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PaHee HaMH 6wna onpeAeneHa l l l cKOPOCTb XHMH4eCKOH peaK~HH 
MesoaTOMa yrnepoAa /~an~~eroc~ XHMH4eCKHM aHanoroM aToMa 6opa 
H o6o3Ha4aeMOro HaMH CHMaonoM B I c MOneKynoH cTa6HnbHoro 
HHTPOKCHnbHoro MOHopaAHKana R. ~a ocHoaaHHH coaoKynHOCTH AaH
H~x no Aenon~PH3a~HH OTpH~aTenbH~X ~OHOB B yrneBOAOPOAaX ~flO 
CAenaHo npeAnono*eHHe, 4TO HccneAyeMa~ 8 I l l peaK~H~ npeACTa8-
n~eT ,Pe3ynbTaT a3aHMOAe.::icTBH~ fl B c paAHKaJlbH~M ~eHTpOM 
>N- 0 c o6paso aaHHeM AHaMarHHTHoro coeAHHeHH~ > N - fiB "' 0. 
a B3aHMOAeHCTBHeM C OCTanbH~MH rpynnaMH MOneKyn~ CTa6HnbHOrO 
paAHKana (H. CH 3 • OH) MO*HO npeHe6pe4b. 

B HaCTO~~eH pa60Te npeACTa8JleH~ pe3ynbTaT~ HOB~X HCCJleA0-
8aHHH, nOATBeP*Aa~Hx npaBHJlbHOCTb npeAnono*eHHH, CAenaHH~x 
a 1 11 ,a TaK*e HCCJleA08aHHH Aenon~pH3a~HH nOJlO*HTenbH~X MOOH08 
B HHTpOKCHJlbHOM CTa6HJlbHOM pa~HKane H TpHa~eTOHaMHHe, ~cnonb-
3Y~ MeTOAHKy, OnHCaHHY~ paHee l l , ~ H3 MepHnH KOH~eHTpa~HOHH~e 
3aBHCHMOCTH K03~H~HeHTa aCHMMeTpHH 8 8 yrJlOBOM pacnpeAefleHHH 
3JleKTpoHOB f16- -pacnaAa B 6eH30JlbH~X paCTBOpax TpHa~eTOHaMHHa 
H MeTHJl~HKJlOreKCaHOJla. nony4eHH~e pe3yJlbTaT~ npeACTaBJleH~ Ha 
pHC. 1 H 2 no OTHOWeHH~ K & c -K03~H~HeHTY aCHMMeTpHH 8 yrne
POAe7 4TO COOTBeTCTByeT OTHOWeHH~ OCTaT04HOH non~pH3a~HH 
(a/a c - PIP c). XapaKTepHo.::i oco6eHHOCT b~ MOneKyn AaHH~X coeAH
HeHHH ~BJ1~eTC~.HaJ1H4He TeX *e rpynn, 4TO H B HOJ1eKyne CTa6Hnb
HOrO paAHKana R. 3a HCKJ1~4eHHeM paAHKanbHOro ~.teHTpa. Ha pHc . 1 
H 2 KpaHHHe T04KH cnpaaa OTHOC~TC~ K 100%-HOMy TpHa~.teTOHaMHHy 
H MeTHJl~HKnoreKcaHony cooTBeTcTaeHHO. B cny4ae TpHa~.teTOHaMHHa 
npH8eAeHO 3Ha4eHHe OCTaT04HOH non~pH3aLtHH, nony4eHHOe C y4eTOM 
8peMeHH penaKca~HH T P /npH o6pa6oTKe Hcnonb308anocb 8~Pa*eH~o~e 
a exp [ -t/T P 1 1 cri~o~Ha oTp~o~~aTen bHoro MIOOHa. B pacT8opax 
TpHa~.teTOHaMHHa H MeTHJl~HKJ10reKCaHOJ1a 8 6eH30J1e, a TaK*e 8 HC
XOAHOM MeTHJl~HKJlOreKCaHOJle H 6eH30Jle, KaK H 8 paHee HCCJ1eA0-
8aHH~X opraHH4eCKHX *HAKOCTAX, He COAep*a~HX CTa6HJ1bH~X paAHKa-
1108, penaKCa~H~ CnHHa OTpH~aTeJlbHOrO M~OHa He 06Hapy*eHa. 

06pa6oTKa nony4eHHWX pe3ynbTaTo8 no cnoco6y, onHcaHHOMY a 1 11
, 

npHBena K CJleAY~HM 3Ha4eHH~M /Ha ypo8He AOCTOBepHOCTH 66%/ All~ 
aenH4HH~ OTHOWeHH~ CKOPOCTH A o2 peaKLtHH fiB C paCTBOpeHH~M 
Be~eCT80M H CKOpOCTH Ao 1 peaKLtHH .pB 8 6eH30ne >.02 />. 01 .. 7,0~31'.~ 
AJl~ TpHa~eTOHaMHHa H .\02/ ,\ Ol c 3,4:~·~ All~ MeTHJl~HKnOreKCaHOJla. 
TaK *e• KaK 3TO 6~no 8 pa6oTe 1 11, Ha6n~AaeTc~ ycTOH4HBOCTb HH*-
He.::i rpaHH~~ All~ BeJ1H4HHW OTHOWeHH~ A 02 / A Ol 8 3a8HCHMOCTH 
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P1-1c.2. KoH~eHTPaUHOHHaA 3a8H
eHMOeTb senH4HH~ oeTaT04HOH 
nonAp~3aUHH /no OTHOWeHH~ 
K rpa$HTy/ 8 6eH30nbHOM paeT
sope MeTHnUHKllOreKeaHona. 

