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V1H03e!I.1UeB B.Vf. 

KnnrreKTi.fBHbre 3¢¢'eKTbi if HMnynbcHoe rrpn6mnKeHHe 

B BblCOKQ':)HepT"'eTH:l..f€CKOM IIOT€HUH8JlbHOM p8CC€51HHH" 

P2 - I II39 

B TOl..fHO pernaeMoH onHoMepHoH Monemf rpex qacTHU, B3aHMoneHcrsyJO

UIHX rrocpenCTBOM CHJl eyneBOI"'O panHyCa aeHCTBlHI, flOK838HO, tJTO BbiCOKo-

3Hepi"'9TH1:J:9CKOe paCC9SIHH9 C f50JlblliHMH nepenaHHbiMH HMfiY1IbC8MH 06ycnosne
HO KOJlJl9KTHBHb1MH 3<fl¢eKT8MH. np0H3B9ll€HO CpBBH9HHe TO'IIHOI"'O Cfl9KTp8 qac-

THU, paCC€51HhiX H8 180 °1 C pe3yJlbT8T8MH HMITYJlhCHOI"'O npuf5JUOK9HHR. 

Pa6'ora BhiiTOliHeHa B .1a5oparopn:u TeopernqecKoi1 ¢H3HKH. OHfiYf. 

Coo601eHBe 06t.eJUIHeBBOrO BBCTBTYT& IJiepHWX BCCJJeJIOB&HBii. ,lly6B& 1977 

Inosemtsev V.I. P2 - 111.39 
Collective Phenomena and Approximation in Hi~h 
Energy Potential Scattering 

I 
It is shovvn in exactly solved one-rfimensional three-bOOy scat-~ 

tering mOOel that the high-energy potential scattering with high mo
mentum transfer is determinerl by collective phenomena. The cornpa-
rison of e)U-:lCt spectnJ.m of particles scattered to 180° 'vith rec::.1~lts 1 

of impulse approximation is performed. 1 

The investigation has been performed at the Laboratory 
of Theoretical Physics. 
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§ I . BBe.1teue 

Upueeeue mmy.n.cHoro npm6JumeHJUI B Tol IIJDI Jmol qJc>p.te 

JIBJJJieTCII O,llHD Jl8 HSB6oJiee &4xfleRTHBBHX MeTO,llOB HCCJie,llOBSHJIX MHOro-

118.CTJAHRX peata:tJdt, Talt, B BHCOKO&Hepre'l'IAeCKOII pacce.mnm Ha CBR:

SaBBRX COCTOJIHBRX HeCKOJIJ,KJIX 1JaCTJJn (MOJieRyJJBX, JUij)SX) 1JaCTO 

•cnom.syeTCII IIp•6JI:aeue Daa.c:ao6o.~tBoro pacceJIHJIJi, BDepBHe Jipell

.aoaeHHoe roJI!>,lt6eprepo./II ~ pacceJIHHf£ ael'rpoHoB Ha H,1IJ>8.X, 

paCCJB'rp0881110: RB.K (lepllll-ras CJia6o CBS38HHHX HyltllOBOB: 

dfJ"nl+= Ajp(p}J3p ~ o/C1'nN(p} 
d ,//, 11", c( Jl. . (I) 

3.Jtec:r. 1f;;_A - ce11eue paccesHU: HeiTpoHa Ha ~, co.JJ;eJllrBIQell A 
HyKJIOHOB, j>(V - DI!IyJ[IoCHOe paciipe.JJ;eJieDe JIYK.IOHOB B ~; 

;;r.v-(I} - CelleHHe p&cCMHU BeiTpoHa Ha JIYK.IOHe C DIIyJil>COII f 
V{j)(lfo- DDI8118H'IflCDI (mtTop, Y1fiiTilB8DI11I DMeHeDe ltiOTBOCT:& 

n~om. ll0101110 o<ilga yCJlOBd npJuleHJIKocu mmy.u.caoro IIpJr6.naeJIBJI, 

flcJ >> 1", 

E :>>£ 
(2) 

( F - &Hepnra II8,ll811Qel 1JaCT:mul, Z. - p&.ltllyc ee B88lDIO.llelcTBJIII 

C 118.CTJ!Qel IIDeHH, /lei - Cpe,lllld P8JtllYC IID8D, £ - 8H8pl'JUI 

CMU) , ~ •ciiOJII.80B8JIU «x>JW.Y.& (I) Heo6XO.JJ;JDm T&De :mmo.meue 

JOJlous/21 _.t. 

_g_ :::»>£ 
tfl111 > -( Q - nepe~ ..uy.u.c) (3) 

o6eCJie11~ero DpHMeHHMOOTI> KBaSHOB06o,llHOI KHHeMaTHKH. 
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06!l'nlo npe~OJiaraeTcs/21, 'liTO np:a: yCJIOBBJIX (2-3) np:a:c11IlmeH11e 

(I) II03BOAReT KOppeRTHO OnHCSTb ce~eKHe pacceRHHH B mHpOKOM ~

IIa30He / Q.j . O,JUiaKo B !957 r . .n;.H.E.noXHI~neBm/3/ npx aHaJIJI3e 

pacceHHKff IIp0TOHOB BHCOKOft 9HeprHI Ha ~ 6~ BHCKa3aHa ~eH 

o TOM, 'liTO B o~acTH 6o~mHx rrepe~ HMITY~COB, K:a:HeMaT~ecKR 

aarrpemeHHoft .ItJIH aJieMeHTapaoro coy,napeHHH ( B ~CTHOCTH, .ItJIH pac

ceHKHH npoTOHOB aa !80°), np:a:6JIHEea:a:e KBa3HCB06o.JUioro pacceHHHH 

(I) aenpHMeHHMo, :a: rrponecc npo:a:cxo~T sa c~eT KOJIJieRTHBHoro Me

XaHHSMa - CO~peHBH C ~Tyanzeft ~epaoft MaTepKU • .IJ:eftCTBHTeJibHO, 

3(fJpeKTHBHlrlt p~c Ml!llleHH R. ~qxp "' Jj_ B yKasaHHoft o~acTH BB~ p. 
aaa~Te~Hoft BeJIRqHHU rrepe~aHHoro HMITy~ca yae He y~oBJieTBOp&eT 

ycJIOBHD ( 2) , Iii B3aHMO~eHCTBHe ~OJDI[HO HMeTb KOJIJieKTHBHJd XSpaKTep, 

XOTil CHJIY, ~e!CTBYJJIIlle Mell,lzy HYRJIOHBMH, npe~OJiarallTCH nyx
~CTHliHHMB. B HaCTOHn{ee Bpelllll MOEHO C~TSTb TBep~o yCTaHOBJieHHHM 

