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OEmAH XAPAKTEPHCTKKA PAEOTU 

AKTYSHbHOCTb T6MY. B H8CTOH~ee Bp611H npe)tfipHHHM8DTCH SH8tiHT6Hb
Hb16 yCHHHH C nenbiO 14SyqeHHH CBO£!CTB H CTPYKTypy STOIIHOrO H,Itpa aa·oc
HOB6 8H8HH38 HSM6H6HHH ero KOHHSKTHBHbiX X8p8KT6pHCTHK npH Bp8~6HHH B 
WHpOKOM )tH8D830H6 SH8t16HHH yrnOBOr9 MOM6HT8 H SH6prH£! BOS6YXA6HH~. 
ilpH aTOM 6onbmHe.H8AS~AY BosnaraDTCH ua BYHBneHHe HOBYX WYHA8MeH
T8nDHbiX OC066HHOCT6H DOB6)t6HHH HASPHOH M8T6pHH npH 6biCTpOM H CB6pX-
6biCTpOM Bp8~6HHH. Cne)tyeT OXH)t8Tb H&pyweHHH 8KCH8nDHOH CI4KM6TpHH HA
ps, DOHBH6HHH pasH006p8SHYXSK30THqecKHX H)t6pHbiX COCTOHHHU HS-38 
KB8HTOBbiX(o6onoqeqHbJX) swweKTOB, W~30BbiX nepeXO)tOB K8K HS CB6PXT6Ky
qero cocTOHHHH B uopMSHbHoe, TBK H. o6ycnoBneHHbiX HaMeHeH.Keu wopubl · 
H)tp8. ,T8Km.t o6p830M1 BOSHHK86T CHTyanHH 1 KOr)ta ,H606XO)tHIIO CYDt6CTBElH
HO pacmHpHTb ocHoBHble npe)tllonoxeHHH o a)tepHOH CTPYKType, cwopuHpoBaH
Hble npH HSyqeHHH H,It6p B OTCYTCTBHe Bp8~6HHH HHH npl4 ero yqeTe B 8)tH8-
68TJ4q6CKOM npH6HKX6HHH. ' 

HHTepec K HCCH6)t0B8HHIO BbiCOKOCDHHOBbiX COCTOHHHH OC066HHO DOBbiCHH
CH B DOCH6)tHH6 rO)tbl B CBHSH C DOHBH6HH6M BOSUOZHOCTH HX SKCD6PHM6H-
T8HbHOro HsyqeHHH B peaKnHHX C THE6Hb1MH HOH811H H npH KynOHOBCKOM B03-
6yX)t6HH.H. B nepBOM cnyqae npOAY!'Tbl peaKnHH DOMHMO 60HblnOro· yrnOBOrO 
IIOM6HT8 o6n8)t8IOT .H 3H8tiHT6HbHOH SHeprHeH BOS6yE)t6HHH 1 pacnpe)teneH
HOH no MHOrHM CT6D6HHM CB060)tY •. AH8nH3 ~ -K8CK8)t0B 1 HHAJ~nHpyeMbiX B 
.peay;nbT8T6 CTOHKHOB6HHH THX6HbiX HOHOB, DOSBOHH6T DOHHTa OCHOBHbl6 38-
KOHOMSpHOCTH B xapaKTepe )t6BOS6yE)t6HHH KOMD8YHA-H)tp8 1 yrny6HTb H8WH 

' . 

8H8HZH 0 H)t6pHO~ )tRH8MHK6 H1 npeX)te BCero, npOB6pHTb HSWH npe)tCT8BI6-
HH~ 0 Cp6)tH6M none nocpe)tCTBOM H3Yt16HHH BHJ!HHZH SHeprzB BOS6y~eHHH 
H yrnoBoro uoMeHTa Ha KBSHTOBNe cBoMCTBa H)tpa. ( Hl,"l< n )-sKcnepneHThl, 

DOSBOHHIO~H~ perHCTpHpOBSTb lE6CTKYIO tiSCTb lf-CD6KTP8 ( E.r""l0-20 MsB) 
B KOHKypeHnHH C HCD8p6HI46M HeilTpOHOB Dpl4 BhiCOKI4X CDHH8X 1 CBH)t6T61b:_ 
CTByiOT 0 cy~6CTB6HHO~ ponH rHr8HTCKI4X peaOH8HCOB (I'P) HS HSq8nDHbiX 
ST8D8X nponecCOB )t6BOS6yJE)t6HHH. HsyqeHJ46 CBOMCTB rp npH Bb1COKZX.CDH
H8X paCmHpHeT H8WH 3H8HHH 0 X8p8KTepe p83HHtiHOro·THD8 KOHH6KTI4BHbiX 
KOppe;nanHM MSJEAY HYKHOHSIIH B H)tpax. Hs 8H8HH38 cneKTPOCKOnHqeCKHX . 
)t8HHbiX 1 nonyq&eMbiX B peaKnHHX KYHOHOBCKOrO BOS6ylE)t61iHH1 OTHOCHT8HbHO 
OTAenbHbiX ypoBuea YABeTcH HSBneqb muwopuanHJO o TOHKHX AeTaHHx BHHHHHH 
-Bp8~6HHH KSK H8 O)tHOq8CTHtiHbl6 1 TSK H KOH116KTHBHbl6 CT8D6HI4 CB060)thl H)t-

pa. Ilp.H aTOll CBOHCTBa ocHOBHOH 14 BH6pa~HOBHbiX nonoc npz I»··~ . aaueT
HO OTHHti810TCH OT npe)tCK838HRH, C)t6118HHbiX B p811K8X 8)tl48d8THti6CKHX KO
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Cne~oBaTenLHo, paa:saTae no~xo~o:s, noa:sona~max Ha e~HHoi.i MHKpo
cKonHqecKoi.i ocao:se Hcc~e~oBaTL KBK o~HoqacTHtmue, TBK n KonneKTHBHhle 
3WW6KThl B WHpOKOM HHTepBane 3HaqeH~ yrROBOrO MOM6HTB H SHeprHH B03-
6yXA6HHH, npe~CT8BHH6T 8KTy8HLHYID H B82HY~ aa~aqy H6 TOHLKO B o6me
T60p6THqeCKOM OTHOW6HHH, HO H ~Jlfl HHTepnpeTB~HH WHpOKOrO Kpyra HBne
HHH WH3HKH Bpamaro~Hxca a~ep. 

UenL pae50Thl COCTOH~ B TeOpeTHqeCKOM HCCH6~0BBHHH CBOilCTB l1 CTpyK
_TYPhl KOnneKTHBHhiX COCTOHHHil Bpa~a~~HXCH H~ep HB OCHOB6 6~HHOrO MHKpO
CKOnHqecKOrO no~xo~a, yqHTNBBID~ero o6onoqeqayro cTpyKTypy a~pa 11 Kore
peHTHHe KOHH6KTHBHN6 3~6KThl, OC5ycnOBH6HH!:le B38HM0~6HCTBH6M HYKHOHOB; 
B Cp8BH6HHH T60p6THqeCKHX peaynLTBTOB C 3KCnepHM6HTOM, BhlflBH6Hl1H H 
npe~CKB3aHHH HOBhiX HBH6HHH npH 6HCTpOM Bpa~eHHH. 

