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·@ Epe11ai. c1e11ii t1111a11'fec1e11ii llHCT11Tyr. 197 8 

BBe;n;eaue 

Pa6oTa nocBH~eHa uccJie;n;oBaHHm pacna;n;HblX xapaKTepHCTHK 

ruraHTcKoro ,l'.U!IlOJI.bHOro pesoHaaca a;n;pa 32s • HsyqeHHe SToro 

a;n;pa npe;n;cTaBJIHeT 6olll>molt HHTepec no cJie;n;yro~u npHqHHa.M: 

I. nJIH ;n;aHHOro a;n;pa HMeIOTCli 06CTOHTeJlbHHe pacqeTH npouecca 

woTopac~enJieHHH, nosBOJIHDJllHe ;n;eTaJll>HO cpaBHHBaTD TeopaD c 

SKcnepuueHTOU. PacqeTH BHilOJIHeHH KaK B paMKax Tpa,l'.UIUHOHHOro 

qacTHqHo-;n;HpoqHoro no;n;x:o;n;a [I-5] ' TaK H c yqeTOM B38HMO;n;elt-

. CTBHH COCTOHHHit "o;n;aa qacTHl.\8:-0;n;Ha ;n;HpKa" c COCTOHHHHMH 6oJiee 

CJIOlKHOit npHpO;n;H [6 '?] . 
2. HayqeHHe woTopac~enJieHHH 32 S nosBOJIHeT npoBepHTD cnpa­

Be;n;JIHBOCTD KOHu·enl.\14H 11 KOHW14rypaUHOHHOro pac~enJieHHH11 rHraHTCKOt . 

ro. peaoaaaca ;n;JIH a;n;ep Id ~ S 060JIOt{KH [8] • CorJiacHo STOit 

KOH1.1enl.\l4H OCHOBHHe xapaKTepucTHKH ~OTOpac~enJieHHH HeuaruqecKHX 

JierKH:X H;n;ep onpe;n;eJIHDTCH pas;n;eJieHJleU no 3H8pl'HH ;n;Byx THilOB 

SJieKTpuqecKHX ;n;i.tnOJIDHblX nepexo;n;o» - HS HesanoJIHeaaolt BHemael 

a aanoJIHeHaolt BHyTpeaael o6oJIOllKll. HayqeHHe a;n;pa 32 s B STOU 

·-'!-



nnaHe BeCbMa lilHTepecHo, TaK KaK ;zi;pyrlile li?aHTOpbl,KOTOpble MOryT 

oKaSblBaTD cy~ecTBeHHOe BRlilflHRe Ha wopMMpoBan111e 111 pacna;zi; r111 -

ranTcKoro peaoHaHca (Hanp111Mep ;zi;ewopMaUlilH 111 111aocn111HOBble aipqieK­

Tbl) B ;zi;aHHOM cnyqae Hecy~eCTBeHHbl. 

Bonpoc 0 poJIM paan111qHwc KOH~lilrypau111n B wopMMp OBaHlillil lil pac­

na;zi;e BblCOKOBOS<5ylK;zi;eHHblX COCTOflHlilH H;n;pa 32s • TaKlfte KaK lil ;zi;py­

r111x H;n;ep lilMeIDJJIMX HeaanonHeHHYID o<5onoqKy, OCTaeTCfl B HaCTOH~ee 

BpeMH OTKpblTblM. ~BH OTBeTa Ha STOT BOnpoc He0<5XO;zi;MMO nonyqe­

lil1e IIplilHl.Ulm!anbHO HOBOH 8HCIIep111MeHTaBbHOi'i 1rnwopMau1rn. Ka.ca­

ID~elicH pacna;zi;Hwc xapaKTeplilCTlilK BblCOKOBOa<5ylft;n;eHHNX COCTOHHlilH 

aTOMHblX H;n;ep, TaK KaK li!MeHHO pacna;n;Hble xapaKT6plilCTHKH HecyT B 

ce<5e lilHWOPMauHID 0 nplilpo;zi;e 8Tli!X COCTOHH>dl •. 

TaKaH lilHWOPMaUHH MOlfteT 61i1n rronyqeHa HS cneKTpOB 4oTo -

HyKnOHOB, lilSMepeHHblX IIPlil <5JlM3KlilX SHaqeHlilHX Bepxnea rpaHli!Ubl 

TOpMOSHOro crreKTpa. ~eHCTBHTeHDHO, Ha<5op 8HepreT111qecKli1X cneK­

TPOB ~OTOHyKnoHOB (Hanp111Mep woTonpOTDHOB) MOKHO npe;zi;cTaBHTb B 

Blil;n;e cne;n;yfil~en c111cTeMbl JrnHeaHwc ypaBHeHHtt 

Nd ( ) m ( ma.l< 
p E Pi. = L 6 ( E ~ i.I~ ) . w E 1f l K , E is i ) 

K•1 <J 

Npj (E Pi. ) - cneKTP WOTonpoTDHOB, HSMepeHHbli'i 

(I) 

r~e ;zl;JIH 

d -ro TOpM03HOro CIT0KTpa (TOpM03HOro cneKTpa c BepxHett rpaHlil-

f ffiQ.}( ( 

uett irJ ) lil HOpMHpOBa.HHbtl! Ha p,oay 0 -ItianyqeHHR,E) F~i11:) 

- ceqeHHe napuuanbHOM WOTonpoTOHHott ·peaKu111111, Kor;11a KOHeqHoe ' 
mQ.)( 

n;zi;po ocTaeTcH B cocTO~HlilH c aHepr.1t2eM E,.. , a W(E~lK, E ~ ~ ~ 

- crreHTP TopuoaHoro Hanyqemrn. 9Hepr:r.rn Epi · B~neTeBmero npoTo- . 

Ha CBHSB.Ha c aHepr;iJeti E~iK norJio~eHHoro <J!OTOHa .H aHepr111ea EK 
icoaeqHoro H;n;pa coOTHomelilileM E Pi. = A -1 • ( E ... · ... - f) - E ) . A. . ul" p icv

1 ~~e Bp B A·- · aHeprHH 0T;zi;ene1ma npoToaa H tUICJIO HYKJIOHOB B a;zi;- . 
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pe -MM l!le Hlil • 

3Haa E f( Iii pelllaH ClilCTeMy ypaBHem1a (I), MOlKHD onpe;zi;eBHTb 

~eqeHlilfl o6pa30BaHHH KOHeqnoro H;n;pa B paanHqHblX COCTOHHlilHX B 

peaynbTaTe BblBeTa HyKnoHa. To o<5cTDHTenbCTBO, qTo cneKTpocKo­

nlilH HHSillHX COCTOHHlili'i H;n;ep BllROTb ;zi;o ;zl;OBOHDHO 3Haq111TenbHblX 

8Heprlili'i 111ayqena, Il03BOBHeT lil8 TaKlilX ;zi;aHHblX nonyllli!Tb lilHWOpMaUHE 

0 np111po;zi;e BblCOKOB03<5ylK;zi;eHHblX COCTOHHlilH a;zi;pa-W!IWeHlil. 

