
OB'bE~HHEHHYA HHCTHTYT H~EPHYX HCCJIE.Z.OBAHHA 

Y,l),K 539.126 .6 

BAJIAH,l),HH 
BnaAMMMp IleTpoeMq 

1-87-921 

OilPE,l),EJIEHHE cEqEHHA HHKJIID3HBHOro POl,l),EHHH 
+ 

E - (1385), 8- , 11 .... -CTPAHHYX BAPHOHOB 

8 HEHTPOH-YrJIEPO,ll,HYX B3AHMO,l),EHCTBHHX 

co CPE,l),HEA 3HEPrHEA - 40 r3B 

CneQManbHOCTb : 01 .04 .01 - 3KCnepMMeHTanhHaH 4>M3HKa 

ABTOpe~epaT AHCCepT8UHH Ha COHCK8HHe yqeHoA CTeneHH 

K8HAHA8T8 ~H3HKO-MaTeM8TffqecKHX HayK 

.QyoHa ]987 



PaOoTa BWIOJIHeHa B ]aoopaTopm,; BliCOKmt 3Hepr:a:11: .11 CepJJYXOBCKOM 
Hey'IH0-3KCnep.11MeHTalU>HOM OT,1!;0JI8 oo~e.mmeHHoro lilHCT.IITYTa Ji,ll;8pHHX 
.IICCJI8.I(OB8lilrll:. 

Hay,.HRe pyROBO,IUiTeJJl'r: 
KaH.IO<I.D;aT qlH3HKO-MaTeMaTR':18CKl!X HayK 

CTapllllffi HaY1iJI!,m COTPY.illlltK 

K~T q.&13llK0-MaTe.MaTK'i8CKllX HayK 

CTaplllllii H~ COTPY.IllilIK 

()q1Huil8Jll,HU8 OllllOH8HTli: 
.I(OKTOP qll!31lKo-MaTeKaTK'i8CltlU HayK 

CTaplllllii Hay-cnnn1 COTpy,Iijil[K 

K8HJtH,IUiT 4)K3KKO-MaTeMaT.IJti8CKl!X llayK 

MJia,romdl. H~ COTPY.IllilIK 

.ITHXA t[EB 

Ml!xawt ~8.I(OpOB.lfti 

rmr A.lIAIIIBHID1 
Ta11aa CepreeBK'i 

EOJ[O'l'OB 
BlI8,ll,lD,IKp HllKOJiaeBB:tl 

CWlHHK 
ifrop:& MlaaitJIOBJl"ll 

Be~ee Hay,.Ho-.11cCJie.D;oBaTeJI:&C1toe y,q,e~e.Hlle: J[a6opaTop:u 
3.ll:eMeHTapHRX qacT:im '11l13lrlecKoro lilHCTlllTYTa liDI.Il.H.Jre6e.D;eBa AH CCCP, 
MocKBa. 

. ?~Ta ,!UiCC8pr8IUW COCTO.IITC.II 'r21n vl:<:~,;;-CL. I988 r. 
B ----1::2._-...ac. Ha 3ace,D;amm cnenJiallJll3.llpOBaHHOC:coBeTa l 047.0I.02 
npH ]a6opaTop.im BliCOKRX 3Hepr:a:11:, 06-l.e,mmeRHoro llHCT.IITYTa Ji,ll;8p!D,IX 
.IICCJI6,ll;OBamtii, ,llyOHa, MocKOBCKBJi o6.D:aCTb, KOHipepeB14-38J[ JIB8. 

C ,E;ldCC8pTarc,reil MOJKHO 03HaK~bC.II B 0HMHOT8Ke JlB3 '6IDIB. 

ABTopeipepaT · pa30CJI3H 1111/- " ~ i988 r. 

Yqemm ceeyerapb 
cne~aJIH3HJ)OBaHHOro COB9Ta fill~~;, M. ~ • .llliXA lIEB 

. j 

d 
ij 

i 

OEIIWl XAPAKTEPllCTHKA PAEOTil 

ARTYaJU,HOCTb TeMH. ~ HCCJI6.IIOBa.HWI MeXaIIH3Ma o6pa30BaHWI cTpaH
irnx KBapKOB HeOOXO,D;HMO 3KCll9pHM6HT8JibHO H3Y,.aTb nponeccu pollt,I{ewm 
CTpaHHliX qacT:i,m B a.zu>OHHliX B3aHMO,D;6ilCTBIDIX, T.K. xapaKT6pHCTHKH.3TKX 
nponeccoB XSCTKO CBH33Hli C xapaKT8PHCTHKaMH nponecca o0pa30BaHHH 

S -KBapKOB. C 3TOfi Toqrur 3peHHH HM88T 6om,woe 3Ha'i6HH9 H3Y,.eHHe no
.IIOOHliX nponeccOB'B ny,.xax C pa3JIH1IHliMH KBapKOBllMH COCTaBaMH .II 3Hep
rIDIMH a,zu>OHOB • 

Ilp~eccu pollU{ewm cTpaHHux qacT:i,m xopowo H3Y,.eHU BO B3aHMO.D;efi
CTBHHX npOTOHHUX, K""-M830HHUX, nmepoHHUX nyqxoB C M8PHIIMH Mmll8HH
MH, Ho MMO u3yqeHU B HefiTpoHHUX IIY'IBax (K MoMeHTY npoBe.IleH~ µawHX 
llCCJI8,D;OB3HHfi 8,ll;HHCTB8HHli8 ,D;aHHli8 no mntJI103HBHOMY po:ar,neIUIIO z-(I385) , 
.::-nOJIY'I6Hli BO B3aHMO.Il6fiCTBIDIX HefiTpOHOB C npOTOHaMH C 3HeprHHMH 

I0-24 raB), qTo He OTpaJKaeT o6mefi KapTHHli nponeccoB POlK.n8HRH CTp3H
HUX qacT:i,m B HefiTpOH-M6PHRX B3aHMO.I(8liCTBllfIX. 3TH o6CTOHT6JibCTBa 
CTHMJJmpOB8.7IH H3Y,.8HH8 xapaKT6pllCTHK p0llU{8HHH rHnepoHOB B HSfiTpOH
HOM ny,.xe Ha YCTaHOBK8 filIC-2. 

lleJU,IO pa6oTu JIB.1I/IeTCH onpe.11e~eH.11e .I1Hipllepe~8.1IbliliX H nOIIHWC ce
qeHRii RHKJI103IIBHoro pollU{eHHH L ::t (I385), -=-- , SL -cTpaHHRX 6apHo
HOB B HeilTpoH-yr~epo,D;HUX B3aHMO.I(eilCTBllfIX co cpe.I(Heil 3HeprHefi "'40 
raB, xapaKTepHCTHK ny,.xa qacT:i,m B KaHaJie 4H cepnyxoBcKoro YCKOPHT8-
M, noBUWeHRe 3KC~aT~OHHOfi Ha.I(SlKHOCTll nponop~OHaJibHUX KaMep 
cneKTPOM8Tpa filIC-2. 

HoBH3Ha pa6oTu. Bnepnue B HeilTpoHHoM nyqxe Ha6JIBJ,D;eHo pollU{eHHe 
S2:'-rHnepoHoB H onpe.11e~eHo ceqeHRe KX pollU{ewm, BnepBue HCCJie.D;oBaHH 

', ' + --
nponeccli WlKJIBJ3IIBHOro POlK.n8HllH I: - (I385), .::. B H8liTPOH-~~epo,D;HUX 
B3aBMO.IleficTBHHX co cpe,!Uieil aHeprHefi ~40 raB. 

IlpaKT.gqecxaJI ueHHOCTb pa6oTll. Pe3yJibTaTu, nOJIY1IeHHue no cTpaHHHM 
6apHOHaM, HCnO/Ib3j'X)TCH c,oTpy~eCTBOM EHC-2 npH ll3Y,.8H.llll a.zu>OHHOro 
pollU{eHHH oqapoBaHHUX qacT:i,m II noncey Y3KKX pe30HaHCOB. Coa.D;aHHUfi Ka
HM 4H Ha cepnyXOBCKOM ycKOpHTe~e H 3KcnepHMeHTaJibHO onpe.11e~eHHU8 
xa?aKT8pllCTHKH nyqxa HettTpOHOB B HSM, a TaKJKe peay~bTaTli no y;zyqwe-

r mn,t"ih~{i!ill,;il l'nlCim'jY f 
i mi~;.1m•m Br.c.RaommsG I 
i GtliS, HHCTEKA I ---···--- -........ ... ~~ 



Wl10 3KCIJJIYaT~OHHHX xapaKT8PHCTIDC nponoPI41iOH8JihHHX KaMep, no3BOJllIJIR 
COTpy,IUill'IeCTBY EHC-2 BHnOJllillTh nmpolcyD Hay,IHYJO nporpaMMy lICCJI9,I{OBamrll 
o~apoBamnrx: ~aCTRD; H Y3KRX 6apHOHHHX pe30HaHCOB. 

