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OHllAH lAPAKTEPHCT:l1KA PAEO'lli 

AKTyaJibHOCTb npo6~eMl:l. B H8CTO.flmee :epe~R BOnpocH B38i!MO.ne~CT­

Bi!.fl sap.fl~eHHHX tJBCTi!U BHCOKHX 3HeprHil c BemecTBOM, B tJACTHOCTB, 

npa npoxoJIU(eHHH qepe3 Heo,11.Hopo.JJ;HHe cpe,iUi, rrpe~cTaBJIJ!IDT 3Haq11-

Te~bHH~ Hayqantt a npaKTHtJSCKHa BHTepec. AKTyaJih~C:T& 3TO~ npo-

6JieMiil o6yc~oB~eHa, c O~HO~ CTOPOH~. pa3Bi!TH8M TeopeTeqecKBX ec­

c~e.noBaHHi H, c ~pyro~.- IlpHMeHeHHeM STHX .RBJieHe~ ):Vf.R i!3yqeHHR 

c:eo~cTB BHCOK03HepreTHqHHX sapR~eHHHX qacTHn E CTPYKTYPH Beme­

CTBa. 

RB~eHee rrepexo.nHoro as~yqeHHR, B03HHKa~mero npe rrpo~eTe 

yJILTpapeJIBTBBl!CTCK.llX 3apR~eHH!ilx qacTHU tJepe3 rpaHHny pa3~eEa 

cpe.n c pasnHqHUYB 3JieKTpo~eHaMHqecKHMH xapa.RTepeCTHKaMe, Teope­

THtJeCKB 6HJIO npe~CK83aHO fHH3ClyproM H ~paHKOM. B 1959 ro.ny ra­
pB6RHOM H EapcyKOB~M 6HJIO OTKPHTO peHTreHOBCKOe nepeXOAHOe H3-

~yqeHHe (PITH), KOTOpoe o6~a.naeT ~HHeAHO~ 38BHCl!MOCT&~ i!HTSHCHB­

HOCTH OT ROpeHU-!faKTOpa 38pR~a r . 3TO BaXHoe CBO~CTBO PD~ 

RBB~OCb OCHOBOi .zurn ~aJI&Hettmero HHTeHCBBHOro pa3BHTMR TeopeH 

nepexo.nHoro i!3JiyqeHHR H 3KCnepHMeHT8JI&HhlX HCCJie~OB8HH~ KaK JLJI.fl 

M3yqeHM.fl xapaKTepecTeK caMoro PITH, Ta.K e JtJIR cos,naHH.fl .neTeKTO­

po:e, MCITOJ!b3YSMNX .zurn perecTpartl!H H HAeHTM~MK8llHI1 tJaCTHIT BHCO­

KHX SHeprei Ha COBpeMeH.llllX ycKopeTe~.flX I1 B KOCWi!tJeCKHX JiytJax. 

ITpe npoxoJIU(eHi!M YRhTpapeJIRTHBMCTCKBX aapR~eHHHX qacTen 

tJepes Heo~nopo.nHyio (c rpaHeniiMa pasAeJia) cpe.ny, KpoMe o6HtJttoro 

nepexo~Horo M3JiyqeHHR, B03HI1KaeT TaK~e TOfMC3Hoe. 23Ry<JeH.lle, 06-

YCROBJieHHOe MHoroRpaTHHW Ky~oHOBCKZM pacce.flnaeM aap.fl~eHHHX qac­

TMII Ha aToMax :eemecTBa cpe,iUi. Ilpa paccMoTpeHi!B TaRHX nponecco:e 
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II 

yqMTliB8Th norRomeHB6 PICnymeHHl:JX KB8HTOB B Be­

• 'l'liKllll nocTaHoBKa Bonpoca - peruemie 3ana'l>1 o Pffli, reHe-

n HOHC'IHOlv' c.noe (nnaCTilHe) MJH! B CJ!OBCTblX cpeuax (CTOn­

C' y1.1eTOM OCHOBHblX a~qeKTOB: MHOrOKpaTHOrO pacce.f!­

norJJOIUOHl!.f! >1aRy'lemrn B ae111ecTBe - npencTa.BJIBeTCR 

n IHIK c Tl)qt<B 3p8HH.f! 6oJiee IlOAHOrO TeopeTH'l6CKoro onl!-

l!•HJCKOf'O flllJl6HHR, TaR I! B3-38 M8KCBM8AhHOro np1i1-

0J1lU1~1rnn Vltlll'IOIHtl:lX ;!OJlfl'l K SKCnepMMSHTaJibHO peaJI1!3J6MhlM ycJIOBilRM. 

cepTllll1401HIOll pa60Tli HFJ!HSTC.f!: 

J.I mn/UlbHOe paCCMOTP6Hl!e CBOL'\CTB noJI-

1101'0 M:J,1Y'IClll fl II •<pOCUOI'O \ rpaHl1'1BOrO) aqxJ,eKTa B llJI8CTBHe Beme­

CTll!l llPll npo IOTC qcpeB uee ynt,Tpape.IIRTMBMCTCKOrO aapsma c yqeTOM 

JlHl1ll 11 :lOI'JIOD;FlJ)tUe~ cnoco6HOCTPI BemecTB8. 

1ea1rn 11111epf,epeauBI! nepexo.n:Horo I! Top­

o~H111<a11JU1MY. llf•l'I yqeTe MHOr OKp8THOrO pacceH­

JlflY'J.. llOI'ftOmavwex 11JI8CTl!H c BaityyM!iliM OTC6KOM. 

• CpaDHCHMO 01<c11ep11M<.:11TanbHYX namrux 'lo PIU1 aneKTpoaoB 

1•1r111 c pe3yR1>TaTaMH, nonyqeHHHMH no Teopl!B , yqzTHBaJO­

MlloroKpaTaoro pacceRHBH Ha o6pa3oBa HMe 1!3RyqeHM. 

llay'!HtlR llOB1!3H8 pa6oTli 3aKJIJOqa eTC.f! B CJienyDmeM: 

I. IloJiyqeaY I! npoaHaJil!3 1!pOBaHH ~OPMYAN ,l1)lR qacTOTHo-yrno­

noro H qaCTOTHOr o pacnpe.n:eJieHHa nORHOr O (PITM H TOpM03HOro ) 1!3RJ~ 
'l6HI!~, o6paayeMoro B M8CTHHe BemecT:aa c yqeTOM MHOr OKpa THOrO 

pacc eRHl!.f! I! norJIO!lleHHR 1!3Jryq6HHR . 

2. OnpeneneHo noHRTl!e KpaeBoro 3¢q:eKTa B norJiomaDmea IlJ!ac­

~11ae I! BH.f!CHeHO BJil!.f! Hl! e MHOr ORpa THOro pacc e.f!Hl!.f! Ha l!3JiyqeHl!6 

ynhTpapeARTHBl!CTCKBX aap.R~e HHliX qacTl!IJ (no cpaBHeHH~ c o6H'lHHM 

PITH), np11Bo.n:nmee .K crJIBJ[l!BaHH~ ocnHJIJIBlll!~ B qacToTHOM cnexTpe 
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KpaeBoro aqxf eKTa B K o6orameHBD 3Toro cneKTpa ~ecTKBY.B qacToTa­

MB npa 6onbWBX 3HaqeHBRX i-¢aKTOpa aapRna. 

3. HaaneHY aHanaTaqecKae BlipaA~HBR ,llJIR qacTOTHo-yrnoBoro 

M qacTOTHOrO pacnpeneneaea BHTeHCHBHOCTB nonaoro B3EyGeHHR H 

KpaeBoro ~eKTa, reaepapyeMHx B cTonKe ea nByx norno1ua~mHx flJ!ac­

TMH, B EliRBneHa pORh BHTepfepeHD~B B3RyGeHea OT oTnenbHNX nnac­

TBH E o6mea KapTBHe ~OpMBpOB8HBR KBSHTOB. 

4. IlpoBeneHo cpaBHeHee aKcnepeY.eHT0EhHliX naaiwx no PITtt, 

acnymeHHOMY B CBepxnpoBOnRWHX OROBRHHliX rpaHynax, c qacReHHNMB 

pe3yRbT8TaN'.H TeOpHB, B cnenaH BliBOn 0 H6B03MOlltHOCTB o6~RCHBTb 

Ha6.100naeMJD KBanpaTaqHyii aaBeceMocTh nornomeHHoa aHepree PTill oT 

r-¢8KTopa nponeTruoin.gx 3ReKTpOHOB BnHRHB6M Y.HOrOKpaTHOro pac­

C6RHHR B rpaaynax. 

