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B J{RccepTa.wm paccMaTpHnacTca paccerume HenrpoHOB-HJm 

sapSIXeHHHX qacTHQ a)(p&m C npm.nm B036JXJ(eHHeu KonneKTHBHWC 

yponHen. 3Heprna sapaXeHHHX qaCTHn (npOTOHOB,ol -qacTHQ H J(p.) 

npe)OlonaraeTC~ npeBIDJia.Dmen BHCOTY KYXOHOBCKOro 6apbepa ;TaKHM 

o6pa30M, npH paccerumH CJmeCTBeHHO H'AepHoe B3aIDIOJ(eRcTBHe. 

; Ilpe'AXaraeuaa sa)(aqa npeJ(cTannaeT HHTepec, no-nepnmc, 'AHR o6$ac-

I 
,} 

I 
L 

HeID'!a uexaHH3Ma Ha6JIDJ@eumc nponeccon Heynpyroro pacceaHHa ny

TeM cpanHeHHa C OnHTOM npeJ(CKa38.HHH.TeOpHH 'AXH 3fxpeKTHBHWC 

ceqeHHH pacceaHHa. Bo-nTopwc, sa)(aqa npID,!oro Heynpyroro paccea

HHa annaeTca no-cy~eCTBY OJ(HOH H3 npo6neM H'AepHOH cneKTPOCKO

llHH, IlOCKOXbKY TeoperntreCKHll aHMK3 Ha6JIDJ(aeMWC 3fxpeKTHBHHX 

· cetreHKU nosnonaeT no.nyqHTL TaK:e MHrpc>pMaitKJ) o KonneKTKBHWC. 

COCTORHHHX HJU)a. B STOY OTHOmeHHK llpll}.{00 Heynpyroe pacceaHHe 

aHaJIOrHqHo H3BeCTHOyY nponeccy KYXOHOBCKoro B036yx'AeHHa. 

IlpeinonoxeHHe o DPS?40M xapaKTepe nos6yxJ(eHHa xonneKTHBHWC 

ypOBHell npH paccerumH 03HatraeT, qTO pacna'A COCTaBHOro HJ(pa B 

3TH KaHanH He HrpaeT cy~ecTBeHHOH ponH. Al!MH3 3KCnepHMeHTanL

HWC J(aHHWC noxas1maeT, qTo sTo npeJ(nonoxeHHe,no-naJ(ID.IOYJ, 

onpanJ(aHO npH 3HeprHH HellTpOHOB HXH npOTOHOB BHme HeCKOXbKHX 

Msn. 

OTHOCHTeHbHO xonneKTHBHHX COCTO.IIHHH aipa, B036J'lCA8,8YWC 

npH pacceaHHH, npe)(nonaraeu, trTo oHK annHDTca npamaTen»Hmm 

HnH CBS3aHH c KOne6aHKHMH HJ(epnon nonepXHOCTH, npHqey xonneK

THBHOe J(BHX8HKe a)(pa aJ(Ha6aTHtleCKH OTJ(enaeTCH OT ero BHYTpeH

Hero J(BKXeHHa, TaK qT() BOJIHOBaa !pyHKn:HS ,impa m.i:eeT BHP: [ 1 ' 2] 
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~. ~ (ol,). (I) 

Ilpe~nonaraeTca, ql'o BeyTpeHHee COCTOHHRe HJU)a ~ He MeHHeTCH 

npK pacceHHKK C BO36YXJteHKeu KOJIJI8KTRBHHX COCTOHHKl:t ~{q',). 

4°?yHKillut ~ (~), 3aBRCsmt,le OT KOJIJieKTKBHHX nepeueHHIDC ~ , omr

CHBailT Bpall(aTeJILHlle KHK KOJie6aTeJILHHe BO36yx)teHKa. nna Bpall(a

TeJILHllX COCTOHHRH npe)OIOJiaraeM, qTO H)tpO m.ieeT OCL cmmeTpKH 

H npoeKilllH MOMeHTa H)tpa Ha 3TY OCL HBJIHeTCH xoponnm KBaHTOBIDI 

trnCJIOM, TaK,qTo f,.,(°'-)coBna.itaeT C BOJIHOBOl:t ~YHKilliel:t CHMMeTpHqe

CKOro BOJitIKa [
2

, 3] flJ-;,xfttJ r)te c(, = 0i - 31:tJiepOBll 

yrJill OpHeHTallliH ffApa B Jia6opaTOpHOH CHCTeue KOOPAHHaT. KOJIJieK

THBHlle nepeMeHHlle ct={~} MOXHO BBeCTH C IlOMOll(LD ypaBHemrn 

IlOBepXHOCTH ~pa 

"' R r.rJ ot) - Ro [ 1+ ~ at~" If)-~ t0 ~1~ J. c2) 
r A.I" ~n 

3.iteCL napa.MeTpH ~_µ npe)tIIOJiara.DTCH ..MaJIIiMK J 'IJieHH BTOporo nOpffA

Ka no ~.,.u Y'IHTHB8.Dl' IlOCTOHHCTBO IlJIOTHOCTH ffApa JtO 'IJieHOB 3l'Oro 

nopff)tXa J R0 - p~eyc paBHOBeJll!Koro no o<5'Iieuy c~epH'lecKoro 

ffApa. B CJIY'lae Bpall(a.D~XCSl Jl)tep CBH3L oG, C napa.M:el'pa.MH He-
¥' 

c~epHlll!OCTH ~ )taeTCH BHpallteHHeM 

,.1 'trr _J v* /.g,J (3) 
W4u = -~,\ /J.,1,,1. (I/, } ~,.. 2A+f ,., .. 

npH'leU O6H'IHHit nap8MeTp KBa)tpynOJILHOH Hec~epl'ItraOCTH" [ 21 
CBH3aH C d,2, paBeHCTBO:IU /3 = «.z. L'ftrr/S] ~ nna Jl)tep, no

BepXHOCTL KOTOpwc KOJie6JieTCH BOJIH3K c~epaqecKOl:t PaBHOBeCHOl:t 

~opMH; weeT MeCTO COOTHOmeHl'Ie '1 [~] 

-1 - fiA [ I) ,P; + 
c;t.,A_µ - -== t,1," + {-f) ~-,'-L ] 

V2A+I 
1 

(4) 
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r)te ~µ , ~ - onepaTOpH YHHqTo:teHHH H po%,1teHHH ~OHOHa C MO

M8Hl'OM (>.JI') J /3A - awIJIHTy)ta HyJieBHX KOJie6aHRl:t, KOTOpaa CBSl-

3aHa C qacTOTOl:t ~OHOHOB WAH T.H~ KO~Hl\H8Hl'OM :teCTKOCTH 
- ~ 

COOTHOmeHReM: fa.A.;:; {(~+t)li~ Jz <!,,.] • ~pe,lOIOJIOXeHHe O MaJIOCTR 

q,A}-'-03HaqaeT, qTo B (3, 4) a.AR }A HBJIHDTCH )la.JIJDm napaueT

p&m: 

~A <.<. f > ;s_., ,<<. 1. , (5) 