Arrpo6ampr pa60TH H ny6.mnrnrnnL Peaym,TaTH, ll3JIOJ!t8HHH9 B .Dl!CCep
TaIUDI, o6cylK.I{aJIRCh Ha H~ cewmapax JIB3 Olliill, li~B3 (CepnyxoB). 
Ha COBe~amrax COTpy,IUill'IeCTBa no axcneplIMeHTaM Ha YCTaHOBKe EHC-2, 6H
Jm npe.I{CTaBJieHH Ha MelK,IJ;yliapo.I{Hy]O KOHcpepe~ no.~amce BHCOKRX 3Hep
r:inl: B M3.DlICOH8 (1980 r.) H ony6JmKOBaHH B pa6oTax: /I-6/, 

CO,UEP]WIBE PAEOTH 

Bo BBenemm nplIBO,lll!TCH o6aop axcneplIMeHT8JihHHX .I{amnrx: no HHKJII0-
3HBHOMY pOlK,D;emm Z t (1385), ~- -CTpaHHWC clapROHOB B HYRJIOH-HYK
~OHHWC B3am.lO,I{8HCTBHHX IIPH BHCOKRX 3Heprrurx:. OTMe~eHa aKTYaJihHOCTh 
38,I{a~. KOTOpoii noc~eHa ,lll!CCSPTaIUm, lI Cq/OPMYJmpOBaHa OCHOBHall 
D;8Jll, pa60TH, 

B nepBOli r4a.Be .I{aSTCH OllliCaHRe H8liTP8JihHOro KaHaJia,4H cepnyxoB
CKoro YCKOpHTeJII! H npliBOMTCH axcnepRMeHT~HO onp8.I{eJl8HHll8 C no
MO~D cneKTpoMeTpa EHC-2 xapaKTepRCTRKli ~acTRD; B KaHBJie. IloKaaaao, 
~TO H8liTpOHHHii ~OK"Y.I{OB~8TBOpH8T YCJIOBRHM pemeHRH nOCTaBJI8HHOli 
38,I{a~. 

CxeMa pacnMOJK.eHRH a~eMeHTOB KaHaJia npRBe,I{eHa Ha pnc.I 
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Plic. I • CxeMa pacnMOJK.eHRH 
3Jl9M9HTOB HSitTpaJ!b
HOrO KaHaJia 4H 
cepnyxoBcxoro yc
KopRTeJII!. 

KaHan: op:aeHTRPOBaH Ha BeyTpeHHDJJ Mlilll8Hh YCKOPRT8JII! (T) no.I{ yr~OM 
II,3 Mpa.I{ OTHOCRTeJlhHO KaCaT8Jll,HOit B TO~e Mlilll8Hll K paBHOB8CHO! op
ORTS D;mc.1lllpYJO~ npoTOHOB. OT aapJDJtemmx ~aCTRD; ~OK H8HTPOHOB o~
~88TCH C nOMO~ll Mfil'HRTHllX nMeii lllfil'HRTOB 32 R

0

MI. r8111Ma-ltBaHTll y.I{a
Jl.lll)TCH R3 ~a CBRHD;OBllM raw,a~TPOM (r~) TomitlIHOH 10 CM, Pa3Me
pu ~a H8liTpOHOB orp~aDTCJI CTBJll,mnm KOJIJIWlaTopmm Kl+ K4. 

,Il;1rJI ~aCTRD;, TpaHcnopTupyewa: no KaHWJY, no.nyi.eHU 8KcnepmreHTa1J:h
lW8 ,llaHHH8 06 aHepreT:aq:ecKRX cneKTPBX HS!TpOHOB, raMMa-KBaHTOB, aa
pJDtemmx ~8CTRD; lI onpe.I{eJl8HO ~CJlO 8TllX ~acTRD; 38 D;llXJI YCKOPRTSM. 
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3Hepr8TH~8CK:ini cneKTP HeliTpOHOB, nocKOJII,KY OH B ,I{8JihH9lilll9M npH
MeHHeTCH npli HCCJI9,I{OBaHRH xapaKTepHCTHK polK,D;eHRH CTpaHHHX H o~apo
BaHHWC ~aCTRD;, ,IVIJI Ha.I{SlltllOCTH R3MepeH .I{ByMH M8TO,I{8Mll. B nepBOM ~
~ae cneKTP HeliTpOHOB BOCCTaHaBJmB8JICH Ha OCHOBe aH8JIR3a ,llaHHHX OT 
pea;mm1 nepeaap~ nP-Pn. ,lJ.mi Ha~eHHH pearu.um nepeaa~ npo
Bo~ach 3KCnO~H cneKTPOMeTpa EHC-2. Ilp:a 3TOM per:acTpupoBaJIRCh O,lll!
HO~e nMOJKHT8~hHO aapJDJt8HHll8 ~aCTRUll, KOTOpHe pOlK,D;aJIRCh, B OCHOB
HOM, B peaym,TaTe pacceHHRH B 38,ll;HK)X) n~ccpepy H9liTpOHOB Ha ItBa3H
CB000,ll;HHX npoTOHax H.I{ep yr~epo,na. Ilpon;ecc nepeaap~ HeilTpoHa xo
pomo ll3~8H 3KCnepRM8HT8JihHO ,IVIJI 3Hepr:ini 8 + 70 raB. C ~0TOM ll3B8CT
HHX xapaKTepHCTIDC 3TOro npon;ecca H H3MepeHHoro cneKTpa HMDYJII,COB npo
TOHOB, o6pa30BaHHHX npli nepeaapH.Inte, 6~ BOCCTaHOMeH cneKTP HMDYJII,

COB nepB~ H9HTPOHOB. 
BTOPOli MSTO,I{ 3~~8JICH B Henocpe.I{CTBSHHOM ll3MepeHHR cneKTpa 

RMIIY~hCOB H8liTP8JihHHX a,Iij)OHOB C noMO~ID MO,llyM a,Iij)OHHoro KaJIOpRMeTpa, 
pacnMOlKeHHOro no OCH ~a aa noCJie,I{HHMH 3JI9M8HT8Mll cneKTPOM9Tpa. 
Ilonepe~ paaMep MO,llyM 8,Iij)OHHOrO KaJIOpHMeTpa paB~CH 30 x 30 cJ?. 
H COCTO~ H3 17 CJIOSB CT~HHX IJJiaCTHH, paa,ne~SHHHX CD;lilHTRIIJillTOpaMR, 
c o6~eit TOJIIllllllOli B,I{OJII, OCR -5 H.I{epHHX ,11,1IHH. 

CneKTPH H8liTpOHOB, n~eHHHe .I{ByMH H93aBHCRMl1Mll MSTO,I{aMH, npe,I{
CTaB1!9HH Ha pHc.2. Peaym,TaTll 3TIDC R3Mepem cor~aCYJOTCH .n;pyr C .n;py
roM. Cpe.I{H:ini HMDYJII,C HeitTpOHOB paBeH (42,8 ± 12,I) raB/c. 
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Plic.2. HMny~hCHll8 cneKTPll HeitTpo
HOB ~a KaH8Jia 4H. 

3HepreT:aq:ecK:inl: cneKTP.raMMa
KBaHTOB, clea rawa--qi~Tpa B ~
Ke, R3MepeH C noMO~D perncTpruum 
M8KTpOH-n03RTpOHHllX nap, o6pa3YD
~CH B yr~epo.I{HOH Mlilll9HR. liHTeH
CRBHOCTh rawa-KBaHTOB C pOCTOIII 
aHeprIDI 3KCnoHeHD;HMhHO na.I{88T .no 
3HeprIDI 30 raB. raM111a-KBaHTll RC
nQJII,30B8JIRCh B KOHTpOJII,HllX 8KCne
pRM9HTax. IlpR ll3~8HRR rawa-KBaH
TOB onpeAe~eHo yr~oBoe pacnpe.I{eJle-

IIIMrn!AbC HH1TP0H0B 
m:1'-IKA, rae/c · 

HRe ~aCTRD; B KaHane' KOTOpoe co
CT8BM8T nMHYJO filliPHey Ha nM]BllCOT8 0,8 Mpa,D; li 1,2 Mpa,D; COOTB9TCT
B8HHO no rOPH30HT8JIR lI BepTRKaJJJII, 
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1:JHCJIO HeitTpOHOB, rro.wa-KBaHTOB, Sap.ID!teHHHX 'IaCTHQ B KaHaJie sa 
luntJl yCKOpHTeJIJI onpeAeJieHO B XOAe H3Mepemni 3HepreTR'!eCKRX cn8KTpOB 
H noKasamtii HSiiTPOHHoro MOHHTOpa, YCTaHOBJieHHoro B KaHa.ne. 