OT-YPOBHA AOeTOsepHOeT~. TaK, Hanp~Mep, Ha ypOBHe AOeTOBepHO
eT~ 95% OTHOWeH~e eKOpOeTei1 AJlA MeT~n~~KllOreKCaHona .\ 02 /.\

0 1 
"' 

- 3 4 + 4,6 
- • -1,8 . 

To o6eTOATenbeT eo, 4TO e npeAenax 3Kenep~MeHTanbH~x norpew
HOeTei1 3Ha4eH~A .\ 02 / .\ 01 AJlA o6o~x ~ecneAyeMblx e HaeTOAtllei1 
pa6oTe eet~~eeTe 6n~3K~, HeeMOTpA, Hanp~Mep , Ha 6onbwoe paan~-
4~e B KOn~4eeTBe rpynn CH 3 , eB~AeTenbeTsyeT B nonb3Y AOOytlle
H~A, CAenaHHOrO 8 1 1 ~ OTHOe~TenbHO ManOH eKOpOeT~ B3a~MOAei1-
eTB~A llB e CH 3 . B pa6oTe 1 11 noKa3aHo, 4TO aepOATHOeTb peaK
~~1-1 1~B e rpynnoi1 OH TaKlKe Mana . PeaKu~ei1 llB e K~enopOAOM 
e MoneKyne TPI-1a~eTOHaM~Ha /eM. p~e . 1/ MOlKHO npeHe6pe4b, no
cKonbKY OHa 3HepreT~4eeKI-1 HeB~rOAHa. 

npi-1MepHO B OATb pa3 6onbWaA eKopoeTb peaK~~I-1 8 e Tp~a-
4eTOHaM~HOM ~ MeTI-1n4~K110reKeaHOnOM nO CpaBHeH~~ et eKOpOeTb~ 
peaKUI-1~ B 6eH30ne He npOT~Bope4~T npeAeTaBneH~~ 0 TOM, 4TO 
B0 Beex 3T~X Bet~~eeTsax peaK4~~ ~B npOHCXOAAT e paAHKanaMH, 
OOpa30BaHH~MH B6nH31-1 MeeTa OCTaHOBKH MIOOHa 1 21 ; AeHeTBHTenbHO, 
paAHa4HOHHWH B~XOA OR B 6eH30ne npHMepHO Ha OOPAAOK MeHbWe, 
4eM B yrneBOAOPOAaX e Hae~t~~eHH~MH eBA3AMH 1-1 HX npOH380AH~X /2/ , 
1-1 e npeAenax 3KenepHMeHTanbH~x norpewHoeTei1 epeAHee 3Ha4eHHe 
OTHOWeHHA >-02 I >. 01 AJlA AByx ~eeneAyeMblx set~~eeTs eooTseTeT-
eyeT OTHOWeH~~ 3Ha4eH~I1 napaMeTpa Q R . 

nony4eHHWe B AaHHOH pa60Te 3Ha4eH~A OTHOWeHHA .\
02

/ .\
01 CYtlleeTBeHHO MeHbWe, 4eM 3Ha4eH~e aHanOr~4HOrO OTHOWeHHA AJlA 
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peaK4~~ llB c MoneKynol1 cTa6~nbHOro paA~Kana 1 11
. 3To 03Ha4aeT, 

4TO peaynbTaTW pa60TW / l l , Aei1eTB~TenbHO, OTHOC~TCA K peaK4~~ 
83a~MOAeHCTBHA llB C paA~KanbHWM (4eHTPOM > N-0. 

B pa6oTe 1 11 HaM~ enepewe 6wno o6Hapy>+<eHo 3aMeTHOe speMA 
penaKCa~HH COHHa OTPH~aTenbHOrO MIOOHa H TeMnepaTypHaA 3aBHe~
MOeTb speMeHH penaKca~~~ B H~TpOKe~nbHOM eTaO~nbHOM paAHKane 
~ TpHa~eTOHaMI-1He. 3TH AaHH~e HHTepnpeTHpOBanHCb Ha OCHOBe 
npeACTasneH~H 0 BnHAHHH KOne6aHHH OKpylKa~UIHX MOneKyn Ha enHH 
OTPH4aTenbHOrO M~OHa, CTa6Hni-13HPOBaHHOrO B OpOeTpaHeTBe B pe-
3ynbTaTe BXOlKAeHHA Me30aTOMa B AHaMarHHTHOe COeAHHeH~e. BB~AY 

TOrO, 4TO B ni-1TepaType o6eylKAa~TCA BOnpOCW 0 ponH TpeKOB~X 
3¢¢eKT08 B X~MHH MIOOHHA H 0 BnHAHH~ pa3n~4H~X napaMeTpOB Ha 
npo~eec penaKea~HH en~Ha nonolK~TenbHoro H OTPH4aTenbHoro MOO
HOB / 3,4/ , B HaeTOAUiel1 pa60Te HaMH nposeAeHO HeeneAOBaHHe Aeno
nApH3a~H~ nonOlKHTenbH~X MIOOHOB B non~Kp~CTann~4eeK~X HHTpO
KC~nbHOM paA~Kane ~ TpHaUeTOHaMHHe npH TeMnepaType 300 ~ ]]°K, 
nony4eHH~e 3Hf4eHHA OCTaT04HOH nOnApH3aUH~ e y4eTOM penaKea
~H~ enHHOB ~- -MIOOHOB H 3Ha4eHHA speMeHH penaKea41-1~ np~BeAeH~ 
B Ta6n. 1.noeKOnbKY OeHOBHOH peaKUHei1 MIOOH~A np~ B3aHMOAei1eTB~H 

