
MuHucrepcrno o 6p a3 oB aHr.rs rr Hayrs{ po ccufi clcofi (Degepaqun
(D e4ep anr uo e ro cyAap crB eHHo e 6ro4xcerno e o 6pas on areJrbHoe yqpe)KAeHr.re

Bbrcrrrero npo(f eccuouaJrbHofo o6pa:onaHrar
<<Blagr,rnrupcrcnfi rocyAapcrneHnr,rfi yunBepcrrrer

II{MeHrr A"rrelccaugp a lplrropb eBrrqa n Hnrconas Cto.netonrrp>
(B"uIY)

PAB Or{A.f, IIp OTPAMMA AI{CqI4IIJrr4Hbr

O CHOBbI KBAHTOB OIZ OI43KT KI,I

Haupan.nenve rloArorosls{ 28.03.01 HanorexHonorr{r4 14 Mr4Kpocr4creMHar rexH[Ka

llpoQurrr/uporpaMMa rroAforonKr,r

VponeH.s Bbrcrrrero o6pa^:onaHzx laxmaspuat

Ooprvra o6yueuzx orruafl

Ceuecrp Tpy4oerrarcocrb 3aq.
eg,l uac.

JIexqzu,
qac.

llpanruu.
3AHfl'IVIfl,

qac.

JIa6opar.
pa6oru,

qac.

CPC,
qac.

Oopua
npoMe)KyroqHofo

KOHTpOIS
(exs./saqer)

Aa 61216 36 36 18 81 oK3aMeH (45 u.)

Zroro 6t216 36 36 IB B1 sK3aMeH (45 u.)

Bna4rauup 2015

0t--



1. UE Jrr4 O CB O EHLrfl lp4c\lrrrJrr,rHhr

I-{eu.rrvru ocBoeHI,It Atru\nnnruHrr <Ocuosbr KBaHToBoft Susrarz)) .f,BJrrercr o6ecne.reHue
6y4yrqe:ro cleqlraflucra HayqHofi Qzszuecr<ofi 6agofi, Ha Koropofi s nrroruefi rexHu.recrcofi
IuKoJIe crpol'ITcs o6rqeunxteHepHas Ir cleqrranbHalr rroAroroBKa. Iocne4onlTeJrbHoe r{3freHr,re
@zsurrz nrrpa6arrrnaer cneqz(fra.recxzfi MeroA MbrrrrJreHr{fl, $rasuuecryro r4rrryrrqr4ro, r(oropbre
oKa3brBillorcg BecbMa [noAorBopHbrMt4 r{ B Apyrr.rx HayKax. Cneqrzanrzrcrbr, [onyqr4Burr4e
IIIl'IpoKcle (fzsuxo-tr,tareMarl4qecKoe o6pasoBaHr4e, Moryr caMocro-flTeJrbuo ocBar4Barb HoBbre
TexHIrqecKI4e HallpaB[relj^vIfl., ycnelxHo pa6oraru B Hr{x, JrerKo rrepexoAr{Tb or perrreHr{s oAHr.rx
3aAaH K ApyrrdM, r,rcrarb HecrilnAaprHbre z HerpaAr{rMoHHbre rryrv,.no oco6eHHo BaxHo IJrfl
npo0ec,ctzonalruoft mo6znrnocrlr cnequanl4croB B ycnoBr4rx ycKopeHHoro pa3Br4Trz s.TexHkrKr4.

3 agauu,4r.r c rlr4n Jrr4 H br :

o reoperlrqecKat rloAforoBlKa B o6nacrrz fru:nxz, [o3Bo[-[rorqas 6ylyllr4M r4HxeHepaM
oplzleHTl4poBarr,c.fi B rloroKe nayunoft I{ TexHrzrrecr<oft zu$opMarllrr{ u o6ecnequBarorlajr I4M
Bo3MoxHocrb rlcrloJlb3oBaHu-fl HoBbrx @usrz.recxzx [pr,rHrlr,IloB B Tex o6nacux, B Koropbx
o Hxr clr erll{ anv3lrplJlo-r c fl i

o $opvrzpoBaHl4e Hayrrnofo MbIIIIJreHrr.rI, B qacrHocrrr npaBl{JrbHoro rroHr{MaHI4r fpaHr4rl
nplz:MeHI'IMocrI'I piBJII{qHbrK Szsr.rvecxux nongrrzfi, 3aKoHoB, reoprzfi u yMonzrs. orleHrzBarb
crelireHb locroBepHocrl4 pe3ynbraroB, [onyqeHHbrx c rroMollbro SKclepr4MeHTaJIbHbIX r4JII,I
MaT eMaTI{qecKI4 x MeTOAOB I{CCJreAOB aHr4g ;

o errpa6orKa rIpI4eMoB rI HaBbIKoB perrreHr4ft xouxperHbrx 3aAar{ r.r3 pa3Hbx o6nacrefi Suzurcu,rloMorarou[x cryAeHTaM E AaJIbHefi ruervr perrarr l4H]r(eHepHbr e 3a1aqkr.
o o3HaKoMJIeHI4e cryAeHToB c coBpeMennoft Hay+rofi annaparypofi u nupa6orKa y Hr4x

Haq€uIbHbIX HaBbIKOB rIpoBeAeHI4fl SKorrepr4MeHTairbHbx HayqHbrx uccne4onaHvft
p il3 JruqHblx S uszve crux snreHl4ft I4 oIIeHKr,r nofp errrHo crefi asuepenrzft .

2. MECTO AI4CIIUtrJII,rHhr B cTpyKTypE OIIOII BO

[wcguttttuua <OcHoBbI Kl]aHTonofi (fzsrzxn)) orHocr4Tc.{ K 6asosoft qacrr.r 6norca 8.1
ocHoBHcrft npofrecczouansnoft o6paronaremuofi rrporpaMMBr. Zsyuenue ArrcrlqnJrrTHbr
rrpoxoArrT B qeTBepToM CeMeCTpe.

[rn ycueurHofo ocBoeHxltl Kypca Susurcu cryneHTaM neo6xo4ur'ro 3Harb cneAyroulr4e
pa3AeJlbl nrrcllreft MareMarl4Kral ,,{uS$epeHrlrraJrbHoe r,rcrrr4cJreHre, IrlHrerpaJrbHoe vc.q{vcre11e,
AnarurlHecKa.f, reoMerpllt u riuueituax wte6pa, Pfl.gst, 3rervrenrrr uao,ropnoa o a1yru3a,
(DynIcqHI'r KoMrIJIeKcrIoro rrepeMeHHoro, [uS{epeuqrzaJrbHbre ypaBHeHr4fl, iheuenrbr reopr.r4
B opo-f, TH O crefi u uarenrarzqecxofi crarrr crr4 Kr.r.

