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I ua,rus drllireparypHblx l{croql{HKo'B cBl'lAere"rib'cr'By-er o
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I{To A,'Ifl rlpofno3a Bbl6pocoB rlopoA Hall6orb-
Illee il,pI.IMeHeHI4e no,ryuu.rr cnoco6 .pa3.x,eJIeHI'ifl I{epHOB

putuaAou"ofi c,xeaNl.IHbl Ha J,i4-cl(H [1]' Ho 3ror crloco6

e yc,ronranx uaxTbl I{M. craxaHosa o6T'eA,HHeHHfl

Kpacnoapuefi'cKyfo,']b rIo'Ka3aJI, llro HaAex{Hocrb npor-
HO3a CpaBHHre,'IbHo HeBbI'coKa. l4e onacHltx 3oH O6urefi

x,THHoA 1145 u, BbIflB,'ieHHbIx IIo ALrcKaM 3a rIoc"IeAHI'Ie

rIflTb u'Ier, Qaliruuecr'u oIIacI]bIM OKa3aJlcg yqacroli
pa3MeporM 125 u.
i4ccneaoeareJll{ qacro i4crloJIt,3yloT 6a"iagc 3HeprI4}r

IIDI,i BbI6POCC A,TIfi OUEHKI{ 3HAqI'iMOCT}i TOH HJH I'IilOH

.io co.tu"nslourefi. Aeranlultft a*airLl3 6a'aaaca enep-

fr{H rIO3.BO"'Iser HailTH flyrlt co3AaHVs' rlt coBepllre'HcrBo-

BaH,LIfl ctloco6oB nporHo3a Ii [peAorBpaxleHHfl Bblopo-

coB. Ha Aocrl'rfHyrblx B Hacroru{ee Bpe\4s r'ryofi'Hax
BO3IIIaKaIoUllIe B ropHbIX flopoAax Harlps]KeH]ifl HHOTAa

B HeCKOilbKO pa3 rlpeBbllxalor npe,lex cx{I4MaeMocrl4'
qTo coripoBolKA,aeTcfl rI"IacTHrIecKElv{H AeQopti'lauunruu,

lt4Jraralcr4eft u paapyureHlier{ nopoA. B erux yc"IoB}Iflx

BaxeH He caM Saxr paepvtrlenllfl (uaua'lo AH'IIaraH-
czu), roropufi ileus6e>xeH, a Koi-IuqecrBo 3'HepffiI'i, 3a-

rpaqeHHoe npa rofi ttJH Lt\oir crerleHli Apo6,'IeHHt'
fioerovl, Itp lIMeHeHI{e aKycrl.{qecKu-x- MeroAoB rlp orHo3 a

co[ps]Keuo c psror'I rpyAnocreit' Xecrrne 14 npoqHble

cr-rot, SB,IIfl1O1III4ecs KoHileHrparopaMH Ha'nplri<eHutl n
roplHoM Maccl4Be, BbIflB'tflIOrCt [o XoeQQ'i't uv eury IIo-
r,rbu{eiir.rq ynpyroii 3Hepf nI4. OAnaxo xapaKrep ee

flofJroilIeHnf rips pa3pyireHiiH rlopoI'bI -!- rlpv pac'npo-

crpaHeHI,IH yllpyrllx ts'oJlH .pasnnuen [2]. B KpenKux

MOHO,IIHTHbIX lopoAax [ofJIoIIleH',He ynpyroft Bo"I'HbI MU-

HI'iMadtbHoe' H OqeHHTb 3apa'Hee 3He pfOeMrKOCTb 14 Xa-

paKrep paSpyr[euHn (uro H'MeeT 3Har{eHI'ie AJIfl B03Hrl',IK-

HoBeHHfl ru6poca) ro aKycrI'iqecKuM Aa'IIHbiM

HeBO3MOIKHO, TaK KaK llofJl'olqeHHe sHepfn]r rIpH pa3py-

uIeHLix Moxter 6ttrt uax'cuMa,tbHbIM'
flocronlxy nu,6pocoonacHocrb onpeAeJlflercfl He croJlb-
KO KO"'IHqCCT.BOM SHCPII,IH' HAKON,IICHHOI? B M?OCI4B€;

