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0nHC8Hhl SKCnepKM9HThl no Ha6nroneHHID MeTonaMH CK6poCTHOfi pa3B9pTKH 

. i 11 
H qacTOTHOfi MonynsuHH scpcpeKTa M ecc6ayspa Ha y -H3nyqeHHH 92 Ksa 

67 . 
Zn c HCTOqHKKOM K cpKnbTpoM H3 OKHCH UHHKa. H a6monaeMaH aenHqHHa 

-3 < 

pe30H8HCHOI'O nornOill9HHSI noCTHI'89T 2·10 , WHpHHa nHHHH H9CKOnbKO 60nb-

we 9CT9CTB9HHOt1. B cneKTpe o6Hapy:>KHBa.eTCSI CTpyKTypa. HHTepnpeTaUHSI KO

TOpoa npK noCTHI'HyToa TOqHOCTK H3MepeHKa 38TpynHHTenbH8o 

Abstract 

Using the methods of Doppler shift and frequency modulation, experiments are described 

on the observation of the Mossbauer effect on y- ray 92 Ke V transition in Zn 67, As a source 

and absorber zinc oxide has been used. 
' -3 

The observed magnitude of the resonance absorption was found to be 2. ~0 , the 

width of the line being somewhat larger than the natural one. At the available accuracy of the 

measurements a certain structure which is rather difficult to be interpreted is observed in the 

spectrum. 



1. B B e Jl e H H e 

nepB09 B030Y>KJl9HHOe COCTOSIHHe SIJlpa HMeeT 9H~prHIO 

Eo= 92 Kan H nepHOJl nonypacna!la T ~ = 9,6•10-6
ceK lecTeCTBeHH8SI 

WHpHH8 ..... = 4,9•10-ll I "" , an ; oao MO>KeT ubiTh nonyqeao B peayJihTaTe K-
aaxBaTa B Ga 67 IT~ = 78 '!aeon I HJIH {3 -pacna!la Cu 

67 
IT ¥2 67 '112/ 

'I8C • 
I 

., 
Hay'!eHHQ acpcpeKTa M eccoayapa Ha y -HaJiy'IeHHH 92 Kan, B03HHK8IOIUeM 

npH nepeXOJl9 H3 aToro COCTOSIHHSI B OCHOBHoe 1 npe!lCT8BJISieT 3H8'IHTeJibHhl. HH" 

Tepee, T8K K8K 9cpcpeKT M ~ccoayapa Ha UHHK9 MO>KeT ObiTh B npHHUHne HCITOJih-

30B8H JlJISI BbinOJIHeHHSI pSIJl8 HHTepeCHbiX paoOT 1 HanpHMep: 

1. 06 H a py >KeaHe O'I9Hh MaJibiX HaMeHeHHH B 'IacToTe y -HaJiy'IeHI{H 

. 67 -16 
loTHOCHTeJibH8SI WHpHHa y -nHHHH 92 K aB Zn r;E .. 5.10 ' 'ITO npHMep-

HO Ha 3 nopSIJlK8 M9HhW9 OTHOCHTeJihHOH WHpHHbl JIHHHH Fe 
57 

, H8 KOTO-

1 

poii obmo HaMepeao rpaBHTBUHOHHoe cMerueHHe 
131 

2 0 VfaMepeHHe MBrHHTHOrO H KB8JlpynOJihHOrO MOMeHT()a-SIJlpa 

nepBOM B036Y>KJleHHOM COCTOSIHHH. 

B 

3. HaMepeaHe HeKoTOphlX xapaKTepHCTHK TBep!lhiX Ten, CO!lep>KaruHx a 

cnoea peweTKe aTOMbi Zn IBHyTpeHHHe nonSI, HaoMepHbie CJlBHrH H llP· I. 

0J:J.HaKo Hay'IeHHe H HCIIO.nhaonaHHe acpcpeKTa M eccuayapa Ha 
67 , I 

Zn ocno>K-

H eao pSI.tlOM oocToSITeJihCTB. CpaBHHTeJihHO OOJihW aSI . a He prHSI OT Jl a'!H SIJlpa 

npH Y - nepeXOJle npRBOJlHT K M8JlbiM 3H8'IeHHSIM aepoSITHOCTeil: HcnyCK8HliSI 

H nornoweaHH Y -KB8HTOB "oea OT Jl 8'IH "• 

67 
B CHJIY ManocTH wHpHHbi y -mrHHn 92 K a a Zn o'!eHh onacHhl 

paanH'IHOil: npHpOJlbi pacwenneHHSI H ywupeHHSI JIHHHil: ucnycKaHHSI H nornowe-

7 67 
HHR, KOTOpbre nerKo MoryT C!leJiaTh acpcpeKT M eccoayapa a ... n npaKTH'!ec~ 

KH HeHaOJIIOJlaeMbiM. B Ka'IecTae npH'IHH 1 Bbi3biB'aiOWHX pacruenneHHe H ywHpe-, 

HHe JIHHHil:, MO>KHO YK838Th1 HanpHMep: 

1. H anH'IHe B MeeT ax pacnonoiKeHHSI aTOMOB 

HOpOJlHhlX 9JieKTpH'IeCKHX ITOJiefi. 

