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BaeoeHue 

DOJibllla.H :meprH.H H BbiCOKa.H HHTeHCHBHOCTb tfaCTHI..(, 
nonytfaeMbiX na coapeMeHHbiX ycKopnTennx, ace nacTO.HTeJib
nee BbiABHraJOT Tpe6oaanne coJ,naHH.H 6biCTporo TpeKoaoro 

,neTeKTOpa Ha OCHOBe KOHAeHCHpoBaHIIbiX cpe,n. TaKOH ,neTeK
TOp AOJI)KeH. o6Jia,naTb CeJieKTHBHbiM pe)KHMOM ynpaBJieHH.H, 

-3 
HMeTb npocTpaHCTBeHHYIO TO'IHOCTb He Xy)Ke 10 CM, BpeM.H 
pa3perneHH.H 10-6 -10-7 ceK H BpeM.H BOCCTaHOBJieHH.H 10-

5
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10-6 ceK. 
Pernenne :noii: npo6neMbi se,neTc.H a nocne.nnne ro,nbl no 

ABYM HanpaBJieHH.HM. llepsoe H3 HHX, pa3BHBaeMOe HeJaBH· 
CHMO p.HAOM aBTOpOB, OCHOBbiBaeTC.H Ha HCllOJib30BaHHH JdJ· .' 
dJeKTa JiaBHHHOrO pa3MHO~eHH.H JJieKTpOHOB B KOHAeHCHpO· 
BaHHbiX cpe,nax B CHJibHbiX HeOAHOPOAHbiX JJieKTpH'IeCKHX no
JI.HX B6JIH3H TOHKHX np080A.HmHX HHTeii:. 0,nHaKO 3TOT llYTb 
Be,neT K TaKOMY pellleHHIO Ja,na"lH, npH KOTOpOM llOTpe6yeTC.H 
ocnamaTb ,neTeKTOpbi CJIO)KHOii: MnoroKanaJibnoii: JJieKTponnoii: 
annapaTypoii: ii 6biCTpbiMH 3BM. 

Hccne.nosaTenn BToporo nanpaaneHH.H ,nena10r ynop na 
Mo,nepnnJaUHJO ~e)K~Ma pa6oTbl nyJhlpbKOBoii: KaMephl, nc
noJibJY.H ynhTpaJiiyKosoii: M:eTOA ee O'IYBCTBJieHH.H. 3,necb 
nonyqenhi y)Ke t{aCTH"lHbie ycnexn, o,nnaKo, AJIH npe,nnpHHHTHH 

. . 
perna10mero rnara oTcyTcTsyeT npo,nyKTHBHa.H n,neH. 

Qenb nacTo.Hmeii: pa6oTbi JaKJIJOqaeTc.H a anaJIHJe noaoro 
npnnunna perncTpaunn cne,noa qacTHU B Kon.nencnpoaanHhiX 
cpe,nax, KOTOpblii:,KaKceii:qacnpe,ncTaBJI.HeTCH,AaCTB03MO)K• 
noCTb pa,nnKaJibno pernHTb o6cy)K,naeMyJO npo6n_eMy H co
J,naTb TpeKOBbiH ,ne'TeKTOp, 06Jia,naJOmHii: BbillleyKa3aHHbiMH 
xapaKTepncTnKaMH. CymnocTb noaoii: n.nen JaKJIJO"laeTc.H 
B cne,nyJOmeM. llpoxo)K,nenne Jap.H:>Kennoii: qacTHUbi qepeJ 
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KOH,l{eHCHPOBaHHYIO f>KHAKY~'uJIH. TBep,llylO/ cpe,lly ~e}f3MeH- . .'i' 

uo conpOBC?>KAaeTc.H uapyrneuueM ee CTPYKTYPhi no cne.l{y 
qacTIIUhi. · K TaKHM ·uapyrneHH.HM .OTHOC.HTC.H, uanpu:Mep, o6-
pa3oaauue MHKpony3blpbKOB, HOBbiX. MoneKyn.HpHbiX dlpar
MeHTOB, HOBbiX 4Ja3 BeLQeCTBa H HHBepcupoBaHHbiX MoneKyn .. 
CoaoKynHOCTb MoneKyn, cocni'an.HroLQHX ·3TH ueo,i(~<?POAHOCTH : 
a _cne,llax 'laCTHn;, .HMeeT, KaK npaauno, uuoii cneKTP pe3o- · 

...,·.··HaHCHOrO rrornoLQeHH.H CBeTa, .feM HCXO,l{Ha.H HeB03MyLQeH-. 
Ha.H . cpe,lla .. Il03TOMY COOTBeTCTBYIOLQHM no.l{60pOM cneKTpa 

· CBeTa . JJ:llH pa,llHO'IaCTOTHOro H3lly'leHH.H MO>KHO A06HTbC.H . 
H36upilTenhHOH pe30HaHCHOH HaKa'IKH 3HeprHH TOllbKO B MeC-· 

. . . . . 
Tej napyrneHu.H cTpyKTYPhi cpeAbi u 3a C'leT uarpeaa yaenn- . 
'IIITb. o6naCTb OnTII'IeCKOH HeO,l{IIOpO,llHOCTII cpe,llbl B.l{Ollb 
TpeKa: AO an,tinMoii aenn'-iiiHhi. IIocneAYIDLQee <lJoTorpadlnpoaa
une TE!-KIIX TpeKOB Mo)KeT ocyLQeCTBJiHTI>C.H' ··nu6o nyreM 
,l{OnoniiiiTenbHOH nO,l{CBeTKII, nn6o nyTeM HCnOllb30BaHH.H 
pacceHHHOH '-iac:ru CBeTa HaKa'IKH. 

Tunbl uapywenuii Kouoencupoeannoii cpeObl 
6 C/leOax 'lOC1TIUtl U cneK1llPbl nOZ/lOUJeHUJl 

. . 
,n; e 41 o p Man; II.H. _3To uan6onee· xapaKTepm.Iii BIIA napy-

rnertu.H nepHOAH'IHOCTII perneTKH B KpncTanne unu cpeAHero: 
Me>KMoneKynHpuoro paccToJiun.H a _>KIIAKOCTn. BpeMH o6pa- · 
THMoii penaKcan;un ynpyroii AedlopMan;uu cocTaamieT 10-10

-
11 .. . 

