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I. BBEAEHHE 

B nocneAH~e fOAM pe3KO B03POC o6DeM HH¢OpMa~HH 0 MHomeCT

BeHHOM pOmAeHHH. HapRAY C HCCileAOBBHHeM 3TOfO RBneHHR B Tpa

AHlV10HHbiX HanpaeneHHRX - B CTOJlKHOBeHHH BAPOHOB C BAPOH8MH 

H RAPBMH - eamH~e peay!lbTaT~ 6~nH nony4eH~ npH H3y4eHHH npo

~eccoe e+e- -aHHHrHnR~HH H rny6oKoHeynpyroro nenToH-HYKnoH

Horo pacceRHI-1R. 06Ha,py)l{eHbl YHJ.1BepcaJlbHble 3aKOHOMepHOCTH, CBH

AeTeJlbCTBY~~He 0 eAHHCTBe MeXSHH3M8 MHO)I{eCTBeHHOfO pOmAeHHR 

e pa311H4HbiX npo~eccax ··/1,21., 

PeaynbTBTbl MHoro4HcneHHbiX ncinbiTOK onHcaTb 3TH npo~eccbl, 

no HBWeMy MHeHH~, n038011A~T CAeJlaTb CileAY~~He BbiBOAbl: 

a/ npeACTBBJleHHe 0 KBBpK-ril~OHHO~ CTpyKType BAPOHB OKa3a

Il0Cb eeCbMa none3HbiM AnA Ka4eCTBeHHO~ HHTepnpeTB~HH PRAB OCQ-

6eHHOCTe~ MHO>KeCTB.eHHbiX npou,eCCOB. no-BHAHMOMY, B OCHOBHOM 

OHO npaBHJlbHO OTpa>KaeT npHPOAY RBJleHHR; 

6/ BCe 6onee peaynbTaTHBHbiM OKa3biBaeTCR CTaTHCTHKO-TepMO

AHHaMH4eCKH~ nOAXOA - B paMKax nocTpOeHHbiX Ha era OCHOBe MO

AelleH YAaercR aocnpoHaaecTH aHa4HTellbHY~ 4acTb Ha6n~AaeMbiX 

aaKoHoMepHocTeH. 0AHaKo eoaMO>KHOCTH 3Toro noAXOAa e~e Aa!leKo 

He nO!lHOCTb~ BCKpbiTbl. 

0 TOM, 4TO TaKHe B03MO>KHOCTH /H HeManble/ AeHCTBHTellbHO cy

~eCTBY~T, CBHAeTeJ1bCTBY~T pe3yJ1bTaTbl U,HKna pa6oTI.~,nocaR~eH

H0fO HCCJleAOBaHH~ MeXaH~3Ma pOmAeHHR 4aCTHU, C 60!lbWHMH P~.· 

803HHKaeT aonpoC - RB!lA~TCR JlH TepMOAHHaMH4eCKHe COOTHQ

WeHHR acero nHwb YAa4HO~ ¢opMo~ napaMeTpHaau,HH 3KcnepHMeHTanb

HbiX AaHHbiX H!lH me 3TOT nOAXOA AOCTaT04HO nonHO OTpamaeT npH

POAY RBneHHR MHOmeCTBeHHOrO o6pa30BaHHR aApOHOB. 

HH)I(e Mbl npHBOAHM apryMeHTbl B nOJ1b3Y o60CHOBaHHOCTH CTaTHC

TH4eCKOfO onHCaHHA MHomecTaeHHbiX npou,eccoa, sKn~4aA paHHHe 

cTaAHH lf!X pa3BHTHR /paaAen II/~ 3aTeM, yT04HHB ¢opMynHpoaKy 

paaeHToH a 131 TepMOAHHaMH4ecKoH MOAenH /paaAen III/, npHMeHHM 

ee K MHOmeCTBeHHOMY pOmAeHH~ B aApOHHbiX CTOJlKHOBeHHRX, B e+e-

aHHHfH!lAU,HH a' aAPOHbl, a TaK)I(e npH rny60KOHeynpyroM H CBepx

BbiCOKlo1X 3Hepr'I'IRX pacceAHifiA /paaAen IV/. 

II. AHHAMH4ECKOE YAEP*AHHE UBETA 

HecMOTpR Ha To, 4TO yme a 1962 rOAY 6blna noKaaaHa npHHu,H

nHanbHaR aoaMO)I(HOCTb nocTpoeHHA KanH6poao4HbiX Teoplfl~ c YAep-
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>KSHJ.1eM 38P.RAOB·/4/, CKOilbKO-HH6YAb YAOBI16TBOPI·1T6J1bHOe peweHI-16 
sonpoca o MexaHH3Me YAepmaHHR KsapKos 1-1 rn~oHoa a paMKax 
KBSHTOBOH XPOMOAI-1HSMJ.1KH /KX~/ noKa OTCYTCTByer. 8 cy~eCTBy~
~J.1X MOAenRx.npo~eccoa pomAeHJ.1.R aAPOHos, ocHosaHH~x Ha KXA 
I CM. o6aopbl :15-S I, MexaHH3MY YA6P)I(SHH.R OTBOAI-1TCA ponb 11 TpaHc
$opMaropa11 KBapKOB J.1 r!1100HOB 8 SAPOHbl HS 3SKJ1104HT6J1bHOi1 cra
AJ.1H pa3BHTJ.1.R KBapK-rJ1100HHOfO KSCKBAS. 8 KS46CTB6 o60CHOBSHJ.1.R 
TSKOr~/npeACTSBJ1CHH.R 0 p0!1J.1 YA6P)I(SHJ.1.R npJ.1BOAJ.1TC.R /CM., HanpH
Mep, 7 I Ka4ecraeHHa.R KapntHa KOH(J)ai1HMeHra 19/.CneAyer, OAHaKo, 
HSnOMHJ.1Tb, 4TO a 191 paCCMSTpHBSJ10Cb PO>KA6HH6 T.R)I(6J1b1X KBSpKOB 
s6n1o1aJ.1 nopora. 3ro noaeon1-1no J.1cnonbaosarb Afl.R onpeAeneHJ.1.R 3$
$eKTVIBHOro B3alo1MO,Qeai!CTBJ.IIR Me)l{,qy KBapKaM-1.1 a,qHa6aTYI4eCKOe nplo1-
6J1J.II>KeHJ.IIe, aHanorYI4Hoe np1.16nJ.~~)f(eHI-110 6opHa-OneHreHMepa'1101 AllR 
OnJ.IICaHJ.IIR MOJleKy.nbl BOAOPO,Qa: TR>KeJlble KsapKI-1 paa.neTaiOTCR CTOllb 
MeAJleHHO, 4TO OKpy>KaiO~ee J.IIX no.ne rlliOOHOB J.ll .nerKJ.IIX KBapKOB yc
neeaeT nepecTpaJ.~~BaTbCR, OCTaBaRCb B OCHOBHOM /HeB036Y)f(AeHHOM/ 
COCTORHio1J.II. np1o1 3TOM nerKJ.IIe KBapKYI, 06pa3y~~J.IIeCR B peay.nbTaTe 
nOl1RpJ.II3aU,J.IIJ.II BaKyyMa, no.nHOCTbiO 3KPBHI-1PYIOT nepBJ.II4Hble U,BeTOBble 
3aPRA~, a 3HeprJ.IIR, 3aTpa4eHHaR Ha nOJ1RPJ.II3aU,Io110 BaKyyMa, 3KBio1-
sa.neHTHa noTeHu,Hany J.IIOHio13au,HJ.II. TaKJ.IIM o6paaoM, Ka4eCTBeHHaR 
KapTJ.IIHa KOH$aHHMeHTa/9/npJ.IIeMJ1eMa llJ.IIWb npl-1 BblnOJlHeHI-11.1 BeCbMa 
>KeCTKJ.IIX YCllOBJ.IIH, COOTBeTCTBYIO~HX KB33J.IICT8TH4eCKOH CXeMe paa
.neTa. 

