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Bseneaue 

B nocnenaee speMs aa6nronancs psn cny~aes cnoaTaaaoro neneaus snep H3 

/1,2/ 
aaoMepaoro cocTosaus • Hau6onee nonpo6ao aTo ssneaue uay~eao aa npuMepe 

snpa u:a Am • HaMepeao napnuan&aoe aaoMepaoe oTaoweaue G u -au I a 0 , 

rne a 11 - ce~eaue o6paaosaHHH snpa 
242

Am S H30M8pHOM COCTOHHHH C nocne-

IIYIOWHM seneHB9M > a 0 - C9'19HH9 o6p830S8HBH OCHOBHOrO COCTOllHBll, .llnll peaKUBB 
Ha 2 42 _, I S I 

Am ( n , 2 n l Am nony~eao a 11 • 10 npa aaeprHH aeATpoaos 

E • 14 Mas. Bonee nonpo6ao uay~eaa peaKIIHH 
242

Pu (d,2nl 
242 

Am/4/. 

0Kaaanoc&, 'ITO au npH fi0Sb!W8HHB aaeprHH aeftTpOHOI! Ed caa~ana 

pacT~T, ao yJKe nps Ed = 10 Mas nocTuraeT csoero npenen&aoro aaa~esus 
~ . 

a 
11 

• 4 10 , npuMepao TO JKe caMoe asaqeaae nns Gu 6blno nony~eao 

s peaKIIHB 281 U ( 11B ,a3n) ll42 Am /B/1 

3TH peayn&T8Tbl llBnlliDTCll B8CKHM apryM8HTOM S non&3y TOr01 'ITO Mbl HM89M 

neno ae c o6bi'IHbiM cnsaoBbiM uaoMepoM, nocKon&Ky npH n epexone K 6onee SbiCOKBM 

'laaeprHllM H K 6onee TllJK8nbiM aaneTSIOWHM '18CTHU8M paCT~T Cp98HHft CfiHH COCT8BHOrO 
/61 

l1Jlp8
1 

'ITO 80nli<HO 6binO 6bl npBB9CTH K ysenB'I9HHIO H30M9pHOrO OTHOW9HBll 

171 
3oMMep H npoKo<\l&eB Bbi'IHcnuns nonaoe uaoMepaoe oTaoweaue a • u 1 I u0 , 

rne a
1 

- nonaoe ceqeaae Hspa 242 Am B H30M9pHOM COCTOllHBH, BenB'IHHbl 

a II H a CSll38Hbl M8li<8Y co6oll COOTHOW8HH8M a r II I ( r If + r a + r y l. -au ' 

rne r It , r a , r y - senHTenbH8ll WHpHH8 B a H y - WBpBHbl pac-

fi8M8 H30Mepaoro COCTOllHHll, PaCCM8TpHS8ll H30M8pH08 COCTOllHH8 K8K ewe 08HO 

OCHOBH08 COCTOllHH9 S TOM CMbiCne, 'ITO nepeXOllbl C aero 38 Bp9M8H8 nopll8K8 Bp8-

M9HH H3ny'leHHll y -KS8HTOB H9 npOBCX08!1T 1 30MMep H npoKOtPb8S cyMenH O!S'&llC

HHTb aa6nroneBH08 sns pe8KilHB ll4
2 Pu ( d , 2 n) 

242 
Am CSOilCTSO H8Cb!W8HHll 

38BHCHMOCTH H30M8pHOrO OTHOW9HHll OT aaeprHH 89ftTOHOS, Bonee TOr01 OHH nony-

'IHnH aKCnepBM9HT8nbH09 3H8'19HB9 Jln!l alf npH npennonOJK9HBB1 'ITO ra , ry «r., 
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11 qTo aaeprns naoMepaoro cocToBRHB E 1 z 2,8 Mas, nocnenaee nonTaeplKnanocJ. 
/8/ 

onhtTOM , noKaaaawll:M, 'iTO E 1 ~ 2,9:!:. 0,4 Mas. TeM He Meaee oCTaeTcB aenocTaTo'l-

ao y6erriiTenbHhlM IICXOllH09 rrpenrrorrOlK9Ril:e 0 TOM1 'ITO 1!130Mepaoe COCTORBI!Ie IIOnlKBO 

OTnH'18TbCR T8KIIMI!I CBOI!:CTB8MII1 KOT0pb!8 38rrpemanH 6bl rrepexo.abi e Hero, HO S:& 

TopMoaHnll 6bi nepexonbl s:a aero. 

