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B nocneAHee epeM~ e~nonHeH P~A 3Kcnep~MeHTOB no ~ccneAOBaH~~ 
~3ny4eH~~ KaHan~pOBaHH~X 4aCT~4 B~COKOH 3Hepr~~/J-4/, 0AHaKO AO 
HacTo~~ero epeMeH~ oTcyTCTBY~T AaHH~e, noKa3~Ba~~~e yrnoe~e xa
paKTep~cT~K~ ~3ny4aeM~X raMMa-KBaHTOB. 

B pa6oTe np~BOA~Tc~ yrnoe~e ~ cneKTpanbH~e xapaKTep~cT~K~ 

~3ny4eH~~ nO?~TpOHOB, KaHan~pOBaHH~X nnOCKOCTb~ (110) MOHOKp~c
Tanna KpeMH~~ TOn~~HOH 113 MKM. 

Pa6oTa e~nonHeHa Ha ycTaHoBKe "Kp~cTann"/5/, CneKTPOMeTp no3-
eon~eT ~3Mep~Tb yrn~ BXOAa no3~TpOHOB B KP~CTann C T04HOCTb~ 
OKono 6 MKPaA /cTaHAapTHOe OTKnOHeH~e/. C noM~b~ APeH$0BOH Ka
Mep~ co ecTpoeHH~M KOHBepTopoM/6/ onpeAen~eTc~ eepT~KanbHa~ npo
eK4~~ yrna B~neTa raMMa-KBaHTOB ~3 Kp~CTanna C T04HOCTb~ OKOnO 
4 MKPaA /CTaHAaPTHOe OTKnOHeH~e/. 3Hepr~~ raMMa-KBaHTOB onpeAe
n~eTC~ AeTeKTOPOM Ha OCHOBe Kp~cTanna CsJ(Tl). B pa604~X ycno
B~~X An~ raMMa-KBaHTOB c 3Hepr~eH 100 M3B AeTeKTop ~MeeT pa3pe
weH~e oKono 3% /w~p~Ha pacnpeAeneH~~ Ha nonye~coTe/. 

Ha p~c.1 npeACTaeneHa 3aB~C~MOCTb cneKTpanbHOH nnoTHOCT~ ~3-
ny4eH~~ OT 3Hepr~~ raMMa-KBaHTOB An~ C06~T~H C yrnaM~ BXOAa no-
~T H K ~ T A~ n H -4 0 K A· K ~T~4 C K~H yr K -
Han~pOBaH~~ nnoCKOCTb~ (110) MOHOKP~CTanna KpeMH~~ An~ no3~Tpo
HOB C 3Hepr~eH 10 r3B COCTaBn~eT OKOno 60 MKPaA. Per~CTp~poea
n~Cb raMMa-KBaHT~ c yrnaM~ B~neTa ~3 Kp~cTanna B ~HTepeane 
+1 MPaA B o6e~x npoeK4~~x. Ha TOM me p~cyHKe noKa3aH pe3ynbTaT 
H3MepeH~~ cneKTpanbHOH nnoTHOCT~ ~3ny4eH~~ Ha an~M~H~eBOH M~we
H~ /wTp~x-nyHKT~pHa~ KP~Ba~/, KOTOP~H YAOBneTBOp~TenbHO COBna
AaeT c pac4eToM /0,12 cM-1/, e~nonHeHH~M cornacHo/7/. n~K An~ 
raMMa-KBaHTOB C 3Hepr~e~1 OKOno 60 M3'B COOTBeTCTByeT ~3ny4eH~~ 
np~ nepeXOAaX MemAY coceAH~M~ ypoBH~M~ nonepe4HOH 3Hepr~~ no-
3~TPOHOB /nepea~ rapMoH~Ka ~3ny4eH~~/ ~ xopowo on~c~eaeTc~ B 
np~6n~meH~~. rAe ~3ny4eH~e onpeAen~eTc~ TOnbKO ycKopeH~eM 4ac
T~4~ IA~nonbHoe np~6n~meH~ef/8/. An~ no3~TPOHOB c 3Hepr~eH 10r3B 
HapyweH~e A~nonbHOCT~ npo~en~eTc~ B no~eneH~~ 3aMeTHOH eepo~THoc
T~ ~3ny4eH~~ BTOPOH ~ TpeTbeH rapMOH~K, T.e. nepeXOAOB Me*AY 
6onee YAaneHH~M~ ypoBH~M~ /n~K~ np~ 3Hepr~~X OKOno 120 ~ 200M3B/. 
0THOWeH~e Me*AY Ben~4~HaM~ cneKTpanbH~X nnOTHOCTeH ~3ny4eH~~ 
nepBOH ~ BTOPOH rapMOH~K COCTaBn~eT OKOnO 1,5~0,1 . 0THOWeH~e 
een~4~H cneKTpanbH~X nnoTHOCTeH An~ raMMa-KBaHTOB c 3Hepr~~M~ 
60 ~ 90 t13B /M~H~MYM MemAY nepBOH ~ BTOPOH rapMOH~KaM~/ COCTaB
n~eT 2, 1 +0, 2. 

