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B nocneuHBe rOAhl 3Ha'IHTenbHO BblpOCnO 'IHCnO pa6oT, B KOTOpbiX 

accneuyeTCH uenonHpHaanBH oTpBuaTenLHbiX MIOOHOB B semecTBe. Oco6oe 

BHHMaHHe B STHX pa6oTaX yuenHeTCSI paceM OTpeHHIO B03AeACTBHSI OKpy>KaiO-

-meA cpeuhl aa uenonHpaaauHIO M~OHOB B MeaoaToMax B npouecce .Hx o6pa-

30BaHHSI H nocne 38Bep1UeHHSI CTaAHH KaCKaAHbiX nepeXOAOB B OCHOBHOe 

COCTOSIHHe, Ha XHMH'IeCKHe peaKUHH C MeaoaTOMOM. B npeAblAYIUHX HaiUHX 

/1 2/ ' 
pa6oTaX t STH BOOpOCbl DOApOI5Iio o6Cy>KAaiOTCSio 

B uaHHOA pa6oTe HccneuyiOTCSI, B OCHOBHOM, TpH Bonpoca: 1) aaxsaT 

MIOOROB paanH'IHhiMH KOMDOReHTaMH B XBMH'IeCKHX COeAHHeHHHX, 2) uenonH

pH3aUHSI OTpHUaTenLBblX MIOOHOB B pSIAY anH«<JaTH'IeCKHX CDHpTOB, 3) TeMnepa

TypHaSI 3aBHCHMOCTb uenonHpH3aUHH B STHnOBOM CDHpTe, 6eaaone H CTHpo-

ne. 

UenonHpH3aUHSI H3MepHnaCb MeTOAOM DpeueCCHH MIOOHa B MarHHTHOM 

none. AnnapaTypa AnSI onpeueneHHSI OCTaTO'IHOA DOnHpH38UHH MIOOHOB H HX 

/3/ 
BpeMeHH >KB3BH onHcaaa paaee • MaMepeHHSI BbiDOnHeHbi aa cenapHposaa-

HOM ny'IKe OTpHUaTenLBblX MIOOHOB C HMDynLCOM 150 Mas/c H3 Me30HHOro 

KaHana CHHXpOUHKnOTpOHa QJ1gJ1 C DpHMeCbiO OCTaHOBOK DHOHOB MeHbiUe 

0,002. McnonLaosancH pacTHHYTbiA so BpeMeHH ny'lox, nHIDeHHbiA apeMeaaoA 

CTpyKTypbl, C DOnHpH3aUHeA 0, 75;t,0,04 7 • 

J1MnynLCbl OT OCTBHOBOK MIOOHOB ( OT Tpex C'leT'IHKOB B COBDaAeHHH) 

H OT aneKTpOBOB pacnaua (OT Tpex C'leT'IHKOB B COBD8AeHHH) ynpaBnHnH 

pa6oToft xoaaepTopa, xoTOpbifl: npeo6paaoBbiBan apeMeHaofl: HHTepaan Me>Kuy 
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:3THMH JlBYMH HMnynhCaMH B CHI'Han nepeMeHHOA: aMnnHTYJlbi JlnH pei'HCTpa

UHH 100-KaHanhHbiM aHanH3aTOpOM C lUHpHHOA: KaHana 74 HCeK·. Hcnonh30-

BanaCh CHCTeMa 6nOKHpOBKH BXOila aHanH3aTopa npH nOHBneHHH BTOpOI'O 

HMnynhCa OT OCTaHOBOK M~OHOB HnH OT aneKTpOHOB B HHTepsane 12 MKCeK 

'llo' Hyns speMeHH 8 MKCeK - 'nocne•. 3neKTpOHhi pacnalla perucTpHposa-

2 2 
nHCh B Te'leHHe 4 MKCeK. MHIUeHH 120x120 MM H TOnll(HHOl! OKOno5r/cM 

noMemanHCh B Mai'HHTHOe none HanpH~eHHOCTh~ 50 I'Co OonpaBKH B 3Ha'le

HHH Koatfxi>HuHeHTa aCHMMeTpHH Ha pa3Hbie TOnll(HHbl MHIUeHell He npeBOCXO

IlHnH HeCKOnhKHX npoueHTOB. 

06pa6oTxa speMeHHoro pacnpelleneHHH aneKTpoHoB pacnalla npouaso

llHnach Ha 38M MeTOllOM HaHMeHblUHX KBallp&'I'OB. LlnH o6pa60TKH HCnOnh-

aosanoch Bbrpa~eHHe 

) 
_, 

~ ( t) = H l_l -1: ~ ~~ ( w t -1: 8 . I exp (- t T ) + C 

I'lleH(tJ- 'IHCnO OTC'IeTOB B KaHane aHanHaaTopa B MOMeHT BpeMeHH t 

T - BpeMH ~H3HH M~OH8 1 a -Koa<fl<fJHUHeHT BCHMMeTpHH aneKTpOHOB pacnalla, 

8 -HB'IBnhHBH !flaaa1 o6ycnosneHHBH reoMeTpHell yCTBHOBKH 1 C -noCTOHHHbill 

BO BpeMeHH !floH1 W ~'laCTOTa npeuecCHH cnHHa M~OHa B Mai'HHTHOM none. 

n~ o6pa6oTKe BapbHposanHCh senH'IHHbl 'H I T •• a I 8 • 3Ha'leHHe cH-' 

He npeBOCXOllHnO HeCKOnhKHX npoUeHTOB. 

