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OxnonKoBa B.A. P2 - 7883 
PacceHHHe CBeTa Ha CBeTe B BeKTOpHOB sneKTpO~HHaMHKe 

nony'leHbi BbipaJKeHHH ~nH aMnnHTYA pacceHHHH c onpe~enl;!a
HbiMH nonHpH3liUHllMH B npH6nH;>KeHHH cu2 »m2 , OUeHeaa aCHMllTOTHKa nonao
ro ce'leHHR npouecca yy~yy ~nH pacceRHHR aenonHpHaoBaHHbiX ~oToHoB, 
nony'leHbi aMnnHTY~bi pacceHHHH snepe~ H ~H#epeauHanbaoe ceqeaHe pacceH
HHll anepe~. 

OpenpMHT 061.e.QHHeHHOfoO HHCTMTyTa Jl,!lepHhiX HCCJie,!lOB8HMJi. 

,lzy6Ha, 1974 

Okhlopkova V.A. P2 - 7883 

The Scattering of Light by Light in Vector 
· Electrodynamics 

Expressions for the scatter~ng amplitudes with defi
nite polarizations in the approximationw2 >>m2 are found. 
The asymptotic yy~yy total cross section is evaluated for 
'the scattering of unpolarized photons. Also the forward 
scattering amplitudes and the differential cross section 
for forward scattering are obtained. 

Preprint. Joint ~stitute for Nuclear Research. 
. Dubna, 1974 
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Bl!elleBU 

PacCeHHKe CBe~a HS CBere HB~He~CH O~HIK KS a~eK~OB He~X

HIAHoro B88HKO~eAcrBK~ xe~~y 3HIK~poxarRHTHWKH llO~HKHo flo~06HBe 

5~8K~li OTCyTCUYilT B M8CCHll8CKOI 3~8KTpO~HH81iHK8 HS-88 ~Ji:Hel,;. 

HOCTII ypaBHIHJd! II8KCB8~Jla· H llO.fUJBHilTCH B KBSHTOBOI 5JleKTPO~HH8-

KHK8 xax c~e~cTBHe Baaaxo~eAcTBHH woroHOB c BaKyyxox. HxamKA 

nopH~OK T80PHK B031iY~8HKI, B KOTOpOK CTSHOBHTCH BOSMO~HliKH npo-, 

1(8CC!i, OTB8ll81l~e H8JIHH8IHOMY B88HMO~elcTBHl) - ll8TBIJ)fl.IA, H 

COOTB8TCTBYil~He qJ8ftHM8HOBCKH8.~KarpaKKli HM81lT BH~: 

)=( (I) 

B 88BHCHKOC.TK' OT TOrO , pea~J>Hii H~K BHPTYSJll>Hli qJOTOH!i, T8KH8 

~KarpaMM!i OllHCliBSDT HeCKO~:bKO peaKI(Hfi : Yr - pacceHHHe , 

pacna~ ~oToHa HB ;~~:sa B no~e a,npa, ynpyroe pacceaHae_.!llo_ToHa iia 

H~pe, C~ldHHHe ~ByX qJOTOHOB B O~ldH B llOJie H~pa. ~OBOJI:bHO no,npo6-
j; ' 

HO 5TH npoueccw xayqaJIHCJ> ,llJIH cJiyqaa, xor',naooxeii"Coi:lepmaeTCH 

3Jl8KTPOHOM. . '(~ -pacceHHHe B npe;14e~e Hl48KKX SHeprHtt CiWIO Bnep

BWe paccwoTpe~~ B paOoTe II/· • A.li.Anteaepow/2/ ow.ira noJiy'leHw 

BwpaxeHHH ,llJIH aunJiaTy,nw a ce'leHHH Y~-pacceHHHH npH BHCOKHX 

aHepr,Hnx. B paCioTaX Kapnmoca H HeAMaHa /3/ npHBe~eHo noJIHOe 

pemeHH~ aa~a'IH ~¥ -pacceHHHH, xccJie,noBaHa o6~an crpyxrypa 

llOJIHpH88UHOHHOrO T8H80pa, BH,ll8Jl6HH H888BHCHKH8 HHB8pH8HTHH8 

8MllJIHTY,llH. ~eiHMSHOBCKHA HHTerpaJI, COOTB8TCTBYil~HI ,llHarpaKMe (I), 

BJiqRCJIH~CH B STO~ paOoTe C llOMO~:bD Jl -.napaxeTpR88UHK, liTO 

npHBO,llHT K BeC:b¥8 rpOMOS,llKHM BHKJI8,llK8M. 
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B pa60TaX /4,!5/ npe~OE6HO ~RH pemeHHH STO~ aa~aqn 

npnMeHHTL T6XHHKY ~HCnepCHOHHHX COOTHOill6HH~ 1 qTO n03BORHeT 

cymecTBeHHO ynpocTHTL Bhlqncnennn. KpoMe npo~ecca i'( ~)'II' 

1!e T·onnncoM paccMOTpeHhl ~pyrne s!MJeKTU nen~ne~noro BaanMo~eti:.... 

cTmur, a HMenno: paccennne )tenL6proKa, pacna~ !lJOTomi · Iia ~a, 

CRHHHHe ~yx !lJOTOHOB. B O~HH. 

Bb!COKoanepreTnqecKoe no:se~enne aMnnHTy~u . '('t ~ '('{ . :s 

BOCLMOM nopn~e Teopnn BOaMymeHnfi nayqanocn pn~oM a:sTopo:s /5,6/~ 
· · · crJ s 

IloKaaaHo, trTo. npH BbiCOKHX sneprnnx At~- ~, Tor~a K~K 

acnMnTOTHKa aMnnnTy~u B tieT:sepTOM nopn~Ke no Taopnn :soaMymenHti 
00 ,~s ·· ·A~ 

An' ,.., ,._. ~· H. BKna~hl :s ceqenne npo~ecca ¥¥ ~ Y\' OT rl" 
ll A!~ CTaHOBHTCH pa:BHb!Mll npH Jt ,.., ID rs:s. 

(2) 

B.H.rpn60BhlM H ~p./7/ yKaa!lBaeTcn~ tiTO ~annnefimee HTepHpOBa-. 

Hne 6noKa (2) npHBo~n K PH~ no :seJIHtiHHe· .k~ .{.... ~ , n np~ 
SH6P!'HHX nopn~KaHeCKORLKHX ra:B paCCMOTpeHHe (2) SKBHBaJieHTHO 

oripe~enemim nanHofi aMnJIHTY~hl. ~Y-paccenHHH. 

B ~aHHoLl pa6oTa paccMaTpHBaeTcn npo~ecc y'( ~ "(lf :s cnyitae, 

KOr~a npOMe*JTOtiHaH BllpTyaRhHSH l!8CTH~8 HBRH6TCH BeKTOpHOfi 1 

HanpHMep, W -6030HOM. vJ -6030H 6b!R BBe~eH B TeOpHIO ~H 

onncaHHH CJia6ux :saanuo~aficTBHl. STa qacTH~a aKcnepHMeHTanLHO 

~0 CHX nop He 06HapyEeHa 1 .H H3 llOCJie~HHX.SKCnepHM6HTOB 
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CJieJcyeT, 'ITO WI w > 6 .,. 8 raB. B HBCTOHD!ee :speWH He cy- .. 

11!6CTBY6T RenpOTHBOpe'IKBOi, COrJIBCYDD!eiCH C OllllTOW TeopHH CR80HX 

B38HMO]I.eltcTEHI. 

