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BBE,UEHME 

BonLlllOH H ace 'B03pacTarortiH:ii HHTepec K !f>H3HI}e pemrrHBHCTCKHX 
~ep MOTHBHpOBaH B OCHOBHOM Ha.D;e~aMH Ha IIOJiyqeHHe COCTOHHHH CHnbHO 
B036y~eHHOH H,ll;epHOH MaTepHH; 0co6oe BHHI'daHHe IIpHBJieKaiOT TeopeTH
qeCKHe pacqeTLI, AeMOHCTpHpyromHe B03MO)K}IOCTL neKoH!f>a:iiHMeHTa ~e'l'a 
H rronyqeHH1l KBapK-rnroofiHo:ii IIJia3Mbl. TaKHe rrpe,ll;CKa3aHHH HMeroT 6onb
JllOe 3HaqeHHe ·nJIH licTpo!f>H3HKH ~ KOCMOJIOrliH, rne B03MO)K}IOCTbHX;IIpO
BepKH eiQe MeHbllle, q'eM npH H3yqeHHH CTOJIKHOBeHH:ii penHTHBHCTCKHX 
H,ll;ep. ~H TOI'O liT06bi 3TH OTBJieqeHHbie H,!J;eH rrepeaeCTH Ha H3blK lf>aKTOB, 
YCTaHaBJIHBaeMbiX - 3KcriepHMeHTaJibHO, Heo6XO,ll;HM~. -noCTaHOBKH -3a.n;aq, .. 
KOTOpbie MOI'JIH 6bl O,ll;H03Ha~O OTBeTtf'fb Ha TaKHe BOIIpOCbl Ka·K: ' • -, 

-' - . I -
1. liTo rrpencTaanaeT co6o:ii cocTOHHHe CHJILHO ao36y~eHHo:ii a.n;poH-

• ' • r, , I , . \ 

Ho:ii MaTepHH B TepMHHax Ha6nronaeMbiX aenHliHH? Bo3HHKael' nH KaKoe-To 
IIO,ll;06He· TepMMH3~:im B036y~eHHOH MaTepliH? ~ . 

' 2 .. KaK b6HapY'f'HTL rrpoaaneima KBapK-rnroOHHbiX cTerreHe:ii cao6onbl 
H ,ll;eKoH$aHHMeHTa ~BElTa? .. _ - . - ' . \ 

. 3. B KaKo:ii Mepe KBa3HCT~imHapHbie ,cocTo~HH CHnLHO B036y~eH-
HO:ii M:aTepHH (ecnH HX ynacica Ha6nronaTL) caa~aHbi c tiaeTHbiMH cie~e
HHMH cao6onLr? Bo3MO)KHOJIH HxomicaHHe Ha o'cH~Be xpoM.O,ll;HHaMHKH"? _ 

. HacToamee HccnenoaaHHe·a ocHmmoM rrocaaiQeHo_ rrpennoiKeHHID OTBe
TOB Ha rrepay~ ~pyrrrry BOUpOCOB. BTopo:ii H' TpeTLe£1 rpyrrrre, BOII~OCOB 
qacrn_;uio IIOCBHIQeH,!>l1 npenLmymHe pa60Tbl, Jlaf}opaTOpHH BbiCOKHX 3Hep-
I'HH 011.HI1. . ' . , 

B .cTorrKHOBeHHHx a.n;poH-ir,z:tpo H anpo-anpo o6HapyiKeH pan miTepeciihrx 
H aeo6bi'IllbiX-HBnemi:ii, KOTOpbre paccMaTpHBaiOTCH KaK yKa3aHHH Ha B03-

! . ·,. ·, ·, ;·. .! ' • ; 

HHKHOBeHHe KOJIJIE:iKTHBHbiX 3!f>lf>eKTOB 1 . H,!J;YIQHX Ha KBapK-I'JilOOHHOM 
ypoaHe •. 06HapyiKeHHe H- H3yqeHHe · KYMYITHTHBHOro 3!f><}leKTa 1 11 arrepBbie 

"' ' . u .u 

IIOKa3aJIO, _qTQ CTpyKTypHbie lf>YH~HH ~pa He HBJIHlOTCH IIpOCTOH,CYMMOH 
cTpyKTypHbrx !f>yH~H:ii ''oTnenLHhiX. HyKJioHoB. B TaKHX rrpo~eccax ~pa. 
cnenyeT paCCMaTpHBaTb KaK eaMOCTOHTeJibHbie 06'beKTbl (a,tipOHbi), ,ll;JIH 

-KOTOpbiX '!f>yH,ll;aMeHTaJibHOH. xapaKTepHCTHKOH HX • CTpyKTypbl HBJIHlOTCH 
· :R:nepHbie CTPYKTYPHLie lf>YH~HH 12·31 :H HMe~ CMbicn .·IIOHHTHe rrpenenL- _ 
HO:ii · <t>parMeHTa~H · anep· 111 : HerrocpencTaeHHbiM MeTonoM Ha6nroneHHH 
· ~eTHbiX . CTerreHe:ii . CB060,ll;bl. HBJIHeTCH H3yl{eHHe o6pa30BaHHH CTpy:ii, a ,ll;JIH 
a~ep oco6oe 3HaqeHHe H~eeT HccnenoaaHH~ KYMYJIHTHBHbiX cTpyii: 14•51 . 



B pa6oTax /a~G.7/ 6~m npe,nno:>KeH · pen~HBHCTCKH-HHBapHWITHhm MeTOA, 

n03BOnmOIQHH KOnHlleCTBeHHO. yKa3aTL 'o6naCTH H3MeHeHHH 3KCnepHMeH-
/ . . . ' ' 

TanLHO H3MepHeMbiX BeJIHliHH, B KOTOpbiX npOHBnHIOTCH UBeTHhie CTeneHH 

cao6o)J;hi. MeTOA ocHoairn Ha npe)J;CTaaneHHH celleHffii MHO:>KecTBeHHoro

po)f()J;eHHH ·llaCTH~ B BH)J;e <f>yH~HH OT pe.i:ranrimcTCKHX HHBapHaHTOB bilt = 

= .-:- (u1 - uk ) 2 , r)J;e . u 1= ~i /1!! 1-; uk·= pk /mk- lle'J:'LipexMepHhie nMnynLChi

llaCTH~ P 1, P k ;_ AeJieHHhie Ha ~ Macchi m 1 , . m k. BenH~HH~I . b ik. HMeH?T 
CMhiCn OTHOCHTeJIHhiX paCCTOHHHH B npOCTpaHCTBe 4-CKOpOCTeH. 

