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NMPELUCJOBHE

dusnka — Hayka 0 OPHPOJe: O CTPOEHHH, CBOHCTBAX H B3aUMOJEHCTBUM CO-
CTABJIAOIIAX ee MaTeDHaJbHBHIX Tel H noJdell. ['aBHas nenb 3TO# HayKW — BbI-
ABHTb W OOBSCHATb 3aKOHBHl IPHPO/bI, KOTOPEIMH OINpefeNsioTes BCe q)nanecxne
siBieHEA. PH3HKA OCHOBbIB “IEPHMEHTAJbHO Y HOBJICHHBIX (PaKTax.
3aHHMasn LeHTPaJbHOE MECTO CPellH ADYTHX HayK B OGDBACHEHHH 3aKOHOB MPHPO-
Abl, QU3HKA HrpaeT NePBOCTEeNeHHOe 3HaueHHe B (OPMHPOBAHHH HAYYHOrO MaTe-
PHAJHCTHYECKOTO MHDOBO33PEHHS.

OcHoBHEIME 3af1a%¥aMu Kypca (QH3HKH B By3ax SABJIAIOTCH:

1. Co3zanue y CTYNEHTOB OCHOB JAOCTATOYHO IIHPOKOH TEOPETHYECKOil MOAro-
TOBKH B 06JaCTH (H3HKH, HOSBOJ]i[lOH.IePI GyAyHmM HHKeHepa opHeHTHPOBaTbCﬁ

:;
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B NOTOKE HayduHOW W TeXHHUECKOH WH$OPMalWH H obecleuHBaiOlied WM
HOCTH HCMOBL20BANMS HOBHIX (HM3MUSCKHX NDHHNMIOB B TeX o61acTSX TeXHHEKH,
B KOTOPHX OHH CIENHAJH3HPYIOTCS.

2. ®opmupoBaHHe Y CTYAEHTOB HAYYHOTO MBIULJIEHHA H MapKCHCTCKO-JEHHH-
CKOr0 MHDOBO33DEHHMA, B WACTHOCTH, NPABHJLHOIO [OHMMAHHS TPaHHI, NPHMEHH-
MOCTH PasJHuHBIX (DUSHYECKHX MOHSATHH, 3aKOHOB, TeOpPHH M yMEHHs OlEHHBATh
CTeneHb ROCTOBEPHOCTH DE3YJbTATOB, MNOJYYEHHEIX C NOMOUIbI0 3KCNEPHMEHTaJb-
HBIX MJIM MaTeMaTHYEeCKHX METOLOB HCC/CNOBAHMSA.

3. YcBoeHne OCHOBHHIX (M3HMUeCKHX SBJEHHH M 3aKOHOB KJaccHuecKolt M co-
BPEMEHHOIT hH3UKH, METOXOB (DH3HUECKOTO HCCHACLOBAHUS.

4. BelpaGoTka y CTYZEHTOB IPHEMOB H HABBIKOB PelleHHS KOHKDETHHIX 3a71ad
43 pasHeiX ofnacTell GH3HKH, NOMOralOUIMX CTYAentaM B JanibHefilieM peiuaTtsh
HHXEeHePHble 33AauH.

5. OsHakomuende CIYAEHTOB C COBPeMeHHON HayuHOH anunapaiypol u 3iex-
TPOHHO- Bbl‘XHCJIX/lTeJIbHOH TCXHHKOI/I BHIDAGOTKH Y CTYAEHTOB HAYaJIbHbLIX HaBbXKOB
1ipoBe) q &

[ HpHMeHeHHeM SBM H OLEHKH nornemuocm usmeDeHm

Uenp nacTosmero yue6HO-MeTONHYECKOr0 NMOCOGHS — OKA3aTh IOMONIL CTY-
AEHTaM-330UHHKAM TEXHOJOTHYECKHX M HHKEHepPHO-5KOHOMHUYECKHX CIRIHANbHO-
crelt BbIClHHX yuebHBIX 3aBelleHHH B H3YUYeHHH Kypca (GH3HKH.

B nccoSuu MarepHain Kypca QH3HKH pasfelfeH Ha LIecTb KOHTPOJbHBIX paboT.
Mepen xaxnbim KOHNTPOJbHEIM 3aJaHHeM [aloTcs MOsicHeHHs K pabodeit mporpam-
Me, NPHBOAATCA OCHOBHBlE 3aKOHH H (OPMYJB, NpUMepH pelleHus 3alau. Kpome
TOro, B NocoGuu paHel OOLIHe MEeTONHYECKHe YKasaHHsl, padouast Nporpamma,
OpHMEDHAS cXeMa pelueHust 3aiad, npuMenerns OBM (MHKpOKasbKYy/IsTOpa) NpH
PEllieHHA 3ajay, sajaun A CaMOCTOATENLHOTO pellleHHss H HEKOTOphe cnpaBod-
HHe MaTepHaJb.

Ceenenus, cpg
By3e, cooGuxaxoTc

OBILUE METOOHUYECKHE YKASAHUSA

OcuoBxrol popumoit OGYUeHHS CTYHEHTA-3a0YHHKA SABJACTCA CAMOCTOATEJbIAas
pabota Haj yyeGHHIM MarepnanoM. Ias o6uaerueHnst 3Tofi paGorTel kKadeapw oun-
SHKH BY30B ODTaHH3YIOT YTeHHE JEKLHMH, NPAKTHYECKHe 3aHATHS H Jab0DaTOpHbIE
paborbl. TlosToMy mpouece H3yuenus (MAHKM COCTOMT H3 CJAeAYIOUIHX STAIOB:
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5. 9) i ae naROTR

; 2) camocrosTesibHag pavvia

xa YCTAHOBOUHBIX H O0G3ODHBIX JEKIHH; 2

1y ”P°§22$3Mnyu ydeOHBIME NOCOGHAMH; 3) BHUIOJHEHHE KOHTPOJBHBIX paboT;
T 1 yueb / 0OHAMH; 0 :
’;) npoxoxAcHHe 1a6opPaTOPHOrO IPAKTAKYM naua TOR ¥ 3K3aMEHOB

a; 5) craua
Tlpn caMoCTOATe/BHOH padoTe nan y4eGHHM MaTepHaIOM Heoé;oyizlmof;mpa_
1) cocraBisih KOHCIEXT, B KOTODOM 3ATIACHIBATH 3AKOHBL H (hopmyJIsl,

sKalolle 3TH 3AKOHEL, OnpeesieHns OCHOBHBIX (u3ndecknx NOHSTHH A CYLIHOCTD
(pHBHIECKHX SpJeHUfl H METOZOB HCCJENOBAHAA,

9) payyarh Kypc (H3HKH CHCTEMATHICCKH, Tax Kak B NPOTHBHOM caydae Ma-

1 Gy/eT YCBOEH MOBEPXHOCTHO;
Tepﬂgi nzmb3o¥38'rbcﬂ KaKiIM-TO OJIHHM YueOHHKOM HJIH yueGHbIM 10cOCHEeM (um:
orpaHHUeHHbIM HHCIAOM TOCO ), urtobH He yrpauuBanach JOrMuecKas CBAI
Me};{ny OTAENLHEIMH BOMPOCAMH, IO kpaiimeil Mepe BHYTPH KAKOrO-TO ONPEASASH-
ro pasfiesa Kypca. N !
"o KpOHTDOJIbeIe paboThl NO3BOAAIOT 3aKpenuTb TEOPETHIECKHH MaTepHal Kyp_
ca. B mpouecce H3yyeHHs (u3nKH CTYAEHT AOHMCH BHIOMHATL 1ECTb KOHTPOJb
Hb;X pa6or. Pemenne 3anad B KOHTDOJIBHBIX PABOTaxX ABJSETCA npoBepKoi cremne-
HH YCBOGIHHS CTYACHTOM TeopeTHUECKOro Kypca, a pelleHstu Ha pabory noM%raxe)T
MY 10pabOTATs M IPARMILHO OCBOHTD pasinuHble pasiensl Kypca dusnku. [Tepeh

en opaseTats oL A a el
abmo?m%lmexv{ KOHTPOJIBHOM PaGOThl CTYACKTY HEOBXOIUMO  BHH! 7 w;;.
KOMHTbCS ¢ TPHMepaMH peulenns 322l 0 NAaHHOM KOHTPOJBbHOH pa0doTe, {Iﬁlmﬂ
HenmsME ¥ (hopMyJIaMu, a TaKKe co CUpABOYHHMY MaTepHalaMi, MpHBELCH: i
B KOHIC MTOLHUCCKUX yKasaHuil. Ipexne ueM MPUCTYNHTH K DEUICHHIO Touﬂsﬂe
HHOM 3a7aul, CTYAENT JOJKeH XOpoIlo nouSTh ee cOleprKaHue M IOCTaBje

B Heli BOTpOCH. . B o
KOHTI;JOJ'lebIe paGoTH st _CIeInaNbHOCTEH, yueGHLIMU TAaHaMd  KOTOPHX
[IDeyCMOTpeHo Mo Kypey olmied (u3UKH LIECTb KOHTPOJBHBIX paGor, pacnpenene-
Hbl CAeAYIOWAM 06pasoM: .
1—}¢H3qucme OCHOBH MCXAHUKH; 2 — MOJieKyJspHas ¢usuxa, TepMOélﬂHa
MHKa; 3 — 57€KTPOCTATHKA, HOCTOSIHHBIE TOK; 4 — 3JEKTPOMAarHeTHsM, KOJ€ aHH;l
‘wn: 5 — BOJHOBAS ONTHKA, KBAHTOBAs MPHPOLA panydenns; 6 — s1eMeHT!

M BOJHDI
ATOMUNOM 1 SEPHON (PHIUKH, SJEMEHTHI (u3HKH TBEPAOro Teaa. s o 1—6
B janHoe MeTOEHUECKOe NOCOOHE BRIIOUEHLL KOHTpOJIbHbBIE PalOTHl Ne
LA STHX CHelHaibHoCTel L
Kounrpodbibie paGoThl L5 crenmaabHocTedl, yueOHbIMK NJaHaMH KOTOphI)E
NpeAyCMOTPEHO MO KYpCy obieli hu3EKH TSITH KOHTPOJBHBIX paor, pacmpefiee
Hbl CJCAYIOMIHM 00pa : o .
1 — dusnuecKHe OCHOBH MEXaHHKH, MOMEKYJISIPHOH (H3HKH, TepMOAREAMUKH}
2 — 5JeXTPOCTATHKA, OCTOSIHHBIN TOK; 3—9nempomamem31vxg, gosebanus H Bg;;‘
HEl; 4 — BOJHOBASl ONTHKA, KBAHTOBAd IPHPOAZ HaAygenHs; 5 -— MeMenTH ar
fi ii o0 Tena.
HOll M anepHOl (U3HKH, DNCMEHTH (u3HKH TBEPAOT )
Jlas 5THX CHeUHaJbHOCTEH B NEPBYIO KOHTDOJIbHYI0 PAlOTy BKJIOUEHLL 3afa
43 xourponsuuy pador Ne lm 2. Onn 0Go3HaueHsl NOPSUAKOBEIMH HOMEpaMH,

#3 KOHTPOABHBIX

saKMOYEHHHIME B cKoGkax. Hyepauus TOCACLYIOUAX KOHTDOJIbHbIX DaboT yKa-
3aga B cKoOkKax nocje HOMepoB paboThl, NPHBEICIIHLIX B nocobu#, T. €. BTOPOH
KOHTPOJIbHO DPaboTOil And 3THX CrelHanbHOCTeH véyge'r pabora Ne 3,0 IIOQ_T(()LiJI))-’
oHa mMeeT ABOAHYIO Hymepauuio Ne 3 (2); Tpetbeil — 4(3); wersepToid — 5 (4);
nsroit — 6 (5). B

K’J}!{lla(ﬂ )K urponnHag paGora A CTYAEHTOB-320YHHKOB TeXHOﬂO«:}iZe:\}S}‘x
cuenyanbocTeli BRAOYAeT IecTh 3aiad, AAd CTYZEHTOB-3409HAKOB HHIKEHEpHO-
3KOHOMHYECKNX cneuuanwoc’reﬁ—nepsme NATb 3ajay us COO"TBETCTBY}OLU.EI‘O
papuanta. Onpejlejieiiye Bapuanta safamus IpOBOAMTCA 1O eNHHOM M BCeX ue-
CTH KOHTDOJBHEIX pador Taliuue BapHaHTOB B COOTBETCTBHH C NOCJeLHEH I:]ll/lq}poﬂ
wndpa. Ecan, nanpusep, nocreanss undpa wHppa CTyILeHTa-TeXHOJlOI‘aC : TO B
KaXIofi KOHTDOALHOM pabote O pemaer 3aiaud 7, 17, 27, 37,"%?','“?2-“ T7811'31'1T‘
5KOHOMHCT, HMEWIIHA TOT XKe mudp, pemaer Te XKe 3ajayd, HCKJAKHIHE of.

Tlpu BEIIOIHEHHH KOHTPOJBHBIX paor HeOOXOLAEMO cobaaaTh caelyionue
fnpasuJa:

1) Ha TUTYJBIOM JHCTe YKasblBaTb HOMED KomTpoAvHel pafoTH, HANMCHOBA-
HHe AHCUHILIHHBL, Q]aMHJIYl]O H WHHIHAJL CTYHAEHTA, umqap ¥ JOMAaUIHHM anpec;

2) xoHTpOXBHYIO pafoTy cieflyeT BBINOJHATD aKKyDpaTHO, OCTaBAsA NoAA 113

aboTy cnen Y

3aMevauuil pelLeH3eHTa;
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3) sajauy CBOErO BADHAHTA NEPEMHCLIBATL MOJHOCTLIO, a 3alaHHHE usuges
CKHe BeJHUMHBI BBIACATb OTJEJBHO, NMPH 3TOM BCE YHCJOBBIE BEJHYHHBL JIOJIKHDLE
GLiTh NepeBefieHbl B OHY CHCTEMY eMHHIL

4) 1 TOSICHEHHS! DElICHHS 3a/auy, TAE 9TO HYKHO, aKKYPATHO CAeNaTh 4ep-
Tex;

MYJh JOJKHB CONPOBOXKAATLCS MO-

ACHEHHAMH;

6) B nosicHeHHAX K 3ajaye HeoGXOAMMO YKa3biBaTbh Te OCHOBHBIE 3aKOHBHl K
OpMyJAbl, HA KOTOPBIX Ga3upyercs pelueHue JaHHOA 3ajaun;

7) mpu mosyyeHun pacueTHON (opMy.bl, KOTOpas HyXHa AJs p
KpeTHOH 32/1a4u, NPUBOJHTb €€ BHIBOI,

8) peuenue sajauy pe 1ayeTes Ck a cfenaTs B 00lleM Buie, T. €.
TONBKO B GYKBEHHBIX OGO3HAUCHHAX, NOSACHSS NpHMeHsieMble UpH HANHCAHHH (OP-
Mya OyKBeHHble 0603HAUEHHS;

Ta6auna BapuaHTOB

Bapuanr o o ioea® || Bapuanr e e atore
[ I [ N
1 Pl o s |a|s]l e 6| 16] 25| 36|46 | 56
2 2112122324252 7 7 17127 | 37|47 |57
3 3013(23 3343|353 8 §| 15|28 |38 |48 |58
4 411424 3‘_'& 44 | 54 g Y 1912913545159
5 5|15‘25 3a|45|55 10 10‘20‘30‘40\50'60
g) BhIYHCJ/JICHUA CJIe,"lyCT HPOBOHHTI) HyTeM NMOACTAHOBKHK 3alaHublX YHCJOBBIX

BCAHUMH B DACYETHYO (POPMyiy. Bce UMC/AOBBIE SHAUCHHA BCMNUHH, NECOXOMNMBIE

¥ 11€06 X0 HMEIE
IS pellenHs NaHHOH 3ajaud, AONKHE ObiTb BRIpaxensl B CH (cu. cnpasountie
MATEDHAIHL) ; :
10) mpoBepuTh eIHHHUBI NOJNYUCHHBHIX BENHUMH [0 PACUETHOH (OpMyJe H TeM
CaMbIM TIOATBCPIAHTD NpaBUJLHOCTDL €€; N
11) KoucTanTh (H3HUECKHX BEJHYHH M APYTHe CHPaBOUHbIC AaHHEE BEICHpa-
¢ M3 Tabdamu;
12) npu BbUHCHSNHSX N0 BOSMOXKHOCTH HCMOJMB3YHTE MUKPOKQJIHLKYJAATOD,
TOUNOCTE DACUeTa Onpey NeTCA UHCJIOM 3HAuallnx HHd)D UCXO/HHEIX AAHHBLIX]
13) B xourpospHoil pafoTe ClelyeT YKa3HBaTb YueGHUKH i yueOHble 10cO-
6nsl, KOTOphle HCMOAB3ORAMNCh NIPH PEUICHHH 3313l
OHTDOUBHbIE PafoThl, NpeicTaBjcHNbe Ge3 cOB.I0NeNus  VK23aHUBIX {pa-
BUJI, & TaKae paboThl, BbiliOJHEHHBHE HE N0 CB Ty,
6yayr.
[pu orcwinxe pafoThl HA TORTODHOE DelleH3npoBaHae 0653aTeNbHO NPEACTas~
JsiTh_pabory ¢ nepBoil perensneil. '
Bo Bpema sxzamenamuomnio-AaGopaTOPHEIX  ceccdil AROB0LATCH
nsle padorh. Ileas na6opaTOPHOTO NPAKTHRVMA — HE TONBKG  niyYkio
HHbie $us e spaenusd, YOSLHTbCA B 1T T
npHOGPECTH COOTREeTCTBYIOMHe HABHKH B o0palieHry ¢ (us
HO U Gousee I‘J'IYGOI{O ORNAAETh TEODETHUECKHM MFJTC‘DHZ’J!O.V.L
Ha dK3aMeHax ¥ 3ayeTax B NePBYKO ouepelb BhLIACHSIETCS yCBOeHHE OCHOBHDLIX
TEOPETHYECKHX [0A0KeHHH NPOrPAMMBI H YMEHHE TBOPYECKH NMPHMEHsTb NOJydeH-
HEIE 3HAHHA K DeleHHIO NPAKTHUECKHX 3aiad. (PH3uvyecKas CYIHOCTH SBJCHHHA,

32KCHOB, TIPOLECCOB AOAKHA H3AAT4THCA HETKO H AOCTaTOMHO neapebHe; pemiartk
32112‘114 HeoOxonuMo Ge3 omuboK H yBepewHo. Jlio6as rpaduueckas padoTa HOMK-
Ha OBITb BEINOJHEHA aKKYpaTHO W 4eTKo. ToJbKO IPH BHIIONHCHHH STHX ycJIOBHIE

3HAHHA 1O KYPCY $M3UKH MOryT GbITb MPH3HAHB! YAOBACTBOPHTEILHBIMH.

eTHHOCKHX

peTHHC

i
HUYECKHMH TIPY Gopatm,
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PABOYAS NIPOTPAMMA
Pafagag ODOFDAMMA COCTABIEHA HA OCHOBE NPOTPaMMEl Kypca (QUSHKH A1

Pabouag nporpay

HEIKEHEPHO-TEXHHTECKHK CNENHanbHOCTEl BLICUIHX yUeOHLIX 3aBefleHHH, yTBEpXK-
Hesiofi YueGHO-MeTOUUeCKHM YIPABJIEHHeM N0 BHCHIeMY 00pasoBaHHio 26 wioHs

1981 r.

Benenue
IIpenmer Meroan  (PEHTECKOro HCC/IEJIOBAHMS: ONWT, THIOTE3R,

9KcrepHMenT, Teopus. Poilb
paseurne duznkn. CBA3b QUIMKH C Map

pasen

MH HayKaMH.
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DasBUTHH TEXHMKH H BJHMAHHE TEXHHKH Ha
KCHCTCKO-JIEHHHCKOH ¢usiocoduels 1 APYyrH-

Py3ruecKknHe OCHOBBI MEXaHNKH

Mexatnueckoe LBUKEHHe KaK [pocreiimias —(opMa JBHKEHHS —MAaTepHH.
TIpencrasieHne 0 CBOHCTBAX MPOCTPAHCTBA U BPEMEHH. l:IpeoﬁpaaoaaHnsx I:ail.lfflff'
MexaHHIeCKHI NPUHIHI OTHOCHTEJIBHOCTH. K/IACCHYECKHH 33KOH CJ F ‘.nuﬁv;
creit. [TocTynaThl CHENHANBHON TEOPHH OTHOCHTENLHOCTH. Hpeoﬁpasosatmm 0'
pera, [loHATHE OJHOBPEMCHHOCTH. PENATHBHCTCKOE MSMCHEHHC JAME 1 TpOME
JKYTKOB BPEMCHA. PelZTHBHCTCKHY 32KOW CJIOKEHHA CKOPOCTEH. '

ITocrynaTenbHoe JIBHYKEHHe TBEPAOTO Teaa. 3aKOH HHEpHHH M HHepUHAJIbHHE
cucremil oTcuera. Bropoit sakon Hporona. Llentp mace (uentp “II_CPI{I?_[ZAM?fa
HUYECKON CHCTEMbl H 3aKOH €ro JBHXKeHUs. 3aKOH COXpAHeHus KOJHICCTBA ABH-
KeHHs., DHeprus KaK YHHBepcalbHAS Mepa pasiHuHbiX Gopy pBUKeHUS W Bazuf[
MozehcTEuA. PaboTa CHJB H ee BHPAKEHHe HePE3 KPHBOJHHCHILI uHTerpall.
3aKoH COXpancHHA Sieprui ) e O DeRFgTHBHUCTCKOH JUHaMHuKe, OcsoBuo#
3aKOH COXpaHefifid 3JieprHi, 129 iec 0D 1] O e asaCTeROe RHIpA-
3aKOH DeJSATHBHCTCKOM IHHAMHKH MAaTepHA/IBHOH TOM T BiIpa-
Womme NS KHETHYECKOH oleprHy. B3aHMOCBS3h MACCEl M SHEPTHH. LOOTHOLIEHH
MKy NOJHOH SHepruedl W MMNYJIbCOM HYACTHLEL. T'panuubl NPAMEHHMOCTH KJ&l-

it KH. . .
CH%(I:}I(&?eMKe;!? H(gopma MaTepHu, OCYILECTBAAIONLAS CHIOBOE B3AHMOLEHCTBHE MC:K;;
Ay dac fi BeliceTna. lloTeHnmanbHOe —[NoJE CHIL ToTennuanbHas ?Hep]‘]ﬂo-
MaTcpHa/IbHOM TOUKH BO BHENIFEM CHJOBOM IOJE H ee CBA3L ¢ CHVIOH, ACHCTBYIO-
el HA MATEPHAJBHYIO TOuKy. [ToHATHe O rpajUelTe CKalApHOu crpiy‘}mum&"l—lfalrzgi{
JKEHHOCTb, NOTEHNHAJ [oas. [IpHHUMI CYNEpUOSHIMH. SAKOH COXpArcHizi Mcz\&-’
HHTeCKOH 9HEPIHH W €ro CBs3h C OAHOPOAHOCTHIO BpEMENH. Yaap aécom?l'r o
YOpYrHX H HEYNPYrHX Tel 3aKOH coxpangx;s}x}{;:;%pameﬂua SHEPTHH KaK Ip
ABJCHHE HEYRHUTOXHMOCTH Marepuu u ee 1L .

- ILSZEM"&’T'L? KHHEMATHKH BpalﬂaTenb}Ioro JBUIKEHA. YTJIOBas CKOPOCTb H yIJio-
BOE VCKODEHHe, X CBf3b C JHHEHHBIMH BeJ‘lI/I‘-lPl!IaMVH.V{VXOVMeHT cnet MOMEFE‘.ES’;

CTBa IBHIKCHHS TejJa OTHOCHTEJbHO HEMOABHMHOM OCH Bpaily . Mowmexrt
ﬁﬁggﬁf Tﬁna OTHOCHTEJIbHO OCH. YPaBHeHHe JHHAMHKH BpallaTeJbHoro ﬂBH;Kuigl;ﬁ
TBEDOro TeJa OTHOCHTENbHO HEMOJBHIKHOH OCH. Kunernveckas SHeprius BpmMQH_
merocs Teia. Pafora mpH BpAamIATENbHOM ABHKCHHH. 3aKOH COXpaHEeHHA M

Ta HMIYJbCa.

OCHOBbI MOJEKyAAPHOA PUIHKK 1 TEPMOAHHAMHKH
CTaTHCTHUECKHI MeTOJ HCCJCLOBAHHS H €ro CBASh C yUCHHEM lmaﬂegmqe-
CKOTO MATepHA/lW3Ma O COOTHOLIGHWH CIy4ailOCTH M HEOGXOAMMOCTH. ~ DAIBOL

yYpaBueHus MOJleKleﬂ[)HO-KHHCTH‘{ECKOPI TEOPUH HujeaJbHblX Ta30B AJn nasJaeuns.
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Cpesuss KHMHETHUECKAs SHEPrHs MOMeKy". MonexynspHO-KHHCTHUCCKOE TOMKOBA-
HHe TepMOAHHAMHUECKOH TeMmepaTypel.. Uumeno cremexelt cBoGOAH MoJeKynr. 3a-
KOH DaBHOMEDHOTO DaclpefiesieHHsi SHEPTHH N0 CTeNeHsIM cBOGOAb MOJeKkyJ. 3a-
Kou MakcBeasia s pacmpefielIelHs MOJEKYJ HI€aNbHOTO rasa 0 CKOPOCTAM H
SHEpTMH TeIIOBOro ABuXKenns, 3akon BoabliMana Aas pacnpelesleHHs %acTHI BO

mrrorirrraa f TATANIIHANLOOM TIOJO. NANUas WHANO OTONMKENADAUUT u ananmaa
noTeHUHaNBHOM nose. LpeAHee YHCIC CTOJKHOBEHHH

e ® Cpefufiad AJH
¢croGonHOTO MpoGera MoJexy.t
SIpJeHns NepeHoca B TePMOAWHAMHYECKH HePaBHOBeCHBIX cucTeMax. OmmiT-
nibie 3aKOHbI AU (Y3HH, TeNI0NPOBONHOCTH H BHYTPEHHErO TpeHHs. Monekynspro-
KHHETHUECKAasl TEODHS STHX ABJeHHH. TepMOAWHAMMUECKMH METOX HCCAeNOBaHHS.
TepMOJHHAMHUECKHE nNapameTpul. PaBHOBecHble COCTOSIHHS H IpOIECCH, HX H30-
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HIAMHUYSCKEY AHarDaMMax

DaAa Trvioy
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KH. HPHMEHQHI/IE INepBoro HavaJja TepMOIHHAMHKH K H30IpoueccaM n anauabaTHo-
My Hpolleccy HJA€aJbHOTO rasa.

Knaccndeckast MOJIeKYJsIPHO-KHHeTHYecKas TEOpUA TeNJ0eMKOCTeA HleaNbHBIX
razos W ee orpaHHuennocTb. O6paTumble H HeoGpaTHMble npouecchl. Kpyrosoe

npoteccst (umkn). Huxa Kapuo u ero KIIJ aas nieanpsoro rasa. durpomus. Ju-
Tponug uieankHOro raza. Bropoe mauano Tepmopmuamuxy. CraTucTHuecKoe TOM-

KOBaiiHe BTOPOTO Hauaja TepMOAHHAMHKH.

OrcTyn/enne oT 3aKOHOB HIEAJNbHOrO rasa. PealbHble rasul.

¥Ypasuenne Ban-nep-Baaanca. Cpasuenue m3orepm Bam-gep-Baaanca ¢ ake-
nepumenTanbupMH, KpuTHueckoe coctodnme BemecrBa. Pasosme nepexoir 1 H
11 pojia. BuyTpennsisi SHePrus peasbHOTO rasa.

DJIeKTPOCTATHEA

3aKOH COXpaHEHHs JJCKTPHYECKOTO 3apsia. DuekTpuueckoe moge. OcHOBHBE
XaPaKTePHCTHKH  3JEKTPOCTATHUECKOTO  [OJIS1 — HANPSIKEHHOCTh M NOTEHIHan
nostst, HanpskenHocTp Kak TpafuedT noTeHunanta. [IOTOK BeKTOpa HanpsKeHHO-

orn. Teopema OCTPOrDaLCKOrs —

aveea U oe ODHMEHOHHE K DACUeTV NOJS nex-
1eopema UCTpOrpaicxoere

1 aycca ¥ ee IPHMEHEHHE X pacueTy noad. Juex
Tpuyeckoe moje B BemecTBe. CBOGOAHKIE M CBA3AHHBE 3apsiiel B OHIJNEKTPpHKAX.
3J‘leKTpOIII{aH U OPHEHTAUHOHHAA HONAPH3ALHUA. I'Ionﬂpnsosam{ocrb. Teopema
OCTporpaucxoro—I‘aycca ANA 3JEeKTPHUYECKOro 04 B AUIJICKTPHKE. SnEI(TpHQQ~
CKO€ CMellleHHe. HHS.HQKTPH‘!&CK&H NpOoNUIaeMOCTb CpPenbl. CeI‘HeTOBJleKTpHKH.
Hoae BHYTPH NPOBOAHHKAZ H Yy €ro TOBEDXHOCTH. Pacnpefniesienne 3apsjoB B

NPOBOJHHKE, OJIEKTDOSMKOCTh VOARNEHHOIC MPOBOANHKA OHICHCATODH. Rmen-

DJIeKTPOEMKOCTh YCAHHeHHOro nposoAunka. Kownfencaropsl. Smuep-
THsl 32DAKEHHOTO Ye[HHEHHOTO NPOBOLNHKA, KOHIEHCATOPA. JHEpPrHsl JEKTpo-
CTaTHuecKoro nojist. OGbeMHast MIOTHOCTh SHEPIHH.

MocTosubA 3JeKTpHUECKHA TOK

nOCTOHHI]bH./'I 9JI€KTpH‘IeCKHI’K TOK, €ro XaDAaKTePUCTHKU U VCJIOBUSA CVIIECTBO-

Banus. Kuaacchueckas 3/1€KTPOHHAS TEOPHS 3JEKTPONPOBOJHOCTH MeTaloB, Bhi-
BOJ 3axoma uOMa B Anddepennnabuoli Gopme H3 MEKTPOHHBIX NPEACTABJCHHI.
VUOUIIEHHbIH 3akoH OMa B HHTerpaJbHOd (opme. Pa3HOCTb NOTEHIHAJOB, 3JeK-
TPOABMKYINAs cuja, HanpsmKeHHe. ['paHuuBl nmpuMennMoctH 3akoHa Oma. Tor B
rasax. Ilnasva. Ie6aencknii paanyc 3KkpaHHpoBaHua. PaGoTa BEHIXORA 3/EKTPOHOB
U3 MeTala. TepMosneRTPOHHAS SMHCCHS.

a.ﬂeKTpOMal‘HeTHBM

Marnuthoe nose. Marnutnas HHAYKUHS. 3akoH AMnepa. MaTHHTHHIH NOTOK.
Kouryp ¢ Toxom B marmutnom mose. 3axon Buo — Capapa — Jlannaca u ero
glzlibffﬁfljli?‘}f7pacqe'rypmarnmx-xoro noas. BuxpeBo#l XapakTep MarHHTHOrO MOJS.
SAROR HOJHOTO TOKA. Pafora no nepeMelleHHIO NPOBOJHHKA H KOHTYPa ¢ TOKOM

?IM“HHTHDM nose. JleficTBHe MarHMTHOTO NOJAS Ha ABHKymmiica 3apan. Cuaa
openila. Ilpunumun neficrens nuxamzecknx yexoparemel:
Db dexr Xoana.

YBJICHHE 3/EKTPOMArHUTHOM HHAYKUUH. 3aKOH 37eKTPOMArHHTHOH HHAYKIHH.
3akon Jlenua.

DaKoH Jl HBJle’l\'Ige CaMOMHAYKUHH. WMHIAYKTHBHOCTb. DHEPrHA CHCTEMB MPO-
BOAHHKCE ¢ TOXOM. U6heMuas nIoTHOCTh SHEPTrUH MArHUTHOIO MOJS.

32DSIKeHHLIX

wacTHI
3apsIMKeHH

9aCTHIL.
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HTH aTOMOB. HamarnayenHocTb. THilbl MarHeTHKOB. DJjieMeH-

Maragnthas BOCIPUHMYHBOCTD BEIIECTBA.
Han M rrHasg NDORMILAEMOCTb  cpelbl. Peppo-
Tb MarguTHOro moJx. Marauraas io g
. Ko a Marnuraei rucrepesuc. Touka Kiopu.

MarsuTHee MOME
ranuafd TEODHUA Jda- 1 napaMarueTmma.

deTHKH, KpHBas HaMATHHUMBAUUA. 7
Mar ek, Tpeop'ri'ri Maxcsena [Js 51eKTPOMArfiHTHOrO MO Tok cMelleHHd.
L BHeRHC VAFIHTHOTO HOJISi B HHTErpaibHOl # AEGHE
ypassenne Maxcsenia 08 e i { MarHUTHOH CO-

penUnabHON popMax. OrHocuTe/IbHEH XapaKTep 3MeKTPHICCKOH
CTABARIONIEX SICKTPOMATHHTHOr0 T,

Konebatus ¥ BOJHbI

Capmoluueckue Koaebaus (MexaHHuCCKHE H SeKTPOMArHUTHEIE) H
pamephcmxn. Tuddepeniuaibroe ypaBHCHIC raphas uy xoneGanni. Mare-
MaTHUecKull, QUIHUCCKHiT MasTHUKH. DJIeKTPHUeCKHl  KOJeGATe/bHEIH  KOHTYP.
SHeprus rapMOHHUECKAX koneGannit. CloMCHHE TaPMOHHUCCKUX KoJieGaHu# OLHOTO
HampasJeRus H OHHAKOBOI HacTOTHl. Duenus. €lI0KeHHe B3aHMHO MEPIEHAHKY-
JISIPHBIX koseGanuil. Juddepenunaibaoe ypaBHCHHE 3aTyXalomHX Koneﬁaﬂuu (me-
XAHUYECKUX H 3MEKTPOMATHHTHBIX) H €ro peilende. Anepuoanueckud npomuecc.
Tu¢pdepenuganbuoe ypaBHeiue BBIHY? xoacGanull (MexaumyecKux H SJCK-
TPOMArHHTHBIX) H ero pelleHHe. AmnauTyAa # (asa BEHYXACHHBIX KoJe6aBui.
Cayuali pesosanca. N B

Mexannam 06pa30BaHKA MeXaHHICCKHX BOJI B ympyroii cpene. [1pofoJbHEIE
¥ rnomepeuHble BOJHHL. YpasHeHHe Gerymeii BOJHH, BoaHoBoe ypaBHenue. Paso-
Bas CKOPOCTb M JHCIEpCHs BOJH. Oneprust BoHb. [IpHHIMT CyNepHOsUIUH BOJIH.
[pynmnosasi  CKOPOCTb. KorepeHTHOCTb. HnTepepeuius BOMH OfpasoBanue
VpasHenue crosuelt BOJHE U ero anaius. .
bHOE YpaBHEHHE 3MeKTPOMArHUTHOM BOJHEI. OCHOBHBIE cBO#-
cTBa 3JEKTPOMArHUTHHIX BOJH. Dueprust SJICKTPOMATHUTHEIX BOJH. TIoTOK IHEPTHH.
Bekrop YMosa — [To#iHTHHIa. HanyueHne AUMOJA.

onriana TADMO

BoauHoBas ONTHKA
Vinrepgepeniiis caeta. KorepeuTHOCTE 1 MOHOXPOMATHYHOCTh CBETOBMIX BOJH.
BpeMsa H JJIHHA KOrepeHTHOCTH. Pacuer uETEp(EPEHIMONHOH KapTHHE OT HBYX
KorepenTHELX BoJH. OnTHueckas IJHHA —TYTH. HurepdepeHlius CBETA B TOHKHX
mienkax. Matepdepomerpsl. Jluppakius cBera. TIpuHUUT Tiofirenca — Ppenens,
Meron son ®penest. [IpaMosuieiinoe pacupoCTpaRENHe ceera. ludpakuus Dpe-
gesst Ha KPYIJIOM OTBEpPCTHH. Judparuus dpaynrohepa Ha ORHOM WIEJIH H Ha
pelieTke. Paspeiiaiomas CIOCOBHOCTH ONTHUECKHX MPHOOPOB. Nudpakuusa HA MpO-
crpancrbenHoil pemerke. Popumyuaa Byaba — bparros. Hccreposanue CTPYKTY-
pu kpucransios. Ilossitie o rodorpaduu. IlonApusalus CBETA. EcTecTBeBHHHA H
noasipusoBanibli cser. [loaspusauus csera [P orpamennu. 3akox bBpiocrepa.
IipofiHOe MyyenpeloMJeHHe. 3aKoH Mamoca. VickyccrnenHas OnTHYecKas AHH30-
rponus. Jucuepcust cBeTa. OGnacty HOpMaJpHOH M aHOMaJbHOH JHCREpCHH. DJeK-

H . Uanyuenue Basusosa — YepeHkosa.

%)

1 CBeTa,

KpaHToRas NPHPONA H3JNYHEHAA

<o Kupxroba. Pacnpene

Temosoe Hanydenne, Heproe Teno. 3axon Kupxro®pa. npefeneHie SHEPrul
B crexTpe maMyueHnsl uepHoro Tena. Ksanropas ruuoresa gopmyna [lnauka.
3akon Credana — Bossimana, 3aKOHH Buna. Omnruueckas nupoMCTpHA. Brew-
Hril $oToagdeKT H ero 3aKoHbl. DOTOHHL Ypaprenue OJiinireiina 1A BHELINErO
doTospdekra. Muoroporounusii (GoToaPPeKT. Spdexr Komnrona u ero TCODHI.
Jlassicuue cBeTa. OnuiTet JleGenesa. KBantoBoe H poJiHoBOe OODbSCHEHHE n,ag.ne-
HUS cBeTa. [LHAJNEKTHUECKOE €AHHCTBO KOPHyCKyAApuHX H BOJNHOBHIX  CBOICTB
3JIEKTPOMArHUTHOrO H3AYYEHHS.

DeMeHTH ATOMHO# (UIUKH
H KBAHTOBOH MeXaHUKH

¥ o6ocHORAHME KODHYCKYJISIPHO-BOJHOBOTO AyanHMa CBOICTB Belle-
cra. ®opmyna ge Dpoius. CooTHOLLCHHE Heoupeﬂenem—xocrei KaK [posiBieHne

———-_—_———-——_,

KODIYCKY/IAPHO-BOJIHOBOIO Aya
cratHeruueckui cMuica. Orpann
gue lllpenuwnrepa AJs CTANUOHAPH
8 ofHOMEPHOH NPIMOYIOMbHOH <NOTeHNHAbHOH sMe». KpanToBamke SHepIrHH H
aMnyJbca HacTHIEL. [l1aBHoe, OPOHTaNbHOE W MATHHTHO® KBAHTOBEIE WHCIA. Onsit
Lilrépua u Tepnaxa. Coud d7ekTpoHa. CrnuHOBOE KBaHTOBOe uHcJo. IIpuHuMD He-
pasHINMOCTH TOKAEC X 9 ®epunonu ¥ Gosomsl. Ipmnuun IMaymm.
Pacnpeie/icine SASKTPOHCE B aToMe e coctosuuam. [lornomenwe, cOHTaHEOE H
BHIHYX/eHHOe Hanyuenne. Jlasep.

AnemMenTl QU3HKH ATOMHOTO AApa
M 9/IeMEHTAPHBIX YaCTHIL

3apsa, pasMep H Macca aTOMHOro Aapa. Maccosoe H 3apsAjoBoe UHCIA. Co-
cras saapa no Msawuenko — Teiisenbepry. Hykmomnt. Jedekr Macchl H 3HEPTHS
cpsi3H SApA. B3anMOAelicTBEE HYK/IOHOB H NOHATHE O CBOHCTBAX M NIPHPOAE anep-
HBIX CHJL

32KOHOMEPHOCTH H TPOHCXOXKIeHHE abta-, GeTa- M raMMa-usJydeHuii aToM-
ubX AAep. SINepHble PeaKUHH H 3aKOHH coxpaHenns. Peakuusa Jenenus aApa.
Uennas peakumsi fenenns. [loHAtHe O sSIEPHOH  SHEPreTHKE. Peakuus CHHTe3a
aTovnbix siaep. I1poGJeMa ynpaBisieMBIX TePMOSICPHBIX PEaKlMil. DJicMeHTapHble
qacTHIbL. VX KJdCCH(PHKALHfA ¥ B3aHMONpEBPailiacMOCTL.
MEHTAJbHEX B3aHMOJRHCTBHI.

runa hveIa-
THIZ QYyHIa

leThipe
pe

v dhaauwn TRo
i & TBEPLOre TeX2

Kpueransuueckas pemerka. XapaxTep TEINIOBOTO JIBHKEHHs B KPHCTAIIAX.
®onorbl. TemI0eMKOCTh KDHCTA/IHUECKOH pemeTkd. XapakTepucTHYCCKas TeMme-
parypa Hebas. 3akon [iononra— Iltn. Teopus dfinwrefina. Mogpenn Ile6as.
DyeMeHTH 30HHOH TEODHH TBEpPABIX Tejt. PacnpejeleHue 3/JeKTPOHOB NPOBOAHMO-
cru B Merasie no sueprasm npa O K. Dueprua @cpmu. Bansmme TempmepaTypu
Ha pacmpeieenHe 3JIeKTPOHOB. BHIDOX/ICHHBIA JeKTPOHHbIA ra3. DeKTPONPOBOA-
HocTh MeTasnoR, CRePXIPOBOAMMOCTb. JHEpreTHYeckHe 30HH B KPHCTaJJIaX. Pac-
npelleJeHne 3JeKTPOHOB MO 9HepreTHyeckM sonaM. Banentsas soHa u soma mpo-
BOAMMOCTH. MeTalnn, AHANEKTPHKH, MOMYNPOBOAHHKH, Ypobens @epmu. Ipumec-
Hasi NPOBOAMMOCTb MOJYNPOBOAHHKOB, p-A-EPEXON H €ro BOJbT-aMNepHasd Xa-
PaKTepHCTHKA. ILiomaths 00 OCHOBHBIX HpoGieMax CcoBpeMenncit uamuky.

1p pHasg cxema p ElIeHds 3ajati

TIpefJoKUTs eIHHYIO CXeMy pelueHHs 3alau HeBo3MOXHO. OLHAKO MOMKHO
DEKOMEHIOBATh OMNpe/eNeHHY0 NOCNef0BaTebHOCTL NPH pPelleHHH 3alad.

[pucrynas K peureHHio 3afad N0 KakoMy-iHGo pasjely, HeOGXONHMO O3Ha-
KOMHTbCS Mo yueGHON JHTepaType H NAHHOMY MCTOAMYECKOMY noco6ui0 ¢ KOH-
KPETHHIMH NOHSNTHAMH H COOTHOLIGHHAMH 3TOTO pasiena. Paso6paTh HpUBEACHHBIS
B IOCOOHH TpUMepH PEMICHHs 3alad H3y4aeMoro pasfiena.

Ilpn pemenun sanay lenecooGpasto NPHAEPIKHBATBCS ClAeNyOLleH CXeMbl:
Hzxe-rl)pe?;?, y&i%ilzi%saﬁaqu nl%encrr?ame cebe (busmueckoe fABJEHHE, O KOTODOM
enmnax CH. PaTKYI0 3alich YCJIOBHS, BHPa3HB HCXOAHBIE JaHHbIE B

2) CAenaiiTe, Te 3T0 HEOOXOAUMO, YepTeX, CXeM
OHPICBE)X-IH}:IH B 3ajiaue NpOILecC;

HaMHLIHT i -
okt portece: e ypaBHeHHs MJIM CHCTeMY YpaBHeHHd, OTOOpaxaiomue ¢dusuue
61 B“LHHXCF];‘QEBSYH YepTexH M YCJOBHe 3ajavl, NpeobpasyiiTe ypaBHEHHS Tak, uTO-

} HUX BXOZM/IM JHIIL HCXOANBIE LAHHLIE H T2 JTHYHEE BeJHYHHBI,

.°) peuwmB sajauy B 00meM BH ;2
cTeft BeJHUNH, BXOT ST

6) mpoussemuTe
HOCTb.

i

ipOBEpbTE OTBET NG PaBeHCTBY PasMepHO-
n N
1X B PaceTHYIO

Y
BHIYHCJEHHS H, TOJNYYUB YHCJIOBOR OTBET, OLEHHTE €ro pealb-
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POBOAHTCA BbIYHCAWTENbHBA sKcnepuMent. OBM myxun n
JIeHHs MAUIHHHOTO SKCIEPHMEHTa, HO H AAA 00paGOTKH Pe3ysbTaTOB peasbHHX
sKcnepuMenTos. CoBpeMeHIIBIl (QU3HYECKHH IKCHEPHMEHT YacTo AaeT CTO/IbKO HH-
tdopMaluy, yro o6padorarh ee Ge3 DBM MpaKTHYECKH HEBOZMOXKHO.

Ias pemenns mo60i 3afaud HEOOXOAUM aaroputM. IIof aJrOpATMOM MOHH-
MaloT NOHATHOe H TOYHOe npeinucanne OISBM coBeplIMTE noCTeAOBATENBLHOCTD

At

npeAJaraeMbiX B KOHTPOJBHBEIX paboTax. DollOJHAR BHYHCACHHA ¢ NOMOL{bIC MHK
poKasbKyasTopa, Bel 3KOHOMHTe BpeMs, OCBOGOXKAAs €ro A/ H3yYeHHs TEOPeTH-
YeCKHX OCHOB Kypca (DH3HKH.

ITpexje ueM INOJb30BAThCH MHKPOKAIbKYJSTOPOM, BHHMAreabHO O03HAKOMb-
Tech C PYKOBOACTBOM M0 3KCIMIYaTALUH:

— uayuute ofliHe cBefleHHs 06 yCTPOfcTBe;

~— 03H4KOMbTECh ¢ NpaBH/IaMHi NOATOTOBKH €ro K padoTe.

PaccMOTpHM pellleHHe CIeAYOIEX 332y C NPUMEHEHHEM MHKPOKaIbLKY/s-
Topa.
1. Briuncauts 5¢deKTHBHBIK AHAMETD MOJEKYJ a30Ta, €CJIH €ro KPHTHYCCKas
remneparypa 126 K, kpuruueckoe Aassenne 3,40 MIla.

Hano: Txp=126 K; pxp=3,40-10° Ila.

Haiitu: d.

Peuienvie. A30T, COTVIACHO YCJIOBHIO 3a/ayH, AO/KEH MOAYHHATHCST YPABHEHHIO
Ban-nep-Baanbca:

[locrosnnyio b B ypasHennd Bau-gep-Baaibca ¢ JOCTaTOUHOR CTENeEHBIO TOYHO-
CTH CUHTAIOT PaBHOH yueTBepeHHOMY coGcTBeHHOMY 06beMy 1 Moap rasa.
B | Moap rasa saxomutcs 6,02-10% monexyn (N.a=06,02-10% monp='), cienosa-

TeIBHO, o6beM ONHON MOJeKyJs paBeH ®d%/6=b/(4Na), oTKyma d=
= 1/- 3b/(2nN ). Tocrosunas b=RTxp/(8pxs), TOTAZ
3 f
. 1/ _ORTe ¢ 3-8,31 /- K—1- mons—1- 126 K
V. 16rpoN, I, 16-3,14.3,40-106 ITa-6,02. 1023 mons—!
BhiuncaseM Ha KaJbKYJasATOPe BHIPaiKeHHe
3
3-126.8,31
16-3,14-3,40.106.6,02.1023
no nporpamme
[ s0 [ o
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BaxueHIIEM CPeCTBOM COBPCMEHHOTO HAYYHOTrO HCCAENOBAHHS sBJSETCS Ma-
TeMaTHuecKOe MOeJHpOBaHWe (H3MYeCKHX ABJCHHE M MCCIENLOBAHHE STHX MoOJe-
Jefi ¢ momowsio OBM. Cospemernsie DBM 103BOJSAIOT NMPOBOAUTL CJOXKHEHLIHE
pacueTsl. B HeKkoTOpHX 06/acTAX HAayKW, HaNmpEMep AacTpopH3mKe, NpOBeieHHe
peasbiblX SKCMEPHUMEHTOB NPAKTHUECKH HEBOSMOXKHO, [O3TOMY HCCIENOBATENIMH

BesKHil aATODHTM CTPOMTCS B pacueTe Ha KOHKDETHOro Hcmosuurteas. Takum uc-
NOJHHTeNeM ANs [POBEJEHHS HHMKEHEDHHIX H CTYAEHYECKHX PACyeTOB PasiuYHOro
BHLA 3aJaHHA SABJSIOTCS MHKDOKANbKYJATOPH —ceMeficTBa «DieKTpOHHKa», ITO
3JIeKTPOHHO-BEYHCANTEIbHOE YCTPONCTBO MHHHATIODHHX DasMepoB HHAUBHIYAJb-
HOro noab3oBanus, OHO MOXKeT OBITh YCIHEUIHO HCHOJMb30BAHO NMPH PelIeHHH 3aiad,

IIpumerenne MUKPOKAJIbKYAATOPA
NnpH peLieHnH 3apaq

cnepuMent, OBM HYKHH He TOMBKO AAS NPOBe-

o ymaaawmrat ITAnT B AATIIOToe oy
yKa3aHHON HC/IH HJAH DELICHHR KOHKDETHOR sajauu.

.
HU AJiA A0

B e Lo TTas mrrmianania o momrarrrs MUEK-

e nofama

¢

m?2 a \/ m\ m
2V = 2gr.
(p+M2 Vi)( Mb) R

3 E 126 [x] 831 [£] 16 [+] 314 [£]
M~/
(.

[ e [] = [FJ1V5 5

e Yt it Ot MMM OO ient ARSIy SV

Ha unpukarope BUAHM moKasamua: 3,126 — 10, . e. 3,126-10-10

Tak Kak [aHHOE BBIDAXKEHHE COCTOHT TONBKO H3 npozisaezxcmm u HaCTHOTO,
m,xco;::;;ﬂoxgpaamam OKPYIJICHHS, €r0 HaJlo OKPYIVIATh A0 TAKOTO YHCJA 3HAA.
. , KaKOe HMeeT HaHMeHbIllee TOYHOE HCXOLHOEe

e a1 aHHOe, -
qgae OTBET 6)’}{61‘ 9,10 1UTY M, A ¢ B AanHom ey

s 0 .

2. Dnpeaenurs, CKOJBKO AP B 1 I panuoakTHBHOTO 99T, pacmazaercs B Te-
genue OJHOrO roga.

10

10-23 o
[V

T_on .
T=27 ner; i=1 rox.

