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.PocToB1ieB

®OH/ ONEHOYHBIX CPEACTB (ONEHOYHBIE MATEPHAUJIBI) JJISA
INPOBEJEHUS TEKYHIEI'O KOHTPOJIA YCHHEBAEMOCTH U
IMPOMEKXYTOYHOU ATTECTAIIMM OBYYAIOLIUXCHA 11O
JAUCHUIIIMHE (MO4YJIIO)
«OU3UKA»
OCHOBHOI1 nMpo(eccHoHATBLHOM 00pa30BaTEILHON MPOrpaMMBblI

BbICIIETr0 00pPa30BaHUA — IPOrpaMMbl DaKJIaBpuaTa

10 HaMpPaBJIECHUIO MMOJITOTOBKHU
19.03.01 buorexHoJsiorus

C HaIPaBJICHHOCTHIO (TIpoduiiem)
IKOOMOTEXHOJIOTUsA

dopma 0OydeHUS: OUHas

Nnentuduxanuonnsiii Homep oOpazoBaTenbHoil mporpammbl: 190301-01-21

Tyma 2021 ron






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 32JaHNUH M BONMPOCOB /ISl OIleHKH C()OPMUPOBAHHOCTH
komnerennnu OITK-2

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

ab10 KopHio). Touka A aBH>KETCS 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 HanpaBeHUy, 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-
O

nurnca. J[Be neranu paspesainu Ha 4EThIPE OJUHAKOBBIC YaCTH. | =<
3areM Bce 4acTH OTOABUHYJIHU PYT OT ApyTa Ha OJUHAKOBOE

pacCTOSIHUE W PACCTABWIIA CUMMETPUYHO OTHOCUTEIILHO OCH
OO' (cM. puc.). Boeibepurte npaBuiibHOE COOTHOIICHUE MEXTY S s >
MOMEHTAMH UHEPINH THX JeTaneli oTHocuTeabHo ocu OO0 I I, I3
a) | >1,>13; 0) I, <I,<Is; B) [ <I,=1I;

') HE XBaTaCT JaHHBIX;

IlepeyeHb KOHTPOJILHBIX 3aJaHMH U BONIPOCOB JIJIsl OLleHKH ¢()OPMHUPOBAHHOCTH
kommerennnu OITK-3

1. MarepuasibHasi TOYKa JIBUKETCS TaK, YTO C TCUCHUEM BPEMECHH €€ KOOPJMHATHI U3MEHSIOTCS 110
2 2 4 2

3aKoHaM: X = 2t + 6t° — 41>, y = 5t*—4t’+1,5t" u z = 4 + 8t — 2t>. Berunciute MOIY/Ib CKOPOCTH MaTe-

pHATBLHON TOYKHA B MOMEHT BPEMEHH t = 6 .

YCKOpPEHUE 1 HOPMAIIBHOE YCKOPEHHE BO3PACTAIOT CO BPEMEHEM t I10 JIMHEHHOMY 3aKO-

2. Ilpu ABUKEHUH MaTEepHATIBLHON TOUKH 10 KPYTOBOM TPAaeKTOPUHU €€ TaHTeHIMAIbHOE
On ~

Q\V
Hy: a, =const-t, a, =const-¢. IIpx 5ToM Benu4yuHa TaHreHca tgO yria Mexay BEKTO-

pPOM V CKOPOCTH TOYKU M BEKTOPOM €€ MOJHOI'0 YCKOPEHUs d OyIeT U3MEHSAThCA CO
BPEMEHEM 10 3aKOHY:

)0t 602 mor oL
t

1
33 n) [ 5 e) [ t3; K) tg0 He U3MEHseTCs,
t t

3) TaKO€ JIBU’KEHUE HEBO3MOKHO;

3. MarepuanbHas TOYKa JBHXKETCS BIOJb KPUBOJIMHEWHOM TPAEKTOPHH, MPUYEM BEIHYUHA (MO-
Jy7b) CKOPOCTH JTOH TOUKM MEHSETCS CO BpEMEHEM t TI0 3aKOHY V(t):Atz—Bt+C, e

A, B,C — IOCTOsSIHHBIE BEJIMUMHBI, HE PaBHbIC HYII0. B Kakoii MOMEHT BpeMEHH t BEKTOP IMOJHOTO

B 24
YCKOPEHHS TOYKHU OyIeT MepIeHANKYISIPEeH TPaeKTOpun? a) pu ¢ = 1 ;  O)mpu t= 3 ;

B)npnt:\/Bz—4AC; r)npnt:%; n)npnt:%; e)npu t=0;

) B JII00OI MOMEHT BPEMEHU BEKTOP YCKOPEHUS HE NMEPIEHANKYIISIPEH K TPACKTOPUH;

4. YacTuna ABUKETCS BJIOJIb OKPYKHOCTH C PaAMyCcOM | M B COOTBETCTBUHU C ypPaBHEHUEM
o(t)=2n (t3 —24¢% 4241 - 12) , TJIe (@ — yroJ B paJiiaHax, ¢ —BpeMs B CEKyHaax. BennunHa tan-

TeHIMAIBHOTO (KacaTeIbHOTrO K TPACKTOPHH) YCKOPEHUS YaCTHIIBI paBHA HYJIIO B MOMEHT BPEMEHHU
(B cexyHIax), paBHBII:
a) 1; 0) 2; B) 3; r)4; n) 6; e)8; ’K) HET MPaBUILHOTO OTBETA;

5. uck paanyca R HaunHaeT BpamaThbCsl U3 COCTOSIHUS ITOKOSI B TOPHU-

30HTaJIbHOM TIOCKOCTH BOKPYT OCH Z, IPOXOASAILEH NEPIEHANKYIISIPHO £z, panic?

€ro IVIOCKOCTH YEepe3 €ro LEHTP. 3aBUCUMOCTh IPOEKLIUU YTIOBOIO yC- 2

KOpPEHUS OT BpEeMEHHM MOKa3aHa Ha rpaduke. B kakoit MOMEHT BpeMeHH! O TG P
BEJIMYMHA (MOJYJIb) TAHI€HIMAIBHOTO YCKOPEHHUS TOYKH Ha KPAo IUCKAa [ | } 1 } ] \‘V / T 1 i ’

NOCTUTHET MAaKCUMAaIbHOH BEJIUYUHEI?



a)llc; 0)6; B)S5c; rn)dc;

IlepeyeHb KOHTPOIBHBIX 3aJaHUH M BONIPOCOB 1JIsl OLIEHKH C()OPMHUPOBAHHOCTH KOMIICTEH-
uuu OIIK-2 (koHTpoMpyeMblii HHANKATOP A0cTHKeHus1 KomneTeHunu OIIK-2.2)
1. UneanwHblii ra3 coBepiaet mnpouecc 1 — 2 — 3, n300pakeHHbIN HA AUarpaMMe

p-V.rne p, =4p;, Vo =2V, V3=31, p1 = 10°a, V1 =1 nutp. 3a Bpems 3T0ro
npolecca BHYTPEHHSISI SHEPIUs ra3za yMeHblaetcs Ha Beinnunny 150 k. Kakoe
TEIUIO MOJy4aeT ras 3a Bpems npouecca 1 -2 — 37

a) 150 x; 6) 200 x;  B) 250 [x; 1) 300 [x; 1) 350 [Ix; e)400 x; x) 450 Dx;
3) ApyroM OTBET;

2. Ha pucyHke npeactaBieH NpAMON [IUKJI TEIUIOBOW MAIIMHbI B KoopAuHatax 1 —.§,
rae T — tepMoaMHAMUYecKas TeMIepaTypa, S — SHTponus. YKaXUTe YUacTKH, Ha KO-
TOPBIX TEIJIOTA MOCTYIAET B paboyee TeI0 MalIuHbl OT HarpeBaTelel, U yUacTKH, Ie
TEIUIOTa OTAACTCS XOJIOIUIBHUKY:

a) 12,23 —moctymaer; 34,41 — otnaercs;

0) 12, 23,41 —nocrynaer; 34 — ornaercs,

B) 12,41 —mocrynaer; 34 — otnmaercs, r) 23 —mocrymaer; 41 — otmaercs;

3. laBnenue Bo3myxa B atMocdepe ¢ Temrepatypoit T yMeHbIIUTCS B 2 pa3a, €CIIH MOTHATHCS Ha
BBICOTY (L -MOJIIpHAs Macca Bo3ayxa, R — yHUBepcanbHas ra3oBas MOCTOSHHAS ):

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

o no AT
2ng

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

YHCIIa COyJapeHUH MOJIEKYJI C OIMHAKOBBIM YYaCTKOM CTEHKH C TUIOMabio 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) ApYyTOil OTBET;

5. JlaBieHue rasa, COBEpILIalOIero N30TepMUIECKUI Ipoliece, yBeIMumiIoch B 2 pasa. [Ipu atom
CpeaHss JUIMHa CBOOOIHOTO Mpo0era MOJIeKyJI rasa:

a) yBenuuuiach B 4 pa3a;  0) yBeIMUMJIach B 2 paza;  B) IPaKTHMUYECKU HE U3MEHUJIACH;

I') yMEHBIINUJIACh B 2 pa3a; 1) yMEHbLIWIACh B 4 pa3a.

IlepeyeHb KOHTPOJIBLHBIX 32JaHNUH W BONPOCOB /ISl OIleHKH C()OPMUPOBAHHOCTH
xkomnerennuu OITK-3

1. CrosiBiiasi aBTOMaIIMHA HAYMHAET ABUTaThCS C YCKOpeHueM d . [lepBbiii Ha- il
OnroaTeNb CYMTACT, YTO MPUUNHON ITOTO SIBIIICTCSI TPEHUE KOJIEC O MOBEPX- ﬁ‘%
HOCTb JIOPOTH, TOCKOJIBbKY APYTUX CHJI, TAHYIMX aBTOMOOWIIb BIiepes HeT. Bro-

POl YBEpEH B TOM, UTO TPEHUE MOXKET TOJIbKO 3aTOPMO3UTH JIBUKEHHUE aBTOMOOMIIS, HO HUKAK HE
YCKOPHTb. BrICKaxuTe cBOE MHEHHE O TOM, KTO U3 HaOmronaTenei npas. OLeHUTe poJib TPEHHs KO-
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Jiec 0 10pory: OyJeT OHO MPUYMHOMN YCKOPEHUS WM 3amMeaeHus: aBToMooussi. OTBeT 000CHyMHTE C
MOMOIIbIO (PUBUYECKUX 3aKOHOB U (POPMYIL.

2. B aTTpakiiioHe 4elloBeK I0JIKEH OTBECTH TsKEIbIH IIap, MOIBEIIEHHBIN Ha LIHY-

P€ ¥ TOJKHYTH €T0 TaK, 4TOOBI BO BPEMsI BO3BPATHOTO JIBMYKCHUS IIap COMII KETJIo,

CTOSIIYIO IPSMO IOJT TOYKOH, B KOTOPOH IIHYp MOJBEIEH K MOTOJNKY (Tiepen

KEIJIel CTOUT MPENSITCTBUE, HE MO3BOJIAIONIee COUTh €€ NpsIMbIM yapoM). OLleHUTh ™
BO3MOXHOCTb COMTB IIapOM KEIJII0 B TAKOM aTTpakuuoHe. Kak ciemayer Toikarh

nrap? OTBET 000CHYHTE ¢ TOMOIIBIO (PUBNICCKUX 3aKOHOB U (hOPMY L.

Bo- - - — ===

3. dyTOomucT ObET NeHanbTH. B MOMEHT yapa Hora QyTOonmcTa UMeeT ~
CKOPOCTB V, a Macca OBIOIIEH 10 M4y HOTH BO MHOTO pa3 00JIbIle MacChl /ﬁl <V—£B
mstaa. [Ipeanoxure crocoO, MO3BOMIAIONINI C TOMOIIBIO 3aKOHOB MEXaHUKH ‘
HaWTH CKOPOCTh MS4a TOCIIE y1apa U HalIuTe 3Ty CKOPOCTb.

