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1 Bne.neHu:e 

B pa6oTe [1] Ha MaTepRarre c 2 M nponaHoBoii KaMep~, noMem;eH
HOH ri :MarHRTHoe norre, Rccrre.IJ;oBaJIRCh xapaKTepRCTRKRpC-:, dC-, aC~ 
11 CC-:83aRMO.IJ:eiicTBRii c norrHhlM pa3pymeHReM H.D;pa-Mnniem~ (IIPM) 
npll IIMnyrrnce 4,2 r3B/c Ha HYKJIOH. Ilorry'IeHHhle B 3TOH pa6oTe .IJ:aH
Hhle no MH02KeCTBeHHOCT.HM nROHOB II npOTOHOB, IIX pacnpe.IJ;eJieHII.H no 
KRHeMaTII'IeCKRM nepeMeHHhlM (p, P.L, (), y) 11 3aBRCIIMOCTR oT aTOMHOH 
MaCChi .H.IJ;pa-CHap.H.IJ;a Ka'IeCTBeHHO BniiChlBaiDTC.H•B 'CneHapRii KaCKa.IJ;HO-
IICJ;IapRTeJihHOHMO.IJ;eJIR (KliM); Ha OCHOBe 3Toro B [1j6hlJI C.IJ;eJiaH Bhl-' 
BO.IJ: o TOM, _'ITO B. nponecce norrHoro .pa3pymeHR.H .H.IJ:pa'yrrrepo.IJ:a·pea.; 
JIII3Y;r<>TC.H, no KpaiiHeH Mepe, ,D:Ba ,MeXaHII3Ma .H.IJ:pO-.H.IJ;epHhlX B3aRMo.IJ;eH-
CTBR:ll;: Kq(:Ka.IJ; II IICIIapeHRe <lJparMeHTOB MIIIDeHI~; 1 

· '. • ·~ '· · , '· 

HacTo.a:ma.a: pa6oTa. nocnm.n;eHa KOJIR'IeCTBeHHoii · nponepKe 1 corrra:c·· 
' I • I 

CR.H 3KcnepRMeHTaJI:hHhlX .IJ;aHHhlX no IIPM, Ha cymecTBeHHO 6orrnmeii, 
'Ie~ B [1] CTaTRCT~e, C paC'IeTaMII no MO.IJ:II<lJRnRpOBaHHOH KaCKa.IJ;HO.:. 

II~,n~pRTe~~OH MO.IJ:~n;II (~~1'!11~ [2]:.' .. ·' ... • _,. '. ,': ..... -· . ~ . ''i •· 
· HarroMHR~, 'ITO K CP?JJII~HRIO:C pa<:~eTaMII_ no ~acKa.IJ;Ho-ncnapRT~JI~:-
• ,,,.'' ~ • ~ . ' '~ • • • . I ' ' . ~ . ' 

ROll MO.IJ;eJili npR6eraJIII aBTOphl MHOrRX.pa6oT, ,B KOTOphlX II3Y'IaJIIICh_ 
B3aHMO~~HC;:.BII.H a.IJ;pOH~B II . .a:n~P.C H.D;p~R, K~~ ~ ~Y;hlph~O~oj{ KaMepe, _ 
TaK 11 B cPoTo3~YJihCRR [3)-[1ij:BhlBO.IJ:hl, c.IJ;eJiaHin,>Ie i 3TRX pa6o-iax,. 
BeCbMa HeO.IJ;H03Ha'IHhl, a nopoii IIpQTIIBOpe'IIIBhl: OTUOJIH<;>ro OTpRnaHIDr 
KHM '[6, ;i] 113-~a H~corrracR.a· ~Kcrr~pRMeHTa .c M~.IJ;eJihiO .IJ:O 3aKJIIO't!eHII.H,, 

'ITO i~o~~JI~ YJ:!:~>B~e-r:nopRTeJihH? <?~ChlBaeT ~Kcn~pRMeHTaJI:h~e .n:aa
Hhlej3],[8J- [ll]R p;~e [4],.-~ITo TOJihJW K~M M02KeT, np~T~H.IJ:OBaT:h Ha 
onncaime. :Ka.K ·co6¥Trl · (; _n,o~, pa:JpymeHII~M .,T.H2KeJIM?C, .HJ;lep · Ag. 11 

Br:~1 ~ra:J. f:Bcex ~ElYfP~r:nx A;:J?m !J.~aR¥o.IJ:eiicTnRii, H~q.mTp.a: na·pH.IJ: 
KOJIR'IeCTBeHHhlX paCXO)K,D:eHIIR. _ _ ;- . , · ' • ·. -

ObH J.;..,, ;· .... ".n I;:.::i1illt1 
,.,. .... ~ ! cl .! ,.. .... ., ... t"".,,.. .... !!!l·.tJ~~~ •• J. l.t •• ,. . .o!.: .. ~us:a 
6H~JU·tOT£Ht\ -----



2 KacKa.n;uo-:ucnap:nTeJILHaa: Mo,n;errL .H,n;po-.H,n;epHhiX 

. B3aHl\{O,D;eHCTBHH C yqeTOM BpeMeHH $OpMHpOBa
HH.H (MKHM) 

CTamamaiOIIUiec.H .H.D;pa paccMaTpiiBaiOTC.H B Monenn Bhlpo)l(Jle:a:ao-. . 
ro <)JepMH-ra3a · H}'KJIOHOB. KoopniiHaThl HYKJIOHOB pa3hlrphlBaiOTC.H no 
CTaHnapTHhlM .H.D;epHhlM pacnpenerreHH.HM 

2 [ z- 2 2J'. 2 2 
p(r)= Z1r312R~ 1+-3 -(r/Ro) exp(-r /R0) nrr.H3<A<l0, (1) 

rne Z - 3ap.H.D: 1inpa; Ro - napaMeTp rayccoBoro pacnpenerreHH.H, 3aBH
cnn:aH oT aToM:aoro :aoMepa Knpa A n onpe,n:err.HeMbiH H3 :m:cnepnMeHTa 
[12], 1I 

r-a 
p(r) = po/(1 + exp(-b-)) A1!K A :2: 10, (2) 

rnenapaMeTphl b = 0, 545 <)JM n a= roA113 npn ro =:= 1, 07 <)JM. B crryqae 
neil:Tpo:aa KoopnHHaThl npoTo:aa n IIei!TP?H~ · pa3~f})hlB~Tc~ ~o pac
l:rpe,n:erre:aHIO, .cooiBeTcTByro~eMy. no'i'e:Jil@arry" Pe:Hna · c M.HrK~M l(opoM. · 

· HMPyrr~c~>IHyKrro:aoB BliY;P¥ J!Jl()p p pa3hlrpbiBaiOJe.H:paBH()Mepiio B 
npocTpa~CT~eO :5 IPI ~ PF·· rpalUlq}j~ ;pepM~~~Cimii Ji:MITYl,[bC PF 
_Bhlpa2KaeTCll 1Jepe3 JIOKaJibHYIO· .HJlepeyro · nJIOTHOCTb KaK 

" i '" ' • ···~ ' .. ' • ' • . - . - . ' • 
:. ;, •• {<" ~ 

.-~.,. . . PF ;=: {37r2)~/3 ~ h ~ pl/3(r ), h :=0;197 <P¥·r3B/c~ (3) . . '. . . . ~ .. _ .,.. -· . - . •' 

B ~6!l{e~erry-,ae. ~,n:po-~ep:aQe ~~~nei!cT:aJ!e IIPe.neTaDJJ:J!eT co6o:H · 
. HeKof~p~~~JR> cynepiio3iWiiOiaP1I~H~~$1pJ!oii~MXi: i.fe3oJi~6ap1xq~~ n 
Me3ol!-Me3oRal>lx YJ!pyr~ n IIeynpyriDC ct.orrKil()13e:anJ.i,· ynopHnoqe~ 
n,o BpeM~~n: ~ce }lo3}.fO)I(~e cTorrKi{)»e$,J1 ~()rYT 6!.xT~>' yc~~l3~~_'pa3~ 
~elJe~ 11~ ~~TJ>Ip() rpynnb!: · · >~·:· ., ·:. ·: . ·. · · ; · .: . ; .. 

. ~ B3alf:Mo,n:eikT~H.H · IIY~lJOHoB .IIJlp;t-c}iap.H.D;a c :ayl(rro:a<!#li'- JO:tpa2; . Mrun~)lil~;. :_·· . .-. · .... ·.· . ..: . , ... ' < . ·; __ .: .••. ,.. ' .••... 

