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Pa6oTa BUITOJlH8Ha B_ MHCTHTyTe aTOMHOtt aHep~HH 
. HM. M.B. Kypl!aTo:sa 

I 

OnpBTB8 P.leccOay3pOK /I/ P830HaHCBOro nor.110.e&HJI H 
BCDyClt8ltllJI '( •JCBaBTOB 083 OT,la'llH S.JtPSlffl, aaxi>MlltlllDICS B 
1:pxcra.unec1tol pemene, no.11onJ10 Ha'lla.to Oonmoiry ucxy pallor 
EaB: no x3111eJD11> caKoro ~ex-ra, rax H paaJIJ111BIDl ero upn:eeeDo, 
HeoOB11alBO BBCOXM paapema.,.u CIIOCOOBOCTI, Ketoxa, a mue 
cpaBHBteneu ll81'1tOCTL DOJIY'll8BU HCTO'llBHltOB, De~ 38Jl8T&yJ> 
BBT8BCHBBOCTL B8CK8.8BBOI DJDIB B DPOJCOK nrepB8Jl8 reimeparyp, 
onpan npoue nepcIIeJCTBBB ,lJIJI upoeeeeu ~exra B pa3JDt'llBBX 
OCIJI8CTSX Bayn. IIpH 3TOJI ocoOeBBO npoxo B DOCJle,.mie ro,ltB * 
~xr leccelayspa xcnonaoBMcs B cfillane rBepxoro rem B qasx-
11ecxol DJODI. 

· · C oxnol cropom n111ene caaoro SB.leBU pe30HaBCHoro B3JJJ• 
11eBU (aorll .. eexs) sxep Clea or,xaqx, Bepoueocn. 11 re&epa'?JP
BU 38BBCDocr~ xoroporo oupexeumcs mpaxrepo11 CBJ13B sxpa c 
1tpzcra.t.11111ecxol pe■euol, onpimaer Clonne 102110:mocTll .us •c
c.11exoB8.Hlls XBJl810II:• paaJIB'IIBBx gpxctaJUllil'llecitxx cxcreK. 

C xwrol cropom y3ocu 11eccelayspoBCEJ1X nnl xe.mer 
cuexrp BSJIY'lleBJUI (uor.11o•eBU) qyBCTBXTeJl~BBK E o-qem. Ka.!Bll 

(nopaJtX8 ecrecrBeBBol upzm DHBB) seeprernecltllll x311eaeuo 
B siepBBX ypOBBSX •. lelcrBY...-e H8 .IUPO B ltpBCTaJIJ[e BeyrpeHBlle 
sJleitrpz-qecue • 11arnrme uou om3BBamroa B psxe CJIY11ae1 xo
craroqJDDOI, UOOB BB3B8.TL pac•eDHBH 118. noro IIp8BOCXOMl88 
ecrecneimp, npxay aBD •• c.1exo:aa-renao, .11erxo cpxczpyeKoe. 
3rx DOJIJI 00yc.110BJ18BH B OCBOBBOK BaaDOJtelctBJIEIK JIXl)a C aecxo-. 
IIeBCBpOBaBBOI 3J18lttpOBBOI OOOJIO'llltOI OltpyzaJl!llero sxpa •oaa, xo-

3 



ropoe DpHBOXJl1' :a: cBepxrouoi crpy:a:rypearo:aomx cuenpoB. B c11-
1f! storo oOctoaren.crBa pac11ea1eaze 11eccOayaposc:a:ol JIHHJIB oOIA
ao aasnam CBepxtomco, xora B ae:a:oropux CJIYllaJIX KexaHH31l Bos
HJIJl:BOBeHHa IIOJL!l HOXer 0U1'D COBepmeHHO 11mm, H onpeJeJIJlerca 
IIOJIHOC'tiD EpBC'ta.lJIHqeCEIOI oxpyxeaze11, 8 Be coOC'tB8BBOI snex
rpoBBOI 00o1oqgol. 

Crpyxrypa 11eccOaysponc1tol JUIBHH pesxo orn:qaerca or csepx
roBKol crpy:a:rypu aro:aomx yposaeB, H saBHCHT or llHOrHX q,axropos, 
csasaaBBX co cpe,;oH, rwtHx ICaX reMlleparypa, xapaxrep KaraHraoro 
yaopaxoqeau (crpyxrypa DBHH B napauaraerne pesxo orJIHqaerca 
o,: crpy:a:rypu B ~ppouarner:o:e), snexrpH11ecue CBOICTB8 Be1tectua 
(KeTMJI, J0{3JI8E1'pn), B3aml0l81CTBH8 Ka.rBH1'BOrO HOB& C BBYTPH
RpHCTSJUDtqecEmm aoJUDm n psx xpyrzx. nosrouy nsuepeBHe cBepx
roBKol crpy:a:rypu SBJIJlercs B HaCTOS~ee BpeWI IIOl!tlUnt:,cpeJCTBOH 
Hsyqeau pasxnqmn: CBOICTB Be~eCTB& H B aepBYJ) oqepelD wrBHT-
HHX. 

TeopeTHqecEoe HCCJI8lOBaBH8 CBepXTOmtOI crpy:a:rypH Jmmm 
ueccoayspa B Be~ecTBe apexnoxaraer pemeaHe Itenoro paxa saxaq. 

IlpeQe 1cero uosunaer BODpOC o aenocpexcrueHBOK suqucne
HHH SJtell:TpHqecEHX u :rmrBBTBBX noJiel' xelCTBYJ)J!tKX Ha SIJpO' C yqe,.. 
TOH pacnpeJeJieBU :rmrnrBBX, S8.Jl8H'tBBX 3JI8ETPOHOB, 3JI8E'tpOHOB 
DpOBOXJIKOC'tH B EpHC'taJIJie, nonapas~• BHyrpeaael OOOJIOqJ:H BOHa 
u paxa Jpyrmc 4a1tropou. B srol oOJiaCrH oon.maa paOora oana 
npoJeJia.Ha ~pBll8BOK H ,BafCOBOK 121, npose.oaom OOJIDmyJ) BIAHCD-

' f8JIDByD paOory no 0Dp8J8JI8HHD poJUI IIOJISpll3~ sayrpeHBBX 3JI8E
TpOBBBX o001oqeE B HOBaX rpynIID XGJiesa. 

