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B ilOCJie,nHee BpeMff no~epraDTCH HHTCHCllBHOMY TeopeTH'leCKOMY HC

CJie~OBaHHID npoueccH pacceHHHR ~HOB UpM BHCOKHX SHeprHHX. OcHOBHHe 

SRCnepHMeHTaHhHHe 88KOHOMepHOCTH pacceHHHR ~aCTHU BHCOKI~ 8Hepri!H 

ll08BOJIHDT ilplrnJIC~I> K HX mmcamm MCTO,ll;hl, 6JIH8IDie SHKoHaJIDHOMY npH-

0JIHKeHHIJ,JII8BeCTHOM;y B HCpe.miTJIIBUCTCKOR KBaHTOBOH MexaHHKe/1/, 

3aMKHyTHe BhlpaJtCHJIISI ,ltJlH ~y~aCTli'DihiX aMIIJIHTY~ 6WIH llOJIY'ICHH, 

llCXO,ltff HS KBa8llilOTe~ani>HOI'O ypaBHeHJIISI JloryHOBa-TaBX~ae/2-5/, 
MeTO~OM ~YHKUHOHaT;I>HOI'O 1/IHTerpKpoBaHJIIH B KBaHTOBOH TeOpHJII UonR/G,?/, 

CYMMHJlOBaHHeM ~arpaMM TeopJIIJII BOSM;YilleHru/
8 •9/. 06o6meHHoe aih<oHani>

Hoe upe~cTaBJieHJ/Ie 61mo nony~eHo Ha 6aae KBaa:moTeHUlffiJil>HOro ypaDHeHIDI 

Ka.zu,nneBCKOrO, ~ypi>e-aHaJIJIISOM Ha TpexnapaMeTpH~CCKOM Hea6eJICBOii rpyn

ne TpaHCJIJ1UJIIR, BJiollteHHOH B Ka~ecTBe no~pymru B rpynny Jiopelll.(a/10/. 

HeKOTOplle BOUpoC!l SHKOHaHI>HOro npH6JIJIIllteH11ISI ,IVLii Cl!CTeM11 TpeX 

TeJI 611JIH p8CCMOTpeHil B HepeJJHTJIIBHCTCKOil KBaHTOBOM MexnHHK/Il •12/, 

a TaKllte c noMOillbD peJJHTJIIBHCTcKHX ypanHeHHii KBaHTODOii TeopHH nnnH/13 • 1~ 
B HaCTORmeii pa6oTe HCCJie~eTCH 3HKoHaJII>HOe npl16JIJ/Illtelrne B 

/15 16/ 
peJJHTJIIBUCTCKHX TpeXMepHilX Tpe~aCT~IIlX ypaBHCHHHX ' .QUHpaHCI> 

Ha peayJII>TaTu pa6oTu/1G/, 6y~eM Upe.IUIOJiaraTI>, 'ITO KBa8liilOTeHl.(JIIaJIH, 

COOTBCTCTByl!lqRe B3aJ1MO~eiiCTBillD ~yx ~aCTllU, JIOKaJII>H!l. B § 2 BBe~eHH 

nepeMeHH!le peJIHTJIIDHCTCKHX OTHOCUTeJII>HhiX HMITYJII>COB ~BYX tiaCTHU, 

y~o6Hue .ltJlH pac'leToB B nMnyJII>CHOM npe~cTaBJieHHH. B TpeTI>eM napar~ 

UJlOCYMM!ipoBaH 6eCKOHe~ JlH,ll; BCeX Tpe~CTII~X ~arpar&t, B KOTOpllX 

OTCYTCTByeT B8a11MO~eiicTBiie MeJIUU' KaiD1MH-JIH60 ~YMH 'laCTUUaMJf, D a:ih<o

HaHI>HOM UpK6JIHllteHHH, KOr~a C06CTBeHH!le 3Hepr.HH ~yx OCTaHI>HilX nap Be

JIHKH no cpanneHHIO c nepe~~eli HMIIYJII>ca ~oil na qacTrm. B § 4 

nOJiy~eHo BllpallteHHe .ltJlH aMnJIHTY,ll;hl BllCOKOaHepreTHtiecKoro pacceaHJIIR 

Ha CJia60CBH8aHHOil: ~y~CTU~Oii CHCTeMe. B BUBO~e ~eHH Bee HTe

pau.HOHHHe ~eHH nepepacceHHHR. 
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§ 2. BH6op KIIHeMBTR'lecitk!X nepeMeliHWt 

PaccMOTJUIM KBa3lliiOT6HUI'IaJII>HOe ypaBHeJme ,nJIIl aMILIDITY.ItH pacceJI-

mm ,nnyx 'lUCTmJ; C MaCCaMll i:1t .H fYiz /!7 ,!5/ 

,.:., ·,-;:"' .... .·., ." X r'f? f., K7.) t~ T /f r,., f) 0 
1 tj, ~ "Y-

If-'"',·- /J_, _, + ' 
f ;t,'r,)- 11 ~·;:.'1:) c.~(i)L{(tc-:_)jt.J:.ftZ)·t..(r":)-1;-;d (2.1) 

r,ne { , K· H iT - TpeXMepHh!e RMIIYJII>Cll f-oil '!acT~UW: 
COOTD6TCTBCHHO B HatroJII>HOM,IIpOM6lKYTO'lHOM .H KOHC'lHOM COCTO.IIHKIIX 

[J (.k->.)-:: /ft. L~/'lf' 
• ( I I 

P" (t;, r,.~) = (!?, ~~ ,() = (O, i ~i_) 
. ( 1\.... /()2\ .... P c:: fL P/1:- ~ rf. /f?. 

'IL @ 

/
)2 L l. p~ 

E (, I'\ •1>1, ·111, /::><) 1-M l .J<-<2. 
, 1- P · 2 tp· Y1 E, r! p:: 

2 
rb ' aRepru I H II 

(2. 2) 

(2.3) 

'lUCTHU COOTBCTCTB6HHO D IIX C!lCTeMe UCHTpa Mace. HeKOTOph!e CBOHCTBa 

nepeMeiiiiLIX l2. 3) oclcylK,I(UIOTCJI B pa6oTe/!S/ • Mu JII11111> OTM6TI1M, 'ITO Ha 

Maceo noli nonepxnocTn 4-nertTopu P H o:. f", f.- €, 1~ y,noBJieTnopmoT 

COOTHO!llCHru:M 
I jip~ 

1 )2 l. t)Y ·"' )1)2 /.. ) . 
-11 1) + t· - i(1 .. ,2 +rn,' -e"'/-M/ = o 

/D )-= 0 
(I p . (2.4) 

BTopoe paneucTBO ,rum R3BecTHo ,.fiBJIReTCJI yCJionneM MapKOna-IOrulBu/19/, 

6Jial'O,nqllfl 'l6Mf MOJKHO orrpe,neJIHTI> 'leTBepTyiO KOl\IIIOHeHTY B6KTOpa ( 2. 3) 

CJIC,nJ!OiliHM o6pa30M: 

r· o .. 
, • .=.~ 

p~ (2.5) 

U, HUKOHCU, peJUITI!DliCTCKllli OTIIOCHT6JILHUti Hl\ffiYJII>C r 3~3TJ:. B cpopMe 

4 

.: = /lp f. 
r.ne /lp -MBTpHUa Jiopeuu-rrpeo6paaonaHM, 

(2.6) 

nepeBO,nflrjM 4-DeKTOp j-:::l 

B (tiP'- o) ;:P-......, ... ) 
) iJ'-= -~- _ __. ( t e 

~ t P e.;_.. __.r ~;L..::.-f_fi5_:) ,-:-J ) f,=O. 
(2.?) 

