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1. B B e 8 e 11 IC e 

B STOll 3aMeTXe Mbl o6cy811M B03MOlltiiOCTb IIOlfY'I&IIHH Rll<i>oPMB.IUIH o npeaenax !IpllMe­

BilMOCTil XBAIITOBOft snexTp08HII8MHXH IIyTOM HCcn980B8HHR IIOXOTOpbiX p98XIlX p&CII480B Me-

30HOB. 

Kax H3B9CTRO, 'leTblp9XR91ITOIIIIbl9 paCII&IIbi , 
- B K -M930110B 

+ 
(I) 

+ 
(2) , .. p.11e , .. e 11 e e 

+ + -K p.lle (3) K .. IJ.IIP. p. (4) 
+ + JK -+ e v e (5) K ... e 11 p. p. (6) 

Ill 
aon~llbl HATH 34 c'leT BHPTY&nbaoro snexTpoMarHHTHoro saallMOAeilcTBH!I (HanpaMep , 

+ 
11 -+p. II y -+ IJ.II e ) , Hu:>Ke Mbl o6cyallM B03MOlltllblft BXMJI B 9TH pacnaabl rHDOTeTH-

'19CUX B34HM08&i!CTBHII TIIIIa 

Fee ( e e ) ( e e ) (7} 

Fep. ( e e )( p: p. (8) 

Fp.p. ( P, p.) ( ji p. ) • (9) 

2. qTO B3BecTBO 06 aBOM~BUX B34HM088i!CTB!IHX n&IITOIIOB ? 

0rpaBH'I911HH 118 B9nH'IHIIbl XOBCTBIIT F MOryT 6b1Th Dony'l&llbl 113 88BIIb1X DO BCTpeq-

llbiM ny'IX&M e e 
+ 

R e e , no g .-2 • g p. -2 , no pacc&HIIHIO 

o6paaOBll.IIHIO T&JC B43b1Ba8Mb1X 'TpOIIHHXOB"' II 113 8pyriiX ODbiTOB, 

ep H p.p , no 

B p8CC91111119 B38BM08&i!CTBHe (7) BX0811T T&XHM o6pa30M, 'ITO KaJC 6bl M08HTH-

IIHpyeT <i>oTORIIbli! !Iponararop, EcnH B38HM08&i!CTBRe ( 7) BeXTOplloe, TO 

( 10) 
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Ha aK:enepaMe RTBilbHhJJ< llBBHbJ J< no pae eesraa10 BeTpe'iH biX aneKTpORBbll< n y 'iKOB ( e aaep­

raell no 300 MaB XB JKJlbi A ) enellyeT, 'lTO <l>o To a ahtll <!>opM<!>aKTOp RMeeT BHll
1 2 1 

(I -
0 0 - 1 

q I A ) • I'll& 
0 

!A! ~ 0,55 fasl e ( llnR A > 0) 

0 

" !AI L 0 , 98 f aBle ( An• A < 0) . 0 Tel0ll8 MO)I(IIO aa¥nl0'!11Tlo, '!To 

4rra -2 
' ••"" ~ ~ ( 1,6 faBle) • ( 1 I) 

flOll'l9 pKB&M, 'ITO OD&BK8 ( J1) eDp8B9lliiHB8 llllH B&KTOpHOI"O B8pH8HT8 B38HMOll&AeTBHB 

(7} a, Boo 6me rosopa, 6yll&T aaoll lliiR llpyrax sapaaaTos: 

llaRH bie no BeTp9'<BhlM n y '{J[aM 
+ •· HOKB OTeyTeTByiOT. 

p H T.ll. 

H a llB HR hiX no g o - 2 T8KlK9 MO>KBO nony'lHTb OI"p8BH'I9HHII H8 a<I><IJeXTHBBYIO B&llH'lH-

HY F •• . Eena aTo B38HMOileAeTsae o6yenoBneao o6MeRoM B&XTOpBbiM M&30HOM, To (eM. 

HHJK9 ( 14)) : 

Sp.. F m 
0 

P.. ~ 

I"ll9 ll e -MarHHTH hlA MOM8BT 31IBKTJ)OHll, 8 m .-Maeea 9./I&KTpona. Opa 

oTc~aa cnea yeT, qTo 

-2 
F < (0,25 f aBle) • 

( 12) 

8
P.• .a.Io-8 
~ 

(IS) 

K onw.,.ec T BeB.II bl& ax:cnepK~&RT&nJ.Hbie .na.a:Bbie no anex.TpoaHbiM 'TpoAaHiaM' noxa oT-

e y Te TBYIOT . 