HpHaeAeM apryMeHTbl, cBJ.IIAeTenbCTBYIOU\Yie o Heo6XOAI-1MOCTH nepe-
• CMOTpa Cy~eCTBYIO~ealt T04KYI apeHHR Ha POJlb Clo1J1 YAep>KaHHR B npo

u,eccax MHO>KeCTBeHHOrO pO>KAeHHR. ~JlR onpe,qeneHHOCTH lo1CnOllb3yeM 
npou,ecc e+e- -aHHHrH.nRU.HI-1 s aAPOHbl. Ha o6~enpHHRToH cxeMbl 3TO
ro npou,ecca cneAYeT, 4To BHpTyanbHblalt $OTOH c MaccoH M nepexo-

AHT B napy KBapKOB C MaCCaMH m = \j( 2-p2, npH4eM.f?l; '"« M. /1/ 
B cooTseTCTBHH c /1/ KaapKH paaneTaiOTCR c y.nbTpapenRTio1BHCT-

M CKHMH CKOPOCTRMH (y = ~m>>l). 8 CHllY 3Toro a,qHa6aTH4eCKOe npl-1-

fillH>KeHHe, npHBO,QR~ee K 3KpaHHPOBKe U,BeTOBbiX aapRAOB KBapKOB Ha 
paHHio1x cTaAHRx paaaHTHR npou,ecca, HenpHMeHHMO. CneAOBaTeJlbHo, 
Me>KAY He3KpaHHpOBaHHbiMH KBapKaMH MOryT B03HHK3Tb CHJlbl YAep>Ka
Hio1R, KOTOpble paHee 80 BHJ.IIMaHHe He npHHio1Mal1HCb. 

KaKOBbl 3TH CHJlbl? CornacHo wHp0Ko pacnpocTpaHeHHOMy.npe,q
CTaaneHHIO, 3HeprHR saaHMOAeHcTB~-tR E83,, ABYX He3KpaHHpoaaHHbiX 
U,BeTOBbiX 3apRAOB pacTeT nponopU,HOH8llbHO paCCTORHI-110 Me)l{,qy HHMH: 
E 83 ""const·r, TO eCTb cHna y,qep>KaHHR 

F c =dE ll3 /dr = con st. /2/ 
0HO OCHOBaHO Ha aHaJ1H3e CBOHCTB peJlRTio1BHCTCKHX noneBbiX MO

,qe.nea~t:I11,12Ca KOTOPbiX, o,qHaKO, 6b1J10 YICnOJlb30BaHO CT3T.H4eCKoe 
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np~6n~meH~e - npovt3BOAH~e no epeMeH~ OT $YHK~~~ nonR ~cKn~4eH~ 

~3 MOAenbHbiX raMvmbTOH~aHOB vt ypaeHeHvtH nonR. CneAoBaTenbHO, 

/2/ $aKT~4eCKH COOTBeTCTBYeT B36HMOAeHcTBH~ HenOABH*H~X KBap

KOB, OTCTOR~HX Ha paCCTORHH~ r APYf OT APYra. 04eBHAHO, 4TO 

B Cfly4ae /1/ O~eHKa /2/ He RBflReTCR AOCTBT04HOH. 

He npecneAYR 3AeCb ~envt nocTpoeHHR nocneAoaaTenbHoH KBaH

Toao-noneao~ MOAeflH AHHBMH4eCKOro KOH~aHHMeHTa, paCCMOTpHM 

npocTeHwHH B03MO*H~H eapvtaHT CHfl YAeP*BHHR A11R YflbTpapenRTH

BHCTCKHX KBapKOB C OOMO~b~ npOCT~X npvtMepoe. 

1. nocKOflbKY YCflOBHR npHMeHHMOCTH 6Avta6aTH4eCKOrO npvt611H~ 

*eHHR He B~OOJlHR~TCR, AeHCTBHe KOH~aHHMeHTB AOfl*HO npHBOAHTb 

K nepeXOAY 4BCTH 3HeprvtH ABH*eHHR KBBPKOB B 3Heprvt~ B036Y*Ae

HHR nOflR, CBR3~Ba~~ero KBBPKH. CneAOBBTenbHO, CHll~ YAeP*aHHR 

RBJlR~TCR AHCCHOaTHBH~MH H AOfl*H~ 3aBHCeTb OT CKOPOCTH ABH*e

HHR. B paccMaTpvtaaeMoM 3AeCb penRTHBHCTCKOM cny4ae o6~4HY~ 

CKOPOCTb HaAO 3BMeHHTb Ha npOCTPBHCTBeHHY~ KOMnoHeHTY 4-cKo

pOCTio1 u = f3Y· B npocTeHweM, n1o1He~HoM no u npvt6flH*eHHH npvt f3 = 1 

F 0 - y ~ M/2iii - e Y , /3/ 

rAe Y - 6~cTpoTa KaapKa. 

2. KoMneHCa~vtR ~BeTa KBBpKa B CT6TH4eCKOM C11Y4Be /HanpvtMep, 

B 11XOflOAHOM11 aApOHe/ ocy~eCTBJlReTCR B pe3yJ1bTaTe erO B3BHMO

AeHCTBHR c rn~OHH~M noneM nyTeM vtcnycKaHvtR H norno~eHHR rnoo

HOB C xapaKTepH~M cneKTpOM HMOYllbCOB Q HJlH 46CTOT Cc.l =q/ii. AnR 
ABH*Y~efOCR KBBpKa vtMeeT MeCTO AOnnnepoBCKOe H3MeHeHvte 4aCTO

T~. CneAOBaTellbHo, AnR Taro, 4To6~ vt e ABHHOM cny4ae coxpaHHn

CR 3~eKTHBH~H cneKTp HMnyllbCOB norn~eHH~X H ~cny~eHH~X fll~O

HOB, o6ecne4HBB~vtH KOMneHCB~H~ ~BeTa, B C.~.M. OH AOll*eH H3-

MeHHTbCR Ha AOnnnepOBCKH~ ~aKTOP 

d-y l+fl=eY -y:. 
1-fJ 

/4/ 

Y4eT 3Toro ~aKTopa TBK*e npvtBOAHT K aaevtCHMOCTH /3/ AflR Fe 
OT y. 

AnR yT04HeHHR aasvtcH~OCTH Fe OT M s /3/ ~lleAyeT y4eCTb TaK

*e eoaMO*Hble vt3MeHeHHR m c poe TOM M. B KX.Q m MeAneHHO pacTeT c 

ysenvt4eHvteM M aa c4eT pacTa eepxHero npeAena B03MO*HbiX 3Ha4e

HHH m B KBapKOBOM nponaraTOpe. AfiR rpy6oH O~eHKH 3BBHCHMOCTH 

m OT M aocnonbayeM~ TeM, 4TO nponaraTop (f>epMHOHOB- .. B KX.Q npH 

m •>> f.lq I f.! q - ~ycca KaapKa/ a nepaoM npH6nH>KeHHH o6paTHO npo

nop~HOHaneH m ~ nocKOJlbKY B Ce4eHHe npOL.teCca BXOAHT KBBAPBT 

nponaraTopa, pacnpeAeneHHe no m vtMeeT BHA f(m) -m-2.CneAosa

Te11bHO, m pacTeT c yBeJ1H4eHHeM M npH611H3HTellbHO KaK lnM, H 
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F c l:O constM/lnM. TaKHM o6paaoM, AflR rpy6oH 04eHKH aas~~tcHMo
cTH 3HeprHH soa6ymAeHHR nonR W or M a peaynbTaTe AeHcTBHR c~~tn 
YAep)!(aHHR HMeeM 

