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C UellblO 6hiCTpOrO' BbiJienelUHl p8l:U:I08KTHBHblX · H30TO

noB TaniiHH H3 CMeCH. npoAyKTOB SIAepHbiX peaKUilii: ·a· pSI/ie 
pa6oT HCnOnb30B8118Cb cpaBHHTenbHO BbiCOK89 neTy'leCTb. -

aneMeHTapHOI'O -TaixiiHSI /1/ H ero COeAHHeHHfi: 811KH110B /2/, 
!lJTOpHAOB. /S/, -- - ·- ', . . - -

:. · .llng :nony'leHHSI 'KOpOTKO:lKHBYlllHX · rtpenapaTOB T81111HSI 

c BhxcoKofi Y.AenbHOfi · aKTHBHOCTb_IO no peaKUHH Ph( p,2pxn) Tr 
a pa6oTe /31 MHmeHblO cny:lKHn «<JTopHA ca)mua, I~cnonhao-

.. aaHHe KOToporo noaaonHno nony'IHTb. HOBbie- ASHHbie no 

SIAepHOfi cneKTpOCKOnHH KOpOTKO:lKHBYlllHX H3C)'fOnOB- ,Tan

llHSI /4-6/. HeKoTopbiM He.ciocTaTKOM aToro coeAHHeHHSI 

~O:lKHO C'IHT8Th TO, 'ITO npHMepHO qepe3 30~40 '180, He-

npepblJ,'\HOfi pa60Tbl _MHWeHf:>• ycTpOHCTBO KOTOpOfi nOK838HO 

a pa6oTe /6/,cl_J.eAyeT >-..t~HSITb Ha aoayro HS-aa Koppc;>3HH · 

. KBapueaofi annapa!YPhi. HaM Kaaanocb, 'ITO. AnSI AllHTellbHOfi 
pa60Tbl C OAHOfi H _TOH >Ke _ MH!ll9Hbl0 6o11ee 6naronplfSITHbiMH 

MOI'llH 6bl ;6hiTb. OKHCllbl CBHHU8, KOTOpbie MeH"ee IxOABep-. 

>!<eHbi_KoppoaHH_ 11 6onee .J;tbcTynHhi, 
. - l1~aeqTH01 • 'ITO . CBHHeU. Jf,M~eT. HeCKOllbKO ycTOfi'IHBb!?f. 

oKucnoa: PhO, Ph02 ,, Ph 3 94• Bi:,,cniH:'e OKHClxhJ· CBHHUa . 

SIBllSllOT.CSl CH1lbHh(¥J:i o_imcnnrenm\.m, ~ npH npBbill.!e~Hb!X, 
TeMnepaTypax pa~anara10TcSI AO MoHooKlfCH · /7-9 I; 
- .33oo -. · · 4ooo ' 460° . · 560° -
PhOz -+' PhOi 

53
--. Ph0

1 4
-+- Ph01 33(Ph·3 o 4) ·,..-> PhO. 

• ' • '• ' ' ... ".< •' ~ ' • I ~ 
. npH TepMH'J:eCKOM pa31IO>KeHHH PhO 2 If Ph 3 0 4 np?HCXO~ 
AliT. nepeCTpOiiKa KpHCTa~ llH'leCKOH CTpyKTypbl. If HHTeHCHB~ 
. -~ . ' . . . ' . . . ·'" . .· 
HOe Bb!AelleHHe KHC110pOA8.1 nOSTOMY MO>KHO O:lKHA8Tb, 'ITO 
B peayllbTaTe ::moe npouecCOB 113. o6nytteHHbiX .OKHCllOB'"

CBH~ua 6yAyT 6hiCTpo Ji'' KOll.H'leCTBefiHci aoaroHSITbCSI neTy-.. . ; .. :.. : ·,• . : •. ··.• . " 

'Hie- ,OKHCllbl _aneMeHTOB - iipoAyKTOB ~~epHbiX peaKUHH, 

3 



B ra6n. 1 npuaeAeHbi TepMOAHHaMH'ieCKHe ._AaHHbie no 
cy6nHMaUHH OKHCnOB CBHHUa 1 rannHst H APYI'HX 6nuane)Ka- ·. 
IllHX aneMeHTOB1 p'aAHOaKTHBHbU~ H30TOnbi KOTOpbiX o6pa
ayrorcst B peaKUHH rny6oKoro pacmenneHHst CBHHUa noA 
AeifcraHeM BbiCOKoaaepreruqecKHX _npoToHoa •. BHAH0

1 
qro 

C HaH601IbWeif BepOstTHOCT:biD AOn)!{Hbl cy6nHMHpOB8T:bCst 
ocMHif1 pryr:b 1 Tannuif H peHHif. 