Bropol xpyr sa.itaq CBS38B C BODpOCOK O ~pnpOB8HBB CBepx
TOBKOI c,pyxtypu 11eccoayspoBCEOI JIHHBB B Be.ec,se, EOr.ita. CBepx
fOBJl:08 us(UDIOJelcru•e oOycnoBJieBo cooct1eBBol aiexrponol ooo-
1oqEol, a cpexa B03JIIC1'BY11' Dar. Ha 318ETpOBJDil,CIIJIH ~a cqer 
ooueaaoro B38lDIOJelctBU B c)epp0118l'Bet111te, paslIHIDIBX penuca
~oBBBX npoiteccoB B ~armmn.a: se•ecrnx •- '•l• qpe.P sa.l&11 

sroro rxna oDpel&Jiene c,pyxrypu 11eccOayspoBCEOI JIED(B B napa
xaraerJOtaX npexctaBuer coOol aanooxee aa,epec&y11 • c~oDYJ) 
DpOISHKY, TU EU xapaxrep npoo.iena CBepx!OBJ:01 crpy:a:rypB B 
113118HeD.I ee C ,eweparypol, EU ISBIO BD8pBBI IIOE8.38BO B paOo
,e /8/, a no3l&ee, olSaapyzeao aa ps.ite axcnepoeBroB /4,5/,xoxer 
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OX8381'LCS qpe3BHqaHBO pa3H000pa3HID( B 38BHCHMOCTH 01' napaKeTpOB 
sa.itatn1. 

HwtoHeil, rperHH, B8CDlla HHTepecHHI xpyr 38J(B.q CB.138B C 
aHaJIH3011 ymHpeHllJI EOKDOHeHT ll8pHon nHHHH B BemecTBe. ~JillltTY
&IlHH CBepxroHEOro llaI'HHrHoro H EB&.ltPYllOJILBoro B39JDl:Ol81CTBHI B 
~ppoirarHeTHEax H lHBllarBeTHitaX H peJiaB:C8IlHS 3JI8ETpOHHOrO KO

Jl8HT& B napalfflrHeTmtax Dp)!BO.ltHT E rouy, qTO XOKDOB8BTH crpygTy
pH B B8E01'0pHX cnyqaax, 11oryr HM8TD mHpHBY OOXLIDYD ecrecruea
BOI. QqeBHJtHo, 3HaqeBHe ynpeHHa H xapaxrep ero reimeparypaol 
38BHCHMOCTH HecyT XH~OplmltHD O cnexrpax B036YZJt8BHJI B EpHC1'&JIJie 
Hero peJUlltC~OBHBX CBOICTBax. C lPYrOR cropom,, OO!llHI aBaJIH3 

ynpeHHI oqeHL B8.X8B JJIS npodnmm nonyqeaHa H H86JIDl8BM CBepx
Y3EHX JIHHHI. 

l•ccepTaitHS UOCBH.eHa HCCB8l0B8HHD lByx DOCJI8lBHX BODpOCOB 
as oqepqeaaoro Bllllle xpyra sa.itaq, ,.e. aBaJ{ll3Hpyerca He 11exaaxsK 
B03BJlflCHOB8BHI, 8 pasJIKqHHe cnocoOH npoaBBeHWI CBepxroBEol CfPYE
TYPH B pasJIHqHBX B81118CTB8X H B 1'0JI qHCJie BODpOC O ~Jlll8°JIHBHI 
orienLHHX EOIIIIOH8Hf. llpH 3TOK BeOOXOXBKO OBJIO penrL Be TOnDEO 
re HJIK HHee EoBEperHBe sa.itatJH o·crpygrype Kecc6ayapoBcEol DBHH, 
HOH BCf&B8JI sonpoc O C03J8BHH 00111ero K8TOl8 p&CCK01'peHlla sa,.aq 
noxooaoro ,xna. 

lHccepTa[tJIJI COCTOHT,H3 5 rJiaB. B uepBOI rJIB.Be J8B Eparxd 
0030p OCBOBIIHX H8DpaBJieBHI HCIIOJID30B&BHS 3~ETa leccoayspa B 
~•swte rsepioro rem, a ragze oosop paxa sEcnepoeaTaJU,HBX • 
reoperzqeCEHX paOor, Xactu)JllHXCR CBepXTOBEOI crpyxryp& Kecc6a
Y3POBCEOI JfflBHll. 

B r.xaue n npeicraBneH oOUI 11e,o~ onpeieneHILtl cnsrpa no
rno•eBJIJI (xcnycEaHHa) KeccoayapoBcEoro H3JIYlleBHa :a Be•ecrBe, B 
ocaoBe Eoroporo nenr ,ltH8.rpavxuaa texmaca BHtl)[CBeau cIIeitl(a.U,
Roro rxna xoppeJIJJrKBBBX cpymt~I. 

