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Jlng peWeHaSI nenOI'O pSL!lB 3BnB'I, HBnpaMep, a3MepeHaSI ael\TpOHHbiX nOTOKOB B BTOM

ahlX peaxTopax ana aneaTa¢uxanaa aaanoros ra¢Ha>I
111 

aeo6xonaMo o6ecne'laTb peracTpa

nan 8XTOB neneaag SL!lep npH TeMnep8Typ8X 300°C a swwe, aaorn8 s arpeccHsaoll cpene 

3Ta 38n8'1B pewanacb Ha ocaose nHanexTpH'Iecxax neTeKTopos, npennoJKeHHblX CHnKoM 

R BapaecoM
121 

H pa3p800T8HHblX npaiiCOM a YoxepoM
13

•
41

• 

Ycnosa>I sxcnepaMeaTa npen~HBnBIDT cnenynmae Tpe6osaHH>I K neTeKTopaM ocxonxos 

neneRHSI: 

1) B03MOlKROCTb paOOTbl npH TeMnepaTypax no 300°C B T8'18HH8 HBCKOnbKHX CyTOK; 

2) Manoe conepJKaaae ypaaa s neTeKTopax; 

3) OTCyTCTBH8 _Co6cTB9HHOI'O ~OBB; 

4) B03MOlKHOCTb KOna'IBCTBBRHhlX R3Mepeaail. 

TIOCKOnbKY B CHnHK8TBblX H ¢oc~8THblX CTeKnax npa R8I'p8BBHHH no TeMnepaTypbl 

2()()
0 

cnenbl OCKOnKOB neneHHB perpeCCHpyiOT nonHOCTbiO 38 6-8 'IBC, B H8CTOBmRX 3KCne

pHMBHT8X acnbiTbiBanacb TepMOCTOliKHe CTexna TC-600, TC-710, IfBapnesoe CTe xno, a TaK

JKe cnrona MYCKOBHT eCTeCTB9BHOI'O npoaCXOJKneBHB B ¢Top¢noronHT, H3I'OTOBnBHHblll CHBTB

TH'IBCKH. 3TH neTei<TOpbl Oonyqanacb OCKOnK8MH neneHHB B OnHHBKOBblX ycnOBHSIX H nOMe

WBnBCb B 8TMOC¢epy ZrCf
4 

npH TeMnepaType 25Q°C HB Tpoe CyTOK, 'ITO COOTB9TCTBD

B8nO cpenaeu npononJKHTenbHOCTH axcnepaMeaTa no peracTpanaa penxax axTos cnoHTaaaoro 

neneHHll aneMeHTa 104/
1 
I. 

Kax noKa3ano cpasHeaae 'IRena ocxonxos aa KOHTpOnbHblX a OTlKHI'8BWHXCB CTeKnax 

TC-600 a TC-710 , xonH'IeCTBO cneJlOB ocKonxos yobiBano npaMepao aa 80 H 50% cooTseT

CTseaao. Ha I<BBpneBOM CTexne, MYCKOBHTe H ¢Top~oronHTe KOnH'I9CTBO 38p9I'HCTpHpOB8H

HblX OCKOnKOB COBnanano B npenenax CTBTHCTH'IBCKOil OWHOKH. 

3xcnepaMeHTbl no peri!CTPBilHR cnoHTBHHoro neneHBB BJlep, o6nanarowux ManbiMH 
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nepBOn8MB nonypaCIT8n8, npBXOnBTCH npOH3B~BTb B ycrrOBBHX 50ITbWOrO ¢oaa B9HTPOHOB/
5
/, 

no3 TOMY He05XOnHMO 5biiTO H3M9pHTb KOHil9HTp8IlHIO yp8H8 B neT9KTOp8X, C 3TOii Il9nh!O 

n9T9KT0pbl OCKOITKOB neneHHSI, 38KITI0'18HHbl8 B napa¢aa, ITOM8IU8AHCb B5AH3H p88KTOp8 

YfEP 011.f!Yf. nOToK ael!TpOHOB KOHTpOnHpOB8ITCB C ITOMO!Ub!O K8na5pOB8HHOrO ypaaoaoro 

