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B nocxe~HHe ~Ba ~eCHTHX8THH CXOZHXaCb HOBaH rnaBa H~epHOU 
~H3HKH, B XOTOpO! CTpyxTypa HApa H3yqaeTCH C nOMO~LD qacTHU cpe~
HHX ( ycxoBHO ,ltJIH npOTOHOB I00-1000 MaB) H BliCOKHX ·c > I raB) 
3HeprHA. HHTepec K 3TOA O~!aCTH HCCXe~oBaHHA CBH3aH C teM, qTo 
KOrAa 3HeprHH qacTH~ 3HaqHTeXLHO npeBHmaeT 3HeprHD CBH3H OT
~eXLHHX HYKXOHOB H ee ~nHHa BOXH!i MeHLme cpe~Hero xapaKtepHoro 
paCCTOHHHH Me~ HYKXOHaMH B ~pe, H3yqeHHe B3aHMo~eUCTBHH TaKHX 
qaCTHU C ~paMH n03BOXHeT nonyqHTL HOB!ie CBe~eHHH 0 CTpyKtype 
~pa H BHyTpHa~epHOM ~BHXeHHH HyKXOHOB, a TaKXe npe~ctaBXHD~He 
CaKOCTOHTeXLH!il HHTepec CBe~eHHH 0 MexaHH3MaX H~epH!iX peaKUHU 
npH BHCOKHX 3HeprHHX. 0CO~OeKeCTO 3aHHMaeT.HCCXeAOBaHHe KBa3H
CBO~OAHHX ~ByxqacTHqHHX peaKUHR. C O~HOU CTOpOHH, 3TO CBH3aHO C 
Hanuqnw ~ocTaToqso nonaux ,ll;aHHHX o~ aneMeHTapHHX nponeccax (saau
wo~eAcTBHeco CBO~O~HHK HyKXOHOK,,,J;eRTpOHOM H T.~.). C ,!tpyroU 
CTOpOHH, cpaBHeHHe ocorieHHOCTeR npoTeKaHHH 3XeMeHtapHHX peaKUHA 
H KBa3HCBO~O~HiiX (H,II;epHHX) fi03BOXHeT npOH3BO~HTL . 
OTHOCHTeXLHHe H3KepeHHH H B~eXHTL ' ~epHHe 3~eKTH. 
Qco~eHHO nepcneETHBHii B 3TpM OTHOmeHHH 3KCnep~eHTH C perHCTpa
nueR Ha COBnaAeHHH O~eHX qacTHU, B03HHKaD~HX B KBa3HCBO~O,ItHOA 
peaKUHH, TaK KaK H3 HHX MOXHO HaH~onee npiiMHLI cnoco'~OM H3BneqL 
HH~OpMaUHD KaK 0 BHyTpHH~epBOM ~BHXeHHH HyKXOHOB (e)e'pjp12p ); 
TaK H 0~ aCCOUHHPOBaHHH HYKXOHOB B ~paX H BHyTpHH,II;epHOM ,ltBHXe-
HHH 31rHX acconuanuA ( e1fl

1d.jpi rt N ). ID.teetca e~e o,~~;ao 
BaXHoe O~CTOHTenLCTBO, CBH3aHH06 C TeN, qTo,Bo-nepBHX, B O~XaC
TH oT IOO JlaB .ItO (<raB aMnnHTY.Jt8. N - N pacceiiHHH xopomo · 
3KcnepHYeHTaHLHO H3yqeHa~ H,BO-BTOpHX, B HHTepsane 3HeprHR OT 
HeCKOXLKHX COT MaB ~0 I raB ceqeaHe N - N B3aHLIO,IteRCTBHH 
LIHHHMaXLHO, qTQ npHBO,ItHT K MeHLmeuy HCKaXeHHD KapTHHH ~epHOU 
peaKUHH H3.,3a B3aHKO,J;eRCTBHH B 3TOK xe ~pe. npO,VXTOB peaKUHH ·H 
H He CTOXL CHXLHOrO norno~eHHH HaneTaD~KX npOTOHOB H~pOMo 3TO 03-
aaqaet, qTo·s HHtepsane aHeprHR ot aecxonLKHx.coT M3B ,~~;o I raB 
npOTOHH HBXHDTCH B eCLMa n.O~XO~~HM npo~HiiM teXOM ,ltXH H3yqeHHH 
ctpyKTYPH a,~~;pa. O.JtHHM H3 HaH6onee HHTepecHHX acneKTOB H5yqeaHa· 
CTPYKTYPH a,~~;pa asnaeTcH sonpoc o~ acconuHpoBaHHH HyKXOHOB B a,~~;pax 
H BHyTpHUepHOM•nH:Z:eHHH 3THX acCOUHaUHRo CBe~eHHH 0 napHUX Koppe
XHUHHX HyEXOHOB ~ ~paX MOXHO nonyqHTL H3 ,ltB.HHUX no ynpyroMy pacce
HHHD npOTOHOB Ha H,ll;paX. HO HaH~onee npHMJ,IM cnOCO~OM MOXHO H3BneqL 
H~~OpMaUHD H3 3KCnepHKeHTOB no H5yqeHHD KBa3HCB060~Horo B3aHMO-

.JteRCTBHH ~aneTaD~HX npOTOHOB C HYKXOHHUMH acCOUHaUHHUH(HanpHMep, 
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A (p< d. >1 ~1f+)B ) H ocoaeuuo H3 axcnepHlleHTOB no XBa3H
ynpyrouy pacces:HHD npoorouoB ua 3THX acco~U~a~U~ax ua OoJII •• He yrns 
(Bn1IOTL .n;o !80°), TaK !taX B 3TOJL CJ!YIIae .H3 ll.n:pa BHJieTaD'f"':BHCOit0-
3H6prHIIHHe ~parJLeHTH H C6116HH8 B3aHJLO,n:BHCTBHS: HX C a,n:pOJL B KOH611HOJL 
COCTOS:HHH-JLHHHJLa.IILHOo XOTS: npOBe.n;eHHe TaltHX 3KCnepHll6HTOB~Conpaze
HO CO 3HaiiHT61!LHHJLH Tpy.n;HOCTSJLH H3-3a JLaJIOI B611HIIHHH ceqeuzl, 
H.n;BHTH~HKaiU~a taKHX nponeccon .n:ocTaToquo npocora, Tax xax 

_,1 ' 
ueoOXO~O JIHmL BH.n;e11HTL B COOTBeTCTBHH C XHHBMaTHKOI nHE B 
KUTIYJILCHOM cneKTpe BTOpHIIHHX QaCTHU, BH116TaD~HX no.n; onpe,n:e1!&HHHM 
yrnoJL. llepBOe Ha01!D,n:6HH8 H HCC1!e.n;OBaHH6 npOUBCCOB_XBap~npyroro, · 
BHOHBaHHS: ,~telorpouon Cp1 dN) OHJio BHnonueuo. B ,llyOu6 B . -

21 !957 ro.n:y npH aueprHK npoToHoB 675 MaB H no3.n;uee B Epyxxea~eu/ 
B !967 ro.n:y nplr 3HeprHH I raB. H3 3KCnepHJleHTaJILHiiX .n;aHHiix"I,2/ 
cne.n:onano, liTO npoorouu KBa3HYnpyro. _ pacceHBaJlTCII ua~ynyxJioH-

- fot 
uux accoUHaUHax; B 3THX onsorax OsnH nonyqeus c»e.n:euHa o cpe.n:ueH 
3HeprHH BHpHBaHHS: .n;eHtpOHOB H3 &,n:ep H Cpe,~tHeH 3HeprHH. ,JtBHZ&HHS: 
.n:BYXHYK110HHHX aCCOUHaUHH, a TaKZe 0 3aBKCHllOCTH-CelleHHS: 3THX 
npoueccon oor JLacconoro IIHcna a.n:pa-uHmeHH. Cne.~teHHS: o KBa3HYnpy
rou pacces:HHH Ha_Oonee C1!0ZHHX Tpex- X qeTHpeXHYK110HHHX ~CCOUH~~
UHS:X OHJIH nonyqeuu B axcnepHJLeHTax, Bljmonu,ruusx B }J.yaul 3 B._ 
!968 ro.n:y. Bo ncex 3THX 3ItcnepHl4eBtai _I-3- H3yqaJiacL caMas ~ 
ZBCTKaS:'IIaCTL HJLnY.IILCHHX cneXTpOB BTOpHQHHX QaCTHU H HCCJie.n;OBaJI
CS: T011LKO O,n:HB Jl6IaBH3M HX Odpa30BaHHS: - KBa3HYnpyroe pacceSBHe •. 
qTo xacaetcn ocuonaoA QaCTH cnextpon 'orog,qasx t~aCTHU, TO 3A8CL· 
HMeeTCS: JLa110 3KCnepmteBTa1!LHHX ,IT,aHHHX 4- , B OCHOBHOU H3UepeHa 
OTHOCHTeJILHO US:rKall llaCtL HMflYJILCHHX cneKTpOB, r,n:e H8B03UOXHO 
lt011HIIeCTBeHHO OUeHHTL H11H .n;aze BH.n;eJIHTL·p01!L ItaKOrO-JIHdO 
JLexaHH3JLa odpa30BaHH8 3THX llaCTHUo 