3aKOH IIpeo6pa30BaHHJ! <lJa80BOrO 06'beMa llliTCKaCT ll6JlOCpe,ncTBeHHO H3 

(2.6) 
~ .. 
!:. ---R 

/I 
fi52 (2.8) 

KaK BI1,ItHO, ~pAyJia (2. ?) OTJII·I'!aeTCfl IIfOCTOTOirt OT COOTBCTCTDYJ0-

1116it qJQP,IYJW pa60T!l/IG/, B TO lltC BpeUH O'lCD:i,JUIO, 'ITO Ha MaCCOBOH no

BepXHOCTH F! :: {v~ (i>-) • ~ (f) ORH COB!Ja,naiOT. 
0 I, L 

!IOCJie H6CKOJII>KO rpoM03.nKJitX a.n:re6paii'l8CKllX fi}lC06pa30BaiDiii UOXHO 

IIOKa3aTI>, 'ITO Hlll!JC KBa3>'1fiOT611Ul1aJII>ll06 ypaBHCHUe (2. I) B rrepel'.teJIID!X 

(2. ?) npunn.~aeT BIUl 

~'(p ~,c}if(P·,} [ i?Pe:rJa '(1?.-J.It Kif:,~fJ 
'! 1 ~t J j 2 'U l)t.~ riJ/L~ rrJ.r{ r[)- yp.,q <2.9> 

r.ne 

a z(i? t):: f} ~ (i"",)tJJF,_}/ J!75~~£.~ ({)·L~ (P?] 
VfY ~ rtJw; (,f)[(!+(.~(,<:), t.~ r~:~J.] • 

)( P 2- (t"~ (J/)- c~ r f J) z 
(2.10) 

l?l.- rr~~ r /C~} -u. r F.J)2 . 
lleTpy,nHo y6e.nHTI>Cfl B TOM, 'ITO l'vUIODTeJII> a (I!/< .... ) Hn l.laCCOBOM IIOBCllX

HOC'l'll l a TOKllte B CIICTeMe U611Tpa MaCC P = 0 ) o6pamaeTCfl B e,Jtli-

lmUY. IloaToMy WYHKI.UIH 
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C3.t3.3 
K-3Jv'+ 

A 0 H 0 KBHHHX:HA3e 

3HKOHAAbHOE ITPMBAM*EHME 

P2 - 6931 

B YPABHEHMHX KBA3MITOTEHUMAAbHOrO TMITA 
~ PEAHTMBMCTCKOH CMCTEM~ TPEX TEn 

1973 
. AASOPATOPVIA 

TEOPETVIYECHOiil COII13VIHII1 



T(f! f f-)= Q_-Jrr:f J i(q f,f) a.- 1 fr:rJ (2.II) 

Ha MaCCOBO~ llOBepXHOOTH COBn~eT C ~SHqeCKO~ SMnnHTy~O~ pacceR

HIDI, a ypaBHeHHe ~ Hee HMeeT BH.lt 

i (r; l r )~ vrr: ~ r )i Tfl?t:tY!~ Vr!?uJ 
- -- 211/""')'l( .. )h lr;.. (2.12) 

r~e wJl~ v._ ~/L~f()f"l~Jf)-v'P~,·lj ' 

V(P; lf} = a· 1(f!f) fi~ffj r.r)a·i(f?f) (2.!3) 

Cor.naCHo pesynTaTaM pi6on/16/, ypaBHeHHe .(2.!2) nosBOJIIleT ... 
CBIISST:b RBaSifllOTeHitlffi,7m napHWC BSSHM>~e!CTBJtll /{ C JIOKam.Hl:!M KB83H-

llOTeHUI1aJIOM V (E f-f) , Sa,naHJWM B CHCTeMe D;eHTpa M8CC ~BYX 
qacTxu;. A HMeHHo, H~ 4JYHKD;D> V (Fjf 1 f) MOJKHO HaJI<W1Tl> yCJIOBne Jio-

KaJI:bHOCTH ;mma 

v fq f, tJ = vrYi5; !-! J, 
(2.!4) 

OTRY.I\a HMeeM 

Rtf~; f, rJ = a (1,}--J VffP: f-! J a fr:tJ. (2.!5) 

KaK llORaSaHO B pa6oTe/IG< RBaSHllOTe~ B qJQPMe (2.!4) MOXHO HC

llOJI:bSOBaT:b ~ HaXOJitlteHIDI He· TOJILKO .ltBYX'ISCTH'IHWC, HO H Tpex<laCTHqHI>IX 

8MDJIHTY.lt paCCeRHHR. ~e STO 06CTORTeJILCTBO 6y,IteT cy~eCTBeHHO HCllOJI:b

SOBaHO ,u,n:Jr paC'IeTa HeKOTOporo RJiaCC8 Tp8X'ISCTlf1UWX ,ItHarpaMM B SiiKo

llaJI:bHOM llpH6JimteHIDI. 

§ 3. Ynpyroe oacce.nHHe TOOx qacTIIU npu wcoKliX aHeprwx 

Haii.zteM aMIJJIHTY~ ynpyroro pacceRHHR Tpex oKaJI.fipHWC 'ISCTHD; c 

llOMOIIlJ>K) TpeX'IaCTH'IHHX ypaBHemtii/!5/ B IIpH6Jimte:mm napHOro BSSIII:MO,ll;e!-

6 

.\ 

CTBHJI, BCllOJILSY11 ,ltByx'laCTlAHHe Kl!8SHIIOT8HD;H8Jlli BH,Ita ( 2. 15) • 

IIycTI> lrlt, m2 , /YJ3 -ua.cc~>~, a b ,P. ,D II aa,Q -u<tqaJILHue H 
It " I!> ~'fl /1 

ltOReliHHe COOTB8TCTB8HHO 4-HunyJibCI>I paCCMaTpHBael!I>IX qacTHU. :.!hi 

HCCJie,ltYeM MO,lteJI:b Bi>ICOROSHepreTH'IeCKOrO pacceRHHR Ha M8JII>Ie yrJihl, 

a HMeHHO,KOr~a C06CTBeHJWe SHeprHH ,ltBJX nap 118CTJJD;, Han:pHMep, (~rt1 ,1r7J, 
K ( ,.), rn1), BeJIHRJI no cpaBHeJUIIl c nepe,Ita11ea HMIIYJI:bca RaJitltOii qacTnD;bl. 

