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1I3MEHEHl1E CBOHCTB HEIWTOPhIX JiIHAJiIKATOPOB 
B PE3YJIbTATE IIJIACTJiI~ECIWii AE<DOPMAI(JiIlI 

IIOA BhICOKlIM AABJIEHlIEM 

(lIpeEJcma8JT£HO aICaEJeMU1>OM E. A. Raaa1/,CICUM 18 V I 1965) 

He~aBHO JIapceH H ApHKaMep (1) HamJIH, 'ITO 6eJThIH <peHOJI(pTaJIeHH CTa
HOBHTCH KpaCHhlM, eCJIH ero rrO~BeprRyT·b rrJIaCTH'IeCIWH ~e<popMa~rr C~BM
rOM npH ~aBJIeHlll[ 20-50 K6ap. 8Ta OKpaCKa COXpamIeTCH rrpH aTMocq,epHoM 
~aBJIeHHH, HO HC'IeSaeT rrpH paCTBopeHHH BeIIJ;eCTBa B MeTHJIOBOM H aTHJIOBOM 
cnHpTax H B an;eTOHe. IL-K. crreRTp RpaCHoro q,eHOJIq,TaJIeHHa, IIOJIytIeHHoro 
no~ ~aBJIeHMeM, He CO~epiKaJI rrOJIOC rrOrJIOID;eHHH rrpH 1572 H 1356 CM-1, xa-

. paKTepHhlX ~JIH npacHoH ~YHaTpHeBoH COJIH <peHOJI<pTaJIeHHa (2). ABTOPhl 
(1) rrOCTYJIHpOBaJIH, 'ITO BeCbMa MaJIaH ~OJIH (MeHee 1 %) <peHOJIq,TaJIeHHa B 
HSytIeHHbIX YCJIOBHHX rrpeTeprreBaeT XHMH'IeCnOe rrpeBpam;eHHe, aHaJIOrH'IHOe 
BhlShlBaeMOMY peaKn;HeH C NaOH B paCTBope, rrpH'IeM rrpOTOH saHHMaeT Me
CTO HOHa HaTpHH: 

20-50 KOa~ 

C.ll.BHr 

HaCTomn;aH pa60Ta rrOCBJIIIJ;eHa HSYlJeHHIO HSMeHeRHH HeROTopbIX CBOHCTB 
<peHOJIq,TaJIeHHa H ~pyrHx TBep~x HH~HRaTOpOB aToro THIIa B peSYJThTaTe 
rrJIaCTHlJeCnOH ~eq,opMan;HH C~BII:rOM rro~ ~aBJIeHHeM ~o 50 n6ap. ArrrrapaTypa 
THIIa «HanOBaJIeR BpH~iKMeRa» (3), rrpHMeHHBmaJICJI ~JIJI rrplIJIOiKeHHJI YClIJIlIJI 
C~BlIra R o6pasn;y BeID;eCTBa rro~ BhlCORHM ~aBJIeHHeM, OrrJ.iIChlBaeTCJI HaMH B 
,i.1;PyroM MeCTe. PeHTreHOrpaq,H'Iecnoe HCCJIe~OBaHHe rrpOBo~mIOCb MeTO~OM rro
pomRa B HaMepe PKA Ha CU-HSJIytIeHIIH C Ni-<pHJIbTpOM. 11.-H. crreHTphl TBOp
~X HH~HHaTopOB rrOJIytIaJIHC:b Ha ~BYXJIytIeBOM crreKTpoq,OTOMeTpe DS-301 R 
06JIaCTH 670-3700 CM-1; o6paSn;:bI rrpHrOTOBJIHJIHCb rrpeCCOBaHHeM C KBr. Co
~(epmaIDIe BeID;eCTBa B Ta6JIeTKe COCTaBJIHJIO ........ 0,5-1,0 Bec. %. CrreHTp:bI a.rr.p. 
perHcTpHpOBaJIHC:b pawrocrreHTpoMeTpoM P8-1301; 'IYBCTBHTeJI:bHOCTb rrpH6o
pa, rrpH COOTHomeIDIH CHrHaJI/myM, paBHOM 2, COCTaBJIJIJIa 1014 HecrrapeHHbIX 
crrHH~B Ha rpaMM Bem;eCTBa. 