10- ceK II paBHO, no·- CyLQeCTBY, BpeMeHII ,l{HCCHnaiJ;HH H36bi-
TO'IHOH 3HeprHH I13 cne,l{a 'laCTIIIJ;bl B OKpy)KalOLQYIO cpe,lly. 
B cnyqae neynpyroii AecliopMan;nu ape:MJI penaKcan;un aennKo. 
Ilpu AedlopMan;nHx uapyrnaiDTC.H paanosecHbie Me>KMoneKy
nHpHhie 3lleKTpH'IeCKHe noTeHIJ;Hanbl II, KaK cne.l{CTBIIe, Tipo
HCXO,l{IIT CABHr II yaenuqeuiie IIIIIPIIHhi ypoaueii B036y)K,lleHIIH 
MoneKyn cpeAhi :Bo '':Bcex 3nepreTII'Ie.cKIIx AIIana3onax. TaK, 
noKanbHhiH narpeB a·eLQeCTBa B KOHn;e ITYTII 0 . - 3neKTpOHa, 
xapaKTepii3yeMbiH. o6nacThiD pa3MepoM 50-lool··, corip,o
BO)K.l{aeTcH. yripyriiMII . AedlopMaiJ;IIJIMII B pa.l{IIyCe .., 500 1 . 
B cnyqae TBepA_oro BOAOPOAa TaKaH AedlopMan;IIH, KaK MO>KHo. ·. 
noKa3aTb pac'leTHhiM ny'i'eM, oniipaJicb na TeopiiiD nornoLQe:
HIIH. CBeTa MomiK'ynHpHbiMII KpHCTannaMH /z ,2/, 'npHBOAHT 
:K yaenii'IeHHID rnnpii.Hhi II cMeLQeHIIID B KpacnyiD o6nacTb oc-
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HOBHOrO II 3KCIITOHHOrO cneKTpOB nornoLQeHII.SI IIa Benii'IIIHY 
- 30 CM - 1 "/3~eCb II IIII>Ke IICnOllb3YlOTCH cneKTpOCKOnn

'leCKHe eAHIIIIUhl H3Mepe1In.H/ •. B o6nacTII Te~nepaTypuoro 
KniiHa CMeLQeHIIe cneKTpa nornomenii.H IIMeeT 3Ha'IHTenbno 
6onbiiiYIO BellH'IIIIIY 3a C'leT 6onee CHllbHOH ,l{ecpopMaQHII II 60-
n~e BbiCOKOH TeMnepa Typ'bl. cpe,l{hl. 

CABIIr cneKTpa nornoLQeHIIH B AniiuuoaonnoayiD o6nacTb 
Bhi3biBaeT TaK)Ke II y.l{apna.H aonna, pacnpocTpaiiHIOLQa.HC.H 
II3 cneAa qacTIIQhi B nepiicpepii'IecKne qacTn cpeAhi. B cnyqae 
)KH,l{KOro.IInH TBep,lloro BOAOPOAa y.l{apHa.H BOnHa B OKpecT
HOCTII TpeKa CABIIraeT ynhTpacpuoneTOBhiH cneKTp nornoLQe
HII.SI Ha 60 CM - 1 • B 3TOH on;eHKe, nony'leHHOH B COOTBeTCT
BHH C ynOM.SIHYTOH Teopneii./2/, TipiiHIIManocb, 'ITO 3HeprH.H, 
YHOCIIMa.H y,llapHOH BOllHOH, COCTaBn.HeT - 10o/o nomiOH 3Hep
rHH, Tep.HeMOH 'laCTHIJ;eH B BeLQeCTBe. 

Hapyrneuiie CTPYKTYPhi BeLQecTmi. Bhi3hiBalOT TaK>Ke II Ja
PHAhi, BOJHHKaiDLQIIe B cne.l{ax qacTIIn;. TaK, nenocpeACTBen
uo B OKpeCTHOCTH HOHOB KOH.l{eHCHpOBaHHa.H· cpe,lla ynnOTH.H
_CTCH, H cneKTp B OCHOBHOH.nonoce nornoLQeHII.SI C,l{BHraeTC.SI 

B AlliiHIIOBOllHOBYIO o6naCTb. )l;n.H BOAOfOAa, HanpiiMep, Benu-
'IHHa CABIIra cocTaBn.aeT - 40 CM- • B P.HAe · >KHAKOCTeii 
3JieKTPOHbl COllbBaTHpylOTC.SI H npiio6peTalOT "CBOH" cneKTp 
nornomenu.H. HanpnMep, B cnyqae opranuqecKnx >KHAKOCTeii 
CTieKip COJibBaTHpOBaHHhlX 3JieKTpOHOB ne>KHT B o6naCTH 
1,4 · 104 cM-1.Ananorii'IHbie nonochi nornomenu.H nMelOT 
F -uenTphi u · Apyrue uenTphi oKpacKn B KpncTannax, cao-

6oAHhie paAHKanhl u HOB!>Ie MOJieKyn.HpHbie · coeAHHeHII.H, 
o6pa3ylOLQHeC.SI B CJie,llaX 'laCTIIIJ;. 