Oc'noenze rI4cIIurIJII4Htr .neo6xoAr4Mo Anr L:r.'.rreHarfl. cJreAyroulr4x Ar4crlr4rrJrzu yre6Horo
rIJIaHa: <(@rzgl.I'recxue ocHoBbr MLIKpo- I4 HaHocr.rcreunoft TexHr4Kr.r)), <Ousrzxa rn€p4oro reJra),
<KnaHTOBaf, Lr crarr'Icrllqeclcat $zsura>, <KsaHToBar v orrrr4qecKaf, gneKTpoHlrKa),
<'{onomrureJlbHble fJIaBbI Teoperllqecxofi $uszrcu, $zszrcu snpa rr gJreMeHTapHbrx qacrr.rq)),
<<Hayrucl-uccJleAoBareJlbcKa{ palota B ceMecrpe)), BbrrroJrHeHrre Bbrrrycxnofi
rnaluSn:xaqraonnoft pa6orrr.

3 " KOMTTETEHIII4I4 OEyIIAIOIqETO C,fl , O OpMI4pyEMbrE E pE3yJrbTATE
o cB o EHUfl I\r4]rII,IrrJMHbI

B pesynrralre ocBoeHl{.s AI4cuIlrIJrpIHrr o6yrarorquftcx gottxeH AeMoHcrprrpoBarl cJreryrourue
peylr6rar6r o6pa: onanu.r :

1) 3narr:
o (pyu4arueHTilJlbHble 3aKoHbI rlpupoAbr pr ocHoBubre SrzsrauecKr4e 3aKoHrr e o6racru

rcsaHroeofi, arorvtroft u x4epnofi {tzsurn (OilK-1).



2.) Yrvrert:
. [pI{MeHrG (fzszuecKLIe 3al(oHbr AJlf, perrreHu.f, npaKTr{r{ecKrrx 3aAaq (OIIK-1).
3) Buaaerr:
. HaBbrKaMr4 [paKTr{qecKoro npr.rMeHeHr{fl 3aKOHOB (pUSrEXr.r (olIK-1).
Kounereuqprr4, qacrvruuo tpopurapyeMbre B paMKax ocBoeHr{r Ar.rcuulnr,rHbr:
OIIK-1. Cuoco6uocrr rpercraBJlf,rb areKBarHyro coBpeMeHHoMy ypoBuro sHauuft

HayrlH)rto KaprI{Hy Mupa Ha ocHoBe 3HaHr.rr ocHoBHbrx rroJrox(eHrdft, 3axonoB il Mero.uoB
ecTecTBeHHbrx HayK rr MaTeMaTr4Krr.

4. CTpyr(TypA r4 coAEpxAHI4E Ar4CUr4rIJrr4 Hbr

O'6Iqas rpyAoeMKocrb ArloqurrJrrrHbr cocraBJrrer 6 gaqerHrx eArrHr4rl 276 qacos,
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C (]Ae HITE PA3AEJIOB AIICUUIJII{HbI

Teurr, pa3AeJrbr Arrc qulnr4H6r Kon-so
qacoB JIEKUI4[I

rrpaKTr{-
qecKI{e

:r.a6opa-

TOpHbre
cpc

Pagler 1. KBaHToBaq fipllpoAa ur3Jryqeur{rl 32 4 6 10 t2
Jlexrln.s L 3alconrr rerrJroBoro r.r3JrvrreHr{t

t4 2 /1T 2 6

JIeKuHf, 2:. KBaHTOBbTe cBoilcrBa cBera 18 2 2 8 6
P azaan 2, 9.neuerrrrr rgarrronoft naexanurgr u aromnofi

_dusulff 78 20 18 40

Jlexqux 3. Crpoeuae aroMa 8 2 2 A

Jlercquq 4. B oJrHoBbre cn ofi crs a MltKporracrlrq 8 2 2 4
Ilexqug 5, Ypaeueuue rupeAr.rHrepa 8 2 2 4
,Ilexqux 6. Ypaeneurze rrrpeAr{Hrepa Ajr.s qacrr4rlbr B

IIOTCHUI4EIIIETTOft .qI\,IE
B 2 2 Aa

,Ilenqur 7. llpoxoxgeHue qacrvrlbr r{epe3

noreuqzaLnrsrrfi 6aprep B 2 2 4

.lIer<qus 8. Jlzsefinufi rapMoHuqecxufi ocrrultsrop 8 z 2 4
Jlexurzr 9, Arorra eoAopoAa 8 2 2 4



Teurr, pa3.4eJrbr Ar.rcuulnrrHbr
Kon-no
IIACOB JIEKUII14

IIpaKTr4-
qecKr4e

na6opa-
ropHbre

cpc

Jlerqur 10. Op6uranruslfi rr,rexaHuqecxufi ra lrarsurnlrfi
MOMeHT sneKTpOHa 8 2 2 4

Jlexqur 1 1. llpuHqun rayrrrl 8 2 2 A+
Ilerqzr I 2. CnonranHoe v r,rHAyutr4poBaHHoe r,r3JryqeHr4e 6 2 4
PasAer,3. 9.renrenrrr Suenrcn rBepAoro reJra 32 6 4 8 14
Jlerqur 13. Snervreurbr KBaHToB oii. crarucrurcu 8 2 2 ,1

n.lq^ 14. TennoeMrocrb rBepAbrx ren 8 2 2 4
IleKqraq 15. 3ounas reopr4.f, rBepAbrx ren l6 2 8 6
Pasgel ,4. Sleueutr,r Qu:urcu qApa u gJreMeHrapHbrx
qacTrru 29 6 8 15

JlercqrEs 16. Arouuoe xqpo 11 2 A
5

JIeKqHs 17 . P aauoarcruBHocrb 11 2 4 5
Jlerqux 18. Bzau esanraoAeficrsufi u KJraccbr
3JreMeHTapHbrx r{acrv rI. Mero4u perrzcrparlll4
9JIEMEHTAPHbIX qACT}IU

7 2

SnsaMe,H 45
I4roro 216 36 36 18 81

00JI ,d rar'0pHLIe 3aHqTuq
Nr lro.4ylr

Ar4CUUlnIr.HbI
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nht

Hanvlenon a vue ul utu KparKo e coAeplr(aHr4 e na6op aropnrx pa6or TpyAodrvrcocrr
(qacon)

fasAer 1.

