
. OE'bEJ]JUIEHHHli YlHCTWrYT H,llFPHUX MCCJIEJJ.ClBAI-HHl · 

JIAEOP ATOPI1fl RJlF.PHllX ITPOEJIE:~ 

E.,HErAHOB 

K BOTIPOCY O CTPOEIUU1 HYKJIOHUB x) 

HRBapb 1957 re 

' 
X) }.lOJIC:teHO Ha BceCOl)3H0~ KOHcl)ei,em~Hli no (p1'13HKe 

qa.c nrn, BhlCOKl1X GHepr1d! 22 Mal !956 ro~a. 



i{ BOlIPOOY· 0 CTPOEIIH11 HYI{nOHOH, 

3a nocnepa~P ro~~ ycTaHOBHTb OCHOBllhle CBORCTBa 

11.::c.·Jte,II;OBEJ,'}?,b XltpaY.··rep BfH3 .. HMO,ll;enc•r.Birn 1' .;,.ue.~rn.HOB (,: H.Yl~JIOHa!.rn 

I,I noJrytrl1Th :maG:IITe.'IHIOe lWJll-'ltieCTBO· CHe.n:eHw.Il· O' HOBLIX H80'ra. .. , 

6:vIJU,H1!X tJan·nniax,: oc.,pa3y10mv1xcH. nprr: -1faamm;i;eth.~'1tnr-rn (}hlCTpLIX 

llYKJIOHOB 1i ST =Me:JOHOBo, li; pe3yJl:&TaTe 3'J:I!IX I1('(:J!e.J~l)BaI-H1M 0iir.JH1 

YC':L'aHOBJiem,1 C:Jl8,IT.Y!0l~vIC <J>:YH,JJ;nMeHTO.JU,HEe rpaI\Tl:ff 

I •. Pe3oHaHcHoe B3Um;w.n;eBc2iBvie JT ... 11e:30HOB c ;-;,y1~J10HaH1i, B 
' ' 

C -COC'l'Omnur C ITOJIHhIU MOM:0HTOM1 3/2' H l130T..OIIt-Ille(:!{I1U C:!UtHOH :3/2~, 
I ' •• ' • _.; , • 

2o, Com.1ecxuoe ocipa30Bamrn rimep0H0B 11 K ... MQ80HO:Bo,, 

3g. O0pa:3onamre 8.H'f.lIIIYKJ!OHO.Bo" 

Us, yc:raHcin1roHHLIX · (_p;JJ\TOB TOJII>IW·· nocJie,u;mrH d&n yBepeHHO' 

npO'ACKa3aH Teopttell·w )];OKa3HHaeT HHBapHaHTHOC~E ~il3Hqe~KHX sa-
t 

ItOHOD· OXI10Cl1l~0Jl:bIIO\ sape;~o.noro: conpniltem,ur., 0c:TaJibHhle lyaR.7'.hl: 

dpIJUI· Hemi;JI;{nHHLI}4U,, vr ,n;;rn vi:x oO'b.acne~111¥,(~ti1rn npeAnoJioj]CeH¾ff! kl 

npe)~ c TaBJI emrn: ., 

Ilonu:rmt mrxepnpeTal\:mt nepnwc. ,uD.yx tPaK:roD<I{b..K 1.;J1e,u.c1::9vrtt 

cymeoTDonaiivrn BosciyJIC,neHuux ·. oocx.ommiili uyKJ!OHOB:- OLIJI11 npe,n;rrp0: ... 

1rnTbl, B pn,ll;e paoox1,·2, 3~ 0.n;Haito, 1:3onpoq o c:r.poemrn nyitnouoB n, 

HHX He pacc1.m-rp11Da.JICI1' lf ero· OTpyKTy,pmw 3JieJ.ieH'.fhI. He YEEJ.3LIDU .... , 

J!UCh~, He3 ,n;o11y1.4eHHS!: cyuteCTBOBam1:s!' TD.KU:X'. SJietteHTOlJ Bpst)t .TI:W 

uueex cuuc;r, ronopHTh o B03d:ni.ue1rn11x coo1·omnrnx-· Hyl<JIOHa.o~ Ec:

nu Bor•H5yJI,1;CHHLie COOTOStHVJSr: HYR,JIOHa ~enc·r:a11:reJI.biJ01 cymee1:ny10T,; 
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T,0 HYKJIOH He RBJI.fieTC.fl 3JieMeHTapH011 traCTHIJ;0ll M, cxe,n;oBaTeJlbHO, 
' ' . - ----~ ' : 

,Il.OJI:E\elI. cyniec'l'BOBath npou;ecc, ,r;H:ccou;m:tu;l1M HYKJIOHa' Ha COCTaBJU!IO= 

~ae ero cpyH.u;aueHTa1IbHhle tracTMIJ;blo Tarwti nportecc H3~sa CHJI:OHoro 

B38l!110)J;ei1cTBlUl l,ieY.<:.I(Y qacTI1L;aMM, o<-1pa3yIOutm.m HYIOIOH, J];OJIJiCeH 

. (1Irn r5u cpaBH.vITeJibHO llaCTO npoHCXO)fM'.Th np11 B3aHMo.n;eHCTB1HI 
0 

KOCMMl!8CKHX nyqell C ueme~TBOM M, cne~onaTeHbHO, CTPYKTypHLle 

qacT:vru;1r ny1;,;;10HoB, ecm1 d11 TaKne cy~eCTBona1m, He Mormf 6hITb 
' , ' . , 

He 3E!.l.I8tI8Hbl c1,e.1u1 JIMBHeBlJX 't!aCTMU, B03Hln:aromnx npM CTOJIEllOBe~ 

HHliI OtI0Hb OhICTpux HYKJIOHOB c SIJJ;paM¥,o 3TvI tiaCTlIULI ~OJlaCHLI. dLITb 

iI);,epHO=al{Tl1:BHLIMI1, II xapaKTepHOM OCO()0HHOCThlO 'Hx )J;OJiiitHO OhITb 

1·o;r£ix~o CBH3a1moe poEJf,emrn, .riL-tdo poY.C.1i:eH11e B nape c cooTBeTcTBY= 
' . 

