
f1 
0B1,EJUtHEHHYA HHCTHTYT. BJU;PHIIX HCCJlE,aoeAHHA 

nABOPATOPH8 TEOPETHqECKOA ~H3HKH 

4 - 7877 

HMH3rY JIOB CTSHHC.llas . AAM6osaq 

nPHBJIHIEHHYE METO.lni 
B llPHMoil H OBPATHOR 3AM'IAX . . . ' . 

TEOPHH PACCEffilMH 

Cne~8JlbHOCTb 055 ~: cl>M3HKa . 8TOMlf()ro . .Hlij)8 

H- KOCMMqecKHx xyqeA 

ABTOpecitepaT a■ccepT~ aa CONCKBHH yqeaoi' CTeft8HN 
I , . . • • 

K'8,QIIIUIT& ct,lr.3HO·M ateMa'l'll'18Cl(H)( eayK 
' ·1 

( .QnccepT.~Jlg HADH08H8 RB pyccKOM 5131,JKS) 

D.y6ea 1974 



Pa6oTa BblTTOJIHeHa B naoopaTOPHH TeopeTH'leCKOll !pH3HKH 
06~e.mrHeHHOro HHCTHTYTa a~epHblX HCCJle~oBaHHl • 

liay'lHblll PYKOBO,lUfT8JIL: 
. AOKTOp ¢H3HltO-MaT8MaTH'l8CKHX HaYK 

E.H.SAXAPhEB 

QilHitH8JILHble onnoHeHTbl: 

~OKTOp tpH3ifltO•MaTeMaTH'l8CKHX Haylt 
E • II • ¼H,UKOB , 

ItaHJU{,JlaT lpH3HltO-MaT8MaTH'l 8CltHX HayK 
C.H. COROTIOB • 

.Be,zy111ee Hay1JHO-HCCJie~dBaTeJlLC1tOe yqpellt,lteHHe: 
naOopaTopxa HelTpOHHOI lpH3flltH Q6'r,e~JmeHHOro HHCTHTyTa 
uepHliX.HCCJieAOBaHHI 

.Al!Topet,epar pa3oc.11aa 11 
" _..:._I974 ro.l(a • 

3uina ,D;HOCepTc/.~H cocroHTC.fl " " __ 1974 ro~a 
Ba 3aC8.l(aHlilH YqeHoro COBeTa naoopaTOpHH TeopeTH'l8CKOll 
lpH3HltH OH.HR, r.JJyOHa, MocKOBCKOI o6JiacTH. 

C nccepTaitHel .MOXHO 03HaitOMHTLCH B OHOJIHOTeKe OHIDI. 

YqeRblll C8KpeTap:i, CoBeTa P.A.ACAHOB 

4 - 7877 

. HJ,ffI3rY JIOB CTaHHCJiaB A~H60BHtl 

ITPMBJIM~EHHhIE METO~M 

B ITPHMOM M OBPATHOM 3A~A11AX 

TEOPMM PACCEHHMH 

CrreQHaJibH0CTb 055 - q>H3HKa aT0MHoro .H~pa 
H K0CMHtleCKHX Jiyt1eH 

A BTOpeq>epaT ,n11.ccepTat\l1.H Ha COHCKSHHe yt1eHoll CTeneHH 

KaHAHAaTa !pH3HKO-M aTeMaTH'leCKKX HayK 

(IlnccepT8UHH HBITHC8H8 H8 pycCKOM H3hlKB) 

CGU;'ABneEH!:lil cneamp 
o.,c~uux occn~JJ:m3ru:.:!!l 

6MG/iMOTEKA 



B OCHOBe Hepe.nm1rnMCTCKOii KBaHTOBOH M8XUIDIK11, fil;JJJIIOIJl8EC.fI D 

HaCTO.fI!Il88 .. BP8Mll r~BHI,IM HHCTPYM6HTOM }J,]I.f! l18y-Iemm .f!.T(epm,JX C:HCTel11, 

JI8lKI1T ypanHeHMe Illpe.rornrepa - ypanHem1e B .'UlCTHHX rrpo:mmo,nm,IX. 

Ero • perueHHe JIIIliJI, B MCRJIKm1'!'6JlI,Hl,DC CJIY'IMX r.mir.eT 6HTh IIOJJY,'leHo. 

B aHaJIMTI'l'l8CKOM BM,ne. 06H'IHO nepeMeHH!le B ypaBHeHJ!PI .nrui:c He 

pas ,I{6JI.f!KYI'CS:. 

I!OCKOJI~Ky TO'IHO peimITh ypaBHeHirn B tJaC'l'Ht:X npo:rmno,nHI.'.X1 ItaJt 

npaBMJIO ,He y.naeTCS:, HYJ!U!R np116JI1m:eHHI,Ie MeTO,JJ;I-1, II03BOJIJII0!!~1e 

nsBJierulTo ns 3KCnepnMeIITaJioH1IX ,namunc Bosr:.oimo 6oJI:.rie .cBc,ne1rnii 

0 R.n;pax. B Ka'I6CTBe o,n11oro lI3 TaKUX r.iCTO.T(OD 'laCTO I!CIIOJIL3Y6TC.f! 
.·. .. ~ ·. 

38MeHa TO'IHO:fi BOJIHOBOH 4JYHKUl'II1 lf1 rr:pI16.mni:eHHOfi lp , npcn-
. ' ' ",, ' 

CTaBJisroMoii B Ba,ne pasJI01.teHJl[s: rro tiacnr 6mmc110ro rmeiora 

Hmt !WHKUl'IH { ·1:: l : - , . 