4. meeTcst METaJUIMUECKHUI CTEPKEHb, KOTOPBIA MOKHO MOABECUTH 32 KPIOYOK
Ha KoHIE. JIMHEHKU o pyKoil HET, HO UMEIOTCS Yackl. [Ipemioxkure npouenypy
oTpeieNieHus JITUHBI CTEPKHS C TIOMOIIBI0 UMeroInXcst yacoB. O00cHyTE
MPEIIOKEHHYIO TIpolieypy hopMyaaMu, TO3BOISIONIMMU BBIYUCIUTH TPEOYyEMYIO JJIMHY CTEPKHSA.

5. Ha 06071 KoJeca co CIUIAaMU U Ha 0001 CILIOIIHOTO JUCKA TOTO XKe paguyca MR
R u TOﬁ K€ MaCChl M HaMOTaHbl HCBCCOMBIC HUTH, K KOTOpBIM HpI/IerHJ'IeHLI /
m(]
Ih

MR

OJIMHAKOBBIE T'Py3bI Maccoil m. M kKoseco, ¥ JUCK MOTYT BpaIlaThCsi BOKPYT
TOPU30HTAILHOM 3aKPETICHHOW OCH CUMMETPUH Oe3 TPEeHUsI U IIepBOHaYaIb-
HO TIOKOSITCSI, & TPY3bl HAXOATCS Ha OJMHAKOBOW BBICOTE h  HaJ MOIOM.
Onenute, Kakoi U3 rpy30B ObICTpee ynajeT Ha M0JI OCiIe Havana JBHKEHUSL.
OtBet 000CHY#TE C MOMOIIBIO (PU3UYECKUX 3aKOHOB U (POPMYIL.

IlepeyeHb KOHTPOJILHBIX 32JaHMH U BONIPOCOB JIJIs1 OlleHKH ¢)OPMHUPOBAHHOCTH
komnetrennun IK-10

1. [lapuk, NOJBEIICHHBII HA HEBECOMOM MIPYKUHKE COBEPIIAET BEPTUKAIbHbBIE
Kosie0aHus B TIUIEpUHE. Y TBEPKAAETCS, UTO MOCIE TOT0, KaK B TIUIEPUH J00aBUIH
BOJy, a IIAPUK MOABECUIN Ha IPYTOl MIPYKUHKE C MEHbILIEH )KECTKOCTBIO, OH IIEpecTa
coBepuIaTh kKojebanus. Boickaxute cBOE CyKAeHHE 0 BO3MOXXHOCTH WIIH
HEBO3MOXXHOCTHU TaKoro pe3yibrarta. HaiinuTte B cienaHHOM yTBEpKACHUH T€ (aKTOPHI,
KOTOpbIE MOTJIM MJIM HE MOTJIM MPUBECTU K JAaHHOMY pe3ynbTary. OTBeT 000CHYHTE C
MOMOIIBbIO (PUBUYECKUX 3aKOHOB U (hOPMYIL.

2. HekoTopoe KOJIM4YeCTBO rasa CieIyeT MepeBECTH U3 COCTOSIHUS C AaBJIICHUEM P; ¥ 00beMOM V|

B COCTOSIHHE C JIaBJIICHUEM Py =2p; U ¢ 00beMoM V,=2V|. DTO MOXXHO CIeNaTh UCTIOIB3YS (KOM-
OMHHPYS) TOJBKO JABa 00PATHMBIX MPOIIECCa U3 YETHIPEX MEPEUHCICHHBIX: H30TEPMUIECKHIA, U30-
Oapuueckuil, H30XOPUIECKUH U aaunadbatnueckuii mporecchl. Heo0xommMo HaliTH Takyto KOMOWHA-
IIUIO U3 JBYX MEPEYNCICHHBIX MPOIECCOB, YTOOBI T'a3 B PE3yIbTaTe ATHX ABYX MPOIECCOB MEPEIIEN
U3 HAYaJIbHOTO B KOHEYHOE COCTOSIHUE, COBEPILMB MTPHU 3TOM HanOobIIyto padboTy. M3noxute cBoé
MHEHHUE O TOM, KaKasi KOMOWHAIUS TPOIIECCOB OYIET YAOBIETBOPATH JAHHOMY yCiIoBUI0. OTBET
000CHYHTE C MOMOIIBIO0 (PU3NUECKUX 3aKOHOB B (popMyI1, H300pa3uB BHIOPAHHYO KOMOWHAIIUIO
IIPOLIECCOB HA quarpamme p — V.

3. B 1py0ky U-00pa3HOro MaHoMeTpa, COEAMHEHHOTO C COCYA0M, 3aJIUTa
KUIKOCTh C HEU3BECTHOU INIOTHOCTHIO p, . [I03TOMY MOKHO M3MEpUTH
Pa3HOCTb YPOBHEH h KHIKOCTH B MAaHOMETPE, HO HEJb3sI ONPEACTUTh
Pa3HOCTb JABIEHUM Ap =p, gh BHYTpH U BHE cocyaa. C MOMOIIbI0 HACO-
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ca H MoxHO 3akauaTh B cOCyl BO3ayX HoJ OonbiiuM aasieHueM. C nomopto kpaHa K MoxHO
OBICTPO BBITYCTUTh 3aKa4aHHBIN Bo3ayX. TepmomeTrp T 1moO3BOJISIET TOYHO ONPEEIUTH TEMIepaTy-
py Bo3ayxa B cocynie. M3BecTHO, 4TO Mmoka3aTeinb aguadaTsl Bo3ayxa y=1,4, a aTMocdepHoe 1aB-

JICHHE PaBHO p,,, - [Ipeanoxure nporenypy onpeaeacHus MIOTHOCTH p, HEU3BECTHOM JKHUIKOCTH

C TIOMOUIBIO TAHHBIX U3MEPUTENBHBIX MPHOOPoB. OOOCHYHTE MPEUIOKEHHYIO ITporenypy Gopmy-
JaMH, TIO3BOJISIOLIMMHU BBIUUCIINUTh TPEOyeMblil pe3yibTar.

4. TIpu 20°C nnoTHOCTH BoABI paBHa ~ 1000 Kr/M’, IJIOTHOCTH MOJCOIHEYHOTO Macia

~ 925 kr/M’, mnotHOCTh HeTH ~ 830 KI/M’, IIOTHOCTH STHJIOBOTO criupTa ~ 789 kr/m’ . Tem He

MeHee, OoJiee JIETKUil CIUPT PacTBOPSIETCS B BOJE, a 0oJIee TsHKEIble Maclio M He()Th BCIUIBIBAIOT Ha
MIOBEPXHOCTH BOJIBI. BBICKaXUTE CBOE CYKACHUE O TOM, KakKe (PU3MYecKHe 3aKOHBI IPUBOIAT K
3TOMY pe3yJbTaTy. MI3MeHeHne KakuX BEIWYHMH B 9THX 3aKOHAX HAJO0 MPHUHSATh BO BHUMAHUE U T10-
yemy?

5. IIpuxoas 3MMOM B CBOE JKUJIUIIIE YEJIOBEK MOXKET CECTh Ha JKEJIE3HBIN CTYJI, 8 MOKET — B IUTFOLIE-
BO€ Kpecio. B nmepBom ciydae emy OyAeT X0JI0IHO, @ BO BTOPOM — TEIJI0, XOTS TeMIIepaTrypa 1 CTy-
Ja, ¥ Kpecyia OJMHAKOBa U paBHA TeMIIepaType BO3ayxa B KOMHaTe. OnpeaenuTe NIpUIMHy TaKOro
pas3nnyMs B pe3yibTaTax U 00bICHUTE €€ ¢ MOMOILBIO 3aKOHOB U (OPMYIT (PU3HKH.

3 cemecTp

IlepeyeHb KOHTPOJIbHBIX 321aHUI U BOMPOCOB /sl OLIeHKH c()OPMHUPOBAHHOCTH
romnerennuu OITK-2

1. DnekTpuueckoe Mmojie Co3AaH0 TOUCUYHBIMU 3apsifaamu q; 4 qx. Ecinm q; = —q, q, 4, 5
g2 = *+q, a paccTOsSTHUE MEXIY 3apsaamMH U OT g, 10 Touku C paBHO a, TO BEK- S o ! I
TOP HAMPSHKEHHOCTH 10J1s B TouKe C OpUEHTUPOBAH B HAIPABJICHHH ... a 4 l4 3

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

2. JlaHa cucTeMa TOYEUHBIX 3aps/I0B B BAKyyMe H 3aMKHYTbI€ TOBEPX-
HocTH S, S,, S, u §,. Uepes KaKkylo MOBEPXHOCTh IIOTOK BEKTOpA Ha-

TIPSYKEHHOCTH JJIEKTPOCTATUYECKOTO OIS, CO3IAHHOTO STHMH 3apsi/ia-
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-
BepxHoCcTH S, §,, S; U S, ¢ 0OIMUM LEHTPOM H C paanycaMu
ry=1m,r,=2m, r;,=3M u r, =4 M COOTBETCTBEHHO. UeMy
paBHO oTHOWIEHHE D, / @, TOTOKOB BEKTOPA HAIPSKEHHOCTH

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

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

G = const pacnpeeseH NOJ0XKUTENbHbIN eKTpuueckuil 3apsaa. Ha paccros-
HUM I'1 C OHOM CTOPOHBI IOBEPXHOCTH BEIUYMHA HAIPSKEHHOCTH AJIEKTPHU-

Bakyym 471




YECKOT0 MOJIsI, CO3IaHHOT0 3TUM 3apsioM, paBHa E;. Ha pacctossauu ry = 2r; ¢ Apyroi CTOpOHBI
IOBEPXHOCTHU BEIMYMHA HANPSHKEHHOCTHU paBHa E,. &, — onexrpuueckasd nocrosinHas. Ilpu stom

pa3HOCTh BeNU4MH (Moyneit) HanpsikeHHocTel E, — E; paBHa'
o o 20 40

8) = 6) ——; B) ;1) )——' &) ———; )—— )——, u) 0;
0 2¢, 2¢,

0 8 5‘0 0 0 0 0

5. Ha pucyHke noka3aHbl SKBUIIOTEHIIMATIbHbIEC TUHUH

SJICKTPOCTATHUYCCKOI'O ITOJISA U 3HAUCHUA ITOTCHIMAJIa HA HUX.
CBOOOIHBIN TEKTPOH, MOKOUBIIIHUICS TIEPBOHAYAILHO B TOUKE P, TN R
YKa3aHHOU Ha PUCYHKEC, HAUHCT ABUTAaThCA B HAIIPABJICHUU:

a) A, 6) B, B8 C; r) D

SNEKTPOH

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

IlepeyeHb KOHTPOJIBLHBIX 32IaHUI U BONPOCOB /Il OLIeHKH C()OPMHPOBAHHOCTH
komnerennuu OITK-3
1.K xonny “B” mepBoHa4anbHO HE3aPSKEHHOTO METAJUIMUECKOTO CTEPHKHS
W +d  1ogHecIM MOJOKHUTENBHBIN TOUYSUHBINA 3apsi/ +(, IOCIE YeTo MO CTEPIKHIO pac-
npeaenuics UHyIIMPOBaHHbIN 3apsa] (M. pucyHoK). Kakum ctaneT cooTHO-

Py [ICHUE MEX/Ty MOTCHIMAIIAMH IIPOTUBOIIOJIOKHBIX KOHIIOB CTEPKHS:
a) A < 0B 0) oA > OB B) A = @p  T') BCE MHIYIHMPOBAHHBIC 3apsIbl UMEIOT OJMH 3HAK
2. Merannudeckasi IacCTHHKA BHECEHA B OTHOPOJAHOE AJIEKTPUIECKOE TOJIe C Ha- MeTann  BakyyMm
npsok€HHOCTHIO E M Ha Hel MOsABIIAETCA HHyIUPOBAHHBINA dJIEKTPUYECKUAN 3apsil, S
MoKa3aHHBIN Ha pucyHke. Kakum OyneT rpaduk 3aBUCUMOCTH BEIMYMHBI HATIPS- - z E
XKEHHOCTH IIEKTPUUYECKOTO TIOJSI B 3aBUCUMOCTH OT KOOPIMHATHI X: [
C X
E E E E E T %X,
X R X /—/ x |—7 x| T~ X
0 X1 Xp 0 X1 Xg 0 Xi Xp 0 X1 X, 0 X% %,
a) 0) B) r A)