101!',m,::vr HM aIITMtie.cTvrua.Mn, cymecTBoBam:re KoTophIX CJ!e.n;yeT vrs cl)aK<-> 

Ta pO:II)J.8HM.fl aHTMHYKJIOHOB 0 

HOBliie a.n;epHO=aKTIIBI-Ihle qacnruu ,neMCTBvIT0.iihHO 0LIJI:&1I 06Ha

pyJKeHbl, cpe.n;H Jll1BH0BhlX llaCTMU 11 no C0BpeMeHH0ll KJiaccttqJMKau;l-nI 

,n;eJIP.TCSI Ha r1mepOHhl 11 K =JJ03OHhlo . XapaF.TOl)HOfl occdeHHOCTbIO 

3THX tracnu~ HBJIJieTC.fi np1nrnpHo O.If.IrfHaKoBoe Bpe1rn-v1x :i;rn:sum H coB~ 

uecrHoe odpa3oBaHtte, rrponcxo)J.n~e~_no cxe~~4, 5: 
o "'°o . 
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HeooXO'AvIMO ycTaHOBMT:& pon:o HOBlitX tiaCTllIU B fl'A0PHblX ~88.llIMO

'A8MCTB11IffX III nx OTHOtnemrn · K CTpoem-no HyKJIOHae . 

Ma OTHOCMTGJI:&HO 60JI:&rnotl B0JIMtiv!Hhl cetieHHfl PO~'A8HHfl rv1nepo

HOB M K = M030HOB CJiel(yeT, tITO cymecTByeT CHJ[oHOe B38.llIMO;n;et1cT

Bn:e M8J!<'AY 8T0'.Ml1 -qacTMUaMM 0 

EcJIM npe;n;noJIOiltMTI>, 't!TO HYKJIOH He flBJifl8TCfl aneMeHTapHOH 
. / . 

-qacTnnett~ a IlP0'ACTaBJifleT co6oM CllOTeMy, COCTOHJ.UYID M3 'tlaCTHU, 

Te CHO CBfl8aHHHX M0ift;n;y co6o~ tiepea 1T""' M030HH00 none' TO' no

BH;ZJ;MMOMY, CTpyICTYPHbH,lH 'tlaCTL1I.J;&UI HYKJIOHa MOryT 6b!TI> TOJI:&KO r:tI

nepOHl:I 11 K ..- M830Htiio .netiCTBllIT8JI:OHO~ npH 113JiytieHHU 1'l nornome

HHllI HYKJIOHOM o;n;Horo HJIM HBCKOJI:&RMX TI - M030HOB CBORCTBa HyK

JIOHa He MeHHIOTCf! ~ 9TO 03HatiaeT ~ 't!TO TI - M630Hlil Mory'!' l'IrpaT!l 

TOJI:OKO pOJI!, KBaHTOB HYKJIOHHOro TIOJiff, CBfl3bIBalOntero CTPYKTyp

Hble 8JI0M0HTii! HYRJIOHao Pe30HaHCHb!H xapaKTep B3.aMM0.1(0MCTBMfl Tf -

M030HOB C HYKJIOHaMM cornacyeTCfl C 8TMM 3aICJIIOtI8Hl161Je . IforrycKa-

Hl18 HYKJIOHOM O;ZI;Horo ~( = M630Ha, nao6opoT ~ np!1BO'AI1T K npeBpa

mem110 ere B HOByIO _qacTMUY co CBOMCTBaM11, cymecTB6HHO OTJIMll

Hb!MI1 OT C:BOMCTB HYKJIOHao 06paTHOe npeBpamemrn r11nepoHOB B 

HyitJIOHliI MOY.t6T npOMCXO'AMT:& 6HCTPO TOJI:&KO npu nornomemrn I,,\ -
' ' 

l!aCTHUHo CaMonpoH3BOJI:&HOe M6l(JI6HH06 npeBpamemrn r1mepOHOB B 

HylCJIOHI,I rrpOMCXO;ZJ;MT B roI2 pa.a M8'AJI8HHee f!;n;epHb!X B38.11MO;n;eft1cT

J3l1M 11 o6ycJIOBJI8HO, BepOfl.THO, HeCTaC511J1:&HOCT:&lO K..,;. M830HOB no 
- 0 

OTHOllleHmo K npeBpameH11ro 11x B 'TT· - ueaoHhl: .UewcTnv.TeJI!:>Ho, ;n;mr 

Toro~ l!T06H CliIJII>HOe B38.l1MO;ZI;6MCTBH6 Mellt;n;y r11nep0Hru.m I1 · K -

tJaCTtiUaMM MOrJIO ocymecTBJifl.T:OCfl qepe3. 'Ji ~ M030HH06 none, 



~~-~ 5 

Heo6xo~~Mo~ '4.To6u npouecc 

r11nepoH ~ (rHnepOH + 11 +- Ti + e •• ) 

(}UJI ,iJ,OCTOTOlIHO ObICTPbIM c Ho TOI1j\8 HGBO3HOJ:rno HCH:JII01mTJ, Me;n;JieH .... 

m.1H rrponeco O6paaoBaH11n B 'Ii - uesoHHOM none rimepoHa K - Me= 
0 . 

· 3OHa C noc:rre.71;yIOlll,MM 6I:ICTPhIM I1OI1JIOlli,8HF0M ero rHnepOIIOM Ha OCHO-

'i.3 amn1 CX8MbT ( I ) : 

Y --.,..;. (Y ~ "' ) ~ .... (·y ) ,, ~ (2) ---- + II+ II+., r'- ,.- .. - --- - + K -~ N + II 

( iJJACTpO )' (lile)J;JICHHO) ( Oh!CTpO) 

l.3 cxe;'::;J (2) BMJJ;Ho, '4.TO c1copocT:o npenpalll,eHHH nmeporra :s HYit= 

::TOH onpe;n;eJifleTCH CIWPOCT:010 MGT.f.JIGHHOro rrpouecca oopa3oBamHI 

K - ~:u:.:iotta 11, cne;zr,oBaTeJILHO, npeMeHa T!13H¥. rrmepoHoE n k -

~;escJUO3 ;n;o.J;Yrn11: 61:TI> cpaBHm.m Me2;c;ny -co6oi.:1" 8TOT BUBO;.r. naxo

}(ViTCH B y.11;0BJieTBOpl1T8J[bHOl:l COI1JiaC1UI C mccnepHM0HTaJIIil!L!l,TI1 ;n;aH= 

HbU,IH. 

