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HacTo.11ma.ll pa6oTa .11Brr.11eTC.11 qacT1,10 HccrreAOBaHHii MH02KeCTBeHHJ,IX rrpo

n;eccoa B .IIAP0-.11):\CpHJ.,IX CT0JIKH0BCHH.IIX, rrp0B0ABMblX C Il0Mom1,10 ABYX:

MC'l'POBOH nponauoaoi nyohlphKOBoi xaMep1,1 JIBS OIUHI, o6rry':leHHOH B 

nyqxax PeJI.IITBBBCTCKBX .H):\ep AY6HeHCKoro CBHXpocpaooTpOHa. 

Ifoyqemre .HAP0-.HAepHhlX aoaHMOAeiicTBBii .IIBJI.lleTC.11 OAHHM uo HCTO'I

HHK0B BH<popMan;m1 0 KBapKOBhlX CTeneH.IIX CB060AIJ B .IIAPe, K0TOp1>1e npo

.!IBJI.IIIOTC.11 B oco6eHHOCT.IIX p02KAeHH.11 BT0pBqHIJX qacTBD; B TaKBX B0aH

MOACHCTBH.HX, no cpaBHeHBIO c uyxrrou-uyxrroHHhIMH. 

IIorryqeuue HH<pOpMaD;BH O HOBhlX oaK0H0MepH0CT.HX .HACPHblX B0aHMO

AeHCTBHH HY2KAaeTC.11 B paoBH'l'HH HOBhlX II0AX0A0B K amurnoy peoyrrhTaTon 

0KCTiepHMeHTOB. C 0'l'OH D;CJlhlO BCAYTC.H Il0BCKH KBHeMaTHqecKHX nepeMeH

HhIX H o6rracTeii HX B0MCHCHH.!l, Hao6oJiee ':l:YBCTBHTC11bHbIX K npo.HBJICHHIO 

02KH):\aCMhlX ocpcpeKTOB. 

CornacHo rurroTeoe KYMYll.llTHBHoro ocpcpeKTa [1] xaapxoBhie cTcneHH 

CB060AIJ B .!l):\pa.x j:\OJ12KHhl np0.lIBJI.!lTbC.11 B HCOaBHCHM0CTH HHBapuaHTHhlX 

Ce':l:CHHH 06paoy10muxe.11 '!aCTHD; OT 0HeprHH CTOJIKHOBeHH.!l BhIIIIe HeK0-

TOporo ee rroporonoro 0Ha'!eHH.11. YHHBepcaJihHOCTJ, crreKTp0B KYMYll.llTH

BHhlX '!acTHn; 6IJna TIOATBep2KJ:\eHa excnepuMeHTaJihHO H ccpopMynaponaua 

B BUAe nono2Keuaii o ".11):\epuoM cxeinu.nre" [2]. 
,!J.Jl.!l uoyqe}IH.!l KYMYJI.lITBBHoro ocpcpeKTa 61,mo npe):\JI02Ke110 HeCK0JlhK0 

H0BIJX nepeMeHHlJX [3]-[6]. BBej:\eHBe 0THX nepeMeHHhIX 6hlJIO CTHMYJIH

poBaH0, c OAHOH cTopoubI, nou.cKa.MH <pBOH'leCKH uarn.llj:\HOH rrepeMeu11oi 

AJI.!l ycTaH0BJieHH.11 noporoBoro ona'!eHH.11 0Hepru.H CT0JIKH0BCHH.11 H, C APY

roi CT0p0HhI, IIOHCKaMH nepeMeHHOH, HaHJIY'IIIIHM o6paoOM OIIHCIJBaIOmei 

YHHBepcam,HOCTh IIOBCACHB.ll BHKJIIO0HBJlhlX CIICKTp0B '!aCTHD; Bblllle 0TOro 

nopora. 

OAHaxo mo6a.ll Ho HHKJIIO0BBHhlX nepeMeHHIJX .lIBll.lleTC.11 T0JlhKO OJ:\H0-

Mep11oi npoexn;uee ucCJiej:\yeMoi 06J1aCTH cpaooBoro rrpocTpaHCTBa H He 

M02KeT o6rraj:\aTb Bcei rrorrnoToi HH<popMa.o;ua o c·ToJ11, cno2KH0M .lIBJieHIDI, 

xa:x p02Kj:\CHHe KYMYJI.IITHBHbIX qacTHD;, ,Urri II0Jiyqemrn IlOJIHOH HHq>OpMa

D;HH O BOa.HMOACHCTBHH neo6XO):\HMO H0Y'IHTb oco6eHHOCTH RX p02Kj:\CHH.!I, 

HCII0Jlb0Y.11 BCIO C0B0KYIIHOCTb rrepeMeHHbIX KaK HHKJIIO0BBHIJX All.II '!a

CTHD;, TaK H K0JIJieKTHBHblX rrepeMeHHlJX j:\Jl.!l co61>1THH, a TaK2Ke BOOM02K

HIJe xoppeJI.IID;HH MC2KAY HHMB. 



B HaCTO.lllII.ell pa6oTe npeµ;cTaBJieHI,I HeKOTOpLie peoyJILTaTLI noµ;o6~ 

Hora amumoa co61,1THH C po.Hq:\eHHeM 7r--MeoOHOB BO BOaHMoµ;eiicTBH.llX 

IIpOTOIIOB, µ;eiiTpOHOB n .Hµ;ep He H C npn HMny1r:&ce 4.2 raB / C Ha HYXJIOH 

H µ;eii:TpOHOB C Ha'IaJII,HI,IM HMITYJII,COM 1.7 raB/c Ha HYUIOH C yrrcepoµ;OM. 

,Il;JI.H Bhlµ;eJieHIDI 1r--MeooHoB, po.lKµ;aK>III.HXC.lI oa xnHeMaTnqec1mMn rrpe

µ;eJiaMn HYKJIOH-HYXJIOHHOro CTOJIKHOBeHH.H, HCJTOJII,OyeTCJI cpeiiHMaHOBC][aJI 

nepeMeHHaJI xp B HyxJioH-HYXJIOHHoii cncTeMe n;eHTpa Mace H rrepeMeiiHaJI 

rrop.llµ;Ka KYMYJI.lITHBHOCTH nk. HcCJieµ;yroTC.ll OaBHCHMOCTll Me.lKµ;y rrop.Hµ;

KOM KYMYJI.lITHBHOCTH n cpeiiHMaJIOBCKOH rrepeMeHHOH 11"--MeOOHOB, a TaJOKe 

oaBHCHMOCTI, cpeµ;Heii MHO.lKeCTBCHHOCTH oap.lI.lKCHHhlX qacTim;, cpeµ;Heii 

MHO)KeCTBCHHOCTH 7r--MeOOHOB H 'IHCJia BoanMoµ;eiicTBYJOIII.HX HYKJIOHOB 

co61>ITnii OT nop.llµ;Ka KYMYJI.llTHBHOCTH 1r--MeoOHOB. 

