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1 • BBEAEHHE 

B H<JCTORll\ee speMfl UJHPOKO BeAYTCR noHCKH npeAcKaaaHHbiX Teo
pcTH4CCKH CBepXTRmenhlX 3IIeMeHTOB H CHHTe3HPY~TCfl HOBhle BCe 6o
IICC THmen~e 3neMeHThl, 3aMWKa~ll\Me nepHOAM4eCKY~ Ta6nM~Y MeHAe
neCO<J ll-41. B cBR3H c 3TMM yT04HCHHe TeopeTH4ecKI-1X npeACKaaaHHV. 
6apbepOB ACJleHMR llACP C Z = 100-110 npeACTaBnReT onpeAeneHHWH 

HH·repec. 
B nocneAHHe rOAbl MeTOAOM CTpyTMHCKoro 15 •61 6blfm npoaeAeHbl 

MHOr04MCfiCHHWC paC4CTW 6apbepOB AefiCHHR /CM. 0630pw/7-12/ H 
110CJ1CAHJ.1C pe3yJlbTaTbl B pa6oTax 113-l9/ /. no4TM BO BCeX ynOMRHy
ThlX pa6oTaX OTMe4acTCR, 4TO CCJlH orpaHM4HTbCA paCCMOTpeHHeM 
TOfibKO aKCHafibHO-CHMMeTpH4HWX ¢opM, TO TeopeTH4eCKHC 6apbepw 
ACJlCHMR M30TOrlOB TaKHX TRmenhlX 3neMeHTOB, KaK Cm, cr M Fm,oKa-
3WBa~TCSl aaswweHHWMM. Pac4eTw c y4eTo~ HeaKcManbHWX sapMa~MA 
¢OpMhl RApa npMBOAfiT K pe3yJlbTaTaM, 3Ha4MTCJlbHO ny4We cornacy~
ll\HMCfl c aKcnepHMeHTan'bHbiMM AaHHbiMH 113•17 ·1 9- 221. Ao cMx nop s 
paC4eTaX 110A06Horo pOAa B Ka4eCTBe cpeAHero llOJlfl 6 OCHOBHOM MC
nOfib30Bancfl MOAM<)>Ml~MpOBaHHbiH OC~MnmnopHbiH noTeH~Han /MOAeiib 
HHnbccoHa//13-16,19-211. 

nepswe pac4eTW c peaJIHCTH4eCKHM noTeH~HanOM ByAca-CaKCOHa
122

1 
nOATBepA~1m1 CAenaHHwe paHee BbiBOAbl 120•21 1 o TOM, 4TO s aKTHHH
Aax fiAPO Ha nepBOM M3 ABYX 6apbep08 ACIICHHR TepfleT aKcMaiibHY~ 
CMMMeTpH~, npM4CM llOHMmCHHe 6apbepa YBCIIH4MBaeTCfl C pOCTOM 
Maccosoro 4Mcna. AeTanbHhle pac4eThl c peanMcTH4eCKHM noTeH~HanoM 
C Y4CTOM BapHa~HH TOilll\HH WeHKM npOSeAeHbl B pa6oTe/l? ~ B KOTOpOH 
MCCfiCAOBaiiHCb fiApa C 90~ Z~104. npH 3TOM BO BCeX BW4HCJieHHfiX 
6biilH HCnonbaoaaHbl OAH04aCTM4Hble ypOBHM 24°Pu. B Ka4eCTBe 6apbe
pa AeneHMR npHHHManocb MaKCHMailbHOe npeBbiUJeHMe 3HeprHH Ae¢opMa-
4HH HaA 3HeprMeH OCHOBHOrO COCTORHHfl BAOIIb AHHaMH4eCKOA AenH
TCIIbHOH TpaeKTOPHH 1 1 2~nony4eHo xopowee cornac~t~e TeopeTH4eCKHx 
M 3KcnepMMeHTanbHbiX AaHHbiX o senH4HHe nepsoro 6apbepa AeneHMR. 
3KcnepMMCHTanbHOe noATBepmAeHHe HeaKcHanbHOCTM ¢opMW RAPa Ha 
nepaoM 6apbepe AeneHHR o6cymAaeTCR B o6aope 1231. 

B AaHHOA pa6oTe npeAcTasneHbl peaynbTaTbl pac4eTOB nepaoro 
6apbepa ACIICHHfl RACP C 1 00 ~ Z~11 0, npoSeAeHHbiX C HCI10Jlb30BaHMCI~ 
noTeH~Mana ByAca-CaKcoHa /24-27/ H c y4eToM HeaKCHanbHbiX sap~t~a
LIHH <)lopMbl flApa. B TaKHX TRlKCilbiX RApax BTOpOH 6apbep ACJlCHMR 
pacnonomeH HHme nepeoro H s npoBeAeHHWX cTaTH4eCKHX pac4eTax 
o6nacTb a6nH3H eToporo 6apbepa RBnReTCR HeCyll\eCTBCHHOH. AeTanM 
OllPCACIICHHfl llOTCHI.\Hana H Bbi60p napaMeTpOB nOAp06HO OnHCaHbl B pa-
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6oTe127l 1-1 KpaTKO 06Cy)I(J:1aiOTCfl B pa3J:Ieile 2. 0CHOBHbte pe3yilbTaTbl 
np~-tset~eHbl s pa3J:1.3 H o6cy)I(J:IaiOTCfl s pa3J:1.4. 