C OpraHH4eeK~M~ eOeAHHeHHAMH, eOAeplKatiiHM~ Hae~tlleHH~e eBA3~, 

AenAeTeA o6pa3osaH~e AHaMarHHTHOi1 MoneKyn~ MuH 1 61 , pa3H~e 
3Ha4eHHA a/ a 6poM AJlA H~TpOKe~nbHOrO paA~Kana ~ TpHa~eTOHaMH
Ha eB~AeTenbeTBY~T 0 pa3n~4HOH CKOpOeTH peaKUH~ Mu e 3T~~ 
eoeAHHeH~AMH /eM, HHlKe/. Pa3n~4H~e 3Ha4eHI-1A a/ae AJlA HHTpO
KC~nbHOrO paAI-1Kana, TpHa4eTOHaMHHa H MeTHn(4~KJ10reKeaHOna /npH 
OAHHaKOBOH TeMnepaType/ o6yenosneHW pa3ni-14HAMH B OTHOeHTenbHOM 
BKJlaAe peaK~HH, KOTOpwe npHBOAAT K o6pa30BaHH~ AHaMarHHTH~X 
npOAYKTO B, eOAeP>+<atiiHX Me30aTOM, noeKOnbKY AJlA Me30aTOMa B Op
raHH4eCKHX eOeAHHeHHAX C Hae~UieHH~MH CBA3AMH B03MO>+<HO o6pa30-
BaHHe KaK AHaMarHHTHwx, TaK H napaMarHHTH~x npoAYKTOB. To 
OOCTOATenbeTBO , 4TO a / ae npH ABYX TeMnepaTypax /Ta6n. 1/ He pa3-
nH4aeTeA B npeAenax OWHOOK, onpeAenAeTeA 6onbWH~ eKOpOeTAMH 
peaK~HH, TaKHMH, 4TO npH ]]°K H 300°K 3Ha4eHHe nonAPH3a4HH 
et~~e HaXOAHTeA Ha nnaTO TeMnepaTypHOH 3a8HeHMOeTH. 

npelKAe 4eM HHTepnpeTHpoeaTb nony4eHHwe AJlA nonolK~TenbH~x 

MIOOHOB 3Ha4eHHA speMeHH penaKea~HH Tp , HeOOXOAHMO 06paTHTb 
BHHMaHHe Ha pa3nH4~A B OOBeAeH~H nOnOlK~TenbHOrO ~ OTPH4aTenb
HOrO MIOOHOB nepeA o6pa308aHHeM COOT BeTCTBeHHO MIOOHHA ~ Me30-
aTOMa. 

CornacHo MOAenH, pa3&HTOi1 8 pa6oTe 181
, o6pa3osaH~e aTOMap

HOro MIOOHHA npH 3aMeAJleH~H nonOlKHTenbHOrO MIOOHa CTaHOBHTeA 
B03MOlK~~M, KOrAa KHHeTH4eeKaA 3HeprHA MIOOHa nonaAaeT B Onpe
AeneHHWH HHTep8an /"t~~enb Ope"/ 3Ha4eHHi1, onpeAenAeMblx noTeH-
41-1anoM H0HH3aU~H MIOOHHA H MOneKyn cpe~ 1-1 nepB~M ypO&HeM 
3neKTPOHHOrO 8036YlKAeHHA 3T~X MOneKyn. AnA OOAaBnA~tllero 41-1ena 
opraHH4eeKHX COeAHHeHHH o6pa308aHHe aTOMapHOrO MOOH~A npOHCXO
AHT npH 3HeprHH MIOOHa $ 10 38. 
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Ta6n1-1~a 1 

0THOCHTei1 bHa.A OCTaT04HaR non.ApH3a~H.A H apeMR penaKCal.IHH 
CnHH08 nOI10lkHTei1bHbiX H OTPHUaTenbH~X MOOHOB B nOI111KpH

CTai1I1H4eCKI1 X HHTpOKCHI1 bHOM CTa6HI1bHOM paAHKane 
H TP11al.leTOHaMHHe npH TeMnepaType 77 1-1 300°K. AflR 

OTpH~aTeil bHbiX MIOOHOB OCTaT04HaR nOI1RPH3a~HR onpe,Qei1RI1aCb 

no OTHOWeHHIO K rpa¢HTY /ac e 4,95±0, 15/, a AflR nOI10lkH

Tei1bHbiX MIOOHOB - no OTHOWeHHIO K 6poM04>0PMY I a 6poM. = 
= 29, 35±0 , 30/. HHlkHI1~ npe,Qen T P Afl.A TpHa~eTOHaMHHa 
onpe,QeneH Ha ypOBHe ,QOCTOBepHOCTH 68%. 

