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I. OBU{AH XAPAfil'EPVICT!lliA PABOTH 

AltoryaJI&HOCTb npo6neMH. 0AHOA KS &KTYaJibHiilX npo6neM COB­

peMeHHOft ~KSKKH aneMeHT&pHYX Q&CTK~ llBnlleTCll onpeAeneHHe 

CTPYKTYPH SJ:tPOHOB, B 'qS.CTHOCTM ffYMOHHYX pe30H8.HCOB, H ee 

cpa.BaeaKe c npeACK&SaHKllMK KB&pKOBl>IX MOAeneA. Oco6HI KHTepec 

npeACT&BnJD>T KOJJ:HqecTBeHHHe npeACK&38HK$1 aepenffTKBKCTCKOR 

KBapKoBol MOAeRH AnH 8MIIJlK'l'YA PSJ:tK&qKOHaoro pacna.ita ayMOHHblX 

pesoaaacoB ( N*- // N) , ROTopse MOl!HO npoeepKT& sKcne-

pHMeHTaJI&Ho, HCOOJJ:b3Yll CBH3b nocneAHKX c pe30H8HCHHMH 8MIIJIK­

TYAEIMK lf>oTopoll,Il,eHHll. Aim aKcnepHMeHTaJI&Horo onpeAeneHHll KOH­

CT8HT cBnsH t Al N* H&PllAY c AaJibHeAmeM HCCJieAOBaHKeM peax­

llKH 't+ N-7T + N (N= P,n) Heo6xoAHNH Ta.lOICe HSMepeaKn (B oco-

6eHHoCTK noupK38.QHOHHHe) npoqaccoB r+N-N'!-t#(KA(t.),JT~;··J 
K npoBeAeHHe COOTBeTCTBYlllllKX MOA~H~pOBa.HHhlX 8HaJIH30B, no­

CKOJJ:bKY MHOrKe 6apKOHHHe pe30H8HCH Al* qeTKO npoHBJUmTCll 

JJ:Klllb B sTKX KaHaJiaX lf>oTopoll,Il,eHKff. Bonee Toro, B oTnKqKe OT 

. JT -lf>oTOpOll,Il,eHKll, npoqecc lf>OT006pasoB8HM 'Y( -MeSOHOB 

npeACTaBnaeT BOSMOlKHOCTb npnMOro Hsyqeawi: AKHaMKlleCKHX cBoRcTB 

ayxnoHHYX Hso6apoB c HsocnHHOM I = I/2. 
IlOCKOXbKY KBaHTOBHe ql(CJia J(° K ~o -Me30HOB COBna-

PC -+ • A&IOT 'J = 0 ' TO OCHOBOnonaraxxqHe MeXaHKSMH pOll,Il,eHK.11 

3THX MeSOHOB npeAnonaraJIKCb OAKH&KOBDIMK. 0AH&KO noBeA8HM 

d.<5/ d t AX.II lf>oTOpOll,Il,eHK.11 3THX MeSOHOB CKnbHO OTXHllWOTC.11, 

3HepreTKllecK&.11 Sa.BHCKMOCT& AHifllllepeHUKaJI&Horo celleHK.11 

yt• -lf>oTOpOlll;Il,eHM npOHBXH8T OTCYTCTBHe pe30Ha.HCHOR CTpyKTypbl 

B o6JJ:&CTH 3HeprHK Et ~. I,8 raB. YrnOBaH 38.BKCKMOCTb (aa-

6niiAaeTCff nMK B HaIIpaBJJ:8HKH "BnepeA") ynoMHHaeT pe,1µte noBe-
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n;eH111e ,11,111qiqiepeHQK8JlbHoro celleHl/111' HallHHM c 3Hepr111111 Er =I • 8 raB. 

TaKHM o6pasoM, npe,11,cTa.sJIJ!eT onpe,n;eJ1eHHHI lllHTepec Tane son­

poc 0 np:lllMeHHMOCTlll MO,D;8Jllll KOMnJl8KCHblX MOMeHTOB K npoqeccy 

r ""<POTopo~eHl/111 np111 CTOJlb .Hlll3Kl/IX 3HeprMX KaK Er= I ,8 ~31fo 

UeJ1b pa6oTH saKJ1m'ClaJlacb: 

I. B HSMepeH111111 aHepreT111qecxoA sasKcm1ocT111 acmoaeTp111111 

ceqeHM Z. peaKQK111 i))oTopo~eHM ~0 -MeaoHa Ha npoTOHe B 

06JlaCTK 3HeprHl/I Er = I,3 + I,8 raB Ill BJoUIBJieHl/IH BKJl~a Bl\IC­

WHX peaoHaHCOB co cmmoM J > I/2. 

2. B nposepxe COCT011T8JlbHOCTl/I CYllleCTBYDllHX H306apHHX 

Mo,11,eJie~ ,n;J111 f -q,oTopo~eHlllB: nyTeM cpuHeHru:t nonyqeHHHX 

3Kcnep:lllMeHT8JlbHl\IX ,IJ,aHHYX c npe,IJ,CKS.38.Hl/IB:Mlll 3Tl/IX MO,IJ,eJleA. 