. <I> a 3 0 B hie n e p eX 0 A bl. IIocne.l{HIIe qacTO 'BO;lHHKalOT 
B cne,l{aX 'laCTIIIJ; B cpe,lle, HaXOA.HLQeHC.SI B ycnOBH.SIX, 6nH3KIIX 
~ cpa30BOMY · ne.pexoAY. Haii6onee pacnpocTpaneHHhiM TnnoM 
cpa3oaoro nepexoAa B )KIIAKOH cpeAe .HBn.HeTc.H o6pa3oaaniie 
napoBhiX _MH_I\pony3hiphKOB no nyTH qacTIIIJ;hi. IInoTHhiH nap, 
HaXOAHLQIIHC.SI B TaKHX ny3hlpbKaX, IIMeeT cneKipa.iibHYIO 
nonocy nornoLQeHII.H, o6bi'IHO 3Ha'IHTenhHO 6onee rnupoKyiD; 
,'{eM oKpy)KalOLQa.H >KHAKa.H cpe,lla. B qacTHOCTII, An.H )KII,l{Koro 
BOAOPOAa npii TeMnepaType 18°KIIn4JpaKpacna.H nonoca no-. 
rnoLQeHH.H 3aKniD'Ieua B HHTepBane' 4 100 - 5 100 CM - 1 

. , 

a B napoBoii cpa3e 3 500 - 6 000 eM - 1 /J/. Ananorii'IHa.H 
KapTIIHa ua6niDAaeTc.H II B APYriix Mom!Kyn.HpHhiX >KIIAKOCT.HX 
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npn HH3Ko:H TcMirepa Type: .Hnoii nndJpaKpacm'>Ii~ _cneKTP no
rnO~CHHJI, 'ICM OKpy:>KaiO~aJI ny3hlpCK :>KH)J.KOCTh, HMCIOT TaK
:>KC' MOITCKYIThl npnno~epXHOCTHOrO CITOJI ny3hlphKa, r.u.e Me:JK
MOITCKYITJipHhiH nOTCHlJ;:Han B3aHMO)J.CHCTIJHJI ocna6neH., 

· ,lJ;pyrHM THnOM ciJa30BOrO nepexo.u.a, KOTOphiH Ha6nro.u.aeT
CJI. B CITC)J.aX qaCTHU .B KpHCTaniJ:ax, JIBITJICTCJI a.+!· {3 -ne

. pexo.u.. CneKTphi norno~e:fi:HJI a --H. f3 -ciJaJ B nHciJpaKpacHOM 
)J.Hana30HC cy~eCTBCHHO pa3ITH'IaK)TCH /~,5/. · 

MnKpoKoMnneKChi ·H3 3ITeKTpoHa n nonocTH.· 
B nocne.u.Hne ro.U.hi 3KcnepnMeHTaril>Ho o6Hapy~eHo H qacTHq~ · 
HO nccne.u.oBaHo ·HHTepecHoe JIBneHHe - o6pa3oBaHHe MHKpo
nonocTeii pa3MepoM .{0-20il oKoiro o=meKTpOHOB n.ynnoTHeH
HhiX MHKpOIIIapHKOB pa3~epr ..,.JQA OKOITO nonO:JK,.TC?HhiX 
HOHOB B :>KH)J.K?M renym 6

•
7

, :JKH)J.KOM BO.U.OPO.U.C 
8

•
9 

. H 
:>KII)J.KOM HCOHe 9•10•11 .3neKTpOHhl B nOITOCTJIX H CaMH no
ITOCTH HMCIOT CO?TBCTCTBYIO~IIe ypOBHH B_036y:JK)J.CHHJI. TaK, 
B :>KH)J.KOM reiTHH 6 •7/ 3ITCKTpOHhi B036y:JK)J.aiOTCJI Ha 'IaCTO
Te 1,6·1014 ceK-1 a·nonocTn- Ha qacToTe 4 ·1010

ceK-
1 

B ,Kn,nKoM Bo.u.opo.u.e ~PH TeMnepaType 20 ° K 3neKTPOHhi HMe
roT ,nBe n'~H nepexo.u.a c 3Heprneli 0,3 n 1,2 3B, cooTBe'r-

. CTBeHHO · 9 ~ ,ll;eJaKTHBan;nJI B036y:>K)ieHHhiX 3ITCKTPOHOB npo
ncxo,nnT no JiBYM KaHanaM - nyTeM H3ITY'ICHHH B BH)J.C pe30 ~ 
HaHCHoro pacceHHHH cBeTa H nyTeM nepe.u.aqn 3Heprnn .u.e
ciJopMaunoHHhiM Kone6aHneM nonocTH. 3HepriiH .u.eciJopMnpo
BaHHhiX KOne6aHIIH H :mepriiH pe30HaHCHOrO B036y:>K)J.CHHH 
noiTOCTH B KOHC'IHOM C'IeTe 3a BpCMH -1Q-:"13 ceK TpaHcciJop
MHPYIOTCH B Tenno. 

If 3oM e pH 3 au H H M one K y n c p e .u. hi. BnnaHe o6cy:JK
.naeMoii TeMhi 3TO, no:>Kanyii,- Han6onee Ba:>KHhiii THn KOHcbn

rypaunoHHoro nepexo.u.a MoneKyn B cne.nax qacTHU B :>KH.U.KHX 

H TBep,nhiX cpe,nax. K Ta.KHM nepeXO)J.aM OTHOCHTCH 3epKanh
HaH HHBepCHH MOITCKYIT. /HanpHMep, aMMHaKa/, nOBOpOTHaH 
unc-Tpanc-nJoMepn3aUHH· /HanvnMep, .nnxnop3TaHa/ H cnn
noBaH 1130Mepn3aUHH /HaiipnM:ep, opTo-napa-nepexo.u. B Bo
.u.opo.ne/. TaKHe nepexo.U.hi MoneKyn ocy~ecTBmi:roTc.ii 6naro- · 
)J.apH 3ITCKTpOMarHHTHOMY B3aHMO)J.CHCTBIIIO HX C noneM npo
neTaiO~eii. 'IaCTIIUhl H nO)J. )J.eHCTBHCM Tenna, B03HHKaiO~ero 
B cne,nax 'IaCTIID;. IJpn HH3KOH TeMnepaType B_e~eCT_BO HMCCT, 

. KaK :iJpaBHITO, O.U.HY HJOMepHyiO yCTOH'IHBYIO ciJopMy MOneKyn. 
B.u.onh cBoero cne.u.a•qacTnua BhiJhmae'i' nepexo.U.hi ycToiiqn-

,6 

,. 

