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Pl2 - 6234 

H.BaHAJIHK, T .BaH.QJIHK, H.r .3all.\esa, 3.MaT3, 
· H.MaxyHKa 

H3Y1JEHHE · 
· .JIETYlJECTH. 'MHKPOKOJIHlJECTB TAJIJIHH . 
. . H3 KP~CTAJIJIOB .• ' PbF 2. I OBJIY'IEHHbiX . 

BbiCOK03HEPrETH1JECKHMH fiPOTOHAMH. 

. · BbiCTPbiA . . 

rA30BbiA ·· TEPMOXPOMATOrPA4»HlJECKHA 
. METO.D; fiOJIYlJEHHH 

· KOPOTKOlKHBYIUHX H30TOfiOB TAJIJIHH 

··1972 



Pl2 - 6234 
' ' 

H.BaH~JIHK, T .BaH~JIHK, H.r .3ai1Qeaa, 3.MaT3, 

J1.MaxyHKa 

J13YqEHJ1E . -

JIETYqECTJ1 MJ1KPOKOJIJ1qECTB TAJIJIJ1H 
J13 KPJ1CTAJIJIOB PhF 2 , OBJIYqEHHbiX · 
BbiCOK03HEPrETJ1qECKJ1MJ1- llPOTOHAMJ1. -

BbiCTPhlft 

rA30Bbli1 TEPMOXPOMATOrPA.ct>J1qECKJ1i1-
METO)J; llOJIYqEHJ1H 

.KOPOTKO)I(J1BYLQJ1X"J130TOllOB "TAJIJIJ1H-

HanpaBneHo B mypHan "Panuo~HMHH" 

~lle!]tn...;;l UCM'j1 
·~~nencad 

. JIHtlTEKA 

.,. 

'' 
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·. '•' 

·,;,·.:· 

Cpenn paanH'IHh~X MeTonos~;-' iibnonl.ayeMbiX nm1 nony'IeHHH, oco6o 
~ . . . ~ ' 

'IHCThrx semecTB nnn nnH: paa'nenlmifH :cJec'il /smeM~HToB n :Hx coenliHeHnii:, . . .. _ ~--·. ·;·:. r --.. _ \ ;, .:. i {~:~" -· · ; · . ;'; · 
Ba:llmyro ponb HI"paiOT · M9TOllbi 1 . CBH3aHHbi9 C · OCa:ll{ll9HH9M :semeCTB H3 ra-

. Ill ··: .. : -. , · ·.· .. ·. - . ·• l /2 3/ 
30BOH tjla3bl 1 B 'IaCTHOCTH1 M9TOll Ta30BOI1 TepMOXpOMaTOI"patjlHH 1 

1 
~ ::.... . ' ' ~ t . 

C nOMOllibiO KOTOpOI"O MO:li{HO _Bblll9nHTb H onpenenHTb ynbTpaMHKpOKOnH'I9CT-
. . .· . 14. ''lf' .·· • • ,· · · .c' ·· :" '!"·. ::· 

sa semecTB (10- .- 10~- . Moni.) ;c npnMeHeHneMinocTa!o'IHo ·npocToii: 

annapaTyphr. II B Te'IeHHE';:.~opoT~6ro' spe~eH~. '3To 'noaso~HeT ncnoni.aoBaTb . 
. ;. , __ ; ;. 

naHHhtli MeTon. H · nnH BhrneneHHH KopoTKO:li{HBymnx naoTonoB na o6ny'IeHHhiX 
. 141 '. 

o6pa3UOB .• 

Uenbro HaiiJ~lipa69Tbl 6~rno ~ony'IeHHe KOpOTKO:li{HBYlliHX H30TOnOB Tan-
. ' . :· ~ ~ ..... :. ' -; '· . ' ~ .. 

nHH ( ·r ~ •;;:: l MHH) B cocToHHHH 6ea ili'ocnienH::~:tnH sinepHo-cnexTpocxonn'Iec
~f ,~·.· ~f;, .. ( -~ .. "·· . ' ~ .. . ··-·" 

xnx ueneli. 

UHHX 

HeliTpDH!Jnelf!nunrHhre _,naoTonbr:•Tann~H_IMoryT 6biTh~ 'nony'IeHbi B. peaK-
~. .. - >:,.:_·_.--' .. ·"-. -~· /:.. :.;- .~:r!. ·.·.,:::. :· .. ' .. 

rny6oxoro pacruenneHHH THna ( "p; 2pxn··) npn o6iryqeHHH CBHHua Bbrco-
~ ,; '' . ' :: 

K~SHepreTH'IeC~HMH npOTOHaMHo napannenbHO C _TannHeM: no •• peaKUHHM 

v 3 



( p, xp. yn ) CO 3118'IHT91Ib11bi.M BbiXOllOM o6paayiOTCSl H30TOITbl llpyi'HX ane-

M9HTOB C ITOpSlllKOBbiM !IOMepoM M9HbiUe Z o6ny'I89MOI'O aneMeHTa 
. . /~ . 

(BITIIOTb llO p.a.a) . 0 KOTOpble H8K8ITIIHB810TCSl B MHIU911H. H OT KOTOpbiX 

TannHA Tpe6yeTcsr OTll91IHTbo 

TlpHHHMasr ao BHHMaHne cneunrpnKy Tpe6oaaHnii nocTaaneHHoli aaaa'IH 

( BbiCOKasr paalioaKTHBiwcTb, . 6brCTpoTa nony'IeHHH H paanoxHMH'IecKasr 'IHc

ToTa npenapaTa, Heo6xoaHMOCTb cenapnpoBaHHsr Tannnsr no naoTonaM), 

Mhr. noC'IHTann uenecoo6pa3HbiM Bbr6paTb raaoBbrli TepMoxpo.MaTorparpn-

'IeCKHA MeToa BbilleneHHsr Tannnsr. H3 Pb Fz ·, Hcnonbaysr paanH'IHe B ,neTy

/6/ 'I9CTH rpTOpHllOB TSl>K91IbiX MeTannoB 

; ' ~ 

t•c - 'r . I 

- ' ', \ (-~ 

(puc. 1). 
:'RF, 

r 

~~--.1.1,,; ,. 
'1·. 

(;:,· •. -

. " ,Pnc. l. :TeMnepaTypa KHrremtsr: $Topnaoe Tsim'eni:ui:'· 
MeTannoB, HM9IOIUHX 72 .~z~ 83 •. · , ... 

;~.-~~.i~l.'-" ·_,, __ .,:.- ~-:,,,;,,,. . 

l. 
~ .... , :r,: 

;. 

4 

'. 

·,· 

. 

Ha cno>KHbili 

BemecTBa, nepeHoc 

HHSl 113. ~8~0BOli $~; 

B 6onb~~HCTBe cny 
. ~ \:,5 

HBII9HHli, ITpOT9K8IOI 
•t:' 

HccneaoBaHHe BnHHl 

H npeac~~aaT~ ?7Kc 

B03MO>KH09Tb 0 B,, _9ITJ 

HoaToMy, .~aMil 

TOB c uenbiO nc,cnel 

MOCTH OT. PHll8 ·ITap,t 

·BP9MH: Bblll9119HHH ;TI 

HOCa 91'0 1'830M-HOC 

PeareHTbr: 

B Ka'IeCTBe ae: 

ncnonbaoaancsr PbF2 

OCHOBHOI'O Kap60H8Tt 

IUOM H36biTKe •. P~aKU 

B psrae onhrToB 
,· i 

HHTpaTa TannHsr HOHO 

rpaMMOB 'T/ H03 .)~~9: 
:·.: ·o' ·.:;·.:. 

HarpeTyiO llO 90 C: Tl 

6 . H HH03 oT ·~~~-;pt~: 
B8118Cb BOllOit,; 38T9M 

llOCyXa. 118 ·.BOllHHOA 61 

aTnno:~~~'.\h~pfaf ~~ 



. R30Tonhi npyrRx 9ne-

l9MOI'O 9neMeHT8 

MRIII9HR R OT KOTOpb!X 

I flOCTaBneHHOit 381l8'1R 

panRoXRMHqecKaH qJic

:nRH no R30TonaM) 1 

·epMoxpoMaTorpaqm

Ih3YH 'pa3nRqHe B neTy-

::-.. 

·,: 

., , .. 

Ha .cno*Hhifi npouecc cy6nHMaURR. neTyqRx coenmieHHit .113 Taepnoro 
' ~:. 

BellleCTB8 1 nepeHOC RXK MeCTy' OC8)1{JleHRH U Ha npouecc .CBMOI'O 'OCB>Kile-

~:HRH ,R3:.~830BOi1 ¥a~~~ ~~RHeT pH~--~a~~Opo~: M_~X~H~~M '~~ft~T~~~ KOTOpb!X 
'(:":.:·:::;· v':_' ,.<:·· ), ~-' .•·:,_H,-~ 

.B 6onblliRHCTBe\r?n~;\a~~ HeR3BeCTeH,UMeHH~.;r;sa, CJI_O,Ii(HOCTR X~paK.Tepa_ . 

