MPUTOXKEHME A
®OH/, OLLEHOYHbIX MATEPMANIOB A1 MPOMEXYTOYHOM ATTECTALMU
NO AUCLMNAMNHE «dusmka»

1. Ilepeuensv oyenounvix cpeocme 0a KOMnemeHyuil, hopmupyemoix 6 pe3yiomame 0C60€HUS
OUCUUNTIUHDL

Kon koHTpo1HpYyeMOii KoMIIeTeH N Criocod OueHO4YHOE CPEICTBO
OIICHUBAHUSA
KomnnekT
KOHTPONUpYylowux

OMK-2: CnocobeH NpUMMeHATb OCHOBHblE
3aKOHbl M MeTOoAbl MCCneAoBaHUM
€CTeCTBEHHbIX HayK AnA peweHus 3ajay
npopecCUOHANbHON AEATENbHOCTH

MaTepuanoB ans
3aueT; 3K3aMeH | 3ayeTa; KOMNNEKT
KOHTPONUpyWmuX
MaTepuanoB Ans
JK3aMeHa

2. Onucanue nokxazamenei u Kpumepuee OUeHUBaHUuA Komnemeuuuﬁ, onucarnue uiKai
oueHueanusn

OueHuBaeMble KoMmneTeHUMM npeacTaBneHsl B pasgene «[llepeueHb  nmnaHUpyeMbix
pe3dynbTaTtoB o6yyeHus no AMCUMNAMHE, COOTHECEHHbIX C WHAMKATOpPaMU JAOCTUKEHUA
KoMneTeHuun» pabouen nNporpamMmbl AUCLMMAUHB «PU3MKa».

Mlpy  oueHuBaHuM CHOPMMPOBAHHOCTU  KOMNETEHUUA NO  AuUcCuMnnUHe  «dusmka»
ucnonb3yetcsa 100-6annbHaa wkana.

Kpurepmnii Ouenka mo 100- Ouenka nmo
0aJNILHOM HIKAaJIe Tpa}II/IIII/IOHHOﬁ mKaJie
CTyAeHT ocBoun M3yuvaeMbli MaTepuan 75-100 Omauuno

(OCHOBHOW UM JAONONMHUTENbHbINA) ,
CUCTEMHO U FPaMOTHO M3naraeT ero,
ocCywecTBnseT NofHoe M npasBuibHoe
BbiNONMTHEHUE 3aJlaHuii B COOTBETCTBUMU C
WHAMKATOPaMKU AOCTUXKEHMS
KoMneTeHuuii, cnocobeH oTBeTUTb Ha
JAOMNONHUTENbHbIE BOMPOCHI.

CTyAeHT ocBOMN M3yuvaeMblii MaTepuan, 50-74 Xopowo
oCywecTBnseT BbMOMHEHWE 3ajaHuii B
COOTBETCTBUM C MHAMKATOPAMM
AOCTUXKEHUS KOMMETeHUui C
HeNnpUHUMNUANbHLIMM OWKMOKAMHK.

CTyAeHT AeMOHCTpUpyeT OCBOEeHue 25-49 Yooenemsopumenvno
TONbKO OCHOBHOrO MaTepuana, npu
BbIMONHEHUM 3aJaHUN B COOTBETCTBUM C
WHAMKATOPaMU AOCTUXEHMS KOMMeTeHUui
AonycKaeT oTAenbHble ownbku, He
cnocobeH cucTemaTusuMpoBaTb MaTepuan
U AenaTb BbIBOAbI.

CTYAeHT He OCBOMN OCHOBHOE <25 Heyooesnemsopumenwvto
CcojepxaHue U3y4yaemoro MaTtepuana,
3a/aH1s B COOTBETCTBUMN C




WHAUKATOPaMU AOCTUXEHUA KOMMneTeHUuI
He BbIMOJIHEHbI WU BbINOJIHEHbI HEBEPHO.

3. Tunogvie KOHMPOIbHBIE 3A0AHUA UTU UHbIE MAMEPUATbl, HE00X00UMble 011 OUEHKU YPOGHA
docmudiceHus KOMRemeHyull 8 COOMEEMCmeulU ¢ UHOUKAMOopamu

1.3a0aHusA Ha ucnons3o8aHue ecmecmeeHHOHAayY4YHbIX 30KOHO8 rpu peweHuu 3a0ay

KomneteHuua UHAMKaTOp AOCTUNKEHNA KOMNETEHL NN

ONK-2 CnocobeH npuMeHATb OCHOBHble 3aKoHol u | OMK-2.1 Wcnonb3yeT ecTecTBeHHOHayu4Hble
MeTOAbl WCCNeAOBAHUA eCTEeCTBEHHbX HayK Ans | 3aKOHbl Mpu peweHuu 3apau
peweHus 3ajay npofecCMoHanbHOi AeATENbHOCTH

HpHMEHﬂH €CTCCTBCHHOHAYYHBIC 3aKO0HbI, METOAHKY PCIICHHA MNPAKTHYECKHX 3a1a4, pPeIIHThL
3a4a'M Ha CJICIYIOIHE TEMbI:

3 cemecTp

1. KuHemarHka NOCTYNATCIBHOI'O H BpallaTC/ibHOI'0 ABHKCHHUA.
. ):lHHaMIfIKa NOCTYHATCIIBHOTO ABHYXKCHHSL. Cubl B MCXaHHKC,

. ﬂHHaMHKa BpamaTCciIbHOTO ABHKCHHA TBEPAOTO TCIA.

. 3aKoHBI COXPaHCHHWS JHCPI'HH, HMITYJIBCA, MOMCHTA UMITYJIBCA.

Ul W

. MOJ’IGKyﬂHpHO-KHHGTHHGCK&H TCOpHA MACAIBHBLIX I'a30B. YPaBHeHHS COCTOAHHUA HICAIBHOI'O rasa.
3akoH Makcgena o pacrpeacIceHid MOJIEKYIT HIEAIEHOTO Ira3a 1mo CKOpPoOCTAM.

6. Tepmoaunamuka. 3akoHbl TepmoauHaMUKH. Hukibl. KITJ] TernnoBeiX ABHTaTENEH.

7. DnexkTpocTaTHdYeckoe Tmonie B Bakyyme. [lpuHimmn cynepnosunuu. Teopema [Iaycca s
AMEKTPOCTATHIECKOTO MO/ B BAKYYME,

8. JIMpneKTpHKH H MPOBOAHHKH B JIEKTPUUIECCKOM I10JIe, DHEPIHs DJIEKTPOCTATHIECKOTO MOJIs.

9. [locrosHHEI >nmekTpHueckuil TOK. PaboTa M MOIIHOCTE SJICKTPHUECKOTO ToKa. 3akoH Jlkoyms-
Jlenna. INMpaguna Kupxroda.

4 cemecTp

10. MarauTHOe monie B BakyyMme. [IpHHUIHN cyneprnosuiuu MarHUTHBIX mojeid. Cuna JlopeHua u cuia
Awmnepa. Teopema ["aycca a5ig MAarHUTHOTO TOJISL B BAKyyME.

11. MarauTHoe noJjie B BelecTse. IneKTpoMaruuTHas uHaAyKius. CAMOUHIYKIMS. JHEPTHSI MArHUTHOTO
IOJIS.

12. Teopusa MakcBesuta 1S 2IEKTPOMAarHUTHOTO noJis. CuctemMa ypaBHeHH MakcBeia B HHTErpajibHOM
u auddepeHanInHol Gopme.

13. CpobonHble, 3aTyXallllie H BBIHY)KICHHBIC KOleOaHHSA. DIEKTPOMATHHTHBIC BOJIHBL. JHEPTHS U
HMITYNBC 3MEKTPOMAarHuTHOTO nons. Bektop Ymoa-IloiiHTHHTA.

14. Unrepdepenuust u qudpaxuus ceerosbix Boid. Judpakuuonnas pewerka.

15. [lonmspuzanus ceera. 3akoH Mamoca. 3akon bprocrepa. llornomenue w awcnepcus BOJH.
HopmansHas 1 anHoMalikHas UCTIEPCHS.

16. KsanToBas cBOICTBa 2JIEKTPOMArHUTHOIO M3NydeHHA. 3aKOHBI TeIUloBoro usnydenus. doroaddext.
@oronsl. Jlapnenue ceera. DdpexT KomnToHa.

17. DneMeHThl aToMHOH (u3MKH M KBaHTOBOH MexaHwku. [loctynartet Bopa. I'wnotesa nme bpoiina.
[Tpuuuun neonpenenennocru. Ypasuenue Illpenunrepa. Bonnosas (yHKUMS, U €€ CTATUCTHYECKOE
tosikoBaHue. [Ipasuia orGopa Ans KBAHTOBBIX [1EPEXOOB.

18. DneMenTH! sylepHOH (PU3MKK: COCTAB M XapPAKTEPUCTHKH AaTOMHOTO sijipa. Bujawl panuoakTHRHOTO
W3IY4CHUS. SepHble peakiuu. DIeMEHTAPHbIC YacTHLbl. THIIbI B3aUMOACHCTBUSL.
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3 cemecTp
1. Kunemarnka MOoCTYNATE/ILHOI'O H BpAlIATE/ILHOI'0 IBHAEHHH

Touka M aBMsKercst 1o CrHpalnd ¢ MOCTOAHHOH [10 BEIHYHHE CKOpPOCTBIO B HaANpaBJICHHH, YKa3aHHOM c1pe.|u<0i71.
Onpeummrb, KaK U3MEHHACTCA BEJIHYHHA HOPMAJIbHOIO YCKOPEHHA H TAHTEHIHAIIBHOIO YCKOPEHHA.

