
ISSN 0205-4671 

poccHBcKBii HA~Hblll QEHTP 
"KYPllATOBCKHH HHCTHTYT" 

BOIIPOCbl 
~ 

ATOMHOII 
HAYKII 

II 
TEXHIIKII 

CEPIDI: 

<l>HlHKa H,ll;epHbIX peaKTOpOB 

BbIIlYCK 

4 



F 

POCCIIUCK.l:IH HAyqJJJ,IH ~HTP "KYPllATOBCKIIU HHCTHTYT" 

BOIIPOCLI 
~ 

ATOMHOH 
HAYKH 

H 
_ TEXHHKH ----

HAY1111O-TEXHWJECK.l:IH C:6OPHHK 

' . CEPIDI: 

<I> II 3 II KA R ,[( E P ·H LI X P E A K T O P O B 

113)1.AETCH C 1989 r. 

BLilIYCK 4 

,l(IIHAMHKA II liE301IACHOCTL 
R,l(EPHLIX 3HEPrETWIECKIIX YCl'AHOBOK 

113)1.AETCSI C 1971 r. 

MOCKBA - 2008 



C6opmnrn "Bonpocb1 aTOMHOH HayKH H Texmnrn" (BAHT) BKmoqeHl,J B ilepe<ieHb 
seii,ymHX HJAaHHH Bb1cmef:t aTTeCTalUIOHHOH KOMHCCHH (BAK). iloii_m,JCHOH HHAeKC 66675 
e KaTanore "1'13ii,amui oprattos HayqHo-TexmReCKOH HH<popMamrn" AremcTBa "Pocne<iaTb". 
BbmycKH ".[{HHaMHKa H 6e3onaCHOCTb l!AepHblX :rnepreTlf4eCKHX ycTaHOBOK" 
noii,rOTaBJIHBalOTCll Pocc11il:CKHM Hay'iHblM u.eHTPOM "KypqaTOBCKHH HHCTHTYT"· 

Cmambu, nocmynalOUJUe « peOaKt{U/0, pe1JeH3upy,omca u ny6J1wcy10mca « a«mopcKou peOaKquu. 
MHeHue 'IJ/eHo« peOKOJIJ/ezuu MO:J/Cem He coonaoamb c mO'IKOu 3peHUR. aomopoo ny6J1uKaquu. 
flpu nepene'lamKe u qumupo«aHuu ccbl.J/Ka Ha c6opHUK BAHT o6Jl3ameJ/bHa. flepene'lamKa 
MamepuaJI06 oonycKaemCJ! mOJ/bKO C nUCM1eHHOZO pa3pezu.eHUR peOGKIJUU. 

Pe.i.aicnuouuau KOJIJieruu cepun : 

A.JO. rarapHHCKHH (rmlBHblH pe.n.aKTop), 
C.M. 3apm.J.KHH (3aM. rnasHoro pe.n.aKTopa), B.<I>. Konecos, 
A.E. KpournmtH, E.A. C-rapocTHHa (0TB. ceKpeTapb) 

Peii,aKQHOHH3H KOJIJleruH Bbmycica : 

B.B. Ee3.JlenKHH, C.H. EorAaH, B.H. BaceKHH, A . .[{. Ecpattos, 0.6. Kno'!KOB, A.11. KonecHUxoe, 
A.C. KopUiyttos, A.E. Kponrnmm (m pe.naKTop), B.M. Max.HH, OJ1.. Me1rnxos, B.B. flqemrn 
(oTe. cexpeTapb BbinycKa ), 11 . .[{. PaKHTHH, Jl.B. CMHpHOB (3aM. rn. pe.naKTopa), B.il. Conoebee, 
B.<I>. CTPIDKOB, B.H. JllynHMoe, H.B. lizyKIDl, K.11. HKoenes 

B Bbinycxax ".[{HHaMHl<a H 6e3onaCHOCTb ll_nepHb!X :mepreTH'leCKHX ycTaHOBOK" ny6JIHxyJOTCll MaTepHa.Jibl 
no CJie.nyJOmHM BOllpOCaM: 
- MareManRecxoe Mo.nemtpoaairne AHHaMn-.:iecKHX npoueccoe e 513Y H MX :meMeHTax; 
- pe3yJibTaThl 3KCnepHMeHTOB no ycTOH'IBBOCTH CTaU.HOHapHb!X npoueccoe H o6ocHOBaHHIO 

MaTeMant'leCKHX Mo.neneu 513Y; 
- pac'leTHbJe uccnenoeaHHl! ynpasneHIDI, nepexOAHbIX H aeapHHHbIX npou.eccoe; 
- pacqenlble HCCJieJlOBaHJill ycTOH"CJHBOCTH CTall.HOHapHblX pe>KHMOB 51.3Y; 
- AHafHOCTJ-U<a CHCTeM u o6opyii,oBaHID! 513Y; 
- OIIHCaHHll H aHHOTaUHB nporpaMM pao-1.eTOB JlHHaMHKH H 3KcnepHMeJITa.JibHblX HCCJieii,oeamrn; 
- pac"leTHO-TeopeTlf4ecKoe o6ocHosairne pa6orocnoco6HoCTH H pecypca 06opy.noaaHID1 51.3Y. 

The issues of "Dynamics and Safety of Nuclear Power Plants" contain information on the following subjects: 
- mathematical simulation of dynamic processes in NPP and their components; 
- experimental results on the stability of stationary processes and substantiation of mathematical models 

of the NPP dynamics; 
- computational analysis of controlling the transient and emergency processes; 
- computational analysis of stability ofNPP's stationary modes; 
- diagnostics ofNPP's equipment and systems; 
- description and summaries of programs for dynamic analysis and experimental studies; 
- computational and theoretical substantiation of serviceability and resource of the NPP equipment. 

© PoccHliCKHH ttayqHb1H u.eHTP "KypqaTOBCKHH HHCTHTYT", 2008 

◄ 



F 

l 

<l>H31JlIECKOE MO,L(EJillPOBAHHE 

Y)J;K 621.039.51 
0 ueHTpOHHO-<l>HlH'leCICHX MO.r.e.r:tHX B TpeHaiKepocTpoeHHH 

A.A. EollcyHoa, OAO "BH1111A3C", 109507, MocKBa, <l>epraHCKlUI yn., 25 

IlpHBe)leH KpaTKlffl o63op pa3B11TRJI HeihpOHHO-cp11311'1eCKHX MO)leJJeH, 11CnOJlh3OBaHHbJX np11 pa3pa6oTKe IlOJlHO­
MaCWTa6HhIX TPeHa)Kepoa A3C c peaKTopaM11 rnnoa BB3P 11 PEMK, nOCTPOeHHhJX a OAO ",WK3T" 11 BHI1MA3C. 
PaccMaTPHBa.JOTCJI HeKOTOph!e TeH)leHU.1111 JlaJlhHeHWero coaepweHCTBOBaHl1JI MO)leJJeH. 

About neutron models for NPP training simulators. A.A. Bolsunov. The objective of this paper is short review 
of neutron models used in NPP simulators with VVER and RBMK in "GET" and VNIIAES. Some tendencies of further 
models modernization are described. 

B npoeKTHp0BaHH11 H CTP0HTenhCTBe norrH0-

MaCll1Ta6HhlX TPemm:epoB ,!J,JUI 3Hepro6rroKOB 

A3C M0,lleJIHp0BaHHe HeirrpOHHO-q>H3WieCKHX 

npoueccoB B aKTHBHOH 30He perucropa 3aHHMaeT 

0)].H0 H3 KJUO'leBblX MeCT. EcTeCTBeHHO, 'ITO M0)].e­

nHpOBaHHe no.u.o6HbIX npoueccoe .u.oJDKHo on11-

paThCJ1 Ha xopomo pa3BHThJe H rny6oKo npopa60-

TaHHb1e TeopeTH4eCKHe H 'IHCJieHHb!e MCTO)].hl 

paC'leTa. O.nttaKO npHMeHeHHe caMblX nepeJ].0BhIX 

MeTO,llOB pactieTa B TPCHIDKepHbIX M0JJ.eJIJIX cyxne­

CTBCHHO orpaHH'ICHO. ,Ueno B TOM, 'ITO xapaKTep­

HOH oco6eHHOCThlO nonHOMaCll1Ta6Horo TpeHIDKe­

pa MR 3Hepro6noKa A3C JIBJIJICTCR TPe6oBattHe 

ero cpyHKQHOHHpoBaHHJI e ycnoaHRx peam,ttoro 

BpeMeHH, Kor.u.a ace Mo.u.en11pyeMb1e JJ.HHaMH'le­

cKHe npoueCCbl J].OJDKHbl npOHCX0,llHTh B TeX )KC 

apeMeHHblX paMKax, 'ITO H peanhHh!e rrpou.eccb1. 

C .npyroii CTOpOHhI, Bb16op 6onee np0CT0H 

M0J].enH (3aBe)].OMO o6ecnetIHBalOII.(CH pe)KHM pe­

anbH0ro BpeMCHH) MO)KeT BCzynaTb B KOH<pJIHKT C 

TPe6oaamteM 06ecne'ieHH.J1 3a.llaHHOH T0'IH0CTH 

pac4eTa HeHTpOHHO-<pH3HlieCKHX xapaKTepHCTHK 

aKTHBHOH 30Hht. B TaKOH c11zyaQHH Mttoroe perna­

eT cpaKTOp 6hICTPOJJ.CHCTBHR rrpHMCW!eMblX Bhl­

t{HCnHTenhHblX cpe.u.crn. 

TiocKOm.Ky 3a nocrre,llHHC rO,llbl KaK 6hICTPO­

J].CHCTBHC, TaK H onepaTHBH3JI naMRTh .u.oczynHhlX 

Bhl'IHCnHTenbHblX cpe,llCTB Bblpocmf Ha nopRJJ.KH, 

3TO OTPa3HnOCh H Ha cn0)KHOCTH HCnOJib3YCMblX 

Mo.neneii pactieTa. B rn6n. 1 npo.u.eM0HCTPHPOBatto 

ycrro:)l<HeHHe y)Ke npHMCHCHHblX B TpeHIDKepo­

CTPOeHHH MOJ].eJieH pacCJCTa no Mepe COBeplllCHCT­

B0BaHHR H J].OCTYflHOCTH Bblt{HCnHTenbHOH TCXHH­

KH. KaK BHJlH0 H3 .naHHblX Ta6n. 1, o6mee coeep­

rneHCTBOBaHHe pacqeTa npOHCXO.U:HT no pa3Hb!M 

HarrpaBJICHHJIM. 

l. feOMCTPW-1ecKoe npe.u.cTaaneHtte aKTHBH0H 

30Hhl peaKTopa CB0,llHTCJI K pa36HeHHIO: o,nHa pac­

tieTHaJI T0tIKa Ha TBC H HeCK0JihK0 T0'leK no Bbr­

coTe. 

,[(n.R PEMK o6xnee llttcrro T0'leK Bbipocrro He­

HaMHoro OT l 884x7 .u.o 1 884x8, qTQ B nepByio 

oqepe,D.h CBJl3aH0 C nepeX0,ll0M ,!l;aT'IHK0B BblC0T­

H0ro KOffTP0JIR nonR 3HeprOBhl)].CJICHHJI (,[{K3B) C 

7 BblCOTHblX CeKQHH Ha 8. TaKHM o6pa30M, BCero 

HMCCTCJI nopRJJ.Ka 15 000 paC'leTHbIX T0'ICK. 

,[(n.R BB3P 'IHCJIO T0'leK no BhICOTe Bhipocrro 

B 2 pa3a, t{TQ o6ycJIOBJICHO HMCBIIIHMCJI 3anac0M 

Bhl'IHCJIHTCJihHblX MOII.(HOCTCH no cpaBHCHHlO C 

M0J].CJiblO PEMK, TaK KaK 163 x 15 COCTaBIDllOT 

Bcero 2 445 TO'leK. C .u.pyroif cTopoHhI, npH reKca­

roHanbHOH perueTKe )].Jljl Ka)KJJ.OH pac'ICTHOH .s1qeii­

KH BB3P pernaeTCR ttecKOJihK0 6orrhlllee •rncno 

ypaBHCHHH (HanpHMep, npH HO)lanbHbIX MeT0J].ax 

pac4era), o6ycnoBJieHHoe 66nhUJHM 'IHCJI0M rpa­

tteii, Ha K0T0pb!X npOHCX0,ll!IT paC'leT nepeTe'ICK 

HCHTPOHOB. 

l!Hcno T0'leK JJ.JIJI BB3P, B nnatte aKTHBHOH 

30Hhl paBH0e 212, 03HatJaeT pacqer C 0TpIDKaTe­

JICM. HeCOMHCHHO, 'IT0 'IHCJI0 pactJeTHhlX T0t{eK 

6y.u.eT TOJihK0 B03paCTaTb, TaK KaK 3T0 IIpOCTeH­

lUHH nyTh IT0BhllllCHHR T0'IH0CTH <pH3HtJeCKOro 

MOJ].CJIHp0BaHHR aKTHBHOH 30Hbl. 

2. l!Hcno rpynn 3afla3.llh1Bal01..1.\HX HCffTPOHOB 

npHIDIT0 paBHblM 6, K0HCTaHTbl C0OTBeTCTByEOT 

EHAE-93. XapaKTepHCTHKH rpynn 3ana3J1.hIBalO­

mHX HeHTpOHOB 3aBHCRT OT 3arpY3KH H Bhir0pa­

HHR aKTHBHOH 30Hbl H HaC'IHThIBalOTCJI no npo­

rpaMMe GETERA [I]. 
B O0CJICJ].Hee BpeMJI BCJ1.YTCR pa3pa60TKH 60-

nee C0BeprueHHblX Ha6opoB rpyrrn0BblX KOHCTaHT 

3aITa3)].bIBalOII.(HX HeifTpOHOB, Hau.eneHHhlX Ha He-

3aBHCHM0CTh HX xapaKTepHCTHK OT H)'KJIHJ1.H0ro 

C0CTaBa. B CBR3H C 3THM B npHHU.HUe M0)KH0 ITJia­

HHp0BaTb B 6y.u.y~eM rrepexo.u. Ha ycoBeprueHcT­

BOBaHHhlH tta6op K0HCTaHT, X0TJI, ttanpHMep, B 

pa6oTe [2] 0TMe4aeTcR, tJT0 npo6neMa Bb16opa 

Ha6opa napaMCTP0B KHHCTHKH .!J:0JI)l(Ha peruaTbCR 

11cxo.u.J1 H3 u.eneii peruaeMoH 3a,llatIH H noJT0MY 

0.!J:H03Ha4H0CTH perneHHJI (B CMblCJie Bh!6opa Toro 

HnH HHoro Ha6opa KOHCTaHT) B 3T0M B0npoce HeT. 
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T a 6 JI H u a 1. CosepweHCTBOBam1e Heihp0HHO-<PH3H'leCKHX Mo.neneH, HCn0Jlb30B31lHblX B noc-rpoeHHbIX 00JIH0MaC­
UITa6H1>1X 

ro.n 
BB0.ll3 

1992 

1993 

1995 

1996 

1996 

1997 

1997 

1999 

1999 

1999 

2000 

2007 

2008 

A3C 

3anA3C 

6anA3C 

A3C 
Moxosue 

KanA3C 

HBA3C 

KypA3C 

XMA3C 

KonbCKcUI 
A3C 

CMA3C 

A3C 
KoJJIO.ll ii 

IOYA3C 

KanA3C 

A3C 
Ky.ll3HKY-

Tim 
peaKTopa, 

6JIOK 

BB3P-I000 
5-if 6noK 

BB3P-1000 

BB3P-440 

BB3P-I000 

BB3P-I000 

PEMK-1000 

BB3P-1000 
1-H 6JIOK 

BB3P-440 
4-H 6JIOK 

PEMK-1000 

BB3P-1000 
6-H 6JIOK 

BB3P-1000 
3-H 6JIOK 

BB3P-I000 
2-ii 6JIOK 

BB3P-I000 
1-1-\ 6JIOK 

4-A 6JIOK 

BB3P-1000 
Ht 6JIOK 

A3C Ey- BB3P- l 000 
Uiep 1-H 6JIOK 

CMA3C PEMK-1000 
3-H 6JIOK 

KypA3 C PEMK-1000 
2-H 6noK 

"l!Hcno 
rpynn 
ueih-

l 

1,5 

2 

1,5 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

MeTO.llHKa (QS - KBa­
JHCTaTH'lecKoe 

npH6mnKeHHe, JQS -
S) 

KoHelJHO-paJHOCTHcUI, 
a)lHa6anu<a 

KoHelJHO-paJHOCTHalr, 
a.llHa6arnKa 

KoHe4H0-pa3H0CTHaJI, 
a.nHa6aTHKa 

KoHe'IHO-paJHOCTHcUI, 
I S 

KottelJH0-paJHOCTHaJI, 
QS 

KoHe4H0-pa3H0CTHcUI, 
3)lHa6aTHKa 

KoHe'IH0-paJH0CTHcUI, 
s 

KoHe4HO-pa3HOCTHcUI, 
I S 

KoHe'lllo-paJH0CTHcUI, 
a)lHa6antKa 

KoHelJHO-paJHOCTHcUI, 
s 

Kotte4HO-paJHOCTHcUI, 
s 

KoHe'IHO-paJHOCTHcUI, 
1 s,nz 

Kotte'IHO-paJHOCTHcUI, 
s 

Kotte4HO-paJHOCTHalr, 
s 

Kotte"IHO-pa3HOCTH3lr, 
s 

KoHe4HO-paJHOCTH3lr, 
s 

KottelJHO-pa3HOCTHaJI, 
I S 

KoHe'IHO-pa3HOCTH3lr, 
s 

HO.llaJlbHblli MeTO.ll, 
I S 

Kotte'IHO-paJHOCTHM, 
QS 

HO.llaJlbHh!H HJIH K0-
He'IH0-paJH0CTHbIH, 

f, s 
Kotte'IHO-pa3HOCTHaJI, 

I S 
Ho.llaJibHhIH MeT0Jl. 

I S 

AnropHTM 

<l>aKT0pH33UIUI 

<l>aKTopH33UIUI 

<l>aKTOpH33UIUI 

<l>aKTopH33UIUI 

ITpocTpaHcT­
settHbIH CHHTe3 

flpOCTp3HCT­
seHHblH CHHTeJ 

<l>aKT0pH33UIUI 

<l>aKTopH33UIUI 

<l>axropH33UIDI 

<l>axropIDaUIDI 

<l>aJCTOpIDaUIDI 

<l>aKTOpH33UIUI 

<l>aKTOpH33UIUI 

<l>aKTOpH3aUH.JI 

<l>axropHJauHJI 

ITpKMOH pac'-!eT 

TipHMOH pac4eT 

qHCJI0 
qHCJIO fl)ynn: 

JaTTaJ.llbIBaJOIUHe 
pactJeTHblX HeHTpOHbl / 0CTaT. 

KtJeeK 
:me roBbI.lleneHHe 

163x7 6/11 

163x7 6/ 11 

349x7 6/11 

6/ 11 

163x7 6/11 

I 884x7 6/11 

163x7 6/ 11 

349x7 6/ 1 I 

I 884x7 6/11 

163x7 6/11 

163x7 6/ 11 

163x7 6/ 11 

163x7 6/11 

163x7 6/11 

349x7 6/ 11 

6/1 l 

163xt5 6/11 

163x 14 6/11 

212xl5 6/11 

163xl4 6/11 

163x 13 6/ 11 

l 884x8 6/ 1 I 

I 884x8 6/ 11 

3. 1-IHcno rpynn ocKomcos A/111 pactJe-ra ocTa­
To•-rnoro :mepr0BhI.UeneHH.JI Bhr6paHo paBHhIM I I . 
B CaMblX nepBblX Mo.nemrx np11MeID1J1C.JI ynpo­
meHHblH anropHTM OI.~eHKH 0CTaT0'fH0fO 3Hepro­
Bbl.Uenemrn, 0CH0BaHHblH Ha paClJeTe JU1HaM11'-1e-

CK0f0 113MeHeHHJI T0JlbK0 cpe.nttero 3Ha'-!eHHlr. B 
nocne.uy10m11X Mo.nenHX 11cnonb3osanacb pacnpe­
.uenettttrui Mo.nenh ocTaTo'-!Horo 3HeproBhJ.Uenem-rn 
C JlHHaMH'-!eCKHM np0CTpaHCTBeHHblM pac'-!eT0M B 
KaJK,UOH H3 11 rpyrm. 
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4. Bb1ropam1e TOTU111sa He Mo.n.e1rnpyereS1. 
HeeTaUHOHapHoe OTPaBJieHHe KeeHOHOM H eaMa­
pHeM MO)J.enHpyere» B Kll)f(J).OH paeLJeTHOH TOLJKe B 
paMKID( BbI6paHHOH tteHTPOHHO-q>H3HLJeeKOH MO­
.n.enH. 

5. Mo.n.em1posattHe yenoBHH Ha BHeurneii 
rpatt11ue. I1p11MeWieTe» anb6e,nttoe yenosHe .n.n» 
Kll)f(J).OH 3HepreTHLJeeKOH rpynnhJ HeHTPOHOB. 
3HaLJeHH8 anb6e.n.o Bbl6Hpa10Te» H3 ycnOBHH HaH­
nyLJwero cosna.n.eHH» pacLJera pacnpe.n.eneHI-UI 
3HeproBbJ)J.eneHH» B TpeHa)f(epHOH MO)J.eJIH C npo­
eKTHblM pacLJeTOM paenpe.n.eneHH_SI 3HeprosbI.D.ene­
HH» B HOMHHMbHblX ycnOBI-UIX. EcTeCTBeHHO, I.JTO 
6onee T04HblM 6brnO 6b! np»Moe MO)J.enHpOBaHHe 
OTPa)f(aTen», TaK KaK B 3TOM CJIY4ae peanbHbJe 
rpaHH4Hbie ycnOBH_SI coxpaH»JIHCb 6bI H npH MO­
.n.enHpOBaHHH nepeXO)J.HblX pe)KHMOB 3KCruJyaTa­
UHH. TaKOH onbIT nony4eH Ha npHMepe MO)J.eJIH­
posaHI-UI OTpa)f(aTenR .D.nR BB3P-1000 s nontto­
MaewTa6HOM TpeHa)f(epe .EanA3C ( 4-H 6JIOK) H 
noKa3an xopowy10 pa6oTOcnoco6HocTb B pe)KHMe 
peanbHOro BpeMeHH. 

6. Bb16op <rHcna 3HeprerW1eCKHX rpynn. ITep­
Bbie TpeHa)f(epbl npoeKTHpOBMHCb B O)J.Horpynno­
BOM npH6JIH)KeHHH. B 3TOM npH6JIH)KeHHH 3aBe­
)J.OMO Mettee T04HO onHCbJBalOTCSI 3cpq>eKTbl peaK­
THBHOCTH, cymecTBeHHO 3aBHeRlUHe OT cneK­
TPMbHblX 3cpcpeKTOB, 3aTO TaKOH no.n.xo.n. TT03B0-
mrn opraHH30BaTb paCLJeT B peanbHOM BpeMeHH, 
TaK KaK OH TPe6yer cymecTBeHHO MeHbllJHX o6'be­
M0B paC4eTOB H xpaWilUHXC» B onepaTHBHOH na­
MRTH KOHCTaHT. 

,[(anee, KaK BH)J.HO H3 Ta6n. 1, npHMeH_S!JIOeb 
1,5 rpynnosoe np116nH)KeHHe. 3ToT TepMHH s 06-
meM-TO He npHHITT B pocCHHCKOH Hay4HOH JIHTe­
parype, HO B 3apy6e)KHOH 11ttor,a;a ynoTPe6JIJ[eTCR. 
ITo.n. 1,5 rpynnOBbIM npH6JIH)KeHJ-1eM TTOHHMaIOT 
.n.syxrpynnosoe e npeHe6pe)KeH11eM nepeTe4KaMH 
B TenJIOBOH rpynne Ha OCHOBaHHH TOfO, I.JTO B 
6oJibllJOM renJIOBOM peaKTope 

D/1<l>2 = D2B2 = (2 ... 8) · l 0-1 << 1 
Laz<l>z L .z 

L1➔2 

H <l>2(r)=-d-<l\(r). 
L uz 

Tor.n.a, no.n.cTaBJI»» <1>2 (r) B ypasHeHHe )J.JIJ[ 6h1-

CTpOH rpynnhl, nony'-lalOT MO,AHqlHUHpOBaHHOe 
o.n.ttorpynnosoe no <1> 1 (r) ypasHeHHe, HO c non­

HOUeHHbIMH .n.syxrpynnOBbIMH KOHCTaHTaMH. Ta­
KOH no.n.xo.n. YBO)J.HT pacLJeT TUIOTHOCTH Tennosoro 
noToKa m HTepaUHH, 6naro.n.apH tJeMY o6eene4H­
saeTc» HeKOTOpaH onTHMH3fill:H_SI BpeMeHH paC'-leTa. 

Bee nocne.lJ.YlOlUHe MO)J.eJIH y)Ke OCHOBbIBa­
lOTCH Ha TTOJIHOM .n.syxrpynnOBOM npH6JIH)KeHHH, 
KOTOpoe, no BCeH BMJJ.HMOCTH, BpH.D. JIH noTPe6y-

eTCH nepecMaTpHBaTb s 6JIH)KaHllleM 6y.n.ymeM. 
XoT» 6bl noTOMY, I.JTO cospeMeHHbie npoeKTHbie 
paC4eTbl napaMeTpOB KpHTWIHOCTH, 3<pq>eKTOB H 
K03<p<pHUHeHTOB peaKTHBHOCTH, .D.Hq><pepeHUHMb­
HblX H HHTerpanbHblX 3cpq>eKTHBHOerew opraHOB 
peryn11posaH11», TpexMepHbIX pacnpe.D:eneHHH 
MOlUHOCTH 11 np. KaK .n.n» BB3P, TaK 11 )J.n_SI P.EMK, 
BbinOJIHHIOTCH Ha OCHOBe HMeHHO .n.syxrpynnOBblX 
Mo.n.eneti [3, 4]. 

7. Bb16op Mo.n.enH HeHTPOHHO-<pH3H4eCKoro 
paetJeTa. I10.n.asn»10mee 6onbWHHeTso Tpetta)f(e­
pos CHa6)KeHO MO,ll.eJIJ[MH, HCnOJib3YIOlUHMH He­
CTaUHOHapHoe JJ:H<p<pY3HOHHOe npH6JIH)KeHHe (B 
npe.n.noJio)KeHHH pa3.n.eneH1-UI nepeMeHHbIX). 

HeKOTOpoe csoeo6pa3He COCTaBHJIH nepBbJe 
npoeKTbI c P.EMK-1000, r.n.e npHMeHetta MO.D.enb 
npOCTPaHCTBeHHOro CHHTe3a, npe,D.CTaBJIJ[IOI.q~ 
co6oi1 co'-leTaHHe .n.syMepttoro pac1.JeTa (x, y) so 
scei:i aKTHBHOH 30He H 12-TH aKCHaJibHbIX pacqe­
TOB s o6nacnx, OKp~aIOlUHX )J.aT4HKM ,[(K3B. 
Bee 3TH pae1.JeTbI CB_Sl3aHbI Me)K)J.y co6oi1 npo­
CTpaHCTBeHHbIMH csepTKaMH ce'-!eHHH H B HTore 
cpopMHpYJOT MO)J.eJib, JJ:OCTaTO'-IHO HH<popMaTHB­
HYJO 11 ycneumo pa60TaIOmy10 so scex pe)KHMID( 
3a HCKJII04eHHeM HeKOTOpb!X 6bJCTPOnpoTeKaIO­
l[JHX npoueccoB e 60JibllJHMH JIOKaJibHblMH B03-
MYlDeHHSIMH HeHTpOHHOro non». 

HeCTaUHOHapHoe .D:H<p<py3HOHHOe np116JTH)Ke­
HHe HCTTOJlb30BanOeb B pa3JIH'-1Hb!X .n.orrymeHIDIX 
(rn6n. I). I1poCTei1urnM 6b!J10 a.n.Ha6aT111.JeeKoe 
np116JIH)KeHHe, npH KOTOpOM C'-IHTaIOT, I.JTO npo­
CTPaHCTBeHHOe paenpe.n.eneHHe npe.n.rneeTBeHHH­
KOB 3ana3)J.b!BaIOIUHX HeHTPOHOB He OTJTWlaeTeH 
OT pacnpe.n.eneHJ,UI MrHOBeHHblX HelfTPOHOB, H 
npette6pera10T '-IJieHaMH, eo.n.ep)KaIUHMH speMeH-

Hhie npoH3BO.ll.HbIe [5]. 
B QS-np116nIDKeHHH npocTpaHcTBeHHOMY 

pacnpe.n.eneHHJO 3ana3)J.bIBa!OlUHX HeHTpOHOB 
npImHCb1BaeTC» y)Ke <popMa noJljl HeHTPOHOB, eo­
OTBeTCTBYIOllla» npe.D.hI.lJ.YlUeMY UJary pae1.Jera, 6e3 

npette6pe)KeHI-UI speMeHHhIMH npoH3BO.lJ.HbIMH [5]. 
B JQS-npH6JIH)Kemm rrpocTPaHcTBeHHoe pacnpe­
.n.enettHe 3ana3)J.bJBalOlUHX HelfTPOHOB B Kll)f(J).OH H3 
6 rpyrrn paCC'-IHTbJBaerc» .D:HHaMH'-leCKH, 6e3 yn­
pomeHHH, HO TaK)Ke e npHMeHeHHeM .n.onymeHIDI 0 
pa3.n.eneHHH nepeMeHHblX Ha npOCTPaHCTBeHttylO H 

speMeHttylO coeTaBJIHIOlUHe. 
YKa3aHHbre npH6JIH)KeHH_SI xoporno pa6oTaIOT 

npH Me.n.neHHbIX rno6anbHblX B03MYl.l.\eHIDIX H xy­
)Ke onHebJBalOT 6btCTPbie JlOKMbHble B03Myme­
HH_SI. TT03TOMY npoeTpaHeTBeHHbte 3a)J.a'-IH, CB».-
3aHHble e .D:OeTaTO'-IHO 6bJeTpblM H3MeHeHHeM pae­
npe.n.eneHI-UI MOlUHOCTH B aKTHBHOH 30He peaKTO­
pa, soenpOH3BO)J.».Te» e 6onee 3HaLJHTeJibHblMH 
norpewHocrnMH. C TaKOH cHryau11ei1 CTOJTKHY­
n11cb pa3pa6oTlfHKH nonHoMacwra6ttoro TpeHa-
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:>Kepa P6MK-I000 KypA3C (l-ii 6noK) npH no­

KaJihH0M B03,Zl.eHCTBHH Ha aKTHBttylO 30tty CTep:>K­

HeH ynpasnemu1. IlpH TaK0M B03MYW:eHHH pac'-!eT 

s QS-npH6JIH)l(emrn M0:>KeT .n.aBaTb CJIHUJK0M 

60JibJJJOH 0TKJJHK TT0JUI. HeHTpOH0B Ha nepeMeme­

HHe opraH0B perynHposamtJI Ha .D.aJibHeH 0THOCH­

TeJibH0 B03MYW.eHH.ll CT0p0He aKTHBHOH 30Hbl. 

qaCTH'-IHO 3T0T 3cpcpeKT o6b.llCH.lleTC.ll HeKOTOpOH 

He,Zl.0HTepHp0BaHH0CTblO npocTpaHCTBeHH0ro pe­

rneHHJI. 110 3TOH npH'-IHHe B nocne.n.y!OW.HX Tpe­

HruKepHbIX Mo.n.en.11x PEMK HalfHHaeT npHMeH.11Tb­

c.s:r MeT0,Zl.HKa np.s:rMoro perneHHJI HeCTaU.HOHapHOH 

3a,Zl.a'-IH, npH HCTT0JTb30Ba.HHH KOTOpOH TaK0ro 3cp­

cpeKTa He tta6n10.n.aeTc.11. 

I-faseCTHO, '-IT0 TeOpH.11 .D.Hcpq>Y3mt HeT0'-IH0 

0TTHCbIBaeT pacnpe.n.eneHHe HethpoHOB s o6naCT.llX 

C 60JlhlllHMH rpa.n.HeHTilMH noT0Ka, HanpHMep, 

s6nH3H cTep:>KHeH ynpaBJ1eHHJ1. ,lvl.s:r YJJY'-llIIeHIDl 

0TTHCaHHJI Jl0KaJibHbfX. 3cpcpeKTOB B HeK0T0pbrX M0-

.n.eJJJIX npHMeHeH0 3cpcpeKTHBHOe P2 npH6JTH:>Ke­

HHe. 11ocKOJibKY n npH6JIIDKeHHe HCTT0Jib3YeT 

.D.JIJ1 0ITHCaHHJI pacnpe.n.eneHHJI HeHTPOHHoro no­

T0Ka 9 cpyttKU.HH BMeCTO O,Zl.HOH npH .D.Hq>q>Y3HOH­

HOM np116J1H:>KeHID1, TO HCXO,Zl.JI H3 TPe6oBaHHH 

o6ecne'-leHH.ll pe:>KHMa peanbH0ro apeMeHH peaJTH-

30BaHa 3cpq>eKTHBHlUI M0,Zl.eJJb, B KOTOpOH P2 npH-

6JTH:>KeHHe HCTT0Jlb30BaJI0Cb T0JibKO )J.Jl.11 z Harrpas­

neHH.11, a B XY HanpasneHIDI 0CTaBaJJ0Cb .D.Hcpcpy-

3H0HH0e rrpH6JJH:>KeHHe. 

8. CTPeMJTeHHe TOtJHee orn1cbJBaTb npocTpaH­

CTBeHHoe pacnpe.n.eneHHe JHepr0BbI.D.enemui 

(Ta6JT. l) npHB0,Zl.HT .n.anee K npHMeHeHHIO H0,Zl.aJib­

HblX MeT0,Zl.0B ou.eHKH TOK0B nepeTe'ieK Me:>K.n.y 

paC'-leTHblMH .11'-leHKaMH. B K0He'-IHO-pa3H0CTH0M 

no.n.xo.n.e nepeTetIKH Me:>K.n.y .ll'IefucaMH npe.n.cTaB­

n.s:r10TCJ1 (o603Ha'-leIDUI o6menpHH.llTbie) a BH.D.e 
M f ['vl5, v'<l> gl (r)]k dV = - L:X.!.. (<l>gk -<1> gm ) , (I) 

V.11 m-=-1 

r.n.e :x.!.. = canst; g = l, 2 - HOMep JHepreTH'-leCKOH 

rpynfih1; k = l .. . N - '-IHCJT0 TBC B peaKTope; m = 
1 .. . M - HOMepa TBC, coce.n.HHX c k-i1; h - rnar 

perneTKH, a TOK .D.1lJI CJJY'-llUI C paC'ieTHOH TO'-IKOH B 

u.eHTPe KacceThl, Kor.n.a JJHHH.s:r pa3pbma q>yHl<U;HH 

D H 1: cosna.n.aeT c BHernHeH rpaHH~eii .s:r'leHKH, -

a H3BeCTHOM BH,Zl.e [ 6] 
15, 15, ( <1>' - <1>8 ) 

J s = -canst _ t ~ t km • 

mt D s +D8 h / 2 
k km 

11pH 3T0M K0HCTaHTa B BblpruKemrn ,Zl.JUI. T0Ka 

onpe.n.en.s:reTC.ll Bb16paHHblM BH.D.0M pacnpe,AeJJeHHJI 

TTJT0TH0CTH TI0T0Ka HeHTPOHOB BttyTpH paC'-leTHOH 

.11'-leHKH, TTOCK0JlhKY BH,A pacnpe,AeJJeHH.11 HMeHH0 

BbI6HpaeTC.ll, a He paCC'-IHTbIBaeTC.11 . HanpHMep, 

npH JlHHeHHOM npe,ACTasneHHH X0,Aa TT0T0Ka HeH­

Tp0H0B BffYTPH .11'-leHKH s BH.Ae 

6 

<1>1 (x) = <l>,_ + ( <l>i - <l>! ) X 
k k h/2 

K0HCTaHTa canst = 1, a npH HeJIHHeHHOH q>yHI<I..\HH 

<I>! (x) nycTb 3Ta 33BHCHM0CTb 6y.AeT CHttyC0H­

,AaJJbHOH C MaKCHMYM0M nocepe,Zl.HHe .ll'-leHKH pa3-

MepoM h, T.e . 

<l>! (x) = <l>?"" + (<l>~ 0 

- <l>?"") sin ( 7t ~ ), 
2 h / 2 

T0r,Aa K0HCTaHTa 6y.n.eT pasHa ( n / 2 )2. EcnH :>Ke s 

KatJecTBe pacrrpe,AeJleHHJI TT0T0Ka HeHTPOH0B B 

.11'-leHKe HCTT0JTb30BaTb CHttyC0H,Zl.aJJbH}'JO 3aBHCH­

M0CTb C MaKCffMYMOM Ha rpattIDJ,e .s:rtJeHKH, TO .D.1lJI 

K0HCTaHTbl Il0Jl)"IHM CJie.D.YIOw.ee BblpruKeHHe: 

canst = rr /8 H T.,Zl.. Bonpoc npHMeHeHHJI Toro HJlH 

HHoro npe.n.crasneHH.11 o pacrrpe.n.eneHHH noToKa 

HeHTP0H0B BffYTPH .s:r11e»KH pewaeTC.s:r JIH6o npoH3-

B0JTbH0, JTH6o c npHBJJe'-leHHeM ,A0TTOJIHHTeJibHOH 

HHq>OpMaU.HH, Ha 0CHOBaHHH aHaJJM3a KOTOpOH 

M0:>KH0 c.n.enaTb Bb!B0,Abl 0 T0'-IH0CTH TT0ny'laeMbIX 

pacqeTos cpe.D.HHX noT0K0B HeHTPOHOB no .s:rqei1-

KaM. HanpMMep, np.llMOH no,A6op yKa3aHHOH canst 

TT0Ka3bIBaeT, 'ITO T0'-IH0CTb paC'ieTa HaHJ1yqmasi 

npH HCTT0Jlb30BaHHH Const :::: Tr /8 (paCCM3TPMBa­

Jl3Cb nepsa.11 3arpy3Ka BB3P-1000 Eyrnep), '-ITO 

YKa3hJBaeT Ha TOT 011eBH.D.HhIH q>aKT, 'ITO B cpe.A­

HeM 3Hepr0BbI,AeJieHHe B .11'-leHKe HepasH0MepH0 H 

HMeeT CMew.eHHblH MaKCHMyM. 