5. ITpoeaBeneH qecneHH&A pacqeT no noJIYqeHHYM TeopeTBGec­

KBM ~OPMYAaM, pe3yRbTaTli KOToporo cpaEHHBaJOTCR c naHHliMB 3Kcne­

pBM6HT8JlhHOro eccnenoBaHBR PITH, o6paayew.oro B TRMenHx (onoBRH­

HHX e Meniwx) pa.ueaTopax H OTMeGeHo nyqwee cornacae c TeopHea, 

yqeTHBaJOmea BnBRH~e MHOroKpaTHoro pacceRHMR, a TBKEe 3KCnepBMeH­

TBEhHO nonTBepl!UleHo RBneHee crnaEBBaHBR B. cneKTpe nepexonHoro 

B3RyqeHBR c yGeTOY. MHOroKpaTHO'I'O pacceRHBR. 

IlpaKTeqecKaR ueHHOCTh. PeaynhTaTY, nonyqeHHlie B neccepTauae, Mo­

ryT HaaTB npaKTBqeCKBe npBMeHeHBR B 3KCnepBMeHT8nhHliX ~ C CftenoBa­

HBHX no B3yqeHBD CBoacTB Pilll, a T8KEe npe pa3p860TKe HOBliX cno­

co6oB perBCTpailHB H eneHTH~BK8llHB aneMeHTapHliX qacTBll BliCOKHX 

9Hepraa Ha ycKOPBTe.rutx: H E 9KCnepi!MeHTax no KOCMBqeCKHM nyqaM. 

TeopeTHqecKH npencKa3aHHOe RBEeHBe crRSEHB8HBR BHTepfepeH­

UMOHHliX OCUMJLIIRIIHa B cneKTpe Pilll npM yqeTe MHOrOKpaTHcro paccea ­

HHR yMe nonTBepl!UleHO 3KCnepBMeHTa.JlhHO, a TaKoe BHTepeCHOe CBoacT-
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o 1<paouoro ajqeKTa ( CBR3aHHOe c o6oramemaeM crreKTpa Plli1 B IIJiac­

Tl'lllO 11Jll1 C1'0l1Ke IIJiaCTlllH HOBblMlll, 6oJiee JteCTKlllMll KB8HT8MB) t Ka.K 

WOJll)l.iTl1'1HfiJT snnllClllMOCTb MHT8HClllBHOCTlll OT JIOpeH11-4Ja.1<Topa npoJie­

'l'ltkJUll.)" 111.lC'l'llllU B 06JiaCTB 60Jibilll'lX ! t MOllteT 6HTb HCilOJib30B8HO 

J(lUllillOllJJ11X 3KCnep111MeHTaJC ITO 111.n:eHTl1~lllK8lllllB sap.fI~eHHHX lJ8CT>III 

lil1COK11X :JllOJJr>IA. B CBR31! c 3Tli!M B JJ:l!CCepTallli!OHHOR pa6oTe npl!Be­

llOllll HOK01'0(>llO PCKOlr'OH.n:nrrn111 no noao.n:y 1!3MepeHl!.fI BeJIHlJlllHli Kpa.eao-

1'0 n•l•l,OKTtt. Kpo1te To1·0, B .n:>1ccepTauH111 n0Me111eaa nporpa.MMa 'll!CJieH­

' r. llOMOIUblO KOTopoit Pt.OlltHO paCC'llllT8Tb 'laCTOTHlle cneJ<­

•r pu IWK JJl)pOXOAHOro II TOPM03HOro 1!3JiytJeHEl, TB.K H .Kpaeaoro sw-

l<TO ,111'11 nOJ ' nOIU0lllll0'1 IlJIACTl'IHll (I! CTOilKH H3 .n:Byx llJI8CTl'lH) t 'ITO. 

n 11p1111111111e, llOJl(IJT OK838ThCR IIOJI83HblM .n.ruI npoBe.n:emrn KOJIH'!eCTB8H­

H01'0 0011ocT01~nu1111JI c .n&HllblMlll no Pill1, noJiy'leHHHMH aRcnepaMeHTaJI:&Ho. 

A11poe1al\l1H [WOOTU. Pe:iyJil>T8TH pa6oT. IIOJIOllt8HHblX B OCHOBY .n:111ccepTa­

lllll1, )(QJ(Jlfl,11,lHlE.UHICb H oOcyJt,JJ,aJtl!Cb Ha Mez.n:yHapo.n:HOM CI4Mll03HYM8 !IO 

nopoxo,nnoMy M3JJY40HHI) '!8CTBU BHCOKl!X :3Hepr111A (EpeBaH, 19??) t Ha 

lY KOll~Opt:!HUHll MOJIOJJ:UX ytJeHWX E}lll1 (Hop-AM6ep.n:. 19?9), a Ta.Kll:e Ha 

et11111upax !'it>~. 

llV6JI111(81\llll. llo T6Me .n:11ccepTfillllH ony6JIHKOBaHO BOC8Ml> CTaTel [ 1-8} • 

.Q:rllYKTYJ?!! II o6~eM 811CCepTBgHH. ~accepTailHff COCTOBT 13 ~Be~eHrui:, 

TpoX rJIAB, 3aI<JI~'l8HI4ff, npHJIO~eHHff l'l CilHCKa Jl~TepaTypH, H3JIO~eH~ 

HQ 142 CTpaa11max MB.lllHHOilHCHOro T8KCTa Ill co.n:epJUaT 25 pBCYHKOB H 

IOI 6116JI11orpa~11<JecKYJl ccL1JIKy. 

KPATKOE CO,llEPJKAHli!E PAEOTbl 

Bo BBe88Hl'lH ~aH Kpa.TKI!A 063op npe.zr;weCTBYJDmBX pa60T no T80-

p1111 nepeXO.JUIOro H TOpM03HOro B3Jly'!6HHI c y'!8TOM MHOroKpaTHOro 
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pacceJIBHff H nor.11omeH11JR. C¢opMyJIP.poBaHa IIOCT8HOBJ<a 3~a'IH II U8Jlb 

~zccepTaumoHHoA pa6oTH, npaae~eHo ee I<paTKoe co.n:epl!(8Hl'le. 

KaK B3BeCTHO, B SJieRTpOMarHBTHHX BSallMO~elcTBHRX sapJr~6HHliX 

'18CTHn BliCOKHX 3HeprBA BJlHffHHe ape.AH npHBO,IU!T K CJie.n:yximHM OCHOB­

HHM 34¢eKTaM: MHOrOKpaTHOMY KYJIOHOBCKOMY pacce.fIHHD '!aCTHII Ha 

aTOMax BemeCTBa, llOJIHpMSanHH cpe,Ali Ill llOrJiomeHHD H3JIY'l8HHHX r -
KBaHTOB. Bnepaue BJ!l!RHHe MHOroKpaTHOro pacceRHHR Ha o6pa30BaHHe 

TOPM03HOro H3JIY'16HER paccMaTpBBBJIOCL ~aH.n:ay H IloMepaH'!yKOM B 

1953 ro.n:y, H 6HJIO noKaSaHo, '!TO 3TO BJIBRHBe CKaSHBaeTCR B no~aB­

JieHHH o6uqHoro TOpMOSHoro 1113JiylJeHHR EeTe-raATJiepa. Bnocne.n:cTBl!l'l 

MHr~aJIOM, a 3aTeM H ro.1Ib,llM8HOM, OHJia IlOCTpoeHa TOtJHaR KOJIHqecT­

BaHHaR TeopB.fI aToro RBJieHHR. Y'!eT noJIRpHSailHH cpe.n:H .n:aH Tep-M11-

KaeJI.fIHOM, a BJillRHHe norJiomaJJmeA cnoco6HocTH cpe.n:H (Ms-sa oopaso­

BaHl'lH nap) Ha npouecc ¢-OpMHpoBaHBR TOpM03HHX KBBHTOB llCCJie~oBa­

JIOCb B pa.6oTax ~aH.D:ay 11 IloMepaH'!yRa,. faJIHIIKoro a I'ypeB11'la, Tep­

HOBCRoro, KaJiawHHKOBa H PR3aHOBa H .n:p. 

