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rpyHep Y. B liP• 

BnHRHHe o6pa6orKH noaepxHocra Ha raaooraeneHHe 
HepJKaaerowell crana 

13 - l2051l 

11ccnenyrorc11 xapaKrepacraKH raaoorneneHBSI cranu MapKB Xl8HIOT 
B BaKyyMe B 38BHCHMOCTH Or reXHOJIOr'BB O'IHCrKH noaepXHOCrH H TeMnepa
Typbl Har'peaa acnbiTbiBaeMbiX o6paauoa. UenbiO pa6orbi smnRerc!l nony'!euue 
KOJIH'IecraeHHbiX xapaKrepacraK raaoorneneHH!I cranu, npenHa3H8'1eHHoii nnH 
B3r'OrOBJieHHR KBMepbl 8Ur'e38TOpa KOJIJieKrBBHOr'O ycKopuren!l, a T8KlKC BA
KYYMHblX cacreM u yanoa, noaaepraJOWHXCSI o6earaJKHBBHBIO nyreM Harpeea 
s saKyyMe. KparKo paccMorpeHbi reopera'leCKHe aonpoCbi necop6uuu H natjl
cjlyaaa raaos. 11aMepMBCb raaoabie noroKH necop6uaa a naljl¢yaaa npu Ha
r'pesaHHB HCRblryeMblX o6paauoa crane nocne o6pa6orxa noaepxHocrell paa
JIR'IHbiMH MerOliSMH. nony'leHbl TeMnepaTypHble H BpeMeHHble 38BHCHMOCTH 
KOS!jxpHIIB9HTOB ra300TUeJieHBH liJIH OKBCJieHHbiX H HeOKHCJieHHblX noaepXHOCTeli 
crana s HHTepsane reMneparyp 150t-7500C. Peaynbrarbi npoaeneHHbiX KC
cnenoaaHail noasoni!IOT cnenarb Bbraon o TOM, qro ao reMneparypbr 600°C 
o6wee Konaqecrso raaa, s&raeneHHoro oKucneHHbiM o6paauoM, npKMepHo 
B 5 paa MeHbWe, 'leM HeOKBCJieUHbiM. npu HanycKe B03JlyXa OKHCneUHblli 
o6paaeu no cpaaHeHHIO c ueoKucneHHbiM nor'nowa"r MeHbWe raaa. 

Pa6ora BbmonueHa a Ornene HOB&IX Meronoa ycxopeHBSI 0115111. 

Coo6weuae 06&eUBHeHHOrO HHCTHTYTS RllepUbiX HCCJieUOB8HHli. ny6Ha 1079 

Gruner u. e t ell. 13 - 12058 
The Influence of Surface Machining on Stainless 
Steel Outgassing 

Characteristics of outgassing in vacuum of X18H10T steel 
depending on the technology of purification of surface and heating 
temperature of tested sample are investigated. The aim of this work is 
to obtain quantitative characteristics of steel outgassing intended for 
manufacturing the adhesator chamber of collective accelerator and also 
for vacuum systems and assemblies that are exposed to degassing by 
heating in vacuum. Theoretical problems of gas .desorption and diffusion 
are briefly considered. Gas fluxes of desorption and diffusion pro
duced under heating of tested steel samples after ma.chining of 
their surface with different methods were measured. Temperature 
and time dependences of outgassing coefficients for oxidized and 
nonoxidized steel durfaces in 15()...170 ° temperature interval are 
obtained. The results allow one to draw a conclusion that up to 
the 600"' temperature general quantity of evolved from the oxidized 
sample gas is approximately 5 times less than exuded from normal 
one. At letting in air an oxidized sample absorbs less gas in com
parison with a nonoxidized one. 

. Communication of the Joint Institute for Nuclear Research. Dubna 1979 

@ 1979 06t.GilBBeHHblll HBCTBf'yT Sll18pHbiJC IICCReJlOBBHBil 0y6HB 

1. BBE~EHHE 

OcTaTO'IHoe ~asneHHe B pa6oqei KaMepe saKyyMHOi 

YCTaHOBKH onpe~en.lleTC.R DOTOKOM raJa, npOHBKaJOIQero B 

pa60'IYIO KaMepy (I ) , H 3c)lcl>eKTHBHOB CKOpOCTLIO OTKa'IKH 
( 8 ) II 

3¢¢ 

Po p (t = oo) = I
11 

I S
3

cp Ill 

Bo MHorux npaKTB'IeCKHX cnyqaJix /HanpHMep, npu uc

Cne~OBaHBH DOBepXHOCTei HnH B YCKOpBTenJIX 'laCTHI{/ He-

06XO~HMO o6ecne'IHTL ~asneuue HH)I(e 10-9 Top. llocKonLKY 

6eJrpaHB'IHOe ysenH'IeHHe CKOpOCTB OTKa'IKH 8,
3 

. He· 

BOJMO)I(HO, Ha~o yMeHLWHTL DOTOK raJa B KaMepy <tt<J:: . 3TOT 
n 

noToK cKna~LIBaeTCJI HJ noToKa raJa, npoxo~.11~ero qepeJ 

Te'IH I , H raJOBOrO DOTOKa, H~y~ero OT DOBepXHOCTH, 
T ~ 6 

B KOTOpLIH BXO~JIT: DOTOK ~ecop HpOBaHHOrO raJa I A 
noToK BLI~enJieMoro raJa I B , noToK npoHHKaro~ero ra:la 

I lip • TaKHM o6paJoM, In onpe~en.lleTCJI no cl>opMyne 

I II = IT + ILl + Ill + Illp /2/ 

YcTpaHeHHeM Te'leB MO)I(HO CHHJHTL DOTOK qepeJ Te'IH 

IT, a BLI60pOM DO~XO~.R~ero MaTepuana yMeHLWHTL DOTOK 

npoHHKaJO~ero raJa I lip TaK, 'IT06Ll 3TH DOTOKH CTanH 

ManLIMH B CpaBHeHHH C ~BYM.R OCTaBWHMHC.R. Tor~a Tpe6o

BaHHe Man oro raJOBOrO npHTOKa CBO~HTCJI K TOMY, 'IT06LI 

~06HTLCJI KaK MO)I(HO MeHLWHX JHa'leHBB ~ecop61{BB B BLI~e
neHHJI raJa. 3TH ~Ba DOTOKa o6ycnoBneHLI COOTBeTCTBeH

HO raJOM, a~cop6HpoBaHHLIM Ha DOBepXHOCTB, B raJOM, 

HaXO~JitqHMCJI B 06'LeMe TBep~oro Tena. llepBLIB DOTOK, 
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TaKHM o6paJOM, onpe~CDSCTCS llOBCpXHOCTHO~ llDOTHOCTbffi 

a~cop6HpOBaHHbiX 'laCTHI.l H npO'IHOCTbffi HX CBS JH C llOBCpX • 

HOCTbffi, a BTOpO~ • CO~Cp)l(aHHCM H CKOpOCTbffi ~uqxpyJHH 

raJa B TBCp~OM TCDC, a Tai<)I(C npO'IHOCTbffi CBSJH 3Toro 

raJa C llOBCpXHOCTbffi. 