AHanornqHyE lilHWOPMaulillo MOEHO nonyqli!Tb H :1113 Cil6KTpOB Q -KBaH­

TOB, lilcnycKaeMblX KOHeqHbL\UI H;n;paMlil. O;n;HaKO B STOM cnyqae Ilplil­

XO;zi;MTCH pelllaTD cnOlKHYID npo<5neMy yqeTa KacKa;n;HblX ~ -nepexo;zi;oB, 

KOTOpble aanyTblBaIDT KapTlilHY B036ylK;zi;eHliltt B KOHeqHOM H;n;pe. Kpo1.1e 

Toro, nplil lil3MepeHMlil cneKTpOB Q -KBaHTDB HeB03MOlKHO yqecTb ;zi;o­

JlM nepexo;zi;oB Ha OCHOBHOe H TaKlile B03<5yllt;zi;eHHble COCTOHHlilfl KO­

HeqHoro H;n;pa, KOTOpble ·pacnonolKeHbl Bbl!Ile HyKnDHHoro nopora. 

~Mero~aHCH 8KCileplilM6HTaRDHaH lilH~OpMaulilH no ~OTOpac~enneHHID 

H;n;pa 32.s B OCHOBHOM KacaeTCH a~eKTlilBHblX ceqeHHH [9-18] lil 

cneKTPOB WOTOHYKROHOB, 111a1.1epeHHblX Ha nyqKe TOpMoaHoro HanyqeHlil~ 

Ilplil OT;zJ;eRcHblX aaaqeHlilHX BepxHeH rpaHlilUbl [2 •19-221 (HCKnroqeHHe 

COCTaBnfleT pa6oTa [23 ] • B KOTOpoa lil3MepHJlMCD ~OTOHei'iTpOHHble 
IT)Q.J( 

cneKTpbl ;zi;BH E ~ = 16-32 MaB c waroM 2 MaB). 9Tlil ;zi;aHHble 

i He Il03BORHIDT c;zi;enaTb O;n;H03HaqHoro BblBO;n;a 0 BHna;zi;e paan111qHblX 

KOH~rypau111li B wopu111poBaH111e r111raHTCKoro peaoHaaca a;zi;pa 32S • 

B HacToa~ett pa6oTe ;zi;nH HayqeHHH rzraHTCKoro ;zi;HllORDHOro 

peaoHanca H;n;pa 32s lilSMepHBHCD cneKTpbl woTonpoToaoB np111 
. mo..ir 

<5RHSKlilX aHaqeHlilHX E Cl' • BecbMa BalltHblM oC5cTOHTenbCTBOM 

HBBH0TCH TO, qTo -'.lOTOHHl:i!ii KaHa11 . HBnHeTCH OCHOBHblM KaHaJIOM 

pacna;zi;a !'HraHTCKoro peaoHaHca a;zi;pa 32s . IIoaToMy ero 1rny­

qeHHe ll03BOnHeT nonyqHTh HaH<5onee nonHyD lilHWDPMaulilD 0 I'HraHT-
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CKOM peaoHaHce AJ!.H 3TOro .H~pa. 

MeTo;zu1xa SKcnep.lllueHTa 

l'i 3Me pe IDIH Bl:llIOJIH.HJlHCl> Ha nyqKe TOpl>l03HOro H3JIY'l'.8H.lll.H 6e­

TaTpOHa HlUiff~ MI'Y. Cxeua axcnepHueHTaJll>HOH ycTaHOBKH npJrrne~eaa 

B pa6oTe [24 J • MHmeaI> .lll3 !4CcJie,eyeuoro BellleCTBa ( 32 s ) pac­

noJiaraJiaCI> B U8HTpe Ba.KYYYHOH KB.Mepb! napaJIJieJll>HO nyllliy Q -KBB.H­

TOB. OHa 6b1Jla IlOJiyqeHa nyTeu HailblJI8liHH B Ba.Ryyue XHYl/l'l'.eCKH 

'l'.HcTo~, pacnJiaBJieHHO~ cepli Ha noJIHaTHJ1eHoBym no~olltKy. ToJicilllaa 

HanblJieHHOro CJIO.H COCTaBJ!HJia 7 ur/cu2, TOJIIIU!Ha IlOJlH3THJieHOBO~ 
IlO~OllCKH - 0,3 ur/cu2. ~OH OT llO~OllKH COCTaBJI.HJl ueaee 3% OT 

IlOJlHOro BblXO~ npOTOHOB. ~30TOllH~ COCTaB MHllleEW 6liJI CJie,eyro-

IIUIM: 325 - 95%, 33s - 0,76%, 345 - 4,22%. 

IlpOTOHli perHCTPHPOBaJIHCl> noJiynpoBO.lUl.lllK~BliM KpeYHH8BliM AeTeK­

Topou c noJieaaott IlJIOill~~ 100 uu2 H TOJIIIUIHOH 'l'.YBCTB!4TeJ1I>HOH 

06Jl8.CTK 3 MY, 'l'.TO Il03BOJ11UIO perHCTPHPOBaTI> npOTOHbl c aaep­

rHett AO ~o MaB. JJ.eTeKTOP pacnoJiaranc.H IlOA yrJIOY 90° K nyqKy 

~ -!43J1yqeHHH Ha paCCTOHHHH 3 CY OT MHlll8HH. n.Jlll y1iteHI>lll8HHH 

~6paTHOrO TOKa A8T8KTOP OXJiaa~JICH . STO ll03BOJlHJl0 YJIY111llltTl> e r o 

aHepreTxqecKoe paapeme H.llle . 

~WIYJII>CH c AeTeKTOpa rrocne YCHJI8HlllH H BpeMeHHO~ C8J18KIUIH 

llOCTynaJIH Ha BXOA 40%-Ka.Hani.eoro awnm Ty.lUIOro a.HaJIH3aTOpa TH-

na " Intertechnique" . IloJIHoe aaepreTHqecKoe paapemeea• 

Bcer o a.neKTPOHHOrO TpaKTa, BKJlllllaH AeTeKTOp, He npeBLllllaJIO 

100 KaB. SaepreTHqecKoe paapemeHHe aKcnepHueHTa onpeAeJIH.noc~ 

TO.JilllHHOI 1111meHJ1 H COCTaBJIH.JIO 200 K3B )lJlS npoTOHOB c aaeprHel 

5 MaB. 

c llOMOIJlJ>D OllHCaHHOi ycTaliOBKJI 6HJIK H3MepeHH cnexTpli ~OT0-
32 m a.w npoTOHOB 11a HAJlll S )tJIH cJie~lllIIJIX aaa11emdl E ~ 17. 0, 

=b-

17.6, 18.3, 19.0, 20. 0, 21.0, 22.0, 23.0, 24.U, ZS.O, 26.0, 

27.0, 28.0, 29.0 H 30.0 MaB. 

06pa6oTKa SKcnep.lllueHTaJII>HblX AaHHWC H peayJII>TaTbl. 