Tmn1:11 oopaaoM :WMOeTCfl ;n;ocTaTo~-IHO OCHOBaHitlM, '4.TOOU MH<= 

TepnpeT:.1poBaT:o npenpam,emrn HYIOIOfra B rvmepomi L'I K - MesoHnI, 

npo:-rcxo:[(Hlll,Ce no cxeMe (I), 1carc rrpor~ecc .11;11ccou;Yiau;irn IIYKJIOHa" 

Lly nocTyJIHpyeM, qTQ rnrrepOHLl H K - M03OHY HBTIBIDTCfi 

cTpy1cTy}rnYrnv: qacTYIUaMM HYICJIOHae Tor;n;a· HS Haurero noc~rynaTa 

Bh'.'I'em1eT TPL'I na:,:m1,1x cne;ncT:mrn:: 

l. I1ocKoJ1:&1cy TT - MC3OHY flBJIHIOTCH 1-rnaHTaMI1 HYRJIO:rnoro 

TIOJIB, TO };'>, s::rvm.11;eUCTBL!e rvmepoHOE !Ii K. - T,ie30HOB, npEBO;tlJEl\ee 

K oovasonr,H1rn HyrmoHa, 11 Bsrun.rn;zr,ei1cT:r.i11e rrrnepoHon :0: k - 1 r,m-
- (:-'.' !' 3OHOB. C d;/Im·JHatrn )J;OJIJ:tHO rrpOHCXO.ZU1TI, trepe3 ,, -Mesomrne TIOJie ,.d1eJE,IJ;:-'{ 



rJAnepoHaMM YI k. =Me3oHa.Wt, B03H1'1KaIOminrn B peaKIUUi (I), ,nomKHhl 

cymecl'BOBal'b, CHJlbl npHT.HXCeHHHe Tot ¢aKT, '-ITO nmepOHLI CilOCOOHJ.I. 

saMentaTb uy1oi0Hhl B a.npax, o6pasyH r¾nep-R,npa6), Haxo.n11rcR 

B cornaCRH C 3THM cne.ncTBHeM~ 

2,;, t,13 ·pesoHaHCHOro B3aHMo,ne"cTB~R. TT =Me30HOB C HYKJIO

HaWt ,, cJie.nyeT, llTO ,nOJilCHbI cymecTBOBaTb B036yx,nemme COCTOSimrn 

TapHl»X aKTax, ,ne~CTBHTeJlbHO noKa3aJI, '-ITO onpe;a;eJI.HIOII(YI> pOJib, 

B 3THX- npo-ueccax i1.rpaeT pes.oHaHCHoe B3aHMo,ne~cTBHe JJ -Mesona · 

c ,o,nHHM ti3 HYKJIOHOB, yqactDYIOl.ltlAX B · coy,1tapem,rn: 7), M., cne.no

BaTeJibHO,. 3TOT · P,esyJI1>Ta T · He npOTJIIBOpellM T TOMY, ll TO fli3JIJtleHH8 

J7·-Me30HOB. npol-1:cx'o,nHT B pe3y1n,TaTe BHCBetlHBaHHH B03dy»:,neHHO

ro HYKJIOHa9 

3e. TaK 'KaK 'np,I-iHIJ;JtiTI 3ap.rI)tOBOM Ji1HBapMaHTHOCTH BhlfiOJIHReTca 

,Il;JISL HYKJIOHOB H fi =M830H0B,. TO OH ,nOJIJKeH BhlfIOJIHSITbCR YI ,ItJIH 

qacTMU, o6pa3y~mHX HYKJIOH~~ IlOCKOJihKY B3aMMO~eACTIM8 MX npo-

HCXO,D;J.iT t1epe3, ~ 1 =Me30HH08 IlOJI8e 

topMaJibHoe onHcaeHe cBR3aHHoreo pox~eHHR renepoaon" 

K-MeSOHOB Ha OCHOBe oOomeHHoro npHHUHilb. sapH,lIOBon 11HBap~-. ' 

aHTHOC'IM Bl. xop,omo. corJiaQyeTCR c OIUlTOM., 3TOT <pa.KT MOJitHO ~ 
paccua.Tpl'lBaTb K8.I{ TTO)(TBepxt,n;eH11:e cnpa.Be,ItJI11BOCl'H TpeT&ero CJie,n;-

CTBM.fl •. 

. Hvrxe R3JiaraeTc» rvmoresa crpoemiiR · HYKJIOHa:, KOTopaR Ka= 

lJ8CTBeHH.O. qornacyeTCSi C OCUOBHHMH 3KcnepI11MeHTaJU,HbIMit1 rpaitTa

MM •. He,n;oc 'l'8.TOK · CBe.neHH~ 0 CBO~CTBaX HOBhlX tlaCT.~ 'U H OTCYT= 
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OTBH8 ,P€J..Jt'l:J-WVitlCfO!/ '1''iPOTt1,rv: crt:rr,;{o _k;-if .. liUA.O,JJ;8Mt: .. d:i ;, ,:nq~~; v1fl.CT)!H 
~ ~ . 
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3I:-Ia.q1w -- BhlO paBJilo 
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.l, h.+ -ttacTMTl parnrn cooTB_eTcrBeaHo. :1b ... a·a KYJIOHo-
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0

_ -ttaCTH~~ :,ItO'JJ'l(;ia .CSI.JT;l> . . ·~etu,-
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-----------
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K CHHTHD 0HepreT11qecKoro BHP?~~eHHH COCTOHHHI /9/ t1 /IO/, 

,It0JI8H COCTOHHHe /9/ aHepreTH48CKH CiOJiee HH3KHMo JeACTBHTeiLHO, . . 

yqv1r1rnar1 cxeMy cTpoemrn 1/ ... 4acr1111;H /4/ , B11pa,iceHJ1IE /9/ 1,1 

/IO/ MoryT dHTb nepenHCaHli B. BM,Ite: 

[
- + + o o)~ p:::: K++'='- + r( ~k' +('-=-' +v -Q -Q 

'--·- 1 . .__, n f 3 
0 

[ 
a .--,o o o (r--i- +);1 -n = K + ~-= .. + K :;:::-."'.'. K + .-=:., + K j -0

1 
- Q lt 

/II/ 

OTKy.n:a BM.JI.HO, 4TO B nepBOM cnyqae ,llOITOY.HJ/ITeHLHOe KYJIOHOB-
. . + - • . 