B npe~naraeMo~ pa6oTe paccMaTpHBaffiTCs xapaKTepu

CTBKH uep)l(aBeffill.le~ cTanu IX18HlOT I oTuocuTenLuo BLI· 

~eneuus raJa, a~cop6uuu u ~ecop6uuu. Hccne~oaauus cny

)I(HDH paJpa60TI<C KaMCpbl a~reJaTopa I<ODDCKTHBHOrO YCI<O" 

PHTCDS, KOTOpas BblllODHCHa HJ yKaJaHHO~ CTaDH H He MO)I(CT 

llO~BepraTbCS nporpeBy B BaKyyMe C l.lCDbffi YMCHbWCHHS 

raJOOT~aqu/ 1 /. TaK KaK B ycKopuTemix 'laCTBI.l paccesuuble 

Ha CTCHKH BbiCOK03HepreTH'ICCI<HC qacTHUbl I3DCKTp0Hbl H 

BOHLII MOryT CYII.lCCTBCHHO YBCDH'IHTb llOTOI< raJOOT~a'IH 
CTCHKH, pa6oqee ~aBDCHHC raJa B Tai<OM YCI<OpHTCDC CHDbHO 

JaBHCHT OT raJOOT~aqH MaTepuana, HJ I<OTOporo COCTOHT 

KaMepa a~reJaTopa*. U.enL uawe~ pa6oTLI - nonyquTL 

BHii!OpMal.lBffi 0 BDHHHHH HJMCHCHH~ llOBCpXHOCTH H npe~aa· 

pHTCDLHO~ o6pa6oTKH MaTepuana ua raJOBbl~eneuue u xa

paKTepucTHKH a~cop6uuu H ~ecop6uuu MaTepuana peuunueu

Ta. IlpH 3TOM Mbl HCKaDH CllOC06bl CHH)I(CHHS raJOOT~aqu 

6eJ nporpeBaHHS B BaKyyMe. TODbi<O 3THM nyTCM MO)I(HO 

B yKaJaHHOM I<ODDCKTHBHOM yCKOpHTCDC, KaMepy I<OToporo 

HCDbJS nporpCTb B BaKyyMe, COJ~aTb H llO~~Cp)I(HBaTb llpH 

3KCllDyaTal.lBB CBCpXBbiCOI<H~ BaKyyM npH YCDOBHH orpauu

l.{CHHO~ JqxpCKTHBHO~ CI<OpOCTH OTJ<al.{KH HCllOCpe~CTBCHHO 

KaMepLI a~reJaTopa. 

2. IIPE/l,BAPHTEJihHAJJ OEPAEOTKA OEPA3UOB 

HCXO~HbiM MaTepHaDOM 1IBD1IDC11 TODCTbl~ JIHCT HCp)l(a· 

BCffill.lC~ CTaDH Xl8Hl0T, KOTopaH UCllODbJOBanacb npH co

J~aHUH BaKyyMHO~ yc rauoaKu KonneKTHBHoro ycKopuTenH. 

f liODbWOC JHal.{CHUC, KOTOpoe HMCCT raJOOT ~aqa npH 
pa3pa60TI<C YCI<OpUTCJICH qacTHU, MO)I(HO, MC)I(~y npol.{HM, 
OUCHHTb DO TOMy, l.{TO C Tai<HMH pa'lpaOOTKaMH BCCr~a CBS" 
JaHbl OOWHpHbiC HCCDC~OBaHHH CBO~C fB Mfl.TCpHaDOB H llO';'C,PX • 
uocTe~ lcp., uanpuMep, <l>uwep u n.p./2/, )J.erpa u n.p. l, 1. 
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MeTo~oM cneKTpoMeTpHH O)l(e·JneKTpouoB MO)I(HO 6Lino o6-

uapy)I(HTL CHDbHOC JarpHJHCHHC ero llOBCpXHOCTH. rnaBHbl" 

MH XHMHl.{CCI<HMH 3DCMCHTaMH B 3TOM llOBCpXHOCTHOM CDOC 

HBDHDHCb C H 0
2

, a MCTaDDH'ICCKBC KOMllOHCHTbl CTaDH 

I Fe , Cr , Ni , Ti I B cneKTpe O)l(e· 3DCKTponoB oTcyT· 

CTBOBanu I puc. 11. 3arpsJueuus y~ansnucb nonupoaKo~ npu 

llOMOII.lB OI<HCH aDffiMHHHS HDH Kap6H~a l<pCMHHS. Ilocne qero 

B CllCKTpe 0)1(C"3DCI<TpOHOB llOSBHDHCb llHI<H MCTaDDH'ICCI<HX 

KoMnoueuTOB I puc. 21. BnHHHHe paJHLIX cnoco6oa o6pa6oTKH 

ua XHMHl.{CCI<H~ COCTaB llOBCpXHOCTH MO)I(HO npocne~HTb llO 

Fe 
I 

Fe 
I 

s 
I 

s 
I 

c 
I 

9 

Ti Fe 
I I 

" I ' 

Puc. 1 

Cr 

f9l Ti 
I I " 

Fe 
I ' 

~!"~ :~·......_- I ~'*'1"1 
... 'I ,,.. TYtr ~I 

.... . v .· ., 

Puc. 2 

cneKTpaM O)l(e- JneKTpouoa 1 puc. 3a, 6,el. 3aTeM noaepx

HOCTb MaTepuana Ol.{Bil.laDaCb MCTO~OM MCXaHHl.{CCI<O~ llODH" 