2. MeTO}J; aarui:e:oa p;aHHbIX 

B µ;aHHOll pa6oTe T(ltll n:oyqeuH.H n1,16paHI,I HHKJIIOOHBHI,Ie xapaKTepHCTHKH 

7r--MetiOHOB H KOJIJieKTHBHJ,Ie rrepeMeHHble co6J,ITHi, B KOTOpbIX BOOM0:1KHO 

npo.Hnn:emre nenyuromn,1x cTeneneii cno6op;1,1 .np;pa. Bee paccMaTpIIBaeMbie 

rrepeMellIILIC, CCll:Il ciUH BLJAClI.llIOT OAilll H TOT )KC ocpcpcirT, µ;olI.lKJihl KaKIIM

m160 o6panoM xoppennponaTh APYr c ApyroM nn6o Bo Been: o6nacTn cnoero 

noMeHemrn, nn6o xoT.H 6I,1 B orrpeAeneHHoii era qacTH. 

Oµ;Hoii HO rrepeMCJJJJI,IX, npeµ;nmKeHHblX µ;JI.H HOy'JeJJWI KYMYJI.IITilBHhIX 

'IaCTHn;, .lIBll.lICTC.lI nop.Hp;ox KYMYJI.lITHBJJOCTil HJIH KYMYJI.lITHBHOe 'IIlClIO [3j 
nk,. KOTopoe Bhl'IHCJI.llCTC.lI TIO- cpopMyne: 

nk = E-pn 
mN 

(1) 

oµ;ec1, E II Pu - BHeprH.H ll npoµ;onbHbIH HMIIYllhC l 'JacTIID;l,l B na6opa~ 

TOpHoii CHCTCMe xoopµ;nnaT, mN ~ Macca HYKlIOJJa. 

OnpeAeJieHHYID. Taxm,1 o6p~oM_ BeJIH'IIll_lY nk M02KHO __ nHTepnpeTnpo

BaTb xax MHHHMaJihHYJO Macey MHIIICHH, Heo6xoµ;HMyro µ_lJJl o6paoonaHIDI 

µ;;{mmii BTop~qnoii qacTnn;y,1, T.~. · npH CYMMHpoBaHHH BTIDC BCJIH'IHH µ;lJJl 
, - : -. ' - ' .• ·- ' 

I ,l{JIJI <J>11rc11pOB8.llllLIX :a111weirei- ro:arnoireirTa. 11:&llIYJILC& _'18.CTIIJtLI, 11a.p11J11Ie1IJ,l[8JI lllliry111,cy ll_llJleT!l.P-

11\ei 'I&CTIIJtLI, 

2 

ncex BTOpH'IHhIX qacTHIJ, rro oaxony coxpanem1.n anepnrn n I1Mrryn1,ca µ;011-

1KHa IIOlIY'IIITbC.lI Macca MlUIICHll. 
B pa6oTe [5] 6bmo rrpe]:\lI02KCHO ]:\pyroe onpeAelleHHe BC1IIl'Illllbl MIIHH-

MaJibHOH MaCChT MHlllenn, Heo6xoµ;nMoii AJrn: pmK]:\eHH.!l 6blcTpoii: qacTHIJ;hl 

oa npep;enaMII NN- CTOllKHOBeHHJI. cfJopMyrra ]:\lill pac'IeTa MHHHMaJihHOH 

MaCCbl MllllICHII Xe B cnyqae pmK]:\CHruI KYMYlI.lITIIBHbIX IlllOHOB: 

nkEo 
Xc=~E --E -m -mN :10- 1( 1( 

oµ;ech: 

E0 -- oHeprnll 11aneTaJ01II.eii qacTIIIJ,hI; 

E'I( - 0neprll.ll 1r--Meooua; 

m'I( 0 - Macca 1r--Meoona. 

(2) 

Ilpn E0 > mN 0TH nepeMeHHhie connaAaJOT. Ilocxon1,xy B ocnoBHOM B 

0xcnepnMeHTallbHhIX HCClleAOBaHruIX HCTIOllhOOBaJiaCh nepeMeHHa.sI nk, TO ll 

n µ;annoii pa6oTe µ;11.11 rropllµ;Ka KYMYll.lITHBHOCTH Mbl 6meM HCilOllhOOBaTh 

onpeAerreHne ( 1 ). 
,I(lJJl BbIµ;eneHH.ll 7r--MeoOHOB, 06paoyJ01II.HXc.H oa KHHeMaTH'leCKIIMII npe-

p;enaMH HYKlIOH-HYKlIOHHOrD BOaHMOAeHCTBH.lI, Mhl HCilOllhOyeM cpeiiiIMaHO

BCKYJO rrepeMennyJO XF = Pttf P~ax µ;11.11 Hyxrrou-nyxnoHJIOro CTOlIKHOBeHH.lI, 

3µ;ec1, Ptt - n:Mnyn1,c -qacTHIJ,bI B nyxrroH-HyxrronHoii cucTeMe n;eHTpa Mace 

n P~ax - MaKCHMaJihHD BOOMOlK.HbIB HMnyn1,c )];IT.II OTOH qacTHil,hl B OTOH 

)Ke CHCTeMe. 
MaKCHMallbHhIB HMrry111,c P~ax 1r--Meoona, o6pauyIOrn.eroc.H B c·rorrx110: 

BeHHH nyxnoHOB Bbl'IHCll.!leTc.H no crreµ;yIOIII.ell cpopMyne: 

[(s _ rn2 _ m2)2 _ 4m2m2J1/2 
P
*- 11 X 1fX 

max - 2.,/s ' 
(3) 

rµ;e 

s = (pp+ Pn)2 -- KBaµ;paT rro1rnoii anepnrn, 
2 ( ")2 mx = mp + mn . 

Q-qeBn:µ;Ho, 'ITO 1r--MeoOHbI c lxFI > 1 nonaAaIOT B 0611acT1>, KHHeMaTn

qecxn oanpemeunyID µ;11.11 nyxnon-HyxrroHHhIX noanMoµ;eiicTBHH (K30). 
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EcnH po2Kp;eHne KYMYJI..llTHBHoii 'IaCTHI\hI" .!IBJI.!leTc.sr. peoylihTaTOM BOaII

Moµ;eiicTBH.!I C MHOroKBapKOBOll KOH<fmrypan;Heii B .llp;pax, TO BTO p;Oll2KHO 

oTpaoHTbC.ll H na xapaxTepncTJIKax co6bITH.!I B n;enoM. lioyqenHe paonH'I

HhlX KOJIJieKTHBHI,IX rrepeMeHHhlX, KOTop1,re .HBJI..lllOTC.ll xapaxTepHCTllKOH 

KOHequoro COCTO.IIHll.!I BCeH CllCTeMb11 BOOM02Kll0 B BKCKlllOOIIBHhlX BKCITe

pllMCHTaX. 

