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A H H O T a ll H SI 

Pacm.rnxpem,1 IlOJUipH3anMOHH!:le SIBJiemuI npH (l)OTOpox,n;eHRH 

ll pa~MaJ~M0HH0M 3aXBaTe rtHOHOB' a TaKxe B KOMIJTOlI-3<p(f>eKTe 0 

,C 

IToJiyttelibI CJI8.IJ;CTDHSI HHBapn:aHTHOCTH npm H3l!eHemnt 3HaKa npeuemt 0 

Teope1m BoJI1iqJeHmretiHa o6o6meHbI Ha c11yt1att paccMOTpeHHNX peaKrutti 

C yqacTHeM 

Io BB e )J; e H ll e 

YcnexH 3KCrrepuueHTaJil>HOli Texmurn Il03BOJISIIOT Ha.zi;eSITl>CSI, tJl'O 

B 6m1xanmee npetm cxauyr B03MOJ!HUMH noimp1rnan1rnlinhle 3Kcnepn~ 

M8HT!:l B TaKHX 3JieMeurapm,1x peaKu;Hmt KaK KOMilTOH=SfpqleKT Ha HYK= 

JIOHax, rpoTopox.zi;emre TIHOHOB, cporopacntertJieHvie .zi;enr:omL B' CBR3H C 

arnM nosmrn:aex 3a,Ttaua 'pacc1.torpemrsr troJisrpirnauuoHHiiIX .fIBJieHHit 

B peaKUHRX c O = KBaHrairn, OT.IJ;eJieHH.rr He3aBHCHMhlX on:Ei1Ton, 

ycrarroBnemur noJIHoro na6opa :,xcnepm.reHron, Heo6xo.zi;m.roro .IJ;JISI 

noccranonJiemrn aMnJIHTy,n;u pea:rtrrm10, IIpH onpe.zi;eJiemui ttncJia He3a-

} BHCHMbIX OITbITOB I10JJlUJO YCJIOBIIll HHBapHaHTHOCTH npH Bpant8HHRX H 
' : ,\ ·. 

rrpocrpaHCTB9HHHX OTpaxemrnx cyu{eCTBeHHbIM SIBJISI8TCR ytteT CHMMST-

pl-IH rrpH H3M8HeHHI1 3HaKa BpeMelrn' a TaK:m:e YCJIOB!Iti ylmTapHOCTH 0 

B HaCTO.fIII{ett pa6oTe paccMaTpHBaIOTCSI IIOJISipH3aI4I10HH1Ie .fIBJiemuI 

npu (I10TOpOi:C.!(8mur ITHOHOB J,I KOMITTOH-3CprpeKTe Ha HYKJIOHax O :tiHBa

pliaHTHOCT:b Bsam.w.zi;errcTBH.R npH o:rpa1.tem1n Bpeuemt nptrno,nnT E cooT

Homemum He TOJI:&Ko Mex.zi;y HenoJisrpH30BaHHtIMM (ycpe.zi;HeHHm,m no 

. c'mt~a.M) ceqeHli1:SU,U19. HO H ITOJI.Hpl13a~I10HHW.ut HBJI8HHHMH BO B3a~n.IH~-:

o6paTH1IX peaK~HJIXo XOTJI C>HJIO ITOKa3aHO (I-4), qTo reopeMH Bo.1r:r) ... 
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cpeHmTellHa cnpaBe,It.mtBH )tJrn ynpyroro paccesruusft'ftpn <peuo1.1euo,1orn .... 

tteCK0M aaa,mse peaKitHH :C. t ¼' KBaHTlUUI Tpe6y,:>T 0T,IteJIJ.H0ro 

paccuotpemur o B Hactonmen pa6ore teopeuu Bo.nlbcpenmtenna 0006= 

maDTCSI Ha CJtytm.ff TaKon peaKttHHo 

YcJI0Blie YHHTaplIOCTM, 

pacce,rnne' IlHOHOB HYJCJI0Halffl 

Si =uarpHitllg oxBaTUBa~men ynpyroe 

-p_-.:-- -p on ~-01n +,. h~+-n op~op 
,: J ,.J ' ) ' ' .) 

odue1rnoe paccesmne 
-n-=-,::;... Qk J .... -:=..c.._c;:-.:.-.J. ~ , ; +h ~-=--op 

rpOTOptlftllliAeH118 H pa,iuiarut0HHUn M.XB8.T 

i-h ~' kP) -p ~- ~n ) on~t~ ) op ~-rP 
H KOMnTOH-aqxpeKT 

~ P. · '<VP . "i tn ➔ t n 
Il03B0JUl8T BB8CTH B Kallt,JJ;OU COC't'OSIHHH 3 )tef:tcTBHTeJU,HbI8 (pB.3U H 3 

nal)aMeTpa. cuenmBaHliSI O 3T0 .n;aeT _B03M0J:H0CT!t onpe,11;eJ1HTL qHCJIO He-

06X0,1J;HULIX 0mIT0B, KOTOpoe Y}!8HI,I!IaeTCSiy) eCJIH yqecri, J?l30TOilH'q8CKYJO 
, ··r·,, . , 

ffHBapnaHTHOC't'l, 0 YcJI0BHn YHHtapH0CTH paCCMB.TP,HJ3aDTCn ,B npH.1I0X8HMli 0 

~ • l > 

2o ~0?0pouemte ,IlHOHOB H prutHaIJ.11QHHI,!Jl JaXBaT 

.nnsi noJiytJelUUI aim,mTy)thI <pOTOPO:fJt8H1UI npe.l(CTaBlU.! ee BHatlaJie 

B BH,n;e. 