Ue1Ib Hawaii pa6orbi aaKnroqanac~:. a H3y'ieHHH raao
TepMoxpoMarorpacpH'ieCKoro noaeAeHHH n'ery'iHX OKHcnoa 
rannust ·H Apyrux Tst)KenbiX aneMeHroa ( Re 

1 
Os 

1 
lr 

1 

Hg ) B COCTOSIHHH 6e3 HOCHTenst npH B03I'OHKe HX H3 
o6nyq~HHbiX OKHcnoa CBHHUa ( PbO ; Ph02 1 Ph 30

4
) c TeM

1 

'iT06bi Ha OCHOBe iiony'ieHHbiX pe~yn:bTaTOB MO)KHO 6binO 

CYAHT:b 0 npeHMyllleCTBaX H HeAOCTaTKaX OKHCnOB CBHHUa 
KaK eme OAHOif MHWeHH Anst. nony'ieHHst paAHOaKTHBHbiX 
npenaparoa rannHst. 

3KcnepHMearan~:.aast qacr~:. 

YcraaoaKa Anst npoaeAeHHst aoaroHKH neryqux OKHcnoa . 
H HX raaosoif TepMoxpoMarorpacpHHI a TBK)Ke ycnOBHst 

· o6ny.Jeau·st noApo6ao onucaHbi a aaweif pa6ore /13/. 

0Kucnbi CBHHUa Pb 30 4u PbO_roroaunuc~:. ·npoKanHaa.liu-. 
eM nopowKa Pb02 ( MapKR "Xt.{") B re'ieHu'e 8-10 qac. ' 
npH 500°C J].nst nony'ieHHst Pb30 4 H 800°C Anst nony'ieHHst 
PbQ.nepeA o6nyqeaHeM nopowKH oiucnoa npenaapurenhao 
Bbicywuaanuc~:.:. Ph02 npu 150°C 1 Pb30 4u PbO npu 5000C

1 
• 

H xpaHH{UiC:b a aKCHKarope Han P 20 s· 
06nyqeHHblif nopowoK ( = 1 r) paaHoMepHo · paaMemancst 

B nnaruaoaoif nono'iKe (20- x 8 MM) 1 · :Koropast aaonlinac:b 
a Harperyro no aanaHHoif reMneparypbi ycTaHOBKY. 06pa
ayromuecg· neryque coenuHeHirst ·rpaacnoprupoaanuc~:. roKoM 
raaa.:..aocurenSi· H ancop6Hpoaanuc~:. ~ repMoxpoMarorpacpu
qecKoif KO~OHKe. nnst ynaanuaaau's;t B03~0)!{HblX aapoaoneif 
OKHCnOB CBHHUa B CaMOM Haqane KOnOHKH nqMemancst 
TaMnoH H3 KBapueaoif BaTbi •. faaaM~-HOC-HrenstMH cny)!{HnH 
npenaapuren~:.ao ocyweHHbie KHcnopon unu .renuif;_ a or
nen:bHbiX OnbiTaX OHH cneuHa1IbHO HaCbiiilanHC:b napaMH BOnbi 
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( PH 2o = 800 MM pT.cT.). Pacxot:l raaa-HOCHTensr a 6oJib
WHHCTae OIIhiTOB ohm 20 MniMHH. YneTy•maaHue paauoaK.;. 
THBHhiX aneMeHToa H ux pac/fe?eneHue no KonoHKe onpe-
aemmucb paaHoMeTpH'ieCKH 3 • Hau6onee HHTeHCHBHhie 
I'BMMa-nHHHH, npHHa,tine)KBIIlHe H30TOIIBM TannHSI H BhiOpaH
Hhie AnSI HX Hl(eHTH«iJHKBUHH, 1IpHB9l(9Hhl B Ta6n, 2. 

