
/\ -t;f'Lf 
OB'bEAHHEHHYA HHCTHTYT H~EPHYX HCCnE~OBAHHA 

nAEOPATOPH.H .HnEPHbIX TIPOEnEM 

I - 8763 

JIOMAKHH IOpHK (f}J1JIHililOBJ1q 

HCCJIE,ZJ;OBAHHE 
TIPOQECCOB B3AHMO,ZJ;Ei1CTBHH 1(--ME30HOB 

C KBA3HCBOBO,ZJ;HNMH HEHTPOHAMH 
H H,ZJ;POM YrJIEPO~A TIPH 5 r3B/C 

CneQHaJihHOCTb O 1. 04. 0 I - 3KCnepHM8HTaJibHall q>H3HKa 

A BTope4Jepar ,llMCcepT!lUMM HS COMCKBHMe y11eHoA creneHM 

KaH,llM,llaTa IPM3MKO-M aTeMaTM'leCKMX HayK 

( .UHccepTBUHSI HanHcaHa Ha pycCKOM ff3bIKe) 

ny5Ha 1975 



:{· 
1 

Pa6oTa BlIDOJlHeHa B Jia6opaTOPHH_JUJ;epHHJC npo6AeM 

06~e,ItlrneHHoro·l!HCTHTYTa R,D;epHHX 111ccne~o:saiml 

Hayqlil:l! pyxoBO,nzTem. 

~ORTOP qiK3I4RO-MaTeMaTH'leCRHX HayR - B.E. l°D11Sll'l!H. 

()q,H!lHam, HHe onnoHeHTH: 

~ORTOP qiK3HKO-MaTeMaTH'leCRHX'HayR - r.A.!eRCHH, 

Ralmn,naT qlH3I4RC>-MaTeYaTH'leCRIDC Hayx - ~.M.CepreeB. 

Be~~ee aayqHo-Hccne~oaaTem,cRoe yqpel!,ll;eIDte: 

kiHCTHTyi' qi1113:1uo1 BHCOIO!X aaepl'HI (r.CepnyXOB) • 

ABTopetepaT pa3ocnaa" " ___ 1975 r. 

3a!IU'ITa ,nzccePTarum COCTOHTCH" " ___ 19?5 r. 

B "· " qac •. Ha sace~ Yqeaoro coBeTa Jia6opaTopu 

JUJ;epHl,IX npo6neM 06~e,ll;lUleHHoro HHCTHTYTa JUJ;epHHX accne

~o:aaHd (r.,lty6Ha; MOCKOBCKOI o6AaCTH, Jia6opaTopu ueP

HllX npo6neY OIDm, Roapepe~-san) •. 

C ~ccePT~el MO:EHO 05HaXOM1/lTl,CH B 61116u0TeKe oomi. 

YqeHHI ceKpeTal)D CoBeTa 
R~T qlH8111R0-MaTeuaTn. BBy1{ 

D.A.EaTyCOB 

I - 8763 

JIOMAKl1H IOpHH <l>HJIHililOBHq 

l1CCJIE~OBAHl1E 
TIPOUECCOB B3Al1MO~EMCTBl1H ll'--ME30HOB 

C KBA3l1CBOBO~HMMl1 HEMTPOHAMl1 
·tt H~POM YrJIEPO~A TIPl1 5 r3B/C 

CneUHaJibHOCTb 01.04.01 - 3KCnepHMeHTaJibHru! !pH3HKa 

A BTOpeipepaT nHccepTaLIHH Ha COHCKaHHe yqeHOII CTeneHH 

Ka.HnHnaTa !pH3HKO-M aTeMaTH'leCKHX HayK 

(llnccepTauHH ttanncaua ua pyccKoM H3hlKe) 

001,. o.L;:1ne~rn,J:i HHC\11tJY ·1 
s:;::epnuz ::Ctjj.:JJ:letmnml 

6~GnHOTEKA 



,;. 

I 
"I 

! 
i' 

I 
' .1: 

~ 

B TIOCJIEl,D;Hee ,IteC.HntJiente B CB.H3M C ycnexai.m, ,ltOCTMrHyThlMlf B 
CTpOHT8JII,CTBe ycxopttTeJien, cnoco<lHUX ,ItaTI, HHTeHCHBHUe ITYllKM qacTIU\ 
BblCOKlfX 3Heprnl1 ,ItJI.H !pM3HtJeCKHX MCCJIEl,ltOBE1Hlflt I M nporpecco1,1 B, Teope
TMtleCKOM ITOHliMaHMlf nponeccoB I npOMCXO,lt.HlllHX npM B3a!-!MO,ItCllCTBlflf tJac
TM!~ Bb!COKMX ::mepni:t, lfl!TCHCMBIIO pa3BMBaeTCf! M3YtJCIIMC .ztmppaKUlfOllllhlX 
nponeccoB KaK Ha HYKJIOHaX, TaK H Ha CJIO~HIIX R.JU)aX. 