HaH6oJiee qacTo An.H onHcaHHH npo~ecco:s cna6oro :saaxwo]l.e~cT-

. l!HH HCUOJil>3YilTCH ]I.Be WO]I.8JIH·:. \leThipex!IJepln10HHOe B38HMOAelCTEHe ·. 

x. l!3BHMO]I.elcTEHe c.npowexyTO'IH!lM ~ - ooaoHow~ B woAeJIH yHH

l!epcaJiuoro .. qeTupe~epwHOHHoro cna6oro BiaHIIOAeicTEHH · c :mcne-:

pHKeHTOK y]l.aeTCH corJiaCOEBTb.peayJILTBTY BllqHcneHHi l! nepoow no

PHAKe no·TeopHH l!03KYD!eHHI [121. • llonpa:BKH.OT CJie]l.yllmHX nopH~
KOB ll!lqHCJiellbl 61l'rb ae woryT 1 ~TO Cl!HSBHO C·HenepeHopnpyeMOCUIO 

ABHHoi uo]l.eJIH. Mo]l.eJib c npowe•yToqauu ·~ -0030HOM TaK•e He-

nepeHOPMHpyewa, O]I.HBKO cymeCTEYilT HeKOTOpue ee llH]I.OI43KeHeHHH , 
' -' ' ,, 

U03J30JIHIOmHe npH,II;TH ,K peHOpMHpyeMOlt MO]I.6JIH, ..:'HanpHMep, K MO.)l6JYV., 

npe,JtJ:OJ:eHHOI BaiHOeprow. B SToll wo]l.eJIH nony\leHo orpaHHqeHHe cHH3Y 

Ha waccy aapH:w:eHHoro W -ooaoaa, ¥Ylw ..,;IL = 3? ,5 ra~ •. MoAe~~ 
Balaa6epra CO]J.epl!HT onp.e]J.eJieHHYe TPYAHOCTK, ]I.JIH ycTp8H6HHH KOTO-. 

p!lX npHXO,llHTCH llBO,llHTb ll TeOpHD HOElle qacTH~I>I. B'paOOTBX [9,!31 
' . ' 

·npe]J.JIOEeHa H6JIOK8JibH8li TeOpHH CJI801lX ~_sJieK~pOMBrHHTHWX E38HMO-
' ~· . ' 

A6iaC~BIIil.o llp6,llllOJIBraeTciJ,· 'I~O.EC6 HeiiTpaJILHI>Ifl UOJIH ~38HMoje~CT~ 

:BYilT C aapHlleHHI>IliH HeJIOK8RLH!lM oClpaaoM,,qTo D03llOJIH6T'noJiyqHTL 
' . \' ·!( '., 

KOH6\IHYIO ll KBE]I.Oll DOPHAKe TeopHH ll03lly~eHH~ - · $ :MaTpHUY, 

y]I.OllJI6_TJ30pHilll(j'IO' :seeM .ocHOllHWM TpeClOJ38HIIlHM, HanaraeMYM HB Teopllrv. 

LlaTpH'U!le SJieMeHTii S -liB_Tpll~ll OK83_YB81lTCfl 38EHCHDIIIMH OT ¢lopM.:. . 

~i (')(.), II HeKOTOpWX UOCTOHBHI;iX a.,, ,a'2._ ··', {]t, «JiaKTOpOB 

Cllli38HHYX C peryJIHPJI38UHell aapH:UKHWX D,JUUIOll H IU181lll(llX CWWCJI 

KORCTaHT cEH31l KOHTaK~H!lX.EaaHwo~e!cTEill HeiaTpaJibHWX qac!xn 

( 'IV ,' 'If¥ , v ~ . ) [r4] · .. bnJIKTYAB npo~ecca 
· "t )( -~ ¥ ~ B ]1.8HHOfa MO;lleJlll He CO)lep:t:HT «JiyHK~HOH8JI:&HOrO • npOH3-
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:BOJI8 1 C:BH38HHOrO C nponaraTopaMH HdTpaJII>HLIX qacTH~,H 38:BHCHT 

JIHilll> OT KOHCT8HTLI· Qo • B ,118HHOJi paCiOTe ttoJiyqeJlLI :BLip8JII:8HHH 

,IIJIH HHBBPKBHTHLIX 811flJIKTY.It '('{ -pacceHHHH :B npH6JIHX81lHI4 
2 1 

w >) l'Yiw , r.ne W - aaeprxa \IIoToao:e ·B CHCTelle ~eHrpa 
Mace. ITpx pacqeTax HcnoJI»ao:saJica lleTo,~t, p·aaBHT!il B [ 4] · .· • · Blil

paxeaxa ~H BllnJIKTY.It, npK:Be,~teaHHe B npxJiozeaxx B; noa:BOJIHDT 

01{8HHTI> 8CI!!lllTOTliKY llOJIHOro ceqeHHH npol{ecca YY ~ YY ;ltJIR 

pacceHHliH H6llOJIHPH30:BBHHiiiX qacTH~ 

6"..-.- (w) ~ 10- QJ..:-~' ~I,££. r~t -2 
M w · W\w 

Cpa:BHI'I:BBH 0-c't ( w) C BCHMUTOfiiKOA CetleHHR npo~ecca 

~l-» \'~ 1 Hal.l!;eHHOI B CflKHOpHoA SJI8KTPO.l!HH81114Ke · . [4] _, 
(fn (e)-:::::· 1.2S'~!o ~c-a 

ll011YI{Hil, I{TO npH h1w = IO rs:s u,...(w)-:::::cfr,.(c} npa 

w -~ ·lo rsB. · 

B paOoTe noJiyqealil HH:BapxaHTHiile allnJIHTY.Itlil pacceHHHH :enepe,~t 
H .l!H\II\IIepeal{HaJiuoe ceqean·pacceHHHH 

cAii"·r· -::::: to"'d."w' ~a ~ 
~.n·t:ao ·JUJ '"-

BwOop dlopll&JIKalla · 

PacceHHKe· cBeTa xa c:ene, xor,Jta oelu:e1 coupmauca :aurop

HoA 1{8CTK~elt, IIOXHO.pacCMa!pK:B8TI> B }l:ByX·\IIopllaJIKaii&Xo iCJIK·J:c

XO;ltHTI> HS BOJIHO:BOro YPBBH8HKH ,ltJIH B8KTOplaro UOJIH
1 

np8,ltJIOX8HHOro· . . 
ITpoxa 

~I' ~rv -:- ""~ Wv .... o . (3) 
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r.ne C-r\1 = u,.. w"_- l>v w,.._ , 

H :Biil0p8TI> flOJIHiiiA JiarpaHEHBH.:B :BH,lle 
.. {. ,_.. I ., . A- . . ( c-p fli" 2. . + 

{ lC) -=- "i: 7>/' ... v~lt.J. ~- 2:: "rv lrrv: -\- t\.t : w,._ w,...: + 

~ ~e :{ wr a.;;,: ~rv w;J: ~~~ + e1.:{ wrw:- 9,..v wAwA•]: Ar .Av 
.~. 

