


1 • BBE.[IEHf-lE 

np~BeAeHo on~caH~e non~p~3oBaHHo~ Ae~TPOHHo~ M~ueH~ cpeAH~x 

pa3Mepos, pa3pa60TaHHO~ COBMeCTHO 06beA~HeHHbiM ~HCl~TYTOM RAep
H~X ~ccneAOBaH~~ ~ neH~HrpaACK~M ~HCT~TYTOM ~AepHoC ¢~3~K~. Pa-
6o4~M Be~eCTBOM M~WeH~ ~BnReTCR 3TaHA~On, COCTOR~~~ ~3 25~ 

C 2D 4 (0H) 2 ~ 75% C~D6 0 2 c napaMarH~THO~ np~MeCbJ() 1;r(V) np~ 
KOH4€HTpa4~~ 6•10 9 cn~HOB/CM 3 . np~ TaKOM COCTnBe BE~eCTBa $OpMa 
nHH~~ ~AepHoro MarH~THoro pe3oHaHca /nMP/ ycno*HRelc~ ~3-3a Ha
nV14~R KaK C-D, TaK VI 0-D KBaApynonbHbiX B3aV1MOAe~cl BY!~. B pa6oTe 
npeAflO*eH HOB~~ MeTOA B~AeneH~R ~3 cneKTpa Ae~TPOHfOrO CV!rHana 
J'IMP $opMbl nV1H~1V1 ABYX MarHV!THbiX AY~nonbHbiX nepexoAoB m_ 1 ..-. m0 , 
m+l •-• m0, rAe m i- MarHV!THOe KBaHTOBOe 4V1Cno. nonb3) ~Cb 3TV1M 
MeTOAOM, MO*HO T04HO onpeAenV!Tb aCV!MMeTpV!D VI, cneACBaTenbHO, 
nonRPV13a4V1D A€~TPOHOB He3aBV1CV1MO OT ~CKa*eHV!~ Kp~nteB cneKTpa 
~MP. nony4eHa npV16flV1~eHHa~ ¢opMyna, 8 KOTOPO~ aCV!M~eTp~R s~

pa~aeTCR 4epe3 OTHOWeHV!e aMnflV!TYA ABYX MaKCV!MYMOB CV!rHana no
rno~eHV!R Ae~TPOHOB. QopMa n~HV1V1 Ae~TPOHHoro c~rHan< perV~cTp~po

sanacb flMP-cneKTpOMeTpOM C *€CTKO~ aBTOMaTV14CCKO~ fOACTpO~KO~ 
4aCTCTW /An4/ npV!eMHOrO rV16PV1AHOrO napannenbHOrO KCHTypa, KOTOp~~ 
COAeP*V!T KOPOTKV!~ no cpasHeHV!D C A/4 OTp€30K KOaKCV!aflbHOro Ka-
6enA. nony4eHO aHanV1TV14eCKOe B~pa~eHV!€, CBA3WbaD~eE $OPMY CV!rHa
na Ha KOHType c sen~4V1HaM~ norno~eHY~R, AY~CnepcY~~, rapaMeTpaMV! 
rV16PY1AHOrO KOHTypa, BKflD4a~ Afl~Hy, BOflHOBOe conpuT~BfleHV!e VI 3a
TyXaHV1e KoaKCY~anbHoro Ka6en~. B pe3ynbTaTe 3KcnepY~~eHTanbH~~ 
cneKTp MO*eT 6~Tb CKOppeKTV!pOBaH, 4TO BeCbMa Cy~eClBeHHO npV! 
T04H~X V13MepeH~~X aCV1MMeTpV1V1. np~BeAeH~ TaK*e OnV!CiHV!e HV13KOTeM
nepaTypHO~ KaMep~ pe$PY1*epaTopa pacTsopeH~R 3He s 4 He VI onY~ca
HV~e MeTOAV!KV! npY~roTosneHV!R se~ecTsa MV!WeHV!. B MarH~THOM none 
2,643 T npV! TeMnepaType 0,33 K MeTOAOM "AY~HaM~4ecKc-ro oxna*Ae
HV1A11 B MV1W€HV1 6bina AOCTV!rHyTa non~pV13a4~R RAePHbiX C nV!HOB Ae~
TepV!A 0,37 060V1X 3HaKOB. 8 COOTB€TCTBVIV1 C npV1H4V1nm. paseHCTBa 
cnV~HOB~x TeMnepaTyp AnA AAePH~x cnV!HOB BOAOPOAa s 10M me caMoM 
se~ecTse nony4anacb non~PV13a4~~ 0,96~0,02 o6oY~x 3HiKOB, npV14eM 
np04€CC B~paBHV!BaHV!A CnV!HOB~X TeMnepaTyp npOV!CXOAVI' HenocpeAcT
BeHHO s npo4ecce A~HaM~4ecKo~ nonRP~3a4V1V1 ~Aep He fonee 4eM 3a 
120 /o',V!H. 
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2. nAPAMETPbl AE~TPOHHO~ Cm1HOBO~ C~CTEMbl 

B MarHI-1THOM none H 0 3Hepri-1fl KaM<goro 1-13 2I + 1 3eeMaHOBCKI-1X 
MarHI-1TH~x nogyposHe~ ge~TpoHa 0 = 1) onpegenf!eTCFI cyMMO~ gsyx 
'-WeHOB /1/: 

111 

1 2 rge 1/Q = g(e qQih); eQ- Beni-1'-11-1Ha rpagl-1eHTa 3neKTpi-14eCKOrO nonH 

sgonb rnasHo~ oc1-1 TeH3opa rpagi-1CHTa, eq- ge~TpoHH~~ Ksagpynonb
H~~ MOMeHT, h = 6,626-10-27 13pr·cl - nOCTORHHafl nnaHKa v = 

-1 ' D =y0 Ho lc I- L(ernpanbHafl 4acToTa cneKTPa !IMP ge~TpoHa, y 0 = 

= 0,6535·10 3 llc-1 .c-1 I- ri-1POMarHI-1THoe OTHoweHI-1e .Ae~TpoHa, 
ITlr = +1, 0, -1 - MarHI-1THOe KBaHTOBOe 41-1Cno, 6- yron Mell<AY Ha
npasneHI-1eM MarHI-1THoro nonR H0 1-1 rnaBHO~ ocbiO TeH3opa rpagl-1eHTa 

3neKTPI-14ecKoro nonR. 
B pa6041-1X MI-1WeHRX none Ho Beni-1KO, n03TOMY OCHOBHO~ BKnag 

B seni-141-1HY 3HepreTI-14eCKoro pac~enneHI-1fl M~rHI-1TH~x nogyposHe~ 
gaeT nepB~~ 3CCMaHOBCKI-1~ 4neH 8 ~OpMyne 111. ~MCHHO 3TOT 4nCH 
onpegenfleT OTHOCI-1TenbHbiC 3aceneHHOCTI-1 p+ 1 = N+ 1 IN , p_ 1 = N_ 11N, 
Po= NoiN MarHI-1THbiX nogyposHe~ cooTseTcTseHHo c m1 = +1 ,0,-1, 
N- o6~ee 41-1Cno ge~TpOHH~x cni-1HOB, N+ 1, 0 ,_ 1- 41-1cno cni-1HOB c co
oTseTcTBYIOil\I-1M 3Ha4CHV!CM m I . 

