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06maR xapaKTepHOTllRa pa60Thl 

AKTyaJibHOCTb Te!t.hl. l111qipaKU:IDI HBHTPOH0.6 KaK MeTo.u RCCJie.uoBa

HRR H8XO,llliT BCe 6onee 1:mpoKoe npmt.eHeHRe B peIIJCHRR caMhlX pa3HO

o6pa3HhlX BOITpOCOB qJR3IIKl1. KOH,UBHCllpOBaHHOrO COCTORHIDI B8!1.lCCTBa, 

OcodeHHO CRJibHOe pa3B11Tl!C ITOJIY'lRJia B nocne.uHee BpeM.H l-.JiaCCJf'JB

CKafl ()CJJiaCTh npl1.MB!!BHl'lfl ,lU!qJpam11rn HeMTpoHOB - 1l3Y'l8HIIC CTPYI':TYPhl 

KPRCTaJIJIOB. YcrrelIIHO CJhl/lII peIIJeHhl Bonpochl, CBR3aHHhl8 C paCIIJll(ppoB

KOH CTPYKTYPhl O'lBHb CJ!OlKHhlX opraHI!'l8CK!1.X 061,eKTOB,npn COBMBCTHOM 

npm.lBHBHUll peHTreHOBCKoro ll HefiTpOHHOro aHaJIIl30B B Il3Y'lBHllll pac

npe,ueneHRR nJIOTHOCTll 3apH,ua B MOJI8KYJiax, liaKOHen, noRB/lBHll;B Bl.00-

KOIIOTO'lHhlX peaKTOpoB n03BO/ll'IJIO npl1M8HllTb .lU!(ppaKUIIIO HellTpoHOB K 

peIIJCHIDO HaIICJOJiee CJIQ)i{.HOll 3a,ua'IR - onpe,ueJICHIIIO CTPYKTYPhl 6IIO/lOrR

'l8CKRX MO/lBKY/l, 

IIepcneKTllBHhlM npn6opoM ,UJIR ll3Y'l8HRR CTPYKTYphl CJIOJKHhlX KpR

CTDJIJIOB, a TaKJKC peIIJeHRR HBKOTOPhlX .upyrnx .UH(pparumOHHhlX 3aUa'l, 

HanpRMep, llCCJIB,UOBaHRR CTPYKTYPHhlX qJa30BhlX nepexo,UOB MaJIOll ,Ullll

T8/lbHOCTll, RBJIReTCR HBllTPOHHhlll ,lU!cppaKTOMCTp no Bp8M8Hll npOJICTa 

(,ITBII), CO'lCTa!Oll.lRH BhlCOKY!O CBBTOCHJIY 11 XOPOillYlO pa3peIIJa!OlllYIO cnoco6-

HOCTb C OTHOCllTCJibHOll npocTOTOM aHaJIR3a R3M8pCHHhlX ,llli(ppaKUHOHHhlX 

CIIBKTPOB. IlpIIMCHIIMOCTb ,!IBII ,UJIR CTPYKTYPHh!X IICCJIB,UOBaHIIM Ha'laJia 

06CYll\U8TbCR ,UOCTaTO'lHO ,U8BHO, HO .no CIIX nop KOJIIl'leCTBBHHhle CTPYK

TYPHhlB 3KCrrepHM8HThl, oco6eHHO C MOHOKPllCTanna~m. npaKTll'lBCKl1. OT

CYTCTBY!OT, 3To CBR3aHO K8K C HBKOTO.[HMll TBXHll'l8CKllMII H MeTO,l(nqe

CKm.m Tpy,l(HOCTllMU UCIIOJ!h:JOB8.llllll JIBil, TaK II C HB.UOCTaTO'lHOll MO!l.l

HOCTbID cymecTBYIDll.lllX IIMnyJibCHhlX llCTO'lHMKOB HBMTPOHOB, C noRB/lBHHBM 

B 6JIRJK8Mlllee BPBll'.fl HOBhlX MO!l.lHhlX :t-!MITYJibCHh!X IIOTO'lHIIKOB H8MTpoHOB 

BOnpoc O npoBe,neHlll! CTPYKTYPHhlX llCC/le.noBaHnM M8TO,UOM BpBM8HII npo
lleTa CTaHOBRTCR aKTyaJibHhlM. 

3a,ua'laMH .nnccepTaUROHHOM pa60Tll RBJIRJIRCb: 003,UaHile 3KcnepII

MBHTaJibHOM YCTaHOBKl1. - HBMTPOHHoro ,URqipaKTOMeTpa no BpeMeHl! npo

lleTa ,UJIR'IICCJI8,UOBaHRR CTPYKTYPhl MOHOKPHOTa/lJIOB, pa3pa60TKa M8TO

.unK!1. HBMTpoHorpaqil!'leCKl1.X IICCJIC,UOB8Hilfi Ha ,IIBIT II ee npRMeHeHl!e ,UJIR 

PCIIJBHRR PR,Ua aKTYaJibHhlX CTPYKTYPHhlX 3a,Ua'l, 

Hayi:i:HaR H0Bll3Ha. B ,UIICCepTaUIIOHHOM pa6oTe BITepBhle paspa6oTa

Ha MBTO,lU!Ra CTPYKTYpHoro IICCJie.noBaHRR Ha .[BIT, BKJIIO'laromaR BCe oc

HOBHhle CTa,UHn npe,UBapRT8JibHOro 3Tana CTPYKTYpHoro aHaJIIl3a: opReH

TilpOB8HllC ll onpe,neJieHile napaMeTpoB 3/l8MBHTapHOM R'IBMKR KpllCTaJIJia, 

o6pa60TRS 3KCnepRMBHTaJibHh!X cneKTPOB V. nepexo,u OT llHTerpaJibHb!X 

Or, •• -·· . . •·- ........ ~ I vJ:~bp~ I : ·.:·J'.,io.;..,!£1,. 

tmtrL\wY. .:oeaWIO 
. 6W6JtvtdTEKA ' ---·- --·- .. --- -



RHT8HCHBHOCTei1 .nmpparurn:omrn:x IlliKOB R CTPYKTYP.HhlM qiaKTOpaM KPR

CTamra. BnepBlle Ha .llBTI npoBe,neHll CTPYKTYPHI:J:8 3KCIIepHM8HTl:l C MOHO

KpHCTannaMR: ,rccne.noBaHa CTPYKTypa .llBOiiiHoro naHTaH-MarHHeBoro 

HHTpaTa, orrpe.neneHI:J: KpHcTannorpaqiwrnc:irne .n:aH.Hhle .nncym,qinll8 TanJIM

rannM, B ROTOPOM OOHapyJKeH CBepXCTPYKTYP.Hhlli nepno.n, B 8 pa3 npe

Blillla!OmtIH OCHOBHOH. BnepBlle M8TO,ll BpeMeHR rrponeTa rrpnMeHeH K n3y-qe

Hll!O .llOMeHHOli CTPYKTYPll cerHeToaneKTPHKOB H rrony'!e.Hhl reoMeTpR'!ecKRe 

xapaKTepRCTRKR .llOM8HHOH CTPYKTYPI:J: .llR.nei1TepoqiocqiaTa Kamm. Bnep

Blle co3.ll8H KOMTineKc nporpaMM .lllIB 3BM, o6ecne'll1BaIOIIllli1 npoBe.n:eHne 

Ha .llBII CTPYKTYPHI:J:X 3KcnepRMeHTOB C MOHOKPRCTannaMR. 

IIpaKTH'!eCKOe 3Ha'!eHRe. Coa.naH.Hhlli ,JlHqJpaKTOMeTp R pa3BHTa.fI Me

TO,llRKa npoBe,neHM .n:nqiparu.moHHoro 3KCnepllM8HTa no3B01IBIOT .naJKe Ha 

cpaBHRTenI>HO ManoMOIIIHOM RMIIYJThCHOM RCTO'!H:RKe Hei1TpoHOB 3qlqJ8KTHBHO 

R C .ItOCTaTO'!HO BllCOKOli CTeneHI,IO TO'!HOCTR pemaTI, MHorne 3a,na-qn 

CTPYKTYPHOro aaannaa KPRCTannoB. BBo,n B .n:eiiiCTBHe HOB!,JX MOmHHX 

HMIIYnI>C.HhlX liCTO'!H:RKOB aei1Tp0HOB no3BOJtllT Ha'!aTI, Ha ,JlHqJpaKTOMeTpax 

no BpeMeH:R rrponeTa CHCTeMaTH'!8CKHe CTpyKTYp.Hhle RCCJie,noBaHM CJIOlK

HllX opraan-qec:irnx R OHOJIOrll'!eCKRX MOJI8KYJI, HM810ll1HX BaJKHOe 3Ha'!eHRe 

.llJill KBaHTOBofi·X:RMH:R R MoneKYlIBPHOH OHOJior:irn. 'ClaCTI, pe3Y7ThTaTOB 

.n:11ccepTaUH:R MOlK8T 01:J:TI, RCIIOJTh30BaHa B ,n:aJII>HefimHx RCCJie,noBaHMX 

CJIORCTl:J:X nonynpoBO,llHRKOB R ,llOM8H.HhlX KOMnJieKCOB B KPRCTaJIJiax. 