LlnH oueHKH O~H)laeMOl! senH'IHHbl OCTBTO'IHOA: nonHpH3aUHH B Bell(eCT-

BaX1 COilep~all(HX KHCnOpOll H yrnepOil 1 cne)lyeT 3H8Th BepOHTHOCTh nOCBil

KH M~OHOB Ha aTH aTOMbi. J1ccnellOBaHHe OTHOCHTenhHbiX BepOHTHOCTel! 

3BXBaTa OTpHUaTenhHbiX M~OHOB 8TOMBMH 1 BXOilHII(HMH B COCTaB XHMH'IeC-

KOI'O COellHHeHHH 1 npellCTaBnHeT TaK)Ke CaMOCTOSITenhHbill HHTepec. HaMepHH 

BpeMH ~H3HH M~OHOB1 MO~HO onpellenHTh aTy senH'IHHy1 HO TaKoA: MeTOil 

/4/ 
06bi'IHO HCnOnhay~T ( CM. 1 • HanpHMep, ) ,. KOI'IlB BpeMeHa ~H3HH T I KOM-

noHeHT coellHHeHHH cHnhHO paanH'Ia~TCH. B Jlpyrux cnyt~asx sepoHTHOCTh 

. /5/ 
n9CBilKH onpellenseTCH no HHTeHCHBHOCTH MeaopeHTI'eHOBCKHX nHHHA: • 

4 
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0nHaKO llnH CmipTOB OTHOlUeHHe nOCBilKH Ha BTOMbl KHCnOpOJla 

HeH3BeCTHO. 

Hcnonh3YH TO o6cTOHTenhCTBO, 'ITO aTOMHbiii aaxBaT B c 

npOHCXOiliiT HB nei'KHe aTOMbl 1 BpeMeHa ~H3HH M~OHB B KOTOJ: 

= 2,045:!:_0,005 MKCeK H T 0 = 1,84:!:_0,0 1 MKCeK) OTnH'IB~TCH m 

llBYXKOMfiOHeHTH)'~ KpHBy~ pacnalla C Te H TO C xopoweA: TO'I 

annpOKCJIMIIpOBBTb KpHBOil C T , BenH'IHHB KOTOpOI'O 3aBHCHT 0 

u oT •mcna o6paaosaswuxcs MeaoaToMOB H c H Ho : 

H -l H -l H r-' . r = ere + o o , H = H0 +He . 

0Tc~lla cnellyeT, ·'ITO llOnsr M~OHOB, aaxsa'leHHhiX aToMaMH Kl 

Mo~eT 6biTh onpelleneHa aKcnepHMeHTanhHO b = Ho ~1 
=T0 T-J I 

3Ha'leHIISI b TBK ~e, KBK H T 1 H3MepeHHble llnSI pHilB ann¢,aTI! 

TOB1 llBHbl B Ta6nHUe 1. 

8 Bblpa~eHHH llnH 6 He y'IHTbJBaeTCSI BKnall OT BOilOPOilf 

/6/ 
KBK noKaaanH onWThl 1 38XBBT M~OHOB XHMH'IeCKH CBH3BHHl 

nollaBneH B cnupTax 6onee 'leM B cTo pas. 3ToT ~e BhlBOil c 

H81UHX H3MepeHHil BpeMeHH ~113HH OTpHUBTenhHbiX M~OHOB B 

HanpHMep, B 6eH30ne BpeMH ~H3HH T = 2.104 ±. 0,007 Jlt¥CeK 

OT Te • 

OueHHM o~HilaeMoe aHa'leHHe sepoHTHOCTH b nocallKH M 

KHCnOpOil. 0onaraeM1 'ITO B XHMH'IeCKOM COellHHeHHH THna zk 
/6/ 

Be)lnHB Z -aaKOH 4>epMH-Tennepa HB CTBilHH 38XBaTa M~OH 

pbiBHOI'O cneKTpa B JlHCKpeTHbiH 1 T.e. nonHaSI BepOHTHOCTh 06 

aaxsa'leHHbiH M~OH B KaKoii-nu6o o6nacTH MoneKynhr nponopu 

aneKTpOHOB B aTOll o6nacTH. EcTeCTBeHHO nonaraTh, 'ITO N 

IUHe HB BOil0pOil 1 nepeXBBTbiBB~TCH XHMH'IeCKH CBSI38HHhlMH C 

MH z HnH Z', TOI'IlB )lOnH M~OHOB b J 1 38XBB'IeHHblX BTOMBMI 
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0nH8KO JlnH CIIHpTOB OTHOlll9HHe IIOC8JlKH H8 8TOMbl KHCnOp0Jl8 H yrnepOJl8 

H9H3BeCTHO, 

l1cnonb3YH TO o6CTOHTenbCTB01 'ITO STOMHblll 38XB8T B CIIHpT8X 

npOHCXOJliiT H8 nerKHe 8T0Mbl1 BpeMeHa )I(H3HH MIOOH8 B KOTOpbiX ( T C 

= 2,045~0,()()5 MKCeK H T 0 = 1,84~0,0 1 MKCeK) OTnH'I810TCH nHlllb H8 10%, 

JlBYXKOMIIOHeHTHYIO KpHByJO p8CII8Jl8 C Tc H TO C XOpOlllell: TO'IHOCTbiO MO)I(HO 

annpOKCIIMIIpOB8Tb KpHBOfi C T , BenH'IHH8 KOTOpOrO 38BHCHT OT TC H TO 

11 oT qncna o6paaoBaBll!IIXCH MeaoaToMOB N c H No : 

Nr-'=Ncrc' +Nora'; N = N0 +He . 