TOT cilaKT, ~TO peMTHBHCTCKHe MO~~ iflopMyJIH (I) He II03BOJIJIDT 

06~HCHHTb 9KCIIepHMeHT~HO Ha6~aeMHe BUXO~ ~CTHn B 06JiaCTH, 

sarrpemeHHoft KHHeMaTHKoA aJieMeHTapaoro aKTa npH cTOJIKHoBeHKH pe

JIHTHBHCTCKHX ~ep / 4 •5/ H pacceHHHH npoTOHOB BHCOKOI 3HeprKH Ha 

~ax /6,7/. 

Ha6~aeMUe KyMyJIHTHBHUe oco6eHHocT:a: BucoKoaaepreT~ecKBX 

~epHHX peaKnHI y,naeTCH ycnemao 06~CHHTb B p~e WeHOMeHOJIOrH

~eCKHX MO~eJiel / 3,S-II/, ~THBaDn{RX TeM HJIH HHHM CIIOC060M B3aH

MO~elcTBHe n~x ~CTHn c rpynnol HYKJIOHOB ~a. He CBO~eecs 

K IIOCJI8~0BaTe~HHM, pas~eJieHHUM B npOCTpaHCTBe H BpeMeKH aKTaM 

nepepacceHHHH. CJie~eT OTMeTHTb, ~TO B paMKaX IIOTeanH~HOrO 

pacceHHHH HCCJie~oBaKHe II0~06HHX aq¢eRTOB, IIO-B~My, Tpe6yeT 

To~oro ( JIH6o acHMIITOTH'iecKH To~oro B npe~eJie £ _. oo ) pemeHHH 

MHoro~acT~oa s~a~ H aa ~aHHOM aTarre pa3BHTHH TeopHH aeocy

mecTBHMo ,ItJIH peaJIHCT~eCKHX HYKJIOH-HYKJIOHHUX ITOTeHURaJIOB. 
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Ile.n. .~tBHHOI pa6oTH - IIOKB.SS'l'b Ha npi!Mepe IIpoCTOI TOqJJO 

pemae110l IIO,lle.JDI 'l'peX 'lf8CTHn, B38DIO,llelcTB)'Ditl!X IIOCpe~CTBOM CHJI 

HYJieBOro pa,JtRyca .~telc'l'Bll.ll, 'liTO KOJLJielt'l'JmHHe aqJpeR'l'H npH paccMHKH 

HaSa,lt Ha CM38HHOII COCTOJDDIB Iij)BCy'!'C'l'Byll'l' B npH BHIIOJIHeHKH ycJ!O

BJd npmleHJIIK)C'l'B mmyncaoro npH6.11DeHJUI ( 2-3) • PaccMOTpeHHlrlt 

MexaHBSII KOJIJieltTHBHOro B38DIO,lleiC'l'BBH COOTB8TCTByeT ~ 

~el BOJIHJl B UJIOCIWC'l'H OTHOCH'l'e.n.HYX lWOp,ItBHaT Ha Heo,li;HOpo,ll

HOO'l'.IIX, 06ycJ!O::BJI8BBKX .JtBYX1lB.CTFIBlDIB IIOTeHnJ(8Jiallll B38DIO,llelcTBBJI, 

:a: He MCme'l' CSJI'l'I> CBe,JteH R npe.-..ozeHHoMy B / 3/, IIOCKOJil>KY Yc.llOBHe 

R.~q:xp >>r mmOJIHHeorcs B lll.JteD aesanomro oT nepe~oro HllilyJIDOS 

BB~Y IIp8AIIO~OlleKKa 0 Hy~eBOM ~xyce ~eiCTBHR ABYX'iaCTH'iHKX 

cu. PacceJDDie B IIO,leJIJ: JIBJifle'l'CH noteuqaaJlJoHw, • ~TKJIOHeHJUI oT 

JIIIIIYJil>CHOro np:a:c1J!DeHJU1 He CBH88lUI C peJliiTDBSanHel /!2/ BOJIHOBOI 

~IW;D C'BSBaHHOro COCTOJDDIJI. 

CJle,Jqe'!' no,ll;tlepKRJ'l':D, 'liTO BHCSpamma: npocTelmaa: MO,lleJII., ecTe

CTBeHHO, He COll8PliH'l' BCeX 0006eHHOCT81 peaJII.HOI 9KCII8pl!MeHTaJII.HOI 

cJrcy8101H, z H1l B xoe111epe ue npeoreH,Jtye'!' ua ee ,lleTaJII.Hoe oiiHcaHBe. 

Ilo-BI,JOIImiiCJ, aa:a:CSOJ!ee nepcnelt'l'DHHIII: B &TOll oTHomeHD JIBJlJDl'l'CH 

4}eHOIIeHOJIOITieCKJie IIO,JtXOJOI, pasmmae&e B /8-!I/. 0;u;aaRO IIODO 

Ha,lteJl'l'I>CH, 'liTO HelWTOPil8 OCHOBHJle '118P'fil pacCMO'l'peHHOro nponecca 

'1'peX1JSCT:a:qJJOro pacCeJDUIJI Oxa:a:y'!'CH CJIIt8CTBeHHJall[ np:z IIOC'l'p08JDDI 

noCJie,llOBaTe.n.aol Teopu RYJIYJUI'l'DHYX B,llep!D[X peamtlll. 

§ 2. baeMBT:ua. I<>J!IlfJI!l)OBRa SBJta'llll 

Paoa.>'l'pllll C:IC'felq '!'peX 'lf8CT:IIl O,ltBHmtOBOI MaCCJI lh , ,ltBDeH116 

:tro'!'OpiiX npe,ll;rlo.mrae'fCH OJtHOIIepHIDI H OIIJICJIBaeTCH r811:Ul>'!'OBI8HOII 

BQa 

H = 1( + Vfz (x,-xz.) +- v.5f (Xt-K.J) + ~l (x~-.fJ.) 