67 
Zn MarHHTHbiX H aeoll-
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2. Bo3MyweHHe oT pacrra.noB, rrpe.nwecTBOBaBwnx o6pa3oBaHHIO Bo3-

oy)K.neaaoro COCTOHHHH 0 

67 
3. HerrpaBHDbHOe rron.o)KeHHe qacTH aTOMOB Zn B peweTKe TBep.no-

ro Tena. 

4. 0THOCIIT9DbHhle BIIOpaUIIH IICToqHHKa H ¢HnbTpa. 

8 DIITepaType orryonHKOB8HO HeCKODbKO 9KCIIepnMeHT8DbHhlX paoOT IIO 
,, 67 

H80DIO.ll9HIIIO a¢¢eKTa M eccoayapa B Zn • Bee 9TH paoOTb! Bb!IIODH9Hbl IIO 
67 

MeTo.ny rrporrycKaHHH c MaTepnHCKHM H.npoM Ga • 

141 
B paooTe .nnsr pH.na crrnaBOB n coe.n11aeun:n Zn rrpn pa3nnqHhiX 

,,, z 67 
TeMrrepaTypax c ToqaocTbiO .no 0,1% a¢¢eKT M eccoayapa B n ae 

o6aapy)Ken. 

151 B pa6oTe .nnH MeTannnqecKHX ncToqunKa H ¢HnbTpa 1¢HnbTp 6hln 

67 2 
ooorawea H30TorroM Zn .no 33% n liMen TonmHHY - 1,5 rlcM I rrpn 

0 
TeMrrepaType 4,2 K rronyqeao yBennqeune rrporrycKaHHH ¢nnbTpa ua 0,03% rrp11 

pa3pyweHIIII pe30H8HCHOI'O IIO!'DOIU9HIIH M8l'HIITHblM rroneM. 

3aMeTHO 6onbwoii a¢¢eKT 61:>rn rronyqea B pa6oTe
161

, r.ne B KaqecTBe 

HCTOqHHKa H ¢HnbTpa II~:":ODb30B8DHCb OXD8)K,lleHHbie . .llO TeMrrepaTypbl 2°K 

o6pa3Uhi ZnO · • Yf3Mepsrnacb 3aBHCHMOCTb rrporrycKaHHH ¢ynbT1pa oT Bennqn-

Hbl H8DO)K9HHO!'O H8 aero MarHHTHoro rronsr 1¢HnbTp ohm o6oramea II30TOIIOM 
67 

Zn 2 
.no 92,4% II nMen Tonwnny 1,2 rlcM I. M aKCHManbaoe aa6niO.naeMoe 

-3 
113MeHeHHe IIpOIIYCK8HHH OK838D0Cb paBHhlM 2,5•10 • B 3aBHCHMOCTH rrporryc-

K8HHSI OT BenHqiiHhl M8l'HHTHO!'O IIODH OOHapy)KeHa CTpyKTypa, IIpllqeM M8KCII-

MyM pe30H8HCHO!'O IIO!'DOIUeHHH COOTBeTCTBOBan IIOD JO -10 rc. YfHTeprrpeTa- 1 

161 
UIIH pe3yDbT8TOB paoOThl 38TPY.llH9Ha Manofi TOqHOCTb!O H3MepeHH:fi H ae-

67 
3H8HHeM BennqHHbl M8l'HHTHO!'O MOMeHTa B030Y)K.lleHHO!'O COCTOHHHH Zn • 

B uacToHmeil 

" Mecc6ayapa B 

TepHHCKirM H.llpOM 

paooTe H3naraiOTCH pe3ynbTaTbi nccne.no.Bannil a¢¢eKTa 
67 

Zn , Bb!IIOnHeHHbie TaK)Ke IIO MeTO.llY rrporryCK8HIIH C Ma-

67 
Ga , ao c Hcrronb30BaHHeM .nnH rrony•rennH aaepreTn-

qeCKO!'O CIIeKTpa pe30H8HCHO!'O IIO!'DOIUeHHH M9X8HII3M8 .llOIIIIDepOBCKOI'O CMe-

IUeHIIH 0 



2. i nocTaHOBKa SKC!I9pHM9HT8 

3HepreTHqecKH9 C!I9KTpbi pe30H8HCHOI'O IiOI'110IU9HHSI y -KB8HTOB !I011y-

qa.11H~ H3MepeHHeM 3aBHCHMOCTH nponycKaHHH cPH11hTpa Ll11li nHHHH 92 K sB 

~ti OT OTHOCHT911hHOft CKOpOCTH HCTOqHHKa H cPH11hTpa, 

Pa5oqne H3MepeHHSI Bbinq11Hli11HC.b C HCTOqHHKOM II cPlllibTpOMt OX118:lKLl9H-

HbiMJ! llO TeMnepaTypbi 4,2°K, 

l1 CTOqHHK npeLlCTaB11li11 co 5oft TOHKyiO lpa3MepaMH 20x10x }M M I !I118CTHH-

KY H3 cneqeHHoft ecTecTBeHHoft ZnO IKepaMliKHI, o5nyqeHHYIO c OLlHOft cTo- · 

pOHbi LleftToHaMI! c sHeprHeft 13,4 Msa.· B pe3y11hTaTe o5nyqeHHSI Ha noaepx-
66 67 