0TCJOJl8 cneJlyeT, 'ITO JlOnH MIOOHOB1 38XB8'1eHHblX 8TOM8MH KHCnOp0Jl8 1 

MO>KeT 6bJTb onpeJleneHa aKcnepHMeHTanbHO b ;;;, Nolr 1 =r0 r-
1 

(rc-r)(rc -rJ-'· 

3Ha'leHI!H IJ TBK )l(e 1 K8K H T 1 H3MepeHHbl9 JlnH ps:!Jl8 ann¢oaTH'I9CKHX CIIHp-

TOB, Jl8Hbl B T861IHU9 }, 

8 Bblp8>K9HHH JlnH b He y'IHTbJB8eTCH BKn8Jl OT BOJlOPOJl8 1 IIOCKOnbKy, 

/6/ 
K8K IIOK838nH OIIblTbl 1 38XB8T MIOOHOB XHMH'IeCKH CBH38HHbiM BOJlOpO,'lOM 

IIOJlBBneH B CIIHpTaX 6onee '19M B CTO pa3, 3TOT )l(e BbJBOJl cneJlyeT H3 

H8WHX H3MepeHHii BpeMeHH )I(Jf3HH OTpHUSTenbHbiX MIOOHOB B yrneBOJlOPOJlSX; 

H8Ilf}HMep, B 6eH30ne BpeMH )I(H3HH T . = 2.,04 ~ 0,007 "tKC9K He OTnH'I89TCH 

OT T C ' 

OueHHM 0)1(HJl89MOe 3H8'19HH9 BepOHTHOCTH b IIOC8JlKH MIOOHOB H8 

KHCnopOJl, 0onaraeM1 'ITO B XHMH'I9CKOM C09JlHH9HHH THII8 Z l Z m Hn cnpa-

/6/ 
BeJlnHB Z -38KOH <J>epMH-Tennepa H8 CT8JlHH 38XB8T8 MIOOHOB H3 Henpe-

pbiBHOrO CII9KTp8 B JlHCKpeTHbili, T,e, IIOnHaH BepOHTHOCTb 06Hapy)I(HTb 

38XB8'19HHblll MIOOH B K8KOti-nH60 o6naCTH MoneKynbl IIpOIIOpUHOH8nbH8 'IIICny 

aneKTpOHOB B 9TOfi o6nacTH, EcTeCTBeHHO rronaraTb, 'ITO MJOOHbi, nonns-

WHe H8 BOJlOpOJl 1 rrepeXB8TbJB810TCH XHMH'I9CKH CBH38HHhlMH C HllMJI <lTO:O.I:l

MH Z HnH Z'. Tor}:la JlOnH MIOOHOB b I 1 38XB8'19HHblX 8TOM8MII KIIC'nOpO,l:l, 
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JJ.nSI pS!l18 cnHpToB MO)KeT ObiTb Bbi'IHCneaa; saaqeHHSI npHBeJJ.eHbi B TaonH

ue 1. lis cpaBHeHHSI b I C b BHllHO, 'ITO llOnSI MIOOHOB, saxeaqeHHbiX H8 

KHcnopoll, a cpeJJ.HeM B 1,44:!:,.0, 13 pasa oonbiiie, qeM aTo cneJJ.yeT HS 

COOTHOIIIeHHA, nony'leHHbiX H8 OCHOBe Z -saKoHa. EcnH BOOOUie He Y'IHTbiB8Tb 

BOllOPOll npH UOCSJ].Ke MIOOHOB, TO llOnSI MIOOHOB b2 1 SSXBS'leHHbiX KHCnopo

llOM, MeHbiiie SKCnepHMeHTanbHbiX SHS'leHHA B cpeJJ.HeM B 1,24:!:,.0, 11 pasa 

(eM. TaonHUY 1) • 
/61 

OueHHM aenH'IHHY b , HCnonbSYSI MoJJ.enb oonbiiiHX MesoMoneKyn 

Cornacao aToR MOJJ.enH, saMeTHaSI llOnSI a(z} Mesoaoe MO)KeT 3:lXBaTHTbCSI 

H8 MeSOMoneKynS!pHbie ypOBHH, ne)I{SIIlHe B oonaCTH BaneHTHbiX aneKTpOHOBo 

llOC8llK8 C STHX ypOBHe~ H8 HSOnHpOBSHHbJe ypOBHH OTJJ.enbHbiX 8TOMOB 

npOHCXOllHT nponopUHOHSnbHO z2 STHX 8TOMOB. lloCKOnbKY HSC HHTepecyeT 

S8XB8T 8TOM8MH C H 0 B CUHpTaX, npH Bbl'IHCneHHH a( z} HeOOXOllHMO 

npHHHMSTb BO BHHM8HHe UOMHMO CBS!Seft BOl10pOl18 C STHMH 8TOM8MH T8K)Ke 

CBSISH Me)Klly STHMH 8TOM8MH. TorJla J].nSI cnHpTOB clc H ,-IOH Bb!p8)KeHHe 

161 
a ( z) eMecTo Hcnonb3yeMoro a npHoopeTaeT BHll! 

a(z) = (aL n + ac0 +acC (lc-l}] (61c + n + 8,-1 

Koacll¢HuHeHTbi a y'IHTbJBaiOT, KaKaSI nonS! HS llBYX aneKTpOHOB, ocy

mecTBnSIIOIIlHX K8)KJJ.YIO BaneHTHyiO CBS!Sb, OTHOCHTCSI K OOUIHM opOHT8Mo llnS! 