3. B 1113MepeH111111 yrJioeoA aas111C:lllMOCTK acHMMeTPllllll ceqeH11111 

~ np111 ~o = I,8 raB Ill nposepxe npe,11,nOJIOMeHl/IB: 0 nplllMeHlll­

MOCTlll M0,1J,8Jllll KOMIIJl8KCHl\IX MOM8HTOB K npo~ccy ~
0

-i))oTopo~e­

Hl/111 np111 CTOJlb Hlll3KlllX aaeprwoc. 

Ha.yqttaH HOBHSHa pa6oTH aaKJIEqaeTCH B cJ1e,11,YD11ey: 

I. Bnepswe 1113Mepeaa acHMMeTp11111 ceti:eHH.li 2. peaKq111111 

'f + p - r + P B pe30HaHCHOA 06JlaCTlll 3Hepr111A ( £, = 0, ?I f 

A- 2,2 raB). 

2. BnepsHe nonyti:eHo npsn.1oe ,11,oKasaTeJlbCTBO HaJillltll/111 BKJia­

,11,a sHcm111X pesOHa.Hcos co cnKHOM :J > I/2 a npoqecc qioTopo~-
0 

,11,eH11111 ~ -MesoHOB Ha npoToHe. B ll&CTHOCTH, sHati:eH111e 

( ~ = + I. ) ac111MMeTpH111 ceqeHlll.li ~ yxaSHBaeT Ha npeo6-

JiaIJ,aHHe BKJl8,Ji.a COCTORH~H p I3 ( !860) nplt 3HeprlllH £, = . 

= I,39 raB. 

T 
I 
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3. TionyqeHHHe AaHHHe no acl<!MMeTp111111 celleH11111 ~ He co­

rJ1acymTc11 c npe,IJ,CK&38lll/111Mlll cyu:iecTBYIClll!lllX a.H8Jll/130B Ha OCHOBe 

l/1306aPHOA M0,1J,8Jll/1°lll Tpe6ymT HaKODJl8HID'I HOBhlX ,11,a.HHhlX, a Tane 

npose,11,eHlll.li 60J1ee M0,11,Hql111QKpOB8.HHblX a.HaJIKsos. 

4. MsMepeHHM yrJ10Ba11 sas111c111MocTb acl<!MMeTp111111 celleH11111 

:i:. llPlll ~r= I,8 raB npOTlllBOpelllllT npe,n;nOJIOllteHlllID 0 nplllMe­

HlllMOCTl/I M0,11,8Jllll KOMnJleKCHlilX MOMeHTOB K ~0 -q,o~opo~eHl/llO np111 

CTOJlb Hlll3Kl/IX 3Heprlll.lix. 

TipaKTl/ltleCKM ueHHOCTb nonyqeHHbiJC pesyJlbT&TOB 

I. IloJiyti:eHHh!e pesyJ1bTaTH no ac111MMeTp111111 ceqeHM 2.. 111 

no ,11,111qiqiepeHQKaJibHOMY ceti:eHl/IE c/f5/d.!l~ MoryT 6HTb l/ICOOJlb30-

BaHH B HOBblX MO,D;lll!IJlllQlllpOBa.HHHX Sll8Jll/13ax npoqecca . 11· -!flOTO­

p0.D;lJt8Hlll11. 

2. ~OKa3aHO, 'ClTO B cnyqae, Kor,n;a np111H11Ma8TC1I KOMnJl8KC 

Mep npM pacqeTax, H3MepeHlll.liX Ill o6pa60TKe ,D;Sl!HHX, BeJI111q111Hy I. 
MOJl!HO l/13Mep111Tb c OTH0Cl/IT8JlbHO He60JlblIDIMlll omlll~KaMlll, l/1Cll0Jlb3YH 

npH 3TOM ,IJ,OBOJlbHO npOCTYID per111CTPlllPYIOll1YID annap&TYPY· 

3. Hp111 Heo6xo,11,:111MOCTH K3MepeH111a MHoroqacT111'ClHoro ip111s111qec­

xoro l))oHa, B cnyqae np111MeHeHHH npe,n;no~eHHoro B pa6oTe MeTo­

,11,a, B ,11,sa pasa yMeHbmaeTCH Tpe6yeMoe (JIR npose,11,eH~R aKcne­

pHMeHTa ny'llKOBOe speM11. 

Anpo6aUJ:!.li pa6oTbl. PesynbTaTli ~HccepTa~1110HHOA pa60Tli 

D;OKJ1a,n;HBan111cb Ha ceM111Hapax EpesaHcKoro tPH3HqecKoro HHCTHTY­

Ta, Ha ceccH11x 0Tge~eH11111 11,D;epHoA ip111sHKH AH CCCP (!976 H 

!978 rr.) H npe,11,cTaBJIHJIHCb Ha MelK,11,YHapo,11,H~e KOHllJepeH~lllH no 

. I 



- 6 -

qiH3HKe BHCOKHX 3HeprwA B T6HJIHCH (!976), TOKHO (!978) H 

M~HcoHe (!980). 

Il.y6JIHKauHH. no TeMe 'AHCCepTaqHH ony6JIHKOB8.HO ceMb pa60T. 