M1-1weHb a / a c (a/ a 6poM) a / a c (a/ a fipo..J TP TP 

/77°K/ /300 ° K/ MKC MKC 

nrK; /300 °K/ 

Pa,Q!-1Kan 0,64.:t0,02 0 ,98.:t0 ,02 6,4.:t0,5 +7 
10,5-1 '7 

TpHa~eTOH-
0 3 

+O 
02 aMHH ' 5_ ' 0 , 44.:t0 , 0 2 4 ,2.:t0 , 5 > 9 

Pa,QHKan 0, 86.:tO, 07 0,95.:t0,05 2,2.:t0,2 6,3.:t0,7 

TpHa~eToH-
aMHH 0,96.:t0,08 0,79.:t0 ,06 1,2.:t0,02 3,6.:t0,4 

TeopeTH4eCKOe paCCMOTpeHHe BOnpoca 0 TOM, npH KaKO~ 3HeprHH 

npOHCXO,QHT aTOMHbl~ aaxaaT OTPHLiaTeilbHOrO MIOOHa H o6pa30BaHHe 
Me3oaTOMa, n pHBO,QHT K ,QOQOI1bHO 60I1bWOMy HHTepeany B03MOlkHbiX 
3Ha4eHH~ 3Toi1 3HeprHI-1 / 7 / /oT 10 -2 ,ao 10 2 38/, xoTR 6onbWHH

CTBO aeTopoe onpe,aenReT 3HeprHD aTOMHoro aaxeaTa paeHo.:l HecKOnb
KHM ,QeC.ATKaM 36 / S/ , no3TOMY Cile,QyeT ,QOnyCTHTb, 4TO o6pa30 BaHHe 

Me30aTOMa H MIOOHHR npOHCXO,QHT B6I1H3H TpeKa, 11 CI1eAYeT npHHH 
MaTb BO BHHMaHHe BI1HRHHe TpeKa Ha XHMH4eCKHe peaK~HH Me30aTOMa 

H MIOOH11R H Ha penaKCaUHD CnHHa p. ± -MIOOHOB, 
Bcne,QCTBHe TOro, 4TO B Ha4aJibHOH CTa,QHH He30aTOMHOrO Kac

Ka,Qa HCnycKaeTCR OOI1 bWOe KOJIH4eCTBO Olke-3neKTPOHOB, BOKpyr MeC

Ta o6pa30BaHHR Me30aTOMa 803HHKaeT 30Ha pa,QHOJIH3a C nOB~eHHOH 
TeMnepaTypo.:i H HapyweHHRMH KpHCTai1JIH4eCKOH peweTKH / 1!,9/ , 

603MOlkeH TaKlke 11 KYI10HOBCKHH 83PWB11 MOI1eKyi1111 / J!I, ofiyCI10BI1eHHbiH 

fiblcTpbiM 06pa3osaHHeM nOI10lkHTei1bHOrO 3I1eKTpH 4 e CKOrO 3ap.A,Qa Ha 
He.:l. BBH,Qy OOI1bWOH XHMH4eCKOH aKTHBHOCTH Me30aTOMa H ,QOCTaT04-

HO BbiCOKOH KOH~eHTpa~HH pa,QHKaJI08 8 30He pa,QHOI1H3a Me30aTOM 
BCTynaeT 8 XHMH4eCKHe peaKUHH BHYTPH 06DeMa ,QHaMeTpOM B He-

4 

CKOI1bKO AeCRTKOB aHrCTpeM. no 3TO~ npH41-1He Cni-1H OTPH~aTeilbHO

ro MIOOHa MO~eT B Te4eHHe AI11-1Tei1bHOrO BpeMeHH HCn~T~BaTb Bni-1R

HI-1e noKanbH~X MarHHTH~X noneH, C03AaBaeM~X AOilrO~HBY~HMI-1 

paAHKanaMH / B TpHaUeTOHaMI-1He MOryT 06pa30B~BaTbCR paAHKan~, 
lkHBYUll-1e 10- 3 c 1<1 6on bWe npH KOMHaTHO~ TeMnepaType I tO ' I . 

06Ulee pa CCMOTpeHHe noee,QeHH.A MIOOHHR 1<1 Me30aTOMOB B HCCne

AYeM~X coe,Q~<~HeHI-1RX BKnl04aeT e ce6R TaKlke 11 aonpoc o B03MO~Ho

CTH npOTeKaHH.A XHMH4eCKHX peaKUH~ B Ha,QTennOBO~ 06naCTH 3Hep

rH~ . X1-1MH4eCKHe peaKUHH ropR4HX aTOMOB cTaHOBRTCR B03MO~H~, 

KOr,Qa KHHeTI-14eCKaR 3HeprHR aTOMOB yMeHbWaeTCR AO onpe,QeneHtiO
ro 3Ha4eHHR E,.np~o~ 3TOM a3ai-1MOAe~cTBHe 6~cTporo aTOMa c Mone

KynaMH cpe,Q~ npOI-1CXOAHT nyTeM CTOI1KHOBeHH~ no THny ~eCTKHX 
C~ep ' II '. ATOM~, 3aMeAJ"IHBWHeCR AO CKOPOCTe~, np11 KOTOP~X CTOnKHO" 
BeHHe no Tl-1ny ~eCTKHX C~ep CTaHOBHTC.A HeB03MO~HbiM, B3aHMOAe~
CTByiOT c OKpy~aiOUlHMH MoneKynaMH no MexaHH3MY Heynpyr~o~x coy,Qape

HH~ aTOM- MOI1eKyna. 06naCTb 3HeprH~, B KOTOpOH npOHCXO,Q.AT Ta
KHe HeynpyrHe CTOnKHOBeHH.A, npHBO,Q.AUlHe K Ha,QTennOB~M XHMH-

4eCKHM peaK~HRM, ne~aT HeCKOI1bKO B~We 3HeprHI1 CB.A3H aTOMa 

B MOneKyne. l\nR peaKL1111<1, conpoBO~,QaiOUlei1CR OTPbiBOM aTOMa BOAO
po,Qa /3Hepri1R CB.A311 3-4 36 Afl.A opraHI14eCKHX COeAHHeHI-1i1/, cne