. HayqHafl HOBHaHa a npaKTHqecKaa geHHOCTL. B pae5oTe paaBHT MHKpo
cKonaqecKail llO~XO~ ~ttfl OllHCaHHH COCTOHHHH Bpa~aro~HXCH 8TOMHhiX H~ep B 
TepMHHax KBaaHqacTH~ H woaoao:s npu paanaqablx aHaqeaaax yrno:soro ·Mo
MeHTa H SHeprHH B03C5yX~6HHH. Paapa6oTaHHbl6 M6TO~bl pacqeTa KOHR6KTHB
HhiX B03C5y~~6HHil ll03BOHHHH yCT8HOBHTL B3aHMOCBHSn CBOiCTB BHC5pa~HOilllhiX 
COCTOHHHH CO CTPYKTypoli COCTOHHHH Ha Hp8CT-HHHHH. ilpH STOM y~B6TCH 
nony~HTn B38H~OCOrnaCOBaHH06 OllHCaHH6 WHpOKOrO Kpyra HBH6HHH, B03HH
K8~~HX npH Bp8~6HHH. 

llpo:se~eHHHe uccne~o:saHaa wopMhl 6hiCTpo:spa~aro~uxca a~ep noa:sonanH 
BhiHBHTn YCROBHH (xap8KT6pHH6 SHeprKH B03C5y~6HHH), npR.KOTOphiX MaK
pOCKOfiHqeCKH6 X8p8KT6pHCTHKH H~pa HaqaHaiDT ~OMHHHPOB8Tn Ha~ ero KBaH
TOB!:lMH CBOHCTB8MH npH Onpe~eneHHH paBHOB6CH!:lX ~6WOpM~~Hil BOa6yE~6HHHX 
H~ep, a TBKEe ycTaHOBHTL aaKOHOMepHOCTH ~eBoae5y~eHHH C5ucTpo:spa~aro~e
roca H;z(pa nocpe~CTBOM ~HllOHnHNX, KBa~pynOJinH!:lX raw.t8-KB8HTOB H annwa
qaCTH~~ llonyqeHHb16 B ,1),JilCC6pTa~!tU1 peaynLTaTH Cy~eCTB6HHO paCuiHpHHH H ;\ 
' . l,,., 

yrny6HHH cy~eCTBY~~He npe,1),CT8BH6HIIlfl 0 CBOHCTB8X Bpa~aromHXCH H~ep. 
llpeARO~eHHHe ~ pa3BHTble M8TO~ WHpOKO HCUOHn3YIDTCH npH JllCCH6,1),0BaHHH 
KOHH6KTHBHHX COCTOHHHil B paMKaX MO]),eneil CTpyKTYPbi BTOMHOrO H~pa H 
WH3HKH Ta~enux HOHOB, a TBKEe npa aHanaae aKcnepaMeHTannHbiX ~aHHhlx 
RaK. B CCCP, TaK H aa py6e~oM. 

~HH 38SHT!:l BWABHrSIDTCH cnenyromae OCHOBHH6 oeaynnT8T!:l, nonyqeHHH6 
B ~accepTayaa: 

I. PaSBHT MHKpOCKOnRqecK~ ll0,1),XO~ ~l'IH MCCJI6~0BBHHH :BHC5pagROHH~ 
B030YXA6HHil O~HOWOHOHHO~ npHpO~ Bpa~aiD~RXCH a~ep, yqaThiBaiD~~ 060JIO
qeqHyiD CTPYKTYPY cneKTpa .o~HOHyKJIOHHHX cocToaH:a~ B a~pax H KonneKTHB
Hble aweKTbl, .o6yCl'IOBJ16HH!:l6 B38HMO~e~CTBH6M HYKJIOHOB. 

2. Paapa6oTaH MeTo~ nonyqeHHH ceKynapHhiX ypaBiieHH£1 H CHHOBo£1 WYHK-' 
~ B IIpRc5JnmeiD!14 ~ qas (llCtfl) ,TI,1UI c:acTeMLI,xapaKTep:asyeMoi ra-
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MMJinTOHHaHou c waKTopaao:saHHHM Baa:aMo~encTBHeM o6mero BH~a np:a HanH-
qaH onp;e~eneHHHX CHMMeTpH£1. - .. - -

3. Ilpe~l10lii:6H ll6T0,1), llOCTp06HHH OCTBTQqHoro B3BHM0~6liCTBHH·C gen:&ll 
:soccTaHo:sneHaa poTa~aoHHOH;HH:sapHaHTHOCTH rawan:r.ToHHaHa HeaKc:aan:r.Ho

ro a~pa. 
4. ilpe,1),H0%6Ha M!tllipOCKOnHqeCKBH M0~6Jln-~JIH OnHCBHHfl COCTOHHHli 

Bpa~aiD~HXCfl 8TOMHhiX H~ep C HapymeHHOH BHyTpeHHe£1 CHMM6TpHeli 0Tp8E6~ 
HHH. Mo~en:r. ecTeCTB6HHhiM o6paaOM"oC5oe5~aeT H3B6CTHhl6 peaynLTBThl BHBHH-
38 COCTOHHHH DOJIO~HT6l'InHOH H OTp~8T6HbH0£1 qeTHOCTH B ITC~ npz npoza
BOHLHHX 3HaqeHHflX yrJIOBOrO MOM6HT8. 

5. C nouo~nll MeTo~a reHepaTopHOH Koop~HHBTH cwopMyl'IHpOBaHa MHK
pocKonHqecKaa M0~6Hn, B KOTOpOH H~O·npe~CT8BHH6TCH KBK TpeXOCHbiH po
TaTop, HMe~~H~ HOpuannHYiO H c:sepx:npoBOP.HIIlYID waahl. lloKaaaHa aHepreT:a
qecKaa BHrO~HOCTL OpH6HT8UHH yrnOBOrO MOM6HTa B~Ol'I:& O~HOH H3 rJia:BHhiX 
oceil TeHaopa aHep~HM np:a npoaaBOl'InHhiX aHaqeH:aax yrno:soro MOM6HTa,aa 
HCKHIDqeHK6M 06l18CTH waao:soro nepexo~a. 

6. BnepBHe cci>opuyn~poBaHa uo~enn ;nna asytieHHH wopMH 6ucTpoBpa~aD
il!HXCH HarpeTHX fl~ep. llOCTpOeHa npo~e~ypa BHqHCJ16HHH T6pMO~aJ&HqeCKHX 
:senaqaH (cBoe5o~Haa aaepraa F', aaTpon:aa S :a ~yrHe). llpoBe~eH cac
TeuaTHqecKIIlH pacqeT paanaqHI:lX T6pMO~HHBMHqeCKHX llOT6H~HBl'IOB B 06l'IaCTH 
MaccoBHX qHcen roo< A< 210. 

