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OE!MH XAPAKTEPliiCTHKA PAEOTU. 

AITT.'Y8JihHOCT:r. npo6ne1m. 1:'BSB0Tll8 COBpeMeHHNX npe;n;cTaBJI8Hllil 
fl/lepaott· qi11s11Klf B saat11lTeJihHott· creneH14 onpe11enHeTCH YcnexaMK 1,urnpo
cKona-qecKKx 148'1]0J{Olf onecamrn CTPYKTypa BOs6yllt/l8HHl,IX COC-TOHHlltt . 
HJ{ep. MirnpocKonHqecKitt no,mco;n; nosBOJIHeT C·8AHHOtt TOqKH apeHi!!i 
06'.b!iCHHT:6 p83H006p83Hll6 OWJO'll8C'rJ4.qH!l8 ll KOJIJI8KTllB}!b18 CBOilCTB8 a;nep 

. . ·' ' ' ' . 
H Ci!CT8148Ti!3i!pOB8Th orpoMH~cne~TpOCKOITi!qecicyD i!HqiOpM8Ui!D O Hi!3-
K08~epreTK"l8Citi!X ypoBH~ fl/l8Il• . . 

06mi!pHaa 8KCnepIDLeHT8JibHB!i HHqiopMBUllfl aaKonneaa K aacro~e
MY BpeMeHK· rane· o p8"s:na1tBh!X R;nepmnc npouecc~x. xapaKTepesyD!llllX 
CBORCTB8 CJIOEH!,OC_ BliCOKOBOS6yx;neHHIDC COCTO!iBlltt R;n;ep. lHH 8H8Jli!38 
T8RKX npou.eccoB 06biqao npllBJieKaeTCH CT8Ti!CTi!tJ8C-KOe OilHC8Hlle, ff 
K8K ITOK888Hl1 peay:nhT8TU i!CCJI8AOB8Hllil, npOBO)U'IBmllXCII BO MHOrHX 
OT6ll8C-TB8~HblX 0 sapy6elltHLIX :na6oparopi!RX. CT8TllCTi!qecK08 xap8KT8-
pi!CTllK~ B036yx~eBHNX ~11ep BO MHOI'Olol no;no61U1! COOTB8TCTBYIOll\0M Tep
MO/l0H8Mllllecm!l4 4!YHKUi!HM ll/l88HhHOro qiepMtt-ra8a • TaKoe no110611e no
SBOJIH~T 0CITOHh30B8Th MoneJih qiepMa--ra~a ;n:nli @eHOM8HOJIOr11qecKoro 
81!8Jlll88 11 'irapaMeTpi!88Ul:'ff IlJWTBOCT0 ypOBHeti B086yllt1XeHH1:JX a;nep, Be
Jllltli!H8 KOTopon HrpaeT onpe;neJiliD!llYJO pOJih BO Bcex rrp8KTllqecK0X npll
JIOllt8Hi!HX CT8T0CTHqecKott Teopi!ll H;nepHb!X peaKuett. 

0/lH8KO TP8,lli!U00HH8li Mo;ne:nb qiepM0-r'asa He yqWJ.'hlB88T cneue(f}ll
qecKHX oco6eHHOCTett a;nep, o6yCJIOBJieHHliX, c' OJ:{HOn CTOPOHbl, Cyll,\eCT
BOB8Hr<feM flpKO BlipaJKeHHblX Q60JIO~eqHIDC Heo;nHOpO;n;HOCTen B :airepreTi!
qecKOM cneKTpe KBaaetJacTllU (aneMeilTapH~ 'Boa6yllt]:{eHiltt H;npa} e, ·c · 
11pyron cTopom.i1, 3/Jl<IleKTllBBW Bsa11Mo]:{eticn0eM KBaa11qaciT11ri, is0xyl!l11x
c1I B cauocornacoBaHHOM R;llepHOM noTeHuHane. l!ro6ii nonyqeu e]:{0110,;. · 
o6p83HOe 11 B381lM~corna·coB8HHOe OilllC8Hlle -CBOtiCTB 8TOMHblX !i/l8P B 
mi!pOKOM J:{ilanaaoHe 8Heprett BOa6yJK;neHHH, HeD6XO/li!MO paspa6oT8Th 
MeTO;n;bl p8CCl40Tp8H0fl Ci'BTHCTl'ltlecKllX xapirnTepl'ICTl'IK Bos6yJK;neHHblX 
1I;l{ep, 3KBHB8.JI8HTHble MeTO/l8M, C03;!{8HHbIM ;nJIH 0Ili!C8Hi!fi H03KOJI8E8llll1X 
COCT'Of!Hilit !i;llep. -T8K8H 88/l8ll8 B8lltH8 K8K B 061lleTeopeT11qecKOM 
OTHOmeHl11l, T8K ll,c TO~Kl1 apeHl'l!i i!HTepnpeT8Ui!ll m11p0Koro Kpyra !iB
Jl8Hl1tt I Ha6JIJJ;ll8814HX B BbICOKOB036Jl!tJ:\8HHNX !i;llpax,. 

OcmoBHOtt [{8Jlblll pa6om RBJIHJIOCh IlOCTpoea0e M11KpOCKOilHll8CKOro 
OilllC8HllH CT8Tl1CTl'lqecKi!X CBOttCTB Bos6yx;neHHHX H/lep, yqllTblB8IO!llero 
JdOnoqetJHyn CTpyKTYPY cneKTpa 8JieMeHT8pHIDC B036ylltA8Hllil R;nep ll 
KorepeHTHble KOHJI8KTl1BHble 8g}qieKTU, o6ycnoBJI8HHli8 B38i!MO;nettcTBlleM 
KB as eqac ,mu. 

C6J,1':·J;r·{'•· ;c"u! . ._.,.,. 1 nm:•ntry;"·-1 
t:l',f;f i;,"'.' ~:. r•trne,!louan&tl 

EViG J 1H(JTEKA 



HayqHaH HOBTt!3Ha. B ]ll1CcepTan11Tt1 npeACT8BJieHH OCHOBHHe pe3yJib

T8TH pa6oT, BHilOJlHeHHbIX BBTopou B 1969-!9?6 rr. B ,3IHX pa6oiax 

6unH pa3B~TH aonue MeTo;n1,1 paccM0Tpea11a craTRCTHqecKRX xapaKTep11c

TTt!K B036yiK]leHHbIX HAep, Ha OCHOBe KOTOpbIX yCT8HOBJieH8 B3811MOCBH3b 

CBOilCTB BllCOKOB036ylltAeHHblX miep' co • CTPYKTypoii ·H~3KO,Jiellt8ll(l1X COCTOH

HHlf;. :nOCipOeHa IeO!)HJl '.' KOJineKTHBHHX B03ClJllC,lJ,eHHi1 Harpeiax'' · JIAep, 

noJiy'leHO -Onl1C8HTt!e HMeilllll1XCH 3Kc'nepm.iea'TaJI:&HbIX ]l8HHblX O CTBTl1CTH

'1eCKTt!X xapaI!TepTt!CTHK8X f!]lep ii )J.8HO OCi'bHc'frnHRe· oco6eHHOCTett· 

none:zteHTt!H unoTHocn ypoBien cpe:ztaHx 'I,{ THllte£llX Hitep~ p1i"Hee ae 11·1.1en-

mT11x Y:zlOBJie,TBoirnTennHOll. l1HTepnpeTan11Tt1. . . . , .·' , 

Pa3B1trT11e Tenp1rn CTl1Mym1poBaJio npo:ae]teHTt!e pa:zta BKcne'jmMeHTarin

HbIX Ii'~cne,l.\OB8HTt!n, rrpw 8H8Jll,{Se KO;O.PHX d1rno noiiyt1e110' 3H8ql1Te·m,Hoe 

KoJITllqecino HOBci~ .impop1,1auH11 i:i' cnollcTBa
1
x :ilucoKo:so36yx;n;eHHwt HAep, ·, 

no;n;TBep,llTt!Bmen OCHOBHl>ie . npe:ztcTa BJieHTt!fi ·pa CCMOTpeHH!lX Te ope TTt!l!eCKl1X' 
I.!O.lleJie~: · · •· ' .. · 

Haj'1HBH Tt! npaKTTt!~~()K8H ueHHOCTb pa6oT~. llpoBe,lleHH!,le HCCJie:.. 

,llOB8HTIIH cyw.ecT'BeliHO pacmlllpTt!JITtl H81l111 3H8Hl1H O CBOitCTB8X: BHCOKOB03.:," 

6yllt,ll8lrHHX H~ep. Pa3pa6orati111,ie MeTO]lll pacqeTa· i era TTIICTH'leCKl1X xa

paKTepTIICTl1K ii.nep )l8JJT B38 Ttll,IOC'orJiaCOBaliH'oe oirncaHTt!e mTt!pOKoro Kpy..: 

ra H,llepmh: nponeccoB. -r;ooTHomeHRH 'cT8Tl1CTTt!'tle1::'Koil Teopr.rn miepHHX .. .~ ( -, . -" . 
peaKnTIIR .B H8CTOHll!ee_ Bpelffl y~nemso 11CnOJib3Y!(lTCH KaK np11 8H8Jll118e 

3Kcnep11MeHT8JlbHblX ABHHHX~ T8K ll ]lJIH pemeHl-lH llHOrl!X npnna,nHl:IX 

38Aaq, CBH38HHHX C onemton H6llTpOHHbIX ceqe,Hllll p83JITtl'1HllX KOHCTpyK

n110HHbIX MaTepHaJioB. IToTpe6Hocn B TBKHX onemiax Blil3BaHa 3anpoca

Mll c0Bpe1.1e11Horo 3Tana pa3Bl1TTt!H n,nepHott BHepreTllKR. :fToqseHTt!e 

CT8TTt!CTW'tlec1rnx CBOtiCTB B0.36yiit;neHHbIX H,llep/itocTl1I'HYTOe B pe3yni;

TaTe npoBe,neHHbIX 11ccne;noBaHi1n~ no3BOJIHeT cymMTBe.HHO nOBI,iCldTb 

Ha.zielltHOCTb npoBO.llTt!.MhIX oueaoK, oco6e'Hno B Tex cnyqanx, Kor.na ·npH

MBH SKcnep1,11.1eHTaia,aaH llHqiop~ailRH. o· Heo6xoJ.\~iwx ce-qemiHX: npOTllBo-i 

pellllBa Tt!Jlll OTCYTCTByeT. . ' ' . . . 

HA SAIIU-lTY Bb!HOCHTCH GMEJ!YIO!J{ltlE.OCHOBHblE ITO~OJKEHHH: 

' I~' 'B1mn:n:eHHii1e B pe3YJibTBTe npo:ae.neHHWC 11cc:n:e.no:liaHllll 061I111e 

38KOHOMepHOCTll BJI0HHllfl n6ono-qeqHI,1X :Jg)qJeKTOB RB ~HepreTTt!lleCl\YIO 

38 Bl!Clll.!OC!U, n:n:OTHOCTld ypo:aaen, MOMeHTOB ·Tt!Hepn1111 l1 cpe,l.\RllX r11po

M8I'HllTHblX OT.Homea11£1 B036YlltAeHHiilX HAep, a T8Kllte Ha n0Be;nem1e 

CT8Tl1CT11llec1mx·xapaKTep.icT11K cocT·OHHllti H]lep C qJHKCHpOB8HHIDl llllC

JIOM B036yx.neHHblX RB8311ll8CTldll. 

2. P.a3pa6oTaHHHe uero;z,;H on.icamrn BJIHHHllH napHiilX Koppemm11n 
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HYKJIOHOB CBepxnpOBO.l(H!llero Tllna H8 rioBe,lleHTt!e CT8 TTt!CTlltieCKTt!X. xa paK

Tepl1CTllK H,llep 11·113y-qeH1le cneullq>l!lleCKldX 3q)qieKTOB.TepMO]l,IH8MllKTt! 

Bo36yJ1t.l(eHHllX H.l(ep, CBH38HHHX C repMOl130JillpOB8HHOCTbID H,llepttb!X 

8HC8M6Jien 11 ·uanuM 'QTt!CJIOM B036YlK.lleHHbIX KB83l1'18CTl1U. 

, 3 •' Pa 3BllT8H MlllKPOCKOilll'tleCK8H TeOpTt!H KOJIJieKTllBHHX B086yllt,neHllti 

HarpeTHX H,llep 11 ee npllMeHeHTt!e ,llJIH 0IlllC8Hl1H IlJIOTHOCTll ypOBHefi ll 

cneKTp8JibHOll 11HTeHCTt!BHOCTll pa,llll8UTt!OHHbIX nepexo.no:a B BlilCOKOB03-

6yx]teHHHX H.l(pax. 

'06'beM AldCcepragTt!ll. ~llccepT81lllH H8IlllC8H8 Ha 295 CTp8HllU8X 

MBfilllHoirncHoro TeKCT8 I BKJIIO'tl810ll(Tt!X B ce6H 66 pllCYHKOB 11 CIIl1COK lll1Tll

pyeMOil JIHTepaTypu ll3 272 Ha111.1eHOBBHTt!ti. 