CITOB, ITOMBW8HHOrO B KOBT8KT CO CT8KARBHblM neTe!<TOpOM, 05bi'IHO OB COCTBBITSIIT 

15 2 
= 10 Hel!Tp./CM B onpenBITSUICSI C TO'IHOCTb!O 10%, ConeplK8HH9 ypaHa B KB8pilB COCT8BIIITO 

(:.1-4) •10-8 MJ.rfcM
3

, B MYCKOBHT9 (1-:.!)'10-
2 

MJ<r/cM
3

, BO ¢Top¢noronHTe= 10-2~/CMg, 

noci<Onbi<Y CHHTeTB'I9CKBl! ¢Top¢norOilBT Be H3rOTOBITHBTC>I p83M9p8MB CBblW9 2 x2 CM, 

8 nOHCKB cnenOB neneHB>I HB &TOR CniOne npBXOAHTCH npOH3BOnBTb npB YBBnB'I9BHB H9 

M9H99 300 X 
161 , OR HB HCnOITb30B8ITCH B STBX 3KCIT8pHM9HT8X, 

npaM9H9HB9 CA!On 9CTeCTBBHHOrO npOBCXOlKnBHBS! niTS! perHCTp8IlBB pBnKBX C06blTBl! 

nerrBHHB HA9p 3BTPYnH9HO H8/lii'IH9M ¢oaa CABnOB OT cnoHTBHBOrO neneHBSI, COn9plKBIU9rOCS! 
• s 2 

B BHX ypBHB 38 reorrorH'19CKB9 npoMeJKyTKH BpeMeHH, 3TOT ¢oa nOCTHrBeT 10 OC!</CM 

:.1 
a He 6hiBBeT Meaee I 0 ocKICM • KpoMe Toro, ypaa a cniOne pacnpenerrea aepaaaoMepHo, 

BCTpe'laiOTCSI MH!<pOCKOnH'IeC!<H9 BKIT!O'I9HHSI, .llnSI HaCTOSIIUHX SKCnepaMeHTOB 5hlrra II.Gno6pa

H8 napTHSI MYCKOBaTa, OTrraqaamaSics onaoponHblM pacnpeneneaaeM ypaaa. 113 pa50Th/
7 1 

H3BeCTeB MeTOn ycTpaHeHB!I ¢oaa crrenOB OCKOITKOB BbiHylKA8HHOrO A9IT9HH!I, Oa COCTOHT 

B npe nB8pHT9 nbBOM pacTpaBn&BaHHH CTapb!X cnenOB OCI<OITKOB neneBH!I HAep no p83M8pOB 

ITOpHAKa neCSJTKOB MHKpOH, 0nHai<O HCDOITb30BaHH9 TOITbKO npenBapHT9ITbHOrO pacrpaBnHBa

HH!I CIT!Onbl He naeT B03MOlKHOCTH OCB060nHTbCSI 0T ¢oaa, 0'18Bb 'laCTO 83-38 M8XaHH'l9-

CKHX noapeJKneaall, a TaKJKe B3-3a 6onbwoa rny6aHhi TpeKa aooaaKaeT ¢oa, o6ycnoarreHBbil! 

cnoaTaHHbiM neneaaeM ypaaa-238. noaTOMY c uenbiO nonaoro YCTPaHeHa!l ¢oaa cnenoa 

OCKOITKOB CIT!On8 npenaapaTenhRO aarpeaarraCb nO 600°C B My¢errbHOll IT9'lH B T8'l9HBe 6 'laC, 1 

/8/ 
8HanorH'IHO TOMY 1 J<aK STO CnenaHO B pa60Te • 100-200 cnoea CIT!Onbl 1 KalK.ttbll! TOITIUBHOl! 

15-25 MK R pa3MepOM 7 x9 CM, nASI OTlKBra 6b!/111 C06p8Hbl B naKeT H 3alKaTbl MBlKnY nBYMSJ 

MeT8llnH'19CKBMR nnaCTBHaMB, 0nHa!<O Cnenbl OCKOITKOB nerreHBSI ITOITHOCTb!O He OTJKBraiOTCSI 

naJKe npa TeMnepaTypaX > 650°, npH KOTOpb!X yJKe Ha'IBHaeTCSI pa3ITOlKeHBe CAIOnbi, 

npa nocnenyiOIU9M TpaaneHRB B KOBil9HTPHPOBaHHOii HF npa KOMHaTHOl! TeMnep8TYp9 

B T9'l8HHe 72 'l8COB 9TH Crrenbl BM9IOT pa3M9pbl B ¢oPMY poM5H'l9CKBX napaMHnanbHblX 

yrny6neaal! rny6aaoll no 3-4 MX (pac. 1a). 'iacno crrenoa OCKorrKOB neneHaSJ yMeHhwaeTCSI 