no onpegeneHI-110, 

121 

BTopo~ 4neH s ¢opMyne 111 o6ycnosneH B3ai-1Mogei1cTBI-1eM 3neKTPV!4e
cKoro KBagpynonbHOrO MOMCHTa ge~TpOHa C aKCV!anbHO-CI-1MMeTpi-14HbiM 
rpagV!eHTOM 3neKTpV!4CCKOrO nonfl 3neKTPOHH~X o6ono4eK aTOMOB, oK
pyll<aiO~i-1X gei1TpoH IHanpV!Mep, yrnepoga -C-D CBR31-1 1-1n1-1 K!-1cnopo
ga - 0- D CBR31-1I, 1-1 no seni-14V!He RBnReTCR cna6biM B03My~eHI-1eM 3ee
MaHoscKoro 4neHa. B noni-1KPI-1CTannl-14ecKV!X o6pa3L(ax, a 4aCTHOCTI-1 
3TaHgV!one, KBagpynonbHoe s3ai-1MOAe~cTBI-1e onpegenfleT ¢opMy ili-1HI-11-1 

flt1P nor no~eHI-1R. 
PasHosecH~e napaMeTp~, xapaKTep1-13YIO~I-1e ge~TPOHHYIO Ci-1cTeMy, 

npegnonaraiOT cy~ecTBOBaHI-1e egV!HO~ cni-1HOBO~ TeMnepaTypbl T 0 • B 3TOM 
npegnonoM<eHI-111! COOTHOWCHI-1R MCll<AY 3aceneHHOCTRMI-1 P+, Po 1-1 p_ onpe
genf!IOTCR 6onbl(MaHOBCKI-1M ~aKTOpOM: 

Po 
- = exp!hv lkT

0
!; 

p D 
131 

8 -16 rge k = 1,3 .10 l3priKI - nOCTORHHaR 6onbl(MaHa, 
TaKI-1M o6pa3oM, gnfl onpegeneHI-1R 3aceneHHOCTe~ KaM<goro 1-13 Tpex 

MarHI-1TH~X nogypOBHe~ MI-1WeHI-1 HaPRAY C COOTHOWeHI-1RMI-1 121 1-1 131 
Tpe6yeTcR 3Kcnep!-1MeHTanbHoe ycTaHosneHI-1e gononHI-1TenbHoro napaMeT-
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pa, s Ka4eCTBe KoToporo ygo6Ho s~6paTb nonRpi-13al(l-110: 

4th (hv0 I 2kT 0 ) 
- p- = ---------. 

3 + th2 (h 1/D I 2kT D) 
141 

B cny4ae npoToHOB I I 

P = th (h v I 2kT ) 
H II H 

151 

YpasHeHV!R 151 gnR gsyxyposHesoi:i cn1-1Hoso~ cl-1cTeM~ nonHocTbiO onpe
genRIOT 3aceneHHOCTI-1 Kall<goro YPOBHFI. 

B cny4ae ge~TpoHoB Tennosoe pasHosecl-1e c eAI-1HOi1 cnV!Hosoi1 TeM
nepaTypo~ T D B MaKpOCKOnl-14eCKI-1 6onbWI-1X o6oeMaX MI-1WeHV! MOll<eT He 
Cy~eCTBOBaTb 1-13-3a HeOgHOPOAHOCTI-1 BHeWHero MarHI-1THOrO nonR, He
OAHOPOAHOCTI-1 CBY nonR HaKa4KV! s npol(ecce AV!HaMI-14ecKoi1 opl-1eHTa-
L(l-111! Rgep. 

B 3Kcnepi-1MeHTax no pacceRHI-1~ 4aCTI-1L\ sa~HYIO ponb 1-1rpaeT s~

cTpaV!BaHV!e - napaMeTp, KoTop~i1 cnegyi0~1-1M o6pa30M s~pa~aeTcR 
4epe3 3aceneHHOCTI-1: 

A D = < 3I;- I (I + l )>I I 2 ~ 3(p + 1 + p -1) - 2 = 1 - 3p 0 /6/ 

fknonb3YR ¢OPMYnbl /2/, 13/ V! /4/ 1 MO>KHO nony4V!Tb ypaBHeHV!e, 
3b1Bal0ll\ee An 1-1 p 0 : 

A 

_. v • 

-

I I I 

B 3KCnepV!MeHTaX no ~MP OTHOCI-1TenbHaR V!HTeHCV!BHOCTb MarHV!TH~X gV!
nonbHbiX nepexogos m + 1 ,__, m 0 1-1 m_ 1 .--. m 0 onpc:genReT gpyroi1 sa>t<Hbl~ 

napaMeTp, a I-1MeHHO: acV!MMCTPV!IO cneKTpa R. npV! HeHaCbl~aiO~eM cno
co6e perl-1cTpal(l-11-1 cneKTpa ~MP acV!MMeTpV!R 

R /8/ 

Aci-1MMCTPI-1R cnegyi0~V!M o6pa3oM Bblpa~aeTcR 4epe3 nonRPI-13al(l-110 ge~T
poHoB P 0 : 

191 

Ha p1-1c. 1 npegcTasneHbl 3a81-1CV!MOCTI-1 P 0 , R, A0 1-1 P 11 oT o6paTHoi1 
cni-1H080H TeMnepaTYPbl 8 npegenax go P

0 
< 0,5, 

B npa8oM Hi-1>t<HeM yrny pV!c, 1 noKa3aHo V!3MeHeHV!e 3aceneHHOCTei1 
Kall<AOrO 3HepreTI-14eCKoro yp08HR 8 3a8V!CV!MOCTV! OT p , npV!4CM, 
P0 = 0 cooTseTCT8yeT 6ecKoHe4HaR cni-1HOBaR TeMnepa~ypa 1-1 pa8H~e 
3aceneHHOCTI-1: P.;_ 1 = p 0 = p -1 = 1 3. npV! nonRPI-13aL(V!I-1 p = 0 398. 
P+ 1 -1/3= 0,22; 1/3- Po= 0 041 · 1/3- p = 0 178· A ,? 0 123· ' 
R = 1 , 89. ' ' -1 ' ' D ' ' 

3 



-3 

1/T[k-1J. 10-3 
2 3 4 56 810 3 

PHc. I. 3aBHCHMOCTb rrapaMeTpos BbiCTpaHBaHHH (A 
0
), rronHpHsa-

1..\HH ITPOTOHOB (PH), ,IJ;eHTPOHOB (P D) , aCHMMeTpHH R H saceJieH-

HOCTe(I YPOBHeii p + , p O , p _ OT o6paTHOH CITHHOBOH TeM-

rrepaTypw, H0 = 2,643 T. 

3. KOHCTPYKUH~ KAMEP~ PACTBOPEHH~ MHWEHH 

Ha p~c.2 ~3o6pa~eHa KOHCTPYK4~R H~3KOTeMnepaTypHO~ KaMepbi 
pe$p~~epaTopa pacTsopeH~R 3He B 4 He. KaMepa o6pa3oBaHa ~3 TOHKo
cTeHHO~ Tpy6w /1/ A~aMeTpOM 30 MM, 3aMKHYTO~ Ha KOH4e CTOkOBWM 
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PHc. 2. KoHCTPYKL\HH KaMepbi pacT

sopeHIUI 3He B 4 He I C'T'peJIKOH o6o3-

H<'~LieHo HanpaBJieHHe p;w;J¢y3HH 3 He I. 