B p;aJIHOH pa.6oTe TaKJKe HCCJiep;yeTC.ll oaBHCHMOCTI, KOJIJieKTHBHblX ne- . 

peMeHHI,IX C06hlTHH OT rrop.Hp;Ka KYMYJI.!ITHBHOCTH 1r--MeoOHOB B HHX. ,il;Jlll 
HoyqeHH.!I BbI6paUhl ClIC/WIOIIPie nepeMeHHhle: cpep;U.!1.!1 MH02KeCTBeHHOCTI, 

oap.!12Kem11,1x qacTIID; < nch >, cpep;H.!1.!1 MH02KeCTBCHHOCTI, 1r--MCOOHOB 

< npi- >, a Tax2Ke cpeµ;Hee qnCJio HYKJIOHOB < Q >, yqacTByroiqnx B peax

D;HH. 

,Il;n.lI Bbl'lHCJiemrn cpeµ;uero 'lHCJia BOaRMoµ;eHCTBYIOI.qHX HYKlIOHOB IIC

nom,oyeTC.ll KOlllICKTHBlla.ll nepeMeHHa.ll HeTTO-oap.Hµ;a IIlIII cyMMapHoro oa

p.1Ip;a BTOpH'lllbIX qacTIID; [7]. 
Kax CJieµ;yeT no oaxotta coxpaueuH.H oap.Hµ;a, cyMMapH1,rn oap.Hp; BTop11q

u1,rx qacTnn;, oa HCKlIJO'lCHHCM qacTHD;•CIIeKTaTopoB, panen 'lHCJIY IlpOTO

HOB, nplIH.HBIUlIX yqacTne BO BOaHMOp;e:nCTBHH. IIocKOllbKY Ilp.lIMOC onpeµ;e

nenne qnCJia noanMoµ;enc·rnyron~nx 11yxno110B neBOOM02KHo, TO Bnontte pa

nyMno BOCIIOnI,OOBa'l'.bCll cyMMapHbIM oap.Hp;OM BTOpH'lHbIX qaC'l'HTI; KaK KO

CBCHHOH on;eHKOH qnCJia BOanMoµ;encTBYIOII\HX HYKJIOHOB. 

B HaCTO.!l~eii pa6oTe µ;n.11 BLl'IHCJICHH.!I "IIICJia BOaIIMoµ;eiicTBYI.qlIX ny

KlIOHOB HCIIO.JboyeTCH cneµ;y10II\a.ll cflopMyJia: 

oµ;ec1,: 

CJ = nch - 2n_ - n£ - n{ 

nch -- 'lIICJIO oapmKCIIIIhlX qacTnn; B co6LITHH; 

n_ - 'lHCJIO OTpHT{aTeJibHbIX 'laCTH[( B co61,1Tnn; 

n£ - 'lHCJIO cnexTaTopoB .Hp;pa-cnap.Hµ;a; 

n{ - 'lHCJIO CIICKTaTopoB .11µ;pa-MHII1eHII. 

(4) 

ECJin CTaJIKHBaIOII\IICC.ll .nµ;pa HMCIOT oµ;nnaKOBOe 'lHCJIO npoTOHOB ll JICH

TponoB, TO cpeµ;nee qncno BoaHMonencTBYIOII\HX uyxrroHOB panno 2 < Q >. 
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3. SxcnepuMeHTaJibHble peoynbTaTbl 

3.1. 8Kcnep~MeHTaJibHhlH MaTepuan 

qncno co6bITHII,HCIIOJlbOOBaHHI,lX 11,ll.!I anamma,npeµ,c·raBJICHO B Ta6nnn;e 1. 

Ta6imn;a 1. qHCJIO co6hITBH ITO BOaBMO)l,eiicTBBJJM 

Pinc = 1.2 r0B/c• HYKlIOH Pinc = 1.7 r'oB/c• nyxnon 

pC dC o:C CC dC 

5284 6735 4852 7327 1523 

McToµ,nqecKJie nonpochl, cn.1n3aHHLIC c n11ie1ITmlmxan;neii 'laCTHD; II c Bhl-

11.erre11HeM 0oaHMoµ;eiicTBHH Ha .1111,pax yrnepoµ;a B nporraHe, 61,1m1 paccMo

Tpen1,1 UOP,p06HO B pafioTaX [8, 9]. 

1 3.2. 3aBHCHMOCTb cpep;HHX xapaKTepHCTHK 7r--MeOOHOB OT no-

p.11p;Ka KYMYJUITHBHOCTH H MaCCbl .11p;pa-cHap.11p;a 

Ha pnc. 1 noxaoaHo pacrrpeµ;enemrn 1r--MeooHOB no nop.11µ;Ky xyMyrr.HTH

BHOCTH µ;JI.H pC; dC; aC·n CC-BoanMop;encTBH:ii AJI.H n:Mnyn1,ca HaJieTaIO~Hx 

qacTHn; 4.2 roB/c na uy1:no11. 
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Puc. 1. Pacnpe~eneHHe 7f--Me

OOHOB ITO n,. )l,.llJI HMilYllbCa Ha

neTaIO~X 'lll.CTHI\ 4.2 roB/c Ha 

HYJ:JIOH 



Bnivm, 'ITO oTn pacnpep;ene1m.ll npn n,1; > 0.1 nMeroT oxcnoHeHn;nan1,11Mii 

xapax:Tep. IIepeMeHHaJI n,1; Bhip;en.lleT OTJIH'IHe .llp;po-.iip;epHhIX noam.wp;eii

CTBnii, Tax xax B HYKJIOH-HYKJIOHHbIX BOaHMop;eiiCTBH.llX [10] npn 6JIHOKOM 

oHa'lemrn nMrrynhca naneTaro~eii 'laCTHD;hl (p = 3.83 r0B/c) pacrrpep;ene-

1rne ,r--MeoOHOB OTJill'laeTC.ll OT BKCJIOHenn;nanbHOro 1I He Ha6mop;a10TCJI 

7r--MeOOHbl c n1.: > 0.6. 
IIapaMeTpnoan;H.ll pacrrpe11ene11nii BKCJIOHeHn;HaJil,HOll oaBHCHMOCTbIO BHp;a: 

1 dN N ~ oc ae-bn1 
an,1; 

(5) 

p;aeT cpep;nne oHa'leHH.ll < n1.: > n rrapaMeTpbl na:s:noHa, :s:0Top1,1e npnBe

p;eHhI B Ta6nnn;e 2 • 

Ta.6nn~a. 2. PeoynhTa.Tu na.pa.~rnTpuoa.~nn pa.cnpei:ieneHnii: no n.r. 

<n.1: > 
b 

x2/cT.CB. 

pC 
0.165 ± 0.005 

7.8 ±0.3 
13.9 

dC aC CC 
0.151 ± 0.006 0.149 ± 0.002 0.136 ± 0.005 

8.1 ± 0.2 7.7 ± 0.2 8.1 ± 0.2 
6.7 1L3 15.4 

Ha pnc. 2 rro:s:aoaHo pacrrpep;eneHne cpep;unx oua'leunii HMITyJibca ,r--Me

oonoB B OaBHCllMOCTH OT nop.llp;Ka KYMYJl.llTHBHOCTH. 