B STOM CJiyqae, KaK 6WIO llORaSaHO B p3.6oTe/4 '5/, BSSHMO,lteiiCTBHe MeJitltY 

I H II, a TaKJte MeW Ill H II 'laCTHD;aMH K>lleT 6uT:& onHcaHo r~DIIH 

RBaSHllOTeHD;HanaMH. 

llli He 6y,lteM KOHKpeTHSHpoBaT:& BH.lt l}iyHKUHH V (f, f-/), a JlHIIJ:& 

nbTpe6yeM, 'IITOOI>I OHa npH HHTerpHpoBaHHH IIO l!MIIyJI:bCSM ~BaJia C~eCTBeH

HUR BMa.It JIIIIIJ:& npz .ltOCTaTo11Ho M8JiliX nepe~qax IiMIIYJil>ca. (B 'laCTHOCTll, 
• o..{,~-/" 

nOTeHD;HaJI rayccoBCKoro Tlllla. V:. ij,.S l ! ! HcnOJILsoBSHHUi! B pa6o-

Tax/4·5~ Y.ltOBJieTBopaeT STOMY yCJio:mmJ. 

.atiiHilJeM HCXO,ltijOe YJnBHeHHe B CHCTeMe D;eHTpa MSCC TpeX 'laCTliD; 

/'(( R; ff}dfJ)-= 1(/~j ft1Jf})+ 

_ r lfrP.; fl}J£·)) (tiKJ 1c (I?,· (~ji(f)J 
+) 2 tit fi)t1J()t.J,fi;)[~r£;J..V..f~).ft,fsti; )-/?-,-£} <3.n 

r,lte 11: -HCitoMWI TpeX'IaCTH'IIHM aMIJJIHTy,lta JnCCesiHHSI, CBIJSSHHWI C S
-MBTpHD;eil CJie.JtYIOOP1M o6pasoM : 

(~'e. i; IS I[,~~~>=- frf!- (J Jr,: -f)j(l{-f:) t 

,J-k 
• ((4) /p 11) r r7 "'~ rtr) 4 rz .. J It 't If?_ I t-1. tt) 'C i Vert:) +t'iTd. tr l(JLL c c If.-~ e- c t. 

(3.2) 

l(l-~ ypaBHeHHII, ItMe~ee Bll.It 
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3 1 

~ mr;;>Jf))-=£ (rrt-tJc-~tt)tl/tJt{ffe·uit?ttc"'il-t)a~(r), (3.3) 

f() , (f) , ( K) - COBOltYilHOCT:b COOTBeTCT:OOIIHO Ha'iaJIDHmC 

KOHeqHlQC 11 npoMelltJTO'iHHX MMIJYJII>COB 

Jt = c/~ r/1.~ Ji: /(t:: + £: -t,t~ ) • 

0TMCT11M, 'iTO pcJIHTHDllCTCRii€ OTHOCll:TeJI:&Hble l!MnJJI:&Cll f...oii ,ItByx-..., .... 
qacTllqHOJii llO,l(CHCTCMbl f. , ~ ' tiJRrypnpyRJlllll:C B (3.3), onpe,l(eJIHIOTCfl 

-e -
no c!Jopr.yJiaM § 2; MMe..'! B pomt noJIHoro 'ieTUpex-m.myJIDca )(Byx <roCTHU 

prz~ I 1?-t.l tit J -5') 
c ( 1 o e I e. ' le (3.4) 

Hac UHTepecyeT pelllelllie ypaBHeHKf! (3.1) Ha MaCCOBOH no:sepXHOCTil B 

K!tlleMaTINeCKOll 06JIUCT!I H3MeHCHwl apryMCHTOB 

I (f,- !12.; ~< j 
{~r ;;f 

I (!i-~)~~1 L'~ f. 
~ ~~) (3.5) 

IlOCKOJI:&Ky B o6JiaCT!l (3, 5) Co6CTBeHHas:I 3HeprWI 2-<>ti ,ItByxqacTINHOif 

ITO)(C.iCTeMU OCTaeTCfl IIpoH3BOJIDIIOii, Ml:l 6y)(CM HCKaT:b perueruiO JpaBHCIDUI 

(3.3) 6es y'ieTa BSaJiuo)(e.t'rcTmm Me~ 1-o~ K 3-etl <roCTI~aMn. HeTpy)(Ho 

Dl!,ll;eT:&, 'iTO B TaKOf..l CJIY'iUe J!MeeM 

tr 1 J { = IJC' • .... ... t:=I t-~ft > -=L.lJ~('l) 
e 1~ <' c (3.6) 

::: j;;;1 k .. /?tr-·l }t-~rl) £ (sc, -t~) .,_ T, 
r)(e jl - @ISINeciCte )(Byxqac'!KtUJHe ru.m.miTY.Illl paccemlllfl l -of. <rocTn-

uu Ha j -oil . (t 1 e F I f. l) ' CBii3ilHHI!e c l~memteM )(ByX'iaCTII'l

HOro ypaBHCIDUI i.2.1) B 3i:iKoJIDJII>HOM nrJIIcJJ[M;:tmnm. ~, , t ~ - COOT

BCTCTBYDitne HHBaJ!HaiiTin.:C uepeMelllille 3HCprdl It otO JCJ{atl •. 

•• 

( 

~· 
~I 
:·· 

:.~{~ 
·~ 

s~ ~ (t --~;/ 
tl=(~-9,/ 

s: = f;;~t:Y 

t._;(?,-'l,);z (3.?) 

Cf:' - 118CTI> TpeX118CTJII1lH01it aMIJJIRTy,JVl, COOTBCTCTBYD!IM CB1i3HHM 

,ItH8I'paMIIBM ~lmlaBa, T.e. He CO,Itep!8111as:I d -{pyHI<nKn, BH,IteJICHHhlX B 

nepBOM CJ18raeii>M ifJOI*YJJB (3.6). 

PeiiiM ,ItByX118CTJII1lHOe ypaBHeHHe (2. I) tNill aMIJJIHTY.lUl .£ MMeeM 

o<SJmloe a1itKoH8JII>Hoe npe,ItcTaB.J1eHBe ( CM. npHJIOJteHHe A) 

i(s.,i.)= ff7 l~'je'(l·f.Y>"/~1. 
{t ~ rc6,,V6J~·J j . '/( e r~C ~~~ y (I I - i 

~)l ' 
(3.8) 

r.Ite tt. = f;-!c ; 
~(f) ~OR8Jil>HH2 KB83KIIOTe~8JI B KOOp)(HH8THOM npe,ItCTaBJie-

HD 

Vf£, rrJ-= j'h Vri'Je dl-f)i' -- . (3.9) 

Cmi:BoJJB 1 H II HcnOJIDsymcn Nill o<SosHa'leHlUI nepneH,ItBRYMPHHX 

H Dpo,ItOJIDHUX OOOT:OOTCTBeHHO COCT8BMJIIIHX Tpe:x:r.tepHHX BeKTOpc>B no OT-,.. 
HOIIIeHBII K 118IIpaB118HDI BeKTOpl f,. • O'!'MeTHII, 'liTO BHBO.It ifJOIJ4YJJB (3.8) 

B DpiU[O:&eBHJI A ,ItaeTCfl B lUIIIYJil>CJlbM Dpe,ItC'l'aBJ18HIIIH <Ses KOHKpe'l'JISaiUU! 

