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HeATpOHHbiA KaHan B peaKUHH aaxBaTa tJ. -M930HOB CnO)f(HbiMH Slllpa-

MH no-npe>KHeMy npHBneKaeT 6onbwoe BHI!MaHHe. 3KcnepHMeHTanbHoe non

TBep>~<aeHHe Hll9H 0 B036y>Kil9HHH KOnneKTHBHbiX COCTOSIHHA ( rHraHTCKHit 

/1/) -pe30H8HC npH 38XBaTe tJ. -M930HOB S!llp8MH naeT B03MO>KHOCTb pac-

npOCTp8HHTb STY KOHUenUHIO H8 WHpOKHit Kpyr SJBneHHit, CBSI38HHbiX C norno-

1119HH9M ,.,.- -MeaoHoB. OnHaKo cneKTp HeitTpoHoB, o6paay10111HXCSJ B peaynh

TaTe pacnana COCTOSIHHA rHraHTCKoro p930H8HC8 1 SIBnSJeTCSI llOBOnbHO MS!r

KHM1 H BKnBil 9TOrO M9X8HH3M8 B o6naCTb 9HeprHit 10 M 9B H BbiiJie CTB

HOBHTCSI H93HaqHTenbHbiM. npH TBKHX 9HeprHSIX p93KO B03paCT89T ponb npH

MOrO MexaHH3Ma HcnycKaHHSJ HeATpoHa. HMeeTcSJ noBonbHO 6onhwoe qHcno 

- /2/ 
pa6oT no p. -aaxBaTy, BbinOnHeHHbiX B paMKax TaKoro nonxona • OnHaKo 

nocnellOBBT9nbHbie pacq~Tbl 1 yqHTbiB810111H9 Bee OCHOBHbie MOM9HTbl MOilenH1 

OTCYTCTBYIOT. 

B HacToHmeA pa6oTe nenaeTCSJ nonbiTKa nonyqHTb HH<iJopMaUHIO o BnHSJHHH 

paanHqHbiX <iJaKTOpOB H8 npouecc tJ.- -38XB8T8 C BbineTOM HeitTpOH8. 

HaMH paccMoTpeao BnHSJHHe penSJTHBHCTCKHX qneHoB B a<il<lleKTHBHOM 

raMHnbTOHH8H9 ,.,.- -38XB8T8 H.B38HMOil9ftCTBHSI B KOH9qHOM COCTOSIHHH H8 

CKOpOCTb tJ. -38XB8T8 1 cneKTp HeltTpOHOB H 8CHMM9TpHIO HX yrnOBOrO pacnpe

neneHHSio 8onHOB8SI <iJyHKUHSI KOHeqHoro COCTOSIHHSI 6panacb BHTHCHMMeTpHqHoit 

no BCeM HyKnOHBMo npH BbiqHCneHHH MBTpHqHbiX sneMSHTOB yqHTbiBBnHCb 06-

MeHHbie qneHbi. 
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Bee pac'I~Thi rrposeaeHhi l!JJH rrpouecca 

11 + 
4 

He .... 8 H + n + v (I) 

4 
Bbt6op Hapa He B Ka'leCTBe o6'heKTa HccneaosaaHH o6ycnosnea cneayJOIUHMH 

<f>aKTopaMH: oTHOCHTeJJbHSH rrpocToTa BOJJHOBhiX <f>yaKuHil: 4 He H 3 H rro-

3BOJJHeT aaaeHTbCH aa To, qTo Mo~ao 6yaeT rrony'IHTb 6onee aaae~ay10, qeM 

B cnyqae cno~HhiX Haep, Ha<f>opMauHJO o MexaHH3Me rrpouecca. Mo~ao 

O~HaBTb0 qTo H B CJJy'iae 6onee TH~eJJbiX Hl!ep C 38MKHYThiMH rroao6oJJO'iK8'7 

MH X8p8KTep B03aeii:CTBHH H3yqaeMbiX <f>aKTOpOB 118 BbiCOKOSHepreTHqayJO 

'ISCTb CIIeKTpa H BCHMMeTpH!O aeii:TpOHOB He H3MeHIITCH CyiUeCTBeaao, 

B pa6oTe HCIIOJJb3yeTCH TpaaHUHOHHhtil: a<f>¢eKTHBHhtil: raMHJJbTOHHaa 

- /3/ 
11 -3axsaTa , B aToM raMHJJbTOHHaae penHTHBHCTCKHMH,lWH cKopocTHhiMH, 

'IJJeHSMH 06bi'IHO H83h!B8JOT 'IJJeHbi 0 IIpOIIOpUHOHSJ!bllbie HMIIyJJbCY HYKJJOHa, 

