAHHOCTH KOMIIETEH-
nuu OIIK-3 (KkoHTpoIMpyeMblii HHAMKATOP AocTHKeHus komneTennuu OIIK-3.1)

1. Ha Henpo3paunyto nperpaay ¢ AByMs y3KHUMHU MapajijieIbHbIMU IIpope-
35IMH, HAXOAIIMMUCS Ha pacCTOssHUM d JpyT OT Apyra, najaeT HopMaJb-
HO MOHOXPOMAaTHYECKHI CBET C IJIMHOM BOJIHBI A. 3a mperpaaon Ha
0oJbIIOM yaaneHun L[ d pacnofiokeH 3kpaH. [Tokazarens npenomieHus
IPO3payHOl Cpebl MKy HUMU paBeH n. [Ipu 01HOBpEMEHHOM yMEHb-
HICHUU [TOKa3aTesl MPEJIOMIICHHUS N B 2 pa3a U yMEHbILIEHUU PACCTOSIHUS
L B 2 pa3a mupuHa HHTEp(EepeHIMOHHBIX MOJIOC AX Ha 3KpaHe (BblOepHu-
T€ OTBET):

a) ymeHbu1aercs B 4 pasa; 0) ymeHbIaeTcs B 2 pasa; B) HE U3MEHSETCS;
') YBEJIMYUBAETCS B 2 pa3a; 1) yBeIMuuBaeTcs B 4 pasa;
2. MoHOXpOMAaTHYECKHUIA CBET MaJlaeT U3 BO3AYIIHOW CPEJIbl HOPMAIbLHO BO3AYX

npenomiieHus n = 1,33, HaXOIAIIYIOCS Ha CTEKJIE C TTOKa3aTeNeM Mmpe-
aomienus ne = 1,5. MaTepdepeHIIMOHHBII MAKCUMYM IS OTPasKEHHOTO
OT MBUIBbHOI IJIEHKU CBETa HAOII0AAaeTCsA B TOM Cly4yae, KOoraa JUIMHA
BOJIHBI A TAJAIONIETO CBETA paBHA (YKa)XUTe MPaBUIbHBIN OTBET, eciiu m =1, 2, 3,4, ...).

2dn dn 2dn 2dn 2dn 2dn 2d
a) —; 6) —; B) —=; 1) ;M) —=5 @) 5 K) ;
m m m (2m+1) m+1/2 m+1/2 n(2m+1)
3. Ha nudpakumnoHHyo penieTKy ¢ moCTOSTHHOM pemeTkr d ¥ MMPUHON KaXKIOM IIeIu a IMaaeT
MOHOXPOMAaTHYECKHI CBET C JJIMHON BOJHBI A. 3a PEIIETKOM yCTaHOBJICH SKpaH, Ha KOTOPOM Ha-
omogaercs uuTepdepeHnnonnas kaptuna. CriekTp m —ro nopsijka Ha 3TOW KapTUHE HE BUJICH, TO-

CKOJIBKY €T'0 IOJIOKEHHE COBIAAAET C MOJIOKEHHEM AU(PPaKIIMOHHOIO MUHMMYyMa Ha 1mend. [locto-
SHHYIO pemeTKH d yMEeHbBIIAroT, He MeHss A 1 a. [Ipu 3ToM (YKa)KUTE PaBUIBHOE YTBEPKICHHE):

d MbInbHada nneHka N
{” cTeKno ~ Ny “)
o 7 7

”

d ) CBeT
Ha TUIOCKYIO MPO3PAYHYI0 MBUTBHYIO IUICHKY TOJIIUHBL d ¢ IoKa3arenem \El | EC A H

a) CIEKTp m —TIo MOpsAAKa CMECTUTCS OT LIEHTPa UHTEPPEPEHIIMOHHON KapTUHBI U CTAaHET BUJCH;
0) cIeKkTp m —ro HOopsiiKa CMECTUTCS K LIEHTPY UHTEp(HEePEHIMOHHONW KapTUHBI U CTaHET BU/JICH;
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B) CHEKTp 7 —TO MOpsAJKa NO-NpeXHEMY He OyJIeT BUJICH, HOCKOJIbKY HOJ0XKEeHNE NU(PAKIIMOH-
HOI'0 MUHMMYMa Ha ILeJIM HE U3MEHUTCS;

I) CIEKTp m —TIo HNOps/IKA MO-IIPEeXKHEMY He OyAeT BUJEH, IOCKOJIbKY HE MEHSAETCS JUIMHA BOJIHbI
NaJIAI0IIETO CBETA;