N %
AHCa aTOMOB, cOAepwamuxes B 1 r 3¢Sr, ue-

m
No=vN, =— Ny, )
r;é)e NA—HOCTf)HA};II»laﬂ ABorazipo; v — uHC/I0 MoJIefl, COfiepKAMAXCA B Macce Aa-
Horo saementa; M — moaspHas macca usoToma. Mexiy MoaspHOH Maccoll H3o-
TOMa ¥ €r0 OTHOCHTENBHOH MacCOl CYLICCTBYET COOTHOMIGHUE

M = 10—34 kr/monn. )

LIt BCAKOrO M30TONA OTHOCHTE/bHAS aTOMHasl macca BecbMa 6JHM3Ka K ero

M ) . 3 v = =
A C. M=10-3.90 i
accoBOMy /‘lHCJIy T. e JJas JaHHOTro Tyuas KT/MOJIb

pai a
N =Noexp (—M), @)
rae No— HauaJabHOe 4HCJIO HepacnaBluuxcg sAnep B MOMeHT {=0; N — ynucyo He:
; -
pacnaBwuxcs SALep B MOMEHT t; %—HO((:TOSIHH&H PalHOaKTHBHOrO pacnaiad, on-
PELeNHM KOJIHYECTBO PAacNaBIIHXCS siAep }:gSr B TeueHxe 1 roga:

N’ =Ng—N =Ny [l — exp (—15)]. )

LIBAY. UTO NOCTOSLEAS T o
HBafl, 4TO NOCTOAHHAA pax

dKTHBHOT'O pacnajfa cBS. -
pPacnaja cooTHoweHueM P 8 2458 € RepHooM noay

104
=In 2/T, noayuaem

A
, In2
N =N0[I —exp (""T t)] . )
Hoxcrasasns (1) ¢ yueroM (2) B Bripaxenne (5), nMeem
m In2 \]
——-NA[I-—exp(— T t)J 6)

Tpoussers nrsyn

V= 10-3-90 kr /Mo p (—2]; 2 lrcnﬂ .
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FDPABUTANMOHHAS NOCTOSHHAS — KOI(QOHIHEHT NDONOPUMOHAJBHOCTH, BXOXA-
wufi B 3akon Tarorenus Hootona: F= Gmlrm/r2 rie F — cuia NpUTSIKEHHs ABYX
MaTepHa/bHbIX TOUEK MacCaMp my k M, HaXOUSIIHXCH HA PACCTOAHMH f.

flocTosunan Aporaipo onpefielfieT UACIO CTPYKTYPHBIX SJCMEHTOR
MOJIeKYJl, HOHOB MJIM APYFHX YacTul) B eAHHHIE KOJHYECTBA BeUleCTBa
MO.HE) HasBaHa B 4ecTh HTaJbsIHCKOro ydeHoro A. Aporanpo.
gepcaneHag (Mnnqn 'n] razorag noOCTOAHHAN, BXOAfIIAS B YDABHCHHE
COCTOSIHHS OJHOTO Vlom meanbuom rasa: pVM-—RT rae p-—— daBjeHuye rasa,
Vi — MoasipHEIL OGbeM rasa, ' — TepMOAHHAMUUECKAs TeMmuepatypa rasa. I'aso-
Basg NMOCTOSIHHAS 1O CBOCMY cpuswxecxomy cMbiciy — pa6oTa pacillupeHHsi OJHOTO
MOJAA HAGAJbHOTO ra3a MOA NOCTOSIHHBIM AGBJCHHEM [NPH HArpeBaHMH Ha 1 K.
C I.prl‘OH CTOPOHBI, ras30Bas MNOCTOsAHHAM — PasnoCTb MOJAAPHBIX TENCEMKOCTER
NpH MOCTORHHOM JaB/EHHH H Npu nocrosiioM obbeme Cp—Cy=R.

Moctonunas Boabumana paBHa OTHOLIEHHIO MOJSPHON rasoBOf NOCTOAHHOH K
nocroaanolt Aporaapo: £=R/Na.

[MocTosmnas BonblMalia BXOAMT B PAA BAaKHEHUIUX COOTHOWEHHH (UBHKH: B
ypaBHeHHe COCTOSIHHS WASANLHOTO rasa, B BhDaXeHHE JJA CPeAHed sueprum Ten-
JI0BOrO ABHIKEHAS WACTHI, CBA3LIBACT SHTPONAIO (H3HUECKOH CHCTEMBI C ee TepMO-
NHHAMUHYECKO BepoATHOCTbIO, Ha3saHa B decTh apcTpuiickoro ¢usuxa JI. Boabu-

Ma

MoasipHbli 06bey MACATbHOrO Ta3a, T. ¢. 0GheM, MPHXOAAMMIACA Ha KOJHYe-
CTBO BeIECTBA Ta3a | MOJb MPH HOPMaJbHBIX yCIOBHAX (po==101,325 xIla, To=
=1973,15 K), onpeaensercsa us cootsomenus Vm=RTo/po.

DaeMeHTapHbli NEKTpHUeCKuit 3apsn (e), HAMMEeHbIUH 3JIeKTPUdeCKH 3apsf,
MOJIOKHUTENLHEI WM OTPHUUATEJIbHbIN, PABHEI MO 3HAYEHHIO 3apsANy 3JEKTPOHA.

s A maToram SmaTmoDanTose saner IO s T
bl 0BA4XAIOT 3JCKTPHYCCKHM 3ap#ioM --e HiaH

ﬂuum BCEC JVXEMt,nldtlrlmc HacT
—e HJIH ABJSIOTCS He3apAKEHIBIMH.

MocTosunan dapanes — paBia NPOM3BEACHHIO NMOCTOAHHON ABOrajpo Ha dJe-
MeHTaprIH JMCKTPUYECKUN 3apAl (3apan aaextpoua) F=Nae. Hassana B uects
anrauickoro ¢pusuka M. dapazes.

CKOPOCTb CEeTa B BAaKyyMe (CKODOCTb DaclpOCTPaHEHHA JIOOHIX 3JeKTpOMar-
HHTHLIX BOJH) NPEACTABASET COOOH NpeleibHYIO CKOPOCTh DPACHpPOCTPAHEHHS MO~
6bix du BO3AECHCTBUH M HHBAPHAHTIA NP NePEXOAe OT ORHOA CHCTEME!
oTcueTa K APYLHM.

Moctosunan Credana — BoabumMaHa BXOAHT B 3aKOH, ONPeleNIOMIHi OJHYIO
(Mo BceM AJAMHAM BOJH) HMCTYCKAaTe/bHYIO CIHOCOOHOCTH YepHOro Tena: R=oT*,
rae R — ucnyckatebias ClOCOGHOCTh HePHOTO Tena, T — TepMOIHHaMHYecKas TeM-
nepa'rypa 3aI\OH ctbopMy'mpOBaH Ha OCHOBAHHH IKCHEPUMEHTaNbHLIX AaHHBIX aBCT-

H. Credanom
3ukom JI. BOJIMLMHIIOM (1884).

TMocTosunas Buna BXOIMT B 3aKOH cMemieHus BHuHa, YTBEDKIAWOWMH, HTO
JAJHHA Amax, Ha KOTOPYIO NPHXOAHTCS MAKCHMYM SHEDTHH B CIEKTpe PARHOBECHOrO
HU3MyUYEeHH4, OﬁpaTHO nponopuuouanbﬂa TQpMO,'lX/IHaMH'{ECKDH TeMIeparype T naiay-
YaoIero Teia: Amax=>by/T.
Hocmnm«xaﬂ ﬂnam(a (KBaHT

(1879), Teoperuyecks mosyten apctpuitckum ¢u-

HCKDEeTHOCTE c pa

1CKPETHOC
HKOM

an

12 I

1, A < . Tlnankom (1900) HDH VCTa]IOB enn

akona p pencnclmﬁ SHEPTHH B cnempe M3JIYUEHUst YEPHOTO Tena.

HNocrostunas PupGepra BXOXHT B BRIP2XKEHHA A/l YPOBHEH IHEPrHH H HacTOT

i i

H3JAYYeHHs: aTOMOB (CNeKTPaJpHEIE Cepuu): v = R(‘;}‘ —-'—2‘) s TA® Ny M Nk —
! ny

uHC/Ja, ONpeResiollHe HAYabHbI H KOHeuHbld ypDOBHHM 3Heprum. [asg kaxiol

cneKTpaJlb_Pgoﬁ CepHH #; NOCTOAHHO, a Me=m+1, m+2,... Beenena [IBEICKHM

Pusnxom K. P. Punbeprom.

xtn

* 3HaveHHs] HEKOTOPHIX (YHZAMEHTANBHBIX (H3HYECKHX NOCTOSIHHBIX KaHH B
Taba. 1 Hpunoxenns.
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Papuyc neproii 60poRCKO# opGuTe (B Teopunm AaTCKOTG G
y P P Th (B TEOpHH HATCKOTO $usnka Il

op Tena)_
paiuyc Ommxaiiiiel K aApy (OPOTOHY) 3JeKTPOHHOM OPGHTH B KBaHTOBoLl‘»‘; 51‘:1;{
HHKe ONpelelsieTCsl KaK PacCTOsHHe OT SApa, HAa KOTOPOM ¢ HaHGOMbIIeH Repost
HOCTbI0 MOXKHO OGHAapYXKHTh SMEKTPOH B HEBO3GYXKIEHHOM aTOMe BOZOpOXa.
KoMNTOHOBCKas AJMMHA BOJHBI ONpPeleJisleT H3MEHEHHE [JMHHBL BOJHE NEKTPO-

MarHUTHOrO H3JyYeHHS NPH KOMITOHOBCKOM PacCesiHy
met
rie h— nocrosnnas Ilnanka, m,— mMacca noxos 3/EKTPOHA, ¢ — CKOPOCTH CBETA
B BaKyyme. 3\*}\’.}7::\1 OTKPBIT aMEpPHKaHCKHM qJH:}PlKOM A, k\OMHTOHOM (1892)
ATOMHag eMHMUA MacChl NDHMEHSCTCH B aTOMHON M slepHON (usuKke AJs
BHIDAIKEHHS MACC SMCMEHTADHHIX UACTHIL aTOMOB M MOJEKYX 1 a.e.M. pasua 1/12
Macchl HYKJHAa yriepola i2C,
dneKTpUYECKas € H MarHUTHad U HOCTOﬂHHHe

(bu3HYECKHE [OCTOSHHHE,
BXOAALHE B (OPMYJBL SMCKTDOMATHETHIMA: aoy():—; » TAe C— CKOPOCTb CBeTa
e

BaKyyMe.

1. JIsmxenne TOUKH OMHCHIBACTCH ypaBHEHHeM s=2f
POCTb ¥ YCKOPEHHE TOUeK B MOMEHT f=4 c.

2. YpaBHeHHe BpallleHHSA TBEPAOro Tena @=23t2-4f Onpen, TACTOTY BNAa.
{eHHs TBEPAOro TeJa, YIMOBYIO CKOPOCTh H YCKOpeHHe '-Iepea 10 ¢ nocue xiyat{ayna
BpaUleHHuA.

3. MarepuanbHas TOYKA, HAXOAAWIASCS B NOKOe, Hayada ABUraThCsl MO OK-
"TH C NOCTOAHHBIM TaHIe€HIHAJbHBEIM chopeHHeM 0,6 mjc?. Onpegenuts
HOpPManbHOE M IOJIHOE YCKOPEHHS TOYKH B KOHIE NATOH ceKyH;m mocjle Hagaja
Asnxenns. CroabKO 0B0pOTOB Ches
HOCTH 5 cM?

4. Jluck, Bpamasch BOKPYr  OCH, MPOXOAAMIEH dYepe3 ero cepeiuuy, Aenaer
180 06/mun. OnpefiennTs JIHHEHHYIO CKOPOCTH BpalleHHs TOYeK Ha BHeluHeH OK-

Y€, €CJIH M3BECTHO, YTO TOUKH, Jekallue GJuKe K OCH

a 3TC BDeN SCNU BANNVE ORIV
a 3TC BpeMsa, eCaH paiHyC OKpyx-

8 CKOpocTs 8 M/c

5. CHapiu(, Maccon 20 gr, JereBWIHi TOPH3OHTANLHO, NONAZaeT B MAaTHOPMY
¢ nmeckom macco#t 10 kr u 3actperaer B mecke. C Kaxofl CKOPOCTBIC JeTed cClapsf,

TeTes ,

€Cnu nnaTpopMa HaUHHAET ABUIATLCS CO CKOPOCTHIO 1 M/c?
. I._gacmua Maccoit 6,5-10~% xr ynpyro coyaapsercs ¢ gacTuueli Maccoi
,1-10 * KI, Haxoasmeiics B nokoe. Ilocae ypapa mepsas yacTHUa ABHXKeTCH B
€HHH, NDOTHBONOJIOXKHOM NepPBOHAUAIBLHOMY. Bo CKONBKO pas H3MeHHIACH
SHEPTHS MePBO# YACTHIUE?

. Kargmulica nmunuunn macent 2 ur porangnnanr  comas 00
\ATAIIENCE HUAMHAD MAacCOH 2 XKr OCTaueBaCH cuiaok 9,8

0,5 M. Beruncants CKOPOCTh IHMAMHADPA A0 TOPMOKEHHS.
8. MaxoBuK 1 JerKHif MKHB HACAXKEHH Ha TOPH30HTaJbHYIO OCh. K ImKHBY ¢
30;‘:0;5!2 HHTH IPHBf32H TPY3, KOTODHIH, ONYCKasich PaBHOYCKODEHHO, MPOLIEN
M sadc N MowmenTt HHEpIluH MaXOBHKa 0,05 xr-m2 Ompexeluts Maccy rpysa,
ecm p ¢ mwkusa 6 cM. Maccofi mkHBa npenedpeds.
Tele Mﬁ CKOJILKO pas KHHETHYECKas 3HEpTHs, KOTOPYIO HeoGXOLHMO COOGIIHTD
snenran. Hynﬁaﬂeﬂuﬂ €ro 3a MpefeJbl 3eMHOTO TAMOTEHHS, GOJNbIIE KHHETHYECKOR
Hex COGXOAMMOR AN TOTO, YTOGH 3TO TEJIO BHIBECTH Ha KPYTOBYIO 0p6uTy
YCCTBEHHOro CIlyTHHKa 3eMad, Bpaulaomerocs Ha sbicote 3000 KM Hal ee mo-
BEePXHOCThbIO?
HSEE&;‘)I:IOO:;’};ELLEJIHT}J TEPHOA OTPalleHHs. HCKYCCTBEHHOTO CIYTHHKZ 3eMJH, eciH
0 OH apamae-rcx N0 KPyrosoi opGute paguycom 7800 xM.
- B tourkax A u B, pacnonoxennmix na paccrogmusx 3 2,4 M ot rouxu C

ACMOJIOXKEHHHX Ha paccTosuusx 3 # 2,4 M or toukn C,

giggﬂﬂmﬂ ABa HCTOYHHKZ CHRYCOHAANbHEIX KOJeOaHHA. AMIMUTYAH KoaeGaHui

PABHLL coorsercrsenno 16 u 12 ¢, nauanbheie hasn 30 u 90°, yacToTa KoJle6aHmH

vu.nnanuua Hafita aMmnTyRy pesysibTupymoumero xone6aHus B Touke C.

17°C, HB Gajone eMkocTbio 30 J1 HAXOJAHTCH CXKaTeil BO3AYX OPH Temieparype
OCJle TOro KaK 4acCTb BO3JyXa H3PacXOHOBaJH, NaBJCHHE MOHH3MIOCH Ha
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2 MIla. Kakas macca Bo3ayXa GhlJla H3DacXOJOBaHa, eCH TeMIePaTypa ero ocTa-
B

o [ESpp—Y

acb TNOCTOsAHHOUT
13. Cxo/nbKO MOJIEKYs1 a30Ta HaxOAWTCH B COCYAe eMKOCTBIO 1 J, ecan
Hes KBAaIPAaTHYHAS CKODOCTh IABH)KEHHS MOJEKYJa azota 500 m/e, a namnenn
crenku cocyia | kfla?

14, Ompepennts cpejHee uMC/IO CTOJNKHOBEHHH MexAy MOJIeKy/laMH BO3LyXa
3a 1 c B 1 cM® npu Temneparype 7°C, ecin IIOTHOCTh BO3Lyxa 0,05 Kr/m3.

15. BriwncanTe Kos(Quiument AHPPYsun BO3AyXa NpH AabaeHnsd 105 Ila u
remneparype 17°C.

16. OnpeaeanTs MOJAPHYIO MAaCCy Fasa, ecqy er
HBl: ¢y =650 Hx/(xr-K), c,=910 Ix/(xr-K}.
emxoctn Cv u Cp 3T0T0 rasa?

17. OmpenenuTs DOMHYIO SHEPLHIO MOJEKYJ

aii
pen-

ua
Ha

KHCIOPOAa,

HaXOJAHXCA NPR
/pe 47°C, ecan ero macca 64 xkr. Kakosa smeprus MOJIEKY/T KHCJIOPOAa,

TPUXOAAULAsCca HA BpPAIlaTeJbHOE JBHKEHHE?

18, Asor maccoit 2 kr npu temnepatype 17°C u napaenns 10° [Ta cxxuMaloT Ko
Aanerusi 1 MIla. Onpexnennts paGoTy, 3aTDAaueHHYI0 Ha CIKATHe, eCAH a3 CXKU-
MawT: 1) u3oTepMHyeckH, 2) aanabaTHO.

19. Ilpu u3oGaprom paciumpenun ! Kr BO3ayXa ero oGbeM YBeJHUHACA Ha
100 o Hafitn temnepaTypy u paory npxu pacllipeHHH, €CJH HayaJbHOe AaBhe-
Hxe 10° I1a, a HavambHas TeMmepatypa 15°C.

20. OnpexeinTs M3aMeHeHHe SHTPONHH NPH H30TEDMHYECKOM paCItMpPedyd 1 1
BOAODO/A, eC/ii OOBEM rasa YBEJIHYHACS B TDH Daza.

21, Tlpu u306apHOM paclUHDEHHH 2 T TeMHs OGBEM H3MEHWJICH B ACCATH pas.
KakoBo u3MeHeHue sHTpONHU? B

22. TennoBas MammHa pabotaer no uukay Kapmo. Temnepatypa uarpepare-
as 127°C, xononuabnuka 15°C. Ha CKOJIBKO HAJO M3MEHHTD TeMIepaTypy Harpe-
BaTeasd (NP HEH3MEHHOM TeMIepaType XOJOAMJBLHHKA), UTOGH ysemmunte KITZ
Mall{HEl B IBa pasa’?

23. Jla mapuxa Maccoil no 1 r NojBelueHb Ha HATAX AJHHON 25 cM B o6med
Touke mopxseca. Ilocse TOro Kak wapukaM cOOGIIMIN 3apfii, OHH PA3OHLTHCH Ha
yron 60°. Onpexesutth CHIB OTTAaJKMBaHHS M B3aHMHOTO TSTOTEHUS LIAPUKOB, a
Takxke HX 3apaf.

24. B pepmmnax KBaZpaTa cO CTOPOHOH 1 M MOMeLleHb! 3apsanp no 1 uKa. On-
DeACINTL HANDSKEHHOCTh M MOTEHIWAN NOJNA B LEHTPe KBaiPaTa AAf CAyYacs,
KOrjla: a) BCe 3apsaibl ONHOTO 3HaKa; 6) IBA COCEIHHX — IOJOKNHTEIbHHE, A JBa
APYTHX ~— OTPHIATENbHbIE.

25. DNEKTPOHH! BJIETAIOT NAPaJNeibH0 OGK/IAAKAM ILIOCKOTO BO3AYINHOTO KOH-
Aencatopa Amueoft 10 cM. 3a30p MexAy o6kaaiKkaMu 4 CM, Pa3HOCTb NOTEHIHA-
708 700 B. 3a Bpems noseTa B KOHJeHCATOPe 3MEKTPOHH OTKJIOHWIHCH HA 2 MM.
C KaKoif CKOPOCTBIO BJETENH 3MeKTPOHEI?

26. 3apsn— 1 uKn nepeMemaercs Mo AeficTBHeM CHA NoJisA, CO3X2BaeMOro
sapsioM +3 HKa u3 touxw, rae motenunan pasen 200 B, B Touky moas, mo-
TEHLHaN KOTOPOil Hafo onpefenuts. PaGora mepeMemenns paBHa | wmk[ix. Ka-
KOBO pacCTOsIHHE MeXJAY 3THMH TOYKaMu?

27. Batapes u3 UeThpeX Napa/leNbHO COENHHEHHBIX INIOCKHX KOHIEHCaTOPOB
eMrocThio 0,004 Mx® kaxami sapsmena mo nmorenmumaza 1600 B,
8apsl Ha NMaCTHHAX KOHAEHCATOPA M KOJNHYECTBO TEIVIOTH, BHLAENSIONIEECS NpH
paspsiie aToit Gatapen.

28. Tlo BOJBOPAMOROH HHTH auamMerpoM 0,03 MM TON_ MefiCTBHEM 3JeKTpHue-
CKOTO noasl Hampsixkennocrsio 450 B/m rewer Tok 0,5 A. Jlo kaxofi Temmeparypu
HAaKaJIeHa HHTb?

Onpenennts

29. Tlnockuii BosmymHBIA KOHNeHcaTop obGnamaer amepruet 4 mxJix. Onpe-
AGIHTL PASHOCTh NOTEHUUANOB, HANPSKEHHOCTb NMONA H OGBEMHYI MAOTHOCTD
SHEPTHH, eC/lM 3a30p MeXAY MIACTHHAMH 4 MM, a miomanpb 100 cm2.

30. KakoBa mIOTHOCTH TOXa, TeKymero mo PE3UCTOPY € YIAeJbHEIM CONPOTHB-
aeHneM 3 MKOM M B AJHHONH 3 M, eCJH Ha ero KOHLAX NOANEPKUBACTCS DPA3HOCTh
noTeHunanos 36 B.

npoTusicHneM 1 OM 3a 5 ¢ cuna Toxa AuHefiHo BO3pacTaer
KO€ KOJIMYECTBO TEIOTH BHAGMANOCH 33 NOCIELHIOI CEKyHAY?
32, Ynenvnas Ttemiaosas MOIIHOCTDb, BEHIAEJSeMasi B HHKEHHOBOM NDOBOAHHKE,
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CTh non S B NPOBOA-

3.
40 I(x/(m®-c). Oupenennts mrotmocrs TOKa H HaNPAXKEHHOCTR NONT B o
ke, )
3. ITo 18 g i
g P;zcc};agﬂgic:«ﬁ{:;i% ur:rl:lnxir-ibirf"{{gﬁ:v{oqgﬂenHbLM IDOBOJHHKAM TEKYT TOKH
. TonBIx sy LPOBOARNKAMH 15 cM. Onpeennts reomerpueckoe
MECTO TOUEK, B KOTODHIX WHIYKLMS MATHHTHOLG [O/ig paBHa Hymo. PaccMorpers
CIy4an COBNAAAIOIEr0 H MPOTHBOINOJOMKHONG HaNpaBJIeHNHs TOKOB,
. 34. IlpoBoxHmK Amuuof 1 M COTHYT B BHAe KBaipara. Onpeneants HHAYKIHIO
MarHHTHOTO MO/ M HaNPSMKeHHOCTb B TOYKe nepeceyeHus AnaroHaJei
€C/IH [0 NPOBOAHHKY TeYeT TOK 4 A. franpara,
5. Yacruma, oﬁﬂaﬂas@maﬂ sHeprueit 16 MsB, nBmmercs B
HHTHOM noJe ¢ wuayxuued 2,4 Tn no okpymuocTy panuycom 24
38pAL STOH YACTHIEL, €CIH ee CKopocTh 2,72-107 m/c.
Karf HYXHO DacHONOKHTb MPSMOMMHEHHHH AMOMHNHEELE

ORHOPGAH

ZlHOnglHO‘M mar-
CM. Unpelenutsb

0,
VIKEG 5
)
PH3OHTAJbHOM MarHHTHOM 0, RaKoR e
noste ¢ unaykuue 0,04 Ta u kakolt cp-
bl TOK TNPONYCTHTH NO HEMY, 9TOGH OH HAXOMMICH B a :
BHOBecuu? P -
HHA NPOBOAHHKA 1 mM. P e cese
7. Ho conenouny rewer rox 1 A. Marmmrmé HOTO
y e & L JAATHHTHBIR [0TOK, NPOHMSBIBAIOMAN o-
fepeuHoe ceueHne cepreuHuka, 2 MxB6 Onperennts nugyx
3 LYKTHBHOCTD ¢
ecsd OH uMeer 500 BHTKOB. y b conenonaa,
P
o0, -ila TOKA B CONEHOWNe PaBHOMEPHO BO3pacTaeT oT ) 1o 10 A 1
Ipu sTom conenons makanamsaer ¢ ipyeren
sHepruto 20 JIx. Kakas C
cobi oToM SIC munynupyercs s
39. Onpenennts pafiory mremnmy CHil, COBEPUIAEMYIO NIPH mepeMelleHHy npo-
BOAHKKa 3a 30 MuH, ecau POBOAHHK ABHXKETCS CO CKOpOCTBIO 36 KM/y nepreHan-
KyIApHO BEKTODY MATHHTHON MHIyKLHH MAarHHTHOTNO NOJIS, HaNPsXKEHHOCTh KOTO-
yu‘ru46£) A/M \p=1). Jlanna nposomunka 20 cM, cuaa TOKa B HeMm 0,5 A.
o . Tapmonnueckoe koje6anne TPOHCXOAHT MO 3aKOHY s=0,5 sin(300¢4-1).
npizienmb aMILTHTY/ly, 4acTOTY, [IePHOR H HaqalbHy0 $asy koneGauus,
200 KosneGarensurrit YP COCTOMT H3 KOHjeHcaTopa 3JIEKTPOEMKOCTBIO
D H KaTyWKH HHAYKTHBHOCTBIO 0,5 MKIH (6es ceppeunuka). Omnpenenuts
NMePHON COGCTBEHHBIX 3JEKTDOMATHHTHBIX KOJeGAHNE KOHTYDP2 u AJHHY Hadyuae-
MOH BOJIHEL, i v
. 42, Onpenennrs CKODOCTh DACIPOCTPAHEHHS BOJH B YOPYroil cpese, ecam pas-
ocTh das KomeGanuii AByX Towek CDEAb, OTCTOAIKX APYT OT APyra Ha paccros-
HHY 20 oM, pasua m/2. Uacrora Koacbanuit 50 i, )
43. Tnockas snekTpoMarnuTHas BoHa E=100 sin (6,28 108/—.
CTparsercs B semecrse. Onpefents AHIMEKTPHULCKYIO NpOHHLae
eI pu=1]. ’ ’ v
v Hi:. égz:q;lo Haméxggbmym Togumﬂy AONKHA UMETh IUIeHKA M3 CKHMMLApa, ecim
2 TIOM Nafaer Gelblii CBET H OHAa B MPOXOAs
KeITOR (A=0,58 mxm)? POTORTIIEN coere xaxerca
o 45, l\axonia HAHMEHBINAS TOMUMHA MELIBHON IUIEHKH, ecqn npH HaGmoZeHHH
""ft“){l:JmM 30° X MOBEPXHOCTH MBLABbHO IIEHKH B OTPaIKEHHIOM CBETE OHa OKpa-
-unnzténgIB Puomerossft user? Inuna Bonns nanaomero csera 0,4 Mxm.
- Ha nuppaxunonnyio peleTky, umeiomyo 500 wTpHxoB Ha 1 MM, nmagaer

CBET ¢ MauHOA Boan .
B 600 umM. OnpeXenuts HaubobILIH
PHIt MOXHO monyuwrs nammos pomeRed TOPANOK CMeKTpa, KoTo-

4

CTh

55x) pacmpo-

i

Pk Zauuol pemerkoi.
Bonﬂm'cagm MEX]y CIEKTDPaMH BTOPHIX MODPAAKOB paser 36°. Onpesennts ITHHY
—a o CBeTa, najparomero ma AudpakuHOHRYI0 PeWIeTKY, NIDHOR KOTOPOA c==
48. Hain,
. U YToa NOMHOR HOMSIpH3auwMu NpH OTpaienu
H OT YepHOro

Mokazareny, apeaomsenns ero 1,327, p P sepraa.

* O KaKHM yrioM x ropusouty Aon

CHT

HaxoxuThes CoJHue, YTO6H mo-

AADH3AUNA compey
MasbRo? HOTO €BET2, OTPAMEeHHOTO OT NOBEPXHOCTH BOAE, Guma Maxc-

BN

OT 57070 crenns b TOKASATEIL MpetoMiienHa creka, ecnn npx ompaseriy crera
9TOI'C CTeKJa OTpaKeHHBI CBe

Howens Ses 2 OTP T GyAeT nOMHOCTBIO noaspH3OBaH MpH yrae mpe-

MEHbLINTCSH HHTEHCHBHOCTH €CTECTBEHHOro cBera npy

NPOXOXeHny ero
e]
or SO°? yepe3 nBa HKOJIS1, MAOCKOCTH nonnpnsxauml KOTOPBIX COCTaBAN-

=
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52, Kpacnas rpannua ¢oroaddexra Lis HEKOTOPOrO Merajaa 0,66 mMxM. Me-
Tam1 OCBEllaeTcs CBETOM, AJWHA BOJH Kotoporo 0,4 M. OnpenennTb MaKCH-
‘Tb 3JEKTPUHOB, BHIOHBAEMBIX CBETOM H3 MeTauna.
”"”%‘;’f%ﬂ‘fﬁ:‘:’g;gggﬁg};“ﬁ:’gggmﬁ;g paccesnca Ha CROGOIHOM 3JEKTDOHE JNOK
yraom 60°. HafiTn sHepruio paccesHHOTO (OTOHA, KHHETHUYECKYIO SHEPIHIO # HM-
Qvabe 5J€KTPOHZ OTAaud. CUMTaTh, 9TO KHHETHUEGCKOH 3HEPrHell sjeKrpoHa A0
COyAApEHHs MOXHO IpeHeCpeub. ) e
""54, OnpesieTh MacCy ¥ MMOYIbc (POTOHA, SHEPTHA KOTOpOro pasHa 10 KSL.
55, Dueprus 34eKTPOHA BO3GYKAEHHOrO aTroMa BOAOPOAA 0,85 5B. Bruncauts

a A

1a.
U3NYI2EeMOro  IBYKDATHO HOHU3MPOBAHHEIM

JIOM 2, ecy paauyc OpOUTH 3JEKTPOHA M3MEHHJCH B AeBATb pas.
’ N N 14
57. Buiuncauth AedeKT MacChl H SHEPrHio CBA3H Alpa ‘7

OtBeTH K 3a1a4am
S CAMOCTOSITENBHOTO PelleHUs

2 2, 49; 61 pan/c; 6 c~2 3. 180 m/c%; 180,01 m/c% 24
s M/.C‘ 2 M/E’ 5. Bpo,% paza. 7. 181 wje, 8. 0,36 wr. 9. B 2.93
pasa. 7, 4 cm. 12, 720 r. 13. 2,58-10%. 14, 2,05- Oﬂﬁ—‘j(li 1,;&8)(
X10—¢ m2/c. 16. 32-10~% xr/momb; 20,8 Jx/(Monb-K); 29,3 */{moap-K).
17. 12,5 I/(H.}K; 5 Ok 18, 382 kllx; 390 kldx. 19. 50°C; 29,1.3 KH?I’E.

20. 4,57 Ox/K. 21. 19 Ox/K. 22. Ha 250 3& ,23',..‘5" 1/9;‘“ l‘l{': ”l nng’
2-10-7 Ko 24. 0; 50 B; 36 B/m; 0. 25, 2,i-107 m/c. 26, 1200 0,13 M. 27. 2,6X

200 B; M.

2

10-5 Kui; 0,02 Jix. 28. 2030°C. 29, 600 B; 1,5:105 B/m; 0,1 Ix/m3. 30. 4 NEA/M :
:)?<1. 1811%)!{. 32, %104 A/mZ, 4 mB/m. 33. 0,06 M; 0,3 m. 34. 3,6 A/m; 4,5-107 TJI:
35. 3.2.10-19 K. 36, 0,02 A, 37. 1 uT'n. 38. 6.7 mMB. 39. :7,764310;‘7111;!;. 21)02.20,5 M;
48 T 0021 ¢ 1 pan. 41, 6,3-10-8 ¢; 18,8 . 42. 60 mfc. 43. 4,7. 4. 0,22 mxm.
42. 8111’ HM. 46c. 3. 817. 602 mM. 48. 53°. 49. 37°. 50. 1,73. 51. B BoceMb_szpasz
52, 6,05-10° m/c. 53. 0,335 MsB; 0,165 MaB; 0,2‘35-10:21"wx11“-‘1\’/1/c, 54. 1,7‘8"-}(;): Mf}g’
5,34-10-2¢ kr-m/c. 55. 1,3 um. 56. 6,58-10'5 Tu. 57. 0,112 a.e.m; 1046 MsS.

P_‘-—--_-—___—_n-_-—-‘

YYEBHDBIE MATEPHAJIbI
AR

A VDA AIIDIIL X
ASAEJAM KYPCA $U3UKU

MOSICHEHUSA K PABOYEM NTPOI'PAMME

H3y4aTh OCHOBHI KJACCHYECKO! MEXAHHKH Ha[0 MCXOAS M3 NpelcTaBJeHHOR cO-
BPEMERI0}i (H3HKH, B KOTOPOH OCHOBHBlE NMOHSATHS K/IACCHUECKON MeXaHUKH He yT-
""""""""""""""""""""""" I AajibHeililee pa3BuTHe, 0000UIEHHE H
BDHTUYECKYIO OLEHKY ¢ TOUKHM 3PEHHA HX npumeHcHuA. CHEAYET NOMHHTb, 4TO Me-
XaHHKa — 3T0 Hayka O MpOCTeHHX $OPMax ABHMKEHHS MATEPHAJbHHIX Tl H IpO-
HCXOJAMIMX NPH 3TOM B3aUMOJEHCTBUAX MeXAy TenaMu. JIBuikeHWe Bcerza cy-
IECTBYET B IPOCTPAHCTBE H BO BPeMeHH. JlHaJeKTHUeCKHH MaTepHa/H3M YYUT, YTO
NPOCTPAHCTBO M BpeMs SABJSIOTCA OCHOBHHIMH (QODMaMM CYLIeCTBOBaHHA MaTepHH.
TpenmeroM KiaacCHYecKod MeXaHHKM sBJSETCS ABHKEHHE MAKPOCKONHYECKHX Ma-
TePHaAJIbHBLIX TeJ, COBEpIliaeMOe CO CKODOCTAMH, MalbiMH 1O CPaBHEHHIO CO CKO-
POCTBIO cBeTa B BakyyMe. JIBiKeHHe HaCTHI €O CKOPOCTAMH NOPSAKa CKODOCTH
CBeTa DACCMATPUBAETCS B TEOPHH OTHOCHTE/BHOCTH, a MABMXKEHWE MaKpOYaCTHI
H3yuaeTcs B KBAaHTOBOH MeXaHHUKe.

Kortpoabnas paGora Ne 1 ImOCTpoeHa Tak, 4TO N03BOJAAET NPOBCPHTDH 3HAHHA
CTYJEHTOB IO KJIOYEBLIM BONPOCAM KJIACCHYECKOH MEXaHWKH W JEMEHTAM CHelU-
AJbHOMH TEOPHH OTHOCUTENBHOCTH. Pemaﬂ 3ajaun IO KHHEMAaTHKe, B KOTODHIX He-
06X0IMMO HCIIOIb30BATb MaTeMaTHYeCKHit annapar Aud(epeHiHaILHOTO M HHTe-
TPANLHOrO HCUMCASHUE, CTYACHT AOJKEeH HAaYUHTLCS ONpPefeNsTh MTHOBEHHHIE CKO-
POCTh M YCKODEHHE MO 3a/aHHOH 32BHCHMOCTH KOODAHHATHEI OT BPeMeHH U pewarh
obpaTHEe 3afavn.

3anaun Ha NHHAMHKY MaTePHAJbHOR TOUKH M MNOCTYNATEJbHOTO  JBHIKEHHS
TBEPAOTO Tejla OXBATHIBAlOT TakMe BONPOCH, KAaK 3aKOH IBHKEHMS LEHTpa Mace
MCXaHHWYECKOH CHCTEMBl, 3aKOH COXDaHEHHS KOJHYeCTBA IBHKeHHs, pabora CHAH
W ee BhIpaXkemyue 4Yepe3 KPHBOMMHEMHEI WHTErpall, CBs3b KMHETHYECKOH SHEepruu
Mexayuueckolf cucTeMul ¢ DaloTOR cuA, NpHA X ¥ 2TOM co-
XDaHeHHA MeXaHHUecKoH 3Hepruu. TIIaTeJbHOrO W3YUeHNs W NMOHHMAHuA TPeGyioT
Bonpock o mose Kaxk ¢opMe MaTeDHH, OCYHIECTBJAIOIIEH B3aHMOAEHCTBHE MeEXAY
YacTHUAMH BelleCTBA WJH TeJaMH, O NOTEHUMAJbHONH 3HEPrHM MaTepHAJbHOH TOU-
Kd BO BHemieM foJe H NOTEeHHAABHOH IHEePTUH MeXaHHYEeCKOH CHCTEMBI, STH BOI-
POCHI paccMaTpHBAIOTCA B 3afauyaX Ha NpPHMePe IPaBHTALHOHHOTO MOVIS.

3ajlayax Ha KMHEMaTHKY d JHHAMHKY BDaIlaTeJbHOrO ABHIKEHHS TBEpPLOro
Teng TJIaBHOe BHUMAaHHE VIeJs710Ch U3VUEHHI0 COOTHOIEHHH Me)Kﬂ_y JIUHEHHBIMY W
YTUIOBLIME XapaKTeDHCTHKaMH, NOHATHH MOMEHTa CHJB, MOMEHTa HIIEPIMH Tesa,
32KOHOB COXPaHeHHs! KOJMYECTBA JBHXKCHUS, MOMEHTA KOJHUECTBA IBHIKEHHA U
Mexauyyeckoi e

H
OTHOCHTEJNBHOCT

JIBHOCTH, : {OCHTENBH
O/HOBPEMEHHOCTH, NJHH H NPOMEKYTKOB BPEMEHM, DEIATHBHCTCKHA 3aKOH CJOXKe-
HHA cKOpOCTeH, 3aBHCHMOCTb DPEJIATHBHCTCKON MAacCH OT CKOPOCTH, COOTHOILIEHHE
MEXJy penTHBUCTCKON Maccoil H noJHo# sHepruedl. Pewast sTH 3anauu, CTyZAeHT
JO/IHEH YCBOMTH, YTO 34KOHbBI KJIACCHUECKON MEXaHHKH HMEIOT I'DAHHIY IpPHMEHH-
MOCTH H UTO OHH NOJY4aiOTCA KaK CJeACTBHE TEOPHH OTHOCHTEJBHOCTH (C—00).

3anaun B KOHTPOJBHOH DAGOTE PACHOJNOKEHH PHGIUIUTENBHO B TOM MODSIKE,
B KaKkoM COOTBETCTBYIOLIHE BONPOCH PACCMATPHBAIOTCS B paboueil mporpaMme.
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OCHOBHDBIE 3AKOHBI H ®OPMY JIbl

CkopocTb MrHOBEHHas .

Yckopenue:

noJHOe

CKOpOCTh yrioBast

To xe, aas PaBHOMEDHOrO0 BpalmaTeJbHOro
JABHXEHHUA

Yckopenue yraonoe

e

ypaBHeHHﬂ PaBHONEPEMEHHOr0 BpaIlaTe bHO-
TOo ABUXKEHHSA

CBA3b MexAy JHHEAHHMHM H YIVIOBEHIMH Be-
JIATHHAMH, XapaKTePH3YIOIHMH ABHIKEHHE
TOYKH 110 OKPYXKHOCTH

Bropo#t sakon HploToHa A/ NOCTYNaTenbHOro
JBHKEHHA

To ke, npr m=const

KonnyecTso JBHKEHHS! MAaTepHAaNbHON TOUKH

i OCTLIO V
Macce m, ABHMYINCHCT CC CKOPOCTHIC V

3aKOH COXDAHEHHsI KONHYECTBA ABHXKEHHsS ANd
H30JIHPOBAHHOA CHCTEMEI TeJI

Cnana TpeHHs (CKOMIbKEHHs)

CKOpOCTH IapOB Maccamu my H m, MOCHE
yAapa:

a6CoJIOTHO YNPYroro LEHTPaJbHOro

§=9r, v=or

a,=8r, Qp=uwlr
id d
p
F= 2 Fi="yr
= d¢
F:md—f'=ma
p=mv

n
2 mv; = const
i=1
Fop= fFy, (3neco Fp —cuna
HOPMAJLHOTO AaBJEHHS)

vy (my — ma) 4 2mavs

4 = P
iy + iy
vy (mg —~my) 4+ 2mv;
g =

my + mg

-—-——-—_-—-————-—————

Mommsocrs
Cuna ynpyrocta
Cuna rpaBHTaNHOHHOrO B32aUMOJeHCTBHA

HanpsKeHHoCTh IPaBHTANHOHHOTO moas Sew-
au

ITorenunan rpasutanmonsoro nons 3eman

loTeHUHANbHAS SHEPIUs:

yopyronedopMHpOBaHHOTO Tena (pabora
YIPYTO# cuibl)

T'PaBHTALHOHHOTO B3aHMOAEHCTBHS Tena,
HaXO4AmICrocs B OAHODOAHOM HOJIE TAXKe-
CTH

AVHd InCprin
Mowment unepunm MatepuanbHOf TouKH
Mowmenrs muepuun HEKOTOPEIX TeJ Maccofi m:

TI0ZIOr0 M CIVIOWIHOTO UHAHHAPOB (HAH AH-
CKka) paauyca R OTHOCHTeNBHO ocH Bpa-
IMEHHA, COBRAjalWed ¢ OCbI0 WHAHHADA

luapa pamuyca R oTHocuTenBHO OCH Bpa-

IheHHA, mpoXoisuwledi uepes UeHTp Macc
mapa

TOHROMO  CTepHKHH JIHHOR [, eciH och
BPallents nepneHmMKyaApHA CrepxmHIO
MPOXOLHT uepes UEHTP Mace cTepXkis

TC Xe, HO och BpAallleHHsT MPOXOLUT uepes
OIHH H3 KOHIOB CTepKHs

MATIAT A e a8
cwend  IIpOH3BOJIDHOH  OCR
(teopema IMItefinepa)
Mowenr cuny orocnrensio ocn Bpallenns
Ocromnge s,
HOTO 1BHKenus

€HHE JHHAMHKH Bpauarenn-

To xe, npu J=const

33KOH cnxpaﬂ HHA MOMEHTA KOJ/1n4ecTBa IBH-

XKeHUS Hns H30JIHDOBAHHOH CHCTEMBI

miv1 + movg
my =4 mg
A= |ﬁ F cos ads
L]
d4

A

N =

I

z -->
2 Jwy= const
=1

-
©

I



Jo?
KuueTHuecKas 9SHEpPrHsi Bpamlalolmerocs Tena T =—7

dA — M de
=L,V T=0e,

PaGota  py BpalaTebHOM ABHMKEHHH
3aBHCHMOCTH AJHHBI Telda W BPeMEeHH OT CKO-

POCTH B DeJATHBHCTCKON MEXaHHKE o
t=—27=
yi—
3aBUCHMOCTb MAaCCH YaCTHIHL OT CKOPOCTH U, o my
CPaBHUMOMH CO CKOPOCTBIO CBeTa =T
DHeprus MOKOs JaCTHIBI Egy = mc?

TlonHas SHEprHs YacTHUH, ABHKYMIEHCS €O - o mge?
CKOpOCTBIO U, CPABHHMOI CO CKOPOCTbIO CBETA = o

s
/1 — v2/c2
Vi—uvijc

“Teopema CJOMEHHsS CKOPOCTei B TEOpHH OT- @ h.u——i—v_
'HOCHT@JIBLHOCTH I + uv/c2
NMPUMEPE! PEHIEHUS 3ATIAY

1. [suxenne tena Maccoit 0,1 Kr 3anaHo ypaBHeHHeM x=2{3+
42471, HafiTd 3aBUCHMOCTh CKODOCTH M YCKODEHHs OT BDEMEHH.

BEIUHCIHTL CHJY, AEHCTBYIOILYIO Ha TeNO B KOHUE NEePBOi CEKyHIBL
Mauo: m—0.1 g1+ x—23 24— 1: t=1lc.
HMauno: m=0,1 gr; x=2134-124 ;
Haiitu: v; a; F.
Pewenne. MrHOBEHHYIO CKOPOCTb HaXOAMUM KaK NPOH3BOAHYIO OT

KOOpLHHATHI [0 BPEMEHH:
p=E  p—6rL2 1
dt ’ I i
MrHOBeHHO® YCKOPEHHE — 9TO [epBasi MPOH3BOAHAA OT CKOPOCTH HO
BpEMEHH!
du
dt

Cunia, JeficTByIOIAsi HA TeJO, ONpPCAENAETCS MO BTOPOMY 3aKOHY
HbioTona: F=ma, rie @, CONIaCHO YCJOBHIO 3a[a4H,— YCKOpPEHHE B
KoHIle mepBoit cexyuar. Torga F=m (12¢+2) npu t=1c

F=0,1kr(12-1-2) m/c2=1,4 H.

OtBer: v=62+2f+1; a=12t+2; F=1,4 H.

2. CrtomHo# nuaueap maccolt 0,5 kr u paguycom 0,02 m Bpama-
‘€TCS OTHOCHTEJIbHO OCH, COBHAJAIIIEll ¢ OChIO LUIHHAPA IO 3aKOHY
©=12+8f{—0,5¢{2. Ha mniuuap meHcTByer CHJa, KacaTeJbHas K IO-
BepxHoCTH. ONpefeIuTh 3Ty CHIY U TOPMO3AIIHA MOMEHT.

Nauo: m=0,5 xr; r=0,02 M; o=12+8{—0,5¢2.

Haiitu: F; M.

04
L

¢+

[\

—

a== N a—==

[
S

e ———————

Pewenue. Llninnp Bpamaetcst 0THOCHTENBEO OCH, COBNAAAIOMIEH

€ro OChio, 1o 3aKOHy

«©

9=12-1-8¢—0,5¢.

v IJI0BOE YCKOpeHue onpenenasieTcs Kak BTOpas NpOU3BOJHAadA OT yrJa
IIOBOpOTA MO BDEeMEHH:
d2 d
E:—‘P HJIU at_w_ s
de2 dt

CKOpOCTh, paBHAs MEPBOi MPOM3BOAHOH OT yria
TIOBOPOTA Mo BpeMenH w=dg/df, 0w =8—¢ Torxa e=—1 pag/c2. Mo-
: bl O TEJIbE H BpalleHus

341
r um M=Frsina.

o~ Y
LHJI2 JEHCTBYET KacaTeJbHO K IOBEPXHOCTH, NO3TOMY sina=1,
Torna M=Fr, otkyna

= (hH

HH MOMEHT MOXKHO ONpELCJIUTh H3 OCHOBHOrO YPaBHEHHSA
dMHKH BPallaTeJbHOIO ABHXKEHHUS:

M:.IS, (2)

rae J — MOMeHT HHEPUMH LWJIHHIPA OTHOCHTEJBHO OCH BpaleHud.

D IaHHOM Cly4ae OCb BpAIeHHS COBNANaeT ¢ OChI0 WHJAMHAPA, IO-
TOMY :

J=1,mr. 6]
Moacrasass (3) B (2), umeem

1
M=—-mr; M=%‘075KF'(0,02M)2'(—lpaﬂ/C2)=—1-10_4H-M;
F_—_ﬁ Fe— —1.10—4H.u
r 0,20

9TEeT: F=—0,006 H; M=—1-10~* H-u.
8«5. leno a0l 1 M ABHKETCS MUMO HAGMIOZATENS CO CKOPOCTBIO
,8 ¢. Kakoii mokaxercs HabIiogaTesNio €ro AJaHHAa?
Hano: ;=1 m; v=0,8 ¢.
Hajirn: /.
. ?emeﬂue. 3aBHCHMOCTb JUIUHBL Tea OT CKOPOCTH B PE/STHBHCT-
KOH mexannuke Bripamaerca GpopmyJioit

I=1L,V 1=, )
T,
ae lo—ILJIHHa noKosiuerocs TteJja; v — CKOPOCTb €r'0 JBHKEHHS;

¢ — cropocTs
JIOBBIE 3HAUEH

=—0,005H.

’

BagKyyMme T mon oo . A o1y

KyyMme. 1lofcrasiisis B QopMyay (1) umc-

=1 MVI—(058)2=0,6 M.
OtBer: [=0,6 M.

[
=




Pewenne. Corynacno Teopeme CJI0XKeHHs CKOpOCTell B TEODHH OT-
HOCHTEJIBHOCTH
’ v+u
I+ wvu/c?

TAe U, & — CKOpOCTH COOTBETCT i0 Hepaoﬁ BlOpUH qacTuu, U —
HX OTHOCHTEJbHAs CKOPOCTbh; ¢ — CKOpOCTb CB€Ta B BaKyyMe. ﬂﬂﬂ
nepBoro "0 CJy4aeB HaXOLHM
wi— 0,5¢ +0,75¢
1 4+0,5¢-0,75¢/¢2

ny—— 075
1+ 0,75¢2/¢2

H BTOPOT

=0,91¢;

Orser- w'=091c; uz’—c.

5. Moot maccodi 70 KT magaeT ¢ BBICOTHI SMu yAapaet 0o xe-
JIe3HOMY H3JeJHI0, JexalleMy Ha HaKoBalbHe, Macca HAKOBaJibHH
BMecTe ¢ magennem 1330 kxr. Cunras yaap aGCoOTHO HeynpyruM,
OIPENeNIUTh 3HEPTHUIO, pacxoayeMylo Ha Aedopmanuio usngenns. Cuc-
TeMy MOJIOT — H3/leIHe — HAKOBAJIbHsA CUHTATh 3aMKHYTOH.

JaHo: m;=70 kr; A=>5 M; my=1330 kr.

Hadru: £,

Pewenne. I[To ycioBHIO 3aiaul, CHCTEMa MOJOT — H3LeaHE —
HaKOBaJbHSl CUHTAaeTCs 3aMKHYTOH, a ynap — Heynpyruii. Ha oco-
BaHHM 3aKOHA COXPAHEHHS SHEPrHH MOXKHO CYHTATh, UTO SHEPrHs,
3aTpayeHHast Ha AedopMaUMIO H3LeJHs, PaBHA PA3HOCTH 3HaueHHH
MeXaHM4ecKol SHeprHH CHCTEMBI 10 H mocJe yaapa.

CynTaeM, 4TO BO BpeMs yAapa H3MeHsIeTCsl TONbKO KHHEeTHUeCKas
9HEPTHA TeJ, T. €. He3HAUHTeJbHEIM IepeMellleHHeM TeJl 10 BepTHKa-
JIF BO BpeMsi yaapa npene6Gperaem. Torna sHepras gedopManuu us-
JeJns

- 2 ) v'2 N
E,= ml;’ _ (m1+;rl2, , %))

Tle U — CKOPOCTh MOJIOTA B KOHIE MaAeHHs ¢ BEICOTH A; v’ — obmas
CKOPOCTb BCEX TeJl CHCTeMH Hocie Heympyroro yaapa. CKopocTb Mo-
JI0Ta B KOHIEe IafieHHs C BHICOTH A ompejensercss 6e3 yuera compo-
THBJIEHHS] BO3AyXa U TPEHHA 1O hopmyiie

o=V Tgh. @

BUNKOUUT":

HaunewM, IPHMEHHB 33KCH CGXpaHeH..F. KOoamH4yecTBa ABHXKCHHEA:
n
c
N m;v;=const. (©)
L
i=1
22

—-—_-———_—_-___-“_—_-r

t

b

C eMOH CHCTEMBI 3aKOH COXpaHeHus KOJIHYEeCTBAa ABY
1=
E€HUA HMeeT BUA mu= (”’1 7 lg)l OIK}}la

mv
P 4

V=

&

Ioacrasus B Gopmy.y (1) Bupaxenus (2) u (4), MOJLyYHM

mo

Ey=migh —"2_
my + my
E,=70 xr-9,8 u/c2.5 u 1330 kr

1330 kr + 70 gr

Brruncianm Ha KaJbKyJAsaTOpe Bhipaxenue 70.9,8.5. 1330

0 nporpamme 190+ 10

70EI9,8
k-1 ] [

Otser: E£;=3258 Ix.
6. Teno Maccoit m;=1 kr yaapsiercst o
cofi my=4 kr. Cunrasg YIoap LeHTPaJbHBIM
HalTH, KaKyl0 yacTp 9HEPTUH mepenaer ne
yaape.
Hano: m,=1 kr; my=4 KTy vy=0,
Haitta: T,/T,.

Pemenne. [Tock
X OJIbKY ynap aGCoMIOTHO YNDYrufl, BHIIO
JIH
3aKOH COXPAHEHHS SHEPIHH yiey rere

s [x] 133 B 1330 70 E

2 P
mrul + mzflz _ mluf mzug
2 2 - 2 + 9 ’ (1)

I‘Lle Ui, Ug, Uy, Uy — CKOPOCTH TeJT COOTBETCTBEHHO JI0 B mocsie yaa

KukeTHueckas SHEPrHs BTOPOro Tesa 10 ynapa Geuia paBHaJHy.H

KHOCJIe yAapa H3MeHeHHe SHeDPrHH BTODOro Tesia ATy=T,, rne Ty—
HeTHYeCKast SHEPTHsI BTOPOrO Tesa mocse yaapa. Io onpeg Hi

: To onpepene
mally myy
To= M

o ’ 1 <
c )
IaK Kak yaap unen P
TPaJbHBIH, TO BBIMOJHSAETCST 3aKOH COXpaHeHHs
’

T

My~ myVy=m,uy + mu,. N
TTOCKONBEY 2ome 0 mrsmacas o 71 o
By 2Ty, BhipaXenus (1) u (Z) mpumyr Bug
mv{ _ myu? myu}
2 3 + 5 0 MU =mauy - mau,. (3)




Qmﬁu
my + mg
KuneTayeckas sHeprasi BToporo Teja IocJue yaapa

2 2,2
moty 2momyvy

2 (m1 + mg)?