TaKoe npencTaaneime celleHHii .tJ03BOnHn6 aaecTH Knacc~upHK~ 
MHO:>KeCTBeHHhiX npou;ecCOB, OCHOBaHHYIO Ha )J;Byx o6mux npHHli;Hnax, 

npoaepHeMhiX 3KCnepHMeHTaiTLHO - npHHli;Hne ocna6neHHH KOppenH~ui'S/ .· 
. H '--. npHHu;nne aBTOMO)J;eJILHOCTH BTOporo• po)J;a 191. TipHHu;Hnh£ oTpa:>KaroT 

o6mee. CBOHCTBO a)J;pOHOB: C ·yaenHlleHH'eM paCCTOHHHH b 'k Me)f()J;y mofihil-.ni 
' u ' .· ' ' 1 . ' 

TOliKaMH U i H U k B3aHMO)J;eHCTBHe ~e)f()J;y llaCTHll;aMH .i H k MOHOTOHHO H )J;O- · 

CTaTOliHO fihiCTpO ocna6nHeTCH. llpH b ik »1 B3aHMO)J;eHCTBHe a)J;pOHOBi 

H k' BhiXOAHT Ha KBap:K-rmooHHhiH ypoBeHL. Bae)J;eHHe noHHTHH paccToHHHii 

B. npOCTpaHCTBe 4-CKOpOCTeH n03BOnHnO. )J;aTL onpe)J;eJieHHe· H 06Hapy:>KHTL 

lleThipexMepHLie KnacTephi a 3TOM npocTpaHc~ae IG,10/. Tio,n; KnacTepa~~ 
noHHMaeica rpynna TotieK u 1 (Ka)f()J;aH TOliKa cooTBeTCTByeT ·llaCTHu;e), 

paCCTOHHHe Me:>K~y KOTOpbiMH bik MHOrO MeH~IIIe; lleM cpe,o;Hee paCCTOHHHe 

Me)f()J;y BCeMH TOliKaMH MHO:>KeCTBa (HnH Cpe}jHero paCCTOHHHH Me)f()J;y 

. llaCTHll;aMH no BCeMy ,cpa30BOrO Ofi'LeMy. ·peaKu;HH) • .A1IrOpHTM Bhi)J;eneHHH 

KnacTepoa H Haxo:>K,I:(eHHe u;eHTpa KnacTepa V, aoKpyr. KOToporo rpynnHpy

IOTCH TOliKH, BXOiVIIQHe B KnaCTep, fihUI HeO)J;~OKpaTHO OnHCaH. B HaiiiHX 

pa6oTaxf5, 8~ 10,111 .... PaccioHHHe Me:>K.Ziy u;eHTpOM ... :KnacT~pa H TOliKOii uk 
MHO:>KeCTBa/ bk' =,_-:(V -"Uk ) 2 B CHCTeMe KOOp)J;HHaT V= 0 paBHO: bk=2TJ!mk'. 
r)J;e Tk . - KHHeTHllecKaH 3HeprHH llaCTHll;hi k no OTHOIIIeHHIO K nOKOHmeMyCH 

u;eHTpy :KnacTepa. CpeAHHe 3HalleHHH <bk.> .oKa3anHcL a pa3nHliHLix peaK-
/ •. ' 1 •• .- ' 

li;HHX O)J;HHaKOBhiMH. KnacTephl, COCTOHIQHe H3 nHOHOB C <bk>:: 4, HBnH-

lOTCH pe;IHTHBHCTCKH~HHBapHaHTHhiM . o6o6meHHej\1 CTpyif, . a COOTBeTCTBYIO· 
' \ . -+ . ' 

mue u;eHTphi KnacTEipoa V(Yo , V) :-c- lleTLipexMepHhiMH ocaMH cTpyu. B pa-

6oTax 110•111 c noMOmLIO' peJIHTHBHCTCKH-HHBapHaHTHOrO MeTO)J;aaHrutH3a . 

aAPOH-H)J;epHhl~ H H)J;pO-H)J;epHhiX peaK~U B 'llepeMeHHhiX b~ik 6hUIH B~I)J;e
neHbl )J;Ba THna 6~pHOHHhiX KnaCTepOB-.C <bk>1 = 0,14 H <bk> 2 =0,280.,. 

TioKa3aiiO, liTO KnacTephi THna I, xapaKTepu3yeMLie <bk >1 :::0;140, o6na)J;a-; 

lOT YHHBepcanLHhiMH CBOHCTBaMH B paCCMaTpHBaeMhiX B3aHMO)J;eUCTBHHX 

B HHTepaane 4 ..;. 40 r3B/c. He3aBHCHMOCTL
1 
CBOHCTB KnaCTepOB OT THna peaK-

. UHH (a . npe)J;e.riax ouiH6oK) yKa3hiBaeT · Ha To, liTO npoQecc o6pa30BaHHH 

KnacTepoB xapaKTepH3YeT <f>yH)J;aMeHTaJILHhie CBOHCTBa· aAPOHHOH MaTepHH. 

B 3TOU CBH3H Bhi)J;eJieHHe. KnaCTepOB eCTecTBeHHO CBH3aTL C, nOHCKaMH CO

CTOHHHU CHnLHO B036y)f()J;eHHOH H)J;ep~OH M~TepHH H; B lla~THOCTH, KBapK

rJIIOOHHOU nna3,Mhi. EcnH· KnacTephi · aanmoTcH npo)J;yKTaMH pacnaAa KBa3H-

2 

····• 

/ 

', 

!·· 
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! CTauHOHapHhiX COCTOHHHH, . TO cpe)J;HIOIO KHHeTHlleCKYIO 3HeprHIO llaCTHll;, 

BXO)J;HIQHX B KnaCTep, <Tk > = ffik <~ >/2, 'MO:>KHO HHTepnpeTHpOBaTL KaK 
TeMnepaTypy. ,[(JIH nHOHHhiX_ KnacTepoa (cTpyii) <Tk> = 150 M3B /l2/, 

)J;JIH 6apHOHHhiX <Tk >], =70 M3B H <Tk >2 d30 M3B1111 .. B -TeopeTH- · 
lleCKHX paClleTRX npou;ecca B03HHKHOBeHHH KBapK-rJIIOOHHOH llJia3Mhl . petiL 

H)J;eT • o TeMnepaTypax · - 200 M3B npH HH3KHX KBapKOBhiX 'nnoTHOCTHX · 
' ' ' '' 

HnH 0 TeMnepaTypax cymecTBeHHO MeHLIIIHX, eCJIH )J;~CTHraiOTCH nJIOTHOCTH, 

npHMepHo B nHTL pa3 yaenHl!HBaromue HOpManLHyro H)J;epHyro nnoTHOCTL • 

(KoTopaa· cociaanHeT 0,15 ~3B/cpM3 ). 0AHaKo nnonmcTL He aanaeTCH . 

. Ha6nro)J;aeMou BeJIHliHHou.:. CliHTaeTcH; liTO H apeMH :>KH3HH ao36y)I()J;eHHOro 

cocTOHHHH H)J;epHOH MaTepHH ue Ha6JIIO)J;aeMo •. 
B HacToameu · pa6oTe nperoxaraeTcH npou;e)J;ypa paccMoTpeHHH KnacTe~ 

'poa :KaK pe30HaHCHhiX cocTOHHHii c H3Mepe:fmeM coo~BeTcT'Byromux IIIHpHH, 

a cne)J;OBaTeJILHO, H BpeMeH :>KH3HH. JbMepeHHe apeMeH :>KH3HH )J;aeT OTBer 

Ha Bonpoc. 0. npaaoMepHOCTH . paCCMOTpeHHH . KnaCTepoB ~aK l(Ba3HCT~O
H~pHhiX COCTOHHHH. H 0 npHMeHHMOCTH_·K pacna)J;y 3THX;COCTOHHHH TepMO-

u • • • . · I 
)J;HHaMHlleCKHX-nOHHTHH H_paClleTOB. 

• 2. 3KCTIEP11MEHT 11 METO.D: AHAJH13A 

. AHanH3HpoaanHCh p- , d-. . H C- coy)J;apeHHH llaCTHU npH HMnynLce 

~4,2 r3B/c Ha HYKnOH c H)J;paMH yrnepo)J;a. 3KcnepHMeHTanLHhie.)J;aHHbie no 

. 3THM B3aHMO)J;eHCTBHHM noJiylleHhl, C nOMOmLIO 2-MeTpOBOH nponaHOBOH 

. ,llY3hlpLKOBdu KaMepi>,I, o6nyli~HHO~ B nyliKax 3THX H)J;ep ifa CliHXpocpa30TpO- . 