Arrpooamm paoorn. 0CHOBHlle peay JThTaTll .llHCCepTaUHR .llOKJia,lll:l

BaJIHCI, Ha MelK,l!,YHapo.n:aofi KOHqJepeHUH:R no HefiTpoHHOii ,llRqJpaKUH:R .B 
IleTTeHe (ronnaH.llHR, I975 r.), Ha Mell\)lYHapO,llHOli KOHqiepeau:irn no 

npoqJHJThHOMY aHaJIR3Y ,JlHqJpaKUROHHIDC cneKTpoB B KpaKOBe (IIOJII>ma, 

I978 r.), Ha Mell\)lYHapO,llHl:J:X illKOJiax no HefiTpoHHOii qJR3RKe (AJIYIIITa, 

I974 R I978.ro.lll:l), Ha I BcecoI03HOM COBemaHRR no aBTOMaTR3aUHR 

HaY'!HllX RCCJie,noBaHRH B R,nepHOH qJR3RKe. (KReB' I976 r.) ' Ha Bceco

!03HOM CeMRHape no nporpaMMI'lpoBaH.IIlO R MaT8MaTI'l'!8CK:RM MeTo.naM pe

IIIeHM qJR3R'!eCKRX 3a.ll8'! (.Il.Y6Ha, I977 r.) , Ha ce~::RHapax llirCT:RTYTa 

KpRcTannorpaqiRR RM. A.B. lllY6H:RKOBa AH CCCP, Kaciie.npu TBep,noro Tena 

<I>R3R'!8CKOro qiaKYJThTeTa MI'Y :RM. M.B. JIOMOHOCOBa R JiaoopaTOPRR H8HT

POHHOH qJR3RKR Ol1HH. 

Ily6JIRKau:irn. Ilo pe3Y7ThTaTaM ,llRccepTaU:irn OIIYOJIHKOBaHo IO CTa

Tei1. 

OO'I,8M paoom. JJ;wcepTaUM COCTORT R3 BBe.neHM, MTR rnaB, 

3aKnI0'!8HIDI R CIIRCKa JtllTepaTypu. Pa6oTa R3JIOJKeHa Ha I22 CTpaHRUaX, 

BKnIO'!aeT 28 pRCYHKOB n I5 TaOJIRU. CrrncoK JIRTepaTYPI:J: co.nepJKRT 

95 HaIJM8HOBaHRfi. 
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Co~epJKaHHe paOOTll 

Bo BBe,neHH:R o60CHOBllB88TC.fI HHTepec K R3Y'!8H.lll0 BOnpocoB, 

paCCM8TpRB88Mhl:X: B ,llRCCepTaURR, H ,ll88TC.fl KpaTKOe ll3JIOJK8Hlle co.nep

lK8HIDI paOOTll. 

IIepBa.fI rnaBa . HOCHT BBO,nHI:J:H x~paKTep. B Heii paCCMOTpem,1 oco

OeHHOCTll HeiiTPOHHoro CTPYKTYpHoro 3KCIIepRM?HTa R HOBhl8 3Kcnepn~ 

MeHTaJJbHUt:. 11erO,llli Heiirpoaorpacjllrn, B KOTOPIDC Ji OTJIHllllB OT KJJaCCl!

qecKoro uero)la ,llByxoceaoro CJIBKrpoMerpa odpa3en odJJyqaercH·aenrpo

HaMR c "6enuM" (MaKCBeJinOBCKRM) ::rnepreTH'!8CKRM crreKTpor.i. Pacurnpe

HRe cneKTpa71I,HOro 'RHTepBana R3ny-qeHM npRBO,)lRT R pe3KOMY yBen11-qe

HRIO CKOpoCTR Ha6opa RHqJOpMaURR B 3KCIIepRM8HTe, BO MHOrRX cny-qa.fIX 

no3BOJIH8T yrrpoCTRTI, M8TO.llRKY RCCJie,noBaHIDI ll rrpeo.noneTI, H8KOTOpl:le 

TPY.nHOCTR KJiaCCR'!eCKOro' MeTo.na. OcoOeHHO no.n:poOHO paCCMOTpe.Hhl 

.JlOCTORHCTBa R He.n:ocTaTRR MeTo.n:a BpeMeHH nponeTa (MBII) R J)JI.n: .nR

qipaKUROHHllX 8RCIJepRM8HTOB, BllnOJIH8H.HhlX C nOMOlllb!O 3TOro MeTo.na~ Ha 

RMIIYJII,C.HhlX HCTO'!HRKaX aeiiTpoHOB. B 3aRJIJ()t{8HRe rJiaBhl pa3JIR'!Hile 

3RcrrepRM8HTaJII>.Hhl8 M8TO,llli HeiiTpoHorpaqJH:R cpaBHHBaIOTC.fl M8lK,l!,Y co6oii. 

~enaeTCR BilBO,ll,'!TO B MeTo,n:e BpeMeH:R rrpoJieTa oco6eHHOCTH HefiTpOH

Horo :irnny'!eHHR ncno7Th3YIOTC.fl HaJldOJJee JIOJJHO, '!8M ll orrpe,neJIHeT

C.fI ero H8H6on1>III8.H YHHBepcaJII>HOCTI,. B MBII TPY.nHee .UOCTHTh BliCOKOH 

TO'!HOCTH R3MepeHM CTPYKTYP.HhlX qiaRTOpOB KpllCTanna, '!8M B KJI8CCH

-qecROM MeTo,ne, HO OH oonee rrpo11aBo.n::11TeneH n ro.;11TCR .nJIH aHaJIRaa 

CTPYKTYP JIIOOOH CTerreH:R CJIOlKHOCTH. Oco6eHHO aqxpeKTHBHO MBII II03B0-

1IB8T pemaTI, CTPYKTY PHile 3a,n:a'!ll, CM38HHlie C Heo6XO,ll:RMOCTI,IO no.n:

po6Horo R3Y'!8HH.fl 60Jll,illHX OO'I,8MOB B oopaTHOM npocTpaHCTBe C BllCO

RHM paapemeHHeM, H aa.na'!H, B KOTOPliX HCIJ07Th3YIOTC.fl CIJ8UHqlll'!eCRHe 

oco6eHHOCTR MeTo.n:a' HanpRMep' RMIIY Jll,C.Hhlfi xapaRTep 00JIY'!8HRR 06-
paaua. 

Bo BTopotl: rnaBe R3JIOJKeH8 M6TO,ll:t1Ka rrpoBe.n:eHM CTPYKTYPHOro 

SRCIJepRMeHTa Ha Hetl:TpOHHOM ,llRqipaRTOMeTpe no BpeMeHR nponeTa • 

EoJll,illllHCTBO pe3Y1II>TaTOB STOH rnaBll .fIBJIHIOTC.fl opnrnHaJll,.HhlMR, R HHM 

OTHOC.fIT~: opneHTRpoBaHne ll orrpe.n:eneHRe rrapaMeTpoB SJieMeHTapHofi 

.fl'!etl:RH KPHCTaJIJIOB Ha .llBII, rrpe,n:BapRTeJII,Ha.fI o6pa60TKa 3KCIJepRMeH

TaJIEHilX CIJ8KTpoB, nepexo.n: OT llHTeHCRBHOCTeil ,llRqJpaKUHOH.HhlX IJHROB 

R CTPYKTY.PHilM qlaRTOpaM RPHCT8JIJia, M8TO,llli rrpeo6pa30BBHR.fl ,llRqipaR

UllOH.HhlX cneRTpoB C ll6Jll,JO CJKaTR.H llHqJOpMa.rnm R H8KOTOple ,n:pyrne. 