HaKoHe4H~KOM /1/. BaKyyMHo 3Ta 
Tpy6a coeA~HeHa c KaMepo~ ~cna

peH~R /He ~3o6pa*eHHO~ Ha PHCyH
Ke/ ~ KOHCTPYKT~BHO cny~HT ee 
npoAom:<eHHeM 121 , Yepes TPaKT oT
Ka4K~ KaMepw ~cnapeH~H M caMy Ka
Mepy HCnapeH~R B 3Ty Tpy6y BCTaB
JIReTCR CB4 pesoHaTo~ /2/, npH
KpenneHHw~ BOITHOBOAOM /4/ K Tenno
H30J1R4~0HHO~ npo6Ke /3/ TaK, 4TO 
B pa6o4eM nono~eHHH npo6Ka /3/ 
paspwsaeT Tennosy~ CBR3b Me~AY 
KaMepaMH paCTBopeHHR H HCnapeHHH, 
B o6nacT~ npoxo~AeHHH ny4Ka Tpy-
6a /1/ H pe30HaTop /2/ HMe~T 
TOHKHe CTeHKH AJIR yMeHb
weHHH ~OHa BTOPH4HWX 4aCTH4, 3He 
4epe3 OTBepCTHe /5/ B Tpy6e /1/ 
H wecTb saKpHTHYeCKHX ArrR CB4 
KOrre6aHH~ OTBepCT~~ B BepXHeM 

pyeT noA AC~CTBHeM nepenaAa OCMOTH4eCKOrO AaBrreHHR 4epe3 M~WeHb, 
BwxoA 3He H3 CB4 pesoHaTopa npoHCXOAHT Yepes KOJ1b4eso~ KOPOTKo
saMw~a~~H~ CB4 ppoccenb, o6pasosaHHw~ AeTarrHMH /7/ H /8/ AHa pe-
30HaTopa, OTBepCTHH B 3arpy304HO~ npo6Ke /9/ H Tpy6Ky /10/ B o6-
rraCTb pas6asneHHoro pacTsopa 3He npoTHBOT04Horo Tennoo6MeHH~Ka 
/Ha p~CYHKe He noKa3aH/, Tpy6Ka /10/ nnoTHo scTaBrrHeTcH B CTo
KOBw~ HaKoHeYH~K /1/, o6pasyH 6onbwoe conpoT~BneHHe ArrH A~¢¢Y3~~ 
3 He s o6nacTH BHe CB4 pesoHaTopa. TaKHM o6pasoM, 3 He np~HYA~Tenb
HO A~¢¢YHAHpyeT 4epe3 M~WeHb, 

C 4enb~ 3neKTPH4eCKoro cornacoBaH~H sonHOBOAa /4/ c CB4 pe-
30HaTopoM B BOITHOBOA BCTaBrreH Te¢rrOHOBW~ KOHyC /13/, K KOTOpOMY 
nOABeweHa TpexB~TKOBaH KaTyWKa /15/ C ~HAYKT~BHOCTb~ 0,13 MKrH 
ArrH np~eMa npoTOHHoro H Ae~TPOHHoro cHrHanos ~MP. AnR repMeT~-

3a4HH sonHoBoAa Bblwe Te¢noHoso~ npo6K~ I 13/ np~KneeHo TOHKoe 
Ksap4esoe cTeKno /14/. 3aKpHT~4eCK~e Ann CB4 H3rry4eH~H oTsepcTHH 
B sepxHeM ¢naH4e /6/, KOPOTK03aMwKa~~~~ CB4 APoccenb s AHe pe
soHaTopa ~ Te¢noHORN~ KOHyc nossonH~T noKarrHsosaTb CB4 MO~HOCTb 

s o6beMe pesoHaTopa. TeM He MeHee ocTaToYHoe He3Ha4HTerrbHoe 
H3rryYeH~e CB4 MO~HOCTH H3 pesoHaTopa /2/ oKaswsaeTCR AOCTaT04HbiM 
AilH neperpeBa 4YBCTBHTCJ1bHWX yrorrbHWX TepMOMeTpOB. no 3TO~ 
npH4HHe B np04ecce AHHaMH4eCKO~ HaKa4KH nOJIHPH3a4~H TeMnepaTypa 
KaMepbl pacTsopeH~H H nOABOAHMaH K pesoHaTopy CB4 MO~HocTb KOHT-
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pon~py~TeR B oeHOBHOM no 4~PKYnR4~~ 3He BO BHeWHeM KOHType 
4~PKYnR4~~. 

H~*e 0,4 K TeMneparypa KOHTpon~pyereR ABYMR yronbH~M~ repMo
MerpaM~ /12/, paenono*eHH~M~ HaA sepxH~M ¢naH4eM /6/ ~ B AHe 
pe3oHaropa /2/, 3aKp~TOM wa~6o~ /11/. 

3arpy3Ka o6pa34a oey~eersnReTeR noene ~3sne4eH~R ~3 rpy6K~ 
/1/ seTaBK~ e pe3oHaropoM /2/. AnR 3Toro serasKa e pe3oHaropoM 
nepesopa4~BaereR, oKa3aswaReR ssepxy npo6Ka /9/ BbiB~H4~BaereR 
~3 AHa pe3oHaropa ~ B o6pa3osasweeeR orseper~e 3an~saereR *~AK~~ 
a3oT, KOTOP~~ B~TeeHReTeR ~3 pe30HaTopa no Mepe 3arpy3K~ M~WeH~. 

0eTaBW~~eR B pe30HaTope *~AK~A a30T B~TeKaeT, KaK TOnbKO BeTaBKa 
e pe3oHaropoM 6YAYT nepesepHyTbl s pa6o4ee nono*eH~e. np~ eKo
poer~ 4~PKYnR4~~ 3He 3· 10-3 Monb·e- 1 yerpo~erso o6eene4~saer 
xonoAonpo~3BOA~TenbHOeTb 10 MBT np~ TeMneparype 0,33 K. 

4. PEIHCTPAUHR cnEKTPA RMP nonRPH30BAHHOIO AE~TEPHR 

To4Hoe onpeAeneH~e nonRp~3a41111 no ~e~MMerp~~ eneKTpa Ae~rpoH
Horo e~rHana RMP B03MO*Ho ronbKO noene sseAeH~R s 3Kcnep~MeHranb
H~~ eneKTp nonpaBK~ Ha Hen~HeAHOeTb 4aeTOTHO~ pa3BepTK~ ~ y4eTa 
Bn~RH~R Hen~He~HOeT~ ~-MeTpa, 

PHC, 3, flpHeMHbi(I 1H6pH,[\Hbi(I KOHTyp 

cneKTPOMeTpa 5IHP. H n H H 1 - noLJ,

MarHl!cmsaiOm;ee 11 B'l l'!aiHHTHbie TIOJU! 