'
d 

1,r ~ \'"' = Z, F,." P .. 
T . ll•i 

!,,3Il6CT-

(I) 

(npH'le" Tpe6yeTCR·, .·'IT06U ¥"'~ If npH n - oo ) • 

Jf.IDI · .IV - Ko3CJ$un!eHTOB f.""'- pasJioJF.em:R (I)· ;o~tJaeTcsi 1w::etJiraa 

CHCTer.n cpaBIIHTCJ!l,HO npOCTUX ypa:imeHHil..'. Ytta3aIIlllill no.nxo.n fillJil16TCS: 

ymmepcaJII,IIb!M. C ero IIOMOl!(I,Y.l MOJKJIO onnca~r, CB.fI3aIIHHe COCTOS:!rlU/8{ 

ynpyroe /I4/ H ueynpyroe /IO/ pacceJIHHR, pe3Itmm c nepepacrrpe.ne­

JieHHe?v'i -qacTMU /Ill, peaKUMU pasnan:a cucTeMu /J2/! 
IT0,no61t1;?e M6TO,JJ;l! JJei.aT B oc110Be Till,{ H83FDaCMOll en:imoii 

ieopm1 ~eprfux JJemtil:IIfi. B 3Toii Teop1m ~'lem, nru:mol! miJJ.aeTcs: 

nno6JieMa :im6o:pa 6a:mca, · nocKo.n::r,:ey OH onr,c.neJIReT KaK Tim 

Ypa.BHCimii' 1co~·on1:e nym:o pCl:!8.TL. TaK H o6JiaCTL rrpm..1eIIllMOCT'U 

MeTo.n;a. ~Ta npo6J:Ier,m Bosmmae'l· n CBJIBll c TeM, 'lTO 6a:n1cu ,c 

Ila.iOl!l£,IO KOTopux llOJIY'IailTCSI rrpOCT.ble ypanHeimSI, TaKO~.bl ~ 'lTO 



tiacTo HeJJCHo, Rare saMroTb rpamrtflme YCJIOBI!IT pacce.mnm, F.cJilI 
N' 

6a3HC BRC5pa.H TaR, 'ITO STU YCJIOBIDI 3~aIOTCR rrpOCTO, TO Jt)L'I r., 
rrc.JIY<!amcR CJIO:r.tI-rue. ypanHemrR. n ,n.rccepTainrn: pemaeTCR ;II.7IR p.ima 

CJIY'tffi6B rrpc6JieMa sa.n;amm rpam!tIIillX YCJIOBHil: rrprr llCIIOJIL30BaHHH 

pa3JIOr.emrn no .I(UCicpeTHC~,W e5a3UCy (c IIpOCTllMII YIJaBHeHH.RMll ;n;mI ,f'5. 
.IT,pyroii rrpo6JieMoi1:, RoTopyro Heo6xo~o·paccM0TpeT1, rrpli 

rrpu6Jin.meHHOM pememrn saJJ;atIU, RBJIReTcR· ouemm norpemnoCTli. Ecmr 

He:l'!3BeCTHa B8JilitJlIIIa o□r6rrn, TO Tpy.n;Ho .n;eJiaTb KaRI!e-JiliOO BimOJJ;H, 

B tiaCTHOCTI1, CY,!l;IITI, 0 JJ;HHaMUKe l!3YtiaeMOH CUCT6MH no napru.:eTpaM 

paccemrHSI, 'ITO .HBJifICTCR O)];HOH II3 OCIIOBHI:lX ue.ne:ii R,D;epHOH q>U3IIKH. 

.Uo cnx irop Tar-GIX oueHor, B o6meM (?JIY<rae .n;aTI> He y,n;aBaJIOCb. 

Xoporr:o 611JIO Obi .n;8.1Ke YCTaHOBHTb TOJILKO SHB.K onm6:m, T8lt Kalt 

Tor.n;a rrpn6JIIIJKeHHoe smitierrn:e liCROMHX BeJIHtII-rn 6yJJ;eT CTporoii O)];HO­

cTopoHHen rpamrueii .n,m TotIHoro. B ,n.rccepTainrn: npuBO.Jtl'ITCR 

crroco6 nOJIY'IeIDISI TUICl'IX OJJ;HOCTOpOIIHHX rpamm Ir ·.paccMaTpliBaKYl'CR 

B03IDIBai<:mue IIpU STOM IIp06JI6MH. 

Ilonpoc 06 o:ueHKe rrp116mrnteIDIR (n _TeM caMHM o rpaIDiuax) 

RBJI.il6TCR tiaCTblO oclme:ii rrpo6JieMH 06 YCTaHOBJieIDIH COOTB6TCTBIDI 

I.WJK,Jzy' ,!l;liIIfilmtieCIG!Mll: rrapaMeTpar.'.H CUCT6MH (rrummT,TOHHaHOM) U 

.n;a.IIHWIIII .. pacccmmJI. Ha:rr60Jiee rrocJie.n;oBaTeJIT,Hli!M n_o.n;xo.n;oM, ycTaIIaB­

JirmarolltliM TURoe COOTBeTCTBI!e, .HBJifI6TCR o6paTHM 3a,Illl'!a Teop:irn 

pacceRHHR /I.3;. 
0.n;HaRO crrernrqmta TO'!HOH o6paTHOii: s~a-q:rr TaROBa, 'ITO ;IJ;7IR 

' BOCCTaHOB.,16HHR noTeHIWaJIQ B3GUMO.n;eiiCTBliR Heo6XO)tl'IMO .3Harme 

rrapaMeTpon pacceRHHR- mm HerrpepimHli!X q,ymm,1m OT aHepr:rru /; 

B o6Jiacnr I!3!11eHemm: E OT eyJIR .n;o 6ecKoHe'!Hoc;rn. IloaT~r.,w T~'!Ho 

pelllllTb o6pa.Teyro sa.n;a-qy Teopuu pacce.runm HeB03MO.lltIIO. B ~HccepTa-

' 
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U11U nOJIYtieHH · rrpH6JJIDJtelllme M6TO,Itll o6p_aTIIOli ~a.n;atrn; ·· II03l)OJUJJ(l(lUEt ':,.:, 

HaxO.n;HTb .ItlUIID,mii:ecKUe xapaR"J:CPllC'rllltli cucTeM no ;r(UHHL1M pacceJ:IFJUl> 

Ha orpamI'!eHHOM li!i'l'ep:Ba:Jie aHep_ptii.· IlpI!'IC14 ~ paMRBX .rrpu6.m_r)l'£IDIR 

cymec·wye-r . B.31lliMHO. O,!!;H03Ha'!JIQe .. CQOT~eTC'.l'BI!C. Me'E:JJY ;-IIOJIY'l:a8M11M: . 