B pacnpep;ene1mB cper111ero nMnyn1,ca ,r--MeooHoB rro nop.Hp;xy xyMy

JI.llTHBHocTH M02KHO Bbl;r\CJillTI, ;r\Be o6nacTn: B nepBOH o6nacTH C yBeJIH

'ICHHeM OHa'leHH.ll n,1; cpe1111ne OHa'leHn.ll HMITYJihCOB yMeHbIIIaIOTC.ll H p;o

CTnraIOT MHHHMyMa , a BO BTopoii o6rraCTll c yneJIH'ICHHeM ona'leHH.ll n1.: 

mia'leUH.ll HMllJJibCa pacTyT. 

3aBHCHMOCTII cpej1HHX lfllKJIIOOHRHhlX xapaKTepIICTHK B1'0PH'IHI,IX qa

CTHrt; OT nx nop1111Ka KYMYJI!ITHDllOCTH nny<JaJIHCI, npn panm,TX 011cpnrnx 

ll Tnnax ]laJJCTaIOU\IIX '!aCTIII~ H 11ono611Lie o6nacrn C paoJIH'IHOR oaBIICH

MOCTI,IO Bhl;r\eJl.llIOTC.ll BO Bcex paCCMaTpHBaeMLIX pacnpep;eneHH.llX cpep;HHX 

xapaKTepncTHK qacTnn; no n,1;. Op;uaxo onarie1me n,1;, rrpn xoTopoM, 11a

npnMep, pacnper1eneHne cper1nero nMnynhca 1r--Meoo110B p;ocTnraeT MH

HHMyMa, paonoe, 'ITO H ne JIOOBOJI.lleT TpaKTOBaTb n1.: KaK Macey MHUTenn. 
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Pnc. 2. Oa.BHCHMOCTb < p > oT 

nk 11'--MeoOHOB Aliff IIMDYJlbCa 

Ha.neTa1011~HX •rncrn~ 4.2 foB/c 
H8. HYJ:JIOH 

_.,..i.J,~+~+t\\~ \ j 
., 
m 

• "'pC· 
o dC 
□ aC 

G 
·◊ cc 

0.2 0.4 O:lf 0.8 1.0 ~T4 
nA: 



B peaKI,;nn 

1r-(Pinc = 40 roB/c) + 12C-+ 1r- + ... [12} 

MHHHMYM B pacnpeAeJieHHH cpej\HHX HMIIYJihCOB rr--MeoOHOB no nop.9)\KY 

KYMJ1I.HTHBHOC'l'H HaXOAHTCB B o6JiaCTH nk ~ 0.6. 
flpH ncrne;n;oBaHHH BOaHMo;n;eiicTBnii c Ta .Hp;ep d,4 He,12 C c nMnyJI1,coM 

4.2 r0B/c Ha nyKJIOH [11] pao;n;e11eHne 0611acTeii nponcxo;n;nT npn ouaqeunn 

n1c ~0.2. 
B pa6o-:re [13], ncrro111,oyroru;eii TOT .>Ke oKcnepnMeH'raJII,Hbiii Ma-:repHaJI, 

'l'l'O n B HaCTO.lllll;Cll pa6oTe 2,6MlIO OTMC'leHo, 'ITO rr--MeOOHI,J C n1c < 0.2 
po.>K;n;a10TCB B o6Jiac-rn qiparMeH-rau;nn .H;n;pa-cttap.H;n;a, a c nk > 0.2 --- B 

ofmaC'l'H <pparMCHTaqHH .llJ.1:pa-MHIIJeHn. 

PacrrpegeJiemie cpegHHX yrJIOB BI,IrreTa rr--MeoOHOB B oaBHCHMOCTH OT 

nop.ap;Ka KYMYlI.llTHBHOCTR, noKaoaHHoe Ha pRc. 3, yKaoLrnaeT Ha cyru;e

CTBona1me eru;e o;n;noii o6rracTn -- rrpR KOTopoii ouatJeHR.ll cpe;n;m1x yrJIOB 

Bl,lXOJ.1:.llT Ha m1a-ro,T.e. nepecTaIOT OaBRCeTI, OT nk. 

IloBegeHHe oToro pacnpegeJieHR.H B paccMoTpeHHbIX BMIIJe pa6oTax aHa

norH'IHO np1rnegeHHOMY Ha pnc. 3. 3ttatJeHH.H nk, npR KOTopMx pacnpe;n;eJie

HHe cpegHHX yrlIOB BbIJie1'a qaCTlll.J; BhlXOp;HT Ha IlliaTo: ~ 2-p;lI.ll 1r--MeOOHOB, 

po.>Kga10ru;Hxc.s n rr-C-BoaHMogeiicTBBH, n nk ~ 0.8 J.1:IT.H (d,4 He, C) +Tan 
(p,d,4 H e,C) + C-peaxn;H.Hx. 

flpnpop;a HOMeHeHH.ll xop;a OaBHCHMOCTCH cpep;HHX xapaKTepRCTHK qa

CTHll; OT nk Bl,l.HBJI.HeTC.H rrpn paccMOTpeHHH .H;n;po-.H;n;epHl,lX BOaHMo;n;eii

CTBRii B HJKJIOH-HYKlIOHHOH cncTeMe ri;eHTpa Mace. 

Ha pnc. 4 rrpnBe;n;eHbI pacrrpe;n;eJieHH.H 1r--MeooHOB no nepeMeHHOH xF 
B HYKJIOH·HYKJIOHHOH CHCTCMe D;CHTpa Mace ;n;u paccMaTpHBaeMoro OKcne

PHMeHTaJII,HOl'O MaTepnaJia. 