B3aKMO)teHCTBHe Il~aI>~X qacTR~ C HAPOM B npeJteJILHOM c.nyqae, 

KOr)ta HJtPO CHJILHO norJIOll(aeT qacTH~, T.e. )tJIRHa CBO6O)tHOro 

npo<5era B a)tpe uana no cpaBHeHRD c ero pa.JtHycou, a cm.m qacTR~ 

SlBJIHDTCSl JtOCTaTO'IHO 6llCTpmm, MO%HO y'leCTL C IlOMOll(I,D H3BeCTHOro 

rpamt'IHOro ycJIOBHSl JtJIH BOJIBOBOH ~YHKilliH Been CRCTel!H, OilHCHBa.D

ll(eH pacceaHHe Ha qepHOM TeJie [ 4]. B o61l(eM cnyqae, y'IRTHBaH 

' npospaqHOCTL ffApa .ltlIH na)tal)~ HeHTpOHOB, npOTOHOB H JtpyrHX 

qacTR~, 6yJteM npe,10IoJiaraT1>, 'ITO aJtepHoe B3amLOJtel:tcTBHe na.itan

~x qacTH~ C HAPOM MOZHO OilHCaTL C IlOMOll(LD ODTRqecKOl:t MOJteJIR 

{ 5, 6}. 3a.itaqa npauoro Heynpyroro pacceaHHa,.HYKJIOHOB c BO3-

6Y%JteHHeM KOJIJieKTHBHllX ypOBHeH B paMKax OilTRtJeCKOl:t MO;D;eJlll )tJISl 

Hec<I}epnqec1toro Jl)tpa BnepBue <5HJia c~opuyJIRpOBaHa Tep-MapTHpocn

HOY ('ll'.aCTHOe C0061l{eHHe) ; RM 6HJIR HamICaHil ypaBHeHHa, npe)tCTaB

JIHDll(Re co<5oH o6o61l{eHHe q)asonon TeopHH paccesum:a [ 3] Ha cxyqa~ 

nOJIH, He ·o6Jia)t8.Dll{ero c~epHtJeCKOH cr.nmeTpHe~ (cY.TaKllte [ 15-17]), 

HTax, UH npe)tIIOJiaraeu, qTo r&mJILTOHHaH CliCT8MH (su;po H 

'll'.ElCTRija) IDLeeT•Blr!Jt 

H= TrPJ+H~co1,)+ V{~ot), (6) 

r;te Tr~J -onepaTop KHH~Taqe~~ott. 3HeprHH OTHOCRTeJILHOrO )l;BH

xeHHa, Jtel!CTByD~H Ha KOOp)tWlaTH 'll'.acrn~ r J He {c<J- ra

lmJii>TOHRaH KOJIJieKTHBHOrO JtBHllteHHa ffApa, onpe)teJIHD~l:t COOTBeT-
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CTBYDDtHe ypOBHH H BOJIHOBHe q,yHKltlfH: 

He f~)st'n. (a:;) = c,,, r,tJn, {o{,),, (7) 

U wr.:~J - q,eHOMeHOJIOruqecKaH 41YHXltlfll B3auMOJ];eilCTBHH OilTliqe

CKOll MOJ];eJIH, BKJIDqa.n~aH, B qacTHOCTH, cnuu-op6HTaHLHOe H 

eyJIOIIOBCKOe B3aRMOJJ;ellCTBHSI li saBHC~M OT KOJIJieKTHBHHX nepe

MeHHHX 0v • 

IlpucTynaH K pemeHHD sa;n;aqu npHMoro Heynpyroro paccesmHSI, 

;n;JIH BHHCH8HHH OCHOBHHX 3aKOHOMepHOCTen 3TOro npoqecca BeCLMa 

y;n;o6Ho BocnoJIL30BaTLCH a~a6aTuqecKRM npu6naxeHReu[3}. Bosuox

HOCTL HCilOJIL30BaHHH a,JU1a6aTHqecxoro npu6JIR%eHHH B sa;n;aqe Ilpll

uoro ueynpyroro pacceHimH BnepBHe 6HJia yxasaJia reRJIHKllaHOM 

(qacTHOe C006~eHHe). 3TO npu6nHXeHHe, IlO-BH)tRMOMY, npGemw:o, 

ecJIH BpeMH npo11eTa qacmqu OKOJIO H~a suaquTeJILHO uenLme nepuo

JJ;a KOJIJieKTHBHOrO J];BHX8HHH u, CJie)l;OBaTeJILHO, BHIIOJmeHO YCJIOBHe 

[1]: 
~ kRo ~< 11 
£ 

(8) 

r.ite Ae -::meprHH Bos6yzJJ;eHHH, E -noJIHaH sueprKH, k -BOJIHOBoe 

qucJio. A)t}l:a6aTuqecxoe npu6JIRxeime 0611a,1taeT Banmm npeKMYJlleCT

B&LK, IlOCKOJILicy'QlO Il03BOJIHeT OTJ];8JIRTL KKHeUaTuqecKHe COOTHOme

HHH, CBH3aHHHe C coxpa.HeHReU yrJIOBOro UOMeHTa npu paccemnm, 

OT ypaBHeHHR, YqKTSBaJ>DtHX B3am.lO,JtellcTBHe qacTHqH C H,Jtpo:u. 

IlpH 3TOM yJ];aercH paccuorpeTL O)tHOBpeueHHO B036y~enue HeCKOXL

KHX KOJIJieKTHBHHX ypOBHen, IlOJiyqHB onpeJ];eJieHHYD CBH3L :uex,Jty 

ceqeuuSMH ynpyroro u Heynpyroro pacceHHHH MH )(aHHoro H,Jtpa, 

a raxxe MH coce.n;HHX qeTHHX K neqeTHHX H,Jtep. 

~' 

) 
.. 
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nenCTBHTeJILHO, B aJtHa6aTHqeCKOU IlpK6JIRXetmH B HCXO)tHO:U ypaB

Hemm lllpe~Hrepa 

[Trr:-J +He (ct)+ Vrr;ot;]'lJ!rr;ot,J= Elflr--;ot) (9) 

onycRaeTCH qJieH He {cl), COOTB8TCTBYDDtHR :meprHH MeJ];JieHHOro 

KOJIJieKTHBHOro J];BHX8HHH H,Jtpa, H BOJIHOBaH q,yHKltlfll CHCT8M!1 npuo6pe

raeT BU)]; [ 3] 

7:l!rf;ot,J~ <fR'(f!;d)</4 {ot) :> (IO) 

r.ite (/ofct)- COCTOHHHe H,Jtpa AO paccesmuH, a 41YHKltlfll (/lit(P;ot,J 
YAOBJieTBOpHeT ypaBHeHHD 

[ T(f>J+ Vrr;c1,J]<f;t<r-;dJ=E'l{-rr;o1,J. (II) 

Taxuu o6pasou, <f? OIIHCHBaeT pacceaHUe qac:mq B none Heno;n;Bux

uoro a;n;pa, opueuTaltlfH xoToporo onpe;n;enaeTca KOJIJieKTRBHID4H nepe

ueHHHMU oi , urpaDlllHUH poJIL napru.teTpoB. Ilpu r~ q,yHKltlfH 'f K 
YAOBJI8TBOpaeT rpaJiuquouy YCJIOBRll sa;n;aqH pacceHHHH 

•--➔ i1<r 
r. - I.Kr e J) /(/JK {r,,d),v e + r t{J2.,ol)) (I2) 

r.n;e ,ll;JIH npOCTOTH CIIy!Jt8HH MHOl01TeJm, Yt!HTllllaDDtHe HCK8.%eHHe na;n;an

~eR K pacxo.n;~enca BOJIH B eyJIOHOBCROU IlOJie HJJ;pa. BeJIHqUHa 

fr.n.J dt) npe)(cTaBJiaer co6on a.Mnnury)(y pacceaHHH B HanpaBJiemmJ2 

na neno;n;BKXHOM H,Jtpe J ona uoxer 6uu uailJJ;eHa pemeuue:u ypaBuemrn 

(II) c rpaHHqHHM ycJIOBHe:U (I2). TenepL, cornacHO (IO, I2), 
BOJIHOBYJ) q,yHKqKD CKCT8M!1 IlpH r~oo MOXHO npe;n;craBHTL B BHJ];e 

