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1. BBEJJ;EHHE 

O.lUioii H3 nepaoHatiaJThHbiX HH!f>opMau;Hii, · nonytiaeMI>IX npH HccJie)l;o

BaHHH npou;ecca MHO)K.eCTBeliHOrO pO)K)l;eHHJI tiaCTHD; C nOMOID;blO )l;eTeKTO

pOB C 411-rOOMeTpHeu, HBJIJieTCJI MHO)KecTBeHHOCTb BTOpHt:IHbiX tiaCTHD;o 

EonLume !f>nyKryau;HH nnoTHOCTH B pacnpe)l;eJieHHH no . 6niCTpOTe 

( HJIH nCeB)l;06hlCTPOTe) Ha6JIR?)l;aJIHCb B pa3JIH'IHbiX .3KCnepHMeHTax npH 

BbiCOKHX · 3HeprHJIX, B tiaCTHOCTH, B CTOJIKHOBeHHJIX KOCMHt:IecKHX nytieH C 

JI,D;paMH tPOT03MYJibCHH 
111 , B aAPOH-aJipoHHbiX 12• Sl H JI,D;pO-JI,D;epHbiX 

B3aHMO)l;eHCTBHJIX I 41 

3TH !f>JiyKTyaD;HH HHTepnpeTHpyiOTCJI C TO'IKH· 3peHHJI pa3JIH'IHbiX B03.

MO)I(HbiX MeXaHH3MOB pO)K)l;eHHJI a)l;pOHOB, TaKHX KaK lf>a30Bbie nepexo

)l;bl 
151, t:IepeHKOBCKoe H3nytieHHe aAPOHOB 161, aeTBJIID;HecJI npou;eccni 171, 

CTpyHHnie MO)l;eJIH a)l;pOHOB lSI H To}l;o 

ABTopaMH pa60T 17l 6niJI npe)l;JIO)KeH HOBbiH MeTO)l; HCCJie)l;OBaHHJI 

3THX tPJIYK'fYaD;HH no MHO)KecTBeHHOCTH aAPOHOB B 3aBHCHMOCTH OT 6niCTpOT

HbiX HHTepBaJIOBo llpe)l;JiaraeTCJI HCCJie)l;OBaTb 3aBHCHMOCTb $aKTOpHaJibHbiX 

MOMeHTOB nopRAKa i, onpe)l;enJieMI>Ix cne)l;yiOxu;eii !f>opMynou: 

1 1 M 
.<F. > = . .<- ~ n (n -1) 

1 - 1 M _1 m m · .<nin> m-. 
(nm-i+l)>, (1) 

r)l;e 

- 1. M 
.< n > = .< - ~ n m > 0 

m M m=l. 

Bni6paHHhiH nOJIHbiH 6biCTpOTHbiH HHTepBaJI /:ly pa3)l;eJIJieTCJI Ha t:IHCJIO HHTep

BMOB M, c pa.3MepoM By= !:ly /M; qepe3. nm· o6o3HatiaercJI MHO)KecTBeHHOCTb 

t:IaCTHu; a m-M HHTepaane (m = 1, 2, oo.M) o Ycpe)l;HeHHe npoao)l;HTCJI no seeM 

.co6niTIDIMo OcHoBHI>Ie pmyJibTaTbi 3THX pa60T MO)KHO c!f>OPMYJIHpoaaTb 

CJieAYIOID;HM o6pasoM: 

- ecJIH lf>nyKryaD;HJI HMeeT. 'IHCTO CTaTHCTHt:IecKHij XapaKTep, TOr)l;a C 

yMeHbllleHHeM BeJIHtiHHbi 6-hicrpoTHbiX mrrepaanoa (By) o)KH)l;aercJI ~acni
meHHe tPYHKUHH .< F1 ~; 

'··~ 
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- ecJIH cymecTsyer qmyKTYau;HH ;z:umaMHtieci<aro xapaKTepa, Tor,IJ;a 
Me:a<,n;y BeJIHtrnHaMII .<F

1
> II By cymecrsyer creneHHaH 3aimciiMOCTh cne,IJ;yiO

mero Bli,IJ;a: 