cKoJibKo aHepro[orJlourarcueil ciioco6Hocrblo pa3pyma-

eMbrx [opoA, HapsAy c o6Hapy)KeHI'ieM Konqenrparo-
poB Hairpflx{euri]ft B Maoci'lBe B xecrKHX c,toflx cJIeAo-

saro 6H oqeH{rb gHeproeM'Kocrb pa3pylxeHnq.
Coepe,ueuHble AocrIlxeHl{fl MexaHHKH rosB'oJlfl}or [peA-
craBLITb TTIJIOTHOCTb 3HeprfiI4 pa3pyIxeHI'Itr wp KaK cy,M-

uy auepruil AonpeAenlsoro lVo H 3a'rlpeAe,'Ilnoro lZ.
reQopMllpoBartfl. Ec'nn upe4eJlbHbiM cocrofl'HneM, cq'fi-

rarb npeAeJI cx(IiMaeMocrn (Haqaflo r'vilaraucvu)-,-- To

Wo*W-*, r4 yc,'IoBI'Ie nu6poca 3a,tttalxeM s sul.e lYn]
>1Y/", sl,eu' wn vr W-- ageprafl . yrpyrnx 'Ae$oplaa-
unfi (ynpyrofo Boccrauo'n.leuua) BMeularcu{I4x rl'opoA H

p a3pyiflaeMof o Marepua,{4.

fronr Yxpalxg, NroHu, 1989

'Iaxnu o6pasoM, rJIaBHoe yc'loBIre elt6poca cocrol{T B

ro,M, {To5bI 3HeprHf yrlpyfofo BO'OCTaHoBreHHfi BMe-

uaio[Il4x noporA npe,nr*cu,na 3Hepli{Io 3arIpeAe'tbH0ro

4e$op'lrupoBaHHflpa3pyuaerMOrOMarepHaJIaLol'\rA-
HaKo raKax sHepfllfl nile4cra's;rner co6ofi cyrMMy 3'Hep-

fr4ir [,tacrl{qecKofo 4e$opulipoBaHi{f H Ap'o6"IeHllfl rl'o-

poAbI.
ilonuar eHeprun yrrpyfltx ,ueSopuauurl BMeuraIottrllx nopoA Ar'ifi

,r.aHHof o HaIIptxellHof o cocroggl.lg ltorxet 6url 3anl'icaHa B Bitr'e:

\(n: Av * Ar: ozo"1 (2K,) + (1 + vn) o;o2/ [9K' (1 -2^t,)1,
rl,e Av u At 

- 
nd'IOTHOCTb SHeprtilr a3MeHeHI4fl COOTBeTCTBeHHO

o6teva tl SoPttllt;
o., - ruaponoil TeH3op HanpsxeHnfi so BMeulalorlr'ux flopoAax;

.Kn - uoAy.rrt acectopbnnero o6levuoro cx{arl.ifl (rvro4yao uec-

xur.taenocru) BMeu{a}oxlux nopoA;
v" - xos$QHirHeHr nonepeqnoii ,ae$opuaItHH BMelrlanluux no-

poA;
O;n - A€BII&TOP HanpqX'eHIiu'

Ec,ru 
-u.nacruqecxn-e 

le$opr'raqurl HeBe,'IHKI'I, ro 3Hepfn-fi 3a[peAeJlb-

r-roro 4e$opr.t"po"a"un pirua eneprlla Apo6"'renlta LVo, n rorga
MOTKHO 3anHcarb:

1P.: (o2o,- o2on) / (2M") +- (1.:F v.) (o2;. - a2n') /
[9n1- (t - 2v.)],

f,{e oog - ocraroqHHii liaponoii reH3op HanpqNeHult s 3aIIpeAeJIb-

Hoii o6.racru;
6qM r.r o;s - 

pa3pyilaloxiue uraponofi reH3op I'l reH3op-'['eBHarop

uanPxxeultii; tnofi o6nacru (aua-
.M* - :uro,4y.ltl cnaAa Marepliana B 3anpeAeil
noi"u"o rioayao o6teun6ro cxarllq 1(' e npegenrHoft o6'la-
cru) ;

v" - 
xo:QQuunenr llonepeuHori aeQopuau'ul{ B 3anpeAeflblloll

o6nacru;
O,3 - reH3op-AeBHaTop B 3anpeAe'lbHofi o6'racru nOC"'Ie pa3py-

ueHufi.
-{.aq o!,HoocHofo cxarHs ilpH ocrarorlHoii npouuocrz'-paeuoft uy'nto'

noJ'ryrrHM yclloBl're [3] auuaur'tuecKofo pa3pyrxeHrfl' lll > E,---11:..lL

, E - uoAyau cnaAa Marepl{aJla I-r ynpyrocrlz Harpyx<arcueu

cucreMbI.
B o6ueu cJlyrlae, KofAa ocrarorlgafl nporlgocrb He paBna HyJIlo'