B-qacT:lf I 3TOil rnailH 8H8Jtll3llPYIOTC.fl reOM8T.Pll'!8CKRe xapaKTe-

3: 



pHCTHIDi ,n;llq)parumomrax CITeKT!)OB, HSMepHeMhlx Ha JlB[I. Ilpn paCCMOTpe

Hllll pa3Jill'lH!-1X M8TO,D;OB perncTparrnn nmpopMamm, H3MepHeMOll Ha ,IlllII, 
ITOKaSaHO, 'ITO 06!-l'!Hl-lll MeTo.n: perncTparrnn BpeMeHH!-lX ,n;nqJpaKIJHOHH!-lX 

CIT8KT!)OB aHaJIHSaTopaMH C ITOCTORHHOll lliHPHHOll KaHaJia He JIB7!.fieTCJI 

OIITllMaJII,Hl-lM C TO'lKll speHM saITOJIHeHM onepaTHBHOH ITaMJITH perncT

PllPYID!ilero YCT!)OllCTBa. CymecTB8HHOro CJKaTllJI .n:n<I/paKUllOHHoro CIT8KT

pa OT MOHOKpncTaJina (B 5 + 50 pas) 6ea ITOTepn ITOJI83HOH nmpopMaIJ.llH 

MOlKHO ,D;OCTll'lb, .llCITOJII,SyJI aHaJIHSaTOp!-1 C 3aBHCJIIi18H OT BpeMeHH runpn

HOH KaHaJia 7: ~ t HJill 7: ~ "t 2. • Bo BTOpOM CJIY'lae llHqJOpMaIJllJI npe,n;

CTaB7!.fIBTCJI C ITOCTOJIHH!-lM ruaroM B,n;om, HCCJIB,D;YeMoro HaITpaBJIBHM B 

o6paTHOM IT!)OCTpaHCTBe KPHCTaJIJia, ITPH 3TOM pacCTOJIHM MB)l\ey coce.n:

HIDlli ITOpH,n;K8MH OTpaJKBHM CT8HOBJITCJI O,D;llH8KOB!-1MH. Ha pnc. I ITPHBe

.n:eH .n:n<I/paKIJHOHH!-lH CITeKTp OT_ ITJIOCKOCTH (DOI) KPHCTaJIJia CJIID,D;l-1 

(o/:: IO A), nsMepeHH1-1ii· c BpeMBH.lillM Ko.n:npoB!illlKOM, runpnHa KaHana Ro-· 

Toporo l1SMBHJIJI8Co -t2.. B .n:aHHOM CJIY'lae ITOTpe6oBaJIOCo B 7 pas 

M8Hollie JI'leeK IT8MfITH ,D;JIJI sarrncn CITBKTpa, 'l8M· ITPH 06!-l'!HOM MeTo,n;e 
perncTpaunn. 
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lllnpnHa KBHaJia Bper.ienHoro Ko.n:npoB!illlKa ~t2. . 
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Ilpll o6CYli\D;BHllll BOIT!)OCOB, CBII3aHH!-1X C pasperuaromerr·cnoco6HO~ 

CTbID ,IlllII, ITPHMBHJl8TCJI MBTO,n;, OCHOBaHH!-lH Ha pac'le'i'e ITJIOTHOCTll Be

pORTHOCTH perncTpaunn HBHTPOHOB C Y'lBTOM Koppe7!.fIIJllll 1,18)1{,D;Y OTKJIO

HBHU/IM.ll OT HOMHH8JII,Hl-1X SHa'lBHllH MO,D;Y7!.fI BOJIHOBOro BBKTopa H yrna 

pacceIIHllII. 

B ITpe,n;nonoJKeHnn, 'ITO pacITpe,n;enenne BpeMeHH sa111e.n:neHM HefrTpo

HOB OIIllCHBaeTCJI SaTyxaromeii 8KCIIOHBHTOll exp(-X/a;_), ,D;JI/I BpeMBHHOrO 

KOHTYpa ,D;llq)paKUHOHHOro IIF!Ka IIOJIY'lBHO B!-lpaJKeHHe 

_ J(x) = A [t + er/(x/./2 ~ - o-/li u-,,..)jex.p(-x/~), ( I) 

r.n:e X =t-i.
0

, i - IIOJIHoe, a t 0 - HOMllHam,Hoe BpeM.fI nponeTa, 

er-f (x) - HHTerpaJI BepoIITHOCTll, a-- 2 = <r;.' + n;2.. toz.. c-i.3 2
~) 

cr,..Z. - ,D;llCITepcM llMITY JII,COB 6!-1CTp!-1X HeiiTpOHOB, <r; - .n:ncnepcllII, 

CBJISaHHaII C yrJIOB!-lM.ll HBOITpe,n;eJieHHOCTJIM.ll B 3KCITepllM8HTe • .I{ncnepcW! 

Q/YHKIJllll Icx) B 3TOM ITpll6JIHJKBHHH eCTb 1) = <,2. + <rm2 
• 

Ha OCHOBe qJOpMYJI!-1, OIIllCHBaID!ileH ,n;BYMBPHOB pacITpe,n;eneune HH

TBHCHBHOCTH J [ f:, /!. e) B OKpeCTHOCTH y371a o6paTHOH perueTKll Kprrc

TaJIJia, ITpoBe,n;eH aHaJill3 B03MOJKH!-1X 'aKCnepllMeHTaJII,Hl-lX MBTO,D;OB l13Y'lB

HllJI Ha ,Il,BII TpaHCqJOpMa!lllOHHHX ,n;BOlll!llKOB B KpllCT8JIJie IT ITOJIY'l8Hl,I 

COOTHOlli8HM, CBJl3blBaID!illlB reoMeTp:ll'lBCKllB xapaKTepllCTITKll pacu1errne

HllJI ysna o6paTHOH perueTID1 c Ha6mo.n;aeMl-1M pacITpe,n;enermei.1 IIHTeHcnB

uocTn. 3TH pe sy m,Ta ru ncno m,syroTcJI ITpn RH Te pITpeTarmn paccMa Tp1rna-' 

8MhIX HllJKe 3KCIT8pllM8HTOB ITO H3Y'l8HllID ,D;OM8HHOH CTPYRTYPH cerneTO

aneKTpHKa K'D2 PO". 
B 3TOH JKe '!aCTll ,n;nccepTallllll paCCMOTPBHO pemeHne Ha ,Il,BII ,n;BYX 

sa,n;a'l ITpe,n;BapnTeJioHoro aTana CTPYKTYPHOro aHa1Illsa: opneHTHpoBaHne 

KP.llCTaJIJIOB ll onpe,!(8JI8HR8 ITapaMeTpOB aneMeHTapHOH Jl'l8HID1. 

B 'laCTll 2 r.n. II paCCMOTpeH!-1 BOilpOC!-1, CBJISaHH!-18 C ll3MepeHneM 

HHTBHCHBHOCTH IIllROB Ha ,Il,BII. Bl-lBe,n;eHa qJOpMYJia ,D;JIJI HHTerpaJioHOii IIII

Te.HCl1BHOCTl1 ,D;!1qJpaKU.llOHHOro IIllKa ll ITpoBe,n;eHO cpaBH8Hl18 cpe,D;HllX 

CKOpoCTefr C'leTa ,n;JIJI KJiaCCll'l8CKOro MeTo,n;a ll MBII. IloKasaHo, 'ITO B 

:JKcnepnM~H'.l:ax c Kf11CTaJIJiaMll CienKoB Ha ;um no cprurnemm c 1rnaccn- · 

48CKllM ,l(H~paKTOM8TpOM MO~HO ,l(OCTH4L YB8JIH48HHH CKqpoCTH Hadopa 

3KCnep1rneHTaJILHO!\ llHipopMflW1l1 B IUO H donee Pa.3 npn cp8.l(H8l1 MOIJ1HO

CTl1 l1Mrry JILCHOro llCTO'lHllKa, B IO pas MBHblliBH MOlilHOCTll CTaIJHOHapHoro 

peaKTopa. 