7. Bbla:sneHa xapaKTepacTHtiecKaa TeJmepaTypa i:.= I-I ,2. 14aB H aHeprHa 
BOae5yE~6HHH U = 14~17 MaB~ nplll KOTOpilX 060JIOqeqHbl6 3WW6KTH nepeCTBIDT 
:arpaTL cy~eCT:BeHHYID pon:r. B onpe~eneHMH wopMH BpaJilBIOlltHXCH HarpeTbiX 
a;nep. IlpH TeMnepaTypax HJIH SHeprHHX B03C5y~~6HHH BHm6 yKaaaHHhiX npOHC
XO~JilT nepexo~ K lii:H~KOK8ll6HDHOMY xapaKTepy P.6WOPM8gHK. 

8. ITpoaHanaaupoBaHo BJIHHHHe :spa~eHHH Ha xapaKTep aHepreT:aqecKoM 
3BBHCHMOCTH MHT6HCHBHOCTH rauua-HanyqeHHH KBa~pynOJinHOH npapo~ H B6-
p0HTHOCT:& HCllYCK8HHH annwB-Kll8CT6pOB H3 COCTOHHHH_Ha HpaCT-HHHHH. Ilo
KBSaHO, qTO npH BUCOKHX CUHH~X KaHan ~6B03C5YE~6HHH a;npa nocpe~CTBOM 
aulllcCIIlH an:r.wa-qacTH~ KOHKypeHTocnoco6eH c·KaHanou ~eBoa6y~~eHHH no
cpe~cT:soM HCnyCK8HHH KOJIJ16KTHBHHX KB8~pyDOH:&HilX raMM8-KBaHTOB.· 

9. Bnep:s1:1e ~aH aaanaa KonneKTHBHHX :soae5y~P.e.HHit nonouTeJinHOH qeT...; 
HOCTH B wapoKou HHTep:sane aHaqeHHH yrno:sol qacTOTH Bpa~eH:afi. llonyqe

·HH oueHKH nonoxeHHa paan:aqnux BeTBei raraHTCKoro KBaApynonnHoro peao
HaHca B OTCYTCTBHe BP811l6HHH H Dp0Cl16lii:6HO HSM6H6HH6 ero xapaKT6pHCTHK 
C YB6l1HqeHH6M yrJIOBOH qaCTOThl BPBI!l6HHH B npOCTOH ll0~6llK •. 

IO. BnepBHe npoBe;neH MHKpocKonaqecK~ aHanaa uexaH:aaMa BbiCTpaH:sa
HHa BH6paUHOHHOrO yrJIOBOro MOM6HT8, _o6ycnOBJ16HHOrO OKTYllOllLHHMH.KOp
peJIHUKHMH B H]),pe. ilOK83BHO, qTo C pOCTOM yrno:soro MOM6HT8 npOHCXO~T 

llOT6pH KOJIJI6KTI4BHOCTH OKTY.DOllnHHX B036yz~eHHli. . 
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II. llpe~noEena MHKPOCKonnqecKaa uo~enL rnraHTCKoro. ~unonLnoro 
peaoHaHca B H8rpeTux 6ucTpoBp8~aD~nxca HApax. AHanna cneKTpanLnoa 
HHT6HCHBHOCTH R30B6KTOpHNX ~HTIOJILHHX B036yE~6HH~ Ha OCHOBe M6TO~a 

, CltnOBOil \IJYHKllHH ~nfl fl~6p iia OC5l!8CTH 150 I. A<. 190 nOK838ll, qTo p8Cnten
l16HR6 p83llllqHNX KOMTIOH6HT rnP OC5yCl10BJI6HO ~6\POPM8~Heli \POpMN H~pa. 
Bnnanne Boa6yx~enna (TeMnepaTypu) Ha X8p8KTepiWTHIUI r.nP B xoporno ~e
\POPMRPOB8HHNX H~p8X npOHBliH6TCH nocpe;n;CTBOM H3M6H6Hllfl paBHOB6CHNX 
n8p8ueTpoB ~e\IJOPM8~HR noTe~n8JI8 cpe~nero nona. 

Anpoe58gna AHccepT8gnn. DcHOBHHe M8Tepn8nH ~nccepT8~un Heo~HoKp8T
HO ~OKll8~HB8llliiCL Ha ceMnHap8x JITq) Oli!Hiil, X8pLKOBCKoro yHuBepcnTeTa, 
HH<l> AH YaCCP, li!HM AH YCCP, Hli!liH<l> MrY, \PnauqecKoro \P8KYJILT6T8 llp8:a:CKo
ro YHHBepcuTeT8 (llp8r8), li!T<l> Bpo~n8BCKoro yHnBepcnTeTa (Bpo~naB), 

Uli!HH PocceH~op\IJ (~pea~eH),YHHBepcnTeT8 r. K8T8HRH (MT8nua). DHn 6unn 
T8Kllt6 npe~CTaBJI6HN H ~OKll8~HB8llHCL H8 Me~yH8pO~HOM CRMn03HYM6 TIO BU
COKOCnllHOBHM COCTOHHHHM ll H~epHoil CTpyKType B ,llp~3~ene (r,l(P, 1977), 
XY CoBemaHRH no a~epHoli cneKTpocKonun u Teopuu H~pa B ,lly6He (1978), 
Ha SnMHen rnKone no ~epHoli wuauKe B EnenbcKo-EHno /ITonbma, 1980/, 
28-31,35,36 u 39 CoBem8HHHX no H~epHoli cneKTpocKonnu H CTPYKType H~
p8, ceMHH8p8x AH CCCP no a~epHoli \PR3HKe 11KonneKTHBH8H a~epH8H ~HH8MH
Ka11 (O~ecc8,1985, 1987). 

lly6JIHK8YHH. llo p63YJILT8T8M ;ZJ;HCC6pT8~HH ony6JIHKOB8HO 26 pa60T. 
) - . 

06~eu'p800TH. ~HCC6pT8~HH COCTOHT H3 BB6~6HHH 1 qeTNp6X rll8B, 38-
KlliDqeHHfl ll npHllOllt6HHfi. 0H8 C0~6plltHT 262 CTp8HH~H M8WHHOllHCHOrO T6KCT8

1 

BKnroqaa 6 T86nu~, 46 pncyHKOB u 6H6l!Horp8@uqecKuil.cnncoK H3 212 H83Ba
HHtt. 

CO~PXAHME PAEOT~ 

Bo BB686HHH ~86TCH Kp8TKHH 0630p COBp6M6HHHX npo6neM, CBH38HBHX 
C R3yqeHH6M Bpam8T6llLHOrO ~BHllt6HHfl 8TOMHHX H;ZJ;ep, H3l!Ollt6Ha noq~BHOBI\8 

@HauqeCKOM 38~aqu, 060CHOB8H8 8KTY8llLHOCTL H BBEROCTL HCCJI6;ZJ;Y6MHX 
BOllpOCOB, .KpaTKO rrpe~CTaBJI8H MaTepnan ~CC8pT~HH. 