TO B qeTBepTOil nopH~Ke no ROHCT8HT8 C:BH3H e :B. ,IIBHHHA npouecc 

•o~••••:t_ ~ .)=t (4) 

fipH STOll :B03HKK88T }lO:BOJII>HO IIHOrO TpeyroJII>HiiiX.K.I{8TiilpexyrOJII>HLIX 

;ltH&rpaMII 1 OTJilll{81lll(HXCH :BHYTPCHHHMll JIHHHHI.Ill 1 T8K_K8K KpOMe npo-

naruopoll, oneqalli!IHX cnapHllBHHHil Wr (lC) w~ ('f) , nplwyrcT-
~~. ·-+ 

:ByJJT nponaraTOplil 1 COOTB8TCTBYDI!(H8 Wr (>&) c,_.;,. (:#) , C.r,(11) C:oltJ(~f) • 
Blill{llCJI8HHH B STOll «l.Jopii8JIH31.18 OK831i1B8DTCH ·oqe.HI> rpoM03,11KliMIIIo .l{JIH: 

,ll8HHOA 38,1l81{H OoJiee Y.l!OOH!illl HBJIHCTCH \I!OpllaJIH3M ne\II\IIllHB-KeMMepa 

[a] , xor,~ta B xaqecTBe BOJIHOBoro ypaBHeHHH ~H BeKTopuoro noJIH 

llCllOJII>3yeTCH 

( i rr--a~"- ~ tt = o . (5) 

3,~tecl> 

~r 7>1' ~ ~o ~o- ,J ?J.j ; 3 to-=- 9• -=- 3n. = -:_Jn =i,'J. ·; 
!Jrv ~ o "fa.c. ~ -1 Y. . 

/)- ,~teCHTHPH;ltHW8 JIBTPKU!il ne\II\IIHHa-Kewwepa,·y,~tOBJI8TBOPRDIIIK~ 

CJIC,l!Yilll(81lY nepect8HOJ!OI{HOKY COOTHOW8HIW! 

fr pvp)o -t P>- J3v ff--:: ~ rv·f!,>o T 3)v f>{-f-
't - ,~teCHUKOKUOH8HfHWJI CtOJICieU, C0Ctal!Jl8HJWI ll3 KOKllOH6HT 

:seKTOpHOrO nOJIH H KOK0KB8UKI HX DPOH3BO,IlBiiXo 
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't' ~( ~t!t''J~ t(o,wf"-o~w.,)) l1.-=- 4,~ •• , 

Qr- = ""w,._ _ f'·"-= -1,1, 3, y. 

ilona~~ narpaaxuaa npK a~ow uweet BH~: 
. . 

lf'll>-=-i=u,.Jirc'K>"b,Ar('IC):_+: rrcz~.Hirr~,..-IM.)~r,>: ~ (6) 

+ e : if {lt} p.,.. ~(x) .A r (x) : 

'f {~)-:: "'f'+(x)1• j '1• = 2 p: -1 ; p:- fo ; fJ =-- ps . 
B npo~ecc pacceHHHH CBe~a Ha CBe~e B STOM WOPK8HH3Ke, 8H8RO~ 

rH'iHO cnyqaJO o6weaa ~meKTpoaou, ;na10~ Bima:n; mecn 'leTwi>eXyronL

a~x_:n;uarpaMM, TPH 143 KO~Oph!X OTHK'lSIOTCH OT OCTBHLH~X RKlliL 

aanpaJmeHHew oc5xo;na BHyTpeaiie~-Cloaoaaoit JIHHHH~ ITponaraTop BeK~op

HO~ ·qacT~fn~ l3 tPOPMBJiHaMe .lleWtPHHa-KewMepa E~rRH;D;RT CJie;llylllllll!:ll 

o6paaou: 

T. c( ) ·. ~ P( p_. M)-P~I\t,_ " (7) 
p "' : . P= P. B~-e 
• -f>+M-i£ wt(ILI .. -P~is_) 1 f'-Jt. 

ID11yp o~ npoHaBORLHoro 'lKcna j3 -11a~p.11~ :n;ae~cn BhlpazeHI4eM {j:o]: 

. . - (8) 
~{~rc, ... p~:2,}: 1H,ICJ[~ztz]'l[i2 1lJ[~.,t3].."1[t~~z~-J[Ilzo;f..]t 

+ ,(i,IC1][~eJta}'7[-lall.,][l'~hJ.. ~[t .. ~z,][IC,t,] 1 

r;ne 
4[!.!f)[11Ht] = ~1<11~e)l.f- ~~:,.,~ett: 

ITpo~eAypa peryJinpuaayuH 

ffax IIOK838HO B pacloTe/9/,B H61IO~B.JILHOI! B6RTOpHOI! 3Jl6RTPO.It~~a
MHKe HCIIOJIL30l3BHHe peryJIHP143B~HH. ~Hna ITayJIH-BWIJJapca IIPHBO;D;HT K 

~OMy, 'iTO BhiCWBH CTerreHL pBCXO)J;liMOC~H aapHliCeHHhiX ~KJ!Ol3 paBHa 
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qeTwpeM. EcJIH :B:Bec~H aeKotopwe :n;onoJIHHTeJILHwe_ycJIOBHH, TO aTa 

Teopun CTBHOEHTCH KoHe'lHOI1 npuqew peayJILTBThl_6y;ny't aaBKCeTL OT 

Tpex aeuaEeCTHWX napaMeTpoB. OrrHmew rrpo~e:n;ypy_perynnpHaa~HK aa

pn:m:eHHWX ~HKJ!Ol3 /9/ • llO,lHHTerpa1ILRll6 :BhlpaEeHKH, COOTB6TCTBYil- . 

~He 3811KHYTWM ~HKHBM K COC~B:BJieHHhle K3.nporrara~opoB.38PHliCeHHWX 

BeKTOpHHX c5030HOB 

. , . ~{ ~\c(ll,-)Ca).f!o1'e_(x~::·x~.). _. ~Tc(l( .. -x,)}, 
Ciy;aeu peryJIHpH30BBTb ·c llOMO~LIIl 'l8C~llqHo BH.JtOK3MeHeHHOI peryxH-

Xo =Co =1 • -- . • -I 

•W\ -M· = W\)..' •. AJ· = )\ + E,. i, ~ ')')! j .£.) << l. 
J . J I . - J - . 

puaa~HH ITayJIH-BHJIJiapca 

.l!JIH ~HKXB C ~ :BepmHH8KH.peryxHpH30l3BHHOe l3Wpa•eBH6 pa:BHO 

1 Gl"r 1: C.; .>.j fr{ ~ \~j (P-tli:,)j?> 1~ (P-tk,~L ~T ~ (r+~e,.)j. 
Koa<MIItKeaorw c:, · y~oEJietBopni>or cHc!ewe ypa:Baea~t~n! ' " ~~ ~ C,;).j = o ; 1<. ..... o, ~ . .'1 ;_ 

~0 • t c~ij~A.i ~a· .. :;-, -~= o,z,ti, 
.a•• . > - •• • .·~ •• ' • •• -•. '. , •• • 

QLM- npouaEOJILHhle rroctoHHHh!e. B pawxax a~ol peryxapxaa-r;ne 
~HK CXO:n;HTCH KHTerpaJIW OT ~·OWX 3BKKHYTWX ~HKJIOB H cy•ecT:ByeT 

Koueqa~st npe:n;en npK .AJ ~ ,.;;_. ;. : ' -· 
... ..;;' 

KHH8118'1'11KB 

.liJin BW'liiCJI8HIIH nonHWx aKIIJIIITY.It :n;aHHoro npo~ecca aeooxo;nuwo 

paccuoorpe'l'L Exna:n; o'l' Tpex qetwpexyronLHWX ;nxarpauw • 
. · 1..V.~ . ~t<'r fi.".J ;~z (9) 

~ 

IC, 

·6) B) 
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SaKoH coxpaHeHH.fi aHeprKH-HMnyJI:Lca-npHBO;llH!r K ro11y, 'ITO JIIIml> 