~ He.JIB3 011HI1. MeTOAHKa 3KcnepliMeHTa H o6pa6oTKH cpHnLMoaou HHcpop
M~H OnHCaHbl B pa6oTax/1S.,l4/ .'3)J;eCL Heo6XO)J;HMO OTMeTHTL HeKOTOpbie 

oco6eHHOCTH H)J;eHTHcpHKa~R BT<lpHliHhiX llaCTHll; B: nponaHOBOH KaMepe. -

KaMepa noMe~anacL a iviarHHTHOM none, no3ToMY oTpnu;aTenLHhU~ llaCT~I 
· H.lieHTHcpH~poaanHcL no ~PHBH3He HX TpeKoB •. Hn:>KHHH rpaHnu;a, HatiHHiui 

C KOTOpOH perHCTpift>oBanHCL npOTOHhl Ii KaMepe, COCTaBJIHeT: Pnafi"' 

= 150 M3B/c. no npo6ery ~ HClHH3ali;HH npOTOHhl MO:>KHO OTJIHliHTh OT rr+~ 
'M~OHOB A~ 3HalleHHH HMnyJILCOB Pna6 ::! sao.;. 900 M3B/c.'nono:>KHTeJib.Hhie 

O)J;H03apH)J;Hbie llaCTHll;hl
1 

C: HMnyJILCOM 6onhiiie 3TOrO 3HalleHHH CliHTMHCL 

npoTOHaMH. MaKCHManLHaH. npnMeCL 77+ -Me30HOB cpe)J;H nono:>KHTeJILHhiX . 

llaCTHll; B. · ~ ; d-. H C-B3aHMO)J;eHCTBHHX C H)J;paMH yrnepo)J;a COCTaBHna 12%. 

TipHMecL )J;eUTpOHOB H TpKrOHOB cpe)J;H Me)J;JieHHhiX npoTOHOB HeBeJIHKa 

H, no pa3JIHliHhiM ou;eHKaM 115; 16/ , He ,npeBbiiiiaeT 10 715%. B HHTepaane 

. HMnynLCOB 1 < p nafi~ < 2 T3B/c )J;eUTpOHhl H TpHTOHhl OTJIHllaiO'):'CH OT npOTO

HOB HO HOHH3~H. 
'·, BLmeneHHe npoTOHHhiX KnacTepoa npoH3BO)J;HnOCL nopeu~-HHBapHaHT-· 

HhiM MeTO)J;OM B npOCTpaHCTBe 4-MepHhiX CKOpOCTeH • .IJ:nH 3TOro B co6biTHHX, 
" ' 

·a 
~\ 



C MHO:>KeCTBeHHOCTblOJ npOTOHOB np ~ 4 MHHHMH~HpOBanacb BeJIH'IHHa 

'[ a)2' R2 A 2 =·mm -};(Va-uk -- -};{Va-tr.) ], 
k i _fJ .1 

·:-- (1) 

~ .rlJ,e Va. H V {3- UeHTpbl KnaCTep~B a H {3; 
/ 

ua =Palm • uf3 = pf3;m k k k,. i . i . ,i 
. · 

,· 
(2) 

'-'"/ 

. - . ,' ~ . " . . . A- i J • 

4-CKOpOCTH BTOpHtiHbiX npOTOHOB; OTHOCHI.UHXCH K KJiaCTepy a _ HJIH {3 COOT· 

BeTCTBeHHO. CneKTaTopHbie fPn 86 'f ~50 M3B/c) H cTj:mnnHHrOBLie (Pn
86 

~ 
~- 3,0 r3B/c H 8n86< 4°) npOTOHbiH3 aHanH3a HCKJilO'IJ~HCb •. 

KoJIH'IJeCTBO OTo6paHHhiX co6LI1'HH c MHO:>KeCTBeHHOCTblO npoTOHOB 

Dp ~ 4 COCTaaHJio 253, 7 4 7 H. 2550 B pC~, dC- H CC- coyiJ;apeHHHX COOT

BeTCTBeHHO, 'IJTO COCTaBJIHeT 9, 16 H 32%. llpH HaxO)Kli,eHHH lJ.BY:X, KJlli;CTepOB 

pacc~aTplffianHCb.BCe- B03MO:>KHbie pa36HeHHH np • npOTOHOB Ha}I,B~ rpynnbl •. ,, 

CtJHTanocL, 'IJTO a co6LITHH o6pa3yJOTCH li.Ba KJiacTepa HJIH Oli.HH KJiacTep ·• 

H noJIO:>KHTeJILHO 3ap.H:>KeH:u~ tJaCTHUa, ecJIH paccTOHHHe Me:>KlJ.y BbllJ.eJI:eH

HLIMH rpynnaMH•- npOTOHOB B npOCTpaHCTIJe 4~CKOpOCTe_H ·b a{3 Yli.OBJieTIJO-
.. PHJIO yCJIOBHlO · · · 

I . . . 2 .. 
hf3=-(V -_vt:J-) >L 

a a ·fJ • - (3) 
I 

EcJIH KJiacTepbi He Yli.OBJieTBOp.HJIH 3TOMY ycnoaHJO, co6biTHe CtrnTa- · · 

noeL · Hepa3lJ,eJieHHhiM. )J;oJIH Hepa3):J,eneHHhiX co6biTHH cocTaBHJia 32, 22 

H 14% ·a pC- , ·de- ~ cc- a3aHMoAeiicrnliHx c MHo:>KecTneHHocThro oTo6prui- -. 

HbiX npOTOHOB' n ~ ~ 4. AHanH3, npoaelJ,eHHbii% B pa6oTe /11/, noKa3an, 'IJTO 

B pC- 'H dC _; COyli,apeHHHX TaKHe C06biTHH MOiiCHO _·C'IHTaTb Oli,HOKJiaCTep- ·, 
HbiMH. 

B lJ,anLHeiirneM,. KaK H B pa6~TaX' 1 o,n 1 , H3ytJanHCb KJiaCTephi, o6pa-

3YJOIUHecH' B .. o6naCTH QlparMeHTal.lHH 1\;'IHllleHH, T.e. Hli,pa yrJiepoli,a, T.K. 

B 3TOH o6naCTH JIY'IIlle Hli,eHTHQlHII,HpylOTCH nOJIO:>KHTeJibHO 3ap.H:>KeHHbie. 

'laCTHIJ,hi. 0T6.op KJiacTepoa npoH3BOli.HJICH no nepeMeHHhiM x H x
1 

-_ 'H 
· · 110 11/ ' Ic Ic nOli,p06Ho OnHCaH B pa6oTax ' • . 

llpH BbinOJIHeHHH ycnoiJH.H (3) -8% npOTOHOB nonali,aJOT, B 06JiaCTb 

nepeKpbiTHH li.Byx KJiacTepon B npocTpaHCTBe 4-cKo{>acTeii. EcJIH :>Ke oT6H~
paTL C06biTHH,. B -KOTOpbiX MHO:>KeCTBeHHOCTb 'IJaCTHII, a· .Ka)KlJ.OM KnaCTepe 

6hma He Mel!Lille 2 ( np.? 2), TO li.OJIH ~~:acTHIJ,, nonali,aJOIUH~ a o6nacTL nepe-
•• - ,> ' • '\ J 

KpbiTHH,' COCTaBJI.HeT r;- 4%. -llOCKOJibKy B li,anbHeHilleM 6ylJ,yT H3y'laTbCH 

I pacnpeli,eJieHHH KJiacTepon . no 3QlQleKTHBHbiM Mac caM M Kn , . 6bm nponelJ,eH 

MeTOlJ.H'IeCKHH ' aHanH3 . no onpeli,ruteHHJO 3aBHCHMOCTH cpeli,HeH . MaCChi .KJia

CTepoa OT HX pa3MepOB B npOCT.paHCTBe OTHOCHTeJib~biX 4-CKOpOCTeH. BoJiee 
' •• t 

4 I· 

co 
~ 

0,7 
~ 

1\ 0,6 
a.. 
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•' 
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CC H~Ynp!:I~U.e 
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PHc.l. 3aBHCHMocr&'· cpe,~~;aero 3Ha~eHH.Il ·Mac

Chi Knacrepa < MKn - np. mp> oT MaKcHManh

' HOH BenWIHHbl b k DpOTOiiOB, BXO,ll;liiiUIX 

B KnaCTep. 