cKoe· :npH T .m1tem1e Mex.n;y k · · 11 ,. 2 -1.1ac Tvtu;aim He KOMnenc1.1py-

eTcH OTTaJIKMBaHHe~ K+-M830HOB, ecntt cpe,n;Hee paCCTOHHJ/Ie 
+ ,--., -

Mem,n;y HliiMif · Ci 0Jlbll18 pac C TO JIHl1.fI Me,r)J.y I{ 11 ._:::_. - qac Tl1 uaMH., 

TaKKM o6pa30M, HYKJIOH no Hamel cxeMe HBJIHeTCH 

CJIOgHQ~ CMCTeMO~ J/I3 TpeX CHJILHO CBH3aHHHX 4aCTHUo Cep)J.e4HH~OM 

3TO~ CviCTSMhr cnyxrn:T- KaCKa,llHhlvi rL1mepoH, B 77 -M830HH0M none 

1<oroporo .ItBt1JICyTcH ,n;Ba k -Me3oua., qTOCihl onv.:caTL B38.JliMo,n:eiilcT

BHe 3THX 4aCTl1~ Mex,n;y codoA 11 ~MeTb B03MOZHOCTb OTnHQil!Tb IIIX 
o ~o 

OT COOTB8TCTBYKlll\J/IX HM 8.HTMt.JaCTHU (Hanp11Mep, J.,( Ill Ii' ) , 

MO)tHO no aHa.JIOrllM C 3JieKTp0,1lVIH8.Ml'IKOH = YI f1 -4acnu~aM 

npHnHcaTL HSKOTOpuA aapR,It d , KorophlA Mhl HasoBeM we3oHH~M, 

4TOCiR 0Tpa3HT& B3aHMO~eHcTBHe 3TIIIX qacTH~ qepes r.-:-
] I -MeSOHHO€ 

no11e.. B OTJivttH10 OT 3Jl9KTpW-!8CitOro 3ap.H,JJ;a KBaHTaMM n OJIR 

c--: 
M83OHHOro 38.pR,na B:BJI.HIOTCR JI -Me30Hli, M OH. He coxpaHfl.0TCJI 

B cJia6HX B3aHMO,neAcTBHRX, nporeKaIOm11x B roI2 pas Me,n;JIBHHee 

H,n;epHLIX B3aIIIM0){81iCTBI1ItL IIocJie;mee CJie,n;yeT H3 cpa~ Tei Hee Tac5I'1Jlh-
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HOCTvl k-- i}.(630HOB no: OTHOIIISH!llK) ti. npeapautemuo VIX B 
r.-: 
11 -Me3o-

HU• :QqeBUJJ;HO, tia.CTHUbl <B 1.COOTB6TCTDJI<l1Ut1e 1'1M 8,HTJ1t1acnuui1 ,Il;OJIJ:Hbl 

OTmP-raTbCfi 3Ha.Ka1-m: M630HHhlX ,.3ap.H;tOB_ M M0>K).(Y .qacrm~al~ -C .M83OH

,HhIMH : sapa,na1m npoT~BOilOJIO'-tlUJX ,_3HaKOB ,,nOJllltHO · .. cy1~ecTBO~a Tb. nptt'.:'" 
' + ' . .. ' 

Tfllt6H1'te • :Ta~JAM o~p~30M., :-:-~ o , t1. K O .4aCTHUaM .. Mli ,nonJ:Hh: npH-
s,/• 

..__, j I 

m-tcaTb ·M83OHHLle sap~,JJ,hl,pa3Hb!X 3HaKOB. BeJU14HHa .3apff,na -3 -

,qacTH~l:i;",JJ,OJISHa; 6litb \B )tB8. 1 pa3a ClOJlbWe • COOTl3eTc T~y10uien, ,IJ.JHI 

'.~··-Me 30HOB, · q T00bl, c :-_: - 'ii:l,CTHUej;t J.tOrJIH ''6blTo _ CBSI3aH~ 

He 6oJiee lfeM. ,n;Ba t·, .... Mesotta, 'Tor,1.ta 2, 
0
- -tzacTw1~e. cJJe,ttyeT 

+ ' 
npHni,icatb sapR,n; - 2 d :•, ,_a ~, 

0 
~Me30HY + 1 d I n coorsercTB••rn 

' . 
· co 3HaKQM'. :.rneK'.L'pMtteOKOro 3c_3,p5I,n;a.l. 'TipH 3TOM M830HHhl~.- sap_:ff,Il; 

-t·o o . 
E'" , H ./\ -'lac THU: corJiacHo~ cxeMe, i3/ Oy,rleT. paBeH - 1 r:l , a 

sap.R,It HyiJIOHa - • HYJU). ,•BBe,nemrnt:t .. TafrnM o6pa3OM M83OHHhltl 3ap51,tt 

r1,1nepOHOB H K-- 'Me30HOB COBna,n;aeT c HX dTpaHHOCT~D 5 8~. 

'IlOCKOJihKY ~yH,n;aMeHTaJibH~M µpoueccoMi OTB8TCTBeHHijM:3a 

npeBpauteH'18, B KOTOpbIX M03OHHbltl _ sapst,n He· co:icpaHSi8TCR, ,RBJUI-

8TCR Me'AJI8HHbltt. pacna.zt h--Me30HOB ·ua 

6mo,n;aeMbI <MoryT' dbl Tb Te np01'0CCbl, B ·• KO TOphlX. M630HHhli1 · 3flp.rI.l!, 

CliCTCMf;l M8HROTCJL-He 6oJie~•;ll8M Ha 9,1J;I,1HVil\Y. :3TO, !1PaBUJIO taKxce 

COBna,n;aeT C npaBMJIOM OT6opa,:,ItJHI ·J,f3J48H8Ht1R B a· 'M~,n;JieHHhIX . 
npo1~eccax. '.TaKRM o~pe,30M, "BBe.iteHH08 TeJIJI~MaHHOM ,HOBOS KBaH-