HanpsxeHuoe cocrosHlle o6teuuoe il r'pLt A:091y"!o:T1li,..l:
paeiyurenrax B03HHKaIor 3HaqI{reJIL'Hble n"lacrfiqecxse AeQopMau14l'l'

9ro ycJIoBI.ie ropa3,(o c,'IoxHee:
\(": Vnn * llm,

r.ne lVn, - rt!'IorHocrb 3neprIttl n"TacrlirrecKofo AeQopMHpoBaHnt'

(1 + r'",) (o2;" 
- o2iy)

Wn.. : (o2or, - o2or) / (2K,") * -nnn., (i _ 2"*) 
i

oos H o;y - uraponoii reH3op U reH3op-,qeBnarop nanpaxenuii
Ha npeae,le cxlrMaeMocrl, Au : mi
vn.o i (n, 

- xoeSSnuueuT noneperlHoft .ueQopuauul{ I.i MoAyJIb

o6tetHo.o cxarrlq B n,'IacrfiqecKofi o6'racrs.

tr4cc"reroealtue saxoitouepuocreii u3MeHeHuq rtoay'leii yllpyrocrll'
rrJracrHqHOCTI.i I'l crlaAa nps pa3"TIirIHbIX CxeMax HarpylKeHHg', a

raKxe gHeprfiH, 3arpaqlrBaeltoli ua ynpyroe' Il'Idcrl'lHecKo€ Aepop-
MHpoBaHlIe ir apo6,'renlte, no3Bo,'IHT petrl-urb -IIepaBellcrBo' 

npe'[craB-

no'o'qeeco6ol:iyclonueru6poca,urraiiru6o,reecoeeprireHHbleMe-
rcAL'r npoiHosa. Kpoue roro, IiMeer cMblc"l npoal{a"Ix3HpoBarb

srrepffiro 3anpene,'lbHofo nerpopr,trrpoeauhq. Cor"racHo 3aKoHy npo0-
,redus Pe6ruiaepa [4] , eneprua, IioABeAeHHaq x o6pasuy, pacxoA-v-

ercfl Ha rrJ,racrgrrecKoe g.e$op,vuponaHne 11 , rla ,4po6"reuue BeIIle-

crea (o6pasoBaHI'Ie HoBblx nonepxuocreft). 3ueprtla nracrur{ecKoro
geSopuupoeauux IpfiMo IlponopqlioI{aJIbHa Ii3MeHeHHro oobe}Ia

Ay",' npu n,racruqecxor't 4eQbpr'lvpoeaHIlH, a. gHeprus Apo6;1eEI.Ifi -
BeJrrzqI-IHe n noar' o6p asoB aHHoIZ noBepx Hocr I.'t a J s'
ya"nitro o6teuuas sHeprlit pa3pyueHnq aneer Qr,sauecrliir cvr'tc'r

3HepfullaKTHBa\UI4I',IJII{3apoxAeHl4qrpeull{Hbi'3aBI{cI',lTOTBe!'Il1-
qnrir,r uaponoro reH3opa, BH,[a HanprxeHHoro cocrotnH.fl 14 HoiKer

6nrl npeT:.ctae.nena $opuy"rofi
trr : trlo * Av - As / $ + yt2o),

rIe ftLo-- 3neplllfi aKTHBallliH Tpen{HHbI npu oTc,YTcrBIlil \le\aHa'Ie-

cxux uanPaxeuuft;
p.s- napaMeTp BI-IAa HanpExeHHofo cocrofiHrifl.