B 3KCnep~MeHTe/3/ nony4eHO COOTBeTCTBeHHO 1 ,5+0,2 ~ 2,0+0,2, 
4TO xopowo coenaAaeT c HaW~M~ AaHH~M~. Ben~4~Ha OTHOWeH~~ cneKT-
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PHc.l. CrreKTpanbHaH rrnoTHOCTb 
H3ny~eHHH B 3aBHCHMOCTH OT 3Hep
rHH raMMa-KBaHTOB, PacrrpeAene
HHH HOpMHpoBaHbi Ha OAHH ITaAaJ.J
~H IT03WI'POH, 

r 11C, L., ~ .:lcU:II1CHMUCTH CITeKTpanbHO-! ill.. 
yrnOBOH ITnOTHOCTH H3ny~eHHH OT , 
3HeprHH raMMa-KBaHTOB. Pacnpe
AeneHHH ITOCTpoeHbi MH C06biTHii, 
B KOTOpb!X raMMa-KBaHTbl H3ny~a
nHCb B yrnOBOH HHTepBan 0-10/A/, 
0-20/B/, 20-40/B/, 40-60/r/, 
0-50/~/, 50-100 MKpaA /E/. 
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panbH~x nnoTHOCTe~ ~3ny4eH~R Ha nepao~ ~ aTopo~ rapMoH~Kax no
Ka3biBaeT TaK>Ke, 4TO ~3flY4eH~e HOC~T CYl!leCTBeHHO He):l~nOflbHbl~ xa
paKTep. KaK B~AHo, ~3 WTp~xoao~ Kp~ao~ Ha p~c.1, AaHH~e xopowo 
cornacy~TCR c pac4eToM, a~nonHeHH~M cornacHo/8/, 

3aB~C~MOCTb CneKTpaflbHo-yrflOBO~ nflOTHOCT~ ~3fly4eH~R OT 3Hep
r~~ raMMa-KBaHTOB AflR 4aCT~4, ~Me~lll~X yron BXO):Ia B A~ana3oHe 
0-40 MKPaA,~3y4eHa AflR HecKoflbK~x ~HTepaanoa yrnoa a~neTa raMMa
KBaHTOB /p~c.2/. 0TMe4aflOCb/8/, 4TO KOflfl~Ma4~R ny4Ka raMMa-KBaH
TOB nOA Mafl~M~ yrnaM~ OTHOC~TeflbHO npoeK4~~ ~MnyflbCa 4aCT~4 Ha 
KP~CTannorpa~~4eCKY~ nflOCKOCTb np~BOJ:I~T K B~):lefleH~~ B cneKTpe 
~3fly4eH~R n03~TpOHOB raMMa-KBaHTOB C 3Hepr~e~, COOTBeTCTBY~lile~ 
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PHc.3. PacrrpeAeneHHe co6b!THH no 
yrnaM BbiDeTa raMMa-KBaHTOB H3 
KpHCTanna, PacnpeAeneHHH ITOCTpo
eHbi MH raMMa-KBaHTOB B pa3nH~
HbiX AHaTia3oHaX 3HeprHH. rpaHH~ 
AHana3oHoB yKa3aHbi B npaBoM yr
ny K~oro rpa~HKa. lliTpHxaMH 
npoBeAeHhl KPHBble, nony~eHHbie 

rrpH arrnpOKCHMa~H 3KCrrepHMeH
TaiTbHbiX AaHHbiX pacrrpeAeneHHeM 
raycca. B neBoM yrny KaEAoro 
rpa~HKa yKa3aHbi CTaHAapTHhle OT
KnoHeHHH MH ITpHBeAeHHb~ KpHBb~. 

MaKC~MaflbHO~ AflR Ka>KAO~ rapMOH~

K~. Konn~Ma4~R ny4Ka raMMa-KBaH
TOB, ):la>Ke B OJ:IHO~ npoeK4~~, np~

BOJ:I~T K ~3Me~eH~~ eopM~ 3aB~c~
MOCT~ cneKTpaflbHO~ nflOTHOCT~ ~3-

ny4eH~R oT 3Hepr~~. CooTHOWeH~R 

Me>KAY aen~4~HaM~ cneKTpanbHo~ 
nnoTHOCT~ ~any4eH~R AflR raMMa

KBaHTOB C 3Hepr~e~ 60 ~ 120 M38, ~cnyl!leHH~X nOA yrnoM 0-10 MKPaA 
/p~c. 2A/, COCTaBflReT Tenepb 2,6+0,5, T.e. npo~CXOJ:I~T HeKOTopoe 
OTHOClt1TeilbHOe VMeHhiUP.HLAP. rnPKTn.::.~hi·U"\lA nnnTI-InrTu IA-:::tn\/u~u,Aa u~ 