IC =-},., (~x~ + ?x: + l?x;) 
(4) 
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3~eCL H B ~an»HelmeM ~ npoCTOTH Hcn0~3yeTCH CHCTeMa e~, 

B ROTOpHX I; .: f . 
BBo~ ROOp~aTy ~eHTpa MaCC H OTHOCHTenLHHe ROOp~aTH 

~., = -{X, rX2 ~~ .Xt =- -' +--!! +2 flRo6:a: ~ ) 1 (~ ~ ~ ) 
?> " {;. yj (6 Vi 

r~ :{;.(x,.,..X;t-Zx3); X.z,:L/~f + ~z -!:1) (5) 
b v;;; l v3 ff ali 

23-= {f (x,-x~) )(.3 = _:!___ (lr-if2;) 
{.3;;; ' 

npe~CTaBHM rar.m.m.TOHllaH ( 4) B BB.ll;e 

H = Kc.n,. r- ( llo +- 1fin+) > r.ge 
-1 -a2 . " ( e>1. 8 1 

) Kc.,.,. = -r o2f " Ho = -:£' 1)~2 +'iHl " (6) 

"If in+= ~z (~ &.¥+ 7!~(1! (-2;.ji;,o( -~~Cb3d.)) f-7J3:z(l*,c~l.{i" J.-~c.:a~ 
ol. = ~. 

Ilpe)J;IIOJIOltHM, 'ITO noTe~ ~f B: 7132. COOTBeTCTBytlT CJLJUIII 

OTT8JIKHB8HHR, TaR 'ITO B UO~CHCTeMaX {I3] H {23} OTCYTCTB,ymT 

CBRSaHHHe COCTOJIHHH; B UO~CB:CTeMe {I2} C~eCTByeT 0~0 CBaBaHHOe 

cocTosm:a:e c aHepr:a:el cBliS:a: ( -£) , c ~ 0 • 38,1ta'la o pacce.IDDDI 

Ua,ltaJlllel 'laCTJ!ItY 3 C JDIIIYJIDCOM fo Ha CBRSaHHOM COCTOBHJIJI {):2} 
noCJie BH.IteJieHM ,ItBDeHHJI ~eHTpa Mace cBO~CH K Haxo3,ll;eHJm 

pemeHd ~epHoro ypaBHeHllfl Dlpe~epa 

( k 0 + Vu,+)?f(?;2~~3) = E'F(~:~...e-,;):~ 
E= ..Rf_c: 
~ 

B:Melllll!X BJgt CYMMJ:I Ua,ltaJlllel :a: paccesumol BOJm:, 

(7) 

-cPo~ ~ /U .'\ 1-(~:a.. ~J)= e ~ ~£ ~ ViH &r.v + t!;.".,_{l:e., ~~), cs> 
r~e 1f£ (x) - BOJIHOBaH ~ OBJIB8HHOI'O COC'l'OJIHU DO,II;CKCTellli {I2}, 

OTIIeTB:M, '1'1'0 r -Ma'l'p~ OJt&OJiepuoro .ItBYX118C'l'lAHOl'O paccemDUI 

B no.nc:a:cTeuax {I3} Jl { 23] TPKDM:&H8. ll co.Jtepu'f JIIIIIIIo .ltB8. 

6 

&~eMeHTa, COOTBeTCT~ BepoHTHOCTH "npox~eHHH" '~aCT~ ~yr 

11epes ~yra :a: paccesmJlll Ha I80° B c.~.M. no~cHcTeMLI (ocTaHOBRH 

na,naJJJtel '~aCT~ B ~.c.). B To Jte Bpewr ypaBHeHJle ( 7) co~epuT 

Bee Tpy~OCTH TpexqacTH'IHOit 3~'DI E onpe~eMeT HeTpHBHan»HYJ! 

uaTp~ paccesmu:, OnHCYBaiJilYil RaR ynpyroe paccemme, TaR H 

RaHM C 8CHMnTOTJf'leCRJI CB060,IJ;HHMH COCTOJIHHSMH 'laC~ I, 2. 3aROHH 

coxpaHeHM aHeprmt: :a: mmyJIDca onpe~eJIIJDT B03MOJtHHe ROHifmrYpai:um 

li!MIIYJIDCOB 'laCT~ UOMe paoCesmJlll ( B JI. C • ) : 

a) ynpyroe pacceJnDie: ,, 
(ou+) (ouf/ 

I) fJ = fo > f..tz. = 0 

2) {ow}_ o {o~f) liDo 
f3 - - ~0 > f12. .... 3 ; 

6) Ita.HaJI pasBa.lla CBHSaHHOro COCTOHHHJI: 

I> p}D"~ ; fo + ~v'!l- lff(e+c,z.) 
o (f)l.rlj_ .&..n0 - ~ /fo20 !!:!... {cc+ C-fz.)' r1z - .3 n .9 - .3 , 

2) 13rotn-)= f. fo- ,t. ( .tf- t;{c+ E,2) 

f~DUft= }fo +fl. f";'L- !}(E-rE,;)' 

( 9.I) 

(9.2) 

(IO.I) 

(I0.2) 

{~f) 
3~ec:& ftz , c-12. - UOJIHHI HMnyJIDC H 9Hepl'HII OTHOCHTenLHOrO ~BeHHH 

~ KOHe'IHOro COCTOSDDlll UO~CJICTeMLI {I2}. 0TMeTHM, 'ITO H3 (IO) 
z 

CJie~eT, B COOTBeTCTBIDl C ( 7) , COOTHOMeHHe Ctz ~ f'f:,- e . 
B ,lt8.JILHelmeM MH 6y;JJ;eM paCCMaTpHBaTL 3~'1H, B ROTOplll UOTeH

~B.JIH ~ H 'Vi~ B:Mem BB.lt "6eCKOHe'IHOI CTeHRJI" /l3,I4/, 'ITO 

COOTBeTCTByeT UOJIHOI: nepe~a'le HMnyJIDCa OT D~a~el 'laCT:a:nH R 

MllllleHH ~ ~yxqaCTif'IHHX CTOJIKHOBeHHI { 3I} , { 32}: 