161 
ceSiseR CH H OH HS aL = 1,3. 3aa'leHHSI acoH ace MoryT oTnH'laTbCSI 

OT STOR aenH'IHHbi, Ol1H8KO nono)KHM HX paBHblMH aL , UOCKOnbKY BenH'IHH8 

b ae o'leHb qyecTBHTenbHa K sHa'leHHIO aL ( aanpHMep, ero yeenH'leHHe 

c 1,3 no 2 yeenH'IHBaeT b Ha 5%). Bbi'IHcneHHble sHa'leHHSI b , ooosHa'leH

HbJe b 
3

, npHBelleHbi B TaonHue 1; npH aToM npennonaranocb, 'ITO JJ.nSI nonH 

( J -a (z} ] UOC8l1K8 MeSOHOB cnenyeT Z -saKOHY • lis TaOnHUbl BHllHO, 'ITO 

aTH aenH'IHHbi b 
3 

TaK*e B cpenaeM B 1,29:!:,.0, 11 pasa MeHbiiie aKcnepHMeH

TanbHbiX saaqeaHR. TaKHM oopasoM, aKcnepHMeHTanbHO HaoniOAaeTCSI oonb

IIIaSI aenH'IHHa b , 'leM aTo cnenyeT HS pasnH'IHbtX oueHOK. BosMO)KHO oT-

7 
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nocHTenhHO 6onee qacTaH rrocaaKa M~OHOB Ha KHcnopoa o6ycnosneHa 

/4/ 
SH8qHT9nbHO~ ero aneKTpOOTpHUaTenbHOCTb~ 

llerronHpH38UHH B CITHpTBX HCCneaoB8H8 HBMH B 38BHCHMOCTH OT Mone-

KynHpHOrO Beca CITHpTOB1 KOHU9HTp8UHH 9THnOBOrO CITHpTa B BOae H 0~ TeM

rrepaTypbl ( B MeTHnOBOM crrHpTe). HsMepeHHbi~ Ko9lPcjJHuHeHT acHMMeTpHH 

aneKTpoHoB pacrraaa JJ.nH paSHbiX crrHpToB rrpnseaen s Ta6nHue 2. Ha Ta6-

nHUbi BHaH01 qTo 8CHMMeTpHH pacTeT C MoneKynHpHbiM B9COM CITHpTa ( yse

nHqeHHe •mcna yrnepoaHbiX aToMos) OT 0,65 ac ao "'ac ( a c - KOa#H

uHeHT 8CHMMeTpHH B rpacjJHTe) ·;~ aoBOnbHO BenHKa. 

3uaqHTenbHaH HeHyneBaH acHMMeTpHH Mo>KeT 6biTb o6'bHCHeHa, ecnH 

cymecTBy~T M9X8HH3Mbl 1 ITpHBOaHIJJHe K KOMIT9HC8UHH rrapaMarH9TH3M8 

M9KTpOHHblX o6onoqeK M9308TO"'OB 6opa H 830Ta,- o6pasy~IJJHXCH ITpH 

38XB8Te M~OHOB 8TOM8MH yrnepoJJ.a H . KHCnOpOila. TaKaH KOMIT9HC8UHH 

aon>KHa rrpoHcxoaHTb sa speMeHa, Kopoqe speMeHH csepxTOHKoro saaHMo-

( -12 ae~CTBHH aneKTpOHHOrO H M~OHHOrO CITHHOB ;;! 10 CeK) H MOlK9T 

6 6 u /2/ 
b!Tb 0 ycnosneHa XHMHqeCKHMH B38HMoaencTBHHMH M9308TOM8 C o6-

p830B8HH9M aHaMarHHTHbiX COeaHH9HH~. noao6Hbl9 M9X8HH3Mbl Jl9~CTBy~ 

rrpH o6pa30B8HHH M9308TOMOB B BOae, 0 qeM CBHaeTenbCTByeT TeMrrepaTyp

/7/ 
aaBHcHMOCTb aerronHpHsauHH • HsMepeHHoe HaMH sHaqeHHe ocTaToq-HSH 

HO~ 
•. 0 

ITOnHpH38UHH B MeTHnOBOM CITHpTe ITpH 300 K COCTBBnHeT 0,0334~0,0022, 

a IT pH 830THO~ TeMITepaType YM9HbiJJ89TCH ao 0,0 174~0,0031, ITOK83b!B8H Ty 

>Ke TeHaeHuH~, qTo H B soae. 

Mo>KHO OU9HHTb 3HaqeHHe OCT8TQqHQ~ nonHpH38UHH B CITHpTe KBK 

cjJyHKUH~ qHcna 8TOMOB yrnepOJJ.8 H KHCnopoaa, ecnH HCITOnb30B8Tb aaHHbie
1 

KOTOpbie rrpHBeaeHbl BbiiJJe B Ta6nHUe 1, 0 ITOCaaKe M~OHOB H8 8TOMbl C 

H 0. EyaeM nonaraTb1 qTo OCTaToqHaH ITOnHpH38UHH M~OHOB B 8TOM8X 

KHonopoaa H yrnepoaa, BXOaHIJJIIX B COCTBB MO,'JeKyn CITHpTa, T8K8H >Ke 

KBK B rpacjJHTe H B 8TOM8X KHCnopoaa BOabJ, <l>aKTHqeCKH 9TO 3H8qHT
1 

qTQ 

Mbl rronaraeM HecymecTB9HHbiM B03MO>KHOe paanHqHe B M9X8HH3Me KOMITeH-
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cauHH rrapaMarHeTH3Ma aneKTpOHHbiX o6onoqex H nHHaMHKH HX rrepeaarron-

