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rne u.Si:~P.) ::::bj(r-~J//<fl.. -CTaTR'I8CImH epopMqJaKTOP /3/ K::: /iZ'( • 
BepIJIllIHHaR: ll>YHRIJ;IDI,I(JIJI Tif/;/ -CRCTeMl:.l orrpe.n;eMeTcH RS KBapKOBoro MaT

Pl1'lllOro aJIeM8HTa (10) C rrOMOIItbIO cTaH,lJ;apTHoH TeXImKH /3/ H B c.n.x, 
. " 

HMeeT BH,U 

-7 • Jt ~-.>, <rJ(fy'J \0;:1'5(<::) INl-Ie.» = 5L WO Lt (/C(z) (Of<: J't( [L + ~ J 
i8fLwo- i ) A-(~, (II) 

rne MI:.l orpanasznacs "tJJleHaMH:,n;o l/M • 

~ cpaBHeHHH C OITHTOM y,n;06HO rrpe.n;cTaBl1T:b (II) B BH.n;e 

(01~t'(~) IN(-itJ) == i Vljf(frr,vN lti:{I:R) (i'jZ)'Cc: (2)
yl1 

r,n;e 

tTf",,., {\iIT _ 5"wo ~ (1 + .£. ) 
fVI - 18f(wo-i ) . (v1R. 

l'Yl - Macca IIHOHa. 3Ha'IeHl'l:e KOHCTaHTH [T1v'1lI - BSaHMo.n;eitoTBHH frrN/V 
00B cTiTH'IeCKOM CJIytIae, Kor.n;a M - orrpe,n;eJIHeTCH COrJIaCHO IPoPMY

JIe/6 . . 
. h'N"; V~ff _ 6-£00 

-=;;- - 1$f (wo-I) . (I3) 

B Ta6JI. I npasenena SHaqeHIDI KOHCTaHTbI TrlJtI BeplIIIDIbI, rrOJIytIeH

H~e as q;oPMYJI (12) R (I3), npa anaxeaasx f = 93 MaB, WI = 139 
MaB, Wo = 2,04. iIs Ta6Jh I BR)J,HO. yqeT atMJeRToB oT.n;a~ aazaoro yJfytI

maeT COrJIaCRe C aKcrrepRMeHTOM, B OTJIH'IHe OT CTaTHtIeCRorO CXYQ8H. 

3aMeTHM, n'O Heo6i0,IJ;HMOCT:b YMHOJiteHRH fpl'oflJ aa ll>aKTOp 1,25 oaza OT

M8'tleHa B paooTe/5 C IIOMOmDlO rro,n;roHKRhrNN non aKCrrepHMeHTaJI:bHbIe 

.u;aHHH8 no TOI -pacceaaan, 
AHaJIoI'Rtnnle :BJItmCJIeHIDI ,IT,JIJl ntVft! -BepIIJmIH C raMWI:bTOrrnaHOM 

PV -CBaSH ,n;aIOT aHaqeHHe MaTpH'IHOro aJIeM8HT8, COBrra.u;aromero C pe

syJI:bTaTOM PS - CBaSR q OillEOKOH ~3 %. 3TO OSHaQaeT'4/TO aKER-

BaJIeHTHOCT:b PS Ii PV cBHseft npa ImSID'IX aHepI'IDIX 7 He napy

~ illaeTCH aa CtIeT yqeTa a~KTOB OT.u;a~. 
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Ta6JIlw,8 r.	 3aBHCHMOCTI> KBa.n;paTa KOHCTaHTIl lIivN'-BepmIDm OT
 
panayca MelIlK8 R (I croacen) , II CTOJIOen; - 6e3
 
y~eTa OT.n;81lH (cTaTH~eCIm~ -CJIY~a~; <PoPMYJIa(I3).)
 
ill cToJI6en; C y~eToM a~KToB OT.n;a~ (WCPMYJIa 12).
 

{ (.3~.)2
SKcrrepHMeHT : m,vJoJ = 0,0729 --:--- 0,0784 Iii t . 