IlyqoK 'IaCTHQ B KaHa.ne COCTOHT B OCHOBHO.M H3 -3,3•Io6 HeiiTpOHOB 
npH c6poce ~ 2·IOII npOTOHOB Ha llmllleHI,·, ,., I% sapJillteHHHX qaCTHQ, 
-I,5% K

0-Me30HOB. Ilpn OTCYTCTBRR raMMa-\PWU,Tpa AOJIJI raMMa-KBaHTOB C 
3Hepr:wn.m: OT 7 AO 30 rsB B KaHaJie 4H COCTaBJIJIST OROJIO 70%. PaCJCO.IUI
MOCTI, ny'!Ra 'IaCTHQ B KaHaJie COCTaBJIJieT· ±Q,34 H ±o,58 MPa.It no ropH-
30HTaJIH lI BepTRRaJIR. ITpoqilI.III, 'IaCTHQ B pruioHe MRWeHH np1IMoyrom,1mtt, 
C nOJlHHMlI WRplIHOii 50 MM H BUCOTOH 80 MM. 

Bo BTopoii rJiaBe npuBeAeHH onRcrume cneKTPOMeTpa EHC-2, pe::iyJII,
TaTu HCCJieAOBaHlitt xapaRTeplICTlIK nponopIUIOHaJII,HWC KaMep (ITK) , xapaR-
TepHCTRKR cneRTpoMeTpa EHC-2. • _ _ _ 

MeTOAOM HCCJieAoBaa:wi po~eHIDI ~ - (I385) , .::. , St -cTpaHHUX 6a
PllOHOB HBJl!IeTCH Ha6JIJOieHHe xapaRTepHHX IllIKOB B cneKTpax mmapHaHTHHX 
MB.CC OlKll.l(aeMUX npO~TOB pacJia.ItOB 3TlIX 'IaCTHQ. IIIIIpIIHa TaRRX IlllKOB 
}J)IH. CTPaHHHX 6apll0HOB, pacna.ItaIOlllHXCH B pesyJII,TaTe CJia6oro B38llMOAeii
CTBllH, onpeAeJIJieTCH TOJII,KO B8Jill'IlIHott 3Kcnepm.reHTaJII,HOro MaCCOBoro 
paspemeHRH, a Co6CTBeHHaH WRplIHa B036Ylli,I(eHHoro COCTOHHRH rnnepOHOB 
He npeBumaeT HeCKOJII,KlIX ASCHTKOB MsB/c2 • ' . 

PeaJIH38.IU!H AaHHoro MeTOAa OKasan:acI, B03MOlltHOit 6JiarOAapH TOMY, 
'ITO xapaRTepHCTRKR cneKTpOMeTpa n03BOJIJIJII![! 

I. RMeTl> MaccoBoe paspemeHHe He xy,ir.e IO MsB/c2; 
2. Ha.It8lltHO perHCTPHPOBaTI, H HASHTllcpwnipoBaTI, CTpaHHHe 'IaCTmnz; 
3. pa6oTaTI, B lIHTSHCHBHOM ny'!Re 'IaCTHQ. 
CxeMa pacnOJIOJKeHllH 3KCnepm.reHTaJII,HOil annapaTypu cneKTPOMeTpa 

L .ll =.rn u.ci. ,.~ I 
'!'>'-- ~-· ~" 

·~1 ~, ~ ~rn{ 
L,,c. r, r, 
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EHC-2 npllBeAeHa Ha pHc.3. 

PHc.3. CxeMa pacnOJioxeHIDI annapa
Typu cneKTpOMeTpa EHC-2 
Ha KaHa.ne 4H. 

OCHOBy cneKTpOMeTpa COCTaB
JIJIJilI cneKTPOMeTpR'IecKmt MarHHT 
Cil-40 C Ce'IeHReM Me~ nOJIJOC8MlI 
IOO X 29 c.u2, lIHTerpan: MarHllTHO
ro nOJIJI KOToporo HSMeHHeT none
pe'IHYD COCTaBJimlJitYD llMilYJII,Ca sa
P~HHOii 'IaCT~ Ha 0,64 rsB/c H 
KOop.mmaTHHe AeTeKTopu - II .n.moro-

f 
( 

npoBOJIO'IHHX nponOPIUIOHaJII,HHX KaMep (ITK) C 06uim,1 'IIICJIOM CllrHaJII,HUX 
npOBOJIOK O,KOJIO meCTll TUCH'!. KpoMe Toro, B COCTaB cneKTPOMeTpa BXO.IUI
JW! rOAOCKOn CIUIHTWlJIRIU!OHHl:lX C'I8T'IlIKOB TI, HeilTpOHHUli MOHHTOP (MH). 
.lvIII perll.CTP8IUIH Ir RAeHTH~aIUm MeKTPOHOB, n03HTpOHOB H raMMa-KBaH
TOB CJIY:arJ,J,JI qepeHROBCKmi C'I8T'IlIK nOJIHoro norJio~eHHH (qcrrrr), a ,wIH 
HAeHTll~8IUIH LOOOHOB - ASTeKTOp MDOHOB, COCTOHBm.Hil: H3 'IeTHp8X XeJie3-
HllX norJIOTllTeJieii ll rOAOCKOnOB CUHHT.ILIIJIHUllOHHUX C'I8T'IRROB (r2, r3). 
HH~opM~ C qcrrrr H MKIOHHOro AeTeKTOPa B 3TOM 3KcnepHMeHTe npll aHa
JW3e AaHHUX He llCnOJII,30BaJiaCI,. 3ap.ID!teHHUe 'IaCTHIUI - a,Iij)OHH B AaHHOM 
3KCnepHMeHTe no MaCCaM annapa'l'ypHO He HAeHTH!pHUHPOBaJIRCI,. 

Tp:e:rrep sanycKa ycTaHOBKH BHpa6aTUBaJICH c nOMOnn,Kl ITK 11: rOAOCKO
na TI. 3anyCK cneKTPOM8TP8 OT npo,nyKTOB B3aHMOAeilCTBHH sa:p,wKeHHUX 
qacTHQ c MHmeHI,D HCKJIIO'IaJICH c nOMo~ CIUIHTWIJIRIUIOHHOro C'I8T'!lIKa A. 
CIIeKTPOMeTp pa6oTan: Ha JJ;HHlm c 3BM EC-1040. 

.lvIII nOJIY'IeHHH HawryqIIIHX xapaRTepllCTHK cneKTPOMeTpa EHC-2 H no
BUWeHllH ero 3KCnJiyaTamIOHHOit Ha.It8lltHOCTll HCCJI8AOBaJIHCI, napaMeTpu ITK 
C pa3JIH'IHUMH ra30BUMH CM8CHMH Ha cneIUiaJII,HO C03AaHHOM aBTOMaTll3HPO
BaHHOM CT8HAe, C Pa.IUIOaKTllBHllM HCTO'IHHKOM 90Si . Ewm onpeAeJI8HH 
3~KTllBHOCTH perllCTP8IUIH 3JI8KTPOHOB (WRplIHa nJiaTO npll noCTOHHHOil 
3~8KTHBHOCTH) lI myMU B 3aBHCHMOCTll OT BUCOKOBOJII,THoro HanpJillteHHH, 
npHJioxeHHoro K KaMepe, a TaKXe BpeMeHHoe paspemeHHe B pa6o'Iett TO'!Ke, 
co CJI8,JJ;yi)uiHMH ra30BHMH CMeCHMH: 

fh. + (I5, 20, 30)% CO2 + 3%CzH50H (I) 

A~ + 25% C4Hro + 4% C3H802 + 0,3% CB,P3 (2) 

R't + I3% co2 + 4% C3H8o2 + 0,3% CBiP3 (3) 

fl't + (I3, 20)%C02 + 3% CzH50H + 0, 3% CB1P3 . (4) 

B pesyJil>TaTe 3TllX llCCJieAOBaHlltt B Ka'!eCTBe pa6oqett CMSCH 6UJia BU6paHa 
ra30BaH CMSCI, (4) C I3% CO2. IlplI 3TOM WRplIHa nJiaTO npH nocTOHHHOii 
3~KTHBHOCTH perllCTPBIUIH 3JieKTPOHOB (99%) paBHa 300 B. lllyMl1 COCTaB
JIHDT He 60Jiee 7 I'IVKaHaJI, BpeMeHHoe paspemeHHe - 60+70 HC. 

