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BBEI!EHHE 

B CBR3'" C 3~cnepHMeHTaMH no CHHTe3Y caMWX TR*enwx H3 H3seCT
HWX 3neMeHTOB H rHnoreTH4eCKHX CBepXTR*enwx RAep B pa6ore / 11 

6WflH npOBeAeHW paC4eTW COOTBeTcTBy~HX 6apbepOB AeneHHA Heso3
6Y*AeHHWX RAep. B 4aCTHOCTH, TaM OTMe4eHQ HanH4He npOMe*yro4Ho
ro MHH~MYMa B 3HeprHH Ae¢opMa~HH B rpaHc¢epMHeawx 3neMeHTax npH 
AeC])opMal.&HH f3 = 0,4 H f3 ..0,1 H YKaaaHO Ha B03MO)l(HOe BJ1..,,,HHe

2 4 
aToro MHH~YMa Ha XOA peaKI.&HH AAep nOA Ae~cTBHeM tl1MAHHR TR*e
nwx HOHOS. Cnel.&~HKa peaKI.&HH c TR*en~H MOHaMH TaKoaa, 4TO Aa~e 
npH "xonoAHoM" CnJ.1AHl1H 06pa3YlOl..qeecR COCTaSHoe RAPO OKa3t1J1aaerCA 
B036Y*AeHHWM AD 3HeprHH 20-25 MaB leM ., Ha npHMe p, 0630PH~H AOK
naA I i!.! H CCblllKH B HeM/. B CBR3H C 3THM npeAC TaSllRe T HHTepec 

MOA~HKaI.&HR 8wnonHeHHWX paHee pac4eToB /l/ .nQ3BOnA~Hx paCCMaT
pHBaTb CBOHCTsa "HarpeTbfx" flAep. HeTOA paC4eTa Aene HHR IIHarpe
TWX" Mep K H8CTo"..e",y speMeHM pa3pa50TaH BeCbMa nQAP06Ho/S-141 
H KOPOTKO onHcaH B cneAy~eM pa3Aene. B pa3Ae ne 2, rAe npM.o
ARTCR OCHOBHwe pe3ynbTaTw, 06cY*AaOTcR CTene Hb OTKflOHeHHR ~OPMW 
AenR~erOCR RApa OT aKcHanbHoH CHMMeTpHH H H3Me HCHMe rny6MHw 
npOMe*YTo4Horo MHHHMYHa C POCTO,", 3HeprHM B036y~eHMA. 

1. METOI! PAC4ETA 

AnR CTaTMCTH4eCKoro onHcaHMR Boa6Y*AeHHWX RAep HO*HQ Hcnonb
30BaTb paanH4Hwe TepMoAMHaMH4ecKHe nOTeH~Hanw. OAHMM H3 803MO*
HWX Bw6opos RBnReTCR 3HeprHR E, paccM8TpHBaeMaR KaK ~YHKUHA 
3HTponMH S, 

E _ Eo + E·(T(S», /1/ 

rAe Eo - 3HeprHR Ae¢opMa~HH, pacc~HTwBaeMaR ",eTOACH CTPYTHHCKO· 
ro / lE-,IS/, 

EO ~ELD+IlU, /2/ 

x 
IlU c ~ 'l- r ,g(rl d,; /3/ 

1d -~ 

X /~/N = ,. g(t) d, , 
-~ 

2 

a 3Hepr HR B036Y*AeHMR 

E ·=~,. n . (T)- ~_ 'I / 5/ 
j 1 I i$A 

N= }: n . ( T ) , 
i 1 

/6 / 

pa CC4 HTWBanaCb npH TeMnepaType T(S),COOTBe TcTBy~~eH 3aAaHHOM Y 
3Ha4eHM~ 3 HTponHH 

s = - ~ rn . In ( n . l+ ( 1 - n 1 ) In ( 1 - n I )1 . /7/
i l l 

B $ OpMynax /2/ - /7/ EL O - rnaAKO aaBHCR~aR OT 4Mcna 4aC TM~ 
KOM n OHe HT a 3HeprHH Ae$opMa~MH , pa CC 4H T~BaeMaR B MOAen~ ~MAKO~ 
KannH /7 •

8/ ; f. - OAH04aCT~4 HbI '" c n e KTp B nOT eH~Hane TJ.ma BYAca
Ca Kc o Ha 119-2~'bl4~C !1eHH bl l1 B pa60Te I tl . r Ae Aa HbI nOAP06HOC TH pa c 
4eTa ; g - nnOTHOC Tb YPoBHeH B Cr!1a~eHHOM cneKTpe / 15. 1 6~ nj - 4HC 
na aanO!1HeHMR B IIHarpeToMIi flApe~ 

T , - A 11 -
Il i ( T) = r 1 + exp ( --1-- ) 1 /8/ 

a ,\ T nOA6"1 paeTCR Ha ycnoBHR / 6/ . 3K cTpe MYMbi E COBnaA alO T C 3K
is

CTpe MYMa MH SIE ' MIo1HHMYM COOTBeTc TByeT pa BHOBeC HOI1 (l)opMeE1s 
Har peTor o ~Apa, a nnOTHOCTb ypoBHe~ S ceAnoBoH T04Ke o npeAenRe T 
Bep OATHOCTb Ae!1eHHR. CneAyeT , OAHd KO , OTMe TMT b, 4 TO paCCMOT pe
H~e Eis He oaHa4aeT He06xOAHMQC T ~ Ha wero n peAn0!10~eH~R 0 TOM, 
4TO n po~ecc AeneHMA npoHcxoAMT n p lo1 nocToAH HO~ 3HeprHH . 