TaxHM o 6 paaoM, aaa6onee cnn~oaoe orpaHH'<eHHe aa senH'IHay '•• aanaraeT peayn~o-

T8T On bJT8 no BCTp&'IHhlM HY'IK8M (eM. COOTHOW9BH9 (I 1)). 

qTO KaeaeTeR B91lR'IHH Fe p. H F' p.p. 0 TO H8H6onee JK8CTKH9 orp8BII'<8BHII H8 BIIX 

HanarBJOT B3M8p8HHH gp.- 2 
131

• Eena cooTBeTeTByJOmae saaaMolleAcTBH!I o6ycnosneabl 

0 6 M9HOM I"HHOT9TH'19CJ[JIM 603 0HOM 

Sp.p. 

lip. 

o ( I) 14,~1 X eM. pae. , TO 

2 
F mp. 

~· 

131 - 6 
Cor n aCHO sp.p. I I" p. < 5.10 , OTKYll8 eneJlyeT, 'ITO 

F'p.p. • '•I" < ( 2, 5 faslc)-2. 

(14) 

(I~) 

n p nMep ao T8KOil lK9 nop~llOK B91lH'IHHhl DOIIY'<89TeR R B TOM cny'!ae, &CnH B38HMOll&A­

CTBHR ( 8 ) H ( 9 ) RBIIRIOTea HeTHHHO 'I&Tbip&J<<jlepMHOHHbiMR. J1CIIOilb3YR llllR Oll9HKH llH8I"p8M-

161 
My p H C. 2, M OJKHO HOIIY'IHTh ( 8 H81IOI"H'<Hbd! p8C'I9T llllH npone eeOB Jl. .. e y eM. B ) : 

4 

.I 

l 

r ile A - aaepraa o6pea• 

Opellnonaraa, 'ITO B3. 

TOrlla 

Tax xax yqeT o6peaaaa11 c. 

B 'IHeneRBhlX MHO>KHT&IlHX f 

TaxaM o6paaoM~ MOJKBO lly: 

PaeeMOTpHM Tenepb1 

llhl ( 1) -( 6) 1 HllytiiH9 ( CM. 

3 

MOll9ACTBHB ( G • 10-51, 

BepoHTaocTb pacnalla 

B38HMOll&ACTBHII (7) p8BB8: 

rAe 1 -aMnnaTylla pacna11 

>K88TC>I CII9llYIOmHM o6p8301 

Bena'<HHhi, 6nHaxae K (IS), 

AaanorH'<Hhte cooTaom 

HenycJtaaHe MIOOROB BM&CTC 

nane I npaB&ll9Hhl rpy6bi& • 

OTaoeaTenbaaa BepoaTaoeTh 

llBHaoro nponeeea, a 



JeKTpORHbiX 11Y'IKOB ( C aaep­
/ 2/ 

MeeT BH.ll 

0) 

( 11) 

BBpHBHTB B3BHMOneACTBHSI 

p H T.J1. 

Sl HR ~eKTHBRy~ Bei1H'IH­

>pHbiM Me30HOM, TO ( CM. 

(12) 

s,.. -8 
---3.10 ,.. 

(13) 

M 'TpOAHIII&M" DOIC8 OT-

ay F.. aanaraeT peaynb-

I)). 

KHe orpaRR'I8HRR HR HHX 

MoneACTBHB o6ycnOBn9Bhl 

( 14) 

( 15) 

cnyqae, ecna aaaaMoneA-

.aya nna oneHKR naarpaM-

1' ~ e y CM. B/ 6/ ) : 

rne A - aaeprxa o6peaaKKa. 