COJ(EPJKAHHE PABOTU· 

I •. MoAeJib wep1.111-ra3a ll ee npTt!MeHeHTt!e npll 8H8JIT/13e 

8KCnep1t1MeHT8JibH1IX ABHHl:DC 

B nepBott rna:ae it11ccepTa1lTt!ll KP8TKO 0·6cyJ1t,neHa 111.1e101JJ,BHCH SKcne

p11ueHT8JibH8H 11Hq>OpM81lllH O CBOttCTB8X BHCOKOB036yllt.l(eHHHX H,llep ll 

paCCMOTpeHH OCHOBHHe COOTHomeHllH CT8TllCTTt!~ecKon T80PllTt! H.l(epHhDC 

peaKnHfii Heo6xo,n0we· ,l.\JIH ee OilllC8HTt!H~•rnaBHOe BHllM8Hlle 1Ipll 8TOM 

y,neJieHO 8H8Jlll3Y norpemHOCTett ll3BJieKaeuott Tt!HqJOpM81lldll, o6ycJIOBJieHHbIX 

np116JildllteHTt!HMl1 npTt!BJieKBeMHX reopeTlllleCKTt!X MO;zienen. ' 

Ilp11 CT8TllCTll'tleCKOM OIIllC8Hl1Tt! BepOHTHOCTb p83J!TtlllHI,IX nponeccoB 

nponopnllOH8JlbH8 4)88 OBOMY 06'beMy I 38 HTt!MB,eMOMY CldCTeMon C 88 ,ll8HHHMP! 

llHTerpaJIBMli ,llBRllteHTt!H, 11 B a,nepHbIX peaKnllHX 3TOT 06'beM onpe.l(eJIHeT

CH nJIOTHOCTbl) B036j'llt,lleHHHX COOT OHHllti ( ldJIH ypoBHen). IlpOCTHe c OOT

aomeHldH, X8pBKTepll3Yil!llll6 38BldCllMOCTb IlJIOTHOCTll ypOBHeti H.l(pa OT, 

aHeprTt!Tt! Boa6y:11t,neHllH ll yrno:aoro 1.101.1e1iTa, 61,1n11 nonyqeHH B uo.nen11 · 

q>epMl1-r838 (r • BeTe, 1936). B 8TOti Mo,neJill T8Kllte npOCTcitt Bil.II Tt!MeJJT 

ypaBHeHllH COCTOHHl1H, onpe,neJIHJJ!IITt!e 38BllCTt!MOCTb 8Heprllll B036yllt]leHllH 

u I 3HTPOilllTt! 5 ' riapaMeTpa cnlt!HOBOtt 38BTt!CldMOCT0 0 2 
ll ,l.\pyrllX 

TepMO,llldH8Mll'tleCKTt!X q>YHKUldtt, Henocpe,llCTBeHHO CBH38HHiilX C nJIOTHOCTbil. 

ypo:aaen, ·or TeunepaTypu t :ao36yllt,neHHOI'o ( aarperoro) n.npa: 

U=at2. , 5::2at , cr 2 =mtiat (I) 

S,necn a::n 2 <3/6 "'.",napaueTp nnoTHOCTll ypo:aaen, nponopuHoHaJib-

HHI nnoTHOCTTtl O.llHO'tl8CTld'1HHX cocTOHHRtt .c;J .B6Jill31l SHeprTt!Tt! ~ep1.111, 

11lL - cpe,llHHH BeJil1'11lH8 KB8.l(p8T8 npoeKnllll yrJIOBOI'O MOMeHT8 TaKldX 
T . 2 

COCTOHHlltt. BeJill~Tt!HY go= mi~ npllHHTO H88IilB8Tb MOMeHTOM l!HepuTt!Tt! 

qiep1rn-ra3a. 
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3KcnepuMeHTaJThHafl llH(j)OpMaI{Hfl O ilJIOTHOCTH ypoBHeil a~ep H3BJie
KaeTCfl B OCHOBHOM ll3 aHaJIH3a ycpe~HeHHblX ceqeHHfi pa3JIHqHblX a~ep
HblX peax·uuil, npoTeKaDmruc qepea cTa~mo cocTaBHoro H~pa. liayqeHHJO 
TaKIDC peamiuii IlOCBfillleHO -6om,moe ql,ICJ!O paCiOT, -peaym,TaTii ~-OTOpliX 
OTqeTRHBO AeMOHCTpupyJOT ABe xapaKTepHue ocoCieHHOCTll! CYl!leCTBOBa
Hlle HPKO BupaxeHHblX o6oJioqeqHl,IX aq_)q)eKTOB B aaBHCllMOCTll IlJIOTHOCTll 
YPOBHeil OT MaccoBoro qucJia ll 3HaquTeJihHOe paaJiuque IlJIOTHOCTH ypoB
-Heil H'Aep, HMeromux O'AHHaKOByJO aHepruro B036YJJ!'AeHHH, HO OTJIHYaJOlllllXCH 
YeTHOCThJO qucJia npOTOHOB HJIH HeilTPOHOB (T.Hh!OTOH, 1956; A.B.MaRN
IIJeB, 1963). J{JIH 6ommHHCTBa HeMar1,1qeCKllX H'Aep MO'AeJih <l)epMu-raaa 
BilOJIHe Y'AOBJieTBOpHTeJihHO OilllCNBaeT :=rnepreTuqecKyIO aaBHCllMOCTb 
IlJIOTHOCTH ypoBHeil npu aHepruax B036YJlt~eHHH,6JIH3KllX K aHepruu CBH-
3ll HeilTPOHa. 0'AHaKo B paMKax 3TOti MOAeJIH He HaXO'AllT OCi'bHCHeHHH 
IlOBeAeHHe IlJIOTHOCTll ypOBHeii fi'Aep B 06JiaCTH 6oJiee Hll3KllX 3Heprun 
B036y&AeHHH (A.rHJih6epT, A.KaMepoH, 1965), a TaIOKe oco6eHHOCTH 
-aHepreTuqecKOH 3aBl,ICllMOCTH IlJIOTHOCTll ypOBHeil, Ha6JIJO'Aaewe B cneK
Tpax HeynpyropacceaHHNX HeilTpoHOB (P.OyaH, ]'\lK.ToyJI, I968; M.Mapy-
11:aMa, 1969). 

HeCMOTPH Ha 60Jihmoii 06'beM HaKOilJI6HHblX aKcnepHMeHTaJihHblX AaH
Hb!X O ceq~liliHX paaJiuqH!,IX pea.KI{Hil, np0Te1ta10mux B BliCOKOB036YJlt'AeH
Hb!X HAPax, ll3BHeKaeMaH ll3 llX aHaJIHaa HH(j)OpMaqua O IlJIOTHOCTH ypOB- -
Heil OKa3NBaeTCH He Bcer'Aa 0'AH03HaqHoil H B3aHMOCOrJiacymmeilcH. B 
'AHCcepTaI{Hll IlOKaaaHO~ qTQ ~JIH peaKI{HH, KOMIIaJHAHiiii MexaHH3M KOTO
pwc xopomo ycTaHOBJieH, paaHorJiacua B peayJihTaTax aHaJIHaa, KaK npa
BHJIO, ycTpaHHIDTCH npH yTOqHeHHll TeopeTuqeCKllX MO'AeJieii, IlPllBJieKae
MblX 'AJIH onucaHHH Ha6JIIOAaem ceqeHH!i. IIpm.tepoK TaRllX 'AaHHblX l!Ol'J'l! 
CJIYJl!HTh ceqeHHH pa'AllaI{HOHHoro 3axBaTa 6IiCTpblX HeiiTPOHOB cpeAHHMH 
H TllJ!CeJIW4H H'ApaMH, onucaHue KOTOpblX paccMaTpHBaJIOCh B pa6oTax /1, 
2/, a TaIOKe ceqeHHH 'AeJieHHH 'AOaKTllHH'AHblX Mep IlpOTOHaMH H o<. -qa
CTHI{aMH, aHaJIH3HpOBaBmHeca B pa6oTe /3/. PeayJihTaTii npoBeAeHHoro 
aHaJiuaa CYl!leCTBeHHO AOilOJIHHIDT TPa)tllI{HOHHJEl HH(j)OpMaI{HD O IlJIOTHOCTH 
ypOBHeil, H3BJieKae11yro ll3 Het!TpOHHblX cneKTPOB H 'AaHHblX no IlJIOTHOCTH 
HeiiTpOHHUX pe30Ha.HCOB, a TaKXe AeMOHCTIJHPYDT 3HaquTeJibHUe OTKJIOHe
HllH IlOBeAe!illH CTaTHCTuqeCKl!X ,xapaKTepuCTllK HAep OT npeACTaBJieHuii 
MOAeJIH (jlepuu-raaa. 

HaPHAY C HayqeHHeM CBOHCTB TepMO'AHHaMuqeQKH paBHOBeCHHX coc
TOHHHil B036YJlt'AeHHblX mtep B llOCJie'AHHe l'O'Ali HHTeHCHBHO pa3BHBa
JIHCb TalOlte HCCJieAOBaHHH CTaTHCTHqecKllX xapaKTepHCTHK HepaBHO-
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B6CHliX KOH(j)Hl'ypauun cocraBHoro H~pa. B aHaq1,1TeJibHOH CTeneHH 3TOUY 
cnoco6cTBOBaJia MO'Aeni rrpe'ApaBHOBeCHOl'O HcnapeHHH, npe.nno:ateHHai 
J{x.rp1,1~1,1Ho11 (1966) AJIH o6'bHCHeHHH aecTitoit qacTH Ha6JI10;zr.aeMblX 
cneKTpOB pacna.zca, BblCOKOBOS6Y:at'AeHHblX H'Aep. OcHOBOii 3TOtt_ MO;zr.en1,1 HB
JIHeTCH npe'AUOllOZ6HMe, qTo BblCOK03HepreTHqHue qacTHI{U HcnycKaDTCH 
He 1,13 TepMO'AHHaunqecKH paBHOBecHoro· cocTaBHoro H'Apa, a Ha 6onee 
paaHeM arane - npu nepexo'Ae OT nepBoeaqanbHO o6paaoBaBmeMcH HepaB
HOB6CHOil n-KBaa1,1qacrHqHott KOHq>Hrypauufi K paBHOBeclioii 6Ta'AHH. 
CneKTP qacTHJ.l, ucnycKaeumc HB n -KBaa1,1qacT1,1qHol1 _CTa~HH, onpe,neJIH
eT,CH nJIOTHocn11 ( n- i )-KBaa1,1-gacT0qamc KomfrnrypagMtt OcraToqHoro 

H'AP8 • 
JlJIH onucaHMH llJIOTHOCTH n-KBaaMtraCTl,lqHux Boa6y:at.nea1,1tt H'Aep 

B MO'A6l!M npe'ApaBHOl!6CHOrO ucnapeHHH 061,1-g~o ifCilOll:b3YElTCH COOTHome
HHH, nonyqeHHii6 Ha OCHOBe MO'A8lll,I raaa: 60JI:bl{MaHOBCKllX qacTHI{ 
(B.M.CrpyTHHCKHi, 195&). Tax lt8.K B a.nepHux peaKUHHX cymecTBeHHYll 
pOllb erpaJlT orpaHeqemrn, HaKna'AUBaewe aaKOHOII coxpaHeHHH yrnoBo
l'O 11011eara, TO ;nJm 6onee no·nHoro 1,1 crp~roro onucamrn cTaTHCTH
qeoKHX xapaKTepHCTMK HepaBHOBeCHUX KOHq>Hrypauun Boa6y:at.D;eHHblX H'Aep 
Heo6xO~l,11(0 BKl!ElllllTb B paccMoTpeHHe CllllHOBYll aaBHCllMOCTb IlJIOTHOCTH 

n -KB88Hqacr1,1qHwc B036Y:at'A6HHtt. B 'AHCCepTag1,11,1 noJiyqeHU COOTHOme
HHH, xapaKrep1,1ay11mee TaKyll aaBHCHMOC~:b KaK 'AJIH MO'Aenu raaa 60ll:bl{
M8HOBCKHX -gacTHI{, TBK 1,1 'AllH lfO'Aene q>ep110-raaa /4/, a TaK:ate COOTHO
meHHH 110,nel!M npe,npaBHOB8CHoro pacna~a, B KOTOPUX yqreHO BJIMHHHe 
yrnoBoro MOKeHTa aa BepOHTHOCTb o6paaoBaHMH ll paCll8'A8 n -KBaae
-gacTMqHwc KOHq>HrYPBJ.lllR COCT8BHOff Cl,ICTeM!l /_5/. 

C:rie'AyeT, O'AHaKO, OTlle~HTb, llTO XOTH B Teoper1,1qecROM OTHOmeHlll,I 
llPB'A:rIO:ateHHUe M8TO'AU OilHCaHRH CTaTHCTHlleCKMX xapaKTepHCTl,11( n -KBa-
8Hll8CTHqHwc: KOHq>HrypaJ.lllff Boa6y:at'A8HHUX H;zr.ep npe'ACT8BJIHDTCH 'AOCTaroq
HO ll011HO paapa60T __ aHHLIMH, ,' HB,ne:atHOR 3KCnepuMeHTam,Hott HHqiOpMaI{Hl,I 
AJIH HX npoBepKH B HaC~OH~ee BpeuH llli e~e He 1,111eeM. nnH Baauuocor
nacoBaHHOfl HHTepnperag1,11,1 axcnepMMeHTall:bHIDC 'AaHHiiX He06XO'Al'IMO 
OT'Ae:rIHTb-BKJia'A nprurux npogeccoB OT BKlla'Aa npoueccoB, CBH88HHWC C 
06paaoBBH0eu paBHOBeCHOro HJil'I aepaBHOBeCHoro COCTaBHOrO H.npa. 
IIpaRTHqeCKl'le nyTH peamrnag1,1_1,1 TaKoro Il0,ZOCO'A8 npll onucaHHll ceqeautt 
Heynpyroro,pacce~HHH npOTOHOB,M H6flTpOHOB u aaepr1,1efl 'A0.20 MaB, 
OCHOBaHH:&16 Ha MeTO'AaX reop1,10 npauwc n.nepHux peaKI{Hil, 6HJil'I npe'AllO
:ateH:&I B pa6orax /5,6/. IIpoBe;zr.eHHHil aHan1,1a cneKTpoB Heynpyroro pac
ceaHHH HYKJIOHOB llOKaaan, llTD BiiCOK08fi8preTl'!qecKaH_ qacT:b Ha6n11'Aae
MHX cneKTpOB B anaqzienHol Mepe OllP6'A6l!HeTcH npauwm nepe-
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XOJJ,aMH, 11 l1Mellm11ecH norpemHOCTll 3Kcnepl1MeHT8JII,HhIX JJ,8HHhIX O ,lUlqJcJ/e

pei11.(tl8JII,HhIX cne"KTpax Heynpyro pacceHHHUX HYKJIOHOB He' II.03BOJ!fll)T o·JJ,
H03H8tJHO" OIIpeJJ,em1n pOJII, "npeJJ,p8ljHOBeCHOrO lleX8HH3M8 l1C1I8peJU1fl. 