M~a +~g;J 
(I) 

TauilaK a1m.11HTy,1ta. M ,n;omrna 6LIT:E. 'nceB,n;ocm,rnpoui) Be.ni-!turnu o. u -i 
,ltOJIXHJ ~F.ITI> nceB,n;OCKaJISipOM H B8KT0p0Mri rIOCTpoeHnm.m H3 BeKT0p0B 

·-~ :·~ ' ~' ." ' -~~~ .' ·~ "-":- ~ -t,-·' '1,;,,...J~,:-

TIOJISIPl38.I.U!I! e · n '-:: r a- t{l ·i,1 , "~ n 1· h u 1J ::-:(11 = % 
) l:1-, "" > j,-, lb 

~... ~ 

ii r.ne 'l u K 



HMnyJii,C!i! nl?OHa H <pOTOHa' COOTBe'r'CTBeHIIoi ';ITcictpoeHne aufrimry,Jta 

qJOTOpOX,lteBHSI ff. H3ytte1me CJie)tC?BUti HHBapHaHTHOC.Tlt1 ·11p1f''oC1paIIte0 · 

HRH BpeMeHH B npm.reHeHnH K rpotopox,n;eHIU) nHOIIOB HYKJIOH&m npo

BO,ItHJIOCl, B psr.zte pa6ot5, 6, 7)o Om-t,PaRCL Ha rpe..tuteHTHYJJ:H~BapHaH~ 

THOCTL, Bupaxeane )tJIH M MOXHO npe,1tcTaBH?L B BHle 
f\ ( ..... ~,) n (-:"'-->,\ (-'>-'l') I r (::}~,,\ ., ])' (-»,->) ,-~-')) , ' (() \ Mrto ::. ,-.. Se + b \,6 ~ J e, O ..,... 'J l~ \ft. J + G" \<.. <__ ~ e ¼) 

M (fl == A
1 

( 6' f) + BI (cr r) (e f) t- t·\ t n') T D (6 ;t)( cf e) (2 ~) 

Ecnn Wo n w, - cpyHKUt!Ho OITllCbIBaIOntHe O,ItHH HYKJtOH H HyitJIOH C 

l.fe30HOM COOTBeTCTBeHHO I TO I aanpnMep, 

' A :::: ( 6J I ) D W o ) ) A . ~: ( WO > J) W i) 1 , 

npH'lleM, ,ItetlCTBHe onepa?opa oCSpaIIteHHSI ,BpeM8HH I{ Ha q,yHKil~H ,Y!o 
CB0.1J;HTCH It 

a HS ?peC>oBaHirn: 1-IHBapnt.tHTH0CTH npH "oCSpanteHHIF i3peueiur 
k]) !-(_, :: .D+ 

H ITOBTOplISI BaTCOHa (S), MOTitHO noKa3aT:E>, liTO, 
I 

A =-A .. 

AHa1IOrH'lJHO 

' c' = c B : - B --
) ) . 

TaKHM odpasou 
- ,.~.·· ~-:..· -t; ·""- ,_. -'"!,--· ~ ..... -~ --t-•. t-· ,,~.-

Mr,-0 = A ( <:Y 8) t-~ B ( <:>' q, )( ~-l) + c ( e, n;) -r n < cr ,,k ) ~ q. e) ~ M . 
,, .... /11' 

-, M ~11 = A(G ~) + B (-G' "q)i~;c (B n')-t, D (i,; )(~-~) :: M' · 

B CHJIY nonepettHOCTH J' Q KBaHTa (Bk) ::,0 H 
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Ee Jut:, n~pe_l!TlL;.-, optOHC)PJJ~pO_BlUIHbll,:L B8KTopa?:L ,fl : 9 · D., , H -- n .. · H . . . -

ytJeC,TI»-' IJOOTHOme~ne 
~~ -p "1 ~ -i.,::1,- ~ ----te., ~ ~ ....;...;,;.- -...;;.. . :r,.;:;, ··~~- -;::,, ~-· ..... 

,.(<re}::: ( {5" n )( h _e,) + (6~. 6 )J A S) + ( o, fi) ( TI e) ., 

TO OROIItta.Te'Jil,HO'· 

M; °'(e;> ;-~<~s-;:;ie·-~)-+ i/ti)(BA)~ d(G TT)(f'li) · 

(4) 

11> 
I ........... ~ ....._ ~ -i";...., ··Sa -P ,A,.~ ·~ ~ p ~ ----!fP 

M :: - o( ( e, n ) + ~ ( G' n )'( e. n) +: f ( G" "A ) (.C t1 ) 1 a (.6~- 'JT) ( B 1i ) · ' _'. · ( 4 t ) 

J!JUI ceqeHvUI pO1l,Il;0H!1SI Me3O!tOB HSTIOJI.f!pM3OBaIIHiiIUH ! -ICBaH-

TaJ,m: ira Hen'oJUIJ)H30BaHHOn·-npOTOHHon MllllIEhit! ( CTaTI1lI0 CIClli1 1.mo,icr1i 
TeJih BCI0.JtY onycKaeTcsr) rtueeM 

2 I 2. 
1 

2 2. " a c , "- e (5) I ~ ( e ) = ol I + t, I + I K I cos --f + I u I s I n 2-

B CLIJIY COOTHOmeHMSid.Iext,n;y 'cetieH~un.rm ' 
, . ,. ·. ' . ' 

Io ( 0 n---- p) : Io ( - P _, X n) 

MO,IeT OICa3aTbCSI He6e~Ha,it~ICHOti I'IOilblTKci 3ICCrrepm,teHT8.JibHOro 

Hccne,n;oBaHMSI · cpoTopmi,n;enmr nyTeM M3y'llemrn: oopaTnoro rrporiecca -

pa,n;Ma~HOHHOrO 3aXBaTa 11--M830Ha npOTOHOHo XOTJI TaKMe. OTIUTbI 

ottell,L TPYJtHH, B pesyJII>TaTe npoBe,Itemrn ux OKa:s:e'l'CJI BO3JA:CJ!UIUl.I HMSTh 

CBe,IteHRtI O (pOTOpo2:t,n;e1rnu Ha CD060,!(HOM nertTpone MBHOXpOHaTHqe Citm,rn 
~--· ~-- -- ' ~--·----

KBaHT&m • 
-► 

, .. CBR3b 1re21:,n;y no11npusart1!el1 nyK1101ra <.. 6' >f npw rvotoponemrn , 

Kor,tta t -KBaHTiiI u tt:vrmeHL Heno11npt1s0Bam,1 n )(Ocia.nttot1 IP . B ce

~emte ~OTOpoz.n;e~HB 
·~ '. 