IlpOB8A8HHUe HCCJieAOBaHHH C IlK nosBOJIHJIH nOJIY'IlITI, B YCJIOBHHX 
npOBO~ 3KCnepHMeHTOB CJI8,nyDil!l'[e ~3H'I8CKH8 xapaKTepHCTHKH cneKTPO
M8Tpa EHC-2: 

I. YrJioBoe paspemeHHe - - I MpaA. 
2. PaspemeHHe no RMnYJil>CY - Af =Y,_(_I0_·_6_8_·I-0-_--=3-.p-)"""2,--+_(_6_.-I-·I_0 __ .,..3)_2,.. 

3. PaspemeHRe no HHBapHaHTHHM MaccaM 6: MJI A0
~r,9 MsB/c2 ; 

MH ::;- , fl- 2, 7 + 3,9 MsB/c2• 
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B Tp8Tb8il raaBe npEBB'ABHH YCJIOBWi npOBB'ABHWl 8RCneplDIIBHTa, Oim
CaHa npoue~a Bll.l48JIBHWl CRI'HWIOB ,r.t (1385), s • , .n- -rimepOHOB, 
o6pa3y:Dl!lRXCH B pea.RUWDC: ~ 

n. + C - E-(1385) + X 

n, + C - _::-+ X 

n + C _.,_n:-+ X 

R perRCTPllPYBMHX no &acKa,nIWM pacna.n;aM . . ~ 

I-(1385) -t1.0n- (5) 

2--Aon- (6) 

SC-A°K- (7) 
A0 _.pn~ (8) 

OimCaH MBTO'A onpe'AeJieHRH 8q4)8RTRBHOCTeil perRCTPaIOIH cneKTPOMBTPOM 
1: = (1385), z-, KB 3aBRCRMOCTR OT cJ?eitmaaHoBc&oil nepeMeHHoii X 

ROT npO'AOJibHlll R nonepe'llWX ROMnOH0HT mmyJll>COB 8TRX qacTRU, a TaK-. --lite npoue~a BlflmCJiemtil ~qicJ?epemi;:irnJIDma: ( ~- (1385) R .:. ) n nOJI-
ma: ceqem mmJII03EBHoro pol!!,Il;eHWi E ::t (1385) , ~ - , St B HeiiTpoH
yrJiepo.zomx B3alD40'ABiiCTBRlll. 

Ilpe'ACTaBJIII0Mli8 peayJibTaTH OCHOBa.Hll Ha CTaTKCTmte 3KCnepRMBHTaJib
ma: 'AaHHlil, 3anRCa.HHWC Ha MarHRTHHe JI0HTH C nOMODtbD cneKTPOMBTpa 
EHC-2 B 11-12 ceaHcax. CneKTpoMeTp pel'lilCTPllPOBaJI BTOpll'IHHe 3aPHJ!t8H
HHe tiaCTRUH, pOl!!,Il;9HHH0 B peayJibTaTe B3aRMO'A91.iCTBWi H0lTpOHOB nyqxa 
C yrJiepO,ll;HOii WDll0HbIO. Tpnrrep BHPa6aTW3alICH npn YCJIOBRR npoxoz,neHWi 
qepe3 cneKTPOM0TP qeTHP9X R 60Jiee 3apHllt9HBHX qacT:au. CKOpOCTI, 3anRCR 
RHtpOpMaIOIH Ha Ma:t'HRTHH0 JI0HTH 3BM EC-1040 COCTaBJI&Jia 30 co6HTmt/c. 
B TeqeHlle 8KCnepRMeHTa 6HJIO 3anRC8HO 5,1-106 H01.iTpOH-yrJiepo,ll;HliX B3a
RMO'A91.iCTBd. 

Ilpoue~a o6pa6oTKR nepBJ.IqHoro aKcnepRMeHTaJibHoro MaTepnana 
COCTOHJia R3 H0CKOJ!bKRX 3TanOB: reOMeTpnqecKol peKOHCTpyltIJ;l[llI co6HTD 
(BOCCTaHOBJI0HRH TpaeKTopmt 3aPHJ!t9HBHX qacTRU R RX mmyJil>COB), nozc
Ra H0lTpaJibHllX BWIOK (nap Tpae&Topmt qacTRU pa3HHX 3HaKOB aap~a C 
o6~ea B0pllllmol), COOTB0TCTBYIOlllRX pacna.ztaM (8), Bll.l40JI0HIDI co6HTD, 
no TOnOJIOI'Rf.lM nOXOlltRX Ha (5), (6), (7). 

Ilpn Bll.l49JI0WW pacna.ztOB (8) HaKJia.ztliBaJIRCI, orpaHR'leHRH Ha reOMeT
pnqecu_e napaMeTpH H9iiTpaJibHHX BWIOR: 
a) Bepllllma HettTpaJII,Hott BRJIKR 'AOJDma JiezaT1> B npe'Ae.Jiax pacna,ll;Hott 06-

JiacTn, orpaHR'l:eHHott napaMeTPa:.m (Zr+ 12) CM < Z < <Zr+ 202) 
CM, r'Ae ZT = -472 cu - UBHTP MmlleHR; 

6) wnmMaJibH08 paccTomme MElJi,Ily TpaeRTOpWiMR P R U- He 'AOJilEHO 
npeB:wnaTI, 0. 6 CM. 
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IlpR 3TOM, c A0 -co6HTneM 'AOJDKHa 6HTb aaper:acTpupoBaHa xoTH 6u e~e 
o,ll;Ha aaPHJ!teHHaH tiacTnua. 

CneKTp RHBapnaHTHHX Mace (PU-)*) ll3 o6JiaCTll (1100-1130) 
MaB/c2, Y'AOBJI8TBOpHIOlltaH rrepetIRCJI8HHHM YCJIOBRIDA, npnB8'ABH Ha PRC.4. 

.... 
t..:, -IO 

i !0000 
.... 

'-.... 
. :::i 

:::i 
:::r 
t:J 
~ sooo 

\<::, 
~ 
l::l 
~ 

r 

f Ao 

o~----~ 
1,105 1,115 l,IZ5 

M(p1t-), r3fJ/c 2 

Pl!lc.4. CrreKTP RHBapHaHTHHX Mace 
M (PU-) HeiiTpaJibHHX BH
JIOK. 

B o6JiaCTll MaCCH 1115 MaB/c2, 
T.e. Maccu J\0-rnnepoHa, Bn
'ABH qeTKIDi ITRK. CnJIOlIIHaH Kpn
BaH Ha pHc.4 - peayJibTaT an
npoKc.HMaxom: MaccoBoro pacnpe
'ABJieHHH q,yHKUR8li raycca B 06-
JiaCTH ITRKa H JIHHeRHott q,ymmnefi 
B o6JiaCTH woHa. Haii'AeHo, '!TO 
cpe,ll;Hee 3HatieIDie MaccH /1. 0 paB
HO (1115,5 ± 0,2) MaB/c2• IIIHpH
Ha nHKa Ha nOJiyBHCOT8, paBHaH 
(3,6 ± 0,4) MaB/c2 , xapa&Tepn-
ayeT 3KcnepHMeHTaJibHOe paape

meHHe no HHBapnaHTHott Macce M (PU-). ,UJm 'AaJIDHeRmero aHaJIRaa RC
. nOJ!baoBa.n:001, 55836 K~aTOB B II O na RHTepBaJia Mace (1II2 - III9) 

MaB/c2 c YPOBHBM qK)Ha (11,8 ± 2,2)%. 
IlpH Bll.l40JI0HRR co6HTD, noxOlltHX Ha KaCKB.ItHH9 pacna.ztH (5), (6), 

(7), TP960BaJIOCI,1 qTo6H: . 
1. MmmllaJibH00 paCCTOHHH9 M9llf,lly TpaeKTO&WiMR 3aPHJ!t9HHOtt qacTRUH H 

A0 , o6pa3yJDilllll Bepmmw pacna.ztOB ~ - (1385), s-1!1 J't", 'AOJD!tHO 
6HTI> M0HbID0 l CM. .... 

2. Bep~ pacna.ztOB p830HaHCOB ~ -(1385) 'AOJilltHH JI9lltaTI, B o6JiaCTH 
MHm0HH: BHYTPl!l IUIJI]i'IH.lijla ~aM0TPOM 6 CM l!1 He 60Jiee, 'IBM 20 CM no 
Z oi- ueHTpa MHmeHH. 