.furn yrotiHeHllH npeJJ.cTaBneH11Ll o irnpaBHOBecHoM pacnaJJ,e co~T8BHoro 

HJJ,pa 11 iipoBepim paapa6oT8HHhIX M6TOJJ,OB OIIl1C8Hl1H CT8Tl1CTl1tJeCKl1X 

xapaKTepl1CTl1K HepaBHOBeCHbllC ~OHqJllryp~u11n H806xoii11uo ll~eTI, cymecr

BeHHO 6onee IIOJI!lle Jll Cl1CTeM8Tl1tJ6CKl1e 3Kcnep11MeHT8JII,HHe JJ.8HHHe 06 
yrnoBIDC pacnpe,1leJieH11ax IIJJOJJ.YKTOB paan11t1HHx HJJ.eptthIX pea~11n, npore-

Kallm11x B :sucoKoBoa6yllt)leHHhIX HJJ.pax. _ . _ . _ 

Cet1emrn ··tteiirpottttux peaiti11Ll ripe)lcTaBilallT attat1rireJII>J1Hlt llHTepec 

)\RH npaKTl1tl6CKl1X 38JJ,8t{ 'f!l-\epHOLl 3HepreTl1Kl1. COOTHOmettl1fl CT8Tl1CTl1-:

trnCKOLl ,:eop1111 f!].\epHbIX pe8Kl!l1Ll MoryT ClHTI> ycnemHO 11CIIOJII,30B8Hll )\RH 

YTOtIHeHl1H .ll oneHKl1 T8KlllX cetJeH11Ll B Tex cnyqaax, KOrJJ,8 OTCyTCTBYJJT. 

)lOCT8TOtlHO H8l-\elltHll6 npHM!le 3Kcnep11ueHT~JII,H!le l-\8HHHe. Bo3MOlltHOCTl1 

np11MetteHl1H p83Jil1tllll\lX reopeTl1tJ6CKl1X Mo;zienen )\RH pemeHl1H 38)l8tz 

oneHKl1 IIOl-\POClHO 8H8Jll1811pOB8Jil1C:&-B pa6orax /7,_8/. i-lcnoJII,30B8Hl1e 

Teop6Tl1tJ6CKl1X Mo;zienen II08BOJIHeT COilOCT8Bl1TI, peayJII>T8Tll 3KCIIepl1MeH

TOB, BllITORH6HHhIX I!pl1 p88Hille 3HeI_>rl1flX 11 C pa 3Jil1tJHb!M paapeme,ttl1eM, 

npoBepllTI, B38111rncornac0Ba HHOCU p88HOPOJlHhIX 3Ki:nepl1M6HT8JII,HhIX 

l-\8HHhIX 11 np11Bneqr, K aHanr.ay l-\OIIOJIHl1TeJII>HYll HHqiopMau1110, 11aBJieKaeMy10 

118 6onee ml1p0Koro Kpyra .Hl-\epHhIX )l8HHIDC. Meroizu,i CT8Tl1CTl1tJ6CKOro 

on11caHl1H cet1eH11Lt, pa_apa60TaHH1rn B nponecce aHan11aa 3Kcnep11.lleHranr,

BhIX )l8HHllX, 11 CJllCT6M8Tl1Kl1 noBe)l6Hl1H _IIROTHOCTl1 ypoBHeii B08ClYlltl-\eH~hIX 

Hl-\ep, nonyt1eHime B peayJinare _npe;zicraBJieHimx B )l11ccep,:an1111 

11ccneJJ.0BaH11Lt, B HBCTOHll(ee BpeMH m11p0Ko 11crronr,ay10TCH rrp11 npaKTJll

qecKoLl pean11aan1111 oueHOK HeLlTpOHHhIX ceqe~11n paaJil1tlHhIX KOHCTPYKUllOH

HllX M8T6Pl18JIOB. 

2. BmrnH11e 06onot1et1Hott cTpyKTypu onttotiacT11t1Horo crreKTpa 

H8 CT8Tl1CTl1tzeCKl18 xapaKTepl1CTl1Kl1 Hllep 

M11KpOCKOIIl1tJeCKOe paCCMOTpemie CT8 Tl1CTl1tleCKl1X CBOLlCTB B08ClJllt

;n;eHHI\IX mtep, OIIl1C8Hl11) KOTOporo IIOCBHll\eH!l nocJieJJ.y1cim11e rnaB!l ,l(l1C'cep

T8 l!l111, II08BORl1JIO, C O;llHOLl CTOpOHH, j'CT8 HOBl1TI> B3811MOCBH8!, 3MIIl1P11-

qecKl1X napaMeTpOB MO;ne_nl1 qiep1,rn-raaa C rrapaueTp8Ml1 C8MOCorJI8COB8HHO

ro OClOJIOtletJHOro !IOTeHI!l18JI8 11 xapaKTepl1CTl1K8Ml1 Hl13KOJiellt8ll\l1X COCTOH~ 

H11Lt 8TOMHh!X"H;llep, C ;zipyroa - ;ziaTI, oO~HCHeHEe COBOXYIIHO-

CTl1 3KCIIepl1MeHT8JII,HhIX ;ll8HHhIX, He IlOJIYYl1BIDl1X l1HTepnpeT8l!1111.B p8MK8X 

TP8:z111l!l10HHhIX cJ!epM11-raaOBhIX npe;nCT8BJieH11Ll. 
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rny60Kl1e npoB8Jlll 8KCIIep11MeHT8JII,HhlX 3H8tleH11Ll cJ!ep1.111-raao:e"oro 

napaMeTpa IIJIOTHOCTl1"YPOBHeLl QB o6JI8CTl1 Mar11tzeCKl1X a;nep f!BJIHJOTCfl 

IIpflMOLl ;neMOHCTpan11en Bnllf!Hllfl OClOJIOtJetJHhIX ScJiqieKTOB H8' CT8Tl1CTl1-

qecKl1e xap8KTep11CTl1Kl1 Hl-\ep. qTOClll IIOJiytlllTI, IIOCJie;noBaTeJII,HOe Teope

Tlll!eCKOe OIIl1C8Hl1e 8Tl1X aqlcJ/eKTOB, aeo6xo;nl1MO np11 B!lt!l1C.7!eHl111· TepMO

l-\11H8M0tleCKl1X cJ/YHKI!Bil· Boa6yllt;i(eHHblX a;nep yqecTI> o6onoqe,rnyll CTPYKTy

PY cneKTpa aneMeHTBpHhIX Boa6yJ1tl-\eH11ii a;nep. TaKoe on11caH11e ·BrrepBh!e 

6uno pean11aoBaHo B pa6oTax ;A.B.HrHaTJJKa, D.H.Illy011Ha, 1968 r.; 
II.J{eKOBCKOro· H ,1tp. • 1968 r. COOTHomeHllfl ;nna TepMO;ll0H8Ml1tleCKl1X 

cJ/YP~n11n, 8KBl1B8JieHTH!le (I), np11·yqeTe l-\l1CKpeTHOrO xap8KTepa cneKT

p~ O;llHOtJ8CTl1t!HllX COCTOf!Hllll, 11MeIDT Blil-\ 

5= ~- { f!•n· + tn l \ -4- exp(- ¥-E,,)1 \ • 
" . . . . (2) 

U=- L l.j l n'1 - 8(-' f,1)] , cr 2 = L. m!n,, (i-n,1) 
"' 11, -

rJJ.e l,1 - 8Hepr11a Ol-\HOtJ8CTl1tJHHX COCTOflH11Ll, n'1 - cpe;nHl1e tll1CJl8 

aanonHeHl1fl 8Tl1X cioCTOflH11Ll np11 Teuneparype t =- \ / r-, 11 cyuMa no " 

OXB8TNB8eT Bee O;i(H01J8CTl1tlHirn COCTOf!Hllfl _c ytJeTOM 11X Bupollt;neHllfl. 

CooTHOmeHllH (2) IT08BOJ!f!IDT ;nna aa;naHHOLl cxellll O;llHOl!8CTl11JHh!X ypoB

Hell Bbltll1CJll1TI, TepMO,ltl1H8Ml1tJeCKl1e WYHKn011, 8 88TeM 11 IIJIOTHOCTI,. 

B03ClYllt,lteHHhIX COCT0f!H11Ll fl,ltpa, He BBO,ltfl K8Kl1X-.7!0Cl0 )lOII0.7!Hl1Te.7!1HblX 

rrapaMeTpOB. HallClOJiee X8p8KTepHUe IIp11Mepu T8K0X pactJeTOB npe;nCT8B-

11eHH B l-\l1CcepTau110. /9 ,IO/. 
llTOClll npocneJJ.l1TI, OT.7!111J11e. IIOBe;neHl1fl _TepMO;lll1H8Ml1tzeCKl1X qiyHK

n11n (2) OT wepu0-raaOBOLl 88B0C11MOCTl1 (!) 11 Clonee OTtJeTJillBO IIOK8-

38TI, B.7!11f!Hl1e o60JIOtJetJHhIX ScJ/qJeKTOB, Y.ltOClHO onpeJJ.eJillTI, BeJil1tJl1Hll, 
t1" - 2. 

SKB11BanettTHble napaMeTpaM o. 11 :,-0 ( 11n11 m} ) MOJJ.en11 cJ!epu11-raaa, 

I e,2./.4U - :rr2 .._-- ( -
(3) a = .., . , o. = 6 r-, £. nJ 1-n..,) , 

- 2. . . .., 
m 2 : JI'_ l!,,,LYYlfri..,(1-n.,) 'l = &G 2 

60. 'J > ll f • 
IIpoBeJJ.eHH!le Blltll1CneHl1fl IIOK888Rl1, tlTO Bee 8Tl1 BeJil11Jl1Hll cy~eCTBeHHO 

88Bl1CflT OT 3Hepr1111 B03ClYXl-\eHl1fl 11 T8K8fl 88Bl1C11M00Tb ocoCleHHO Cl1.7!I,-

H8 )\Rf! OK0.7!0M8r0tleCKl1X f!l-\ep. B 88Bl1Cl1MOCTl10.
1

11 0 OT MBCCOBO-

ro 1111cna np11 aHepr0ax Boa6yxJJ.eH0a V = 7 MaB npoaBna10TCH Te xe 

06011011et1Hll8 npoBanu, tITO 11 B IIOBel-\eHl111 8KCIIep11ueHT81II,HOro napa

MeTpa a . AH~OrlltlH!lM o6paaoM Bel-\yi' ce6a MOMeHTbl l1Hepu1111 'r .. 
11 BeJI0tI0ttu rr,2.. 0JJ.H8Ko np0 ,1tOCT8TOtJHO 6onr,m11x attepr11ax Boa6yx

,1teH11a ( U?, IOO MaB) o6onotietJH!le tteO;llHOPOl-\HOCTl1 yxe He OK83b!B81lT 

aaMeTHoro B.7!11HHl1fl Ha noBe;zieH11e TepMoJJ.11HaM11t1ecK11x WYHKn11n HJJ.ep, 
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H 38Bl1Cl1MOCTD 8Cl1WITOTl1qecKl1X 3HaqeHl1tt Ben11q11H (3) OT M8CCOBOrO 
irncna H ;!!.ec}JopM81.ll111 -C8MOCOI'Jl8COB8HHDI'O H:i!epHOI'O ITOT8HUl18JI8 xopomo 
annpoKCl1Ml1pyeTCH KB8311KJI8CCl1qecKl1MU oueHK8MU. KaK IlOK838JI 8H8Jil13 
3Kcnep11MeHT8JlDHli1X ;!l.8HHIDC~ paccMOTpeHHhle oco6eHHOCTl1 IlOBe;!l.eHl1H napa
MeTpa IlJIOTHOCTl1 ypoBaen H8B60Jiee QTqCTJil1BO IlpORBJIHJOTCH B 3Hepre
Tl1qeCKOtt .38Bl1Cl1MOCTl1 ceqeH11M ;!l.CJICHUH ;!l.08KTl1HU;!l.H!i1X HACP aapHllt8HHH
Ml1 qaCTHU8Ml1 /IO/. 0Tp8llt8HUeM 8H8JIOr11qHmc a~eKTOB HBJIHDTCH T8Kllte 
OTMeqeaHHe Bhtme 8HOM8JIUl1 noBe;!l.eHl1H IlJIOTHOCTH ypoBHen OKOJIOM8I'U
qecKUX H;!!.ep, H80JIJ0.7taeu1,1e B cneKTpax HeynpyropacceHl!HlilX HenrpOHOB. 

B nocJie;!l.Hue I'O;!l.hl 8H8JIOI'HqHhle MCTO;!l.hl BhlqUcJieHUH CT8TUCTUqecKUX 
xapaKTepUCTHK B036yE;!l.8HH!ilX H;!!.ep paccM8Tp11B8JIUCb MHOI'l1MU 8BTOp8MU. 
B 3TUX UCCJI8;!!.0B8HUHX OhlJIO IlOK838HO, qfo OOQJIOqeqH1,1e ~eKThl B no
Be;!l.eHHU TepMO;!l.HHaM11qecKUX c}JyHKU11tt TCCHO B38HMOCBH38Hhl C BeJiuq11-
HOH o6onoqeqHon nonpaBKU, xapaKTepuay10me£1 Heperym1pHhle Bap11au1111 
M8CC 11 3Hepruu ;!l.ec}Jopuau1111 R;!l.Cp. 3Ta B38UMOCBH3D Oh!JI8 HCilOJib30B8-
H8 B pa6ore /II/ MR. IlOCTpOeHHH c}JeHOMCHOJIOI'HqecKoll CHCT8M8THKU 
3HepreruqecKOll 38BUCUMOCTH napaMerpa IlJIOTHOCTU ypoBHett 

a(U,Z.,A)= ci(A)[i+ f(U)'bW(l,A)/U] (4) 

CTpyKTypa 3TOI'O COO'rHOmeHUll, T8K lite K8K Bil;!!. c}JyHKUHll J::. \- exp(-a-U) 
"" A ,.21~ 11 a:a1 + r,n , 61,1na nonyl!eHa H8 ocHoBe reoper11qec1rnro paccirnT-

peHUR, HO B Kaqec:rne SW B3HThl 3KcnepHMCHT81!bHhte 3H8lJeHl1ll 
o6onoqeqHhlX nonpaBoK q,op11yn1,1 Mace, u BeJI11q11Ha napaMeTpoB oL , ;, 

U l H8tt;!l.eHa 113 8H8JIH38 3Kcnep11MeHT8JlbHhlX ;!l.8.HH!ilX no ITJIOTHOCTl1 
He£1TpOHHhlX peaOH8HCOB. TaK8H CUCTeM8Tl1K8 OlJeHD y;!l.06Ha ;!l.JIH npaKTH
qecKUX npUJIOllteHuii, T8K ~aK OH8 Il03BOJilleT npOBO;!l.11TD pacqeru nnoTHO
CTl1 ypoBHe£1 Boa6yllt.7teHH!ilX H;!!.ep C nouombJO npocrux: COOTHOmeHl1£1 MO;!l.e
JIH c}Jepu11-raaa, 11 B TO lite BpCMH B Hett ;!l.OCT8TOlJHO KoppeKTHO 
yqTeHhl H81100Jiee B8lltHb!e acneKThl BJil1HHUH OOOJIOllellHhlX 3c}Jc}JeKTOB H8 
noBe;!l.eHHe CT8Tl1CTHqecKUX xapaKTepl1CTl1K H;!!.ep. 