HBneHRI11 npoTeKaiOIURX npn 9Tnx npoueccax - • OnHaKo cncTeMaTnqecKoe 
; •.. •· ·' ·:_.~;J>i."~L:it -I. '.•::-~; ·-·~17'• ·., ~. -~:.~· •'· ··; _,·.: . .. ,• : .. ' ~ .' 

RCCne.zioaaHRe ~~~rHHRH:P!'Ila, ~BKTOpOB H~ 19TH .IIPOUef?~-~1' ITO~l}~/!~9'J' OITHC~Tb 

H npeJlCKa3aTb HeKOTOpble OC069HHOCTH _nOB9Jl9HRR,.iJeTyqnx.-BeUieCTB ,R .naeT 
;, .,,·,_:_'_',·.· .. ·~ ;_ ··;. -~ '. 'li;''h~,-~ .•. :':..._,:". j. ~' '-.,. ··.,: ••• ~·.J· .•• ' ,,\··~·- '!,.,._,_,_ ... ,, ••.. ,.,._ .,.,, ' .•. ~ 

B03MO)I{HOCTb~ B onpe.neneHHOit- CTeneHR 1 ynpaBnHTb -. 9THMR. npoueCCBMR~ 
!, '·.;. ·;, ~. • •• < • ' • "\_~ ~,.. ~ • "' t -· ·.:.::! _·_: ·- . . . .' ·-. . ' ,' ·_ . . ' 

ITo9ToMy ._HaMR ,'np_enaapwr.enbHO. 6bma,-npoBE,JileHa cepRw 9KcnepHMeH_-

Toa c _uenbiO _Rc_cne_noe.aaR,H ;noa_eneHnH MRKpoKonnqecTa: TannRH a 38BRcu

MOCTH; OT pHJl8 nap_aMeTpOBI_,_B_nHHIOlURX: HB; npoueCCbl; -· npOHCXOJlHUIHe BO 

:BPI:)MSI Bblll9~9HRSI ~TannRSI.•.H3 -HarpeTbiX KpHCTannoa cjJTOpR)la CBRHUBi nepe-:-
• ' \ ~ f ., 

aoca .ero ra3oM..,HOCHTeneM- R3 •30Hhi aarpeaa ·H oca)I{Jl9HRSI' Ha nonno*Ke~ 

;. ; 

'-

Pear e H T hi: 

B ·KaqecTae aeruecTaa MHllleHR nnSI .nonyqeaR~- pa}lROaKTHBJiOI'O TannnSI 

Rcnonh3oaancSI . P b F2 ( o.c.'J.) -: R .nonyqeHHbiit :· HaMR npn B3aRMone~cTBIIII 
" . -·' . . ",-/ _.!"·/ .... :'~/ ·>· ~- ~- . -~ ·-.''. \ .. ~ ~-.,_ ··, __ · ·-,_ ~ . 

ocaoaaoro Kap6oaaTa caRaua:>(x.il!) 'c Koilu~ · H F ( o.c.tJ.) 1 B3SIT611 a 6onb~ 

Ill oM . R35biTI{_e. :::.~.~.aKpRSI .- hrioaoti~na~~> Ei ~ ieqeii~~;, 'so :·qacos ··npn 90 ° c · 171• . 

B pk'~e onbiTOB RC,~o~i3~B~'ncSI cjJTopucT~~i'i- :Ta~~Ri1 1 nony.~eHHhilt 113 
L_'i :~.· _.,-#-.·.·'<'·~,,_._·.,:.>-.·<-.>·-.···,: · :; 

HRTpaTa .TannRSI ROH006MeHHbiM·,M9TDJlOM Ha; CMOne nay9KC 50x8. naanuaTb 
.•; ,(. ~. ' - . . {: 

rpaMMOB -~I N03 · pacTaopSinR~b 'a ___ ropgqe_it aon~ 1 pacTaop .. HaHocRncH Ha 
/ . :.-:~ -:t;.::a~~~-r~"::-lf~-- r:;::~"~:-;:<r~"~i·~ ~} . --,"~ .. (-""""• ·.· .. 
aarpeTyiO no~90 C ;ie<Pno.H:oayi6 •!wnoHKy; conep*aiUyiO·,cMony 1 -oTMbiTYIO 

t -'~~.:-·-:.I :t ~·~ ... : :. · : '.· _.·- ~...... ......·:~.,.' : · '; "'' ' · ·- ,.._, 
6 · N HN03 oT ,n69!!>~D~fi.HX~··.RoHoa. Kono!fKB itocne cop6uRR \TannRH npoMbi-

aanacb aonoit~~ 3aTeM >arifiR11 9.i:nolipoa~h6·~ KoHu. HF ·• 8.n'IOaT ynapHaancH 

nocyxa _Ha-- BOilHHoli. 6aae. flonyqeHHhiit 'T[ i=. ·nep.~KpR.cTannR30BbU3~ncSI ·113· _ 

9TRno:~;6 .• '~Ji~~t~,;~ociie ~~~~-:~:~~;~,~~a~~'~'~'";~~·.-.1~~0~.·· : ; .. , , . , 

5 .... 
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7' ,,··· 

·M'eTO!IHKa: 
• ' .~. ~ ~ }': ,., ::-. ~ _':."!"' .-. 0 

· TpHauaT6-copoK rpaMMOJ? H3MenbqeHHoro H BhicymeHHoro rrpH 200 C 

rropomxa · Pb F2 r{o~~manii6i: 6 'rronH;THn~H~Byro xa~~;ny H o6nyqanHcb 
. '" . ... .. . . . ... ·, .. , '· '·· . . . . . .. ., . 12 c ,. 

rrpoToHaMH · c aHeprueii 660 ·Mas ir .. HHTeHCHBHOCTbro 10 p/ cex Ha ·· BhiBe-
, • ' ' '. • f' • ' :! ' ' "' ;") \ \ ·'-., ~ • ( ':. - '\;' • . ~' .) •• • 0 ·-' ~ ' • '<: ' -. . ' 
JleHHOM 'rryqxe CHHxpouHKnoTpoHa. fla6opaiopHH sraepHhiX rrpo6neM OHHH B 

TeileHHe 'orrpeJleneiuioro apeMeHH, ·· KoT~p~-~- 'aaalicEmo. oT x;Ei'p~~~a rr~~ypac-
' . rraaa BbiriensreMoi'o' naoTorra:' Haaecx'a :Pb F{(O,BOO:!:_O,oo'1' r r pa3M~manacb 

a .xaapueaow Tp. y6xe (. f = '5oo:·MM; CJ ·: :~ : :;·=. 4;3 '+ o,3 Mr:.i.) 'aa ':Y.;;a:·cTxe 
.· BHyTp. -. . . ,. 

anHHOii ~0 MM MeJKJlY '!IBYMSI T8MIIOH8MH)t3' KBapueB'oil' BaTbi H cnerxa-·· •. 

yTp.ilcan~Cb :ansr .rronrqeHHsr:•cpaBHHTenbHO. POBHOii. IIOBepxHo'cTH H . oimopoi:t

HOfi rrnoTiiOcTn. ,noaepxHOCTb\ KBapueBofi Tpy6KH IIOJlBepranacb rrpeJlBapH-

.... TenbHofi_ o6pa?oTKe~ ·IIpOMbiBanacb paCTBopoM· COJlbi1 'JlHCTo'' 'H 20. 
1 

;. BbicymH-
., 0 . . . ; . . . . 

,. Banach .rrpn 200. c.,.3aTeM ·C IIOMOllibJO T8MIIOH8' yJlansrnacb BQ3MOJKH8Sl 
. . . . " .. ., . . "' . ·.· .. . . ' • .• ' 0 . . .. 

KBapueeasr IIhinb H Tpy6xa oTJKHranacb rrpH 800 C. Taxasr o6pa6oTKa rro-
, . - - . 

BepXHOCTH ooecrreqHna. XOpOlliYIO, BOCllpOH3BO!IHMOCTb peaynbTBTOB IlpH pa-
.. -·· ~-" ' . -~·"'·· "'"- •·'- " -~ ~-- ,., .. 

OOTe C ynbTp8MHKpOKOnHqecTB8MH neTyqHX BemeCTB. 

!.:·· :\ ~ ~. ''15.· , .. 

. ..;·,~ l';·• 
If!, II 

.: 1:·:, ··. 1 ·:.,,. ~-.\<•:~.·-_ .. :·,~·i:··;r :"';_~'t- <1~>·:\---~I- ,:· ~-·,!_: .:~; )., 

PHc~· 2. CxeMa ycTaHOBKH ansr soaroHKH neTyqHx rrpoayxT~B , 
H3 · o6nyqeHHhix\ KpHCTannoa•Pb·F2·'' ( onHcaalie ·a TexcTe). ·:::: '--"~. 