1F~~(x) ... 1,5z(x1 = .1,~ VJ"(-9 
OTI Y v-~tt:o . (II) 
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JierKO 3aMeTRT:&, "'TO UpH CTO.IIKHOB8H:IliiX, onpe~eJI.IIeMHX llOTeHI.UfaJiaMR 

THna (II) , ~ RMUYJI:&COB "'aCTim out -cocTomurn Tpex"'acTwrnoro 

pacce.fiHHH ~OJIZHH BHllOJIRHT:&CR yCJIOBHH 

f.. 
(ouf)<: f (,._.f) (ow+) J.J (~><-<f) 

:3 ..... t ~ f:z. , r 12.. . ( I2) 

CJie~oBaTeJI:&HO, B KaHane ynpyroro pacce.RHHH B03MOEHO nHmb noJIHoe 

OTpaxeHHe (9.2); B KaHane pa3BaJia MOryT peaJIH30BaTl>CR JIHml> KOH

q,Rrypawm: (10.2), npneM 3HeprHH OTHOCHTeJI:bHOro ~BIDiteHWI orpa-

Hnena ycJioBHeM . 
2 

Cfz~: (:;-E). 
t 

BBoM o6osna"'eHHe .t 2= 2(f:.., -E)= ZE, onpe~eJIHM o6Jiacn 

H3MeHeHHH HMIIyJI:E.Ca "'aCTHIUi 3 B JI. C. UOCJie CTOJI!OiOBeHHH B KaHane 

pasBaJia: 

(f{zK- VK2.+2~J ~ - f3(out-)~ (if- {K- vkl+-2E.) (13) 

He orpruiH'mBaR o61!lHOCTH paccMoTpeHHH, npe.lUIOJIOJrnM ~ onpe,neJieu

HOCTH, "'TO "'aCTJma 3 HaXO,ItHTCR B in -COCTO.fiHIDi llpH X3 ~ r CCI 

Pacce.fiHHe C llOTeHUHanaMH Tl'!lla (II) OITHCHBaeTCR perneHHeM ypaBHeHHH 

lllpe,I{HHrepa 

( Ho + Vfz {f!;i..s)) tf(iJ, 'tJ) = Erf(tl., :r3), (14) 

rn.teiJIIEM BH,I.( ( 8) B 06JiaCT:P!, JKa3aHHOH Ha p!t!c. I, It! y,noBJieTBOPJIDIIl'IM 

ua rpaHHUe sTol o6JiacTH yCJioBHD 

1/t{i~, t..s) = o 7 r-3 = .t r/3 /ez/, ( 15) 

COO'rBeTCTBYDJ1eMY Hei!pOHRUaeMOCTl'I ITOT8HIUian:bHWC dap.oepoB ( I!) . 

§ 3. Mo~en 

B o6!QeM CJIY'IB.e He y.D;aeTcH npe,ncTaBHT:& pemeH1![e (I4) c I'Jl8.Hll'lHHM 

yCJioBHeM ( I5) B aHS.IIHT~ecKoM BH.ne. O,nHaxo ~ HeKoTopHX rroTeH-

1\RaJIOB V,z MOZHO BOCnOJI:bSOBaTbC.IJ aHaJIOrHe£1 /I3/ M~ KBaHTOBO-

8 

~ 
~ 

\ ,, 
~ 

t>~: 

" ,-,;· 

l~ 

., _ _\__ 

I 
I 

\ 

z~ 

PHc. I . Jimum, orpaHJ11D!!BaiiiU!e sam"rpmtOBaRHYJl o6JiaCT:&, cooTBeTCT-

BYJlT KOOp,ll,lfHaTaM 'UlCTJm X~ s X.i , X3 = X..t • Pacce.RH.Re 

I!pOHCXO,ItHT B 06JiaCTH ?.t <:: 0 , je3 j.c_- {j'~,z. (x3 >X(~XJ..) 

M8XaHH"'8CKHY pacceaHH8K H 3~a"'aMH AH~paKUHH sneKTPOKarHHTHOa 

BO~ Ha npefinTCTBHHX, U0~06HHX H300paE8HHOKY Ha pHC. I, MeTO~ 

pemeHBH KOTOpYX BOCXO,ItHT K KnacC~eCKBM pa60TaM 3oMMe~JI:&~a 

(eM. , mmpoep, 115/) . 

PacCMO'rpJIY CHa'UlJia npocTe11:Jmrlt CJIY'I8I ~.:0 / 14/, B ROTOpOM 

ypa.BHeHHe ( 14) MOmiO npe~CTaBllTl> B q,Dpue 

'L t ( ft1'L (o}) 
6 1f + K. t.f == o , K. = z 3 ,.. ~ e rz. / .. (16) 

ei:)- 9HeprBH OTHOCHTexbHOro ~KKeHKR qacTKU 1,2 B Ha~OM 
COCTOJilUDl. Ec.ml 'UlCTJnni I ,2 ,ItO pacce.IIHU UOKO.IJTC.IJ, TO £,[•>:: 0 

• Heo6xo,JtJDIO onpe~eJIJI['l'lt pemeJDUI (IS), DIBIIIIJle D.1t (8) 
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-ilc.i~ ( "'' 1/- (Zz, lJ) ~ e. -1- tf,·/.d 'lz, i-5; ~ (I?) 

r~e rrepBOe cnaraeMOe COOTBeTCTByeT MOCROI BOnHe, rr~ammel B 

Ha.IIpaBJierum OC11 r.L . CorJiaCHO npmmHIUU~ reoMeTPlAeCROI OllTJIKH 

11 KnaCCJI1IeCKKM npe~CTaBHeHBRM 0 pacceHHJIJI 'IRCTBU, ecTeCTBeHHO 

6WIO 6H ODJtBTh, 'ITO 'lfinf IJMe~T BR,It CYMM!l MOCKJIX BOJW, COOT-
-1/Cil.L ilcrtA3!f 

BeTCTByDIUIX OTpaZeHBRM BOJIHH e = € OT "sepRaJI" I,!I, 

T. e. nepe~a11e nmym.ca OT 'IRCTBitH 3 Ddo 'IB.CTE:Qe I , JIB:6o 'laCTBQe 

2 (p11c. 2): . llrl 2 ., 

( 
tKr~{IJ'- a../ ;trc,{tp+ _!!.!) 

