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1. BBeAeH1!" 

4-""'1YJlLC 81I8KTpO"Sl'IIUIIOro D0J!8 onpeAeJIJleTCli KIll< lIKTerpal 

no '1'01 i!JIIl 19Iol1 IIJXlCT"",CTIlOBHQ-DOJ[OC!HOA o01lejlXHoeTII 6 : 

P.l6) = ~d6 r Tr ,(><) , (I) 

rAe lA. r ~ (d " ,I. ,Jt, .l.,d. , Jt , J. , d.ldl, - i. J." .' tdx,) , 

'T'rot.') - TeHOOp 4-iII!lly>ILCB 81IOKTpOKlJ'HHTHoro nOJll! • T • e . 

1\.,{.') = r,....Fv). --*br _-r",r~, ' (2) 

II f'r- - 'reH80p !I8.I!pJIKl!HHOCTel 8Jlenp 0r.2inDITHoro nONl. 4-lDmyJ!Le 

p. 09tlJlll'OOllleT yae B npoCTellme14 ClIy'l8l!. KOrM- nOJle rr' n)lllllaJUle-

1I.IIT sapl\J\Y , .l\BUY1IIe'IYCII C nocTOJII!Hoi CKOPOCT]'1l (C14., RallplDOep, 

11-3/). fume, rosopR 0 4-IIMIlYJlLce ( I), "" 6YAeM ...eT• .II mmy TOIlb­

1<0 M OT CJIY"8!. 
Cpaay Ie DOCHe nOHRneRKR cueUHaxLBoA TeopHB OTHOCHTenbHO C-

TB: .MJI 4-HMDYJ!LCB (Il 6W!11 II eM91l C mnoTesoR AOpu'..... 06 BJlCKTpO­

MOl'KITHOM npoBcX01l.J\eHK8 ,aee~ . neKTpOHa n~eRY ~Pl4YnyII4/( CM . 
TB:KZS/ I/ ) 

~,-'-(1+ if)
P = ~ "" " , E ~ p. = --.11-1" 

(3):'> ~ 

(rAe In. = 15 , a 1f - 9JIeRTpOcTanrQeCRaB 3BeprRR B Cl1C'l'eue '-~ 

DOReR 9JI6K'TpORa). Koropue CytIleCTBeHHO OT.1Jl!1I8.1mCh OT tJ?oP~JI aJbt­

wTe.RF!a 

f 
- \'0"\ '\I_- ~c. 

P = -.j1 - r} E = ~1- r1-
(4) 

.ItJI.R .D:Bz.-y:me.8cJI Me%ABlJ'll.eclCoR tUiCTlIIlli. 

HeoO~oeTL ~p'IYn (3) eMSaHa C Te .. , qTO Teasop (2) He 
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COXflllJUleTcR t tl ....~. ~ ~.J 1l0JTOU)' aD- BU CHr a T buCSopa nOBe pxH OC ­

TB I~ :II • . 

OJUnl DMl<OA lIJICMOllllJl nyaJl!Ulpel5/ (C>l. T~I/): Heo6J:olW' 

AonOJUUt'l'b To"l.) . e"'"'' TCH30PO" 1OCI1lI!.• ~ecJ<l4J[ "a!!plW!1IlIII T ,~:> . 
110 co~roOJ! . ·l r ("""+T,.:-")~O . a ..,.0 BeJ!ji'F " 401'04Y"MM BH­

,IlIl (4 ). 

C .ItPYl'o9 C'l'OPOHH . 3.~JlMl' B 1922 r . CYI£1I DOJIl"l.II~L 4>oP'IY­

Jlll 1liII.Il8 ( 4) II]ll! 1l0,,".QOIlf Ol!lloro T"""'KO Te"aopa (2)XX). Pa......'IJ!C 

""""'Y ~I M jBI"tl>Q ~ ~Jlf'II tana.ee"," coeTOHJlO TO.IIloKO B 

B~6ope ooBepDloc7H llH""I'JllIPOB8H1IJI S • 

nOCROJll>"Y ){HK.....'leClOlC BCJIlI'OO!Ii TKIl8 (Il C HeCOIJl8llllmmmCJI 

.".oeTJlIC C8I<ll no ceele ItI'jlBJl'I' BalIII)'J) IX'J!]' B Teofill' ,.",...xxx) • 

TO ,HecortHetrno ,BaJlHO DOHIDIaM'-h COOICTBO n saBilClDOCfit O'r Doaepx­

HOCT\! 6 

X )B OTJlII'IJ<e 	 OT CJlY'IJIJl ar'l'r. =O . KOr.llll. ICll< xopowo IISBeCTHo. 