,++ iKr 
?,r - ) . ,I(,,. e I r {rJot ~ e $l'o(ol) + r . (J2.,d)~0 {cl) = 
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,.-_.. i.Kf" 
tl(r -e -.:- .P 

- e ~ rctJ + r ~ f,,i.lJ.)<p,,_ r«J ) 
(I3) 

r,Ite BeJIHttr,ma 

fno {.n.) = <<Pr,, ~cl.,> lr..l)..1o!,) <Po{«)> 
(14) 

npe:itcTaBJIHeT coc5oit aMnJIHTY.ItY paccesmHa c BO3c5~eHHeM TL -ro 

KOJIJieKTRBHOro COCTOHHH/I f Olia onpe.;zteJiaeTCH KaK MaTpKqHl,lit 3Jie

MeHT a.wIJIHTYJtH pacceaHHH Ha Heno)tBmmou HJtPe /Pl J ol.,}, Koropun 

BuqHCJIHeTCH C nOMO~LD BOJIHOBHX ~YHK!lHH KOJIJieKTHBHHX COCTOHHKll. 

Jlmp:pepeHnHMLHOe ceqenHe pacceSIHHH B. HanpaBJiemra..Jl.. c BO36YXJte

HHeM n.. -ro COCTO/IHKH ecTb 

<SnofJl.) = / /no{Jl.)j~ (I5) 

TaKIDA o6pa3ou, B a,ItHa<laTKqecKoM IIpH<lmt:m:emrn 8.llrumTYJtH BOsc5yx,Ite

HHH pa3JIRqHHX KOJIJieKTKBHHX COCTOHHHH onpe,IteJIHDTCH KaK uaTpHqHHe 

. MeMeRTH O)tROD K TOI! :a:e BeJil{qRRH /{.n,o/J [7 ]. B 3TOM CYHCJie co

OTHOmeHHH (I4, I5) IlO3BOJIHDT CBH3aTL Melt)ty coc5oit pa3mtqRHe ce

qemrn ynpyroro K aeynpyroro pacceamrn. IlpK ::iroM, corJiacHO , 

(II, I2), xapaxrep B3aKMO)teitcTBKH qacTHnH c .!I)tpOM npO/IBJIHeTCH 

npK HWCOJ:Jt8HKK aJI.IlJIKTY:itH/(.l;d}. CoXpaHeHHe yrJIOBOro MOMeRTa 

saTeM y~THBaeTCH aBTOMamqecKK npR BffqKCJieHHH MaTpKl!HHX 

MeMeRTOB (I4). 3aueTKM, l!TO B a)tKa<laTKl!eCKOM npH<lJIKXeHHH 38.ItOH 

coxpaHeHKH 3ReprKH He BmIOJIHHeTCH B COOTBeTCTBKH C KpHTepKeM 

(8) H, corJiacao (I3), 11acTKnH, pacceaamKeca c BO36yx,IteHHeM 

pa3JIKqRHX KOJIJieKTHBHHX ypOBHett, RMeDT O;ztHRattOBYD 3HeprHD. 

Ilo3TOMY npauoe Heynpyroe pacceHHHe B a;ztKac5aTK11ecxoM npK<lJIH:m:eHHK 

MOXRO paccMaTpKBaTL Ka.It KBa3HynpyrHi1 nponecc, npOHCXOJtHIItRll c5e3 

K3MeHeRKH 3HeprHH qacTHitH, HOC nepe)taqeit yrJIOBOro MOMeRTa. 

i. 

,+, 
! \ 

I . .') 

I 
I 
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I .. ,, 
,:\ 
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' 
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IloJIHoe ceirnmrn Bcex nponeccoa paccemurn 5t- , BKJIDqaa 

norJio~eHKe qacTK!l, corJiacHo onTKqecKoll TeopeMe [ 3], onpe;iteJIH

eTCH UHKMOH qaCTbJJ &!IlmlTY;ztl:l ynpyroro pacceHmtH Ha yrOJI 0= 0, 

T.e. B a;itKa6aTHqecKOM npR6JIHlteHKH 

fn * .J) ½ <5'.t = K k < </Jo { al) f- {_fl.I ot,J (/1, {cl..)> , (I 6) e-o 
r;zte ..12.={~ rp}. Y,Ito6Ho aaecTH TaKllCe cywapHoe ceqeaKe Bcex 

npHMHX nponeccoa, BKJIDqaa ynpyroe paccesmKe, KOTopoe, corJiacHo 

(I4, I5), onpe,ItenaeTCH ~OpMYJIOit 

0s {Jl) = ~ 0:,,
0

(J2.)=<<Pc,(ot.J/fcn.,o1.)/:1,Pc,(ct)>. (I7) 
11, 

Tor)ta ceqeHKe norJio~emi:H ecTL pasHOCTL nonHoro ce11eRKH H npo-

1rnrerpHpOBaRHoro no yrna.M cywapHoro ce11eHKH G"5 f ~Cn.J d.a. 

Oc = <51: - <55 (18) 

AMnJIHTy)ta/<.n,~oxeT c5HTL Hatt;zteHa pemeHKeM ypaBHeHHH 

llipe)tKHrepa (II) c rpaHKl!HW ycnoaKeM (12), aoo6~e roaopa, 

JIKfilb qKcJieHHHMK MeTO)tfilW. IlO3TOMy )tJIH Kal!eCTBeHHOro paCCMOTpe

HKH sa;ztal!H pacceHHHH neJiecoo6pa3HO npe,ItBapHTeJILHO KCCJie)tOBaTb 

HeKOTOpHe npe)teJILHUe cxyqa.H, KOr)ta pemeHKe MOlmO nonyqKTb B 

aHaJIKTRl!eCKOM BK)te. B Kal!eCTBe TaKHX cnyqaeB B pa6ore paccMaT

pKBaeTCR, BO-nepBUX, pacceHHHe Ha CRJILHO norJIO~aD~eM (11epHOM) 

H)tpe 6UCTPHX HeitTpOHOB, ;ztJIHHa BOJIHU KOTOpmc 3HaqRTeJILHO MeHLme 

pa;ItKyca H)l;pa, HID{ sapSllCeHHIDC qacTH!l C. 3HeprKeii, 3Hal!KTeJil,HO 

npeBWilaD~en BUCOTY KYJIOHOBCKOrO 6apbepa, H, BO-BTOPHX, paccea

HHe Ha noxynpospaqHOM 'a,D;pe Ol!eHL 6ucTpHX qacTH!l, 3HeprKH KOTO

pHX 6OJILme rnyc5HHII IlOT8HWfaJILHOit HMU li,Itpa [1- 10]. HcnOJIL3YH 
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npu STOU ,JtIIqipaXI{HOHHOe npH6JIKXeHHe, KOTopoe npHM0HIDJO, ecJIK ~HeprllH 

Bsru1uo.,1tettcTBHa V BO Bceu npocTpaHCTBe :maquem,Ho ueHLme noJIHott 

3Heprm,i E [ 3], MOZHO noJiytJHTL Bl:lpa.J:emrn ceqeirntt ynpyroro u Heynpy

roro pacceam1a Ha uaJiue yrJIH 0 < I. 