2 I 1 
FA •I' 

(2w)' 

A 

( 16) 

2 

npennonarasr, 'ITO B38KMOJ19IICTBK8 o6p9389T CAWO Ce6st, MOJI{BO 110110ll<liTb F A • I , 
27 

TOrn a 

A 
( 17) 

THK KAK yqeT o6peaaaast cnenaa o~eHb rpy6o, ae cnenyeT npanaBaTb aaaqeaaa paana~stM 

B 'IHC118RHhiX MllO>KHTenaX Bblp8lK9Hllll ( 14) K ( 17) H naJKe norapKcPMY B BhlpHlK8HKK ( 17) • 

TaKBM o6paaoMJ MO>KHO nyMaTb, 'ITO oneHKa (15) aanaeTCsr ycTollqgaoA. 

3. OneaKB aepoaTaocTell pacnanoa (1)-(6) 

PaccMoTpBM Tenepb, KAKBe caeneaaa o aaaawonellcTBaax (7)-(9) MoryT naTb pacna-

1\hl ( 1)-(6), anymae (eM. pac. 3) B nopanKe FG rne G -KoacTaaTa cna6oro aaaa-

MoneAcTaaa ( G • IO~fm! ). 

BepoaTaocTb pacnana 

B38BMOI19ACTBBB (7) paaaa: 

tr-+ e e e v , cornacao naarpaMMe 3, nna aeKTopaoro aapaaaTa 

2 2 I 2 

w = 11.,. eeell 

G f F m,. 

2
11 

IS " 
5 

(18) 

rna -.awnnaTyna pacnana " ~ e v , 'I&pea J:oTOpyJO aepostTHOCTb STOro pacnana Bhlpa-

JKaeTCB cnenyJODlRM o6paaow : 

W rr-+ev 

2 
G 

8 IT 
( 19) 

BenH'IRHbi, 6nH3KBe K ( 18), nony'IaJOTCa a nnst npyrax aapaaaTOB aaaaMonellcTBRa (7). 

AaanorKqHbte COOTROID8HH.K CBSI3 biB810T B9pOSITHOCTR paCDSAOB K. -+ e e e v B K -+ e v . 

11cny cKaHRe MIOOROB BMecTo 3JI&J:TpoaoB npaaonaT K yweabm&lliiJO cjlaaoaoro o6'b8Ma. B Ta6-

nane 1 npaaeneabl rpy6bi& onealUI OTBOCRT&I1bHhiX aepostTaocTell 

OTaocaTenbaaa aepo aTaocTb R 011penena&TCSI KHI: OTHOID9HR9 

R 
[' 

pacnanoa ( 1)-(6). 

---r;:; rne f' -mapaaa 

.naaaoro nponecca, a '.ot - nonaaa mapaaa tr- RnR K - Meaoaa. 
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TafSaJilla 

Nv flpoll ecc 
R •t R lim <'U 

1t';t ~ fJL t ...,.tJ4. 

1. + - to-It 2,!5 " .. "'v. • m r - mp. 

2. + - 10-e 17 tr .. e ve • m a 

s. IC -+p. v e + e - 10-8- 10-7 2,5 miC - mp. 

4. IC -+ p. vp.+ p..,. 10-8 - 10-e 2,6 m - m 
K p. 

5. K. ... eye+e - 10-8- 10-1 
17 miC 

6. IC-+ e v p.+p.- 10-7 2,5 mx: 

B Ta6nne 1 R at oneaeao nns CT&BII&pTaoll s&IIX'IliBhl F .. ( 1 res/c) -
2 

s cooTB&T-, 

CTSBB C Sblp8liCQHB~M ( 18) H 110C1191lYJOIIIIIMB 38N9'18BBRNJ1i R lim OTS9'189T llp91191U>BOII OT­

aocaTanLaoll mapaae, oneaeaaoll s npennonollteaaa, 'ITO 
,-2 

Fee'" (1,6 res/c) ; 

-2 ·~ 
( 2,5 res/c) ; 1/ q max - uax:caMam.aast uacca nenTOaaoll napbl. 

F0 p. , Fl'll ,. 