TOB08 ctJHCJIO ·• !' CTp8.HHOCTI,". MOJ!HO,J'lHTepnpe T~ipOBaTb.~KaK', M83.0HHhlt1 

sap.R,n; 1.1acTVIU Vi coxpaHe HMe ero: B OhlCTpux .nporte.ccax, c·.: iroqRH 

3peHHSI. paccMaTpHBaeMo~ Mo,n;eJm · osHattaer npocTo· coxpanem1e 

TIOJlHOrO 4MCJia fr -Me30HOB, ,, HaX_O.ItRutVIXCSI B CB060,ll;HOM t1 CBa-

3&HHOM COCTORH»HXe 
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·3 e Bosc5yJi!,r{eHime 'co'c TO.Rmrn HYKJIOHOB 

.-;,, Pacc.1v1aTp1rnaeMaH cxeMa no3BoJIHeT HHTepnpeTIIIpoBa.Tb peso= 
•., ,. .... . • !, ( ' "·· .,,., ... • . . ,. . . o. 
naHCHoe B 3avtM01!;8MC TBrfe ) ; ;,;;Me30HOB C HYKJIOHaMt1 KaK CJI0,IJ,C TBvl! 

cyme C TB8BaH.vl8 B03c5yJ1C,ne HHOrO COC TO.HHM.Fl HYKJIOHa C TTOJIHbIM -~,10M8H= 

. ,··.,,·.··. ·n . . .. . . . . · ..... , 
TOM 3/2 H 3Hepr~R B03c5yx,IJ,eHHH 280 Mee M Btoporo COCTORHHH' 

C ~He~r~~~~B03dy~,IJ,8HHH nop~,II,Ka 700 M3Be:Ilo6KOJlbKy·:nepexo,n 
• ,_,,· ', . -;•,, 1· 

HYKJIOHOB H3 nepBoro COCTORHHH B OCHOBHOe np0ucxoiHT nyTeM 

11cnycKa.1urn nceB,IJ,OCKaJIHpHh!X KB6.HT0B B. p -COC'.i'O.Hlmvr; TO 
.• :; .-' . \ .·· ~ . ( . . 

lleTHOCTI, rrepBoro 
0

B036y~,n;eHHOro COCTOHIULfl ,IJ,OJDKHa COBna,naTb c 

qei~od~b~~CHOB~or6.~0CTOHHHH HYKAOHas Cne~OBaTeB&HO, ecnH He 

rrp'o11cxo,IJ,11T .... I13MeHei-rvr.R BHyrpeHJrnti qeTHOCT¾ K =MesoHOBx); To 

·n.eifexo,nhI c· isMeHeHM:eM ope5HTaJibHOrO MOMeHTa r( =Me30HOB Ha e,n11-
. ·'· . ~ 

, , .. 

'm1uy sanpeutellhI,- Irl B036yi,!(eHHOe COCTOHHli8' MO~eT odpa30BaTbCH 

.rrn6o· sa ClteT :ii:sMeneHv1.n: op11_eHTau1•rn cmrna o,n11.ot:1 lt13 ttacTm~, J11160 

3a, c"qeT · 1131v1eHemHI opc5JATaJibHOro, .MOM8HTa . 0,IJ,H0ro j1JJvI .IJ.BYX 
. ;- ~ 

j,(-Meso110B •. Ha ,2tBe e.1tmn11J.hl, TiepBb!tl cnococ5 o_dpasoBamuI B03= 

' (5y,ic,n;enuoro COCTO:IHM.H B03MOllf0H. TOJibKO B TOM. CJiyt1ae, ec.1rn. CTI11H 

f\'::Me30Ha He paBeH HYJIIOo )J.et1CTBI1T8JIT~~o, ,npe,II,nOJIOXCemi~, 

tlTO qeTHOCTM f) 11 · f: ·· M630E:()B. O,ltMHaKOBLI, MCKJII04aeT na OCHO-

, BctHtH1 MX · CX0Mbl pacna,na. BO3MO)1CHOCTb paneHC TBa, ¾X CTIHHOI3 HYJl!Oe 

·Taiu1M· oc5pasoM, -noKa B03Mmimhl Bee rp:vi cnocoe5a odpasoBaHvrR_ nep

Boro' Iiosc5y,ic.n;eHHOro · COCTomrnn. HYKJIOHa C 1'13Meuem-1,e,M qeTHOCTvl 
. ';. '. :' 

k aM830Ha npu U3M8H8HVIH opOll!TaJI~uoro_ ,MOMeHTa Ha e~JAHHUY M 

-------·--------· x) 
~-M830H MO~eT c5HTb cno~Hon qacTM~eA, HMeEmei 

,nBa COCTOHHHH C pasnMqHoA qeTHOCTbD& 

C ;) 

_.....,; 
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()(~S li::':.U.ffrneHHSI tte'!HOC'Hl C H3M8I!OH11fH.! opr;nTQJILHOro l.10!.H.mTa 

ua ABe e,1.(rutr1:ri,uj 1m60 nyTOI:.i iw1.teHemrn op11enTa41rn cn:mm K .... ue-

/12/ 

/13/ 

/14/ , 

liuponAem1q c:ocxonu11ii /li!/, /I'J/, /14/ it /15/ cuur.meTo:1 a3..,3a 

1·:yJIOliOllClCOr·o B!:16.1'!.HO,Itt:liC:rlHUI, J,:o Jie 1m:eol' llOC'J'O AXSi COC?OJIHFIH 

/I~/ M /I7 / IJ
0 H3 rpyrmu COCT(Hllnlll, COOTBeT(~T.1.lJH!l4MX rreprwuy 

B030JJ.t..D;eI!HOli~,. coc:romrn10 Hy1rnouo., COCTOHII:'Ie /I2/ !IBJuteTCil 3Rep.,,, 
' 

rexvr1.1ec:r:1t Hl.aJIIU,ICi:illIJ.lr. 0a IHIU B TIO!)JlAM} yr.rOHh!ilfrHII.H CJl\JJ:ymT coc, ... 

tonm1n /13/ 1 gr_4/ n /15/0 Ta:rc~u! ur:1:a::so1J, "JHrntm'' 1.rnr.1i::-r~~ l/2 
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' (,(, ' ', , 

'~.a:a::ohlrni:: :;,:::t:'f 'm1nuOJ:')O;),,, d· !rf 1nrtmotc'i!AH ~ s:onoeart= !£ 
• ,.'· .rt/.-! 