.<Fi >- c~/i 
By 

c i > 0. (2) 

:3TOT 31}>1}>eKT MO~eT 6hiTb CBH3aH CO CTOXaCTIItJecKHM (nepeMe~ae

MbiM) xapaKTepoM npou;ecca. :3ToT, ,IJ;HHaMHtiecKIIH 31}>1}>eKT B nmepaType 
o6bitJHO Ha3bmaiOT HHTepMmeHCOM .(intermittency). · 

'B HacTOHI.ll;OO. BpeMH aHanii3, npOBe,IJ;eHHbiH C nOMOIIJ;biO MeTO,IJ;a l}>aKTO

pllanbHbiX MOMeHTOB 3KCnepi1MeHTanbHbiX ,IJ;aHHbiX no MHO~ecTBeHHOMY 
o6pa30BaHIDO BTOplllJHhiX tJaCTIIU B 1l p- II K+ p- B3aiiMOAeiicrBIIHX npii 
250 r3B/c 191, B PEm-B3aliMO,IJ;eHCTBHHX npii 200 II 800 r3B, B 160 Em-B3aiiMO
,IJ;eHCTBHHX npii 60 II 200 r3B/HYKnOH !llO/, B 16 0 + (0 ,Au) -peaKIJ;liHX npii 

· 200 r3B/eyKnOH I 111 II B e + e--aHHHrllnHIJ;llll B a,D;pOHhl npii ys=35 r3B /12~ 
CBli,IJ;eTenbCTByeT 0 cyi.IJ;ecTBOBaHIIII CTeneHHOH 3aBIICIIMOCTII (2) Me:a<,n;y 
senHtJHHaMII .<F1 > II By. TaKIIM o6pa30M. nonytJeHhi nepsbie yKa3aHIIH oCTO
xacrlllJecKoM xapaKTepe npou;eccos MHo~ecrseHHoro po:a<,n;eHHH a,D;poHoB. 

· B ,IJ;aHHOH pa6oTe npHBO,IJ;HTC.fi aHanorlllJHhie 3KcnepiiMeHTanbHbie pe-
3ynhTaThi, nonytJeHHbie ,IJ;n.fi TT -p - II TT- C -B3aHMO,IJ;eHCTBHH npii nepBIIlJHOM 

HMnynbce 40 r3Bfc. 

2. 8KCIIEPMMEHTAJibHhiA MATEPHAJI 

:3Kcnepi1MeHTanbHblli MaTepiian nonytJeH c noMOIIJ;biO 2-Merposoii 

nponaHoBoii ny3bipbKOBoii KaMepbi JIBS OHHH. 
KaMepa 6hma noMei.IJ;eHa B MarHIITHoe none HanpH~eHHOCTbiO 1,5 Tn 

II o6nytJanaCb TT- -Me30HaMII C HMnynbCOM 40 r3B/C Ha cepnyXOBCKOM YCKO
pmene. Cpe,D;HHR TOtJHOCTb B onpe,D;eneHIIH HMnynhcos BTopiitiHbiX tJaCTIIU 
coCTaBnHeT -12%, a cpe,D;HH.fi oum6Ka B H3MepeHIIII yrnos BbineTa- 0,6 °. 

Bee BTopHtiHbie oTpiiu;aTeJibHbie tJaCTIIIJ;bi ClJHTaniiCb rr--Me3oHaMII. 
Cpe,D;Hliii. rpaHlllJHbiH IIMnynbc, HatJHHaR c KoToporo rr--Mrooiihi ysepeuHo 

II,IJ;eHTIII}>IIu;llposaniiCb B nponaHOBOH KaMepe, cocrasnHeT 70 M3Bfc. OrMe
TIIM, 'ITO Cpe,D;II BTOplllJHbiX nono~enbHhiX tJaCTIIIJ; npOIDBO,IJ;MaCb BII3Y
anbHa.fi . '(no HOHH3au;lii1) li,D;eHTIII}>IIKaiJ;HH npOTOHO:s" H TT+·Me30HOB ,IJ;O 
HMnymca = 0,8 r3B/c. OCTanbHbie nono~enbHbie tJaCTHIJ;bl He li,IJ;eHTH
<PIIUIIPOBaJIHCb II CtJHTaniiCb TT+ -Me30HaMH. )lpyrHe MeTO,IJ;lllJeCKHe OC06eH
HOCTI13KCnepHMeHTa no,D;p06HO OniiCaHhl B pa6oTaX /13,14!_ 