JJ.anee o6CYll\n:aeTCJI o.n:nH na Han6onee cnoJKH!-lx ITPH pa6oTe ITO Me

To,ey BPBM8Hll ITponeTa BOITpOCOB - nepexo.n: OT l1HTBHC.llBHOCTBH IlllROB 

K CTPYKTYPHl-lM qiaKTOpaM Kpl1CTaJIJia. B MBII CBJl3b .llSMepemroii llHTer-
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paJIJ,HOll HHTeHCllBHOCTll .nnqipaRUllOHHOro rrn.Ra]hKt C COOTBeTCTBYI0-

111I™ CTpyKTYPHhlM W8KTOpoM Fh,.e. B KHHeMaTn'!ecKOM rrpn6nnxteHnn .naeT

cR qiopiv1ynoii 

I1,,ce ='PO)>.'' F:.:e AO) ~O.),. c2> 
r.ne B nupaJKeime .nnR crieKTpa HeihpoHoB P( ..\) BKJIJO'leHu nee rrocTORH-

1me .nnR qnmcnpoBaHHOro 0 BeJill'lllHhl ll sqxpeKTHBHOCTJ, .neTeKTOpa' 

AO,)- qiaKTop rrornomeHnR, !JO.) - rtosqxpnrmeHT SKCTllHKIJlln. IIpo6ne-

Ma KOppeKTHoro Y'leTa SKCTllHKIJllll B MBII B uenoi-1 cnomrne, '!eM B 

o6hl'!HOM MeTo.ne, TaK KaK, 3aBncRMocT1, K03qxpnunenTa SKCTRHKIJllll OT A 
6onee CJIOl!'JiaR, 'leM OT 0 . Cne,nyeT, O,nHaKO, y'!eCTJ,, 'ITO OCHOBHa.fi 

'l8CTJ, .nnqipaKIJUOHHhlX IIllKOB cocpe,noTO'leHa 'B o6naCTll Manux .nnnH BOJIH, 

TO eCTJ, TaM, r.ne 3RCTllHKIJll.fi HeBennKa. IIpn CTPYKTYPHOM auann3e 

CJIOlKHhlX 061,eKTOB BniifIHn'e 3T0ll rrorrpaBKll O()hl'!HO uecymecTBeHHO RaK 

H3-38 Manon B cpe,nHeM BeJill'lllHll CTIJYKTYPlilX qiaKTOp0B, TaK ll ll3-38 

Hll3KOro Ka1!8CTBa MOHOKPllCTaJIJIOB. 

• Orrpe,nenemrn sqxpeKTllBHoro crreKTpa HeMTPOHOB 'PO.) .RBnReTCR, 
IIO-Bll,nllMOMY' OCHOBHOll rrpoClneMOll rrpll rrepexo.ne OT llHTerpailbHHX llH

TeHCllBHOCTeil: K CTPYKTYPHHM qJaKTOpaM. B ,nnccepTaUllll ,nnR orrpe,nene

Hll.fi CJ>(>,) llCIIOJIJ,3YeTC.fi KOM6llHllpoBaHHllii MeTo.n, OCHOB8HHHll Ha orrnca

Hllll crreKTpa rrapaMeTpll'leCKOH qiyHKIJllefi, rrapaMeTJ)H KOTopofi Haxo.WJT 

1!3 ll3MepeHMi1 C HeKorepeHTHUM paccenBaTeneM ll IIOJlllKPllCTannoM, a 

3aTeM YTO'IHllDT npn OKOH'laTeJIJ,HOl1 odpadOTKe ,llllqJpaKllHOHHllX ,llaHHHX. 

3qxpeKTllBHlll1 cneKTp OIIllCh!BaeTCH mecTnnapaM8Tpll1!8CKOl1 qiyHKUnel1 

</'[)..)=Po ( e-Cl'/>.1/ ;,.C,) e-C3 >. - C5ZO.) (1- e-c,,}.) J (3) 

r,ne <J>0 - HopMnpoBo'lHaR KOHCTaHTa, C1 + C5 - rrapaMeTphl, E(>.) -
M8KpoCKOIIll'leCKOe KorepeHTHOe Ce'!eHlle aJIKIAllHll.fi. B STOM BllP8l!teHllll 

Y'lTeHH MaKCBeJIJIOBCKaR qiopMa crreKTpa, ocna6ne1rne He:iiTpoHHOro IIY'!Ra 

B B03,nyxe ll aJIJOMllHllll 3arnyrneK HeiiTpoHOBO,na ll sifxpeKTllBHOCTJ, .neTeK

TO pa. 3TOT MeTO,n Y'leTa 'P(>.) y .no6eH CBOeii KOMIIaKTHOCTJ,JO ll TeM, 'ITO 

3Ha'leHll.fi rrapaMeTpOB Ci MOJKHO YTO'lH.fiTJ, B xo.ne perneHll.fi CTP:YKTYPHO:ii 

3a,na'lll. 

B 3 'l8CTll rnanu II paccMOTpeHa II8p.Bll'IH8.fi 06pa60TRa CileKTpOB, 

ll3MepeHHh!X Ha .llBII. n}l.fi orrpe.neneHHR OCHOBHHX rrapaMeTpoB ,nncppaK

UllOHHOro IIllRa - rronoxteHll.fi P, aMIIJlllTY.nH A H IIIIIPllHhl \,/ - llCIIOJIJ,3:yeT

C.fi "MeTo.n reoMeTpll'leCKllX xapaKTepnCTllK", B KOTOpoM qio!)Marrn.Ka 

orrpe,neJl.fieTM RaK SKCIIepllMeHTaJIJ,HO H3MepeHH8.fi I'HCTorpaMMa, KOTO

pM 38TeM crnawaeTC.fi llHTepIIOJl.fiUHBM, H IIOJI:y'leHHa.fi rna,nRa.fi qJYHK-

6 

Ull.fi tn(ic) llCIIOJIJ,3:YeTC.fi RaK Mo.ne}IJ, .nJi.R peaJlbHOro IIHRa. 3TOT MeTo.n. 

,n:aeT cymecTBeHHO doJiee nucoKyD TO'IHOCTJ, ·orr'pe,i(eJieHiii ocHOBHhlX 

rrapaMeTpOB p. A ll w ' TaK K8K o6ecrre'!llBaeT JIY'Illlee COOTBeTCTBHe 

Mo.ne.nn n pean1,uoro IIllRa n MeH1,rnne KoppenRilllll Mel!i,ny rrapaMeTpaMn, 

'!eM oelhl'IHO. rrpnMemrnrvlhle MeTO.I(hl orrn.caHM qiopr&l c rroMomi,JO RaKo:ii-nn

Clo aHannTn'!eCKoil: CIJYHKUIIB. IIocne;urne ocoCleHHO BaJKHo ,nnR crreKTPOB, 

ll3MepeHHh!X Ha )lBII, IIllKll B KOTOPHX l!MeIOT .noBQJIJ,!iO CJIOJKH:YIO qJOPM:Y 

(CM. qiopM:YJIY (I)). nJl.fi llJIJilOCTPBllllll o6pa60TKll rrepeKphlB8!0111llXCR m1-

KOB Ha pnc. 2 rrpe,ncTaBneH ,nncppaKIJllOHHH:ii MaKcllMYM OT MoHoKpnc-ranna 

K 'D
2 

P 0
4 

('Z> K 1) P), Haxo.wimerocR B cerHeTosneKTPH'lecKoii qia3e 

(MaKCllMYM RBJl.fieTC.fi TpoRHhlM 1!3-38 H81Ill'lll.fi B 0Clpa3ne .noMeHOB, opneH

TllpOBaHHhlX pa31!ll'IHHM oelpa30M). B Ra'leCTBe Mo.nenn B ,naHHOM CJ.IY'l8e 

llCII071J,30Ba1!M O,nllHO'lHllll _IIHK OT 'l)K 1) p , HaXo.nRmerocR B rrapasneKTpll

'lecKO:ii W83e. Bnepxy pnc. 2 rrpllBe,neHH KBa.npaw OTK11onem1fi sKcrrepn

MeHT8JlbHHX 3Ha'!eHni1 llHTeHCllBHOCTll I3 B ,naHHOM RaH81Ie OT Bhl'lllC1!eH

HO:ii Is , .neneHHUe Ha .nncrrepcllIO I :I , BeJlll'lnHa J! ,n1!R 3Toro 

Y'l8CTRa paBH8 I,34. 

-.--; ~ ;-;--;-:.:.:: "; ; .. ., ...... ~- . .; . . ; 
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Pnc. 2. 06paCloTKa .nmppaK!lROHHoro ImKB OT K.PHCTa.nna K'Z>, PO,, 
Cn1IOlIIH8.fi H IIYHKTHpHh!e Jlllfflm rrpoBe,neHhl cornacHO pac'leTy. 
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TpeT.hfl rnaBa ,nliCCepTaU!lli co.neplllliT orrncaHHe C03J'.t8HHOro Ha 

11:MIJYJIJ,CHOM peaKTope ill>P"."30 JlHcI> Ollilli HeiiTpOHHoro .!Uf®paKTOMeTpa no 

BpeMeHH nponeTa. 0CHOBHl:lMl1 OT7filtrn.lJMH ,nHqJpaKTOMeTpa OT npoTOTllnOB 

.fIBllf!IDTM H8nHtrne noBopoTHOH nnaTqJOpMbl ,nllfl CMeHhl yrna pacce.fIHRR 11 

nnaH11pyeMoe npHMeHeHHe npepHBaTellf! nepBH'!HOro ny-qKa, 3epKaJIJ,Horo 

HeiiTpOHOBo.na l1 MHOrOHHTeBoro .neTeKTOpa 60JIJ,IIIOH nnoma.!Uf. XOT.fl 113-•W>---~~-
MeHeHHe yrna ~ce~!S!-~~ ... ~~-~,jll~....!,..nwppa._I{,!9~sl.'!'~ID~-. 
n~p9niTa, 8Ta B03MOJKHOCTb n03BOllf!eT onTHMl13HpoBaTb 8K

cnep11MeHT l1 Y ny'lllll1Tb ero Ka'!eCTBO, a nepcneKTUBa l1CnOJIJ,30BaHRR 

II03Hlll10HHO--qy BCTBl1TeJIJ,HOrO ,neTeKTOpa 60JIJ,IIIOH nnoma.!Uf, o6ecrre-qUBa

ID!llero 6onbWYID CKOpoCTb Ha6opa .naHHHX, no3BOnRna, OTK83aTbC.fI OT C03-

.na_HllR MHoro.neTeKTOPHOH CllCTeMbl, COCTO.fll!leii 113 HeCKOJlJ,KllX .neTeKTO

poB Ha pa3HHX yrnax pacce.fIHM. 