.BeKTOp Pv He 38BHc.:" 0'1' nonepXHoc'I'J!. 

xx)~ OT1lJJexaa,cn: OT '1'Oro o6C'l'OIt'f'e.tt.LCTBa, 'ITO e.eP'lt paCCMB.TpKBBJI 

yCKOp6HHoe ~KHe H qrO AnA neTOqe~Oro sa~ aTO MOzeT 
HMe'J'h pe1lllJlllee 3HSQeHlile . 

O,....,TIIoI . '1'1'0 ~eTllJl. eTa ....... "ejlOII us 9'I'Y TOw/6/ 1l0JlI'oe Bpe­


MIl OCT8B8.IIJIOb Hesa...eqeFlHliMH I a p esy.nTa't He ynotaOl8JlCH HH B 

o)lHoll . 3 ..,HOI']lBl\lld! AO DO""J!eHII~ lou[r J:><eRCORB " PoJllDWl17/ 

Pop.a:x:x mOlllUUA H3 'rex . KTO He9al!JI[CBMO llpDe.n J( T~ ae pe­
3ynbTa1Y 8 l. 

xxx )n_Jli nOll06Hj1.% Ile.nII'IlIH H ypaBHellllB _IWI )I.IIJI H1IX CM •• 
/9/HanpHttep, B • 
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B sactoJllll'll pa6o~e A''!JI 4-momyJn,ca ~ (. NaCCil M ) ".K­

"rpOlOIII'DTIIoro n(l,ljl lIO.IIJ'Iesa o<lI!aJJ 4>op"y.IIa • .s kOTOpoll pe.T.IIlo~B­

TIl Mp!U'IUOl a ~~ cooJlY17l' l<8l< 'lIIcntlle OJIY'WI. • npoACMOnc.-p1lJlO­

BBHO. liTO 98BICJDI)CTI:t P.... • M OT DOBepxHOCT1J C OBlUleTe.1IhC1'­

ByeT 06 IX O'J'ROClfTeJl'bBOO'I'JI, 8HBJI'olTlRol OTHOCl!1"eJIhHOC'!'1I Jt)IlIlIII. 

2. 	lLm!8. ttaK DplM!P .!M!'1QtHli, saBWCJm!el 0,. !1JX)CTI!lJ/cTneuHo­

no806HoI DOBepzHoCTB 

,i1Iuu!a eB TOOpD O'!'lloelITeJIl>HOCTII OTHOeUeJ!1,HJI • )I.IIJI .lllHBoro 

CTepmm B S8BBCHMOCTH OT CliCTehW oTc'!eT8 I1JB!Hmrwe'l' nel1J)e-pm­

Hhil cneKTp 3BaqeHJJI: 

0<:' t ~ t ..."" = ~l~~~. ,1L-tt£"' , ~t.- "')' (5) 

(3lteCI. (;:1 1\.c..L.) • ( i"t. \ i c.l t) - c06h1TV1 peI"B'CTp:u:uns ROHllOB 

CTepmiJl, tLr- - ero 4-cROPOCn,). 

BNecTO Toro, QT06y 06pamaTbCR K p&aKWM CMCTeMaM O~CqeTB. 

6Ylle", pa60TSTlo B OAHOa CF-CT""'•• HO BBGlle,.x) H3l!60JIee 0611!d 

TBD 1I:3MepeRl!IH! l!SMepeRMe HB. up0MSBOJIl>HOI npoCTp8HCTBeRHo-IJo.n06-­

nol nOBepxBoC'I'!: 6 • 3T0 08HB'lJBeT, 'tI'l'O ,TIo..,., o6w'IIiWX OJJHospeMeB­

HllX a3Jl8peHd (T. e . ISMepeRKl nB DO:BepmOCTJII t - c.o V\....1. ) . BBOlUl't­

CR BceBOSMOZBye ~onyCTIMNe DO Teo~ OTHOC.Te~UOCT. He~OBpe­

MeRRlie JrSMepeKBJI. 