M

—
Vrnosoe nepemeiieHie Tena MEHAETCA ¢ TEYCHHEM BPEMCHH t 10 3aKOHY (p=(2t2-2t+5) (pax). Onpenenuts YrioBoe
YCKOpEHHE Tena.

3aBHCHMOCTDL YTJIOBOH CKOPOCTH OT BpeMeHH nokasana ua pucynxe. OnpejenuTh YIJIOBOE NepeMelienne Tena 3a
npoMexyTok Bpemenn ot 0 1o 6 c.

), pag'c

Teno Gporueno ¢ nosepxHocTH 3emii co ckopocTbio 10 m/c noa yriom 45° ¢ FOPU30HTY. OnpeieuTs pajiHyc KpUBH3IHEI
TpackTopuu B BepxHeil touke. ConpoTuBicHHEM BO3JyXa [IpeHeOpeyb.

Touka IRHKETCS IO OKPY/KHOCTH COTMACHO ypaBHeHH0 G=5t" (pax). HopManbHOE YCKOPEHHE TOUKH B MOMEHT BPEMEHH
t=4 ¢ pagno 36 m/c’. OnpesennTh pajmyc OKPyKHOCTH.

2,  JIMHAMMEKA NOCTYNATENbLHOI0 ABH:KeHus. CHIIbI B MeXaHHKe

Ha pucyHke npuBeneH rpadHK 3aBHCHMOCTH CHJbI, NEHCTBYIOIIEH Ha Teno, oT BpeMeHH. Onpeaennts W3MEeHEHHE
MMITYJIbCA TEJId 33 NepBble 3 CeKyHIbl ABMIKEHHS.
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3aBUCHMOCTE MMIYJIBCA YACTHIIEI OT BPEMCHH OMMCHIBACTCS 3aKOHOM p=3tl +8t J.roe I u ] - BEKTOpHI

koopauHaTHeIX ocell X, Y coorercrBenHo. F3o06pasute saBucuMoctb npoekumit cuisl Fy u F, meifictBylomei Ha
YACTHILY, OT BPEMEHH.

UeTthblpe mapuka pacroiioKeHbl BA0Ab Npsimoid. Maccel mapukos ciesa Hanpaso: 2 T, 1 1, 4 r, 3 1. PaccToanus mexmy
COCEHHMH HIAPHKAMH I1O 20 CM. O]'[pe)'le.l'lHT]: MOJIOKECHHE LHCHTPA MACC CHCTEMBIL.

L[HHBMDMCTI) Cc l'py'}OM, EHKpC[lJICHHhIﬁ Ha MOTOJIKEC HENOJABHAHOIO Jl}lfh’l‘ﬂ, IOKa3bIBACT 3HAYCHHE CHIIbI THMKECTH 1'py'3a,
pasuoe 14 H. Onpenenuts Bec Tena B 1udyre, ABHKYLIEMES PABHOYCKOPEHHO BHU3 ¢ yekopenuem 2 m/c.

B a'rrpalcuylcmc yenoBek Maccold 50 kr JBHAKCTCA Ha TCICHKKE I[10 pl‘.‘JleﬁM H ooscpl.uac'r <<MCp'I'ByKJ)} [T B
BEPTHKAILHOI NIIOCKOCTH MO KPYrOBOH TPAeKTOPHH paauycoMm 6 M. OnpeaesiuTs Cuily jJaBieHHs YelOBeKa Ha CHJCHHE
TEIICIKKH [1PH CKOPOCTH HPOXOKACHUS HHHEH Touku 36 km/u.

3. /JunaMuka Bpamare;ibHOro JBHKEHHN TBEPA0Io Tea

JlMcKy MpHOanH YTI0BOE YCKOpeHHe, mpunokue cuay 10 H mo kacaTenpHoi K 060my micka Ha paccToaHun 10 cM oT ock
Bpailedns B Tedenne 0,4 ¢. OnpeneanTs Ha CKOMBKO YBETHYHIICS MOMEHT HMIyNbCca AHCcKa?
Jluck HauWHAeT BPAMIATHCA MO ASHCTBHEM MOMEHTA CHII, TpalMK BPeMEeHHOH 3aBHCHMOCTH KOTOPOTO TIPEICTARIEH Ha
PHCYHEKC. “306p33HTB rpacbm(, NpaBHILHO OTpa)KaI'OIIIHﬁ 3ABHCHMOCTE yl'J'I()BOﬁ CKOPOCTH JHCKA OT BPEMCHH.

M

t, T
0
[Tpu BEICTpene OpyANs CHAPAM BRIICTET W3 CTBOJA, PACTIONOMKEHHOTO MOA YoM 0=0(" K TOPH30HTY, Bpamasck BOKPYT
CBOﬂﬁ l'lpO,"LO,"IBHOﬁ OCH C y]"J‘IOBOﬁ CKOpOCThIﬂ &):100 panfc. Ha CTBOII DpyﬂHﬂ BO BpeMﬂ BhICTpBJ'Ia ,"[ei"iCTBye’T MOMCHT
-2
cun 150 kH-m, Bpemsa neuikenus cHapsaga B creone t=2-10 c. Onpenenurts MOMEHT MHEPLHH CHApAl1a OTHOCHTEIHHO
3TOH OCH.
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MowmenT HHepunu crepkHs JuiHoil L=0,6 M 1 Maccoil m=1 Kr OTHOCHTEIBHO OCH, HPOXOAALICH Hepes: LUEHTP MAace, paBcH
0,05 xr'M°. Onpene/iTy MOMEHT HHEPLHH OTHOCHTE/BHO APATICIBHON OCH, MPOXOIAIEH 9epes CTepkeHb Ha PACCTONHIHI
L/6 ot ero xoHua.

KuneTHyeckas SHeprias paBHOMEPHO BpalaloIierocd Imapa ¢ yriosoil ckopocteio 4 pan/c pasna 40 Jlx. OnpenennTs
MOMECHT UMITYIIbCA HTOr0 Liapa.

4. 3akonbl COXpaHEeHHd JHEPTHH, HMITYJILCa, MOMEHTA HMITY.ILCA

Hebonsimoe teno maccoit 100 r nagunaer Asu:kenue 0e3 Ha4albHON CKOPOCTH 110 TIAJIKOH JICISHOH TOpKEe U3 TOYKH A.
Tpenue oTcyTcTBYeT. 3aBUCHMOCTH TOTEHIHAIILHON IHEPrHH TEJia 0T KOOPJHHATH X M300pakkena Ha rpaduke £, (x).
OrnpenenuTs CKOpOCTh Tena B Touke C.

By, Axe
100§ i
80 NB
&0
0 7
1 o)
20 "/ ‘
I
0 2 4 6 10 12 x,m

ManeHbKHi MAY IBMKETCH CO CKOpocTeio 6 m/c. HaBcTpeuy emy ABH:KeTCA MacCHBHas 1mta. CKOPOCTh MAYA [OCIE
abco/IoTHO YIIPYroro yaapa o Mty pasHa o Moayno 10 m/c. Onpenenurs CKOPOCTh [IHTBL.

JIbIKHUAK Maccoii 75 Kr ciyckaercs ¢ TOPH BLICOTOH 18 M W TpoeswaeT o ropu3oHTaNbHON NbikHE 10 ocTaHoBKH 100 m.
OnpenenuTh CHIY TPCHHA CKOJIBKCHHA II0 OPH3OHTAILHOH IOBEPXHOCTH, CUHTAsA, YTO IO CKIOHY TOPBI JBIKHUK
CKOJIB3HT Oe3 TPEHHS.

Yenoeek Bpamaercs Ha ckambe JKyKkoBckoro c yrnopoii ckopocteio 1 pan/c. TIpu 3ToM cymMMapHBIH MOMEHT HHepIHH 4
kr-m”. UenoBeK MepexoauT Gmke K LCHTPY, TAK 9TO MOMEHT MHCPIMH YMEHBIIACTCS 10 2 Kr-M’. OIpeleInTh, deMy
CTaHET paBHOIl yI/IOBasA CKOPOCTH BPALICHHA.

Ilap » monsiit UIHKAP, HMEIOIIHE OJHHAKOBBIC MACCE H PAJHYChl, BKATBIBAKOTCSA 1O HHEPIMH 0€3 MPOCKaNb3bIBAHHA Ha
ropky. HauanbpHbele ckopocTd Ten oanHakoBbl. OmpeNenuTh OTHOIIEHHE BBHICOTHI NMOAbEMa LIapa K BHICOTE MHOJbeMa
TOJIOTO LH/IHHAPA.

MOJ]EKyJ'ISIl]IID-KI‘IIIETH‘-IECKRH TEOPHA HACAIBbHBIX I'a30B. YDaBlIBIIHE COCTOHHHA HACAJTBHOIO rasa.
3akon Makceesia o pacnpeae/JieHHH MOJIEKYJ HI€AJIBHOI0 ra3a mno CKOpocTaM

B Tpex oaMHAKOBBIX cOCYJAaX HAXOAUTCH OJMHAKOBOC KOJMYECTBO rasa, npudem T,>T,>T; Onpeaenuts kakas KpuBas
OyIeT OMUCHIBATE paclpeacIcHHE CKOPOCTEH MONIEKYIT B COCYIE ¢ TeMmepaTypoii T,

f(v)

v

OnpenenuTb, KaK H3MEHHTCA KOHUEHTPALHA MOJISKYJ ra3a, HMEIMmero HadalbHyio Temrepatypy 350 K v HavainbHOE
maenennc 150 lla, ecnm ras mzobapuueckn Harpets o 700 K?