Ha ocaoBe s,:oro Ke:ro:.a :a rJIB.Bax m, IY • Y pacc11arpuamca 
C001'B81'C1'B8BHO 3aJaqz O c,py:a:rype KeccOayapOBCXOI DRlDI B tep
po118rBBTBHX B811(8C1'B8X, B Dapal(8I'H81'BX&X, a raue YBJ[peRBe DUI 

xeccOayspoBcEoro cneEtpa sa cqer qi.lmltry8Jt]II rpaJJ![eHra s~extp•
qec:a:oro nou Ha axpe •. 
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J[Barpal[YH8Jl :reXHHxa · 

Cnex:rp nornoll{eHlla xecc6ayapoBcEoro H3nyqeHHH B B811!8CTBe 
OJtH03Haquo onpeleJIJleTCJI q,ypLe XOJIDOH8HTOH ~oppeJIJlTHBHOl q,yHE-
WIB ~ h 

~(l)-=-i.0-(l)Sp ~ d..l-1t.)d.. (I) 

CBJ138.JlHOI TOnLXO C norXO!llal)ll{el CHCT8KOK.~ 
3l8CL § -:imTpHua DJIOTHOCTH CHCTew, d.. -onepa:rop, onpexe
JUlllll!Hl B38lD(O)telcTBH8 Kecc6ayapoBCKOro Jl;Jtpa C B811{8CTBOK, 
d.(-t:.) - ral3eH6eproBcEHlt one~Top: 

. . . d" ·~At 1 -tttl . 
(\:.)= Q.. u..e. . 

.... 
H - noxm r8JIHJILTOHH8.Jl cHcTeim, xo:ropHI o6IAHO npe,11;cTaB-

JIH8TCJI B BH;Jte: 
~ " ... " H = H~-+ \io~\/ , (2) 

... 
r.1te \-\1 -q_IIHCHBaeT YPOBHH Jl)tpa C yqeTOM CBepXTOHEOr~ B38JDIO
xelCTBIIJI, \; 0 -raKHn!ORIAH oxpyxaD111el a:xpo CHCTeim, 'V -ocy-
111ecTBJUiet CBJl3L K8lt.JtY CRCTelUllra I H o, BH3HBaJI peJiaB:CSitHll JIH60 
H;JtepHoro CIIHHa, JIH6o UOMeHTa 3JI8ItTpOHHOlt 060Jioq1tH uecc6ayapoB
CEoro 1110m. 

B 06111eK cxyqae BUTlHCJieHHe xoppeMTHBHOI q,yHititHH it-l) 
npe,lCTaBJIJleT 00601 lOBOJILHO CJIOXHYll 3a,;aqy.F,cJIH HeCEOJILitO orpa
HffqHTI, EJiacc peJiaECaitHOHHIDC U8X8HH3MOB, a ml:8HHO, paccuoTpe:rL 
pexaitCaitHD, CBH3aHHYll C Hcnycxrumeu (norJIOll!8HHeu) KB83HB036yz
l8HJ/II B xpHCTaJIJie (Hanpwep,3JI8KTpOHOB, ¢oHOHOB, CirnHOBHX BOJIH 
H T.;Jt.), o6pa3Ylll!IKX HenpepSBHHH cnexTp, a TaKXe npe,ltDOJIOZHTL, 
qTo xapaxteRHoe Bpeua peJiaB:canHH ~~ , onpe.1tenseMoe B3aHJ,(o
JtelctBHeu y 'He CJIHlllXOM uaxo, Tax, qTo BHDOJIHHe:rca YCJIOBHe 

<tt1">> 1_ (3) 

(3.1tecL T - Teunepa:rypa B aneprenqecxHx e.1tHmrnax), TO ,11;xa BH
t1ncneHHa xoppeMTHBHOH q,ymtnHB (I), a :ra.xxe ee q,yp1,e ItOKDOHeHTH 

y>(w) UOXHO pa3BHTI, DOCJie)tOBaTeJil>Hyll ;JtHarpawHYI) T8XHJllty: 
'/(w) pa36HBae:rca: Ha cywy tfJI8HOB, Itax.itOMY R3 ItOTOpHX UOZHO 

CODOCTaBHTI, rpaqmx onpe.1teJieHHoro BH;Jta. CTpyx:rypa rpaqi;tKOB )tO-

j 
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BOJII,Ho npoc:ra, H BHemne rpaqiHRH uanowrn8.ll:r qialbtaucBcxne ;JtHarpBll .. 
KH B ItBaHTOBOI 3JI8KTp0,1U!HaMHite •• IlpH 3TOY YCJIOBHe (3); EaB: npa
BHJIO, BSllOJIH.a:eTCH B mHpoxou HHTepBa.JIC Teunepa:ryp, H ,JU!arpauuHHI 
KeTOJt Oita3HBaeTCH IlpHUeHHUHK DprutTHtleCKH npH Jill6HX TeKnepa:rypax. 

HaJmqne ;JtHarpawHost :reXHH:s:H cyll{ec:rBeHHo o6nerqaeT·auanus 
3a)taqH. IlpOCTOTa HamtCaHHJl rpaq,mtOB D03BOJ!Jl'.e:r'B ltaX)tOM ltOHKpoT
HOK cnyqae npoaHaJIH3HpoBan npaxuqec1rn nee THIIH .1tnarpaMK., Bhl
.iteJIHn rp&fiHB:H ,JUil>JIIHe OCHOBHOH BB:Jia,1{ B HCKOKYll QlYHKnHD H npo..: 
cyiompoBaTL HX. 

YupeHHe H c.1tBHr JIHHHH Mecc6ayapa B qieppo~arHeTHKe /6/ 

. B03MO!IHOCTI, cymmpoBaHHJl ,JU!arpaKK B :JTOM cxyqae CBH38lla 
c HanHqneK KaJ!oro napau:eTpa t.'40,tt~ (a He c;~w. , m no 
KOrJio 6s no:ttasauca Ha nepBHI Bsrnu), r.ite (, - xapa:s:TepHaJI 
3HeprBJI CBepXTOHB:oro B3aHKO.iteRCTBHJI, o.K -TeWiepatypa KDpH B 
3HepreTHqecxn 8Jt}IHBnax, fl - ~eJII, B cnexTpe CmtHOBHX BOllH. 

