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1. BoccTaHoBneHIIe aMnniiTY .Obi N H -pacceHHIIH 

/11 
B Hawel! npe.Obi.Oywel! pa6oTe 6bJnll nony'leHbl Bbip8:>K9HIIH 0 CBH3b!B8~W119 ClliiHOBbl9 

cocTOHHIIH HyKnoHa 11 .aeATpoH a c K09tPtPIIU119 HT8MII aMnniiTY.Obi NN -pacceHHIIH B IIMnynbCHOM 

np116n11:>KeH1111. B HacToHweA 3aMeTKe paccMaTpiiBaeTCH Bonpoc o6 llcnonb30B8HIIII 9Kcnep11MeH

TanbHO onpe.aeneHHhlX .aaHHhlX o nonHp11~8UIIHX HyKnoHa 11 .aeATpoHa np11 ynpyroM ND -pacceg

HIIII .QnH BOCCT8HOBn9HIIH 8Mlln11TY.Obl paCC9HHIIH HyKnOH OB HyKnOH8MII B COCTOHHIIHX C T =0. 

KaK 113BeCTHO, aMnniiTY .a a ynpyroro pacceHHIIH HyKnOHOB HyKnoHaMII ( .anH Ka:>K.aol! 113 

rpynn cocTOHHIIl! 1 c T =0 11 T ~ 1) onpe.aenHeTcH 5 ·KoMnneKCHbiMII K 09tPtP IIU119HT8MII .anH Ka:>K.ao

ro yrna pacceHHIIH, C Y'l9TOM Heonpe.aeneHHOCTII o6wel! tP83bl .anH BOCCT8HOBn9HIIH T8KOA 8M .~ 

nniiTY.Obl H906XO.OIIMO, B 06llleM Cnyqae, npOB9.09HII9 9 H938BIICIIM b iX OllbiTOB, 6binO, O.QH8KO, 

/2/ 
llOK838HO , 'ITO llpll npOB9.Q9HIIII COBM9CTHOro 8H8nll38 .08HHbiX 0 pp- II np -paC C9HHIIHX o6-

wee 'liiCnO He06XO.QIIMbiX OllbJTOB MO:>K9T 6b!Tb C0Kp8lll9HO C 18 .00 13. K CO:>KaneHII~, .anl1 Bbl-
•• 

nonHeHIIH 9TOl! nporpaMM bl .QOn:>KHbl 6bJTb npOB9.09Hbl 113MepeHIIH T8KIIX B9nH'liiH , K8K 1 Hanpii

Mep, Ko:3¢tPIIUII9HTbl ClliiHOBOA Koppem!UIIII npll I np I -pacceHHIIII. npoBe.aeHIIe T8KIIX OllbiTOB B 

H8CT0Hlll99 Bp9MH HBnS!eTCH .aenOM B9CbM8 Tpy.OHO B b inOnHIIMbiM, K8K 113-38 H9.00CT8TO'lHOl! IIH-

T9HCIIBHOCTII Hel!TpOHHbiX ny'IKOB II IIX H9MOHOXpOM8TII'lHOCTII, T8K H !f3-38 HII3KOl! Scpcp9KTIIBHOCTh 

.Q9T9KTOpOB Hel!TpOHOB. no9TOMY npe.QCT8BnH9TCH IIHTepeCHbJM paCCMOTpeTb BOllpOC 0 38M9H9 

XOTSI 6bi 'l8CTII 9TIIX 9KCnep11M9HTOB C np -paCC9 SIHII9M OllbJT8MII no onpe.aeneHII~ nonS!p1138-

UIIOHHbJX COCTOS!HIIl! 'l8CTIIU np11 ynpyroM l pD I -pacceSIHIIII, HecMOTpS! H8 M9HbWHe Benll'liiHbl 

C9'l9HIIA 9TOrO npouecca He06XO.OIIMOCTb p e riiCTpaUIIII niiWb 38pH:>K9HHbiX 'l8CTIIU, MOH09HepreTII'l" 

HOCTb o6eHX 'l8CTIIU nocne p8CC9SIHIISI, II B03M O:>KHOCTb IICllOnb30B8Tb Bee bM8 IIHT9HCIIBHbl9 II 

MOHOXpOM8TII'lHbJ9 npOTOHHbl9 ny'IKII ,aena~T B03MO:>KHOCTb T8KOl! 38M9Hbl .OOBOnbHO llp11Bn9K8Tenb-

HOl!, 6y .a eM C'IIIT8Tb, 'ITO BbinOnHeHbl BCe He06XO.OIIMbl9 Ollb!Tbl no pp -ynpyroMy pacceHHII~ 

II B H8W9M pacnopS!:>K9HIIII IIM9~TCSI 'liiCneHHbJe 3H8'l9HHSI BC9X K09cpcp11UII9HTOB 8MnniiTY.Obl B 

COCTOSIHIIII C T ~ l. 3a.aa'la, T8KIIM o6pa30M, CBO.QIITCSI K BbJ6opy CIICT9Mbl Ollb!TOB, ll03BOnSI~llliiX 

BOCCT8HOBIITb 8MllniiTY.OY ynpyroro p8CC9SIHIISI HyKnOHOB .anSI COCTOSIHIIA C T ~0, T,e. K Onpe.ae

neHII·~ 10 .ael!CTBIITenbHbiX K09tPtPIIU119HTOB 9TOl! 8Mlln11TY.Obl. 