4. Ha mudpakiimoHHYO pelIeTKy MajgaeT HOpMaabHO I
MOHOXPOMAaTHUYECKUH CBET. 3aBUCUMOCTh UHTEHCUBHO-

ctu | cBeTa, mpoIIeAIero 3a peneTKky, OT CUHyca yria

OTKJIOHEHHS (@ TOKa3aHa Ha pucyHke. Bo ckoibko pas ] ” H i
U3MEHSATCS PACCTOSHUS MEXKy UHTEPPEPEHIITMOHHBIMU 0
MaKCUMyMaMu (CIIEKTpaMu) Ha 3TOM PUCYHKE, €CJIH T10-

CTOSIHHYIO PEIIETKH YMEHBIIUTH B 2 pa3a, a JUIMHY BOJHBI MAIAIOIIEr0 CBETA YBEIUYHTH B 2 paza
(YKa)XUTE MPaBHIbHBINA OTBET):

a) yBenuyarcs B 4 paza;  0) yBenuuarcs B 2 pa3a;  B) HE U3MEHATCS;  T') yMEHbIIATCS B 2 pa3a;
1) YMEHbIIIAaTCs B 4 pasa;

sing

5. Ha nudpakimoHHY0 pelIeTKy najaaeT MydoK MOHOXpoMaTtudeckoro ceeta. [llupuna mydka As

paBHa mHpUHE TU(PAKIIMOHHON PEHIETKHU. 3a PEUICTKOW Ha yIaJCHHOM dKpaHe HAOJII01aeTCs MH-
TepdepeHITMOHHas KapTHHA, N300paKeHHAass Ha pucyHKe. UTO pOU30MIeT C 3TOW KapTUHOH, €CIIH
HIMpUHY A s TaJarolero Ha penieTKy Mmydka CBeTa yMEHbBIIUTh BABOE (YKaXKHUTE MPABUIIBHOE YT-
BEPXKICHHE):

a) IIMPUHA ITIaBHBIX UHTEPPEPEHIIMOHHBIX MAKCUMYMOB YMEHBLIUTCS

0) ImMpHHA II1aBHBIX HHTEPHEPEHIIMOHHBIX MAKCUMYMOB HE H3MEHUTCS

B) IIMPHHA IJaBHBIX HHTEPPEPEHIIMOHHBIX MAKCUMYMOB YBEIUYHUTCS

r) uHTep(depeHIIMOHHbIE MAKCUMYMBI Pa3[BUHYTCS OT LIEHTPA UHTEPPEPEHIMOHHON KapTUHbI

1) uHTep(epeHIMOHHBIE MAKCUMYMBI CABHUHYTCA K LEHTPY UHTEPPEPEHIIMOHHON KapTHHBI

IlepeyeHb KOHTPOJIBLHBIX 32JaHNH M BONIPOCOB Il OLleHKH C()OPMUPOBAHHOCTH KOMIIETEH-
uuu OIIK-4 (koHTpoIMpyeMblii HHAMKATOP AocTHKeHus kKomneTeHuuu OIIK-4.1)

1. MoHOXpOMaTUYECKUIA CBET NaJa€T HOPMAJIbHO HA Y3KYIO I11EJIb-
pope3b B HEMPO3PAUHOU MPETPae U PACIPOCTPAHSIETCS 32 MIEIbI0
10J1 BCEMHU BO3MOKHBIMH YIJIaMU (0 K HampaBJIECHUIO Ma/ICHUS.
Pacnpenenenne unrencuBHOCTH | mporieniiero yepes melb CBeTa sin®
B 3aBUCHMOCTH OT Sin () TTOKa3aHO Ha PUCYHKE. YTO MPOU30HIET C _:_Z_:_

IMPUHON IEHTPATFHOTO MaKCUMyMa A Ha 3TOM PUCYHKE, €CIIH

HIMPUHY MIPOPE3U YMEHBIIUTH B 2 pa3a, a JUIMHY BOJHBI aJar0Ille-

r'0 CBETa YMEHBIIUTH B 2 pa3a (yKaXUTe MPaBUIbHBIN OTBET):

a) YBEJIMUUTCSA B 4 pa3a; 0) yBEJIMUUTCS B 2 pa3a;  B) HE U3MEHUTCS; T') YMEHBIIHUTCS B 2 pa3a;
1) yMEHBIINUTCS B 4 pa3a;