B 6Ba3H c Taxolt CHTyaUHelt c neJILil nuacueuHa,KexaHK3uo:B 
Odpa30BaHH8 BTOpHIIHHX qacTHU B mHpOKOM .n;Kana30He HKnY11LCOB 
H donee .n:etam.uoro K3ylleHKS: aaBKCHKOCTH ceqeuHa o6pa3oBaHHII 
BTOpHIIBHX tlaCTltU OT MaCCOBOrO IIHCJia MDa-MnmeHH HaMH·. 6HJIH npoBe-

. 17 91 . 
.n:eus B !968-!970 ro,n:aX 3KCnepHUeHTii - , B KOTOpHX 6H11H H3Kepe-
HH B .n;Hana3oue HKnynLcon 700~ Pd ~ !700 MaEVe HUnY11LCHHe cnexorpu 
.n:elttpOHOB, Hcnycxaeuux npH B3aHUo,n:eHCTBHH fiPOTOHOB C 3HeprKeH 
670 MaB c a.n:paJLH D;'U1 

1Li,C,Al, Cu. 1 Rh H 1'8 
no.n: yrnaMH 6.5°, 9.5°, !3.5° H !6° • 
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B I97I ro~ aaJLH dsJIH nunoJiaeus K3MepeuHl ro,n/KJLnYJILcuux 
cneicTpo:B a.n:ep TpHTHII H 3He ( ·» mmyJILCBiiX .n;Hana30Hax'800:2000Jd3B/C 
H IIOO --2000 llaB/c .rtna siep 3H:i 3He' coo:fnetcTBElHHo ), : · ' -
Hcnycxaewx npH: :B3ainlo.n:eltcTBHH npoTouo!l c aueprKeH ·670 MaB c · 
a,n:paJLH OT. Li .ito 1'8 - ; ~OBpeMEiHHO B dnHSKH£ :htcnepHlleHTML_: . 
HHX'YCJIOBHS:X' B padoT/I2 · 6imH K3KepElHH, cneXTpH 0HCTJlllX a.n;ep : . 
3He,. TpHTHII K 4He, odpaeyll~HXCII npH B3aHllO.n;elcTBHH npOTOHOB C, 
auepnelt 665 HaB c nerxHKH 11.n;pa~ n ·donee mHpoKoM Hl!IlYJI:bcuou: 
.n;Hana3oue, 11e11 n pauuxx padoTai 3J 3Tolt rpynns. 3tolt ·:a:e rpyrmoH 
antopon Ouna H3yt~eua 3Hepre:rHt~ectt&a 3aBKcHKocn. np'onecca ·xBa3K
ynpyroro BYdKBaHHR .n:eltT~oaos" Dl. llpouecc xna3eynpjroro BHdKBa-
HHS: Jtelt:rnoHOB Jl3 una I c npH 3ueprHH npOTOHOB 0~73 H I ,26 ra.B Talt
Ze K3ylla1!CJl B pa6oti1 !YHexOTOpHe pe3yJIL'taTH HCCJI8,li;OBaHKlt/7-II/ 
coc~annilllT co.n:epmuHe uacrollll{elt ~cc-ep:raUHH. · · _ · 

}J.Kccep:i:aUHII- cocTOHT H3 nse.n:euKJl H t~eTspex rnaB. BnepnoH 
r.11ane onHcsnaeTca_ nocTaHoBm onliTa'K annapaTYpa. Iipi nsdope · 
nOCTaHOBltH onsra KH HCXOA~JIH H3.CJie,n:yD~HX 06CTOIITeJILCTB.H3 .n;aHHHX 
no XBa3HYnpyr'oKY pacceiiHHD npOTOHOll. Ha .n:BYXHYXHOHHHX acCOUHaUHIIX 
B g.n:paX CJie.n;OBMO, liTO IIIHpHiia XBa3HYllpyrHX UHKOB COCTaBJIIIeT 

!40 ':': !50 _HaB/c, 11~0 COOTBeTCTBye:r npK p, • !6QOM3B/c HM
fiYJILCHOKY _ pa:Mpocy~~~~. no~TOJ:IY .n:na aamHx iccne.ito~auKtt yvxo~ 
BapH8.11T wrHHTHoro cneupoK~:rpa, KC!IOJIL3oBaHHoro B padoTe _ :, __ . 
xoToplil HKeJI pa3pemeail:e ·. • AP 1 p,.., 3~. · oiuaxo ·lte!o.D; · H~eut~Kxa-· 
UHH rio npo6ery, ItOTOpW 1nOJIL30BMHCL anrops/I{, HB KOr dHTL' 
npHKeaeil ~rum· H3~38. wa.11oH BenHtikH1l. oTuomeHH.ii . .n:eATpoaon x iiiio- · 
:rouau n' od.ita~TH xllriyJILcinL~~ze n~M xna3HYnpyrorop ·_ c1.. pacceii
HHJl~ TaK'Kalt llaCTL npOTOHOB, HCnHTHBa8 s.n;epBOe nornomeHH9,B, 
~iuupe, KOX9T mmxpoaaTL .n:elrposs: no3TOKY .n:ns il.iteHTH~HMuHH''· 
qaCTHU 'no llaccau: ' ( cxopocuil:) .Hau:H 6blna Bl:ldpaua KeTo.n;KKa no npeKe
HH nponeTa, xotopall 'HMee± p11,11; ripeHltY~ecn: pa3.n;e11esxe im.cixuno 
Maccau B~ nce11 H3yiiaewoK .n;Hana3oue ·KllnynLcon; KBoromuan'Luocn,. 
liTO n03B011116T,.nonytia.n, 3a 0~0 H3Uepemre BHXO.n;H BCElX BTOpHIIHHX 
3ap11E8HHHX qactHI{H ,ll;aHHYe. 0 !f>OH e, npH aa.n;a.HHOll aWeKTHBHOl4 
HMnYJILCe; BHCOitaS: CltOpOCTL Ha0opa CTaTHCTHKH; .OTHOCHTenLHaJt: npoc
TOTa, ua.n:eZHOCTL H cpaBHHT911LHO HBBHCOKall CTOHUOCTL. CxeKa-OUHTa 
IS1i11a BHdpaBa TaltOI, IITOdli HCn01!L30BaTL HKellii!YJlCJ[ B nadopaTOpHH 
annapaTYPY H ycJIOBKII 6e3 npHBnet~eHHII 3HaiiHTe1!iBiiX cpe,ll;cTB ,11;n11 

.. -~~. 
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OOCTaHOBltlf ~HHOro 3KCOeplDleHTa. qTO~H HCOOJll>30BaTL OTKJIOHllllii!Hlt 
uarHHT (Cll-37) ~~~ MarHHTHOro cnexrpoMerpa, HeO~XO~MO ~HJIO 
nolle~TL llHllleH&-pacceHsarexL .ItO uarnHra, r.e. s_saxe CHHxponxxxo
rpona, a Hccne,JtYellHe sropHqHHe qacTHnH, BHJier~e H3 MS.eHx, 
BHBO~TL aHaJIH3HPYDIIIHM KarHHTOK 3a 3alllHTHyD CTBHy. B OOMe~eBHe, 

~ 

,S,. 
s, 

PHc.I. CxeMa onHra. MII - JlarHHTHHe naca.-xli, KJI - KBa,lqlynonBaa.' 
. ' ' 

. JtHBsa, OM-I - orKJIOHllllDtHlt MarHHr, KI,~ x K3 - xonnuarops, 11 -; 
auaJIH3HpyDJ11HA _KarHKT, 5.., - 5,. · CIUIHTHJIJUIIUIOHHHe cqerqHKHo 

PHc.2. EJiox-cxeua anexrpouuol 
annapaTY:(iH. s2 H. s.,.- CltHHTHJ!Jlll
~HOHHHe clleTliHKH, A - arreunarop, 
~I - ~5 ~ ~opMHposare~x, CC1-CC3-: 

CXBMH. COBna,Jteulfl, Cit1-Cll4 - CXe& 
nponyc~auxa, CB -·cxeua ~JIOKHpOBKH,. 
BAilpBAII2 - BpeMR~JlHTY~He npe:
o~pa3oBaremr, AA -: aMOJIHry~HHA _· · 
auaxHsarop, nn - nepecqeruHA npH
~op •. 
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PHc.J. CneErp no BpBMBHH nponera BTOpHqHHX qacTH~ C HMnyJI&COM 
-f. • 875 MaB/c.. • - cneKTp no spelienH.npoxera c ;umKpHMHHa-

ItHelt CHrHaJIOB cqerqJIKa 5
3 

• O-(x/0~3)- ~83 ,ll;HCKpHMHH~HH CHrHaJIOB 
cqerqHKa ~3 · 

r.~te ~ouosHe ycnoBHil ~HnH npHeMneJWMH ~8 HopMaJILHolt pa~oTH .~tereK
ropos. BazaHMcllaKTOpOM B TaEolt nOCTaHOBKe llBJIReTCSI HCnOJIL30BaHHe 
nonnolt znreilcxsnocrH BHI!e.itennoro nporounoro nytl~ta. Pacnono:a:e.:.. · 
HHB aKcnepHMBHTaJI~HOlt annaPaTYPH noKa3aHO Ha pHc.I •. nJliOK . 
npOTOHOB, BHBe,J;BHHHlt HS1 CHHXpO~HKJIOTpoHa JUIII OlHJH C 3H8prHelt. 