/51 

Op~~t AOCTaT04HO 6onbw~~tx M c~~tn~ YAeP*aHHR aenHK~ yme Ha Ma
n~x paCCTORHHRX H BKn04aOTCR npaKTH4eCKH MrHOBeHHO 8 MOMeHT 
pomAeHHR nap~~ CneAosarenbHO, HX Ae~crsHe Ha KsapKH H caRa~
aa~ee none KaK Ha KBaHTOB~ CHCTeMy CO MHOrHMH CTeneHRM~ CBO
fiOA~ MOmHO paCCMaTpHBaTb B npH6nHmeHHH BHe3anHoro B3aHMOAe~CT
BHJ=I /npH6flHlKeHHe YAapa - ""sudden approximation ...... I. · Ha reopHH 
aTOMH~X H RAePH~X CTOflKHOBeHHH H3BeCTH0 7 4TO B npHfifl~)!(eHHH 
YAapa 3HeprHR nepeAaeTCR OAHOBpeMeHHO Ha MHOrHe CTeneHH cao6o
A~ CHCTe~. B HaweM cny4ae acneACTBHe caMOAe~CTBHR rnooHoa 3TH 
CTeneHH CBofiOA~ K TOMY me CBR3aH~ HenHHeHHYM B3aHMOAeHCTBHeM, 
4TO cnoco6CTByeT fi~CTPOMY nepeXOAY K CTOXaCTH4eCKOMY ABH)!(eHH~ 
B CHCTeMe'/I-4{. CKopee BCero 3THMH o6CTORTeflbCTBaMH OfiDRCHReTCH 
TOT ~aKT, 4TO, Ha4HHaR C MOMeHTa ofipaaoBaHHR, K TaKHM CHCTe
MaM npHMeHHM~ CTOXaCTH4eCKHe MeTOA~ OOHCaHHR._ 8 0TflH4He OT 
TpaAH4HOHHbiX CTaTH'-IeCKHX MOAeneH KOH<JlaHHMeHTa :llt,UV npeA.nomeH
H~~ 3Aecb MexaHH3M YAepmaHHR 4eera, y4HTblea~HH aasMC~MOCTb 
CHfl YAep)!(aHHR OT CKOPQCTH ABHlKeHHR 4BeTOBbiX aapRAOB, MQ)!(HQ 
Ha3SaTb AHHaMH4eCKHM. 

MexaHH3M AHHaMH4ecKoro YAeplKaHHR 4eera npoRanRercR H a APY
rHx np04eccax, conpOBOlKAa~HXCR MHO)!(eCTBeHHbiM PO*AeHHeM aApO
HOB. 

B npo4eccax rny6oKoHeynpyroro THna, a peaynbrare pacceRHHR 
nenToHa Ha KsapKe, nocneAHHH nony4aer 6onbwoH HMnynbc OTHOcH
TenbHO KOMneHcHpoaaawero ero ~ser paeHoaecHOro nonR aApOHa. 
KoMneHca~HR ~BeTa yrpa4HBaeTCR, H cpaay soaHHKaOT cwn~ AHHa
MH4ecKoro YAeP*aHHR, npHBOAR~He K YAapHoMy soa6Y*AeHHO cHcTeM~. 

B aApOHHbiX CTOJlKHOBeHHRX npOHCXOAHT paapyweHHe BXO~R~HX B 
COCTaB aAPOHOB 6eC~BeTH~X KOM6HHa4HH KBapKOB H rnDOHOB, COnpo
BO)!(Aa~eeCR BKfl~4eHHeM CHfl AHHaMH4eCKOro YAepmaHHR. 

Oco6eHHOCTb ~APDHHbiX saaHMOAeHcTBHH aaKn04aeTcR a TOM, 4TO 
aaneHTH~e KBapKH aAPQHOB o6paay~T CHHrneTbl 00 ~BeTy H 003TOMY 
B PRAe cny4aes Moryr H36e*aTb AeHCTBHR CHn AHHaMH4eCKOrO YAep
*aHHR, COXpaHHB npHHaAne*a~O HM AO CTOflKHOBeHHR AOll~ HMnynbCa 
aApOHa H era KBaHTO~e 4HCila. 3THM Ka~eCTSeHHO H o6DRCHReTCR 
o6HapyJKeHHbl.f1 3<1MJ)eKT 1111HAJIIPOBaHHR11 B aApQHH~X CTOilKHOBeHH:RX. 
HaaecrHo, 4TO coxpaHHBWHeCR 4aCTH~~ Ha6noAaDTCR npHMePHO s 3/4 
cny4aea HeynpyrHX aAPOHH~X CTOJlKHOBeHMH. 8 OCTaJlbHOH 1/4 AOfle 
Clly4ae·a npOHCXOAHT paapyweHHe CKOM:OeHCHPOBaHHoH no ~SeTy KOM-
6HHa4HH aaneHTHYX KBapKOB. 8 peaynbTaTe CHflW AHHaMH4eCKOrO 
YAepJKaHH:R BOBJleKaOT HX B eAHHYO B036~eHHYC CHCTeMy, OTCOAa 
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HMeeM o~eHKY Ce4eHHR o6pa30BaHHf! TaKO!Ii CHCTeMbl Uc ""'0,25· q~~ 

TaKHM o6pa30M, a paanH4H~X npo~eccax, conposo~Aa~~HXCf! MHomecT

seHH~M pOmAeHHeM aApOHOB, AelliCTByeT OAHH 1-1 TOT me MeXaHH3M 

AHCC~t~na~HH 3HeprHH - AHHaMH4ecKoe YAeP~aHHe ~seTa. AApOHH~e 

CHCTeM~, o6pa3y~~HeCf! B pe3yflbTaTe Ae~CTBHf! CHfl AHHaMH4eCKOro 

YAepmaHHA, HaaoaeM aAPOHH~MH KOMnayHA-CHCTeMaMH /KC/. 

III. ~OPMYnHPOBKA MOAEnH 

OnHpaflcb Ha npHBeAeHHble a~we apryMeHT~, Mbl nonaraeM, 4TO 

Aflf! on~t~caHHA KC Ha acex CTaAHRX ee pa3BHTHA MO~Ho npHMeHHTb 

CTaTHCTH4eCKHH nOAXOA, B paMKaX KOTOporo AJ1R OnHCaHHR pO~Ae-

HHR 4aCTH~ C X11 =~1\ << 1 MOmHO noflb30BaTbCR TepMOAHHaMH4eCKHM 

np~t~6nH>KeH!-1eM. 

KC He RBflR~TcR I-130TponHbiMH. 4acTb 3Hepri-1H ABI-1>KeHHA nepBH4-

HbiX ~BeTOBbiX 3apRAOB COXpaHf!eTCf! B BHAe nPOAOflbHOro KOflileKTHB-
·13/ 

HOrO ABHmeHHR B CHCTeMe, npeACTaaneHHoro HaMH a·' KaK OTHOCH-

TeflbHOe ABH)I(eHYie cocTasnR~~HX KC nOACHCTeM. nocK·OJlbKY Ha paH

HHX CTaAHRX pa3aHTHfl KC 3TH noACHCTeM~ RBflRIOTCR ~aeTHbiMH o6beK

TaM14 Yl CYiflbl YAep>l<aHYIR, AeiiicTBy~He Me}I(AY HI-1MYI, cor naCHO /3/, 

aaaHCRT OT pa3HOCT14 ~t~x 6biCTpOT, paaHoaecHoH KOH¢~t~rypa~HeH KC 

RBnAeTcR paBHoMepHoe pacnpeAeneHHe noACHCTeM no 6~cTpoTe y0 • 

noaTOMY B Ka4eCTBe ¢YHK~YIYI pacnpeAeileHYif! nOACYICTeM KC no Yo, 

KaK H a1 3~14cnonbayeM pacnpeAeneHHe BHAa 

const 
!6! 