AHanH3I1posaniiCb peaKIJ;Hll cne,IJ;yromero TIIna: 

rr-+P-+rr±+x, (3) 

2 

~: 

l 
'~ 

f 

TT- + c ... 1T ± + X • (4) 

CTaTIICTIIKa C06biTIIH, HCnonb30BaHHbiX B 3TOH pa6oTe, COCTaBnHeT 16686 
TT-p-B3aiiMO,IJ;eHCTBIIH II 14645 rr-C-B3aHMO,IJ;eHCTBIIH. Cro,IJ;a TaK)Ke BKniO

tJeHbi B3aiiMOAeHCTBHH, o6pa30BaHHbie Ha KBa3IICB060,IJ;HOM HeHTpOHe R,D;pa 
yrnepo,D;a._ 

EbiCTpoTa BTopHt~HhiX tJaCTHu; BhilJHCn.finacb no craH,D;aprnoii l}>opMYne 
E+p[[ . 

Y = .!_In -- , r,IJ;e E H p[[ - :meprHH II npo,D;OnbHbiH IIMnynbC BTOpiitiHbiX 
2 E-p[[ . . . 

llliOHOB. EbiCTpoTuoe pa3perneuiie cocrasimer "' 0,04. Ebm Bbi6PaH nonHbiH 
6blcTpornhrn ·HHTepsan 0,2 :::; D. y :::; 4,2, B na6opaTopHoii clicTeMe Koop,D;HHaT. 
lJpii TaKOM Bbi6ope 6biCTpOTHOrO HHTepsana OCHOBHa.fi MaCCa BTOpiitiHbiX 
npOTOHOB o6pe3aeTCH ( Y. .< 0,2) , II IIMeHHO no 3TOH npiilJliHe Bee BTOpiitiHbie 

P-
npoTOHbi IICKniOtJeHbi Il3 paccMoTpeHII.fi. B Bbi6paHHOM ·HaMil 6biCTpOTHOM 

.· . ' . +. 
HHTepsane cpe,D;HIIe 3HatJeHHH MHO~ecTBeHHOCTll BTOpiitiHbiX ~OHOB .<n > TT-

,D;nH rr-p -II rrC -B3aiiMO,IJ;eHCTBIIH COCTaBnHIOT 4,52 ± 0,02 II 5?4~- ±·0,03 CO
OTBeTCTBeHHO. 

3. :3KCIIEPMMEHTAJibHhiE PE3YJibTAThl 
IIO rr-C-B3AHMO.llEACTBHHM 

Ha pile. 1 H 2 npiiBO,IJ;HTC.fi 3HatJeHHH norapiii}>Ma l}>aKTopHanbHbiX MO
Meuios .<F2 >, <F3 >, .<F4 > II.<F5 >, BbilJllcneHHhiX no l}>opMYne· (1), B 3aBII~ 
CIIMOCTII OT -In By B paCCMaTpiiBaeMOM HaMil 6biCTpOTHOM HHTepsane /). y = 4 
,IJ;n.fi TT -C- II TT -p -B3aHMO,IJ;eHCTBIIH npii nepBIItJHOM IIMnynbce 40 r3B/c. 

Bli,IJ;Ho, 'ITO c yMeHbUleHHeM. BeJIHtrnHbi 6hiCTpOTHbiX meneii (By) !l>YHKUH.fi 
In.<F. > ysenlllJHBaeTCH II ,IJ;IDIHbiH 31}>1}>eKT ycHnHBaeTC.fi C yBenlllJeHIIeM no-

