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MeTO.D. peI'HCTpaUHH HOimsupyromux usny'leHHll C IlOMOIUblO SIJlepHblX 

9MynbCHH Hamen llillpOKoe rrpllMeHeHHe B 9KCilepHMeHTanbHOH SI.D.epHoii ¢ll3H

Ke. C 1963 ro.u.a i..i,nSI perHCTpaUHH TSI)KenbIX sapmi<eHHbIX qaCTHU u OCKOnKOB 

.o.eneHllSI IlpHMeHSIIOTCSI TaK)Ke H .D.ll9neKTpll'!eCKHe )leTeKTOpbr. .lluccepTaUllOH

HaSI pa6oTa rrocBSIIUeHa aorrpocaM paspa60TKH MeTOJlHK perucTpauuu H .o.uc

KpHMHHaUHH TSI)KenbIX sapSI)KeHHbIX '!aCTHU C IlOMOIUblO 9T~X )leTeKTopoa. 

.ilnSI pemeHHSI HeKOTOpbIX ¢u3ll'!eCKHX sa.o.aq (HailpllMep, HCCne.o.oaaHHSI 

CIIOHTaHHO nenmrmxcg snep TpaHcypaHOBblX aneMeHTOB, ll3y'leHHSI H3OMepHbIX 

COCTOSIHHH TpaHcypaHOBhlX SIJlep) peruc;paUlllO pe.QKHX aKTOB .o.eneHHSI rrpH

XO.D.HnOCb rrpOBOJlHTb B6nH3H MllllieHH, T.e. B ycnoBHSIX 6onblli0f'O ¢oHa Heii

TpOHOB, y - ny'lefi, sapSI)KeHHbIX iJaCTllU. KpoMe Toro, HHOI'.D.a c.e~,§lflllSI _ _QQ~ 

pasoBaHllSI TaK;HX SI.D.ep ( HailpHMep, B OilbITax no CHHTesy TpaHcypaHOBbIX 

sneMeHTOB) rra.u.a10T .u.o o'leHb Manhrx sHa'leHufi .. 1 o-34cM2, u qucno perHcT-:

pupyeMbrx aKTOB CilOHTaHHOI'O .o.eneHHSI OK83bIBaeTCSI O'leHb ManbIM. TioaTo

MY rrepaoii sa.o.aqefi pa6oT, nmKaIUHX B OCHOBe JlHCCepT8UHH, 6bina paspa-

6oTKa MeTO.D.HKH, o6ecrre'lHB8IOIUefi perHCTpaUHIO H JlHCKpHMHHaUHIO OCKon

KOB neneHHSI g.o.ep Ha ¢one nerKHX sapSI)KeHHblX '!aCTHU (rrpOTOHOB,· a - qac-

• THU H T • .D..) H HefiTpanbHblX 'laCTHU (HeHTpOHOB,. y - KB8HTOB). 
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B psne ¢11311qecK1IX 9KCnep11MeHT0B (Hanp11Mep, np11 II3yqeHIIli Tp0HH0r0 

neneHII5I Mep non neficTBIIeM TIDKenhIX II0H0B, peaKUIIH B3alIM0nefiCTBIIIl 6bJCT

pb!X qacTnu c £npaMn, npn 11ccnenoBaHn11 cneKTpa T£)Kenoil: KOCMnqecKoil: 

- na6opaTopn1I £nepHbIX peaKUlill 011.811 Ha YCK0pliTene MH0r038pM Hb!X no

r: HOB, noK838Hbl B qeTBepToil: rnaBe n1IccepTaUHII. 
! 

K0Mn0HeHTbl II T.n.) B03HIIKna Heo6xonHMOCTb nlICKPliMliH8Ulili li0H0B, 0T

n1IqaIOIU1IXC5I npyr oT npyra Ben1IqnHoil: 3apsna 51npa. TToaToMy BTopoil: 38•• 

naqefi, pewaeM0H B 9TIIX pa6oTaX, 6hinO C03naHIIe MeTonoB nlICKpliMHHaUIIli 

II0H0B, 0Tn1IqaIOJIJIIXC5I npyr OT npyra no ynenbHblM no-repsM BCero Ha 20-30%. 

illICCepTaUIIIl COCTOIIT IJ3 qeTbipeX rnaB. 

Pa3n1Iq1I5I B CTeneHII II0HII38UIIII aT0M0B cpenhI nplI npoX0)KneHIIli qe

pe3 Hee ,3ap.sI)KeHHOH qaCTIIUbl li naHHbJe 06 yne,llbHbIX no'l'ep5IX 9Heprnn ne-· I_I 

)K8T B 0CH0Be BCeX n1ICKp1IMIIH8UII0HHbIX MeT9n1IK, npencTaBneHHbIX B 9T0H 

pa6oTe. TTo9TOMY B nepBOH rnaBe nnccepT8UIIli KpaTK0 onncaH MeX8Hli3M 

B381iMOneil:cTBIIIl TIDKenhIX 38p£)KeHHbIX qaCTIIU' C aT0MaMH cpenhI, B K0Topoil: 

0HII T0pM035ITC5I. O6pamaeTC5I BHIIM8HIIe Ha BKnan nepBliqHoil: li BTOpnqHoil: 

II0HH3aUHII nplI perlICTpaUIIli T5I)KenhIX 3apIDKeHHblX qaCTIIU B gnepHbIX 9Mynb

CII5IX n: nn:aneKTp~qecKnx neTeKTopax. B nocnenHeil: qaCTII 9T0H rnaBbl nplI

BeneHbI C00TH0WeHII5I npo6er ...; 9Hepr1I5I li ynenbHbJe noTepn 9Heprnll - oc

TaToqHbIH npo6er (nnlI 9Heprns) T£)KenhIX H0H0B B o6on:x Tnnax neTeKTopoB. 

Bo BTopoft rnaBe n1IccepTaU1III KpaTK0 npencTaBneH o63op nccnenoBa-

•Hllii no MexaHII3MY. o6pa30BaHII5I, npo.sIBneHII Il II nHCKplIMIIHaUIIII cnenoB 3ap5I..

)KeHHblX qacTIIU II onlIChJBaeTC5I MeTonlIKa perncTpaUIIli T5I)KenbJX qaCTIIU. C 

noM0IUbIO MenKo3epHIICTbIX £nepHbIX 9MynbCIIH Tllna TT Pl1AH. 