COOTBeTCTBeHHO, M - MHWeHb, 

Ha p~e.3 npeAeTasneHa exeMa np~eMHoro r~6P~AHoro pe30HaHeHoro 
KOHTypa eneKrpoMerpa RMP. KoHryp o6pa3osaH KaTywKo~ L c ~HAYK
T~BHoeTb~ 0,13 MKIH /eM. TaK*e /15/ Ha p~e.2/, KopOTK~M E < A/4 
OTpe3KOM KOaKe~anbHOro Ka6enP., eonpoT~BneH~eM R0 ~ eMKOeTb~ C. 
(~eTeMa *eeTKO~ aBTOMaT~4eCKO~ noAeTpO~K~ 4aeTOT~ HaeTpa~saeT 

KOHTYP Ha 4aeToTy reHepaTopa (w) , n~Ta~~ero KOHTyp era6~nbH~M 
no aMnn~TYAe B4 TOKOM I. Pa3seprKa cneKrpa oey~eersnReTeR nyreM 
~3MeHeH~R 4aeTOTbl reHepaTopa OT 16,9 AO 17,4 M14. np~ 3aAaHHO~ 
ow~6Ke 3an~e~ eneKTpa 3Bt1, ynpasnR~~aR eneKrpoMerpoM, asroMar~-

4eeK~ Bbl6~paer speMR per~erpa4~~ Ka>~Aoro y4aeTKa eneKrpa, ~cxo

AR ~3 eooTHOWeH~R e~rHan/wyM, KPYT~3Hbl e~rHana ~ Han~4~R noMeX, 
Hanp~Mep, xapaKrepHoe speMR 4 M~H 3arpa4~BaereR Ha per~erpa4~~ 
128 T04eK cneKTpa np~ eOOTHOWeH~~ c~rHan/wyM 2:1 e T04HOeTb~ 
0' 1%. KoaKe~anbHbl~ Ka6enb An~HO~ e < A/4 B np~eMHOM KOHType Q
Merpa ~eKa*aer Ae~eTs~renbHY~ ~opMy n~H~~ norno~eH~R RMP ~Ha4e, 

4eM eoepeAOT04eHHaR eMKOeTb Ka6enR TaKO~ *e An~H~. 4ro6~ y4eCTb 
3T~ ~eKa*eH~R, ~MneAaHe X+iY /eM, p~c.3/ 6bln pa3no*eH a KoMn
neKeH~~ ereneHHO~ PRA c T04HOCTb~ AO n~He~Horo no x'-jxu 4neHa. 
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np~ 3TOM noAeTpa~BaeMaR eMKOeTb KOHTypa paee4~T~Banaeb no ¢opMyne 
wC = Y I (X 2 + Y 2 ). B pe3ynbTaTe pae4eTa nony4eHo eneAYIO~ee np~-
6n~*eHHoe B~Pa*eH~e AnR rny6~H~ MOAYnR4~~ f-.V/V 0 B4 HanpR*eH~R 
Ha KOHType Q-MeTpa: 

t-.V = JA+~'-(0-~ 
V o 1 + E x' + Ax" 

/10/ 

x' = 4rr7JQx', x"= 4rr7JQx", Q = wL/R 0 , 

X== )('- j)(" - KOMnneKeHaR BbleOK04aeTOTHaR MarH~THaR BOenp~~M-
4~BOeTb, 1)- K03¢¢~4~eHT 3anonHeH~R IAnR pae4eros He rpe6yereR/, 

A /11 I 

2R0 .L -2 
B -(l k ~) . k 1 • 

p 2 p 
/12/ 

(k 2 + w L/ p ) • k 1 
E 2. /13/ 

D = A·B/E, /14/ 

p- sonHosoe eonpor~sneH~e KoaKe~anbHoro Ka6enR, k 1 =af, 
k2: tg{3f, 3Aeeb a (Hn/M) - noeTORHHaR 3aTyXaH~R, {3 (paA,M-l) -
nocTORHHaR paenpoerpaHeH~R, w(PaA.e- 1) - yrnosaR 4acrora reHe
paropa Q -MeTpa. 3HaK f-. V /V 0 a ¢opMyne I 1 0/ Bbi6paH TaK~M o6pa-
30M, 4TO nono*~TenbHOMY e~rHany RMP Ha s~xoAe Q-Merpa coorser
crsyer nono*~TenbHaR nonRp~3a4~R (x" > 0). 

B~pa*eH~e /10/ enpaBeAn~so np~ yenos~~ 

1 _ k wL » k wL 2p 1 p /15/ 

AnR napannenbHoro np~eMHoro KOHTypa e KopoTK~M Ka6eneM f <A/4 
xapaKTepHa B~COKaR W~POKOnOnOCHOCTb np~ M~H~ManbH~X ~eKa*eH~RX 
KPblnbeB cneKTpa Rt1P. 

Conpor~sneH~e R0 s ¢opMynax /11/-/14/ ~3MepReTcR KocseHH~M 
o6pa30M - no A06POTHOeT~ Q7) r~6P~AHOro KOHTypa, KOTopaR eneAyiO-
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~~M o6pa3oM 3a8~C~T OT napaMeTpo8 KoaKc~allbHoro Ka6enH*: 

(1+ k2p/w 0L) (1- k 2aJ 0L/p)+ [ l+k :+ :2rra(1--k~)(plwo L~L/ p)] 
Q7)=~)0 ,/16/ 

2 2 2[(l-k
2

w L/p) + p/R 0 [l+((v 0 L/p) ]k 1 ] 

rge Q 0 = w 0L/Ro, a= E/t. - OTHoweH~e gn~Hbl Ka6enH K :meKTP~4e
CKo~ gn~He 80nH~ BY Kone6aH~~ 8 Ka6cne. B cny4ae, ecn~ All~Ha 

KOaKc~anbHoro KafienH KpaTHa A./2, To ecTb a = n/2 (n = 0,1, ... , n), 
k2 =0, ~3 ilJOPMYllbl /16/ nony4aeTcH ~~8ecTHoe 8blpa>t<eH~e /3/ 

1 + ~( p w0L 2 -- +--) 
Q77 = Qo waL P 

woL 
-p-]k1 1 + Qo [ _P_ + 

w 0L 

r,Qe W Q - 48HTpanbHaH 4aCTOTa pa388PTK~. 

1-'13 qJOPMYnbl /10/ ,QJlH x" cnegyeT 

x" 
n+ 1 

(I':J.V )(1 + Ex;)+ (D-E)x~ 
Vo 

I':J.V A+B-(-;-;-)·A 
•u 

/17/ 

/18/ 

r,Qe n (0, 1, 2, ... ,) - HoMep np~6ll~>t<eH~H. 1-'13 3Toro 8blpa>t<eH~H MeTo
AOM ~Tepa4~~ no 3KCnep~MeHTallbHOMY cneKTpy (~~'V 0 ) paCC4~T~8a
eTCR ge~CT8~TenbHaR ¢opMa n~H~~ norno~eH~R. Hyne8oe np~6n~>t<eH~e 
x' = 0 gaeT 

x'; (!':!. V/Vo ) 
/19/ 

A+ B- (I':J.V/V0)-A 

0KOH4aTellbHOe peweH~e C80,Q~TCR K HaXO>t<,QeH~~ x'n ~3 COOTHOW8H~~ 

KpoH~ra-KpaMepca ~ x'' 
1 

- ~3 ¢opMyn~ /18/ no 3a,QaHHo~ T04HOCT~ 
n+ , , Q( ) 

np~6n~>t<eH~R. Y4eT 3a8~C~MOCTe~ x ~ x oT w /eM, ¢opMyny /10// 
cna6o 8n~ReT Ha KoHe4H~e pe3ynbTaT~. 