I( (fm) U;~~·/ (fot~. ) z 
ITrv'" 

\ 
0,8 0,0532 0,0848
 
0,9 0,0522 0,0809
 
1,0 0,0532 0,07'79
 
1,1 0,0532 0,0764
 

Teneps , SHaR Trf'v'tI- Doplmmy, MOJltOM OlJ,OTUtTb nrtJIo~ o!Ix~eltTOB OT
.n;a~ B aMITJIl'rTY.n:y yrrpyroro 1f7V -POOOOfIllPlJ1. ,11;umu pnOOOIIUitJl onpe.n;eJIffiOT-

CR CJIe,IJ;yJOmmvtI'! epopMynnrvrn 1I2!
 

0 0 == {.Ct";1 IQ (It.)	 ) - nnJIIIbt,J	 ~ 
Ie .) () ( 14) 

0. : (cIA' I, (tc'/,,-	 MSI p - nOJIHU,
y ~r. 

r~o If (Il) - nn,IHtHnm,lIon IlMT'tJlHTy,nll, OOOTnOTOTUYInII\nIt Ord~TnJILHOMy MO-


MonTy r. • I1[JI)ImI1111l11W' nMMlfT,y,nll DIN~OJIHM n Clo11J!onOltOM npn6JIRJKeHlllJ
 
(OOOTnOToTD,yItlIUin rotnrllQMMJ! 1l0ItonnJIU nn pllO. I) n n0l10JtboonOHR8M cI>op

MYJt (2)-(G) "' (II)-(I3).
 

\ I , ~	 , I 
, It' Iff , '"	 , I 

\ I , '"	 , I 
-, I	 , ~, 

..... \1q -~C\ 

(a) (6)	 (C)
PHO. I. 

)UIarpaMMl:l .u.mr TTtJ - paooeJUUUI B dopnoBOltOM TIpndmmeHID'I. 

HeTpy~o yBH,JJ;eTl>, ~O. COrJIaCHO (I2)H (13), BRna.n; ar~KTa OT~a~
 

B IIOJIIOCHHe ,IUiarpaMMH (a) l'I(o) CBO,JUITCR JImnD It rrSpSHOpMHpoBItS ltoHCT8H
Til' TlNtJ -Bepmmui B OO'OHX ranax cMselJ.
 

1-. -) f, (i'" J- )	 ( 15) 
)lrtJfIJ UN~ \ M r<. ' 

Pac~eT BKna,IJ;a aTI~ ,JJ;llarpa~ B 60pHOBCKyro ~TY.n;y .n;OBOJIbHO rrpOCT, 1 
II MI:l ero rrpHBO,JJ;RTl> He 6y.n;eM (CM. KHlfiTY /12/). 

4 

IIepeM.n;eM K paccMoTpeHHID .n;l'IarpaMMli plIC. I(c). 
,lJ,JIR Y~8Ta BKJIa.n;a "KOHTaKTHOM" ,IU'!arpaMlVIhI: (C), CJI8.n:.veT Bbl'tfilCJIHTl> 

1yr2.ql _ BepIIIHHy C HCrrOJIl>SOBaIDIeM raMl'IJIl>TOH1l8Ha lTlr _ BSaHMo.n;8MCT
BHM C PS- H pv - CMS.fIMi.i (3) II (5) COOTBeTcTBeHHo. KaK HS
BeCTHO /5. 7/, B CTaTH~eCKOM rrpl'IOJIH~eHHll BKJIa.n; H!5 B aMTIJIHTy.n;1l 

rrpon;ecca (c) paBeH HyJIID. Hailll'I BU'tfilCJI8IDIR C HCrrOJIl>SOBaIDIeM ~OPMY4 (3), 
(6),(7) H (14) rrOKaSaJIH, ~TO B CJIy~ae PS - CBHSH rrorrpaBKH sa c~eT 

a~eRTa OT.n;a'tfil H8cYciecTBeHHu: 

U~{I'S) :::0; <Xj..(1'5) ~ i '" 0 
( 16)It(H t VI1JM Q.. 

