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Bsellenne 

llpnMeHeHHe MeTOlla BpeMeHH nponeTa llUH HefiTpOHOCTpyKTypHhlX HCCUe)lOBaHHH 
/1-4/ 

Ha HMnyUbCHOM 6MCTpOM peaKTOpe He TOnhKO llano B03MOlKHOCTb HCCUellOBaHHH 

.cTpyKTyphl TBeplloro Tena, HO TaKlKe llOKasano npeHMYI!leCTBa STOrO MeTona no CpaBHeHHIO 

C 06bi'IHbiM/
5•61• 

B CBH3H C STHM B03HHKna He06XOAHMOCTb llan&Hefiwero ycosepweHCTBOBaHHst SJtcne

PHMeHTa H 06pa6o~KH pesyn&TaTOB0 B qaCTHOCTH 0 BBelleHHH ~KTOpa ne6aa-Bannepa H 

nonpaBKH Ha SaBHCliMOCTb nornomeHHst HefiTpOHOB B o6pasne OT llUHHhl BOUHhlo 

KpoMe Toro, 6Mno neo6XOllHMO snaqnTen&no noBbiCHTb cseTocnny cneKTpOMeTpa, 
171 

qTo 6Mno AOCTHrnyTo npnMenenneM wnpoKoyron&noro KonnnMaTopa 

1. AnnapaTypa 

CxeMa cneKTpOMeTpa noKaaana na pnc. 1. nnocKnfi aaMeAnHTen& (2) snnoTnyro npn

MMKaeT K aKTHBHOfi a one nMnyn&cnoro 6McTporo peaKTOpa ( 1). B KaqecTse saMennnTena 
n; . 

npliMeHeH BOAHblfi paCTBOp 113 BO 3 • llyqoK MenneHHhlX HefiTpOHOB npOXOilHT qepe3 

CTan&HOfi nsannaTHMHHYTHbiH KOUUHMaTOp (3) connepOBCKOrO THna, HOMellleHHhllt B CTeHe 

sana peaKTOpa, BaKyyMHyiO Tpy6y {7) 0 OKHO BOAHHOH 3al!lHTbl (11) H paccenBaeTCH Ha 

nopowKoo6pasnoM o6piaane (8). PacceaJinble aa o6paane nefiTpoabi (onaospeMeaao na 
0 0 /8/ 

yrnM 52 H 90 ), npoxona qepes KonnnMaTopM (3), nonaAaiOT aa lleTeKTOpbi (5) • 

BTopaa, 6onee CBeTOCHUbHaH ycTaHOBKa AUH H3MepeHHH pacceHHHH Ba 90° COCTOHT H3 

wnpoKoyron&noro KonnnMaTopa (4) n lleTeKTopa (6). Bonee nollpo6no cxeMa aToll ycTanos

KH noKasana B sepxaeM yrny pnc. 1. 

3nec& ( 1) - wnpoKoyron&Hbllt KonnnMaTop, (2) - TpH neTeKTopa, {3) - BOilHBaH 

381!lHTa H (4) - TeneJKKa. 

WnpoKoyron&Hblii KonnHMaTop npencTasnaeT co6ofi KonnHMaTop conneposcKoro 

Tnna c ysennqennolt BbiCOToil menn c Oll~Oro Konna. lleper~nnfi Konen KonnnMaTopa BMeeT 

oKno nnowaAbiO 115 x450 MM
2

, sanRHII Konen - 115 x 1500 MM
2

• nnnna KonnnMaTopa 

3 



1000 MM. CTeHKB B npoznanKH CT8nhBhle, fio ropB30BTanu yron paCTBOpa COCT8BnB9T 

20' 
0 

no B9pTUK8nU KOnnBM8TOp OXB8ThlB89T yron 62°. KonnaMaTop noMemeu B nonsmy10 

38IllBTY (2), COCTOSilllYIO U3 nayx 60KOBhlX '18CTell0 BM9IOIUBX BbiCTynhl, KOTOphle n03BOnSI-

lOT 38IllBill8Tb KOnnBM8TOp CBepxy B CBU3y, 3anBBSI '18CTb 38IUUThl BMeeT BbiCTYnhl, 