B TpeTbeft rnaBe npHBeneH o63op nccnenoBaH1Iii no MexaHII3MY o6pa-

30BBHIIIl cnenoB 3ap5I)KeHHblX qaCTliU B n1IaneKTp1IqecK1IX neTeKT0pax ll cno

co6oB IIX Ha6n10neH1I£. Bo BTopoil: qaCTll rnaBbl onncaHbl pe3ynbT8Tbl Me

T0nllqeCKIIX pa3pa6oTOK no perncTpaUllli li nncKpllMIIHaUIIII T5I)KenbIX 3ap5I

)KeHHbIX qacTIIU B n1IaneKTp1IqecK1IX neTeKT0pax,a TaK)Ke B0npoCbl 6hICTporo 

Il0IICKa penKIIX co6_hITIIH neneHII5I snep. 

Oco6eHHOCTII np1IMeHeH1I5I ¢oT09MynhCII0HHhlX II n1IaneKTp1IqeCKHX neTeK

T0P0B B HeK0T0pbIX ¢1I3HqecKHX 9KCnep1IMeHTaX, K0T0pb1e npoBonllnHCb B 
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B 3aKnIOqeHIIe A8IOTC5I 0CH0BHbJe BbIB0nhI pa60TbI. 

I. 

1.1. 3anaqa C03naHH5I MeT0nHKII Hane)KHOH nneHTll¢1IKaUlill cnenoB,0C

K<;>nK0B neneHII5I npn 6onb!ll0M ¢oHe a -qaCTliU li Heil:TpOHOB 6h1na nocTaB-. 

neHa B CB5I31I C IICCnenoBaHII5IMli cnoHTaHH0ro neneHII5I TpaHcypaH0BbIX £nep. 

K0T0pbie CliHTe31lpyIOTC5I B £nepHblX peaKUII5IX, npoTeKaIOIUIIX C ManhIMli ce

ll 2/ 
qeHII5IMII ' ... .... 

B03MO)KHOCTb npoBeneHII5I nneHTH¢1IKaU1III 3ap5I)KeHHbIX qaCTIIU B 9MY11b-

Clili 3aBHCIIT OT CBOHCTB BbI6paHHOH 9MY11bCllli li cnoco6a ee o6pa60TKH. B 

o6meM cnyqae, MeT0nbI nlicKpliMHHaUHli 3ap.sI)KeHHbIX qacTHU B MepHblX 

9MY11bCll5IX M0)KH0 pa3nenHTb Ha Tpli rpynnbI; 

1. MeTonhI, 0CH0BaHHhie Ha II3MeHeHIIII CB0HCTB 9MynbCIIli B npouecce 

ee 1I3roT0BneH1I£;' 

2.MeTOnhI,. 0CH0BaHHbJe Ha B03nefiCTBIIli Ha CKpblT0e II306pa)KeHne (pa3-

pyweH1Ie Hnll yc1IneH1Ie ero); 

3.MeTonbI, CB5I3aHHble C nplIMeHeHHeM oco6bIX cnoco6oB np05IB1leHH5I 

(HanpnMep, ¢n3nqecKoe np0.sIBneHne nnn o6pa6oTKa 9MY11bCHil: B pe:lKHMe 

Henonpo51aneHn£). 

nn5I nonyqeHII5I 0ilTHManbHbJX pe.synbTaT0B _6bl11li liCil011b30B8Hbl Bee 

Tpli B03M0)KHQCTli /g/. 

Q_qeBIIAHO, qTo np1IMeHeH1Ie Me11K03epHIICTbIX 9MynbClill yMeHbIIIaeT _Be

p05ITH0CTb MHoroKpaTH0ro npoX0)KneHli5I II0HH3Hpy101UHX qacTHU qepe3 onnH 

li TOT )Ke KPIICTann. TToaTOMy B 0illICbJBaeMbIX 9Kc·nep1IMeHT8X· liCil01Jb30Ba-

11llCb aMynbcnn TT-8 n T-1 Hl1K<t>l1 c BennqnHoil: 3epHa O,08MK n 0,2MK, 

C00TBeTCTBeHH0. (3aMeTHM, qT0 nanbHefimee CHH)KeHIIe BennqnHbl 3MY11b

Cli0HH0ro 3epHa 6poMIICTOro cepe6pa He IlPIIB0nllT K' ynyq111eHHIO pe3y1lbTa-

c T0B no ycTpa11eHn10 ¢a Ha / 
41 ). 
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,Ung cnsrrng ¢ona nocne SKCn03HllHH npoH3BOJ:lHnOCb qacTnqnoe pa3-

pywenne UeHTpOB CKpbITOro H306pa)KeHHg nH60 C nOMOlllbIO paCTBOpa. OKHC

nHTeng K
3 

Fe (CN)
6 

C KOHUeHTpauneii: 2.lo-52r/cM3 (npH t = 150C B Teqe

HHe 30 MHH), nn6o SMynbCHH Bhii:tep)KHBanHCb npH 100% OTHOCHTenbHOH 

ana)KHOCTH n TeMnepaType 35°C (oT 2 no 6 qacoa). 

nocne oKncnenng cnenoaano npoganenne (a pe)KHMe nenonpoganenng) 

SMynbCHii: B )Kene300KcanaTnOM npOHBHTene C E ox,R~ -235MB H pH"" 4, 7' . 

C npenaapHTenbnoii: npOIIHTKOH B paCTBOpe 0,6% K:Br llpH t = 15°C. flo CpaB

·neHHIO C npyrHMH npogBHTengMH (aMHnono~bIM, rnHUHnOBbIM, MeTonrHnpo

XHHOHOBhIM) )Kene300KCanaTnhIH npogBHTenb o6ecneqHBaeT nyqwyro aocnpo

H3BOJ:lHMOCTb pe3ynbT8TOB H 'naeT 6onee nnoTHbie cnen:&I OCKOnKOB nene

nHSI, no3aongg BeCTH" npOCMOTp na MHKpOCKone npH yaennqenHH 300-500 x. 
,Ung yaennqenHSI CKOpOCTH npoCMOTpa cnenhI OCKOnKOB nenenHSI nocne 

¢HKCHpOBanHSI ycHnHBanHCb C nOMOlllblO ¢H3~eCKOrO npOS!BnenHSI / 5 /. floe~ 

nenoaaTenbnoe npHMenenHe onHCaHnhIX BbIWe npneMOB o6pa60TKH n03Bonnno 

nane)KnO HnenTH¢HUHpOB8Tb OCKOnKH neneHHSI na ¢one a - qaCTHU, J:lOCTH

raromew ... 1011 a/c~, na ¢one nefiTponol3""1014 n/cM2 H •Y- ¢one B"'150000 

penTren. 