3. BepllmHH pacna.ztoB .'.:: - H 52: 'AOJilKHH JiexaT1> B pacna,ll;Hott o6JiacTn 
<Zr + 12) cM < Z < ( Zr + 202) cM, npl!l aToM B co6HTl!lll BepmHHa 

*) 3'A0Cb H 'Aa.n:99 npl!l aHaJlll39 HettTpaJibHllX BWIOK npHHm4alIOCb, 'ITO no
JIODT9JibHO 3apHllt9HHaH qacTnua SCTI, npoTOH, a OTPRUaTe.JibHO 3apH
X8HHaH - ImOH. 
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pacna,IUl AO .n;OJDKHa CJie.n;oBaTl> 3a Bepnnmoit . pacna.n;a :'. - R SC -
rRnepOHOB, 
~ Ha6JDo,n;emm n- Ha.KJla.n;lmaJll'ICl> ,IJ;OilOJIHRT8Jll,HH8 KlIH8Y8TlI'l8CKR8 

YCJIOBWi 0,1 ,: (pt - Pt )/(Pt + Pt ) < 0,6 R </,r> 100 M3B/c, r.n;e 
Pi. -npo.n;om,mrlt R f/,r - nonepe'!Hllit mmym,cli pacna.mwx 11acT,m B JI.c. oT
HOCRTeJil>Ho H8npaBJI8HWi BWI8Ta .J'l:. 8TH ,IJ;OilOJIHRT8Jll,Hli8 YCJIOBWi RCKmO
'laJll'I B03MOlltH08 KRH8M8TR'l8CK08 OTPal!t8lllI8 CRrHana 3 - B o6JiaCTl> MaCCli 

J?_- npR OWH60'IHOM OTOlli,Il;8CTBJI8HRR OTPRUaT8Jil>HOit 'laCT,mli (If" - OT pac-
... - 11°n--na.n;a :=. .... I(" -11acT,mei1) • -1-

CneKTpli ajqleKTRBHliX Mace M ( /l On-) C B8pmmiaMR pacna,n;a B 06-
JiaCTH Mlilll8HR npRB8,IJ;0Hli Ha pRc.5a,. c 'IRCJIOM KOM6HHanmt 38932, R PRC, 
56, c 'IRCJIOM KOM6RHanmt 37533. Ha pRc.5a Ha6JDo.n;ax>TCJi y3rum IlRK, COOT
B8TCTByJl)llll'1it pacna.n;ru,· Z - ( R3 o6JiaCTR Mmll8HR) , R 1111:IpOIGm IlRK ( OKOJIO 
7 annapaTYPHWC pa3pemeHmi) B 06JiaCTR MaCCli 1385 MaB/c2, o6yCJIOBJI8H
Hliit 3aperRCTPRPOBaHHHMR pacna.n;ru.m E- (1385) --1i 0n: Ha pzc.56 

a 

z:-(!385) 

! 
j N 

j 
g g 

' 

11, 

z:•(!385) 

j 

PRc.5. CneKTPli RHBapRaHT
HHX Mace KOM6:ima
mrlt (110fl±) C B8p
mmrrum pacna.n;a B 
o6JiaCTR Jmlll8HR: 
a) M(Aon-) 
6) Mcti0n+>. 

BR.n;8H 1111:IpOKRit mnt B 06-
"""•·

1
• r,,i,' JiaCTR Maccli 1385 MaB/ c2, 

cooTBeTCTBYDd 3apern-
~ + on+ CTPRPOBammu pacna.n;BM ~ (1385) .- A • IlOJIY'leHHHe pacnpe.n;eJieIDllI 

annpoKCmmp°OBaJll'ICl, qiymanleit EpeitT-BRrliepa B o6JiaCTR mntOB JI rJia.n;Koit 
(p()HOBOI KpB:BOit, npe.n;CTaBJIHD~eit co6oit npOR3B8,IJ;8l:lll8 3KCilOH8HTli Ha no
JIHHOMR8Jll.HYI) ~ '18TB8PTOit CT8Il8Hll (CIIJIOmHli8 KpHBli8 Ha pzc.5a, 
6; DylmTl!pHli8 KPHBli8 - 3KCTpan~ (p()HOBHX KPHBHX B o6JlacTB: IlRKOB). 
Ilpll 3TOII 1111:IpB:Hli pe30HaHCOB B ~ EpeitTa-BRrHepa npmmMa.mtCl> pa:a
HliMH Ta6JIB:'1Hor.,y 3Ha'lemm C Y'l0TOM B8JDl'llllll,I 3KCnepmreHTaJII,HOro 11ac
COBoro paspemeHRH. B pesym,TaTe Hait.n;8HO, 'ITO IlRKBM COOTB8TCTBY8T 
~8HTPa.l[l,H08 3Ha'leH:e:e Mace: z-(1385t ~8BH08 (1386,8 ± 0,9) MaB/c2; 
z+(I385), PaBH08 (1386,l ± 1,5) MaB/c • IlpB: 3TOM 'IB:CJIO KOM6HHamrlt 

B IlB:Kax, COOTB8TCTByx>!llHX: 
a) E- (1385) B o6JiacTK Mace (1340 - 1436) MaB/c2,paBHo 5200 ± 500; 
6) ~ + (1385) B o6JiacTR 11acc (1344 - 1428) MaB/c2 ,paBHO 1800 ± 200. 
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CneKTPli RHBapRaHTHHX Mace M(A0 n-) H M(A°K-) C B8pmHH8MH pac
na.n;a B pacna.n;Hoit o6JiaCTH npne.n;eHH Ha pxc.6a,6. Ha pxc.6a B o6JiaCTH 

MaCCli 1320 MaB/c2 BR.n;8H 

.. a 
F-

-:! 
";. 100 
::;; 

"' '-
"' "' "' ~ 50 

~ 
'!: 
"' "" 

I.JO f,JZ /,JI/ 

.. I 5 
-:! 
<C 

:E .,, 
'-•:, 

"' "' " "' ~ 
:i; 

"' "" 
f,5Z 

, R-

'· 57 
f.lZ 1,77 

ys:iarll: IlHK, COOTB8TCTBYJ)
~ saperncTpzpoBammM --- on-pacna.n;BM ~ .- /I . 

M{ A •11-1, r3D/c 1 MfA'K-J, r,o/c' 

CIIJIOmHM KpHBM (pHc.6a) 
- pesym,TaT annpoKcHMa
~ npRBe.n;eHHoro cneKT
pa ~eil raycca B 06-
JiacTH nHKa, R JIRHeitHoit 
qiymanlett - B o6JiaCTH ~0-

HOBliX Co6HTHit. IlyHKTxp-

PRc.6. CneKTPH RHBapHaHTHHX Mace 
KOM6HHamrlt ( AO h - ) c Bep-
nnmaMH B pacna.n;Hoit o6~acTH: 
a) M(Aofl-); 6) M(/\°K- ). 

HM KpHBM - 9KCTP8IlOJIJI
~ JIHHeitHoit ifJYHiaUm B 
o6JiaCTI, nHKa. Hait.n;eHO, 
'ITO cpe.n;Hee 3Ha'lemte 
MaccH .s- -rHnepoHa pa:a
HO (1321 ± 0,3) MaB/c2• 

B IlRK8 co,n;epJJmTCH 390 ± 27 KOM6RHanml Ha,IJ; ypOBH8M ~OHa B 340 ± 19 
xou6:rmamnt. IIIHpRHa IlRKa Ha IlOJIYBHCOTe, paBHM (6,4 ± 0,4) MaB/c2, xa
prutTepzsyeT B~ aKcnepHMeHTaJII,Horo pa3pemeHRH no RHBapRaHTHOit 
uacce TaitOI CHCT8Mli, 

Ha pzc.66 ('IHCJIO KOM6HHamrlt 233) B o6JiaCTR MaCCH 1670 MaB/c2 

BR.n;eH ysm nHK, cooTBeTCTBYDd saperRcTpzpoBa.HHHM pacna.n;BM 
..n..--t1°K-: CWlOIIIHaH xpnaa - pesyJil>TaT annpoKcHMaium aKcnepHMeH
Ta1ll>HOro pacnpe,n;eJiern CYMMOit ipymu.v,,Jl: raycca (B o6JiacTH IlRKa) R no
JIRHOMRaJII,HOI (mecTOit CT8II8HR) - B o6JiaCTH (p()HOBliX co6HTHit, IlyHKTxp
HaH KpHBaH - ypoB8Hl> (p()Ha no.n; nHKOII. B pe3ym,TaTe annpOKCHMBIUffl uac
COBOro pacnpe,n;eJiern Hait.n;8HO, 'ITO B IlRK8 co.n;eplllllTCJi 40 ± IO KOM6H
Hartd Ha.n; (p()HOU 57 ± 8, cpe.n;HHH Mace a Jr paBHa (1669, 7 ± 2, 2) 
MaB/c2 R ump:rma Ha IlOJIYBliCOT8 paBHa (9,2 ± 5,0) MaB/c2• 

8KcnepHM8HTaJil>Hli8 napaM8TPli I'Hil8POHOB, IlOJIY'l8Hlili8 B .n;aHHOM 3KC-
neplrllleHTe, npRBe.n;em B Ta6JI. I. 