TPH 'leT.WpeXMepHwc. HMnyJI:Lca woroaoB HBJIHil!rCH JI.IIHeitao aeaaBKCHMYJUI: 

K, +I(~ = k!o +k.,. "· 

• B ;na~l>He~meM Oy;zte!r paccMaTpliBB!rl>C.Ii CJiy'laif, Kor;na BCe 'le!rl:lpe WO-· 
. ~ 

!rOHa RIIXO;llH!rCH Ha M~CCOBOl! DOBepXHOC!rll 1 !r.e. k'.: .= 0. 

llepeMeHHI:le MaH;zteJil>C!raua Bl:lOepey CJie;ztyll~HM oopaaou: 

S:: (ll,-tk1.)\. 2.(ll,t<2 ); t = (k,-Kl)~-.2{1l,~3}; U."-:. ( J<,-1(.,)2::-2(t<,ll.,). 

llpll pemeHHH ;ll8.HHOl! S8;zt8'lll y;no0Ho DOJil>SO:BSTl>CH CHC!rellol! ~eHfpa 
HHepnHH B S -KaHBJie. llJH 3!rOM 

~,={w,i2); J<~:.[w,-iHi ~3 ~{w,i<'3i ~~t-::{c.o,-i2'1 
il'"'{o,o,w3 i i2' ... {wJ.·,.9, o .. w~es_, 

r;ne 9 ~ C i{'R•J ~ yroJI pacceHHH.a. 

llepe~~:eHHYe MaH;neJI:Lcraua B arol cHcrewe H.uenr BH;n: 

S='tl()z; t~-ltf.ol'l.fi"t~; tl,.-::.-ltwt.t.Mz.:. 

~H KOHKpe!rHOrO Bl:l;lleJieHHH IIHllapHaH!rHI:JX SMDJIH!rY;ll y;nOOHO Bl:lOpa!r:L 

onpe;zteJieHHyll K8JIH0pO:BKy 4-BeK!rOPOB DOJIHpHaanHH WOTOBOB e - Ka

JiliOpO:BKy, ll KO!ropo.l1 t/l={o, ei.}; i.: !,2,3,4. 

B KS'lecne· HU8BIICHWI:JX Hanpa:BJieBHJI DOJIHp.ll3anu llB8;ztltll)lJI.Ii 

Kax,noro as !J)oroHOB napy rpsxuepxwx noJIHpxaanaonwc opToB e<") . 
-cz) 

II e 1 Bl:l0p8B HX CJie,lyDmHM 00p830ll: 

·ec•> ... ec1>-:.e1')-:e(•)= [~~'] ={o J. o1 =e. 
I 2. .s I , I c iC ~.'J I . I I J - ~ 

~cz.>=-- eiz> =- ..!... [~ iPJ] -= i- J., ·o~ o J :- ~ i w . 

· ;;-C1.) e-tz-> · .f [ ;;•e-c"lJ- {- ,..,.. D •-·w ~} = e~ · ~~ =- "' =- w _&. 1 - ..-.,.,, ,,. '} 
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.. ~ 

Bi.iMJieHHe HHB8p118H!rHI:JX inmJIH!rY)(-

. ,. 
lloJIHaH a~nJiny,na pacceHHHH,JlJIH ;~taHHoro nponecca 

. _, :__ 

Jl.l; r ·:~ 2 [ Jt.f(A) + JU {I') +'_.ft-1 lC) J . 
~ . ·. . I 

(IO) ~-. 

· (<~)·,-· tiJCr) 11.1a> 
r;11e '- .M . , JVI · ·H dVf - llKJI8;ztl:l ;ltll8rp81111 

. - ~ 

a,0,11, onpe;~te-

·::JiaeT ;ailwwepeH~HaJII>Hoe ceqeue pacceHHKH 

c;"' do ~·6!~~ I ~4~~- c~~;, 
_,_ \.:-

(II) 

do• . . . -· aHeMeBT reJiecBoro yrHa )lJIH.~anpaBHOBXH :~ ~ S;nec:L 

CIIC!relfe ~~a;pa HHepJtKH~ BY;zteJIHH DOJIHPllSB~KOHBI:le liHOXUUX WO~O

JU i.f·: MOXH~ npe;lt~~aBIIT:L ~ ~11;11e 

_.Mi.~= ~).e.l·e~:.:e!~ JUJ.fYf , _I,;·· '" 

HOB, 

r,ne · JU~f" f-= .fll~f'".f (t, 1Clk3J£.,) ~ T,~•aop. pa~c~~!fHH ~ron-
as woroHe. • _, - __ ,.. · · 

HcnoJII>ay.H.iioHKperHHlt BYOop.noJIHpHaa~HOBHW~ opTo1l !PoTolloB, 

!reHaop pacce!lHHH tlJOTOH8 HB tlJOTOHe IIO:a!l~.Jipe,lC!r~BHT:L B llll,l~: 
· · r_ . .M , · o.> CAZ.) c ..... ) ( .... ) 

JUi"e"<---::=., , · _ A,.>.-a..\1.\., ~i 4-~e. e,~ ey,.. 
. -"oA&).A"'f 

!6 l!eJIII'lHH fll~ • .>.,_>.~>-'f !lBJIHDTC!l WYHK~HHIIII ,s I t, u_ 
'f ·~~ 

H8SI:JB8DTCH_HHB8pH8HTHHMH 8MITJIHTY;zt8MH. :/; . ~·· 

ll 

YCJIOBHH HHB8pH8HTHOC!rH no O!rHOilleHIW K oOpamea'iw .. BpelleHII H . 

no orHomeHHD, K nepecTaHOl!Ke aa'laJILHI:lX HJIH. KoHe'lHI:lX-WOTOHOB nJK

- BO;ztfl!r K ~TOllY 
1 

'ITO BCero 8 IIHBSpKSHTHHX ·~~llJ!IlTY;zt ~!r;IH'lHI:l. O!r. H;JIH, 
. - · - ' ;3 4 II/ 

npH'leM. cpe;ztll HHX JIHillL _,5 H838lliiCHMI:i.X . ·' ' : . 

JUnu .i .Mun; JU-1122 =.Puu i .M12n.:=Jli21<J.i) . .fll~z.z~~-·? fllzu 2 
• 

..... 

:,,-_. 

II 

· .. -... 



1 
I . 

I . 

i 
i 
i 

~ 

• 

CelleHHe pacce.HHH~ C 38~8HIWMH Ha'laJIJ>lWMH'!l-KOHelllWMH nOJiffpHaa

~H.HMH nOJIY'lHTC.H aaMeHoa JU L.f -+ .MA,.A1.A1.A.,. 