'1 

" 

BOH fl;opMhi MOJieKyn cpe,I(hl B .u.pyryiO, He~CTOH'IHBYIO fl;opMy, 
KOTopaH qepe3 onpe.u.eneHnoe penaKcaunonnoe BpeMJI BHOBh 
B03Bpa~aeTcH B ncxo,nnyro ycTOH'IHBYIO ciJopMy. CneKTphl no
rno~eHHJI a n:HciJpa:KpacFioM .u.nana3one .U.BYX ciJopM MoneKyn 
paJmi'IHhi. TaK; opTo;..:Bo.u.opo.u. B :JKH.U.Koii n TBep.u.oii ciJaJe . . 
HMeeT )J.OnOITHHTCIThHYIO IIHTCHCHBHYIO nonocy norno~eHIIH 
B o6nacJI1 4 120 c:M - 1 , KOTopaH OTCYTCTByeT y napa- BO.U.O-

. /12 
po.u.a • · 

. Bu3yaAu3ai/U.R mpeKoe •mcmu11 

PaccMoTpeHnhle Heoinopo.u.HoCTH B cpe.u.e, o6pa3yeMhle 
tJaCTIID;eil:, IIMCIOT MHKP,OCKOiiii'ICCKHC pa3Mephl. ,lJ;nH IIX. Ha-
6ITIO)J.CIIIIH HC06XO,I(IIMO YBCITII'IIITh HCO)J.HOpO,I(IIOCTII )1.0 BII.Jiii
MOH Benii'IIIHhi, T.e. npiiMepno B 106 pa3. TaKor.o yBenii'Ie
HIIH pa3MepOB MO:>KHO ,I(06IITh¥JI, KaK rOBOpiiiTOCh BO BBe.zieHIIII, 
nyTeM I136IIpaTenhHOH pe~o~aHCHOH HaKa'IKH 3Hepriiii B MCCTa 
napyiiieHIIH CTPYKTYPhi Be~eCTBa. 

IIpoauanii3IIpyeM Teneph KOHKpeTHO uec:KonLKO Bapnau
TOB no.no6uoro·"nponBnennH" cne~oB qacTIIU B Be~ecTBax 
II OUCHIIM IIX nepCIICKTIIBHOCTh. " 

JI o·K an h 'u hie ~ e ciJ o p M a un n • MaKCIIManhHhiii. c.u.Biir 
cneKTpa norno~eHIIJI B 3TOM cnyqae, KaK OTMetJanoch Bhiiiie,
ne3na1mTeneH, II .u.nn · 6onhiiiiiHCTBa KpncTannnqecKIIx· cpe.u. 
_C.U.BIIH.YThiH,· II ncxo,nHhiH cneKTphl cnnhHO nepeKphiBaiOTCJI; . 
ITo 3Toii·npnqnue II36IIpaTenhnan naKa'IKa 3He·prnn B ueo.u.no
po.u.uocTn KPIICTannoB BCChMa 3aTpy.u.uena • 

Tennoahie nHKH ny.u.apua.H Bonna B KpifcTan
n ax. B cnyqae TennoBoro nnKa B cne.u.ax q~cn~~ B KpncTan
nax c.u.Bnr ypoBneii norno~eunn 3aMeTuo npeBhiiiiaeT IIIIIPIIHY 
HCXO)J.H<)il: CHCTCMhl HCB03My~eUUhiX ypOBHCH. TaK, B MOlle
KynnpnhiX KPIICTannax 6enJona n reKca3Tnneu6enJona npn 
TeMnepaType 20°K B o6naCTH q'acTOT 4 ·10 4 .CM - 1 cneKTp 
norno~eUHJI HMCCT Y3KHe ITHHIIII, KOTOphie C)J.BHraiOTCJI npn 
narpeBe. :Ha 0,5 cM-1 rpa.u. - 1 • IlnKOBhiH narpeB Be~ecTBa 
B KOHUC npo6era 0 -3nCKTpOHOB COCTaBITHCT -10 3 rpa)J., 
n03TOMY C)J.BIIr YfOBUeH norno~eHHJI B 3THX MCCTaX)J.OCTH.; 
raeT. 500 .CM'- • 3TOT C)J.BHr B HCCKOIThKO pa3 npeBhiiiiaeT 
HCXO.U.~YIO IIIIIPHHY ITHHHH pe30UaHCHOrO norno~eHHH H CO~ 
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xpanHeTcH na npoTH~ennn BpeMenn TennoBon· penaKcannn, 
paBnoro 10 -!1_ 10 - 10ceK 1131. Ko3qJqmnnenT nornmnennH 
CBeTa B C~BHHYTOH o6naCTH cneKTpa 06hlqHo COCTaBnHeT 
10 5 - 10 6 eM - 1 11 •2~no3TOMY npn IienpephiimoM o6nyqe
HHH Be~ecTBa CBeTOM B nonoce nornomeHHH TennoBbiX 
KnHHbeB nocne~nne 6y~yT aKKyMynnpoBaTb 3HeprHio no Ja
Kony: 

W -1 ks x t, /1/' 

r~e 1 - HHTeHCHBHOCTb pa~HaUHH pe30HaHCHOH HaKaqKn; 
k - K03cbqmnneHT nor~omennH; s - nno~a~b ceqennH 
TennoBoro Knnna; ·x - ero pa3Mep B nanpaBnennn pacnpo
CTpaneHHH CBeTa B Be~eCTBe; l - BpeMH "~H3HH" TennOBO
ro Knnna. ,!(nH poeT a TennoBoro Knnna ~on~no BhmonHHThCH 
ycnoBne W ·> W 0 , r~e W 0 - ero naqanbHaH 3HeprHH, npn-
6nn~eHHO paBHaH 200 3B, Bhi~enHeMaH 0 ~ 3neKTpOHOM 
B Konne npo6era. B 3TOM cnyqae: 

1·> Wo 
ks x t /2/ 

,!(nH npn6nn~ennon onenKn Bennqnnhi I npnMeM 
= 200 3B, k.=10 5 _CM-1 ,·s = x 2 = 4. 10-12 CM2 
=10-1° CeK. lf3 /2/ HMeeM 1·> 300 KBT • CM-2 . 