B HeKOT0pbIX qacTHblX CJTY'la.llX K0HKpeTHbIX 

3a,Zl.3'-1, ecnH HMeeTC.11 npeU.M3HOHHbIH paC'-leT )J.JIJI 

YT0'illeHHJI T0Ka nepeTelfKH, paCC'-IHTblBaIOT no-

npaB0lfHble K03q>q>HLI.HeHTbl 11cm )J.Jl.11 T0K0B, Ha-

( <I>' ci>g J. ) 
npHMep B BM,Zl.e [7] J 8 = -158 k - km km • 

' mk k h / 2 

B H0,AaJTbHhlX Il0,Zl.X0,Aax XO.A ct>g (x) BttyTpH 

.ll'ieHKM Y:>Ke He BbI6HpaeTC.ll, a paCC'IHTbIBaeTC.s:r 

npH perneHHH .n.syx.s:rqee'-IHOH 3a,Zl.a'-IM. O.n.HoMep­

Hoe ypasHeHHe .D.JI.11 3TOH 3a,D,3'1H TT0JIYtJaIOT B npo­

u.e.Aype TaK Ha3bJBaeMoro nonepe'-!Horo MHTerpu­

poaaHHJI TPeXMepHoro CTaQH0HapHoro ypasHeHHJI 

.AHq>q>Y3HH. B o6meM BH.Ae nonepe'-IH0 HHTerpH­

posattHoe ypaBHem1e .n.n.s:r reKcaroHaJibHOH reo~ 

M~HM npe,Zl.CTaBJIJleTC.ll cne.n.YIOUJ.HM o6pa30M [8, 

d 2<l>1 (x) 
9]: -D

8 
dx2 +L: <l>s(x)=QJ(x)+S8 (x) , r.n.e 

r;- MaKpoce11em1e YBO,Zl.a, 

·1•) <l>g (x) = f <p(x,y,z)dydz , (2) 
-y(x) Az 

+ y(x) ecTh nonepe'-IHlUI rpaHHLI.a paccMaTp11sae­

MOH .s:r'-leHl<H (y(x) = tiy / 2 AAA KBa,Zl.paTHOH pe-

rneTKH H y( x) = (1 - lxl) I ✓3 .D.JI.11 reKcaroHanb-



HOH), a QJ (x) onpe.u.eneHo no.u.o6Ho (2). Bb1pa­

)l(eHHe Sg (x) HMeeT CJIO)l(HblH aH,ll. H HHTepnpe­

rnpyeTCll KaK nonepe4Hall yTel!Ka [9]. 
Pernem1e cHcTeMhI TaKHX ypaatteHHH ~ 

.u.a)')Ol4ee4HOH 3a.Qa4H npoao.QHTCll .u.anee C TeM 

HJIH HHblM ynpOill.eHHeM ablpa)f(eHHll Sg (x), C 

pa3JIH4HbIMH annpOKCHMaQIUlMH TTJIOTHOCTH no­

TOKa HeHTpOHOa H nonepe4HOH yTe4KH aHyTpH 

ll4eHKH. O63opbl MeTO,ll.Oa perneHHll .u.a)')Ol4ee4HOH 

3a.Qa4H np1-1ae.u.ettb1, ttanpHMep, a pa6orax [10, 11]. 
0TMeTHM, 4TO ,ll.a)f(e caMbie npOCTbJe npH-

6JIH)l(eHHll yT04HlIIOT onpe.u.eneHHe cpe.u.m,x no 

ll4eHI<aM noTOKOa HeHTpottoa. HanpHMep, a npo­

eKTHOH nporpaMMe EIDlP-7/A .QJill pac4eTa 

BB3P- l 000 Y4eT nepeTel!eK TennoabIX HeHTpOHoa 

abtnOJIHlleTCll HO,ll.aJibHblM MeTO.U.OM a npH6JIH)l(e­

HIDl ,ll.ayx nonynpocTpattcTa [3]. 
B cnyqae npOCTblX annpOKCHMaQHH nonepe4-

HOH yTe4KH Sg (x) , ycTOH'HIBO pa60Ta10Ill.HX a 

ycnoaHlIX 3KcnnyaTaUHH TpeHa)f(epa, MO)l(HO no­

Ka3aTb, 4TO nepeTe4KH Me)l(.lJ.y ll4eHKaMH opRBO­

,ll..lITCll K aH.u.y, no.u.o6HOMY KOHe4HO-pa3HOCTHOMY 

npe.u.cTaaJieHHIO (1 ), HO HeMHOro 6onee CJIO)l(HO­

MY, HanpHMep: 
- a aapHaHTe HCnOJib30aaHH.ll annpOKCHMaQHH 

"flat" (nonepe4Hall yTel!Ka nocTOlIHHa) HJIH "buck­

ling" (npe.u.nonaraeTc.ll, 4TO nonepe4Hall yTel!Ka 

nponopQHOHaJibHa <l>g (x)) 
M 

[ y' Dg V<I> g l = - L(X!t,<I> gk -x!ki<I> gm); 
m=l 

- a aapHaHTe HCnOJib30aaHHll KBa)J.panlt.iHOH HnH 

KOM6HHHpoaaHHOH (aHaJIHTHt.ieCKOe perneHHe 

nn10c Kaa.u.pan1.4Hall annpoKCHMaQH.ll - "analytic" ) 

annpOKCHMaUHH 'UleH yTe4KH MO)l(HO np,rnecrn K 
M 

a11.u.y [ y' Dg V<I> g l = - L(X!kt<I>gk -x!u<I> gm + x!tJ ' 
m=I 

r.u.e ace X mkJ = const , j = 1.. .3 - HOMep K03q>Q)HUH-

eHTa. 
l-'13 npHae.u.eHHbIX q>OPMYJI npe.u.cTaaneHHll 

yTe4KH H3 ll4eHKH aH.D,HO, l!TO noabIIUeHHe T04HO­

CTH pacl!eTa npoHCXO.U.HT TTyTeM nocne.u.oaaTenb­

ttoro, ace 6onee T04Horo om,caHH.ll 4Jietta yTe4KH, 

a HallleM cnyqae 4epe3 cpe.QHHe 0OTOKH HeHTpO­

HOa a lll!eHKaX. 

ITpHMeHeHHe .Qa)f(e npOCTblX HO,ll.aJlbHblX cxeM 

pacl!eTa a Tpetta)f(epHOH Mo.u.enH ~ BB3P- l 000 
nOKa3bIBaeT XOPOIUYIO 3q>q>eKTHaHOCTb MeTO,ll.a. 
HanpHMep, a CJIY4ae HCnOJib30aaHH.ll " flat" HJIH 

"buckling" annpoKCHMaQHH T04HOCTb pac'-leTa 

o6ceMttoro pacnpe.u.eneHH.ll 3HeproBbIAeneHH.ll no 

cpaaHeHHIO C KOHel!HO-pa3HOCTHOH cxeMOH 0QeH­

KH T0K0a nepeTe'-leK 0TH0CHTeJTbH0 npoeKTH0r0 

paCl!eTa yaenH1-rnaaeTCll npH6JIH3HTeJibHO a 3 pa3a 

(Ta6JI . 2). 
y cnoaH.ll Ha aHellIHeH rpaHHUe a npHae.u.eH­

HblX pacl!eTax 6panHCb Ka)l(.lJ.bIH pa3 HaHJIYl.!IUHe 

HMeHH0 ,ll.Jlll npoao.QHM0ro paC4eTa. ITpH ab16ope 

0,ll.HHaK0abJX rpaHHlffiblX ycnoaHH a03HHKaJI 6bI 

aonpoc: H3 KaKHX coo6pa)f(eHHH HX ab1fo1pan, H K 

KaKOMY paC'-leTy ab16paHHble ycnoaHll OKa)f(yTCll 

6JIH)l(e. B npHHUHne a 3THX ycnoaH.lIX 3TaJI0HHblM 

6blJI 6b1 aapHaHT pacl!eTa pacnpe.u.eneHH.ll 3Hep­

roab1.u.eneHH.ll no Mo.a.em, c 0Tpa)f(aTeneM. 

Heo6XO.U.HMO OTMeTHTb, '-ITO Hfilll onbIT pea­

JlH3aU11.H pa3JIH'-IHbIX npH6JIH)l(eHHH HO,ll.aJibHblX 

cxeM pacl!eTa noKaJaJI, l!T0 HaHJIYl.!llIYIO ycTOH4H-

T a 6 JI H u a 2. CpaBHemre T0qH0CTl-1 pacqeTa 3HeproabI.U.CJJCHl-1.ll B p33IDl1lHhlX rrpH6JIIDKeHIDIX 0THOCITTeJJbHO 
rmoeKTHoro oac11eTa (BB3P-1000, I-ii 6noK, A3C 6ymeo) 

ToqHOCTb pac11eTa MOW.H0CTl-1 no ll'-ICHKaM ToqHoCTb pacqera MomttoCTH no TBC 

(163x 13 TO'-ICK) aKTHBHOH 30Hhl, % (163 IIIT.), % 
TiepBaJI 

JarpyJKa Ho.u.anbHbIH 
Ho.u.anbHbIH 

Ho.u.anbHbIH Kotte'-IHO-
Ho.u.anhHbIH 

Ho.u.anhHbIB 
HO.U.anbHblH KOHC'-IHO-

pactJeT 
pactJeT 

pac11eT pa3HOCT-
pacqeT 

pactJeT 
pacqeT 

pa3H0CT-
("bukling" 

(" flat" npH-
("analytic" 

HbIH pac-
(" bukling" 

("flat" rrpH-
(" analytic" 

HbIH pac-
rrpH6JJH>Ke-

6mt)KCHHe) 
rrpH6Jilf)KC-

'-ICT 
rrp H6ITH>KC-

6nl{)KeHHe) 
npH6nH>Ke- '-ICT 

Hlfe) HHe) HHC) HHC) 

Haqano 
KaMnaHHl-1 

(cpe.u.ttee 
2,3 3,4 2,5 6,8 1,8 3, 1 2,0 6,2 

0TKJJ0He-
HHC) 

HatJano 
KaMITaHlfl-1 
(max OT-

8,4 10,5 8,4 
KJJ0HC-

19,0 4,2 7,4 5,5 14,5 

HHe) 
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BOCTb B nepeXOll.llb(X pe)KHM8X )KcruryaTaUlfH 

TpeHIDKepa (pe)KHMhI A3 l, ycKopeHHOH pa:1rp)'3K" 

6110Ka, Bb16poc opraHOB pery11lfpOBaHHJ1 CY3, pa3-

pb1Bhl XOJIOll.HbTX H rop.lllfHX HITTOK mrreJJb H np.) 

.neMoHCTp1-1py10T 6onee npocTbie cxeMbJ opra­

HH3aum1 paclfeTa. TT03TOMY B COlfeTaHHH C MeHb­

lllHMH speMeHHblMH 3aTpaTaMH Ha paclfeT 3TH 

cxeMbl, Ha Halli B3rm1.n, Ha cerOll.H.lllllHHH 11.eHb 

6011ee npe.nnolfTITTeJJbHbl ll.Jl.11 peanlf3aUHH s no11-

HOMaCU1Ta6HbTX TpeHIDKepax. 

9. Cnoco6 pellleHH.11 CHCTeMbl 111-111eHHbIX 

ypas11eHHH. C1-1cTeMa JJHHeHHhlX ypasHeHJ,fH npo­

CTpaHCTBeHHOH 3aD.alfl1 peUlaeTC.11 HTepaUHOHHblM 

cnoco6oM no cxeMe 3ei1.ne11.11 c OnTHMH3auHei1 no 

anropITTMY sepxHei1 penaKcau.111-1. TolfHble MeTOD.bl 

peU1e1111.11 s Harnei1 npaKTHKe He HalllJllf npHMeHe-

111-1.11, KaK Tpe6y10m1-1e MHoro 6011hwero speMeHH 

Ha paClfeT ll.Jl.11 Bb16paHHOro lfl,fCJla paclfeTHblX TO­

lfeK. XOT.11 OnbIT HCnOJlb30BaHHJI TOlfHblX paclfeT­

HblX MeTOll.OB HMeeTC.11, TaK KaK perneHHe CHCTeM 

ypas11e111-1i1 B Terurorn11.pasn11lfecKOM 6noKe pac"le­

Ta npoH3BOD.HTC.II H3BeCTHblM MeTOD.OM LU 11.eKOM­

n03Hl..{HH no a.rrropITTMY Kpayrn c OnTHMH3a-UHei1 

peweHH.11 ll.Jl.11 paClfeTHblX MaTpHU C pa3MepaMH 11.0 

np1-16nHJHTeJ1bHO lOOOx IOOO. B 11.aHHOM cnyqae 

TaKOH no11.xo11. OlfeHb y.no6eH, ITOCKOJJbKY Heo.nHo­

Kp8THO pewaeTC.11 3a.nalfa C npOH3B0JlbHOH npaBOH 

lfaCTblO. 

1 o. ManorpyrrnoBOH Ha6op HeHTJ)OHHO-

Q)H3HlfeCKl1X KOHCTaHT npHMeRJleTC.11 B BHD.e MHO­

ronapaMeTPHlfeCKHX ITOJIHHOMHaJJbHblX 3aBHCHMO­

CTeH nmi K8)K,lloro nma TBC c nHHeHHOH annpoK­

CHMaq1-1ei1 no BbirOpaHHlO. TiorpernHOCTb HCnOJ1b-

3yeMbTX CBepTOK He npeBbllilaeT J %. 
1 I. BpeMeHHOH pacKJJan paclfe-ra. IlpHMe­

H.lleMoe lfHCJIO ITTepauHH HCTOlJHHKa, ll.OCTaTOlfHOe 

D.ml npHeMneMOH TOlfHOCTH CXOll.HMOCTH peweIDUI, 

coCTas11.11e-r OT 5 .no 20 ITTepau""· IlpH TaKOM l{}!C­

ne HTepaUHH rapaHTHpOBaHHO 06ecnetJHBaeTC.11 

pactJeT B pe)KHMe pea.rrhHoro BpeMem1. 

Ilpu.Mep epeMeHHOU pacKJlaOKu OJIJl mpeHa:>1eepa 
PEMK-1000 3-zo 6JloKa CMAX 

IlporpaMMa HeHTJ)OHHO-q>lf31flfecKoro paclfe­

Ta Bbl3bJBaeTC.II 6 pa:3 B CeKYHD.Y, l{J.fCJIO HTep8_LJ.HH 

HCTOlJHHKa npH K8)K,llOM Bbl30Be paBHO I 0. TaKHM 

o6pa30M, ecnH rosopHTb O B03MO)KHblX B03Myme­

HH.IIX B aKTHBHOH 30He Ha speMeHHOM OTpe3Ke s 1 

c, TO HeCKOJlbKO ycnOBHO ll.Jl.11 peaKUHH Ha )TO 

B03MYLUeHHe y Hae 6y11.eT 6x IO lfTepau1-1i1 npH 

paclfeTe npocTpaHCTBeHHOH Q>YHKUHH. OrMeTHM, 

lfTO pactJeTHOe speM.11 npH HCOOJlb30BaHHH anro­

pHTMOB QS, IQS H np.11Moro MeT011.a npaKTl1'-1ecKH 

Oll.HO H TO )Ke npH 011.1-maKOBOM lfHCJle ITTepaUHH. 

BpeMeHHbte 3aTpaTbl (s Mc) no npoueccaM 

pacnpe11.e11.1110Tc.11 c11eey101.UHM o6paJOM ll.Jlll MOD.Y­

neii: 
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• o6ecnelfeHHll HHTepq>eiica c .npyrnMH npo-

rpaMMaMH - 1,5 

• no11.roTOBKH KOHCTaHT ll.JIJI TBC - 15,5 

• 0011.roTOBKH 

Q>YHKUHH 

pactJeTa npocTpaHCTBeHHOH 

- 15,5 

• paclfe-ra npocTpaHCTBeHHOH Q>YHKUHH, 

IO ITTepaUHH - 46,5 

15 HTepaUHH - 78,0 

• pactJeTa aMnJJHTYll.HOH q>yttKUHH - 0,3 

• paclfeTa OCTaTOlfHOro )HeprOBbtD.eJJeHH.11 - 1,0 

• pacqe-ra OTpaBJJeHH.11 - 5,5 

• noJJ.rOTOBKH KOHCTaHT ll.Jl.11 CY3, )Ul, cT0116a 

BOD.bl -3,0 

TiocKOJJbKY Bb16paHHblH aapHaHT KOHQ)Hrypa­

UHH TpeHIDKepa npHMeH.lleT 12-TH q>peHMOBOe 

pa36HeHHe apeMeHl-1 (ceKyHD.bI), TO K8)K,llb)H Bbl30B 

11106oro Moey11.11 11.oJDKeH YKJJaD.bJBaTbC.11 B I 
q>peHM, T.e. s 1/ 12 c = 83,33 MC. }fa npHBe.neHHblX 

oueHOK BHJJ.HO, lfTO MaKCHMaJJbHOe lJHCJIO 11Tepa­

UHH, KOTOpoe MO)KHQ HCOOJlb30BaTb npH ll.aHHOH 

KOHQ)Hrypau1rn, paBHO np116JIH3ITTeJJbHO 15 (ecJIH 

He rrpHMeH.IITb anropHTMOB paccpe,ll.OTOtJeHHoro 

no P.1111.Y q>pei1Mos pacqe-ra). 

Ilpu.Mep epeMeHH6u pacKJ1aoKU oJIJl mpeHa:>1eepa 
BB3P-J000 1-zo 6lloKa Eyw.ep 

TTporpaMMa HeHTpOHHO-Q>H3Hl{eCKOro pacqe-ra 

Bbl3btBaeTC.11 10 pa:3 B ceKyH,ll.y. Bbt6paHHblH sap11-

aHT KOHQ)Hrypau.111-1 TpeHIDKepa HCnOJib3YeT 20-TH 

q>peHMOBOe pa36HeH}!e, s 3TOM CJIYlfae 1 q>peHM = 
J/20 C = 50 MC. 

BpeMeHHbte JaTpaTbt (s Mc) no npoueccaM 

pacnpe11.e11.1110TC.11 cneD.YJOlUHM 06pa:10M nmi MOD.Y-

11ei1: 

• 06ecnetJeH11.11 HHTepq>eiica c 11.pyrnMH npo-

rpaMMaMH - I, 7 

• no11.roTOBKH KOHCTaHT nmi TBC - 13,0 

• 

• 

• 
• 

no.nrOTOBKH 

Q>YHKUHH 

pacqe-ra npOCTpaHCTBeHHOH 

- 3,4 

paclfe-ra npoCTpaHCTBeHHOH Q>YHKUHH, 

10 11Tepau11i1 

20 lfTepaUHH 

paClfeTa aMnJJHryll.HOH Q>yttKUHH 

-19,6 
-40,0 

- 0, I 
pactJeTa OCTaTOlfHOro )HeprOBblll.eJieHHJI 11 OT­

pasJieHH.11 - 1,2 

• HO,ll.aJJbHOro paClfeTa norrpaBOK K TOKY HeH­

TpOHOB - 31 ,0 

J,fa np11se11.eHHblX oueHOK B1111.HO, lfTO Bbl30Bbl 

MOD.YJJeH HO,ll.aJJbHOro paClfeTa H paClfeTa npo­

CTpaHCTBeHHOH Q>YHKUHH Heo6xo11.11MO ocyLUeCTB­

JIJITb B pa3Hb!X q>pei1Max. B )TOM cnyqae speM.11 

pac'leTa yKJJaD.blBaeTC.11 BO q>peHM. 

3aKJIIO'leune 

Ha np11Mepe peanbHOro npouecca Mo11.epHH-

3au1-111 6110Ka HeHTpOHHO-Q>H311'•1eCKHX Mo11.e11ei1, 



np1,rnneKaeMh1x K o6cny)Klffiam-no nonHoMacuna6-

Hhlx Tpettll)Kepos JJJI8 A3C 3a nocne.mrne 15 neT, 

nOKa3aHO, '-!TO 11.n.eT 3aKOHOMepHblH npol..(ecc yc­

flO)KHeHl18 11cnonb3yeMhIX MeTOJJ.11K 11 anrop11TMOB 

paC'-!eTa aKTl1BHOH 3OHhl, B nepsy!O O'-lepe.n.h CB8-

3aHHblH C pOCTOM npO113BOJJ.11TenbHOCTl1 Bhl'-IHCflli­

TenbHOH TeXHHKH. Ha ceroJJ.H8IlIH11H .n.etth cnm1rn­

nacb cne.n.yIOmaJI Kottqrnrypau118 HeHTPOHHO­

q:>H311'clecKoro pac'-leTa: .n.syxrpynnosoe JJ.Hq:>cpy311-

OHHoe np116nJ,{)KeHJ-1e C HOJJ.MbHblM nepec'-!eTOM 

nonpaBOK K TOKaM HeHTPOHOB 11 np8MhlM pac'-!e­

TOM npocTPaHCTBeHHo-apeMetttt6H 3a.D.a'-!H ITTepa­

u11OHHhIM MeTOJJ.OM. TaKoH no.n.xo.n. y.n.oaneTBOpll­

eT KaK 3a.n.aHHOH TO4HOCTl1 pac'-!eTa, TaK J,{ Tpe6o­

BaHl1!0 06ecne'-!eH11J1 pac'-leTa B peanbHOM pe)KHMe 

BpeMeHH. no TO'-IHOCTl1 YKa3aHHaJI Mo.n.enh np11-

6nJ,{)KaeTCJI K npoeKTHblM paC'-!eTaM. B nepcneKT11-

Be MO)KHO O)KJ,lJJ.aTb JJ.MbHeHillee COBepI1IeHCTBO­

Batt11e Mo.n.eneH B Hanpaanem1J1x ysenw1eIDUI 'llfC­

na paC'-!eTHhIX TO'-!eK, BKn!O'-!eHl1JI B paC'-!eT OTpa­

)KaTeflJI, np11MeHeH11J1 6onee COBeprneHHhIX HO­

JJ.MhHbIX npH6nJ,{)KeH11H, 0ITT11Ml13auirn l1Tepau11-

OHHhlX MeTOJJ.OB 11 Bhipa6oTKH anropITTMOB pac­

cpe.n.oTO'-!eHHOfO pac'-!eTa. 

KoHmaKmHQJl UH</JOpMGl,{Wl: EollcyHOB AHopeu 
AlleKcaHopoBu'I, meJI: ( 495)1 72-91-05, e-mail: bol­
sunov@get.vniiaes.ru 
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3KCilEPIIMEHTAJILHLIE HCCJIE,ll;OBAHDJI 

Y)W 539.124.6 
JlcCJJe,U0BaHHe BJaHMO,UeHCTBHH .l{H0KCH,ua ypana c OHpoyrnepo,uoM B o6paJl(ax MHKp0TB3JI0B 

npH HX HMDyJibCH0M o6ny'leHHII Ha peaicrope liDI'P 

r.n. Kycmo6a, A.K. Hbl'wzu11, T.B. MaKapo6a, B.B. Ca;nc1106, H.A. TecOJ106cKuii, B.A. Ycmu11e11Ko, 
<I>rYIT " P<I>51U:-BHHH3<I>", 607188, r . Capos HIDKeropo.ncKOH o6n., np-T MHpa, 37 

OmfcaH 3Kcnep»MewraJJbHbtA Mern.u onpeneneHtt.!I Konttt1ecTBa raJoo6pa.JHoro OKCHlla yrnepo.ua CO, 06pa.Jy10me­
rocit 8 pe3ynbTaTe XlfMW-leCKOro 83aHMOlleRCTBIUI .llHOKCHlla ypaHa C rrHpoyrneponoM nOKpblTHJt B MHKpoTB3nax (MT) 
nptt HMnynhCHOM o6ny'-leHHli Ha peaKTope EHrP. TTpencTasneHbl pe3ynbTaTbl lln.!I HMnynbCOB C pa.JnH'iHhlMli napaMeT­
paMH. 

The investigation of uranium dioxide and pyrolytic carbon interaction in coated fuel particles under pulse ir­
radiation of the BIGR reactor. G.P. Kustova, A.K. Lychagio, T.V. Makarova, V.V. Sazhnov, N.A. Tesalovsky, 
V.A. Ustinenko. The experimental method for quantity determination of gaseous carbon monoxide generated in chemi­
cal interaction between uranium dioxide and coating layer pyrocarbon in coated fuel particles under pulse irradiation of 
the BIGR reactor is given. The results for pulses with different characteristics are presented. 

HacTORll(all pa6oTa RBJilleTCll npo.nomKeHl1-
eM pa60T [I] 11 [2], B KOTOphlX npe.ncTaBJieHbl 

MeTOJJ.hI onpe.neneHHR TeMneparypb1 MT np11 
B03)leHCTBl1H HeHTpOHHOro HMnynbca peaKTOpa 
EHTP [3] H nony'-leHHble c HX HcnoJib30BaHH.eM 

3Kcnep11MeHTaJibHble H pac'-leTHble pe3yJihTaTbl 
no CTOHKOCTl1 MT K HMITYJihCHOMY Harpesy. B 
HCCJie)lOBaHH.llX MO)leJIH.p0BaJIHCb npoeKTHble H 

3anpoe1rrnh1e asapHHHbie pe)l(HMhI co3.nasaeMoro 
Ha Me)l(J.lyHapOJJ.HOH OCHOBe MOJJ.YlibHOro BhlCOKO­

TeMnepaTYPHOro raJooxna)l(J.laeMoro peaKTopa 
IT-MrP [4]. 

O6pa3Ubl, coxpaHHBlllHe l(eJIOCTHOCTb a xo.ne 
o6ny4eHHH, npHMeHSIJIHCb )lJUI JJ.MbHeHlllHX HC­

CJie)lOBaHHH, cpe.u.11 KOTOpblX H3YlfeHHe XHMl14e­
CKOro B3aHMO)leHCTBH.ll JJ.HOKCH)la ypaHa KepHa C 

n11.poyrnepo.noM 6ycf>epttoro cnoR. B pe3ynhTaTe 
3Toro npouecca, npoTeKa10mero np11 nosb1U1e­
HHH TeMneparypbl, o6pa3ylOTCll ra3006pa3Hble 

OKCHJJ.bI yrnepo.na CO HJIH CO2, pocT .nasneHHll 
KOTOpbIX a nopax 6ycf>epHoro CJIOR MO)l(eT (B 

KOMnJJeKce c JJ.PYrHMH q>aKTOpaMH) cnoco6cTBO­
BaTb pa3pyrneHH10 noKpblTHH H nospe)l(J.leHHIO 

npHMb1Ka10meii K MT o6nacTH MaTPHUhl. 
X11MH'-1eCKall CTa6HJibHOCTb R)lepttoro TOn­

Jll1Ba B HOpMaJibHblX H asapHHHblX ycnOBHllX 

CJJY)l(l1T O)lHOH 11.3 COCTaBJill!Oll(HX, KOTOpbte 
BJIHRIOT Ha ypoBeHb 6e3onacHOCTH ycTaHOBKl1 H 

ee pecypc. 8 CBR3H C 3THM npe)lCTaBJIReT HHTe­

pec nony411Tb 3KCnep11MeHTaJJbHble .naHHble, no-

3B0JlRIOl.1(He oueHHTb HHTeHCHBHOCTb B3aHMO­

.neHCT811R JJ.HOKCHJJ.a ypatta H yrnepo.na B MT 
npH 803)leHCTBHH HeHTpOHHblX HMITyJlbCOB C 

pa3HblMH napaMeTpaMH. l1iHcpopMaUl1ll MO)l(eT 

6b!Tb 11CnOJib30BaHa npH pa3pa6oTKe 11 cosep­
rneHCTBOBaHHH pac'-leTHO-TeopeTH'-leCKHX M0)le-
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neH nose.neH11R MT B ycnoBHllX 11Mrrynbcttoro 

o6ny'-leHHR H .nn.11 oueHKH npe.nnonaraeMoro pe­

cypca pa6oThI TOnJIHBa Ha ocHose MT. 

1. O6'beKTbl BCCJJe)l0B3HHH. 

O6.rl)"taTe.llbHble 3KCDepeMeHTbl 

H:ccne.nosan11cb MT c KepttaMH 11.3 .u.11.oKci,ma 
ypatta (06oramett11.e 36 % no H30Torry ypaHa-235) 

H '-leTbipexcnoHHbIM noKpbITHeM 11.3 nwpoyrnepo,!la 
pa3JlJ,flfHOH nJIOTHOCTH H Kap6HJJ.a KpeMHl-UI: JJ.Ha­

M~ Keptta OT 450 .!J.0 500 MKM, )lHaM~ MT OT 
900 .no 980 MKM, Macca MT OT I, 1 .no 1,5 Mr. 

O6nylfeH1-U1 MT nposo.n.11JTHCb HMil)'JlbCaMH 

peaKTopa 611:rP. liccne.nosatt11ll B3aHMOJJ.eHcT­

BHR JJ.HOKCH.!J.a ypaHa C yrnepo.n.oM BbinOJIHRJIHCb 
Ha o6paJuax, He pa3pyrn11BllJHXCR npH o6ny4e­
Hl1H. O6JIYlfeHH.R npOBO)lHJ111Cb 8 JJ.Byx sap11aHTaX: 
I) y 6oKosoi-t nosepXHOCTH aKTHBHOH 30Hhl (a.3.) a 
rpaq>HTOBOM 6noKe OTJ)a)l(aTeJUI-3aMe)lJ1HTeJUI 

(603); 
2) B ueHTpanbHOM 3KCnepHMeHTanbHOM Kattane 
(J.U{) peaKTopa B c6opKe, npe.n.cTaBJillIOmeii co6oH 
nomt3THJieHOBbIH 6noK s o6ono4Ke H3 3acbmHoro 

Kap6HJJ.a 6opa. 

3Kcnep11MeHTbl y 6oKOBOH nosepXHOCTl1 a.3. 

paccMaTPHBMHCb s pa6oTaX [1, 2]. CxeMa pa3Me­

meHH.ll 3KCnepHMeHTanbHOH c6opK11 np11 06ny4e­

HHH a lU{ npe.ncTasnetta Ha pHc. I. MT pacnona­

ranHCh 8 l(HpKOHHeBOH KaCCeTe BttyTPH BaKyyM­

HOH CTaJibHOH aMnyJihl BHYTPeHHl1M .u.11.aM~OM 

IO MM 11 JJ.JlHHOH 65 MM. AMrryna noMemanacb s 
nOJ1H3THJieHOBblH 6noK, OKpy)l(eHHblH o6oJI04KOH 

H3 Kap6H.na 6opa (JJ.JlR 3aJ.UHTbl TOnJIHBHbIX Koneu 

peaKTopa OT neperpesa 3aMe)lJ111Bllll1MHCR B ITOJIH-

3THJieHe HeffTPOHaM11). 
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PHc. I. CxeMa o6nyqaTeJTbHoro 3KcnepHMeHTa npH 
pa3Meruemrn MT e UK: l - TOnnHeHb1e KOJTMJ.a a.J. 
EHTP; 2 - KOHTei1ttep UK; 3 - KOHTeHHep m Kap6H.Ua 
6opa; 4 - nomornneHOBhIH 6noK; 5 - repMeTIRHaH 
aMnyna; 6 - 1.urpKOHHeerui KacceTa; 7 - MT 

PaJMem:eHHe o6beKTOB e UK peaI<Topa no-

3BOJIHJJO nonyqHTb 6onee BbICOK)'K) MOLI.\HOCTb 

:.meproeh1JJ.eJiemur e KepHax npH o6nyqemm. Co­

rnactto npoBe}J.eHI-IhrM H3MepeHHJIM nJIOTHOCTb 

JJ.eJieHHH .!IJJ.ep ypaHa-235 Ha 061I)"-laTenhHOH no-

3HLJ.HH e UK npH6JTH3HTeJibHO e 2 pa3a Bh!UJe 

nnornocrn JJ.enemrn e EO3 y 6oKoeoH noeepXHo­

crn a.3. B Ta6n. I npH.BeJJ.etta Httcf>opMauHJI no 06-

Jl)"-leHlilO MT. O6oJHaqemur e Ta6.rmue: ~t - JJ.JIH­

TeJihttOCTh HMnyJihCa MOLI.\HOCTH (UIHpHHa Ha no­

JTYBbICOTe llHKa }J.Jl.11 HM□yJihCa Ha MrHOBeHHbJX 

HeHTPOHax); E - 3HeprM, BhlJJ.eJIHBUIMc.11 B Keptte 

(no peJyJibTaTaM aKnrnaQHOHHbrx H3MepeHHH). B 

ttaCTO.!llI(eH CTaTbe HOMep OnhITa coena}J.aeT C 
HOMepoM o6paJQa. 

T 6 a nuua 1 n apaMeTJ)bl O ).JJ)"leIDUI O lj)a3UOB 6 6 

.N2 THTI O6ny1-IaT. 
ii,, C E, 

Onb!Ta HMnynbca: fl03H1.J.IDI: ,l{)K 

I 2,0 6,5 

2 0,7 6,8 

3 Ha Jana.J,n:b1- rpacjnrro- 0,7 6,2 
4 BalOII(HX BblH EO3 y 0,7 6,6 

HeHTpOHax 60KOBOH 
5 rroeepxtto- 0,6 7,7 
6 CHI a.3. 0,6 7,4 
7 0,8 6,7 

8 Ha MrHOB. 
5,5· 10-3 4,0 HeHTJ)OHax 

9 2,0 15, I 
c6opKa 84C 

10 
Ha 3ana.J.n.. 

+ nomun1- 2,0 16,1 HeifTpOHax 
nett e UK 

I l 2,0 15,6 

Bcero 11ccne}J.0Batt1,1 11 MHKp0TB3Jioe: IO -
□OCJie B03)).eikTBH.!I HMnyJibCa Ha 3aI1aJ)J.bIBfilOLI.\HX 

HeihpoHax, O)lHH - Ha Mrtt0BeHHbIX HeHTpOHax 

( O□bIT N2 8). J,f3 11-TH o6pa3LJ.OB 8 06JTy"laJIHCb y 

60KOBOH noeepxHOCTH a.3. (3KcnepHMettTbl 

N2N2 I . .. 8), 3 - e 1..1,K (N2N2 9 ... I I). 

2. TeMneparypa MT 

TeMnepaTypa e JOHe npoTeKattHJI XHMH"!e­

CKOH peaKUHH .!IBJI.!leTC.11 0)1.HHM H3 napaMeTpOB, 

onpe}J.emuom:Hx HHTeHCHBHOCTb B3aHMO}J.eHCTBH..!I. 

C □OMOLl.\hlO pa3pa6oTaHHOH so BHHI13<l> 

nporpaMMhI CAFR [5] npoBOJJ.HJIOCh MOJJ.enupo­

eattlle ttecrnu11ottapttoro non.11 TeMnepaTypbI e MT 

np11 o6Jl)"-leHHH. IIporpaMMa pa3pa6ornHa B Ka1.Je­

CTBe 6JIOKa paC"!eTa □OBe}J.eHHJI TO□JTHBHhTX 3Jie­

MeHTOB e nporpaMMe PA TB3JI pac"!eTa TeOJTo­

rHJJ.paBJTHKH H npeJJ.HaJHa"letta JJ.JI.11 onpeJJ.enemur 

cf>H3H"!eCKHX napaM~OB TB3JIOB (B□JTOTb }J.0 HX 

paspymeHH.11) B 3KcnepHMeHTax Ha HCCJie)lOBa­

TeJibCKHX peaKTopax H aeapHHHbIX CH'I)'aQIDlX Ha 
3Heprent"leCKHX peaKTopax. 

JfcnOJih3yeMM pac"!eTHM MO}J.eJib npOLJ.ecca H 

MeTO}J.HKa npoee}J.eHHJI paC"!eT0B }J.0CTaT0'iHO nO}J.­

po6tto H3JIO)l(eHbl e pa6oTe [2]. Ha pHC. 2 ... 6 }J.Jl.!I 

HeKOT0pbrx 3KcnepHMeHT0B npe}J.CTaBJieHbl xapaK­

TepHbie 3aBHCHMOCTH OT epeMeHH TeMnepaTypbl 

3 000 

~ 2 500 

:f 2 000 

[ 1 500 
Cl) 

~ 1000 
~ 500 

0 2 3 4 5 
BpeMR, C 

0,8 ~ 

0,6 
i 
f-
0 

.Ji 
0,4 t; 

0 
:c 

0,2 
3' 
0 

:::e 

0 
6 

PHc. 2. PaclJeTHI,Ie JaBHCHMOCTH OT epeMeHH TeMnepa­
Typbl rpaHHl.lbl Keptta J,f <l>opMa HMnyJlbca MOlUHOCTH 
MR MT, Hccne.n.oeaHHb1x B OnbITax .N2 I (KpHBrui I) H 
.N!!.N2 9 ... I I ( Kp HBru! 2) 

3 500 

3 000 

::.:_ 2500 
ra 

~ 2000 
ra 
g- 1 500 
C: i 1000 

f-- 500 

0 

I 

0,5 

L. 
\ 
I 

BpeMR, C 

0,8 q 
Cl) 

0,6 
i 
f-
0 

.Ji 
0,4 t; 

0 :c 

0,2 3' 
0 

:::e 

0 
1,5 2 

PHC. 3. PaC'leTHru! 3aBHCHMOCTb OT epeMeHl! TeMnepa­
Typbl rpaHHl.lbl KepHa 11 cj>opMa HMnyJTbCa MOII.{HOCTH 
.ll.J1R MT, 11ccne.n.oeaHHoro B onbITe .N2 6 
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3 000 ----. 
2 500 I 0,8 i 

::<: I 

[ 2000 I 
i 
f-

[ 1 500 
I 0,6 0 

I .Ji 
t; 

Q) I 0 ,4 0 
C: 1000 I 

:r 
::. 3" 
Q) 
f-- 500 I--+ 0,2 0 

~ 

·, 0 
0 0,5 1,5 2 

BpeMR, c 

PHC. 4. Pac4eTHM 3aBHCHMOCTb OT speMeHH TeMnepa­

T)'Pbl rpamw,1,1 KepHa H <popMa HMrrym.ca MOI.UHOCTH 

,umr MT, Hccne11osattttoro B OnbITe N2 3 

3 500 

3 000 0,8 ci: 
::<: Q) 

ci 2 500 i 

~ 2 000 
0,6 f-

0 

"' 
.,,-

g. 1 500 0,4 t; 
C: 

0 

::. 1000 :r 

(!! 0,2 3" 
500 

0 
:E 

0 
0 0,5 1,5 2 2,5 

BpeMR, C 

PHC. 5. PacqeTHM 3aBHCHMOCTb OT speMeHH reMTiepa­

T)'Pbl rpaHHUbl Keptta H q>opMa HMrryJJbCa MODlHOCTH 

.l1JUI MT, 0ccne11osattttoro B OllblTe N2 7 

3 ooo~------- --- ----

2 500 0,8 i ::<: 
11 [ 2 000 i 
I 0,6 f-

~ 0 

~ 1 500 I .Ji 
Q) I I t; 
C: I I 0,4 0 
::. 1000 

:r 
Q) 3' 
f-- 0 

500 ' ' 
0,2 :E 

I 

j ~ 0 
0 0,05 0,1 0,15 0,2 

BpeMR, C 

PHC. 6. PacqeTHasl 3aBHCHMOCTb OT speMeHH TeMnepa­

T)'Pbl rpaHHUbl Keptta H q>opMa HMrrym.ca MO!IlHOCTH 

.l1JUI MT, Hccne.nosaHHoro B OllbITe N2 8 

Ha rpamu~e KepHa H MOUU{OCTH TenJlOBbl.l].eJJeHID! 

B KepHe, HOpMHpOBaHHOH Ha MaKCHManbHOe 3Ha­

tJeHHe. 

