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B pa6on/ 1/ 6b1no 1-1ccneAOBaHo BbinonHeH1-1e nmoTe3bl AKcenR-
6pi-1HKa / 2/ o CXOACTBe ¢opM~ r1-1raHTCKl-1X pe3OHaHCOB, nocTpOeHH~X 
Ha OCHOBHOM 1,1 B036ymAeHH~X COCTORHl-1RX Ae¢opM1-1poeaHH~X RAep. 
PacCMOTpeH1-1e npoBOAl-1nOCb B paMKax KBa31-14aCTl-14H0-¢0HOHHOA Mo
Aen1-1 RApa / 3 / C y4eTOM 3¢¢eKTOB aHrapMOHl-14HOCTl-1 / 4-sr PaC4eT~ 
6b1n1-1 npoBeAeH~ AnR AP1nOnbHOro 3neKTPl-14eCKoro pe3OHaHCa B 156cct 
1,1 176Hf . . noKa3aHO, 4TO r1-1nOTe3a AKcenR-6pi-1HKa BblnonHReTCR 
B Ae¢opM1-1poeaHH~X 4eTHO-4eTH~X RApax AnR El-nepeXOAOB Ha 
Hi-13Konema~1-1e COCTORHl-1R, 6ni-13Ki-1e no CTPYKType K OAHO¢OHOHHblM. 

B HaCTOR~eA pa6oTe npoeepReTcR e~nonHeH1-1e yKa3aHHOA r1-1no
Te3~, c¢opMyn1,1poeaHHOA B o6o6~eHHOM Bl-1Ae AnR npOi-13BOnbH~X 
EA -nepexoAOB. TaKoe 1-1ccneAOBaH1-1e npeACTaenReT onpeAeneHH~A 

i-1HTepec' noCKOnbKY KBaApynonbHble 1,1 OKTynonbHble COCTORHl-1R' 
B OTn1,141,1e OT A1-1nOnbH~X' pacnpeAeneHbl B 6onee Wi-1POKOM 3Hepre
Tl-14eCKOM l-1HTepeane, 1-1 COOTBeTCTBYIO~l-1e EA -pe3oHaHCbl l-1MelOT 
cnomHylO CTPYKTypy/6 / . no3TOMY B~nonHeH1-1e o6o6~eHHOA r1-1nOTe3~ 
AKcenR-6pi-1HKa 3apaHee He O4eBl-1AHO. 

nony4eHH~e a pa6oTe/I/ e~pameH1-1R AnR c1-1noe~x ¢YHK41-1A np1-1-
BeAeHH~x eepORTHOCTeA 3neKTPl-14eCKl-1X nepeXOAOB b; ... r ( EA, T/) np1,1-
MeHl-1M~ AnR EA -nepeXOAOB npo1,13eonbHOA MynbTl-1nOnbHOCTl-1.C TO4-
HOCTblO AO KBaApaTa KO3¢¢1-141-1eHTa Kne6wa-fOPAOHa OHl-1 coenaAalOT 
c een1-141-1HaM1-1 c1-1noe~x ¢YHK41-1A: 
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3AeCb i, ~ - Ha4anbHOe 1-1 KOHe4HOe COCTORHl-1R 4eTH0-4eTHOro 
RAPa, on1-1c~eaeM~e eonHOB~Ml,1 ¢YHK41-1RMl-1 C y4eTOM ABYX¢OHOHH~X 
KOMnOHeHT /O+ - OCHOBHOe COCTORHHe 3Toro RAPa, .,,- 3HeprHR 
B036ymAeHHR/: 
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rAe Ci 11 Dgi - aMnJ111TYAbl OAHOcJ)OHOHHblX 11 ABYXcJ)OHOHHblX KOM-
gi lg2 

noHeHT, Q: - onepaTop POlKAeHl1R cJ)OHOHa g -,,;).µ j C 3Hepr11eH Wg, 

j - HOMep cJ)OHOHa MYilbTl1nOJ1bHOCTl1 Aµ, , '¥0 - <IJOHOHHblH BaKyyM. 