2. METOA PAC4ETA 3HEPfHH AE$0PMAUHH 

TaK KaK Bbl4HCileH~-te 3HeprHH Ae¢opMa~HH RJ:Ipa no MeTOAY CTpy
THHCKoro/5,6/ MHOrOKpaTHO OnHCblBaJlOCb B ~HTHpOBaHHblX pa6oTax, 
TO 31\eCb yMeCTHO orpaHH4HTbCfl TOilbKO KpaTKHM H3JlO)I(eHHeM. 

Pa36~-tBafl, KaK 06bl4HO, 3HeprHIO Ae$OpMa~HH RJ:Ipa Ha ABe KOMno
HeHTbl 

E(§)=-ELD(§)+oE(§), /1/ 

6yAeM Bbi4HCilfiTb rilai\KO 3aBHCflliiYIO OT 4HCJ1a 4aCTH~ H J:1e$OpMa~HH 
4aCTb E L D (§) B MO,qeilH MaJlO~ KannH 128- 30/ 

~ sph ~ ~ 

EL
0

(t3)=-E
8 

[(B
8

(t3)-1)+2x(B 0 ({3)-1)], ; 2; 

r11e B 8 H B c - nno111a11b nosepXHOCTH RJ:Ipa H ero KYilOHOBCKafl 3Hep
r~-tfl, HOpMHPOBaHHbte TaK, 4TO npH C$epH4eCKO~ $OpMe OHH o6palilaiOT
Cfl B ei\)'1HH~y, 

sph N z 2 2/3 
E 8 =-17,9439[1-k(---i--)lA MaB, 131 

2 N-Z 2 
X =(Z /A,)/[50,88(1-k(-A-) )], /4/ 

k "' 1,7826. /5/ 

3,qecb 4epes ~ o6o3Ha4eH Ha6op napaMeTpos, xapaKTepH3YIOliiHX 
$opMy RAepHo~ nosepxHoCTH. nocneAHflfl onpe,qenReTcR KaK aKs~-tno

TeH~HaiibHaR nosepxHOCTb, Ha KOTopo~ cpet~Hee none RJ:Ipa 1\0CTHraeT 
nonos~-tHbl csoero MHHHMaiibHoro 3Ha4eHHfl s ~eHTpe R,qpa. AnR on~-tca

HHfl nosepXHOCTH fiJ:Ipa npH yMepeHHbiX Ae¢opMa~HfiX MO)I(HO HCnOJ1b30-
BaTb MYilbTHnOJ1bHOe pa3J10)1(eHHe 

~ 4 
R(O)"' c(J3)R 0 [1 + L::

2 
~ 13LMYLM(O)], /6/ 

M 
r11e no't~pa3yMesae.rcR, 4TO 13L.r (-1)13L-M , fl- nonRpHbte yrmt 
(¢,0), $YHK~Hfl c(/3) o6ecne4HBaeT BblnOJ1HeHHe YCIIOBHfl COXpaHeHHR 
o61>eMa npH H3MeHeHHH $opMbt RJ:Ipa, R o= r0 A 113 - paJ:IHYC c¢ep~-t4e
cKoro fll\pa. MO)I(HO Bbl6paTb CHCTeMy KOOPI\HHaT, CBR3aHHYIO C fii\POM, 
TaK, 4TO 

132±1=0, 1322=132-2 ' 171 

2 

H BBeCTH napaMeTpbl /3 H y 1311 

{320"' 13 cosy ' 

f3 . f3 .. f3 .. - sm y • 
22 2-2 ,;2' 

!8! 

BB6J:16HHafl napaMeTpH3a~Hfl KBaJ:1pynOJ1bHO~ CTeneHH CB060J:Ibl o6na11aeT 
TeM CBOHCTBOM, 4TO nosepXHOCTb fll\pa aKCHaJ1bHO CHMMeTpH4Ha npH 
y•k..!!./ k= 0, +1, +2, +3/. h~enaR coxpaHHTb 3TO cao~CTBO TaK)I(e 
H np& Y46Te reKCaAeKanOI1bHO~ CTeneHH CB060Abl, npeACTaBHM, HC
nOJ1b3YR TeopeMy Ke~nH-faMHIIbToHa, c$epH4eCKH~ TeHsop 4eTsepTo
ro paHra {34M B BHAe IIHHeHHOH KOM6HHa~HH Tpex He3aBHCHMbiX TeH-
30pOB f3 <41~ I i = 2, 3, 4/, nocTpoeHHbtX H3 ABYX HesasHCHMblX TeH3opos 

f3 /32/ BTOporo paHra 2M H a 2M , 

f3 • f3<2>f3<~) r.P> f3 (3) f3< 4) f3 < 4) 
4M 4 4M + ~-' 4 4M + 4 4M ' 191 

rAe 

<2> v5·14 
{34M • -6-[{32 xf3 2 ]4M/ (2 /10/ 

(3) i5~ 3~ 
{34M • ---s- [{32 X a2]4M/ V (2' /11/ 

<4> v5·14 2 
{34M • -6- (u2 X u2]4M/ ( 2 ' /12/ 

a BCnOMOraTeJ1bHblH TeH30p u
2

M H CKaJ1Rp ( 2 HMeiOT Cilei\YIOliiH~ BH,q: 

u2M·-vf [f32xf32l2M • ./13/ 

s2=vfi[f32xf321o • /14/ .. 
noACTaBJlRR /13-14/ B /10-12/, nOI1Y4HM Bblpa)l(eH~-te Ailfl COCTaBilfiiOliiHX 
TeH30pa reKCaAeKanOIIbHOH Ae¢opMa~HH B fiBHOM BHAe 

1 (2) 2 (3) 2 
{340- 6 [{3 4 (5cos y+ 1) + f3 4 2(7cos y-4)cosy+ 

1151 
(4) 2 

+ {3 4 (5cos (2y)+1)], 

1 15 (2) . (3) . ( 4 ) . 
{342""{34-2 .. 6-v2[f34 sm2y-f34 smy-{34 sm4y], /16/ 

a f3 1 35 (2) . 2 (3) . . ( 4) . 2 
~-'44 .. 4-4=--v-[13 4 sm y-•f3 4 sm2ysmy.+f3 4 sm 2y], 

. 6 2 

f34± 1 = f3 4±3'" 0. 