Ty 4mmy
Ty (my+mg)2 ~

Ve (1 xr+4 xr)2
Oreer: T,/T,=0,64.
7. Teno maccoit 1 Kr nof AeACTBUEM NOCTOSIHHOH CHJIBI JBHKETCS
npSAMOJNHHEHO. 3aBHCHMOCTD MyTH, NPOHJIEHHOTO TENOM, OT BpEMEHH
m.

j— 1n
M s=2{2+4{1 1, Onpenenurs pabory cuvni 32 10 ¢

22 — 4.1 kr-4 kr —0,64.

3ajala ypaBHEHHeM

OT Hauaja ee ACHCTBHA M 3aBHCHUMOCTb KHHETHUECKOMH 3Hepruyu or

nna 153
BpCMCHH.

Jdano: m=1kr; s=2t2+4f{+1; t=10c.
Haiitu: 4; T.
Peiiedne. PaboTa, coBepliaemas CuioH,

(1)
()

A="{Fds.
J
Cusa, meficTByromas Ha Teso, TO BTOPOMY 3akoHy HbioToHa

nanma
pabHa

Fema wm Fe=m 25 2
de2

MrHoBeHHOe yCKOpeHHE OIpeessieTcss NepBoil MPOH3BOLHOMA OT CKO-
POCTH 1O BPEMEHH HJH BTODOH NpPOH3BOLHOH OT IyTH II0 BPEMEHH.
B cooTBercTBUH ¢ 3THM

vzg_j:4t+4, @) a="25 14 we, 4)

ds2

Torpa
—~ d2s
de2

=4m. (5)
W3 Boipaxkenus (3) Haxomum
ds=(4¢4)d¢. (6)
Honcraeus (5) u (6) B ypasuenue (1), moayuum
A={dm 4t-+4)ds,
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Ilo aroit (bopM):Jxe BBIUHCIHM paGoTy, coBeplraemyio cuxoi 3a 10 ¢
C HayaJja ee AeHCTBHS:

= : @

TMoxcrasass (3) B (7), umeem
7 mt44p
S 2

=m {824

en mMme... T e AQ . 4 P
: OV LK 1 =m (814 161 +8).

. Hefitpon apmxercs co ckopocTbio 0,6 ¢. Hakitu KosmnuecTBo
NBHKEHHS U KH

2 SHHETHYECKYIO SHEPTHIO HEATDOHA.
~auo: v=0,6 ¢; my=1,67-10-27 kr.
Haiitu: p;
i o
Feluenne. KosHIeCTBO ABUKEHHS HeliTpOHa
p=muv. 89
lak Kak ckOpOCTb HEHTPOHA cpaBHUMa cO CKOPOCTbIO CBETA, TO
HEOGXOAMMO Y4eCTb 3aBHCHMOCTb MacCH OT CKODPOCTH, BOCHOMD3O-
BaBUIHCh DEIATHBHCTCKHM BBIPAXKEHHEM [JISI MACCHI:
= mo ——_ M (N
=T 5 _ T 5 <
V' 1—wvz/c2 yi—p2’ A
zﬂ;e 7 —Macca NBHKyMerocs HefiTpoHa; #y— Macca MOKOW; 0 —
KOpOCTb HeHTpOHa; ¢=3-10% m/c — ckopocTh cBeTa B BaKkyyMe; p=
*UI{IC—CKOPOCF" HEHTPOHA, BHIpAXKEHHAS B JOJSX CKODOCTH CBETA.
OncTaBnas ypasmenne {2) 5 [Bas, YTO v=fc, mo-

JNy4aem

mOﬁC
reyi=w
1 A 1a—27 P
1,07-107"" kr.0,6-3-108 M/c
= —_ =3,75-10719 kr.my/c.

YT=(0,6)

B pensTusncTckoil Mexannke KuHeTHUCCKas SHEPTHS YaCTUIH! OIl-
Esﬁenﬂemﬂ Kak pasHOCTb MeXAy IOJHOH sHepruesdi E M sHepruei

Roxoa Ey atoii wacTuLbI:
T=FE—F,, 3)

rne E=m "2/}/1— )

R 3 2 B
vt mge £ Ey= 74C°. DBIYUCJIUM 3HEPrui0 IOKOS HelT-

Ey=1,67-10"%" kr(3-10% m/c)?=1,5.10—10 .




Toraa [em. (3)]

Oteer: p=3,75-10-19 kr-m/c; T=0,37-10-10 Ix.

9. Karyi CKOpOCTb HYXHO COOCINHTL paxere, yToOM OHA, CTap-
TORaR ¢ 3eMJH, He BepHyJach Ha 3ems0? Conporusienne atMocde-
PHI HE YYHTHIBATh.

IlaHo R;=6,37-106 M; g=9,8 M/c?; R—oo.

Hasiru: -
aAaruTH! Ug.

Pewenne. C ynajenueM pakeTs oT 3eMuu GyneT yBeaHuHBATLCA
€e HOTEHLWa/ibHasi SHEPTHA W yMEHbINaThCsi KHHeTHYecKaA. 110 3a-

KOHY COXpaHEHHs SHEpTHH,

mvl o
b 2

. (S __ CGM , M

2 2 ( R3 R
rae m— macca paketn; M-— Macca 3eman; G — rpaBHTalHOHHAA
NOCTOANHAsM, Ug H U"—CKOPU\,AH PareThl OTHOCHTEAbHO 3eMaR B Ha-

YaJbHBIH H paCCMdTpl/IBaeMbIH MOMEHTHI, Ra R— paCCTOHHHS{ oT

wedTpa 3eMJH 10 PaKeTH B Haua/ibHbld U deLMdlpthCMblYl MOMEH-
Thl; —GM/R — HOTenlMaJ rpaBHTALMOHHOrO NOJsi 3eMJH Ha pac-
crosinun R or ee menrpa. Ilocne mpeobpasoBanns ypashenus (1)
nMeeM Up2—02=2GM (1/R;—1/R).

Pakera He BepHeTCsl Ha 3eMJlI0, eCJIl ee CKOPOCThb v OyneT B Gec-
KOHEUHOCTH paBHa HyJIo, T. €. v=0 npn R—oco. B 5ToM cayuae

05 =2G MR, 2

W3 sakona BCEMHUDHOr0 TACOTEHHsT CJAEAYeT, UYTO Ha MOBEPXHOCTH

Seman GmM[R?=mg, orkyna
GM=g R? (3)

JIVi= K3, A

e g — yckopenne csobonnoro nanenns. Ioacrasum (2) B (3):
=2gR, wm v,=V2gR;.

Cuuras, 4T0 pakera NPHOGPETAET HYXKHYIO CKODOCTb Uy YKe BOMH3H
MOBEPXHOCTH 3eMJIH, HaXONUM

vy=1"2-9,8 mjc2-6,37-10° m=11,2.10% mfc==11,2 xm/c.
Taxag ckopocTe HeoOxonuma JJIs IDEOAONEHUS TDABUTANUOHHOTO
noas 3eman. Oua 1aspBaeTCsi BTOPOH KOCMHYecKoil uin mapaGodu-
yecKoi CKGPOCTH"

Otser: vy=11,2 xM/c.

10. Touku#i crepxens maccoil 300 r u gauHOH 5 Bpaliaercs
¢ yrJoBoil CKOPOCTHIO i0c!s i‘OpH3OHTa.ﬁbHun N0 Kotﬂ BOKPYT
BEeDPTHKANbHOH OCH, MPOXOAsIlef uepe3 cepeAuHy cTepxua. HanTtu
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YyIJ0BY10 CKOPOCTB, €CJAH B NPOUECC

CTeNKAHE NeNeMEeCTUTCY Tak, UTC OChL BhAlCHT
CTCPKLHL HNCPEMCCTHTCH TaK, 4TC CCh Bpalucl

Hell "crepmnﬂ.
Hano: m=
Haitti: o,.
Pewenne. Ficnonb3yem 3akoH COXpaHeHHS MOMEHTa KOJHYecTBa

IBHKEHHS:

[¢2]
o
o
o
E
[ed
o
=
I

N9 el I 0OE L
U,0 KT, 1=VU,0 M; ©

ll
—
=)
[¢]

n -
2 J o, =const, %)

i=1

rae J; — MOMeHT HHEPDUUH CTEPXKHA OTHOCHUTEJNBHO OCH.

HJIS{ I/I30JII/[pOBaHHOﬁ CHCTEMBI TeN BeKTOpHaH CymMMa MOMEHTOB
KOJHUECTBA JBUXKEHUS OCTaeTcd nocTogHHOH, B nawuofi zapnaue

ABHMKEHUA QCTACTCH MNOCTOIHHQL aHHQH 3azavie,

TOr0, 4TO pacnpefeneHyue MacChl CTEPXKHS OTHOCHTEJILHO
arca

TCHT HHODLHHY CTODXKHA TakKe HIMEHUTCSH D A~

ancpidn CTCPMHA TARAKE H3MEHHTCA. D CO-

[o]

o
L -

I/ 2RLOLTHN ITO MAMOIIT ITANITIINT AmAansrire r\mvy/\nyrm/\nv e e atan s
AA\IHV\;AAA\J’ 11V Mumthnr antSpunn Livpmnn Ulﬂ\;l\:l/llc 1oy Ubﬂ, llPUA.U'
IAleid yepes LEHTP Macc M MePNeHAHKYISADPHOR CTEPKHIO, paBeH
Jy=- 2 3
—_——m
12 ©)

Ho reopeme Ulretinepa, J=Jo+md? rae J — MOMEHT WHEpPUUH OT-
HOCHTEJIBHO OCH, NPOXOAsAllell Yepes KOHeL CTepXKHs; d — paccros-
HHE OT LeHTpPa Macc 0 BEIGPAHHON OCH BpalueHHS.

Hajinem MoMeHT HHepIuH OTHOCHTEJBHO OCH, IPOXOAAUIEl uepe3
€ro KoHel 1 HepHeHﬂHKyJ[HpHOH CTEePXKHIO:

Jy=Jy+-mad,

_ml2 ml2  mi?
j2“12+4_3' 4

Honcrasnm gopuyay (3) u (4) B (2): mlPw/12=ml2e:/3, oTkyna

10 ¢!
[0)
wy=—t, w= =25 c 1,
4
Nemam. o O 8 Al
;’1“,?1.' W2=4,0 77,
[ .
ti. LHCK MaCCO# 2 Kr, pajdycoM 10 cM Bpaiiaetcs BOKPYT ro-
PHSOHTaﬂbHOH OCH,

E MPOXOAAIEH 4Yepe3 ero UEHTP C YacTOTOM
600 mum—1. Hepes 20 ¢ mox AeficTBHEM TOPMO3SUIETO MOMEHTA AHCK
OcranoBmics. Cunras Maccy AHCKA DABHOMEDHO pacnpenenesHo,
Hafita Topmossmmn MOMEHT M YHCJIO 0BOPOTOB, KOTOPOE CAE]aeT
NHCK 0 MOJHOH OCTAHOBKH.

,D,aﬂo 0=0; m=2 kr; n=600 Mmur—!=

10 c=1; At=20¢; R=0,1 m.
Haiitu: M; N.

(¥
~




Pewenue. Jlus onpeleleHns TOpMO3smero Mmomenta M cua, nefi-
CTBYIOIMX Ha TeJO, HYXHO IPUMEHHTh OCHOBHOE ypaBHEHHE NMHa-
MHKH BpallaTeJbHOIO JBHKEHHUS:

JAw=MA¢, (1)

rae J — MOMEHT HHEDUHH AHCKA OTHOCHTRJIBHO OCH, IPOXOAALLel ye-
pes uentp macc; Aw — H3MeHEHHe YIJIOBOH CKOPOCTH 3a NPOMEXKY-
TOK BpeMeHH Af. »

Tlo yenoBHo 3akaun, Aw=—wg, Tl€ ©o— Hayadbllas YrJIoBas
CKOpPOCTb, TaK KaK KOHEUHAs yrioBas CKOPoCTb w=0. Brpasum Ha-
YaJbHYI0 YIJIOBYIO CKODOCTh Uepe3 4acTOTy BpallleHHs AMCKa, TOTAa
wo=2nn 0 Aw=-—2nn. MomenT uHepuuu aucka J=mR?/2, rpe m —
macca pucka; R—ero paamyc. Torma dopmyna (1) npumer BHIL
—2anmR2/2=MA¢t, orkyna

M= —nnmR¥At, M= —3,14.10 ¢1.2 kr-0,01 M¥/20 c=

—3,1.1072 H-m.

Yron moBopoTa, T. . YIJIOBOH MyTb ¢, 3a BPeMs BpallleHHs HCKa

0 OCTAHOBKM MOKeT ObITb oIpeleled IO ¢opmyde s paBHO3a-
MEeIJIEHHOTO BpalleHus:

(2)

gp:(nOAL‘—EAtZ/Q,
e € — yraoBoe yckopenue. [1o ycnoBuio 3anaun, o= wo—eAf, 0 =0,
eAt=qwo. Torma [em. (2)]

KOHTPOJIbHAS PABOTA Ne 1

. Ilpu nmpaMoauHeHHOM JBHXKEHHH Tesja Maccolt | Kr usme-
0 KOODJIMHATH CO BpeMeHeM MPOHCXOJAT N0 3aKOHY X =5i—

—10¢2. Haiity cuay, nefiCTBYIOIMYIO Ha TeJO.
2 (2). Onpenennts cuay, JCHCTBYIOUIYIO Ha Te/10 Yepe3 3 ¢ mocae
efCTRUS, ¥ CKODOCTL B KOHIIE Tpe’rl,m‘/’l CeKVHJE, ecliu Teso

ICTBHd, X CKOPOCTL B KOH 114 LEUu CC

KI' JBHXKETCSl ¢ YCKOpeHHeM, HU3MEHAIINHMCA II0 3aKOHY
10 7y —

n
t—10; vo=0. .
3 (3). Ilo ycaoBuio mpeabayiiel 3aavn ONPENCNHTE CHNY, Aeli-
CTBYIOINYIO Ha TeJIO yepe3 5 ¢ mocJe Havasa JefCTBHSA, H NyTh, OPOH-

ACOApin 1CJHUM Sa Jiu DPCAVIIL R “ -
4 (4). Teno xBHKETCS NPSIMOJTHHEHHO NOA NeHCTBHEM MOCTOAHHOR

CTh KOODAWHATBHI OT BpeMEeHH HMEeT

y Tedqa. .
5 (5). Hafitu 3aBHCHMOCTb CKODOCTH OT BPEMEHH H CHJIY, HeHCT-
i CeKyHAB, €C/iH
KOOpJAHHATa cO BpeMeHeM H3MCHSIeTCsI 10 3aKOHY X = 2¢{—12+ 3¢5,
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6 (6). Martepnanbnas Touka IBHKeTca Io OKDYXHOCTH paauy-
com 1 M coriiacHo ypasHennio s=8/—0,2/5. Haiiti CKOPOCTb, TaH-
TCHIHa/IbHOE, HOpMA/bHOe H IIOJHOE YCKODEHHE B MOMEHT BpeMeHH
< C.

7 (7). CorowHol mapuk Maccoi 400 r u panxuycoM 5 cM Bpamia-
€TCA BOKDYr OCH, NPOXOAfIIEH Yepe3 ero MEeHTP. 3aKOH BpALIeHHS
napa HMeeT BHA @=4+2{—2{2 Onpegenutb TOPMOSSIIHH MOMEHT.

8 (8). Crepikenn maccoi 1 Kr u ajumoi 1 M Bpauiaercs BOKPYT
OCH, IPOXOAAIHHA YePes OJHH H3 €O KOHUOB M0 33KOHY =2+ ¢+ 72,
Onpegennts MOMEHT CHJIBL, JefCTBYOILEH Ha LpPYrofi ero KoHell,

9 (9). CnnourHo#t auck maccoir 0,2 wr BpAIAeTCs BOKPYT OCH,
NPOXOAAIICH Yepes ero HeHTP Mace NOX AEHCTBHEM MOMEHTA CUJ
0,8-10~2 H-M. 3aKoH BpallleHHS: HMeeT BHJI @=>5—1t+2£2. Onpene-
JIMTb PafHyC THUCKA.

10 (10). [Tossti nuAHUAD BpaIaeTcsi OTHOCHTENBHO OCH, COBNIa-
JAIoIMEH € 0ChI0 NUNHEAPA. 32KOH BPALICHHA HMEeT BH ¢=10—>5¢+
+0,5¢%. OnpefeuT MOMEHT HHEPLHU H Maccy UMJIHHAPA, €CJH €ro
paauyc 0,05 M. MOMEHT CHJIBI OTHOCHTENbHO OCH BpalleHus, aeicT-
BymOMu# Ha nuauaap, 0,75 H-wm.

11 (11). CrepixeHb IBHKETCH B IPOLOIBHOM HanpaBJ/eHHH C T0-
CTORHHOf CKOPOCTHIO OTHOCHTEJbHO MHEPIMANbHOH CHCTeMbl OTCUE-
ra. Ilpn KakoM 3HaUEHHH CKOPOCTH AJTHHA CTEPXKHA B 5TOf CHCTEMe
orcuera Gyner Ha 19 MeHbIIe AJHHBI MOKOSILErOCH CTEpPKHSI?

12 (12). n-meson — necTabuibnast yactana. CoGeTBeHHOE BpeMs
HusHy ero 2,6-10-8 c. Kakoe paccTosiHue nposIeTHT m-Me30H 10 pac-
Haja, ecJiM OH IBHMKETCS CO CKopocThio 0,99 c?

13 (13). Mo ycnoBuo npemwinymeli samaun ONpeleNuTh, Ha
CKOJIBKO pACCTOAAHKE, MPOJETAEMOE I-ME3OHOM, IIPH Pe/IATHBHCTCKOM
SaMelJIeHuH BPEMEHH OOJIble, YeM eCH OBl TAKOTO 3aMEIJeHHs He
GrL0.

14 (14). Kakyio CKOPOCTDb JOMKHO HMETD JABHXKyIleecs Teso, YTo-
Xl ero NPoLOMbHEIE PA3MEDPH YMEHBIIHIACH B /BA pasa?

15 (15). Ilpu KaKo# OTHOCHTENbHOM CKODOCTH HRUNXEHHS D
BHCTCKOE COKPAalIeHHE MJIMHBI IBHKYIIEFOCS Teld COCTABUT 509%

16 (16). PagHoakTuBHO® s7po, BHLIETeRUIee H3 YCKOPHTENA ¢
Ckopoctbio 0,4 ¢, BLIGPOCHIIO B HANPABICHUH CBOETO [{BHIKEHHS P-ua-
CTLy co ckopocteo 0,75 ¢ oTHOCHTeNBbHO ycKopuTeas. Halith cko-
POCTb YACTHIIE OTHOCHTENLHO SADA.

17 (17). Haiitu coBCcTBERHOE BpeMs XU3HK HeCTAGHIBION YacTH-
UEI i-Me30Ha, ABHXYILLErocs €O cKopocThIo 0,99 ¢, ecau paccrosHe,
Ipoderaemoe HM 10 pacnaja, paBHO mpuMepHO 10 KM.

18 (18). CobeTBentoe BpeMs JKH3HH s-Me3oHa 2,6-10-% c. Hemy
PABHO BpeMs MH3HH ®-Me30HA AJA  HAGJIOAATENS, OTHOCHTENbHO

KOToporo s1a wactHua ABUKeTCA €O cKOpocTbio 0,95 ¢?

CHAATH-

e

o

nemr. waranana N 0O7

19 (19). Baexrtpon, cKopocTh Kotoporo 0,97
Ty ArAananee VR4

BCTpeuy nporony, HmewmeMy cKopocTs 0,5 ¢.

s
ux OTHOCHTEJIbHOIO IBUKEHHS.
a

20 (90). Nre u

(£

WIKVTCH Ha
BI IBHIKYTCS Ha

a BCTpedy APYyT ApYry ¢
CTamu 0,9 ¢. OnpenesuTs CKOPOCTb HX OTHOCHTEBHOLO B

29




21. CkopoCTH IBYX UEHTPAJIBHO COyAApHIOMHXCA fi‘fﬂpﬂ‘i’ii“j.,ﬁf
p3aumozneiicteusa pasHel 0,1 u 0,05 m/c, HX MacChi COCTBETCTBELNT
paBHHl 4 H 3 Kr. ONpeesuTb KX CKOPOCTH NOC/Ie yAapa NpH yupyrom
COYZapeHHH. B o

"22. B KaKoM cjyuae IABHraTeJb aBTOMOOH/IA COBEPLIHT VOJBIIYIO
paBoTy (BO CKONIBKO Pa3): AJIK PasrOHA C MecTa 10 CKOpocTH 36 KM/4
HIH n'pﬂ yBeJHYEHHH CKODOCTH OT 36 po 72 xm/4y. Cuny CONPOTHB-
JeHHs M BpeMsl ABHXEHHS B O0OMX Cllydyasix CYUHTaTh OAHHAKOBBIMH.

23. [llap maccoli 4 KI' IBHXKeTCs CO CKOPOCTbIO 2 M/C ¥ CTaJKH-
BaeTcH ¢ MOKOAMMMCS WapoM Maccodl 1 xr. Bruucauts paboty, Co-
Beprennyo BeJecTBHE NeOPMAIHH U1ApOB NPU NPAMOM HEHTpadIb:

HoM yzape. Japbl cCHMTAT HEYNPYTHMA.
23, Tennoo3 Maccoii 40 T, ABHrasch co cKopocTbio 1 M/fc, yaa-
HeNmOJIBMIKHEIX TPYXHHHBX Oydepa Baroxa. HaiTa

aubosabiuee cxatHe O6ybepoB BaroHa, €CJAH KECTKOCTh NPYHHHE

106 LT/a0
*1U- 11/ M.
25. AproMo6uab Maccoli b T ABHXKETCs PaBHO3aMENJEHHO NpH

TOPMOMKEHHH, NP TOM B TEUEHHe ACCATH CEKyHJ ero CKOpOcTh
ymenbizaercs oT 72 kM/d o 54 xm/u. Hafita caty TopMoxenns.

26. INpoton yxapsercs O HEMOXBHXKHOE SAPO aTOMa KPEMHHA.

CcRONLKO DAl
CKOJALKC  pas

aTCea B nna
CTCi B ABa

o
Bl

Cunrtas yaap LeHTpadbHEIM H YOPYTHM, HalTH,

YMEHbIIHTCS KHHETHUeCKAsl SHEPIHsi MPOTOHA NIPU yAape.
27. Jas1 TOro UTOGH PACTAHYTb IPYKHHY Ha 2 cM, TpeGyerTcs NpH-
npy-

nA
BO

aoxuTs cmry 40 H. Kakaa pabora coBepliaeTcs Npu CHATHH
KHUHH HA 5 cM? o o

28, Ha teno aeiictyer cuna F=Fkx?% Ha CKOJbKO YBEAHTHTC
[OTeHLHAJbHAS 3HEPrUsl Teja NpH ero nepeMellleHHH H3 TOUKH
B TOUKY X=D5 cM?

29. Cranbuas nenodka pagHoir 0,5 M, Jexailas Ha cToje, HauH-
HaeT CKOJb3HTh, eCJIH 8 CM 9TOl IeNOUKH CHyLIeHH co crona. Macca
LENOuKH 3 KT, Ko3(hHUUHeHT TPeHHS MeXLy cTosoM H nenoukod U,1.
Kakas pa6oTa MPOTHB CHJ TPElHs COBepIIaeTcs MPH COCKA/b3BIBA-
HUM BCeHl IEeNOUKU?

30. Teso mMaccoll 1 KT moa geficTBHeM MOCTOAHHOH CHJBI ABHXKET-
ca mpamonuueiino, 3ARHCMMOCTb TYTH. NPOMAEHHOTC TEJIOM, OT Bpe-
MeHH BhIpaxaercs ypabHeHHem S={2+2{+2. Ompeneauts pabory
cuaet 32 b ¢ mocsie Hayana ec AeHCTBUSL.

21 Macca IBUNXKVIILEINQCH [IDOTOHA 2.,25'10—27 kr. Hafitu cko-

s, vadlla ABHM yreroc

POCTh K KHMHETHYECKYIO 9HEPrUio MPOTOHA.

29 QD rawmasil NNOIIISN upwnnammy}o

32, 2aCKTpON npomen  yCKOpsio P NOTeHIIHAJIOB
100 MB. Bo CKOZIBKO pa3 ero pessTHBHCTCKAs Macca GoJblile MacCH
nokos? UeMy paBHa CKOPOCTb 3J1€KTPOHA?

nnoTOHAa ecau  er
npoTéHa, eCau C

DAa3HOCTb

09 N amamirme AZANANML ATURUCTCKAR
oo, UINpeasauTh CKOPOCTDL JIATHBUCTCKA
macca B TPpHU pasa GoJblle Macchl NOKOs. Buuuca UHCTHUYECKYIO
H IOJHY IO "

oA Do

9%, DbldnCin
TOHa B TOT MOMEHT, KOrja ero macca p

PP I IO
H RKHHC

35, HafiTél HMOyJbc, HOAHYIO
Ha, JBHKYIIETOCsl CO CKOPOCTBIO, PABHO
30
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36. IIpoTon u a-uacTuna mpoxXoOAAT OIIMHAKORYIO YCKODSIOMYIQ
PasHOCT, NOTEHIHAJ/IOB, NOCJIE Yero Macca NPOTOHAZ COCTABHJA

dyeckas sHepruga 1,78 MaR? On

40. KnHeTHueckas sHeprus
3

rau nokog. Kavona rwanaeme
TI0KO4. A &8KOBa CKOpOCTh

41, Hua KaKOM DAacCTOAHHM OT LEHTPa 3eMJIH HaXOAUTCH TOUKa,
B KOTOPOH HANPAMKEHHOCTh CYMMapHOTO IPaBHTALHOMHOrO OJS 3eM-

nu
JH

iy

u Jly nm'}rfasﬁa HyJio? TIpuHsTh, 4T0 Macca 3emiu B 81 pas 60.1b-
we Ma
©¢ MacCLl JIyHb H pacCTOSHHE OT LEHTPa 3eMiH 1O HeHTpa JIyHk
pabtO U pajnyCaM SeMJIH.
42. C xakoif cKopocThio ymazer ma HOBEPXHOCTb JIyHEI MeTeo-
PHT, CKOPOCTb KOTOPOro BAajH oT JIynsl mana? Atmocdepa Ha Jlv-
HE OTCYTCTBYET. o ’
43..; Kra_xgy}o paboTy HEOGXOAMMO COBEPIUIATD, YTOOH BLIBECTH Tero
Maccon 2ol Kr Ha OpOHTY HCKYCCTBEHHOH IMIAHETHl COMHEUHOH CHe-
TeMEH! C [I0BePXHOCTH 3eMJIH?

44. Onpenenuts pabory, KOTOPYIO COBEPUIAIOT CHIEl TP
B

OHHOTO MoJisl 3eMIIH, €CJH TesIo Maccoli 2 KT ynazer Ha mo
3eMJIn ¢ BEICOTHI, PaBHOH pamuycy 3emmaun

45. Tlo ycaoBuio NpeRBIIyINel 3afaun ONpeNeNHTD pabory, co-

BEpIIAEMYI0 CHJIAMH I'DABHTAIHOHHOTO TOAS 3EMJH, eCJH TEAo Ma-
AaeT na MOBePXHOCTh 3eMNIH U3 BeCKOHeTHOCTH

SCKO aOCTH,

46. Paxera 6bura 3amymena ¢ 3eMJIH ¢ HayaJbHON CKOPOCTbIO
10 kM/c. Onpenennts cKOPOCTL DAKETH Ha

EJIY CpOlTh PareThl Ha

aBHTANH-
ePXHOCTb

AnAK a 0, Ti ¢
UPUHTE, NpPENNOJNOXKHUB,
4T0 OpGHTA KDPYroBas U ee pajuyc paeeH aBym paauycam 3eman. Co-
NPOTHB/IEHHE BO34VXa He YYHUTEBIBATD.

47. Briuucnury nennvis o
THCJHTh [EPBYIO H

3anymeHHOro ¢ 3eMJIH.

1R, BLIUNCAUTL TERRVIG Wt
- DOIRHCAATL NEPBYI0 H

3alyueHHoro ¢ JIyHeI
9. Ha kakoi BbICOTe Hax TOBEPXHOCTHIO 3eMJIH HANPSIKEHHOCTb

TATTUATIIAT PR Y

P un&ununnu:ﬁ nosst 0,5 H/kr? Onpemennts noTennnasn mous -
0 Ha 3TOH BEHICOTE.
2K I

o HSMEHATCA HANPSIKEHHOCTb W MOTEHLHAN IPaBHTALUOH-
KO;JCE)HIXI/IOQJIH 3gMJ[H Ha BLICOTe, paBHO# paanycy 3emiu? [IpuuaTs ye-
© CBODOIHOrO ManeHusi BOGNU3K MOBEPXHOCTH 3eMiH PaBHbIM

arla

>0 M/Ce.

?lﬂ(%lk) CE’ILEPH(EHB maccoft 2 KT 0 gaunol 1 M MOxKer BpalaThcs
oyt OCH, LPOXONAINEH 4epes ero CcepefiHHy NepUeHIHKYJspHO
o P, D KOHEI CTepXKHA nmonafaer mydst maccoit 10 r, aeramas
dmpmflejilwngz{l-{{p{{o OCH H CTEpPXHIO cO cKopocTbio 500 m/c. Ompene-
KOTOPOH Ha9HeT BPamlaThCsi CTEPIKEHb,

€CKHe CKOpOCTH Tena,

BTOPYIO KOCMHYeCKHe CKOPOCTH Tena,

2
)¢
EAN

.

‘o YIJIOBYHO CKOPOCThb, ¢
SCJIM mysIs 3aCTPSIHET B HeM.

W
-
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52 (22). Jlpa TOpPH3OHTA/bHO BPAIlalOMUXCA OLMH HAL ApYIiM

f s arrir maw T TTIOCKOCTU UX MananJeJIbHREL a ﬂe]{"[‘[)b‘[
JUCKA PACNOJOZKEHBL TaK, UTO HJAOCROLEE XA Baps 5 T

JlexkaT Ha OJHOH BEPTHKAJH, YraoBas CKOpPOCTb H MOMEHT HHEPLUHH

o manmir 10 namle w 9.10-3 xr.m?2 a BTODOIO — COOT-
NepBOTO AHMCKA paBHBL iU PaA/C n &° iy Xr-M%4 a2 BTOD N
—3 oo ax2 TTannwris mucr mangaetT Ha RTODOU

BIE AHCK Tajzaer Ha BTOD

BeTCTBEHHO b pas/c U 4- 1072 Kr-M7. 1iepB

H cHCTeMa BpamlaeTcs Kak €JIJHHOE IeJI0€e. OnpenenuTb yI‘JIE)By CKO-
pocCTb Bpamaxomeﬁca CHCTEMbl H H3MEH€'€IH6 KHHETHYCCKOH 2HEPTHH
[MCKOB mocJie NafieHus IepBOTo Ha BTOp(ZI/I,

53 (23). CriomHOA UHJIHHAD MacCo# 10 kr xatiTcs 6e3 ¢©
JKeHHsl ¢ mOCTOsIHHO# cKopocThio 10 M/c. Unpenenants K
3HeprHI0 LHJHHAPA H BPEMs JIO ero OCTAHOBKH, €C/IM HA HEro Iol

creyer cuia 50 H. .
54 (24). CoyiowHOM Map CKATHBAETCH N0 HAKIOHHOH MJIOCKOCTH,

1iuHa Kotopoit 10 M # yroa HakioHa 30°. Onpenenuts CKOpOCTD 1ua-

a B KOHIle HAKJIOHHOH MJIOCKOCTH.
55 (25). TToablit LHAKHAP MACCOi 2 KT KATHTCH MO OPH3OHTAJb-
HOi TIOBEPXHOCTH €0 ckopocThio 20 m/c. OmpeesuTs CHAY, KOTOPYIO
HEOBXOAMMO NPHAOKHTb K HIUHIPY, 4TOCHl OCTAHOBHTb €ro Ha IHy-

16 M
TH 1,6 M.

56 (26). Maxopuk, EMermuil PopMy AHCKA Maccol 30 xr u pa-
nuycom 10 cm, Gbi packpyuen no wactors: 300 mun~'. ITox neicr-

AHYCOM 1vU CM,

BHEM CW/Ibl TPEHHs AHCK ocTaHoBHAcA uepes 20 c. Hafith MOMEHT
CHJIBI TPEHHS, CYHTAsA ero HOCTOSHHBIM.

E= (97 Waown® orxonoCTLID NOJKeH o8J1anaTh
Of (&ij., NAROH CRUPULIDIU pLvimbi UUWGEamRash

Jai AU
6e3 CKOMbKEHHs, YTOOH TOJHATbCS 0 HAKJOHHOH MJIOCKOCTH, CO-

vranr 2A0° e nrieoTv 2 M. ecqu cHJIa
M yIoJq ou’, Ha BBICOTY & M, CCah

-

KaTAImuics

; K

nan
=r

CTaBAAOIIER ¢ TO
comporusenus pasHa 0,2 Beca mapa? Hemy paBHo Bpems nom:emag
58 (28). ITo ycoBHiO npenpAyed 3a1aun onpenem/gb, c Eaxou
CKOPOCTBIO H B TeUeHHe KaKOro BPEMEHH Liap CKaTHTCA 0OpaTiio.
59 (29). Cravana IHCK, a IOTOM ggopyq CKAaTBIBAIOTCA ¢ HAKIIOI-
HO¥l MJOCKOCTH, cocTapasomei yroa 307 ¢ ro

. T1IEMY paBHbl
HX YCKODEHHSA?
60 (30). lllap u cromHOM NUAMHAD HMEIOT OMHIIAKOBYIO Maccy

(5 Xr Kax[Hi) U KaTaTes ¢ OIMHEAKOBOH cKopocthio 10 m/c. HaiTi
KHHeTHYECKHe SHEPTHH 3THX Tell.

IL. OCHOBBI MOJIEKYJIIPHON ®U3UKH
A TEPMOAWHAMUKH

NMOSICHEHUS K PABOYEN MPOTPAMME

Tpuctynast ¥ uayuermio pasiena «OCHOBBL MOJIEKYJSPHOH (H3MKH M TEpMO-
IMHAMHKH», CTYAEHTHl AOJKHHI YSICHHTb, UTO CYLIECTBYIOT JBAa KaueCTBEHHO pas-
JIMYHEIX M B3aKMOJOTOJHSIONIUX MCTOJA HCCIefoBaHUS (QU3HUECKHX CBOHCTB MHK-
POCKONHYECKHX CHCTEM — s maTuRanma pUDaTHISCKUEY U TEeDM

ATHCTHYECKHN {MOJICKY/IAPHC-KHHETHIeCKHH) TEpMO
AuuaMuiecK#ii, Mo/exyIgpHo-KUHETHUCCKUHA MeTO/ WCC/IEOBAHHA JIEKUT B OCHOBE
MOJIEKY/ISIPHON (H3HKH, TEPMOJMHAMUYECKHH — B OCHOBE TCPMOAMHAMHKH. Moueky-
JISIPHO-KHHETHUECKasl TEOPHS ABJSETCA BaXKHeifluell TeopHed, KOTOpAs NO3BOJSET C
€AHHO TOUKH 3PEHUs] PACCMOTPETb caMble Da3JiHYHble SBJEHHSI BO BCEX COCTOA-
HHSIX BELULeCTBA, BCKPHITH (PM3HYECKYIO CYMIHOCTb 3THX FABJEHWHA H TCOPETHYECKHM
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OYTEM BBIBECTH MHOTOYHCJEHHHIE
3aKOHOMEPHOCTH, OTK,
HMeiowHe Goabloe npakTHUECKOE 3Hal{er—m£ ’ PHITHE Scenepumesatsio 1
CTBa.101;‘;;g;zg;még;ggnexympuo-xnHemqecxoﬁ TEOPHH CJIEYeT YSCHUTD, YTO CBOI

BOKYIHOCTH MOJIEKYJ OTJHYHBI OT i it A

) 0 CBOHCTB KaXaoM i
MOJICKYNIHl H CBOMCTBA MHKDOCKONHYECKOH CHCTEMEI B KOHEUHOM c'}{lere %LHEMHOH
IOTCSl CBOACTBAMH YaCTHI CHCTEM:L, OCOBEHHOCTAMHA HX RBHIKEHHS W cpenH W o
YEHHAMH KUHEMaTHYECKHX Xapak oheprnet

Te K i

e p PHCTHK YacTHL, T. e, ux CKOpOCTed, 3neprueit

N
b€ B3aHMOJEHCT
MaMi HIH MOJMexynaMy, a s AUMONCHCTBHA, NPOHCXOASLINE C OTACABHAIMA ATO-

J1aMH, 3 paccMaTpHBaeT B3aHMOLPERPa
BHIOB SHEDIHH, TEJOTH W PaBorsi. TepMoinuas apﬁz%;;?i'r]?:ﬂCB:;bn%;SMqHHX
X OIBIT-

TBL  1EpPMOAHHAN
03BOJIAIOT ONHCHIBATH Q)HSH'-IGCKHS ABJEHHUSA,
s

HEX 3aKOHax (Hauasnax), KOTOpHe I
CBH: 8
3?1‘1-1‘1;uerc MPEBPALIEHHEM SHEPIHE MAaKPOCKONHYECKUM nyTeM,
ﬂOHﬂTP}l,Sl i;g{q(;};::()(;{cl—ros TEPMONNHAMUKY CTYACHT NOJIKEH YeTKO YCBOHTH Takue
| OLHHAMHYECKAs CHCTEMA, TepMOAHHAMH
PAMETPLI COCTORHHUS), PaBHOBECHO 4 cocTomm, Ty
. COCTOSIHHE, YPaBHEHHE COCTOSH
Muqeﬁxnn TOLECC, BHYTDEHH S SHEPTHA, SHTD T ue COCTORA, Tepuona-
OHTPOJIbHAST paboTa Ne 2 mocTpoer 3B
o POeHa TaK, 4TO MO3BOJIAET
CTYNEHTOB N0 OCHOBHHIM BONPOCAM AaHHOTO pasiena POBEpITS SHaun

™
yneng}{;agaalz{;; :(fnggéway «OCHOBEI MOJIEKyNAPHO-KHHETHYCCKOf] TeOPHU» BHUMaHHe
! CaM IPOrpaMMbl, Kak ypasHenue Kianes

YPaBHEHHE MOJEKYJISPHO-KHHET! i bt S e
HUECKOH TEOPMH, CDelHHE KuH

y , €THYECKHe 3HEpru

Hgigygngnbﬁom M BPAMATENLHONG NBHIKEHHA MOAEKYJN, CPEAHAS MIUHA CBO%OJ.!P-l
a;;(;qera H CpefiHee YHCIO cOYAapeHuf, sBACHHA nepenoca.

OTHOLHeHHﬂH 1m0 TeMe «OCHOBH TeDMOAMHAMUKH» OXBATbBAIT TaKHC BaKHBE CO-

pabors 1;;(31}:;;11);{& 1;213;({) TIepBOE HAUAJO TePMOAUHAMHKH, BHYTDPEHHSSA SHepras,

fnpoleccax u aauabaTHOM npouecce. B s

33a1aH, KOTOphle NOSBOJAIT H3YY y o, K2k s Kapne

UTh U 110
7UOT HSYUHTDL W TOHATH Takue BOMPOCH, Kak UMKA KapHo,

BTO,
Tenzze HA4AN0 TEPMONUNAMAKE X SHTpOWAA, KOTOPAag B OTHUHe OT KOJIH4ecTBa
TH ABJAACTCS DYHKIHEHR COCTOSHUS,

OCHOBHBIE 3AKOHBI H ®OPMY JIbl

Konnuectso semecrsa
v=N/N A

PV =(m/M) RT

Ypasurenne Knaneiipona — Mengeneena (ypae-
HEHHE COCTOSIHMS WIEAIbHOr0 rasa)

3akon [anbrona

Konuenrpauus momexyn

Ypashenne
PHH rasos

pP=p1+p2+...+ p,
n=N/V=Nyp/M

MOJIEKYJISIPHO-KHHETHYECKO}  Teo- 1

P=—7"nmy(u,)?=

Cpennss KHHETHYECKAsl 3Heprus MOJIEKY 1B (&) = L kT
2
Buytpennan sweprus mpeansworo rasa U=t pr
. 2 M
“KGDOCTH MOJIEKYJI:
PR 2oy v __ 3 ara s
CpeAnsa KBaZpaTHuHag \Uggs ==V OKI [my =
=V 3RT M
CDENEES anubranrTane s o (v) = VBET /(rtm~y  —
PCAHAT apHQMeTHYeCKan v AN
= V' 8RT /(wil)
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naubonee BEPOATHAR

Cpepnsad AdHHA CBO!
KyJbl

CpefiHee YHCIO coyAapenuil MONEKYJ

Pacnpeleenne MOJIEKYJ

npoGéra Moae-

nsalc

M

B TIOTEHIHAIBHON

none CUJl (pacnpefenenne BoablMana)

Bapomerprueckas dopmya

Ypasuenue nupdysnd (3axoH duxa)

______ . B JKUAKOCTH (ra-

Cuna BHyTpennero TpeHud =
3€)
YpasHenue TeMI0NPOBOJXHOCTH

KoahdunuedT anpdysnn

TTunaMHyecKas B3KOCTD (ko5 HIHERT BHYT-

peuuero TpEHHsI)
TemonpoBOLHOCTD
Matiepa

Lauep

YpasHeHHe

TennoeMKOCTb MOJAPHAA:

n3oxopHas

n3obapHas

TlepBoe Hauano TepMOAHHAMHIKH

n306apHOM

130TE€PMHUUECKOM

34

o rasa mpH mpouecce:

vy = V ZRT [my =
_ VIR M
Ny — (Y Znazn)—?

(z):yzmi?nw)
N
n:ngexp\ kT}
{ mgh \
P=!’0€X9|\— T /]
de
p—Sdt
dm=—D-" "%
dv
F=—n—7"5
dx
A dT QA4
= — AT i
dQ ix Sd

D =1/3¢v) (R
= 1/5p¢0Y (0D =Dp

A== 15000 (V) (M) =0

Cp—Co=R
! —
Cv;7u C;,-—C;,x’\/f

VA
3Q =dU + 34
au = (m/M) Co4T, dA = pdv

m
A=—A—4‘Cp(T1—T‘))=
m RT,

=M o-"b

T

m
— o RTI LL
P2
Vpabuennn IlyaccoHa, CBA3HBAIONEE mapa- pV" = const, TVT~! - const,

METpHl HAEAJIbHOIO rasa npH agnabaTHOM NpO-
necce

Kos(hQHUMEHT NOJIE3HOTO ACACTBAA LuK/Ia Q—Q T—-T
Kapuo =7 =" 5

VismeHenune SHTPONHH

MPUMEPBI PEIIEHUS 3AJAY

1. B cocyne oGbemom 3 M® HaXOAHTCA CMECh 7 KT a30Ta U 2 KT
Bojoposa mpu Temmepatype 27°C. OnpepesuTh LaBJEHHE U MOJHP-
HYIO Maccy CMECH IasoB.

Iauno: V=3 m% m=7 xr; M;=28- 10-3 kr/Modb; My=2 K Ma=
=9.10-3 xr/mMoan; T=2300 K.

Haiitn: p; M.

Pewenne. BocrnosbsyeMcs ypaBHEHHEM Kaaneiipona — Menze-
Jeepa, MPHMEHUB €r0 K a30Ty # BOLOPOLY:

PV =(m/M)RT, (@) PV =(my M)RT, N

e p;— NapUuanbioe JaBJeHAE a30Ta; My — Macca asora; M, —
ero MoaspHas Macca; V —obmem cocyna; T — remmepatypa rasa;
R=831 JIx/(Mmoab: K)— MonapHas razoBas NOCTOSHHAL;, fp — NAp-
LuadbHOe IABJeHHe BOAOPOAA; Mg— Macca BOA0poAa; My — ero Mo-
nsipuast Macca. ITof mapiuaibHBIM AaBICHUEM py B Py NOHUMAETC:H
TO NaBJEHHe, KOTOPOE NIPOU3BOAUJ GLI Ia3, ecil OBl OH TOABKO OXHH
Haxonuncs B cocyne. I1o sakony JlanbToHa, JaB/ieHHe CMECH paBHO
cyMMe napiUAIbHbIX A4BJEHHH Tas0B, BXOAAWHX B COCTAB CMECH:

p=np1+p 3)

Us ypasuennit (1) # (2) BepasuM p, H pp U MOACTABUM B ypaBHe-
ume (3):

M v (4)

MoV
IPHYIO Maccy CMecH TasoB IO dopmyJe

__mi+-m
vi+ Ve

(%)

TIe v; U v — YHCJIO MOJIEH a30Ta H BOAOPOAA cooTBeTCcTBEHHO. Hucio
MoJiell Ta30B Haiizem o ¢gopmyJaam

v =m,/M, 6) —— o
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Togcrasasia (6) u (7) B (5), HaxOMUM

M= my -+ ma (3)
my/My + ma/Ma
Torna
7 xr 2 Kr \ 8,31 x/(monp-K) 300 K
—- 3
p-—('28‘]0'3KFAIMOJ!.b 24103 Kl‘/MOJ‘Lb) 3m8
7 2 8,31-300
BHUHC/IUM BHpaXKeHHEe ( — = \' 3
' \28. 10—3 2.10—3 ) 3
1o mporpamMmme
—
B D EED: B E e
S — — —m
G 6 E ER o [ 65 E
S [ £
Ha mugukaTope BHAMM Tokasanks: 1038750, 1. e. 1,04 108 Tla=
=1,04 MI]a. .
{ KI' — 4 KI' —_
M= =

(7 xkr/28-10—3 xr/moub) + (2 kr/2-10—3 Kkr/Moab)

__ 7 9,103 r/MOnL
=i ,4r1v KI/MUib.

Oteer: p=1,04 MITa; M=7,2-10-° kr/moub.
aBHB CpejHHe KHHETHUIECKHE SHEPrHH MOCTYNaTesbHO-
ATEJLHOTO JBHKEHHS MOJIEKYJ, COJepXKamuxcs B 4 Kr

npn Temnepatype 200 K?
Nano: m=4 xr; T= 200 K; M=32-10-3 xr/moss.

Hasima. /L NeZF N

Haitta: (Enoery; (Esp)-

Pemenne. CuntaeM KHCJOPO/ HAealbHHM ragoM. Monekyna Kuc-
JIOpPOJia — IBYXaTOMHas, CBSI3b MLy aToMaMi CUHTAaeéM XKECTKOH,
TOMiA UHCIO CTeneHell CBOGOABI MOJCKyJIH KHCJOPOE2 pasHo 5
B cpenHeM na OfHy CTeNehb CBOGONEI NPHXOAHTCS SHEprus (ei)=
=1/,kT, rne k— nocrosinHas DoapliMana; 7 — TepMOAUHAMHIeCKas
TeMrepaTypa. I10CTymATeNbIOMY JBHXKEHHIO NPHINUCHIBAETCH TPH
(1=3), a Bpamarebiiomy xBe (1=2) cremenn cobonsl. Torna snep-
THS OJHOH MOJEKYJIbI

[:8)

(egp) =FkT.

Yucsio MoJIeKyJ1, COfepKaAMUXCs B Macce rasa, N=vNy= (m/M)Na,
rle M — Macca Kucjaopoja; M — ero MojsipHas Macca; v-— 4HCJI0
moJiedt; Ny — nocrosiHas Asoraapo. Torpa cpeanss KHHETHUECKasd
9HepTUsl NOCTYNATeNbHOTO JBHKEHHS MOJEKYJ KHCJAOPOAaA
pm o N M ar SkT—iinT
(bnocvt>_ﬂlvA'7 = K1,

rae R=kNs — Moasplas rasoBasi IOCTOSIHHASA.

~

~

as
6

Cpezm;m KHHETHYECKasa 3Heprus BpalllaTeJbHOTO ABHXKEHHH MO-

JIEKYJI 2J10poJa
P oA ”

(tep> == RT' @

M A

HoncraBass uncaoBbe 3HaYeHHs B dbopuyan (1)

(Eer) = 3-4 kr-8,31 Jim/(monn-K).200 K

=3.12.105 1,
2-32-10—3 kr/moan SRS A
__ 4xr-8,31 Ix -K)-200 K
(Epp) = /(moab- K)-200 =2,08.105 [ix

32-10—3 xr/monn

O1Ber: (Enoery=3,12-105 Il (Eppy=2,08-105 .

3. Onpenenuts cpenmmomw Anuiy cBOSOANOTO IpoGera MoJeKys H
YHCJI0 coypapeHui MOTeKy,

3 IPOMCXOAAMUX MeXKLY BC -

MH BOIOPOAA, HAXOS, Cs B COCy e EMKOCTblIlgll ﬂel\flgublgg;?xzﬂa
1 a-

1ype 27°C u nasaeunn 10 kIla. P

MRaro: V=1-10% u% M=2-10-3 kr/momp; T =300 K; p=1x
.10-10

73\ M/ 0. \—1
Ay =V 2n4%n)~", (1
rie d — shberTHRERI nuay P MOJICKYJIBI BOAOPOAA; N ~— KOHLEHT
PalHtsi MOJIEKYJ, KOTOPYIO MOXKHO ONDENeHTD , )
) H3 =
DENET, oy p ypaBHEeHHs p
n=pl(kT), (2
Iie #— noctosunas Bonbumana. [Moxcrasnsg (2) B (1), umeem
(0 =&T((V 2na2p). (3

Uneao ¢ i
i OyAapeHufi Z, HpOHCXOASMIHX MEXJy BCEMH MOJIeKyJaMu

Z={z) NJ2, (4

g
‘é; {V ——THCJIO MOJIEKYJl BOXOPONA B cOcyde o6bemom V=10-% ys-
~<7 —— CPEJIHeE UHCHIO COYAApeHHA OANOH MOJEeKYJH 22 1 c. Uueno
MOJIEKyJ B cocyge i R

N=nV, ©)
“PeiHee YHCIO coyaapenui MOJICKyJIBl 3a 1 ¢ paBHO
(2) = (0)/(M), (6)
Tae {v) — cpennsis apudmernueckas CKOPOCTb MOJIEKYJIEL
{v) =V8RT|(nMM). (6}
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onerannas B (4) supaxenus (5), (6) u n, Haxo;mM-
OCTABAAA B (4) ‘ | .
{ VERT/(aM) V2xd2p pV :Qmﬂfzy 57 R
Z=5 kT kT T ¥ aM
o 2.3,14.(2,3-10—10 32 (104 Ta)2. 1078 8
L:—————j————-—‘

(1,38-10—23 Tl /K-300 K)2

1,38-10—23 TL/K-300K
(M) =7/53.12.(2,3- 1010 w2-10¢ Ta
=1,76-10-5 m.

—1.
Otser: Z=1,21-10% ¢ =1,76-107 .
4. Onpenennts Ko3(QQuiieHTbl AHYPYSHH 1

B
s
re/nsi, HAXOASILEroCs NpH TeMIepaType T=200 K

—1,76.10° m.

— 4 on . m 4 TTa- /"=19§(
—lollal;lg-. M=4-10-% xr/moan; =200 K; p=1-10* Ila; d=1,
X 1010 M.

Haiitu: D; n.