,QyeT AOnyCTHTb B03MO~HOCTb npoTeKaHH.A Ha,QTennoB~X peaKUH~ gnR 
MIOOH11R, o6pa3yi0Uleroc.A c 3~epr11ei1, cooTaeTCTBy~e~ eepxHe~ rpa

H11Lie ''u;enH Ope''. 
Me3oaTOM p.B HnH p.N nony4aeT 3a C4eT OT,Qa4H np11 1<1Cnyc.KaHHI-1 

Olke-3neKTPOHOB 11 KBaHTOB MC30peHTreHOBCKOrO 113ny4eHI-1R He 5 o 

nee 1 36. np11 nonHoi1 !-10HH3al.IHH TaKoi1 MOneKyn~, KaK H 2 0. 
ecne,QcTBHe KynoHOBCKoro eap~aa MeaoaTOM ll N MOIKeT nony4HTb 
KHHeTI14eCKyiO 3HeprHIO MaKC11MYM 6 36, O,QHaKO B cny4ae AflHHH~X 
MOneKyn KOHUeHTpaUHR nOI10lkHTenbHOrO 3ap.A,Qa a6nH311 Me30aTOMa 
HaMHOrO MeHbWe. no3TOMY ,Qn.A nerKHX Me30aTOMOB B 11CCne,QyeM~X 

COeAHHeHHRX Ha,QTennOB~e peaKLIHI1, no- BH,QHMOMY, ~1e AOn~H~ HMeT b 

MeCTa. 
6 AanbHei1weM np11 nony4eHI111 cKopocTe~ XHMI14eCKHX peaKUH~ 

MIOOHHR H Me30aTOMOB 113 ,QaHH~X no ,QenonRpl13a~HH ~ 6yAeM 

npeHe6peraTb 06MeHH~M B3ai1MO,Qei1CTBHeM 3THX aTOMOB npH 11X 
CTOI1KHO BeHI-1H C MOI1eKynaMH cpeA~, nOCKOnbKY 113BeCTHO, 4TO ,Qn.A 

,QI-13I1eKTpH4eCKHX MOneKyn.ApH~X cpe,Q KOHCTaHTa CKOPOCTH 3TOrO 

npo4ecca Mana 1 5
1

• 
npeAnOnaraR, 4TO BKna,Q Ha,QTenilOB~X peaK~Hi1 MIOOHHR npeHefipe-

' 121 1 ~HMO Man, Ha OCHOBe 11 ,QaHH~X Ta6n. _no a/ a opllM Mbl HaWnH, 
4TO CKOpOCTb peaKUHI-1 MIOOHI1R C MOneKynOH HI-1TpOKCHI1bHOrO pa,QI-1Ka
na ~ 2·10 I le-I /nOCKOnbKY B n1060i1 MOMeHT BpeMeHH 8 HCCileAye

MOM 06DeMe npi-1CYTCTByeT He 6onee OAHOrO Me30aTOMa /MIOOH11.A/ , 
CKOpOCTb BCTynneHH.A B XI1M.I14eCKI1e peaKl.ll111 Me30aTOMa /MIOOH11R/ 

B~pa~aeTCR B C -l /nceB,QOOHMOI1e Kyi1.APHble peaKU1111/ np11 3TOM 

o6paayeTc.A A11aMarHHTHOe coe,Q.11HeHI1e !'1 - 0 -Mu nocne npHco e,QI1-
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HeHHA MOOHHA K PBAHKBflbHOMY UeHTPY MOneKyn~. B TBKHX ycnOBHAX 
penaKcaUHA cnHHa nono*HTenbHoro MOOHa MO*eT 6~Tb o6ycnoaneHa 
TOflbKO BflHAHHeM OKPY*a~x MOOHHH napaMarHHTH~X MOneKyn CTa -
6HnbHOrO paAHKana. 

npH HCCneAOBaHHH penaKCaUHOHH~X npouecCO B B KpHCTannax 
cTa6HnbH~x paAHKanoa MeTOAOM 3nP 1 131 6~no o6Hapy*eHo cna6oe 
yMeHbweHHe TR /npHMepHo a 2- 3 pasa/ c nOHH~eHHeM TeMnepaTyp~ 
OT 300°K AO ~0 °K. 3TO 06DA CHAeTCA MOAYfl HPOBaHHeM AHOOflbHOro 
a3aHMOAeHCTBHA CnHHOB KOne6aHHAMH MOn eKyn CTa6Hfl bHOrO paAHKana 
B peweTKe OTHOCHTeflbHO nono*eHHA paBHOBeCHA. AHanorH4HO M~ MO
*eM npeAnOnO*HTb, 4TO TaKaA ~e cna6aA TeMnepaTypHaA 3aBHCH
MOCTb TP cnHHa nono*HTenbHOro M~OHa Ta~e o6ycnoeneHa Kone6a
TenbH~MH CTeneHAMH CBOOOA~ pewe,TKH KpHCTanna CTa6HflbHOrO pa
AHKana, COCTOA~erO H3 MOneKyn R. 