H3Jl8H8HH8 IIHpJUW JIHHHH IIO CpaBH8Hllll C eCT8CTB8HHOI ro CJ:.18• 
,UBaeTca 113 . .ltB]X tla0Tel: DepBaH CBJlsaHa C qJ.llintT]al{Jlel x•~ ll 
'j-0 .! , a BTOpaR - i-o.:. ltOWIOHeHT 3JI8XTpOH!IOro ClDlua.Yn

peHlle nepBoro una CBS38BO C pe2KC8Jt)lel CIDIH8. ll,lpa B OCHOBHOJI 
• B036]Z.lteHuox coctoas1ax, 06yc.1ou.1eHHol 11cnycmHJ1eJ1 HD norJ10-
11es11e CIIHHOBOI BO~. OtleBBlHO, 'IITO ynpene 3TOro TllDa B03BJ[
Jt8.eT TO.IHO B TOK CJIY1{4.e, xorxa B cnenpe CIIlll'.OBHX BOJIH oemc• 
B036]Z.lteHJla: c aaepr11el nop1xxa c. , 'f.e. 11e.n B cnenpe CDllllo
umc BO.Ill t).< €_ • YnpeHH, CBJl38DOe t txR'f1altKel _z-o~ XOM
IIOH8HTS, C]ll8CTB]8T BCer,la (npB 1'i O ) B 0Ilpt,'(t.U8TCS Bb'J)a-
ZtUIJl8M: 

~ ) \ · ( '\'l... rf- 0 tf 
I 1 (tn, M = $3 \ A,_M- t\0 m.) (}.~ 'ln c;. \.'t; 

3,11;ec1o ht. , M - IIpOeltitHH cmrna iI,l!;pa ua oc" HaMaru11eHH, A0 , 
A-1 xo1cta11Ts cuepnoHXoro B:JtunloJteHcTBH cooTile:rcTBHHo B oc-

· H0JHOII H BOSO~eHHOM COCTOE~~~X. 3TO ym!peHBe CBH38.BO c te•, 
q:ro ~~ 5t cuei,.am o,JtRonpexenHo Bee llO.JtYpOBHll c-.,px
Tonol Cl'PYlCTYPR, HO .lt]tJi OC!lOl!Hn!'O B B036~eHHHX COCTOU:111 3TH 
c•e111eBU pa:uxtnm, B nep1ym 011epen, 38. cqet pas.uqu 'a,- -tfiaE-
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ropoB, npBBO.ltSlllHX IC pa3JII1q11m1 xoucraHr8Jl CBepxroHEoro B3aHllo
,11;elcrBHa. Hcao, qro npH npoqn paBHHX YCJIOBHSX ymHpeHHe <5y,11;er 
aaa<5oJI:&lllDl B Tex cxyqaax, xorxa <a, -4ia,lttopu ocaoBaoro H B03-
<5yz,11;eauoro cocroaad (a ,cxe,11;0Barex1,ao, Ao H A~ ), <5yJrJT 
11111en pa3HHe 3~•• B lf,opJ1yJie (4) sto orpaxeao J1Ho:nteJieJ1 
C AM.-Aom.). 

KpoKe Toro, paccwTpHB88JI08 ynntp8BH8 o<5yCJIOBJl8HO B OCBOB
HOJI HH3ICOqactoruon qacTLJ) cnexTpa CIIHHOBHX BOJIH (J1BonreJIL 
en.% ). fi. IIO OTHOmeHJiln IC BeJIHqKHe CBepXTOHEOrO B38111110-
ltelCTBHS co,11;epnr KaJIIll JIHOXHreJIL nopa,JtKa c!;/~~ H upaxrHqeco 
BO Bcex cxyqaax ocraeTCS BeJIHqHHOl,JlaJIOI IIO cpaBH8HHI) C-BeJil!11H
HOI CB8PXTOHXOro B38HJIO,ll;elcrBHJI. 0,ll;HaKO ,ll;JIS slfxf,exra lecc<5ayspa 
HBtepec npe,1tCT8BJ1.II8T Be TOJILICO OTBOm8BH8 r:1./E, ,BO H r._/r

0
, 

xoropoe JIOZer <5UT:& IIpOH3BOJI:&BIDI. 
KaB; IIOX83HB88T pacqeT, OTHOll8HH8 r1./r0 ,ll;JIS 118CC<5ayspOB-

CDX H30TOIIOB pe)IJtHX 38J18JIL, ltJDI XOTOPIDC :xaIBXTepBO <50JI:&moe 3Ha
qeHHe BeJIHqHBU KarHHTHoro CBepxrouoro B38JIIII0,1telcTBHS, B pa,1te 
cxyqaeB JIOZ8T OIC838TLCS DOpll,ll;X8 8,ll;HHHitH. !JIS Jl8CC<5ayapoBCXOrO 
H3orona Fen ymHpeHHe B o<5e:qHHX ycJIOBHBX oxasUBaetca 118.JIHK, 
qro CBJl38HO B nepByJ> oqepe,1tL C Jf8.JIOI BeJIHqHHOI KarHHrHHX JIOKeH
roB a,1tpa zeJie3a. HapaJtY c ym11peHHeJ1 <5y,11;eT cy•ecrBo»ar:& CJtBHr 
JIHHHI C reimeparypol HHol, qeJI o<5yCJIOBJieHHHI IIpOCTO 38BHCHJIO
C'?LI) \-h.H ('I') • C.itBHr sToro una Mono onpeJteJIHu, ecn: npo
cJieJtHTL H3JleHeHHe C reimepatypol OTHOll8HHe JtByx paCCTOJIHHI Sl.2. 
H Sl?>ti J18QY 1lpOH3BOJILHIDOI napmm lCOllIIOHeHT CBepXTOHXOI CTpyIC
rype:. F.c.11H CJtBHr DHHI onpeJJ;eueTca TOJILXo H-» o {('\'),To~ • ~ 

-t si.11 .sz~ .. 
ecn DOCTOJIBHM, He 38BHCSllll8JI OT reimepaTypu:. ~JIJ)ltTya1urn CBepx-
TOmtoro B38HJI0,1telCTBHSl npHBO,ltST 1C TeKneparypHOI 38BHCHJIOCTH or-
HOmeHU Sliz/ n_.llt : 

0 

51"'-/g_!,z. = 51'1/Sl~z. (1-c{ 'l'fGJ 
IlpH 3TOJI o(. B cxyqae pe)IJt038118JILHHX 3JI8Jl8HTOB B 00,lXO.UlllJIX 
yCJIOBHJIX JIOZ8T COCT8BJUITL ,_ 0,01. 