HeHHH aneKTpOH8MH B 8TOM8X KHCnopona BOnbi H CIIHpTa, H B 8TOM8X yl'

nepona B rpa~HTe H B CIIHpTaX. rrpH 3THX rrpenrrono~eHHHX K03¢¢HUHeHT 

aCHMMeTpHH a B CIIHpTaX OrrpenenHeTCSI COOTHOilleHHeM a = ( 1- b) aC + b a O , 

rne BenH'IHH8 b OIIpenenHeT non10 MIOOHOB, 38XBa'leHHbiX BTOMBMH KHCnO

pona, a 0 - K03~~HUHeHT BCHMMeTpHH nng BOnbi. Ben:&'iHHbl a H a I nnH 

3HB'IeHHlt b H b J H3 Ta6n. } IIpHBeaeHbl B Ta6n. 2. rrpH Bbi6paHHbiX 3Ha

'leHHSIX a C H a 0 'iyBCTBHTenbHOCTb a K BenH'iHHe b He 0'19Hb CHnbH8SI. 

M onenb 6onblliHX Me3oMonexyn KOcBeHHbiM o6paaoM anecb Y'iTeHa 

TeM, 'ITO nnH 0 0 B3HTO 3KC11epHMeHTanbHOe 3HB'I9HHe nnSI BOnbi
0 

rne. IIO

canKa MioOHOB H8 06IlleMoneKynHpHbi9 ypOBHH MO!:na naTb CBOlt BKnan B Be

nH'IHHy a 0 • Eonee IIpHMOlt Y'I9T MOnenH 6onblliHX M930MOnexyn, IIOMHMO 

rrpenrrono~eHHlt 0 3HB'IeHHHX K03~~HUH9HTOB a anSI Bbl'IHCneHHSI b ,Tpe6yeT 

3HBHHH BenH'IHHbl OCTBTO'IHOH IIOnHpH38UHH IIpH 3BXBaTe Ha o6meMonexynSip

Hbilt ypoBeHb 0 ero H3MeHeHHH IIpH rrepexone MIOOHB Ha paaneneHHbl9 ypOBHH 

Me30BTOMOB 0 a B HBCTOHillee BpeMSI MO~HO cnenaTb nHlllb OU9HKH 3THX Be-
/1/ 

nH'IHH 

PoeT BenH'IHHbl BCHMMeTpHH aneKTpOHOB pacrrana B CIIHpT8X IIpH 

yBenH'J.!'!HHH MOneKynHpHoro Beca CIIHpTa M0}1(9T 6b!Tb T8K~e cnenCTBH9M 

yBenH'IeHHH cpenaero Monexyns!pHoro Beca panHKanoB, B03HHKBIOIIIHX rrpH 

o6pa30B8HHH Me30BTOM8 0 yMeHbllleHHH CKOpOCTH HX nHtjxpy3HH
0 

H, cnenosa

TenbHO, yBenH'IeHHH HX KOHUeHTpaUHH H TeM CBMbiM pOCTa BepOSITHOCTH 

BcTyrrneHHSI Me30BTOMa B XHMH'IeCKyiO peaKUHIO, T.e. KOMIIeHCBUHH IIapaMar

HeTH3Ma aneKTpOHHOlt o6onO'IKH Me30BTOMa. 

LlnSI OUeHKH ponH OTMe'leHHblX Bbiille 3<fl~eKTOB 6bin8 H3MepeHa 38BHCH

MOCTb OCTBTO'IHOlt IIOnS1pH38UHH OT KOHUeHTp8UHH 3THnOBOrO CIIHpTa B BO

ne. 3TH naHHbie rrpHBeneHbi B Ta6nuue 3. TaM ~e naHbi senH'IHHbi, Bbi

'IHcneHHbie B rrpenrrono~eHHH 06 annHTHBHOCTH K09~~HUHeHTOB BCHMMeTpHH 

B 3THnOBOM CIIHpTe H Bone C y'leToM HX UOnH B paCTBOpe (rro Becy). XOTSI 
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aKcnepnMeHTanbHbie llBHHbie yKa3biBBIOT Ha 6onee 6biCTpbilt poeT acnMMeT

pun, qeM 3TO cnellyeT H3 ysenHqeHHH KOHUeHTp8UHH CIIHpT8 1 HO OWH6KH Be

nHKH H OTKnOHeHHe OT BllllHTHBHOCTH Henb3H CqHT8Tb llOCTOBepHb!M ; He-

06XOilHMO llBnbHeltwee yToqHeHHe 3KCnepHMeHTanbHbiX ll8HHb!X, 

liJaMepeHHbie T9MilepaTypHbl9 38BHCHMOCTH BennqHHbl 0 ( B llOnHX 0 C ) 