7,_B~IIMO~~Ji~TB~g l3TOpH1JI!hlX,: qaC'Tl'JA C HJKJIOl!a}1HjjJlpa~l\IanteJ1Hj .. 
, 113ariMo.rienCT1nui · ~;opnq~ ·.qacnnr c nyK~o~aMix .~~n1)~~i~aplna; .·· ·.· 

· •. ~ n3anl,io.Uencnn.H nTop~ 'lac'I'nn ~e~y ~o6on. .··· · · · : · · ·. .. . .' 
BepORT:aocrb' B3aimo~e:H~n~g.;Jacofi.In. i- ~·-j. BHYTPH H]lpa' oirpe.nehg::. 

e7'c~ ripH6nru~e:ane}4 "qep:a()ro .n;m':Ka" :' ·· · · · · · · · ·· · · · 
. .. - :·· . . _ - -.. .. . . . 

. P(b2) = ~(b2(_ a~t ),~ (4) 

r:ne ·.b.,~. npnnerrbHhlH ·. 11apaM~TP . Me)l(Jly. qacTHUaMH: i · .n ·j, .a tot ..:.. , norr:,
Hoe ceqeHne pacceHHHH, 8 ·..,., cTyne:aqaTa.H <)ly~.H. _XapaKTepncTm 
ynpyJ;'oro pacceHHHH . nap_aMeTpii3YJOTC.H c: noMoiiU>IO. ·.3KcnepiiMe:aTaJib
HbiX pacnpenerreHHil: .. B pe3yJII>TaT~·neynpyroro B3a:aMoneil:cTBII.H _cpenn 
BTopnqilli~X. qacTnn o6pMyiOTCH TaK2Ke n S:-BOJIHOBhle. pe30HaHChl (~
II3o6aphl, rr H W-Me30Hhl). Kn:aeMaTHKa p02KJ{eHHhlX qacTnn pa3hlrphl
BaeTCH no Monerrn nnnn:anpnqecKoro <)JMoBoro o6'beMa~-Borree nonpo6Ho 
reHepaTop :aeynpyriiXB3aiiMoneil:cTBHM omi:ca:a B pa6oT:e [2], ·:. , . :: 

·· · llrrH HyKrro:a-:-:ay:Krro:anhlx.n .nnori-:ayKrro~HhlX ce<limim.(Ynpyrnx, ~e
ynpyrnx II:noJIHhlX) MhliiCnOJib3Y~M 3KCnepRMeHTaJibHhleJ{aHHblej,ce
qeHIIH B3aiiMOJleMCTBHH- pe3oHaHCOB. BHY.TPH· ·HJlep · 6epyTC}l, TaKHMH • 2Ke; 
KaK nrr~ nno:aon (B crryqae p n w) II:HyKJIOHOB (B crryqae ~-n3o6ap). Bee 
B3aHMOJ{eHCTBHH II pacnaJ{hl pe30HaHCOB npoBepHIOTCH·Ha COOTBeTCTBHe 
npiiHnnny Ilayrrn. . , .. , · ,. : ;~ . -: 

· Ilpii:BhlCOKIIX: 3HepriiHX paCCMOTpe:ane 'BHy'I'p1IHJlepHhlX~B3aHMOJleM
c.;~HM :aa.H3hlKe anpoH9n ( Krracc~~ecKH:H· B:ay'l'piiM~p:a~ii ~ac~~n) ~eTa-

. .-· . . . - . . ·, ' ' . '•. _, .,. "• .... . '-

HOBIITCH HeyJ{OB.TieTBOpiiTeJibHhlM: MOJ{eJib nepeone:aiiBaeT MH02KeCT~eH~ 
HOe .. p02K.I_:(eHHe · B ; anpoH-HJlepHhlX U .. .HJlpO-HJlepHhlX ; CTOJIKHOBeHH.HX. 
Oc:aon:ao:H npnqillro:H 3Tor~ ·• pacxo~eHHH .H~rrHerc;r.: :a~y'le,T · B M:o.rie~n 
npOCTpaHCTBeHHO-BpeMeHHOH 3BOJIIDniin nponecc~ •MHO)JWCTBeHHOrO. po-
2KJ{CHH.H B anpoH-aJlpOHH~M CT?JIKHOBeHHH: 06biq:ao npii 3TIIX 3HeprHHX 
ncnorrb3YIOTC.H · pa3JIIIqHbie .Bepcn:n napToHHhlX n CTPYHHhlX MO,llerr~!i, B 

. . _.. . .. '· : .·' ' . ·' .. ;. . .•' .., '-i...f""'f~"'rrr'": ; - ~' r - [:: 

paMKax KOTOphlX npOCTpaHCTBeHHO~BpeMCHHa.H 3BOJIIOUHH nponecca pac-
. CMaTpiiBaeTci B J{Be CTa~mi: cnaqa.h:a·~ npouecce B3a~iMOJ{eik'I'BH.H o6pa-
3yeTCH napTo:a ( cTpy:aa); Ko'i'opbi::H 3aT~M !lJparMe:aT"uJ:>Y~T :iia.'n±op~qHhle 
nap±o:Hhl ( cTpy:ahl) nrrri: Koite.;ni::hle · anpo:a:hl: · · · · · · 

Mne.H :aamero nonxona 3aKrrroqaeTc.H B To;.;,' t:i±o6hl, ocT?-Ba.HCb B paM
Kax· •·anpoHHhlX npe.ri:cTaBn;enn:H~ • y<iec'l'b · npocTpa:acTBe:a:ao-:SpeMe:a:ayro 
::morrronnro po2KneHHhlx .. qacTnn nyTeM BBeneHIIH.' KoHnennnn·•Bpe:M:e:an 
<)lopMnpoBa:an.H. BpeM.H <)lopMIIpoBaHIIH anpo:aa ::nnn}{~T :aace~emie ero 
nocrrenyrommc nepepaccesi:Hirn. Ha BHyTp~epiikx ':ayK_Jio:aax.'' Horraraa, 
qTo anpOHhl HBJI.HIOTCH npOTH2KeHHhlMll ofi~eiC.f1.~n, Mhl npil~eHHCM Jl.TIH 
MOMeHTa :aeynpyroro cTOJIKHoBeHHH crrenyromee npannrro cyMM JliTH ce
qemm aJ{pOHOB, JI3JiyqaeMhlX B nepeJ{HIOIO ( 3aJ{HIOIO) norryc<)Jepy B c.n.M.: 

3 



ll "ml I . XpCT;n + L.JXpCT;n =(Tin> (5) 

r.ne . x~ ...,. <!JeiiHMaHOBCKaJI nepeMeHHax BTopwmoii "<IaeTJIIlhl, necymeii 

KBaHTOBhlC 'lliCJia nepBii"<IHOro a,npoHa (mi.IOipyrorr:orii a,npon); X/J - TO 

)Ke, .nmr BHOBI. po)K.Il:eHHhlX a.nponon; afn ,.- neynpyroe ce"<Ienne B3aHMo,neii

cTBH.l:I .D:JI.l:I CTaJIKHBaiOII(liXC.l:I "<IaCT:m::J;j HH,n:CKC [OTHOCHTC.l:I K nepBWIHOM)' 

a,npoey, [- K mi.IOIPYIOIUCMY, a m - K BHOB:b pO)K.D:CHHhlM -qaeT:m::J;aM. Ilep

Bhlii "'IJICH B. 3TOM TO)K.D:CCTBC npe,n:C~aBJI.l:ICT COOOH reOMCTJlH"'ICCKOC ce-qe

HHC nn,nnpyromero a.npoHa a1 = afnx~; a BTopoii "<IJieH- cp.n.cy reoMe

TpH"<Iec:trnx ce-qemrii am = afnxF, m = 1, 2 ... , po)K.Il:eHHhlX "<IacT:m::J; Ha 

MOMCHT CTOJIKHOBCHH.l:Ij HX CJMMa paBHa FeOMCT}JH"'ICCKOMY ceqeHHIO riep

BH"'IHOro a.npona afn. B 3TOT MOMCHT :Bee BTop1Prnhle -.Ja<:THilhl o6na,nairiT 

CYJUCCTBCHHO MCHbiDHMH. CC"'ICHH.l:IMH, "'ICM COOTBCTCTBJIOIUHC a.n}JOHhl, H 

OHH MoryT paccMaTpHBaTI.C.l:I KaK "roJIMe" HJIH "nonyroJihle" a.npoHhl. 