l1aeHTH«lJHKauusr paauoaKTHBHhiX uaoTonoa · apyrux ane
MeHToa Bhmonasrnacb aaanoruqao·/.13/ • ..Unsr KOHTponsr a a 
IIOBel(e.HHeM. CBHHUB Ohina Bhi6paHa HHTeHCHBHBSI I'BMMa.:.. · 

· nuausr 280 KaB, npuaaane)Kawasr 203 Ph ( T1; 2 = 52,1. qac) •. 

PeayJibTaThi H ux o6cy)KIJeHHe 

Dpe)Kae acero cneayeT CKaaaTb, 'iTO peayJibTBThi, no
nyqeHHhie l:tnsr OKKcnoa Pb 3 0 4 u Ph02, nonaocTbro coananu 
BO BCeX OIIhiTaX, II OSTOMY, B npHHUHne, B l(BnbH9HWHX . 
OIIhiTBX MO)KHO OI'pBHH'iHTbCSI HCCneAOBBHH9M Ol(HOI'Q H3 · 
HHX, 

Ha puc. 1 npeacTasneaa TeMnepaTypaasr aaaHCHMOCTb. 
yneTy'iHBBHHSI TannHSI (EihiXOA) H3 oonyqeHHhiX OKHCnOB 
Ph 30 4 H Ph02 (KpHsasr 1) H PhO_ (K}JHBasr 2). KaK BHAHo, 
xapaKTep yneTy'iHBaHHSI Tannusr ohm npaKTH'ieCKH HAeHTH'i
HhlM ansr scex Tpex OKHcnos, XOTSI ucnapeaue TannnH 6onee .· 
nonHo npoTeKano H3 BhiCWHX OKHCnOB CBHHUa. 06e KpHBhie . 

. HMeroT peaKHii MaKCHMYM. npu TeMnepaType, coanaaaroweii 
c T.eMnepaTypoii nnasneausr PbO. TaKoii xapaKTep KpHBhiX 
noasonsreT caenaTb npeanono)KeHue, 'iTO ucnapeaue Tannusr 
IlpOHCXOl(HT 6onee HHTeHCHBHO H3 TBepAOH «!Ja3bi B npouec
ce ee nepecrpoiiKu. nocneayromee (nocne nnaaneausr). 
aaMeaneaue npouecca ucnapeausr MO)KeT DhiTb o6ycnosneao 
PSIAOM npuqua: peaKnM yMeHbWeHneM paaauroii nosepx
HOCTH; OKHCnOB CBHHUa npH .nnaaneHHH, paCTBOpeHHeM OKHC
noB Tannusr a pacnnase PbO , npusoasrmnM K qacTH'iHOMy 
CBSI3hiBBHHlO Tannusr B nnJOMOBThi /16/, HnH TeM, 'iTO CKO
pOCTb AH~yauu Tannusr 'iepea rpaauuy paaaena «!Jaa 
YM8HbW89TCSI C yaenH'i9HH8M IIOBepXHOCTHOI'O HSTSI)K8HHSI 
pacnnasa PbO,KoTopoe soapacraer c. pocroM TeMnepary-
phi /I7/. . 

6 

I 
. ··~ 

••I 

; I 

\ 

! 
r, 

,t,l

" 

.. 

~-
~:~~·; 

:J ;, 
Pt 
'0 
::JI 
a:Q .. 

C\J ~ 

3 ~ . ,. 
a=: 
"0· 

tJC 

4~1'. 

C\1 
~-

e-c 

= 0 ... 
0 
C,f)' 

•v 

··, / 

·" . 
~r 

a· (.) 

§t ~ • t:l" 

~ . . I 
H H ... ... ·• 
\.0 N \0 . 
C\1 H 

C\1 .•·• 

H H H H 
E-4. ~- ~ ~ 

0.' C\J ·8 0 0·· 0 0 ~ • tr::C 

:1 .:sa 
I . 