06pa60TKa no STOii: MeTOJ:lHKe naeT nocTaToqno 6onbIIIYIO nnoTHOCTb 

3epen B cnenax OCKOnKOB nenenHg a no3BOnSleT BeCTH npoCMOTP o6nyqen

HblX _sMynbCHH npH yaenHqenHH 150-200 X, qTo cymeCTBenno nOBhIWaeT CKO-

pOCTb. npoCMOTpa. 

1.2. B pa6oTe no HccnenoaanHro npoueccoa ¢parMenTaUHH H neneHHSI 

npH B38HMoneii:CTBHH 6hICTpbIX qacTHU C Sli:tpaMH BemecTaa, a T8K)Ke npH 

·H3yqenHH COCTaBa TSl)Kenoii: KOCMHqeCKOii: KOMnoneHTbI, B03HHKna ~anaqa 

HnenTH¢HK8UHH H J:lHCKpHMHH8UHH cnenoa MHOro3apgnnblX HOHOB, 6nH3KHX 

no 3apMy. ,Ung STOfi uenH 06b1qJio npnMengroT noaonbno Tpynoe,MKHe H ,Tpe-

6yromne cneunanhnofi annapa:rypbl MeTOJ:lhI ¢0ToMeTpnpoaanHS1. HaMH 6bma 

npHMenena neCKOnbKO Hnag MeTOJ:lHKa C npHMeneHHeM HH3KoqyaCTBHTenb

noil: SMynbCHH H noporOBblX pe)KHMOB o6pa6oTKH nng Honoa• C pa3nHqnbIMH 
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- snepreTHqecKHMH no_TepSIMH. B ocnoae ee ne)KH'X: HCnonb30BanHe CBSl3H Me)K

ny nnHnoii: BHJ:lHMOii: qacTH OCTaToqnoro npo6era HOHa H MHnHManbnoii: Be~ 

nHq_nnoil: snepreTnqecK_HX IiOTepb Hona B SMynbCHH, npH KOTOpblX cnen npo

SIBngeTCSI. Ha pHc.1 npHBenena 38BHCHMOCTb ynenbHhIX snepreTHqeCKHX no-

Tepb (dE/dx) nng pa3nHqHblX HOHOB. OT OCTB.Toqnoro npo6era HOH8 B 

SMynbCHH 161. QqeBHi:tno, qTo nnnna BHJ:lHMOfi qaCTH cnena y pa3nhIX HOHOB 

6yneT pa3nnqnofi npH o6pa6oTKe B OJ:lHOM H TOM )Ke J:lHCKpHMHHBUHOHHOM 

pe)KHMe. l1cnOnb3YSI KPHBbie dE/ dx ~ R I ynanocb npoBOJ:lHTb HnenTH¢HK8UHIO 

HOnOB J:lOCTaToqno Toqno ( C /::.Z = ±2) H 6hICTpO 

noeMKOll npouenype ¢oToMeTp~poaanHSI /7/. 

, ne npH6eraS1 K ~py-. 

HaHnyqwHe pe3ynbT8Thl 6binH nonyqenhI npH Hcnonb30BaHHH nH3KoqyacT-

BHTenbnoii: SMynbCHH ns, )Kene300KcanaTHOro npOSIBHTeng C Eox/R:d -235MB 

H c npenaapHTenbnoii: nponHTKOfi B paCTBope 6pOMHCToro KanHSI COOTBeTCT-

BYIOIIIefi, KonuenTpaUHH. lllecTb pa3nHqnhIX _no HnTenqHBnOCTH pe)KHMOB npo

ganenHSI npnaenenh1 B Ta6mrne 1 (pHc.2). 

Ta6nHua 1 

Ng_Ng Pe)KHM 06l?j!6QTKH . Ilopor niicK- HaH6onee 3aperHCT-
1111 npOIIHTKa IlpOS!BneHHe E_HMHH8- nerKaSI pe- pHpOBaH-

UHH,MaBIMK I"HCTpHpye- Hblil OCTa-
MaSI qacTHUa Toqnbifi 

npo6er nan-
noro HOHS, 

MK 

1 2 3 4 5 6 

1. H20 t-= 150c t .. 15°c 
60 MHn aMnnon 3r 0,25 a a -15-20MK 

cynh4'HT HaT-
PHSI 12 I" 

nHMOHH8SI KHC-
noTa 2 r 
Bona no ln 
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1 2 3 4 5 6 

2. 0,3% KB'I t = 15°c 0,6 B B -45MK 
t = 150c )Kene3ooKcanaT- N -65MK 
60 MIIH Hblll np0SIBIITenb, 

60 MIIH 

3. 0,3% KB'I t = 10°c 1,0 N N - 40MK 
t = 15°c )Kene300KcanaT- 0 - 60MK 

60 MIIH Hblll np0SIBIITenb, 
60 MIIH 

4. 0,6%KB'I t = 10°c 1,7 Ne 0 - 10MK 
t = 15°c )Kene3ooKcanaT- ·Ne- 38MK 
60 MIii{ Hblll npoSIBIITenb. 

60 MIIH 
5. 7,5%KB'I t = 10°c 4,0 ·At Ar- 40MK 

t = 10°c )Kene300KcanaT-
60 MIIH Hblll npoSIBIITenb, 

90 MIIH. 
6. 15%KB'I t = 10°c, 5,0 Ar Ar-5-l0MK 

t = 10°c )Kene3ooKcanaT-
60 MIIH Hblii: np0SIBIITenb, 

90 MIIH. 

Kann6poBKa (onpeneneHne'nopora nncKpnMnHaunH n Benn'IHHbl aape

rncTpHpOBaHHoro OCTaTO'IHOro npo6era) npoll3BOnnnacb C IlOMOIIlbIO 06~ 

ny•ieHllSI 9MynbCllli pa3Hb1Mll llOHaMH Ha UHKnOTpOHe Y-300 nHP. 

B OCHOBe nncKpllMHH8UllOHHOPO npoSIBneHHSI ne)KllT onHOBpeMeHHOe, 

HOC pa3HbIMll CKOpOCTSIMll, npoTeKaHne XllMH'leCKOPO ll ¢H3H'leCKoro npo

ueccoB npoSIBneHnSI oKono KpncTanna 6poMHCToro cepe6pa. Yaenn'leHne 

KOHUeHTpaunn llOHOB 6poMa B 9MynbCllOHHOM cnoe nyTeM nponnTKll B pac

TBOpe 6pOMllCToro KannSI IlOHll)KaeT CKOpOCTb XllMll'leCKoro n IlOBbIWaeT 

CKOpOCTb ¢nan'leCKoro npOSIBneHHSI. KoaueHTpaU~H paCTBOpOB 6poMHCTOPO 

KannSI, KOTOpblMH no npoSIBneHHSI coanaaanacb onpeneneHHaSI KOHUeHTpa-. 