~ ~~ ~ 0,4 
"' . 

• 
I: v 0,3 • 

• • • • • 
• .. KOHKpeTHO: onpeli,eJI.HJiaCb 3aBHCHMOCTb 

cpeli,Heii cno6oAH:oii 3HeprHH <M · ...: 
. ' ~u 

- llp ~ rn p > ' KJiaCTepa OT MaKCHManbHOH 

BeJIH'IHHbl ~ = - (V a - U ~ / 4~CKOp0-. ' . CTH npOTOHOB, BXOli.HI.UHX ~ KJiaCTep, 

OTHOCHTeJibHO era' IJ,eiiTpa V a (pHC.1).' 
3Ta -3aiJHCHMOCTb xapaKTepH3yeT ,TO 'I· 

L-J.....;.__.jl-:----1-...:...J.-,,-_ _~._-L_,-J . HOCTb BbllJ,eJieHHH KJiaCTepa H onpeli,e-
0 • D;4' 0,8 ·1,~ 1,& 2,0 / JieHHH ero 3QlQl~KTHBHOM MaCChi. KaK 

. -· 
-gK .ma:x:. _BHlJ.HO H3 > pHCyHK~, ~pH· 3Ha'leHH~X 

.· bk >> 1 Cpeli,HHH BeJIHtrnHa MaC.Cbl 

d.1 Kn -np. m P > yneJIHtrnnaeTCH !IHlllb Ha 10% H 3aTeM BbiXOlJ.HT ila aciiMn- · 

TOTH'IeCKHH pe:>KHM. 3To 03Ha~~:aeT, 'ITO BhinOJIHeHHe ycnoaHH (3) no3aonHeT 

onpeli,eJIHTb Macey KJiaCTepa <MKn -nP.lilP > -~ -l0% TOliHOCTblO•. · '. 

3. XAP AKTEPHCTHKH BAPH<)HHbiX 'KJIACTEPOB 

B 3ABHCHMOCTH OT MHO)I(ECTBEHHOCTH 

'TIPOTOHOB B HHX . 
/ 

B pa6oTax/10, 11/ Ha ocHoae H3y~~:emiH HHBapHaHTHO,M cp'yHKIJ,~ui F(bk) 
. ·, . . \ . 

-· · .. ··· '. . . . . d~ . . . < • 

(T .e. HHBapHaHTHOrO . Ce'leHJ;IH E ~- B 3aBHCHMOCTH OT nepeMeHHOM b k ) . 6biJI 
' . , _. P'. ·-'. . . -

crien~ BbiBOli. 0 TOM, 'ITO B 'cC-B3aHMOlJ,eHCTBHHX o6pa3yJOTCH KJiaCTepbi

li.BYX ninon c_·pa3JIH11HOH ·TeMnepaTypoii:. B J:i3.HHoi1 pa6oTe aHanH3npyroTcH 

, HHBapHaHTHhie.: QlYHKUHH . F (bk) npH pa3HOH MHO:>KeCTBeHHOCTH npOTOHOB. 

B 'Knaciepax. TaKoh aHanH3 rio3noimT ycTaHOBHTL, KaK 3aBHCHT ie!Vtnepa

. TYI>HI>Ie xapaKTepHCTHKH KJiaCTepOB · OT KOJIH'IeCTBa B3aHMOli,eHCTBYJOIUHX 

HYKJIOHOB. 
· B Ta6n.1 npHaelJ,eHa cTaTHCTHKa pC- , dC- H CC-co6hiTHH c KJiacTe-

paMH, o6pa3yrouiHMHCH' B o6naCTH Qlpar~eHTal.lHH MHilleHH. H HMelOIUHMH 

MHO:>KeCTBeHHOCTb npOTOHOB n p = 2 + 7, a TaK:>Ke COOTBeTCTByJOIUHe HM 

ceqeHHH. Ka:K BHlJ.HO H3 Ta6nHII,bi, ce~~:eHHH o6pa30BaHHH KJiacTepoB HeBeJIH-

KH H COCTaBJI.HlOT 6, 12% OT acex pC- H dC- B3aHMOli,eHCTBHH COOTBeTCTBeH

HO H 20% OT CC-s3aHMOAei1ci-aHM. · 
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llp 

.2 
3 
4' 
5 
,6 
7 

' 

· Ta6mn~a 1. CTaTHCTHKa co6hi11'1H n ce•H~HHH o6pa3oBaHHH KJiacTe
poa C 'pa3HH'llibiMH 3HaqeHHHMH MHOJKeCTBeHHOCTH np B pC•, dC• 
n CC-a3aHMo.neiicTBHHX , 

pC, dC· \ cc 

. Nco6 · O',M6 . NC06; O',M6 

267 . . 19 . 447 47 
357 

·..; 
32 . 514' 55 

119 
., 

I 11 335 36 , 
26• 2 I . 204 22 .. ' 

110 12 
68 7 

·~p=2 

;, 

., . 

. ·1,0 1,0 1,0 

~K 
0 . ·o 0 1,0. 

: .. ," 

PHc.2. HHaapHaHTHhie ll>YliK~ F(bk) WIH,'npo'I'~HHbiX,_KnaCT.epo.a c pa3Hoii·MHo~eCT- • 

BeHHOCTbiO np, B pC- H dC-B3aHMOAeHCTBHHX. CIIJIOIIIHb~e JIHHHH-; pe3yJibTaT annpOKCH; 

MIUI;HH 3KCnepHMeHTaJibHbiX ,!l;aHHbiX :lKcm)HeHll;HaJibHOH 3aBHCHMOCThiO.' 

6 I 

I 

I 

:I 

,\ ' 

/ 

rtp-3 

" .·--'·,ur \ I . k I ~ .. I \ I ·~ I ,., 

q01 
0 t. 1,0 . . 0 .•. 1,0 ·0 . 10 . 0 

·.~ . ·- .1,0 0 • 10 
'"; ' 

PHc.3. HHaapHaHTHi.Ie il>YliKU:HH F(bk) AJI_H ~P~~oH~hix KJiacTepoa c pa3HOH MHolKeCT

BeHHOCTbiO np B CC-cToJIKHOBeHHHX; Cnn~IIIHbie JIHHHH '-- pe3yJILTaT arinpoKcHMIUI;HH 

3KCnepHMeHTaJibHbiX ,!l;aHHbiX 3KCnOHeHll;HaJibHOH .3aBHCHMOCTbiO •. 
< ' •• f ·; , .- ./ • ' .. 

l1HaapnaHTHaH ipyuKQHH . F(bk). 3allF.IchiaaeTc~ cn~.nyroiUMM; o6pa3oM: 

'. 
1 . .· 

j. . .• • 2 f -. -·.-~-.-
F(bk) ~ m2.. yb c+bi/4 

1 .'· '• ·k k ' 

!_,., •• 

~dn·~ 
dbkdn 

·I' 

\·· (~) 

f. 