Paapa60T8HH8ll CHCTeM8Tl1K8 ycnemHO 11CilOJlb30B8JI8CD B pa6oTe 
/I2/ ;!l.JIR 8H8JIU38 ceqeHHtt ;!l.eJieHHH ;!l.08KTl1HH;!l.Hli1X H;!!.ep ol-lJaCTUUaMH. 
C ee n0Mo~10 61,1no nonylleHo onucaHue HeperynHpHocien OTHomeHHH 
;!l.eJIBTeJibHb!X H HettTpOHHIDC mup11H, o6ycnoBJieHHhlX BJil1HHl1eM OOOJIQqelJ

HhlX aqiqieKTOB Ha HettTpOHHhlH K8H8JI, 11 H3 H80JIIO;!l.8eMOI'O XO;!l.8 ceqeHB£1 

;!l.eJieHUH 113BJielJeHa BCC»Ma YHl1K8JlbH8H 11Hc}JOpM81.ll1H 06 3HepreruqecKoll 

38Bl1CUMOCTl1 IlJIOTHOCTl1 ypoBHen Cl1JI»HO;!l.ec}Jopu11poB8HHhlX nepeXO;!l.HhlX 

KOHqillrypa1111n ,neJIH!l{llXCH H;!!.ep. 
Ilp11 onpe;!!.eJieHl111 8Cl1MilTOTl1qecKUX 3HaqeHl1tt napaueTpa IlJIOTHOCTl1 
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ypoBHelt (l H MOMeHTCIB- HHCPUHH B030YJit;!l.eHHhlX H,I(e~ 3 BalltHYID poJI» 
HrpaJOT KOWIOHeHThl, o6ycJIOBJieHHlie rpa,»;HCHTOM pacrrpe,lleJieHHH ITJIOT
HOCTH HyitJIOHOB Ha Kpan HAPa~ B ;!l.HCcepTauuu aHaJIH3HpyeTCH Benuqu
Ha BTMX KOMllOHeHT H KX BJIHHHHe Ha aaBUCHMOCU> 0.. H °i OT ;!l.Cq)Op
MaIU!H f!Apa /13/. Ha OCHOBe nonyqeHHmc peayJI»TaTOB o6~HCHeHO Ha-
6Jiro;itaeuoe CHCTeMaTHlJeCKOe rrpeBUmeHH8 owomeHUH rrapaMeTpOB IlJIOT
HOCTli ypoBHett ;!l.CJIHTeJibHOro K HeliTpOHHoro KaHaJIOB a¼ / On Ha,ll 
e,llHHHnett /12/, a TalOlte Ha6n!O,llae1ime ;itJIH ,llOaKTHHH,llHhIX imep npeBbl
meHue all)~eKTHBHOI'O MOMeHTa HH8PIU!H 'q:3q)~ Ha;!!. TBep,llOTeJibHb!M aHa

qeHHell /I4/. 
06oJIOlJeqHue H60;llHOp0;!!.HOCTH O;!!.HOqacTHqHoro crreKTpa OTpaxaroT

CH TaKllte Ha pacnpe;!!.CJI8HHH COCTOHHHH B030Yllt;!l.8HHOro H;!!.pa no qeTHO
CTH. Ha cymecTBOBaHue B·pH,lle H,llep 3Halll1T6JII,HhlX paaJiuquit ITJIOTHO
CTH ypoBHeit ITOJIOZHTeJI:I.HOtt H OTPHUaTeJI»HOH qeTHOCTH·BnepBhle 6uno 
o6paw,eHo BHHMaHue B pa60TaX B .• r.cononeBa n ;itp. (I974), u MeTO;!l.hl 
ommaHHH 3Tlr1X aql\[JeK:roB B paimax CTaTHCTH'teCKOro nO;!l.XO,lla 6NJIH 
npe,llnoxenu B paOore /I5/~ BeJIHllHHu,xapaKTepn3yn~He pacnpe.n;eneHHe 
COCTOHHUR B030j'llt,lleHHhlX a.n;ep no qerHOCTH (cpe.n;Hee llHCJIO B03-
6yx,lleHHHX RBaaaqacTHn ii H BepOHTHOCTb Hallru.KaKyIO-JIHOO 03 HUX 
B COCTOllllHH aa,llaHHoll lJ6THOCTH p~ Ollpe;ll8J!HlOTCH COOTHOmeHUHWl 

n-=flri,,-e(-i,)I , p1 ::2.p_,(t)1r=r,-ec-1..1)1/n,Cs) 
I'.ll6 p/1' - lJeTHOCTl, COOTBCTCTByJOJllHX., O;!!.HOqacTUllHhlX ypOBHett. Ilpo
B6,ll8HHUO pacqeThl noKaaanH, qTO npu aHepruHX B030YJit,lleHHH,6JIU3KKJC 
K aHeprHH CBHSH HettTpoHa,;!l.JIH OOJI»mHHCTBa cpe;!!.HUX H THl!CeJihlX M8P 
HeO;!l.HOpO;!!.HOCTH B pacnpe]teJieHUH qeTHOCTH O,llHOllaCTHqHux ypoBHett 
npOTOHHOifH HellTpOHHOtt KOWIOHeHT B8aHMOKOMIIeHcupyJOTCH, H aaMeT
HUX OTRJIOHeHun OT paBHOBepoRTHoro pacnpe;lleJieHHH BhlCOKOB036Yllt;iteH
HhlX COCTOHHHtt no qeTHOCTH CJie;!l.yeT OU,llaT» numb B o6JiaCTH Mep c 
A= 50-70, r;!l.e B cxeMe rrpOTOHHhlX H HefiTpOHHhIX ypOBHett BOJIH3H aHep
rHH ~epMH ;llOMHHHpyroT COCTOHHHH OTpuuaTeJibHOtt qeTHOC'rU. 

B nocne;!l.HHe rO;!l.N HallaJia HaKanJIUBaT»CH 3KcnepuMeHTaJibHaH HH
~OPMaUHH O MarHHTHhlX MOMOHT8.X-H6£1TpOHHb!X peaoHaHCOB. CTaTHCTHqe
CK!4it IlO;!l.XO.ll ll03BOJIHeT HCCJie;llOBaU> aaBHCHMOCTb cpe;!!.,HHX MaI'HUTHhIX 
MOMeHTOB OT aHepruu B036Yllt;!!.eHHH MPa H npocJie;llUT» BJIHHHHe OOOJIO
qeqHHX ac}J~eKTOB·Ha 3Ty aaBHCUMOCTL /16/. CooTHomeHHR, onpe,I1eJIHD-
111ue B paMKax TaKOrO llO,llXO.n;a BeJIUllHHY npoeKllHil MexrumqeCKoroM1 H 

MarHHTHOI'O j"z MOMeHTOB, uMeroT BH;lt 
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' (~)ri! = ~. r~ n., (6) 

r.zte m, 11 r"~ - MaTpl1l!HI,Ie .::meMeHTht COOTBeTCTBYJOIIll1X O,ZiHO'l!aCTl1l!HIDC 
onepaTopoB. CBnar, BeJB'l'lll1H ( 6) c · ::JHepr11en Boa6yllt.zteH11H H.ztpa onpe
.zteJIHeTCH ypaBH8Hl1llMl1 COCTO!IHl1H (2). Ha OCHOB8 COOTHOmea11n (6) 
MOlKHO onpe.zte1111u cpe.ztaee r11poriara11Taoe OTaomea11e .zt1IH Boa6yx.zteH
aoro H.ztpa ~z= l"'l /M2 , oueaKa ac11unToT11'l!ecKon Be1111q11au KOToporo 
~i= 2/A paHee 6u11a nonyqeaa B paMKax uo;ne1111 i_pepM11-raaa (P.KyK-
1111a, 1967). KaK IlOKaaa1111 p8Cl!8Tll, BllilOJIHeHHlle B pa6oTe /16/, 
np11 aaepr11mc BO36yllt;neHl1H,6Jil13Kl1X 8Hepr1111 CBfl311 HellTpOH~ 060110-
'l!e'l!Hlle Si))qleKTht np11BO,llf!T K 3Ha'l!l1T8JIT,HOMy OTKJIOH8Hl1JO r11pouarHl1THO
ro OTHOmeHl1fl OT i_pepM11-raaoBOlt OU8HKl1 .ll;1Ifl 6OJIT,illl1HCTBa ci_pep11qeCKl1X 
H.ztep. Peay11r,T8TI,I npOB8,Zi8HHl1X pactieTOB .ztaJOT ,ZiOCTaTOtIHO IlOJIHYJO K8p
Tl1HY aaBl1Cl1MOCTl1 TaKl1X OTKJIOH8Hl1H OT M8CCOBOro-q11c11a. 

CoOTHOilleHl1H, aaa11or11qHI,Ie (2), 6H1111 11CilO1IT,3OBaHu TaKllte .ll;Jlfl 
113Yll8Hl1fl BJil1HHl1fl"O6O1IO'll8tIHblX 3qiW8KTOB HB CT8Tl1CTl1tieCKl18 xapaK
T8pl1CTl1Kl1 H.ll;pa. C Wl1KCl1pOB8HHllM 1ll1C1IOM. Boa6yllt.ll;8HHUX 1!8CTl1U 11 .ll;htpOK 
/17/. Euno IlOK838HO, 11TO np11 Yll8Te·o6O11O11e11Hmc HeO.ll;HOpo.n;HOCTelt 
8HepreTl1l!eCK8fl aaBl1Cl1MOCTT, lIJIOTHOCTl1 ypOBHelt H.n;pa C aa,n;aHHI,IM 'lll1C
JIOM BO36ylK.n;eHHllX KB8311tIBCTl1U MOlKeT cymecTBeHHO OTJil1tI8TT,Cfl OT 
aaBl1C11MOCTl1, no11y'l!8HHOlt B pBMKBX Tp8.ll;l1Ul1OHHOro i_pepM11.-ra 3OBOrO 
on11caHl1fl. CBOHCTBB KOH(p11rypau11n n,n;pa C onpe,ZieJieHHllM 'lll1C1IOM BOa6yx
.ll;8HHb!X KBaa11tiaCTl1U npe.ztCT8B1Ifl8T .aHB'lll1T81IT,Hllll 11HTepec .ll;1Ifl 113Y'll8Hl1H 
aepaBHOB8CHllX npoueccoB B COCTBBHOM n,n;pe, .11 paccMOTpeHHI,Ie B ,Zil1Ccep
TBUl111 COOTHOmelil1ll .ll;BJOT .ll;OCTaTOtIHO KOppeKTHylO TeopeT11'lleCKYlD 
MO,ZieJir, .ll;1Ill CTaTl1CTl1'l!eCKOro 8H811118a TaKl1X npoueccoB. 

3. BJil1llHl1e napHIDC KOppe11Hq11n HB CBOitQTBa 

BhtCOKOBD86yueHHl1X ll}l8P 

nnll paCCMOTpeHl1ll KOpp81IHU11OHHllX ai_pi_peKTOB CBepxnpoBO,lilllllero 
Tl-Ina, BO8Hl1Kal01Ill1X B Cl1CT8M8X Baa11uo,n;e!!cTB'yrom11x i_pepMl1-'l!8CTl1U, B 
paa1111'l!HIDC pa a,n;enax i_p11a11K11 ycnemao 11cno11r,ayroTCH MeTo;zr;u Teop1i11 
cBepxnpoBO.ll;l1MOCTl1, p88Bl1TI,I8 B 1957 r. B pa6oTax H.H.Eoro11D6OBa, 
Jlx.Eap,n;11aa, JI.Kynepa, ,llx.lllP11qxpepa. Teop11ll irnpHllX Koppe11Hu11tt 

HYK1IOHOB CBepxnpOBO,llfllll8ro Tl1Il8 B aTOMHllX H.ztpax 6u11a paapa6oTaHa 
B 1958-1959 rr. B.r.conoBr,eBmi 11 c.T.EeJIH8BllM, HB ee OCHOBe 

6u110 no11yqeao oin1caa11e O6m11paoro BKcnep_11ueHTBJir,Horo MaTep11a3,1a 

0 cneKTpOCKOTil1'll8C.Kl1X xapaKT8pl1CTl'IK8X Hil8KOJielltBII\11X COCTOHHl1tt ll.ll;~p. 

COOTHOfil8Hl1ll T8Opl111 CBepxnpOBO,Zil1MOCTl1 npl1BJieKa1111cr, TBKJte K 

8H8Rl13Y CTBT11CTl1l!8CKl1X xapaKTepl1CTl1K ll.ll;ep, np8llt,Zi8 Boero .ll;1IH o6~nc-

JO 

... 