; C\1 C\1 C\J C\1 1."' 

f4 

a:Q 
0 = 0 
H 
0 
C,f) • 
I 
::r.: •• -~ 

1 
M 

tJ: • s:...· 
~ ·= C') 

a5 ~ ... ~ 
t'l. ~ H til( 
•. ::r.: (.) ·.cd :r ,~-~· ~ 
1:1:1. • eQ a5 
a5 ... Pt •o .ac ; .. o 1:1:1 a5 
_.. ···o • 1:1:1 
1=1( IZIH 
. 1-ti:IS ~ 0. '-J 

~ 
. . ('I) 

~ .. 
.;.., rz:l~ 

•·· 

0 
0 
H 

o· .. 
~-

"" 

0 C\1 """ 
. ~~ .. :· 

H H .. C'\ 

r . -
-" 

. ~ 

... 

H. H 0 .. .. .. 
0 o-.: t:--= . 
.::t' t'- 0 
.::t' .tn C\J 

H 
.. 

.. 
. ~~':. "' . . 

' ' ~! ,. • 

7 



500 900 "C .. 1100 

PHc. 1. 3aBHCHMOCTb yneTy•maaHHSI TannHsr OT TeMnepaTypbi 
H3 o6ny'leHHbiX OKH?nOB 9BHHUa: 1 ~ ·pb3 0 4 H Pb0

2 
t 

2 - PhO. CKopocTb raaa-:HOCHTensr 0 2 · 20 M:niMHH
1 

ape
MSI - 20 MHH. 

8 

1;_-;; 

'.· 

:) 

, .. 
d 

·:.., 

•, . 

. ,• 

2 

3 

25 

0 10 20 30. '0 
MMH. 

, ... 

F\Ic.· 2. 3aBHCHMOCTb yneTy'IHBaHHSI TannHSjl OT ~peMSHH: 
1 - Ph

3
0 

4 
( Pb0

2
) a 2 - PbO - npa TeMnepaType aoaroHKH 

830°C ;_ 3.- Pb
3
o

4
npa' TeMnepaType 555°C, Vo 2 =20 'MniMaa •. 

Ha pHC• 2 noKaaaaa aaaacaMOCTb yneTy'IHBaHRSI TannHst oT 
.~peMeHa. BHAHO, 'ITO H3 o6ny'leHHoro Pb3 0 4 (KpHBaSI 1) 
. OCHOBHOe KOnR'IeCTBO TannHSI ( ""80%) yneTy'IHB89TCSI IIpR o· ,, . .. 
830,,~ 38 BpeMSI 'l;'epMH'IeCKOf'O paano:>KeHRSI cypHI(~ . ( t I' 

Ph j 0'4 npa sToii. TeMnepaType paanaraeTc.si aa 2-3. :Maa~), 
a npH 555°C, T.e• .Korna Ph 3 0 4 paanaraeTCSI aeaHa'IH- . 
TenbH0

1 
RCIIapeHHe T·alinHSI llpOTeKaeT MeHee RHTeHCRBH01 ; . 

narnh .):(0 ""'35%. YneTyqa~aHae Tannasr R3 PbO. ·IIPH. 830°C; 
AOCTH:f'aeT IIiJRMepHO. 50% ( KpRBBSI 2). rl ~nyqeH~h.Ie. peaynh:_ 

.'~aTbl. II03BOnHIOT. CKB38Tb; 'ITO CTeiieHb yneTy'IRB8HHSI· 
'Tannasr 38BIIC~IT OT~ COCTOHHfiSI OKRCnOB CBIIHUa, KOTppoe 

~·.,.;: ... 

',. 

9. 

.•· 

~ 

~ ~ 



MeHSieTcSI. B npouecce Harpeaa: B cny'Iae Ph 
3 

0
4 

HAeT 

pasno>KeHJie c BbiAeneHJieM KJicnopoaa, B cnyqae · PbO 
B03MO>KHo cneKaHJie. C yaenH'IeHJieM apeMeHH Harpeaa 

yneTy'IJIBaHJie _TannJISI rrpJI06peTaeT .OTHOCJITeribHO fiOCTOSIH

Hblll XapaKTep, npJIMepHO 'Iepe3 10-20 MHH. KpJIBaSI Bbl
XOAIIT Ha nnaTo. 