.[InS! pew eHIISI llOCT8BneHHOl! 38.08'111 Bblp8311M 8Mlln11Ty ,Obi ND -pacceSIHIISI A, B, C, .[1, E 

cl 6 
/2,3 / 

qepe3 aMnniiTY.Obl a, 6, c, , e, npiiMeHeHHble B pa oTe 

A 7 I 3 (a 
1 

+ b1 ) + (a 
0 

+ b 0 ) l 
T 

B 7 {3e 1 +e 0 l 
T 

( 1 ) 

c l!3(a -b)+(a -b)l 
3 1 1 0 0 
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D = ....,7_ 13 ( c:1+J1) + (c:o +Jo)l 
~ 

E = -r7 13 ( c: - J 1 + r c: - cJ 1 l 1 1 0 0 • 

3.lleCb HIDKHHe HH.lleKCbl 03H8'!810T H30TOnH'!eCKOe COCTOS!HHe CHCTeMbl LlBYX IIYKllOHOB, 

121 
npHMeHHM H.lle!O, pa3BHTYIO B I K 8H8llH3Y N D -pacce S!HHS!. 

Ha LlBHHblX no pacce S!HHIO HenonS!pH30B8HHblX npoTOHOB Ha HenonS!pH3DB8HHDA neATepHea o A 

x) XX) 
MHWeHH J H8A.lleM 

7 3 2 2 2 2 2 10 1<w1>0 + Tv'y[<w 7 >0 etg8-2<w6 >0 l= / A/ +2/B/ +!C/ +l7(/D/ + I E/ )=0 1 

5 _3 . 2 23 2 2 
I l<w > --rv'-[ <w > c:tg8- 2<w > l=/A/ - I C/+_(/D/ +IE/ )=0, 0 1- 0 " 2 7 0 6 0 2 ~ 

2 T 2 2 
I '11 ....,- <w > =ID / - I E / = 0 

0 7 0 3 
Sin e 

(2) 

l7 v' 3 < w > "' Re (A + C ) B * = 0 
0 2 4 0 4 

10 13 < ; y'>
0 

- _s_ vT < w > = f?'e (A -C) B * = 0 . 
2 2 4 0 6 

BhipaaHB A, B H T.Ll. qepea aMnnHTYLlhi a, 6, c , cl , e no cpopMynaM ( 1 ) , nonyttHM nS!Tb cooT

HoweHHA, CBSI3hiB8JOWHx aMnnHTYLl hi B coc TOS!HHS!X T =0 H T =- 1. 

01 ( e J .. f I 9 ( I a 1 1
2 

+ I b / + l7 I c: 11 
2 
+ l7 I cJ 1 1

2 
+ I• 11

2
1 + I "o 1

2 
+ I b o 12 

+ l7 I c: o 1
2 

+ ~2 I cJ o 12 + I e 0 1
2 + 

+ 6Re(a a* +b b* +l7 c: c:* +l7J cl* + e e*) l 
10 10 10 10 10 

7 2 2 2 2,. • "' 0 2 (8)"" T[9(jc 1 1 + jc/
1

1 )+ (jc:0 j +lcl0 IJ+ 6Re (c
1

c
0 

+ c/ 1 <1 0 ) + 

{3) 

+ ..4....[9Rea b* +Rea b* +3Re(a b* +b a*)] -v 1 1 0 0 1 0 1 0 

O.(e) "'-!-1Re(9c: cl* + c cl*) + 3Re(c cl* + c: cl*) l 
.. 7 11 00 10 01 

0
4 

( e J ~ Re [9a e* +a e* +3Re(a e* +a e*)) 
7 11 0 0 10 01 

0 (6) = _l_ Re [9b e* + b e* + 3(b e* +b e*)) 
6 9 11 00 10 01 

x) Ill 
06oaHatteHHS! .llSHhi B HaweA npe.llhi.lly we A pa6oTe 

) . Ill 
xx B HaCTOS!WeA pa6oTe, KaK H B pa6oTe , tte p ea I o6oaHatteHo cetteHHe pacceS!HH S! 