Ha 30- 40% no CpaBH9HHIO C nepBOHil'laAbHblM, 

CnenyeT OTMeTHTh, 'ITO Ha aeJ<OTOpbiX yqacTJ<ax cniOnhi 1 HMeiOmax aayTpeaaee paccnoe

aae B BHAB H960nhWHX OBaiTbHblX ITS!T9H1 OTJKBr He rrpRBOnHIT I< ycTpaH9HHIO crrenOB OCKOIT

KOB, H ORB HMBITB ¢opMY pOM6B'I8CKHX KaHBITOB C ITITOCKOrraparrnenbHblMH CTeHJ<aMB (pBC, 2), 

Ta~toll peaynbTaT MOJKeT 6hiTb o6ycrroarreH nepeMemeaaeM qacTa aTOMOB BnOllb KaHana, 

o6pa30BBHHOrO OCKOnKOM nerreHHBI B nonOCTb MBJKny CITOBMH CITIOnbi, Eb!rr nocTaBrrBH Ollb!T 

4 

') 
.I 

J 

no OTJKary o'leRb 50ITbmoro 'IBC 

TOB, nOTol< OCI<OnKOB COCT8BHIT 

o6bl'IBblM o6pa3oM, nocrre T p 8I 

c nenOB OCKOJlltOB, 

nocne OTlKHr8 B nABT8ITbH 

neneHH>I B Tp8BBIT8Cb B TB'I9HHE 

HBSI BM9ITB p83M9p = 15 MK no 6 

M8ITbHbl9 ycnOBHS! nnB npOCMOTI 

pocTb nocTarana ~ 10 c1.? /'laC 

.llnSJ onpeneneaag ypoaaSI ¢ 
aoi! yJ<a3aBBblM Bhlme cnoco6oM 

TpaaneBBbiX pa3MepoM (a 6-8 I 

12 MK, 

npocMOTp yJ<a3aaaol! nrron 

pH!IM oT5opa. Kaapueaoe cTeJ<rr 

MOlK9T ,6biTb HCnOITb30BaBO B Yl 

~OHa cnenos OCKonxos, MexaHB~ 

8MKOll npenaapHT9nhHOl! o6pa6~ 

AHTh a 48% HF npa TeMnepaT 

neneHH!I nOCTKraiOT nHaMeTPil 7 

CMOTpa Ha OITTK'I9CKHX MHKpOCK 

IlBH aKTOB nerreHH!I SJnep, HM9Bl 

KBapueaoro cTeKrra onpenengnac 

a sKcnepaMeHTax no ra3oaoii ~ 

HAep H3 CITOB rasa TOIT!UHHOii n • 

Hbl H3MepeHHSJ qacna aaperacTp 

errol! aoonyxa MeJKnY npenapaT 

B 3THX OIIbiTax s KaqecTa 

M9p0M ~ J CM 
2

• .lleTeKTOpbl RM 

nocb oT 0,5 no 20 MM. 

nocrre o5ny'l9HHB neTe!<TOJ 

rroncqeT KOnHqecTB cnenoa OC! 