Ha p~c.4 cnnowHo~ n~H~e~ npe,QcTa8neH~ 3Kcnep~MeHTanbH~e cneKT
P~ nono~~TenbHO~ /P 0 = +0,36/ ~ OTP~l.laTenbHo~ nonnp~3a4~~ 
/P

0
= -0,32/, HOpM~po8aHHbl8 Ha O,QHY ~ TY >t<e MaKC~MaJlbHYIO rny6~Hy 

MO,QYllRL.l~~ (I':J.V/Vo) max= 0,05. nyHKT~pHaR Jl~H~R COOT88TCT8Y8T 
,Qe~CTB~TellbHOMy 3Ha4eH~~ x", nony4eHHOMY no qJOpMyne /18/,wTp~x-

* Cnpase,Qn~so np~ napaMeTpax r~6p~gHoro KOHTypa, o6ecne4~Ba~

~~x s~nonHeH~e pe3oHaHCH~x ycnos~~. 
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PHc. 4. JKcrrepm.feHTilJibHbJe crreKTpbl 
ITOJ10JKl!T8J!bHOII /Po= 0,36/ H 01pH
u;aTeJibHOH rro.rrhpE3diJ;HH I P 0 =-0, 32/, 
HOpMHpoBaHHble Ha(/I,'J/V 0) = 0,05 
I cnJmWHbiC JIHHHH/, crreKTP, CKoppeK
THPOBaHHblH Ha H8J.HI!8HHOCTb Q -

MeTpa - ITYHKTHpHaH, X' - lliTpHx
ITYHKTHpHaH Jll!HHH, fiapaMeTpbi KOH
Typa: p = 50 OM, L = 0,13 MKfH, 
R 0 = 2 OM £ = I 59 M a 

3 ' ' ' = 10- Hn/N, ( = 2, w 0 
= 2rr · 17,2 ·10 6 pap;,c-1. 

nyHKT~pHaR - x'. Pac4eT noKa3biBa
eT, 4TO,HeCMOTPR Ha HeUOJlbWY~ 

rny6~Hy MO,QYllRL.l~~,KoppeKL.l~R no 
~opMyne /10/ cy~ecT8eHHO YT04HReT 
ao1MMeTp~~ ~ nonRp~3a4~~ P0 • 

5 TaK, oTHoweH~e nno~age~ 3Kcnep~-
MeHTailbHbiX Cfl8KTP08 nor1l011\8H~R 

s_/s+ = 0,91 COOTB8TCTBY8T OTHOW8H~IO n01lRP~3al.l~~ P_/P+ = 0,86 
6e3 KOppeK4~~ Ha H8Jl~He~HOCTb ~ s_/s+ = 0,87 COOTB8TCTByeT 
P_/ P + = 0, 89 nocne KoppeKL.l~~. 0cTaTo4HaR ow~6Ka 2, 5% 8 Hecos
na,QeH~~ gsyx nocne,QH~x sen~4~H o6ycnosneHa np~6n~>t<,;HHocTb~ onpe
l-\t:::Jit:::HY1H 11UIIiJd~KY1 Hd Ht:::JIY1Ht:::Y1HOC1 b Y1 norpeWHOCTb~ 8 onpe,Q8Jl8H~~ 

nonRp~3al.l~~ no ac~MMeTp~~. 

5. OnPEAEnEHHE ACHMMETPHH CnEKTPA RMP ~EATEPHR 
no METOAY KOMnEHCAU~H n~KA 

B cny4ae aKc~anbHo-c~MMeTp~4Horo TeH3opa rpag~eHTa 31leKTp~-
48CKoro nonR ~3 ypa8HeH~R /1/ nocne ycpegHeH~R no yrny e gnR 
non~Kp~cTann~4ecK~x 8e~ecTB cne,QyeT, 4TO cneKTP RMP cocTo~T ~3 
ABYX n~H~~ J+(v') ~ J-(v'), COOT88TCTBY~~~X MarH~THbiM ,Q~nOilbHbiM 
nepeXO,QaM rn+ 1 ~---rn 0 , rn_ 1~m 0 , C~MM8Tp~4HbiM OTHOC~TeJlbHO VO. 

C Y48TOM ypa8H8H~R /8/ MO>t<HO 3an~caTb: 

+ -J (v0 - v ) = RJ (v - v 
0 

) • /20/ 

Mo>t<HO npe,Qnono>t<~Tb, 4TO /20/ 8blnonHReTcR ~ 8 cny4ae HeaKc~anbHo
c~MMeTp~4Horo TeH3opa rpa,Q~eHTa 31leKTP~4ecKoro nonR. B nepsoM 
nopRgKe Teop~~ 803My~eH~~ 3TO npe,QnonomeH~e no,QT8eP>t<,QeHo pac4e
TaM~ 141 .Pe3yilbT~PY~~~~ cneKTP RMP B TaKOM cny4ae s~pa~aeTcR 
8 8~,[\e CYMM~: 

s (v ') = J + (v ') + J- (v ') J (v ') + RJ- (-v ') , /21/ 

rge v'=v-v0 . 
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PHc.S. <llopMbi j-(11',r) rrpH 
pa3nH'UlhiX r, 

- ( s (II ') - rs (-II') j 11 ', r) = 

j' (11 ', r) = rj -(-11', r) , 

Ecn11 npeAnonox<I1Tb, 4TO s(11') > 0 
TO <f>YHK~I1R J-(11') 11MeeT OCT~Ii:i ' 
MaKC11MYM np11 11'=-3IIQ 11 RBnR
eTCR rnaAKoi:i s A11ana3oHe 
-311Q < 11' < 611Q , 4>yHK~11R s(11') 
COOTBeTCTBeHHO 6yAeT 11MeTb ABa 
MaKC11MyMa np11 11'= +311 3aMeH11B - Q' 
B ¢>opMyne /21 I 11' Ha -11', nony411M 
CI1CTeMy ypaBHeHI1i:i; 

s(11') = J (11') + RJ- (-11'), 

/22/ 

PeweHI1e CI1CTeMw ypasHeH11i1 oTHo
CI1TenbHO J (v') 6yAeT cneAyiO
II\11M: 

J (v ') s(11')- Rs(-11') 