3. YUnciio CUI0BBIX JTHHUH QJICKTPOCTATUYCCKOI'O ITOJISA, ITIOKA3aHHBIX HA PUCYHKC,

MPONOPLIMOHANIBHO BennunHe HanpskEHHOCTH E aToro mons. Jlunuu E nepnen- €4 A €, E
JUKYJSIPHBI K INIOCKOU TpaHulie Ab paszaena 1ByX OJHOPOAHBIX AUAJIEKTpUYE- > e
CKHX CpEJl C TUAICKTPUUECCKUMU MTPOHUIIAEMOCTIMU €] U €. COrjacHO pUCYHKY o e _
(BBIOEpUTE TIPABUILHOE YTBEPKICHHE): e Z5aln _
a) /e = 2; 0) yka3aHHBIM Ha pucyHke Bua TuHui E HEBO3MOXKEH; i _
B) Ha rpanuiie Ab obpazyeTcst IBOIHOMN ANEKTPUUYECKHUI CIIOM U3 CBSI3aHHOTO 3a- ® 5 —

psAla, IpuYeM CYMMAapHBIN 3apsii 3TOTO CJI0s MOJIOKUTEIIEH;
r) Ha rpanunie Ab oOpasyercs ABOMHOM 2NMEKTPUUECKUIA CIIOW U3 CBA3AHHOTO 3a-
psAla, IpUYeM CYMMAapHBIN 3apsii 9TOTO CJI0s OTPULIATEIIEH.

4. Ha pucyHkax npuBe/IeHbl KApTUHBI CHIJIOBBIX JTHHUN - : / =

JUIst )parMeHTOB HEKOTOPBIX dJIEKTPHUECKHX MOJICH. @ E——=— /E E——+
Kakoii u3 nmpuBeneHHBIX (ParMeHTOB MOXKET \ \ -
COOTBETCTBOBATH JIEKTPOCTATHYECKOMY TIOJIIO E \ E=0
(MCTIOTIB30BATh TEOPEMY O IUPKYJISIIHH): a) 6) B) r)

5. Ha pucyHKke 1moka3aHbl JIMHUM BEKTOpa D 3eKTpruecKoi HHIYKITUH D
3JIEKTPOCTATUYECKOI 0 TOJIsl B OTHOPOIHOM cpesie. YKaKUTe BEpHOE COOTHOILICHHE _/
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MEXTy TUIOTHOCTBIO SHEPTHH W TaKOTO TOJIs B TOYKax A u B:
a) Wa > Wp; 0) WA = W3 B) Wa < Wp$ ') HEIOCTATOYHO JaHHBIX §

IlepeueHb KOHTPOJIBbHBIX 321aHUI M BONPOCOB /1JIs1 OLEHKHU ¢(OPMUPOBAHHOCTH
kommerennuu IIK-10

1. CoOojaHast noyisipHas MOJIEKyJIa OKa3ajaach BO BHELIHEM OJJTHOPOJHOM 3JIEKTPUUECKOM II0JIE,
CUJIOBBIE JIMHUHU KOTOPOI'O NEPIEHIUKYJISPHBI OCH Z, U IOBEPHYJIACh TAK, YTO €€ 3JIEKTPUUECKUM
JIUTIONILHBIM MOMEHT IPUHS BEIPAKCHUE P, = —ip, + jp, , TAC p, — HOJOKUTEIbHAS KOHCTAHTA, & i |

J — OpTHI IeKapTOBOil cucteMbl KoopanHat. OOBICHUTE, KaK OyAyT HAIPaBIICHBI CUIIOBBIC THHUH

(IMHAY HATIPSDKEHHOCTH E ), HAPUCYWUTE 3TH JIMHUK HA IUIOCKOCTH XY, YKOKHUTE UX HANPABICHHE U
3alUIINTE BBIPAXKEHUE /IS MOTEHLMaNIa JaHHOTO NOJIS KaK (YHKLIUU KoopauHatT. HampskeHHOCTD
I0JIS UMEET BEIIMUUHY E; .

2. Ha yenuHeHHBIN METAIIIMYECKUN 1Iap pajnyca a IOMEIIEH MOJI0XKHUTEIbHbIN
3apsn +q . lllap oxkpy»karT 1ByMsl IEPBOHAYAIBHO HE3aPSHKEHHBIMA TOHKMMH Me-

TAJIMYECKUMHU c(hepaMu C panycaMu b U b, . Mexy BceMU IPOBOJAHUKAMU U b r@

CHapy>ku BHeEIIHEH cepbl — BakyyM. [lepBbIii SKCIIEpUMEHTATOP YTBEPKIAACT, UTO
3aMKHYTas METaJUIM4eCcKasi MOBEPXHOCTh SKPAHUPYET JIEKTPOCTATUUECKOE TOJIE,
¥ TI03TOMY BHE TIEPBOii, a TeM 0oJiee BHE BTOPOil cdepsl (TIpH » > b, ) OJIe OTCYTCTBYET. Bropoit

DKCIIEPUMEHTATOP HE COIVIACEH C HUM, U CYUTACT, YTO BEJIMYMHBI IOTCHIMAJIA U HAIIPSKEHHOCTH
3JIEKTPOCTATHYECKOIO MOJISA BO BCEX TOYKAX BHE METAJlIa COBIANAIOT C BEJIMUMHAMM IS 10JI TO-
YEeyHOro 3aps/a q, a B ieHTpe mapa O U HaNpsHKEHHOCTh U MOTEHIMA PaBHbI HYJ 0. Beickaxkure
CBOE MHEHHE O TOM, KTO U3 HUX npaB. Eciin oHM 00a He npaBsl, TO NPEATIOKUTE CBOE IIPECTaBIIe-
HHUE O TOM, KaKUM JOJDKHO OBITH IOJIE B YKa3aHHOM Ha pHCyHKe ciyyae. Hapucyiite kapTHHY cHII0-
BBIX JIMHUY ITOJIS1 M YKQ)KUTE BEJIMYMHY HAIPSHKEHHOCTH M ITOTEHIMANa B TOUKaX r=0, a<r<by,

b<r<by nur>b

3. IIpaBUiIbHO JI M300paXKeHb! IMHAN HAPSDKCHHOCTH E JNeKTpocTathde- .
CKOTO TOJIS B TNIOCKOM 3apsKeHHOM KoHJeHcatope? Ecnu na, To uemy pas- i
Ha [UPKYJIIHSA BEKTOPa E MO MPSIMOYTOJILHOMY KOHTYPY, H300paKeHHOMY
Ha PUCYHKE IITPUXOBOM TUHUEH, U HE HAPYIIACT JIU OTYyUYEHHBIA pe3yIbTaT
TEOpeMyY O HUPKYIsAuuu E ? Ecin HEeT — TO Kak MpaBUIIbHO HApHCOBaTh TUHUU E ? OTBET 000CHO-
BaTh U MOATBEPIUTH GOPMYIIaMHU.

my
{indal

4. B sKCIIepUMEHTE TIEPBOHAYAIIBHO HE3APSHKEHHBIM METATNYECKHUI T
crepkenb ACB moaHocsT k 3apsukennomy teiny (1). ITocie aToro R A::B
cTepkeHb pas3aensioT Ha aBe yactd AC u CB, KoTopbie pa3aensior, u c
HIEPEHOCAT Pa3/Ie/ICHHbIC YaCTH Ha OYCHb OOJBIIIOE YIAICHUE OT 3a-  2) metann U metann

psbkeHHOTo Tena (2). BrickakuTe cBoe MHEHHUE O TOM, KaKOW JOJDKHA p!' +C CI' B
OBITH Pa3HOCTH TIOTEHIIUANIOB ¢, —@p B TOUKax A u B Ha xoHIax

CTEp>KHS 10 pa3ziesieHHs (BEpXHUH PUCYHOK) U MOCIE pa3/eeHus U epeMelleHus (HUKHUN pu-
cyHok). Onpenennre NpUYMHBI BO3MOKHOTO U3MEHEHUS BEIMUUHBI @, — @ WM OTCYTCTBHUS 3TOIO

n3MeHeHus1. OTBeT O6OCHy1>iT€ (1)I/I3I/I‘IGCKI/IMI/I 3dKOHaMU U IIPpUHIUIIAMH.
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5. Mexy niaacTHH IJI0CKOr0 KOHAEHCATOPa, MOIKIIOYEHHOTO0 K UCTOUHHUKY TOCTOSTHHOM c
OJIC &, HaxoaWIICst OTHOPOIHBINA TUANEKTPHUK C JUIICKTPUUECKOU MPOHUIIAEMOCTBIO €. e
ITpu 5TOM EMKOCTH TAKOT'O 3aMOJHEHHOTO KOHIeHcaTopa Obita paBua C. Beickaxute ceoe  C'LJ,
MHEHHUE O TOM, OYJeT JIU TUAIEKTPUK BBITAIKUBATHCS SJEKTPUUECKUMHU CUIIAMH U3 KOH- 1
JICHCaTOpa WM HET, U KaKyto paboTy HaJ0 COBEPILUTH, YTOOBI YAATUTh JUIJICKTPUK U3
KoHAeHcaTtopa? OTBeT 000CHOBATH C MOMOIIBIO0 (PU3MUECKUX 3aKOHOB M MPUBECTH (POPMYITY JUIs
TaKoW pabOThI, BRIPAKEHHYIO Yepe3 BeaudyuHbl &, C U €.

4 cemecTp

Hepeqeﬂb KOHTPOJ/IbHBIX 3aJaHUM U BOIIPOCOB IJIA OLIE€HKH C(l)OpMHpOBaHHOCTI/I KOMIICTCH-

muu OIIK-2
1. Ha ToHKYIO TUIEHKY U3 TPO3PAYHOTO MaTepHaia ¢ MoKa3aTeaeM Genwiii ceeT
IPENTOMIIEHHS N, HAXOIALIYIOCS B BO3/IyX€, IAJA€T CBEPXY OEIbIi CBET. Vol i ;N Vvl
[Ipu 5TOM Ha TOBEPXHOCTH TICHKH HAOIOAI0TCS HHTEPPEPEHIINOH- —— 7, 7, " n

~ \
HBIC ITOJOCHI. I_IBeTOBaH OKpacCKa y4acCTKa KaXJA0H U3 I10JIOC MCHSCTCA B

HaIpaBJIEHUU CIpaBa HAJIEBO, YKa3aHHOM CTPEJIKOM Ha PUCYHKE CIIEAYIOUIMM 00pa3oM (BeiOepure
OTBET): a) 3eJICHass— CUHSS—IKENTasi— OpaHKeBas;

0) 3ereHas— KeNTasi—OpaHKeBasi—KpacHas; B) OpaH)KeBasi—KeTasi— CUHSIsI—3€JIeHas;

T) JKenTass— roixyoas— 3eeHas— CHHSIS, 1) KpacHasi—OpaHKeBasi— KeITas— 3eJICHas,

€) HaOJII01at0TCs YepeayIOITUECs: OeJIble M TEMHBIE MOJIOCHI;

. . Wl 17| BSTA |~ N~ | P
2. MoHOXpOMAaTUYECKUN CBET C JUTMHOU BOJHBI A PaCIpOCTPAHAETCS B S l$ iﬂ if,,i lL ]’U
CTEKJIE C MOKa3aTeleM MpeioMiIeHus h = 1,5 u magaeT HOpManbHO Ha e @d BO34YX §
TOHKYI0 BO3IYLIHYIO TIPOPE3b-IIPOCIONKY TONIHHBI d. Y CIIoBHEM WH- { cTewo » N )
TepPEepEeHIIMOHHOTO MaKCUMyMa ISl OTPa)KEHHOTO OT MPOpe3u CBETa
OyneT (BpIOCpUTE MPABUIIHHBINA OTBET, €CJIM M — IIEJIOC YUCIIO0).