UllSI llOHOB 6poMa B 9MynbCHll, ll pe)KHM o6pa60TKll non6npanHCb 9KCne

pnMeHTanbHO. 

llattHaSI MeTonnKa MO)KeT 6bITh ncnonbaoBaHa TaK)Ke nnSI onpenene-. 

HHSI 6nonorH'leCKOli noabI KOCMll'leCKOPO H3ny'leHHSI 
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B nocnenHne ronh1 B 9KCnepnMeHTanbHOR SinepHOR ¢nanKe nonyqnnn 

pacnpocTpaHeHHe nnaneKTPH'lecKne neTeKTOpbI aap=eHHbIX 'laCTHU. Haqano 

·paapa6oTKll 9TOH MeTonHKll 6bmO nono)KeHO CnnKOM ll EapHeCOM/8/, ITpaii

COM, Y oKepoM 191 , K0Toph1e npnMeHHnn cmony nnSI perncTpaunn cnenoB oc

KonKOB neneHHSI. Ho BBnny Toro, 'ITO B TO BpeMSI ewe He yMenn ycTpaHSITb 

BblCOKllli ¢oH cnenoB OT OCKOnKOB neneHllSI IlpHMeCHbIX Mep ypaHa ll npyrnx 

nenSIIIIIIXCSI aemecTB, 9TOT neTeKTOp He Hawen wnpoKoro llCilOnb30B8HllSI B 

nccnenoBaHHSIX gnepHbIX B38llMOneRCTBllli. B03HnKna aanaqa IlOllCKa HOBbIX 

neTeKTOpOB ll cnoco6a ycTpaHeHHSI co6CTBeHHOro ¢oHa ll3BeCTHblX neTeKTO

poB. 

Bo ll rnaBe nHccepTaunn npnBOOSITCSI pe_aynhTaTbI, nony'leHHbie npn pas-

pa6oTKe nHaneKTPH'leCKllX neTeKTOpOB nnSI perµcTpaunn n nncKpllMllHBllllll 

llOHOB ll OCKOnKOB neneHHSI B pa3nll'IHbIX ¢n3H'leCKllX 9KCnepnMeHTax, npo

BonnMbIX B na6opaTOpllH gnepHbIX peaKUllli Ol15Il1. B o6aopHblX naparpa¢ax 

9TOli rnaBbl npnBeneHbl nnTepaTypHbie naHHbie O MeX8Hll3Me o6pa30B8HllSI 

cnena llOHa ·B nHaneKTpHKe, 0 'IYBCTBHTenbHOCTll, pe)KHMaX o6pa60TKH, cno

co6ax o6Hapy)KeHHSI cnena n npnMeHeHHSI neTeKTopoa B paann'IHblX o6nac

TSIX nccnenoBaHnH. 

2.1. 06bl'IHO K nnaneKTpll'leCKllM neTeKTOpaM, llCilOnb3yeMbIM B ¢11311-

qeCKllX 9KCnepHMeHTax C TSl)KenbIMll llOH8Mll, npen'bSIBnmoTCSI cneny10mne Tpe-

60BaHnSI: 

1 ) nocTaTO'IHO BblCOKaSI a¢¢ eKTHBHOCTb perHCTpauun; 

2) Hll3KOe con ep)K8HHe nenSIIIIHXCSI BeIIIeCTB B neTeKTope; 

3) OTCyTCTBlle 'lyBCTBHTenbHOCTH K nerKHM aapSI)KeHHblM qaCTHUaM, 

HeRTpOHaM ~ y - nyqaM; 

4) oTcyTCTBne ¢ona aa reonornqecKHR nepnon o6paaoBaHHSI aewecT

Ba ~ ¢ona, HMllTHpyrom.ero co6bITHe, B03HHKaIOIIIee 38 C'leT MexaHH'leCKHX 

IlOBpe)KneHHli IlOBepXHOCTlli 

5) TepMOCTORKOCTb, aanaBaeMaSI ycnOBllSIMH OilbITa; 

9 



6} JlOCTaTO'IHO BbICOKaSI CKOPOCTb npOCMOTpa. 

C STOH T0'IKII 3peHIISI 6bmll HCcne)lOBaHbl CHnHKaTHbie, cpoccpaTHbie, 

/10 11/ 
KBapueBbie cTeKna, naBcaH ( nonHSTHneHrnHKOnbTepecpTanaT} n cmoaa ' • • 

B Ta6nnue 2 npHBe)leHbl xapaKTepHCTHKll yKa3aHHbIX )leTeKTopoB. 

2.2 •. B JlHCCepTaUllll npn:Be)leHbl pa3pa6oTaHHb!e HaMll peuenTbl ll pe

)KHMbl o6pa6oTKH pa3nll'1Hb!X JleTeKTopoB, Y'IHTb!BaJQIIllle pa3nll'IHbie ycnoBllSI 

:3KCilePHMeHTOB, B KOTOPblX OHH ncnonb3YIOTCSI. 

IlnSI 6bICTporo IlOHCKa pe)lKHX co6bITHH aeneHHSI Slllep (aanpn:Mep, SI)lep 

104 sneMeHTa} pa3pa6oTaH llH)lHKaTOpHhlH MeTO~ npOCMOTpa naBCaHOBOH 

nneHKll, KOTOpaSI cny)KllT )leTeKTOpOM / 121. Tiocne SKCilOHllPOBaHHSI nneaKa, 

TOnIIUIHQH 15-20 MK, 06pa6aTb1BaeTCSI B paCTBOpe KOH TaKllM o6pa30M, 

'IT06bl nony'IHTb CKB03Hble cne)lbl OT OCKOnKOB aeneHHSI ( pnc.3}. 3aTeM 

STa nneHKa HaKaTbIBaeTCSI Ha cneunanbHb!H cnoii MenKo3epHHCTOH :3Mynb

cnn, nponHTaHHb!H paCTBOpOM, llH/lllKaTopa 6pOMKpe3ona nnn 6poMcpeaona, 

KOTOpb!ll B meno"!HOH cpeae HMeeT CHHIOIO OKpacKy. 3MynbCHSI npe)lCTaBnSI

eT co6oii TOHKHH )KenaTHHOBblH cnoii c paBHOMepao pacnpeaeneHHb!Mll B Heii 

KpHCTannaMH BaSO 4 pa3MepoM .. 0,08 MK. Ha noBepXHOCTb ,HaKneeHHOH 

naBCaHOBOH nneHKll HaHOCllTCSI TOHKllH cnoii KHCnOTbI. KncnoTa npOHllKaeT 

no CKB03HhlM KaaanaM cne)lOB OCKOnKOB aeneHllSI B naBCaHe K llH)lllKaTop

HOMY cnoro ll OKpaIIIHBaeT ero B )KenTb!H UE-eT. O6pa3yIOTCSI IlSITHa pa3MepOM 

1-2MM, KOTOpb!e MO)KHO aa6nroaaTb HeBoopy)KeHHbIM rna30M. OnncaaHaSI 

MeTO)lHKa Il03BOnHna npOH3BOJlHTb npOCMOTP :3KCilOHllPOBaHHOI'O MaTepnana 

co CKopoCTbIO ~300 qv1.2 /qac. 