Cnwcox npHBe'AeH B KOHQe aeTopecflepaTa. 

CTpyKTYJ)& H o6~eM AHCCepTayHH. ,L\HCCepTaqHJI COCTOHT H3 

BBe'AeHIUI, qeTHpeX rJiae, aaKJIJllqeHrui:, npHJio~eHHft. 0Ha conep•HT 

88 CTp8.HHQ M81JlMHOilHCHOI'O TeKCTa, 3 Ta6JIHqH H 4! pHCYHOK. 

CnwcoK QKTHpyeMoft JIHTepaTYPH BKJIJOqaeT !04 HaHMeHOBaHHR. 

Peey JI&TaTH, Bl:lHeceHHHe Ha 38!!IWry, • aa.IUI10qaroTca B cJie.IzyD11eM: 

I. BnepBHe npegcTaeJieHH axcnepHMeHTa.nr.m.ie 'A&HHHe no acm.t~ 

MeTpl'!H ceqeHM 2: peaKQKH >to ~TOpo~eHHR nOJI11pH30B8.HHli-

MH 't -KB8.HTSMH B pe30HaHCHOA 06JI&CTH 3HeprHA. 

2. Tio~eHHHe peayJibTaTH no acMMMeTpHH ceqeHHH ~
0

~oTo~ 

po~eHHH RBJI.IDJTCR nepBl>IM npJIMhlM A0Ka3aTeJI1>CTBOM 0 HaJIHqwH 

BKJI~a peaoHaHCOB co cnHHOM J > I/2 B peaoHaHCHOA o6JiacTK 

3HeprHH I + 2 raB. B qacTHOCTH, 'A8.HHNe nOATBe~aioT, qTo npH 

Et= I,39 raB AOMHHHpyeT COCTORHHe PraCI860). 

3. Tio~eHHHe AaHHHe no acKMMeTpHK ceqeHHR Z:.. lfi<>Topoz­

neHHR ~0 -Me30HOB B o6JI&CTH AO Er= 2 raB npOTHBOpeqaT 

npe'ACK838.HWDI CYlll9CTBYiai\KX 8.H8.JIH30B Ha OCHOBe H306apHOA Mone­

JIH H Tpe6YJlT, Hapw c H8.KOM8HH9M HOBHX 3KCnepMMeHTaJibHHX 

,1\8.HHHX no nOJI11pH3aqHOHHHM Ha6JmnaeMHM, nposeneHHR MO'AHqJMQK­

pOB8.HHHX 8Ha.JIK30B, 

4. ,LVlHHHe no yrJioBoA aaewcHMocTH .L npH Er = I ,8 raB 

He IlOATB8pnHJIH npenaOJI0~8HHe 0 npKMeHMMOCTK MOAeJIH KOMnJieKc­

HHX MOM8HTOB K npoqeccy lfi<>TOP0~8HHH ~0 -Me30HOB npH CTOJib 

.• :·.~· .1 

"'·' 

;' 
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HH3KHX SHeprwn. 

5 •. TioJJYqeHHHe 3H~~eHHR ntr1(fxlie.peHQHaJibHoro. ceqeHH~ · 11ay-

qaeMoro.npoqecca xopomb cprnacy10TCJ'l c ~HTepaTypHhlMH naHHl>lMK 

H npenCK8.3&HK,RMl1 K306apHOA MOA8~H. 

., ,6. OnTm.tanr.HLI~ ycnoe11.n npo~eneHKH 3KcnepHMeHTa, aqxpex­

THBHOCTb axcnepHMeHTa.JI&Hoij YCT8.HOBKK H BKJI~ ,l\ByxqacTHqHblX 
".:•. . ... . . - ·~ - . 

,, qioHQBHX npoqeccoe.p~ccq11.1li1tan~c~ ~eTOAOM:MOHTe-Ka.pno. Ha Gc-

fiO~e ST~?'. P8::cq~'l!.o~ np~AJIOllteH MeToo;'. 111aMepeHHH MHorottacT111~oro 

.lfJHaHqecxoro ~Ha •. 

KPA'I'h'.OE CO;I.EPJKAlill~ ,IJ.WCCEPI'AUM!tl 

Bo eaeneHHH o6cy~aeTcn aKTyaJlr.ttocTr. ao~pocoe, aaTpotty­

. 'l'blX.B AKCCepT&QHOHHO~ pa6oTe, ~OpyYHHpyeTCH qeJib KCCJie~oBa­

HHR H npHBO~HTCH KpaTKOe OnHCaHKe OCHOBHOI'O COA6PJKaHHH AHC­

cepTaJ.\HH. 

.. Ilepeasl ·rnaea noce~eHa 1myqeHHIO TeopeT11.qecx11.x 11. 3Kcne­

pHMeHTaJibHblX pa6o~ no. " ~o ~OTOpo~eHHIO B pe30HaHCHO~ 06-

.~aCTH 3HeprHH ( §I ) H B o6~aCTH BYCOKi'!X 3HeprH~ ( §2 ). B 
xaqecTBe npW11epa npHMeHeHHH peayJI&TaTOB HCCJieAOBaHHH ~· -ipo-

- . . ,.. , .. I 
·~op~eHMR paCCMOTpeHO 11ayqeH11e·~opM~aKTOpa nepeXOAa npOTOH~ 

B COCTO.flHKe .SrrCI535) c TIOMO~blO npoQecc~,a~eKTpopo~eHHH 
.. f-Me.aOHOB ' ( §3 ). '. 