BngHo, 'ITO ;D;lI.ll BCex THnoB .a;n;pa-cttap.H;n;a cneKTphl 1r--MeoOHOB B npe

;n;eJiax OUIH60K firrROKR. Ha6mo;n;aeTC.H paolIR'IHe B crreKTpax lIBilll, B 06-

liaCTH /xFI > 1, T.e. ;n;u 1r--Meootton, 11eT.Hiu;RX nrrepeg (xp > 1) n Ha

·oa;n; (x.,.~ < 1) B HyK11on..:HyKJIOHHo:ii cRcTeMe n;eHTpa Mace. 'lfarno KYMYlI.ll

THBHbIX 1r--MeoOHOB, JieT.H~ B 0611aCTH cf>parMeHTaIJ;HH .llp;pa-MnmeHn, 

;n;u ncex Tnnon BoanMo;n;eicTnni 6oJII.Ille 1:1nCJia rr--MeooHoB, OTHOCBII\HXC.H 

-~B R3.CTO.l!Lqei pa6oTe YBellll:'JeRo 'IICJIO co6HTlli BO Bcex BOaJIKO,l\eiCTBUX, 

8 

K 0611acTR qiparMeHTau;nn .llp;pa-cnap.Hp;a. IlpR 0TOM OHR B_MeIOT ll 6011ee 

2KecTxnii crrexTp - p;lI.ll CC-Boa11MogeiicTBll.ll Xp ;n;ocTnraeT 3Ha<Iemi:ft-2 

;n;n.a 7r--MeOOHOB, lICT.lliu;RX Haoag, n TOlibKO 1.3 p;lI.ll 7r--MeoOHOB, JlCT.lliu;llX 

nnepe;n;. Tio-nnµ,nMoMy, OTO .HBJICTC.ll CJieµ,cTnneM necoBnaµ,eHH.ll O o6nacTeii 

<pparMeHTan;nn B uyKJIOH-HJKJIOHHOM JI .H;n;po-.Hµ,epHOM noaJIMOJ.l:CHCTBllll, 
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Pac. 4. Pacnpe}\eJien:ae' 'Ir--Me

ooHoB no ZF B HYJ:llOH•HyI

llOIIHOH Cl!.CTeMe n;enTpa Mace 

All.II HMnyn1,ca na.neTaIO~X 'la

CTHD; 4.2 roB/c na ny1moH 

Cn.Hob MeLK;n;y qieiiHMaHOBCKOH nepeMenuoii n rrop.Hp;KOM KYMYJI.llTIIBHO

cTn 1:laCTIID; geMOHCTpIIpyeTC.H Ha pnc. 5a, ua KOTOpOM rroxaoaua OaBllCH

MOCTI, cpeµ,uero nop.lIµ,Ka KYMYJI.HTHBHOCTII OT cpeiiHMaHOBCKOH nepeMeH

uoii p;lI.ll 7r--MeoOHOB, po2Kp;aIOiu;llXC.ll B paccMaTpnBa.eMI,IX peaKD;H.llX. 

Cpe;n;une ouaqeHII.ll nop.ap;Ka KYMYJI.llTHBHOCTH p;lI.ll ·ncex TnrroB uaneTa

roru;nx 'lacTnn; Jie2KaT ua o;n;uoii xpnBoii. Ilpn 0ToM p;n.H 1r--MeooHoB, n1,me

Ta10ru;nx n NN c. u;. M. nnepeg, oua'lenne nop.lIJI.Ka KYMYll.lITHBHOCTH 6JIHOKO 

K uynro(pnc. 1) n Ha1IHHaeT pacTn TOJII.KO /1,Jl.lI 7r--MeOOHOB, Bl,IJieTaJOiu;llX 

uaoa;n;. Pnc. 5a BI.I)J;ell.RCT r11anuy10 oco6eHHOCTI, nop.a;n;Ka KyMyJI.llTHBHO

CTll - ofinac.TI, noMeHeHll.ll OTOH nepeMeHHOH B OCHOBHOM, JIC)KllT n o6na

CTH cpparMeHTaIJ;HII HJKJIOHa-MRIDeHII (.Hgpa~MJIIIIeHH) H p;aeT BOOM02KHOCTb 

rro11.po6uo 'i-icCJie;n;onaT1, oco6eHHOCTH po.>Kp;eHll.ll 1:1acTnu; B oToii o6JiacTn. 

Ho pnc. 5a- nn;n;uo, 'ITO o6nacTI. n1c > 0.8 cooTneTcTnyeT .oua1:1eHll.llM 

Xp < -1. B TO )KC BpeM.H OTO JIHIDI. qaCTI, K30, onpe;n;eJieHHOH rrpn no-
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MOW:H cI>eiiHMaHoBcKo:ii nepeMeHHoii. IlpH 0TOM He y'IHThlBaJOTc.SI 'IaCTHD;hl 

C Xp > I, XOT.ll HMCHHO B 0TOH o6nacTn H 6hlll BnepBbie o6uapy)Kell 

KYMYJI.llTHBHbIH ecI><f>eKT [14]. 
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PHc.Sa,6.0aBHCHMOCTH < y > H < n,. > ir--MOOOHOB OT ZF ARH HMnym,ca HMeTa
lO~X 'lllCTH~ 4.2 roB/c Ha HYUIOH 

Ha pHc.56 npHBeµ:eHo pacrrpeµ:eJieHHe cpeµ:Hero OHa'leHH.ll 6bICTpOTbl 

1r--MeoottoB OT otta'leHH.ll cI>eiuMaHoBcKoi nepeMeHtto:ii )];ll.ll HHX. Ilpuae

µ:euHa.H oaBHCHMOCTb IIOOBOJI.llCT BbI)];CJIHTb o6JiaCTb 6bICTpOT, KOTopy10 

OaHHMaJOT 'lacTHI\hl, BbllleTarom;ne B K30. 
TaKHM o6paooM, paCCMOTpeHHe oaBHCHMOCTei MC)K)];Y paoJIH'IHbIMH HH

KJIIOOHBHhlMH nepeMeHHbIMH AJI.ll 7r--MeoOHOB IIOOBOJIHJIO HaM BbI.llCHHTb 

npOHCXO)K)];CHHe oco6eHHOCTe:ii B pacrrpe):\eJieHH.llX HX cpeµ;HHX xapaKTepH

CTHK no nop.ll)];KY KYMYll.llTHBHOCTH: HOMeHeHH.ll B pacnpeµ:eJieHH.llX cpeµ;HHX 

xapaKTepHCTHK 'IaCTHI\ B .ll)];pO-.ll)];CpHl,IX BOaHMO)];CHCTBH.llX no nop.ll)];KY xy

MYll.llTHBHOCTH KOppeJIHPYIOT c rrepexoµ:oM 'laCTHJ:\ no o6JiaCTH cpparMeH

T~HH MHIIIeHH B o6nacTb cI>parMeHTal\HH cuap.Hµ;a a HYKJIOH-HYKJIOHHOM 

BOaHMoµ;eicTBHH H BhlXO)];OM HX B K30. 
CJieµ;yeT OTMeTHTh, 'ITO t3Ha'leHH.H rpaHHI\ Me)Kµ:y o6JiaCT.HMH nec.KOJib.KO 

YCJIOBHhl, Ta.K KaK OHH noJiy'leHbl HO pacnpeµ;eJieHH.ll cpeµ;HHX BeJIH'lHH X F 

H nk H 0TO CKopee HeKOTOphle nepexoµ;Hhle o6naCTH ona'leHHH 0THX nepe

MeHHhlX. 
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3.3. 3aBBCHMOCTb cpej:\HHX xapaKTepHCTBK 7r--MOOOHOB OT no-
P.HAKa KYMYJI.BTBBHOCTB n: aHeprBH .BJ:\pa-cHap.HAa 