2.3. B )lllCCepTaUHH noapo6Ho paCCMOTpeHbl B03MO)KHOCTll CHll)KeHHSI 

ypoBHSI !pOHa B )leTeKTOpax. TipaBHnbHbiii pe)KHM TpaBneHHSI yMeHb

IIIaeT Bep0SITHOCTb B03HHKH0B9HHSI C06b!Tllii, llMHTHPYJOlilllX cnyqa11 ne11eH1ISI, Y M9Hb

IIIeHne KOHUeHTpaunn aenSIIIIllXCSI npnMeceii B )leTeKTope TaK)Ke Be)leT K CHll

)KeHHIO !pOHa, oco6eHHO, ecnn )leTeKT0pbl )l0n)KHbl pa6oTaTb B ycnoBHSIX Bbl

C0K0I'0 HeiiTp0HH0I'0 cpoHa. H, HaK0Heu, HarpeBaHne npn onpeaeneHEOH TeM

nepaType )l0 :3KCil03HUHH ll annTenbH0e TpaBneHne Il03BOnSiroT ycTpaHHTb 
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I 

¢oHOBbie co6bITllSI, o6pa30BaHHbie paHee. B '18CTHOCTll, noK838HO, 'ITO Har

peBaHlle Cll!Ollbl-MYCKOBllT8 npll. TeMnepaType ,..,. 600°c B Te'leHlle .,.,6 '18COB 

1 H nocneo.yJOIUee llJlHTellbHOe TpaBlleHlle B KOHUeHTpllpOBaHHOH nnaBllKOBOll 

KllClIOTe B Te'leHlle ~70 '18COB npll KOMH8THOH TeMnepaType, n03BOllffiOT 

ycTp8HllTb ¢oH, KOTOpb!ll o6pa3yeTCSI npll o.eneHllll npHMeceii ypaHa 38 reo

lIOrll'leCKllii nepllOll cymeCTBOB8Hll SI Cll!Ollbl / 
13 

/. 

2.4. DHaneKTpll'leCKlle o.eTeKTOpb!, TaK :lKe K8K ll SIO.epHbie SMYllbCllll, 

p83llll'18!0TCSI no 'IYBCTBllTellbHOCTll K TSI:lKellbIM 38pSI:lKeHHbIM '18CTllU8M C 

. p83lIH'IHbIMH y.llellbHb!Mll noTepSIMll. 3TO n03BOlISieT npOB~.llllTb .llllCKpllMllHa-

Ull!O 'laCTHU c noMOIUb!O pa3lIII'IHbIX o.eTeKTopos, 'IT01 OJlHaKo, He acerJla 

yo.o6Ho. TioaTOMY Mb! nbIT8llllCb npOBeCTll llHCKPllMllH8UH!O C noMOIUb!O COOT

BeTCTayrometi: o6pa60TKll, B OCHOBe KOTopoii lle:lKallo npeJlnOlIO:lKeHne, 'ITO 

llOHbl C pa3llll'1Hb1Mll YJlellbHbIMll noTepSIMll aHeprllll o6pa3yIOT K8H81lbl pa3-

1I.ll'IHOro llll8MeTpa / 1 41. 

Hccneo.oBalIHCb JlBe B03MO:lKHOCTll pa3o.eneHllSI ClleJlOB llOHOB ll OCKOll

KOB JlelleHHSI. TiepBaSI CBSI38H8 C llCnOllb30B8HlleM BllllSIHHSI HarpeaaHllSI Ha 

CTpyKTypy K8H81IOB. B CBSI3ll C STllM o.eTeKTOpbl ll3 Cll!Ollbl, 0611y'leHHb1e llOHa

MH aproHa ll OCK01IK8Mll o.eneHllSI, nocne 8KCn03llUHll HarpeBallll npll pa3llll'IHbIX 

TeMnepaTypax. TioKa3aHo, 'ITO Cllellbl aproii:a ycTp8HSIIOTCSI nolIHOCTbIO' npll 

TeMnepaType 400°c, B TO BpeMSI KaK Cllellbl OCKOlIKOB JlelleHllSI coxpaHSIJOT 

CBO!O JlllllHy ll p83Mepbi ( pllC. 4,5) • 

BTopaSI B03MO:lKHOCTb CBSI38H8 C pa3llll'IHOH CKOpOCTb!O ycnneHllSI KaHa

lIOB .P831IH'IHblX P83MePOB C nOMOIUb!O TP8BHTelISI. Ha Cll!O.lle C nOMOIUb!O COOT-

0 
. BeTc.Tayromero pe:lKllM8 Tp8BlleHllSI (30 ceK B 48% HF npll t .. 90 C ) YJl8-

·1IOCb JlllCKpllMHHllPOB8Tb ClleJlbl llOHOB aproHa ll OCKOlIKOB o.eneHHSI • 

06e MeTOO.IIKII (H36llpaTellbHblll OT:lKllr II ~na6oe TpaaneHlle) llllCKpH

MllH8UllH ClleJlOB OCKOlIKOB o.eneHllSI OT llOHOB aproHa 6blllll ncnollh30B8Hbl 

B 8KCnepllMeHT8X no HCClle.llOBaHH!O TpciiiHoro JlelleHllSI Mep ypaHa,. 301IOTa 

. /15/ 
II TOPllSI B peaKUHSIX C llOIIaMll aproHa . 
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)' 

. ; B o•cceprnnHH noxaaaHo He~o,u,xo npHMepoa cnenml•= npnMene••• I
I 

'