0 !Yo I > Y m • 

B 3TOM cny4ae AOilf! 3HeprHH, npHXOAR~aACR Ha Tennosoe ABH}I(eHHe 

B CHCTeMe: 
Ym Ym 

W/M=8T=J f(y 0)dy0 I Jchy 0 .f(y0 )dy 0 =ym/shym. 

-ym -ym 

171 

3aMeTHM, 4TO TaKoe *e no ¢opMe pacnpeAeneHHe HcnonbayeTcR 

Yl B npOCT~X napTOHHbiX CXeMaX. 0AHaKO TaM ero npHPOAa HHaf!. 0HO 

B03HHKaeT KaK HacneAHe paBHOBeCHOro cneKTpa napTOHOB, HMeiO~ero

CA AO cTonKHoBeHHR a ycKOPeHH~x xonOAHbiX aApOHax. HanpoT~t~a, 

B HaWe!li MOAeflH ¢opMa /6/ ABilAeTCA CileACTBYieM AYIHaMHKH B3aHMO

AelliCTBHA ~BeTHbiX 06beKTOB. 003TOMy OHa He CBf!3aHa C npHPOAOH 

4acTH~, np~-1 cTOflKHOBeHHH KOTOpblx o6paayeTCA KC, 1-1 RBnf!eTcfl 

YHHBepcaflbHO!Ii A11A scex npo~eccos MHO}I(eCTBeHHOrO pO}I(AeHHfl, 6YAb 

TO aAPOHHble B3aHMOAelliCTBHA, rny60KOHeynpyroe pacCeAHHe YlflH 

e+ e- -aHHHrH11A4HH B aApOHbl. 
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Pac. J. Ym B Sa.BHCHMOCTH OT v·s 
a -napTOHHaH MOAenb, 6 -Hama 
MOAeJib. 

Hawa MOAenb H naproHHaR cxeMa 
paanH4a~TCR "' a onpeAeneHHH aaeH
CHMOCTH Bem14J.1Hbl Ym OT 3HeprYU1. 
B naprOHHoi1 cxeMe 

y~ ~ lnM!,, !8! 

pO)!(AeHHOi1 4aCTHL.Ibl. 

BeAeHa Ha PVIC. 1 • 

rAe M-
3aBJ.1CHMOCTb y~ 

Macca KC, a Jl - Macca 
or y"'i" npH IL = p.

11 
npH-

3aBHCJ.1MOCTb y OT M 8 HaweH M0Ae11J.1 MO)!(HQ Ot..~eHHTb, HCnOilb-
ayR coorHoweHJ.1R is! 1-1 /7 I, 1.1a KoropbtX cneAyer 

191 
Ha /9/ BHAHo, 4TO a nepeoM npH6JlH)!(eHHH aaBHCHMOCTb Ym orM 

ABa)!(AN norapH~MH4eCKaR. 3TO onpaBA~BaeT HCnOilb30BaHHOe HaMH 
paHee ,/,3/ $eHOMeHOJ10rYt4eCKOe COOTHOWeHHe 

y = ln(l+C lnlL), /10/ m 1 n 2 

rAe KOHCTaHTbl C1 = 4,9 J.1 0 2 =2 r38 onpeAeneHbl H3 cpaBHeHHR C 3KCnepHMeHTOM. Ha pHc.l npeACTaaneHa pacc4HTaHHaR cornacHo 
/10/ aaBHCHMOCTb y;--QT M npH M=VS~ KOTopaR cy~ecTBeHHO oTnH-
4aeTcR OT /8/. 

npHHHMaR KonneKTHBHOe ABHmeHHe 8 ¢QpMe/6/,AnR HHKn~3HBHQ
ro cneKTpa 4acTH~, o6paay~~HXCR npH pacnaAe K.c., MomHo HanH
caTb BblpameHHe: 

PJ.IIl.J. i 
ch(y-y

0 
). /11/ 

B /11/ mJ...i= VP} + mf, mf.- Macca 4aCTH~bl copTa ni", v- pac
naAHbiH o6oeM KC /V = 56 ~M ,S/l6'l, T - TeMnepaTypa, onpeAenRe
MaR COOTHOWeHHeM: 

em 
~ J < i dpJ. dy = M • 
i i dpJ.dy /12/ 

npH4eM ! i - 3Hepr&.1R 4aCTH~bl ""in. 
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IV. CnE~CTBHR MO~EnH 

PacCMOTPHM cneACTBHR MOAenH AnA OCHOBH~X eenH4HH, OnpeAe

.nReM~X B 3KcnepHMeHTaX. 

1. Cao~CTBa KOHe4H~X aApOHH~X COCTOAHHH 

npH HeynpyroM CTOnKHOBeHHH BAPOHOB B CpeAHeM flHWb OKOnO 

nonosHH~ 3HeprHH pacxoAyeTCR Ha o6paaosaHHe K.c. B 3TOM cny-

4ae Macca K.c. pasHa M=ky'S; rAe k.,;"0,5 - K03$l)H4HeHT Heyn

pyrocTH saaHMOAeHcTBHA. CpeAHRA MHo~ecTaeHHOCTb aapR~eHH~X 

4aCTHU,.<D±•> onpeAeJlfleTCA Bblpa>KeHHeM: 

dn 
<D+'> ~ l: Kl J __ I_ +'q:. 

- I dp~dy 

/13/ 

B /13/ K1 - 4Hcno aapR>KeHHbiX 4aCTHU., o6paay~~HXCR npH pacnaAe 

4acn11.~bl copTa i /ec.m1 OHa HeCTa6HJlbHa/, .,., ... 1,5 - 41itcno m1AH

PYIOU\HX aapAlKeHHbiX 4acTHU,. Peay.nbTaTbl pac4eTa aaBHCHMOCTH .<n+'> 

OT {F AJlR :PP- B3aHMOAelkTBHH H HX CpaBHeHHe C 3KCnepHMeHTa'I.b

Hb1Mio1 ABHHbiMiit /eM. o6aop/16/ H CTaTbi0'/11/f npHBeAeHbl Ha pHC.2 -

KPHBaR 11 111 • KpHaaR 11 211 cooTeeTcTeyeT pac~.teTaM k= 1, '11=0. 

0Ha npeAnonaraeT, 4TO KC BKnl04aeT a ce6R ac10 3HeprHIO CTOnK-

HoaeHHR, T.e. RBilReTCR nonHO~ KOMnayHA-CHCTeMO~ /nKC/. 

TaKHe CHCTeMbl 803HHKaiOT 8 np04ecce e+e- -aHHHrH11R4HH B aA

p0Hbl1nOCK011bKY 3~eKT IlHAHPOBaHHR H3-aa OTCYTCTBHR CHHrileTHOH 

no 4BeTy KOM6HH64HH aaneHTHbiX KBapKOB He HMeeT MeCTa, ~3 PHC.2 

BHAHO, 4TO KPHBaR 11 211 YAOBileTBOPHTeilbHO Om1CblaaeT 3aBHCHM~ 

.<Df> OT yti" AJ1R e+e- -aHHHrloll1lR4lollloll B aApOHbl:ll8l .• 

nKC C Ce4eHiolleM ae o6pa3YIOTCR H B aAPOHHbiX CTOilKHOBeHHRX. 