(672t3) JbB II yrxosoit pacxo.~tHMocuD "' o.5~ ounonanca 
paCCBilHBW'noJieM KarHHTa YCKOpHTeJIR H ,ll;OOOJIHHTeJILHHM OTKJIOHRil
II!HII uarHHTi'JM _OM-I Ba Mimu!aL. BHBO,ll; nyqJ.ttt. Ba 3a,ll;aHBOB HanpaBJIBHHe 
OCYIIIBCTBJIRJICil BH~OpOM'paCCTOIIHHR MB~ OTKJIOHilllJIIHMH uaca,ll;KaMH 

" . -·., . ' !. < '. 

MH, KOTOpHe.~opiiHpyDT MarHH~Oe none Ha .B!lXO,ll;e·nyliKa H3 KaMepH 
CHHxpOIUIKJIOTpoua,M: roxoM B OTKJIOHRiliiiBM uarBHTe OM-I. Tiyt~oK 
tPOKYCHpOBaJICR. Ha MHme~L .ny~JIBTHOlt. KBa,ll;pynOJI&HOlt JIHH30it KJI •. 
PasMepiinyt~Kaaa wmeHH cocrasx'RJiif · 20 w.t s ropHsouranLHolt H 
30 w B BeptHKaJI!>HoR nxocKocrax; pacxo,ll;H)(ocn rv 0.5~ HHTeHCHB
uocn ·nyqxa' tV 5.IOII t~acr./c • BropHliHHe qacrH~H, HCnyllleH-
HHe H3 MHMBHH 00,11; yrJIOM B K HanpaBJIBHHD nepBHliHOrO nyqKa 
npOTOHOB, BH,ll;BJIRJIHC!> aneprypBWl KOJIJIHMaTOpOM KI (,11;JIHHOR 60 CM 
H ~a»erpou I cu). Paccroanxe Me~ MHmeH!>Il H EOJIJIHMa~opoM Kr 
COCTaBJIIlJIO ~- 2 Mo llpRMOI npOTOHHHR nyliOlt racH.JlCR B CBHH~OBOit 
3aDtHTe, pacnonozeBnoA nepe.n; MarHH:ro:U. M. BropHliHHe qacrH~, 
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BU~eneHHH6 KOXXHMarOpOM KI, orKXOHRXHCL MarHHrHHY noneu 
aaanH3HPYDillero imraHra M B KonnHMarop K2 ( ~nHaolt I u H ~aMer
poM 2 cu), pacnonoxeaault B qerupeXMeTposult 3a111HrHolt creae • 
qacrHUH, BU~6Jt6HHU6 KOJl.JtHKarOpOM K2 , npOXO~JtH qepe3 C6XnHD 
aaeyyMHoro TpaKra B qerupeXMerposolt creae H nonaMnH B nowe-
1116HHe, r~e ycraHOBJt6HU CUHHrHJt.JtRnHOHHUe cqerqHXH, Ha BUXO~e H3 
3a111Hraolt creau pasuep nyqxa onpe~enn~ca KonnHKaropo~K3 (~HHolt 
I u H ~HauerpoM 5· cu). BropHqaue qacrH~ perHcrpHposanHcL 
reneCKOnOM CUHHrHJt.JtRUHOHHUX cqerqHKOB 5_, ~ !Itt • CqerqHXH 5.., 15':z, 
6UJtH ycraHOBJt6HU H8 BUXO~e qacrHU H3 3aiiiHrHOit CreHH, a cqerqHXH 
5 3 1 511- oraeceau aa paccronHHe 5.6 M. IIyrL qacrHU or BHXOAA 
KonnHMaropa K2 ~o c11er11Hxa ·s.., H or cqerqHxa . 5:z- ~o cqerqH
xa !) 3 npOXO~HJt B Baeyywe. QqerqHitH S2 H 51f. RBnRJtHCL 

' ' ' ' ' ' ' ~ 
"6asoswH" cqerqHitaMH ~nn H~earHtPHKaUHH qacrHn no BpeMeHH npone-

m, a !)_, H. 53 - COBnaAArenLHHMH npH HHX- ~U Yll8HLm6HXR tPOHa 
cnyilallaux cosna~eHHil. .nu xoMneacanHH speMeaaoro pas6poca, 
CBR3aHHOrO C reoMerpHelt, Ka~Hlt H3 CUHHrHJt.JtRropoB 6830BLIX, cqer~ 
qHKOB 5 ;z, H 5 It npOCMarpHBa.JtCR C ~yX nporHBOnOJtOXHHX cropOH 
tiJoroyMHOXHrenawH XP-I020. Cqer11HX 5, HcnonLaosancn ronLxo 
B nepaux ceaacax H B ,lf,8.JtLHeltmeM 6un y6paH, ralt Kalt Hcc.lie~oBaHHR 
noKaaanH, qro era orKXD116HH6 He BJIHSI6T .Ha ypoB6HL tPOHa. ){nn ~ 
MOHHrOpHpOBaHHR nepBH1lHOrO nyqxa nporOHOB npHll6HRJ!CS ' _reneclton 
H3 rpex cuHHrHn~nuHoHHHX cqeHHltoB 55 7 5,, paaaeceHalix ,~~;pyr or 
~pyra Ha paCCrORHH6 I M,HanpaBJI8HHHI Ha BHXO~HOI OXHO X6ll6pLI yCXO
pHrenn B Mecre BHXOM nporoHaoro nyqxa. MoHHrop XHHeltHo aasMcen 
or HHr6HCHBHOCrH nepBHqHoro nyqxa nporOHOB npH H3M6H6HHH HHr6HCHB
HOCrH Ha ~Ba nopn~xa B6JtHqHHHo B 3ItcnepHll6HraX HCllOJII.30Ba.JtHCL 
llHmeHH Hs GL;, 1Li ,Li1J, c ·,cK2 , Al , Cu , Rh M 'P!J ; 
OHH npe~craBJta.JtH co6olt nnacrKHU pa3MepoM IOX!O·cy2 , rOJtiiiHHH BC6X 
MHm6H6lt cocraBJtRJIH "' 1,5 r/cw2 • :cocraB BC6X llHm6H61t, 3a 
HCKJtDqeHH~M MHm6HH H3 GL; ( 90%. "L; H IO% '~Li ),npe~crasnnn 
co6olt ecrecrBeHHYD cuecL Hsoronos •. MmeHH pacnonaranHCL Ha ano
MarHqecltou ycrpoJicrBe ~n HX Cll6HH, xwenriteM I2 ilJmtcHpoaaHHHX 
nono:z:eHHit. ·.. . . .· 

MaruHrHLIIt cneKrpo~terp BKnnqan B'ce6n cne,~~yn~He sne~tearu: 
aHanH3HPYDlliHit uarHHr (CII-37)', .aneprypHHit Konnin.m . .fop KI ; 
HYnynLcHue ltonnHMaropu K2 M::K3 , au~enaDIIIHe n9;ox qacrHn.onpe~e
neaHoro HM!lyJ!Lca; reJ16Clton CnHHrHXJ!RUHOHHHX c'qer_qHitQB Si-:- s,_ ' ; 
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perHcrpHpYDIIIHil qacrHnu .onpe~eJieHaoro HMnYJILca. Yron saxsara~.e 
uaraHrHoro cneKrpo~terpa, onpe~enaeMUit xonJIHuaropou KI ,.cocrasnnn 
~ G "'J 8 upa~, HllllYXLcaoe paspemeHHe uaruHraoro cnexrpoue!pa f "' I. 7%. AKcenraHc ycraaosx~ 6un paaeH ',., 50 MXcp. 

B 3ltCnepHM6Hrax HCllOJ!L30BaJ!OCL H6CKOJ!LKO BapHaHrOB 
3JleKrpOHHOit norHKH,'Ho tPyHltUHOHaJ!LHO BC6 OHH 6UJIH H~eHrHqau. Ha 
pHC.2 npHBM6H nocne~Hit B8pHaHr 3JleltrpOHHOit J!OrHKH. . ~allH· '. · /5/ 
npHUeHHAHCL craH~apraue norHqecKHe cxeuu, paapa6oraHaue 3.UHceitoM. 
CHrHanu or 6ucr-pux cxeM cosna~emrlt CCI H ·cc

2 
c' p~ap~meHHeM ·_ · . 