KsaH:rosa.s

rrpHpoAa

u3LyqeHus,

J\b 6.lOlpeleneHze nocro.flHuofi CreSana - Eolrquaua 2

2 J\b 6. 2 I,IsyveHrre BHerHero $oroe $ S eKTa t,t B aKlyMHbrx
$oroeletreHror

2

a j\b 6, 3 Olp eAeneHue p e3oHaHcHof o rroreHrllral a ros 6yx4eHul
aroMa MeroAoru OpaHxa - fepqa

a
L

4 3allura la6oparopHux pa6or
Paster 3.
Sleueurrr
$uszrcu
TBepAOTO TeJra

J,{b 6. 6 Zsyveuue reMnep arypnoit s aszcr4Mo crt4 c o rlp orvBneH as
nonylpoBc)AHr{KOB

2

6 Ilb 6, 7 LIsy c.euue BoJrbr-aMrrepHbrx xap axrcp r4c'rrrK
repMoqyBcqgTg&gry rglpqrusreuuir

2

7 J\b 6. 8 Zsyveuae BonbraMnepHbrx xapaKTepr,rcrt4K

_Soroconpc'rry
2

8 3aurzra laQgparopnrrx pa6or 2

I4TOIO: 18

5. OBPA3OBATEJIbHbIE TEXHOJIOTPII4

JTeKIII'IoHHo-ceMIzHapcKafl clzcreMa o6yuenzx (rpa4zqzoHHbre JreKrltroHHbre v
na6oparopurre sauxrz.r) ;
o'6yrenue B MaJIrIX rpynnax (nrrnomreune na6oparopHbrx pa6or B rpyrrnax r.r3 AByx r4nrz
lpdx uenoner<);

Macrep-Knaccrr (4eltoHcrpalllrll Ha [paKTrlqecKrdx ga:asrvrflx rrpprHrlr4n.oB pacqera sa1aq.
no pa3nurtHlrru revau);



.[pI'IMeHeH]Ie MyJIbrI4MeApIa rexHonofr.rfi (npone4eHrae JrerolrroHHbtx r{ ceMr,rHapcKr.rx
zavstuit c [pI4MeHeHrIeM KoMrlblorepHbx rrpe3eHTauufi ra 4euoHcrparl[oHHbx poJrtrr(oB
c noMorrlbro rrpoeKTopa r{Jrrr KoMrrbrorepa) ;

:nu(popvraql{oHHo-KoMMyHVKaIII4oHHbre rexuoJrofr4r{ (npuveueHze an(fopl,laquoHHbrx
TexHoJIorHit ]4.nx MoHI4TopLIHra rexyruefi ycrreBaeMocrr4 cryAeHToB Ir KonTpons snaHr.rfi).

OIIEHOIIHbIE CPEACTB A TJIfl TEKYIIIEIO KOHTPOJI^f, YCIIEBAEMOCTtr{,
IIPOME}ITYTOqH fr NTTTCTAUITI4 TIO I{TOTAM OCBOE]f,rVTfl

AIICqUIJII4]IIbI I4 YqEEHO-METOAPIqECKOE OFECTIEqEHI4E
CAMO CTO.'ITEJIbHOIZ PAB OTbI CTYNEHT'OB

Trenyulufi KoHTpoJIr, ycneBaeMocrl4 rBJrf,ercs. pacnpeaer€sHrru rr ocHoBaH Ha orIeHKe
HeoKOJILKI,IX CO CTaBJIgIOtqI{x.

1. Pesynrrarrr pefirrznr-rouTpoJrr.
2. Brrnonneur{e u 3arrlprra na6oparopHbrx pa6or.
3. Brrnonneur4e npaKTprrreeKrrx sa[auuft.

Bonpoctr peft ruur-r<oHrpons J,{b 1

1. Ten'rueparypa a6colroruo qepHoro rena T : 6000 K. Eclv :reureparypy reJra
yMeHbIIlIrrs n 2 paza, To gHeprerlrqecKa.fi cBerr,IMocrr a6comorHo qepgoro reJla

1) yrvreHururrcs. B 4 pasa 3) ynenzurarcxn 2 paza
2)ynerruuurcrn 16pas 4)yvreHr'rarrcfl, B16paz

2. Ecnu 1wrna BoJrHbr, coorBercrByroqar MaKcr{MyMy Ir3ryqeHuf, yMecrbrxr{nacs y 4 pasa,
To reMrreparypa a6conrorHo qepHoro rena

1) ynenzuzJracb B 2paza
2)yueHlruvracbn4paza

3. Ecnn 3arrepr{eHHyro nJracrr4uKy, Ha Koropyrc
rofi xte rrJrorrlaAr4, To cBeroBoe AaBJIeHr,re

1 ) ocranercfl Helr3MeHHblM;

2) yrueutrukrrc.rr B 2 paza;
3) ynenravzrcnn2 paza.

rraAaeT cBer, 3aMeHr4Tb Ha 3epKanbHyro

6.

3) ynenzuznacb B 4paza
4) yrr,reuuur4rracb v 2 pasa.

4. 3nexrpoH B aroMe n9prly64s1zs nos6yrxAeHHoro
cocrorHae c eHeprzefi Es.fIpu oroM rzcrrycKaercr Sorou.

cocTorHr4r c sueprueft E1 B OCHOBHOe

Macca ucnyrrleHHoro SoroHa paBHa
Er+Eo

5)c
Er-Eo Eo-E,

1) c' 2) ct 3) 4)

5. tlactora rlaAarorqero ua fro:roeJleMeuT v3nrreHrrr yMeubrxaercr BABoe. Bo cxonrrco pas
Hynffio I43MeHI4Tb 3aAepnfl4Barouee Hanprlr(eHpre, ecJrr{ pa6oroft Bbrxo4a gJreKTpoHa u3
Marepr4 arra S orosnenaeuTa M o)rsJo upeue6peur ?

l) ynenrauzrun2paza; 3) ynenr'Iuu r" u Ji o*, 5)ocraeurr 6es r4:N,{eHeurzfi .