~; 

6 

Tpy6Ka 13 c 

H CT80HnH3HpOB8H 

cxeMaTHqecxH Hac 

( CBMO BemecTBO j 
'. 

!lnSI BbiCylliHB8HHH 

CTpyJKK8MH, HBXO!I 

meK. 6, 7,8,9, 38IIOl 
·' 

HHSI neTyqHX pa!IHI 

cxopocTb·raaa-aoc 

psrromHx TeMrrepaT: 

qacTb TpyOKH 13i 

KBapueBofi TpyOKH 

TeMrrepaTypaor'? .' r 

THpHOfi nHHHefi,· C 

B Hefi IlpO!IYKTOB; 

TiapaMeTphi, ·· 

mHx npeaenax: Te~ 

nsr -.OT 0 JlO 21,2 

Pb F 2 - OT 0, 25 Jl 

PacnpeJleneal 

onbiTa. cflHKCHpoeanc 

COOTBeTCTByromero 

lliHpHHOfi 1 CM B CI 

JleTeKTop HciJ (TI) 

neHHSl ·paJlHOBKTHBH 

BKTHBHOCTb OT!Ienbi 

c paapemeHHeM s .... 
aneMeHTOB no cnex 

o6paaua o6nyqeHHc 

onpeJlenHTb BhiXOJl 



xancyny H o6nyqanHCb 
12 -. ". ·: ,'_, ;, ,' ,: ' 

rbro , 10 · p/ceK Ha BbiBe-

!.[lepHbiX np~6neM OHHH -~ 
' :eno ciT nepuo.na nonypac-

oo±_o,oo'1 r) 'pas~eut~~-~c;., 

~4~3 £:0,3 MM) Ha 'yq~'cTKe 

pueBott' kaTbr M: crierxa 

t: no.BepXHOCTH H ·o.nHopoi:t,;_ 

·no.nBepranacb npe.nBapu-· 

llbi1 :.nucT. 'H 20 ·, BbiCyWH

y.nansmaCb B03MO)KH8R ' 

C. Taxag o6pa6oTKa no-- . 

)CTb pesynbT8TOB UpH pa-

!CTB.· 

1p_ NaF No/JUIC/!. ·, 
I ' I ' I ' I . ' 9• •8: .. 7 6 ' 

·neTyqux npo.nyKT~B 
~irue. s TexcTe). ,. · 

Tpy6Ka· '13 c BemecTBOM noMemanacb B npe.nBapHTenbHo HarpeTyro 

H CTa6HnH3HpOB8HHYIO no TeMnepaType B TeqeHHe 2-3 qacOB yCT8HOBKy
1 •••• -< .. • • • • ' 

:- '. . 
CXeMaTHqeCKH H306pa)KeHHYIO Ha puc. 2 H COCTORIUYIO H3 llBYX rreqefi 1,2 

( caMo BemecTBO pacnonaranoc'b B. ueHTpe nequ 1), noByWKH 4 c ~ 0 s 

!lnR BbiCyWHBaHHR rasa-HOCHTeng 830Ta 1 . KB~pueBofi Tpy6KH 5 C Me.[lHbiMH 
' . . 0 ' . 

CTpy)KK8MH1 H8XO!lRIUeficg B neqxe 3 rrpH 400 C .nng y.naneHHSI 0 
2 1 

noBy-

WeK 6,7,8,9, aanonHeHHhrx·:Hcl·· ··NaOH .:~ 'NaiF ·u HzO, '.n.riS! nornome-

HHR neTyqux· pa.nuoaKTHBHbiX rasoB, peoMeTpOB '10,11, KOHTponupyK>IUHX 

~KopocTb rasa-HocuTe/m, H qeTbrpex Pt ( Pt ( Rll) ) · TepMonap, H~Me

pRromux TeMnepaTypy 'BHyTpH rretieK~·· llocne· OK0Htt8HHR OllbiTa KOnneKTOpHaSI . ( 

qacTb Tpy6KH 13; 0603HaqeHHBR UH!flpofi 15 H H8XOllRIU8RCR BHyTpH WHpOKOH 

KBapneBofi Tpy6KH 14 H naTyiiHOH Tpy6KH 12, Heo6xo.OHMbiX llliR C03ll8HHR 

TeMnepaTypaoro rpa.nHeHTa, : oTpeaanacb B MeCTe, H306pa)KeHHOM ITYHK-

THpHOii nHHHeii, -~ -·uen~IO 'nocne.ziYi6llt9ro H3MepeHHst BKTHBHOCTH. OCa)KJ:leHHbiX 

B Hefi npo.nyKTOBa' 

llapaMeTphr, · npH · KOTOpbiX npoBo.nu.imch onhiThi, HaMeHRnHcb B cne.nyro-
. • ., ' 0 ... . 0 ;, ' ·· .. :. ... : 

IUHX. npe.nenax: TeMnepaTypa OT 300 C JlO 700 C, CKOpOCTb rasa-HOCHTe-
3 2 . 

nR - oT 0 .no 21,2 eM IMM ,MHH, BpeMR - oT t;5 .no 45 MHHYT ~ HaBecxa 

PbF 2 -. oT 0,·25 .no 2,5 r. 

Pacnpe.neneHHe neTyqux coe.nuHeHHfi no Tpy6xe 15 nocne oxoHqaHHR 

onbtTa. !fJHKCHpOBanocb :Ha rieHTe ·C8MOUHCuaj• perHCTpHpyromero ,aKTHBHOCTb'. 

COOTBeTCTByromero. yqacTKa npHeMHOH ,Tp~6KH; IIpOTRrHBaeMofi IIepe.n menbro 

WHpHHOH 1 CM B CBHHUOBOM 6noKe, B KOTOpOM' H8XO!lHn~i:J CUHHTHnnR~HOHHbilf · 
. . . ' 3 ··. . ·'. . ·. ' 

.neTeKTOp .. NdJ. ('TI.) ( 22 CM ). nonyqHB TaKHM o6pa30M KapTHHy:pacnpe.ne;.. '. . . ' ,• ' . .. 

neHHR pa.OHOaKTHBHOrO BeiUeCTBa_ IIO. !lnHHe Tpy6KH1 Mbi H3MepRnH 38T9M ·, 

a~THBHOCTb oT.n~nbHbl~ . ~e qacT~fi, Hcrronb3yR . 'Ge ( Li ) -.neTeKTop ( IDeM 3 ) 

C paspeWeHHeM 3-4 K9B H 4096-KaHanbHbiH aHanH38TOp !lnR Hll.9HTH,PHK8UHH 
' /8/ . ' 

sneMeHTOB no crrexTpy raMMa -usnyqeHHR ·• HsMepsm raMMa-cneKTp 

o6pasua o6nyqeHHoro PbF2 rrepe.n cy6nHMauuei!: H nocne Hee, Mbi MornH 

orrpe.nenHTb BbiXOll neTyqux aneMeHTOB. 
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06pa60TKa cneKTpOB npoBO.!lHnacb c noMOII:(biO 3BM '~ M HHCK -2". 

fJapaiinenbHO 'f5bili npoaeae~ paall:oxnl>in~e~xnfi a~.~nna oGny'IeHHoro Pb .F 
2 

H8 coaep)!<aHiie 'iannnH. d6a. M~TO.Qa aHannaa noKa1ann' x~p~~YIO Bocnpo-
• • •• < ' ~ ' 

lJ3BO.QHMOCTb. 
''''I 

Bbma npoaeaeHa cepn.11 'onbiTOB .. anH riony'IeHiui aaHHbiX o. BbiXO.!le, :. 
• : • • • • ' : •• ~- • • ' •• • • ' -. • • -. • • • •> 

'IlJCTOTe, WHpHHe II MeCTe, ( TeMnepaType) . OC8>K.!leHH.11 TannHH B 38BHCHMOC-. ' . ~ . ' '. :-. -~ ' -- . - ' . . - . . . 

TH OT TeMnepaTypbi B03I'OHKH, CKOpOCTH ra3a.,..HOCHTenst, apeMeHH Bo3roH-
" .. ' _·, . . . . . ·' · .... ' -' . ' ' . -.- . . . ? 

KH,' KonH'IecTBa Pb F2 . , ·. oT coaep>KaHHSI. MaxpoKomlqecTB TannHst H pa3HbiX 

. n~6a~o~· ~ ~arpeaaeM~H npo6e. a' OO~bW~HCTBe onbiTOB OU6HK8 .npoBO.!lH-.' 

·,~~~b no cci~ep>K~Hn~- 202i'J'' (· :r. ~ . ·~·· 12 n~.Y:. . . . . ; . . ·. . . 
; . - . -· ~ . 

· BbiXO.!l. paanoaKTJJBHoro Tannnst H3 aarpeToro o6ny'IeHaor'o nopowKa •. 
' \ -~ -··- ' . ' . . . - . ·-- - '· . 

PbF 2 B aaancnMocTn oT O.!lHoro na napaMeTpoa ( TeMnepaTypa, BpeMS:t 
~ . . ,_ . ·, ' •, ,' . . . . . ~ . . . 