~MeHHO 3TOT KaHail npHBOAHT, HanpHMep, K pQmAeHHIO C 60ilbWHMH 

P.1. 
131• AeHCTBHTeJlbHo, AaHHble o aenH4HHe _<n+ 1> a co6b1THRX, rAe 

HMeeTCR aAPOH c P.l._\>3 r3B/c 1 191,pacnonaraiOTcR Ha KPHBOH 11 2 11 • 

llnR r ny6oKOHeynpyroro pacceR HHR ·., = 0, a M- Macca aAPOHHOH 

cHcTeMbl onpeAenReTcR a 3KcMepHMeHTe. PeayilbTaT AJlR aaaHcHMOCTH 

<n+ > OT M 2 AJlR yp -aaaHMOAeHcTBHH H COOTBeTCTByiOI.qHe 3KCnepH

M.etiTa11bHble AaHHbui/20/ npHaeAeHbl Ha p~o~~c. 3. 

Bb14HCI1eHHaR c noMOW,biO /11/ aaBHCHMOCTb .<p.l~>OT v·s AJ1R e+e-

aHHHrH11114HH a aAPOHbl cpaaHHaaeTCR c 3KcnepHMeHTa11bHbiMH AaHHbi

MH1211Ha pHC.4. 

Ha6J110AaeMOH aenH4HHOH, HenocpeACTBeHHO CBR3aHHOH C AOJleH 

3HeprHH TennOBOrO ABH>M:eHHR B CHCTeMe, RBilReTCR 11 c~epOH4HOCTb
11 

S' 
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o PP 
A e.,.e---h 
0 PPR.:;.3f3/Vc 

10 

f 

PHc.2. Cpep;HHR MHo~ecT
BeHHOCTb 3ap»EeHHhlX l.laC
TH~ B saBHCHMOCTH OT v·s: 
KpHBaH 

11 111 
- cpeAHHH aKT 

MHO~eCTBeHHOrO po~eHHH, 

KpHBaR 11211 - CJiylla:H: o6-
pa30BaHHH nonaoH KoMna
yH,D;-CHCTeMLI. 

4 10 20 'tO 'S &B 
7 .----------,...--., 
(J 

r.,S • S" 
" 
2 + 
f 

:t If 10 110 100 
Sr.&" 

PHc.3. IIoae,n;eHHe .<n±'> B cny-qae 
vp -BsaHMop;eHCTBHH. 

Pwc.S. IIoBe,[\eHHe "ciPepoHqHOCTH11 

H "TpacTa" B npou;ecce e+e- -aa
HHrHJIRJ..J;HH B ap;pOHhl. 

8 

<P.> t 
0.'1 

fO 20 

PHc.4 • .PYHKIIHJt <p~> =f(\is) 
M.R: a+ e-· .... amrnrll.furu;HH B a,o;po
HbJ. 

<;1 l 

~~ l 
==r + ~ + H P.ll I 

U 'fD 1(.5 50 
,IS~~ 

+ PHc.6. BbiXo,o; K-MesoHO.B H aHTH-
npoToaoa B npbu;ecce(e+e-)
aaHHrllJIH1J;I1H. 



~cnonb3YR /11/, HeTPYAHO noKaaaTb, 4TO B paMKaX Hawe~ Mo

AeiU-1 senH4HHa 

/14/ 

ecTb npoCTO KBaApaT aT /eM. 171 I. 

3aeHCHMOCTb eenH4HHbl .<8~>, a TatoKe 1-<T>,rAe T::::::I Pn,i /:Ip i 

-
11 TpacT11 oTV-S: npHBeAeHa Ha pHc.S. TaM }l(e AaHbl H 3KcnepHMeH

TanbHble OLJ,eHKH·/22/;,. 

Ha pHc .. 6 H 1 npeAcTaeneHa aaaHcHMOCTb OT 3HeprHH BbiXOAa Me-

3oHoB H aHTHnpOTOHOB 8 npo~eCcaX e+e- -aHHHrHnR~HH B aAPOHbl 

H 8 pp -cTOI1KHOBeHHH /21,2al; .. 

PHc.8 AeMOHCTPHPYeT pacnpeAeneHHe no 6blcTpoTe aapR*eHHbiX 

aAPOHOB, pO)t(AeHHbiX B e+e--aHHHrHflR~""\<1 :/11/.., 

PaccMoTpeHHble Bblwe xapaKTepHCTHK"" MHO*eCTBeHHoro PO*AeHHR 

onpeAenR~TCR CPeAHHMH pacnaAHbiMH ceo~cTeaMH KC. HccneAoBaTb 

H3MeHeHHe 3THX ceoHcTB eo epeMeHH noaaonReT H3y4eHHe npoLJ,eccoe 

PO*AeH)IlR 4acTH~ c 6onbWHMH P.l. .• B paMKax AaHHOi::i MOAenH 3TH npo

LJ,eccbl aHaJ1H3HPOBaJ1HCb HaMM B pafioTaX'/,S-(.8 4aCTHOCTH, 6bii1H yc

TaHOBI1eHbl OCHOBHble napaMeTpbl, xapaKTepH3Y~He ~a30Bb1H nepeXOA 

KaapK-1I1~0HHO~ ni1a3Mbl 8 aApOHHOe COCTORHHe: CpeAHee epeMR }I(H3-

HH Bew,eCTaa B COCTORHlo1H KBapK_-rll~OHHO~ nna3Mbl r q..._- 0,5 tl>M/C 

H cpeAHee 3Ha\.leHHe KoppenRIJ,HOHHO~ MaCCbl ~con = j-4 f38. Oo 

aHanor""H C AJ1HHOH KOppenR~HH, ~rYPHPY~W.e~ B Teop""H ~a30Bb1X 

nepeXOAOB, OOA KOppenRLJ,HOHHO~ Maceo~ OOHHMaeTCR Macca \.laCTH 

aew,eCTBa, B KOTOPO~ ~a30BbiH nepeXOA npOHCXOAHT B nepBOM npH-

6m-t)t(eHHH HeaaBHCHMO oT ocTal1bHOi1 4aCTH KC. BenH4HHa l eorr or

paHH4eHa CBepxy AeHCT-BHeM npHHLJ,Hna npH4t.tHHOCTH 8 CHCTeMe, pac

WHpR~W,e~CR C OKOI10CBeTOBOH CKOpOCTb~. npHH~Hn YAep}l(aHHR lJ,BeTa 

OrpaHH4HBaeT Jlcorr CHH3Y - 3Ta 4aCTb Be11.\,eCTBa AOIUKHa COAep)l(aTb 

A0CTaT04HOe AflR 3~eKTHBHOro o6eCLJ,Be4HBaHHR \.IHCilO KeapKOB 

/cM/SI /. 
PRA oco6eHHocTeH npoLJ,ecca MHO}I(eCTBeHHOrO PO*AeHHR CBR3aH 

C KOHe"'HOCTbKll 00u. Pe3Yl1bTaTbl KOppenRlJ,HOHHOrO aHai1H3a npOlJ,eCCOB 

MHO)I(eCTB-eHHOrO PO>KAeHHR OPHBOART K B'biBOAY 0 Hai11114liiH KilacTepoa1241 

YII1H TaK H-33bleaeMbiX H -KeaHToe/25./c MaccaMlil, 6nH3KHMH K J'fteon '"' 

\.IHCI10M LlaCTl-1~, o6pa3y~~HXCR npH HX pacnaAe •5-6. 3TO COOT

BeTCTByeT Haw·HM o~eHKaM 1 al.. CXOAHbi.Mlil xapaKTepHCTHKaMH o6naAaKIT 

1<1 CTPYH, KaK c ManbiMH, TaK "" c 6onbWHMH P.l. .• 

3AeCb AOOOJ1HHTel1bHO Mbl paCCMOTpliiM poilb orpaHlll4eHHOCHt "'c:orr 
2p. ' 

B o6paaoaaHHH 4aCTH1..4 C 60ilbWHMH 3Ha4eHHRMH X = .!- '" 
y·s 
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4eCKOe npHfinH~eHHe. 
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" 

X~ __ II <<1 
vs 

+ ~ P:H:c. 7. BbiXO,Zl; K --MeSOHOB 
., H aHTHUPOTOHOB B pp -BsaHMO-

p;eHCTBHRX. 