2) yvreHrnr.rrb B 2pasq 4) yueurru^r"u "12 p*;
6. llpu 3aMeHe orHoro MeraJIJIa ApyrLIM rrrv:aa BoJrHbr, coorBercrByroua.s xpacuoi

rpaHl'Iqe Sotos0$er<Ta, yMeHbluaerc .. Pa6ora Bbxora Ans BToporo MeraJrJra no cpaBHeHr4ro c
pa6orofi BbrxoAa AJrr rrepBoro

I)'ynenvuunacr; 2) yrr,renlrrrurnacb; 3) He zsrraeHr4Jracb.

7. (Jnrrrrr Crorerosa rro lrccneAoBaHulo raauruo4eficrBr4-fl H3nrreHrr.rr c MerrurJraMr{:



1') nosnoluJrr{ onpeAenr4Tb pa3Mepbr fl.Apa;
2 ) no4rnepAr4Jrlr KBaHrorlyro np[poAy pr3ryrreHrtr;

3.) no4rnep 4Lrrrr4 Hurr4qrre B o JrHoBrrx cs ofi crB y oneKTp oHo B ;

4'lno4rnepAl4nl,I fuloresy o AI{cKperHoM crrer(Tpe gHepruu gJreKTpoHoBiB aroMax.

8, B s${enre Korunroua froroH
1') nu6unaer gneKTpoH c rroBepxHocrr{ BetuecrBa;
2) nepepaer gJreKTpoHy rtacrb gHepfr4r4 npr{ ynpyroM croJrKHoBeHr.rr4;
3) nepe4aer sJreKTpoHy Eracrb sHeprau [pr{ HeyrrpyroM cronKHoBeHr{r{"

9. Onrtrrt Opanr<a u fepua no uccJleAoBaHr.rrc oneKrprrqecKoro pa3psAa B rrapax pryrr.r:
l,t nosnonunr,r olpeAenrrrb pa3Mepbr s.[pa;
2) uo4rn epAznrz KB aHronyIo rprp oAy u3ryqeHr4.{ ;

3 ) no4:rn ep 4trrrkr :nurvrque BorHoBrrx csoft crB y gneKTp oHoB ;
4) no4rnepArlJlkI fl4rroresy o ALIcKperHoM crreKTpe gueprrrrd sJreKTpoHoB B aroMax.

10. Ha pucyuKe z:o6paxteubl cralll4oHapHbre op6urrr aroMa BoAopoArr corJracHo MoAenr,r
Eopa, a raKll(e ycJIoBHo raeo6paxteubr rrepexoAbr gneKTpoua c o4nofi craurroHapnoft op6urtr na
npyryro, corpoBolrAaloquec{ u3[yr{eHzeM KBaHTa gHeprr4r4. B ynmpa(pvoneroeofi o6lacryr
crleKrput srrl [epexoAbl Aaror ceparc llaftr,taua, n nz4uvroft - cepurc Ealruepa, n Huspaxpaqroft
- cepl{Fo llarrr9114. Elau6onrrueft qacrore KBaHTa n ua4zruofi o6nacrz crrexTpa coorBercrByer
nepexo)I

1) n:4 -+ n:3
2) n:3 ---> n:2
3) n: 5 ---+ n:2
4) n:5 ---+ n : 1

11. B reopI4I'I Bopa pa4ayc n-ofi r<pyronofi op6nru sJreKrpoHa E aroMe BoAopona

Bbrpaxaercs qepe3 parr4yc uepnoft op6urrr (fopuynofi: Tn = f't'H- . Onpe4elrare, KaK
I'I3MeHf,erct KI{HerI{qecKat gHelpru.{ gneKTpoua rrpr4 rrepexoAe c rperbefi op6raru Ha nepByro.

1) ynenu.ruBaercr n 9 pas 4) yrr,reH'uaercfly 3 pasa
2) yrvreururaercfl. n 9 pas 5) ue ueuxercx
3) ynenuuuBaerc.f, n 3 pasa

1 2.. Onrrrrr,{enuccoHa u flNepuep a uo 4ra(f par< \uv Ha Kpr.rcrannax :

1) nosnonuJrlr olpeAeJrr,rrl pa3Mepbr flApa;
2) uo4rnepArrJrz KBaHToByro [pr4poAy r.r3ryr{eHr.rfl ;
3 ) uo4rnep Aunu Hurzrqlre B oJrlroBrrx ceofi crB y gneKTp oHoB ;
4) uo4rnep ALrIrv rvlnore3y o ALIcKperHoM cnerTpe 3Heprr4r4 gJreKTpoHoB B aroMax.

^/"13. Cpanur'rre.rnI4Hy BoJIHrI 4e Epoftru / A, gttx uapr4Ka uaccoft m: 0,2 1. 14 nporoHa
rraccofi m: I,67.l0-"' Kr, r.IMerorrlr4x oAr{HaKoBbre cKoDocrr4.

l) 6, 57.10-27 2) 9,35.10-27 g e ,sl.to-z4 4) g,3s.r0-24.

B oupocrr peft rznr-rcourpQJr.s Ne2
1. CraquonapHblM ypaBHeHrrerr,r Tllpe4rzHrepa An{ gJreKTpoHa B Boropo.nouo4o6uou aroMe

rBJrreTc.'{ ypaBHeHr{e
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3" B xarou cryqae r"apaarro.racrrzft cnertp oJreKTpoHa cnnoruHoft?
1) enexrpoH B rroreHrluanrnoft 

"ra -"p"rofi 10-101a
2) erexrpoH B aroMe
3) en:elcrpoH B MoneKyne BoAopoAa
4) cno6o4nuft slexrpoH.

4. Marccun'raJlbHoe 3HaqeHLIe [poeKIII4I{ MoMeHTa r,rMrryJlr,ca oJreKTpoHa, Flaxo.4slleroc.s e f-
cocTo'f, HIl u, Ha Harlp aBJI€HI4 e IlHeIIrHef o MafHI4 THoro rlo JIt paBHo
r)h; D2ttt ,3h) q4h.

5. Ctconrro pa3rl4qHbx cocrognlaft Mo)Ker rrMerr sJreKTpoH c rJraBHbrM KIlaHToBbrM tr[croM
n:4?
1) 15; 2) 48; 3) 32; tI) s4.

6, Onpe4envrb aroM, y Koroporo B ocHoBHoM
-- cJroe paclonolKeHrr 7 elexrpoHoB.