EcJIM .u,~n npoqeccoe 1T ~QTopo~ettws Ha61110.u,aeT~H., cTpeM7 
• • , - f 

Jiettwe x npoee.u,eitfl!10 noJ1Horo'onL!Ta,· To peaxq11.11 · ~0 ;~Topo;;u,\e-
HHfl HayqeHa r6paa~O'.M9!i.bme·(pHc.'I). ,llaHHbJ~ no cpOTOP.O;;u\eHMIO 
~ 0 .. . : . . ' ; ' . . 
·~ -Me30HOB Ha He~TPOHe npaKTHqecKH OTCYTCTBYIOT. 

Cxy.U.HOCTb .U.!1.HHblX 110 Y(,
0 

-rpOTOpOl!!.nem110 o6ycJios.rreHa. " 
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oCHOBHOll ABYIUI np1111MH8IOI: 

I. lluoe ceqeHHe npoqecca. 

2. Tv.fN'!Ye ·(>oHoaae yCJJOBHJI, KMOJ1i18 aqe «So.nee yxy~­

ca OJ>H HCDOJlb3088HHH DOJUlpH3088HHOro 'l'OJllOSHOro 

1' -cnenpa ( Ef1HK I £,uaKC = 0,3 + o.5 ). 

B H&ll&Jle·tr oes~ae'l'M npMaaopeqgocT& e1rcneJ>HMeHT&1bHHX 

AIHHHX B OKOJIOOOporoaolt oCSJia"l'l'H f-4Jo'!'opo~elUUI (OKOJIODOpo-

rolWI 8HOll8JOOI). )la.nee AOK&3YBae'l'CJI, 11'1'0 4U.AOC'l'HUHM qeJIH 

AHCC8P'l'aqHOHHOA pa(Softl, quecoo6p&3HO H3118pH'l'b leJIH'DIHY &CMll­

llEl'l'PHH ceqeeaa ~ a 06.JJ&C'l'H aHeprHH ~, • I,3 + I,8 I'eB. 
B KOHqe §I pacCMaTpHB811'1'Cff 118'1'0~ a~eneHM A&yxq&e'l'H'IHOI 

pe&KQHH *°'l'Opolltll.eHM f -ueaoHoa Ha BOAOpc>Ae 1 npHB8,1'8HHlile 

B 8KCnepHMeH'1'8JJbHHX pa(S0'1'8X pa3JIH'IHHX 8B'l'OpoB. 
ttr• • 

llio'l'Opo~eHHe H8RTp8JlbHHX ,// - H ~ -M830HOB .llBJJJl8'1'CJI 

no.neSHolt HClllil'l'a'l'eJJbHOR CSaaoR AJlft tlleHOMeHOJ10rH'IEICKHX MOAeJJelt 

npH BHCOKHX 8H8prMX. HeKO'l'OpHe npoCS.JieMH Pe,JU18-fleHOM8HOJJOrHJG 

0'18Hb lle'l'KO HJJJillCTpHpyll'l'CJI npH H3)'1.l8HHH HN8HHO 8'1'HX npoqeccoa. 

Xo'l'JI MOA8JJb PeASe paapeaoa A&e'l' xopomee KOJJH118C'l'BeHHoe on11ca­

HHe oCSOHX npoqeccoa, HO OOJ!Y118HHHA npH 3'1'0M AOMHHHJJYDllMR 

BKJJSA Pe~ paapeaa B f ~'l'Opolltll.8HHH npo'l'HBOp&'QH'l' nepao­

Ha1U1JlbHOP. 51Aee MOAUM, corJJacHO KO'l'OpoR paapes AODeH BHOCH'l'b 

'l'OJJbKO DOnpaBKH. 

B pacce.RHHH Ha38A npH BHCOKHX 3HeprMX AOIDIHHpyll'l' u 
K8H8JlbHHe tlleJllHOHHHe oCSll8Hfi. 8 S'l'OM CJJYll88 1 KU 110Ka3&11 f'pH-

601, H806XOAHM yqeT napii KOllDJJ8KCHO-COnpRll8HHHX OOJJl>COB c 

Dpo'l'HaononomioR 'lle'l'HOC'l'bll (napl'Hepu no 118'1'HOC'l'H). B STo!.t 

CBJISH MH'l'epeCHH npeACK&3aHMJI AHcfxltepeHl{H8JI&HOro C8ll8HHR dfl/" u 
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f -4Jo'l'opolltll.8HM a HHTepaue aHepraR. Er • 2 + re raB, no.ay­

'leHHHe • puuwc llOAUH SCRAM. 
~'l'O~eHHe ,. -Me30HOB H& ~ H~O BUHoe npHMeHe· 

HHe B HCC.118AOB8HHH M&IO 11ayqefflloro npoqecca ~N -B3&IOIO­

A81CTBM. ~3MepHB C8lleHMe HeKorepeH'l'Horo tc>TOPOlltll.8HHJI ~·-
11830HOB Ha ~. B pallK&X Onp8A8JJ8HHOR nope'l'HlleCKOR MO.Q,eJJM 

MOllHO onpeAeJJH'l'b ceqeHMe ~ N -BS&HNOAeAc'l'BM. 