BB,Ita KB8311InOT8HlijllaJia V . 
JWi BH'UICJieHJUl CJiai'8811>I'O cp Mil pemaeM ypaBHeHJle (3.1) MeTO,ItOM 

HTe~t. KcnOJll>SJJl npi STOll 8HKoHBJildiOC npiii6JIDeHIIIe Nill CBo6o,ItHl:IX 

npoiJararopoB. PeSJJil>TaT HMeeT BH.It ( cu. npHJioseHIIIe B) 

<P i f(lc;J 1 -n I .... 1 
-= "S"ot.lzff:Jiis ~ (~, 8.1 1 fs~, /1;, 

• 

(3.10) 

\ i 
I 

. .. :"- . ·. ··'" .:-.................... --: ..._:'-.: ......... :~.,, 



r.n:e 

-- _ ~ f;{J ~ u.rtO !l ;: ,... ), 
CL - ~ r;;--;v. fj[) /13 ( 10 r,p, I;/ 

(3.II) 

1~ }I (- if (f-t,) .-..- ·-< 
J tJ +t./. ) r, f, 

" 1 

B=A (- tr{-iiJ Zi'-f.) 
t t.l.+v. 1 l3 l • 

clJop.tyJia (3.!0) npe.n:cTaBJUieT pesyJI:&TaT CYMMJ1poBaHIDI BCex ,JJ;Ha- · 

r~ '"~Tifrr ·~ ~ Ji:rr 
L. :rei ... IIIJI_ rr=L 
11:1 ~ ' • ~ ~ ~ 

11 ;,. k+l .. 

PRe. I 

r.n:e rrpoMeEYTO'iHl>le BOHHHCTI:Ie JIHHHH 06o3H8'1aiOT ,ll;Byx'laCTH'IHI:le KB8SH

IIOT6~1aJildme 8MIIJI11TY.D:hl pacceRHHH BHe M8CCOBOI ITOBepxHOCTH. C .n;py

rofi CTOpoHI:l, HS (3.!0) BU.D:HO, 'ITO BCR: STa CJMMa CBO.n;HTCR K cyme 

.l.tBYX CJiaraeMUX, KOTOpue rpa~ecKU MOlKHO BH116prHT:b CJI6.n:yJllltlfM o6paSOM: 

+ 

rae. 2 

3.n;ecL ITYHKTRpHI:le npoMa.yTO'IHI:le JilUIIDI o6oSHa'lall'l' y11e 4MSH'IecKUe .n:ayx
qacTif1mlle aMIIJI11TY.D:hl pacceRHHR. &itmCJieHHfl, npoBe.n;eHBHe B npMOltemm B, 

llOKaSUBaiOT, ;'ITO STO - ene,nCTBI1e ITpJIM8H6HHfl S:ib<OHaJILHOrO ITpli6JIHlle-

HHil. YKaSaHRe Ha ITO.D:06Hoe COKpal!leHUe BH6M8CCOBWC llKJUVtOB BO BTOpoM 

IIOPff.D:K6 ITO ,ll;Byx'laCTH'IHI:IM aMrrm1TY.D:aM pacceJIHHR BHe MaCCOBOit !IOB8pxHOC

TH C OCTaJI:&HHMH 'iJI6HaMH PR.n;a pne. I B H6peJIRTHBHCTCKOM CJIJ'186 MOEHO 

HruiTH B pa6oTefl
2/. C UOMOIIIl>IO Bl>lpali6HHR (3.6) MOEHO Taxlle llOJIY'IliTl> 

10 

( 

·~ 
i 

I' 

peJIJITRBHCTCroti! aHaJIOr lfx>PMYJII,I rJiay6epa NlJ'! BUCOKOSHepreTI!'i6CKOrO 

pacceRHHH SJI6M6HT8PHOI qagT~ Ha CJia60CBR38HHOfi CHCTeMe. 

§ 4. BucoxoaHepreTH'lecKOe paccesuwe Ha CJia6ocBJisaHHoii 

CHCTeMe 

ilO.D: CJI860CBfl38HHOH Cl1CT6MOi1 HHlit€ Ubi dy)(eM DOHHWlTb CBfl3aH-

HOe COCTOJIHHe t .n;ecpeKT M8CCI:I KOTOporo MaJI no CpaBH6HHIO C MaCCOii Kal!

,ll;Oii 113 COCTaBJIJIIttllHX 'laCT~,R OTHOCHT6JI:&HOe ,ll;BIDK6Hli6 liX T8KlK6 MaJIO. 

PeaJI:bHI:IM np}lM6poM TaKOM CHCT6Mbl B Up!1po,ll;e .IIBJIII6TCR, B '18CTHOCTI1, .n;eJ.i

TpoH. 

ilyCT:b NlJ'! orrpe.n;eJieHHOCTI1 '18CTI1Qa 2 paccennaeTC.fi Ha CBfi3aJlliOM 

COCTORH1111 tiaCTnt.t ! H 3. iiM3H'I6CKaR aMIIJll!TY.D:a pacce.IIHHfi liz TaKoro 

npor.tecca 1 KaK V!3B6CTH/IS ,!G( Ollpe,ll;eJIIIeTCR Bblpallt611116M 

r:. ~ j(,, :A 'r( J'f N,/P.;~/;(f) )I[ ;r r[J 
(4.1) 

rrpu yCJIODHH MaccoBOfi rroBepXHocTu 

£::: 1/t~+l{'-1+(,--#l+Jn/-= ti9-1 .. /fz', rr:;::: 
2 h l lz I, 2 

' 

r.n:e /'1z.1 -MaTp~a nepexo.n:a ( eM. pa6/I5/), J1 - MnCCa CBRSaHHOH 

CHCT6ML! 1 D HameM CJiyqae rrpH6JIHJte~O paBHa.fi CYMMe M8CC !-oil: H 3-efi 

qacT>n.t; X - BOJIHOBaR ci>YHKI.tHR cBRsaHHoro cocTORHIDI, y.n;oMeTBOpmo

lllaJI KBaS!illOT6Hl.tliaJil>HOMY ypaBHeHRIO 

['{0;J~~ (ffJ-f)J([J=z~rtJU.fljJkt!?if. ()vi[ Xr() 
!?~-=- V!!l.,.,., .. · (4.2) 

l1 YCJIOBHD HOpMHpoBKli 

&~.~,rlM r;;/f!fJ Yrt;/i ~:fir(!~~ (f, t '-1 X rtJ1 rlf =-2 ~r. ... L~tt t • }< 1 J f1. r,. /z. ,.. ? p tl f?• v;;:;; L l l • 