B rJI. Il-IY B .ltli4JPaK!lHOHHOM npH6Jrn%0HllH pacctJKTl:lBaeTCH aunJIH

Ty.,1ta pacceamrn Ha tiepHou u~ nonynpoapatIHOM a.,1tpe /r.n.Jd,)H aaxeu 

Bl:ltJHCJIJDlTCH ~eKTHBHl:le cetJeHHH B036Y,:.,JteHHH nepBoro ll IlOCJ10.,ltYJ)JitHX 

KOJIJieKTHBH!lX ypOBHett. B CJIYtiae Bll6p~HOHH!lX COCTOHHHff 3TH B036y:a:

,lt0HHH CBH3aHH C po:a:.,JteHHeM O.,ltHOro HJm .,JtByx qJOHOHOB, a B CJiyqae 

BpaJllaTeJILHHX - C O.,ltHOHpaTHOll llJm XBYKpaTHOll nepe.,1tat1ett yrJIOBoro 

MOM0HTa ('AJIH 0,ltliH006pa3llH o6a nponecca Ha3l:lBaeM O.,ltHO- K .,ltByxqJOHOH

Hl:lMK} B STllX pactJeTax 8JmJIKTy.,1taf(..n..~ctJ HrutO.,ltllTCH B BK.,lte pa3JIO:a:e

HHH no cTeneHau KOJIJleKTKBHl:lX nepeueHH!lX ~A}(, npHtJeu .~Jia paccuor

peHKa O~HO- K ,ltB~OHOHH!lX B036yx.,1teHHll )tOCTaTOtJHO orpaHHtJKTCH 

pa3JIO%emtell ,ltO tJJieHOB BTOporo nopa~Ka. CpaBH0HHe tJJieHOB pa3JllltJ

HOro nopaxxa noKaauBaex, tJTO ycJIOBHe npoeHHMOCTK sToro paaJio:a:e

HKa COBn~aeT c ycJIOBKell MaJIOCTK napauerpoB necqiepHtJHOCTK (5), 

KOTOpoe KCilOJII,30Ba.JIOCI, paHee npK HanHCaHlm ypaBH0HHS noBepXHOCTK 

a.,ltpa K sneprKK KYJIOHOBCKOro BSaIDIO)teitCTBHH qacTKitH C a.,ltpou. Ko3})-

4JK!lH0HT!l yKaSaHHoro pa3JIOlteHKH /cJ2.)d,)cooTBeTCTBYJJT &mJIHTY.XaM 

1/o.J 
ynpyroro paccemma Ha cqiepaqecxou a.,1tpe {..JZ.J K Heynpyroro pac-

cemnrn na Hecqiepn11ecxou a.,1tpe c po:a:;temi:eu o~oro /f',l..12.) KJIK J,Byx 

qJOHOHOB ~~M (..12.). Tax, WIIIJIKTY)ta O.,ltHO<pOHOHHOro BOS6y:a:)teHKa 

npH .ltli4lPaKUKOHHOM pacceaHKK Ha CKJILHO norio~aJJ~eu (qepnou) a.,1tpe 

BHJ)a:a:aerca qepes 4JYHKUHJJ Eecce11a J {X) cJieJtY]ll!IKM o6pasou 
M 

lMtp f-M * U 2/f+l'l) 
91.:'i.Mf.n.)=e l Ju, K~] ["r;~/~oJ.f, (a.)+ (I9) 

+ l c/),:1:L '[CL <l:.1.. {a.,?)] ., 

l 
I 
I 
A 

(V 
:' 
I 

A 
\l 

( I 

\ 
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-jf-
r~e 9L11=ot1,,-, , L ~ 2,a=KR0 0 - 6eapas:u:epHl:lll nepe.,1taHHmi 

IDJilYJILC, KO$I>KnH0HT Cl. .-..., I K 

m Jo:, · -l+f+l2>1 I '¥. (aJn)-= dx, x , (ax l. LM ,. M · / 
1 

B Bllpa.llteHHK a.MilJIHTY){l:l (I9~ nepBHll tlJieH, He aaBKCHJitHit OT KyJIOHOB-

CKoro napa.uerpa f, c0Bna.,1taer c aJ.ntJIHTy.,1toU Heynpyroro paccemma 

HettrpoHoB, H ero uoimo HaaBaTL a~epHott qacTLD w.mmi:ry]tl:l, xor;ta 

xax nocJie.JtHHtt tJJieH, uctJe3aDJitHff npK f. = O, uoimo paccuaTpKBaTL 

B KatleCTBe aunJIKTYJtl:l KYJIOHOBCKOro BOS6y:a:,1teHHH. IlpH UaJI!lX nepe

,ltaHHHX mmyJILcax a < I ll M = .! .L O)tHOqJOHOHHaH a.unmi:Ty;ta 

qiopMaJILHO coBna;taer c aunJ1Hry.,1toU Heynpyroro pacceairua reopKH 

KYJIOHOBCKOrO B036ylt.,lt8HHH [ 12, 13], paccuarpHBaJJlltRff paccemme 

.tJacrun c snepruell HH:a:e KYJIOHOBCKoro 6ap1,epa, Kor~a H,ltepHoe 

BSaHMO.,ltellCTBHe OTCYTCTByer: 
* . ,,.J • -H lH. 2{1+b/J ~-2.{1+if) 

9L11 FlM (..12J=-9t, ~:rL i e ~ '/cl. &R.) . Lil:.) . I'(t+tp) . 
, .ZK ~2/ I'{L-if) (20) 

C ,1tpyron CTOPOHil, npH 60JI.bll!HX nepe,lta.HH!lX mmyJILCWC 4- >> f 
nony11aeu 

f. • 2.{f+if) . 

J°!liM (./2) ~ i. ~ t:Ht,. -tf-AJ (k~) [>:,_,tqt1JJ(aJ+iJ' l(C a:Tra)] (2I) 
· d..,-, I< M M±L J.. L+I 

H, CJie.,ltOBaTeJI.bHO, npH pac~eHHHH Ha cpaBHHT8JII,HO 60JILIIIKe yrJIH 

rJiaBHYJJ pOJII, HrpleT S)tepHoe BSa.m.lO)tencrBHe, TOr~a Kalt BKJI8,)t . . 
KyJIOHOBCKOro B38.ID,[O~ellcTBllS OKaSHBaeTCS OTHOCHTeJILHO Ya.Jil:lJ,{ 

( ..., a.-f ) K BHJlameTca ~ pasuasH:eaHKH JtH4JpaK!lHOHHHX YHHHM:yl(OB. 
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.AHa.norRqHo aunJmTy.;n;a paccerurnst Het!TpOHOB Cf =0) Ha qepHOM 

st;n;pe c po:a:;n;eHReM »yx qioHOHOB >..,A' c cywapmru umrnHTOM {LM) 
IDJ:eeT BRA 

~ t- . '2,{f+l7) f.z. 
a.* F'. /J2.) ,q , l ~ tM¢>(1eRo). K.2A+fJfV.'+tJ7 • 
(/A.,tll.H A,t'i.,H <f'M 'I.H K l~ 'nr{ZJ..+f)] 

, C,,.~:'o '(M {qoJ[a{,_fa) +(1-M-U),ccf,tt){,tevl_,, 
(22) 

r,n;e 

* ~ 1 .. CLH 
j-A.A 1i..H ~' 2 a!.-&_µ ~~1 .-'~A~' ' 