CxeMa MexaHH'!eCKRX Y3HOB .nnqipaKTOMeTpa noKa3aHa Ha p11c. 3 • 

PHc. 3. CxeMa ,!UfqJpaKTOMeTpa. I - aKTUBHa.fI 30Ha peaKTOpa l1 6Hono

rli'!eCKa.fI 3al!lllTa, 2 - BaKYYMHHe l1 aprOHOBhle HeiiTpOHOBO,D;El ,-

3 - .neTeKTOP B 3al!lllTe Ha noBopoTHOH nnaTqiOpMe, 4 - OCHO

BaHlle ,!UfqlpaKTOMeTpa, 5 - roHHOMeTp c o6pa3UOM. 

Bee BKnID'leHHHe B ,nnccepTaUHID 8KCnepRMeHTH ClhlnH rrpoBe,neml np11 pac

CTO.fIHIDl OT aKTHBHOH 30Hhl peaKTOpa .no rOHHOM8Tpa C o6pa3UOM OKono 

56 111. Tpexocm,1ii roH110111eTp G-KS -IOO pacrronoiKeH Ha MaccUBHOM ocHo.:_ 

BaHl1l1, Ha KOTOPOM TaKiKe HaXO,!UfTM IIOBOPOTHa.fI rrnaTqJOpMa C KOnnHMa

TOpoM U .neTeKTOpoM. lIOBOPOTHa.fI rrnaTqJOpMa II03BOllf!eT YCTaHaBnUBaTb 

nro6oii yron pacceJIHRR OT -30° .no 210° C TO'IHOCTbID OKono 2
1

• neTeK-

8 

,, 

l 
1 
cl 

( 

Top, COCTO.fl!UHH l13 3He c'!eT'!UKa B MaC_CUBHOH 3al!lllTe C OKHOM 3x4 CM, 

pacrronoJKeH Ha TeneJKKe, rrepeMemaeMoil B.noJIJ, rrnaTqiopt,fil B rrpe.nenax 

0,5 + 2 MOT o6pa3ua. 
3JieKTPOHHa.fI arrrrapaTypa ,nllqipaKTOMeTpa COCTOllT 113 CTaH,napTHhlX 

crreKTPOMeTpH'!eCMX 6noKOB, BpeMeHHOrO KO,nl1POBIUHK8 c rraMRTbID 4K, -

6noKOB yrrpaBneHRR roHHOMeTpOM 11 rroBopoTHOH nnaTqiopMoii. Ha HeKOTO

p1,1x CTa,nRRX 8KCIIepuMeHTa UCIIQJIJ,3YIDTC.fl BCIIOMOraTenbHhle 6nOM, Ta

Klle, KaK BpeMeHHHe oKHa co cqeT'll1K8M~, HHTeHcRMeTpH l1 ,np. IlpaKTH

qecKH BM arrrrapaTypa BhlIIOnHeHa B CTaH,napTe KAMAK. IIocne OKOH'laHM 

l13Mep11TenbHOro Ul1Kna l1HqJ0pMaUM qepes 3BM E3CM-4 sarrnc1,1BaeTC.fI Ha 

MarHHTHYID neHTY .nnR xpaHeHRR 11 rrocne,nyromeii o6pa6o~HOBHiJi"' 

qaCTb o6pa6oTM rrpol13BO,lUfTC.fI Ha 6onbWllX 3BM E3CM-6 l1 cnc-6500. 

IIp11 rrponeTHOM paccTO.fIIUll1 56 M PI cpe,nHeH MOlllHOCTll _ID3P-30 

25 KET rronHhlH TerrnoBOH IIOTOK HeilTpoHOB cocTaBllf!eT Ha o6pa3ue OKO

no ro5 H/01112/c, 3Ha'leHl1e OTHorneHH.fI 1>/2/-e ( 'Z>i - .nncrrepcHR 

.n11~paKUHOHHOro IIl1K8), xapaKTepl13YID!llee pa3pe111aID!IIYID crroco6HOCTb 

,n11qipaKT0111eTpa, paBHO 0, 5% rrp11 0 = 45° 11 .,\ = I A 11 MOHOTOHHO 

yMeHbrnaeTCR c pocToM 0 n A , cocTaBnR.fI 0,15% rrp11 0 = 70° 11 
0 A = 4 A. naarra3oH .nn11H BonH, B KoTopoM BH.n crreKTpa HeilTpoHoB 

,UOCT8TO'IHO Ha.neJKHO YCTaHoBneH, neJKHT B rrpe,nenax O, 7 +, 6 ,0 A. B 

rrp11umme qacTOTa UMIIy JIJ,COB MOlllHOCTll -peaKTopa 4 + 5 ru l1 rrponeT

H08 pacCTO.fIHUe II03BOllf!IDTopa6oTaTb C H8HTPOHaMl1, llMBID!llllMll ,nnUHY 

BOnllhl BIIHOTb .no I3 + I7 A. 
qeTBepTa.fI rnaBa co.neplllliT pe3yJIJ,TaTH HeiirpoHorpaqiuqecK11x 110-

cne.noBaHnii Ha .llBII, HeKOTOpl,le 113 HHX .fIBllf!IDTC.fI T8CT0Bh1Ml1 l1 CB.fl38Hhl 

C rrpoBepKOH MeTo,nHKR orrpe.neneHRR CTPYKTYPHhlX qiaKTOpOB l1 rrapaMeT

poB 3H8M8HTapHOH .fl'l8HM, OCTaJIJ,Hhle CB.fI3aHhl C rrony'l8Hl1eM HOBOH 

qll18l1'18CKOH l1HqJOpMaUHl1. 

TecTOBHe sKcrrep11MeHTH no orrpegeneHHID cTpyKTYPHHX paKTopoB. 

nllfl IIpoBepKll TO'!HOCTH orrpe,neneHRR Ha JJJ3Il CTPYKTYPHhlX ~aKTOpOB 

61,1n11 Bhl6paHhl IIOnHKpl1CTann11-qecKHil MOnH6,neH l1 MOHOKpHCTannH ,neiiTe

poHa~TanHH8 CIO'l)8, CTpYKTYPHhl8 xapaKT8pHCTl1Kl1 KOTOphlX XOpOIIIO 

l13B8CTHH. nllfl orrpe,neneHM 3CNJ8KTllBHOro crreKTpa Heii:TpOHOB 61,1n11 
rrpoBe.nellhl .norronHHT8JIJ,Hhl8 l13MepeHRR C IIOHUKPl1CTann11-qecKl1M BaHa

.n:0.e111. CrreKTP pacceR!lhlX Ha V HeilTpoHOB rrocne BH'IHTaHRR qioHa u 

:0.crrpaBneHRR Ha rrornomeHHe B o6pa3ue o6pac5aTHBancR rro M!Il{ c 11c

IIOJIJ,30Ban11eM l!lYH~UllH (3). 06pa6oTK8 I20 TO'l8K B l1HT8pBa~e .nnHH 

BonH O, 95 + 3 ,4 A .nana ,nllfl R. l,J 3Ha'leHHe O ,OI5, rrp11qeM cpe.nHllil 
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eT8Tl1CTlitJeCRHM pas6poc COCT8BJI/IJI 0,0II. 3HatJemm rrapaMeTpOB cpyH

Rl\lU! (3) 3aTeM YTOtJIIHJH!CI:, B :mcrrep;u1.eHTax C !:lo. .lvrJI liHTeH

CHBHOCTeii 3L IIHROB Mo 6bl71 IIOJIYtJeH cpaRTOp pacxO,IJ;HMOCTH RJ1) = 0, 04 
( R (F) = 0 ,033)' cpe,nttee ::JRcrrepm~eHT8JlbHOe 3HatJemie HOPMlipOB8HHO

ro CTPYRTYPHOro qJ8RTOpa Mo COCT8BHJIO ~ = 2,002±0,03 ( F,. = 2). 
MttTeHCl1BHOCTH H3MepeHHblX ,1J;11cpp8RllHOH!lblX IIBROB OT C10D8 cpaBHliB8-

Jll1C!, c pactJeTOM no .naHHblM pa60TH G.S.Pawley,E.A.Yeats.Acta Cryst. 
B25, 2009 , 1969. KoHetJHble 3HatJemm cpaRTOpoB pacxo.UHMOCTH COCT8-

BHJIH R(I) = 0,066 n R(F) = 0,052 .UJIH apepHtJecRoro o6pasaa ¢ 15 MM. 