PHc.8. Pacnpe,D;eneHHe no 
6hlCTPOTe sap~eHHhlX ~po
HOB, po~eHHhlX B rrpo~ecce 
e+e- -aHHH.rHJHU.l;HH. ~ 

;::-6 
~ 
~ 
<l:" 

t !8 2 

~ 
0 5 

0AH8KO B Tex Cfly4aRX, KOiA8 4aCTH48 YHOCHT 3H84HTeJ1bHY~ AOfl~ 3HeprHH CHCTeM~, MO~eT OKaaaTbCR cy~eCTBeHH~M Y4eT orpaHH4eHHH, H8K118A~BaeMWX 38KOHOM coxpaHeHHR 3HepiHH-HMnynbC8. B~nOnHHTb ero Mb*HO Ha OCHOBe MHKPOKaHOHH4eCKOi0 pacnpeAeneHHR. 3TO pacnpeAeneHHe CJleAyeT npHMeHRTb K nOACHCTeMaM, AHH8MH4eCKH caRaaHH~M a npo4ecce aAPOHH384HH. KoHKpeTHo a HaweH cxeMe TaKOBbiMH RBllRIOTCR nOACHCTeMbl c MaccoH m corr :. HaH6onee 3HepiH4HO~ H3 HHX 6yAeT Ta, KOTOpaR pacnonaraeTCR B npocTpaHCTBe 6~cTpOT B6nH3H YobYm· Ee ae~eCTBO pacnpeAeneHO B HHTep-aane Ym- t.y,; y 0 ,;.y m, r,qe t.y- 2ymlR corr /W. 3HeprHR no,q-CHcTeM~ OnpeAenReTCR B~pa*eHHeM 

Ym 
E'~ ~ f chy ely ~~[shy 

2Ym +Y. --t.y 0 0 2ym m m 

- Bh(y - t.y) ]',. 
m /15/ 
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nycTb X~ =2p/E ~,rAe p - vtMnYIIbC 4aCTio11.lbl, o6pa30BaBwe~CR npH 
pacnaAe nOA01CTeMbl. npvtMeHRR K ee pacnaAY peayiJbTaTbl pa60Tbi/S~ 
B KOTOpoH ~CCIIeAOBaHa CBR3b MemAY Bvt,QOM cneKTpa VI KvtHeMaTvt4e
CKVIMVI orpaHvt4eHvtRMvt, noiJy4vtM: 

<n'> <n'>-1 
F(x')dx' = -- (1-x') dx', 

x' 
/16/ 

r,qe .<n> - cpe,qHee 4vtcno 4aCTHI.l, o6paayiOIL!.vtXCR npvt pacna,qax 
nO,QCVICTeMbl. nocKOJlbKY X=X~2E ~/M, ,QJlR pacnpe,QeJleHvtfl no X vtMeeM: 

<n·> M M <n>-1 
F(x)dx = -· - -(1-x-) 

<n'> x <n>-t 
=-· -(1- -) • /17/ 

X~ 2E~ 2E~ 

2E' X= --=1 
M 

X X 

/18/ 

3asvtcHMOCTb X oT M np~t~se,qeHa Ha pvtc. 9. Mbl BH.QHM, 4TO s .QOCTvtr
HYTOM K HaCTORI.I4eMy epeMeHvt VIHTepsane 3HeprvtH I M :'5._ 60 r3B/ se
IIH4vtHa X 6n~aKa ~ e,qvtHvtl.le, T.e. c xopoweH T04HOCTbiO 

<n•> -<n:>- 1 
F(x) = --(1- x) ;. /19/ 

I 

3To 03Ha4aeT, 4To e yKa3aHHOM vtHTepeane pacnpe,qeneHHe F(~ 
MacwTa6Ho-vtHsapvtaHTHO. ConocTasneHvte /19/ c 3KcnepvtMeHTaiJbHbiMvt 
,QaHHbiMH no pQ)f(,QeHvtiO 3apR)f(eHHbiX 4aCTHU, npvtBe,QeHO Ha pvtC. 1 Q. 

PHc.9. 3aBHCHMOCTh 

to• {$"()6 

X(M). 

PHc. 10. IIose.r~eHHe F(x) a pag
JIHtUibiX o6JiacTnx 3Hatzemdl rrepe
MeHHOH M. KpHBbie "I" H "2" ~e
MOHCTpHpymT BbmOJIHeHHe CKeH
JlHHra. KpHBbie "3'1 H "4" cooT
BeTCTBymT CHTya~ C HapymeHHeM 
cxeibtHHra. 

ro''r-------------------~ .. 
trf 

"' .. 
.e 

«f • l 
'-

~ 
~ 
"'I 

f(}-1 "' 

~ 0 02 

• 13!;11 
o/1-221;8 
•Z7,11-:Jt.6 /)/1 

I 
I 

14 
I 

a• 
t 

0.6 X 
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Kp~eble 11 111 ~ 11211
, pacc4J.1TaHHbfe np1-1 <n'> ~ 5 "' 6 /.<n\> cpeAHee 

4J.1cno 1.1acnt4, Ha KOTopoe pacnaAaeTCFI Macca )R eon I, cornacyJOT

CR C Hafi1110AeHJ.1RMJ.1 :/181;. 

HanpoTHB, np1-1 6onbWHX 3HeprHRxX cy~ecTaeHHO OTJlH4aeTCR oT 

e,qHHJ.14~ /eM. PHC.9/. B pe3y11bTaTe CKe~nHHr OPH 60JlbWHX X Ha

pywaeTCR. 

Ha p1-1c.lO 3TO HapyweHHe ,qeMoHcTpHpyeTCR KP¥1Bb1MH 11311 H u411
, 

Bb14J.1CneHHbiMH AflR M = 100 -H 200 faB. 0HO MO}f(eT OKa3aTbCfl HeC.KOnb

KO crna)l(eHHbiM Ha-aa eoaMO>KHbiX ~11YKTY84Hl1 sem14HHbl Ym • 

3. KyMyllRTHBHOe pO}f(-AeHKe 8AP0HOB Ha RAPBX 

B paMKax paaaHTO~ eAHHOH MOAenH MHomecTseHHoro PO*AeHHR 

BOOJlHe eCTeCTBeHHbiM BblrllRAHT H C¢QpMy11HpOBaHHbl~ H8MH ~eHOMeHo-

110rH4eGKH"H nO.AXOA K onHCaHJ.otiO npo~eccoa KYMY11RTJ.1BHo.ro nma 

/noApo6Hoe Hano>KeHHe eM. a o6aope126/ /. B ere ocHo8y nono}f(eH 

MeXaHH3M o6pa30.B8HHR OOJlHbiX .KOMnayHA-C).1CTeM /nKC/ 8 aApoH

.RAepHbiX B38HMOAei1CT8).1fiX, 8t<.ni04810-"'HX B cefi.R HeCKOJl<bKO HYKTIOHOB 

RApa ;8 peaynbTaTe PRAa aKTos nocneA08aTenbHOro J.1X aaxsaTa. 

