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1 o. BBEAEHH,E 

Bon poe o BJlHRHHH cna6br~ Ma r~HTHbrx' noneH /Mn/ · Hci ·6HonorH.l4ec
KHe 06beKTbl AHCKYTHpyeTCA .B Hay4HOa1. JU1TepaType ·tia .npOTAlKeHI-11-1: 

/1-5/ MHOrHX JleT • 0AHaKo OTHOWeHHe K 3TOMY HanpasneHH~ HCCJleAO-
, ~.~HI-111 B cpeAe H~Y4HQ11: 06l4eCTI~.et·p:ICJ:CT,H,_ K H~CTOA~eMy BP~MeHH e~qe 
He C$OPMHpOBqJlOCb._. B 3H84HTeJ1b.HOJ1 Mep~- .. 3TO CBA3aHq~ C .1eM, 4TO 
HcnDflb3Y.~Mble a ~Kcnep~MeHTax tom 6blnH no csoeH. 3_Hepr,I1H Ha ·MHoro 
noPRAKOB M~Hbwe Ten.nosoH -3t;i~Pri-H1 a ToMas H. Mon.eK:yS,,. co.cTasnRIO-
w,vpc_ 6HonorH4ecK~r~e C1-1c;.Te,Mbl. . , :. · . ,.,. · , , · .. , · , · 

.HeaHaHH~ ocHoBHblx xapa~TeP.HCTHK Mn, KOTOP~:e Mo,rnH 6bl, J;)_~Tb 
OTBeTCTBeHHbiMl-1 3a 3<b¢l~WrHE;~~Oe,_.~JU1~HH.e Ha 6H0"1.QrH.4eCKL;1e p6_~eK
Tbl, KaK npaBI-1110, npHBOAHilO B Pa311114HbiX 11a6opaTOpHRX K nllOXOCi 
BOCnPOI13BOAHMOCTI1 3KCnePI1MeHTOB, . . , . , , , 

B 3To~ CHTYa4HH abl6op napaMeTpoa H xapaKTepa·H~MeHeHH~ Mn 
BO epeMeHH, OTBeTCTaeHH~IX 3a 3~~~.KT11BHO.e .. B~a,qe!1cTa,"::e 

1 
Mn, a&_-. 

JlReTCR HeTPI1BHa11bHOt1 3a,qayet1, ,llJlR e~ .P:e~eHHR. AO.fi)KH~ .. ~6bJTb. C03-
,qaHa Ha,qemHaR 3KCnepHMeHTal1bHaR 6aaa Ha COBpeMeHHOM HaY4HO-
TeXHI14eCKOM YPOBHe, He06XOAI1MO nOHHMaH11e nepBH4HbiX MeXaH"::3.MQB 
e6a,qell!cTBI1R Mn Ha 6Honori1YecK&.1e o6beKTbl. TaK, HanpHMep, rPyn
no~ aMePHKa~CKHX y~eHblX /nH6oa H APYrHe 16- 71 I BblABHHYTa r.,no
Teaq,.-o: enHRHI1H_ KoM6HHa.4k!l1' riocT'()RHHoro 11 nePeMeHHoro Mn 
Ha, -r..P·aH __ Cr:~~PT HOI:tOB ·.~epe:a M~M6Pat:tbl •. B,bi9C?P Y.~C.ro.rbJ. nepeMt;!:iHoro 
BO B.peMel:iW_.Mn. 6b1Jl.,·He ,CJ1,Yyai1Hb1M,_ q .fia3~p.oaa11CB, Ha ';IBCTOT,e 4H,K
J10TPOHHOrO · peaoHaHca, CeRaaHHoV. c onpeAeJleHHoH een~t~._411HOVI nO~ 
cTORHHoro Mn np11 ABH>KeHI-111 e HeM paan~t~YHbiX ~t~oHoe. Ycriex11 e pe
weHI111 3a,Qa4, CBR3aHHbiX C MarHI1T06110110rHeVI, 6YAY.T onpeAellRT bCR 
B AallbHeV.weM Hay4HOt1 CTpaTer~t~eH, OCHOBaHHOH Ha nPeACTaeneHHRX 
0 ~H3l1_4eCK"'1·X. ,MeXat:H1~MaX QePBI1,4HOrO B3altiMOAeHCTBK~ ... Mn _C HeKOTO
pbiMI1·'3IJeMe,HTapHbiMH:_ ·C..TPYKTYpaMitl J BbJCTYnai01141:1MI(1 B t<;aYeCTBe 6H.0110-
rl14eGKI1X Ma rHHTOPeblenT.OPOB, BXOAR~HX B 06b.8,M.- >K"'!BbiX l<lleTQK • 

. 2 o, nOCMHOBKA ,3A,llA4H 
't'' 

, H3 coofipall(eHH~, <l>H3HyecKoro. xapaKTepa ClleAYEH, ~To Heo6xo
A""M'b1M :YCilOB .. He-M, 6e3 BblnOJ}HeHH_R, KO.roporo .. He~03MO>KH(:? OCY~e!=J ":"' 

··eHT·b·· KaKoe ... nl.1-{5o -eoaA·eHcre11e Mn Ha. 6~t~onor~t~yecKH~ o6"be~:rbl, FJ~
nReTcR oTnH4He nnoTHOCTH MO(l4HocTH 3Hepr:H11 Mn. or HYJU~ .• 



3TO YC-!lOBHe B npocTeHweM BHAe AnR cpeA, y KOTOpbiX f.I.-MarHI-1T

HaR npoHH4aeMoCTb He aaaHCHT oT Mn, onpeAenAeTcA BblpameHHeM 

dW Mn im aH ax aH ay aH az 
cit-=~oi'H[~at + ai"" at-+~ay at +-:Jz-a\ 1• / 1/ 

Mn 2 

::;H:TH~; ~rY6~T:;HH~A ~ll~T~O~:~H~~:~:H~p~:~~~::~~~b n~~~~0~~4~C-
KHX 06beKTOB, 6nH3KaA no aenH4HHe K 1. 

2 . 2 2 
H=vH,+Hy+H,, Hx=H,(x,y,z,t), Hy=Hy(x,y,z,t), 

Hz = Hz(x, y, z, t) - cooTaeTCTBYIOUJ.He KoMnOHeHTbl MarHHTHoro noll A, 

3aBHCRW,He KaK OT KOOPAHHaT X, y, z, TaK HOT apeMeHH t. 
EcnH Tenepb paccMoTpeTb c 3ToH T04KH apeHHR reoMarHHTHoe 

none /fMn/, a era HanpR>KeHHOCTb COCTOHT H3 nOCTORHHoro Ho 
H aaeHCRIJiero oT epeMeHH H(t) none.:\, TO ycnoe"e /1/ c y4eTOM OA

HOPOAHOCTH MarHHTHoro nOllR 3eMnH /Mn3/ no npocTpaHCTBeHHbiM 

KciOPAHHaraM MOmeT 6~Tb npeACTaaneHo KaK 

Mn3 · · · · 
dW /dt="o"HaH/at=HaB/at, /2/ 

rAe B = ~ ,H onpeAellneT "HAYK4HIO rMn. 
Ha yp~sHeHHR MaKcaenna 

_, _, 
rotE=- a Blat /3/ 

C Y4eTOM /2/ CileAYeT, 4TO BHYTP" 06beMa m"B~X KJleTOK Bee 

CTPYKTYPaX pa3HbiX reoMeTPH4eCKHX paaMepoa, He HCKnK>4aR paaMe

POB aTOMa, B03HHKaeT BHXpeaoe aneKTpH4eCKoe none /B3n/, Ha

npR>KeHHOCTb KOTOporo Ha OKPY>KHOCTH paAHYCa t onpeAenAeTCR 

"3 /3/ KaK 

/4/ 

B aroH pa6ore 6yAeT paccMarpHaaTbCR OAHH H3 aoaMomHbiX nep

BH4Hb1X MeXaHH3MOB enHRHHA Mn Ha 6HOJlOrH4eCKHe 06beKTbl, KOTO

pble 6yAeM pacCMaTPHBaTb KaK HeKOTOpble KBaHTOBble CHCTeMbl, CO

CTORW,He H3 cna60B3aHMOAeHCTBY~W.HX Me>KAY co6oH aTOMOB. 