Ilpn TIOCJIC.D:JIOIUCM .D:BH)KCHHH HX ceqeHHll B3inMo,neiieTDHll C BHJTI>H

a:,nepHhlMH HJKJIOHaMH Ha"<IHHaiOT aCHMTITOTH"'ICCKH paeTH .llO HOpMaJII.-_ 

mix a.npoHHhlX 3Ha"<Iennii. IIapa.MeTp, xapaKTepn3yrormm npeMll <!Jop

MHpOBaHH.l:I, r 0 ' = i, 0·10-23c no.n6npaeTca: H3 cpannennll J>e3JJibTaToB 

paC"<ICTa C 3KcnepHMCHTOM. . 

Bhl"<Incnenne KacKa,nnoii cTa,n:HH ~aKaH"<IHBaeTc.l:I,. Korna .l:Illpa pacxo

.D:HTC.l:I, HX TIOTCHD;HaJibHhlC HMhl nepeCTaiOT-ilepeKphlB<lTbCll; a KaCKa,n

Hble "<IaCTHD;hl TIOKH.D:a~T OOa H,npa. Ilo,nc-qeT OCTaBIDHXCH D .l:Ill}JC (MIDIIe

HHt HJIH CHapH,ne) HJKJIOHOB H HX H30TOTIHqecKOro COCTana .ZlaeT MacCOBOe 

H 3apll.I{OBOC "'IHCJia OCTaTO"<IHOro B036y.lKJ:ieHHOro H,npa .. 3neprH.l:I B030J

)K.Il:CHnll, ocTaTo"<IHoro: K,npa onpe,neJI.l:IeTc.l:I 3Heprri:eii nornomeiiHhix -qa

cTnn; H ".D:nlpOK", o6pa30BaHHhlX Ha MeCTC BbiOHThlX HJKJIOHOD. liMTIJnbC 

H yrJIOBOH MOMCHT OCTaTO"'IHOro JI.D:pa HaxO,nliTClr H3 3aKOHa COxpaHCHH.l:I 

HMTIJJII.Ca H yrJIOBOrO. MOMCHTa; TIOCJIC.D:OBaTeJii,no II}JUMCHllCMhlX. B Ka

)K.Il:OM aKTe coy.napennH ~acT:m::J; BH}'TPH H,npa: Pacnan D036y)K.Il:eHHhlX 

H,nep paCC"'IHTbiBaeTC.l:I C_TIOMOJUbiO CTaH,napTHOH HCTiapHTCJibHOH MOlleJIH 

c napaMeTpoM UJIOTHOCTH yponneii a. = A/10 M3B,.-~ (3). Ilpo.nyKTa.Mli 

HcnapeHH.l:I . .l:I.Zlpa MoryT OhlTb npoTolri.I, neiiT}JoHhl, neiiTpoHhl, n. H.D:pa · 

. t,He3 n He4 • 

4 i I, 
I 
I 

3 3KcrrepnMeHTaJI:bHhiH MaTepnari 

Jb TIOJIHbiX aHCaMOJICH B3aH~IO.i(e:fiCTBIIll ll.D:ep B TI!JOilitHODOii TI}'3hlpb

KODOfi KaMepe no KpHTepnHM, orrncaHHhiM: n [13V 6I>r:In DhiJlP.TICHhl· :He~ 

yrrpyrnP D3aiiMonerrcTBII.l:I c Knpal\m yrrrel)o.ria (jiC. tiC. nC u CC). 
3K~TICpl~MeHTa.1lbHbiC .ZlaHHbH', rrpiiBe.ZlPHHbH:' · D . HaCTOHrrlPll .. l)a6oTe·; rio~ . 
.Tl)"IPHhl na 3Ha"<IIITP.1lbHO; OO.llbJUPii :cTaTIICTIIKe: '-IPl\1 n:· [1] {urri 'o:C.'. 
u CC-n3anMonefrcTnnft cTaTncTn:Ka ynPmr~remi .66m·P 'It;~i· n • .Una.:·pa3a~ 
cl\L Ta6rr.1). II pu o6pa6oTKP 3KCIIPJ>IIMCHTa.lu,noro Mil TPIHi;t:-ia' J!IT.l:I Ka

)K,nofr II3Mepennofr ~racTHUhl 6I>mn. nne.neHhi: 

e r<'OMCTJ>II"'ICCKIIC neca, imMIICHl;IIpyroil.J:ne IIOT<'pii 'laCTIIU, IICII)'- : 

IUCHHhlX rro,n 6o.Tibiiiii~II yrnaMII K IIJIOCK~CTII <JloT(l~l;a.p'upoBa-
HIUI [10, 11); e 

0 

f ••· .' ' ' ; '• •• • • 

e Beca, Y"<IIIThlDaiOIUIIC nonpaDKII Ha ~IaCTHUhl; IIl\IIIY.TibCbl KOTOp~IX HC. 

MOrJIH OhlTb II3MepeHI.I II3-3a 1\Ia.TIOH .D:JIIIHbi T!J<'I..:a no· B1'0!HI~IHoro 

D3aHMO.llCHCTBIIH; . ; ~ 

•. nee TIOJIO)KHTCITbHhlC ~nicTIIUhl c HMTIY.TibCOM Bbiiii;' 0.~ r~B/i· 'rrorry~ 
. " ~ . ~ -" '. - i ' 

qunn neca, onpe.ne.TIHromne nepoHTHOCTh Toro. 'ITo ·naHmur -qacTima 

HD.TIHe;CH TIJ>OTOHOM H.TIII 7r+ -Me3ClHOM (,no 0,5 f~ll f c ~il~lTOHb;\lJIII 
n+ -Me3oHI.I .nocTe:1Toqno ~ane){GIO nnenTir<Jluiui:p,vRm:H · rio.,IIo~ma~ 
uun). . , 

-t \. 

KaK II D npe.nhl.nymnx pa6oTax [1, 11), npoTOHhi pa1JlP.TIHJIIICh Ha:, 

ncrrapHT~.llbHhlC (Pp < 013 r~B I c), CTIJHTIIIIIHrOBbll' q>paniPHThl H.Upa~ 
cnapH,n~ (p .. ~6 > 3r3B/(~, H .ta6 ,< :!~) ,n ,Bc;e o~~Tft.TihHhll'. :mni>mi~~Mhle n 

,na.TibHCIIIDCM IIJ>OTOHaMII-y~mcTHIIKaMII. 

Ilpn OT6ope COOhlTHH C.ll(l.1IHhlM pa3pyrneHIIeM ~npa~!IIIIIIIPHII IICII0.1lb-

30BaJIHCb TC )KC KJ>HTCJ>HH, "'IJ'O. II B [1], HO. C y~IeTOM BP;'OB.' 3To IIpliDP.TIO 

K HCKOTOJ>OMJ JBC.TIH"'ICHHIO .D:O.TIII COObiTHH C JIPM cp~'llii BCPX HC')'IIpyriiX 

COOhlTIIH ( CM. Ta6.11.1). 

4 CpaBHeHHe xapaKTepHCTHK B.llpO-B.UepHhiX · B3aH

Mo.ueiicTBHH c pacqeTaMH no MKMM 

Ilpe)K.Il:e ~reM cpanHHBaTb xapaKT<'IHICTIIIm AC-coui>ITnii ·,. rron

HhlM pa1pymeHIICM H.Upa-MnmcHII c MKliM. upoBI'Jli'!II q>aBHI'HIH' ,. 
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:3TOll. MO.IlCill>IO xapaKTepiiCTIIK. Heynpyrnx_ opC~, dC-; nC~. II CC
B3aUl\IO,llellCTDIIll. · :. ' , : .; 

•B Ta6rr~ne:2.II Ha puc.l npiiBe.IlCHbi-CpC.IlHIICMHmKPCTDPHHOCTli pa1-

J1II'lHbiX TllnOB. BTOpiPIHbiX 3aplDKeHHhlX ~IaCTIIU D 1aDII<:ll!IIOCTli OT MaC

Chl a.npa-cHapa.na II ux;:3Ha~eHIIll; :pacc~IITaHHbie no; NIKIIM ( o Mo

.neJibHhlX pac~~Tax, npiiBe.IlCHHhlx-:n CKo6Kax eM. mni.;:e ). · Bn.nHo,- ~To 

:Mo:UerruponaH~hle- ·no MKIIM · co6hlTIIli'·B · cpe.nHeM · 6oJI<'P nepmpepn~e

CKIIe,. ~el\f 3Kcp:epnM~HTaJibHble. B HIIX· y~acTnyeT · n cp<>.IlHPM MeHbrnee 

~IICJIO '·npoTOHOB II3 B1aiiMO.IlCllCTBJIOIUIIX li.IlCp. IlpoTOHbi-J'IaCTHIIKII 

II3 li,Ilpa-cHapl!.Ila TpaTliT• n·cpe,llHCM MCHblllC 3Hepnm H<VD016J:IK.IlCHIIC 

ll,llpa-MIIUICHII; 06 3TOM CBII,llCTCJ1bCTBJCT 6oJiblllali 1'~IeM D ?JKcnepiiMCHTe, 
• • • ' • J • • • 

MHo.IKecTBeHHOCTb nciiaprrTeJibHbiX npoToHon B IIHTepna.m· nMnyrrncon 

p < 0, l5 r3Bjc1 II HaMH~~o 6orree HII3Kall B IIHTepnarre 0, Hi ~ p ~ 0, 3 

r3Bjc, a ,llJill pC-, dC- II aC'-B3aiiMO.IleilcTBIIII n·6oJibllllUI cpe.nHIIii IIM

nyrroc npoTOHOB-y~aCTHIIKOB (3a c~eTnpoTOHOB c PP > 0,75 r3B/c (eM:. 