0AHHM H3 OlleBH,IUUilX lfJaK'l'OB 3Jienpopolltll.8HHJI B pe30H8HC­

HOR OC5JJ&C'l'H 8HeprHH .llBJJJl8'l'CJI O'l'JJHllHe 3&8HCHMOCTeA 3JI8KTpo­

B036ys,zteHHJI peaOHaHcos Su<I535) 11 by3(1520) OT nepe­

A&HHoro HMnYJJbCa K2. ,ltn.R 8HJICH8HHJI npHllHHH Blillll8YKa38HHOro 

O'l'JJH1UUI .ayqme scero H3YQH'l'b peaKQHI> ~
0

-aJieK'l'pOpo~eHHJI. 

KcCJieAOB&HHe npoQecca aJienpo~eHH.R l(-MeaOHOB Ha npoTo-

He a o«Snac'l'H peaoHBHca Su<I535) np11 0,4 " K2 '- I,O 

(ra8/c)2 ROK&38JI0 1 11'1'0 B ~0-4Jo'l'OpoJQt8HHH AOMHHHpyeT nonepeq­

H&R ll&CTb AH4xflepeHQH8JlbHOro ceqeHHR. 

Bo B'l'Opolt rJiaae pacCMaTpHBU>TCJI 1onpoC1a1, csJla&HHHe c 

a~e.neHTlleM AByxll&C'l'H'IHOA peaKl{HH '1 + P-1(' + p npTll TllC-

non&aosaHTllH no.1u1pT11aos&HHoro TopaoSHoro 'I -nyqxa. IlpTllBOAH'l'­

Cff KpaTKOe ODHC8HHe MoH'l'e-KapllO nporpaMNH M0,1t0JIHpoB8HHJI Hay­

'18.81101 P8&Kl1HTll. Ha ocHoae &THX pacqeToB 6YJ1 npo11a1eAeH BHCSop 

perHC'l'pTll~eR annapaorypY, Kpa'l'Koe OnTllCaHT/18 KO'l'OpoA npHBOAH'l'­

C.11 B §4. Pacqe'l' BKJ18Aa ,l\ByxtiaCTTll11HHX pOBHX npoqeccoa npHBO­

AH'l'CJI B §5. PeayJJbT&'l'H BHnOJIHeHHHX pacqe'l'OB B AaJlbHeltmeM no.Q,­

TB8pAT/IJITllCb 3KCnepHMeHT8JlbHHNTll AaHllHMHo 

M311epeHM acH&e'l'pHH cet1eit11.11 npoBO,l\HJJHCb npH IUl'l'H KHHe-

118.THQ&CKHx D03HQHRX (Ta6JIHq&). ·Ha pTllC. 2 npHB8A8H cneKTP 8Cf>-
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ipeKTHBHOA MaCCli! .IJ,BYX<fJOTOHHOR CKCTeM!il [r] perHCTpr.tpyeMoA B 

· cosn~eHHH c npoTOHOM OT~ai:rn·(pi.tc. 3) npM KMHeMaTKqecKoR 

nosHQKH 2 (Ta6JIKQa). ,[{JI.fl cpasHeHH.fl, Ha pKc. 4 npHBO~KTC.fl 

cneRTp MB.CC· ~syx¢oTOHHOR CHCTeMht B Tex Me yCJIOBHllX TOJI&KO 6.3 

COBII~eHK.fl c npOTOHOM'OT~atni. IlKK, o6ycJIOBJieHHHA ~0 -Meso­

HaMK HS HsyqaeMbI'O npoqecca, eJie.38.MeTeH Ha 3KCilOHemti!aJI&HO 

y6hlBSJOO\eM ¢mte. l!iro61't saperHCTpHpOBa'l'b'' - 300 + •350 C06hl­

THlt K3 HCCJie,JzyeMoA peaKQKH I 

0

Heo6xo~HMO 6i.mo perHCTpKpOBaT& 

25 + 35 THc.11tz"co6&1THli 2 1-cosn~eHHH.' Cpa.BHHBM pirnyHKH 2, 

4 c pKc. I pa6oTY [2], JierKo y6e~KT&C.fl B Heo6xo~HMOCTK pe­

rHCTpaQKK npOTOHa OT~ai:rn H ::iqxpeKTKBHOCTH pas.1J,eJie1mfi npOTO­

HOB c KKHeTKqecKoA 3HeprKeA, MeH&We onpeAeJieHHOro, ~JIH ~aH­

HOR KKHeMaTKqecKolt n03HQKH, 3Haqe~H.fl Tp ·-' (Tp>MaKc:': Ka.K 

JieI'KO y6e~HT&C.fl HS pKC. 5 [3] • TaKoe pa3.I1,eJieHKe npOTOHOB 

npKBO~HT K ey*eHKIO 3HepreTHqecKOI'O KHTepsana HaqaJI&H&!X 

If -KBaHTOB, saxsaTh!BaeMoro ycTB.HOBKoA (o6ecneqKsaR Bli!co­

KYE Cpe.IJ,HIOIO IIOJI.flpK3&QHIO . "o ' -KBaHTOB' yfla.CTBYIOll(KX B KCCJie­

n,yeMoi.t peaKQKH). KpoMe TOI'O,_ TaKOlt OT6Qp npOTOHOB B npo6e*-
• . ,. ·: ··'·• l • " 