Pemenne. Kospduuuent nuddysuu 0
D=1 () ()},
i LN N
BHAA
o (0 — cpenisis apE(dMeTHUECKas CKOPOCTh MOJeKyd, b
N~ NV 7 e St by L

v (v) =V BRT[(zM), @
soro mpoGera moJsekyda. Jlns HaX0XK-

Q0 TIpo

T
1

72y — cpeaHsas AJHHA p , bz maron
;IICI){HH (I)Q BoCIOJIb3yeMest (QOPMYJIOH, B3ATOM H3 peture P
pa 3:

(1) =T (V 2nd?p). @
Moacrasass (2) u (3) B (1), HmeeM
|y /8RT kT __ 2T V’ RT_ @
D—_—? aM  Vomd2p 3udlp aM
HIMEHT BHYTPEHHEro TPeHUs
o =15 () (\) oy 3)

u 104 [Ta.
IIe p — IJIOTHOCTb [a3a [pY TEMIEpAType 200 K u g(?TBoﬂﬂeI—?lfH O e
T;ist HAXOXKIEHHS p BOCIONb3yeMCA yPABHEHHEM €
HOTO rasa

)

p“\/‘_—_—% RT ©)

Vuurmpas, uto p=m/V, umeem o
p=pM/RT)-
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Kosthduunenr suyrpeniero TPEHHA ra3a MOXeT GHITb BBIpaxKeH ye-

Yoo (BNT.
pes xoaddunuent nuddysnn fem. (1) u 5)1:

N=Dp=DpM/RT). (8)
TMoncrasnag uuc/ioBLie SHAYCHHA B {4) # (8), mosyuaem
D 21381073 Jlx/K-200 K /"8,31 Jlac/(wons-K)-200 K __
3-3,14-(1,9-10~10 )2.104 [Ta l/ 3,14-4-10-3 xr/momp
=5,9-10—* m¥c;
1==5,9-10~4 e I TN wrfioms g g 105 s o,

8,31 Iix/(mombK)-200 K

Oteer: D=5,9-10—* m2/c; n=1,44-10-5 Kr/(M-c).

5. Kucsopos maceoii 320 r narpesaior [IPH TIOCTOSIHHOM J1aBJIeHHH
or 300 go 310 K. Onpenesants KomHuecTBO TEIJIOTH], MOrJIOLLeHHOe
Ta30M, H3MEHEHNE BHYTDEHHEH SHEpTHH M pabOoTy paclIHpeHHsd rasa.

Hano: m=320 r=232-10-2 kr; T, =300 K; To=310 K.

Haittu: Q; AU; A.

Pewenne. Komnuectso TEIJIOTH, HEOOXO0AHMOe MJIsi HarpeBanus
Tasa NpHU MOCTOSAHNOM [AaBJEHHH,

Q=mcp(T2—T1)=%cp(7‘2_Tl)_ 1)

3neck ¢, u Co=Mc,— ynenbuas u MOJIIpHAs TENJOEMKOCTH rasa
1IPH TOCTOSAHHOM naBJaeHun; M==32.10-3 xr/moms — mons

aq Mae
MOJIsipHan Mac-
o

Ca Kucsopona. [l Bcex AByXAaTOMHBIX rasoB (C JKECTKO CBSI3bIO)
7 7
Cp=—2~R; Cp=?-8,31 Hac/(mons-K)=29,1 Hx/(mob-K).
1%

2

AU=-%C, (T, — Ty,

e Cp— MoasipHas TENI0EMKOCTh ra3a NPH HOCTOSHHOM 0GbeMe,
Hns Beex IBYXaTOMHEIX Ta30B (C KeCTKOj CBSI3bIO)

Co=2R; C,=2-831 Mu/woms-K)—20,8 Ic/(moms-K).
PaGora pacumpenns rasa npu nzo6apuom mpouecce A=pAV, rie

AV=V,—V; — uamenenne o6bvema rasa, KOTopoe MOXHO HaHTH u3
YpaBHenus: Knanefipona — Menzeneesa. ITpu m3obapromM mnpouecce

m m
PVi=—RT,, 3) pVy=—RT,. 4
M M
Nounenusiv spuranmen Bhipaxeuus (4) us (3) maxoznm
N m 5o, -
pVy— V[}ZFA—'KU 2— 1),
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cJaenoBaTebHO, 5
A=""R(T,—T1) ©
M
popuyare (1), (2) ¥ (5), mony-
[logcTaBasis YHCAOBbIE 3HAUEHHS B POPMY
yaem: -
— 32.10—2 xkr .29,1 JiK/(MOJib- Ky-310 K—300 K)y=

32.10—3 kr/moab

=2910 Jx;
A= E 908 [xc/(mons-K)-(310K — 300K)=
¥ T 32.10—3kr/mMoab
A= 321072kt 8 31 Ia/(Moab-K)+(310K— 300K)=830 JIx.
32-10-3 “.v/:v- on

e HX{ o 2082 ﬂ%uAnasggug;K.SO klla, yBeJm-

6. O6neM aproxa, HaxXOAAWLETOCH E :
ynaesi ot 1 1o 2 1. Ha cKOJBKO U3MEHHTCA BHYTpeHHgﬂ ;H;}z)ilﬁ“a':r;{g?
32, ecjH pacuIMpeHHe MPOU3BOANIOCH: a) H306apHO; ) I

llaHO' V=103 Mm% V,=2-10" % p= —0,8-10% Tla; M=40X
% 10-3 xr/mMoJb.
Hatimm-

AlJ
nauTH AU,

Pewenne. IIpHMEHHM IIepBbIl/I 3aKOH IepMOlII/IHaMHKPI bOIJ]aCHO
ZOJUIECTRO TEIJIOTH O neDeﬂ.aHHOG CHUCTEME, Pac

KOJRHUCCTE0

3TOMY 34KOiy,
XOJlyeTcsl Ha yBeJHIeHHE BHYT
Mexannueckywo paboty A:

peHHelfI sieprun AU ¥ Ha BHEIIHIOO

71\
Q=AU +A, (@)
rac n )
AU.—_-ﬁCvAT. @)
o menEOeMKOCTD
3nech m—wacca rasa, C,— MONApHAs H30XOpHAA TEMAOCME
C,=+R 3)
Co=rm ™
HMeT BHIL
rre | — wueio cremenedt cBo6oabL. Torza Bhpaxenne (2) np
rae { — 4Meio ¢ :
AU =" - RAT. 4)
M 2
i q JleOI‘O 24
3anumey ypasHenne Kianedpora — Men/eneeBa s Hj a ok
! AR aNITAN TT e n . —_—.—— ‘
KOWEUHOrO COCTOSIHA ra3a np# #300apiiom TpOnecce p
u pVy= RTZ HIH
" (5)
p (V - Vl):-TR(Tz— T1)-

S
(=]

B , HOTYUHN
i

—_ (3

AU—7,”(V2"‘ V). {6)

Hpu aguaGaTHOM paciunpennd rasa Temico6Mena ¢ BHemHed cpe-

Aoii He NPOHCXORHT, Ho5TOMY @=0. YpaBHelne (1) sanuwem B Bune

AU 4 A=0, 7>

()
OTO COOTHONIEHHE yCTAHABIMBAET, uTO paboTa PacIIMpeHds rasa
MOKET OHITh NPOU3BEICHA TOMLKO 32 CUET YMEHLIIEHHS BHYTpeHHei:
SHepPruH rasa (3uak Muuyc nepex AU):

A=—AU. (8)

Pa6ora, copepmaemas rasom npu aguabarhon npolecce,

A=y (=T ©

L
rae y=Cp/Cy= (i+2) /i — noKasaTenb CTemeHH amnaGaThi
['OHa — OJIHOATOMHOrO rasza (i=3)— umeem y=1,67.
Haiinem nsmenenue BHyTpemueii snepruu opu agvabaTHOM I
liecce AJIs aprona, yunteisas popmyJs (8) u (9):
PV

o—=0 [(4)7—1_ 1]'

INoacraBass yucaoBLe 3HAYCHNS B 6) un (
a) Ny wanfaon PR

&) HpH H300&DHOM paciiupenny

. Hdnsa ap-

po-

10), nonyuaem:

AU=70,8-105 Ma-(2-10-% M*—~ 1073 M%)=120 Jx;

0) npu aanaGaTHOM pACIUHpenHH

-105 Tla-10—3 M3 —3 M3 \1,67—1
AU — 0,8-105 [Ta-10—3 M3 (10 M -1
(1,67-—-1) 2.10—3 M3

OtBer: a)AU=120 Ix; 6) AU=—446 Ix.

7. TeMnepaTypa HAarpesatels TEMIOBON maminabl 450 K. Temme-
patypa xonoanapnnka 300 K. Onpenennts KITJI Temnosoii Mamuss,
pabortaiowesi no unkay Kapro, u TOJIHYIO MOIIHOCTb MAIUHHEL, €CJIH

HArneBaTeny oskacot A

HarpesaTedih CXKECCKYHAHO nepenaer en 1525 ,LL}K TEeIJIOTHI,

Mano: T= 450K To=300 K; Q=1525 [Ix; t=1 c.

Haiitu: n; M.

Pemenne. KI1Jl maumuns

=—44,6 x.

T —T B
I et L P EIT: (1)

r Q

Us suipaxenus (1) naxogum
T —T,
amra=(2=T)q
- /
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L

TpousBeaeM BbIYHCIACUHS:
_ 450K —300K__ g 33, 4.-0,33.1525 [lw=508 L.

ARO
40U

N
STa pa60Ta COBepLLIaeTCﬂ 3a 1 C, cJiel0BaTeJIbHO, noJiHasi MOHiHGT
MaIUHBL
A, N=I3BIx 508 Br.
N:T ’ Tote
1: q=033; N=508 Br. .
OTBe : ; : AOle‘/'I Macchl OTAaeT TeIJIoTy XOJIOLHOH BO

8. Topsuas BOLA HEKOT

e TaKoil e Macchl H TEMIEPaTyphi HX CTAHOBATCA OIHHAKOBBIMH.
eJHYuBaeTCs.
b, UTO SHTPOIHUS IPH ITOM YB A i
no}i;:i?ilﬁ’ﬁe Hycfb reMmeparypa ropsdei Boxst Ty, XOJIOLHOH TZ
a Temmeparypa cMecH @. OnpenennM TeMIepaTypy CMecH, HCXOZL

ﬁﬁﬁﬁﬁﬁﬁ Ronampas

M3 ypaBHEHHS TEUIOBOrO Hasjanca:
me (T, —8)y=mc (8 —T,) umm T,—0=0-T,
@)___ Ti + TZ (1)
OTKyZLa =
i BO-
MsMeHeHye SHTPOMHH, IPOMCXOASIIee TPH OXMaKICHIH ropsiued
Abl,
cmdll ¥
T T

0
ASl=j'
T,

HOf
Vi3MeHeHHe SHTPOMNUH, MPOHUCXOAsee TPH HarpeBaHHH XOJOJ

o dT 9
ASQ= Y cm —cm i -T—z‘ .
'Ts

VsmeHenne 3HTPONUH CUCTEMBL

1 cemin

S -
AS=AS+4-ASy=Cm 11l —YT—]—L.W 1

Sl
I
)
3
5

wtd ¢ yaetom cootromerns (1)
(T14To)?
AT.To !

20yl g

AS=cm In

Tak Kak (T1+T2)2>4T1T2, to AS >0.

KOHTPOJIbHAS PABOTA Ne 2

~MeCh 4 KT
1. Kaxkoii 06beM IPH HOPMAaJBHBEIX YCJAOBHAX 3aHUMALT CMECh % 1l

renust u 4 Kr asora?

2. B GajnjioHe €MKOCTBIO D JI HaXOIHTCA 2 KT BOJAOpOAA H 1 KD
kucaopona. ONpefennTs JaBJIeHHe CMECH, eCHH TeMIepatypa OKpy
xaromeidt cpenst 7°C.
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3. B Gannone eMKOCTbIO 10 JI HAXORUTCA CIKATHII BO3LAYX npH
27°C. Tlocne TOro Kak 4acTb BO3AYXa BBIYCTHIH, LABJEHHE TOHH-
suocy Ha 2-10° ITa. Onpemenuts maccy BBIIYIIEHHOTO BO3AyXa.
Ipouece cunTaTs H30TEPMHUECKHM.

4. B cocyze, uMemnllem ¢opmy wiapa, paiuyc kKotoporo 0,2 M,
naxozurest 80 r asora. [lo KaKkoil TeMIEpaTypH MOXKHO HArpPeTh CO-
CYZ, €CJId ero CTEeHKH BBHIACPKUBAIOT jlaBjieHue 7- 105 [1a?

5. Tlpu xaxoii TemmepaType HaXOAHTCS I'a3, eCaH IPH Harpeaa-
HHH ero Ha 20°C npH MOCTOSHHOM JAABNCHUH O6heM VBeJHUHICS B

HHO Oke YBCJAHUWJICH B

IBa pasa? JIis KakHX Fa30B 9TO BO3MOKHOP

6. B Gannone mox gasaenmeM 1 MIla HaxOmLuTCH Ta30Bas cMechb

opoxa M asora. Cuuras, uTo Macca asora cocrasaser 80%

OT MacChl CMECH, ONPEIENHTh HApHHAJbIIOe AAaBJEHHE OTLeJbHBIX

rasos.

7. Kaxo#i o0beM HpH HOPMAJblibix yCAOBHAX 3aHHMAET CMeCh
2 Kr KHcJIopona # 1 Kr asora?

8. Ilpu temmnepartype 27°C wu nasiennn 12-10° [a miorHOCTH

=T
o
1

[

o
@

CMecH BOAOpOAa
CMECH.

9. Jlo kaKoii TeMmepaTypsl HyXHO HATPeTb 3aMasHHBIL map, Co-
AepxKamui 35 r BOAB, UTOOK Wap PA30pBaJCd, €CAH H3BECTHO, UTO
CTEHKH INapa BHAepkKHBaiOT Aasienue 2-107 I1a? EmkocTh wapa
1.

10. B mycrofi cocys emkoctbio 5 am® BhycThau 3 AM® asora mogx
Aasuennem 250 kIla u 4 am® Bogopona nmog nasaennem 50 xIla. Ka-
KOBO JaBJjieHHe 06pa3oBaBileiics cMecH?

11 (31). HaBsenne uneasibuoro rasa 2 MIla, KOHIEHTpanust MO-
aekys 2-10° cM™®. OnpenenHTh CPelHIO KHHETHUECKYIO 3HEPIHIO
NOCTYNATENBHOTO ABUMKEHUS ONHOH MOJNEKY/NH W TeMIepaTypy rasa.

12 (32). OnpenenuTs CPEANIOK NONHYI0 KHHETHUECKYIO SHEPIHIO
OILHOH MOJIEKYJIbI HEOHa, KMCAOPOAA H BOLASHOTO NTAapa IPH TeMIepa-
Type 500 K.

13 (33). Cpeaguss KHH2THYECKAs SHEPTHS MOCTYIATEJbHOIO LBU-

JKeHus MOJIeKyn rasa passa 5-10-2! Iz, Kounent

3-10'% em—3, OmpenenuTs faBaenHe rasa.

14 (34). OnpesennTts CPeRHIOl KHHETH

nNaTe
pailidd

MOJICKYJ

TEJNbHOTO ABHKEHUS OLHOH MOJIEKYJIbI IBYXaTOMHOI'O rasa, ecju CyM-
Mapuass KHHeTHuecKas SHEPrHA MOJECKYJ 1 KMoab 3TOrO rasa

6,02 M.

15 (35). CxkoabKO MONEKyJ BOAOPOAA HAXONUTCA B COCYAE €M-
KOCTIO 1 JI, @C/iM CPe/Hsis KBaADATHYHASA CKOPOCTH JBHXKEHHS MO-
Jekyn 500 m/c, a naBieHHe HA CTeHKH cocyaa 1 kIla?

16 (36). HaiiTu cpeiHion KHHETHYECKYIO SHEpTHIO BpalllaTesb-
ioro nBHXKeHus BCEX MOJEKYJ, copepxamuxest B 0,25 r Bopopona
npu Temneparype 27°C.

17 (37). OnmpenennTb KOHUEHTPALMIO MOJIEKYJ HIealbHOTO rasa
iipu remneparype 350 K u maBaeunu 1,0 MIla.

.

>
[~}



18 (38). OnpeiesuTb TEMIEPaTypy HealbHOTO Tasa, e Cpea
Kag sneprius TOCTYIATEIbHOTO JBHKEHUA €ro MOJIEKYJ

HAf KAHETHYECK

2,8-1019 JIx. ) ]

08 feoy B cocvie emrocThio 500 ¢M® HaXOMHTCH ras npH TemIe
voe 47°C. V332 counaoch 1U*' MoJie-

parype 47°C. ¥i3-3a yTeuxi raaa u3 KoJaObl MPO 7

Ky Ha CKOJIBKO CHE3HJIOCH NaBJeHHE Ta3a B COCYAL!

20 (40). CKOMbKO MOJCKYJ ra3a HAXONLMTICA B COCYAE EMKOCTHIO
{ ?
HOpMaJbHBIX YCJIOBHAX! ]

20 énl H%If) CK%JIbKO pas BEJ(GS"‘ nnueHt Auddysui MOTEKYIL KHCJIOPO

na Go}lbme KO3 (PHLMEHTA nuddysun MOJeKyJ azora? Temmeparty-

¢ {aKOBOE.

pa M naBJeHUe ra3oB OMMHAKOBOE. Cmaer wo-

¥ 99 Ckonbko coyaapenuil B CeKyuiy B cpeaHeM chb(l)smﬂ

JleKyJia BOAOPOAA, HAXOASIMIETOCA pu HOPMANBHBIX YCII HAX? oo

33. Onpenennth KoshQUIHEHT BHYTPEHREro TpeHns yIJ J
! Gpull

raza npu Temneparype 200 K. . .

24ngocsz emKoCTbIO 10 J COLEPIKHUT BOAOPOL MaCL.C,.O:I Zi)ni ’T‘OeM-

peleauThb cpefHee YHCIO COyAapeHui MOJIEKYJi B CERYHAY, €ClA T

neparypa rasa 300 K. )

' p25.yg_1HHB,MquCKaﬂ BA3KOCTb KHCJIOpOAa TpH }7{0?‘1\{?1‘.7’1‘{:'1"['}:!\){ yc?‘o

pusix 1.91-10- kr/(m-c). Kaxosa cpepHsist Juuxa CBOOOANOIO TP

)
fera MOJEKyJ KACAOpOAa MpH STHX YCJIOBHAX?

26. B cocyne eMKOCTBIO 1,0 & HaxoauTcs 8 T KHCAOPOAZ. 5
: oro mpofera MoJeKydI.
eJINTh CPELHION AJNHY cBOGOLH )
A 27. Ofr)xpeaemm CPERHIOI0 JTHHY caoﬁog}éorloo répgf/(:;aa MOJIeKY
rasa 0,9-107 .

CJIM MJIOTHOCTb Pa3pexeHHOro ,

a3o;§, eﬁpifi KaKOM ﬂaa%xe i cpeiHas ANHHA cBoBoxHoro mpobera
¢ wur

MOJIeKyJl KHCJIOpOAa paBHa 1,25 M, ecnn Temnepa'rypﬁa ra3a0;éK f

99" BLIUHCAUTL CPEAHION0 AMHHY cBoBoporo npodera M y

BO3 xa npy AaBJieHHH 1.105 I1a u temmeparype 10°C.

gg Tlo ycnoBHIO npeabiAyLLedl 3aAaUH BLIUMCJIHTh KO UIHEHT
uddysun BO3AYXA. )

8 ¢3¢1)y(41). Hp¥1 KaKOM Ipoiiecce BhIFOAHEE NpOU3BOJLHTD pacm:Cp;H

HHMe YTJIEKHCJIOro rasza — aguabaTHOM HJIH H30TePMHUECKOM,

a pasa? H > Typa B 000-
ofbeM yBenuuHBaeTCs B ABd pasa? Hauwasbuas TemMneparyp

HX cyuasx OfMHAKOBAHA. T
32" (42). Hajitu paboTy H H3MEHEHHE =0
ajHabaTHOM pacHIHpeHHH 0,5 Kr BO3LYX2, elc?gxc
wpncs B nATh pa3. Hauanpnas temnepatypa ti b
33 (43). OmpenenTh KOMHIECTBO TEM/iOTH, COCGMIenHO
a30Ta, €CAH OH OB H300apHYECKH garper ot 3

UT

pa60Ty npu 3TOM COBEPUIUT Ta3 1 KaK U3MEHHTC

e 2 MoJib BOJLOPOAZ
34 (44). Bo CKOJBKO pas yBeNHUHTCS oéberyxTMe e s
TIpA H30TEPMHUECKOM pacIiHpenu NpH TeMIepaTyp

srom 6iia 3aTpadeHa TeIJoTa 8 K,E[}K? )

35 (45). Bonopoy, 3aHUMaOIIH obbeM 4 a1 )
pasnennem 105 Tla, anuaGaTHO cxKaT A0 oObema 1 Ji. iidk
cxcaTis I HAMEHEHHe BHYTpeHHe# aHepruu BOLOPOAA.

ooy

44

36 (46). T'as, sanumarnomul 00bem 10 s nox masaenseM 0,5 MIla,
651 H306apHo Harper ot 323 xo 473 K. Haiitn pabory pacmmupenns

a.

37 (47). Tpu uarpesannn 0,5 KMOJb asoTa OBUIO MHepeaHo
1000 Jx tensorel. OnpeneduTb paboTy paciIMpeHHs NMPH HOCTOAH-
HOM [aBJieHHH.

38 (48). OmpejennTb, KaKoe KOJHYECTBO TEMJOTHl HEOGXOAMUMO
coo0IWUTh yIIeKHCAOMY rady maccoil 440 r, 4ToOnl HarpeTb €ro Ha
10 K: a) usoxopHo; 6) uzobapHo.

39 (49). Kakoe KOJAMYECTBO TEILIOTHl HYXXHO COOOMIHTb 1 MOJIB
KHCJIOPONA, YTo0H OH coBepuna pabory 10 JIxK: a) npu H3oTepMH-
geckoM mporecce; 6) npx uzo6apHom?

40 (50). Asor maccot 1 Kr, HaxoAslIWics NP TeMmmeparype
300 K, cxumatoT: a) u3oTepmuuecku; 6) aguabaTHo, yBeaHUUBAA

LaBJeHHue B gecarth pa3. Ounpefenurs padoTy, 3aTPAUEHHYIO HA CXKa-
THe ra3a, B 000HX Cydasx.
41, Kaxas wacTh, TeNJIOTH, MOJYYCHHOH OT HarpeBaTess, OT1a-

a
a Jasnanva ay il

eTCst XOJMOAMIbHHKY NpH OpsiMoM Hukjae KapHo, ecau Temmepatypa
uarpesatenas 500 K, remnepatypa X0J0JH/IbHUKA 175 K

’4 rrrTs

?
42, Haiitu KI1J uuk/aa, cOCTOSILEro M3 ABYX uszobanp u

T &~ WTTTT nRYy.

OCTOMIIErc M3 ABYX H3cfap ¥ ABYX
aguabat, ecii TeMIepaTypHl XapaKTepPHbIX TOYCK PaBHEI =370 K,
To=600 K, T3=500 K, 74=2350 K. Peuienue n0ACHHTp AHArpaMMOH

p—V.

43. 3a cuer 1 kJIX TemJgOTHl, MOJYy4aeMOro OT HarpesaTess, Ma-
mrHa, pabotaomas no wHkay Kapro, cosepuwaer pabory 0,5 kLK.
Temnepatypa Harpeateas 500 K. OnpepennTs TeMneparypy Xo-
JIOLHJIBHHKA.

44, Tlpu npsamowm nukie KapHo TemioBas Mallnlia coBepiIaeT pa-
6oty 200 Jx. Temnmeparypa narpesatens 375 K, xo/04n/bHUK
300 K. OmpenesuTh KOJHYECTBO TEIJIOTHI, MOJYYaeMOe MALIHHOM OT
HarpeBaTessl.

45. Onpeneauts, Ha CKOJbKO TpouenToB usmenntcs KILIL mps-
Moro nukjaa Kapmo, ecan Temnepartypa Harpesatens 894 K, a tem-
MepaTypa X0JONMIbHEKA yMeHbIIHIacs or 494 no 394 K.

46, Copepumas mpsaMoH muka KapHo, raz oTAald XOJOAHJLHHKY
25% TemnoTH, mOJNYYeHHOH oT HarpesaTens. OmpeneJuTh Temuepa-
Typy XOJOAUJIBHUKA, €C/IH TeMuepaTypa Harpesatess 500 K.

47. Temnosas malmuHa paGoraer no wukay Kapuo, KI1J1 xotopo-
ro 0,2. Kakum 6yzer KIIJ[ sToli Mamiumbi, ecin OHA COBEPUIMT TOT
e UK/ B 00paTHOM HanpaBJ/eHHH?

48. XonopusbEas Mamuua paGoraer no ofpatHomy uukay Kap-
wo, KITJI xotoporo 300%. Kakos 6yner KIIJ| TeroBo# MauUIHHBI,
pa6orawomeii no npsamMomy LK1y Kapro?

A Normaoamamume e o
a9, UINPEACIHTD paéo;_y HAacaJgbHOH Ten

HAcaqbHON TEMNIOBOH MalIMHHI 32 OLUH
IHKJ, €CJIH OHA B TE€UEHHe UIMKJ/A MOJyyYaeT OT HarpeBartess Koauue-
etBo temaots 2095 Ix. Temmepatypa narpesartesas 500 K, xouo-

auipauka 300 K.
50. TemmepaTypa HarpeBaTelisl TEIJIOBOH MAIIHHEL, D foratome
no uukay Kapno, 480 K, Temnepartypa XOJCLHJIbHE &



Type XOJOAH/IbHAKA, wro6er KI1JL MalHHbl yBeauuuacs B 482 pasa?

51 (51). [1pu nsoGapHOM pacIIHpeHHH BOLOPOAa maccoit 20 r ero
oGpen ysenHuHBaeTCa B TPH pasa. Onpenennts H3MeneHe SHTPONHA
BOZOPOA NPH STOM Ipoecce.

52 (52). OnpenenuTb H3MeHEHHE SHTPOINY, NPOHCXOAdIIEE upH

pef I

-~ BOonILl TIDU

CMeMIMBAHHA 2 KU BOAHI TPH temmepatype 250 K # 4 KT

JOJXKHA 6LITb TEMIEpaTypa HarpesaTess npH I{CHSMGHHOI./'I TeMmmepa-

BOALL IIp=

eimeparype 300 K.

TeMncparyp RN N

53 {53). OGsem renud, Macca xoToporo 1 Kr, yBeJHynncd B He-
Thipe pasa: a) W3OTEPMUICCKI, 6) agmabatHo. KakoBo M3MEHEHHE
SUTPOTHH B 3THX cayganx’? B

D

54 (54). Ompejenuth U3MCHCHUE suTponud 1 MOJb HAEAIBHOTO
rasa npH H30XOPHOM, 1306apHOM B H30TEPMHUIECKOM nponeccax.

55 (55). OnpeneayTs U3MEHEINE sHTpONUE 2 KT PACHIaB/ICHHOro
CBMHIA TIPH OXJIAXKJCHAH €ro OT 397 1o 10°C. Temmeparypa mnjasne:
uusa csunua 327°C.

56 (56). Haiitu H3MeHeHHE SHTPOIUH npu HarpeBanuu 1 Kr BO-
ap1 ot 0 g0 100°C ¥ mocieayiolleM npespaiieHyy ee B nap npi TOH
Ke Temmeparype.

57 (57). Kak namenurcs SHTPOMI 1pH H30TEPMHUECKOM pACIIt:
ofpeM era HaMeHuTcs oT 5

pennn 0,1 Kr KACJOPOAA, ecait IpH 3TOM
no 10 a?

58 (58). OmpeneiuTh H3MEHEHHE SHTpOMUH TPH n300apuoM Ha-
rpeBanuy 0,1 xr aszora OT 17 no 97°C.

59 (59). Jlen maccoit 0,2 xr, Haxojaluiica mpH
—30°C, npespamaercs B map. OnpefejnTb HIMCHEHHE
fpH 3TOM. i

60 (80). Keneso maccofi 1 xr npu TemuepaType 100°C HaxonuT-
s B TENJIOBOM KOHTAKTe C TAKHM Xe KyCKOM wenesa npu 0°C. Hemy
funer paBHO W3MeEHEHHE SHTPONHH IPH JOCTHXCIHH PaBHOBECHOH:

OYACST pass
cOCcTh YKegesa

remneparypst 50°C? Cuntars, 4TO MoJisiplast TeIAOEMKOCTD Hees

25,14 1x/K.

Temnepartype
3HTPONIH

3JIEKTPOCTATHKA. NOCTOSAHHBIM TOK

NOACHEHMA K PABOYEW MPOTPAMME

VisyueHne OCHOB 5/eKTPOJHHAMAKH HAHHACTCS ¢ 3JeKTpHUECKOro 10Jsi B Ba-
xyyme. D12 Tema ABIACTCS (hyHAaMEHTOM pasjena, BKJIOYAIOLIEr0 JIEKTPOCTATHKY
H YOCTOSIHHEIH TOK.

OcoGoe BHMMAHHE IpH H3yYeHU# ITOTO pasjena Clefyer ofpatuTh Ha 3aKOR
COXpaHeHHs NEKTPHICCKOro aapsajia, WHBApHaHTHOCTb €ro B TCODUH OTHOCHTEb-
HOCTH, Ha CHAOBYIO H SHEPreTHUecKylo XapaKTepHCTHKH Noad (HamnpAXEHHOCTS,
HOTeHIHa) M CBA3b MEXy HHMA. CTyneHT NOJIKEH yMeTh npAMensTh TeOpeMy
Ocrporpanckoro — T'aycea s BLIUACJEHAA HalpsIKEHIOCTH 3JEKTPHUECKUX TIOJIEN
W YSICHHTb Takue MOHATHA, Bemopa I{BHPX)KEHHOCTH
TIOJI51.

Tlpu W3yueHHH SiEKTPHUECKOTO MOAA B JM3JEKTPUKAxX CiaeiyeT ApeACTaBAATD
MEXaHH3M HO.‘IS’JPKBZ![HY/I HOﬂHp‘HbIX u HEHO\TISI‘])HHX I\PlalleKTpHKOB H HPEHMYU-[BCTBO
BEKTOpa SHEKTP‘H‘IECKOFO CMCIIeHHUS nepe)l BEKTOPOM HaHpﬂ)KeEIiOCTH Ana onuca-
HUA 3JICKTI)H‘{€CKOFO ToJaAst B HEO}lHOpOﬂHbIX ﬂ“aﬂCKTpHKHX.

,,,,,,,,, Cerrrerer

KaK IOTOK ¥ HEPKYJAALHZ
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Tlpu u3ydueHHWH BONpoca 0 )
TOPOB pcryne)m JIOJIKeH poﬁpamﬁr:Zizlr;;n::pgﬁe}éumx o ST TpOCTATH Heo-
) T 2 paMKax SJeKTPOCTATHKH HeJlb-
35 OLHO3HauHo pelliaTh BOIPOC O JOKAK3alHH STOH SHeprii. C paBlibiM HpapoM
MOJKHO CUMTATh, UTO 3Heprueil 001aXaioT KaK 3apsDKEeHHLIC IDOBOJAHUKM TaK H co-
3XaBaeMoe MMM 3JEKTPHUECKOe moJe. '

Vsyuenne 1eMbl «TToCTOSIHHBIA 2JICKTPHUECKHH TOK» CJIeAyeT HauaTb ¢ Kiac-
CHUECKOH 5JEKTPOHHOH TEOPHH NPOBOAMMOCTH METAJIOB, HAa €& OCHOBE paccMoT-
petb sakoubr Oma u Jlxoyas — Jlenna. YeTK0 pasTpaHHYUTb TAKHE HOHATHI, KaK
PasHOCTh NOTCHIUA/IOB, 3JEKTPOABHIKYIAA CHia H SACKIPRISCKOS Hanpﬂx’eane.

qugﬁl:‘ggfm:ﬁgqggfg:a"ﬁe3 CO‘CTaBJlg-Ia TaxuM 00pa3oM, YTO NOMOraer mpoBe-
puTs quexue‘;“n;“cééﬁﬁgéﬁ;;u"ﬁars;ﬁeeﬂy «3nekrpoctarika. Ilocrosunbiii Tok». Ona
ovae i peleieHHe HANPSKEHHOCTH OIS H PasHOCTH HO-
TEHIHAJIOB, PACYET NPOCTEHIINX SJIEKTPWIECKHX HOJedl C MOMOILBIO NPUHIHIA
CYNepIO3HIKH, ONPEAETerHe SIEKTPOCMKOCTH K SHEPTHH MOJT KOH/CHCATOPOB npu-
MeHeH’e 3aKoHOB Oma u Jxoyas — Jlenna. ’

=3

OCHOBHBIE 3AKO
~ o~ ->
3axon Kymona o iz T
4mesgr: 1
HanpsiKenHocTs S/I€KTPHIECKOro N0 E= Ll
Q

HanpsieHHOCTb [ONSA:

TOYEYHOTO 3apfja

T
E=—
2neegr
o g
PaBHOMEPHO 3apMKEHHOH IUIOCKOCTH E=
Dsen
e85
MeXJy ABYMs DaBHOMEDPHO ¥ Da3HOHMEH- 4
HO 3apsKEHHBIMH GECKOHEYHBIMH Napai- L=
JIeNbHBIME IIOCKOCTSIMH €20
HanpsKeHHOCTb TIOJIS, CO3RABAEMOTO METald-
JIHYeCKOll 3apsiKeHHOH Cchepodl pajuycoMm R
Ha PacCTOSHHH 7 OT €e LEHTPa:
Ha moBepxHOCTH chepnl (r=R) E = —
4tesgR2
BHe ceprl (r=>R) E= _Q
4mesr?
CueleHHe 3JEKTpHIeCKoe D = egE
TIoToK HANpSIKEHHOCTH 3JIEKTPHUECKOTO MOJIS D= j‘En das
K
l?aGOTa nepeMelllendss 3apsaa B SJEKTpHUe- 2
CKOM HOAE W3 TOYKH [ B TOUKY 2 A=Q E,*" di; A=0Q (91 —92)
i o
TloTennnan nojs, CO3JaBA@MOTC TOYEYHHIM Q
3apsiAoM
4rveeyr
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Tlorenunan 3JEKTPHYECKOTO HOJ,I\ﬁ METa'I'IPI‘-I?- ylleJIbHa;‘l NDOBOAMMOCTh y= ;
cKoit moJoi cdepsl paauycoM R Ha paccros- ”
HHH 7 OT lleHTpa cepbi: . o 3aBHCHMOCTS yIENBHOTO CONPOTHBAEHHS OT p=pg (I + af)
(r<R) 0 ¢ TeMilepaTypat ot ’
coepnt (r ="
Ha TOBEDXHOCTH H BHYTPH cdepn (r<<R) 4nisegR Pabora Toxa A IVt 12 R
__Q t Toanan mommocts, BmAersomascs B penn N=I& =8Y®R+n
BHe chepr (r>R) ¢ dnesyr
A NPHMEPHI PEIIEHUSA 3AIAY
L. E= —grad 1R
Coasp notentmana ¢ wanpaxennoersio moas  Ey— =7 b= —grade - B yIAax Iph o PaBHOGEAPEHHOTO TPEYTOMLHUKA C §0o-
. wE2S @ KOBO# CTOPOHOH 8 cM pacnonoxeHs 3apsanel Q; u Qo Onpenenuts
Cujia npHTsIKeHHS ’g;;“aiymi’l;g“gogizggmg‘; Fe—2 s eulty, ncHciBy 10 Ha sapsn 1 niui, MOMeLleHHE B BepITHHe Tpe-
HO 3apMKEHHEIMH O 2 &) YroJlbHUKA. ¥YTOJ npu BepmuHe 120°. PaccMorpers cayuau:
DNEKTPOEMKOCTb: 1 22 Q1=sz2 H,K‘"i.
Q 0) Qe=—Qi= 2 nKu.
yeNHHEeHHOro NPOBOAHHKA C= ry
Q 538 | GO —————m—— q
——ic= AN P 08,
IIOCKOTO KOHAEHCaTopa C H ~r - -
v - ¢ 1 N g T NFis &~
c— &S o T 5 s 0/
CIOHCTOTO KORACHCATORA T dy/eg + dofsot . dplsn § F5 € B ™Fy N~ d
~N -~
Y-
DJIeKTPOEMKOCTh GaTapen KOHJEHCATOpOB, CO- j Y Fos
e[HHEHHBIX j 7
C=0C; LCq- +C. DPuc. 1
napanayiejibHo UL T - T N i
o+t L Aano: |Qi]=|Qz|=2-10- Km; Qo=10-° Ku; r=0,08 y: qm
[HOCACAOBATEAbIC C C] v C2 H i Cll i =3 Q; 5: 1
3 Haiitu: Fy; F,.
HEprug noJjs: ;
’ ce @ O Pewente. B coorsercinnn ¢ mpunummon  cynepmosnumn nose
3apsIKEHHOTO NPOBOIHHKA Ws =5 =3¢ =2 ‘ Kaxjoro us 3apsanoB Q; u Q neficreyer na 3apan Qs HesaBHCHMO.
310 3HaunT, uT0 Ha 3apaAy Q; ReHCTBYIOT cuabl (pHc. 1)
— —— e E2 — 2
3apKEHHOTO KOHJEHCATOpa =7 egE2V I F13-—-—Q1Q3/(4meor ), F23=Q2Q3/(4neeor2),
: 1) eE2V Tax xax Q| = {Q"L: 10 |Fi3] =|Fy3|. Bexrtopuas cymma F=F;3+
10JIAPH30BAHHONO JHS/EKTPHKA Ws=—3(—De II +Fy Gyner uckomoii Benmunmos. Monyab cuibl ompepensierca mo
’ 2 p)
O6bemMHas IJOTHOCTS, SHEPTHH 3J1€KTPHUECKOTO @ = egE2 _ ED _ D2 ] TeopeMe KOCHHYCOB F=VF13+F23+2F13F23 cosB. B cayuae on-
noas 2 2 2exy ] HOMMCHHBIX 32pAN0B Qi U Q, H3 puc. 1,a BuAHO, uTO yroa p=120°,
40 HO3TOMY Fy=F 3= F,;:
Cuna Toxa == ll Fie 0:0: ;
& E 4nesyrz
o . I = F.— 2.10—9 Kn.1.10—9 Kx
akoH Oma aaa 3aMKHyTOf (mosHON) uenH = _ 10-5H — i
3ax y R+r 4-3,14.1-8,85. 1012 d/m.64. 107 2 2,8-10-H=2,8 mxH.
e
3akon Oma B puddepenunanpuoll dopme j=vE= T ﬂ B Cilyyae pPasHOHMEHHLBIX 3apanoB Qi u Q; us puc. 1, 6 BHAHO, uTO
yrom §=60° u, cnexosarensuoc
3 it 7i Q=1IRt = U2t H =} 2’ _
3akoH JixXoyasa — JieHna v R ll F2= V F13+F23+2F13F23 cos B:Fl V3;
ol _
o - ]
ConpoTHBJIEHHE O/IHOPOAHOIO NPOBOJHHKA R= S n F,=28.10—¢ H V3=4,8-IO-G H=—4,8 mxH.
49
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Orger: F,=2,8 MxH; Fy;=4,8 uxH. I,
5 Ba paBHbIX OTPHIATENbHEIX zapsna no 9 HKJ :{a:;i(e}{
. ) i
BOje HA PaccTOSHUM 8 cM Apyr OT Apyra. Onpegf;gni ““CCI')YQHH!/IH
~~~~~~ o noTepnuan MoJs B TOUKE, pacmosloXeHHou Ha P
HOCTDh H uuULiThiliznas
3apsA0B. o .
® CNi‘;?;c F(),Z'fL:Qz:—Q-10‘9 Kia; e=81; ro=0,08 m; ri="r2 0,05 m
Haiitu: E; @- o
Peunierie y}({Pa pSKEHHOCTh [OJ, €0371aBaeMOro B TOUKE A (

E=FE;+Ex ¢))
Tlo TeopeMe KOCHHYCOB, -
E—V E A E3+2E:E;c0s 20. )

Hanp sKeHHOCTb MO roveutoro 3apsana Q
E =Q/(4neeyr?),

;80— ckasi 1o-

rie e — AHIJIEKTPHUIECKAS npoaﬂuain;g;;;,a:? rs@gz;;lg:gﬁme o
3apsja 70 TOYKH MOJA, B KOTO-
b & poii ompejensercsi ero Hampa-
] SKEHHOCTE., 3aDAMIb Qi u Qor
~ pHIATeNbHEl,  C/GJOBATEIBHO,
sektopst Ei m Eo wampaslenst
0 JUHMAM HampsKEeHHOCTH K
zapagam. 110 ycnosm?l iaﬁx:gf{x,
= CTIOJIOMKEHE] HA O/IHHAKOBOM DacCTOAHHM O -
i?xp;}lﬂb;n(g’lrnMg2E?'a;E2. CuiegoBateibHo, Gopmya (2) npumer BHA

K A, IT

E=2E, cos a, TJe ¢oS a=="h/r, 2
T 1—2 2. e
oAV A h=) G102 My — & 10w =3-1070 we

o HOCTE.

Torna Haﬂpﬂ}KEHHOCTb B TOYKE A
201k .
=3
4reeepry

9.9.10-9 K-3:10-2 M
2910~ Ka3107EM
E =5 1781.5,85. 1012 &/u(0,05) ¥

o - 0
TloTeHKas ¢, CO3LaBaeMbil CHCTEMOH TOYEYHBIX 31?1}1):1?3: ?:oiia
i OoTeH R -
fi BeH ajre6panyeckKoi cyMme II
HO{t TOUKe moJsd, pa P i«

=480 B/m.

= i a e3yJIbTHPYIO-
BaeMbIX KaxK/AbM U3 3apfLoB (P‘Z'f ;. [Torennna ¢ pe3y p

(ero moJist B Touke A paBeH @ =@+ @2 TloTennuasn mods, co3faBae-
MOTO TOUETHHIM 32psinoM, o= Q/ (4meeor) . Cnenosan‘oenbﬂo,
20y

4mesyry

E

0.
x2

Amesgre

o
= _.HFZ— 4resgry

[<.]
«

e e e i)

o e ] gy e e

—2.9.10—9 Kn

p= - =—40 B.
4.3,14.81-8,85.10—12 & /M-5.10—2 M

Oteer: E=480 B/M; p=—40 B.

3. 3apsn 1 uKa mepelnocHTCs B BO3AYX€ M3 TOUKH, ITaxoAsluencs
Ha pacctosnuu 1 M oT GeCKOHeYHO NJMHHOH PABHOMEPHO 3apsKeH-
HOil HMTH, B TOuKy Ha paccrosinuu 10 cm oT Hee. Onpeneantb pabo-
Ty, COBEpUIAEMYIO NPOTHB CHJ TOJs, €CJH JHHefiHas MJIOTHOCTb 3a-
psina nutd 1 MKa/m. Kakaa paGorta cosepuiactest Ha MOCJAEIHAX
10 cm myTu?

Hano: ro=0,1 M; =1 m; ro=02 m; Q=1:10"° Ki; e=1; 1=
=1-10-% Ka/m.

Haiitu: 4;; A,.
Pewenue. Pa6ora BHelnHe# CHJIbL O MepeMelleH o 3apana Q u3

OURY TONT OTeIIH S .
CYKH 110/ C IOTEHIHAN0M ¢ B TCUKY ¢ NOTEHIHA

=3

1OTCHIEHAACM

0M Qo PaBHA
A=Q (9—9,)- 1

BeckoHeuHasi pABHOMEPHO 3apsKeHHas HUTb C JHHEHAHOH MJIOTHOCTBIO
3apsifla T CO3/1a€T aKCHAJbHO CHMMETDHUHOE T0Jie HaNpsKEeHHOCTbIO
E=1/(2neeor). HampsKeHHOCT M HOTEHLHAJ 3TOTO IIOJISI CBA3AHBI
cootHolenHeM E=—dg/dr, otkyna dop=—Edr. PasHocTp noTenmua-
JICB TOUEK IO0JIsl Ha PACCTOSIHHHU I; U #o OT HUTH

r

K o
T *odr T r

. " Cd. — 1n T
G —— Gy = —— ar=— — = 1l =
ML ‘ 21teeq J r 2meey ro ’

. fi '[

T r T re
— == In—; o,—o,= In—=. 2)
o Qe ro . 0 T 2mes o

ngreniuanon ua (92)

NOTCHLIHAJA0B H3 (4}, Clp afBnTy

JHM paboTy, cOBepIIaeMyio BHUAIIIHUMU

TMoacrasasiss B Gpopmyay (1) HalileHHOe BHpaxeHue A1 PasHOCTH

1
it coBepllaeMylo BHEUIHHMH

CHJIaMH 110 TepeMelLleHHIo 3apsia U3 TOUKH, HaXoAslledcst Ha pac-
cTostHMH 1 M 10 TOUKH, pacmoso:keHHOH Ha paccroauux 0,1 M oT

.

’

A=
2meeg ro

1-10—9 Ka.10—6 Ka/m-In 10

A= =4,1.1075 Jx.

2.3,14-8,85-10—12 & /M
Pafora no mepeMenleHmio 3apaia Ha moctepnux 10 cm myrtu pamna
T r
Ay= Q In2;
21ieey ry
1.10—9 Ka.10—6 Ka/m-In2 _
Ay= =1,25-10"5% k.

2.3,14-8,85-10—12 ®/m

Orer: A;=4,1-10-5 JIx; A.=1,25-10"° JIxk.
4, K onHo#l u3 0OKIalOK IJIOCKOTO KOHAEHCAaTOpa IpHJeraer
CTeKJNsHHAS NJIOCKOMapaJjijiesnbHas IJIacTHHKA (g;==7) TOJLINHOM



9 . Tlocse TOro Kak KOHIEHCATOp OTKJIOUHMIM OT HCTOUHHKA Ha-

hpﬂ}KeHHs{ 990 B 1 BHIHYJAH CTEKJIAHHYIO MIACTHHKY, MEXKAY OUR/AAA-

Kamy VCTAHOBH/ACH PasHOCTD NoTeHnuanos 976 B. Omnpefelutb 3a-
U r

HOIIEHHEe KOHEUHOH M Ha4aJbHOM SHEP-
30p MexJy oOKJanKaMu ¥ OT
FHH KOHIEHCATopa. L
Nawne: J,=220 B; U,=976 B; d,=9-10-3 m; &,=7; e2=1.
aiitu: do; Wo/ Wi ]
emenne, Ilocae OTKJIOUEHHS KOHAeHCATOpA H yAaJeHHA cTeK
of MAACTHHEW 3apAj HA ero OGKJIaZKaX 0CTaeTcs HEH3MEHHBIM,

U OJaacCTHHEN cdpal

)

T. €. BLIIOJHACTCS paBeHCTBO

~rr ~Tr N
CqU =0l 9, VY

Z oom)

rae Cu Cy — 2JeKTPOEMKOCTH KOHJAeHcaTopa B HauaJbHOM H KO-
HEYHOM cJayuae.
ITo YCJIOBHIO 3ajauy, KolljeHcatop BHadajle gBJIsIeTCS CJA0UCTHIM
jit

Th 0 woaamaa iy chonvyue
U erc JIeKTPOEMKOCTh OMPEACACTLA LU fpbp iyt

P - E— 2
Y e + (do—di) e

e S — miomann o6KIaf0K; do— 3a30p MEXLy HUML, dy — TommH-

Ha CTEKJSHHOH IJACTHHKH, & U €p-— AMIJIEKTPHICCKHE

MOCTH CTEKJIa H BO3JyXa COOTBETCTBEHHO. )
Tlocie yaaneHus CTEKIAHHOH WIACTHHKH 3JCKTPOEMKOCTh KOH

JencaTopa

3)

dyi/e + (do — d1)/e2

OTKyAa
d gy
a =1 ,
VU= Ur A e/
976 B.0.10~3m [, 1\ 4 oina .
dy= i— ———)ﬁ 1-10 .
0 (976 — 220) B 7

HauwansHadga U KoHeuyHad BHQ'_DFI/II/[ KoH,leHca'ropa

W, —C U2, Wy=ClU32.

Toraa OTHOLIEHUE ITHX SHEPrHi Wo/W,=C,U,2/(C,U:?). C yuerom
(1) momyunm

Wz/w/],:UQ/Uﬁ

PN PP _
Oteer: do=1-10"2 M; Wo/ W, =15,2%
5. Barapeio W3 ABYX KOHAEHCATOPOB EMKOCTLIO 400 w 500 n®
COENHHMIN TOCJACAOBATEJbHO W BKIKWUHIY B CeTh C HAMPKEHHEM
290 B. IloToM GaTapeio OTKAOYH/N OT CETH, KOHJHCATODEl pasbe-

JHHAJHM U COCLHHUIU napaJsieabHo o6KJaLKaAMH, HMEIOLLHMH ONLIO0-
52

S i Koo A ol KA oo e —————

~£ﬂ——————

HMeHHBle 3apsiibl. KakuM Oyldem HanpsiKeHdne Ha 3a:KHMax IOJY-
geHHOH GaTapeu?

Jauno: U; =220 B; C;=400 n®; Cy=>500 n®d.

Haiitu: U,.

Peutente. Y MOC/AENOBaTeNbHO COSIHHEHHLIX KOHIEHCATOPOB 3a-
Psab HA 06KJIa4KaxX PaBHBI IO MOAYMO Q1= Q.= Q 1 3apsy 6aTapeu
paBen 3apsiAy OLHOrO KOHZeHcaTopa. EMKoCcTh Gatapeu mocienoBa-
TEJbHO COENHHEHHBIX KOHLEHCATOPOB onpefenasercs M0 Gopmyde
i/C= 31/C:i. Oan Garapeu us asyx Kouuencaropos C=C,Cof (€1 +

i1

+Cy), a ux 3apsin
Q=CU,=C,CU/(C,+C)). (¢

TIpu OTKIIOUEHHH KOHAEHCATOPOB HX 3apsil coxXpaHsercs. Y napas-
JIeJIbHO COEJHHEHHBIX KOHJEHCATODOB 3apsif Garaped paBeH cyMMe

3aps1oB KoHneHcaropoB Q' =Q;+ Q2 a eMKOCTb — CyMMe eMKOCTEH
C'=C+C,.

Hanpﬂ}Kelme Ha 3aXuMax GaTapeH U3 ABYX MapaJsijieqibHO COeou-
HEHHBIX KOHAEHCATOPOB

Upm=—r = o=, 2

IMoacrasass (1) B (2), moayuzaem
2C1CU,
G+ Cp
2-4.5-10—20 $2.220 B
Upy= ‘
92.10~20 2

U,

=108,6 B.

Orser: U,;=108,6 B.
6. 3apan koupencaropa 1 MK, niomans naacrun 100 cm?, 3a-
30p MeX/y IJaCTHHKaMHu 3anonHed caolofl. Onpenenuts o6beMHyI0

NJICTIIOCTE 3HEPTHU IOJA KOHLEHCATOpA U CUJY TPUTAXKEHHUS Tia-
CTHH.

Hano: Q=10-% Kir; S=10-2 M2, e=6.

Hajitu: w; F.

Pewenne. Cusia NpUTSKEHHS MEXAY ABYMsI Pa3HOHMCHHO 3apsi-
KEHHBIMH 00KJIaJKaMi KOHJeHCaTopa

F=ee E2S5/2, ey

roe F TAannaIRONIGOTE TONS KOHTIOUCaTo . C ey . Krrrr
TAC L HanpaAxCHHOCTD m0J OHIACHCAT ¢]

JOK KoujpeHcartopa; &— IU3JEKTpHYeCKas MNPOHHUAEMOCTb CJIOJbL,
&p — JJICKTPpHUUECKAA MOCTOSHHASA.

| 2 R
llallp)im\/ﬂﬂublb

F——° 9 2
gy S
rae o= Q/S — MoBEpPXHOCTHAS MIOTHOCTL 3apsaaa. Iloncrasass (2)
B (1), nosiyuaem
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2 1
J Ly N— =0,94 H.
ZeepS 2.6-8,85.10—12 $/m- 16712 m2
O6temuas WIOTHOCTE AHCPFHH BJEKTPHIECKOTO N0
w=ceE?/2. )]
Toacrapansa (2) 8 (3), nonyuaeum
2 10—12 Kn2
w9 : =94,2 TLic/me,
ey S2

7. B Me,LlHOM UpUBU/.Lumsc CeYeH
ToK. 3a 1 MHH B IPOBOIHAKE BbIAENsETCS 18 JIx rensorol. Onpene-
JHTh HANPSKENIOCTb N0Js, INIOTHOCTb U CHAY JICKTPHYECKOrO TOKa
B NPOBOJHHUKE.

Jano: S=6-10-5 Mm% Q=18 HOx; p=1,7X
X 10-8 Om- M.

Haiitn: E; j; .

Pemenne, a5 pemenusi 3ajaull HCHOAb3yeM 3akohs Owma
Ixoyas — Jlenua. 3akon Oma B auddepenvnaipoi Gopme uMeeT
BHJL

R oar m
off 5 M TCHCT

=5 wm; t=60 c;

J=vVE, ]

Toxa E — Hanpsi:KeHHOCTb [OJS; Yy — Y/JeIbHas
}lmoynﬂ — Jlenna

rie 1——- TIJIOTHO

CTh
MpOBOAUMOCTD, a 34

Q=1%Rt. @
3pecy [ — cuna Toka, { — Bpemd,

R=pl/S (3)
— COTpOTHBJAEHHE POBOAHWKE, PAE p, [, S — yAeablice conmpoTHBIe-
HHe, MJIHHA M ILIOA[b MOMEPEUHOTO CeveHHs NPOBOJAHHKA COOTBET-

CTBEHHO.
Cuay Toxka [ HaxomuM u3 (2) ¢ yueToM 3):

/7 Q 7QS 18 [-6-10—9
—1/ L _y/ . = —46 A.
d ]/ Rt olt ’ ‘/ 1,7-10—8 Om.M-3m-60 ¢

HanpsKenHocTh MoJisi B NPOBOLHKKE ompenesum u3 (1), yunTbiBas,
qTO Y= 1/p:

E=jp; E=T7,7-105 A/n?.1,7-1078 Om-M=1,3.10"2 B/m,"
Orper: £=13.10-2 B/m; I=46 A; j=7,7-105 A/m%
8.

yTpeHHee ConpomBneHHe aKKyMyJIHTOpa 2 Owm. Ilpu samsl-
ero OJHUM DEe3HCTODOM CUJIA TOKA DPARHA 4 A npy 3aMbika-

HHH JPYTHM — 2 A. Bo Buemneii LeIH B 0B0HX caydasx BHLIEAAETCS
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Kanun

————

"a"“’" @» Kl; K2~

/ & / &
1 i —
Ri+r ' Ro+r ' M
TA€ r — BHYTDEHHEe CONDPOTURJEHHE HCTOTHHKA TOKA: & — DIIC an
avivindna 1Und, © —JIJAU ak-
KymynaTopa; Ry U R, — BHelUHHe CONPOTHBJECHHS Lemel.
YpaBuenus (1) npencrasuy B BHAC
IDEICTABHM B BHAC
—-[1([?1‘{"’)» ——IQ(Rf‘{‘r)- 2)
Uz pasencrs (2) cnenver
PABCHCTB (4; CAChyer
A (R1+f):[z(Rz+r)- (3)
Moutnocts, Brizensevas Bo slemned yeny s IIEPBOM H BTOPOM CJIy-
qasx,

Ny=IRy, Ny=IiR,.
Us yenosust pasencrsa mowHoCTed ciefyer
IRy =1I3R,, 4
Pemas COBMECTHO ypaBHenHs (3) u (4), moayyaem

L 5 Iir
R1~—[1 ; Ry= I, ®)]
RI_QA-QOMZI Ou: R 4A4UM_4 0
4A PR TR T
Honcrasass (5) B (2), noJsyiaem

Oteer: &=12 B; R,=1 0

4
9. 9JIC 6arapen paBHa 0 B .KIIL 6
cnte rose 4 A nboa 20 B. K I CaTapeH Tcocrausmrer 0,8 npH

DEHIICE CORPOTHR Tarnn
“““““ SayTpCHIICC CONpoTHBJAeHue 0a ?
Hano: &=20 B; n= 08 I=4A. ! rapers
Haiitn: r
Pewenne, KI1[T HCTOUHHKA TOKa 1] paBed OLIEHHIO NaJeHHs
HaNpsXKeHHS BO BHeNHeH uenH K ero SIC:
’TV————R[
=—, (1)
OTKyna
R=x&/I. 2)
55



5 BHpaxenue 3akona Oma Ans 3amknyTolt nenu / =&/ (R+

Hcnompay
+r), noayuaem ]
R o
== . ()
R+r
Iogcrasass (2) B (3) ¥ BHIONHUB Npeo6pasoBaHus, HAXONHM
e 5’(1—7‘): e 20B(1—0,8) —10m
I ! 4A

Orser: r=1 Owm.

KOHTPOJIbHASI PABOTA X 3 (2)

1. B Bepwunax KBaapaTa co CTOPOHOH | M PaCIIONOXKEHEl paBHbIe
OllOHMeHHble 3apaabpl. [loTeHlHaa co3AaBaeMOro HMH I0Js B UEHT-
pe kBajpara pased 50 B. Onpexennts sapan.

2. B BepunHax KBajpaTa cO CTOPOHO! 1 M pacHo/OXKeHbl 3aps-
Ab OJIMHAKOBOH BeJMUKHBLL B ciyuae, KOria 1Ba COCEAHHX 3apdala
[OJIOKHTENbHEIE, @ ABa APYTHX — OTPHIATE/bHBIE, HANPIKEHHOCTD
noas B meHTpe kBaxpara pasra 36 B/m. Onpeneants 3apss.

3. B Bepmmnax KBajpaTta cO CTOPOHOH | M moMemeHb 3apsibl
no 1 sKa. Onpexenuts HaNpsAKeHHOCTh H MOTEHIHAJ 1O/ B UEHTPE

B ecay OAMH H3 3aDPANOB OTJHUYAETCS M0 3HAKY OT 0CTalb-

a
a, ecay OAMH M3 3

HBIX.
A TlonernaneTns MOKIV ABYMS rmanpaijieibl Hey MH
. 1iPOCTPARTTBU MCmay u.u!m, napaJic i

IOCKOCTAMH ¢ [OBEPXHOCTHOH NJIOTHOCTbIO 3apsAfoB +4-107%

—7-10-8 Kai/m? 3anmojineno ausnektpukoM (e=6). Onpeaennts H

/) BlHe TNOCKoCTeu
0) BHe IL

]
0

NPSKEHHOCTh HOJA: a) MEKAY HJIOCKOCTAMY;

5. Ha paccrosinuu 16 ey Apyr oT Apyra B BO3AYXe HAXOLsATCS ABA
3apsaga no 4 uKa. OnpepeanTs HanpsiKEHHOCTD H NOTEHUMAN [OAA
B TOUKe, Haxoasllelica Ha paccrosiHHu 10 cM OT 3apaaoB.

6. Jlze mapanjedbible IVIOCKOCTH OAHOMMEHHO 3apfeHbl ¢ TO-
BEPXHOCTHOH MI0THOCTBIO 3apsamoB 0,5 # 1,0 MKRJ/M®. UnpereinTsb
HATIPSKEHHOCTb TIOAR: @) MeXAY IOCKOCTAMHE; 6) BHE MJIOCKOCTEH.

7. Ecau B 1edTp KBajipaTa, B BepLIHHAX KOTOPOTO HAXOLATCS 3d-
paasl mo -1 K, DOMECTHTh OTPUILLATENbHBIA 3apsj, TO Pe3yabTH-
pylolias cuia, AeficTByiOUlas Ha Kax/Ablil 3apsii, OyAeT paBHa HyJO.
BLIYHCAHTL YHCJAOBOE 3HAUEHHE OTPHUILATENbHOIO 3apsia.

8. 3apsne no 2 HKa nomelneHsl B BepIIHHAX PaBHOCTOPOHHETO
TpeyroJLHIKa CO CTOPOHOH 20 cM. PapHojeficTByomas Cul, Aekict-
BYIOIIMX HA 4eTBEPTHI 3apsj, MOMELIeHHbI Ha CepeluHe O/lHOH U3
CTOPOH Tpeyronbuuka, pasHa 0,6 MxH. Onpeneauts s10T 3apan, Ha-
NPSAKEHHOCTh M MOTEHIHAJ 10/ B TOUKE €ro paciosioXeHus.

9. JIra mapuxa maccoil mo 0,1 r moxsewensl B ofule#l TouKe HA
nutax aaunoii 1 m. Illapukam coolmuayu 3apsit ¥ HUTH pasOUIIUChH
ua yron 90°. OnpegeJnTh HAaNPAKEHHOCTb U NMOTEHIHAJ M0/ B TOUKE
noiaBeca MAapuKoB.

10. [IBa oAMHAaKOBHIX 3apsiia HaxOAATCA B BO3AYyXe Ha paccTos-
uum 10 cm Zpyr ot Apyra. HanpsixKeHHOCTb moJsi B TOYKE, ylasieH-

JOCKOCTCH.
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HOM Ha paccTOAHHH 6 CM OT OZHOTO H 8 CM OT ApYroro 3apsaa, paBha
1 kB/m. OnpenesuTs NOTEHUHAN NOAS B 3TOH TOYKE W 3HAYEHHE 3a-
PAROB.

I1. Tuknka maccolt 4-10-15 kr ynepKuBaeTcsi B DaBHOBECHH
MeX1y TOPH30HTAJbHO pACHOJNOXKEHHHIMH OOKJagKaMH IIOCKOTO
KOHZeHcaTopa. Pa3HoCTh MoTeHnManoB mexay obkaankamu 245 B,
a 3asop Mexny HuMH 1 cM. OnmpenennTs, BO CKOJIBKO pa3 3apsii M-
JIMHKH GOJbLIE 3/IeMEHTADHOTO 3aDsa.

12. B none GeckoHeuHOH pABHOMEPHO 3apAKEHHON e
€ HOBEPXHOCTHOH MJIOTHOCTBIO 3apsna 1 MxKu/m? nepememaerca 3a-
PSL U3 TOUKH, HAXONAIIeHCcd Ha DACCTOSHUH

H2 TOUKH, HAX on 1CH Ha pa

eHHOU TJIOCKQCT!

=

[}

5 M OT HJIOCKOCTH
3 M OT NIJICCKOCTH

1HH 1B
TOUKY Ha paccTosinud 1 M oT Hee. OnpeennTs 3apsif, eCNH MPH 3TOM
cosepuiaercs pabora 0,1 mIx.

13. Kaxywo paboTy HYXKHO COBEPLIHTD, 4TOSH 3apaib b # 2 uKi,
HaxXONHMBIUHECS Ha paccTOSHHY 1 M, cOausuaucs 1o 0,1 M?

4. TlosepxiocTHARA MIOTHOCTD 3apsina OECKOHEUHOH PABHOMEPHO
3apsikeHHOH MIOCKocTH paBHa 3 uKu/m2. OupeneiauTs MOTOK BEKTO-
Pa HanpsXKEHHOCTH Yepes NOBEPXHOCTb Cdeprl AuamerpoM 75 cM,
paccekaeMo# 3TO# NJIOCKOCTBIO MOMOJIAM.

15. 3apsaa 0,1 vKa nepenocHTest H3 GECKOHEYHOCTH B TOUKY, Ha-
XOASIIYIOCS Ha DAcCTOSHHM | CM OT MOBEPXHOCTH MeTaJHYECKOH
Chephl paguycoM 5 CM, 3apsKEHHOH C MOBEPXHOCTHOH IOTHOCTBIO
10— Kai/m2 Onpenelints paboTy nepemelieHus 3apsaa.

16. 3apsg — 1 uKa mputsanysca K 6eCKOHEYHOH MJIOCKOCTH, pPaB-
HOMEPHO 3apsKEHHOH ¢ NOBEPXHOCTHOH miaoTHocThio 1 MkKa/m2. Ha
KaKOM PAacCTOSIHUH OT IJIOCKOCTH HAaXOMHMJICS 3apsii, ecid paboTa CHI
10JIS TIO ero NMepeMelle U0 paBHa 5 MxJ[xK?

17. Kaxkyio pa6oTy cOBEpIIAIOT CHJBI [0JS, eCAH OLHOMMEHHEIE
sapsiael 3 U 5 0K, HaxonuBIIHeCs HA PACCTOSHHM 5 CM, Pa3OLLIHCh
o paccrosgHuda 10 cm?

18. Co ckopocTsio 2-107 M/c 5JeKTpPOH BJeTaeT B MPOCTPAHCTBO
Mex 1y OOKIanKaMH IVIOCKOTO KOHJAEHCATOPAa B CepeinHe 3a30pa B
HATIDARJEHUY, Napannensdom ofknankaMm. Ilpy kakoli MuHEMAABHOK

anensHoM ofxnanxam. Ipu xaxol MunnHMansich
Pa3HOCTH MOTEHUHMANOB HAa OOKNAZKaX 3JEKTPOH He BBIJETUT H3 KOH-
IeHCaTOpa, ec/H JJIHHA KOHJASHCATOP

ero obkJaankamu ! cM?

19. 3apax— 1 uKx nmepemectuncs B noae sapana +3 vKa u3
TouxkH ¢ norennuaiom 200 B B touky ¢ motenunasqom 1200 B. On-
penenuTs paboTy CHJI NOJS H PACCTOSIHHE MEMAY 3THMH TOUKAMH.

20, 3apsn | uKi HaXOAHTCK Ha PaccTOsHHH 20 CM OT GECKoley-
HO [JIMHHOH DaBHOMEpHO 3apsuKeHHOH HuTH. [lox aelicTBHeM mons
HATH 3apsia nepememaerca Ha 10 cM. OnpeRennTs JHHEHHYIO MIOT-
HOCTb 3apsiia HHTH, €ciH paboTa cui moJst paBua 0,1 MIIx.

21. KoupmencaTop ¢ mapauHOBBLIM NHJIEKTPHKOM 3apsKeH J10
PA3HOCTH  (OTEHIHA0B i50 E. fja’I;IpH)KeHHOCTb monisi B HeM
6-10* B/m, mowane niaactad 60 cm? OnpegesnTs eMKOCTb KOHJEH-
€aTopa H IOBEpXHOCTHYIO ILNTIOTHOCTH 3apsifa Ha oOKJianKax.
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22. BHUKCAUTL eMKOCTh GaTapeu, cOCTOAIEH U3 TpeX KOHIeHCa-
TOpOB €MKOCTbI0 4 MKP Ka(iblfi, IPH BCEX BO3MOXKHBIX CJyuasix HX
coelHHeHHS.

23, 3apsaj HAa KAXKIOM M3 ABYX NOC/EJOBATENBHO COCAHHEHHEIX
KonzencaTopos emkocThio 6 1 10 nk® pasen 0,09 nKa. Onpenennts
HanmeeHHe a) ua Garapee KOHIEHCaTopoB; 6) Ha KaxKIOM KOH-

HCR’T’H“P
Izo}mencaTop eMKOCThI0 3 MK®P IocaeoBaTe bHO COeAHHEH

Cc KOHH,QHCaTOpOVI HEU3BECTHOU €MKOCTH M OHHM MOAKJOYEHBl K HC-
maunuwy mactoanuars nanpsyxkenusg 12 B, Onnenesuts eMKOCTE BTO-
TOUHHKY HOCTOSAHHOrS Hanpsxernud 12 . Onpenesnuts eM

poro KoligeHcatTopa H HanpxeHne Ha KaxJAO0M KOHJEHCaTOpe, ecjn
3apsa 6atapen 25 MxKi.

25. OnpeneanTs PasHOCTh MOTEHUHANOB M 3apsii Ha Kax[IOM H3
KOHIEHCATOPOB eMKOCThlo 2 M 3 MK®D, eciim OHH COeLHHEHBI IOCIe-
J0BATEJbHO H MOJAKJIOUEHH K HCTOUHHKY NOCTOSIHHOIO HanpsiKeHHs
50 B. ] o

26. [lBa xoHIeHCaTOpa OAMHAKOBOH eMKOCTH 1O 6 MKD 3apsxe-
HEl oauH o Hanmpspkenus 100 B, a apyroit xo 300 B. Onpeneants
HaIpsKeHHe MeXAY 00KNaNKaMU KOHEHCATOPOB, eC/IH X COCHHHTD
napasiiepo: a) OAHOMMEHHO; 6) pasHOHMEHHO 3apsSKeHHBIMH 00-
KIMaJlKaMHu.

27. Ilnockuit cmoasnoil KORIeHeaTop ¢ IIJXOIIla}le) naactuy 5 cM?
M 3a30pOM 2 MM HaxojuTcs Hox HampsxenueMm 300 B Orpenenutb
8 UH,

MKOCTEL KOHIeHcaTona CUNV On
MKOCTE KOHJgHCaTOpa 1 CIJIY TIDY
28 DH KAaKOM COSNMUHEHUU T
<3, 1ipH KayKCM COCIAHHEHHH T
0 3 MKD eMKOCTE Kumn“nn fvnar
H o MEKW¥ CMROCThL Ga CH OYALT
Briuncaure MUHHMAAbHOE M MaKcH

Tapeﬁ

2§. Paccrosinue MEXAY O OKJI1a,
LeHcaropa 2 MM, IJomanb 100 cm?,
Kakyio paboTy Ha0 COBEpIUHTb, YTOOH DPa3ABHHYTh OOKIAaNKH O
paccrosinus 1 em?

30. OnuH KoujeicaTop 3apsyKeH A0 pasHocTH norennnajos 60 B,
apyroit — no 20 B. Kongencatope!l COeIHHH/IN NapajiielbHO OAHO-
HMEHHO 3apsiKeHHBIMH OOKJafKaMM, H Pa3HOCTb NMOTEHIHAJOB OKa-
3ajace pasHod 50 B. OnpenenuTs oTHOLIEHHE eMKOCTell 3THX KOH-
JIeHCaTOPOB.

31. O6kaafiKd NJIOCKOTO BO3AYIIHOTO KOHIEHCATOpPA IJIOWAJbIO
100 em? u 3apanom 4 MxKa paznsuraior Ha 1 cm. Onmpenennts co-
BeplIaeMyIo npn 3TOM paOOTy

32. Tlyockuil BO3AYLIHBI KOHIEHCATOpP C IJIOMIAAbIO OOKJI4an0K
10 CM2 M 3a30pOM 5 MM 3apsieH J0 pasHoctH notenunasnos 100 B.

METs. YTOBLI DAZNBUHVTL OBKJAANKU IO
HTh, YTCOLI PasABHHYTH OOKJIALKM HO

IS

33. Hnocxpm BO3AYILHEI KOHJEHCATOP 3apsKeH J0 PasHoCTH IO-

tennranos 300 B. Tlaomans niactud 100 cM?, HanpsAKeHHOCTb OIS

B 3a3ope Me)Kle uumHu 60 kB/M. OnpeneauTs NMOBEPXHOCTHYIO HJOT-
HOCTD 3apsiia E ¥ .

a nJjaacTHHax, EeMKOCTh W SHEPTHIO KOHACHCA
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34. Pa3sHOCTb NMOTEHUHANOB MeX1y OOKJAaJKAaMH MJIOCKOrO KOH-
Zencatopa 2 KB, 3asop 2 cwm, 3apsu na kaxao# obknanke 1 uKa.
OmnpenesuTs CHILy IPHTAKEHUS OGKIAL0K H SHEPLHIO KOHJeHcaTopa.

35, Hafity 06beMHyI0 MJIOTHOCTH SHEPTHY 9neKTqueCKoro noJis,
C031aBaeMoro ’421’)9{

HOCTH NOTEHLHAJ0B ObLIT

37. Dueprus MIOCKOTO BO3AYIIHOrO KOHAeHcaTopa 4 MKJIX, pas-
HOCTh NOTEHIHAJIOB Ha oOKIankax 600 B, niomans nnactua 100 cm?.
Onpenenuts paccTosIHHE MEXKEY 06KJIallKaMH HaNpSAKEHHOCTh |
06bEMHYIO IIOTHOCTD SHEPTHH 1OJIsT KOHANCaTopa.

38. [1nocKuA BO3AYMIKEL KOHIEHCATOD 3apsKeH N0 PA3HOCTH MO-
TeHunagos 100 B. Tlromangs mractuun 11,3 cm? paccrosmue mexay
HEME 5 MM. OnpenesuTh, KaK H3MEHATCH €MKOCTb, SHEPTHSA W 06b-
eMHad NJIOTHOCTh 3HEPTHH KOHAEHCATOPA, ECAH 3430
paduHOM.

39. Tlop neficTRUEM CUJIBI IDUTSIKEH 1 MH nusmext

1% IS DDUTAXKENUud 1 MIn AH3JIEK MEXKAY

o6KnanKaMH KOHIeHCaTOpa HaxoauTes mof Aasiaennem 1 ITa. Onpe-
IeNHTb SHEPTHIO H 06bEeMHYI0 rmomocr 9 epTHH MOJIST KOHAEHCATO-

UK MEKIAY

Na. ACHU DACCTOINYER nraurmy afwrnaniwan 1 onaas
pa, eCdn pallToanue mcmAy ero OOKJMafAKaMu 1 MM.

40, TInocKH . R I

40, 1170C TOp ¢ IJIOMAaAbI0 IIACTHH
1NN 22:2 oo o on ann
1UU CM° M 3330pOM O MM 3apsKeH A0 pasHocTH noTeHuuanos 900 B.

He otxaouas or Hcroqﬂnxa HaTPsKEHHs, IIACTHHEL Pa3iBHTAOT 10
paccrosHust 1 cM. OnpenenHTh HaUpAKEHHOCTh [MOJIS, SHEPTHIO KOH-
Aexcatopa W O0bEMHYIO IJIOTHOCTh 3HEPIHH [0 M HOCJKE PasiBUIKe-
HHS IJACTHH.

41, ()HPELLeJIHTb YAeNBHOE CONPOTHBJAEHHE H MaTepHas NpoBOLa,
KOTOPEI HAMOTAH Ha KaTyulKy, uMeroulyro 500 BHTKOB €O Cpeainum
JAHaMeTpom BHTKA 6 cM, ecau npu Hanpsixkenud 320 B momyctumas
MJIOTHOCTB ToKa 2 MA/m?2.

42. IlnotHocTh TOKa B HHKEJNHMHOBOM NPOBOIHHKE MJIHHOH 4 M
paBHa 1 MA/m2 OnpejesuTh PasHOCTb NOTEHUHANOB HA KOHNAX IPO-
BOJHHKA.

1) ONeaeJIUTE NJOTHOCTE TOKA, TeKVIHIerg o De3’UlCTODNY NIAHHoH
- Onpezenuts mIOTHOCTE TOKA, TEKYIIErO IO PE3HCTOPY AJHHOH
5 M, eCJIU Ha KQHIAaY arp nnnnnn\vuoonmnn NANIIAAMI TTATAITITIra Tan
< M, SLAR fa ROOLRAX ¢l ICLACPARUBACTCA PasHOCTh NOTCHUNAJOB
2 B. ¥Ynennroe conpotus/eHne maTepuana 2 MkOM - M.

44. Onpenenuts 3apsij, npoweawnit no pesucropy 3a 10 ¢, ecan
cuia )‘Toxa B PEe3KCTOpE 3a 3TO BPeMs DAaBHOMEDHO Bo3pacrtana ot 0
in KOHL@X LPOBOAHHKA conpoTuBIeHHeM 5 Oum
3a 0,5 ¢ panomepHo Bospactaer ot 0 A0 20 B. Kaxkoit 3apsaa mpo-
XOAUT uepes NPOBOAHHK 33 3TO BpeMs?
46. Onpenennte_ Pa3HOCTh MOTEHIHANOB HA KOHUAX HHXPOMOBOTO
QOB;H HKa LJIHHOH i M, €CJM ILIOTHOCTBH TOKa, TEKYLIero lQ Hemy,
S A/m2.
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BogHuKe paBHa 1 MA/M? mpu Hanps-
x®enun 200 B na ero K Hu x. OnpenenuTsb yleadbHOe CONPOTHRBIEHHE
H Marteprazl NpOBOAINKa, el ero aauHa 500 m.

to

....... gTTa T ANaRS T
T

49. fld KOHIIaX HHEKCAHHOBOIO I
KHBAeTCsl pa3HOCTb NOTEHIHaN0B 12
B IlpOBOLLHHKe €CJIH €ro TEMIIEPe

50. Onpenenutsh 3apsii, NPOUIEALIHA O PE3HCTOPY C COMPOTHB-
aenuey | OM, IpH paBHOMEpPHOM BO3PACTAHHH HANDSKEHHs Ha KOH-
nax pesucropa ot 1 1o 3 B B teuenne 10 c.

51. BHyTpenHee conpoTHB/IeHHe akkyMyJiaropa 1 Owm. IIpu cuie
toka 2 A ero KII[I pasen 0,8. Onpepeants IC axkymyasTopa.

52. Ompenenuts IAC akkyMyJasTopHOH 6aTapeH, TOK KOPOTKOIo
3aMbIKaHHusl KOTOpOl/I 10 A, ecan nmpy MOAKJIIOUEHHH K HeH pesucropa
M 9 OM cua TOKa B Lenu paBHa 1 A,

BONHUKA NJHHOH B M nonien-
HHOC CALED

JIOTHOCTb TOKa

o
=
el
&
=
®
=
S
=
=

o4, PEIINTh 3a4a4

Hellbl 1apaJliesbHo.

55, 91C aKKyMyJIaTOpa aBTOMOOHJIS
ero KI1O pasen 0,8. Onpenenurs tuT i
KyMyJIsiTopa.

56, K 6arapee u3 Tpex ONMHAKOBBIX IapaJliesbHO COEAHHEHHBIX
ACTOYHHKOB TOKA MOLKJIOYAIOT OJMH Pa3 PE3UCTOP CONMPOTHBJIEHUEM
1 Om, apyroi pas —4 OM. B 060ux cayyasx Ha pesnCTOpax 3a OLHO
H TO JKe BpEeMs BHIENAeTC OXMHAKOBOE KOJMYeCTBO TemnoTsl. Om-
Pe/eTHTb BHYTPCHHEE CONPOTHBJENHE HCTOYHHKA TOKa.

57. KI1[1 axkymyasTopHo#i 6atapeu NpH CHJIe TOKA 2 A paBen 0,8.
OnpejienTh BHYTPeHHCe CONPOTHBIeHHe Garapen, ecau ee IJIC
pasHa 10 B.

a TOKA COGIHHEHH B OXNOM Cayuae

60. Hpn 3aMBIKaHUM AKKYMYJSTOPHOH 6arapen Ha CONPOTHBIIE-
e 9 Om B wenu uger 1ok 1 A. Tok KOpPOTKOro 3aMbIKaHHA pPaBeH
10 A. Kakyio HamGOJbIIYIO NOJE3HYIO MOIIHOCTh MOXKET AdTb Oa-
Tapes?

e
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1V. 9JIEKTPOMATHETH3M. KOJIEBAHHUS U BOJIHBI

MMOSACHEHHUSA K PABOYEN NPOTPAMME

N3yuenne 57eKTPHYECKHX W MACHMTHEIX sBJeHnit 6mu0 nmpoeemero B XIX B.
OTu ABJMEHUs CBSsaHB ¢ 0COBOH (popMol CYIECTBOBAHHS MATepHH — 3JeKTpHIe-
CKHMU ¥ MATHHTHBIMH TOJIAMH, C HX B3aUMOAEHCTBHEM. DJIEKTDOMATHHTHBIE B3aH-

MOJMeHCTBHE HE TONBKO Oé%HCHH}OT BCE VIEKTPOMATHHTHUIC ABJCHHA, HO H obecme-

YHBAIOT CHJBI, OGYC/IOBIHBAIONIAE CYIECTBOBAHHE BEIIECTBA Ha aTOMHOM U MOJe-
KyJADHOM YPOBHSIX KaK LEJOro. BaXKHOCTb TEOPHH 3JEKTDOMATHHTHOTO HOJIS CBS-
3aHa C TeM, YTO OHA BKJWOUAcT B cels BCIO ONTHKY, TakK Kak CBeT npeicTapiser
COB0# 21eKTpOMarHuTHOe Hadyyenne. OCHOBHOI TeOpHell SJeKTPOMATHHTHONO MO
ABNAETCH TEOPHs Maxcaema YpaBHenm MaKCBeJ}JIa YCTAHOBWJIM TECHYIO CBA3B
MCKAY STHMH ABJICHHAME aiick

Maxecrenn chopmyn
HHTHOE II0JIe.

Msyuag 3TOT pasien, CTyNeHT HOJIKeH yCBOMTb 3aKOH AMrepa, 3HaTh H yMeTb

NpUMeHATh 3akoH Buo — CaBapa — Jlamiaca mis pacuera MaTHUTHOH HHIYKIHH
RIH HanpsXKeHHOCTH MAarHATHOTO NOJA NPAMOJAHHEHHOTO M KPYroBOrO TOKOB, &
TaKXe 3aKOH MOJHONO TOKa (UHPKYJANUsT BEKTOpa Manﬁmﬂoﬁ HHAYKUHH) A8
palitTa MarHuTAOIC 0O TOpOHWAE W AJAHHHOTO COJIEHOUAE. uph H3yYEHHH BOO-
poca, CBA3AHHOTO ¢ ACHCTBUEM MATHHUTHOTO HOJA Ha JABHIKYIIHECS 3apsifibl, HYKHO
YMeTb NPUMeHATh (GopMmysy cuis Jlopenua, onpelensiTh HANDABCHUE NBUKEHUS
3apsKEHHBIX YACTHI, B MarkMTHOM IOJe, npencmmmb cebe HPHHLHI IHKJIHYe-
CKHX YCKODHTeJe#t 3apAMKEHHBIX UACTHII, 4 TAKXKE ONPENeIsTh PabOTy IepeMelneHns
NPOBOJAHAKA H KOHTYPA C TOKOM B MAarHUTHOM IOJIE.
[€HWU ABJIEHHSA SJNEKTPOMAaTHHTHOH HMHAYKUHH HEOGXOZHMO YCBOHTH,
UTO MeXaHu3M BO3HHKHOBeHus DIC HMHAYKIUE HMECT J/EKTPOHHBIA Xapakrep. Hay-
YUB OCHOBHOH 3aKOH 3/eKTPOMArHMTHON HHAyKuMu Papafes — Maxcsemna, cry-
JeHT Ha ero OCHOBE JAOJIXKeH YMeTh BEIBECTH H NPHMEHSATB JJIs pACUETOR (hOpMYah
DJIC MHAYKUUN, SHEPTHH MATHHTHOTO TOMS.

Visyuenne MarHHTHBIX CBONCTB BELIECTB B OCHOBHOM HOCHT ONHCATEBHEI
xapakTep. CTyAEHT IpH 3TOM JOJIKEH YSCHHTb, YTO HCXOAS H3 BLIPAKEHHs LHD-
KYJSiid BEKTOpa M: CHOH WHAYKUMH MarHHTHOE NOJe B OTIHYHE OT 3JeKTpH-
HECKOTO SIBJSETCS BHXPEBHIM.

Tpy uzywenuu Temp «KosmeBGanus» ciellyer mapasienbiO paccMaTpHBATE Me-
XaHHUeCKRE H 3/MeKTPOMArHHTHblE KO'ICﬁaIIHﬂ 4TO0 CcrnocoGerByer
CTY/leHTa eIHHOTO NMOAXO0A2 K KOeGAHHAM pA3IHYHON (QH3MUIECKOH MPHPOIL. 31ech
Creiyer 4eTKO YACHATb MOHATHA (asel, pasHocTH (a3, aMIIMTYIH, 9acTOTH, Ie-
pHojia xoJebaHufi M TaM, I'lle 3T0 HeOOXOJHMO, HCIOB30BATh IPa(QUUECKUH METOL
HpelcTaBieHns] TapMoHHYeckoro Kosebanus. Hymuo yscuuts, uTo Jo6ue konefa-
HAS JuHefHOfl CUCTEMH BCerjJa MOMKHO TpPEICTaBHTb B BuIe cynepnosuum 07HO-

Kax HCddBMLHMbIe.

AMIIHTYLAMH H HAYAJbHBMH Q)a3a1vm

Usyyenne TeMmsl «BoJjHB» Lenecoo6pasHo HAYMHATh ¢ MeXaHHYeCKHX BOJH,
PacmpoCcTpaHsOMKUXCa B YOPYTUX cpefaX. 31ech ciaefyeT o6pPaTHTh BHHUMaHHe Ha
KapTHHY MOHOBEHHOTO paclpelieeHus CMelleHufl W ckopocTelt B Serymelt BonHe,
pasiuyue Mexay Oerymefl H cTOsiuel BOJHAMH, 3aBHCHMOCTb Q)aaosoﬁ CKOPOCTH
OT UacToOTH Vnnpﬁm—:uu HQH’Y‘H CRYA3E Me}Kﬂ,y !‘pynnggoﬁ u ngEQu CKOPOCTHM[A
H 10Ka3aTh MX paBeHCTBO B OTCYTCTBHME IHCIEPCHH BOJHEL Ocoboe BuAMaKHE cTy-
NeHT AOJMKeH YHeNHTb YCJOBHIO MHTep(epeHLHH BOJH, 3HEPreTHUECKOMY COOTHO-
LWenHIo npY HHTepdepeHLuH BOJH, NOHATb W OGBSCHHTH NIepepaclpeieleHne dHep-
THH TIpH OGPa30BaHMH MUHHMYMOB M MaKCHMYMOB WHTEHCHBHOCTH. Ilepexois K
M3YUCHHIO 3JEKTPDOMATHHTHHIX BOJH, CTYAEHTY CJIENyeT HACHO NpPeACTaBHTh cebe
¢usnueckult cvuicn ypaBhernfi MaxcBenna (B METerpaspholl $opme) u, omupasich
Ha HHUX, paccMOTpeTh CBOMCTBA STHX BOJIH, H_V)KHO UYeTKO NPEACTAaBJAThH, YTO ne-
peMenHule 3JeKTpHUeCKOe M MarHuTHOE NOJie B3aMMOCBSISaHH, OHH TNOANEPHKHMBAIOT
)lpyr npyra ¥ MOryrt CymecCTBOBATb HE3aBUHCHUMO OT HCTU‘{HI/IKa HX TlOpOlIHBLLIel'O,

nauu
BaMmy, 2JeKTpOMariutiias BoJlla

3IeKTDOMANIUTIAA BOMIA — 5TC DacnDOCTpaHgciieecd B
3TC pacnpocTpaHAny




peMeHHOe JEKTPOMArHuTHOE MOJC. TJojx sHeprwel HIEKTPOMArHUTHOrO MOJA Cae-
AYeT NOApa3yMeBaTh CyMMy SUEpruit SJEKTPHICCKOTO H MarautHoro noneit. IIpo-

crefiiell CHCTeMOH, W3Jydalomiedl 9JIeKTPOMATHATHEE BOJHLL spaseTcst Koneluo-

muficss sJekTpuueckuii Annoab. Clleiyer MOMENT, 4TO €Cid JAIOJIb COBepIIaeT

rapMoHAdeCKAE KOjeSanus, T0 CH HAMYIAeT MOHOXDOMATHUECKYIO BOMHY.
Konrponsaag padora Ne 4 mpeacTaBiea HaGopoM TaKMX 3ajay, KOTOpbIe

[OMOFYT CTYHEHTY NPOBEPUTH CBOW 3HANUA 10 TaKHM BONPOCAM, KaK NPHMEHEHHE
3agona DBuo— Capapa — Jlamiaca Aas paciera MATHATHON WHAYKIHMH (MId Ha-

NPAXKEHHOCTH) MATHHTHOTO 1OJA, CO3AABAGMOTO NPOBOAHMKAME C TOKOM DPasfHd-
HO# KOH(HTYpaLUy, HAYYHTbCH MPHUMEHATD TPUHIHIL CyTepNO3UIHA IPH ONpefee-
HEH MHAYKLUAA HIH HAODIKeHHOCTH npoctefimmx NOJel, ONPENeTATb TPACKTOPHIO
ZBHOKCIHS 22pSIKEHHOH YACTHILEL, ee 3apsii u Culty, ZefCTBYIONIYIO Ha ABUXKYIIYIO-
Csl YACTHIY B MACHMTHOM [OJe, BBIMUCIATH pabory, coBepliaeMyio CUIAMH KaK HpH
JBUIKEHHH [PAMONHHEHHOrO NPOBOJHHKA C TOKOM, TaK H IpH BpAILEHHH KOHTYP2
¢ TOKOM DPa3JHuHOH KOH(UIypalwH B MADHATHOM LOIE, 1T uepruic u 00k
eMHYI0 IVIOTHOCT SHEPIHH MATHUTHOTO NOJS COENOUIA.

3ajauu Ha rapMOHHUECKHE KOJIEGaHms OXBATHIBAOT TAKHE BOIPOCH, Kax Omn-
SeReicHie AMIMHTYAH, CKODOCTH, YCKODEHWS, SHEDIHH [PH MEXAHWTICCKHX KoJIe-

pefesicHre aMIVIHTYA
Gaumsix, MepHOAa, MEKTPOCMKOCTH, HHAYKTHBHOCTH, CHILI TOKa, HANpSKEHHd,

SHEPTUU NpH 3JIeKTPOMATrHATHBIX kosie6anuax. BosHOBHE mpoLecch TIpeJACTaBAEHb
bt s ooanssemnATAHH,

3aMauaM#, B KOTOPHIX OMPEIEISIOTCS NEPHON, ANMHZ, CKOPOCTD PaACHpOCTpass»= /s
sHeprusi m OGbeMHas IVIOTHOCT SHEIHH MEXAHHTECKIX B 9JIEKTPOMATHHTHBIX

BOJIH.

OCHOBHBIE 3AKOHbBI H ®OPMY JIbl

3akon Amnepa F=/Bi
Mexanwueckuii MOMEHT, JeHCTBylomu# Ha M=p,Bsina
KQHTYP € TOKOM, NOMEIIeHHHA B MAariuTHO®

noJe

Margutisil MOMEHT KOHTYP2 € TOKOM pn=1S
Cpssb MATHHTHOH HHAYKIHH C HanpaXeH- B=pwH

HOCTDLIO MarHHTHOTO MOJS
wiegl sin o
e =

3akon Buo — Casapa — Jlannaca dB =
4nr?
MaruuTHass HEIYKLUMsS B LEHTPe KpyroBoro B wpol
TOKa ="9R
MarsuTHasT HILYKIHS:
noJst, CO3AaHHOrO OECKOHEYHO JUIHHHGIM [y