B cJzyqae 3apmreHHHX qacTllll <pyHititHSI f:,L.f,,..n.J .;D;OilOJIHsteTCSI qJieHOM 

F (Jl.), KOTopl:Jll MOlltHO Ha3BaTb ;tByx<poHOHHOlt aunJlllTy.;n;on xy.nouoB-
E».1LM . 
cxoro B036yJ1QJ;eHRSI. 3w aunmtTy;ta, no;n;o6Ho n,n;epuon ttacTH (22), 

OTJmqua OT uy.nn npn Bcex M , YJtOBJieTBOPmlllllIX ycJIOBHD L +M -
- 'feTHO , TOr)ta Kalt O)tHO<pOHOHH8.Sl KYJIOHOBCitaSI a.MilJIRTy)ta, 

cor.naclio (19), OTJIHttHa OT ny.nst JIRmL npa M = :.!:. L . 3To 03Haqaet, 

tITO pOJII, KYJIOHOBCKOro B036yx,n;eHlIS[ npH )Ulyxq>OHOHHHX npoiteccax 

OKa3uBaeTCSI, B006~e roBopa, do.nee c~eCTBeHHOll, tteM npH OJtHO

<pOHOHHHX. CpaBHeHHe no1ta3HBaeT, tITO B 06HtIHHX c.nyttaSIX, ItOr)ta 

t ::, 1, a;n;epnaa (22) H KYJIOHOBCK8.Sl ttacTH )tByx<pOHOHHOll a.MilJilITYAH 

IDleDT O,n;HHaitOBlltl IlOPMOlt BeJIRtIHHll. IIo;o;o6HO OJtHO<pOHOHHOlt 8.MIIJIRTy,;n;e 

,~ 06.nacTR 6oJILl!IHX nepe.;n;aHHHX m.myncoB ti.>> f KYJIOHOBCKafi 

amIJIHty;n;a ~ ... u~M _;n;a.eT. OTHOCHTeJILHO JlaJml BKJI!l)t nOpSJtita £ 1
• 

IlpH li~HX a.< t yrJIOBWI:saiim~~OCTL. ~A).'~H ta.) 
B OCHOBHOJL onpe;n;eJIJleTCSl JmODTene:u: ti, L-2{1+ll[) • 0)tHa.ItO, ecJIH 

npH O)tHO<pOHOHHHX B036~emrnx nepe;iamml YOMeHT L =). ~ 2. 
TO npH B036yz,n;emm »yx q>OHOHOB pasno!.1 tteTHOCTH {A=2,A1=3) 

·1 
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B03MOXeH ,n;HnOJibHHll nepexo;n; L = 1, ttro npHBO;n;RT It B03pacTaHRD 

pOJIH KYJIOHOBCitoro B036yx;n;eHHSI H paCXO)Ofl!OCTH .;n;Byx<pOHOHHOll aunJIH

ry.n;u BH'II,aQ.-f-lZ'/. npH a➔ o·. 3ra paCXO;n;HMOCTb CBSl3aHa C HC

IlOJIL30BaHHeM a;n;Ra6arHttec1toro npH6JIHXeHHs [ 13], xoropoe uenpHMe

HHMO B HHTepBane yrJIOB paccenHHst 0<f.dE/E. 
E.naro.n;apg coxpaHeHHD 06'IieMa (nJIOTHOCTH) s;n;pa npH OTitJIOHemtH 

ero qiopuu or cqiepHttecxon, yxasaHHast pacxo.n;IDJocr1, .;n;Byxq>OHOHHOU 

rum;mry;n;u npH L = 0 ~e B03HHKaer. 

EH<p<pepeH!lHaJILHOe cetteHHe ynpyroro HJIH ueynpyroro pacceaHHa 

C B036yz;n;eHHeM KOnJieKTHBHOro COCTOHHHH (n-I) HMeer BH;it 

c,IIa (0)= f q_/0); 
' l, 

~ {8)= f ~ /t t v2z+i JJ'/Ji_) (23
) 

'J.. (2I,l1){2Lr1) M=-l nno l,O O r + 

+<nI/lo'J..ll11oI'o> Fi.H {..a) rX. <nI/Qi 1,/l11oI;,>F, (..11.) /'L 
~ ,\,\I ~/VI LI ,U ~H ) 

r;n;e npne.;n;eHHHe Marpm:tH <nil!p1_1!noia>, <n.IlfjM'~/l~I,,> , 
onpe_;n;enm>~He CBOttcTBa ID1%HKX KOJIJieKTHBHllX COCTOmIHtt a;n;pa, JierKO 

Bwrncnm>rca .n;JISI B~areJILHHX K 1tone6aTeJI1>Hux ypoBaen. -E.naro~apa 

cBOllCTBau cHllllerpr.m npH nepecranoBKe A.,A'. , :u:oueur L , nepe;n;aH

HH!.1 np_H .n;Byxq>OHOHHHX DpOiteccax; y;toBJieTBOpaer ycJIOBIUl 

(. A.+Ji'+.L 1. . . -tJ = . B O)tHO<pOHOHH0:11 DpH6mnceHHK cetteHHe Heynpyroro 

pacceamrn (1t#n0 , l > 0) saBHCHT JmJllb or KBa,n;para YOJtYJISI Mep

soro YarpattHoro 3JieMeHra, HO c yqero:11 JtBYX<pOHOHHHX nponeccoB cette

HHH saBHCKT, B006nte rOBOpH, KOT 3HaitOB uaTpKtIHHX 3JieJLeHTOB, 

BCJieJtCTBKe KHTep<pepemi:HK Kex;n;y DPOiteCCauH nepBoro K BTOporo no

pn;n;xa. O;n;Haxo npK BOsc5yx~emm xone6are1ILHllX ypoBuen yxa3aHHaa 
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HHTeppepeH[(IIH OTCYTCTByeT, BBH.l(y OTJIOpa no qacny ipoHOHOB H HX 

YYJII>THilOnI,HOCTH f Il03TOyY qiopMyJia ceqemHI B036ylll:]l;eHHH O]l;HO- H 

ABYXqJOHOHHIDC KOJie6aTeJibHllX ypOBHell (23) ynpo~aeTCH. HHTeppepeunua 

ueJB:;zy nponeccru.rn o;ii;HoKpaTuott .H ABYKPaTuon nepeAall.H MoueuTa .HMeeT 

J6CTO npH B036YJKA6HHH Bpa~aTeJIIiHhlX ypOBHell.IlpH 3TOM,cOrJiacHo{23),sa

BHC.HMOCTb celleHHH pacceaHHH C B030yx]l;eHR6M nepBoro BpaJitaTeJibHOro 

ypOBHSl o; ( 0) OT 3HaKa KBa]tpynOJibH0tt ueccpep.HqHOCTli ol2 npo

HBJIHeTCH Aa:te B OTCYTCTBHe HecqiepHllHOCT.H 6onee BHCOKOro nopa]l;Ka 

( d.'I = O), XOTH ceqeHHe ~ (0) saBHCHT OT 3HaKa d.i. A0BOJibH0 cna6o: 

BO BTOpOM IlOpH]l;Ke. CelleHHe (3',' (&}, KOT0poe M0XeT C0OTBeTC'.l?BOBaTb 

B036ylll:]l;eHHD BTOporo BpaJitaTeJibHOro YPOBHSI lJeTHOro H]tpa, 3aBHCHT 

OT suaKOB napaueTpOB uecipepHquocTH d.i, <i't namb npa d't =I= o. 
IlpH AOCTaT0lIH0 60Jibfil0M ot'I, K0rAa npHBe]l;eHHHe MaTpHitH i'I , iAA''I 