HneansHeli ra3 mOCTOAHHOIT MACCHI, HAXOAANUIMHCA B IMIHHAPE, TIEPEXOANT W3 OJIHOTO COCTOSHHS B JIPYroe, Tak 4TO
JIaBIIEHHE BO3pacTaeT B 3 pasa, a o0beM yMmeHelIaeTcd B 2 pa3za. B HauaneHOM cocTosHHM TemnepaTypa paeHa 300 K.
OnpenenuTs KOHEUHYIO TEMIEPATYPY rasa.

IIpu remneparype 200K nanGonee pepostHas ckopocte Moaekyn pasxHa 300 w/c. Onpegenuts  CpeaHION
apuMETHYECKYK) CKOPOCTh MOJICKY raza npu Temueparype 800 K.

Onun dannon odbvemom 10 11 cogepikut kucnopos noj aasnenuem 1,5 Mlla, a apyroii dasuion obbemom 15 11 coepikut
azor nox pgaeneHuem 2,0 MIla. Korpa Samnonel coenunmunu, oba raza cMmellanuck, odpa3oBaB OJHOPOAHYHD CMeECh.
OnpeaeiuTh MONMHOE JaBICHHE CMECH.

6. Tepmoaunamuka. 3Jakonsl TepmonunamMuki. Hnkasl. KI/I TenaoBwix nBUraTesneii

MouisipHas TEI0eMKOCTE MOJIEKY/IBI HEAILHOI0 Ta3a IpH NOCTOAHHOM 00beme paBHa Cy=8R/2, rie R — ynusepcalbHas
ra3oBas noctosHHas. OnpesenTb YHCII0 BPALIATEIbHBIX CTerneHeil cBODO0 bl MOJIEKYIIbI.

2 wmons wuacansHoro raza npu rtemneparype 400 K yeenmumn cpoii obeem B 2 paza. Oupeaenurs pabory
M30TEPMHYECKOTO PACIIHPEHHS.

10 Monb HIeanpHOTO OJHOATOMHOTO Ia3a HPH MOCTOAHHOM JIABJICHHH HATPENH TaK, 4TO €ro TeMIIepaTypa H3IMEHHIACh Ha
50 K. Onpenenits KOMHYECTBO TEIIOThI, MOABEIEHHOE K ra3y.

3 Monst IBYXaTOMHOIO MI€aJLHOTO rasa IPH MOCTOSHHOMN TeMIlepaType YBeIM4H/ cBoii 00beM B 4 pa3a. OnpeennTs
M3MEHEHHE SHTPOIHH rasa.

Hneanbnas tennosas mammba 3a uMkn cosepiuaer paboty 500 [k v oTiaeT XO0NOAHALHHKY KOJHYECTBO TEIJIOTHI,
paenoe 200 k. Onpencnuts KI1[1 Terioroii ManiMHeL.

3



7.1,

7.2.

7.3.

7.4.

7.5.

8.1.

8.2.

8.3.

8.4.

8.5.

7. DuexkTpocTaTH4eckoe noje B Bakyyme. [lpunnun cyneprnoznuun. Teopema [aycca nos
1eKTPOCTATHYECKOT O MOJIS B BAKYYMe

DNEKTPHYECKOE TIONE CO3AaHO ABYMA TOYCYHBIMH 3apaaaMu (; = +q H (p = +2q. Onpenenuts HanpaKEHHOCTh H

MOTEHIIHAJ TTOJI B TOUKE A,
A

@1@ P * a OQJ

IMone coznano OeckoHe4HOI paBHOMEPHO 3apsA/KeHHOH [UIOCKOCTBIO € [IOBEPXHOCTHOH IIOTHOCTRIO 3apsiia —C. Y KaxkuTe

HaTlpaBIC€HHE BEKTOPA HANIPAKEHHOCTH JICKTPHYECKOTO IMOJIs En rpajueHTa noTeHIHaNa VCP B TOUKE A.
1

—

-F

1
1
H300pasute rpadyk 3aBHCHMOCTH HANPAKEHHOCTH M1EKTPOCTATHYECKOTO MO OT PACCTOAHUS (OTCUHTHIBAEMOIO OT HX

LEHTPA), CO3aHHOI0 ABYMs KOHUEHTPHUECKHMH C)epamH ¢ 3apsajiamu {, = 2q, g4, =—q n R,=2R,.

(9

RH

:)HCKTPP[‘"ICCKOC noJae CO31aHO IABYMA GCCKOHCHHEIMH napaniC/IbHBIMH TVIOCKOCTAMH, 3dPAKCHHBIMH C NMOBCPXHOCTHBIMH
IUIOTHOCTAMM 6 H —30’. Ha PHCYHKC I110OKa3daHd Ka4CCTBCHHAHA 3dBHCHMOCTE HNPOCKLHMH HAIPAKCHHOCTH IIOJIA Ex oT
KOOP/JAHHATEI X BHE IUIACTHH H MCHY IUTACTHHAMH. H’JOGP{B}{TL 3dBHCHMOCTE MOTCHIHATIA 1TOJS (P OT KOOPJIHHATEI X BHC
IUIACTHH U MEKLY TUTACTHHAMMA.

E 4

i

+o 20
Meraninueckuii map uMeeT 3M1eKTPHYecKHil 3apaa q, pamuyc mapa 10 cm. HanpsmxeHHOCTh JEKTPHYECKOTro NoJs Ha
pacctossHuu =10 cM OT mOBepXHOCTH BHC mapa paBHa E = 20 B/M. Onpemenuth 3HAUYCHWA HATIPSUKCHHOCTH Ep M
NOTCHUHAIA (P HICKTPHYCCKOTO IMOJIA Ha paCcCTOAHHH l"]_:5 CM OT HEHTPa mapa‘?
8. Iu3jIeKTPHKH M HPOBOJHHKH B 3JIEKTPHYECKOM 110J1e. JHEPrHsi 3IeKTPOCTATHYECKOI0 N0.JIsI
[Mpu nepexoje M3 OAHOH AMINEKTPUYECKONH Cpe/ibl B APYTYHO JHHHH HanpsikeHHocTH E WMayT Tak, Kak nokasaHo Ha

pPUCYHKC. YYUTBIBAs, YTO AMIICKTPHYCCKAs MPOHHIACMOCTEL MCPBOH cpeibl g =2, a yrisl a=30" u B=45°,

ONPEOCIHTE JHMICKTPHYCCKYHO NPOHHOACMOCTE BTOpOﬁ cpeabl 82 .

g

&)

OnpenenuTs MOTOK BEKTOpa JEKTPHUYECKOTO CMEICHHS Yepe3 MOoBepXHOCThL Kyba ¢ mumHoil pebpa 1 oM, B IeHTpe
KOTOPOTro Haxojurest 3apsin 2 MK

KonmeHcaTop ¢ AMIIEKTPUKOM ¢ OTHOCHTENBHOH MMAIEKTPHUYECKOH TPOHHIIAEMOCTHIO 6 MpPHCOETHHEH K MCTOYHHKY
TOKa, DHEprus 3NeKTPHUECKOTO TIONIA 3TOT0 KOHIeHcaTopa paeHa 32 k. OnpenennTs 3HEPTHIO EKTPUUYESCKOTO TIOIA
KOHICHCATOPA TIOCIE YAATCHHS THITEKTPHKA.,

Onpenenuts 3apsaj TPETLETO KOHJeHcaTopa, u3odpaxkenHoro Ha pucynke, ecii: C=9 n®d, C,=3 ud, C;=6 nd, Uy=20
kB.

e \

Cuna TPHTAKRECHHSA MCHTY NIMACTHHAMH IIOCKOro KOHJACHCATOPA 18 mH. OHpBIlEJ'IHTI: OﬁhEMHYFO TIOTHOCTE SHEPIHHA
- 2
ANMEKTPOCTATHYECKOTO IMOJIA 3TOTO KOHJICHCATOPA, €CITH TUIOHIAAb Kax10H U3 00xIaaoK 3 cm”,
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10.1.

10.2.

10.3.

11.1.

IMocTostHABIH YIeKTpHYecKHii ToK. PaGoTa H MOIIHOCTH JIEKTPHYECKOro Toka. 3akoH /xoyasi-Jlenna.
Ipasuaa Kupxrodga
Ha PHCYHKE MOKAa3aHa 3aBHCHMOCTE CHIIBI TOKA B BHCKTPH‘IECKoﬁ LEMH OT BPEMCHH. Oﬂpe;"LBJ'lHTB 3apsan, I'IpOI"CI[I]IHﬁ no
MPOBOHHKY B HHTepRane BpeMenn o1 0 1o 10 c.
1, mA
30

¢ 5 0 15w I©
DJ1C barapeu npeacrasicHHOI Ha pucyHke — 5 B, ee Buyrpenne conporusienue 1 Om. Ilpu conporusieHun peocrara
R;=4 OM uzeanbHBIA BOMBTMETP MoKasbiBaeT 4 B. IlpH KakoM COMPOTHBICHHH peocTata R, HAealbHBIH BOIBTMETD
nokaxer 3 B?

Pesucropar conporuenennem R; = 100 Om n Ry = 90 Om BKmOHEHB! NOCIEAOBATENBHO B ceTh., ONpeacauTh, Kakoe
KOJIHYECTBO TETJIOTHI BEIJIENHTCA B pesucTope Ry, ecu B pesnctope R, Beinennnocs 10 x)x Teniotei?