B CBSI3JI c aTJIM Mbi pewJinJI npoaepHTb, KaKoe anJISIHJie 

6yaeT oKa3biBaTb Ha npouecc yneTy'IJIBaHJISI TannHSI npea

aapJITenbHbiii: ( ao o6ny'IeHHSI) OT>KHI' PhO ~ H a · pnc. 3 no

KaaaHa 3aBJICIIMOCTb BbiXO,!:la TannHSI OT BpeMeHH npe,!:l
BapJITenbHOI'O O'r>KJII'a PhO npJI 800°C. BJIAHO, 'ITO . 

npoKanJIBaHJie nopowKa B Te'IeHJie 2-3 'lac. aaaepwaeT Te 

npoueCCbi,· KOTOpbie .. npJIBO,!:lSIT K yMeHbWeHJIIO BbiXOAa Tan
nHSI no'ITH .. B 2 paaa, nocne qero yaenH'IeHHe apeMeHH 

so 
.,. 

\ 

0 100 200. 300 '00 MNH. 

PHc~ 3. 3aaHCHMocTb· yneTy'IJIBaHHSI TannHsr oT apeMeHH 
. 0 . . . 

npeaaapJITenbHOI'O OT>KHI'a PbO npH 800 c~ TeMnepaTypa 

B03roHKH 830°C; Bp,eMSI - 5 MHH., . vo . = 2o MniMliH. 
. 2 ' 

10 
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OT>KHI'a·He BnHSieT Ha HCnapeHHe TannHSI. 3TOT ~8KT cne
ayeT Y'IHTbiBaTb npH HcnonhaoaaHHH PbO B Ka'IeCTBe 

MHWeHH AnSI AnHTenhHOI'O HenpepbiBHOI'O_ BbiAeneHHSI TannHSI 
MeTOAOM I'830BOll TepMOXpOMaTOI'pa~HH. 

Ha pHc. 4 noKaaaHo pacnpeaerieHHe neTy'IHX npoayKTOB 
no AnHHe TepMOXpOMaTOI'pa~H'IeCKOll KOnOHKH npH HX 

OCa>KAeHHH H3 I'a30BOll ~a3hl B npouecce B03I'OHKH H3 

MHWeHeii: Ph 3 o·4 ( PhO 2) H . PbO • KaK BHAHO, B HaWHX .· 

9KCnepHMeHTanbHbiX ycnOBHSIX KpOMe TannHSI, H3 OKHCnOB 

caimua. yneTy'IHBaiOTCSI_ H oca>KaaioTCSI B TX-KonoHKe 

TaK>Ke OCMHll H pTyTb,' HO He 6binH 06Hapy>KeHbi. HH peHHll
0 

HH HPIIAHll, XOTSI HX fiOSIBneHHSI MO>KHO 6binO O>KH,!:laTb, 

'i HCXOASI H3 TepMOAiiH8MH'IeCKHX AaHHbiX ( Ta6n: 1 ) • BepOHT

H01 .. 9TO. CBSI38HO C o6pa30B8HHeM HeneTy'IHX COeAJIHeHHll 

THna Ph 2 Me-2 06 /18/, rae Me= lr, Re • JlHWb npH Harpeaa

HHH o6paauoa npH TeMnepaType 8300C B ie'IeHJie 6onee 
tleM 40 MHH. cne,!:lbl 3THX aneMeHTOB fiOSIBnSinHCb B KOnOHKe 

B aoHe 400 - 50ooc. KaK BHAHO HS p~cyHKa,-AnSI Ka>Kaoro 

aneMeHTa Ha6nroaanacb· TOnbKO OAHa·, AOBOnbHO Y3KaSI 30Ha 

oca>KAeHHSI: anSI TannHSI npH "'220±.20°C,. PTYTH== 30oc, . 

· OCMHii aaaep>KHBancSI Ha aKTJIBHpoBaH_HoM yrne ( AY). Bbmo. 