IlocJie ony6~0Bal!WI pa6oT E.n.~ettH6epra H H.fl.IloMepaHttyKa/1/ 
H ry.n;a H YoJIKepa 21 Hattanoc1, Hccne,n;oBalille nponeccoB xorepeHTHoro 
POJK,D;CHlliI SJU)OHOB Ha pasJmtJHl:lX JUU)~/3/. 

~ MOM8HTy Rattana HaJJll!X HCCJie,ItOBaHHH 3Kcnepru.1eHTU no KorepeHT
HOMY pollC,lJ;eillllO Il-M830HOB 6HJm npoBe,n;eHll, B OCHOBHOM, Ha MPC ,neiiTe
prur. HsytteHHe xorepeHTHl:lX nponeccoB Ha 6onee T.mteJIHXRJlpaX: 6HJilf 
B!:IDOJIHCHU KaMepHOH H 3MYJIJ,CHOHHOH MCTO,ItHKaM!i (qiaKTHIJCCKl1 ,D;JI.H Cl,feCM 
JI,nep) .ltJlJl sHeprntt <lon1,me 15 rsB. OnaTa npn 6onee Hnsrmx !3HeprnJIX 
61:lJm CTaTHCTHtJCCKH cna6o o6ecnetteHH. 

3KcnepHMeHTll, BOme.n.ume B ,D;RccepTanmo, BllllOJIHeHH Ha 11'IHCTOH 11 

MHmeHR-JUU)C yrnepo.zta H IlOSBOlUIXlT BIDICHRTb 3HepreTHtJCCKYD 3aBHCH
MOCTb ceqeHHtt KorepeHTHIDC nponeccOB B OKOJionoporoBOH,06JiaCTH. 

,llpyrRM BalltHHM acneKTOM axcnepru.,eHTOB Ha .fI.lU)aX JlBJIJlCTCJl HCCJie
,nOBaHHe pollC,ll;eHHJI pe30HaHCOB Ha JUU)ax H HX B3aIDAO,D;CHCTBHJl C BHYTPH
MCPHHMH HYK:JOHaMH. HSBCCTHO, ,iTo PM Ball:111:lX xapaKTCPHCTlllt TaKHX . 
B3aHMO,neiicTBHH, Hanpm~ep, B8JIIJ'liHy CC'ICHrul'. B3ffi!Mo,nettcTBHJl npo,nOJlb
HO IlOJIJIPHSOBaHHllX _f) -MeSOHOH~ , MOlltHO HSBJie'lb TOJlbKO HS' MCCJI8,ItO
BaHM.H HeKorepeHT11ux nponcccon poE,11.emrn peao11aHcow Ha R.ztpax. R co
xaJiemrn, COOTBCTCBYDUtlle 3KCnepMJ!eHTaJibHUe ,1ta1111ue Oll8HI, CKY.ztlll/51• 

HIDlte 6Y'JJJT npHBe.n;eH!l oneHKH ceqeHRtt BsaHMo,neiicTBHJI P-MesoHa 
H /1 -Hso6ap!l, reHepapoBaHHllX B HeKorepeHTHllX nponeccax, c HyKJIO
HaMll. 

~eHoMeHonornttecxd 8.HaJIRS aKcnepHMeHTaJII,HIDC ,n;aHH!lX B q,asoBOM 
npocTpaHCTBC npo,n;OJIJ,Hl:lX HMITYJlbCOB 61:lJI ycnemHO HCll0JlJ,30BaH ,D;JIJl OllH
CaHHJl PeaKUHH C qeTapbMJl qaCTilllaMH B KOHe'IHOM COCTOJIHHH npa aHep
rHJIX cBH111e 10 raB. Ha npHMepe perucUH:e: rr- n - Il"'TI"1I- n. B .nRCCePTa-
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ItHli noRasauo, qTo aTOT MeTOA Mo:iteT 6m.E. ycnemHo npnMeHeH n .zvm 
cymecTBeHHO 60J1ee lllsRnx aHeprn:ii (~5 raB). 

SRcnepl'.IMeHTanhHl:lii MaTepnan, Bome.JUDR:ii B ,IUiccepT~, nonyqeH 
aBTopoM B 1968-1975 rr. B Jia6opaTop1rn: ;mepHHX npooneM arum coB
MecTHo c rpynno~ COTpy.IUIB!(OB, pa60TaI\lllliX Ha MeTpOBOH nponaHOBOH 
Ra.Mepe no,ll; o6ll!IDA pyKOBO,ll;CTBOM qJieHa-KoppecnoH,!J,eHTa AH CCCP,npoqi. 
B.Il • .U:iteJienoBa. 