T~al 

qacT~a Macca
2 Jmic2 1:fi!CJIO Wror 

(G(X)rl 
MaB/c C06liTlm -rn-

l:+(1385) 1386,l±r,5. 42 rnoo±200 I,94±□ ,II 4,II 
x-cr385> 1386,B±0,9 47 520□±500 I,99±0,IO 7,79 
:::- 1321,o±0,3 6,4±□ ,4 39o±30 2,87±0,19 7,59 
K 1669,7±2,2 9,2±5,0 4o±IO 3,o±o,7 6,03 --
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B Ta6JI.I TaIOKe npHBe.neHH BecoBHe Kosq$m;ReHTH WroT , · KOTOpHe Heo6-
XO.IWMll .ll,7IJl yqeTa llOTepb C06HTllli H8-3a BI:mlenpHBe,neHHUX KPHTepReB RX 
oT6opa. 

31ll{16KTllBHOCTb perRcTparnrn I'RilepOHOB cneRTPOMeTpOM EHC-2 pacc1m
THBaJiaCb M9TO,JJ;OM MOHTe-KapJIO •. 

IlOCKOJll,RY .ll,7IJl aanycRa ycTaHOBKR Tpe60BaJIOCb, '!To6H -qepe3 Hee 
npoll1ll:o He MeHee '!eTapex aapID!teHHUX -qacTmi;, a HCCJie,nyeMHe rnnepoHH 
o6pa3yJOT npR pacna.ne TOJibKO TPH aapmcemru:e '!aCTmi;H, ll08TOMY reHepR
pOBaJICH nOJIHHi!: npouecc RX o6paaoBaHRH, BRJIJO'IM accounaTRBHoe polli,ll;e
HRe K+(K°)-Me30HOB H IIROHOB. 

IlpR 8TOM RCllOJib30BaJIOCb COOTHOmeHRe 1IwKeBCKoro-Py6RRa .ll,7IJl pac
npe,neJieHHH no MHOX0CTB0HHOCTR H 3aBHCHMOCTH cpe,nHeil MHOJKeCTBeHHOCTH 
OT SHeprmi: HaJieTaIO~ero HeilTpoHa. KRHeMaTRRa peaKU:iril: MO,JJ;eJIRpOBaJiaCb 
C HCnOJib30BaHHeM a;rropHTMa npO,JJ;OJibHOro ~a30Boro npocTpaHCTBa H KOp
peKTRpOBaJiaCb C yqeTOM 8RCnepHMeHTaJibHHX RMnyJibCHHX cneKTPOB rHnepo
HOB. IlpH onpe,neJieHHH perHCTparnrn rnnepoHOB Y'llITHBaJIHCb TaIOKe SKCne
pHMeHTaJibHHli RMnyJibCHHli cneKTP nyqKa HeilTpOHOB (pHc.2) H xapaxTepHC
THKR cneKTPOMeTpa. 3qxpeRTllBHOCTR perHCTparnrn rHnepOHOB 6wm B~CJie
HH +B 3aBHCHMO:TR OT De.JmqHH npO.IJ;OJibHOr,o H nonepe'!Horo ~JibCOB . __ 
~-(I385), .S R OT qiei1HMaHOBCROli nepeMeHHOil: X .zvm: ~ - (I385), .=. 
H Jl - . BMH'mHl:l ce-qeHRil: pollU(elll!'.Jl rHnepoHoB B ,naJibHeil:meM onpe.neJieHH 
B ~CTBRTeJibHOli o6JiaCTH cneKT!)OMeTpa 0,2 < X < I (o6JiaCTb ipparMeH
Tarnrn Heil:TpOHOB nyqKa). Cpe.n;aHe 3Ha'leHHH S~KTHBHOCTeil: perRCTParnrn 
~±(I385), ~-. SL- -rHnepoHoB no nepeMeHHoi1 X npHBe.IJ;eHH B Ta6JI.I. 

't"-+ ) --JlR~peHURaJibHHe ce'!eHHH pOlli,ll;eHHH ~ - (I385 , .:. nOJiyqeHl:l 
ll3 aHaJIR3a SKcnepHMeHTaJII,HHX cneKT!)OB no nonepe'lHOMY H npO.IJ;OJibHOMY 
RMnyJibC8M B JI.c. 3TH cneKTPl:l 6wm nOCTPOeHH .ll,7IJl KOM6RH8Ulli1 H3 o6Jiac
TH llllKOB nyTeM Bl:l'mTaHRH COOTBeTCTBy!OlllllX HO!)MllpOBaHHl:lX cneKTPOB ~ 
HOBUX C061:lTd, B3HTUX cnpaBa ll CJI9Ba OT llRROB. IloCJie KoppeKURR Ha 

-+ 
8~KTHBHOCTb perHCTP~HH rHnepOHOB cneKTPH pOlli,ll;eHHUX z - (I385) 
H E: - no nonepe'!HHM HMnyJibCaM, npe,ncTaBJieHH Ha pHC. 7 ,RH
BapRaHTHHe cneKTpl:l npO.IJ;OJibHUX RMnyJibCOB - Ha pnc.8. CIJJIOmHHe .mnnm 
Ha pllc.7 noKa8HBaIOT peayJibTaT no.nromw K 8TRM cneKTpaM 8aBHCHMOCTH 
dN!dP} ~exp(-BP J} . B peayJIDTaTe a:rmpoKcHM~ nOJiyqeHH 3Ha'leHHH 
napaMeTpa HaRJIOHa B, ROTOpl:le npHBe.IJ;eHH B Ta6JI.2. H8MepeHHHe BeJIH'IH
HH napaMeTpOB B H8XO.IJ;HTCH B corJiaCHH C aHaJIOrll'llWW! napaMeTpw.m:, no
JiyqeHHHMR B PP-B88HMO,IJ;eil:cTB:wIX H, CJie,lJ;OBaTeJibHO, H8 38.BllCHT OT Tlilla 
nepB]1[qHOiJ: '!aCTmi;H Hee 3HeprHH. Ha pHc.a' CIJJIOfilHHe JIRHHH - peayJibTaT 
aIIIIpOKCRM~ HHBapHaHTHOro HMllYJibCHOro pacnpe.neJieHHH !pYHKU.Heil 
F (X) ~ (I - X)N • IlOJiyqemru:e aHa'!eHHH. noKa8aTeJIH N npHBe.neHH 
B Ta6JI.2. B 3TOli lK6 Ta6Jimi;e npHB9,lJ;0HH npe,ncKa8aHHH .ll,7IJl N B o6JiaCTH 
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PHc.7. CneKTPH pollU(eHHHX 
~!(I385), :=- no 
nonepe'IHOMY RMnyJIDcy. 

lJacTmi;a· N 

£+(I385) 2,9 :I: 0,5 
E-(I385) I,I ± 0,4 
i::,- 1,9 ± 0,4 .... 

IO ~-++_/ 
z~ /~'--!'-+, 

~ 7 ~.tt_,_. Z:-U386) 

"l.l, ,·,~, --.. ' 
.::!...~ l06 ~~- ::::\1\ 

•I '+-, 
++:, I 1051 I 

IO 20 30 40 
P&., r,B/c 

Pnc.8. HIIBapHaHTHHe cneKTPH 
npO.IJ;OJibHUX RMnyJibCOB 
2:t(I385), 3- -cTpaH
Hl:lX 6apHOHOB. 