Wo 
H l 

,!(nH 
pe~HMa HenpepbiBHOH HaKaqKH TaKaH MOIUHOCTb ~nH HCToq
HH,Ka cnniiiKOM :BennKa. B npaKTnqec~oM nnane 6onee npn
eMneMhiM HBnHeTCH HMnynhCHbiH BapnaHT HaKaqKH CBeTOBOH 
3HeprHH npn ycnOBHH COBMeiUeHHH HMnynbca OCBeiUeHHH 
BemecTBa c MoMeHTOM npoxo~~eHHH qacTHUhi. KaK noKa3bi
B<tiOT pacqeTbi, BhmonneHHbie na ocnoBe Teopnn H36npaTenh
HOH pe30HaHCHOH MaKa'I,KH 3HeprHH B Ja~aHHYIO CTeneHb CB0-

114 15/ . . 
6o~hi cncTeMhi ' , yBennqenne TennoBoro Knnna ~o 

BH~HMOrO paJMepa nyTeM HaKaqKH 3HeprHII C HHTeHCHBHO• 
CTbiO 1 =300 KB CM - 2 B HMnynhce ~OmKHO npOHCXO~HTh 
3a BpeMH 10-6 CeK. Cpe~HHH MOIUHOCTh HCTOqHIIKa B 3TOM. 
BapnanTe 1 =0,3 n BT • cM-2 ,r~e n - qncno HMnynhCHhiX 
o6nyqennn ~eTeKTopa :B ceKyH~Y.· CoBpeMeHHhie naJepHhie 
YCTpOHCTBa ll03BOnHIOT ocy~eCTBHTh TaKyiOHaKaqKy 3Hep
rnH, O~HaKO ~eTeKTOp B 3TOM BapnaHTe 6y~eT pa6oTaTh B pe
~nMe neceneKTHBHoro ynpaBnennH. AnanornqnhiH :Bl,mo~ cne-
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~yeT H ~nH cnyqaH HaKaqKJl CBeTOBOH 3Heprnn B 3BYKOBYIO 
BOnny, pacnpOCTpaHHIOIUYIOCH OT cne~a qacTIIUhi B KpHCTanne. 

PaccMoTpeHHhiH cnoco6 npnMennM, KaK ynoMnnanoch,, 
nniiih K ie:M KpncTannaM, ~nnnnoBonnoBhiH Kpan c~BnnyToro. 
cneKTpa nornomennH KOTOphlx ne nepeKphl~aeTcH c KpaeM 
ncxo~noro cneKTpa. K TaKHM KPHCTannaM OTHOCHTCH MHorne 
oprannqecKne KpncTannhi, a TaK~e-KpncTannhi LiF ,KBr , 
K] , Ge , Si n MHorne MaTpnqnhie KpncTannhi lllnonh
CKoro, oxna~~eHHhie ~o · TeMnepaTyphi ~H~Koro BO~opo~a. 

TennoBbi.e nuKn B ~H~KHX cpe~ax.lf36npaTenh
naH HaKaqKa B TennOBhie KnHHhH ~ll~KHX Cpe~ 3aTpy~HeHa 
H3" 3a nepeKphiTHH C~BHHYTbiX H HCXO~HhiX ClleKTpOB nor no~ 
meHHH.llcKniOqenne cocTaBnHeT nHIIIh ~H~KHH Bo~opo~;JJapo
BaH cbaJa Bo~opo~a. o6pa3yiOmaHcH B MHKponyJhiphKax no 
cne~y qacTHUhi, ;n:MeeT cneKTp rrornomennH B HIIcfJpai<pacnoM 
~HanaJOHe, ~nHHHOBOnHOBhiH Kpan KOTOporo C~BHHYT OTHO
CHTenhHO fPf~ cneKTpa nornomennH ~H~Koro Bo~opo~a na 
100. CM- 3 

• Ceqenne HH~ynnpoBannoro pe Jonancnoro 
nornomennH cBeTa MoneKynon Bo~opo~a coc1'aBnHeT 
- 10 .;.2° CM 2 , qTo COOTBeTCTByeT K03cbcbnnneHTY nor nome- . 

HHH B ra3006pa3HOM BO~Opo~e llpH ~aBn~HHH 1 aTM -2 CM-1 • 

IJ03TOMY,'HC~Onh3YH cbopMyny /2/ H Te npn6nn:>KeHHH, KOTO
phie ~enanHCh npH pacqeTe HHTeHCHBHOCTH o6nyqenHH Kpnc·-' ~ . . . 
Tanna, nan~eM, qTo ~nH HMrrynhcnoro yBennqennH MHKpony-
3hiphKOB B BO~Opo~e ~0 BH~HMOrO pa3Mepa cpe~HHH MOIUHOCTh. 
CBeTOBOH HaKaqKii ~on~Ha COCTaBnHTb - 30 KBT • CM. - 2 •. 

lfMnynhCHaH :>Ke MOIUHOCTh npH ~nHTenhHOCTH o6nyqeHHH 
10-6 ceK ~on:>Kna6hiTh3 ~.10 10 BT· cM-2 • CoBpeMeHHhie 

nl:t3epHhie CHCTeMhi B HH«bpaKpaCHOM.~HanaJOHe o6ecneqnBa
IOT _TaKyro MomnocTh HJnyqennH. PerncTpannH cne,i(oB qacTHU 
B »(n~KOM Bo~opo~e paccMaTpnBaeMhiM cnoco6oM Mo:>KeT 
ocymecTBnHThCH nHIIIh B pe:>KHMe neceneKTHBnoro ynpaBne
HHH. BpeMH naMHTH TaKoro ~eTeKTopa 6y~eT paBHO BpeMenn 
pocTa IIYJhiphKOB ~0 BH~HMOrO pa3Mepa ·n COCTaBHT 
- 10-6 ceK. BpeMH ~occTaHoBnennH ~eTeKTopa 6y~eT onpe
~enHThCH BpeMeneM KOH~encannn napa B ny3hiphKax n Ja
xnonhmanneM rrocne~nnx. 