1 .. ' . 
pH,D;Ka (i) l}>aKTopiiamHhiX MOMeHTos. KpoMe Taro, Bli,IJ;Ho, tJTo B o6~aCTH 
By> i IIMeeTCH 6onee CHnbHaR 3aBHCIIMOCTb Me~ BeniitJHHaMII In <F1 :> 
II By, o,IJ;HaKo B o6nacTII 0,2 -~By.:::; 1 Ha6nro,IJ;aeTCH cpaBHIITemuo cna6aR 
3aBIICIIMOCTb Me)K,ll;y 3TIIMII BeniitJHHaMII, T .e. B nOnHOM HHTepsane !J.y Ha6niO
,IJ;aeTC.fi 3aBIICIIMOCTb C ,IJ;ByMH pa3niitJHhlMII HaKnOHaMII. pon_e~ _CllnbHa.fi KOp· 
penHUH.fi Me)K,ll;y seniitJHHaMH In .<F 1 > ii By MR M .:::;4, cooTsercrsyromaR · 
6hiCTpoTHhiM miTepsanaM ( D.y I M) ~ 1, HBnHeTC.fi II3BeCTHhiM pe3ynhTaTOM 
6n~IIX· KOppenHu;HH, CBH3aHHhiX C pe30HaHCHbiMII· pacna,IJ;aMII BTOpiitJHbiX 
tJaCTIIIJ; H ,D;p. 

C IJ;eJibiO cpaBHeHll.fi C ,D;pyrHMII ,IJ;aHHbiMII H Onj>e,IJ;eneHll.fi BeniitmH Ha
KnOHOB B l}>opMyne (2) 3KcnepHMeHTanbHaH 3aBIICIIMocTI. B o6naCTH 4 .< M< 
-::S 20 6hma annpOKCHMHpOBaHa nHHeHHOH 3aBIICliMOCTbiO . 

In .<F1 > = A 1 - C1 In M • (3) 
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Puc. 1. aauucuMocr& norapu!lJMa !lJaKro· 
puan&HbiX MOMeHTOB (ln .<Fi>) OT -)n oy 
WI.II rr-cB33UMOAeHCTBUH npu 40 P:JB/c. 
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Puc. 3. 3iumcuM:ocr& napaMeTpou uaKno· 

. Ha f i OT nop.IIAK3 MOMeHTOB i An.1J 

rr-C-(a) u rr-p·B3aHMOAeHCTBHH (6). 

1· 

'1 

"I 

~ 
I 
l 

Ta6mu~a 1. rr-C-B3auMo.n;eiiCTBHH 

(2 fs (4 (5 

rr-c ... "+ 0,026 ± 0,008 0,067 ± 0,018 0,113 ± 0,041 0,185 ±0,153 
40 r3B/c 
x 2 /n 0,18 1,47 0,1 0,34 

Ai 0,329 ± 0,017 • 0,898 ±0,039 1,645 ± 0,084 2,516 ±0,153 

REm 
200 r3B 0,027 ± 0,002 0,063 ± 0,011 0,129 ± 0,030 0,202 ±0,060 

Ha puc. 3a npe.n;cTaBJieHa 3aBUCHMOCTb HaKJIOHOB f. OT nopH.n;Ka MOMeHTOB 
. 1 

i .n;JIH rr -c-a3auMo.n;eiicTauH:. BH.n;Ho, 'ITO c yBeJIHlleHueM nopH.n;Ka MOMeHToB 

i YBeJIHliUBaiOTCH U 3HalleHIDI HaKJIOHOB f i B <l:>OPMYJie (3). lJUCJieHHbie 
3HalleHHH napaMeTpOB. HaKJIOHa f i U Ai, norrylleHHbiEl npu annpoKCUMauHH 
.n;aHHhiX no <l:>OPMYJie (3) U X 2 Ha O.n;Hy CTeneHb CB060.IJ;hl, npUBO.n;HTCH B. 
Ta6rr. 1. C ~eJibiO CpaBHeHIDI B . 3TOH Ta6rru~e npHBO.n;HTCH TaK:>Ke ,ll;~bie, 
noJiyqeHHhie U3 PEm-B3aUMO,ll;eHCTBHH npu 200 r3B 1101 • 0TMeTH~, f liTO np~
ae.n;eHHble B Ta6JI. 1 liHCJieHHhie 3HalleHU11 napaMeTpOB HaKJIOHa f . B 3TUX 

' . . . 1 
.n;ayx pa3JIH'IHhiX 3KCnepuMeHTax B npe.n;errax 3KcnepHMeHTaJ1bHhiX onm6oK 
xopowo corrracyroTCH. 