~~3I'OHKH, C~OpOCTb 1:'838-HOCHTenH) . npn npO'JHX paBHbiX • YCnOBH.IIX npe.Q-

·.cTaaneH Ha puc. 3 C I , II. , Ill ). Ha pncytixax 4,5,6. n~xaaaHo pacnpe-

aenimne Tannnst· no anmie npneMHofi Tpy6KH npn .. aTnx >Ke:ycnosn.Hx~ .flpa-. . . . . . ~ . : . . . . . '._. . . ~ . . . . . . ... -. . . . 

Bbifi MacwTa6 lia ocn op.!lHHaT (nMn/MHH) npnae,qeH anst. pacnpeaeneHHst 
. . . . . .. , ' _. ' ·- ·- ' . ·..;. 

'TI:* no .QnHHe Tpy6Kn, neBbiH - .!lnst oueHKH OCT8TKa .~T/ * · B. MHWeHH B 

npoueHTax ~T. o6mefi 8KTH8HOCTH' B3HT6tL HaBeCKH.: nnst 'Harnst.QHOCTH 'Obina 
~ .... _, . . . - . . -- - ·' 

. npoaeaeHa HOpMnpoBKa IInomaaefi nori ,KpHBofi ocT~~Ka n oC:a:lKaeHHoro• Ha · · 

Tpy6Ke .7/*: KcyMMe. paBHofi too%;~A" C>ooaaat!aeT ~ono~eaue Hai:iecKli. · 

. . . H~ p~c •. 3, (.IV .) , noxaaatio ~3MeH~HHe. B~~xoaa· Tan~~~ oT' K~mr~e~T:.: ·· 
. . . . . . . . - ~~ ,_. ,._. ' . - . . . . .. . . . ~'" - . - . 

Ba o6ny'IeHHoro PbF2 ( OT 0,25. rio 2;5 r) npn cTaHilapTHbiX. ycnoanstx mi.:. 
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~ ·.• . 

y'IaCTKa: TR~§xii~~ · ....... 

"';-.··: 

8 

~·· 

!. 
. x·J 

:0: 

"''• 

" 
.. , . ~ 

.'!/"!. 

PH 
H3 

. ~ ;', 

2---1 
"i ... 

;;· 

, .. ' ~ 

Pnc. 4. Pacnpeaene!Ine paa1 
no .!lnHHe~ npneMHOH TpyoKH 
TeMnepaTypbi Harpeaa Kpnc~ 

II - 445°C; Ill -495°C; I 
Bpi:n.{g' :BoaroHKH 15 MHHyT; 
= 2,5. CM31MM2.MHH (nyHKTF . ' 

MecTonono>KeHHe paaHoaKTHE 



8BM . ~MHHCK..;2". 

~~o6ny11eaaorb Pb.~2 • 
anu xopowyro socnpo-
~;: ,' ; ' \; ~" 

. .ll8HHhiX 0 BhiXOJle, 

g:',TannHH B aaBHCHMoc

~E)nSI, BpeMeHH so3roa

ecTB TannHH H p83Hh!X .. 

TOB oueaKa ppoBO.llH:-· 

>6nyqeaaor'o nopowKa , 

r.mepa:rypa, BpeMH 

IHhiX :YCnOBHHX npen

,5;6 noKaaaao pacnpe.;.; 

x }Ke.ycnoBHHx;· . llpa-
>-· . 

JlnSI, p~cnpeneneHHSI 

::T/? B MHWeHH B 

nSI HarnSI.llHOCTH' 6hina · 

a ·JI oca}Kneaaoro• aa.·· 
' ; ~: .. . . . 

nono~eHHe HaBeCK~. · 

':···,; ' ··, ._-_. 
lpTHhlX ycnOBHHX' Ha.;. 

., ~ ". . " ' 
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HHhi aaHIIMaeMoro 
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Puc. 3. 3aBHCHM~CTb Bhxxo.ua pa.uHoaKTHBHoro TanmrH 
H3 o6ny'leHHhiX KpllcTannoa Pb F2 oT TeMnepaTypi,x · 
aoaroHKH. ( 1 )., 'apeMeHH aoaroHKII ( II ) , cKopoCTH 
r~aa-aocwrensi, ( IU) II Konii'IecTaa PbF2 . ( IV · ); 

.· .llpyrHe: napaMeTphl COOTBeTCTBeliiiO: r 15 .. MHH
1 

t = M5°C, vi-12 ~ _2,,5 cM31MM2• MIIa. · 
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.•. rt!:. . 

u ... 
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Puc; 4~ _P!lcnpe.uenenue. pamroaKTHBHoro TannHSI · QO"c: 

no JlnHHe' npHeMHOH Tpy6KH· B 38BHCHMOCTH OT •rxrc "!_"C,/
1
\ ., , 

TeMnepaTyphi narp~aa KpiicTannoa PbF2 : 1-385°C, 
II - 445°C, Ill -495°C, IV - 560°C, ·~ ·-645°c. t~c __ )}P 

BpeMH··aoaroaKu 15 'MllayT,. cKopocTJ::> noTo~a N2 =. '<00 -~_;,- ."V .. , 
= 2,5 CM.3fMM2.Mllli (nyHKTllpHaSI nHHHSI llOK83hiB8eT --·~ 
MeCTOllOnD:lKeHlle P8.llH08KTHBHOI'O OCMHSI)e . ~ ~ 
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P11c. 5. PacnpeJleneane pamroaKTliBHoro · Tanmm no 
nnuae npiieMaoil Tpy6rm B · aaancuMocTu oT· ape Mean 
aoaroaKu: I - 1,5 MiiH, II ;,.. 3 11.iua, Ill "- 5: Mua, 
IV. - 10 MHH, V - 15 Mim, VI - 20 MIIH, •., 
VII- 40 Mua; 2 t .... 645°C, cKopocTb · 
= 2,5 cM3~MM • MHH (n~HKTHp - Os 

noToKa. H2 =: , .. .: 
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Pnc. 6. Pacinpenene.!Ine; panuoaKTHBHof.o ·~annuSI no 
. JlnH.IIe npHeMHO,tl Tpy6KH B aaBJU~HMOCT~ OT CKOpOCTH . 
noToxa raaa;-aocn~e~~· cM31MM ·~ua: I - 0, II -:-(),35, r'\. 
Ill - 0,751 IV. -1,4, V -2,65, VI -5,35, VII - 8,6, Lf 
·vm- 13,25, IX ,;.;, 21,2. · t = 645°C, BpeMSI aoaroaxn 
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Puc. 6. PacnpeLt~neime: paLtHO~KTHB!IOro Ta1InHH. no . . .· ,...., .. ·- _.. ·• 
LtnHHe npHeMHOA Tpy6KH, B 38BH~HMOCT~ OT_ CKOpOCTH 
noToKa rasa:-Ho. CHTeJ1R1 ···cM31MM. ·~HH: .I - 0, II· -0,35, "-. . 
Ill - 0,75, IV -1,4, V -2,65, VI -5,35, VII - 8,6, Lf r m 
·'VIII- 13,25, IX .;.. 21,2. t = 645°C, Bpe~ur aoaroHKH _,:'.., 
.- 15 MHH (nyHKTHp - Os ). ,. · JO·, .. 
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YJieT;Yliul3aHHe pa~HoaKTH:aHhiX sJieMeHTo:a.Ha o6JiytreHHbiX 
.· .. K#tc!a.JIJJo:B . . Pc~;( t =645°c~ :SpeMH :aoaroHKH ·-.Is MHH, 