HB pHC. 3. KaK cnenyeT H3 STO 

HOCTb perHCTpanHH I '19M ¢0TOCT• 

cnenoa OCKonKoB, TaK H aa cqe 



!5o1lbllloro ljloaa ael!Tpoaoe
151

• 

eTel<TOpax, C STOll nellhJO 

gnacb e!5naaa peaxTopa 

na!5poeaaaoro ypaaoeoro 

:::ll5b!'IHO OH COCTaenan 

3 ypaHa e KBapue cocTaeano 
-2 8 

rop<jlnoronaTe ~ 10 MXrlcM • 

>I pa3MepaMR eBbime 2 X2 CM, 

~HTb npa yeerui'JeHHB ae 

aeTpauaa penJ<.RX co!5blTHlt 

ro neneHHSJ; co!{ep)I(Bmeroca 

tT ljloH llOCTHraeT !0
5
ocK/cM

2 

oaenpe!{eneH HepaBHOMepHO, 

enepaMeHTOB !5blna IIGJ10!5pa

'HHBM ypaHa. Ha pai50Tb/
7 1 

'ro !leneHa!l. OH eoeTOHT 

.eneHH>I >!Jlep llO pa3MBpOB 

eapaTellhHOro paerpaenaea-

b qacTo aa-aa MexaaHqe-

IHHKaeT ljloH, ol5ycnoeneHHbilt 

YCTPaHeHH>! ljloHa ene!lOB 

'lbHOlt llB'IH B Te'!eHae 6 'lac., 

enJO!lbl, J<.a)l(!{bli! Tonmaaoll 

KBT H 3a)l(aTbl MB)I(llY J1BYM>I 

I nonHOCTbJO He OT)I(HraJOTe!l 

paano>Keaae cnlO.llhi. 

npa KOMHaTHOll TBMnepaTYpe 

)OM!5H'IBCKHX napaMH!{anbHblX 

onKOB !{eneHHS! yMeHb!llaeTeSI 

MBIOIUHX BHyTpeHHee paeenoe-

yeTpaHeHHJO Cne!{OB OCKon

BllhHbiMH eTBHI<SMH (pae. 2), 

I 8TOMOB BAOlih lt8H8na, 

=>llbl. Eb!n nocTaeneH onbiT 

.J 

] 

no OT)I(Hry O'leHb (iQJibmOrO 'IHCna CneJ10B OCI<OllltOB B Cnl0)1e, He HMeD!llel! BHyTpeHHHX )1eljleK-

TOB, flOTOI< OCI<OnKOB COCTasan 10
7 

OCJ<.,/cM
2 

Ha nnomana 20 CM
2

• Cn:10J1a QT)I(HranaCb 

ol5bi'IHbiN ol5paaoM, nocne TpasneHBa aa sTolt nnomaJ1H ae 15binO o!5aapy)l(eao aeOTO)I()I(eHHblX 

enenoe OCJ<.onJ<.oe. 

flocne OT)I(Hra H )1nHT91lbHOrO TpaeneHH>I enJO)la UOBTOpHO o(iny'lanaCb OeKonJ<.aMH 

!{eneHH>I H Tpaeanacb B Te'leHae Tpex '!aCOB npa 20°C B 48% HF. Cne!{bl OCKOni<OB !{ene

HB>I aMana pa3Mep ~ 15 MJ<. no 15onbmoA )1HaroaanR poM!5a (pRe. 1), 'ITO o!5ecne'!HBano onTa

Ma1lbHbie ycnOBH>I !{n>l npOCMOTpa CnJOJ1SIHblX lleTei<.TOpOB: npa yBenH'IeHHH 100-150X CKI>

pOCTb J10CTHrana ~ 10 CM
2 

/'laC npR UOHCI<aX peJ1l<HX COI5biTHlt. 

nn>l OnpeneneHH>I ypOBH!I cPOHa f5bln npeJ1UpHHSIT UpOCMOTp ~ 1,5 M
2 

CniO!{bi, 0!5pa!50TaH

Holi yi<a3aHHblM Bblme CUOC0!50M. 0rf5&panaCb Tpexa, OTnH'IaBmHeC!I OT OTO)I()I(eHblX H pac

TpaeneHHblX paaMepoM (e 6-8 paa) , aMeemae nnoci<onapannenbHbie cTeHKH a nnaHy llO 

12 Ml<, 

rlpocMOTP yKaaaHHoil nnomaJ1H ae nan HH onaoro cne!la, YllOBneTeopsmlllero aTaM KpaTe

pa!IM OT!5opa. Keapueeoe cTeKno TaJ<)I(e smn!leTC>I noeTaTO'IHO TepMOCTOHKH M aeTeKTopoM a 

MO)I(BT ,!5biTb aen01lb30BaHO B yJ<a3aHHOil of5naeTH TBMnepaTyp. 0HO He HMeeT eo!5eTBeHHOrO 

ljloaa eneaoe OCKOnJ<.oe, MexaaaqeeKa !5onee yCTOil'laeo, ae paeenaaeaeTCa, ae Tpe!5yeT Tpyao

eMKoil rrpe!lBapaTenbHoil o!5pa!50TKH. Tpaeneaae KBapueeoro eTeKna ueneeoo!5paaao npoa3B<>