U:'&-lti.I ~J¼'8JJOP v:i>.~~ '<! fi9!1IO!'ehl:Htl.O 11 ½ViIUH{ ~OH ;)HUHOS,9d I1HVld1i11!I !70:mrn a: 
' , t . • ' 

,e,;t;Jpoti im intn,·h+,'~~t ·oJo:u; H;:rr.rJtlo 
0
·s:cn not. ··11JI'.!tsctou /Ho~en.,.. >-1 I • 

B!M:rto UH/ lHnt8:t) ?: t,,tt:,:-i'< ) 
0
::;,.,1,::v,;) L1fJti1H3'fH;r;--2ripo '.'-'! o,1~mt'Jtna:t,1dn 

1i,1 ·,/ 
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llp.1 D3a51UOJerictnmi HYKJIOHQB, (, HYI{IIOHtUlR H .rHnf;i.ponon C: 

HYKJloHm.tti, <Kpoue ynpyrux npon;eccos putce~HttH n· ueynr1ynrx, 
> , ,. .f 

CBH3aHHLIX C B036yIQJ;.eaneu. OT:IX tJarTkU, AOJIICHH Ofll!~r.X1.\::,I-1'£:S 
• . • :...· 1. 

CJle;tyIOU{Ue nporteccl:t AHC'COUl!atUUt HYJic~0liO13 R rHnepOHOB; 

0 + 
A +K 0 +J\I 

N+JV 

/18/ 

/I9/ 

<v ±o Ao 
Bo~uuu:at)nl)Ie B npoD;eccax /If5/ w n , \. tre.cTH:;J; 

CilOHXam-10 rrpeB:pama10TC.f! odpaTHO D HYKJIOHU ny-reM ~3aXB,ti:a BMp-. . . +o . 
xyaJthHO oopa2yroll{Arocst " Ji .... ue3oHHOii .II:j;re r:~-:. •·· vr t tmctnD; 

. ...,: 

K ""'Me3oHa Ha. m1~1u111 ypoB:eHb c H:lJty1rem1eM oc:raTot.fo.oJ :JHeD= 
I • , • , • 

(';"7 
rim CB5ISM B rm.ne !l<;Bb.!iTa IlOJISI, :r. e. j I -M03OI-Ia,, 

I:±o =----=-- (L +Ji+JJ+~- ·) ~([ + r<) --""-- }I +17 . 

/6hICTIJO/ 

I I 
I.' 
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. r( :~~~30~~ . 

·-. . 0 ,. .. . 

/\ -qac THU.a 

npeBpamaeTc~ .. }3 :-1!1~-~oH ,,~ '. ... :o. ·, :·. ' ,;r·:.:·-

0 

/\ --~-(/\ +5i +Ji~_-·---) ~(A+ K)-rp/ + Ji. 

Eonee 3JleMeHTapHUM np~ueccoM ,lJ,~CCOIJ,HaUHHH HYKJIOHa no 
•:. I _.:,;.r •, ·,: •' •,_, ,',, • _: • :, .. ' •. 

cpai3aemu:> c npoueccoM /18/ .RBJute tea pacmenneHHe HYKAOHa 
r.7 o,, 

tt JI -Me30HOMo PaCCMj)TpHM 3TOT 

cxeMy CTpOeHH~ HYKJIOHa /II/o 

npouecc, npHHHMaa Bo BHaMaHHe 

PacmenneaHe MO~eT npOHCXO)J,HTb 

nyTeM_ nornomeHHR na,1J,aDmero JI -wesoHa K "'7MeaoHoM, irn:Cio 
,--, ' .,. w -qacTI,HJ,e-o B nepBOM cnyqae yrnoBoe pacnpe,n;eJieHKe 

K -ueaoaoB / KoTopoe MiiI oCiosnatrnM qepes "f4<e> II 

. . . 

,lJ,OREHO dUT~ CHRhHO BUTRHYTO Briepe,1I,o B CJlyqae hornomeH~Sl 

Jr -M03OHa .- , . ~ - 1-1aCT11J,lei-t yr110:eoe pacnpe:nenemrn r( -Meso-

Hoa, RcnycKae.MhlX HYKJIOHOM /odosaairnM ero t1epes f 2. ( e) 

)J,OJIXHO dbl Tb npmiepao Il130TponHlilM cpHe.KOTOpbIM npeoc5Jia,ItaHl10M 

4M:CJia 'I{ -MEfoOHOB·,. Hcnycitaewx . Haaa,n;12/' 
,.~,, 

B Ta6n11u.e I np11ae~eHu pasnaqa~e peaKu1111 pacmenneHa~ 
<,: . 

C nornomemrnM JI ":"M930Hao ,IlpM HaXOE,n;emn1 OTHOCHT9JlbHhlX 
··, . . . " . . 'C:.,) 

Becoa, ,n;aromnx cooTHomemrn ceq_emtzt pas~,1q1rnx peaau11n, 11cno.11b-

It 

30BaHO npeADOJIOXeH~e O paBHOBepOflTHOM nornomeHHH 
(;"":' . 

JI -Me 30H0B 
• • i• 

K .H 
r----. -
1-..,....1 -

1.,iac TIH~aM11 0 

I '., 
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traCTI1L\ei1 I 2 

ITpl! IfCIT0JII,30Bamrn rrytrKa fT -M830H0D C 3Heprrrni1 I, J ESB, 
0 . 