,; 

H8H.0H oco6eHHOCTell IlOBe,n;eHl1H yrnoBOlt 8Hl18OTPOIll111 npo,n;yKTOB BHHYlK

,n;eHHOro ,n;e11ea11n rpaHcypaHOBblX n,n;ep (D.T.rp11Hr,, 1962; ,i'1JK.rp11i_pi_p11H, 
1963), a aaTeM 11 .ll;1IH OIll1C8Hl1ll TI1IOTHOCTl1 ypoBHelt BOa6yx,n;eHHhtX 
H.n;ep (A.Jiaar, 1963; M.CaHo, c.~auacaK11, 1963), Ilp11 BH'lll1CJiea1111 TepMo
,n;11Hau11qeci11x ~YHKU11ll ll.ll;ep B 8Tl1X pa6OT8X 11cno11r,aOBa11ocr, np116mllKe..: 
HI-le HenpepUBHOrO cneKTpa. XOTll Ta'Koe np116m1JKeHl1e .llB1Ill8TCll Becr,Ma 
y,n;o6HUM .ll;1Ill Ka'l!eCTB8HHOro aaa·11.11aa oco6eHHOCTeJi 8HepreT11tieCKOii 

aaBl1Cl1MOCTl1 T8pMO,Zil1HaMl1tf8CKl1X WYHKUl111, np11 KO1111'll{lCTBeHHOM 0Ill1:
C8Hl10 CT8Tl1CTl1tf8CKl1X xapaKT8pl1CTl1K H.Z1;8p OtreHr, Ballt.HO ytfeCTr, H8pll.ll;y 
c napttuu11 Koppe1IHUl1HMl1. paccuoTpeaaue Bume. 06O11o'l!etIHhte 8q)W8KTll. 
YpaBHeHl!H cocTOHHl1H, aaanorlll!Hhte(2), np11 yqeTe napaux Koppe11Hu11n . . 

111,18HlT Bl-1.ll; 

S.:: 2 ~l r-,£,,: !',c ... ln U ... e)(pt-f'~1<)]} (7) 

{ 
2 .. 2 1/<J. . ' 2. 2 

U= L (ll(+Ao) - Ew:U~2nl()~ + (Ao-A )/4 , 
I( 

_ )- , E · ( 2 :z. )112 
r,n;e nw::[l+e,.,p(~£,c) ., ,c= .l"+A 
~ - BOHCTBHTa napaoro Baa11uo,n;el1CTBl1H 11 ll - xoppe11au11OHHaJ:I 

i.PYHKUl1H Cl1CTeMH; onpe,n;emieua11 ypaBH8Hl18M 

_;_=2. f-2n" (8) 
~ I( E.,c 

Ilp11 ayJieBolt .. Teunepa Type cooTaomeHl1ll ( 7 ,8) onpe,n;eJIHIOT saepr111O V0 

11 KOppeJIHUl1OHHYJO WYHKUl110 '°o OCHOBHOrp COCTOll_H11H .c11cTeMht. 
C pOCTOM TeMnepaTypu KoppeJIHUl1OHH8H i_pyHKUl1H yMear,maeTCH,11 np11 TeM
nepaType t ... p OHa o6pamaeTCll B Hynr,; 8Ta TelmepaTypa COOTBeTCTBy-
8T i_paaoBOMY nepexo,n;y 118 cBepxnpoBO.ll;HII\8ro COCTOHHl1ll B HOpMaJir,Hoe. 
TepMO.ll;l1HaMl1tf8CKl18 i.PYHKUl111 (7) B 8TOlt TOtIKe 11M8IOT 118JIOM, xapaKTep
Hllll ;ZJ,l!H waaoBux nepexo,n;oB BToporo po,n;a. CooTHomeHl1H (7) 11 (8) 
Han11caHll .ll;1IH O.ll;HOKOMilOH8HTHllX Cl1CT8M qaCTl1U, B peanr,HUX pacqeTax 
Bcer,n;a Y'll0THBa.JIOCb aa1111q11e npoTOHHOtt 1,1 HeiiTpOHHOlt IlO.ll;Cl1CT8M /9/ •· 

Ilp11ueHea11e COOTHOmeH11lt T8Opl111 CBepxnpoBO.ll;l1MOCTl1 K on11caHl1D 
cTaT11cT11trecK11x xapaKTep'1CTl1K Boa6yJK,n;eHHllX n,n;ep 11ueeT pH.n; oco6eu
aocTett, 06yc110B1I8HHllX Ml1KpOKa HOH11l!.8CKl1M xapaKTepou H.ll;8PF.llX aHCBM6-
JI8lt /IS/• TaK 'Ka!( MO.ll;8JIT,Hlltt .'raMl'lJIT,;OHl1aH, nonytfeHHllH HB OCHOBe 

Bap11au11OHHllX npeo6paaoBaH11lt Teop1111 CBepxnpoBO.ll;l1MOCTl1, 88Bl1Cl1T OT 

TeunepaTypu.11 x11Mnoreau11a11a, TO np0 11cno11r,aOBaa1111 TaKoro rau11Jir,

TOH11aaa uoryT BO8Hl1KHYTD pa81Il,ltfl1H .ll;l1HaM11tf8CKOro 11 TepMO.ll;l1liaMl1tI8CKO

ro onpe~e118Hl1H c_p1181,ltI8CKl1X B81Il,l'lll1H, np11B1IeK88MllX np11 Blltfl1C118Hl111 

Il1IOfHOCTl1 ypoBHelt Boa6yllt.ll;8HHllX ll.Z1;8p. J:l pa6oTe /!8/ paapa6oTaHll 

II 
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MeTO,!Ul, KOTOpue Il03BOJIHDT l1368llt8Tb 3Tl1X paan11q11n 11 T8M C8Mill.! yc

TpaHl1TD COOTB8TCTBy10m11e norpeWHOCTl113 F83YJIDT8T8X pacqeTOB IlJIOT
HOCTll ypoBHen. 

l,ll1KpOK8HOH!llqecK11i1 xapaKTep ontteamrn B036yl!t,lJ,6HHh!X HJ(ep Heo6-

XO,lJ,11MO ,lJ,ORlltHHM o6pa30M J'lll1TUB8Tb T8Kl!t8 np11 orrpe.neneHllll napaMeTpa 

CllllHOBO.t:I 38Bl'ICl1MOCTl1 IlROTHOCTl1 ypoB,Hei1 11 COOTBeTCTBy10m11x MOM8HTOB 
11Hepn1111. Ilp11 Han11q1111 B c11cTeMe rrapHh!X Koppeirnuun cBepxnpoBo.nHme-

ro Tl1rra OTJI1lq11e orrpe.neneHllfl HOM8HTOB 1'1Hepu1111, BHpallteHHNX qepea 
T8pMO,lJ,llH8MllqecKlle nepeMeHHHe Ml1KpOK8HOHl1qecKoro 8HCBM6nH, OT aHa

norll'!Hb!X Benuq,rn, rronyqeHHh!X ,ll,RH 1taHOH11ti_ecKoro BHCBM6JIH, o6ycnoB

neHo BJil1flHll8M KOppenHUllOHHHX 3tM}eKTOB Ha 3HepreT11qecKy10 38BllCl1MOCTb 
IlJIOTHOCT1'1 ypoBHei1. 3TH OTJlll~UH, T8K_llte KBK COOTB8TCTBy10m11e paC'!BTH 

MOM8HTOB 1'1Hepu1111 B036yllt,lJ,eHHh!X H,ll,ep, .neTBJlbHO o6cyl!t,lJ,8JlllCD B pa6oTe 

/18/ • .BttepreTl1'!8CK8fl 38Bl1Cll!.IOCU MOM8HTOB 1'1Hepum,1 Hllllt8 TO'!Kl1 
qiaaoBoro rrepexo.na HBJlH8TCfl OJ(HllM 113 HB116onee HPKl1X npOHBJI8H11M 

BJit!HH11H napm,IX KOppem1nutt H8 CT8TllCTll'l8CKlle xap8KT8Jll1CTl1Kll Boa6yl!t

.neHHh!X H,ll,ep. IIpo:se;n;eHHOe B IlOCJI8,lJ,Hlle ro,!Ul 113J'l6Hl1e 3qJqJ6KTl1BHHX 

MOM8HTOB 1rnepu1rn nepexo;n;HHX KOHr}l11rypau11ii ,lJ,08KTll!Hl,lJ,HblX H,ll,ep npo.ne
MOHCTp11pOB8JIO ,lJ,OCTBTOqHO xopomee cornac11e 3Kcrrep11M8HT8JIDHh!X ,lJ,aH

~x C npe.1(CK83HB86MOii Teop11en 38BllCllMOCTDID/I4/. 

B3811MOCBH3D oco6eHHOCTeil 3HepreT11qec.ROll 38BUCl1MOCTl1 IIJIOTHOCTl1 

ypoBHe.t:I c pacnpe.nenetttteM Boa-Oyllt,lJ,eHHh!X KBa3U'!acTllU MOJKHO npocne

,lJ,llTD, eCJill p8CCM0Tp8Tb T8JlMOAHHaJ.!l1qecx11e ~YHKUllll H,ll,pa C ~llKCllpOBBH
HHM q11cnOM B036yllt,lJ,6HHh!X KB831lqacT11U. Ypa~HBHllH COCTOHHllH, onpe.ne
RHIOmlle 3Tll B8JillqllHH B c:sepxTeKy'lell MO,lJ,eJill H)!,pa, 6Hnll nony'!BHH B · 
pa6oTe /19/. OT ypaBH8Hllll (7) 11 (8) OHi! OTJ!ll'!BIDTCH H8JlllqlleM AOITOJI

HllTeJlbHOro ypaBHeHl1H 

n ~ 2. :z:. ri.c .. . 
(9) 

11 HeKOTOPHM 113MeHeHlleM COOTHOW8Hl1H ,ll,RH 3HTPOill111 

5n-=-2!{(f>E,c-~)n,c+lr1ll+exp(~-~EK)]}. (IO) 
I( 

CoOTHomeHl1H ,ll,RH 3Hepr1111 B036yl!t,lJ,eIDIH {?)'11 Koppen~U110HH0ll ~YHKUllll 
{8) rrp11 3TOM OCT8HYTCH rrpelltHllMll, HO cpe,ll,Hlle 'lllCJia 38ITOJIH8Hl1R 

B HllX 6y.nyT co.nepllta Tb )10IlOJIHllT8RDHHll narpaHllteB MHOlltl1T8Jlb 'If , 
odecneqnBaDm~n BHilOJIH8Hlle ycnOBl1H (9). PemeH11e ypaBHeHllii (7+10) 

8H8Rl131lpOB8JIOCb B pa6oTe /I9/. 

B ,ll,0CCepT8U01l rrpe,1!CT8BReHu T8Kllt8 COOTHOmeHMH, orrpe.neJIH10m11e 

IlROTHOCTb B036yJK,lJ,8HHHX COCTOHH0tt H,ll,pa C 38,ll,8HHHM q11cnoM Boa6yllt,lJ,eH

Hla KBa311qacT11u. KaK yJKe OTMeqaJIOCb, T8K8H Ben11q11Ha ~11POKO 0Cil0RD-
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3yeTCH ,1!Jlfl 8H8Jll138 cneKTPOB '!8CTl1U, 11cnycKaeuux npu npeAp8BHOBec~ 
HOM pacrra,11e COCT8BHoro H,1!pa. 06uqHO T8Kott 8H8Jlll3 npoBO,lJ,HT H8 OCHOBe 

COO'J.IHOmert11ii MO,lJ,eJill ra3a 6oJIDUM8HOBCKllX qacTl1U •. IloJJy'!eHHHe B ,1!0C

cepT8Ulll1 pe3yJIU8TH ,lJ,eMOHCTp11py10T OCHOBHHe norpemHOCTH 3TOii MO

.nenH 11 ,ll,BIOT CTpor0e COOTHOmeH0H )IJIH 8H8Rl138 COOTB8TCTBy10m11x 

HBReHl1tt. 

3H8H CT8TllCTl1'!eCKl1e xapaKTepllCTllKll H,ll,pa C 38.1(8HHill.! qru::JIOM 

Boa6yllt,lJ,eHHh!X KB8311'!8CT0U, MH MOllteM paccMOTpeTD BKJJ8,lJ, COOTBeTCTBYIO
m11x n -KBaa0qaCT0'!HHX KOHqi11rypau11n B ycpe,ll,HeHHHe xapaKTepllCTl1K£l 

B036yllt,lJ,eHHHX H,ll,ep /20/. Ecn11 B paMK8X T8Koro IIO,ll,X0.1(8 :suq11cJifl'rb 

rronHyJO IlJIOTHOCTb B036Yllt,ll,8HHHX COCTOHHl1'111JIM cpe,1!Hee 3HaqeHlle 
rrapaMeTpa Cll0HOBOll 38BllCl1MOCTl1 IlJIOTHCCTl1 ypoBHeii, TO B6Jil130 KJ)llTll

i.ecKon 3Heprl10 B036Jllt,lJ,-8Hl1~ Uxp = 0 1 778 'A .0.~ .HllK8KllX H3JIOMOB B 
3HepreT11qecKoll 38Bll.Cl1MOCT11 8T0X BeJI11q1rn He B03H11KaeT. Cpe,ll,HHH 

KOppeJIHU00HH8H q,yHKUl1H 6(U) C _pOCTOM 3Heprirn ll036JJK;!l.8HllH y6HB8eT, 

HO He o6pamaeTCH B HYJID Ilpll , U: Vicp• BTOT pe3ynnaT IlOK83HB8eT, qTo 

B :so36yJK.neHHh!X a.npax ToqKy waaoBoro nepexo.na He cne.nyeT Bocnp11H11-
MBTD CTporo - K8K T01<Ky, pa3.nenmomy10 ,lJ,B8 pa3JJl1'!Hh!X qJ8EOBWC coc

TOHHllH H;!l.epHoro :semecTBa. Cne.nyeT roBOpllTD JlllWD O Han11q1111 ABYX 

o6JI8CTen pa3Rl1'!HO.t:I 3HepreTl1'!eCKOi1 38Bl1CllMOCTl1 CT8THCTllqecKl1X xa
p8KTepl1CT0K H,ll,ep, B KOTOPHX BJlllflHlle OCT8TO'!HHX B3811M0,1!e.t:ICTBl1tt 

KoppeJUIUROHHOfO uma H8 ycpe,ll,HeHHHe xapaKTepllCTllKll Boa6ym:.neHHHX 

COCTOflHlli\ fl,ll,p8 npOHBJIHBTCH pa3n11qHUM o6p830M. 