OKa3!IBaDTCH O]l;HOrO nopa~Ka BenHlIHHll [ 14]) 3aBHCIUdOCTb a;. OT 

3HaKa napa.MeTpOB uecqiepHllHOCTH OKa31:lBaeTCH BeCbMa cymeCTBeHHOll. 

nJIH Il0JiyqeHHH .HHqiOpMaJ:t.HH O H]tepHllX MaTpHllHHX 3Jl6M6HTaX, Il0-

MID.!0 auaJiasa ]l;HqqiepeHnRaJibHHX ceqeuaff ueynpyroro paccestHHH c B03-

6yx~eHHeM 0TAeJibHllX K0JIJieKT.HBHllX YP0BHell, npeACTaBJIHeT HHTepec 

paCCM0TpeH.He Il0JIHIDC ceqeH.Hll pacceaHHH HettTp0H0B Ha Il0JIHpH30BaHH0M 

GtrM H Henom1pH30BaHHOM G't HelJeTHOM fiAP6 (I~ 3/2). B rJia

Be ill C nouombD OilTHqecKOtt TeopeMH noKa3aH0, qTo pa3HOCTb 3THX ce

qeHHff nponopJ:tHOHaJibHa MllliMOtt qacT.H OAHOq>0H0HH0a &mJIHTYAll paccea

HHH ua HyJieBott yroJI, npHqey B npe~eJibHOM cJiyqae qepuoro H]tpa "'I -C5t X-M 
M 2 = -f-t) 'f L'I 2 )-!s' < I//Q III>• (24). 

2reRo . LM-M O Vii;i, tJ2 . J 

suaqeim:e atoll pa:mocTH ]l;JIH BpaJitaDill;HXCH HAep c I= M= K 
npH I= 3/2 paBH0 -d.2.IS, a npH I= 13/2 paBuo-f3c(,:i./2O. 

TaKHM o6pa30M, H3MepeHHe pa3H0CT.H IlOJIBUX celieHHtt Il03B0nHJIO 6u 

' 
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onpeAeJIHTb KBa]tpynOJibHllff H]tepHHll MaTpHllHllll MeMeHT BMeCTe C 

ero sHaKOM. 

PaccMOTpeHH0e B rJI. lY paccemi.He 6HCTpllX qacTHit Ha nony

npospaquoM H~pe noKa3UBaeT, lITO ajxpeKT npospaqHOCTH npHBOJtHT, 

B00<5me rOBOpa, K yBenH'IJeHHD ajxpeKTHBHllX ceqeHJlll ynpyroro H He

ynpyroro pacceaH.HH, a Taxxe .H HeMOHOTOHHOll saBHCIWOCTH ceqeHHll 

OT 3HeprHH H paAffYCa Mpa. UoJiylleHHHe B 3TOff rJiaBe qiopyYJIH 

npH J ==- JCRo WI E~Jf Ae W -uHHYaa qacT& onTH'llecKoro noTeHitHa
-f 

Jia, C TOqHOCT&D ,...., ~ nepeXO)tHT B ipopyyJIH rJI. TI, m, OIIHCHBaD-

DtHe paccemiae Ha qepuou H,Jtpe. 

Ilpe]tcTaBJieHH!le B BH)te pHCYHKOB pesyJI&TaTH qHCJieHHllX pacqe

TOB HJIJIDCTPHPYDT BHpaxemte ajxpeKTHBHllX ceqeuHff JtHcppaxri;HOHHOro 

pacceHIDia, nonyqeuuue B rJI. TI-lY. IlpHBe)teuuoe OJtHOBpeMeHHo 

cpaBHeHHe C 3KCnepHMeHTOM Il03BOJiaer o6~HCHHTL ynpyroe H Heynpy

roe paccemiae qacran Ha uame yrJiu K oneHHrL napWlerpu uecqiepaq

uocrH pa)ta HJtep. 

Ta.KKM o6paaou, paccuorpeHHe aa)tatra pacceJIHHH ua ocH0B8llllll 

JtHqipaKll;HOHHOro npH6mtXeHHH B aHaJIHTHqecK0M BH)te Il03B0JIJier BH

HCHHTL MHOrHe xaqecTBemme 3aKOHouepuocm np.lDloro Heynpyroro 

pacceJIHHa H ycraH0BHTL xapaxrep cnexrpocKoI1HqecxoH HH~0p!,18.ItHH 

0 H~pe, K0T0pyD MOXHO II0JIY'llHTL IlpK CpaBHemt:H reopHH C 3KCnepH

MeHTOY.-0JU[aKO B 3T0M npKdJIHXCHHH YAaercn D0JIY'llHTL )tHqxpepeHitHaJI~ 

HHe ceqeHHH JrallIL npH Ka.JIHX yrJiax H Il03TOyY He YAaeTCH BH'IHCJlllTL 

noJ1Hue ceqeHHa orAeJILHHX nponeccoB. Ilocxoxr,xy x T0KY xe 3TH 

pesynLTaTH cnpaBeAJIHBH,IlpH ~OBOJII,HO 6onmoH 3Hepru qacTBit, 

BC8 3TO sarpyAHJieT a&amt3 3KCDeIJlDl8BTWILHHX~WIHHX. 

B 3THX ycn0BHJ!X CXe}tyl)JltH)I 3Tanou, Il03BOJI.llllll(IO( CJl[CCTB&HBO 

pacopKTL pe3ynLTaru JtH~PaKitH0HHOro npH6DXeHHH, J!BXJ!8TCJ! 
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pemeHRe sa,Jtaqa npm<oro paccemma c HCllOJIDSOBaHReu O,J{Horo JIHmD 

a)tlla6aTaqecKoro npH6naxeHHa [16). CorxacHo KpHTep:1m (8), sTo 

npu6xaJ:eHRe oxamrnaeTca npaxTHqecxa JJ.OCTaTotJHIDl JJ.Jia pacqeTa cetJe

HHff Ha)t6apDepHmc qacTHq C BOS6yx,J{eHHeM ypOBHeR OCHOBHOff Bp8Jlla

TeJIDH0lt llOJIOCH TaJ:eXIDC Mep. Hcxo,J{a HS (II, I2) B rJI. y BHBO,J{HTCH 

ypaBHeHRa a)tHa6arnqecxoro npu6xaxeHHa, nosBOJISIDDtKe c nouomDD 

Buql[CJIHT8JIDHOR M81lIHHH paccqHTHBaTD )tll<pq!epeHJ:tKMLHHe H noXHHe 

ceqeHHa BOS6Y3:)t8HHa Bp8JllaTeJIDHIDC YPOBHeff. IlpH 3TOM, ll0,J{06HO 

06HtJHOR cpasOBOit TeOpHH pacceaHHa B qeHTpaJIDHOM noJie, pemeHHe 

sa,J{atJR CBO)tllTCa K HHT~rpHpOBaHHD CHCTeUH pa;JtKaJILHIDC BOJIHOBIDC 

ypaBHeIDIR. Koajq}HJ:tK8HTH ypaBH8HHff YtIHTHBaDT CBOffCTBa BSrun.{O)teit

CTBHa qacTHqu c a.1tpou, npuqeu saqenJieHHe uex~ ypaBHeHHHMH npo

acxo.~T 6J1aro,Jtapa OTJIHtJHD noJ1a a.itpa OT ccpepuqecKH cmmerpHqHoro. 