poBKH npu noMOll.\H Al 0 ,. u HJMepeuus cneKTPOB noKa-
2 .'l 

JaDH, l.{TO rDaBHbiMH KOMllOHCHTaMH llOBCpXHOCTHOrO CDOS 

oKaJaDHCb Fe, Cr H 0,
1 
IKucnopo~, aeposTuo, npe~cTaBneu B 

BH~e OKHce~l. B pe3ynLTaTe nocne~yffill.lero ODKura ua 
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nosepxHOCTH BLI~enanacL S H Ti I puc. 36/. IlpH'iHHoii 
3TOro JIBnJieTCJI ~H414JY3HOHHLIB npou;ecc. 1ioM6ap~HPOBKOH HO
HaMH o6a JneMeHTa ycTpaHJinHcL I puc. 3e/. )J.nJI Hly'ieHHJI 
npou;ecca raJooT~aqa Heo6xo~HMO 6Lino npoKaTKoii ~oBecTH 
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TOnUUIHY MaTepaana ~o 0,125 MM. llocne :noii onepa:u;aa 
nosepxaocTL o6pa3UOB noTeMHena a cTana MaToBoii. WnaiiJo
BaHHeM npa noMOUUI Al2 0 3 TOJIIUHHa nosepxHOCTHoro cnoJI 
6Lina ~ose~eHa ~o 5 MKM. C"LeMKH Ha pacTpOBOM JneKTpoH
HOM MHKpOCKOne DOKaJanH, 'iTO 3TOT cnoii HMen rnLI6oo6pa3-
HLiii xapaKTep a nepneH~HKynJipHo K HanpasneHHID npoKaTKH 
B HeM o6pa3oBanacL MHoroqacneHHLie TpeUUIHLI. llosepx
HOCTHLIB cnoii nepe~ 3KCnepHMeHTOM 6Lin CHJIT B peJynL
TaTe cne~yJOIUHX onepauaii: 

1. QqacTKH o6pa3u;a oT Macna npaMepHo 20-MHHYTHLIM 
B36anTLIBaHHeM B MaciiooqaitiaromeM pacTBope. 

2. TpaBneHHJI o6pa3u;a CMeCLIO KHCnOT /50 MA 65~-HOB 
HNO'l , 112 MA H2 0 , 6 MA 40~-Hoii HF / B Te'ieaae 
170 MUH. 

3. llonOCKaHHJI B ~HCTHnnHpOBaHHOB BO~e. 
4. CyruKH npH TeMnepaType ~o 100 o C. 
Ilocne TaKOB o6pa6oTKH BHeWHHB BH~ o6pa3D;OB DO'ITH 

He HJMeaancJI. Hccne~osaaae nosepxHocTeii o6pa3D;OB no~ 
paCTpOBLIM JneKTpOHHLIM MHKpOCKODOM DOKa3ano, 'iTO OHH 
He rna~KHe, a CO MHO:>KeCTBOM yrny6neHHB, o6pa30BaBWHXCJI 
npH TpasneHHH. 3arpJI3HeHHJI DOBepXHOCTH, O~HaKO, 6LinH 
ycTpaHeHLI. 

3. BPEMEHHAJI 3ABHCHMOCTh CKOPOCTH 

r A300T j{A f/H 

Ilocne npe~BapHTenLHOB XHMH'ieCKOB o6pa60TKH o6pa3D;LI 
6LinH HapeJaHLI B BH~e neHT WHpHHOB 2,5 MM H ~nHHOB 54 MM 

H npHBapeHLI K MOnH6~eHOBLIM npOBOnOKaM ~HaMeTpOM 2 MM. 

K u;eHTpy o6pa3u;a 6Lina npasapeHa cnaiiKa TepMonapLI. 
Ilocne TaKoro MOHTa:>Ka o6pa3D;LI 6LinH BMOHTHpOBaHLI B pa6o
'1Be KaMepLI. YcTaHOBKH oTKa'iHBanacL, H pa6oqae KaMepLI 
nporpesanacL npa TeMnepaType 450° C B Te'ieHHe 75 MUH. 

B peJynLTaTe OTKa'iKH ~asneHHe B HHX ~ocTarno 10-6 Top. 
3aTeM OTKa'iKa 6Lina npeKpameHa, o6pa3u;LI BLI~ep:>KHBanacL 
B BaKyyMe 72 'I npa ~asneHHH 0,1 Top. Bene~ Ja 3THM o~HH 
Hl o6pa3UOB /o603Ha'ieH HOMepOM 2/ OKHCnJinCJI B Te'ieHHe 
10 MUH npa TeMnepaTypax 170°H 645°CnpH napu;aanLHOM 
~asneHHH KHcnopo~a 150 Top,scne~cTBHe qero o6paJe.n H22 

7 



llOKpblJICJI OKHCHblM CJIOeM. 0TKa'iaB KHCJIOpO.D,, YCTaHOBKy 
JallOJIHHJIH BOl.!J.YXOM, a llOTOM CHOBa OTKa'iaJIH o6e pa60'iHe 
KaMepLI .u.o .u.asneHHJI 0,1 Top. Ilpu 3TOM .u.a~neuuu ycTaHOBKa 
npocToJina 96 '1, nocne 'iero Ha'ianucb HJMepeHHJI raJOBLI
.u.eneHHJI o6paJ~OB. B npo~ecce OTKa'iKH u 4-qacouor9_ npo
rpeua npu 450°C .u.auneuue yMeHbWHnocb .u.o 10-{' + 10-. Top. 
B peJyJILTaTe nporpesaHHJI CHHJunacb raJooT.D,a'ia cTeuox 
pa6o'iHX KaMep. IlocxoJibKY nnoma.u.L nouepxuocTH o6paJ~a 
6blna HaMHoro MeHLwe nnoma.u.u cTeHKH KaMepbl, npuwnocb 
YBeJIH'iHTb TeMnepaTypy o6pa3~0B, 'iT06bl HX raJOOT.D,a
'ia CTana 6onee JaMeTuoil. 11JMeHeHHJI TeMnepaTypuoro 
pe)f(HMa KaMep noKaJaHbl ua puc. 4. llpu TeMnepaTypax 

T/°C 

I 
800 

600 

1.00 

200 

f 
0 60 120 180 21.0 300 360 tlmm 

Puc. 4 

150~ 300~ 410~ 600° H 750° C HJMepJIJIHCb CKOpOCTH raJo
OT.D,a'iH B JaBHCHMOCTH OT BpeMeHH KaK y 'iHCTOrO /N21/, 
TaK H y OKHCJieHHOrO o6paJ~a /N22/. 11JMepeHHJI llOBTOpJIJIHCb 
nocne 48- .u.ueuuoil Bbl.D,ep)f(KH ycTaHoBKH npu .u.asneuuu 0,1 Top. 
PeJyJibTaTbl HJMepeuuil npuue.u.eubl Ha puc. 8 u 9. KpHBble 
llOKa3biBa10T JaBHCHMOCTb CKOpOCTeH y.D,eJibHOH raJOOT.D,a'iH 
q = G/ A OT upeMeHH. B xaqecTBe nnoma.u.u nouepxuocTH o6-
paJ~a A npHHHManocb 3<WleKTHBHoe JHa'ieuue 2,3 CM 2 , 
Tax KaK xpaesble JOHbl xono.u.uee ~eHTpa o6paJ~a. Ha puc. 5 
H 6 CllJIOWHblMH KPHBbiMH llOKaJaHbl peJyJibTaTbl nepsoro 
3KCnepHMeHTa, a llYHKTHpHbiMH - llOBTOpHOrO 3KCnepHMeHTa. 
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p e 3 y n b TaT bi n e p B o r o 3 K c n e p u M e H T a. 