U. e H T phi o K Il a c K n, p a~ n K an hi, con h BaT n p o
BaHHhie 3neKTPOHhi n a~f3 -nepexo~hi. Bo3MO:>KHa 
TaK~e naKaqKa 3Heprnn B paJnnqHhie nenTphi oKpacKH Kpn-
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CTaJIJia, CB060,IJ:Hble pa,IJ:HKaJibi, HOBbie XHMH'IeCKHe. COe,IJ:HHe
HHH, B03HHKaiO~He B CJie,nax iiaCTHI(;n B KOMTIJreKCbi; Co,ne_p
)Ka~lle con:bBaTnpoaaHHbie :meKTPOHbi. B oKpecTHOCTH :nnx. 
~HapyllleHHH nyTeM HaKa'IKH :meprHH MO)KHO Bbi3biBaTb dJoTo-. 
JIIOMHHeCIJ;eHIJ;HlO cpe,nhi, .BHyTpeHHIOIO JIOKaJibHYIO dJoTonpo
BO,IJ:HMOCTb H reHepnpOBaTb TeTIJIOBbie OllTH'IeCKHe HeO,IJ:HO-. 
pO,IJ:HOCTli BH,IJ:HMOrO pa3Mepa, COBOKYTIHOCTb KOTOpbiX 6y,neT 
npe,ncTaBJIHTb co6oii 1-pe.Kn qacnin;. O,nnaKo pacctiHTaT:b_ · 
CKOirbKO-HH6y,nh CTporo .. -,n.iUI 3THX CJiyqaeB He06XO,UHMYIO 
HHTeHCHBHOCTb CBeTOBOH HaKa'IKH II BpeMH 3KCTI03HIJ;HH llOKa 

. He npe,ncTaBJIHeTCH B03MO)I(JibiM H3- 3a OTCYTCTBHH B .JIHTe
pa-i-ype neo6xo.nnMoii nndJopMan;nn o ceqennn pe3onaiicno.ro 
norno~ennH cneTa yKa3aHHbiMH neo.nnopo.nuocTnMn. !Jo JToii 
me rrpli'IHHe Mbl He MO)KeM, K CO)KaJieHHIO, npoaHaJIH3llpOBaTb 
H. BTOpyiO O'leHb HJITepecuyiO B03MO)KHOCTb perHCTpaiJ;HH 
CJie,U~B 'laCTJIIJ; nyTeM H36HpaTeJibiiOHHaKa'IKH 3HeprHH B o,n
HY ·u3 dJa3 npn a;! f3 -nepexo.nax. TaKoe paccMOTpenne 
6biJIO 6bi oco6euno Ba)KHO .nnn TBep.noro ao,nopo.na. \ 

3 Jl e K Tp 0 II H bl e M H K p 0 TI 0 JI 0 C T H B :>K H ,n K 0 C T II. 
Onpe.neneHHbiH HHTepec MO)KeT npe,ncTaBHTb cnoco6 pern.
cTpan;nn cne,noB qacTIIIJ; nyTeM naKa'IKH .:meprun B Mni<po
nonocTn c JJieKTponaMn B )KH,UKOM remm, Bo.nopo.ne n neone. 
B COOTBeTCTBHH C ,nByMn' KaHaJiaMH ,ne3aKTHBaiJ;HII B036y)K-. -- . ' ~ . ' ' 

,neHHbiX 3JieKTpOHOB B TIOJIOCTHX; IIMeiOTCH, CO.OTBeTCTBeHHO, 
11 .nne B03MO)KHOCTH perHcTpan;HH cne.noB qacTHn;.TaK, pe3o
naHcno pacceHHHbiH .CBeT Ha 3JleKTp(max TIOJIOCTII MO)KeT 
6biTb npHMbiM o6paJoM ncnoJib3oBaH ,nn:n perncTpan;nn cn.e.noB 
qacTiin;. ITpocroii pac~reT noKa3biBaeT, 'ITO Ka)K,nhiii JJieKTpon 
B cne,ne MO)KeT 6biTb JaperHCTpHpOBall dJoTorpadJnqecKHM 
nyTeM 3a BpeMH 3KCll03HIJ;llH 1-2 ceKyii,IJ:bl. C HCTIOJib30BaliHeM 
03fia 3TO BpeMH MO)KeT 6biTb. cy~eCTBeHHO COKpa~eHO. 
TennoBo:ii )Ke Kanan ,ne3aKTHBaiJ;HH BOJ6y)K,nenHhiX JJieKTponoB 
TI03BOJI1leT rrpOH3BO,UHTb HaKa'IKY 3Heprlm B 06JiaCTb cpe,nbi, 
nenocpe,ncTBenno npuneraro~yro K nonocTH u co3,naBaTb 
J,necb TenJIOBYIO o60JIO'IKY. ITocne,n:HH.JI MO)KeT 6h1Tb ,IJ:OBe,neua 
.no BH.UHMoro paJMepa Ja BpeMn: 

q vp/1 T 
.t .... . , /3/ 

·.]a· 

.. r,ne q H p - TeTIJIOeMKOCTb H llJIOTHOCTb )Kll)J;KOCTH, v 
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KoHe'lnhrii o61>eM rennoBoii o6onotiKH~ 11 'r -neperpeB o6ono-.i-.: 
Kn .· oTnocnTenLuo ~Kpy)lmro~eii 'cpe,nbr, 1 - uurencuBnocTb 
CBeTOBOH HJIH' 3JieKTpOMarHHTHOH-HaKa'IKH, a - ceqenne 
pe3onancuoro norno~eiiHH cneTa JJieKTponaMn nnn pa,nno.
H3nyqeunn TIOJIOCTHMII. ,lJ;JIH CJiy'laJI 3JieKTpOHHOro B036y)K,ne-
111111 ·B : llOJIOCTH )Kll,IJ:KOrO BO,nopo,na MO)KJIO llPIIHHTb q 
=2,33 Kan. r-:-1 -rpa,n:-1 , v =·10-_;6 cM 3 , • p ·= 

2 . . . 
=7 • 10- r CM -J, /11 =1 ° , a =10-20cM 2 ,. J = 
=10 16 BT CM -2 ·B. JIMTIYJibCe. C ytieTOM 3TIIX ,naHHblX H3 