HOCTH niracTHHKR rro peaKURR Zn (d, n) Ga HaBOLlli11ach aKTHBHOCTh B 

Ga 67 n 
H9CK011hKO Ll9CliTbiX MH1111RK!OpR • ,._.,nSI ycTp8H9HHli p8LlH8IlHOHHbl:l): no-

Bp9:lKLl9HHft KpHCT81111HqacKOft peweTKH HCTOqHHK OT:lKlii'811CSI B B03LlYX9 npH 

TeMnepaType 1000-1100°C B TeqeHne 1-2 qacoa. 

¢1111bTp 5bi11 Bbi!I011H9H B aHLl9 TOHKOCT9HHOI'O 118TyHHOI'O KOHTeAHepa 1 Ha-

ll011H9HHOI'O CBli38HRbii'.1 !I011liBIIRli110BbiM CffillpTOM !IOpOWKOM OKIICH Zn , o5o-
. M 2 

raweRROA LlO 33% u3oTonoM Zn • TonwnRa cl>nnbTpa cocTaBnSina 1,6 rlcM, 

CxeMa sKcnepHMeHTa11bROA ycTaHoBKH n3o5pa>~eHa Ha pHc. 1. 

K r enneaoM y cocy Ll y KpHocTaTa Ha aoanoqHoM noLl aece I Llllli n3onsru11n 

liCTOqHnKa II cPlilibTpa OT BH9WHIIX liCTOqHIIKOB BH5pauuAI Kp9!Ili11CSI M9LlUbiA 

KpOHWT9AH, CBli38HllbiA C !'9111i9BbiM COCYAOM rn5K!iMli M9LlHbiMli T9!IliOOTBOLla

Mli, Ha KpOHWT9AH C OLlHOA CTOpOHbi H8!I8liB811CSI KOHTeAHep C cPII11bTpoM 1 a C 

npoToaononomHoA cTopOHbi 3aMa3KoA PaM3eSI HaKnenaanac& nnacTHHa nbe3o-

KBapua I X -cpe3 TonrunHoA 2,5 MMI. Ha nhe30KBapu qepe3 TOHKYIO MeLl-

HYIO cPOllbi'Yo B CBOIO oqep9Llb 0 H8K11911B811Cli liCTOqHnK o5nyqeHHOA CTOpOHOA K 

cPII11hTPY• 

y -n3nyqeHne perncTpnpoaanocb cunHTnn-

11HUIIOHHbiM cqeTqliKOM c TOHKIIM 12,5 MM I Kp!iCTa11110M Na J (Te /. nnHIIH 92Ksa 
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Bbipeaanach ua aMnnHTyanoro cneKTpa oanoKananhHbiM auanuaaTopoM AALI0-1. 