•·MepHblX aMyllbCIIH II JlllSlleKTpll'leCKIIX JleTeKTOPOB B SKcnepJIMeHTaX, npo-

BO)UMblX a na6opaTopllll SlllepHbIX peaKUHH. · . 
3. 1. P ao.Horpa¢HSI npenapaToB, COJlep:lKBIUllX JlelISIIUlleCSI Slllpa. Tipll npo-

f Bell~Hllll TaKoro poo.a pa6oT npllMeHSI!OTCSI K8K J:lllalleKTPll'leCKlle JleTeKTOpbl, 

l KOTOpb1e nerKo nroBonSIIOT onpeo.enSITb KOllll'leCTBO ll pacnpeJleneHHe no nno-

1/: IU8llll cny'laeB JlelleHHSI, .TaK ll SIJiepHbie SMYllbCllll, KOrJla Heo6XOJlllMO npo-

u ~ 
BOllllTb ll3MepeHllSI yrlIOBbIX llllll aHepreTH'leCKllX pacnpeJlelleHllH OCKOlIKOB 

l 
f 
t 
I 
f 
iii 

o.eneHHSI. C nOMOIUbIO JlllSlleKTpll'leCKllX JleTeKTOpOB npoll3BOJllllIHCb H3Mepe

HHSI KOlIH'leCTB8 ll pacnpeo.eneHHe no nnomao.H B0IUeCTBa Ha MHIU0HSIX H3· 

240 242 244 241,243 
Pu , Pu , onpeo.e11SI1IaCb KOHU0HTpaUHSI Cm B MllW0HSIX H3 Am• 

Own6Ka B H3MepeHUH KOlIH'leCTBa B0IU0CTB8 COCT8BlISill8 ± 10%. 

~ TipH H3Y'l0Hllll XHMH'l0CKHX CBOHCTB MeHo.eneBHSI ll ¢epMHSI 116,17/ B 

aKcnepHMeHT8X 6blllll HCnOllb30B8Hbl K8K SI.llepHb!e SMYllbCllH, TaK ll CTeKlISIH-

Hbie o.eTeKTOpbI. 

DnSI Bblll01IH0HllSI T8KHX OnbITOB H006XOO.HMO 6blll0 HM0Tb pa:cnpeo.eneHHe 

SI.llep MeHo.eneBHSI ll ¢epMHSI no KannSIM, B CBSI3ll C 'leM B03HHKlla npo6neMa 

pern:cTpaUHH o.eneHHSicr.I' 6onbmoro 'IHClla Kanenb - JlO 50 OJlHOBpeMeHHO. 
. 258 258 

Kannn:, COJlep:lKaIUHe Slllµl Md H Fm, HaHOCHlIHCb Ha Te¢noHOBbie _nOJl-

110:lKKH, BbICYWHB81IHCb H npHKll8JlblB81IHCb K Jl0TeKTOpy - ¢oToaMyllbCHH Hllll 

CT0KlIY. DeTeKTOpbl o6pa6aTblB81IHCb no npHBeJleHHblM B llHCCepTaUHll MeTO-

ll8M H npOCM8TPHB81IHCb noo. MHKPOCKOnoM. Bhln nony'leH cneKTP JllIHH cne-

• (I .llOB OCKOlIKOB o.eneHHSI 
258 . 

Fm H onpeJleneHo pacnpeJlelleHHe Mep no Kan-
I 

I 
I 
I 

,\ 
\ 
I 

lISIM /16/ 

3.2. HaMepeHHe nepHOJlOB nonypacnaJla cnoHTaHHO JlelISIIUHXCSI Mep. 

C nOMOIUbIO MepH~IX SMYllbCHH 6bill0 npoaeJleHO, H3MepeHHe nepHOJl8 

cnoHT8HHoro .ll0110HHSI 
248 / · 

Cf 181. OH OK8381ICSI paBHblM (3,4 ! 1,5)-105neT. 

TioBTOpHbie H3Mep0HHSI nepHOJla C nOMOIUbIO ClIIOJlSIH~X o.eTeKTOpOB noJlTBep

llllllll STOT pe3yllbTaT. 
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I 

I 3.3. HccneaoB8HHe CBO!fCTB CIIOHT8HHO aenmiiHXCH H30MepoB. 

.H.a:epHbrn 3Mynbcnn H .a:naneKTpnqeCKHe .a:eTeKTOpbl lllllpOKO ncnonb30-

Banncb npn ll3y'IeHnn <pll3ll'I8CKllX CBOHCTB CilOHTaHHO-.a:engmnxcg H30MepoB, 
242m 240m 232m 23.cm 228 m 246m 

B 'IaCTHOCTH Am , Am , Am , Am , . Np , Cf 

ll JJ:P. /1,2, 19,20/ • 

B Ka'JeCTBe npnMepa npnMeHeHng .a:naneKTpH'IeCKllX .a:eTeKTOpOB MO)KHO 
243 242 m ·241 

npnBeCTll 3KCnepnMeHTbl no H3Y'I8Hlll0 peaKunn Am ( n. 2n) Am H Am 
242m 

(n,y) Am.121,22/. c. 

OhbITbI npoBo.a:nnncb B ycnoBngx BbICoKoro HeiiTpoHHoro cpoHa ( .. 5• 

·109 HlcM2). n03TOMY K JJ:STE!KTopy npe.a:'bgBngnncb nOBblllISHHble Tpe6oBa

Hng B OTHOllISHllll cpoHa. B Ka'ISCTBe .a:eTeKTOpa 6bma cn10.a:a. <l>oH CKnaJJ:bl

Bancg: n3 co6cTaeHHoro cpoHa .a:eTeKTopa (3a reonornqecKnii nepno.a: cymecT

BOBaHng BemeCTBa), KOTOpb1ii ycTpaHgncg npe.a:BapnTenbHbIM HarpeBaHneM 

n TpaBneHneM; H3 cpoHa OT ocKonKOB . .a:eneHng .a:engmnxcg npnMeceii B cn10.a:e 
• 238 

.. 1.2 • 102MKrlcM3 u • KOTOPblll .a:aeT 3a 20-TJaCOBYIO 3KCil03llllHIO Ha 

6 .a:eTeKTOpOB OJJ:llH cne.a:) n <pOHa OT cnoHTaHHOI'O .a:eneHng BellleCTBa MH

lll8Hll. IT ocne.a:Hnii OKa3ancg Han6onblllllM. 

BKna.a: nonHoro cpoHa B acpcpeKT cocTaBngn 5-10%. nng npn~epa Ha 

pnc.6 npnBe.a:eHa nonyTieHHag B onbITe KpnBag pacna.a:a 
242

m Am /21 /. 