2. MOHOXpOMaTHUYECKUW CBET C JIJTMHON BOJIHBI A MMaJaeT HOPMallb-
HO Ha IUIOCKYIO IIPErpay ¢ MPOPE3aHHBIM KPYTJIbIM OTBEPCTUEM cBeT
panuyca r. [lapamienbHbIid 9KpaH yCTaHOBJICH 3a PETPajioi Ha ca-  ——=
MOM 00JIbIIIOM BO3MOKHOM PACCTOSIHUM [, IPU KOTOPOM B TOUKE = 4 0
O »skpaHa Ha ocu OTBepCTUs HaOIr0AaeTCs IMGPAKIUOHHBIM MUHU- =
rpaga 9KpaH

MYM OCBEUICHHOCTH (CM. pUCYHOK). JIJ1s1 TOTO, YTOOBI IPH TOM XKe
paccrosinuu | B Touke O Habmromancs coceqHU TudpaKIu-oHHBINA
MaKCHMYM MEHBIIIET0 MOPSIKA, PaIIyC OTBEPCTHS HAJIO (YKAKHUTE
MPaBUJILHBIN OTBET):

npe
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a) YBEJIMUUTH B 4 pa3a; 0) yBeIUUYUTh B 2 pa3a; B) YBEIUYHUTH B J2 pas;
I') YMEHBIIUTH B NG pa3; J) yMEHBIINUTH B 2 pa3a; €) yMEHbIIUTH B 4 pasa;

3. EcTeCTBEHHBIN CBET C MHTEHCUBHOCTBIO /() IPOXOIUT YEPE3 CUCTEMY U3
AByx nosspu3aropos I u Il,. Yron o mexny ocsiMu IpoIlyCKaHus MOJISpU-

3aTopoB MeHsoT B npenenax 0<a <90° . ITpu 3ToM HHTEHCHBHOCTH | CcBe-
Ta, MPOILEIIIEro Yepe3 CUCTEMY MOJISIPU3aTOPOB, MEHSIETCS B Mpeiesax:

a) 0<7<1; 6)0£I£%0; B)OSIS%O; r)OSIS%; 1) Ipyroi OTBET;

4. ITpu OTCYTCTBUM JPYTUX UCTOYHUKOB CBETAa BUJUMBIH I71a3y IIBET aOCOJIIOTHO YEPHOI'O Teja
(YKa)kuTe NpaBUIbHOE YTBEPKACHUE):

a) BCErJla YepHbIN pHU JTIOOBIX YCIOBUAX; ©0) MEHSETCS OT KPACHOTO K KEJITOMY IPH HarpeBaHUU
710 OOJIBIIUX TEMIIEPATYDP; B) MEHSIETCS OT KPACHOTO K JKEJITOMY IIPU OXJIaKJI€HUH Tejla, Harpe-
TOTO 710 OOJIBLION TeMIIEpaTyphl;  I') aOCOIIOTHO YEPHOE TEJIO HE UMEET LIBETa;

5. AOGcomoTHO uepHoe Teno uMeno ¢popmy Kyda. 3aTeM ero oobeM yMEHbIIWIN B 8

pa3, yMEHbIIUB pa3mep pedep KyOa B 2 pasa, a remneparypy T ysennuwiu B 2 pasa. i“’\'
Bo ckonbKko pa3 n3MeHWIach BEJIMYMHA SHEPTHU TEIUIOBOTO U3TY4EHHs, HCITyCKaeMO-  nny LY
r'0 JIaHHBIM TEJIOM TI0 BCEM HAIIPABIICHHUSIM 33 €AMHUILY BPEMEHU? o

a) yMeHbIIMIAach B 16 pa3;  0) yMEHbIIMIACH B 8 pa3;  B) YMEHBIIWIACH B 4 pa3a; s
I') yMEHbIINWJIACh B 2 pa3a;  J) HE U3MEHUJIACh; €) yBeJIMuYuiIach B 2 pasa;

) YBeIIMYMIIAch B 4 pa3a;  3) yBelIMYWIach B § pa3; M) yBenuumwiach B 16 pas;

IlepeyeHb KOHTPOJILHBIX 32JaHUH U (MJIM) BOIIPOCOB /JIsl OLEHKU ¢C(OPMHUPOBAHHOCTH KOM-
nereHuun OIIK-3 (koHTpoampyemMblii HHANKATOP AocTHKeHUA KomneTeHunu OIIK-3.2)