2. P E3YnbTAT~ PAC4ETOB 

3 a SHCHMOCTb E OT Ae$OpMa ~H ~ /1/ n p H paaIlH4HblX 3Ha 4e H~AX 
OHTpon HIo1 S AnR RAep 260No , 264 Ku , 268 106 , 272 108 npeAc Ta BIle
Ha Ha pHC. 1-4 . CooTBeTcTBYIO~He peaynbTdT bI AnA c o ceAHHX RAep 
e e CbMa noxo~101 Ha npHBeAeHHble 3AeC b KpHBble H n OTOHY He npeACTaB 
IleH bI . 

B paC4eTax npH S = 0 c n a pHsaHHe Y4 Io1 T~8anOCb 06 b14H~ oG pa
a OM: npH S = 2 0 - To nbKO npH Bbl4HClleH Hio1 Eo • a n pH S ~ 40 , 4 TO 
n pH6n H3 HTe Ilb Ho COOT BeTC T8y e T T ~ 1,0 H3B, cnapHsaHHe He Y4 H
Tbi BanOC b / 3•4,6,7,lO-14/. BHAHO, KdK 06 0n0 4 e QH ble OC ~j.1!1nR~HH Crlld )f(H
Ba~TCR C YBeIl lo1 4 eHHeM 3Hep r HH B036Y~AeHHR /3-1 4/. H a Kd)f(A OM 101 3 . 
p Hc . 1-4 BHM3Y AnR cpa BHeHHA YKd a a Ha 3Hepr HR )f(HAKOH Kan!1H. npH 
60IlbWOH 3HTpo n HH / S = 8 0, 100/ 3aBlo1 CHMOCTb E (S) OT Ae$opMa ~ HH 
n04TH T04 HO c o o TBeTc TByeT E LO • AnR HdrnRA Ho H HnIlIO C Tpa ~HH 3TO
ro 3$$eK Ta Ha pio1c . 5 nOKd aa Hd a aBHC HMOCTb BbiCOTbi 6 apbepa Aene 
HHR , nOHMMdeMOI1 Ka K pa3HOCTb E(S ) 8 ceA110BOH T04Ke H B OC HQBHOM 
COCTQRHHH, OT 3Hepn1~ 8 Q a6y~eHHR. BI-1AHO, 4 TO npH E . ... 20 H3 B 
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U HApe 260N o OT AelPOpMall,HH 


0.7 La. ".. 0."'3.... 	 0..4 ,'p, 0..r5 ..0..6 M0.,7 .
E(S) Puc. 2. To lKe , \11'0 ua p H C . J , 

RAP a AJIR RApa 264 104 • 

n pH nOCTo HHHOfi 3 IlT p OflHH . B1lIny 
yKa3all3 )KHAK OKanCnb llan KOMno

l-I e llTa lllTpHxouo ft KPHBOH A<l IlWE L D * 

3Ha'-l.eHHR E (S) npH aK C H<lJlbllO

CHMMeTpH4. Hoii. li>opMe RApa. 

B~C OTa 6apb epa YM e Hbwae TCR AO 8enH4 HH~ nopRA Ka 3~3 , 5 Ma S H C 
Aan b H e~wHM POCTOM E· 6~CTPO B~XOAHT Ha ~HAKOKa nenb H~e o~eHKH . 

HHTe pec Ho oTMe THT b, 4 TO CKOPOC Tb YMeHbweH HR B~COT~ 6apbepa 
c yee nH4eHHeM 3He pr HH B0 36y~eHHA pa 3 Ha R AnR pa ccMoTpe HH~x RAe p. 

B pa6oTe / 11 nOKa aaHO, 4TO RAPO B npo~ecce npoxo~AeHHR 4epe 3 
6apbep Aene HH R np~06 peTae T HeaKc~anb HY~ ~OPMY. AnR o~eHK~ Ba~
HOCTH HeaKc~anbHo~ BapHa~H H ~OPM~ Ha rpeTo ro RApa Ha p~c.1-4 
nYHKTHpoM n OKa3aHa 3a BH CHMOCT b E (S) OT Ae~opMa~HH ~2 npH o rpa 
HH 4 e HHH TonbKO aKC HanbHO -CHMMeT pH~H~MH $ OpMaMH RApa . BHAHO , ~TO 
c POCTOM aHepr~H B036ymAeH~~ B~Hrp~w B 3HeprHH, npH06peTaeM~~ 
np~ HeaKcHanb Ho~ BapHa~~H $OpM~, 3aMeTHO YMeHbwaeTcR H npH 
S > 60, TO eCTb TorAa, KorAa B E(S) npeo6naAaeT ~HAKOKanenbHaR 
KOMnOHeH Ta , - HC4e3aCT COBceM. 
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PHC. J . To JKe , l.lTO ua pHc .l, PHc.4 . To * e , qTO Ha pHc .i , 
AIIn "Apa 26B 106 , 	 AJ1" nAp a 272108 . 