B nepBOM rJI8B6 H3ll8raDTCfi OCHOBHH6 non0~6HHH pa3BHBa6MOrO no~XO
;n;a, OCHOB8HHOrO Ha M0~6llll llpHHY~HT6llLHOrO Bp8~6HHH (MITE) H npH6JIHllt6-
HHH cnyqaUHux \Pa3 (TIC~). B nepBoM paa~ene rnaBu onucuBaeTcH raMHlloTo
HHaH M0~6llll npHHY~HT6JILHOro Bp8~6HHfl, HCnOJIL3Y6MNM ~Jlfl MHKpOCKOnuqe-

'CKOrO aHallH38 CBOHCTB Bpa~aiOmHXCfl fi~ep. ~OpMyllHpyroTCH 3aKOHN COXpaHe

HHH, HMero~ue MecTo B cnyqae rauunLTOHHaHa MITB. 06cyx~aeTca napaMeTpu
aa~nH, .raMHllLTOHHaHa H 060CHOBaHHOCTL BN60pa OCTaTOtJHOrO B38HMO~eit-, 
c~Bua. raMHnLTOHHaH BKJIDqaeT cpe~Hue nonH ~na HeliTpoHOB n npoTonoB, 
_/ ) ' ) 
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H6HTpOH-H6~TpOHH06 ll npOTOH-DpOTOHH06 cn8pHBaT6HLH06 B3anuoieHCTBH6 . . 

C He 3aBMCH~HY OT COCTORHHH KaTpHqHNMH alleUSHTaMH H cenapa6enLHN6. 
uynLTunonLHI:le cunu, ~elicTByromue B KaHane ·qacTn~a-~upKa (A~ 3). On
pe,llenaeTCH·BN6op 6a3HCa O;ZJ;HOtJaCTHtJHHX COCTOHHHH C TIOKO~LIO KBaHTOBOrO 
tJHCJia CHrHaTypH, xapaKT6pH3YPUl6rO CHMY6TPHID rammLTOHHaHa MilB OTHOCH
T6llLHO noBopoTa na yron JJ BOKpyr ocu ~ • B p83~ene 1.2 rawunLTOHH
aa MllB, aanucaHHHn B nyKnoHHNX nepeueHnux, nocpe~CTBOM npeoe5paaOB8HRH 
Eoronro6oBa, yqnTh!Baromero cRrH8TYPY o;n;HotJacTnqnon BOnHoBo~ @YHKriuu, 
npHBO~HTCfi K raMHllLTOHHaHy KBa3HtJaCTH~. IlpH aTOM Bl:lllHCaHN YaTplltiHI:l6 
ypaBHeHHH, onpe~enaDmne KBaauqacTuqHue aneprun R Koa~n~neHTI:l Tpaac
@opua~HR Eoronro6oB8 ~na perueaun c paanon cnrH8Typon. B paa~ene 1.3 
no;n;po6Ho uanoJKeHo npu6nnJKenue cnyqaitHoli @aau, ucnonL3yewoe ~mi onnca
HUH BH6pa~HOHHI:lX B030y~6HHH O;ZJ;HOWOHOHHOH npnpO~N paannqHOH CHrHaTypH 
c yqeTou cnMMeTpnn, HMeDmux MecTo ~nH raMnnLTOHH8H8 MTIB. llpoBO~HTCH 

aH8llH3 ;ZJ;YXOBHX MO~ rOJI;ZJ;CTOYHOBCKOrO THna H YCTaHaBnHBa6TCH COOTB6TCT
BH6 B llCq) nnep~HOHHhiX nap8MeTpOJ3 raMHJioTonuana MTIB u poTa~HOHHO
HHBapuaHTHoro rauunoTOHHaH8. ~anee onncaHa o6maa npo~e~ypa nonytJeHHH 
C6KYJifipHI:lX yp8BH6HHU ;ZJ;llfl onpe;n;eneHHH aHeprHit O~HOWOHOHHNX B036yx~e
HHll, noaBonaromaa HBHNM o6p830M Bl:l~6UHTL ~yXOBHe p6U!6Hllfl. B 38KJIDq6HH6 
paa;n;en8 pacc:MOTpena CTPYKTypa co6cTB6HHOil BOJIHOBoit !fJYHK~uu rauHnLTO
nnana MITE B llC<l>, xapaKT6pH3YDm8fl BH6pa~HOHH06 COCTOHHH6 BpamaiOUl6rOCH 
H,llpa. B paa~ene 1.4 B nepBOM nopa,llKepaanoi!ieHUH onepaTopoB no 6o3o
nau llC~ OllHCaHa npo~e~ypa BJ:lqHcneHHH B6pOHTHOCTH aneKTpHtJ6CKHX nepe
XO~OB M6~~y pa3JIHqHUMH COCTOHHHHMH npH npOH3BOllLHHX 3H8q6HHHX CnHHB. 
iloKaaaHa CBH3L M6~~y THllOM nepexo~a H H3M6H6Hll6M CHrHaTypu COOTB6T
CTBYIOU{HX aTOMY nepexo;n;y COCTOHHUH. B pa3,ll6ll6 1.5 H3ll0lit6H M6TO;ZJ; CHJIO
BOH @YHK~HH npHM6HHTenLHO K 6030HHOMy raMHnLTOHHaHy 06U{ero BH,ll8 .c 
!f}aKTOpH30B8HHUM B3aHM0~6itCTBl16M, n03BOHHDmHil cymecTB6HHO. ynpOCTHTL 
38~aqy 0 H8X0~~6HHH HaHOOll66 KOnJI6KTHBH3HpOBaHHHX COCTOHHHit O~HO\PO

HOHHOit npupo,llu. B pa3,1lene 1.'.6 onucaa cnocoo nocTpoeHHH ocTaTotJHoro 
B3aHM0~6HCTBHfl cenapa66JILHOrO BH~a, n03BOllHIDmHit BOCCTaHOBUTL HapyrneH
HYIO @eHoMeHonoruqecKuM noTe~~anoM cpe~nero nona BpaulaTenLHYIO·HHBapu
anTHOCTL rBMHJILTOHHaHa H68KCHal!bHOrO H~a. llpH aTOM CaMOCOrJiaCOB8HHHM 
06p830M onpe~ellHIOTCH a\P@6KTHBHH6 CHJIH H COOTB6TCTBYIO~H6 KOHCT8HTN 
B3aHM0~6itCTBHH. B 3aKJIIOqeHH6 rnaBN B pa3~6JI6 1:7 Ha OCHOB6 pa3BHBae: 
MOrO nO~XO~a C@Op:MyJIHpOBaHa M0~6l!b BpaUl810Ul6rOCH H,llpa C Hapy~eHHOit . 
BHyTp6HHell CHMM6TpH6it 0Tpa%6HHH. ~8H aHanH3 CHMM6Tpllil, coxpaHHDmHXCfl 

npu onucaaun cBoitcTB TaKux H~ep. B npu6nnliteHHH X~E nonyqeHN ypaBH6HHa, 

onpe~6llHIOmne KBaanqacTHtJHNH cneKTp H C06CTB6HHH6 COCTOHHHH raMHllLTO
HHaHa MO,llenH. llpn aTOM KBaauqacTuqnue aneprnn H cocTOHHHH aaBHCHT He 
TOHLKO OT KB8,1lpyrioJILHOH 1 HO H OKTynonLHOil ,ll6@0pM8~H nOT6H~aJia Cpe~-
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Hero nonH · H KJI8CCHq)Htil1PYIOTCfl nocpe,i\CTBOiJl KB8HTOilOrO ·'mcna OOOOll(eH
HOH cHrHaTypu • .nanee BIIC!ll nonylleHu ceKynHpHue ypaBueHHfi, onpe;D.enHJO
mae O,llHOWOHOHHUe B036y:at,1leHHH p83JlHllliOH o6o6~8HHOH CHrHaTypu, .113 KOTO
pUX'flBHUM o6paaou Bu,lleneHu ~yxoBue (He~HanqecKHe) peweHI1fl. Y11eT yc-
' . 