B KOTOphlx noMemaiOTCB neTeKTOpbi, Tonmaua enos BOilhl 250 MM. KonnuMaTop .BMeCTe 

C BOilBHOll 38IUHTOII U neTeKTOp8MU CTOUT H8 nepenBUlKHOll Tene)K)te ( 4), n03BOnmomell 

yno6HO IOCTnpOB8Tb KOnnBM8TOp, 

llpaMeaeune mnpoKoyrOn&uoro KonnuMaTopa Tpe6yeT O'leHb TO'IHOll IOCTupoBKB. Oco-

·. 0 
6eHHO B8lKHO yCT8HOBn9BU9 ero CTpOro non yrnOM 90 no OTHOW9HUIO K npBMOMY ny'IKy, 

3To nocTaraeTCB c noMOIUbiO TeononnTa , noMemeuaoro aa ocn npBMoro ny'IKa, cnecapuas 

onTU'leCKaB ronoBKa BbiCOKoro Knacca cnymuT nonCTaBKoll. TBKUM o6pa3oM, wapoKoyrOn&

Hhlll KonnBM8TOp 6hln yCT8HOBneB non yrnOM 90° ±. 04' no OTHOW9HBIO K HanpaaneHUIO DpB

MOro ny'IK8, 

2, neTGKTOphl nnB WUpOKoyrOn&HOrO KonnBM8TOp8 

lliUpOKOyrOnbHbiJI. KonnBM8TOp p860T89T B CO'l8T8HHH C TpeXC9KilBOHHbiM CllBHTUnnB

IlUOHHbiM neTeKTopoM, Kamnas ceK!lUB KOToporo npencTaBnneT co6oll npnMoyron&Hhlll C'leT
/8/ 

'IUK, nocTpoe!IHbill na 6aae 4-x cpoToyMuomuTenel! ct>3Y-24 no npuanany paf>oTbi • Pa6o-
2 • 

'ISH nnomanb Ka~nol! C8KilUU 100x500 MM • fiepenHBB CT9HK8 neTeKTOpa COCTOUT U3 nna-

CTU!lbl A£ Tonmuaol! 1 MM, u nnaCTUHbl npo3p8'1!10ro nneKcurnaca Tonmuaoll 2 MM. Memny 

IIHMU H8XOilUTCB nopOWKOBbll! CBeTOCOCTBB Zn S ( AI!)+ B2 0 J , o6orameBHblll B 10 • 

Tonmuna cnon CBeTococTaBa 1 MM, neplKHTCB ou npu noMomu nucTaunuoHHbiX npoKnanoK. 

EnoK-cxeMa neTeKTOpa npe!lCTanneua Ha puc. 2. 3neKTpuqecKue uMnynbChl c napan

nen&ao BKniO'l8HBbiX cpoTOyMHOmUTenel! (no 4 B KB)KnOl! C8KilUU) nocne CyMMUpOB8HUB U 

cpopMUpOBKB nonaroTCn aa MHoroKaHan&Hhlll auanuaaTop. OnuoponuoCTb 'JYBCTBUTenbHOCTU 

neTeKTopa no acell ero nnomanu nocT.Hranacb nyTeM non6opa sneKTpuqecKUX napaMeTpOB 

u paccTOBHBB Memny cjlOToyMHOlKHTenBMU a caeTo'lyBTCTBUTen&HbiM cnoeM • Ha puc. 3 

npenCTBBneaa 38BUCUMOCTb 'JYBCTBUT9nbHOCTH OTil8nhHOi! C9KilUB ll9T8KT0p8 OT M9CT8 
. 2 

nonanaHHB yaKOro nyqKa aellTpoaoB (ce'leHue ny'IKa 5x5 MM ). Ha ocnx oTnolKeHhl 'lucna 

oTc>ieToB u MecTa nonanaBUB ny'IKa. KaK aunao ua puc. 3, onaoponsocTb 'JYBCTBUTen&ao