OcHOBHble pesyliTaTbl, COCTaBllBl!lHe CO,ll;ep:italille ,ll;liCCePTartHli, Obi
JIB onyOJJJIKOBaHll B Bll,ll;e coo6meHn:ii n ,~~Il~llHTOB Olliill, B OTeqecTBeH
HHX q,nsnqecKnx JKYpHanax n coopHnRax .. T

1 I. qacT.E. aRcnepnMeHTanh
HIDC ,ll;aHHHX 6Hna npe,ll;cTaBJieHa Ha MelK,D;yaapo,ll;Hue RoHqJepeHitHn no wn
sHRe Bb!COKHX aHeprRli n CTPYRTYPe ;mpa B .Ity6He (1971 r.) H ITO qJH3HKe 
BblCORliX 3Heprn~ B qnKaro (1972 r.). 

·.nnccepTartHR COCTOliT li3 BBe,ll;elillR, qeTblpex rnaB li 3aKJllO'l6lllR. 
Bo BBe;gemn1 ,ll;aH KpaTKntt oosop Hccne,ll;yeirux rrpo6neM. 
B nepB' rnaBe npnBO,nRTCR KpaTKoe onucaHne MeTpoBoli npona

HOBoii KaMep0 /n paCCMOTpeHbl H6KOT0pble M6TQ,nRqecKHe BOnpOCbl 06pa-
60TKll Ka.MepHwc q,oTorpai.[JiiC · · · · · ' 

1. Onpe,neJieHll TO'lHOCTH, nonyqaeMue npH o6pa6oTKe CRRMKOB c 
MeTpOBOH nponaROBOH Ra.Mepu: OlllHOKa B aqlf)eKTllBRO:ii Macce .D;BYX nno
HOB B OOJiaCTH MaCCbl p ~630Ha (780 MaB) COCTaBJIReT OKOJIO 30 MaB. 

2. PaccMoTpeHll B03MOJKHOCTR noHn3artHOHHIDC asMeperuur'7/. Pas
.neneHne cne,ll;oB n+-Mesoua n npoTOHa ua clillMKax MO:itHo ocymecTBnT.E. 
BilJlOT.E, .no nMilYnhCOB aTnx qacT~ B 1,1+1,2 raB/c c noMOIIU,IO liOlill3a
UHOHHblX ll3Mepem H ,ll;O ~ 0,8 raB/c - BnsyaliHO,BO BpeMR npOCMOT-
pa qlOTOCHnMKOB Jii:' OTOOpa COOHTH!i. ·. ;. .. . . ·. . . . 

3. Onpe,nene.HH TonoJiornqecmrn ceqeRRR n-n.-BsanMo.n;e:iicTBH:ii npn 
sa.,naHHHX npamrnax oT6opa co6HTHl1/8/ ( Ta6JIBua 1) • .na~Hlle Ta6JIBUH · 
ocHOBaHI1 Ha o6pa6oTRe 124 135 q,oTorpaipd, noJ1yqeHHI1X npn o6nyqe
HHR MeTpOBO~ nponaHOBOH Ka.Mepu B nyqxe'IC-Meici.iibti'c:'- HMnynhCOM 
5 raB/c cnHXpoqia.aoTpOHa HaCiopaTopnn Bb!COKHX aHeprHtt OMJIB. 

HOpMHPOBOttHlle ceqeHM o.nuoro COOHT:rui .zvm TOllOJlorntt "3 nyqa" 
11 "5 JIYqeii" iia:ii,neoo paBHllMll 

"'3" =(2, 03±0, 16) MR6apH/co6. 11 
. c 

6'. =(2,18±0,33) MK6apH/co6. 
!. . . . ·' . ' .·.• . 
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Ta6mma 1 

Tononorzqecxae oeqeJillR reHepaunn sBes,ll; c G= -1 n nx 
OTHOORTelilWil BKJl8,Il, B nOJIHOe Heynpyroe oeqe.1me 

1IRCJ10 Ceqelille 0THOC%T. qliCJlO Ha:ii.D;eH-
izyqett MOapH BKJia.,n, HHX co6mntt 

1 8,57±1,20 39,7±5.1 3405 
3 11,00±0,87 50,9,±5,3 6741 
5 1,90±0,28 8,8,±1,2 1081 
7 0,13±0,07 0,6±0,3 49 

BTopa.g r.naBa .D;RcOePT~ nooBllllleHa nocne,noBaWIIO npoueccoB 
xorepeHTHoro pox.n;eIDIJi Tpex H ru.rrn naoHOB_ Ha .smpax yrJiepo.na/91. 
axcnepmieHTa.m,HHJ:1 MaTepnaJI no peaKitHH TI -- 3II Ha .smpax ynepo.na 
OCHOBaH Ha H3Mepemm ~5.500 .co6b!Tlili, OOOTBeTCTBYXXl!liX peaKUHRM THna 

n-c ➔ n+n7I- + c, c1> 
U-l'l- n+n-u- + vi + 111 n°, (2) 
n-ri - m7I- + m n° , (3) 

r.ne C - .smpo yrnepo.na, YI. - He:iiTpoH .smpa yrnepo,ll;a, P - npoToH, 
m = 0,1,2, ••• - qnono n°-Me30HOB. McROMOMY npoueccy COOTB8TCTI3Y6T 
peaKURR (1). PeaKURH (2) n (3) JUlJUIJOTCSI qlOHOBblMH no OTHOmeHlllO K 
ncKOMoMy npouecoy. . 