JIOBHH CHMM8Tpl1H ll03BOnH8T C8MOCOrnaCOB8HHUM 06p830M onpe,llenHTb KOH-
CT81iTU OCT8T011HOrO B38HM0,1leHCTBHfl H HHepuHOHHUe napaMeTpU MO,llenH. B 
paMKaX M0,1l8JIH npoaH8JIH3HpOB8H8 B6pOHTHOCTb 3Jl6KTPH116CKHX (A~3) nepe
XO,llOB M8~,1ly p83JIH11HUMH COCTOHHHHMH H yCT81iOBneHa CBH3L M6~,1ly X8p8KTe
pOM H THilOM nepexo;o,a H H3M6H6Hl16M 060Ci.J46HHOti CHrHBTypu COOTBeTCTBylO
I!!HX COCTOHHHH. MO.l(6Jlb K8K 118CTHbl6 cnyqaa CO.l(6plltHT Oill!Ca.HH.fi KB8,1lpy
ll0JILHUX R OKTYllOJILHUX B030,Y~,l(eHHH O,llHOWOHOHHOti npRpO.l(U KB8~pyllOJ1LHO

;D.8WOPMRpOB8HHUX H,llep. 
Bo BTopon rnaBe B paMKax ueTO,lla reHepaTOPHOH Koop,llHHaTu wopMyna

pyeTCH M0,1l6JIL TpeXOCHOrO pOT8TOpa, HM6JO~ero ,1lB6 waau: CB6pXT6KY11YlO H 
HOpM8JILHYJO, B KOTOp0!1 1!!6Jlb ( /l) paBH8 Hyn10, - CBH38UHbl6 M6lK.ZlY Ca6olt. 
,1lJlfl MOM6HTOB HHepuHH CBepXTeKylleH ~83bl HCllOJIL3Y6TCfl napaMeTpH38UHH, 
COOTB6TCTBYIOill8fl KOJ1J18KTHBHOH M0,1l8JIR Eopa-LiOTTeJII>COHa. MOM8HTU HH8PU~U1 
HopuanLHOlt ~aau napaMeTpHayroTCH KaK ,llnH ~eCTKoro TpexocHoro poTaTopa. 

. MaTpHllHOe ypaBHeHHe ;o.nH raMHnLTOHHaHa ~o,llenH npRBO;D.RT K aHanaTHlleCKO
uy Bblp8:at6HHIO ,llJlfl ::meprRH COCTOHHHH C ;zt8HHUM I li Bblp8iit8HHIO ,llJlfl Bepo
HTHOCTH H8XO:at,l(8HRH H,llpa B CBepXT8KY118H-~aae. 06a 3TH Bblp8llt6HRH 38BH
CHT OT M8TpH11HUX aneMeHTOB paanHllHUX KOMOHH8UHH KOMllOHeHT onepaTapa 

I . 
yrnoBoro MOMeHTa. 

B paa,llene 2.2 npoBO.llHTCH BblliHcneHHe MaTpRllHux aneMeHTOB, aaBRCH
~Hx OT yrnOBOrO MOM6HT8, B KOrepeHTHbiX COCTOHHHHX, KOTOpble ll03BOJ1HIOT 
~npe,1l6J1HTL llOJIOJK8HH8 B8KTOpa 6t yrnOBOro MOM8HT8 BO BHyTpeHHelt CHC
T8M8 KOOp,1lldH8T. 

H p83,1lene 2.3 B paMK8X M8TO~a reHepaTOpHOI KOOp,1lHH8TU nonyqeHO Bbl
pazeHHe ;o.nH MBTRlllllHaro aneMeHTa npoHaBanLHoro HenpuBa,llHMaro TeHaopHo
ro onepaTopa fn~r MynLTHnonLHOCTH A • .nanee c noMOll\LJO ,llBHHoro Bu
paaeHHfl. nony11eHu ~opMynu ,llnH BepaHTHOCTH E2-nepexa,1lOB B ,llByx~aaHolt uo
,llenH. B cnyqae, KOr,lla CTpyKTypu COCTOHHHii, Mellt,lly KOTOpUMH npOHCXO,llHT 
E2-nepeX0,1l, CH1lLHO p831lH118lOTCH, HHTerpan nepeKpbiB8HHfl M6lK.ZlY HHMH npH
BO,llHT K ,llOllOJIHHTenLHOMy ~8KTOpy 38,1leplKKR 3J18KTPHlleCKHX nepeXO,llOB. B 
paa;D.ene 2.4 ;D.aeTCH KpaTKoe Hano:ateHHe MeTo,lla CTpyTHHCKoro .Zl1lH BNllHcne
HHH 3HepraH .Zl6WOPM8UHH HeBpa~awmeroCH H,1lp8. llpHBO,llHTCH peaynbT8TU 

- pacqeTOB SHeprldH ,1le~pM8~HH llO STOYY M6TO,lly C llOMOIItLID llOTeHUHana 

By;D.ca-CaKcoHa .Zl1lfl I56,I66Er. OTueqaeTCH aaMeTHOe paanaqHe B aHeprHH 

;D.e!flopua~HH ,llJIH STRX H,llep K8K B napaMeTpax paBHOBeCHOli A6~0pM8UHH, 

T8K H B rnyCiHH8 UOTeHUH8RLHOli SHeprHH. BNHBJieHO UOHBneHH8 60JILWOH He- ' 
8KC118JILHOU ,L\6~0pM8UHH B nepexO,llHOM H,llpe 156Er, KOTOp8H YM6HLW8eTCH npH 
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nepexo;D.e B Hopr.aanLHYID ~aay. B I 66 Er BenRllHHa napaueTpa HeaKcaanLHolt 
,lleliJopuaunH ocTaeTCH He6onLwolt .1\0 I< 20li. PacqeTN BepoHTHOCTH E2-ne-. 
pexo;D.OB ;z\na 156 Er llOK8381lR cymeCTBOB8H~e 38,1leplK~H .nepexo,lla 12+ ~ ro+. 
B paa;D.ene 2.5 npHBO;D.HTCH o6cyz;D.eHHe nonyqeHHux peaynLTaToB. OTueqaeT
CH, liTO B cnyqae TpexocHoro BpameHHH HanpaBneHHe yrnoBoro uoueHTa BO 
BHyTpeHHBH CHCTeM8 KOOp,1lHH8T ,1l1lfl XOpOWO ,1le~OpMHpOB8HHUX H,llep COBU8,1l8-
eT c HanpaBneHneu O;D.HO.Ii Ha rnaBHux oce.li TeHaopa J.iHepJ.U~n. JlnWL B_ OK_. 
peCTHOCTH !OliKH nepeX0,1l8 ld3 CBepxrtpOBO,L\HIIteli ~83N B HOpU81lLHYIO B MHr
KHX OTHOCHT8 JILHO O -,1le~apM8UHH H,llp8X B03MOJKH8 npOMelH:yT011H8fl OPH6HT8-
UllH yrnOBOrO MOM8HT8. Ha OCHOB8HHH nonyqeHHHX pe3y1lLT8TOB ,1\8JI88TCH 
BHBO,ll O,,llOCTOBepHOCTH HCllOJIL30B8HHfl npe,1lll01l0~8HHH 0 COBll8,1leHHH HanpaB
neHUfl yrnoBoro uoYeHTa c O,llHOH Ha rnaBHUX oceLl TeHaopa MHepu~ut, Hanpz
uep OCLIO X , ,llJifl XOpOiliO ,1l8qJOpM!dpOBBHHbiX H:ziep ,1l8JKe B o6n8CTH M81IUX Clll!
HOB. 