IIOT8I!Ull?JIOM ;Ii' 1iCXO,Itliill1ULITapaMC'J;'pa.Ni,I' pacce.f;Uil!R •. flo, CHX rrop' 0_6pa,T7 ' 

HaR .. sa.rtatia Teopuu. pacceRHHR peianac1,, 'I'OJILRO ,nJIR .. )'.(By4'{aC'fU'll{hiX 

rrpo14ecc~~ •. -~- .u;:rrccepTauIDI c.n;e.11-1µ1 ,mar·, K pemeHliro o6pa'l:'Hoii saM~. 

,nJlll 60JIT,lll0l'O. 'lliCJia ~_CTUQ:,. y-qgC'I'.):l~X B_ pacc.e.fIHlUI. K_pol/le ,;TqrQ;; i,; 

B Heii pac9MaTpllll1l!Ur.CR. :13_31).~0AeitcT:wI.fI,. \HOCJID1lie ·,MHO:rQ'I8.,Cpl'JIIUH:,,. · 

xaparcTep. ~•: 

.llHcceP,TaUHJI QOCTORT n:i JIJJYX -qac:,r!;liii. IlepBM -qaC.'J:'I> nocBR~eaa 

npoCSJ1eMaM rrpu6.mllteHHOro pemeIDIJI np.fIMOii sa,W3.'!ll. Teopnn '\ .. • ·:· 

paccemrn.a:. Borrpoc1,1, oTHOCRlltlieCR R o6paTHOii:. sa.n;a.-qe, paccMaTPHBaIOT-
• -; ~ - • • . ,, ' ' . 4' 

CR BO BTOpoii: '!8CTU. . • . . J. 

. tI~~Tb .I' 
' ,, 

061ltliM WI.fl: BCCX pa3].(CJIOB .n;nccepTaUHU RBJUI6TCR ucnOJib30BaHI1e 

pasJioxemm BOJIHOBoiii ~' IJ!, no HeRoTopol',\Y ,n.rcKl)CTIIO!,\Y 

6as:ircy 1tBa,1!paTHtrHO.;.HHTerpHpyeiiHx · lflYH1tUHll c ,nor.'ne.1ty11111el! .pe,1ty1tu~eu 

pasJiollteHII.fI (oo:~ IV); ,UlicKl)eTmru · 6asnc Bn6npaeTcm c ue.n1,ro ,ynpo- . 

memm ypaBHeHliii Ha RoaqxIMq11eHTH /;,N' pa3.7IOlK8HIIJI (I). 

O:nIIaRo norrpoc o rrpaBOMepHOCTU pa3noxeHHR ·ltJ no Tarcoro po:na 

6asncaM -qacTo He i'pHBHaJleH • .l!Jra · npoueccoe, paceesrnHR 

q,yHRll;l1.lli' 11! "oT1r~a-or HYJISI B HeorpaHll'ICHHOiii o6JiaOTR .li He 

JIBJIRCTC.lI '·ItBaJP8.THtfHO'-HRTerpHpyeMO'l! ·IIO BC8M nepe11eHHW. A ll " · 

npocTpaHcTBe Bcex rJia.n;KllX W1IRJlll:il, K KOTopouy nprrnaJT,Jiel!UIT "Y J 

5;. 



6amw co.n;epJKIIT (P,YHRI~m, Herrpep!IBHilM o6pasoM 88BIIC.llF!Ie 

rmr ( 3TO IIPOCTl)aHCTBO necerrapa6e.nI>HO). 
OT :mep-

·B o.n;noM 'J:aCTHOM cJIYti:ae PoTeHCiepry /I4/ y:n,a.Jr6cr, o6oi1TH 3T.Y 

Tpy,mrOCTI, II HCIIOJII,80BaTI, lI,lUI. pa8JIQlKeBIIH BOJIHOBO:li (JUHKUHH rrpH 

omrcamrn: yrrpyroro _paccemmJI .n;HCKpeTmm 6asHc co6cTBemrux qu:im­
r.ulli sa.n;a'IH IH'ryprwa-.JiuymmnJI. Ho · omi:cai1, c IIOMom;r,10 Tmtoro 6as11ca · 

1rcyrrpyroc paccemme II ytJeCTI> BHPTyaJ.II,H11e B086YJK,n;emm qiparMeHTOB, 

OTHOCRlllHeCR K uerrpepb!BHOMY CIIeKTPY 'JJ,O CH.X· rrop He y.n;aBaJIOCI,, · 

B OCHOBHOM ,irn-sa TI)Y.I{HOCTH y.n;oBJie TB opeHIDI . rpa!mlffiille YCJIOBltii 

pacceruum np,,r pasJIOJKeH!lli no .n;HCKpeTHorey CIICKTpy. 

·JleiicTilHTeJII>HO, acHMrrToTima BOJIH0Boi1 CWHKUHH 'lJF J:V1JI rrponec­

coB yrrpyroro II Heynpyroro paccesi:mm MOXeT 6m:&- samrcaHa B BII.n;e 

¥ ~ ~·irr KJ' ·4'..CR) + ~ 1j e•"jf. ~ (R) , (2) 
. J 

r,n;e ie {R) ll l/j{Rl- B0JIH0B!le cf>YHIUtHH BHyTpeHHero .IIBHl:eHHR 

qiparMeHTOB (qiHsmec1rne Bomron1:e qiymm;im). IIo.n; R rromuseTCJI 

COBOKY!IHOCT!, IWCp,ltl!HaT BJWTpeHHero .IJ;BIDKemm. B COOTBeTCTBHH. 

C (2) 6WIO 6u ecTeCTBeBH11M I! BO B}WTpeHHefi Oru.IaCTII pasJiaraTI, ~ 

nc (JUHim!IJIM ~ {R) •. Ho Ha6op. lf;(R} He HBJIHCTCH. IIOJIIIDM,· 

IIOCKOJII,Ky 'B HCM OTCJTCTBYIIT COCTOlfHHR' COOTBCTCTBYICl!llie Henpeplll3Ho­

My CIICKTI)Y B036YJK.n;e1mii. ECJII! 3TOT HenpepblBH~ CIICKTp Y'JCCTI>, TO 

'JJ,JIJI Ko::i@Sm.nreHTOB pa8JIOXCimJI /;. ,.,- IIOJIY'IaTCJI IIHTerpo.n;i1iM:epeH­

IIU8J!I,HllC ypamremut. D IIeJIRX yrrpomcmm ypaariemrli rrpmmr,meTcJI 

p88JI0'1(8InW !IO 'lffiCTO ,IJJ!CKpCTHOMY 6as11cy qJymtUHii f <.P .. ! . , He JIBJimc . 

l!!,IIXCR C06CTBelm1lt.'!I! qJYHKllJUIMH BHyTpemrnro .ztBU~eHHH. <pparne!ITOB. 