BBHJr/ qyBCTBHTeJI:&HOCTH 1COH811HIDC pe3yJILT8TOB 1C xapaxTepy 
cnexrpa CDHHOBHX BOJIH Ha HH3XHX qacTotax oco<5ml HHrepec npe,11;
cTaBJl.lleT cxyqal, xorxa 111em. B cnexTpe cmraoBHX BOJIH 0. :sre.na. 

B .J(HCcepranmi aH8JIJ43Kpye:rcs BOIIpOC O B03KOZHHX c·noco<5ax 
J'KeH:&meaza 1::::,. • IlpB A ~o Reo<5xo.PKo RC.ruUIL.3.0.B8.li 7millO.e 
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BHpazea:ae ,JtJIJ! 38ltOH8 ,ll;HcnepCHH CDHHOBHX BOJIH DpH JlaJIHX <\' , 
yqnuna1>111ee 38BHCHMOCTL 3!epr1.nt. cmrnoBOll BOJIBH u:) C\ OT HanpaB-
JieHHS BOJIHOBOro Bexropa <>t, • llpH 3TOJI 11!8JIL B cnexrpe CIIHHO-
BHX BOJIH CTaHOBHTCS 8HH30Tponaoll, H o<5parHrca B HYJI:& JIOZ8T JIHIIL 
KBHHMaJILHoe 3HaqeHI4e 1110.1114. 3ro npHBOltHT It TOMy, qro k ~ B • 
qiOpKy.11e (4) He npeBHm88T Ben:aqHHH ~ ~/~ , r.i,;e f~"u~l'\o (~ -
waruH;HHI JIOJ18HT 3Jl8ltTpOHHOI 060.11oq1t:11). YKeHLmeH:ae lll8JIH JtO HY
JIJ! XOTS (51,1 no 0)tH01lY HanpaBJieHHJ) IIp'HBO,JtHT It pe.naxcawm CDHHa 
SJtpa, o<5yoJIOBJI8HHOI n9r.110111emteK (HcnyCKaHHeM) ODHHOBOI BOJIHH, 
:a, CJI8,ll;OBaTeJILBO, It ltOllOXHHreJILHOMy yll!HpeHHD;BeJIHqllH8, 3Toro 
ynpemta B 061,1qHHX ycJIOBWIX OKa3UBaerca Toro ze nopa.1t1ta, q:ro z 
ynm:pemte 38 oqeT lf,JID1tTyait11:a 5! -xoimoHeHr. 0)tH8lto B czny 
Toro, qTo ymHpeHHe s:roro CIIHHa 01C83HB88TCS o6paTHO npOIIOPitliO-

. HaJILHHJI O (T.e.cpe)tHeJIY wrHHTHOJIY MOK8HTY o6p83I{a Mo ),To 
aTo :u:exaHH3M :u:ozer oxasar:&ca OCHOBHWl .i,;ns npmec1mx qieppo.ua.rae
uxoB, r.1te 3HaqeaHe Mo HeBeJIHICo. 

B o6pasrtax C 38Jl8THOI ltOHI{eHrpartHel uecc<5ay3pOBCXHX axep 
HJleer Meoro ymHpeHHe H C,ll;BHr Jil!HHI, o6yCJIOBJI8HHH8 KOCBeHHW 
B3a.RKOJtelCTBH8K a,1tep MeQY co<5oR 38 cqer o<5KeHa CIIHHOBWH BOJI
HaKH, H3B8CTHW B CBS3H C SBJieHHSJIH a.i,;epHoro KarHHTBoro pe30-
Ha.Hca /7/ • AH8JIH3 3TOI qacTH 38)t8qH IIpOBO,JtHJICS C DOMODtt,J) Jl8TO.l8, 
KOJl8HTOB. IlpH 3TOJI <5HJIO nonyqeHo, qTo npH ,ll;OCTaToqHo BHCOKOI 
ICOHrteHTpaitJ1H uecc<5ayspoBCKHX a.i,;ep ymHpemte HlleeT Tor ze nopsio1t, 
qro H yupeHHe 38. cqer lf,JIJlltryauHI 5l XOJIIlOH8Hffl OllHHa. CJtBHr 
JIHmtH OICa3HBaerca WJIIDI BO BCeK HHTep:sane Teimeparyp. (B a.u.p. 
IIpil HH3XHX TellIIepaTypax C,lBHr JllIHHH, o<5yCJIOBX8HHHI 3THJI Kexa
HH3MOJI Ha UHoro npeBOCXO,ll;HT ymHpeHHe). 

· CrpyxTypa uecc<5ayspoBcxol JIHHHH B na.pauarHeTHEe /3/. 