1/i"+- = Co~<.s.+ € + e 3./ (IS) 

i.krco.s 
e 

~3 

·--
/Y\ v y ..., 1 X' .. l2. 

\ 
\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 
\ 
\ 
\ 

PHc. 2. PacceJIH11e ,nJfJI c.Jiy1JB.SI 1f1:t = 0 corJiacHo reoMeTpli'Iecxol 

OllTJIRe, COOTBeTCTBYDJief JIMfiyJihCHOMy rrp116JriateHJOl (I) . 
tk;~ tO 

~M DAOCRBJI BOJUia e :r OTp8ZaeTCJi OT rpaHliQ 

I ,ll. Och fiOJIRpHHX ROOp.JU[HaT BH6paHa B HB.IIpaBJierum r~ ~- oo 

10 

J , 

,, 
I 

( fj 'f - llOJIRpHHe ROOp,JtmlaTH B MOCKOCT11 ~;., ~..J C OChll fJ>= 0 

BJl:OJIJ, HB.IIpaBJiemm ~3 = o , i!~ ... --) • 

OTMeTBM Taae, 'ITO , corJiacHo 11MfiYJihCHOMy npB6JomeHJOl (I) , 

'laCTBQa 3 He MO&eT paCCeHThCJi Ha ~yx HeB3a:JIMO~eiCT~ liORO

JilltiiXCJi 'IRCTJillB.X I, 2 Ha I80° B JI. c. ( pacrrpe.zteJieHl!e .J'( f) "' tS'(p) ) • 

Jlerxo, O,ltuaxo , npoBep11Th, 'ITO pemeHJie B BJr.tte (I?, IS) He 

y,ItOBJieTBOp.a:eT rpaHJI'IHHM yCJIOBMM (I5) npJII JIII6oM BH6ope {fa3 11 

BMIJJIJII'l'y;lt MOCKJIX BOJUi (IS). CJie~OBa'l'eJihHO, TO'IHOe pemeHJie ypaB

semm ( I6) c l'p8HJI'IHHMH yCJIOBJIJiMJII ( I5) He MO&eT dHTh cBe~euo K 

CyMMe BJieMeHTapma BOJUiOBilX !JlyHRQBI, OUJICHMIIIIJI!X HeROrepeHTHHe 

npoQeccH, 11 .ztOJI&Ho co.ztepsaTh cnaraeMoe, Y1IJITHBSDmee ROJIJieKTHBHOe 
~ 

B3aJIMO,I(elcTBJie 'laCT~ 3 onaoBpeMeHHO c 'IRCTBQSMH I,2 • 

B COOTBeTCTBYD~el 3~aqe pacceHHJIIH rrnoCKOA CKanHpHOI aneKTpouarHMT

HOI BOJIHH, ImepBHe pemeHHoii 30MM6pPeJih~OM, KOJIJieRTHBHHe BqJpeKTiil 

npDJiBJIHIITCJi B BR,Ite ~\IlJla.ItltEOHHOro CJiaraeMOrO, OIDICHBSDmero OTRJII!l-
iHt 

HeHBJI OT reoMeTpli'IeCROit OllTJIKH. TO'IHOe pemeHJie ,nJfJI 1f' MOJIHO 

rrpe~CTaBJITh B BR,Ite /I4/ H 

OD -iUc/,,x 
ikr~(~n--~ ilcrf.d:J(-Z:+<Jl~~~Je ch~d.x(I9) 

1fit~+=-e -e. 7T' ~o~A 2.f'+eo.s.l¥ 

* YKaSaBHOe ROJIJieRTJIBHOe HBJieHJie He CBO~TCH R npDCTpaHCTBeH
HO pa8,I(eJI8HHRII nepepaCCe.JIHJ!JDI, ROTOp&e MOrJD! 6H 11M8Th MeCTO Jipll 
npoHBQaeMHX DOTe~ma 6aphepax I, n P11C. 2. B B'l'OM CJiy'IB.e na
~ BOJWa, npoi.IUI daphep I, \(OrJia 6H BTOpli'IHO ( KaR IIOKa8aHO Ha 
p11C .2 mTPn-Dy1'r'f.HIDIIf JllUWDOI) paCCeHTl>CJi Ha dapz.epe ll. JL,Im IIO
'I'eHnJiaJIOB TlDI8 II :a: BlldpaHHol Ha'lam.Hol RO~ MHoroitpaTHoe 
paccwm:a:e OTCYTC'I'ByeT. 

H' OTMeTBM, no ypaBHeHBe (I6) c rpa.iilf'mHMll yCJIOBllR:MH (I5) 
MO&Ho npe~cTaBliTh B <IJOpMe, ~orrycR8.1111eA pas~eJieHJie nepeMemmx, 

4/f + ( k:. 2
- '1f( fj !f)} Y, = 0 > 71: 

r~e 'Zt (r> Cf') = { o, ltp/~ ~ , 
+OD, /IJ'/ ~ ~, 

H pemeHlte/to:a:eT 61i1Th ualneHo B BR,Ite pas~o:a:eHHH KoHTopoBJI1Ia
.ne~e~eBa I6,I7/. 
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IToCJie,nHee CJiaraeMOe B ( 19) o6ecnettBBaeT BWIOJIHeHHe rp:um'IHHX 

yc.noBID!: npH 1~ ::t J. Ero acm.mToTmta npH r_.. ot> , /tpf.::: J -o_ o>o, 

rrpe~CTaBJIH8T co6oA ~Kq8CKYD BOJIHy, paCXO~H OT Ha'IBJia 

Koopmrna-117/. IlpJII K-. ~ ocURJIJIHPYlllUIA MHODTe;n, B nomrnTer

Pa.IIl>HOM I!Hpal[8HJIIH npRBO,ItHT K 06pali18HJIIJJ HHTerpa.Jia (19) B ey;n, .IVlJI 