PeSYJI:bTaThl HCCJIe~OBaHHH 

HaH60JIee ~eTaJIbHO 6:bIJIH o6CJIe~OBaHJ:,I <peHOJIq,TaJIeHH H THMOJI<pTaJIel1H. 
CJIa60e OI<pamHBaBHe aTHX HH~HHaTopoB B HpacHhlH n;BeT Ha6JIIO~aeTCH YiKe 
IlOCJIe rrpHJIOiKeHHH YCHJIHH cgBHra rrpH gaBJIeHHH 8 H 10 H6ap COOTBeTCTBOH" 
HO. B OTCYTCTBHe cgmrra cJIa60e oHpamHBaHHe q,eHOJI<pTaJIeHHa B iKeJIT:bIH 
n;BeT rrpoHcxo~T rrpH ~aBJIeHHJIX B:blme 20 R6ap; rrpH gaBJIeHHH 15 H6ap 6e3 
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q~B1Ha OI{paCRa He nOHBHJIaC:b Aame npH YBeJIHqeHHH npOAOJI)HHTel1bHOCTn 

.onhlTa AO 18 qac. llpH 50 Roap co CABHrOM weHOJIWTaJIeHH H THMOJIWTa
JIeHH ORpamHBaIOTCH B RpacHhlH D;BeT, npH 50 Roap oea CABHra - B HPRO

JReJIT:bIH D;BeT. ITa npHBOAHMhlX B TaOJI. 1 AaBBhlX BHAHO, qTO nHT:b Ha cellflI 

HCCJIeAOBaHBbIX HHAHRaTopOB B YI{aaaHH:bIX YCJIOBIDIX npeTepneBaIOT HaMeHe

HHH ORpaCRH. 

PeHTreHOrpaW}lqeCROe HCCJIeAOBaHHe oopaaD;oB weHOJIWTaJIeHHa, nOp;Bepr

IIyThlX nJIaCTHqeCI{Oll: AewopMan;HH npH paaJI}lqH:bIX AaBJIeHI1HX, nORaaaJIO, qTO 

Ta6J1Hn;a 1 

BJlHlIHHe ~aBJleHIII! 50 R6ap co C~BlITOM Ha CBoHcTBa TBepW>Ix ~lfi(aTOpOB 

PasynoplI- YMeHbmeHue IiIHTeHCmmOCTb CllrHaJIOB 
OKpaClla TBep):(oro a. n. p. npll 180

. ('lIlMO 
.N,N. HalJMeHOBaHlie HIU(IIKaTOpa ):(O'leHlIe paCmenJIeHlI1I HecnapeHHhlx 9JIeKTpOHoB 
n.n. lIH):(~KaTopa 

KpIiCTaJI- nOJIOC norJIO- B 1 r BemeCTBa) JIi!'lecKofi melllrlI H-K. 

):(0 onhlTa I nOMe pemeTIIH! cneKTpa 
AO OIIhlTa I OllhlTa nOMe onhlTa 

1 I <DeHontTanelilli 6enal! RpaCHaJI + + 1016_1017 

2 THMOJI TaJlelilli 6enaJ! RpaCRaJI + + 1016-1017 

3 n-Rcll.JleHomllTa- POBOBaJI RpaCHaJ! 1016-1017 

JIelilli 
·4 TeTpa6poMifle- 6eJIal! Te~mO-Be- + + 1016-1017 

HOJIiflTaJIelilli JleRaJI 
5 TeTpaHliTpoifle- ROpll'IHe- TeMHO- 1015 1017 

HOJICYJIbiflo- BO-lReJl- RpaCHaJ! 
iflTaJlelilli Tal! 