B .J(8HHOK cxyqae cnex:rp norxo•eHHS B 3HaqzrensoR c,enesx 
onpeJJ;emleTca coo:rHomeHHeK ue:r.icr xapaxrepHol sseprHel csepx
roHXoro B38111110,11;elcTBHJ1 .c: H Bpeueueu peJiaXCaitHH anexTpoHHoro 
CIIHHa '1°? • Ilp8,lt8JILHLI! cxyqall e,\> » i_ COOTBeTCTByeT CB060,l
HOJIY arouy, K cnex:rp <5y)teT 0<5JI8,11;8TL CBepxTOHXOI CTpy:itTypon, 
DHHH xoropoR xapaxrepH3y1>:rca 3HaqeszeM DOJIHoro coxpaHam•eroca 
110Jl8HTa. B o6paTHOK npe,11;eJILHOJI cxyqae ffp>> 1 CBS3L J18lfJtY JIO
Jl8HTOJI 3JieETpOHHOI o<5oJioqXH H CIIHHOM a.i,;pa pa3pHB88TCS H CBepx-
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TOHlt8Jl crpyxrypa (60JI88 roqao ee uarHHTHaJI qacTL) llOJIHOCTLD 
Hcqe3aeT. IloJIOX8HH8 YCJIOXHH8TCB Tell o6CTOBT8JILCTBOK, qTO YPOBHH 
HOHa xax npaBHJIO pac1tennHDTCH BHYTP8HH}Jlffl xpHCTaJIJlll'.qecxmm no
JUIKH (mTapxoBcxoe paCB{8llJI8HHe). IlpH 3TOJ.I penaxcawut 3JI81tTpOHHOrO 
cnHHa OIIlfCHBaeTca yxe Ha6opou napaKeTpon C["~ , xoxopee OTBeT
CTBeHHH 3a peJiaXCaitBD ll8X]O' onpe.iteneamnm mTapXOBCXmm YPOBHaKll. 
Tax xax cooraomeHHe Kex,zy <fy. , a Tax:a:e Ke:i:,'ltY Cf~ n c lloryT 
6HTL C&mll np0ll3BOJILHH)(, TO B03HmtaeT 60JILmoe qHCJIO KaqeCTBeHHO 
pa3JIHqHHX npoaBJieHHII cBepnoaxor.o B3aHl.l:o.itelcTBHB B cnenpe llec
c6ay3p0Bcxo1 mnrn:z. 

C ll0)1011tl,E )tHarpall)IHOI T8XHHKH B npe.itnOJIOJ:8HHH, qxo peJiax
canzs HOCHT cimHpemexoqHHfl xapaxxep, 3a.itaqa pemaeTca B o6•eK 
cnyqae. ]JIJI CYKKHPOBaHHJI )tHarpmm HapB,'ltY c YCJIOBHeM (3) Tpe6yeT
ca BHllOJIHeHHe HepaBeHCTB: 

t~<ll,w.,'l' 

tl'ip J CJo7p »i 
fl - xapaKTepHoe paCCTOJIHHe MeJ:JtY mTapXOBCXHlm ypoBHmm, 
W0 - xapaxTepH8Jl qacToTa ~OHOHHoro cnexTpa. 
0.itHaxo, npH 3TOK cooxaomemae :ue%)ty nap&reTpallH 7,.\ 11 t.. 

MOXeT 6UTL npOH3BOJILBin(. IlonyqeHO o6~ee BHpa:8HHe )tJIJI ~Opllll 

cnexxpa norJio~eaxa. Ilponecce penaxcanuH HocaT 60.tee cJioXHUI xa
paxxep Hae oimcHBaDTca npocTo npeMearum penaxcann. Ilpe.itenHHe 
CJIYqaB M8)tJI8HHOft H 6HCTpol penaxcanHH MOXHO llpOaHaJIH3HpOBaTL 
TOtIHO. HaH6onee HHTepecHHe npoKexyToqaue CJIYtfaH aHamrn•pymTca 
Ha ynpoDteHHHX M0,11;8J1JIX. A.HaJIH3 IlOJIYqeHHHX q,opuy.t ,!(a.JI c.ne,zy.,..e 
B03MOXHHe xapTHHH CBepxTOHXOII CTpyxTypH: 

I). Cnyqal ll8)tJI8HHOI penaxcanHPI •. 
IIycn T8llll8J8Typa <f<.<.b. ,H,cJie.1tOBaTe.llLHO, 38.CeJieH TOJU,JCO nep-
BHI 3JI8XTpOHHHI ypoBen. IlpH 3TOK CDepXTOHlt8Jl crpyuypa npe.it
CTaB.naeT co6ol 0.ltHY "rpe6emty" c lll!CJIOK JIHHlll, paBHHM qHc.ny 
pa3pememmx nepeXO,l(OB. Ilo Mepe llOBHmeBIDJ TeWiepaTypH H8,qKBaeT 
npopa6at&BaTiCS BTOpaa rpe6emta, C-OOTB8TCTBYDlllM c.ne,zyll~Ky 
mTapxoBCXOKy ypo:mr,, H Tax llOCTeneHHO C .Telmeparypoll BHJIBUDTCB 
OJtBa 3a lPYro~ BCe rpe6eBXl'I CBepxTOHXHX JIHBMI, OTBeqaJ:)111118 pa3-
JDlqBHJl 3J!8ltTpOHHW ypoBHJll!:. 

IO 

.... 

1() 

,:'I 

lllHpHHH XHHd B xa:a:xon rpe6eHKe 6y,'ltYT onpexeJIJITbCJI BpeMeHeK 
D3HH COOTBe!CTBJDmero mTapKOBCKoro YPOBHJI (JIH60 ecTeCTBeHHOI 
ll!HpHHOI JI~HHK, eCJIH llOCJ!8)tHJIJI 0!CB.3HBa8TCS 60JILmol). CXBHr JIHHHII 
oxa3HBaeTCJI H83HaqHTOXLHl,IJ,(. 

2). CJIYqal 6ilcTpoll peJialtCSitBK. 
larHKTHM qacTL CB8PXTOmtOro B38.HM0l81CTBIDI BHCpeJtBaeTCJI llOJIHO
CTLE, JtBaxpynoXLHOe D3amLO.itelCTBHe ycpexHJieTCJI no mmpKOBCltHll 
ypoBHHM C yqeTOH 60HbTMaHOBCJtOrO q,a.KTOpa. 