Cuia TOKa B NPOBOJHHKE PABHOMEPHO yBenuumuBaercs orT Ij=0 10 HEKOTOPOro MAKCHMMAJILHOTO 3HAYCHWS B TCHYEHHE
BpemeHn 10 c¢. 3a 210 BpeMs B NPOBOJHUKE BLIICIWIOCH KONMYECTBO TeruloThl 2 KIk. Onpenenurs cKOpocTh
HapacTaHHsA TOKA B [IPOBOJIHHKE, €CJIH €0 CONPOTHBRJICHHE paBHO 3 OM.

B anexktpuueckoi cxeme, NMpeACTABICHHOH Ha PUCYHKE, £,=2 B, g=4 B, Rj=4 Om, R;=6 Om, R3=3 Om, [,=3 A, [,=2 A.
Onpenennts Beauuuny 3J]C HCTOUHHKA TOKA €.

4 cemecTp

10. MaruurtHoe noJje B Bakyyme. [IpuHuun cynepno3nuuu MaruuTHeix noJei. Cuia Jlopenua n cuia
Ammnepa. Teopema I'aycea a1t MArHHTHOIO OJISE B BAKYYME
Ha pucynke n3obpaeHbl ceueHHA IBYX MapaaielbHbIX OPSMOIHHEHHBIX IIHHHBIX NPOBOJIHHKOB C MPOTHBOMOTOKHO

HanpapleHHbIMH ToKaMH, npuaéM I;=21,. OnpenemHuTs Ha KAKOM y4acTKe HHAYKIHS MarHHTHOTO MONA papHa HyJIio.
1 | 2

o) -
auhic'®ci

TIpoeonounyo paMKy B BHIAC KoJbla paauyca 10 cM moMemarT B OQHOpPOAHOE MAarHUTHOE noie ¢ uaaykuuei 0,1 To.
IIpu nporexkanuu no pamke toka 0,4 A oHa noeepHynace Ha yron 60°. OnpeneiuTs MeXaHHYECKHH MOMEHT CHII,
JNCHCTBYIOIMIMI HA PAMKY B HAYANIGHBIH MOMCHT BPEMCHH.

Ha pucyHke nokaszaHel cedeHHs 3-X [UIMHHBIX [apajuleIbHBIX [IPOBOJHUKOB ¢ TOKaMH W 3aMKHYTBIA koutyp L, mis
KOTOPOTO YKazaHo Hampasienue odoxona. Cuiael Toka pasubl 1;=L=I3=1,=2 A. OnpeneauTs UMPKYIAOHIO BEKTOpa
HATIPAKEHHOCTH MAarHUTHOTO TI0JIA [0 KOHTYPY.

OnpeJieNIuTh MOTOK BEKTOPA MAarHUTHOH HHIYKIMH 1ons BenuunHoi 10 Ti uepe3 noBepxHocTh Ky0a ¢ jinvHod pedpa
5cM.

OnpenenuTs cuily, NEACTBYIOILYIO HAa KaxmAblH MeTp [UIMHBI BO3AYLIHLIX [IPOBOAOB TPOJIEHOYCHOH JMHHH,
pacronoKeHHbIX Ha paccTosHuK 40 cM IpyT OT Apyra MpH cHile ToKa B mposoaax 1500 A.

11. DaexTpoMarHuTHafg HHAYKIHA. CAMOMHAYKIHA. DHEPrus MATHHTHOTO MOJA

TIpoBoasias paMka BpPAmaeTcs ¢ MOCTOAHHON YIJIOBOH CKOPOCTBIO B OJHOPOJHOM MATHHTHOM [10Jie BOKPYI' OCH,
nexalieil B IIOCKOCTH PaMKH M TTepHeHIHKYISPHOH BekTopy HHAYKIUH B (cM. puc.). Ha pucyHke Takke npeactaBieH
rpadHK 3aBHCHMOCTH OT BPEMEHH MOTOKA BEKTOPAa MarHMTHOH WHIYKIIWH, MPOHH3bIBAIONIEr0 paMKy. MakcuManbHoe

3HAYEHHE MATHHTHOTO notoka 2 MBoO. HOJ’I}“I[‘IT]: 3dKOH U3MCHEHHA 9ﬂ,C HHIYKIHH CO BPEMEHEM.
. @
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11.2. Cuna ToKa B NPOBOJAIIEM KPYTOBOM KOHTYpe HHAYKTHBHOCTRIO 100 MI'H m3MeHseTcst ¢ TeueHHeM BPEMEHH 110 3aKOHY
I= (3—0,1t3) (B eqununax CH) 1 HampaeneHa Kak MoKazaHo Ha pucyHke. Onpenenuts abcomoTHyw pemnunny 3J1C
CaMOMHIYKUHMH B MOMEHT BPEMEHH 2 C M HaNpaBlIcHHE HHAYKIHOHHOIO TOKA.

I

11.3. Beprukaiphas paMka miomansio 200 cv? mveer 100 BHTKOB H BPAL@eTcs B OIHOPOIHOM TOPH30HTAILHOM MArHHTHOM
nofe ¢ Haaykuuei 4 Tin. Och BpalleHus NepneHIuKyIapHa THHHAM MarHUTHOH MHIYKIMH noJis, MmakcuManbHas /1C
HHIYKIIMH, BO3HHKAIOMaA B paMke pasHa 62,8 B. Onpenenuts nepno odpameHus paMKH.

11.4, 3amkuyTas HaKOPOTKO KaTymuka auameTrpom 10 cm, nmeromas 100 BUTKOB, HAXOQMTCA B MAarHUTHOM M0JI€, HHAYKLIAA
kotoporo yeenuuusaercs oT 2 Tn go 8 Tn B Teuenne 0,1 c. [InockocTs BUTKOB NMEPNEHAHKYISPHA CHIOBBIM JIMHAAM
nonsa. Onpenenuts cpennee 3Hadenne 3JIC HHOAYKIIHK B KaTYILKe.

11.5. B karywmke MHAYKTHBHOCTH Bo3HHKaeT 3JIC camonHIykuuu, pasHas 10 B, npu paBHOMepHOM yBelIHYeHHH TOKa oT 4
o 20 A 3a 0,2 ¢. OnpenenuTb HHAYKTHBHOCTD KaTyLIKH.

12. Marnurtnoe noje B Bemecrse. Teopun Makesesna st 21eKTPOMArHHTHOro noast. Cucrema
ypaBHeHHil MaKcBell1a B HHTerpajibHoil u 1udepeHnnaILHOIH dopme
12.1. Ha pucyHke npeicraBiicHbl rpadQuki, OTPAKAIOIKE XapaKTep 3aBUCHMOCTH BCIMYHMHBLL HAaMarHudcHHocTd J BeuiecTsa

(110 MO,.‘_IleIO) oT Ha[lpH?KCHHOC'l'lfl MArduTHOIO 110J18 H YKEDKHTC 3aBHCHMOCTb, COO'I‘BC'I‘C'I'B}"}OLLI.)(}O d)cppomamcrm(am.
o 1

3

H
4
12.2. Kak u3BecTHO, MONHas cHCTeMA ypaBHeHHH Makcsenna /sl 31eKTPOMAarHHTHOTO TI0JIE HMEET BHIL:

L 5
= = ¢fz.0D) <
J?Hd =]s’ +o |d8
[7D a8 = pav
5 1%

3anucate CHCTEMY YPABHEHHIH U TePEMEHHOTO eKTPOMATHHTHOTO MO B OTCYTCTBHE 3apsKEHHBIX Tell.
12.3, [Tlonnas cucrema ypasaeHnit Makceenna B anddepenimansHoil opme U1 31eKTPOMarHUTHOTO NOJIA HMEET BHIL:

- 0B
rot E=- —
ot
-~ = 0D
drot H=j+—
ot
div D=p
|div B=0
3anucarb CHCTEMY }’]JaBIICIIPIﬁ Ol NEPEMEHHOTO 3ICKTPOMArHATHOTO MOJIA [MPH HAIHYHH 3apAMKCHHBIX TCII H TOKOB
TNPOBOAHMOCTH.

13. Ceoboanble, 3aTyXal0lIHe H BLIHYKACHHbIE KOIe0aHHA. DIeKTPOMATHHTHbIE BOJIHbI. JHEPrus H
HMIIYJLC JIEKTPOMAarHuTHOro noJs. Bekrop ¥Ymoa-IloiinTHnara
13.1. VYpasuenue rapMoHuveckHx KoJjeDanuil martepuansuoi Touku y=0,2sin5t (B CH). Onpenenurs MakcHMallbHOC
yCKOpeHHe Konebmotelicst TouKH.
13.2. YpasHeHue koneOaHMil Tpy3a Ha mpys;kuHe xKecTkocThio 200 H/m umeet Bux: X+25x=0 (8 CH). Onpenenuts Maccy
rpysa.



13.3.

13.4.

Ha puCyHKE M0Ka3aHa OPUEHTALMS BEKTOPOB HANPSKEHHOCTH dnektpuueckoro ( E ) u marauraoro (H ) nosei s
3MEeKTPOMarHUTHOH BonHe. OnpeieaHTh HaNpaBIEHHE BEKTOpPA IVIOTHOCTH MOTOKA SHEPTHH JI€KTPOMArHHTHOTO MOJIA
(Bexrop ¥Ymosa-TloinTunra). OTBET NOACHHTD.
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~
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Ha pucynke npexacraBnena mMreHoBeHHas «hoTtorpadua» 30MeKTpHYECKOH COCTABIAIONIEH 3NEKTPOMArHHTHOH BOIHEL,
nepexopaueii 13 cpenst 1 B cpeay 2 nepHeHAMKYIsipHO rpaHuue pasjgena AB. Onpenenuts oTHOCHTENBHBIH
HOKA3aTe b NPEIOMICHHS CPEbl 2 OTHOCHTEILHO cpebl 1.