,IJ;anm,Ie no pmKµ;eHHIO 7r--MeoOHOB npH BOaHMO)];eHCTBHH µ;eiiTpOHOB CHM

nyllbCOM 1.7 raB/c Ha HYKllOH c yrJiepoµ;oM noOBOJI.llIOT HCCJIC)];OBaTb oaBH

CHMOCTb xapaKTCpHCTHK po2Kµ;a10m;1:1xc.sr 7r--MeOOHOB OT eueprHH uaneTa

rom;ero .Hµ;pa. 
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PHc. 6. Pacnpe}\eJieHHe 

no nopHAIY IYMY.IIHTH
BHOCTH lr--MOOOHOB, 

A.IIH AeiTpoHoB c paonH'I

HhlMH HMnynbCa.MH 

Ha puc. 6 npHBeµ:enhI pacnpeµ:eJieHH.ll no nop.ll)];KY KYMYll.llTHBHOCTH 1r--Me

oonoB, o6panyIO~HXc.SI npH BOaHMoµ:eiiCTBHH c yrnepoµ;oM µ:eiiTpOHOB c 

HMnyn1,caMH 1.7 H 4.2 reB/c Ha nyxnon. Kax H )];JI.ll 6onee Bh1coxoii euep

rHn,pacnpeµ:eneuHe 7r--MeoOHOB HMCCT 0KCilOHCHI\HaJibHYIO cI>opMy. IIapa

MeTpbI pacnpeµ:eJieHHH cpaBHHBaIOTc.SI B Ta6nun;e 3 . 

Ta6nH~a 3. PeoynhTllTbl napaMeTpHoa~HH pacnpeAenettHii: no n1c 

<nk> 
b 

x2 

4.2 reB/c · HYKllOH 1.7 raB/c• HYKJIOH 

0.151 ± 0.005 0.232 ± 0.006 
8.1 ±0.2 

6.7 
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10.2±0.4 
3.1 



1.1 
-61 ~I 'P o 4,2 rsB/c .!<:_ 1·0 

~ r//'!m m □ 1,7 rsB/c $ o.9 
0 4,2 faB/c 

. Ill:> 0 0.8 
4> 

□ 1,7 faB/c 
~ 111 0.1 

CD Cl) 

10~ •. . '; .. , ~ (I) 

t¾ M ¢, 

t 0.4 i :n 
0 101 it O.J 

!l) 

h; tt 0.2f 
m 

0 

1C r I I 0.1 

Pac. 7. Pacnpe}.\eJJ.eHne 1r--Meoo110B no 

;i:F B HYKJIOH-HYKl10HHOR CllCTeMe n;eu

Tpa Mace npn paonn"IHbIX HMnynbcax 

HaJICTO.IOUl,HX l\eHTpOHOB 

Pnc. 8. 3aBHCHMOCTb MC:lKI\Y < nk > 
'If--MOOOHOB n ZF rrpn HMTTYllbCe nane

TaIOUl,llX '!acTnn; 1.7 roB/c Ha HYIJIOII 

Ha pnc. 7 cpanHnBaIOTc.a pacnpeAenemlll 7r-~Meoonoa no xF AJI.H peaK

rwn dC npH nMrrynhcax genTpOHOB 1.7 H 4.2 I'0B/c na HyKnon. Pacrrpe

gene1rn:e HCCKOJibKO urnpe npn 'HHOKOll 0uepr:im HaJICTaIDlll,IlX geiiTpOHOB, 

T.K. rrpB OTOH 011epnUI o6nacTB cpparMeHTaIJ;llll MHllleHII ll cnap.ll.ga ellJ,e He 

pangeJieHI,I n: cneKTP Meoonoa no HMilYJJhCY 6onee OAHOPOACH. 

Cpaamrnaa pacnpegenenIDI cpe11,Hnx ouaqenniI nop.ll.gKa KYMYJl.ll.THBHO

C'l'H B OaBBCHMOCTB OT Xp (pHC. 8), M02KHO O:iKflAaTb llOMC}IeJIIDl rpamm, 

11,ITJI o6nacTen: BbilleTa qacTBq, paccMOTpCHHbIX BI,IJUe. Ilpn 0TOM qacTHIJ;hT, 

JH,lJleTaJOUJ,He s o6naCTB cpparMeHTaqHB MHllleJIH, 6YAYT HMCTb OHaqeumr 

nk > 0.1 + 0.2, a qacTIIqbT, BbIJieTaIOUJ,He a K30, - nk > 0.4 + 0.5. 
3aBRCHMOCTb cpegnnx xapaKTepIICTIIK 7r--MeOOHOB OT nop.RgKa KYMY

Jl.ll.THBHOCTII noKaoaHa Ha pIIC. 9. BHgHo, qTO nee OaBllCllMOCTII HMCIOT Te 

)Ke xapaxTepHbie oco6eHHOCTH, qTO II npHBegeHHbie BbIIJie c RMilYJlbCOM 

naneTaIOlll,IIX 'IaCTllq 4.2 r0B/c Ha HYKJJOH. lfoMeHeHIDI B IlOJI02KCHHH 0TllX 

oco6e1rnocTe:e: rrpo:e:oouinII Tax, xax n npegnonaranoci,: o6nacTII cpparMeH

Tan;:e:n MHllleHH II cHap.Rga Ha pacnpegenemrn cpegnero nMrryni,ca paogeJl.ll.

IOTC.H npH nk ::::: 0.1, a o6naCTb K30 HaqnHaeTc.a c nk ~ 0.4. 
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PHc. 9. 3aBKCllMOCTH;a) < p >, 6) < () >, n B) < y > OT n,. }I,JIJl 7r--MeoOHOB 

npH HMITYllhCe }1,eH'l'pOHOB 1.7 roB/c Ha HYillOH . 
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Il pnBep;eHHhie pacnpeµ;eneHIDI rrop;TBep2Kp;a10T BhIBOA rrpep;hip;yIII,ero rra

parpacpa O TOM, 'ITO oco6eHHOCTH B pacrrpeµ;eneHIDIX cpep;HHX xapaKTC

pHCTllK -qacTHD; no nk CB.HOaHbI c rpaHnn;aMH o6nacTeii cpparMeHTaI.J;HH n 

K30 B nyxnon-nyxnounoii c.1~.M •• IIpn noMeneunn 0neprim HaneTaroIII,ero 

.11µ;pa-cHap.11µ;a IIOJIO)KCHJIC OTIIX oco6eHHOCTCH B CITCKTpax HOMCH.II.CTC.II. co-

OTBCTCTBYIOll.l,HM o6panoM. 

3A, 3aBHCHMOCTb KOJIJlCKTHBHbIX ncpcMCHHbIX co6bITHH OT no-

P.llAKa KYMYJI.llTHBHOCTH 

B HCCJlep;oBaHllJIX KY MYlIIITHBHbIX npOI~CCCOB [ 12] y)Ke O'l'Mff'lalIOCb paJJ

J1ll'IHC MC)KAY cpep;HHMH OHa'ICHH.HMH MH02KCCTBCHHOCTII oap.H)KCHHbIX 'Ia

CTIIII, B o6nacTH cpparMCHTaIJ,HH .11.µ;pa-MHUICHH n .11.µ;pa-cnap.11.µ;a. 