38Me'IeH00 'ITO yneTy'IIiBaHHe pa,!:lH08KTHBHbiX npOAYKTOB 

H HX pacnpeaeneHHe B KOnOHKe 38BHCSIT OT CKOpOCTH I'a3a
HOCHTeliSI ( Ta6n. 3). Bp!I He6onbWOll CKOpOCTII I'a3a

HOCHTenSI BbiXOA TannHSI 6bin HeBb!COK, 1i 30Ha ei'O OC8>K

AeHHSI Ha6nroi:lanacb npJI cpaaHifTenbHO .BbiCoKoil: TeMnepa-. 0 • .. . . 
Type (59~ C). Ha'IHHaSI.c Vo

2 
= 12 MniMHH yneTy'IHBaHHe 

TannHSI B03pacTano, AOCTHI'aSI nnaTO npH Vo =20 MniMHH, . 2 
a OC8>KAeHHe npOHCXOAHnO npH 6onee HII3KOll TeMnepaType 
(== 225°C). 3aecb cneayeT aaMeTHTb, 'ITO Ha. TeMnepa~ ,. . 
TypHblll pe>KHM KOnOHKH fiOTOK I'838 B npeaenax ero CKOpo-

CTH oT 4 ao 60 ~niMHH aaMeTHo He BnHReT. 

Mbi npeanonaraeM, 'ITO Ha6nroaaeMoe noaeaeHHe TannHsr 
CBSI3aHO C TeM, 'ITO npH;OTHOCHTenbHO He6onbWOH CKOpo

CTJI noToKa raaa-HOCHTenR o6ecne'IHBaeTCSI xopomHii.KoH

TaKT I'83006pa3Hb!X BellleCTB C fiOBepXHOCTbiO KOnOHKH, 

B peaynhTaTe 'Iei'O MO>KeT npOHCXOAHTb XeMOCOp6UHSI. 

TannHSI Ha fiOBepXHOCTH KBapUa C 06pa30B8HHeM HeneTy'IHX 
CHnHKaToB TannHSI B aoHe c BbiCOKoii: TeMnepaTypoii: /19 I. 
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.UeifcTaH_TenbHo, · TannuH:, at:tcop5upoaaHHbiH npu SToH: 
TeMnepaType, He aoaroHSieTcSI a T_oKe Kucnopot:ta npu 
llOBTOpHOM Harpeae STOH 30Hbl ]:tO 830°C, TOI'J:ta KaK 

~t:tcop5upoaaHHhiH npu 280 - 220°C - . nerKo yneT~eT npu · 
llOBTOpHOM HarpeaaiiHH ]:tO MeHee BbiCOKOH TeMnepaTypbi 
(380°C) • 3aBHCHMOCTb BbiXOJ:ta TannHSI OT CKOpOCTH llOTOKa 
MoJKeT 5biTb · cagaaHa c MexaHuaMoM yneTy'luaaHHSI TannuSI 

H3 OKHCnoa CBHHUa, a HMeHHo, npu HH3KOH CKOpOCTH raaa~ 
HocuTeng onpet:tenSiromuM npoueccoM SianSieTcSI t:tecop5uuSI 
c rioaepXHOCTH PhO, npu 5onbwoH: CKopocTu - t:tu«P¢yaug 
H3 Bcero 05'beMa. ilOSTOMy BbiXO]:t TannHSI CTaHOBHTCSI 
nocToSIHHbiM npu Vo

2 
~ 20 Mni.MHH. 

3KcnepuMeHThi, npoae.rteHHbie c ucnonbaoaaHHeM. a Ka
'lecTae raaa-aocuTeng renuSI; t:tanu aHanorn'IHhie peaynb
TaTbi· t:tnSI Tannug, OCMHSI, . PTYTH, TOnbKO 30Hhl HX OCaJKt:te
HHSI OKaaanHCb HeCKOnbKo"' 5onee pa3MhiThiMH· • 

B Hawux sKcnepnMeHTax Mhi He o5HapyJKunu anHSIHHSI 
napoa BOJ:thi Ha cTeneHb yneTy'IHBaHHSI TannuSI ua PhO, <iTo 
MOJKHo o5'bSICHHTb HeycToifquaocTbro rnt:tpooKucu TIOH npu 
noahrweHaoH:. TeMnepaType /20 I. . · · . · 