• 

Ha6opH l P., (R)} II f '[1 {R.)} He co:ena,naror, vr ·B CMS,~ c sTmi 

BosmntaeT npo6.n:eMa y.n;onJieTBopemm rpam1'IHLIU ycJiommr,! (2) rrpn 

pa8JI0'1IBHUII ¥ rro CiasIIcy f <P,. ) . OHa pasper;eHa B § I 

CJIC.JJYRllllIM o6pa8oM. 

IlOita8aHO, 'ITO MaTpIIna rrpeo6pa80B8HIIJI II a nj 11,nepoBO)J;H.ll:M { 4\] . 
B { ~ t, MOXCT 6UTI, IICIIOJII,80BaHa, 'ITOCiL! Il8 acmtiIITC;II'leCKo_ro 110- . 

ne,neHHJI pemeHIIii CIICTCML! .D:II@lepeHIJ.Ha.JII,llHY. ypaBHeHHii }J,71.fI Koaq$1-

IIHeHTOB {Al' pa8JIOXeHII.II V IIO [ 1J COCTaBI:Tl, IWM6Imaumo, 

y.n;oBJieTBOpmcrcyJO YCJIOBIDIM (2). IlOCKOJII,Icy Tail:8./I MaTpnna /I a .. j M 

BCer,n;a MOJKCT Cih!TI, Haii;eHa, eCJIH _II8BCCTCH na6op [ ~ J II ~JYIIIt­

lUUI i , rrpo6JieMa 88.n;aHIDI rpaHIIwmx YCJIOBIIfi Oita8UD3CTCJI 

pemeHHoii. 

Ilpvr 3TOM B081IIIB8CT orrpe.n;eJieHHaJI HCTO'IHOCTJ, B omrcamrn 

<F.{HKI]Jftl BHYTpemrero .r,;BHXCHII.fI, HMCia!laJI TOT ,i;e xapaKTep. 1ITO l! 

OCHOBHOe rrpII6JIMxem1e MeTo.n;a ;. saKJIIO'Ia10I11eec.a. B pe,nymi;rrn pasrricp­

HO:TU Ciasl!ca [ P., j (o0 -.. IV ) • Ho cy~ecTnyeT B08r.m,moc.TL 

Heorp·amNeHHoro yTo'IlieHM. rum perremrn Bccil sa.n;ai:nr, Trot II 

BOJIHOBLIX (JUIIKUHii r,m:meIDi nyTeM YBeJIII'leHim .N . 
.IIJ111 peaP.:IIHll C rrepepacrrpe.n;eJieHIIet.! BCR BOJIHOBM qiynm:um 

'f' B rrpIIHUHrre' He ·~mJKeT 6LITI> rrpe,ncTaMe11a B -~i.n;e pasJioEemm 

( C K03cixl&J:1,neHTaMH 1 8aBIICJillllOO! ~i .0.IU!9~ ~epei,ieII~oii) IIO Italt~r,&~mi:66 

.n;H~KpeT!'t6r:,y 6lismiy i~s "Lz .• ' Hb' oJa;~ae;dk, 'If~ ]JliH li8XCJimer:rirn 
rrapaMeTpdB 'pa~cen~II ·~yri~ec-rneiiHa . Jinrlt ~aci'i' '}}· B ~f~S.HH'IOI~dii 

06.n:ac;II· ~oJ@i~~OlIHO:r6 npocTiwcTia', BiivTpn KOTOp<)ii 7:tf·' L, 
~ . ._~.'/ l':•;:·-~ ':';•• ~ ~-'~"°"'•.~;_.y<:~!'._·•.<" - l :-·-•-;. • •'; __ ~;~--\ ·: . ~.,·;7_-::c~ ~-·.:~;' \"_ ,_ .. •,~:---.•.:,:::i ~-:·r 

MOlKCT 6h.'TI, anrrpoKCIIMIIPOB8Ha c llOMQil~LJO Ciasuca 1ma.n;paTM'IHO-IIH-

TerpnpyeMux ciiYHro.nrfi. Jl.eiiCTBIITeJimo, UM!IJIIITy.n;a paccemum cp 

7;_,c 



CBJI8aHa C 1±'. B!lpaJKeHl'IeM 

Po V'l:tf di: 
J 

(3) 7 ~j 
r,n:e· Pa - rra.n;aK111M BOJIHa, a V - rroTemma.,rn Bsrumo.n;eil:crima, 

Bl181lBarontrrn paccemnrn. HmerpnpoooHl'Ie B (3) Be.n;eTC!I rro Bceiey­

IWH<pHrypau,rnHHOMy IIpOCTpaHC TBY. 06Jrac TI, , r.n:e OTJII!tm_o OT HyJIB 

rrpmrnBe.D;errn:e Po · V orpa.mrTJ:eu~, XOT!I B OTJJ:eJII,HOCTII 2 n V 
OTJIWI!ill OT HyJI.fI B Heo:rpamftl:eHimx o6JiaCT!IX, 

~l!I,U,I!I ltf 6y.n;eT .n;aBaTI, BKJia.n; B 'j,,- JilIDll, B TOH 06JiaCTII, 

rg.e Po V OTJIH'IHO OT HyJI.fI, rrocKOJII,KY BO ncei1: OCTaJII,Hoii "tJ:aCTII 

KOHqm:rypaIJ;IIOHHOro rrpocTpaHCTBa IIO.n;b.THTerpaJII,Hoe BLrpaxemre B (3) 

paBHO HyJIIO, B08Hl'IKaeT B08MOJKHOCTI, aH8.IIOI'litIHOro. llHTerpaJII,HOro. 

rrpe.n;cmBJiemm He TOJII,Ko JJ,JIJI aMIIJiliTJ,l.1;11 pacceHHHoit, HO n NIB 

ai1IIJIIITY,ll;Ll A rra,namieii BOJIHH, KOTopag dy.n;eT I1MSTI, Bn:;n: 

· A = f p/ V 7i! oh: - ,S , (4) 

r.n;e P + - paCXO.n;IlilruICH BOJIHa, V - rroTemmaJI11 BSaHMo.n;eiicTBM 

,5:[P+v't!J . 
-.I' : 0 

_(5) 

- Bemr1nrna, 3aBHCJJDta.lJ OT ITOB_e.1.teHHR BOJIHOBOfl lflYHKllHH 'f B 06-

, 

JiaCTH .n;cil:CTBil!I IIOTSHIU!aJia B6Jill8U Izy'JI.fI. . 