1. IlocTosinHas MU pPaKIUOHHON PEIIETKH paBHa 2,6 MKM, a JJTMHA BOJIHBI MTA/IAIONIETO HA PEIIETKY
HOpPMaJIbHO MOHOXpOMATHUYECKOTO cBeTa paBHa A=600 HM. CeKTp KaKOoro MakKCUMAalbHOTO MOPSII-
Ka Mmax MOKHO HAOIIOAATH 3a PEIIETKOMN (YKaKUTE MPaBUIbHBINA OTBET):

a)l; ©6)2; B3 14 nm)S5 e6; x)7; 3)8; e)Apyroi oTer;

2. MoHOXpOMaTUYECKU CBET € JUIMHOM BOJHBI 600 HM MajaeT HOPMAJIbHO Ha Y3KYIO
Ipope3b-1Ieib B HEMPO3payHoi nperpaje. JudpakiinoHHbI MUHIMYM M = 2-TO T0-
psaKa HabIIOAaeTes 3a WENbIo o yriioM 30° K HalpaBIIeHMIO MaJaroIero ceera. Ue-
MY paBHa IIMPHHA @ MPOpe3H (BbIOEpUTE MPABUILHBIN OTBET):

a) 1,8 mxkm;  06) 2,4 MKM;  B) 3 MKM; r) 3,6 MKM; 1) 4 MKM; e) 4,8 MKmM;
) HET MPAaBUIILHOTO OTBETA;

3. ToyeuHbIi HICTOYHUK MOHOXPOMATHUYECKOIO CBETA C JIJTMHON BOJIHBI A Ha-
XOAUTCS HA PACCTOSIHUU @ OT HEMPO3pPayHOM IJIOCKOM Mperpaisl ¢ Mpope3aH-
HBIM B HEll KPYTJIbIM OTBEPCTHEM pajnyca r. 3a Mperpaaoil Ha TakoM ke pac-
CTOSIHMM @ YCTAHOBJIEH NapasuiesbHbIi e skpad. [Ipu 3TOM paccrosiHue a
uMeeT HanGoJIbIIYH0 BO3MOKHYI0 BEJTHYHHY JJIsl TOr0, 4TOOBI B Touke O
9KpaHa (JIekallei, Kak 1 ICTOYHUK CBETa S, Ha OCH OTBEPCTUs) HAOI0aICs
TG PaKIIMOHHBI MUHUMYM ocBellieHHOCTH. UToOBI B Touke O Habmiogancsa cocenHuit audpakim-
OHHBIIl MAKCUMYM MEHBLIETO MOPs/IKa, PACCTOSHUE a U CJIEBA U CIpaBa OT Mperpajbl Halo (yKa-
YKUTE MPaBUIbHBIA OTBET):

a) YBEJIMUUTH B 4 pa3a; 0) yBEJIMUYUTH B 2 pa3a; B) YBEIUYHUTH B V2 pas;
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T') YMEHBIIIUTD B 4 pa3a; 1) yMEHBIIUTH B 2 paza; €) YMCHBIIUTH B J2 pas;

4. EcTeCcTBEHHBIN CBET C MHTCHCUBHOCTBIO [/, TIPOXOIMT 4epe3
CHUCTEMY M3 TpEX NocyeaoBaTenbHbIX noysipu3atopos I, [T, u I1s.
Ocu nponyckanus nossgpuzaropos I, u Il; cocrasustor, coot-
BeTCcTBEHHO yriibl o =30° u 20 =60° ¢ 0CblO NPOITyCKaHUs Iep-
Boro nojispusaropa I1; (cm.pucynok). [Ipu 3ToM UHTEHCUBHOCTD [
CBETa, NPOILIEALIET0 Yepe3 CUCTEMY IOJIIPU3ATOPOB, PaBHA (OIIPEEIIUTE U YKa)KUTE OTBET):

1 3] 3] 3] 37 97 91
a)0; 06)—=2; B)—%; 1) —; =0 o) —2:; x)—2; 3)—:; wu TOM OTBET;
) )8 ) 2 ) 1 1) T )32 )16 )32 ) Apy

5. VI3BeCTHO, YTO TEIUIOBOE U3TYUYCHUE UCITyCKaeTCsi C OOKOBOM MOBEPXHOCTH 2
mpoBoJia (curTast ero abCOIOTHO YEPHBIM TEJIOM), KOTOPBIHM MOJIKIIFOUYEH K HC-
TOYHHKY nocTossHHOTO HanpsbkeHus U. T — remnepatypa 60koBO OBEpX- §
HOCTHU IIPOBOJA, S — MJIOLIAAb OOKOBOW MOBEPXHOCTU IPOBOJA, G — ITOCTOSH- U,