B Pv - CBfI3R BK1Ia.n; B ,1J,JImty S -paccemum ,IU'!arpaMMhI (C) 
RaK B CTaT~eCKOM rrpHOJIH~eHHl'I, TaR H rrpH Y~8Te 8Q~KTa OT.n;a'tfil,Orrpe
.n;enReTcR Bllpa~eIDIeM 

QC If'vl _ (J..Qi_Q~) m
 
o - 8np- •
 

(17)
21 

rne Q - rrpoeKIUIoHHIDf
u 

oneparop B COCTOHHHl1 C rrOJIHllM HSOCIIHHOM Cl1CT8
fvlli I. Hs annoro Bl'I.n;a Tffllf\l- Bepu.rnHIl BHMo, 1ITO OHa He .n;aeT BKna,IJ;a 
B S - BOJIHOBOe paCCeRHH8. CJIe.n;OBaTeJIl>nO, B 60pHOBCROM rrpl'IOJIH:lK8IUm 

S - BOJIHOBaJI ,IVlHHa 0-0 ueJIHKOM orrpenexaeeoa KOHTaKTHoii ,I(l'Iar
paMMOM (pRC. Ie), T.e. 

(2o.~ Q3\0. 0 - .J M . 
- ~Tff-

STOT pes-yJIl>TaT COBrra.n;a8T C pesyJILTaTOM pa60Tbl /5/, IIOJIY~eHHoM B CTa
TH~eCKOM rrpHOJIl'I~eHHl'I. 

KOHTaRTHaR ,I(l'IarpaMM8, nrpaKXJ{aR OOJILnryID POJIl> B pv - CM3H, 

MeT TaKiK8 BKJIa,IJ; B P -BOJIHOBOe 7T N -BSaHMO,I(eHCTBHe. 
Pacxer aroro BKJIa.n;a B,IJ;Jil1llli TIN-pacceanaa CBO,JJ;RTCR K BU'tfilCJIeHHID 
MaTpH'IHOro SJIeMeHTa no COCTO.!lHIDIM TrN -CHCTeMll OT rarvmJIl>TOHHaHa 

H[V (5), H npanenea B IIpRJIo~emrn C. 3TO rrpHBO,JJ;RT R CJIe;nyromeMY 
pesyJIl>TaTY: 

~ :: Ct~ (C-r«.T.) + A()..~ , 

r.n;e 

tA~ :: -(10?-ci) [g\i 1~1J) ~ q~( {- ~ti) }C-(8f~/TMr~ 

5 

http:BKJIa.n;a


C~PYH nee ;rr;r,mrpaMMhI pnc , I, rrOJIylIaeM pesyJIbTaTbI, npasenennue B 
TaOJI. 2. Ms TaOJI. 2 BM.n;HO, lITO BKJIa,n; oycTa B ~HHbI ~N -pacce~iHH B 

PS - CBHSl1: O,IJ,.l-IHaKOB BO ncex KaHaJIaX ( ~ 17 %). lITO BbISBaHO TpE'
BMaJIbIillM l1:SM8H8HM8M TltJN nepman (12). IIpMCYTcTBMe JKe "KoHTaRTHoM" ,1J;l1:

arpaMMbI, T. e. 71TTN/II Bepmmm B pV CBH3E' npasonnr R H8JIE'He:a
HOH SBBMCl1:MOCTH BI01a,n;a oyoTa B OOpHOBCKHe aMnrrMTy,IJ;bI lTN -paCCeHHMH 
OT 3HalIeIrn:H OpOMTaJIbHOrO MOMeHTa TIl'!... CMCTeMbI. TaK, nanpaaep, B S
-KaHaJI8 paCCeRHMR BKJIa,IJ; OTAa'll! pasea HYJIIO. 