IlKoCKIlH DOsepDIoc'J'b t · c..-.<:.t HFJeM He Bl:U{eJleH8. .8 UCJ18 


rrpo~ ~OCKKX npOCfp8HCTBeHHO- no~06HYX DOS8pzBOcTel 

X)!lMeCTe C MaxoM/10k TOMOB81'()a~ KOTOPU~ 8TO nOTpt" "'II&IIOClo 

AJlR o60cHOBaHIlfI J1opeHU-MJ!B8pMaHtHOCTM JtB8.HTosol 8Jlek"lI'o,lUIfHa-

MIOOl. 

, 




(X,>-, - • • ) _ c.. lt - t .) , '''I11 Wr(X-X ') r= O. (6) 

rlIe I - n8p!1l1eTp, Onp8AeJlfilJJlJII no.m&elD!e nOBepmOCft, a "4-cm­

pocn." t.Sr=(~ ' ~ ~_<.I.:) e C'l'b HO~ I< 6 • "" BCer;118 dnIell 

Ot'pBllll'tlD!llTLCJI TOJILKO lI.lIOCI!IIIOII DOBepICHOC1'llIII< 6 

OrrpellOJlDl llUIIY c TepIIIUI t lG) RaJ< IIIlTe pMJI IIIi nOBepICHoc,.. 

G" T .. e. DTepB8JI ~ C06WTUMI (11 1 \.- <.-t '\) _ (:;1.. 1 l C.t: 1.)f 

nepeceqeHltR nOBepxHoCTB 6 14IpO.BHIa.DHDMI: lWHIlOB c'I'epmR 

(HalIpI!I>!ep • JalI( ... pile • I) : 

tl6) ~ ~ t;:' -~..Y_ '-'(t1 -L,)L =~(i~-" ,)' - (r , x·c v:',""". (7) 

Kor)1!l nap9.>leTp J... - upo6erae~ ace npoc'l'p8llC'l'BOHII<>-no)106l1101e n.roo. 

KOCTI! 6 ,lIIlTep8lU! t upo6eran Beel> erreKTp .......... (5) . 

TrutDI 06peSOIl, OTHOe."....HOeTL ADBII np<lJIIWIOTCB yu B OllBO. 

e.eTe"'" OTe'lijTa. (c... T8lWl OpIIIJIOaH:ae) . 

To I 'q'l'O KBTep:B&l 0 '1' DOBepxaoCft It uoBepIBoCft MeWle!'CR., 0 ... 

Ha'iBeT, u o nepexOll 0 DOllep:llloo.,.. HlI nOBep:lllOeTL,e een. npo~ 

npe06peBoBSHlle JIopeHlle. C mrol eTopDa" . eCJlll , OeTliBBJlel> aa 

TOA. .ze DOBepxa:ocn, ).Ii nepel.It§'M B ROsym Cl!C'I'eMY oTc-qij'l'a. l1JIIR8. 

He H3MeHlTCR ( B COOTBeTC!'B1D C ea OIIpe1I8JIeHll8M RaR JIH,.epB8.JJR). 

He.JJ:Ls.A Bl:l.IleJIHTb lUlKy'IrJIJl60 nOBe-pxuoC'I'l> 5 • rrp_sHarD llJII-

HY Ba ReA sa n I CTJIlIBYD". B8.DpJ1Mep, o6'bJIBU1:, I9J11CTlIHBOI".Jl.I[IJIy 

e-,: t KOTO):9Jl DOJ1y'1lB.eTCJI lIJDI J(3Mepea:u B8 nOBepx:aoc'rSIX, OP'l'O­

rOH~ w.poBOI DOJ1QCe c 'I'epzllB. Bo-nOpBHX. DO'foMY I 1ITO COKp8­

lIle"""e lWIIIli BNeI1r pe8.1Wllle npoJiBJl• ..."xle...I2,~t. T8DII .... CJI.R­

t '3ro H8JlOMKBan:e 6WJ1o 6w I 8JIDIIDDl, eCJIH 66' J e lteaopIeBTIpyI)­
lIlee BasBBBlle IIBTepeCBol • !Ip".....RQ! pe60TYI I. B. pII)l CIJOJIIlIX 

}"1'Bepa,!leBd B pa6o,..lI4/• 

6 

he. I 

@ 

he. 2 . Do ..COM Ma.eR... (BJIIlIlllWll • Hen;__) 

O,l\BOBpeMOHBO lleueTeR BYC'l'peA. /lBpyu,lICR SHpBB 
saKpJiBae'l' lItenae lIueuel (Dxpan:w O1'.u1lamCH 

TOIloIlO e lOOpOCTLG) . 