HcxoaH H3 aaaaoro B3aHMoaeil:cTBHH, Mo~ao rronyqHTb cneayJOmee Bhtpa~e

HHe llJIH CKOpOCTH 11- -38XB8T8 B peaKUHH (1): 

d w - f 2 (E) 3 

---=Canst y'E I [A. (E)+ B. (E) Cos 8 ] 
dEd!l [l+f(E)] l=t 1 1 

( 2) 

rae E - aaeprHH oTaocHTenbaoro llBH~eaHH aeii:Tpoaa H Hapa-ocTaTKa, 
.... n - H8IIp8BJJeHHe HMIIYJJbCS p OTHOCHTeJJbHOrO llBH~eHHH aeiiTpoaa H 

Hnpa-ocTaTKa, f(E) = v'l+2 ~ -1 ( 
- aaeprHH, BhiileJJHIO!UBHCS! B 

peaKUHH 0 M - cyMMapaaH Macca aeii:Tpoaa H Hapa-ocTaTKa, (} 
- yron 

.... 
H crrHHOM 11--Me3oaa, A

1 
(E) H B 

1 
( E ) ( i =1,2,3)-Me~ay BeKTOpOM p 

6HJJHHeHHbie KOM6HH8UHH MBTpH'IHhiX aneMeHTOB, IIpH'i~M HaaeKCOM IIOMe'leH 

BKJJaa, o6yCJJOBJJeHHhiH 'IJJeHSMH raMHJJbTOHHaHa, He 38BHCHIUHMH OT HMIIYJJbCS 

HyKJJOHB (He CKOpOCTHblMH 'lneHSMH) 0 HHil9KCOM 2 - BKnaa OT HHTep<f>epeHUHH 

CKOpOCTHhiX H He CKOpOCTHbiX 'ineHOB H HHlleKCOM 3 - BKJI8l!
0 

o6ycnOBJJeHHbiil: 

4 

lf.J' 

····'I 
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,, 

\ 

~ 

I 

I 

TOJJbKO cKopocTHhiMH 'lneaaMH, OrrpeaenHM aH 

H acHMMeTpHJO a (E) cneayJOIUHM o6pa3oM: 

_J_~=Jd!l 
dE 

dw 

dE dO 
a (E) 

8 
~ B 

I= I 

B Ka'leCTBe sonaoBhiX <f>yaKuHil: Haep 4 H 

HOCTb!O CHMMeTpH'illbie !flyHKUHH S -COCTOHHI! 

Bbi6paaa. B BH)le rayCCOHahi, IIapaMeTpbi KOTOJ 

KBanpaTHqHhiM paaHycaM Hnep 
4 

He H 
3 H.! 

"-
COCTOHHHH yqTeHO IIOCpeacTBOM OIITH'ieCKOrO 

H o6'heMHhiM rrornomeaHeM 
/4/ 

PaC'i~T CIIeKTpa H BCHMMeTpHH nposeaeJ 

3YJJbTBThi rrpHBeaeahi aa pHc, 1-3. Ha ocaosa 

MO~HO IIpHHTH K CJJe)lyJOIUHM 38KJIIO'i9HHHM, 

1. AcHMMeTpHH yrnosoro pacrrpeneneHHSl 

peaenHeTCH CKOpOCTHhiMH 'IJI9H8MH raMHJ!bTOH 

HOCTH 0 8TO 03H8'18eT, 'ITO OUIH60'1Hhl BCe BhiB 

118 B03MO~HOCTH rrpeaCTSBJJeHHH Koa<f><f>HUHeHTl 

a(E) a a (E) {3N(E) 

rae a if (E) - aCHMMeTpHH rrpH 38XBaTe 11 

f3 N (E) - <f>aKTop, y'IHThiBSJOIUHA CTpyKTypy s 

neACTBHTeJJbHO, Bbipa~eaHe ( 4) MO~eT 6b!Tb 

~eHHH CKOpOCTHhiMH 'IJJeHaMH H IIpH OTCyTCTB: 

aeii:CTBHH B KOHe'IHOM COCTOHHHH, 

2, B3aHMOileil:cTBHe B KOHe'IHOM COCTOHf 

BnHHHHe HB 8CHMMeTpH100 IlpH'i~M 0118 MO~eT 

BoaopOilHOil: IIO a6COJJJOTHOH BeJJH'IHHe, 
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ce pacq~Thi rrpoaeaeHhi an>~ rrpouecca 

+ 
4 

He __, 3 H + n + J.l (I) 