CaMO )He aaaHMOAeHcreHe 6a3HpyeTCFJ Ha 11caRaaHHbiX 11 aapRAaX, 

coeepWaiOUJ,HX nepHOAH4eCKOe ABH)HeHHe BOKpyr RAep aTOMQB H B3aH

MOAeHCTBYIOUI,HX C B3n, KOTOpoe HHAY4HPYeTCA BHYTPio1 06beMa >KHBbiX 

KneTOK MeHR~HMHCA 80 epeMeHH Mn, B COOTBeTCTBHH C COOTHQWe

HHeM /4/. npH 3TOM aneKTPOHb\ HeKOTOpb!X aTOMHbiX o6paaoBaHHH 

MOrYT H3MeHATb CBOIO 3HeprHIO H cosepwaT b nepeXOAbl MemAY 3Hepre

TH4eCKHMH YPOBHRMH BHAa 
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uWik =Wi -Wk, !51 

n:~e HH,qeKCbl .i 1-1 k xapaKrep~t~3YIOT .cooTeercrey10uu1VI Ha6op .KBaHro
Bblx 4Hcen, onpe,qenRIOIQHX nonmKeHHe. 3HepreTH4eCKHX yposHeC1 .• 

TaKaR nocTaHOBKa aa,qa4H cooreercrayer paccMoTpeHHIO e o6~eM 
s1.1,qe aepoRTHOCH1 nepexo,qoe no,q ,qelltcraHeM aoaMY~QeHHA, aaBHCfl.
w.ero or apeMeHH flO/ 

TaK KaK 3HepreTH4eCKHe nepexo,qbl a aroMax nponOPU.HOHailbHbl 

HX 3Hepn·U1 HOHH38\..4HH (d,Wik -WHOHHJ_), TO npe,qnonaraeMbiMH pe\..4en
TOpaMH, BOCnpHHIIIM8IOU.It.1MH 1113MeHeHio1R rMn, MOryT 6b1Tb npHMeCHbl~ 

.aTOMbl, Hx oTm·14J .. HenbHOa1 oco6eHHOCTbiO or APYrHX aroMas .ABJlReT

C.A KpaV!He M8Jl8fl 3Hepri-1R HOH11138U,l-H1 (WHOHHa, :;> kT) H 60ilbWOe 

apeMR HU13HH. 

BoaMo~Hocrb nepexo,qqs no,q ,qeV!~TeHeM rMn c o,qHoro 3HepreTH-
4ecKoro YPOBHA Ha ,qpyro~ 6yAeM paCCMaTpi-1BaTb Ailfl npi-1MeCHbiX 

aTOMOB, t<OTOpbte HaXOARTCR nOA Ae~CTBHeM rMn, COCTOR~ero lo13 no

CTORHHoro nonR B0 ::; 10-4 Tn 1-1 nepeMeHHoro B= B(t), He npeabt

wa~~ero no aenlo141o1He HecKonbKio1X npo~eHTOB oT B0 • 

Kone6aHio1fl rMn BO epeMeHio1 B(t), a TOflbKO 0Hio1, B npHH~Io1ne, 

MOrYT 6b1Tb OTBeTCTBeHHbiMio1 3a BBOA 3Heprlo11o1 B KaKYIO-Illo160 KBaH

TOBYIO C1o1cTeMy, Ha1o16onee nOAP06Ho paccMOTpeHbt a pa6oTax 
18 •91 • 

Ha OCHOBaHio11o1 Ha61110AeH~~t~ YCTaHoaneHO, 4TO aepxHeH rpaH1o14eH 

Alo1ana30Ha reoMarHio1THbiX ny1lbCal.llo1~ RB11ReTCR 4aCTOTa· OKano 5 r1.1. 

3. nPHMECHbiE ATOMbl KAK PEl(EnTOPbl Mn 

nplo1MeCHbte l.leHTpbl MOryT 6b1Tb ABYX Tlo1nOB - AOHOpHbte H aKI.Ien

TOpHbte. CeR3aHHbte c 3Tio1MH 4eHTpaM1o1 .3neKTpoH y AOHOP9 HilH 11Abtp

Ka11 y aKL.IenTopa MOryT ABio1raTbCR B none c noTeH41o1anoM V = 
= ei4 ~n , rAe ~: 

0 
- 3neKTPio14eCKaR 'nocTO,RHHaR, .. f - Al(l3.neKTPio1-, 

4eCKafl npOHio11.1aeMOCT b cpeAbl, a r - paCCTORHio1e OT RAP a aTOMa 

np~~tMeclo1. 

npH TaKoH ¢lopMe noTeH41o1a11a 311eKTpoH lo111~ AblpKa ~-faXOARTCR 

B ~OAOPOAOnOA06HOM COCTORHH1o1. 0CHOBH~Mio1 napaMeTpaMio1, xapaKTe

p1o13YIOutlo1Mio1 nplo1MeCHble aTOMbl, RB11RIOTCfl: paAio1YC op61o1Tbl 

r=r ·£nilm* 
5 

lo1 3Heprlo1R HOHH3al.llo1H 

H 2 m 
W =W ./, --, 

HOHH!. HOHH3. rn* 

rAe m* ·- a¢¢leKTio1BHaR Macca 311eKTpoHa, m - Macca 311eKTpoHa. 

!6! 

Ha111o141o1e nplo1MeCHbiX aTOMOB 8 KBa31o1KPio1CTa1l111o14eCKOH CTPYKType 

~lo1B~X KlleTOK nplo1BOA1-1T K TOMY, 4TO B 30He aanpeTa MemAY OCHOa-

3 



HbiM COCTOAHHeM AOHOpa H MHHHMallbHbiM YPOBHeM nOJlOCbl npOBOAHMO

CTH, a TaKme MemAY OCHOBHbiM COCTOAHHeM aK4enTopa H MaKCHMallb

HbiM yposHeM eaneHTHoH nonocbl 6yAeT pacnonaraTbCA BOAOPOAono

A06Hbli:1 3HepreTH4eCKHi1 cneKTp, 

3HeprHA npHMeCHbiX aTOMOB B Mn MO>KeT 6b1Tb onpeAeneHa H3 Bbl

pa>KeHHA 

"'" 1 2 w =-x B, np. IT, 2 np.IT. 171 

rAe B- HHAYK4HR Mn, HanpHMep IMn, a X'np.ar. - o6DeMHaR MarHHT-

HaR BOCnpHHM4HBOCTb ra3a BOAOPOAOnOA06HbiX AOHOPOB HJlH aK4enTo

POB. 