HOM TeJieCKone ~OB,OJibl;IO ~~_KT~BHQ TIOAaBJI.fleT ¢11s11qecKaR cpOH 

BHCOKosHepreTKqecKHX aa.p.RllteHHhlX qacT11_u;. 

PaccMOTpeHKe TOJI&KO ~syxqacTKqffh!X qioHOBhlX npou;eccos 
,. 0 + . r. + .P ~ Y[ + 60~2) K o~ P- u)"+ p_ 06ycJIOE1_JieHO Te~, 

~o BKJI~ MHOI'Otm.CTH~ ~HOBHX npOQ~CCOB onpe~eJI.flJIC.fl 3KC­

nepHMeHTaJibHO. KpoMe Toro._, ~~ "no~aaatto. B pa~oTe [2] , BKJI~ 
• ~ : .J . :..,. ..... 

~HoroqacTHqffOI'O cpOHOBOI'O_,.n.~~u;e~ca J' i' p ~ ~· + 1f0 + p B 

H3ytm.eMoA KHHeMaT11qecK0£t ~O~Jia9TH ,B 6 +.,? pas MeJi&me B~~a 
• 0 . ~. .. ' . ·~ 

npo;qecca_ 2J' + P - ~ .+. ~J!~2). 

·-t , ~·; l' ..... ' ~l 
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. B TpeT&eR rJiaBe npKBO~HTC.fl onHCaHHe npoQecca K3MepeHH9. 

K o6pa60TKK sKcnepHMeHTa.iI&HlitX D,aHH&IX. B §I paccMaTpKBaeTC.fl 

6JioK-cxeMa ycTaHOBKK ~.fl perKCTpaQHK KCCJie,11,,YeMoA ~syxqacTKq­

HOA peaKQKK Ha JIKHKH c 3BM. ~OCTaTOqffO II0Ap06HO paccMaTpK­

BB.KlTC.fl TaKJAe KaJIK6pOBOlUIJ:le H KOHTpOJibHble K3MepeHK.fl {52): 

I. Ka.JI1116pOBKa qepeHKOBCKHX cqeTqHKOB r -cneKTpOMeT-

pa {pHC, 6), 

.2. KoHTpox& sa noJI.RpK30BaHHI>IM TOpM03HblM 1-nyqKoM. 

3. MoHHTOpKposSHHe l -nytma. 

4. Ka.Jii.t6posKa CHCTeMhl, K3Mep.RIOll(elt BpeMeHHOA HHTepBaJI 

Me~ MOMeHTaMK perKCTpaQHA c npOTOHHOM npo6el!£HOM TeJieCKOne 
' v 

K B CHCTeMe 2C-cqeTqHKOB. 

CJieeylOll(HR naparpaifl (§3) nocs.mqeH sonpocaM yqeTa noTep& 

H HCKaMeHHA HSMep.ReMoro pesyJI&TaTa K3-3a BpeMeHHOA CTpyKTy­

p&l nOTOKa co6&1THR. 

B §4 pacCMaTpHBB.KJTC.fl cnoco6H pas~eJieHH.fl HsyqaeMoro s~­

ipeKTa OT qioHa K MeTO~ KSMepeHH.fl MHOroqacTHqffOI'O <fJK3KqecKO­

ro <floHa. ~o HacTo.mqero 3KcnepHMeHTa [4] ~Jiff HsyqaeMoA peaK­

QHH ¢11sHqecKKA qioH KJIH He HsMep.RJIC.fl, KJIK me K3Mep.RJIC.fl YMeH&­

meHHeM yrna Mel!Q'.U' oc.RM11-~syx C-cqeTqf,tKOB 'I -cneKTpoMeTpa 

nocJie Ha6opa Heo6XO.ll,HMOI'O qKCJia C06blTHR H3 KC:CJien,yeMOI'O npo­

Qecca. TaKHM MeTo~oM K3Mep.RJIC.fl ~HsK~ecKriit ~OH ~JI.fl nosHQHH 

2 { Ta6JI".fQa) • 

PacqeT&l no MeTo.ey MoHTe-Kapno noKa3aJIK, qTo qJ1CJIO npo-. . 
TOHOB OT~aqK K3 K3yqa~MO£t peaKQHK CKJlbHO yMeH&maeTC.fl c yxo-

~OM OT cpe~Heit nJIOCKOCTK.,peaKQHH. 11HhlMK QJIOBSMH, HM.eeTC.fl 

B03MOMHOCTb HSMepH~b MHOroqacTH~ cpH3KqecKKR qioH (B npe~-
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nonozeHHH, qTo npocTpa.HCTBeHHoe pacnpen;exeHHe WOHOBHX aapft­

zeHHhtX tlB.CTHQ HMeeT aSl!MYTa.JlbfiYro CMMMeTpHm) c IlOMO~bD KpaR­

HHX cqeTqHKOB npoTOHHoro rOAOCKOna OAHOBpeMeHHO c Ha.CiOpoM 

cTaTHCTHKH. 3THM MeTOAOM H3MepRJica WHSHQeCKHA WOH npH nosM­

QHHX 4 H 5 (Ta<5nMqa). MaMepMCH Taae eKJiau, eeiqecTBa KOlKYXa 

Z~KOBO.IJ,OpOAHOA MHWeHH. 