B HHKlIIOOHBHbIX nxcrrepHMCH'rax rrpn noy'IeHHH oaBHCHMOCTH CC'iCHHH 

po2K)l;CHH.ll KYMYJI.HTHBHblX qacTHD; OT MaCCbI CTaJIKHBaIOIIIHXC.II. .Hp;ep B BHAC 

O'inv ~ Am 

ua6rr10p;aeTC.H BOopacTaHHC CTCTICHH A-oaBHCIIMOCTH C yBelIH'iCHHCM KYMY

JI.II.THBHOro 'iHCJia Xe, BbI'iHCJICHHOl'O no· cpopMyrre (2). ,Il.rr.H yµ;o6cTBa HH)KC 

Mbl 6yp;eM HaobIBaTh 0TO Xc-OaBHCHMOCTI,10. 

B 'IacTHOCTH, rrpn HCCJiep;oBaHHH po2Kp;CHH.ll KYMYJI.llTHBHbIX IlHOHOB B 

peaKD;HH 
p +A_. 1r-(159°) + X [15] 

c aHeprneii HaJICTaIOIII,Cl'O npoTOHa 25-65 raB AJI.H A ~ 27 n 0.6 $ Xe $ 2.0 

rrorry-qeHa arrnpoxcnMau;H.H BHµ;a m = 0.75 + 0.21xc, 

3aBHCHMOCTb CC'ICHH.ll po2K)l;CHH.ll -qacTHD; OT aTOMHOl'O HOMepa KaK .11µ;pa-

cuap.11µ;a, TaK n .11.µ;pa-MHIIICHH HCCJiep;OBarracb B pa6oTe [16] npn noy'ieHHH 

peaxu;11n 
AB+ AT-+ 1r-(0°) + X 
AB=a,C 
AT= C,Cu,Pb 
El:!m = 1.05,2.1 feB/N 

Ilpn napaMeTpHOan;HH ce'ICHH.ll EiFa / iFp <X AB(T) 6hlrra 06Hapy2KeHa 

CJiafia.H. OaBHCHMOCTb OT MaCCbI .11µ;pa-MnmeHn, HO CC'ICHHC OKaDbIBaCTC.II. B 
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CHllbHOH·oaBHCHMOCTH OT MaCCbI .11µ;pa-cHap.11µ;a. KpoMe Toro, HafiJIK>)l;aJIOCb 

YBeJIH'iCHHC rroxaoaTerr.H CTCIICHH rrpn BbIXOp;e oa rrpeµ;errbl KHHCMaTHKH. 

HYKlIOH-HYKJIOHHoro CTOJIKHOBCHH.ll. Ilpn 0TOM CaMa XcOaBHCHMOCTb oiw

HaKOBa p;ll.H q:iparMeHTnpyIOIII,HX .Hp;ep. IIo-Bnp;nMoMy, oHa ca.Hoana HMenno 

C Maccoii 061,eKTOB, noanMop;eiicTBYK>~X npn CTOJIKHOBCHJIH .llj],Cp. 

Kax BHAHO HO peoyJibTaTOB 0THX pafioT, YBCJIII'ICHHC noxaoaTeJI.H CTC

nenn npn BblXOAC B KllHCMaTH'ICCKH oanpCIII,CHHYIO o6rraCTb CB.Hoano c 

yrJIOM BbIJICTa KYMYJI.llTHBHOH '3:aCTHD;bI. ,Il.ll.ll 'IaCTHD;, BhlJICTaIOIII,llX B 06-

rracTb <flparMCHTau;n:n MHIIICHH, Xc-OaBHCHMbIM OKaDhIBaeTC.H rroxaoaT~llb 

rrpll AT, a AJI.ll -qacTRD; B o6rracTH cpparMCHTau;nn .11µ;pa-CHap.Hp;a - mixa

oaTeJih npn AB. 
Ecrrn nop.11µ;01 KYMYJI.llTHBHOCTH nnTeprrpeTnpoBaTh xax MHHHMallbHYIO 

Macey MHIIICHH, Heo6xop;n-MyIO µ;rr.a o6paooBaHH.ll BTOpH'IHOH 'IaCTHIJ;bl c 

p;aHHbIM HMIIYJibCOM, TO µ;orr2K11a 6bITb o.aBHCHMOCTI, OT OTOH rrepCMCHHOH 

II µ;pyrnx KOJIJICKTHBllbIX nepeMCHHbIX, CB.HOaHIIhIX C Maccoii BlIB .'IBCJIOM 

'IaCTH:a; MHIIIeHn, yqacTBYIOIII,HX BO BoanMOAeiicTBHH. B -qacTHOCTB, AOJI-

2KHa 6bITb oaBHCHMOCTb '3:HCJia BoanMop;eiicTBYIOIII,HX HYKJIOHOB n cpep;Heii 

MH02KCCTBCHHOCTll 'laCTHII, B C06b1THH OT rrop.Hp;Ka KYMYJI.HTHBHOCTH. 

Ha pnc. 10 rroxaoaHbI pacnpep;erreHIDI cpep;ueii MH02KCCTBennocTH 1r--Me-

00HOB < n,r- >, cpep;ueii MH02KCCTBCHHOCTH oap.112KeHHbIX -qacTHD; < nch, > 
H cpep;uero 'IHCJia BoanMop;eiicTBYIOIII,HX HYKJIOHOB < Q > OT nop.11µ;xa xy

MYJI.llTHBHOCTH 7r--MCOOHOB B co6bITHH. 

Ilpn Bhl'IHCJICHHH 'IHCJia BOaHMO)];CHCTBYIOIII,HX 'IacTHI\ CIICKTaTopaMH 

.Hp;pa-cnap.ap;a C'IHTaJIHCI, IIOJI02KHTCJibJIO oap.HlKCHHhie qacTHJ:\bI C yrrroM 

BhlJICTa (} $ 4° H HMTIYJihCOM p ~ 3 faB/c )];JI.Ii HaJICTaIOIII,HX .llp;ep C 

m,myrr1,coM 4.2 raB/c Ha nyxrron n p ~ 1.2 f0B/~ AIT.ll AeiiTpoHoB c 

BMnyrr1,coM 1.7 f0B/c Ha ny1mon. K crreK'raTopaM .Hp;pa-Mnmen:n B o6onx 

C.'IY'Ia.H.X OTHOCHJIBCI, rrpOTOHbI, p;eiiTpOHhl, .11p;pa TPHTH.H, rerrH.ll C HMIIYJib

caMH p $ 0.3 raB/c Ha HYKlIOH. 