3TH pesy JII,T8TH IIO,IJ;TBep,nnnn rrpaBHJlbHOCTI, IIPHMeHJieMOM MeTO,IJ;l1Kll 

BBe,nemm rrorrpaBOK B HHTerpa71I,HH~ liHTeHCMBHOCTli li II03BOJlliJIH rrpo

BeCTli CTPYRTY paoe liCCJle,noBaHHe RPHCT8 71718 .neiiTepnpoB8HHOro Jl8HT8H

-MarttneBoro HHTpaTa. 

YTotJHeHHe CTpyRTypu La.Mg3 (N03 ),2.·2.47)2 0 {/fl1 NJ 
R - +• V + Z (rrp.rp. 3, a= II,041:!:0,005, c = 34,6IO-O,OI5, = 3). 

MsMepeane oTpa)l(eHnii OT KPliCTanna LMN rrpoBe,netto rrpn cpnRcnpoBaHHOM 

yrne pacce.HHIDI 2& = 90° B HHTepBane .nmm BOJ+H 0,8 + 6,0 A, tJTO 

.nano 011:0JIO 200 He38BliCHMblX IIBROB. 0,IJ;l1H li3 3KCIIepnMeHT8JlbHHX 

crreRTpoB rroRasaH aa pnc. 4. 3a.natJeii nccne.noBaHH.H .HBJIHJ1oc1, orrpe.ne

nett11e CTPYRTYPHHX rrapaMeTpoB aToMoB ,neiiTepIDI B LMN, .naHHHe o 

t 
0 

-.ooof- 1 
""'' LorMQ,t,,,O,l,.•?t,D/.) 

,ooot I ll 
,....,. 
c:•t/!IOO 

2000~ 

JJL i IUJ i i. 
,ooo I l • 

,00 300 "'° ,00 600 100 .;,, .:,, N 

~' ,,o " "" ll,.!> - ),0 3.!i lo/J U -... 

Tue. 4 • .ImcppaRiruoHHblii crreRTp OT rrnocRocTn (DOI) RpllcTanna LMN. 
lllllpnua R8H8718 BpeMeHHOro RO,nllpOBillMRa ~ t 

10 

.1,, 
.. i l 
\\ 

1 

I 
'} ij: 
'~ 'f. ,, ~, 

T.H)l(eJIHx 8TOM8X 6paJ11iC!, H3 peuTreaorpacpntJeCROro 8H8Jlll38 H30MOpqJHOM 

CTPYKTYPH Ce2,/vlg3(N~iz2qHzO- ~o YTOtJHeHIDI xapaRTepllCTl1R 8TOMOB 

.neiiTep!IB Me~ny ll3MepeHHHMli ll BH'lllCJleHHb!Mll llHTeHCMBHOCT.HMll ,uncppaR

IJllOHHHX IlllROB H86JIIO,IJ;8JIOC!, CllJll,HOe pa3Jlll'!lle (R (I) = 0,42)' Bap1,-

11poB8Hlle ROOP.D:l1H8THHX li ll30TpOIIHHX TeIIJIOBHX rrapaMeTpoB BOCI,Mli 

HesaBncl1MHx aTOMOB .neiiTepIDI LMN rrpnBeno K R (I) = 0,14. B 
T8671. I, 2 11 3 rrpMBe,UeHbl OTHOCHTeJII,Hble KOOP.llllH8Tbl 11 TeIIJIOBble rra

paMeTp,i 8TOMOB .neiiTepIDI rrocne YTOtJHeHIDI li COIIOCT8BJle!lbl HeKOTOPfle 

,IJ;JIHHH CBR3ei1: li BaJleHTHble yrJlbl, pacctJHT8HHble no peuTreHOBCRHM 11 

HeiiTPOHHblM ,IJ;8HHblM (P 03HatJaeT Bo.nopo,n liJIH .neiiTepnii COOTBeTCTB8H-

HO). CncTeMaTHtJeCKllM xapaRTep li3MeHeHHii .UJIHH CB.H3eii 11 B8JleHTHblX 

yrJIOB 06'.b.HCH.HeTC.H pa371H'll!eM "pettTr8HOBCKl1X 11 li "HeiiTpoHHb!X" KOOp

.U11H8T .neiiTepH.H H3-38 CMemeHH.H ero 3JleRTpoHHOro 06JlaRa R 8TOMY, C 

ROTOpHM OH CB.H38H. 

Ta6nnaa I. 0THOCl1TeJlbHbl8 KOOP.UHH8TH li ll30TpoIIHHe T8IIJIOBHe 

rrapaMeTp,r 8TOMOB .neiiTepIDI. CTaH.napTHble OTRJIOH8HlilI 

COCT8BJI.HIDT ~(x) = ~(~) = 0.003, a-(n = O.OOI, 
oz 

c-(8) = I.O A • 

ATOM X g 2 B A2 
, 

D(IWI) 0.070 0.190 0.058 2.6 
1)(2\JI) -0.007 0.226 0.022 4.I 
'Z)( I\J 2) 0.170 0.050 0.370 2.5 
2)( 2\J2) 0.167 -0.068 0.393 I.2 
Z)(I\,/3) 0.253 O.I99 0.452 I.5 
2)( 2\../3) 0.152 0.213 0.477 5.3 
2)(1\../4) 0.235 0.195 O.I07 3.I 
2)(2\../4) O.I2I 0.195 0.130 3.0 

C 3TllM )l(e Rp11cTaJ1J10M LMN rrpoBe.neHH H3MepeHIDI ua pasf!blx yr

nax pacce.HHIDI, '!TO ,naeT B03MO)l(HOCTb IIOJIY'll1Tb 38Bl1CliMOCTb F3 ()..). 
Ha p11c. 5 rrpe,ncTaBneau tteRoTop,ie ns rronytJeHHHX peaynnTaToB .UJIH 

pa371HtJHblX rrop.H,IJ;KOB OTpa)l(eHIDI OT IIJIOCROCTl1 (DOI). 
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Ta6mrua 2. CpaBH8HR8 H8KOTOpbIX H8HTPOHHbIX H peHTrBHOBCKRX M8JK-

8TOMHbIX ·paccTO.fIHRit.· B rpaqie "PaccTO.fIHll.fl 11 nepBblii CT07l-

6eu - HeiiTpOHHble, BTOpoii - p8HTreHOBCKR8 paccTO.fIHll.fl. 

ATow PaccTORHll.fl, A Pa3H. ,A 

O(W l) - P( lW l) 0.97/3/ 0.75 0.22 

O(WI) - P(2Wl) 0.99/4/ 0.7I 0.28 

O(W2) - P(l\./2) 0.87/3/ 0.53 0.34 

O(W 2) - P(2W2) 0.97/4/ 0.81 0.16 

O(W3) - P(IW3) 0.97/3/ 0.76 0.21 

O(W 3) - P(2W3) 0.68/4/ 0.63 0.26 

O(w' 4) - P( lW 4) 0.98/4/ 0.87 O.II 
O(W4) - P(2W4) l.00/3/ 0,82 O.I8 
P(l'wI) •• ,O(W 4) l.86/3/ 2.II -0.25 