J. Y 'IUC1!1020 /HeOKUCAeHH020/ o6pa3ijQ npH TeMnepa
Typax 150° u 300°C q yMeHLwaeTcJI co upeMeHeM no 
3KCllOHeH~HaJibHOMY JaKOHy. 3TO XOpOWO BH.D,HO Ha llOJiy
JIOrapu!ilMH'ieCKOH .u.uarpaMMe. TaxaJI JaBHCHMOCTb MO)f(eT 
6biTb HCTOJIKOBaHa KaK .D,ecop6~HJI raJa OT llOBepXHOCTH. 

IlpH 410° C CKOpOCTb y.u.em.HOH raJOOT.D,a'iH Cyll{eCTBeHHO 
BbiWe. 3TO yBeJIH'ieHHe Mbl OTHOCHM Ja C'ieT .D.H<WIYJHH H3 
o6'beMa o6paJ~a. IloBbiWeHHe TeMnepaTypbl .u.o 600c' C se.u.eT 
K .D,aJibHeHllleMy yBeJIH<leHHIO CKOpOCTH y.D,eJibHOH raJOOT.D,a'iH. 
IlpH 750° C KpHBaH CKOpOCTH y.D,eJibHOH raJOOT.D,a'iH pacno
JIO)f(eHa HH)f(e KpHBOH, llOJiy'ieHHOH paHbllle npH 600° C. 3TO 
yxaJbiBaeT Ha o6e.u.ueuue MaTepuana raJoM. 
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2. Y OKUCAeHHOZO o6pa3ija Ha6mo~aeTCJI DpH TeMnepa
Typax ~o 410° C cna6oe yMeHLWeHHe q co speMeHeM no 
3KcnoHeHI{HanLHOMY JaKoHy. A6comoTHLie senH'IHHLI q BLiwe 
B cpaBHeHHH CO cnyqaeM HeOKHCJieHHOrO o6paJI{a, TaK KaK 
OKHCHLIB CJiOB, O'leBH~HO,a~cop6HpOBan 6onLWee KOJiH'IeCTBO 
raJa, 'leM 'IHcTaJI nosepxHoCTL. Ho OKHCHLIB cnoa ~eilcTsyeT 
KaK ~H4MIIY3HOHHLIB 6apLep, KOTOpLIR ~0 TeMnepaTypLI 410° C 
npeDJITCTByeT BLI~ene&HID raJa nyTeM ~H4MIIY3HH H3 06beMa 
o6pa31{a I cp. puc. 6, 7. /. KpHBLie, noKaJLIBaiDII.Uie JaBHCH
MOCTL q ( t) , CHJITLie npH 600° H 750° C, ne>KaT B o6naCTH 

6onee BLICOKHX JHa'leHHB q, 'leM KpHBLie, CHJITLie DpH 410° C 
H HH>Ke. Mo>KHO npe~nono>KHTL, 'ITO nHWL npa 3THX TeMnepa
Typax npeo~onesaeTCJI ana pa3pywaeTCJI ~H$<PYJHOHHLIB 6apL
ep. MaTepaan eme He ycnen o6e~HeTL raJoM B Taxoi: CTe
neHH, KaK B cnyqae HeOKHCJieHHOrO o6pa31{a /KpHBaJI q ( t) 
npH 750° C npoxo~HT Ha~ xpasoa npa 600° C/. 

06mee KOJiH'IeCTBO BLI~eneHHOro 06pa31{0M raJa BLI'IHC
nJieTcJI no !llopMyne 

t 

q = fq(y) dt. /3/ 
(} 

rpa!llH'IeCKOe HHTerpRpOBaHHe DOJiy'leHHLIX KpHBLIX no
KaJLIBaeT, 'ITO OKHCJieHHLIB o6pa3el{ ~0 TeMnepaTypLI 600° C 
BLI~enJieT JiHWL 20~ raJa, BLI~enJieMOro HeOKHCJieHHLIM o6-
paJI{OM. 

fiOBTOpeHHe 3KCDepHMeHTa DOCJie 48-~HeBHOB BLI~ep>KKH 
o6paJI{OB a !llopsaxyyMe /0,1 Top/ ~ano cne~ywii.Uie 
pe 3YJiLTa TLI /DYHKTHpHLie KpHBLie/. 

J. 3aBHCBMOCTB q( t) ~JiJI HeOKUCAeHHOZO 06pa3ija ne>KaT 
60JiLWe 'leM Ha DOpJI~OK HH>Ke JaBBCBMOCTeB, DOJiy'leHHLIX 
B npe~LI~YII.UIX 3KCDepBMeHTaX, 'ITO yKa3LIBaeT Ha o6e~eHBe 
MaTepHaJia ra30M. ra300T~aqa DpH TeMnepaTypax 410° C 
HaXO~BTCJI 3a npe~enOM 'IYBCTBBTeJiLHOCTB npHHJITOrO MeTO
M B3MepeHHJI. 

_aAJI OKUCAeHHOZO o6pa3ija DOJiy'leHLI DOXO>KBe peJynL
TaTLI, O~HaKO 3~eCL pa3HBI{a Me>K~y pe3yJiLTaTaMH paJHLIX 
3KcnepaMeHTOB He Tax senaxa. KpHaLie q ( t) npa TeMne
paTypax ~0 410° C HaXO~JITCJI Ja npe~eJiOM 'IYBCTBHTeJiLHO
CTH MeTO~a B3MepeHH.R. 
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2. fipH .L{OCTaTO'IHOB llpO,I:{OJDI<HTeJILHOCTH 3KCDepHMeHTa 
H TeMnepaTypax BLIWe 600° C 3aBHCHMOCTH Q (t) BO BCeX 
CJiy'laJIX llpH6JIH)I(aJOTCJI K 3aKOHOMepHOCTH 

q == c en ' /4/ 

npu'leM noaTopnLiii 3KcnepuMeHT .L{aJI I c O.L{HHM HCKJIJO'Ie
HHeM/ MeHLWHe 3Ha'leHHR n, 'leM npe.L{LI.L{ymuii. B cne.L{yJO
meii lfla6A. J llpHBe.L{eHLI fiOJiy'leHHLie 3Ha'leHHR n. 