Ilp111 npoxollf,I{eHMH ynrpapeJIRTBBl'!CTCKoro saPRJ(a '!epes Heo.n:HO·· 

po~Hue cpe,All, Kaa: xopomo I43BeCTHO, B03HlllKaeT TaK~e nepexo.n:Hoe 

113Jiy'!8HHe, H OOfilYD s~alfY 0 IIOJIHOM l'l3JiyqeHlllH, reHep.apyeMOM B IIO­

.n:o6Hblx cpe~ax. Heo6xo~.l!Mo pemaT:& c yqeTOM acex nepe4111c.11eHHHX 

aqipeRTOB. :3ToMy aonpocy IIOCBRmeHH pa60T!i tapH6RH8 H IloMepaH'lyK8, 

Ila~oMOBa, Tep-MI!KaeJIRHa, Bapq-0.110Meeaa, EasuJieBa H !eaaro, Eap!i­

meacKoro, rpy6B'la H Hro AaHL ~baHa, rapH6RHa H HR ill.a II ~p. OT­

MeTHM, 'ITO IlO'ITH BO BCex 3TlllX pa.6oTax c~eJiaH!i llOIThlTKil BH~eJIHTL 

1113 IlOJIHOro 1113.11yqeHHR KOHeqHytl qaCTL, o6ycJIOBJieHHyio HaJil!'IB8M 

rpa.mm: cpe.n:H (Kpaeaoa ajxfeKT). rap1116RHOM H HH lllil a 1976 ro.n:y 

npe.n:JIOMeHo onpe.n:eJieHae Kpaeaoro a¢'<PeKTa )1)1H HenorJiomaEmel wrac­

Tl!Hbl aemeCTBa, OCHOB8HHOe Ha Bli~8Jl0HHB TOPM03Horo H3Jiy'leHl!R, oo­

pasoBaHHOro B 6eCKOHe'!HOtt cpe.n:e Ha .n:JIHH8 nyT~. p8BHOA TOJillU!He . 
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ruiaCTMHH. 3aTeM aBTOpH 06061ll.i!Jl.il 3TO IlOHRTHe ,nJIR npoH3BOJlbHOl1: 

CTOilKH, cocToHme~ H3 N H30JIHposaHHHX !1.llaCTHH c Ba.RyyMHHMH OT­

ceKBMH MeJl(,ll.y HMM.ii. 

B nepsol!: rJiase nHccepTaUHH paccMoTpeHa s~aqa oO ~3nyqeHHH, 

oCpa3yeMoM s KoHeqHow. cJioe semecTBa npH npoxoM.neHHH qepes Hee 

y~oTpapeARTHBHCTCKoro sapR.lla (HanpHw.ep, sJieRrpoHa) , c yqeToM 

MHoroKpaTHoro pacceHHHR. 

B §I onpeneJIReTCR qacrorHo-yrJiosoe pacnpeneJieHHe HHTeHCHB-

HOCTH noriHoro H3JiyqeHHH, B03HHKa~mero B nH3Jl8RTpHqecRo2 IIJI8CTH­

H8 TOJllllilH011 a. , paCIIOJIOJr\8HHOl1: B ~aKyyMe. IlorJIOlllBlOlllM cnoco6-

HOCTb BemecTBf yqTeHa, RaR oOuqHo, BBeneHH8M MHHMOa qaCTH nH-

3Jl8KTpHqecKol1: npOHHU88MOCTH BemeCTB8 B peHrreHOBCROV. o6JI8CTH 

qacTOT: ~ (w) = i -w
0
'l. /wz-+ i. ~c/w, rne W0 - ruI83M8HHM qacroTa, 

a j'(W)- J!HHel!:HHl!: K03q¢HUH8HT norJiomeHHR. 

~3 perneHHR RHH8THqecRoro ypasHeHHR THna ¢OKRepa-11RaHR8 (c 

ITOMOlllb~ w.eTonHRH WillrnBAa-fOJ!b.IlM8Ha) ,nJIR norJIOlll8Jllll8l1: ITR8CTHHH 

Hatt.u.eHH B8JIHqHHH ~ypb8-KOMilOH8HT ycJIOBHHX sepORTHOCTel!:, CBR3HBa­

~lllHX HaqanDHHe 3HaqeHHH KOOpnHH8T H CKopocTel!: qacTHUH c .i!X 3H8-

qeHHRMH B nocJien~mHe MOM8HTH speMeHH. IlocJie yt:pentteHHR no BC8-

B03MO~HHM rpaeKTOp.i!HM sapRna noJiyqeHa ~opMyJia nRH qaCTOTHo-yr­

J!OBOrO pacnpeneJieHHR cpenHe~ HHT8HCHBHOCTH H3JiyqeHHH [I]. 
IloJiyqeHHOe B §I oOme e BHpa.JK8HH8 npoaHaJIH3HpOB8HO B §2 B 

nsyx qaCTHHX CJ!yqaRX: I) Korna TOJIWHH8 nnaCTHHD HaMHOro M8Hblli8 

30HH q;opw.HpOBaHHH TOpW03HOrO H3Jlyq8H.i!H .ii, RpoMe Toro, cpe,ll.HeKB~­

paTaqHHl!: yrOJ! MHOrORpaTHOrO pacceRHHH H8 nJIHHe U H8MHOro Pl.8Hbill8 

KB~paTa xapaRrepHoro yrJia H3JIYqeHHR: 

f\2 y-2. 
(). ;'.( :CTopM I ..( f:I >(I.« n ' (I) 

rJJe ZTOPM =er I~ . . <'. G
1 >n = Liq.p r 1

'/1r , a Ct - KOHCT8HT8 

MHOrOKp8THOro pacceHH.i!H. 
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H 2) Rorna IlJ18CTHHY MO.!U!O cq0TaTb nocTaToqao TO~CTon: 

(l. ')') :t TOPM . (2) 

IlpH BHITOJIHe HHH ycJIOBilfI (I) TOpM03H08 l!3TiyqeHl!e He ycnesaeT 

C~OpMi!pOE8TbCR B ,llOCT8TOqHofi creneHH, Il03TOMY B ITOJIHOM l! 3JiyqeHill! 

B onpeAe~eHHoi oO;rac TH qacror npeo6Jia.n;aeT nepexonHHfi MexaHH3M 

oOpa30B8RgR RB8HTOB • .Il.Jm 3TOro CJIYqM noriyqeHO BHpruKeHHe , COCTO­

Rmee (B rJI8BHHX ~rieHaX) l!3 qacTOTHO-yrJIOBOro pac npe,neJieHHR oOHq­

HOro Plll1 l! TOpM03Horo B3Jiyq0RHR c yqeTOW. noARpl!38lll!H [Il . 
,U.r.R TOJICTO:i\ OJI8CTi!HH. Kor.n.a l!N:eeT M0 CTO yCJIOBH0 ( 2). Ha lt.u.eH 

nv.~ qacToTHo-yrrioBoro pacnpe,neJieHBR TOpM03Horo H3JIYqeHHR, Hcnyc~ 

RaeMoro B norJIOlllaKllll0~ n.naCTHHe c nJIEHH nyTH, paBHO~ 3<.l¢eKTHEHOn 

TOJ!JllllH0 llJlaCT!!IHH o.3'1>4> = ( 1-expl-ro.))/.f'. 
B :>TOM xe naparparte rrpoH3Be.n:e1rn pa30l!eH.11e cpopMY.!!H .n.nR cpen­

ae~ MHTeHCilBHOC'rH IIOJIHOro l!3JiyqemtfI B criyqae AByx Il0Jtflpl!38D,l!~ : 

napaJIJieJil>HOfA, B HanpaBJieHllil, onpe,ne.JIRBMOM yrJIOM IoJ3riyqeHHR go l! 

nepneH,lll!KYJIRPHOfi, pacnoJI0~0HHOl1: B HOpMaJibHOi IIJIOCKOCTH. 3Tl! BH­

p9.l!t8Hi!R c paBRl!BaIOTCR c COOTB8TCTBYIJllll!Ml! ~OPMYJ18Ml! ,npyrHX aBTOpOB. 