P(2w'l) •• ,O(Nl2)
1 

2.02/4/ 2.31 -0.29 

P(lW2) ... 0(J\/II)' 2.13/4/ 2.50 -0.37 

P(2W2) ••• O(Nl3)' I.81/4/ I. 98 -0;17 

P(I\,,/3) •• ,O(W 4)' I.85/3/ 2.06 .-0.21 

P(lW4) ••• O(N23)
1 

I. 93/4/ 2.13 -0.20 

P(2W4) ••• O(.,V2I) 2,16/4/ 2.40 -0.24 

P(2W4) ••• O(N22)' 2.41/4/ 2.41 -0.00 

Ta6nll1la 3. CpaBH8HR8 H8KOTOPHX H8HTPOHHbIX R peHTreHOBCKRX BaJl8HT-

HHX yrnoB, B rpaqie "Yron" nepBHit cTon6eu-HeiiTpomrue, 

BTOpoii - peHTreHOBCKRe yr7lbl, 

ATOMbl Yron,rpa.n. --
O(W I) - P( lW l) ••• O(W 4) 173/3/ 158 

O(\J I) - P(2W l) ... O(Nl2)
1 

164/3/ 157 

O(W2) - P(lw'2) ••• 0(NII)' 160/3/ 146 

O(W2) - P(2w'2) ••• 0Wl3)' 177/2/ 168 

O(W 3) - P(lW 3) •• ,O(W 4)1 
175/3/ 168 

O(W4) - P(lw'4) ••• 0(//23)' 162/3/ 144 

O(W 4) - P(2W 4) ••• 0(//21) 153/2/ I42 

O(W 4) - P(2W 4) ••• O(r/22)
1 

II4/3/ I27 
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PHc. 5. CTpYKTYPHb18 qJ8KTOp!,l H8KOTOpbIX nopJIJUWB OTpalK8Hll.fl OT nnoc

KOCTR (OOI) KpncTanna LMN, R3MepeHHHe npn pa31lliX .nmi
Hax BOJlH. 

B I~ BBO,Ul171RC:& TIOTIP8BK!1 H8 3(Nl8KTRBHblfi CTI8KTp, TIOr7lO[U8Hl!8 :11· SKC

TRHKURIO, Ms PRC, 5 Bil.UHO, 'ITO F3 ql8KTR'!8CKR B npe,nenax CT8Tf\'!8C

KRX O!llliClOK He S8BRCRT OT A , 'ITO OSH8'!88T KOppeKTH!iii Y'IeT nepe

'!ilC718HHbIX TIOTipaBOK, XapaKT8pHCTl1KOH TO'!HOCTR BBe,neall.fl nonpaBOK 

MOJKeT 6!iT:& BBJIH'IRHa R '= .2 Ii:;-~ I / ;£ F~ ( cyuMa sHa,ie11nlt, nony

qem1ux npn pasmcr ,,l ) • .l(Jill 0T,1(8JI:&Hb1X 110 pll,l(IWB 0Tpa.l!WHJ11l R.
1 

M8H/IJIC/l 

OT o, 7% ,1(0 l, 5%, C0CTaB!lllll ,!(JIil BC ex 11s11e pemrnx T048K I, 2%. 

06HapYJKeHne caepxcTpyKTYPH .nucyn:ogmna TannM-ran!IR.fI,Xan:&Ko

rean.UH TRITa Te GQ)(.? .fIBJl.fIIOTCR CJlORCTliMil IT071YTIPOBO,UHRK8Ml1, ll ()l:,IJlll 

OCHOBBHR.fl TIOJlaraT:&, 'ITO TlfJ;_Sl. RM88T CB8pXCTPYKTypy C TI8pil0.UOM 

ITO OCH c, ITPRM8PHO B 8 pas npeBbllli8IO[UllM OCHOBHOH, 3H8'!8HIDI napa

M8Tj)OB 3718M8HTapHoii RtJ:efimt H8XO,UR7lllCb RS .URWPBKIU!OHHbIX CTI8KTpOB 

c_8'!8Hilll [1,,oeJ, [oke] ll [h/,e] , 11SMep8HHbIX ITpil 20= 160°, 

CneKTp!i perHcTpnpoBanucb aHanHsaTopoM c nocTORHHOii ru1tpuHoii: Bpe

MBHHoro KaHaJla t'o ' TI07lOlK8HRJI .Ul!(!)P8KI1I!OHH!iX ITl!KOB o6pa6awBaJlllC:E, 
ITO MID{ C HCIT07l:&SOB8HI!8M qlOPMY7lbl 

NK = C1 / 1-11( -1- C2 , (4) 

r.ne C 1 - nocTORHHaJI ITp1t6opa; Ii,,_-·· MO.UYJlb BeK·Topa o6paTHoil pe-

rneTKR K -ro nop.R.nKa oTpaJKeHR.R, C.? - CJUlHr MBlKUY sanycKoM · 
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8H8/U!38TOpa :U llMn;/Jl!,COM MOlliHOCT:U :UCTOtJHRK8 HeiiTpOHOB. Be/IRtJRH8 Ci 
6mrn onpe.neneHa B :mcnep11MeHTax c rron:uKpncTannwi:ecKRMn allMa3oM, 

Kp8MHR8M U MO/l:116,neHOM, a T8KlK8 MOHOKPRCT8/l/IOM Kp8MHIUI C TOtJHOCT!,IO 

0,02% (3TH 3KCnepUM8HTH T8K~e onRC8Hhl B rn. lY). C ytJeTOM CHCT8-

M8TlltJ8CKHX norpelliHOCT8ii npn YCT8HOBK8 R IOCTRpOBK8 o6pa3U8 ll H8-

onpe,nell8HHOCTR B KOHCT8HT8 npR6opa nonytJ8Hhl cne,D;YIOlliH8 KpUCT8/l/IO

rpaqmtJeCKU8 .naHHhl8 ,ll/lR Te (;.Q. S 2. : 

CR!',1M8TPRR: P 21/m :U/l:11 P 21 , 

+ 0 
a= B = 7,314-0,004 A, 
c = 59,99±0,03 A, c/a = 8,2, 

'a = 90°10±7' 
0~ 

~ = 3200, 5 A , 2 = 32. 

113ytteHRe xapaKTepRCTRK g0Me
0

llfioii CTPYKTYPhl .zw.neiiTepoq)oc<paTa 

K87IRR. KaK OTM8tJ8/IOC!, Bhllli8, ,llBIT RBIIR8TCR OtJ8H!, sipqleKTllBHhlM npR-

6opoM ,D;/IR R3YtJ8HRR 60/l!,lli:UX 06'b8MOB B o6paTHOM npocTpaHCTBe. TaKaR 

Heo6xo.nllMOCT!, B03HUK88T, B 'l8CTHOCTR, rrpll :UCC/l8,llOB8H:UR reoMeTp:U

tJ8CKHX xapaKT8PllCTRK ,ll0M8HHHX CTPYKTYP B Kp:11CT87l/l8X. B ,llRCCepTa

URll rrpRBe.neHH pe3y /l!,T8Thl 3KCnepllM8HTOB C C8rH8T03/l8KTPRtJ8CKllM 

Kp:ucTannoM K'D2 P04 (np. rp. F"iio/2, a= 10,55, c = 6,98). lfaMe

pRnRcI, .nBYM8PHhle ,l\llqJpaKIUIOHHhl8 cneKTPhJ B KOOP.nRH8T8X ( {: , 20) C 

IIOMOlli!,IO CKaHRpoBaHRR .neTeKTOPOM. IlpR nepexo.ne o6pa3U8 qepe3 TOtJKY 

KropR (Tf 214 K) Ha611~na11oc1, pacmenneHRe .nRwpaKIJROHHhlX IIRKOB 

(cM. pnc. 2), 'ITO CBll,D;8T8/l!,CTBOBano O noRB/l8HllR B o6pa3U8 Tp8HC

wopM8UROHHhlX .llBOHHRKOB. 06pa60TK8 3KCnepmneHT8/II,HhlX cneKTpOB 

38K/l!OtJ8/l8C!,, Bo-nepBhlX, B nocTp08HllR C8tJ8Hllii Y3110B o6paTHOii pe

lli8TKR KPHCT8/lll8, BO-BTOphlX, B BhltJllC/18Hllll 11 8H8/lll38 BP8M8HHoro :U 

yrnoBoro cetteH11ii I ( i.) 11 I (2 e ) , nonytteHHh!X RHTerpilpoBaHlleM 

.llBYM8pHoro pacnpe,neneHRR llHT8HCHBHOCTU COOTB8TCTB8HHO no 20 H/l:11 

t . Ha p11c. 6 npHBe,lleHo ce'leHlle y311a (660), npeo6pa3oBaHHoe 

B KOOp,n;llH8Thl o6paTHOii pemeTKR ( x* ' g* ) . 0T'l8T/IRBO Bll,D;HO pac

menneHR8 ;/3118 Ha Tpll KOMTIOH8HTH, 'ITO nO,llTBep~naeT ll3B8CTHhl8 Ba

pll8HThl ynaKOBKH ,llOM8HOB B "/j K'l) p, OTB8'l8!0lliH8 npoCThlM C,llBllraM no 

HanpaBll8HMM (110] 11 [iroJ C coxpaHeHlleM CII/IOlliHOCTll KpllcTanna. 