HopMHpOBaHHhle Ha AOay ~ -HaJiy'l'.eHHH npoTOHHble cneKTphl, 

rrepeBeAeHHlie Ha paBHOuepHyro aHepreTHqecKyro ceTKY c maroM 

50 KaB,· npHBeAeHli Ha p.lllc. I Ill 2. CTpeJIKaM.lll yKaaaHbl MaKCHMaJII>Hhle 

3Hepr.lllH npOTOHOB, Bb!J!eT KOTOpb!X paapemeH no KHHeMaTJllqecK.lllM 

coo6pa~eHH.HM. B cnexTphl 6Wla BBeAeHa rronpaBKa Ha norJiomeHHe 

npoTOHOB B wtmeH.lll. 

nJl.H Onpe~eJieHH.H H3 CTieKTpOB IlpOTOHOB ceqeHHH peaKIU1H 

325( ~ , P) 3lp c 06paaoBaHHe1.1 KOHeqHoro H~pa B paaJI.lllqHh!X 

COCTOHH.lllHX He06XO;IUIMO 3HaTI> TIOJIOlleHHe HaH60Jiee CHJll>HO aaceJIR­

eub!X COCTO.HHHH. nJlH HaxOX~eHHH TBJWX COCTOHH.lllH 6blJI HCTIOJll>30BaH 

MeTOA, npe~oxeHHb!H B pa6oTe (25 ] • OH 3aKJ!IDqaeTCff B TIOJiyqeHHH 

pa3HOCTH!iX npOTOHHb!X cneRTPOB Ill nepeXOAe B HHX B aaBHC.lllMOCTH 

OT 3Hepr.lllH B036y~A8HH.H KOHeqHoro HApa. CyuM.lllpOBairne pa3HOCTHb!X 

cneKTpOB ll03BOJIHeT c xopomeM CTaTHCTJllqecKOM TOqHOCTb~ TIOJiyqHTl> 

pacnpeAeJieHHe AOJl.lll nepexOAOB Ha paaJI.lllqHble COCTO.HH.lllH KOHe'l'.HOro 

HApa ]UIH BCeH Hccne,eyeMOM 06JiaCT.lll 3HeprHI B036YXA8HHH. ST.Ill 

pacnpeAe.neHHH AJIH pa3Jl.lll'l'.Hb!X 06JiacTeM 3HeprHI B036y~A8HHR HApa­

MHlll8HH (17.0-20.0, 22.0-30.0 Ill 17.0-24.0 MaB) npHB8A8Hbl Ha 

plllc.3 Ill 4. I'OpH30HTa.JII>Ha.H lliKaJia Ha 3THX pKCyHKax COOTBeTCTByeT 

3HeprHH B036yXA8HHR KOH8'l'.Horo HApa, BepTHKaJII>HaH - qJllCRa.M rrpo­

TOHOB. 

ITOCKOJ!I>KY MaKCHMaJ!bHhlH mar no E. ma.JC 
r 6blJI paBeH l MaB, 

TO paaAeJieHHe nepeXOAOB Ha YPOBHH KOHeqHoro HApa, paccTOHHHe 

1t18XAY KOTOpiiMH M8HI>me 3TO~ BenH~HH, 6HJIO H8B03MO~Hb!M.8TO 
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03HaqaeT, qTo B ,ll.aHHOM 3KCnepHM6HTe MOrJIH 6hlTl> Bhl,ll.eJieHbl nepe­

xo~ Ha OCHOBHOe, rrepBOe (I,27 M3B) H BTOpo'e (2,23 M3B) B03-

6ylK,iJ.6HHI:ile COCTOHHHH KOHeqaoro H,IJ.pa 3Ip. Ilpa 6om>.max 3Hepramc 

B036ylK,iJ.6HHH KOHeqHoro HApa MOrJIH 6I:iITl> BI:iIAeJieHI:iI nepexO'Ahl Jll!Wl> 

Ha rpynnhl COCTOHHHtt, neHTPI:il THlK6CTH KOTOphlX OTCTOHT 'APYr OT 

,ll.pyra He Meaee qeu Ha I MaB. Pacnpe,IJ.eJieHHH, rrpHBe'AeHHhle Ha 

PHC.3 H 4, HCHO yKa3hlBaIOT Ha npHCYTCTBHe nepeXO,ll.OB B OCHOBHOe, 

nepBoe H BTOpoe B036YlK'AeHHhle COCTOHHHH H'Apa, a TaKlKe Ha rpynn~ 

COCTOHHHtt c 3HeprHHMH 60JII>me 3 MaB. KoppeJIHnHH B IlOJIOlK6HHH 

MaKCHllYMOB pacnpe'AeJieHHtt H ypOBHeM KOHeqHoro H,ll.pa 3Ip oco-

6eHHO OTqeTJIHBO 'A6MOHCTpHpyeTCH pHc.3a, Ha'KOTOpOM pacnpe'Ae­

JieHHe 'AO:IDI nepeXO'AOB Ha paaJIHqHhle COCTOHHHH KOHeqHoro H'Apa, 

nonyqeHHOe A~H o6JiacTH aHeprH!l Boa6yEAeHHH HApa-MHmeHH I7.0-

20.0 MaB,cpaBHHBaeTcH co cxeuott ypoBHett HApa 3Ip. 

~a pHC.3 H 4 BH){Ho,qTo DOMHllO nepeXO'AOB Ha nepBHe ABS BOS­

dya;;u;eHHHX COCTOHHHH 31P xopomo npoHBJlHllTCH ~epexo~H Ha_~PYUUH 
COCTOHHHA c neHTpaMH THlKeCTH 3.3, 4.8 K 6.9 MaB. 06JiaCTl> 

SHeprH~ BOa6ylK,IJ.eHHA B KOHqeHOll H'AP6 7.0-I5.0 MaB 6I:iina paa6HTa 

Ha ,IJ.Be qacTH: 7.0-II.O H II·..0-15.0 MsB • I'pynrrhl ypoBHe!l,pacno­

noaeHHHe npH 3THX sHeprHHX 6Wlll aB.MeHeHhl 'AB;piH mHpOKa.wir cocTo­

HHHHMH c neHTpaYH THJCeCTH 9.5 B I2.5 YaB. TaKHM o6paaou B 

Aan»Hettmeu aHaJIHSHpOBaJlllCl> nepexO'A:bl Ha CJieAYIO!llHe YPOBHH {HRH 

rpynnI:iI ypOBHett) B KOHeqHOM H'Ape 3IP: 0, I.27, 2.23, 3.3, 

4.8, 6.9, 9.5 14 I2.5 M3B (llOCJ16'AHBe ·5 SHeprHtt HBJIHIOTCH neaTpaJIJI 

THl!eCTH rpynn ypOBHett). IlOJIOlleHlle Bhl6paHHI:ilX YPOBHett OTueqeao 

CTpeJIKaMJll Ha pHc.4. ~s pHc.3 TaKze xopomo ~AHO, qTo npH,yBe­

mrqeHHH saeprHH Bos6y•AeHHH H'Apa 32s OT !7.0:22,0 B 22.~30.0 
MaB HaqxH&J>T npeo6Jia.AaTI> nepeX~'A:bl Ha BHCOKOpaCilOJIOlleHHHe COCTO,-
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HHHH KOHeqHoro HApa. 

~3 ypaBHeHHH (I) MeTO,ll.OM HaHMeHI>illlllX KBaApaTOB 6HJilll noJiy­

'!eHhl napnHaJil>Hh!e <j}OTOilpOTOHHhle ce'!eHHH (ce'!eHHH peam~Hlll 

32 s ( 0' p )3Ip c o6paaoBaH!lleM KOHetIHoro H'AP8 BO Bcex BH6paHHHX 

HaMH ypoBHax). STH cetieHHH npHBe;11eHh! Ha pHc. 5 H 6. A6coJIIOTHhltt 

1.1acmTa6 ce'!eHH!l 6HJI rronytieH aa cpaBHeHHH cyMMapttoro BhlXO;lla 
ma.J< 

rrpoTOHOB rrpH E ~ = 22, 0 MaB c rrp11BeAeHHhlM BhlXO'AOM, 11a1.1epeH-

HHM B pa6oTe [I6] • IlOCKOJII>Ky Heorrpe;n.eJieHHOCTl> B SHepreTH'!eCKOll 

ITOJIOlKeHHH BH6paHHhlX Ha.Mil ypOBHell B03pacTaJia 110 Mepe yBeJIB•1eHHH 

HX atteprHH , rrpH pac'!eTe Bcex ceqeHHli ·aa HCKJIIOqeaHeM ce'!eHHH 

nepexo;n.a B OCHOBHOe COCTOHHHe B crreKTpax 6HJIO rrpOlll3Be,IJ.eHO 

crnalltHBaHHe raycc11aao!l, IlOJiyWHPHHa KOTOpO~ COCTaBJiffJia 0.2, 0.4 

0,6, 0.8, r.o, I.2 Ill I.4 M3B ;D.JIH ce'!eHH~ rrepexo,IJ.OB COOTBeT­

CTBeHHO Ha ypoBHH I.27, 2.23, 3.3, 4.8, 6.9, 9.5 H 12.5 MaB. 