3). Ha npHuepe )tByx ypOBHel 3A8KTpOHHOI CKCTeJm KOJ:BO ner
ltO npocJie)tHTb xapaxTep CXJIOIIHBaHHJI CBepxrorucol CTpyxrypH.(3,JteCb 
• HJIX8 MH 6y,JteM ml8Tb B BK.JU' TOALKO MarlmTHYD qacTL CB8PXTOH
EOI crpyxrypa). 

no 11epe fM8HLm8HHJI BpeMeHH penaxcanHlfCf y npOHCXO)tHT ymHpe. 
ue ouex1,nux 1to1,monenT 6es CYJIIOOTBeHHoro ClBHra. IlpH'\\, ~ Ye. 
06pa3yerca mzpoxaa JIHHHJI, XOTOPM 3aTeK CTJirHBaeTCB B OltBY Y3-

xym C IDlpXHol ,-.. ) . 
· P ~ c (t 'r 

. (5) 
HapHCOBaHHM BHD!e xapTHHa JIBJIJl8TCJI B8CbKa xapaxTepHOR H B 

CHCTeKax 6onee CJIOJ:lil:,IX, qeu )UlyxypOBH8B8Jl. 
4. B03KOJ:BOCTH npoJIBJ!8HHJI CBepXTOHKOI CTpyxrypu qpe3BHqal

BO B03pacTaJ:lT npH nepexo.ite It 6oxee CJ!ODID( CJIYq8Jlll, H B qac:r
HOCTH X qempexypoBH8BOI CllCTeKe. Ha pHc. I npejcTaBJieHU .itBe 
rpymm nyxpaTHOBHpOJ:)teHHHX mTapKOBCKHX ypoBHa. Ey.iteK npe.itno-

. xaraTL, . qTQ f'T1 ~ l). , Tax qTO Y07m0 orpaHHql'ITLCJI JimllL pacCKOT-
peHlleK 3THX ypOBBel. IlpH 3TOU B03HO:Hli CJI8.JtYJ)IPl8 CHTyann: 

a) Bee Bpexe&a peJirutCaUHH 38 HCXADqeBHeH crt3 OKa3HBa-
l>TCJI 6onLmmm no cpaBHeHHD c 1/c.. • Tor.ita npH :reweparypax 
'1'<<~ 6y.iteT K8CTO qeTX8Jl rpe6emta CBepXTOmtolt CTpfXTYPH,. 
COOTBe'rcnym.as OCHOBHOMY mmpltOBCXOllY YPOBHJ>. Ilo uepe IlOBHme
Hl[JI T8MllepaTypB uaqanaeT 3aceJIJ1TLCJI BTOpott ypoBeHL (cOCTOJIHHJI 
2,3). 0.itHwtO llpH 3TOK CB8pXTOHKSJ! CTpyn:Typa COOTB8TCTBYD!ll8JI 
3T011Y YPOBHD B CHJIY (5) 6y.iteT npoJIBlIIITLCJI B BH,J;e Y3KO! O,ItHllO'Cf
HOI JIHHHH. 

6) IIycr:r. TenepL 9" y~ << Ye: , . 
a Bee oCTaJILHHe Bpeueua nepexo.ita woro 60J11,me Ye, 
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Tor)ta npH HH3RHX TeKnepaTypax lm 6yleU HMeTL O.JtHHOqHyD Jlll-
HHll; a npH TeWiepa.-rypax ~- ~ mvnmaeT npopa6anmaTLcs rpe6eu-
xa Jll!HHU, COOTBeTCTBYlllll!UI BTOPOMY mmpxoBCEOMy ypOBHll. 

B) F.cJW lite cnyaitHs CKJiaJtHBaeTca Taxo 06pa.3ou, qTo 

c:r,1. ="°"-?l <<- Ye.. , 
a Bee OCTaJI&IDJe BpeueHa CHOBa JlHOrO 60JI&me 1/e.. , TO w 6y;n;eK 
HMeTL qeTRYJl CBepXTOHXYll CTPYKTYPY, DOJIOllteHHe·JlllHHlt B ROTOpol 
Oy)teT onpeJeJIHTLCJl cpe.lJ;HHM DO TeMDepa.zype OT CBepXTOHltIDC B3aIDIO
leRcTBHlt COOTBeTCTBeHHO B COCTOHHHHX I H 2 (HJIH 4 H 3) H,CJI8l0-
BaTeJILHO, 3aBHcen OT TeMDepa.Typs. 

5. Oco6:irlt HHTepec llp8lCTaBJIJl8T CJiyqrut 60JILmoro UOK8HTa 
3JI8KTPOHHOR o60JIOq]tH!J , JtaK 3TO oeeT ll8CTO lJlH pa,Jta HOHOB 
pe,ltK03eK8JILHHX 3JI8ll8HTOB. 

PacCKOTpHU HOHH C IlOJIYiteJIBK !} , H Dp8JilOJIOlD!ll, qTo 
xpHcTaJIJIHqecxoe noJie o6JI~eT lOCTaToqHo HH3ltol cHMKeTpHel,Tax 
qTQ BCHKOe CJiyqaS!Hoe BHpaxeHHe cmwaeTC.ll. B 3TOK CJIYqae mTap. 
ROBCRHe YPOBHH 6ylfT npe)tCTaBJISITL H3 ce6a rpynny lf6JI8TOB. lo
llt8T ORa3aTLCR, qTQ HHlltHHJI COCTORHHell COOTBeTCTBYllT 60JILID!e npo
eRIUra ~l , Tax qTo peJiaKCanHH K8%JlY npaBOI H Jl8BOI rpynnol 
YPOBHel OCYJ1t8CTBJI88TCR TOJILKO qepe3 BepXHHe COCTOHHWI. IlpH 3TOK 
W 6y,J;eu ma:eu qeTKYJl CBepXTOHRyll CTPYKTYPY, JIHHHI KOTopol CHJIL
HO ClBHraDTCR C TewtepaTypol 683 ymupeHHH. 

KpoKe HapHCOBaHHHX BWe 0611!HX RapTHH CBepXTOHXOI CTpyKTypH 
B03HHKallT e~e pa3JI}IqHHe BapHaHTH TmmepazypHoro UOB8l8HHR IIIHpHH 
OTJ8JILHHX KOKUOH8HT. 