HaAp=~~=:~H~~K:~~~~~:~4~:~C~b ~G::~~:M~~a~~:~~~b1~6n~H::Ck;2, n~~= 
AeT paaHa 1111 

2 
~6 

x =n (-
np.ar. d kT 

m 2) _, . 
m* /8/ 

rAe nd = n+ + n_, n+ - KOH4eHTpa4HR AOHOpHbiX 3JleKTpOHOB C no

JlO>KHTeJlbHbiM cnHHOM, n_ - c OTPH4aTellbHbiM cnHHOM, a Nd = n
0 

+ 
+ n+ + n_ - nOJlHaR KOH4eHTpa4HR .Q,OHOpOB, no - KOH4eHTpa4HR 

AOHOPOB, Y KOTOpbiX HeT 3JleKTpoHa, a cpeAHeKBaApaTH4Hbli:1 paAHYC 

onpeAeJlAeTCR B COOTBeTCTBHH C 1121 KaK 
2 

<r 2> 2 2 5n + 1- 3e(e + 1) 
= r

6
n 

2 
/9/ 

r5 - paAHYC aTOMa BOAOPOAa no 6opy, n - rnaaHoe KBaHTOBoe 4HC-

110, f - op6HTanbHOe KBaHTOBOe 4HCJ10, 

npeAeJlbHOe 3Ha4eHHe AH3JleKTPH4eCKOH npOHH4aeMOCTH onpeAellHM 

H3 ycnoeHA paeeHcTsa 3HeprHH CBA3H npHMecHoro aToMa npH n = 1 
H m* /m =1 TennoaoH aHeprHH, no nopRAKY aenH4HHbl pasHoH kT: 

wn ' :: v -~ < 25. 
npoA. kT 

/10/ 

B ceRaH c nocneAY~~HM paccMoTpeHHeM aeeMaHoacKoro pac~enne

HHA .3HepreTH4eCKHX ypoaHei1 B03HHKaeT sa>KHbli1 C lJ>H3H4eCKOH T04-

KH 3peHHA BOnPOC 0 KOJlH4eCTBe aTOMOB, o6paay~~HX HeKOTOpY~ 

MHHHMaJlbHY~ no paaMepaM CTPYKTypy, BXOAR~Y~ B COCTaB >KHBbiX 

KJleTOK, B KOTOpoj::j B03MOmHO o6paaosaHH8 COOTBeTCTBY~~HX 3Hep

reTH4eCKHX 30H C pa3MeiJ.IeHHeM B HHX npHMeCHbiX 4eHTp0B, o6ecne-

4HBa~IJ.IHX BOKpyr HX AAep JlOKallH3a4H~ 3JleKTpOHOB H noJlO>KHTeJlb

HO aapR>KeHHbiX AbiPOK, 

Ha 3TOT eonpoc MO>KHO Ha~TH OTBeT B pa6oTe 1141 , B KOTOpOH 

Ha OCHOBe 3KcnepHMeHTa11bHbiX H TeopeTH4eCKHX HCCJleAOBaHHH no-

4 



Ka3aHO, 4TO 
11
.,. OCHOBHble XapaKTepvtCTio1KI4 MaCCio1BHOrO rena no4-

TH nOllHOCTbiO CctlOPMHPOBaHbl Y)f(e B arpera4HRX, COAepmatqHX MeHee 
10 3 

aTOMOB ••• 11 • Eclll-1 npe,qnOJlO)f{HTb, 4TO o6paaoaaHHe 1-13 10 3 arc
MOB RBilRercR Heo5xo,ql-1MbtM AilR nonyt.~eHHR aoHHoH cTPYKTYPbl aHep
ren-14eCKHx cneKrpoe, TO a HeM Ha pa3Mepax- 10 A MO)f(HO paaMe
CTHTb He 6onee OAHOrO ,QOHOpHOrO HllH aK4enTOPHOrO aTOMa. A TaK 
KaK B )f(HB~X KJleTKaX COrilaCHO 04eHKaM Co,qepmHTCR OKOJlO 10 12 -
-1014 aTOMOB, TO BHYTPI.1 06beMa >Kio1BbiX KlleTOK MO>KeT 6b!Tb He Me
Hee 109 -10 1l np~MeCHbiX ~eHTpOB. 

Ecn1o1 renepb npoaecTH cpaaHJ.1TellbHYIO 04eHKY, To x" 8P~.-;& 
::: 10-26 A~~</Tn 2 ~ np~ < = 10 yAH&. = 10-27 A11</Tn 2, ~~· ;CTb ... nP.IT, ,QHaMarHHTHaR 4aCTb MarHHTHOH BOCnpHHM4HBOCTH MQ)f(eT COCTaBllRTb 
AD 10% OT napaMarHHTHO~. 

AnR AanbHeHwero paccMOTpeHHR AHaMarHHTHOH MoMeHT nPHMecHo
ro aTOMa cpeAbl nPeACTaB~M C nOMOIJlbiO /8/ B cn9AYIOIIIeM B~Ae: 

M 
,QIHI . ,QHI. WL 2 =-x B0 =-J_..s =-e--rrr. 

np.oT. 'I' scp. 2 
17 

scp. 
/11/ 

eB 8 COOTHOWeH~~ /11/ "'L = V /r = -- ABnAeTCA 4aCTOTO~ Jlap-A06. scp. 2m 
Mop a, J ¢= ewv<l~rr 
POCTH VA06 . , r3<Jl, 
AeJlReTCR KaK 

.I 2 2 , 
rs¢, = ( v 3 <r > • 

- op6HTaflbHbtH TOK 3a C4eT A06aB04HOa::1 CKO-
- 3$$9KT~BHbl~ paA~YC op6~Tbl, KOTOpbl~ onpe-

4>H3H4eCKio1a::1 CMbiCJl cpopM,yflbl /11/ CQCTOio1T B TOM, 4TO npl-1 Ha,f11o1-
41o11o1 OAHOPOAHoro nonR B0 3neKrpoH 111nH A~PKa nplo1MecHoro aToMa 
nony4aeT AOnOflHio1TenbHY~ CKopoCTb VAOn. K caoea::1 lo1CXOAHOH v0 • 
np~-1 3TOM AB!f1meHio1e 11CBR3aHHoro aapRAa 11 npo~ttcxoA!f1T np~-1 nocTORH
HbtX 0, f 111 no Helo13MeHHOMY PaAHYCY r = r3¢l. , a 4aCTOTa (j)L He aa
Bio1CHT Hl-1 OT yrna HaKnoHa op6Y!Tbl no OTHOWeHH~ K HanpaBJleHYIIO 
nonR, Hl-1 OT paAYIYCa op6YIT~, HH OT Ha4anbHoa::1 CKOpOCTYI, 3TO no-
3BOnReT CAenaTb 04eHKY H3MeHeHHR KY!HeTio14eCKOa::1 3Heprlo1H 3JleKTpo
Ha HllH A~PKI-1 nplo1MecHoro aTOMa CpeA~ npl-1 BaPI-1a4HRX MarH1o1THOro 
nonA oT B0 AD B0 + ~B cneAYIOIJl~M o6pa3oM: 

e(B0 +~B) 2 eB0 2 ~W"""·~m[vo +-2m--r,q,] /2-m[vo+ 2m r,q,) k~ 
/12/ 

5 



CooTHoweH~r~e /12/ nocne npocTbiX npeo6paaoeaHl-1~ nepeoro ~ome
Ha, KOTOpbiH 60JlbWe BTOporo Ha HeCKOilbKO nOPfiAKOB, MOH<HO nepe
n~r~caTb a cneAYID~eM e~r~Ae: 