Ta6rr: 3) ). BMecTe c TeM cpe.UHIIe MHO:IKecTBCHHOCTII 7T-- n n+ -Me3oHoB, 

norry>IeHHbie no MKIIM .una AC -coy.napemrii, 6mnKn · K ::iKcnepnMeH

Ta-IT.I>Hb!M ( CM. T3;fJ~.2), T.e. Ha O.IliiH npOTOH-y~aeTHUK MO.IlCJIIIpOBaHHO-. . ' 

ro B3aUMO,llCHCTBIIll B Cpe,IlHCM npiiXO,llliTCll 6oJ1biiTC ITIIOHOD (0, 44), ~eM 

n ~KcnepuMeHTe (0, 32). Heo6xo.nuMo OTMCTIITb, ~rTo n MKIIM nee xa

paKTepncTHKII MHO:IKCeTBeHHoro po:IK,lleHIIll. Ha BHYTPIHI.nepHbiX HyKrro

Hax pacC~IIThlBaiOTCll KaK Ha CB060,llHbiX. 

Ha pnc.2 u B Ta6rrnue 3 rrpune.neHhl cpe.nHue 3Ha'IeHna KnHeMaTu~e

cKmcxapaKTepucTiiK BTopu~Hnix ~acTIIU B 1anncuMo<:TII oT Ap B cpan

HeHuii c pac~eTaMII no MKIIM. Bn.nHo, ~To .una rrnoHOB II rrjJOTOHOB c 

IIMIIJJibCOM' Pp 2: 0, 75 r3B/c cpe,llHIIC IIMIIYJibChl i:i 3KcnepiiMeHTe II B 

MO.IleJIII OTJIII~aiOTCll He 6orree ~eM Ha 10% (KpOMC pC-co6hlTIIli), .IlJ1ll 

IIpOTOHOB-y~aCTHIIKOB II3 MIIIITeHII (0,3 -~ Pp ~ 0, 75 r?JB/c) 3TO OTJIII

'IIIe He npeBhlinaeT 5%, HO TCM HC MCRee OCTaCTCll DIIOJ1He '3Ha~IIMhlM. 
MKIIM .naeT y.uo:imeT~OpiiTeJibHOC orrucaHIIC 6biCTpOTHblX II yrrroBhlX 

pacnpe,lleJICHIIll ITIIOHOB II npOTOHOB-y~aCTHIIKOB ( CM.piic.3-

6). Hau6orrbrnee pacxo:IK.neHue (15-20%) Me:tK.IlY ?JKm<'piiMPHTOM II 

MKIIM na6rrro.naeTca · n cpe.nnux norrepe~HbiX IIMrryrrncax niiOHOB 
( CM.Ta6rr.3). 

1 
fipoTOHhl c p < 0, 15 f>B/c IIMeJOT B nponanosoii KaMepe npofier Menee 2 MM, 

u IIO>ToMy ne perncTpHpyJOTOI. Hx cpe.unee qucno ouenusanon. no lw.uocTaJOmeMy 
1apll,ny B C06b1THU [8]. 

6 

' 

I 
I 

r 
l 

ll1 ncex CMO.'lemrponaHHbiX AC-co6hlTIIH' no :KpnTepnaM, IICIIOJIMO

naHHb!M .una oT6opa co6wTrr:il c -· IIPM · 111 3KcnepuMeHi'arrbH:hlx' .ziaii- -· 
HhlX (HaJIII~C:BC06hlTIIH 5 II 6orree npOTOHOB C'IIMIIJITbCOM p<0,75. 

r3Bjc (1}), 6niJIII Bhl.zierreHhl co6hlTIIll_ C. noJIHhlM pa3pyrneHIIeM li,Ilpa:.: 

MIIlliCHII. 0Ka3aJ10Cb, ~TO OTHOCIITCJ1bHhlH BhlXO,ll · TaKIIX . co6hlTnil B -, 

MKIIM .3H:a~IITCJ1bHo Menorne, ~eM n 3KcnepHMenTe; n pG-co6hlTIIax 

ncero 0,14% II no3pacTaeT .no 2,5% .. n CC-co6hlTIIax, B To npeMl!KaKC~
OTDeTCTBJIOIUIIe 3KCIICpiiMCHTaJibHbiC 3Ha~eHIIll COCTaBJ1liiOT 2, 7 II 5,1% . 

{cM.Ta6rr.1); ;t:. '~-

llrra cpaBHCHIIll .xapaKTepiiCTIIK 3KcnepnMeHTaJibHhlX AC-co6hlTII:ii 

c rrorrHhlM pa1pyrneH1IeM li.Ilpa-MIIIITCHII c 'Mo.nerruponaHHhlMII AC-' 
co6hlTRliMII. 6hlrro: cnen;IIaJibHO rrorry~eHo no "'- 900 pC-:., dC-, aC- ·II 

CC-co6niTIIH c ITPM. MHo:IKeCTBeHHOCTII BTopii.qHhlX ~acTIIn, pacc~
TaHHbie. no MKIIM, B 3aBIICIIMOCTII OT Maccw li,Ilpa-c:Hapa.na BM~c-ie 'c ~' 
3KC:nepiiMCHTanbHhlMII ,llaHHbiMII rrpe,llCTaBJieHhl B Ta6rr.4 II Ha pn:c;1,: a 
pacnpe.nerreHIIa AC-co6biTIIH no ~IIcrry niiOHOB II npoToHoB - Ha pn:c.7~ 
10. Mo.nerrb nnorrHe y.nonrreTnopuTerrnHO oniiChlBaeT ~ pacrrpe.uerreHII51 ;AC- ·' 
co6hlTIIH cilPM IIO noJIHOH MHO:IKeCTBeHHOCTII (n3ap) (pn:c.ll) ii ~IIcrry 
npoTonon-y~acTHIIKOB (KpbMe CC) (puc.9,10), ~ero HeJib3ll cKa3aTb 6 
pacnpe.nerreHuax n-- Ii n+-Me30HOB (piic.7,8). Bo n'cex uccrre.nyeMhlX TH

nax AC-n3aiiMo.neilc:TBIIH c ITPM cpe.nnaa MHO:IKec:TBeHHoc:Tb nuoil:on n 

3Kcnep1IMenTarr~H:wx co6wTIIax MeHnrne, :~eM n Mo.nerrilp6naHHhlX. · Ka:K 

u no ncex HeynpyrHx: AC-n3anMo.ne:ilcTnuax, B Mo.nerrn:ponanH:hlx.co6ni- · 

Tuax c IIPM na o.urm npoTOH-~acTHII~ rrpnxo.nnTc.a n.cpe.nHeM 6orr:birl:e1 " ' 

IIIIOHOB, ~eM B 3KcrreprrMeHTe. Xap_a~TepHOH oco6eHHOCTbiO!BCeX AC.:. 
co6hlTIIH c ITPM OKa3aJIOCb cyru:ecTBCHHOe rrpeBhlriie:Hii:e' cpe.nHeH MHo2Ke:' ' 

c:TneuuocTII n--Me3oHon na.n- (n;+). 3ToT pe1y:qo,Tal' yKa3wnaeT na To, 

~TO II,llJIUIIC BKaCKa,llHOM rrpoueccepeaKunn PW-:-t pp7Tc~;n:·nn-~ njnr
.naroT 3Ha~:iieJ1bHhlH n;crra.n ( oco6e~mo :B M.Kl!M) B c<i6hlT.IIll c IIPM nPii 
Harniix KpiiTeplil!X' oT6opa. -B3aiiMo.neft~TBIIa~c--c:riM:MeTr)~;qHwMii pe~~~' 
D;IIliMII PP ----t pnn+ II np ----t rnn+ B 60J1biiiiiHCTBe, ~BOCM P. C>To6pa:B:H:w~' 
co6wTna c ITPM He nxo.naT; KpoMe TarO', Ka.K··a-r:Me~arroc~>_B: [1], Mario-· 

?Jnepr~Hhle n+ -Me3oHw M:oryT ·npon3all:Mb.neilc:Tno:B~.r~ n li:i(pe yrrrepo- .. 