IlocJie nsMepeHru/14/ a o6P,a6oTKn ooex co6uTHl1 no nporpaMMe • 
:a.neHT~~ xaHaJIOB peaKitHai'15/ AM nocJie,nyromero auaJIBaa ocTa
JlOC.E. ,-,1700 COOb!THtt, O,ll;HOBpeMeRRO y.n;OBJleTBOpmoou;1X peaRUH.flM (1) n 
(2) om= o. IlpHMeC.E. COOHTH:ii OT (2) c m ,£ 0 n OT (3) no oueHKaM, 
nonytteHHllM :as pactteToB MeTo.n;oM MoHTe-KapJio, Re npeBHmaeT 15 % OT C 

IlOJlHOro qHCJia co6b!TH:ii. 
Ha pnc.1 npe'ACTaBJleHO pacnpe,neJiell!.e q:acJia COOb!THff, COOTBeTOT

BYIOIJlllX p_eaKUHRM (1) :a (2) c m = 0, B saBnCHMOCTH OT RBa,ll;paTa 4-
HMnyJI.E,ca· t'. nepe,n8.lllioro uaneT~liM IlHOHOM CliCTeMe Tpex nHOROB. 
~3 p11Cy.ima BH.nRO, qTO np:a t' <. 0, 1 (raB/c)2 Ha6JIIO,ll;aeTCJI 0blCTpb!l1 
pocT qRcJia co6mH! o yMeH.E.melilleM nepe,wiBaeMoro minyJI.E,ca I::' , KOTO
putt MOJKHO o6~RCRHT.E, JlHlll!, ROrepeHTRblMH B3amlO.D;elicTBliSIMH RaJieTruomero 
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Pac. 1 - ,llRqqiepemniaJI.I,HOe ceqemrn POllt,ll;eHM CRCT8Mll (3Il) 
Ha Si,Iij)e yrJiepo,lJ;a. 
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IlROHa C .JUU)OM yrJiepo,ll;a KaR n;em.tM. IlpR annpoKCRMaD;lili 3KCllepRMeHTaJU,
HHX ,ll;aH.HHX cyMMott .IUlYX 3KCilOHeHT CX exp (-Bi') + J' exp (- tt' ) 
napaueTpH HaRJIOHa .IU$I)epefmliaJI.I,Horo pacnpe,I1;eJ1elllll! 11 J? 11 R II t " 
oKa3aJIRCD paBHHMli (51,7±11,8) (raB/c)-2 R (7,25±2,20) (raB/c)-2, 
qTo COOTBeTCT:ayeT pa3Me~ MRmeHe:lt~ Ha KOTOPHX npOR30IDJIO B3aRMO
,ll;ettcTmie, R. = (2,45~8:~6) ipeJ)MR R Y- = (0,92~8:~~) ipepr.m. 3TH 
,ll;aHHile B npe,ll;e.nax 3KCnepRMeHTa.lll,HIIX norpemHOCTeit COBilMruoT C pa,ll;Hy
CaMR suwa yrJiepo,ll;a a HYKJIOHa. Ceqeime KorepeHTHoro pollt,IJ;emur Tpex 
IlROHOB ImOHaMR C liMllY.lll,COM 5 raB/c Ha m:wax yrJiepo,ll;a Ha~,ll;eHO paB
HllM 

6 xor = ( 264±37) MK6apH. 

Ha pRc.2 npe,ll;cTaBJieHH pacnpe,ll;eJieHWI no aqqieKTRBIWM MaccaM 
n+rr- a rr+rr7I--KOM6RHaIUitt .ItM t'< 0,05 (raB/c)2• Pacnpe,I1;eJ1eHRe 
aqqieKTRBHHX Mace Tpex rmoHOB RMeeT xapru<Tep~ .D:JIJI npon;eccoB Kore
peHTHoro polK,IJ;eHHH llllipOKHtt naK OT 0,9 raB ,ll;O 1,4 f3B C MaRCHMYMOM 
npa 1, 1 +1,2 raB. B pacnpe,ll;eJieHHR no ajxfleKTRBHl,IM MaccaM rr+rr--ROM6R
Han;H:lt B~eH qeTimif mm B 06JiaCTR MaCCil .P-Me30Ha, yKa3!i!BaJ!XUR:lt Ha 
npeHMymecTBeHHoe o6pa30BaHHe cRcTeMH _f'Ji' B npon;ecce 1<0repeHTHoro 
polK,IJ;eHRH Tpex IlHOHOB. . 