Ta6Aulla 1 

3uaqeuuJI noKa3aTeJIR n ypaauenuJI /4/ 

:Jxcnep:HMeHT T , Jc ). Heo~J'lCJieHHutt 0KM~Jiemmt1 
' oopa.3el\ oopa3cu; 

1 oOG 1,2 
·) 

GU0 U,\3 .... 

l ?~)l) U,~ 

~ ?.JU u,o 

4. TEMIIEPATYPHAJI 3ABJfCHMOCT.b 
CKOPOCTJf FA300T,l(A I.Jlf 

U,D 

G,;J 

u,J 
·.) ' * ..... ,LJ 

C ~eJibiO Ollpe.L{eJieHHR TeMnepaTypHOB 3aBHCHMOCTH CKO· 
pocTu ra300T.L{aqu MLI noaLiwanu Te.Mneparypy o6pa3~a npo
nop~uouanLuo ape.Meuu: 

i' flpH 60JILWeii llpO,I:{OJDKHTeJihHOCTH 3KCnepHMeHTa, Be· 
pOJITHO, H B 3TOM CJiy'lae CJie.L{OBaJio O)I(H,I:{aTb MeHee Kpy
TOro Clla,I:{a. B03MO)I(HO, 3TO 06bRCHReTCR TeM, 'ITO OKHCHLIB 
cnoii paJnaraeTcJI. 

12 

T == T0 + (:3 t , 
/5/ 

r)J,e T - TeMnepaTypa o6pa3~a a MoMeliT t , T
0 

- TeMne
paTypa 06pa3~a B MOMeHT t = 0 , (:3 • K034J4lH~HeHT B03pa-
CTaHHJI TeMnepaTypLI, 
= 0,65 K/c, t - apeMJI. 

B .L{aHHLIX 3KCnepHMeHTax (:3 

Pa6o'laR KaMepa OTKaquaanacL 'Iepe3 BeHTHJih Hill c 
nponycKuoii cnoco6uocTLJO L = 0,071 A/c. /IIponycKnaJI 
CllOC06HOCTb llpH6JIH3HTeJihHO paBHJieTCJI 3~eKTHBHOB CKO· 
POCTH OTKa'IKH/. JaBHCHMOCTH CKOpOCTH ra300T.L{a'IH OT TeM· 

nepaTyphi o6pa3~a npuBe)J.eHLI ua puc. 7 .L{JIJI ueoKucneu
uoro, a ua puc. 8 .L{JIJI OKHcneuuoro o6pa3~a. /OTJIO)I(eHuLie 
no OCH Op.L{HHaT BeJIH'IHHLI ,I:{aBJieHHR nponop~HOHaJihHLI CKO· 
pocTu ra300T.L{a'Iu/. Kpuaag 1 nonyqeua uenocpe.L{cTaeuuo 
nocne BhiWeonucauuoii npe,L\BapuTeJILHOH o6pa6oTKH o6pa3-
~OB. IIOTOM o6pa3~hl Bhi,L\ep)f(HBaJIHCb B Te'IeHHe 24 'laCOB 
ua B03,L\yxe. Bene,!:{ 3a 3THM 3KcnepHMeHT 6LIJI noaTopeu 
,L\Ba)f():\hJ, B pe3yJILTaTe 'Iero 6biJIH llOJiy'IeHhl KpHBbie 2 H 3. 

KpuaaJI 1 ua puc. 7 npoxo)J.HT 'Iepe3 MaKCHMyM ,L\aane
HHJI npu 600° H 1000" C, 'ITO o6ycnosneuo ,L\ecop6~ueii 
a,L\cop6upoaauuhlx tiaCTH~. Cornacuo TeO,PH'! TepMH'IecKoii 
,L\ecop6~uouuoii cneKTpoMeTpHH Pe,L\X3.L{a / 11 iTeMnepaTypaM, 
COOTBeTCTBYIOU{HM MaKCHMyMaM CKOpOCTH ,L\ecop6~HH /HJIH 
MaKCHMYM ,L\aBJieHHJI/, MO)f(HO npHDHCaTh ::meprHH ,L\ecop6-
~HH. YtiHThiBaJI ypasueuue /5/ H H3BecTuoe ycnoaue 
3KCTpeMaJihHLIX 3Ha'IeHHB, fiOJiy'IaeM B CJiyqae ,L\ecop6~HH 
nepsoro nopJI,L\Ka: 

W T W 
-·-

1
- = ln --11

-- ln--~1-, /6/ 
RTII f:3ro RTII 

r,L\e T 11 - TeMnepaTypa nuKa, R - raJoaaJI nocTOJIHHaJI. 
KpuaaJI 2 Ha puc. 7 npoxo,L\HT qepe3 MaKCHMYMLI npu 

600° H 770° C, a KpHBaR 3 He HMeeT MaKCHMYMa. 3To DO,!:{· 
TBep)f(,L\aeT npe):\UOJIO)f(eHHe 0 TOM, 'ITO MaKCHMYMbl KpHBLIX 1 
H 2 o6ycnosneHhl ,L\ecop6~ueii raJa. KpuaaJI 3 CHHManacL 
uenocpe,L\cTsenHo nocne Kpuaoii 2. Me)f(.L\Y 3THMH .L{BYMJI 
H3MepeHRJIMH 6LIJIO TaK MaJIO BpeMeHH, 'ITO o6pa3e~ He 
ycnen a.L{cop6upoaaTL raJ. B cnyqae oKucneuHoro o6pa3~a 
nepBhle ,L\Be KpHBhle TO)f(e HMelOT 'IeTKHe MaKCHMYMLI, a KpH· 
BaH 3 He HMeeT MaKCHMYMa, 3aTO npu 6onee BhiCOKHX 
TeMnepaTypax a ee xo,L\e Ha6JIJO,L\aeTcJI peJKHii DO,L\'heM, Ko-
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2. llpu .I{OCTaTO'IHOH npO.I{OIDKHTeJILHOCTH 3KCnepuMeHTa 
H TeMnepaTypax BLIWe 600° C 3aBHCHMOCTH Q ( t) BO BCeX 

CJiy'la.IIX npH6JIH)KaJOTC.II K JaKOHOMepHOCTH 

q = ccn ' /4/ 

npu'leM noBTOPHLIH 3KcnepuMeHT .I{aJI I c OAHHM HCKJIJO'Ie

HHeM/ MeHLWHe JHa'leHHJI n, 'leM npeALIAYll.(Hii:. B cne.I{yJO

ll.(eii: 11fa6A. 1 npuae.I{eHLI nony'leHHLie JHa'leHHJI n. 