B OTCYTCTBHe CllHH-Op6HTMDHOro BSaHUO,J{eRCTBHa pa;tHaJILHHe ypaB

H8HHa HMeDT .)tOBOJIDHO npocron BK.it 

[f; - l(~+f) - -uarrJ+k~] <j)~;; er) = 

~-ml~ L f) m (25) 
=~ ,ut..{r){-t) (-m O ,: <.fltY{lll1 >'1'e_,~,rrJ~ 
~L~2 ~ 
~ 

r,Jte KOajxpnqaeHTH 1.l.o ,UL., onpe.1teJISIDTca pasJ1oxeHHeu Bsruw:o.1ten-

Vi m-
cTBHa (0ot.) no yYJILTHnoxm.t-;VcoxpaHHDmasca npoeKqaa uoueHTa 

qacTHqH Ha OCL cmweTpHH a.itpa. 3aBHCID.lOCTD pa)tllaJILHOR BOJIHOBOff nt . . 

cI>YHKitKH ~/ j) OT op6KTaJll:,HOro lLOU8HTa naJtaDmen qacTHqH -l' 
BHOCHTCa rpaHHtIHHM ycJIOBH8M BHe a)tpa, 

m. fl m 
<P,1t' {rJ"' (lj +L 1 )°tt' +{Fe-lGeJ SJ'£" , 

(26) 
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r]J.e ~ {14") , 1 (,er) - peryJIHpHaa H HeperyxapHaa KYJIOHOBCKHe 

cpyH&qHH H s~ -MaTpHqa• pacceamrn, KOTOpM onpe,JteJiaeTCH peme

HH8M ypaBHeHHa (25) c rpaHRqHID,[ YCJIOBH8M (26). Tor,Jta 8lUIJIHTy,Jta 

pacceaHRa c nepe,Jtaqeff MOYeHTa l M HMeeT BHA · 

.8 '..ll.) =.!.. ~ '/l{~+-f)[l t~ i{~+o;,s"" -J' J(t.11.J~eb Ce~ 12.t l1< ~ al'+f '.le' tl' tm, '-fm~N ) 
tt'rnn. I ln,_ LJ 0 

· (27) 
r)l;e Oe -KYJIOHOBCKasi: cpasa. 

PesyJIDTaTH raxoro po)l;a pacqeroB JtHcpcpepeHitKaJILHHX ceqeHHll, 

BtlllOJIHeHHHX Ha BJ:ll!HCJIHT8JIDH0lt MamHHe, B 06JlaCTH MaJIHX yrJIOB Ka

qecTB8HHO COrJlacyDTCa C pesyJIDTarw.m, KOTOpHe 6HJIH no;ryqeHH 

B rJI. Il-IY B JtHcppaKqHOHHOM npH6JIHll:eHHH. Ilpe)tCTaBJleHHOe B rJI. Y 

cpaBHeHHe TeopHH c onHTOM noxasuBaer, qro npe,JtJ1araeuaa reopua 

eJtHHHM o6pasou o6~si:cuaer oeDmueca sKcnepHYeHTMDHHe )t8llHHe 

]J.Jla ceqeHHff BOS6yx,JteHHa l!HOrHX YPOBHell OCHOBHOR Bp8JllaTeJIDHOR 

noxocu, BKJIDtJaa ynpyroe pacceaHHe. 

T6.ltKM o6pasOM llO)l;TBepx,Jtaerca HCXO)tHOe npe)tllOJIOll:eHHe reopHH 

o uexaHHsue npHMoro BOs6roeHHH BpamareJIDHHX ypOBHett. B pesyJIL

rare cpaBHeHHH c mtcnepHMeHTOY 6HJIH onpe,JteJieHH c TOtJHOCTDD )tO 

SHaita sHaqemrn napwa:erpa KBa]J.pynoJILHoff Hecq,epHtJHOCTH · a.2, pMa 

SI;tep, npaqey 3TK sHaqeHHa corJiacynTca c pesyJinaTB.MH, nonyqea

Hmm paHee HS aHaJJHSa ]J.aHHHX no KYJIOHOBCKOYY BOS6yz.iteHHD. Teo

PKH npe]J.cxassBaeT 3aBHCHUOCTD cetJeHHff B036yx.n;eHHH, oco6eHHO 

BHCl!IHX Bpam~re~DHHX ypoBHett, OT 3Haxa nap8.MeTpa KBa)U)YnOJIDHOit 

HeccpepaqHOCTH . ot;t' a TaitXe OT napaMerpa HeccpepHqHOCTK a,." 
yYJIUHilOJIDHOCTH A, = 4. :3TO llOSBOJISJeT, B006111e rOBOpa, npH 

CpaBHemUI TeOpHH C 3KCilepHJ.leHTOll onpe,JteJIKTD napa.uerpH He·c~pHq-
' HOCTH BKeCTE! C HX 3HaKaJm. 0]!.Ha.itO, BBH,Jty HrumtJHSI B·TeOpKH 
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HeCKOJILKKX APYTHX napaJ,[eTpOB, a Taue BCJie~cTBHe H8,ltOCTaTOlffiOR 

TOlffiOCTH H118D)1'RXCS: 3KCnepmL8HTWILHIDC ,lta.HHIDC DOTpe6yeTcs: AWILHen

DIHI aHrum:3 6oxee TOtraHX ~a.HHHX .itJIH AOCTOBepHoro onpe,n;eJieHHs: napa

MeTpOB Hec~epJNHOCTH BP81JtaDIIIKXCH s:,n;ep. 

IlpH paCCMOTpeHKH paccemIHs: c B036yz)teID'leM KOJie6aTenLHHX H 

BHCIIHX Bp81JtaTeJII,HHX ypOBHel KpHTepHll (8) qacTO He BmIOXHH8TCH 

H 8.)tHa6aTHtleCKOe npH6XHlteHHe OKa3HBaeTCS: He.-11pma:emnmu. B 3TOM . 

cJiyt1ae 3aJtaqy npma:oro pacceHHHH B pa1,CKax onTHt1ecxon Mo~eJIH npHXo

;ltHTCs: pemaTL TOtIHO, HCXO)tH H3 ypaBHeHHs: (9) C COOTB8TCTBYDDtHM 

rpaHHtlllID,( ycJIOBHeM Ha 6ecKOHetIHOCTH. B rJiaBe Y·nonyt1eHH ypaBHeHKs:, 

ll03BOJIHD1!1Ke pelllHTL nocTaBJI8HHYD 38Jt8.tIY B ~e o6swon ~30BOI 

TeOpHK paccemIHs: nyTeY HHTerpHpOBaHHS: CHCTeMH PaJtHWILHHX ypaBHeHHn 

[15-17]. Ko:JlxpHitlleHTH 3THX ypaBHeHHff yqHTHBaDT CBOICTBa B38HMO)teff

CTBHS: tiacTHnH C su,;pOl[ H 3attOHH COxpa.Hemrn J KpOMe Toro, OHH npo

llOPitllOHaxLHH npHB8)t8BHID( MaTpHtIBlD( 3J18MeBTaM, xapaKTepH3YDIIIK1,f 

KOJIJieKTHBBHe COCTOJIHHS: JUtl)a. B pe3yJILTaTe HHTerpHpOBaHHH ypaBHeHHl 

BHtlHCJis:et~s: MaTpzxta paccemms: S,,~, onpe,1teneHHas: B npocTpaHCTBe 

KBaHTOBHX 1JHC8JI y , xapmctepz3YDJ1tHX COCTOmme JUtl)a H tIRCTHnH J 

aTa KaTpKita 3a.BHCHT OT no,moro MOl[eHTa CHCTew J xax OT nap&leT

pa • .A1mJDITYJtH B036yx.iteBHs: pa3XHtIHHX KOJIJI81tTHBHHX COCTOJIHHR BHpa-. :r .· 
zal>T~S: tiepe3 sl/J/' C llOJIODtJ,D onepaTopa, OTpamDJllero 3aKOH coxpa-