Ce-qeHH6 1 npocyMMHPOEaHHOe no KOHeqlWM ll ycpe~HeHHOe no HaqaJIJ>HNM 

TIOJI.HPll<la~HffM, TIOJiy-qa eTCH npH 

IMt+\~...:o,! [ IMm.fl+l M2m\\.2l.t4,~2j'l..2JM,nl1..2} UfutJ'l] ,; (11) 

CBoficT.Ea KPOCCHHr-CHMMeTpHH aMTIJIUY~ .JUi.f. npK:BO~HT K HeKOTO

pNM COOTHOmeHHffM /4/ Mex~y 8MTIJIHTY~8Mll, C onpe~eJieHHNM!l nOJiffpH

aa~HHMH, KOTOpHe_n03BOJiffDT ENp83!lTl> BKJia~ OT.~HarpaMM 6) ll B) 

B nOJIHYD aunJIHTY~Y -qepea BKJia~ OT ~!larpaMMN a): 
. . · (U (q) (a) · 

J\(uu(S,i,U):. M1111 (s,t) + M~Hf (s,U)+ M-t-tu (i,ll) 
. (~ . (Cl) (ct) ( '\ 

.M~2u(s,t,U):. M~1·n {s,t)+ M2222(S,~) + Mz212 i,U; 
· ,_ ·(a) · · (q) . · (ct) . ( 13) 

.M442t (s,t,u)=- Mff22 (s,t)+ Mu22 (u,s) + M122f (u,i:) 
. (ct> .. ,, ., (4) . d(v (.L ,1 

.M121t (s,i, U):. Mn2tl ~.'J + "'1utlU,S) + ""112z "i ~~~ 
• ., (Cl} (If) C•) { ~ \ 

.M1224 (s,t,ti)=-·M,2.H(s,t)-t:M.,1ult1,S)+ ftluzz U,t; 

TaKHM oOpaaow, ~ocTaTollHO EN~KCJIKfL·BKne~ o~Hol ~KarpawMN B 

qeTNpe liHB8pHaHTIWe aWTIJIHTY~ JU1111 J ./J'l.22Z J J/11221 Jl/-t2ll. 

'){ltcnepCKOHH06 npel!CTaBJI6HII6 

~e~HM8HOBCK!l!.liHTerpaJI, COOTBeTCTBYD~~ ~11arpawwe a), 

BlirJI.a~u cJie~DIII:I\M oOpaaow: ( t~) . s i ~ • .>.&~J.~V (P,S,-1:) Jlt p. . .. 
M.l,~"'~!lx.,<s,i}: -z~a (f!.rtt"'.][CP-Ji.,>l.-~'lj[(P-Il,-tz)l-ml)UP..I(a)t_ ttt'9 ' · 
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)· 
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r 
l ~ 
l . 
r 
' 

- e l"' ",.~~,:_ . ·. "Av """ · . . : 'f t "'··-) . . - ' . -
B.A,A.,_).3~., = n~ Sp ~ [cP-t(J(P-fl&tttt)-CP-I(J\Mf~e£ [ P(P-+111)-P~"'~. 

1\~[ A" A" .. : ;') A{.A.s) f: 1\ 1\ "-' 1\" '\ l. j]}-. ·e., . {P~K.,}(P-~.,1',.},-{P-Jtyt+Jit~ e3 d~-ll,-liJ(P-Il,..;lll.+~t~)- (P-Ii,-I(J+114j . 

IIp.11 ~ocTa,;oqHo MaJiiix S, t JU (s, t) BelllecueHHa ~ EcJIH yBeJIH'llulan 

S npK ~ocTaTotJHo uaJioLI 4/HKcHpoBaHHo» t , To npH s~'t"'"' y M(s,t) 
no.HBHTc.a WHHWaff qacT~Jl"(£,i) H ~JIH M{.s,t) MOJKHO HanHcan' 

~HCDepCHOHHOe COOTHOmeHHe: . 

M (st.)= .1-f~ A,~ {s~~) d$' . . -'. .· 
_ I .n 'tlttf'l. (S'-S-c.O) · , . 

(1~} 

A1s(sjt;) ;"OlKeT Olin Haa~eHa c noMOIIILD npaBHJia KyuoccKoro 

A 
' ) _ . ~ s i&(P1 S,i:)f)(p!.·t't')i[{P:-I<,..;i<~)~tw'l._]d'tp . (tt) 

IS(S,i =2t.J P.>o (CP~K'f)l.-~1.)((P~I<~t)~-:~~J_ . · .·.. · 
AHaJiorH"'Ho, np.11 g).IIKcHpoBaHHOM waJioM S .11 npH _BoapacTaDIIIeM i : 

} 
I j. oo A,t. ( s.,t') ol. t' . . 

M(s,i =- - H'-t~c:ol _ · .n ""'l. . . ., 
KaK BK~Ho 11a (!6), cTp;yxTypa A1s(S,i:)TaKoBa, llTO npH yBeJIHqeHHH t 

y Bee no.HBJI.HeTc.a wHHMa.H. -qacn.1tto~ A,s· = A2.. (s, t) , qTo · noaBOJI.HeT -

~Jiff A1s aanHcan ~~cnepcHoliHoe npe~cTaBJieH.IIe no t . 
A < i)- ..L J Do A,.(s,t'J :d·e c ffJ 
•IS s, - .n i:c(S) . (i:'-t-to); . ;: . . ( 19) 

· A~(s,i} =- Y.ll~ J i sr(P?:ttt~i[C,-IlJ~~~·R~~t.,)"t_tt4~ofcP-:-lltli,)!hi~J.,P. 
P.)o 

B It6JIOLI ~.a ~(s,t)noJiyqu ~BOAHoe :I(KCDepC.IIOHHOe COOTHOID6Hlle 
'• • r 

KJI.II npe~cTaBJieHHe UaH~eJIJ>cTawa: . _ . 

- · · oo --A (~·-~;•Jas'd-t' · . 
J\4 (s,t)= '~'2. ~ J ., · l:Ls-ioJ(t!..t- ioJ • · 

'ftii'Z. fe{S) . . 

CloJ 

~OpllyJIN (5,!7,!8,20) Kli6DT Clli!CJI B_TOM CJiyqae, Kor~a B 

I~ 
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aClU!nTOTRKB A,s, ·Au: ' .A2. yc5~Jlcl!OT no KpaltH~tt uepe KBK A.~ ...... s-1. ~· 
A~-t"" r,' A~ .- s-ft-, . B npOTK.BHOM :~yqae ·.B 3TRX ~OPMYJIBX H~'oo
XOARMO CABJI8T~ onpeABJIBHHOB llHCJIO E~llHT8RH~. B c;ryqae CIIHHOPHOR 

aJieKTPOAIIHBMRKH • A1s , Att , Ai · · cTpeMHJIHc~ K KoHcTaHTe JJ .acHMnTo

THKe, H Heoc5XOARMo. owro .· aanacaT:b ARcnepcuoHHoe :~peAcTa:BJIBHlie c · 

OA~HM E~tJHTaH~e.M. PaclleT no (I6) JJ Haweu c;ryqae· ~oKaa~:BaeT , liTo 
~ . . . .. 

A,~- S ll acHMnTOTRKe~ TBKHM oc5paaou, Heoc5XOAHMO aanHcan AliCnep-

CHOHHoe npeACTBEJieHHe C TpB!AR .B~llHT8HHHMH. il>OpM8JI~HO K T8KOMY .. 

npeACT8JlJI8HaiD MO~HO IIPHATH , BCJIH JlOCnOJI~30E8ThCff CJIBAY!OmHM TO%-

AecT:aeaHHM npeoc5paao.BaHReu: •· 

1 s!f~ · s3t" s~t .. · ... · s3 -
:. -1- + + + 

(s~s)(i'-t) S'~i'3(s~s)(t Lt) s•-ll'3(s!..S) s '.l.i' 2 (.st.S] s•3i'(.s'-.s) 
t3s1. : . . t3.S . t3 ~ s~?ie s'l{ st~ ' ~ :. 

+ + . •. + +--+--+ .. 
· s'~i'3(t'-t) t'3S' 2(t!.t) · t'3 S'(t!.t) s•-lt' 3 

S'
3 t,.7. s'

2

t':!. · 
s1. .£_ E._ .-£-.+·_L -t~. 