CTU neTeKTOpa nnonae yAoaneTBopuTen&aan. XapaKTepuCTBKU neTeKTopa u ero 'IYBCTBUTenb-

- 6 /8,9/ v HOCTb K TennOBbiM H9HTpOH8M T8KU9 me, K8K B pa OT8X o 

Ha puc. 4 u 5 npencTanneBhl aei!TpOHorpaMMhl KpeMHUB nnn onuoro u Toro me 

o6paana. KaK BHAHO ua puc. 4, npuMeaeHHe wupoKoyron&Horo KonnuMaTopa YllenB'IHBaeT 

cBeTocuny cneKTpOMeTpa aa nopnnoK, coxpauns npu STOM xopowyro paapemaromyro cnoco6-

HOCTb • Puc. 5 nuKa3hlBaeT, KaK U3Meaeane yrna paccenann n03aonsreT nepeMemaTb BHTe-

pecyromne H8C M8KCIIMyMbl B 6onee yno6Hbl9 o6naCTB AnKH BOnH, 
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·OnpeneneHHe scpcpeKTBBBoro cneKTpa 

/10/ 
B pa60Te 6Hna nonyqeua cpopMyna nnu HBTencBBBOCTH 6perroBcKoro MaKCHMyMa 

ua nopomKOBHX o6paanax B MeToAe BpeMeau nponeTa: 

1nt - c{Jo A' j F~ )Ht • (1) 

C yqeTOM TennoBHX Kone6aHHll 'lr nornomeHHB B o6paane ( 1 ) npunuMaeT Bun: 

J -c'·(J A
4

j:F 12
) A(A) 

ut o ut ' (2) 

rna J 0 - HBTeiiCHBBOCTb nana10mero cnexTpa na enuHH'Illblll HIITepBan AnKH Bonn, 

A nnBH8 BOnRhl BeliTpOHOB0 j - cpaltTOp DOBT0pB9MOCTH0 

J 0 A' - TBK B83hlBaeMHA scpcpeJtTHBBHA cnexTp, F ut = :t bl 

C - 8DD8p8TYPB8B ltOBCT8HT80 

e21rfChxlk7 1+t.; - CTpyx-

TYPBhlll cpaKTop, F' .• =·l: b e"•l e~Chxl+i,.l+fsl) 
· hkL I I 

cpaxTopa ne6an-Bannepa, A(A)- cpyBitllHB nornomenuu. 

Ha pxc. 6 npBBeneuH nanaromull cnexTp J 
0 

(J) 

- CTPYXTYPBhlll cjlaKTop C yqeTOM 

u scjlcjleKTHBBhlA cn.exTp J A' (II). 
0 

llanaromull cnexTp B3Mepuncu TaM me neTexTopoM, 'ITO u aeliTpouorpaMMa, · noMemeHBhlM 

B8 M9CTO o6pa3Ita, H3MepeHHSI npoaonunUCb DpH Manoll MOIIlHOCTB peaKTOpa, DpH o6pa6oT

Jte peaynbTaToB BBonunacb nonpaBxa Ba MepTnoe npeMB auanuaaTopa. C nen&IO nponepxu 

H3Mepeaaoro scpcpeKTBBBoro cnexTpa aecxon&Ko anaqeaull ]
0 

A' 6hlnB Bhl'IUcneHH B3 aeli

TponorpaMMhl H3BeCTBOll CTpYKTYPhl KpeMBHB, npB'I9M B paC'IeT BBOilBnCll cpaKTOp ne6au

Bannepa ( 20 •52°, 20 =90°). 