.[lnR nony~eHHR anepr9Tif~9CKOH pa3B9pTKH KapTHHbl p930HaHCHOrO nor

nOlU9HHR na nheaoKBapu noaaaanocb nanps:»<:enue Tpeyronhnoii cpopMbi c ~ac

TOToii 1,5 KrU If aMnnHTYLlOH, nepHOLllf~8CKif npOXOLllfBlU9H pHLl cfJHKCHpOBaH

HbiX paBHOOTCTORlUHX 3Ha~9HH$\ OT 0 LlO Umax I B OTLl9nhHbiX H3M9p9HHRX 

v 
max 

aocTHrano 1500 al. Ka:»<:aoMy ana~enuro aMnnHTYLlbi Tpeyronbnoro na-

npR:»<:9HHR COOTB9TCTByiDT LlBa paBHhlX no B9nH~HH9 H npOTHBOnono:»<:HhlX no 

3HaKy 3Ha~9HHR OTHOCHT9nbHOH CKOpOCTH ± V , o6ycnaannsaromne ane.pre-

Tlf~9CKH9 CM9lU9HHR E 0 v/c Me:»<:ay cneKTpoM HcnycKaHHR HCTO~HHKa H cneK-

TpoM nornomenus cpHnhTpa. YnpaanRE!!Mhilt oT renepaTopa Tpeyronhnoro nanpH

:»<:enus 6nOK 6hlCTpOH KOMMyTaUHH no3BOnRn ~erHCTpHpOBaTb B LlBYX pa3nH~-

Hb!X KaHanax OTC~9Tbl, COOTB9TCTBYIDlUH9 9H9preTH~9CKHM CM9lU9HHRM paa

HOrO 3HaKao 3TOT :»<:e 6noK Ha H9CKOnbKO Ll9CHTKOB MHKpOC9KYHLl 3annpan 

c~eTHbie Kananbi a6nu3H HanoMOB Tpeyronbnoro nanpH:»<:enns. CKa~Koo6paanoe 

H3M9H9H.H9 aMnnHTYLlbl TpeyronbHOrO nanpR:»<:eHHH 0 0LlHOBpeM9HHO C nepeKnro

~9HH9M nap C~HTa!OlUHX KaHanoa, npOH3BOLlHnOC,h 6nOKOM MeaneHHOlt KOMMy

TBUHH aBTOMaTH~ecKH ~epea paBHbie npoMe:»<:yTKH apeMeHH I - 10 ceKI, aa-

aaaaamnecs aaT~HKOM HHTepaanoa apeM eun, cTa6nnnanpoaaHHbiM KBapueM, BKnaa 

B anepreTH~eCKHH cneKTp OT H3M9H9HHR HHT9HCHBHOCTH HCTO~HHKa 3a c~eT 
67 

pacnaaa Ga c aocTaTo~uoa a naw eM cny~ae TO~HOCThiD ycTpanHncs 

acTpe~HhlM o6xoaoM Kananoa a nocneaoaaTenbHhlX UHKnax H3MenenHH aMnnn

Ty Ll hi Tpeyronhnoro nanps :»<:enuH. 

npH lf3M9p9HHHX C ~aCTOTHOfi MOLlynHUif9H ·y 171 
-nany~eHHH na nbeao-

KBapu ~epea 6noK Meanenuon KOMMyTaUHH Mo:»<:eT 6biTh noaano cnnyconaanh

noe nanpH:»<:enne uy:»<:noii ~acToTbi H aMnnHTYLlbi, 

LlnR onpeaeneHHR nponycKaHHR cpHnhTpa npH 3aB9LlOMOM OTCYTCTBHH pe-

30HaHCHOrO nornomenns a Ka:»<:aoM UHKne HMencH penepHbill: Kanan, npH c~eTe 

a KOTopoM ua nbe3oKaapu noaaaanoch cnnyconaanhnoe nanpH:»<:enne 6onhwon 

~acTOTbi H aMnnHTYLlhi 1100 Kru, 150 a.a¢¢1, paapywaawee peaonanc aa 

C~9T MeXaHH3Ma ~aCTOTHOH MoaynRUHH. 

OnncannaH ycTanoaKa noaaonsna 3a OLlHH cyTKH pa6oThl nony~HTb na 
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C!!9KTpe .llO 50 TO'IeK, IIpH'19M CT8THCTH'I9CK8SI TO'IHOCTb B K8)KJlOJt lf3 TO'I9K 

COCTaBnSina 2·10-4 • 

3. PeaynbTaTbi H3MepeHHfi 

1/ 
THIIH'IHbie SHepreTH'I9CKHe crreKTpbr peaoHaHCHoro rrornorueHHSI .ll!!SI. nH-

HHH 92 KsB Zn 67 
B. OKHCH Zn rrpn TeMrrepaType - 4,2°1< .ll!!SI paanH'IHbiX 

HCTO'IHHKOB, IIO!Iy'leHHbiX 'IIpH o5ny'leHHH TO:lK.ll9CTB9HHbiX o5pa3UOBt IIp9.1lCTaB

!!9Hbi Ha pnc. 2 n 3. 

Bhl'IHC!19HH9 sHepreTH'I9CKHX C.llBHI'O~ IIpOB9.1l9HO C HCIIO!Ib30B8HHeM Ta5-

0 
nH'IHoro sHaqeHHSI rrbeso~o.llynst KBapua rrpH TeMrrepaType - 4,2 K d

11
= 2,02 • 

-10 . /8/ -
• 10 CM/B • 05 9KCII9pHM9HT8!lbHOH KanH5poBKe WK8!1bi C.llBHI'O.B 5y.lleT 

CK838HO IIpH o5cy)K>S19HHH pesynbTaToB. 

Ha Bcex Ha5mo.llaBwHXCSI sH·epreTn:qecKHX crreKTpax M:aKCHMyM peaoHaHc-

HOI'O IIOI'!IOIU9HHSI n:MeeT M9CTO IIpH HyneBOM SHepreTH'I9CKOM C.[(BHre. 

-3 
Benn:'ln:Ha sct>ct>eKTa B ueHTpanbHOM nn:Ke .llOCTn:raeT 2.10 · n HecKOJibKO 

M9HSieTCSI OT O.llHOI'O HCTO'IHHK8 K .llPYI'OMy. C nonpaBKOfi H8 pas5aBJieHHe 

y -crreKTpa Hepe3CilH8HCHbiM lf3JiyqeHHeM H Ha pe30H8HCHOe pacceSIHHe B. 

aeTeKTop rroJIHbifi pesoHaHCHbilt sct>ct>eKT OKa3biBaeTcSI B 2 paaa 5onbwe. Wnpu

Hbi IIHKOB B H9CKOJibKO paa IIpeBOCXO.IlSIT lf.ll98!lbHYIO WllpHHy 2r t IIpU'IeM, uc

TO'IHHKH, 05Hapy)KHB8BWHe MeHbWHfi 9cPcPeKT, .ll810T 6onee WHpOKyiO !IHHH!Oo 

3TH H3MeHeHHSl He!!b3SI OTHeCTH. sa C'I9T pa3!!11'1Hfi B ycnOBHSIX OT)l<Hra, TaK KBit 

H9CKO!!bKO IIOC!I9.llOBaTe!!bHbiX OT)KifrOB OJlHOI'O 113 HCTO'IHHKOB, .ll8B8BW9I'O 

M9HbWHfi ScPcPeKT, He IIpHBenH K aaMeTHOMY H3MeHel!KIO KapTHHbi. Ha crreKTpax~ 

I'.ll9 ScPcPeKT 50!!bWe /puc. 2/ 0 HMe!OTCSI yKasaHHSl Ha C!IO)KHYIO CTpyKTypy Kap-

THHbi peaonaHcnoro nornorueHHSI. 

npe.llCT8B!!eHHbifi· Ha puc. 4 KOHTpO!!bHbifi CIIeKTp IIO!Iy'leH IIpH TeMIIepa-
0 . 