4. rr-p-B3AHMO.II;EiWTBIDI 

Ha _puc. 2- npe.n;craarreHa aHarrorHliHaH 3aaucuMOCTb <PaKTopuarrLHhiX 
MOMeHTOB ln<F2>, ln<F3 > U ln.<F4 > OT 6biCTpOTHbiX.-Ill;eJieH -lnoy .n;JIH 
rr -p-B3auMo.n;eH:crauH:. XapaKTep 3aBUCHMOCTU npuMepHo TaKoii :>Ke, KaK B 
crryqae rr -c-B3aHMo.n;eH:crauH:. Crre.n;yeT OTMeTUTb, uo npu annpoKcuMauHH 
.n;aHHhiX, npe.n;CTaBJieHHbiX Ha puc. 2 Arr11 MOMeHTOB ln .<F2 >u ln.<F3>, 6biJIH 
ucnorrb30BaHhi ace TO'IKU Ha pucyHKax. O.n;HaKo B crryqae MoMeHTa <F4 > pe-
3YJibTaT annpOKCHMa~ HecKOJibKO 3aBUCHT OT liUCJia Bbi6paHHbiX TOlleK. 
ll03TOMY npUBe.D;eHHoe B Ta6JI. 2 3HalleHUe napaMeTpa HaKJIOHa f 4 norry
qeHO c ucnorrb3oBaHUeM nepBbiX 6 TOlleK ( 4 .::; M .::; 10) • llpu annpoKCHMauHH 
acex 10 ToqeK norryllaeTCH HecKOJibKO 3aHU:>KeHHOe 3HalleHue ·napaMeTpa 
! 4 = 0,052 ± 0,043. TaKoii xapaKTep AJI1I _MOMeHTa .<~4 >, no·BH.n;HMOMY, 
CB113aH C He60JiblliOH MHO:>KeCTBeHHOCTblO BTOpHliHbiX llaCT~ B lT-p-B3aHMO· 
.n;eHCTBIDIX no CpaBHeHJOO C lT -C-B3aHMO,IJ;eHCTBIDIMU. 

Ha .puc. 36 npHBO,ll;HTCH. 3aBUCUMOCTb napaMeTpOB r i OT nopH.n;Ka 
MOMeHTOB :i .IJ;JIH rr-p ·B3aUMO,IJ;eHCTBUH. Bn.n;Ho, liTO KaK U B ·crryqae rr-c • 

;5 



Ta6mma 2. rr"':'p-B3a.HMO.U.eiicTBWI 

-
!2 !3 r4 

rr-p-+" 
,.. 

' 0,019± 0,007 . 0,0-44± 0,019 0,149± 0,069 
40 r3B/c 

x2 /n 0,51 0,83 0,76 
Ai 0,266± 0,016 . 0,746± 9,039 1,247 ±0,125 
rr+p + K+p .J 

250 r3B/c 0;0127± 0,0008 0,0499± 0,0022 0,148 ±0,007 
0,71 0,82 1,1 

fs 

0,329 ±0,019 
2,69 

B3aHM:o,u.eiicTB~H- c yiien:H'IenHeM nopH.Z:U<a cllai<TopHaJibHhiX MOMeHTOB ( i) 
3HaqeHHe napaMeTpoB HaKJioHa ( r i) yBen:H~BaercH. 
· lfucneHHbte 3HaqenWI riapaMeTpoB A 1 H f 1 .U.JIH rr -p-B3aHMO,U.eHCTBHH 

npHBo,u.HTCH. B Ta6Ji. 2 . .[(.riH cpaBHeHWI a 3TOH Ta6nmJ;e TRK)Ke npHBO.U.HTCH 

,u.aHHbte ,lJ.J1H rr+p- H K+P-B3RHMO,U.eHCTBHH npH 250 r3B/c 191 . qHcneHHbie 

3HaqenWI napaMeTpoB f 1 B 3THX ABYX pa3n~biX 3KcnepHMeHTax ·B npe,u.e

nax onm6oK cornacymTCH. 