0 XHMH'leCKOH ~OpMe YnbTpaMHKpOKOnH'leCTB Tannug
1 BhlltenSiromerocg ua o5ny'leHHhiX· OKucnoa CBHHUa a TOKe . 0. 

KHCnopot:ta npu 830 C,. Mhl MO)I{eM BhiCKa3aTb HeKOTOpbie 
npellnOnO)I{eHHSio J.1aaeCTHO, 'ITO MaKpOKOnH'leCTBa OKHCnOB 
Tannug HcnapSiroTcSI a ~opMe ·TI 2 0 /ll, 22~ sTo nollTaep)l{
t:tanocb MaCc-cneKTpOMeTpH'leCKHM MeTOJ:tOM /23(0KHCnhJ 

TI02 u TI 20 3 SIBnSiroTcSI HeycTOH'IHBhiMH coellHHeHHSIMu, 
OHH paanararoT_CSI BhiWe. 490° H 717°C, COOTBeTCTBeH- • 
HO 724,11/. · . 

B .CBSI3H c YnbTpaManoH: KOHUeHTpauHeH: TannuSI, o5pa-. 
ayromerocg a peaynbTaTe SIJ:tepHhiX peaKuuH: npu o5ny'leHnu 
OKHcnoa CBHHua, ManoaepoSITHo o5paaoaaHue raaoo5paaHoro 
TI2 0 • Ot:tHaKo TannHH: MOJKeT HcnapSITbCSI a ~opMe Tl20, 
ecnu B HCXOllHhiX o5paauax OKHcnoa CBH.HUa 5hinH B Ka'leCT
Be 3ai'pSI3HeHHSI cnellbl TannHSI, KOTOphie HaM TPYllHO OUe
HHTb, TaK KaK HX KOHUeHTpaUHSI HH)I{e qyBCTBHTenbHOCTH 
onpelleneHHSI 05hi'IHhlMH aHanHTH'leCKHMH Me.Tot:taMH • .UnSI 
OKOHqaTenbHOI'O BhHICHeHHSI XHMH'leCKOH ~OpMhl YnbTpa
MilKPOKOmt'leCTB . TanlliiSI, nepeXOllSilllHX B · raaoayJO ~aay 

1 TJ•n5yroTc51 t:tononHHTonbHhJe OllhJTbJ, 
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J'aKHM o6paaoM; cpaBHIIBaSI .peaynbTBTbi aaciostmeii: pa-
6oTbi H paqOTbi /a~ nOCBSillleHHOH H3yqe~IHIO yneTyqifB8HHSI 
TannHSI H3 cpTOpHA8 C-BI!:HUa, MO>KHO CK83llTb 1 . qTO I!:CllOnh- .;· 
aoaaHHe BbiCillHX OKHcnoa. Pb02 H Pba04 B KaqecTae MHmeHH . 
AnSI 6biCTpOI'O OAHOKp8THOI'O BbiAeneimst .paAHOaKTI!:BHbiX ·.·• 
H30Tonoa· TannHSI B. cocTostHHH 6ea aocuTenst stansteTcst 
yAo6HbiM H a~¢eKTHBHbi~, onaa~o l:tnst nnuTe~baoro Heiipe
p.bmH'9ro BbiAeneHHSI Ta.nnHSI OKHCnbi CBHHUa Meaee 6naro
npnSITHbi Ii3~3a . M9Hbmeii: a¢4JeKTI!:BHOCTH ·Ii3BneqeHI!:Sl TannHSI, 
XOTSI ceneKTHBHOCTb paaneneHUSI OCTaeTCSI· xoporueii:. 

3aKmoqeaHe 

.• ·1. Hayqeao I'830TepMOXpOM8TOrpa¢HqecKOe noaeneH!!9 
ynbTp8MI!:KpOKOnHqecTB Ta'nmtSI npif· I!:X B03I'OHKe Ha o6ny- ' .. ' . ~-·· 

. qeHHbiX OKI!:CnOB CBI!:HUa. 
2~ Ha ocaoae · nonyqeHHbiX peaynhTaToB cnenaa-br"npen

nono>KeHHSI o Mexa.HH3Me noaeneaust neTyqHx OKHCnoB Tan

nHSI II 'HX XHMH<iecKoii: ¢opMe. :qpH Hc.napeHHH II nepeaoce 

B I'830BOft cpaae. 
3. 0KHCnbi Ph D:zH Pb30 4MoryT 6~ITb Hcn~nba.oa'aHbi ' 