SaepreTHtiecKoe paapemeHHe rrapnHanI>HhlX ce'!eHHll onpe;n.eJIHJIOCI> 

TpeMH <)}aKTOpaMH - SHepreTHtieCKHM paspemeHHeM npOTOHHhlX cneK­

TPOB, CTerreHI>ID HX crJialltHBaHHH nepe'A pactieTOM cetieHH~ H mHpHHO~ 

06JiaCTH 06~eA14HeHHH COCTOHHlllll KOHeqttoro H'Apa, rrpHqeM, 3a HC­

KJIIOqeimeM ceqeHHH rrepexo;n.a B OCHOBHOe COCTOHHHe, ;D.Ba IlOCJie;D.HHX· 

<)}axTopa 6liJIH orrpe;n.eJIHID!llHMH. OneHKH aHepreTH'!ecRoro paspemeHHH 

'AJIH paaJIB'!HhlX rrapuHanI>HHX ceqeHH~ npHBe,IJ.eHhl B Ta6JIBne I. 

B Ta6JIHUe 2 IlPHBe'AeHH BepOHTHOCTH o6pa30B8HHH KOHe'!HOro 

H,ll.pa (31P) B Bhl6paHHhlX H8Mlll COCTOHHHHX (rpynrrax COCTOHHHH) 

;D.JIH BCeli HCCJie;D.OB8HHOH 06JiaCTH SHeprH~ B036yM,IJ.eHHH H;llpa 32s • 

CyMMHpoBaHHeM rrapuHaJII>HlilX ceqeHHli 6b!JIB rroJiytieHH: 

I . CyMMapHOe ce'!eHHe rrepeXO'AOB Ha OCHOBHOe H HH3KOJI6lK8.JllH6 

COCTOHHHH KOHeqHoro H,ll.pa c SHeprHRMH B036ylK;n.eHHH BITJIOTl> ~o 

4 . 8 MaB • 
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2. CyMMapHoe cetiemrn rrepexo,n;OB Ha BhlCOK01!elKal!ll1e COCTOHHl1H 

KOHetJHOro H,n;pa c 3Heprl'IRMJ.f B03CiyJK,n;eHJ.fH 6.9-12.5 M3B. 

3. II011Hoe cetieHJ.fe peaKJ . .\J.f>f 32 5 ( 1f, p )3lp. 

8TJ.f cet1eH11H rrpJ.fBe,n;eHhl Ha p>fc.7. KaK BJ.f,n;Ho J.13 3Toro p11cyH­

Ka B cy 1.1MapHOM cetJeHJ.fJ.f qJOTOIIpOTOHHOtl peaKI\lillil OTtJ6T1l!llBO rrpOHBJlH­

IDTCH tJeTh!pe 0611acT111: H!lllKe 17.4, 17.4-20.2, 20.2-23.4 j.f 23.4-

30. 0 Ms:a. B Ta611li!I..\8 3 rrpl'!BO,n;HTCH BepoHTHOCTl'l pacrra,n;a ,n;11H 

KalK,n;Otl lil3 3THX tJ6Thlpex oCinacTetl Ha pa31!!11tJHhle COCTOHH!llH KOHeq­

HOro H,n;pa. KpoMe Toro, HaM111 Cihl11111 pacct111TaHhl: 

I. [.\eHTp THlKeCTJ.f CYMMapHoro cetJeH!llH nepexo,n;OB Ha H!ll3K0-

1!elK3l!ll16 COCTOHHl'lH KOHetJHOro H,n;pa c 3HeprHHM!ll 0-4.8 M3B. OH 

OKasancH paBHhlM 20.2±0.2 M3B. 

2. l.\eHTp TfllK6CT!ll CYMMapHoro cetJeHitHI nepexo,n;oB Ha BhlCO­

KOJlelKalll!lle COCTOHHl1H KOHetJHOro H,n;pa c 3Hepr!llHM!ll 6.9-12.5 M3B, 

OH oKasancH paBHblM 23.7±0.2 MsB. 

OCicyJK;ne H11e 

AHa1111a 8Kcrrep11MeHTanbHhlX peaynbTaTOB npoBo,zmncH Ha ocHo:aa­

Hl1l1 CII6KTpOCKOIIl1tJ6CKl1X ,n;aHHblX 0 ,llblpOtJHblX COCTOHHl1flX fl.1(pa 3Ip, 

rronyl!eHHblX B peaKUHl1 II0.1(XBaTa 32s (d,3He)3Ip [26]. HHqJOp­

M3Ul1fl 06 OCiHapylKeHHhlX B 3TOtl paCioTe ,ll;blpO!!HblX COCTOHHl1HX rrpl1Be­
,n;eaa Ha p11c.4 (11cc11e,n;o:aanacb 0611acTb aHeprHiii :aoaCiyJK.1(6Hl1H HlillKe 

IO Ma:a :a H,11pe 3Ip) BMecTe c pacnpe,n;e11ea11eM ,n;o1111 rrepexo,11o:a Ha 

pa31!l1tJHble COCTOHHl1fl H,n;pa 3Ip, rronyqeHHble B HaCTOHmeiii paCioTe 

.n;nH peaKu1111 32s (0 , p )3IP. B11,n;ao, t1To MeJK,n;y ,n;aHHhlMlil HacTOH­

meiii paCioT~ 11 paCioThl [26 ] 11MeeTcH xopomaH KoppenHUHH. Ha ,n;aHHblX 

peaKUHH rro.1(X:aaTa cne,n;yeT, !!TO nep:able T·pH coc:r-oHHlilH H;n.pa 31p 

flB1!HIDTCH 'AhlPO!!HhlMlil COCTOHHl1HMl1. TaK OCHOB~Oe COCTOHHlile H;D.pa 

3Ip (I/2+) - STO ,n;blpKa :a no.7.106011otIKe 2 S 112 , rrep:aoe :aosCiylK,n;eH-

-·IO-

HOe COCTOHH!lle (3/2+) c 3Hepr11etl 1.27 M3B - 3TO ,ll;hlpKa B rro,n;-

06011ot1Ke l cl 3/2' BTOpoe B03Ci,YlK.1(6HHOe COCTOHH!lle (5/2+) c 3Hep­

r1rniii 2 .23 M3B - 3TO B OCHOBHOM ,ll;hlpKa B rro;11060110t1Ke l cl 5/2. 