, Ha.pnc.2 H 3 np~Be,D;eHb~ HOpMHpOBaHHbie cpyHKQHH ··F(bk) ,IJ;nH npOTO~ 
:Ho~ n KnacTepoa. c pa3nH'lliOH MHoJKecTaeHHOCThiO nP a pC-, dC- n CC~cTonK
HoaeHHHX. J13 pHCYHKOB BH,IJ;HO, qTQ BCe npe,D;CTa~neHHbie ' 3aBHCHMOCTH .' 
:nMeiO~· O,IJ;HHaKOBbiH xapaKTep: HX MOJKHO OllHCaTb npOCTbiMH· 3KCllOHeH

~HanbHbiMH cpyHKQHHMH: 
' ,I . , ~ 

F(bl!)'~ A exp(-bk/ <bk >). 
; ' \ . ~ 

(5). 

BennqHHa napaMeTpa <bk>' Kl;!K OTMeqanOCb Bbillle, O,Il;H03HalfiiO CBH3aHa 

c ,''TeMriepaTypoii" < T k > npoTOHOB B · KnacTepax: 
. . . ' .. ' 

. 2Ek .· . 2<Tk> 
<b > = <- - 2> = , . 

. k • mk 
(6) 

mk. . . 
3.nech. Ek- 3HeprHH npoTOHOB a cncTeMe noKOH KJiacTepa. 3To 3Ha<inr, q-fo, 
onpe.nenHB B pe3ynhTaTe annpOKCHMaQHH cneKTpOB F(bk) cpyHKQHeH (4) 
aennqnHy <bk >, MOJKHO BbiqncnnTh .nnH K:nacTepoa c AaHHh~M n P 3HaqeHHH 
TeMneparyphi <Tk >. llonyqeHHbie TaKHM o6pa30\"'' ,IJ;aHHbie nimae.neHhi 
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I . I 
Ta6m~ua 2. Cpe.n;HHe 3Ha•.eHHH TeMnepa-
TYPhi <Tk > npoTOHOB B I<JiacTepax B 3a- ·: T M

3
B 

BHCHMOCTH OT n p ' 
• cc 
• pC,dG 

THn Bu3aH- pC, dC , , CC . 
Up MO,JJ;eHCTBHH 

, 

Tk,M3B Tk,M3B + t' 

' . t ....... "./- • • 

•• • 
2 49 ± 2 ·58± 2 
3 64± 2 82 ± 2 
4 77± 3 94 ± 2 ' ._.,; ~ ·-~ 5 92± 9 112± 3 
6 I - 120 ± 4 ";.' 

•,j 

I, I I 
1 2 3 4 5 6. 

l'ip 

PHc.4.· 3aBHCH~ocn. TeMnepa,TYPbi KnacTe· 

pa OT MHOJKeCTBeHHOCTH npOTOHOB B HHX ,nmt ' 
1 . ~· ' ' "' -

pC-, de- H CC·CTOJIKH?BeHHii. / · 

a Ta6n.2 · H Ha pHc.4: Bu~o, •no c yaenH'Ie'HHeM MHO)I(eciaeHHOCTH npoToHoa 
Up TeMnepaTypa <':rk > B·KJiaCTepax paCTeT H ~pH n p= 6 B CC,~coy,n;apeHHHX 
AOCTHraeT '~ 120 M3B. . TeMnepaTypa I<JI'acTepoa a pC- H dC -B3aHMo,n;e:H
CTBHHX 'cHc~eMaTH<ieeKri HH)I(e, qeM a CC-cTonlrnoaeHHHx npH ·Tex )l(e 3Ha_qe

HHH.X:; HO, TO)I(e pacTeT C pOCTOM MHO)I(eCTBeHHOc;m Krr~CTepoB OT <Tk>= 
=50 M3B . .n;o <Tk >::: 90 M3B. TaKHM o6pa3oM, a MHoroHyi<JioHHbiX CC-

'· ' • - I 

· CTOJIKHOBeHHHX ,Il;OCTHraiOTCH AOBOJibHO BbiCOKHe TeMnepaTypbi H,Il;epHOrO 
aemecrna · <T k > :::120 rvhB, xapaKTepHbie, no TeopeTH'IeCKHM · ~e.n;cTaane
HHHM1171, AJIH nepexo.n;Hoii K~apK-aApoHHoii ¢la3bi. Bo~MO)I(HO, 'ITO a roia~ 
CTepax c MHO)I(ec~aeHHOCTbro· rip > 6 6y.n;yT Ha6riro.n;aThCH H 6oi:Iee BbiCO.KHe · 
TeMriepaTypbi, HO ,n;nH Taioro aHaJIH3a Heo6xo.n;HMO y:BenH'IeHHe cTaTHCTHKH , ' ' . ' 
B3aHMO,JJ;eHCTBHH. , '· . 

B pa6oTax~ 10 • 1 ~1 · 6bmo no:Ka3~o, 'ITO I<JiacTepbi --c TeMnepaTypo:H 
<T>l :!70 M3B H <T>2 :!130 M3B xapaKTepH3YIOTCH pa3JIH'IHbiM pacnpe

··. AMeHHeM OTHOCHTeJibHO MHllleHH no nepeMeHHOH bile= -(UII..,. V)2 -
4-CKopoc'fb MHriieHH, 'ITO SKa3biBaeT Ha pa3HbiH MexaHH3M HX o6pa30BaHHH: 
B HacToHme:H Pll:6oTe. H3yqae.fcH 3~H~Hr:..mcT'b HHaapHaHTHoii !J?yHKUHH. F('1~j 

· · · · ·, :du · " · · 
A~H I<Jiaciepoa (T.e; HHBapHaHTHOrO ce'leHHH Ee--::;-, Bblpa)l(eHHOro B 3a-

, . . . . I c- .. dp e . 
BHCH,MOCTH oT nepeMeHHOH bile) OT. MHO)I(eCTBeHHOCTH npoTOHOB .. TaKon 
aHaJIH3 n03BOJIHT. nOJIY'IHTb ,llaHHbie 0. BeJIH'IHHe 4~CKOpOCTell I<JiaCTepOB 
c pa3HbiM n P ornocHTeJihHO MHllleHH H a· coorneTCTBHH c · np~AJI<?)I(eHHOH. 
I<JiaccH¢lHKan;Hen · penHTimHcTCKHX H,JJ;epHbiX cionKHoaeHHn /3/ onpe.n;enHTh 
ypoaeHb ao36y)I(,Il;eHmi H.n;epHon · MaTepH~ a MIIo~cmyi<JIOHHbiX CTOJIKHOBe-
HHHXH,Il;ep. ,. 

8 

I 

'l 
I 

) ·.· 

:\\ 
'I' 

,. 
'· 
I, 

. i' 
v 

0,1 

(\01 

. opmu.: 
0 

. . . 
'. . . ' \! . 

rtp=~ 

j 
i 

np.-4 r1p=5 

\ 
np=&. 