I : ;:_,• hl L L < 
~ 

(4.3) 

II 

~---------------------------



B KaqecTBe ~111 MOZHO Bcnom.aean llllpaaeRBe (3.6). llepe:m,w~ B pa

BeHCTBaX (4.2) H (4.3) K nepeueBROI (2. 7), KOTOPYJl A1lJI CHCTeMH 'laCTHlt 
--'* 

(!.3) Ml:l o6osua1!HM qepes P H Y1DJ'.t'HB88 He38BHCHY>CT:& KB83HUOTeJmHa-
A ~~ 

JIS Vz_ OT 8Heprml B npe)ieJie Hepe.mrrBBBCTCKOI'O OTHOCllTeJI:&HOrO JtBH-

JKeHHII tmCTHil I H 3, JierKO noK83aT:&, qTo 

X 1D')- 11 ~ Yrr) 
I 1.. - Yttt,~t~,' Ylil+f..L t. ' (4.4) 

r.zte 'irp) -HepeMTBBBCTCKrul: BOJIHOBall cpYJIKQHII OTHOCllTem.HCI"' ......... , . 

y.ztoBIIeT:OO:pm:iqan o6!rolOr.fY ypmmemm IDpe,Itmll'epa 

[ ~;. -(~t- ....... J}'ff(Jffrt-lYfYtjJ (4.5) 

H YCJIOBBJ) HOJY!poBKH 

fir) Yft'J'l= f. (4.6) 
~~liBaii paBeHCTBO ( 4. 4) B ( 4. I), nocJie HeeJiomua: npeo6paso:aa

HBii nepeMeHJWX HHTerPHPOB8HBII OKOJAaTeJI:&HO nOJJJ11HM 

~2 (~) 1{)-:: :::Js~~~g){~~jj)~ A~:~Js~;MJ~~/f)r 

+ j_z ~~'"~{z ~~~sr.r)j{t- ~~ )/ 7 .. ~rr,"f') 
if.li ""·"'1/t//j)tf :t(& ~'V16rJ 3(b ht

1

+Aoo,' 

(4.7) 

...... ,., :-1 \ 

r.zte L1: ~ -1. , 
......... ,£ • ~ 
6 - .ztBYDteiJWI BeKTOp, nepne~W~KY.mpHJ:dl uanpaBJiemm ";; , 

S~j= /<t"r,o#ri:) Y(t1/f - cpop.lflaKTOp CBII38HBOI'O COC'rOSDIHR. 

, IIPHJIOIEID1E A 

:&me.zteu cpopqJiy (3.8) ,pelliWl ypaBHeHile (2.!2) c n0140111:&1> MeT<Wi 

Tf•) 
HTCpaUHii. .nm 11 - ro "'Jleua l!TepanBH BMeeu 

n/( -4 .. 

T''~)Vq""-l:Jig:tr~:JV!t-r..Jat~ffJ·J~: .. ;rg_;~:~f ), 
<A. I) 

12 

I 
l 
I 

r.zte 

q (;)~ ' 
rr - ZtJ,(~)~rg)[~rf'J~t~.r€)- @'-lt.] 

3JtcTpeMBJU.HHe HMIJYJI:&CH x, npoHSBe,IteHHIJ IZ - KBaSHnOTe~B HaXO,ItHM 

H3 YCJIOBHII 

? ~A - ~ 1 ?J)V 11~-£-X) V(t\- ~C+1) = 0. (A.2) 

JlerKO BH,IteT:&, 'liTO pemeHBe (!.2) .JtOJDEHO Y.ztOBIIeTBOIJlT:& peKyppeHT

souy COOTBomeBBD 
...., -# X 
)C!- i\t!+t-= ' -) - BeKTOp, He 38BHCJDitHA OT BH,JteKC8 t, HaxO,ItHM H3 

HatmJI:&BHX YCJIOBd X = ;t · X. = r 

OTJtY.zta BMeeu 

0 - ) h -

- (f-f)_, 
) = -· 7lt , 

Y = tn-t)T+ef. 
A~ )1. _, 

~ ~ l 
C,JteJiaeM sauesy nepeuemwx: Lle = fc - /\.e 

Y'IITeM yCJioBHe wccoB<>ii no»epxso~ 
.f =I 2 · · · "-.t · I I 

'{P'--:: V~t~1'£+f,.,t- V"'/+f .. '-= vV:r +~ • 

(!.3) 

(!.4) 

(A.5) 

orpam!'IBMCII JIHHelmJMH no J; H f{j/ "'JleHBMH pa3JIOJitemm B ssm.esa

Te.mx CB06o,ItHHX nponaraTOpoB. Tor~ (A.I) npm.teT BH.zt: 

T(lt~ .J j"-p· _, ~ ,_, A _. -o f_, 
- -# p- pi!JI. .. .... f>-f pfjj, 
- l[v, ({J'i/Jf!} V(.,. -;, 1 Jp,Jf 1{4; J,· ..... )t·:-it ... 

,//.~ 1-f) V(.& -1- ~ ,._, II • 

/i" . .. ,_, 
:::r_. . 
ftJ,_, -I£ 

(A.6) 
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llepe~eM B KBa3HnOTe~ranax K KOO~STHOMY rrpe~CTSBHBHHID 

V (A-)~ jJr Vrr /e '~6l 
-- -Pas6nB8J:! ~anee rrnTerpiiipo:eaHII!e rro 4 

..... 
COCT8B1UIIOillH8 OTHOCHTBJI1>HO BBKTOpa f 

Ha npo~o~:&Hyro H nonepe~BBe 

n ~!maR: onpe~MeHJI!e t9-
-<fJYl!KWW, HeTpy~o ITOJIY'tJl1T:& 

. ~ ~ 

T(h) ft ~ii~.· ]"'-}t ,. f f /::' _. .... ) = -4 ·~~~J.lL+··•?. 
{ll1lf)~t.J.~I)!f f e h • 

, Vn7J~; 4:L;/JtJr;,"-?,") Vn~)~-;_ ... 1(/!_/t/)&6.:: il:~J1~>~~, (A. B) 

II J. ~ 
r~e t~ , t< -npo~M:&Hall :H llOIIepeq}fJI8 COCTaBJIIDlllHB BBKTOpa -l, 

~ 

OTHOCIIITeJI:&HO f 
llpeHe6peraa B ITOK838Te~e 8KCITOHBHTH rrpo~M:&HOH COCTSBXRD~efi 

rrepe~a'IH OTHOCF!TBJU,HO BBKTOpa f 1 B HTOre HMBBM: 

T(h~ ri~; .!.. e' rf -t ~ ;rz) 1 U
. J. ~io-L J • / ... ... )1 1 

~(lJ•LIJf}/f/ h! (?( Z ,. 