£ Tll~lOJlCYJIbiflo- Te~o- TeMHO- 1016 1016 

iflTaJIellH * RpaCHaJI RpacHaJ! 
7 n-RCllJIeROJI- clipeHe- ClipeHe- 1016 1016 

CYJlbifloiflTaJle- Bal! BaJ! 
llH * 

8 PacmraB ifleRoJl- lReJITaJI RpaCRal! + 4- 1016-1017 

iflTaJIelillia 

• 3TH HIU(i!KaTOphl 6hlJIH JIrooeaHo npe):(OCTaBJIeHhl HaM npoill. A. IiI. illaTeamTeltHoM, KOTOPOMY Mbl 
11l>lpamaeM lICKpeHHlOIO 6JIaro):(apHOCTb. 

npn AaBJIeBHH 12-15 Roap HanpmHeHIDI CABnra npnBOAHT R aHaqnTeJI:bHOMY 

paaynopHAOqeHI1IO RpnCTaJIJI}lqeCIWH pemeTRU: Ha peHTreHorpaMMax oopaa

D;OB weHOJIWTaJIeJiIHa, AeWOpMHpOBaHBblx CABnrOM npn 20-50 Roap, ITMee'l.'CH 

TOJI:bIW CHJIbHO paaMhlToe AHwwyaHoe ROJI:bnO B OOJIaCTH yrJIOB 8-13°, B OT-

JII2Iq}le OT qeTRl2IX p;l2IwpaRn;12I0HHhlX ROJIen; Ha peHTreHorpaMMe HcxOAHoro JiIH

Al2IRaTopa. AHaJIOrl2lq}laH p;l2IwwyaHaH peHTreBOrpaW}lqeCI{3H RapTI2IHa, ooyc

JIOBJIeHHaH paaynopHAOqeHHeM (aMOPWHaan;HeH) I{pHCTaJIJII1qeCROH pemeTRlI, 

HaoJIIOAaJIaCb HaMH IiI y oopaaD;OB weHOJIWTaJIeHHa, nOJIyqeHBbIX ObICTPbIJlI 

OXJIamAeHI1eM paCnJIaBa I2ICXOAHOro oeJIoro nopomRa. TOT }Ee XapaI{'rep HaMe

HeHHH RpHCTaJIJllIqeCROH pemeTRl2I HaoJIIOAaJICH y I2IHAHRaTOpOB MM 2 H 4 
(CM. TaOJI. 1); peHTreHOrpaMMhl HHAl2IRaTOpOB MM 3, 5, 6 H 7 AO H nOCJIe 

npBJIOmeHHH AaBJleHI2IH 50 Roap co CABl2IrOM ORaaaJII2ICb BAeHT}lqHhlMH. 

H.-R. cneRTpbI oopaan;OB WeHOJIWTaJIeHHa, nOJIyqeHBblx npH AaBJIeHHHX 

Bhlme 15 Roap co CABHrOM, OOHapY;I{HBaIOT YMeHbmeHliIe paCID;enJIeHHH HeRO

TOP:bIX nOJIOC nomOID;eHHH. AHaJIor}IqHoe YMeBbmeHHe paCID;enJIeHHH Tex }Re 

nOJIOC nomOID;eHHH IJaoJIIOAaJIOCb HaMliI npH cpaBHeHHH 1iI.-1{. cneRTpOB HCXOA

noro weHOJIWTaJIenHa JJ 00pa3D;oB aaTBepAeBmero paCnJIaBa WeHOJIWTaJIeHua . 

' YMeHbmeHHe paCIn;em~eHHH nOJIOC nomOrn;eHHH B peaYJI:bTaTe npHJIO}l{eHHIT 

YCHJIHH CABHra upH 50 Roap HaoJIIOAaeTCH TaRme Y HHp;HRaTOpOB MN~ 2 H 4. 
CneRTphl a.n.p. Bcex ceMH HIJp;HRaTOpOB, nOABepraBmHXCH nJIaCT}lqeCRoir Ae

<popMan;HH npH AaBJIeHHH 50 Roap, cOAepmaT yaRHe CBMMeTp}lqHble JIHHHll C 

g-t1>aRTOpOM BecrrapeHHoro 3JIeRTpOHa. ,lJ;JIH IiICXOAHblX lIHAJiIRaTOpOB CHrHaJI 

a.n.p. OhlJI oOHapymeH TOJI:bRO y Tpex coeAnHeHHH (CM. TaOJI. 1), npliIqeM AmI 

'IHMOJICYJIbWOWTaJIeJiIHa n n-RCIiIJIeHOJIcyJIb~OWTaJIeHHa npHJIOmeHHe r.t;aBJleHUH 
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50 I{6ap co CABMfOM He npMBeJIO R HSMeHeHHIO HHTeHCRBHOCTH CHfHaJIa, KO