OcTa.ribHble o6o3Ha4eH/R 11 RBHblH B11A se11114HH Lg 11 Kgg' B /1/ 1-1 

/2/ AaHbl s pa6oTe /I . np1-1 BblBOAe /1 / 1-1 /2/ npOBOAHIJOCb ycpeA

HeH1-1e l3-6/ no Ha4aJ1bHblM i COCTORHl1RM RAPa C ¢ytt1<411eH flopeH-
1 fl 

4a p(71-71. )"'----·-; r,qe L\ - napaMeTp ycpeAHeH1-111. 
l 217 (1J-1Jj )~ii/2)2 

Pac4eTbl CHIJOBblX <IJYHK4HH /1 /-/2/ BblnOIJHeHbl AIIR KBaApyno11b-

HblX ( ).,,,2) 1-1 OKTynOilbHblX (A=3) nepeXOAOB B 176Hf •. napaMeTpbl 

cpeAHero nOIJR, KOH_CTaHTbl napHoro 11 MYilbT11nOJ1b-MYilbTHnOJ1bHoro 

B3al1MO,qer::icTBl1H, a TaKme 3cJ)4>eKTl1BHble 3apRAbl B3RTbl TeMl1 lKe, 4TO 

1-1 B /I/. lfa scex <IJOHOHOB KalKAOr::i MYJlbTl1nOJ1bHOCTH Y4HTblBaIJHCb 

TOJlbKO Ha116011ee KOIJIJeKTHBHble, nOCKOJlbKY 11MeHHO OHl1 npelKAe 

scero onpe,qeIJRIDT noae,qeH11e c1111oaoH cJ)yH1<41-11-1 B 0611acTRX r1-1raHT

c1<11x pe3oHaHCOB, l1HTepecyro11111x t-iac B AaHHOM CJly4ae. Bo3MOlKHO

CTl1 11cnoJ1b3yeMOH 3BM no3aoJ1RJ111 Y411TblBaTb AO 30 ¢oHOHOB 1<alKAOH 

MYilbTHnOJlbHOCTl1, KOTOpble AaBaJ111 OT 70 AO 98,5% BKJlaAa B nonHyID 

3HepreT~4eCKl1 B3BeweHHYID CYMMY
0

AIIR scex <IJOHOHOB, nony4eHHblX 

s np116111-1lKett1111 RPA /6/. · 
Ha pl1C. 1 npeACTaBIJeHbl pe3yJlbTaTbl pac-4eTOB Cl1JlOBOJ::i cJ>YHK41111 

E2 -nepexo,qos Ha OCHOBHoe COCTORHHe o+ 11 B036Y>KAeHHble H113KO

J1e)l{a11111e COCTORHl1R C I"K .. 2+2 11 3-0, paCC4HTaHHaR 3Hepr11R 1<0-

TOPblX pasHa 1 '27 11 1 '7 M3B' COOTBeTCTBeHHO. 06a 3Tl1 COCTORHl1R 

no CTPYKType 6111131<11 K OAHOcJ)OHOHHblM. rnaBHaR KOMnOHeHTa 11X B011-

HOBblX <l>YHK411H /3/ - Hl1lKaHWl1H KBa,qpynoJlbHblH Q221 AIIR nepaoro 11 

OKTYilOJlbHblH Q30 I cJ)OHOH AIJR BTOporo COCTORHl1R COCTaBIJRIDT 88% 
11 98%, COOTBeTCTBeHHO. nocKOJlbKY 3HepreT114eCKaR 3aBl1Cl1MOCTb 

Cl1JlOBblX <llYHK411H /1 / 11 /2/ '' cornaCHO r1-1n0Te3e A1<ce11R-6PHHKa' 

onpeAeIJReTCR B OCHOBHOM 3Hepr11eH nepeXOAa.T/tr MelKAY Ha4aIJb-

HblM 11 KOHe4HblM COCTORH11RMH, a He 3Hepr11eH B036YlKAeHl1R 3Tl1X 

COCTORHHH, TO np11 cpaaHeHl11-1 pe3yJlbTaTOB pac4eTOB no /1/ 11 /2/ 

6yAeM 11CCJ1e,qoaaTb 3aBHCHMOCTb 3THX aeJlH411H OT 7/tr"' 7J - 7J fo , 

rAe 7/~ - 3Hepr11R KOHe4HOro COCTORHHR /,qJlR nepeXOAa B OCHOB-

Hoe COCTORHl1e, onHCblBaeMoro /1 //, 7/f O"' 7/o+ • 0 . C1-1110BaR (!JyHK-

4HR P. o+< E2, 7J) E2-nepexo,qoB Ha OCHOBHOe COCTORHHe 6b111a pac-
1 ... 