Pacripep;erreHIDI KOJIJICKTHBHLIX rrepe.MCHHbIX )];JI.Ii BCCX THIIOB HaJICTaIO

III,HX 'lacTHI\ p;eMOHCTpnpyIOT OaMeTHOe YBCJIH'ICHHC cpep;HHX OHa'ICHHH 

xapaKTepHCTHK C06hlTBH rrpn nepeXOAC HO o6rracTH cpparMeHTal\HH .Hp;pa

MHIIIeHH B K30. 3Ha'JeHl{.ll nk ~ 0.4 n ~ 0.8 p;mr HaJTeTaJOIU,HX qac:TJm; c: 
HMilYJibCaMH 1.7 B 4.2 foB/c Ha HYKITOH CODTBCTCTRCHHO. 
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6 

1.4 
n• 

Pnc. 10 noATBep:llq~aeT CAenannoe Bhlme npeAnonolKenne o oaBHCIIMo

cTH xonneKTHBHhlX nepeM~IIHhlX co6hlTnii OT nop.llAKa KYMYll.llTHBnocTn. 

KonneKTIIBHhle rrepeMenm,1e 1 xapaxTepnoy10mne co6hlTHe B 11,enoM1 oxa.01,1-

BaIO.TC.ll AOCTaTo"tJHo 'I}'BCTBIITem,m,1Mn K B1>1µ;enenmo ·o6nacTeii poxµ;enll.ll 

'18.CTlllJ, n, cneAOBaTen1,Ho, K MexaHH0MaM llX pOlKAeHH.ll. 1Iocxon1,xy CTa

TllCTHKa co6hlTHii c 1!'--Meoonru.m,B1>meTaroll\HMR B K3O,Mana(~ 1%)1 To 

gaHHoe Ha6nIOgenne cnylKnT cxopee yxaoaHHeM Ha cymecTBOBaHIIe rroµ;o6-

noii 0aBHCllMOCTH, HY2KJ1:aIOII.\HMC.ll B0 Jl:anbHeiimeii: npoBepxe. 

MolKHO rrpeµ;nonolKJITI,, 'lTO Xc-0aBHCIIM0CTI, Ce'leHHii lI 06Hapy2KeH

Hoe yBellH'leHne qncna BOallMOgeiiCTBYIOII.\llX HYKllOHOB .llBll.llIOTC.ll rrpO.HB

neHneM ognoro n Toro .:m:e ocpcpexTa •. B oTOM cny'lae Hll.ll KyMyn.nTHBHl>IX 

'laCTHIJ., B1>meTaIOII.\llX. B 0611aCTI, cpparMeHTaIJ,lllI MnmeHH qncno B0aHMO

µ;eiicTBYIOII.\llX nyxnonoB pacTeT oa c'leT ny:imoHoB MmneHn n nao6opoT, 

Jl:ll.ll KYMY11.llTllBHhlX 'laCTl~IJ, B 0611aCTH cpparMeHTaIJ,HH cnap.llµ;a OHO pacTeT 

oa C'IeT HYK1I0HOB CHap.llµ;a. Taxa!I KapTIIHa npon.ecca C0BrragaeT C "rop.ll

'lHMH" qmyxTOHHhlMH MO)l;e11.llMH, B KOTOphlX HCTO'IHHK0M KYMY11.HTIIBHhlX 

-qacTHIJ. .llB1IeT9111yuronm,rii xnacTep, cpopMHpYIOII.\HHC.ll B peoy111,TaTe c.:m:a

TR.ll 11yx11onon Bgo111, TpaexTopnn ABHlKYII.\eHC.ll 'IaCTllIJ.hl [17]. 

4. 3axnro'IeHue 

IIpoBeAeHnoe nccneµ;oBanne oaBncnMocTeii OT rrop.llµ;Ka KYMY11.llTHBnocTn 

1!'--Meo0HOB pao11nq111,1x HX xapaKTepncTHK ll K01I1IeKTHBHhlX rrepeMeJiHhlX 

co6i.ITllll C HlIMlI Il00B011.HeT cgenaTI, cnegyroll\lle BhlB0)l;I>I: 

1. IIepeMeHHa!I nk (cpopMyna 1) rroonon.neT geTanI>H0 nccnegonaT1> cnoii

CTBa -qacTHIJ. B o6nacTn cpparMenTa11,1m .ll):i.pa-MnmeHn. B1,1ge11eHne ca

MHX 0611acTeii cpparMeHTaIJ,HH .llµ;pa-cnap.nga,.nµ;pa-Mnme11n n KHHeMa

TH'Iecxn oarrpemen11oii )1;11.ll HYK1I0H-HYK1I0HHOro CT01IKH0BeHH.ll ocyme

CTBn.lleTC.ll 6onee .llBHO rrpn lICil0lll>00BaHHlI cpeiiHMaHOBCKoii nepeMeH

HOH XF· 

2. IIoMeHeHll.ll B pacrrpegeneHIDIX cpeµ;HBX xapaxTepHCTHX 1!'--MeoOH0B · 

OT rrepeMennoii nk cn.1ma111,1 c rrepexoµ;oM Mexgy 0611acT.aMn cpparMeH

TalJ,llll .11gpa-cnap.11ga, .11npa-MnrneHH R Bl,TllCTOM -qa,CTIUJ; B KHUeMaTn

'leCKH oanpen~cnnyro o6rracTb. 

17 



I 
3. Xapa1nep ualHI.CllMOCTll CPCI-\IUlX xapaKTepHCTHK 7r--MeOOIIOB OT ne

pcMCHHOli n1o He MCH.lICTCll rrpH HOMeHCHHH HMIIYJlhCa naneTa10rn.ero 
).\eHTJ)OHa OT 4.2 r0B/c K 1.7 r0B/c Ha Hyuron. 

I 

4. Pacrrpep;enemur KOJIJICKTJIBHhTX rrepeMeHHhIX B C06hlTIDIX C 7r--MeoouaMH: 
CpCAHell MHO)KCCTBeHHOCTH, cpeAHell M.HO)KeCTBeHHOCTH 71"--MeOOHOB 
n cpeAHero 'IHCJia nyxnonon-y-crncTHHKOB n. co6hlTIDIX no rrop.HAKY KY
Myrr.11THBHOCTH TaK2Ke nMeIOT oco6eHHOCTH npn OHa'IeHH.lIX n1o, xa
paKTepnoyrorn.nx nepexoA Me2KJ.'\Y o6nacT.lIMH <J:,parMeHTan;nn .anpa
MHIIIeHn H K30. 

AnTop1,1 6rraroAap.!IT y'IaCTHHKOB coTpYJ.'\HH'IecTna no ABYXMeTponoii 
nyo1,1p1,Konon: nponattonon Ka:t.iepe llB8 OH.HH oa norry'IeHIIe 0Kcnepn
MeHTaJ1bHOro MaTepIIana II oa 06cy2K).'\eHIIe IIOJIJ'IeHHhlX peoyJibTaTOB. 
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