mpAMBIM IPOBOJHHKOM C TOKOM = ar
[0JIsl, CO3LAHHOTG OTPE3KOM NPOBOJHHKA ol
¢ TOKOM B= (cos o — cos 0g)
© TOREH Anr
moasi GECKOHEUHO IJHMHHOTO COJIEHOMAA H B == pponl
TOpOHAA
Cua B3aHMOMEHCTBHS MABYX NPIMONHHEAHBIX ol lol
6eCKOHETHO JJIMHHBIX MapajJelbHbX MPOBOA- F= 9md
HHKOB C TOKOM
HarnpsKeHHOCTh MAarHWTHOTO MO, CO3AaBae- H Qu sin a
oA —
MOro ABHKYUIUMCS 3apsioM @ dnr?
Cuna Jlopenua F,=QE+QvXB
MaruuTHbiil TOTOK ® =BScos @

nonas
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Pa6ora IO NepeMENIEHHI0 KOHTYpa ¢ TOKOM ‘;‘121';‘:@
B MarHHTHOM TNoJIe
Oc . ) d dw
HOBHOH 3aKOH 3JEKTPOMAarHuTHON HHAYKIHH i=—N—F7=———
dt d¢
TloTokocuenaenne T =Na&
Tlotoxocuennenue conesonsia T=:L]
3 ds
JIEKTPOJBUIKYIIAST CHIA CAMOHHJYKUHH Fs=—L——
d¢
HHAYKTHBHOCTD COAEHOHAA L=pponS
3apsA, DPOTEKAMHA N0 3aMKHYTOMY KOHTY- AW
DY IpPH BO3HHKHOBEHHH B HEM HHI o Q= —
TOKa R
MrHoBeHHOE 3HAUEHHE CHJB TOKAa B Leny, { Rt \
o6nafamolieli CONPOTHBNCHHEM R B HHAYKTHB- I=Ilyexpi ——— |+
HOCTbIO L \ L /
& I Rt \1
+ | T—exp (=
R \ L
a L12
Dueprusi MarHUTHOTO MOJS Wy=—""
; 2
O6beMHas IIOTHOCTb JHEPIHH MarHHTHOTO BH B2 ks
nonst W= =
2 2 2
VpaBueHHe IapMOHHYECKOro KoaeGanns s = A sin (of + 9p)
?
Tloanas sHeprus npH TapMOHHYECKOM KOJ€- me?A2?
R =
2
Tlepyon 271eKTPOMArHHTHHX Kone6anuii B KOH- T=2yIC
Type (dopmyna Tomcona)
Hanna BOMHB A=oT
. 7 t r
VpaBuenue Gerymel BOAHH s= Asin 2% [— — —
T )3
CKOpPOCTL PAacnpoCTPaHeHus  3JeKTPOMArHuT- e
HHIX BOJIH B Cpejie V==
Ve
Bekrop Tlofintunra P=E XH

1. To nByM GeCKOHEUHO IJHHHBIM IDSMOJHHEHHEIM IPOBOAHH-
KaM, HaXOLSIHUMCS Ha paccTosHuH 50 CM ApYT OT Apyra, B OILHOM
HanmpaBJeHUH TeKyT TOKH [, u I, cunoft mo 5 A. Mexay npoBoRHH-
KaMu Ha paccTossHui 30 cM OT mnepBOro DAacIOJOXKeH KOJbHeBOH
OPOBOLHUK ¢ TOKOM [ cuno#t 5 A (puc. 3). Paguyc koabna 20 cM.

J KeHHOC THOTO TOJS, CO3/1a-




Peumiende. B COOTBETCTBHH C NPHHIMIIOM CYNEPNO3HUHH HHIYK-
IS Pe3syNbTHPYIOLIEro MarHHTHOrO N1oJs B TouKe A paBHa

B=B,+B,+B,, (1)

rie B, u By — HHAYKUMH 1HOJ€

Kamu [| # [y, HaOpaBJCHHBIMU

UHs TOJs, CO3AaBaeMas KOJbIl

TNJIOCKOCTD PHCYHKE; B3 — HHAYK-
N 7 A 1
LM TOKUM. }\'dK BRAHO KH3 puc. o9,

BeKkTOopel B, u By Hampasjenw no

\ b P OJHOH NPAMOJi B IPOTHBONOJIOXKHEE
CTOPOHEI, I03TOMY HX cyMMa B+
8 +B:y==B,, pasna no moayso
PV Ak By=B,—B.
a__n ! A\ b I
Bz ¥ ; e Hupykuas  noss, CO37aBaeMoro
I\ GeCKOHEUHO JAWHHBIM NDOBOJIHH-
KOM C TOKOM,
5
y - .
poo a Bi=———) By=-—"—, ()
FHC. o 2% g 25y

e Mo — MArHHTHAs TOCTOSHHAS; W — MardHTHAsA
cpenn (nais Bo3iyxa p=1); ry, ro— PACCTOSIHUS OT IPOBOAHHKOB 10O
nentpa konbla. Hogcrasass (3) B (2), noayuaem

I (1 ! I (ry—r
Bm_—" g IR P o | (r 2) B (4)
2% ro ry 21 rire
HHE,_\,/KHHSI noJist, cO03/1aBaeMoro KOJbLEBEIM NPOBOAHHKOM C TOKOM,
By= i 5)
= . 5]
8 2r3

rie r3 — pajuyc KoJbla. B
Kax BUIHO U3 pHC. 3, BeKTOPHl Bio 1 B3 B3aHMHO NepIeHANKY/IAP-

HBI, IO3TOMY B=1/'B§2_l_3§ WJIH ¢ yueTom BhipaxeHuil (4) u (5)

5 ol /(fl—’2)2+ L
- 9,22 2
2 niryry r3
1:12,56-10—7 Tw/m-5A _ / {(0,3—0.2)2 u? 1
B= ]/n-mnmnrm./»—!_noo,)—
2 Vo o3,142.0,300,2 mt | 0,22 w2

HaHpH}KEHHOCTb MAarauTHOTO NOJsA

H= B H— 32,7-10—6 Ta 26 A/u.
po 1.12,56-10—7 Tr/M
Otser: B=232,7 mxTa; H=26 A/m.
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eKTPOH, IPOHAS YCKOPSIOMYI PA3HOCTE NOTEHIL
BJIeTaeT B OJHOPOAHOE MarHUTHOE IoJle NePHeHAHKYJISAPHO €ro JiH-
HuAM HEAYKOuH. MEngykous nona pasaa 0,01 Ta. Onpenenuts paguyc
TPaeKTOPHH 3JACKTPOHA.

Hano: U=88 kB; B=0,01 Ta; e=1,6-10-19-Ku.

Haiitu: r.

Peiienne. B MarHuTHOM ToJiE C
KYIHACA CO CKOPOCTBIO V Tiep-
NeHAMKYJIsIpHO B, meficTByer cH- 8T\

- n oo I

KHﬂyKIiﬂéﬁ D Ha 3JICKTpPOH, ABU-

aa JlopeHua 2,0 -
F—=evB, (1) 75\' ///
KoTOpas 0GYC/IOBAMBAET LEHTPO- 10t/
CTpEMHTE/IbHOS YCKOpeHHe ’
9J1eKTPOHA I[IpH €ro JBHKEHHH WV
. ] 1 1 1 L I L N
1o OKpyx:KHOCTH: . 077 2 3 4 & 6 1 HMAM
evB=mv¥r, (2 P2 k
Tle m—Macca SJEKTPOHA; e — Puc. 4
€70 B&pAA, 7 — Pajuyc TPaek-
TODHH €0 IBHKEHHs.

D
Ipo#ias yekopsAmoILIyo Pa3HOCTh NOTeHIHa0B U, 8J1eKTPOH IpHOG-
peTaeT KHHETHUECKYIO SHepruio mu?/2, paBHylo padore A cu s7ek-
TpHUECKOro noJst mu?/2=eU. O1ci0ja HaXOAHUM CKOPOCTb 3/IEKTPOHA:

W3 ypaBuenus (2) c yueroM (3) Haiifem pajmyc TpaeKTODHH:
r=Ly/%m

BV
1 /TP LIRR o,
Tem Y T sw0ske

OrBer: r=0,1 M.
3. Conenonn piauso#t 20 cM U AHAMETPOM 4 CM HMeEET MJIOTHYIO
Tpexcaoiinyo 00MOTKy u3 nmposoga auaMerpom 0,1 mM. Ilo o6MoTke

conerHoufa teuer ok 0,1 A. 3aBucumocts B=f(H) mas martepuana
cepleuHrKa JaHa Ha pHC. 4, Oﬁppnonumk HANDSKEHHOCTL U UHIVK-

SACTUTE HADHAMCHHOCTE U HMHIY

OMIO IO B COJICHOHWAE, MAarHHTHYIO [IPOHHIAEMOCTb CEpACUHHKA,

....... a jaHa H

rjge I — cusa TOKa B 00MOTKe,
n=~Nid )

3—209 s




~— YHCJIO BUTKOB, IPHXOAAINXCS HA SAUMHHILY JJIMHBI COJIEHOKAA; N—

o AZcomrrre A nuavern nhoBona, Torn
HUCJ0 CJ0EB OUMOTRH, & — AnNdMUIpY LBpUDUAG. 4V

’ 1.10—4 u
1-10

y

Ilo rpadury B=f(H) HaxOLUM, 4TO HATPSKEHHOCTH 3000 A/m co-
otserctByer unaykuus 1,7 Ta. Hcnomsayst cBash MeX1y HHAYKLHER
HANPSKEHHOCTRIO

n___ ... LT {3\
D=kl1, (4
ATINATATM MATHUTHVIO INOHUIIAEMQCThH
OnpeneanM MArHuTHyIO NPOHMIL
B 1,7 Ta 450

M=o P T 12,560 107 Ta/mo3000 Ajw

W HAYKTHBHOCTb COJIEHOHAA

L=pppniS, (3)

rie ! —pauna, S=nD?/4 — njomaAp NONEPEYHOro CeueHHs CoJje-
noupa. C yuerom (2) mosyuaem

r N2 ,mD? |

—
>
S’

450-12,56-10—7 In/M-32-0,2 u-3,14-42.1074 M2 __ 408 1y

L=
4.1.10-8 M2
06’bEMHa${ MJIOTHOCTb 9HEPTHH MAaArdHUTHOTO IOJAA
w30 = LT T0300AM _ 955108 MTuc/ne,
Y4 V4
Dueprug MATHUTHOTO NOJIS COIEHOWA
LI
W=wSl (5) wm W= .- (6)

IMoxcTaBiass uKkcioBbie AaHHbE B (6), monyuaeMm
W =128 Tu-1.10"242.0,5=0,64 k.

Orser: H=3000 A/m; B=17 Ta; p=450; L=128 Tn; w=
=92,55 gJx/M%; W=0,64 Ix.

4. Ha conexouzn (CM. yCIOBHe M pellleHHe 3ajjaud 3) Ha[eTo H30-
JIEPOBAHHOE KOJBIO TOrO e guaMerpa. Ompenemuts JC HHAyKIHH
B KoJaslie ¥ DA C caMOHHAYKUUH B COJIEHOHJE, €CJIH 32 0,01 c ToOK B
ero o6MOTKe PaBRHOMEDHO CHHXKaeTCs 4O HyJId.

TKe PABHO

Iano: B=1,7 T; D=0,04 m; [;=0,1 A; L=128 I'n; At=10"2¢;

0

Haiitn: &;; &..

Pemenne, [lo ycnosuo sazaun, 3a Bpems At=0,01 ¢ cuaa ToKa
B 06MOTKe CONEHOMA paRHOMepHO ymenbmraercst oT 0,1 A o nyns,

NO3TOMY MAaTHUTHBIH NOTOK, npmnsbmaroumﬁ Jomaab KoJabla S=
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=nD?4, ymenbmaercst or @, =BS 10 ®,=0. 3JIC UHAVKIHY,
HHKaolllasi B KOJbILE,

BO2-

Fo— A% -0 @ Bax
o At At ¢t 4ar
&= LT Tad 1600w o o
= = .
4.10—2¢ '
DC caMOMHAVKIHHK &, ROIHUKAINAS B CONCHORNE TN RIIKT A,
J & f 2iax B COJCHCOHAC NIPH BHLIKKOYE
HHR TOKa B HeM, & ;= —L—— . Tak Kak IPH BHK/IOYeHHH CHJA
TOKa yMeHbLHaeTCH pile] Hyﬂﬂ paBHoMepHO, TO
o A _h=h  hog
d¢ At At JVARGan
& =t g _1BWTw0IA _jo0n
VI 0,0lc :

OtBer: &€;=021 BR: &

U, 21 D &5

5. Butok pamuycom

MATHUTHQR TIOJIA HATTNOIZ AT
S“MTHOC IIQJIC HanpaKen

okoM 1 A momellen B onHOpOKHOE
~ RENON Ao oo

1 OUUVU n/M Tak, 4TO HOpMaJib K
BHTKy cocTaBiseT yroa 60° ¢ HampaBjeHHeM moJs. Kakyio pa6ory
COBEPIIAT CHJIEI IOJIA IPH NIOBOPOTE BHTKA B YCTOHUHBOE NOJNOKEHHe?

T
o
=
e
=3

NHawune « —NNE co T__ 1 A, IT__FEOAN A 2 nno

ARG F=U,00 M £=1 A; 11=00U0 AfM; a=060°

Haiitu: A.

Pemenne, Pabota A npu NOBOPOTE BHTKAa C TOKOM / B MArumt-
HOM 110Jie

A=/r0

A 1
.. (1

AY
’
3necn AD=@,—@, — u3MeHeHHe MaCHHTHOIO NMOTOKA CKBO3b ILIO-
Wane BUTKA S=mur* @;=BS c0S ¢ — MarHUTHHH NOTOK, NPOHH3H-
BalOLIKK BUTOK B HAaUaJbHOM IHOJIOKEHHH, Te & — Yol MeX.Iy BeK-
TOpamu n u B.

YCTORUMBLIM NONOKEHHEM BHTKA B MATHHTHOM IOJIE siBjisercs
Taxoe, IpH KOTOPOM HaNpaBJEHHE HODMAJH K HeMy COBHajaer ¢
BEKTOPOM HHAYKLHH, T. €. cos a=1. CiregoBatenpno, ®y=BS. Takum
o6pasom, AQ=Bnr? (1—cos ). YaurhiBas, 4T0 B=ppeH, nmeem

2

Oteer: 4=2,46-10-5 [Ix.
B 6." N_lammqmqecxuﬁ MasiTHHK Maccoil 20 r xosebaeTcss ¢ aMIIu-
AYAOH O cM. MakcumasibHas CKODOCTb MasiTHHKA paBua 157 cm/e.
Onpeﬂ,eJme HacToTy, MePHOA H LUHUKJIHYECKYIO YacCTOTY : KoJebaHuii,

3* At
of



IJHHY HHTH, NOJIHYIO SHEPTHIO H MAaKCHMaJjbHOe YCKOpEHHe MasfAT-
HHKAa. ,

Hano: m=2-10-2 kr; A=0,05 M; vm=15,7-10"2 m/c.

Haiitu: T; v; o; t; E; am. .

Pemenne. YpaBHeHne rapMOHHUECKHX KoJeGaHHi MasATHHKA

s=Asin (ot +¢p), (¢))]

s A P
FAe §— CMeLleHHe MasTHHKA OT MOJOMKEHHS PaBHOBECHS; A — aM-
JUIATYRA KoseGauuit; o =2m/T — NEKAHUECKas 4acTora; I — mepuoA
Konebauus; ¢ — BpeMs; go — HadasdbHas dasa. CkopocTh KoJeGaHHH

=% = Aw cos (0f -+ gp). (2)
Us (2) creayer, uTo Um=Aw, OTKyA2
¢=_v£; — 15,7-10—2 Mm/c =314 ¢,
0,05 M

cToTa KojeGaHul
Hepﬁi%;/;? T=2.314/3,14 c'=2 ¢; v=1/T; v=1/2 ¢=0,6 T
ITepronx KoNeGaHHH MaTeMATHICCKOTO MaATHUKA

Tie g — yCKOpeHHe CBOGOLHOr0 MajeHHs; | — pnuna masitHHKa. Ha
(3) monyuaem
[=gTY4m)?

¢ 1=9,8 M/ct4c(4-3,14)=1m.
TlonHaa sHeprus MaATHAKE
E=mA%%2;
E=2.10"2 xr-25.10—% M2.3,14% c%2=2,5.10"* ix.
Ycgopenue MaATHUKA

a=%= — Aw? sin (of +gp).

MakcuManibHOe YCKOPeHHe
am=Ac? a,=>5-10"2 m.3,14 ¢ 2=0,5 M/c2.

7. Tlnockasi MEKTPOMATHHTHAS BOJIHA PACNpOCTpAACTCA B Cpe-
e (e=9) u oNMCHBAETCS YDaBHEHHEM uH=2cos 2r(2-107¢—0,2x).
Onpee/uTh NEPHOJ U 4aCTOTY KosieGaHHH, LIUHY BOJHBL H CKOPOCTH
ee pacnpocTpaHeHHs, MATHUTHYIO IPOHHIAEMOCTh CPEelEL.

Iano: e=9; H=2cos 2x(2-107t—0,2x).

Haiditn: T; A; v; u; v.

-]
ot

Pemenre. YpasHenne miockol 31eKTPOMATHATHON BOIHH

¢ x
H=H,cos2n (——=), (¢
T,
rae Hyp, — aMnanTyia KoaeGaHHi BeKTOpa HANDSIKEHHOCTH MATHHT-
HOro mous; T — mepuon KoneGanus; A — NJHHA BOJIHHL; {— BpeMs;
A - IR R

X — KOOpAHHATa. Y3 cpaBHeHHs (1) ¢ ypaBHeHHeM, 3ajaHHEIM B ye-
JIOBHH 3ajaun, BHAHO, 4T0 1/T=2.107c¢™!, 1/A=0,2 M~!, oTkyna
T——1 _

2.107¢—1

@

B 1N
=91V

=

c; =5 M.

70,2 ut

Jnnua BOJHE, HacTOTa, IEPHOL U CKOPOCTH BOJIHH CBSI3AHH COOTHO-
mennsamMy v=MA/T, v=1/T. Torna v=>5 m/(5-10-8 c¢) =1-108 m/c; v=
=1/(5-10-% ¢)=2-107 Ty, CKOPOCTH 5/1€KTPOMACHUTHEIX BOJH CRSi-
3aHa ¢ XapaKTEePHCTHKAMH CPEAHl & H | COOTHOIEHHEM

Y

= Vs— ’ (2)

T 9.1016m2/c2

;
: T=35-10"% ¢; A=5 wi; v=1-10° M/c; v=2-107 Tu; p=1.
8. Jlns mocko#t 3J1eKTPOMATHHTHON BOJMHEL IO YCJOBHIO 324a4d 7
ENJHTD aMIUIHTYLHOE 3HAUEHHE HANPSMKEHHOCTH 3JEKTPHIECKO-
TO MOJd, CPeNHIOI IO BDEMeHH O0BEMHYIO IJIOTHOCTh SHEPTHH U
SHEPTHI0, MEPEHOCHMYIo BOJHOH 3a 10 ¢ uepes miomanky 10 cm?,
NepNeHIHKY/ISIPHYI0O HANPABICHHUIO PACIPOCTPAHEHHS BOJNHEL
Hano: u=1; e=9; S=10 cm2; £=10 c; H=2cos 2 (2- 1074—0,2x).
Haiita: En; (w); W.
Pemenue. B simexrpoMmaruuTHo#l Bosme BekTopst E m H koue6-
JIOTCSI B OLHOH (ase W MOAY/IH HX CBSI3aHBE COOTHOLIEHHEM

VeeoE =V ppoH. (1

T0 COOTHOLIEHHE CNPABEAJUBO H JJIA AMILIMTYIHBIX 3HAUEHHH Hom
H Ey. W3 coornomenns (1) nonyaum

Em=Hm]/ B B9 A/ ]/1-]2,56- 0—7 Ta/M_oe)) B/u.
Ve V' 9.8,85-10-12 ¢/u

MrHoBeHHOe 3HaueHHe 06HEMHOH IJIOTHOCTH SHEPruu BOJIHBL

E2L uu H?

_— \
w=1/, (s 2| ppH12).

A
0 \<«)

C yuerom (1) monyuaem w=eeoE?=puoH2 Cpennee 0 BpeMeHH 3Ha-
YeHHe 06beMHON MJIOTHOCTH

1
(W) =—-poH

(w)=1-12,56-10~7 I'n/m-22 A?/M2.0,56=2,5-10—¢ JIx/m3.
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JHeprus, NepeHocHMas BOJHOH depes miomamb S 3a Bpems f,
W= (w) 0S¢
W=2,5-10"6 Ix/m3-1.10% M/c.1.10—3 M2.10 ¢=2,5 JIx.
rBaTe F _O9BN B/ase /N — O K wereTTer /oc8. TW_OF TT-.
POV LM T= 40U DM, \W /= 4,0 MRAM/M™, W —=4,0 LK.
X 0 TPEAETUTD SHEPTHIO, NEPEHOCHMYIO IIOCKOH CHHYCOHAAIBHON

1, deupULldeﬂIOH.[&PICﬂ B BakKyyMme, 3a

€ CKBO3b MOBEPXHOCTh MJOMAALIO 1 M?, pacrOMOXKeHHYIO MepleH-
AHKYJISPHO HANPABIEHUIO PACIPOCTPAKEHHS BOJNHH., AMIVIATYRA Ha-
IPAKEHHOCTH 3JE€KTPUYECKOro 1moJs BoJaHH 5 MB/M. TlepHon BoaHH

fer

T«i.
Hano: E,=5-10"3 B/m ; T<t; S=1 m% t=1c.
Haiitn: W.

Pemenne. II10THOCTb NOTOKA SHEPrHH (MM MHTEHCHBHOCTH H3-
JyqeHHs) SJIeKTpOMaFHHTHbIX BOJIH onpeaenﬂemn BEKTOPOM HOPIH-
a P=EXH

CKOT'0 U MATHUTHOTO pg_qe[‘/’l B

o EL H, monyuaem

Tax xak E u H B KaX[0fl TOUKe 3/1€KTPOMArHHTHOH BOJHEI MeHs-
I0TCsS BO BpEMEHH II0 3aKOHY CHHYCAa, HaXOLsCh B OLMHAKOBHX (asax,
TO MTHOBEHHOE 3HaueHHe

P=E, sin otH, sin ot=E,H, sin?of, (1)

Takum o6pasom, P sBasiercs ¢yHKIHeld BpeMenu. CoryiacHo oI-
peleNeHnIo BEKTOPa IIOTHOCTH TIOTOKA SHEPTHH HMeeM

_Law

S e @

rae dW — sueprusg, TepeHOCHMas BOMHOH uepes miowanky S sa
Bpems df. M3 Bepaxennit (2) u (1) cienyer, uto

11y no Lt

AW =P8 di=F 1, sin®wf d£S. 3)
Has OnpeleNeHns dW ueo6xomuMO 3HAThL  BeJIHYHHY Hy, KOTOpas

MOXeT ObIThb HAWJe€Ha K3 COOTHOIIGHHS ‘/yegof?nm —*/zuuoﬁ"m, oT-

Kyna
H —F Ve ltun
Im=Lmy Syt
o ycnosuiwo, e=p=1, torga

Ry
1

l
]
‘!7
&

Iopcrasass (4) B (3), moayuaem

AW =1 "¢glvg ExS sin? ot d£.
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DHeprus, HEPEHOCHMaH BOJIHOH 3a Bpem4 f,

5 ‘g _ "__i' 2 ot _ sin2ut
W_l/ E% S sin wtdt—-!/ y,_,E”‘S(_z o )

sin 20t
4o

sin 20t
H WIEHOM ———

apaud, T<{, noaromy % > -

4w

1 8,85.10—12 ¢/n
14 12,56-10—7 Tu/um

=3,25.1078 k.
OtBer: W=3,25-10-8 k.

0,25-10-6 B¥m?-1 mM%1 c=

KOHTPOJILHASY PABOTA Ne 4 (3)

1. JIBa GeCKOHEUHO JJMHHBIX NPSMOJIMHEHHBIX IPOBOJHHKA C TO-
KaMi 6 1 8 A pacmosioXeHbl IepIeHIHKYJAgpHO ApYr Apyry. Ompe-
JequTh HHJTVKTIPI[O n HHHDF{)KPHHO(‘TB MATHUTHOTOQ NIOJIA HA (‘GDPHY/IHG
KpaTyafilero pacCTOSHHS MexjAy NPOBOJHHKaMH, pPaBHOTO 20 cwm.

2, l'[o IAByM OeCKOHEYHO JJIHHHBIM HpﬂMOJ]I/IHePIHI:IM napasJedb-

HUKaM, DacCTOSHHE MEXIYV KOTODHIMH 50 ¢cM, B ©
KaM, pacCTOofHHe MEXAY KOTOPHIMH oU CM
¥

KYT TOKH

v
MeHbIlII/IM TO
1

CM
10 A OpnenenuTs BaceToauue
v n. VIPCALIUHTD pallToa

i
IO TEOMETPHYECKOr0 MecTa TOueK, B
TOPOM MHAYKUHSA Mars [OJIs paBHA HYJIO.

3. Pemntp 3apauy 2 Ajs caydasi, KOrja TOKH TEKyT B OPOTHBO-
NOJIOXKHBIX HANIpaBJICHHAX.

4. Tlo nByM 6eCKOHEYHO INJHHHBIM NPSIMOJHHEHHBIM HapaJielb-
HBEIM IpPOBOZHHKAM TEKYT TOKH 5 @ 10 A B OfHOM HampaBjeHHH.
TeomeTpuyeckoe MecTo TOUEK, B KOTOPOM HHAYKLHS MarHHTHOTO IO-
Jis PaBHa HYJIIO, HAXOAUTCS Ha paccrosgHuu 10 cM oT mpoBoAHMKA C
MeHbIIHM TOKOM. ONpefenuTh PAcCTOSIHHE MeXAY NpPOBOLHHKAMHU.

5. Ilo KosbLeBOMy IPOBOLHHKY paguycom 10 cM TeueT TOK 4 A.
TlapannenbHO IJIOCKOCTH KOJIBLEBOTO IPOBOJHHKA Ha DACCTOSAHHH
2 cM Haj ero LEHTPOM HPOXOAHT GECKOHEYHO NJHHHHE MPSMOJH-
HeHHBIH IPOBOLHHK, IO KoTopoMmy TedeT ToK 2 A. Onpene/nTh HHAYK-
T U nnnnqunnnr"rk MATHHUTHQI'Q TIQJSd R TTPH’I‘nP KOQIbITA. Pac-

8
=
=
]
=
&
e}

0-

(": J"

OTPETh n{‘n BOIMOMHREIE CAVUAH

MOTPETE BCC BO3MOXHEIC CJT yuan.

6. JiBa KpyroBHIX BHTKAa C TOKOM JeXaT B OAHOH IVIOCKOCTH H
uMmeror obuuii uextp. Paguyc Goabmoro BHTKa 12 cM, MeHbIIEro

R e HansaxennoeTs, NOAS B HeUTne RUTKOB papua B0 A/m. ecqnu
O CM. nanpsAXCHHOCTL IIOJAA B HEHTPE BHTKCB paBHa ov A/M, CGIAH

TOKH TE€KyT B OJAHOM HaNpaBJICHUH, H HYJIIO, €CJIH B IPOTHBOIOJOXK-
HOM OHPGREJIHTb CI/IJIbI TOKOB TeKyIJ.lPIX 1o pyl"OBb]M BHTKaM.

K

= :
Q
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4

10 cm ¢ Tokom 1 A. Onpenenuth HanpsXKEHHOCTb ¥ HHAYKUHIO Mar-
HHTHOTO TIOJIS B IIEHTPe BHTKA AJd CJIyyaeB, KOTAA IPOBOLHHUK:
a) pacmosioxeH MEPHEHAMKYJIIPHO ILIOCKOCTH BHTKa; 0) mapaiie-
JIEH TJIOCKOCTH BHUTKA.

8. Tlo KBazpaTHO} paMke co cTopoHo#i 1 M Tewer Tok 10 A. On-
PEleNUTh HANPSKEHHOCTb H HHAYKIMIO MArHHTHOTO MOJS B IEHTpe

amke teuer Tox 10 A. HampskennocTb mar-
pamgn 2,25 A/m. Onpenennth NEPUMETD

©
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ann naMxe co CTONOHOH 1 M TeueT TOK, KOTODHIH
KBazpaTtHe# paMKe Co CTOPOoHOM 1 M TedeT TOK, KOTOD
a

B MKM MAarHHTHOE TI0Jie HaNPSXKEHHOCThIO
2,25 A/m. OnpefeauThb CHIY TOKA B PaMKe.

11. HesakpenseHHb# TPOBOAHHK Maccofi 1 T u aaunoi 7,8 cM
HAXOIUTCA B PAaBHOBECHH B IOPH30HTA/ibHOM MarHHTHOM IOJe Ha-
npsikeHHOCTbI0 105 A/M. Onpenenutb CHy TOKa B NPOBOJHHKE, eC-
JIM OH NePHEHAHKYNAPeH JHHHAM HHAYKIUH MOJSI.

12. Jipa mapauielbHEIX GECKOHEeUHO NJHHHBIX NPOBOJHHKA C TO-
kamu 1 A B3ammopefictBytor ¢ cumoit 0,1 H Ha 1 M BX AJuHHL. Ha
KaKOM DAcCTOSIHHH HaXOAATCA NMPOBONHUKH?

13. Haiitu pagnyc TpaeKkTOPHH IPOTOHA B MArHUTHOM IOJIE C HH-
myxuueit 1 TJ, eciim OH ABHKETCS NEPIEHAHKYJAPHO eMy 4 obxaa-
LaeT KuHeTHYecKo# sneprueir 1 MaB.

14, Kaxoe yckopenye nprofiperaer NpOBOAHMK Maccoit 1 r # 1an-

HOK 8 cM B OJHODOJHOM MArHHTHOM II0Je HaNpsKeHHOCThbIO 1 KA/M,
u

conm cuna Toxa B EeM 1 A a mampamJjeHug TOKA <IIUU B33
eCJIn CHJa TOKa B HeM | A, a HanpabJIeHHS TOKa M MHAYKI

HUMHO MepTeRIUKYIIPHb?

15, Dnextpon ¢ sHepruei 30
JIMHUSIM HHAYKIHE OJHOPOLHOTO
465 A/m. OnpenennTs ciiy Jio
9JIEKTPOHA. ‘

16. MoMeHT uMIIyJabCa NPOTOHA B OZHODOAHOM MAHHTHOM 1OJIE
HanpskenHoctsio 20 kA/m pasen 6,6-10-% Kr-M2/c. HaliTu KunetH-
UeCKYI0 SHEPrui0 IPOTOHA, €ClH OH J[BHKETCs MNeplHeHIHKY/IAPHO
JIMHUSIM MarHUTHON HHAYKIHH IIOJISL.

17. Ha paccrosHun 3 MM NapajjesbHO NPSIMOJIHHEHHOMY AJIMH-
HOMY NIPOBOJHHMKY ABHIKETCS 5JEKTPOH C KHHETHUECKOH sHepruef
500 3B. Kakas cuna 6yner AeficTBOBATb Ha 3JEKTPOH, €CJH IO MPO-
BOAY IycTHThL ToK 10 A?

18. TIpoToH ABHMKeTCSs B MAarHATHOM HOJe HANPSXKEHHOCTHIO
105 A/m mo OKPYKHOCTH PATUYCOM 2 M. HaiiTu KuHeTHYECKYIO SHEp-

THIO NPOTOHA.
19
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NPOBOJHUKAM,
BJEHHH TEKyT

mogu g 10 A Rawvio nafory ua eLUHHLY JIJAVHE TPOBOAHUKOB HYX-

roxu o 10 A. Kaxyio pa6oty na IPORO 1yK
HO COBepLIHTb, 4TOOH PasABUHYTb UX [0 paccTosnus 40 cm?
00 OnHonorioe MAPHHTHOS ToTe HANDKOHHoCTEIo 225 AlM
&u, VAROPUAHRUE MaronTnuc Iivuac HanpPAKCHECCILIO 22420 &y .:'.
JefCTByeT Ha HOMELEHHE B Hero IPOBOXHHUK JIHHOH 50 ¢M ¢ cunoi
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e e O e B e M S B S O VO 0 OO st v RGO M o S SOl

104 H anenenuTL o r
iy 1. VOPCACAnTDb C T i R H
TIATINAN TAIITIEaLITr mAra T v TETTY meamETErazEaTa A i=4
naupgasiConnada TUKA H H ynona MaindTHOrO IO paBeH 4o,

21 l'IepneHzL KYJISIpDHO JIMHUAM HUHAYKUHH OJHODOAHOIO MarHuT-
. Soenaq

HOTO moJsA HHAyKuxel 0,3 T/ ABHKETC NPOBOLHEK IJIHHOH 15 cM co
ckopocTeio 10 M/c, mepmeHauKynApHOf NpoBoAHHKY. Omnpenenuts
3[C, HHLYUHPYEMYIO B IPOBOLHHKE.

22. TlepneHAMKYNAPHO JIHHUAM HHIYKUHA OXHOPOAHOIO MAaTHWT-
Horo moJia uunykuueidr 0,1 MTa mo AByM mapassienbHBIM TPOBOXHH-
KaM JBUXKeTCst 6e3 TpeHHs mepeMmbluka gauuoit 20 cM. Tlpu samw-
KaH{H Uend, CoAepxkallell 9Ty mepembluky, B Heit umer Tox 0,01 A.
OOrllpSnenHTh CKOPOCTb IBHKeHHS nepeMblukH. CONPOTHBAEHHE IeNnH

,1 Om.

3eman.

U, MEPIHLCH, ¢) i ¥
MO0 HampsixeHHocThio 1:-105 Afm, Bpamaercst crepikeHb MJHHOM
0,8 M OTHOCHTE/LHO OCH, DPOXOASILE] Uepe3 ero Cepelnny. B cTepx-
He yuaynupyerca DJC, pasuas 0,1 B. Onpenenuts yriaosywo CKo-
POCTh CTEPKHS.

25. Karymwxa u3 100 BuTKOB momaspio 15 cm? Bpamaercs ¢ ua-
cTorofi 5 I'l B OZHOPOZHOM MarHHTHOM moJe HHAyKuxedt 0,2 Ta.
Ocb BpameHus NePHEHANKYNAPHA OCU KATYIUIKH U JTUHUSAM HHAYKIHH
noas. Onpenenuts Makcumanbiyio DI C HEAYKIHM B KaTyIHKe.

26. Ilenp COCTOHT W3 COJIEHOMAA M HCTOYHMKA Toka. ColeHoun
6es cepreunuka AAHHOA 15 cM W AHAMETPOM 4 CM HMEET MJAOTHYIO
HAMOTKY U3 JRYX CJI0eR MenHoro mporoxa nuamerpom 0,2 mwm. Ilo

cosneonny Tteder Tok 0,5 A. Onpenennts DC camounnykuuu B
COJICHONJe B TOT MOMEHT BpeMeH a
HHKa TOKa, KOrja CHa TOKAa YMEHbIUHNAach B ABa pasza. CompoTHB-
JI€HHEM HCTOYHHKA TOKAa W NMOABOAS e

27. PeummnTs 3agauy 26 mist cayuasi CONEHOHIA ¢ CEPACUHHKOM,
arHWTHast NPOHHI@EMOCTb KoToporo pasHa 1000.

28. Cnza ToKa B COJEHOHAE paBHOMepHO Boazpactaer or 0 10
10 A 3a 1 Mu, npu 5TOM CONEHONN HAKAIIHBAET sHepruo 20 JIx.
Kaxasa 3JIC unnynupyercs B cosenoune?

29. OnHOCJONHEI cOMeHON 6e3 cepieunnKa Aannoi 20 cM H Aua-
MeTpoM 4 cM HMeeT IIOTHYI0 HAMOTKY MELHEIM MPOBOLOM AHAMET-
pom 0,1 Mm. 3a 0,1 ¢ cnya Toka B HeM paBHOMepHO yOniBaer ¢ 5 A
1o 0. Onpeneauts DJC HHAYKUUH B cOJEHOUE.

30. ITo yesroBuio 3anaun 29 onpeneiuTs 3apsj, NPOILELIIUi uepes
COJIEHOH IIOCJIE €T'0 OTKJIIOUEHHS.

31. Uemy paBHa 06BeMHasl MIOTHOCTb SHEPTHH MATHHTHOTO HOJSI
B cosieHoune 6e3 cepIeuHHKa, HMEOIIEro MIOTHYIO OJHOCTORHYI0 Ha-
MOTKY npososfioMm auamerpom 0,1 MM, ecan no Hemy Teuer Tok 0,1 AP

32. Tlo yenorwio 3anaun 31 wafiTn HEPrHI0 MATHHTHOTO NOJS CO-
JieHOHa, ecany ero Anuna 20 cM, a guametp 4 cM.

BHAMOUT TIOCTEe OTRIIOUASIT G ars AT HoTAY.
BPEMCHH HCCJC OTKAIOHCH ero 0T HCTOR-

n
P
K
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33. Tlo cosenonay nnuHofi 0,5 M, HMelomeMy unucao BUTKOB 250,
Teqer Tok 5 A. [liomans nonepeusoro ceuenus 25 cm? B coderoun
BCTaBJIeH KeJle3HHH ceplleynHK., HaliTH 3HeprHi0 MarHUTHOTO MOJS
conenoufa. 3aBucumocts B=f(H) nana ua puc. 4.

34. KBanparHas pamka co ctopoHoll I cM comepxknut 100 BHTKOB
4 HOMElleHAa B OJHOPOJHOE MAarHHTHOE IOJ€ HaNpSXKEHHOCTBHIO
100 A/m. Hanpasnenue nons cocrabaseT yron 30° ¢ HOpMAJBIO K
pamxe. Kagast pa6ora coBepIlaeTcst ipH moBopore pamku Ha 30° B
OJ(HY M ADYTYIO CTOPOHY, ec/iH no Heli Teder Tok 1 A?

35, Ilo ycnoBuio 3azaun 34 onpenenutb paboTy IPH IOBOpPOTE
paMKi B NOJIOKEHHe, IPH KOTOPOM ee IJIOCKOCTh COBIajaeT C Ha-
IpaBieHHeM JHHKEH HHAYKIHH MOJS.

36, Tlox peficTBUEM OTHOPOSHOTO MATHHUTHOTO MOJS Iep
JISIPHO JIMHUSIM HEIYKUMH HAUHHAT NepeMellaTthC

ANOBOANEX ¢ cunol Toxa 100 A u maccoft 20 r. Kaxoli Marum
NPOBCAHHK ¢ CHJCH TCKa 1VV A H MacCCCH ZU I, A&K0H Marmx

HOTOK IlepeceyeT 3TOT MPOBOJHHK K MOMEHTY BPEMEHH, KOrAa CKo-
pocTs ero 6yner paBHa 10 m/c?

37. IIpoBoaH¥K ¢ TokKOM 1 A mjuHO# 0,5 M paBHOMEPHO Bpaiila-
€TCsi BOKPYT OCH, HPOXOASIIEH 4epes ero KOHell, B IVIOCKOCTH, Mep-
HNEeHAHKYASPHOA JIMHHSM HHAYKIHH MarHUTHOTO NOJs HanpsAXKeHHO-
creio 100 A/m. 3a 1 Mun Bpamenus coBepmaercsa pabora 0,01 JIx.
OmnpenenuTs yrioByI0 CKOPOCTb BpallleHHs DPOBOJAHMKA.

38, OpHoponHOe MarsuTHOE NoJe, 06beMHast IJIOTHOCTh SHEPrHU
kotoporo 0,4 JIx/m% HelicTByeT Ha NPOBOAHHK, PAacCHOJIOXeHHHH
HepIeHANKYNAPHO JHHUsM HEAYKUHH, cuiod 0,01 H na 1 cM ero
nawael. OnpenenuTs CHIY TOKA B MPOBOJTHUKE.

39. ITo o6MoOTKe cosleHOMAA C mapaMeTpaMH: YHCJIO BHTKOB —
1000, mauma —0,5 M, auamerp —4 cm; Teuer Tox 0,5 A 3amucu-
MmocTs B=f(H) nnsa cepieuHHKa faHa Ha puc. 4. Onpexenuts MoTo-
KOCLEIJIEH e, SHEPTHI0 ¥ 0G'BEMHYI0 INIOTHOCTb SHEPTHH COJIEHOHAA.

40, O6moTka codcHOHAa uMcer comporusaenue 15 Owm. Kaxosa
€ro HHAYKTHBHOCTb, €CJH NpH npoxoxjeHuH Toka 3a 0,01 ¢ B Hem
BBIZEMAETCS KOJMUECTBO TEMJIOTH, JKBUBAICHTHOS FHEPTHU
HOrO I0JIst COIEHOuLa?

41. K npyxune xectkocTsio 8 KH/M nopBsemen rpys, KOTopsii Ko-
ge6nerca ¢ ammantynoi 1,56 cM. OnpenenuTh MaKCUMa/bHYHO KHHE-
THYECKYIO SHEDPIHIO I'py3a. . )

42, Marepuajbuas Touka, Macca KoTopoi 4 T, Koaebjercs ¢ am-
nautynoit 4 cm u gacrorodt 0,5 'm. KakoBa CKOpPOCTb TOUKH B HOJIO-
KEeHuH, rae cMemenne 2 cm?

43, Amnautyna KoJeGaHHsi Ipy3a, NOJBEIIEHHOTO HA NPYXKHHE,
2 cM, MakcHMaJbHas KuHeTHueckas sHeprus 0,4 JIx. Onpepenutdb
JKOCTKOCTb NIPYXKHHBI.

44. YpapHeHWe TAaDMOHHUECKOTO KOJIeOaHHS HMeET BHI S=
=2c0s(150¢+40,5). Onpenenuth aMIVIUTYAy, 4acTOTY, HEPHOL U Ha-

uanenyio hazy KoneGanud.

M
m
=
(o]
=
o]
o
vy e
m
=
e e

-

=
<

MATHUT-

45. Mns matepuanbHoil Touku Maccoit 10 r ompeneauTs MOJHYIO
SHEPrHIC M MaKCHMAJBLHYIQ BOZBDAMAOIMYIO CHJY N0 YCAOBHIO 33-
nauu 44

46. OmpenesnTs UHKIHYECKYIO YACTOTY KOJNeGAHHH B S/EKTpHYe-
CKOM KoZnefaTelbHOM KOHTYDe, €C/i MAaKCUMAJlbHAS CUJa TOKA B

KaTyllKe HHAYKTHBHOCTH 1 A, MaKCHMaJIbHasi Pa3HOCTb MOTEHIHAJIOB
Ha o0knajKax Koniencatopa 300 B, a sueprus xoutypa 0,15 mIx.

47, T1o veaoBuo 2a1aun 46 onobepenuTs me
=4, 110 YCJOBHIC 3aZavuy 40 ONPEACHHTL €
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HacTOTy Kodie-
GaHMi B KOHTypE.

Uanan e A o e oo

0. epes 0,25 MKC IIOCJ/iE BEJIO A KOJICUATE/NbHOTO
9Heprusl MarHUTHOTO NOJIA KaTyUIKH CTajla paBHA SHEPrUH 3JEKTPH-
YeCKOro MoJa KOoHAeHcatopa. Onpepesnuts 4acToTy KodeSaHui, Bo3-
HHKAIOIHX B KOHTYPE, €CH TOK B KaTyUIKe HHAYKTHBHOCTH H3MEHS-
ercs 1o 3aKoHy /=/ sin of.

49. MartepnaJpHas ToYKa MMeeT Haubosbliee cMemenne 0,25 M
H MakcuMamehylo ckopocts 0,5 m/c. Hamucath ypaBHeHHe rapmo-
HUYECKOTro KoMe0anus H ONpeNeJHTh MAKCHMAalbHOE YCKODEHHE
TOUKH.

50. KoneGaTebHEIN KOHTYP COCTOMT H3 KATYIUKH C WHAYKTHBHO-
cTbio 2,5 MI'H ¥ BO3AYIIHOrO KOHZeHcaTopa eMKocThio 10 md. Bo
CKOJIbKO Da3 H3MEHHTCS JacTOTa U IMepuon KoJeBaHuf, ecau p

€ H,
Mexny 06KﬂaﬂKaMH KoHAeHncaTtopa 3anoJHUTh 6aKeauTOM?

51, VnaeHenue naockofl 3JeKTPOMATHHTHOR BOJHLL D2

51. Ypapuenne nmiockofl SMeKTPOMATHHTEOR BOJIH, pacmpocTpa-
HsoLeHCs B cpene ¢ pu=1, umeer Bun E=10sin (6,28-108/—4,19x
OnpencanTs AHICKTPHIECKYIO POHALAEMOCTb CPE/, AJHHY BOMHBI

H CKOPOCTb €€ PaCIpOCTpaHeHHus.

52. Tlo ycnoBHI0 3aKaun 51 OMpPeneNHTL SHEPTHIO, MePeHOCHMYIO
BOAHOH 32 1 MuH uepes miomanky 100 cm?, meplneHAUKyAApHYIO Ha-
IPaBJEHHIO PACIPOCTPAHEHHS BOJHBL

53. TIyocKast sJeKTpOMarHuTHas Boaua E=100sin (6,28 108+
+4,55x) pacmpocTpaHsiercs B BemecTBe. ONpPeNeNHTh AHAIEKTPHUE-
CKyIO MPOHHIIAeMOCTb BellecTBa, ecau p= 1. i

54. [To ycopuio 3agaun 53 ONpENeNIUTL SHEPTHIO, NEPEHOCHMYIO
BosiHO# 3a 30 ¢ uepes miomaznky 10 cm?, pacmnoJ0KeHHYIO MepHIeHIH-
KyJSPHO HalpaBJeHHIO PacCHPOCTPAHEHHUS BOJHBL

55. YpaBHeHHe DJIOCKOH MeXaHUUeCKO JIHE!

i BOJIH acn
wefica B ynpyro#t cpene, uMeer Bug s=1.10"8sin
pacnpoc

6280(—1,256x).

—_—~

OQnpenenuTs MJUHY BOJIHE H CKODOCTE €8 Thagen
OnpenesuTs 1JAuH Y BOJIHBI H CKOPOCTE ee T eHH

0

acnp 1CHHS.

56. ITo ycaioBHIO 3afaun 55 ONpelesHTS, y}lJlﬂPKaKOI‘ MOMeHTa
BPEMEHH CMellleHHe TOUKH, yAaneHHol Ha 1 M OT UCcToOuHNKa Koaeba-
HHs B HANPA&BJICHHH DACHPOCTPAHEHHS BOJHBI, PABHO HOJOBHHE aM-
ITHTYIBL.

57. BoJIHBL B YNPYTO#i CPeNe PACHPOCTPAHSIOTCS €O CKOPOCTHIO
}\5 M/c. Uemy paBHo CMelleHHe TOUKH, HaxoAsenRcs Ha paccToaHun
3 M OT HCTOYHHKA KoseGaHuil, yepes 4 ¢ oT Havana KoneGauui? Ile-
puox Kojebanuit 1 ¢, aMIIATyRa KoseGaHui 2 cM.

58. B cpene (e=4, p=1) pacupocTpansercsi WIocKasi 3JeKTPO-
MarHUTHAs BOJIHA. AMIVIHTY/a HATPSKEHHOCTH 9J€KTPHYECKOro OISl
100 B/m. Ha ee myTu meplmeHAMKYJNAPHO HaNpaBJeHHIO PACIPOCTpPa-
HEHHsI PaCHOJIoKeHa HOIJIomaloIasi MOBEPXHOCTb, HMELLas Hopmy
Kpyra paauycom 0,5 M. Kakyio sHeprumo NOIVIOTHT 3Ta MOBEPXHOCThb
3a 1 mun? Ilepuon BoaHbl T 1. '
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59. OnpefienHTh 5HEPrHIO, KOTOPYIO mepeHocHT 3a 0,5 MuH mio0-
cKas 3JEKTPOMAaTHHTHAS BOJHA, paclOpocTpaHsiomascs B BO3AYXe,
CKBO3b Miomagky 10 cM?, pacIOJOXKeHHYI NepIeHIHKYJIApPHO Ha-
NPAaBJEHHI0 PACHPOCTpaHeHHA. AMIVIHTYAa HHIYKUHH MAarHHTHOTO
noas soaHb 3,33 nTa. [lepuoxn Boaunl T< L.

60. B cpene (e=6, p=1) pacmpocTpansierca mI0OCKas 3/EKTPO-
BOJIHA. UTYIA HANDPSMEHHOCTH MATHHUTHOTO IOJA

0,65 A/m. OnpeRennTb 5HEPTHIO, NEPEHOCHMYIO 3TOH BOJHOH 3a
B

nemea 1 vun exBo3y naomanky B0 eom2 nacmonox
pacnoJox

)
o
T
d
5

=1

@

pema ! MEH cxBo3p mucIiazxy B0 cM? y
KyJISIpHO HANPABJEHHIO pacmpocTpaHeHHs BOJHHL. Ilepuo,
Tt

BOJIHBE

V. BOJTHOBASl ONNTHKA.
KBAHTOBAS NNPUPOJA U3JYUYEHUSA

MOACHEHUY K PABOYEW NPOTPAMME

B mHacTosiiee BpeMs BOJHOBAs ONTHKA SIBJSETCH YacTbio OOILIErO YYEHHS O
pacnpocTpanenns BoJiH. IIpn n3yuenun ssnenufi wurepdepenuny, nudpakuuy, o6b-
SCHSIEMEIX ¢ NO3HIKMI BOJHOBOH NpPUPOAB CBETA, CTYAEHT AOJIKEH 00pPaTHTL BHU-
MaHHe Ha OGLIHOCTb 3THX SBJIEHHH IJIst BOJH JM0GoH mpupoisl. Ho ceeToBHe BOJ-
Hbl MMEIOT CreUHduYecKne OCOGEHHOCTH: KOTEPeHTHOCTb, MOHOXPOMATHUHOCTD, KO-
TOpHE OGYCJOBJACHL KOHCYHOH AJHTCALIOCTBIO CBEYCHHS OTASABIONC aToMa.

Ipu usyuennn uHTephepeHlnn cBeTa 0coG0e BHHMAHHe CJIelyeT OOpaTHTbL Ha
TaKue BOIPOCH, KAaK IIBETAa TOHKMX ILIGHOK, NOJOCH PaBHOH TOJNIIHHBI H. PaBHOrO
nakaona. ClefyeT MOMHUTb, YTO IPH MHTep(epeHLMH CBeTa MMEET MeCTO Cymep-
NO3HIMS, CBS3aHHAf C Hepepacnpelle/ieHHeM 3HEPrHH, a He C B3aHMOJeHACTBHEM

o - B T

Paccmarpubasi sipjiicHHe ARGPaKIid, HeoDXOANM C i H
JIsl, yMETb HOb30BAThCH I'PAPHUECKHM METOAOM CJOXKEHHs aMIJHTYA, 4TO OyZer
cnocofCTBOBATE NOHEMAHHI0 Aubpakiuy Ha OXHOH mean, AMQPAKINOHHON per

xe. Kpome Toro, Heo6X0AHMO H3YUHTh AH(PAKUHIO HA IPOCTDAHCTBEHHOH pelleTKe

H yMeThb TMOMb30BaThest dopMmynolr Bysanda — Bparros, asisiomeficas OCHOBHOK B

DEHTTEHOCTPYKTYDHOM aHAJH3€, HMeIOmeM BaKHeflillee NPakKTHYeCKoe NPHMEHEHHE.
iayuenne sBieHni uHTEpPepeHUNH U AHPPAKUMN CBeTA AOJKHO NOATOTORUTH

CTyLeHTa K NOHAMAHHIO OCHOB BOJIHOBOH (KBAaHTOBO!) MeXaHHKH H (QU3HMKH TBep-

noro Tena

JOTo_Teaa.

ITomepeuHocTh CBETOBBIX BOJH GBla SKCNEPHMEHTAJIbHO YCTaHOBJeHA NpPH H3Y-
UeHHH SIBJIEHHs IOJSIPU3allid CBETa, KOTOPOE MMeeT GOJbIIOe MpPaKTHUECKOe HpH-
Metienne, [Ipu M3yueHuu 3TOTo sieHusi 0co60e BHHMaHHe cjelyeT OGPATHTH Ha
CIocoGsl NMOMYUeHHs] MOJSIPH3OBAHHOIO CBEeTa U IPHMEHEHHe 3aKOHOB Dplocrepa,
Maunioca, na sBieHHe BpallleHHs MIOCKOCTH NOJSIPH3ALMK B KPUCTALIAX M PACTBO-
pax, sidext Keppa.

Visyuasi siBneHue AuCHepcun CBeTa, HeOGXOMMMO YSACHUTH CYLIHOCTB 3JEKTPOH-
HOIl TEODHH 3TOTO SIBIEHHS, OTVIHUME HODMAJNbHON IHCIEPCHH OT aHOMAJbHOM.

Yerko NpeACTaBASTL Takhe NOHATHA, Kak (a3oBas W TPYNNOBAR CKODOCTH,
3HATh CBSI3b MEXJAY HMMH M HOKa3aTb HX DABEHCTBO NIPH OTCYTCTBMH IMCTIEPCHH.
CJIEJIyeT NPeACTaBNATh, YTO IIPU JBHIKOGHUH 3apsAKEHHBIX YaCTHL B BeLLECTBe B
TOM cilyuae, KONa WX CKOPOCTb [JBHXKEHHsS NMpeBHIIaeT (a3oBYI0 CKOPOCTh CBETO-
BHIX BOJH B 3TOH cpefle, BO3HHK4eT H3/iyueHue Basmnosa — Hepenkosa, KoTopoe
HYXHO DAacCMaTPHBATB KaK KiaaccHueckoe fARJIeHue.

Tlepexon or xiaaccuyecKoH (GH3MKH K KBAHTOBOH CBf3aH ¢ NPOGIEMONl TemIo-
BOTO HM3JIYYEHHS M, B YaCTHOCTH, C BONPOCOM DAacCHpefeldeHHsl SHEPruy 110 YacToTaM
B CIIEKTpe TepHOTO Tesna. Misyuasi Temy «KBaHTOBas Mpupoja us/IyueHHsi», HeoG-
XOJMMO 3HATb rHNoTe3y IINaHKa 0 KBAHTOBAHHM SHEPTHH OCUMJIISATOPOB M YSICHHTD,

uro ma ocHoBammm GOpMyAn Iliamka MOTyT 6HTB Monyuenn 3axoHit Crehana —

ITO Ha OCHOBARHH @ AyAR 1LIaHK2 MOTYT OBITE NOJYUeHEB! 3aKCHE UTeaHa

Bonbumana u Buna.
76

i otk o AT

PaapuTHe runortesnl IlnanKa npuBeso K CO3LAHMIO NPEACTABJIEHHA O KBaH-
TOBbIX CBOACTBAX CBeTa. KBaHTHI CBeTa MOJyuwiu HadBanue (OTOHOB. C MO3HIMH
KBAHTOBOH TEODHH CBeTa OOBLACHAITCA TaKHe SABJIEHHS, KAK (DOTOAIEKTPHUECKH
a0dekr u spdexr Komnrona. Ilpu uayvemnn doTosbderra ciexyer smath dop-
Myay DiHmTellHA M Ha ee OCHOBAHHA yMeTb OOBACHHTH 3aKOHOMEPHOCTH, YCTAHOB-

manurra (mamranAnt e
JISITHEIE UTOJETOBLIM,

Pacemarpusas sddext KomnroHa, Heo6xoauMo o0paTHTh BHHMAHHE Ha YHH-
BEPCAJIbHBIA XapaKTep 3aKOHOB COXPAHEHMsI, KOTODhe OKa3bIBAIOTCS CIPaBeMIHBH-
M B KaXK[OM OTAeNbHOM aKTe B3aMMONEficTBHs (OTOHA C DAEKTPOHOM.

HMaywas cBeTOBOE AaBleHHe, BAaXKHO NOHATb, YTO 3TO SIBJIEHHE MOXKET GOHITh
00bACHEHO KaK Ha OCHOBE BOJHOBHIX NPEICTABJIEHHA O CBETE, TaK K C TOUKH 3pe-
HAS KBaHTOBOH TeOPHH.

B uTOTe H3YUeHHs 3TOro pasfena y CTyAEHTa JOMKHO cOPMHPOBATHCS Nped-
CTaB/MEHHE, UTQ EKTPOMATHHTHOE M3JIYUeHUE MMeeT NBOHCTBEHHYIO KOPHYCKYJISp-
HO-BOJIHOBYIO TMPUPOAY (KOPMYCKYJAPHO-BOJHOBOR Jyannsm). KopmyckyaapHO-BOM-
HOBOJi  JyaJu3M — NPOSIBJICHHE B3aMMOCBASH [BYX OCHOBHEIX (OpM Mare-
PHH: BelllecTBa ¥ NOJS. '

Kourposibtas pabora Ne b nocTpoeHa Tak, 4TO II03BOJSET IPOBEPHTb 3HAHUS
CTyACHTOB 1O pasieny «BofHOBas ONTHKA W KBAaHTOBas NPHPOLA WUSJAYUEHHS>.
B mHee BK/MOYEHH 3aflaud Ha PacyeT KAPTHHH HHTepPPEPEHIUH OT ABYX KOTepeHT-
HBEIX HCTOYHHKOB, HHTeP(EPEHUMIO B TOHKHX INIEHKaX, MOJOCH PaBHOH TOJIIHHEI H
pasnoro xaknaona. Tema «Judpaxnus cBera» npelcraBieHa 3afadamu: XuGDaKIUA