A
1—»2

7 025 )'9{:5 05 X, MEM

B

13.5.3apsaz na ob6Kk1aaKax KoHAeHCaTopa B HieanbloM Ko1ebaTennHoM KOHTYpe HaMenaeTes no saxony q = 0,28 sin 100t

14.1.

14.2.

14.3.

14.4.

14.5.

(Ku). Onpeennte MAKCHMAaJIBHYIO JHEPTHIO DIIEKTPHUECKOTO T10JIsl, €CIIH HHIAYKTHBHOCTE KaTymku | [u.

14. Untepdepennus ¥ JHQPAKIHA CBETOBLIX BOIH. /In(ppakuuonnan pemerka

Ha noBepXHOCTb CTEK/Ia ¢ NOKA3ATENEM MPEIOMICHHS Mg, =1,7 HAHECEHA TOHKAS IUICHKA C MOKA3aTeIeM PEIOMICHUA
n,,=1,5. Ha mnienky no nopmayin K He#l nagaer ceer ¢ JUIMHOA Boaubl 500 M. OnpenesnuTs NpH Kakoi MHHUMAILHOR
TONMLHHE M1eHKa Oyaer "npoceeraamonieii”?

Ycranoska [ HabmoneHust konell HeroTona oceenaercs MOHOXPOMAaTHYECKHM CBeTOM UTHHOHN 0,4 MKM, 11a1ai0uM
HOpMaIbHO. OnpeneuTh TOJNHAY BO3JIYITHOIO 3a30Pa MENTY IIOCKOBBITYKION THH30H W CTEKISTHHOM TUIACTHHKOH B
TOM MeECTe, I1e HAOIIAACTCA [ITOE CBETIOE KOJIBLIO B OTPAXKEHHOM CBETE,

Onpepenirb ob1Iee YHCIIO MAKCHMYMOB, KOTOPOE JlaeT AH()pakiiHOHHAs PelleTka ¢ noctoaHHoil 10 MKM K ocBeneHHas
MOHOXPOMATHHECKHM CBETOM € JITHHOH BOMHBL 480 HM.

Ha nuaparmy ¢ KpyribiM OTBEpCTHEM PAJiMycoM 2 MM NaJ1aeT HOPMAlEHO NapaluiesibHbIA NYY0K CBeTa JTTHHON BOJIHBI
0,5 mxm. Ha nytu mydell, npomeamux yepes OTBEPCTHE, HA PACCTOSAHHE | M momeliaT 3kpad. Onpeleidrs Kakoe
rATHO OyieT HabmoJaTeCs B LIEHTPE IKpaHa B Touke M U nouemy?

0
[Tyuox moHOXpoMaTHyecknx (A=0,6 MKM) CBETOBBIX BOJH majaerT moj yriaoMm 60° Ha HaXxoJAUIYFOCA B BO3IyXe
MBUTBHYEO TIeHKY (n=1,3). Onpenennts, Npu Kakol HAUMEHBIICH TONUIMHE MIICHKH OTPAXCHHLIC CBCTOBBIC BOJIHBI
OyayT MaKCHMAJIBHO YCHIIEHBI HHTEPdEpeHIINei?

15. IMoasipuszanus ceera. 3akon Mamoca. 3axon Bpirocrepa. [lornomenne u nuenepenst Boan. Hopmansnasn

15.1.

15.2.

15.3.

15.4.

H AHOMAJBHAaA JTHCIIEPCHH

[Ipy najienyyu cBeTa U3 BO31yXa Ha IMATIEKTPHK OTPAXKEHHBIH TyY MOJHOCTBIO NOTSPH30BaH. YTOJI NPeNoMIeH s PaBeH
30" OrnpenenuTs yroia naieHus ay4a.
[InacTuHka xBapua ToamuHON d;=2,5 MM MOMECTHIH MEXIY ABYMs HapaiieIbHbIMH HHKOMAMH, B PE3yJbTaTe 4ero
TIOCKOCTh MOASPH3AIMM CBETAa noBepHymack Ha yron 30”. Onpemenuth Tonmmmy d, KBapUEBOH INIacTHHKH,
HOMELIEHHOH MeX 1y HHKOIISIMH, PH KOTOPOH JaHHBLIH MOHOXPOMATHYECKHI cBeT Oy1eT NOJIHOCTBIO FACHThCS.
Ha mytn ecTecTBeHHOro cBEeTa MOMELICHE! JABE MJIACTHHKHM TypManuHa. [locie npoxoxaeHHs maacTHHKH 1 ceer
HOJHOCTBIO NOApH30BaH. 31eck Jy U J; — MHTEHCHBHOCTH CBETd, NPOLIELIEro MIACTHHKM 1 W 2 COOTBETCTBEHHO,
yron mexy Hanpasnenuamu 00 n 0’0’ pagen ¢=30°, OnpenenuTs OTHONICHHE HATEHCHBHOCTEH cBeTta Jy 1 J,.

o)

0 o
Ha monspusaTop NagaeT CBET, NPEACTABNAIOMMH coG0iH CMECh €CTECTBEHHOTO M INIOCKO TONAPH3OBAHHOTO.
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HMHTEHCHBHOCTH €CTECTBEHHOIO W TJIOCKO T[(]J']ﬂpl»’['jl)BaHH()l"l) CBCTa CBA3dHbLI COOTHOILCHHCM IE:ZI". Ol'lpC,ElCJ'll’]Tb
CTCIICHB l'.[().l'[SlpH?}aLl[—‘l}{ TAKOTrO CBCTA.

15.5. F]Ja.(]:)I/II(H JHCTICPCHOHHBIX KPUBBIX 3aBHCHMOCTEH moKasaTens MpPeNoOMIEHUS CPelbl OT 4YaCTOTHl (D H JJIHHBI BOJIHBI ?L
CBETa MMCHT BHI, H]Je,I[CTaBJ'leHH]:Iﬁ Ha pHCYHKaXx. Onpene:[mb KakKHM BHOaM OHCTIEPCHH COOTBETCTBYHOT YHACTKH

kpuseix CD u A'B'?

n

16. KpanTosasi cBOHCTBA 2JIEKTPOMATHUTHOTO W3TYYeHHs. 3aK0HBI TenmaoBoro n3ayuenusi. @oroddderr.
®oronsl Jasaenue ceera. Ipdext Komnrona
16.1. Ha PHCYHKE TOKa3aHbl KPHBRIC 3aBHCHMOCTH CTIE:KTpaJ'IhHOﬁ TITOTHOCTH 3H€pl"€TH‘leCR’0ﬁ CBETHMMOCTH a0COJIIOTHO
YEPHOTO TEa OT JUTHHBEI BOJIHBI TMPH pa3HbIX TEMIIEpATYpax. Kpmaaﬂ 1 COOTBETCTBYET CIIEKTPY H3MYUCHHA abCcoNoTHO
4yepHoro Tena npd remneparype 2000 K. Onpenennts, kakoii Temneparype (8 K) coorrercreyer kpupas 27

500 2000 A

16.2. OupeaenuTbs YHEPreTHHECKYI) CBETMMOCTh a0COMKOTHO HEPHOIO Teild, €C/IM Cro TEPMOAMHAMHYECKAs TCMICPATYpa
T=400 K.

16.3. Pryrnas nampa umeer mowHocts 150 Br. Ckonabko HNpUMEPHO KBAHTOB CBETA HCIYCKACTCS CKECCKYHIHO IpH
M3IYyYeHHH CBETa C JAMHHOH BONHE 600 HM?

16.4. HM3onupopaHHas META/LUIMHCCKAS ILIACTHHKA HCIPCPBIBHO OCBCIUACTCS CBETOM ¢ JUIMHONH BonHbl 450 HM. B pesynsrare
(hotoadexTa, oHa 3apskaerca a0 noteHuuana 0,76 B, Onpenenute padoTy BBHIX0A2 3NEKTPOHOB M3 METAIlIA,

16.5. Ha pucyHke noka3saHbl HanpasjieHHs najawomero ¢orona (y), paccesnuoro (GoToHa (}") H 3JIEKTPOHA OTAa4H (e).
Yron paccesinust 90°, HanpaBiIcHHE ABHKEHHS MIEKTPOHA OTJAYH COCTABIACT C HANpaBllicHMEM nanatomero (oroHa
yron ¢=30° Hmnynse napaowmero dorona 3 (M>B-c)/m. Onpeneiurs UMNynbe IEKTPOHA OTAa4M (B Tex ke
eIMHMIAx).

17. DaemeHThl aTOMHOIT PU3NKH M KBaHTOROI MexaHukH. [Toctyaarel Bopa. 'nnoresa 1e bpoiias.
[punuun HeonpenenennocTn. Ypapuenue llpexunrepa. Boinosas pyHKINS, H ee CTATHCTHYECKOE
ToJikoBaHue. IIpasuna orfopa 118 KBAHTOBEIX Nepexo10B

17.1. B onsite /IpBuccona u Jlxxepmepa uccnenopanach AuQpakitia SNeKTPOHOB, MPOIIEANINX YCKOPAIOIEe HaNpsiKeHHe, Ha
MHKPOKPHCTANIEC HHKCIIA. OUpeﬂEJ’IHTb, KaK H3MCHHTCH IJIHHA BOJIHBI [J1C BpOf/‘lJ’lﬂ JNMEKTPOHA, C€CIIH YCKOPANIIEE
HanpaKCHHE YMCHBIITHTE B 8 pas.

17.2. Ha PHCYHKE MPEACTABICHA AHArpaMMa 3HEPIETHYECKHX ypOBHEﬁ dTOMa BOAOpOAd. []pH KaKOM MMepexone nmpoHcxoauT
nornomenue (hoTona ¢ Hanbonpiei yacToToMH?