8Tl1 BblBO,ll;bl IIO,ll;TB6plK,n;aroTCH l1 pesynbTaTaM!ll paCiOThl [28], B KOTO­

potl ,ll;Jlfl H,1(ep c A = 30-35 B paMKax MO,ll;611!11 06011ot1eK co BCeMl1 

paspemeHHblMH IIP!llHUl1IIOM Ilay1111 KOH~11rypau11HMl1 (IS )4 (lp)I?. 
n, nz n3 

(IQ. 5/2) , (2S I/2) (Id 3/2) , ,n;nH KOTOpbOC 11. 1 ~ ID,Cih111li! 

rro11yt1eHhl B01IHOBhle tlJYHKUl1l1 H!lllKH!llX cocTOHHl1tl rro11olK!1Te11bHOit tieT­

HOCTl1. TaKl1M o6pa30M, rro11yt1eHHble HaMH aqxlJeKTl1BHble C8tJ6Hl1fl pe-

3KUHH 325 ( Q ' p )3Ip c o6pa30B3Hlil6M KOHetJHOro H,n;pa B OCHOBHOM 

l1 rrepBbIX ;z\Byx B03Ciy11t,n;eHHblX COCTOHHllHX (cM.p11c.5) 0Ciyc110B11eHbl 

pacrra,1(0M 0,1(HOtJaCTHtJH0"":"0.1(H0.1(blpOtJHblX (Ip-I h ) KOMITOHeHT 31!6KTpJ.f­

qecKl1X ,lU1Il01lbHb!X'COCTOHHl1tl H.n;pa 32s' B pe3y1lbTaTe qer) H,n;po 

3Ip oCipaayeTCH B ,llblpOtJHblX COCTOHHHHX 2 s -112• I cl 372 l1 

Id. -IS/2 COOTB6TCTBeHHO. 

HHTepnpeTal\J.fH aiM)eKTHBHblX ceqea11iii peaKu11tl 32s (~ ,p)31p 

c o6pa30B3Hl16M KOHeqaoro H.n;pa B COCTOHHHHX c 3Hepl'M!HMH B03-

Ciy11t,n;eHl1fl Ci01!bille 3 M3B flB1!HeTCfl MeHee 0,1(H03H3tJHOiii B c1111y Toro, 

tJTO Mb! HM66M ,n;eno c rpyrmaMH HepaspemeHHblX COCTOHHl1iii B KOHeq­

HOM a,n;pe. Kpoue Toro, npH 3THX 3HeprHHX B03CiylK,ll;6Hl1H KOH6tJHOro 

H,n;pa 110HB1lfl6TCH BKna,n; OT pacna,n;a MHOrOKB33l1tJ3CTl1tJHhlX (npelK,n;e 

Boero 2p-2 h.) KOMIIOH6HT 31!eKTPl1!!8CKHX ,lU11101lbHhlX COCTOHHl1iii fl,ll;­

pa 32s . Bonao:ahle qiyaKu1111, nonyqeHHhle :a paCioTe [27 ] .n;RH 

COCTOHHHiii H,n;pa 3Ip c 3Heprl1HMl1 601!bill6 3 Ma:a, IIO,ll;TB8plK,ll;8.!0T 

ITOHBJleHlile 3aMeTHOro BKna,n;a MHOrOKB33liltiaCTl1tJHhlX B03CiylK,n;eHl1iii. B 

3TOiii CBH3l1 IIOHytJeHHhle HaMl1 aqxlJeKTl1BHble cetJeHJ.fH c oCipa30BaHl1eM 

KOHetJHOro H,1(pa B COCTOHHl1HX c 3HeprlilflMl1 3.3, 4.8, 6.9, 9.5 H 

I2.5 MaB cne,n;yeT paccMaTp11:aaTb KaK oCiycnonneHHble pacna,110M He 
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TOJII>KO ;!\ByxKBa3HlJaCTlflJBWC: (Ip-I h.) KOMilOHeHT 3Jl6KTPlilll6CKlfX ;!\H .... 

IlOJll>Hl:lX COCTOHHH« H;!ipa 32s ' HO TaRltre pacrra,l\OM KOMITOH6HT, co­

,l\6pll8.JllHX 6ommee lllilCJIO RBa3HtJaCTIU~ (rrpellt,l\e Bcero 2p-2 h H 

3p-3 h. ). B TO Ee Bpe1.1H ;!laHHI:Je peaRlllilH rro;!\X:eaTa (pHc.4) rroaBo­

JIHIDT HaM c;!leJiaTI> O.l\H03HalJHI:Jit BliBO;!l o TOM, lJTO ceqeHHH woTorrpo­

TOHHl:lX peaKlllil« Ha H;!ipe 32s c o6paao:eaHHeM KOH6lJHOro H;!ipa 3Ip 

B COCTOHHJilHX c 3HeprHHMH BilJIOTl> ,l\O 4.8 Ma:e, o6yCJIOBJI6Hli pac­

rra;!\OM 3Jl6KTPHlJ6CKlilX ]UIITOJll>HliX B036yE;!\6Hlil«, BOSHJilKaIDJllHX rrpH 

rrepexO,l\8.X HYKJIOHOB TOJII>KO lf3 BH6WHe« (Id. -2 s ) 060JIOlJKlf H;!ipa 
32s . ~e~CTBHT6Jll>HO, pHc.46 yRa3liBaeT Ha 0TlJ6TJWByID ~parYeH­
TaI:llfID ;zu,ipOlJHl:lX B036yE,l\6HH« H,l\pa 3 Ip, rrpHHa;!\Jlelll'.all!HX BH6WH6~ 

(Id -2 5) If :eHyTpeHHe« (Ip) o6oJIOlJKe. 8TH :eoa6yi1;!leHHH xopomo 

pa3;!\6Jl6HH ITO 3HeprHH, Ilplfqey rpaHHlla pa3,l\6Jl6HHH rrplilXO]UITCH 

IlplilwepHO Ha 6 M3B (cawoe :eepxHee ;!ilipOlJHOe COCTOHHHe, IlpHHa;!\JI6-

lKa111ee Icl- 2$ 060JIOlJK6 HY66T 3H6prHID 6.4I MaB, a CaM06 HHlltH66 

,l\HpOllH06 COCTOHBH6, IlP*Ha,l\Jl6lltalll66 Ip 060JIOlJK6 - 3H6prHID 

5.99 Ma:e). TaKlilM o6paaow, Ha OCHOBaHHH BWll6H3JIOlK6HHOro MOEHO 

CJI6;!\yDIIIHU o6pa30M lfHTepnpeTHpo:eaTI> IlOJiylJeHHHe nap11HaJII>HH6 @o­

TOilpOTOHHlie ceqeBHH ;!\JlH H,l\pa 32.s : 
I. ~oTorrpOTOHHHe ceqeHHH c o6paao:eaHHeM KOHelJHoro H.l\pa 3Ip 

B OC'.UOBHOM (I/2+) H nepBHX ,l\Byx ~os6yE,l\6HHWC: COCTOHHlfHX (3/2+ 

If 5/2+) c aHeprHHUH I.27 If 2.23 l~a:e CBHaaHH c. pacna;!\OM Ip-Ih 

KOH~Hrypal{.ldl, B03HHKaJOIIIHX aa Cll6T 3Jl6KTPHll6CKHX ;!\HITOJII>HHX rre­

peXO,l\OB aa rro;!lo6011oqex 25 I/2 , Id3/ 2 H Ids;2 cooneTcT:eeHao. 