I ( 01 lf ) = 10 + IP = { S p M :v M + ~Sp ~,-+ M G\ ·N 1 ·;~ ~. < G' > 1 n ) 



KOr)ta 1ffllII8Hlt nOJUlpH30B8.H8.9 Toe o. ftOpeJJa ]OJJt>r!JeHmtet!Ha. DH)(a 
. . . ' """"' ~'. ,: ,. •/i 

1 p ~ t O .< 51... N 
., ,) 

CJle,ttyeT H3 npe,JtCf8.BJI8HHR aMnnury.11:u B BH)te (I) H apryt!eH't'OB 
orpazeHHR npeueHR (2)0 CaJ.IO BHre,zenne Jt]tlf rIOJfsrpn3artDH BYKJIOHa 

(6) 

Paccuoipm, e1~e ceqeane <J,oTopoQeHHn ueaona no.1111p130:ean11uun 

~ -1rnauraim Ha neno.111tpnsonanuon 1mcrenn o. Cocrosmne no,rn:pnMmtH 11 ;c T v 

co cmurou ! 9 JtaK nssec?Ho, itoxer dur:r. ~a.Ho cpeJJ;amm 3Hattemtn-

1m: onepa:ropon Tj,
1

~ 1 i T;,@'~-~:t1 i -~.o u li~-ta_ , K0~e>p~e crponr-
cn H3 orre~roim C!ll!Ha (B)o BDH.ltY nonepetJHOCTH t -KBaHTOB, B 

rtOJIHOCTLD n0JrttpH30l3aHH0l! ny'lKe ! -KBAHTOt3 ('tt)=-(7i,-t1 o/·:;x0(9); 

rax ttTo Biiipaxemre JI.JJR cetJemrn qJoroo6pa3oBamrn Meaouon qacTHttHO 

ITOJIRl)H30BaHHID.I rryttKOJ.I ~ -= KBll.HTOB MOJIC8T 6MTb npe,.ttCTll.DJJeHO 

B Dir.zte 

r .. ( 9, '/') ~ r., (S) -t-tJ',p'), {-s p M Tl.._l) t-1 "° +<T; ~i(-v S pM ~ ;,l•f· + <.-~.-~~ ¾ ~ i~~M-!

ITpe x.n e ncero sairerntt9 tJTO nocne ycpe,n;uemm no crmny HYKJioua 

(8) 

( cmrn r!>OTOHa), llTO Cpa3y .BH)tHO, ec,m )(JI.fl rpyHKl(Hi1 'l'Mna 

H ~ : ie: ~~CilOJJL3~~~~l,CJI cix>p1,ry.non 

· (l-s3) ::=1[f- ~] . . . ', ~ 

TaKon · xe pe3y11r,TaT rroJiyt1aetcSI, ecJm BHtmcJmr1> cpe,1tnee~ 3Hattemrn 

B8Kl'0pa cmma q)OTOIIa, D03HJ!K6Jlt!{ero npn pa.,1,;lt8.I.lll01UIOU 3llXDElT8 

7~ ·.:.Meaoaa Heno,rnp1t30BaHllWH npoToaauu o 3roT pe3yJu,rar nec1>1.ra 

o<Snto ITo 3Ton rtpllttHHe B Bupaxemm ;r,JIJI ceqemrst peaxrunt, JinJI.YIU-1'~ 
C ', ', • • ,, " ' 

pOOO.HHOf1 ITOJJSlpH38IUIIIIIIDif nyttKO:M t; - KBaHTOB, O_TCYTCTBeT CJiara-

e1roe, nporropruroHaJILHoe ws 'f o 
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Tipn nutmc,JI~Hnn oc.Tan1,1mx c.na.ra.ew1x B. (7) u cpe;urnx 3Hattemtn 

J , I ,.io\1•·•_,:v, /',~'• "' ._,~'. \,' ,_. ,,.;!~~• .. ,, 1 • .·~ i ,· •• , , ' •· ., , 

. T8H30p0B Ta)~ 1 T,
1
0 

3ye~u;:~:(iJopuyJioi1 (4) 

IlQCJie ~lUtOHHOro 3aXBaTa DOC!IOJIL 0 

}' ~-"" . .:__,:~ .. 1,~'./; '·::,t.,~ ~ i): 

' : ~ . : . ! ; \ ,•:, ' ' •· f ,: •• ' ~ 

A/\ /\ 1' 

· "· cs 1 sk.:-.'· s·k s';")'ivl ~ 'M:. z:: 8/+<, .. ~-c rv,1 e1-r + M1-1: e; )' 
.(9) 

]JUI OT JIMtJHbl~ OT HYJIJI TeaaopoB, m.ree:u , 

JspM•Mr,,,2 ;t /(1ol12
+ Ir.I;[ n~ - h~ t 2m,n~1 +I tl'-(A\-11', -i 21.0.,ll~l 

16 
'

2. / (.<': 2. r.' (. ~ ? , r.:- r.- >} , ... .+ , v U~ .-::- 1u i< -:- i. \1/)clt~ , 
(IO) 

·11 i ; v , ,·,, 1 , 

-[ 2+:.!:7*1Igr si,r,~t~i~ ~Sis, 1\ I n T,o "3 s', : 2 
< •• ,. ,. 1" ;. ' f 

Ec;m BU<lpa.Ti, HanpaBJie1me uunyJILca · ! ~ :~BaH'fa 3a oc.L .t , 
TO 

. +srM'MT,,t~" t {(1~1 2 +I P,1 2)-16 i2cos' f -181\,n•~ t ~ et 
211 

. .. ... . . .. . (I0
11

) 

:~ t' ~ -~ ~ '• ' 

u 0K0Htiaxe,11,no ceqemre oCSpa30BaHna uesonoB noJinpH30BaHHm.m 

t - 1rnaHTa?.Ut np1nnu.meT Bn,n; 

I(e. LD)•. I [ {t.o>;]· ·( .)-J1{·l-;ll \BJ?. I· 12. c..e .
1

c1, ,. is 1 1.o 
,1 = 0 (8) 1-+ ·--··-{2-· .+ T2.,i 1 -2~ ~ ,,. 1 = Ku CDS i-· o Sm ~2.Jcos ?~T 

. .. . ··· · · ·· · · .. ·· · .·(II , 
•, I " ~• ' • . : , ·• - ' , ' • , ,/ 

O6paxm.rnR Tenep:,, K noJISipu3awm t -KBaHT.0B npu pa~uariuoHH0M 

.·3axBaTe 'ff--Mc:30fiOB HerI0JISipl!30BaHHblMM np0T0HaJ.m II Jf}rn: HepaBHLIX 

nynro cpe~Hnx 3HaqenHn ~eHsopon 
. . " . I . . 

lo, <T2
1
r(l) ~ ·~.Lt~ 5 p ~"~..-_.Tarn M 

, .,._ ... "" ' 

TI0JiyqaeM Dhtpru?8HlUI t C0Brta)\aIOllH19 C (IO), ec;rn I1pH J?fl,ItUaitH0HH0M 

3aXnaTe 3a. OCL, . "1. •; Bll~patlt Hall:P,ElBJI8HMe BUJietaF.)L1HX. '( -KBaH-

TOB O Ec_JII1 Jipe.n;cTal3ItTL (II) B BHJte 
' . - . . ' ~. ,- \ - ' 