0 npoqe~e s~exeHMH HCTHHHhtX coen~eHMlt M onpeAexe­

HHft BKJia,n;a HCcxe.u,yeMoR peaKQHH paccKa3YBaeTCft B §5. PacCMaT­

pHBaIOTCH MeTOAH aqxpeKTHBHOlt Maces ABYX~TOHHOlt CHCTeMH H 

ABYMepHHX pacnpeAeneHHA no aHeprH.ffM . Er, H E1z 
B qeTsepToA rnase npHBO.IJ,HTCft onpe,u,eneHHe acMMMeTpHH 

ceqeHHft l:. Hee omH<5KH H3 3KCnepHMeHT8JlbHhtX .IJ,aHHhtX (§I). 

B §2 .u,ocTaTo~o no,u,po<5Ho paccMaTpMBaeTcs pacqeT .ll,HqxpepeHQH~b­

Horo ceqeHHft H3ytlB.eMoro npoqecca (Ta<5XHQS.). Mcnon&aya aHaqe­

HHe acHMMeTpHH ceqeHHa :Z: , noxyqeHHoe npH Er =I ,39 raB, 

B §3 npHBOAHTCft .IJ,OKaaa.TeXbCTBO ,ll,OMHHHPYD!leA poxH COCTOftHlll'I 

JJ 13CI860) npH STOA aHeprHM. 0 MOAexax WOToo6paaosaHHft 

~0 -Me30HOB B pe30HaHCHOlt o<5naCTH 3HeprHA, B qacTHOCTH, 06 

Hao6apHoA MO.IJ,eXH XHKCa HAP·• roaopHTCH B §4. 

Ilpose,u,eHHOe cpaaHeHHe axcnepHMeHTSJibHhtX ,IJ,aHHhtX c_noxy­

qeHHHMH H8MH npen;CKa38.HH.ffMH H306apHOlt MOAeHH XHKCa H n;p. (§~) 

noxaaaxo, qTo HSMepeHHb!e HBMM axcnepHMeHTSJibHHe 3HaqeHHft 

,IJ,HqxpepeHQHax&Horo ceqeHHft HayqaeMoro npoqecca, B npeAenax 

omH6ox, corxacyioTCft c nHTepaTYJ>lfi>IMH AaHHlilMH H c npe.u,cKaaa­

HH.ffMH MOAeXH XHKCa H AP· (pHc. ?). 

npH 

3aepreTHqecxaa 38.BHCHMOCTb acHMMeTpHH ceqeHHft ~ 
j:).CllH 
"U~o = 45° npOTHBQpeqffT npe.u,cKa38.HWDI Mo.u,enH XHxca H 

- 13 -

AP· (pHc. 8). TeM He MeHee, yrxosaa Sa.BHCHMOCTb acHMMeTpHH 

ceqeHlll'I :Z: npH aHeprHH f;r = I,8 I'aB npoaaxseT yn;oa­

xeTsopHTenbHoe cornacHe [5] c npe,u,cxasaHHeM pemeHHft THna 

C2 MO,U,eXH XHKCa HAP· (pHC. 9). 

B §6 pacCMaTpHB81l'l'CH Mon;e~~ WOToo6paaosa.HHH ~
0

-Mesor 

HOB B o6nacTH BHCOKKX 3HeprHA. Cp8.sHeHHe noxyqeHHHX H8MH 

SH&QeHHA acHMMeTpHH ceqeHIUI c TeOpeTHqec~HM~ IlpeACKaSaHHRMH, 

BHTeKaaqHMH HS Mon;eXH KOMllJieKcHi.Qc MOMeHTOB (pHc. IO) noKaSH­

eae'l', QTO HH OAHO HS HHX He onHCHBaeT nose,u,eHHe z. npH 

Er= I,8 raB [6,?) • HamH pesynbTaThl Henon;Teepl!QJ.&roT npen;­

nonozea1U1 0 npHMeHHMOCTH Mon;enH KOMl1JI8KCHHX MOMeHTOB ARB 

~o ..qioTOpoltll,8HHH npH CTOXb HHSKHX 3HeprHHX, KaK E.r =I,8 raB. 
B 38.KJ!DlleHHH ~plYXHpylOTCH OCHOBHH8 pesynbT&TH AHC­

cepTa.qHOHHOA pa6oThl, KOTOpli9 BHHOCHTCH Ha 38111HTY (CM. CTp. 9>. 
B npHJiozeHIUIX paccMaTpHB8.llTCH cxe.zi.yuqHe sonpocs: 