21: ""' IO He nocrynaJIH Ha cxewy •Bopor CC3', xoropan cpa6aruBaJia, 
ecnH speMn nponera qacrHnu He npesumano 70 He ,- qro saiie~oMo 
nepexpusaJio BpeMeHHolt ~alta3oa so seeM Hccne,zyeMoM HHrepsane 
~JlLCOB ~Jl$1 p, d.. , 3H H 3He. Buxo~olt CHri!an CXeMU cc3 orxpu-
BaJl cxeUH nponycxaaHn CIII - CII4 , xoropue nponycxann cHraanu 
or tiJopMHposarenelt 6aaosLix cqerqHKoB mi. BpeMa-aunnHry ~ue npeo6pa
sosare.o ( BAlli ,BAII2). CyiWa cHraanoB c BAlli H BAII2 noMsaxacL 
Ha aYnnHry~Hult aHanHsarop AM-4096. CHraanu ynpaBneaHa cxeu npo
nycxaHu 6JioKHposanHcL cxeMolt (CE). B reqeaHe ·MeprBoro npeMeHH 
aHanHsaropa.3ro o6ecneqHsano pa6ory· -BpeMeHHoro rpaKra 6es nepe
rpysolt, a raxxe ll03BOJISIXO 6onee ~6KTHBHO HCnOJlL30B8TL aHaJlH3a
rop npH 6onLmHX HHT6HCHBHOCTSIX BTOpHqHUX qaCTHUo CneKTpOM6Tp 
no BpeueaH nponer(~n nporoHoB C

0
HMnynr,coM !300 MaB/c B aaHxy~-

- mHXYCJ!OBHBX 'n~ sarpy3K6 B llHKe" .or ~HtPPaKUXOHHOro pacceBHHSI 
HM6Jl paapemeHHe 2't ,v 0.5 HC • IlpH H3M6p6HlfH HMllYXLCHilX. 
Cll6ltTpOB n~ep. 3H H 3He ~nn YB6JtHqElHHB CKOpOCTH MX:[llrHcrpaUHH 
H. BU~6X6HHR HX) cneKTpax no BpeweHH nponera npOTOHil H ~eltrpOHU 
no~aBJlBJlHCL 38 cqer al.lll.JtHTY ~Oil ~HCKpHMlrHaU~IH CHrHanoB or . 
cqerqifxa 53 • .[HanaaoH H3Mepnewx HMIIYJILCOB CHHsy_ orpaaHqea · 
noporou perHCTpaUHH ycraHOBKH, KOTOpUlt Onpe~enanca YM6HLW6HH6M 
~6KTHBHOCrH perHcrpaUHH H3~3a MHOrOltpaTHOrO pacceSIHH$1 BTOpHqHLIX 
1lacrHn B·aoa~xe H B CUHHTHJinaropax cqerqHltoB. IIoporoBoe 
3Hatl6HH6 HMIIYJlLCa COCTaBJISIJlO 600 MaB/c, 800 MaB/c lr 1_!00 ·M~:!Yc 
~JIB ~el\rpOHOB, ~ep 3H H 1fe. COOTB6TCTB6HHO. . .. . . 
· OnHcuBae~tail a·xcnepiD.!earanLaaa ycraaosim JR6oTaJia Ha JIHHHH 
C 3BM.1AHHCK-22!' IIOCJ16 onpe~eneHHOrci UHitlla H3M6p6HH1t_ HJIH noc.iie 
sanonHeHH$1 Be ell nallRTH aHaJIH3aropa HHilJOp)IB.UHB H3 era. nat.uirH 
no · JlHHHH CBJI3H. nepe,JtanB.nacr, B naMnrl. 3BM H · aanHclinanacl, aa Marai!r;.. 
HYD X6HTY • IIOCJ16 sroro ~aHHUe pacwmppOBbiB~HiiL H B BH~e rHCTO-
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rpB.JlM nettaTaJIHCL aa AIIDY • .)I.JUl nOJIYtteHKil axcnpeccnoA KH<lJopllB.nKK B Xl,le 

3KCnepHMeHTa KCnOJIL30BaJIKCL nporpliNW npe,l!;BapK'reJILHOlt o0pa60'rltH1 

KOTOpHe BH'IHCJIRJIH nno~~b cneKTpa no·npeYeHH nponeTa 1 HaXO~JIH - - -
B HeM nHKK 1 COOTBeTCTBYD~He pa3JIHttHHM COpTaM ttaCTK~, onpe~eJIRJIK 

ttHcno coi1HTKA B 3TH_x n!tlrtax. IIpHMeHeHHe nporpaw artcnpeccHoK 
o6pa60TKK no3BOJIRJIO.B XO~e 3KCnepHMeHTa nonyttatL HH<lJOpMa~HD _0 

- ! ' -

B~e HMnynLCHHX cnettTpOB HH'repecy~HX HaC ttaC'rH~. 

_ . Bo BtopoA rnane onHcaHa npo~e,IJYpa H3MepeaKA H o6pa6oTrta 
aitcnepHMeHTanLHHX peeynn8.ton. B npo~ecce <PopwponaHHR nyt~xa 
H ns6opa ycnoBHit aa~HTH ot npnworo npoTOHHoro nyttxa ('onTHMBJIL
uan !onmHHa 3a~HTH H3 CBHH~·nepe~ aHanH3HpYiliiiHM imrHHTOM 6sna 

(\J I M) Hac7paHBaJICR cneKTpOMeTp no speMeHK nponeTa. IIyTeM 
BBe~eHKR 3a~epxeK B KaHan nocne~ero 6a3oBoro cttetqHita K3:uepnnKcL
pa3pemeHKe, ~eHa ~eneHHR m!t8.n_s H ~ana3oH K3Mepn~x npeweH 

. nponeTa cnenpoMeTpa. Cnetttp no npe:ueHH nponeta BTOpKttHHX 
ttacTH~ c KMnynLcolol P/; = 875 M:HVc norta3aH Ha pHc.3 • .)l.anee 
npOH3BO~HJIOCL .. onpe~eJieHHe nonpaBOlt Ha npo~'leTH perKCTpH~ 
pyD~elt annapaTypH H nonpaBOK Ha MHOfOKpaTHOe pacceRHHe B MHm8HHt. 
B B03,IJYXe H CUHHTHJIJIRTOpax CtteTttHltOB • .)l.n~ 3TOfO BHIIOJIHRJIHCI> X3:Ue
peHHR C pa3JIH'IHHMH TOJimHHaJ.rn MHm8Helt BO BCeM HCCJie,IJye:UOM 
~ana3oHe mmynLcon, a Tartxe c pa3nHttHWH TOJimHHa:uH <l!Hnupon, 

. no:ue~ae:Wix nepe~ ltOJIJI~lola.TOpo:u K~ H nocxe Ctte'rttmta S:z. . • IIpll 
HCCJie~OBaHHH CneKTpOB R~ep 3H H He H3:UepRJIHCl>. ~HCKpH-
:uHHaiUIOHHHe KpHBHe ~ ~JIR onpe~eneHHR onTH:MaJIJ>HHX 3HatteHHR 
~CKpKMHHa~HK npOTOHOB H ~eRTpOHOB. ITpo~e,IJYpa . CBO~HJiaCL 
It H3MepeBHD cneKTpOB no Bpe:ueHH nponeTa npH ~HHOM 3HatteHHH 
HMnYJILCa ~R Itax,li;OR H3 HCCJie,IJYeMHX MKmenelt H 6e3 -MHmeHH Ha 

. on_pe~eneaat.iA :uoHKTop. Tartall npo~e,IJYpa no3Bonnna 
H3M8pRTL BHXO~ BTOpHqHsx ttaCTH~ H3 pa3JIHttHHX MHmeHeR B O~KHa
KOBSX 3KCnepHMeHTaJILHSX ycnOBHRX H HCKJIDttaTL-BCe BpeMeHHHe 
necTa6HnLaocTK. Bpe:un ua6opa cnettTpon no npeMeHK nponeTa 
MeBRJIOCl> B 3aBHCHMOCTM OT HMnyJILCa H yrna.BSJieTa BTOpH~BHX ttacTH~ 
H BS6Hpanocb TaKHM 1 ttT06H o6ecnettHTb Be MeHee tteM 3~-HYD C'raTHCTH
tteCttyJl TOttHocn B onpe~eneHHH nsxo~ ~eRTpouos. B CHCte:uaTH'ttecxyD 
OmH6Ky npH onpe~eJieHHH BSXO~a BTOpHttHHX ttaCTHn OCHOBBOA BKJI~ 
~aBaJIH norpeWHO~TH,. BH'lHCJieHHR <lJaKTOpa, yttKTHBaJlinero MHOro
KpaTHOe pat:ceRHHe B B03,IJYXe H B C~HHTKJIJIRTOpaX ctteT'lHKOB H BH~e
neHHil ttaCTH~ n'c~eKTpaX no Bpe:uenH nponeTa. IIonpaBtta aa uuoro
KpaTHoe' pacceaHKe BHttKcnimacL no qiopMyJiaM, BHBe~eHHW 
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IDTepaxeR:uepow(161, pe3ynLtaTs pacYeTa nponepnnKcL 3KcnepHMeHTanLHo.· 
rrorpemaocn B cinpe~eneHKH 3Tolt nonpaBKH 3an11cena oT KllflYJILca K -
M8Bilnacl> ~ll ~elttpOHOB OT 15~ ~0·1~ npH K3MeHeHHH-HMOyJILCa OT 
700 M3B/C ,J;O 1300 MaB/c, H ,JVlll ll,J.ep 3He H 3H OT 20% npH noporOBOM · 
3HatteBHH H:uflYJILca ~o 3%.K I% npx ~MnynLce 1600 MaB/c· 