·If·· vr,; ,.Jj· . 
Cne~OBaT8Jl1>HO,~l'l3Kq8CRaH aMnnHTY~ paccBH~ rrpliHHMaBT Bl~ 

(A. 9) 

}(s, t) = fflis£ Tr")-=-fiff'/ftfe if/-fJ~t. ;('(~1 W~~, 
A:t _ jfc (l ~ 

. (A.IO) 

r~e '): (;.!} = I; 17 ~ c" I~ II v (? J r) rs If!__ ·' 

s-=(rJtt/f fz'-f {f"'Ll.-/'Yz. 
(A. II) 

14 

IIPHJJQpnm B. 

~ no.uy~eHJ/IJI ~J.NYJILI (3.!0) p8CCMOTp!IIM .ltH8I'paMMY, COOTBBTCT

BYJXIIYil RBKOI...mt6o BTepa~ ypaBHeJIWl (3.!), ~8lllllel ~ B Cf' _,. 

;; ' .. , I I J~ I I '···' '·I I r t, I 1 I I I , 

~ I 

f 1 ~ I ' 2. I ' :l 
I t" I 'ii f. I 

~ 

~ 

~ , 
PHc. J • 

.....,~~ -t~-t 

S~ec:r:. /1, f: 1 P :a fi , f. 1?. - TpeXMepuae HMIIyJI1>CH ~acnm coOTBeTCTBeHHo I; , t1 /,. t 1 _, 

B ROHBlUIOM 11 HaliaJII>HOM COCTOJ!HHIII; f; - DpoMBJl.YTOllliHe RMIIyJI1>CH !-oli .,.., 
tJacTJmH; 7 - npoMeJIYTOlUIHe IMIIYJI1>CH 3-e:a ~CTJmH. llonepe~Hble 

CMOIIIHHB ne~'lepxHyTHB ~ COOTBeTCTBYJlT ~yx'laCTKqHJ,IM KB83HIIOT8ll

Ul!I8JISM,ITYHKTHpHb18 l!CB - CBOC!O,I{Hbll& RBaSHDOTBHlllmJil>HiiM IIponaraTOpaM - _,. 
Tpi!X ~CT~. TpeXMeiJIHB ll:MIIJ~:&CH f. , ~ SIBJIImTCR: H838BiiCHMHMH 

nepeMeHHHMH HHTerp:ra:poBaHHII. CYMMf,l ~yl:r:.coB Tpi!X ~CT~ pOOTBBTCTBYJ>

IIIll:X upo~OJI1>Hl:.IM JllrfJIJ1m4 nepeceR8I)UIHM O}I)Iy nyHRT:ra:payD munm, paBna 

HfJlll, IIOCKOJU,Icy MH pa6oTaeM B CHCTBIIe IUWTpa MaCC TpeX 'IISCT~. Pa-
., 

3YM88TCR: ,C~BCTByeT MHOro ~rpaMM, OT~aJJIIIHXCR: DOp:mROM pacno~o-

EBHHR ~yxqacTHtJHHX RBa3ll:DOT8HnH~OB OT pHC. J, O~KO B CMH~e 

B~Memtlt Bee OHIII SltBHBaJIBHTlW, il08TOMJ HHJle MH saiMeMCR: IIICMe~o

BSHll:BM nMmb DOMe~eM. Cor~CHO BHWBCR838HHOMY,~arpaMMe Ha pHc. J 

COOTBBTCTByeT BHpaEeHHe 
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•• 

C:> =-~ fi1)a3rrJ ~ fre-w.rr.)l~l: -'l (f-fJ):/~rl1_,rr)t~. rr~t)· 
""/' IJ. t l ~~-1.1.('' l/1 ,y ~-I' J' :s 

• l ,/ 

·ck~rf)Qt ~fr:-~.~.rol~ f> 1(ff-l) ): ~-l) ~)~J qe"(f: f)~~~-
,. (l' I I { P.-~l(j/ cr ~ I I' I I ' 

. u.rpa, v.fe-u.q1~r~ -1!~~/ttfJ~a. J· rr., 0 -'!~· 
·~Jr.> l!t ~ frP,-uJ~)]~(~- tr:rt:-Q )~ft-r) 1)_t tf{, {) 1(-·, 

( iLu. (f) I~ /, / (/" 
f'i A Jt . . ~ 

• 11, rr, ~-- J ~~ t.{f{! qt ~ ~-v.liAi/~ c,-1flff.!.);(;_.-?._..t '~, Qlr f)f· 
d" •·• 4.., 1 ... , 4 I {ft. J,., A-. { ~- (/. ((} Ilk ,. • ./ /' -., .. A., 

• £ J ... , 

.u~tt: 4lKtP.~lf}l r~ -ff_r~;JPIL- o~)a~;,rr: vk· 
• J t,. 

•I), I£)<, V.(P. ·rJ/[g '-f, · ~!~:~}f(-{J'}•, J.ff. CJ"!: · 
I If II h ... ) )l /. ... -)1.1 tt (B. I) 

• Utlf,)~ Vt(fP.-c.J,tf)]~n -ri ~'b "};,_ + rf,·'~ I ~. 
CBo60.JtHHe npoiJJJra'fo.£ T:iti UCftU B uepeMeHHHX Hllellr 

.... 
t .. )-::. . 1 I 

~ Y 7 ~_y;,t·r·r::#rr-rr'fi::·r=: r;.,·.f#Yi:.t~rr·t7''·r;;;f-P.-~£) <B-2> 

HCD01Io8J.II npe,JtiiOJlOKeBJie 0 TOM, "1'1'0 ,mmm.BHe KBQSBIIOTe~SJm vrs,., o;.) 
CJI86o S&BtCJI'l' OT DepBOI'O 8pl'JIEB'1'8 • npeHe6peDK> MaJIH BJJJIOT:& ,ItO 

JtOCTa'l'O"'HO IIB.1Ia SHa"'emd B'l'Oporo aprJMell'l'B (uepe,~ta'IW BMIIJ.u.ca) , 

BHJl8&8Hile (B.I) I40mlO uepeDJica'fJ. B Bl!,l(e 

II 

. ~ '-- '::> .. '• 

1? ~ fv/I(J}"'+tfv/(;"'J}"·t f,Jr.. j:J, ···1 V,. ~ ./lfl-fJ)~tJ~- .. y\. 
...... f!.u/;rJu.r,. ... )c~~~J} ....... J J, s~ .. ~~. ~c'&'IP.-vlrp:) , s.; 

·II((/) ~(i, -~~~~) ~ f(lJIIf(, f)~ (s\,-ft~~~): tf:- (JJ· 

. H(f n) V.
1
• ~,- 1fr{tJ). :rr-7.~y·) H!JJ.,.~7._,)· • • • Hf(. f)· 

)z>/1 (.J ( i?-t.J. fr.~) 1. , J ~ t •-• ~-• 
, l ' 