IlOCKOJIJ:>Ky rrponsne,n;eirne p+v 611c;po Crra.n;aeT Ha aC:0MIITOTinte, 

r.n;e V OTJnI"tJ:HO OT JWM, n paBno HYJIIO Bo nceii oCTaJil>Hoil 

o6JiaCTH KOH<pHryparmoHHoro II_pOCTpaHCTBa JJ,JI!I orrpe.n;e.nemm A BO 
. . - , : ; 

MHOI'liX liHTepecuux CJIY'ffi!IX, rro-rrpe.iKHeiey- , OttamrnaeTC.IJ CYllt8CTBeHHl,Jl( 

8 

' 

IIOBe.n;eHUe 1tf JiniiII, B orpamI"tJ:eHHOii o6JiaCTH KOHqlHrypannoHHoro 

rrpocT~Hc~~- ~BHJTPH s~oii o6JiaoTu 1±f rrpe.n;cTa~e;c.H B ~n.n;e 

pasJioxeHUa (I). TerrepI, B KatJeCTBe 6aswurnx iJJYHKilltii Momo B1r6paTI, 

KaKOH-JIII60 II8 Ha6opoB, IICIIOJII,SyeMmc rrpn OIIHCaHHH CTPJKTYPl-1 CB.fl-

88HHHX COCTO!IHHii CJIO.lKHJlX smep B TeopmI aTOMHOro JI,IIJ)a. 

B § 2 ,IJ;HCCepTaD;.IH NIB KOmtpe;Horo CJIY'IM ·cqiepri~ecrurx .H.n;ep B 

rrpn6JlllJKemrn xaoTH~ecrurx (pas y'Ka.saH c~oco6 omicainrn pacce.HHIIR B 

paMKaX MSTO,ll;OB BTOpll'IHOI'O KBaHTmiamm. 'rp8.HWIHBe yc.iroBt!SI. sa.n;a'ffl 

pacce!IHII.!l B,r~~ CJJY'!ae Y):(OBJie~bpiriiTC.fl c rrokOlllh!O (4), irpn-qe{M . 

JJ,JI!I Toro KaHaJia, B KOTOpoM.SCTI, rra.n;aJOll\8E BOJIHa: A rrpnpaBHUBaeTC!I 

e.n;nmni;e, a .Ir,7.l!I Bcex ocTaJII,HhJX xaHaJIOB BMecTo A' CTaBUTCSI HyJil>. 

Co~THOII!e~ ( 4) MOiKHO ncrr~~8013aTb Kalt ypaBHemui NIB ioswrnueH­

TOB pa8JIOJKemra 1:1! ·rro 6asncy f pJ -B ,n;OIIOJIHeHirn K CUCTeMe ' 

IIOJIY'leHHOll II8 ypaBHemm lilpe,D;IIHrepa CTaH.rr,a:pTJllll!i o6pa80M. Hrui.n;eJIHblS 

Kos@innueHTH paSJioJKemI!I ·2.J! HCIIOJII,sy~ca NIB onpe.1.teJ1eHH.1J -

aM!IJIHTY.Il:11 _ 'Jr · rro "cpopiey-Jie (3). Pernemre, !IOJIYtieHHoe rrpH 'ST◊M--, 

.n;orrycIW.eT B08MOlltHOCTI, HeorpamitJeHHoro YTOtmeHII.H rrpn YBSJIH'lemrn 

·· ~~Jia · #' 6asn~Hl1X gJYHKIUiil:. 

B § 3 pacm.iaTPHBaIOTC!I rrpo6JieM11, B08Hmt8IOil(l:Ie IIpll OIJ;eHKe 

o!IM6oi rrpn6JIIIJKeHIIH ~.n;yrumu. (,;,,:, -,. N ) ~ IlpHBe.n;eiio ,n:oKa-
.. 

SaTeJil>CTBO Toro, 'ITO 8HatJeHH!I napaMeTpOB paCCe.HHH!I (a HMSHHO, 

MaTpnll,H pearu:J;Hli K ), IIOJIY'ISHH11e npu npH6Jl~~eHHOM pememm, 

JieJKaT CTPoro c · o.n;uoii CTopoH~ OT· TotJ~. · rJiaBHoe B~HIIe npu 
' y-, -~ 

8TOM_O~pamaeTC.fl Ha ?Co6eHHOCTll IIOBe.n;eHH.H ~apaMeT~OB llpll YTOtIHSHIDI 

pemeHHH sa.n;aim. Jt,Jm pernemm: rrpo6JieMu ycTpaHeHHH Heonpe.I(eJieH-
~- ,·. 

HOCTH B (pa80Bl1X c.n;mrrax 
0

HCIIOJII,llye·Tc.H H8JIOJK~Illi8.!I B § 4 TeopeMa 

.9 
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,1·· 

JieBMHCOHa. C ee IlOMOll1I,IOy.n;anoc1, YCTBHOBMTI, KpMTepmr cnpru,e,rc-, 

JIIIDOCTH O.n;HOCTOpomrnx rpaHRU Ha napaMeTpll paccemnm. 