IloacR KorepeHTHoro polK,IJ;eHHH cacTeMH (5TI) Ha smpax yrJ1epo,ll;i/10/ 
npa 5 raB npHBeJI R on;eHRe BepxHett rpaHRll;Il BeJU1qHffil ceqeHHH aToro 
npou;ecca 

6 ~~) <. 36 MK6apH/m:wo yrJiepo,ll;a 

Ha ypoBHe ,ll;OCTOBepHOCTR 95%. 
B T08Thett rJiaBe npoBOMTCH aHaJIR3 qeT1,1pexqacTHqHo:lt peru<D;HR 

u- n - II7I+n- rt. B qJa30BOM npocTpaHCTBe npo,ll;OJI.I,HHX RMnym,coB npa 
3Hepru 5 raB111/. Hs 60J1ee paHHRX 3KCllfPRM8HTOB 6HJIO R3B8CTHO, 
qTo npa 3HeprRHX BHme 10 raB TaKOH aHaJIRs B npruteHeHl!H R qeTHpex
qacTRqHHM peaRD;Rm.l C ,ll;OCTaTOqHofi cTeneHDD TOqHOCTR ll03BOJI.JI8T r3-
,ll;8JlRTh M8XaHRSMil ,ll;H!ppaI<ll;ROHHOfi ,ll;RCCOD;Hall;RH H Me30HHoro OdMeHa 16/. 

B ,ll;aHHOfi pa6oTe noKasaHo, qTo aHaJIR3 qeT1,1pexqacTaqaon peru<D;RH 
B qJa30BOM npocTpaHCTBe npo,ll;OJI.I,HHX HMIIYJI.I,COB npa aHepraa 5 raB no
sBoJIJieT He TOJIDKO KaqeCTBeHHO, HOR KO}JRqecTBeHHO ·(c 10+15%-ToqHo
CThD) Bbl,IJ;8JlRTh r.rnxaHH3M ,!JJi!ppaI<ll;I'lOHHOti ,ll;HCCOD;RaD;HR. 

B Ta6JIRn;e 2 npHBe.D:eHII ceqemm peaKD;RH Ir n ~ n+n71- n. B cex
Topax !paSOBOro npocTpaHCTBa npO,ll;OJlDH!lX HMilyJIDCOB, OTB8qaJllllRX pas-
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Pnc. 3. - Pacnpe,n;eneHHJI no aqxpeKTHBH!lM MaCCaM KOM6HHa.IU1fi 
(Wrr-) H_ (rr-n) H3 peaJ(!UfR In1 - lrJI+rJ-n ,ll;M 
i:. < 0,5 (raB/c)2• · -· . 
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JIRqJlllM Mexaim3M8M: ceKTOPH I H lli COOTBeTCTBYIOT 'AH~p8l(Il,HH'HaneTaro-
111el1 tiaCTHU!i H tJaCTRU!i MRmeHli, ceKTOPH IT ll IY - O'AHOBpeMeHHott M
~pal(J:UiH cTanKHBa!Dl!lllXCJI qacTHU, .UM cpaBHerum B.Ta6n.2 npnBe'AeHH 
aHanorlltIHlle 'AaHHHe O pe8l(UHM Il+p - II+rI"1Il-p npa 3Heprw:rx 8, 11, 7 
a 16 raB •. 

Ta6JIRga 2 
"IIonHHe aqxfleKTHBHHe cetiemm d (MKC!H) B ceKTOpax 

if!asoBoro npocTpaHCTBa npo,n;om.HWC HMnym.coB 

3HeprHH, 16/16/ 11,7/17/ 8/18/ 5 
,UaHHa.JI 

raB . pa6oTa 

--ll~UHH rr+p n+p rr+p .. n-n ,ceKTOpu--

I 506±60 472±50 I 526±14 I 415,±42 
(679±36) 

II 430±52 582±64 

I 
830±17 

I 
938,±42 

Ill 275±34 274±30 307±10 290±23 
IY 77±12 110±12 ! 167±8 266±25 

~3 Ta6JIRUH 2 CJie,n;yeT, "ITO BeJIRtiruiH cetieHli.JI .n;M ceKTOPQB 1 H Ill, 
CBJI3aHHHe C M~P8l(UHOHHOH MCCOIJ,HaUHefi HaneTaHJlllefi qacTHU!i (nnoHa) 
H MHmeHH (HyKJIOHa), COOTBeTCTBeHHO, OCTa.JOTC!I UOCTO!IHHI,IMH B npe,n;e
Jiax OlIIH60K 3KCnep~eHTOB npH H3MeHeHHH 3Heprna B mHPOKOM M8.IIa30He 
OT 5 .n:o 16 raB, "ITO JIBMeTC!I xapal(TepHW.I .n:M npoueccoB,· B KOTOPHX 
o6MeHHofi qacTnuett JIBAAeTc.JI noMepoH (.n;M ceKTopa Ina nonHoro cetie~ 
HM, yxasaHHOro·B Ta6nHUe 2 B CK06Kax, BWITeHO cetieHHe KOrepeHTHO
ro pollt,Il;eHHJI Tpex nnoHOB.Ha _q,n;pax yrnepo,n;a). 3qqieKTHBHHe cetieHHJI 
.n;M ceKTOPOB II H IY na,n;a.IOT C pocTOM aHeprHH, "ITO cornacyeTC!I C MO
,n;eJIBMH Me30HHHX 06MeHoB. 