Ilopor11 n -KBa311qacTl1'!HHX B036yJK,lJ,eHl1tt H,ltep MoryT rrpoHBJIHTDCH 

B 3HepreT0qecxott 38B1'1Cl1MOCTH IlJIOTHOCTll ypOBHett 11Jlll J(pyr11x CT8Tll

CTl11<8CKl1X xapamepHCTllK H,ll,ep B Bll,118 CTyneH'!8TOtt CTpyKTypH. KaK 
IlOK838JJH pac'!eTH 1 BHilOJIHeHHHe B pa6oTe /20/, T8K8H CTpyKTypa ,lJ,OJlllt

H8 6HTD OTqeTnllBO BHpaJKeHa JJ0filD B TRl!teJIHX H,1!pax B 06JI8CTH Cp8BHl1-
TellbHO Hl13Kl1X ~lHepr11tt B036yllt)leHllH u .s 4~o. CooTBeTCTBy10m11e BHq11c

JieHl1H ,lJ,OCT8TO'!HO xopomo BOCilp0113BO)IHT cryneH'!aTyJO CTPYKTYPY, H8-
6JIJJ,lJ,8eMyJO B 8HepreTll'!eCKOtt 38BMC0MOCTl1 na p8148Tpa K~ , rronyqeHHO

ro H3 aaan113a yrno:soro pacnpe,11eneHHH rrpo.nyKTOB BHHyx.neHHoro .nene

HllH TpaacypaHOBHX aneMeHTOB. 

HcnOJlb30B8H08 COOTHomeH11ll, onpe,11enH10m11x IlJIOTHOCTb COCTOHHlltt 

H,ll,pa C ~0KCllpOB8HHill.! q11cnoM B036yJK,lJ,8HHh!X KB8811'!8CTllU, ,lJ,RH Ollllca

HllH IIOJJHOtt IlJIOTHOCTl1 ypoBHeii Il03BORHeT nonyq0TD CTporoe pemeH11e 

3a.11aq11 o.qeTHO-He1<eTHHX pa3JI0'!11HX IlJIOTHOCTl1 ypOBHeii a.nep /20/~ 

AHan113 TBKoro OllllC8Hl1fl IlOK838JI, 'ITO np11 3Heprl1HX B036yJK,lJ,eHl1H 

u > 3~oP88Jillql1H B IlJIOTHOCTl1 ypoBHen a.nep C qeTHHM 11 HeqeTHHM 
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'll'lCJIOM HYKJIOHOB onpe.zr.eJIHDTCH, B OCHOB!JOM, C,ll;Bl'lrOM B''H6'16THOl,1 

Cl1CT6Me Haqana OTC'leTa 3Hepr,HI B036yx.zr.eHl1H Ha B6Jil1'111HY 1 paBHYJD 

pasHOCTl'l 3Hepr11n KOH.ZJ.eHca111111 t1eTHoit H Het1eTHoll c11cre11. · PasHocr1, 

3Hepr11n KOH.ZJ.eHca111111 np1uiepHo pa:i:iHa .t. 0 , t1ro'xopomo cornacyercH 

C BeJil'l'll'lHOfi q>6HOM6HOJIOr11qecKon norrpaBKl1 Ha '16THO-H6'16THU6 pasn11q11H 

IlJIOTHOCTl'l ypoBHen, nonyqeHHOil 113 aHan11sa 3KCrrep11M6HTaJII,HUX ,ZJ,8HHIDC. 

Cne.zr.yeT, O,ZJ,H8KO, OTM6Tl1T:E., 'I_TO om1ca1me IlJIOTHOCTl1 ypOBHeit, OCHO

B8HH06 'H8 COOTHomeHl1HX CBepxreKyqel,1110.zr.eJil1 H,Zl,pa,BO MHOrllx acrreK

rax cymecrBeHHo orn11t1aercH or qieHoMeHonorHqecKoro orr11caH11H, orr11-

paromerocH Ha cooTHomeH11H uo.zr.em1 qiepi.rn-rasa, 11 aro Heoe5xo.zr.111.ro 

11M6TI, B Bl'l.zr.y np11 conocTaBneHl11'l pasJil1'1HblX napaMeTpoB,_11crion1,syewx 

B 3Tl1X MO,ZJ,6JIHX /20,2!/ • , . ., 
B nocne.zr,H11e ro.zr.u .ZJ.JIH pH.zr.a H.zr.ep B ·06iiacir11 50~ A~ 70 noHB11-

n 11c1, 3Kcnepl1M6HT8JII,HU6 .zr,aHHUe O IlJIOTHOCTl1 ypoBHett'np11 8Heprl1HX 

BOse5y:ac.zr.eHl1H ;zio 20 ·MaB, aliamrn Koropux coBuecTHO c .zr.aHHliMl1 no tmor

H OCTl1 HefiTPOHHUX pesoHaHCOB ft 11MBKl~encH _cneKTpOCKOill'l'leCKOt! l1Hq>Op

Ma1111en o Hl'lsKone:acam11x ypoBHHx H.zr.ep nosBonHeT npocne.zr.11r1, noBe~eane 

IlJIOTHOCTl1 ypoBHefi B Wl'lpOKOM .zr.11anas0He 3Hepr11n Bose5yllt,ZJ,6Hl1fl. Teope~ 

Tllt!6CKl16 pacqeTU IIJIOTHOCTl1 ypOBH6M 9 OCHOB8Hlllie· Ha paspaCJOT8HHliX 

B .zr,11ccepra111111 uero.zr.ax, B C5on1,m11HCTBe H.zr.ep·xopomo Bocnpo11sBo.zr,11r1, 

KaK H8C5JIBJ,ZJ,aeMyKl 3HepreTl'lt16CKYD 38Bl1C11MOCTI, IIJIOTHOCTH ypOBHell 

/2!/, TaK 11 'IBTHO-H6'16THU6 pa3Jil1'1llfl B B6Jil1'111He IlJIOTHOCTff ypoBHel,1 

6n11sneJ1tam11x H.zr.ep /20/. 
TaK KaK qiasoB~ll nepexo.zr., orpallt8IDm11n·cy~ecTBOBari11e .ZJ.BYX oe5nac

rel,1 pa 3JIH'IHOf;l 3Heprer11qecKol,1 saBl1C~lMOCTl1 T8PMO,ZJ,l!HaM11qecKIIX xapaK

Tepl1CTl1K B030Yllt,ll;6HHOro H,ZJ,pa, HBJIH6TCH O,ZJ,HOli 113 Ha116onee BalltHUX 

OCOC56HHOCT6il CBepxTeKytieil MO,ll;6Jil1, TO ero 3KCil6pl1M6HTaJI:E.HOfY H8C5JIKl

.zr.eHl16 npe.zr.cTaBJIHeT 3H8tjl1T6JII,Hlilil IIHTepec KaK ,ZJ,JIH rrpoBepKl1110.zr.en11, 

TaK 11 ,ZJ,Jlfl onpe.zr.eneHl'lH OCHOBHblX riapaMeTpoB, xapaKTep11syDm11x CTaTlf

CTl1tj6CKH6 CBOfiCTB8 H,ll;ep.· .YHl!KaJII,HUe BQSMOlltHOCTil B 3TOM OTHOmeHl11f 

npe.zr,CT8BJIH6T 11syqeav1e BepOHTHOCTII npo11ecca .ZJ.6JI6H0H. B IlOCJI6,ll;Hl'le 

ro.zr.u C5una nonyt1eHa C5oraTaH aKcnep11MeHTaJI1,HaH 11Hqiop11a1111n o .zr.11il,Jqie

peHu11an1,Hux l'l 11HTerpaJII,HUX C6'16Hl1HX ,ZJ,6JI6Hl1li .zr.oaKTl1Hl'l,ZJ,HUX 'H.zr.ep 

ct. -t1aCTl1I1aMH. ·JlJIH· l'lSOTOilOB IlOJIOHl'lH, pTyTH, l'lpl1,ll;l'lH' l'l 8CT8T8 1 y 

KOTOPUX .IlOB6,ZJ,6Hl'le cet1eH11n 6uno_ 113M6{16HO B ,ll;OCTaTO'IHO m11pOKOM. 

3HepreTl1tj6CKO!.I l'lHTepBaJie t B 113BJl6'18HHOH 113 3KCnep11MBHTaJI:E.HbCC :zi;aa

HblX saBl1C11MOCTl1 a, (u) 1-1 'J~'f"l'(U) OT'l8TJll1BO npOHBJIHSTCH 113JIOM B 

06nacT11 aaepr11n Bos6y:ac.zr,eHl1H 8-tI0 MaB Ha.zr, e5ap1,epou /I2,I4/: Hc"rroJI:E.

syH COOTHOrueHHH CBepxreKyqefi !.!O,Zl,6Jil1 H.zr.pa, 118 3Tl1X ,ZJ,8HHUX llOlltHO;, 
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honyq11T1, Ben11q11Hy KOppenm.(!10HHOH WYHK111111 .ZJ.JIH nepexo.zr,Hb!X .coci'olI:::-

H 11fi ,ZJ,6JIH~!1XCH H,ZJ,ep 61= 0,95±0,!5 MaB. Han.zr.eHHaH BBJl!1'1!1H8 A~ 6n11a-,
K8 K cpe.zr.HeMy 3HatieH!1Kl KOppeJIHiillOHHOH WYHKI111!1 OCHOBHb!X COCTOHH!1ll 

, ~ ' ' ' 

H.zr,ep~ 0~ 12 A- MaB, qTo yKasuBaeT, Ha cpaB1111ren1,Ho cnae5yro saB11c11-

Mocu KoppeJIRUl'lOHHOli qiyHKU!111_ OT .zr,eipopM_a111111 H,lipa. 8roT BUBO.it co

rnacyeTCH C pesyn:E.TaTaMll aHaJil'l38 'qeTHO-H6tj6THb!X pasn11i:rnn OTHOl!le

Hllll .zr.eJil'lT6JII,HblX 11 HettTpOHHUX m11p11H ,ll;Jlfl TpaHcypaHOBb!X 8JI6M6HTOB 

/22/. CoBOKYilHOCTI, .i\aHHUX O BBJI!1'111'ne 65- , nonyqeHH8H np11 aH8JI!1-

36 BepOHTl!OCT!1 ,Il6Jl6H!1H .zr.oaKTIIHl1,IIHUX 11 Tp8HCypaHOBh!X H,Ilep, B 3H8-

tj!1T6JloHOll crenett11 pemaeT Bonpoc o Koppennu~oHHott g)yHKI11111 aHoManoHO 

.zr.eqiopM11poBaHHUX COCTOHH11il H.zr.ep,·.· B T6t1em1e MHOrnx Jl6T .zr.11cKyT0poBaB

llll1HC/I B JI!1Teparype,, , •• 

4. KOJIJI6KTIIBHb!6 CBOi1CTBa BUCOKOB036Yllt;l\6HHb!X H¢\6P 

Bos6yllt,Il6H!1H~ KOJIJI6KTl1BHQll n,p11po.zr.u B H,Ilpax y.zr.eJIH6TCH MHOrO BHl1-

M8H!1fl np!1 8Hamiae Cil6KTpOCKOill146CKOll 11HipOpMalll1!1 0 CTpyKType Hl13KO

JI6llt8m!1X ypOBHeil~ ~JI~ 0Ill1C8H!1H CBOilCTB T8Kl1X BOSC5yJ!(,ll6Hl1i1 B H8(?TOH

mee BpeMH ycnemHO 11CilOJ!o3YDTCH p83JI!1tjH!,16 MO,I10ip!1Ka~!111 M!1KpOCKOill1-

qecKl'lX nollXOllOB (C.T.EenneB, !960; A.E.M11r11an, l962; B.r.ConoBoeB 

11 .ztp., !963). ECTBCTB6HH0 1 B03Hl1K86T BOilpOC O BJI!1HHl111 8!18JIOr0q-

HUX KOJIJl6KTl1BHbIX B036yJ!(,Il6H0i1 Ha IlJIOTHOCTI, ypoBHeti l'l ,npyr11e CT8Tl1~ 

CTl1'16CKl16 xapaKT6p!1CT!1Kl'l BUCOKOB036yJ!(,IIBHHUX H.nep. B CTporon WOPMY

Jil1pOBKe TaKaH aa11aqa OKa3b!BaeTCH qpeSBb!tial,iHO CJIOJ!(HOi1, HO ee BilOJIHe 

Y.1tOBH6TBOp!1T6JII,HOe np116J1l1llt6HH06 pemea11e MOJ!(HO, IlOJIJ'll1TI, np11 COOT

B6TCTByDme11 oC5oe5meHl11'l M6TO,llOB, IICilOJioayeMh!X ,ll;JIH on11caH!1H Hl18KOJie

lltam11x cocTOHH11ll H.zr.ep. B t1eTBepron rnaBe 1111ccepra111111.paccMorpeHu 

paapa6oTaHHUe 8BTOPOM M6TO,Illil pemeH0fl 3TOi1 3a.zr.aq11. 

B pa6oTax /23-t25/ 6uno IlOK83aHo t 'ITO KorepeHTHue BOs6yJI,I18H,lfl 

KOJIJl6KT0BHOll np0po.nu, o6yCJIOBJI6HHb!e B3811Mo.zr.ettCTBl18M KBa311qacr1111 

B Bb!COKOBOS6yllt,Il6HHOM (ttarpeTOM) H.zr.pe, MOllCHO BU,I16Jl0TI, Ha g)oHe. 