,lla C KBa3~e:iiTpOHHOH napo:il ( 7r+ + ( np) ----t p + p) II TCM CaMhlM TO:IKC 

ynerrii~Tb ~IICJ10 npoTOHOB B. KOHC'lHOM COCTOliHIIII' u,· crre.non'ai'eJibHO, 
ynerrn~Tb ~~c~o co6~T~li c np ? 5. '· • . . . - .. 
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.. lla.nnhle, npnnenenHhle n Ta6rr.5 n na pnc.3-6, no1nomuoT 1aKJIIO'IIITh, 

'ITO cpennne xapaKTepncTn:Kn· n pacripene.ITenn.H '!ac:Tnu·, yTI<ie'TnyroiUIIx 

B ,6?JCTpOH (KaCKa,llnoii) 'cTa,lliiii B3aiiMO~eHcTBII}l H,llep,· n' 6oJihilliinCTDC 

cnoe_M ynonneTnopiiTeJinno nocnpoii3BO.ll.liTC.ll Monemro. '1a:EimKeHnbn..in 

oKa3aJIIIcb nonepe'!nhle IIMUYJII>Chl nnonon no neex MO.lleJIII}>ODaH:nhlx AC-
co6hlT~.liX .. _ 

.HcnapnTeJinnyro cTa,lliiiO npoueeea c · nonnhlM pa1pymenneM .!I.llpa

MIIinenn 1io2Kno oxapaKTepn3onaTb MnmKecTnennocTbiO m:napnTennH:biX 

npoTonon {n nameM cny'lae (np) c IIMIIYJibCOM Mennme 0.1G r~B/e II (np} 
c IIMrrynncoM;n nnTepnane OT:0,15 no 0,3 P3B/c) II nx pa1:npenenenn.!IMII 
no KIIneMaTII'ICCKHM nepeMenHhlM. 

H3 Ta6nA nnnno, 'ITO B 3KcnepnMenTamnhlx pC- II dC-n1aiiMO.lleiicT

DII~x · e IIPM mim~ ne6onnmrur no~~- npoTonon nMeeT n:rvmynne Menee 

0,15 r3B/c, a B-a:G- IICC-co6hlTII.liX IIX neT CODCCM. B MO,lleJinponan

nhlX AC -co6hlTII.liX non.ll caMhlX MennenHhlx · npoTonon coxpan.lleTC.ll na 

ypon~e 20:-30% oT 'IIIcna npoTonon n yrnepomion Mnmenn. a cpennee 

'IIICITO ncnapiiTCITbnhlX npoTonoB c 0,15 :::::; p-:::::; 0, 3 r~Bfe ropa3,ll0 MCHb

me 3KCnepiiMenTanbnoii MnO)I(CCTBennoCTII npoTonon D 3TOM IInTepnane 
IIMIIYITbCOB. 

Monem. xopomo nocnpoii3BO.lliiT IIMnymcHhle pacnpenenenii.ll npoTo

non (0, 15:::::; p:::::; 0, 3 r3B/c): < Pp >~ 220 M3Bfe. 
H TaK, cpanneniie 3KcnepiiMenTannHhlX .llaHHhlx; nonyTiennniX npii II<:

cnenonannii neynpyriix pC-, dC-, a:C- II .CC-IhaiiMO.llei'IcTnnii II 'la

CTII nx B3aiiMoneiicTniiii, conpoBo)I(naeMhlX nonnhlM pa1pymenneir l£npa

MIImenii; C. pac'!eTaMII no MO.lliitPIIIUipOBannoii KacKa,llno~ ncnapiiTeJibnoii 

MO.llC~II (MKHMt Dhl.liBIIno ynonneT~opiiTennnoe cormu:il:e MMnynnc

nhlXII yrnOBhlX pacnpe,lleneniiii 7r-- II 7r+ ~Me3onon, a TaiGKe npoTonon-· 

tllparMenTOB yrnepo,llnoii MIIniCnii, KaK 6:biCTpbiX (0, 3 :::::; p :::::; 0, 75 

'r3B/c), :raK II MC,lliTCHHhlX (0, 15 :::::; p $ 0,3 T3B/e). BMf'CTe e TCM
liM ClOT. MCCTO II cyme_CTDennhle paCXO)I(,llClUI.ll MC)I(.llY-~Kcm~piiMenTOM II 

-MO,llCJThxO. 0TMCTIIM neKOTOphle II3 niiX~ 

L Co6hlTIIH e nonnbiM pa3pymenneM H.llpa-MIImenii cocTannHIOT ey

mecTnenno Mennmyro nomci cpenn'irorieniiporiannnix nPyripyrnx co-
6:hlT:llii.. . -

· 2. MonemiponannMe neynpyrne AC-co6l>ITIIH oTmiTiaron:H fiommeft -. · 
... nepncl>epii'lnocT~io. 
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3. B .r..tonemi 6on~>maH cpP.llnHx MnO)KeCTnennocTb nuonon na O.lliin 

npoTon~ y~racTniiK. ( r~aKB nPynllYriiX co6hlTIIHX:]aK: II no D1aiiMO-

.llCIICTDIIHX c _llPM. '· ' · '· 

B · cnx1n e TaKnMn pacx~ih:ne:Hx;a:~m M~.zie~ri ~: 3Kcne};·Ii~ten1:;)~1 );Mec.fno 

n}>ennono)I(IITh, 'ITO :nn jm(:xo)I(.llenn:X iw~yT· 6~Tno6:n:.:mmiPHhl nKna- · 

,llOM KOJIITCKTIIBn~X 3q>$~KTOD, Hf> y~IIIT~BaeMhlX B MO,ll!'.:IIJ~J\::mn.~ ~I~I'YT 
6biThOTHeeenl,r . -_ -. . . . . . " ·_· ·· 

. . . . 
. ' ' 

TOp~mK<~nnenaneTaK)W:CI'O H.llpa ('-iacTIIUbi) D (cpP.llHI'l\1) TIOJIP .ll,llpa-

MliillCnii; 

'-D.ll:JaHnoc c TopMo)I(cnn.PM no1MO)I(noc o6pa1onanw• ynapnoii non-
- '>-· 

nhl; 

OTKJIIIK cocennnx- nyKnonon- na B1ctiiMO.ll<'IICTDIIP .H~'K!IoHa naJIPTa

romero Hnpa IIJIII po)I(,llennhlx. '!acTIIU e nyKnonmi nHyTpir H.llpa~ 

. Mnmenu, .. o6ycJionnennnrfi KopperrxunHMII nnyTpiiH.llPpnbiK nyxmo-

non. 

.Unx npoBepKII O,llnoro II3 npe,llnOJIO)I(Cniiii D 1\IO.ll!'!IJ;> 6bi.:X DKJII<PICn 

MCX~nii;~ T~pMO)I(CniiH. llpe~nonaraJI~Cb, '-ITO TIJ;II ;:TOJIKnOD!'n~III .llBYX 

H,llep nyKITOnhl naJieTaromero .!I.llpa .D o6JiaCTII nPJH'K}>hiTII.ll_; H.llPpnbiX 

nnoTnocTeii Tep.!IIOT n ci;enneM 6-8 M3B/IPM. ncJIP.lll:TDIII; >:<>})1\IO)I(P

nn.a D .ll,llepnOH cpe,lle MHill~nii. 3TO H}>HDO~HT I~ nP}H;.Ua'H' onpP.llf'JI~n..::: 
non ,llOJIII KJineTII'ICCIWII '31rcprmi: .!I.llpy-Mumenn. KpmH' Torn. I[PII·nt>ny

nenoM 3Ha'leniiii npiiUCJibnoro napaMeTpa H,llpo~~111IIII'Hb.:npnn6pc,TaPT . 
' ' ·-· '-~ '_,. '. ,. "' < <. ~- ·l *. 