/17/ 

/18/ 
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oonee o6~a~ napaMeTpH3a~H~ reKcaAeKanonbHOH cTeneHH cso6oAbl 

HeAaBHO 6~na npoAenaHa s pa6oTe133~ B npaKTH4eCKHX pac4eTax na

paMeTp reKCaAeKanonbHOH Ae~opMa~HH ~ 4 OTOmAeCTBHM C K03~~H~HeH
TOM ~<:) , npHpaBHHBa~ HyniO B Bblp9_meHHH 191 K03~~H~HeHT~ {3~) 
H ~\4). TaKHM o6pa30M, TPH senH4HHbl {3 = ({3 2• y ,{3 4 ) cocTasn~IOl" 

Ha6op He3aBHCHMO BapbHpyeMbiX B pac4eTaX napaMeTpOB Ae~opMa~HH. 

06ono4e4Ha~ nonpasKa BE(~) s ~opMyne I 1 I Bbi4HCn~nacb KaK 
06bi4H0/ 5•6•8/,. C HCnOnb30BaHHeM KOppeKTHpOB04HOrO nonHHOMa 6-14 
CTeneHH Ha OCHOBe OAH04aCTH4HOro cneKTpa B noTeH~Hane ByAca
CaKCOHa 126•271 

V(r.~)= V01[1+ exp(f(I,§)Ia)]. 1191 

3AeCb V0- rny6!:!Ha noTeH~HanbHOH fiM~ 1-1 a- pa3MbiTOCTb Kpafl ~APa. 
PaccTO~HHe £(1,{3) OT AaHHOH T04KH r AO nosepxHOCTH ~Apa Haxo
AHnocb 4HCneHHO. 3HaK £(1,~) C4HTanc~ OTpH~aTenbH~M BHyTpl-1 ~A-. ~ 

pa. B c~epH4eCKOM fiAPe f (r,O)=r-R 0 • 

CnHH-op6HTanbHoe B3aHMOAeHCTBHe 6~no B3~To s o6~4HOM BHAe 

_., ,... 1i2 2 .... .... .... 
V (r {3)=-A(-·) ( VVx P)·S lr .. (r-' • 

so ' 2Mc 0 lYBO 

1201 

rAe V- onpeAeneHHbiH B~We noTeH~Han C HeCKOnbKO MeHbWHM 3Ha4e-
v .. ~ 

HHeM KOHCTaHTbl r0 , BXOA~~eH B onpeAeneHHe paAHYCa ~Apa, p H S -

onepaTOp~ HMnynbca 1-1 cnHHa HyKnoHa COOTBeTCTBeHHO. B Ka4eCTBe 
KynOHOBCKOrO noTeH~Hana An~ npOTOHOB HCnOnb30Banc~ KnaCCH4eCKHi4 
3neKTpOCTaTH4eCKHH noTeH~Han OAHOPOAHO 3ap~meHHOrO Tena, orpa
HH4eHHOro onpeAeneHHOH B~We noBepXHOCTbiO. npH 3TOM KOHCTaHTa 
(r

0 
)c 6brna Bbr6paHa paBHOH 1,275 ~M, KaK 1-1 y ~eHTpanbHoro noTeH

~Hana. 

Ta6Jm~a I 

IIapaMeTpbi noTeH~Hana cpep;Hero nom1 Hp;pa 256 102 

~eHTpaJibHblli llOTeH~HaJI CnnH-op6nTaJ1bHOe 
B3aHMOp;eHCTBHC 

r0,«t>M a,ll>M V0 ,M9B (r Q)so ,ll>M aso,ll>M A 

npOTOHbl I, 275 0,70 -58,3 0,919 0,70 18, 19 

HeHTPOHbl I ,347 0,70 -40,9 1,261 0,70 32,21 

Bee pac4eT~ s AaHHoi4 pa6oTe npoBOAHnHCb co cneKTPOM yposHe!4 
fiAPa 2 56 102. 4HcneHHble 3Ha4eHH~ HCnOnb30BaHHbiX napaMeTpOB · npHBe

AeH~ B Ta6n. 1, 

4 

3. nOBEPXHOCTH nOTEHUHAnbHO~ 3HEPrHH 
H HX 3KCTPEMAnbHWE T04KH 9 

TaK KaK pac4eTbl np~-1 y f. 0 3aHHMaiOT 6onbwoe speM~ Ha 3BM, MH

HHMH3a4H~ nOTeH~HanbHOH 3HeprHH 111 no Y npOBOp;Hnacb TOnbKO 
B o'rpaHI'!4eHHOi4 o6naCTI'I H3MeHeHH~ napaMeTpOB {3 2 1-1 {3 4 B6ni-13H 
nepsoro 6apbepa. KaK H3BeCTHO H3 npeA~AY~~-'~X pac4eTOB /13-22/ 

H KaK 3TO noATBepmAaeTc~ s HawHx pac4eTax, T~men~e ~p;~a aKcHanb
HO-CHMMeTPH4H~ B OCHOBHOM COCTO~HHH 1-1 s6nH3H XOPOWO H3BeCTHOrO 
B aKTI'IHHAaX BTOporo MHHHMyMa l•f3 2 ~0,7-0,8 B HaWHX paC4eTaxl. 