.---==------------- \f1 f:0}'l >\I,) 

.PIC. 3 . Isw:epeB.e p;JUIBlII C'l'epneR 
no !peMeBa npo~eTa 

e=" ('- L-t ,') (~ ~i-~" l~~ 

tL 
"..~ rr 

u, \f~ 

8uel J:ften 'l'e ae ne lI&C!IUW DOClltt 2xae ~eOT~ AO I 
npoXO~eBlft aall8AZlte.ft88l181.lI"8U 

PIC . ~. lall8p8Ble paCC!OIBIH lIeIAY 1I8 C~I~ AO • noc.le 

8B.11ep;AfteU


tl= ,,,(tl - \.;) (=¥~i t~~<. t, = v, lt'.-t ',)(= k~~ t~ 
MOIl8B!W npoxo&AeB~R per.C'l'pIp~CH ClIe!~.K8M . I • 2. 
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••0 0""' .... _a pile. 2-3 • """TIl ""M1ICTK".C~wlt He (Ie. 4>' A. ,' I' . I:.. I- ~ ,~" ~ 

\ .' , : nl 
BO-'B1'opux I (:CJIK .1» lDfeell. ReCKOJILXO o,mmruto..nta: C:'J'epa:ael t .IlJW..IiY­

lLlIXCJI c ~ C. ! ,poc't'mm, TO IMeeT c..rCJl oneJBI!lU! CJlO&enu JlBrKO mmo.aWU!'" "MTerr-posaul"l 

11% p!llIJII'<lIYJ O'\'!lOCU","",O .II/!lU!ol ClIe""", oTc'Il\m lIDlI (XU as 
.~ \ . i ( ~ ,pile. 2 II 3) t .'!lI. TO'Ilt&"3, opoettQJI:l as rqxtcT]BB.t TBrlUJw", oc • . r, t~~ ~, \.I ,; ,I'" -t '~\". T.. , " 

, - \ 
3. O'l1tOCI'Te..nItHOC'r. 4-1U!fIIjf"'.bC8 ~ J68.cC!l SAeKtpoMlntl:TH01'O 'I = _ . ..:... , 1 '" 

.!!2:!!!! P(..)· ( d;; 'T' I \ k T. \ In ,T , J '1. ) t \.. j . ­

o 
Bolli""''''' " ':"''''''Y,II1>CY ...e~TpOJIIIU'HIITHoro IIOJll! (I). C MlT.­

, \ ~ .... . ... """ 'I . 
...,,,,,oeKol TO~~ Ope"IUI 8TOT OVWI'.'r IlfII JWlol cl>m<cl'pOll8l!RoD r'.l~)~ \lG,1'n \J .;1',\ = \ ,l'1T " = 

nOBepxHOCTK a upeo6pAayeToA •• o~ol CBCTeyw OTCqijra B ~ ~ 


lUll< ~ -MkTOll. P, (G) = \.1'" 1" " • \ h,T, . \.\" ,T ~ - 1 \ I', T.. '. = , .• ~ . 

6 fitDoa,owy Ben CDeUft~ npoICTeK8CT ~KO OT ne~xo~ c 

, 


n058pnrOCTJ! Ha nDBeJIXBOCT}' (1t8K • Y AltlJUiJ. a aro CHOBa MOmfO DG.I~.\OIWI BeKTOp 


"nepaa paCCMOTJlOT. E O~O. CaCTeMe OTcq'~. nYCTb tt>eTewo OTeqe­

p "_ ..L ",.l" p ~. p ~O 1' : ",. 

Ta i1116pruu:. 'I'8X. q'rQ OTROCITe.n:bHO Heft S8.]lBJl COlWlI,.r...R r 'f. 8 . I '" "" ~ I ... ,~n 

MBJ)OBHe JmlD oro TOqeK lIBJlO.IUIeJlhHII ooa IIpeuellB (K8ll l1li pore.!). OOJla.laeT ..oeo! 