1) Cl; 2) Ge; 3) Br; 4) Ti.

7. Cpe4a Ha3ErBaerc_s axrzsnofi. ecJtrr oua
1) rroJrHocrbro rrornoruaer rraAaroqee Ha Hee r4snyqeHue;
2) rrrf,JrHocrrro pacger.rBaer rraAaroqee Ha Hee v3rvqeHr{e:



3) y,owmnaer [aAaroqee Ha rree v3JryrreHrze.

8. Cucrelra HaKatrKr4 Jra3epa rro3BoJrf,er
l) crrs4art r4HBepcHyro HaceJreHHocrb B aKTr{Bnoft cpe4e;
2) nlnnarr BbrHylKAeHHoe r{3nyqeuue $oronon;
3 ) o,6ecneur4Tb BbrcoKyro Korep eHTHo crb Jra3 epHo ro r.r3ryqeHLr fl .

9. .Paccrr,torp[M ABa KBaHToBbIx cocro-rrHr{.f,, B Koropbrx HaxoAr4Tcs clrcreMa aroMoB, c
eHeprl4rtMI4 E1 u 82, IIpuqeM Ez> Et. Cucrevra 6y4et HaxoAr.rrbc{ B cocrof,Huv c nunepcHolZ
HaceJreEEocTbro, eeJrr4 qr4cJlo aroMoB iy'1 c sueprneft El6yger

1) panno qrcny aroMoB 1/2 c eneprueft. Ez)
2) iraeurure, veu.lV2;
3) 6omrue, .relr l/2.

10. llpuuqran llaynu crpaBeAJrr4B
I ) 1.ua Bcex roxAecrBeHHbrx r{acrr4rl KBaHToBoMexaHr{qecKoft cvcrenrrI
2) g:rx crzcreMbr roxAecrBeHr{brx 6osouon;
3) ans crrcreMbr rolKAecrBeHrrbrx Qepnrzouon.

11. lleneuue qacrr4u na 6ogonu z (peprrauonbr onpeAenserct
1) ronrr<o rJIaBHbrM KBaHToBbIM rtr4ciloM n;
2) ronrno op6zralrubrM KBarrronrru vuclrovr /;
3) cuzuonrrM KBaHToBbTM qr4cJroM t7?s;

4) oy:6 ur attb HbrM / z u arHrzr:n brM m KB aHTo B brM tr qkrc rat\ru.

12. 3asucuMocrb tuolxpHrcii TerrJroeMKocru c1a xr4MlllrrecKu rrpocrbx rBepAbrx reJr or
reMrreparypbr rrpeAcraBJreHa Ha rpa(f zrce
r) z) 3) 4)

Cv

3R

Cy

3R

Crra

3R

l3.llennoenaKocrb clrcreMbl, cocrorrqefi Lr3 N : 702s KraccuqecKux rpexMepHbx
He3aBr.rctzMbrx rapMoHr{qecKrzx ocqznnrropoB npH TeMrreparype'I:300 K, panna

I) 414 AN/K; 2) 4,14 [N/K; 3) t24,2 x[N/K; 4) 41,4 x[xc/K.

14' [e6ai'r [oJIrrI,IJI Teo]lerl4rrecKyro saBlrcr{Mocrb uonxpnoft TerrJroeMKocrrz Cv or
TeMrrepaTypbr, paccM€tTpuBafl Kpr.rcTannr4qecKyro perxeTKy KaK

1) crrcreMy HeB3al{MoAeficreyroIqux qacrr{rl, coBeprrrarcrrlrrx relroBbre xone6asus c
pa3ItnrIHbIMLI r{aCTOTaMLI;

2) c:ncrewy cBt3aHHbIX q€tcrull, coBepurarcqrrx rerrJroBbre KoJre6asus c onr.rHaKoBbrMu
qACTOTAMI,I;

3) cplcreMy cB.s3aHHbIX qacrI4II, coBeprlarcqrrx rerrJroBbre KoJr e6auus. c pa3Jrr.rrrHbrMr4
IIACTOTAMI-,I;

4) czcreMy HeB3aI4MoAeftcrnyroIqux qacrrrrl coBeprlarorllrx rerrJroB.bre rone6anrzs c
OAIIHaKOBbIMV qaCTOTaMLI.



1 5 " BaneurHafl 3oHa co6crseuHbrx nonynpoBolHr4KoB
I ) rracruuuo 3aH.flTa gJreKTpoHaMr,r;

2) rrolnocrbro 3aurra sneKTpoHaMr4 ;
3) rrepercprrBaerc;r co cno6oAuofi souoft nos6yxr4eHnrx sHeprufi.

1 6. c yneruseHrreM reMrreparypbr eneKrponpoBoAHocrb [onynpoBoAHr4KoB
1) ynenu.rnBae"rcfli
2) yveurruaercfl;
3) ue rueurercr.

17 . B o6nacrr.r Hr43Kr.rx reMrreparyp y ronynpoBonHr4KoB npeo6ra4aer
1 ) p,trpovHar rrpoBoAr4Mocub ;
2) snerrpoHHas npoBoAr{MooTb ;
3) co6crneHHar rrpoBoArrMocrb;
4) n przrvrecrar npoBoAr.rMocrb.

B onpocrr pefi rznr-roHrpols J$3
1. lim HyKJroHoB BepHbrMr4 sBJrrrorc.tr cJreAyroqze yrBepxAeHr4,

1) nporou o6naAaer 3apf,AOM, panHm4 €-.
2) cnuu uefirpoua MeHbrrre crrr4Ha flporoHa;
3 ) v:accrr HyKJroHoB rrp aKTurrecKr4 oArzH aKoBbr.

2.Hetv. MeHbrrre 3Heprr{fl cBfl3rrsApa, TeM
1) 6onrrue y Hero 4e(ferr Macc;
2) rvreusnryro pa6ory Hyxrro coBepruIdrb, uro6u pa3Aenr4T6 9To f,.4po Ha orAeJrbHr,re
HyK.IOHbr;

3) 6omure gueprx{Iz BLIAeJI}ITc.f, [pz pacrraAe eroro flrpaHaor,qeJrrHbre HyKnoHbr;
4) ueurme ero glreprr4r rror(o{;
5) rrteHrure oHepltll{ BLIAenI{Tct B peaKrlr{r4 TepMotrAepHoro cr{HTe3a groro s.rpa c Apyft4Mrz
sApilMrr.