TaOmuJ,8 2. .II/IIDlH iTtJ-pacceJIHIDI O-~l,!J ( B es· M-I'U'~liO-~) 

C y-qeToM OT)l;a~l (lli,IY CTOJIO~bI) H oe3 YlIeTa OT,n;a'll! (TI,IY CTOJIO~bI) 

pv
(CTCATul'-) 

N 
(l')T~dZ.) 

pS 
c. do.:r) 

P5 
(o'fOa 2 ) 

- o.~ 

o!0 

0:,3, 
-a?l 

u l ; 
- 1 

a."- I 

89,0 
179 
64,1 
21.17 
21, I'7 

171,5 

89,0 
179 
78.64 
21,66 
28.33 

215.6 

0 
0 
71.32 
35.6 
35,6 

142.6 

0 
0 
86,05 
43,16 
43.16 

172,6 

ECTeCTBeHHO oxn,n;aTb. lITO TaKaH SaBHCKMOCTb a~KTOB OT,n;aqz OT CIlH
HOBora COCTOHREH 06~CHHeTCff cneUB~lIeCKHM BH.n;OM orrepaTopa 6Y.CT~ 

~_) (7), KOTOpIDt "paooraer" TOJI:DKO B CrmHOBOM npocrpancrse 710 • 
r 

B SaKJIIOlIeHHe rrepelIMCHRM OCHOBHHe pesyn:DTaTbI: 

1. B KMM y'tleT ~cIxI>eKTOB OT.n;a'tIl2l B IfNfl! - nepnmne CBO,IJ;:H'TCH .It 

nepeaopaaponse ROHCTaHTH BsaEMo,n;ei:tcTBIDI fffNtV , SHalIeHHe KOTO
poa ny'tlille cor~acyeTCH C aKCrrepnMeHTa~bHHM pesyJI:DTaTOM, lIeM B CT8TH
'tIeCKOM rrpHOJmJKeHHH. 

2. ~KTbI OT.n;a~ He HapymamT SKBRBaJIeHTHOCTH rrceB,n;OCKaHHpHOa 
H noeanonexropacz CBR:Sea TT?9 Bepnnm. 

3. ,BKJIa,n; aqxpeKToB OT,n;a'tIB B. aMIJJmryy,IJ;y 71,.-/11 - pacceanaa CMbHO 
saBHCHT OT rr~ora MOMeHTa CHCTeMH, 'tITO oOYCJIOBneHO ,n;eftcTBHeM orrepa
Topa dycTa Ha CrmHOBbIe rrepeMeHHHe. 

TaImM 06pa30M. HaIIm onenza rrO.KaSHBalOT, 'tITO aqxpeKTH OT,n;a'tIH HI'

pam cymecTBeHHyro poas B .rumaMPIKe rrt''''- BsaHMo.n;elcTBHJI.· 

ABTOpll oaaronapaa II.H. BoroJDDOOBY, C.E. ThpaCHMOBy, H.A. Oapn
KOBy sa noaesaae .n;HCKjTCCHH. 

III 

IIpMJIOJKeJrne A. 

~eCb MbI rrpHBe,n;eM rro.n;pooHbIH BHBO,n; ~PMYnbI (10), ffBnHIDmeHCH 
O.n;HI~ lIS OCHOBHbIX pesynbTaToB ,n;aHHofi paOOTbI.' 

)J;ur. y,n;OOCTBa paCCMOTplIM BeplIlIDIy nornomeuaa naoaa 1Tbt)-t-NcP)->/I!(P'). 
IIpe,n;cTaBlIM ITHOH-KBapKoByro BepmHHY B cne.n;yIOmeM Bn.n;e: 

ulTq,,(f(.)=. ii (drq:(()Sp-:roj'..-Sp~1o(f)J(r-R)ei~'~ if'I(K) (A. I)
Zf ) ",. ;l,f ~ 

rne no-npeaneuy p'=P'4 t?; Sp:: (()(p) + ~)); Sf 5_1 z: 1

BCP) = 1. + P'iSM!; Cf. (r) ( ~~! e{ ))1 e-~w.~ d.~ z; ~olz: 
." l..(r-r) r ) 

U (r) ~ rio J~ lWJj!lIii' ~ e(rJ z: ;'110 .it (I!f!)/ tfiIii' 
ltJo =W o' [2(wo-l )l J.(<<Ja) R.!> r. J:Cu.Jo ) := ~ (U>o) ) 

(A.2) 

W o .:: 1,04. 