B mapajielbHBIX JyYaxX Ha OJHOH WIeNH, Ha MJIOCKOR H NPOCTPaHCTBEHHON IH(pak-
UUOHHEIX pelleTKax.

3anaun no TeMe «[IoJSpH3aUMs CBeTa» OXBATHBAIOT TaKKe BOMDOCH, KaK
fIpuMeHenHe 3aKOHOB BplocTepa, Mamoca, ncnoab3oBanue dopmyn ®@peseas Aias

onneeennd CTONCHH NOJASOH3ALNHE. BOAHICHES NJAOCKOOTH NOAADH3alNE B $acThs
ONpeLC/eHHA CTENCHH IIO/SpH3alHy, BPpAaHICHHC NJICCKOCTH NOAADH3AUHH B pacTso-

pax M KpHCTaMNAX. .
3ajaun Ha AUCIEPCHIO H NONIOLIEHHE CBETA 3aTPATHBAIOT TAKHE BONPOCH, KaK
onpelenenne $pasosolt u rpymmoBoil ckopocrd, addekr Baruniosa — Uepenkosa.
3amayn no TemMe «KBaHTOBas NPHPORa H3JAYUEHHS> BKJIIOUAIOT 3aKOHHI [Tel-
JI0BOTO u3aAyueHHs, porosddexr, shdext KoMnroHa, AaBleHne cBera.

OCHOBHBIE 3AKOHbI U ®OPMYJIbI

OnrHyecKas pasHOCTh X0AA A = sang — 51y

Vonanua wurandh ar 'y A L mdlim__0 1
Venosne yutepGepeHNUCHNONC MaKCHMyMa A=tm{m=20,1,2,..)
A
Venosue uHTEpbePEHIHOHHOTO MHHHMYMa A=+ (2m— ”_‘2—
(m=1,2,...)
IlInprHa HHTeppEepEeHIUOHHHIX NOJIOC B ONbITE M
I0nra A =—
d
Onruuacras na3uHoOTL XON2 B TOUKEY mnen- . YR VA=Y oy
OnTHYeCKaa PasHOCTH XO0A4a B TONKHX IVIEH A==2d ¥ n%— sin%
KaX B NPOXOJNsINEM H OTPAXKEHHOM CBETe
A oy o
A=za y fc— 8ili<i +——
2
Panuvew epernux ¥ memuny wonen Homomous VAP (g — 19 \
PajHycH CBETMHX H TeMHHX Kojel Heiotoma rpm=Vm\R (m=12,...)
B NPOXOASMEM CBeTe (HAH TEMHBIX H CBET- I
JIBIX — B OTPaXXeHHOM
paxcento) = ]/(Qm—l)-—R
1 2
(m=12,...)
Panmycu 30 ®penelss A CHEpHUECKOTO H rm =V mhab/(a + b)
IIIOCKOTO BOJIHOBOTO (poHTa (m=1,2,...)
rm=V mk6 (m=1.2,...)
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Hanpasienus AHQPAKUHOHHHIX MaKCHMYMOB =0,
H MHHHMYMOB OT ORHOH LIENH A
‘ a sin ¢, = i(?m—;—I)—?—
(m =i ,'2, .. ),

asingp,=+mk (m=1,2,...)

Hanpas/ienust IMaBHEX MaKCHMYMOB AHGpaK- ¢ sin ¢p=Hmh (m=0,1,2,...
LIHOHHON DEIIETKH

DPoanamammras onocs : i 2
Paspemaiomas Cnoco o x
peleTky R= e =mN
®opmyna Byabnda — Bparros

Crenenk noasIpu3aANAY

2dsing, =mk (m=1,2,...)

3akon Bprocrepa
3akon Mamoca

Yroa moBopoTa IVIOCKOCTH NMOJIAPH3ALHH CBETA @ = acl
B KDHCTAMIAX H DACTEODAX ©=—=qal
B KPHCTaJJIaX H PacTBopax ¢ =af,
®asoBast CKOPOCTb CBETA v=c¢/n
r [ ( - A dn )
NnoBasA CKOPOCTb CBETa U= —_——
by P n n dix
dn
Jlncnepcus Bemecrsa D= Tdi_
Hanpasnenne uanyuenns Basuiosa — Uepen- ¢
KoBa cos fa= ——
. n
3akon Credana — Bonbumana Ry =aT4
5
v
3akoH cMellenHs Bura Amax = -

JlaBnenne cseTa NPH HOPMANbHOM najeHHU
Ha MOBEPXHOCTb

¢
Sueprus hoToHa E=hpv=—"

P ® X
VYpaBuenne DfinmTefiHa 14 BHemHero Goro- hv=A+E,
adexTa
HsMenenne AJHHE! BOJHH npu 3¢dexre Komn- AN =k (I — cos 6)
TOHA

h he
KOMITOHOBCKAS ANHHA BOJIHEL A= =
mge £g

KA BEIeCcTRA C

RemecTBa

3aTeNIeM IIDeJIo

3aTCe/ICM IIpEJIo

5, MEHBUIHM, 4eM y CTeKJa (mpocBeT/ieHue onTtuku). Ilpm
KAKOH HauMeHbIUeH TOJUIUHE IJAeHKU oTp e o

ax

sonun 0,72 mMxM He Oyzer HaGmofaThCsl, €CNH yroJ najfeHus Jy-
gelt 60°?

Haun: n— 19K — 0N 79 wwwme —AN°

Bano: n=125; 4=0,72 mxm; {=60°

Haiit: dmin

Pemienne. Onrtryeckash pasHOCTb XOA@ Jjydel, OTPameHHBIX OT
HIXXHEeH U BepXHell moBepxHOCTel MJIEHKH (pHC. 5),

A=2d4V nT—sin%}, $))

rie d—TONMHWHA TJEHKH; A — N0KA3aTeNb HUS U ;
i—yron nafesus jayueil. B Bupakennn (1) yduTeHo, uTO OTpa)eHHe
yefi Ha OBOHMX  HORB

an
HCH Ha QOOO0HX HOBCPXH

JIY 0

a1y 0
NPOHCXOAUT OT ONTHYECKH GoJee
JOTHOH Cpelbl H MO3TOMY IOTEpH
MOJIYBOJIHE B OGOHX CJIy4asx KOM-
HEHCHPYIOT APYr JApyra. YcjaoBhe
HHTeP(EPeHIIMOHHOTO MHHUMYMA

=1

A s 2. Y R o 1 0O \
A=t em—1)— (m=12,.)

2) Puc. 5
rae A— IJnHa BOJHE cBera. [lon-

crapasast (1) B (2) m yunTeBasi, uto BHIpaxenue (1) MONOXKHTENb-
HO, TOJyuaeM

2an7—sin2i=(2m—l)%. (3)
M3 (3) nafinem BO3MOXHEIE 3HAUEHUS TOMMIMHD! MJICHKH:
2m — 1)L
g Gmo)
4V n2 = sinZi )
Haumenbinas To/muHa IIeHKH Habmiofaercs opw m=1:

dmln'_ 4 1/

0,72.10—0 m

TR 4 V(1,252 — sin2 60°

OtBet: dpin=0,2 MKM.

2. Tlocrosinast XMOPaKUHOHHOR pemerkd 10 MKM, ee WIHpHHa
2 cM. B CHeKTpe KaKOTO NMOPsAfKa 5Ta pelleTKa MOMKET paspelliTb
Ay0Jjetr Ay=486,0 HM U Ay =486,1 um?

Hano: c=10 mxm; [=2 cm; A, =486,0 uM; A,=486,1 um.

Hantu: m.

Pewenne. Paspewaromas cnoco6uocTs HbpaKIHOHKOMN peIIeTKH

o .
R=H=mN, (1

rae AA— MHHHMaJbHAsS Pa3HOCTb AJHH BOJH [BYX CHEKTPAJIbHBEIX
JHHHE A H A+ A), paspeuraeMHx peuleTkoi; m — MOPSAOK CHEKTpPa;
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N —qucqio meaei DeIIEeTKH. Tak Kaxk nocrtosHHas PEeleTKU C eCTb
paccTosiHie MexXAy cepeinHaMH COCEAHHX mwedei, 7o

- N=T ’ (2)
rae | — wupuua pemerku. M3 gopmyan (1) ¢ yuerom (2) Haxonum
M=t = ©)

miN mi

JyGaer ceKTpaabHEIX JHHHA A; H A CyAET paspellen, ecin

M Lh—AL )]
nnnnnnnnn (2N w (AN A vmamaw mora urn A — % TTonmymaan
L10ACTABIIAR \0) B \T), L yACIUM 1UIU, 31U /= 4v]y Uy AN
(201
- KL hg— AL ®)
ml

Us Bripaxkenusi (D) caemyeT, 9to AyOJeT Ay H Ay OyIeT paspelleH Bo
BCeX CIEKTPax C MOPAAKOM

e
m>—1
v 1=t
T1IpoBoAst BHIYKC/IEHHS], MIOJyYaeM
chy . 10-10—6 m-486,0.10—9
12y 9.10—2 m.(488 1 . ARR 0).
g —N) 2-10—2 n-(486,1 - 486,0)

-3
»
=
=
Y
=
3
!
=
©
=
)
@
-
=
Ie)
=
L
]
[S]
3
Y
©w

3. HHEI CBET N3flaeT Ha NOBEPXHOCTE
VIIOM HOMLcH Tonanusanuy. CTenens noagns
yrioM nodauoi noaspusanud. CTenedp MOJAPH
ayua cocrasaser 0,124. Haiitu kosdpduumuent

: 24,

Peuwenne. EcTeCTBEHHBIH CBET MOXKHO NPEJCTaBHTh KaK HaJjoXe-
HHe JBYX HEKOTepPeHTHHIX BOJH, NOJSPH30BAHHEIX BO B3aHMHO Iep-
MEHAHKY/ISPHBIX ILIOCKOCTAX H HMEIOUIMX OJHMHAKOBYIO HHTEHCHB-
HOCTB

Iy=1., (1
rae uanekce || 1 L o6oznauaioT KosebaHHs, MapaJjenbHble H Nep-

NEeHAUKYJsDHbIEe JIOCKOCTH NAaJAeHHUs CBE€TA Ha NMOBEPXHOCTb NH3JIEK-
TPHKA, NPHUYCM HHTCHCHBHOCTDL Majaimouiero cBera

I=1,41,. 2)

Hp}‘} NaZeHUH CBeTa oL yriacMm nosuoH NOJLPUBANNY QTPAMAKTCH
TONLKG BOJHLL MOJSDHI0BAUULIE B NJOCKOCTH, TMeDNeHIWKVIGNnHOH
TCJLKC BOJIHEL, NOJAPDH3CBAHHBIC B IJICCKOCTH, MNEPHNCHIAHKYJIAPHOH
MJIOCKOCTH HajeHHs. B NPEJOMJIEHHOH BOJIHE npeo6naﬂaxoT oneba-

I"=Iy+1.. ©)
80

CocraBasiomue HHTEHCHBHOCTH HpeJIOMJIeHHOI';l BOJIHBL

=1, I.,=I,-"I, 4)
rae I’ — HHTEHCHBHOCTH OTpaxeHHoro csera, Creneds noaspusanun
NPEJIOMJIEHHOrO JIyua

” [max [m!n IH_IL l!—[l =
p 7" s YA m * )
4max T ‘min fy T AL
C yuetom paBercts (4) u (1) BhpaxeHue (5) MOXHO IPEACTABHTDH
B BHIE )
Iz
7
= 6)
KosdduunenT nponyckatus csera
[Il !ll .
T=m——=— {7y
I I 1"
HJIH ¢ yueToM Belpaxenus (6)
1
T=—
L+ p”
IpoBons BEIYHCTEHUS, NOMTYUaeM
1
T=— =0,89.
140,124
Orser: =080
Orser ,89.
4. VIHTCHCHBHOCTD €CTECTBEHHOTO CBeTa, HPOIMIEALIErc Hepes mo-

n ,
eHbIMIack B 2,3 pa3a. Bo ckoabko pas oHa yMeHb-
IIUTCA, €CJH 3a ICPBLIM IOCTABHTH BTOpOI:I TaKol XKe IONAPH3aTOpP
ot ! p Py
TZ‘IK,"‘{TOOLI' )]’{‘OJI AMS?KAy ’I:I’}\(AI‘JIaBHbIMI/I IVIOCKOCTAMH OBLJI paBeH ou™¢

Aano: io/[y=2,3; a=060"

Haiitu: [0/[2.

Pewenne. EcTecTBeHHBIA CBET MOMXKHO NPEACTABHTL KAK HAJIONKE-
HHe IBYX HEKOTePeHTHBIX BOJIH, HOJSPH30BAHHEIX BO B3aHMHO Hep-
HBHIU/IKYJIHPHBIX IIJIOCKOCTSX H HMEIOHMIHX OJAHHAKOBYIO HHTEHCHB-
HocTb., MneanpHblff IOJIsSIpH3ATOp mHpomyckaeT KoJeGaHus, napad-
JieJibHbIE €T0 IVIaBHOH MUIOCKOCTH, H IOJHOCTLIO 33aJepxKHBaeT KoJe-
Ganus, MepleHAHKYAspHBIEe 5TOH miockoctd. Ha BEixoae u3 mepBoro
NOJIAPH3aTOPA MOJYYaeTCsl MJIOCKOMOJSPH30OBANIILIA CBeT, HHTEHCHB-
HOCTb KOTOPOTO C yYeTOM IOTePb Ha OTpaskelHe M NOrJIOIeHHe CBe-
Ta NOASPH3ATOPOM paBHa

Iy=0 o (1— k), (1)

rae lo— HHTEHCHBHOCTb €CTECTBEHHOI'O CBeTa; R — KoahPHUHEHT,
YUHTHIBAIOIMM{ ITOTePH Ha OTpa)xKeHHe H morJomenue. ITocse mpo-
5 a -

XOMNeHHT BTONOTS NONIDH32TODa BT BUOCTEL CBETA YMOHLUIIAOT
KOEACHYSA BTOPOIG noJasipH3aTopa HII HBHOCTL CBETa yMCHLUIIAcCT
08 KaK 33 CULT OTDAKOHHI ¥ NONACHIISHET CBETA IO INE3ATODOM, Tag
CHd KaK 3a CHEeT OTpameHua K nOIVICLICHH CBeTa HCJAPH3ATOPOM, TaK
H H3-32 HeCOBNAJeHHS NJIOCKOCTH MNOJISIPH3ALHHU Betra C IJIaBHOH



IJIOCKOCTbIO IOJIsIpH3aTOpa. B COOTBeTCTBHH

C y4YeTOM IIOTEeph

HOCTh paBHA

ly=1,(1—k)cos?a, (2)
TAe o -—yroJ MexAy IUIOCKOCTbIO IOJAPH3ALHH CBETA, KOTOpAs ma-
paJuiefibHa riaBHOH IVIOCKOCTH NEPBOrO MOJISIPH3ATOpPa, M INIaBHOI

MJ0CKOCTbIO BTOPOI'0 MOJISIpU3ATOpa. HﬂﬁﬂeM BO CKOJIBKO pa3 yME€Hb-
1IHJaacb AHTEHCHUBHOCTDH CBETA:

DS ®

3 Bripaxenns (1) naiinem

—p=20
A—m=37L. 4)

Toncrasass (4) B (3), moayuaem

o 1 (12
Iy 2costa \ 1)’
13
e (2,3)2=10,6.
Iy 2 cos2 60°
QOmrrer: I./11.— 108
Orzer: [3/1,=10,6.
5. Vamepenue oxa3aTeAs NPEJOMJEHHST ONTHYECKOTO CTeK-
Jia KaJio m:},528 Adsi Mm=0,434 MKM ¥ 72==1,523 Aisi Ae=

HieH#He rPynmnoBod CKOPOCTH K (aso-
Aad cBeta ¢ nuHod Boaks 0,434 MKM.

Hano: i =0,434 MxuM; n;=1,528; hy=0,486 MKM; 7o
Haiitu: u/vu,.

Pewmenne. 3aBHCHMOCTb TPYNNOBOH CKOPOCTH 4 OT THOKa3aTeJs
TPENIOMJICHHS 11 U IJIMHEB BOJIHBI A HMEeT BHJ,

=1,523.

gzL(l_}__A__ ﬂ\’ I8}
n\ nodr)/
& ¢ — CKOpOCTb CBETa B BAKYyME
daszoBas cKOpoCTh
=22 2)
n’ )

Paspenus Boipaxenne (1) na (2), noayunm

&gy A dn (3)
v Y n d ’
— Z da N\ A
Jsi ZIMHBL BOMHEL A M CpenHedl aucnepcun { —— Y ==-"— pmeeM
1Hep P a / da

&
=
—

+L{n2—ﬂ1 \
vy m \ =g )7

co
)

[ __ [ [ e ———

HpOBOZXﬂ BHYHUCJACHUS, OJAYyUAEM

—8
1+043410 M (1,523 —

OrBer: ullv, =0,973.
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6. B yepeHKOBCKOM CYETYHKE U3 KAMEHHOH COMH DENSTHBHCTCKUE
NPOTOHBL nsny'{aIOT B KOHyce ¢ pactBopoM 82°. OmpenesiuTh KHHETH-
yeckyio suepruio nporonos. Iloxaszarens npesnoMienus KaMmeHHOH

Pemeune. I/Is.uyqeﬂne BaBusoBa — UepeHKOBa BO3HHKAET, KOTAA

CKOPOCTb ABHXKeHHS V 3apsixkeH-
HOM YacTHLB B cpefe OoJiblie
$a3oBo¥ CKOPOCTH U==C/n CBeTa
B 310 cpefe (¢ — CKOpOCThb cBe-
Ta B BakyyMme, n-—Io0KasaTejn
npenomnenus cpenbt). HManyue-
Hue HanpasjieHo BJOJb 00pasy-
MuxX KORYCA, OCh K(')T(\ﬂﬂ\"(\ COR-

IOIIUX KOHYCA, OCk K

aeT ¢ HanpapJeHUeM JBUKE-

HanpapJCeHHUEM JBHX

¢

cost=

nv

BEpUINHE ONpeneaaeTCcs U3

~
s
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Kunetndeckas SHEPrusa peJIHTKBHCTCKOﬁ YaCTHULI

E=Es =

rae Eo=myc? — 3Heprusi MOKOs YaCTHIEL,

>
enue Vic o
HOLICHY vic ©

_— 3

Ioxcrasass (3) B (2), moayuaem

E. E ( ncos ¥
E, =938 MsB (——2t cos 41°

OrBer: Ex=900 M3B.

7. Bo ckoarko naz VBEJIUUUTCS MONIH

CKOJIEKO DAz AUUTCH

= (Vo ’) ’

YV nZcos?§ — |

Y (,08cos 4l —1

@

my — macca moxos. Jlas
n

pepenuy us {1):
nopeneidM H3 (i)!

_1);

1):900 MaB.

yenHoro

e Y

OCTh H3JYUYEHHS

Tesa, eCH MaKCHMyM SHEPTHH H3JydYeHHs] CMEeCTHTCS OT KpacHoH
rpaHHLbl BHIANMOI'O cneKTpa K €ro q.mone'roson rpanHne?
8

Nawo: ),

«=0,76 v
Han'm. NCD/NK.

4%



Pemenne, J{nuHa BOJIHH, HA KOTOPYIO NPHUXOAHTCH MAaKCHMYM
SHEePTHH H3JyueHHsl YePHOTO TeJa, COINIaCHO 3aKOHY cMelleHns Bu-
Ha, paBHa

b L;"‘ ra AN
Amax==UI1 (1)
rae T — TepMonHHaMHUecKas TeMnepartypa Teda; b — mocTosiHHas
Ruun o thonmunr (1) annenenaen meMIanamuny  mnu  ®omon ol
Buna. U3 popmynm (1) onpemensem Temnuepartypy, IpH KOTOpofi
MAKCHMYM SHEPrHA H3JAyYeHHS NPHXOLHTCA Ha KPacHYK Ax H QHO-
JIETOBYIO Ay I'PAHHIEI BHAHMMOIO CIIEKTpa:
x=bn\m T¢=bl)\¢- (2)
MomHocTs H3NyYeHHS
N=R;S, 6)]

roe Rr— sHepreTHueckas CBETHMOCTb Tela; S— IUIOMANb €ro MO-
BepxHoCTH. B coorserctsunm ¢ sakonom Crepana — Bombumana

Rp=oT*, ' 4
roe o — nocrosinnas Credana — Boabnmarna. Jas temneparyp Tx
- T
Hip

N =0TiS u Ny=0T}3S. )

Hs dopmya (5) maxoaum
No _(Toy! (6)
Ne 1)

Hin ¢ yueroM (2) umeem

»
S

AT

Ny \)‘\q,/ vy

OrBer: Ng/Ny=

Mo (2t Xe_o
\o

HO nana-

HO nafa

Omnpepenuts

................ 20

olero Ha 3epKaanyxo HOBerHOCTb, paBHo 9 Mmklla.
KOHueHTpaun dhoToHOB Bﬁnnsu rtoseprocm
NEE 1TN-8 2cn N—8 TTn
;.l\a.nv /\,——U,uu 1y M,p—a 10-8 113; p—-—1
Haiitu: n.
Peuienwe. [lapienve CBeTa TPH HOPMaJbHOM NaXCHMA Ha TO-

BEPXHOCTb € KOO MHUIHEHTOM OTPazKeHHs p

I B
p=—+p=u(l+p), )]
rne ] — MHTEHCHBHOCTE MRJYUEHUS, ¢ — CKOPOCThL CBETA B BaKyyMe;
w=1/c — 06beMHAS MIOTHOCTS SHEPTUH H3Jy4eHHH,
Dueprus onnoro (orona e=hc/A, rae h— nocroaunaa Ilaanka,
O6neMuas nIOTHOCTD 9Hepmh’ H3JAyYeHHA

=nhel\, )

Noncrasaas (2) B (1), monyyaem

nhc
— (14p), 3)
OTKyAa
Ap
n= ;
ke (! + )
B 0,55-10—6 m-9.10~6 [a —0.49.101 g2
n =471V M T,

= 76,62.10-34 fic.c.3-108 mje (1 + 1)

Ortget: n=2,49-10" m—3.

9. Kpacuas rparuua dorosddexra 1jus HAKeAs paBHa 0,257 MxM.
Halitu nnuHy BOJIHHI cBeTa, Naaiollero Ha HHKEJEBHH 3J€KTPOM,
ec (OTOTOK MPEKPALIAETCA MIPH 3a[EPKUBAIONIEH PAIHOCTH HOTEH-
11aJ0B 1 5 B.

heh=A+E,, )

rie h— mocTosnHas Ilnanka; ¢ — CKOPOCTb CBeTa B BaKyyMe, A —
IJIMHa BOJIHBEI cBeTa; A — pafoTa BBIXOZA JIEKTPOHOB H3 METAJLIa;
Eyx— MaKcHMaJIbHasi KHHETHYeCKasi SHeprHsi dorosnexTponos, Kpac-
Has rpaHuua GoroaddexTa onpeleaseTcss H3 YCJIOBHS paBeHCTBA
3HepruM dotona pabore BHXO/A 3JEKTPOHOB:

fie/h = A. ) 2)
M aKCHMANLIAS KHHETHYCCKAS SHEPTHST BOTOSACKTDOHOB
Maxcumansiian XuHETHYECKa 3HEepraa $OTO3NCKTPOHOB

E(=eU, (6))

Tle € — 3apsii JIeKTPoHa; U — 3a/epKuBaiomasi Pa3HOCTh MOTEHIH-
anos. [TopcraBasg suipaxkenus (2) u (3) B (1), nosyuaem

he ke o 4
= .
W3 ypaBuenns (4) HafineMm AJHHY BOJIHBI CBETa:
1 eU -1
r=(—+L)
\AK he |
1 ,s 10-19 Kz-1,5 B \—1
= e ) =
\ VUsdaisiu vV M V,0Lr1v T *O* LU [C‘I
=1,96.10"7 M::O,196 MKM.

OtBet: A=0,196 MKM.

10. Tamma-¢oToH ¢ AauHOA BOoAHH 1,2 M B pe3yJbTaTe KOMITO=
HOBCKOTO pacCesiHust Ha CBOOOXHOM 3JeKTPOHe OTKJOHHJCS OT Mep-
BOHAUaJbHOr0 HAIpaBJCHHS Ha yroa 60°. OnpenesnTb KHHETHUECKY IO

2359




SHEPTHIO M UMIIYJIbC 5/1€KTPOHA OTAAYH. [0 CTOJKHOBEHHS 31eKTPOH
IMOKOHJICH.

Mano: 4, =1,2-10-12 m; §=60°,

Haiitn: Ey; p.

Pewenne. U3 veneiie LIib BN boToHA IPH KOMATOHOBCKOM
Pacceslun Ha HEMOIBHXKHOM CBOGONHOM 3JEKTPOHE

=hy—)y =1, (1 —cos 9, M

The Ay H Ap — JIHHBL BOMH MAJAOIEr0 H PACCeTHHOO ¢oroHoB; & —
yroJa paccesmmi dortora (puc. 7); he=

=h/{mec) =hc/E) — KOMNTOHOBCKas [JIH-

Ha BOJHB 3JIEKTPOHA: A — NOCTOSIHHASA
Il1aHKa; ¢ — CKOPOCTh CBeTa B BaKyyMe;

mo u EO_ Mmoc® — Macca u SHEPrHA TOKOA
anekrpoua. M3 seipaxenns (1) maitnem

)\2:)\1—]—)\6(1—%5 ). 2)
Pic. 7 Bb]pﬂSHM SHEPTHIO NAJAKNIero ¥ paccesH-
HOTO \yuu’JHa Hqepe3 ero AJUHY BOJIHBI]
O VA 3
Ay Ao A 4 Ao (1 —cos ¥)

Kunernueckast sHeprusi 3/71eKTPOHa OTAAYH, COIVIACHO 3aKOHY COXpa-
HeHHsT SHEPTHH, paBHa

X

Ei=¢e —¢,. “4)

IToacraBasia Berpaxenne (3) B (4), HaxoLUM
he Ao (1 —cos®) Ae A (1 —cos &) .
EK: - ‘_'———_—‘:Eo I __—‘_T—-—.-_Q_\— ’

VA /A A (b —cos @) VA ) AR (1 —cos @)
.10~1
E.—0511 MoR[243:1072 w 1\
e \ 1,2.10-2 % )
2,43-10—12 m (1 — cos 60°)
-1

L
0—12 M (1 — cos 60°)

3nas KHHETHYECKYI0 SHEDPTHIO 3JIEKTPOHA, Haiijiem ero umnyasc. [lo-

CKOJIhKy KHAHeTHYeCKad 3HEPrusa 3JIeKTpOHa CpaBHHMAa C €ro 3HeprH-
efi noxos, UMNYJALC U KHHeTHYecKasy SHePrus CBA3aHBEl DEJNIATHBHUCT-

KO )4 THUeCkKaa 3HEPrus C

CKHM COOTHOILIECHHEM:

1 —
;’f‘=——3 0 1/ 0,787-10712 Tk (0,787 +2-0,818)- 10713 D=
. M/C
=4,6.10"2 gr-M/c
OtBer: £,=0,492 M3B; p=4,6-10-22 kr- m/c.
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KOHTPOJIbHAS PABOTA Ne 5 (4)

Paccrosnue Mexay AByMs KOTepeHTHEIMH HCTOTHHKAMH 1,1 MM,
e

OfiNMe OT MCTOUHMKOB 10 3kpana 2,5 m. Mcrounnxu ucnycka-

1.
ac
10T MOHOXPOMATHUYECKH{

: DeHIHO
JHTh YHCJA0 HHTepdepeHIHo

JUIMHBL SKpaHa.

2. B onpite I0#ra oana w3 we/eii nepekpblBaNach NPO3PAYHON
MIACTHRKOH TOMMHHOA 10 MKM, BCJEICTBHE 4ero NeHTpaJbHas
CBETJIAsl M0JI0CA CMEIaach B IIOJIOXKEHHe, NEPBOHAYAJIbHO 3aHATOE
BOCBMOH cBeTJIof mosocofi. HafiTi nokasatesn npenomaenns mia-
CTHHKH, €CJIH AJHHA BOJHH cBeTa 0,6 MKM.

3. Ha MBUIBHYIO TIEHKY najaer Gesibifl ceT nox yraom 60°. Ipu
KaKOH HauMEHbUIeH TOJIIUHEe IUIEHKH OTPaKEHHBIE JIy4H OYRYT OK-
pawens B kpacuniii uBet (A=0,65 Mxm)? ITokasaTean mpenoMJIeHHAs
MBIIbHOH BOAH 1,33.

4. Ha nyenxy u3 riuuepnna Tonmuuoii 0,3 MEM
cser. Kakny 6yieT Ka3aThes LBET MICHKH B OTPaKeCHHOM CBETe, €C-
JIE yroJl TageHus mrupu 45°7

5. Ina yCTpaHEHHH OTpajKelius CBeTa 11a NMOBEPXHOCTb CTEKMSH-
HOH JIHH3B! HAHOCHTCH NJICHKA BEIiECTBAa C TOKasaTesieM TipeJioMie-
HuA 1,2, MeHbIInM, YyeM y cTekaa. [Ipu Kakoil HauMeHbIIefl TOJIIHHE
3TOl INIEHKH OTPaXKeHHe cBeTa ¢ JUIHHOHA Bosinbl 0,6 MKM He Gyxer
1a0/II0AaThCs, eC/IH CBET NaJaeT HOPMAJLHO?

6. Ha TOHKMi CTEK/NSIHHBIA K/IHH MafaeT HOPMaJbHO CBET ¢ JJIH-
Ho#t oansl 0,6 MkM. PaccTosiHie MeKAy COCEAHAMH HHTepdepeHIH-
OHHBIMH TIOJIOCAMH B OTpaxeHHOM cBeTe paBHO 0,5 MM. [lokasatenn
npejioMmsenss cTekaa 1,5, OnpenennTs yroa MexXAy MOBEPXHOCTIMH
KJIHHa.

7. Ha TORKHM# CTeKNSHHEIA KJIMH MafiaeT HOPMaJbHO MOHOXPOMA-
THYECKH}i cBeT. HaumeHbllas TOJNINHHA KJIHHAE, C KOTOPOH BHAHHI
HHTep(dEePEeHIHOHHBIE TONOCH B OTpaXeHHoMm cBete, parHa 0,1 mkwm.
Paccroanne mexy mosocamu 2 mM. Haiitu yrosi MeXAy HOBEPXHO-
CTAMU KJIUHA.

8. Konbua HsioToHa 06pasyloTcss Mexay MJIOCKHM CTEKJIOM H
JIHH30# € panuycoM KpHBH3HbL 12,1 M. MoHOXpoMaTHueCKHii CBeT
TajaeT HOpMaJabHO. Hnunl\,l}l BTOpPOTO CBETJIOTO KOJIbLid B OTpaxkeH-
HoMm cBeTe pasen 6,6 mM. Hafitu mauny BOJIHBI Maji2i0lIero CBera.

9. YeraHoBka JJisi }iau.IIEOLLcHHH KOJi€ HeoTona OCBELLA€TCH MO-
HOXpOMaTH4ECKUM CBETOM, IafaioliM HOPMabHo. JL1HHA BOJHEL
csera 0,5 MxM. Halitu painyc KpHBH3HBI JIHH3bI, €CJIH AMAMETp M-
TOTO CBETJIOTO KOJIbLia B IPOXOASILEM cBeTe paBeH 10 mM.

10. B yCTaHOBKe st HabM0AeHns KoJel HbloToRa IPpoCTpancTBo
MeXAy JHH30H M CTeKJISHHOH IJIACTHHKON 3alOJHEHO KHAKOCTHIO.
Onpenennts nokasaTenp NpeJOMJCHHsS MKHIKOCTH, €CAH AHAMETP
TPETbEro TeMHOTO KOJblla B OTpaxKe€HHOM cBeTe paseH 7 mM. Cser
¢ fMHO| BosHb 0,6 MKM nalaeT HopMaabHo. Paanyc KpHBH3HBL JIHH-
361 10 M.

JKpan
JHHOH BOJHEL 0,55 mkm. Omnpene-
0"'\" 1 CM

D
r
T




i1. Ceer or MOHOXpoMaTHueckoro HcroyHuka (A=0,6 MKM) ma-
IaeT HOpMaibio Ha Aua(parMy ¢ KPYIJbIM OTBEPCTHEM XHaMETPOM
1,2 mM. TemublM WK cBeTABIM OydeT LEHTP NH(PaKIHOHHOH Kap-
THHEL Ha 9KpaHe, HaxOnsAIeMca Ha paccTosannu 0,3 M oT AuadparMu?

12. JudpakuuonHas kapTHHa HabJofaeTcs Ha PaccTOSHHHM 1 M
OT TOUYEYHOro HCTOUHHKA MOHOXpOMaTHyeckoro csera (A=0,5 mMkrm).
TMocepennHe Mex1y 5KPaHOM H HCTOYHMKOM CBeTa NOMeEIleHa qHa-
¢parma c KpyrabiM oTBepcTHeM. [Ipu KakoM HaHMeHBUIEM pajHyce
OTBepCTUS LEHTP AUPPAKIHOHHOH KAPTHHE GYNeT TeMHEIM?

13. Ha me.nb wupuuoi 0,2 MM magaer HOPMaJIbHO napaJJebHE
NYY0K MOHOXPOMATHUECKOro cBeta ¢ AJHHOH Boaubl 0,6 MKM. Hafitn

nacomAaUTIA MO TY TONBLIME THMNARITHOUHEIME  MULUEMUM
pacCTOAHHC MEXAY NCpBHIMH AHQPPAKHHOHHBIMH MHHHMYM

9Kpane, yaajeniom oT uienu xHa 0,5 m.

14, Ha yskyio mejib HOpMa/bHO TafaeT MmIoCKas
yeckasi cBetoBasl BosHa (A=628 um). Uemy pas
€CJiM BTOPOH AHPPaKUHOHHBIH MakcuMyM HalJ
1°30"?

15. IToctosinnasi AHQPPAKIUOHHOA pellleTKH pasHa 2,5 mxM. Om-
penenuTb HauGOMBUIKE MOPANOK CIEKTpa, oflllee YHCJAO TIVIABHBHIX
MaKCHMYMOB B AHGpPaKIHOHHOH KapTHHE H yroJ AU(QPaKUHU B CIeK-
Tpe TPeTbero Nopsiika NpH HOPMAJbHOM NAaJeHHH MOHOXpoMaTHye-
CKOTO cBeTa ¢ ANMUHO# BoaHH 0,09 MKM.

16. Ha audpakunoHHy peumeTky ¢ mepHogom 4,8 MKM Tamaer
HOpMaJ/bHO CBeT. Kakue CIeKTpaJbHBIE JIHHUH, COOTBETCTBYIOILHE
JJIUHAM BOJIH, JIeXAIIUM B NpelleaX BUAUMOTO CIEKTPA, 6yﬂyT cO-

BIa1aTh B HanpaBJIemm p= 30°

a
aMH Ha

=]
Q
2
]
=)
=]
0

MOHOXPOR
Ha IIUpUHa MIeJIH,
onaeTcs noag yriaom

17 Ueawmvy nomsgna 64T, Dany
1/, meMy AOJXIa OLiTh PaBh

a
KH ¢ nepuonom 20 MEM, qToém B CIEKTpe
aspenier ny6aer M=404,4 HM # A,=404,7
18. KaKyio pa3HOCTb JIJHH BOJH MOXKET pa3pelluTb AH(PaKLHOH-
Hasl pelleTka WHPHHOH 2 CM M MepHOAOM 5 MKM B 06JacTH KPacHBIX
ayudeit (A=0,7 MKM} B CIIEeKTpe BTOPOTO NOpsAKaA?

19, Ha rpanp KpHcTanjga KaMeHHOH COJHM MajgaeT y3KHHA OydoK
peHTreHoBcKux Jydeil (A=0,15 um). Ilog KakuM yrjaoM K moBepx-
HOCTH KPHCTa/1a AOJNXKHH HajaTb JAydd, 9ToOm Habaopancs nu-
dbpakuHOHHBIH MaKCUMyM NepBoro mopsamka? Paccrosiune MexIy
aTOMHBIMH ITOCKOCTSIMH KpHcTamta pasHo 0,285 nm.

20. PaccTosiHHe MeXAy aTOMHBIMH IJIOCKOCTAMH KPHCTas/1a KaJib-
nuta pasHo 0,3 uM. OnpenenuTh, NpH KaKOH NJHHE BOJIHB! pPEHTTe-
HOBCKOTO H3JIy4eHHS BTODOH AHOPAKIHUOHHBIA MakcHMyMm OyIeT Ha-

60naThesl PR OTPaxeHHH Jydelt mox yraom 30° K HOBepXHOCTH
Knum‘ﬂnrm

21. Tlox KakUM yIJIOM K TOPH3OHTY AOJXKHO Haxonutbest CounHe,
4TOObl CBET, OTPAXKEHHLIH OT HOBEPXHOCTH BOJBI, ObLI MaKCHMAJbHO

wagpauy?
H30BaH!

22, EcTecTBeHHBIH CBE

Aty monanuzarury Ha
O OOJAAPHIaLHH. id

udnaguEoguoy nenrem-
PPaKuHCHHCH pCLICT

nepeporo nopsaik
)

e}
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23. EcTecTBeHHH CBeT MaJaeT Ha NOBEPXHOCTb JU3JNEKTPHKA IOA
yrJIoM noano# mosspusanuu. KosbuunenT oTpakenus csera paseH
0,095. Hafiti cTenenb NoNspU3alyH IPEJOMICHHOIO Jyda.

24. EcTecTBeHHBI} CBeT NajaeT Ha OBEPXHOCTb AUIIEKTPHKA MOJ
yrJom 1oanoi nonApusanu. Koshduuuent nponyckanus cserta pa-
Ben 0,915, Haliti cremedb mosipH3aluy IPENOMJIEHHOTO Jyua.

25. ECTeCTBEHHBIA CBET NafaeT Ha MOBEPXHOCTh JUJEKTPUKA TOJ,
yl‘ JOM rmm-mu TTOTTQY]VTQQITVU/T FTPWPHR nnnqnu'{nnuu NnDeJIOMJIJIeHHOrQ

3allin NpeJOMJICHH oro

Jyuya cocTaBJser 0105 Haifitu Koacp(puunem OTpaskeHUsl CBeTa.

28, EcTecTBe LI CBET NDOXOART UeBO3 mean
Bl CBCT IIPOXCAHT HEPe3 ABa NOJAAPH3aTOpa, yIoA

MeXKy TJIaBHBIMH IIOCKOCTSIMH KOTOPBEIX paBeH 45°. Bo CKOJIbKO
Pas yMeHbUINTCA MHTEHCHBHOCTL CBETA MOC/AE NPOXOKACHHS 3TOH
CHCTEMbI? \fiﬁlalb 4970 Kd)h}.Lbll/l llUJJ)i})l’lddl()p Uipd)Kd&!T K norJo-
maet 109 napgawoliero Ha HEX CBeTa.

27. UeMmy paBeH yroa MeXAy IJaBHRIMH IJIOCKOCTSIMH ABYX IO-
JSPU3aTOPOB, C/AM HHTEHCHBHOCTb €CTECTBEHHOIO CBeTa, Hpoluei-
1ero yepes HUX, ymenbwwjach B 5,4 pasza? CuHTaTh, YTO KaXKAHHA
NOJSPH3AaTOP OTpaxKaer H norJomaer 14% napaiomiero Ha HHX CBeTa.

28. EcrecTBeHHBI} CBET IPOXOAHT Yepe3 [Ba MOJSAPH3ATOPA, VIO
MeXJy IVIaBHBIMH IJIOCKOCTSIMH KoTophix 60°. Bo cko/IBKO pas Ha-
MEHHTCSl HHTEHCHBHOCTD CBETa, HPOUIEANIETO 3TY CUCTEMY, €CJH YIoJ
MeKJy MJIOCKOCTSIMH NOJISAPH3aTOPOB YMEHBIIUTh B JBa pas3a?

29, KpapueByio NIIacTHHKY TOAMMHOH 3 MM, BHIDE3aHHYIO Nep-
NEHAHKYJNAPHO ONTHYECKOH OCH, IOMECTHJIH MeXAY ABYMs IOJSpH-
3aTopaMH. OnpefenuTb NOCTOSHHYIO BpallleHHs KBaplia 1/ Kpacuo-
I'C €BETa, €C/IH €I0 HHTCHCHBHOCTD HOC/E MPOXOXKACHHA 5T0f cHCTe-
MBl MaKCHMaJ/bHa, KOUZa YroJ MexAy TIVIaBHBIMH IJIOCKOCTSIMH
H0JISpU3aTOPOB 45°.

30. PactBop caxapa ¢ Koruentpanueli 0,25 r/cm® Tommurof 20 cM
[I0BOPAYUBALT IIOCKOCTh NOJISIPH3AUHH MOHOXPOMATHYECKOrO CBeTa
Ha yroa 33°20’. Ipyroil pactBop Toamuroi 15 cM moBopauHBaeT
MJIOCKOCTb NQJSIPH3aNUK 3TOrO Ke cBeta Ha yroa 20°. Onpenenuts
KOHLEHTPAIHIO caxapa BO BTOPOM pacTBOpE.

31, BrlupcauTh TPyNNOBYIO B $asoByi0 CKOPOCTH CBeTa ¢ IJIHHOH
BoJIHHL 656,3 HM B BoOJe, €CJIM H3BECTHO, YTO IOKAa3aTelb HpejoMie-
HMSl JJs 5TOH IJIHMHBI BOJHH paBeH 1,3311, a ana BoJHBl IHHOH
643,8 um o pasen 1,3314.

32. HafiTu oTHOIIEHKE TPYNIIOBOH CKOPOC
¢ gaunol BonHH 0,5 MKM B cpefie ¢ TMOKa:
H pucrnepcuefi —3- 104 i

33. Brmmeaur PA3HOCTL MEHIY dazopofl u

J
CTSIMH JJIl CBETA ¢ JJHHO 6 MKM B CTEKJIe, €CJIH H3BeCT-
o amat m

un QaamanT TINATO of Aaui noTI nana
HC, 4TC HOKal3aTedb uycnumu\,unn AAd- 3T AJHLBL BOJUHLL pablH

1,514, a nas Bosunt gauuo# 0,768 mxm oH pasen 1,511.
34, Onpenenmb OTHOCHTENbHOE OTK.erHeHue rpynnosoﬁ CKOPOCTH
oT ¢a OBOH AJisi CB€Ta C u..uyIHOH BOJIHDBL U,U MEKM B Cpefie C noKasa-
TeNLeM TIPeIOMIICHHS 16 n ;mcnepcnen— 4.-10% M

FL o

35. Ha#iTu oTHOIIEHHe $a30BOH CKOPOCTH K 1pyuuuuun AJis1. CBE€Ta
¢ AJauHOH BoJHBL 0,589 MKM -B° CEPOYIVIEpOAE, €CJH H3BECTHO, UYTO

o

e
w
[=]
=2
o
ey

,1
L



noKasartedb HPEJIOMJIGIIHH AJS 9TOH JJIMH

nAA BonnL aaunoh 0656 MEM oH papel | ‘7{\
AJA BOJIDI AJIHIOH v,000 MKM OH paBCll 1,04vu.

36. B uepeHKOBCKOM cqulmxe, 3ano He HI{OM muueanoM, nyqox
pedist 8
Onpene/auTs, BO CKOJBKO pa3 CKOPOCTb MPOTOHOB Gosblie (a3oBoi
CKOPOCTH CBETa B IVIHIEPHHE.

37. Kakoi KHHeTHUYeCKOH sHeprueil JOJKHB 00JafarTh JMEKTpPo-
Hbl, 4TOGLl IIPH HX JBHXKEHHH B Cepoyriepoie Hab/0AaJoCh YepeH-
KOBCKOE CBEYEHHE?

38. ITy4ok pemsTHBHCTCKHX NPOTOHOB IBHKETCS B Cpele C IIOKa-
3ateqeM npejaomaenus 1,5. Byner au nHaGaionatbhCs YepeHKOBCKOE
CBeUelHne, ecaH KHHeTHYecKas SHeprus nporonos 300 MsB?

39. B uepeHKOBCKOM CHUETYMKE, 3alI0JIHEHHOM BOJOH, IyUOK pens-
THBHCTCKHX 3JEKTPOLOB H3JyiaeT CBeT B KoHyce ¢ pacTBopom 80°.
Omnpegenntb KHHETHUECKYIO SHEPIHIO 3JE€KTPOHOB.

40. B yepeHKOBCKHH CUETUMK H3 KaMEHHOH COJH BJeTaeT NydyoK
PeNATHBUCTCKHX IPOTOHOB C. KMHeTHYecKoH 3Heprueit 1,5 I'sB. Om-
DeesNUTh YIOJ PacTBOpa KOHYCa H3JYUeHHS CBeTa.

41. OnpeneauTs AJIHHY BOJHBI, OTBEUAIIYI0 MAaKCHMyMy HCITy-
CKaTe/bHOH cHoco6HOCTH yepHOro Tesa npu Ttemmepartype 37°C, u
AHEeDreTuuULCcKvI) CReTUMAOCTE TeJia,

SCKyI0 CBCTHMOCTE TEJad

r
42, MakcuMyM HelycKaTesbHOH crnoco6nocTH ConHIa IPHXOLMT-

ca wa aavuv vonuy 085 vy, Cuwraa urg Congne waavaaer Xax
€4 lla AJIHHY BOJHBL V,o MKM. LHHTas, YTC LWOJAHLE H3AYHAET Kak

BOoJHBE paseH 1,629, a

<

YepPHOE TeJIO, ONPeJeHTb TeMIIePaTypy ero MOBEPXHOCTH H MOLIHOCTD

I/IBJ'Iy‘IeHI/IH

I o Fmonn 17

py HOBCPXHULIM \_AOJllllld IIleHHlb deHUl/I JOUU I\.

44, Cuuras, yro CoJHlle H3/ydyaeT KaK YE€PHOE TeJO, BHIYUCIHTD
HAcKoOJBbKO yMeHbIaeTcss macca CoJHIA 32 CEKYHAY BCJIEICTBUE H3-
JyyeHHs. TemmepaTypy mnoBepxHocTH CoJHLIA MOPHHATb pPaBHOM
5800 K.

45. BlUHCAUTD TeMIepaTypy MOBEPXHOCTH 3eMJIH, CYHTAs ee II0-
CTOSIHHOH, B NPeAIOJIOXKEH!H, YTO 3eMJIs KaK YepHOoe TeJIo H3JyyaeT
CTOJIBKO K€ 3HEepruH, ckoabko moayuyaer ot Connna. IHTeHCHBHOCTD
COTHEYHOro u3jyuenus B6ausu 3eman 1,37 kB1/m2.

46. OnpenenuTh AaBJeHHEe CONHEUHBIX Jy4el, HOPMaJIbHO Nafalo-
LHUX HA 3€PKaJbHYIO MOBEPXHOCTh. VIHTEHCHBHOCTb COJHEYHOIO H3MY-
genus 1,37 kBt/M2.

47. TlnoTHOCTH TMOTOKA SHEPIHH B HMIYJbCE H3JYUEHHS Jasepa
MoxkeT pocturath 102 Bt/m2. Omnpenenuth JaBjeHHe TAKOrO H3Jy-
YeHus, HOPMaJIbHO MaJAIIer0 Ha YePHYIO MOBEPXHOCTh.

48. Cret c navuoE BOMHBN 0,4 MKM HOpMAJbHO MajaeT Ha 3ep-
KaJ/IbHYIO TIOBEPXHOCTb U MPOH3BOAHT Ha Hee jaBienue 6 Mklla. On-
DPWPHVTTR qucJao {hﬂTﬁHﬁR P}KE(‘QK\IHNHO nagawinmux Ha ] (‘M2 3’1‘0[;‘!
TIOBEPXHOCTH.

49, Tapjenue cBeTa

90

oo e s i o g O S S O S N SO

50. [laBieHHe cBeTa, HOpMAJ/bHO MAJalOUiEro Ha IOBEPXHOCTS,
O MKH& OHI’)EHG’JTHTB KOHHeHTDaHH}O (hOTOHOB BONU3H H()BEDXHO("I‘H
ec/IM AAHHA BOJHEI cBeTa 0,45 MKM, a Koa(l)(buuﬂem orpaxenus 0,36.

51. ()nnpmnnwn. MAaKCUMAaJIbHYI0 CKOPOCTh d\nananTnoHQB BEI-
JIeTAIoIUX U3 BOJb(PAMOBOTO 3/1€KTPojJa, OCBElaeMoro ynb-rpatbno-
JIETOBBIM CBETOM C AJHHOH BOJHB 0,2 MKM.

92 Karon pakyyvuorg hoTOIeMeUTa OCRLIIAeT Y CRETOM ¢ NNH-
S&. AANATOH Bax MHOIC QOTOSJICMCHTa OCBeULAeT s CBeTOM ¢

¥y il
Ho#t Bonnnr 0,405 mxm. ®o OTOTOK npeKpaulaeTcss NpH 3ajeprKUBao-
o n n
il D

HOKaAO0B Hadmyr naf
1naviub 1,1. D. rianin pdau

~naaqr i IOT

e pasHoCTH
HOB H3 KaTtoja.

53. MakcuManbHasi KHHETHYECKasl HeprHs (POTO3JEKTPOHOB NPH
OCBELIeHHH LMHKOBOTO 32JIEKTPOAd MOHOXPOMATHUECKHM CBETOM
0,26 5B. BuluMCaHTb AJHHY BOJIHBI CBeTa, NPHMEHSABLIETO NPH OCBe-
IIEeHUH.

54, KpacHoii rpanune gorosdderra s aJIOMHHHS COOTBETCTBY-
et pauna Bosubl 0,332 mxM. Hafitu AauHy BOJHBI MOHOXpOMAaTHye-
CKOH CBeTOBOH BOJIHBHI, NafaioLlell Ha aJIOMHHHEBLIH 3/JEKTPOJ, eciH
tdoToTOK mpexpalmaeTcs HPH 3afepKHUBaIOLlel Pa3HOCTH NOTEHLHA-
aos 1 B

55. HaiiTn 3a/epXHBAOLIYI0 Pa3HOCTh MOTEHUHANO0B AJa4 (OTO-
5/J€KTPOHOB, HCIYCKAEMBIX IIPH OCBElLICHHH 1e3HeBOIO 3JeKTPOAa
yaAbTPa(HONETOBLIM H3JyUeHHEM C AJMHHOH BOJHE! 0,3 MKM.

56. B pesyJbTaTe KOMITOHOBCKOrO DPaccesHHs Ha CBOGOLHOM
3JI€KTPOHe JJIMHA BOJHE raMma-QoToHa yBeJHuHJach B [1Ba pasa.
HaliTh KHHETHYECKYIO SHEpTHIO 3J1eKTp0Ha omalm ecylH yroJa pac-

s dotoHa paBer 60°,

amma- \fJUlUﬂ v Jllcyl HCYI l U‘« N‘xaB PCJy-/lDldlc KRUMILIU=
HOBCKOI'O paccesHHs Ha CBO6OILHOM 9JIeKTPOHE OTKJOHHJCSA OT Hep-
BOHAU/IbHOTO HANPABJIEHHA HA yrod 90°. OmpenenuTs HMIYJIbC
3JieKTpona orTAays. Jo CTONKHOBEHHS 3JIEKTPOH HOKOHJICH.

59. B pesysbTaTe KOMITOHOBCKOLO pAacCesiHds Ha CBOGOAHOM
9/I€KTPOHE 3HEePTHs raMMa-(OoTOHA yMEHBbIUWJACh B ABa pasa. yroJa
paccesHusi ¢otoHa paBeH 60°. HafiTu uMmmyJabc sjeKTpoHa OTZauH.
Ilo CTOJIKHOBEHHS 3JEKTPOH MOKOUJICH.

60. TlepBoHauaJbHO NOKOMBIUIMICA CBOCOAHBIH 3JEKTPOH B pe-
3yabTaTe KOMINTOHOBCKOI'O paccesiHHsl HA HeM ramMa-dortona ¢ sHep-
rueit 0,51 MsB npuoGpes kHHeTHUECKYIO 3HepPTHIO, paBHyio 0,17 MsB.
YHemy paBeH yros paccessHns GpoToHa?



V1. 3JIEMEHTbl ATOMHOH
' R

B AU2UTU T
1 SO Nr 1

HMsyuenue sTOro pasfesna caeiyer HayaTb C 3JEMEHTOB KBAHTOBOH MeXaHHKA
H DAcCMOTPETh TaKHe BONPOCH, KaK KOPIYCKYJSDHO-BOJHOBOH [yain3M MaTepHH,
runoresy Ae Do#isis, yAcHUTb, 4TO ABHKeHHe JIOOOH HaCTHIB, COrIacHO 3TOH rd-
noTe3e, BCErJa COMPOBOXKIAETCS BOJAHOBBIM IIpomeccoM. KIcXoist U3 COOTHOMIEHHH
HEONpeAeNeHHOc tefi TefizenGepra, onpesennts TPAHHILL NDHMENHMOCTH KJacchue-

CKOH MeXaHHKH H NOHATh, YTO H3 3THX COOTHOLIEHHH BHITEKZEeT HCUUKUAHMULIb
ONHCAHHS COCTOSHHS MUKPOUACTHU C NOMOUIBI) BOIHOBOH ¢yHxun, oﬁparmb

% cMmuica, ofipa
ypasuenus IlIpenunrepa K CTAIHOHAPHBIM COCTOSHHAM (IPAMOYTOJbHAS noTeHIH-
aibHad siMa OECKOHEUHOH TyOmHLI), CledyeT 3HATb NIPAaBWJA KBAHTOBAHHA 3Hep-
THH, OPOUTAJIBHOTO MOMEHTA HMIY/IbCa B aTOME BOJOPOAA M BLISICHUTH CMBICH TPeX
KBaHTOBHX uuces. Ilpu u3yueHun reMul «[lepHONMYeckasi cucTeMa 91€MEHTOB» He-
06X0fUMO OOpaTHTh BHHUMaHHE Ha (H3HYECKHH CMBICI CIHHOBOIO 4hcia H nprm-
LRn sanpera [laynm, Ha GCHOBC KOTOPOIC paccMOTPETb PACHPEACACHHE SACKTD
B aTOMe N0 COCTOAHHAM.

Tlpu usyuennn Temsl «DjeMeRTH (DH3HKH TBePAOro Te/a» OCHOBHOE BHHMaHHE
JONXKHO OHTh YHAEJNEHO: 3JEMCHTAM TEODHH KpUCTAlJIMYeCKOH pelieTKH, S/eMeH-
TAM 30HHOH TEOPHH TBEPAMX TeJ, NOJYNPOBOLHWKAM, MPOBOAHAKaM (MeTaniam).
PaccMarpuBasi 5TH BOTPOCH, CYLIECTBEHHO [OHSITh XapakTep TEIJIOBONO ABHIKEHHS
B TBEDABIX Tenax, AeOaeBCKyIO Teopmo TENOEMKOCTH, PACHpefieieHne IeKTPo-
HoB no aHepruaM mpu T'=0 K u T>0 K, umMerb xavecTBeHHOe NpeJcTaBJIeHHE O
CBEDXIDOBONIUMOCTH, BHISICHUTE DA3/IHuMe MeXAY MeTajNlaMi, AUSIeKTPUKAMY ¥ NO-
NyIPOBOHHKAMH, paccmorpen; CO6CTBeHHyK) H NPHUMECHYIO NPOBOXHMOCTH [OJIY-
TIPOBOAHHKOB M. BOJBT-aMIIEPHYIO XaPaKTEPHCTHKY p-ni-Tepexofa.

Tlepexons K H3yyeHHIO 3/eMeHTOB (DH3UKH aTOMHOrO fApa H 3JeMeHTapHHIX
YacTdi, CTYAEHT NOJKEH XOPOWIO NpefcTaBifTh cefe COCT4B aTOMHOrO apa u
€ro )&dpdk&lbpﬂklﬂk&h Ma ‘Ly', JUAH&:KHDIC }Jd&MLpbl, MOMEHT n‘muyum,a, Mariy
MOMEHT sApa, AedeKT Macchl fAPa, JHEPIHIO H YAENbHYIO 3HEPTHIO CBSI3H AApa.
PaccmaTtpuBast cocTaB sApa M B3aHMOAEHCTBHE HYK/IOHOB B sijipe, HYXKHO 3HATh
CBOficTBA ANEPHBIX CUJ ¥ OGPATHTL BHHMAaHHE Ha HX OOMEHHYIO IIDHDOIY.

B mpouecce m3yuenns pPalMOAKTHBHOTO pacuaja sjAep BaXHO NOHATbL JHuC-
KDETHEI XapaKkTep 3HEPreTHYECKOTO CIEKTPA G-UaCTHIL H Y-U3JYUeHHS, CBHIETENb-
CTBYIOIIKA O KBAHTOBAHMHM SHEPrMH sifiep; NOHATL 3aKOHOMepHOCTH f-pacmana,
CBA3AHHOTO C 3aKOHAMH COXPaHEHHS SHEPrHH H MOMEHTA HMIYJbCa.

Usyuag Temy «flmepunie peaxuuus, BaKHO NOHSTH, UTO BO BCEX SIEPHHIX pe-
AKIHAX BBHIIMOJHSIIOTCA 3aKOHBI COXpaHeHHs: IHEPTHH, HMIYJIbCA, MOMEHTA HMIIyJb-
€a, 3/MeKTPHYeCKOro 3apsna, Macchl (Maccosoro umcna)., OcoGoe BHEMaHHE HeoB-
XO[MMO YAeIHTb PeaKlHAM CHHTE3a JerKHX H JeNeHHIO THKENBX sIep, BOIpocaM
sIepHOf SHEPIeTHKH M NPOOJeMaM YIpaB/ieHAS TePMOSASPHBIMH PeaKUUsiMy.

Kourponbuas paGora Ne 6 npeicrasieHa nHabopoM 3ajad, BRIIOUAIOUIAX Cle-
AYIOIHE BONpPOCH: ONpPEACACHHE AJHHH BOJHH Ae DBpofia ABHIKYIMMXCH HacTH,