TfaCTI, II 

. JJ.o cnx nop wm, onpe.n;eJiemm .BM.n;a B3aMMo,rceficTBIDI ·npMMeHJimcJI 

MeTO.llU rio.n;6opa napaMeTpOB IIOTeHtWaJia TrutHMOOpa3oM, 'IT06ll 

pesy.JII,TaT, IlOJiylJ'.eHimii npM perueHMM ypaBHeHHfi, 6wi Kalt M_OlKHO 6JIIDKe 

It 3KCnepMM8HTaJII,HblM .n;amn.ir.1. 0.n;HaKO CYmeCTByeT 6oJiee npJIMOll 

nyTL BOCCTaHOBJI8HHJI B3aHMo.n;eiiCTBIDI no .n;aiIHHM paCC(lJIHIDJ:, KOTOpmt 

HOCMT HaSBaID!e o6paTHOii sa.n;all'.M. BTOpaJI_ '!a_CTL .u;irccepTaJ.Wll ueJIII­

'ROM rrocBJimeHa M8TO.I(a!,! peaeHl!Jl Ilpll6JIIDKeHHOii o6paTHOii sa.n;a'll!. 

PaCCMaTpllllaeTCJl CJIY'lafi Cl!JI ROHeqHoro pa.nnyca ,neficTBHJI, 

T.e. npe.n;rroJiaraeTCJI, 'ITO noTeHIWaJI V{r}: O npH r- ~ Cl 
' ' 

r.ne Cl - HeKOTOpaJI IlOCTOJIHHaJI. 06paTHyro sa.n;aqy B 3TOM rrpe.n;rro-

~OJKeHIIB peruaJI MeJII,HilliOB./I5/. OH. noKasan, 'ITO .JJ,7IJI onpe.n;eJieHl!Jl 

IIOTeHtWaJia ,I!QCT8TO'IHO 3HaTI, ,I!l!CKpeTHOe tmCJIO cneKTp8JII,Hl1X 

.ni:imn.'X, a HMeHHo, SHaqeirnJI HeROTopofi @yIIRUHH A (K}, onpe,rceJIJieMoii 

qcpes ~YHRUH!O MocTa, B .n;11CKpeTHOM 'lllCJie 3HepreTIPieCitllX ToqeJt. 

Ho JJ,7IJI Haxoir..nemm <rYHRIUill IfOCTa ,l'(aJKe B 0.n;HOll TOtme He06XO,I!liMO 

:rnaT1> smi'leme qiasu ItaK qiymtIJ;lm oT sHepnrn E Ha scex llHTepBa-, 

Jie · £ OT o. .no .oo • 0.IUiaKO, ncn0JI1,sy,:i: R ~1aTJJlf'lliY10 Teopmo, 

y,rcaJIOCI, orpaHll'lliTI,CJI n,i!Jl onpe.ne.neHliJI IIOTeHUlfaJra .n;rrc1cpeTHliM i:mc­

JIOM ,naHHHX ,orrpe.n;eJIJieMwc Herrocpe.n;cTBeHHo HS a1tcnepHMeHTa, a 

HMeHHo, rr~9lKeHllJIMlf .pesoHaHCOB E;. n n~ lllliplrnaMH ¥A , ItOTOp!.!e 

. IlOJIHOCTI,KJ xapait!epasyIOT ,f -MaTpmzy ll CBJI88HHylO C ue_n S -MaTpll­

ey paC-CeJIHmI. Ewm no,no6p8Ht: Taime rpBJilflIHHe YCJIOBRJI JJ,7IJI 
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BCIIOMoraTeJII,Horo HeperyMpHoro pemeirnJI ypru,Hemm, 'ITO 

cneitTpaJII,IJY!O qJJHitll;tf!O, C IIOMOll1l,IO IWTopofi C TpOI1TCJI o6pa THM sa.n;all'.a' 

y.n;anocr, sarmcaT1, B JIBHOM BH.n;e llepes ~: 

cf(EJ ,,,z. 'i:e (E~E;.), 
,t 

(6) 

r,ne {9(1;) - <PYHKlUI!I XsBacaii,na! 

. [ i tM, c>,O 
J~(c) ~ o (7) 

Y" e.<0 

,If,m:r TaKOfi crreitTpaJII,HOii qJJHitu;Hll Olt83~0CI, BO 3lfl.OlKHLTM rrpe;rtJIO.ll'llTI, 

aHaJior qiopMaJIMSMa re.n:r4att.na-JieBHTaHa, liCilOJII,Syer.ru:i-1 06b!'IHO B 

o6paTHofi sa~a-qe. 

. YKaSaHHb!M MeTO,!l;OM 6uJia pemeua o6paTHM 3a.D;UlJ'.a MR . 

xoaeqao-paaHOCTHoro aHairora ypasHeHHR llipelHHrepa, oOuqao Hcrronb­

sye111oro B npJIMofi saJtall'.e Teop,m pacceJIIIIIJI. CJie,nyeT· saMeTMTL, '!TO, 

ecnH ~nR XOHeqHo-pa3HOCTHOrO ypaBHeHHR HCDOnbSOBaTb RJlaccHqecxRff 

anrrapaT, oopa THOii sa.n;all'.ll, pa~BMT!lii rem,qian,norr. n JieBuTanort., TO 

JJ,7IJI naxo.m,n;eIIIIJI noTemma;ra ,B ,I!l!CicpeTIIOM 'tfilCJie KOOp,n;I1HaTHb!X 

TOlJ'.eit npu,rceTCJI 11crroJI1,soBaT1, .n;aHHUe paccenmrn, 1truc ncrrpepumme 

<IiYHronm OT aneprmr, ,naJKe ecmr noTeH.UHaJI uMeeT orpaHH'!CHHblii 

pa.neyc ~eiicTBM /I6/. 0,l'(HaKO STY TpY.IUIOCTL MOJKHO o60iiTH, eCJIJ,I 

rrpnMeirnTI, qiopMaJIH3M ·o6paTHO:li sa,nai:m. OCHOBaHIUlii Ha I? -MaTp11q­

HOi1 TeopnH. Cnoco6 pemeID"u:1 o6paTHoii sa,n;a'll B STOlll qiopr.~.mrSMc 

paspa6oTaH B §" I .. BTOpOff '!aCTil .u;irccepTaJ.Wll. Ilp,i STOM Olt838J1Qbt, • 
' ' < 

'!To JJ,7IJI_ naxo.m,n;emm rroTernma;ra orpaun-qeuHoro pa.nnyca ~e:ilCTllllJI a. 
B IV·, Totmax ( N_• :- , r.ne A -mr B xoaeqHo-paaHocTHOM ypaa­

newrn lllpe.nnHrepa} .nocTaTo'!Ho sHaTI> 2 N napaMeTpoB E,,. 11 i,,. . · 
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()..,. L' ... ,..;)' I':OTOplm MOI'YT 6mb na:tmem1 ITO ITOJIOJ:eHIUIM. IIOJillCOB 

• /? -uaTpm:m. 
K' 

I? (E},. L· 
,\ 

'( >-'l. 