I (6 'f}: Io (G) ·t-(:f;> o)I2 o + (Ti!, 2) r·2 t > 
) -i ~ ' , 

TO IlOJiyqeHHHI1 pe3y111,·mr·· ltOXtlIO 38.IlUMTJ» B BH~e pe.BeHCTB 

i 2, rb-1 ~ IO ( 9) '( Tc J m ) ) 
(I2) 
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.n:,m )l;0OOBK~ re ceqemu1 cpoTopox,n;eIIHSI. noJiytm,eM 
'· . -·~ ~ --: . - . . . ' ~ 

. ~ ,\ ' { " ' 

~ ~. ~
1S p M+ M (6-~(;r).:: ~-. {(ot~+-o<. ""t)(a'r).{~ ir~(~ sT~,ci~ J){a'TI)/A i)} t· 

1 { 1:- -· . . . . . •, _ . , . ,, . - . . . _ . .. , '.:=, \ I5) 
·+· a'. (~ ·~ · +'~\{){ci'ZiH b'~') ·~ < rJ+ +'~\S)( ua)(I,·11 J t-i r~·\'t ~'t,;( '.ii r:ib ;;)} 

.;._1.• '" ,.; •,·;~~' .;/r:,::; ~--- .. ,, .,,./'",' ,·•1.r .,, ~; ::1; r- .:·~~·,~. ,:\. ", -. ' :~- ' 

lI3 9paBH~H~~ (J?) C:'. (IJ) BHJtHO, _1.1,:.0 ,.,.,1n,tes1,pe3yJI1>Ta;LL,9TI~TOB. no 
'·, • • : ; • • • _' ' ' ' ' 'I., ~ ' ' • , • , • ; • • - , .: - ' d "' ~ ;> :..... - - :- • ; • • • • • • ,. > • 

~ICCJie~OBa.HHt> KOppeJISIItIUt, TIOJISipMsattun npn '.'pa.ztnarcuoIIHOll .3aXBaTe 1 
·.-·' - • • ' • ' .c • • ., < " ' • 

+ ~ r (' 
T~et,,;_3H~.~ K_?!~6HH~r~un_,~((}(.t;-~o(+{)1.(ola -<x+o), n T.o.lto, UOltHO 

npe.n;c:tta3aTJ» peayJIJtT8.TLI OTIUTOB C TIOJISipl!3a!lMOlIBhlMH nyqKoM H . 
) . ' 

unmeHJ:iD • .,CJie;n:onaT/eJU,HO, . 3TH 0ilLITLI He. HBJifilOTCSI He3aBHCHllLtM1to 
~ '• ' :, j "~- l r ; • ' '" ~-. ~ t. ' ' ·•, •,: '• •. " , I .' ~, ~ ' ,,, ~ ~ ~ ' \ - . • 

- . , . 