Ta6AUfla 1 

3Ha'leHHJI noKaJaTeJIJI n ypaaHeHHJI /4/ 

JKCne Pl1MeHT T ( 0c) Heo~JrCJieHHllti 0Kvr9Jiemmw 
OOIJJ.38L~ 00}!H3CI.J; 

I ciOU l,;J 
·) GUO U,G .::.-

1 ?~)L) U,~ 

. ) 

.::.- ?.JU u,c 

4. TEMIIEPATYPHA.JI 3ABJf.CHMOCTb 
CKOPOCTH FA300TAA IJH 

\ n u,u 

G,-.J 

lJ' J 
., u * 
""' 

C U:eJibiO ODpe,I{eJieHHJI TeMnepaTypHOH 3aBHCHMOCTH CKO

pOCTH raJOOT,I{a'IH MLI llOBLIWaJIH TeMnepaTypy o6pa3U:a npo
DOpU:HOHaJibHO BpeMeHH: 

~' fipH 60JILWeH npO.I{OJI)I(HTeJibHOCTH 3KCllepHMeHTa, Be
pOJITHO, H B 3TOM CJiy'lae CJie,I{OBaJIO O)I(H,I{aTb MeHee Kpy
Toro cna,I{a. BoJMOJKHO, 3To o6bHCHJieTcJI TeM, 'ITO OKHCHLiii: 
c.r1oii: paJnaraeTCJI. 

12 

t 
I 

~ 

T = T
0 

+ {3 t , /5/ 

r.I{e T - TeMnepaTypa o6pa3u;a B MOMeliT t , T0 - TeMne

paTypa o6pa3u;a B MOMeHT t -~ 0 , {3 - K034Kt>HU:HeHT B03pa-
CTaHHJI TeMnepaTypLI, 

= 0,65 K/c, t - apeMJI. 
B ,I{aHHLIX 3KCnepHMeHTaX {3 

Pa6oqaJI KaMepa OTKa'IHBanacL qepeJ aeHTHJIL *.!1 c 

nponycKuoii: cnoco6HOCTLJO L = 0,071 A/c. /llponycKHaJI 

CllOC06HOCTb npu6JIH3HTeJibHO paBH.IIeTC.II 3~eKTHBHOH CKO

POCTH OTKa'IKH/. 3aBHCHMOCTH CKOpOCTH raJOOTAa'IH OT TeM

nepaTypbl o6pa3u;a npuae.I{eHLI Ha puc. 7 AJIH HeOKHCJieH

Horo, a Ha puc. 8 AJIJI OKHcneuHoro o6paJu:a. /OTJIO)I(eHHLie 

llO OCH OPAHHaT BeJIH'IHHLI AaBJieHHJI nponopu;HOHaJibHLI CKO

pOCTH raJOOTAa'IH/. KpuaaH 1 nony'leHa uenocpe.I{CTBeHHO 

nocne BLiweonucauuou npeAaapuTeJILHOH o6pa6oTKH o6pa3-

u:oa. IloToM o6pa3U:LI BLIAep)KHBanucL a Te'leHue 24 qacoa 

Ha B03AyXe. Bene,~:{ 3a 3THM 3KCllepHMeHT 6LIJI DOBTOpeH 

ABaJKAbi, B pe3yJILTaTe 'lero 6LIJIH llOJiy'leHLI KpHBble 2 H 3. 
Kpuaa.11 1 ua puc. 7 npoXOAHT qepeJ MaKCHMYM .I{aane

HUH npu 600° H 1000° C, 'ITO o6ycJIOBJieHO ,I{ecop6u;ueii: 

a,I{cop6upoaaHHLIX qacTHU:. CornacHo Teopuu TepMH'IecKoii: 

,I{ecop6u:uoHHoii: cneKrpoMeTpHH PeAX3Aa / ll/TeMnepaTypaM, 

COOTBeTCTBYIOll.(HM MaKCHMyMaM CKOpOCTH ,I{ecop6U:HH /HJIH 

MaKCHMYM ,I{aBJieHHH/, MO)KHO npHllHCaTb 3HeprHH ,I{ecop6-

U:HH. Y'IHTLIBaH ypaaHeHue /5/ u H3aecTHoe ycnoaue 

3KCTpeManLHLix JHa'leHHH, nonyqaeM a cnyqae ,I{ecop6u:uu 
nepaoro nopJIAKa: 

W T W 
-·-

1
- = ln --11

- -ln--11-, /6/ 
RTII f3ro R'IIl 

r,I{e Til - TeMnepaTypa DHKa, R - raJOBaJI DOCTO.IIHHaH. 

Kpuaa.11 2 ua puc. 7 npoXOAHT qepeJ MaKCHMYMLI npu 

600" H 770° C, a KpHBaJI 3 He HMeeT MaKCHMyMa. 3TO llO,I{

TBep)K,I{aeT npe.I{OOJIO)I(eHHe 0 TOM, 'ITO MaKCHMYMLI KpHBbiX 1 
u 2 o6ycnoaneHLI Aecop6u:ueii: raJa. Kpuaa.11 3 cuuManacL 

Henocpe.I{CTBeHHo nocne Kpuaoii: 2. Me)KAY 3THMH ABYM.II 

HJMepeHHJIMH 6Lmo TaK Mano apeMeHu, 'ITO o6paJeu: He 

ycnen a.I{cop6upoaaTL raJ. B cnyqae oKucneuHoro o6paJu:a 

nepBLie ,~:{Be KpHBLie TO:lKe HMelOT 'leTKHe MaKCHMYMLI, a Kpu

BaJI 3 He HMeeT MaKCHMyMa, JaTO llpH 6onee BLICOKHX 

TeMnepaTypax a ee xoAe ua6JIIOAaeTcJI peJKHii: no.I{neM, Ko-
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TOpblii o6'b.IICH.IleTc.ll· AH4xt~Y3Heii raJa H3 o6'beMa o6pa3~a. 
Y OKHCJICHHOrO 06pa3~a, oqeBH~HO, 60JILille CBJI3aHHbiX CO· 
CTOJIHHH, qeM Y HCOKHCJICHHOrO o6pa3~a. qeTKO Bbi~CJIJIIOTCJI 
TPH MaKCHMyMa. 

Ecnu npe~noJIO)I(HTL, qTo MLI, ~eiicTBHTeJILHo, HMeeM ~eno 
c ~ecop6~ueii nepaoro nop.ll~Ka, TO 3HeprHIO ~ecop6~HH 
npu6JIH)I(euuo MO)I(HO BblqucJIHTL. I )J.n.11 Toquoro pacqeTa 
npHIIIJIOCb 6bl nOBTOpHTb 3KCnepHMCHTbl C ~pyrHMH K03~H
~eHTaMH B03paCTaHHJI TeMnepaTypbl H ~pyrHMH CKOpOCTJI· 
MH OTKaqKH. llpH 3TOM TO npHHHMaCTCJI paBHLIM 10- 13 

C. 