Ta6Jimi;a 2 

Mo,neJib B(raB/c)-'2' 

3 2,9 ± 0,I 
I 2,6 ± 0,4 
3 2,7 ± 0,5 

ippar.MeHTaURH, OCHOBaHHH9 Ha npaBEJlax KBapKOBoro C'l8Ta. Cp8.Bli8HR9 no
Jlyq0HHl:lX 8Ha'!elid nap8M9T!)OB . N .ll,7IJl 'E :t (1385) C COOTB9TCTBYJ)lltHMH 
peaynTaTawi: B PP-Baamro.neil:cTBIDIX nOKaaHBaeT cor;racze 3THX napaueTPOB 
.zvm: H80TOllli'l8CKR colI!)JDlemmx peamndt. Ilo.n;o6Hoe cpa.BHeHRe .zvm: E- yRa
aHBaeT, 'ITO B o6JiacTB: /ppa.IV8HTamD{ m&nyJibCHHli Cll8KTP BTHX '!aCTmi;, 06-
paaOBaHHl:lX ;aeilTPOHBMR, 60Jiee iltecTm, 'l8M y 3- ' o6pa80BaHHHX npo
TOHBMH (h~ 3). TaKoe pa8Jmlme MOZ8T CBH,neTeJibCTBOBaTb O pa8JIH1ml'[ 
m,myJibcma: cneKTpoB U H d -KBapKOB B HYKJIOHe. 

Hlntlm8RBHl:le ce'leHHH pollf,Il;eHWI E ::! (1385), 2-, SL--rmiepoHoB B 
nC-Baruwo.ne!CTBli!'.HX BH'!HCJI8HH C HCllOJib80BaHH9M COOTHOmeHHH: 

O = N · \½or/ ( B 't · < 6 l x J > · L } , 
r.ne N - uCJio H~.1temmx I'llIIepoHOB, WToT - Ro~eHT, · y,mTHBax>-
ll!Hil llOT8PH co6HTd H8-8a r~OM8TPH'l8CKRX H rumeMaTH'l8CKHX ltpHT8PHeB 
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np:ir aHaJmae 3KCII8PliM8HTa/I:bHUX .IJ;runrux, B't. - BepOllTHOCT:b pacm1,Ila rll

II8pOHOB no Ha6.mo,IJ;aeMHM KaHMaM, < 8M> - cpe,ll;HH.lI ~KTHBHOCT:b pern

CTpaumi: rHIIepoHOB B OOJiaCTH 0,2 < X ~ l, L- CB8THMOCT:b. 

CBeTRMOCT:b L onpe,IJ;eJieHa :ira 001I1ero i:mCJia aaeycKOB YCTaHOBrut 

NTP = 5,1·106 , n01IHoro ceqeHruI BaaHMO,Il8HCTBWl H8HTpOHOB C yrnepO,ll;OM 

One = ( 331, l :!: 8, 6) MO H acMeKTRBHOCTH TpliII'repa K perncTpaumi: 

BaaHMO,ll;8HCTBd H8HTPOHHOro ~a C Mllll18H:bID, onpe,ll;eJieHHOH MO,Ile~oBa

Hll8M ( GT = l,96·I0-4). Hail.IJ;eHo, qTo L = Nrp /(6nc·Brp) = 
= (7,9 ± f,3)·I034 cM-2/ Ha JUJ;PO yrAepo.IJ;a. Taruw oopaaoM, Bee mIKJIJO

aHBHl:le ceqeHHH polK,ll;eHIDI rHII8pOHOB 6 6wm HOpMHpOBalibl Ha IIOJIHOe 

acMeKTRBHOe ceqeHHe BaruIMO,ll;8HCTBIDi H8HTPOHOB C JUJ;Pa.Mll yrnepo.IJ;a. Ilpll 

TaltOH HOpMHpOBK8 onpe.IJ;eJIJieMhle lIHKJI!OaHBHHe ceqeHruI pOlK,ll;8HWl He aaBH-

CJiT OT a6cOJIDTHux BMHimH(G(X}> :ir CrP , a aaBHCHT T~Ko OT :e:x OTHomeHIDi. 

HliKJmaRBHH8 ceqeHIDi poJK,IJ;eHIDi rHIIepoHOB O , BJilmCJieHHHe ,IJ,JIJi OOAaCTH 

X > 0,2, npHBe,IJ;eHH B Ta6n.3. 

Tao.mm;a 3. 

1IaCTHUa HliKJmaHBHl:le ceqeHWI, MKO 

0,2 < X <: l -I< X <: l 

One OnN one OnN 

"'" ~ (!385) !90 ± 45 36 ± IO 730 ± 300 140 ± 60 

~-(!385) 300 ± 70 56 ± 15 820 ± 330 !60 ± 70 

=-- 30 ± 7 5,s±r,4 no± 40 20 ± IO .... 
n- 6 :!: 3 l,l±o,5 25 ± 15 5 ± 3 

B 3eTBepToil r~a.Be BeJIH'llllil:l lIHKJI!OaHBHUX ceqeHHH pOlK,ll;eHWI r.0:nepo
HoB 3KCTPaIIOJilWOBaHH B OOAaCT:b -1 < X <: l, ll peayA:bTaTH cpaBHRBaIOTCH 

C peayA:bTaTaMR, n~eHJWMH B ,ll;pyrllX aKcnepHMeHTax. 

,ll;nJi 3KCTPaIIOJIJIIUm ceqeHHH na IWHeMaT:irqecKott oonaCTH X > 0,2 B 

OOAaCT:b X > 0 6HAH HCIIOA:baOBalibl ,ll;aHHH8 no po~eHHID rnnepOHOB B PP-

R K""p-Baam.40,I(SHCTBIDDC. Ha OCHOBamm ~TllX pa60T 6wm onpe.I(8JI0HH aHaqe

Hrul OTH~meHM R r. (j_ ( o / x ~ 0,2)/ (j ~o < X <_J~· Hati,IleHo, q~o 

,IJ,JIJi ~ (!385) R = 0,30 - 0,IO, ,IJ,JIJi E (1385) ·- R = 0,4~,15 
:ir ,lJ,JIJI n.- R = 0, 70 ± 0,20. ,ll;nJi nepexo.I(a K 06.lracT:ir -1 <. X <. l npe.I(

nOJI8_:'MOC:b. qT0-1-ceqeHHJi ,IJ,JIJi X > 0 H X < 0 paBRH ,IJ,JIJi rHIIepOHOB 2-- H 

Sl . ,ll;nH E-(!385) BMHtnma mIKJlllaRBRoro nonepeqgoro ceqeRHJi ,IJ,JIJi 

06.lraCTH X ~ 0 opanac:b paBHOtt IIOAyCywl8 nonepe'DWX ceqeHHH o(nN) -
-- ~+(1385) +... :e: 6lnN) _. ~-(1385) +... na OOAaCTH X > o. 
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HliKJmaHBlihle ceqeHWi pol!i,IleH:wl rHIIepOHOB Ha HYKAOH0 n~elibl B 

npe,ll;IIOJIOJlteRHH, qTo Oh.N=finc/AJ.., r.I(e d- = 2/3 (± 0,1). :3KcTpanMH-

poBaHHHe TaltliM o6paaoM lIHKJI!OaHBHl:le ceqeHIDi poJK,IJ;eH:wl rmrepOHOB ,IJ,JIJi 

KHReMaT:irqec1toro HHTepBaJia -1 <. X < l np:irBe,IJ;eHH B Ta6n.3. Ila Ta6n.3 

BH.I(RO, qTo c YBeJIHq0HlleM cTpaHHocTn I S I Be~Ha IUIKJIKlaHBHUX noIIe

pe~ ceqeHHH pOlK,ll;0HWl rHIIepoHOB OHCTPO YM8H:bmaeTCJi. Ha pnc.9a no

KaaaHo cxo.I(Roe ·conocTaBAeHHe noIIepe~ ceqeHHH polK,IleHIDi E+ (1385) 

n E-(1385) na .I{aHHOH paOOTH c IIOIIepe'llWMH cetJ:eHWIM.H polK,IleHIDi . 

l:=(1385) B PP-BaaHM0,!{8HCTBHHX npn 3HeprHHX 12,24, 300 H 405 raB, 

nonyqemrae B ,IJ;pyr:e:x pa6oTax. 
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PHC. 9. IDiKJmaHBHH8 

ceqeHIDi 

po~HIDi: 
a) ~-(!385) 
o) E-

. IloKaaaHHHe Ha pnc. 9 CIIJIOWHbl8 JiliHHH np:irne.neHH ,IJ,JIJi HarJIJl,I(ROCTH. 