TpeTLfl r1l8B8 8HCCepT8HHH llOCBHll(eHa HSyqeHHID SBOJIID~HH ~OpMH BP8ll\8ID
IItHXCH H,llep npH npOH3B01lbHHX 3H81leHHHX CllHH8 H 3H6prHH BOS6y:at,1leHHfl H 
ee BJIHHHHIO H8 SMHCCHIO r~UM8-KB8HTOB H 81lL~8-KJI8CTepOB H3 ldp8CT-COCTOH
HHli. B Haqane rnaBU 8H8]lld3Hpy10TCH OCHOBHHe UOJIOJKeHMH, H8 _KOTOpHX OC
HOB8HO OilHC8HHe paBHOBeCHOH tlJOpMbl XOJIO,llHUX H HarpeTUX Bp8IJt8IDll(HXCH 
a;D.ep. B paa;D.ene 3.1 o6cyJK,1laeTCH M6TO.Zl llHCneHHoro peweHim BapHa~ldOH
HUX ypaBueHHH X~E B MO,llenH npHHY,llHTenLHOrO Bp8ll(6HHH, a T8KJKe npHO]lld
JKeHHH, HcnonLayeuue ;D.1lfl peweHafl aTax ypaBHeHnn. ~anaraeTca uaTeuaTn
qecKaa wOPMYJ1HpOBK8 38,1l81lld C8MOCOrnaCOB8HHfl llHCna qaCTRU, meJIH R paB
HOBeCHHX napaMeTpOB ,1l8~0pU8UHM · npH 38,1l8HHOI! yrnOBOil 118CTOTe. BP8ll\6HHH. 
Il~8,1lCT8BneHbl peaynLT8TU pacqeTa paBHOBeCHUX napaUeTpOB ~OpMU fl,llp8 
I 8 Yb npn paannllHHX aHaqemmx cnaHa BnnoTL ;D.O I=86li. KaK noKaaaJIH 
peaynLTBTN pacqeTa, napaueTp HeaKcHanLHOCTH_ X ;o.nH H;D.pa I68yb npH 
H660HLWHX 3H81leHHHX yrnOBOrO MOM6HT8 B6,1l6T Ce6H COrnaCHO np8,1lCK838HH
flM rH,1lp0,1lHH8MHqeCKO£i MO,llenH, 8 llpH yBe;naqeHHH yr1lOBOrO MOM6HT8 npOHC
XO,llHT nepexo;D. K TBep;D.oTenLHOMY npe;D.eny •. 06cyx,L\aeTcH noBe;D.eHHe paccqn
TBHHux MldHHM8JILHbiX .ZlBYXKB83H118CTH11HUX SHeprRii ,llJifl H6HTPOHOB K npOTO
HOB. 0TMe1188TCH XOpowee COOTBeTCTBHe paCC11HT8HHHX H 3KCnepHMeHT81loHHX 
3H81leHHH SHeprHH COCTOHHH.Ii Rp8CT-ll01lOCH ;D.Jlfl I68yb H 168 Er-. 

B paa;D.ene 3.2 ~opuynHpyeTca uo,llenL ;D.na aayqeHna ~opuu 6HCTpoBpama
ll!!lHXCH HarpeTHX H,llep. TeopeTH116CKHH llO,llXO;D. npn t i 0 CTpO!dTCH B 6nHS
KOH 8HanorRK C M0,1l8J1Lil ,1l1lfl X01l0,1lHHX BP8Ilt810~XCH fl,llep. BBO,I\HTCH T8pUO-

-.ZlRH8UH116CKH6 noTeHunanu, sKCTpeMyuu KOTopux npn ;D.8HHHX I n t , ann I 
11 S , ann Q n _1: B aaBHCHMOCTR oT BH;D.a noTeHunana, onpe;D.eJIHilT paBHo
BecHyll KOH~Illrypauaw Boa6yJK;D.eHHoro H,llpa. CpaBHeHHe nonyqeHHHX peaynLTa

TOB npR U8JIOtl SHeprHH BOSCiyllt,ll6HidH ( t =0 ,2 MsB) H8,1l l1p8CT-ll01lOCOtl C pe
synoT~T8MH npe,llH.ZlYll\HX HCCJ16,1lOB8HHH OTHOCRT8RLHO p8BHOB8CHOn ~OpMU 
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6~cTpOBpa~aro~~xcH xono~H~x H~ep noRas~BaeT xopnruee cor~ac~e ~ nosBo
naeT JR83aTo T6 X8p8RT6pHCT~KH, KOTOp~e 38BHCHT OT nap8M6TpH38UH~ WO
A61IH H npHHHTOit npoue~yp~ pacqeTa. no~po6HO o6cyx;n;aroTCH pesynoT8T~ 
pacqeTa Tepuo;n;HHalmqecKHx noTeHuaanoB FR. (<l>YHRURH Paycca-rac56ca), 
' F (cBo6o:ztHaH aHeprnR) a E (aHeprHH) ~nH PH:zta H~ep IOU.:: A<. 210. OT
ueqeH ABCTpyRTHBH~H X8p8RT6p KOHRypeHU~lH 0601IOIIeqHQI'O (RB8HTOBOI'O) ll 

ZH:ztKOK8ri61IoHOI'O (M8KpOCKOllllll6CKOI'O) pe~RMOB ~e~OpM8UllR B ~e~OpMllpO
B8HH~X a cti>epaqecKax H~pax. llpa aTOM B~HBneHa xapauTepacTHqecKaH TeM
nepaTypa t =I-!,2 MaB H aHeprna B036YZA6HRH U=I4-I7 MaB, npa KOTO
p~x o6onoqeqHaH nonpaBRa nepecTaeT arpaTo cy~ecTB6HHYIO pono B onpe;n;e
nemm tl>OPM~ fl;ztep. Ilo~qepKHB86TCH, llTO X8p8KT6pH8H T6Mll6paTypa HBJIH6T
Cfl yHHBepcanoHOH B61IllllllHOH KaK ;ZJ;JIH nOT6HUR81I8 HHJioCCOHa, TaK ll ;ZJ;JIH 
noTeHUHana By~ca-GaKCOHa. B saKnroqeHHe pas~ena OTMeqaeTcH, liTO saep
rHH KOMnayH~-CllCT6M, nonylleHH~X B pe3y1IoT8T6 CT01IRHOB6HHH Tfl~61IOI'O 

HOH8 C H~pOM, B~rue X8p8KT6pllCTHqeCKOH, ll paBHOB6CH~6 napaMeTp@ WOP
MN T8KllX CHCT6M MO~HO OU6HHB8To .B M0~61Ill ~H~OH KEnnH. 0~H8KO, KOr~a 
3H6pi'UH B036y~eHRH YM6HoniaeTCH npHM6pHO AO 5 MaB H8~ HpaCT-ll01IOCOti, 
HM6HHO 0601IOII61lH~6 3W<l>6KT@ BO MHOI'OM onpe~61IHIOT xa'paKTep )l6B036y~;n;e
HHH Bpa~aro~erocH H;n;pa. 