B §3 npoBeneuo BHTerpBpOBaHze no yrJiy H3JryqeHHR l! nonyqetto 

BHpa!t0HHe ,n.,1R qaCTOTHOro crreKTpa IlOJIHoro i13JiyqeHHR, oOpasyeMoro 

B norJiomaEmen IlJ18CTl!He [I,2] . 3TO BHp8.lleHHe aaaJIH3BpyeTCR B 

CJIYqae CJiaOoro norJIOJJleHl!R B IIJ18CTlllHe: f (). <<. I l! nJIR CHJibHO no­

rJiomaromett IlJlaCTtiHbl: exp (-fO) « I. IlocJie,n1rne yc.110Bl!e osHaqaeT, 

'11·0 l!3JIYqeHMR, o6pa3oBaHHHe i-rn rpaHaue cpena-BaP:yyM, npaKTHqec-

1<11 rro.1rnoc'.l'.':ol'J nor ~101;;..<iro•rcs B BeuiecTBe, T. e. WiaCTRtta BeneT ceOR 

KaK IlOJiyOeCKO![eqrrru; cpe.na, .ll3 l\'.OTOpO.ii BHJieTaeT sapR,ll. 

B 3TOM naparpa;te r.pHBe.l(eHH rpa¢HR~, HJLJIIOCTPHPYDIUHe saBHc11-

MOCTh crreKTpaJibHOtl ;rnreHCHBHOCTll IlOJIHOro iJSJiyqeHH.i? OT TOJ!IU~HH 

IL".!acnmhl ~ qacTOTHi:ie cneRTp!:I no;raoro >I nepexo.n:Roro HSJiyqeHHli, 

. 
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o6pa30Bll.HHHX B £0Jlb•1:P8MOBO~ IlJ!8CTMHe c pa3HblMH TOJIIU.l!H8M>l .I! .IL1IB 

pa3JI>lt!Hl-JX 3HaqeHH~ f--<f1aKTOpa 3ap;:r,na. 

B §4 HB~,neRo BHpaJKeRMe .IJ;JIR t!aCTOTHOro pacnpe,neJieHMR HHTeH­

C HBHOCTH TOpM03HOrO H3JIYt!eH>iR B rror.11omaJOmen IlJ!8CT>iHe: 

V{0

P\w) = 
0

•4>4> WM(w) I 

CyopM 
(3) 

r.ne :z~!PM WM (w) - HHTeHC>iBROCTb TopMosRoro H3Jiy'l'emm, >icnyc1<ae­

Moro B 6e3rpaH.l!t1Hoil: cpe.ne (no MHr.naJIY), HO c ytJeToM K0Het1aoro 

norJiomeHHR B BemecTBe. 

BeJIHt!MH& KpaeBoro 3qxpeKTa orrpe.ne.11eHa KaK pa3HOCTb [2,3] : 

wk.3. (W): wnoA (W) _ WTopM(W) 
1 4,Q i,<l (4) 

• 1 110/1 
r,ne vvi <l(w) - t!8CTOTH09 P8CITpe,neJieHMe cpe,nHett HHTeHCHBHOCTH . w~ 
IIOJIHOro H3Jiyt!eHHR B ITJ18CTHHe TOJIIUHHO« Q ' a (w).naeTCR 

tPOPMYJIOa (3) . 
TaKHM o6pa30M onpe.ne.11eHHa.sr Be.11Ht111rna W""'( ) , W RBJIR9TCR IIOJI-,,!l 

HhlM I<paeBliM 3q:{f;eKTOM H co.neplKHT KaK t!aCTb IIOJIHOro H3Jlyqemrn' 06-

yc.110B.11eHHJ-10 nepexo,noM t1aCT.l!1!1" t1epe3 rpam1uy cpe.na-BaKYYM, 'I·aK H 

rpaHH'IH1"~ a¢q;eKT B TOpW.03HOM .1!3J!Y'J9HH.I!. 0TM9THM, '!TO, KaK c.11e.ny­

eT .1!3 orrpe,neJieHHR (4), npH rrpeHe6pe~eHHH MHoroKpaTHHM pacceRHH9M 

38pfi,na ( q,o__,.. 0) TOpM03HOe H3JIY'l9HHe He B03HHK89T .I! KpaeBoa 3(p­

~eRT npe.ncTaBJIReT co6o~ 06hlt1Hoe rrepexo.nHoe H3JiyqeH.l!e (B HarneM 

paccMoTpeHHH PITM), HcrrymeHnoe H3 CJIOR BemecTBa. C.11e,noBaTeJI:DHo, 

B o6meM CJiyqae KpaeBO~ 3!MeKT MOJKHO Ct!l1T8Tb "nepexo,nHhlY, H3Jiyqe-· 

H.l!eM" c yt1eTOW. MHOrOKpaTHOrO pacceRHHR. Heo6xo.nHMO TOJlbKO HM8Tb 

B Blt,ny, '!TO B HCITOJih30BaHl/llll TaKorO.H83BaHl/IR norrycKaeTC.fl 1/13BeCT­

H8.R yCJIOBHOCTb, TB.K KB.K rrp111 nocTaTOt!HO 60JlblliHX qacTOTaX BeJIH'llll­

Ha KpaeBoro 3iJxlieKT8 MO~eT CTaTb OTPHU8T9JihHOa, XOTR lllHTeHCl/IBHOCTb 

TIOJIHOro 1/13JIY'lemm, pa3YM99TCR' Bcer:ua OCT88TCR IlOJIOlltl/IT8JlbHOtt. 

- IO -

B 3TOM rraparpaqie npoBe.neHo .neTaJibHOe Hcc.11e.n.0BaHHe Blip8Jl(e­

H.l'!R ,nJIR KpaeBoro a<t-~8KT8 ( 4) B pa3JI.l!'lHHX C.'lY'l8.fIX [ 2. 3 l . B qaCT­

HOCTH, ITOJIY"l9HJ1 ilJopMJJIH ,UJl.fl w~· ' (w) :U.IJJI CJI860 11 Cl/IJlbHO ITOrJIO­.,o. 

ma~me~ rIJiaCTHHH. PaCCMOTpeH1" npe.n.eJibHH9 CJIY'l8111 pa3JIH'IHHX COOT-

HOIIleHHi!. MeJK,ey 30H8MH <topM11po.eamm rrepexo.n.noro :t.~e"'I"" :ric /w~ ( ~ = 
= 1r2 + i - £ ) M TopMosHoro :e >1s.11yt1en11~. IloI<a3aHo, t1To rrp111 

b ropM 

Bl:lITOJIH8Hllllll yCJIOBlll.fl 

j :ttew, \ «. ZropM ( 5) 

Be.11111t1111Hy Kpaenoro sqxpeKTa MOXHO rrpencTaBlllTb B .e111.ne 

w·n (w) = vtep (w) + w llHT(w), 
i,11 l., 0, 

(6) 

Wn.ep 
rne .

1 
l w) - 111HTeHCHBHOCTb 061:1t1noro PITM (des y'leTa MHoro-

,o. 
Kf'8THOrO pacceRHlllH), a BTOpoa qJieH, HCt!838JOmi'ltt npH q,o - 0, 

OilHCl:lBaeT BJIHHHlll8 MHOrOKpaTHOro pacceRHHR Ha nepexonnoe H3Y.Y-

t!8HH9. 

.\HaJIH3HpYJOTC.fl CJIY'!8B Q » I :tSeu.\ Ill Cl<'.<: I lgt...,! B pa3Jil/lt!H!OX 

Wrtep 
o6JiaCTfilC qaCTOT Ill no.11yqeHl:l RBHHe .Bl:lp811t8Hlll.fl .ll.J!R ill(w) Ill 

WuM\w). , 
Korna xe HMeeT MecTo yc.110.e111e 

I lte.....I )) _tT•pM l (7) 

TO no.eenen111e BeJ1Ht1HHhl KpaeBoro s<t1eKTa, oKaSHBaeTcR, cymecT­

BeHHblM o6pa30M 38.Bl/ICHT OT OTHOlli8HHR cpe.n.HeKBa,llpaTHt!HOro yr.11a 

MHoroKpaTHoro pacceHHlll.fl K KBa.npaTy xapaRTepHoro yrJia 111s.11y'Je-
t1:t ·2. t12. '(-2. 