a) 2dn=2mk; 0) 2d=(m+1/2)k; B) 2d =2mA; T) 2dn=mk\;
m) 2dn=(2m+1)k; ey d=(m+1/2)L; %) 2dn=(m+1/2)L;

”

a) 1 6) 1

HYIO PEIICTKY MajaeT

MOHOXPOMATHYECKUI (p | 0
cBeT. [IpaBunbHOM 0 0

KapTUHO#H pacmpejie- I I
JIEHUSI NTHTEHCUBHO- B) )

ctu I cBeTa, mpo-

IIeAIIeTO 3a pelIeT- ¢ P
Ky, OT yIjia OTKJIOHE- 0 0

HUS (¢ OT HampaBJe-
HUS TIa/1ato1ero cBeta Oyaer (BriOepuTe MpaBUIIbHBIN PUCYHOK):

3. Ha nudpakumon-

4. Ha nudpakunoHHYI0 pelieTKy najgaet 6eiblii CBeT co BceMH JuIMHamMu BosIH. Ha skpane, pacno-
JI0KEHHOM 32 JU(PPaKIUOHHON pelIeTKoM, BOIM3M LieHTpa O MHTepHEpEeHIIMOHHON KapTHHBI Ha-
OJI0AI0TCS MAaKCUMYMBI OCBELICHHOCTH (CTIEKTPBI m —T0 nopsiaka). C yBeIMYeHUEM MopsIKa
cnekTpa m (BbIOEpUTE NMPaBUIIBLHOE YTBEPKICHUE):

a) €ro IIMPUHA PACTET, a IPKOCTh OCTAETCSI HEU3MEHHOM
0) ero mupuHa OCTa&éTCSI HEM3MEHHOMH, a SIPKOCTh YMEHBIIIACTCS
B) €ro IIMPUHA U IPKOCTh HE U3MEHSIOTCS
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I) €ro IWHPHHA U IPKOCTh YMEHBIIAIOTCA
J1) €ro LIMPHHA YBEIUYMUBACTCS, a IPKOCTh YMEHBIIAETCS

5. MoHOXpOMaTUYECKUI CBET C JUIMHOM BOJHBI A TIaJaeT HOp-

MaJbHO Ha IUIOCKYIO MPErpaay ¢ mMpope3aHHbIM OTBEPCTHEM pa- cBeT

auycar (CM. pUCYHOK). 3a perpajiol Ha yJlajJeHuu / yCTaHOBJIEH ——=

napajuieIbHBIN 3KkpaH. UToOkI B IIEHTpE dKpaHa 0 u3-3a qudpak- — 4 0
% R ———

I[UU CBETA HAa OTBEPCTUH HAOIIOAANCS TUPPAKIIMOHHBIA MAKCUMYM i

OCBEULICHHOCTH, PACCTOSIHHUE / JIOJDKHO OBITh paBHO (BbIOEpUTE
NpaBWIBHBII OTBET, TJI€ M- IEJI0€ YUCIIO):

2
2 . B (2m+1)r ) 2mr?

o A

nperpaga aKpaH

r

2
RETETS AN

2 )
(2m+1)2’ ? Ao

IlepeyeHb KOHTPOJIBHBIX 33IaHUH U (WJIM) BONIPOCOB 1JIsl OEHKHU c()OPMHUPOBAHHOCTH
xkomnerennuu OIIK-3

1. ITocTosiHHas TUPaKLIMOHHOM peleTKH, Ha KOTOPYIO NMajaeT HOPMaJIbHO MOHOXPOMATUYECKUI
CcBeT, paBHa 3,6 MKM. 3a pemeTkoi moj yriaom 30° K HarmpaBJICHUIO aIAI0NIEro CBETa Ha0I01aeT-
csl MHTep(hepeHLIMOHHBINH MaKCUMYM (CIIeKTp) 4-T0 nopsaka. /inHa BOIHbI AJAIONIEro CBETa paB-
Ha (yKa)XuTe NMpaBUIbHBINA OTBET):

a)400 am;  6)450HM;  B)S00EHM; 1)600HM; 1) 700 HM;  e) 750 HM;

) Ipyroi OTBET;

2. ToyeuHbI!t UCTOUHUK MOHOXPOMATUYECKOTO CBETA C JITMHOW BOJIHBI A Ha-
XOJIUTCS Ha PACCTOSIHUU @ OT HEMPO3payHOi MIOCKOM Mperpajsl ¢ mpope3aH-
HBIM B HEH KPYTJIIBIM OTBEPCTHUEM pajryca r. 3a Mperpaaoi Ha TAaKOM K€ pac- § )
CTOSIHUU a YCTaHOBIICH MapasuielbHbIN eif okpaH. [Ipu sToM paccrosiHue a
“MeeT HauOOoJIBIIYI0 BO3MOKHYIO BeJIMUMHY /I TOTO, 4YTOOBI B Touke O La
9KpaHa (Jexalieil, Kak 1 ICTOYHUK CBeTa S, Ha OCH OTBEPCTHS) HaOII0AasCs
TUQGPAKITMOHHBI MUHUMYM OCBellieHHOCTH. UTOOBI B Touke O HabmoqaIcs cocenHuit audpakim-
OHHBII MAKCUMYM MEHBIIETO MOPSAKA, JIMHY BOJIHBI MOHOXPOMAaTHYECKOTO CBETa HAJIO:

a) YBEIMYHTh B 4 paza; 0) yBENMYHTh B 2 pasa; ) yBEIMYHTb B /2 pas;

I') YMEHbIIUTH B 4 pa3a; ) yMEHBIUMTh B 2 pa3a; €) yMEHBIIUTh B /2 pas;

3. EcTecTBEeHHBII CBET MPOXOHT Yepe3 CUCTEMY U3 IBYX MOJISIpU3aTopoB 11 I,
u [, Yroa Mexmy ocsiMu MpoIyCKaHus TOIIPU3aTOPOB paBeH o = 30° Iy |

(cM.pUCYHOK). VINTEHCHBHOCTB CBETa, IIPOLIEIIEr0 Yepes3 cucTeMy monspu- V™
3aTOpPOB M3MEpEHa U paBHa / . UeMy paBHAa HHTCHCHUBHOCTb [, MaJAIOIIETO

Ha CHCTEeMY cBeTa (YKa)XKUTe MPABUIbHBIN OTBET):
D25 655 B s D

B3

; n) 4l; e hilg k) 8/; 3) HET MPaBUJILHOTO OTBETA;

Nk
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4. I'paduk 3aBHCUMOCTH MaKCUMAaJIbHO BO3MOXKHOTO 3HAYCHHsI KMHETHYECKOM =
9HEPIHH JJIEKTPOHA, BHIOUTOrO M3 METAILIA, OT YAaCTOTHl v MaJaloluX (OTOHOB
n300paxxeH Ha pucyHke. [locrosHnyro [Tnanka Hago uckarte mo Gpopmysie:

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

o A%
5. @OTOH C UMITYyJIBCOM P; PAaCCEUBAETCS HA MOKOSIIEMCS JJIEKTPOHE MO yT- P, SNEKTPOH
oM 6 = 120° K nepBOHAYAIBHOMY HAIPABJICHHIO JIBUKCHHUS M UMEET [OCIE AN A
paccestHUs. UMITYJIbC P2 (CM. pUCYHOK). BennunHy KOMITOHOBCKOM JJIMHBI Apfz/,ﬁ d
BOJIHBI 3JIEKTPOHA A MOXKHO paccuuTaTh 1o popmyJe (yKakuTe MpaBUIbHBIN

OTBET, rae h — mocrosunas [lnanka):

a) 2h(p1—-p2) . 6) 3h(pr—p2) . B) h(pi—p2) . - 2h(p1—pa) . e h(pi—pa) .
)22 2pipy )2V23 3pipa 2pipy

o h(pa—p1) . x 2h(pr—p1) . 3 h(pr—p1) . . 3h(py—p1) . ) 2h(pr—p1) .
2pipy 3pip2 PiP2 2p1py )2V2)

IlepeyeHb KOHTPOJIBHBIX 32JaAHUH H BOIIPOCOB Il OLIEHKH C()OPMUPOBAHHOCTH
komnerenuun IIK-10
1. O6os10uKa MHOTOJIEKTPOHHOI'O aTOMa € TJIaBHBIM KBAaHTOBBIM YHMCJIOM N = 5 TOJHOCTBIO 3aI10JI-
HEHa 3JIeKTpoHaMH. B mocnennei mono0omouke 3Toif 000109KK ¢ MAKCUMAJIbHBIM 3HAYEHHUEM Op-
OMTAJIBPHOTO KBAHTOBOTO YHCJIAa HAXOAUTCS N| 3JIEKTPOHOB, a B MpeANocieHel moaooomouke — Ny
3JIEKTPOHOB. YKaXUTE PABHIIbHYIO BEIHIUHY OTHOIICHUST N /N, :

DL 0 B D N3 9n WX YT W N3 )T W

2. Ilepuoasl monypacmnaja saep paauoakKTUBHBIX H30TONOB “1” U “2” paBHBI, COOTBETCTBEHHO, T =
1 ¢ uT, =4 c. B HauanbHBIIF MOMEHT BpeMeHH tp = 0 4ucio sigep 060ux U30TONMOB B 00pasiie Obl-
710 oguHaKoBO. OMpenennTe  yKaKUTe MPaBWIIbHY0 BennanHy oTHomeHust Ni/N, , tae N — uncio
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) V4 3)exp(3); w4 ) S,

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

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

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

3) 8 c; 1) ApyTOi OTBET;

235
4. Slnpo oAHOrO W3 M30TOIOB YypaHa U92 WCTIBITHIBAET MOCJIEAOBATEIBLHO CHAayajia MpOLEcC O~

pacmaja, a 3aTeM Ipoliecc 3 —pacmaaa u npeBpamaetcs B Sapo (YKaKUTe MPaBHUIIbHBIA OTBET):

a) Ra 557; 0) Pa g%l; B) Acggl; T) Pugis; n) Th 3(3)5; e) Th 3(3)1; x) Pagfs;

5. B HauanbHbIli MOMEHT BpeMeHH top = 0 B oOpasue coaepxanoch Ny saep HEKOTOPOTro paroax-
TUBHOTO M30TONA C nepuoaom nomaypacnaga T; =1 c¢. K MomeHTy Bpemenu t = 3 ¢ 3a cuer pacnaja
sJiep U30ToMa B 00pasiie BhIACIWIOCH TeIo Q. YKaXuTe NpaBUIIbHOE COOTHOILIEHHUE I BhIYUCIIE-
HUS BelMMuuHbl E| sHEpreTueckoro BbIX0/a pacnaja sapa JaHHOTO U30TOola:



13

a) Q/No;  6) 16Q/No;  B) 4Q/No; 1) 8Q/No; 1) 2Q/No;  e) 16Q/15No; k) 4Q/3No;
3) 8Q/7Np; W) Opyroi OTBET;

3. OueHoYHbBIE CPeACTBA (OLIEHOYHbIE MATEPHUAJIBI) JAJISl IPOBEICHUSA MPOMEKY-
TOYHOM aTTeCTAlMU O0YYAKIIMXCH M0 JUCHUILINHE (MOAYJII0)

2 cemecTp

IlepeyeHb KOHTPOJILHBIX 32JaHMH U BONIPOCOB JIJIs1 OlleHKH ¢()OPMHUPOBAHHOCTH
komnerennun OITK-2