. ;. ·. CKOP~(:}T~.:noTOKa /V2 =:2,5 cM3/uM2.MHH) ·· .•. ·': 
. ' . . . ' ... . . _,. 

~~~=~·~11E:: P,t pg Tei/13 Au Pt Jr Os R-e W Ta: HJ p.a~a. 
· HcnapHeTcH·. Ha 0 . 0 92 9!· 0 I I 90 IO 0 9 0 0 MHWeHB,'' %: •. .. 

~ ""'''. ' '. ,, > ••• '"' .-···· 
• • -· .-1· • -· '• ·- ' .• ' "~ ~"' .• 

.· .. ,, ...... .. 
OcaQaDTCH. ~a"· . , . 

91 2 - o,s ·1 35 
.;·' ' ;_,-_> 

npHeMHOit Tpy6':'" . · ;- - 6 - '6 - .. .. 
Ke · ·% ·• · ·· · .. . . 

' '··· •·.' . ... .. ·• . ·-

.. 



-t..:) 

.. ~ 

Tae5muta 2 

BJmHHRe pasJI.HqHI:lX .ztoC5a:aoK Ha yneTyqH:aaHHe TI H3 . . 1 
oe5JiylleHHHX KpHcTanJio:s PC fi ( t =645°C, :Sp~ME: :sosroH!m· IS MHH ~ . . . 3 ::> 
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. Pnc. ·7. PacnpeJleneune paJlHOaKTHBHhiX npoJlyKTOB 
' ' - - ' ' .•'' ' ' ' ' 0 
TaltltHSI H ocMHSI no JlnHHe. npneMHOit Tpy6t<u: 1-630 C, 

'~ II: .;..- 645°C, Ill'- 660~C ( nyHKTHp - :rr , 'cimowHhie' 
nHHHH ::.. Os J ~- ·raM~a:-cneKTp 'TI -cflpaKunn. · 

,-' . . ":_·~·. . '-' : •. : -··· ._. . ' '.. ·; " ' :. 

' • • • I • • • • 

., '' c' noMomb~c>'G~-(L_i) _::J:ieT~KTOp~ onpel!enSin~Cb T8K>Ke ·yneTy'IUBa~ne, 
., ~ ... 

--c .u pacnpelieneine ·s.-riplieMllofi Tpy6Ke Apyrnx paAHoa~Timuhix .,<lli_er-1euTos:· 

:()6p~s:Yro~~XCSI' np~; 66~i~~HH~ :PbF2 ( Ta6nJ 1 H :PH~:. 7)·: np;I~e~~HHbitt , 

· ·· cneKTp raMMa-nsny'IeHHSI xapaKTepnsyeT 'IHCTqTy. ··ytiacTKa .llmiHoit.~50 Mr-i, '. 

~~;cipo~'.:6·c~mll~e;cSI' 6onee · 90% ·n· · .> · . . . .· .· .. ·.··. •· 
.. · ··• Blinsl!i~e :~c)~~e~~}.suec;e~llhtX :~;:~6/iyqae~i,t!l )'b ~2 ~g--u~n~oKi·:··i~~~~~;~_;: -· 

yn~'fyqns~unSI <r1. . snAuo ·ils. pe3yn~>T~To13 'ia6#liuht 2. 

· · ·• ·.· c-Bce: nonytie~Hhi'e · Jlaufiile. Si5nSiroTcsi': cp.eiianMH •sii~~~an~~n pea'y~~"7 v; (: 



06cymneHne pe3ynbTaToB 

Mcnonb3yeMaH HaMH cncTeMa o6ny'IeHHoro Pb F2 oKa3anacb 6naronpn-

HTHofi nnH H3y'IeHRH neTy'IecTn MRKpoKonnqecTB TannuH. PaccMaTpRBaH 
. .' .- . . . : . . . 

3aBHCRMOCTb yneTy'IRBaHHH TalmnSI OT' npeMeHn · ( pnc. · 3, II ) npn 

t = 645°C, 6nH3KOI1 K t 'TI F , MomHo 3aKnro'IRTb, 'ITo ynbTpaMnK-Knn. · 

poKOnH'IeCTBa TannHH yneTy'IHBaiOTCH H3 KpHCTannH'IeCKOI'O.~Topnna CBHH

Ua JlOBOnbHO IIOnHO B TelJ:eJme KOpOTKOI'O BpeMeHH. llpH 9THX ycnOBliHX 

cKopocTb yneTyqnnaHnH TannnH n nocneayromero HaKonneHHH ero Ha non

nomKe OI'paHH'IHBaeTCH1 llO-BHJlHMOMy, CKOpOCTbiO JlH~¢y3HH TannHH H3 

KpncTannon Pb F 2 • 

TeMnepaTypa, npn KoTopofi _Ha'IHHaeTCH yneTy'InnaHne TannnH.(pnc.3, 

1a) 1 6nH3Ka K TeMrrepaType· ~a30BOI'O nepeXOJla poMfiR'IeCKOM ~OpMbl 
. -

KpncTannon Pb F2 B :Ky5n'I•3cKyro,, MeJiee rrnoTHyro f3 -MOJlH~RKaunro 
0 /6/ . 

(- 316 C) , 'ITo rr.o3nonHeT rrpennonomnTb nnHHHne _aToro nepexoaa 

I! a CKOpOCTb nncp<fly3RH .. 'Tf • 

B uawnx ycnonnHx .nponeaennH onhiTOB PbF2 · qacTH'IHO B3anMoneficT

nonan c'o . CTeHKaMR KBapueBOM Tpy6Kn,. o6pa3yH OKRCb CBHHua. CKOpOCTb 

:=noli: peaKunn. Mana, noaToMy.npn ne6onbwoM npeMeun K0
0HTaKTa P~F2 co 

CTel!KBMH K!3apueBOM Tpy6~-~ 9TO B3aRMOJleMCTB~e B HalUHX OllbiTaX 3aMeT-

IIOI'O B.nHHIIHH Ha BbiXOJl TannHH:. He OK8.3biB.ano. 0JlH8KO . y_~en,H'IeHne Bpe- , 

Mel!H B03I'Ol!KH H llOBbillleHne Tel'1nepaTypbi Hai'f>eBa ,PbF2 IIpHBOJlHT K 

llOHBneHHIO 3aMeTHOI'O KOnH'IeCTBa OKHCH, CBlfHUa. B CBS13H C 9THM HHTepec-. _,,,,. ,. . . .. 

no 5h;no nccnenonaTb nmumne ao6aBKH PbO . K o6nyqaeMoMy. PbF2 . aa . . ' .. - . 

BhiXOJl TannnH B 3aBHCHMOCTH. oT TeMnepaTyphi (pnc •. 3, 1n )~ XapaKTep ' -··· .. •. ' ., . 

aToM Kpnnofi rroao6ea Kpnnofi (a). Jlmi 'IHcToro PbF2 , oaaaKo aa5nroaaeT..: 
. . . ' ' ' ' '~ . - ' . . 

CH CMemeane B CTOpOHy . Yjlde_HJ;>t,ll(i!H~H:.J3hiXOJla Tannn~ npn OJlHHX H TeX :IKe 

3HalJ:eHHHX Ter,mepaTyphi. Bo3MOmHo, 9TO. CBH3aJio c . lJ:aCTH'IHblM nnanneaneM 

14 

t 
f •. 

<4:..-:"' 

'1 
...... ~ ~ . • 

;,.. 

., ... 

-~ cncTeMbi .· PbF2 -Pbrf 

T_n KpHcTannoB ·· .PbF2 

B TaKofi cncTeMe o6p. 

. 3ilTpyJiJiHeT··JlH~~y3HIO: 
'··-

C'ue.IIbiOyBennq 

nneneHhi pa3nH'IHhie · ai 

ynennqeane BbiXona Ta . 
. . ~- . : . 

Bcex ocTanbHhiX cnyqa 

IIo-nnnnM~My, n rrpnne 

'IHCThiM Pb Fi npn npot; 
) 

Pe3Koe ynennqea 
. ' '~ . 

y'IaCTKy KpHBOM (pnc~ 
·-~ • ' . ; • • • l . ., ' . . .. • 

3a:-HOCHTenH , MOmHO 0 

.H~, TaKHX MHKpOIIOp B J 

CKOpOCTHX I'a3a-HOCHTE . . . ; 

XapaKTep 3anncnr 

PbF2 (pnc. 3, IV.) •Mo 

TH 1 KOHTaKTHpyromefi C 

XnMnqecKaH .~opM 

.onpenenHnacb. OaHaKoc. . . . '~ )-

~OpMOM 6yneT·coCTOHJIE 

TOpbie KOCBeHHhie naH!fi 

conrranaromaH c · TeMrrep. 

. , H8HHhiX . rrpn aTHX :IKe: yc 

BepOHTH01 ·ecnn HCXOJlH, 

nH38UHH ~OpH'IHX aTOMO 

l13BeCTHbiM ~TOpH 



Pb F2. oKaaanacb 6naronpn-

.· .TannuSI, PaccMaTpnBaSI 

(puc,- 3, II ) npn 

38KJIIO'IIITb 0 'ITO ynbTp8MMK

Illiii'IeCKOrO 4JTopiiJl8 · CBMH

~II. Opn aTnx.ycnoBHSIX 

HaKonneHnSI ero Ha non

~ JlM¢¢y31III T8JIJIIISI II3 