Bhl'IBCnenaHA TAKBM o6pa30M cnexTp aopMuponancu aa 3Ha'leaue HHTeHCBBHOCTH 

scpcpexTBBHOro cnexTpa. B TO'IB:e A =-I ,57 ~ • Kax aunao, peaynbT8Thl, nony'leHHhle B3 CTpyx-

TYPbi xpeMHBB, cornacyiOTCB c peayn&TaTaMB B3Mepeauu DpBMoro nyqKa. B o6naCTB Bblme 

4~ H3MepeBHB DpBMOrO ny'IB:a H3-38 HH3KHX HHTeHCHBHOCTell CT8HOBBTCB 38TPYAHHTen&-

HhlMH, B STOM Cny'lae CnenyeT OnHp8TbCll H8 9cpcp9KTHBHhlll ClleKTp, p8CC'IHT8HHhlll H3 H3B9CT

HOJI CTPYKTYPblo 

3. Y'leT TennoBbiX xone6aaull aTOMOB 

B cny'lae llpOCTbiX CTPYKTYP C H3BeCTHOll TeMnepaTYpOll ne6au nonpanxa Ha TennOBbie 

Xone6aHBB BBOilHTCll DpOCTbiM CllOC060M0 H3B8CTBhlM H3 peaTreHOCTpYKTYPBOrO 8B8nH38 
/10/ 

(BaDpHMep, ), EcnB BBeCTH STOT cjlaxTop B p8C'I9Tbl nns xpeMHUB, TO Ha6niOA89TCll 

noaumenBe cjlaKTopa pacxonBMOCTH 

:t I J :F2 - j F2 
R =· hk f exp olllo 

:t j :F~ 
hk £ calc 
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B H3MepeHHa:K npH 'XJ =90° H T •20°C R DOHHlKaeTCH C 8 AO 4%, a DpH T •350°C -

C 15 AO 6%. l13 STOrO cneAyeT, 'ITO B paC'IeTLI CDeAyeT BBOAHTb ljlaKTOp lleoaSI-Bannepa. 

B cny_q:aa CDO)!(HLIX CTpyKTyp TeDnOBOil ljlaKTOp Hy)!(HO BBOAHTb JtaK HeH3BeCTHblil napaMeTp. 

4~ YqeT nonpaBOK ua nornomeuue uel!Tpouos B o6pa3ne 

B oobl'lHOM MeToAe uel!TpOHOCTpyKTypHbiX uccneAosauxll paccMaTpHsaeTCSI 3asucu

MOCTb nornomeuHSI B o6pa3ne OT yrna 0 • B MeToAe speMeHH nponeTa nornome1111e B 

o6pa3ne SIBDSieTCSI <!JyHJCDHell ADHHbl BODHblo llnSI npoBeAeHHSI SKCnepHMeHTa obiDH BblopaHbl 

Zn ~ u W • HaAe)!(HbiM MeTOAOM onpe~teneuuSI 3aBUCUMOCTH Kos~unueuTa nornomeuuSI 

uel!TpOUOB B o6pa3ne OT ADUHbl BODHbl SIBDSieTCSI MeTOA onpeAeneUHSI nponycJtaHHSI qepe3 

uccneAyeMblil o6pa3en. 3To H3Mepeuue yAo6uo nposoAHTb ua 6enoM ny'IKe, pacceusaeMOM 

ua MOHOKpHCTanne, TaK JtaK U3MepeHHSI ua npSIMOM nyqKe 3aTpyAHeHbl U3-3a OODbWUX 

neperpy3oK AeTeKTopa B cpeAuell 'l4CTH uel!Tpouuoro cnexTpa u 6oDbmHx owu6oK B ADUHH~ 

sonuosoli 'lacTu. B uameM cny'lae MOHOKpucTann · Bi CTOSID ua MeCTe o6pa3na (8) B 

opsrrOBCKOM nODO)!(eHHH ( CM. pUCo 1 ) • 

Hel!TpOHbl OTpa)!(aDUCb OT CeMeiiCTBa nDOCKOCTeJi TUna ( h h h) , rAe h = J. •••: 6 • 