E, B n=c
LIS
9 n=5
085 4 i =4
A5 ; =3
34 n=2

Y
Tz 3

436 n=1

o -9
17.3. TlomoxeHue TBITHHKK Maccoif 1-10™ ke onpeneneHo ¢ HeonpeneleHHOCTEIO (0,1 MEM. OnpeaenanTh HEONMpPeaeIeHHOCTE
ckopocTH AV,

17.4. BeposatHocTe 0OHAPYKHTE HICKTPOH Ha yuyacTke (a,b) 0HOMEPHOIO NOTEHUMANBHOTO AIKKA ¢ OECKOHCUHO BBICOKHMH

8



" L
BH/ KOTOPOH [PHBEICH Ha PHCYHKE. OleCJ_lCJIH'l'b BECPOATHOCTL 06Hapy}1cn'rb DICKTPOH HA YYACTKC — < x < — -
8

b

CTeHKaMH BeIuHcisieres no gopmynre W = Iﬂ)dx, rac @ — NJIOTHOCTE BEPOATHOCTH, onpesenseMas Y -byHKuneH,

a

L
2

D

d

N

|7

L

(=
N

4

17.5.OnpesienyTh MOTEHNHATBLHYK SHEPTHIO 31EKTPOHA, HaXOAAIIErocs Ha TpeTheil Goposckoil opbHTe aToma Bomopoa.

Panuyc nepBoii 6opoBckoii opOHTE aTOMa Bojiopoaa 53 mM. DHeprus 371eKTPOHA B OCHOBHOM COCTOAHHMH paBHa -13,6 3B.

18. DaemeHTHI AAepHOI PUIMKH: COCTAB H XAPAKTEePHCTHKH ATOMHOTO siipa. Buabl paaHoaKTHBHOTO

18.1.

18.2,

18.3.
18.4.

18.5.

u3ayveHus. Snepuble peakuuu. JaeMeHTapHbIe YacTHUbL. THIbI B3auMoelicTRIA

Onpepenure, sAp0 Kakoro wH3otona yriepoga (0D03HAYEHHOTO CHMBOIOM X) y44CTBYET B SICPHOH pPeakiHuH

X + 3He > Jo+ 4n?
“BpHO,‘I noaypacnaaa paaHOaKTHBHOIO 3IIEMCHTA 3 wyaca. Oﬂpeﬂeﬂﬂ"ﬂ: Hepe3 CKONMBKO BPEMCHH pacnaacTcs 75%

pPanHoOaKTHBHBIX aToMOoR?
HasBath wacTuugsl, KOTOPBIC ABIAKTCA YHaCTHHKaMH CHIIBHOTI'O B3aHMOJICHCTBHA.

B NpHpOAC CYLECTBYET 4HCThIpE THIA (l]yH,‘IHMeHTEUThHEIX BBHHMO)’[BﬁCTBHE"L B kakoMm B3auMOAEHCTBHH Y4aCTBYHIT

HPOTOHBI H HEHTPOHBI.

H3BecTHO HETRIPE BHOA q]yH,-‘[ElMBHTEUIbe[X BS&HMOJ’LE}ﬁCTBHI‘i Kaxoe B’jaHMO)’leﬁCTBHe XdPAKTEPH3YETCA

CPABHUTEC/ILHON HHTCHCHBHOCTRIO ~1, a paguyc ero acicraus pasen ~107™° m?

2.3a0aHus Ha Ucrnonb3osaHue hyHOaMeHMasnbHbIX PA30es108 ecMmecmeeHHbIX HayK 0718
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aHAAU3a MPOYECCO8, MPOUCXO0AUUX NPU nepepabomke NMUU,e8020 CbipbA U XPAHEHUU MpodyKmos
nuUMaHuA

KomneTteHuus NHAMKaTOP AOCTUXKEHUA KOMMETEHLUU

ONK-2 CnocobeH npuMeHATb OCHOBHble 3akoHol K | OMK-2.2 Wcnonb3yeT dyHAaMeHTanbHbie pasjens
MeToAbl MCCNeAOBAHUA eCTeCTBEHHbIX HayK Ans | eCTeCTBEHHbX HayK Ans aHanusa npoueccos,
peweHus 3ajauy npopeccuoHanbHON AeATENbHOCTH npoucxoAswmx npu nepepaboTke NUWLEBOro Cbipbs
M XpaHEHWU NPOAYKTOB MUTAHMA

11



Hcnmoab3ys ecTecTBEHHOHAYYHbIE 32KOHbI, BHINOJIHHUTH 32IaHHA MO0 CJASAYIOIIMM TeMaM:
3 cemecTp

1. HccrnenoBanue JBHKEHHS MAIIHHBI ATBY/IA C ONPEIeICHHBIME ITapaMeTpaMH.
2. Teopernueckue pacucThl TCPMOAMHAMHUCCKHX BEITHYHH.
3. Teoperudeckoe HCCIEIOBAHNE TAPAMETPOB JIIEKTPUICCKOH [ICITH.

4 cemecTp

4. Teoperudeckoe pacyeTsl B 00IaCTH MEKTPOMArHETH3MaA M HIeKTPOMAaTHUTHBIX KOJeOaHHii.
5. Teopernuueckoe pacyeThl B 001acTH BOTHOBOH ONITHKH.
6. Teoperndeckoe pacyersl B 00JaCTH KBAHTOBOH ONITHKA H ATOMHOMH (DH3HKH.

3 cemecTp

1. Yepes GuioKk B BHJE CIUIOIIHOTO JUcKa Maccoi 50 r, nepekHHyTa HeBecoMas HEepacTa¥HMas HHUTb, K KOHLAM KOTOPOi
HOJABEIICHE! OJIMHAKOBBLIE IPy3bl Maccoi nmo 100 r (mMammua Arsyna, cM. puc. 1) Paguye nucka 20 cm. Ecim na npasyio
CTOPOHY CHCTEMBI HOJIOKHTE TIeperpy3ok maccoi 50 r, To cucTeMa, NpPUAET B JABHKEHHE (pUc. 2).

'
R
n-s
1
T
60 cm
. | o [055]]
[ e Gm)) e
Puc. 1 Puc. 2

Ilo pe3ynbTaTaMm JaHHOTO YKCIEPHMEHTATBLHOTO HCCIEA0BAHNS OTIPEIeTHTD!
1. yYCKOPCHHE CHCTEMEI TPY30B;
2, MOMEHT CHII, IeHCTBYIOINI Ha OI0K.

2.  Yepes 010K B BH/E CIUIOLIHOTO AMcKa paauycom 15 cM u maccoii 100 r, nepexknHyTa HeBecoMas HepacTA:KHMas HHTb, K
KOHILY KOoTopoil moasewien rpy3s maccoii 150 r (em. puc. 1). [lon neficTBHeM rpysa cucreMa NPUXOJIUT B JABHiKeHUE (pHC.2).

@

B

Puc. 1

ITo pesyapTaTam JaHHOrO HKCIICPHMCHTAIBHOTO HCC/ICAOBAHHS ONPEACIHTh:
1. yrnosoe yckopeHue OioKa;
2. MOMEHT UMNYyIkca OnoKa.

3. Hekotopas Macca azota npu naeneHun 200 klla uMena obbem 8 n1, a mpu maeicHuu 500 kIla — o6sem 4 1. Tlepexon ot
TIEPBOTO COCTOAHHA KO BTOPOMY OBLT C/IENaH B IBA Tana: CHavyana 1o u3obape, a 3aTeM 1o H30X0pe.
H300paszuTe naHHBIE Mpolecckl B KoopauHaTax (P, V), Ha 0CHOBE eCTECTBEHHOHAYYHBIX 32KOHOB ONPE/IeIHTh:

1. H3MeHcHHe BHYTPEHHeH SHEPTHH NPH H30XOPHOM Mporiecce;

2.  KOJMYECTBO TEIUIOTH], MOMYYEHHOE TA30M TIPH MEPEXO/E OT MEPBOTO COCTOAHHA KO BTOPOMY.

4. VneanbHblli MHOTOATOMHBII Ta3, COAEP/KAIIMH KOJMMYECTBO BelecTBa | MOMNB, COBEpIIAET LMKIN, COCTOALIMH M3 IBYX
H30X0p W AByX n3o0ap. Haumenwmmii odvem V=5 n, Haubonsmuit V=10 10, HauMeHbIIEE DAaBICHHE Pn,= 100 klla,
HAHOOMBIIEE Ppa=300 KIla.
HccnenosaTh NaHHBIE MPOLIECCH B HA OCHOBE €CTECTBEHHOHAYYHBIX 3aKOHOB OTIPEACINHTE:

1. MHHHMMAIBHYIO TEMIEPATYPY LHKIA;

2. tepmudeckuii KITJ, mukma.
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5.  DnexTpudeckas cXxeMa COCTOMT K3 HeTouHHKa Toka ¢ DJIC 13 B, uaeansHOro aMnepmMeTpa u BOIBTMETPA, & TAKIKE JBYX
pesucTopop. [Tokazanus npuOOPOB IPHBEIEHE! HA PHCYHKE.

o=o!
10 Om 2 '—_—|

—

i

akes

Ha ocHOBE 3aKOHOB MOCTOAHHOTO TOKA TEOPETHYECKH PACCUHTATh MAPaMETPhI 3NEKTPHUECKOH 11eMH:
1.  KIIJI ncrounnka;
2. cury TOKa, MPOTEKAIYH Yepes pesucrtop 1.