' ...... .... ))2 ) . ..r rlrr ... ) )'2. j · Vt(~ -(t.r~ .. .-~ ..... ~-!i.-{l /l(f.~ f)K ~,-f;J 5~-:f.. ~((- rF · <B 3) 
' R ··t.."- t;:/ ~oo ..... ~.. .. t? -til fi,J )~, • • 

·H~~f)K(sl,./tff{~ l:rr-tl) /It~~ f) 11 (5
1 
_l{rf-f!);!t-h ... f) fP.-{.j J>)J ~I/ I ... yl ,(~.U/ .. 1 /J f..,/ f 

0 liJ /i WJlf,J 

r.~te s; = (~ f ~) '- ; S'~ =(f, #-~)~ 

IJ/ .. ... q I 
nL ), ? J"'' (,;i I • ,.,,z.rL +th.z' .. rr.,,l.· .. v;.,} .. ij'l'-R-:r 

~-- .... 
3JtcTpeM8JI:&HHe 3Ha'l8HlUl m.myJI:&COB ~- li ~ HaXO,ItKM TO'IHO TaK, KaK 

ca.4) 

aTo c,Jte~o B npanoxeHHH A 
... ?t<u-1. _. (."} _. • /.-# _,} S- r= f'-=- D-t. tr1-t: 

I ft /1 .-:J. 

r ,k ..,_,~ tv)-= i + ;(r,---tr J .._ 
1 I • Jor.-t 

B HHTerpaJie (B.3) nepeib.teM K HOBilM nepeMellHI:lM WITeri.JRPOBai!HSI 

(B.5) 

-l = f- ~(i) 
I ), J ,I 

J-= tl-"ff/). 
I 'I 

(B.6) -_.... £ ............ _..~ 

OcTaBJirui tUieHu
1
JIHHeiiHbie no Lfi , 1 . , ~ -;; H Z ~ , B pas-

Jioltelnni 3HaMeHaTeJifl <lJyHK[ti!H H(f. f) no aTim apryr..tetiTUM n y"<IHTUBS.fi 

yCJiomre uaccooon no:sep.nlOcT:·I, HMeeM 
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I 

U({.,f)~{~~fi!(&+~) )_t~fi:.+,ff )J+ 
I l t t-1 +V.._ 7 I ( Ll lt<~t. It 

+ ~ft~·-(-iff{+ ;!;f_ )·- t/7~1 Uij )-i 
u tJ. J 'J. {J ( ~/ 1M r i '!/ . 

L J L z. ... :3 

3,1leCL ut ; Uc. rr) I< . • 

C.zteJiaeM e111e pas saMeily nepeueHHHX 

(2 .... _ ) / -~--i' _,)' - ~ LJ • _, (/ i -t ~: ~~ ~ Jl ~:u~ ,A, -1=4 tf!ii/{ ~-

(B.?) 

(B.8) 

r.zte ~. H J/3 - MaTpmn,l Jiope~m-npeo6J8SOBSHHJI, onpe.zteJUieme J8BeHcT-

B8MH 

)3(~~~,-ff)-; (Vsl, o) 
. 

Jl ft~~"~,-l)~ (~)· o},. (B.9) 

HeTpy.ztHO UOJJ,y1JHT:D SBKOH npeod,PlSOBalllifi i{nSOBOro 06'LE!Ma, COOTBeTCTBYJ>

JIId nepeXO.ztY (B.8) 

cl. (!)_ ~ ,.... . 
~ - - tf'.IJ. ) 
~~ Us -/(./1. I 

;t;tr; vs; cl;: 
-"'I c.lz "Ul 1 I 

B HTOre cfX,pqJIB. (B.3) npmmyaeT BJ!Ut 

cp _ ~ f~t {«t~)l.t 11 

,.., .. ~ (K)h (ff,)"' (i~)""'~'iY/'~'" 

(~) (s) ll /1 . "' ...,.. . -+ -1. } 
. .. .. 

, IIJ, ... ~~. 4' .. /;( v,t~.-t;J(a~:·!..J-·J. 

II " 

(B. !D) 

)t ~~~- B)II?~J~·l).,.C:f£',_~ ... )-/tj·-iK ~.t-.ol-~-~t). l~.t l>t•l. l( ,,.1. ""•( (!} - lt~J 

( ..,., _, ;-1... ----1 · f;(b~,. ZA),.~ rf{~A )-/E Y.(od..-/., _ jj_). 
- h~J - hr~j J. - ~ - ArJ 

[ 
-+ ... j-1 . ~ (A 2 ,. 2,4 ) .,. c:_, <£,.. 2 ,B ) -/ c • • • 

- h+j >.{~l. lt,+t. 

.. ·(c: ~~- -f' fH-~.J,i)'-tc {/"" (J.,.f.)Bl_le- ri (;:/£_/_if) 1 
11+-J ~{Y~o,., ;..,.i / :/' .J{ ~l.t -14.-, lt.r.t 

{

-4 /. ,.... _, 

. t J + (lt-J)/1 .... !1,/j ' -1,. ~ 1U4-I 11+1 J~t.K., -)-tl1 r: ~-A I) 
~o, .. , J(l:>" £)1 t_ . 

., - Jo .. t ' 

I _,.I nil'-) // n.. 8_, . ;-t " -f . <B.II> 
. '7_~(~~-t ~~~i -~'(z(~io-t+ ht~t )-tE l{~4 + !.,) • 

{ _, 1£ ""if) ..._. _, · j-1 "'/cf 8) 
• tdi,., + n.. .. J + cf_ /1-rt . kt!:"' - M . 

_,. 

3.ztecL .zt,1m coK.J8JIIeHVIR samrcz He Bl:liiHcaiW HBHO apryr.teHTl:l (codcTBeJmue 

3Heprmi .ztBYJC'ISCTJr.l1ml:IX UO.ztCHCTeM) KB83HUOTeHI~lillJIOB H BBe.zteHll CJIC.ztYI!}

IIIHe o6osHaqemm. 

e u, f~ ll 0 f) · r- ~ .. ~Jl.ft ) J.=~jfl(C...tJ{IL I l•L-LJ-t /.J.p) 
• z. l ...... > 1 'J) {j 

-). ( ...,( .... -) _, .... ) II= -~ r,-t, t1- IJ , 
(I 3 {,/, I(./ ) /, I, I 

'j ~ 

D' = /J 1-{ ({if) q-_ F) 
o '/It { -1.1 • .,. u;, 1 I> 11 • 

(B'.I2) 

06osHa'!HM CJiaraer.me, co.zte.PJE81111rie nepeMemme HHTer.IJHpoBamm ~/ 

H l , D SHaMCHaTeJUIX lPY~I~ Jj HS (B, !I) UOCJie.ztOBaTeJIDHO Ha-

6opoM nepeMeHHl:IX ~ , x:z. , .. • Jc,_. .... .r 
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I 

f A1 = :::t~ J-
~ .... ( 

CL ~L + Cz f!<-:: :::CL 
.... -I. c !J' 1' ( l ., ;:c. 3 

J -- ~ -

_, ... _..I 
cJ.!;} •. ,+ c2-1-. =~h. ... -. 