~113H~ecKH 6onee yaoeneTSOpHTenbHOI!: RBnBeTCH I"I!IITOT938 0 TOM, 'ITO I!ISOMepHoe 

/2/ 
COCTOBHI!Ie OTnH'I8eTCSI 6on&WOI!: nelj>opM8!1Hel!: , o6ecrr&'IHB8IO!I(81!: OIIBOBpeMeHRO 

ycxopeaHe .aeneaHB H TopMolKeHHR y -Hany'leRHH. Taxas rHrroTeaa aamna el!loe 

/9/ 
o6ocaoeaaHe a pa6oTax CTpyTHacxoro • Bbt'IHenss o6ono'l:e'IHbie nonpaBKH K xnac-

CH'Iecxol!: MonenH nns aaeprHH snpa, CTpyTHRCKHI!: noxaaan, 'ITO a o6naeTH w.aep 

c 'IHenoM aei!:Tpoaoa 140-150 aTH nonpaexH npHBe.ayT 1t nosen&RHIO neyrop6ol!: 

lj>opMbi 6aphepa neneaHH. 

B ll8HBOI!: pa6oTe eT8BHTeR BOrrpoe: MOlKRO nH o6~HCHI!!Tb CBOI!:eTBO H8Cb!III&-

HIIH H30MepHOI"O OTHOWeHHH H nony'IUTh ero 8KCnepUM8HT8nhRO& 3R8'18HU&
1 

ecnu 

rrpennonolKHTb, 'ITO H3oMepaoe cocToHaue nelKHT RHlKe npoaana MelKny .aeyMSI rop-

6aMH 6ap&epa neneHHH. 

BhlBOrr oeROBRO!! dJopMynhl 

Ha'IHeM c paccMoTpeHHH cnenyiOmel!: CHTyauHH. l1MeeTcH Hnpo 243 Am cne-

lj>opManHel!: ~ 0 (o6oaRa'leHHR eM. puc. 1) • c aaeprHe!! eoa6ym.aeaRR E
243 

no

cTaTo'IHO BhlCOKO!!, 'IT06bl 6binH OTKpbiTb! K8R8nbl BCeX ITHTH pa3nH'IHbiX rrep&XOllOB, 

0603H8'19HHb!X ITYHKTHpBbiMI!I CTpenK8MI!I 118 ·pRe, J. fopH30HT8nbRb18 CTpenKH eooT

B9TCTBYIOT aan6ap&epBhlM 11 TyaaenbHhlM rrepexonaM 'lepea rrepBbii!: Rnll BTopo!l 15ap&

ep, CTp9.1!KH BHH3 - IICnyCK8HI!IIO He!!TpOHOB II y -KB&RTOB • .llnH ynpomeHRH 38ll8'1R 

6yaeM C'IRT8Tb 1 BO-rrepBbiX1 'ITO BepOHTHOCT&IO TYBB9nbHOI"O rrepexona MOlKHO npe-

ae6pe'lb no cpaaaeHHIO c aepoRTHoeTbiO y -nepexo.aoa. Bo-eTopblx, 15y.aeM C'IHTaT&, 

'ITO BCerna [' 6 , l IT » l y , ecnH TOITbKO H8ll68pb9pHbll! rrepexon HnH HCITyCK8-

HHe H9l!TpOB8 SHepreTR'IeCKH B03MOlKBbl ( 0603H8'1eHHR CM, pHC, J), 

B YK838HHblX rrperriTOITOlK9HH!lX H30Mepaoe OTHOWeHHe p8BHHeTCH OTHOW&HI!IIO 

B9J30RTHOCTII W 5""1 

BepoRTROeTH W nO 

nepexo.aa qepea nepBbi!I 6ap&ep H3 neeo!! B npaeyiO HMY K 

IICIT8p&HH.H Be!tTpOB81 YMBO)KeBBOM:f 118 B&pOSITBOeTJ. W nl 

HcrrapeaHSJ ae!!Tpoaa nocne nepexo.aa. ( Ma.aexe "0" HnH " i " yxaabteaeT aa TO, 

4 

" :~ 

I ,, 
! 