H6KOppen11pOB8HHb!X MHOrOt18CT!1'1HbIX Boa6yllt,1teH11i1, 6CJll1 npoBeCTl1 8H8Jll13 

ypaBH6Hllfi ,ZJ,Bl1l!t6Hl1H ,ZJ,JIH COOTB6TCTBYDm11x paCCM8Tpl1B86MOi1 Cl1CT6M6 : 

.zr.ByXBpe.MeH'HUX TeLmepa TYPHl,IX q>yHKUl'lti rp11Ha, Ecn11 ag)il,JeKTllBHOe BSallMO

.neilCTBlle_ KBaa11qacTl'l~ B li,ll;pe npe,IICT8Bl'lTo B cenapa6eJI:E.HOM Bl1,Ile, 

TO B np116Jil1llt6Hl11'l X80T!1tj6CKl1X g)all ilITBKTP KOrepeHTHb!X MO,ll B HarpeTOM 

H,Ilpe 6y11er onpe,neJIHTLCH ceKynapttuM ypaBHeH11eM 

I = 2 'X ~ I ( ().) , 2 l 2.. . { t - - ) E1e ... EiC,' 
>- :r""' U1e1e• -n .. -nK, 

"•"' , · · . .. . , (E'<+~1e•)~-w2 (II) 

' , 2 . , .:.. . - E,. - t K • 

-v""' (n,.-n",) 2. 2. } 
(~-<-E,c•)-t...:l , 
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(J.) 
r;n.e 5-.. ...-. - M8Tp1-1tIH!le SJieU.eHThl 11 ,t~ - Clf)IOB8H KOHCT8HT8 COOTB6TCT-

BYJOJilero aqiqieKTl-iBHoro B881lU.07ieilcTBl!H, "'""' U v,.,.,- KOSqlqlllUlleHTH, 
xap8KT6paaJllmUe BnUHHlle KOppeJIHUHOHHhlX aqiqieKTOB cBepxnpoBOMl!l6ro 
Tllna. ~8M6H6HUH ypaBH6Hllll COCTOHHHH (8), CBH88HH!l6 C yqeTOM KO

repeHTHhlX uo;n., MOlltHO npe;n.cTaBHT:r. B Bll;zr,e CYMMH KOpHell H IlOJ!XlCOB 

ceKyJIHpHoro ypaBHeHHH 

b 5 :: ! 2- "• \ w, de. c.;>, - fn (2 s~ c.-),) \ 
, 2-l 2.t 2-\: y (12) 

~u = :!: 2. -.,. ~i (de.~ - t) 
2 2.t 

l']le BepxHl-1!1 8H8K CJie,l!JeT 6pan 'AJIH KOpHel.f 11- HHlKHlllt - ;n.nH nonllCOB 

ypaBHeHHH (II),~~ - KpaTHOCTE B1,1p0llt7i8HHH COOTBeTCTByllmllx uo;n.. 
IloHBJI8Hlle IlOJIXlCOB B COOTHOIII8HUHX (12) 0Tp8llt88T Hea;zr,Ha68TlltJeCKll!tt 
xapaKTep paccM8Tpl-1B88MllX KOJI;JieKTHBHllX sqiqieKToB. BJillHHlle T8KHX 

8\W)eKTOB H8 IlJl OTHOUTI, ypoBHel.f Boa6yllt;n.eHH!lX x;n.ep MOJtHO npe;n.CT8Bl1Tr. 

B BH;n.e COOTB6TCTBYlOlll8ro K08qxj;}HUl18HT8 yBeJilltJeHllH IlJIOTROCTH ypoBHe!tt 

k,,;Cy'! op( ~s- ~U/-t ), H OCHOBHOll BKJI8;zr, B 8TOT K08qlqll-1U118HT BHOCHT 
TOJI:r.KO KorepeHTH!le MO;n.ll, ;n.J!H KOTOpllX SHeprHH KOpaen ceKyJIHpRoro 
ypaBHeHI-IH (II) 88M8THO OTJ!fftJ88TCH OT aaeprl-lH ()Jil18Jl8Xam11x IlOJlllCOB. 

~ ;n.eccepT81Ulll ITOK888HO, tJTO COOTHOIII6Hl-1H (II,12) MOXHO nony

tJHT:r. TaKJte c nouo~D KBaae6oaoaaoro np116n11xeHHH, o6o6meaHoro Ha 
aarpeTse c11cTe!W. TaKoll no;n.xo;n. 6onee y;n.o6ea ;zr,JIH aaaneaa BonpocoB, 
CBH38HH!lX C BOCCT8HOBJI8HH8M pOT8UllOHHOl.f 11Jil1.Tp8HCJIHUl10HHOlt 11HB8p11-

8HTHOCTl-1 MO;n.eJI:r.HhlX rau11JI:r.TOHl-18HOB, ecnonr.ayeumc ;zr,JIH onl-1C8HHH KOJI

JieKTHBH!lX CBOliCTB Boa6yllt;n.eHH!lX H7iep. YtJeT ycJIOBHl.f MHB8pl-18HTHOCTl1 
np11 paccMOTpeHHH pOT8UllOHHhlX BOa6yx;n.ea1-1n HarpeTblX H;n.ep IlOBBOJIHeT 
corJI8COB8Tr. cpopMC!JaKTOpN BqJqieKTHBHhlX Cl-1JI, reHepepy10m0x 3TH Boa6yllt
;n.eHl1H, C g)OpMOll nOT6HUH8JI8 cpe](Hero nOJIH H nonyqHT:r. COOTHOmeHI/JH~ 
onpe;n.eJIHDmlle BKJia;zr, POT8UllOHHhlX uo;n. B nJIOTHOCT:r. ypoBHel.f B!lCOKOB03-

6yx]leHHhlX H;n.ep. CooTB8TCTBYlllllHil K03qlqlHUHeHT yBeJI1-1qeHI/JH nJIOTHOCTH 

ypo:eaell 6yl,,6T onpe;u;eJIHT:r.CH npo0aBe;n.ea1-1eM "/Jli1X rl)aKTopoB k,ot kd,s • 
nepBlltt 113 KOTOPblX xapaKTep1-1ayeT l!JIHHHHB pOT8UIIIOHHbOC Boa6yx;n.eHl-1ll 

B a;n.0a6aTl-1tJ6CKOM np06~HJK6HIIIH (;zr,JIH ;n.eg)opMllPOB8HHbOC 8KCl-18JI:r.HOCIIIMM8T

Pl-1llH!lX H;n.ep kw-o'l ::';.1..t ) , Tor;n.a KaK :BTopott - cBHar. poTauiioHaux H 

BH6pBUHOHHblX uo;u; B H8rpeTOM H;n.pe ( \cc1,s< \ ). 
OHepreTlltJ6CK8H 38BllCMMOCT:r. K08q)g)l-1Ul-16HTDB YB6Jil1tJ6Hl-1H JiJIOTHOCTM 

ypol!Hell, o6ycJIOBJI6HHblX COBMeCTH!lM BJI0HHH6M Bl-16pau110HHWC Ill pOTBUHOH

HblX BOa6yx;n.eHllil aarp6TblX H;n.ep, 8H8Jilll311POB8JJ8Cr. B pa60T8X /26,27/. 
YtJeT ltO;JIJIBKTHBHhlX 31}lg)6KTOB noaBomrn noJiytJHT:r. ;n.Jl!l Been o6JiaCTH 
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cpe;n.a0x u Tflllt6JillX Rt\Bp ;n.ocTaTOtJHO xopomee cor.Jiac0e TeopeT11qecK0x 

BlltJHCJIBHHM IlJIOTHOCTll ypoBHett C ;ZJ;8HHW.10 no nnOTHOCTM flB]TpOHH!lX 
peaOH8HCOB. 

Ilpu g)6HOM6HOJIOr"qecKOM aaan0ae 8KCnep0MeH~anr.HblX ]\8HHhlX no 
ITJIOTHOCU ypoBHett yqeT 1tOJIJI6KTl-lBHblX ag)qieKTOB 3KBl!BaJieHTBH BBe;zr,em110 

B COOTHOmeHHH M0]\6nl-1 qiepu111-raaa ;n.OCT8T01fll0 -OOJI:r.llloro no a6COJillTHOll 
B6Jil1tJl1H6 npe;u;aKcnoHeHuuaJI:r.Horo MHOEHT6JIH, KOTOpllll npllBD)U!T K 

38M6THOMY yueH:r.meHl-iD U3BJI6K86MOrO 3H8tJ6HllH qiepu0-raa0Boro napaMeT

pa llJIOTHOCTl-1 ypoBHeli a. • Ta1toe paccuorpea0e ycTp8HH6T VlMeBIIlll6CH 
;zr,JIH ;u;eqiopu0pOll8HHllX H;n.ep p83HOrJI8CMH B peayJI:r.T8T8X 8Han0aarnoTHO

CTH H6llTPOHHllX pe30H8HCOB 11 xapaKTBPHCTIIK ucnap11TeJII,HllX cneKTpoB, 

8 T8Hllte pacxollt;ZJ;6HllH SMnllplltJeCIUIX H pactJ6THb!X am,tJ6H11il aCHMnTOTH
qecKOtl B6JIHllHH!l napaMeTp8 llJIOTHOCTII ypOBH6H /2/~ 

B IlJIOTHOCTM ypoBaen H]16p BJIHHHHe KOJIJIBKTllBl!blX ~6RTOB npo

HBJIHBTCH B 1-iHTerpanr.Hott qiopue. Eonee nOJIHoe npe]ICT8BJl6H06 0 CBO!l
CTB8X B06pau00HH!i1X Boa6yllt]16HMil ttarpeTblX R;n.ep MOlltHO noJiytJMTI,, pac

CMOTpeB Cil6KTP8JII,HOe. pacrrpe;n.enem1e xapaKTepH8YlllilllX 11X B6JI1l'IHH: 

cpe;n.HeKBa;n.paTllllH!lX aunJil-1Ty;u; KOJ1e6aa0n ,~ , K03qlqlllU06H'I'OB llt6CTKO
CTM c.,. (w) 1-1 SM/eKTHBH!lX M8CCOB!lX napaueTpOB B.,. (c.J) • COOTHOIIl6HllH, 

onpe;n.eJIHlll!lll6 3Tl1 B6JIHtJl1Hli. ()!,!JIil noJiytJeH!l B pa6oTe /28/ Ha OCHOBe 
0606mea11oro aa aarpeTue H;u;pa Meto;n.a npllifYI\HTeJir,HblX Kone6aa0n 

a. ( '--2:i<2., I cb,'l\2lu2 (\-n..--ri .. ,)(E"+-E"•) 
IJ,_ WI - '). C., :T,c,ct ,c,c1 

IC ,,c I [ ( E,c ½ E.,c,) 2. - w 2 1 2. 
(13) 

-v2. (n,.-n,.,)(E ... -E ... ,) 
'"'' [(l:1(-E,c,)2._ <..>2. l2. } 

C.,.Cl.o3) = C,.J
2 S.,.cw) , P.!(w)=cH,~ /2w&,.("-l) r 2-t: • 

CneKTp T8KHX KOJie6aa0n onpe;zr,eJIH6TCH ceKyJIHPHUM ypaBHemrnM (II). 
KaK noK888Jil1 npoBe;n.eHHbl6 p8CtJ6Tll, xapaKT6pl!CTl1RM BNCOR08HepreT1-1-

qec1toJ,t B6TBl1 Bll6pau110HH!lX B086Ylltt\6Hl-1il H;n.ep (ruraHTCKllX MyJI:r.TH

noJI:r.Hm: peapH8HCOB) B HarpeTOM H;n.pe OCT8XlTCH IlOtJTl-1 T8KHMM xe, K8K 

1-1 B XOJIO;n.HOM, llM68T MBCTO Jllllllr. H6KOTOpoe ;n.onOJIHllTBJI:r.Hoe ym0peHH6 

rl-1r8HTCKl1X p630H8HCOB, o6ycJJOBJieHH06 TeMnepaTypaoll 38B0CHMOCTI,Xl 

38TYX8HMH KorepeHTH!lX Boa6yllt]l6Hl-1il. B TO llte BP8MH xapaKTepHCTHKH 

Hll3K08HepreTl1tJ6CKOil B6TBl1 m16pau00HHb!X MO;zr, B HarpeTOM H;n.pe 

cymeCTBBHHO OTJ!HtJ81lTCH OT xapaKTepHCTllK COOTB6TCTBY10m0x O]\HO-
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qJOHOHHl:lX BOa6yJK,neHllil XOJIO,nHl:lX m:ep, Henocpe.ncueHHO H86JIJo;n;aeMmc . 
B cneKTpe . Hll3KOJieJK8JllllX COCTOHHlli1 m:iep·. B XOJI_O]IHOM .H.npe Hll3K0-

3HepreTll'liill8 KOrepeHT!ille BOa6yllt;n;eHllH llMCIOT npeHe6pelltllMO M8JIYJO eQ-. 