· COOTBeTCTB8BHO. ·rrorpemHOCTL npK _BH~eJIBHHH BTOpH'lHHX ·. 

ttaCTH~ B cnexTpax no npelleHK np'oneTa He npenwana 0.5% ~si 
-~eltpOHOB H 10% ~JIR ~ep· 3H H 3He BO ·nceJl H3MepReMOM ~ana30He 
HKnyJILCOB.Cpe~HA aqxpettTHBHlllt HwlYJILC BTOpitttHHX ttaCTHU 1 3aper~cTpH
poBaHHSX Ha Bpevn-nponeTH!lXCneKTpaX, HaXQ-~JICil H3 OTHOmeHHR 
BeJIH'lKHS MafHHTHOrO nOJIR aHaJIH3HpyDmero MarHHTa.npK H3MepeHKH 
~HHOfO cneltTpa It_ 3HatteHHD nonll~ OTBettaJJ~eMy MaKCHMJ'MY mrKa 
~H<lJpaKUHOHHO paCCellHH!lX Ha R~pe npOTOHOB. B Xo~e 3KcnepHMeHTa B 
O,l(HHaKOB!lX ycJIOBHRX npoH3BO~JIHCL H3MepeHHil HMnyJILCH!lX cnilKTpOB 
~eATpoHoB oT _ peaKnKA p + p ~ cJ. + 1T + K p +d.. ~ p + d Ha i:no6o~HX-

· npotoaax K ~eATpoaax. CpaBHeHHe KKHe:uaTKttecKH pacct~KTaHHHX nonoxe
HKA OHKOB OT 3THX peaKnKA·c 3KCnepH:M8HTaJILHO H3MepeHIIHMH cnyXKJIO 
~ll-KOH'rpOJIIl ItaJIH6pOBKH H:MnyJILCHOA mrtans. KanH6pOBKa_mKaJI!l 
cettenHA npoBo;ulnacL no peattnKH p+p.....,.cl.+lr+ -/17/ K ;IIJIR tton~onn
no H3BecTHOliY ce'leHHD BHXO~ 3apnxeHnHX ttaCTHU -H3 R)qla '12cr' I • 
Kpo:ue Taro, _otaomeHHe nnoma~eA nHKOB ~eATpoaoB, BHneTallmKx "BnepeA" 
H "Ha3a,J;" B c.~.:u. OT p eaKnKH p.f. p~ c;l +1r+ 1 CJIYXHJIO KOHTponeM 
TOre, 'ITO ~eKTHBHOCTL ycTaHOBKH.Onpe~enena npaBHJILHO • 

. B TpeneA.rnaBe onHC!lBaeTCil nepB!lA 3KCnepHM8HTUO HCCne,J;OBa
HHD cneKTpa ,J;eltTpOHOB 1 HCnyCMeM!lX npH B3aHMO~eltCTBHH npOTOBOB C 
aneprHeA 670-MaB c n~p~ yrnepo.n:.a no~ yrnoM 6.5°. · Ha pKc.4 
nOita3aH cneKTp ~eATpOHOB 1 o6pa3YDmHXCil npH B3aHMO,J;eltCTBHH npOTOHOB 
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PKc.~. HunynLcauR cneKTp 
~eltTpOHOB 1 HCnycKaeMUX 
npH BSaHMO~el\cTBHH npOTO
HOB c 3HeprKeA 670 MaB c . 
upat.rn 12c no~ yr noll 6 .5°. 
rKcTorpawAa - pac'-ieT no 
MO~eJIH He3aBHCKM!lX ttaCTH~ 
(CM.T8KCT). ilyHKTHPBaR 

. KPHBaR - 3KcnepKMeHTanLno 
H3MepeHH!lA HMflYJILCH!ll\ . . 

+ I'· .I cneKTp ~elhpoBOB OT peaKUHH 
pd-¢1, p+p-d+.rr+. 
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c a~paMH yrnepo~. Ha srou ze pHCYHKe npHBe~eH HKnynLCHHl cnexrp 
~elttpOHOB OT peaK~HH f' + f' ~ cl. + 1T" + Ha CBO<lO~HX OpOTOHaX 
(nyHKTHpHaH KpHBaH). Ilocne~HR cneKTp COCTOHT H3 ~YX nHKOB, 
o:rBellaD!llHX Bune:ry ~elt:rpoHoB B c.~.u. "Bnepe.D;" (Pet.= !378 MsB/c) 
H "Hasa~" ( Pc:L = 859 ldsB/c). illHpHHa· nHKa "Bnepe.D;" ,.., 45 MsB/c 
xapaKrepHsyer HMnynLcHoe paspemeHHe cneKTpoue~pa. Xapax:repHoR 
oco<leHHOCTLD HYnynLcHoro cneKTpa .D;elt:rpoHoB, Hcnycmewx H3 a.D;pa12c, 
aBnaetCfi .HaTtHIIHe .D;BYX ~HKOB npH 3HalleHHHX HMOYTtbCOB !585 MsB/c 
H !360 M3B/c, KOtopue no· KHHeMRTHileCKHM coo<lpazeHHHM COOTBeTCTBYDT 
TonLKo "KBa3H~YXIIactHIIHW" peaK~HY. IlHK B paRoHe P cL = !585 MsB/c 
o<lycnoBneH KBa3HYn~yrHM pacceaHHeM npoTOHOB Ha ~YXHYKTtOHHHX . 
acco~Ha~Hax a~pa I c, :r.e. peax~elt (p.(2N) 1 o(N ). Ha<lnv~e-
Moe He<lor.Lruoe cue!lleHHe nHKa orHOCHTenLHo PoL== 1625 MsB/c, oT~ 
BellaD!llero CBO<lO~HOMY f - o( picceaHHD, COOTBeTCT.Byet> 3HeprHH 
oT~eneHHH ~eRTpoHoB ~na a~pa 2c rv 25 MsB. Hs mHpHHLI nHKa 
r = !44 MsB/c MOlmO O~eHHTL cpe~DD KHHetHIIeCeyD 3HeprHD ,IJ;BHJ:e
HHH .DJ3YXHYKTtOHHLlX MacrepoB T0, yllacTBYil!!lHX B peaK~HH •. 'l.'aKaJI 
o~eHKa npHBOW.T Y.' SHatteHI!Il T0 rv IS, MsB. ll~epeH~anLHoe celle
HHe KBas:~~ynpyroro pacceJIHHJI, HaR.D;eHHoe 1 npe.D;nonoJ:eHHH, liTo ~opMa 
COOTBeTCTBYD!llero llHKa OOHCLIBaeTCJl raycCOBLIM pacnpe.D;eneHHe~ 
COCTaBTtaeT .· . '1 

:~ [42C(p<2N>,cLNt0 A]=(2.'1~ 0.5)·A0-
2 .gf. 

IlpHBe~eHH!Ill pesynTaT cor~acyeTCJl c ~HHLI.ilH pa<lon(II. ITHK B 
palloHe IJ60 M3B/C KHHeMaTHIIeCKH COOTBeTCTByeT oC!pa30BaHHD 
~eliTpoHoB ,B peaK~HH (: p < N)'1 cl..ll": )Ha: CBJISaHHLIX HYitn<iHax 
H,!J;pa I

2c C BHTteTOM ~eRTpoHa "Bllepe)J;" B C.~.M. IlHK, OTBellaD!llHli 
BUTteTy ~eHTpOHOB "H/'!.36.)1;" B c.~.w., B HKOYTtbCHO.Y cneKTpe He 
Bu~enJie:rcSI •. :JTo CBI!SaHo, no-BH,!Unwwy, · Kalt c CHJILHL!Il ymHpeHHeM 
ero H3-3a BHYTPHII~epHoro ,IJ;BHJ:eHHH,. TaK H C BKTtfl,ltOM _pa3TtHIIHUX 
HeynpyTHX npo~eCCOB~ IlTtOJlla~ cneKTpa ~eRTpOHOB C mmynLCaiUf 

PcJ.. ~ 700 MsB/c sa BUIIeTOM nHKa .o:r peax~HH Cp<2N > 
1 

ot N) 
2 

COOTBeTCTByeT ~~ep.eH~HaTtbHOMY CelleHHD J.f) = (27 .9+3.2)I0-27CCilp 
. c/..f..:J • 

~Ta BeJIHIIHHa MOXeT CTtYXHTb BepXHelt O~eHKOR ceqeHHJl peaK~H 
. A2 c ( p < N > l cl T) 11 A. 