B 3TOI. (3'CTe»8 
 , ' , _. ) r I J \11 

t. ,_t. 1-1 ~" 4ll'> r-, ' - ...'L1 \,1 l I2) . E,4,E - E. E" -E."E. • 

0 0 o -iE~ 


0 0 o -iE, 

, 'f' -E, E. ~ \. I ~ -£,E1 -E;+-;: 
., TaJtnI od)ll30M, Dpil Beu J.... Bpeweu-Doa06eH. Ec.o yromo t,Tr .:=­ 1.. ~ ~JI'r"· \ 0 0 o -.E. -E.~ -I:,C, -E ,+;:r 0 
ero c nO\lDllh1l IIJlet'OPOIIOllalWl lope..... """0 npe06pasOBtlTo 8 JRXlyr 

lE'1 ,E, (') 0 0 () -1.-£." !Ca) lIJ11i'Yl) cacn>oy OTC~;;T8 . Buno.-B upeo6pa.oBBllJle ! opell!lll B 

fLlOC][OCTW Il l 0 D,IX).'BOJU.HIUI oap&MeTpO_ rOo • uo..sytmM 
.i\IU! IIJ.f.lCTOTH !IJlO..n'18l'Ye~ (I) Ha !IJlOBSBOJII,Hol DOBepll!oCTK , oproros&u,Hol WlOCKOc-ra xt ,... d~ • -~ \ ,. ,,1(1 . _1~ )l,e =[" ~- ~P', = , J.. <.. l ' , I:' ~i."'lx -x.) ~ ~ It - t.). ~H' . 

(13) 
(9) 

DlJIlfCJIJitIM , :I'UUt 06wqao I qm 
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B SllBaCIlJdOCTII 0" llII60pll J.. • I" """eM ~acTIIlIe CJIY'I8.JI : 

I ) J - 0 - CJIY'Ull Oepm. IOlTerjilpoB8Hl!e 110 nomepxBoc.JDO. 

OpTOI'OHaJIbBllM I.!IIpOBliM JlIIHBRM t 

2) J.. = I" - o.JIY'l8I A6panua. 1lI". rpIIpoBBalle no OO BOpXROI>­

t.' - (.o"" t: B ~B8BBol CllCTeMe;T"" -. , 
3) ~ - - ; - uepexo)t B CI!C""MY, r )te P ~O .mSo-

IWTHO, liTO 8T8 CICT6MB He COBIIB..lJIBeT C o.c'tetl)l noltOll aaps.na 

\ 1" eO) • KpOMe CJIY'UUl J. = 0 ,> lWl RU,Jloro J... CBOl1 . 

~PMYJIIoI (3) "",mo nepellllcafto B Balte 

1-\ c.~ , H~ '& , , p.' p.. ~ p~ = 0 ,
P, - ' 1- ~ ~ J\ -1'>l 

(14) 
J 

rne CROpoCT. Y, eCT. p83YJILTaT CJlO& eJIlI8 CKOpoC.... l' " :;;­
\ ~H)' F-ffi~~). TaJ<yD ",e KOHOTPYJQLlJl .....". 4X>JlIIYJIII1+¥ ~_ 

lWl o61llero CJIY'UUl npo83BOJ!loIlHX L • 1" • 

118 uOJIY"eHHliX 4X>P'YJI BIJUlO. ~o 4-1DI!lYm.c ""e"TJl"El'IlII"'oro 

DOJlJl R BJIeK'TpOMarRITHaJl Macca M OR8.9liB&I1rCII a&BJIe JllllDlI O~ 

nOBepniOCTa IDITerpapoBWWl CO (~epe8 nap&MeTp J: ). Ka1< II B 

CJIY'IIIe .llJlBHIi, B STOM IJ'I)01I.NSleTC R OTHOCKTe.nHOOT1:J BeJDI.:H P", 
• M • EcTeCTBeHHo, liTO 9JJekTpOlr'B.I'JIl!'.l'RM MlCC8. 6y;;a;:y"'IU mBa~ 

TOM, He SaBHCll' aT CICTet.m O'fC'lle'f8 (aT ~ ) .. 