,. 1 1 121 nCXOAA H3 3Ha4eHHA a &6poM AflA TpHaUeTOHaMHHa, Ha OCHOBe 
~ OnpeAenHnH CKOpOCT b B3aHMOAeHCTBHA MOOHHA C 3 THM ae~eCTBOM : 

-2 ·1 0 7 c-1, ecnH He y4HT~BaTb HaATenno~x peaKUHH. B 3TOM cny-
4ae CKOpOCTb peaKUHH Ha 4eT~pe nOPAAKa HH~e, 4eM C paAHKan o M, 
cpaBHHMa C APYrHMH 3Ha4eHHAMH CKOPOCTeH peaKUHH MOOHHA C npe
AenbH~MH yrneBOAOPOAaMH 1 141 H COOTBeTCTByeT TOMy, 4TO MOOHHH 
AaneKO yXOAHT OT MeCTa CBOero o6pa30 BaHHA. 0CHOBHOH peaKuH-
eH, BeAY~eH K o6paaoaaHHO AHaMarHHTHOrO COeAHHeHHA MOOHHA, 
ABnAeTCA peaKUHA OTPWBa aTOMa BOAOPOAa MOOHHeM C 06pa30 BaHHeM 
MOneKyn~ MuH., npH 3TOM B MeCTe OTpwaa aTOMa BOAOPOAa o6pas yeT
CA paAHKan -C · nocKOflb KY B nonHKPH CTanflH4eCKOM TpHaueTOHaMHHe, 

I 
Ka K MOneKynApHOM KPHCTanne, B03MO*HWe CTpyKTYPHWe Ae¢eKTW He 
npH BOAAT K 06paao&aHH~ noKanbH~X MarHHTHWX noneH H, KBK noKa
aanH HCCfleAOBaHHA C noM~b~ 3nP, OTHOCHTenbHBA KOHUeHTpaUHA 
npHMecH~x paAHKanoe MeHbWe 4eM 10-8, npH4HHOH penaKc auHH cnHHa 
nono*HTenbHOro MOOHa e 3TOM cny4ae, Ha Haw esrnAA , MO*'! 6 wTb 
83aHMOAeH CT BHe cnHHa MOOHa C 06pasy~HMCA paAHKanOM ~C npH 

I 
ycnoBHH, 4TO oH *H&eT AOCTaT04HO AOnro. YMeHbWeHHe TP c no-
HH*eHHeM TeMnepaTypw MO*HO o5DACHHTb yMeHbWeHHeM BepOATHOCTH 
AnA MOneKynw MuH nOKHHYTb A4eHKY KPHCTBnflH4eCKOH peweTKH , 
COAeP*BIIlY~ paAH Kan -C". 

To 06CTOATenbCT80, 14TO CKOpoCTb XHMH4BCKHX peaKUHH MOOHHA 
8 TpHaUeTOHBMHHe Ha 4eTwpe OOPAAKa MeHbWe H3MepeHHOH AnA CTa-
6HnbHOrO HHTpOKCHflbHOr O paAHKana , A&nAeTCA npRMWM AOKa3aTen a.
CT80M MaflOCTH BKnaAa 888HNOAeHCT8HH MOOHHA C PBAHKBnBMH, o6-
pasy~HMHCA 8 TpeKe. aeHCTBHTBnbHO, KOflH4eCT80 PBAHKBn08 H HX 
npOCTpaHCT BeHHOe pacnpeAeneHHe 8 TpeKaX AflA 3THX CXO*MX no 
CTPYKType HOneKyn IA~*e c y4eTOM pasnH4MA • nnOTHOCTH 3THX 
ABYX coeAHHeHHH 1 1°1 I He HO•eT pasnH4BTbCA Ha HecKOnbKO nopAA
K08 H, cneA08aTena.HO, BKnaA aaaHHOAeHCT8HH MOOHHA C .TpeKOM He 
npeawwaeT 10--4 OT a cex peaKuHi1 MIOOHHA, T .e. npeHe6pe*HMO Man . 
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Ta6nHua 2 

KoHueHTPaUHOHHaA aaBHCHMOCTb 
0CTaT04HOH nonAPH3aUHH /no 
OTHOWeHH~ K 6pOMO$QpMy/ nono
*HTenbH~X MOOHOB B BOAHOM 
paCTBOpe HHTpOKCHflbHOrO 
paAHKana . 

0THOCHT. MOfl. 
KOHUeHTpauHA 

0.0 
1 ·10-6 
2,5·10-4 
1,8 · 10-s 
3,6. 1 o-8 

ala6poM. 

0, 6 10+0 , 010 
o,6oo+o , o1o 
0 ,615'+0,010 
0,647+ 0,014 
0 ,66 1~0 , 014 

3TOT B~BOA He aaBHCHT OT BKnaAa HaATeMO BWX peaKUHH. EcnH 
npeAnOnO*HTb, 4TO cna6aA TeMnepaTypHaA SaBHCHHOCTb BeflH4HH~ 

OCTaT04HOH nonApH3aUHH nOnO*HTefl bH~X MOOHOB /Ta6n . 1/ o6ycnoene
Ha 6onbWHM BKnaAOM HaATennoB~X peaKUHH 1 H onpeABnHTb HX MaKCH
MBnbH~H BKnaA /C4HTaA ero paBH~M AflA 06oHX COeAHHeHHH/ no 3Ha-
4eHHO OCTaT04HOH nonAPH3 aUHH B TpHaUeTOHaMHHe n pH TeMnepaType 
]]°K , TO 3TO npH BOAHT K cneAY~HM peaynbTaTaM: CKOpoCTb Ten
nOBOH peaKUHH MOOHHA C MOfleKynaMH HHTPOKCHfl bHOrO paAHKana 
~10 10 c - 1 H C HOneKynaMH TpHaueTOHBMHHa npHMepHO pas Ha 
10 5 - 10 6 c-1 ,T .e. BKnaA B3aHMOAeHCT BHH C TpeKOM 510--4. 