~Ty'IMB8HIIe T8JIJIIISI . ( p1Ic,3,. 

poM61I'IeCKOil: ¢,opMbl 

0 < {3 -MOJl1IclJIIK8UMIO 

ISIHMe aToro nepexona 

;l : '18CTM'IHO B38MMOJleil:cT

OKMCb CBMHua, CKOpOCTb 

kMe.Hn KOHTaKTa PbFi co 

e s. HBIUMX onbiTax aaMeT

:>nHaKo yBenM'IeHMe Bpe-
•• • ', I 

~Ba PbF2 . npMBOJlMT K 

, B. CBS13M C STMM MHTepec

•6n~qaeMOMy . PbF 2 Ha 
,•- ' 

pMc. 3, lB ) • XapaKTep 

bF . 2 , onHaKo Ha6nronaeT..: 

InMSI npM OJlHMX. M TeX :a<e 

0 C '18CTM'IHbiM DJI8BJieHMeM 

I 

1 
I 
I 

I 
+ lr • 

j· 

! 
! 
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I 
I 

J 

. clfcTeMbi ,, P b F2 · . .- Pb d ~~ •. · ~PMBoJ:uiumM • r< · yMeiiLwealno. · p~aB:~~;oil: ·· noB'e.Px~~c
TM KpMcTannoB· •·PbF2 , 'ITo'yxyJliUaeT· ycnoBMH 'yneTytiimaHl\SI TallnMSI, 

'·. B TaKoil:·: CHCTeMe o6paayeTcSI' nncmia~ KpMCTan.ini'~eciasl 'peiUe'TKa, 'ITO 

aaTpy.riHSieT nli!fliflyaMIO neTy'IMX 'coeJlJJHeHMil: npif iui~HClil: •T.eMnepa.J.Y~e.' ... 
• ' ~ ' ' .< ' B 

''· C uenbiD: yBenM'IeHH.s; :~~BJpxHocT~:B CMCTeMy p~j:~' '_pbcJ. 6_biJIM .. 
'· "'':·~~-; ·._., < -"~"'>•-~;_,.:,·r:<.• •' ~, ~:__. j >, :·.1' ,;,,,,·I ', ~ ~ • 

BBeJleHbi pa3JIM'IHbie Jl068BKM, . KaK BMJlHO. M3. Ta6JIMUbi 2, He3H8'1MTeJibHOe 
'~ -- . . . ( ~ .. 

yBenJ!:.JeH'Me BbiXOJla T8JIJIMSI Bbl3biBaeT JIMIUb Jl068BKa KBapueBoil: B8Tb!, Bo 
. . ' . . ' ;. -~ u ' . ' 

BCeX OCT8JlbHbiX CJiy'laSIX ·Ha6JIIOJl8JIOCb '18CTM~JHoe nnaBneHMe CMCTe~bi, ,'ITO, 
>. ·. (:~:>;}\ :;:;?~ 'l_:.··;. ··,~;;'~· .. ,.<,_·,,_ •. ,.-, .'· ,:_ ~~ ./~ -· ; 

np-BM~ll,~'?Mr, M ·npM~eno. K. YMGHbiileHMIO .. Bb!Xplla .. ~aJIJIMSI~:no,. cpaBHeHMIO··.C 
',,., .·.L~•',;< :· ': ~f ,"/j:,'.i·•,,_.-,., ·•',' -• ' .'''>"o' -:::: • ' '' - , •, 

'IMCTbiM f'bF2 npM npoq~X: p~~Hb!x,:_YSJIOB~.Six,,.,,;r· ,, ·--·, 

;:.PeaK~~; yBeJIM'IeHMe .~,bi:K.OJlH ,'I_'~~J1!fSI, COOTBeTCTBy'romee HaqaJibHOMy 

yqaCTKy. KpMBOil: ( pMC,, 3, II/ . ) , B 38BMCMMOCTM -OT CKOpOCTM. nOTOKa ra-· 
-~ -;~ -.. ~ l,. ·-~ .. l.·'' ,._,.~' -~~-·- . ""• ' < , 

3~~~0CMTen~. MO:H<HO,; 06~SICHMTb M3BJie.'leHMeM: ,T8JIJIM.si ra3oM..:.HOCMTeJieM 
\-.', 

.M::', ,T~KMX MM~pO~Op _B Kp~CTannax Pbf 2 , .M3 KOTOpb!X npM He60JibiUMXi 

CKOpOCTSIX .. raaa-IioCMTenSI ynaneHMe TanJIMH· 3STpynHeiio,, q 
' ~ ' . ' - ! .. ' . ~ - . ' . ' ' . ' ' '-

:XapaKTep. 38BMCMMOCTM BbiXOJla Tannii.i nj:m yBeJIH'IeHMif\ HaBeCKM 

PbF2 (pMc, 3,. IV;) MO:H<HO o6iSI~HMTb yMeH~WeHMeM. ynenbHoil: 1 n~IiepxaocL 
TM,. KOHT8KTMpyromeil: C: ra30M":'HOCMTeneM; 

. . 
XMMM'{eCKBSI :!flopMa: B03r'OHSiioUierocg· TaJIJIMSI :npSIMbiMM i>nbiTSMH He 

7 onpenengnacb, .. OnHaKo: MO:a<Ho .·· npennono:a<MTb·~ · · >iT,o · H~M6o~~~,. ~e~oSIT~oA: 
iflopMoil: ·6yne;:cocToSIHHe: TannMSI B iflopMe '!I F.?:~~'~ 'leM :r-oao~SI; Iie!Co.::_; ·· 

Topbie- KocBeHHbie_ JlBHHhxe, KaK, HEinpMMep:· TeMnepaTypa .· oca:a<ileHHSI' Tan1IH.sii 

. COBnanaromaSI. c • TeMnepaTypOil:t oca:a<neHMSI MaKpO~OnMtie~TB : 'TIF . . r Boa or:.. 

, Ha~HbiX np11 aTMX :a<e; ycnoBMSix, 06paaoaa~me B iflopMe 4JTopMJla Hall6onee . . 
BepOSITHO,: eCJIM. MCXOJlMTb' T8K:H<e M M3 npeJlCTaBneHMil: 0 .MexaHM3Me CTa6M-

·,·· . ;• . '/10/ 
J13BeCTHblft iJITOpMJl 'T/F J npM BbiCOKOft TeMn~paType HecTa6MneH .. ·· : . o 
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.---· 

MexaHII3M ocamlleHIIR TanniiR 113 · ra3oBoii ¢a3bi MO:H<HO o6'hHCHHTb, 

IICXOilSI. K8K. 113 B38HMOJleiicTBHSI sannHR, c ,'.nosepxH~CTb.IO npHeMHoil•xsapue-
• .., •• ·-· ~ , •,; f ( '. '· •• " :. ~- , "· ,, • ,_ _.' •• • •• • • ''. ' • • • • -'• 

BOil: Tpy6KII,· TaK II 113 SIBneHIIH . tPII311.qeCKOH ·aJlCOp6unn: napoB. TIF; 
, ". ! . r_'; .· ~ . , : • • : . ' ,.-~ "' . - ~-' -... .• . -· , .: - ' -. . .. 

Ha · 

nosepXHOCTII KBapua. nocneJlHee llOilTBep:H<JlaeTCH ,TeM,·. 'ITO npH. ysenH'IeHHH :: ·., .. ;:::··,· ; ..... ·:·:··· ( ·.0 . . '•":·•··· ' ·.··~··.· .·•. ... . 
TeMnepaTyphi nollnO)KKH. llO- 400 G npoiiCXOiliiT nonHaSJ:, Bo3rOHKa ocamlleH-

Horo ~~~~y~Ta. ·H~M~H·~~~e ;e~~~~~Typ~I' ~~2~:H<Il~HH~.:T~~nHR ~ 38B~CHMOCTH 
·" - . : . ' . ·: . ' ' • ·-: . _,_. : .· ; -· - . . :~=-: ; ? ·• • , _"; •' ;., . '_) ~ ...• J ' • - ' . ' 

oT TeMnepa:ryp'f:{ H:arpesa PbF.2 , cxopoc.;;-11 ra3a-HocnTenR n speMeHH 

Boar~Jiim, ·a· TOil:.llnll ;HHOH Mepe Bnii~!OUlHX .·Ha npo~~CC B3~HMOileiiCTBHSI 
MliKp:OK~JlH'IeCTB TBlxliHH c nosepxHOC;b!O ~py6KII,"·~~;OSITHO ' . MO:H<HO o6'hSIC

. HliTbj 'ilcxonSi H3 • ~pellncino>Ke~ir~· 0. cMemeHHII' AHHB~HlJ:ElCKOro :paBHOBeCH~ 
reTeporeimoii CHC;ElMh; ~~a3o6~pa3H~:~o· ~: ~~~iKileii'H'~r~·· TIF: . B aaincHMOC-

. . . . . ., ". .. .·... , . , : :·;I ll!•. 
Til OT COCTOSiliiiH aHepreTII'IeCKII: HeOilHOpOilHOfi . llOBepXliOCTH .. • 

HeollHOPOilliOCTb ak;HBHhiX. ueaTpos, cyi:uec'I'sy~um~' Ha; Ii6aepx~OCTII 
xsapua. n. 3af!.onHReMhtx <T/F ';',' a·'onpell~~e~Ho'~ dimemi} sepciSi'THo, xapax