B 6eHaone H cTupone noKaaaHbi Ha puc, 1 H 2, 

TeMnepaTypHaH aaBHCHMOCTb aenuqHHbi o o-;} B cTnpone, 6eHaone 

. /2/ 
H 3THnOBOM CIIHpTe MO)K9T 6b!Tb HHTepnpeTHpOB8Ha H8 OCHOB9 MOil9nH 

yqHTb!BBIOIUelt XHMHqeCKHe B38HMOileltcT_BHH M9308TOMa CO CB060ilHb!MH pa

llHKanaMH1 o6paayiOIUHMHCH a6nuau MeaoaToMa npu paapyweHHH MoneKyn 

Cp91lbl 38 cqeT HOHH38UHH B TpeKe OCT8H8!tnHB8IOtnerocH MIOOH8 1 TOpMO

)KeHHH Q)Ke-a.rieKTpOHOB1 HCilyCK89Mb!X IlpH M9308TOMHb!X nepeXOil8X1 H 38 

cqeT aHeprHH TOpMO)K9HHH OCKOnKOB MoneKynbi IIpH ee "KynoHOBCKOM B3pb!Be", 

nepBbie llBa npouecca o6ecnequsaiOT Hanuque cao6ollHbiX aneKTpoHoB s6nu

au MeaoaT~Ma ( Meao6opa ll B B cnyqae nocallKH MIOOHa a a yrnepoll) 

H Il03TOMy OH HMeeT B03MO)KH0CTb nonHOCTb!O Ha6paTb aneKTpOHHyiO o6o

noqKy, To o6cToHTenbCTBo, qTo aHaqeHHe o o-d pacTeT c pocToM TeMnepa-

...._ Typb!1 llOK83biB8eT Hanuqne napaMarHHTHOil aneKTpOHHOil o6onoqKH y HeltT

panbHOrO Meao6opa ( TepM OCHOBHOrO COCTOHHHH P 1 /l ) nepEill ero BCTyn

neHHeM B XHMHqeCKHe peaKUHH, 

/2/ 
B 6binO noKaaaHo, qTo cKopocTb BcTynneHHH MeaoaToMa ll H 

B XHMHqeCKHe pe8KUHH Ao B BOlle IIO IIOpHilKy BenHqHHbl Cp8BHHMa C qac

TOTOi! Jl nepeXOilOB Me)Kily COCTOHHHHMH ero CBepXTOHKOH CTpyKTypb!, 

B 3TOM cnyqae llnH OIIHC8HHH TeMnepaTypHbiX 38BHCHMOCTelt MO)KHO BOC-

IIOnb30B8TbCH Bb!p8)1{9HHeM 

0 --= Ao o 0 _A_ [F +(1-F)tft~, 
oc Ao oc 

rile Oo - KOa¢¢HuHeHT 8CHMMeTpHH K KOHUY Me308TOMHOrO K8CK81l8t HO 
. /8/ 

no Haqana lleilcTBHH MexaHH3Ma napaMarHHTHolt llenonHpnaauHH , xapaK-

12 

·).' 

a 
ae 
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0,4 

0,2. 
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1 

Puc, 1, 3aBHCHMOCTb OCT8TOqHOi! lleiiOnHpH38UHH B CTHpon 
Typb!, KpuaaH paccquTaHa npu F =0,33. 
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PHc. 1. 3aBHCHMOCTh OCTaToqHoA aerronHpH38UHH B CTHpone OT TeMrrepa
Typbi. KpHBaH paccqaTaHa rrpH F =0,33. 
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iPHc. 2. 3aBHCHMOCTb OCT8TO'IHOii Jl9ITOnSipH38UHH B oeHaone OT TeMrrepa

·ypblo KpHBaSI paCC'IHTaHa rrpH F "'0,33. 
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TepnayJOmeAcsr BpeMeHeM ·v -J, A - CKOpOCTb BCTynneHHSI M9308TOMI 

B XHMH'Iecx&e peaxuHH c o6paaoBaHHeM aHaMarHHTH~X npoayxToB F 
2 /8/ . 

l/3[ l+;a. I uzl • J- nonHbiA MOM9HT aneKTpOHHOA ooonO'IKH Meao 

B&Ipa*ea&e, noao6aoe STOMy, Mo)f(eT 6&ITb TaK)f(e aanucaao no aaanoJ 

/9/ C cfJopMynoft anSI cny'IBH XHMH'I9CKHX peaKUHft 8TOM8pHoro MIOOHHSI • 

TeopHSI DOCTpoeaa H8 OCHOBe CDHHOBOA M8TpHUbl DnOTHOCTH MJOOHHSI: ( 

BKnJO'I89T 38BHCHMOCTb DOnS1pH38UHH OT BenH'IHHbl npoaonbHOrO H DODE 

HOrO M8rHHTHOrO DOnSI H OT '18CTOTbl penaKC8UHH CITHHa aneKTpOHa M~ 

Ha-aa aaaHMoaeAcTBHSI c oxpy)f(aJOmea cpeaoa. Oaaaxo B HccneayeM&Il 

MH BeUieCTB8X H 9KCDepHM9HTanb,HbiX ycnoBHSIX YK838HHble $aKTOpbi He 

HrpaJOT CYUI9CTB9HHOft ponH. 