~' 
1,0 2,0 0 1,0 2,0 0 1,0 2Jl 0 1,0 2,0 0 . 1,0 2,0 

. . .. . t~ 
PHc.5. lhmapHaHTH!Ui <i>YHKQIDI F(b ue> B 3aBHCH~OCTH OT MHOJKeCTBeHHOCTH npOTOHOB 

~ KnacTepe n P ,nnH CC·CT~JIKHOBeHHii. Cnnoru~bie JIHHHH - pe3yJibTaT annpoKcHM~HH 

3KCnepHMeHTaiibHbiX ,t(aHHbiX 3KCnOHeHQHaJibHbiMH 3aBHCHMOCTl'IMH ( 8) H ( 9) . 

np 

2'· 
'3. 
'4 
5' 
6 

' -
Ta6riHn:a 3.· qpe.n;HHe 3Ha'leHHH napaMeTpoa <bue> AJIH I<JiacTepoa. 
a CC-a3aHMo.n;encrnHHX · ' · 

Ai , 

0,92 ± 0,13 
0,87 ± 0,16-
0,72 ± 0,36 

' 

A2 

0,08 ± 0,03' 
0,13 ±0,04 

• 0,28 ± 0,06 

. l 1 
1 ' 

1 <bue >1 

0;13 ± 0,02 
0,09 ± 0,02 
0,06 ± 0,03 

<bue>2 

0,63 ± 0,12 
0,41 ± 0,06 

0,33 ± 9;03 .. 
0,3~ ±0,02 
0,37 :l; 0,05 

\ ' . ., 

. 11HaapHaHTHaH. !J?yHKUHH F(b- ) ' 3anHCbiBaeTCH cne,n;yJOIUHM o6pa30M: 
·' I He' . • . . . ' / 

·' .I ' ,\_' '""'' '·. 

. 
F(biie) -

I 

2• f 1 , , du dO • 
M2 

Kn vtiue+brie/4· dbne dO 
" '· . ' 

(7) 

Ha pirc.5 npHae.n;eHhi HOpMHpOBaHH:bie !J?yHKUHH F(b1i~) AJIH :KJlacTepoa 
c pa3JIH'IHOH MHo:>KecTBeHHOCThiO n P, o6pa3yroin;HecH a CC-CTOJIKHOaeHHHX. 
BH.n;HO~ 'ITO npH MaJibiX 3Ha'lea:HHX np = 2_74 :8 pac:Hpe.n;eneHHHX Ha6nro.n;aiOTCH 
2 HaKJioHa, BeJIH'IHHY KOTOpbiX MO)I(HO ·Onpe,Il;eJIHTb, nyTeM annpOKCHMaUHH 
3KCnepHMeHTaJihHbiX AaHHblX Bblpa)l(eHHeM, COCTOHIUHM H3 CYMMbl ABYX 
·3KcnoHeHUHaJihHhiX !J?yHKUHn: · . . 1 • 

F(~IIe);,. A 1 exp(-bii~/:::bne ·\) + A 2 exp(_:bu"'c /~bile >
2

). · (8) 
. . . ' 
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;I 

IIonyqeHHhie 3H!J.qeHMH napa.MeTpoB A1 ,_ A 2, '<hue >1 · M <'bue>
2

npeACTaB
neHhi B Ta6n.3. IIpn 6onhUIMX MHO)KeCTI'leHHOCTHX np .~ 5 -:-'6 3KcnepMMeH
TaJibHhie 3aBMCiJ:Mo<!TM . F(bue) MO)KHO OHMCaTb ~AHOH 3KCHOHCHIJ;MaJibHOH 
<!JYHKUMCH: " 

F(bne) =A exp(-biie /<bu~>), · -(9) 

' I 

B KoTopoH: BenHqJ1Ha napa.MeTpa <bue> B npe,r(enax o!ll~6o:K pasHa 3HaqeHMIO 
<buc>2 a Bhipa)KeHMM (8) (Ta6n.3) AJIHKJiacTepoB c n p'=·3 +4. 

IIonyqeHHbie pe3yJihTaThi MO)KHO...,.MHTepnpeTMpoBaTh TaKMM o6pa3oM, · 

. ~o KilacTephi .c ManoH: . MHO)KCCT~eHHOCThiD qacTMU n p;2 +4 po)K,!l;aroTCH · 
B- ABYX . MeXaHM3Max H,!l;pO-H,!l;epHbiX CTOJIKHOBCHMH, xapaKTepM3ylOIIJ;MXCH 
pasnM~oH: CTEmeHbiO B036y)K,!l;eHMH- HAepHoH:. MaTepMM, cooTBeTcrnyroiiJ;eH:. 

3HaqeHMH~ napaMeTpos <bne >1 =0,13 + 0,06 I:i ~bnc>2= 0,3+ ?~5:C yBenM-
. '!CHMCM MHO)KC~TBCHHOCTM np BKJia,!l; ne~BOH 3KCHOHCHIJ;M~bHOH <!JyHKIJ;MM 

B MHBapMaHTH,Oe ceqeHMe F (b lie) YMCHbUiaeTCH M npM n . = 5 + 6 B, npe,!l;e.J}aX 
3KCnepMl'ACHTaJibHbiX' OUIM69K He. iiafinro,!l;aeTCH BOBCe. BihraA BTOpOH <!JyHK

IJ;MM, ,!l;JIH KOTOpOH·, 3HatieHMH napaMeTpa </bue>2 :::0,3 "':0,5, ,npMCYTCTBY~T, 
. BO BCCX 3KCHCpMMCHTaJibHbiX 3aBMCMMOCTHX F(b I! e) , XOTH npM n p = 2 + 3 
oH oqeHb Man. BapMOHHhie KJiacTephi,. o6pa3yiDIIJ;Meca B 3TOM MexaHM3Me 

. H,!l;ep~~IX. B3aMMO,!l;eHCTBMH;· xapaKTepM~YIOTC~ .6onee ~biCOKMMM . TCMnepa
. TypaMM <Tk> ::: 120 M3B: B pa6oie /11/, KpoMe Torp, · 6hmo noKa3aHo, 

~o B pC- . M dC- coyAapeHMHx~ rAe Ha6nroiru~nca KJiacTephi . co cpe,!l;HeH: 
TeMn.epaTypoH: <Tk> =60 +70 M3B, illiBapMaHTHhie ceqeH:H:a F(buc) 'nM:eroi 

TOJihKO OAMH HaKJioH <buc?:::0,11~ coBnaAaroiUMH: .npM6mpHTeJihHO c BeJIM~ ;_ · 
'qJ1HOH napaMeTpa <bue>l. B Bhipa)KeHMM. (8). IIo-BM,r(MMOMy, npMcyTCTBMeM: 
BbiCOKOTeMnepaTypH9H K9MHOHCHThi HPM, BCCX _3HaqeHMHX MHO)KCCTBCHHOCTM 

-np KnacTepoB·, 'o6pasyroiiJ;Mxca B. CC-coyA~peHMHx, MOJKHO o6'hHCHMTb ~oT 
· <PaKT, 'ITO npM. Bcex 3HatieHMHX n P TeMnepaTypa ~a<;:TepoB B CC-co6iiTMHX 
BhiUie, qeM B pC-: M · dC -CTOJIKHOBeHiffix. · 

4.'AHAJII13 CllEKTPOB 3<1><1>EKTHBHbiXMACC .. 
BAPHOHHhiX KnACTEPOB · · ·, 

,[(im • M3YtiCHMH. BOnpoca 0 ~03M0)KHOCTH o6pa30B'a.HMH KBa3~CTaiJ;MO-
' HapHbiX HYKJIOHHbiX COCTOHHMH B H,!l;CpHblX. B3aMMO,!l;CHCTBMHX aHaJIM3MpO

BaJIMCb cneKTpbi 3¢l$eKTMJ3HhiX Mace npc>TOHHhiX KJiacTepoB c pasn'H~oH: 
MHO)KecT~eHHocTbiD nP B . pC-, dC- M , CC-coyAapeHMHx; KOTOphie no:Ka-
3aHbi Ha pMc.6. M 7. KaK BM,r(HO 113 pHCYHKOB, OHM npe,!l;CTaBJIHIOT co6oH: 
PHA OT,!l;eJibHbiX Hen~peKpblllaiOIIJ;MXCH pacnpe,!l;eJieHMH . C MaKCMMyMaMM. 
IlonyqeH~bie · pacnpe,!l;enemm · annpOKCMMMpOBaJIMCb Bblpa)KCHHCM, COCTOH-

~ 10 
, 

. \ 

I' 

N 
,np=2 n.p=3 n.p =4 

2,8' ··3,8 4,8 

,MKn=VCL:El-CL'Ptl 
/ . .. ' ' . 