~ s•~t' +. s1 t'3 + s•z.t'z. + S''lt' . .s't'2 
· .s't' ... 

u(ri)- s~t3 (( A,.(s.'t~ds'df I .. '+ s~Je-ds' .{tj?2{s~ttf;CsQ+.ffs'i)t 
•~ ., - Jtl JJ s•3_t'a(s!.s){t'-t). Jt1. ,_ s•3(sts> .. ..· . .· . 
:_t: r- c{t' '[si~ .. (~'' +so (·t'J+":C.-+'']+ pfs,t): .·. + ,_ J t'~H'-t) a' "J a' a ,.1 · .. 

.. : .. ""1~ J ,h(s,t'),t' .. 2. (s). -=J· ".4z.(s,t')dl'· P(s)=-J.A'l.r;,t~dt~ 
T2 (S) - t I! (if I T' t' 2 / T ' t. 
JVur 8 (-U aaairorHllHO, P(.S1·i:) - · noJIHHOM :BToporo nop.llAKa no S • * t c 

Ko.stPtPHI.\eHTaMn P ll EHAB HHTerpaJioll oT A2. • RHTerpaJru ;ztJIH f. , . 
s- , P paCXOAHIJ(IlBCH, H J.lld _ ){O~~Hbl c5~Tb npliHHC8H~ HeKOTp~ble 38p8Hee 

38A8HHHe 3H8ll6HKH, COOTEeTCTllYXlll(llB ycJIOJllllD nepeaopuHpOJlKH. AMllJIH:-

,TYAB ABHHOrO IIPOI.l8CC8 paCXOAilTCJ! K8K ll8TEepT8H CTenea~·HunyJibC8 HH-. 

:-< .... 
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r~ ~, 

• 

TerpHpoJJa;HHH. llac;re npOBBA8HHR'peryJIHPil38l.IROHHOit npOI.l8AYP~ EHpa

zeHHe ){JIH BKnJIHTY~ 38BHCHT OT Tpex IIPOH3EOJI~HHX KOHCTBHT Q
0

, Q~ , 

Q~ • rpa;nH8HTH8ff ~HE~pHBHTHOCTh 81lllJIHTY~ npHEOAilT K noHHXBHHID 

CTeneHH pacXO)lKMOCTil ~0 JIOr8plftl>UHqecKOit 1 IJTO COOTB6TCTEyeT Oc5pall(e

Hlill ll HYJI~ KOS~HJJ.BHTOB llPH Qlt H C/2 • 

.M(o,O)= C.Q~t=Oj 

'i>M(s,t)J = c~az~o i oMfs,t~f .. ~ e;a,_ = o i 
'OS t=S:o . ?Jt · t"'S: o . 

'~ . . .,. . .. I . ; ""a'lM(s,t)l -= ,, . o2AJ(s,t)l = (J ao. 
() /ti{S,t) . = C3 Q0 J 'M'- . S:.t=o C3llo1 ~Sot S'=ho 3 J 
~s1. s .. t=o · · · 

"( a J-. ~ A,s(s'of sa. fas' : ( At(s'-L')JI:'.,., sl·fcJs.'A,s(s'o) + p'(s) 
114 S,O}=-:n ~ ... 1s cs•-s~ .-rrt.,~~~~~sts)J tt , . . n 't~~ S' 1(s!...s) :· 

lloJio:lixu ~(s}~ A,s(S~~). BoaHH:icwHinoJIHH~u P1(s) ; npH:aeAeT x HeKo-

TopoMy nepeonpe].!eJieHHiJ KOS\MJHI.l8HTOE P(S1 'f) .AHBJIOrllllHO: · .· . . .. 

oit(s,t)f'· ..:. ..!J'ds' ?JA • .s(S'i)l . .,;,. $3jo-d:'· I JA'2.(~2.'t')dt'=
"bt t- - .11 Cs'-S) 'M lt;.0 Jt'l,. "&. s 1(s -s) t 

-o 'f~ttl. . . ""' . 

_ slrK> ds( -oA,.ds't)J + p" (s). · 
- - J S'~(rl .,, ~t · · t.=O · ·· · " 
"•~ . ~-~ . . . 

( ) == ?>A,s(~,t)/. .· .. ·.· ~· .(s):· ()',t,5~s,t)':/' -
fa s .'Ot t=o '· ~ T2. • . ?t t-o. 

C llOMOIII~Xl 8H8HOrKllHOit llPOI.IBAYP~ OIIP8A8JIRIDTCH iPYHKltllH g (i J , noc;re 

'!lero ;t{K~nepCIIOH-HOe J!P8){CT8l3JI8Hile C TpeKR. llillllKT8HHRMH nplloc5peTaeT 

BH;n£. ·_ sli~jf A'2.fs'-f'Jds'dt' s3ro-ci~ 1 · [ ·~o~,sMDI ... 
M(s,t)- , ~~ J s•lt'-l(s!.s)(-t'-t) + .Jr ~ ... "&.s'~(s!.:~) t ~t.'2. · 1 .• 

t ?>A1sls't)J +, (s'o)l+.t_3f~odt' · [s2.o'lA,t{s,t')J + 
, + ~t i:•o ttiS U rr lfm1. t•3(flt) '"lS' S-=-o 

-+S L>Att(S,t.~Jr +A ·(ot'\1+ p(st ao). 
'}S IS=O It I )_.J I J 
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BU~RC~8HH8 HHEapHaHTH~X aun~KTYA· 

.. . 
~.11 H8X0~~8HHH HHE8pH8HTHUX 8Mil~H~Y~ H806XO~HMO SH8Tl> CQOTEST-. 

cTEYJOI!Uie o~HoKpaTau.e H -~EyKpaTHble crreKTpa~»H~e mio!rHOCT~ ,.,r, A,i: 

1 
Jl~ H rrepEb18 H ETOpHe IIPOHSEO~HLie OT O~HOKpaTHbiX Cll8ttTpaJIL~ 

HbiX IIJIOTHocTen. BH~IIcJieHHH A,s, A,f: npoEo~H~Hci> no: ~Popuy~all (16,19) 

E rrp116~llllt8HHH IA>"l.>)MA1. • ~YHK~HH B~,)ll.A,~., , Heo6xo~HIIBH ~~H 
pac'ieTa A,s,·Ait: E aTOM npH6JIHllt8HH.Ii 1 liMeeT mt~: .. 

D. . e 'f Q _.fA( A,) "A. 1. ~ 1\(Al.) 1\i AG\tt) AA :1. itA(A,) A A 1\ OJ.? 
OJ. 1 AL>.!>~.:- noz. dfl ~ . [(P-J<J-tl(PitUJt2.. P :eif (.{P.ll•)-tl{Ptt,)J~ (P- K1~1<2) J, 

Bblp~-~~~11 JIJIH s~.~1.~!.).'t ~OCJie Ebl'i.liCJI8H.IiH Sp JI8Hbl E rrpltJioxeH.IUI A. 

B;naJII>HetiweM y &J..A1.~~>.., .liH;zteKCbl rroJI.RpHaa~HH ;nJia KpaTKOCT.Ii aarrH-
, ' .. - .... 

·CH OIIYII(8Hbl. . . 

. 
o -=. A (s o)::. _ J\l. J s-'lrr~_"'i.JJo- s ( P,s., t .:.o) .. 
i . IS. 1 •• 'f · S · .. · p ""'I ((1'-tt2.l1.-M'L)"Z. J 

o = -vA.~(s,t)( ·-- nt{s~'IM.t"'i ( J . ~&(P,s.,t>l . ·• . ·. . . 
1 1 ·: ~t .~. t~o- . If s- jfi\Oi )i t .. o ~'t[Cf-Jta)~lW~ J 

2 . . . . : 

Oo:. 'OA,s,(S,t)' __ 11l~S-'fM4"Z.J, ~b(t,S,i)/ . f .· ... 
~ l)t2 t:o- \f T JdOp ~t2. ft=o ~'f((P""I'&l\~>tJ~ ·. 