Be,'ruuuny S y : ASn / AVnn Ha3blBalor yAeJLHoI:I [oBep-ruocrb.'o

pa3p-y[reHuoro Marepua"Ia, a o6patHyro efi ee"uvau,v - IlpEBe.le]i-
ubrM paAr.rycoM rtrp qacrltll. 14s aaroHa Apo6leuan c'lei-ver, ETo

I]pu npoqrx paBHbIx yc,roBHax pa3rlep qacrHq pasp]'meHHofo \:are-
pr4a,'Ia reM MeHbIrIel .{er4 60rtrlre tIo.lBe,t,eHo 3Heprlili.
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Lc,rru cqHrarb pa3py[raeMbrr? MacciiB a npoqecc AesopMHpoBaHfin
oAHOpOAHbri,{u (y,qentnaq-, IroB_epxHocrb sHeprfiu pa3pyrxeHHfl
^1 : const, r'77: const, a LVnn: V, sAecb I/-uccaenyeMbrfi- o66eM
nopoAbr), ro xporHo3r4poBarr, soHbr c noBbrlteHHblM rrDi.iroKoM
3Hepflri Moxno no ASs. B ceorc oqepetrb

AS" : 5"019,

rAe S,p- n,'roxlaAb o,qHor? Tpeu{r.rHbr;
A/ - xo,tuqecrBo rpeurrH.

lllupoxo npnrtaeHternlufi nporHo3 no Aer'ieHuro KepHa Ha .qucxu (no
rio,TnqecrBy '.4rzcxon) ocHoBaH sa erori 3aBIicHMocrI4. Ecnra se,lH,III-
Hy BHoBr, o6paaoeanuofi [oBepxHocra Bl,rpa3fiTb uepes o6:seu qacrltr1
ruru6a npa 6ecxepuoeol"r 6ypeHuu, ro

n

aS, :6lvq, / Dq,,
!: t

rle X74,;-cyrrauapnufi o6teu unu6a r.i,ru 6yponorl MeroqH;
,Qt 

- AI]aMeTp rIacTHq AaHHOTO K,'IaCCa.

C,re,loeare"rbHo, oAHITM I43 f,rlarBHblx HeAocrarKoB cv-
u-(ecrByiouef o cnoco6a n pof H03 a Bbr6pocoofl acHociH
yfo,'rbHbrx n,lacro.B rro BbrxoAy rxrbr6a c I M rxn]'pa
flB,llgeTcq TO, qTO He yqriTbi'BaeTcfi fpaHy,loMeTptiqe_
cKlrfi oocTa,B. Eo,tee [parBaJrbHo BecrH rrpotHo3 rro rrpH-
BeAeH,HOMy pa,4iiycy qacTrzr{ turbr6a HJrH rro BbrxoJ.\'
CaMOIO Mer'lKOf,O I(,ri aOCa.
Vr<asaHHlle cfioco6bl Mofyr 6nrrr AocrarorrHo Ha-]e)KHr,r
TO,'rbKO B T,OM Cr.'tyqae, ec,'Ir4 MaccH,B oAHopOAei{. B
pea,rrbHo,M MacroH,Be cBoticTBa [opoA Me.Hriorcfl rrpaKTrr-
qe,cKrr c Kax<AbIM MeTpolM. vUH,InnaR, rrTo IIpH eu6po-

. cax npHBeAeHHbrrt paAHyc rracTriu pa3pyrteHHoro r{are-
psaira Ha nopffAoK MeHbrrre, qe.M ripH o6brr{,Ho}{
B3pbrBHOM pa3pyrXeHHH, MOIKHO, sa,4,aBrxricb 3Toft Bbrco_
Kor? creleHblo Apo6,'reHHfl, orIeH14Tb Be,'iHqu,Hy yAejrbHofr
[oBepxHocrHoii 3Heprrfi paspyueH].ts IIopoA A,'rs pas_
Bs3brBaHr.ifl Bbr6poca. TaNofi clloco,6 IIp,orH03a r.r3B€cr€iH,

YAK 622.831:622.33

o TEKy|TIEM nporHo3E BbtSpocoonAcH oct?
NNACTOB NO HAqANbHON CKOPOCTh
rA3OBbtgEnEHhg B UnyP
Fl. A. pbllKEHKO, H. I, EPEMHH, Ka,HgHAarbr rexn, HayR
(hTTO AH yCCP)