'Pac.6; 'Pacnpep;eJieHH~ IIpOTOHHhiX KJiaCTepoB C pa3HOH MH~lK_eCTBeHHOCT~IO n p IIO 3<lJ~. 
<PeKTHiJHhiM li!IaccaM M Kn B_ p c-. H d (}cTOJIKHOBeHHH::C· CIJJIOW!:Ihie nHHHH '-; pe3yJihTaT ' 

aiiiiP()KCHl.uu~im 3KCnepHMeHTaJihHhiX ,ll;aHHhiX 3aBHCHMOCThlO (10). . 

/ . 

IIJ;MM M3 cyMMbi <!JyHKIJ;MM ·BpeH:Ta-BMrHepa, OHMCblBaiOIIJ;CH po)K,!l;eHMe pe30-
HaHCOB, <PoHoBoro tiJieHa,.yqMThiBaiOIIJ;ero MHO)KCCTBCHHoe pO)K,!l;CHMe qacTMU 
npM . 3HeprMHX, 6JIMSK~X K pe30HaHCHbiM, a ,TaK)KC. <!JyHKIJ;MM, OHMCbiBaiOIIJ;CH . 
MHTep<Pepeuu;Hro 3TH~ ABYX BKna,!l;OB. AHaJIMTM'!CCKM annpoKCHMMpyiOIIJ;aH 
tPYHKIJ;MH3a~MChiBaeTCH CJIC,!l;yiDIIJ;M~ o6pa30M: . . 

F(M) = lA 12 I a . . + {3 12, 
(M :-M0 ) + if/2 

(10) 

a2 2~{3(M .. - M0)r. 
= + . + {32 

'(M..:.Mo) 2 + f 2/4 . (M-M 0 ) 2 +f 2/4 , 
,''' 1 '\ -

3Aech ne{moe cnaraeMoe - tPYHKUMH BpeH:Ta-B.~rHepa; , (32 
--<PoH; BTopoe 

. CJiaraeMOC1 
- qlyHKIJ;mi, OHMCbiBaiOIIJ;aH MHTepqJepeHIJ;MIO ,pC30HaHCHOrO 

' \ I ' 

· .. 
11 . 



N CC HeYnPn~e; 4,2 l'38fc 

1501- ~p=2 np=3 np=4 

100 

50 

~ 

• · 3KCnePuMeH.m 

'·- 5.B.+ q>OH. 

np=5 

. . , 

--~---.. -., 
. 

:J I 

. . . . . 

' ' . 

1,8 2,3 2,8 3,3 8 ·· a· 4,3 4, ' . 4, . . : 5,8 6,8 

PHc. 7. Pacnpe,neneHHe iipoTOHHhiX KJiaCTepoB c pa3· 

HOH , MHomecTBeHHOCT&IO np .. no • 3<f><f>eKTHBH&IM 
1 

MaccaM M Kn B CC-coy,napeHHHX. CnnomH&Ie · JIH· 
\ 

HHH - pe3yJI&TaT annpOKCHM~HH 3KCnepHMeHTanb· 

HbiX ~aHHbiX 3~HCHMO~biO' (10): . 

. ' . . . ... ' . ' . . ! .. 
Ta6mu~a 4:,3atJeHHH rrapaMeTpOB r H Mo ·. 
)J;JIH pC- H dC ~B3aH.MO)J;e:iicl-:BuH: · 

np 

2: 
3 
4• 

. ', ' :.· 

ftb,T3B. 
J > ~ 

1,95±0,01 
2,97±0,01 

. 4,0~±0,03 

r,r3B 

0,17 ±0,03 
o;21 ;t0,03 
0,27d0,05 

:L 

· x2/n. 

MkJl = v (~ Ey2c-({; r:}' r3B 

N 

0 .1 

'· 

• 3Kcnep ... 
- 6.6. 

I' 

2 
. Mf(.'i-t1.p r:np • 

H Hepe30HaHCHoro poiiGieima tJacTHti; Mo·n r o603HalJaiOT Macey n'nmpHHY 
pe30HaHca .. 3HatJeHHH rrapaMeTpoa a , · {3, M 0 H r. orrpe)J;eJIHJIHCh rrpM arrrrpc>I<:cu~ 
MaiJ;HH _ 3KcrrepHMeHTaJihHbJX · pacrrpe)J;eJieHHH .aHiuiHTHlJeCKOH 3aBHCHMO· 
CThlO (10). Pe3yJihTaTbl arrnpOKCHMaUHH .IIOI(a3aHbl ·Ha imcyH:Kax CJIOillHbiMH 
JIHHHHMil. 3HatJeHHH napaMeTpOB, a_TaiOKe BeJIHtrnHbl )(2 Ha CTeiieHh CB060)J;bl 
IlpHBe)J;eHbi.B .Ta6JI.40 5. .. · . . . . 

Ih rrp:Hae)J;eHHbiX nruiHbiX BH)J;HO, liTO 3K~rre{mMeiiTaJrhHbie pacrrpe)J;e
JieHHH IIpH BCeX 3HalieHHHX n XOpOillO OIIHC~IBaiOTCH3aBHCHMOCTb10 (10). 

. . . ' p.. . .. • . . 
BeJIHlJHHbl Mace . Mo ' H IllHpHHbl r rrpe)J;IIOJiaraeMbiX' HyKJIOHHbiX KBa3HCTa-
~HOHapHblX COCTOHHiiH )J;JIH scex 3HalieHHH n IIOKa3aHbl Ha, pHc.8. lh pH-

.. . ' . - p -· . 
CYHKa BH)J;HO, liTO 3Tli BeJIHlJHHbl pacryT C pOCTOM MHOJKeCTBeHHOCTH KJia-
CTepoa n ·. · · · ' 

p 

12. 

/ 

' . Ta6JIH~a 5~ 3HalieHHH rrapaM~TpOB r H Mo )J;JIH CC-B3aHMo)J;e:iicrnuH:--

a2 (32, Mo, r3B r;r3B x 2/n 
, np • 

M6·r3B · M6/r3B 3Kcrrep. 

2 '2,35±0,4 0,35±0,35 1,9-8±0,01 0,23±0,03 1,1 

3 4,1±0,6 0,26±0,41 3,08±0,01 0,37±0,04 - • 1,6 

4 3,2±0,6 0,39±0,45 4,20±0,03 0,48±0,05 1,2 

5 1,4± 0,5 .. 1,3 ±0,7 '5,24±0,04 0,51 ±0,07 1,2 

6+7 .. · 2,6±0,45 ·-· (1,08±0,04)+ 0,74±0,10 1,4 
+ llp•ffip 

S,O~ •CC 
. · . • pC,d.C 

c:Cl· 7,0 

Hx rroae)J;eHHe y)J;oaneTaopaei JIH
HeHHOH 3aBHCHMOCTH THIIa y = a + bx H 
)J;JIH CC-cTon:KHoaeHHH MOJKeT 6biTh 
3airnCaHO CJie)J;yromHM o6pa3i:>M: 

~ -·6,0 

0 5,0 

~- 40 
) 

'-.... . 

3,0 

2,0 

1,0 

0,8 

0,7 

• cc 
• pC,d.~ 

\' 

Mo n = (- 0,2 ±0,03) + 
+ (1;10±9,01) ·np ,T3B, 

rn~ =(o;o2 ±0,05) + \ 
+ (0,11±0,02) • np, r3B •. 