3. llpv CI,-pacrraAe

1) szrpx4 f,Apa se r.r3MeH'Tcrr, MaccasApa WeHbrrraerc, na 4 a.e.v,;
2) sapxgrApa yMeHbrrraercjr ua2e, Macca.rApa weHbrrraercrr ua 4 a.e.v.;
3) rzrpxa .rrApa yMeHbrrraercj{ Ha2e, Macca sApa He MeHf,grcr;
4) stqxgsApa yMeHbrrraercJ{ na 4e, Macca rrpa yMeHbrrraerc.fl 

"a2 
a,e,v,

4. Kat<as. 1,onfl paquoaKTrrBHbx aroMoB ocraHerc,
BpeMeHrr, panurrfi AByM neprloAaM noJryp acrraAa

He pacrraBlreficn qepe3 r4HTepBan

s) 2s% ?1) s0% 2) 57% 3) 33% 4) 7s%

5. Cronrro o- I4 p- pacrlaAor| AoJIXHo nporzsofiru, uro6rr necra6zruurrfi r,rsoron aMepr4rlt4t
241 t 209 n.
ss Affi 

rpeBparlrn cs. s cra6u,,L,Hbr.ft rB oron BrzcMyra 
"il B' 

z
1)8orE4p 3)6ov5B
2)9 uu3B e7 uu3 B

t4 xr (! n"i6.5.tapou*ora 7 tY 
3axBarr.rJro o-uacrzqy \z--- / uucnycrr{no flporou. -fl4po KaKoro

gJreMeHTa o6pa-: onanoct ?

t7p 17o 16p 16n -,tlu1)9' D 8" 3) 9' 4)8" r),



7..flapo6eput ux'oB",rrofrrorr{B4efirpoH ?' ,no"uparrlaerc-{BrApo ooou 
tl B .*unu,

rracruqa [pr{ groM nsr6pacrmaercs?

1)p 2)n 3)a qu 5)ucnycxaercs.T-KBaHr,

u )e +v'"+v,,
E. P'eaxqur ' e F He Iuoxer uA-tLrI43-3a HapyrrreHrdfl 3aKOHa coxpaHeHu{
1 ) cnuuonofo MOMeHT a rrMnyn:',ca:.
2) lenrouuoro 3aprAa;
3) elextpuqecKoro 3apfl2;a,,

9. 3 arouou coxpaHeHr.rfl sn:eKTprzqecKoro gap s.Aa 3 anp erqeHa peaKrlrrt

l)l't +e +v"*Vu 
Tn+V,)p*e*

.\ tx+D-+e--+v ,, v,, +n-) p+ uZ)rn4)tt't

10. t4s [pI4BeAeHHbx cxeM B3aLrMorlpenpaulenuft qacrr4rl aHrrrrrrrnf,rlrru coorBercrByer
't:,\T'-+y+y nr, D-)n+e- +1' rz0 + - -'t r --t)" '/ t z)- v, 3)K"-)7T'+7T 4\e' +e +y+y.

1 1. B [optAKe BospaoraHl,It LIHTeHcr,rBHocrr4 fyu4aueHraJrbHbre nsazrdoAefi crBrrfl
pacrroJraf arcrcr cJreAyrorqu u o 6pasovr
I ) :lJreKTpoMatHI{THoe, cla6oe, fpaBr4TarlrdoHHoe, cl{JrbHoe;
2) rlra6oe, clzJrbHoe, rpaBlaTarlu oHHoe, gneKTpoMafHLITHoe;
3) Dner(TpoMarHrzruoe, rpaBr{TarluoHHoe, cla6oe, crzJrbHoe;
4) rrpaBrlTarluouuoe, cla6oe, gJreKTpoMafHrrrHoe, crrnbHoe.

Ilpo*rexyrorrHaq arrec.raqufl [poxoAr.rr n Qoprrae oK3aMeHa.
Brrnpocrr x gxsaraeTrli

1. Tenlonoe n3nyrreHfie. Pannoeecuoe r{3JryqeHr.re.
r43nrreHr.rr.

2. A6conrcrno qepHoe :reno. 3arou Kupxro(fa. 3aron
Bvna.

3. Pacupe4eneHr4e gHeprtrtr B crreKTpe a6colrorno rrepHoro reJra. Ooprrayna Peleg-
[rxnnca. Vnmpa$zoJreroBaf, xaracrpo$a.
Ksanronas fl{rrore3a rz Sopuyna llnasra
Bseruuufi (porosner<rptruecrcui'r s@$err u ero 3aKoHrr. ooronrr.
3$Sercr Kounrona r4 ero reoprs.
Mo4ent aroMa PeseprQop4a. llocrynarsr Eopa. Arou BoAopoAa.
fizuoresa 4e Epoftnx. 3rcnepzvreHTaJrbHoe noATBepxAeHrze BoJrHoBbrx ceoftcre

MUKpOT{aCTr4tI.

9. CoornonreHrre Heonpe,4eleunocrefi.
10. Bonuonax $ynr<r1zrfl, ee csoficrna kr crail4cr,r.recKaft cMbrcJr.
1 1. HecraqrroHapHoe ypaBHeHrre Lllpe4rzurepa.
12. CrauuoHapHoe ypaBrreHr{e Illpe4unrepa,
13. r{acruqa B froreHrlrza-nrHoft sN4e.

1 4. flpoxoxAeHrze qacrr,rrlbr qepe3 rroreHrlr{aJrrnrrfi 6aprep.
15. Keanrosrrit fapMoHr.rqecxufi ocuznJrrrop.
16. Ypanneuze ITTpe4IzHrepa An.s sneKTpoHa B aroMe BoAopoAa. franHoe, op6rararr,uoe u

MAIHI,ITHOE KBAHTOBbIE qI'cCTA,

17. KsauroBalne gHepflru gJreKTpoHa B aroMe BoAopoAa. Cnerrp aroMa BoAopo4a.
llpanvno or6opa.

18, Op6uranrnrrfi z rr,rarrrralHrrfi

Xaparrepucrr,rKr,r rerrJroBofo

Cre$ana-EoJrbrlMaHa 14 3aKoH

4.

5.

6.
1

8"

MOMeHT gneKTpOHa.



29t.

3Cr.