A. H. PbI}KEHKO, xrx.
(Kueecxuy'r rocynxeepcrrer)

n 1974-l g76 rr. ua crpaHnuax )KypHarra <<Vro.rt>>v obr,'ra. [poBeAeHa A],4.Cl<y93rtfl. IIo [po6neMe BHe3aj]_
Hbrx Bbl6pocoB yr,'Ifi, ra3a H rropoAbr. llpa no:re.feHrii
ee HTofoB oTMeqaJIOC6, qTo rrocTytrl{,Brxi{e oT Be-l}tIIIII
CIIerlIia,'iLICTOB MaTepI]aJIbI He BbttrBI4JIH IIpHHIIIIII]ia.rb-
HO Hotsbrx. MeroAoB rrporHo3a. B erzx .vc.rioBrlsx HeoS_
xoAr.rMo o6parvrn oco6oe BHnMaHHe Ha foBo.tKi, c]-_
rrlecTByrouIHX MeTOAO,B r.r rreTKoe oIIpele"-reHHe creIjeErl
Hx HaAe)KHOCTH. Ae.{aTb saKJ'rroqeHHe H .laBarb pe}io_
MeHAai{Hr{ c/'IeAyeT TOJ'IbKO C yrIeTOy Haf etiHocTH
IIpOFHO3a, qTo IIo3BOr'rIZT ripoH3BOJ,CTBeHHHKalr ilpIiHH_
Marb rrpaB[Jrb.Hbre pelueHHs [1]. B 3ro ;+!e nperrx
YTBCP}KAEHA I{HCTPYKIIHS, PCTJAMCHTHP}'rOrqAg TEKY-
ryufr rpor:los Bbi6pocooracHocra r.tacr-o; [2]. cor;rai_
Ho Koroporz 3oHa n,'racTa oTHocHrcE K Bbr6pocbouacsofi.
ec/Tr4 B ruryp (AJHHa KaMepbr 0,5 rr,1 ua i.rr.6lise t::3,5 M or rroBepxnocrn.sa6ofl_ Ha6Jlo.laercs saqa,rtgoe
ra3oBbrAe,re[He q H> 5 Jr / Mr4H.
lfoexe, B l9B0 f. cof,rracHo Llncrpt.xquu l2l eoua r,{acra
OTHOCHTCfl K Bhi6pocoofiacHol?, ecjlr{ Har{a"lbHoe ra3o.Bbi_
AeJIeHr.ie qH B rxrryp Ha rr'ry6HHe 1,5,2,5 H,,iu 3,b M OT
noBepxHocTu 3A6ofl, B 3aBr.icHl{ocTIl 0T BbIXOAa ,'IeTyrrEx
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O4uaxo A,Tfl Hefo, KaK H AJff =cf,orolrr f\-rHX, xa-
paKrepHo'oroxAe,crBJreHITe IIJacrEaeciE =eoop],1i.rpye-
Mor.o o6beMa c _y[pyro Aeooptrr.p].-e]rbJ.\{_ ,_ e.- npAliil-
MaeTcfl, qro AesopMarlHfl orAHOpSlE: :a :l:t"r! Hec,,ie-
,4yeMo'My o6beMy.
Ha npaKTxKe Ha6rloAaercf Jotia-::a"-:.:.-.lacrliirle-
cr{Hx AesopMal{r4rl, 3aKOHOMepHOCT.i _-r r::; - ta: :.JTopbix
B IIOpOAax He tr3vqeHbl. I4turercrCg :;::3::::r: -aHHbIe
o6 tteNIeHqHBocrL{ o6T,eMa A 7r"r nilii -;:a;f;=:,t:D\r A€-
QoplrnpoeaHr4ra, o creneH,H. Apo6.,e=-r-= :i ;--.:_trroeM-
KocrH pa3pyrueHHfl.
Taxltl,t 06pa3oM, aBTopbi npeArTafaio: :a- -,,--1-7- nyrx
coBepIrreHcTrBoBaHHfl CnOCO60B IIpOTE_:z ==i:-:.-.3 tlo-
po;fbr H rasa:
HafeX{HOe OnpeAeJieHAe C,4O0B HJH r,,,=" -:=_:,:-,-AxCfl
KOHiIeHTpaTOpaMIr Ha[pfl)KeHr.rfi, uO li.;_---:=.:- -,-i]pV-
flix BOJH;
oUeHKa 3Hep|OeM,KOCTI-I p,a3pyllieHI4s C.:i;: -,_:i rail-
6o"ree He6,'raf,onpuqrHblx . ycrr,oBlrll Harp-.=-==;,= ,: -a-
xo;{i.LeHHe KpHTepHa,'ibHbIx 3HaqeHEfi 3Fe:;a=1{:_;lt:.
Peruenlie [epBofi gal,aqv rHe BblgblBaer ci-tlr_{ :--;:;r-
HeHr{ri. a perxeHue BTop:or? co,[pf)KeHO C ;=-_-: _:._ 6-
Jev. cBfl3aHHbrx c HeAo,cTaTorIHOri ]43yqegH,;.----_j: -_3-_
.lei{iIF fOpHblx IIOpOA B O6.beMHOM HepaBi{Cr;:_,ii--=:=--
irolr rroJe clKH\.laloIIIHx Hanpg}Ke:H4k. wtc;-:_r=:=!r: 3
3TOlr HarrpaB.leHHH 6yayr cIIoco6cTBoBaTb --.:-:=;:f
Ha-leiiiHofo lfeTo.la npo,fr{03a Bbr6pocoB.