Ha ManocTB npaseueaahlx s Ta6nJille 3B8'19HBII R lim cneny&T, 'ITO aeo6xonaMo npo-

BQCTH Kpai!He TpyiiBb19 Ollb!Tbl 1 'IT06bl S p8CD8118X ( 1 )-( 6) IIOCTI!'Ib TO I! liCQ TO'IBOCTB DpoBep­

XB xaaaTosoll snexTpOilliH&MHXH, KOTOpaa HMeeTCSI s yllte BblllonaeaHbiX ex:cnepHMeBTax. On~ 

H81CO Dpl! pemeBllll BOilpoC8 0 nenecoo6p83BOCTB DOCT8BOBKH COOTSQTCTSYIOWHX OllbiTOB Cll9-

llyeT HMeTb B sany, 'ITO orpaBH'I&BBSI Ra BellB'IHHhl F •!' • Fl'll , nony'le&Bbie aa ocao-

Be gfl -2 MOryT CouepJK8Tb 3B8'111T91U>Bhle TeopeTB'IeCKHe aeonpeueneHBOCTH, CS!I38HHbJQ 

C !IHTerpBpOB8BH9M no BMilyllbC8M SBpTyanbHbiX '18CTBil, 

t!To x:acaeTCSI pacnanoB, couepJKamax F •• 1 TO olll!: II&K>T aa<!>opMallHIO, ae TOJKIIeCT-

BeHRyJO TOll, KOT0p8!1 nony'l&eTCSI 0 aanpHMep, H3 Onb!T8 no pacceHBRIO e , TaK xax. 

OllHH R3 '(QTidJif!X 91191C'PpOBOB B llH8rpBMMe pac. 3 BHpTyanea, S TO Bp9MSI K8K B Mennepos­

CKOM p8CC9SIBHR Bee 'leTb!pe enexTpOH8 p881lbHblo 

floeTOMy npellCT8BnlliOTCSI pa3yMBhlMB llOBCKB o6CylK.llaeMbiX Dp01l9CCOS ABJKQ R8 ypos:. 

Be, ae D.OCTHr8JOIIlGM R lim , 8o BCSIXOM cnyqae npeuCT8Bil!I9T B&Tepec perHCTp81lBSI 'IHC-

TO snexTpoMaraHTRhiX nponeccoB, x o6cy)f(JleaaJO x:oTophiX M bi cell'lac R nepexouaM. 

4. :3neKTpOM8rBRTHhiii <j>oR 

Ka!t YlK9 OTM9'l81l0Cb Bh!!U9 0 p8CI181lbl ( 1) -( 6) MOryT RUTH 38 C'leT 06bi'IHOrO eneKT­

poMarHBTHOrO S38RMOil911CTBHSI, qT06bl o6aapylKBTb 8HOM81lbHb19 B38HMOil911CTSH!I (7)-(9) 

H8 <l>oae eneKTpOMBrHHTHOro, ClleAy9T H8 OnhiTQ OT6Hp8Tb TBKHQ pacn&llb11 S KOTOpbiX 

6 

• 
q - KB8 1lp8T 4-HMilYilbCI 

qmax (eM. Ta6nany 1). C 

'£He Me)f(Jly pacnauaMH ( I), ( 

B pacnauax ( I), ( 3), ( 4 

M8nbBOe B38HMOileACTBHe np 

0 TcK>ua cneuyeT, 'ITo 1 

xo ae a ccneuoBaTb ero ua¢¢ 

• • q c:,; q max P acnaubl JKe 

B6AH3H 

F ~ 0.1 

• • q == q max 

·• ( mk- ml') 

C TQqH 

3H8'fHTenb.RO M 9BblliHM 

peaaeA KORBepcaa B pacnaua 

TOpM03HOrO HCilyCK8HHH BHp1 

TOPM03Hbi9 BHpTy anhHbie <!>oT• 

HOB 1 HM9IO!UyiOCH B p8CI1 8 1l8X 

11p0110pllliOH81lbHbl m 
0 

, lJTo 

B38HMOil9ACTBHII (7)-(8), TO 

H MBnbtA MBO>KHT91lb He B03B 

<!>BKanHH <!>oToaaoro nponaraT 

6nOK8 BllpTyanbHbJX 81lpOBOB 

nap 6 yneT aecymecTBeaea n~ 

B cnyqae pacnauoB (5) a (8 

HOB BBpTy&llbBbiMH 8llpOH8MH 

CllllbHOA B paayMHO OlKHil8Tb 0 

4rra -2 
F ~ 0,17.~ (5 f ::m) • 

It 

B bi!lle M hi p accMaTpaaa. 

psm. Ecna cyme c TByeT ae en 

H3MeRHIOWee MIOOHHbiA 38pHil 

na 



~) ~ a,z; \MIIJ4. 

m" - ml' 

m., 

miC ml' 

m - m 
IC I' 

miC 

miC 

F • (1 rae/c)-
2 

e COOTBeT-. 

lim OTe8'188T Upe.ll&llbSOII OT­

• (1,8 rae/cr. 

uapbl. 