0 
He0011S!pH30B8HHOrO DY'IK8 1 .llelleHHOe H8 CTHKHHr-cpaKTOp. 
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I 

nanee, COBepllliiM B ( 3) npeo6pa30B8HIIe II -+ 1T - II Ill BOCllOJib30B8BU.:IIC b 113BeCTHbiMII 

CBOACTB8MII CIIMMeTpll'H: 8MllJIH:TY.ll 8,6, II T • .ll.J llOJIY'liiM B .llOllOJIHeHIIe K IIMeiOLUIIMCSI eme 5 He-

3aBIICIIMbiX COOTHOLUeHH:A, Bbipa:>KeHHbiX qepe3 NN- 8MllJIH:TY.llbl B T =0 II T = 1: 

0 ( 8'} 
I 

02(8'} 

(4) 

+_A_ [9Reaic* +Rea c*- 3Re(a c* + c o*)l 9 I 0 0 . I 0 I 0 " 

0 (8') =1._ Re [-9a e*- a e * + 3(a e* +a e * )] 
4 9 II 00 IO OI 

0 (8') = 2 ·Re[-9c e *- c e·* + 3(c e* + c e*)] 
6 T II oo 1o 011 

r.ae 8'- yron (c.u.M . ) B ND- pacceS!HIIII, COOTBeTCTBYIOLUifA NN -pacceS!HifiO H8 yron 1T- II 

( 11 -yron pacceSIHIISI a c.u.M . HyKnoH-HyKnoH), Ca~3b yrnoa 

A_ Sin ~ 
3 2 

Cos x_ 
2 

If 8' .ll88TCSI <i:JopMynoi!: 

(5) 

TaKH:M o6p830M Mbl H:M88M 10 ypaBHeHIIA .llJISI 5 KOMllJieKCHbiX BeJIII'llfH (aMll.iiH:TY.ll) II 

Heii3BeCTHOrO CTHKIIHr-<i:JEKTOp8 .aeATpOH8, nocne.llHIIA MO:>KeT 6b!Tb onpe.ae 'JieH 113 COllOCTBBJie-

141 
HilS! .aaHHbiX o nonS!pH:38UIIII uyKnouoa a pp- , np - 11 ND- pacceSIHIISIX · (a STOM cnyqae 

.llJISI Ollpe.aeneHl!SI 8MllJIIITY .ll OCT8eTCSI 9 ypaaHeHH:i!) n1160 113 He38BIICIIMbiX 9KCnep11 MeHTOB, Hanpw 

Mep, no HeynpyroMy ND- pacceSIHIIIO, n116o, H8KoHeu, MO:>KeT 6biTb Hcn o nb30BaHa ero pacqe:rHaSI 

BeJIH'liiH8 npH: K8KOM-nH60 pa3yMHOM npe.llllOJIO)!<eHHII 0 BH.lle BOJIHOBOll. <i:JyHKUIIII :U8li.TOH8, Bo 

acex cnyqaS!x KOJIII'leCTBO ypaaHeHHll., a npHHUHne, .aocTBTO'lHO .anSI onpe.aeneHH:SI BMnniiTY.ll NN 

pacceSIHIISI B COCTOS!HIIIf T =0, 

Ha6op onbiTOB .anSI aoccTaHoaneHHA aMnniiTY.llbi ynpyroro ND -pacceSIHIISI 

B 38KJIIO'l8HHe, BBH.llY Toro, 'ITO B pa3.nene III 
I I I 

pa6oTbi 6hrna .aonyweHa ow~~:6Ka , 

OCT8HOBIIMCSI ewe p83 H8 Ha6ope Ollb!TOB, He06XO.lliiMbiX .llJISI BOCCT8HOBJieHH:SI 8Mll!IH:TY.llbl ynpyro

ro ND -pacceSIHHSI. Y'lHTbiBBSI 3aMe'laHH:SI, c.aenaHHbie a HaCTOSillleA pa6oTe Bhime, CTIIKIIHr

<PaKTOp 6y.aeM C'liiT8Tb 113BeC TI!biM. 