1:la..B60JIee npoCl'lD6 1WJlI{eTCA pesyJIh'fB.! ~J*M. O.ItB8ItO ero 

HeJThSlI Dpe,IOlOlleCTh- TOqa:O lax ze, lUll{ • A1DIRY t M.&.)( (B oooa 

CJIy'm.JIX ilBTe~B8.B1Ie IIpOBOltllTCSI opTorOH&DDRO MKJXlBl:l)\ .n:.::Ha.fDA) .. 

TaR, TpY,Il;B.O rOBOpn:b 0 RaRo!-Jm60 IIpelIllO'l{ftTe.m:.HOn MBepDIOC!I, 

eCJlI ... DleeM SeCItOJIDRO SQp8.I10B • eJJ,1lHoe U Do.ne f\...... To. DO 

R8Jtol nOBepmoCTI B"jlI:HO Jm'l'erImPOBa'1'lI I sauc..! O! DOCT8.ROBKI. 88­

.na'q)!. 0'" 'roro, ltIllCI!Ie B lUlHRO! CI!CTeMe OTClIeTB DOlijBSyueB8.l1rCJI .~ 
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vepeHIH, oABo:speMeHHWe All f6 .~ aeoARospeweHKWe.~e 

B . SHADqe.». ao!OP >copeBHe 6xaroAapH. Y.A.UapKoBa H B.H. Oroe­

BeqKoro aa 06CyaA6BIR. 

DPlJIOZ6BBe 

ECJI. C'l'6pzeHJ, )l:BD6TC:II B A8.1lBO~ CaC'l'e1ll8 ot'C'q8! a co cxopocnn t.r 

(MIPO~R no~oca era _ O!Xlqre OT no~ocw 88 pIC. I H8KnOB8Ha) • 

laBeC'!811 Alia COCS~IlB. ~1 • Xl. ' perKcorpall.U, KO'HUOII oTe p llUI ("0­

M.ell'tw t t • tl,- DCiwe ) , 'to era ':"JlIB8 BB rrpol311oU Hollll nADORa e'!'M 

(6 ) paSHa 

~)= ~ ~:~, - ~~ ("- -+ t:,u.,w , ~' _1-01 
WOaRQ y6o~~cat .'1'0 KOIC!py~.H 8'1'Oro BwpazeBMff, KaK H BWPaxe­

SIR (7 ), O'l'pa.ae'l' 'I'D! ~t ~o COKP~eBle as MOOZW!eXL ~1 _~1 
ape!epneB8e~ ~O~LKO OABI .8 !pex DpOe!p8BC~BeHUWX KOKD088B!, 8 

DeMO, B&IIpaJI.l6BB8J1 DO '1 • rAe 1, DoaYQeS8 cnoaeB~ew 

cKOpoc.eR • 

O!Me~D. 'a.D6, q~O BpeMS M6ZJt,y )lBYl'a npOJl3:BOnllliKl C06WTBIUIB 

X'1 • X. I. I I .BMepeBBoe lIOn)) npOI8BO~BOA speMeH.-aOAo6aol 

apJlllol x = r c. t • paBBO 

~ (,,-,,)s '" ~ (t" - l' )~ - ~, lil' - ,,')' = "-~ I" t.. 1. r ' 

8 paco!oftR.e Ke&l1 !eM. ae C06W!KHWI, IBwepeHBoe 88 npo.3BO~BOA 

npoC!p8BC'BeBBO-no~o6Bal D.lOO&OC!1 (6), ec!!> 

"((6) ; ~ (x "-'-)' _ ~, (~_ t:)l = J«,-'-,i' + ~ (-w I x, -'< ,)' . 

B &Tn BupueDU 'rO qK.... 1..' I x. iI cy!:b nepe CeqeSIR JtBYX 

npo~paBc~.ellllo-no..odBllX n..oo.oc!e~ (6). npo'.AeBam: ,epea TO."" 

" 


http:cKOpoc.eR
http:CJIY'I8.JI


~' .. , C yK8.S8,HKOI nplDlOl, 8 ~OtUtI \.. I .....1 O,Y'fJJ'. " 
1!8 	 lWIclIOon (6). Ken " • •npoe1tIl.. )" t • " 	 x. 

noao.eau 0Auol !'OQ'ltI, nUy-.eICR co CKOPOCTOl) ~ t '1'0 '5 

ISWe HftCtCft ~ 06a8ctl :5-..."' ..... oft <. 00 ., "'~, = - 14,.. l).t-X ~t' • 
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