2. ~OTOrrpOTOHHHe ceqeHHH c o6pa30BaHH6U KOH6lJHOrO H,l\pa B 

rpyrrrrax COCTOHHH« IlOJlOlKHT6Jll>HO« lJ6THOCTM c ll6HTpaMH THlK6C:rlf 

3.3 If 4.8 Ma:e CBHSaHH c aJieRTplfqecRHllll .l\lfilOJII>HHUH rrepexo,l\8.MJI 

113 Id-2 S 06011otJKH. 8TH ceqeHHH 06yc11o:eJieHli pacrra;!lou KaK 
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Ip-I h ROHW!llrypa11H«, TaR If pacrraAOM 6oJiee cJIOlKHb!X ROHWHrypa­

lllfti (rrpeJK;!le :ecero 2p-2 h ), rrplillJeM Ip-I h KOHWHrypalllfH wopMHpy­

IDTCH B OCHOBHOM aa ClJ6T rrepeXO;!\OB HYKJIOHOB HS ITO;!i060JIOlJKlil 

Ic{ 5/2" 

3. ~OTOilpOTOHHhl6 C6lJ6HHH c o6pa30BaHJil6M KOH6lJHOro H;!ipa B 

COCTOHHHHX c 3HeprHHMlf 6.9-I2.5 Ma:e (cM.plilc.6 Iii 7) CBHSaHli c 

3JI6KTPlilll6CKlilMlil ;!\HilOJll>HliMH rrepeXO;!\aMlil KaK HS Ip, TaK H lil3 

Id -2 S o6oJiolJKH. 8Tl4 ceqeHMH o6ycJio:eJieHu pacrra;!\OM KaK Ip-I h, 

KOHWHrypal\lilti, TaK H pacrra;!\OM KOH~Hrypa11M« 6oJiee CJIOEHoro TMrra, 

rrpHlleM Ip-I~ KOH~HrypallJilH ~opMlilPYIDTCH aa cqeT rrepexo;!\OB HYKJIO­

Ho:e TOJll>KO H3 Ip 060JIOlJKlf. 

QqeBM,l\HO TaKJKe, lJTO 3~6KTHBH06 cetJeHHe peaKI114H 

32 s ( 0 'p ) ,3Ip c o6pa30BaHl'JeM KOH6lJHOro H,l\pa B COCTOHHl4HX 

c atteprHHMlf 0-4.8 Ma:e (pHc.7) o6ycROBJieHO pacrra;!\OM aneKTPM -

lJ6CKHX ]UIIlOJll>HHX B036ylK;!\6HH~ H;!ipa 32 s ' B03HHKaIDJJIHX rrpH rrepe­

XO;!\ax HYKJIOHOB TOJll>KO lf3 Id-2S o60JIOlJKH. 

ITpo:ee,l\eHHbl« aHaJllila rroa:eoJIHeT HaM TaKlKe nonyqlfTI>: 

I. HmitHIDID 011eHKY BKJiaM Bos6ylK.zi;eHHi1 H3 Id. -2 S o6oJIOtJKH :e 

wopMHpo:eaHHe rHraHTcKoro J\14ITOJII>Horo peaoHaHca H.zi;pa 32s. 
0Ha IlOJiyqaeTCH KaK OTHOill6HH6 lfHTerpaJII>Horo C6lJ6HlfH rrepeXO,l\OB 

Ha COCTOHHHH c 3HeprHHMlf 0.-4.8 M3B B KOHeqHOM H.ZJ;pe K IlOJIHOMy 

14HTerpaJII>HOMY C6ll6HHID 14 OKa3HBa6TCH paBHOti 0.51±0.02. 

2 •• HHJKHIDID oueHKy TaK Haau:eaeMoro "KoHqmrypallJilOHHoro pac­

ll!6ITJieHHH11 (pacmerrJie HHH no atte prHM aJieKT pHqecKHX ;zumoJII>HhlX rre­

pexo.zi;o:e H3 BHemne« H: :eHyTpeHHett 060JIOlJ6K) rHraHTCKOro ,l\14IlOJII>­

HOro peaoHaHca H,l\pa 32s . Otta ITORyqaeTCfl KaK pa3HOCTI> 3HeprnP 

U6HTPOB THZ6CTH ceqeHHtt nepeXO;!\OB Ha Hl43KOHeza~He B036Yllt.ZJ;6HHHe 

COCTOHHHH c 3HeprHHMlf 0 + 4,8 Ma:e If BHCOKOB036~eHHHe COCTOH-
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HlllH c aHeprHHUH 6,9 + I2,5 MaB Ill OKB51ill86TCH paBHOM 3,5t0,3MaB1 

3. HHl!tHJOIO oneHKY BKJia;lla Ip-I h. KOHcplllrypanHJ.l B cpOpMHpOBaHHe 

rlllraHTcKoro ;l!HITOJI:&Horo pe3oHaHca a;11pa 32S . 0Ha noJiyqaeTcH 

KaK OTHOilleHHe HHTerpaJI:&Horo ceqeHHfl nepexO;l!OB Ha OCHOBHOe Ill 

nepBNe lJ,Ba B036ylK;lleHHNX COCTOffHHfl K IlOJIHOMY ceqeHHIO peaKUHlll 

(a, p ) Ill OKa3NBaeTCff paBHO~ 0.27.±0.02. 

CpaBHlllM noJiyqeHHOe HaMlll cpoTonpoTOHHoe ceqeHHe Ha Hlll3KOJie­

lKal!Ude ypOBHlll KOHeqHoro a;11pa c 3Hepr111HMlll 0-4.8 M3B c ceqeHHeM 

cpOTOHeJ.lTpOHHOJ.l peaKI.1111111, 1113MepeHHIDI B pa60Te [I2 ] (cM.pHc.8). 

06pamaeT Ha ce6a BHlllMaU111e 6oJI:&moe cxo;11cTBO ;l!Byx cpaBHHBaeMblX 

ceqeH111J.l. 9TO yKa3NBaeT Ha O;l!HHaKOB~ xapa.KTep B036ylK;lleHHJ.l cpop­

MlllpyIOmHX HX, J/IHaqe rOBOpll Ha TD, qTO cpOTOHeJ.lTpOHHOe ceqeHJ/18 

cpOpMlllpyeTCff B OCHOBHOM 3a cqeT 3JieKTplllqecKJ/IX ;l!HilOJI:&HNX nepexo­

;l!OB 1113 Icl.-2S 060JioqK111. Ilp111 3TOM pacrra~ no HeilTpOHHOMY KaHaJiy 

;l!OJilKHN J/l;l!TH rJiaBHb!M o6pa30M Ha HJ/13KOJielKamHe ypOBHH KOHeqHoro 

HlJ,pa. 9TO o6CTOHTeJI:&CTBO JierKO o6~HCHJ/1Tb BNCOKlllM HeMTpOHHIDI 

rroporou (IS.I M3B), KOTOpNJ.l lllCKJIIOqaeT B03MOlKHOCT» pacrra.na Ha 

BNCOKOJielltamHe COCTOHHJ/lfl KOHeqHoro H;llpa. IlO;l!TBeplKlJ.6HJ/leM STOro 

HBJIHIOTCH pesyJn.TaTN pa60TN [23] ' B KOTOpoJ.l 1113yqaJIHCb KaHaJIH 

cpOTOHei!TpOHHOJ.l peaKUHlll. ABTOpaMlll BH;lleJieHN rrepexo~ Ha coc'To­

HHHH KOHeqHoro H;llpa c aaeprHHMJ/I o, 3, 7 MaB. Ilepexo~ Ha BN­

COKOJielltallUIS COCTOHHJ/IH KOHeqHoro HlJ.pa He 06HapyseHN. ApryueH­

TOM B IIOJih3Y rrpe;l!JIOEeHHOi! BNme HHTeprrpeTanHK cpOTOHei!TpOHHOrO 

ceqeHHH HBJIBeTCH H pesyJ!bTaT SKcrrep111ueHTa ITO Hei!TpOHHOYY IlOll.-

, xBaTy ll,JIH Hll,pa 32s [28). B STOY 5Kcnap111ueHTe HCCJI;lJ,OBanach 

06JiaCTb 5Hepl'Hi! B036yZlJ,61U4H Hll,pa 3Is OT 4.5 lJ,0 7.5 MaB,qp111-

qeu ANPOqHNX Ip COCTOHHHn He 3aper1110TpHpOBaHO. 