· /3/ cne,nyeT, 'ITO t =10-2 ceK, AuanorutiHhie pe3yJibTa-
Tbi rionyqaroTCH ,nnn reJIII.H n ueoua. Bn.nuo, 'ITO BpeMn 
npOHBJieHHH TpeKOB MO)I<eT 6biTb c,nenauo ue60JiblllHM, O,UHaKO 
MO~HOCTb CBe.TOBOrO o6nyqeim11 · )KH,UKOCTH ,IJ:OJI)I(Ha 6hiTb 
qpe3Bbi'laHHO BeJIHKa. ,lJ;OCTOIIHC~Ba TaKOrO ,neTeK~Opa.'6y,nyT 
3aKJIIO'IaTbC11 B. CeJieKTHBHOCTH ynpaBJieHHH H B03MO)Kll0CTH 
perynupoaannn BpeMenu naMnTn rryTeM no,naqn na pa6oqyro 
cpe,ny oqn~aro~ero JneinpnqecKoro norin. 

llH B e.p C II p 0 Ban II bl e M 0 Jie K y Jlbl. PaCCMOTpHM 
Tenepb nan6onee Da)I(HbiH ,IJ:JIH npaKTHKII cnyqa.if perHCTpaiJ;HH 
~Jie,UOB tiaCTIIIJ; B )l(li,IJ:KIIX II TBep,IJ:blX cpe,nax nyTeM naKa'IICH 
3HeprHH B HHBepcupoBaHHbie MOJieKyJib~. TllllH'IHbiM TipiiMepOM 

nnaepcnn HBJIHeTCH opTo-napa-nepexo,n ·B ao,nopo.ne n ,neii
Tepnn: ITpn TeMnepaType 10 ° K n nmKeJaBHonecu:brii no.nopo,n 
BCeiJ;eJIO COCTOIIT 113 napa-dJa3bl / 16 • fipii . TipOXO)I(,IJ:eHIIII 
tiaCTIIIJ;bl qepe3 )KII,IJ:KHH HJIHTBep,nbiH BO,IJ:Opo,n J!POHCXO,UIIT.HH-·. 
TenciiBHbiH y,napno- Tennoaoii. nepexo.n napa- Moneicyn no.riopo-. 
,na B OpTO- COCTOHHIIe. On;eHO'IHbiH pactieT noKa3biBaeT, ·'ITO 
.3apH)KeJIHa11 tiaCTIIIJ;a C 3HeprHH 1 r3B Ha O,IJ:HOM CaHTHMeTpe · 
'nyTH B )KH,IJ:KOM IIJIH TBep,nOM BO,UOpo,ne TpancdJopMnpyeT 
~ 10 7 napa-MOJieKyJI B OpTO-MOJieKyJibl. 3to COCTOnHHe 

3a T.e:M o6pa THO nepexo,nnT B napa- cocTonnne c oqenb 6onL_
mnM ne:imo.noM ·penaKcan;nu. ITocne,nnnii Moi<eT 6biTb pe3Ko 

. COKpa~eH u.',none,neH ,no. 10-6 CeK TiyTeM HenpepbiBHOro 
o6nyqenn.JI Bo,nopo,na YJibTpa3BYKOBbiM noneM 1171. OpTo~ 
MClJieKyn:br B. cne.ne · qacTnn;bi npe,ncTaBnnroT co6oii cKpbiThiii 
TpeK. ,lJ;n11 ero npOHBJieHHH y,no6HO BOCTIOJib30BaTbC11 JIH60 
KoM:6nnan;uouiw-paccennnhiM cBeTOM, nn6o nnTencnBnoii nu
nneii norno~enun opTo ~MoAe,yn ao,nopo,na B undJpaKpacnoM 
,nnanaJOHe npn 4120 CM - 1 .1 2 KOTOpaH OTCYTCTByeT Y napa
MOJieKyJI. HaK~'IKa JIIepruu' ; opT.o- Bo,nopo,n 6y,ner ·HOCHTb · 
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naBHHHhiH xapaKTep, TaK KaK c rro.nno,noM Terrna qncno opTo
MoJieKyn 6y,neT ynennqnnaThCH Ja cqeT rrapa-opTo-rrepexo,na. 
)l.nx pacqeTa :noro rrpouecca n·ocrroJibJyeMCH clJopMaJIH3MOM, 
pa3BHTbiM .nnx cnyqa·H ceneKTHBH/ro "Ja3orpena" Bbi)lenen
noii: CTCIICHH CB060)lbl CHCTCMbl 14•15 • . 11pH6JIH:>KCHHOC ypan
HCHHC )lJIH OIIHCaHHH TaKOrO IIpOli,CCCa MO:>KCT 6biTb rrpe)lCTaB
JICHO B CJie)lyiOili,CM BH)lC: 

q N 
1=--fn-, 

at N0 

/4/ 

r)le I · H t - HHTCHCHBHOCTb H BpeMH o6JiytJeHHH BO)lOpO)la 
·cneToM; a - ceqenne pe3oHancnoro rrornmuennx cneTa opTo
MOJieKyJioii:; NO - \IHCJIO HatJaJibllbiX opTO -MOJieKyJI Ha 1 CM 
rryTH qacTHll.hi; N • qncno opTo-MoJieKyn na 1 eM BHJlHMoro 
TpeKa n q - TerrnoTa rrapa-opTo-rrepexo.na MoneKyJihi. Bxo
JlHili,He B /4/ neJIHtJHHbi .nnx no.nopo.na rrpn TeMrrepa Type 
15 ° K nMeiOT cne,nyiOili,He 3HatJeHHH: N 0 =10 

7
• eM -

1 
, 

N =10 18cM - 1 ' a . ~1o-2 16M 2 ; q = 4 • 10-22 KaJI. 