BC8X HanpaBJI8HHH ':f , He rrpH6.1rmKa.DIIJlxCH aCHMIITOTKq8CKli K"rpa

HKU8M I'80M8TpFteCROI OnTJIIKJII" lf = ±;, li, 3a liCKJIIl'I8Hli8M o6JiacTH 

f -/If{"" c..; .sf, paCC8HHH8 B npe~eJie K. _,. ooo CTaHOB:HTCH H8ROI'8p8HT-

HHM. 3aM8THM, 'ITO yrOJI paCCemm.f[ lj) CM3aH C EMIIyJIDCOM 'laCTJIIIJ;H 

3 B KOH8~0M COCTOHHBB COOTHOID8HH8M (~+) 

-1 p ( or.c+) JT - h 
,.~ co- - + .5 - -fwl""' --V<T.> J - .z, --- 7 ,:} ;,( /C. ;> k.g;;; 

H, CJI8,!40BaT8Jil>HO, rrplll f 0 _. 00 H ROH8~X B8.11H'mHax HMnYJil>Ca 

c-.+) o 
'laCTmJ;H 3 f3 .IVlii pacceHHHH Ha 180 , oTKJIOHeH:HH OT reoMeTpl!-

T.J:ecita~ OnTID\11 (X COOTB8TCTBYJlll8I'O efl HMUYJil>CHOI'O ITpiti6JlD8H:HH (I)) 

6yJJYT Ha6JIIO.ItaTl>CH, H8CMOTpg Ha 0'18BlVUI08 BWIOJIH8HH8 yCJIOBHH ( 2,3). 

ViliT8p8CHO OTM8T:HTb, 'ITO 3KCnepKM8HTH no RyMyXHTRBHOMY 06pa30BaHJIIJJ 

T.J:aCTKU / 6,?/ BHllOJIHHDTCH B aHaJIOI'~OH KHH8MaTHK8- HCCJI8~CH 
BHXO~H BTOPH4HHX qaCTHU ITPH KOH84HHX B8RH4HHax HX HYITYRbCa ~RH 

acHMnTOTKq8CKliX 3Ha'I8HBI 8H8pi'liH ~eft 'laCTJIIIJ;H. 

IlO,Iijl06H08 BH'IHCJI8HH8 CROpoCTH pearunm C Tp8MH CBOOO,JI;HHMJ:l 

'laCTHUaMH B Ha'laJibHOM H ROH8~0M COCTOHH:HHX no H3B8CTHOyY pemeHHD 

ypaBH8H:HH ffipe~epa Tpe6yeT UOCTpoeH:HH H8CT~OH8pHOI TeOpBH 

paCCeHHHH 'laCTKU, 3aKJIIl'I8HHHX B H8KOTOpH~ KOH94HH~ 06~M ~ /2,18~ 
3Ha'IHT8JIDHO 6o.nmd BHT8p8C npe,D;CTBBXH8T 3a,Jta'la 0 paccemum Ha 

CM3aHHOM COCTOHHBB, B KOTOpol _BepoHTHOCTD npo~eCCOB MO&e'l' 6HTD 

Ollp8,II;8J18Ha H83QBi'ICJDIO OT HO:pMI![poBO'IHOI'O 06'f.eMa. PaCCMOTpJIM B 

KB.'I8C'l'Be npmaepa UOT9HI4Jif8JI Vf.t (Xf- Xz.) BifJt8. 

7/f2. (x1-x;.) = - Vo o(.xt-h) ~ Vo > 0, ( 20) 

12 

COOTB9TCTBYJllld, KB.K H nOT8HI4Jif8JIH 113-t , ~Z, (II), Cl/IJlaM Hy.ne

BOI'O pa,IOiyCa ,IJ;eiCTB:HH. ,lJ.ByrqacTIII'IHOe ypaBHeHBe Ulpe,nBHI'epa B 

C.U.M. UO,II;CBCT8MH [12} , 

1f''(~)+ n,?J;,O'(i)/f(-t) + 114C'lf(?} =0 .J t=.X,-Xz., 

HMe8T O,II;HO pemeHBe, COOTB8TCTB,ymm88 CM3aHHOMY COCTORRHD, 

~E (t) = (n,e)"/lfexp {-{11-tt)lfz/~:/}, (2I) 

r.ne ""' v.:; 2. _o __ 
J( •· 9H8pr:HH CM3JI, t.= 

~ei'RO BB,I1;8Tb, 'ITO aaxo.neHBe pemeHBn ,IJ;ByX'IaCTJ!qBOI'O ypaBHe

H:HH C llOT8HlntaJIOM (20) 8KBJIBaJ18HTHO llOCTpoeHJD) pemeHd ypaBH8H:HH 

CBOOO,IOIOI'O ,II;BB&8HBH B o6JiacTHX -00 < ~ C:: 0 , 04 r<+ oo , y,ItOBJieTBO

PfiDIUilX npll t ~ 0 rpalll111HOMy YCJIOBBil 

R,· n-. { (!!.1::_) - (f!.i!. ) } = "" Va '¥' I 
O..J+O .:1-t l:-~ d?:-'".i=s /r.=O. 
Jl,1m TpeXT.J:aCTIII'IHol 3a,Jta'IH ( I4) CJielJYeT nocTpoliTD pemeHBH 

ypaBHeHl!li (16) rrpH K1..=- .t(~-E), y.noBJieTBOpm:llllle yCJioBHHM (I5) 

ITpH /'t. 3 j = _ v'3i?.z.J 1.;..<0; yCJIOBBil npH r 3 = 0 , -tl> 4 ~~ < 0 

f:~o { (~~)~==-5- ( ~ilJ=8} = {E:V'o?f(l:t,o):J (22) 

.nonycK8DIU!e rrpe.ncTaBJieHHe BB.l(a ( 8) c BOJIHoBOI ~RIUieft 1fe. ( 2I) • 

OTMeTmt, 'ITO BBH,IJ;y cHMMeTpn yCJioBJdt ( I5) OTHoc!IITeJil>HO oTpa&eH:HH 

i?3 "* - ?~ , COOTBeTCTBYJlllei'O nepecTaHOBRe 'laCT~ l, 2, J/ICKOMOe pe

meHBe MO&eT 6HTb npe,IJ;CTaBJieHO B B~e PyMMH CHMMeTpli'IHOI H aHTH

CHMM8TJ>H"'HOI no r3 'laCTclt, 

1f(~~.J 'i!3) = 1f(s)(iz.~~.J) + 1/'(a)(~z, 'l.J)7 

RU,JtaJI B3 ROTOpHX Y,IJ;OBJ18TBOPJ18T yOJIOBIDIM (15), (22), ~ 'lf(ct) 