3. 3KcnepuMeBTbl no o6eapy:lKeuuro 
OKCH.lla yrnepo,!la CO 

O6pa:1eu MT, no.11.aeprurniicjj HMnynhcHoMy 

o6nyqemuo 11 coxpaHHBlllHH uenocTHOCTh, no­

Memancjj a repMenPrny!O 3Kcnep11MettTanbHY10 

aMnyny cneuHanbHOH KOHCTPYKUHH. 
3a ctJeT MexaHHtJecKoro pa:1pyweHH}I o6-

pa3ua o6ecnetJHBanC}I Bb!XO.ll. ra:1006pa:3HblX 

KOMnoHeHTOB, co.11.ep)l(amHXC}I s nopax cnoes 

noKpblTHH, B o6beM 3KCnepHMeHTaJJbHOH aMny-

12 

Jlbl, 3anoJ1HeHHOH BblCOKO"IHCTblM renHeM .l].Jljj 

o6ecnetJeHH}I oT6opa npo6. ,l:(anee npoBO.D.HJJC}I 
aHaJIH3 o6pa3oBasweHC}I CMeCH MeT0.l].aMH ra:10-

BOH xpoMaTorpacpHH. 
3KcnepUMe1unaJ1bHOR OMnylla. C6opKa .l].Jl}I 

HCCJJe.l].0BaHH}I (pHC. 7) npe.11.cTaBJJ}leT co6oH 

repMeTHtJHbJH cTanbHOH KOHTei1ttep, cocTOJllUHH 

113 UHJIHHJJ:pH4eCKOf0 KOpnyca 1 (snyTpeHHHH 

JJ:HaMeTp 38 MM, T0JllUHHa CTeHKH 2 MM), JJ:Ha 

cneUHaJJbHOH cpopMbl H KpbtWKH 2, npHcoe.n:11-

ff}leMOH qepe3 cpnaHeu. Ha KpbtUIKe pacnono)l(e­

Ha Tpy6Ka 3 C 3anopHblM seHTHJleM (Ha pHCYHKe 
He 1no6pa)l(eH) .1].JlJI BbmonHeHH}I onepaUHH aa­

KYYMHposattm1, 3anonHeHHJ1 renHeM 11 oroopa 

raJOBbIX npo6 JJ:Jljj attanHJa. 
BttyTpH aMnynbt aepTHKaJJbHO pa:1MemeHa 

HaKOBaJJbH}I 4, BbinOJlHeHHaJI a BH.l].e eJJ:HHOl1 ·JJ:e­

TaJJH C JJ:HOM H HMe!Omajj UHJIHHJJ:pHtJeCKOe yr­

ny6neHHe Ha sepxtteM Topue. Yrny6neHHe JJ:Ha­

MeTpOM 10 MM " rny6HHOH 15 MM CJIY)l(HT JJ:JIJI 
pa:1MemeHH}I MT 6. B 6oKOBOH noaepxHOCTH 

HaKOBaJJbHH npe.11.ycMOTpeHO CKB03HOe OTBep­

CTHe 7 JJ:Jljj Bb!XO.l].a ra:3a H3 yrny6neHID! B oc­

HOBHOH o6beM aMnyJibl. 
Bttyrpb aMnynhI 'iepe3 KpbIWKY aae.11.eH 

WTOK 5, KOT0pbll1 MO)f(eT no CKOJlb3JILUeH noca.11.­

Ke nepeMeLUaTbC}I a yrny6neHHH HaKOBaJJbHH .no 

KOHTaKTa C ero .l].HOM. llJTOK npe.D.Ha:3Hat:feH llJlJI 

pa:1pyllleHH}I 06pa3ua. Ilo sepXHeH, pacnono­

)f(eHHOH BHe o6beMa aMITYJlbl, qaCTH WTOKa npo­

H3BOJJ:HTCJI y.11.ap, npH 3TOM lllTOK nepeMemaeTC}I 

H .l].OCTHraeT JJ:Ha yrny6neHHJI. fepMeTH3aUH}I B 

MeCTe BBOJJ:a WTOKa B aMTiyny ocymecTBJllleTC}I 
nocpe.ncTBOM CHJihq>OHa 8, TaK)f(e o6ecnetJH-

8 

2 

4 

PHc. 7. 3KcnepKMeHTaJJbHall c6opKa: I - KOprryc, 2 -
KpblWKa, 3 - Tpy6Ka .UJ!ll TIOJlKJII04eHlrn , 4 - HaKO­

BaJJbHll, 5 - illTOK, 6 - MT, 7 - OTBepCTKe, 8 - CHJ!b-

Q>OH 



sa10w,ero Tpe6yeMylO n0)J.B11)1(H0CTb lllT0Ka 0T­

H0Cl1TeJibH0 KpbllJJKH 2 11 B03BpaT WT0Ka B HC­

X0)J.H0e noJI0)l(eHHe 3a C4eT CHJlbl yrrpyrocTH. 

Ha 3Tane npoeKTHposattHR c6opKH npose­

.D.eHbl BapHaHTHble pac4eTbl, HanpasJieHHhle Ha 

onpe.D.eJieH11e onTHMaJihH0ro 3Ha4eH11R o6beMa 

aMnynbl. OHO Bb1611panOCb Ha 0CH0BaHHH npe.D.­

nonaraeMoro K0JIH'-leCTBa ra3a B MT, npe.D.eJib­

HhlX 3Ha4eHHH '-IYBCTBHTeJibH0CTH, 06ecne1rn­

saeMbIX np11MeHReMblMH MeT0)J.HKaMH aHaJIH3a 

.D.JIR pa3JIH4HblX K0Mn0HeHT0B, a TaK)l(e 11CX0)J.R 

113 Tpe6osaHHH K Heo6xo.D.HMOMY KOJIH4eCTBY 

ra3a B OT.D.eJibHOH npo6e H o6w,eMy 4Hcny npo6. 

B pe3yJihTaTe Bh16paHHaR BeJIH4HHa BttyTpeHHe­

ro o6beMa aMnynhl paBHRJiaCb 100 CM
3

. ,[(nR 
npoBe)J.eHID! 3KCrrepHMeHTa aMnyna 3all0JIHRJiaCb 

renHeM. O6beM renHR, np,rne)J.eHHblH K H0pManb-
3 HblM ycn0BHRM, C0CTaBJIRJl OT 80 .D.O 90 CM . 

Memoo 2a30/10U xp0Mamo2pa</Juu. Onpe)J.eJie­

Hl1e co.D.ep)l(aHHR M0H00KCH.D.a yrnepo.D.a (CO) 

npoB0)J.11Jl0Cb MeT0)J.0M peal<l.lH0HH0H fa30BOH 

xpoMaTOrpaqrnH [6]: CO 0T.D.eJIRJIH OT conyrcT­

symumx K0Mll0HeHT0B Ha .D.ByxMeTp0B0H xpoMa­

TOrpacpH4eCKOH K0JI0HKe C M0JieKynRpHbIMl1 CH­

TaMH CaA, a 3aTeM np11 npoxo)l()J.eHJIB Ha.D. Hlf­

xpoM0BhIM KaTaJIH3aTOp0M npH TeMneparype 

340° C K0HBeprnposam, B MeTaH CH.i: 

kat,to CH H 0 CO+ 3H2 __;_:::.:..,_;_----4 4 + 2 • 

,[(eTeKT11posattwe CHi ocyw,ecTBJij!JI0Ch f1Jla­

MeHH0-H0Hlf3aLJ.H0HHhIM )J.eTeKT0p0M. Tipe.D.eJI 06-

Hapy)KeHHR o6beMHblX )J.OJieH MeTaHa C0CTaBIUI ~ 
6· 10"5 %, 4T0 npH6JIH3ITTeJibHO B ( 00 pa3 HIDKe, 

4eM npH npRM0M onpe)J.eJieHHH co KaTap0MeTP0M 

(,neTeKTopoM no TellJlonpOBO.D.HOCTH). 

Onpe,nenem1e co.D.ep)l(aHHR .D.H0KCH.D.a yrnepo­

,na (CO2) npoB0.D.l1JJ0Cb MeT0.D.0M ra30-

a)J.cop6u.HoHHOH xpoMaTOrpaqnrn [6] Ha K0JI0HKe, 

3anonHeHH0H rroponaK0M Q, C HCl10Jlh30BaHHeM 

KaTap0MeTpa. ilpe,nen o6Hapy)l(eHHR 06beMHI,IX 

)J.0JieH CO2 C0CTaBIUI ~ 5 I 0·3 %. 
Co,nep)KaHHe K0Mll0HeHT0B paCC4HTb[BaJI0Cb 

MeT0.D.0M a6COJllOTHOH MHOrOT04e4HOH rpa,ny11-

p0BKH no HCKYCCTBeHHblM ra30BbIM CMeCRM. OT­
H0CITTeJibHaR norpewtt0CTb onpe.neneHHR K0HU.eH­

TpaU.l'UI tte npesb1wana 15 %. 

4. 3KcnepHMeHTaJibHble peJyJibTaTbl 

B X0)J.e 3KCnep11MeHT0B ,nm1 110Bb[UJeHl1R .D.0C­

T0BepH0CTl1 nony4aeMblX pe3yJibTaT0B CHa4ana 

0T611panacb npo6a ra3a 6e3 pa3pyweHHR 06pa3u,a 

11 np0B0.D.HJICR ee aHaJIH3 Ha co,nep)Kalute 0KCH.D.0B 

yrnepo)J.a. 3aTeM o6pa3eu. pa3pyUJancR H npo113so-

.D.HJIHCb oT6op 11 attan113 pa6o4HX npo6. Bo scex 

3Kcnep11MeHrnx aHaJIH3 ra3a .D.O pa3pymeHHR o6-

pa3U.0B 110Ka3aJI 0TCYTCTBl1e 0KCl1)J.0B yrnepo,na B 

npe,nenax YKa3aHHbIX 3Ha4eHl1H l{)'BCTBHTeJibH0-

CTH. 

Pe3yJihTaTbl aHaJI113a fa30BbTX npo6, OT06paH­

HblX nocne pa3pyweHHR o6ny4eHHblX o6pa3U.OB, 

Ha C0.D.ep)Katt11e M0H00KCH,na yrnepo)J.a npe,ncTaB­

neHbl 8 rn6n. 2 (ttyMepau.HR 0llblT0B C0Blla)J.aeT C 

,naHHblMl1 Ta6JI. 1) . .D:110KCl1.D. yrnepo.D.a (CO2) B 

npe)J.eJiax l{)'BCTBl1TeJibH0CTH np11MeHeHHOH MeTo­

.D.11KH o6Hapy)KeH He 6b1Jl - K0Jll14eCTB0 He npe­

BblUJaeT (1.. .2)· I 015 
M0JieKyn. 

Ta 6 JJ H u a 2. PeJyJJbTaTbI 011pe.nenemu1 co.neplKa.mui 

MOHOOKCl1.Lla yrnepo.na (CO) B 06nyqeHHb1X MT 

N2 KOJIJ1lleCTBO MO ne-

Oilb!Ta K n CO, 101 6 

I 0,6 
2 1,2 
3 I, 1 
4 2,2 
5 1,4 
6 1,7 
7 1,9 
8 1,9 
9 1,3 
10 3,0 
I I 2,6 

Bo scex 0llhlTaX np0B0)J.11Jll1Cb oT6op 11 atta­

JTH3 .D.Byx npo6 Ha co,nep)KaHHe M0H00KCH.D.a yrne­

po)J.a (CO). Pa3JTH'lHe Me)K)J.y 11x pe3yJihTaTaMH no 

K0HU.eHTpau.1-rn co C0CTaBJIRJl0 He 6onee 5 %. B 
Ta6JI. 2 npHBe,ll.eHbl 3Ha4eHHR 'lHCJTa M0JieKYJT, 

pacc'lHTaHHbie 110 cpe.D.HeMY Me)K)J.y .D.BYMR npo-

6aMH 3Ha4eHHIO KOHU.eHTPau.1111. 

Tipose,neHHbIH aHaJIH3 Ha C0)J.ep)KaHHe M0H0-

0KCl1)J.a yrnepo.D.a (CO) s He06JTYLfeHHhIX MT no­

Ka3an ero OTCYTCTBHe B npe.D.enax l{)'BCTBHTeJlbHO­

CTH MeT0.D.11KH 113MepeHHR. 3-ro CBH)J.eTeJlbCTBYeT 0 

TOM, 4T0 o6pa30BaHHe co 8 ,ll.eTeKTHpyeMhrx K0-

JlH4eCTBax RBJIReTCR, sep0RTH0, pe3yJJbTaT0M 

npoueccos, npoTeKa10w,HX B 06pa3u,ax npH o6ny-

4eHHl1. 

TionaraR, 4T0 B3aHMO)J.eHCTBHe .D.H0KCH.D.a 

ypaHa c yrnepo.D.0M npo11cxo.D.11T cornactto ypas-

HeHHIO uo2 + 4C +::!: uc2 + 2CO i , M0)KH0 Ha 

0CH0BaHl111 3KCrrepHMeHTaJibHbTX pe3yJThTaT0B 

ou.eHHTb .non10 npopearnposasurnx M0JTeKYJJ .D.H-

0KCl1.D.a ypaHa: Otta C0CTaBAAeT ~ I %. 3-ro C00T­

BeTcTByeT ll0JIH0MY rrpespaw,emno .D.H0KCl1.D.a B 

npe.D.enax np11nosepXHocTHoro cnoR Keptta T0JT­

w,11Holi ~ J MKM, T.e. cy[LJ.eCTBeHH0 MeHI,WeH pa3-

Mepa KepHa. 
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3aK.r11011euee 

IlpeACTaBJJeHbl 3KCnepHMeHTanbHblH MeTOA H 

peJyJJbTaThI onpeAeneHID1 KonH'lecrn raJoo6paJ­

Horo oKcH.na yrnepoAa CO, 06paJy10merocsi s 06-

paJuax MT B peJynbTaTe o6ny'leHHSI Ha HMnynbc­

HOM S1AepttoM peaKTope 6l1f'P. B HccneAOBamrnx 

HCOOflb3OBanHCb o6pa3Ubl MT C KepHaMH 113 AH­

OKCH)J.a ypaHa H 'leTbipexcnOHHblM noKpblTHeM. 

HccneAOBaHbI OAHHHaAUaTb MT, HJ KOTOpb1x 

OAHH no.nseprcsi o6ny'leHHIO HMnyJJbCOM Ha 

MrHOBeHHblX HeirrpoHax (urnpHHa 5,5 MC Ha no­

nyBbICOTe nHKa MOI.l..lHOCTH, :)HeprOBBOA 4,0 ~ B 

KepH), OCTanbHble AeCS!Th - o6ny'leHHIO HMnynb­

caMH Ha JanaJAbIBa!OW.HX HeHTpOHax (AnHTenb­

HOCTh OT 0,6 AO 2,0 c, 3HeprOBBO.ll OT 6 AO 16 ~ B 

KepH). 3aBHCHMOCTb TeMneparypbl OT speMeHH Ha 

rpaHHue "KepH - 6y<t>epHhIH cnoi:i'' pacc'IITTbIBa­

nach no nporpaMMe CAFR. 
.[{nsi npoBeAeHHsi HccneAosaHHH pa3pa6oTaHO 

H H3fOTOBJJeHO 3KCnepHMeHTanhHOe ycTpOHCTBO, 

06ecne'l11Ba10mee pa3pymeHHe 11ccneAyeMbIX MT 
B aTMoc<t>epe renIDI H oT6op raJOBbIX npo6 .u.nsi 
npoBeAeHIDI xpoMaTorpa<t>JNecKoro aHanHJa. 

ITpoBeAeHbl H3MepeHHj) KOHUeHTpaUHH MOHOOK­

CH)la yrnepoAa no arreCTOBaHHOH MeTO)lHKe 

aHaJJHJa, OCHOBaHHOH Ha peaKUHOHHOH faJOBOH 

xpoMaTOrpa<l>HH. 

KonH'leCTBO MOJJeKyJJ MOHOOKCHAa yrnepOAa 

(CO), 06paJY1QW.eroc51 B pe3yJJbTaTe OAHOKparno­

ro o6nyqeHHj) MT HeirrpoHHbIMH HMnynbcaMH 

peaKTOpa 611.f'P, COCTaBJ!j(eT no 3KCnepHMeHTaJJb­

HblM AaHHhIM (l...3)-1016
MoneKyn. ITony'letto, 

'ITO B He06ny'leHHblX o6paJuax OKCHAbl yrnepoAa 

OTCYTCTBYIQT HJIH HX KOmNeCTBO MeHb!Ile npeAe-

14 

na 'IYBCTBITTenbHOCTH MeTOAHK.H ~ 1·1015 Mone­

Kyn). 
Pa6oTa BbinOJJHeHa npH <t>HHaHCOBOH no.n­

.nep)l(J(e npoeKTa MHT[( N!! 3119. 

KoHmaKmH(1JI uH</JopMa!fU51 - YcmuHeHKO Bacwiuii 
AHm0//06U'I, me.JI. 8(831-30)2-85-27. 
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B.A. FyneocKuii, IO.H. Opnoo, A.)(. E</JaHoo, ll.H Mapmb1H06, IO.)(. Jleo11eHKO, B.B. Y11bauoo, 
<l>fYIT "fHU P<l>-<l>3J1", 249033, r . O6HHHCK KaJiy)l(cK011 o6n., nn. ooH,napeHKO, I 

11ccJie)lOBaHO BJ111.SIHHe r11J1p01ll1HaMHKl1 KOHT}'J)OB U11PKYJillUl111 Tl!)l(eJiblX )1(11,UKOMeTaJimNeCKHX TeruIOHOCHTeJJeif 
(DKMT) Pb 11 Pb-Bi peaKTOpHh1x ycTaHOBOK (PY) nernesow, ycosepweHCTBOBaHHOH neTJJesoA 11 MOHo6noqHoA KOHCT­
PYKUHM Ha ycnOBIUI pea.n113au1111 11 3cjlcjieKTHBHOCTb BaJKHeHlllHX Meponp1111rnj;j TeXHOJIOrHll TeruIOHOCHTeJIJI (TT): BOllO­

pOllHOH O'IHCTKH H KOHTPOJil! KOHUeHTPaUHH pacTBopeHHOro B TeruIOHOCHTeJJe Kl!CJJOPOlla. ITOKaJaHo, '!TO 113MeHeHHe 
KOHCTPYKUHH UHPKYJIJIUHOHHblX KOHTypOB, npOBOllHMOe C ueJibfO ynyqweHID! 3KOHOMl1Kl1 11 TTOBbJllJeHl!JI 6eJonacHOCTl1 
yCTaHOBOK, npHB01ll1T K TTOl!BJJeHHIO llOITOJIHl!TeJlbHblX TPe6oeaHHH K npoueccaM 11 YCTPOMCTBaM TT. 

Hydrodynamic problems of heavy liquid metal coolant in loop-type and monoblock-type reactor installations. 
V.A. Gulevsky, Yu. I. Orlov, A.D. Efanov, P.N. Martynov, Yu. D. Levchenko, V.V. Ul'yanov. Influence of hydrody­
namics of loops with heavy liquid metal coolants (Pb and Pb-Bi) reactor installations of the Ioopback, advanced Ioopback 
and monoblock type on conditions of realization and efficiency of the major actions of coolant technology is investi­
gated: hydrogen clearing and the control of concentration of the oxygen dissolved in the coolant. Change of a design of 
loops, spent with the purpose of improvement of economy and increase of safety of installations is shown, that, leads to 
occurrence of additional requirements to processes and devices of coolant technology. 

,lvIR 6e3onactto11 JKcnnyaTaUHJ,f UHPKYAAUH-

0HHJ:,IX Kottrypos c T)l(MT Pb, Pb-Bi Tpe6yeTcll 

no.n.nep)l(aHHe q11cTOTbl T)l{MT 11 nosepXHocTe11 

KOHrypOB, a TaK)l(e KOpp03H0HH0-3p03HOHHOH 

CTOHKOCTH KOHCTPYKI.lH0HHblX MaTepHaJI0B. 3-ro 

TPe6oBaHHe 06ecneq11Baerc.S1 npHMettemrnM TT, 
BKJJIO'-lruo~eH p.S!,n npoueccos, Bll)l(HOe MecTo cpe­

.D.H KOTOpbIX 3aHHMaJOT [ J] BO,nopo,nHa.SJ OlflifCTKa 

K0Hrypa H KOHTP0JJb co,nep)l(aHHSI paCTBOpeHHoro 

B T)KMT KHcnopo,na. 

B xx BeKe C03,Ll.aHO 6oJJbWOe KQJlffqeCTBO 

UHpKynsiu110HHhIX KoHrypoB c T)l(MT - JKcnepH­

MeHTaJibHb1x H ,nnsi PY. ITpaKTJ,fqeCKH see OHH 

HMeJIH neTJieBylO K0HCTpYKQHIO, npHMeHHTeJihHO 

K KOTopo11 pa.3pa6oTaHbl ycnoBHSI H YCTPOHCTBa 

MS! npose,neHH.SJ npoueccos TT. B ttacTo~ee 

BpeM.SI rrp0BO,LI.HTCSI pa.3pa6oTKa psi,na HOBhlX ycrn­

HOB0K (PY, ycKop11TeJ1bHo-ynpasnsieMhIX (ADS) H 

,np.). OHH B OCHOBHOM HMelOT ycosepweHCTBO­

BaHttylO nernesy10 11n11 Motto6no4ttyJO K0HCTPYK­

ui-m. HcnoJTb30Batt11e 11x no3B0JJl!eT YMeHbillHTb 

ra6apHTbl H sec, a caMoe rnasttoe nOBbICHTb 6e3o­

nacttocTb ycTaH0B0K HOBOrO n0KOJleHH.SI. BMeCTe C 

TeM aHaJIH3 B03MO)l(HOCTeH npHMeHeHH.SI ,LI.Jill HHX 

TT BblSIBHJl 3aTpy,nHeH11e HJTH OTCYTCTBHe B03-

MO)l(HOCTH 11CIT0Jlb30BaHH.SI pa.3pa6oTaHHb[X ycno­
B1111 11 YCTPOHCTB peaJIH3aUHH npoueccoB. BbrnB­

neHHb1e 3aTpy.nHeHH.SI onpe,neJJSIIOTCll BO MHOfOM 

oco6eHHOCTSIMH rH,npo,nHHaMHKH K0HrypOB u11p­

KYJillUHH T)l(MT HOBhlX ycTaHOBOK. 

1. KoecTpynueeL1e oco6eeeocTu PY 

Ha p11c. I ... 3 npHBe.n;eHhI rrpHHUlfITHaJihHhie 

TeXHOJIQfffqeCKHe cxeMbl K0ttrypoB ycTaHOB0K 

nerneso11, ycoseprnettcTBOBaHHOH nerneBoH H 

MOH06noqtto11 KOHCTPYKllHH. °UHPKYAAUHOHHI,JH 

KOHTYP PY rrernesoH KOHCTPYKI.lIDI c naponpoH3-

Bo,nsime11 ycTaHOBKOH (IIl1Y) BM-40/ A (p11c. 1) 
co,nep)l(HT cne.n;y10mHe Y3Jihl 11 o6opy,noBaHHe [2]: 
aKTHBttyJO 30HY (a.3.) I; .nsa rnaBHhlX UHPKYJTllUH­

OHHbrx ttacoca (f"UH) 2 c HanopoM H = 2,4 MITa; 

,nBa naporettepaTOpa (ITr) 3; 6aK 5, cn~amttii 

KOMneHCaTopoM 061,eMa T)l(MT 11pH H3MeHeHIDIX 

TeMneparypbl, B KOTOpOM pa.3Mell{eHbl ,LI.Ba BCno­

MoraTeJJbHblX Hacoca (BH) 4 c BeHTHJT.SIMH 6, 

P11c. I . 0pHHU11ITl1aJlbHal! TeXH0JIOnfl{eCKal! cxeMa PY 
neTJJeBOH KOHCTPYKU,HH: I - a.3., 2 - n.{H, 3 - rrr, 4 -
BH, 5 - K0MneHCaTop 06beMa, 6 - BeHTl1Jlb 
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PHC. 2. flpHHUHnHaJJbHa.11 TeXH0n0fJ,[<leCKa.11 cxeMa PY 
ycoeepweHcTeoeaHHOi:! nerneeoA KOHCTPYKUHH: I -
a.3., 2 - rrr, 3 - rQH, 4 - ceo60.zun,1A ypoeeHb DK.MT 

3 

P1-1c. 3. TipHHUHnHaJJbHa.11 TexHonorH'leCKa.11 cxeMa PY 

MOH06nO'IHOH K0HCTPYKUHH: I - a.3., 2 - rrr, 3 - ru,H, 
4 - ceo60.QHb1A ypoeeHb DK.MT 

o6ecnel£HBaJOtnHe npOTHBOKamrraUHOHHblH no.u­

nop n .(H H so3spaT nporetfeK DKMT s KOHT)'p; 

fa30BYIO CHCTeMy ,D.]UI no.l1.D,ep>KaHHJI .u.aBJICHH$1 

3atnHTHOro ra3a He Ha,n CB060.U.HblMH nosepXHO­

CT$1MH DKMT. IlJJoma_nb cso6o.L(HblX nosepXHo­

cTei-1 T)KMT S ~ 1 M2
. 

O6opy.u.osaID1e KOHT)'pa (a.3., nr, rl.(H, ap­

Marypa H T . .lJ..) pa3MC1UCHO B OT.U.CJlbHbIX KOpny-

cax, KOTOpble COC.lJ.HIDllOTC.11 KOpOTKHMH Tpy6o­

nposo.u.aMH. ITpH pa6oTe PY OTBOJJ. Tenna OT a.3. 

ocymeCTBJ1$1eTC.11 npHey.u.HTeJibHOH UHPKYJI,IIUHei-1 

T)KMT no .u.syM neTJUIM, Ka>KJJ.a,11 H3 KOTOpbrx co­

.u.ep>KHT CBOH fl.(H, l1f H 061UHC JJ.Jl$1 neTeJlb a.3. H 

6aK (KoMneHcaTOp o6neMa) c BH B03BpaTa npore-

1.feK T)KMT. CKopocTb Te'leHH$1 T)KMT u ~ I Mic. 

lJ,HpKYJISIUHOHHblH KOHTYP PY EPECT-O~-

300 ycosepUJeHCTBOBaHHOH neTJICBOH KOHCTJ>YK­

UHH (pHC. 2) co.u.ep)l(HT CJ1e)J.y101UHC 3JleMeHTbl [3]: 

a.3. 1, 'leTblpe l1f 2, tteTbtpe fl.(H 3, fa30BYIO CHC­

TeMy (3alUHTHbIH ra3 Ar). OTso.u. Tenna OT a.3. 

ocymecTBnneTC$1 npHHYAHTCJibHOH UHPKYJI$1UHei-f 

T)KMT no l{eTblpeM neTJISIM, Ka)l(JJ.a,11 H3 KOTOpblX 

BKJIIO'laeT CBOH fl.(H, l1f H 06lll)'l0 AM BCCX ne­

TCJlb a.3. 

EPECT-O~-300 xapaxrepH3ye-rcn HaJIHl{HeM 

yqaCTKOB C MaJiblMH 3HatteHH$1MH CKOpOCTeH 

T)KMT (s KaHanax Me)l(JJ.)' fl.]JI H a.3. u = 0,2 Mic, 

s onycKHOM yqacTKe Ha sxo.u.e B a.3. u = 0,3 Mic); 

HaJIHttHeM -rpex cso60JJ.HbIX yposHeH 4 DKMT 

o6mei-t 0JIOlUa)J.blO s > l 00 M2; 3HaYHTCJlbHOH npo­

Tj(Jf(CHHOCTblO (2 ... 10 M) KaHaJIOB C ropH30HTaJll,­

HblMH, 0OJJ.'bCMHblMH H onyCKHblMH Te'lCHHJIMH 

DKMT; OTCYTCTBHeM apMarypbt 11 BH; MaJibrM 

HanopoM fl.(H (H = 0,2 Mlla). 

U:HPKYJISIUHOHHblH KOHryp PY CB.EP [ 4] MO­

H06JIOtffiOH K0HCTJJYKI.llfif (pHC. 3) C0CTOHT H3 a.3. 

1, l1f 2 (12 WT.), fl.(H 3 (2 WT.), fa30BOH CHCTe­

Mbl (3alUHTHblH ra3 Ar). ~HPKYJISIUH,11 DKMT Me­

)l(JJ.)' a.3., ITr H fl.(H OCYlUCCTBJlj!eTCSI BHYTJ>H 

C.U.HHOro Kopnyca 6e3 HC00Jlb30BaHH,II -rpy6onpo­

BOJJ.0B 11 apMaTYPbl. PY CBEP TaJOKe HMeeT 3Ha­

'lHTeJibHbie CB060JJ.Hhte ypOBHH 4 DKMT. 

OcHOBHbie TeXHH'lCCKHe xapaKTepHCTHKH 

KOHrypoB pacCMOTpeHHblX PY CBC)J.CHbl s Ta6JI. 1. 

KaK BH.U.HO H3 pHC. 1.. .3 H )J.aHHblX Ta6JI. 1, KOHCT­

PYKUH,11 H rHJJ.po.u.HHaMHK.a K0HT)'pos UHpKynnuirn 

T 6 a JI HU a 1 0 CH0BHble TeXHlflleCKHe xapaKTepHCTHKH PY 
.N'!! XapaKTepHCTHKH I1TIY 6M-40A 6PECT-O.[(-300 CB6P-75 

I KoMnOHOBKa YCTaH0BKH flerneea.11 Y coeepweHcTBoeaHHa.11 MoHo6noK 

2 O6'beM DKMT, M' - 3,5 740 17 

3 Pacxon DKMT qepe3 a.3., M0 / '-1ac 930 14 000 3 492 
4 Kom-1<1eCTBO ru,H, WT. 2 4 2 

5 Hanop rnaeHbIX Hacocoe, Mfla 2,4 ~ 0,2 - 0,2 * 

6 MHHKMaJlbHa.11 CK0P0CTb Tenn0HOCHTem,, MI C I - 0 ,2 * - 0,2 * 

7 Tinowanb ceo6onHb1X noeepxHocTeA DKMT, 
Ml - 1* > JOO* ~ 10 • 

8 XapaKTepHa.11 .ll)lKHa yqaCTK0B Te'leHH.11 
DKMT, M 
- ropH30HTaJlbHblX; 1 • 4• I • 
- O0ll'beMHblX H onvcKHblX I • 10 * 5. 

9 KonlflleCTBO BH 2 0 0 

• 3Ha'-leHHe napaMeTPa cny)l(HT rpy6oA (HO llOCTaTO'IHOH lln.11 llaJlbHeAwero aHaJIH3a) oueHK0i:!, BbmOnHeHHOH C HC­
nonb30BaHHeM '-lepTe)l(eH H TeXHli'-leCKHX naHHblX H3 np1rneneHHOIT n HTeparypbl. 
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T)KMT cymecrnetttto pa:urW1a10Tc.si. PaccMoTpHM, 

KaK BJTWIIOT 3TH pa:3nli1-lIDI Ha B03MO:>KHOCnf pea­

JTH3aU,HH OCHOBHblX npoueccoB TI. 

2.BO,ll,OpO,ll,UaB oqecTKa 

J. <1>U3UKO-XUMU'leCKUe U 2UOpOOUHaMUl/eCKUe 

OCH06bl. TTpH 3anontteHHH TenJTOHOCHTeJTeM H 3KC­

nnyaTaUHH KOHrypa B HeM B03MO)l(H0 o6pa30Ba­

m,e 3arp.si3HeHHH, o6pa3)'10I.UHXC.!I B OCHOBHOM B 

pe3yJTbTaTe B3aHMOlleHCTBH.!I TenJT0H0CHTeJT.si C 

KHcnoponoM so3nyxa. KHcnopon nonanaer s KOH­

TYP np11 pa3repMeTH3aUHH nocnenHero B xonon­

HOM HJIH pa3orpeTOM COCTO.!IHH.!IX. TTp11 pa3repMe­

TH3aUH.!IX pa30rpeToro KOHrypa KHCJTOpon Heno­

cpencTBeHHO B3aHMOlleHCTByeT C 3epKaJTOM Ten­

JTOHOCHTeJUI, a np11 pa3repMeTH3aU,H.!IX XOJTO,l],H0ro 

- cop611pyeTC.!I nosepXHOCT.!IMH KOHrypa 11 Tenno­

H0CHTeJUI. B .!laJTbHeHll.leM npH pa3orpese K0HTypa 

KHCJTOpon necop611pyeTC.!1 H OKHCJUleT TenJTOHOCH­

TeJTb. TTp11 3TOM o6pa3ylOTC.!I rnepnble OKCl-fnbl, 

KOTOpble OTJTaraIOTC.!I Ha nosepXHOCT.RX KOHrypa H 

3epKane TenJTOHOCHTeJT.si. OTJTO)KeHH.sl MOryr 6110-

KHpOBaTb Tennonepena10m11e nosepXHOCTH, tta­

pyrnaTh pa6ory Hacocos, apMarypb1, ysenwnrnaTh 

rHnpas11w-1ecKoe conponrn11eH11e TpaKTOB 11 T.n. 

KaK npas11110, OTJTO)KeHW! 60JlbI1Je scero co­

nep)KaT CBHHeu (nn.si KOHTypOB C )1{11,llKHM CBHH­

UOM) 11 KOMfiOHeHTbl 3BTeKTHKH CBl1Heu H BHCMYT 

(nm KOHrypoB co cnnaBOM CBHHeU-B11CMYT)- OK­

CHllbl CB11HUa 11 KOMnOHeHTOB K0HCTPYKUHOHHblX 

MaTep11anos (B OCHOBHOM )KeJTe3a) np11cyrcTB)'lOT 

B OTJTO)KeHH..!IX B 3HalJHTeJTbHblX KOJTH'-leCTsax. Co­

OTHOllJeHHe CBHHUa (11J111 KOMnOHeHTOB 3BTeKTH­

KH), OKCl1ll0B CBHHUa 11 )KeJTe3a B pa3JTH'-IHblX BH­

nax OTJ10)KeHl1H MO)KeT Cl1JlbHO H3MeH.s!TbC.!I, HO 

coxpaH.sIIOTC.si l1X xapaKTepttb1e oco6ettHocT11. 

Tipe~e scero, HeCMOTP.!I Ha Bb!COKYIO MaCCOB)'lO 

llOJTIO CBHHUa (1rn11 KOMnOHeHTOB 3BTeKTHKH), OT­

JTO)KeHHe - 3TO HeTpattcnopT11pyeMa.si, HenepeKa­

'-111BaeMa.si Macca CJTO)KHOro COCTaBa, 6110KHp)'10-

1.Ua.sI caMble pa3Hhte ytJaCTKH UHPKYJT.!IUHOHHoro 

KOHTypa. Ponb OCHOBHOfO CB.!13)'10U{ero semecTBa 

B OTJTO)KeHH..sIX 11rpaeT OKCl1ll CBHHUa. 11MeHHO OH 

C np11MeCblO OKCHllOB KOMnOHeHTOB KOHCTPYKUH­

OHHblX MaTepHaJTOB o6ecne'-IH.BaeT nopHCT)'lO npo­

CTPaHCTBettttylO CTPYKTYPY, BHYTpeHHHe o6beMbl 

KOTOpOH (.si'-leHKH) JanonHeHbl HeOKHCJTeHHbIMH 

CBHHUOM HJTH KOMnOHeHTaMH 3BTeKTl1KH. 

JlHKBl1llaUH.!I YKaJaHHblX OTJTO)l(eHHH npOBO­

llHTC.!I npH 0OMOI.UH BOllOPOllHOH O'-IHCTKH, pe-

3YJTbTaTOM KOTOpOH .!IBJUleTC.!I 113BJTelJeHHe CB11HU.a 

111111 KOM0OHeHTOB 3BTeKTHKH H3 OTJTO)KeHHH. TTpH 

3TOM OTJTO)KeHH..!I pa3pywa10TC.!1, a CBHHeu 11 BHC­

MYT B03BpamalOTCH B TennOHOCHTeJTb. Bonopon­

HaH 0'-111CTKa npOBOllHTCH np11 nOMOUl,11 raJOBb(X 

CMecei-1 Hi-H2O-He(Ar), KOTOpb1e Moryr nolla­

saTbc.si B KOHTYP nsyM.si cnoco6aMH: 1) TOJThKO B 

raJOBhlH 06beM KOHrypa; 2) 0,L{HOBpeMeHHO B ra-

30BbIH o6beM KOHrypa 11 HenocpenCTBeHHO B UHp­

Ky1111py10I.UHH noTOK T)KMT. 
B nepBOM c~ae B0.UOp0,11, B3aHMOlleHCTByeT 

C OTJTO)KeHH.!IMH, npHCYTCTBYIOlUHMH TOJlbKO Ha 

CB060llHblX nosepXHOCT.RX TenJTOHOCHTen.si. Bo 

BTOpOM raJOBa.sI CMeCb MO)KeT pa3HOCHTbC.sl no 

sceMy KOHTYPY, a sonopo.u s3a11Mo.Qei1cTB0BaTh c 

OTJIO)KeH11.!IMH BO Bcex lJaCT.RX KOHrypa. TTo3TOMY 

BOllOPOllHa.!I OlJl1CTKa, opraHH30BaHHaJI 2-M cno­

co6oM, HBJT.!leTC.s! 6011ee 3cpcpeKTHBHOH. 

TTp11 BOAOponttoii OlJHCTKe npoTeKafOT cne­
.QY10m11e npoueccb1: 

a) BOllOPOllHOe B0CCTaH0BJ1eH11e MeTanJTa (Me) H3 

0KC11ll0B (MexOy) B OTJTO)KeHH.sIX Ha nosepXH0CT.!IX 

Ten11ottoc11Te11.si 11 KOHCTPYKU11H KoHrypa no peaK­

UHH 

MexOy + yH2 H xMe + yH2O, (I) 
npHB0llHI.Uee K pa3pyweHl1JO OTJT0)KeHHH H nocne­

ll)'lOI.UeMY YBJTet.feHHJO 11X t.faCTHIJ. nOTOKOM 

T)l(MT; 
6) BOAOPOllHOe B0CCTaHOBJTeHHe Me no peaKl.{HH 

(1) 113 OKCHllHblX o6pa30BaHIDi, UHPKYJTHp)'lOU1,11X 

BMeCTe C TenJTOHOCl1TeJTeM; 

B) H3BJiet.feHHe H3 TenJTOHOCHTeJill pacTBopeHHOro 

KHcnopona no peaKUHH 

[0] + H2 H H2O, (2) 

rne [O] - pacTBopeHHhJH KHcnopon; 

r) pacTBopeHHe B paCKHCJieHH0M TenJT0HOCHTeJTe 

OKCl1ll0B 113 0TJTO)KeHHH Ha nosepXHOCT.slX H 0K­

CHllHblX o6paJoBaHHH, UHPKYITHPYJOlUHX BMecTe c 

TenJTOHOCHTeJTeM: 

MexOy H x[Me] + y[O]; (3) 
n) MexaHI•flJeCK0e pa3pyweHHe OTJTO)KeHl1H Ha no­

sepXHOCT.!IX KOHrypa 3a ClJeT ycHJTeHH.sl AHHaMH­

lJeCKoro B03,11,eHCTBH.!I Ha HHX AByxKOMn0HeHTHoro 

TTOT0Ka. YcHJTeHHe llHHaMWieCK0ro B03AeHCTBHll 

np011CXOlll1T BCJTellCTBl1e B03HHKH0BeHIDI .L{Onon­
Hl1TeJTbHblX (no cpaBHeHHIO C OAH0KOMn0HeHTHblM 

nOTOKOM) TaHreHU11aJTbHI,IX H H0pMaJTbHhlX Ha­

np.si)KeHHH s6m1311 TBepnhrx nosepxttoCTeii 3a­

rp.si3HeH11i1. 

TTpouecCbl a) ... r) TIOlllJHH.sllOTC.sl ,n11<pq>Y3HOH­

HOH KHHeTHKe, np11 KOTOpOH CKOpOCTb Me)Kq>aJO­

BOro nepexona semecTsa onpenen.srerc.si ypastte­

HHeM 

-dm/dr. = KSF , (4) 

r,11,e m - Macca 11cxonttoro npoeyKTa peaKU1111 B 

M0MeHT 't; s - nnomanb peaKU110HHOH nosepXH0-

crn; F - llBH.)Kyma.si c11J1a npouecca [F = 
PH - P~ llJ1R npoueccos a) 11 6); F = a - a0 

nn.si 
l I 

npouecca s); F = aMe,o, -a llJl.!I npoueccos r); 
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PH, , P~, - napu1-1an0Hb1e JJ.aBneHHJI H 2 s ra3osoi1 

cMecH H 2-H2O-He(Ar) H napu.1-1anbttoe pasttosec­

ttoe )].asnemte H 2 s peaKJJ,HH (] ); a - a0 
- TepMo­

JJ.HHaM1-1qecKru1. a.KTHBH0CTb KHCnopo)].a B paCKHC­

m,eM0M Tenn0H0CHTene H TennoH0CHTene, paBH0-

BeCH0M co CMecb!O Hi-H2O-He(Ar); aM.,o. - Tep-

M0JJ.HHaM11qecKaJ1 aKTHBH0CTb KHcnopo.n.a B Ten­

n0H0CHTene, pasHosecH0M c MexOy]; K - K03cp­

cpHU.HeHT MaCCO0T)].aq11, paBHblH 

K ~ D/o, (5) 

r.n.e D - K03(p(pHUHeHT JJ.HcpcpY3HH, 0 - Tonm11tta 

JJ.Hcpcpy3HOHHOf0 cn0JI. 