PeayADTaTH 3KCnepHM8RTa EHC-2 cornacyroTCH C yeayA:bTaTBMll, n~eHHH

.Mll B PP-Baam.40.!{8RCTBHHX. 
HliKJmaHBRH8 IIOll8p8'1Hli8 C8'i8RHH :=-, II~8HRH8 B ,IJ;pyrHX paOO

Tax npn aaepro I0-24•raB B nP -BaaRMO,I(8HCTBHHX ll ,lJ,lllI IO, 19 raB 

H -V.S= 53 H 62 raB B PP-BaaHMO,I(8ilCTBHHX BM8CT8 C peayA:bTaTOM ,I(aH

Horo 3KcnepHM8RTa,IIOKaaaHH Ha p:irc.96. Ilpn 3TOM Ha pnc.96 Be~a 

nonepeqgoro __ ceqelillJi np:ir ifs= 53 n 62 raB aKcTpaIIOJlHPOBaHa RaMll :ira 

06.lraCTH X>'0,4 B llQ/IHyID KHHeMaT~8CJtYID OOAaCT:b no x. Ila pnc.96 BH.I(

HO, qTo ID48IDIIIH8CH aKcnepm,eHTaJI:bRHe .I(aHRHe o nonepe~ cetJ:eHHHX 

po~eHWI ;;- B HyKAOH-HYKAORHHX BaaHMO.D:8HCTBHHX Haxo~TCJi B corna

CHH ,IJ;pyr C ,IJ;pyroM, BRJmqaJJ: HaDI peayADTaT. HliKJmaHBH08 nonepeqgoe 

ceqeHHe pOlK,IlelillJi .n- OnN ,;, (5 ± 3) MKO B HYKAOHHUX Baruwo.I(eil

CTBHHX ll~8HO BII8PBH8 B iaHHott paOOT8. Ero MOlKHO AllW:b KaqecTB8RHO 

COIIOCTaBHT:b C aRaJIOI'H'nWMH Be.mrnmaMH (3,2 ~I_2) MK6 H (5,2 :t 1,3) 

MB:6. n~eRHHMlil B K""-~ax C HMIIYA:bCaMH COOTB8TCTB8RHO,l6 H IO 
·raB/c npli BaaHMO.D:8ilCTBHH C IlpOTOHaMH • 
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B 3aKJIIO,eHim cipopMYJmpOBaHH OCHOBHH8 pe3y~bT8Tll H BllBO.Inl ,IUl'.C
cepTaD;llOHHO:il pa60Tll. 

I. Bn0pBue no.nyqeHH SKcn0pHMeHTaJU,Hll8 ,n;aHHlle o nonep8'llilIX cei:re
HWIX mIBJIJ03HBHOro p01K,ll;8Illffi CTpamrnx 6apHOHOB z .:!: (1385). 3- H SJ.
BO B38HMO,Il;8liCTB:wrx: H8liTPOHOB co cpe,ItHeli 3~8prHeli 40 rsB Ha H,IJJ>ax yr
~epo,n;a B KHHeMaTH'leCKOli oMacTH 0,2 < X < I II O " P.l <. I raB/c, Be
JratmHH KOTOPl:IX npHBe,IJ;eHll B Ta6~.3. 

+ PaH88 6~ no.nyqeHH aHaJior~0 .n;aHHHe B He:ilTpommx IIY'ffiax .u.,m 
~-(1385), E- c aHeprneil (IO - 24) raB • .AHaJior~e ,n;aHHHe B HeilT

poHHOM IIY'ffi8 .u.,m _Q - OTCYTCTBYJOT. 
Hail,neHH ,nHH~ecKHe xapaKTepHCTHKli nponecca pol&,ll;eHWI 

Z ::(1385), s- , onp0,n;eJIJI8MH8 napaM8Tpar.m B H N , KOTopu0 npH
Be.n;0Hll B Ta6~.2. IloKa3aHO, 'lTO napa.MeTp Bae 3aBli!CHT OT Tlilla HaJieTa»
ll!Sil i:raCTHnH II ee aHeprlili, a napaMeTp N cor~acy0Tcsi: c Mo.n;enID KBap-
KoBoro ctJeTa. "" 

IlOK83aHO, 'lTO IDIKJII03HBH!l8 llOll8p8'lHH8 C8'l8Hli.fi p0l&,ll;8HWI z-(1385), -- - -.:;. B H8HTpOHHOM IIY'ffi8 cor~aCYJOTC.fi C p0aynTaTaMR WC lI3M8P8Hlili B npo-
TOHH!lX IIY'ffiax, llOJlY'l:8HHllM!il B ,zwyrIDC pa60Tax. 

0611!88 cor~acH8 l_i3M8peHH!lX B hC-B38RMO,IJ;8:ilCTBWIX C8'l8Hliil mIBJII0-

3HBHOI'O p01K,ll;eIDIJI 'i:- (1385). H cooTBSTCTBYJOll!.l'DC Be.Jm"'lllll noKasaT0~eil 
N c ,n;aHHllMlil, no.nyqeHHllM!il B PP-nsam.10,n;e:ilcTBIDIX, ]K8SllBa8T Ha OTCYT

CTBHe CYll!8CTB8HH!lX pa3.II:II'rafi np~8CCOB o6paSOBaHWi 3T.l'DC p8SOHaHCOB 
B HYRJlOH-HYRJIOHHllX H HYRJlOH-M8PHllX BSaHMO,IJ;eilcTBWIX. 

2. Onpe,D;M8Hll xapaKTepHCTlIKli IIY'ffi8 'IaCTHn KaHaJia 4H cepnyxoB
CKOro ycKopHTeJIJI. Ily'IOK i:raCTHn COCTORT B OCHOBHOM RS He:ilTpOHOB C 
HHT8HCRBHOCTbID .,.., 3. 106 B UlIK,7!9. IIPR c6pOC8 ,,., 2 • ra11 npOTOHOB/~ 
Ha BeyTpemmo MRIIl8Hb YCKOplITeM, .... 1,5% K0-Me30HOB, ~I% sapJDlt8HHllX 
tJaCTHn. B OTCYTCTBlili raMMa-qmrm,Tpa B KaH8Jl8 4H co.n;ep,mTC.fi ,,., 106 

• raMMa-KBaHTOB c 3Hepr:wn.m OT 7 ,n;o 30 rsB. 
Onpe,n;e~eH cneKTpaJiblill:il COCTaB He:ilTpOHOB B KaH8Jl8 4H ,IJ;ByMJI M8TO

,n;a:,,m: C llOMOll!bID a)WOHHOro KaJIOpHMeTpa R peaKnM n0p0sapsmim: HeilTpO
HOB Ha npOTOHax. Hail.n;eHO, 'ITO Cp8,ItHlI:il Jil:MIIYllC HSRTpOHOB paB8H 
(42,8 ± 12,I) raB/c. B 3TOM IIY'ffi8 H8ilTpOHOB BHllOJIHeH PM SKcnepRMeH
TOB no llORCKy lI RCC~8,Il;OB8HR1!) ysKHX 6apHOHHllX p8SOH8HCOB, OtJapoBaH
HllX i:raCTHn. IlOJzytJeHHlle xapaKTepRCTlIKli IIY'ffia tJaCTHn B KaHaJie 4H lIC
llO.IIbS]J!)TC.fi B 3T.l'DC pa6oTax. 

3. 3KcnepHMeHT8JlbHO Hail.n;eHa raSOBa.fi CM8Cb .u.,m nponopuaoHaJibHl:IX 
KaMep Cll8KTPOM8Tpa EHC-2 Ha OCHOB8 Ai. : 

87, 7% AZ. + 13% CO2 + 3% C~50H + 0,3% C Bt. ~3-
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HcnO.IIbSOB8HH8 3TOil rasoBoil CM8CR B IlK llOSB~O llOJIY'IHTb BHCOK]J!) 3ip
ql8KTRBHOCTb p0r:e:cTp~ sapJD1t8HHllX i:raCTHn (99%) R BHCOK]J!) 3KCill!YaTa
UlrOHHYID H8,Il0JltHOCTb IIK. Ilp:e: npOB8~8HRR 3KCll8PRM8HTOB co Cll8KTpOM8TPOM 
EHC-2 (21 C88HC, ~TeJil>HOCTb KWK,JJ;Oro OT 15 ,n;o 35 cyToK)_H8 6~o HR 

O,ItHOro CJJY'la.fi Bl:IXO,IJ;a RS CTPO.fi nponopuaOHaJU,HO:li KaM8pH. 
P0synT8TH R BHBO.Inl, no.nyqemw:e B ,Il;aHHOli pa60T8, RCllO.IIbSOB~Cb 

B 3KCll8PHM8HT8X Ha C8pnyJCOBCKOM YCKOPHT8Jl8 R ~erll B OCHOBY HOBl:IX 
MaH:e:py8MHX aKcn0pHM8HTOB Ha Y-70 (An00B A.H. :e: ,zw., OHmf 1-84-457, 
,Ify6Ha, 1984 :e: PI-85-685, ,Ify6Ha, 1~85). 
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