·.n~otiHaR crreKTPBJII>HaH ·rrJioTHocn .A~ pacliK~WEaJiac:r, no WOPM.YJ!e: 

A,(s.t)=-~nr~ Ji.&t'(~~;.,~~(e:t~- ~-z.Jo(&z_k4~)o(e.,t..Jl?)ofYp ~ 
. l'.)o 

·~J· ( t ~' (·-z ) l 't 1.1 ( t ,J~Por.r»rJ ·J't(el) = ~~.n ~B & ~-"uo e2~"''t i tl-~/li e,-kl17Jlt, .. titl·t:J . . . . , 

~e ·~ ~.1= P\ ·e;= (t-ll~)'l~ t.I'=lP~~2.).,_ 
1

· e,i. (P-k,-~~J'.· · 
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Yc~oEHH ··~ &_,.!Wt.. rroaEoJIRD!r EN6pan xoMnoaeHTbl 'leTblpeXlo!epHoro 

EeKTopa P E EH~e 

P(S,t):{Po=-:{S · ~x"=-i:.J-~t'. p~:± I_Si __ ~i · A
2

::... JS 1 ·. 
2. I 2. .S.+t I d VY($-tt)• I . 2. J. 

IIpi.t 3TOM 

(ef)= ~ Jr-:~~:::-r("fs_t_)·_-h-1--.i ; Ct; P)~ (e7.P)= .i jst : ~(Pk,)=- (Pk.,)::.o: 
"f + . . . . 2. S.-tt: I . ,/ 

?J(f?e~et-e"'l.) = 4i. Jst. [sf. -tt.,~(s+tJ]' · 
~PIC p~ p2.) 

Y'lHTH:ila.R Bce.aTH.cooTHomeHHH, no~y~HM 

· A (sf:)~2Jl"&cs,t> ... 
2. 

1 ~St(St-:-'fl'il.(S+t)] 

JE""- Ji2e'f(sl.-tt7.J . [ st .... ·J:z. 
2 

- ~~'fJst [st-'fnc'l(s+tJJ 11Cs+t)- ~'- . j 

n~~~2._ Ji2e'1( s. ~+t"l.) .• . s.tt1
_. . 

~~ - ~ 
· Jrn'fJst.[st.-ttK4t(s+t)] /6(stfJt. ' 

~!2~4:-JI H1t:: Jrl.e"(S~+t'2.) . . . f.St· -~J Sf 
. '- · ·. ~'""~Js-t[st-lit~tl.(s+t)J L'i<su-) j't(s.~t) . . 

.:.-' 

Tio;ncTaB~HR E (21) EUpa~eHHH ~JIH. cneKTpaJiiHLIX·Il~OTHOCTeti, npa-
. .· H (ct) - . . . 

E8,l\8HHU8 B. IIPHJIOli\8Hllli B, MOlKHO IIO~Y'lliT:b 1.,, , . , · , • IIOCKO~l>KY 
. '1. .• 't "'•""t.".l."''f . .. . 

c caM oro Hatia.lJa npe,llno~ara~oc:r, u> >> k.t .11 E B;.,h~?.,\'1 6UJill orryll(eHu 

'l~EHill ,.;, ~ t.: ~E wpa~eHI1llX JIJIH N1~l.)..l.)..'tnMeeT Cl!hiC~ lfTaEJI.RTD 

Jllll.!ll> HaU60Jl88 6h!CTpop&CTYlilll8 'lJieHhl, T.e. 11~8Hbl Tl!II8--.. ~"Z.~~"l.J· 
s~ . Is \ . st kt .. · 

11 f1.4't ~ j;UL .J{~H Toro 1 llTOOhl Y'IBOTD ~JISHLI ""~'f i He06XO,lll!MO E 
. B . "t 

:Ehlpalr.8HlilJX ,ll~fi OCTaPJt.Tl> .11~8Hhl ""..... • 
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Y~o0HN6 npReMN ~H B3HTRH O~HOKp8THNX R ~ByKpaTHHX Cll6KTP8~DHHX 
.. · ·· BtsY!sJifs-t:\· 

· RHTerpa~OB pa3pac50T8HN B /4/ • HBHHlt :BHJ{ !PYHK~ldt lofiit'/JT(;;j'l 1 (;;;,'''t~Jtt}l . 

'lepea .KOTOpNe :BblpalltallTCH Jt.l ~Q~ , , (s,,fl npJ.!:Be]teH ll_ nplUIOEeHK~ C. 
"'"1":!>""" . 

(q) J\l Cct) e'1 { (~ )C 1 t· .2' ttst'l.] JU111,-=- 22n = 32 t\t., & lf~~tl 'It - 's- 3 si- ~+t + 

{ t )r~ 1. 2 2' 'ls1lJ T(s 'l-"'s1.!z. •~tz. s-.tl +& lft~el LlfS-{;f - 3 st- Stt + 'ltltl.} (S+t)l.+l '+:t -.::J+ 

t ) - 'IS:1fl 1. tl ( .§_ t '( l(s.lfl. ~1}.! . 
+T('fucl l Cs+t}t. +~S 't2S~ + 1 'fl&f~ ,'f.uV Cs-tt}t +'IS\2stj JJ'' 

III(Q.) e'f {tS)[IOt. l-f' ~.Sil.] J~un = ~lli"nt. & 't114~. ~s -4t+:!. .st+- s:rt + 

+o.(±. )[6t'l.-lfs"L-qsi+ ~stt.J + T(~ )[- 45
t.t'l. -ldz-jst]+ 

D \fiUl. . S+t 'hut. (Stt)l. 

{i-) lf&t.fz. -z. tl - s t )- - ·l.fstf~·J 7 
+T 'f~t. [- ls:-tt)l.-4S;-.2S-f_j+l(~&ut'1f~i f:zst+(sttlt. J j 

nr (Q.) e.'f { (~ )[ .12. 2. -z. ./'t lf.st'J 
.JI.\i221 = ~, B 'f\Ul. 'f-r;. + ~s- 3s.J- st: + 

.;A(l\f ~ ' + 

+~( i~t.)[~s'-r ~t'~ ~s!- ~!~) + T(: ... -z.)[ ~~~+ Yt~~st] + 

:t r't~'lt' t J (s ±..).[ t Cfstfl.Jl 
-+T(tt"'l.) L Cttt)l. *' ~ ~ + ~st +I 'f~l., ftJul. 2S . - Cs+tt J . 

BNpallteRKH (22) CO:BK8CTHO C (!3) IT03BO~HDT no~y'l•!~ ITO~H~e 

awn~HTYJtbl pacceHHHH c onpe~e~eHH~WR no~npxaa~nw•, H c nowomDil 

(!!),(!2) ON~O npx6~HX6HHO Hait]teHO ITO~H08 ce~eHae ((J(-pacceHHHH: 

"' 
II 

.llmr i• 0 , U=-.S HH:BapaaHTHHe allWIHTYJlN RMeJOT CJie.itylllll!Rl1 . 
BH]t: 

<. - 1.. ' . . ' ' 

.Al1in ~ JU~111.;; ~:_"~ .. ~"2. [ B ( ~"L) + 8{- y~JJ i 

Jl1~iZ:: -JUl'lU =- ~~:~:1. [&(-If~~)- B( lf:l.)] j 

J\1 · eY-s"L- (s)·. { s)·, 
121~ "=' J'f m" ,1. _l B _ V111t. + ~ -'f..,t. ] j 

'lTO IT03:BO~HeT no~y'lHTD ]tH~epeH~H8~DHOe . Ce'leHHe paCC8Hiil1H 

BnepeJt 

c/() 1- -· ~ 
do' t=o 

to-iJ.'1w'~tf~·l. 
n1l ' I c • . ' 

B 38K~'l8HH8 SBTOp BNpa~aeT r~y00Kj'll~6~aro]tapHOCTD r.B~E~HMOBY 
'''t ' . 