PadoTe /3/., B ROTOpOI BnepBHe 6HJI npoBeJeH TeopeTKqeCXHI 
aHaJIH3 paccuaTpHBaeuol npo6new, npe,ltJleCTBOBaJia cepHs sxcnepx
ueHTMLmnc: paOoT. 0.J;HaKO Bee 3XcnepoeHTH HlleJIH )t8JIO C CHxya
ItHel, ROr.ita BpeKeBa peJiaKCfUtHH ORa3HBaJlllCL npeJeJILHO KaJIIDlH, K 

ua6Jil),Jta8KRS CB8PXTOHRM CTPYJtTypa COOTB8TCTBOBaJia ycpe.J;H8HHOMy 
RB8,JtpynoJILHOJlY B3aHllo;n;elCTBHll. llarHllTHM qaCTL CBepXTOHRoro 
B3aHKOJelcTBKS UOJIHOCTLI) BHCP8lHSJI8.CL. 

He;n;aBHO DOHBHJIIICL na H860JILJIIHX coo6.eHKS /4,5/ o HadJillJe
HJIH qeTROI KaI'BllTBOI CBepXTOHEOI CTP1ETYPH uecc6ayapoBCROI JDI
HHH B Dapallal'H8THRax. IlpK 3TOK B pa6ore /4/ Ha6Jil))taJIOCL BaJIOllt8-
BB8 rpe6eHOR OT pa3JlllqJraX mTapKOBCRll YPOBHel B COOTB8TCTBHH C 
Rap1'KBOI~ BapllCOBaBHOI B IIyHRre I. B pa<ioTe /5/ CTPYJtTIJ)a JDIBD 

H3KepaJiaCL B mHpOROll JIBTepBaJie 1'8Knepazyp. IlpH HJl3ItHX 1'8.MDepaxy
pax Ha6Jill,JtaJI8.CL qeTEM C1'pyxzypa, ROTOpa.H 3aTeK Hcqe3axa C DOBH
meHHeK.T8llU8paTypH B COOTB8TCTBHH C OIIHCaHHell, npe;n;CTaBJI8HHHK 

B IIyBET8 ~• 

Yll!HpeHHe JIHHHI 11ecc6ay3p0Bcxoro cnexTpa sa cqeT 
~JIJJXTyaitHI. rpa.JtHeHra snexTpHqecxoro nonH ua Slpe, 

HccneJOBaHHe )tltarpaKUHOI reXHHKH ,JtaJIO B03KOXHOCTL cpa.BHH
TeJILHO nerxo nporuiaJIH3HPOBaTL STY 38.,ltaqy. Rax H B CJIYqae ~eppo
llal'HeTHRa yopeHHe CEJiaJtUBaeTCB H3 JByx qacTeR: nepBM qacTL 
odycnoBJieHa penaxcai:tnett CIDIHOB siep B OCHOBHOH H B036ylC,lt8HHOY 
COCTOHBHHX, a BTOpa.H - eCTL CJI8JCTBH8 ~nmtTyaitHH ,ll{aroHaJILHOll 
qacTH CBepXTOHXOro B38JlllOJelCTBHH, llpHBO,ltl!~ett X C.lJ;BHry YPOBHeR 
CBepXTOHltOit CTpyxTypH. 0,JtHaxO C.lJ;BHr OKa3UBaeTCH pa3,mqHHL( lJlH 
pa3HHX UOJYPOBHelt (B nepBYJl oqepeiL 3a cqe7 pasnHqHg XBalPY
DOJILHHX Jl0Jl8BTOB R,J;pa B OCHOBBOU H B036Y%,lt8HBOU COCTOSHWIX),qTo 
DpHBO,ll{T R ymupeHHD JIHHH1f. 06a uexamrne )tal!T yimpemte O.lJ;HOro 
nopH,ltlta H HK8DT O.JtHBaROBYll TeunepaTypayD 3aBHCHKOCTL. IlpK BH3-
RHX TellUepaTypax '1'<'<01> Ar-~=J , a npH BHCOEHX '1'z(h,-
Ar~ ~Z. • 

qHCJiemme onenEH DORa3HBallT, qTO 3TO ynmpeBKe B800XO,JtKll0 
yqHTHBaTL JUU[ CBepxy3RHX JIHHHI, a no 01'HOmeBHll R 8C1'8CTB8BHOI 
impHHe 60JILDmBCTBa HCilOJIL3yellHX uecc6ay3poBCXHX H30TOUOB ymape-

HH8 Olt8.3HBaeTCJI uamm. 1 

OcBOBHHe pesynLTaTH lHCCepraitHH ony6JIBEOBaHH B pa6orax /3/ 
/6/ H lORJI8,JtHBaJIHCL Ha Bcecoll3BOI XOH~epeHitHH no teopHK TB8pl0-
ro rexa. (locxBa, l8Ita6p& !963 r.). 

2 
l 

8 

A 
I ! 4 

Pac. I. 

IS 



I4 

R H'T EPA TY P ~ 

I. Mossbauer ~.L. Zs.f.Pbys. I5I,I24,I958; Zs.Naturi'orsch. 
' ' 

I4a;2II,I959. 
2. Freeman A.J.,R.E.Watson.Pbys.Rev.Lett.2,,498,I960; 

Phys.Rev.Lett. §,2I7,I96I; Phys.Rev. I23,2027,I96I. 
3. !~SHao»eB A.M.,D.KaraH. !9T<P,45,I660,I963. 
4. Wertheim G~K.,J.P.Remeika. Phys.Lett. 1Q,I43,I964. 
5. Offer s. Ill ;ztp. Phys.Lett. ll,205,I964. 
6. KaraH D.,A.M~~SHaO»eB. !9T<P,47,II08,I964. 
7• Gennes P.G. Ill ;ztp.,Phys.Rev. I29,II05,I963. 