COOTHOWeHNs HeompedenenHocTell Telisenbepra, npuMenenne ypasHenus Ipemun-
repa AJs YacTHibl, HaxoAdmuefics B ONHOMEDHOM INOTEHNHANBHOR fAMe ¢ OecKo-
HEUHO BHICOKHMH CTEHKaMM. B 3Ty KOHTPOJbHYIO pabOTY BK/IIOUEHH TaKXKe 3aAaud
o TeMe «DJeMeHTH (PH3UKH TBEPAOTO Telay, B KOTOPHIX ONpPEAeIIOTCA NapaMeTpH
06beMHO UEHTPHPOBAHHHIX M IDAHEUESHTPHPOBAHHEIX KYGHYECKHX DEIIETOK, YHelb-
Hag § MOAApHaA TENJIOSMKOCTH OpDH NOCTOAHHOM ofbeMe mo Teopun Hebas npu
T« @p, npuMecHas SJEKTPONPOBOJHOCTh HEKOTODHIX NOJYNPOBO/HHUKOB,

Paspen «dnemeHTH (Qu3HKH aTOMHOTO sApa H SNeMeHTApHBLIX YaCTHL» Ipel-
CT4RJIeH 3a373aYaMH Ha 3aKOH pPajJHOAKTHBHOIO pacnana, oOnpefleleHHe AeekTa
MAcCH, YHEPTMM CBS3H U YJeJbHON SHEPTHH CBS3H sipa, SHepTHH ANEPHHIX pe-
agnui.

0B
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pun

OCHOBHBIE 3AKOHBI H $OPMY JIbl

Oanua soaus K¢ Bpoftas

arrsmamatt TafaanfBan.
COOTHOILGHHSA HEONPEAE/IEHHOCTEH 1 Ex3CHUCP- AxApy >
ra A5 KOODAMHATH H HMIyJbca B JUIS SHEP- Pe >3 "0
CHH O BpeMeHE
THH B BpEMEHE
AEAt > ——
2n
a- w=|y]|?
[n0THOCT BEPOSITHOCTH OGHADYXKEHHA ¥
CTHUB

BosHoBas (YHKIHS, ONHCHBAMIIAA COCTOA-
HHE YaCTHUH B 5eCKOHe‘IHO riyGoKo#t OAHO-

MEpHOH MOTEHIHANbHOR sME wmnpyHoRt { L
2
TosHast SHEPTHS YacTHIL B GECKOHEUHO IMY- o 7h 2
GoKOf OJHOMEPHOH NOTEHHHAIBHOH AME LiH- Ex Smi?
puHof# [ 1
- . —
Cpenuee 9dcI0 (OHOHOB € SHepruef €; B KpH (N = [exp ( & \ _ l-l
cranne L \%r)
MonspHas W30XOPHAR TEIVICEMKOCT: KDHCTAN- c l?mR [T\ _
JHYECKOA DEIIETKH NPH TeMmepaType v _5 KBD }
T<6 ;v
< 8p s
=234R|—
Ch
T>6p Cy =3R
On = h¥max
Temneparypa Lebas fBp=—
Cpeamee 4HCiG CBOOOAUHIX SNEKTPOHOR € (N =

sHepruelt E; B MeTa/Ie

—E —1
=2[exp(%£>+ 1]

IIpumecHas 57EKTPONPOBOAHOCTL MOJYNPOBOL: y=¢e(nsby +nb)

HAKXOR

N = NyexP (— )

AAF

3aKoH paiHOAKTHBHOIO pacnaia

AKTHBHOCTb PaZHOAKTHBHOTO BEIIECTBA

Jledext macch AApa
Dueprus CBs3H sApa

Dueprusi AEPHOR peakuKH

DOTOHA B 9eThipe pasa MeHbllle €ro
Hy poJEH Ze Bpofias Mus mpoToHa.
0-10 Iix,
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A=hlp, 1)

rpe fi— mocrosiHHas 1lJankKa, p-— UMOYJbC YACTHUBL TaK Kak, 10
YCJIOBHIO 3ala4H,

EK:‘/4 0 (2)

H4ecKas sHeprusi Ex mpoTefa ¢
Kosi Eg), TO CIpaBeiJuBO peJSTHBHCTCKOE COOTHOLIEHHE
TNOJIHON SHEPTHEH N HMIYJIbCOM

PaBHHMa C €ro 3HEPrucH Ino-

MeXKAY

rae C—CKOPOCTb CBE€Ta B BAKyy

IToacrasnsas (4) B (3), nonyd4aeM peJsITHBHCTCKOE COOTHOLIEHHE
MeX/Jy HMIIYJIbCOM H KMHETHYEeCKOH 3HeprueH;

=L VEETE. ®

IMoncrasass s (5) ycaoBue (2), HAXOLHM
3 E

4 ¢ ®

p:
C yuertoM paBenctBa (6) Bblpaxenue (1) npuMeT BHA
4 ke
A= — 7
3 B )
re 4:6,62.10738 Jlac-c- 3108 M/e__ 1 77 1015 o
3:1,50-10—10 T v ’

Orser: A=1,77-10-15 m.

2, Macca j1B¥ Jibilie ac-
¢l mokosl. Hemy paBHa MHHHMaJbHas HeONpPeLe]E€HHOCTb KOOPAHHA-
THl 3J1€KTpOHa?

HMano: m=23mg; me=0,91-10"239 xr.

Hadirn: Axmin.

Pemenne. CorjiacHO COOTHOLIEHHIO HeONIpPeJeJeHHOCTH Ieii3eH-
6epra,

£

AxApx> ) (1)

D
P

rae Ax 1 Apx— HeONpeLeJeHHOCTH KOOPAHHATE H HMIIYJIbCA 9acTH-
s, & — mocTosiHHas [Ianka. YuurhiBasi, 470 HMIYJIbC pPaBeH

p=mu, (2)
rie m— Macca, a v — CKOPOCTh YacCTHIbl, cooTHoIIeHue (1) MoxHO
NPEeACTaBHTL B BUAS

h
Ax> —— .
Z 2nmAv, (3)

94

et st e a5 S 5 e 000 At i ot e oo s S

Taxk kak HeOoNnpeneqaeHHOCTb CKOPOCTH Avy, KaK H cama CKOPOCTh, HE
MOXKET NpeBhIIIaTh CKOPOCTH CBETA ¢ B BAKyyMe€, TO

R
=
}
5
3
©
N2
-~
=

Corsiaceo yenoruio aafaun, m=3m,. Toraa fem. (4)]

AX, o= h B
o 631”2(]0
.10—34 3
Aty = MO Ale g 98,1071

A a1 1030 a P
*U,Y1-IUTYV KI'+ 0+ 1U° M/C

B ; 1
3. Cpensee BpeMs XKH3HH BO306YXKIEHHBIX COCTOSIHHE aTtoma co-

BLluHeoUTL CTeCTBeUHVIO INUNHUY CIeKTDAaJLHOoH
iU HC. DHMHCINTL SCTOCTBCHHYIC IIHDHHY CICKTPaJbHOH

auHud (A=0,7 MKM), COOTBETCTBYIOLIeH IepeXoly Mexay Bo30yx-
JIeHHBIMH YPOBHAMH aToMa.

T o 1N_8 .. A 7 1N_7 __

HAHU, T=1U " C, A=1{*1U " M.

Hadta: Almin.

Pewenue. Cornacio COOTHOWIEHHIO HeonpefeJeHHOCTH I'efiseH-
Oepra,

AEAt}E%—, )

rae AE —_ HeUHpE}LEJIeHHOCTb SHepFHId BOSGY)KJIEHHOI‘O ypOBHH aTOMa;
At — Heollpeie/IeHHOCTb MOMEHTA BPEMEHH IIepPexofa aToMa H3 OfHO-
IO COCTOSIHHSI B Jpyroe; i — mocTOsiHHAs IlMaHKa. YUHTHIBas, 4TO
DHEPTHS U3JAYYEHHS

he

4 =L—Eo @
rae Eq 1 Ex — 3HepreTHueckue YPOBHU aTOMa; A — JJIHHA BOJIHBI H3-
JIyueHHsl; ¢ — CKOPOCTb cBeTa B BaKyyMe. HeonpeneneHHOCT AJIHHEL
BOJIHBl A} H3JyUeHHS CBS3aHa C HEONPEAENEeHHOCTbIO SHEPTHH YDPOB-
Helt AE; U AEx aToMa COOTHONIEHHEM

%”— AN=AE,+AE,. @)

Tak kak HeolpeleNeHHOCTh Af MOMEHTa Hepexoia He MOXKeT Ipe-
BBIIATH CPEfHEro BPEMEHH XKH3HH T BO30YXKIAEHHOTO COCTOSIHHS aTo-
Ma, T0 MHHUMaJbHas HEONPENAENEHHOCTh SHEPIUH BO3GYKAEHHBIX
ypoBHet, cornacHo (1),

AE

min = By

aJbHOM JIUHUA) :

HHI BOJIHBI H3J1yYenusi (eCTECTBEHHYIO LIHPHHY CIIEKTD
A2
minT e )

(7107 m)?

_ L —=52.1071 M,
3,14.3-108 m/c-10—8 ¢

A=
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4, Ya cmua Haxonmcx B ﬁeCKOHe‘IHO rayGokolt opHOMepHOR mo-

s a/IbHOM fMe WWIHPUHOHN [ Ha BTODOM 3HEpreTHYeckoM ypoBHe.
KaKHX TOUKAX MBI IJIOTHOCTb BEPOSTHOCTH 00HApyXeHHs YyacTH-

COBT aﬂ'ZIET C KJIaCCHUECKOH INIOTHOCTHIO BEPOATHOCTH?

HAHO! [ Wy=Ws; n=2.

Haﬁm: X.

P enne. Bonnosas dynkmus, OMHCHIBAIOILAS COCTOSIHHE YACTH-

B 6eckoHeuHo ry6oKo# ofHOMEpHOH OOTEHUMATLHON SMe IWHDH-
HOH [, uMeeT BHJ i

o~
~

2 .

b= /—sm g s 1
y l

Tlle n— HoMmep SHEPTETHUECKOro YpoBHS (n=1, 2, 3...); X — KOOpAU-

Hara yacrans B aMe (0<Cx<<i). Coruaco q)nsmecxomy CMBICTTY

BOJIHOBOH yHKIuH,

[¢]2=mw), @
TAe W — NJOTHOCTb BEPOSITHOCTH O0HAPYXKEHHS YacCTHUE R TOUKe ¢

KoopauHatoii x. EciH wacTuma HaxomuTes Ha BTOPOM 3HepreTHye-
CKOM ypoBHe (n=2), 10

w2=%sin2( 2;;;5 ) . 3)

B coorBetctBun ¢ UPHHIHEIOM COOTBETCTBHSI Bopa Bmpamenue pas
KJIACCHUECKOH NMJIOTHOCTH BEDOATHOCTH NOMAYIAETCH HPH /1—»00:

wao='!" . 4
Ilpapasuusas no yeaosno sanaun Brpaxenus (3) u (4), monyuaem
ipz(2mx\_ 1
sin (—l )— 5 - 5
Pemas ypasuenus (5), naxonum
=(re VL
( + 4) 5 (=0, £ 1, +2,.). ©)

[v]
=1

AeNax NOTEHUHAMBHOH aMbl (0<{x<CI) Takux Touek 4eTHpe:

OCTOsIHHad

e 4g-@ﬁﬁ!&gmgggﬁgg!aaaegm—-m—-

_

Pewenue. ITnoTHOCTS MOMOHHS
p=mn, ()
Ae fi— MacCa aToMa TOJOHHHA; n— KOHUEHTPauus aTomos. Ioso-
HHil uMeer HPOCTYIO Ky(’mqecxylo peuerky. HekoTophie xapakrepH-

™~

CTHKH KyOGHUECKHX pelIeToK .
NPHBEAEHH B TabJaHLe. tavauniia
Hs tabauun caepyer, uto Tun pemerra
IJi mpocTOH KyOHYecKoi# pe-
IIeTKH IIK | OLK | rUuxK
n=1/a3, )
Tle @ — [OCTOSIHHAs PelleTky. OORCM  saemenrapuoii| a® | a® | a®
T AYeliku
Macca aroma nosonns Uncic atoMos Ha OA-| 1 | 2 4
=M HY AYelKy _
m N, @ Paccrosmye  mexny| o |V 3a2lV2zp
rie M — moasipHas Macca T0-  OHXafIIHMH COCe/IHH-
JIOHHS, Na—nocrosignas M aromami
Asoragpo. Moxcrasnsg (2) u
(3) B (1), moayuaem O6o3natenns Jpemerok: TIK — npoctas Ky-
M 6uueckas, OLIK — 06beMHO LeHTPHPOBAH-
p=— (4) nas Kyﬁnqecxax T'IK — rpaseuerTpHpO-
Naa3 BaHHas KyGHuecKas.

. 209.10—3 kr/moab
P 5,02 10% mom—1 (3,34 10-10 )3

OtBet: p=9,31-10% xr/m3.

6. Ile6aesckas temmepatypa KpHcTaana pasHa 150 K. Ompege-
JHTh M2KCHMANBHYIO 4acTOTy KOJNeGaHHA KPHCTANNHUECKOH pemleT-
ki, CKoabKO (DOHOHOB TaKOi YacTOTH BO3OYIKIAeTCA B CPeiHeM B
KpucTaJjiie npu remnepatype 300 K?

Jano: Op=150 K; T=300 K.

Hafimn: viax; (Ni).

Pemenne. JleGaeBckast TemMmepatypa

=9,31.10% xr/m3.

8” = 'meax/k’ ( 1)

Tlle Vmax — MaKCHMaJbHasi dYactoTa KomeGaHMA KPHCTAIIHYECKON

pemerkH, h— nocrosiunas Ilnanka, k— noctosunas Bomsumana,
HUs (1) naiinem

o -

Vmax = RYp/ 1. (2)

Toncrasnas B (2) uncaosbie 3HAYEHHS, MOMydaeM
1,38-10—2 fun/K-150 K
: s =3,12.10%2 [,

max 6,62-10—34 [l c
Cpennee uncao GOHOHOB ¢ ueprueii e;
€, —1
3 yas
(N =[‘°-Xp ( T )= 1] ’ )

©w
~



rie T — teMrepatypa KpHcTaia. DHeprusi GpOHOHA, COOTBETCTBYIO-
Aas 4acToTe KoJMeOaHu# Vmax,

&= M¥yy00= kB, 4

[ [150K) .}-t
(N} =[ex (300}()_‘ lJ =1,54
OTBeT: vipnax=3,12-1012 Ty; (N;)=154,
7. CxosbKo aTomoB pacnazaercs B 1 r®H 3a cpepuee Bpems xus-

HH 3TOr0 H30TOma?
n

mrrene sa  1N=3 ool 4
ARAHG: M= 1u Kr; i=T.
Haittu: N’
Pewenne. CorsiacHo 3aKOHY PaJHOAKTUBHOTO pacmajna,
N=Ngexp(—M\), (1)

rie N — unciio HepacnaBIHXCS aTOMOB B MOMEHT BpeMeHH; f; Ny —
HaYaJbHOE YHCJAO PAJHOAKTHBHEIX aTOMOB B MOMEHT t=0; A — mocTo-
SIHHas pajvoaKTUBHOIO pacnaja. CPERHee BpEeMd XKU3HHU DAAUOAKTHB-
HOT'O HM30TONla eCcTb BeJIHYHHA, 06paTHaﬂ MOCTOSTHHOM pacnaza:
T=1/A. )
Io ycnosuio 3anavy, t=1, Torna
N:No/e, (3)
Yneso aTOMOB, pacnaBLIHXCs 32 BpeMs /,
AN — AN N =N 1
N

— _1Ja
=dVgTT4Y =iVl 1/CJ.

~
—~
~

Yncto aToMoB, CofepKamuxces B Macce m Haorona ;°H,

arr_ 10—3 kr.6,02-1023 moap—1! /1_
3.10—38 xr/mons 2,72

OtBet: N'=1,27-10%,

8. Ha noBepxHOCTb BOABl NajaeT raMMa-H3Jy4YeHHE C JJIHHOH
BosHel 0,414 nM. Ha kakoii ray6HHE WHTEHCHBHOCTb H3Jy4eHHs
yMEeHBbIUUTCSH B 1Ba pasa?

Hauo: A=4,14-1013 m; Io/[=2.

Haiiru: x.

98

eseme LD L [ [ [ [T R —

Pemenne. CorsacHo 3aKOHY INOIVIOILEHHsI raMMa-H3/lyueHHs! Be-

IeCTBOM, o )
I=1iyexp(—px), ()

rae 10—— HHTEHCHBHOCTb NaJallIero H3Jy4dyeHHs; I — MHTEHCHBHOCTD
PRI oo iMoo

H3Ny4YyCHHsI Ha TWIyOHHE X; p—KO'aqLu‘i‘muncn'r JHHCHHOIO morJionie-
Husl. Pemas (1) oTHocHTeNbHO X, Ha-

XOJHM we'h
x——l—in[—“ (2) 0,7 | ‘
oo T
Inas onpenenenns Kosddunnenra Jau- 061
HeAHOro ocJabJeHHs BHIUHCAHM 3HEp- ask
THIO raMMa-(OTOHOB: Pb
e— kel (3) 04
=iy S

e=he/A, (
rie A — AJHHA BOJHH H3JyuyeHus, i — ”»3‘\ &

nocrosiiHasg I[l1aHKa; ¢ — CKOPOCTh no
csera B BakyyMe. [loncrasass B (3)

YHCJIOBBIC 3HAUEHHS, TOJydaeM 0,1 \\ Al

10—

. 6,62-16—3¢ Jax-c-3-108 m/c . ) 1 Lo [ep—
o 4,14-10—18 x - T2 5 4 EHe
—4 8.10-13 —
=4,8.10"13 Tx=3 M3B. Prc. 8

Mo rpadury (puc. 8) 3asucuMocTH
u(e) HaxoxuMm p=0,04 cm~'. TloncraBiasiz yuCJIOBbIE 3HAYEHHS B
BHpaxeHue (2), nojyuaem
In2 BPEEPN
Xz ———=17,3 cM.
0,04 cm—1

OrBet: x=17,3 c™.
9. BriuncauTth AedeKT MacChl, SHEPTHIO CBA3H H yAJNbHYIO 3Hep-

160
THIO CBSI3H SIApa 8
Pemenue, [lehexT MaccH

T T T anon am
TAC i jh— Malla ar

pa xotoporo onpezxensercs. M3 cnpapouHbIX TabJHL HAXOAUM M ly==
=1,00783 a.e. Mm.; mp,=1,00867 a.e.M.; m lgo=15,99492 a.e. M. Ilox-

o

craBisis B (2) uMcnoBle maHHbe {mns ‘3O uucna Z=3, A=16),
noaydyaem Am=0,13708 a.e. M. DHeprus CBs3H siApa




TZe ¢e~ CKOPOCTb CBET2 B BakyyMe. Ecan medext maccst Am Bhpa-
XaTb B 2.€. M., 4 2HePI'HI0 CBA3H 1:‘b B MsB, to ¢opuyaa (3) mpu-
MeT BHX
Ey=931Am;
E.,=931 MsB/a. e. m.-0,13708 a. e, M. =127,6 MsB.
YnenbHas sHeprus cBsiau
BB s g O MIB 7 g9 aop
A 16 ’ ’
Orser: Am=0,13708 a.e. m.; Eey=127,6" M =
y Los 0 uab gcs=7,98 MaB.

10. BHUNCIUTD SHEPTHIO AREPHOR peaxuun p+ ILi~ IBe+n Bui-
AeNACTCs HAR NOMIOWAETCs SHEDTHA NP 9TOK peaKnnu?
Pemenvie. Jueprust snepHoil peaxuuu

Zmi, o)

TAe 7y H My — MAacCH HacTHL, BCTYNAIOMHUX B PEAKUHIO; Sy —
CyMMa Macc yacTHH, 00pasOBABIINXCH B PESyAbTATE PEAKILHH, EC/IH

Macch 9acTin BHpaXKATh B d.€. M., a SHEPIHIO peaKunu B MsB, To

Q=931[my+my—dm;]. @)

& o
POpMYyia \A} Iipu
11py BHIUHCIEHHH 3HEpruu ﬂ}lepHOﬁ PEaKIHH MOXKHO HCIOJb30BATh
MaCCbI aTOMOB, 4 He HX ﬂﬂ;eD. 4K! CHDaBO‘{H]:IX JMAHHRIX Havnguu

Q=¢? Lml‘l‘mz—

mn-—l 00867 a.e M.
ﬂcf’pem MAacChl peakiuy

m my, , —mz, —
( 1H+ 3Lt 4Be

m,,) = —0,00176 a.e.m.

IogcTaBiss ynuCAOBble 3HAUCHHS B (2), nonyuaem
Q=931 MsB/a.e. M. (—0,00176) a. e. Mm.— — 1,64 M3B.
Tak kax Q<0 TO SHEPTHS B pe3yuabTaTe peakKIHH NOIVIOMAeTCA.

Oreer: Q=—1,64 MsB,

KOHTPOJIbHASI PABOTA Xe 6 (5)

1. TIpu gaxko#i ckopocTH Aedpomechaa JAJIHHA BOJHEl MHKpOUa-
CTHLEl DaBHA ee KOMITOHOBCKOH JAJIMHE BOJHEH?

2. Kakolt KHHeTHUEeCKOH SHepruell ZOJKeH 061a1aTh 9JIEKTPOH,
4To6K AebpofiyieBCcKas AJHHA BOJHLI Gblaa pPaBHa ero KOMIITOHOB-
cxou AJIMHE BOJIHHI?

3. Yemy mouxHa OBITb paBHa KHHeTHUeCKas 3HEPTHS [OPOTOHE,
ln*oﬁu neépomeacxas{ LJHHA BOJIHB COBNAZAda C €ro KOMITOHOB-
CKOM JJIHHON BOJHBIP

4, Kunernueckasi sHeprus 3MeKTPOHA DABHA

€ro 3HEepruy IOKoS
BhiuncanTh ne6poiinenckyio JAAHRY BOMIHEL 3JIEKTPOHA.

H.

i00
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5. KuseTnuecKast SHEPTHA NMPOTOHA B Ba pasa MEHbIUE €ro SHep-
ruu nokosi. Uemy paBHa Ae6poiJeBcKas IJHHA BOJHBL POTOHE?

6. Macca ABHXYIIErocs 3JeKTpOHa B 7Ba pasa GoJsblie ero Mac-
CHl NOKOS. BHUYUCIHTL AeODPOAIEBCKYIO AJIHHY BQIHE SJEeKTPOHA.

7. Uemy paBHa nebpoiiesckas JJIHHA BOJHH NPOTOHA, ABHKYIILE-
rocs co ckopocreio : a) 0,05 ¢; 6) 0,5 ¢ (c— ckopocTh cBera B Ba-
Kyyme).

8. BriuncauTh NeOpOHJIEBCKYIO NJIHHY BOJHEH - 3JEKTPOHA, IPO-
IMe/IIIero yeKOPSIOMyIo PasHoCTh MOTEHIHANOB; a) 500 B: 6) 500 kB.

9. Uemy paBHa jge6poiiyieBCKasi AJHHA BOJHEI TINIOBOrO HeATpO-
Ha, obaapamnero 3Hepry
IBHIKEHHS IPH TeMnepaType 300 K.

10. CpeaHsisl KMHETHUECKAs SHEPILHs JIEKTpPONa
HOM aTtomMé BOAOpoAa pasaa 13,6 3B. Buum
JUIHHY BOJIHBI 3JIEKTPOHA.

il. Yemy pasHa MUHHMaJbHasd I
[OKOSHIEI0Cs 3JeKTPOHA?

12, BBIUMCAUTL MHHHMAJBHYI HEONPEAeNeHHOCTh KOODAHHATH
MOKOAIIerocs MpOTOHA.

13. Kunernueckasi Heprus 3JeKTPOHA PaBHa ero 3HePruH Io-
Kos, Uemy paBHa IPH 3TOM MHHHMAa/bHas HEONPEAENEHHOCTb KOOp-
JHHATH 3JeKTPOHa?

14. Macca nBHKyIIerocs MPOTOHA B /Ba pasa 60JblLIe er0 MacCH
N0KOsA, BBIYHCAHTD MHHHMAJbHYIO HEONpPENeJeHHOCTb KOOPAMHATHI

Yo TIrmT af o ey
U

CJAHTD ﬂ,\:

pOTOHA
15, Uemy paBHA MMHHUMAJBHAS HEONPENENEHHOCTh KOOPAHHATH
OTOHA, COOTBETCTBYIOIIErO: a) BHAUMOMY H3JYYEHHIO C JIHHOH BOJI-
ey f\ﬁQ v BY DONTrEHOBCKOMY HIJAVIEHHID ¢ HIJUHOH BOJHE
u5 0,63 mMxM; 6) DeHTreHOBCKOMY HBIyUEHHMIO ¢ JAHHOE BOJHH

16. Cpennee PaccTOSHHE SJIEKTPOHA OT 7Apa B HeBO30yK/eHHOM

Md-llDlile nculpe-

dTOME BOAOPOUAd PdABHO 04 U IIM. DDI‘inL./l iTh MHH
JeJIEHHOCTb CKOPOCTH 3JIEKTPOHA B aTOMe.

17. CpenHee BpeMs KH3HH BO30YKACHHOTO COCTOSIHMSI aTOMa pas-
HO 12 nC. BEIUHCIHTH MHHHMAJBHYIO HEONpeAeIeHHOCTh JJIHUHHE BOJ-
HH A=0,12 MKM H31yYeHHs IIPH IepexoJe aToMa B OCHOBHOE CO-
CTOSIHHE.

18, EctecTBenHas IUMpHHA CHeKTpasbHoH Junun A=0,55 MxM,
COOTBETCTBYIOLIEH TIepeXofy aToMa B OCHOBHOe COCTOSIHHE, DaBHA
0,01 oM. Onpenenuts cpegHee BpeMsl XH3HH BO30YXKIEHHOTO COCTOA-
HHS aToMa.

19. CpenHee BpeMs XH3HH NH-HyJAb-Me30Ha cocTaBiser 0,8X
X10-16 ¢, a ero sHeprus nokos pasHa 135 MsB. Uemy paBHa MHHM-
MaJibHAS MOTPeITHOCTE ONpeleNleHHs MAcChl JACTHITHI?

20, Cpentee BpeMs XH3HH 3Ta-Me30Ha cocTaBaser 2,4-10-1° ¢,
a ero sHeprHs NOKOS PapHa 549 M3B. BHIYHCIHTE MHHHMAJNEBHYIO

a ero sHeprus NOKOs paBHA HCJIUTE

HEOIpeNeEeHHOCTD MaCCH 4ACTHIHL
21, BneKTpOH HaXOAHTCH B GECKOHEYHO TJyGOKOH
an

NOTeHNUANEHON gMe v"npnunu n 1 am, Brugucaurte B

AVTEHIHAJABHCH 4 JIU

Tax 3HEPruio OCHOBHOI'O COCTOﬁHHﬁ 3JIEKTPOHA.




22, HPGTUOH HAXOAHTCA B GECKOHEUHO Iiy6oKof OLHOMEp
TEHUHAJbHOH siMe wnpuroit 0,01 nm. Beruuncaurs B Merasj
VIBTaX SHEPIHIO OCHOBHOTO COCTOSHUS nporoma.

23. AJIqua—qaC'r“Hua HaXONHUTCs B GECKOHEeYHO rayB6oKol oRHoMeD-
CHLHANLHOH siMe. YeMy paBra WHDHHA SIMBL, €CIE MHRHMAJib-
PHA 4acTHUBL cocTaBisger 6 MaB?

M—?fl: SneKTp:oH HaXoNHUTCs B GecKoHeuno ray6oxoi OHOMEepPHOH
HOTEHILHANILHOR siMe WHPHHOY 0,1 Hy. Boiuncaurs JJIHHY BOJIHBI H3-
AIYU@HHS MDY Nepexoje 3JIeKTpoHa co BTOPOTrC Ha nepBhbiil sHepreru-
4ECKHH ypOBeHb.

9. llpoton Haxonntes B 6eckoneyno r1y60Kok OLHOMEpHOH mo-
’:’I;HHHaJIbHOf/’] AMe 1Hpunok 0,01 ne. Brmwuesuts IJIMHY BOJIHBI H3-
JYUCHHS TIPH Nepexofe mpot ¥ i
Tyae ypoggm,. Pexolte npotoHa co BToporo ma TepBHIA 3HepreTHye-

26. SJIGKTROH HAXONUTCH B GecKoHeuHo ray6oKo# ofHOMEpHOI
TIOTCHUHAILHOR siMe WHPHHO 0,1 M. Boruncauts OTHOLIEHHE pasHo-
CTH SHEPIUii COCNHHX ypoBned, COOTBETCTBYIONHX Cpefneki SHEPrHH
TENJIOBOIO ABHXKeHUg 9JCKTPOHA HpU Temneparype 300 K, kx sroi

3Hepruy.
027. Atom eozxopue,:{a HAXOAHTCA B GeCKOHeqHO ray60KoH OJlHOMep-
HOHA NMOTeHUHAaNbHON AMe WHpuHoi 0,1 M. Boiuneaury DasHOCTE 3Hep-

THH COCelHHX ypoBiei, COOTBETCTBYIOIIHX CpexHeli SHEPTHH TemIo-

HOH T110-
eKTpOo

¢

M

W

ot

@ =
!

JBHOH AMe lWMpHHO# [ B OCHOBHOM €OCTOSIHUH. B ka2
Ka  AMBL IIOTHOCTH BEPOSITHOCTH OGHapYXEHHS yacTHi coBnagaer
© RAACCHUCCKOH IIOTHOCTBIO BEPOATHOCTH?

29, Hacq‘fma HaxXOoLHuTCsA B GECKOHEYHQ r1yGOKO# oxHOMepHOl mo-
TCHUNANbHON AMe wHpHHOK [ OCHOBHOM coctognmy. Yeny paBHO
OTHOWIEHHE IIOTHOCTH BEPOATHOCTH OGHADPYKEHUS YaCTUIE B LeHTpe
SIMEL K KJIaCCHYECKOH MIOTHOCTH BEPOATHOCTH?

£

TeHIH

a0
oV MacTHua Haxoxures B Geckoneuno riy6oxoi OIHOMEpHOH mo-
TeHunanbHOl aAme wHpHHON [ B TePBOM BO3OYXKIEHHOM COCTOSHHH
B kakux Toukax sy IVIOTHOCTE BEPOSITHOCTH obHapyXenns wacty-
Hbl MAKCHMAJIbHA, @ B KAKHX — MHHHMaJIbHa ?
. I;;lﬁﬁa;gg;gge:;;g:;;uempﬂposa Vo kyGuueckyio pewrer-
Bl H PaCCTOSiHHE Mexay Gunalimnyu
COCEHUMH aToMaMu, ecuiy TapaMeTp peuerTkn paber 0,392 gy
32. Monu6aen nmeer ofsemuo LEHTPHPOBaHHYIO Kyéhqecxyxé pe-
IéUeTKy.“BbI‘{HCJII/ITb [UIOTHOCTE  MOJHOAEHA U paccTosme MexX Iy
Ogli?il;uvmmn COCEANHMH aTOMaMu, eciu Napamerp pelleTku pasen

- 33. 301070 umeer ThalleuenTpupoBatnyo KyGuueckyio peleTky.
JIOTHOCTh 3001074 IPRE KOMHATHO remneparype 19,28 r/cm3, Hatity
g:g\jzr:ap PeWeTkH H paccrosinpe MeXNy OnumalmuMu cocennumy
MaMHu, T

34. XKenezo umcer

e
] OUBEMHO neHTpUpoBanHyio KyGHUecKyio pe-
urerky. Haiitu NapaMeTp peweTkH u paccTosiue MEXIy OaHKafimy-

102

!gQE!Q___-“_ﬁ“hhu-_ﬁ-_-__-

MU COCEAHMMH aToMamH. [L10THOCTh Kesesa npu KOMHATHO# Temie-
parype paBHa 7,87 rjeum®.

35. OnpenenuTs MakCHMAaJbHYI 3HEPrHio (GOHOHA B KpHucraJie,
HeGaeBckas Temmepartypa koToporo pasaa 200 K. Kakoe kosmgecTso
(OHOHOB ¢ MaKCHMAJIbHOH 3Heprueii BO30yXKaaercst B cpeiHem npH
Temneparype 300 K?

86. BBIYHCIHTL yAeNbHYIO H30XODHYI TeILIOEMKOCTh CesleHa npHu
Temnepatype 3 K u 300 K. Temneparypa HdeGas nas cenena parHa
90 K.

37. MonsipHas W30XOPHAS TEIJIOEMKOCTh aproHa NpH TeMieparty-
pe 4 K okasaJsiace pasHoit 0,174 JIx/ (monk-K) . Berunenurs no sna
YeHHIO TEIMIOEMKOCTH 1eGaeBCKyIo TeMIepaTypy aproa.

38. Kaxkoe uncsio cBOGOLHBIX 3JEKTPOHOB B MeETa/jle 3aHHMAIOT
B CpPeAHEM YDOBeHDb ¢ sHepruell, pasHoll smepruu Ocpmu?

39. Omnpesennts MPUMECHYI0 3JIEKTPONPOBOLHMOCTB repMaHus,
KOTOPHIAl COREPKUT MHAMA ¢ KonuenTpammelt 2-102 M—3 ¥ MbuubgK
¢ Koruentpauueit 5-102" M3, TTOABHIKHOCTU SJEKTPOHOB N JBIPOK
AJd TepMaHH COOTBETCTBEHHO paBHE 0,45 u 0,35 M2/ (B-¢).

40. OnpenesuTs NPUMECHYIO  SJEKTPONpPOBOAHMOCTD KPEMHHS,
KOTOPLIfi COAEPXKUT 60p ¢ KOHUeHTpauuel 5-102 ym-3 g CypbMy ¢
Koruentpanned 2- 102! v—2, TToABHKHOCTH SJEKTPOHOB U ABIPOK JJIST
KpeMHHS COOTBETCTBEHHO paBhnl 0,13 1 0,05 m2/(B-c).

41. Kakas 10J1s1 epBONATANBHONO KOMHYECTBA PaaHOaKTHBHOTO
H30TONA paclajaeTcs 3a BDeMs KH3HH 3TOT0 H30TONAa?

42. CxoabKO aTOMOB Z?Rn pacnaznaercst sa cyTku, B 1 r atoro

H30TOMAa?

43. 3a kakoe Bpems pacnanaercs 75% aToMOB ;gl:.a?
aKTHBHOCTh ! T M30TONA 82 Ra.

45. Halitn nepron nonypacnaga PalHOAKTHBHOrO mpenapara, ec-
JIM 38 CYTKH €ro aKTHBHOCTb YMEHBIIACTCS B YeTHIPE pasa.

46. BestecTBHe pagHOaKTHBHOIO pacmaga U npeBpamaercs B

%26 Pb. Ckoabko anabta- 4 GeTa-mpeBpamennuii ox IPH STOM HCHBITHI-
Baer?
47. BHHCIHTL TOMMIHEY CJOS OO0
AJis raMMa-JIyuel, JJIAHA BOJIHB KOTOp , M.
48. Uemy pasHa 3HeprHs ramm -(OTOHOB, eC/IH NPH TPOXOKIe-
HHH uepe3 cyiofi Kene3a TOMIHNOH 3 CM HITCHCHBHOCTH H3JyYEHHH
ocaabJsercst B TpH pasa?

49. Bo CKONBEC pas H3MEHHTC TEHCHBHOCTD H3J/1YYEHHUS FaMMa-

HTe
$otouoB ¢ smeprueir 2 MsB IPH NPOXOXKIAEHHH 5KpaHa, COCTOALLEr0
H3 ABYX ILTUT: CBHHLOBOH TOMINMHOH 2 CM H aMIOMHHHEBOH TOJIIIH-
Ho#t B cum?

50. paCC‘{HTaTb TOJIIUHHY 3aIHHTHOT'O CBHHIOBOI'O cJjos, KOTOprf:{

caabiser HHTCHCHBHOCTD HM3JIy4eHHS] TaMMa-(OTOHOB C sﬂepmeﬁ
i

o
:.

B IIATb Pas.
- Brrucants gedekt maccel, sHepruio csasu u YIEJNbHYIO 3Hep-

aJab({a-uacTHIbL.




52. Ber4HcauTh Ne(eKT MacChl, SHEPTHIO CBA3H H yAIbHYIO 9Hep-
I'HIO CBSI3U siApa nCa.

53. quncnnl‘_b JeeKT MacCH, SHEPTHIO CBA3H H YAENLHYI0 SHep-
THIO CBSI3H siApa U

54. OnpefeNuTh MAKCUMANBHVI0 KHHOTHUOOKYVIA BITAnnmm oA
P adl J A SMELLIARTVAYIV Julpiniy IViTK-
TDOHA, UCIIVCK DU Daciane "HadTnaAwua ATIIIA QML Y1 ATRIIAYTITY
P s ACIYCK Spst pavigant avdipulia, 1launldTb ypaBHCHHT
pacnazga.
88, Tlnp aUHUTHJISIUE SAGKTDONAE U TORUTRANA (&R A TinTea 7o
11pH aHHH T ,.:.“quu oeitnipliia n HUSHTPOHA O0PAE3yOTCA LBa
ramMma- CpOTOHa AUTH SHEPTHIO M JJIMHY BOJIHBI Kaxkaoro u3 ¢oro-
HNAD AN T WHTTAMIIIIANATZ O ATTANTIT O A IrArrmia ~ce o se o o fa
HOB, €CJH KHIETHHICCKAsA SHEPIHA 3/IeKTPOHA W MO3HTPOHA Oblia MHO-
0 MCHDBLIC HX 3HEPIHH NIOKOA.

5(; Bb]'{HCJI;Tb SHEPTHIO ANEPHON peakuuu
n-+3"B—iLi+ sHe.
57. BeluHC/INTD SHEPTHIO SACPHON peaKmuy
p+ILi—2%He.
58. BLIUMC/THTD HEPTHIO SACPHOHA PEaKUHH
sHe +7'N—§'O+p.
59. BHIUHC/IHTL SHEPTHIO SAEPHOH peakLuu
p--IB—3iHe.
60. Briumc/inTh 3HEPTHIO AAEPHON PEaKIHH-
tH-+H—3He 2.

P e L L

1. Ocuornnie dusuieckne NOCTOSHHbIE

(OKpyrJeHHbIE SHAYEHHUS)

Obosa- Yyuca080e 3HaA4eRUe
@usutecKan NOCTOAHARAR wenue ]
2
HopmanpHoe —yCKOpEHHE CBOGO/IHOTO g 9,81 M/c
Toanmma 6,67-10~11 M3/ (xr-c)?
T'paBHTallHOHHAs MOCTOAHHAS G (x
H%croxnﬂaﬂ Asorazipo 1‘}; A 68, g? ﬁﬂ”/ (MO.'!E; *K y
%/ (MOJIb-
oJsipHAS ra3oBas NMOCTOsHHAS
{v}uuupnnnan Boubumana k 1,38-10— z“ J}m/K
O6beM ORHONO MOJSI HAEaJbHOrO rasa Vo 22,4-10—3 M3/MOJIb
IIpH HOPMAJLHEIX yCJIOBHSAX
(T9=273,15 K; po=101 325 Ila) . e nets
DJIeMEHTapHBIH 3apsin e 1,60-10-1° K
-10—3 kr
Macca mokos 3JeKTpoHa e 9,1_10 K
Toorosnuan Qananes F 9.65 Ka/monb
Ew.unnnun YuyuA;,[;yYMe F S
KOPOCTb CBETA B B 1/ s
Tocrosinas Credana — Boabumana 4 5,67- 0_; BT/(M K¢)
Tlocrosannas Buna B mnepsoM 3aKoHE by 2,89-10 .
(cMemenHs) 5 Br/ (s K5
~ - K5)
Tocrosunas Buna Bo BTOPOM 32KOHE b 1,30-10 T/(
Tocrosunasn lranka h 6,63-10—3¢ Ix-c
h 1,05-10~3% Ix-c
—13 o—1
Tlocrosinnas Punbepra R 2,?’;91(1)0_wc
Boposckuit panuyc a (2), 52910~ ‘1:,1
KoMIOTOHOBCKAasi JJHHA BOJHBL 3JI€K- e 2,43-10 M
TpoHa
Sieprun HOMMSAWIH ATOMA BOTOPONA Ei 2,18:1071° Jlx=136 9B
AtoMHas eIMHHIIA MaCChl a.e M. 1,660-10=27 gr
Dmepras, cooTBETCTBYIOMAs 1 a. e.M. 931,50 M‘32B
DneKTpuyecKas NMOCTOSHHAS g §,8 ”}97 ru‘E!M
MarHiaTHas NOCTOSHHAA po A Tu/u
Margeron Bopa UB 9,27 10— :: Ox/Ta
Qnanpnft MarLeToH N 5.05-10—27 Ox/Ta

FaBEPHEY MarHe

2. Hekotopble acTPOHOMHYECKHE BEJTHUHHBI

uyc Semun (cpelHee 3HaUEHHE)
a Qowrnu

a 3eman

ryc Conmma (cpennee 3HaueHHe)
Macca Connua

Panuyc JIynu (cpeasee 3HayeHwue)
Macca Jiysn

6,37-10° M
5,96-10%% xr
6,95-10% M
1,98-10%° kr
1,74 108 m

7.33.10%% &r
i,00° KT
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Cpexnee paccrosinne Mex 1y HEHTpaMH
3eman u JIynn

Cpennee paccrosnne

MEKAY LEHTDaMH

Connna u 3eman ; 1,5-101 M
gleegzxgn obpamerns Jlynw BOKPYr 27 ¢yt 7 4 H 43 MuH
3. IlioTHOCTS KuaKocTed p-10-3, xr/m3
Bo,zla (npa 4°C) 1 Kepocun 0,8 Dryrs 13.6
Tanbepun 1,26 Maciao 0,9 Cn;mT 0.8
4. MlaorHocts rasor (npu HOPMANLHEIX YeasBHax), Kr/Md
Aszor 1,25 Boxo i
s poxn 0,09 Tennip 0,18
Aprou 1,78 Bozayx 1,29 Kuciopon 1:43
5. Maothocts p, Mogyan ynpyrocrn (moayas lOnra) E,
K03 puLMeHT anHeiinoro pacummpenns
(cpennee snauenne) o HEKOTODHIX TBePAbIX Ten
Tsepdoe reno 0-10-3, kr/m? E 10~ Ma !l o108, K-t
L |
AJIIOMHBHE 2,7 7,0
Roabdpam 19,75 41,1 233
JKeneso (crann) 7.85 22,0 119
Koucranrau 89 216 170
Jex 0,92 0,28 , '
MSE’ 3,8 12,98 16,7
hKeib 8 ;
Huxpom 8,4 2% 1?51
Pappop 2,3 - 3
6. Cxopocts 38yxa B BeiljecTse {(upn 15°C), Mjc
Bepuinui 12500
Boanyx 340
Bona 1450
Bock 390
7. MopBUXKHOCTL HOHOB B aaeKTposuTax, m?/(B.c)
NO,- 6,4-10-2
H+ 3,26-10~7
IS+ 6,7-10~8
Cl- 6,8-10~8
Ag+ 5,6-10-8
8. dddexTusHblit aAMamMeTp MOJIEKYJIb Ta308 d-101°, m
1A'-‘xaor §,£ Eosnyx 3,0 Tenuit 1.9
Apron 3,6  Boaopox g Kucnopox 2,9

2,
Yraekucabii ras 4,

9. Yaenbhas Tengora naasaenus A-10-% JIx/kr

Jlen 33,5
CauHer 2,3
10. Ynenbnas tennora napooGpazorakus r.10-5
Boxa 22,5
Siup 6,68

—
—

. ¥YnenbHas renaoemkocts c-10~2, Ix/(xr-K)

Boaa 41,8
Jlex 21,0
Huxpowm 2,20
CauHel 1,26

12. ¥neabnoe conporusaenue p-108, Om-um

JTox/kr

/K

Bonbdpam 5,5 Hukenny 40,0 Mens 1,7
JKeneso 9,8 Huxpowm 110,0 Cepebpo 1,6
13. JluanekTpuueckas MPoHHUaeMoCTh (OTHOCHTENbHAS) BeLleCTBA
Barenur 4,0 Macno rpancdopma- Cmona 6,0
Bona 81,0 TOpHOE 2,2 Crekio 7,0
[Mapadun 2,0
14. TemnepaTypHblii Koo duunest
CONpPOTHBJEHHS MPOBOAHHKOB «-103, K—!

Boabppam 5,2
Mens 42
Hixenns 0,1
15. MoreHuuan monusauuw, 3B
Boaopox 13,6
Pryts 10,4
16. ITokasareas mpesomaenus
Anmas 2,42 Cnuuepun 1,47 Coap KamenHas 1,54

Boaa 1,33 Cepoyraepon 1,63
17. PafoTta BEIXOLA 3JEKTPOHOB M3 MeTalia, 3B

Bossdpam 4,53

Huxean 4,84

Lesunit 1,89

LT 3,74

18. Macca mo u aHeprus E; NOKOS HEKOTOPBIX HACTHIL
my Ey
Yacruya A
a. e M 10%, kr M3B 10, dx
S1eKkTpoH 0,0005486 0,000911 0,511 0,00082
Mporon 1,007277 1,67251 938,27 1,503
Heiirpou 1,008665 1,67482 939,56 1,505
£ _tranmys ANNTENT £ QAL 2797 2 5 Q79
-9aCTHHA 4,001507 6,64422 3727,3 5,972
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19. IMepuonst nonypacnana
HEKOTODHIX PaanoaKTHENL!

3
H 12 ner

15 -

2002 165 cyrox
222

ggl 3,8 cyrox
226

gsRa 1600 ser

20. Macca HexkoTophix H3oTONOB

H3soron m, a.e. M. Hsoron m, a.e. M.
! {

1

1H 1,007825 | Up 11,009305
)

H 2014102 | Uy 14,003074
1H 3,016049 | ‘%0 15,994915
3He 4,002604 | Yo 16,999133
77 -

L 7016005 | #ca 47,952363
75 233

iBe 7,016930 | *HU 238,05076
g 10,012939

oy
UCHOBHBIE B KONOJHUTEIbHbIE erunnny CU

Beauuwuna i Edunuya
o6o3na-
ue Raumenosanue yernue
!
Hnuna l L ‘ MeTp M
glaecca M KHJIOTpaMM K
Clgn:;'snex'r HIECKO 7 asnep 2
ro TO-
G P 0 TO I ammnep A
Tepmonunammueckas rey- T KeJIbBHH K
neparypa
Cuna csera | 1 | Kaunena XA
KonuuecTso semecrsa v MOJIb MOJIb
Inockuit yroa [ paiuan pan
l 9] ‘ crepafgHaH cp

Mpoussonnsie exunnus CH,

MMeomue cooCT Ha HHS
B Al - By 2
Deauxung - eauﬂul{b‘
Rl o
8
ob6o3na- HOUMEHOBG- § &3 uepes OCHOBHbie
Haumenosarue yenue Hue % @ § edunuyor CH
3
Yaerora v repn Ty | — |et
Cuna F mpioToH  [H — |M-xr.c=?
JlaBnenne p nackans  ([la | H/m? [M—t.kr-c—?
Dueprus, padora, Temtora |E, W, U, | mxoyas |k | H.m [m?.kr-c-2
4, Q
Momnocrs, notok suepran| N, P BaTT Br | Ox/c |m?-gr-c=3
Koauuecrse saextpuuect-! Q, ¢ KyJiOH Kol Ae A

Ba, 5/€KTPHUECKHA 3apsii
DilekTpHUECKOE HANpsKe-
HHe, 3JIEKTPHUECKH{I IoO-
TEHIHAT

dnexTpHYeCKass EMKOCTD
DIeKTPHYECKOE CONpPOTHB-
JeHHe

DJIeKTpHUECKas NPOBOMH-
MOCTb
TToTOK MAarHuTHOR HMHAYK-
IHH

MaruntHan HHEAYKUHA
HaaykrusHOCTD
CpeToBOf MOTOK
OcBenieHHoCTD
AKTHBHOCTb ~ HYKJHAZ B
PaJHOAKTHBHOM HCTOYHH-

re
R

TMornomennass fosa u3vy-
9eHHs
OKBHBaJleHTHAad J03a H3-

JIYUCHHA

U e BOJIBT B | Br/A |mM?-kr-c-3-A-1

Cc tdapan o]

R - anr ~

a7 OM UM

o4 CHMEHC Cm | A/B [M=2.xr—1.c2.A2

P BeGep B6 | B-c [m2-kr-c—2.A-t

B Tecia Tn |B6/M2ikr-c—2.A—1

L reHpH Ty | B6/A |M?-kr.c=2.A3

24 JIIOMEH am | — |xA-cp

E JIIOKC nx — IM~%.Kx-cp
Gekkepedab |Bg | ~— Je=!
Ipeft Ip — |mM%.c2
3uBepT 38 — M2.c™?

B BHpaxeHHe BXOXHT HapaBHE C OCHOBHBIMH enununaMd  CH pononuntessmas — craes

pamuaH.

MuoxuTean A NPHCTABKA A5 06pasoBanus
JEeCATHYHBIX KPATHbIX M MOMBHBIX €MHHI

H MX HaHMeHOBaHUNA

Hpucraska Hpucraska
o6oana- Mnoxureas 0603Ha- Mnosuress

Haumernosanue wenue HaumeHosaHue yenue

9Kca <] 1018 CaHTH I c 10—
nera n 1015 MHJLIH M 10-2
Tepa T 1012 l MHKDO , MK 10-¢
rura r 10° HaHO H 10-°
Mera M 108 EKC I 10142
KHJIO K 10® pemta [\ 10—18
Aenu A 10— l aTTo , a 10-18
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BHecucremubie efHHHLb, AonycKaemble K NPHMEHEHHIO HapaBHe
¢ enduiuamu CH

. Edunuya
Haumenosanue
BEAULUH b
g Haumenosarnue 3 coorHowenie
obosHauenue ¢ edunuyei CH*
Macca TOHHA T 10%
aTOMHaf eAHHHIA MAacCCH a. e M. 1.66- 10 —7 gr
Bpema MHHYTa MHH 60 ¢
yac q 3600 ¢
CYTKH cyT 86400 ¢
IMnockuit yroa rpagyc A 1,74-102 pag
,
MHHyTa g 291-10~¢ pag
CeKyHIa R 4,85-10-% pag
OGmnem, BMecTH- b
HT
MOCTE P ! 07w
Jnuuna ACTPOHOMHUYECKAS eJHHHNA a. e. 1,50-101t »
CBETOBOI roj CB. TOZ 546105
5
napcek nK 3081016 5
Ontuueckas cuna JAAOITPHS AnTp 1 Mt
Mnowanp reKTap ra 10%- m2
SHeprusa 3JIEKTPOH-BOJIAT 3B 1,60-10—1° Jix
)
Hoauas MomsocTs BOJIBT-aMIep B-A
Peaxrusnag mom- Bap
HOCTh oap

Ipumewanue. Honyc

KaeTCSl TaKXKe MPUMEHATh APYrHe

€IHHHIIH

PHCH%OAC;![:::;HIL% Hanpa(mep, HejeJs, MecHll, rox, BEprTbICH‘{gﬂe:lfe l;{ 20"}"{"3111“8 LIHpOKOe
€MeHH (MHHYT, , dac, A

acTpoHoMmeckyio enmmuny. oncronch o i) IWIOCKOTO yraa (rpaayc, Mumyry, cexyny),

CKaeTCR npuMeRsTs ¢ Mpreranmann. . N AHOUTPHIO H aTOMHYIO eIHHHIY MACCH He ROIly-

Sl e [ [ | [ eRR—

T

i

TIDEMHCAOBHE . . . . v v v v v e v e e e e e
O6umne METOAMYECKHE YKA3AHHT . . . . v v o « + .+ &
PaGouast nporpaMMa . . . . . v 4 o e . e 0 .

@yxmameu‘ranbﬂme ClJHSH‘IECKPIe TIOCTOSAHHbIE
3alaun M caMOCTOSITENBLHOTO DeleHus . . . . .. . .

Yuebuble MaTepHaJbl 1O pasfie]aM Kypca (GH3HKH . .

I. ®uauyeckne OCHOBBI MEXAHHKH . . . . « + « . .
IlosicHerus1 K paGoyell mporpaMMe . . . . . . . .
OcHoBHblE 32KOHBl B (QOPMYABL . . . . + « + . .
TIpumepH pelIeHHS 33JaT . . . . « « . « . . .
Konrposnbhast paGora Ne 1 . . . .. . . ..

11. OcHOBBL MOJIEKY/IAPHON GH3UKH H TEPMOJHHAMHUKH
Hosicuenust x paGodeit mporpamMme . . . . . . . .
OcHoBHbIe 3aKOHHI ¥ QOPMYJH e e e
Tlpumeper pemenus 3afad . . . . . . . . . . . .
KoHTposbHas pabora N .

111, dnekrpocraruka, IMocToswusé ToK . . . . . . .
I'oncnemm K pafoueii mporpaMme . . . . . . . .
OcHOBHBlE 3aKOHH H nbopmynm e e
TIpumepsl pemenns 3ajau . e e
Konrpoasuas pabora Ne 3 (2) . e e

1IV. Daexrpomarnetuam. KoneGanusi 1 BOJHEL . . . . .

Tloacnenua x nabouel NIROrDaMMO
1:0ACHEHHA K paCoylu IporpaMMe . . . . . . .

OcHOBHBlE 3aKOHH M (POPMYJIBL AN
TIpuMepsl pelueHus sagau . PN
KonTposbhas pabora Ne 4 (3) e

V. BosnoBasi onrtuka. KBauroBas NPHUPOAZ HU3NYYCHHA

5K pabouelt P

TlosicHeHuA K paoduewn nporpaMme . . . . . . . .
OCHOBHBIE 3aKOHBL H GOPMYJIB . . . . . « « . .
[TpuMepst pemleHus 3aay . . . . . . . . . .

Kontpoavuas pabora Ne 5 (4) .

VI. DieMeHTH aTOMHOH M siflepHOM (H3MKH H (H3MKH
Tlosicnenns K p’Goqei’i [IpoTpamMmme . ..
OCHOBHLIe 33KOHL B BODMYME
OcHOBHEle 3aKOHH H DOPMYJNE . . . . . . . .
ITpuMepH pelleHus 3amau . e e e e e e
Kourtposnbnas paGora Ne 6 (5) e e e e

IIpunoxenne . . c e e e FR
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Yuebuoe uzdarue

Baaxumup Jleonunosud Ipoxodres

Banenruna ®eopanoBHa JIMuTpHeBa
Bauecnan Anexcannnoruu Pglop

AL GRT IGGALALQRAPYIRAR T RVYE

Baanumup MaTBeeBnq Faanackoit
[ferp Upanopuy CamoilieHKO

PUIUKA

Mertonuueckue VKa3aHnA ¥ KOHTDOJIbBHLIE 3a0aHHA
I CTYIASHTOB-3a0YHUKOB
HHKEHEDHO-IKOHOMHYECKHX CIeunaNbHOCTeH BYy30B

3as. pepaxuueit E, C. I'pudacosa
Penakrop {. H. Yepnoiutesa
Ma. pegakrop I. B. Baroxa
XynoxecTBesHEbfl pemaxktop B. H.' ITonomapenko
Texuuqecxnﬁ penaxTop B. M. Pomanosa
x\uppcnwp I, H Dyjzanosa

H/K
HUan. Ne ®M—940. Cxano B HaGop 18.03.88. Toxan. B neuats 27.07.88.

hopmar 60X9%0Y;,.. Bym. Tun. Ne 2. Tapuurtypa: AUTEpaTypHas. TegaTe nHecoRag,

O6GbeM 7,00 yca, neu. . 7,12 yca. Kp.-oTT. 6,93 yu.-H34. o
Tnpax{ 30 000 3xs3. Sax‘.‘ Ne 209. LleHa 20 xor.

HanateabcTBo <«Bricmasi mkona», 101430, Mocksa, ['CII-4, HernugHas ya., A. 29/14.

MockoBckasg THnorpadusg Ne 8 Corosnonmpacbnpoma
npu FocyrapcreenHom komutere CCCP
N0 AejaM H3AATeNbCTB, Noaurpadum ¥ KHMKHOK TOPTrOBJH,
101898, Mocksa, llenTp, Xoxaoscku#t nep., 7.