B pas~ene 3.3 acxo~H as 3HaHHH aBonrouuu wopMN Epa~aro~eroca H~

pa accne~yeTCH cneKTP acny~eHH~x raMM8-KB8HTOB KBa~pynonoHOH npapo
~~ ll3 COCTOHHllti Hp8CT-1IliiHHH. Ha npHMepe H:ztpa IISTe noKa38HO, liTO MaR
CllMYMH B cneKTpe liiHT6HCHEHOCTlil X -KBaHTOB YlK (Eo) o6yCliOB1I6H~ ne
'pece.qemteM nonoc, OTBeqaiO~Hx pas1IllqH~M cpopMaM 6ucTpoBpamaro~erocH H~
pa. COOTB6TCTByromee H3M6H6HH6 MOM6HT8 HH6PUHll npHBO~HT K nOHB1I6HHIO 
HeperynHpHOCTH B61IHI!HH~ ~~ ( Ea-) • B pas~ene 3.4 c nouo~oiO H3B6CTHOH 
LI0~61IH. Ol-pacna;n;a H3 H6Bp8lJl810~6I'OCH H;n;pa H MIIB HCC1I6;ZJ;OB8Ha BepOHT
HOCTo HCllYCK8HHH 8lloW8-K1I8CT6pOB npll B~COKHX CnHH8X. Ha npHMepe H;n;pa 
122 . 

Xe npo~eMOHCTpHpoBaHo, llTO npa 6ucTpoM Bpa~eHHH H:ztpo MoxeT npeBpa-
THTLCH B. SIHITT6p anociJ8-Il8CTHU. llpll aTOM ;n;aHH~it KaHan ;ZJ;6B036y~eHHfl 
MOX6T OK8SaToCH KOHRYP6HTOCnOC06H~M C KaHanoM ~6BOS6y~6HHH H;n;pa no
CP6.z\CTBO.M ncnycKaHHH KonneKTUBH~X KBa~pynonoH~x raMMa-KBBHTOB. 

B ll6TB6PTO~ I'H8B6 paCCMOTp6HO BJIHHHH6 Bp8~6HHH H8 xap8RT6p BH6pa
UHOHH~X BOS6ylK;ZJ;6HM qeTHo-qeTHhiX .z!6<l>OPMllpOBaHHhJX H,I\ep npH paaJillqHhiX 
3Hall6HHHX yrnOBOI'O MOM6HT8 H SHeprHH BOSOylK~6HHH. B paa;n;ene •4.! pac
CMOTpeHa npocTaH, Ho TO~Ho pemaeuaH B TIC~ Mo:zteno Bpamaro~erocH H~pa, 
raMHJioTOHR8H KOTOpOH BKniOqaeT llOT6HUHan Ctl>6Pllll6CKOI'O rapMOHHII6CKOI'O 

ocuannHTopa H HsocKaJIHpHh!e KBa;n;pynonL-KBa~pynonoHhle ca~. B TIC~ .2\BH 
8Ha1Ill3 Cll6KTpa B03c5ylK.lt6HHH nOliOlKHT6 JIOHOit ll6THOCTH B WHpOKOLI llHT6pB'ane 
·3H81I6HHH. yrnOBOti qacTOT~ Bp8~6HHH Q. MO,I\6Jio BOCllpOHSEO;lJ;HT H3B6CTH~6 ' 
S~HpRqeCKH6 ~aHHH6 0 n01IOlK6HRH I'HI'aHTCKOI'O KEa,I\p~nOHoHOI'O pesOH8HCa 
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(r!CP) B OTCYTCTBl'!e Bpaii(6HHH. llpH YB61lllq6Hlfll ~etlJOpMaUllll 3H~pi'HH BOS-:-
6yJK.l{6HUH OAHoi1 Hs MOl\ rKP yueHoruaeTcH ~o HYnH. STo cooTBeTCTByeT Boa
HHKHOEeHmo HeycToilqUBOCTii B CHCT6M6 OTHOCHT6lloHO OTK1IOH6Hl'IH tl>OPMhl OT 
onpe,I\eneuHoli ns ycnoBnH caMocornacoB~HRH~ Hail,I\eHo, qTo ycTpaH6HHe ,l\Y

xoBoro perueHRH MOX6T H81IaraTo B8lK!W6 yCHOBHH, ,I\OllOHHHIOUU16 ycnOBllfl C8-
MOCOI'IlaCOEaHRH. IlonyqeH~ aHallHTHII6C!me B~p8JK6Hlifl ,llHH 3H6PI'lll'l 0,2\HO!lJO
HOHHhiX COCTOHHllH R8K tlJYHKUHH yrnOBOit qaCTOTH Bpa~eHRH~ ~JIH npeueCCH
OHHOli MO~hl B036yJK,ZJ;6HHti peaynoTaT~ CYll!6CTE6HHO OT1IllqaJOTCfl OT il01IYII6H
U~X B MO:ztellH lK6CTKoro pOTaTOpa. IlpHB6,2\6HH pesynLTaT~ 8!!81IR3a ;ZJ;1Ifl npR
B6,ll6HH~X MaTpHt!H~X 3Jl6LI6HTOB KBa,I\p:fll01IoHHX nepeXO,l{OB l'JS O:ztHOij}OHOHHHX 
COCTOHHHH H8 COCTOHHl'IH HpaCT-JlllHHH. 3aMCTHOH npliiE6,2\6HHOH B6pOHTHOCToiO 
oc5na~aiOT nepeXOAN 146lKAJ l!p8CT-COCTpflH~HMR l'l COCTOHHllflMH npe~eCCHOHHO
I'O xap8KTepa. 3aEUCHMOCTo B6pOHTHOCTR T8KRX nepeXO;ZJ;OB OT yrnOBOI'O MO
M6HT8, Hait,I\6HH8H B IIC~, HM66T l1H06 nOB6~6Hl16 no CpaEH6HHIO C OU6HK8MH. 
llO MO;ZJ;CJIH JK6CTKOI'O pOT8TOpa, H6KOTOpoe CXO,I\CTBO HaOHIO,l{aeTCH IIHillo B 
pe~aue HeKonneRTHBHoro EpaJ(eHHH. B pa3.nene 4.2 ;n;aHo npaKTHIIecKoe npH
LieHeHRe wopManHsMa, pasBHToro B nepBoli rnaEe, .z\1IH onRcaHHH HH3RoneEa
uuix KonneKTRBHHX Eos6y~;n;eHHiJ KBa;n;pynonLHow npRpo:zt~. Ilo:ztpo6uo paccuaT
paBaeTCH B~BO,ZJ; C6KYliHPH~X ypaBH6HHH llOJIOJKHT61IoHOH ll OTplluaTenoHOti 
CHI'HaTyp, B KOTOpb!X HBH~M 06p830M BH~6116H~ ~YXOE.bie perueHHH. ~anee 
npUB6,2\6H~ pe3y1l:&T8Thl qHCII6HHOI'O 8!181IHSa COCTOHHHH npeueCCHOHHOtl npH
POA~ .2\IIH H;n;pa 168Yb, · KOTOp~e .~ npe~ene n. ..... 0 nepexoMT B nocne:zto
BaTenoHOCTo COCTOHHHtl ~-BH6p8UHOHHOit nOliOC~ C H61I6TH~MR CnHHaMH. 
0TMeqaeTCH SHatJ:HT61loH06 p8CX0~.2{6HH6 MllKpOCKOnllqecRHX OU6HOK H OUCHOK 
B uo.z~enH ~eCTKOro poTaTopa. PaccqnTaHa cnnoBaH WYHKUHH npHBeAeHHotl 
BCpOHTHOCTH KBS,I\pyn01loHhiX nepeXO,I\OB C O~HO\l)OHOHH~X COCTOflHH~i Ha COC
TOHHllH HpaCT~nonOC~ B illHpOKOH 06naCTH SHallCHllH yr110EOI'O MOM6HT8 
(I=50t.). PesynoTaT~ pacqeTa :zteMOHCTpHpyroT noTe pro KonneKTHBHOCTR f>- H 
~-B¥I6pauHoHHb!X Bos6yx;n;eHHti c pocTOM yrnoBoro 'MoMeHTa. B pas~ene 4.3 