3.4. HcIIOllb30B8HHe ,l(HaneKTpHqeCKHX aeTeKTOpOB t:(llH Ht:(eHTH¢H

K8UHH aneMeHT8 360104 

. B onbITax no cpH3ll'I8CKOH n.a:eHTH<pHKaunn aneMeHTa 104 H npn H3y-

'I8Hllll ero XllMll'ISCKllX CBOHCTB 123,241 6bmn "ncnonb30BaHbl .a:naneKTpnqec

Kne .a:eTeKTOpb1: qioccpaTHOe CTeKno, naBCaH, cn10.a:a. BBn.a:y Toro, 'ITO ce-
. ( -34 ") . ·'I8Hll8 o6pa30BaHng aneMeHTa 104 Mano .. 10 CM"' 'TO ll .a:eTeKTOpbl JJ:On)K-

Hbl o6na.a:aTb Bb!COKOH scpcpeKTHBHOCTblO perncTpaunn, ManbIM co6CTBe~HblM 

<pOHOM, HMSTb 6onbllIYIO nnoma.a:b, 'I'l'06b! perncTpnpoBaTb pe.a:Kne C06b1Tng 

n npoBOJJ:HTh aHann3 crroHTaHHo .a:engmnxcg npo.a:yKTOB no nepno.a:aM nony-

14 

pacna.a:a. OcKonKn -.a:eneHng Ha n·epBbIX .a:eTeKTopax perncTpnpoBannch B6nn-

3ll MHllISHll, r.a:e TeMnepaTypa JJ:0CTnrana .. 1 oo0c H 6hma ;~IC~Kag JJ:03a H3-

nyqeHnH. IToSTOMY .a:eTeKTOpbl B STllX OilbITaX JJ:On)KHbl 6binll 6bITb JJ:OCTaTO'l..: 

HO TepMOCTOHKllMll H perncTpllpOB8Tb qacTHllbl C A>:>20. 

3THM Tpe6oBaHngM B JJ:OCTaTO'IHOH CTeneHn 0TBeqann cpoccpaTHOe ,CTeK-

no H naBCaHo:e_ag nneHKa. Co6CTB8HHblil: cpOH HX O'IeHb Man, TaK KaK OHH 

n3roTOBneHbI H3 oqnmeHHbIX OT .a:engmnxcg sneMeHTOB xnMnKaTOB. Harpe-
o . 

BaHne .a:o 100 C -He ll3MeHgno xapaKTepncTnK cne.a:a y cpoccpaTHoro cTeKna, 

IlOST0MY Ha nepBbIX 10 CM CTOsm STOX .a:eTeKTOp BO .Bcex onbITax. 3cpcpeK

THBHOCfb perncTpaunn cpoccpaTHOI'O CTeKna 6bma (75 :!: 10)%, a CKOpOCTb 

npocMoTpa -10 .cM2 /qac. J1aBCaH npocMaTpnBa.ncg c n0Momh10 pa Hee onn

caHHOH HHJJ:llKaTOPHOH MSTOJJ:HKll co CKOpOCTbI0...,300 c~/qac, a scpcpeKTllB-

HOCTb perncTpaunn paBHgnacb (50:10)%. 

PerncTpaung K0OPJJ:llHaT n yrnOB BbineTa OCKOnKOB .a:eneHng B .a:ereK

Topax no3BongeT onpe.a:ennTh BpeMg Me)KJJ:Y o6pa3oBaHneM n pacna.a:oM g.a:ep, 

nonyqa10mnxcg B pe3ynhTaTe peaKunn, a 3aTeM onpe.a:enHTh nepno.a: nony

pacna.a:a. 

B 3TllX SKCIIepnMeHTaX 6bmn 3aperncTpnpoBaHbl g.a:pa C rrepnOJJ:OM II_O-

nypacrra.a:a ~0,3 ceK n c ceqeHneM o6pa3oBaHng 2.10-34 cM2 • 

ITpn npoBeJJ:eHHH SKcnepnMeHTOB no XHMH'ISCKOH n.a:eHTHcpnKaunn 104 

sneMeHTa Heo6xo.a:nMo 6bmo o5ecneTIHTh perncTpaun10 aKTOB .a:eneHng npn ·· 

Bb!COKOH TeMrrepaType rropg.a:Ka 350°c B TeTJeHne HeCKOnbKHX cyTOK B xn

Mll'ISCKll arpeccnBHoii cpe.a:e coe.a:nHeHnii NbCJ 5 n ZrO 4 
1241• Cn°io.a:a 

MyCKOBllT, KaK .a:eTeKT0p, B Han6onbllleii CTeneHn y.a:oBneTBOpgna Tpe6oBa

HllgM SKCnepnMeHTa • 

BBn.a:y Manoro ceqeHng peaKunn o6pa3oBaHng 104 sneMeHTa n 3a cTJeT 

pacna.a:a g.a:ep B pe3y~TaTe OTHOCHTenbH0 .a:nnTenbHOH O'IllCTKH OT cpOHOBOH 

aKTllBHOCTH, qncno perncTpnpyeMbIX 8KTOB .a:eneHng 6b1no qpe3BbI'IaHHO Ma

no. YTIHTbIBag STO, Heo5xo.a:nMO 6bmO ycTpaHHTb n106oii cpOH, CBg3aHHblll C 

.a:eTeKTOpOM. 
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nng yeTpaHeHng ¢oHa OT ]leneHng npnMeCHbIX Mep ypaaa aa reono

rn"IeCKHil: nepHOJl epeMeHII cymeCTBOBBHHg CnIOJlbI, ee 66pa6aTbIBanH no yKa

aaHHOH BbIIIIe MeTOJlllKe. OueHKa COJlep:lKaHHg ypaHa B cmo]le noKaaana, "ITO 

npH cymeCTBOBaBIIIeM HefiTpOHHOM ¢oHe onhITa KOnH"IeCTBO cne]lOB OCKon

KOB ]leJieHHg npHMeCHbIX Mep ypaHa He 6yJleT onaCHO 60JibIIIHM. 

neTeKTOpbI pacnonaranHCb B KacceTe Apyr npoTHB npyra, "ITO noa

eongno eecTH noHcK cny"Iaee coenaAeHng ocKonKOB ]leneHng. 3aaop Me)KJlY 

HllMH 6hm 6 MM. Ha pHC. 7 noKa3aHa 38BHCHMOCTb 3¢¢eKTHBHOCTH perncT

paUHH OCKOnKOB ]leneHng paanH"IHhlMH ]leTeKTOpaMH OT B03JlyIIIHOH npocnoii:

KH Me:lKJlY JleTeKTOpOM H MHIIIeHb!O. CnIO]la B 3TOil: reoMeTpllII IIMeeT ( 75::, 10) %-

3¢¢eKTllBHOCTb perHCTpaUllll OJllIHO"IHOro OCKOnKa, a JlBYX ~ (50::_10)%. 