nnuorrnnTennnhlii y'rnonoi'x ·~WMPn·T. B Ta6mruax 1. 2 .. -! n. 5 n nw6rmx 
• • • • > ~ ~ • i . < ' • • '. -. ': •• ,. • • • 

npiiDC,llenhl TaK)I(C pe3yJihTCLTbl paf:'IPTOD (; y~reToii ~tPqH'KTOD ,TOp1110)I(e-

nH.ll. H1 Ta6niiUbi 1 :Bu~n~, .~ri;o .ll~~x ~o6hlp~ii ~~ TI-I?l,( ·ml\I!'THO Bo1po

crra II .llll.ll CC-inaiiMO.llefu:TmnJ:cpan:Hxnac;. c. 3KCTIP}>IIl\H'HT!HII. OnnaKo 
OCTaiOT(:.H paCXO)I(,llCnii.ll C 3KCTICpiiMCnTOM ,llll.ll m•pmx I'Hap.!I.llOD. 0!"0-

6enno .llJI.ll pC-cTonKnonenuii. TaK)I(e cymecTn.Pnno yny•rm;u·.Tc.ll corna

cne pacTreTnhlx xapaKTepncTnK DTO}>Il'IHhlX TJ~{I;Tuu ,. · ~I..:l'III'}>II~I!'HTmi 
,llJIH co6hlTIIii c IIPM (Ta6iJ:.4,G). Onnmw DKJIIOTJI'HIII' r-.H•x;lmnl\ta '.Top

Mo)Kennx naneTammnx xnep n X.ll}W-Mnmcnn n AC-tnaiJ:\IO.llPfH'TDiurx 

IIpiiDCJIO K ne:JnctTIIITPJibnhlM ,II1Mf'nf'HII.liM D C}H'.llHIIX :.\IHmKI'l'TDI'HHO

CT.liX niionoD II TipOTOnOD-Y'IaCTHIIKOD (npan,lla, B !'TO}JOH)" d)JIIDK!'HII.lf 

C :n~cnepnMenTaJibnbiMII ,llaHnbiMII) D neynpyrnx D1aiL\IOlll'Iil'TDII.liX ( 01. 
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·ra6.ri:.2) (Ha·:pni::ymmx He 'npnnonnT~H): B 66nhrn~:il:'cTerreHn II3MeHe
HIIH :KocH)TJIIICb cpenHnx~iHOAWCTBeHHOCTefr ncmti>HTPJibHbiX ·rrpoToHoB 

(pp < 0,3 r3B/c). TaK 'ITO 66JiblliaH nepmpepii'IH~f;Tb Moili;.ITnponaHHbiX 

AC'-n3aiiM-oneficTnu:ii n 6onhrnaH cpenHHH MHo!l{ecTneHHoc:Tb mwHon Ha 
'ohhH:ril)oT(m-yqacTHIIK c~~p~~~IDTCH no <:P~B-~eH~IR1. c' ~K< :rr~·i>~I1IeHTaJib-
H~I~i'n ~~Ii~'bii!il. . . ' , . . i:, .· . ,, . _ . ; . . .. · 
· '· BnnaH:ne nneneHHH norro.ri:miTeJibHoro MexaHinMa n KacKanHYIO Mo-• : ; .. ~. >' " 

)leJib Ha _IIMIIJJibCHbie II yrJIOBbiC xapaKTepiiCTHKII DTOplPIHbiX ~JaC:Tliil 

)lJli[ Heynpyriix.AC-coynapeHIIH HaCTOJibKO HC3Ha~mTf'JibHO, 'ITO pe1JJib-

TaTbl paC'IeTOB B Ta6JI.3 II Ha puc.2-:-6, He llpiiDO)lHTCH. ·:··-

5 3aKJuoqea:u:e 

IIponeneHHoe cpanHeHIIe 3KCIIepiiMeHTaJibHbiX peiynhTaToB, ·rro.h:yqeH

HbiX rrpii aHaJIII3e AC'-B3auMoneiicTBIIH, c: nnyMH iH~pn~tHTaMII Monuqm
IliiponaHHoii KacKanHo~IIcrrapll:TeJibHOH Monenii MKI:IM. rroino.JIH~T cne-

·,. 
JiaTb CJie)lJIOIUIIe BbiBO)lbl: 

• ·llnH uccnenonaHHbiX peaKiliiH noMIIHIIpyiOri:riiM w~xamn~oM' HBJIH-
. ~. ' ~ '. 

eTcH :Kac:Ka.iliiponaHIIe qacTIIIl BHYTPH Hnpa c rrot.JI<'LlYIOIUIIM ll:cria-

· peHIIeM'no36y)l{neHHoro ocTa'I'o•!Horo .si:ni)a.· 
,._ 

•. MKI:IM orriichlnaeT II3yqaeMbie xai:>aKTepucTIIKII Heyrrpynrx AC.:. 
· B3aii~oneiicTBIIH co cpenHeii TO'IHOCTbiO 20-30%. GpocToM A cHa

pHna OIIIICaHIIe ynyqrnaeTCH. 

e 06pamaeT Ha ce6H BHIIMaHIIe CIICTeMaTII'ICCKII MCHblliiiH Ha,...., 20% 

cpe)lHIIH rrorrepe'IHbiH IIMITYJibC 7r-Me30HOB, KaK n Heyrrpyrux co6bl

TIIHX, TaK II B C06biTIIHX C IIOJIHbiM pa3pyrneHIH~M H)lpa-MIIlliCHII. 

e Y 'leT B. MO)leJIH . TOpMO)I(eHIIH HaJieTaiOIUero H)lpa D H)lepHOli cpene 

MIIllieHII cymecTBeHHO c6JIU)I(aeT pac'IeTbl C 3KC:IIPI>IIMPHTOM )lJIH 

co6biTIIH c IIPM n npaKTn'IeCKII He cKa3biBaeTcH Ha xapaKTepn

CTIIKax ncero aHcaM6JIH Heyrrpyrnx AC'-n1aiiMone:llcTDIIfr. 
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Ta6nnua 1: CTaTIICTIIKa co6biTIIH'Il Bepon:B:Oi::TII nolliloro p~3pJhieii-Ri 
MIIxrieHII(3·.:_:3~~mipllMeHT,M-Mo)leJib).:~•· .,;_,, ... ; :' i,;.:·.•.;, 

NHeyrrp. 3 .co6 . ' 

- IIPM 
Nc,o6 .. ,3 

-
. W,% 

NHeyrrp ]\1: 
co6 ·' 

NIIPM'Ml 
· co6 .. '· . 

'W2,% 

-... ; B3a.HMoneiicTBIIH: 

-,-

.pC .··ac 

8130. 6945 
. ; . ~ ' 

.. 2~3 .. .2l6 

2.74±o.:i8 1. ,;J.1ifo.2·1 

- • l• 'i . 

: . .19960. ...19984 

{19891) . ,, . (9974) 

910. ·.: .. 9.21: 

{639) (658): 

o.14~p.o3 '·l·::o:29±o;o4 . . . 

(o.66±0.o6) 1 (i:49±o.12) 

j 

aC: j:·,:' C:'C':) 

ii248' . 20407 

.. ',52.1 ; 1042 

4.63±0.~0 t 5.11±0.16 

, l'j ., I 

19956' ,; 

{9963) 

. ' 862 : ·' 

I v (714) 

0.72±0.06: 

19725 

.{19664). 

858. 

{751) 

2.47±0.11 

(3.23±0:i8) 1';(5.35±0.16) 
-

,,.· 

--.,.· 

1Co6blTllll eiiPM norry'leHbl nyTeM ·npxMoii: renepaunn no KpnTepnxM, a ne nyTeM 

Bbl,ll;errennx RJ acex Mo,~~;en:npoBaHHblX neynpyrnx co6blTRH. 
2llorrn co6blTllH c IIPM onpe.uen:xrrnch no 'lllCJIY co6blTRH c IIPM cpe.un neynpyrnx 

MO,ll;eJillpOBaHHblX co6blTllH. 
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- - . ' . 

•Ta6mma''2:< ·Cpe.zume MHo:>KecTneHHocrn-~'lacT1Ul.·n ·~Heynpyrnx·_ AC-' 
COObiTHJlX: (3KCnepliMe,HT'(3) irpac~eT no:MKIUvf(M));' ' . 

. , 

. - ·--- -----.--- •. -·· -- ·-

-----
-· -.- ·:· .... ·--

- .. _BJaHMo,neiiCTBH)J --. -. ---
···: _--·-··--- . -- --

-- -- .. ~ - - ~ 
-. -~ -- --

XapaKrepn~TnKa 
-. 