TeplmyeTcR·.:nonyw~pnHoit·'3oHht· ocamrieHIIR TtlniiiiHJ.. OnTHManbHbift ~o ¢~pM~ 

II nonywnp11He MaKCHMYMipacnpeJleneHIISI TaniiHH BllOnb Tpy6x11' c rpa'i:meH ;_ 

ToM TeMii~paTyphx, xax; BllllHo, ·Jlo~TIIraeTc~ np11 cxripocTJi -r-aaa-iiocrrTenSi 

H 2 2,5 cM
3 

IM¥2
.MIIll ( p11c. 8). YsEmii'Ielllle cxop~cTn· ra3a~aociiTemi 

' ~" '"' ,, '. ' ' ' . ' ., -

npiiBOiliiT. K nepeMeWeHHIO BeWeCTBa B 6onee ·xonOilliY!O '<iaCTb, Tpy6KH 
···-· .. , ····'·.' .· . ' . • ,·· - ';! ·., - • 

( p11c. 6 11 8), ysenii'IeHH'e speMeHn Bo3rOHKH .llaeT: nono6Hbiii: a¢¢ exT, HO · ·· 

Bhipa:H<eHHhlfi· 3H8'IIITenbHO·C~a6ee (pnc •. 6c:11; 8) •. I1HTepeCHO OTMeTHTb, 

'ITO non.~:H<e~He CIIMMeTpii'IHOro, n11Ka: OC8:H<IleiiHSI .C) MIIHIIMBnbHOH' nonywllpH-
.' '. ,. . ' •. - . . ·. -" . " ' ,. - ~ 

HOfi. npll onTIIMllnbllhlX ycnoBHHX B03rOHKII COOTBeTCTByeT. TeMnepaType. 

!Ina~~e~~~~, . , :TIF .. (puc. , ~) ,• :npii'I;~ : ~ p11sa~, pac,npellen~liHR: npnMecll. ·. MHK

poxo~II'Iec;s: ocMIIR ,IIMeeT. Taxm~ cHMMeTpll~~;lo, ¢opMy nnxa •. Hcxo~R 113 ··· 
'; ' ' :'. ' . ..:· ,. !.· > . ' . . . 3 2 

STOr(), MO~H(), npeJlnOnO~IITb, 'ITO· CKOpOCTb ,r838-HOCIITeng · 2,5 CM / MM .MHH 

o6ecne'IIIBaeT onTIIManbHhiii. KOHTaKT .. ra3osoro. noToxa. co cTeHKaMII: • np11..:.. 

eMliOlt ·Tpy6KH c TQ'IJm: 3peHJIH. p83JleneHIIH •ra3006pa3HbiX npOilYKTOB 'C' 

xopm,nHM pa,3peiueHIIeMo' 

16 
-~~ t 

.-. ,,..., 

... 
' 

·~ 

·-

·,,.6··.·-. 6 _- ._. ·_ 

Jt .'",;>'r 
2 . ... 

. a .. 
.fF 

500 

-~I.'" 5, 

. Pnc. 8. llonyiti 
B 38BHCHMOCTI1 
ra3a-il:ocnTenR 
B 38BHCHMOCTI1 
llnR (a). 11 (c) 

PaccMaTpHBaR yneTy 

HarpeThiX KpHcTannos Pbf 

HHeM pTyTH II OCMIISI, 'llPYi 

HeCMOTpSI Ha TO,.'ITO 113BE 

IOU! IIX t . . HH:H<e t .. 
, , ~ f Kiln; . KH 
Tbl B Jl8llliOfi CHCTeM~ CTa 

tPTOpHilOB 1 IIMe!OlllHX 6onee 

. nonyq_ellllbie ll811Hhle" 

paHH()H ·CIICTeMe 6btnll , nq~ 

MeTOilll BhiJieneHHSI palliiOT, 
' : ~ ' .· ' . . . ' '. ' 



bl )MO>KHO 06'b!lCHHTb 1 

•\ . 
cTbl<> rrp.neMHoit KBapue-

IH,I~, rr~poB T/F. Ha · 

:~!':!.•· 'ITO. IlpH yBeJIH'IeHHH 

H8Sl_B03rOHK8 0~8>KAeH~ 
... 

ll. T8J1Jllill B .38BHCHMOCTH 

OCHTeJIIl ~ BpeMeHH 

:ecc B38HMOAeitCTBHil 

~pO~THO 1 MO>KHO 06'b!lC-
. '·, 

1H'I~CKOro paBHOBeCHil 

:>ro riF B aaBHCHMoc-
; 11/: 

~pXHOCTH 

·K>umx' Ha: rioBepxHocTn 

erreHii:, BepollTHo, xapaK

OrrTHMBJibHbifi no cpopMe 

Ollb Tpy6KH C rpaAHeH ·

OpOCTH ·raaa-HocnTenH · 

OCTH ra38-HOCHTeJIH 

~y'ro '18CTb Tpy6KH · 

IIOA06Hb!H acp¢eKT1 Ho· 

ITepeCHO OTMeTHTb1 

MHHHM8nbHOit' IIOJiyrnHpH~ 

:TByeT TeMrrepaType' · 

•AeJieHHSI IlpHMeCH MHK

>P¥Y IIHKa •. HcxOAH na · 
3 2 ' 

OCHTeJIH 2,5 CM IMM • ,MHH 

1K8- CO CTeHK8MH ·IIpH- · 

83HbiX IlpOAYKT.OB 'c ' ; , 

f 

l .. I. 
I 
I 
I 

I 
l 

I 
[ 
! 

I 
l 

. '', 

20 ,. 
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'Pile. 8. nonyiimpHHa M8KCHMyMa pacnpenehenHH Tarimi.st 
'B aaBHCHMOCTH .. oT speMeim BoaroHKM (a), c-KopocTH 

raaa..:irocHTeJIH (B) H · TeMrrepaTypb! OC8>KAeHHH T8JIJIHil 
B' 38BHCHMOCTM OT CKOpOCTH raaa·-HOCHTeJI~ (C), f .,;645° 

1 

A Jill (B) ' H ' (c) Bpi;)MSi s6aroHKH' 15: MHRyT.~·:·~- ~: ·: ---- . 'i 
:. ! : "' . ' • . : .- • . ~ . ' ~ ' 

-·" , '; : ;"-· .r. ~ .;:, I,-· 
PaccMaTpnsaS! 'yneTy'IHBa!me 'Apyrnx paAHoaKTHBHhix aneMenToB na 

narpeTb!X Kf>H,CT8JIJIOB PbF2;:: ( T~~Fi 1), :\~-()~HO 'aaM,eTHTb, 'ITO 38 HCKJliO'Ie

HHeM pTyTH .H O~MHH, Apyrlf:~ 3JleMeHTbl- Bo:ilroHHIOTCS! He3H8'1HTeJIJ:;.H0
1 

L---~--'~*''-4 .--~ ~~- , . 

He~MOTpll H8 T0 1 . tJTO H3B9CTHO. CyiUeCTBOB8HHe' 11£ Bb!c'WHX ljJTOpHJiOB
1 

HMe-

IOIUHX t ' HlOKe;:. ; ,._,._ 'TIF .• ; Mo)!{!I~ :~pe.nrrono>K~Tb! >:.J;o :· 3T~ aneMen-
' , • KHII, . , _., KHII, · .. 

~'bi B lll;Haoit CHCTeM~ cTa6HmiaHpyiOTCH rrpeHMymecTBeano B ¢opMe HH3U!HX. 
. . • ~ • . : • , . : i • . ..._ - • • . • ' ' 

ljJTopH.llOB1 HMe~nuix 6onee Bb!COKYIO TeMrrepaTypy KH~9Hiill ( pHC, l), 

llon)rtleHHbie .ll8HHbie. o ileTy'leCTH MHKpo~o~.n~eCTB ~8JlJIJIIl B Bbi6-

- ~~H~~ft -~HC~~M~ -~b!Jllf . ~~II-OJiba~~~-~b:> ,H8MH -;~ll . pa~;~~O~K~ . ~~~IIp~C~~oro 
,. ... - . ...,.,~ ~,·.-_. . ···>:;· -.. .· .·· .. <'~ .· -··--~·'"• ·-~ -. .· ,, ' .·• 

MeT;o'.na B•biJieneHHil pa.nH6TaJIJIJfll, llJIH aT oro. 6bina. IIOCTpoeHa. ycT8HOBKa; 
• --' '' _,. ' ,- ~ • ,- '. ~- ' ' ; ~ \ ·' ' , .. ••• • ' • • •• 1- • ' ' ' i .. ; 
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B KOTOpOfi '!fJTopHC~bifi CBHHeU IIOMeiUanCH B KBapueBbie nogoqK~ 1 npHro-

TOBneHHbie ns Tpy6o~ cf ,;, 150 M.M n · J . = 8 MM n yKnagbiBaeMbie 
. . . . · ;:· : · : .. . BHyTp, ' · : . . ... 

B 5onbiiiY~ peaK~HOHHYIO Tpy5Ky ogH~ ~a gpyryiO B KOnHqeCTBe go 20 IIITyK/ 12/, 

TaKaH KOHCTpyKUHH Mnmet~nnosBonHna o~nY'I8,Tb ae'cKo~li.Ko coT ~pa~MoB .Pb F2 

gmrnonyqeHH~ BbiCOKOpagn~aKTHBHb!X npenapaTOB TannHH, C IIOMO!Ub!O 