'W " , 8 j 5n 
2 

+1 - ae (e +1) 
u. KloiH. IJ.5u ---------- • 

3 
/13/ 

rAe ILs - MarHeToH 6opa, a aHaK '' ± •• orpamaer paeHoeepoRTHocTb 
apaUJ,eHHA 3JleKTpoHa HIH1 AbiPKl-1 nPI.1MeCHOrO aTOMa cpeAbl- no J.1 npo
TVIB LlaCOBOH CTpeJlKH, TO ecTb V0 = ±V0 • 

Jn1 BbiBOAbl cnpaaeAilHBbl AilR 6.8\/80 << 1 , 4TO lo1MeeT MeCTO 
a 6Hoc$epe Hawel-1 nnaHeTbl. 

~OCTaT04HO HarllAAHOe ¢~rt3H4eCKOe npeACT8BJ18HHe 0 xapaKTepe 
ABHmeHHA no KpyroeoH op6Hre 3neKrpoHa npHMecHoro aroMa MOmHo 
nOJlyl.IHTb- 143 KJ18CCio14eCKOrO paCCMOTpeHHA B03HII"'KHOBeHVIA ,CU·18MarHe
TH3M8 OAHO~neK!POHHoro aroMa np~r~ y4ere ~r~aMeHeHHA Mn eo apeMe
H~' KOrAa aB I at # 0 /I 31 

8 3TOM CI1Y4ae B npOCTpaHCTBe B03HIIIK.;ieT BHXpeaoe 3IleKTPI-14eC
KOe none C a31t1MYTa11bHOil! COCT aBilf110W,et1 E (jJ, onpe,qenReMOil! COOT
HOWeH~eM /4/. TorAa np~ AB~meH~~ no op6~Te nOCTORHHoro paA~Y
ca r = r 9q:,, 6y,qer MeHRTbCR aavtMYTallbHbtt1 ~-tMnYllbC 3lleKrpoHa P¢ 
KaK 

dp /dt ~ 6 '•<1>· ~ 
¢ 2 at 

r,qe B = Bz • A nocne HHTerpHpoaaHHR no t lo1MeeM 

er,<!> 6.B 
--·-~ m(v

0 
+ 6.v), 

2 

er9 <J>.6.B 
6.v ~ _;..;:.,._ 

2m 

/14/ 

/15/ 

TorAa AnR ~aMeHeH~R aHepr~~ np~ aap~a4~~ Mn Ha 6.B Ha~AeM np~ 
npeHe6pemeH&.H1 Kaa,qpaTH4HbiMH LUleHaMI-1 no !J.v N

0
, I.!To 

2 2 
p¢ -PO¢ 

6. W """. ~ --I:...........:z._ ~ mv0 6. v/ 2, 
2m 

TO ecT b nonyl.leHHoe ylKe paHee Bblpa>KeHa.1e Allfl OCHOBHOH 4aCTI-! 
aHepr~~ a /12/. 

/16/ 

~IlR 3TOrO ,QBH>KeHHR xapaKTepHO TO, 4TO nonepe4H~t1 HMnYilbC 
1o1 PaAHYC op6!-1Tbl oCTaiOTCR HeH3MeHHbiMH, TaK KaK lo13MeHeHHe l.leHT
pocTpeMHTeJlbHOti Clo1Ilbl KOMneHCHpyeTCR TaKoH me ,qo6aaKoH OT CHilbl 
nopeH4a c T04HOCTb~ AO nonepe4HOro noPRAKa no 6.~/vo npH 3TOM 

6 



2 2 
KynoHoscKaR c1t111a FK = e lrsq; .. • onpe,qenR~afl npHT.A)!(eHHe 311eK-
TPOHa lt1JH1 AblpKI4 K RAPY, V1111-1 IHOfiafl ,qpyraR 3JleKTPVI4eCKaA C~t~Ila 1 
CJ1Q)!(Hb1M 06pa30M 3aBvtCRll.laA OT paCCTORHI.Ut 1 OCTaeTCR HeH3MeHHOa:i, 

O,qHaKO Me)i(,qy onpe,qeneHVIeM MarHVITHoH 3HeprHH npHMecHoro aro
Ma cpe,qbl KBaHToeoH MeXaHJ..1KO.:i H o,qHH04HOrO aTOMa KllaCCH4eCKOa.1 
$H3VIKOH HMeeTC.A npHH~HnHaJlbHa.A pa3HH4a •. QHa COCTOHT, BO-nep
BbiX 1 B TOM 1 4TO TOJlbKO KBaHTOBaR MeXaHio1Ka n03BOJH1Ila onpe,qe
JlHTb HaH6onee· eePORTHoe 3Ha4eHHe cpe,qHeKsa,qpaTH4Horo pa,qHYCa 
311eKTpOHOB V1IU1 AbiPOK 1 ABVI)f(YW,VIXCR no pa3In14Hb1M op6V!TaM, HO npH
ee,qeHHbiX K Kpyroeot1 C 3¢¢eKTHBHbiM pa,qVIyCOM 1 OnHCbiBaeMbiM COOT
HOWeH!-1eM /11 I. Bo-eropbrX, - a onpe,qeneHJ.1RX KHHen14ecKoa.1 3Hep
rl-11-1 3fleKTPOHa J..1fll-1 AbiPKI-1 npi-1MeCHOrO aTOMa cpeAbl, KOrAa OH Haxo
AI-1TCA 8 HOpMaflbHOM J..1fiJ..1 8036Y*AeHHOM COCTOAHJ..1AX. 

4. B3AHMO/lE~CTBHE Mn C nPHMECHbiMH ATOMAMH 
B HOPMAnbHOM H B036YmllEHHOM COCTO~HH~X 

nyCTb npJ..1MeCHble aTOMbl HaXOAATCA 8 pa8H08eCHOM J..1fiJ..1 HOpMaflb
HOM COCTOAHI-11-1 /n = 1, f = 0/. TorAa 3Hepr~A npJ..1MeCH~X aTOMOB 
8 Mn cornacHo /7/ ~ /8/ nponDP4~oHallbHa KOH4eHTpa4~~ nd ~ co
CTOI-1T 1-13 napaMarHI-1THOC1 1-1 A1-1aMarHJ..1THOi1 4ac·reV!. 0AHaKO Heo6XO
A~MO I-1MeTb B BI-1AY, 4TO Ka»<AbU~ 3fleKTpOH J..1fll-1 AblpKa 1-13 nd aTOMOB 
6y~~T o6naAaTb caoel-1 AOnOfiHJ..1TeflbHOC1 KI-1HeTJ..148CKOC1 3Heprl-1ei.1 
D.WK1~H. ~ 6YA8T Oni-1CbiBaTbCA COOTHQWeHJ..1eM Tl-1na /13/. 

npl-1 y4eTe' 4TO BPaw.eHJ..1e 3fleKTpOHOB Hflll1 AblpQK nPI-1MeCHbiX aTo .... 
MOB nO J..1 npOTI-18 4aCOBOi1 CTpefiKI-1 paBHOBepOATHO, cpeAHAA no 06be
MY AOnOfiH!-1TenbHaA KI-1HeT&-14eCKaA 3Hepri-1R o6paTI-1TCR B HYflb, 
To ecTb ~ (I!.W ) = 0. HarllRAHoe nPeAcTa8lleH~e AllR 3Toro cny-i KHH. 