qeTBepTrut rnaBa nocBfill!eHa accne,n;oBaHHID npoueccoB pollt,Il;eHHJI pe
sonaHCOB Ha ~pax yrnepo.n:a H HX Bsaw.,o.n:ettcTB!,t.JI C BHYTPHJI.nepHHMH 
HyKJlOHaMH, 

Ilpe,n;cTaBJieHHHe B § 1 rn.IY pesym.TaT!:l auaJIHsa pollt,Il;e.HHJI Aeso
HaHcoB p 0 

• f O • .,1;1 B peaRUHH ICn. - I17I+rr-n npn 5 raB 21rrc
llOKa3HBaDT, qTo aHyTpmi;tepHHe Bsam.40;tencTa1rn iaK cru.rnx pesoHaHcoB, 
Tmt H npo,n;yKTOB MX pacna,n;a npHBO,n;JIT K C.l:(Bru'y B 3KcnepHMeHTaJll,HHX 
pacnpe,n;eneHHax no aqxpeKTHBHHM MaccaM n yBemiqemm mnpHHH pesoHaH
coB (Ta6nHUa 3). 
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Ta6lll.!!~3 

Pe30HaIIC M pe3,, MaB/c2 Illiipima pes. r ;MaB/c~ 

HamH Ta6JIB'lHl,18 Hanrn Ta6lll.'lHHe 
,n;aHfrn:e ,n;aHHHe ,n;aHHHe ,n;aHHHe 

f''- M8SOH 819±12 770±10 324±56 150±10 
j"- M8SOH '1280± 9 1270±10 55,±43 170±30 
LI. ~3 -aso6apa 1283± 9 1230+1236 265:i:26 110+112 

B Ta6mnte 4 npirne,n;eHH ,n;aIIHHe no aqq;eKTHBiillM ceqeHRRM npol.(ec
coB C pollt,ll.eHHeM pesOHaHCOB _p, , f" l1 A-'\l B pea.RIUIB In'l - Tii-JI7I-n 
npa 5 raB mecTe c ana11oraqm1MH ,n;aHHHMH .1V1JI 'leTHpexqacTH'lHHX n+p-
B3aRMO,n;eilcTBIIM. 

Ta6Jlll,!!a 4 

PeaKI.(Rli Ce'leHHe PeaKI.(Rli Ce'leHRe 3HeprM 
n-n- KaHa11a n+p- KaHaJia (raB) (M6apH) (M6apH) 

~ J-} Jr+Jf - 0,80±0,09 b,. ;,,+ "Jr .. Ji,- 1,36±0, 18 5,5/19/ 

_p" Ji- n 'I ,32±0, 17 p" JT+ p 1,25±0, 17 5,5/19/ 
j"1i-/7.. 0,11±0,05 
pv A-n 0,23±0,05 _p~ b,, t-t 0,68±0,09 5 5/19/ 

3_'\ ·o1201 ·P' 6-;} 0,06±0,03 r .1j; o. 112±0, 030 5, 

3aMeTHOe YM8H1,lll8HH8 C8'l8HHJi oelpasOBaH.IIJi c,,;'l H co:a,iecTHOro poll!:
,n;eH.IIJi .P( f )-MeSOHa H I 6~~-j\S01apH B HallleM 3KcnepHM8HT8 no cpaB-

9 20 / HeHIDO c ,n;aHHHMH pa6o/ • MOll!:eT 6HTb o6~JicHeHo BTOpH'lHHMH Bsan-
Mo,n;eiicTBR.RMH C BHYTPRJi.IJ:8PHHMR HYI<JIOHaMH KaR Ca.MHX pesOHallCOB, TaK 
ll npO,llyKTOB RX pacna,n;a. ' 

Ilo.nyqeHH TaKll!:8 ,Il;alllll,18 0 IlOB8,Il;8HRH 3118M8HTOB CllliHOBOil MaTpHI.(bl 
IlJlOTHOCTH .P -MeSoHa H 6. -Hso6apH B saBRCHMOCTl!I OT nepe,n;aHHoro 

, I ·. 
aTHM peaoHaHcaM qempexmmym,ca t: , KOTOpHe B npe,n;eJiaX 0U1H60K 
3KCil8PHM8HTa COBna,n;aIDT C aHa11orH'lHHMH ,Il;aHHHMH ,ll;Jl.fI rr+P'.-B38.llMO,n;eilcT
Bl!IM npH 6lll.SKHX aHeprIDDC. 