Has Credana-bonbimana. Texymuii no npoBoay Tok I MOXHO BBIYHCIUTH 10 hopMyJie (onpee-
JIUTE U YKAXKUTE OTBET):

a) _Uv_. 0) A B) Y. T) T’ 1) ol”. e) oST" . ) IpyTOM OTBET;
oST*’ oT*’ oT*’ U’ Us ’ U’ 4 ’

3

I—==

3
s s

NUNAVAVIIIVAVA

IlepeyeHb KOHTPOJIBLHBIX 321aHUI M BONIPOCOB /JIsl OLIEHKHN ¢()OPMUPOBAHHOCTH KOMIIETEH-
nuu OIIK-4 (koHTpoIMpyeMblii HHANKATOP AocTHKeHHsA KomnereHunn OIIK-4.2)

1. Ha metann ¢ pabotoii Beixona A = 23B manaior GOTOHBI ¢ 4aCTOTOU V = 10" 'y . [ocTostHHAs

ITnanka 4 =6,63-107* x-c; 13B=1,6-10"" JI . MakcuManbHast KHHETHYECKAs DHEPrus dJEK-

TpOHA, BRIOMBAEMOT0 MPHU 3TOM U3 MeTalljla paBHa!
a) 1,025B; ©6)2,145B; B)3,025B; 1)4,145B; 1n)5,023B; e)6,143B;
) IPyroii OTBET;

2. @OTOHBI ¢ OJHOH U TOM K€ DHEpruen E , majarolue Ha 3JIEKTPOH,

PaCCCHUBAIOTCA HAa HCM B PA3HBIX HAIIPABJICHUAX IO pa3HbIMHU yTIJIaMU 0.

o, (i = 1,2) — LMKJIWYECKUE YACTOTHI IBYX pacCcesiHHbIX (POTOHOB, MOKa-

3aHHBIX Ha pUCYHKE. BbiOepuTe MpaBUIIbHOE YTBEPIKIACHHUE: Eo SNEKTDOH
W.TL
0

ANAAAAS
a) o, >, >E0/h 0) m,>m, >E0/h B) ®, <O, <I*l/E0 nagatowiye H\KA

POTOHDI
r) o, <o, <E/h

3. Ha moBepXHOCTH Tella HOPMAJIBHO MaAaroT (POTOHBI MOHOXPOMATHYECKOTO
JIA3€PHOT0 U3JIyYEHUs C YaCTOTOM Vv, AEUCTBYS Ha IuIomanky AS cuon F.
Ckonbko ¢ororHoB AN momazaer Ha 3Ty IUIOIIAAKY 3a BpeMs At, €Ciu Telo 1mo-
IJIOIIAET BCE Majjatoliee Ha Hero u3iiyueHue (YKaKuTe NpaBuibHyIo GopMyIy,
riae h — nocrosHHast [lnanka, ¢ — CKOPOCTh CBETA):
2hvF AL | FcAtAS 2FcAr hvFAt |

a)T’ 6) o B) v r) c H) 2hv

FeAr |

;e

FeAt |

FcAt
s )

hvAS ’

4. ITapaienbHbli y4ok cBeTa ¢ A, =450 HM nagaeT HOPMAJIbHO HA 3aUYEPHEHHYIO IUIOCKYIO 110-

BEPXHOCTb U MIPOU3BOJIUT HA Hee AaBiieHue p . Kakoe naBieHue Ha Ty e MOBEPXHOCTh OyIeT Ipo-
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U3BOJUTH ITy4OK cBeTa ¢ A, = 600 HM, Taxke Magaroniui HOPMAJIBHO ¥ UMEIOILIHUH Ty K€ II0T-
HOCTBH ()OTOHOB (YHCIIO (POTOHOB B €IMHUIIE 00BEMA), YTO U NIEPBOHAYATBHBIN ITy4OK?

a) 0.5p 6)0,75p B)p 1) 133p m) L5p ) 2p

5. OTHOLIEHHE BETMYHH CKOPOCTEH HEPENATUBUCTCKUX YacTull 1 1 2 paBHO Vv, / v,=1/2=0,5,a
OTHOILEHUE UX JUIMH BOJIH Ji¢ bpoiiiis paBHO, COOTBETCTBEHHO, A, / Ay, =4 . YKa)uTe paBUilb-