,IJ;OJDDia &en BO Bcel o6JlacTH I e3j<.- fi 'l~ Bi'IJl pacxo.Jt1llQelcH BOJIHH 

( yCJioBi'le ( 22) B.BTOMaTJfllecKB BWIOJIHH8TCH ~ Bcex ~ 1/' (ct) c 

HenpepJmHHMB: llpOJ/ISBO,II;HHMII) C ayJieBHMJI rpaHJAHHMB yc.nomun.m (15). 
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liOSTOf.\Y 1f (o.) (ll-J.,l!>):.O, l!l, B Cl!IJIY CHMMeTpl!ll!l 'If (S) , ,II;OCTaT011HO 

orrpe,IJ;e~D pemeHl!le ypaBHeHHR fe~bMrO~bua (!6) B 06~aCTH 

0 4~.3 <(-\Gz~ C rpaHH'IHHMH YC~OBH.I!MH 

~~3 (~2.,1J} ; - r; Vo 1/-(~z., o/ (23.I) 

1f(2t.J -IJ 'l-z) = 0. (23.2) 

3a,II;a'W. 0 TpeX'W.CTl!111HOM pacCMHl!ll!l C B3am40,II;eitcTBl!leM Me~ 

'W.cT:JmaMB [3Ij, {I2J, ~eo.ItRDn!M x rpaHJ1"'DDHM yCJioBllSIM Tmm (23), 

6~a paCCMOTpeHa paHee B pa6oTe /I9/ H 8KBRBan6HTHa 3a,IJ;a~e 0 

~ ,IJ;ByMepHo:A 8JI61tTpOMa.I'Hl!ITHOI BOJIHH Ha BlfY'l'peHHel ~CTK 

llpOBO,II;mllero ltJIHHa/20/ O,II;Ha 1!3 CTOpoH ltOTOporo o6Jra,ltaeT COnpo

TJt.BJieHl!leM ( cp. ( 23 • I) ) , a BTOprut JIBJUieTCSI B;.D;eaJil>HHM npoBO,ltHimOM, 

'iTO cooTBeTcTeyeT yCJIOBl!lll (23.2). KOJIJieitTHBHHe a@ieitTH B paccMB.T

pl!lllaeMOA Sa,IJ;a~e orrpe,IJ;eJIIDlT ee CJIMMeTpl!IJ) H IIpoJ!BJllmTCSI B B03MomiOCTl!l 

ynpo111ewm yCJioBl!IJI (22) (oTMeTD, ~o B38lDIO,IJ;elcTBHe 11e~ 'W.CT~

MK {32j B pa6oTe /Igj OTCYTCT:syeT). 

BepoHTHocm pasJIK~mHX IIpol.leccoB pacceJiHJlll, orrpe,IJ;eJiemme B /IS/, 
H.Mem BB;.D; 

P(ojo) = tA 4 .3~ 

- BepoSTHOCTD yrrpyroro pacceBHKH Ha I80°; 

6 {in 131711,'3~ 
P(ejo) = -; (c1,3tG-c.n3e)(c.l,3fo+t»j3e/' 

(24) 

(25) 

- ILllOTHOCTb BepoSTHOCTJI pacceBHKH C pa3BaJIOM CBIISaHHOro 

COCTOBHKH, IIpK1!611 ltOHe11H06 TpeXllaCTl!111HOe COCTomme OIIKCKBae'l'CSI 

BOJIHOI, pacnpocTpaRJmQeiCSI JmOJil> H8IIp8lUI61Wl, OIIpe,II;eMeMOrO yrJIOM 

() B nOJIJtpHHX ItOOp.ltHHB.Tax Ha ILllOCKOCTJI ( ~Z , ~..J) (0-' 8" : ) • 

3,11;6CD fo = a.r-#z_ y'2i; yroJI t) CBJmaH C l!lllnyJibCOII 'W.C'l'JIIlH 
IC 

3 B ltOH611HOII COCTORHKK COO'l'HOmeKKell 
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c.,;,&= /i P +- rh:.2..,.2c. ' 
2/C 7 

I'=- or~+) 
r3. 

BeJIFil!IHH P{ojo), P(&/o) y,IJ;oBJieTBOPJIIlT ycJioBl!IJJ HOpwtpoBKH 

}1~ 

P(ojo) .,. J P(B!o/ de = d . 
0 

(26) 

Orrpe.IteXHM ILllOTHOCTb BepoRTHOCTH pacceHHl!IH c HMnyncoM 'W.CTHUH 3 

B HHTepBaJie ( p_, P+ clp), JIBJUIIJliYilCH aHaJIOroM ce~ewm B !Jx>PMYJie (I): 

~'; = p(ejo)/::J = P(e/oJ/,; ~ ., = b ~,2, (27) 

r,11;e p = -pjrNIJ ; ,II;l!lanasoH :nm~eHd: p orrpe,IJ;eJlfleTcJJ aepaBeH-

OTBaMH (I3). 