! ~ ... 
'I 

t!f'''.': 

'ITO HcnapSJIO!IIee SJ.apo 88XOllllTCSJ B "neeo!!" HnH "npaeol!:" RMe 88 p8e. 1). Mo)KeT 

xaaaTbCSI, 'ITO Bbl'IHCneBHOe T8ItiiM o6pa30M R30MepHoe OTHOWeHIIe Tpet5y&T ITOITp8Bitll, 

y'IHTbiB8IO!IIe!! eepoRTHoeT& eoaepameHIIR aaaan, H3 npaeoA B neey10 HMy. On8axo 

nnR aepayaweroeSJ H.Qp8 MOlKHO ITOBTOpiiTb T9 lK& pacCy)K.QeBHSI, B peaynbT8T8 Mbl 

rrpH.QeM It Bb!BOD.Y 0 TOM, 'ITO peaynbTHpyiO!II&e H3oMepaoe OTHOW8BH8 paBHReTell: 

a • ~) 
wno 

(I) 
W nl 

( 1) 

BepXHHI!: 8Hrreite "1" YK83b!B86T 88 TO, 'ITO 11888851 BepORTHOeTJo OTHOeHTeR It He

napeHHIO TOIT&ItO O.QBOI"O H&I!:TpOH8. STO yTO'IHeHH8 aeo6XOllUMO AnSI TOro, 'IT06bl 

\ 1) 6hlno cnpaeennaeo 11 npH aaepr11ax E 24_3 Bbtwe aaeprHH cBR31l neyx aei!:Tpo-

HOB. !101 
113 CT8TUCTU'Ieexol!: TeOpUR eoeT8BHOI"O R.apa enenyeT, 'ITO OTHOID811U8 

I (I) W6t W no p8BHHeTCSl OTHOWeHHIO 'IHCn8 OT!tpb!Tbllt K8H8nOB N 61 llnR rrepe-

XOD.8 11epea nepBbil!: 6ap&ep (~Reno ypoe8el!: Rnpa B nepexoAROM eoeTOR8HH e &8ep-

• rue!!: eoa6yJKD.8HHSJ, ae npeeoexonamel!: E 243 - E 61 ) x 'IRCny ueuapHT&rrb8biX xa-

aanoB ( JlOCTYITHbil!: lj>830Bb!A o6<&eM D.ITR eReT&Mbl t
42 

Am + H81!:TpOH DpH ycnOBIIH, 

'ITO aaeprHH B036ylKrre81lSI OeT8TO'IHOI"O RJlp8 
242 Am MeHhWe aaepriiB eliB3H Rei!:-

Tpoaa B
242

). BepoRTROCTb W ~:) paeaaeTeH oTaomeHHIO 'IRena HcnapuT&nhHbiX 

ItaHanoB N nl II: non:HOMY 'IUC:JIY JtB.HanoEI N 61 + N fS2 + N nl 1 Bbl• (I) 

XOilRIIIRX U3 npai!IOI!: HMbi. Cne.aOBAT&nhll01 ( 1) DpHHBM88T EIB.D;: 

a -

N(l) 
nl 

""NfiT no 

N 61 

N 61+ N 62 + Nnt 

qReno ypOEIH&I!: B uepeXOilHOM coeTO.HHBB 

Et.a- E6J 

N 6 • C f p 248 ( E HB - E 6 
0 

a '!:Reno ucnapHTenbHbiX xaaanoB 

t M8Ke. 

- t ) d ' 

N(l) • C' 
n f 

T 
' P t42 ( E 242 

-t)dt. 

f MHH. 
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rAe P ua • P ~43 
T 

- nnoTHOCTio ypOBH&l!: SIA8p ~4l Am • ~ 4~ Am COOTB&TCT-

aeaao, a E
242 

- MaJCHMBnAaaB TennoBaSI saeprHSI RAPS u~Am flOCJtOnbll:y JtRHe-

TH'IecJtaSI saeprus ael!:Tpoaa Be orpaHH'IeHa CBepxy llHJt81tRMR AOnonBRTen&BhlMH 
T 

t Maxc •E 242• HHJKBHA npez:ten ycnoBHJIMH, RMe8T MaCTO paBeBCTBO f 
MHB. 