6. ComporusicHue pesucTopa R u3Mepsercs BOIBTMETPOM M aMICPMETPOM IO CXEMe, MOKAa3aHHOH Ha pPHUCYHKE.
Awmmnepmetp nokassiaeT [=1 A, soastmerp U=100 B. Conporusienne sonstMeTpa Ry = 1 kOM.

HCIIOJIb'Byﬂ 3AKOHBI [IOCTOAHHOT'O TOKA OINPCACIIHTh:
1. CHle TOKa, 11p0'1'c1(a}01uy}0 H4EPE3 BOJIBTMETP,
2.  CONPOTHBIIEHHE PE3UCTOPA.

7. B npuBenenHoii snexktpuyeckoii cxeme conporusieHns Ry=20 Om n Ry=150 Om. ConpoTtuBnenue BonbT™MeTpa pasto 10
kOwm, a amnepmetpa — 0,4 Om. DJIC nctounuka paena 36 B, a sHyTpentee conporneiaeane — 1 Om. Ha pucyHke npueeacHs
IIKAIIBI BOJBTMETPA M aMIIEPMETPA C HX NOKA3aHHAMH.

oy -y

HCHOJ’IBB}”{ 3aKOHBI TTOCTOAHHOTO TOKa OTIPEICTIHTD
1. NaaeHHue HANPAMKEHHA Ha HCTOYHHKE TOKa;
2. BEPHOEC JIM 3HAYCHHE TTOKA3BIBACT BOJ'II:TMG’T]J? OTBET MOSCHHTE.

4 cemecTp

8. DnexTpoH Npoiis YCKOPAIOUIYIO Pa3HOCTD MOTSHIHAIOB M Moly4Yus sHeprio 400 3B, Baeraet B 0IHOPOAHOE MATHUTHOS
MOlle HANPMHKEHHOCTBIO 450 A/M NepneHIHKYIAPHO JIHHUAM MHIOYKOWH. MCHone3ys eCTECTBEHHOHAYYHBIE 3aKOHBI
Onpe/IelHTh:

1. CKOpOCTB 37IeKTPOHA;

2.  paaMyc KPHBH3HBI TPACKTOPHH 37eKTpoHa. (8 6annos)

9. BUTOK W3rOTOBJICHHBIH M3 ATFOMHHMCBOIl NPOBOJOKM UIMHON 10 ¢M M IUIOMANBIO HOMepedHoro cedeHus 1,5 mm*

MOMEIIEH B OJHOPOJHOM MarHWTHOM nosie ¢ wHAykuueil 0,5 Tn, npuueM IIOCKOCTh BHTKA TNEPICHIHKYIAPHA JIHHHAM
MarHuTHOH HHaykuun. [Tone HaunHaer yOBIBATE ¢ NMOCTOSHHONH CKOPOCTBIO Tak, 4to 4epesd 0,02 ¢ ero 3HaudeHHE JOCTHTacT
0,06 Ti. Mcnone3ys ecTecTBEHHOHAYYHBIE 3AKOHEL ONPEAC/IHTh:

1. conpoTHBIIEHHE BHTKA;

2. zapsi, NPOLICAIINE 110 BUTKY 3a ATO BpeMS.
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10. Pesucrop, Karymika HHAYKTHBHOCTH W KOHJCHCATOP COCHHHEHBL [OC/IEJOBATENLHO M IMOAKMIOYEHBl K HCTOYHHKY
NepeMeHHOr0 ToKa, u3MeHstomerocs no 3axkony I =0,1 cos 3,14t (A). Ha pucynke npencrtasnena (aszopasi guarpamma
NaJIeHHH HANPSUKEHHH Ha YKa3aHHBIX JJeMeHTax. AMIUIMTY/HBIE 3HAYEHHs HANpPsIKEHHH COOTBETCTBEHHO pPaBHBL Ha
pesuctope Up=2 B; Ha KaTylIKe HHAYKTHBHOCTH UL=§(B; Ha koHnaeHcatope Ugs=2 B.

Hcnonb3ys ecTecTBEHHOHaYUHBIE 3aKOHBI OTPeIeTh!
1. eMKOCTHOE CONPOTHBIEHHUE;
2. CIBHI" (1)213 MEWRY HAIPAKEHHEM H CHJIOH TOKA.

11. B onwite Oura paccrosinue meskay memnsaMu 0,5 mm. Paccrosinme ot meneit go skpana 2 M. Paccrosinue oT neHrtpa
aKpaHa 10 To4k M paBHo x=2 MM. [{nHHa BOJHEL, najaoiiero ceera 600 um.

A ‘M

K

Hernonb3ys ecTeCTBCHHOHAYYHLIC 3aKOHbL OIIPEICIHTE!
1. onTHYeckylo pasHOCTL X044 BOJIH OT HCTOYHHKOB S; H S, 10 Touku M,
2. KOOPIOHHATY TPETHETO MAaKCHMYMa.

12, JndpakiuoHHas pemIETKA ¢ MOCTOSHHON 5 MKM OCBEINACTCA MOHOXPOMATHYECKHM CBETOM ¢ JUTHHOI BOMHBI 520 HM.
DKpan pacrofiokeH Ha paccTosHdn 1| M 0T pemerku. Henonb3ys ecrecTBeHHOHAYUHBIE 3aKOHBI ONPEIEIHTh:

1. nanbGonbmnii TOPAIOK CHEKTPA, MOTYYEHHBIH ¢ MOMOIIBIO PEIIETKH;

2, paccTOAHME M0 2 MIARHOTO MAKCHMYMA OT IeHTPa TH(PAKIIHOHHOH KaPTHHBL.

13. Ilydok cBera MOCJIEAOBATENLHO NPOXOAMT 4epe3 /ABAa HHMKOIS, IUIOCKOCTH MPOMYCKAHHA KOTOPLIX 00pasyloT MexIy
coboii yron 60°. Koaduument nornomenns kawuoro wukonst pasen 0,15, Mcnonb3ys ecTecTBEHHOHAYUHBIE 3aKOHbI
OTIPe/ICINTh:
1. cBA3b MeXKIy HHTEHCHBHOCTBIO NAJalONIEro CBETa H CBETA, MPOLIENIErO Yepe3 NepBhlii HUKOMb;
2. BO CKOIIbKO pa3 My4YOK CBETa, BRIXOJANIHI W3 BTOPOr0 HHKONA, ocnablieH 1Mo cpaBHEHHIO C MYYKOM, NaJaronuM Ha
NEpPBbIii HUKOIB.

14. MomnocTs H3My4YecHUA a0CONIOTHO YEPHOro Tena pasHa 25 kBT, MakcuMyM SHepruu M3Iy4eHHs IPUXOJHUTCH HA JAIHHY
ponael 0,5 mrM. [Mocrosunas Credana-BonbiMana 6=5,67-10" BT/(MQ-K4), noctosnHas Buna b:2,9-10'3 M-K. Hcnonb3ys
COOTBETCTBYHOIIHME 3aKOHBI TEIINMOBOTO H3IMTYHECHHA OTIPEICITUTD!

1. rtemneparypy AUT;

2, mIOmab H3TYUAIoNnei MoBepXHOCTH.

15. B pesymsTate adhderta KomnroHa GoToH IIpH coOyIapeHHH ¢ 3JIeKTPOHOM ObLI paccesH Ha yroJl 60". DHeprug GpoToHa 10
paccesnus 1,5 MbB. KomnroHoBckas nnwHa BOJNHBI Ans 2nekTpoHa 2.4 nm. [IpuMeHss ecTeCTBEHHOHAYYHBIE 3aKOHBI
OIIPEICIHTD:

1. u3MeHeHHe NIHHBI BOJHBI (POTOHA;

2. KHHETHUYECKYIO SHEPTHIO NEKTPOHA OTIaYH.

16. Dueprus 1eKTpoHA B OCHOBHOM COCTOSHHH 4TOMA BOJopoja pasHa -13,6 5B, Paauyc nepeoit Goposckoii opdbute! atoma
Bojpopoaa 53 nm. [lpumensist ecTecTBEHHOHAYUHLIC 3AKOHbL ONPEICIUTD:

1. nonHy0 PHEPrHIO HIEKTPOHA HA TpeThel OopoBckoil opbure;

2.  NOTECHLMABHYIO SHEPIHIO MEKTPOHA, HAXOAIIEroCs Ha TpeThel opGuTe.
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3.BapuaHm KoHmponbeHol pabomel (3-0 cemecmp).

KomneteHuua

NHAMKaTOp AOCTUXKEHUA KOMMNETEHLUU

ONK-2 CnocobeH nNpUMEHATb OCHOBHbIe 3aKOHb U
MeToAbl MCCNeAOBAHUA eCTeCTBEHHbIX HayK Ans
peweHus 3ajauy npopeccuoHanbHON AeATENbHOCTH

OnK-2.1 Wcnonb3yer ecTecTBeHHOHayu4Hble
3aKOHbl NpU_pelileHun 3aaay

ONK-2.2 WUcnonb3yeT tyHAAMeHTanbHbie pa3Aensl
eCTeCTBEeHHbX HayK Ansl aHanusa Mnpoueccos,
npoucxoAswMx npu nepepaboTke nNuWEBOro Chipbs
M XpaHEHWU NPOAYKTOB MUTaAHMA
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Bapuaut kourposabHoii padorsl gas cryaenro 19.03.02 ITPC (CTIIPC) 6akanaspuar
@I'OC BO 3++ 3a0unHas (IepBblii ceMecTp U3ydeHus (PU3UKH)

Bapuanr 2.1

1. Teno OporeHo BepTHKATHHO BBEPX C HAYAIIBHON CKOPOCTHIO V,=4 M/c. Koraa oHo mocturio
BEPXHEH TOUYKH I0JIETA M3 TOTO K€ HAYAJIBHOIO IMYHKTA, C TOH K€ HAYaJbHOW CKOPOCTBIO V,
BepTHKAILHO BBepX OporeHo Bropoe Teno. Ha kakom paccTossHuHM h OT HayaabHOTO IMyHKTa
BcTpeTATcs Tena? COnpoTUBICHHE BO3AYXa HE YUATHIBATE.