1!)' Co6crnenurrfi MexilHl4qecxufi rroueHT rzMrryJrbca gneKTpoHa (cnran). Cnuuoe61i
MarHI4THbIfi nrontenr SJIeKTpoHa. Cnzuonoe 14 MarHlzrtloe crl{HoBoe KBaHToBbIe rllzcJra.
Ourrr [lrepna u feptaxa.

20. flpunqI4rl3a[pera flaytu.llepHo4rzuecKas cr4creMa eJreMeHToB Men.uereeea.
2l[. llornouleHue, clonTaHHoe I4 r4HAyut4poBaHHoe r43Jrr{eHue" KosS6zqrreHrr,r

3finurrefiua.
21!.. Jlazepu. llpzuqzn geircrnnx na3epoB.
231 . Knaccr4qecKa{ reopr4fl rerrJroeMKocru. 3ar<ou,I[roroura u frru.
2tl. KsalroBa{ Teopr4.rr rr3rrJroeMKocru 3ft srurcfi ua.
25. T eopuf, rerrJroeMK oc:ru ne6as. Oononrr.
2(i" Bosonu u (fepnaroHll flou.qrze o KBaHroBbrx crarr4crr.rKax Bose-OfinItrrefrua u

(Depnrrz-[upara.

2?'. Sueprerr4r{ecKue 3olr:r,I B Kpr{crannax.
28i. PacnpeAeJIeHI4e snel(TpoHoB rlo sHeprerr4rrecKr4M 3oHaM. Knaccusuxaqrrs rBepAbrx

TeJI Ha MeTaJrJrbI, IIOJryIrpoBoAHrzKr,I 14 Ar4SneKTpr4KII.
c o 6 crs eu' as. 14 TrpLr",ecH ar 

''p 
o B oAI4 M o grr4 n o nylp oB o AHr4 Ko B.

3nexrpoupoBoAHocrb TBepAbrx reJr. Terraneparypua.r:

oHeprr{t4 B crreKTpe a6colrcrno qepHoro r.eta?
B 3aBrlcrrMocrr4 or AJrrrHbr (znz vac:rorrr) eorHrr

3aBI,rCI{MOCTb
sneKTp orlpoBoAHo crl{ MeraJIJroB r{ rro Jrynp oB oAHr4 KoB. Vpon eun @ epuz.

3 1. P-n repexoA. llolynponoAHr4KoBbre AnoAbr.
32. Xapat{reprlcrl{Klf aroMHoro x4pa. Mo4eJrr.r aroMHoro rApa. Macca u 3Heprr4-s cBq3rz

xtpa.
33. 3ar<oHrr paAr4oaKTrzBrrofo pacrrara. Ansfra-, 6era- uraMMa-r43JryrreHrze.
34, flrcpnble peaKIIIrkI I'I 3aKoHbI coxpaHeHrzx. Pearqzx AerrsHr.ls r4ep. I{enu afl. pea1;1\Hfl

AeneHIIr.
35. Pearurzfl' cptTTe3aaroMHblx xAep. llpo6JreMa yrrpaBJrreMbrx repMo{AepHux peaxqzfi,
3 6. Buau nsaurro4efi crenrit z xraccu(f u:rlar\Lrfl, roarrrrtupFrbx qacr1arl.
3 7. Meroabl perncrpallru.I gJIeMeHTapHbrx r{acrr4 rI" Kocuzqecx ve ryqr4.
38. rlacrzrlbr rz aHTr{qacraqbr. Hefirprzuo. Knaprz.

CaruocrosreJrbHafl pa6o,ra cryAeHToB BKJrroqaer n ce6.s:
1.

na la6oparop 
o II'ICUI4UII4H. BbInoJIH'f,eTCt

2. oflH;rerc_tr cryAeHToM npr4
yrnybnennoM u3yr{elrkrrr [ncrJvrrIJII4Hbr rro reMe npofi4eunofi rexquu, npr4 noAroroBKe K
'na6opatopnrnra pa6o:ralr. ocuoeuoft $oprraofi cauocro.{remHoft pa6oru cryAeHra flBJrflercn
rl3}nroHr{e KogcrreKTa lerqnfr , prSKoMeHAonannofi Jrrzreparypbr.

CaNaocrotrenbHaq pa6ora. :'|aBeplxaer 3ana-uu Bcex rpyrr4x Br4AoB yvedHoro 11poqecca u
l\4olKer ocylqecrBngrbcg' Ha [eKIII4.rIX, CeMl,rHapax, [paKTrlqecKlrx 3alfl"wrflX, na6oparopurx

"aEfl'Irrfl>i' 
KoHcyJIBTaIIutx. Karc Sopnaa opral!rcaqurz yue6noro rrpoqecca caMocro.srerbHa.f,

pa6ora c)Ty.qeHToB rlpeAcraBn-flsr co6oft IleJreHanpaunarr"y- crrcreMarr4rrecKyro .4erreJrbHocrb
uo npuo dpereHlrro 3nauui1 o cytuecrB Ju eMyro BHe ayAzTopr{[.

Kontpolr BbIrIonHeHI4fl caMocrosremnofi pa6orur oryrqaatuo flercs.B xoAe BbrlorrHeHr{, 14

3aIrII4TbI na6opatopurrx pa6or: [o ArIcqulJII{He, nprz BbrlonHeH]a[ [paKTr.rqecKr.rx 3aAaHr4 ft. ua
3K3aMeHe.

v qeM oHO OTrrr4I{aETCs. OT Apyfr4x

2. fiafite olpeAeneHr4s ooHoBHbrx xapaKTeprrcrr.rK TerrJroBofo rz:;ry.ueHufl.. Kaxoe relo
Htl3brBaercg a6comorno .reDHrIra?

3. C(foprrlynupyfire 3aKoH KnpxroSa,
4. Kaxofi Br4.4 rrMeer paclpeAeJreHr4e

Hapzcyfire KprzBbre pa.clpeAeJreHr{.rr

Ar.{ ABp( reMrreparyp (T>T1).

Kaxoe I,I3nyireHr4e Ha3brBaercr renJloBbrM.
(uepeurzclvre xarux) rlr4AoB uznyteuux?