IlpHnozeHHe I : npHBOAHTCH BHBOA WO:EJMYXH n;xa noporoeoA 

aHeprHH E8~por. AJIB Q8.CTH1'i Cl.01 HS peaKQHH 

ao1 + 0.02 - a, + aa + · • • + a,, , rAe ( n ~ 2) 

B c.nyqae KOr~a tl8.CTHQ& MHlll9Hb (lq2 MMeeT nro6on HMnyJI&C 
Cl(M 

flpHnOM8HHe 2 : npHBO~HTCH BHp8Jlt9HHe C05{2 qepes 

HHBapH8HThl 5 • ft mo1, moz, m1, ma 
ao,+ ao2 - a,+ aa 

.u,na peaKQHH 

IlpHXOllteHHe 3: yK8.3HB81lTCH npHtmHH 38.BHCHMOCTH nOXftPHOr• 
_qA.C. a yrna ·v, Q&CTH1'i! f B na6opaTOpHOA CHCTeMe OT aS11MY-

Ta.JlbHOro yrna pol!QJ.eHHH aTolt t1aCTH1'i ~ * B CUM, n;na CHY'la.f, 

Korn;a tl8.CTHQ& MHlll8Hb Clo2 ,IJ,BMJ[eTCH. 
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IlOJJ,ru1CH K PlifCYHKAM 

Maposwe A8Hlffil8 no ~Topc>J11teHHD 1 -M830HOB H& 

ffYXJIOH&X. 

f'HC'l'Ol'p&MM& :$IleK'l'HBHOA Ma.CCIII ~Byx~'l'OHHOA CHCH· 

Mii, perHCTpHpyeMOA B COBn~eHHH c.npo'l'OHOM O'l'A&­

w (nos~ 2, '1'8.CSJIHQ&). lfioTOHH 1-JJYQK& nOJill­

pH3088HW nepne~HK)'JI.RpHO IJJIOCKOCTK pe&KqHH • 

Cxam. aKcnepKMeHTaJibHOA ycTaHOBKH • 

CneKTP M&CC cacTeMH ~syx 'I -KBaHTOB AJIR HCTHH­

HHX cosn~eHHA MeJIUJY CI H c2, nonyqeHHYA npw KH­

Hell&THQecKoA 003HqHH 2 (T&CSJIHQ&). 

MOHTe-Kap.no rHCTOrpaMMY KHH8'1'HQ8CKOA 3HeprKH npo­

'l'OHOB O'l'.I\&llM H aaeprHH 0 -KBaHTOB, yqacTByaqH:l!' 

B pe&KQHH a'+P-rt,°+ p. 
3aBHcKMocTb HOMepa KaH8Jla AUII OT aueprttH perttcT­

papyeMYX aJieKTpOHOB Ee , .I\Jlll .I\BYX qepeHKOBCKHx 

cqeTQHKos cI e c2. 
npeACK&38HHll H306&pHOA MO~eJIH XHKCa H ~p. ~JIR 

pe&KqHH '( + P - r + P . .! 3ffepreTH".'8CKa:ll1'13a­

BHCHMOCTb AHlfJl!epeHqH8JibHOro ce1.1eHHll npH {j~. =45°. 

3KCR8pMMeHT8JlbHH8 TOQKH - peayJibT&TW ~HCCepT&QH­

OHHOA p&CSoTW • .! 3HepreTeqecxu 3&BHCHMOCTb noJIHO· 

ro ceqeHHR. 3KcnepHMeH'l'8JlbHMe TOQKH - pe3yJI&TaTH 

pa.ISOTW ABBHHM KOJIJlaciOpa.QHH. 

> 



P11.c. 8 

PHC. 9 

PHC. IO 
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Ilpe,~cKasa.Hlli.f!' ~so6apHoR MO,JJ.eJIH X11.Kca H ,JJ.p. :o;JI.f! 

3HepreTMQeCKOM 3aBHCHMOCTH acHMMeTp~H ceqe-

HH.f! L peatCQHH r + P ..,. "I. 0-t P npH 
_Q.CW'I 
u~· = 45°. OKCnepHMe!fi'SJrbHble TOQKH - pesyJib-

TaTbl J\HCce:pTal.\HOllH01't"pa60Tbl. 

Tipe,JJ.CK~3a.H*.f!,H306apHOM''MO,JJ.eJIM.XMKCa H ,JJ.p. )J.JI.f! 

yrJIO~OR 3aBHCMMOCTH acHMMeTpHH ceqeHH.f! :z:... 
_ peaKQHH )(+ p - ~u-rp np11. Er= I,8 rsB. 

3KcnepHMeHTaJ!bHlile TOQKH - pesyJib'l'a'l'bl HaCTOf!U\er 

p.'\tJOTbl npH Et' = I,8 raB; • ..,. pesyJibTaTbl, 

noJiyi:i:eHHffe B Jia6opaTopHM ,Aapc6epM npH f(= 2,5 PsB. 

AcHMMeTpH.il cei:i:eHll!fl I. peaKQHH r + p - >f + p' 
B 3aBY.CHMOCTH OT. . - t '"~ 

. ~~,' 
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