PeaynbTaT~ pac4eTos noTeH4HanbHOH 3HeprHI'I 6~nH npeACTasneH~ 
B BHAe KapT; COCTO~~HX 1-13 Tpex y4aCTKOB, KaK 3TO noKa3aHO p;n~ 

~Apa 274110 Ha PHC. 1. TonbKO Ha cpeAHeM Y4aCTKe npOBOAHnacb MHHH
MH3a~H~ no y npH ~HKCHpoBaHHbiX {3 2 1-1 {3 4 • B Ka4eCTBe npHMepa Ha 
PHC,2 p;aHa 3aBHCHMOCTb OT y noTeH~HanbHOA 3HeprHH E H ee KOMno

HCHT ELD H BE I eM. BbrpameHHe 111 I B ~Ape 26 °Ku. OP~'~ np1-16nw 
meHHH BHyTpH Cpep;Hero ~4aCTKa K rpaHH~aM C BHeWHHMH y4aCTKaMH 
pasHosecHoe 3Ha4eHHe y 3aMeTHO yMeHbwanocb 1-1, KaK npasHno, o6-

pa~anocb, s Hynb. Ha1-16onbwee 3Ha4eHHe y Ha rpaHH~e y4aCTKa I4TO 
npHBOAHT K HaH60nbWE1MY paccornacOBaHHIO pa3nH4HbiX y4aCTKOB KapT/ 
AOCTHraeTC~ ~ HeATpOHOAe~H~HTH~X ~p;pax Ha KapTax THna H306pa
meHHOH Ha pHC, 1 B neBOM HHmHeM yrny cpep;Hero y4aCTKa /T.e. npH 

Manblx ~ 2 H Man~x {3 4 I, a s HeATpOHOH36biT04HbiX Rp;pax - s npasoM 
sepxHeM yrny l6onbwHe {3 2 1-1 6onbWHe {3 4 1. 3TH o6nacTH Hal'!6onb
wero paccornacosaHHfl y4aCTKOB KapT nema~ BHe p;enHTenbHoA p;onHH~ 

1'1 He BnH~IOT Ha OCHOBHble peaynbTaT~ p;aHHOA pa60Tbl - 6apbep~ p;e
nCHH~ - KOTop~e onpep;en~IOTC~ o6nacTbiO s cepep;HHe cpep;Hero y4acT
Ka. 

B CBfi3H C TeM, 4TO B Ka4eCTBC Ha4ana OTC4eTa Ha Kamp;oM y4aCT
Ke aBTOMaT1'!4eCKH Bbi6Hpanacb T04Ka, B KOTOpoA 3HeprHfl AOCTHraeT 
MHHHManbHOrO 3Ha4eHH~ B npep;enax p;aHHOrO y4aCTKa I3Ha4eHH~ 
3HeprHH B 3THX T04KaX p;aHbl Ha PHC.1 OTACnbHO/, 3KBHnOTCH~I'Ianb

H~e nHHHH Ha pa3HbiX y4aCTKaX COOTBeTCTBYIOT pa3nH4HbiM a6coniOTHbiM 
3Ha4eHH~M 3HeprHH 1-1 no3TOMY He nepeXOAfiT nnaBHO p;pyr B p;pyra. 
BHp;Ho, op;HaKo, 4To penbe¢ noTeH~HanbHOH 3Hep~HH nnasHo MeHReTCR 

npH nepeXOAe 4epe3 rpaHH~Y y4aCTKOB, 1-1 Ha o6~eH KapTe MOmHO on
pep;enHTb p;onHHY, Bp;Onb KOTOpOH, no npep;nonomeHHIO, RAPO 3BOniO
~HOHHpyeT 1-13 OCHOBHOrO COCTO~HHfl 4epe3 DAHH HnH HeCKOnbKO p;enH
TenbHbiX 6apbepOB K KOH~Hrypa~HH, B KOTOPOH fiAPO COCTOHT 1'13 ABYX 
paap;enHBWHXC~ ocKonKos. 0p;H03Ha4Hoe onpep;eneHHe nonomeHI'Ifl AO
nHHbl MOmHO p;aTb TOnbKO B AHHaMH4eCKOM pac4eTe, HO HeOp;H03Ha4-
HOCTb B Onpep;eneHHH CTaTH4eCKOH p;OnHH~ Bp;anH OT 3KCTpeManbH~X 
T04eK He CKa3b1BaeTCfl Ha BbiCOTe 6apbepOB. HeKOTOpafl HeonpeAeneH
HOCTb B03HHKaeT TOnbKO npH npep;cTasneHHI-1 peaynbTaTOB MHOrOMep
H~X paC4eTOB B BHp;e OAHOMepHbiX KpHBbiX 1-1 6yp;eT npoHnniOCTpHpOBa
Ha HHme. 