Jlna TOro, IITO<lU nOHfiTb OCHOBHL!e OC06eHHOCTH HllnYTtbCHoro 
ClleK:rpa 6HCTpUX ~eltTpOHOB,YLI BllllOTtHHTtH paclleTLI H)(OJJibCHL!X 
pacnpe~eneHHlt .D;eliTpoHoB, o6pasyDIItHXCJI B peait~H (p .( N )'JoLT) 
Ha HYltTtOHaX JI,D;pa. J{TtJI paclleTa HCnOTtL30BaTtOCb H)(OJJibCHOe npH6TtHJ:e-

12 

HHe B palo!Ka.X :rpexllaCTHIIHoro no~xo~, peax~n onHCHBaJiacL no cxelle 

p + (B +X) ~ B + y -r oL) 
T.e. H,!J;pO-MHmeHb paCCllaTpHBaJIOCb KaK ltOKOTteKC ~laCTH~. ]_ H X , 
pOJib llaCTHUH '>< _.?BllllOJIHJITt npOTOH HTtH HeltTp.oH, a,'(- llHOH. 
C:roJIKHOBeHHJI na.D;aD!llHX npo:roHOB c HYKJIOHaKH_paccMaTPHBanncL KaK 
CTOTtKHOBeHHH CO CB060,l(HWH He3aBHCHMWH llaCTH~MH, :.ito C YIIElTOll 
Toro, liTO QaCTH~H H,D;pa HlleDT HeKOTOpHll.HMnync. BhiQHC~eHHJl np?
H3BO,IJ;HJIHCb no MeTO.J!Y MoHTe-Hapno ~ I1Mny JILCHoe pacnp e.D;eneHHe HYKJio~ 

HOB <lpanocL B BH~e ftt"' f ( js + ?-If) . 11 npe.D;nonaranocL, .· · 
liTO ,IJ;TtJl HYJ_tJIOHOB, HaXO,IJ;IUIUIXCJl Ha S -~ 060Tt011Ke ,oHO COOTBeTCTBye:r· 
rayccoBo:wy pacnpe~eneHHD Is"' e~p (- q; /q~ ), . , a ,ltJJJI p..;o<lonoii
XH - • onHCHBaeTCJl WBK~Hell (p"''Jlexf(-9-'.l/q/l.p) .• Tip~ BHIIHCTte-

HH!tl HCnonLSOBaJIHCb 3HaQeHHJI 9s = !57 MsB/c 1t1 lip =. 94 MsB/c, 
uaJt.D;eBHHe. B. ons:rax no pacceaHHD snenpoHoB c sHepr:~~elt 600 MsB_l9( 
Tax KaK BHQHCJieBHJl He YIIHTHMJIH HaJIHIIHJl noTeH~aJibHOll JlYLl H, 
:$PeKTOB B036yz~eHHH, BJlqHcJieHHHe pacnpe,D;eJieHHJl C~BHranHCb B CTO
poHy MeHLmHX HllnyTtbCOB Ha· BeJIHIIHHH, onpe,D;eJIHelfile 3!!eprl'!eli 
CBJISH HYKJIOHOB Ha G- H p- ·· o6ano11mx ( lls -· 36 MsB, 
Qf = I6 MsB)._BHIIHcneuHoe pa9npe.D;enea:~~e aopwHposanoci. x . 
3KCnepHlleHTaJibHOMY nyTeM .cpaBHeHHfi nJIOJila,Jtelt cneKTpOB B .. HHTepBaJie 
HKOYJILCOB !200-1500 MsB/c. PesynL:ra:rs pacq·eTa npHBe~eHH na · · 
pHc.4 ·c r:~~c:rorpalllla). BH~o, tr:ro BHIIHcJieHHoe pacnpe.D;eneHHe )(ettrpo
HOB KaQeCTBeHHO cornacyeTCJI C 3KcnepHJ.IeHTaJILHHM. B 3TOll rJiaBe 
npHBO.D;JITCJI :raxze BapHaHTLI.pactre:roB . B npe.D;nonoJ:eHHH, liTO BHYTPH
JI.D;epHoe ~HJ:eHHe HYKJIOHOB .onHCHBaeTcJI pacnpe,l(eJieHHeM <Pepun 
c q. f' = 2I8 M3B/c H B npe.D;nonoJ:eHHH, QTo ceqeuHe sneMeH:r~pBoro. 
npo~ecca p+<N>~cl+lf+He ·sa.BHCHT ot 3HeprHH H.yrna •. Rs .cpasHe~. 
HHJl 3THX BapH8HTOB paCIIeTa CJie.D;OBaJIO, liTO 3KCnepHlleHTaTtbHLie .D;aH~ 
Bile CJia6o tzy.BCfBHTeJibHH K BH.iw IDmYJJLCHOfO pa.cnpe,!teJieHHH HYKJIO
HOJ{ B Jl.D;pe ~ <IJopllli cneKTpa onpe,~;eiiJieTCJl. B OCHOBHOM pesoHaHCHHM 

:xapait:repo~ noBe.D;eHHJI ceqeHHJI peaK~H (' + < N > ~o( -r 'If: -t- •. · .. · ... 
B s:r'ol z.e, rnaBe npHBO~JITCJI pesynLTaTH pac11eta HwnynLCHHX. cneupoB 
,J;eltTpOHOB'·c o<le. B_iiT~H pealt~Hp+<N>-"'d711" ... H p.+~~p-t-ol) Ha 
OCHOBe HllnYJibCHOrO npH<lJIHJ:e~HJl! llHOrOilaGTHIIHOR 060JIOIIeQHOll. ll0-
,lt8JIH, npoBe,JteHHoro B pa6o:re' 20 • · . 

• - J: : .' ~ • > • 

B 11e:r8ep:rolt rnase npHse,~;elis pesynna:rs H3llepimHii HllnyJILc~ 
HiiX cnexTpOB ,Jt8llTIJOHOB, o<lpasyeYh!X npOTOHallH .C 3HeprHelt 670iM3B Ha 
s..:pax J>,'1Li 1 C 1ClL,Rh. . 11 1'6- no,~;yrnoll6.5°: .• 
il3MepeHHHe cnex:rpw npHBe.D;eHH Ha pHc.5. B H)(OJJILCHOM cnexTpe 
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~eRTpOHOB OT ~e«TepHS XOpomo BH~eJrSDTCS TpH nKKa npH HunyJrLCaX 
1625 M3B/c, 1375 M3B/c H 870 M3B/c, COOTB8TCTBYDDtHe ynpyrouy 
f -cf.. pacceSHHD H peait~HH ( f+ <N~ -7 r:J.-+ 11" +). illHpHHH nHitOB 
ua nonyBHCOTe cocTaBnaDT ,.., . 150 M3B/c ~JIB nHxa " Ha3a,J;" B c.~.w. 
H 80 M3B/c ~s nHita "Bnepe~" B c.[l.M. Ha Bcex cneKTpax,noJiytJf!H-

. HHX Ha S!,ItpaX TBXeJiee ~eRTepHa,HadnD~eTCS TOJrLKO JU!a niiita, .O,l!;HH . 
H3 nHKOB ,npH P J.. .;. 1600 M3B/c rMOliHO,' OT!JeCTH It npo~eccy(p.QIV)11t N) t 

a ,D;pyroR ,npH PeL::: IJ60. M3B/c, - K npo~eccy ('jO< N>1 tX:fi ). .. IDHpHHH 
BCeX nHKOB npHMepHO O,lJ;HHaitO,BH H COCTaBJrRDT tv.IJ0-140 M3B/c •. 
Tax xe ,Itax H B cnyllae a,D;pa 12c i :u.eTo~oM MoHTe-Kapno· 6HJIH paccliH.: 
TaHH cnexTpH ~eRTpOHOB, odyCJrOBJieHH!le npo~eCCOM f +' <N)~o£ + 11" 
ua a~pax ']) ,1Li 1 AI 1 Cu. 1 Rh H 'P .b B HlmyJILCHOM npH6JIHX8HHH. . 
lna a~pa ] HCnOJrL30BanaCL XDJILTeHOBCitaS ~OpMa HJlnYJrLCHOrO 
pacnpe~eneHHS HyxJrOHOB ~pa~MHm8HH, ,lJ;JIS S~pa =iL! pacnpe~eJI8HH8 
dpaJiocL B BH~e I"' ~(2/s + 3 f r) , ~a ocTaJILHHX s~ep nona
ranocL, liTO HMnynLcuoe pacnpe~eneHHe HYKJIOHOB B s~pe onHcHBaeT-
ca pacnpe~eneuHeM <PepMH c ~ f! = 218 M3B/c. Pe3yJILTaTH .pactJeToB 
npHBe,lteHH Ha pHCo5 , H3 KOTOporo BH,ItHO, liTO BHliHCJieHHHe pacnpe
~8JI8HHS xopomo cornacyDTcs c 3ItcnepiDleHTaJILHHMH ~R s,D;ep J> H "fLi • 
lJIS OCTaJrLHHX a.Jiep cornacHe C 3KcnepHM8HTanLHHMH ,ltaHHHMH 
HadJID,ItaeTCS TOJILKO B 06JraCTH nHita "Bnepe.Jt". B HH3KOHiliiYJILCHOI 
odnacTH PJ.. <1200 M3B/c paclleruue ItpHBHe H.BYT HHXe 3ItcnepHMeu.:. 
TaJILHHX, npHli8MpaCCTOSHHe MeX,~ty HHMH paCTeT C YB8JIHli8HH8M MaCCOBOro 
liHCJia S!,Itpa.:meHH, qro vo:a:eT dun odycnoBneuo Bee 6o.11ee yBeJrHliHBaD-
lllH»cs BitJra,ltOJl pa3JIHliHHX MHOrOllaCTHliHHX npOlleCCOB. Ha pHC.6a 