B 'KaqecTBe MI!:lli9Heii:· gng 6biCTpOI'O .· OAHOKpaTHOI'O BbiAene;.. . 
HHSI. panHoaKTHBHbiX ;aoTonoa TannHSI, ocMHSI, p;yTH. · ' 

':'" ... 
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MaTepnanbl • CHM.ij03HyMa ~O- HaHO~ 
CeKyH.!lHOiil ll.!lepHOH :meKTpOHHKe • 
.Uy6ila, 1967. .,: ·_ .. 

Coo6menn11 y'laCTHHKOB Me>K.nyna· 
pO.!lHOrO CHMn03HyMa no CTPYKType 
ll.!lpa • .Uy6na, 1968. · · 

HyKnOHI>I n nnonw. MaTepn~ni>I 
.· I Me>K.nynapo.nnoro coaemaHHll no • 

nYKilOH • HYKJIOHHbiM H nnoii- HYKilOH- · .... 
Hl>iM B3aHMO.!leiiCTBHJIM. _ny6Ha, . 

,. . 

• 726 CTp. 10 p:_.:07 ,i(;. 

192 CTp. -~ :P: 76 K. 
t"' 

•-< v.,.~ 

294 CTp. 3 p:I7 i. 

' 
~. 

1968. . . . ' -- - • '='· 

BeKTOPHMe M~'30HI>I H 3neKTpo
MarHHTHI>Ie B3aHMO.!leHCTBHll • .Uy6-
Ha, 1969. · · ·· · 

.Uo3HMeTpHll H3ny'icHHH H ljlH3HKa 
3aWHTbl YCKOPHTeneii 3apl!>KeHHbiX -·. 
'la~THU • .Uy6na, 1~69. 

JI~_KUHH' no Heiil;pOHHOl ljlH3HKe; 
.JieTHllll WKOna, AnywTa, 1969. · 

Me>K.nynapo.nnall Kon¢epenunli no 
annapaType ·a ljlH3HKe Bb!COKHX 
3Heprnii. _ .Uy6ua, 1971. 2 ToMa. 

Tpy.nJ.I Me>K.nynapo.nnoro CHMno-
3HyMa no ljlHJHKe·,BI>ICOKHX JHeprHii • 
.UpeJ.nen, 197t.·· ,> 

liHHapHI>Ie peaKUHH:a.npoHOB npn BJ,J· 
· COKHX JHeprHliX . .UY~J:fa, 1971. . -.. 

588 CTp. 6 p. ··-

250 CTp ... 2 p. 64 K • 

.:} 428' CTp •• 5 p~ 49. K-:~---

882 CTp. 14 p. 74 K. 

'772 CTp!: 7 p. 69 K. 

.,.._ ,, .. 
768 CTp.. 7 _P· 60· K_:. 

TPYilW VI Me>K.nynapoilHOro cn'Mno; _ 3J2 CTp. 3 'p. 67 K. 
JHyMa no ll.!lepHOH JneKTpOHHKe. •.. . 
Bapwaaa, 1971. .-.:._ · · 

Tpy,i~; M'e>K.nynapo)lnoro cHMno· _ . 564 ~Tp. 6 p. -14 K. 
JHyMa no BonpocaM aBTOMaTHJaUHH -
06pa60TKH .!laHHbiX C nyJblpbKOBbiX -- --~ 
H HCi<:pOBbiX':KaMep: lly6ua, 1971. 

. ~ -; :-~ 

TPY.!lh' iv · Me>Kil~Hapo)ln~li Kon¢e: 670 cTp. · 6_: p.• 95 K. 
peHUHH no ljlHJHKe BbiCOKHX JHeprHH 
H . CTpyKType ll.!lpa. .Uy6Ha, 1971. 

-~ ~ . . . :_ -
Me>K.nynapo.nnai WKona no CTPYKTy
pe' 11)lpa. AnywTa, 1972. .. . 

525 CTp. 5 p .. 85 K. 
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