E- E;.. 
(8) 

u ITO ;ii.;_ sna1Iemr.AM ~ - MaTpm.m B JI!CdL!X • /II"· ::mepreT~ecrorx 

TO"IIW.X E IE,,. . 
IIprflieM, Mew- 3Ha"tfeIDHilVM ITOTeHIUI8Jia B ,,;11" ..... TO'IRaX H ;:; 

-r,-:aTpmi:ei1 cymecTByeT B pru.'!Kax Toro lite ITpHclJIIDKemm c-rporoe B3ror­

l.'iIIoo.unosHa"tfHOe COOTBeTCTBHe '. T. e: Hai1,IIeHH8Jf ITO BOCCTaHOBJieHHOM,Y 

ncTerru;rmJiy $ - MaTP:ima .llBJIJieTc.A: qiymai;I'!efi OT ::meprmr u 

ITp,rnm.1aeT rrpn E • ~ Te 3Ha"tfemm, ITO 1t0Top1m oITpe;neJIH.lillCb 

ITapaMeTpH la .uJIJI BCCcTaHOBJiemm IToTemi:uaJJa. 

B § 2 3TOll "tf8CTl! .UaH enie O,n;liH MeTO.U pememrn: o6paTHOli 

38~8tjliI, OCHOB8HHI,li1 'ua ,npyrol\i, "tf8CTO liICITOJib3Y8MOM B ITp.mi!Oli aa,na"tfe, 

ITpU(JJililK8HHl'l pe)ly'Irn;rrn pa3JIO.lK8HI!.li BOJIHOBOii qiymu.~rn. MeTO.U 1rnor.ua 

H83hID8IOT rrpoeru.uroHHHM, ITOCKOJibltY BM8CTO ypa.BH8HIDI lllpe.D;liHrepa 

B HeM ncIToJn,syeTCJI ITpoeKIUHI aToro ypaBHemm Ha_ H -MepHoe .ITO.U-

ITpoCTpaHCTBO 6ecKoHe:'IHOM8PHOrO IIpOCTP8HCTB8 683:JiICHh!X qJYRK!Uiii. 

B K8'!8CTBe 683lICHhlX tpyI-IK~lii BH6pa.HH pememm CB06o.uttoro ypaBHemm 

illpe,nt'!Hrepa \~ (r} C rp8Hl'l'!HhlMII YCJIOBHfIMl! 

"'ri• J, o ; ;, w'rM/w_r fr)/ . 
. f•A 

8 
/Cl•. 

(9) 

B 3TOM CJIY"tf88 JJ,JIJI H8XOlK.I(8HliIJI ITOT8Iru;lI8JI8 H806XO,nt'!Mhl T8IOK8 2/V 
~~JJl'l'mH ~,v., '(:'2., Oltp8.U8JIJI8MH8 C ITO~OIIJI>IO /( ·_ M8TP~b!. 

12 

IIpoeK!UiOHH!lli M8TO.U rrpIDl!eHJieTCJi .D;JIJI pememm o6p8THO:li 38,II8"tfliI 

pacceJIHJm "'I8CTIIIm ITOT8H!Ui8JIOM, He 06.n:a.ua10nt1™ cqiep1rqecKOli ClIM­

!,leTpllie:li, npHtieM o6paTH8.JI 3a,IIa"'Ia BllrJIJl,n;liT )WI ST03:'0 CJIY"tfaJI 

aHa"'IIIITeJibHo ITpome, 1IeM B qx:>pMyJmpOBKe <ro,n.ueena 'II? I 

IlOT8H!Ui8JI B ITp08K!UiOHHOM M8TO.Ue orrpe;neJIJIJICJI B BIII.Ue pa3JIOJK8HHJI 

ITO 6831!CHHM qJYHK!UiJIM \.VI"- (r) : 
N 

Vfi'(r) -= LC: ~ {r}, {IO) 
/"' 

r.ne KOa!f.qinrnreHTbl C; BOCCT8H8BJIHB8JIIIICb !IO Haii,neHHb!M MaTPIII'IID,IM 

3JieM8HT8M OT llOT8H!Ui8JIOB .• . . 

IlpOCTOT8 1/ISJiaraeM!,O( IIpllI6.muteHHhlX MeTO.UOB ll03BOJiliIJia B § 3 

BblliTll aa PaMKl'l 06H'IHO paccMaTpHBaeMo:li o6paTHOH 38,II8"'II/I ,nnyx T8JI 

n ;nruKe aa paMru! npe.urrOJiolKemm o ITapHoM xapaKTepe cnJI naanMo.ue:11-

cTBJIB. 

IlocTpOeHliie o6paTHOfi sa,na"'IJII TeOpliiliI pacceJIHlIB .D;JIJI Tp8Xl!8CTH"'I­

Hb!X ITponeccon C y"tfeTOM TP8X'I8CTH"'IHI1X CI!JI llpOBO.D;liTCH B 3TOM 

ITaparpaqie Ha ,nnyx ITpoCTb!X MO.UM.AX. B ITepBoil: ITpe.unOJiaraeTcJI, "'ITO 

.nne "'I8CTHim 1!3 Tpex CBJI38H1l 6eCKOHet1HO-rJiy601toff IIOTeHUHanLHOff 

JiMofi, a TP8TJ:,JI "'I8CTHna B381/IMO,IIelicTBYeT C Hl'lMl! rrocpe,nCTBOM 

TpeX"'I8CTll'lHh!X. Cl!JF. Bo BTopo:li MO,IIeJIH ITpe,JJ;IIOJiaraeTCJI, "'ITO IIpOHC­

XO,n;liT ITponecc TpeX'laCTll'lHOrO CTOJIKHOB8ID11I, Ilpll"'I8M napl!hre 

B3aJIMO)(eliCTBI/IJI OTCYCTBym. Ha o6enx MO.UeJIJIX BHJICHeno, KaKaJI 

MOJK0T IIO'l'p860B8TI:,CJI (B IIpllH!UiITe) llliqx:>pM~!JI WIS! BOCCT8HOB.1IeIIl!JI 

TpenaCTU"'IHhlX CM. B IT8PBOM OJIY1I8e MOJreT OK838TI:,CJI ITOJI83HOfi llH­

<popu.arnrJI o aaKpmhlX KaHaJiax, no BTopoM - o npoueccax TPeX­

-qacTU"'IHb!X CTOJIKHOB8HliI:li. 