Ifa (5) BH)J.HO, qTo npH np0ql-fX paBHblX ycno­

BHJIX 3HaqeHHJI K 3aBHCJIT OT T0nll.\HHhl JJ.HcpcpY3H­

OHH0f0 cn0JI, KOTOpblH B CBOIO oqepe.n.b onpe)].enJl­

eTCJI rn.n.poJJ.1rna~rnqecKoi1 o6cTaHOBKOH s6n1131-1 

peaKu;HOHHOH nosepXH0CTH. qeM 6blCTPee Jl.BIDK.e­

HHe Tenn0H0CHTenJI 0TH0CHTenbH0 0TnO)KeHJrn 

HnH fa3080f0 0}'3blpbKa, TeM MeHbrue T0nll_\HHa 8 
H 6onbrue sen11q11Ha K H CO0TBeTCTBeHH0 CK0-

pOCTb npou.ecca. 

fHJJ.pOJJ.HHaMHKa K0mypa BnHJleT TalOKe Ha 

MHorne JJ.pyrne napaM~bt 11 npou.eccht, orrpe.n.e­

nJ110mHe 3cpcpeKTHBHOCTb BOJJ.OpOJJ.HOH QqHCTKH. 

)J,nJ1 JJ.0Ka3aTenbcTsa 3Toro yTBep)KJl.eHHJI pac­

CM0TPHM 0CHOBHbie oco6eHHOCTH cpopMHpOBaHHJI 

H .n.anbHeHrnero nose)].eHHJI Jl.ByxK0MilOHeHTHOf0 

noToKa "T)l{MT-ra.3". Ilocne sse.neHHJI ra3a s no­

TOK T)l{MT npoTeKa!OT npou.eccb1 cenapau.1rn ra-

3a, .npo6neHHJ1 11 arn0Mepau;m1 ra30BblX 0}'3btpei1:. 

2. Cenapal{Wl za3a H3 o6'beMa DKMT s ra.30-

BYIO CHCTeMy K0Hrypa JIBnlleTCJI, C OJI.HOH CTopo­

Hbl, none3HbIM, a C .n.pyroH CTOpOHbl, speL{HblM 

rrpou.eccoM. Ilone3HOCTb cenapau.1111 orrpe)J.enJ1eTCJ1 

en e.llYIOtnHM: 

- np11 cenapau.H.H ra3a s ra.3 Komypa 3a cqeT 3cp­

cpeKTa cpJIOTaQHH Bb!H0CJITCJI qaCTH'{KH 3arpJ13He­

HHH. Ilp11 3T0M T)l(MT oq1m.laeTcJ1 OT spe.nHblX 

np11Mece11, KOT0pble K0HQeHTPHPYfOTCJI Ha ero 

CB060)].HOH nosepXHOCTH H pearnpYfOT C sonopo­

)J.0M no peaKu;HH ( 1 ); 
- npH cenapau.1rn ra3a H3 K0Hrypa BbIHOCHTCJI 

B0JJ.JIHOH nap KaK nponYKT peaKUHH (1), 3aMe.n­

JlJIIOll.\HH npou.ecc B0JJ.0p0L{H0f0 B0CCTaHOBneHHJI 

Me; 

- npH BOL{OpOL{HOH QqHCTKe 3Haq11TenbH0e no­

BbillleHHe o6'beMHOf0 fa30C0JJ.ep)KaHHJI a,. > 1 ... 3 
06. % He.n.onycTHM0 H3-3a qpe3MepHoro CT0Bbillle­

HHJI ypoBHJI DKMT. CenapauHJ1 ra3a cnoco6crny­

eT BbIBe.n.eHHIO fa3a H3 K0Hrypa H TeM caMbIM 

CHl1)KeHHJO yposHJI T)l(MT. 

Bpe.n cenapau.1rn 3aKJ110qaeTcJ1 rnasHbIM o6-

pa30M B ee np0THBOL{eHCTBHH 3ax.sary H TpaHC­

nopntp0BKe fa3a Tenn0H0Cl1TeneM, T .e. B C03)].a-
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HHH 3aTPyntteHHH nocTaBKe B0JJ.opoJJ.a so see yqa­

CTKH U.HPKYJlJIU.H0HHOfO K0Hrypa. 

Ha npou.ecc cenapaQHH orpoMHoe snHllHHe 

0Ka3bIBaeT CKOp0CTb BCnnblTHJI fa30BblX ny3blpei1. 

BcnnblBaHHe fa30BblX ny3blpeH B pa3nHqffblX 

)KHJI.K0CTJIX Hccne)].0Banocb B 6onblllOM K0n11qecT­

se 3KCnepHMeHTanbHblX 11 TeopeTwqecKHX pa6oT. 

0Tn11q11TenbHOH oco6eHHOCTb!O HCCJle)].OBaHHH 

3Toro npou.ecca s T)l(MT J1BnlleTCJ1 Heo6xoJJ.H­

MocTb yqeTa pJ1JJ.a cpaKTopos, a HMeHHo: 

- 3HaqHTenbH0e H3MeHeHHe CTaTHqecKoro .naBne­

HHJI npH scnnbITHH fa3080f0 0}'3blpJ1 B cnoe 

T)l(MT, Bbl3bIBaeMoe 3THM ysenH'leHHe o6'beMa 

0}'3blpJI H H3MeHeHHe ero reoMeTPHH; 

- cymecTBeHHaJI pa3HHUa Me)KJl.y nn0TH0CTJIMH 

T)l(MT H ra.Ja, no3BOJlJIIOll.\aJI npHHHMan pa.3-

H0CTb 3THX nnOTHOCTeH paBHOH nnoTH0CTH 

DKMT; 

- 6onbruoe 3Haqett11e K03cpcpHUHeHTa nosepXHo­

CTHoro ttaTJl)KeHHll T)l(MT (npHMepHo Ha nopll.ll.0K 

npeBbllllalOll.\ee 3T0 3HaqeHHe .ll.JlJI .L(pyrHX )KHJI.KO­

CTeH) 11 COOTBeTCTBeHH0 60JlhIIIHe 3HaqeHHJI .L(aB­

neHHJI ra3a BHYTPH IT}'3blpbKa, o6ycnosneHHbie 

c11naMH nosepXHOCTH0fO HaTJl)l(eHHJI; 

- HanHqHe nosepXH0CTH0-aKTHBHblX Be[I(eCTB Ha 

"DKMT " rpaHHu.e pa.3.nena -fa30BaJI K0MCT0HeHTa , 

qTQ, C OL{HOH CT0pOHbl, CTafourn3HpyeT ccpopMH­

posamn,1e s o6'beMe T)l(MT 0}'3btpH, a c Apyroii, 

npenJITCTBYeT o6pa30BaHHIO H0BblX rpaHHU. pa.3-

.L(ena H cpopM11posaHH10 MeJIKOL{Hcnepcttoi1 ra3o­

soi1 cpa3bl. 

CooTHOllleHHe 3THX cpaicropos B HaCT0Jl[I(ee 

speMSl He BbUIBJlCH0. HeKOTOpoe npe.L(CTaBJleHHe 0 

BJlHllHHH OTMelJeHHblX napaM~0B Ha oco6eH­

H0CTb BCnnbITHJI fa30BblX 0}'3blpbK0B B )KH,l\KHX 

MeTanJlax MO)KeT L{aTb KpHTepHanbHblH aHanH3 [5]. 
Ha p11c. 4 npeACTaBneHa 3aBHCHM0CTb CKOpo­

CTH BCnnbITHJI ny3blpeH B )KHJI.KHX CTaJlH H CBHHUe 

OT panwyca r 0}'3blpbKa, OTKy.L(a BHJJ.Ha oco6ett­

H0CTb L{811)KeHHJI fa30BblX 0}'3blpei1 B )KHJI.K0M 

CBHHUe no cpasHeHHJO C ,[\811)KeHHeM 0}'3blpei1: B 

)KHL{KOH CTanH. IlpH JlaMHHapHOM Jl.BH)KeHHlf 

(BOCXO)].JIID.aJI BeTBb KpHBOH) CK0p0CTb L{BIDKeHHJI 

ny3blpbKOB B )KHJI.KOM CBHHU.e npeBbU.DaeT CKO­

poCTb HX Jl.B11)KeHHJI s )KHL{KOH CTaJIH, a s o6nacTH 

ryp6yneHTHOfO pe)KHMa (ropH30HTanbHaJI BeTBb 

KpHBOH) HeCK0nbK0 MeHbllle. OAHaKO CK0pOCTb 

ny3blpbK0B BO scex CJiyqaJIX He npeBbJWaeT 0,5 
Mi c .llJ1ll nyJhtpbKOB pa.n.wycoM Mettee l O MM. B 
HaCTOSlll_\eH pa6oTe He npH:BOL{HTCll 3aBHCHMOCTb 

CK0p0CTH BCnnblTHJI IT}'3blpbK0B ra3a B pacnnase 

Pb-Bi. OTMeTHM JIHlllb, 'ITO oHa 6nH3Ka K BbIIIIe­

np1-1se)].eHHOH MJI CBHHlJ,a. 

3. fwo611eflue za3oeou qJa3bl myp6y11enmHb1MU 
ny11bCalfUR.MU e nomoKe TJKMF. Ilp11 Haxo)KJl.eHHH 

fa30BOH <pa3bl B ryp6yneHTHOM noT0Ke )1(11)].KOCTH 
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CKOpOCTb U BCOJlblTMR nyJblpeH, CM/C 
5 r---r--,-TT1rrnr--r--rTTTmlT""""""T"""T'"TT'TTl'TT"""-, 

3 
2 

10,0 

1,0 

0,1 

0,01 2 

Pa,q1,1yc r nyJblpR, MM 

5 0, 1 2 5 1,0 2 5 10,0 2 

PHc. 4. l13MeHeHHe CKOpocnt u BCilJlblTH.11 raJOBbIX 

ll)'Jblpeli B JaBHCHMOCTH OT pa,u.eyca r nyJblpll B )l(H,!1.­

l(H}( CBHHUe H CTIUJH 

OHa MO)KeT .LJ.pOfoITbCll no)J, )J,eHCTBHeM ryp6y­

JJeHTHblX nynhCaUHH. 3-roT 3cp<peKT onpe)J,emleTCll 

TeM, 4TO B ryp6yneHTHOM nOTOKe CKOpOCTb )KH)J,­

KOCTH H3MeHJleTCll OT TO'-IKH K TO'IJ<e. CKopOCTb 

)KJ,f)J,KOCTH y nosepxHOCTH ra.JOBOH <pa.3bl B .LJ.Byx ee 

TO'IKax TaK)Ke 6y.LJ.eT pa.3JJH'IHOH. Cne)J,oBaTeJJbHO, 

Ha nosepXHOCTH ra.JOBOH <pa3bl 6yizyr )J,eHCTBO­

BaTb pa.3Hhie )J,HHaMH'leCKHe Hanopbl B Pa3J1H'IHblX 

ee o6nacrnx, 'ITO npH onpe.LJ.eJJeHHhrX ycnosm1x 

MO)KeT npHBO.LJ.HTb K .LJ.ecpopMauHH H .LJ.p06J1emuo 

nerKoH <pa.Jbl. 

Pa.JMep ny3btpbKOB, 06pa.Jy101I.1HXCSI 3a C'leT 

.LJ.p06JleHH.SI B noTOKe )KH)J,KOCTH, nO'ITH o6paTHO 

nponopUHOHaJJeH J10KaJJbHOH CKOpOCTH B nOTOKe H 

3aBHCHT OT MaCUITa6a ryp6yneHTHOCTH. A.H. 
KonMoropOBbIM npe)J,J]O)KeHO Bbtpa)Kem,1e )J,J]SI 

KpHTH'leCKoro pamiyca KannH, o6pa3YJOUJ.elicsi a 

nOTOKe HeCMeUJHBa!Oll.lHXCSI )KH)J,KOCTeH, KOTOpoe 

C .LJ.onymeHHJIMH MO)KeT 6b1Tb HCTIOJlb30BaHO )J,J]Ji 

oueHKH pa.3MepoB fa.30BhrX ny3btpbKOB B BH)J,e 

r. == [ cr ]315 'A. s15 == L2 5 [~]315 ✓2 (6) 
, k 2 o k u6'5 , 1P. V 1P 

r)J,e CJ - K03 <p<pHUHeHT nosepXHOCTHOro HaTjj)Ke­

HHJI; p. - nJJOTHOCTb )KH)J,KOCTH; kr - K03<p<pHitHeHT 

conpoTHBJieHJ,fjj (cpopMbl); V - K03<pq>auHeHT KH­

HeMaTH'leCKOH BSl3KOCTH; A.0 - BHYTPeHHHH Mac­

UJTa6 ryp6yneHrnocrn; L - xapaKTepHbIH pa.3Mep 

JierKOH <pa.3bl ; p - nJIOTHOCTb nernoj;i <pa.3&1 ; U -
CKOpOCTb n OTOKa. 

TI03)Ke pa3HblMH HCCJJe)J,OBaTeJISIMH npe)J,J]O­

)l(eHbl aHaJJOfH'IHble Bblpa)KeHHSI, Y4HTblBa!Oll.1He 

HaJJH'IHe a ryp6yneHTHOM nOTOKe cpnyKryaUHH 

CKOpOCTH, orpaHH'leHHe MaCUJTa6a ryp6yneHTHbIX 

nynbcau1111, npHBO.LJ.Slll.lHX K .LJ.p06JieHHIO JierKOH 

<pa3bl, H .LJ.py rne 3 cpcpeKTbl. 

B HeO)J,HOpO.LJ.HOM ryp6yneHTHOM nOTOKe, 06-

TeKa10meM TBep.LJ.YIO nosepxHOCTb KaHana, CKO­

pOCTb nOTOKa H npoCTpaHCTBeHHblH rpa.l1,HeHT 

CKOpOCTH H3MeHSIIOTCSI OT TO'IKH K TO'IKe B none­

pe'-IHOM ce'leHHH Tµy6&1. ,[vlsi MaJJbIX paccTOSIHHH 

OT CTeHKH B.r. JleBH4eM npe)J,J]O)KeHO CJie.LJ.YIOll.lee 

Bblpa)KeHHe )J,J]SI KpHTH'leCKOro Pa.LJ.Hyca o6pa-

3YIOllle.HCSI B pe3yJibTaTe .LJ.po6neHJ,fjj Kanmt (KOTO­

poe C PSI.LJ.OM .LJ.OnymeHHH MO)KeT 6bITb HCTIOJ1b30-

BaHO )J,J]SI oueHKH pa.3MepoB fa.30BblX ny3b1pei:1): 

r, = ~~ Ji:~ =J2;:,;, (7) 

r)J,e u - cpe.l1,HSISI CKOpOCTb Te'-leHJ,fjj; y - paCCTOSI­

HHe OT CTeHKH; 80 - TOJlll.llfHa BSl3KOro CJIOSI ; Jo -
xapaKTepHaSI CKOpOCTb o6TeKaHJ,fjj KanJlH. IlpH 

3TOM r2 )J,0Jl)KH0 6btTb MeHhUJe r,, onpe.l1,eJieHHoro 

H3 Bbtpa)KeHJ,fjj (6). 
Pac'-leTHble oueHKH BeJlH'-lHH r, H r2 nOKa3bl­

BalOT cne.LJ.Y!Omee. B UHPKYAAUHOHHhrx Kottrypax 

paccMOTµeHHhIX BhlUJe PY .LJ.po6neHHe ra.JOBOH 

KOMnoHeHTbI B Kattanax, HCKJIIO'lasi a.3. , TPY6HYJO 

CHCTeMy rrr H npoTO'IHYlO YaCTb UHPKYJJSIUHOH­

HbIX HaCOCOB, 3a C'-leT ryp6yneHTHblX nyJlbCauHH B 

noTOKe npaKTH'leCKH HCKJIIO'leHO. 0rHOCHTeJlhHO 

MaJJble cpe.l1,HHe H J10KaJJbHble 3Ha4eHHSI CKOpo­

CTeH, 6oJibIIJHe npOXO)J,Hble Ce'leHJ,fjj He MOryT 

npHBeCTH K pa3pyUJeHHIO fa30BbIX ny3blpeif, )J,a)Ke 

cpaBHHMblX C pa3MepaMH KaHaJJOB ( COTHH MM H 

6onee). I1p11 .LJ.BH)Kemrn .LJ.ByxKOMnoHeHTHoro no­

TOKa co CKOpOCTblO U > I Mic 8 3a30pax Me)KJI.}' 

TB3JiaMH a.3., B Tpy6HOH CHCTeMe IJr H npOTO'-lHOH 

'laCTH HaCOCOB B03MO)KH0 HHTeHCHBHOe .LJ.p06Jie­

HHe raJosoli <pa3bl .LJ.O pa3Mepos ~ I MM ra.Josoro 

ny3blpS1. 

4. A 2110Mepa1JW1 ( CJlWIHUe) 2a30 6blX ny3blpeu B 

.LJ.ByxKOMnOHeHTHOM noTOKe " T)l{MT-ra.3" npOHC­

XO)J,HT BCJie)J,CTBHe psi.l1,a <paKTopos: TIO)J, )J,eHCTBHeM 

CHJl ryp6yJieHTHOro nepeHOCa ny3blpeif B,ll.OJlb H 

nonepeK nOTOKa; 3a C'-leT pa.3Hb)X CKOpOCTeH 

BCnJJblTHSI KpynHblX H MeJIKHX, .l1,ecpopMHpOBaHHblX 

H He)J,e<popMHpOBaHHblX ny3blpei1; npH yseJJH'le­

HHH KOHUeHTpauHH ra3a B pacnnase 3a C'leT JIOKa­

JlH3aU,HH ny3btpeH B OT)J,eJlbHblX 30HaX no)J, )J,eHCT­

BHeM HHepUHOHHbJX, ueHTpo6e)KHblX "' rpaBHTa­

UHOHHblX CHJI H .LJ.p . Ilpouecc arnoMepauHH 4pe3-

Bbt4aHHO CJIO)KeH. MaTeMaTH'-lecKHH annapaT .l1,J1JI 

ero o nHcaHJ,fjj a HacTosimee speMsi pa3pa6oTaH 

He)J,OCTaTO'IHO. O'1eBH)J,HO, '!TO arJlOMepauJ,fjj ny-

3btpeH YCHJIHBaeTCSI npH yseJIH4eHHH raJOCO,ll.ep­

)KaHHll 11 ryp6yneHTHOCTH noTOKa, a TaJ<)Ke pa3Me­

pa ny3blpeH H npOTjj)KeHHOCTH KaHaJJOB. OpH ) TOM 

B 3JleMeHTax UHPKYJISIU,HOHHOro KOHrypa C yCTa­

HOBHBWHMCSI pe)KHMOM Te'-leHH.SI M8KCHMaJJbHblH 

pa.LJ.eyc nyJbtpeif, o6pa3oBaHHbtX 3a C'leT arn0Me­

pau1rn, He .LJ.OJl)l(eH npes&1waTb senHYHHY r 1, onpe­

.LJ.ensieMYJO n o cpopMYn e (6). 

19 



Ha OCHOBaHHH aHaJIH3a, npoBe)leHHOro B 

pa3Jlene 2, BH./lHO, 'ITO rH.llpOJlHHaMHKa Komypos 

UHPKYJ1llUHH T)KMT MO)KeT cymecrneHHbIM o6pa-

30M BJ1Hl!Tb Ha B03MO)KHOCTb opraHH3aU:HH H 3cp­

cpeKTHBHOCTb BO.llOPO.lJ.HOH O'IHCTKH. YBeJlH'leHHe 

CKopocTH UHPKYJU1UHH T)KMT JlOJl)KHO cnoco6cT­

sosaTb ycKopemno npoueccoB BO.llOpOJlHOH 04H­

CTKH 3a C4eT yseJ1H4eHHll K03(p(pHUHeHTa Macco­

OT.LJ.a4H H B03HHKHOBeHHll )lOOOJlHHTeJlbHblX TaH­

reHUHaJlbHbIX H HOpMaJibHbIX HanpIDKeHHH B6mt3H 

noBepxHocTeH 3arpll:3HeHHH Komypa. 

,lvill KOHT)'pOB ycTaHOBOK nerneBOH KOHCT­

PYKUHH BBO.ll cMecH HrH20-He(Ar) B UHPKYJ1H­

pyiom11H co CKOpOCTblO U ~ J Mi c T)KMT MO)KHO 

npOBO)lHTb Jll06bIM npaKTH4eCKH ocymeCTBHMblM 

cnoco6oM, o6ecne'lHBaJOIQHM pa3Mep BBO,llHMbJX B 

T)KMT ny3bipbKOB r - 1 MM. B JlaJibHeihueM c 

Y<feTOM He3Ha'IHTenbHOH )J)]l1Hbl coe)lJUUIJOI..UHX 

3JleMeHTbl Komypa Tpy6onpOBO.ll.OB, MaJIOH nno­
JIJ.a.D.11 cso6o.llHbIX nosepXHOCTeH T)KMT, 3cpcpeK­

THBHoro .u.po6neHHll ra3a B a .3., rrr, Hacoce rnKHe 

ny3bipH 3cpcpeKTHBHO TPaHcnOPTHPyK)TCll noTOKOM 

T)KMT no BCeMy KOHTYPY-

B Komypax ycoseprneHCTBOBaHHOH nerneBOH 

H MOHo6noqttoif KOHCTPYKI.{HH HMelOTCll KaHaJlbI 

6onblllOH npOTSl)KeHHOCTH H C HH3KHMH (U ~ 
0,2 ... 0,3 Mic) CKOpOCTll:MH Te'leHHll T)KMT, 
6onhurne cso6orou,1e nosepxHOCTl1 T)KMT. ITo-

3TOMY B HHX cymecTByK)T ycnOBHll )J)]ll 3cpcpeK­

THBHOH arn0Mepaum1 H cenapauHH ra30BbIX ny-

3bipeH c r ~ 1 CM. ,11..rrll o6ecne4eH1UI JlOCTaBKH ra-

30BOH (pa3bl BO Bee Y'faCTKH Komypa He06XO)lHMO 

npHMeHll:Tb TOJlbKO TaKHe cnoco6bI BBO.LJ.a s 

T)KMT raJa, KOTOpb1e o6ecrre411BalOT ero Jlpo6ne­

HHe JlO ny3blpbKOB pa3MepoM r $ 300 MKM. 

5. Pe3yllbmambl 3KcnepUMeHmatzb11blX uccJZe­
ooea11uu. 3KcnepHMeHTaJlbHbJe HCCJle)lOBaHHll 

snIDI.HHll rn.u.po.LJ.HHaMHKH Komypos Ha BO.llOPO.ll­

Hyio oqHCTKY npOBO,lJ.HJlHCb B OCHOBHOM C uenll:MH 

- ,lJ.OKa3aTeJlbCTBa B03MQ)KHQCTH cpopMHpOBaHHl! B 

Tll:)KeJlOM TelIJIOHOCHTene Mem<O.LJ.HCnepcHOH raJO­

BOH cpa3bl, no.ll..lJ.aJOlI(eHCll TPaHcnopn1poBKe UHp­

KyJIHpyiomHM TennOHOCHTeneM; 

- 3KCnepHMeHTanbHOro IIO,lJ.TBep)K.lJ.eHHll 3cpcpeK­

THBHOCTH 80)].0pO.ll.HOH QL(HCTKH B KOHT)'pax C 

HH3KOCKOpOCTHbIMH ,llByxKOMOOHeHTHblMlf IIOTO­

KaMH "TenJIOHOCHTem, - MeJIKO,lJ.11C1IepcHall: OKHC­

JlHTeJibHO-BOCCTaHOBHTeJlbHall: ra30Ball: <pa3a". 

3Kcrrep11MeHTbl rrpOBO,lJ.HJIHCb Ha BO,lJ.ll:HblX H 

)KH,lJ.KOMeTanJIHL(eCKHX UHpKynll:U:HOHHblX KOH'IY­

pax. 

Jfcc/leOOBGll'LI.R HG 800fl110M KOftmype 
0.n.HH 113 BapHaHTOB BO)lll:HOro KOHT)'pa npH­

Be)leH Ha pHC. 5. Komyp COCTOHT 113 cne.n.yiomHX 

OCHOBHblX qacTeH: I) rrpo3pa<1HOH UHJ1HH.LJ.pH4e­

cKoH eMKOCTH 1 BttyTpeHHHM Jl.HaMeTpOM 215 MM 

H Bb!COTOH 280 MM; 2) UHPKYJUIUHOHHOro Hacoca 
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Pttc. 5. CxeMa UHJ>KYIDIUHOHHoro BOMHoro KOttrypa: 

I - npo3paqHas! eMKOCTb, 2 - UHPKYJUlUHOHHblli Hacoc, 

3 - BeHTHJlb, 4 - 3)1(eKTOp, 5 - J:ll:{; 3J.l: - 3JleKTpOJUIH­

raTenb 

2; 3) rrpo3paqHbIX CTeKJill:HHbJX TPY60K (.N2.N'!! 
1 ... 4) BttyTpeHHl1M .lJ.HaM~OM 17 MM (.ll.JlHHa 

TPY6KH .N!! 1 - 1,3 M, a Tpy6oK .N2.N'!! 2 . . .4 no 0,15 
M); 4) rn6KHX rrp03pa1IBbIX coe.u.HHHTeJlbHblX 

[DJlaHrOB BH)'TJ)eHHliM JI.HaM~OM 21 MM; 5) BeH­

TlUUI 3 )J)]}l perymtpOBllHIDI pacxo.n.a BO.ll.hl no KOH· 

rypy; 6) ycTpOHCTB BBO)la ra3a: J)KeKTopa 4, .lJ.HC· 

KOBOro .LJ.Hcnepraropa (M) 5 H .u.p. 

HcnhITaHo 6 ycTpOHCTB .lJ.Jlll BBo.u.a raJOBOH 

<pa3hI B BOJI.Y. Bee OHH pacrronaran11cb csepxy B 

eMKOCTH 1 KpOMe 3)KeKTopa 4, KOTOpbIH Ha speMS! 

ero HCITbITaHIDI. MOHTHpOBaJICll B Komype Herro­

cpe.llCTBeHHO rrepe.n. eMKOCThlO l. IlepBbie .u.sa 

ycTpOHCTBa npe.u.crnsruurn co6oH nepcpopHpoBaH­

Hbie Haca,D.K.H, norp~eHHbie B eMKOCTh I , qepe3 

KOTOpble npHHYJlHTeJlbHO no,z:i; )laBJieHHeM 113 6an­

noHa qepe3 peJI,yKTop rrpo;zysanc.ll aproH. Y CTPOH­

crno .N!! 1 npe.n.crasnll:er co6oif MerannH'-!ecKYJO 

TPY6KY .LJ.HaMeTpOM 8x2, nepcpopHposaHHyio 26-10 
ornepcTHl!MH )ll1aM~OM 1 MM. YcTPOHCTBO .N!! 2 
npeJlCTaBnll:eT co6oif UHJIHH.!J.P .n.11aM~OM 3 8 MM 

11 Bb(COTOH 42 MM, no o6pa3yiomeH nosepXHOCTH 

KOToporo npocsepneHo no 10 ornepcTHH .n.waMer­

paMH 1 H 2 MM, a .ll.HO HMeeT OTBepcT11e 4 MM. 

Y CTpOHCTBO .N!! 3 - UHJ111H.ll.p )lHaM~OM 62 
MM H Bb(COTOH 134 MM, o6pa3Yl01Ila.ll rrosepXHOCTb 

KOTOporo H3roTOBneHa H3 nopHCTOH Hep)KaBelO­

meH cTanH c pa3MepaMH nop 20 ... JOO MKM. YcT­

poHCTBO .N!! 4 - 3)KeKTop npe.lJ.CTaBJUleT co6oj;j KO· 

ttyCHOe cy)KeHHe AO 5 MM B ,lJ.HaMeTPe c peryJIH­

pyeMblM 6ai1naCOM. B03,z:i;yx H3 aTMOCcpepbl J)KeK­

n1pyercS1 CTPYeH BO.LI.bl qepe3 ornepcT11e B Y3KOH 

4aCTH, cpopMHPYll )lsyxcpa3m1i1 noTOK, a no 6ai1-

nacy Te4er 'IHCTall: so.n.a (<pHJibTPaT). Ha Bbrxo.ne 



H3 3)1(eKTopa 3TH ITOTOKH emrnaJOTeH B O)J.HH 

)J.Byxq>a3Hb!H ITOTOK, eoOTHOll!eH1-1e q>a3 B KOTOpOM 

peryn11pyeTeH paexo)J.OM BO.!lhI l{epe3 6ai1nae. 

Y erpoiierno N!! 5 - na.namw.aH erpyH so.m,1, opra­

HH30BaHHall ITO.UHRTHeM nonynpo3p8l{HOro ll!JiaH­

ra Ha,n 3epKaJIOM BO.Ubl B eMKOeTH 1. 
Y eTpoi1eTBO N!! 6 - M l13o6pa)l(eH Ha p11e. 6. 

Ero .nei1eTBHe oeHOBaHO Ha .npo6JieHHH ra30BbIX 

ny3bipeH B )l(H,llKOeTH npH nona,naHHH HX B nOTOK 

e 60JibWHM rpaw1eHTOM eKopoeTeH. B TaKOM no­

TOKe 6naro)J.apll HepaBHOMepHoeTH eHJI eKopoeT­

HOro Hanopa, npHJIO)l(eHHblX K 3JieMeHTaM no­

sepxHoen,, npOHeXO)J.HT pa3pyweHHe 60JiblllHX 

ny3blpei1 Ha 6onee MeJIKHe. Co3,naHHe BbleOKOrpa­

)J.HeHTHoro noTOKa )l(HJ.'(KOeTH oeyw.ecTBJllleTell B 

3a30pe Me)l(J.'(y Bpaw.aIOW.HMeH .UHCKOM (poropoM) 

H HeTIO,llBl1)1(HblM .UHeKOM ( eTaTopoM). CTeneHb 

,nHenepeHoeTH ra30BOH q>a3bl npH npOl{HX paBHbIX 

yeJIOBHllX npHMO 38BHeHT OT rpa)J.HeHTa CKOpOCTeH 

B noToKe. Ysenw-1ett11e rpa,n11ettTa eKopoe-reii 

oeyw.ecTBJilleTell yMeHbllleHl-!eM 3a30pa Me)l(J.'(y 

,nHeKaMH HJIH yseJIHl{eHHeM JIHHeHHOH eKopoeTH 

OTHOeHTeJibHOro ,llBH)l{eHHH )J.HeKOB. BepXHHH 

.[J;HeK ( eTaTop) eoe,nHHeH HenO.[J;BH)l(HO e KOpny­

eoM. Hl1)1(HHH .nHeK (porop) yernHosneH Ha spa­

w.a10w.eMeH sany. HmKHHH ,nHeK H BaJI - TIOJlble, 

nonoeTH eoe)J.HHeHhI Me)l(.!ly eo6oi1. B aepXHeH 

l{aeTH nOJIOeTb BaJia eoe.[(HHeHa e ITOJIOCTblO KOp­

nyea. B HH)l(HeH l{8eTH Kopnyea HMelOTCll OTBep­

CTHH .!lJ]R eMa4HBaHHH ITO)J.llIHTIHHKa eKOJTb)l(eHHll 

)l(H)J.KOCTblO. 

4 

Pttc. 6. CxeMa )]JI.: I - poTOp, 2 - Me11Ko.n;11cnepcHaJ1 
ra:meaJI <j>a:rn, 3 - cnnop, 4 - ean, 5 - cpnaHeu., 6 - eo­
JUIHOe OXJla)l(}leHHe, 7 - llBITTaTeJlb perynttpyeMOH 
MOlllHOCTM 

B HCTib!TaHHOM .n11enepraTope nosepXHOCTb 

HH)l(Hero J.'(HeKa nepcpop11poBaHa TPHJJ.U.aTblO we­

eTblO OTBepCTHHMl1 )J.11aMeTpOM 0,5 MM, pacnono­

)l(eHHblMH no OKp~HOeTl1 .n11aMeTpOM 95 MM. 

,lJ;HaMeTp caMoro .n11eKa COCTaBJilleT I I 5 MM, KaK 11 

BepXHero )J.HCKa ( eTaTOpa), C paeeTOl!Hl-!eM ~ l MM 

Me)l(J.'(y sepXHHM H HH)l(HHM )J.11CKaMl1. B BepXHe.H 

l{aCTH ITOJlblH BaJI coe.nHHeH e BaJIOM 3JieKTpOJ.'(B11-

raTeJill. ,D;11enepraTop norpy)KaeTCll s )1{11.!lKOCTh 

TaKl1M o6pa30M, l{T06hl ornepCTHH B sepXHe.H 4ae­

TH BaJia 6bJJIH Ha)]. ypOBHeM, a poTop 11 eTaTop no.n 

ypOBHeM )l(H)J.KOCTH. TTpH BKJIJOl{eHl111 3JieKrpO­

)J.BHraTeJill porop Bpaw.aeTCll C 3a)J.aHHOH yrJIOBO.H 

eKOpOCTblO (n .no 2 800 06/ MHH np11 f = 50 [Q). 

Tip11 3TOM B pe3yJI&TaTe )J.BM)KeHHll )l(H)J.KOCTH OT­

HOeHTeJibHO poTopa B 3a30pe 06pa3yeTCH 30Ha no­

HM)KeHHOro )J.aBJieHJ.ui:, 'ITO Bbl3hJBaeT 3)Kel<.QHIO 

ra3a H3 nOJIOCTH poTopa 4.epe3 0,5 MHJIJIHMeTpO­

Bbie ornepcTHR B 3a30p, r)J.e 6naro)J.apll rpa.!lMeHTY 

CKOpOeTeH ny3blpbKH JJ.p06llTCll 11 MeJIKO)J.HCnepc­

HaR ra30BaR q>a3a BMeCTe C )KH)J.KOeTblO Bb16paeb1-

BaeTel1 113 3a3opa Hap~y. 

Pe3yJibTaTbl HeeJie)J.OBaHHH Ha BO)J.llHOM KOH­

rype ITOKa3aJil1, 4.TO see HCTibJTaHHhle yCTpOHCTBa 

rettep11poBa.rrH ra30Bble ny3blpH B WHpOKOM )J.Ha­

Tia30He no pa3MepaM. Tiocne BhlBO)J.a 113 pa60Tb1 

yerpOHCTB KpynttbJe ny3blpH eenapHpOBaJIHeb B 

Tel{eHHe HeeKOJlbKHX eeK)'H)J., a MeJIKO)J.HenepeHaR 

ra30Ball q>a3a tta6JIJO)J.aJiaeb BH3YaJibHO B Teqem1e 

HeCKOJlbKHX MHttyT. TIO eOOTHOllleHHIO reHepH­

pyeMbIX noJie3HOH MeJIKO)J.HCnepcHOH 11 6annacT­

HOH KpynHO)J.HenepeHOH cpa3 JI)"{llle nOKa3aJI ce6ll 

M-
,D;JIH eHeTeMbl ra3-BO)J.a B KBa.3HCTaTl14.eeKOM 

pe)KHMe 11CTe4.eHl1H r a3a H3 ornepeTHH pa3Mepbl 

OrpbIBalOIQHXeH ra30BblX ny3bipeH onpe)J.eJUIJOTCl[ 

113 yeJIOBHH paseHeTBa rpaBHTaU.HOHHblX CHJI, OT­

pblBalOW.HX ny3blpb OT ornepeTHH, H eHJI noaepx­

HOCTHOro HaTj()KeHHH, y.!lep)KHBaJOW:HX ero y 

KpOMKH ornepeTHR [6]. CoOTHOIIleHHe, onpe)J.e­

JIHIOW.ee 3TOT 6a.rrattc CHJI, HMeeT eneey!OW.H.H BH)J.: 

41tR.;g(p"' - p, ) / 3 = 21tR
0
0 , (8) 

r)J.e Rn - OrpbIBHOH pa,neyc ny3blpll, M; Ro - pa.a.H­

ye OTBepenu1, M ; Pr - TIJIOTHOeTb ra3a, Krl M
3

; 8 -
nosepXHoeTHOe HaTj()KeHHe, HIM. 

11.3 ypaBHeHHR (8) eneeyeT, 4.TO OTpblBHOH pa­

)J.Hye ny3blpH MO)l(eT 6b1Tb BblllHCJieH no <POPMYJie 

Rn = 1, l 4[(Ro8/(g(p"' - p,))] 113
• (9) 

,lJ;JIH CMa4.HBaJOW.HX )KH)J.KOCTeH 3Ha4eHHR orpblB­

HhlX pa,neycoB ny3blpeH, Bbll{HeJieHHble no q>op­

MyJie (9), x opOlllO eornaey10TeH e 3Kenep11MeHTOM. 

HeKOTo p o e tteeornaeosatt11e )J.Jlll HecMal{HBalOJ.WiX 

)l(H)J.KOeTeH, oeo6eHHO npH MaJiblX pa.3Mepax OT­

sepeTHH, CBl[3aHO C TeM, l{TO OTPblB ny3blpei1 npo-

11exO)J.l1:T He n o nepHMerpy OTBepCTHH, a no HeKO-
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TOpOH "rneiiKe" ny3hlp», )J.11aMeTp KOTOpOH M0)KeT 

He C0BTia)J,aTh C )J.11aMeTp0M 0TBepCTH». 

,[(11aMeTp OTBepCTl1H 11CTe'leHJI» B03JzyXa B 

B0)J.y 113 poTOpa M paseH 0,5 MM. OTphIBHOH 

)J.HaMeTp ny3hlp» )J.Jljl TaKHX OTBepcTHH B KBa3H­

CTaUH0HapH0M pe>KHMe HCTeqemrn, Bhl'lHCJJeHHhlli 

no Q)OpM)'JJe (9), C0CTaBHJJ 6hI 2,8 MM. O)).HaKO 

npH Bpall{eHHH poTopa 0TH0CHTeJJhH0 CTaT0pa C 

3a30p0M Mettee MHJIJIHMeTpa pe)KHM HCTe'leHHR 

cyll{eCTBeHH0 0TJIH'laeTCR OT KBa3HCTaUH0HapH0-

ro. JlHHeHHIUI CK0p0CTh )J.BIDKeHl-rn poTopa 0TH0-

CITTeJlbH0 CTaTopa Ha)). 0TBepCTlilRMH C0CTaBmleT V 
= 12,6 Mic. 0Tph1Ba10m1UI cHJia, )J.eiicTBylOLL{M Ha 

3apo)K)J.a10ll{HHC.s1 ny3hiph, onpe)J.eJUieTC» y>Ke He 

rpaimrnuHeH, a cKopocTHhIM ttanopoM pV212 >KH)J.­

K0CTH, TaH.feHI.{HaJJbH0 )J.BH>KYLL{eHCR 0TH0CHTem,­

H0 OTBepCTHH. 3-ra CHJia nponopl.{H0HaJJbHa CK0-

p0CTH0M)' Hanopy H ceqeHJilO ny3bip», no3T0MY 

'!eM BhlllJe CK0p0CTh o6TeKaHH» 0TBepCTH.sl, TeM 

MeHhrne ceqett11e 0TphrnaeMoro ny3hip». 