. !4 B.A.A~eOacTpOBY 38 ITOCTOHHHYil ITOMOIIU> B paOoTe, a T8KJKe 

C.M.EKneHDKowy, C.E.repacHMOBy, A.B.E~pewo:By, E.X.XpHcToBol1 

3a no~eaHHe oacyJK]teHHH. 
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llpHJJOX8HH6 A 

. e"{(ePJ"cs~tl) z[S{ 1. ll s~ · B
1111

=fii . 
4

. +(ePJ I' (PK2)+(P1<.,))- 2 (PI<z.+P~<.,)+ 

+t(PJ<J(PI<v}J + 2(P~<t)"{Pk'.,l+ S2(P~<J{Pk'.,) -S(PKl)(Pilr,)(pKz+' Plt'y~ j 

e"{. (S1 tlJ · 
B22'12=nz (e,P)1.(ez.Pl+ + (e2 PJ~[fCPI<a](pw2-s)-l(P~t2)tj+ 
+ (e

1
P.l1 [ t (PI<.,)(Pl'.,-S) +t"(Pil.,)z] +' {t,P){ea.P)(PI<z)(Pkr,)[2ft_ t.(Aj tijt 
, . . 

+(e,P)(ezPJi t[CezP)(P~v+ (fo.p)(PI<.,)] -2. (Pk'v(PI<.J J e1:J 9[C€V)(Pil,)+ 

+(e,p)(pll:'.,)}· (PKa.)1{PK~t)2.(1+ t:.ej
29) -S(PI'v(PI<.,)(PI<z+ Pl<y -sJ} j 

11 e"{ 't a.(.s~+t2J 25 · · 
. -ouu-= JT'l. (eP), (eaPJ 4-:- +(ezP l ~ (Pt<z.)(PMz -s)_-+ 

· · +(eP)1. i (PK")(Pil.,-S)+(ePJ
2

(PK.,J
2f2+ (ezPJ(ePf[t(P~~t)+ 

+ (PKz)t(PK,.)z.- S(P~z.)(Pil4)(PI<z-t-PI<tt-S)~ ~-

B,·nt = ~:{ {~pJ(~z.PJ(eP)2 (sl(Z..,.tzJ-+ (ezp){eP)2(PKz}~ _+. 

+(e,p)(ePJ2.(pl(y) I£-+ (ePJ
2

(Pk'z)(Pk:t,)ll.J j 

l:l.I)Si't..&j 

(eP}=--P~=-IPI ~..,J.ii~t.'{'j 

(~p) .... -Px-= ~lPIIi,.,.A.Ctd\f; 

(ez.P)== r"~e-Pz~He .... Jf>JJ;·"J.Ct81f~9-1Pl~J. I-i~.te; 
(PI(.J.,.. (A),_+ tVIi>/C61J.. j 

( P ll") =- wz. + PI( w ~·t.t e + Pz u.> eM & -

~ w'l..+ lrlw~"'-e~lf S\1.1.J.-+ lrlw~J... ~ 9. 
Po.,.,W 
\Plz.= {pl.-'M1..:, 

p'Z...._ )141.. . 1. 
. {P-:K,-l(z.)l.=- ~"l. j 
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llpHnoxeuHe B 

fuC~t)-= 8m'Cx)= ~uufxl= ~uia..6()-= i.t_ e-;::z.. ~~-'K~,_~ 

o''u6 )=- s··eroz~~-14wtl. . .,zz., )- ~ ~ e'!rrrzjx-;:,_"1. ~ 
t lC ~' J<k'f . ,X ' J . lll - .3:1 Jlf". X J 

·f'I~U{ ) _ -1'221( J __ ./ e"''l{x-~~u.t'l. . 
T ~- s X- ",.. .. -~.I 

t 1111 1 ) _ 11 1111(: )-t't. l~Z{)() _ ()-z.zu(x:J _ e"'K [ t3y.Jr.:.r....'~_ >t-A'lcLflJ 
l' llC - <I' l( - . ., - <~" - ~.. 6 lC 2 ... 

.a""-z.'t(l(.) = e"il [- 'ix J¥-..._..t +>e ,h.c,K] 
1t 1,.,.., 3 x_ . . z..., 

o,lll'l(x)-:o. ~ [v. r~-lf-( "" ~ lzc'!, J 
d . ., ... ., · X 

. ' . 

f-1t?.f1~) f12lf(._)-eYif [T- Jx-.,...t.• • ·,,;;] -t V' -=- , JC - - --x - )(wUif-16kt" 6 X ZNt • 

f!"'6t)= t:ut(x),._- f~rl.Zi~) ~ fl•n'(x) =. 

-=S~ulJ)-= fizu{x}=- t':!"(x).,.. ~z."n'(~J = e"u.,r._~_af''-"-"'-YA-u:~li] 
. d d, ~L~ X ~ 

Jli."' (~,+) .. .J:zu (S,+)-::.- .A;'2'{s,t J= ~-ttu {s~+ J = 

i'le'f (S2-t i'~-)S 'l.f 'l.. 

-=- ~==-... ~, "~(;;-s+-:f:::l'~-;-'11-;s=t::::[i:st=-=re...::::::;:zt::;:s=.,_f=i]:;. 
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Upli.IOXI .. I c 

{

. Jt-"""1.A"LS~N -1; S<o.~ s 2."" 

B(;,_.l.)-=- ~"-rl._,• A'2clittvr -1:, o<S<'I,..t.; 

Yf~'irt't~ A2c~ j£_, ~ '"J1- '!!!!t · S)'tkt"l. 
_ S 2"1 2 S I . ; J 

ITpu I sl >> 'lmt B C,S ... l.) ~ ~ ~I~/- ~Jr e (s) j 

{

(A·uk Fi ]'2. · s <o · 
2m ) ) 

-(o.le~ .. .JS ]'2. · o<S <4H~t 2 · 
2ttt J J 

[.he~ 1/5_ ]
2
- rrt -i.Jr A~ck IS · S)lf1M1. 

2tot 'I 2.., ' 

. s ) 
T (.lft'tt =-

· 'l. (s) IP~/s J {.rr1. i.trp t1.. · Jlpu Is\>> lt~ T 'i114~ -:::::. 1fh1 kfl. - v + a~ecl~uB{s) 

T(.£.. >.:t.)= r' J\4. · {~[1-i£-~'J(4-:f)-t 
J,.. lf~otl. Cfllfl. .) ['· ( -, lft'tll.(S.+t)l ktl. 

0 "Ill -f-4 - . . 
.St 

+ k[-t-i~- ~t~(i-~]J 

Ji'f\l \S \ >> ~~'t ) t << f.tw..?. 

:.. 

1. { ~"'L' ;Iii~)~ ~ t ~~ l ~~I;- ~~1 ~1.1- ~zl f J- .n-'--,,,, 

... 

-Jni. ~ \ !1.\ e(s)}. 
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