80 K, Koraa peaoHaHcHoe nornorueHne .llO!I)K-

HO 6biTb sHa'IHTenbHO ocna6neHo. B rrpe.llenax own5oK HaMepeHnSI .ll8HHbie 

}/8HepreTH'I9CKHM CIIeKTpOM pe30H8HCHOI'O IIOI'!IOIUei!HSI Mbi Ha3biBaOM aa!.. 

. BHCHMOCTb 1 -1o OT SHepreTH'I9CKOI'O .C.r:tBHra E 0 V/C ~e)I{JlY CIIeKTpaMH IIC

IIYCK8HHSI 11 rror~~rueHIISI /' 1, I 0 -cKopoCTb cqeTa B paccMaTpHBaeMoM n B 

perrepHOM KaHane, v 
Tpa, E

0 
-sHeprHSI 

-cKOpOCTb .llBII )!{ eH I{Sl IICTO'I HHKa OTHOC HTe!lbHO cPlf !!b

y -Hsny'leHHSI I. 
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pnc. 4 HG OOHapy)KHBaiOT 38BHCHMOCTH nponycKaHHSI OT 9HGpreTII'IGCKOrO 

CLlBHra. 

Ha pnc. 5,6 npeLicTaBneHPI peaynbTaTbi HaMepeanit, BomonaeHHhiX c 'lac-
67 

TOTHOit MOLiynSiuneit y -aany'leHHSI 92 K :aB Zn 

Ha pnc. 5 npRBeLleHa aaancRMOCTb aenn'lRHbi peaoaaacaoro nornorueang 

[ i;, !E_ OT aMnnHTY Llhl U npHllO)KGHHOrO K KBapuy CHHyCOHL18llbHOrO aanpg-

)KGHHSI C '!aCTO TO it 80 KrUi Ll8HHbiG HOpM RpOBaHbi K 1 n pH u = o. 

Ha pnc. 6 npeLicTaaneH :aaepreTR'leCKHit cneKTp peaoaaacaoro nornorue-
67 

HRSI 'laCTOTao-MOLIYllRpoaaaaoro y -aany'leHRSI 92 K:aa Zn ; B :aToM onbi-

Te Ha ObG30KBapu COBMGCTHO C pa3BGpTbiB810IUHM TpeyronbHbiM HanpSI)KGHHG~ 

OOLlaBanOCb CHHyCOHL18llbHOG HanpSI)KGHHG C 'l8CTOTOit 80 KrU H, OOCTOSIHHOit 

8MOllHTYLlOit 1,1 Bo 

llnS! OLlHOrO H3 RCTO'lHRKOB1 HapS!LlY CO COGKTpOM pe30H8HCHOrO norno

IUGHHSI o6orarueaaoro qmnbTpa, 61:>In HaMepea cneKTp peaoaaacaoro nornorueaHSI 

GCTGCTBGHHOrO qJHllbTpa TOit )KG BGCOBOit TOlliUHHbl /a 8pa3 oonee TOHKOrO 00 
67 

Zn I. PeaynbTaTbi 9TRX RaMepeaait npeLicTaB.TieHbi aa pac. 7. 

4. 06cy)KL1GHRG peayllbTaTOB 

KaapueBbiit !3H6paTop, acnonbaOBaHHbiit aaMH B KaqecTae :aneMeaTa, .aaLia

IOIUero 9HeprGTR'lGCKOG CMGIUGHRe, HY)KL18GTCSI B K8llROpOBK9t OOCKOllbKY CBSI-

3biB8HHG ObG30KBapua no OLlHOit H3 llllOCKOCTeit H B03MO>KIIb!G 113rHOHbiG KOne-

08HIISl MOryT HCK83HTb -LleitCTByiOIUee 3H8'lGHHG Ob930MOL1YllSio 

npoBeCTH H3MepeHHSI LlGitCTByiOIUero 3H8'!9HHH Ob930MOL1YllSI KBapua B 

paoO'lHX ycnOBliSIX /cMGIUGHHG OOpS!LIKS LlOlleit MHllllHMHKpOHa Ha BHopaTope, 

OOMGI-UGHHOM B KpHOCTaT/ K6KHMR-nHOO H3BGCTHbiMH MGTOL16MII Kpafiae 38TpyLl-
. . ~ 