TaKHM o6pa3oM, npoBe,u.eHHblli .B 3TOH pa6oTe aHanH3 .rr-c H rr -P -B3a

HMo,u.eiiCTBHH C nOMOlll;blO MeTO,!J.a cPRKTOpHRnbHbiX MOMeHTOB nOKR3biBaeT, 

~0 .U.nH 3THX B3aHMO,U.eHCTBHH Me)K,!J.y BeJIH~aMH .<Fi > H oy Cylll;eCTBYeT 

CTeneHHaH 3aBHCHMOCTb1 onpe,u.eJIHeMaH clJopMynoH (2), ~0 CBH,!J.eTenhCTBy

eT 0 Cylll;eCTBOBaHHH clJnyKTYaiJ;HH ,U.HHRMHqecKoro xapaKTepa B 3THX B3a

HMO,U.eHCTBIUIX •. 

ABTopbi Bblpa)KRIOT 6naro,u.apHOCTh KonneKTHBY ABYXMeTpOBOH npona

HOBOH Konna6opall;HH 3a npe,u.oCTaBneHHe 3KcnepHMeHTRnbHoro MaTepHana 

. H 3a MHoroqHcneHHbte none3Hbie o6cy)K,!J.eHIUI. 
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Ta6mma 2. rr"':'p-B3aHMOAeHCTBIDI 

-
f2 rs f4 

TT-P-+TT 
:t• 

' 0,019± 0,007 0,0.44± 0,019 0,149± 0,069 
40 r3B/c 
x2 /n 0,51 0,83 0,76 
Ai 0,266± 0,016 0,746± ,0,039 1,247 ±0,125 
rr+p + K+p .J 

250 r3B/c 0;0127± 0,0008 0,0499± 0,0022 0,148 ±0,007 
0,71 0,82 1,1 

fs 

0,329 ±0,019 
2,69 

B3aHMOAeiicTBHH· c yaenHlleHHeM nop.JIAKa <PaKTOpHanbHbiX MOMeHTOB ( i) 
3HalJeHHe napru..:reTpOB HaKnOHa (f l) yBenHtJHBaeTCH. 

lfucneHHbie 3HalJeHIDI. riapaMeTpOB Ai H r i AnH TT -p -B3aHMOAeHCTBHH 

IIpHBOAflTCH B Ta6n. 2. )l)IH cpaalieHIDI. B 3TOH Ta6nm~e TaK)I(e IIpHBOAHTCH 

AaHHbie AnH rr+p- H K+P-B3aHMOAeHCTBHH npH 250 r3B/c 191 • lfucneHHbie 

3HalJeHIDI napaMeTpOB r i •. B 3THX ABYX pa3nHlJHbiX 3KCnepHMeHTax 'a npe,ll;e

nax oum6oK cornacyroTCH. 

TaKHM o6pa3oM, rrpoBeAeHHbiH. B 3Toii pa6oTe aHanH3. rr-c H rr-p -B3a

HMOAeHCTBHH C IIOMOmLIO MeTO,IJ;a cPaKTOpHanbHbiX MOMeHTOB IIOKa3biBaeT, 

tJTO AnH 3THX i:l3aHMOAeiicTBHH Me)l(,ll;y BenHtJHHaMH .< F i > H o y cymecTayeT 

CTeiieHHaH 3aBHCHMOCTb1 onpeAenHeMaH cPOPMYnOH (2), lJTO CBHAeTenbCTBy

eT 0 cymeCTBOBaHHH <l>nyKTYaQHH AHHaMHlJecKoro XapaKTepa B 3THX B3a

HMOAeHCTBIDIX •. 

ABTopbi Bbip~IOT 6naroAapHoCTb KonneKTHBY ABYXMeTpoaoii npona

Hoaoii Konna6opaQHH 3a npeAoCTaaneHHe 3KcnepHMeHTanbHoro MaTepHana 

. H 3a MHorotJHcneHHbie none3Hbie o6cy)l(,ll;eHIDI. 
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