TIo,n;CTaBliB (A. 2) B (A. I) H orpaIDI'tIMBaHClJ 't{JIeHaMH nopansa ( p~ !'''() 
I10nYlIaeM: 

I(K) ={)(KLJlj(K) + Iz(K)/:L M, (A.3) 

r.n;e 
Il(~J = 5(r(r)()o~s9D(r)eit:"'rdr J((-~) 

(A.4) 

IL(t::) = - Jc1rlf:'6o~5"(jtJ:)9o el,c'rJCr_tL)clr. 
(A.5) 

HHTerpHpOBaHHe rro yr~OBHM rrepeMeHHbIM B (A.4), (A.5) ,n;aeT: 

5q: ~o ~s 9 e"I'd; -= 8If (<f it) U(v) e(f) r.jJ7:}/r: (A.6)
0 

5(r ~o ~5 C~; No eii'rdr- =: (rr iZ) [ze./'(()/(tJ/l - te]yJi(c) 
(A.7) 

- (l)~(r'+et(r))J;('l:)J ; r=I<V 

(CM. rrpR1.IOXeHHe E). 

1
 
C1.Ie,n;OB8Te~:DHo.
 

Ij.(K):::' 8Tf(;r)(Z!>ll·(~)i.(I<=rt.)/KTt. 
(A.8) 
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'AHaJIorn'tfiIO 

I ( 1( ) =. - (iT~) 8Tf Ul(~JrI. ..t [ ~'(e) Ii -jo(l:) - ~ (l:) } ( /t-9) 
1

2-= /<'12-., 

KOTOpaH 6JIaro~aPH COOTHomeHKro nJIR 6ecc~SBHX WYH~n:
 

J~_}'I,) -+j~~/l<J =(21-1 +LJJ~(X)IX
 

IIpmrnMaeT TaKOn JKe BH,IJ;, 'ITO 11 L,CK) ,T.e. li 
l,~(IC) = i6T1(~~)'(l..2-lAtc~)i(z-)/l.	 (A.IO) 

IIo,IJ;CTaBHB rsrreps (A.G), (A.IO) B (A.3) 1I 1I0JI:baYJIC:b (A.2)? rrOJIy'IHM: 

I (~) = (;~) W o	 U-stCKRJ (i + ~/8"e' + YM f?-), (A. II) 
3 Cwo -1.) 

rne u" (l:~>-= 3j,(K~ - "CTaTlI'tieCKHH" qiopMl>aKTOp / 3 /. J.I;m rroJIY
'1eHlIJI WoPMWaKTopa rgff#~-BepillRHU rrOCTaBHM (A.II) B (A.I) H npoBs,n;eM 
ycpe~eHHe rro HYKnOHHHM COCTOJIHHffM B peayJI:bTaTe 

(fIJI'! 5('i!C(f'~) WO v..Jt(~~) (1. + i::/aNt + lIMP-).
iF (IC}..:: l&f(oJo-L)	 (A.I2) 

B C.U;.M. £N, -C~lCTe;'Illi(p':~wopMYJIa (A.I2) rrp11MsT cJIe~i BH.r~: 

N 

IF "ei') -=: !i<."E'c(f-;')w o (1-+ j./MR)UY-(~) i i(;~) v~ UL~) £ lI fr-e c,) 

18 f (tUG -:1.)	 I'Y1 
,,? 

r.n;e Lf~(~) ~ (J- ~ ;!JM t + JIM~) v!t(~r.) /(1. 4- ~R) u..f"70).= ~. 

-JoffNt~c.J':: f:''''(staf,) (i + LIM,:!.) . 

Haxoaen, 'aaMeTHM, 'ITO KOHCTaHTll Tlt/b II ns» BeplIIHH JIerKO Mory,T 
6!iT:b rr0J!Y'tieHli H3 qiopr~JI (A. I), (A.II) B pansax Sv(6) -cMMMeTpHH 'l6/. 

.IIpHJIo2KeHHe B. 