C41-!TaHa Kat< B np1-16J11-1lKeHHl1 RPA 161, TaK 1-1 C y4eTOM aHrapMOHl14-

HOCTl1 no cJ}OpMyJle /1/. TaKl1M o6pa30M, Ha ·p1-1c.l MOlKHO cpaBHHTb 

c11110Bble <l>YHK41-111 ,qnR o,qHoi:i 1-13 npoe1<41-1H (K~l) r11raHTc1<oro E2-

pe3oHaHca' nocTpoeHHoro Ha OCHOBHOM COCTORHl-111 0 + 11 Ha B036ym-

2. 
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P:nc. I. CWIOBbie qiyHKLVm ~ ... fo(E2,711r) rrpHae

p;eHHblX aepOHTHOCTeH E2 -rrepexop;OB Ha oc-

1.6 i HOBHOe COCTOflHHe o + / CITJIOWHafl KPHBafl -

pacqeT C yqeTOM aHrapMOHHqHOCTH, mTpHxo

Bafl - RPA / a Ha B03oYJKAeHHble cocToflHHfl 

L . 2+2 H 3-0, a 3aBHCHMOCTH OT ::iHeprHH 

1'2 r ~ l rrepexop;a. 

n-To 

0,8 

OJ. 

10 1 2 14 16 18 20 h M3B 
{fr' 

AeHHblX C 117 K • )0 11 2+2. lfa 3Toro pHCYHKa B11,(IHO, 4TO Bee Kp1-1-

Bble 04eHb 6IJH3KH MelK,gy co60H no ¢opMe. TaKOH pe3yilbTaT noA-

TBeplK,qaeT BblBO,(lbl /I,S/ 0 cpaBHl1TeJ1bHO c11a60M BIJHRHl-11-1 aHrapMo-

Hl-14HOCTl1 Ha aeIJH4HHY 1-1 cJ)opMy CHJlOBOH'cJ)yHK4111-1 B 06J1aCTl1 r11raHT

CKoro pe30HaHca. KpoMe Toro, 1-13 3TOro np1-1Mepa s1-1,qHo, 4TO r1-1no

Te3a A1<ce11R-6pHHKa BblnOJlHReTCR C xopowei:i T04HOCTbID AIJR KBaA

pynOIJbHOro r11raHTCKoro pe30HaHca, KaK AIIR 1130CKaJ1RpHOH, TaK 

11 ,qJlR H30BeKTOPHOH ero aeTBl-1. 
P1-1c.2 AeMOHCTpHpyeT pe3yJlbTaTbl pac4eTOB CHIIOBOH <l>YHK41-11-1 

E3~exo,qoe AJlR OAHOH 1-13 npoeK411H OKTynOJlbHOro peaoHaHCa 

(K='l),nocTpOeHHOro Ha OCHOBHOM COCTORHl-11-1 R,qpa 
176

Hf 11 ero Bo3-

6ylK,qeHHOM COCTORHl-11-1 2+0. Ha p1-1cyHKa BHAHO, 4TO r1-1n0Te3a A1<ce

J1R-6pHHKa BblnOJlHReTCR C xopowei:i T04HOCTbID 1-1 AJlR OKTynOIJbHblX 

pe30HaHCOB. 4To lKe KacaeTCR BJlHRHHR aHr~pMOHH4HOCTH, TO y4eT 

ee np1-1ao,qHT B 0611acT11 3Hepr111-1 B036ym,qeHHR 17-20 M3B K HeKOTo

poMy H3MeHeHHID CTPYKTYPbl pe30HaHca 11 CABHraM OT,qeJlbHblX COCTOR

HHH Ha 200-300 K3B no cpaBHeHHID C 3HeprHRMH, paCC411TaHHblMH 

B np1-16111-1meHl1H RPA. . BbIno11HeH11e r1-1n0Te3bl AKcenR-6pHHKa ,qIJR 

,q1-1nOJ1bHOro pe3oHaHca B 4eTHo-4eTHblX ,qecJ)opMHPOBaHHblX R,qpax,KaK 
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,[I.TUI O~TynoibHblX nepeXOAOB Ha COCToa
HHH O H 2 0. 06.03HaqeHHH Te )Ke' qTo 
Ha pnc, I. 
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/I/ · 176Hf y)f{e OTMe4anocb, 1-1cc11e,qoeaHo a pa6oTe • ,llnR 6b1111-1 npoaHa-
111-131-1poeaHbl El -nepexo,qbl Ha HH)f{aHwee COCTORHHe 2 +2' 6JlH3KOe 
no CTPYKType K O,QHOqJOHOHHOMY, HHTepecHO cpaBHHTb 3TH pe3ynb
TaTbl C El -nepexo,qaMH Ha 6onee CJlO)f{HOe HH3KOJle)f{alllee COCTORHHe. 
Hanp1-1~ep, COCTORHHe 2+0 3TOro R,qpa C 3Hepr1-1eA· 1 ,5 M38 HMeeT 
6onee CJlO)KHYIO CTPYKTypy: BKJla,q HaH60JlbWHX KOMnOHeHT Q 20 2 , 