npOBO;ZJ;HTCH LIHKpOCKOnHI!CCR¥ili 8H81IHS M6XaHHSMa DhiCTpaHBaHHH OKTynonoHO
I'O yrnoBoro MOMeHTa .z\11H H,I\ep 230 •232Th, 2380. B pauKax pasBHBa~uoro 
no:ztxo,I\a wopMynapyeTCH Mo;n;eno oKTynonoH~ Bosc5y~eHHtl BO Bpamaro~HXCH 
H,I\p.ax. ~ae TCH onpe;n;e ne HRe BenniiHHH B~CT poeuHoro B~c5pau~mHH oro yrnoBo
rci'l.!oMeiiTa B LIHKpOMO,I\61Ill. IJpe,I\JIOJK6H peuenT .onp6,2\61I6Hl'IH SKCll6pllM6H
T~'noHOi-! 3HeprUH B036y~6HHH H COOTE6TCTBYIO!Jl6I'O BhiCTpOeHHOI'O yrJIOBOI'O 
MOM6HT8 BHc5paUHOHHOI'O COCTOHHHH. Cp8BH6HH6 3KCnepH~6HT81loHHX H paccqu
_T8HH~ BenHquH yKas~Ba~T Ha nx 6mxsKoe cooTBeTCTBHe. Y~aeTCH _BocnpoHs
BecTu HH,I\llBH,I\yBJI:&HhiH xap8KT6p B~CTp8HBaHHH BO BCCX TpeX H,I\p8X ,2\0 B6JIH
tJ:liiH ~Q,0,2 MsB. Ecnu B cny~Iae 232 Th npa B03p8CT8HHH yrnOBOti qacTo-. 

T~ Bpaii(6HHH npOHCXO,I\HT OHCTp8H nOT6pH K01I1I6KTRBHOCTH OKTynonoHOI'O tl>O
HOHa ll BhiCTp8l1B8HH6 ll;ZJ;6T 38 cqeT 148KCm.tanoHOti .z\BYXKB83HqacTHtJ:HOti KOU-
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noHeHTU, n H~pax 230Th a 238v coxpaHeHae KonneKTHBHOCTH OKTynonLHoro 
!IJOHOHa onpe~61.!f!6T KaK B6RH'IIHHy, TaK H llOB6J(6Hti6 Btic5p81.UiOHHOrO yrJIOBO
ro uoweHTa ~o 1;52.::: 0,19 MaB. O~HaKo c pocToM yrnonoro MOM6HTa npoac
xo~Hr noTepH KORJI6KTHBHOCTH OKTynonoHUX B09c5y~~6HR~ BO BC6X ~pax. B 
paa~ene 4.4 RCCJie~yDTCH CBO~CTBa raraHTCKOrO ~HnOJILHOrO peaoHaHCa B 
HarpeTUX c5UCTpOBpa~a~~HXCH HJ(pax. nJIH H3Y'II6HKH CBOHCTB R30B6KTOpHUX 
~HnOJioHNX B03c5~~6HH~ RCllOJIL3y6TCH TeMnepaTypHUH napHaHT llC~ R M6TO~ 
CHHOBOit qJJHK~I4H ~JIH onpe~eJI6HHH H8Hc50JI66 KonneKTHBH3HpOBaHHNX pemeHH.tl 
O~HOqJOHOHHO.tl npapo;n;s. PesyJILTaTu paC'116TOB B llC~ KOHTPOJIRPYIDTCH C no
WO~oD aHaJIHTH'II6CKRX 0~6HOK ~JIH 9Heprl414 pa3RI4'11HNX B6TB6H rnP H npaBHJI 
cyuu, nony'lleHHNX ~JIH aHasoTponHoro npa~aro~erocf! oc~annHTopa. 8non~~I4H 

HaHc50JI66 KOJIR6KTHBH3HpOBaH!lNX pemeHHH pa3Jrn'IIHUX B6TB6iii rnP Ha npHuepe 
H~pa 160Yb npa pasHux qacToTax npameHHH (t=O MaB) yKasunaeT Ha KatiecT
neHHoe COOTB6TCTBR6 C pasyJILTaTaMH llpOCTO~ OC~HJIJIHTOpHOH MO~eJIH. "Ha
rp6B8HH611 fi,Lipa He OK83UB86T CY!ll6CTB6HHOrO BID'!HHHH Ha CBOHCTBB p83RH'II
HUX B6TB6~ rnP, B cne~OBaTeJILHO, H HB oc5naCTL JIOKBJIH3a~HR 1430B6K
·TOpHUX ~HnoJILHHX noa6yx~eHa.tl (allB) xopowo ~e~opMaponaHHNX npal!laD~xcH 
H~ep. O~HBKO BJIHHHHe TeunepaTypHux awqJ6KTOB Ha ~ npoHcxo~HT nocpe~
CTBOl.! 143l.!6H6HI4H p8BHOB6CHUX napaueTpOB ~6qJOpMa~I4U Bpai!l8D~erOCH H~pa. 

B 38KJIID'II6HI414 CyMWHpOBaHH OCHOBHS6 pesyJILT8TN ~14CC6pT8W114. 

B npanoJKeHI414 npane;n;eHo c5osoHHoe npe;llcTanneHue O.ztHO'IIBCTH'IIHhiX one
paTopon, acnonLsyeuux npa nsno~eHH14. 
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