TaxuM o6pa30M MO)!(~O 6&mo U3MepSITb nponycJtauue B wupoxoM Anana3oue ADUH sonu (oT 

1 ~ AO 5,5 ~ ). l1ccneJtYeMblil o6pa3eD DOMeruaDCSI Me)!(AY MOHOKpHCTaDDOM (81 H KODDUMa

TOpOM (3) (eM; puc. 1 ). Puc. 7 npeACTaBDS!eT co6oll ueliTpouorpaMMbl, nonyqeuuble B cny

'lae o6pa3na Zn ( I - c nornoTHTeneM u 10 - 6e3 nero). AuanorU'IHble ~tuarpaMMbl 

6blnu nony'leHbl B cnyqae sonb<jlpaMa. 3 asuCHMOCTb nornomeuuSI 10 /I oT ADHHbl sonu&t 

AnSI Zn u ·w npeJtCTasneua ua puc. 8 u 9 cooTBeTcTBeuuo. npuse~teuuaSI ua puc. 10 
' 0 

ueiiTpouorpaMMa W 6una caSITa npu yrne pacceHHUSI 20 =90 • 06pa3en noMemancSI ua 

nponycKaHHe , CUMMeTpB'lHO OTHOCUT9DbHO naAaromero H OTpa)!(9HHOrO ny'IKOB, pa3M9pbl 

o6pa3ua npeBbtWaDR pa3M9pbl ny'lKa ueiiTpOHOBo 

y 39D 

<l>opMYn&t, y'IHTbtBaromue nornomeuue B o6pa3ue B 3aBUCHMOCTR OT reoMeTpHH o6pa

/11/ 
ny'lOK, UMe!OT BHA ! 

B CDy'lae npOXO)!(AeHHSI 

B cny'lae OTpa)!(eHHSI. 

-·A ( >.) = const (I /1 0 ) co a 0 

2 

A(>.)=colist _1_[ 1-(1/1
0

):i;O ]. 
fn ..!a.. 

I 

(3) 

(4) 

H eliTpouorpaMMa W o&tna o6pa60Taua no <jlopMynaM (2) u (3). B Ta6nuue 1 

npeACTllBD9Ubl pe3yDbTaTbl pllC'leTOB JIDH W C y'leTOM nornomeUIIH U Oe3 aero, a TaK>Ke 

npnBeAeHbl 3Hll'leHUH ljlyHKUIIR A·l (>.) JIDH paCC'IUTblBlleMbiX MaKCUMYMOBo 

6 

I. 

KaK BHAHO, BBeAeuue. nonpaBK.il ua nornomeuue npuBOAUT K 3Ha'IUTeDbHOMY yMeHbrue-

uuro <jlaKTopa pacXOAUMOCTn. CpaBueuue sKcnepuMeuTaDbHbiX pe3ynbTaTOB ADH 1/1 
0 

DH'IHbiMB Ce'leHHHMH He npOBOJIUDOCb BBHAY HeOJIHOPOAHOCTH TODruRHbl o6pa3ua. 
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l_'~-"'"'"-·~-·..--·, 
11, ~ 

' ~ 

~? 'H. -~ . 
.r 

hkl .i\ 
110 3.170 
200 2.241 
211 1.830 
220 f.585 
310 1.418 

,a 
/fiatc 
10.22' 

5.00 

19.62 
9.61 

18.85 

PyKonucb nocTynuna B H3AaTenbCKHil OTAen 
26 OKTHOpH 1965 r, 

'['R J t.xp ~ R A-{lt) ·r'2 
'a.~ ~ 

't.lt9 -5.7 0.155 g,03 -1.19 

3.66 -1.3 0.2¥3 lt.69 -Q3{ 

19.88 +0.3 23% 0.312 19.88 +a26 
9.54 -0.1 0.35'1 B.'tf -1.20 
2S.85 +7.0 0.380 2f.2f +2.36 

7 

Ra 

8% 



..f..... 

Puc. 1. CxeMa cneKTpoMeTpa. 
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