~ .... / cJ. 4~ T c~ q-,.,-=- c,.,. 
(B.I3) 

Ztf.=:c l __ ,.., ft...+ ... ~t • 

HeTpy.IU!O y6cmiT:bcst TOr.n;a B TOU, liTO nepeMemme z; CBII3UHLI O.D;HUM yCJio-

mmM 

7;-2'2~J", -z+<r, · · · ,.z;..,..,_l- :£"'•~<-/ 7 :.. .... t 0. CB.I4) 

Pas.o6LeM HHTerpnponaime no ~i H J; · Ha npo.n;oJILityJO n nonepe'IHHe 
.... _, 

COCTaBilfliOI.IIlle OTHOCHTeJILHO BeKTOpa ( H {' COOTBeTCTBeHHO. .zta,nee, 
.J. l. 

nOJI:bSY.FIC:b TOJK.neCTBOM 

t_ (~ ,/ 't'K.(-x[;rJ.;rJ-~~t~,-·. 
:J /1 .J )'_ho·d1 n e 

•.L - ;r ~~ ) 
"-•4·7 ,.,,.,., "''·~ j I 

- <><> 

nOJiy'ilD.t: 

(t.J; ·~-<! f~._~ ''s)'"' c:-"' rL-~w 
~--~~~~~~---------- X 
2i( 5 ~ .s· "Y.1.' /~ ')h''"•J /I 11(./"" 

J J (_.c "-'• '-'t - J 

<f :: ,.,,, 

. (1r~1. 1~z; 1 /1;-.1 
1)17 4~ ... ~~: t7f{ ~ ' . tl}? h {' /K4-.x.•~s-.K• ·~,- ·~~ .• )(B.I5) 

"' (- 111 ~ ~ ,/~ V.~ 0· rl ,J. ') -111 .,_!L -_J. +;? J. -ti + !2 -t'j-2:.. ~ ./}_ • ~ J ltd) ('~ )r .. :J. ;t: + 5.£ ·( J _I IH•t? ( '/>f•L 
L -1 2. h-fJ. 

/')'~ 
·~ Brl._. 
')!~+ 1/Ct + ~-/f. 

"'t Jw .. t 
"' 11' /.:x-i ••• I 1. 

1 
.!..... ~-..:.l''" + ..4 " c... .....c-.... -~~· ~~ - _,1~ +II+J.) -c:- Jr•~ ::t-

3 
I'" J + !}_._,{ (!}. - J.. lt+t "'"t 
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. .. (/:Yn,..,-2 A 
1 .,. ~ if'_, ,.. 

1 
..... l/ I rl [1 8 1 

I'Hf"I,-J. h4-t ({ "~ + ---/?-+. 1 (~h. - { +-""..-t 0 c,-,l - ., _J... ,..1 
;;t: - ;::c· a " ) ~~-l::!- • 

c ""•t 2., 

/::c " . ..., .. _ I</ ,... , .1 L 
):' r /1-L A -. ~ --. (J _ ,61 ,4 -z· . 

,.,,,_
1

n";Jttf:,+.-_!Jt:-.-/<: 3_~-. ,.,. __ , ..,,.,_--;2',..,~ 
r~f J L <. - 11+ t ., 

"~ 
... II)' 
h+~ 

cl::c-.... h. 

z· + ~~ ~ ;, --. , "'"' ,-_-/1 (J .,. - 8 '~ -{ £ n+J. lt.,.J 
V, ~ .L_._-' S.:_ ?"''"•1 ,4 • 
~ )J /() 
J ( ~~ h•i - -- .,. -

(!. ;,,..1 

ch· '\ .,.,,,.[ v 1/1 p.J- [;)'') 
X';.,. 

1
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BocrrOJILSyeMcn: IliJR6JIID!tE!HHI:lM C T01UIOCTLI> }1,0 KBB,IijlaTKqHWC 'qJieHOB ITO 
_. -t /l H B paneHcTBOM 

_, ~ 

/IE;-fBC:.-:l:::o 
(B.I7) 

n rroCJie}I,HeM CJiaraeMoM rroKasaTeJIH &KcrroHeHTH. Y~eM TaKEe, ~To Ha 
{1Ho,.z)/ 

CaMOM }J,eJie MH HMeeM (1H+I)/ (~o,J}/ 

}J,RarpaMM, C0}1,6PJK8Uj11X (h -f.t.} PaS KBaSl!:IlOTeimiiaJI ~ H (~t.·d) 
pas KBaSHilOTeimiiaJI ~ 1 OTJIKqaxmtWtCJI IlOCJie}J,OBSTeJILHOCTLJO HX 

pacnoJioxemm. ilO}I,llHTerpaJILHoe BHpaEeHRe TaKoa CYMMH cHMMeTpnqHo 

OTHOCliTeJILHO rrepeCTaHOBlG1 aprYMeHTOB ? i M ·~ 
1 

eCJil'l rrpH 3TOM 

He saTparHBaTL apryMeHTOB f}- cf>ymaxa:il. B TaKOM CJIYtme, KaK MSBeCTHo, 

MOJIOIO B006Uie HS6aBRTLCJI OT rrpoHSBe}J,eHM (I - qiyHKin!it, BBO}I,fi IlpM 3TOU 
i 

MHOlla'ITeJIL Ft-k rZ )/ • B MTOre }1,Jlii Bl:mleyKaSaHHoa CYMMH HMeeM CJie

~n pesyJILTaT : 

z·cp ::: ~ +« /'(u. .. ~)h,Cj cl. [iti)3(h+ ... (t"/'~ .... 1 

J-.

111 fk• 1) /(lid)/ (:lt./,) 11 '..,+/ W/. "tJ/'' r 

j . J. 1 .L~ 1 .?,4:-;1;,•1 1 1 tl1 /irllzB 1~2 )' /11 till. cl~c e ?7$1/{A~c,i)t Jf <B.I8) 

~ 
_.-I 

/ B r, ;... J. tv ~~zl{(i>z~ c2(?,-k))e ;;;y-(Z?~-Yj . 

B noCJie}J,HeM MHOJKHTeJie npoHsBe}J,eM C}I,BHr nepeMeHHoil HHTerpHponamm 

t l. _,. l._.,. 1L • Tor}J,a B pesyJILTaTe HHTerpnponamur no I< rrOJiyqHM J-
-ci>~ 

/(B~-;) ~ /(Jtc,~), 
'ITO rrOSBOJllleT rrpoCYMM!fPOB8TL ci>YHimmi (B.I8) ITO JtL H 11t. B KOMnaKT-. 

HYD cf>oJ:NY. 

f f I 1;..~ ~c?=zi£u,li' i~, s9{ rsJ, fJ~ /flc:). 
, ., t h~ 1 
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