Oa.eHKY ceqemu1 oTphrnaeMoro ITY3hip» M0)K­

Ho npoBeCTH np11paBHHBaHlieM OTphlBHblX CHJI H 

cHJJ nosepXH0CTHoro HaTji)KeHH». CHJJa nosepx­

H0CTHoro HaTji)KeHIDI, KaK YKa3hJBaJJ0Ch Bhlllie, 

onpe)J.eJUieTCR Bblpa>KeHJieM 21tR,,O. 0TphIBHhie 

CHJihl onpe)J.eJJRIOTCR HHTerpupoBaHHeM 3JJeMeH­

TapHblX CHJJ, )J,eHCTBYfOLL{HX Ha 3JJeMeHThl nosepx­

H0CTI-1 ny3hlp51 no BCeH ero nosepXH0CTH. TTpH HH­

TerpHp0BaHHH H}'>KH0 yq11Th1BaTb 113MeHeHHe CK0-

pOCTH0f0 ttanopa no BhlCOTe 3a30pa, T.e. rpa)J,11eHT 

CK0p0CTl1 B 3a30pe. TTp11 3a)J,aHHOH OTHOCITTeJJbHOH 

CK0p0CTH )J.BIDKeHH.sl poTopa 11 CTaTopa B 06nacn1 

OTBepCTH.sl C yMeHbUieH11eM BeJIH'il1Hhl 3a30pa 

yseJJH'iHBalOTCR fPa)J.11eHT CK0p0CTH 11, CJJe)J.0Ba­

TeJJbH0, OTphIBalOLL{He CHJibl. ,nm, CK0p0CTH 0TH0-

CHTeJJbH0f0 )J.BIDKeHlilR poropa H CTaTopa V = 12,6 
Mic rpy6a.s1 oa.eHKa BblC0Thl ny3hlp» Ha)), noaepx­

H0CTblO poTopa, npH KOTOpOH np0HCX0)J.ITT ero 

OTphlB 8 3a30pe 1 MM, C0CTaBJUleT He 6onee 0,2 
MM, a npH 3a30pax 0,5 H 0,25 MM C00TBeTCTBeHH0 

0, 13 H 0,08 MM. B 3KCnep11MeHTe pa3Mepbl reHe­

pHpyeMbIX ny3hlpeH cyllJ,eCTBeHH0 MeHbUie. TaK, 

rrpH 3a30pe B 1 MM H CK0p0CTH 0TH0CHTeJJbH0f0 

)J.BIDKeHIDI poTopa H CTaTopa V = 12,6 Mic Ha6mo­

)J.aJIHCh ny3hlp11 pa3MepoM OT 0,02 )).0 1 MM. 

Ha pHC. 7 n0Ka3aHbl THITH'!Hble Q)OTOrpacpHH 

)J.Byxcpa3HOH )KH)J,K0CTH (Bo)J,a-803.lzyX) B eMK0CTH, 

CH.slTbie C00TBeTCTBeHH0 qepe3 5, 20 Iii 60 C nocJJe 

BhIKJJJOtJeHH» )J.HcnepraTopa. lf3 cj:>ornrpaQ)HH 

BH)J.H0, KaK B npouecce cenapaUHH YMeHhWaeTc» 

K0JIH'!eCTB0 fa30BhlX ny3hipeH 8 80)),e. O)).HaKO 

)J.a>Ke nocJJe HCTe'leHIDr 60 C B 80)).e npHCyTCTBYeT 

3aMeTH0e K0JIHtJeCTB0 fa30BOH Q)a3hl. 

TTpH HCIThJTamrnx ycTpOHCTB NQN2 l.. . 3 qepe3 

HHX np0)J.yBaJJC» aprott a B0)J.y. YcTpOHCTBa NQN2 I 
H 2 reHepHp0BaJJH 8 0CH0BHOM KpynH0)J.HCnepc-
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PHC. 7. <l>oTOrpaqnm .!lBYXcpa3HOH )!(11,UKOCTJI B eMKOCHI 

nocne BhJKJII04eHHJI M 

tty10 fa30BYIO cpa3y, K0T0pa» cenapHp0BaJJaCb 8 

Te'!eHHe HeCK0JJhKHX ceKyH)J.. YcTpoiicTB0 N2 3 
(nopHCThIH UHJIHH)J.p) reHep11p0BaJJ0 )J.HcnepcttylO 

fa30BYJO cpa3y B UIHp0K0M )J,11aTia30He B 3aBHCl1M0-

CTH OT pa3Mepoa nap (0,03 ... 0,2 MM). ITp11 3T0M B 

o6'beMHOM C00TH0WeHHH KpynH0)J.HCnepcHa» cpa3a 

npeBaJJHp0BaJia ropa3)).0 CHJibHee, "leM npH HCTTl,I­

TaHHl1 ,[(,[(. 

B )J.aJJhttei:irneM 3TH ycTpOHCTBa HCTihlTaHhl 

npH UHPKYJIRUHH B0)J.hl s CTeH)J,e. rH6KHe Tpy6o­

np0B0)J.hl n03B0JUIJJH MeH.slTh KOHcpHrypaUHJO 

CTeH)J,a (6hIJJO tteCK0JlhK0 BapHaHTOB). OKOHl{a­

TeJibH0 Bh!6patta CJie)J.ylOll.\a.sl KOHcp11rypau.H.s1: eM­

K0CTh rettepau.HH ny3blpeii; onycKHOH yqacT0K 

BhICOTOH 4, 1 M; rop1130HTaJJhHhJH )J.JlHHOH 3,8 M; 
nO)J.'beMHbIH yqacTOK )).0 Hacoca Bh!COTOH 2, 1 M H 

ITO)J.'beMHhIH yqaCT0K nocne Hacoca BhlCOTOH 2,2 
M . Bh16op oKOH'laTem,ttoi:i KOHcpHrypau.1111 K0HTY­

pa B 0CH0BH0M onpe)J.eJIHJJCR pa3MepaMH 11 KOHcpH­

rypall,HeH pa6oqero noMemeHID!. 

YcTattosneH pe)KJ{M U.HPKYJJ»UHH co cKopo­

CThJO )J.BIDKeHIDI B0)).bl 8 UIJJattrax V = 0,2 Mic H 

cTeKJUIHHhlX Tpy6Kax V = 0,3 Mic. TTpH BKJJJOqe­

mm a pa6ory M B cTeKJUI.HHOH Tpy6Ke N2 1 Ha-

6nJO)J.aJIOCh )J.Byxcpa3HOe Te'leHJie C fa30CO)J.ep>Ka­

HHeM )).0 0,01 % (pa3Mepbl ITY3blpe11 OT 500 MKM 11 

MeHee). B wnattre Me)K)J.y CM0Tp0BhlMH CTeKJJaMH 

N2N2 1 11 2 B pe3yJJhTaTe YMeHbrneHH.sl cKopocTH 

onycKHoro reqeHH.sl opH nepexo)J.e 113 cTeKJJ»HH0-

ro TpaKTil (,[(y I 7) a UIJiaHrOBhlH (,[(y2 l) np0HCX0-

)J.HJIH cenapauHR 6onee Kpynm1x ny3hipei:i H HX 

arnoMepaa.IDI a eme 6onee Kpyntthie, KOT0pb1e 

BCTIJiblBaJIH no cTeKJUIHHOH Tpy6Ke N2 1. Ou.eHKa 

pa3MepoB ny3h!peH ocyll{eCTBJUIJJaCb BH3YaJJhH0 B 

cpaaHeHHH C orrymeHHblMH B CTeKJJRHHblH KaHaJJ 

np0B0JJ0'IKaMH H3BeCTH0f0 )J.HaMeTpa: 1000, 300, 
50 MKM. CpasHeHHe np0B0)J.HJI0Ch nocne Bh[KJIJO­

"!eHHR UHPKYJUIUH0HH0f0 Hacoca, npH 3T0M B Te­

L!eHHe nepBOH MHH}'Thl BCTIJihIBaJJH 6onee Kpyn­

Hble ny3h1pH C 60JJbllleH CK0p0CTblO, a 3aTeM Ha-

6JJ10)).aJJHCh T0JibK0 MeJJKHe ny3blpH H npoB0)J.H­

naCb ou.eHKa HX pa3MepoB. Pa3Mepbl MHHHMaJJhH0 

Ha6JJIO)J.aeMblX BH3YaJJbH0 ny3hlpei:i 6hmH cymecT­

BeHH0 MeHhrne )J.HaMeTpa caMOH TOHKOH npoB0JJ0-

KH (~ 20 MKM). CKOpOCTh BCnJJhlTlilR 3THX ny3bipeH 

cocTasn»na 2 . . . 5 MMl c. 

B cTeKJUIHH0H Tpy6Ke N2 2 tta6JJIO)J.aJJOCh 

)J.Byx<pa3HOe TeqeHHe C ropa3)).0 MeHhlllHM fa30Ha-

..... 
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CbJll{em1eM H pll3Mepbl ny3blpei:i 6binH MeHbWe 

I 00 MKM. B onycKHOM Y,-!aCTKe ny3blpbKH ,l(BHra­

JIHCb B .sr.npe nOTOKa, He npmKHMal!Cb K CTeHKaM. 

CKopocTb scnJJhITHJI ny3b1pei:i .n11aMeTPOM 500 MKM 

COCTaBJJl!eT 0,2 Mic. CKOpOCTb BCnJJblTH.11 6onee 

MeJJKHX ny3blpei:i MeHbllJe CKOpOCTH HHCXO.n.srmero 

nOTOKa, n03TOMY OHH 6ecnpen.srTCTBeHHO CHOCl!T­

c.sr BHH3 no nOTOKy. Arn0Mepau1111 ny3blpei1 

BCJJe.l(CTBHe pll3HHUbl CKopocTeH He Ha6mo,n:aJJOCb. 

B ropH30HTaJJbHOM y4aCTKe ycJJOBH.11 AA.II ce­

napau1111 6onee 6naronplli!THh1e, 11 ny3hipbKH B 

OCHOBHOM cenapHpOBaJJHCb Ha sepXHeH t.JaCTH 

llJJJaHra H Me.l(JleHHO .l(BHfaJJHCb no HeH, npH 3TOM 

npoHCXO.l(HJJa t.JaCTH'-!HaJI l1X arn0Mepau11.si. B 

no,n:beMHOM yqacTKe BCnJJhlBaJJH KpynHble ny3blpH 

pll3MepoM .no I MM, o6pll30BaBUJHeC.SI B pe3yJJbTaTe 

arnoMepauHH Ha ropH30HTaJJbHOM yqaCTKe, H 

Memrne ny3blpH. Ilo Mepe .l(BH)l(eHH.SI B BOCXO,n:.sr­

meM nOTOKe ny3h!pH KOHUeHTPHPOBaJJHCb B6JJH3H 

CTeHOK. 

IlpH BBO,n:e B pa6ory ycTpOHCTB N!!N!l l ... 5 s 

ycTaHOBJJeHHOM pe)KHMe ( V = 0,2 Mic) w npw 

yMeHbU1eHHH CKOpOCTH .l(BHJKeHllil BO,l(bl ( V = 0, 15; 

0,1 Mic) npw pa6orniomeM M Kat.JecTBeHHO Kap­

THHa cpopMHpOBaHH.SI H noBe,n:eHllil .nsyxKOMno­

HeHTHOro noToKa coxpaH.sreTc.sr. YMeHhlliaeTC.SI ra-

3oco.nep)l(aH11e noTOKa, oco6eHHO Ha yqacTKe ero 

B03Bparn B eMKOCTb l. 0.nHaKO BO scex cnyqa.srx 

Ha6nio.naeTC.sr TpattcnopTHpOBKa MeJJKo,n:11cnepc­

HOH fll30BOH cpll3bl BO Bcex yqaCTKax BO.l(.SIHOro 

KOHrypa. 

B pe3yJJhTaTe wccne.noBaHHH Ha Bo,n:.srHOM 

CTeH.ne 3KCnepHMeHTaJibHO nOKll3aHa B03M0)1(­

HOCTb nonyqeHHl! fll30BOH cpll3bl B Bo.ne C pa3Me­

paMH ny3blpej;j OT $ 20 MKM .no 5 MM pll3Hb1MH 

cnoco6aMH BBO)].a ra3a H npH HCnOJJb30BaHHll pll3-

Jllit.JHblX YCTPOHCTB. Onpo6oBaH o,n:liH 113 nepcneK­

THBHhIX cnoco6oB cpopMHposamtll ycTOHt.JHBOM 

ra3osoi1 <pll3hI c noMOllI.hlO M. ,[{oKll3aHa B03-

MO)KHOCTh 3cpcpeKTHBHOH TPaHcnopTHpOBKH MeJJ­

KO.l(HCnepCHOH fll30BOH q>ll3bl B noTOKax (B TOM 

t.JHCJJe 11 HHCXO.l(.slll.\HX) BO,l(bl c MaJJblMH ($ 0,2 Mic) 

CKOpOCT.SIMH Te4eHH.ll. 

IlpoaHaJJH3HpyeM B03MO)l(HOCTb nepeHoca 

noJJy'-!eHHI,JX pe3yJJbTaTOB Ha ycnOBH.ll )l(J,f,l(KOMe­

TaJJJJHt.JeCKHX KOttrypOB. Onpe.neJJHM CKOpOCTb 

BCnJJblBaHHl! B BO,Ue (t = 20 °C) fll30BblX ny3blpett 

MaJJOro pll3Mepa B COOTBeTCTBHH C H3BeCTHOH 

cpopM)'JJOH CToKca Ml! JJ.BIDKeHH51 "rnep.noro" wa­

pa B )l(HJJ.KOCTH np11 Re $ I B BH,ne 

V = 2 (p - p')gr2 (l 0) 
9 µ 

r.ne Re, p, p', r, µ - cooTBeTCTBeHHO t.JHcno Peu­

HOJJh,nca (Re = 2prvlµ), nJJOTHOCTb BO.Ubl w rll3a, 

pa.D:lfYC fll30BOro ny3blp.S1, Bl!3KOCTb )l(J,f,UKOCTH. 

Onpe.neneHHhJe cKopocrn np11se,neHh1 s rn6n. 2. 

CpaBHeHHe pe3yJJbTaTOB pac4eTa C 3aBHCliMO­

CT.SIMH, npHse.neHHblMH Ha p11c. 4, nOKll3hlBaeT, qTo 

CKOpOCTH BCnJlhlTH.SI fll30BblX ny3blpeH MaJJOfO 

pll3Mepa (d S I MM) B so.ne H CBHHUe 6JJH3KH no 

CBOHM 3Ha4eHH.SIM. 3-ro YKll3b1BaeT Ha CXO)KeCTb 

npouecCOB, npoTeKalO[l.\HX B .nsyxKOMnOHeHTHhJX 

noTOKax "Bo.na-ra3" H "TenJJOHOCHTeJJb-rll3" C 

MeJJKO,n:11cnepcHoM rll30BOH cpll30H, no KpaMHeH 

Mepe, npoueccos, rnaBHOH JJ.BH)l(ymei:i c11noi1 KO­

TOphIX .SIBJJl!eTc.sr cenapaUHl! rll3a. I103TOM)' C 

60JJbUIOH Bepo.srTHOCTblO MO)KHO npe,nnOJIO)KJ,fTI,, 

'ITO npouecCbl TpattcnopTHpOBKH MeJJKOJ].HCnepc­

HOH fll30BOH cpll3bl B HH3KOCKOpOCTHhIX nOTOKax 

BO,l(bl H T.Sl)KeJJoro Ten.JJOHOCliTem1 6y.Lzyr BO MHO­

fOM CXO)KH. 

J1ccJleOoeaHUJ1. Ha KOHmypax c JICUOKUM MemQJlJloM 
H:ccne.noBaHHl! npoBo,n:HJll!Ch Ha pa6o4HX 

yqacTKax cTeH,noB TT-2M (p11c. 8), CBT-3M 

(p11c. 9) 11 CBHHUOBOH nerne cTeH,na TT-IM 

(pHC. ] 0). fu pHC. 8 BH.l(HO, 'ITO OCHOBHbJMll Y311a­

MH cTeHJJ.a TT-2M cny)KaT npo6ooT6opHHK 1, 
MepHblH 6a40K 2 AA.SI TapHpOBKH MarIDITHblX pac­

XO,l(OMepoB, MarHHTHblH pacxo,noMep 3, HCTOlJH}fK 

4 MeTaJJJJlit.JeCKHX npHMeceii (MMll), .naTtJHK 5 

aKTHBHOCTH KHCJJOpo,na, na6opaTOpHh1H xpoMaTO­

rpacp 6, 6aK 7 Hacoca, Maccoo6MeHHHK 8 c rnep­

.nocpll3HhlM OKHCJIHTeJJeM, 6ycpepHa.S1 eMKOCTb 9 11 

pa60t.JHH yqacTOK, KOTOpblH BKJilOt.JaeT B ce6.SI 

3JKeKTop, cenapaTop, li3MepHTeJJb pacxo.na rll3a, 

3arpy304Hbill 6aK, 6ap60Ta)KHOe OTBepCTHe, KOH­

Teirnepbl c PbO H HH,nHKaTOp nyJbipeii. 

Ha pa6o4eM yqacTKe cTeH,n:a CBT-3M (p11c. 9) 
pacnoJJO)KeHh[ I I TOt.JeK, B KOTOpbIX TeM HJIH 

HHhlM cnoco6oM MO)KHO KOHTPOJJHpOBaTb HaxO)l(­

,neHHe rll30BOH cpll3bI B noTOKe UHpKynwpyiomero 

TenJJOHOCHTeJJ51. CBHHUOBa.SI neTJ151 (pHC. l 0) CTeH­

.na TT- IM HMeeT onycKHoe Tet.JeHHe rny6HHOH 6 M 

c pacnoJJO)KeHHblMH Ha pll3HOH rrry6HHe (1; 2,7; 5; 

6 M) HMHTaTopaMH lllJJaKOBhlX OTJIO)KeHHH. 

BepxHHH 11 HIDKHHH KOJJJJeKTopb1 coe,n1-1HeH1,1 

ceMblO napanneJJbHhlMH Tpy6KaMH - KaHanaMH 

BttyrpeHHHM ,UHaMeTpOM 30 MM. BepXHHH KOJlJleK­

TOp HMeJl ceMb CKB03HblX CTaKaHOB ,WIHHOH npH­

MepHO l 00 MM, pacnOJJO)l(eHHbJX COOCHO KaHaJJaM. 

0TC4H.Tb1Bal! OT onyCKHOH Tpy6hl, napanneJihHhle 

KaHaJibJ npottyMepoBaHbI c I no 7. K 1, 3 H 5-My 

crnKaHaM npHBapeH&I TPY6KH 018x2 AAHHOH 4 
900 MM, Hll3BaHHble 2Q300m6opHblMU mpy6Ka.MU. 

Ta 6 n 11 u a 2. CKO OCT(,! BCIUlblTIDI a so.11.e fa:JOBblX 

V, MIC 0,05 0, 10 0, 15 0,2 0,25 0,3 0,35 0,4 0,45 0,5 
d, MM 0,30 0,43 0,52 0,61 0,68 0, 74 0,80 0,86 0,91 0,96 
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6 

3Kcnep11MeHTaJlb· 

C1111e 

PHC. 8. TipHHUHIDlaJlbHaJI cxeMa :acH,D;KOMeTa./1.IJHl.JeCKOrO KOH-rypa CTeH.o;a 1T-2M: I - npo6ooT6opHHK, 2 - MepHbIH 6a­
'l'OK, 3 - MarHHTHbIH pacxo.o;oMep, 4 - HMTI, 5 - naT'!mc aKTHBHOCTH KHcnopona, 6 - xpoMaTorpaq>, 7 - 6ax ttacoca, 8 -
Maccoo6MeHfillK, 9 - 6yq>epHall eMKOCTb 

O6'beM -rpy6oK BttyrpeHHHM ,!UUlMeTJ)0M 14 MM H 

.llJ(HHOH 4 900 MM pa11eH 0, 75 JI. [lpHHl.(HnHaJibHrul 

cxeMa ra300T6opHbIX -rpy6oK .n.atta Ha pHc. I I . 
HIDKW!SI 4aCTh ra3ooT6opHbIX -rpy6oK 3aKaH­

'IHBaJiaCb pacumpeHHeM .D.0 JJ,HaMeTpa 28 MM -

"30HTHKOM", t.J.aCTH4H0 BX0JJ.SlmHM B0Bttyrpb co-

0TBeTCTB)'lOmero KaHana, a sepXHSIJI ciacTb 3THX 

1 100 

PHc. 9. CxeMa pa6otJero yqacTKa CTeHll.a CBT-3M H 
pll3Me1UeHID1 B HeM 3OH!lOB (TO'IKH I .. . 11) 
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r11y611Ha 
norpyit<eH11R PbO 
- 1,0M --

! 
- 2,7M -

- 5,0M --

6,0 M 

P11c. l 0. CxeMa ce11H1.1,oeo0 nern11 CTettna TI-IM 



--

ra3-H0Clo1Tellb 

nop1o1craR 
MeM6paHa__,,..,. 

ra300TBOAH8R 
rpy6Ka 

BepXHi.1~ 
KO/llletrrop 

>KM MOAe111,1 

30HT 

HaeecKa 
CO W118KOM 

K paCXOAOMepy 
1,1111,1 

K xpoMarorpaqiy 

PMc. 11. CxeMa oroopa raJa M3 pa6o'lero }"lacTKa 
CTeH.11.a CBT-3M '1epe3 raJooroopttylO Tpy6Ky. Pacno­
JlO)KeHMe HaBeCKM c o6pll3UOM OKCJ,f.lJ.a CBHHUa 

-rpex -rpy6 - pa360pHbIMH KaMepaMH C pacnoJIO­

)KeHHblMH BttyrpH nopHCTblMH MeTaJIJIOKepaMH'le­

CKHMH MeM6paHaMH. MeM6paHbl TOJilllHHOH 0,5 MM 

H )].HaMCTJ)OM 41 MM BbtnOJIH.SIJIH 3atnHTH)'10 pOJib 

OT 3a6poca >KH.UKOro MeTaJIJia B ra30B}'IO CHCTCAfY. 

ra300T6opm,1e Tpy6KH BblBCJ:{eHbl, KaK H BBO,U 

HH)f(eKTopa, Ha OTMeTKY + 1, 7 M Ha,U cenapaTOpOM. 

Ka)f(.l(a.SI KaMepa fa.300T60pHblX Tpy6oK HMeJia no 

,UBa rnryuepa ,UJI.SI no.ucoe.nHHCHH.SI K ra.30BOH CHC­

TeMe MO,UeJIH. 

MeJIKO)].HCnepCHa.SI fa.30Ba.SI cpa.3a nOTOKOM 

)f(H)].KOro MeTaJIJia nepeHOCHJiaCb no ,UJIHHe KOHTY­

pa )KM-Mo,nen11, pacnpe.neJI.SI.SICb no napannenb­

Hb!M KattanaM. Ilona,na.SI no.n "30HTHK" ra300T6op­

HOH -rpy6KH, fa.30Ba.SI cpa.3a cenapHpOBaJiaCb, HaKa­

nJIHBa.SICb B BepxtteH 4acn1. TaKHM o6pa30M, Ha-

3Ha4eHHeM fa.300roOpHbIX TJ)y6oK CJIY>KHJI Oroop 

0Tcenap11poBaHHoro ra.3a, nepettoCHBwerocR >KH,U­

KHM MeTaJIJIOM 4epe3 COOTBeTCTB}'IOtnWH napan­

JieJibHblH Kattan. 

qepe3 pa.3'beMttoe coemrneHHe B BepxHeH 4ac­

TH fa.30oT6opHblX -rpy6oK MOrJIH BBO,UHTbCR B co­

OTBeTCTBYIOU(He napanneJibHbte KaHaJibl HaBeCKH C 

OKCH,UOM CBHHUa (WJiaKH). HaBeCKH 3aKpenmIJIMCb 

Ha CTep>KH.SIX-llJTaHrax H3 npyrKa 06 MM ,UJIHHOH 

5 I 00 MM. PacnonarasUJa.SIC.SI Ha Topue wrnttrn 

HasecKa OKa.3hIBaJiaCb npHMepHO Ha cepe,UHHe 

,UJIHHhl O,UHOro H3 napannenbHbIX KaHaJIOB. B ueH­

-rpe fa.30oT6opHblX -rpy6oK lIITaHnt YJlCp>KHBaJIHCh 

.UHCTaHUHOHHPYIOU(HMH npy)KHHHblMH pe6paMH 

H3 ttep)f(aseJOmero npyrKa 01,5 MM. Pa.3MemeHHe 

HaBeCOK C OKCH)].aMH CBHHUa C B03MO>KHOCTblO 

YCTaHOBKH HX 6e3 OCTaHOBKH CTeH)].a (JIHlllb npH 

OTKJIJO'-leHHOH UHPKYJI.SIUHH) 6hmo .npyrHM Ha.3Ha-

4CHl!eM ra.3ooT6opHbrx. -rpy6oK. 

E.LU1HCTBCHHblMH 30H,UaMH )].JI.SI nOJiy'-IeHHR 

onbtTHbtX J:{aHHbIX o JIOKaJibHOH CTPYKTYPC nepe­

HOCHMhIX )l(H,UKHM MCTaJIJIOM fa.30BblX BKJII04CHl1H 

cny)l(HJIH 3/leKmpOKOHmaKmHble 30H0bl 2a30CO­

oep:>!CaHUR [6]. OHH 113fOTaBJIHBaJIHCh H3 cepHHHO 

BhinycKaeMoro JJ.Byx3JICKTJ)OJJ.Horo ttarpesaTeJib­

Horo Ka6eJI.SI c ,UHaMeTpOM o6oJIOlfKH 3x0,36 MM 

MapKH KHMCC. 3neKTpO.UbI )].HaMe-rpoM 0,65 MM 

- Hep)KaBeIOmHe. J,faoJI.SITOpOM BttyrpH Ka6eAA 

CJIY>KHJia IlJIOTHOCnpeccosaHHa.SI OKHCh MarHHR. 

IlyreM pOTaI.(HOHHOH KOBKH .UHaMeTp nocTeneHHO 

yMeHbUJaJIC.SI JlO 3a,naattoro. qyscrnHTem,Ha.SI 

'-taCTb 30HJ:{a npe,ncrasmrna co6oH ttep)f(aBeJOmyio 

-rpy6Ky ,UHaMCTJ)OM ~ 1,2 MM H ,UJIHHOH ~ 15 .. . 20 
MM, BttyrpH KOTOpOH pacnonaraJIHCb ):{Ba H30JIH­

posaHHhlX .npyr OT JJ.pyra 3JieKTpOJ:{a H3 Hep)l(a­

seromeii CTaJIH )l.HaMeTJ)OM ~ 0.2 . .. 0,3 MM. 3JieK­

TJ)O)].bl 6b1JIH H30JIHpoBaHHblMH H OT Kopnyca 30H­

.ua. B Ka'-tecrne H30AATopa B TOpl(eBoH '-laCTH 30H­

JJ.a npHMeH.SIJICR CHTaJIJI. Pa6o4HH KOHeu 30HJJ.a 

CKOllleH no.11. yrnoM ~ 15 rpa)J.yCOB. 

Ha o6a 3JieKTJ)o.na 30HJJ.a, norpY>KeHttoro B 

HCCJICAYCMYIO fa30>KH)l.KOCTttyJO cpeey, no,AaBa­

JIOCb CHH<pa3Hoe 3HaKonepeMeHHoe Hanpjl)l(eHHe 

CHttyCOH)].aJibHOH HJIH npRMoyronbHOH cpopMbl 

aMOJIHryJJ.OH ~5 B H '-laCTOTOH 5 ... 10 Kfl( (B 3KC­

nepttMeHTax Bb16patta OnTHMa.Jll,Ha.SI C TO'IKH 3pe­

HH.SI aMOJIHry)].bl H3Mep.SieMblX CHrHaJIOB '-laCTOTa 

8 Kfu). 

IlpHHL(Hn J:{eHCTBHR 3JieKTJ)OKOHTaKTHOfO 

30H)l.a COCTOHT B TOM, '-ITO npH nona.namrn Ha 

3JICKTpO)]. 30H)].a fa.30B0ro ny3blpbKa rrpOHCXO)J.HT 

pa3pb1B uenH 3JieKTpOnHTaHl1.SI H3MepHTeJlhHOH 

~XCMbl, 'ITO npHBO)l.HT K yseJIH'-leHHIO aMnJIHry)U,J 

na,neIDI..SI Hanpjl)l(CHH.SI Me)l()J.y 3JICKTJ)O)].OM H KOp­

nycoM 30HJJ.a. Ilocne cxo)].a nyJhipbKa c 3JieKTpo.11.a 

na,neHHe ttanpjl)l(CffH.SI BOCCTaHaBmrnaeTC.SI JJ.O 3a­

)].aHHOro. B OITbITax C >KH,UKHM MeTaJIJIOM MOMeH­

Tbl npOKaJibIBamu1 H CXO)].a fa30B0f0 ny3h!pbKa C 

3JieKTJ)O)].a perttCTJ)Hp}'IOTCR C KpyrhIMH rrepe)l.HHM 

H 3a,UHHM cppoHTaMH CHrHaJia. ,lvJJi aHaJIH3a CHr­

HaJI nO)].BepraeTC.SI npe)].BapHTCJibHOH o6pa60TKe: 

) ) 01.(H<ppOBblBaHMe 3JieKTJ)H4eCKOro CHrHaJia 30H­

J:{a c noMOU(blO nnaTbt L-1250.1 , HMeromeii xapaK­

TepttylO 4aCTOTY o6pameHM.SI 500 Kfu; 2) QCHTJ)H­

pOBaHHe ClffHaJia OTHOCHTeJibHO cpe.11.nero ITO 

speMeHH; 3) yc-rpaHeHMe JfHHCHHOro -rpeH)J.a CHr­

HaJia C )].aT4HKa; 4) Bbl'-IHCJieHHe MOAYJI.SI CHrHaJia C 

J:{aT'IJ-iKa JJ..11.SI nOBbilllemu1 4aCTOTbl 3anoJIHeID1..SI; 5) 
u11cppOBa.SI q>HJibTJ)aUHJI MaCCHBa CHrttaJia C )].aT'-IH­

Ka c nOMOU(hlO HHBepcttoro cjmnb-rpa qe6bJllleBa; 

6) KJIHmtpOBaHHe OT<pHJibTJ)OBaHHOro cwrnana. 

IlpHMep o6pa60TaHHOH 3aBHCHMOCTH Hanp.SI­

)KCHH.SI Ha 3JieKTJ)O)].e 30H)].a OT BpeMeHH npH npo­

XO)KJ:{eHHH fa30BOro ny3blpbKa 4epe3 CJIOH pac­

nnasneHHOro cnnaBa By.n:a npHBe)].eH Ha pHc. 12. 
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BpeMR,C 
I 

a.<2> = f ( . ~2> - . :2> ). /• , 
ns\ 

u=(u<ll +u<2>) / 2. (13) 

BepHq>HKal.(HSI KOMnblOTepHOH 

nporpaMMbI npoao.n.HJiaci, cpasHe­

HHeM pe3yJibTaTOB H3MepeHHH pa3-

JIH'IHblMH MeTO.l).aMH pa3MepoB, 

'!aCTOTbl OTPbIBa, CKOpOCTl-1 ITO,ll.'be­

Ma ny31,1peH npH 6ap6oTa)Ke aprotta 

B )KJ,t)],KOM cnnaae By.n.a. Ha116onee 

sepOllTHbie pa3Mepbl xop.n. H CKOpo­

CTH BCITJlblTIDI B )KH.l).KOM MeTanJie 
0,035 0,036 0,037 0,038 0,039 0,040 0,041 0,042 0,043 0,044 0,045 COOTBeTCTBOBanH 113BeCTHbIM JIHTe­

PHc. 12. CHfHaJJ C 0.llHOro H3 :me1<1pO.llOB aaT'!HKa nocne q>Hnb1-paum-1 H KJJH- pa-rypttblM )J,aHHhIM [7]. 
rutpOBaH IUI 

qaCTOTa 3HaKonepeMeHHOfO ttanpIDKeHIDl, ITO)J,a­

BaeMoro Ha 3neKTpO.ll.bl 30H)J,a, BbI6I-tpaeTCSI TaKOH, 

'IT06bI BpeMSI HaxO)K)J,eHJ-Ul fIY3blpbKa raJa Ha 

3neKTpO.ll.e 6brno MHoro 6onbl11e nep110)),a onoptto-

ro CHrHana. 

B pe3ynbTaTe Toro, 'ITO 3neKTpO.ll.bI npo­

cTpaHCTBeHHO pa3HeceHbl Ha paCCTOSIHHe -1 MM, 

Cl1fttan co BToporo 3neKTpO.ll.a 3aTia3.ll.bIBaeT no 

OTHowemuo K cm-Hany c nepaoro 3JieKTpo.n:a Ha 

BpeMR, nponopl.(HOHanbHOe CKOpOCTH .ll.BIDKeHHSI 

fa30B0f0 nyJblpbKa. CKopOCTb .UBIDKeHIDI Ka)K)J,OfO 

fIY3blpbKa pacc•rnTbIBaeTCSI no <pOpMYnaM 

V. = L/(.'2) _ 't(I) ) V. = L/(.(2) _ 't(l) ) 
I 1 1 ' 2 2 2 ' 

V=(r,,;+V2 )/2, (11) 

f)J,e -r?> H . ~
2>- BpeMSI. npHXO)J,a nyJblpbKa raJa Ha 

1-H H 2-H 3neKTpO.ll.bl 30H)J,a, COOTBeTCTBeHHO; - ~') 

H . ~
2
> - BpeMSI CXO)J,a nyJbipbKa raJa C 1-ro H 2-ro 

3neKTpO)J,0B 30H)J,a, COOTBeTCTBeHHO; L - 6aJa ,n:aT­

lfHKa. <I>opMYJIOH ( 11) ycpe.ll.HJllOTCSI 3HaqeHHSI 

CKopocTeii, norryqeHHbrx no apeMeHaM perncTpa­

U.HH nepe.n.ttero r,,; H 3a.n.Hero V2 cppottTOB curttana. 

Xop.n.a ny31,IpbKa paccq}IThrnaeTcjf no q>OPMY-

rre 
H (l) = V. (.'1) -.''' ) H (2) = V. (-r(2) _ . <2) ) 

12 1 , 22 ,, 

H = (H(I) + H 12,)/2 , (12) 

r,n:e H 111
, H 12

> - ,ll.nHHa XOp.l).bl ny3blpbKa raJa, on­

pe.n.eJieHHa.JI no nepece'leHHIO flY3blpbKOM COOT­

BeTCTBeHHO l HJIH 2-ro 3JieKTpO.ll.0B. 

Y cpe.n.HeHHoe 3a ace speMR • H3MepettHH 3Ha­

'lettHe HCTHHHOfO JIOKaJibHOfO faJOCO.D.ep)KaHHll 

paCC'IHTbIBaeTCSI KaK OTHOWeHHe cyMMapHOH ,ll.nH­

TeJibHOCTH npe6braaHHsi 3aperHCTPHPOBaHHbJX N 
ITY3blpbKOB Ha O,!lHOM (HJIH Ha Ka)K)J,OM H3 .n.ayx) 

3JieKTpo.n.e K speMeHH -r, T.e. 
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B KOHrype pa6o'!ero yqacTKa 

ycTaHOBJieHO 8 3JieKTpOKOHTaKTHbIX 

30H.ll.OB. ,[(aa 30H)J,a (1 H 2-H) pacnonaranHcb Ha 

OCH onycKHoro yqacTKa KOttrypa Ha paCCTOSIHIDIX 

1,2 H 4 ,2 M OT HIDKeKTOpa. floKaJaHIDI nepaoro 

xapaKTepH30BanH ,ll.HCnepcHOCTb fa30BOH q>a3bl Ha 

BXO)J,HOH '!aCTH KOHrypa, BTOporo - ycTaHOBHB­

urnecll xapaKTepHCTHKH fa30BOH q>a3bl B noTOKe 

)KJ,t)],KOfO MeTanna Ha OfIYCKHOM yqaCTKe. 

qeTbrpe 30H)J,a ( c 3-ro no 6-ii:) ycTaHOBJieHbI B 

u,eHTpe 'leTblpex napannem,HblX KaHaJIOB. qyBCT­

BHTeJTbHbie 3JieMeHTbl 30H)J,0B pacnoJiaraJTHCI, Ha 

OCSIX 2 , 4 , 6 11 7-ro KaHanOB Ha cepe,ll.HHe HX ,ll.nH­

Hbl. 0HH xapaKTepH30BanH COCTOSIHHe fa30BOH 

q>a3bl nocne npOXO)K)),eHHSI. .ll.Byxq>aJHhIM nOTOKOM 

OfIYCKHOfO yqaCTKa, nOBOpOTOB Ha 180°, noaopoTa 

Ha 90° K pa3)),aTQqHOMY KOJIJieKTopy, o6TeKaHHll 

HMHTaTopoa onopHbIX KOJIOHH TBC, nosoporn Ha 

90° K COOTBeTCTBY!QI:neMY Kattany. 

HaeeCKU C o6pa31faMU ULJWK06 - OKCU006 

C6Ul-/l{a CJI)')KaT OCHOBHbIMH 3JieMeHTaMH KOHCT­

PYKIJ,HH Httrerpanbttoro HH,n:HKaTopa raJOBOH so­

.n.opo.n.co.n.ep)KameH q>aJbI. 0KCH.ll. csHHIJ,a 06paJu,a­

CBff.ll.eTemI B3aHMO.l).eHCTBYeT C BO.ll.Opo,n:oM no pe-

aKIJ,HH 

PbO + H2 =Pb+ H20. (14) 

I13Mettetrne seca rnapoaoif HaaecK.H H3 OKCH.D.a 

CBHHI.(a OT speMeHH npj[MO 3aBHCHT OT KOJIH'leCTBa 

so.n.opo.n.a B ,n:ayxcpaJHOM noToKe, 06TeKa10meM 

HaBeCKy. 

,[(nsi HCKJIIO'leHHSI MeXattH'leCKOfO yttoca Ha­

BeCKa - OKCH.ll. CBHHUa cpopMHPYeTCll B BH)J,e apec­

COBaHHblX no cneuHaJTbHOH Texi--Ionorn1-1 ccpepoH­

.n.os .l).HaM~OM 7 MM, 3aKJTIO'leHHbIX B nepcpopH­

poBaHtty!O KOp3HHKY 113 CTaJTH X I8H 1 OT. HasecK.H 

npe)J,BapHTeJlbHO B3BeUJHBaJIHCb Ha na6opaTOpHblX 

aecax. Y crnttaBJIHBaeTc.si ll.HPKYJIRUIDI .n.ayxcpaJHO­

ro TeITJIOHOCHTeJill B H30TepMI1'1eCKOM pe)KHMe 



np11 TeMneparype 113 J.J.HanaJoHa 400 °C '-1epe3 HC­

cne).J.yeMbJH )"'laCTOK. TTp11 3TOM q>lfKCHpyeTc.R HC­

XO).J.HOe COJ.J.ep)l(aHl:fe BOJ.J.0p0J.J.a BO BBO).J.11MOH B 

nOTOK TeOJlOHOCHTeJl.R raJOBOH q>a3e, paBHOe np11-

MepHO 50 ± 5 % 06-beMHhJX. TTo KOJlH'-lecTBeHHoH 

oueHKe B3aHMO).J.eHCTBl1.SI HaBeCOK C BOCCTaHOBH­

TeJlhHOH cpe.D.OH MO)l(eT 6b1Tb onpe).J.eJieHO HaJIH-

411e 11JIH OTCYTCTBHe raJOBOH q>a3bl, HanpHMep, B 

3aCTOHHbJX 30Hax KOHT)'pa. TaKHM o6pa30M, Ha­

secKa CJl~HT HH).J.HKaTopoM raJOBOH q>a3bl B 
)1(11).1.KOM MeTaJIJie. 