TopaH <popMaJIbHO COOTBeTcTByeT cOAepmaHHIO ......, 1016 HecnapeHHbIX aJIeI{TpO

HOB B TpaMMe Bem;eCTBa; AJIJI TeTpaHHTpo<peHoJIcYJIb<p0cIlTaJIeHHa HHTeHCHB

Hocn CHrI:raJIa a .n.p. YBemPIHJIaCb Ha ABa nopHARa. OopaSD;bI meJITOfO <peHOJI

qnaJIeHHa, nOJIY'leHHbIe npH BOSAeHCTBHH AaBJIeHHH 50 Roap ( oes cABMTa) , 

i-(aIOT CHfHaJI a.n.p., BeJIH'UlHa ROTOPOfO COOTBeTcTByeT cOAepmaHHIO 1015_1016 

Hecna peHHbIX aJIeRTpOHOB B 1 f BeIn;eCTBa, T. e . Ha 1-2 nopHARa HHme, 'IeM 

npH CO'IeTaHHH TOro me AaBJIeHHH co CABMTOM. 

BeJIH'IHHa pesoHaHcHblx CHrHaJIOB oopasD;oB HHAHRaTOpOB MM 1-4, 8, 
nOJIY'IeHHbIX npM 50 Roap co CABHfOM, npaRTH'IeCRH He MSMeHHJIaCb npH Ha

rpeBe AO 50-55°, AaJIbHeHmee nOBhlIlleHMe TeMnepaTypbI AO 100-110° npH

BOAHJIO R HeoopaTHMoMY YMeHbIlleHl1IO BeJIH'IHHbI CHfHaJIa B 102-103 paa. 

IlporpeB oopaaD;OB npM oOJIee BbICOROH TeMllepaType llpHBOAHJI R POCTY HH

TeHCHBHOCTH CHTHaJIa a .n.p.; TaR, AJIH oopaSD;a <peHOJI<pTaJIeHHa npH 170° CHr

HaJI HeJIbaH ObIJIO oOHapymHTb, a BOJIHSM TeMllepaTyp bI nJIaBJIeHHH ( ......, 250°) 
OH AOCTHT BeJIH'IHBbI 1016-1017 HecnapeHHbIX aJIeRTp OHOB B 1 f BeIn;eCTBa. 8TJI 

AaHHbIe nOSBOJIJIIOT SaRJIIO'IHTb, 'ITO nJIaCTH'IeeI{aH Ae<popMaD;HH npH BbICOROM: 

j\aBJIeHHH npHBOAHT R oopaSOBaHMIO CBOOOAHbIX paAIIRaJIOn, ROTopble AOCTa

TO'IHO CTaOHJIbHhl npH IWMHaTHOH TeMnepaType, HO B SHa'IHTeJIbHOH CTeneHH 

HC'IeSaIOT npH HafpeBaHHH AO 100°. ,/J;JIJI oopaSD;OB HHAHI,aTopOB .MM 5, 6 H 7 
(RaR AO, TaR H nOCJIe npHJIOmeHHH l,l;aBJIeHHH CO Cp:BHfOM) nOBbl meHHe TeM

nepaTypbI AO ,....... 150° He npHBOAHJIO R HSMeHeHIDO BeJIH'lHHhl peSOHaHCHoro 

CnfHaJIa; npH AaJIbHeHIlleM nOBbIIlleHHH TeMllepaTyphl HHTeHCHBHOCTb CMTHa

JIa BOSpaCTaJIa. HaJIM'IHe peSOHaHCHOfO CHfHaJIa Y HCXOAHhlX CYJIb<po<pTaJIeH

HOB, BepOHTHO, OOYCJIOBJIeHO (4, 5) npHMeCHMH, oopaSYIOIn;HMHCH npM CHHTese 

aTnx MHAHI{aTOpOB, a POCT BeJIH'IHHbI CMfHaJIa Bcex HSY'IeHHbIX HaMH HHAHI\U~ 

TOPOB npH BhlCORHX TeMllepaTypax - HX HHSROH TepMH'IeCROH CTaOHJIbHOCTbIO. 