HHTGllbtiO. na~TOMY Llllfl Kanu6poBKH Bn6paTopa HCOOJib30BancSI :a¢¢eKT M ec-
67 

c6ayapa a Zn • 

Hn)KHSifl rpaanua LIGficTayiOmero aaaqeHHSI nbeaoMOLiynSI nonyqaeTcsr ne-
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nocpencTBeHHO rrs aHepreTH'lecKoro cneKTpa, ecnrr npennono)!{HTb, 'ITO mrrprr

Ha UeHTpa1IbHOI'O IIHKa Ha pHCo 2 SIBJlS!eTCSI MHHHMaJibHO B03MO)!{HOll:, T.e. paB

Ha ynBoeHHOll: ecTecTBeHHO~ lllHprrHe ypoBHSI. STa rpaHnua OKa3hlBaeTcSI npn

MepHo. B 2 pas a MeHblll9ll: TaOJlH'IHOI'O 3Ha'l9HHSI IIbe30MOLl ynSI • 

.LlJISI TO'IHOI'O OnpeneJieHHSI IIb930MOLlYJISI MOI'YT CJiy)!{HTb H3MepeHHSI peso-

HaHCHOI'O IIOI'JIOil.leHHSI C '!aCTOTHOll: MOLlYJI.SIUHell: y -nsny'leHrrSI. 

'laCTOTHOfi MOLlYJIS!llHH LlBH)!{eHHeM HCTO'IHHKa IIO 3aKOHy 

sin n t crreKTp y -rrsny'leHHSI pacmerrnSieTcSI Ha KOMrro-

HeHThl, aHepreTH'leCKHe CMell.leHHSI H OTHOCHTeJibHb!e HHTeHCHBHOCTH KOTOpb!X 

r:taiOTCH Bb!pa)!{ eHHSIMH 

t1E = n a • 
2 2 2 

t : 1/ 12: ... = lo ( u ~1 ) : ~ ( u dll): ]2 ( u d 11): ... ' 

rne 'J -aMrrmrTyna rrpHJIO)!{eHHOro K KBapuy crrHycorrnanbHopo HarrpSI)!{eHHSI, 

J -5ecceneBa ~yHKllHSI 1-ro pona, K -~onHOBoe qrrcrro y -rrsny'leHHSI. 

E CJIH KOMIIOHeHT hi pac merrne HHSI He II epeK pb!Ba!OTCSI H ~HJibTp HBIIOLlBH)!{eH, 

TO pe30HaHCHOe IIOI'!IOil.leHHB HCflb!Tb!BaeT TOJibKO HyJieBaSI KOMITOHeHTa, T.e. 

npH BKJl!O'leHHH MOLlYJISlllHH IIOI'JlOil.leHHe yMeHblllaeTCSI KaK J 02 ( u dll). 

STy saBHCHMOCTb rrerKo rrcnOJib30BaTb nnSI nsMepeHHSI onHaKo, ecnrr 

'laCTOTa MOLlYJISIUHH rrpHOIIH)!{aeTCSI K COOCTBeHHO!i '!aCTOTe BHopaTopa, nefiCTBy-

· IOII.lee 3Ha'!eHne rrbesoMonyrrSI MO)!{eT oTJIH'laTbCSI oT rrnTepecyiOmero Hac 

3Ha'l9HHSI 1 COOTBeTCTBYIOil.lei'O '!aCTOTe TpeyrOJibHOI'O HarrpSI)KeHHSI /1,5 KI'l.lf. 

BBrrny aToro 6onee ynoono KannopoBaTb BnopaTop rro paccToHHHSIM Me)!{ny 

KOMIIOHBHTaMH '!aCTOTHOI'O pacmeii!IBHHSI B 9HepreTH'l~CKOM CflBKTpe pe3oHaHC-

HOI'O IIOI'!IO Il.lBH!iSI 'laC TOT HO-M ony !IHpO BaHHOI'O 

HaMH Ob!l!H HCIIOJib30BaHb! ooa MeTona KaJIHOpOBKH; pesyiibTaThl H3Me
/ 

peHnfi npencTaBneHhi Ha prrc. 5 H 6. K CO)!{aiieHrriO, HHTeprrpeTaUHSI aTnx 

O!IhlTOB OC!IO)!{HSIBTCSI TeM, 'ITO IIpH HCIIO!Ib30BaHHOfi 'laCTOTe MOLlYJISIUHH 80KI'U 

KOMIIOHeHTbl 'l8CTOTHOI'O pacmerrrreHHSI eme 3aMeTHO rrepeKpb!Ba!OTCSl H3-3a 
. 67 

oonblllOll: lllHpHHhi crreKTpa pesoHaHcHoro rrornomeHHSI Zn • YB.eJIH'IHTb 
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'IBCTOTy MO.llY1lHUHH 6bi1JO 38Tpy,llHHT91lbHO - :9TO Tpe60B81JO COOTB9TCTBY!Ol.Il9-

ro yaennqeHHH aMnliHTY.llbi paaaepTbiBaroruero HanpsuKeHHH H 'IHC.na c'leTHbiX 

K8H81JOB 0 

npn 8H81JH39 llBHHbiX pHCo 5 H 6 HCfl01Jb30B81JCH cneKTp peSOHaHCHOI'O 

nornomeHHH, nonyqeHHbifi .n.nH Toro :me ncTo'IHHKa 6es qacTOTHofi Mo.nynsrunn. 