4BR cxeMaTH4ecKI-1 nPI-1BeAeHo Ha p1-1c.l. B aepxHel-1 4aCTI-1 pi-1CYHKa 
YCflOBHO nOKa3aHbl Op6~Tbl ABYX aKl.lenTopH~X aTOMOB, Y KOTOpbiX 
op6J..1TaflbHble MOMeHTbl IDr HanpaafleHbl B pa3Hble CTOpOHbl. npH nOMe
~eH~~ 3T~X aToMo8 8 MeHR~eecR 80 8peMeH~ Mn B = B(t) 6naro
AapR a3ai-1MOAeVicraH~ B3n c 38PAAOM q nPo!-1cXoAI-1T I-13MeHeHI-1e ero 
KI-1HeTH48CKOC1 3HeprHI-1 B COOTB8TCTBHI-1 C yaefl!-14eHHeM J..1fiH YMeHb
WeHJ;1eM I-1CXOAHOC1 CKOPOCTH 3aPAAa Ha Befi&-14HHY ~V. 

_J3 I-1Tore o6w,HC1 AV1aMarH!-1THbti1 MoMeHT 6yAeT nponOP41-10HaneH 
lld~mAHB. , a CYMMaPHblei op6HTaflbHbiC1 MOMeHT o6paTHTCA 8 HYilb, 4TO 
COOTaercTayeT op6HTal1bHOMY KaaHTOBOMY 41-1CfiY e = Q. 3TI-1 Ka4eCT
aeHHbte paCCY»<AeHI-1A CnpaaeAilHBbl AllA paaHoaecHoro COCTORHHA 
np~ n = 1 ~ e = 0 . 

EC!ll-1 npi-1MecHbJe aTOMbl HaXOAATCA B B036Y»<AeHHOM HfiV1 HepaaH0~, 
BeCHOM COCTORHV1H, TO OHV1 fiYAYT pacnpeAelleHbl no pa3111-14Hbl·~ 3t:fe,p-

'' ,(:t.\ '·.' 
reT&-148CKV1M COCTOAHV1AM, 6YAYT HMeTb OTJ11-14Hble 0'!' H.Yfl~;'-i~·~H,p~/~.~~-, 
Hbte MOMeHTbl 11 0611aAaTb pa3Hb1MI-1 apeMeHaMH }f(J..13H'H' B COOTBeTCTBHI-1 
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PHc.l. HH,o;y~HpOBaHHe AHaMarHHTHoro MoMeHTa aToMa 
cpe)J;bi, H8XO,[VJI~erOCR B HOpManbHOM COCTOflHHH jn = J, 
f = 0/, C 06pai.JJ;8HHeM op6HT8llbHOf'O MOMeiiTa B HYnb, 

C COOTHoWeH~eM HeonpeAe!leHHOCT~ 

rnrn21'1, /17/ 
rAe fn XapaKTep~3Y8T W~pHHY n-ro 3HepreTH48CKOrO YPOBH~, rn 
cpCAHee apeM~ ero mvt3HH. 

T aK, Ailfl paaHoaecHoro COCTOFI HH.A '/n = 1 ' e = 0 I rl ... ,0' 
a r1 -+ oo, 8 3TOM Cily4ae 1.13 COOTHOW8HHfl /13/ CI18AY8T, ~TO 
DWKMH. = 0, 1-160 npH HeorpaHH4eHHOM apeMeHH H<I-13HI-1 Il106b1X aTOMOB, 
Koropbie Moryr abiCTynaTb a Kal.lecree peu.enropoa Mn, t~.B = 0, TaK 
KaK a na6oparopHbiX ycnoaHRX 1-13MeHeHHR nonR no apeMeHvt acerAa 
KOH84Hbl, 

np1.1 n ?_ 2 3Heprei"14Y8CKaR WHPHHa YPOBHFI [ n~2 VI apeM.A >KH3Hl.1 
'n> 2 KOH81..1Hbl no eeiH1l.IHHe, C $vt3114eCKOi1 T04KH apeHHR pa3yMHO 
np~HRTb 3HB4eHHe n = 2 KaK HaH6onee YCTOi14HBOrO B036ym~eHHOrO 
COCTORHHR H3 acex B03MOmHbiX. 

8 3TOM cny4ae rJPHMeCHble aTOMbl 5y,qyT HaXO,QHTbCR B Tpex 3Hep

reT~4eCK~X COCTOAH~AX: 1/ 2 Sl/2(1 = 0, m J = 1 /2) , 2/ 2PI/2 (1 = 1 , 
mi = 1/2), 3/ 2? 312 (C = 1, mi = 3/2), rAe mJ- MarH~THOe KaaH
Toeoe 4HCnO, xapaKTepH3YIOUJ,ee nonHbll-'1 MOMeHT KOnH4eCTBa ABHmeHHR. 
1-13 uyf(~§!a'H'HbiX COCTORH"'Vi -TOnbKO y aTOMOB B 2Pll/2- H 2P3/2 -COCTOR
H~ff',(CMf5f:'Y¥H6-~_ITb ~bt,qeneHHbte a npoCTpaHcTee op6HTbt 3neKTpoHos 
H --A1~t1P:dk~-k/f1p_t1·rt~:~a~Mo~ei1CTBHH 11CBR3aHHbiX 3BPRAOB 11 npHMeCHbiX aTO

h.;r-Jt31.)T~;;or,Ai:) t-1 NHf.~I·;EI( •· 



MOB C B3n B03MO~HO KaK ~X yaenH4eHHe, TaK H YMeHbWeHHe HX KH
Hen-t~eCKOIII 3HepnH1 Ha eeJH14HHY 6-WI<HH. np1-1 eap1-1a4V1H Mn Ha aem1-
4HHY ~B. 

Tor.qa peaoHuHCHbJe nepeXOAbl c o,qHoro 3HepreTH4eCKoro ypoe
HA HnH nOAYPOBHA Ha APYCO~, TO eCTb H3 2P112- HnH 2?312 -COCTOA
H"~ B 28112-coCTOAH"e, OnHCbiBaiOTCR cor nacHO /13/ <!JopMyno~ 

pe3 -
~w ·~ ± ~6~B v6 = w,. -wk. /18/ KlotH, p83. 