1. I'py3uk Maccel m Ha OpyXHUHKE C KOA()HUIIHEHTOM KECTKO-

Py Xmax Vmax
cti k coBepiaet BepTUKalbHbBIE KOJEOaHUsI B BSI3KOW KHIKO- .-
CTH IO AE€HCTBUEM BHEIIHEHW CUIIbI, MEHAIOIIEHCSA CO BDEMEHEM | p&- 7
C UMKJIMYECKOU YaCTOTOM (® IO TapMOHUYECKOMY 3aKOHY —Fi’ _l;c 0 0
== 0 o 0

F = Fycos(of + 0) . 3aBUCHMOCTb aMILTATYIbI CMEIICHHUS Xy,

N aMILIATY bl CKOPOCTH V TaKOro MasgTHHUKa OT 4aCTOTHI 0 ITOKa3aHbl HAa PUCYHKE. Kaxoit mo-

max
eT ObITh BEJIMYMHA OTHOUIEHUSI ©,/®, YaCTOT, YKa3aHHBIX HA 3TOM pPUCYHKE?

a) 1,1; 0) 1; B) 0,9; r) 1/2; n) e '=0,3679; e) 0; K) oo

2. E=4.107% JIx — moJIHast SHEPTHs YaCTHUIIBI, JIETSAIIECH CO CKOPOCTHIO, OJTU3KOM K CKOPOCTH

CBETa C; T— BpeMsl ’KU3HH MMOKOSIIEHCS YacTUIBl OT MOMEHTA POXKJIEHHsI O MOMEeHTa pacrnaza. He-
HOABMXHBIA HaOM0aTeNb B TaAOOPATOPHOI CHCTEME OTCUETa 3aMETHJI, YTO JIETAIIAs YacTUIla pac-
nauach CIycTs BpeMsi 4T 1ocie poXKACHUs. DHEPIUs MMOKOs TaHHOM YacTHIIbl paBHA:

a) 107 JIxk; 0) 2-107 Jx; B) 4-107* JIxk; r) 8-107* JIk; n) 5-107% JIx; e)
HET MPaBUJIBHOI'O OTBCTA,

3. UneanwHbIii Ta3 coBepiiaet mporecc 1 — 2, n3o0pakeHHbIi Ha quarpamme T-p T,
(Temmepatypa-aaBieHue), rae p, =3p;, 13 =37, . YTo NpoucxXoaur ¢ BETUYUHON I :\\

| 2
o0wema V rasza npu takoMm nporecce? OH: a) yMeHbIaercs B 9 pas; & )

6) YMEHBIIACTCA B 3 pasa;  B) YMEHbIIACTCA B /3 Pas;  T) HE H3MEHACTCH; h b
1) YBEJIMUYHUBAETCS B NE) pa3; €) yBelIMuyuBaeTcs B 3 pa3a;  IK) yBEIMYHMBAETCS B 9 pas;

4. Ha pucyHke

cJIeBa Ha JHa- 3,72 — y E Tl(i 3 AE72 ] [1 2

rpamme V-T LlﬁT 1 2y >V LY 7| 2 T 33 ol 37T
M300paXeH IUK- a) 0) B) r) n) €)

JMYECKUH MpoLecc, COCTOALUIMNA U3 N300apbl, H30XOPhl U U30TEPMBbI. Y KQKUTE MPaBUIBHBINA pUCY-
HOK 3TOT0 IIMKJIa WM Ha Juarpamme p-V, win Ha auarpamme p-T:

5. B mporecce cxxaTus ra3a BHEIIHUE TEJIa COBEPIIAIOT HaJ ra3oM padboty A = 6 k[, npuyem razy
coobmaercs Temwnora AQ = 2 xJ[x. Ykaxure, ueMy paBHO U3MEHEHUE BHYTPEHHEH SHEpruu raza’?
a) +8 k/Ix; ©0)+6 xk/lx; B)+4x/x; r1)+2x/x; n)-2x/bx; e)—4 k/x;

xK) —6 x/Ix;  3)—8 kJx;

IlepeyeHb KOHTPOJILHBIX 32J1aHUH U (MJIH) BONIPOCOB JISA OLleHKH ¢)OPMHUPOBAHHOCTH



14

komnerennnu OITK-3

1. B BBICOKHIT COCY/[T C paCTUTENBHBIM MAaCJIOM OJTHOBPEMEHHO BBICHITIAIA MHOKECTBO
- - —| MaJeHbKUX METAUIMYECKHUX IIAPUKOB Pa3HOro paauyca r. [I[poananusupyiite mpouecc
_ - - | mnaaeHUs UIAPUKOB B KHUAKOCTU U OOBSICHUTE MOPSAIOK MX MajeHus Ha AHO. OTBeT

- —| obocHyiiTe ¢ mOMOIIBIO GU3HIECKUX 3aKOHOB U (DOPMYIL.

-~ —| 2.1lIkuB MOXKET BpAIIATECS BOKPYT CBOEH 3aKPEIIEHHON FOPH30HTANIb- A
Ho ocu 00° 6e3 Tpenus. [lox pykoil umeercs auHelKa, CEKyHIOMEp, U 0
TaK)Ke IPy3UK MaCChl M, KOTOPBIA MOXKHO ITOJBECUTh K HUTH, HAMOTAaHHOM Ha IIKUB. 27
[Tpennoxute npouenypy OnpeneneHuss MOMEHTA HHEPLMH IIKHBA OTHOCUTENIBHO OCU
m

00’ c momol11EI0 UMEIOLIUXCA [TO/1 pyKol mpeameToB. OO0CHYITE MpenIoKeHHY 0
npoueaypy hopmynamu, TO3BOJSIOIIMMH BEIYUCIUTH TPEOYEMbIii MOMEHT UHEPLIUH.

3. Ilpu aGCOMIOTHO YIIPYTOM COYJApEHHUH JABYX METAIIMUECKUX IIaPUKOB C m__ < g, _m
2
MaccaMu my u m,, ABUTaBIINXCS HABCTpeEUy JIPYT APYTY CO CKOPOCTSIMU v 1 v, , B < <

MOMEHT HAaHO0O0JIbIIero COTMKEHHs [IIAPUKH JABUXKYTCS C OJHOU CKOPOCTBIO vy, ONPEAeIsIeMOi
3aKOHOM COXPAHEHHMS UMITYJIbCA |myvi —myVy|=(my +my) vy ¥ TOIBKO IIOTOM PA3NIETalOTCs B CTOPOHBL.
2 2 2
mvy” | MmVy© (my+m;)vo
2 2 2

W3noxuTe Balle MHEHUE O TPUYMHE U3MEHEHHS SHEPTUU WK 00 OIMOKax B 3alIMCaHHBIX (popMy-
Jax.

HpI/I 9TOM KMHETHYECKasl SHCPIUs MECHACTCS HA BEIUYNHY AE ., = >0.

4. [InacTUIMHOBBIN MIAPUK MACCHI M, JIETEBIINI CO CKOPOCTHIO V, CTATKUBAETCS C
BHCEBIIIMM HETIOJIBI)KHO CTEPKHEM Macchl M U JTMHEI |, cIOCOOHBIM Bpaiatbes 0e3
TPEHUs1 BOKPYT TOPU30HTAIILHOM OCH, MPOXOAANIEH uepe3 ToUuKy nojaseca O, HO He
MPWINIACT K CTEP’KHIO, a OTCKaKUBaeT OT Hero. OmnpeeuTe 3aKOH COXPaHEHUS KaKon
BEJIMUMHBI MOXKHO, & KaKOI HENb3s UCIIOJIb30BaTh MPH COYIaPEHUN: MEXaHHUECKOMN M
sHeprun? Umnynsca? MomenTa umitysbca? 3aluiiuTe CBOE CY>KIEHUE O MPUYNHE |
COXPAHEHHUS WM U3MEHEHUS KaKIOM U3 STUX BETUYHH.

v m

5. B HayanpHBI MOMEHT BPEMEHU CTEPKEHb MacChl M | JUIMHBI | cBOOOHO “IEJ
Bpaimaercsi 6e3 TPEHUs C YIIIOBOM CKOPOCTBHIO ) B TOPU30HTATBHON TNIOCKOCTH ¥ m,l
BOKPYT 3aKpEIUICHHOH OcH, Mpoxoasieit uepes3 ero kpail. [1o crep:xHI0O MOXKET CBO-

e
060110 03 TpeHUs CKOIB3UTh Ha/IeTasi Ha Hero MyTa ToM ke Macchl m. B d

HayalbHbI MOMEHT My(Ta HaxoAuIach BOINU3U ocH BpaleHus. HUukakux BHEIIHUX CHJI B TOpU-
30HTAILHOH TIOCKOCTH HeT. [Ipoananu3upyiite ABmwKkeHne MyQThl, "3MEHEHHE KHHETHYECKON
SHEPruy, UMITyJIbCa U MOMEHTA UMITYJIbCA CUCTEMBI CO BPEMEHEM U BBICKa)KUTE CBOE MHEHHUE O CO-

XpaHEHHWHU ITUX BEJMYWH WM O MPUYMHAX UX u3MeHeHus1. OO0CHy#Te CBOE CyXK/IeHHe He0OX0aH-
MBIMH 3aKOHaMU 1 (popMynaMu pU3MKH.

IlepeyeHb KOHTPOJIBLHBIX 32JaHNUH H BONPOCOB /ISl OIleHKH C()OPMUPOBAHHOCTH
komnerennuu IIK-10

1. DKkcrepuMEeHTaTOp OIMYCTUII TSHKETBIN MApUK, IPUKPETICHHbIN K KOHIY IPY>KUHKH, B
BA3KYIO )KMJIKOCTh M PACKaUMBAET JIPYrol KOHEI| NPY>KMHKHU B BEPTUKAJIBbHOM HallpaBiie-
HHUH C 9aCTOTOU ®, B pe3yJIbTAaTe YEro IapHK COBEPIIAET KOJIEOAHUS 110 3aKOHY

x = Acos(wt+¢). IIpr 5TOM 5KCIIEPUMEHTATOP 3aMETHJI, YTO IIPH HEKOTOPOH 9acToTe

999!
Eand

2
|

-13m
x

®=; aMIUTATY1a 4 KOJcOaHWH IIapuKa B )KHJIKOCTH OKAa3bIBACTCS CAaMOU OOJIBIION.
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Hcxons u3 3TOro OH caernai BEIBOJ O TOM, YTO TPH TOH e 4acToTe o; OyAeT MaKCHUMalbHOM U am-
IUINTYJ1a CKOPOCTH IIApHKa v = dx/dt . BeICKaxkuTe cBOE CyKJ€HHE O PAaBUIbHOCTH WIIN HETIpa-
BIWJIBHOCTHU BBIBOJIA, CIICIIAHHOTO SKCIIEPUMEHTATOPOM. ECiM 3TOT BBIBOI HEBEPEH, YKAXKUTE, KaK
HAJI0 U3MEHUTH YaCTOTY ® , YTOOBI MOIYYUTh MAKCUMAIBHYIO aMILTUTYAy ckopocTH. OTBeT 000c-
HYWTE C TOMOIIBIO (PU3NIECKUX 3aKOHOB U (POPMYIL.

2. I'a3 3akauaH noj 1aBJIECHUEM B TPEXJIUTPOBBIA CTEKIITHHBINA COCY/, 3aKpbITast
KPBIIIKa KOTOPOro UMeeT KianaH K, BbITyCKaronuii raz B TOM CiIy4ae, KOTAa ero
JIaBJICHUE JOCTUTAET BEJIUYUHBI p, . FIMEIOTCS BEChI, O3BOJIAIOIINE TOYHO U3MEPUTh
Maccy cocylia ¢ Tra3oM; ropelika, HO3BOJISIOIIAs HArPETh COCY /I 10 OOJIBILON
TEMIIEpaTypbl, U TEPMOMETP, MO3BOJIAIOLINN U3MEPUTD €r0 TEMIIEPATypy.
IIpennoxure npouenypy ONpeneacHus MOISPHOM MacChl p rasa B COCyAE €

MIOMOIIBIO TAHHBIX YCTpoicTB. O0OCHYHTE MPEATIOKEHHYIO TpoLeaypy hopMyIaMu, IO3BOJISIO-
MU BBIYMCIUTH TPeOYeMBbIil pe3yJbTarT.