HYIO BEJIMYMHY OTHOLICHHS /7, /m, MacChl EPBOil YaCTUI[BI K MACCE BTOPOH YaCTHIIBL:
a) 16; 0)8; B) 4; r)2; n) 1; e) 1/2; x) 1/4; 3) 1/8; n) 1/16;
K) IpYTOii OTBET;

IlepeyeHb KOHTPOJIBLHBIX 32JaHNH M BONIPOCOB ISl OLIeHKH C()OPMUPOBAHHOCTH KOMIIETEH-
uuu OIIK-3 (koHTpoIMpyeMblii HHAUKATOP AocTHKeHus komneTeHuuu OIIK-3.3)

1. Jlnist yIIydmieHus: ONTHYECKUX CBOMCTB HA MMOBEPXHOCTD JIMH3 KAYECTBCHHBIX ONTHYCCKHUX YCT-
poticTB (poToanmaparoB, OMHOKIICH U T.I1.) HAHOCAT MOKPBITHS B BUJIE TOHYAHIIUX TUIEHOK. B pe-
3yJIbTAaTe B COJJHEYHOM CBETE Ha ITOBEPXHOCTH JIMH3 BUIHBI (PMOJICTOBO-KpPAacHbBIE OJMKU. BhIsiBUTE
MPUYUHY, IO KOTOPOI CTEKIISIHHBIC TUH3bI MOKPBIBAIOT MMO00HBIMU TUICHKAMH, U OOBSICHUTE MPH-
YUHY TIOSIBJICHHS M IIBET TAKUX OJMKOB, 0OOCHOBAB CBOE CY)KIEHHUE C TIOMOIIBI0 HEOOXOUMBIX (hui-
3UYECKUX 3aKOHOB, IPUHIIUIIOB U (OPMYIL.

2. Ha cTexisiHHOM MIaCTUHKE C MOKAa3aTeaeM IMPEIOMICHUS CTEKIIA Neexy JI€- A
KUT LUIUHAPUYEcKas MIIOCKO-BbIYKIIas JMH3a U3 TaKOro ke ctekna. Ha
JIMH3Y CBEpXY HOPMAaJIbHO MaJaeT CBET C AJITUHON BOJHBI A (CM. pUCYHOK).
[IpocTpaHCcTBO MEXAY JIMH30M U TJIACTUHKOM 3aI0JIHEHO CPEJIOH ¢ MoKa3arte-
JeM npenomiieHus n. arepdepeHnnonHas KapTuHa Ha0JlloJaeTcst B 0Tpa-
YKEHHOM CBETE C MOMOIIbI0 MUKpocKomna. C MOMOIIbI0 3aKOHOB (PU3UKHU 00b-
SICHUTE, KaKOH BHJI IMEET KapTUHA HHTep(PEpEeHIMOHHBIX moJioc. [lomyunre popmytbl U1t TOMIIHN-
HBI 3TUX IOJIOC U C UX MTOMOILIBIO0 O0BSCHUTE, YTO IPOUCXOAUT C TOJIIMHOM 3THUX MOJOC IO Mepe
yJAajeHus OT LeHTpa KapTuHbl. OTBET 000CHOBATb.

3. U3BecTHO, uTO UG paKIMOHHAS KapTHHA OT HEMPO3PayHOT0 TOHKOTO MPEAMETa COBMAAACT C IU-
(bpakIMOHHON KapTUHOM OT MPOPE3H B HEMPO3PAYHOM dKPaHE, UMEIOIIEH Ty ke (OopMy U pa3Mephl,
4TO ¥ HETPO3pauyHbIi ipeaMeT. [Ipeayioxkure Ha 3TOM OCHOBaHHUH CIIOCO0 TOYHOTO MU3MEPEHUS
TOJILIMHBI YEJIOBEUECKOI0 BOJIOCA ONTUYECKUMH MeToAaMu. HapucyiiTe kapTuHy SKClIepUMEHTa U
npuBeauTe GOpMyJIbI AJsl pacueTa TOJIIHUHBI BOJIOCA.