!lbi-

6upaeTcl! Tex, 'IT05hl B03MO~OCTb HC0:8pa&HB BToporo aeATpoaa ucJtmoqanac._ STO 

03B8'18eT, 'ITO 
T 

p83BOCTb E ~42 - l BC&rAa cpaBBKTen&Bo Mana. flo 9TOA npu~ae 

nenecoo6pa3ao OTJta3aT&Cl! OT rrpocToro BhlpaJKeaus z:tnB nnoTBOCTH ypoBaeft qapea 

TeMnepaTypy H BMeeTo 9Toro ucrron&30B8Tb npez:teTaBne&ue 11epe3 rrapaMeTp rrnoTaocTB 

ypoaael!: a, T.e. p (E) " exp (4a E)" 

Pe3yn&Tl1Thl 

tfucneBHbl8 pliC'It\Tbi npOBOAHnHCb AnH ~BaprBH R30MepHOI'O COCTO!IHRSI E I • 3MsB, 

AnSI saeprHK CBBSK ael!:Tpou B Rz:tpax ~.a Am • u~ Am : B
248 

• 8,8 Ms11, B
242 

• 
Ill/ -1 

5,5 MsB 11 Ans napaMaTpa rrnoTaocTB ypoBaelt a • 25 11 30 MsB , npu STOM 
IT/ 

C'IHTanoch, qTO • 118 38BHCHT OT z:te«J!opMllO:IIH. (ABTOphl pa6e>Tbl BCIXOnbaOBanH 
-t /12/ 

3HB'IaKHe a • 28 MsB , ccNnaSICb RB. pa6oTbi ) • .nu BNCOThl rrepBoro 5apb9pa 

Bb16Hp8nHCb 3.B;8qaJIH5[ E ot• B2?&7 5,15 MsB J[ E61- E f - 8,4 Mall. Eapbep 

aeneKH!J E f 113BecTeB R3 OITblT8 • flpH YK838HHhlX 3B8'1eBH!IX AnSI E I , E f 

u B
248 

SJeao, 'ITO N 01 « N0 1 • N 62 t T81t qTQ MOJKHO 381UlC8Tb: 

NCO 
a • __ n_l N 61 Not 

sa*-----
N (l) 

no Nol + N o2 N61 + No2 

rne qepe3 a* o6o3&aqaeTCK H30Mepaoe oTaomeaue npH ycnoBHH, qTo N
62 

<< N
01 

. 

noenenHM 38 xonoM 38BIIeHMoeTH a • (E 
248

), npeAeTaBneaaoft aa puc. 2, oT-

Be'laromeft 3aaqa&HIO E51 • 5,6 MsB. Haquaas e saeprllll E
248 

• E 1 + B243 • 

c 9,3 MsB a* paeTt!T enepBa sxerroaeao:uanhBO no Mepe yBenuqaHHSI qucna AO

CTyn&biX ypoaaeA B rrpaaolt H neaoA !!Max. Ilpu saepruu E
243 

• B
248 

+ B
242 

• B
248

+ 

+ E 61 • tl,8 Mall oTKpNBaJOTcSI xaaanhl AnSI li:errapeaus BToporo ael!:Tpoaa, rrpHqOM 

nnSJ 11nep1 aaxon11'muxcSI B npaaol! RMe, - noene nepexona B neayro. IlpH nan&Hel!:meM 

6 

': 1 

i 
it 
I 

'

'I 

' ~ 
l 

'l 
l\ 

!,I 

I 

--~/} '-

0:0Bb!III8HHII E
248 

q:KCno AOeTyrrHbiX ypOBBel!: B D:pllliOI!: II neBOl!: HM8X1 He z:tOrryclta

IOIIIHX HenapeHHII BTOpOrO HeltTpOB8, yJKe He paCTeT R 9KCLIOH8HD:BanbB09 BhlpllJKeHBa, 

BXOLIIIIII99 B a*, npeBpamaeTCSI B noeTOSIBBblft MHOJKRTenb 

.. exp!-2ali[(B
242

lli -(8 242 -E 1 )li Jl•S•l0-4 

B 9TOM II 38KniO'I89TeSI ifJH3H'IaeK8H rrpH'IHH8 H8Cbiiii9HHH H30M8pHOI'O OTHOIII8RRH, 

.QanbaeltmHI!: enBObllt poeT a* ITpOHeXOLIIIT TOnbKO 38 Cq(\T yBanHqaRBR ifJ830liOI'O 

o6'heMa, nocTyrraoro BcnapsromeMycs aei!:Tpoay. 