--.. 
'" '" --..>: 4 1'"104 
~ Pac . S. Pa3 Hoc Tb a HeprHH E(S)268100 

B CeAJIOBOH TOllKe Ii B TOl.lJ(e MH2 	 ""N. 
HHMYMa / "6apbep .c;eneuHR Il 

/ D sa

BHCHMOC TH OT 3HeprHH B036~.10 30 50 70 90 
' / M,B/ .c;eHHR. 

] Ha p Io1C. 3 - 4 nplo1 S = a BHAeH flOKaflb HbI~ MIo1H HMYM AnR fJ2 = 0,4 
B RA pax 268 106 ~ 272 108 . KO TOPbH1 eABa 3 a MeTeH npYl S = 40 / T .... 
"" 1,0 Ma B, E- .... 23 Ha B/ 101 COBceM HC4e3aeT npH S = 60 / T . 1 ,SH3 B , 

E* "" 47 M3B/ . OTclOAa cneAyeT, 4TO cAefla HH~~ B pa6oTe /1l BbiBOA 
o TOM , 4TO 3TOT M~HHMYM Mo*e T OKa3a Tb 3aMeT Ho e BnH RHHe Ha XOA 
peaK~ 101 1o1 cnHAHHR TR}I(enbi X 1010HOB, orpaHIo14eH B o6nacH1 cBoe'1 npH

MeH Io1 MQCTH 3He prHRMH B036Y~AeHHR AO 20 HaS. 
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3AKflI04EHHE 

n pOBeAeHHoe paCCMOTpeH~e nOKa3~BaeT , 4TO HeaKC~anbHOC Tb ~Op
M~ ~Apa Ha 6a pb epe AeneH~ R, HCCne AO Ba HH a R B pa 5 0 Te /1 ! B XOnOA HWX 
RApax, HMeeT MeCTQ H npH Ae neHHH Ha rpeT~X RAep AD Tex no p , nOKa 
3aMeTH~ 06ono4e 4H~e ~eKT~ B CTPYKType 6apbe pa AeneHHR IE. < 
~ 50 H3B/. 06cy~aeMW~ Ta K*e B pa50Te / 1/ npoMe*YT04HWH MHH HMYM 
B 3 HeprHH Ae¢opMa~HH HC 4 e 3 aeT HeC Kon bKQ paHbwe. "n O Bc e~ BHAHMO

CTH, OH y*e He OKa3~BaeT HHKaKoro BflHRHH R Ha npo~ecc cnHRHH R 
RAep npH 3HeprHH B036y~eHHR 60flbwe 25 H3B. 

ABTOP~ 6naroAapHw B. r . ConoBbeey aa nOC TORHH~~ HHTepec K pa6o
Te H ~.U.OraHecRHY H B.B. BoflKOBY - 3a none3H~e AHCKYC CH H. 
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PYKon ~C b nocTyn~na B H3AaTenbC K ~H OTAen 
27 ~~nR 1984 r OAa. 

noeaCKH 3 . , n aDIKeDlf'I B.B . , UBex C. P4-84-549 
BJ1HRHHe B035Y1itAeKHJI HA npoltecc ,ttenemul Mep 
ca~x TH~enNX 3neMeHTOB 

npOBeue~ pac~eTW OapbepoB B036Y*AeHHWX HAep AnR 3neMeH
TOB c ZgJ02-J08 . HarpeBaKHe ~pa BK~qeHO no cTal~apTKWH 
ciloPMYnaM KsaHTosoil CTaTHCTHKH. npH Y"eTe O,ttH01.l8CTH'lHbIX COCTOft

HHi1: HCnO.ilb30saH peaJIHCTWlecKHA: nOTeHllHan BYAca- C4Kcolla . noxa
3aHa CTpYKTypa 6apbepOB AnA pa3nKQH~ 3HeprHH B030~eHHR . 

06CY*Aa~TCR CTeneHb oTKnoHeHHR ~op~ AenHmerocR nApa OT 
aKcHanbHo H ca~HeTpHH H H3MeKeHHe rnyOHHM npoH~YTo1.lHoro MHKH

MYMa. 

Pa60Ta i3bmOnHeHa B naOopaTopHH Teopenl~ecxoA 41H3HKH OHIDi . 

npenPHHT O&beAHHeHHoro KH CTHTYTa ~~KWX HccneAOBaHHR. nYeH8 1984 

nepe BOA aSTopoB 
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