IIpoBe.n;eM ~ Y~06CTBa .n;aJI:bHe~ CCRnOK ¢QPMYJIH, 'lSCTO BCTpe'tia IJII 
" eMUe npa pacxere B Mo.n;eJUIX MeillKOB. IIOJI:baYJIc:b (A.2), JIBHHM BJI,IJ;OM MaT ! 

pan .1LHpaKa H CBOnCTBaMH MBTpHn IIayJm 

1.. 0) , -- (0 ~) . i (i 0). (0 -i.) -, 0 ..... 
(0 z: ( 0 -1. )	 (r:: \-f" 0 J = 0 L ) 't5::' -L 0 J o; = (of c:;- ) 

(<fO:)(~f) =: (ctg) + L<f'[~g}; [(;<i'),ci{)L= 2i(tf~[O:[J); 

(f&.)<.if{)(~O-) = LciQ)(lf()- «(f(;-'» ~ {((lQ),u(e) J+ = 2C~i) 
» 

JIMeeM: [C;).'et),(ci:i)1 = 2-e0.6) fl' [(~cf)(~'f)J_ =: z<ciCQi'J i ; 
(cf'~ ) (,j'(}(j.'c

Y 

-z: ;.({c)(£ct) - (X{) [utG') + i.l(rTc{cJ)J; ) 

~:(lI)(cr-o.)iqo = u-ei'ci) + j, el. ccrr)(o.r) 

[rev) cfi!O?Jlqo	 =- cr;(t"l «({7)r,,9oo	 , 

r.n;e 
U~U(V"I) f=((v)j ur=ul±eJ

1+ 0 9 = U_;	 r Os 9 z: 0 j q; (ct.X) <:to == i.. u·e. [(;'0:) (i'P)]_
0 0 0 0 

9o +-ro (~tHo = 9o~ (i 0:.)10 ::::: t ue (O:v) ~ 1 + oo't,/1o =- -1-( uecfff};0

90+(Q(fO-)i~:: ?otosooCi!D:)Cfo := u+cw(1) -1 e\j?r)(rD:). 

IIepeaneM Terrep:b K WYP:be-rrpe06paaOBaHliffM H BBeneM CJIe.n;yromHe 060a
Ha'tieHJIJI: 

<f > -: Je(Q->F9;Cr) i uur , Xz: [jC"~--'>J 
f. • .

1 (q) = <tit Jr'dr [ u+Jo (c) - ite.!~ rl.)/Z J 
o 

R. • . 
:Iz (q) z: Itil f r'dr [LC Jo(f:-) f- 2 e.~ (l:)/l] 

o 
I! . l.
 

))1) .: Ltll Jvldr J" (i:) c .z (~ - 1,)/1
II 

e . 
1'1 (9) z: 'tif f yt.c;lr u. e. J:1.. (l:-) ) 

u 
( . 

J. (q) z: ~lTJrLJr V t loU) ) 
o 1!. • • l )1/Jr. (-=t) ::. 4rrj rlJr [jo<~} - J,(l'J/l-]e = (Jr('lJ-1r.{q) /:J, I 

r= 7(; J.,.(0'1)':: Ijii!r1olr[lJfoj,,(rJ-.telJ;(t.)/-l] z: (:!,Ul).v:lr(e,))/t.,. 

8	 9 



Tor.n;a RMeeM: Ha rrpaKTRKe y.n;06HO rrOJIl>SOBaTl>CR CJIenylOlltlIMH arrrrpORCHMauaHMR HHTerpa
(1) -= 1s {ct) )· JIOB ]j(q) 

<KJ.--» ::: -.2-t (02 [K'{fJ) 1., (tt)jIlft 
J, eLf) ~ '3 J:(Cf,t.) ]JO) .i l,lo).:: 1;(D) z: UJ0cwo -.i) .i 

<1f'J) (iC'j) > z: (J!'K.) J;,-('i) + i (rrX)Jz (q) - J.-i (:tfJ (<r-;>itJ.f.3 ('I) / I ii.l / 9¢ 
:& (~) .::. c.H. -l,l.( i - x12) - c3 t j!2. ~ ~ (ctJ z: .2J/q) -{- 1. e'1) 

<(K'gI.~)(r1~)i,> ::: - J~ (tiJ {(O7 ,c}) ((f,c.)(ri'cl) - (~q-'>}(ifi'-')((f'~) Jljft ) 
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