HaHCionee oeicTOHTeJI:&H~ pac'l!eT !floTopacD1en11eH11111 HlJ.pa 32 S 
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BblIIOJIHeH B pa60Te [1] • OH rrpoBe;lleH B paMKax MHOroqacTJ/lqHoM 

MO;lleJIH 060JIOqeK c yqeTOM B03CiylK;lleHHff HJ/13KOJielKam111x KOJIJISKTlllBHNX 

COCTOHHJ/IJ.l IIOJIOllrnTSJ!bHOi! 'l!eTHOCTJ/I (OARD- Ill ;l!ByxcpoHOHHNX). BoJI­

HOBNe !flYHKUlllH rrocne;11H111x 6hlJIH B3HTN 1113 pa6DTN [29].c 111x yqeToM 

6a3J/IC aJieKTp111qecKHX ;l!HilOJI»HNX B036ylK;l!SHHa 6NJI pacm111peH ;110 64 

COCTOHHJ/IJ.l (B OCiN'qHOM Bap111aHTe MHDroqacr111qHOJ.l MO;l!SJIH o6onoqeK 

q1110JID SJieKTPJ/lqecKHX ;l!HIIOJI:&HNX Ip-I h. B036ylK;lleHJ/lil ll.Jlfl ffll,pa 32 s 
paBHO I2 ). 

}lJIH Toro, ttT06N ocymecTBHT:& 6oJiee ;11eTaJI:&Hoe cpaBHeHHe c 

pe3yJI:&TaTaMH pa60TN (7] • MN, BOCIIOJI:&30BaBillHC» BDJIHDBhlMH cpyH­

KI:\HffMH' np111Be;lleHHNMJ/I B [30] ' paccq111TaJI111 ll,Jlfl 32 s ceqeHJ/IH cpo­

TOilpOTOHHNX peaKUHJ.l c o6pa30BaHHeM KOHeqaoro ffll,pa B COCTDHHJ/lflX 

c aaeprHHMH BilJIOT:& ll.D II.5 MaB. Ma aT111x ceqea111a MN noJiyq111J1111 

cyMM&pHoe ceqeHHe rrepeXO;l!OB Ha HH3KOJielKamHe COCTOHHJ/lfl KOHeqaoro 

H;llpa C SHeprHHMH 0-5 MSB Ill CYMMapHOe ceqeHHe nepeXO;l!DB Ha BN­

COKOJielKamHe COCTOflHlllfl c aHeprHHMH 6-II.5 MaB. 3TH ceqeHHfl no- · 

Ka3aHN CTOn6HKaMJ/I Ha p111c.7. 

~3 cpaBHeHlllR AaHHNX pacqera c nonyqeHHNMH HaMH aKcnep111MeH­

ran:&HNMH pe3yJI:&TaTaMH cne;u,yeT, qTo pacqer rrpaBlllJI»Ho onHC~Baer 

Pflll. OCHOBHNX oco6eHHOCTeJ.l ~OTOilpOTOHHOrO KaHaJia pacrra;lla r111 -

raHTCKoro ;l!HIIOJI:&Horo pesoHaaca a;11pa 325 . CornacHo pacqery 

Ha1116onee CHJI:&HNe ;l!HIIOJI»HNe rrepexo~ 3aKJIJOqeHN B HHTepBaJie aHep• 

rHJ.l I9-27 MaB, qro cooTBeTCTByeT aKcrrep111MeHTy. 

Cornactto pacqeTy rHraHTCKHi! ;lllllIIOJI:&HN~ pe3oaaac -;11JIH ;11aHHoro 

H;llpa ~OpM111pyeTCfl B OCHOBHOM 3a cqer rrepexO;l!OB H3 Id. -2 s 060-

JIOqKH. BKJia;ll STJ/IX nepeXOll,OB B IIOJIHOe ceqeH111e peaKUHlll ( ~ ' p ) 
COCTaBJifleT 0.69. IToJiyqeHH~H 1113 '3KCIIep111MeHTa HJ/l~Hflfl oneHKa 

BKJia;11a nepfi!XO;l!OB H3 Id - 2 S o6onoqKH - O. 5I±O. 02. 
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CorJiacHo pactieTy BeJIJ.11urna 11 KOHcpHrypa1.1110HHoro pacll(errJieHHH11 

rHraHTCKOro peaoHaHca 'AJlfl H'Apa 32 S COCTaBJIHeT 6.0 M3B (pac­

CMaTpHBaeTC.1 o6JiacT:i; stteprz~ Boa6ylK'AeHHH 'AO 30.0 MsB). Hm1tHH.H 

rpaHm~a BeJIHllHHbl 11 KOHcp11rypa1.1110HHOro pacmerrJieHHfl 11
, ' l!OJiyqeHHa.H 

l13 HamHx AaHHhlX - 3.5±0.3 MsB. 

CorJ!aCHO pactieTy Hl1lKHflfl rpynna COCTO.HHl1~ rzraHTCKOro pe­

::JOHaHca .H'Apa 32 s (I9-20 M3B) pacrraAaeTCfl B OCHOBHOM Ha HH3KO­

JlelKall(l1e COCTOffHl1ff KOHetIHOro H'Apa c 8HeprHHMH 0-5.0 M3B. I'pyn­

na cocTOHHl1~ r11raHTCKoro peaoHaHca, pacnoJIOltteHHaff npz sHeprHmc 

B036ylK'AeHl1fl OKOJIO 26 M3B cpOpMHpyeTCfl rJiaBHblM o6pa30M l13 MHOro­

KBa3H1laCTH1lHblX KOHcpHrypa1.111~ H B pesyJil:iTaTe HX pacrraAa ff'APO 3Ip 

OCTaeTQfl B BblCOKOJ!elKall(HX COCTOHHl1ffX c 3HeprnHMl1 6-I2 M3B. Cor­

JiaCHO HaJlllUI ,D.aHHhlll COCTOffHHlI rHr~aHTCKOro peaoHaHca fl'Apa 32 s 
c : aeprl1HMH I9-20 M3B TaKlKe pacna'AaIOTCff B OCHOBHOM Ha HH3KO -

JlelKalll!1e ypOBHH KOHellHOro HApa c SHeprHHMl'I 0-4.8 MaB, a COCTO­

flHll!fl fl'Apa 32s , pacrroJJolKeHHble B o6JJaCTl1 aHeprn~ 25-26 MsB,­

Ha BblCOKOJielKalll!1e ypOBHl1 KOHetIHOrO fl'Apa c 3HeprHHMl1 B036YlK'AeHl1fl 

6-12.5 M3B. 