npHBe,~teua 3aBHCHMocri. 'BeJIHliHHH Nc1.A- 6'(p<2N) 1dN)I6'(pck~ pcO 
OT lla.CCOBoro liHcna a.~tpa-:u.meHH. BeiiHliHHH NctA HMeJiT, CYHCJI 
~eKTHB.HHX liHCeJr "aitTHBHHX" JU!YXHYKJIOHHHX aCCO~Ha~HA, YllaCTBYJ- 'f 
lllHX B peaKllHH. Ha 3TOM :a:e pHcyuxe npHBe.lt~HH ,Jtauuue . .JtPyrHx pa6or1'. 

H3 PHCYHKa BHAHo, liTo Hamn ~auuue H ~HHHe .JtpyrHx pador, nonyt~eu~ 
HHe npH 6JIH3.KHX 3HalleHHSX yrJIOB. BHJieTa ~elltpOHO,B, COrJiaCyDTCS B 
npe,D;eJiax 3KcnepHNeHTaJILHHX omHdo.K. 3ItcnepiDleuranLHHe ~HHHe.xopomo 
OnHCHBaDTCS ItpHBOR NdA rv A" ' 3Hallemfe X ' BHliHCJreHHOe we:.. 
TO.ItOM HaHMeHLmHX KBa~paToB,. 6JrH3KO It I/3, liTo.roBopHT B nonL3Y 
ne_pH!{!e_pHllec.Koro xapaKTepa nponecca A(p.<2N>

1
d..N)] .. 

IIonylleHu _3HatJeHHs . x .~tns pa3JrHtJHHX y~acTxoB cneKTpoB ,D;ehpouoB, 
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-· '·. .... 

·. 

P•c.5. HllnyJILCRYe cnexTpu.~elrpouoB, HcnycxaeMHx npx B3aHMo,D;elcTBHH 

nporoHoB ~ 3Heprxel 670 Jl3B c s,~~;pan 7), 'lLJ ,At, Cu. 1 'Rh ri 7'/r 
no~ yrJIOK 6.5° • rxcTorpaKMa 11 cn.11omu~;~e KpHBue-pactJeT no Ko,JteJIH;_ 
R838.BHCJIJlHX llaCTHit B CJI8.J;YDIIIHX npe~OJIOX8HHIIX 06 HKnYJILCHKX . 
pacnpe,D;eJieHHIIX BHyrpH~epsux HYKJIOHOB: ~po ~ - pacnoe,~~;ene~ 

HHe XIl11i.TeB& ,_/•"'(tl+al. -,t ~ 6 :a} ,r.-e a.• ~~ lf:B J J, .. 320 M~B 1 
~po"L; 1-s~(s +~{p) , {s""'txp(-919~s)1 fp"'f~txp(-9/q}JJ 

. IJ5 - 9P = 100 113B/c; 11.-pa Al , Cu , 'R.#. ~ 7l&- · 
pacnpe,Jte11eHHe tepo ( 9 F - 218 M3B/c). • " 
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,JUIJI aroro HMilYJILcnue pacnpe.n;enemtJI pa36HBaJIHCL na yttacrKH rio 
roo MaB/c H noJiyttennue 3HatteHHJl cetteHHil annpOKCKMHPOBaJIHCL sa-
BHCKMOCTLD "' Ax • BeJIHttHna x paBna I/J B o6nacrH nHKa KBasH-
ynpyroro pacceJIHHJI H B o6nacrH mr&a .n;ettrponoB or npo~ecca 
( p <N /' 1 cl1r ), BIIJierar>ll!HX '~~Bnepe.n;" B c.n.Y • .ll.aJiee ~ o6nacrH 

1200 M3B/c BeJIHtlHHa X HattHHaer paCTH C yMeHLmeHHell HllnYJIL
ca .n;o snatteHHJI ~ 2/~ npH P~= 700 MaB/c. TaKoe noBe.n;enHe BeJIHqH-
nu X MOlmO 06'LJICHHTL BCe 6oJiee yBeJIHtlHBaDil!HllCJl BKJia,l(Oll B o6-
pa30BaHHe .n;eltrpoHOB Ha 6oJiee CJIOXHIIX Jl.l(pBx pa3~HttHIIX Hey~pyrHX 
npo~eccoB. TaK KaK 8 o6nacrH 1200-1500 MaB/c lflopua BllttHCJiennoro 
pacnpe.n;eneHHJI .n;eilrponoB no HllfiYJILcy co!lna.n;aer .c a:icnepHMearanL
nuu, MOniO nonaraTL, tlTO B 3TOil 06JiaCTH .n;ettTpOHll B OCHOBHOll 
pox.n;a.DTCst 3a CtteT npo~ecca ( f ( N> 1 oClT ). ll:CXO,IJ;H H3 3TOro;MoniO 
OiteHHTL ~eKTHBHOe qHCJIO aKTHBHUX HYKJIOHOB, KOTQpUe• .l(aDT BKJia,l( 
B npo~ecc (p< N) J o("JT) : 

· · H~B 

N 
. 6'(A)(If:ZOO+ /fSOO-c.-) · . 

3 ~cp ... .(o-(r)>.:+~sNb· '.. . 
(6" (p)/- cettenHe npo~eccap+p-Hltlr:ycpe.l(Hennoe no HMOYJILcnouy 
pacnpe.n;enenHr> nyKJIOHOB BHYTPH JI.n;pa (lflepMH- pacnpe.n;eneuHe), 
z + ~S Nn - yttHTUBaeT TOT. lf!aKT, tlTO tJ(p(' --"c£11'+),.. !l,o(ph ~ c/1°), 
z H Nn - ttHCJia nporonoB H neiltponoB· B JI,D;pe A. Ha pHc~ 66 ~ 

20 

10 

Nd 

N(A) 

:I.~AI> r···· 
5 10 50 100 '200 • 

a. 

~~·39.61'f~ 

~ .....•... /0:::~~:~6. 
~ .I!J,•90•6· 

. . . 

s 10 so 100 200 

I> 
A 

A· 

PHc.6. 3aBHCHYocr:r. 3qxpeKTHBnLix 
ttHcen "an:~~Bnux". nyKnonoB h,.,,. cA) 
H .n;ByxnyKJIOHHLIX acco~ua~Hil NciA ·· 
or uaccoBoro q:~~c.11a s.n;pa-uHmenH A • 
)N _ trr~<:?Nz ~rn. - r 

a '0r!""if.ct~p'oi . ·121 ~ ~ -pa-
6ora , ~ - pa6ota , I -na-
CTOJllllaJI pa6ota. 6) CfiJIOmHUe KpHBUe 

-pacqer N,,, (A) npH pasJIHttnux npe.n;
nonox:enHJIX o BenHttHne·nonnciro ce.;. 
tteHHJI .n;eilrpon:..nyuonnoro B3aHNo.:. · 
.n;eltctBHJI. ·· . ... · ~ 
x_ N = 8"(A)(1oo.:.;. /f50o g ) ~. , 
't . 1 <tr<f) ;>. l + D·S Nn 

~ 'tv • .:B'(A)(If2oo''..;. ASOo l:UJ-1 . - ,, -
.. '3111 <o cp>>. z -+ o.s N ... 

. . .. A 
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npHBe,lteH!l 3Ha1leHHJl'. N ~.H BeJ!HqHHll 
. 'N - o(A)(Too +A500 ~). 