TaK KaK TaKoe eaaHMo,qe~craHe c Mn soaMo»<Ho, KOr,qa npHMeCHbJe 
aTOMbl HaXO,QfiTCR 8 B036Y)f(,QeHHQM COCTORHI-1111, TO epeMR HapacTaHHR 
HnH cnaAa 61 OAHOro H3 <!JpoHTOB HMnynbca Mn AOn>KHO 6b1Tb orpa
HH4eHo cne,qy~~HM HepaBeHCTBOM: 

/19/ 

KaK: ~t~aeecrHo 1121
, ,qnfl ao,qopo,qono,qo6HbiX aroMas c aapRADM 

.A,qpa Z 3HepreTH4ecKafl WHPJ.1Ha YPOBHR r V!MeeT nopR,QOK .:a(z afwi10HI13--' 
r,qe W110 H113 , RanReTCR 3HeprHe~ HOHH3B4HH. B npHilO)f(eHHH K nPHMec
HbiM 4eHTpaM /z = 1 I npH AH31leKTPIII4ecKolll nocToRHHoH cpe,qbl ( WH
Plt1Ha r J.1MeeT nopR,QOK a3WUOHH 3 : f 

5 , TaK KaK a£ =a/£ 1-1 W110HHJ. = 
= W11HOHHJ, /£2 , 0TC10Aa epeMfl >KI-13HH OAHH04HOrO npHMeCHOrO aTOMa 
npl-1 OTCYTCTBHH B03My~eHH~ soapaCTeT, HanpHMep, A~fl 2P1/2-COCTOfi
HHfl KaK 

1l 5 --. ( . /20/ r 
HaH6o~ee HHTepecHo no~o>KeHHe nPH n 2,KOrAa 28-cocTOfiH~e 

MeTaCTia6H~bHO. 
H8H'6o~bWafl sepoRTHOCTb nepexoAa -28 ~ 1 S o6yc~oe~eHa OAHO

epeMeHHbiM HCnYCKaHHeM ABYX $OTOHOB, o6~afl 3HeprHfl KOTOpbiX pas
Ha pa3HOCTH ABYX aTOMHbiX COCTOfiHHt1. 3Ta eepOfiTHOCTb COCTaB~fleT 
OKO~O 7 C-l, no3TOMY cpeAHee epeMfl >KH3HH 28-COCTORHHfl 4peae~-
4a~HO ee~H KO, 4TO npeACT aB~ReT OC06blt1 HHTepec npH HCC~eAOBaH11H 
eoaMomHocTH HaKonneHHR aHeprHH aToMoB, KOTOPble c noMO(QbiO Mn 
MOrYT coeepwaTb BbiHY>KAeHHble nepeXOAb H3 2P112- H 2Pa/S -COCTOA
HHH a 28 1;2cocToRHHfl c noc~eAYIO~HM nepexoAOM 4epea A~HTe~bHoe 
epeMA /nPH < =10 r 28 -104 c/ B OCHOBHoe COCTOAHHe, 112 

npoH3BeAeM o~eHKH aHeprHH npHMeCHbiX aTOMOB B rMn c HHAYK
~HeH BO = 1 o-4 T~ npH YCJlOBHI-1, 4TO MaKCHMallbHble H MHHHMallbHble 
eapHa~HH rMn COCTaBnAIOT ~BMaK. s 3 MKTn' a ~BMHH. :: 1 HTn. 
8 aTOM CJ1Y4ae H3MeHeHHe 3HeprHH npHMeCHOrO aTOMa B cpeAe MO~eT 
no noPRAKY aenH4HHbl 04eHHaaTb.CR c nOMOW,biO /7/. 3TH 04eHKH AafOT., 
4To ~wnap.- lQ-36 1\>K /l0-17 aB/, ~wA••·-lQ-37 1\>K /lo-ts aB/. 

np.IT. np.aT. 

9 



3TH ee111.1L1!.1Hbl CTOilb Mailbl, LITO C 1.1X nOMOll.lbiO nbiT aT bCR o6oCHOBbi
BaTb KaKOe-.nl-160 BI11.1RH1.1e Mn Ha 6HOI10ri.1L~8CKI.1e 06D8KTbl HeB03MOH(H0. 

O,qHaKo 11ceRaaHHble 11 aapRAbl np1.1 KpyroeoM ,qeHmeHI-11.1 BOKPYr ceo
~x RAep B COOTBeTCTB~~ C /18/ nonY4a~T np~ TeX me ~3MeHeH~RX 
~Be rMn 3Hepr~~ ~WKHH.-10-32 lim /10-13 38/+ 3·10-29 lim 
/10-10 38/, KoropaR HeconocraeHMa c napaMarHHTHo'a:1 1-1 ,ql-1aMarHI-1T
Hoa:1 3Hepr1-1ea:1 npHMeCHbiX aTOMOB, TO eCT b 

napa. 
I ~WKHH.I » wnp.ar. ~ AW nape.. a TaKN<e W AI1B. u AWnAp"."a·T •• 

Ll np.aT. ' np.aT. "' u 

TaKHM o6paaoM, nPHPall.leHJ.1e 3Heprl-11.1 311eKTPOHOM np1-1 1.1HAY41-1POBa
HJ.11.1 1.1 HaMeHeHHAX Al-1aMarH!-1THoro MoMeHT a eoa6y}f(,qeHHbiX aToMoB 
MO}f(eT 6b!Tb TeM 3HepreTHL~eCK1.1M KaHallOM, KOTOpbla:1 MO}f(eT onpe,qe
llATb BllHAHHe Mn Ha 6HonorV1L~eCKHe CI-1CTeMb1. 

Cne,qyeT oco6o OTMeTJ.1Tb, LITO 3HeprHA, npHo6peTaeMaA 31leKTpo
HaMH 1.111111 ,QbiPKaMI-1 B 3TOM CllYL~ae, KaK ,QI.1aMarHV1THble MOMeHTbl aTO-
MOB J.1 MOileKyll He 3aBJ.1CI.1T OT TEMneparypbl. 

HeCMOTPR Ha CTOilb Ma11y10 3HeprHIO, KOTOPYIO MON<eT npJ.1o6peTaTb 
np1-1 eapJ.1a4HAX Mn3 31leKTpoH 1.1111.1 AblpKa o,qHoro eoa6yN<,qeHHoro npi-1-
MecHoro aToMa, eonpoc o6 1-~x L~V1Cile e o,qHoa:1 KnerKe ~111-1 o6 ee cyM
MapHoa:1 3HeprHJ.1 RBilAeTCA HaH60ilee J.1HTepeCHblM J.1 ·aL~eHb Ba}f(Hb!M 
C ~J.13HL~eCKOa:1 TOL~KV1 apeHJ.o~A. He HCKiliOLIEHO, LIT9 KOJ1J.1LieCTBO aTOMOB 
pe4enropoe, eocnpJ.o~HHMa~lliHX Mn3, a no 04eHKaM 1.1x e o,qHoa:1 KneTKe 
OKOilO 10 11 , onpe,qellRET V1 paaMep, H CnE4H~J.1KY )I{J.1BbiX KllETOK, 

5. CPABHEHHE C 3KCnEPHMEHTOM 

B nep~OA 1982-87 rr. 6bma npoeeAeHa cep~R pa6oT no sKcne
PI-1MeHTallbHO~ npoaepKe eoaMO}f(Horo MexaHH3Ma BilHAHHA Mn Ha 3lleKr
PH4eCKY~ aKT~BHOCTb /3A/ He~pOHOB· MOnn~cKa. 

MarHJ.o~THoe none coa,qaeanocb c nOMOlllb~ ,qeyx KaryweK renbMronb-
4a. 0HO MOrllO H3MeHATbCA no pa3HbiM 3aKOHaM BO epeMeHV1 C no
MOll.lb~ cne4HallbHo CKOHCTpyHpoeaHHoro reHeparopa. 