ll3·, (I3) H·,(I~) BQHO, TaK.~e·, ttTo cooraomeHHsr THrin (I2) 
"' ' ~ 

RJ.!8lOT tl8CT0, KOr,Ita XOTSI 61:l 0)tHH It3 B8KTOpOB 1f:. ), HJm · ii:· 
~~~ 

HanpanJieH1:1 no nopua,m n • AHanornttnLie 3aKJitottemur B03HUKaIOT, 
' ' .,; ·, ·.: ~ ', ~ ' •,: ;, ' , . ·. 

Kor.n;a B (I3) H (IS) 5 3atteHOTCSI lie. T2. rn 0 
. I 

,3aMeTHU ·B; .. 3aKJUOtt8HH8 1 'tlTO, ·J3, Bt.tprutelU!H )f,JISI <nOJISipll3a11IUI 

HYKJIOHa OT,n;aqJ! npH qJOTOpox,ttenun: U0JISipH;Jelij{0HIII4U'.C ·. t -KBaH'!'aMH 

Ha H8TI0JISipH30BaHH0t1 HyitJIOHH0ti MUl1I8IIU (Kor,n;a ny'IOR Il0JIH0CT:blO 

llOJISipH30BaH) ', ·. 

4 r (0f)~-; >1 :: s p M +;M +-< T1~ Ii ~J p Tio M~; M 1-(T22 )i 5, ;pTc.2 M y6 M ·I-

-t .. ,;,_ 

+(Tl,-a', Sp T2'}-2 f-1 .C:lM~ (!6) 

nepBun qJieH cdBna~aer c (6), a BTOpoe cnarae:uoe nponopriuoua11:&uo 

-L l ((A~ +_ol~t)6t1ii ~ (dd + -ct 0)11~ii:.] +'i Rs/rl<~i~lr;·?.kt?,·(rS+) ~t\·i ~'&, ., 

Ha nocJ1e.tt11ero B'p1paxe·mrn Bn;tHo coo-rBeTcTmte c (I3) " (I5)t, 

-rro.n;o<Snoe xe COOTBeTCTBJie m.1eeT M8CTO I1: ,ll;JISI OCTaJil,HliIX CJiaraeI,thIX 

B (I6). 
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A1pr.KHTY~Y KOttnTOH~3qxJiexta MO:llHO n~,Jf;CTaBliT!, B · .. ~M,n;e (I)' HO 
. •. • .· I . 

,11;11.R ygpyror,o paccesrn11sr n· ,,1tOmtHO l1wti,, cm.1tnpo1i. C, nouort1>n 061rq;_ 
- ·, .. 

HbIX apryueHTOB' BKimttaIOl~JtX CJUU.teTplU) n:pm H8MeHeiun( 3Hami 'Bpe: 

Menn 9 noJiytraeu, ttTo mutdoJiee 061rtHU nHpe.ze1rne1f.,tt,r11 r.r CSy;teT ,. · · 

t1 :: Ace ?r-\- acre. e:,1 ;;. ) + c <;;;,)(a 8') + D {cr ;;~)(:-;; ! [e/~'J J+ 
t ·F (€['e. e}J> .. ; E.J. <rr'~)1G'.(.A'e)·) + (TT'a"><;r·::;,;,:,• .. 1.·):·:}· .... ):.·.·.· ... - ·\cr7}:. _ l . - ~n L •~• .. ~·-•.~ ~ ~- / 

""'? · ·, . , _,',,,:'., ,,,,, -,t1\'ll, u ll 

r,n;e H e," - B'eI<TOpa no,rnp1!38.IU!t1 ,n;o H rtOCJie CTOJIKHOBemtV 
.- .. -~' , --J..z_y ' ~',t 

rIOCTpoeHiiI, Kalt 11: paH»me, 11:3 (e.n:nnttimmc) ·neKTOpOB k· H k TIO 

HartpaBJISfU'ISU.{ m.my JI:bCOB t - KBRHTOB ,n;o ll rtOCJte paccestHlt!I ~- .BliI-
-.,~ . ·7 .\, . ~ :·;~, rf~-n ~~y:. ,,:·:·~_ti .:·::1;.,,;,.·"_;'·~ ;·:: .. 

paxemre (17) co,n;epmir 6 cJiaraeuax, 'RaK sto n · ,n;on~o 6ur1,. BHpa-

:&e1rnoo ,D;JIH ,· M MOiitIIO.'IIpir;na.Tb ,ipyron' BM,ll; 
c ~'r ~·: ~ / _ 't~ ,. '.: r \: { :": -~. '.,'·- ·. 

·- ;· ..:.;,.._:.=. ··~ , ~-~ ·._;- -~ ··. ~l:..- :~ , .. :,;.,' .. •'i 

M ::, Rt ( e ·e 1

) + Fi~ ( ~, s ) + R 3 ( 6( e/ ~J) 1- R 1 ( 6 ( s s] ) t 

. ~· R, l <; ~t) fs\ir -·· ( 0 r, H; lf) J T Rs { ( ;} ~ (5, €\- (cr k) (e , $JL :. 
ec1rn: BBeCTH BeitTOpa · 

.. . .., 
ITp11: :tt3MeHeHnn 3HaKa Bpeue1u,r 

~!:;:> ' -.,.~~ '1,-S:-:• ·.· ~7-.·, 

e i-:.:~ e.\ · · s ~-.!' s 
B ps,ne pa6or (IO-I2) Hati.n;eHo B11paxemie ,n;JISI aurvuiry~~ -·~·6u~To~-· 

3rpcpeKTa, qo,nep,mmee ttJieHhl ue nmne JrnHet-iHor"o-. no ,-qcfrore.\, . . ., . 

r¥'1:: §}
1 ti e:')- ;~-,;:p - "~~/')k(es[e';D~?+/-t <:;fs;J) l t ~. [(e~?>ccrs:>-(e•·;),-;.s'->l 

rr1 ,: ,.: .. n 1 . . •. rn . . · • \-; , rn · k .. \ 

Yi'.~;-: , :: · .. :-.'·.; .. ·.:;;{rt{ 
.!', :, ·. . 

r.ne fJ- - uarmtTH11n i.wueHT Hy;1wHa ( Jt. fJ (. I-~::) ~~ •·: e,n;uH~~H~~ :·: ;·. 
' -r • '1 ' . " - : ; • ,· ~ ! 

BeKT.Op) e j · 1 ' ,. •• 

·r 
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Il3 (I7) ,It.1In cett81IHR pncceannn H0D0JIRPH30BaHH0ro nyqKa 

a -KBB.IITOB Ha HertoJinpH3~BaOO.HHOtt ?.IHmeHif nOJiytraeM 

2. Io ( e > =- { \ R,/ 2 tl !?l l?. -t- 4 Re. f R.i,C-Rs + R 6 ) t R:· R!i·1} ( 1 i CJJS 2.e)+-(/;-ej 1.:.-t l ~:.i l ','{ 3 ~ ';JJ~,:e; t 

2. ;, 2 - { ~ ,. .1.. .. (I9) 
_ + 2 ( I Rs I + I R 6 / ~) { 3 ~ co.~, ~) t .4 R•i!. (_ P.1 R '- > t r :1 ( R:j - Rb) J{F?

5 
l-< 6. : c'. , ~ ~ 'G.; ¼:; El 

Ycjronne. :,1;1t;~p.Ho.f:H,· :_,-.,8 ~1~·rp1trtfl npnno.1tut K on:rnqecxor.r ,:e'ope1te (I:3) 
+ ,,· •• ,. ' ., 

~ ~.J,., 