HarpeBaHHe oopaSD;OB HHAHRaTopOB, nOJIyqeHHr.IX npM AaBJIeHHH 50 Roap co 

CABMfOM, He BbISBaJ]O HC'IeSHOBeHHH Ol{paCl{H; JIHllIb Y HHAIIRaTopa M 4 no

BbIIlleHHe TeMnepUTypbI AO 120° npHBeJIO He TOJIbKO K 3HaTJ.HTeJIbHOMY YMeHL

meHHIO BeJIII'IHHhl C1HHaJIa a.n.p., HO H l{ HSMeHeHHIO ORpaCRH OT TeMHO-SeJIe

HOH R CHHeH. 

06cymAeHHe pesYJIbTaTOB 

UCCJIeAOBaHHbIe HHAHRaTopbI MomHO YCJIOBHO paSAeJIHTb Ha ABe fpynnbI: 

a) HHAHRaTOphl .MM 1, 2, 4 (CM. TaOJI. 1) xapaRTepIlsYIOTCH BeCbMa CYIn;eCT

BeHHbIMH HSMeHeHMJIMH, BhlSbIBaeMhlMH npHJIOmeHHeM BbICOROfO AaBJIeHHH B 

CO'IeTaHHH C HanpJIiReHlUIMH CABHfa, - nOHBJIeHHeM HHTeHCHBHOfO CHfHaJIa 

a.n.p. H H3MeHeHHeM (YfJIyOJIeHHeM)' OKpaCIm, a TaKme pasyIIopHAO'IeHHeM 

(aMoP<PHsaD;neH) I{pHCTaJIJIH'IeCl{OH pemeTlm H -YMeHbIlleHHeM paCIn;enJIelHUl 

IIOJIOC nOfJIOIn;eHHH B n.-I{. cneRTpe; 0) HHAHRaTOphl .MM 6, 7 He oOHapymIl

BaIOT HSMeHeHHH ORpaCRH l{pHCTaJIJIH'IeCROH pemeTKK M H .-I{. cneRTpOB; aTH;ll 

llHAnRaTopaM npHCyIn; eIn;e B HCXOAHOM COCTOHHHH (AO cmaTHH) AOBOJIbH0 

JlHTeHCIIBHbIIr ClUHaJI a .II.p . , COXpaHJIIOIn;lIHCH IIOCJIe rrpHJIOmeHHH CABHTa npn 

j\aBJIeHIIH 50 Roap . BJIHSROe R rpYIIlle a) nOJIO}ReHIIe saHHMaIOT HHAHRaTopbI 

M.M 3 H 5. Y HHAMRaTopa M 3 HaOJIIOAaJIOCb nOJIBJIeHHe CHfHaJIa a.II.p ., 

a AJIH IIHAmmTopa M 5 - BospaCTaH1!le J1HTeHCHBHOCTH CHI'HaJIa npHOJIH3H

TeJILHO Ha ABa nOpJIARa; Y OOOHX IIPOHCXOAMT TaRme HeROTopoe HSMeHeHHe 

OI{paCRn, HO RpHCTaJIJIH'IeCI{aH perneTI{a H Ii.-I<. CIIeRTpbI OCTaIOTCH HenSMeH

HbIMIT. 