51apa 
4 He B Ka'leCTBe o6'heKTa n:ccneaoBaHHH o6ycno8neH cneayJOlllHMH 

MH! oTHocn:TenhH8H rrpocTo'ra BonHOBhiX cf>yHKUHii 4 He n: 3 H no-

H8):{e>!TbC>! H8 T01 'ITO MOMHO 6yaeT llOny'IHTb 6onee H81leMHYJ01 '!eM 

e cnoMHhiX Haep, n:Hcf>opMaUHJO o MexaHI:IaMe rrpouecca. MoMHO 

, 'ITO n: B cnyqae 6onee THMenhiX >~aep c aaMKHYThiMI:I rroao6onoqKa

KTep B03}:1eHCTBH>! n:ayqaeMbiX cf>aKTOpOB H8 BhiCOK09HepreTH'IHYJO 

rreKTpa H 8CHMMeTpl:l!O Hei1TpOHOB He l:l3MeHIITC>! cymecTBeHHO, 

pa6oTe HCIIOnhayeTC>! Tp8/ll:!UHOHHhiH acf><!JeKTI:!BHhiH raMI:Inh'rOHI:l8H 

/3/ 
axaaTa • B aToM raMHnhTOHHaHe penHTHBHCTCKHMH,HnH cKopocTHhiMH, 

o6bi'IHO Ha3hiBaJOT qneHhi 1 rrporropuHoHanhHhie n:Mrrynhcy HyKnoHa, 

H3 J:18HHOrO B38HMOlleHCTBH>!1 MOMHO rrony'IHTb cneayJOmee Bh!p8Me

CKOpOCTH ~- -3aXB8Ta B peaKUHH (1): 

d w - f 2 (E) 3 

--= Const vE I [A (E)+ B (E) Cos (} ] , 
Ed n [ 1+ r< E)] I= I 1 1 

( 2) 

- 9HeprHH OTHOCHTenhHOrO llBHMeHH>! HefiTpOHa H >!llp8-0CT8TK81 
--> 

H81lp8BJ1GHHe HMilynbCa p OTHOCHTenbHOrO LlBHMeHHH: Hei1TpOH8 H 

ttTKa, f ( E ) = v 1 + 2 !..:J- -1 , £ - aHeprHH, BhiLlenHJOlllaHCS! B 

M - CyMMapH8>! M8CC8 Hei1TpOH8 H >!J:1p8-0CT8TK8, (} - yron 

p H crrHHOM ~- -MeaoHa. A 
1 

(E) H B 
1 

( E ) ( i =1,2,3)-

HhJe KOM6HH8UHH M8TpH'IHh!X aneMeHTOB1 llpH'I~M HHlleKCOM llOMe'leH 

6ycnoBJIGHHhiH qneH8MH raMHnhTOHH8H8, He 38BHC>!lllHMH OT HMITynhC8 

(He CKOpOCT!IbiMH qneH8MH), HHlleKCOM 2 - BKn8ll OT HHTepcf>epeHUHH 

hiX H He CKOpOCTHbiX 'lneHOB H HHJ:1eKCOM 3 - BKnaa, o6ycnoaneHHblH 

4 

..... 

i(' 
-·~, 

. i'"' 
' (~ . 

~ jJ'~/<"'•1 .. ~.~~~ ~ 

'·1~. 
··f· 

ll 
,,'J 

' j I 

dw 
TonbKO cKopoCTHhiMH qneHaMH, OrrpeaenHM aHepreTH'IeCKH:l!: crreKTp ~ 

H acHMMeTpHJO a (E) cneayJOillHM o6paaoM: 

dw ---= 
8 
I 

1=1 

8 
B(E)/IA(E). 

I 1=1 I 
(3) dw a(E) fdO 

dE dE dO 

B Ka'leCTBe aonHOBhiX cf>yHKUHH >~aep 4 He H 
3 H 6hmH B3HThi rron-

HOCThJO CHMMeTpH'IHbie cf>yHKUHH S -COCTO>!HH>!, PallH8JibH8>! 38BHCHMOCTb 

Bbi6paHa B BHlle rayccOHllhi, rrapaMeTphi KoTopoll: orrpeaeneHhi no cpeaHe-

KBaapaTH'IHhiM paan:ycaM >~aep 4 
He H 

3 
H, 1 BaaHMoaell:cTBHe a KoHe'IHOM 

\~.-· 

COCTO>!HHH yqTeHO rrocpeacTBOM OllTH'IeCKOrO llOTeHUH8JI8 C llOBepxHOCTHbiM 

/4/ 
H o6'heMHhlM rrornomeHHeM 

Pacq~T crreKTpa H acHMMeTpHH rrpoaeaeH no cf>opMynaM (2)-(4); pe

ay nbTBTbJ rrpHBeaeHhi Ha pH c. 1-3. Ha ocHoBaHHH rrony'leHHhiX peaynhTaToB 

MOMHO llpH:i!:TH K cneayJOlllHM 38KJIJO'IeHH>!M, 

1. AcHMMeTpHSI yrnoaoro pacrrpeaeneHHH cymecTBeHHhiM o6paaoM orr-

- /5/ B 
peaen>JGTC>! CKOpOCTHh!MH 'lneHaMH raMHJihTOHH8H8 p. -38XB8T8 , '18CT-

HOCTH1 9TO 03H8'18GT1 'ITO OUJH60'1Hhl BCe BbiBOllbi 0 KOTOpbie OCHOBh!BanHCb 

H8 B03MOMHOCTH 1IpGllCT8BneHH>! Ko3cf>cf>HUHGHT8 8CHMMGTpHH B BH}:19 

a(E) aH (E) {3N(E) (4) 