llo,ncTaHonKa 3THX nenHtJHH B ciJopMyny · /4/ .naeT I 
=4 • 10-1 t - 1 BT • CM -2, r,ne t Bbipa:>KeHO B CeK. flpHHHB 
BpeMH HaKatJKH 3HeprHH B TpeK tJaCTHll,bl 10-7 CeK, IIOJIY\IHM 
He06XO)lHMYIO BCJIH\IHHY HMIIYJibCHOH MOili,HOCTH HaKatJKH I = 
= 4 MBT • eM -·2 • Cpe)lHHH :>Ke MOili,HOCTb cocTaBHT 0,4n 
BT •. CM - 2 , r,ne n - \IHCJIO cpa6aTbiBaHHH )leTeKTOpa ·a ce
JlY. llpH JiaKatJKe 3HeprHH MOili,HOCTbiO . > 4 MBT CM - 2 TpeK 
tJaCTHll,hl 6y,neT IIpOHBJIHTbCH KaK D ciJopMe ll,eiiO\IKH opro
MOJieKyJIHpHbiX o6pa3oBaJIHH, TaK II B Bll)lC rrapOBbiX IIY3blpb
KOB, B03HHKaiOili,HX B MeCTaX JiaU60Jiee IIJIOTHOrO CKOIIJieHHH 
opTO- MOJieKyJI, liHTeHCHBHO IIOrJIOill,aiOili,HX CBeT. ConpeMeH
Hbie naJepbi, pa6oTaiOili,Ue n nnclJpaKpacHoM .nnarraJone, MoryT 
o6ecrretJUTb Tai<yiO MOili,HOCTb o6JI}'tieHHH. 

fl3 rrpnne.nennoro aHaJIH3a BHJlHO, \ITO Ha ·ocuone rrpnH
unrra Hai<a\IKH 3HeprHH B HHBepcHpOBaHHbie MOJiei<yJibl OTKpbi
BaeTCH B03MO:>KJIOCTb C03,IJ;aHHH Tpei<OBOH I<aMepbl C :>KH)lKHM 
HJIH TBep)lbiM BO)lOpO)lOM, KOTOpax 6y,neT o6Jia)laTb CeJieKTHB
HbiM pe:>KHMOM yrrpaBJieHHH, MaJibiM BpeMeJieM IIaMHTH, He 
rrpenhiWaiOili,HM 10-6 cei<, n MepTBbiM npeMeHeM 10-5 -10-6 

CeK. llpocTpaHCTBeHHaH TO\IHOCTb perHCTpalJ,HH CJie)lOB \laC
THll, B TaKOH :KaMepe 6y,neT BbiWe, qeM Y cylll,eCTBYIOili,HX 
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rryJLipbi<O-BbiX I<aMep, KOTOPLIM npncylli,H KOHBei<THBHhie noTo-· 
I<H :>KH)li<oc·.fu·, yxy.nwaromne- T()"imocT-b: 

· )l.aHHbie BbiBO)lbi BCell,eJlO pacrrpOCTpa~HIOTCH Ha I<aMepbi 
c .neii:repneBbiM JarronHenneM, a iai<:>Ke Ha I<aMephi, co.nep
:>Kalll,ne :Belll,ecrna, MOJiei<yJihi I<(nophiX ncnhiTbiBaiOT. nnnepcnio 
HJIH ITOBOpOTHYIO li,HC-TpaHC~HJOMepu3ali,HIO>' . 

3a KlliO'Ie 11ue 

PaccMoTpeHHbiH npnuuun Tpei<onoii: perncrpaunn qacruu · 
B :>KH)lKHX H I<pHCTa.JiJIH\IeCKHX cpe,nax nyTeM H36HpaTeJibHOH 
peJoHancno~ HaJ<aqJ<:iJ: 3Heprnn 'B pa3JIHtJHLie CTPYI<TYPHbie 
HapyWeHHH Belll,eCTBa B CJie)laX tJaCTHll, npe)lCTaBJIHeTCH 
()6ua,ne:>Knnaro~n:M. Hau6onee nepcrrei<THBHhiii rryTh coJ,naunx 
HOBOrO )leTeKTOpa Ha OCHOBe H3JIO:>KeH~OrO TipHHli,HTia CBH-

3aJI, rro-BH)lHMOMy, C JiaKa\IKOH 3HeprHH B 3Jiei<TpOHHbie no
JIOCTH H .B MOJiei<yJibi C TpaucclJopMHpOBaHHbiM COCTOHHHCM. 
TaKOH TIO)lXO)l MO:>KeT npuneCTII K pa3pa60TI<e Tpei<OBOrO : 
)leTCKTOpa C pa6o.tJeH I<(m)leiiciipoBaHHOH cpe,noii:, KOTOpbiH 
6y,neT 06Jia)laTI, CBOHCTBOM CeJieKTIIBHOrO ynpaBJieH~H, xo
pOWHMH BpeMeHHbiMH xapai<TCpHCTHKaMH H BhiCOKOH npo- .. 
CTpaHCTBeHHOH TOqHOCTblO, 

B 3aKJIIOqenne aBTOp C\IHTaeT CBOHM npHHTHbiM )lOJirOM · 
no6naro.napHTb B.IT.)l.:>Kenerrona, 1i .M.llonTei<opno,~.A. THn
KHHa, r .H.CeJIHBaHOBa II B.ll.HnKaHopona 3a TIOJie3Jibie .nnc
KYCCHH no .nanuoii npo6neMe. 
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PyKOIIHCh IIOCTYIIHna B HJ,naTenhCKHH OT,nen 
10 arrpenH 1973 ro,!l,a. 

HeT JUt rrpo6eJioB B Bameif 6H6JIHOTeKe? 

Bbi MOJKeTe noJiyqKTb no noqTe nepe'IHCJieHHble HKJKe KHKrH, 

ecJIH OHH He 6bJJIH 3aKa3aHbl p·aHee. 

13-3700. 

~-3893 

P1-3971 

4-4589 

2-4816 

16-4888 

3-4891 

~-5805 

10-5255 

~7-5769 

~1-5988 

~1-5969 

MaTepBaJILI CBMn03ByMa no HaBO· 
ceKYBllHOH llllepHOH 3JieKTPOHHKe. 
,!l,y6Ha, 1967. 

Coo6meHHll yqacTHHKOB MelKllYHa
POllHOro CHMn03HyMa no CTPYKType 
llllpa. )ly6Ha, 1968. 

· HyKJIOHLI H nHOHLI. MaTepmLJILI 
I _MelKllyHapollHOro cosemaHBll no 
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