3. Tpu sKkcniepuMeHTaTOpa Havyajau CIIOPUTh O TOM, YTO MMPOUCXOIUT MOCJIEe HarpeBaHUA ra3a C Yuc-
JIOM €r0 MOJIEKYJI, BETMYUHBI CKOPOCTEN KOTOPBIX OTIMYAIOTCSA OT CKOPOCTH v HE OoJiee, yeM Ha

Av =1 m/c, TA€ CKOPOCTh v; paBHA MOJOBUHE CPEIHEN CKOPOCTH MOJIEKYJ AaHHOTO rasa. [lepBbrit

YTBEPKIACT, YTO YHUCIIO TAKUX MOJIEKYJI IIOCIIC HarPEBAHU ra3a yBEJINYUTCS, BTOPOH — 4TO HE HU3-
MEHUTCS, @ TPETUN — YTO YMEHBIINTCS. BhICKa)KUTE CBOE MHEHUE O TOM, KTO U3 HUX IIpaB. CBoii
OTBET O0OOCHYHTE C MOMOIIBIO (PU3NIECKUX 3aKOHOB U (POpMYII.

<- 4. BblckaxuTe CBOE MHEHUE U C IOMOIIBIO 3aKOHOB (PU3UKU OOBACHUTE IPUUUHY TOTO, YTO

YBEJIMYEHHUE BBICOTHI h neuHON TpyObl IPUBOAMT K YBEIMUEHHIO IOTOKA BO3/1yXa, 3aTSTHU-
h BaeMoOro B IBEpILy MEeUYH U K JIyqlIeMy TOpeHHuIo 1poB. OTBET 000CHYHTE MOIy4eHHBIMU
BaMH (pOpMyJIaMU TaKOH 3aBUCUMOCTH.

5. JIBa npmkaThIX APYyT K IPYTy €105 TEIIOU30JIALIMOHHOIO MaTepuaia
UMEIOT OJIMHAKOBYIO IUIOIIAAb S, HO pa3Hble KO3(PPUIINEHTHI

- -1l - -1l Temna O HOTOK
TEINIONPOBOAHOCTH x; =1 H-K™" ¢ ¥ %, =2 H-K" -¢” W IIpO- oWl NN/ Temma
HOpLUOHANBHYI0 UM TonmuHy | u 21 coorBeTcTBeHHO. Temmeparypsl ¢ won NV W
v i
pa3HBIX CTOPOH PaBHBI 7; =400 K 1 7, =200 K (cM. pucyHOK). [lepBbIit Tl\\ W N (T

AKCIIEPUMEHTATOP CUUTAET, YTO TAaK KaK TETUIOMPOBOIHOCTh BTOPOTO wo W
MaTtepuana B 2 pa3a 0oJibliie, TO OH MPOIMyCKaeT B 2 pa3a OOJIBIIHNI MOTOK
TeJIa, a TEMIEpPaTypa CONpHKacaroIIeiicsl TOBEPXHOCTH CloeB paBHa T'=(T; +7,)/2. Bropoii akc-

NEPUMEHTATOP HE YBEPEH B 3TOM M CUMTAET, YTO TeMIepaTypy 7' HaJ0 CUUTaTh Mo Apyroiu ¢op-
Myne T'=(27; +7,)/3. CornacHsl 11 Bl ¢ HUMU? Eciu HeT, To IpeutokuTe IpoLeaypy pelleHus,

MIO3BOJIAIOLYIO HAUTH TEMIIEpaTypy 7' U NOJIyYUTE €€ 3HAaUCHUE.

3 cemecTp

IlepeyeHb KOHTPOJILHBIX 32JaHUH H BOIIPOCOB Il OLIEHKU C()OPMUPOBAHHOCTH
komnerenuuun OIIK-2
1. TTosoxUTENbHBIA TOYEUYHBIN 3apsia ) = +2q U OTPUUATEIbHBIA TOYECYHBIN 3apsi
(2= —( HaXOZATCS B JBYX BEPILINHAX PABHOCTOPOHHETO TPEYIrOJbHUKA C JJIUHON

cTOpoHHI |. YKa3are npaBuiIbHOE HANPABJICHNUE BEKTOPA HAPSHKEHHOCTH E co3aH-
HOTO MU 3JIEKTPOCTATHYECKOTO IOJIS B TPEThEH BEPIIMHE 3TOTO TPEYTOJIbHHUKA (CM.
PUCYHOK):
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a)l 6)2 B3 D4 M5 &6 %7 38 w9 110 @Il w2

2. YkaxuTe ypaBHEHHE, BRIpaKaroliee TeopemMy ['aycca B 2JI€KTPOCTaTHKE:

a)§Ed§=&; 6)§Edi=&; 8) fEdS=0; 1) §Edi =0;
5 &€&, 1 €&, 1

S

3. Ilo oObeMy mapa ¢ OIMHAKOBOM BO BCEX TOYKAX IUIOTHOCTBIO pO = const pac- woM
npezeneH anekTpuueckuit 3apsas. Llap okpykeH 6eCKOHEUHON AUINEKTPHUUECKO € “ “
Cpenoil, MMEIOIIEH JUAIEKTPUUECKYIO MPOHUIIAEMOCTh €. Ha paccTosHumn r ot
LIEHTpa 111apa (3a ero NnpeaeaaMu) BeJIMYMHA HAIPSHKEHHOCTH AJIEKTPUYECKOTO “ P
MOJIs, CO3TAaHHOTO 3TUM 3apsaoMm, paBHa E. Eciu moMecTuTh JaHHBIN 3apsiKeH- .
HBIH ap B BakyyM (yOparh JUDJIEKTPUK), TO MOJIE C BABOE MEHBIIEH BEJIMUMHON " Y
HanpsbkeHHOCTH E/2 Oynmer HaOmronaThCsl B BAKyyMe Ha BJIBOE OOJIBIIIEM PACCTOSIHUM 21 OT IIEHTpa
nrapa. Yemy paBHa IuaieKTpudecKasi IPOHUIIAEMOCTh Cpebl?

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

4. Ha pucyHKe noKa3aHa KapTHHA SKBUIOTECHIIMATbHBIX JIMHUH
AJIIEKTPOCTATUYECKOIO MOJIS M 3HAYEHUs MOTEHI[Mala Ha HUX. 3B
Otmedensl Touku A, B, C u D. I3MeHeHue BeTMYMHBI CKOPOCTH '
[IEPBOHAYAJILHO ITIOKOMBIIEHCS 3apSyKEHHON YaCTULIBI IO \
NENCTBUEM 3JIEKTPOCTATHUECKOTO MOJISl UMEET HauboJbIliee \ \
3HAQUYEHHE MPU MEPEMEIICHUN YaCTULIbL: o
a) u3 Touku D B Touky B;  6) u3 Touku D B Touky C; AN
B) U3 Touku D B Touky A; 1) u3 Touku C B TOUKY A; NN

5. BHyTpu He3apsKeHHOH I0JION MeTall- - - . .
JUYECKOM chephbl MOMECTUIN TOUCUHBIN \\EB”e T i Eane / Egne=0 Eone__y
[IOJIOKUTENIbHBIN JJIEKTPUUECKUN 3apsl, m ‘v\\ﬁ?\\ 4q

CMECTHB €T0 U3 IIEHTpa cephl, Kak Mo- w w 7l

Ka3aHo Ha pucyHkax. Kakoi Oyzaer kap- pd A S

THHA CHUJIOBBIX JIMHUH 3JIEKTPHUUECKOTO a) l

10JIsl B BAKYyM€ BHYTPH U BHE chepbl?

IlepeyeHb KOHTPOJIBHBIX 32JaHUH H BOIIPOCOB Il OLIEHKU C()OPMUPOBAHHOCTH
xkomnerennuu OIIK-3

1. Peocrat ¢ o6mum conpoTtuieHueM R=10 OM nmoaxIroueH K HCTOYHUKY TOKa C e\
BHYTpEHHUM conpoTuieHueM 1 Om, kak nmoka3aHo Ha pucyHke. Ecnu aBUXKOK peoctaTta |_—<E}_|
nepeMeIiaTh U3 KpanHero JEBOro MojoKeH!s BIIPaBO 10 KOHIIA, TO MOITHOCTh TOKA B R
peoctare OyAeT ...  a) CHayaja yMEHBUIATHCS, a 3aTEM YBEIUYUBATHCS;
0) cHauaja yBEJIMUMBATHCS, a 3aTEM YMEHBIIATHCS; B) HEMIPEPHIBHO YBEIMYUBATHCS;
I') HEIIPEPHIBHO YMEHBILATHCS;

2. B anexTpru4ecKoi cxeme, NOKa3aHHOM Ha pUcyHke, R, = R, =100m, E1 e

g, =20B, ¢, =10B. BHyTpeHH#e COPOTUBIIEHUS] HICTOYHUKOB TOKA PABHbI €3 £,

nymo. Kakosa Bennunna 3/IC UCTOUHMKA TOKA €, U €0 PACIOIOKEHHE B .

LETIH, €CIIU Yepe3 pe3ucrop R, mporekaer Tok 0,5 A cnpaBa HaneBo? & &
p—

a) @_; 25B 6)_@; 25B B) @_; 15B r)_@; 15B

) ;5B e) ;5B
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3. Ha pucyHke npeJcTaBiieHa 4acTh 3JIEKTPUUECKON CXEMBI, 7151 KOTOPOH
U3BECTHBI TOJILKO HEKOTOpPBIE mapameTpbl: R, =4 OM, R; =1 OM, a HICTOYHHK

ks b R
MWKpoCXxema

&, =3B u nmeer HyneBoe BHyTpeHHee conpoTuBieHue. [lotenuuansl ¢, =3 B,
@, = 7B, a cuna Toka 4yepe3 conporusienue R, pasHa [, =1A. Uemy paBHa

CHIla TOKa 4epe3 CONpoTUBIeHne R;?

a) HeJb3s pacCUMTaTh, T.K. He XBaraeT naHupix 0) 0,8 A B)3,0A 1)50A

4. Ha pucyHke n300paxeHbl CEUEHUS TPEX NapauieIbHbIX MPSIMOIUHEHHBIX
JUIMHHBIX IIPOBOJHUKOB C pa3HOHAIIPABIECHHBIMU TOKAMU OJMHAKOBOM BEINYH-

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

O, paBHOYJaJI€HHOM OT BCEX MPOBOJHUKOB, KX/ U3 TOKOB CO3/1a€T
MarHMTHOE I0JI€, BEIMYMHA UHAYKIUHA KOTOPOro paBHa B . Bextop nHayKumuu
CyMMapHOT0 MarHMUTHOTO TOJIs1 BCEX TOKOB B Touke O HMMEET HampaBJiCHUE:

a) 1 6) 2 B) 3 r) 4

5. JIBa OECKOHEUHBIX MPSIMBIX MPOBOJIHUKA HAIIPABIIEHBI B3aUMHO MEPIEHIUKY-
nspHo. [Io npoBonHKMKaM TEKyT TOKM OMHAKOBOM BeNnUuuHbl. Haumensnii o1-
Pe30K NpsIMOM JIMHUU, COETUHSIONIEH MPOBOIHUKHY, UMeET JUIMHY 2R (cM. pucy-
HOK). B Touke A mocepeanHe 3TOro 0Tpe3ka TOKH CO3/1al0T MarHUTHOE T10JIE C
BEJIMYMHON Hanpsk€HHOcTH H. YUeMy paBHa Benm4MHa KaXA0ro U3 TOKOB, Te-

KyIIMX 10 IPOBOJAHUKAM: a) [=7nRH 0)1[= 27RH
B) [=27RH 1) I=227RH 1) I=zRH/N2 ¢)I=nRH/2

IlepeueHb KOHTPOJIbHBIX 321aHUI M BONPOCOB /1JIs1 OLEHKU ¢(OPMUPOBAHHOCTH
komnerenuuu IIK-10

1. ConpoTuBieHue peocrarta, HOAKIIOUEHHOT0 K UCTOUHUKY nocTositHHON DJIC € ¢ BHYT- R
PEHHUM COTNIPOTUBJICHHEM T, ObIIO paBHO R. [lepeBuHYB MONM3yHOK peocTaTa, YMEHBIIIHIN
€ro COMpPOTHUBIIEHHUE B 2 pa3a: R — R/2 . [lepBblii SKCIIEPUMEHTATOP CUUTAET, UTO MPHU 3TOM >
TEIIJIOBasi MOIIIHOCTD, BBIICNIsIEMasl Ha peocTaTe, 00s3aTeIbHO JOJDKHA U3MEHUThCS. BTo- ’
PO SKCIIEPUMEHTATOP YTBEPHKAAET, YTO BbIJEIsIEMAs TEIJIOBasi MOIIHOCTh HE U3BMEHUTCS IIPH OIl-
peneneHHOM COOTHOIIEHUH MKy R 1 r. Beickakute cBoe 000CHOBaHHOE 3aKOHAMU (DU3UKH
MHEHHE O TOM, KTO U3 HHUX IpaB, U €CJIM MPaB BTOPOU IKCIEPUMEHTATOP, TO MOIYUYUTE U MPUBEAUTE
HE00X0aMMOEe COOTHOIIIEHHE R U 1, mpu KOTOPOM BBIZIEsieMasi Ha PEoCTaTe TEIJIOBask MOIITHOCTh HE
W3MCHHTCSL.