rae a 
11 

(E) - aCHMMeTpHH rrpn: aaxsare p. -MeaoHoB Ha aoaopoae, a 

{3 N (E) - ¢aKTop, y'IHTbiBaJOillHll: cTpyKTypy >~apa, rrpH'I~M I f3 N( E) I < 1 

ne:i!:CTBHTenbHO, BblpaMeHHe ( 4) MOMGT 6b!Tb IIOJIY'IGHO TOJihKO B rrpeHe6pe

)!{eHHH CKOpOCTHbiMH qneH8MH H llpH OTCyTCTBHH CllHH-Op6HT8JibHOrO B38HMO

aefiCTBH>! B KOHe'IHOM COCTOSIHHH, 

2. BaaHMOllefiCTBlie B KOHe'IHOM COCTO>IHHH OK83biB8eT 3H8'1HTeJibHOe 

BJIH>!HHe Ha 8CHMMeTpH10 0 llpH'I~M OH8 MOMeT CT8Tb 3H8'1HTenbHO 6onbiiie 

BOllOpOilHOfi ITO a6COJIJOTHOH BenH'IHHe, 
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PHc. 1. AcHMMeTpHR yrnosoro pacnpeaeneHHR. BaaHMoaeAcTsHe s KoHe'I

HOM COCTORHHH He y'IHTbiB89TCR, 1 - CKOpOCTHbl9 'ln9Hbl Y'IT9Hbi; 2 - CKO

pOCTHbi9 qneHbi orrymeHbio 

0.1{ 

~2 

E~ Me.V 

-0.2 

-0,'1 
PHc. 2. AcHMMeTpHR yrnosoro pacrrpeaeneHHR. BaaHMoaeAcTsHe s KoHe'I

HOM COCTORHHH Y'IT9HOo 1 - CKOpOCTHbl9 'ln9Hbl Y'IT9Hbl; 2 - CKOpOCTHbJe 

qneHbi onymeHbi. 
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PHc. 3. 3aepreTH'IeCKHA crreKTp. 1 - y'IT9Hbi cKo 

aeACTBHe B KOH9'1HOM COCTORHHH; 2 - B38HMoaeA 

HHH He Y'IHTbiB89TCR 1 CKOpOCTHbie 'ln9Hbl Y'IT9Hbl; 

KOH9'1HOM COCTORHHH Y'IT9H01 CKOpOCTHbl9 qneHbl ( 
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pHH yrnoaoro pacnpeneneHHH. BsaHMoneftcTBHe a Koueq

e Y'IHTbiBaeTCSI, 1 - CKOpOCTHble qneHbl yqTeHblj 2 - CKO

nymeHblo 

E; Me.V 

eTpHSI yrnoaoro pacnpeneneHHH. BsaHMoneftcTaHe a Koueq

yqTeHo. 1 - CKOpOCTHbie qneHbl yqTeHblj 2 - CKOpOCTHbie 
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PHC, 3, 3HepreTHqeCKHft cneKTp, 1 - yqTeHbl CKOpOCTHble qneHbl H B38HMO

neftCTBHe B KOHeqHOM COCTOHHHHj 2 - B38HMoneftCTBHe B KOHeqHOM COCTOSI

HHH He yqHTbiB8eTCSI 0 CKOpOCTHble qneHbl yqTeHbl t 3 - B38HMOneftCTBHe B 

KOHequoM COCTOSIHHH yqTeHO, CKOpOCTHble qneHbl onymeHbl, 
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8. yq~~ CKOpOCTH~X qneHOB B F8MHnbTOHH8He MO*eT npHBeCTH K yBe

nHqeHHID cxopocTH ~ -saxBaTa npH6nH3HTenbHO Ha 50%. BsaHMoneAcTBHe 

B KOHeqHOM COCTOHHHH 38MeTHO CK83biB8eTCg Ha cneKTpax, XOTH BenHqHH8 

CKOpOCTH 38XB8T8 npaKTHqecKH He OTnHqaeTCH OT B~qHcneHHOA B DnOCKO

BOnHOBOM npH6nHmeHHHo B cnyqae OTKniDqeHHH MHHMOA qaCTH B fiOTeHuHane 

BenHqHH8 CKOpOCTH 38XB8T8 cymeCTBeHHO OTnHqaeTCH OT nonyqeHHOA B 

nnocxosonHoBoM npa6numeHHH. 
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