!B.liYeTo 'ITO B&Oi5XO.liHMO Upo­

:TH'IL TOll JK& TO'IHOCTH nponep­

:onB&BBbiX 91CCU&pRM8BT8X. 0.!1'"" 

>OTeeTCTeyroiiiHX OUbiTOe cne­

F/'1' , nony>~eBBLre aa ocuo­

·eonpeAeneauocTa, ceaaauuble 

~ HB~OpM8.liH100 HB TO~BCT-

C&IIHHIO , Tax xax 

e TO ep&MII IC8X e Mennepoe-

biX UpO.liBCCOe .ll&lKB 88 ypoe~ 

3T HHT&pec perHCTpa.liHII 'IHC-

cell"!ac a nepexo.liHM. 

e B38HMO.lleiiCTBHH (7)-(9) 

:e p8Cll81l b i 0 e XOTOpbiX 

2 

q - KB81lp8T 4-HMnynLC8 neUTOHBOI! napbl - 6nH30K K CBOeMy M8KCHM8J!LHOMY 3H8"!eHH!O 

q max ( CM. T& fillH!ly 1) • C TO'IKH 3peHH!I SJleiCTpOM&rHHTHOrO ~JOH8 H MeeT C!I B8JKHOe p83llll -

'1He MBlKilY p8Cll8.li8MH ( 1), ( 3), ( 4) 1 C OllHOH CTOpOHbr, H p8Cll81l8Mll ( 2), ( 5), ( 6) - C npyroll. 

B pacnaaax (I), (3) , ( 4) ( B STHX pacnauax napa o6paayeTcH BHpTyanLHi>IM M100HOM ) aao-

4"a J 
M81!bSOe B38HMOUel!CTBHe np01IBH1IOCL fib! H8 ~OHe aneKTpOMBrHifTHOrO npH F ~ -r-- ~ --;r-, 

qmllx lOqma.x 

OTCroua c neuyeT, 'ITO pacnaa ( 1) npaKTH"!ecKoro HHTepeca ae npencTaemwr, ecnH T Onb­

xo ae HCCneUOB8TL BI'O .li H¢$epeHUH81IbHOll aepO!!THOCTH C O"!eHL BblCOKOfi TO"!HOCTblO npH 

• • 
q ""' q max · Pacna.llbl JKe ( 3 ) H ( 4) MOrna 6bt npa H CCJJe.lloeaaHH HX xapaKTe p HCTHK 

s6nH3H q~= q!ax 

-· F ~ 0.1 ( mk- ml') 

C TQqHQCTb~ ITOpH,llK8 eaHHRU~ 08Tb CBeaeHHH 0 BenH qHH OX 

-2 
( 1,2 r a e /c) • 

3R8lJHTeltbHO M9BblliHM MO)KeT OK838Tb CSI ct>oH OT 06bt 'iH bt X 3/leKTpOMBrHHTH blX nap BHYT­

peaael! KOHeBpCHH B p8Cll111l8X (2),(5),( 6 ) . OTO CB!I38HO C TBM, 'ITO M8Tpii'IHblB 3JIBMeHTbl 

TOpM03HOI'O ucnycKaHHSI BHPTY81IbHbiX ~OTOHOB B 3THX p a cnaaax M81Ibl. neno B TOM , 'ITO 

TOpM03H bre aapTyanLH bre ~OTOHbr ae MoryT aaMeHHTL 'BhiHYJKilBHHyro' cnapanbHOCTb aneKTpo-

HO B , HM9l01UYIOCSI B p8CIT8,ll8X " .... e V H K. ... • v, B noaToMy aMnnHTYllhi •TopMo3Hhrx' pacnaa.oB 

nponopU.HOR81tbHbl m 
8 

• '-ITO >Ke K8C89TCSI HCIT YCK8HHSJ ITBp bl 
+ 

aa cqeT 

B38HMOilBIICTBHII (7)-(8), TO rrpH 3TOM CllHp81IhHOCTb 3 1!eKTpOH8 MOJKeT 6bJ T b &CTeCTB&HHOl\ , 