ny'llllHM 06pa30M y.naeTcSI 'OflHC8Tb ,ll8HHbi9 pHC 0 6 B npe,llii01JO:lK9HHHt 

'ITO flb930MO.llY11.b ll11.H Tpeyr01JbHOI'O HaiipH:lK9HHSI '18CTOTbi 1;5 KI'U npHM9pHO 

paBeH Ta6nH'IHOMy, a nbeSoMo.nynh .nnH CHHYCOH.llbi 80 xru ·a.naoe 6onbure. B 

aTHX npe.nnonO)l<eHHHX H npoae.neHbi KpHBbie Ha pnc. 5 H 6. Bn.nHo, 'ITO pac

xo:m:.neHae Me:m:.ny 9KcnepHM9HT81JbHbiMH TO'IK8MH H KpHBOfi Ha pHCo 5 3H8'1H

T91lbHO. npH'IHH8 :9TOrO paCXO:lK,ll9HHH HaM H9 '!JcHao 

3aM~·THM, 'ITO pHCo 5 H81'1lH.llHO ll9MOHCTpHpyeT B03MO:lKHOCTJ7 HCII01Jb30Ba-

HHH pesoHaHcHoro nornouieHHH Y -Hsny'leHHH 92 Kaa Zn .nnH nsMepe-

-9 . -IO 
HHH KpafiHe M81lhlX Ia o6nacTH 10 - 10 eM/ aMnnHTYll MexaHH'I9CKHX xo-

ne6aHHfi qacTOTbi OT H9CK01JbKHX .ll9CHTKOB KI'U H BbiUI9o 

/6/ 
ABTOphl pa6oThl Ha6nro.nann B onhlTax c 

67 
Zn aaMeTHbifi c.nanr 

M9:lK.llY cneKTpaMH HCnycKaHHSI H IIOI'11.0l.Il9HHH H 06'bHCHH1JH ero pa31JH'IH9M B 

'18CTOT8X HyneBbiX Kone6aHHfi HCTO'IHKKa H c}:lH11Brpa, o6yC1JOB11.9HHbiM H90llHHa- · 

KOBOCTb!O HX H30TOflH'I9CKHX COCTBBOBo 

B Hautnx HSMepeHHHX MaKCHMyM pesoHaHc~oro nornorueHHH npoSIBnSincSI 

npH HyneBOfi OTHOCl{Te.1lbHOfi C~OpOCTH HCTO'IHHKa H ~HribTpa. 3T6 YK83hlB89T 

Ha OTCyTCTBH9 H1JH M81JOCTb T8KOI'O C.llBHra, XOTH ycnOBHH IIO Cp9.llH9MY HS0-

0 /6/ 
TOIIH'1,9CKOMy COCTaBy B H8lltHX H3Mep9HHHX aBTOpOB pa60Tbi 6bi1JH IIO'ITH 

OllHHBKOBbio 

CTpyKTypa aHepreTHHeCKHX cneKTpOB peaoHaHcHoro nornomeHHH, no-an.nn-

' 67 
MOMy, o6ycnoaneHa KBa.npynonhHhlM pacmenneHHeM ypoBHei!: H.npa Zn B 

0 • z 0 /9/ .Ll 
HCK8:lK9HHOfi Ky6H'I9CKOfi peureTK9 n , • 1JH paCUIH~pOBKH CTpyKTy-

pbi TO'IHOCTb H3MepeHHfi .ll01l:lKtla 6b!Tb 3H8'1HT91JbHO IIOBbllli9Ha. 
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06pa60TK8 9H9pf'9TH'I8CKHX CU9KTpOB p830H8HCH0f'O U0f'J10W8HHSI JJ:JJSI 

Zn
67 . 

JJ:ByX cPHJlbTpOB pa3JJH'IHOfi TOJlWHHbl UO U03BOJIHJ1a OU9HHTb 3H8'I8HH8 

. . Zn67 
B9pOSITHOCTefi U0f'J10W8HHSI H HCUYCK8HHSI y -KB8HTOB B 6e3 OT-

JJ:8'IHo B npe.a:nono:>KeHHH KBa.a:pynonbHOro pacwenneHHSI .a:nsr sepoSITHOCTH no-

1 -2 
rnoweHHSI nony'IeHo 3H8'I9HHe f = 2.10 . BepoSITHOCTb ncnycKaHHSI f 

OK83b!B88TCSI B 3 - 5 p83 M8HbWefi, 'ITO B03MO:>KHO o6yCJIOBJ18HO BJIHSIHH9M 
67 

.a:onro:>KHBYWHX B03MyweHHfi B aneKTpOHHOil: o6ono'!Ke aToMa Zn , o6pa3o-

K -3axsaTa B Ga
67 

/IO/. C aToil: TO'IKH 3pe-

Z'n 67 
HHSI npe.a:cTaBJJSIIOT HHTepec d73M8p8HHSI pe30H8HCHOf'O U0f'J10W8HHSI B 

C MaTepHHCKHM SIJJ:pOM Cu , UOCKOJlbKY B03MYW8HHSI o6oJIO'IKH 8TOMa UpH 

{3 - pacna.a:e JJ:OJl:>KHbl 6b!Tb 38M9THO M8HbillHMH. 