MaKC~MaflbHO~ 3Hepr~~ BTOPO~ rapMOH~K~. Ha-aa He):l~nonbHOCT~ ~3-

ny4eH~R a aen~4~Hy cneKTpanbHO~ nnoTHOCT~ AflR raMMa-KBaHTOB c 
3Hepr~e~ OKOflO 60 ~ 120 M38 ):laeT HeKOTOP~~ BKna):l ~3fly4eH~e 6o
nee B~COK~X rapMOH~K, npo~CXOJ:\Rlllee nOA 60flbW~M~ yrnaM~ OTHOC~

TeflbHO npoeK4~~ ~Mnynbca noa~TpoHa Ha Kp~cTannorpae~4eCKY~ nnoc
KOCTb. AonR H3fly4eHHR a~coKHX rapMOHHK a o6nacTH 3Hepr~~ oKono 
120 M3B 6onbwe, 4eM a o6nacTH 60 M3B, no3TOMY KonnHMa4~R ny4Ka 
raMMa-KBaHTOB BOKpyr HanpaBfleH~R anepe):l npHBOJ:IHT K 6onee CHnb
HOMY no):laBneHH~ ~3fly4eHHR J:lflR raMMa-KBaHTOB C 3HeprHe~ OKOflO 
120 M3B. OTHoweH~e cneKTpanbH~X nnoTHOCTe~ AflR raMMa-KBaHTOB c 
3HeprHe~ 60 H 90 M38 J:lflR H3fly4eH~R, KOflflHMHPOBaHHoro Bnepe):l 
/pHC. 2A/, COCTaBnReT 5,3+1,5. 3TO roeopHT 0 TOM, 4TO AflR H3ny-
4eHHR noA Man~MH yrnaMH oTHOCHTenbHO KPHCTannorpaeH4ecKo~ nnoc
KOCTH ):le~CTBHTeflbHO npOHCXOJ:IHT no):laBfleHHe ~3fly4eHHR C 3Hepr~e~ 
HH>Ke MaKCHMaflbHO~ AflR TO~ rapMOH~KH, Ha KOTOPO~ npOHCXOJ:IHT nepe
XOJ:I. AflR nony4eH~R el!le fionee Y3K~X n~KOB B cneKTpe H3fly4eH~R, 
no-B~A~MOMy, He06XOJ:I~MO B~6HpaTb 4aCTH4~ C yrnaMH B~fleTa raMMa
KBaHTOB, 6nH3K~MH K npoeK4H~ ~MnynbCa n03~TpOHa Ha KPHCTanno
rpa~H4eCKY~ nnocKOCTb. CneKTpanbHaR nnoTHOCTb H3fly4eHHR Ha 
pHc.2A AflR raMMa-KBaHTOB c 3HeprHe~ 60 M3B a 49+5 pa3 npeeocxo
A~T cooTBeTcTay~y~ eenH4~HY AflR an~MHHHeeo~ M~WeH~. AnR pacnpe
AeneHHR Ha p~c. 1 3To npee~weH~e cocTaanReT 36~1 paa. 

3 



Ha p~c.3 npeACTaeneH~ pacnpeAeneH~~ raMMa-KeaHTOB no yrnaM 
B~fleTa ~3 Kp~CTanna OTHOC~TeflbHO nflOCKOCT~ (110) Afl~ 4aC T~4, 
~Me~~X yron BXOAa B Kp~CTann B A~ana30He 0-40 MKPaA. B~AHO, 
4To An~ 3T~x /KaHan~poeaHH~x/ 4acT~4 raMMa-KeaHT~ ~any4a~Tc~ e 
Y3K~~ yrnoeo~ ~HTepean /MeHbwe +100 MKPaA/ npH ecex paccMaTp~
eaeM~x 3HeprH~x. PacnpeAeneH~e Ha p~c.36 ~MeeT HaHMeHbWY~ wH
PHHy. np~ nocTpoeHHH 3Toro. pacnpeAeneH~~ oT6HpanHcb raMMa-KeaH
T~ c 3HeprHe~, MaKCHManbHO~ Afl~ nepeo~ rapMoHHKH. Ero w~pHHa 
onpeAen~eTC~ B OCHOBHOM HeA~nOflbHOCTb~ H3fly4eHH~ H aHrapMOHH3-
MOM noTeH4Hana, B KOTOPOM AB~~eTC~ no3~TpoH/8/. 0AHaKO Aa~e Afl~ 
Cfly4a~ A~nOflbHOrO ~3flY4eHH~ B rapMOHH4eCKOM noTeH4~ane WHpHHa 
3aB~C~MOCTH, aHanor~4HO~ nOKa3aHHO~ Ha pHc.36, AOfl~Ha fi~Tb Ko
He4HO~ H onpeAen~eTC~ B OCHOBHOM pacnpeAefleH~eM KaHaflHPOBaHH~X 
n03HTPOHOB no nonepe4HO~ 3HeprHH. 
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