Onpe,neneHH8 napaMeTpoB pacmenneHHR IIRKOB noaBO/IR/10 Bhl'l11C/l11TI, i 

yron cnoHT8HHOro C,llBllra, KOTOPhJi1 OK8387IC.fl paBHhJM U.,t(3I,3±o,6) 

H H3M8H8Hll8 napaMeTpoB 3/l8M8HT8PHOi1 .fl'leitK11 rrpll nepexo.ne 

IACI("" IA 8 I = 0,052 A. 

14 

(li60) vt r~:;A' it)\'\ I\, II i 
0.570 

~ ~0.56Q 

-0,570 X: A_, -0.560 

- .. " PHc. 6, Ce'!eHne y3na (660) 'DK1)P npn T < Tc B Koop,n;RHaTax ( x ,:J ) • 

B IIOC/18.I(Heu,5,rnaBe onRC8HO C03,ll8HHOe M8T8M8THtJ8CK08 o6ecne

tJeHne 3KcnepnMeHTOB Ha .IU311. OHO COCTO:UT 113 IIRTll 'l8CTeii: nporp&!M 

Ilp8,l\BapHT8Jl1:,HIDC paCtJ8T0B 1 0 pli811THP0BaHHJl M0H0KPHCTM/I0B, YT0'lH8Hllll 

napa.MerpoB 3neMe11rapaoll 1111e!lKn,npe,I1;Bap11reJIJ:,HO!l o6pa6orKn cneKrpoB 

n onpe.neneHRR CTPYKTYPHhlX xapaKTep:ucTllK o6paaaa,• Bee nporpaMMh! 

Han:ucaHH Ha R3h1Ke <WPTPAH-4 11 a.nanT11poBaHH K 3BM E3CM-6 :ii 
C,UC-6500, 

QCHOBHhle pe3y/l!,T8Thl ,imccepT8UllOHHOii pa6oTH 

I. Co3,D;8H8 YCT8HOBK8 - H8HTPOHElhlii .umppaKTOM8Tp no BP8M8Hll 

aponeTa .ll/lR llCC/l8,llOB8HRR MOHOKpRCTannoB. 

2. Pa3BllT8 M8TO,D;llK8 ll coa.naH KOMnneKc nporpaMM ,ll/IJl 3BM, KO

TOPbJe II03BO/IJl!OT ocymecTBllT!, npe,llBapnT8/l!,H08 HCC/l8,llOB8Hll8 KPllCT87l

/l8 Ha .uBIT, o6pa6oTKY .llllWparurn.oHHHx crreKTpoB 11 nepexo.n OT ll3MepeH

HhlX llHT8HCHBHOCTeii .llllWP8KUllOHHHX IIHKOB K CTPYKTYPHHM <paKTOpaM 

KpllCT8/l/l8, 

3, Ilpe.nnmiteHH n npaKTll'leCKH llCithlTaHH MeTO,Uhl Cllt8THR .IU1WPaK

a11ottHoii RHWOPMBI!llR, n03BOIIRJOlllll8 CYlli8CTB8HHO (B 5 + 50 pa3) YM8HI,

WllTI, 06'b8M naMRTll perncTp11py10mero YCTpoiicTBa. 
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4. IloKasaHO' 'ITO rrplll BB8,D;8H:l'.!lll B llSMepemrue Ha ,UBII llHTerpam,

Hbl8 llHT8HCllBHOCTJ/l .nwiipaRIJlllOHHblX IIJ/lKOB rrorrpaBOK Ha 3qql8KTlllBHblH 

CIT8KTP, 3KCTJ/lHRlllll!O ll rrornomeHll8 H8HTpGHOB B odpasue Mo~eT 611Tb 

.D;OCTllrHyTa TO'lHOCTb orrpe,nenemm CTPYKTYPHllX rpaKTOPOB OKOJIO 5%. 

Ilplll lll3MepeHH.fJX Ha H8CR0Jll,R:l'.!X yrnax pacceRHH.fJ J/1 COBM8CTHOH o6pa6oT

K8 pesyru,TaTOB .nocTJ/lraeTM HB3aBllCJ/lMOCTb CTPYKTYPHllX ipaKTOpoB OT 

.nnlllHll BonHll B rrpe,nenax 2% B .nlllarra aoHe 0, 7 + 6, o A. 
5. rlpoBe.neHo CTPYKTYPHoe nccne.noBaHJ/18 KplllcTanna .nefiTeplllpoBaH

Horo naHTaH-MarHlll8BOro H:0.TpaTa,. orrpe,nerreHll ITOJIOJKeHRR aTOMOB .neii

TepRR B CTPYKType. 3Tlll rrono~eHIDI cymecTB8HHO OTJlll'lHll OT ITOJI0~8HJ/lH 

aTOMOB Bo.nopo.na B ll30MOptpHOH CTPYKTYP8 qepnfi-MarmrnBoro Hl'!TpaTa, 

orrpe,neneHHllX peHTreHorpa<{lmecR:I'.!. IlORa3aHO, 'ITO OTJIJ/l'll'le B OCHOBHOM · 

CBR3aHO co CMemeHH8M ll8HTpa aneKTPOIIHOrO odnaRa OTHOCUT8JlbHO R,npa, 

B TO BpeMR RaK UCRa~8HUR CTPYKTYPll ns-aa 3aM8Hll Ce Ha LQ H H 

Ha 7:) H83Ha'IHT8JlbHll. 

6. Orrpe.neneH11 ocHoBH!le KpllCTannorpaip11qecR:0.e .naHHlle .n11cynorp11-

.na TannnR-•rann:uR. YCT8HOBJl8HO, 'ITO B 0Tnll'lll8 OT paHee UM8Bllll'!XCR 

CB8,D;8HllH Kpl'!CTaJIJlbl rer;Q. Sz. rrp,ma.nne~T K MOHOK/lllHHOH CllHrOHllll lll 

odna.naIOT CB8pXCTPYKTYPHblM rrepno.noM, B 8,2 pasa rrpeBlllllaIOm:0.M OCHOB

HOH. JhrnefiHHe rrapaMeTphl aneMeHTapHofi ,1qefiKn KpHcTanna 

. a = B = 7,314±0,004 lll c = 59,99 ± 0,03 A 
1\W8.P8Hh! C TO'lHOCTb!O 6onee '18M B 10 pas clonee BHCOKOil no cpaB
Hemrn C p8!1Tr8HOBCKllM :rncnep11M8HTOM • 

7. 1fayqeHbl reoMeTplll'l8CR:1'.!8 xapaKT8plllCT1\Rll .noM8HHOH CTPYKTYPll 

C8rH8T03Jl8KTpl/l'l8CKOH ipa3ll ;mnefiTepo<{loc<{laTa Ra JIRR, rro.nTB8pll(,D;8Ha 

Mo.nenb TpaHc<{lopMaUJ/lOHHOro .D;BOHHlllKOBaHM, Hafi.neHbl B8nll'lll1Hll CITOHTaH

noro c.nm1ra Ux:; = (31,3 ± 0,6)
1

0
J11 naMeHenM rrapaMeTpOB aneMeHTap

nofi R'leiiRlll IAal :::: JAB I =- 0,05 A rrplll rpasoBOM rrepexo.ne • 

8. Cos.nanHllfi .nlll<{lpaRTOMeTp lll pa3Bl'!TaR MeTo,!(llRa rrpoBe.neHM 

.n:11rppaKlll/lOHHOro 3KCII8PlllM8HTa II03BOJIRIOT .na~e Ha cpaBHHT8JlbHO Mano

MOmHOM lllMITY1lI>CHOM HCTO'lHllK8 H8HTPOHOB 3qql8KTlllBHO H C .nocTaTO'lHO 

BblCOKOH TO'IHOCTb!O pelllaT:O MHorne aa,na'llll CTPYKTYPHOro aHannaa. 
BBo.n B .nefiCTBl\8 HOBllX MOmH!lX lllM181lI,CllblX HCTO'lHHKOB H8HTpGHOB co 

Cp8,!(HlllM IIOTOKOM OKOJIO 1012 
i- 101 H/CM2/c IT03BOJlllT Ha'laT:O Ha · 

.ru1rppaKTOM8Tpax no Bp8M8HH nponeTa ClllCT8M8TH'l8CKJ/l8 CTPYKTYPHl18 

1\CCJle.noBaHUR CJIO~HllX opraHll'l8CRllX ll 611onorlll'l8CKUX MOJl8KYJI. 
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