H M81Iblll MBO lKHTe1!L He B03HHX 8BT ( ecna TOllbKO 3TH B38HMOilel\CTeHSI He CBOllSITC!I I< MOilH­

~liiCBllHH ~OTOHHOrO nponararopa) • 003TOMy B pacnaae ( 2) , rue HCnyCI<8HII e ~OTOHOB H3 

6nOIC8 BHpTy&nbHblX 8.llp0HOB M8ll0, MOJKHO OlKHil8Tb, 'ITO 3 1!eKTpOM8I'HHTHblil cj OH WllpOKH X 
2 2 2 4tra m -2 

nap 6y.lleT aecymecTBeaea npH q ~ qm .: mIT 1 ecna F ;;: -,-- __ ._ ~ ( 8 r a e ) 

m" mtr 
B cnyqae pacna.liOB ( 5) H ( 6) .liOn>KBO 6biTb cymecTaeaRbr M HcnycKaaae BHpTylliibllbt X ~To-

HOB BllpTy41IhHbiMR 8LlPOH4MR , fi03TOMy oneax:a F ~ ~ me SJBnSieTCR CIHf ii1KOM 
mK mK 

CJinbHOA W paa yMHO O>KH.ll8Th, CK8JK9M, 'lTO MOryT 6biTb nonyqeHbl CBS.lleHHSI 0 

41Ta - 2 
F ~ 0,1--;;?:~ (5 rae) • 

)( 

B LJWe M br paccMaTpHaanH aaaaMoaellcTBH!I ( 7) - ( 9), KOTOpbte coxpaH!IJOT MJOOHHbtii ::Jil ­

psrn. Ecna cyme cTayeT ae cna6oe aaaHMOilBIICTBHe Tuna 

1'0~ ( ji' e )( ji e ) , (20) 

H3MeHSIIOIIIeB MlOOHHblll 38p!IIl 88 ABe 91lHHH.llbl ( 7 ,8) , T O llOnlKHbl CyllleC TBOBBTb p acn a llbl TH-

na 
+ + + -

K -+ e e IJ. v ( 21) 

7 



+ + + -K ~ p. p. e v 

+ + + -rr .... e e p. v 

nuarpaMMa, OITHCbi BaJOmall p8CIT8A ( 22) 0 npHB&Il&H8 88 pHC, 4, 

(22) 

(23 ) 

B aaxnJOqeaue cnen aeM aecxonbKO aaMeqaauA axcnepBMeaTanLaoro x apaxTepa, 

noacxu nponecca ( 2) cnenyeT, no- BBAHMOMy, ocymecTBHTb npB noMoma HCKpOBbiX xa-

M9p aa nyqxe OCTaHOBHBWHXCll tr + -Me30HOB. 

qTo xacaeTCll nponeccos (3) - (6 ), (21 ), (22) , To aexoTopoe npencTasneaue o sepxaea 

r paHBUe Anll HHX MO~eT fiWTb ycTaHOBn9HO )la~e aa OCHOB9 aaanH3a y~e HM910WHXCll CHHM­
+ 

XOB pacnaAOB K - M930HOB .B ITy3WpbKOBWX XaMepax, 

noHCKH pacnaAII K ~ p. p. p. v M·OrJUI fihl 6b!Tb ocymeCTBn&Hbl B OITbiT90 ll')CT8HOBK8 
+ 

KOTOporo HaiTOMHH89T aeATpHHHbl9 OITbiTW: n yqOX K -M930HOB paCIT8A89TCll H8 neTy , Tpll 

MIOOR8 ll&TeKTHpyiOTCll npH ITOMOWH KOMfiHHanHH M8rHHTHOrO CIT9KTpOM9Tpa ll TOnCTbiX nor­

nOTHTeneA, T pyllHOCTH npH T8KOA ITOCTaHOBK9 OITbiTa CBll3aHbl H8 C ManoA BepOliTHOCTbiO 

RBn&RHR, a c ljloaoM, 

ABTOpb! 6naronapaw 11.10. Ko6aapesy, C.M. KopeaqeHKO, n.l1. nanunycy, A.l1. Myxuay, 

B.l1. neTpyXBRy 3a HHTepecHbl9 o6cy~eHHR. 
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