CKOpOCTb XHMH4eCKOH peaKUHH MOOHHA C HOneKynaMH HHTpOKCHnb 
HOr O paAHKana 04eHH BanaCb TaK*e nO HSMepeHHOH HBMH aaBHCHMOCTH 
OCTaT04HOH nonApH3aUHH OT KOHUeHTpa4HH 3TOro P~AHKana B BOAe 
/npH KOHUeHTpaUHAX ~3,6.J0 -S HOflAPHWX %/ /CM. Ta6n.2/ . nony-
4eHHOe 3Ha4eHHe 6nH3KO K 10 1l C - 1 • 

Cy~ecTaeHHO MeHbWHe 3Ha4eHHA T P AJ1R OTPHUaTenbHWX MOOHoa 
/eM. Ta6n.1 /, a npH~4Hne , HOryT 6wTb o6ycno aneHW npoueccaMH, 
npoTeKa~HMH B 30He paAHOflH3a.6e3 y4eTa 3~eKT08 paAHOflH3a cpe
~ AflA OTPHUaTenbHOrO MOCHa cneAOBano 6 w O*HAaTb TaKorO *e 3Ha-
4eHHA Tp,KaK H AJlA nono*HTenbHoro,noc KonbKY eAHHCT&eHHWM KaHa
noM peaKUHH ~8 C HHTpOKCHflbHWM paAHKanOM A&nAeTCA,KBK H AnA MOQ

HHA, npHCOeAHHeHHe K paAHK8flbH0MY UBHTpy . 0AHaKO 8CneACT8He 
HapyweHHA CTpyKTYPW KPHCTBnflH4eCKOH peweTKH H yBBnH4eHHA MOT
HOCTH ae~eCTBa Ha rpaHHUe 30HW paAH0flH88 cpeAHee pacCTOAHHe 
Me*AY CnHHOM OTPHUaTenbHOrO MOCHa H HecnapeHHWMH 3fleKTpOHaMH 
COCeAHHX HOneKyn CTaHOBHTCA MeHbWe, 4eM AflA nonO*HTBnbHOrO 
MOOHB, H apeMA penaKCaUHH YMBHbWaeTCA . npH 3TOM 803HO*HOe 
y aenH4eHHe KOnH4eCTBa P8AHKAnOB, BW38aHHOe paAHOnHSOM 8 TpeKe 
H B SOHe TOPHO*eHHA o•e-3neKTpoHOB OT Me308TOMHOrO KaCKaAa, 
TaK*e c noco6cTayeT YMeHbWe~o TP .CneAYeT OTMeTHTb , 4TO 3TH 
HCT04HHKH AOnOnHHTBnbHWX paAHKan08 He HOryT o6ecne4HTb CaMH 
no ce6e CTOmo OOnbWOH MOTHOCTH paAHKBnOB, KOTOpaA BABOe HnH 
8Tpoe npeawwana 6w MOTHOCT b HecnapeHHWX cnHHOB 8 Henoape*AeH
HOH KPHCTannH4eCKoH peweTKe CTa6HnbHOr O HHTPOKCHnbHOro paAHKana. 
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PenaKcau~o~R cn~o~Ha 11 -MIOOHa e rp~o~aueroHaM~o~He MOlKeT 6b1Tb 
oOoRCHeHa A8YMR He3aBI-ICI-IMbiMI-I nyTRMI-1. 1/ noA06HO TOMy, KaK AJ1R 
MIOOHI-IR B rp~o~aueTOHaM~o~He , MOlKHO AOnyCTI-I Tb 1 4TO peaKUI-IR, conpo-
80lKAaiOtllaRCR o6paaoeaH~o~eM A!-laMa rH~o~THoro coeA~o~HeH~o~R c It B , np~o~
BOAI-IT K pOlKAeHI-1~ paA~o~Kana B HenocpeACTBeHHO~ 6n~o~30CTI-I OT 11B. 
np~o~ 3TOM o6pa3yiOOIH~CR paAHKan MOlKeT HaXOAI-IT bCR Ha 6onee 6n~o~a
KOM paccroRHI-11-1 or Meao6opa /no cpa eHeH~o~~ c reM cny4aeM, KOrAa 
Me3o6op HaXOAI-ITCR B peweTKe HI-ITPOKCHn bHOrO paA~o~Kana/, 4TO np~o~
BeAeT K yMeHbWeHI-1~ Tp 8 TplolaUeTOHaM~o~He. UnR Me30aTOMa, BXOAR
~ero B COCTaB 6onbWO~ AHaMarHI-ITHO~ MOneKynbl, eepORTHOCTb nOK~o~
HYTb R4e~KY 6yAeT aHa4~o~TenbHO MeH bWe, 4eM AJ1R MoneKynbl MuH. 
3ro MOlKeT 6b1Tb np~o~4!-IHO~ Ha6n~AeH~o~R MeHbwero TP AnR orp~o~uarenb
HbiX MIOOHOB no OTHOWeHH~ K nonOlKHTenbHbiM B TpHaUeTOHaMHHe, 
8 KOTOpOM He HMeeTCR cra6Hn bHbiX DaAHKanOB, ecn~o~ nORBneHHe 
penaKCaUI-IH CnHHOB OTD~UaTenbHbiX H nonOlKHTenbHbiX MIOOHOB 06oRC
HRTb OAHO~ ~o~ ro~ lKe nDA4HHO~. 2/ B TD~o~aueroHaMHHe nDH ocTaHoe
Ke MOOHa H 06Da30BaHHV. Me30aTOMa B03Hio1Ka~T AOnrOlKHBY~He DaAHKa
llbl e 30He ecrynneHHR Meao6oDa e x~o~MH4eCK~o~e DeaKu~o~~o~. B 3TOM 
cny4ae Ha6n~AeH~o~e BDeMeH~o~ DenaKcau~o~~o~ TP cn~o~Ha MIOOHa e TDHauero
HaM~o~He, CDa BHHMOe C Tp B HHTDOKCHnbHOM paA~o~Kane /XOTR nnOTHOCTb 
06Da3y~~I-IXCR DaAI-IKallOB B TDHaUeTOHaMHHe Ha HeCKOnbKO nopRAKOB 
MeH bWe, 4eM B HHTPOKCI-InbHOM DaA~o~Kane/, MOlKeT 06oRCHRTbCR cne
AY~~HMH nDH4HHaM~o~. KaK ~o~aaecTHo 1 101, e HHTDOKc~o~nbHOM DaA~o~Kane 
HMeeTCR CHnbHOe 06MeHHOe B3aHMOAe~CTBiole 3neKTD0HOB, XaDaKTeDH-