Y,IJ;o6Ho paccMOTpeu BepoaTHOOTl!l ( 24) , ( 27) B npe,IJ;eJie /( ~ oo , 

T. e. IIpll &Hepl'IIJIX na.ztaone:A 'W.CTHUH, 3Ha"D!Te.!IbHO rrpeBHIJ!aDIIHX HMIIyJibC 

p ( ROTOpmi rrpe,IJ;nO.naraeTCSI H3M6HJJIIJtDICSI B KOH611HHX rrpe,IJ;eJiax) B 

8H6prl!IJ) CBJI311 t .CorJiaCHO (24-27), H~eu: 

P(ofo)/~;. .. «> 
13£. = --;(£:" = 
~ .,. o/..1_) 

fo2. lfoa./ (28) 

olw I 
t:t f It: .. ,o 

- !!..... e'(ii;£ .,. o (;'') 
- jj (e '+""e)z. fo · 

(29) 

B rrpe,IJ;eJie K _, co BepoJJTHOC'l'D yrrpyroro pacceBHKH na,IJ;aeT 

B p8CCIIS.TpHBaeMOI IIO,II;eJIB RaR 4 ; BepoSTHOC'l'D pa3BaJia C pac-
fo 

CeJIHBSII 'W.CTIIJ.lH 3 Ha !80° IIpB /llnCIIpoBaHHHX 3Ha116HHJIX p acHMn-

'l'O~eCKll IIOCTOmma. O'!'MeTl!IM, liTO yrrpyrd \IX>Jllllmt'l'Op H BOJIHOBaJI 

iP,yHJaum CBimaHHOro COC'l'OJIHIIJI B l!IMnYJibCHOM IIpe,II;C'l'aBJielUIH, COOTB6TCT

ByDQJle ( 2I) , oem BB;.D; 
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Set: (9) -== 

~£(!) = 

lf~otc 
4n.r +-fz. " 

r~ (llf£)3A-
t'"+,.,E. . 

(30) 

CorJiacHo DmyJIDCHOMy npli6Jiuemm, Bepo.HTHocT:& ynpyroro pac

OOHHM Ha !80° .-v ,s'e~ (!1.._3 f~""~ ; BepoJITHOCTb pa3BaJIEl CM3a.HHOro 
· Po 

imiftl 
• p 

10° 

1ti' 

m•l 

.as! 
I 

\ 
\ 
\ 

' \ \ 
\ 

\ 
\ 
\ 

\ 
\ 

\ 

' \ ',, 
',, 

' ',,, 
,, 
',, 

Hi.} ·,;f. 

Pic. 3. Bepo.IITHOCTI> pacce.IIHllll 'laCTJIIJ;H 3 Ha 180° C BMIIJJ!l>COII f 
B npe,tteJie /)0 ~ a:> : 

- ~oqayt pesyJID~aT, 

- - - - - - mmyJIDcHoe IIpB6.mmeae. 
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COCTO.IIHE.II H pacce.IIHH.II ~aCTHUH 3 C HMDyJil>COM f> Ha !80°, cor~aCHO 

(I) , onpe,neJI.a:eTCR KBa.npaToM BOJIHOBOI cliYHKniDI ( 30) : 

dw- (i.,p)- ..!!.... (.cte-)% 
dp - 7i {/"+~~tE)~ (3I) 

HeTpy~o saMeTHTb, ~To To~oe BHPBZeHHe (29), yqHTHBammee 

KO~eKTHBHHe aqxpeRTH, llpHBO,!UiT B o6~aCTH p>> ,;;:;[, K Bepo!ITHOCTH 

pacce.IIHH!I Ha3a,n, 3Ha~Te~I>HO 60JIDWe~, ~eM 3TO c~e.nyeT H3 COOTBeTCT

BYJJIIef.t cPoPMYJibl ( 3I) m.myJIDCHoro npR6.7IDeHH.II ( pHc. 3) • OTMeTHM 

TaKEe, ~TO YCJIOBHR (2,3) B paCCMOTpeHHOM ~ae BUTIOHH8HH npH 

* t Po ... 00 ' KaK H COOTHomeHBe x~ - <::< ll& {V,r.-;::'. 
flo r""'E 

§ 4. 3aRJIIJ'leHHe 

TaRHM o6pasoM, pacceHHHe Ha 180° B paccMoTpeHHof.t o,ttHoMepHo~ 

MO,neJIH He MOXeT 6HTI> OITHCaHO B HMITyJibCHOM npH6.7!DeHHR H onpe,ne

JI.IIeTC.H KO~eKTHBHHMH sqxpeKTaMH. B CTanliOHB.pHOf.t ciJopMyJIHPOBKe sa,na~ 

pacce.IIHHR yKa3aHHHe 3qxpeKTH He3aBHCHMO OT Ha~aJIDHOf.t 3HeprHH 

~aCTHUH COOTBeTCTBymT JtHWPaKUHH na.naDmel BOJIHH B ITJIOCKOCTH 

OTHOCHTeJIDHHX KOOp,ttHHaT Ha HeO,ttHOpo,ttHOCT.HX, o6yCJIOBJieHHHX ITOTeH

JmaJiaMH 7!31 , lf;:z, ? H He MOryT 6HTI> CBe,neHH K ITOCJie,noBaTeJib

HHM aKTaM nepepacce.IIHHR, yqeT KOTOpHX npeJtJiaraJICR ,nJIR OITHCaHHR 

KyMyJI.HTHBHHX nponecco~2l/. ilOCKOJIDKY pacceRHHe B MO,neJIH .HBJI.HeTCR 

ITOTeHIUiaJIDHHM, npeBHWeHHe Ha,n HMfiYJil>CHHM npH6.7!DeHl!eM He CB!I3aHO 

C "peJI.HTHBH3Simel" /!2/ BOJIHOBOf.t qiyHKnKH CB.H3aHHOrO COCTO.IIHHR, 

npHBO~el R HeKOTOpoMy B03p8CTaHHD BHCOKO~l>CHOI 'laCTH CITeKTpa 

~CTHU, pacce.IIHHHX Ha 180°. CJie.nyeT TaKXe oTMeTHTb, ~To, BBHJtY 

npe,nnoJiozeHB.H o HfJieBOM pa.nzyce cBJI, .nelcTBYDmHX Me~ ~acTHUaMK, 

17 



p8CCMOTpeHHJd M8XB.HK3M OTJD!11a8TCJ! O'l' !Ipe,ltJIO&eHHoro B / 3/ -

Y'CJIOBJie /(_~lf'f >'> fV BHIIOJIHJie'l'CJ! B MO.D;eJDI H8SaBJICBIIO OT BeJD1t1KHH 

nepe.D;aHHoro BMny~ca. 

.ABTop TJl16oKO 6JJ:aro.D;apeH B.A.IIelllepmtOBy- sa BHJDiaHJ[e It pa6o'fe 

11 A.E.roBOpKoBy sa no~esHBe o6c~eH11R. 
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