~ei1CTBl!TeJibHO 1m.6JIIO,I;aJiocr,, '(.ITO k -llacr:miu, po,ic~eHHbie 
- .p '\-0 0 

B peaKnMRX fi + P-- k . + ~ Jl J L , 06uap·y~11naroT pe3EO BHpa-

JR:81I!·IY10 acm.meTpmo Bnepe,n; n cr-rcT.eue r.1eHTpa i.racc, B TO npeusr rtaK 
+ 

k -ttacTm:t, o6pa3onammx n peam~mr yrJioBoe pac~pe~eJieHue 

IT-+ P-- k+ + E·- cpaBHI1T0JIMIO U3OTpormo U OEa3LIBaeT 

npe~notrTemre HanpanJieumo Ha3a~IJ)., 
0 

Tipoueccu rnna: 
0 

/\ + rr 

1 
I 



- I9 -

ycTaIIOBJieHHHe B pac5oTe I 4), cne,n;yeT HHTeprrpeTnponaTI, KaK aHHM-

rnnm1mo k- -1.-reso1m C O)fHIUt H3 k -lle3orron, nxo,n;nm~x B 

COCTaB IIYKJIOIIa O IIo3Tm,ry rrporwcc paccenmur aHT:r:-myr<:_JIOHOB HYKJIO

HaHH B OT mri-me OT paccemnrn HYI<:JIOHOB HYI\JIOIIalrl! MOiceT npoucxo

,nHTI, ~OTIOJII!lITeJI:OIIO"'\ tiepe3 CJie,n;yIJlllH0 npoueEyTOtIIme mipTyaJII,HLie 
u 

COCTomnrn, B03IIIUW.1DI:l11Ie B pe3yJII>TaTe aIIHHrIIJI.fIL(tm tJaCTnn, 0 c5pa3y-

JOr{IIX IIYI<:JIO HI,I lI aHTHHYICJIO HI,I: 

,..._ 

/\l+N 

~o o 
A+/\.. 
-+O L- ~[+o 

-o _I\. + [+a 

->- lr:tO + Ao 1-- fl -t-. JV 
l I ;.._ 
i '=""1 t .---,-, o 
1L-..i· + - . l ~ 

lzk 0 +zKt I 
i l 

'3TO uoi::eT CJIY:IIITI, rrpliilII1IIOi1 dOJII,lllOro cetremrn B3am,ro,n;eitCTBII.fI 
IS) 

aHTHHYKJIOHOB C n,n;paurr' TIOJIY'Ielmoro n pa6oTe 0 

~3am.m)~ei1cTBHe HYitJIOHOB c rr-mepoum.m, nponcxo;n;mtee qepe3 

TI -ue3omroe none, ,non~:mo dHTI, OTJHitIIIo OT B3a.m.m,n;ei1cTmrn 

HYKJIOHOB C HYI<:JIOIIarm .,MMIR:RX 3To CJie;a;yeT U3 Toro' tITO rrp11 B3a

m,ro,nei1cTmm HYKJIOHOB C HYI<:JIOHal.m m.reeT MBCTO 061.rnmroe B3al1MO-

)l;Cl1CTBHe trepe3 TT ..:.fte30HHoe none 

* . * .Al +N~(N+fi+N)~-N+AI 

n TO npeu.rr 1-:aK ananorntrnoe Bsam.ro,rr,eircTB:t-re trnpe3 Ti -Me3oHuoe 



= 20 = 

Il0Jie THI1a 

/20/ 

RBJIHeTc.R npeHe6peiIMMo cJiaC5hIM, Ta1t Ka~, npouecc J\/ ::;!:.:- (nmepoH + 7T ) 

HBJifl€TCH B ro12 pas M~,n;JI~HHee IIpOI.\eCca }I/* ~(Al ,r Ti) 0 

IIpo~·ecc /20/ BOSMO>IeH TOJihKO nyTeM ,OOMeHa HY~JIOHe. III nmepoHa 

f<- -Me30H0Mo C T0'-lKH spe,HI'1.fl .odcyz.n;aeMO~ M0~0JH1 B36.:v1MO.n;en= 

CTDt1R Tvrna /20/ He 1.tmz:eT ,n;aTl> 3HatJHT6JII,HWii BKJia.n; B CUJihl, '',u;eU-., ,. 
CTBYDll(llie' Mex.n;y HYKJibHa::..ut H ri,mepoaaw-1 n rmJep=n.npaxo 11ocrtoJib= 

KY BKJiai o6MCliHOro B3aHM0.n;e~CTBM.R B.CMJihI, ~eiicTBYIDmHe. M0'1C~Y 

HYitJIOHaMrt B st.n;pax, .HBJifl8TCst 6OJU,IllHM, TO MO'1CHO IIOHRTb, rroqeuy · ·. 

SHepr1u1 CB.fl'3H r1mep0HOB II rMnep-R.n;pax cymecTBeHHO MeHbllie 

3Hepr11Il1 CBR3H HYKJIOH-OB B TOM ,re .R,n;pe 
16/., 

\ r 

./ 
O6MeHH0e B3aHM0,Itei1CTBHe ,r1-rnep0H0B C HYKJI0HaW1, ,,,B 03Hl/!Karo= 

' ' 

mee nyTeM o6Me:aa 1-iX K =Me30HaMJA ,IJ;OJIJK_HO 6blTb ::rnaqw:reJJl,HhIM 

np11 O4eHb TeCHhIX coy,napeHMRX 14 MOJ!CeT rrpI1B0~HTb K ,!i;O!1OJIHI1T0JJb= 

H1IM Gcp<peKTaM, ITCYTCTBYKllll11M rrpJ/i BSali1M0,It8HCTBtU1 HYKJIOHOB C 

HYKJIOHaMVIo 

l" 
EesycJIOBHO, CllJihl, ,IJ;9i1CTBYIOIQJ/ie Me1:,ny HYKJI0Ha~, iIBJIR_l01C.n 

0T.18HI, CJIOlltHhIMiit J/i ,n;eTaJil,IIO MOry;r C>bIT.b 1-iSyqeHbI TOJil>KO nocJie 

ycTaHOBJI8JUU1 IlOJIHOti KapTvIHhl CTpoemHI HYKJIOHOB, aHaJ1or11t1HO 

- T0MY, KaK CJI0'1CHaR . rrpJ1Ipo,n:a XJ/iMJfqecKO~ CB.1131-'I aT0M0B B MOJieKyJiaX 

M0rJia dbITb yCT~QBJieHa TOJH,KO IlOC.Jie 113yqeHMSI CTpoem1.fl aTOMOBo 

0 
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5 "~CTaOt1:}I:OHOCT:O HYRJIOHOB I1 r:vmepoHOB 