1- R 2 

/23/ 

rAe r - npo6Hoe 3Ha4eH11e aCI1MMeTpl111, 0TMeTI1M, 4To 

j+ (11', r) + j-(11', r) = s(11') 
/24/ 

He 3aBI1C11T OT Beni1411HW r, 
H3 /20/, /21/ 11 /22/ nony411M 

j- (II', r) = 1- rR J-(11') + ~-r-J+(v'). 
1 - r 2 

R(l - r 2 ) 
/25/ 

¢lyHK~11R -(11', r) 11MeeT ABa OCTPbiX 3KCTpeMyMa np11 
11

• = ± 311 Q 
11 nl06biX r • 3a 11CKn104eHI1eM r = R, KOrAa BTopoe cnaraeMoe 8 /25/ 
o6pa111aeTc~ B Hynb 11 <)lyHK~11R j- (11', R) = J- (11') cTaHOBI1TCR rnaAKOi:i 
B T04Ke 11 = 311 Q ; OAHospeMeHHo j +(11 ', R) = J+(ll '). Ha p11c. 5 noKa 3aH 
BI1A 4>YHK~I111 j-(11'. r) np11 pa3HbiX 3Ha4eH11RX r. napaMeTp r noA6 11 -
paeTCR 11Tepa~I10HHWM MeTOAOM no MI1H11MYMY a~) - cpeAHeKBaApaT 114 -
Horo OTKnOHeH11R <f>YHK~1111 j-(11', r) OT rnaAKOi:i KPI1BOi:i B ABaA~aTI1 
KaHan~x rl1cTorpaMMbl s6n11311 11' = 311Q . B Ka4ecTse MOAenbHOi:i rnaAKOi1 
Kpi1BOI1 6pancR oTpe3oK napa6onw TpeTbei:i cTeneHI1, nposeAeHHwi:i no 
MeTOAY Ha11MeHbWI1X KBaAPaTOB 4epe3 15 T04eK ri1CTOrpaMMW ·- (11 ' r ) 

Jn-1 'n:-1' 10 

ne~a11111x BHe o6naCTI1 KOMneHc11pyeMoro ni1Ka, nocne M11H11MI13a~l111 

napa6ona npoBOA11nacb 3aHoso, 11 ocyll\eCTBnRnacb cneAYIOII\aR 11Tepa
~11R. AnH nony4eHI1R caMocornacosaHHoro c T04HOCTbiO 0,1% 3Ha4eHI1R 
Tpe6osanocb 3-4 11Tepa~l111. Ysenl14eHI1e cTeneH11 MOAenbHoi:i napa6onbl 
n > 3 He 113MeHRnO M11H11MaJlbHOr·o 3Ha4eHI1R a(r), 11 no3TOMY B Aanb
Hei:iweM n=3. AocT11rHyToe np11 3TOM a(R) cocTaBnHeT 0,4% oT MaKc11-
ManbHoi1 BeJli1411HW j-(11', R). npeAJlOMeHHWi:i MeTOA o6pa60TKI1 AeGTpoH
HOro cneKTpa RMP 11cnonb3yeT n11wb caMwe o611111e AOnyll\eHI1R o CI1M-
MeTpi14HOCTI1 ni1HI1i1 J+(ll') 11 J-(11') 11 rnaAKOCTI1 J-(11') np1111'=311Q 
11 He 11CnOJlb3YeT KaK11X-n1160 npeAnonomeH11i1 0 KOHKpeTHOi:i $OpMe ni1-
HI1~1 J + 11 J- • no3TOMY, B OT111141-1e OT pa60Tbl 151, pe3ynbTaT Bbi-
411CneH11H aCVIMMeTPI111 He 3aBI1CVIT OT MOAenl1 c!JOPMbl ni1HI1i1 J + 11 J-, 
4TO n03BOJlReT npVIMeHRTb npeAnaraeMbli1 HaMVI MeTOA AnR o6pa60TKI1 
cno*Hwx cneKTpos RMP nonHOCTbiO Aei1TepHposaHHWX MoneKyn. 3HaR 
OTHOIUeHI1R J-(311Q)/J-(-3vQ) 0,2+0,04 AllR 3TaHAI-10na, MO*HO 
nPeAnO*I1Tb npocTYIO ¢>opMyny AllR np1-16n11meHHoro onpeAeneHVIR acHM
MeTpl111 R no OTHOWeHI110 n11KOB a 3KCnepi1MeHTanbHOrO cneKTpa; 

R = 
a- 0,2 

1 - 0,2a 
/26/ 

C norpewHoCTbiO P0 .:!:_0,03 see nony4eHHwe HaMVI cneKTPW nono*I-1Tenb
Hoi1 1-1 OTPVI~aTenbHOi:i nonRpl-13a~l-11-1 COOTBeTCTBOBaJll-1 aCVIMMeTpi-11-1, no
ny4aeMoi1 no ¢>opMyne /26/. 

6, nPHIOTOBflEHHE PA504EIO 05PA~UA 
AERTPOHHOA nonRPH30BAHHOA MHWEHH 

t111WeHb npeACTaBnReT co6oi1 paCTBOp KOMnneKca Cr(V), KOTOpbii:i 
o6pa3yeTCR B Aei1Tepi-1pOBaHHOM 3TaHA1-10Jle nyTeM BOCCTaHOB1leHI-1R 
wecTI-1BaneHTHoro xpoMa. 06pa3e~ npi-1rOTOB11HncH cneAY~II\VIM o6pa-
30M IB!: CMeCb, COCTORII\aR 1-13 nOJlHOCTbiO Aei1Tep!-1pOBaHHOrO 1-1 4ac
TI-14HO Aei1TepV!pOBaHHOrO 3TaHA110Jla B COOTHOWeHVII-1 75% (CD2 00) 2 
11 25% (CD20H)2, 1-1 cyxoi:i 113Mellb4eHHWi1 G1-1xpoMaT Kani-1R B se-
cosoM COOTHOWeHVII-1 11:1, nepeMeWHBaJli-1Cb B Te4eHI-1e 60 MI-1H npl-1 
TeMnepaType 60°C 11 AasneHVII-1 10-15 Top. 4epe3 60 Mi-1H nony4anocb 
Bell\eCTBO c KOH~eHTpa~Hei1 napaMarHI-1THoro KOMnneKca Cr(V), pas-

" ,+2 10 19 1 3 K H0!-1 o_
1

x napaMarHI-1THWX ~eHTpOB B CM . OH~eHTpa~I-1R napa-

MarHI1THWX np!-1Mecei1 113MepR1laCb nyTeM cpaBHeH!-1R cneKTpOB 31leKT
pOHHOrO napaMarHI-1THoro pe3oHaHca 11ccneAyeMoro o6pa3~a 11 3Tano
Ha - 110AI-1Aa A116eH3011XpOMa [ cr+ ( Cs Hs) 2 )J-. pacTBopeHHoro B Aei1-
Tepl1posaHHOM 3TaHA1101le. 0THOWeHI-1e BeCOBWX KOH~eHTpa~l-1i1 Aei1TpOHOB 
11 npOTOHOB B MI1WeHI1 COCTaBJlRJlO 21+] ,5, OTHOWeHVIe Cn11HOBWX KOH
~eHTpa~l1i1 - 10, 5.:!:_0, 75. Pa6o4aR 1~11weHb npeACTaBnReT co6oi1 Ha6op 
3aMOPO*eHHbiX wapi1KOB A11aMeTpoM 2 MM C K03$<1JI1~VIeHTOM 3anonHeHI1R 
0,62.:!:_0,03. 
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7. 3KC~EPHMEHTAnbH~E PE3YnbTAT~ 