B TO lite BpeMH pactieT [7] He OIDIChlBaeT PH'A cymecTBeHHblX 

xapaKTepHCTHK npo1.1ecca cpoTopacll(enJieHHH H'Apa 325 • 
Bo-nepBblX, BIIJJOTl:i 'AO aHeprl1H 30 MsB pactieT l1CKJIIOtiaeT Boa­

MOl!ll!OCTl:i pacna'Aa KOHcpll!rypa1.1H~. B036yiK'AaIOll(HXCfl sa ClleT rrepeXO'AOl 

npoToHOB HS Ip 060J1otIKH. B TO xe BpeMa cpaBHeHHe HamHx AaHHhlX 

c pesyJJ:i;TaTaMH peaKl.\HH IIO~BaTa rOBOPHT 0 npHCYTCTBll!H TaKHX 

pacrra'AOB HatIHHaH c sHeprHH Boa6ylK'AeHHH np1mepHo 20 MsB, np11tiew 

BepXHfffl rpaHHl.\a BKJ!a'Aa TaKHX pacna'AOB B IIOJIHOe rrpOTOHHOe cetie­

HHe paBHa 0.49±0.03. TaKOe paaHOrJiacHe CBH3aHO c TeM, tITO ,HC­

IlOJlb30BaHHble B pactieTe saepI'HH ~T'AeJJeHHH npoTOHOB Ha Ip 060-

·~6-

I 

I 
1\ 

JJOtIKe 6blJJH CJIHlllKOM 6oJJl:illiHMH (HanpuMep, 26,4 MaB 'AJIH IpI/2 

IIO'A060JI01lKH ). nattHble peaKl.ll1H IIOAXBaTa (CM.pHc.4) rOBOpRT 0 

TOM, llTO MHHHMaJ!l>HaH 8HeprHH, He06XO'AHMaH 'AJIH ~blphlBaHH.fi 

rrpoTOHa 11!3 Ip o6oJI01lKll!, rro KP~He~ Mepe Ha IO MaB Mett:i;u1e. 

Bo-BTOphlX, aKcnepuMeHT o6ttapylKll!BaeT aHallll!TeJI:i;Ho 6oJJee 

CJ!OlKHYIO CTPYKTYPY rll!raHTcKoro peaoHattca. XOTH pactieT H ytil1Tbl~ 

BaeT BJIHHHHe Hl13KOJlelK8.llll1X KOJIJ!eKTl1BHblX COCTOHHl1H, llTO !!pHBO'AHT 

K o6orall(eHHIO cneKTpa 3JieKTPH1leCKHX 'AHIIOJil>Hb!X B036ylK'AeHll!H, Bee 

lite TeopeTll!lleCKOe ce11ettll!e ,OKaaaJIOCl:i CKOHl.\eHTpHpOEaHHblM rrpaKTll!­

tieCKll! npll! 'AByx 3Heprnmc - I9.5 H 26 MaE. MOJKHO yKaaan Ha 'ABe 

rJiaBHble rrp11!1ll1Hhl OTMe11eHHoro paaHOrJiac11H pacqeTa c aKcrrepll!MeH-

TOM: 

I. Pac11eT He y11ll!ThlBaJ1 paa6poca no atteprnll! 'AhlPOtIHhlX cocTo­

HHll!~. YlKe Ha Pll!C.4 Bll!'AHO, IJTO paa6poc COCTOHHl1~ Ip-I - He Mettee 
I 

4 M3B. ~aHHble peaK1.U4H KBaall!yrrpyroro Bbl611!B8.Jill!ff npOTOHOB 11!3 H'Aep 

Id. -2 s o60JI01lKH yKa3blBaIOT Ha TO. tITO B6Jll/!1Jl1Ha paa6poca 'AhlPOll­

HblX Boa6ylK'AeHll!~ B Ip 060J101lKe 'AOCT11raeT 20-30 MaB (cw.Harrpll!­

Mep [3IJ ). 

2. OrpaHHllettue KOHcpHrypal.\HOHHoro rrpocTpaHCTBa 3J1eKTpH11ec­

KHX 'Al/!l!OJil>HblX B036yllt'AeHH~. PaclJeT 6blJI orpaH11tieH 64 THilaMH B03-· 

Gy~'AeH11tt BMeCTO BOSMOmHblX 750 c ytieTOM aa1.1errJieHll!H aa O'AHO H 

iByxcpoHOHHble COCTOHHHR (30] • Kpoue Toro, pon~ aa~enJieHH« aa 

HHaRonel!alllHe KORJJeKTHBHble Boa6y~'AeHHff c 6on:i;mHM 1ll1CJIOM WOHOHOI 

TaK~e Eec:i;Ma B6Jll1Ka. OTO IlO'ATBepMAaeTCH paGOTO~ (6] • B KOTO­

po~ YllHT~BaJIHCJ; sa1.1enJieHHH sa COCTOffHHH, CO'AeplK8.lll!1e 'AO tieTblpex 

cpOHOHOB. EhlJIO IIOJilflletto 6oJiee paBHOMepttoe pacnpe'AeJieHHe aJieKTpH­

qecKHX ;n;HIIORl>HhlX BOa6y~'AeHH~ E o6nacTH IS-30 MaB npK ayneBOM 

npH6JIHlKeHHH,npaKTHtiecKH COBila'Aa~llll1M c HCllOJll:iSOEaHHIDA B pa6o-

+1·1-
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Plilc.3 Pacnpe'AeneHlile 'AOJ!lil nepexo'AOB Ha pa3HJilqHlie cocTOHHlilH 

KOHeqaoro H'Apa 3Ip 'AHH paaHliX o6nacTe~ aHeprlil~ B036ya-
32 m<L>< 

'A6Hli!H H'APa S : a) Ell = 17 - 20 MaB, 
mo..>< • 

6) E ~ = 22-30 MaB. ~nH cpaBtteHHH B Bepxttea qacTH 

plilCYHKa npli!B6'A6Ha cxeMa ypoBHe~.H'Apa 3lp. 
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EK,M3& 

Pli!c.4 CpaBHeHHe pacnpe'AeHeHHH ~OJllof nepexO'AOB Ha paaJ!lilqH~e coc 

TOHHYH KOHeqHoro H'Apa 3Ip, nonyqeHHOro B HaCTOH~ea 
. lnO..ll 

pa6oTe ~H E ~ = I? - 24 MaB (BepXH!dtt pHcyHoK) c 

~aHHIOOf pea151U1H 32 5 (d t 3He )31P 26. (HHJtHliltt plifcy­

HOK). 

BePTHKaJIDHaH JUXana Ba HHllB6M pHCYHKe 'Aa6T 3HaqeHlilfl 

cneKTPOCKOllHqecKHX (f)a.KTOpOB ypOBae~ H~pa 3Ip. 
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P,;;c.5 Cetielilla peaKmrn 32 s ( 0 , P )31P c o6paao:eaHHeM 

KOHetiHoro H~pa B OCHOBHOM COCTOHHHH H B COCTOllHHllX c 

3HepI'HHAGI I.27 • 2.23, 3,3 H 4.8 Ma:e (CHH3Y BBepx). 
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(cID1ay :e:eep.x). 
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Pnc.7 CyMM~ napl.\Han»Hli!X woTonpoToHHl:ilX ceqeHH~ ;11.~a HApa 32s: 
cyMMapHOe ceqeHHe c o6pa30BaHH8M KOHeqHoro ~Apa B 

COCTOHHHffX c 3HeprH.ilWI 0 - 4,8 l.laB (BepXHHl.t PHCYHOK), 

cyMMapHoe ceqeHHe c o6paaoBaHHeM KOHeqHoro RApa B 

COCTOHHHffX c 3HeprHHMH 6.9 - 12.s M3B (cpeAHH~ PHCyHoK) 

IlOJIHOe ceqeHHe peaK!.\HH 32's ( '6' p )31:P (lil'llKHHil PHCYHOK). 

CTon61tn:1·; - AaHH~e TeopeTHqecKO;I'O pacqeTa (cM. TeKcT) 
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Pnc.8 CpaBHeHne woTonpoToHnoro ceqeHHH c o6paaoBaawew KoHeq­

Horo RApa B cocTOHHHHX c aHeprHHMM 0 - 4,8 MaB c woTo­

HeliTpoHHW4 ceqeHHeM, npHB8ABHHblM B pa6oTe [12] • 
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