EcnH C'IHTaTb, 'ITO TeMnepaTypHaSI 38BHCHMOCTb 0 rJ ooycnoBneH 

TeMnepaTypaoa aaBHCHMocTi:.IO A ,H A 0 ( oaHHaxoaoa), T.e. C'IHTaTb, 'I 

A "' A(~ J n. rae A - aaaqea&e A 0 npH TeMnepaType ·r "' 300°K, To Ml 

H8DHC8Tb 

.!... "'..!a. 
oc oc 

..\ A T n 
- [ F + (J-F} tit-(-} ] 

At lv 300 

3aaqeaue napaMeTpa F anSI Meaooopa MO)f(eT MeHSITbCH a npeaena 

OT 1/2 ao 1/3 B 38BHCHMOCTH OT TOrO, HM99T nH M9CTO DapaMarHHTHt 

aenonHpH38UHSI TOnbKO B OCHOBHOM COCTOSIHHH 9n9KTpOHHOft o6onO'IKH M 

oopa, HnH ORa HMeeT M9CTO anH Cny'laSI ee BOaoy~eHHbiX COCTOSIHHA 

B nponecce aa6opa anexTpoaoB MeaoaToMoM. napaMeTp~ A H n onpea 

cfJopMy nepexoaa Me)f(ay DOCTOSIHHbiMH ypOBHSIMH aenonSipH38UHH ao H ITO 

Cp868TbiB8HHSI M9X8HH3M8 DapaMarHHTHOft aenonHpH38UHH ( napaMeTpbi I 

o A ) 
H __:Q_ -- • 

oc Ao 
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TepH3YJOIIIeftcg BpeMeHeM 11-J 
1 A - CKOpOCTb BCTynneHHSI Me308TOM8 

B XHMHqecKHe peaKUHH c o6paaoBaHHeM aHaMarHHTHhlX npouyKTOB F = 

2 /8/ 
1/3[ l+Ja., .. ~ , 'J- nonHbiA MoMeHT sneKTpoHHoA o6ono'U<H MeaoaToMa. 

BbipaJKeHHe, noao6aoe SToMy, MoJKeT ObiT& TaKJKe aanHcaao no aaanorHH 

/9/ C <flopMynoA ang cnyqag XHMHqeCKHX peaKUHA 8TOM8pHoro MIOOHHSI • 3Ta 

TeopHSI DOCTpOeHa Ha OCHOBe CDHHOBOA MaTpHUbi nnoTHOCTH MIOOHHSij OHa 

BKnJOqaeT 38BHCHMOCTb nonRpH38UHH OT BenHqHHhl npoaonbHOro H nonepeq-

HOrO MarHHTHoro nong H OT qacTOTbl penaKCSUHH CDHHa sneKTpoHa MIOOHHSI 

H3-38 B38HMOUeAcTBHSI C OKpyJKSJOIIIeA cpeaoA. 0aHSKO B HCCneayeMbiX Ha

MH BeiiieCTBaX H 9KCnepHMeHTanb1fbiX Y<:,nOBHSIX YK838HHhle <flaKTOpbi He 

HrpaJOT cymecTseaaoA ponH. 

EcnH cqHTaT&, qTo TeMnepaTypaaR aaBHCHMOCTb a rJ o6ycnosneaa 

TeMnepaTypaoA aaBHCHMOCTbJO A ,H A 0 ( oaHHaKosoA), T.e. C'IHl'an,, ql'o 

A = A(~} n, rae A - aHa'leHHe A 0 npH TeMnepaType ·r = 300°K, To MOJKHO 

H8DHC8Tb 

.!... =..!D._ 
ac ac 

A A T n >::; [F + (J-F} tit 2v ( 300} ] 

3Ha'leHHe napaMeTpa F anR Meao6opa MOJKeT MeHRTbCR B npeaenax 

OT 1/2 ao 1/3 B 38BHCHMOCTH OT TOro, HMeeT nH MeCTO napaMarHHTHaSI 

aenonRpH38UHSI TOnbKO B OCHOBHOM COCTOSIHHH sneKTpOHHOA o6onoqKH Meao

oopa, HnH ORa HMeeT MeCTO anR Cnyqag ee B030YJKaeHHbiX COCTOSIHHA 

B npouecce Haoopa sneKTpoaos MeaoaToMoM. napaMeTpbi A H n onpeaenRJOT 

<flopMy nepexoaa MeJKay nocTORHHhlMH ypoBHRMH uenonRpHaauHH ao H nocne 

cpaoaTbiBSHHR MexaaHaMa napaMarHHTHoA aenonRpHaauHH ( napaMeTpbi F 

a A ) 
H _.:a_ -- • 

ac Ao 
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a0 A 
0-;-napaMeTpbi A H n orrpeaenSinHcb anSI 6eHaona H CTHpona 

rryTeM BapbHpOBBHHSI MeTOJlOM HBHMeHbWHX KB8Jlp8TOB C llOMO!UbiO 38M 

llpH 38Jl8HHbiX 3Ha'l:eHHSIX F. nnSI cny'l:aSI CTHpona HBHnyqume peaynbT8Tbl 

rrony'l:eHbi anSI F = 113. 3Ha'l:eHHH rrapaMeTpos rrpuseaeHbi B Ta6nuue 4, 

a pacqeTHaSI KPHBaSI - Ha puc. 1. OrrucaHHe sKcrrepHMeHTanbHbiX aaHHbiX 

c llOMOIUbiO TaKoro Ha6opa rrapaMeTpOB rrpeJlCTaBnSieTCSI BeCbM8 )'.10BlleTBO

pHTenbHbiM HeCMOTpSI Ha TO, 'ITO He llpHHHMancSI BO BHHMBHHe B03MOli<Hb!tl 

cKa'l:OK a a-~ B TO'l:Ke ¢aaosoro rrepexoaa. Ecnu ll<e 6panocb 3Ha'l:eHne 

F '> 0,4, OWH6KH BCeX rrapaMeTpOB CT8HOBHnHCb MHOrO 6onbWe UX 3Ha'l:e

HHH. 3Ha'l:eHHSI napaMeTpos H3MeHSIIOTCSI He3HB'l:HTenbHO npu H3MeHeHJIII F 

oT 0,33 ao 0,40. nosToMy HesoaMo*Ho cnenaTb ~KHX-nH6o orrpeneneH

HbiX 38KniO'l:eHHH OTHOCHTenbHO COCTOHHUSI aneKTpOHHOH 060nO'l:KH Me3o6o

pa BO BpeMSI JleftCTBHSI MexaHH3M8 llapaMarHHTHOft JlerronSipH38UHII. 