4. ToyeyHbI ICTOUHUK S MOHOXPOMATHYECKOTO CBETA C JJIMHON BOJHBI A Ha-
XOJIUTCS HA PACCTOSIHUM @ OT HEIPO3PavyHOM IIIOCKOM Mperpaibl C Npope3aH-
HBIM B HEH KPYTJIbIM OTBEPCTHUEM paJuyca I, a mapajulesIbHbIA SKpaH 3aKperieH
Ha paccTosiHuH L 3a nperpaioif, mpuueM r <+/Li . [Ipu H3MEHEHNH pacCTOSHUS
a ocBeleHHoCTh Touku O skpaHa (Jiexkalei, Kak 1 ICTOYHUK CBeTa S, Ha OCU
OTBEPCTHS) TO CTAHOBUTCS OOJBIION, TO yMeHbIIaeTcs A0 HyJis. C IOMOIIbIO
3aKOHOB (DM3HMKU MOTY4YUTE (POPMYITY JUISI TAKOTO PACCTOSIHHSI 2, HAUMHASL C KOTOPOT'O OCBEIICH-
HOCTh B Touke O mepecTaér “mMuraTh”’ ¥ HAUMHACT HEMPEPHIBHO YMeHbIaThesa. O0bsicHuTe Bar
BBIBOJI. B Kakyto CTOpOHY HaJ0 ABUTaTh UCTOYHHK CBETA S, U3MEHSISI PACCTOSIHUE 4, YTOOBI MOJTY-
YUTh MOHOTOHHOE M3MEHEHHUE OCBEILIEHHOCTHU — BJIEBO WK BIpaBo? OTBET 000CHOBATH.




35

5. JIBa OIMHAKOBBIX NOJISIPOUJA (ITO TOHKAs MPO3padHas INIEHKA-OIPU3aTOP, POy CKAOLIas
IUIOCKOIIOJIIPU30BAaHHBIN CBET) PAaCOI0KEHbI TAaK, YTO HE MPOITyCKAIOT MaJAA0LINI Ha HUX JIyY ec-
TECTBEHHOI'O COJTHEYHOI'O CBETA C MHTEHCUBHOCTBIO [, M PACIIOJIOKEHHBIN 3a MOJISAPOUIAMU Jie-

TEKTOp He (UKCUPYET CBeTa. BhICKakuTe cBOE MHEHHE O TOM, MOYKHO JIH, HE JOTPAaruBasicCh A0 dTUX
HOJISIPOUJIOB, TOMECTUTh MEX/y HUMH TPETUH MOJIIPOU TaK, YTOOBI CBET BCE JK€ MPOILEN B JETEK-
top? IIpuBennTe 000CHOBaHHBIE APTYMEHTHI B II0JIb3Y BO3MOKHOCTH MJIM HEBO3MOXKHOCTH IPOITYC-
KaHus cBeta. Eciu Bce ke 3T0 BO3MOXKHO, IPEAJIOKUTE CIOCO0 pa3MEeLIeHUs TPETHEro MoJsipouia
TaK, 4YTOOBI IPOLIECIIINMI B JETEKTOP CBET UMEJl MAaKCUMaJIbHYI0 HHTEHCUBHOCTb U HaillIUTE BEJIU-
YUHY 3TOH MaKCUMaJIbHONH MHTCHCUBHOCTH.

IlepeyeHb KOHTPOJIBLHBIX 321aHUI M BONIPOCOB /JIsl OLIEHKHN c()OPMUPOBAHHOCTH KOMIIETEH-
nuu OIIK-4 (koHTpoIMpyeMblii HHANKATOP A0ocTHKeHHsA KomnereHunn OITK-4.3)

1. C nomopio peocraTa Ha KOHLAX METAJUIMYECKOT0 MPOBOJA JUIMHBI | ¢ T{E A
TIPOBO

nuamerpoMm d co3gaHa pasHOCTb MOTEHIMAIOB A@ (cM. pucyHoK). Kak n3- L ; Xd

MEHMTCS TEMIIEpaTypa MOBEPXHOCTH IIPOBOJIA, KOTOPYIO MOKHO CUUTATh

a0COTFOTHO YePHBIM TEJIOM, €CJIM JUTMHY | TIpOBO/Ia yBEIMYUTH B JIBa pa3a, HE MEHsIS BETUYHUHEI d
u A ? OTBeT 000CHOBATH U MOATBEPIUTH (HOPMYJIAMH.