" (8'Cp)>· z+~ . . 
Ha 3TOil x:e pHcyuxe noitasaHa~cHYocn 3qxpeKTUBHHX qJ:tceJ! . , 
HYKJIOHOB or A, pacctJHTaHHIIX na ocn·oB e llo.~teJIH rnay6epa-MapronHca12I/ · 
npH pa3J!H1lHHX suaqeuHax 6'r:J. ceqenHJI ol. - N B3alfilo.n;ellcuiu. · 
Pesy.lluars pacqeTa coBna,D;ar>T c 3KcnepHYeHTaJILHUKH snaqeHHJlllH N ~ 
npH 6' ci..I'V 80-90 K6. C ,~tpyrolt cropouu, BH.It tPYHKitHH l'l-r (A)· : · · 
OTJIK1laetcst OT nonyqaeYoil Ha OCHOBe llO.l(eJIH rJ!ay6epa-MaprOJIHca, 
3TO ll0:1:8T 6UTL CBJl3aHO C BltJ!a~Oil.~yrHX peaititHil.B HH3K03Hepre
THtteCltyll qacn . .~teltrponHoro cnenpa. Cne,zyer oTYetmL, ttto ua.iuH 
3Xcnepoeura~~ouwe .ltaHHue H pesyuraru pacqera conJ!aC~Dtca . c .ltaH
HllKH x pisyJIJ.TarBKK pacqera, n~HBe,~teHHHKH B pa6ore11 {' a raKx:e 
c pesyurarBKK pacttera pa6oru1 21. OcxoBHHe pe:iyuratH, H3J!O:a:ex
HHt B _.JICCepraztn, CBO.l(JITCst X CJle,l{ylllllelly. 

I. Cos,~taua 3ItcnepHUeHtan~onas ycranoBxa, coctoJllllaJI K3 uar
nxrnoro cneKrpoKeipa c pa3pemenHell 11 Pjp~ .... +I, 7 % H cneKTpo
lletpa no BpeYeHH nponera c paspemenHell 2 rr: ,...,. - ·o,s uc ,' 
axcenrauc ycraHOBltH cocraBJIJI.ll ....., 50 ucp. ·. Ha yctaHoBKe 
H3Y1l8HU HUOYJILCHUe cnextpU ,ltelltpOHOB, HcnycxaellllX npH B3aHilO
,IteiCTBHH nporouoB c 3HeprHeR 670 M3B c pJI~Oil Jl,ltep or .n;eRrepHJI 
.l(O CBHHta. B mHpOKOil ,uana30He HunyJIJ.COB ( 700 -' . po( ~ 
~ !700 K3B1c) no~ yrJ!aYH 6.5°, 9.5°, IJ.5° H I6°. ITpoBe.~tenu 

H31lepeHHst HllOYJILCHHX C UeKTpOB 6!lCTpUX st,ltep TpHTHSI H 3He, odpa-
3YJ>~HXCJI B p-A-coy,~tapeHHHX npH.3HeprHH nporoHoB 670 M3B. ITpe~
BapHteJ!LHlle pe3yJILTaT!l 3THX HCCJI8.l(OBaHHI npHBe.n;eHU B pa6otaxfiO,Ilf 
0XOH1lateJILHO o6pa6oraunue·pesy.llt.tatu 3THX HCCJie,ltoBaHHR cornacyr>r
CJI c .ltaHHwm pa6oru II2/ ·• 

2. BnepBwe Ha npHMepe Jl.ltpa 12c noxasano, 11ro npH B3aHKo
.n;ellctBHH !JPOTOHOB c .. 3HeprHeil 670 MaB c JI.n;pB.MH sapJI.n;y c npo:.. 
~eCCOil XBa3Hynpyroro BH6HBaHHJl .n;eiltpOHOB, Ha6JID~aBmHilCJl panee, 
npoHcxonr HHTeHCHBHoe o6paso!lau:~~e .n;ettrponoB no pealtitHH · 
p+ <N?~ot+ 1f na HYit.lloHax JI.n;ep. Ha6JID.~taelllle ,JUIJI. Jl.ltpa 12c .B 
06JiaCTH HUOYJILCOB 700-1500 M3B/c ,ltelttponu, 00-BH,ItHilOyY, B OCHOB
HOK·o6yCJIOBJieH!l Bxna~oll 3toro npo~ecca. 3ro cBJisauo c pesonanc
HUll xapaxrepoll po~eHHH OHOHOB npH 3HeprHH npOTOHOB B6JIH3H 
670 K3B. PesonancBYK ~e xapaKrepoll po~enHJI YesonoB onpe.n;enaercJI 
H lflopKa cnextpa 6HCTpHX ~elltpOHOB • 
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J. flpe~cTaBneHY peaynLTaTY HCCne~OBaHHH HKnY1ILCHHX cneKTpOB 
~ellTponoB .IVIH s~ep 1J 1 '~U 1 C 1 Ill 1 Cu. > 'Rh 11 ?l» · 
no~ yrnou 6.5° • 3uatieHHH .I~H!lxPepenW~aJIL_HHX ceqenHil .· cl- o/J. w 
nponecca A (('<2N>1d.N) 1l ~fo2'7t~ennue B Ha.JIHX pa6oTax, corna-
cyDTCH C ~HHHMH ~yrHX pa60T ' .·flOJIYti8HH 3HatieBHH ~!lxPepeH-
ItHaJILHHX CetieHHil o6pa30BaHHH~ellTpOHOB B ,11Hana3oHe HKnY1ILCOB 
700-1500 MaB/c, KOTopHe uoryT cnyun Bepxaelt oneHitolt :exna,lla.. 
nponecca ( p < N >1 ·d.. 1f . · ) B"'oispaao:eaaile ,~;eltTpoHoB. 3aBH
CHilOCTL .I~Hifxl!epennHanLHHX cetieHHI nponecca A Cp<2 N > 1 d. N) B 
HYee:r BH~. rv A1/ 3 • ,llns ocTMLHolt tiaCTH _mmyiJ.cnoro cnexTpa 
~eiTpOHOB 3aBHCHilOCTL cetieHHH OT A BOCHT 6onee CJIOXHHI xapaKTep 
H MBHH8TCH OT I'V. A1/ 3 npH P~~ 1400 ).13B/C ~0 ·,.; A2/3 ·. npH. ·. 
Pd. - 700 MaB/c. . · · . · .. · 

4~. 3KcnepHileHTaJILHH8 MHHYe ~1IH JlerKHX Jl,ll;ep ~I "~Li 1 ( 

~OBOJILHO Xopomo OnHCHBaDTCH B paMKaX M0~8JIH He5aBHCKMHX qacTHlto 
,ll1IH 6onee TJIX8JIHX ~ep A(, CIA. ,1-.h .,~ cornacHe peaynuaTOB pacq_eTa 
c aKcnepHMeHTaJILHHMH ~aHHHMH aa6nD;rae:rca ±oJii.xo :e secTxolt, qacTit 
HKnY1II>CHOrO cneKTpa Pc( ~ 1200 JiaB/c. c YM8HI>m8HHe_w HMnynl.ca, 
pacqeTHHe 3HatieHHJI npOXO~HT HHSe 3KCnepHMeHTaJILHHX, npHqey paa
HHnB. yBeJIHqHI!aeTCHC pOCTOM llaCC!l H~pa. 3To, no:.BH~OMy, i:BJI3aHO 
c yBenHtieaHeM BKna;ra' MHorotacoiJiqnJix nponeccoB c pocro»A. · . ·. . · 

5. npoBe~eaaHit no Mo~enH rnay6epa~MapronHca pacqe± a<WeR
THBHHx QHCen "aKTHBHilX" HYK1IOHOB cornacyeTCH C 3KCriepHMeHTaXLHWH 
3Hat~eHH.IDIH. 3THX renHtiHH npH npe~onoJ:eHHH, q.fo o6paayD~Hecil 
~eltTpOH!l CH1ILHO B3aH.IoiO~eltCTBYDT C H~epHW BeUieCT:BOU. 3TOT.pe3yJIL
TaT yxaauBaeT · ua To, liTo· nepH!flepHt~ecxHRica.pax!ep 'nponecca KBa3H- · 
ynpyroro BH6HBaHHH ~elt:rpOHOB CB.R3aH ._, 00-BH.JiHUOMy, He C xapax
TepoM pacnpe~eJieHHSI. ,Jg~yxayKJIOHH!lX aCCOitHaitHit B. SI~aX, a C CHn:hH!lM 
HX nOr1IOUieHH8M B SI~epHOil BeUieCTBe.. , . . . 

MaTepHan, nonoJreHHI>Il! B OCHOBY ~HCCepTattHH, ony6nHKOBaH 

B pa6oTa/7 ' 8{ a :raKJ:e B pa6o~al 10,1Jl H ~OKJia,li;HBaJICS Ha cecCHH 
OT~eJieHHSI sr~epnolt !f!H3HKH AH CCCP (JieHHHrpa~, 1969), m H 1Y Me:r,D,y
Hapo~CIX KOH!flepennHsrx no !flH3HKe sl.icoKHx aueprHit H CTPYKType s,IJ)Ei 
(H~>~RopK, cen:rn6pL !969 r. Ii .Ity6ua, ceau6pL I970 r.). · 
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