13 



B 38Itl.llO'Iemm KOpOTKO pe3l(MilpyeM pesy.m,TaTU, IIOJIY'IeHime 

B w~ccepTamm. 

IloKasano. EaK y,noBJieTBOPlITI, !'p8Jillt!HW.1 YCJIOBlIRM pacce.lI­

HU.II. ecJil'l BOJIHOB8.II 4JYHKWI.II ClICTflMLI . ¥ Ilpe,nCT8.BJI.IIeTC.II B 

BH,ne pa.3JioliteHim no npon3BOJihHOMY, 'IllCTO .I(llc:itpeTHOMY 6asncy 

1rna.npaTRt1H0-l'IHTerpHpyeMHX lf>YHltURt:! .ITOJIY'leIIHUii no;mco.n Il03BOJI.1IeT 

0Ill!C8TL He TOJII,KO ynpyroe pacce:mm.e /I4/, no· II BCeB03MOiKHl·.18 

ueynpyrue npouecc1:1 n Y'!8CTL BllpTYaJII>Hl:le Bos6yF,n;emm: nenpepl:lB­

noro cneKTpa MH!'1emr. 

IIpeJt]Io:.:eH MeTo,n onucanll.lI .H,nepmnc peaKmrii c noMOl!1LIO qiop1via­

JIH8Ma · KB83ll'IBCTHU, ncrroJii. eyeMoro 06 bl'!HO )J.JUI II:iytre mm CTPYRTYPU 

SI,nep. OH Il03BOJI.IIElT Y'!UTimaTI> hapirue KOppeJI.IIUlilI CBep:xrrpoBo,wi:mero 

TJma I! KOJIJiCKTI'IBIIHe aqxI1eKTl:l. 

J\El.H IlpOCTOfi napI'!al!T ;D;OKa38T8JILCTB8 TeopeMh! JleBIIHCOHa, Il03-

BO:ir.lIIOniM:fi JlY'll!IC IlOH.fITL ce cprrn,rtrecmm CMUCJI • IlOJIY'!eH KpllTepllii 

cnpaIJe,nJil'lnocTn o,nHocToponimx rpamm na MBTPimJ peaKUIIH K 
IIOJIC3Irui1 WI.II IIIJaKTIItreCKOrO npmAeHeHM.II rpaHUU /7 / • 

BuBe,nemi OCIIOBHI,le yp8BHemrn '/? - Ma.TPINHOil: Teop:1m J.(JI.II 

KOH8'IHO-p83HO.CTHOrO 8HaJIOra ypanHeHIUI liipe.I(llHrepa, 06W!HO IIC­

IlOJII,'3yeMOl'O B p8.C'ICT~X, 'ITO n'03BO.ID!JIO B CJJY'W.8 IlOT8HIUiaJI8 KO­

HetrIIOro pa,nnyca ,neficTBYI.II ii ,, onucaTI> paccemme c noMomiro ,2A,/'".. 
~ 

rrapar.1e~-POB (r.nd ,:,,v_'IllCJIO tiiaro~ ~a IIBT8pBaJie · o -~ f" t{ a_ ) . 

' r, . IIOCTpoei( r,ieio.It. Ir['lll6.rrIUKeihmro JleuieHI'iit 66p8THOii sa.ziatm. Teo;.. ' • 

piit1 · p~c ce.1Imm, oc Ho'~furHll ' irn: qJOJ"MEl.1m3,£{' /? · - Ma Tp~{ 1oii _·· Tc opii~1 ;: · 
n ICOHe,i1b.:.pa3l!OC"Ti101'.1. Il]_:)ll6Jil11.teHirn' OTJIIi'IfulUi!!il:CR. ;eM~ ~TO ~ "•efo. 

. .'., _ - . . .... , . . _._-' 

PaMKaX cymecTnyeT 0,nH03H8'IHOe COOTB8TCTBHEriJiei,ny rrojjytreI!HllMH 

14 

3HatremmMll IlOTeHUIIaJia H llCXO,!{Hl,JMU napaMCTpaMH paccemum. 

.If.an MCTO):( 'pe!lleIDI.II o6paTHOil: 38,I(atru' OCHOBaHHI.Jil Ha rrpoel{TJ1-

ponamm Ha KOH8'IIIOMepnoe npo_CTPaHCTBO cfiy:mtrwr1. YKa3aHHHi1 MeTo,n 

npuMeHeH R CJIY'I8IO pacce.mum IlOT8HIUI8JIO!.I~ He 06Jia,naKU(llM c!ISepHtrec­

KOii C:l!IMMeTpHefi. 

_ C<poprzyJil'lj)OB8Ha MO,!{eJihHM o6paTHa.lI 38,natra ,!{JI.II npouecco:s 

pacce.1Imm B CUCTeMe c 'I!ICJIOM traCTJm 6om,me JI.BY%. 

YKasano Ha B08MOiKHOCTI, peu;eHll.lI o6paTHOM 38,l:18'!,I C ytreTOM 

MHOrotraCTH'IHHX CUJI AA.II. CJIY'IM OTCYTCTBHSI na.pHHX B3aHMO,neJl()TBPIP.. 

OcHOBHOfi MaTepuan ,n;accep.TaUIIu II3JIOxteH n pa6o'Iax /I-5 ;? /. 

,., 15 
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