Q 203 1-1 Q20 I ero BOJlHOBOH 4>YHK4HH BH,qa /3/ COCTaBnReT 82 '9; 
8,2 1-1 7,3%, COOTBeTCTBeHHO. Ha p1-1c.3 np1-1ee,qeHa CHJlOBaR 4>YHK-
4HR El -nepexo,qa 1-13 COCTORHHH (1- 1) i . Ha COCTORHHe (2+ 0) fo, 

CpaeHeH1-1e ee c c1-111oeo11 4>yHK41-1e11 El -nepexo,qa Ha cocTORHHe 
(2+2) fo , paCC4HTaHHOH B /1/, noKa3blBaeT, 4TO H3MeHeH1-1e HH3KOJ1e
)f{a1llero COCTORHHR 1-1 HeKoTopoe YCJlO)f{HeHHe ero CTPYKTYPbl cna6o 
BJlHRIOT Ha CHJlOBYIO 4>yHtC4HIO El -nepexo,qa. 

TaKHM o6pa30M, 1-13 np1-1ee,qeHHblX pe3yJlbTaTOB pac4eTOB 1-1 1,13/I/ 
MO)f{HO c,qenaTb BblBO,q o TOM, 4TO r1-1n0Te3a AKcenR-6pHHKa C xopo
weA T04HOCTblO BWnOJlHReTCR B ,qe4>opM1-1poeaHHWX 4eTH0-4eTHWX R,q
pax ,QJlR 3JleKTpH4eCKHX nepexo,qoe pa3Jll-14HOH MYJlbTHnOJlbHOCTl-1 
( ,\ .. 1,2,3 ) Ha Hl-13KOJle)f{al!lHe COCTORHHR, 6JlH3KHe no CTPYKType 
K O,QHOqJOHOHHblM. 

BblCOKaR CTeneHb ewnonHeHHR 3TOH r1-1n0Te3bl, nony4eHHaR B Ha-. 
CTORlllHX pac4eTax 1-1 ai 11,a1-1,q1-1Mo,4aCTH4H0,06bRCHReTCR npocTOH 
CTPYKTypoA HH)f{aHWHX COCTORHHA.KpoMe Toro,pe3YJlbTaTbl,B03MQ)f{HO, 
H3MeHRTCR,eCJlH YCJlQ)KHHTb BOJlHOBYIO 4>YHK4HI0/3/,,qo6aeHB TpexqJOHQH-
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Puc. 3. CHJIOBbie <PYHKLIIHI P i -• r o<E 1 , 71 1, ) ,u;na AHilOJlbHblX 
nepeXOAOB Ha COCTOHHHH O +, 2+2 II 2+0. 060311aqemrn Te 
JKe, qTo na puc.l. 

Hble KOH$1-1rypa41-11-1, KOTOPble np1-1ee,qyT K ,qonoJlHHTeJlbHOH 4>parMeH
Ta41-11-1 ee ABYXqJOHOHHWX KOMnOHeHT 1-1 H3MeHeHHIO CHJlOBOH <PYHK41-11-1 
EA -nepexo,qa 1-1, cne,qosaTeJlbHO, K yeeJlH4eHHIO OTKJlOHeHHR OT 

r1-1n0Te3W AKcenR-6PHHKa. 
Hccne,qoeaHHe ,qaHHoA r1-1n0Te3w ,qnR nepexo,qoe Ha ewcoKoJ1e)Ka

lllHe COCTORHHR 6onee CJlO)KHOH CTPYKTYPbl npe,qcTaBJlReT HeCOMHeH
HWH HHTepec, TaK KaK BO MHOrHX pa6oTaX 3Ta r1-1n0Te3a HCOOJlb3y
eTCR HMeHHO ,QJlR TaKHX COCTORHHH R~ep. 8 3TOM c11y4ae, BHAHMO, 
Ba)f{eH y4eT BJlHRHHR npHH4Hna nay111-1' 7 / 1-1 TeMnepaTypHblX 3qJqJeK
TOB /s/. PeweHHe 3TOH 3a,qa4H ,QJlR ,qe<PopMHPOBaHHblX R,qep npe,qcTae
JlReT B HaCTORl!lee epeMR 3Ha4HTeJlbHWe TPYAHOCTH np1-1H4HnHaJ1bHoro 
1-1 TexH1-14eCKoro xapaKTepa. 

B 3aKJll04eHHe asTOPbl Bblpa)f{alQT 6naro,qapHOCTb B. r. Conosbeey 
3a none3Hble o6cy)f{,qeHHR 1-1 HHTepec K ,qaHHOA pa6oTe ,a TaK)f{e 6naro
,qapRT A.H.B,qos1-1Ha,B.B.Bop0Hoea, B.O.HecTepeHKo 1-1 ~.n.nonosa 
3a none3Hble ,tlHCKYCCHl-1. 
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