OueHKH H3 seJJH'IHHbi f 
1 

acl:>ci:>eKTHBHOfi TeMnepaTypbi lle6asr .a:nsr ZnO 
/6/ a 0 

npnBOJJ:SIT K cornacyiOweMycsr c pe3yJibTaTaMH pa6oTbi 3Ha'IeHHIO '"~n"'300 K • 

• 
M anasr BeJJH'IHHa aci:>cl:>eKTa M ecc6ayapa Ha B ZnO OCJ10:>KHSI8T 

81"'0 HCUOJ1b30B8HH8 H 38CT8BJISI8T HCK8Tb UYTH 8!"'0 UOBb!W8HHSI HJIH 6oJJee ScP

cP8KTHBHOrO Bb!JJ:8J18HHSio 

3aKJJIO'I9HH9 

B 38KJiio'I8HHe aBTOpbl 6naro.a:apSIT n.A. Sa:>KyJJHHa 38 npe.a:ocTaBJ18HH8 

nbe3oKBapua; A.B. ctlpa.a:KoBa H M.n. M anKoBa 38. c:>KII:>KeHne rennsr; 

¢.A. Psr6oay, A.V!. CeKHpHHa H A.B. CoKonoBa 38 noMoWb B H3MepeHnsrx. 

06ny'IeHH8 o6pa3UOB npoBOJJ:HJlOCb Ha UHKJIOTpoHe HV! V!Si¢ M rY. ABTo

phl nonb3YIOTCSI cnyqaeM Bhlpa3HTb rny6oKyiO 6naro.a:apHOCTb C.C. BacHnbeBy, 

A.A. TynHHOBy, IO.A. Bopo6beBy H nepcoHany UHKJIOTpOHa. 
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p· H C, 1. B~ox-cxeMa axcnepHMeHTanbHOfi ycTaHOBKH, 

I 
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p H C. 2 ,3. 3HepreTH'leCblie cneKTpbi pe30H8HCHOI'O UOI'liOIUeHHH )' -w• "!y•IOHII5I 

92 KaB Zn B- OKUCU Zn • oxna)K,lleHHOll .llO - 4,2°K. no /CII 

80CUIICC OT1IO>K8H aHepr•eTH'IGCKHlf C.llBiii' B e,llli!UIU8X 2 r, 
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Irl I ·R • --~ T 1 -1 J II G I J I 
1 I H t- 1 -~ . r t · t 1 

AE t! fl.), 2 r 

-B 

':lo 

p H C, 4.. 8Hep!'9TH'I9CKHH CII9KTp p930H8HCHOI'O IIOI'll0IU9HIUI IIpH TeMnepaType 
80° K. 

1,0 

0,8 

0,6 

D,l{ 

2-~/rJ- 'Jc) J . --
0 / :. Jo V: 0 

7rr v 

. 1-l 
P u c. 5, 0TaopMirposaaaaSI K I a a B uc HM ocTh y OT aMnmiTy llbi npuno-

.lKeHHO!'O K nbeaoKsapuy cuaycouaanhHOI'o 
0

aanpsi.lKeauSI I 
11 

= 80 Krut. · 

K pusaSI - pacqeTaaSI c HCIIOllbaosaaneM npeacTasneHHbiX a a· puc. 6 11 

7 3H9pl'9TH'I9CKHX CII9KTpOB p930H8HCHOI'O IIOI'IIOIU9HHSI ·s npeanOIIO.lKe

HUH, 'ITO llh930MOllYllh .llliSI Tpey!'OllhHOI'O HanpSI.lK9HIISI },5 Kl'U paBeH 

Ta51IH'IHOMy, a llliSI CHHyCOHllbi 80 Kl'U B 2 paaa 50llblli9, 
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-12 r 

-t6 

p H C. 6. 3HBpi"BTH'iBCKHi{ CIIBKTp pB30H8HCHOI"O IIOI"ITO!llBHIHI 'i8CTOTHO-Mon;ymrpo-: 

B8HHOI"O Y -H3ITY'iBHHg /aa IlbB30KBapq II0~8B~IT0Cb CHHYCOllLJ;8ITbHOB 

Harrpg)KeHHe qacTOThr 80 KI"U H aMrrnnTyn;br 1,1 Bl. KpH~Bag - pacqeTaag 

B TBX )KB rrpen;IIOITO)KBHHgx, 'iTO H n;ng pHC. 5. 

l 

. 1 
1 

-8 

0 

1 

. I 
-12 ~ 

2 

i l 

• 
rl 
I 

p H c. 7 • 3nepi"BTH 1IBCKHB CIIBKTpb! pe30H8HCHOI"O IIOI"ITO!llBHHg Y -H3ITY'iBHHrl OJ]• 

HOI"O lf3 l!CTO'iHHKOB LJ;ITll 060!"8!llBHHOI"O II GCTBCTBBHHOI"O tPll':!bTpOB 

Jl8BHb!X BBCOBb!X TOnllll!H. 
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