XHMH"IeCKag o6pa60TKa JleTeKTOpOB npoBO]lHnacb B 48% -pacTeope 

B Te"IeHHe 3 "IaCOB npH t = 20°C. 

Bcero 6bmo aaperHCTpHpOBaHO CBbIIIIe 30 aKTOB ]leneHJ1g. 

TaKHM o6pa30M, cnIO]la gennacb ]leTe~TopoM, OTBe"IaIOIIIHM nocTaB

neHHbIM 3KCnepHMeHTOM Tpe6oeaHHgM, H C ee noMOIIIbIO 6binH npoBe]leHbl 

3KCnepHMeHTbl no · H3y"IeHHIO XllMH"IeCKHX CBOHCTB 3neMeHTa KypqaTOBHg. 

OcHOBHbie peaynbTaTbl H BbIBOJlbl cocT·ogT B cne]lyromeM: 

1. Pa3pa6oTaHa MeTOJlHKa JlllCKpHMHHaUHH OCKOJIKOB ]leneHHg Ha 6onb

IIIOM ¢oHe a - "IaCTHU ("' 1oi1 a /cM2 ), Heii:TpOHOB ( .. 10
14 

Hie~)- n Y

~y-qeil: (-150.000 peHTrea) Ha 3MynbCHH rr8 n T1 c nOMOlllbIO 0KHCneHHg 

ueHTpoe CKpb1Toro nao6pa)KeHng H rroporoeoro rrpogenem1g B )KeneaooK-

canaTHOM rrpogenTene c E ox/Red = - 235 M3B. 

2. Paapa6oTaHa MeTOJlHKa JlHCKpHMHHaUHH MH0roaapMHhlX H0H0B no 

y]lenbHbIM IIOTepgM 3HeprHH B MenK03epHHCTOil: HH3KO"IYBCTBHTenbHO:ii: 

3My:UbCHH fl8 (PltlAH) c rroMOIIIbIO noporoeoro rrpogenem1g B :lKeneaooKca

naTHOM rrpogenTene c rrpe]leapHTenbHOH IIpOIIHTKO:ii: e paCTBOpax 6pOMHC

TOr',0 Kanng paanH"IH0il: KOHUeHTpaunn.MeTO,':UIKa OCHO.BaHa Ha 0;::{HOBpeMeH

HbIX, HO rrpoTeKaIOIIIHX C pa3nH"IHbIMH CKOpOCTgMH ¢H3ll"IeCKOM II XHMH"Iec

K0M rrpogBJieHHH IIpH OKHCnHTen!:.H0-BOCCTaHOBHTenbHOM IIOTeHUHane rrpoge-

11g10mero paCTB0pa Eor/Red= -235 MB. 

16 

YKa3aHHag MeT.OJlHKa II03BOngeT JlHCKpHMHHHp0B8Tb HOHbl AZ = + 2 H 

dE -
A---;rx- ... ::. 0,2 M3BIMK. 

3. Paapa6oTaHa MeTOJlHKa 
perHCTpaUHH ]leneHHg Mep C IlOMOlllblO? 

aMop¢HhIX cpell, coriep:lKaIIIHX Si O 2 
H p2~5 }! 

4. Paapa6oTaHa HHJlHKaTOpHag MeTOJlHKa 6hlCTpOr~ noHCKa peJlKHX co-

6bITHH ]leneHHg g]lep c IIOMOIIIbIO naBCBHOBOli nneHKH. 

5. Paapa6oTaHa MeTOJlHKB yAaneHHg q>OH0BblX co6bITHH Ha CJIIO]le c 

noMOIIIbIO rrpe]lBapHTenbHOr0·HarpeeaHHg H TpaeneHHg. 

6. Paapa6oTaHa MeT0JlHKa JlHCKpHMHHaUHH cne]l0B-OCKOJIKOB ]leneHHg 

H aproHa B CJIIO]le-MyCKOBHT C_II0MOIIIbIO TepMoo6pa60TKH rrocne o6ny"IeHHg, 

noaeong10mag BeCTH noHCK TpOii:Horo ]leneHHg Mep npH B3aHMOJleil:CTBHH HX 

C Tg)KeJibIMH HOHaMH. 

7. IToKa3aHa B03MO:lKHOCTb ncnonb30B8HHg MeT0JlHKH JlHCKpHMHHaUHH 

MHOroaapgJlHblX HOHOB B 3MYJlbCHH rr8 Ang onpe]leJieHHg cocTaBa Tg)Kenoil: 

K0MII0HeHThl nepBH"IHOrO KOCMH"IeCK0r0 H3Jiy"IeHHg, onpe]leneHHg 6nonorH

qecKo:ii: ]l03bl B KOCMH"IElCKHX IlOJieTaX, ]lJig H3y"IeHHg g]lepHbIX peaKUHll C 

BbICOK03HepreTH"IHblMH qaCTHUaMH. 

8. Paapa6oTaHHbie MeTO]lHKH perHCTpaUHH OCKOJIKOB ]leneHHg 6binH HC-

nonb30BaHbl ]lng nccne]loBaHHg geneHHg CIIOHTaHHOrO ]leneHHg Mep H3 B03-

6y:lK]leHHbIX COCTogHHH, CHHTe3a n' H]leHTH$HKaUHH sneMeHTa 104 ¢nan"Ie£:

KHMH H XHMH"IeCKHMH MeT0]laMH, H3MepeHHg nepHOJl0B nonypacna]la cnoH

TaHHO ]lengmnxcg TpaHcypaH0BbIX g]lep H B pMe Jlpyrnx 3KCnepnMeHTOB. 
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PHc. 7. 3aBHCHMOCTb 'IHCna aaperHCTPIIPOBaHHbiX OCKOnKOB B paa

nH'IHbiX .QeTeKTopax OT B03J:1YlllHOI'O npoMeJKyTKa MelK.Qy Hc

TO'IHHKOM OCKOnKoB H J:leTeKTOpOM. 9 - cmo.Qa MYCKO

BHT. ITyHKTHpHasi· n111111si llOK83bIBaeT aqiqieKTHBHOCTb perHCT

panHH OCKOnKoB 
0

.QeneHHS! llPH·OeCKOHe'IHO TOHKOM npenapaTe; 

. q - KBapneBoe CTeKno; r - CHnHKaTHOe CTeKno. 
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