HHR. B .UBYX rrpe,neJibHblX CJIY'IMX < 0 >o. .(< y Ill < 0 )a,)") G Hatt-

,neH BH.ll. v.J:·~(w) Ill Bl:lRBJieHa ero CB.fl3b c 1/1Me10m111MlllCR ilJOPMYJI8.Mlll . 
npyrHX 8BTOpO.B, 

B §5 rJiaBli I rrp111Be.neHH qiHs111qecK111e ooo6p8Jl(eRHR o RBJ1en111111 

06oramea111.fl cueKTpa Kpae.eoro s¢qieKTa [2,3] . KaK 1113.eecTHO, 
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Rpl!B~e I :ttew,(w)\ i! Zt•pM(w) rrepeceR&IOTCR B TOt:/R8X W{ Pl W2 , OIIpe­

)1,6.llReMHX ypaBHeHPJeM l 1tew.(w)j:: ZtopM (w). B TOM CJiytiae. 1-wr.n:a wi « wip« 

« W;i. (r.ne W111-= Wo r - rpaH.l:'l'lHM 'laCTOTa rrepexo,n;Horo 113.:.. 

JIYtJ 8Hl!R ) • T. e. np>i r '> Yr. .. p ( l1.:p ~ Wo I q,o )1,JJ.Sf. 3JI9RTpOHa -

Kpl!Tl!tiecKoe saa'!JeH11e Jiopem1~.aRTopa npo.11eTatomero sapR.na), 11 

e~JI~ rrorJiomeHHe He MaJio, EMeeM: 

wi - (fcf):i / Liq,o ' w2 ;:; <to(' . (8) 

l1s Haft,n:eHHoro TarrnM o6pasoM Bepxrrero rrpe.neJI10Horo sHa'<l'eHM 

MO~RO 3aKJilOtJFITb, tJTO cneKTP KpaeBoro 3¢ql9KTa, npoSHTerpHpOBaH­

H!l~ BO BCeM T.HTepBaJie <JaCTO'f ( ll.)! ,Wz) T8Kllte ,llOJIJKeH l!MeT:b KBa)J,­

paTi!'lHJ'.D 1 -3aBmCl!MOCT:b. e 
B 3TOM naparpaqie npirne,n;em• pesyJI:oTaTH tJMC.JreHHoro pactiew 

[ 2. 4 J • BhlIJOJIHBHHOl"O c IlOMOll!I:.10 nporpa.MMH. npi!I:le~eHHOll B npr.­

.llOJKemu1, · .l\JJJI -gacTOTHllX cneK1·poB no;moro u nepexo.n:Horo i'!<lJJY'i&­

Hllili, ll Kpael:!oro sfMieK·ra ( cM. p1w. I). 

B KOHDe uaparpaita no:rrn3a:ao, 'l·ro np.11 B1rno.nHem~11 ycJJOE}'in 

. I -:z l:;e I} 
O. ">) tnm \, ~Topr.i' I h"-1' 

(
Q\ 
¥/ 

B8Jllt.'-!1U-ia KpaeBoro ~teKTa He '3aB>!CET OT '1'0J1l!lP!HH ri.llaCT!1Illi a. 

rl yKs:;ar.o, t:JTO ycJIOBl!e (9) RB.llrre11c£ o6o6meH?.eM aHa.nortll'.Jltol'O 

·rpe60Baxui.11 w.1F. oc1:rtJHor0 Prm Ha c~rui y-qeTa MHorol\paTHoro pac-

ce.f!Hl'!H, 

B7'Q.QfilLUi.£1£.Q. 1uicce pTamrn nocEJ:!iltem:1 paccMoTpEHrn!O MB:rep.'Pe­

pomu10HH!:lX :J:MleRTOll, B03Hl'!l(S!OUJ0X B CTOlIKE!, COCTOJilUe.et ll'.'! JJ.EYX 

nor.'lomarii;;ax l1.Jl&CT'1H c Y'H'l'I'OM MlioroKpaTaoro p&.c0e.11HJ.'!.f!. 

B §6 nplltle.ll.e'io perue1rne sa,nal'.Ji!1 06 onpe,neJremrn -::iacToTHO­

y1 ?Bero pacnpet1e~'TeHP..f! cpe.Mel! HHTeHc;iBHOCTll no.rworo :l3JlY'-rn-

Hi!JI [ 3. 5] • aHaJTOfil'lHO TOM'J. RaK 310 6l>1Jl0 c,neJiaHO B §I. 
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CrreKTPM:OHM liH'1'8m;'1BHOCTb IIOJIHOro ( TOHK~!e 
CIIJ!O!JlHHe rrpirnue) ~ nepexo,ll.HOI'O ( TOl'.JElGHBe Rp.0-
BHe) ~3Jry'flemiia >! KpaeBOI'O sqxpeKTa ( TOJ.!CT!le 

CITJI-OU!l{f.,18 11·p;nme) ;Q.l)'R OJIOBHHHO~ IIJiaonm:H 11 - ' ~ 
SJleR'TPOHa c .iropeHn-;t·aKTOPOM r ::: IO". U11!f·p!i 
.Ha. Kp.~BHX yRa3IlBaIDT Ha pa3JUll'.Jfrue 3Ha•rna;rn 

TOJIIlli!Hbl 11JI8CT:i!Hlil: I - 20 MRM; 2 - IOO 1-!KM; 

~ 103 4 -o4 •> - MKM; - l MKM. 

IToRasaHo, -.:iTo ec;rn ycTpeMITl'i iirnpmi:y Ea1<yyM1-ioro O'!'ee:irn 

:rt Hy.mo B o6mellll BM_paxtemrn ,If,JL<r 'i&CTOTHo-yrJTo:aoro pacnpe.n;e.nem1H, 

TO '?acn CJ!aI'B.eD!ll:IX tlQtJesae·T, a C:fMMa OCTBJIMlliX '1JieHOB .l(aeT 

D.H8J10r1r•m:yro q\opMyJiy ;rum o.n;uott nor.iromruomeii. mraCTHHhl c Y.lU30eH­

Hoilt 'l'OJillliU!Oi!, 'i~('(; fl CJI6,JJ;OBSJIO O;Kl!.IJ;BTb. IlpJ.! "BhlKJIID'leHlrn" '-le 

MHoroKpaTHoro pacceRHH;t ( ~~ _,. 0) 110Jiy-.;aeTc.11 Blilpazemrn .ll.M 

qacToTHo-yr~oBoro pacrrpe~e~eH~R HHTeHCMBHOCTM PITH B c.nyi:;ae 
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.n;Byx nJiaCTBH c yqeTOM nor.11omeHBR. 
• 

B §7 no.11yqeao qacTOTHOe pacnpe~e.11ea11e noJIHoro H3JiytleHBR, 

3anHCii1BaD1UeeCR B BH.n;e [ 3' 5] : 

WnDA \.1110• wuMT 
~.o. (w) = Nl4><P V~ t,a. lw) +exp (-f<l) (w)' (IO) 

WnoA 
r~e i 0. ( w) - cpe,IUUiR 11HTeHCl1BHOCTE> llOJIHoro B3JIY'J0Hll.fl'.. o6pa-' w~ 30B8HHOro B ITJI8CTHHe TOJlIUBHOll: a. ' a "qJieH (w) Olll!CHB88T 

11HTepfepeHUl1D B3Jiytl6Hl1A, ecrrymeHHblX B3 pa3Hb!X ITJI8CTBH paccMaT­

pl!B86MOF. cTonK11. Be.1111q11Ha N~cpqi npencTaBJJJ!eT co6oa sqxpeKTHB­

Hoe q11c.110 ITJiaCT.llH B CToIIBe ia B Hame'V! CJIYqae paBHReTCR: N 3cM> = 
= 1. + exp t- ra.). 