2. Ilpu ropusoHTaILHOM MOJNETE CO cKopocThio V=50 M/c cHapsii Maccoi m=8 Kr pasopBajics
Ha JIRe yacTu. bonkimas yacts Maccoit m;=6 kr nonyuuna ckopoctk u;=400 m/c B HanpariIeHUH
noJera cHapsa. OnpeaesnTs MOAYJb U HAIIPAaBJICHUE CKOPOCTU Up MEHbILIEH 4aCTH CHapsia.

3. Ilpyxuna sxectroctsio k=500 H/m cxkata cunoit F=100 H. Onpenenuts paboty 4 BHemHel
CHJIBI, IONOJIHUTENBHO CKUMAIOLIEH NPYKUHY ele Ha AI=2 cMm.

4. OmnpeaeauTh KOJIMYECTBO BELIECTBA V U Yiuca0 N MOJeKyl Kucnopoaa Maccoit m=0,5 kr.

5. B Gannone Haxomamutcsa ra3 npu temmnepatype 7;=400 K. Jlo kakoit Temnepatypsl 7> Haao
HarpeTh ras, 4To0bl €ro JaBJICHUE YBEIHYHIIOCH B 1,5 pa3a?

6. Omnpenenurs CyMMapHYKH KHHETHYECKYHO HEpPrHi0 Ej MocTynareinbHOro IBHUKEHHUS BCeX
MOJIEKYJI ra3a, HAXOMALIErocsa B COCy/Ie€ BMECTUMOCTBIO V=3 1 o nasnenueM p=540 klla.

7. Toueunsie 3apsubl q;=20 MK, g,= -10 MKt HaxoasTcs Ha pacCTOAHHH d=5 CM JIpyr OT
apyra. OnpeneluTb HaIpsSKEHHOCTh I10J14 B TOYKE, YAaJIEHHOH Ha =3 CM OT NEPBOro U Ha =4
cM OT BTOporo 3apsaa. Onpeaenuts Taxke cuity F, 1eHCTBYIOIYIO B 9TOH TOYKEC HA TOYCHHBIH
3aps g=1 mMxKi.

8. ToHkMii OCCKOHEUHBIH NPAMOJIMHEHHBII CTEP)KEHb HECET PaBHOMEPHO pacCHpeaCICHHBIN
sapsan 1=0,1 mxKn/m. Ha paccrosuaun d=0,4 M 0T cTepikHa HaXOAUTCA TodeuHbld 3apajn q=0,01
MkKn. Onpenenuts HanpsbkeHHOCTH E 3mekTpuueckoro mojisi B TOYKE, PAcroN0OKEHHOH Ha
OJMHAKOBOM PAcCTOSIHUU OT CTep KHs U 3apsiaa di = 0,2 M.

9. Ha nByx koHUeHTpHUYecKHX cdepax paguycoMm R u 2R paBHOMEpPHO pacnpee/ieHbl 3apsaibl ¢
[IOBEPXHOCTHBIMU IUIOTHOCTSMH G1 U G2, COOTBETCTBEHHO. 1). Mcmonb3ys teopemy [aycca,
HalTH 3aBUCUMOCTb £(T) HaNpsAKEHHOCTU SIIEKTPUYECKOro IO OT PAcCTOAHMA Ui Tpex
obmacreii: 1 (0<r<R), II (R<r<2R) u Il (r=2R). Ilpunsare ©1=406, G»=G. 2). BbMHUCIUTH
HANPSUKEHHOCTh £ B TOUKE, YIAJIEHHON OT LIEHTPa Ha PacCTOSHHUE I, U YKa3aTb HAIpaBJICHUE

BekTopa E s 3Hauennii 6=30 uKn/v?, r=1,5 R. 3). [Moctpouts rpaduk E(r).
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4.BapuaHm KoHmponbHol pabomel (4-0 cemecmp).

KomneteHuua

NHAMKaTOp AOCTUXKEHUA KOMMNETEHLUU

ONK-2 CnocobeH nNpUMEHATb OCHOBHbIe 3aKOHb U
MeToAbl MCCNeAOBAHUA eCTeCTBEHHbIX HayK Ans
peweHus 3ajauy npopeccuoHanbHON AeATENbHOCTH

OnK-2.1 Wcnonb3yer ecTecTBeHHOHayu4Hble
3aKOHbl NpU_pelileHun 3aaay

ONK-2.2 WUcnonb3yeT tyHAAMeHTanbHbie pa3Aensl
eCTeCTBEeHHbX HayK Ansl aHanusa Mnpoueccos,
npoucxoAswMx npu nepepaboTke nNuWEBOro Chipbs
M XpaHEHWU NPOAYKTOB MUTaAHMA
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Bapuant kourposabHoii padorsl gas cryaento 19.03.02 IPC (CTIIPC) 6akanaBpuar
®I'OC BO 3++ 3a0uHas (BTOPO ceMeCTp U3ydeHuUs (DU3HKH)

Bapwuanr 3.1

1. Tlo 7aByM mapanieqbHBIM OECKOHEYHO JUITMHHBIM TIPOBOJAAM TEKYT B OJMHAKOBBIX
HampaBieHHsIX TOKM cunoit [=100 A. Paccroguue mexay npoogamu d=0,1 M. Onpenenurtsb
MarHuTHY MHIYKIHI0 B B Touke, OTCTOsIIEH OT OJIHOTO MPOBOJHUKA HA PACCTOSHUH I'y =5 CM
U OT JIPYTOI'0 — HA PACCTOSTHUH =12 cM.

2. Ksapparnas nmpoBoJiOYHAsi paMKa PacriojioKEHa B OJHOM IUIOCKOCTH C JJIMHHBIM MPAMBIM
MPOBOJIOM TaK, YTO JIBE €€ CTOPOHBI napauiefibHbl npoBojy. [lo pamke u TpoBOLY TEKyT
oauHakosble Toku =200 A. Onpenennts cuy F, nefcTByOny0 Ha pamMKy, ecii Oiuakaiiias K
IPOBOY CTOPOHA PAMKM HaXOJUTCS OT HErO Ha PaCCTOSIHUU, PABHOM €€ JUIHHE.

3. MarHuTHas MHAYKIMS B LEHTPE KPYroBOro BHTKa coctapiser 2,5-10™ Tin. MaruuTHslit
MOMEHT BUTKa paBeH | A-M%. Boranciants CHJIy TOKa U paJiuyc BUTKA.

4. Ha MBUIBHYIO IUIGHKY ¢ TOKaszaTeneM mnpenomiieHus »=1,33 namaer no HopMaiu
MOHOXPOMATHYECKUH CBET ¢ MIMHOW BOMHBI A=0,6 MKM. OTpakeHHbI CBET B peE3yjbTare
MHTEP(EPECHINH HMEET HanOoIbIIy0 ApKOCTh. KakoBa HaMMEHbIAs BO3MOKHAA TOJNMIMHA iy
wieHku?

5. ToueuHblii McTOUHMK cBera ¢ A=550 HM mnomemieH Ha paccrosHuun a=1,00 M nepen
Henpo3pauHoi mperpanoit ¢ oteepcrueM paauyca r=2,00 mm. Kakoe MUHHMAIBHOE YHUCIO Mpmin
OTKPBITHIX 30H DpeHenst MokeT HaOIIOAATHCS IIPU ATUX YCIIOBUSIX?

6. TlocrosiHHas audpakUMOHHONM peweTkn B #=4 pasza OoJiblI€ [UIMHbI CBETOBOWH BOIIHBI
MOHOXPOMAaTHYECKOI'0 CBETa, HOPMAJILHO MAJIAI0LIEro Ha e MOBEpXHOCTh. OnpeenuTs yroi o.
MEKY ABYMS [EPBLIMH CUMMETPUYHBIMHU AU(DPAKIMOHHEIMU MAKCUMYMaMHU.

7. Ompenesmtb yroi O paccesHusi (OTOHA, MCHBITABILEIO COYJapeHue co CBOOOHBIM
SIICKTPOHOM, €CITH HU3MCHCHHE JVTMHBI BOJHBI TIPH paccessHuH AA=3,63 mM.

8. Ilotoxk suepruu, uznydyaemoit anekTpuueckoit namnoit, @.=600 Bt. Ha paccrosuuu r=1 m ot
JaMIbl NEPHEHUKYISPHO NAJAIOUM JIydyaM paclOoOkKEeHO KpPYIJIoe IUIOCKOE 3epKallblie
nuamerpoM d=2 cm. Onpemenuts cuny F cBeToBoro mgaeneHuss Ha 3epkanene. Jlammy
paccMaTpUBaTh KaK TOYEUHBIH W30TPOIHBIH H3JTy4aTenb.

9. OmpenenmuTh 3HEPru0 € (OTOHA, HCIYCKAEMOTO TMPH MEPEXOAe DICKTPOHA B AaTOME

BOOPOAA C TPETBETO JHEPTETHUECKOI'0 YPOBHS Ha OCHOBHOM YPOBEHE.
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4. ®aiin u/uau T3 ¢ NOAHLIM KOMMAEKMOM OUEHOYHbIX MaMepuas0e npuaa2aemcs.
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