J1HTb B 48% HF npa TeMnepaType 20°C B Te'!eHHe 6 MHH, flpa 9TOM eneJlbl OCKOnKOB 

!{eneHH!I JlOCTHrSIOT JlHSMeTPS 7-fl MJ<., 'ITO o(ieene'IHBaeT OnTHMSnbHble yenOBH !I !{n>! npo

eMOTpa aa onTa'!eeKax MHKpocKonax npa ysena'!eaaa 100- 150 X. 31jlq,eKTHBHOCTb peraeTpa-

UHH SKTOB !leneHHH H!{ep, HMBB!UBX MBeTO HS TOHKOM ll nnoeKOM npenapaTe, e nOMOUlbiO 
/61 

KBapueeoro eTeKna onpe!lenSUiaeb aHanora'!HO pa!50Te • 0Ha pasHa (65;t.7) %. rlocKonbKY 
/I/ 

B aKenepaMeaTax no raaoeolt XHMHH npe!lnonaranoeb peraeTpapoBaTb aKTbi !{eneHa>l 

>!JlBP aa enol! raaa TonmaHoil llO I 0 MM, !ln!l enJOJlbl a Keapueeoro eTexna !5binH npouaeeae
• 

Hbl H3MepeHH>I '!Hena 3aperaeTpapoeaHHblX ene!{OB OCKOITKOB B 38BHeHMOCTH OT TOniUHHbl 

enol! B03llyXa MB)I(JlY npenapaTOM H llBTBKTOpOM. 

B 9THX onbiTax B Ka'leeTBe aeTO'IHHKa OCKonxoe aenollhaoeane!l rrpenapaT Cm 244 paa-

MepoM ~ I CM 
2

• neTeKTOpbl HMBnH pa3Mep 6 X 6 eM, a paeeTO!IHHe llO aeTO'IHHJ<a H3 M9H!I

nOCb OT 0,5 llO 20 MM. 

flocne o!5ny'leHH!I lleTeJ<TOpbl o(ipa!5aTblB8nHeb 0!5bl'!HblM o(ipa30M H npOH3BO!{Hneg 

nonc'leT xona'leCTB cne.a.oa ocxonKOB neneHHSI. PeayllhTBTbt 3Toro onhtTa npeJlCTaaneHht 

Ha pae. 3. KaK eneayeT aa aToro paeyHKa, enJO!{a aMeeT 3Ha'laTe1lbao !5o1lhlliYIO a<jlqleKTae

aocTb peraeTpanaa,'leM ljlOToeTeKno a KBapueeoe eTBKno,KaK aa e'!eT peraeTpauaa nonorax 

CneAOB OCKOnKOB, T8K H 38 C'19T cymeCTB9HHO 60llhllieA qyBCTBKTenbHOCTB. 

5 



nyHKTHpHblH OTpe30K nHHRR UOKa3WBaeT a$¢eKTRBHOCTb perReTpanHH OeKGnKOB en~ 

AOA npn 6eeKoHeqao TOHKOM npenapaTe. Kaapnesoe eTeKno a o6naeTa AO tl MM enoa B03-

Ayxa peraeTpupyeT 6on&rne OeKO.IIKOB A9U9HBH no epaBH9HHID e ~OTOCT9K.IIOM 38 eqeT 60nP

rneA 9~¢eKTHBHOeTR perHeTpaUBH 0 3aTeM KO.IIHqeeTBa 3aperReTpHpOBaHHhlX OCKOUKOB nOqTB 

Cp8BHHB810TCSI, qTQ cny>KHT JlOK838TenbCTBOM HX OJlHHBKOBOA ~BCTBHT9nhHOCTH ][ TSI>K9nbiM 

3apHlKeHHbtM qaeTanaM. CnenyeT OTMeTBT&, qTo MeTOA H3MepeHHll qyaeTaBTen&HoeTB, 
/6/ 

aHanoraqHblH H3UOlK9HHOMY Bbllli9 H.IIB UpHB9A9HHOMy B pa60T9 I U03BGnSI9T OTHOCHTen&HO 

llpOCTO epaBHHBaTb qyaeTBHT9.1lbBOCTH pa3.11HqHblX neTeKTOpOB OCKO.IIKOB. 