HeHBs: KOKeBta. ~
llTax, B »1cceptaitll:II npe;i,;ctaBJieno pemeBHe 3aJtatIH ynpyroro H 

neynpyroro paccemms: t1acTH1t na sxpax c B036yxJteBKeM xo1UieKTHBHHX 

COCTOJIBHI. PacCKOTpeBHe npOH3BOJtHJIOCL B pa.MKax MaKpOCKOIIJll1I8CKOI 

KOX8.IH Eopa-MOTTencona. OJDICHBaJl~el CBOICTBa BKZBHX B036yit)teBHmc 

COCTOmntl Be*pHtiecax Qep, a Ta.Jae B prumax iPeBOKeHOJIOrHt18CKOI 

·1 
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ODTHtleCKOll MO'A8JIH, ODHCllBa.Dmen B3aHMO'AeilCTBHe qacTH[Ul C H'APOM. 

PemeHHe yKa3ruiHon 3a,1ta4H OCllOBHDMOCI, Ha npe,1tnOJIOllC8HHH 0 

npmtOM xapaKTepe B036yX'Aemrn KO.i!JieKTHBHl,IX COCTOHHHll npn pac

cesrnnu, KOr,n;a pacna,1t COCTaBHOro H'Apa B 3TH KaHaJill MMOBepOSJTeH. 

Ha ocHonaHmt 3TUX npe,1tnonoxenni1' sa].tatia. paccemmn paccMarp,rna

nacr, cHa4ana xat:1ecrne11no B pa.Mxax a,1tna6amt:1ecxoro H 'AmppaK

wionnoro IlpHOJIHJteHHll ,ItJIH CHJILHO nornomaximero HJIH nonynpo3pa4-

HOrO S1,1tpa, 4TO Il03BOJIHJIO IlOJiytlHTL ].tllqxpepeHrtllMLHlle ce4emrn 

ynpyroro H neynpyroro pacceSJHHH B KOHe'll!OM BH,n;e ll BIISICHHTI, 

OCHOBHIW 3aKOHOMepHOQTH npmwro pacceSIHHSJ Ha_ neccpepn'-IeCKHX 

s,1tpax. 3areu sa1-taqa pacceSJHHH pemanacr, c 11cno111,s0Banue1.1 JI!Illlh 

a,1tHa6ar11t1ecxoro np11611uxeHHH, xoropoe oKasmiaercsi npaKTlt4ecKu 

,ltOCTaTOtIHUM J.(JISI paCCMOTpemrn B03cly.r}.teHHSI Dp81J{aTeJibHHX YPODHeii j 

· npH 3TOM ajxpeKTHBHHe ,Ce4eHHH HaxO,ltllJIIlCL nyTeM til1CJleHHOro HHTe

rpapOBaHHSI CHCTeMH pa'AffaJILHllX ypaBHeHHll B J.tYXe 06WIHO~ ~a30BOfi 

Teop1m paccestHHH. 0)0IOBpeuenno 6HJIH pacc11orpe1m TaKxe ypaanen11si, 

D03B0JIS!l0mffe pemHTL IlOCTaBJieHHJD 3a,1taqy pacceSJHHSI TO'-IHO, 6e3 

ucnonr,soBamrn a,1t1m6ar11qecKoro npH6J111litemrn, KOTopoe He npHMeHHJAo 

npH ~OcTaTO'-IHO BHCOKHX D036yllt].teHHSIX mtpa j O)tl!aKO pe3yJILTanr 

tIHcnennoro HHTerpHpOBB.;IHSI COOTB8TCTBYJOmHX ypaBHeHIIH ne npe,1t

cTaBJieHH. 
PemeHHe 3a'AatIH paccesiHHH, T.e. BH'-IHCJiemre :}_ill-P8KTlIDHllX ce-

1.leHHii, MOXeT HMerr, Ca.JJOCTOSJTeJir,n~il HHTepec. IlOLnlMO 3TOro, npH

Be,lteHHOe B JCHcceprawi:H cpaBnemre pesynr,raroB reopHH c 3Kcnepn

MeHTOM Il03BOJIHeT IlOJ.tTBepir;HTL npe,1tITOJIOllteHue O npmroM MexaHH3Me 

B036yx.n;eHHg KOJIJieKTHBHllX YPOBHei! H TeM Ca.MllM YCTaHOBUTb onpe'Ae

JieHHYD cnsis1, Mex,1ty pasJIHtIHIIMH cetieHHHMH ynpyroro H neynpyroro 

paccesinHn, npeJtcxasaHHYI> TeopHeil. rnaBHYD nonr, B Mexa11H3Me 
npm:oro pacceSIHHH HrpaeT SI,ltepHoe B3aHMOJ(8HCTBHe, OilHCHBae11oe 

OilTHtJeCKIDd llOT8Hr{HaJIOM. 0J(HOBpeueHHO TeOpHH yKasunaeT Ha 

cy~ecrBeHHYD ponb xynoHOBCKoro Bsam.i:oir;encrnHsi 11 KYJIOHOBCKoro 

B036yx,Jtenaa, KaK o,1J;Horo 113 BHJCOB npm.rsx nporieccoB, a·raxxe 

or11et1aer pOJIL 11reppepenrtm{ uew nporiecca.uu HJ.tepnoro H Kyno

HOBCKOro B036yz,1teHHS1. 

,.-



Ilocne Toro Ka.It llOATBepx;IteH npm1on MeXa.HH3M BO36YXAeHHH 

KOJIJleKTHBHHX YPOBHen npH pacceaHHH, cpaBH8HH8 pesyJI&TaTOB Teo

PHH H 3KCnepHMeHTa ;l(JIH sqxpeKTHBHl,IX ceqeHHll CTaHOBHTCH_ cpe;l(CTBOM 

anepHon cneKTpOCKOnHH. 3TO cpaBHeHHe ;l(aeT.HHcf,OpMaLtHD o KOJIJleK-.. , . . . 

THBHIDC COCTOHHHSIX anpa, KOTOpaa H3BJleKaeTCH B ~pMe MaTpHqHUJC 

3JleMeHTOB KOJIJl8KTHBHLIX nepeMeH~LJX H,Jtpa H. MOllteT 6UTI, HCTOJIRO

BaHa B mrxe TOH HXH HllOl1 H;ItepHon MOAeJIH. TaK_, anamrn 3KcnepH:

!.!8HTaJILHUX ,JtaHHLJX no pacceSIHHD sapSillCeHHLIX qacTHLt Ha H;l(pax pen

KHX seuen&, O6Jia;l(8XlntHX BpamareJI&HUMH ypOBHm.m, llO3BOJIHJI onpe

;l(CJIHTL suaqemte napm,rerpa Heccf,epHquocTH, a TaKllte npHMec& 

HeC~epHqHOCTH 6onee BUCOKOil MYJI&THllOJILHOCTH. 
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