5. C(f opuynzpyftre :ar<ourr Cre(pana - EolulrvlaHa rr cMerrl euus.Burra.
6. 3anzruure (fopvyry Psres - ,{xcuuca v flo-trcHr4Te cyrb ,'ynrrpa$zoreronofr

rcaracrpoSrr".
7 3anrzurzre Sopir,ryny flranra z [oscHr.rre cyrb ero KBaHTosofi rznoresrr.
B. Kaxoe Ir3 TeJI, r{epHoe rInI4 HeqepHoe, rrMeer Bbrrrre reMrreparypy, ecrv ux.qpKoorr4

o,uunaxonnr?
9, B .reld cocror4T rBJreHr4e, Ha3brBaeMoe $oros$SeKToM.
10. C$opruynrzpyfire 3aKoHbI $orosSQerra. B qeM ort4 3aKoHbr nporr4Boperrar

rrp eAcraBJreHr4fl M Kraccv qecK oit Suzuxu?
11.

t2.
13.

t+.
1 :i.
I 15.

n.

18.

19.

20.

Kar< ra.recrBeHHo, cneAy.s sorHosofi Kaprr4He rz3nyr{eHr4f, o6ucuurr Qoroe00enr?
o6rscnr:re 3aKoHbr Soroe$Sexra, ucxoA.s ras $oprraynrr ofiuu'efina,I{ro raxoe KpacHarl rpaHI{IIa @oroef$er<ra. r{elr onpe,qersercr r{r{cJroBoe 3HaqeHr4e

rpaun.ruofi qacrorrri'IIro nnv.se:r Ha rroJroxeHrze KpacHoft rpaunqu (forosft(fexra?
r{ro rar<oe SorosreueHT r.r KaKoBa ero BoJrbraMlepHar xapaKTepr{ cr:utca?
flouerray Ssna orBepfHyra MoAeJrb aroMa Tol,rucona?
B qdu nporl4Bopequs npeAloxtenuofi Pesep(fop.qoM rrJraHerapnofi Mo,4enr4 aroua?B qeM cyrrlHocrr, Teopru aroMa, upe4ro*eHuofi Bopou? csopnrynnpyfrre

[ocryJrarrr Eopa. Kanonrr HeAocrarKrz reopr{[ Eopa?
Cnerrpr,r aroMoB. ClnexrpanrHbre cepr4rr aroMa BoAopola.
Karae rl4nr,I coygapenufi Bo3MolIGbr Me)r(ry sJreKTpoHaMrr, ycKop.{eMbrMr4

g[eKTprzqecKIIM noJlerra, z arouanrz?
B 'I0Na 3aKJrroqaercfl orIbIT (DpaHra u fep{a, !r KaKr4e ogHoBHEre BbrBo,rlbr Mo)nHo

SneKTpoHoB fl.ApaMkr,

lpo>(oxAeHr.rrr qepe3

cAeJraTb Ha ocHoBaHuu onslna?
21 . Karue KBaHToBbre rrucraorrrlcbrBaror cocrorHrze MzKpoqacrrzqrr?
2tI. r{ev oupe4eJrrercr gJreKTpoHHoe cocrolrHr4e r.r3onrrpoBaHHofo aronra?
23i. o6r,scHl{Te rlpoqecc o6pasoBaHLrs.sHeprerr4r{ecKr.rx 3oH B TBepAoM TeJre.
241. or.rero 3aBlacflT rrrr4pr{Ha pa3perxeHHofi soHrr 14 qr4cJro yponnefi n uefi?
2:i. Karona 3oHHar crpyKrypa [poBoAHr'Ka, rronynpoBoAH'rKa r.r zsoraropa?
2(;. o6rgcuure MexilHr43M co6crseuHofi v npuuecHoft npoBoAr4Mocrr.r

rroJry[poBoAHr{KoB.
2'l'. Kaxon Srasz.recr<zfi ourrcl rroHrrrz.fl ypoBH{ Oepvru?
28' rleNl o6lscHterc-f, pa3flurrlde reMrleparypnoft gaszcr{Mocrr4 gneKTporrpoBoAHocrr, y

MeTaJrrroB r{ rroJrylpono4uu xon ?
29. o6rgcHzte 3aBI'IcrIN{ocrb rIoJIor(eHLrr ypoBux @epuu rr KoHrIeHTparJur4cno6o4urrx

no czrenefi 3 ap fl.Aa B rro.[ynpoB oAHr.rKax or reMrrep arypbr.

19 O6t.scuure @usuuecrze upoqeccbr, rrpor4cxorsulrze npa o6pa:o Barrr4up_n repexoAa,
31. Haprzcyfirc Suepferl4r{ecKI4e 3oHbI B o6nacru p-n arapa*ora v,c6rncnure. B qeM

co cror4T 4eitCrnr.re BHerrrHef o sreKTpfitrecKoro ilo nfl rrap -n IIep exoA.
32' Vro Ha3blBaerc.fl paruoaKTI4euocrrrc? Kaxrze rrpoqeccbr orHoc5rrcr K rrr4cny

palLroaKTrrnurx?
33' Ha 'reNI ocHoBaH [pI{HIII4[ perl{crpa{w pr laMepeuLrfl paparoaKTrzBHoro uzlyueuun?

Kaxue npra6optr rpuN{eHsrorcs. nns. srrzx uelefi?
34, o6r.scHure ycrpofic:rno 14 rrprrHrlr{[ Keftcrnux crrerrrr4Ka feftrepa.35 onzurure [poqeccbr, rrpor4cxoA.srqr{e B ra3opa3p-rrAHbrx cqerqrz*ax.
36, llepe'rracrure $rasuuecr<ze npoqeccbr, npoucxoAsrqne upr4 B3ar4Mo4eficreuu

u3 rrweHLrs. c B eqecTB r)M.

37,, B qeM 3aKnroqarorc.s npoqeccbr ynpyroro pacceflHufl
sneKTpoHOB Ha sneKTponax?

38, r{eu o6ycnonneurr rroreprr gHeprrzr4 qacrrrrlbr ilpLr
frornotqaroqlro cpe,4y ?
rlro up oacxo,qr,IT rrpu npoxo )KAeHrrr{ gneKTp oHa rrepe3 nouorurerr, ?
Karonrr oco6esnocrl4 rlpoxo)Kreuvfl. rrepe3 [ofirorrrreJlb MoHogrreprerur{ecK}rx p-

qacrvll u B-usny.reHLrfl, r'rMeroqero Henpeprrnnrrft gHepferr4rr ecxnfi cnexrp?

R-

39.
40.
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g'1. _qrl?e.{eJleHrre 

pe3ouaHcHoro rroreHrluwranos6y}K,qeHrzr aroMa MeroAoM (Dpaur<a _ fepua.
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