TTpH npHtty).J.11TeJibHOM BBO).J.e raJa B KOHT)'p 

H36bIT04HOe ).J.aBJieHHe B UHPKYJI.RUHOHHOM KOH­

Type H cenaparnpe nosbIWanocb, H Heo6xo.rufM 

nepHOJ.J.H4eCKHH c6poc raJa s cneuseHTHJI.RUHIO, 

KOTOpblH npOH380).J.l:fJIC.SI no npeBbIWeHl110 J.J.aBJie­

HH.SI HaJ.J. JaJ.J.aHHbrM (0,3 am) Ha 0, I aTM. TT pH H3-

6bJT04HOM J.J.asJiemrn s cenapaTope +0,5 aTH npo­

HCXOJ.J.HJIO cpa6aTb1Bam-1e 0).1.HOro 113 J.J.Byx npe).J.O­

xpaHITTeJihHbIX KJiaITaHOB. 

HH<JUKGl,fWf zmoeoii (jJCl3bl, omcenapupoeae­
w.eucfl e 2moom6opHb1x mpy6Kax. KoJIH'-lecrno 

raJa, nepeHOCHMOro 0OTOKOM )l(H).J.KOro MeTaJIJla 

4epe3 napaJ1JieJibHb1e Tpy6K11, s o6meM CJI)'4ae 

pa3JIHlfHO H 3aBHCHT OT 06beMHOro pacxona )l([,fJ.J.­

KOro MeTaJIJia, o6T,eMa 8B0).1.HMOro 4epe3 HH)l(eK­

TOp raJa, Ha'-laJibHOro cpe.D.Hero pa3Mepa raJOBblX 

BJ<JJI04eHHH H T.Jl. ra30BblH o6beM Ha)]. yposHeM 

)1(1,JJ.J.KOro MeTaJIJia C.11)')KH.11 4aCTE,IO raJOBOH CHC­

TeMbl ra300T6opHbIX Tpy6oK. B pe3yJTbTaTe cena­

pauHH ra3a yposeHb )f(H).J.KOro MeTaJIJJa IlOHIDKaJI­

C.R , a ).J.aJ3JleHHe B raJOBOM o6T,eMe 0OBblWaJIOCh. K 

raJOBOMy o6beMy Ha)]. yposHeM )f(HJ.J.KOro MeTaJIJia 

ITO)lCOe).J.HHeHbJ MaHOBaK)')'MeTPbl co llIKaJIOH 
+O 6 
_0 :1 MTia, nepena).J.oMepbl nma Canq>Hp ,[(H 3110, 

KOTOpblMH H3Mep.SIJ10Cb ).J.aBJiem,e OTHOCITTeJlbHO 

J.J.asJieHH.R s raJosoM o6beMe cenapaTopa. 

Ilp11 MaJibIX o6beMax 0Tcenap11posasrneroc.R 

raJa H3 BOCCTaHOBHTeJibHOH CMeCH npHMeH.SIJlC.SI 

xpoMaTorpaq>H4eCKHH MeToJ.J. aHaJIHJa. OrcenapH­

posasrna.Rc.R cMeCb Ar, H 2 H napos H 2O noJ.J.XBa­

TbIBaJiacb 0OTOKOM reJIH.SI H HanpaBJI.RJiaCb B CHC­

TeMy xpoMaTorpacf>a JIXM-80. TaKHM o6pa30M, 

xpoMaTorpacf> CJIY)l(l,JJI HHJ.J.HKaTopoM raJOBOH cpa-

3bl, J.J.OCTHraswew napaJ1JieJibHblX Tpy6, coe).J.H­

lli!BWHX KOJIJieKTOpbr y4aCTKa. CxeMa xpoMaTo­

rpaqia JIXM-80 BKJJIO'-laJia raJOBYfO JlHHHIO OT 

6aJ1JIOHa co C)l(aTblM remteM, npOXO).J.HBllIYIO qepe3 

sepXHIOIO 4aCTb raJooT6opHblX Tpy6oK. TTOTOK 

reJIH.SI 00).1.XBaTblBaJI OTcenap11posaBlll)'lOC.SI CMeCb 

Ar, H 2 H napos H 2O H HanpaBJI.RJI ee B xpoMaTo­

rpacp JIXM-80. B 3T0M cny4ae Morno 6bITb o6Ha­

py)l(eHo npHCYTCTBHe BBO)lHM0ro B )1(11).1.KHH Me­

TaJIJl aproHa HJIH CMeCH aproHa C BOJ.J.OpO.ll0M. 

.lvui BBO).J.a raJa B nOTOK T.Sl)l(eJioro TeITJIOHO­

CHTeJI.R B pa3J1H4HblX 3KcnepHMeHTax HCn0Jib30Ba­

JIHCb pa3HbIe ycTpOHCTBa. Ha pa6ol.feM y4aCTKe 

CTeH).J.a TT-2M (pHC. 8) npHMeHHJIHCb 6ap60Ta)l(­

Ha.R TPY6Ka c 0J.J.HHM ornepcTHeM, 3)1(eKTop H M, 
a Ha pa6o4eM )"'laCTKe CTeHJ.J.a CBT-3M (pHc. 9) -
HH)l(eKTop. Ha CBHHU0BOH nerne cTeHJ.J.a TT- IM 

(pHc. I 0) ra3osy10 q>aJy B noToK TIDKenoro Tenno­

H0CHTensr BB0J.J.HJIH npH noM0ll.(H M-
B pa6o4eM y'-laCTKe CTeHJ.J.a TT-2M np11 HC­

OOJib30BaHHH 3)1(eKUH0HH0ro ycTpOHCTBa q>OpMH­

poBaHHe HHCX0J.J.HUJ,ero J.J.ByxK0MITOHeHTHOro no­

TOKa np0HCX0).J.HJI0 CJieJ.J.YIOUJ,HM o6pa30M. raJ, 

HaxOJ.J..Rll.(HHC.R HaJ.J. 3epKanOM pacnJiasa, 3acacb1-

sanc.R J.J.BH)l(YUJ,HMC.R TennoHocITTeJieM s yJKOH 

4aCTH 3)1(eKTopa. .ll:ByxKOMOOHeHTHblH 00TOK, 

npoxo.D..R 4epe3 cenapaTop H 3arpy30'-IHbIH 6aK, 

o6e).J.H.SIJ1CH raJOBOH q>a30H BCJie).J.CTBHe cenapfil.lHH 

KpynHbIX raJ0BbIX nyJb1pe11. Ilo3TOMy B HHcxo­

J.J.HUJ,eM noToKe (3a Jarpy30L£HbIM 6aKoM) yseJiwrn­

Banacb ).I.OJI.SI MeJIKO)lHCnepCHOH raJ0BOH q>a3bl (no 

cpaBHemno C IT0TOKOM Ha BblXO).J.e H3 3)f(eKTopa). 

B cny'-lae npHMeHeHH.11 6ap60Ta)f(HOro ycT­

powcrna q>OpMHpOBaHHe JlByxK0MITOHeHTH0ro no­

T0Ka npOHCXO).J.HJI0 Henocpe).J.CTBeHH0 B BepXHeH 

4aCTH onycKHOH TPY6b1 (npH Jarny6Jiemrn 6ap6o­

Ta)f(Horo ornepcTH.R HJ-l)l(e BepXHero cpe3a TPY6b1 

Ha ~ 5 CM). raJ s 6ap6oT~ TPY6Ky Il0).J.asanc.R 

npHtty).J.ITTeJlbH0 H3 raJ0B0ro 6aJIJIOHa. Eap60TH­

pyeMblH ra:3 4aCTH'-IHO BbIJ.J.eJI.SIJlC.SI B 3arpY304H1:,IH 

6aK H3-3a cenapau1111 KPYITHbIX ny3b1pei1. MerrKHe 

TIY3blpH ysJieKanHCb Te0JIOHOCHTeJieM. 

ITepBbIH 3Tan 11cnbrTaHHH npose,neH s cJie­

.nyromei-i nocJie,nosaTeJibHOCTH: a) 3)f(eKUH.R 

HHepTHoro raJa He s Te'-leHHe ~ 23 '-lacos; 6) 6ap-

6oTa)f( He s Te'-leHHe ~ 24 4acos; s) Bb16op ycTpow­

crna ,u11cneprnposaHHJ1 JlJIH J.J.aJlbHeanrnx HCITbrTa­

mrn; r) npoBe,neHHe BOAOPOAHOro BOCCTaH0BJle­

HH.SI OKCHJlOB PbO s HMHTaTope llIJiaK0BblX 0TJIO­
)f(eHHH B Te4eHHe ~48 4aCOB. 

Ilp11 3)f(eKUHH He B 6aKe Hacoca HaK00HJIOCb 

3a 23 4aca ~ 46 JI He ( CKOpOCTb HaK0OJieHH.R 

~ 2 JI/ 4ac). TTp11 3T0M ycpentteHHbIH pacxo,u raJa, 

nonasaeMoro B 3)f(eKTop, cocTaBJl.SIJl 4, I n/ 4ac. 

O4eBH)lHO, l.fT0 0K0JI0 Il0Jl0BHHI,I 3)f(eKTHpyeMoro 

raJa npoxo).J.HJlO 4epe3 PY, nocTynano B 6aK ttaco­

ca H cenapHp0BaJI0Cb TaM, .l{pyra.R IT0JIOBl1Ha 4ac­

TH'-IH0 UHPKYJIHposana no JaMKHJT0MY UHKJIY: 

3arpy30'-IHbIH 6aK - H3Mep11TeJ1b pacxo.D.a ra3a -

3)f(eKTop - cenapaTop raJa, a 4aCTH'-IHO "Ha611Ba­

nacb" B raJ0BblX 00JIOCTHX ("rycaKax" ) KOHTypa. 

TTp11 6ap6oTa)l(e He B Te4eHHe 24 4acos Ha­

Konnett11e nocJieJ.J.Hero B 6aKe ttacoca coCTaBHJI0 Be­

JIH'-IHHY ~ 40 n ( CKopocTb HaKonneHH.R ~ I , 7 JI/ 4ac ). 

Ilp11 3TOM ycpeJ.J.HeHHbJH pacxon 6ap60T11pyeMoro 

raJa cocTaBHJI seJIH411HY ~ 6 ,2 JI/ 4ac. Mo)l(HO C4H-

27 



TaTb, •uo .aom1 ra:Ja, KOTOpcU! npoxo.a1-1.na 4epe3 PY 
H nocrynana s UHPKYJUU.IHOHHhlH Hacoc, cocTaB­

mma ~27 %. 
11cxo.asi H3 pe3yJibT8TOB, no.rrylfeHHblX npH 

3)1(eKQHH H 6ap60Ta)Ke fa:38, .11.enaeTCSI BbIBO.Ll, YTO 

B KOHKpeTHblX ycJIOBHJIX 3KCnepHMCHTll 3)1(eKTOp 

CJIY)l(HJI 6onee 3cpcpeKTHBHblM ycrpOHCTBOM )1.HC­

neprnposaHHSI fa30BOH q>a3bI, '-ICM 6ap6oTep C 0,Ll­

HHM 6ap60Ta)l(Hb!M OTBepCTHeM. TeM He MeHee 

.LlJlJI ,LlaJibHeHllIHX HCnblTaHHH BbI6paH nocne,LlHHH 

KaK yc-rpoHCTBO c 6onee npocTOH KOHCTpYKUHeH. 

KpoMe Toro, nocne.ayt0utHH 3KcnepHMeHT c HC­

nonh30BaHHeM 6ap6oTepa HHTepeceH TeM, '-!TO B 

pe3yJibTaTe ero npose.11.eHHJ1 coJ.aasanHCb .11.aneKo 

He JT)''lfWHe ycJIOBHJI ,LlJlJI 80.11.0P0.11.HOfO BOCCTaHOB­

neHHJI. IlpH npHMeHeHHH 60JibllIHHCTBa H3BeCT­

Hl>IX .11.HCnepraTOpOB B03MO)l(}f0 cpopMHpOB8HHC 

.LlByxKOMnOHeHTHblX nOTOKOB C 60JibllIHMH fa30-

co.11.ep)KaID1eM H )1.HCnepcHOCTblO fa30BOH q>a3bl. 

Ilo3TOMY npose.11.eHHOe BOCCTaHOBJieHHe SIBJISleTCSI 

npaKTH'iCCKH "npe.aeJibHblM" (npH HaHXy.awew 

3cpcpeKTHBHOCTH npouecca) 3KCnepHMeHTOM. 

Bo.11.opo.aHoe BOCCTaHOBJieHHe npOHCXO)J.HJIO B 

Te'-!CHHe 50 l.faCOB npH TeMneparype TenJIOHOCH­

TeJIJI 3 70 °C H CKOpOCTH HHCXO.Llstmero noTOKa re­

ITJIOHOCHTCJIJI B OCHOBHOM ~ 0, 15 Mf c. IlpH 3TOM B 

6ap6oTep no.aaaancsi YHCThIH so.11.opo.a co cpe.11.HHM 

pacxo.11.oM ~6 .n/qac. 

B Ta6n. 3 npHBe,LleHbl HCXO,!J,HJ,le H nocne BOC­

CTaHOBJieHHJI Maccb1 PbO s KOHTeHHepax, pacno­

JIO)l(eHHbIX Ha pa3JIH'fHOH r.rry61rne. 3.aecb )Ke npH­

se.aeH npoueHT BOCCTaHOBJieHHOfO Pb B 3THX KOH­

TeHHepax. BH,nHO, YTO creneHb BOCCTaHOBJieHl-{SI 

yMeHbWaeTCSI C ysenHYeHHeM 3ar.rry6neHHJ1 OKCH­

.LlOB. TeM He MeHee BO scex CJiyYaJIX Ha6Jit0,LlaeTCSI 

JaMeTHoe soccTaHOBJieHHe Pb H3 ero OKCH.lJ.OB. 

TaKHM o6pa30M nOKa3aHO, 'iTO ,na)Ke B He6naro­

npHJITHblX YCJIOBHJIX npouecca (HH3KcUI CKOpOCTb 

HHCXO,nJlmero nOTOKa T)KMT, npHMeHeHHe He3cp­

cpeKTHBHOfO ,nHcnepraTopa fa:38, OTHOCHTeJibHO 

HH3KcU! ,LlJlJI KOttrypa C T)l{MT TCMneparypa) 803-

MO)l(Hbl ocymeCTBJieHHe so.nopo,nHoro BOCCTaHOB­

JieHHJI H OYHCTKa KOHrypa OT OKCH,nOB CBHHQa. 

T a 6 n " u a 3. Macc1,1 PbO B HMHTaTopax OTJJO>KeHHH 
Ha pa6otJeM Y'-f3CTKe cTett,na TT-2M JJ.O 11 nocne 
BOCCTaHOBJJeHl1JI npH HCnOJJb30B3HHH 6ap60T3)KH0li 

6 TPY' KH C OJJ.IDIM OTBe0CTHeM 

rny61rna no- HcxoJJ.HaK 
Y6b!Jlb CTeneHb soc-

Macca PbO, r MaCCbl CT3HOBJJeHHJI 
rpy>KeHHJI, M 

PbO, r Pb, % 
I 26,04 26,04 100,0 

2 26,45 12,09 45,7 
3 27,02 2,41 8,9 
4 27,35 2,06 7,5 
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Ha BTOpOM 3Tane HCilblTaHHH ,LlJlJI cpopMHpo-

88HHJI fa30BOH q>a3bl 8 TenJIOHOCHTeJie npHMeHJIJI­

CSI M- <l>opMHposaHHe .nsyxKOMITOHCHTHoro no­

ToKa npOHCXO,LlHJIO B o6beMe T)l(MT 3arpY30YHO­

ro 6aKa. BoccTaHOBHTeJibHaSI CMecb no.aasanacb 

H3 fa3080f0 o6beMa 6aKa, Bb16paCbl8aJiaCb B 

T)l(MT Yepe3 menb Me)l(Jly no.nBJ,f)l(}fbJM H Heno.a­

BH)l(HblM AHCK8MH .a11cnepraTopa H YBJICKaJiaCb 

HHCXO.LlSlll.lHM ITOTOKOM s Tpy6e d = 4 CM. 11cxo.n­

HcU! KOHQeH-rpau1rn so.aopo.11.a s raJe 3arpy30'-!Horo 

6aKa ~20 % 06., TeMneparypa DKMT 400 .. .420 
°C, cKopocTb T)l(MT ~O, l Mic, speMst npoae.aeHHSI 

3Tana HCITblT8HHH ~ 16 lf8COB. 

B Ta6n. 4 npe.acTasneHbl Maccb1 PbO s HMH­

TaTopax OTJIO)l(CHHH, pacnOJIO)l(eHHblX Ha pa3JIH'lf­

HOH r.rry6HHe, .LlO H nocne BOAOP0.11.HOfO BOCCTa­

HOBJieHHJI. CYMMapHoe H3MeHeHHe seca PbO s 

HMHTaTopax orno)l(eHHH B npouecce pa6oThl M 
COCTaBHJIO 65, l r. B 3TO )KC speMSI y6b1Jlb o6beMa 

H 2 38 16 48COB COCTaBHJia ~7 JI. 3THM KOJIH'-ICCT­

BOM so.aopo.aa MO)l(HO soccTaHOBHTb Pb H3 ~ 70 r 

PbO. Ilony'ieHHcU! pacYeTHcU! y6b1J1b Macchi PbO 
YAOBJleTBOpHTCJlbHO coana,naeT C 3KCnepHMeH­

TaJlbHO 3aq>HKCHpOBaHHOH. 

T a 6 n " u a 4. Macc1,1 PbO s HMHTaTopax orno>KeHHH 
Ha pa6o'leM Y'-f3CTKe cTett,na TT-2M JJ.O H nocne socCTa­
HOBJJeHHSI c HCITOJrb30BaHHeM M 

fny6HR3 Hcxo.D,HaSI Y6bm1, CTeaeHb eoc-
norpY>Ke- Macca M3CCbl CT3.HOBJleHl1JI 

HI-Ul, M PbO, r PbO,r Pb,% 
I 25,58 25,58 100,0 
2 27,16 27,16 100,0 
3 25,91 10,10 39,0 
4 27,88 2,26 8,1 

B pa6o'ieM yqacTKe CBT-3M B Te'ieHHe CYTOK 

B TCnJIOHOCHTeJlb no.aaaanc.11 HHepTHblH fa3 (ap­

roH) H B ra300T6opHbIX -rpy6Kax OTcenapHposa­

nocb ~0,75 JI H3 6 000 11, BBe,LleHHblX B MCTaJlJI. Ho 

rnaBHblM B .Ll3HHOM CJiyYae .IIBJl.llJIOCb TO, 'iTO fa3 

pernc-rpHposanc.11 B pa3llH'fHJ,JX yqacTKax KOHrypa 

MO,LlCJlH H TpaHCITOpTHpOBaJIC.11 no BCCH ee ,LlJIHHC. 

3neKTpOKOHTllKTHblC 30H)J.bl pacnonaranHCb 

Ha OCSIX COOTBeTCTBytOll.lHX -rpy6. IlpH HeCHMMeT­

pH'-IHOH reOMCTpHH 3JieMeHTOB npOTOYHOH lfaCTH 

raJOBcU! cpa3a npH MaJibIX ra:Joco.11.ep)l(aHHJIX Morna 

He npOXO,LlHTb '-!epe3 QCH-rpbl -rpy6 H n03TOMY He 

pernc-rpHposanacb 30H)J.aMH. IlpHMep OCQHJIJIO­

rpaMMbl, nOJiyYeHHOH C nOMOlUblO 3JieKTJ)OKOH­

TaKTHOfO 30H,Lla N~ 8, )1.aH Ha pHC. 13. ,[(nHTeJlb­

HOCTb npoxo)l(,LleHHSI HMITYJibCa Hanpst)f(eHH.11 Ha 

30H,Lle xapaKTepH30BaJia pa3Mep xop,Llbl raJOBOfO 

ITYJblp.11, npOKaJibl88Bll1eroc.11 30H,LlOM. IlpH cpe.a­

HeH CKOpOCTH onycKHOfO TelfeHHJI nOTOKa )KH,LlKO­

ro MCTaJIJla npHMepHo 0,5 Mic Ha1-1.6011ee seposiT­

HcU! CKOpOCTb ,LlBH)l(CHHJI fa30BOH q>a3bl COCTaBJI.11-

Jla npHMepHO 0 ,3 Mi c. 
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PHC. 13. OcUHJIJJOrpaMMa 3JleKTpl-f'ieCKOro CHTHaJJa 
3JleKTpOKOHTaKTHOf0 JOH.Ila N2 8, pacnoJJO)KeHHOro Ha 
Bbrxo.ne HJ pa6oqero yqacTKa 

TipH npose,n_emrn BOAOPOAHOro BOCCTaHOBJTe­

HH.ll Ha 3TOM >Ke pa6otieM yt.iaCTKe HaBeCKH C OK­

CH.D.aMH CBHHUa ycTaHaBJJHBaJTHCb B lli!TH MeCTaX 

KOHrypa: OAHH - B HH)KHeH '-13CTH onycKHoro yt.ia­

CTKa MO.D.eJJH, TPH - s rpe6eHKe napanneJJbHI,IX 

TPY6 (a 1, 3 H 5-w TPY6ax), OAHH - B aepXHew qac­

TH 00,A'beMHOrO yqacTKa B6JJH3H BbIXO.D.a H3 MO­

.n.enH. 

CxeMa p33MemeHH.ll B r33ooroopttow TPY6Ke 

HH,AHKaTopa C o6p33U3MH-CBH.D.eTeJJ.l!MH npe,n_­

CTaBJTeHa Ha pHc. 11. K rnpu,y cTep)KH.lJ AJJHHOH 5 

I 00 MM H AHaMeTpoM 5 MM caapKOH npHKpe£1JU1-

nacb nepcpopHpOBaHHIUI UHJlHHAPH'-leCKIUI KOp3HH­

Ka Hapy)KHLIM AHaMeTPOM 8,5 MM H .nmrnow 20 

MM, BttyTPH KOTOpOH CB06o.nHo p33MemeHbl ,llBa 

ccpepOH.D.a OKCH,llOB .D:H3MeTpOM 6 MM. TIO BbICOTe 

KOp3HHKH pacnono:>KeHbl C TaKHM pac'-!eTOM, '-IT0-

6bl KOp3HHKa pacnonaranacb B cepe,n_1rne .D:JJHHbJ 

napannenhHbTX TPY6-Kattanoa, coe.n.1rn.l!BllIHX o6a 

KOJJJJeKTopa MO,lleJJH. [330BIUI Q)33a perncTpHpOBa­

nacb xpoMaTOrpacpoM B TPeThew r33ooroopttow 

Tpy6Ke H no yMeHbllleHHIO MaCCbl o6p33UOB OKCH­

,llOB BO scex n.llTH HaBeCKax. 

,[{Be KOp3HHKH C OKCH,llaMH Kperuurncb K 

CTep)KH.lJM ,ll.TIHHOH 290 MM. 3TH HaBeCKH pacnona­

ranHCb Ha OC.llX onycKHoH H no,nbeMHOH TPY6 MO­

,n_em1. Bee noca,llO'-IHJ,Ie MeCTa HaBeCOK 6blJJH 

p33beMHhlMH AJJSI H3BJJe'-leHH.ll KOp3HHOK C OKCH­

,ll3Ml1 nocJTe OnhlTOB. BpeM.ll Oilb!Ta C o6p33U3MH­

CBH,lleTeJUIMH npH TeMneparype nOTOKa 400 °C H 

50 % 06. 80,ll;Opo.na B f330BOH CMeCH COCTaBJJ.l!JJO 

npHMepHO Tpoe CYTOK pa60Tbl CTeH,Aa. TioJJ)"-leH­

HbJe pe3yJJhTaTbl CBe,AeHbl B Ta6n. 5 . 

B CBHHUOBOH nerne CTeH.na TT- IM M.ll cpop­

MHpOBaHHJI f330BOH Q)33bl B TenJTOHOCHTene npH­

MeHSIJJC.ll ,lJ,Zl TeMneparypa T)l(MT cocTaBmma 

~ 420 °C, CKOpOCTb T)KMT ~ 0,2 Mic, speMSI npo­

Be,LJ;eHH.ll :nana HCilbtTaHHH ~256 '-13COB. TIOJJ)"-leH­

Hble pe3yJJbTaTbl npHBe,LJ;eHbl B Ta6n. 6. 

T a 6 n u u a 5. Macchi PbO s HMHTaTopax OTJJo)Kemrn 
Ha pa6o'leM yqacTKe CTett.na CBT-3M .no H rrocne 
BOCCTaHOBJ1eH1-U1 C HCIIOJlh3083HHeM HH)KeKTOpa 
N2 MecTa Hcxo.nHal! Y61,1m, Mac- CTenem. soccra-

Jott.na Macca PbO, r cr,1 PbO, r HOBJJeHID! Pb, % 
2 3,02 3,02 I 00,0 
3 2,94 2,00 68,0 
5 2,80 0,70 25,0 
7 2,66 0,50 18,8 
11 2,82 1,26 44,7 

Ta6nnua 6. Maccr,1 PbO s HMHTaTOpax OTJJO)KeHHH 
Ha CBHHUOBO H nerne cTeH.na IT-IM .no H nocne 
BOCCTaHOBJie HHll c 11cnoJ1b30BaHHeM M 

fny6rrna no Hcxo.nHM 
Y61,1m, CTerreHb -

Macca PbO, r 
MaCCbl BOCCTaHOBJJe-

rp)')KeHHll, M 
PbO, r HHl!Pb, % 

100,3 45,4 45,2 
2,7 91,7 35,8 39,l 
5 103,2 38,2 37,0 
6 87,6 32,0 36,6 

Tio.n:rnep)KJl.em,1 pa60Tocnoco6HocTb H 3Q)­

cpeKTHBHOCTb p33JJH'-IHhIX ,llHCnepraTopoB r33a 

(6ap6oT3)KHall TPY6Ka, 3>KeKTop, HH)l(eKTop, ,IJJO, 
HX cnoco6HOCTb cpopMHpOBaTb Mem<o,n:HcnepCH)'IO 

(< 100 MKM) f330BYJO Q)a3Y, TPaHCnOpTHpyeMyio 

TeruJOHOCHTeJJeM Ha 60JThUIJ1e paCCTO.l!HH.ll (> 6 M). 

TIOJT)"-ICHHbJe pe3yJTbT3Tbl OTKpbIB3IOT urnpoKHe 

B03MO)KHOCTH npose,n:eHID! 3Q)Q)CKTIIBHOH "o6'beM­

HOH" BOAOPOAHOH O'-IHCTKH KOttrypoB PY KaK ner­

JTesow, TaK 11 6aKoaoi1 KOHCTPYKUHH. 

3. KoeTpOJJb co.i.ep:lKaeas 
pacTsopeuuoro B TJKMT KHCJJopo.i.a 

Bb11lle OTMel.fanacb B3)KHIUI pom, npHCYTCT­

BYJOil(ero B TenJTOHOCHTeJJe H KOttrype KHCnopo,n:a. 

TI03TOMY O.D:HHM H3 OCHOBHbIX KOffTPOJJHpyeMbIX 

napaMeTPOB npH 3KCnJJYaTauHH CHCTeM C Tenno­

HOCHTeJJ.l!MH Ha OCHOBe CBHHJ..\3 H npose.neHHH 

3KcnepHMeHTaJJbHhlX HCCJJe,AOB3HHH npoueccoB 

MacconepeHoca B UHPKYJJSIUHOHHblX KOttrypax C 

3THMH TeruJOHOCHTe.lUIMH SIBJU!eTCSI KOHUeHTP3U.H.ll 

C H TepMOAHHaMH'-leCKrul aKTHBHOCTb a KHCJTOpo­

.na, pacrnopeHHoro B TennoHOCHTene. Hanpaane­

HHe H HHTeHCHBHOCTb npoTeKaJOllllfX npouecCOB, 

KaK npaBJ1JJO, onpe,llCil.lllOTC.ll ypoBHCM 11 H3MCHe­

HHeM 3H3'-ICHHH a. lliMepeHHe a ocymecTBJUleTC.ll 

KHCJJOpOAHblMH ceHcopaMH. 

B TenJJOHOCI-ITeJJJIX Ha OCHOBe CBHHUa npHHSI­

TO onpe,LJ;eJUITb a H3 COOTHOilleHH.ll 

(15) 

r,n_e C H Cs - cooTBeTCTBeHHO TeKy1Ua.S1 KOHUeH­

TpauHsi H KOHUeHTpau,IDI HaCblll(CHIDI paCTBOpeH­

Horo KHCJJOpo.na B 06beMe TeITJJOHOCHTem1 C cpmc-
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e11posaHHOH TeMneparypoi-1. I-fa eoornowemrn (15) 

e11e,u,yeT, 'ITO npH noeTOllHeTBe C H TeMneparypbl 
eoxpaw1eTeS1 noeTOS!HeTBO a, a Ka)K,!J,OM)' TeMnepa­

rypHOM)' paenpe,D.e11emno C eOOTBeTeTByeT eTµoro 

3a,D.aHHOe TeMneparypttoe paenpe.n,e11eH11e a, on­

pe.D.em,eMoe TeMneparypHOH 3as11eHMOeTblO Cs, 
,nnll TeMnepaTYPHOro ,D.Hana.3otta t = 

400 ... 700 °C s CBHHJ.(e peKOMeH,u,yeTeSI eOOTHO­

wemIe 

lgCS =3,438-5240/T, (16) 

r.D.e T - TeMneparypa, K; pa.3MepHOCTb Cs - Mace. 

%. C HCnOJlb30BaHHeM COOTHOllieHHH (15), ( 16) 

onpe,D.eJ1S1eTCSI cpyHKl..(HOHaJlbHaSI eBS£3b a H T npH 

3a.n,aHHbIX 3HalfeHHSIX C, HOC.lilnaSI mrneHHhIH xa­

paKTep. 

TTpH npose,D.emm 3KCnepHMeHTaJlbHbIX 11e­
e11e,D.0BaHHH B eHCTeMax e T)KMT o6bl'-rno npH­

MeHKIOTCSI ~He11opO.D.Hble eeHeOpbl Ha OCHOBe 
faJJbBaHHlfeeKHX KOHl..(eHTpal..(HOHHbIX srlfeeK C 

TBep.D.bJM 3J1eKTpOJ1HTOM Zr02 + Y20 2 H 3JleKTpo­
.D.OM epaaHeHID! Bi-Bi20 3. l1oKa.3aHID! TaKHX eeH­

eopos B eBHHl..(e BblpIDKaIOTC.ll ypasHeHHeM 

E= 131,2- l,54·10-2 T(l +6,61 lga). (17) 

l1eno11r,3y.ll ypairneHH.ll ( 15) ... ( 17), eTµO.l!Te.ll 

.D.HarpaMMbl E-C-a-t, E-C-t HJlH E-C-CF.-t. no­

e11e,D.HHe no.rryqaioT .D.Ono11HeHHeM .n,11arpaMM E-C-t 
JlHHIDIMH H30KOHUeHTµaQHR )KeJ1e3a (mtHH.l!MH 

TeMneparypHoro paenpe,D.e11eHH.ll KOHl..(eHTµar.urn 

KHeJiopo,D.a, paBHOBeeHbIX C Fe304 H e 3a,n.aHHblMH 
KOHl..(eHTpal..(HSIMH )KeJle3a). TTonylfeHHbIMH ,D.Ha­

rpaMMaMH nOJlb3YIQTC.ll npH 11ee11e,D.OBaJUlH npo­

ueeeos, nporeKaJOIUHX B e11cTeMax e T)l(MT. l1p11 

3TOM KOJlHl{eCTBO H MeeTo paenOJlO)KeHIDI eeHeo­

poB a Ka)K,!J,OM KOHKpeTHOM e.rryqae BbJ6HpaJOTe.ll, e 

O.ll,HOH CTOpOHbl, HeXO.D..ll H3 eo.n.ep)KaHHJI H l..(eJleH 

npOBO.ll,HMbIX 11ee11e,D.OBaHHH. C .D.pyroii eropOHhl, 

Ha 3TOT BbI6op eymeCTBeHHOe BJlH.l!HHe OKa.3bIBa­

lOT npe,D.eTaB11eHH.ll 11eene,D.0BaTe11eii o xapaKTepe 

paenpe.n.eneHHSI npHMeeH KHenopo.n.a B TeilJlOHO­
eHTeJJe. 

B HaCTO.l!I[lee BpeM.ll .D.OMHHHpyeT TOlfKa 3pe­

HIDI, lfTO B peanbHOM UHPKYJ!lll..(HOHHOM KOttrype 
peaJJH3yeTeSI H30KOHl..(eHTpal..(HOHHOe pacnpe,D.eJle­

HHe npHMeeeil: B TennoHoeHTeJI.SIX, TaK KaK l..(HpKy­
JlSll..(H.ll TenJlOHOeHTeJl.ll enoeo6eTByeT BblpaBHHBa­

HHIO eo.n.ep)KattID! npuMeeeil: so seex ero o6beMax. 

Bee npHMee11 B l..(HpKy11HpYIQmeM TennoHOCHTeJJe 

TeM HJlH HHblM o6pa.30M B3aHMO.D.eHCTBYIOT .n.pyr e 
,D.pyroM. ,lvui HJlJIIOeTµal..(HH paeeMOTµHM B3aHMO­

,D.eHeTBHe )KeJle3a H paeTBopeHHOro OKeH,D.a eBHH-
1..(a [PbO] s a11.n.e 

4[Pb0]+3[Fe]~(Fep4 )+4{Pb} (18) 

30 

e KOHeTaHTOH paBHOBeeirn 

K = aF.,o,a~/ca:.a;bO). (19) 

TTpH HaJJHlfliH 3aI[lHTHblX OKeH,D.HblX noKpbl­

THH (npH eymeeTBOBaHHH TBep.n.011 (pa.3b( Fe304) 

MO)KHO npHlli!Tb aF.,o, = 1 H a~ :::: A . ITo3TOM)' 

BblpIDKeHHe .ll.Jl.ll KOHeTaHTbl paBHOBeCH.ll npHMeT 
BH.D. 

(20) 

113 BblpIDKeHH.ll KOHeTaHTbl paBHOBeeHJI BH.D.HO, 
lfTO s cpHKeHpOBaHHOM o6beMe TenJlOHOeHTeJl.ll 

semtlfHRa [PbO] e-rporo cooTBeTCTBYeT eo.n.ep)Ka­
HHIO [Fe]. C .n.pyroi1 eTopOHbI, eo.n,ep)KaHHe [PbO] 

0,D.H03HalfHO eTeXHOMeTpHl!eeKH CBll3aHO e eo.n.ep­

)KaHHeM paernopeHHoro KHenopo.n.a [OJ. 

BH.D.HO TaK)Ke, lfTO JII06oe H3MeHeHHe aKTHB­
Hoen, )KeJJe3a (11 Hao6opoT K0e11opo.D.a) BJlH.lleT Ha 

aKTHBHOeTb KHenopo.n.a ()KeJie3a). TToMHMO BbllIJe­

YKa.3aHHblX B3aHMo,D.eHCTBHH MeTaJIJlHlfeeKHX 

npHMeeeM e KHe11opo.n,oM, OTKJlOHeHH.ll OT H30KOH­

l..(eHTpal..(HOHHOro pacnpe.n,e11eHH.ll npHMeeeM 

.ll,OJl)l(Rl,J Bbl3bIBaTb TaK)Ke HeTOlfHHKH H CTOKH 

npHMeeeM, KOTOpbie seer,D.a npHeYTCTBYIQT B KOH­

rype (Ha rpaHHl..(e pa.3,D.ena "TennottoeHTeJib-ra.3", 

"TeTTJlOHOeHTeJlb-eTanh", a TaK)Ke B eaMOM Tenno­

HOeHTeJle). TTo3TOMy paenpe,D.eJieHHe aKTHBHOCTeH 

npHMeCeH B HeH30TepMHlfeCKOM KOttrype B npHH­
L(Hne He MQ)KeT eooTBeTCTBOBaTb a6eoJIIOTHOMy 

H30KOHQeHTµal..(HOHHOMy paerrpe,D.eneHHIO. 0.D.Ha­

KO OlfeBH,D.HO, lfTO npH ena6oil: HHTeHCHBHOCTH 

HeTOlfHHKOB H eTOKOB npHMeeeH H 60JlblIIOM eo­

,D.ep)KaHHH O,D.HOH 03 rrpHMeeeH (no epaaHeHHIO e 

.n.pyruMH) B03MO)KHO ee paerrpe,D.e11eHHe, 6JIH3Koe 

K H30KOHl..(eHTpal..(HOHHOMy HJlH npaKTHl!eeKH H30-
KOHl..(eHTpal..(HOHHOe. 

fu Bb!WenpHBe.n.eHHOrO e11e,u,yeT, 'ITO ey1.I.1e­

eTBYJOI[lHe npe.D.CTaaneHHSI o xapaKTepe paenpe­

.D.MeHH.ll npHMeeu KHC110pO,D.a, MeXaHH3Max B3aH­
MO,D.eMeTBHll npHMeeei1 Me)K,ll.y eo6oi1 H MO,D.e1111x 

Maeeonepettoea a peanbHbIX HeH30repMWieeKHX 

L(HpKYJJlll..(HOHHblX KOHTYPax eymeeTBeHHO pa.311H­
lfaIOTell, 'ITO He Il03BOJ1ReT ,D.OeTaTOlfHO o6oeHO­

BaHHO pernaTb uenbIH p.si.D. npaKTHlfeeKHX 3a.n.alf. K 
noene.D.HHM MO)KHO B nepBYJO Olfepe.D.b OTHeenI 

onpe,D.eJJeHHe TeMneparypHblX 30H yeTaHOBKH KH­

e11opo,D.HblX cetteopoa H HX KOJIHlfeCTBa npH 3Ke­
nnyaTal..(l,fH PY. 

Tl03TOMy B <1>311 npoBe,D.eH l..(HKJl Heene.D.OBa­

HHH [7] TeMnepaTYPHOro paenpe,D.eneHH.ll TepMo­
.D.HHaMHlfeeKoi1 aKTKBHOCTH K0e11opo,D.a B Tll)KeJibIX 

TenJJOHOeHTeJ1RX Ha 11a6opaTOpHblX QHpKyJJjll..(H­

OHHblX KOffTYPax. TaK)Ke pa.3pa6oTaHa MeTO,D.HKa 
"6r,1e-rporo" H "Me,D.neHHOro" TepMOQHK11HpOBaHH.s! 
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HaBeCKH (npo6b1) TennoH0CHTem1 (coOTBeTCTBeH­

H0 M/!:i'C ~ I ° C / c H !:it/!:i'C ~ I 00 °C/ 11ac) C pa:rnH'l­

HblM npHMeCHblM C0CTaB0M. Oco6eHHOCTblO Me­

T0)].HKH l!BmleTCl! TepM0UHKJIHposam,e MaJI0ro 

o6beMa Te□Jl0H0CHTeJll! 6e3 ero npHHYJI.HTeJlbHOH 

UHPKYJlllUHH. TipH TepM0UHK11Hp0BaHHH o6ecne­

'lHBalOTC.SI CK0p0CTH H3MeHeHHl! TeMneparypb!, 

6JIH3KHe cpe)].HHM 3Hat{eHH.SIM TaK0BblX npH UHp­

KYJl.SIUHH Te□Jl0H0CHTeJl.SI B peanbHblX K0Hrypax, H 

HenpepblBHblH K0HTp0Jlb TepMO)].HHaMH'leCKOH 

aKTHBH0CTH npHMeCH KHCJI0po.na B TenJI0H0CH­

TeJle. 