3Ha4eHHe noTeH~HanbHOH 3HeprHH BAOnb onpeAeneHHOH no KapTe 
Ha pHC.l AOnHHbl BMeCTe C HCnOnb3yeMbiMH p;anee 0603Ha4eHHfiMH xa-
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0.25 
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·=-7.66 
• :::-3.07 

·=-9.85 

PHc.l. KapTa noTeH~HanbHOH no
sepxHoCTH B Hgpe274110.flHHHH 
ypoBHH nposegeHhi 'lepes 0, 5 MsB 
Ha cpegHeM y'laCTKe H 'lepes 
1,0 MsB Ha KpaHHHX y'laCTKax. B 
Ka'leCTBe Ha'lana OTC'leTa Ha Ka~
goM y'laCTKe npHHHManOCb MHHH
ManbHOe sHa'leHHe B npegenax 
y'laCTKa. 3Ha'leHHH 3HeprHH B MH
HHMYMaX npHBegeHbl BHH3Y pHCYHKa. 
YKasaHbi TaK~e gsa sapHaHTa genH
TenhHOH gonHHbl. 

PHc.2. 3aBHCHMOCTh noTeH~Hanh
HOH 3HeprllH Hgpa OT HeaKCHanb
HOH ge~opMa~llH B Hgpe 26 0Ku 
B MOgenH ~llgKOH KannH lrryHKTHpl 
H B MeTage o6ono'le'lHhiX nonpasoK 
CTPYTllHCKoro I cmwnJHaH Tone TaR 
KPHBaHI. 0TgenhHO gaHao6ono'le'l
HaH norrpaBKa lcnnomHaH TOHKaH 
KpHBaal. 
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104 Ku156 

/32=.45 f34=.08 

EL0 + BE 

BE 

0° 5° 10° 15° 20° 25° 

HeaKCHartbHafl .ne¢opMal..(~~tfl 0 
paKTep~cT~K 3KCTpeManbH~x T04eK yKa3aHo Ha p~c.3. AHanor~4H~e 
Kp~s~e AnR scex paccMaTp~saeM~x RAep npeAcTasneHw Ha p~c.4-9. 
B HeKoTop~x cny4aax T04KaM~ yKa3aHo 3Ha4eH~e noTeH~~anbHoA 3Hep
r~~ np~ anbTepHaT!-~BHOM BbJ6ope AOn~Hbl /eM. pvtc. 1/. B~AHO, 4TO 
sapVJa~~vt B 3Hepr~vt, CBR3aHHble C HeOAH03Ha4HOCTbiO B Bbi60pe AOn~t~
H~, HeCy~eCTBeHH~ C ¢vt3vt4eCKOA T04K~ 3peHvtR. 
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Lle¢opMal..(VIR f32 
PHc.3.3aBHCHMOCTb OT KBagpynonbHOH 
ge<lJOpMa~HH llOTeH~HanbHOH 3HeprHH 
BgOnb genHTenbHOH gonHHbl gJIH Hp;pa 
274110. YKa3aHbi TaK~e ncnonh3yeMbie 
D ,n:anbHelimeM o6o3Ha'leHHH gna se
nwiHHbi 6apbepoB geneHHH H Bb!COTbl 
JIPOMe~yTO'lHOrO MHHHMyMa Hag oc
HOBHb!M COCTOHHHeM. Xopotuo 113BeCT
HbiH B aKTHHHgaX BTOpOH MHHHMYM 
pacnono~eH B HccnegyeMbiX 3gecb srg
pax npH HecKonbKo 6onhmei1, '!eM B 
aKTHHHgax, ge<lJopMa~HH llPH $2"' 0,8. 

~ 28 
2: 
> 
c: 
ro 
~20 :r: 
<lJ 

b c 

Pnc.4. 3aBHCHMOCTh oT KBagpynonbHoil~ 
ge¢opMa~HH ITOTeH~HanbHOH 3HeprHH 
Bp;onb genHTenbHOH gom1Hbi p;nn H3o
TonoB ¢epMHa I Z =I 001. llncno HeilT
poHOB yKa3aHO OKOJ10 COOTDeTCTByiD
II(HX KpHDbiX.UJKaJla CJleBa COOTBeTCT
ByeT llOTeH~HaJibHOH 3HeprHH ner<mil
mero H30Torra I caMa.R H~HHH KPHBMI/ . 
C yDeJ1H'leHHeM 'lHCJ1a HeHTpOHOD 
K~aa cnegywu~aH KpHBaH CMell(anacb 
nepx Ha 2 M3B .Ha IUKane cnpana 
gaHbi Ha'lana oTc'leTa KpHBbiX c co
OTDeTCTDYIDII(HM 'lHCnOM HeHTPOHOB, , 
llyHKTHpOM llOKa3aH BapHaHT paC'leTa 
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Z=100 

.15 .25 .35 .45 55 .65 .75 

Lle<PopMal..(vtR f32 

154 

152 

150 

148 

146 

144 

142 

140 

D aKCHaJibHO-CHMMeTpH•IHOM Hgpe ( y= 0°), To'!KaMH - noTeH~HanbHaa 

3Heprmi ngonb gpyroro napHaHTa p;enHTeJibHOH gonHHhi I eM. puc. II. 

Ana vtnn10cTpa4vt~ samHOCTvt y4eTa HeaKc~anbHoA Ae¢opMa~~t~vt Ha 
pvtc.3-9 IUTp~XOBaHHOA Kp~BoA AaH~ pe3ynbTaT~ COOTBeTCTBYIO~~X 
pac4eTOB np~t~ y = o. noH~>KeHvte oE f 6apbepa E f I CM. pvtc. 31' npo
VICXOAR~ee BCneACTBvte Y4eTa HeaKc~anbHOCTvt RApa, npeACTasneHO Ha 
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,QecpopMaLII'Ifl fJ2 
PHc. 5. Te JKe BeJIH'IHHbi, qTo Ha 

pHc.4, B H30Tonax 3JieMeHTa 
c z = 102. 