np~ ~3MepeH~~ npOTOHHO~ ~ Ae~TpOHHO~ nonRp~3a4~~ ~cnonb30-

san~Cb ABa Q-MeTpa, nOAKnD4aeM~e K OAHO~ ~ TO~ *e ~HAYKT~BHO
CT~ np~eMHoro KOHTypa. B none 2,643 T s cnyYae npoTOHH~X cn~
HOB ~HAYKT~BHUCTb nOAKnn4anacb K €MKOCT~ Q-MeTpa nocneAO
BalenbHO C nOMO~bD OTpe3Ka KOaKc~anbHOrO Ka6enR AnMHO~ 
f =A ' 7,'. B 3TOM *e none Ae~TPOHHbl~ c1-1rHan RMP Ha6niOAancR HI-13Ko-
4aCTOTH~M Q-MeTpoM Ha YacToTe 17,2 Mr4 np~-1 napannenbHOM noA
KnDYeH~I-1 HHAYKT~BHOCT~ Hepe30HaHCH~M f < A/4 OTpe3KOM Ka6enR 
/eM. p~c.3/. 06a Q-MeTpa coAeP*aT c~cTeMy *ecTKO~ An4 AnR Ha
CTPO~KI-1 np1<1eMHOrO KOHTypa. C noMO~bD 3BM nony4eHH~~ CneKTP Kop
peKT~posanCR Ha Heni-1H€~HOCTb 4aCTOTHO~ pa3BepTK~ ~ Heni-1He~HOCTb 
Q -MeTpa no ¢opMyne /18/. TaKaR KoppeK41<1R cneKTpa npi-1BOA1<1na, so
neps~x, K cy~eCTB€HHOMY yMeHbWeHI-1D CP€AHeKBaApaTI-14HOrO OTKnOHe
HI-1R a(R), so-sTop~x, K cosnaAeHI-1D oTHOWeH~R nno~aAe~ 3Kcnep~
MeHTanbHbiX cneKTPOB norno~eH~R nonO*I-1TenbHO~ 1<1 OTPI-14aTenbHO~ 
nonRp~3a41<1~ C OTHOWeHI-1eM COOTBeTCTBYD~~X nonRp1-13a41-1~, ~3MepeHH~X 

no R. Ha p1-1c.6 noKa3aH~ yT04HeHH~~ TaKHM o6pa30M 3KCnepi-1MeH
TanbHbl~ cneKTP s(v ') nonmt<I-1TenbHO~ nonRP~3a4HH Po = 0, 362 
H (j)opMa n~HH~ J-(v-v

0
) MarHHTHoro AHnonbHoro nepexoAa m_ 1-0, 

B~AeneHHaR no (j)opMyne /25/. Ha OCH 4aCTOT OTMe4eHO 3Ha4eH~e-3vQ 
AnR rpaA~€HTa 3neKTP~4eCKOro nonR C -0 CBR3e~ /vQ = 20+ 1 Kl4/ 
H npl-16nH3HTenbHoe nono*eHHe - 3vQ cna6oBbiPa*eHHoro nepexoAa 
AnR 0-D CBR3e~ I v' = 26+3 Kl4/. 0TMeTHM, YTO MeTOA KOMneHca-

Q -
4H~ n~Ka gaeT B03MO*HOCTb 3Ha4~TenbHO yT04HHTb KOHCTaHTY V~. 
llpHMeHeHHe AObaB04HbiX MOAenbH~X npeAnOnO*eHH~1 OTHOCHTenbHO- ¢op
Mbl nHHH~ no3BOnReT B CBOD 04epeAb pa3AenHTb nHHI-1H C -0 ~ 0-0 
CBR3e~, 4TO, OAHaKo, s~XOAHT 3a paMKH AaHHO~ pa6oT~. TaK~M o6-
pa3oM, 3KcnepHMeHTanbHO 6~no AOKa3aHo, 4TO cneKTP RMP MO*eT 
6WTb npeACTasneH B BHAe CYMM~ ABYX ni-1H~~, YAOBneTBOPRD~~X ¢opMyne 
/20/ H rnaAKHX B A~ana3oHax -6vQ < v'< 3vQ ~ -3vQ < v'< 6vQ. 

fla pHc.7 nOKa3aHa A~HaMHKa H3MeHeHHR o6paTH~X CnHHOB~X TeMne
paTyp npoTOHHO~ ~ Ae~TpOHHO~ cnHHOBbiX CHCTeM B np04ecce nonRpH
: 141-11-1 no M€TOAY 11A~HaMH4eCKOro oxna*AeHHR 11

• 1-13 pHCyHKa BHAHO, 
4TO ysenl-14eHHe o6beMa M~WeH~ OT 4 AO 9 CM 3 npHBOAHT K B03pacTa
H~D speMeH~ A1<1HaMH4eCKO~ nonRPH3a41<1H, ecnH xonoAonpoH3BOAHTenb
HOCTb pe~pl-1~epaTopa pacTsopeHI-1R 3He B 4 He He 1<13MeHReTcR. AnR 
pa6o4e~ MI-1WeHI-1 C 06beMOM 9 CM 3 npl-1 KOH4eHTpa4~~ Cr(V) 
6· 10 19 cn~HOB·CM-3 1-1 Pu= 0,95 Tpe6osanocb 120 M~H, 4To6~ s~
pasHRn~cb cn1-1Hos~e TeMnepaTyp~ npoToHoB 1-1 Ae~TpoHos. nocne Ao
CTI-1*eHI-1R TaKoro pasHoseCI-1R Ha6nDAaeTCR cosnaAeHI-1e TeopeTI-14e
cKoro OTHOWeH~R nno~aAe~ 3Kcnepi-1M€HTanbHbiX cneKTpOB npOTOHHO~O 
1-1 Ae~TpoHHoro Cl-1rHanos norno~eHI-1R c 3Kcnep~MeHTOM /cM.p~c.8/ 

*oonee AeTanbHoe 1<1ccneAoBaH~e nposeAeHo s pa6oTe: Guckel
sberger K,, Udo F. NIM, 1976, 137, No.3, p.415. 
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2 

y~ NH 
--·--· r5 No 

/27/ 

lo13MeHeH~e nonRpl-13a41<11<1 PH nyTeM 1<13MeHeH~R 4aCTOTbl CB4 nonR npl-1so
AI-1no K 1<13MeHeHI-110 p O 1<1 OTHOWeH~R S H /SO B COOTBeTCTBI-11<1 C $OPI'Y
no~ /27/ snnOTb AO PH= 0,3. H1-1~e 3Toro 3Ha4eHI-1R Ha6nDAanocb 
3Ha41<1TenbHOe OTKnOH€HI-1€ OT (j)OpMyn~ /27/ M3-3a 1<1CKa*eHMR ilJOpM~ 
nHHI-11<1 Ae~TPOHHoro c1-1rHana RMP scneACTBI-1e HeOAHOPOAHOCTI-1 nOAMar
H~41<1BaiO~ero nonR s o6beMe MI-1W€HI-1. CpasHeHI-1e c Teop1-1e~ no3so
n~no B~41<1Cni-1Tb no (j)OpMyne /27/ OTHOWeHI-1e NH/N0 , KOTOpoe B npe
Aenax OWI-160K 1<13MepeHI-1R COOTB€TCTBOBanO TOMY me OTHOW€HI-1D, nony-
4eHHOMY no CTPYKTypHO~ (j)OpMyne Be~eCTBa 1<1 1<13MepeHHOMY He3aBI-1CI-1-

MbiM MeTOAOM. 

s 
5.0 ~-

P11c. 6, !l>opMbi TiliHliii crreKTpa norno
~eHHH 5IMP S (v ') li Bb!p;eneHHOl'O 113 
Hero MarHliTHoro nepexop;a J- (v '). 