B 3TOM naparpa~e. 11CXO.n:B B3 o6o6meHHR ITOHRTBR KpaeBoro 3¢­
~eRTa Ha c.11yqai1 cTonKl1 113 N llJIBCTHH, oITpe,n;eJieHa Be.1111t;11Ha: 

\iln. whOA WTO~M 
YVz,ci(w)= l,o.(w)- N~~'*' (w), (II) 

KoM611HllPYR (6) 11 (II), noJJyqaeM: 

W0 
(w) =Nu W°'tw)+ expt-Ma.)W"~

1

(w). 
:i.,o. 3'1''t' i,Q I 

(12) 

Korna Bh!IlOJJHReTCH ycJJoBl!e 

g>) c(·/w (13) 

(ITJI8CTl1HH ynaneHH Ha paCCTORHHe, H8MHOrO npeBb1WaIOIU88 30HY ~op­

M.l!poBamrn nepexonHoro 113JIY"qeH.l!R B BaKyyMe: 1.iait == 'Jfc/wr2. ), 

WUHT 
t;JJeH (w) 6HCTPO OCUHJIJil1pyeT H - IlOCJJe ycpe~HSHl'IR ITO He-

OOJJE>illOMY 11HTepBaJIY qaCTOT - He BHOCHT BKJJa.na B B8JJH'JHHY Rpae-

w lt.l. / ) N WK.3- ( 
Boro S<WieKTa; Torna HMeeM: :t,Cl ,w = l!jicp !,o. w) , T.e. HH-

TeHCHBHOCTH H3JJyt;eHHI OT OTneJ!bHHX IJJiaCTHH CTOITKl'I H03aBHCHMblM 

o6pa30M CKJJBnHBBIOTCR. 

Hs BHpallteHHR (12) cJJe.nyeT, t;To neTaJJE>Hoe paccMoTpeHae 
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KpaeBoro 3~fieKTa .J.JJR nor.11omavmen ITJiaCTl1Hhl, npoBe~eHHoe B §4, 

uer.HROW. nepeHbC~TCR I! Ha CTOnKY 113 nnyx IlJI2CTl1H. Heo6xo~l!MO 

TOJIE>RO rrpoaH8Jll13HPOB8TE> ITOBeneHv.e BToporo - 11HTeptepeHITBOHHoro -

qJieHa B (I2). 

WWMT 
B §8 no~po6Ho 11ccJienyeTcR BhlpaJKeHlrn nJIR tJJieaa (w), 

OTBeTCTBeHnoro 3a HHTepf epeHUH~ v.3.11yqeH11i1, 11cnycKaeMh!x H3 pa3-

H~x ITJI8CTl1H l1 B E8KYYMHOM OTCeKe paccMaTpl!BaeMoll: CTOITKl1. Pac­

CWOTpeHH CJ1yqa11 pa3JH1t;Hl:lX COOTHOW8Hl!i1 l'lel!Uly 30HaM11 ~Opri!tipoEa­

Hlrn ITepexo.nHoro ( z_ge~ I! .lsa1e ) v. TOPM03Horo ZTopM 113.llytle-

HI!~ Pl B8Jll1'!11HOl1 BaRyyrt.HOro OTCeRa t 11 TOJ!WflHOll: IJJiaCTl'IF!bl 0. , 

IloKP.3aHo, B tJaCTHOCT.I!, t;TO B o6JJaCTll I ~geuil» ZTopM , .l!HTepec­

Hon c TOt;Kll 3p8H.l!R BblRCHeHHR POJJH MHoroKpaTHoro pacceRH.l!R B 

nponecce ¢opw2poB8Hi'lfI RBaHTOB' ~OMllHHPYIOlllBM REJI.ReTCR TOPM03HOl1: 

1:exaH1'13M o6pa30BaHl1.F! 03JJY'i8H.l!R 11 w1.eeT MSCTO 3Hat;11TeJIE>HP.R HH-

TewepeHrrnR 11sJJytJeHl'!l1: [ 5 J • 

B KoHIIe 3Toro naparpa¢a npl'IBeneHN pe3yJJE>TaTH qzcJJeHHoro 

pacqeTa, ITpoHSBeneHHoro ITO nporpru.<.Me, IToMemeHHoll: B np1'1.11o~eHl'IH 

(CM. p11c.2), 

B 3aKJlJOt;eHl!e rJJaBH IT .n;aHH HeRoTophle peRoMeH~auHH ITO sKc­

rrep11MeHTaJJE>HOMY onpeneJJeRl'IJO BSJJH'il'IHhl RpaeBoro aq4eKTa B Il.llac­

TV.He ll CTOITKe llJI8CTl'IH, IlOCROJJbRy HSITOCpencTBeHHO ll3~epR8MblM 

B OIIHTe BCer.n:a RBJI.ReTOR llOJJHaR llHT€HCllEHOCTE> .1!3JJyqeHBR. 

B TpeTE>ell: rJiaBe npoBeneHo cpaBHSHl'Ie pe3yJJbTaToB TeopeTB­

qecKoro paCCMOTpeHHR BJIHRH.l!R MHoroRpaTHOro pacceRHHR Ha oOpa30-

BaH0e PITM c naHHHMH HeKoTophlx sRcrrepHMeHTaJJbHhlX paOoT. 

B §9 RpaTRo 1!3JJo~eHa 11neR 3KCITepHMeHTa ~PYRE>e, IDaHR H ,n;p., 

31UCJl!Ot;al01UaRCR B BCllOJJE>30B8HHH OJJOBRHHb!X rpaHyJJ, HaxO.n:B!U.l!XCR B 

neperpeTOM CBepxrrpoBo.IJ.RmeM COCTCRHHH, B KaqecTBe pa,nHaTopa 11 

neTeRTopa PITH. IloJIY"qeHHoe B 3Tol1: pa6oTe noBeneHae Rp.l!Boll: 3BBB-
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CllMOC'l'il (RBa}'.(paTi1 1iHl•~ pOCT) norJIOUleHHO!i 3Hepru M3Jiy tJeHllR' onpe­

J~tl."~::oo(Jll H3Me1;emrntl pe30H8HCHO-'\ tJaCTOTH l<OHTypa, OT r-q'aKTOpa 

npoJieTa~mllX 3JieKTPOHO£, llRTepnpeTr.poBaJIOCb Yf\a38HHHMil 8.BTOPBMB 

KBK pe3yJihTaT BJIBRHllR MHOroKpaTHoro pacceRHllH 3JI6KTpOHOB B OJIO­

BRHHHX rf8Hyriax. 

Puc.2. 

'vi(,:,:) 
i; 

r-- ---

' .Sr. 

tO 1 r -
1, ro· , 

, C•fJO~K, 

I %'""'· I 

r \~I . ·-.. _ I I I 

' ;,z . i'"..... ! .... ~:.:"""! .• ~ '.\;; ,_ --·---~--=-------10, r- - ~ ~, -r 1-
,, I ' 1 . ''-,-, _ ~ - _ .(' 
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~~x~'(uL 
CneKTpaJibHB.R BHTeHCHBHOCTb noJIHoro (Q~W'.:.li 
Kpll!:me) a nE pexo.nHoro ( roqeqHirn Kp.i!_ BHe) B3JIY-

~ .. \i~~ "!emitt ll RpaePoro 94¢exTa (m'Olf:ii>~i~ Kp~rnue), 
06pa3yeMHx B CTOJ1K0 .03 .nEyx OJIOBRHHHX IlJiaCTBH 
ToJlmriiHott o. = IOO MRM aJieKTpoHoM c ;;opeHU­

lfaRTopo~· f'"' ro5
• UH<tpi; Ha Kp1rn11x JKa3HBalOT 

P'.13.111ltfHbl€ 3H&.'GeHHR Be.JU!'!'-JHH BaKYJM.Horo C'l'Ce-
" 11 

F.a ~ : I - I MRM; 2 - 100 MKM; 3 - ro· MRM. 

B a To~: :iapar patl;e normsa110, 'ITO TeopeTlltJecxy10 aa.naqy. co­

)TEeTCTBJ"..:>UIYJO ycJIOBllHM B napaweTpaM Yf\A3BHHoro 3Kcnep.eMe11·.ra, 

toalHO peurnTb c POMOl!lblO 'l'OOp!HJ PfIH, y-<JMTHBllXlntea MHOrOKPBTHOe 

paccemrne, pa3rrnTot1 B r JiaP.0 I. Blmo.11tteH tJllCJIOHHHt{ pacqeT no 
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TeopeTV.'JeCKllM ~OPMYJla.M, pe3yJlbT8TH KOTOporo lIPllBe,IJ;eHlil B Bl!;l;e 

KPllBHX .n.rur qacTOTHHX cneKT~-OB ll3JiytJeHll2, 06pasyeM1i1x B OJIOBRH­

Ho2 IlJiaCTllHe, ll 38BllCllMOCTll noJIHO~ aHeprllll Plll'l OT sttaqeHMR 

r ..q;aKTOpa 3JieKTpOH8 [ 6] . IIocJie.nrum 38BMClUl!OCTb IlOK83aHa 
2. 