B 3axnroqeaae OTMeTHM, qTO KBapneaoe eTexno a enrona HBnmoTeH aaa6onee AOeTyn

HblMH TepMOCTOHKHMH neTeKTOpaMB oeKO.IIKOB neneHIISI0 U03BO.IlmGUlHMH o6eeneqoTb perHeTpa

UHIO penKHX eo6btTHA neneHHSI llnep Ha 60nhlliHX nnomaA!lX. 

KaK noKa3anu onhtTw e OTlKaroM enenoa OCKonKoa neneHH!l a aTMoc¢epe a3oTa nnll 

KBapna H emonbt UpB .reMnepaTypaX no 350°-400°, e.ll9Abl OeKOUKOB neneHII!l eoxpaH!IIOT 

eBOH pa3M9pbl II ~OPMY npaKTHqeeKB H9H3M9HHblMH B TeqeHII9 nnBT9.1lbHblX npOM9lKYTKOB 

Bp9M9HB. 

npa ye.IIOBBH peraeTpalliiB OTOlKlK9HHblX enenoa emona MOlKeT 6b1Tb UpHM9H9Ha npH 

TeMnepaTypax 600°C, BUUOTb no T9MilepaTypbl ee T9U.IIOBOrO pa3.110lK9HHSI. 

B 3axnroqeaae aaTopw BbtpalKaJOT rny6oxyro npH3HaTen&HOCTb qneny-xoppecnoaneaTy 

AH CCCP r.H. <l>nepoay 3a nOCTO!lHHOO BHIIMaRBe K pa60Te II UO.Il93Hbl9 eoaeTbl. 

AsTOpbl 6naronapSIT eOTpynHIIKOB nHP 11. 3aapa. T.l1. Pw6aKOBY 3a UOMOUlb B npo-

seneHBH p11na 9KenepHM9HTOB. 
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h peracTpanaa ocKonKos en~ 

I OOnaCTB 110 tJ MM CnO.II B03-

C ~OTOCTeKnOM 38 cqeT oonp-

'IYBCTBBT9nhHOCTH K T.II>KenbiM 

peHHH 'IYBCTBHT9nbHOCTH, 
/8/ 

e t II03BOJ!li9T OTHOCHTenbHO 

~ OCKOnKOB. 

{B liBnSDOTCH HBHOOJ!99 JlOCTyn

>nmomHMH OoecneqHTb perHCTpa-

~Hall B aTMOC~pe aaOTa 11na 

xonKOB JleneHHll coxpaamoT 

e )lnHTenbHblX IIpOM9JKyTKOB 

MOlKeT obiTb npaMeaeaa rrpa 

o paanolKe&a!l, 

oHOCTb qneay-KoppeCIIOBJl9HTy 

K none3Hbl9 COB9Thi. 
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Pac, 1. CneAht oc11:onxos JleneaaB aa OTOlKlKeaaoll cnJOAe. 
a) cneJlhi1 pacTpasneaable B Teqeaae 48 qac, 
B JtOHJl, HF npa ltOMHaT&oll T&MnepaType0 
6) cne)lbl OC!t01111:0B )lene&a.ll Cm244 HB TOil lKe 

CnJOJle, rrpOTpasne&Hble a tB% HF B Teqeaae 
3 qac. npa 20 C. 
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Puc. 2. CneAht OCKonxos 11eneaag aa OTOlKlKeaaoll cnJOAe, 
HM9BWeil BHyTpeHHBe Jl9~KTbl, 
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Puc, 3, 38BHCHMOCTb 'IHCIT8 3aperi!CTpHpOB8HHbiX OCKOITK OB ABITBHHll OT TOITillHHbl CITOll B0311YX8 MBlKAY 

nperrapaTOM Cm
244 

H ABT8KTOp8MK: § - CITI0/18 0 § - KB8pUBBOB CTBKITO, t -<jJOTOC TBKITO, 

flyHKTHpHbll! 0Tpe30K nBHHR Y'IKTb!BSBT KO!IB'IHYIO TOnJUHHY npenapaTa cm244 
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