2. Ilo 6eckOHEUHOM TIOCKOCTH, YYaCTOK KOTOPOH IMOKa3aH Ha pH- -q v
CYHKE, T€4YET OJIHOPOJAHBIN MOCTOSIHHBIN AJIEKTPUUECKUNA TOK C MO- Ar—
BEPXHOCTHOM IJIOTHOCTBIO i . Hasf II0CKOCTBIO Ha paccTosiHUu r — =
NapajuIeIbHO HAIIPABJIEHUIO TOKA JIETUT CO CKOPOCTBIO V 4YacTULA —_— =

C OTpULATCIIBHBIM 3apAI0M —( . BrickakuTe cBO€ MHEHHE O TOM,

MOYKET JIM YacTulla CITycTs BpeMsi Af BEpHYTbCS B TOUKY A, B KOTOPOH OHA HAXOJWJIACh B MOMEHT
BpEMEHH, yKa3aHHBIN Ha pucyHke. Eciu na, To uemy paBHo At ? CBOM BBIBOJIbI OOOCHYHTE C I10-
MO0 (PU3NUECKUX 3aKOHOB U MPUHIIMIIOB U MOJTBEPIUTE HEOOXOAUMBIMU (POPMYITAMHU.

3. IlepBoHa4YaIbHO IIOCKOCTh MACCUBHOM MPSMOYTOJIBHOM paMKH ¢ TOKoM | Bep-
TUKaJIbHA, a CaMa paMKa IMOKOUTCSI U HaXOJUTCSI B OAHOPOJHOM MarHUTHOM II0JIe
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B = const, TMHUM KOTOPOTO HANpaBIeHbl BEPTUKAJIBHO (CM. PUCYHOK). PaMka MOkeT Bpalarbcs
6e3 Tpenus BokpyT ocu OO’. DKCepUMEHTAaTOp CYUTAET, YTO paMKa He OyJeT JBUraThCsl, MO-
CKOJIbKY MHAYKIHA B MarauTHOTO IO BCIOY OAMHAKOBA, @ TOK TCUCT 1O MMPOTUBOIIOJIOKHBIM
CTOpPOHAaM paMKH B pa3Hble CTOPOHBI. BbICKakuTe cBoe MHEHHE O TOM, IIPaB JIM ATOT SKCIIEPUMEH-
tatop? Ecnu na, To noATBEpANUTE 3TO C MOMOIBIO (PU3NUECKHUX 3aKOHOB U (popmyi. Eciu Her, TO
00BSICHUTE ¢ MOMOILBIO (POPMYJT KAKYIO CTOPOHY OyZET BpallaTbCs paMKa, 10 KaKOMy 3aKOHY Oy-
JIET MEHATHCA €€ YIII0BOE YCKOPEHHE U UTO OyAET MPOUCXOAUTh C PAMKOM B JallbHEHUILIEM: OCTAHO-
BUTCS OHA, WX HeT? ONUIINTE XapaKkTep €€ NaJbHEHIIEro JBUKCHHUS.

4.B HECHTPEC KPYTJIOTO IIPOBOJAIICTO BUTKA C PaIUyCOM I' HAXOAUTCA MAJICHb-

KW TPOBOISIIIIUNA BUTOK C TuaMeTpoM d ¥ ¢ conmpoTHBIeHUEM R, (d [ r, /d v
IUIOCKOCTH BUTKOB COBMaAaroT). Menss conpotuBinenue R peocrara (cm. pucy- i

HOK) U3MEHSIOT TOK, TPOTEKAIOIIUI 1O BHEITHEMY BUTKY, IPUYEM 3TOT TOK Me- Re

HSIETCS CO BpeMEHEM t 1O 3aKOHY [ = +ar+Be?, TIe Iy,a, p— MOJOXKUTCIbHBIC ! (S R !

KOHCTaHTHI. BriCKa)kuTe CBOE MHEHHE O TOM, MOSIBUTCS JIM UHAYKIIMOHHBINA TOK

B MaJICHbKOM BHYTPCHHEM BUTKC. Ecan Ja, TO KaK 3TOT TOK 6YI[6T 3aBHUCCTh OT BpCMCHU t uor ma-
paMeTpoB R, , d,r, Iy, o, B. [lomyunre ¢popMybl JaHHOM 3aBUCUMOCTH U HAPUCYWTE rpaduK 3aBU-
CHUMOCTHU MHAYKIMOHHOT'O TOKa OT BpCMCHU t.

5. B onextpuyeckoy 1enu, yKa3aHHOW Ha PUCYHKE Ha4aJId U3MEHSATh BEJINYUHY EMKO- c

ctu C mepemeHHOro KoHaeHcaropa oT 0 10 « . Kak mpu 3ToM Oy1eT MeHsIThest cOOCT- L a SR
BEHHAs 9acTOTa KOJeOaHN TOKa B TaKOU Iienu? YKaxkute nHTepBai n3meHeHus C,

IIpU KOTOPOM KoJleOaHHs TOKa BO3MOKHBI. HapucyliTe mpubnu3utensHblid rpaduk 3aBUCUMOCTH
BEJIMUMHBI YacTOTHI KoieOaHui @ oT BennuuHbl eMKOcTH C. OTBeT 000CHOBATH U MOJTBEPAUTH
dbopmynamu.

4 cemecTp

IlepeyeHb KOHTPOJILHBIX 32JaHNH U BONIPOCOB JIJIs1 OlleHKH ¢)OPMHUPOBAHHOCTH
komnerennun OITK-2

1. Ha Henpo3pauHyto nperpaay ¢ AByMs y3KMMHM NapajljIeIbHBIMU ITpope-
35MH, HaXOJSIMMHUCS Ha pacCTOsTHUM d ApYT OT Jpyra, naJaeT HopMallb-
HO MOHOXPOMaTHYECKHI CBET C JUIMHON BOJHBI A. 3a mperpaaoi Ha
OobIIoM ynaneHun L0 d pacrioyioskeH 3kpaH. [lokazatens npenomieHus
IIPO3pavYHOM Cpelbl MEXy HUMHU paBeH n. [Ipn 0ofHOBpEMEHHOM YMEHB-
LIEHUH [TOKAa3aTesl IPEJIOMIIEHHS N B 2 pa3a U YMEHbBILIEHUU PACCTOSHUS
L B 2 pasa mmpuHa uHTEPPEPEHIIMOHHBIX TOJI0C AX Ha dKpaHe (BbIOepH-
T€ OTBET):

a) yMeHbIIIaeTcs B 4 pasa; 0) yMeHbIIaeTcs B 2 pasa; B) HE U3MCHSIETCS;
I') yBEIMUUBAETCs B 2 pas3a; 1) yBEIMUUBaeTCs B 4 pasa;
2. MoHOXpOMaTHUYECKU CBET MaaeT U3 BO3AYILIHOW Cpesibl HOPMAJIBHO BO3AYX

Ha IJIOCKYO MPO3PAavYHyI0 MBUIbHYIO IJICHKY TONIIMHBI d ¢ mokaszareiaem  / W icfel b | w
npesomiieHus n = 1,33, HaxoAA1IyI0Cs Ha CTEKIJIE ¢ ITOKAa3aTeNneM Ipe- \a 4 MbInLHaA nnenKka N §
aomieHus ne = 1,5. UaTepdepeHIIMOHHBI MaKCUMYM JJI1 OTPaKEHHOTO [ ceas - g %)
OT MBUIBHOM IJICHKU CBETa HAOIIOAAeTCsS B TOM Cly4yae, KOTAa JUTHHA “ i “ 7
BOJIHBI A TIaJIAIOIIETO CBETAa paBHA (YKKHUTE MPAaBUIBHBIN OTBET, eciu m =1, 2, 3, 4, ...).

2dn 2dn 2dn 2dn, 2dn 2d

3)7’ 2 m’ ®) m ) (2m+1)’ 2 m+1/2’ ) m+1/2’ %) n(2m+1)’
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3. Ha qudpakiinoHHYIO pemeTKy ¢ MOCTOSHHON pemeTk d ¥ IMPUHON KaKI0W I a TagaeT
MOHOXPOMaTHYECKHH CBET C JJIMHON BOJIHBI A. 3a pEIIETKON yCTaHOBJIEH 3KpaH, HA KOTOPOM Ha-
6monaercs uHTepdepeHnonHas kaptuHa. CriekTp m —ro nopsijika Ha 3TOM KapTHHE He BUJIEH, TO-
CKOJIBKY €TI0 IOJIOKEHHE COBIAAAET C MOJIOKEHHEM AU(PPaKIIMOHHOIO MUHMMYyMa Ha 1end. [locTo-
SIHHYIO pelieTky d yMeHbIIaroT, He MeHsis A U a. [Ipu 3ToM (YKa)KuTe paBUIbHOE YTBEPKICHHE):

a) CIEKTp m —TIo MOpsAAKAa CMECTUTCS OT LIEHTPa UHTEPPEPEHIIMOHHON KapTUHBI U CTAaHET BUJCH;
0) cIeKTp m —ro HOpsiiKa CMECTUTCS K LIEHTPY UHTEp(HEPEHLIMOHHONW KapTUHBI U CTaHET BU/JICH;

B) CHEKTp 7 —TO MOpsAJKa NO-NpeXHEMY He OyJIeT BUJICH, HOCKOJIbKY HOJ0XKEeHNE TU(PAKIIMOH-

HOI'0 MUHMMYMa Ha ILeJIM HE U3MEHUTCS;

I) CIEKTp m —TIo NOps/IKa MO-IIPEeXKHEMY He OyAeT BUJEH, IOCKOJIbKY HE MEHSAETCS JUIMHA BOJIHbI
[a/IAI0IIIETO CBETA;

4. Ha mudpakinoHHYIO pelIeTKy MmajgaeT HOpMaaIbHO I
MOHOXPOMaTHYECKHH CBET. 3aBUCUMOCTb HHTEHCUBHO-

ctu | cBera, mporieaero 3a pemeTKy, OT CUHHyca yria

OTKJIOHEHUS (¢ IOKa3aHa Ha pucyHKe. Bo ckoibko pa3 o] ” H i
U3MEHSTCS PACCTOSHUS MEXKAY MHTEPPEePECHIIMOHHBIMH 0
MaKkCUMyMaMH (CHIEKTpaMH) Ha 3TOM PUCYHKE, €Cli 1O0-