BuqucnSISI 3H8'l:eHHe 11 JlnSI p J ; 2- COCTOSIHHSI sneKTpOHHOil o6onO'l:KU 

Meao6opa, MO)I(HO nony'l:UTb 3Ha'l:eHHe A , npuseaeHHoe s Ta6nuue 4. Y'l:u

ThiBaH, 'ITO aorryCTHMbi aHa'l:eHHSI F < 1/2, nony'l:eHHoe aHa'l:eHue A cnenyeT 

C'l:UT8Tb 38HH*eHHbiMo 

AHanorM'l:HbiM o6pa30M o6pa6aTbiBanucb JlaHHbie JlnH 6eHaona. 3Ha'l:e

HHSI rrB'f'aMeTpos rrpH F = 113 npuseaeHbi B Ta6nuue 4 H Ha puc. 2. B cny-

qae 6eHaona 3KCrrepHMeHTanbHbie TO'l:KH OllUHaKOBO xopowo OllUCbiBBIOTCSI 

rrpu F = 0,2 - 0,4. 

06pa6oTKa 'l:aCTU 3KCrrepHMeHTanbHbiX JlaHHbiX llpH OTpuuaTenbHbiX 

TeMrrepaTypax (ao TO'l:KH ¢aaosoro nepexoaa) anSI CTHpona u 6eHaona npu

sonuT K 3Ha'l:eHHHM rrapaMeTpOB, He OTnH'l:aiOWHMCSI OT llOKa3aHHbiX B Ta6n.4, 

HO C ropa3Jl0 6onbW.HMH OWH6KaMHo 

nrwnrronaraSI DJlHHaKosoe 3Ha'l:eHHe a0 anSI CTHpona H 6eHaona, Mo*

Ho HHTeprrpeTJtpOBaTb 6onbWHe 3Ha'l:eHHSI __ a_ B CTHpone KaK peaynbTaT 

ac 
6onbwero BKnana peaKuut!, seaywux s JlHaMarHHTHbiA KaHan. 3Ha'l:eHUSI A 

JlnSI CTUpona U 6eH3ona rrony'IBIOTCSI 0JlHH8KOBbJMU
0 

XOTSI cneaosano 6bJ O*H-
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oaT& Meobmero 3Ha~eHBB aToro napaMeTpa ana cnyqas 6eH3ona, nocKonb

Ky DnOTBOCTb pao8KanoB B6D838 Me3oaTOMa OODlKJia 6h!Tb MeHbWe 83-3a 

6b!CTpOI M8rp8JI88 SHepr88 Dp8 MelKMODeKynspob!X B3aiiMOOeiCTB89X 83 

30Bhl pa3pymeuu cpeohl, KoTopas (M8rpaJI8H) ssnseTCH xapaKTepBbiM as-
. /10/ 

neu8eM nns 6eu3ona • OnuaKo 6onbm8e om86K8 B onpeneneH88 A 
MOryT 6b!Tb Dp8~8BOI TOI'O, ~TO ~KT M8rpao88 SHepr88 He 3aMeTeu, 

B 3aKnD~eu8e caenaeu ueKOTOpble BbiBODbl: 

I. 3Kcnep8MeuTanbuo 83M epeuuoe 3ua~eu8e aon8 MDOuos, 3ax~~eu

BhiX aTOMaM8 K8Cnopoaa, B psoe anB~T8~eCK8X CD8pTOB OKa3hiBaeTCH 6onb-

me, ~eM STO cneoyeT 83 OJieBOK C 8CDODb30Ba88eM Z -aaKoua 8 MOoen8 . ~ 

6onbW8X Me30MOBeKyn, ~0 . ooycnosneuo1 BepOBTH01 60nbmol sneKTpO-

OTp8JiaTenbHOCTbD K8Cnopooa. 

2. H3Mepeuo pacTymee c pocToM uonexynspuoro seca cn8pTOB 3Ba

~eu8e ocTaTo~uol nonsp838JI881 6onbmas Ben8~8ua xoTopol o6ycnosneua 

XHMH~eCK8M8 B3a8MOoeiCTB89M8 Me30aTOMOB, 

3. Ha6nDnanacb TeMnepaTypHas 3aB8CHMOCTb ocTaTo~uol nonsp83a-

118a B ST8DOBOM CD8pTe, CT8pone H 6eu3one, Ha OCHOB9 STOI 3aBRC8MOCT8 

Bbi~RCDHDTCH oapaMeTpbl XRM8~eCK8X B3aRMOoeiCTBRI Me30aTOMOB B yrne-

soaopoaax. 

ABTOpbl BblpalKaDT RCKpeBBDD npH3BaTenbHOCTb r.r. Msc&meBol 3a 

DOMOwb B npoBeoeHHR SKCDep8MeBTa R M,B.~pOHTacbeBol 3a DOMOrnb 

B o6pa60TKe pe3ynbTa~oB. 
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