Z=104 I 
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.QecpopMaLII'Ifl {32 
PHc.6. Te JKe BeJIHqHHhl, qTo Ha 

pHc.4, B H30Tonax 3JieMeHTa 

c Z= 104. 

PHC.10-12. BenH4HHa oEr, KaK npaeHnO, MeHReTCR B npeAenax 
1,5-2,5 M3B, AOCTHraR e. HeKOTOPbi.X H30Tonax aHa4eHHR 3 M3B. 

CornacHo npHBeAeHHbiM Ha PMCY~Kax peaynbTaTaM, ece paccMaT
PHBaeMble R~pa R~nR~TCR XOpOWO Ae$OpMHPOBa~HbiMH B OCHOBHOM co-
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.QecpopMaLII'!fl f32 
PHc. 7. Te JKe BeJIHqHHhi, qTo Ha 

pHc.4, B H30Tonax 3JieMeHTa 

c z = 106. 

Z=108 
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· ,Qe¢opMaUI'Ifl f32 
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150 

PHc.8. Te JKe BeJIHqHHhi, qTo Ha 
pHc.4, B H30Tonax 3JieMeHTa 
c z = 108. 

CTORHHH. 3Ha4eHHe noTeH~HanbHOH 3HeprHH Vr B OCHOBHOM COCTOR
HHH, OTC4HTbiBaeMoe OT 3HeprHH C$epH4~CKOrO RApa B MOAenH mHA
KOH KannH, npHBeAeHO Ha PHC. 13.4eTKO BHAHO npORBneHHe nOA06ono4-
KH C N=152. TaKme BHAHO, 4TO B 6onee TRmenbiX RApax cneAY~~aR 
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,Qe¢>opMa4MA /32 
PHc. 9. Te ~e BeJIH'lHHbi, t.ITO 
Ha pHc.4, B H30Torrax 3ne-
MeHTa C Z =110, 

Pn:c. II. Te ~e BeJ1Ht.IHHbJ, t.ITO 
Ha pHc.IO,~H H30TOITOB 3JieMeH- ~ 
TOB c z =I 04 H I 06. 
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PHc. 12. Te ~e BeJIHt.IHHbi, t.ITO Ha - PHc. 13. 3nat.IeHHe rroTeH~HaJibHOH 
pHc,IO, ~JIH H30TOITOB 3JieMeHTOB 3HeprHH V1 B MHHHMYMe, COOTBeT-
C Z =I 08 H II 0, CTBYIO~eM OCHOBHOMY COCTOHHHIO, 

B 3aBHCHMOCTH OT t.IHCJia HeHTpo
HOB, ~CJ10 npOTOHOB yKa3aHO 
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Y COOTBeTCTBYJOII\HX KpHBbiX, illKa
Jia CJieBa COOTBeTCTByeT H~HeH 
KPHBOH, Z =100. llpH yBeJIH'-IenHH 
Z ua 2 K~aH cne~YIOII\aH KPHBaH 
c~BHraeTCH BBepx ua 2 M3B. 

~ PHc,l4. PaBnoaecHbJe 3Hat.IeHHH 
napaMeTpoB ~e¢opMa~HH ($2 .$4 ) 
H30TOITOB 3J1eMeHTOB C Z, yKa3aH
HbW B neBoM BepxneM yrny Ka~
~oro ¢parMeHTa pHCYHKa, Tot.IKH, 
COOTBeTCTBYJO~He pa3HbW H30TO
naM o~uoro H Toro ~e 3JieMenTa, 
COe~HHeHbl OTpe3KaMH rrp.HMOH, 
OKano KOHe'-IHbiX Tot.IeK yKa3aHbl 
COOTBeTCTBYJO~He t.IHCJia HeHTpOHOB. 

noAo6ono4Ka aanonHAeTCH npM N= 164. PasHosecHwe aHa4eHMH napa
MeTpos Ae<)lopMal.IMM ($ 2 • B 4) s ocHOBHOM cocTO.HHMM npMBeAeHbl Ha 
pMc.l4. BMAHO, 4TO no Mepe npM6nMmeHMH K ABamAW MarM4ecKoMy HA
PY 298114 Ae<)lopMal.IMA AAPa peaKo yMeHbwaeTC.H. 

MaKCMMailbHbiH 113 ABYX 6apbepos AeneHMH Er /onpeAeileHMe AaHo 
Ha PMC. 3/ npeACTasneH Ha p~-!C. 15 Ail.H pa3m-14HbiX 3neMeHTOB B sasH-
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Lf1-1cno HempoHos N 
PHc. 15. Bapbepbi p;eneHHR B sa

BHCHMOCTH OT "lHCJia HeliTpOHOB, 

t!HCJia llpOTOHOB yKaSaHbi OKOJIO 

COOTBeTCTBYIOll\HX KpHBblX, liiKaJia 

CJieBa COOTBeTCTByeT HH~~eli 

KpHBOll, Z =100, llpH yBeJIH"leHHH 

Z na 2 K~an cnep;yw~an KpH

Ban cp;BHraeTcn BBepx na 2 M3B. 