Ha p1-1c.2 noKaaaHo HaMeHeHJ.1e Mn Bo epeMeHH, npH KOTOPOM MO}f(
HO ocyll.lecTBHTb peaoHaHcHoe eaaHMo,qea:1craHe Mn c 3neKTpoHoM 
nPI-1MecHoro aToMa. Ec111o1, HanpHMep, apeMR HapacTaHHR nepe,qHero 
~pOHTa tn.<::t. >> 'n~ 2 , TO np1.1 YCilOBHI-1 AOCTI.1}f(eHJ.1A pe3oHaHCHoro 
3Ha4eH~R ~B = ~8~03 • nepeXOA 3neKTPOHa C OAHOro YPOBHR Ha APY
roa:1 Heao3MO}f(eH, 1-160 A11R Kam,qoro HHTepeana tl.tn.cp.::: r0 ~2 i-13MeHe
H~e ~B < ~Bp03 •• TonbKO AnR cnaAa HMnYnbca Mn t3.q.. < rn;? 2 eoa
MOmeH pe30HaHCHbl~ BBOA 3Hepri-11.1, 

npi-1 HCnOilb30BaHJ.1J.1 O,QHHOL~HOro J.1Mnyl1bCa Mn TpeyrOilbHOa:1 ~.OPMbl 
no aMnllHTYAe, ace ro Ha noPAAOK npeab1Wa~111ea:1 rMn, 6blno nonyL~e
Ho1151, LITO 1.13MeHEH1.1e 3A Hea:1pOHOB npoi-1CXO,Qio1T npH YC110BHI.1 ~rpa-
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PHc.2. 3aKoHoMepHOCTH H3MeHeHHH HMnYnhca MIT eo epeMeHH, 
ITPH KOTOpOM B03MO~HO B3aHMO~el1:CTBHe B3IT C 3neKTpOHHOfi 
nnoTHOCTbfO B036Y)K,IJ;eHHoro npHMecHoro aToMa cpe,n;bJ, 

HHl.leHHA aB/at B onpeAe.neHHOM ,ql-1ana30He. T~t~nH4HaR KapTHHa H3Me
HeH\11R 3A HeHpoHa noKa3aHa H.a plr1C, 3, 

3<i><i>eKT"BHble 3Ha~eH"A aB/at np" aMnn"TYAe nonA t.Il = 10-3 T n 
cocTaBnA~T 10-4-10-3 Tn/c. XapaKTepHo TaK~e To, ~To np" aoa
,qeHCTBHH Ha HetlrpOHbl J.1MnYJlbCaMio1 Mn CO CKOpOCTbiO BHe 3TOrO 1.1H
Tepaana peaK~HH HetlrpOHOB He Ha6Jl10AaJlOCb. 

J 
r 

J 
r l l 

j 
r l 

30c 

170118 

PHc.3. BnHHHHe Ha 3neKTpHqecKyw aKTHBHOCTb HeHpoHa, 
06n~a~ero HMnYnbCHOft 3HepreTHqecKOfi aKTHBHOCThfO, 
CHMMeTpHqHoro H aCHMMeTpH\lHOrO HMITYnbCa MarHHTI-IOI'O 

rronH c nepena,IJ;oM 6B = Jo-3 Tn. KarrH6pOBKa: ropH30H
TanbHbii1: 0Tpe30K COOTBeTCTBYeT )Q c; eepTHKaiTbHhiH -

70 MB. 
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PHC ,4. Bm.rRHHe Ha 3neKTpHl..I€CKYIO aKTHBHOCTb HeH:poHa, 
o6JlMa10W:€ro HM11YJlhCHOJ.1: 3J1€KTpHqecKOJ1: aKTHBHQCTbJO, aCHM
M€TpHqHOrO O,l:U1HOl..IHOrO HMITYJlbCa MarHHTHOrO IT0J1R C nepe
nap;OM ~B = J 0-4 Tn H cepm1 T3KHX )1(€ HMITYJlbCOB MarHHT
Horo IT0J1H C HHTepBanOM M8JK.D;Y HHMH 6.t = 15 C, KaJur6poB
Ka! r'OPH30HTa..JlbHbi:i1 0Tp830K COOTB8TCTByeT JQ C, B8pTH
K8JibHbJH - 40 MB. 

/111R OAHH04HOrO HMnYilbCa Mn C nepenaAOM AO t!B = 1 o-4 Tn 
nPH CKOPOCTRX nepeAHero ~pOHTa 10-5 Tll/C H 3aAHero ~pOHTa 
10-4 Tn/c H3MeHeHHH 3A He~poHoa He Ha6n~AallOCb. 

O.qHaKo np~~t B03Aet1cTBllll1 cep1o11o1 TaKV!X I-1Mnynbcoa, noKaaaHHbiX 
Ha pHC.4 C HHTepaallaMH Me~AY HHMH t!t = 15 C, Ha61l~AallOCb C~
~ecTaeHHOe H3MeHeHHe 3A y 14 H3 15 HCCileAoaaHH~X He~pOHOa/ G/ 

3acnym~~tBaeT 6DilbWOrO BHI"'MaH~~tR TOT $aKT, ~TO H3M8H8HHR 3A 
nPOI-1CXOAHI1VI noc.ne B03A8a::iCTBHR onpeAeJleHHbiM 4HC!10M lo1MnyilbCOB 
B C8p&.1H,AocTaT04HOe AI1R Ha4a!1a peaK~HI-1 He~pOHOB K0!11148CTBO I"'M
nYilbCOa Mn a pa3H~x onbiTax aapbHpoaanH oT 3 AO 10 /a 6onbwe~ 
4acTH 3KcnePHMeHToa - 5-B/. TaKHM o6paaoM, CYMMapHaR 3HeprHR, 
KOTOpaR yaellH4!-1BallaCb OT I-1MnYJlbCa K 1-1MnYJlbCY, He npeabiWana 
3HeprHH aoaAe~cTaHR OAHH04Horo HMnYilbCa Mn c t!B = 10-3 Tn. 

PeaK41-1R HeHpoHoa Ha6n~Aanacb npa-1 aoaAeHcTBI-11-1 I-1MnYnbcaMI-1 Mn 
npH yaellH4eHHH HHTepaalla Me~AY HHMH AO tit = 60 C, 0AHaKO yae
Jl!-14eH!-1e apeMeHHOrO i-1HTepaana Me~AY 1-1MnYJlbCaMH npi-1BOAHJ10 K CH!-1-
~eHH~ 3~eKTHBHOCTH B03Ae~CTBI-1R. 06 3TOM CBHAeTeJlbCTBYeT TOT 
$aKT, 4TO Y 60JlbWe~ 4aCTH HeHpoHOB, He npopearHPOBaBWHX Ha ce
PH~ HMnYilbCOa Mn 6t = 60 C, Ha61l~AanaCb peaK4HR Ha cepH~ HM
nYilbCOa Mn C HHTepaallOM Me~AY HHMH C 6t = 15 C. 