CTOSIHHYIO PELLETKH YMEHbIIUTH B 2 pa3a, a JUIMHY BOJHBI 1a/IAl0ILIEr0 CBETA YBEJIMYUTD B 2 paza
(YKaKuTe mpaBUIIbHBINA OTBET):

a) yBenuuarcs B 4 pa3a; 0) yBenuyarcs B 2 pa3a; B) HE UBMEHATCS;  TI') yMEHbIIATCS B 2 pasa;
1) yMEHbLIaTCs B 4 pasa;

sing

5. Ha qudpakumroHHyto penieTky najaeT my4ok MoHOXpoMaTtudeckoro ceeta. [llupuna myuka As

paBHa MHpUHE TU(HPAKITMOHHON PEIIETKHU. 3a PeHISTKOW Ha yIaJICHHOM dKpaHe HAOJIF01aeTCs MH-
TepdepeHIIMOHHAs KapTUHA, N300paKeHHAss Ha pUCYHKe. UTO Mpou30iaeT ¢ 3TOH KapTUHOM, €CIIH
MIpUHY A s TaaoIIero Ha penieTKy Mydka CBeTa yMEHbBIIUTh BABOE (YKAXKHUTE MPABUIIBHOE YT-
BEPXKJICHUE):

a) IIHPUHA IIIaBHBIX HHTEPPEPCHIMOHHBIX MAKCUMYMOB YMEHBIITUTCS

0) mIMpUHA IVIAaBHBIX HHTEP()EPECHIIMOHHBIX MAKCUMYMOB HE U3MEHUTCSI

B) [IMPHHA TJIABHBIX HHTEP()EPEHIIMOHHBIX MAKCUMYMOB YBEITHUUTCS

r) HHTEp(EPECHIIMOHHBIC MAKCUMYMbI PAa3IBUHYTCS OT IIEHTPa UHTEPPEPEHIIMOHHON KapTHHBI

) uHTep(DEPEHIIMOHHBIC MAKCHMYMBI CIIBUHYTCS K IIEHTPY HWHTEP()EPEHITMOHHON KapTUHBI

IlepeyeHb KOHTPOJIBLHBIX 32JaHUH H BOIIPOCOB Il OLIEHKH C()OPMUPOBAHHOCTH
xkomnerennuu OIIK-3

o 19} 1
1. Ha metann ¢ pabotoii Beixona A = 23B manatot ¢hoToHsl ¢ yactoToii v =10 T'i. TocrostHHAS

[nanka 4 =6,63-107* Ik -c; 13B=1,6-10" JIxx . MakcumabHass KWHETHUECKAs SHEPTHUsl JIEK-

TPOHA, BELIOWBAEMOTO IPH 3TOM M3 MeTallla paBHa:
a)1,02-B; 0)2,145B; B)3,023B; 1)4,14°B; 1n)5,023B; ¢)6,143B;
’K) IpyTrOM OTBET;

2. @OTOHBI ¢ OJJHOM M TOM K€ DHEpruen E , majarolue Ha 3JIEKTPOH,

Eo

1
A AYAYAVAVA S ANEKTPOH
W\AN\>.
nagatoiue W—L\exﬂ
2

pacCceuBaArOTCA Ha HEM B PA3HBIX HAIIPABJICHUAX MTOA PA3HBIMHA YIJIaMU 0. g

OTOHBI
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o, (i = 1,2) — IUKIMYECKHE YacTOTHI JIByX PACCESIHHBIX (DOTOHOB, MOKAa3aHHBIX HA PUCYHKE. BbI-
OepuTe MPaBUILHOE YTBEPIKICHHE:

a) o, >0,>E,/h  6)0,>0,>E/h B) o <o,<WE,

r) o, <o, <E/h

3. Ha noBepXHOCTH TeNla HOPMAJIbHO MaAaioT (POTOHBI MOHOXPOMATHYECKOTO
JIA3€PHOT0 M3JIYYEHHUSI C YACTOTOU V, IEUCTBYS Ha mutomanky AS cuoi F.
Ckonbko ¢poroHoB AN momnagaer Ha 3Ty IUIOIIAAKY 3a BpeMs At, eciu Telo 1mo-
[JI0IIAeT BCE Majaroliiee Ha Hero u3ilydyeHue (yKaKuTe MpaBuibHyo Gpopmyiy,
riae h — nocrostnnas Ilnanka, ¢ — CKOpOCTb CBETA):
2hvFAL FcAtAS 2FcAt hvFAt

a) T’ 6) hv B) hv F) c Il) 2hv

FeAr |

;e

FeAr |

FcAt
; K) :
hv

hvAS ’

4. ITapatenbHblii y4ok cBeTa ¢ A, =450 HM NagaeT HOPMAIbHO HA 3a4EPHEHHYIO IUIOCKYIO 10-
BEPXHOCTb U ITPOU3BOIUT HA Hee AaBiieHue p . Kakoe naBieHue Ha Ty e OBEPXHOCTh OyIeT Ipo-
U3BOJUTH ITy4OK cBeTa ¢ A, = 600 HM, Taxke Magarouui HOPMaJIbHO U UMEIOLIHUH Ty K€ IJI0T-
HOCTh (POTOHOB (YHCII0 (POTOHOB B €IMHHIIE 00BEMA), YTO U NIEPBOHAYAIBHBIN MTy4OK?

a) 05p 6)0,75p B p 1) 133p g L5p e)2p

5. OTHOWIEHNE BENMYUH CKOPOCTEN HEPEIATUBUCTCKUX YacTHIl 1 U 2 paBHO Vv, / v,=1/2=0,5,a
OTHOIIEHHE UX JJIMH BOJH A€ bpoiins paBHO, COOTBETCTBEHHO, A, / Ay, =4 . YKaxkuTe NpaBUIIb-
HYIO BEJIMYMHY OTHOLICHHS /71, /m, MacChl IEPBO YaCTHUILbI K MACCE BTOPOH YaCTHIIBL:

a) 16; 0) 8; B) 4; r)2; m)1; e) 1/2; x) 1/4; 3) 1/8; u) 1/16;
K) ApYTOil OTBET;

IlepeueHb KOHTPOJIBbHBIX 321aHUI M BOMPOCOB /1JIs1 OLEHKHU ¢(OPMUPOBAHHOCTH
komnerennuu IK-10

1. C moMoIipio peocTara Ha KOHI[aX METATUYECKOTO ITPOBOA UTHHEI | ¢ JT{ Ao
IIPOBO,

nuameTpoMm d co3gaHa pa3HOCTh MOTEHIHAIOB A@ (cM. pucyHoK). Kak m3z- POBOA ; ﬁdzif

MCHHUTCA TEMIICpATypa MOBEPXHOCTHU MMPOBOJA, KOTOPYIO MOKXHO CUHUTATH

a0COIOTHO YEPHBIM TEJIOM, €CJIU JJIMHY | mpoBOAa yBeIMUYUTH B JIBa pa3a, He MEHAS BETUYUHBI d
u Ag ? OTBeT 000CHOBAThH U MOATBEPIUTH (POPMYIaMHU.

2. OauH ¥ TOT K€ UCTOYHUK CBETA C YaCTOTOH V
OCBElIAaeT KaTO/bl IBYX BaKyYyMHBIX ()OTO3IEMEH-
TOB “1” U “2”, n300pa’KeHHBIX Ha JIEBOM PUCYHKE. v
BonbramnepHbie XapaKTepUCTUKN BO3HUKAIOIIETO

npu 3TOM B 1ienu potoToka I moxazaHsl Ha mpa-

BOM PUCYHKE, Tie KpuBble “1” u “2” COOTBETCTBYIOT MOJAKIIOUEHUIO (HOTOANEMEHTOB “1” 1 “2”.
Hcnonp3ys 3akoHb! poTodddekra, onpenennute Kakoi U3 KaToA0B UMEET OOJBIIYI0 pabOTy BbIXOa

~2Up -Up |

o hv
Y HaliIUTe BEIMYMHY OTHOIICHUS padoT BBIXO/A 3THX KAaTOIOB IPH yciIoBuH, 4to U, = 20 rae h —
e

IIOCTOAHHAasA HJ'IaHKa, € — BCJIMUMHA 3apsaJia 3JICKTpOHA. OtBeT 000CHOBATH COOTBCTCTBYIOIINMU
BBIYHMCIICHUAMMU.
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3. ®oToH “1” ¢ 9acTOTOM Vo HCIBLITHIBAET paccesHue Ha yroa 0 = 60° Ha nepBoHa- 2

YaJIbHO MOKOSAIIEICS YacTUIIe ¢ MacCOM m, MPEeBpaIlasch B pacCesHHbIN (POTOH “2”. 1 {0
[AVAVAVA VAV R

Hcnons3ys nocrosauyro [Inanka h 1 ckopocTh cBeTa C, ONpeenuTe BeTNIuHY Vo

SHEpPruu, KOTOpyro (pOTOH mepenacT yacTule m rnocie coyaapeHus. OTBeT 060CcHO-
BaTh U MOATBEPIUTH BBIYUCICHUSMHU.

4. MukpouacTuiia ¢ Maccoil m HaxOJIWUTCS B OJJHOMEPHOU MOTEHIIMAIBLHON M€ MPSIMO-
yroJibHOU (hOpMBbI C OECKOHEYHBIMH CTEHKaMH IIMPHUHBI 4, IPUYEM COCTOSHUE MUKPO-

YaCTHUIII ONMCHIBACTCSI BOJTHOBOW (YHKIMEH ¥ = A - X (a - x) , 1€ A - HOpMHPOBOYHAs
KoHcTaHTa. [loacTaHoOBKOM B cTanmoHapHoe ypaBHenue [lIpeaunrepa
d’v 2m
2 + 2
dx h
3aBHCETh OT KOOPJIMHATHI X, XOTS 3TO HE TAK, M YACTULIA MOKET UMETh TOJIBKO OTJIEIbHBIE TUCKPET-

222 2
Th'n

2
ma

HY 9TOT0 Mapajiokca U MpeUIoKUTe CBOKO BEPCHIO OOBSICHEHHS BO3HUKILIETO MpoTUBOpeunsi. OTBeT
000CHOBATh U MOJATBEPAUTH MOIXOASIIMMU (PU3MUECKUMH 3aKOHOMEPHOCTSMH U (popMyIamHu.

(E-U,)y =0,rae U, =0 BHyTpH MBI, JITKO IPOBEpuUTSH, uto E Gyner

HBIC 3HAYEHUS MTOJIHOW dHEpIrun: £ = =const, rae n =1,2,3,... [Ipoananusupyiite npuyu-

5. Bo30y>kaeHHBII aTOM BOJIOpOJIa UCITyCTUIT (DOTOH, OTHOCSIILIUIICS K CIIEKTpaibHOM cepun baib-
Mepa. OneHuTe BO3MOKHOCTD TOTO, YTO B AAaJbHEHIIIEM 3TOT aTOM HCIYCTHT ()OTOH CBETa B BUIH-
MOM 4eJIOBEYECKOMY IJIa3y YacTH ONTHYECKOro criekTpa. Onpenenure BO3MOXKHbIN HHTEpBaI JUIMH
BOJIH JajbHeHIero n3aydeHus. OTBeT 000CHOBATh U MOATBEPAUTH C TOMOMUIBIO (PU3UUECKHUX 3aKO-
HOB U (OpMyII.

4. OneHo4YHbIE cpeacTBa (OLEHOYHBbIE MAaTEPHAJIbI) VISl IPOBEACHUS IIPOMEKY-
TOYHOH aTTeCTANMHU 00y4AKOIIMXCH (3alUTHI KypCcOBOil padoThl (IPoeKTa)) mo
AUCHUILINHE (MOAYJII0)

3aHATHS yKAa3aHHOTO THIIA HE MPEIyCMOTPEHbl OCHOBHOHM INpo¢ecCHOHaIbHOW 00pa3zoBa-
TEJIbHOM IPOrpaMMON.