' 

Ta6nm~a 2 

3natteHHR nenHttHHbi 6apbepon 

p;eneHHR B M3B BO Bcex 

HCCJiep;yeMblX Rp;pax 

Ef =VA-CVt0,5l 

X1oo 102 104 106 108 110~ 
140 4,70 140 
142 5,81 4,71 142 
144 6,48 5,52 4,49 144 
14 6 6,96 6,16 5,32 4,60 146 
148 7 37 6 61 5,82 5,29 148 
150 7,44 6,87 6,42 6,04 5,72 150 
152 7, 37 7,12 6,67 6,82 6,55 5,03 152 
154 6,32 6,35 6,32 6'38 6,69 5,01 154 
156 5,92 5 90 5,83 6,41 6,41 5,22 15 6 
158 5 69 5 52 5, 76 6,17 6,50 5 64 158 
160 5 62 5,72 5,94 6,13 7,04 6,07 160 
162 5,87 6 06 6,15 7,08 7,97 7,31 162 
164 5,37 5,58 6,54 7,69 7, 21 164 
166 4 41 4 78 5 84 7 25 6,71 166 
168 4,37 5,53 6,22 6,1'5 168 
170 4,96 5,62 5,79 170 
172 5,29 5,55 172 
174 4,95 5,26 174 

Yz 100 102 104 106 108 110 liZ 

c~MOCT~ OT 4~cna HeHTpOHOB. CpaeHeH~e p~c. 13 ~ 15 noKaa~eaeT, 
4TO eap~a4H~ B fiapbepe AeneH~R, B OCHOBHOM, onpeAenR~TCR eap~a-

4~RM~ rnyfi~HW onycKaH~R OCHOBHOrO COCTORH~R. 4~cneHHWe 3Ha4eH~R 
een~4~Hw 6apbepoe AeneH~R AaHw B Ta6n.2. B~AHO, 4TO 6apbepw 
AeneH~R RAep'c Z-100-110 AOCTaT04HO een~K~, 4To6w o6ecne4~Tb 
CTa6~nbHOCTb 3T~X RAep OTHOC~TenbHO AeneH~R. KoHe4HO, CTa6~nb
HOCTb RAep a 3TOH o6nacT~ 4en~KOM o6ycnaen~eaeTCR o6ono4e4HWM~ 
3~~eKTaMH. 

4. nPOMElKYT04Hbl~ MHHHMYM B 3HEPrHH ,l\E<I>OPMAI.IHI-1 
B TP'AHC<I>EPMHEBbiX 3JlEMEHTAX 

Ha~6onee xapaKTep~OH 4epTOH Kp~BWX Ha p~c.4-9 RBnReTCR nORB
neH~e a TR~enwx ~30Tonax paccMaTp~eaeMwx 3neMeHTOB npoMe~yTo4-
Horo M~H~MyMa np~ Ae~opMa4~~ f3 2 "' 0,4, ~ 6onbWOH reKcaAeKanonb
HOH Ae~OpMa4~~ {3 4,. 0,1, KOTOpb~H OCo6eHHO 4eTKO, npORBnReTCR B TR-

12 

.. 

r 
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Ta6nm~a 3 

BbiCOTa npOM8lKyTO'lKOI'O MHIIKMYMll B 3ll8J'I'HH p;eclJopwau;HH 

OTHOCHTeJibi!O OCIIODIIOI'O COCTOfiHUI! E II K ciJopMa Sip;pa 

B 3TOM MHHKMyMC 1 XllpLlKTOpUSYOMllSI napaMeTpaMH ({3 2,{3 
4 

), 

llpHnep;em.J Taltmo Sllll'IICHlut Clapbcpa E A, , oTp;enmo~ero 
Sip;po D npOM8iJCyTO'IIllOM MHUHM'YMO 0'1' OCitODJIOI'O COCTOSIItHJl, 

B TaCimtu;y DICJIIO"lellbl TOJlblto T8 SI,!J;pLl, D ICOTOpb!X 3HatteltHe E A, 

npenocxop;uT 0,5 M3B 

En' EA' 
z A 

/M3B/ /M3B/ {32 {34 

104 266 4,7 0,50 0,347 O,II7 -
106 268 5,7 0,70 0,350 o,II7 

270 5,0 0,70 0,372 O,II2 
212 4,4 0,65 0,372 0,101 -------:.-------- --

108 268 6,0 0,60 0,376 0,122 
270 6,3 1,40 0,378 O,II7 
272 5,6 1,50 0,387 O,II3 
274 4,9' 1,40 0,390 0,105 
276 4,4 1,10 0,380 0,097 
278 3,8 0,80 0,389 0,085 
280 3,2 0,80 0,388 0,078 
282 2,7 1,10 0,388 0,068 

IIO 268 4,6 0,75 0,388 0,130 
270 4,6 2,00 0,390 0,!24 
272 5,1 2,70 0,39! O,II4 
274 4,4 2,70 0,400 O,II4 
276 3,6 2,50 0,-400 0,103 
278 3,6 2,10 0,400 0,097 
280 3,2 1,90 0,400 0,086 
282 2,8 2,!0 0,400 0,080 
284 2,6 2,60 o,~oo 0,074 

---

~eflbiX 3neMeHTaX /CM. Ta6n.3/. l-13 p~c.1 B~AHO, 4TO 3TOT M~H~MYM 
nem~T B CTOpOHe OT npRMOH, COeA~HR~~eH OCHOBHOe COCTORH~e ~ Tpa
A~4~0HHbiH BTOpOH M~H~MYM ({3 2 ""0,8), TaK 4TO ecn~ fibl Mbl B CBO~X 
poc4eTax orpaH~4~n~cb H3MeHeH~eM TOnbKO ABYX napaMeTpoa I y 11 
HeKOTOpOH n~HeHHOH KOM611Ha4~eH f3 2 ~ {3 4 /,TO 3TOT MHH~MYM MOr 
6w ocTaTbCR HeaaMe4eHHWM. TaK~M o6paaoM, pac4eTw yKa3biBa~T Ha 
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A A A 
PHc. 16. CpasHeHHe 

0 

noJiyqeHHbiX B ,~:~aHHOH pa6oTe 6ap1>epos 
,[\eJieHH.!I /C/ C pe3yJil>TaTaMH pa6oT /16/ (R) H /171 (J). 