2. OouH U TOT XK€ UCTOYHUK CBETA C 4YaCTOTOU V
OCBEIIAET KaTO/bI JIBYX BaKYyMHBIX ()OTOIIEMEH-
TOB “1” u “2”, n300paKEHHBIX HA JIEBOM PUCYHKE. v
BosnbsramnepHblie XapaKTepUCTUKU BO3HUKAIOILIETO

Ipu 3TOM B Lienu potoToka I mokazaHsl Ha mpa-

BOM PHCYHKE, I'7ie KpuBbIe “1” U “2” COOTBETCTBYIOT MOAKIIOYEHUIO (DOTORIEMEHTOB “1” 1 “2”.
Hcnonb3ys 3akoHbl poTo3ddexra, onpenennte Kakoi U3 KaToA0B UMEET OOJIbLIYI0 paboTy BbIXO/a

~2Up -Up |

. hv
1 HAauuTe BCHHqHHy OTHOLICHUA pa60T BbIXOA4 3TUX KAaTOI0B HpI/I YCJIOBI/H/I, qT0 UO = 4— , TJAC h —
e

IIOCTOSAHHAasA HHaHKa, € — BCJIMYMHA 3apsia 3JICKTpOHA. OtBet 000CHOBATH COOTBCTCTBYIOIIMMU
BBIYUCIICHUAMU.

3. ®oToH “1” ¢ 4acTOTOM Vo UCHBITHIBAET paccessHue Ha yroi 0 = 60° Ha nepsoHa- 2

YaJIbHO TIOKOSIICHCS YaCTUIIE ¢ MACCOM M, MPEBPAINAsCh B PACCESTHHBIN (OTOH “2”. 1 {0
AN 2 - -

Hcnonb3ys nocrosuHyto [Inanka h u ckopocTh cBeTa ¢, ONpeenuTe BeTUUuHY Vo

9HEPrHH, KOTOPYIO GOTOH MEpeaacT yacTuie m mnocie coynapenus. OTBer 000cHo-
BaTh U NOJATBEPAUTH BEIYUCICHUSIMU.

4. MukpouacTuia ¢ MacCod m HaxOJUTCS B OJHOMEPHOU MOTEHIUATIBHOM sIME TIPSIMO- U(x)
YTOJIBHON (hOPMBI ¢ OCCKOHEYHBIMH CTEHKAMU IIMPUHBI &, IIPUIEM COCTOSTHUE MUKPO-

YaCTHIIBI ONMCHIBAETCS BOJTHOBON (PYHKIHMEH i = A - X (a — x) , 1€ A - HOpMUPOBOYHAs

KoHcTaHTa. [loncranoBkoil B craninonapHoe ypasHenue IlIpenunrepa . . X
d’ 2m
g lg + ?(E —U,)w =0, rne U, =0 BHYTpH sIMBI, JIETKO IPOBEpHTH, 4T0 E Gyner
X
3aBUCETh OT KOOPJAMHATHI X, XOTS 3TO HE TaK, U YAaCTHULIA MOKET UMETh TOJILKO OTAEIbHBIE JUCKPET-
222 2
nh'n

HBIC 3HAYEHU IOJHOU SHEprum: £, = =const, rae n =1,2,3,... Ilpoananusupyiire npuuu-

2
2ma

HY 3TOT'0 Mapajiokca U NPeAsIOKUTE CBOIO BEPCHIO 0OBSCHEHHS BO3HUKIIETO IpoTUBOpeuHs. OTBeT
000CHOBATh U MOJATBEPIAUTH MOIXOIASAIMUMU (PU3MUECKUMU 3aKOHOMEPHOCTIIMH U (popMyIamu.
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5. Bo30y>XIeHHBII aTOM BOJIOPOJIa HCITyCTHIT (DOTOH, OTHOCSIIIUICS K CIIEKTPaIbHOM cepun bab-
Mepa. OLeHuTe BO3MOXKHOCTh TOT0, YTO B JaJIbHEHIIEM 3TOT aTOM MCITyCTUT (JOTOH CBETA B BUAM-
MO YeJI0BEYECKOMY TIJ1a3y YacTH ONTHUYECKOro criekrpa. OnpeaenuTe BO3MOXKHBIA HHTEPBAJ AJIUH
BOJIH JlasibHeH1Iero u3inydeHus. OTBeT 000CHOBaTh U MOATBEPAUTH C IOMOLIbIO (PU3NUECKUX 3aKO-
HOB U (OPMYII.

4. OueHo4YHbIE CPeACTBA (OLEHOYHbIE MATEPHUAJIbI) AJIA MPOBEIeHUS IIPOMEIKY-
TOYHOM aTTeCTAlMU 00Y4aloIIMUXCH (3AIUUTHI KYPCOBO#l padoThl (IpPoeKTa)) 1o
AUCHUILINHE (MOAYJII0)

3aHATHSA YKAa3aHHOTO THIIA HE TPEAYCMOTPEHBI OCHOBHOH MpodeccroHanbHON 00pazoBa-
TEJIbHOU MpOrpaMMON.