3To 3uaqeuue qacTo BCTpeqaeTc.ll B 3KcnepHMeHTax no 
~ecop6~HH. Ouo cnpaae~JIHBO B TOM cnyqae, Kor~a a~cop-
6upoaauuLie qacTH~LI no~o6uo ~ByxMepuoMy ra3y cao6o~uo 
MoryT nepeMe~aTLC.Il no noaepxuocTH TBep~oro Tena. Pe-
3YJILTaTLI pacqeTOB npHBe~eHbl B 1Ra6A. 2. 

Ta6Aulla 2 

l{pl'!BaH TeMnepaTy- 3ue prl'IH ,n;ecop6wm: 
pa _ nuKa . . , , TT 1 . .,.) · 

'I' •Cn) W (sJJ) W· \IUWJlf ,.tOJI.o 
IT \ v ~ A 

HCOKHCJI8HHbl}i I 600 ') --:- 58 ~,G 
oopuscu l lOOU 3,7 bG 

,., 
600 2,G ss ,;:, 

2 770 3,0 70 

OKJ1CJI8Hiill11 l 57o 2,40 o? 
oopaaeu l 660 ') 7 

"'' 62 
l 92o 3 ;j , bl 

2 460 ·) ,. 
... .:.. , l. 4~ 

2 560 2,4 ;JG 
•") 
1'-.J 7G;J 3,u GS 

14 

0KHCJICHHe o6pa3~a YBCJIHqHBaeT 3HepreTHqeCKHH cneKTp 
~ecop6~HH. llOCKOJILKY r 0 HCH3BCCTHO H nHKOBble TeMne-
paTypLI HCTOqHbl, He CJie~yeT O)I(H~aTL OT 3HaqeHHH W ,U 

CJIHIIIKOM 60JILIIIOH TOqHOCTH. 
Ecnu KPHBLie q ( t), npuae~eHHLie ua puc. 8 ~JI.Il 'I = 

150 o C H T = 300° C H ua puc. 6 ~JIJI 'I = 150° C, 
'I = 300° C H 'I = 410" C, H3o6pa3HTL ua nonynorapu<IJ
MHqecKoii ~HarpaMMe, TO no uaKnouaM nonyqaeMLIX np.ll-
MbiX TO)I(e MO)I(HO onpe~eJIHTb W Jl • 113 <IJopMyJILI 

~~loge 
log Q

1 
I q 2 

ql = q ( t 1 ) ' q2·cq(t2)' 

171 

cne~yeT lecnu npe~noJio)I(HTL ~ecop6~HIO nepaoro nop.ll~Ka 
H npHHJITb r = 10 - 13 cl 

0 

wll 
logr/r 

0 

loge 
R 'I' 181 

r~e R - ra3oBa.ll nocTo.IIHHaJI, T - a6coJIIOTHa.ll TeMneparypa 
o6pa3~a. 

PelyJILTaTbl pacqera npuae~eHLI B 1Ra6A. 3. 
Ecnu npe~noJIO)I(HTh, qyo Juaqeuue w

11 
= 34 KKaA/MOAb 

I 1Ra6A. 31 o6ycnoaneuo ~ecop6~ueii raJa or creKna, TO 
3HeprHJIM ~ecopfi~HH OKHCJICHHOrO o6pa3~a 6y~yT COOTBeT
CTBOBaTb 3HaqeHHJI W.

1 
= 47 KKaA/MOAb H W/l = 54 KKaA/MOAb. 

Y ueoKucneuuoro o6pa3~a B nepaoM 3KcnepHMeure I puc. 7, 
KpHBaJI 11 ua6mo~aJICJI npu 600" C oqeuh IIIHpOKHii ~ecop6-
~HOHHLiii DHK. Ha~o nonaraTh, qyo 3TOT DHK CJIO)I(HJICJI H3 
HCCKOJihKHX DHKOB 6onee HJIH Menee BLICOKHX 3HeprHii ~e
Cop6~HH, D03TOMY 46 KKaA/MOAb MO)I(eT 6b1Tb 3HaqenHeM 
O~HOH 3HeprHH ,D;ecopfi~HH HeOKHCJICHHOrO o6pa3~a. 

KpHBLie 3 ua puc. 7 H 8 ·ue HMeiOT MaKCHMYMOB, JaTo 
KpyTo DOAHHMaiOTCJI npu BLICOKHX TeMneparypax, qTo o6'bJtc
HJleTCJI npo~eccaMH AH<Il4JY3HH raJa H3 o6'beMa MeTanna. 
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Ta6Auija 3 

TeMnepaTypa odpu::3~a w- ,KKaJI/ :•J.Tb; 
h 

r;1 101 1\ 
~ \ v / 

EeOICIGJ~8Hliblii .L0\J 

odpa3eU 30U 

:.JI·~dC.:lC.dHU~~ l;__iC 
o0~s3oU JUU 

4IU 

T ,\ 1~j 

"f~~J 

]?j 

·1:~v 
r-··.·, 

,) ( 0 

U(,j 

·") .1 
v~.t 

1 ,, ,, 
'-_.,;:.._) 

Jtl 

il~; 

~-H: 

Ecnu .D.JIH JaBHCHMOCTH nnoTuocTu .D.uqxpy3uouuoro noToKa oT 

TeMnepaTyphl npuHHMaeM <iJopMyny 
w 

" 
q 

. -n 
qo e /9/ 

r)l.e W - 3HeprHH B036y)l()l.eHHH )l.Hqxpy3HH, <i - llOCTOJIH· 
a )' HaJI, TO llOJiyqaeM \\:a :-: 2,55 3B co 59 KKU/l MOAb. 

llOCKOJILKY 3TO 3Ha'leHHe onpe)l.eJIHJIOCL )l.JIJI CMeCH ra30B 

HeH3BeCTHOrO COCTaBa nyTeM H3MepeHHJI llOJIHOrO )l.aBJieHHH, 

ero HCJIL3H Henocpe)l.CTBeHHO CpaBHHTL C )l.aHHhlMH )l.JIJI 'IHC

ThlX ra30B. llo KpHBLIM Ha puc. 7 H 8 BH)l.HO, 'ITO npu TeM

nepaTypax BLIIIIe 700" C 3Ha'leHHH .D.H<WJy3HOHHOrO llOTOKa 

CTaHOBHTCJI 6JIH3KHMH. 3TO, MO:a<:eT 6hlTL, 06'bHCHHeTCJI pa3 • 

py111euueM oKucuoro cnox npu BhlCOKHX TeMnepaTypax I J O/ . 