B § 2 r11~IY Il011Y'l8HH 01.(8HKH cetJeHlltl BSaHMO,n;eiicTBWI ~1(1100), . 
.f'"' ll 6.~.., c BHyTP,~epHHMR HYKJlOHaMB Ji)];pa yr11epo,n;a: 

131. l1c-
IlOJll,SOBaHRe q>Opr.Aalll.sMa721 MO,ll;811H r11ay6epa IlOSBOlill.110 Ol.(8HHTb BeJIH-
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tJHHy cetJeHIDI BSffiiMO,n;eficTBl'!JI KorepeHTHO-POllt,ll.8HHOi1 CHCTeMH Tpex IlHO
HOB (A1~Mes0Ha) C HYKJIOHaMH 

eJ A1N = (48~~6) M6apH, 

Han,n;eHHaJi HaMH BeJIH'lHHa dAik' notJTH B ,n;Ba pasa npeBlllllaeT aHa110-

r:aqHy.ro B8.1llitJHfJY no .n;aHHHM 3KCnepHMeHTa np.11 15, 1 raB/22/. OTO BOS
pacTrume ceqeHIDI npH nepexo,n;e K 6011ee HHSKHM aHeprH.RM MOll!:eT 6HTb 
0Bll38HO KaK C pacna,n;OM S8M8THOH ,Il;OJIH A1 M830HOB BHyTPH JUU)a ,n;o 
BSaHMO,n;eficTmm, TaK RC YB8.1lli'l8HH8M OTHOCHT8JU,HOro BKJia,n;a o-~BOJl
Hll (B A1-IlHKe), KOTOPM nor119~aeTCJi B Ji.IJ:8PHOi1 MaTepRH CHJlbHee,tJeM 
1+-BOJIHa, -

01.(eHRa 08'l8HHM BS~o.n;_;acTBruI jJ 0-MesoHa H .6-n-H306apH C . 
BHYTPRJi.IJ:8PHHMll HyKJIOHaMH 13 no.nyqeHa as ,n;aHHHX o pollt,ll.eHHH peso~ 
HaHCOB Ha KBaSHCB060,n;HllX H8MTPOHax Ji.lU)a yr11epo,n;a, ,CC,OTpeHHHX 
BI:mle, c npHBJie'leHHeM ipop.,alll.sMa Ko116nra .11 Mapro11Hca 23 TeopRa 
r11ay6epa. . 

Hatt,n;eHfrn:e ceqeHHJi BsaHMo,n;eficTBWI P0
-MesoHa H !).·- -nso6ap1,1 

OKaSaJIHCb paBHHMR 

6_p"AI' = (24~~5) M6apH, 

d A-,v = (75jg) M6apH. 

BeJIH'iHHa Gp"-V xopomo corJiacyeTcli c ,n;pyrHMH ,n;aHHHMH/15/ z 
6JIH3Ra R ceqeHH.aM BSaHMo,n;ettcTBM IlllOHOB c HyKJIOHaMH. 

EoJlbmM BeJ1Hqnna ceqeHHH de.-,v cMsaHa, B ocHOBHOM, c pacna
.llOM "Me,n;JieHHott" (MaKCHMYM B pacnpe,lle'11eHHH no HMllYJlbCaM rr-n -KOM6R
Hal.(Htt ns o6MCTH zso6apH pacno11oll!:eH npa 0,5+0,8 raB/c) aso6apH n 
C nocne,n;ylOIIIRM BSaHMo,n;ettcTBH8M IlPO.IIYKTOB pacna,n;a C Ji.IJ:8P!illMH HYKJIO
HaMR. 

OcHOBHHe pesy11DTaT1,1 pa6oTH MOll!:Ho cwoPMYJIHPOBaTb c11e,n;yJ'OOlll,M 
o6pasoM: 

1. YcTaHOBJieH ~a.RT cy~ecTBOBaHHJi npol.(ecca KorepeHTHoro poz
,n;eHHJi Tpex IlligHOB OTplll.(aTeJlbHHMR IlHOHa:MH c HMilyJlbCOM 5 raB/c. Ce
~eHHe npol.(ecca 0Kasa11ocb paBHllM 

(5 iiw .= (264 ± 37) MK6H/JUU)O yr11epo,lla. 
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2. IlonytieHO MqxpepeHI.UiaJU,HOe cetieHRe pollt.nemm Tpex IIBOHOB :aa 
JI.!U)e yrJI.epo.na. Ilp:a annpoKcHMamrn ::rncnepRMeHTaJU,HhlX ,n8.HllIDC (1}YHKnRtt 

d f! /.It 1 ...,... ote x p (-B t 1) .J- _J3 •e >< P ( - ~ t 'J Hatt,neH1,J HaKJIOHl,J 
B = (51,7+11,B)(rsB/c)-2 n t-=~7,25+2,20) (rsB/c)-2, oTB8tI8JO!IUie 
pasMepau ;runeHett R. .= {2,45:8:~0) ~e~n n .r = (0,92:8:1~>~epM:a. 
3TH BeJI.RqliHl,J B npe.ne.nax 3KcnepRMeHTaJII,HhlX norpemHOCTett COBlla.na.JOT· 
C pa)U!.yCaMR JI.!U)a yrJI.epo.na R HyKJIOHa, COOTBeTCTBeHHO • 