ECTeCTBeHHO, 'ITO HaIIOOJIbmHH nHTepec IIpeACTaBJIJIIOT HSMeHeHHJI, IIa6-

JIIOAaIOIn;HeCfl Y MH,!:J;ImaTOpOB I'pynnbI a). I13JIOmeHHhle B HaCTOHIn;eH paOOTe 

AaHHble IIPIlBOAJIT R SaRJIIO'IeHIDO, 'ITO B 1!lsyqeHHhlx YCJIOBHHX HeROTOpaJI 

(HeOOJIhrnaJI) AOJIH MOJIeRYJI aTHX HHAHRaTopOB npeTepneBaeT pasphlB, nO-BH

/1,HMOMY, HaIIMeHee npO'IHOH JIaRTOHHOIr CBHSH yI'JIepOA - RffCJIOPOA C oopaso

BaHHeM paAnRaJIOB xnHOHAHOH CTPYRT)rpbI. ):J;JIH <peHOJI<pTaJIelma aTO Bblpa-

7 3al\. 3569, T. 166, No 6 1353 



maeTCH cxeMOH: 
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06pa3YIO~HeCH paAHKaJII:.I OTJIHlIaIOTCH OT HCXOp;HI:.IX MOJIeKYJI (C TeTpa

aAPHqeCKHM ~eHTpaJII:.HI:.IM aTOMOM ymepOAa) OOJIee nJIOCKOH CTpYKTypofI 11 

npeACTaBJIHIOT coooi1 conpHllieHHhle cnCTeMhl. IIpH HaCI:.rm;eHHH HX CBOOOp;HOii: 

BaJIeHTHOCTH conpHllieHHe BHYTpH MOJIeKYJIhl coxpaHHeTCH. IIo-BHAHMOMY, 

TaKaH KapTHHa MOllieT OO'I:.HCHHTI:. yrJIYOJIeHHe OKpaCKH TBepp;hlX HHAHKaTOp013 

(CM. TaKJ:I{e (6)) B H3yqeH1II>IX YCJIOBIfHX H ee YCTOH'IHBOCTI:.. He HCKJIIOqeHa 

B03MOlliHOCTI:., qTO oopa3YIOIqIfecH no peaKIJ,HH (II) paAHImJII:.I B l'I3yqeHHI:.IX 

YCJIOBHHX BCTynaIOT B ~enHyro peaK~Hro C COcep;HHMH MOJIeKYJIaMH HHAHlmTO

pa, npHBOAH~YIO K nepexogy nOCJIe~HHX B_ nJIOCKYro KOH<popMa~Hlo. B 3TOM 

CJIyqae KOJIHqeCTBO IIJIOCKHX MOJIeKYJI MOrJIO Ohl 3HaqnTeJII:.HO npeBI:.ImaTI:. KO

JIHqeCTBO CBOOOAHI:.IX paAHKaJIOB, oOHapYlliHBaeMoe no CIITHaJIY 3.n.p. 

IIepexoA K nJIOCKOH (HJIH nOqTH nJIOCKoi1) CTpYKType AOJIllieH npHBOAHTh 

K YMeHbmeHHIO COnpOTHBJIeHHH cABHry; BeCI:.Ma BepOHTHO, qTO 3TOT nepeXOA 

conpOBOlliAaeTCH H YMeru.meHHeM OO'I:.eMa. CJIeAOBaTeJII:.HO, oopa30BaHHe nJIOC

KHX pap;HKaJIOB H MOJIeKYJI nOA AeHcTBHeM BI:.ICOKOrO AaBJIeHHH B COqeTaHHTI 

co CABIfrOM npeACTaBJIHeTCH BnOJIHe B03MOlliru.lM. MOmBO nOJIaraTI:., qTO Ha6-

JIIOAaBmeeCH pa3ynopHAOqeHHe f (aMop<pH3a~HH) KpHCTaJIJIHqeCKOH pemeTKH 

IT YMeHI:.meHHe paC~enJIeHHH B H.-K. cneKTpax oTpalliaroT H3MeHeHHe xapaK

Tepa MeJ:I{MOJIeKYJJHpHI:.IX (H B ~IaCTHOCTH, BOAOPOAHhlX) CBH3eH, OOYCJIOBJIeH

Hoe nOHBJIeHHeM nJIOCKHX paAHKaJIOB H MOJIeKYJI npH ClliaTHH H nJIaCTHqeCKOll 

f\e<popMa~H npHCTaJIJIOB HHAHnaTopa rpyrrnI:.l a). 

l1HCTIITYT OpraHll'leCROH XIIMHII 11M. H. J1.. 3eJIlnICROrO 
ARap;er.mll HaYR CCCP 
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