B STHX ycnoBHSIX .anSI peweHIISI nocTaaneHHOA 38.ll8'lll Heo6xo.aiiMO 11:3 sKcnepiiMeHT8JibHhiX 

.ll8HHbiX H8li.TII ( npH: HeOnpe.aeneHHOll. o6u.;ell. ¢a3e) 9 .aeACTBIIT8libHbiX B8Jlll'l11H ( 5 MO.llyneA 

aMnniiTY .a 11 4 <Pa30BhiX yrna Me:>K.ay HIIMH) .anSI Ka:>K.aoro yrna pacceSIHHSI. OnbiThi no ynpyroMy 

ND-pacceSIHIIIO H e nonS!pH30B8HHoro ny'l:Ka Ha HenonS!pH30BaHHoll. MllllleHII no3BOJISIIOT HaATII 5 He-

I ll 
38BIICIIMbiX KOM6HH8UHA 8Mll1IIITY.ll (a He 6, K8K YK83biB8JIOCb B ), 
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I <w > = /A/
2 

+ !B/
2 + .£(/B/ 2 +/C/ 2 +/D/ 2+/E/ 2

) 
0 1 0 3 

:-y-1 1 2 2 1 2 2 
10 <w 6 >0 = -~v'- /B/ +/C/ -IE/ -(/DI -IE/ )Cos _g_ 

3 2 

2 2 
I < w > = ~ I I D I - IE I I Sin 8 

0 7 0 

10 <w
4
>

0 
"'2y2 Re(A+C)B* 

3 

1
0
<;y'>"" 2Re(A + LC)B*. 

3 

(6) 

Bonee TSDKenhiA B sKcnepHMeHTanbHOM OTHoweHHH onhiT no H3MepeHHIO Kosct.>cpHuHeHTa .ue nonSipHsa-

UHH npoTOHOB npH ynpyroM ND -pacceSIHHH .uaeT ewe o.uHo cooTHoweHHe Me*.UY aMnnHTy.na-

MH·: .. .. 
IP- (IP,.) In 

" 
I AI 

2 
+ /8/

2 
+ _1_ (/ B/ 

2 
+ l C/ 

1
- !D! 

1
- IE! 

2
) 

3 • (7) 
7' 

He.uocTaiOwee ypasHeHHe .anSI onpe.ueneHHSI Mo.nyneA at-mnHTy .u MO)!{eT 6biTb nonyqeHo, HanpHMep, 

ecnH H3MepHTb H3MeHe HHe )( (HnH Z KOMnoHeHThl nonS1pH3BUHH HyKnOHOB B ynpyroM NO 
CTOnKHOBeHHH, 

.. 
I p" 
~ 

(P,.) In 

"'/A/
2 

+ l_ (2/C/
1

- 2 / D/ 1 + 2/E / 1 + / B/ 2 )+ __!Sin 28(/E/ 2-/D/ 1
) 

. 3 3 ( 8) 

-+ -+ 
npH ( p ) 

Y In ( p • )In "" 0 • 

HaKoHeu, .anSI HBXO*.UeHHSI cpa3 0B biX yrnos Me*.UY D H E c o.uHoA cTopoHbi H KaKoA-nH6o H3 

aMnnHTYll A, B, C c .npyroA, HY*HO npo s eCTH no KpaltHeA Mepe 2 onbiTa nH6o no H3MepeHHIO 

COCTOSIHHA nonS1pH38UHH .aeltTpOHB npH pacce SIHHH npOTOHOB, nOnS1pH30B8HHbiX B nnOCKOCTH (xz), 

H8 HenonS1pH30B8HHblX .aeATpOHBX, nH60 no H3MepeHHIO nonSipH 38UHH HyKnOHOB B nnOCKOCTH ( )( z ), 

B03HHK8IOLUeA npH paCCeSIHHH .neltTpOHOB C 38ll8HHOlt nonS1pH38UHelt HB HP.nOnRpH30B8HHOM BO.UOpo

.ue. HanpHMep, 

I <w, > 

( p x ) In 

~ 
( p •) In 

v' 2 I Re ( B D *Cos 
2_g_ + BE* Sin 2 ~) - ~ I m ( CE *Sin 0 + CD* Sin 0) 

3 2 2 
-+ -+ 

n pH ( p ) I = ( p ) I = 0 , 
y n • n 

2 () 2() (9) "" v' 1_ I ~ Re ( BD *Sin 0 - BE* Sin 0) - lm ( CE *Sin _ + CD* Cos _ ) 
3 2 2 

-+ -+ 
npH (P ) "" ( P ) = 0. 

x In y lo 

npHBe.aeHHhllt Bb!We B KB'Ie CTBe npHMepa Ha6op o n biTOB .anSI BOCCT8HOBneHHSI ynpyrolt NO 

aMnnHTYllbi no3BOnSieT O.UH03H8'1HO onpe.uenHTb Mo.uynH Kosct.>ct.>H uHeHTOB A, B, C, 0 , E • O.nHaKo 
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CTpyKTypa 9THX ypaBHeHHA TaKOBa, 'ITO O.OH03Ha'IHOe onpe.aeneHHe cPa30BblX yrnoB Me)K.Qy aMnnH

Ty .QaMH Tpe6yeT B 06ll.leM cnyqae npOBe.QeHHSI pSI.Qa .OOITOnHHTenbHbiX OITbiTOB. 
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