TaKJlte .ItJIJl KpaeBoro ajxl;eKTB B 06JIBCTM tJaCTOT (IO+ 4of ) K3B. 

KaK CJle.D;yeT ll3 pacqeTa, o6HapyllteHHBJJ 3KCnep0MeHTaJibHHM ny­

TeM KBa,IJ;paTHqHBJJ 3aBHCBMOCTb He MOJlteT 6HTb 06'b!'ICHeHa BJIBRH!lReM 

MHoroKpaTHOro paCCCRHllR. Ilpll 3TOM OTMetJaeTCR, 'ITO B o6~aCTll 

60JibWllX 3HatJeHBI r -{aKTOPOB ( r) tp ; MR o.r.oBa ~tp - I. 6 . 

·I04) cneKTP KpaeBoro ai¢eKTa KBa,IJ;paTll'JHO B03paCTaeT 6 • O.n­

HaKO, B o6c~aeMOM 3KCnepllMeHTe, K8K o6HtJHO, ll3MePRJiaCb llH­

TeHCllBHOCTb IlOJIHOro ll3JiytJeHllR, a He KpaeBol ajxl;eKT. 

B §IO rrpB~e.neHH pesyJibTBTH aKcnepllMSHTBJibHHX 2ccne.n0Ba­

Hill PII~. o6pas yeMoro B pa.nHaTopax .es OJIOBRHHh!X ll Me.D;HHX toJibr, 

noJiyqettHHe rpynnoa ~opaKRHa, MapKaPRHa ll .np. aa EpeBaHcKoM yc­

KOpllTeJie. 

I<aR ll3BeCTHO, xoppeKTHoe cpaBHeHlle aKcrrepeMeHTaJibHHX ll 

TeopeTeqeCKll paccqllT8HHHX 3HatJeHlll CJie.nyeT npOBO,IJ;llTb, MCXO.ILR 

.es Teopllll PIIM, reHep.epyew.oro B CTOITKe norJiomarom.ex IlJlaCTMH ll3 

BemecTBa pa.n;iaTopa c yqe TOM MHoroKpaTHoro pacceRHHR ii rrorJio-· 

meHHH. 0.D;HaKo, CTporaH Teopi!R BJIHRHBR MHOrOKpaTHOro pacceHHllR 

Ha PIIM zMeeTCR JIHWb .ItJIJl ll30JIHpOBaHHol IlJIBCTllHH. C ,npyroi CTO­

poirn, B §7 Cll:IJIO lIOK838RO, 'ITO npil BHilOJIHemrn yCJIOBWI (13) 

KpaeBO! ~eKT (H IlOJIHaR llHTeHCllBHOCTb B3JIY'J6HHR) B 3TOM CJiy­

qae Blip8llt8eTCR qepe3 KpaeBott 3¢¢eKT MR O,IJ;HOI n.JI8CTllHH, YMHO­

~eHHHtt Ha ~eKTllBHOe 'JllCJIO IlJlaCTHH B CTOITRe. 3TO 06CTORTeJlb­

CTBO Il03BOJIReT npHMeHBTb TeopeTlltJeCKMe pe3yJibT8TH rJiaBH I B 

KaqecTBe HCXO~HHX MR BHilOJIHeHHR 'JHCJ16HHHX pactreTOB. 

B 3TOM naparpBqie aKcrrep.ew.eHTaJibH&e TO'IKH, noJiytJeHHHe 
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;yR838HHOI rpynnoa, COilOCTaBJimoTCR c qacJieHHblMH 3H8'i6Hl!l.liMH, BH­

'iHCJieHHblMH HB.MH Ha 3BM no nporpaMMe' npHBe.n;eHHO! B np.1.'iOlleHirn' 

no Teopaa 6es yqeTa (o6NqHSH TeopsR PilH) B c yqeToM v~roroKpaT­

Horo pacceRHBR 3JieKTPOHOB B Pa.itHaTope [?,8] . OTMe'ieHo, 'iTO no­

CJie.I(HRR TeopaR .n;aeT ;ryqmee cor;racae c .n;aHHHMB aKcnepRMeHTa, a 

TaK~e no.n;TBepz,neHo TeopeTB'ieCKH npe.n;CK838HHOe crJI8lltHB8HBe oc­

~HJIJI.flll21 B cneKTpe nepexo,IUioro 2s;ryqeHHR c yqeToM MHoroKpaTaoro 

pacceRHPJR. 

B 3aKJID'ieHBM C~OPMYJIHPOBSHH OCHOBHlile pe3yJILTSTH, no;ryqea­

Hlile B .n;accepTanMOHHOA pa6oTe H BblHOCHMlie Ha SSllU!Ty. 

B Komre .n;accepTanas, B npBJIOEeHHB, npaBe.n;eHa nporpaMMa 

;rI)Ul 3BM [ 5] ' no KOTopoa BblllOJIRJU!.HCL 'iBCJieHHble paC'i8Tbl. 

OCHOBHHE PE3YJI1TATbl PAEO'lli 

I. ITo~y~eHo aHaJIBTP.'iecxoe BHp8llteH2e )1,11R qacTOTHo-yrROBO­

ro pacnpe.n;eJieHHH cpe.n;HeA HHTeHCHBHOCTH llOJIHoro H3JIYqeHHR, 06-

pasyeMoro np2 npoxol!,l(eHHH yJILTpapeJUITBBHCTCRoro aapR.n;a qepea 

II.11aCTHHY BemecTEa rrpoH3BOJILHOI TOJimHHH, pacnoJIOX8HffYD B BaRy­

YM8, c yqeToM MHoroKpaTHoro pacceHHBR sapH.D;a H norJiotna10mea 

crroco6HOCTH BemecT:sa IlJI8CTBHbl. 

2. llpoaH~H3HpoBB.Ha ~OPMYJIS J1)IR qacTOTHO-yrAOBoro pac­

npe.n;eAeHHR B .n;Byx npe,D;eJILHliX CJIY'ia.llX: Kor,D;a IlJI8CTHH8 R.BJIBeT-

' CR TOHROl H TOJICTOA. IlpH BHITOJIHeHHH nOCAe.n;Hero YCAOBSR HS 

HHT9HCHBHOCTH IlORHoro H3JiyqeHrut BN,D;eAeHa 'i8CTL, nponopnHOHaJIL­

HaJI TOpM03HOMY H3AY'i9HHD, HCnyCRaeMOMY B norJIOmaJOllleft cpe.n;e 

(6ea yqeTa rpaHHU) c .n;JI!.'IHH nyT.B, paBHOI aj:¢eKTHBHOtt TOJimBHe 

II.118CTHHhl. 

IlpHBe.n;eHH BblpallteHHR, COOTBeTCTByromHe .nBYM llOJIRpH3anHHM 
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'i8CTOTHo-yrJIOBOro pacnpe,n;eJieHMR: napaJIJieJihHOI, B aanpaBJieHBH, 

onpe.n;eJ!ffeMOM yrJIOM H3JIY'ieHBf! M nepneH.nBKYJUIPHOA, pacnoJIOllteHHOI 

M HOp~aJI:bEOtt llJIOCKOCTB. 

3. IlocJie HHTerpapoBBHHf! no yrJIY aa;ryqeHBH no;ryqeHa o6mBR 

fopMyJia ,ll;J!ff 'i8CTOTHoro pacnpe.n;eJieHBR BHTeHCHBHOCTB llOJIHOro H3-

;ryqeHBR, o6paaoBaHHoro B nor;romaiomea nJiaCTHHe. Ba.n; aTott ~OPMY­

JIU .n;aH TaKJKe B c;ryqae CJIS60 R CHJILHO norJiotna10mett IlJI8CTHHH. 