.t I{ T =:: : : __ 
_: _:-

1. Httto-tt: B- jl-,.7dcriioa 6. A., TKaq B-,fl. flporxos gu6-i:,::,:-::: .:=
lroJbHHr E !iclto:q:{: E;acroB. - AoHe{K : .Il,ou6acc, 1972. _::=i :.2. Tarecea ?i. l. 3EeprodKocrb rrpoqeccos io6rlrfi tr repepaa.:: :::::_
HLIX }rcKotreesE- - -11. : He:pa. 1986. - 231 t.
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1. ,Pe6uudep Il. A-, IExeL..ep .7. A., )Rueaq K. @. IloHusare:r -.-l::,-B 6ypeHHH. - -U. - J. : It3:.3c -\H CCCP, 1944. * 199 c."'+++
BerqecrB ydai (MeHee 150ia. 15-20, 20-30, 6o.nee 30:. r

paBHo Hr'ta Bbiille Kpr4THqecKorO 3Hai{eHHfl gnr, .4ocTitfa-
rcrgefo 5 nfNwu, 4,5, 4,4.5 ;r/rriiii.
B 1983 r. rrpaHflra BpeveHHax HHcrp,vKrrr.rfl [3], no ro-
ropofi 3oi{a rrJacra orHocr{rcfl K Bbr6pocoo[aicHofi, ecJiH
{u B riHrepBa.le efo cHlt;{ieHHs npeBbiuaeT KpnTHqecKoe
3Harleil;le Q:;,_: liJtI, Qrl4oo HO ,fonycTHuan rny6nua ,BbI-

erlKri /i }{egblrre ee BeJHqHHF,I 3a IIHKJ'I. Maxirzu pe,Ko-
\reifr-er i+] oirpe:e.r flrb Qu* B 3aBHCr.rMocrH or r,'rvbHHbr
pq3pa6o,ri.iri IrJacroB i.i BeJrr{qr.{Hbr Vctat (ilpr4"rny6rue
+00-1 I00 rr H Vddf :4 ... 35010 rasonr,r4e.neune 4.}:: l.; ... 18,4 n/'mnu) .

J.:r repvern3ar\uu unlpoiB r.r H3I{epeHrr1 q= -:? -pa;irn-ie Ecrro.rrbsyior,cfl rpH6opbr 3f-i. llllil-l ., Iif-2rra. I(
cciKaJeHI;io, HH oAHoI? I.i3 I{Hcrp\-r;r:;i; ---: :;:.la1Ie}rrH-
p]-rorcfl cpeAcTBa r.rsMepeHrrf; q=. i:._= _:-tsrrfHo, qro
c6 beKTaBHo,cTb MeroAa refir,-rne-- :: -:=:-aa BbI6poco-
OIIaCHOCTI{ O[peAeJ'IfleTCfl JOCTaBe: -j 

- , -::-a j=.
-{Ha,r}rs pe3ydrlbraroB }fHor;:.\ i::.-=- -aatnFt [oKa3;-
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