-11 -10 ayeMoe epeMeHeM 10 ~10 c. UnR DaA~o~Kanoe e TD~o~aueroHaM~o~He 
-7 BDeMR 3neKTPOHHOH DenaKcau~o~~o~ -10 c. TorAa c~o~nbHOe o6MeHHOe 

B3aHMOAe~CTBHe 3JleKTD0HOB B HHTpOKCHJlbHOM DaA~o~Kane MOlKeT nDH 
BOAHTb K YCDeAHeHH~ AHnOnbHOrO MarHHTHOrO B3aHMOAe~CTBHR cnHHOB 
3neKTPOHa H M~OHa, BCJleACTBHe 4ero eenH4HHa AHnOJlbHOro B3aHMO
Ae~CTBI-IR, OT BeTCTBeHHOrO 3a DenaKCaUH~ CnHHa M~OHa, CHn bHO 
yl•eHbwaercR. KpoMe roro, e TD~o~aueroHaMHHe ~o~ HI-ITPOKCHilbHOM Da
AHKane MOryT Ta K)I(e OTnH4aTbCR (j)ypbe-KOMnOHeHTbl , T. e. cneKTpanb
Hble nnOTHOCTH AHHaMH4eCKHX MarHHTHbiX WYMOB Ha 4aCTOTe npeueCCHH 
ceo60AHoro cn~o~Ha M~oHa 80 BHewHeM Ma rHHTHOM none. B c~o~ny yKa
aaHHbiX OTilH4H~ B TDHaUeTOHaMHHe He60ilbWI-Ie KOilH4eCTBa 06Da3YIOOIHX
CR DaAI-IKallOB MOryT npHBOAHTb K DenaKCaUHH cn~o~Ha MIOOHa C xapaK
TeDHbiM BpeMeHeM, cpaBHI-IMbiM CO epeMeHeM DeJlaKCaUHH B HHTPOKCHJlb
HOM paA~o~Kane. 

Mbl He npHBOAHM reoDeTH4eCKHx oueHOK 3Ha4eHH~ TP AJ1R MIOOHI-IR 
H MeaoaTOMOB H CDaBHeHHR c aHanor~o~4HbiMH AaHHbiMH no RMP, no
CKOilbKY OHH TDe6y~T nDeA8ap~o~TellbHO~ Da3DaOOTK~1 HeKOTOPbiX eonpo
COB, B 4aCTHOCTH, DaC4eTOB BnHRHHR o6MeHHbiX CnHHOBbiX B3aHMO
Ae~CTBH~ B KPHCTanne HHTDOKCHilbHOrO paAHKana, a TaKlKe OnDeAene
HHR KOHKDeTHbiX MeXaH!-13MOB llOKallH3aUHH MIOOHHR H Me30aTOMa B KDI-1-
CT anne ' l5 ' 
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B 3aKn~4eHHe CAenaeM HeKoropble Bbleo~: 

1/ ~CCne~OBaHHe alae B CDeAaX C MOneKynRpHbiMH CTpyKTy-
paMH, 6nH3KHMH K CTPYKType HHTpOKCHnbHOrO paAHKana, HO He 
HMe~HMH B OTnH4He OT Hero HeCna peHHbiX 3neKTpOHOB, nOKa3ano, 
4TO 60nbWaR CKOPOCTb BCTynneHHR B XHMH4eCKHe peaKUHH Me3oaro
Ma B HHTpOKCHnbHOM paAHKane. 06ycnoeneHa erO B3aHMOAe~CTBHeM 
C paAHKanbHbiM UeHTpOM >N-0 . 

2/ ~3MepeHHR OCTaT04HO~ nonRpH3a4HH nonOlKHTenbHbiX MIOOHOB 
B TpHaUeTOHaMHHe H HHTDOKCHnbHOM paAHKane n03BOnHnH onpeAe
nHTb , 4TO BKnaA B3aHMOAeHCTBHR MIOOHHR C npoAYKTaMH paAHOnH3a 
e rpeKe He 6onbwe 10-4 ecex eaaHMOAeHCT8HH. 

ABTOPbl C4HTa~T CBOHM nDHRTHbiM AOilrOM no6narOAaPHTb ~ . B.06y

XOBa, r.~.Caeenbeea H B.~.KYAHHOBa 3a noMO~b 8 npoBeAeHHH 
3KCnepHMeHTOB. 
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