·c - dC oC cc p 
--

- -
·, -

'. {~;~p;) 9 - 3:550±.019 -4.415±.023 -_ 6.451±.0:!:1 ._ IO.:n9±:0t7 
M 2.582±.009 - . 3.2981.012 •· 5:I8l±.OI8 !1.275±.036 

I·- , - . -- ...... :·: -. (2:576±.oio} (3:363±.019} (5,27~±-~27) (!I.:J:J3±;o38) 
~ -. ~-- - ,__: 

0.405±.0Q6 0.653±.008 (n;,.-): 9 0_.981±.007 - fA:39±.008 . 
.. M 0.349±.004' -0.612±.005 0.916±.007 1.474±.010 _,._ .- ., 

(~.331±.004) (0.606±~007} (o.ss7±.oo!J) ( £.440±.010) . ~ . .. ' . 
- - {n,.+ )-- 9 .0.653±.00'6 0.672±.007• 0.995_±.007 • 1.458±.007. -

M · ·o.626±.oo4 0~612±.005 0.903.±.00(~ 1.457±.010-
:_ -:-.;·: _ ... {().~I l±.Op4} (0.608±.007) (0.8!13±:00!J) ( l.4:!0±.010) 

--- -· ... _ ..• .- ·. -

_. :J.004:i)>3l {nri) •·• 3. A.260±.023 .3.891±.028 :- :3.3~2±.027 
PP_-< 0.15;r3B/c M 5.115±.012 4.925±.016 4.471±.02:J 4:os2±~037 · 
.--- ·, .: -. (5.086±.013) . ( 4.849±~023) (3:529±.o:tt) (:UJ00±.039) . -- - . 

. . 
- (nPL _• ·. 9. .· 0.641±:009 r0.703±:oog -.0.793±.oos· 0:740±.005 

.1f'6p],<3,F:JB/c M 0.233±.004 0.252±.004 0.270±.004 o.:Jt4±.oo4 

. ' (0.252±.004} (0.289±.006) (0.350±.007) (0.436±.006) 

" : >_.. 

(np) 9 0.752±.009 0.899±.010 1.066±.001-i l.l9!5±.006 
.~pp<.75;T:JB/c M 0.463±.005 0.532±.005 0.657±.001) 0.917±.008 . - ~- l_ ; ( (0.468±.005) (0.552±.008) (0.715±.010) (0.978±.008) 

(nr') 9 1.852±.011 2.051±,014 2.918±.014 4.468±.016 
M 1.308±.005 1.405±.008 2.0!53±.011 :t28:H.019 

(1.383±.006) (1.438±.0~ 1} (2.~02±.01fi) :U74±.019) 

(np) 9 1.100±.008 1.153±.009 1.852±.010 :!.273±.013 
PP ~ 0.75, F:JBjc M 0.913±~004 0.873±.006 1.396±.008 2.:166±.015 

(0.915±.004) (0.886±.006) (I.:J87±.012) (2.:196±.015) 

{vKr) 9 1 1.330±.010 2.214±.011 4.468±.016 
M 1 1.166±.008 1.880±.010 :t283±.0l9 

I (1.160±.008} (L858±.lll7) (a.:m±.019) 
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i.. 
:1 
' :i 
I r 

'< ·> ._,.····.~ ~~--~·· •• ."~":..~.·.;:,"t 

T~fih~ua '3: . ,Cp,enH.ne , 3~a"ieH~R\KI~iie~~~!~P~ecKnx~ x~};;{~~TC}~IIC:TIIK :B,~?-
ptPm:bix •ntr:Tnu n1 Heynp·yrux · AC-B1aii1m.uei'IcTnnil:: nKcll!'}>IIMPHT. { 3} 
11 pac'!eT no MKMM (M). ·. . • .: : : · .. 

8'JaHI\IOll{'iiCTBII>I 

X<!-paKTepncTnKa pC dC nC , :r:c 

. (p,.,. ),T::~B/c 1 ::1 o.5o7±.007 o.565±.oo7 o~5S!i±.oir; 1 IJ.;i!H±:oo:J 
M 0.460±,00)) 0.529±.004 0.5(i0±.001 ; ll.;i~J±.OO:J 

(Pt:- ),'r:.JB/~- ':y 0.248±.00:J 0.2~6±,0,0:1 ·o.!WJ±.002l O.:nJ±.OOI 

' 
M, 0.213±,002• o>lo!~±<oo) o.2oi±.oo 1 I o.2 w±:ool 

• • • ' • ~ . • 1 

1-' - _-_ ' 

O.!'i!Hi±.Oli2 IJ.;i~J±.OOI {Pn+ ) 1 f:~B/c .:J 0.5:J!J±.OO:J O.MO±.OO:J 
M O.!'i60:f.002 0.5:16±.002 iJ:fi!'iS±~Oll2. o.:-l~!H.IIOI 

{pt+ ),r:~B/c . 1. f?, I 0.268±.001 o.27t±:o'or 0.27fi±~OO I 
__ , 

11.271±.001 
M 0.210±~001 o:209±.orii ().20!I±.ll0 I 11.211!1±.000 

{Pp•• ~· f38/c 

(7{'"), f3B/c 

(pp) 
:a~p"'<75,r jB/c 

' 
::1. ~~I.:ll 6±.~o; ·I•.I. .. 2!Hi;J:_ :oo's_l-.l.fi2H,_tuu; .,~.~.·i2±.0lll 
M 1.708±.007 Lfi6(i±.007, 1.72:H.II1Hi l.~l!I±.IJlJ;j 

:Jl 0.445±.'002 
A1 0.458±.001 

u I 0.478±.001 
1\1 0.4!J7 ±.002 

oA3!i±.'oo2 
0.454±.001 
~ y ., • •\ 

-
0.480±.001 
0.'4!>!)±.001 

t>.~Hi:J:f:.nni.III.-IIIi±.nol 
0.4!'i8± :mn o. Hi 1 ±:no 1 

0.481l±.lltlll O;l!it:f:.OIH 
ll.~tlti±:ooi.Io.:lii±.Olll 

< :M) · :1: o.:J2!l±.ooi o.328±.oiJl u.:J:w±:nni 
.:J~v-v<75,raB/r_ M o.:J50:i:.002 0:347±.~01 u.:JIH.OOI 

(p"} . . 3 1.917±~010 1.93I:i:.OJO 2;127::!;.11117 :!.:JI!I±.Oilii 
l'P > 0.75,f38/c M 2.370±.bos 2.216±.008 __ 2.2!J7±.111Hi :!.:lli7±.oim 

'(pl') . ;j 0;52!!±.00:1 0.520±.003- 0.5:1!1±.11112 U.;i:!!l±.OOI 
p" > 0.75,f38/c M 0.517±.002 0.519±~002 .tl.!HI±.IIIll IT.:,tHi±.ooi 

'•·.· .-

., 
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-- .. . - . :. . 

Ta6mrua 4:~ Cpen:Hue 1\IHO:tKecraeHHocTu •mcTu~ n. AC'-t:o6biTJIHX. c rron
Hbl!.!~p<i-lp.Y_ilr:e·JIIIe~ Mnrn~lui. (IJPM ):, ( ~Kc~e})n~r~JiT_ {:'3) ILpa(;•If'T no 
MKII~f{!yl))'::· . . ;: . . 

i ... 
· B1auMoaei"lrTIItHt i 

. , .. ,-' I ... 1 
XapaKTepucn!Ka pC dC 

. 
n(' (T 

1 ~:. 
·. 

I (n3ap.). 3 7.984±;10:] 8:879±.139 1LJ.'i4±.'1l!i ' l!i.719±.l:H I 
M 7.690±.048 .• s~7io±.o6o . ll:lXS±.0.84 17.700±,!;12 l 

·.·· .. ·;·· '. -{8.260±~060) (9.404±.073} (n_.7IO±.OS7) ( 17.<WJ±.12.5) I ... . .. 
• (n;..:)· ... 3 J 0.834±.052 . •• 1.061.±.661 i:58.5±.0!i r · .· 2.2.is±:o5o ' 

.{--. M• i.I98±:o26 ··.·1.70!i±~032 .•· '2::12'7±.041 :t!i27±.o.~6 I 
~ --. . ' .· ..... (0.926±.029) (I.4i2±:oi5) . (Z:OO:!± .041 ) (2.9W±.O!l4) . · .. · .:.. ,; . '" 

., ., 
. (hi::+) '1.1211±.042 3 0.610±.043 0.873±.0~0 l.7~J!i±.044 

M 0.822±.024 . 0.974±.027. t.596±.rm 2. n:H.O.'i2 1 
: .... (0:941±,027) {~~032£1l3l) (L570±.040) . (2.:186±:0.52) 

{np) . 3 0.684±.146. 0.243±.185 ...:o.o4u±.tr.4 -0.128±.165 I . - ..... ·_. . . 
PP <:. O.I.5;F:J8/c M 1.70.5±.071 1.640±:088 . 1.36:!±;117 1.000±.173 

... , . (0 .. 592±.083) (0.420±.Hii) (o.:h5±.l20l. (0.2:15±.1615) 
.-' _. 