4. Onpe.n;eJieHo noHRTMe KpaeBoro ajx.teKTS }1)Ul nJISCTHHbl c no­

r;romeaaeM, T. e. noKa3SHO, 'iTO 23 cneKTP8JILHOtt BHT8HCHBHOCTB no~­

Horo H3JiytJeHBR MOJEHO Bbl,ll;8JIHTL TOpM03HOe HSJiyqeHae (no Mar.n;aJiy), 

reHepapyeMoe B cpe.n;e 6ea yqeTa rpaaau c ,n;JIBHH nyTH, paBHott a<P­
~eKTHBHott TOJimHHe IlJISCTHHbl H 'i8CTL, o6yCJIOBJieHRYJJ HSJIB'iBeM 

rpaHHU IlJISCTHHH (xpaeBott 3¢xiieRT). Ilo.n;po6HO HCCJie.n;oBaH 'i8CTOT­

Hbltt cnexTp xpaeBoro ~eRTa B H8.l!6o;ree BSlUINX npe.n;eJILHHX CJIY­

'ia<IX. BbiRCHeHO TSK&e, 'iTO npe 3HS'ieHHRX TOJIDUIHH IlJISCTBHH, Ha­

MHoro rrpeBHmaDmex soHhl lf!opMHpoBaHHR nepexo.n;Horo (B BemecTBe) 

H TOpMOSHoro HSJiyqeHHA, B qacTOTHOM cneKTpe KpaeBoro S<lxIJeRTa 

OTCyTCTByeT 3aBHCHMOCTL OT TOJimHHH~ 

5. H3 o6mero aHaJIHaa H peayJILTaTOB qacJieHHoro pac'ieTa 

HaA.n;eHO, qTO BJIHRHHe MHOrOK,l)STHoro pacceRHBR npHBO,ll;BT R cyme­

CTB8HHOMY B2,ll;OHSMeHeHruo cneKTpa KpaeBoro ~eRTa. Hs-aa OTKJIO­

H8HHR aapR.n;a OT paBHOMepHOI H npRMOAHHelHott TpaeKTOPHH B cneK­

Tpe Kpaenoro 3~8KT8 npoBCXO,ll;HT crJIB.lUIB8Hl9 HHTePiiepeIUlBOHHHX 

ocnHJIJl'..lillHI no cpanHeHH~ co cneKTPOM o6HqRoro PITH. CTeneHL aTo­

ro crJiruirnBSHHR YM6HLmaeTCH npa BoapacTaHHH SHa'ieHHR Ropean­

~aRTopa aapR.n;a. 

6. IloxaaaRo, qTo B peayJILTaTe B03HHRHOBeHHR TOPM03Horo 

aa;ryqeHHH, o6yc~o:BJieHHoro MHoroRpaTHHM paccesRHeM qacTHUH Ha 

aTOMax cpe.n;H, B qacTOTHOM cneKTpe RpaeBoro aii¢eKTa HMeeT MeCTO 

- 19 -



CBoeo6pa3poe o6orameaae xecTKHMH KBaHTaMH rrpa 60JibillHX 3HaqeHa­

RX ( -itaKTOpa 'l8CTB!lli. 3TO .llBJiem1e rrpl1BO.D:HT K KEa,npaTllqHoit 3a­

Bl!CBMOCTl! BeJil!ql!Hbl KpaeBoro ~eKTa, npOHHTerpl!pOB8HHOtt no BCe­

MY 'l8CTOTHOW.y M!HTepBBJIY BIIJIOTb .D:O '!aCTOT rv 4
0 
r l , OT JIOpeHr -

itaKTOpa '!8CTHUH. 0TMe'!eHO, '!TO B "3arpaIIH'lHOtt" 06JiaCTH qacTOT 

BeJIB'lBHa KpaeBoro 31PtleKTa MOXeT CT8Tb OTpl!U8TeJibHOtt. ITpenJio~e­

HO Ka'leCTB8HHO~ oj~JICH8Hl!e .IIBJISHB.ll o6orameHB.ll cneKTpa KpaeBoro 

s®eKTa. 

7 • .II.Im BHSiBJI8HBSi PO.Jiii l!HTepfepeauBB B3Jiy'leHBA OT OT.D:eJil>HHX 

llJI8CTl!H TO'!RO pemeaa 3a,naqa B CJiytJae CTOllKl!, COCTO.llmett H3 .D:EYX 

norJiomaDmax ITJiaCTHH c yqeToM MHoroKpaTaoro pacce.11aa.11, a aatt.ne­

HH 06m1rn <fOPMYJIH .nJIR qaCTOTHo-yrJIOBoro H '!8CTOTHOro pacnpe.neJie­

HBA cpe.nHett HHT8HCHBHOCTH IlOJIHOro H3Jij~JeHB.ll. 

8. IloJiyqeao Bblpaxea1i1e .II.JI.II '!aCTOTaoro pacnpe,neJieHHSi KpaeBo­

ro aipf)eKTa B paCCMaTpl!BaeMoA 3a,naqe, KOTOpoe COCTOHT H3 Cytl.Mlil 

KpaeBoro a<IxteRTa B ITJiaCTHHe, yw.aoxeaaoro Ha 3¢I:eKTHBHoe 'lHCJio 

ITJiaCTBH B CTOilKe B HHTepfepeHIUIOHHoro '!Jieaa. Ba.n HHTeptepeHUl!­

OHHOro 'tJJieHa neTaJibHO l!CCJie,noBaH .II.JI.II pa3JIB'!HblX COOTHOID8HHA Mex­

.ny B8JIH'lHHOtt Be.KYYMHOro OTCeKa H 30HaMB if?oft.'IHPOB8HBR nepexo.nHo­

ro H TOPM03Horo H3JIYtJP.HBA. Bi:lJICHSHO, '!TO B o6JiaCTH, r.ne .D:OMl!Hl!­

PYJOilll'IM B o6meM npo1:ecce o6pa30BaHH.ll RB8HTOB .llBJIReTCR TOPM03HOA 

MexaaH3M , KapTl!Ha HHTepJ!epeHUHB CYIUeCTBeHHO 38BBCHT K8K OT Be­

Jil!'IJHHbl lTopM , TaK I! OT ig0 " 

9. ITyTeM conocTaBJieaa.11 aKcnepaMeHTaJil>HNX .naaa1i1x c Teope­

TH'let::KHM pac'l eTOM cneJiaH BblBO.D: 0 H8B03MO.lltHOCTH o6MCHeHHJI KBa,n­

paTB'tJHOtt 38BHCHMOCTB norJiomeaHoA aHepraa PITH OT f-¢aICTopa 

3JI0KTPOHOB, 06HapyxeHHOM B 3RCnepBM8HT8 c neperpeTHMH CBepx­

rrpoBO,n:RIUl!MB rpaayJiaMB, BJJHJ'fHHeM MHoroKpaTHOro pacceJIHH.ll aJieK­

TPOHOB B OJIOBJIHHHX rpaHyJiax. 
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IO. 11poBe,neHo cpaBHeHee pesyJibTaToB aKcneprtMeHTaJibHblX ec­

CJie.nosaHT!lli PDY! B pa,IJ,l!aTopax :as TEJt.eJii>X ( OJIOBJ-lHHliX '.1 Me,IJ,HHX) 

qoJibr c 'lT!lCJieHHHMl'.I pac'leTaMl1, BhlIIOJIHeHHblM.11 no -reop•rn, y'l0Th1Baro­

lll8i1 BJIID!Hlle !i'HOro1{paTHOro pacce.Amrn Ha 06pa3osaH1ie 113Jiy'leH>1.A'. 

11oJiy'leHo JTytimee corJiacae aRcnep11i•eHTMbHblX To'leK c TeopeTt1qec­

K>1 pacc'l11TaHHb1Mrt no cpaBHeH.11!0 c o6H'lHO~ Teop.11eil PITH. IloKaaaHo, 

tlTO Ha aKcnep.11MeHT8JlbHblX crreKTpax T8KM6 B.11.D:Hbl EBJieHl1.fl crJia~r!Ba­

Hl'IR B cneRTpe nepexo,IJ,noro a3Jiy'leHl'.l.fl c yqeToM MHoroRpaTaoro pac­

ce.AHl'.IR. )];IR noJIHoro q11cJia KBaHTOB PTIY! 3Kcnepr1MeHTaJibHble 11 Teo­

peTrt'leCKrte .naaHble .nanT JirtHe~ayio 3aBl!C2MOCTb OT aaeprart npoJie-

Taromrtx 3JieKTpOHOB. 
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