5. BhlBO,l!hl 

B npe)l.naraeMoii pa6oTe 6LIJIH uccne)l.oBaHhl caoiicTBa 

llOBepXHOCTH H CKOpOCTL ra300T)l.a'IH BhlCOKOJierupoBaHHOH 

Hep)l(aBeromeii xpOMOHHKeJieBOH CTaJIH /Xl8Hl0T/ B 3aBH· 

CHMOCTH OT pa3JIH'IHhlX 4JopM npe)l.BapuTeJILHOH o6pa60TKH. 

16 

l13MepeHHJI MeTO)l.OM O)l(e • ClleKTpOCKOllHH llOKc\,]hlB8,IOT, 'ITO 

ueo6pa6oTaHHaJI noaepxuocTL CTanu CHJILHO 3arpH3HeHa, npu

'leM rJiaBHble KOMllOHeHTbl 3arpH3HeHHH • yrnepO)l. B KHCJIO" 

po)l.. llyTeM MexauuqecKoii nonupoBKH npu noMomu Al 2 0 3 
unu SiC y)l.aeTCJI ux 6oJILIIIeii qacTLIO y)l.aJIHTL. Ha noaepx

HOCTH npu 3TOM llOJIBJIJliOTCJl uapanBHhl. Y)l.aJieHHe CJIOeB 

3arpJI3HeHBH MO)I(HO ocymecTBHTL o6e3)1(BpHBaHHeM H XHMH" 

qecKHM TpaaneuueM. B 3TOM cnyqae ua noaepxuocTu o6pa-

3YIOTCH HMKH TpaBJieHHH. llpu HarpeaaHHB CTaJIH K noaepx· 

HOCTH .D.H<WJYH.D.HPYIOT cepa H THTaH, KOTOphle JierKO y)l.aJIH· 

IOTCJI MeTO)l.OM HOHHOH 6oM6ap)l.HpOBKH. 

ConocTaaneuue cKopocTeii raJooT)l.a'lu o6pa6oTauuoro 

/XHMH'IeCKH TpaBJieHHOro/ o6pa3Ua H )l.OllOJIHHTeJILHO OKHC" 

neuuoro o6pa3ua noKa3hlBaeT: 

1. )J.o TeMnepa TYPLI 60cf C o6mee KonuqecTBO Bbl)l.eneu

uoro raJa y oKucneuuoro o6paJua npuMepuo B 5 pa3 MeuL

IIIe, 'leM y HeOKHCJieHHOrO. 

2. lloTOK raJa, Bhl)l.eJIJieMhlH OKHCJieHHLIM o6pa3UOM, HB" 

nxeTCH npe)l()l.e acero )l.ecop6uuoHHhlM noTOKOM. Y noaepx

HOCTH OKHCJieHHOrO o6pa3Ua Ha6JIIO)l.aeTCH 60JILIIIee 'IHCJIO 

CBJIJaHHhlX COCTOHHHH, 'leM y noaepXHOCTH HeOKHCJieHHOrO. 

llpu 3TOM uau6onee HH3KHe 3Hepruu )l.ecop6uuu y o6oux 

o6pa3UOB - O)l.HOrO H TOrO )l(e nopH)l.Ka, HO OKHCJieHHhlH o6pa· 

Jell, o6na)l.aeT 6onee BhlCOKHMH 3Ha'leHHJIMH 3Hepruu )l.ecop6-

uuu. flocne Bhl)l.eJieHHJI raJa H3 CJia60CBJl3aHHhlX COCTOHHHH 

raJOBbiH llOTOK OT OKHCJJeHHOrO o6pa3Ua MeHLIIIe. 

3. llpu uanycKauuu BOJ)l.yxa B pa6o'lyiO KaMepy oKucneu

HLIH o6pa3eu no cpaaueuuiO c ueoKucneHHLIM nornomaeT 

MeHLIIIe raJa. 

4. flpu TeMnepaType Bblllle 700" C OKUCHblH CJJOH paJ • 

pyrnac fCJI. 0KUCJJeHHLIH H HCOKHCJJeHHbiH o6paJIJ,bl llOCJJe Ta· 

Koro HarpeBa CHOBa o6JJa)l.aiOT npuMepHO O)l.HHaKOBbiMU CBOH· 

craaMH. 
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5. B Te'lenue ,D;OcTaTO'IHO ,D;nHTem.uoro BpeMeHH cKopocTL 
• -n 

ra300T,D;a•t:li yMeHLWaeTCJI no 3aKOHY q - t . 

B 6onLWBHCTBe cny'laeB I AHa HCKmo'leHHJI/ 3Ha'leHHJI n 
nelKaT B npe,D;enax OT 0,5 ,D;o 0,6. Cornacuo pa6oTe/6 / MO:>KHO 
npe,D;nono:>KBTL, 'ITO ra3oOT,D;a'la onpe,D;enJieTcJI ,D;HI}lclly3Hei. 

6. fipOBe,D;eHHble HaMH 3KCnepHMeHTLJ n03BOnJIIOT C,D;e
naTb BbiBO,D;, 'ITO y OKHCneHHOH CTanH MeHLWaJl BenH'IHHa 
ra300T,D;a'IB no cpaBHeHHIO C HeOKHCneHHOH. 0KHCneHHe MO:>K
HO npOH3BeCTH npH aTMOci}JepHOM AaBneHBH Ha B03AYXe. 

B 3aKniO'Ieuae 6naro,D;apaM MacTepa-cTeKnOAYBa ~.Bap
TeMana 3a TO'IHoe BLmonueuue Bcex CTeKnOAYBHLIX pa6oT 
a H.Kucnaura 3a npoBeAenue pa6oT no nony'leHHIO cneKTpos 
O:>Ke- JneKTpOHOB. 
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PyKonucr. nocmynuAa e u3oameAr.cKuii omoeA 
4 oeKa6p.R 1978 zooa. 

HeT JIH rrpo6eJioB B Barnett 6H6JIHOTeKe? 
8bl MOlKeTe llOJIY'IHTb no UO'!Te nepe'IHCJieHHble HHlKe KHHrH, 

eCJIH OHM He 6biJIH 3aKa3aHbl paHee. 
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7 p. 15 IC. 

2 p. 05x. 

2 p. 60 IC. 

1 p. 90 IC. 

4 p. 20 x. 

3 p. 60 IC. 

5 p. 00 IC. 

3 p. 00 IC. 

2 p. 40 x. 

3 p. 50 IC. 

2 p. 50 IC. 

3 p. 50 JC. 

5 p. 00 IC. 

6 p. OOx. 

6 p. 00 IC. 