4HcneHHble pe3yJlbT8Tbl OOAXOAB /26/ onpeAeJlfi'IOTCR! 

a/ - ebl'6opoM ABYX napaMeTpos~ uc - ce4eHHeM o6pa.aoeaH·H:R 

nK-C, TO - napaMeTpOM, C8R38HHbiM C SeJ11-t41-'1HOI1 8peMeHHOrO HHTep

sana, B -r;e4eHHe KOToporo 8 -epeAHeM nKC ,PO}f(-,qaeT 4aCTH!;4bl C 60J1b·

WHM ·HMil.YJlbCOM; 

6/ - it-IOOT•eaoH 06 HAeHT-H4HOCTH HHKJ1103H'BHbiX CneKT·PQB 8 aA

POHHbiX CTOflKHOBeHH'fiX H 8 KOJ1JleKTJ.1BHOM 83B·HMOA·~CT8HH 8APOHO:B. 

ConocTaBHM ne,,qxoAc/2&/ c .pe3YilbTaTaMJ-t, nony4eHHbiMH -3AeCb M 

8431:. 

B'
1261 

Ce4eHHe aaxsaTa HYKtloHoa OKa3anocb pa-BHhiM 0.,25ain, ~To 
COOT.BeTCTBy,eT c-e-4eHHIO paapyweHJ.1R CHHrlleTa BaneHTHb1X KBap.KOB 

ue, conpoaomAa~eMyc.R o6paaosaHHeM nKC. 

Aanee, noc-Kon-bKY yKaaaHHble aKTbl paa,qeneHbl ·apeMeH.Hbl'""" :HH

T-epaanaMH, Heo6XO.Q,J1MO, 4T06bl Ha .HX npOTR)I(eHi'IH 6 CHCTreMe 8 JJ,e

JlOM /T .e. B :nto6oH H3 N=W;1JI con ee KBa3-HHe3aB.J.1CH·Mb1X ''"18-CTeH CO 

cpeAHeH Maccoi1 m corr I e~qe He H8·48tiCJt npo~ecc a,q,pOHH3a:U,HH' -

MHa4e TaKa.R CHCTeMa He 6y,,qeT B COCTORHH·H POAHT~b ·4aCn'1U,Y C MB.'K

CHMaJlbHbiM HMnyll-bCOM. BepORTHOCTb 9biOOJ1HeHJ.1R a·Toro YCilO:BHR 

MO>KHO 38A8Tb ·Bblpa}f(eHHeM: 

cKOTopoe c T04HOCTbiO AO cna6oH aaiB-HCHMoc:rw -8. oT ,YSc·oana):l-~-eT 
C Bblpa>KeHa.teM ,p,IlR aHanor.M4HOH ae_pORTHOCTI-1 a/~(. 60lllee Toro, ·COB

:na;qeHJ.1e OK83bl8aeTCR Aa>Ke 4t-ICJ1eH·Hbll"l. npH Ei: =4DO f:a:B napaMeTp 

T 0 = :5 raB ·¢»M/C, 4TO 14 ·6bl110 npH·HRTO B ~eHOMeHonon~-4eCKOM :sa
Pii18H:Te -/261:. 
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Tenepb 0 rHnOTe3e. nocKOllbKY B nKC paa,qeneHHe 3HeprHH Ha 

TennoBytO H KOJllleKTHBHYIO 4aCTH onpe,qe.nReTCR T'OllbKO ee MaCCOH, 

TO cneKTpbl 4aCTH4, o6pa3yiO~HXCR npH pacna,qe c·HCTeM C paBHb1Mio<1 

MaCCaMH, coana,qaiOT. 3TO H YTBep~,qaeT npHH4Hn H,qeHTH4HOCTH HH

KJ1103HBH~X cneKTPOB B a,qpOHHbiX CTOllKHOBeHHRX H B KOlllleKTHBHOM 

B3aHMO,qei:kTBHH a,qpOHOB, HCnOJlb30BaHHbiH B no,qxo,qe;/26/ .. 

TaKHM 06pa30M, OCHOBHble nonomeHHR H BellH4HHa napaMeTpOB 

¢eHoMeHonorH4ecKoro no,qxo,qa1261Henocpe,qcTBeHHO cne,qytOT H3 e,qH

HoH MOAellH npo4eccoa MHomecTaeHHoro pom,qeHHR. PeaynbTaTbl pac-

4eToa HHBapHaHTHbiX Ce4eHHH o6pa30BaHHR KYMYllRTHBHbiX nHOHOB 

Ha pa3Hb1X R,qpax npH 3HeprHH 9 H 400 r3B, BbtnOJ1HeHHbiX B CXe.

Me/2S/C y4eTOM /20/, conocTaaneHbl C 3KCnepHMeHTallbHbiMH ,qaHHbi

MH 127•287 Ha pHC. 11-13. B paC4eTax npHHRTO BO ·BHHMaHHe TaK>Ke 

Ha.nH4He Kopa eo aaaHMO,qeHcTBYtH R,qepHbiX HYKI'IOHOB I rear =o ,6 <ftM/, 
npenRTCTBYIO~ero C6J1HmeHYtiO HyKI'IOHOB B R,qpax Ha Mallble paCCCTOR

HHR. 3,qeCb, KaK 1.1 B 60J1bWHHCTBe pac4eTOB gi2G/,Al1R OnHCaH'HR 

pacna,qa nKC Mbl HCnOJ1b30BaJ1H npH611HmeHHe MaCWTa6HoH HHBapHaHT

HOCTH HHKI1103HBHbiX cneKTPOB po~,qeHHbiX 4aCTt.14 8 o6naCTYI X '2:. 
2:,0,2-0,3, RBllRIO~eHCR 4aCTHbiM CJly4aeM npt.1H4Hna H,qeHTH4HOCTH. 

3To soaMomHo, TaK KaK a ,qaHHoH o6nacTH 3HeprHH aenH4HHa X 

• 
(60. 

I p-+ TCl-n-++X 

fp='IOOr .. & 

• n• 
• 1Q. 

~ 
AI! 

• • Be 

i • •)\ ' 2 

• ~ 
0 0.4 o.a 

r.~..QiJI.l 
PHc.ll. IToBegeaHe HHBapaaHTHo
ro ceqeHHR oOpasoaaHHR KYMYnR
THBHbiX 7l'+ Me30HOB ITPOTOHaMH. 

/E P =400 f3B/ Ha ngpax Be , 
AI , Ta. 

-$ 
fO 

til 

~~ 
liJR_ 

107 P+!le-rr+x 

0.4 0.6 0.8 f.O £,...., 

PHc.IZ. lloBegeHHe HHBapHaHT
Horo ce'tleHHR o6pasoBamui Ky
MyJIRTHBHbiX 7l'- -MeSOHOB npOTO

HaMli /'E P ~ 9 f3B/ Ha ngpax AI 
H Pb. , 
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6n~3Ka K eA~H~~e /eM. p~c.9/. 0AHaKO np~ 6onee B~COK~X 3Hep
r~RX TaKoe np~6n~*eHHe--cTiHeT HenpHrOAH~M, T.K. npH vs- = = 50-60 raB CKeHnHHr 6yAeT HapyweH. C ysenH4eHHeM 3HeprHH Ha-

to" 
•- Ta. 
•-Al 
•-C 
'J •0.611i6/e 

ISO f-'0 HO 11' 

pyWeHHe cKeHnHHra 6yAeT npo
RBnflTbCR TeM paHbWe, 4eM B~We 
nopflAOK KYMYnfl~HH, TaK KaK 
3~eKTHBHOe 3Ha4eHHe y11 np~ 
3TOM pacreT. CneAosarenbHO, 
MO*HO O*HAaTb, 4TO H B KYMY
nRTHSHYX npo~eccax peanHaa
~HR Macwra6HOH HHBapHaHTHOCTH 
orpaHH4eHa KOHe4H~M HHTepaa
IlOM 3HeprHH. O~eHKY V·S, npH 
KOTOpOH 3TO flBJ1eHHe MO*eT 
npoflBHTbCR, M~ AanH a~we. 