B03MOmHOCTb cy~ecTeoeaH~R a RApax c Z. 108-110 ~ N~162-164 

~30MepOB~OpM~. no-B~A~MOMy, 3TOT M~H~MYM MomeT OKa3aTb 3aMeTHOe 
Bn~RH~e Ha XOA peaK~~H cn~RH~R TRmen~X ~OHOB, np~BOAR~~X K o6-
pa30BaH~~ paccMaTp~eaeM~x 3AeCb RAep. Ha nepeoM 3Tane peaK~~~ 
C 6onbWOH BepORTHOCTb~ 6yAeT aacenRTbCR ~30Mep ~OpM~, KOTOP~H 
3aTeM 6yAeT pacnaAaTbCR B OCHOBHOe COCTORH~e ~n~ Aen~TbCR, Cpae
HeH~e nony4eHH~X 6apbepoe AeneH~R c peaynbTaTaM~ APYr~x aeTo
poe116•17/ npoeeAeHo Ha p~c. 16. B~AHO xopowee cornac~e paan~4-
H~x paC4eTOB. 

5. 3AKI1104EHHE 

B AaHHOH pa6oTe MeTOAOM CTpyT~HcKoro 6~n~ npoeeAeH~ pac4eT~ 
6apbepoe AeneH~R RAep c 100$Z ~110 ~NOT 140 AO 174 c y4eToM 
HeaKcHanbH~X BapHa~HH ~OpM~ RApa, 0Ka3anocb, 4TO paCCMOTpeHH~e 
RApa Ae~OpMHpOBaH~ B OCHOBHOM COCTORHHH H AOBOnbHO yCTOH4HB~ 
OTHOC~TenbHO CnOHTaHHOro AeneHHR, 8 TRmen~X H30TOnax TRmen~x 
3neMeHTOB B paCCMaTpHBaeMOH 06naCTH RAep B03MOmHO nORBneHHe 
H30MepOB ~OpM~ npH Ae~pMa~HH ~2 - 0,4.PeaynbTaT~ HaWHX paC4eTOB 
xopowo cornacy~TCR c peaynbTaTaMH ony6nHKOBaHH~x paHee TeopeTH-
4ecK~x pa6oT. 

AeTop~ 6naroAapH~ B.r.Conoebeey aa nocTORHH~H HHTepec K pa-
6oTe H IO.U.OraHeCRHy aa CT~MynHpy~~He AHCKYCCHH, 
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UBeK C. H AP· , 
Bapbepbl AeneHHH HAeP TpaHc4JepMHeBbJX sneMeHTOB 

P4-82-610 

HccneAOBaHbl BenH~Ha H oco6eHHOCTH CTPYKTYPW 6apbepa 
AcnOHHH HAep TpaHc4JepMHeBbiX 9ll.aMeHTOB, PactJ:eTbl OCHOBaHbl Ha 
D~HCllOHHH OAHO'laCTH'lHOI'O CllCKTpa B peanHCTHtJ:eCKOM llOTCH~Hane 
CHnhUOAe4JopMHpoBaHHoro HApa HeaKcHanbHOH .PopMw. IIpH pactJ:eTax 
llOTOIIl,\HilJtbUOil: ::mepi'HH llpOBCAeHa MHHHMH3a~HH no reKCaACitanom,
HOR AC•~OPMlll.\HH. Oco6eHHOCTbJO penbe$a noTeH~HanhHOH 9HeprHH 
B IIOKOTOpMK flAPilX HBnHeTCH pac~enneHHe nepBOI'O 6apbepa AeneHHH 
Hll ADa, MJIHUMYM MCli,ll;Y HHMH MOJKeT AOCTHI'aTb 2-3 MsB H, no-BH
AHMOMy1 AOJllltOU ltrpaTb c~ecTBeHHYJO ponb npH o6pasoaanHH uccne
AYGMOro nAPA D pOllKUHHX C THJKenWMH HOHaMH, 

P400TA DbiTIOnuoua D naoopaTOPHH TeopeTH'leCKOH 4JH3HII:H orum. 

nponp"HT Oc:I'IIOAHHOHIIOro 11HCTHTYTII AAePHbiX 11CCJleAOBaHHH. Jly6tlll 1982 

Cwiok B. at al, P4-82-610 
Tho Viaaion Darrioro of Tranafermium Elements 

Tho mAUnitudo and features of the fission barrier otruc
turo oe trcnaearmium olcmonta are investigated. The calcula
tiono oro bnaod on computing the single-particle spectra in 
tho rcaliatia potential of a nucleus of axially asymmetric 
shape, The potential anergy is minimized as a function of hexa 
docnpola deformAtion. Tho prominent feature of tho potential 
energy lmndacapo la the aplitting of the conventional first 
barrier into two onoa with a well up to 2-3 MoV inbotwoon. Ap
parently thia well ahould play a role in the formation of tho 
nucloua under atudy in heavy ion-induced roactiono, 

Tho invoaeisBtion haa boon performed nt tho Laboratory 
of Theoretical Phyaioa, J!NR. 
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