.Qml 3H8'19KHll 6ap&epa E01 > B ~ 42 aa6nJOLI810TeSI OTnH'IBH OT npe)lhlAYIIIaro 

cnyqas, nocxonbKY 'IHeno noeTyn&hlX ypoaaeA B npaBolt SIMa rrpononmaeT pacTR, no~~:a 

saeprus ae ·AoeTHrna BenH'IHBbl E?4~ • B?.4~ + E nl Ton&Ko noene 9Toro cTa

HOBHTCR B03MOJKili>IM rrepaXOA RApS U~ Am ll3 rrpaBol! B neBylO HMY C noen&A'110IIIRM 

HenapeHHeM H8l!TpOB8, 'ITO R npHB9A8T K H8Cb!III9HIIIO 38BHeHMOCTil a* ( E~ 41 ) • 

Ilpu E61 < B u~ CY!II9eTBeHHOa BnHRHII8 B8 H30MapH08 OTHOIII8HII8 MOryT 

Olt838Tb y -nepeXOAhl1 T8Jt 11:811: HAPO U~ Am MOJKeT IIM8Tb SBeprllJO B036yJKA&BKSl1 

IT03BOnBJOIIIYIO rrepeXOA 'lepe3 6apbep, BO H8AOCT8TOqHy10 AnH llCD:8peHBK aeftTpoaa. 

STo npHBaAeT 11: AorronauTen&KOMY yMeHb!IIaHHIO a* . Ho rroCKon&xy yJKe AnH ~~ • 

• 6,5 MaB a*< a If , Momao orpaHH'IRTbCII 31!a'leHHHMB ~1 > 5,5 MsB. 

Ha pac. 8 rroB:a3aHa 38BHCHMOCTb oT E
62 

oTaomeaus N151 I (NI51 + N152>·, 

BXOLI!JIII8I'O B (8) H J!'IIITbiBBIOIII8I'O BnHSIHII8 BTOpOI'O 6apbepa aa H30M8pR08 OTBOIII8BH8, 
-1 

Pac'lt!T rrpoBO.r:tHnCII Ana E61 • 8,4 MsB, a • 25 MaB 11 AnK eaepraa E
248 

• 

• B
242 

+ E GJ • 12,7 Mas, COOTBaTCTBYJOmeft rrpHMapHC> MA~CKMYMY sepo

RTilOCTII o6pa3oaauus H30Mepa. ( Ha pac. 2 saepraa E
248 

•· B
242 

+ E 
61 

oTMa"'&Khl 

eTpenB:SMB) • 

.QnH cp8BR8HBSI TeopeTH'I8CB:IlX peaynhT8TOB C aJtenepHM8HT8nbHhlMH0 aeo6XOAHMO 

yqeeTb ABB 06CTORTen&CTBa: 

1. HaKOTopaH AOnH s.a;ep 248 Am o6pa3yeTCH epa3y B COCTOHBHB C C5onAmOA 

, AeifJopM81lR8ft ( B npaBOI!: &Me) • 0.r:tH8B:O BapOSITHOeTb TOI'0 1 qTQ 9TH HApS BCD:YCB:AJOT 

Rai!:Tpoa, BH pa3y ae rrepexoAH qepe3 rrepBhll!: 6ap&ep, oqeah Mana Bcne.a;cTBBe Ma

nocTH oTaomeaus N 111 I N51 . nosToMy same ucxoARoe npeAnono:lKaHHe ·o TOM, 'ITO 

RApO ~U Am B H8'18nbHhllt MOM8HT B8XOAHTCH B naBol!: SIM8 1 orrp8BA8HO z:tnSl nJ0-