PHc.l3. YrnoBoe pacnpe~eneHHe 
KyMyn.fiTHBHbiX rr Me30HOB npH E P = 
~ 400 f3B, 

4. MHo*eCTBeHHoe PO*AeHHe aAPOHOB 
npH ynbTpaB~COKHX 3He'prHRX 

HeOAHOKpaTHO OTMe4anOCb'/ 2S.:SSI, 4TO peaynbTaTbl HCcneAOBaHHH 
8 KOCMH4eCKHX ny4aX yKa3YBa~T Ha Ka4eCT8eHH~e H3MeHeHHfl 8 npo-
1.4eCce MHO*eCT~BeHHOrO PO*AeHHR aAPOHOB npH nepeXOAe K 3HeprH
flM E 10 z100 TaB: HapyweHHe cKeHnHHra, 6wcTpbiH pocr MHO*ecr-
8eHHOCTH H nonepe4HOrO HMnynbCa 4aCTH~, Cy~eCTBeHHble H3MeHe
HHR Ka4ecrseHHoro cocra8a po*AeHHbiX 4acrH~ H T.A. Cy~ecTeyer 
MHeHHe /eM., HanpHMep,':/30/ I, 4TO 3TH t-13MeHeHHR HOCRT noporo
Bbn::i xapaKTep. 

8: pa60Tax·fS-4/ Mbt OnHCallH yKaaaHHble R8IleHI-1R B paMKaX MOAellH, 
AOnycKa~eH o6paao8aHHe 04eHb TR*enoro ~aHp6ona, 8Kl1~4a~ero 
8 Ce6R npaKTH4eCKH BC~ 3HeprH~ CTOilKHOBeHHR. npeAnonarailOCb, 
!.ITO eoaMO*HaR noporosocTb a<Jxl)eKTa o6ycnosneHa AOCTH*eHHeM 
npH E ln.?: 100 TaB aHepreTH4ecKoro nopora paapyweHHR saneHTHblx 
KBBPKOB CTanKHBa~HXCR aAPOHOB. 

0AHaKo noKa HeT ysepeHHOCTH a roM, 4TO 3KcnepHMeHTanbHble 
AaHHWe OAH03Ha4HO yKaawea~T Ha Hal1H4He TaKoro nopora. B TO *e 
speMR H3Ilo*eHHaR a paaAene III MOAellb npeACKaablsaer o6paaoaa
HHe KC, rennoeaR aHeprHR KOTOPbiX ~ nopRAKa nonHoH aHeprHH cronK
HOBeHHR Aa*e npH o4eHb 6onbWHX E • CneAOBaTenbHO, oHa cnoco6-
Ha BOcnpOH3BeCTH Te *e, 4TO H MOAe/lb../34~ XapaKTepHCTHKH npo~ec
ca C HeCy~eCTBeHHbiM AflR COBpeMeHHOH T04HOCTH 3KCOepHMeHTa B 
KOCMH4eCKHX 11Y4aX CABHrOM no 3HeprHH. 



B Ka~ecrse npHMepa, CBHAeTenbcTBY~~ero e nonbay 3roro yr

eep}f(AeHHR, Ha PHC. 14 npeAcrasneHbl peaynbTaTbl pac~era H 3Kcne

PHMeHranbHble AaHHble' no aaBHCHMOCTH cpeAHero 4Hc.na pmKAeHHbiX 

aapR}!(eHHbiX 4aCTH4 or nepBYI4HO~ 3HepntH E in a o6nacTH E in 2' 10 14 38. 

TaKHM o6paaoM, AaHHaR MOAellb MO>KeT 6b1Tb pacnpocrpaHeHa H 

Ha 3Ty o6nacTb 6e3 BBeAeHHR AOnOI1HYITeJ1bHbiX npeAnOJ1Q}!(eHHH 14 

napaMerpos. 

(tr 

V. 3AKI110YEHHE 

HHbiMH c.nosaMI4, 3AeCb npeAna

raercR sapHaHT o6DRCHeHHR 3$

¢leKTOB, Ha6JliOAaeMbiX B npOL\eCCe 

MHO>KeCTBeHHOrO PO}!(AeHHR npyt 

CBepXBbiCOK\o1X 3HeprHRX, KOTOpbiH 

He npeAnonaraeT HanH4HR s HX 

noBeAeHHH CKa4Ka, CBHAeTeilbCT

BY~~ero o npoReneHH14 nopora. 

Pac.l4. fioBe~eHHe MHOEeCTBeH

HOCTM npM CBepXBhlCOKHX 3Hep

rHBX B paMKax oOc~aeMoH Mo-
10• {Sr.JJ ,lleJ!H, 

HTaK, B 3TOH pa6ore Yl s 191 c¢opMYI1HPOBaHa eAHHaR MOAeJlb MHO

}!(eCTBeHHOro pomAeHHR, B KOTOpoH OCHOBHble 3aKOHOMepHOCTH pa3-

BYITHR np04eCCa onpeAeilR~TCR AeHCTBHeM npeAJ10}!(eHHOro HaMH npHH-

1..\Hna 11AHHaMH4eCKoro YAep}!(8HHR11 4Bera. 

8 He\4 Ha eAHH0\4 OCHOBe OnHCbiBa~TCR K8K 11MRrKHe 11 /c06CTBeH

HO MHO}!(eCTBeHHOe pO>KAeHHe/, TaK Yl 11>KeCTKHe11 /pO>K,QeHHe LlaCTI-14 

1o1 
11 CTpyi:1 11 c 6onbWHMH pJ.,TR>Kenblx nenTOHHbiX nap, KYMYilRTHBHblx 

4aCTH4/ npOL\eCCbl, 
MoAenb npeAnonaraer 6biCTpb1H, npH611H>Ka~~HHCR K creneHHOMY 

npH yseJ1H4eHHH 3HeprHH pOCT cpeAHeH MHO>KeCTBeHHOCTH pO>KAeHHbiX 

48CTH4 /CM, pYIC,2 1o1 14/, ~TO HaXOAHTCR B COOTBeTCTBHH C o6~HMYI 

Tpe6oeaHHRMH, YCT8HOBlleHHbiMYI B H3BeCTHOi:1 pa6oTeJS5/Ha OCHOBe 

npHH4HnOB YHHTapHOCTYI H aHaJ1HTH4HOCTH. Ka4eCTBeHHO HOBbiM 3¢l

¢eKTOM, KOTOpbiH npeACKa3biB8eTCR MOAeilb~, RBJlReTCR HapyweHHe 

CKeHnHHra npH 6onbWHX Vii /pHc.10/. 3TH npeACKa3aHHR MOryT 

6b1Tb npoeepeHbl Ha yCKOpHTeilRX, 3anyCK KOTOp~X npeAnonaraeTCR 

OCy~eCTBHTb B 6nH~a~WeM 6yAy~eM. 

ABTOp rny60KO npH3HaTeneH B.~.WMOHHHy, B TeCHOM COTPYAHH-

4eCTBe c KOTOPbiM 6btna BblnonHeHa 3Ta pa6ora, B.A. Mew.epRKosy 14 

A.B.WHpKoay aa 4eHHbte aaMe4aHHR, A.B.E¢lpeMoay, -A.B.PaA~KHHY, 
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B.H.PycbKHHY, a TaK~e y4aCTHHKaM ceMHHapa OTAena TeOPHH 3neMeH
TapHbiX 4aCTH4 nT<J> 0Hfll1 aa none3Hble AHCKYCCHH. 
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