~l:840±.p93 2.799±.101 
·' 

. <1p}' . 3 2.949±.on .. 2.{i3:H.0.52 . .. · .. • • • ' •• _- _, ~- '<'• -

1.406±.036 I .15::; Pp <.3,F :iB/ c M 2.133±:039. 1.926±.039. . L6:J6± .o:~s •. 
(2:995±.056) (2.831±.0:54); (2.489±:0.1~) {1.99~±.048} . 

,,' ,, 

. i ~- ' ' ,. '\:- . \ <' .. 
· 3.oo7±.0!i7 ' ' ... , (!lp) .'J 2.862±.095 3.042±.101 :J.403±.050 

.35;pp~15,F;:,Bfc. M 3.041:1::~040 • J.288:bp4o I; 3.647±.040 :t99.1±:0:39 I 
: .. :. :.2-~: ;··. (c :1-

(2:io3±.o56) (2.916±.0.56) (3.246£05.1) (:!.606±.049) 

. <.nrf :· . ,· . ·.·: ,,--; .: ·: . 
3 3.683±.107 3.956±.n8 4.920±.091 7 .07_7 ± .093 
M 3.537±.043 :-4.04i±.047 ' 5.298±.ll!i6 ' 7.605±.078 

. (3.390±.057) (3.951±.066) (5.167±.072) {7.016±.088) 
.. 

. (n;,) 3 0;820±~049 0.915±.059 1.91:3±.057 . :~.674±.073 i 
·Pv 2: 0.15,F:J8/c M OA97±.019 0.754±.02:3 1.651±.0:!8 :I,610±.063 

(0.687±.026) ( 1.03.5±.034) (1.920±.04:1) (:t410±.069) i 
(vN) 3 I 1.620±.056 2.734±.060 6.520±.083 

M 1 1.752±.022 2.966±.040 6.608±.069 
I ( 1.662± .030) (2.994±.047) (.1.42:3±.109) i 
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•' ,, h.-.->:t 

··~---. ,. 
I 
! 

I 

Ta.6mrna 5: Cpenrme 3Haqeani KHHCMai'liqeciiiDC xar>aKTepiiCTJIK BTO'
pH'IHbiX ~laCTim II3 AC-B3aiiMOJleii~TBim. c' rr'PM: 3KcrrepiiMkHT (3} II 
pacqeT rroMKHM (M). . .. 

.. 
B3aHMOJieiicTBH_ll . ·' l .. 

' 
'· ~' 

·' .. .. 

XapaKiepucTu:Ka · 
.. 

~---' ·c .. dC; o:C cc 
' 

p .··.· : 

(p,.-),r::~B/c 3 0.429±~U26. 0.504±:025 0.566±.024 . U.557±.010 
M 0.43l±.Oll. OA75±:ou 0.549±.011 0.584±.009 

; {0.421±.016) (0.486±:01!)) (0.540±.012} {0.564±.010) 
• ·v, 

{p;-}, f::~B/c 3 . 0.241±.014 0.249±:013 ·. 0.242±.006 0.235±.004 
M 0~213±.004 o.205±ioo3 0.206±.003··· ·o.2o5±.oo2 

{o.2ls±.oq6> (0.212±:oo5) (0.213±.004) (0.21~±.003) 

(p,.+},r::~B/c. 3 0.472±.011 0.474±.010 ~ 0.559±.008 . 0.566±.004 
M 0.379±.012 0.429±.013'' 0.4913±~012 . 0.542±,010 

(0.424±.014) (0.450±.015) {0.497±.013) (0.536±.011) 

{pf),r::~B/c 3 0.273±.006 0.263±.005 . -0.279±,003 · o.26Z±.002 
M 0.203±'.0Q5 ; .·: 0.203±.004 o:2o6±.oo4 .0.204±.003 

:· (0.220±.005) '(0.209±.,005) (0.204±.004) (o.2o5:i:.oo3) 
. ' 

(Pp•• }, f::~B/c 3 0.690±.019 0.769±.024 1.088±.020 1.458£016 
M 0.653±.009 0.779±:012 1.025±.015 . 1.445±.016 

(0.720±.014) (0.854±.01?.) (1.132±.018)' _(1.4_5~±.017) 
(m-,-. }, r::~B/c 3 0.394±;U08 .. 0.372±.007 . 0.415±.005 {[432±.003 

M . 0.355±.003 0.363±.003 .. 0.388±.003:. 0.406±.003 
-., (0:355±.0_0.5)' (0.364±.004) (0.384±.004)' (o:~oq±.003) 

{pp} 3 0.463±:005 0.472±.005 0.477±.00;3 . 0.493±.002 
.35:.pp< 75~r:JB/c 'M :'o.48o:l::~60'2 ! o .49o± .oo2 ';' \'o.:soH~oo2 :· 0.512±.002 

(0.497±.001) (0.498±.002) (0.505'±.002} (0:507±.001) 
~ '<' 

{m> 3 0.332±.095 . 0.322±.005 0.328±.003 0.329±.002 
.35:,pp <. 15,F:J8 I c M 0.326±.003 0.334±.003 0.342±.003 0.340±.003 

' (0.347±.002) (0.338±.002}* (0.329±.002) (0.328±.001) 

(pp} 3 1.479±.051 1.755±.lJ67 ' 2.050±.0:J6 2.352±.023 
p;2: 0.75,f3B/c. M · L716±.037 2.0'40±.038 2:18J±'.029 . :ft77±.021' 

(1.741±.040)_ (l.925±.o38) (2~219±.029) (2:455±:023) 

{pf} . ' '3 0.608±.024 0.539±.022 ' '0.551'±.010 . 0.527±~005 

PP 2: 0.75,f::~B/c M . 0.533±.013. 0.49i±.(no . · 'o.489±,oo7 ' 0.'4 78±.005 
{0.586±.014) (0.541±.011) '(0.527±.007) ·(o.5ol±.005) 

_, __ 
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P:Hc.L3a:oncHMocTb cpe.nHHx;MHoiKecTnennocTeft 7r--Me'lonon (a), n+
Me3oHoB (6), npoTono:B-yqacTHHKOB (n) ii 3ap1DKeH'nbiX •ri:u':Tnn (r)' 

'o:r aToMnoro IioMepa .H.npa-~:BapJI,D;a (Av)· (o)- ·~eynpyme co6hlTHJI,. 
(. r-·co6hlTH.ll c IIPM. Kpimble- pac.qeT no MKMM: nyHKTHpHM
:zuni neyi:rpynrx B3aHMo,neih:TBH:ii, cnrrmnnM- ilJI.a: c:ofibiTn:iic IIPM .. 
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PHc.3. Pacnpe.n:erreHIIJI no 6hlcTpoTe 7r--Me3oHon n pC- (a), dC- (6), 

aC- (n) II CC-n3aiiMo.n:eilcTBIIJIX (r). ( o)- Heynpyriie co6niTIIJI, (411) 
- co6niTIIJI c IIPM. Kp1IBhle- pacqeT no MKHM: nyHKTIIpHM- .D:JIJI 

Heynpyriix n~aiiMo.n:eilcTBIIH, cnrromHM - .D:JIJI co6hlTHH c IIPM. Bee 
pacnpe.n:eJieHHJI HOpMIIpoBaHhl Ha e.D:IIHH'IHYIO ITJIOIU<t.D:b. 
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MHponKa Te 2Ke, 'ITO II Ha p1Ic.3. 
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Puc.5. Pacrrpe.n:erremnr rro 6bicTpoTe rrpoToHon-rmcTHIIKOB n pC- (a), 

dC- (6), o:C- (n) 11 CC~n3aiir:w.n:eilcTmnrx (r). 06o1Ha'wiimr n Hop
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Puc.6. Paenp<'.nerremu rio ~oJUipHoMy yrrry (-) nj>i;ilnims-~''I<WTHIII.:on n 
pC- (a.), tlC- (6), n:C- (n) II CC-B1<UIMO.D:<'III'TBII.SIX (r ). Ofio·ma'H'HII.SI 
II HOJ>MHpomm Tt' 2KC, 'ITO II Ha pnc.3. 
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(6), aC- (n) II CC-B3aiiMo,neii:cTBII.SIX (r). 06o3Ha'IeHmi Te A{e; 'ITO 

II Ha p1Ic.3. 
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