fb•0,362 4.0 

N 

uu 

PHc.7. 3aBHCHMOCTh o6paTHb~ cnH
HOBbiX TeMnepaTyp TIPH ,[\liHaMH'Ie- • 
CKOH TIOTIHpli3a~Hli Hp;ep MHmeHen 
,ll;BYX o6beMOB npH Heli3MeHHOH 
XOTIO,[\OTip0li3BO,[\HTeTihHOCTH pe$pH
JKepaTOpa paCTBopeHHH 3He B 4He: 

3 
I V = 4 CM3; 2 - V = 9 CM ; 
e - npOTOHbi, 0 - p;enTpOHbl. 

10 
SH so 

9 

8 

7 P11c.8. TeopeTH~ecKoe /nHHHH/ 

2 

6 

5 

H 3KCnepHMeHTaTibHbie (e) 3Ha~eHHH 
OTHomeHHH nno~a,o;en npoTOHHoro 

4 

3 

H p;enTpOHHOrO CHrHanOB B peJKHMe 
11 3aMopoJKeHHOH 11 TIOTIHpH3a~HH, 
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PHc,9. 3aBHCHMOCTb o6paTHort cnH-

::::i!P::~~~~::~P~a:T;B ~~'1 B~:~: 
P.JIH MHilleHe{I pa3Hh!X OU'beMOB; 
I - V = 4 CM 3; 2 - V = 9 CM3; 
• - npOTOHbi; 'IJ - ,[\eHTPOHbl, 

YMeHbweH~e KOH~eHTpa~~~ C~V) 

AO 2 °10 19 en~ HOBo CM - 3 np~BOA~no 
K B03pacTaH~~ speMeH~ Tennosoro 
cMew~saH~R npoTOHHO~ ~ Ae~TpoHHo~ 

cn~Hos~x c~cTeM c A~nonb-g~nonb
H~M pe3epsyapoM 3neKTpoHHo~ cn~
Hoso~ C~CTeM~o np~ 3TOM OTKnOHe
H~R OT ¢opMyn~ /27/ nocne 3asep
weH~R npo~ecca nonRP~3a~~~ Rgep 
AOCT~ran~ 50fv np~ OAHOBpeMeHHOM 
yMeHbWeH~~ MaKC~ManbHO~ Ben~4~H~ 

nonRP~3a~~~ go PH= 0,75. 
BpeMR RAePHO~ penaKca~~~ npoToHH~x ~ Ae~TPOHH~x cn~HOB s no

ne 2,6 T np~ TeMnepaType 65 MK cocTasnReT 6onee 150 4o B none 
0,4 T np~ To~ me TeMnepaType - 16 4, TaK~M o6pa3oM, ~3 np~segeH
HbiX AaHHbiX B~AHO, 4TO 3KCnnyaTa~~R TiJKO~ M~WeH~ B 11 3iJMOPO>'<eHHOM 11 

pem~Me s none 0,4 T B03MOmHa TOnbKO np~ AanbHe~weM noH~meH~~ 

06HapymeHO Hepe30HaHCHOe B~paBH~BaH~e cn~HOB~X TeMnepaTyp npo
TOHOB ~ ge~TPOHOB B cny4ae ~X ~CXOAHOro HepaseHCTBa. Ha p~c.9 

noKa3aHa 3aB~C~MOCTb P 11 ~ P 0 oT sen~4~Hbl paccTpO~K~ 4aCTOTbl 
CB4 nonR gnR o6~eMoB M~weH~ 4 ~ 9 cM3, ~3MepeHH~x np~ OAHO~ ~ To~ 
me xonoAonpo~3BOA~TenbHOCT~ pe¢p~mepaTopa pacTsopeH~R SHe s 4He. 
B KamAOM cny4ae nonomeH~R MaKc~MYMOB npoToHHo~ ~ Ae~TpoHHo~ no
nRp~3a~~~ cosnaAa~T B npeAenax 3Kcnep~MeHTanbHO~ norpewHocT~ ~3-
MepeH~R. 0AHaKO nonomeH~e MaKC~MYMOB 3aB~C~T OT TennOBO~ Harpy3-
K~ Ha KaMepy paCTBopeH~R TaK, 4TO yMeHbWeH~e o6~eMa M~WeH~ ~ CO
OTBeTCTBY~~ee noH~meH~e oKpyma~~e~ TeMnepaTypbi ysen~4~Ba~T pac
CTORH~e B eA~H~~aX 4aCTOT~ MemAY MaKC~MyMaM~ nonom~TenbHO~ ~ oT
p~~aTenbHO~ nonRp~3a~~~, 4TO TaK~e HaXOA~TCR B COOTBeTCTB~~ 
C TeopeT~4eCKO~ MOAenb~ Tennosoro CMeW~BaH~R /I/o MaKC~ManbHO 
gocT~rHyToe 3Ha4eH~e npoTOHHO~ ~ Ae~TPOHHO~ nonRp~3a~~~ o6o~x 

3HaKOB COCTaBnReT COOTBeTCTBeHHO 0,96 ~ 0,37o 

8. 3AKni04EHV1E 

nony4eHH~e B AaHHO~ pa6oTe ~opMyn~ /18/ ~ /25/ n03BOnR~T 
Ha~6onee T04HO ~3Mep~Tb paBHOBeCH~e napaMeTp~ Ae~TPOHHO~ cn~Ho
BO~ C~CTeMbl, no ¢0pMyne /26/ MO>'<HO np~6n~>'<eHHO O~eH~Tb aC~MMeT-

14 

P~~. 3HaR OTHOWeH~e aMnn~TYA ABYX MaKC~MYMOB Ae~TpOHHOro C~rHana, 
3Kcnep~MeHTanbHO AOKa3aHo, 4To cneKTp Ae~TPOHHoro c~rHana ~Meer 
ocb c~MMeTp~~ np~ v = v 0 o Bee ocTanbHble ¢~3114ecKI1e pe3ynbTaTbl 
nonHOCTb~ nOATBeP*Aa~T B~BOA~ Teop~~ Tennosoro CMeW~BaH~R TOnbKO 
B cny4ae AOCTaT04HO B~COK~X KOH~eHTpa~l-1~ napaMarH~TH~X ~eHTpOB, 

Co3AaHa Ae~TPOHHaR M11WeHb 113 3TaHA~ona c nos~weHHO~ KOH~eHT
pa~l1e~ Ae~Tep~R. 

As Topbi Bbipa)!(a~T r ny60KYIO 6naroAa PHOCT b npo¢eccopaM 10, M. i(a3a
P~Hosy, B.I.Bos4eHKo, AOKTopy ¢~311KO-MaTeMaT~4eCK11X HayK 6.C.He
raHosy 3a nOAAeP)!(KY 3KCnepi1MeHTa, AOKTOpy X~M~4eCK~X HayK 
V1.¢.Tyn~~~Hy 3a npeAOCTasneHI1e 3TaHA~ona s~cwero Ka4eCTBa, AOK
Topy X11M114ecKI1X HayK H.H.5y6Hosy 3a noMO~b np11 ~ccneAOBaH~~ 
o6pa3~0B M~WeHI-1, 
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