6hlX pe8B:Illlft1 IIpOXOAHIIIIIX qapa3 COeTSBBOe S!ApO ua Am • 

2. SIApa H
8 Am o6pa3yJOTCB rryT&M ucrrapeaas aei!:TpoHoll s.a;paMB 

2
" Am 

c mupoJtRM erreB:TpoM saeprHH BoaGymAei!HH E
248 

• .nn11 rpy5oro cpal!IH&HRB c excrre

pHMaBTOM 6yAeM CqHT8Tb1 'ITO Bee HApS 248 
Am o6pa3yiOTCSI e H8BC50nee llepOHT-

7 



HOW aHeprHel! B036ylKJl6HHS!, B T8KOM IlpH6JIHlK6HHH B piiC, 2 BH6C6Hbl 3KCil6pHM6H-
242 242 /4/ 

yanbHhTe TO'IKH a 1; JlJISI peaKUHH . Pu ( d , 2 n ) Am , llorrymeaaag 

H6TO'IHOCTb H6B6/IHK8 B o6naCTH1 rne. a* cna6o 38BIICHT oT E
243

• Ecnu B o6-

nacTII BH3KHX aaeprul!, rne norrymeoHbie ou!116KH nau6onbrnue, aKcrrepuMeHTanbHbie 

TO'IKII 38M6THO pacXOJlliTCSI C TeOp6TH'i6CKHMII 1 TO )lJlli E 243 )r 12 M SB OHH ne

JKBT M6lKJlY T60p6TH'I6CKI!Mll Kpi!:Bb!MII Jl/lli E 61"" 5,5 ll 6,4 M SB, 

0TCJOJl8 H6/lb3SI O)lH03H8'iHO Ollp6A6/li!:Tb Bb!COTbl 6apbepOB E 61 B E 62 , T8K 

K8K H61f3B6CTHO OTHOlli6Hll6 llillpi!H f 11 : fa : f y MolKHO, onaaKo, cnenaTb BhiBOJl, 

Mas. qTO 6apbepbl OTJIH'I8IOTCSI Jlpyr OT Jlpyra M6HbW6 'I6M 88 
171 

nnn E 
61 

• 5,5 Mas c peaynbTaTaMH pa6oThl CxoncTBO KpHBol! a*(E248) 

He JlO/llKHO yAHBHTb
1 

llOCKO/lbKY Bb!'iHCnSI6Mb!9 B o60HX CJIY'i8SIX ljla30Bb19 06'h6Mb11 

JlOCTyllHbi6 l:tnli HCilapeHHSI ael!Tpoaa liApOM 
248 

Am , OAHU H Te )1{6, 

B 3aKJIJO'i6HHe aylKHO aaMeTHTb cnenyromee. Hcxonaoe rrpennonolKeaue o TOM, 

'ITO TynoenbHbie nepexonhi 'Iepe3 6apbep acerna ana'IHTenboo Menee aepoSITHhi, 'i6M 

y -rrepexoAhi, aesepao, ecnn aneprun soa6ylKAeHHSI 6nuaKa K BhiCoTe 6apbepa. 

ITpo3pa'iHOCTb 'aepxywKH 6apbepa paaaocH/lbHa oeKoTopoMy ysenu'!eHHIO 'iBCna co

cToSIHHl! B rrepeXOJlHOl! o6naCTH II IlpHB6)l6T K YM6Hblli6HHIO H30M6pHoro OTHOlli6-

HIIS!. ITo aToll rrpH'IHHe pac'IaTHhie naHHbie MoryT 6biTb oeMnoro aaBhiiDeHbi, HecMoTp!l 

Ha 3TO, peaynbTaTbl IlOK83hiBaiOT, 'ITO CBOl!CTBO HaCb!lli6HH!I H30M6pHoro OTHOlli6HH!I 

n ero rrpenenbooe aoaqealle, oa6nroneaHhi6 aa OllhiTe, ynoaneTaopnTenhHO o6'h!ICH!IJOT

cSI B paMKax rrpencTaanealll! o nayrop6ol! ljlopMe 6apbepa neneHH!I, 

AaTop BbipalKaeT csoro 6naronapHoCTb 'l:neay-Koppecnos:neaTy AH CCCP 

r.H. ct>neposy aa rrocTOSIHHbill uaTepec K pa6oTe, AaTop O'I6Hb o6Haaa B,M.CTpy

THHCKOMY 38 pSIJl U9HHblX COB6TOB H aaMe'l:aHHll II O'I6Hb 6naronapeg C.M,IToni!KaBO

By, C,Eb~pHXOJihMy, IO.rr.raorpcKoMy, E.H.MapKi:>By 11 A.A.ITnese aa noneaable o6-

CYlKJl6HliSI, 

n II T e p a T y p a 
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