T8CTBeHHYIO mllpllHY, TDr;n;a K8K B HarpeTOM H;n;pe KOJIJieKTllBHNB Hll3K0-
3HepreTll'lHHe MO,l(H npOHBJIHIOTCH CKopee K8K pe30H8HCli mllpllHOll ":'2-3 
MaB B .cneKTpaJII,HOM pacnpe.neneHllll 8MnJillTY:zt ·KOJie68Hlli1 r,!("->). 
TeMnepaTypHaH 38BllCllMOCT1>. xapaKTepllCTllK · Hll3K03HepreTll'lHblX: MO,n 
Henocpe;n;CTB8HHO onpe;n;eJIHeT noBe;n;eHlle COOTBCTCTBYJOJllllX K03qJqlllUll8HTOB 

yBeJill'lBHllH nnoTHOCTll ypoBHeU kv~&v . 
Ilpll.MllKpOCKOilll'lCCKOM OilllC8Hllll KOJIJICKTllBHblX Boa6yx;n;eHllll H;n;ep 

mllpOKO llC IlOJI1,3yeTCH annpOKCllM8UllH OCT8 TO'lHliX B38 llMO;n;enc TBllll 

HYKJIOHOB MYJI~TllilOJII,-MYJI1>TllilOJI1,HNMll CHJI8Mll. ~JIH Bu6opa qiyHKUllOH8JII,
H on 38BllCl1MOCTI! qiOpMqiaKTOpOB, T8KllX CllJI ueJI.ecoo6paaHO npllBJI8'!1, 
ycJIOBl1H corJI8COB8HllH, pa3Jil1'lHNe qiopMllpOBKll KOTOPl:lX 8H8Jill3llPOB8JillC1, 

· B nocJie;n;Hlle ro;n,J,I MHDrllMll anopaMll. B pa6oTe /29/ aHaJiorH'lHNe ycJio

BllH corJI8COB8HllH noJiy'leHN ;n;JIH ~eKTllBHWC CllJI, reHepupy10111ux OCUllJI
JIHUllll cpe;n;Hera IlOJIH B HarpeTUX: H;n;pax. TaKlle ycJI.OBllH He TOJII,KO 

qJllKCllPYIOT qiopMqiaKTOPN MYJI1>TllilOJII,-MYJI1>TllilOJII,HblX CllJI, HO T8KJKe na-

3BOJIHIOT onpe;n;enllTI, B8Jill'll1HY COOTBCTCTBYJOJlleii CllROBOll KOHCTaHTli 
ll paCCMOTpeTI, ee TeunepaTypHyJO 38Bl1Cl1MOCTI,. IlpoBe;n;eHHNe llCCJie;n;oBa

HllH noKaaaJIH, 'ITO cneKTpaJII,HOe pacnpe,neJieH11e BCJill'lllH (13), 
nony'leHHOe ,l(JIH MO;!lllqJllUllPOB8HlillX aqiqieKTllBHblX CllJI C TeopeTll'lCCKllM. 
3H8'l8Hl1CM KOHCTaHrn Baamrn,nellCTBllH, cyJJteCTBCHHO He OTJill'!aeTCH O_T 

µicnpe;n;eneHllH, BN'lllCJICHHOrO ;!lJIH Tpa;n;HUllOHHblX MYJI1>TllilOJII,-MYJI1>Tll
noJII,IillX CllJI C 3Mllllpll'leCKl1 no;n;o6paHHOll KOHCTaHTOll. Mo;n;11qi11KaUllH aqiqieK
TllBHNX CllJI T8KJKe Bec1,ua CJia6o OTp8lK8CTCH Ha peayJII,T8T8X pac'!eTOB 

COOTBeTCTBYJOIIlllX KO~llUllCHTOB yBCJil1'lCHl1H nJIOTHOCTll ypoBHell 
/29/, 11 3TO ;n;eMOHCTpllpyeT ;n;ocTaTO'lHO xopomy10 corJiacoBaHHOCTI, nony~ 

'lCHHOro onucaHllH Bll6pau110HiillX Boa6yx;n;eHllll HarpeTmc H;n;ep. 
PaccMOTPCHHNe Bl16pBUl10HHUe BOa6yJK;n;eHl1H HarpeTNX H.nep Henocpe;n;

CTBeHHO }J;OJIJK!ill npOHBJIHTI,CH B pa;n;ll8UllOHHblX CllJIOBblX qiyHKUllHX, xapaK
Tepuay1011111x ycpe;n;HeHHyD· no 60JI1,mouy 'lllCJIY COCTOHHllll Boa6yx;n;eHHoro 
H:ztpa np11Be;n;eHHYJO BepOHTHOCTI, rawa-nepexo;n;oB. GOOTHOlli6HllH, onpe;n;e

JIHIOIIlllC B·paMKax MllKPOCKOnll'lCCKoro no;n;xo;n;a CllJIOBUe,qiyHKUllll 3JICKTPO

MarHllTHblX nepexo;n;oB paaJill'lHOil MyJII,TllnOJII,HOCTll, 6NJill noJiy'leHN B pa~ 

6oTax /23,30,31/. IlpoBe;n;eHHNe pac'!eTN noKaaan11, 'ITO B qiopMllpoBa-

HIHl cneKTP8JII,HOll llHTeHCllBHOCTll 3JICKTPll'lCCKllX ll MarmlTHl:iX rairna-nepe

XO;!lOB OCHOBHYJO pOJII, urpaJOT BNCOKQ3HepreTll'lCCKll6 BeTBll KOrepeHTHblX 

BOa6yx;n;eHllll, xapaKTepl1CTllKll KOTOpblX OTJill'laJOTCH OT xapaKTepllCTllK 
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r11raHTCKllX peaoHaHCOB, Ha6n10;n;aeUNX B Ce'leHl1ll qJOTOnorJIOJIICHl1H 11 B 
cneKTpax npmrnro HEiY!JPYrora pacceHHl!H HYKJIOHOB t _JilllliI, ;n;onOJIHllTeJII,-

' HUM :Teuneparypirnu ymupeH11eM. B paMKax paapa6oTaHHoro no;n;xop;a no

ny'leHa B3allMOCOrJiacoBaHH8H llHTepnpeT8U11H 11ue10111eV.CH COBOKynHOCTl1 

3Kcnepll'MeHTaJI1,Iillx ·'AaHHNX o cnei<rpan1,Hoil HHTeHCIIBHOCTll pa.n~al\llO_HHblX 
nepexo;n;oB B BNCOKOBOaciyx;n;eHHblX ·H:n:pax· /31/. ' . . 

OGHOBHUE PE3YJII,TATli 

l. Paapa60T8HN MeTO;n,J,I on11caHl1H CTaTl1CTll'l8CK0X xapaKTCPllCTllK 
Boa6yx;n;eHHblX. a;n;ep,. y'l11TuBa10111ue 06ono'le'!Hy10 crpyKTYPY cneKTpa o;n;Ho
HYKJIOHHNX.cocT01tH11ll B H.npax, ll IlOKaaaHo BJil1HHl16 060JIO'l8'!HliX aqiqieK.;,.' 

TOB Ha aaepreTll'leCKYIO 38Bl1C~MOCT1, nJIOTHOCTll ypOBHen;· MOMeHTOB llHep-
1\llll ll cpe,nHllX rllpOMarHllTHblX OTHomeHllii B036YlK:zl6HHblX H;n;ep, Ha pac
npe;n;eJieHlle COCTOHHllll BOa6yx;n;eHHliix H;n;ep no 'l8THOCTll. Ha OCHOBe npoBe
;n;eHHoro pacmrnrpeHllH· 061>HCH8HN xapaKTepHN6 oco6eHHOCTll noBe;n;eHl!H 
llJIOTH,OCTll ypoBHell OKOJIOMarll'l6CKl!X H;n;ep t . npOHBJIHDIIlll8CH BO .MHOrllX 
3KCnepl1M6HT8Xo 

2. IlocrpoeHO y;n;o6Hoe ;!lJIH np8KTll'l8CKllX npllJIOlK8Hllii qJ6HOMeHOJIO
rll'l6CKOe OilllC8Hll_e 3HepreTll'l8CKOil aaBHCllMOCTll napaueTpa nJIOTHOCTI! 

ypOBHeil, xopomo,BocnpouaBO;!lHJ11ee K8K ;n;8HHN6 no nJIOTHOCTll HeilTpOH- · 

HblX peaoHaHcoB, T8K ll H86JIJO;!l86MN6 060JIO'l6'lHUe HeperyJIHPHOCTll B 

IlJIOTHOCTll ypoBHett HA8P npH paanuqHliX 3HeprllHX BOa6yJK;n;eH0H. 

PaccMOTpeHO BJillHHlle )UiqJqiy:rnoro KP8H H;n;pa Ha. 8C0MilTOTll'lecKyK> Bem1-

'lllHY napaMeTpOB nJIOTHOCTll ypoBHett ll MOM6HTOB l!HCPl.\llll n.nep U noKaaa
Ha B8lKHaH pOJII, COOTB8TCTBYJOIIl0X 3qlqieKTOB B OilllC8Hllll CT8TllCTl!'l8CKllX 
xapaKTepllCTllK H;n;ep npll BNCOKHX 3HeprHHX Boa6yJK;n;eHllH. 

3. Paapa6oraHN HOBNe MeTO;n,J,I paccMOTpeHHH napm,rx KOppeJIHUllii 

HYKJIOHOB CBepxnpOBO;!lHJ11ero Tuna B ~oa6yE~eHHNX H;n;pax, Y'll!TNB8K>Jllll8 
CR61\llWll'l6CKll6 CTOPOHN Tepuo;n;llH8MUKl1 H;n;epHl:lX 8HC8M6Jieil, o6ycnoBneH

Hli6 TepMOl!30Jil!POB8HHOCTI,Kl H;n;ep.ll cpaBHllT8JII,HO MaJINM 'lllCJIOM Boa6yJK
;n;eHHl:lX KBaanqacTlll\. Ha.OCHOBe 3TllX M6TO;!lOB noJiyqeHO MllKpOCKOnllqec

KOe onucaHne H86JIK>~aeMNX 'l8TRO-H6'l6THblX paaJill'lllil nJIOTHOCTll YPOBHeil 
H;n;ep JI oco6eHHOCTei! noBe;n;eHllH CT8THCTUqecKllX xapaKTepRCTllK H;n;ep npl! 
3Heprl!HXB036yx;n;eHllH HllEe KpllTll'leCKOil 3Heprlll1 11 ipaaoBoro nepexo;n;a 11 

lla CBepxTeKy'lero ~OCTOHHllH B HOpMBJII,HOe. 

4. Ilpe;n;JIOJK8Hli HOBNe M6TOJJ;N_pacqera CT8rllCTll'l6CKllX xapaxTepuc

Tl1K HepaBHOBeCHblX KOH~nrypauun H;n;ep c qJUKCllpOBaHHNM 'lllCJIOM BOa6yx

;n;eHHNX KB83U'l8CTl11\. lllccne;n;oBaRo BJil!HHlle o6oJioqeqHblX aqi~eKTOB -1! 

napHmc KoppenHl.\lltt HJKJIOROB H8 3HepreTH'leCKYKl ll CnllHOBYD 38Bl1C11MOCT1, 
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IlJIOTHOCTl'l 'ypoBHefi TBKHX CHCTeM. PaccMOTp8HO npHM8H8HHe paapa-
60TBHHWC M8TO,l{OB WIH BHBJIH3a nponeccoB npe,l\pBBHOB8CHOro pacna,l{a . . 
COCT8BHoro H,l{pa. 

5 • HocTpOeHa M0KpOCKOilHl18CKaH T80plrn- KOJIJl8KTHBHl:lX B036yz,l{e
HHt! HarpeTIDC H,ll;ep. B rapMOHHtteCKOM npH6JIHliC8HHH nonytre.Hl:l ypaBH8HHH,
onpe,l{eJIHIOII(He cneKTPBJinHHe xapaKTepHCTHKH TBKHX B036YJ!t,l{8HHt!, H Hall
,l{8Hl:l ycnomrn corna COBB HHH ,l{JIH a~eKTHBHWC ClfJI, reaep0py1011lHX 
KOJIJI8KTHBHH8 ,l{BHllt8HHH HYKJIOHOB B aarpeTWC H,l{pax. 

6~ PaCCMOTpeHO BJIHHHHe KOJIJI8KTHBHHX sq>iI/8KTOB Ha llJIOTHOCTn 
ypOBHet! Boa6yz,neHHl,IX H,l{ep. IloKaaaHo, l!TO paapa60T8HHl:l8 MeTO;n;l,l 
,l{aJOT Baa111.1ocormcoBaHH08 onuca~ue HM810lll81tCH 5KcnepHM8HTaJinHOlt 
tfHCQOPMBUHH. 

7. ITocTpoeao. MHKpOCKOilHl18CKOe on.icaa11e cneKTpaJinHOtt HHT8HCHB
HOCTH pa,l{0an110HHl:lX.nepexo,l{OB B BHCOKOB036yllt,l{8HHHX H,l{pax, Ha OCHOBe 
KOTOporo _,l{aHa 8,l{HHOo6paaHaH HHTepnpeTaUHH HM8IOII(HXCH 3KCnepm.rnH
TBJinHHX ,l{aHH!DC O pa,l{.ianHoHHHX CHJIOBUX WYHKUHHX ff pa,l{tf8UHOHHHX 
lliHpHH8X pacna,na BUCOKOB036yllt,l{8HHHX H,l{ep. 

8. IloKasaau mHpOKHe B03MOlltHOCTH ucnoJinSOBBHHH pasBHTWC MeTo
,l{OB K8K ,l{JIH 8HBJIH38 pesyJinTaTOB 3KCnepHM8HTaJinHl,IX HCCJI8,l{OB8HH£\ no 
HettTpOHHOt! qJH3HKe H ~HSHKe ,l{8Jl8HHH H,l{ep, T8K H,,l{JIH pemeHHH 38,l{8l! 
oneHKH H,l{epawc ,l{aHHmc, HeOOXO,l{HMNX WIH H,l\epHOtt 3HepreTHKH. 

Ilpe,l{~T8BJl8HHH8 B ,l{HCC8pT8UH0 peayJinTBTH HCCJI8,l{OB8HHtt ,l{OKJI8,l{U
B8JIHCn ~a I8+26 exerO,l{Hl:lX BC8COD3Hl:lX COBe11taHHHX no H,l{8pHOll cneKTpo
CKomrn H CTPYKType H,l{pa ,(I968+I976 rr.), Ha I,2,e 3 BC8-COD3HUX,' 
KOHqiepeHUHHX no H8t!TpOHHOii qlli3 HKe (, · KHeB, I97I; I973; I975), BB 
Mem,l{yHapo;zuwn Koaqiepeanee no HAep!illM ,l{SHHWl ( XeJI»CHHKH, I970), 
Ha M8llt,l{yHapo_,n;HUX COB811l8HH!pC no B38_1lMO,l{ei!cTl3HD 6UCTPHX H8£\TpOHOB 
C H,l{pBMH { Jlpea~eH' I973)' no }46TO]l,8J.I HCCJl8,l{OBB Htfll KOJIJI8KTHBHHX 
Boa6ylK,l{8HHt! H,l{ep ( Jly6aa' I974)' no 11cnoJin80BBHHD TeopeTHl!8CKHX ' 
MO,l{eJiet! W!H one HKH H,l\8pHHX ,1{8 HHliX ( Tpll8CT, I975) • 
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