EOJII,IIIaff 8Heprt1ff CBH3t1 K. = Me30HOB C S = tiaCTUU011 sari""' 

pemaeT pacna;rt. K:-= M830HOB B CBfl3aHHOM .. COOTOHHI'II'I' M o6ecnetmBaeT 

CTa6t1JII,Hq_9T:r:, HyKJIOHOB ~ Ecm1. n:acRa;D;H1IL1 r1urnpoH HBJifl8TCfl a6co-

JIIOTHO cTao.t1JI1Hoii qacTnueti no oTHomeHt110 K rrpenpame1-mro B Jier1nrn 

qacT11Ubl, TO HyitJIOH TaIOK0 · a6COJIIOTHO CTaOMJieH IlO. OTH0ll!8Ht1IO R 

aHaJIOrt-IlIHOMy rrpoueccy ~ O;rtHaiw,, ;, ecJillL HYICJIOH He· flBJifl8TCfl aoco= 

JIIOTHO CTa6Ii!JII,HOti CMCTeMow*;. 'TO CTa6MJII,HQCT:O. ItacKa,I(Horo rMnepo=-
' ' 

Ha ;r(OJIJ\Ha ()J.iITL 3HatiiITeJI:OHO MeHI,l!le CTaOMJil:>HOCTlf HYRJIOHOB~ 8TO 

BI,13BaHO TeM,,· 't!TO pacna;zi; z: = -qaCTt1U1I B · CBHSaHHOM 'COCTOfIHlUt i 

3HepreT:vt'C!eCKI1 sanpemeH H J303MOllC0H TOJII,KO .. Ol];HOBpeMeHHO C pacna

;r(OM O;rtHoro 113 K = M830HOB o BepoRTHOCTI, TaKoro. co6I.i1Tt1fl 3Hatin= 

T8JI:6HO MeHI,llle BepOflTHOCTJ/I Ol];UHO't!HOro pacnazi;a.'lJaCT:v.tU, M Il03TOMY 

HYKJIOH HBJifI8TCH OOJiee ycToiiiq:m3of,i CI1CT8MOi1, 't!8M 'COCT,aBJifiIOJ1tI'I8 

ero BJI8M8HThlo netiCTBMT8JII,HO,.;r(Jiff OU8HKM: BpeMeHH EM3Ht1 HyKJIOHa 

B Hameu CJiyt.tae MOJJCeT 6I.iITI, I'ICilOJ[o30BaHO COOTHOIII8Hll!e 

t N _, 1:' s 't K Ii At > 

r;zi;e l ~ llI ~ K . :apeMeHa litl13Hllf S 1lI K = ttaCTl1U · no OTHOlllein~ro 
• ..I,. 

It pacna;zi;y Ha JierI-rne ttaCTMUbl 1 . a At.. ecTI, -HHTepnaJI BP0M8HM, Ha 

KOTOPbIW MO)ICGT npOI'ICXO,Il;HTI> pacna;zi; S - -qacT:VIU1I B cmrnaHHOM '. COO·~ 

TOflHvUI O Ha OCHOBaIUU'i npHHUMila Heorrpe;zi;eJieHHOCTM /1 t promo 

. =2? 
h - ~ = IO = 

Lit= LIE- Zmk- M,...- 48,I,6,IO 6 
~ ro=23 ceitc 

~ ItlsMepeHHoe BpeMa lrtMSHH HYitJIOHOB TN It ro22 ·· ne·rI
7) o 
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Bp6MR J!CJ.i8HL1 

22 -

\': '\ 

Ta1un, 06pas·o~1, c rac511IJI1>H-oc·Tb KacKa,llHoro rrrnepoHa no oTHo-

memuo K npespamemuo B JierKMe . -qacT~I\bl MeH1,ure B IoI4 p·a3 cTa6v1JI1, ... 

uocTVI HYK1IOHa K aaaJior11qaoMy nponeccy. 

tJac TKI\a He SIB

JI.fle TC fl r·oJihUA ·c·ep,netJH'1koM HYKJIOHa, a: npe,11;craBJ1ReT: co6on cvic TeMy, 
. - . . ·'". \_ , 

COCTOIUJ{YIO 1'13. H8KOTOpor6 T.RJ!CeJioro rv1'riepomi; B . JI ..: M030HHOM 

no.Ile ~.OTOp_or.o ~-a~o.zvq·cH . n K -Meso~oB, To, raKoM nmepoa 
._.- . ~ : ·,. '.·•-- ... - •• : ·- ,. . t t ,F . ~ i: : ? w., ;:. 

B cno6o,zr;HOM COCTOSIHli111 MOllt8T vICITh!TaTh y'H.e cpa,BH.11T0JibHO CSbICT-
' ... ,'- ,· ... .. ; ~ • ' .,, : • -r: •. ''f'• .: .. f , • 

phlil pacna.n. ·aa Jiariote 1.1acT11uu .. Ta~11M o6pa.3oM, . Mhl ·npv1xo,nv1M K 

. BhlBO,ny, qro 3aKOH coxpaHeHr,rn 1.111.CJia oapvlOHOB, qiopMyJ111pyeMliI~ 
, - ',• ~. . . ,_ '.-. -. 

'J3 BHJte saKOHa coxpaHeHl'UI ,1,nepHOrOJ3ap.11,1ta, MOJ!CeT dh!Tb COBepmeHHO 
,. .. . . ., 

HeB.epHhIMo 'B '3-~;0M.:C,Jlytiae 'ri C ~-BitR"etc'SI ''r}o 3~o~Aoc Tl:. o·cno60JC,u;ea1u1 
. ' .. ' ·. . . . . 

- ~ 

R 0T~eJI:bl!bIX ;coy,ttapem•rnx n9JIH0lil SHepnrn, ~00TBeTC TBymqen 

.Macce HyKnOH0rie IlocJie~HRR BO~MO~HOCTb COBepmeHHO ~CKJID~eHa, 

ecJiii HY~JIOH HBJl38TCR a6COJIKlTHO~ CTa61-iJ11,HOM qacT~uen .. 

- AB Top Bhipa:iica~T dJiaro.ztapHOCTb ,Il.,lil,EJioxmn~e~y, EeM.Iloure

Kopno, . C oM;JiVIJI0H:bKOM,Y, ,,n.Me,Jiamt~ycy, :n!Iv:#_CopOi{O ij AsAe Tnmni1-

HY sa o¢cyEJOH~e~M ~PM1M48CK~e.3~Me~aH~F no IlO!O.JlY.HaCTOffm~~ 

C TaTLI'1" 
-0 
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