K.6"t ·:::·:9ri1,r~ [~l50°)+ f(~ (o')] ~ (20)' 

r~e G\-·;;.. nonuoe cetzemie nsainrn~encr1m11, BKJIIOtiaJJJitee · EaK ynpyroe 

pac·ceHltMe:, Ta.It H Heynpyrn,e npor~eCChio If3 (20) ,ItJif! cetz8BHR ynpyroro 

.·J#i'cpe,rH_~Jr::_nnepe.zt 1
0 

( 0°) ~LJ.Jex.ae.T uepanencxBox) 
. '. ' ,. 

1 '( Q0 ·) -( K O: l , 0 . >, ---··· .. t) · 
4 'Ii ) _(2I) 

.B mrny ·Kp.T.ppqro ynpyroe paccesmne np~ ~0Jt1,111H_X-· 3Heprrurx- 0Ka.31:IBaeT-
• • "'·•: ,, l '\.~•- : "' ~-,-."•••.;-~.., ? ·~ ,.~,:. "" '< • 

en BH?srny.l'mt Bnepe,t H cocpe.itototte:run.n.r, Bny,:pn, ~.ra.J10ro renecHoro 
~ '1- '. ' • .,. ' • • 

yrna 

/J.W ~-~Tei~ ( 4ff )
2 os 

k e-t: (22) 

IIepaBeHCTBa (2I) H (22) 0Tpa.X8.l)T 0CH0BHHe t1epr1:1 ynpyroro paccesr

HRSI npFi BNCOKHX sHepnrnx 6e3 o6pat:temur K onTntrecxon M0,1te,m. 

Bupm:cemrn JtJUI 11011Rpusariun nyKJIOHa oT,tta. im, I(Or,tta 1.mme111> H rrytrox 

rre nonnp11soBaHbl 
. :·'. '.'•.- ·,·.•l1,.•~---f/1'. !·~~--"~-

2lo<EI) < G'>f'" ri Si,:, a 2:Re{( I? :'I?~) t[ ( R/ R,_> -(J?,* Ri )] C.05& --' ( R; f?3) c0sc
2
~\ 

coBna.itarox c Bupai!eHue1.r, onpe.rtensnoutm,t asuuyra.JI1>Hy10 acm.n.rexpmo 

B ce_tI8HlIM KOM11TOH-3CIJcJieKTa Ha TTOJI.1IpH3()Bcl.HHOM nyrarorre • 0TM8THM, 

trl'O B (f3) He DOilIJill l38JU!'CllfllLI R5 H f~b • . .. ~ . .., ___;· 

x) Cyntecxn0Bap11e
4
ijepa_neucrna. (2I) ,n;JIH ynpyroro ~ccenmrn tiacTHrt , l 

noKasaHo n -<..I J u B ueHee ot1rae\t cJiytJa.e Papnxa<,.I5 J, a xam:c~. . 
Iiapnnycou u Py.n;epuauou (CMo(ISJ). B11en~i1e sxo nepa.neHcTBO 6LIJI6 
ony6JIHK0BaH0 B KpaTKOtl 3aJ!8TK8 BuKa <.I6), K0l'0paJI 0Cl'aJiaC!) 
Hesa.MetieHnon. 
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· Cpe,ttHee · 3tm.\temrn cnnua ciiotoHa (n cooineTctBYJJntaa JtOOO.BKa 
\ 1 • ' \ .. •~·, '.;, i •~, r• ' , (:: 0 S ',) -~-: ,•,' ' < '~ ,• 0 ' : 1" • •" >, M) : , ,' , 

K cetre1m1>) ttor,IJ;a 1mmeH1, M nyttott HenoJUipJt30BaHliI 9 J>~pattatorcn n 

HYJil>, Kal( H np~ ciioTopoilt)teHMHo 3TOT pe3yJILTaT Dl!,IteH ll3 pe.3uep

HLIX ·Coodpaxe1rnn O Cpe;tnee. ~aaqeune cnnna ,.B 3TJtX yeJIOBlUIX uoxeT 

61ITL HaIIpaBJteHO JIHIDL po e,nttH~T-DeHIIOJ!Y nceB,ttOri~KIOpy' -~ no;uJ~u 
~ ... , .. ,, .. ··,.. ·. . . . ·. ., ·,.: .. ·, 

n , o Ta.It ·ttai .,ttJrn <IlOTOHOB 9 pacnpo C'l'paHsmmttxca no OCH 1., z Si<):. 
"· ·,· A : ·:._,. ,. .. 

~ ( 5~)::: o) TO OCTaercsi ·paCCMOTpeT~ TO'.iIJ,KO . ~ S 1> H~ ( S_1) ~ h1 '= 0 

JlJIR OT JU!'llHLIX OT HyJin . cpe.,ttHHX.. 3Ha.'t18Htdl ··11 rn' C nOMOttLJJ 
) 

· · (24) 

J!JISI .,ttOCSnDKM IC cetJemuo I<OJ.mTOH-3fixpeKTa, KOr.,tta naJt8JJntHe_ l -KBclHTU 

TT01IHpH30BaHiiI, ncptytraDTC.II Db!pll.X8HH89., ,conna.n:anutrre· C <(24)o· . 

4 o · 3ait,riotrenne 

. OcHOBHl-JM' ~:rorou na.CTOSII:ten pa60Tlil SIBJinercn pa~npoc~pa_ue_m~e 

CJI8,1lCl'BI-d1 liHBapnaHTHOCTH ... npn II3J,teaentm 3Ha~ BpetiteHH Ha peaKni,rn: 
. . ' . ' ' ' 

C yqacTneu .. 0 ..,KBaHTOBo Pacc1t,aTp~Da?IllC!, npmrepu KOlmTOH=3fI)(I>e~Ta, 

cJJOTOPOIC.nemrn n pa.J:tPrallH0ilH0ro 18.XBaTa mt0H0B O 06o6memte Ha CJiyl!ati 
. . ' , ' ' , ' ~ 

11106011 6rrnap11on peaxnnn (no JtBe tm.C?Hr.t!:t B 11a11a.JI1>HOM n KOHetmou. 

COCT01rnm1x) npODO,ltHTCSI aHaJtomqum.r oCSpa30l!o 

ITOUliMO Teo~ THttecKoro, OTO'? pe3yJit,Ta. T nueeT TOT 3KCnepll

ll8HTaJr:&HLitl HHTepec, qro n3yttenwe., H,~npnuep, nom1pnaannn Hyx110-

non npn cD0Topacntem1emnt ,1tet1T0Ha ,1taeT ry xe tmcpq~uarimo, tt;o Jt 

pa,IJ;narurnmrnn saxBaT no;mptt30BaHHoro nyx110Ha, a usyqenMe noJisrpnsattm! 
J.l 

, ... , '·, 
J " ••"I "l f } 
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Q - KBaHTa IIPit pa,1umauo1mo11 3B.XBafe HenTpOHa npOTOHOU ~KBUBa

Jl8HTio;, nsyqeiunr ceqeuns @OTOpa.c1i1en,reunsr Jt8fiTOHa nonapR30Da.IInm.m 
' . ., . : ~ _:; \:, . , 

t -KBaJIT8,MM o 

CooTHonremrn Mew no1mpn:Jonauumn1 srn.11emun.m no nsam.mo 