3. Pacnpe.neJI.eHRe no sqxpeKTRBHhlM Maccau {SIT)-c:acTeMu B o6nacTn 
KorepeHTHoro pollt,neHWI t 1

.::: 0,05 (rsB/c)2 RMeeT Bii,!( mnpoKoro nRKa c 
Maxcru~yMoM npn 1,1+1,2 rsB/c2 H mnp0.Hoiil. oKono 400 MsB/c2 (oT 0,95 
.no 1,35 rsB/c2), KOTOPHH MOllteT 6uTh a.neHTR~RUHPOBaH c A1(1100) 
( 'jiJ = 1+). Pacnpe.neJI.eHiie sqxpeKTHBHhlX Mace (n+n-)-KoMd~ .neMoH
cTp:apyeT 6om,myD BepOJITHOCTb pollt,neHIDI _p -MeSOHa, "iTO no,nTBepJ1t,D;aeT 
CJ1.e.ny10ITU1ii KaCKa,nHlitt npouecc : ·. . 

n-c - A1 (1100> c 
L-P°rr-

L., n-tn-
4. IlonytieHa BepxIDll! oueHKa ceqerum npouecca KorepeHTHoro pollt

.nemm (5Il)-cacTeMu Ha JI.!U)ax yrnepo.na npa 5 rsB: 

G ~~~ .c... 36 MK6H/R,D;po yrnepo.na Ha 95%-HOM ypoBHe ,ItOCTOBepHOCTH. 

·. 5. IlpoBe.neH aHaJlll.s peaKURH n-,i ;._. 2Il-W n npa 5 rsB MeTo.noM 
~30BOro npocTpaHCTBa npo,nOJU,HhlX HMnym,coB ( L]? j,:'). 

IloKasaHo, "iTO noKaJl.lisaURR npoueccoB .na~paKUROHHott .nnccounauna 
cTaJ1Kni3ala!IRXcs qacTHU Il-MesoHa :a HeiiTpoHa ·a npoueccoB, .a,nymax c 06-
MeHoM sapJDKeHHl,JM MEl30HOM (pe,nllteOHOM) B LP,f- ceKTopax,ocymecTBJI.R
eTCH, C ToqHOCTbD He·xyllte 15%. '· 

6. CpaBHeHB.e c ,naHHHMH no aHaJI.Hsy tieTupexqacTR'lllillX KoHetIHhlX 
cocToRHatt B n+p-BsaRMo.neiicTBRRX n0Kas1rnaei', "ITO cetieHRR npoueccoB 
MWP§lltUROHHott ,n:accoUMauHH cTaJlliHBalOIIIHXCR qacT:im ocT®TCR npRMepHo 
IlOCTOJllllillMll B o6JI.aCTll 3HeprRR OT 5 .no 15·r313, -T.or.na Ka.K ceiieiwl: 
npoueccoB, WlllllX c Me30HH!,JM o6MeHoM,. na.na.JOT c· pocTa.1 aHeprna. 

7. IlpoBe.neH aHaJms pesoHaHcHoro pollt.neRM B pea.KI.Urn n-n -· 
- 2 1171+ n Ha HeiiTpOHe R,Iij)a. yrJI.epo.na npn sHeprID! 5 rsB. 
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Ilony-qeHHl,Je .naHHue O nooo.neHID! 3JI.eMeHTOB CllRHOBOH Ma~p:auu 
IlJI.OTHOCTH )}-Me30Ha R a -nso6apu B saBRCHMOCTR OT nepe.nannoro 

I • 
HM qeTupeXRMITYJlbCa t B npe.nenax OIJIH60K 3KcnepHMeHTa COBlla,I(aDT 
c aHaJI.orR'UihlMR .naHHHM:a ,ItJifl Wp-Bsam.10.ne~cTBafil np:0. 6JIH3KIDC sHepra-
RX. 

8. IlonytieHa oueHKa ceqeHHR B3aHMO~ei1CTBIUI A1(1100) c BHyTp11-· 
.flll:8PHl1MM H;{KJIOH8Mll 

"'-.>n . = {48+1170) M<lapH 
'-'n(N - · 

9. BunoJI.HeHa oueHKa cetieHHii. Bsam~o.neiicTBRR j>-MesoHoB n 
6,.-aso6apu c HyKnOHaMR RJU>a yrnepo.na 

6'_f"/V' = (24:15) M6apH R · 6~-N= (75jg) M6apH. 

Ilony-qeRHM BeJIR'lllilla cetieHRR B3aHMo.neiicTBRR .fJ -Me30Ha C HyK
JI.OHaMli COBna,n;aeT C ));aHHNMR, H3BJie-qeHHUMH li3 3KCnepHMeHTOB no poJK
.neHRJO Jo -MesoHoB B HeKorepeHTHhlX npoueccax ua R,D;pax. Eom,mas Be
JIR"iRHa ceqeHRR 6'~,ft/ MOllteT 6uTL cne.ncTBHeM cyMMapHoro sq-q;eKTa 
nornomeHM B s.n;pe mm cauoii Rso6apu, Ta.K R npo.nyKTOB ee pacna,n;a. 
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