I \; ' 

(11) 

(12) 

' I I., ' . 

.tina pQ- H dC -coy)J;apeHHH poeT IllH· 
pHHbl r c yaeJIHlieHHeM MHO/KeCTBeH
HOCTll nP rrpoucxo)J;HT 3HatJHTeJihHO 
Me)J;JieHHee ii OIIHCbiBae1'ca BhipaJKeHHeM 

.CO 0,6 
C') 

L ·b· t : rn =(0,07±0,08) + 
· _ · . / . + (~,5 ± 0,03). n P , r3B • 

. . ·. ~~c. . . . . . 
. . Bo3MOIKHO, liTO 3TO pil3nutJHe TaiOKe . v 06y<:nOB~eHO UpHC}'TCTBHOM B ·KnaCTe- ' 

(13) 

0,1 l r pax, o6pa3yromuxca B CC-coy)J;apeHHHX, 
1 2 3 4 5 6 7 8 IIpH BCeX MHOIKeC;BeHHOCTHX. np 'abiCO· . 

np KOTeMrrepaTypHOH KOMIIOHeHTbl, xapaK-

PHc.8. 3aBHCHMOCTb MaCChi KJiaCTepoB TepH3yromeH:ca . 6oJihllleH IllHpHHOH r. 
M

0 
H WHpHH&I r oT MHomecTB~Ho- KaK cne)J;yeT H3 )J;airni>rx, .< rrpHBe)J;eH

. cTH npOTOHOB B HHX · np , ,D;JIH, pC·, d·c'- HblX B rrpe)J;hl)J;ymeM pa3)J;eJie, BKJia)J; 
H CC-cToJIKHoBeimH. TaKOH KOMIIOHeHTbl )J;OJIJKeH yaeJIHlJH-
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aaTLCH c pocroM n P • OrpaamleHHOCTL CTaTHCTHKH He no3BOnHeT npoaecTH 
.n;ru-IHbiH aHanH3 6onee .n;eranLHO. 

· IIpoae.n;eHHMH aHanH3 rioKa3bmaeT,, liTO H3ylleHHe . KJiacTepoB B npo
cTpaHCTBe CKOpOCTeH B npHHUHne .n;aer B03MO)KHOCTb HCCne.n;oBaTh KBa3H
CTaQHpHapHLie cocToruiHH cHnLHOBo36y)K,D;eHHoii H.n;epHoii· MaTepHH •. O.n;Ha:Ko 
Heo6xo.n;Hl\m. 6onee nonHoe, H3ytieHHe :noro · acneKTa KJiacTepH3aUHH; Heo6-
xo.n;HMO BbiHCHHTb npHpOAY CMeiiiHBiuJ:HH pa3nHlJHbiX COCTOHHHH B O,D;HH 
KJiacTep. qHcTo . npoToHHLIMH cMenmaae~Lie cocToffiiHH · 6LITL He MoryT 

B Clf!IY cyiQeCTBOBaHHH HeHTpOHOB H ~39TOnHtJeCKOro CnHHa.· CMeiiiHBaHHe 
cocroHHHH c pa3nHliHLIM 6apHoHHLIM.3apHAoM TO)Ke IIPe.n;cTaBnHeTCH IieHCHbiM. 
KpoMe T~ro, npe.n;nonaraeMWI rHnoTroa .o MHoro6apHOHHbiX pe30HaHCHbiX 
COCTOHHHHX 03WillaeT, liTO ,D;On)I(Hbl cyiQeCTBOBaTb H .n;pyrHe KaHanbi pacna.n;a, 
HanpHMep, co.n;ep)KaiQHe !JHOHbl nOMHMO 6apHOHOB. 

' ~~> ( 

5. OCHOBHbiE BbiBO,Ubl ~ 

. . . . . . I 
B 3aKniOlleHHe MO)KHO CcPOpMynHpOBaT~ cne.n;yroiQHe OCHOBHbie Bbi-

BO,D;bi: 
. 1. .· IIpe.n;no)KeH MeTo.n; aHanH3a _MHO)KeCTBeHHbiX npocieccoa; no3aonHIO

_IUHH o6Hapy~aTL KBa3HCTaUHOHapHLie cocioHHHH cHnLHO ao36y)K,IJ;eHHoii 
H,D;e~HOH .. MaTepHH H .npoBepHTh TeopeTHlleCKHe nO,D;XO,D;bi, OCHOBrurnbie Ha 
H,D;eHX Tep!VninH3aUHH. H B03iiHKHOB,eHHH p~HOBeCHbiX C~CTOHHHH ( B TOM 
lJHcne KBapK-rmoOHHOH nna3Mb1) •· . .. . . . .. ·. . 

1 

2.' IlpHMeHeHHe MeTo.n;a K 6apHOHH~IM KJiacrepaM a npocTpaHcTae· 4-•, 
.CKOpOCTeH,nOKa3~o, ~TO 06Hapy)KeHHbie paHee KJiaCTepbi MO)Ia{O HHTepnpe. 
THpOBaTb KaK pe3ynLTaT pacn~a MHOrOHyKJIOHHbiX pe30HaHCOB C IIIHpHHaMH 
nopH,D;Ka COTHH !vhB. IlonylleHHbie 3HalleHHH IIIHpHH COOTBeTCTBYIOT BpeMe
HaM )KH3HH r~ fl/L~ 0,7·10 - 23 c, 'ITO no nopJi.n;Ky senHliHHhi cpaaHHMO 
c apeMeHeM nponeTa o.n;Horo H.n;pa cKao3L ,ripyroe. MeHLnmx nmpHH y cHnLHo- / 
B036y)K,D;eHHLix MHaroHyKJioHHLIX cocTomiHH Haiiril: He y.n;anocL. He npoTH
aopeliHT nMeroiQHMCH .rirui:HLIM rHnoTe3a o · TOM, li~O BLmeneHHLie 6apHoHHLie 
KJiacTepbi HBnHIOTCH MynLTHH3o6apHLIMH H.n;paMH. B 3TOH CBH3H. noHHTHe 

TeMnepaTypLI HMeeT . .n;nH :KnacTepoa, no-BH,D;HMoMy, ycnoaH:Lrn xapaJ<Tep •. 
3. CHcTeMaTiilleCKoe npeaLIIIIeHHe npH acex 3HalleHHHX n P TeMnepaTypLI 

KJiaciepoa B CC-coy.n;apeH~x, no cpaBHeHHIO- c pC-· H, dC -cTonKHoBeHHHMH, 
MO)KHO 06'LHCHHTL . npHcyTCTBHeM BbiCOKOTeMnepaiypHOH 1 KOMnOH.eHTbl npH 
Bcex · MHo)KecTBeHHOCTHX KJiacTepoa, o6pa3yiDIUHXCH B CC-cTonKHOBEmmix: , 
B03M0)KHO, 3TO yKa3hmaeT Ha TO, 'ITO npH CTOllKHOBeHHH 6onee TH)KenbiX 
H,nep CBOHCTBa. KJI;CTepOB 6y.n;yT· 3aMEiTHO OTnHllaTLCH OT H3yllaeMbiX HaMH. 
IIo-BH.n;HMOMy, H3ylleHHe . caoiicTB KJiacTepoa B npocTpaHCTBe cKopocTeii 
KaK MHOrOllaCTHlJHbiX pe30HaHCHbiX COCTOHHHH·npe,D;CTaBnHeT co60H o6IIIHp-
Hyro o6n~c~L H~cne.n;osaHHH. · · .· . -
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