B pe3yJ1bTaTe npoBe)].eHHblX HCCJle)].OBaHHH 

nonyt{eHbl H0BbJe )].aHHble, KaCalOW.HeC.SI sonpocoB 

cpopM cyw.ecrnosamu1 np11Mecei1 B peanbHhIX Ten­

J10H0CHTeJ1.S1X Ha 0CH0Be CBHHUa, B3aHMO)].eHCTBHl! 

np11Mece11 Me)l(Jzy co6ol:I, o6pa3osattH..SI 11 pacna)].a 

np0)].)'KT0B 3THX B3aHMO,!l.eikTBHH B 3aBHCHM0CTH 

OT TeMneparypHbIX ycnoBHH B UHPKYJ1.S1UH0HH0M 

K0ttrype. 3KcnepHMeHTaJibHO n0Ka3a-

H0, ttTo B peanbH0M T)KMT KHcnopoA 3AC, MB 

rypHoro pacnpe)].eneHH.SI KHcnopo.na npocJ1e)l(HBa­

eTc.S1 s rpacpm<ax pHc. 14 H 15. 
vfa Bh1wenp1rneJ1.eHHoro cne.nye-r, 'lT0 oco-

6eHHOCTH rH)].p0)].HH8MHKH UHPKYJUUJ.H0HHbJX 

K0Hryp0B cyw.ecTBeHHblM o6pa:30M BJTH.SIJOT Ha 

K0HTpom cocT0.SIHH.SI T)KMT. TaK, B KoHrypax 

TieTJleBOH K0HCTPYKUHH C 60JlbWHMH CK0p0CT.SIMH 

T)KMT H 3Ha'-leHH.SIMH !:it/M: c 6onbUJOH' sep0.SIT­

H0CTblO npe)].□0JTaraeTC.SI H30K0HUeHTpau1mHHoe 

pacnpe.neneHHe KHCJI0p0)].a. flpH 3T0M K0HTp0JTb 

C0)].ep)l(8HH..SI KHCJI0p0)].a M0)l(H0 np0B0)].HTb 0,z:niHM 

KHCJI0p0)].HhlM ceHC0p0M. 

,[Lrr.SI K0HrypoB ycosepweHCTB0BaHH0H nerne­

BOH H MOH06JlO'-lHOH K0HCTpYJ<l.lHH B H8CTO.SII.IJ.ee 

speM..SI HeB03M0)l(H0 npe.ncTaBHTb 8HaJIHTHt{eCKYIO 

3aBHCHM0CTb )].Jl..SI pacnpe)].eJleHH.SI npHMeCH KH­

cnopo.na B pearrbH0M T)l(MT. Tio3TOMY ,na)l(e 

"rpy6hle" K0HTponb npoueccos Macconepettoca H 

nporH03Hp0BaHHe TepMO)].HHaMH'leCKOH CHryal..{HH 

B K0ttrype HeB03M0)l(Hbl npH HC□0Jlb30BaHHH o.n-

lgC=-11 lgC=-10 lgC= -9 lgC=-8 

scer)].a Hax0)].HTC.SI KaK B paCTB0peHH0M 
540 ..-----.---.--.------,-.-----.----,----,.--, 

BH)].e, TaK H B BH)].e pa3111-ft{Hb!X 0KCH)].­

Hb!X o6pa3osaHHH (sepm1Tttee scero s 

pacrnopeHH0M 111160 K0JlJl0H)].H0M BH­

)].ax). 3TH 0KCH.ZI:Hble o6pa30BaHH..SI M0-

ryT pacna)].aTbC.SI C Bbl)].eJleHHeM B pac­

nnas KHcnopo.na npH TeMneparypax 

HIDKe -500 °C H o6pa30Bb!BaTbC.SI, CB.Sl-

3b1Ba.SI pacrnopeHHblH s pacnnase KH­

cnopo)]., npH TeMneparypax Bb1we -500 
°C. Korrw1ecrno npHCYTCTB)'lOmero B 

TeTIJJ0H0CHTene KHCJiopo.na M0)l(eT Ha 

MH0ro nop.Sl)].K0B npeBblUJaTb paC'leT­

Hble 3Hat{eHH..SI, onpe.ne11eHHb1e no no­

Ka3aHH.SIM KHCJI0p0)].HhlX ceHC0p0B. 

3KcnepHMeHTaJibHO BbUlJ3JleHa B03-

M0)l(H0CTb KaK H30K0HUeHTpaUH0HH0-

ro, TaK H HeH30K0Hl(eHTpal{H0HH0ro 

pacnpe.nenettH.SI KHcnopo.na B T)l(MT 

UHPKYJT.SIUH0HHoro K0Hrypa. Onpe.ne­

neHo, t{TQ 0.UHHM H3 0CH0BHbIX cpaKTO­

pos, BJ1H.S110W.HX Ha xapaKTep pacnpe­

)].eneHH.SI KHCJI0p0)].a, CJIY)l(J,{T CK0p0CTb 

H3MCHCHJ,1.SI TeMneparypbl l..{lipKyJIH­

py10mero T)l{MT, a cne)].osaTeJibH0, 

ero cKopocn, H KpaTH0CTb u11pKy11.S1-

UHH. C yMeHbWeHHeM CK0p0CTH H3Me­

HeHH..SI TeMneparypbI T)KMT yse1111'll­

saeTc.S1 Bep0l!TH0CTb 0TKJl0HeHHl! pac­

npe)].eJleHH..SI KHCJI0p0)].a OT H30K0HUeH­

TpaUH0HH0r0. Harnll)].HO BJlH..SIHHe se­

JlH'lHHbl !:it/Nr Ha xapaKTep TeMnepa-
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3AC, MB 
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Henocpe,ncTBeHHO B ycnoBIDIX PY. ,U1u1 

3TOfO Heo6XOJJ.HMa pa3pa60TKa UJTaT­

HOH ycTaHOBKH. 
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3aKJIJO'leuue 

Tipose.a.eH aHanH3 BJTIDIHH.ll rn.npo­

.ll.H:HaMHKH K0Hrypos LIHPKYJT.lll..lHH 

T)l{MT Pb H Pb-Bi PY nernesow, yco-

seprneHcrnosaHHOH neTJTeBOH H MOH0-

. • S, • : _/ • • · · · · · • lgCFe = -4 
460 +-,~.'---

1

.Ja!'F,.:,...::...........,,..+-. -. -, -. -_ -_ .. +v-7""----.t-.-'---4i----_ ,-.:-""1 lgC = -6 
6no'-IHOH KOHCTJ)YKLIHH Ha ycnoBIDI 

peanH3aUHH H 3q><peKTHBHOCTb Ba)f(­

HeHUIHX MeponpIDITHH TI: so.a.opo.a.­

HOH O'-IHCTKH H KOHTJ)OJT.ll KOHUeHTpa­

L(HH pacrsopeHHOro B TenJT0HOCHTeJTe 

KHCJT0po.a.a. TIOKll3aHO, '-!TO H3MeHeHHe 

KOHCTPYKUHH UHPKYJVrUH0HHblX KOH­

rypoB, np0BO)].HMOe C ueJTblO YJTY'-lllle­

HH.ll 3KOHOMHKH H TTOBblllleHID! 6e30-

naCH0CTH ycTaH0BOK, npHB0JJ.HT K no­

.llBJTeHHJO )].0TT0JTHHTeJTbHblX Tpe6osa­

HHH K npoueccaM H yCTpowcTBaM TT . 
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Puc. 15. IloKa3aH1-UI KH:Cnop0,llH0f0 cettcopa 0pH: TepM0UliKJU1p0BaHHH: 

( Ml !:i:t = 100 °C/•rnc) 

B ycTaHOBKax nernesow KOHCT­

PYKLIHH B03MO)KHO npHMetteHHe yCT­

powCTB TI, pacnono)f(eHHb1x Ha 6aima­

cax HJTH B Tpy6onposo.a.ax ocHOBHOro 

Kotrrypa UHPKYilllUHH DKMT, pacxoA 

K0Toporo qepe3 ycTpOHCTBa MO)f(HO 

o6ecne'-!HBaTb 3a C"leT Hanopa rI.U-I H 

BH H H3MeH.llTb perym-ipyiomew H 3a­

nopHOH apMaT)'J)OH. Bcne.a.cTBHe .a.oc-

TaTO'-IHO 60JTblllHX CKOpOCTeH )].BIDKe­

filUI T)KMT B 3THX ycTaHOBKax cpas­
HOro KHCJTOpO,nHOfO ceucopa. Heo6XO)lHMO npH­

MeW!Tb, KaK MHHHMYM, TJ)H KHCJTOPO.llHbfX ceHCO­

pa, pacnoJT0)KeHHbrx B pa:3HbIX TeMnepaT)'J)HbTX 

30Hax, HanpHMep, B Komype PY EPECT-O,[(-300 

ceHcopbl )].OJT)K.HbJ pacnonaran,c.si B 30Hax c !max, 

tmin H t = 460 ... 540 °C. JLn.si o6ecne'-!eHIDI 6onee 

"TO'lHoro" K0HTJ)0JT.ll B 30Hax Ct= 460 ... 540 °C, a 

TaK)Ke B yqacTKax KOmypa C MaJTblMH CKOpOCT.SlMH 

Te'-!eHID! TenJT0HOCHTeJTA, B03MO)f(Ha ycTaHOBKa 

.a.ononmrreJTbHblX ceHCOpOB. JTH BblB0.llbl no.a.­

TBep)K)laJOTC.ll H pe3yJTbTaTaMH HCCJTe)].OBaHHH B 

ycnoBID!X LIHPKYJT.lll..lH0HHOro Kottrypa CTeH)la TI-
2M (pHC. 8), npHBe.a.eHHblMJ-f Ha pHC. 16. 

IlpH OTCYTCTBHH B03MO)KHQCTH TaK0fO K0H­

TJ)OJT.ll )].OJT)f(Hbl HCTTOJTb30BaTbC.ll pa3pa60TaHHbJe 

MeTO.llHKH "6bICTJ)Oro" H "MeJJ.JTeHHOro" TepM0-

L(HKnHpOBaHml. OHH MOfYT 6bITb npHMeHeHbI pa:3-

.a.eJTbHO, a oco6eHHO 3cp<peKTHBHO C0BMeCTHO, .ll.JT.ll 

KOHTJ)0JT.ll npo1..1eccos MacconepeHoca, npHMecHo­

ro C0CTO.llHH.ll TenJTOHOCHTem1 (a 3Ha'-IHT H COCT0.ll­

HIDI CH:CTeMbl ")f(H)].KOMeTaJTJTH"¾eCKHH TenJTOHOCH-
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HHTen1,tto nerKo nposo.a.siTC.ll npoueccb1 so.a.opo.a.­

HOH 0lJHCTKH. KoHTpOJlb KHCJTOp0JJ.HOro pe)f(HMa 

T)KMT B npHHU:Hne MO)f(H0 npOB0.lJ.HTb OJJ.HHM 

KHCJTOPO.llHbIM ceHcopoM. 

B K0Hrypax ycraH0B0K ycoseprneHCTB0BaH­

HOH nernesoii H Motto6no"IHOH KOHCTJ)YKLIHH npo­

se.a.eHHe TT MO)Ker 6hJTb ycJTO)f(HeHo no cne.n;yio-

lUHM npH'-IHHaM: 

• .a.nsi npose.a.eHH.ll 3q><peKTHBHOH so.a.opo.a.HoH 

O'-IHCTKH T)l{MT H U:HPKYJT.llUHOHHoro Kottrypa 

B uenoM tteo6xo.a.HMO o6ec□e'-IHTb .llHcneprH­

posaHHe (JJ.p06JTeHHe) BBO)J.HMOH B DKMT ra-

30BOH cpa:3bl .a.o pa3Mepos TTY3b1pei1 nopsi.n;Ka 

C0THH H MeHee MHKpoH; TOJTbK0 npH 3T0M 

cpopMHpye-rcsi HH3KOCKopoCTHOH H c MaJTbIM 

fll30CO.llep)KaHHeM .llByxKOMTTOHeHT.HbIH □0T0K 

" T)KMT-ra:3", cnoco6HbIH .a.ocTaBJT.l!Tb peaK­

UHOHH)'lO fa:30B}'10 CMeCb B pa:3Hble Y'-!aCTKH 

UHPKYJT.llUHOHHOf0 K0ttrypa H ocymecTBJT.llTb 

npo1..1ecc O""IHCTKH KOmypa OT 0KCH.[1.0B 

T)KMT; 

----



• KOHTpOnb COCTOllHHll T)KMT )Kena­

TenbHO nposonHTb onHospeMeHHO 

HeCKOJlbKHMH ceHCOpaMH, pacno­

no)KeHHblMH B p83JIH4HhIX )"-18CTK8X 

KOHlypa. 

Ko11maKmHClJI UHqJOpA1Gl/llJl - men.: 
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AHaJIH3 BJIHHHHR np0,!J.}'KT0B K0pp03HH Ha 0CH0Be CJI03CllblX 0KCH,!J.08 xpoMa 

Ha rH,!J.paBJIUqecKHe conp0THBJieHHH B HaTpHeB0M K0HType peaKTopa liOP-60 

!B.H. Ep11.4to~ 10.B. llpuewwe, 10.E. lllmbmoa, 
<I>rYrr 'THIJ: P<I> HI111AP", 433510, r . .nHMlffJ)OBrpa.n-10 Y JlbSIHOBCKOH 0611. 

H3Mepemre rn.n.paBJJIReCKH.X xapaKTepHCTHK peaKTOpa 6OP-60 Ha 6b!CTphlX HeHTpOHax C HaTpH.eBhlM TenJJOHOCH.­
TeJJeM H ero c6opoK ITOK838Jl0 HX nepHO.D.H'-!eCKOe H3Mettem1e, B CBll3H C 'leM npoee.n.eHbI HCCJle.D.OBaHHSI noee.n.eHHl! 
KOJIJlOH.D.HOro pacrnopa Ha OCHOBe CJIO)l(HblX OKCH.D.OB xpoMa B HaTpHeBOM KOH-rype peaKTopa H aH8JlH3 B03M0)1(HOCTH 
HX OTJlO)l(emrA Ha nosepxHOCTllX :3JleMeHTOB KOH-rypa U.HPKYJJllUHH. 

The analysis of effect of corrosion based on chromium oxide compounds on hydraulic resistance in the BOR-
60 sodium circuit. lv.N. EfimovL Yu.V. Privalov, Yu.E. Shtynda. A measurement of hydraulic characteristics of fast 
sodium-cooled reactor BOR-60 revealed their periodical change that caused investigation on the behavior of colloidal 
solution based on complex chromium oxides available in the sodium circuit of the reactor as well as analysis of their pos­
sible deposition on the surface of the circulation loop. 

8r,1coKaS1 TerutoHanpIDKeHH0CTb H 3H8lfifTeJib­

Hbie nepena,z.i;bJ TeMTieparyp Ha TB3Jiax EH­

peaKT0J)0B Hapsiey C MaJiblMH np0X0JJ.HblMH ceqe­

HIDIMH B TBC JJ.a)f(e npH tte6onr,rnoti HX 6noKH­

posKe Moryr npHBeCTH K 3aMeTH0MY neperpesy 

TB3JI0B. 8 CBR3H C 3THM K C0JJ.ep)K_aHHJO npHMeceH 

B HaTJ)HeB0M Terut0H0CHTeJie npeJJ.bSIBJISIJOTCSI 

0'!eHb )l(eCTKHe TJ)e60BaHID1. 3a BpeMSI pa60Tbl 

HaTJ)HeBbIX CHCTeM HaKoruJeH 6oJTblDOH 0TiblT no 

1nyqeHHJO nosisnemuI, HaKonnemui H pacnpeJJ.e­

JieIDUI npHMeCeH no yqaCTK8M K0HT)'p0B, a TaJoKe 

C03)J.aIDllO MeTOJJ.OB H cpe)J.CTB KOHTJ)OJUI H O'IHCT­

KH TenJIOHOCHTeJISI. TeM He MeHee npH )J.JIHTeJib­

HOM HCTIOJib30BaHHH HaTJ)ID! B C0CTaBe peaKTop­

HOH ycTaHOBKH (Ha perucrope EOP-60 no'ITH 40 

JieT) B03MO)K_Hh[ 3cpq>eKTbl, Tpe6ymmHe HeTJ)a)J.H-

1.{HOHHOrO TIOJV(OJJ.a K BOnpocaM HaTpHeBOH Tex­

HOJI0fHH. 

1. Ha6mo~aeMble rimpo~HHaMH'ICCKHe 
3cl>cl>eKTLI e I 1eoerype EOP-60 

IlpH pa6oTe peaKTopa EOP-60 Ha MOI.U.HOCTH 

H B nepHOJJ. OCTaHOBOK (TeMneparypbl B l H8TJ)He­

BOM KOH'rype COOTBeTCTBeHHO 310 ... 500 11 

200 . . . 250 °C) OTMe4aJOTC.ll cneJJ.YlOJ.U.He rHJJ.J)0JJ.H­

HaMH'!eCKHe 3cpcpeKTbl, o6ycJJOBJJeHHble Maccone­

peHOCOM npHMeCeH B TenJIOHOCHTene. 

1) Ilplil pa6oTe peaKTopa Ha MOll.lH0CTH s npo­

qepe3 HHJJ.HKaTop Ha 10 ... 20 % c nocneJJ.YlOmeti 

ero CTa611JIH3au.HeH JJ.O Ha'!aJia KJ)HCTaJIJIH3aU.HH 

OKCH)J.a HJIH rHJJ.pHJJ.a HaTJ)IDI (pHC. 1). B nepH0.11; 

OCTaHOBOK H CHH)l(eHID! TeMneparypb! HaTJ)HSI .no 

250 °C BblC0KOTeMnepaTYJ)HIUI npHMeCb He q>HK­

CHpyeTCSI. IlpH pa6ore peaKTopa Ha MOI.U.HOCTH H 

TIOCTOSIHHOH TeMneparype B rm: (BbJUJe T,) pacxo.n 

HaTJ)HSI B npoTO'IHbrx KaHaBKax 0,5x0,5 MM HHJJ.H­

KaTopa MeJ].JieHHO CHIDKaeTC.ll npHMepHO B 2 pa3a 

38 30 . .. 50 CYT0K. 

2) B npou.ecce pa6oThJ peaKTopa B Te'!emie 

MHKpoKaMnaHHH (MK) B aKTHBHOH 30He B MaTe­

pHaJIOBe)J.'!eCKHX 0aKeTax (MIT) 6e3 TOruJHBa C 

MaJiblMH rn.npaBJIH'leCKHMH ,nHaMeTJ)aMH 2 .. .4 MM 

H tte6oJibUIHM □0J].0rpeaoM Te□JIOHOCHTeJISI 
(10 ... 20 °C) IIBOf)J.8 npOHCXOJ].HT CHIDKeHHe pac­

X0.11;0B s 1,2 ... 1,5 pa3a. H3MepeHHe pacxoJJ.a qepe3 

naKeTbl npH 250 °C B Ha'!aJie H KOHIJ.e MK 3Ha'!H­

TeJJbHbIX H3MeHeHHH He □OKa3bIBaeT. B TBC cy­

w.ecTBeHHoro OTKJIOHeHIDI paCXOJJ.08 OT JJ.OCTHrHY­

TblX nocJie Bbrxo.na Ha MOJ.U.HOCTb He 0TMe'!aeTCSI 

(pHc. 2). Bo scex crryq1U1x pacxo.n 4epe3 MIT H 

TBC a npou.ecce pa60Tr,1 peaKTopa onpe.nensieTC~ 

KOCBeHHO TIYTeM H3MepeHHSI no.norpeaa HaTJ)HSI. 

3) IlpH pa6oTe peaKTopa Ha MOI.U.HOCTH OTMe­

tJaeTCSI CHH)l(eHHe pacxo.na HaTJ)HJI co CKOpOCTblO 

OT 1 JJ.0 10 % a qac B KOHTYPe xono,nHoH nosyrnKH 

(XJI) npHMecdi a pe)K_HMe O'IHCTKH, no3TOMY TJ)e-

6yeTcsi nep110,nH'lecK1U1 KoppeKTHpOBKa pacxo.na 
u.ecce H3MepeHHSI reMneparypbl Ha4ana 

OCa)l(JJ.eHHSI npHMeceH ("reM□eparypbl 3a­

fornaHHS!" ) n"po6KOBblM HH)J.HKaTopoM (ITH) 
q>HKCHpymT BblCOKOTeMnepaTYJ)Hym npH­

MeCb npH TeMneparype T 1 (170 . .. 260 °C) 

6onee BblCOKOH, '!eM TeMneparypbl 

KpHCTaJIJTH38U.llH KHCnopo.na HJJH B0,nopo)J.a 

TeMnepa-rypa T Na, ·c PacXOA QNa, !1/'laC 
310 220 
270 210 
230 200 
190 190 
150 BpeMSl, M"1H 180 
110 170 

0 10 20 30 40 50 60 70 

T2, T 3 (120 ... 150 °C). flpH JJ.OCTH)l(eHHH T, Pttc. 1. Pacxo.n" TeMnepa-rypa e ITM rrpH HJMepemrn TeMnepa-rypbI 

Ha6mo,naeTCJI CHIDKeHHe pacxoJJ.a H8TJ)HSI 3afomattHll e I KOH-rype (T 1 = 215 °C, T 2 = 13 5 °C) 
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PHc. 2. l13MeHeHHe 3a MK npKBeJieHHblX K HOMHHaJlb­

HblM napaMeTpaM pacxOJIOB •1epe3 TBC H MIT 6e3 

TOnJIKBa 

pery1rnpy1om11M KJTanaHOM. B 1130TepMWieCKOM 

pe:>KHMe B nepHOJ]. OCTaHOBOK peaKTOpa pacxo.n 

qepe3 Xfl He MemHITCJI np11 HeH3MeHHOM nOJJO­

)l(eHJ-rn pery1rnpyiorn.ero KJTanatta. 

4) B nepHOJ]. OCTaHOBKH peaKTopa Ha 180 '!a­

COB npoKa'll1BaJJl1 TenJJOHOCHTeJJb I KOtrrypa C 

pacxo,noM 2,4 M
3
/ qac npH TeMneparype 250 °C 

qepe3 Tpy6'1aTbie nopHCTble <pHJTI,TPbl (nop11c­

TOCTb 20 MKM), ycTaHOBJJeHHble s naKeTe aKTHB­

HOH 30Hhl peaKTopa. I1pH <pHJJbTpau.H11 He Ha6mo­

J].aJJl1 3aMeTHoro CHH)l(eHIDI pacxo.na HaTpIDI 'Iepe3 

naKeT, <pHJJbTpaM11 38)].ep)l(aHo He3Ha'IHTeJJbHOe 

KOJIH'!eCTBO <pHJJbTpaTa - 1,3 r. 
5) KoHTpOJJb r11,npaBJJHKJ,f peaKTOpHoro KOH­

rypa cpasHeHHeM pacxo.D.OB H nepena.nos JJ.asne­

HHJJ C Ha'IaJJbHhlMH 3Ha'!eHIDIMH rrpH Bh!XOJ].e Ha 

MOll{HOCTb nOK83bIBaeT, 'ITO K03!p!pHl.(HeHT rHJ].­

paBJJH'IeCKOro conpoTHBJJeHID! peaKTopa HHOr.D.a 

H3MeHJJeTCJI s Te'Iem1e MK Ha 2 ... 5 %. 
6) AHaJJH3hl COCTaBa np11Mecew HaTPIDI H3 

'!aCTH'IHO 3a6HTblX naKeTOB 8KTHBHOH 30Hbl H 

<pHJJ&TPaTa HaTPHesoro Tenn0Hoc11Temr I KOHrypa 

[]] nOK83b!BaJOT, '!TO OCHOBHbIMH npHMeCSIMH B 

<pHJJbTPaTe 11 OC8)].Kax (Macca 0,2 r) SIBJlj!j{)TCJI 

npOJJ.YKTbl Kopp03HH MaTepHana KOHrypa: xpoM 

(24 ... 33 %), )f(eJJe3o (10 ... 20 %), Mapratteu. 

(5 .. . 20 %), HHKeJJb (2 . .. 7 %) H HeHTPOHHOH aKTH-

Bal.{lffl HaTpHJI - MarHHH (10 ... 13 %). 

2. AuaJIH3 noee,11;euuH KOJlJlOHJ].UOH CHCTCMbl 

B yCJIOBHHX QHPKYJIHQHH naTpeH 

e 1eourype peaKTopa 

AHanH3 JIHTeparypHblX J].aHHbIX [2 ... 4] no no­

BeJ].eHHIO CJJO)l(Hh!X OKCl1J].0B xpoMa B HaTPHH­

KaJJl1eBblX KOHrypax H 061.QHX CBOHCTB KOJIJIOHJ].­

Hb[X CHCTeM [5] fl03BOJJHJJ npe.nnoJJO)l(l1Tb o6p830-

BaHHe B HaTp11eBOM KOttrype B npwcyrcTBHH Kl1-

cnopo.na H xpoMa KOJJJIOHJ].HOH CHCTeMbl Ha OCHOBe 

xpOMHTOB H8TPIUI, 06pa3yeMbIX B pe3yJJbTaTe XH-

Ml14eCKHX peaKl.{HH Ha BblCOKOTeMneparypttbIX 

ITOBepXHOCTHX HaTPHeBoro KOHrypa. 

yfa CB060)lHO)lHCnepcttoro KOJJJJOH)lHOro pac­

TBOpa (30JIJ1) B pe3yJihTaTe KOaryJJJIU.HH MO)f(eT 

BblJ].eJJl1TbCSI reJib, npeJ].CTaBJIJIJOl.lUlli co6oii CBJl3-

HO)ll1Cnepcttyio CHCTeMy (HOBYJO cp83y) H3 npo­

CTpaHCTBeHHOH ceTKH, B y3nax KOTOpOH H8XO)lj!T­

CSI YK83aHHhie LJaCTHU.hI, a BttyTpH HaTpHH. renr, 

scertta o6n8)].aeT xopowew aJJ,re3HOHHOH cnoco6-

HOCTh!O H BbICOKOH no cpaBHeHHJO co cpeJJ,OH BJl3-

KOCTb!O, 'ITO npHBOJJ,HT K o6p830BaHHIO ocaJJ,KOB 

Ha nosepXHOCTSIX. KOJIJJOH)lHaSI CHCTeMa 113 30JJSI H 

reAA HMeeT BbICOKYlO KaTaJJHTH'IeCKYJO aKTHB­

HOCTb, npHBO)lSI K 11HTeHCH<pHKaU.HH Kopp03KH H 

npH onpe.neneHHhIX ycnoBHJJX K Macconepettocy 

xpoMa B HH3KOTeMTieparypHYJO 'IaCTb KOHrypa 

np11 yseJJH'IeHHH co,nep)KaHHSI KHCJJOpoJJ,a ( OKCHJ].a 

HaTPIUI) B CHCTeMe. OC8)].KJ,f reAA Moryr BJIHS!Tb Ha 

rn.npasmrKy HaTPHeBblX KOHrypoB peaKTopoB. 

I1o J].aHHbIM [2] MO)f(HO OQeHHTb, 'ITO a KOH­

rype MaCCOBaSI .l],OJIJI xpOMHTa COCTaBmeT JJ,eCJITKJ,f 

npou.eHTOB OT OKCHJ].a HaTPIDI, a B rene J].JI.SI pa3-

Hb!X semecTB no J].aHHbIM [ 5] - 10-2 
... 10-5 

J].OJJeH. 

CornaCHO np116JJH)KeHHhIM OQeHKaM B CHJibHO 3a­

rp.S13HeHHOM KHCJJOPOJJ.OM KOHrype (JJ.O 30 ppm) 

npH nOJJHOM nepexo.ne XpOMHTOB s renr, o6beMHaSI 

.nom rem B HaTPHH MO)f(eT J].OCTKraTb l 0-3
• 

I1o JJHTeparypHbIM J].aHHblM noBeJ].eHHe TaKHX 

CJJO)f(ffbJX c11cTeM B ycnOBHJIX l.{HPKYJI.SIQHH c no­

srnneHHeM HOBOH <p83bl H OC8)f(J].eHHeM ee Ha CTeH­

KH J].eTaJJbHO He HCCJJeJ].OBaJJOCb HH TeopeTHtieCKH, 

HH 3KCnepHMeHTaJJbHO. I1o3TOMY BbIJJ.BHttyTble 

3)].eCb noJJO)f(eHIDI, 683HPY.SICb Ha onbITHbIX J].aH­

HblX na6opaTOpHbIX HCCJJeJ].OBaHHH <1>311, 8HaJIH3e 

pa60Th1 p83JIHYHOro 06opyJJ.0BaHHJ1 EOP-60 H Ha 

o6ll{HX CBOHCTBaX KOJIJJOHJJ,Hb!X CHCTeM, .SIBmlOTCSI 

anpHOpHblMH JJOrWieCKHMH nOCTPOeHID!MH, YJJ.OB­

neTBOp.Sl!Oll{HMH OITblTHbIM J].aHHblM. PaCCMOTPHM 

OCHOBHbie cpaKTOpbl, BJJIDllOlI.lHe Ha noaeJ].eJrn.e 

KOJIJJOHJJ.HOH CHCTeMbI s U.HPKYJlJll.{HOHHOM KOHTY­

pe. 

1. KoH1JeHmpa1JUR xpoMumoe e 30lle, ITO.LI. KO­

TopoH nOHHMaJOT KOHQeHTP8U.HIO '!aCTHU xpoMH­

TOB, onpe.D.eJJ.SleT CKOpOCTb o6p830BaHHSI. B HaTPHH 

HOBOH flOJJy)f(l{J].KOH !p83hl - MHKpocpparMeHTOB 

rem. Ee pocT npHBOJ].HT K pocry CKOpOCTH o6pa-

30BaffiUI npOCTPaHCTBeHHblX KOM6HHal.{HH, npHBO­

JJ..SllI.lHX K nosrnneHHJO reJJJ[. qeM BbIUie Ha'IaJJbHaJI 

KOHUeHTPau.11si, TeM rny6)f(e nporeKaeT npouecc 

o6p83oBaHHsi rensi. reJJb, o6p830BaHHb1H H3 pac­

Tsopa c BhICOKOH KOHU.eHTPau.11eii, o6n8J].aeT cne­

JJ.Y!OlI.lHMH csowcTBaM11: 

• HBJIHeTCH 6onee KOHQeHTPHPOBaHHbIM no 'IaC­

THU.aM xpOMHTOB; 

• 6onee ycTOlf'IHB K MexaHH'IeCKHM 11 TeMnepa­

ryptthIM B03)].eHCTBIUIM; 
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• HMeeT nyqrn11e a.ure3HOHHbre CBOHCTBa; 

• (pH3HKO-XHMH'{eCKOe paBHOBeCHe Me)l()l.y 4aC­

THUaMH B pacrnope H B rene xapaKTep113yeTcsi 

MCHbllleH KOHUCHTPau11ew 4aCTHU B pacrnope 

no cpaBHemuo C HH3KOKOHUeHTpHpOBaHHblM 

reneM. 

PaBHOBec11e Me)l()l.y 30JJCM H reJJeM MO)KHO 

CMeCTHTb B CTOpOtty yMeHblllCHIDI' np04HOCTH reJJSI 

(HJJH ero nOJJHoro y.uaneHHS!) nyTeM YMCHbllleHHSI 

KOHUCHTpauIDJ XpOMHTOB B 30JJe. 

2. TeMnepamypa. MoneKyJJbI xpOMHTOB pac­

na.ua10TcS1 npH nOHH)KCHHblX TeMneparypax. lli­
BCCTHO, 'ITO npH TeMneparypax HIDKe 130 ° C noJJ­

HbIH pacna.u xpOMHTOB 3aBepwaeTCSI 3a 16 ... 24 
4aca [2]. ITp11 6onee BbICOKHX TeMneparypax npo­

uecc pacna.ua 3aMC,1lJTS!eTCH, HO KOJJH'leCTBCHHbIX 

,1laHHbIX HCT. 

PocT TeMneparyphl npH np04HX paBHblX yc­

JJOBIDl'X cnoco6cTByeT OCJTa6JieHHlO CBSl3CH B rene 

BnJJOTb .no ero nOJJHOro pa.3BaJJa H, KpOMe Toro, 

yMeHblllaeT a.ure3HJO reJJSI. IIp11 6onee BbICOKOH 

TeMneparype yMeHblllaeTCSI KOHI.(CHTPaUHSI xpo­

MHTOB B rene H COOTBeTCTBeHHO paCTeT B paCTBO­

pe. Pacna.u MOJJeKyJJ xpoMMTa MO)l(HO He Y4HTbl­

BaTb s YCJTOBHSIX pa6oTbl OCHOBHOro o6opy.n.osa­

HH.ll I KOttrypa Ha MOUlHOCTH. Ho OH, 6e3yCJJOBHO, 

3cpcj)eKTHBHO H.lleT npH nona.n.amm H 3a.n.ep)l(Ke 

30JTSI H reJJSI B XJI (npH 100 .. . 120 °C) H c Mem,rueH 

CKOpOCTblO npH )])JHTCJlbHOH Bbl.1lep)l(Ke KOHTypa H 

BCTTOMoraTeJlbHblX CHCTeM npH OTHOCHTeJJbHO 

HH3KOH TeMnepazype ~ 200 .. . 250 °C BO BpeMJI 

nJJaHOBO-npe.n.ynpen:HTeJJbHOro peMOHTa (IIl1P). 
3. Typ6y11eHmH0Cmb. BhICOKasi ryp6yneHT-

HOCTh (6oJJhlllOH KpHTepHH Re) npHBO.UHT K pro­

pyruemno CBH3CH MC)KJJ.y XpOMHTaMH H MOJJCKY­

JJaMH HaTPH.SI, T.e. K HCB03MO)KH0CTH o6pa.30BaHH.ll 

MHKpocpparMCHTOB reJJ.ll B noTOKe HJJH propyllle­

HHfO CJIY4aw«o o6proyeMbIX CB.!13eH. YMepeHHasi 

zyp6yJJeHTHOCTb cnoco6cTByeT o6pa.30BaHHIO 

MHKpocpparMeHTOB reJTSI H HX npHJJHnaHHlO K 

CTeHKaM KaHana, T.e. pocry oca.uKa. TaKHM o6pa-

30M, (pH3HKO-XHMH4eCKOe paBHOBecwe B nOTOKe 

KOJIJJOH)J.HOro pacTBopa Me)K.lJ.y KOHUeHTPaUHSIMH 

xpOMHTOB B .n.aHHOM Ce'leHHH H Ha CTeHKax B TOM 

)Ke Ce'ICHHH onpe.n.eJJ.!leTCSI MHOrHMH cj)aKTOpaMH: 

TeMnepaTypOH, zyp6yneHTHOCTblO noTOKa 11 06-

lllCH KOHUettrpau11eH xpOMHTOB B Cel.feHHH. 

ITpHMeM, 'ITO OCa)l()l.CHl{e o6pa.30BaHHoro rem1 

Ha CTCHKH, CCJJl1 He .lJ.OCTl1rttyTa paBHOBeCHa.!I 

T0Jlllll1Ha oca.uKa, 11.D.CT 04CHb 6bICTpO. KpoMe TO­

ro, zyp6yJJeHTHOCT b, CKOpOCTHOH Hanop TIOTOKa 11 

npO'IHOCTb reJJSI onpe.ueAAIOT TOJllllHHY oca.uKa 

rem, B .uaRHOM Ce'leHHH. B Kattane MaJJOH nporn­

)KeHHOCTH (HanpHMep, B .upoccene) B03MO)KHOCTb 

Bbma.n.eHl1SI OCa,1lKa H ero KOHC4Ha.!I TOJllllHHa npH 

np04HX paBHbIX ycJJOBH.!IX 6y.n.yr onpe.n.eJJ.!ITbC.ll 
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CKOpOCT blO HaTpHS!. 3aMeTHM, 'ITO 11CnOJJb30BaHHe 

TOJlbKO KpHTepH.!1 Re .1lJlSI o6bSICHeHl1.!1 C rn.n.po.n.11-

HaMH'ICCKOH TO'IKH 3peHH.!I CJJO)l(HOro MeXaHH3Ma 

o6prooBaHH.!I oca.uKa remr sisnsieTc.!I, 6e3ycnoBHO, 

ynpOUleHHbJM nO)J,X0.1lOM. 

4. KOJlllOU0 11aR. c ucmeMa 6 npomOl/HOM KOHQ­

/le. ITpoaHaJJH3HpyeM nose.n.ett11e KOJTJTOH.IJ,HOH 

CHCTeMbl, o6pa3ylOUleH OCa)J,OK B H30TepM114eCKOM 

KaHaJJe nOCTO.llHHOro Ce'leHH.!I, Ha BXO.U KOTOporo 

nocrynaeT HaTPHH c HeKoTopow KOHUeHTpau11ei1 

xpOMHTOB. Pacxo.u 06ecne41,rnaeTC.!I nOCTO.!IHHblM 

nepena.1lOM .n.asneHH.!I Ha KaHane. Jlorn'IHO npe.1l­

noJJO)KHTb CYllleCTBOBaHHe Tpex xapaKTepHbIX 

Y4aCTKOB KaHaJJa. 

Ha4aJJbHbIH y4acrnK. ITocKOJihKY npouecc 

cpopMHpOBamrn MHKpocpparMeHTOB ren.!I TPe6yeT 

onpe.n.eJJeHHoro BpeMCHH, TO Ha Ha'!aJJbHOM Y4a­

CTKe KaHaJJa He H.UeT OCa)l()l.eHHe reJJSI Ha CTeHKl1. 

CKopOCTb cpopMHposaHH.!1 M11KpocpparMCHTOB reJJ.11 

H CKOpOCTh nOTOKa onpe.n.eJJ.llJOT )])JHHY :noro Y4a­

CTKa. qeM Bblllle KOHl.{eHTpau11H H HIDKe CKOpOCTb 

nOTOKa, TeM MeHbllle )J,OJDKHa 6b1Tb npH np04HX 

paBHbIX ycJJOBH.!IX )])JHHa 3TOro Y4aCTKa. 

Y4aCTOK c ocanKoM ren.11. Ha 3TOM Y4aCTKe 

H.1leT HenpepbIBHbIH npouecc o6pa.30BaHH.II MHK­

pocpparMeHTOB reJJSI. IlpHMeM, 'ITO C He60JJbWHM 

3alla3,1lbIBaHl1eM BO BpeMeHH nocne o6pa.30BaHH.ll 

MHKpocpparMeHTa .IJ,OCTaTO'IHOro pa.3Mepa OH B pe-

3YJJbTaTe ryp6ynettTHbIX nonepe'!HbIX nyn1,cauwi1 

npott11KaeT CKB03b naMHHapHbIH HaTP11es1,1j;j no.1J,­

cno0 H npwnHnaeT K cTeHKe. ITocTeneHHO HaTP11e­

BbIH no.n.cJJOH 3aMeH.!leTC.!I CJJOeM OCa.ll,Ka rem1, 

HMelOUlHM JIY4lllYfO a.ure31HO K CTeHKe. Co Bpe­

MeHeM Ha nepBOM 0TPe3Ke y4aCTKa KaHaJJa npH 

TIOCTO.!IHHbIX 3Ha4eHH.llX TeMnepazypbI, BXO.UHOH 

KOHUettrpau1:rn 11 pacxo.n.a o6proyeTc.!I KBa.3Hpas­

HOBeCHbJH oca.uoK C coxpaHSIIOmHMC.!I pacnpe.n.e­

JJeHHeM ero TOJllllHHbl no )])JHHe. B llOTOKe pac­

TBOpa cpopMHpy10Tcsi MHKpocpparMeHTbI reJTS1, BbI­

na.n.a10m11e B OCa,1lOK Ha BTOpOM OTPe3Ke paccMaT­

pwsaeMoro y'laCTKa co CHH)KaIOUleHc.!I no .D.JIHHe 

TOJllllHHOH oca.uKa. IlpH nOCTO.!IHHbIX KOHUettrpa­

UHH Ha sxo.n.e, pacxo.n.e H TeMneparype noTOKa 

y 'laCTOK C OCa.lJ,KOM reJJ.!I HeorpattH'leHHO pacTeT 

no .n.nwtte. 