9TOti yCT8HOBKH1 B KOTOpOfi o5ny'IeHHe Ha BbiBegeHHOM 'ny'IKe · llpOTOHOB ' '> . ' . . . . • . . 

n xnMn~r,· Benncb n pe)KHMe "oa-naiia"' (pnc, 9), npoBegeHbi ggepao-crieKT-

poCKOIIH'IeCKHe HCCnegOB8HHH KOpOTKO)KHByiUHX,, cenapnpoBaHHbiX IIO MaCC8M 
·r . . 112:..151. . 

H30TOIIOB,T8nnHH,C . W ~. 

! ~ ' < ••• ~ 

!;·;, 

~~:;' _; :").' 

· · Pli:c; 9. CxeMa sKcrrepnMenTa; nosBonHIOruero nony'IaTb 
'< li' iiccn.eaoBaT6' MciHonao-1-oimh'Ie np'enapaTbi · TannnS! ( ·r~ ·~1 Mna). 

! .• ' 

:·~ ; ·.·: :·· ··:·· 

j"- ,,_BbiBOgbi 

1~ H6~~·~1i'6B~~bi aeKoTopbie o~~6eaaocTn no~ege~n~ 'MnKpoKonnqec'rB Tan

. nHH BO iipeMH B03rDHKH~ n~peH·O~~ H oCa)Kge~ri~ ~ ~~~~CH~OCTH OT psina napa

MeTflOB1 .• BiUfHIOUiHx···a~: iipouec.C:il;'· n'poHc~bg~IR~~: ~6 ·. :~p~,M~·~;6ri~~au~·~ c ~a·:. 

Ty!mx coegnaeHnli TH)KenhiX MeTannoB H3 KpHcTannnqecKorC> nopornKa 
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PbF2 , o5nyqeaaoro rrJ 

. a!fl¢eKTHBHOI'O BbigenE'Hl 

MeTogoM rasoBofi Tep! 

2, Pa3pa5oTaH: a 

MeTog nonyqeang pagr. 

paTOB TannHH B !flopME 

liD H30TOilaM1 C uertbK 

HHKOB TannHH . C ,.T~ ·•>-_ 

1. Oca)Kgeane ns ra' 
.n)K, Enoqepa, ATc 

2. A. W. Castelma 
l59 (1967). 

·3, H. Weber, N. 
anal.Letters 

4, E. EaHp, H.r, 3aJ 
,Uy5aa (1971). 

5, 3. Pyrrn, T. <Peae 

6, Y • .n. BepHTHH,' B. 
r03KHH, H.B. Kop 
'Knx BernecTB, ATe 

7, PyKoBogcTBD rro r 
r. Epayapa, Hfl, 

8, B.C. AneKcaagpoi 
6HHKaH, 3, 3afignE 
B.H. DpnxogbKo, · 
B.M. l!yrrKo-CnTH 

9, G. Sa.nd.onnini 

10. r. PeMH, Kypc HI 

11, J. Merinis. 'I 

12, T. Fenyes, ·I. 
rowski, L. TI 
seva-: Proce.ec 
(Sept. 1970) • 



prieBbie nono'IK~, npHro-

= B MM H yKnanhiBaeMbie 

~OllH'IeCTBe no 20-~TyK/12/, 
~cK'onbKO coT rpaMMOB _Pb F2 

•B TannHSI, C noMOIIIhiO 

teHHOM ny'IKe' npOTOHOB 

npoBeneHbi Rnepao-cneKT-

cenapHpoBaHHhiX no MaccaM 

SIIOIIIero. nony'laTh . 
•BTbi TannHSI ( ·r!-2: ·~1 MHH). 

',.. 

,eneHHSI MHKpOKOllH'IeCTB Tan

j~~HCH~OCTH OT psina napa-

' so speM~ 'cy6nHMauH; '·~e~~ 

rannHqecKoro nopowKa 
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PbF 2 I o6n~qeaaoro npoToHaMH c E p = 660 M ::m. noK838Ha B03MO>Kl!OCTb 

· atjl~~KTHB~p~~ i~h~n~n~an~. MH,Kpp~o~II.'I~c~~' ~aniniSI: .II3·.· o6l'!yqermoro : ~b F; 
' ' ~ ~ ' ' ' 

. MeTonoM. ra3pBoil: TepMoxppMaTorpa¢!fii. , .... , • .. .: .. 

' ' 1 2: P~spa6oT~a ~KcnpeccHhifl ra3o~hitl ~epMoxpC>MaTorpaqmqecKntl 

M'eTOn nony'leHHSI 'panHO~IIMII'IeCKU 'IHCTbiX,. Bb!CO.KOpanHO~KTIIBHb!X npena

paTOB TanniiSI B tjlopMe, npiiro~aotl nnSI aenocpe?CTBeaao~o cenapiipoBaHHSI 

no H30TOnaM1 C uenhiO nony'leli;HSI KOpOTKO>KHByiiiHX, MOHOH30TOIIllbiX HCTO'I

HHKOB' TannHSI : C ='T!-2 •>- 1 MHH nnSI Slnepao-cneKTpOCKOnH'IeCKHX HccnenoBal!Hil:, 

1. Oca>KneaHe H3. ra30BOif ¢a3blo non pen. K. 'nay~nna, Ll>K •. OKCJlH H 
Ll>K,. Enoqepa~ AToMII3riaT,. M., ( 1970): 

2. A.W. Caste1man, Jr., - I.N. Tang. Nucl.Sci.Eng., 29, 2, 
l59 (1967) • ' 

·3. H. Weber, N. Tr~utmann,_ G.Herrmann. Radiochem.Radio-
ana1.Letters !, 1, 73 (1970). · 

4. E. EaRp, H.r. 3atlueBa, A.cf>. HoBroponoB. OpenpHHT Ol1.Hl1 · P6-5955, 
Lly6aa ( 1971). 

5. 3. Pym~, · T. cf>eaew, OpenpHHT OJ1.Hl1, 6-4998, Lly6aa ( l!_HO), 

6, Y.Ll. BepSITHH, B.il. MawHpeB, H.r. PH6ueB, B.l1~ TapacoB, E.Ll. Po
ro3KHH, l1.B. Kopo6KoB •. TepMonHHaMH'IeCKHe cBoficTBa aeopraanqec~ 
·KHX BemecTB, .AToMH3naT M., ( 1965). · 

7. PyKoBoncT~o no npen~paTHBHofi aeopram{qecK~il: ~HMHH. non pen •. 
r. Epayapa, Mn, 'M., ( 1956) I 126. 

8~ B.C. AneKCaHnpoB, ct>. Llyna, O.l1. EnH3apoB; r.n. IKyKOB, r.l1.3a-
6HSIKiiH, 3. 3afinnep, l1. 3BonhCKH, E. T. KoanpaT, 3.B. nbiCeHKO, 
B.l1. OpHxonhKo, B.r. ,THwna, B.l1. cf>oMHHhix, M.l1. cf>oMHHhiX, 
B.M. UynKo-CHTHHKOB, OpenpHHT .Ol1.Hl1, 1::3-4273, Lly6aa( 1969). 

9. G. sa.ndonnini.. 1\tti Acca.d. L.incei R,c.'r 23, 1,. 959(1914). 

10. r. PeMH, Kypc aeopraHH'IeCKOll 'XHMHII, l1n,· M. ( 1963). 1, 426. 

11. J. Merinis. Thesi~, P~ris - Or~~y (1965i. 

12. T. Fenyes, :r. Mahunka, M. Mahunka, z. Hate, A. Piot
rowski, L. Tron, H. Tyrroff, J. Vand1ik and N.G. Zait
seva~ Proceed. Int.Conf.Prop.Nuc1. Leysin. Switz. 
(Sept. 1970). CERN 70-30~ 2, 1081 (1970). 
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~ 13. H. BaHnnnK, H.r. 3afiueBa,-.3, MaTa, H. MaxyHKa, M. MaxyHKa, 
·;,· T. 4>eae:U', 1·l13Bo AH ·c;ccP, cep.'¢im., ~ 8, 1656 ( 1970). I 

t\ 

•J -/ . 

.. 

14. H. BaHnn~K, T.E; BaHnnnK; H.r. 3afiueBa, 11: MaxyHKa, M. MaxyHKa, 
3. MaTa, X. Tb!ppo¢¢, T~. ¢eHem, ITperrpMHT Ol1Hl1, n6-5783, 164, 
ny.6H~ (197(). ·· · · · · · ·· · 

15. E. A~oB, H. BaHJJJiMK,. )!(,' )KeneB, H.r. 3aitu.eBa, H.rr. ITeHeB, X.Tbip-
·po¢¢.;ITpenpHHT Ol1H)1; n6-5783, 166, ny6Ha, ( 1971). . 

~-~ "7-." 

. f: . . ~· 

~) 

f: 

, PyKonncb nocTynHna B M3naTen.bcKHt'l oTnen 
24 · HHBapH 1972 rona. 
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