' ,: ; ,· . ., : , -·~ ' ' . ' 

0 6paTHHX. peaKqMSIX 9 TaK '2te KaK n COOTHOmen1re ·. !.re~y YCP,~JtHe HHL!Mll 

ceqem,rn1m 0CH0BLIB8$TCst Ha nunap•HTIIOCTff D3B.lruO,ttet1crmrn rrpH 
' '• ' " ' ': .,.,,,, . '. 

H3MeHemm 31Ia.Ka Bpeuenno 0,ttHaitOg B OTJm'llte OT )t~l'aJir&Horo 1)8.BHO= 

Be cnsr ,ttJin co otnomemin B0.111acY>enmen11a .. om3uBaerca cyne crBemrm.r i) . . 

coxpaHSI8TCst Jm npOCTpnHC'fB8HIIaSI t18TIIOC'fl» llJIU HeTo )!JISI'JtJIJIIOCTpa= 

n;mt paccMorpntt ynpyroe pa.cceatnne nenrpnno na <Seccmtnond qacTnr~e o 

Ecim 1e rpe6onaT!t mu3apna11ruocTH npn npocr:pe.ncrnennon n npm.reHHott 

nnnepcim ti Ha.It6o.nee o6trtHJl nuou ru..mmtty,ttu paccesrnmt om3unaercsr 

\•'1 ~Gt:, ;(ci ~).~.C (. \) ~,-) td (Ii/:: 
(25) 

I!OCJie,nmte. ,ttBa CJiaraeUUXs, HBJUUJClt IIC813).tOCitaJUtp'ou, rtpH rrpocrpaH-

, CTBeHHHX OTpa:iteHUSIXs, no pa3nouy npeodpa3yrJTCSI npH H3UeHeHnH 

\ 
~~' -

. 3HaKa Bpeuemt O Ec1m npit OTCYTCTBffll . COX:InHennn rrpOCT~HCTBeHHOli 

qernocTH coxpansteTcsr nHBe.pmaHTnoc,:1, npn nauenennn 3Haxa Bpei.remt 

(kOJ.,1l1nHHpOBa1ma.sr qeTHOCfL., nocJie).tHUf! q.nen B (25) "OTCYTCTByeT 0 

XoTn B paccuarp1rnae1.101.1 cnytZe .1tera.111,noe · panuo~ecne · (TprrnnaJI:i ... 

no) ocraeTcst., coorrrnnemre BOJli(peHmrenna orcytcriler o !!pH {J= o 
· no,rnpusarlHSI ·n pesyJILTare ·paccesmnsr nenoMpn:Jonanaoro nytuca. ,1taer

csr BLipaxe1me11 

r 0(9 )(6 'r" (a+r, • ni' )_ r, i( a~• +a'C )li + I, ( r/c .. C. /.) 
J 

a ,nol1aBKa K. ceqemu:, 'lf -.orta.31-rna.ercn · nponopHnoua1n,11oi:1' 

. (a+ r/·+o. o +)-ri + ( ac I t ') t.c) ~t ~ · 1 /. ¥ \: - e i,f ; l~ 

(26) 

'' (27) 

Xorir no~....npe1me11y . rIOJIRpH3ah1ur u a3m,-ryTaJU,HaSI acm,rueTpHII .n;aer o,n;Hy 

H ry ,ice HHcpOpMaqmo (B (26) H (27) BX0,ltSIT o;urnaKOB!i!e It0M6lrnar~mt 

B8JIHtlt!B), HO C00TH0llleHHSI B0JI!,rI1enmretlHa He? 0 
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ITPRJIOREliliE 

!_"\. ; . ::} .;': >.\,'·'~-i <'.·. ' :::.,;·':'!:"j1 .\, . 

YCJ[OBHSI yuirTapJIOCTH BM8CTe ·c Tpe6oBamuum nn~apnli~THOCTll. 

onpe,1te iunor <irncJI6 ::heaaBuc1n.rmc napaueTpo~ ,' \i~o~xoJtUuoe .n:1m cpeuo: 

uenoJioru't!ecKoro aHaJmaa 3Kcnepm.!eIITa,r1,umc .namIHXo Paccuaxpu

naSI o6JiaCTl, :nre prnn 1 -KBB.IITOB' cJJIH3KYP,, It 300 H3B, KOr,1ta 

npM Bsam,ro,n;ef1cTDUlt rpotonon c IIYKJIOHnJ.nt Itpoue ynpyroro paccen

mrn npoucxo,1tuT mrnL rporopolt)'temre o,ttnnotinux rmonoB, .rr.1m omtcamt11 
~ • • • I 

K01.mToH-3fix!Jertra, (IlotopoX)(emtH H p~nanno1rnoro 3aXBara, pacce11-

IIMR u nepesapn)(KII ue3onoB, DBe,n;eu 3 x .3 5 - uaTpnrtYo ](JI.ft onpe

,n;eJieIIHOCTU paCCMOTpHM K0JIIYT0H-3(I)rpeKT Ha npOTOHeo YH~Ta.pHY}O 
" ' ' < » 

5 -MaTpnqy U0AH0 BBecxu B 3T0U c}[ytrne ,n;mr omrcamw nponeccoB, 

-t n -·"--1- n ( 5 11 ) } op--.-~ t n (sir_) ) tr -'p + \,') ( S13) 

+ n --~· op (~\~1) l 0 p --~-- Op (~,;~,~) [P --= op ( S23) 
) 

(S.3,) (S3,:) i ( S 33) 
(AoI) 

t r't -KP ) op-.,._ KP !P --,c~'li,:, (P 

(D CK06Kax yKa3aHI:I 31IeMeIITH 

Ec1m ne yttI1TbIBaTl, BHattaJie IJ30TOIU!ttec1con I1HBap1mHTHOCTI1, 
' 

TO )T.JIR npo11eccon, BKJIIOttaIOl!{I1X I{:OI-.{TITOH-3rixI1eKT Ha Hei1 l'pOHe, Tpe-

6yeTCJI BBe CTI1 ,n;pyryro yn11rapnyro MaTpJn~y, OXB8.TliIBaIOfllYJO 
T ;.,•, -.... i"~I}~~~ ✓, 

I I I 

- p-~~- p ( 511) l on-~'- --p ( S 12) ) tn-- ·- p ( s,3) ' ' ·, ·~ 
:, :-, ' -I '.T 

I ( c..'' ) (n:~'c'On ('C' ). -p --Pon (S2~) l On•~~ on .,. i ,.1·,i 

'-'22 ) . ;:, i! 3 

,,.t;}_;,:; 

( S~I) 
,. J •. , I 

-p--,.c.-rn ) 0 l'l -•;-:. ! p ( 53~)_.) {n ... -~{': (..~33) 
--

: ' ~ '·' - . ' -
' 
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YCJIOBMSI YHltTapHOCTH Il03BOJISIIOl' BI::tpa311:Th ( OT)l8JI:&HO )tJISI (Ao I) H 

(Ao2)) 6 He3B.BHCm,mx KOI.mJI_eKCHblX BeJIIP-IMH S If{ qepe3 6 ,Jtef:i ... 