C 4eJ1biO 04eHKH apeMeHH peJlaKCa41-1H np04eCCOB, CBR3aHHbiX 
C B03AeHCTBHeM B3n Ha 3A Hel1pOHOB MOJlJliOCKa/17/ ,6biJlH HCnOJlb30Ba
Hbl !-1MnYJlbCbl TpaneL.teHAaJlbHol1 tf)opMbl c nepenaAOM nonR f\B=lQ-3 T.ry. 
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I-IMnynbCbl Mn Bb16HpanHCb C OAHHaKOBOH CKOPOCTbiO aB/81 = 
= 10-3 Tn/c AnR o6oHX ~POHToa. B npoMemyTKe Me*AY nepeAHHM 
" 3aAHHM ~poHTaMH Mn 6blno nocTORHHbiM " paBHbiM 10-3 Tn. YcTa
HoeneHo, 4TO KaK nepe~H~H, TaK H 3aAHHH ~pOHT~ HMnYilbCOB Mn 
B OTAeflbHOCTH cnoco6Hbl Bbi3BaTb H3MeHeHHe 3A KlleTKH. 06Hapy)f(e
HO, 4TO HMnYilbCbl Mn, Y KOTOP~ nllaTo BO apeMeHH nDAAeP*HBaeT
CR 8 TeyeHHe HeCKOilbKHX CeKYHA, Mal103~~eKTHBHbl. npH 3TOM AeHCT
BHe B3n oAHOro HanpaeneHHR KoMneHcHpoeanocb AeHcTaHeM B3n npo
THBOnonomHoro HanpaeneHHR. B pe3YilbTaTe 3A HeHpoHoe Monn~cKa 
npaKTH4eCKH He H3MeHR11aCb. 

3~~eKTHBHOCTb anHRH>tR HMnynbcoa Mn Tpanelle>tAanbHoi1 ~OpMbl 
Ha 3A HeHpoHoe MDnn~cKa eoapacTana c yeenH4eHHeM nnaTo H AO
CTHrana MaKCHMYMa np>t HHTepaane 8t = 10 C. 3TOT HHTepaan C ~H-
3H4eCKOH T04KH apeHHR RBilReTCR apeMeHeM peilaKCa4HH nP04CCCOB, 
CBR3aHHbiX C H3MeHeHHeM 3A HeHpoHOB MOlllliOCKa Mn. 

B pa6oTe 1181 npOH3BeAeHo cpaaHeHHe ABYX THnoa HaMeHeH>tR Mn 
BO epeMeHH, a HMeHHO! CHMMeTpH4HOrO H aCHMMeTPH4HOrO HMnYilbCa 
Mn. B Ka4ecTee CHMMeTPH4Horo cHrHana Hcnonbaoaanocb Mn, Me
HR~eecR no rapMOHH4eCKOMY 3aK0Hy, a aCHMMeTpH4H~M cHrHanoM 
CflYtKHT HMnynbC Mn TpeyronbHOJ1 (bopMbt, y KOTOporo .QflHTenbHOCTH 
nepeAHero >t 3aAHero ~pOHTOB pe3KO paanH4aflHCb. npH 3TOM CKO
poCTb 116btCTporo11 4JpoHTa HMnynbCa Mn 6bJna Bbt6paHa paaHoH 
10-3 T n/c . .QnR MeHRIOUierOCR BO BpeMeH>t Mn CHHYCO>tAaflbHOH ~pMbl 
c aMnnHTYAO~ B = 10-3 Tn 6blna Bb16paHa 4aCTOTa OT 0,1 AO 1 rll. 

B Kam.qoM 3KcnepHMeHTe O.QHH H TOT me HeHpoH no.qaepranH ABYM 
cnoco6aM B03Aei1cTBHR: CHa4ana CHHYCOHAanbHbJM Mn C 4aCTOTOH 
0,1 HflH 1 r~ B Te4eHHe npH6nH3HTenbHO 2 MHH, a 3aTeM B03Aei1cT
BOBanH BCHMMeTpH4HbJM HMnYflbCOM. YcTaHOBneHO, 4TO npH B03Aei1cT
BH>t Mn C 4aCTOTOH 0,1 r4 H3MeHeHH~ 3A He 6blnO H~ B OAHOM 3KCne
PHMeHTe, a npH BOa.qeHCTBHH nonR C 4aCTOTOH 1 f4 peaK4HR HMena 
MeCTO AnR WeCTH HeJ1pOHOB H3 16 o6cneAOBaHHbJX. 

O.qHaKo npH eoa.qeHcTBHH Ha 3TH me HeHpoHbl OAHH04HbtM acHMMeT
PH4HbiM >tMnYnbCOM Mn y 24 ~3 28 HccneAOBaHHblx Ha6niOAaJ10Cb pe3KO 
BblpameHHoe H3MeHeHHe xapaKTepa 3A. 

3AKJ1104EHHE 

1 • npoBeAeHHble 3KCnep>tMeHTbl no BflHRHHIO Mn Ha 3neKTP~4eCKYIO 
aKTHBHOCTb HeHpoHOB MOfln~CKa AOCTBT04HO XOpOWO nOATBepmAa~T 
Ka4eCTBeHHYID KapTHHY eaaHMOAeHcTBHR B3n, HH.qY4HpoBaHHoro HaMe
HeHHeM Mn eo epeMeHH, co 11 caRaaHHbiMH aapR.qaM~~t 11 aToMOB-MarHHTo
pe4enTopoa, HaXOAR~HXCR BHYTPH 06DeMa mHBbiX KneTOK. 

2. MHHHMBflbHOe H3MeHeH~~te 3HeprHH 11 CBR3BHHbiX 3BPRAOB11 .qllR 
OAHOrO aTOMa B HaW>tX 3KCnep>tMeHTax OlleHHBaeTCR B 10-27 .Qm 
/1 Q-8 38/ '· H OTCIDAB ClleAyeT, 4TO aTOMBMH, CnOC06HbiMH He TOllbKO 
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BOCnpHHHMc3Tb, HO H HaKanllHBa.Tb Q4eHb MallYIO f'JO BeJlH4HHe aneKTpO
MarHHTHYIO 3HeprHIO BHeliJHe~ cpeAbl, MDrYT QbiT b npi-1MeCHble aTOMbl, 
TaK KaK OHH o'6naJ:ia10T 60JlbWHM epeM~HeM »<1-13HH H ·Mallo~ no BeJlH4H-
He 3HeprHei1 HciH~3a'1.4HH o . 

3 o 3ct>ct)eKTHBHOe B03Aei1CTBHe Ha 6HQIIOrH4eCKHe o6oeKTbl B03MO»<
HO Jli1Wb npH HC'n0n'b30BaHHio1 HeCHMMeTPio14HbiX no ePeMeHH .HMnyJlbCOB 
Mn. npH 3TOM pesoHaHCHoe 3Ha~eHHe. nepenaAa Mn 6Bpea. ' np~ KO
TOPOM B03MO»<Hbl BbiHY»<AeHHble nepeXOAbl Me»<AY aeeMaHOBCKHMH noA
ypoaHRMH, ocy~qecTBIJReTCR Ha OAHOM H3 Cl>pOHTOB HMOYJlb.Ca a a ape
MR, KOTOpoe MeH bWe speMeHI-1 »<H3HH B036Y»<AeHHbiX np~Me CHbiX aTOMOB o 

C4HTaiO caOHM AonroM no6narOAC;IPHTb B.BonapWHH1.4eaa aa npoae
.qeHHble· 3KcnepHMeHTbl, niJOAOTBOPHOe o6.CY»<AeHHe n011Y48HHbiX pe-
3YJlbTaTOB, cn0co6CT~YIOW,HX .Han.~caH.HIO .qaHHO~ pa60Tb.l, 
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