CTBI!TeJILHYX, BBe.n;a,nanp1~1re~, !PM (1Ja3U paccenimn s{ ) Sc. ), s, 
H rpii napauerpa- cuemirnamISI f 

1 
4' 

1 
e o Ifplt 3TOU 

S aia, . . 2 i. 1a, . . . . ... ?. . 21~::i :, 

11 ::e, . (C.05'fc05ly-C0595,nf5in4') +e. (SinlfC05ljl+cOS0Sinlr'(,(J5'f)' +e Si.nae $\!rl!''f 

s,i = e}~i S, ( COSf C.OS't'- cos 8sintp Sin 'f')(5 in~ C..05 'f i· cOS 0 sin tp c.os lf) ~ 

0 ,iJa( . . . es· )( ., . 0 . . 2is.,, ~ , 
;- o . S1 n lf COS f + COS In 'f1COS lf S In 'f 5 m 1'-COS" 005tf c.05'j1r=e 5/ n 0 S1r14' COS ty 

2iS, · 2ila . ·· 
513 =8 (cosfCOSljl-CDS0SinlfSinl.\J)Sinesinf-e, . 5m8CO$lf(51ntpc0s1v + 

. . ~.P 
. · .. · . . (;.I 03 • · · · ··· 

+cos85in4'COSlf) +e 51n6cose siny 

S 
. 2.iS1 . . '" 2,8i 

~2 -=- B (Sinyco5lj)-t-cDS95inic.oslf) +B (sinf&mi.y-cosec.os1fOJSty)c.+ 

a·8 
+ e 1 3 oin~e co~/o/ 

a.·8, z;82 

Sz.3=e I SinSsin\f(Sanrcoslf +C.OS05inl.fC05!.y)+e SinBCOSlf x 

a J . 
x (COS ecos1cosy -sin f sin 't')-8 

1 3 
5in0 cose cos~ 

'-18, ~ a '-i82. I 2 2-J' c 
533-=e Sin 05inty+e, 51n 0C..O& tp+e I 

3
cos e 

(Ao3) 

B_rrpeHedper.cemUI peaKIUISU,m C t-KBaIITat.rn, Toeo rrpu d3 =9-=-0
1 

OTJUttIHbl OT HYJISI .1mm1, 511)51?. u S22 II ll3 (Ao3) IlOJiytiaIOTCSI 

3HaKoirue BI:i1paxemui ;:tJur 3JieMeHTOB 2x2 S -aa.Tpur~bI, npntieM pom, 

K0,3cprpFinl1eHTa CM0l!IHBaHirn: TOr)ta ltrpaeT lf' i- lp . o BeJIHtilIHa 0 

xapaeTepn3yeT nmumne pa.n;nanYIOHHLIX 11)oneccoBo 



BMecro BBe.1te1mn (.n;encrB11teJILHLtX) q11,3 paccesmmn n K03rP= 

rpuu;1rnHTOB cmenmDamrn:5) uo,mo noctyrmt~ nna'te, tf JtJln onpe,teJtemur 

TIOJIHo,rp na6opa ormTOB BOCTI0.1I:fJ30BaT!iiC9I YC110D11$J?ffl y1utta.pH0CTft B 

Bn.n;e odo6meaun ontll'lI8CKOi1 ?eope1n/I7 f)IB) i>: aHalLOrHtiHO TOl!Yg. llaK 

npH Ha.11utr1nt Jmm1» ynpyroro pacce11HUff 3TO npo:ee.iteno B (I~) o Coot

HomenHst ymitapnotTn Tor,;n;a no3BOJiffl'JT yuenLmttt» .tracJio. neoCSxo,lU'I= 

MhIX ( c TOt.JKlt 3pemrn noJIHOCTI>D rpeaoueHo,rornttecxoro anamt38) 

onIIron ,;n;o cyuuapnoro Ko,mqectBa ne3aBHcm.mx c,raraeimx n 

a1m,mry,n:ax Bcex peaKn;~nf) oxBarusaeMmc YHH'fapnot1' S -1.mtpnu;eno 

ITpH yqeTe pa.n:~au;HOHHl:lX npot\8CCOB B a!!ItJmTYJtltX ue30B=BJ'KJIOHHOro 

paccesrmrn nosrBJUmTCSI l!3TOnn:'IeCKlt 1I8HHBapttaJI?Hlle JtOde.BKK ft B 06-
c..1a:·, \Ji.I.It,,' 

meu cJiyttae qttcJio'•",n:ocn~raer 200 Ec,m cqnTatL 1.ta.Tpn,mue 3,re1,1enTu 

.n:1ur ,,01:opo~emur u 1to1mtOH=3<pqleKta nponopru,:ona111,nmm 2 ·· u 
~ . 

r~, - COO'I'B€TCTBeHHO 1t pa3JIODTL (Ao:3) i> 'l'O TTOJIYtffill 9 QTO B rtpOl{eC= 

cax nma paccemrn:n M830HOB ytreT paJtna~oHHLIX npoqeccon npnBo-

,n;nr K ua,mu nonpaBKaM ( nopsr,,ttm •:2 ~ ) o ny)leJ! no3ro1.ry ctmTaT1, 

1la.3bt 8~ M c)~ COBna,n;aDlJlR?.fH C riia.3aUH "if - N pe.cceHHJin B 

cocTOSIHl-IHX c u3oromtttecKmm cmurtum T IIC 3/2 H T a: I/2 cooTBer

cTnemro (CUortpltJIOXemte B (
20))o C ,1tpyroll CTOpO!llil 9 B1IlUIHUe 

'\:!i - r: ;; ~paccenmu1 Ha :reoMnTOH=3r!x!JeKf ORA3t:it!laetcn uacmta.6a 

3rpriie1t-ra o 

Pn,n; coo6pa~eHMnp CBR3aHHhlX c yireHLmeHMeU -qHCM napaueTpOB 

B s ~MaTpm~e I) rtpirne,n;eH B c2r 922 ) 0 Il03TOUY 3,,tteCI, OHll He o6cyx-

)taDTCSio 

Bupa1eem1:e ,It.7!R aun1m1:y.n:I:J KOMrITOH=3rixiJeKra (!8) ynnrapno 

Jimm1, np116m1xeHH0 j) TaK KaK 5J mnpm.rep5J npe.Bast ttacr1> (20) 

o6pamaeTcn B HY1Ibo 0.n;Hatto orpaHnqenme 



... I6 -

Heo6xo,n:rruoe )VUI cnpaBeJtJmBOCTR (I8) 11 BIJTIOJIHReTCSI C 60111,nm:u 

3aI1aC0Mo 

OtMeTHU B saKJI10qearre s, ttTo npr,r ytJeTe coo6paxe1rntt, CBSI3aH~· 

Hl:i!X C U3OTOIUttteCKOtt HHBapliaHTHOCTI:,10 9 B ~) 0 lJ.aT:pirn;y .t(JIR KOMil= 
y• • 

TOH-0cfxI1eKTa Ha HenrpoHe nxo,1vrt Te ite (In21r 1l'f=·N ~pacce:mnur 9 

ttTo onpe,ne,rneT pn.n; o6nnrx qepr 'KOMrITOHc,:.3(IirpaKTa· Ha Hei1TpoHe M 

Ha ITpOTOHe o·, . 

\' .. ~ \"~~?? ,,, /a'.~~ 

':;?:: :::1:t";,:,·-
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