Bb1xonttow y4acToK. 3a rpaHHuei1 Y4aCTKa c 

OCaJI:KOM npH 3a)J,aHHhIX TeMnepazype, ryp6yJieHT­

HOCTH H KOHUCHTPaUHH xpOMHTOB npeKpalllaIOTCSI 

o6pa.30BaHHe MHKpocpparMeHTOB rem1 H (HJIH) HX 

npHJJHnaHHe K CTeHKe, T.e. Ha 3TOM y4aCTKe oca.u­

Ka reJJSI HeT 11 .lJ.BH)KeTC.!I noTOK paCTBOpa C MeHb­

weH KOHUeHTPauHeH no cpasHeHHJO c BXO.D.HOH. 

CooTHOIJleHH.!I .D.Jil1H Y4aCTKOB (HJJH BpeMeH 

TPaHcnopTa B HHX) 3aBl1CSIT OT MHOrHX <paKTOpOB. 

04eB11.UHO, 'ITO .UJJHHa Y4aCTKa C OCa.ll,KOM reJISI 

.1l0JI)l(Ha paCTl1 c o speMeHeM, a .D.Jil1Ha BhIXO.UHOro 
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y<JaCTJ<a na.n.aTb. 0.D.HOBpeMeHHO C 3HIM JJ.OJI)l<Ha 

pacn1 H TOnI.U.HHa oca.n.Ka, JJ.OCTHraJI Ha nepBOM 

0Tpe3Ke Y<JaCTKa C OCa)].KOM HeKOTOporo KBa3H­

paBHOBeCHOro pacnpe.n.enemui. 

5. TO!lUf.UHO OCOOKO JJ.O]l)K.Ha orpaHH'IHBaTbCH 

CKOpOCTHblM ttanopoM OOTOKa H BH3KOCTblO renH, 

T.e. KOHl..(eHTpauHeH xpoMHTOB B rene H ero TeM­

neparypoH. Mo)l(HO nposecTH OTHOCHTeJibHYIO 

aHanOrHIO C TOJIW,HHOH naMHHapHoro OOJJ.CJIOH B 

ryp6yneHTHOM nOTOKe OJJ.HOpOJJ.HOH )l(MJJ.KOCTH. 

CornacHo [6] ee MO)KHO oueHHTb cne.n.YIOW.HM BbI­

pa)KeHHeM: & = Cv
1
•
25u·0•

875d 0
•
125, r.n.e C - nocTOHH­

HaH, V - KHHeMaTHYeCKaJI BH3KOCTb, U - cpeJJ.HHH 

CKopocTb B TPY6e, d - JJ.J.1aMeTP TPY6b1. 

Ilo 3TOH attanonm MO)KHO O)K.11JJ.aTb, YTO 3a 

C'leT 6oJibllleH BH3KOCTH renH no cpaBHeHHIO C Ha­

TPJ.1eM (B03MO)l(H0 B .n.eCHTKH H COTHH pa3) TOJIW,H­

Ha oca.n.Ka MO)KeT npeBhllllaTh TOJIIUHHY JiaMmrnp­

Horo 00.D,CJIOH B HaTpHH npHMepHO B TOM :>Ke co­

OTHOUieHJ.IH. Ilo HalllHM oueHKaM, TOJIW,HHa na­

MHHapHoro nO.D,CJIOH ttaTpJ,fjj B ycJIOBHHX peanb­

HblX nOTOKOB B Kattanax peaKTopa COCTaBJIHeT 

0,01 ... 0,02 MM. TaKHM o6pa30M, MO)l(HO O)l(MJJ.aTb, 

'ITO CJIOH oca.n.Ka reru1 JJ.OCTHraeT .D,OJieH MM HJIH 

HeCKOJlbKHX MM. 

B 3acT00mix 30Hax nornKa pocT oca.n.Ka, no­

BHJJ.HMOMY, orpattH'-mBaeTCH TOJlbKO CKOpOCTHblM 

HanopoM nornKa Ha rpaHHUe 3THX JOH, r.n.e npo­

HCXO.D.HT CpbIB H YHOC cpparMeHTOB reru1. TaKHe 

30Hbl cymecTBYIOT B KaMepax BblCOKOro H HH3KOro 

.n.asnemui peaKTopa, B seHTHJIHX H HeKOTOpbIX 

.n.pyrHX 3JieMeHTax KOHTYPa. 

6. Bmumue ocaoKa Ha zuopaeJ1u11ecKoe co­
npomue!leHue KOHOJIOB. Oca.n.oK remi: YKaJaHHhrx 

Bhlllle pa3Mepos JJ.OJI)KeH cymecTBeHHo (Ha .n.ecu­

KH - COTHH npoueHTOB) yMeHblllaTb pacxo.n. qepe3 

Kattan rn.n.paBJIHYeCKHM JJ.HaM~OM JJ.O 1 ... 4 MM H 

cna6o BJIJ,fj!Tb Ha pacxo.u. npH JJ.HaM~e 10 H 6onee 

MM. IlpH yMeHbllleHHH pacxo.u.a no Mepe Bhma.n.e­

HJ,fjj oca.n.Ka ycJIO)KHHeTcn MeXaHH3M o6pa30BaHHH 

oca.u.Ka B Kattane: H3MeHHeTCH CKOpOCTb o6pa30Ba­

HHR H pOCTa TOJlll.lHHbl oca.n.Ka, H OH nepeMemaeT­

CH KO BXOJJ.Y B Kattan. Ha 803MO)l(HOCTb H HHTeH­

CHBHOCTb OTJIO)KeHJ,fjj oca.n.Ka s .u.pocceJIHPYIOIUHX 

ycTpOHCTBax (HanpHMep, KaHaBKH seHTHrul IIl1 
HJIH KOJlbU.eBOH 3a30p B KJJanaHe npHKpbITOro BeH­

THJIH) BJIJ,fj!IOT Te )Ke cpaKTOpbI: TeMneparypa, CKO­

pOCTb H KOHU.eHTpau.HR 30JIH B OOTOKe. 4eM 6011b­

we cKopocTb noTOKa B .u.poccene, TeM 6om,wee 

nOHH)KeHHe TeMneparypbl Tpe6yeTCH JJ.JIH 6bICTpo­

ro Bbma.u.eHl1H B HeM oca.n.Ka reJIH H TeM MeHbllle 

KBa3HpaBHOBeCHaJI TOJ11.l.U1Ha oca.n.Ka. 

B Harneit npaKTHKe He Ha6mo.u.anoch nonHoro 

nepeKpbJTJ,fjj nony)KHJl.KHM reneM He60JibWHX Ka­

HaJIOB c JJ.HaMeTPOM 0,5 MM (s TIH) H 6onee H OT­

HOUieHHeM JJ.JIHHbl K JJ.HaMeTPY JJ.0 40, ecmt OHH 

HaXOJJ.HJIHCb no.n. flOJIHblM HanopOM rnaBHl,IX u11p­

KYJillU.l10HHblX HaCOCOB KOHrypa. 

3. 061>srcueuue ua6;uo.u.aeMbIX 
ru.u.po.u.uuaMU'leCKUX 34>4>eKTOB 

1. Jf3MepeHim npo6KOBblM UHOUKamopoM. 
TeMneparypa T 1 (pHc. 1) Bbl3BaHa tta'lanOM Bhma­

.n.ettH>l re11S1 s KaHasKax rm. 3aTeM no Mepe cHH­

)KeillUI TeMneparypbl HaTPl-lll OCa)].OK Ha'IHHaeT 

Bbma.n.aTb B XOJIOJJ.HJibHHKe Ill1, He BJIJ,fllll Ha rJ,fJJ.­

paBJIJ,fl'leCKOe conpoT11snettHe .n.o Tex nop, noKa He 

JJ.OCTHrHYTa TeMneparypa Haqana KpHCTaJIJIH3al.(HH 

OKCHJJ.a B KaHaBKax, nocne Yero H.D.eT pe3Koe 

yMeHJ,WettHe pacxo.n.a. 0rHOCHTeJibHO BblCOKaH 

CKOpOCTb - 10"'2 
MM f MHH 3a6HBaHJ,fjj KaHaJIOB Ma­

noro CeYeHHR IIl1 (0,5x0,5 MM) o6'hllCHlleTCH oca­

)KJl.eHHeM qacnm reru1 " He MO)KeT 6blTb o6ycJIOB­

JieHa OCa)KJJ.emreM pacTBopeHHhlX B Ha'I'pHH H 

83BeweHttblX npHMeCeH MeTa./IJIOB H HX OKCH.D.OB, 

CKOpOCTb KOTOporo Ha HeCKOJlbKO nopHJJ.KOB HID!<e 

H COCTaBJlJleT BeJIH'IHtty OKOJIO 0,04 MMlro)]. [7]. 
TeMnepaTYPa T 1 cooTBeTCTBYeT s nepsoM 

npH6JIH)KeHHH KOHUeHTPaU.HH xpoMHTOB s ttaTPHH 

B MeCTe pacnOJIO)KeHJ,fjj Ill1. 3-ra KOHl.(ettTPaUHR 

3Ha'IHTeJibHO MeHbll.le KOHIJ,eHTPaQHH B OCHOBHOM 

Kottrype H3-3a Bbma.n.ettJ,fjj oca.D.Ka rem B TPattc­

nopTHOH JIHHHH JJ.O IIl1 npH )].eCJlTHKpaTHOM CHH­

)KeHHH nepe.n. H3MepeHID!MH pacxo)].a B 3TOH JlH­

HHH (no TeXHOJIOrHH). 3-roT <paKTOp H 60JihlllaJI 

CKOpOCTb HaTPHR s KaHaBKax (OKOJIO 20 Mic) npH­

BOJJ.j!T K TOMY, 4TO H3MepHeMaJI T1 npHMepHO Ha 

100 °C HH)Ke TeMneparypbl Bhma.n.eHJ,fjj oca.n.Ka 

rem B OCHOBHOM KOHrype, T.e. TI TOJlbKO KOCBeH­

HO CBJ,fJJ.eTeJibCTByeT O KOHUeHTPal.(IDI xpOMHTOB B 

I KOHrype. 

2. I'uopoOUHOMU'leCKUe 3{jHjJeKmbl 6 I KOHmy­
pe. B nepHOJJ. ocTaHOBKH peaKTopa npH I..\HPKYJIH­

U.HH HaTPHR c MaJiblMH pacXOJJ.aMH - 50 ... 80 
M

3
/ Yac H TeMneparypo0 200 ... 250 °C xpoMHT tta­

TPJ,fjj qacTH4HO HaxO)].HTCJl B Jone, HO ero OCHOB­

Hal! .n.oru1 HaxOJJ.HTCH s oca.n.Ke renH, pacnpe.n.enett­

HOM no BCeM nosepXHOCTHM KOHrypa. IlpoQecc 

H3oTepMH'lecKoro nepepacnpe.n.eneHHR oca)].Ka 

nocne ocTaHOBKH peaKTopa 3a.HHMaeT speMR .n.o 

Tpex CYTOK. C Y<JeTOM 3Toro HBJieH.HH TOJ11UHm1 

oca.n.KoB reJlll Ha scex nosepXHocTnx, s TOM YHcne 

H B Y3KHX KaHanax c6opoK, CTaHOB11TC11 CTOJlb Ma­

Jlbl, 'ITO He BJIHRIOT Ha HX conpOTHBJieHHll, B TOM 

YHcne H npH H3MepeHHH pacxo.n.os Yepe3 c6opKH 

npH pacxo.n.e qepe3 peaKTop 300 M
3
/qac H TeMne­

parype 200 ... 250 °C 3a C'leT HX KpaTKOBpeMeHHO­

CTH H HeBbICOKOH TeMneparyphI. KoHu.eHTPauH>l 

xpOMHTOB B HaTPHH, paBHOBeCHaJI C OTHOCHTeJihHO 

HH3KOTeMneparypHblM reneM, Mana H He <pHKCH­

pyeTcH Ill1. 
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B npou.ecce no,D.'heMa MOI.LJ.HOCTH peaKTopa 

Y.D.aJUleTCH OCa,D.OK 113 BhlCOKOTeMneparypHOH Yac­

TH KOHrypa (TeMneparypa nOBhilllaeTCll. .D.O 500 °C 
H pacxo,D. .D.O 1000 M

3 
/ yac) H CHJlhHO yMeHhWaeTCH 

B HH3KOTeMneparypHOH "laCTH KOHrypa 3a C"leT 

TTOBblWemrn TeMneparypbl ,D.O 3 I 0 ... 320 °C, HO 

rnaBHbIM o6pa30M H3-3a yaeJIH"leHH» "IHCJla Re .D.O 

2,5· 106, T.e. s 15 .. . 20 pa3. I1pH 3TOM paCTeT KOH­

uettTpaUHH XpOMHTOB B HaTPHH (q>HKCHpyeTCH T1), 
a oca,D.OK reJUl B Y3KHX Kattanax HH3KOTeMnepa­

TYPHOH qacrn (Re ~ 2 •.. 5· 104
) BbipacTaer .D.O TOJl­

l.LJ.HHhI, yseJIH"IHBaJOIII.eH KX conpOTHBJ1em1e B He­

CKOJlhKO pa3. KOJlH"leCTBO XpOMHTOB B KOHrype 

pacTeT TaIOKe 3a C"leT nepexo,D.a HaKOTTJieHHblX BO 

apeMH ITI1P KHCJlOpO.D.OCO,D.ep~HX COe,D.HHeHHH 

co cTeHOK peaKTopa a ttaTPHH. HenpepbIBHaR O"IH­

CTKa OT OKCH,D.OB H XpOMKTOB JIOBYlllKOH yMeHh­

rnaeT TOJIIUHHbl oca.D.KOB H yaeJIH"IHBaeT pacxo,D. B 

3THX KaHanax, HO Me,DJieHHO H .D.O HeKOToporo 

npe,D.ena. 

B TOTTJIHBHbie c6opKH H Mil HaTpHH nocryna­

eT H3 KaMep BbICOKoro (KB)]J H HH3KOro (KH)]J 
AaBneHHH. OcHOBHOH o6oeM ttaTPH» o6eHX KaMep 

xapaKTepH3YeTCJI Bb!COKOH ryp6yneHTHOCTblO no­

TOKa 3a C"leT KOJIJieKTopHbIX arynoK B KB,[{, pac­

noJIO)KeHHbIX neprreH.D.HKYJUlPHO noroKy BXO.D.H­

mero HaTPH», H 6naro,D.ap» Apoccem1poaaHHIO Ha­

TPH» Ha BXO.D.e a KH,[{. TionoMY C"IKTaeM, "ITO Ha 

BXO.D. a mo6bie c6op1rn nocrynaeT pacTBop 6e3 

MHl<poq>parMeHTOB reJUl. O.D.HaKo B o6oeMax Ka­

Mep acer,ll.a ecn, yqacTKH CTCHOK C 3aCTOHHhlMH 

30HaMH OOTOKa HaTPH», Ha KOTOpbIX co apeMeHeM 

MO)KeT HapacTaTb OCa,D.OK rem. 

I1o pe3yJibTaTaM H3MepeHHH Ha EOP-60 3a611-

BaJOTCJ1 Mn, 3arrnTaHHbie H3 KB,[{, H aHanOrH"IHO 

MOryT 3a6HBaTbCll.', HO Mettee HHTeHCHBHO, 3KpaH­

Hbie naKeThI, 3amrraHHI.1e H3 KH,[{. 3a6HBaHHe 

c6opoK Ha"IHHaeTCH ,ll.O Ha"lana 00,ll.'beMa MOIII.HO­

CTH peaKTopa, TaK KaK nepe.D. no,D.oeMoM pacxo.D. H 

TeMneparypa s KOHrype OOBb!IliaJOTCll.' ,ll.O 600 

M
3
/qac H 300 °C, COOTBeTCTBeHHO. Tio.norpeB Ten­

JIOHOCKTeJIH B OT,ll.eJlhHblX c6opKax BHaYane B03-

paCTaeT, a 3aTeM Me,DJieHHO CHH)KaeTCJI. Ha npaK­

THKe Ha6JIIO)J.a!OTCH paJJIH"IHbie BapHaHTbl 3TOfO 

npouecca (pHc. 3). 

,[{HHaMHKa pacxo,na qepe3 MTI B Te"lett11e MK 
peaKTopa 3aBHCHT OT HeCKOJlbKHX OCHOBHblX q>aK­

TOpoa: HMeIOI.QKXCH B KOHType nepe,D. Ha"laJIOM 

MK xpoMHTOB, nonaswero B Kottryp a npouecce 

neperpy30"IHhIX onepa[Ofif KHcnopo.D.a, rpacpHKa 

Bh!XO,ll.a Ha MOIUHOCTb, 3q><peKTHBHOCTH O"IHCTKH 

XJI. ,[{JI» CHH)KeHHH Bepo»THOCTH 3a6HBaHHJI c6o­

poK MO)KHO npHHHTb cne,nyIOI.LJ.He Mepbl: yMeHh­

waTb HanOJIHeHHe Mil o6pa3UaMH C TeM, "IT06b! 

pacxo,n HaTPH» B naKeTax 6bJJI He Mettee 6 ... 7 
M

3
/qac (B p»,D.e crryqaea Ha6JIIO,D.aJIOCb OTCYTCTBHe 
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Pwc. 3. CTp1rne}leHHbIH K H0MHHaJlbHblM napaMeTpaM 

peaKTopa no.uorpes H3TJ)HR B Mn, ycnlH0BJieHHblX B 
HHCTpYMeHT0BaHH0fi ll.''leliKe 

3a6HBaHHJI); YCKOpHTb O"IHCTKY HaTpHH XJI .D.O 

TeMneparyp 3a6HBaHH» no OKCH_ny Mettee 120 °C; 
BbI,D.ep)f(J{BaTb KOHTYP BO BpeM» I1I1P npH TeMne­

parype OKOJIO 200 °C; CHH)KaTb 0OCTYTTJICHHe KH­

CJIOpO,D.a B HaTPHH B TeXHOJIOrH"leCKHX onepaUllilX 

npH neperpY3Kax 11 peMOHTHblX pa6oTax. 

B TBC He npo11cxo,nKT CKOJibKO-H116yAb cy­

mecrneHHoe yMeHhwettHe pacxo,ll.a a Te"l.eHHe MK. 
3-ro o6b»CHHeTCll. TeM, "ITO BpeMH TPaHcnopTa Ha­

TPH» B H30TepMH"leCKOH YaCTH TBC .ll.O BXOAa B 

aKTHBttyIO 30tty MaJIO .ll.JUl o6pa30BaHH» MHKp0-

cpparMeHTOB reJill.' H ero OCa,D.Ka, a B 30He H,D.eT pe3-

KHH 00,ll.beM TeMneparypbI HaTpHJI H o60JlO"leK 

TB3JI0B. 

3. H1MeHeHue pacxooa HampWl. " epe3 XII. 
I1pe)K)J.e acero H)l)KH0 0TMeTHTh, "IT0 BO H36e,ira­

HHe 3a611BaHHH 0aKeTOB npH Henpepb!BH0M o6pa-

30BaHHH XpOMHTOB B aKTHBHOH 30He TPe6yeTCll.' 

HenpepbIBHall. O"IHCTKa HaTPH.ll. noBymKOH. Hapg,ny 

C 0"1]-ICTKOH OT OKCH,D.a, XJI 6y,neT 3<p<peKTHBHO 

"lHCTHTb OT xpoMHTa B HaTPHH, Haxo,nll.'meMCll.' B 

rene, 3a cYeT nonttoii 3a,D.ep)KKH reJUl 11 MeHee 3<p­

cpeKTHBHO OT xpoMHTa B BHAe 30JIH. H3-3a KpaTKo­

BpeMeHH0ro npe6b1BaHHJ1 B XJI npH HH3KOH TeM­

neparype. 

H3MepeHH» pacxoAa qepe3 XJI EOP-60 BbrnB­

JlHIOT ero HenpepbIBHOe yMeHbUieHHe, conpOBO)l(­

.ll.aJOI.LJ.eecll.' K011e6attlUlMH c qacToToH I 0 ... 15 H3-

MeHeHHHfqac H aMilJTHT)'A0H OKOJIO 3 %. 4epe3 

4 ... 6 "laC0B Ha6Jll0,ll.a!OTCH CHJlhHble B03MYI.LJ.eHHJl, 

npeBbIWaJOI.LJ.He a 0HKe 50 % 11 npO.UOJI)l(alQI.LJ.HeCJI 

oKono l MHH. Pacxo.D. B TPattcnopTHOH JIHHHH K 

XJI .D.HaMCTPOM 40 MM perym1pyerc» seHTHJieM 

~40, B KOTOpOM .ll.JUl C03JlaHHJI pacxo,D.a 0 ,5 . .. I 
M / qac npH 310 °C npaKTH"leCKH OOJIHOCTblO cpa-

6aTh!BaeTCH Harrop fJlaBHhlX U.HPKYJIH.UHOHHblX 

HaCOCOB. PaC"leTbl 0OKa3bIBa!OT, "ITO pa,ll.HaJibHhIH 

3a30p Me)K)J.y KJianaHOM H ce,DJIOM COCTaBJl.ff.eT )JJIH 

3THX pacxo,D.OB 0 ,05 ... 0 , I MM, a CKOpOCTb HaTpH» 

B 3a30pe OKOJIO 20 Mic. Ecm1 6bl yMeHbWeHHe 

pacxo,na onpe,D.emJIOCb TOJlbKO OCa,D.KOM B 3a30pe, 

TO pacxo.a no attanorHH c I1M 6bICTPO YMeHbWHJI­

c» 6bl Ha HeCKOJibKO ,D.eCRTKOB %%, a 3aTeM Me,n-



JTeHHO yBeJlHl.fHBaJIC.H no Mepe O1..fHCTKH KOHTYpa 

xn. 
B .neHCTBHTeJlbHOCTH pacxo.n t.tepe3 xn na.na­

eT JTHHeHHO H HenpepbIBHO BO BpeMeHJ-1, H TPe6y­

eTC.H nepHO)J.WJeCKaJI ero KoppeKTHpOBKa C HC­

nOJTb3OBaHHeM BeHTHJT.H. YMeHbwaeT tJaCTOTY 

KoppeKTHpOBOK, eCJTH He HMeTb B BH.D.Y KOHCTpyK­

THBHbte Mepbl, TOnbKO ysenwrnHHe l.fHCTOTbl Ha­

TpH.H no KHCJTOpo.ny H xpOMHTaM. TaK, BO speM.H 

IIl1P c xopowo ot.tmueHHhlM KoHrypoM He Tpe6y­

eTc.H KoppeKTHpOBKa pacxo.na B Tet.teHHe 10 ... 20 
CYTOK. IlepHO)J.HtJeCKaJI KOppeKTHpOBKa pacxo.na 

t.tepe3 XJI yxy.nwaeT 3QJQJeKTHBHOCTb OtJHCTKH. 

KoppeKTHpOBKa 3aKnIOtJaeTC.H, KaK npaBHJTO, B 

O1..feHh MaJIOM OTKpbITHH KnanaHa H 3aTeM ero yc­

TaHOBKe Ha npe)f(Hee nOJTO)f(eHHe. 

Hap.Rey C MexaHH3MOM 3a6HBaHH.H 3a3Opa 

OCa)J.KOM ren.H .neHCTByeT eme O)J.HH MeXaHH3M, 

KOTOpbIH, no HaWeMY MHeHH!O, COCTOHT B nepe­

KpblTHH BXO)J.a B 3a3Op cpparMeHTaMH ren.H, pa3Mep 

KOTOpbtX He ITO3BOJl.HeT HX npo.nasnHBaTb nepena­

.D.OM .nasneHH.H qepe3 TaKHe Manble 3a3Opbt. Ilynh­

cau1111 pacxo.na o6'b.R.ClUIIOTC.H TeM, tJTO qacTh 

qiparMeHTOB C pa3MepoM, 6JTH3KHM K pa3Mepy 3a-

3Opa, npo.nasnHBaeTc.11. t.tepe3 3a3Op c 3a.nep)Kf(OH 

BO BpeMeHH. HcTOl.fHHKOM qiparMeHTOB CflY)f(aT 

OCa.n.KH reJrn 6onhw11x pa3Mepos, HaKanmrnaeMbie 

B 3acTOHHhtX 3OHax TPattcnopTHOH mrnHH HnH ca­

Moro BeHTHn.H. 

Ilo )J.OCTIDKeHHH HeKOTOporo KpHTH-.:i'.eCKOro 

pa3Mepa OCa)J.Ka npOHCXO)J.HT ero tJaCTHl.fHbIH 

cpblB, H OTHOCHTeJTbHO KpynHbte cpparMeHTbl reJrn, 

pa3pyrna.R.Cb s ryp6yneHTHOM nOTOKe TPaHcnopT­

HOH JlHHHH, nepeKpbIBaIOT nepHM~ Ha BXO)J.e B 

KOnhuesyio menh B BeHTHJJe )zy40. 3aMeTHM, 'ITO 

B KattaBKax I1l1 3a3Opbl B 5 ... I O pa3 60JlbUJe: B 

HHX nynbcauHH He Ha6JTIO.D.aIOTC.H. TaK)f(e He Ha-

6n10.naeTC.H HenpepbrnHoe CHH)KeH11e pacxo.na B 

cneKTPOMeTPHt.teCKOH JJHHHH I KOHrypa .D.HaMeT­

poM 16 MM, r.ne pacxo.n 0,5 ... 1 M
3 
/qac 3a.naerclJ 

BeHTHJJeM )zy 16, B KOTOpOM 3a3Op B 2,5 pa3a 

60J1hrue, xoT.H nynhcau1111 pacxo.na MeHhweH se­

nHt.tHHhI TaK)f(e Ha6JTIO)J.aIOTC.H. 

AttanH3 H3MeHeHH.H pacxo.na t.tepe3 XJI secb­

Ma .D.OKa3aTenbHO no.nrnep)f()J.aeT cymecrnosam-1e 

oca.nKoB ren.H B KoHrype. Ilp11t.teM 3TO cnpase.D.JJH­

BO np11 JT1060H peanbHOH tJHCTOTe HaTPH.H, .nocTH­

raeMOH c noMOl.UblO XJI, TaK KaK KHcnopo.n Ha o6-

pa3OBam1e XpOMHTOB npH BblCOKOH l.fHCTOTe Ha­

TpH.H nocrynaeT 113 noByrnKH. 

4. AHQJIU3bl npu.1weceu B Hampuu. X1-tMH4eCKHe 

aHaJIH3bl HaTPH.H J,13 c6opoK, KOTOpbte t.tacntl.fHO 

3a6HTbl, He .nalOT .HBHOro nO)J.TBep)f()J.eHH.H HaJIJ,ft.[j,[.H 

B HHX CJlO)f(HblX OKCH)J.OB, XOT.H co.nep)f(aHHe xpoMa 

B HHX Bbtllle, l.feM .npyrHX npo.nyKTOB KOppO3HH, H 

COCTaBn.HeT I. I 0-1
' a )f(eJJe3a 4· l 0-2 

Mace. %. 3To 

o6'b.HCHlJCTClJ TeM, 'ITO MaCCOBa.H )J.On.H 301TH B rene 

MO)f(eT 6btTb O1..feHb Mana - BOJ1OTh .no 10-5_ OrcYT­

CTBHe 3Hal.fHMOro KOJlHl.feCTBa TBep.D.blX B3Becei1 

npM .D.JJMTenhHOH npoKatJKe ttaTPM.H qepe3 nop11c­

Thte cj>HnhTPbl npH OCTaHOBJleHHOM peaKTope no-

3BOn.HeT Cl.fHTaTb, l.fTO B3BeweHHbte 'laCTMl..(bl npM­

MeceH He .HBJJ.HIOTC.H npHt.tHHOH Ha6mo.naeMoro 

3afornamrn KaHanos. 

3aKJ110qeuue 

TTose.neHHe KOJ1J1O1'l)J.Horo pacrnopa Ha ocHoBe 

CJlO)KHblX OKCH)J.OB xpoMa B KOHTYPe peaKTOpa 

CJ1O)KHO H3Y-.:,aTb KaK B TeopeTHtJeCKOM rmatte, TaK 

H 3KCnepHMeI:ITaJibHO, noTOMY l.fTO, Bo-nepBblX, 

Her MeTO.!(OB H3MepeHl-l.H OCHOBHOro orrpe.neruno­

mero q>aKTOpa - KOHI..(eHTpaUHH CJlO)f(HOro OKCH)J.a, 

BO-BTOpblX, HCCJle)J.OBaHIDI H)')KHO BeCTH B pe)Kl-fMe 

"on line", TaK KaK Karrne-1u160 11a6opaTOpHbie Me­

TO.D.hI C oT6opoM npo6 tterrpHMeHl-!Mbl H3-3a pac­

na.na CJlO)f(HblX OKCH.!(OB npH HH3KOH TeMneparype. 

Ilpe.D.JJO)l(eHHbIH anpwopHhtH MexaHH3M nose­

.nemrn KOJJJJOH.D.HOro pacrnopa B KOHTYpe, He no.n­

TBep)f()J.eHHhIH no pll.LJ.Y nono)l(eHHH np01hIMH 

3KCnepHMeI:ITaMH, Kat.teCTBeHHO OITHCaJI Ha6JTIO­

.naeMbte .R.BneHIDI, npO.HBJl.HIOIUHeC.H B l-l3MeHeHHH 

rH.!(pO.!(HHaMHKH peaKTopa, npH HH.!(HKal(HH rrpH­

MeCeH B HaTPHH H OtJHCTKe HaTpH.11.. 

IlOBblllleHHbie BH3KOCTb H a.nre3H.H ren.H 

CJ10)1(Hb!X OKCH)J.OB xpoMa B HaTPHH peaKTOpHOH 

l.fHCTOTbl npHBO.!(RT K t.taCTHt.[HOMY 3a6HBaHHlO 

OCa)J.KaMH renR HH3KOTeMneparypHhIX naKeTOB 

aKTHBHOH 3OHbl 6e3 TonnHBa npH pa6oTe peaKTOpa 

Ha MOll(HOCTH, O)J.HaKO s Tex )Ke ycnOBHJIX 6J1aro­

.nap.H Bb[COKOH TeMneparype H paCXO.!(aM TOilJIHB­

Hbte c6opKH npaKTHtJeCKH He 3a6HBalOTC.H. 

Ha6rr10.naeMaJ1 TeMneparypHa.H 3aBHCHMOCTb 

CKOpOCTH OC8)f()J.eHHJI npHMeCH B KaHaJiax MaJIOro 

ce"!eHH.11. He xapaKTeptta )J.Jl.11. B3BerneHHblX t.taCTHU, 

0rHOCHTeJibHO BhICOKaJI CKOfOCTb 3a61-tBaHHJ1 Ka­

HaJIOB MaJioro cetieHH.11. ~ 1 o- MWMHH 06'b.HCHJ1eT­

c.H OC8)f()J.eH1-teM t.taCTHI..( ren.H w He MO)l(eT 6hITh 

o6ycnosneHa ITOTOKOM OCa)l(JJ.eHH.11. pacTBopeHHblX 

B HaTPHH H B3BerneHHhIX npHMeceH MCTaJIJlOB H HX 

OKCH)J.OB, KOTOpbtH Ha HeCKOJlhKO nopH.D.KOB 

MeHhwe. 

0rCYTCTBHe 3aMeTHOro BJTHHHH.11. oca)J.KOB 

npHMeCeH Ha rH.D.paBJIHKY KaHaJIOB npH BhI.!(ep)l(Ke 

KOttrypa C TeMneparypoH 250 °CH HIDKe Bbl3BaHO 

H3OTepMHt.tecKHM nepepacnpe.neneHHeM oca.n.Ka 

ren.11. no BCCM nosepXHOCTRM KOHrypa, a npH .!(JTH­

TeJlbHOH Bbt)J.ep)Kf(e - HH3KOTeMneparypHhIM pac­

na.noM xpoMHTOB HaTPK.H. 

HerrpephtBHoe 3a61-tBaH11e y3KMX 3a3opos pa3-

MepoM 0,05 . .. 0, I MM B peryn11py10mHX BeHTHnJIX 

)zy40 npoHCXO)J.HT B pe3yJlbTaTe 3a.nep)KKH <ppar-
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MeHToB rem, 6onhurnx pa3Mepos, qacnt'iHO nepe­

KpblBaJOLL(HX 3a3Op. ,[(JUI yc-rpaHeHID! 3TOfO 3cp­

cpeKTa uenecoo6pa3HO .wui perym1poBaHHJ1 11c­

nonb3OBaTb BeHTHnH C MeHblllHM npOXO)J.HblM ce­

t.feHlteM H, COOTBeTCTBeHHO, 66JJblllHM pa.nHanb­

HblM 3a3OpOM. 

reneo6pa3HbIM xapaKTep oca.nKa npe.noTspa­

Ll(aeT nOJJHOe nepeKpblTHe KaHanOB pa3MepoM B 

HeCKOJibKO .nec.l!Tb[X .noneH MM, TaK KaK noJiy)l<H)J.­

KHH renb He BblJJ.ep:>KHBaeT nepena.na .nasneHHJI B 

HeCKOJlbKO Krl cM
2
, pa3BHBaeMoro UHpKym1uHoH­

HbIMH HacocaMH. 

y BeJJH'-!eHHe rn.npaBJlH'-!eCKOro conpOTHBJJe­

HHJI KOH'rypa peaKTopa B npouecce Bb1xo.na Ha 

MOll(HOCTb BbI3BaHO nepeHOCOM o6pa3y!Oll(HXCJI B 

BblCOKOTeMneparypHOH '-laCTH KOHrypa XpOMHTOB 

B cpa3e reJlJI B HH3KOTel\meparypHble naKeTbl H ne­

pepacnpe.neneHHeM HaKonneHHoro paHee oca.nKa 

reJI.11 B HeH3OTepMHt.feCKOM KOHrype. 

,[(n.11 yMem.llleHIDI .nonOJlHHTeJlbHbIX rn.npas­

JIH'-leCKHX conpOTHBJleHHH peKOMeHJJ.YeTC.11 nOBbl­

UJaTb 3cpcpeKTHBHOCTb O'¾HCTKH HaTpHJI XJI .no 

TeMTieparyp 3a6HBaHHJI no OKCHJJ.Y Mettee 120 °CH 

BblJJ.ep)l(HBaTb KOHTYP so speM.11 IIIlP np11 TeMne­

parype OKOJIO 200 °C. 

B MII npH BbICOKHX -rpe60BaHHJ1X K TeMnepa­

TYPHOMY pe~ cne.nyeT yseJIB<rn:BaTb pa3Mep 

npOTO'lliOfO KaHana H pacxo.n HaTpH.11, B HCnOJ1b-

3yeMbIX MII CHl{)l(aTb HaTIOJlHeHHe o6pa3UaMH C 

ueJibJO yBeJlH'-!eHHJI HOMHHanbHOfO pacxo.na .no 

6 ... 7 M3
/'¾aC. 

B OTJlHT{He OT HCCJle)J.OBaTeJibCKOfO peaKTopa 

BOP-60 paccMo-rpeHHbie 3cpcpeKTbI co CJlO)l(HbIMH 

OKCH)J.aMH xpoMa Mettee aKryanbHbl )VU! 60J1bUJHX 

3HepreTH'¾eCKHX peaKTOpOB C Het.faCTbIMH H BttyT­

pHpeaKTOpHblMH neperpY3KaMH H, BH)J.HMO, MOI)'T 

HMeTb MeCTO TOJlbKO npH HemTaTHbIX CH'f)'auIDIX B 

I H II Ha-rpHeBbIX KOttrypax npH nona.naHHH 6oJib­

llIOro KOJIHt.feCTBa KHCJiopo.na, KaK npO.IIBHnOCb, 

HanpHMep, npH 3arp.113HeHHH HaTpHJI J KOHrypa 

peaKTopa Superphenix B3aHMo.neiicTBHeM c BO3JJ.Y­

XOM s HJOJie 1990 r. [8]. TeM He Mettee TaKyJO 

BO3MO)1(HOCTb Heo6XO)J.HMO paccMaTpHBaTb H npo­

)J.OJI)l(aTb HCCJie)J.OBaHHe 3TOfO .IIBJleHHJI. 
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Y)J,K 621.039.534.63 
TexHOJJOrlUI HCDOJJL30B3HHSI HaTpHSI K3K TeUJIOHOCHTeJJSI 

peaKTopoB Ha 6hlCTpLIX HeihpoHax 

<P.A. Ko3noa, B.B. AneKceea, ff.I'. Bon'IKoa, T.A. Bopo6beaa, JO.H. 3azopynbKO, 
JO.II. Koaanea, II. C. Ko3y6, r.n. Cepzeea, 

Cl>f'YIT "fHIJ. Pel>-Cl>3H", 249033, r. O6HHHCK Kany)KCKOH o6n., rm. BoHJJ.apeHKo, 1 

TTpe.ncraaneHO KpaTKOe H3JJOlKetrne OCHOBHhIX pe3yJJbTaTOB HCCJJe.noaaHHH no TeXHOJJOrnH HaTpHeaoro TennoHO­
CHTem1 npHMeHHTeJJbHO K Jl,UepHblM :rnepreTWleCKHM ycTaHOBKaM (5I3Y) C peaKTopaMH Ha 6blCTphlX HeHTpOHax (EH). 
Tipoae.neHHble HCCJJe.noaaHHJI H pa.3pa60TKH o6ecne'lMJlll ycneWH)'lO MHOroJJeTHJOIO 3Kcnnyaraumo ycTaHOBOK EP-5, 
EOP-60, EH-350 H oH-600. OTMe'laeTCJI cne.nytoruee: 
- H3Y'leHhl HCTO'lHHKH npHMeceii, J,IX HHTeHCHBHOCTb, B03MOlKHble 1-1eraTHBHhie nocne.ncrnm1, o6ycJJOBJJeHHhie npHMe­

CJIMH, np11 3Kcnnyarau1111 A3C; 
- C HCITOJlb30BaHHeM opHrnHaJJbHblX pac'leTHO-TeopeTH'leCKHX H 3KCnepwMeHTaJJbHb!X MeTO.UHK H3Y'leHO COCTOllliHe 
npHMeceA B TeITJJOHOCITTeJJe J,I 3a[JJ.HTHOM ra.Je B 3aBHCHMOCTH OT KOMnOHeHTHOro cocraaa CHCTeMhl H ee TeMnepaT)'J)hl 
KaK B ycnoam1x TepMO.UHHaMWieCKOro paBHOBeCHll, TaK Ii C Y'leTOM KHHeTHKH peaKUHH; 
- BbIITOJIHeHo KOMITJJeKCHOe J,!CCJie,noaaHHe npoueccoa Tenno- 11 Maccoo6MeHa 11 rn.npo,nHHaMHKH a XOJIO,llHbIX JIOBym­
Kax (XJI). Pa.3pa60TaH H BHe.npeH Ha npOMbllIIJleHHbIX ycTaHOBKax OpHr11-HaJihHblH MeTO.U pere1-1epamrn XJI; 
- npe.nnmKeHbt Mo.nem1 roMore1-11-1oro H reTepore1-1Horo Macconepe1-1oca npHMeceA a HaTpweBblX KOHT)'J)ax; 
- HCCne.aoaaHbl rrpoueCCbl ropeHHJI HaTpHJI npH HCTe'leHHJ,I ero B aTMocqiepy. 

Oco6oe BID1Ma1-111e y.nene1-10 acneKTaM o6ecrre'leHHll HOpMaJJbHOH 3KCnnyaTaUHH 5I3Y C )"leTOM noTeHUHaJihHhIX 
OTKa.30B no TeXHOJIOrH'leCKHM npwmHaM. PaCCMOTpeHbI HeOTJIO)l(l-11,[e 3a,naqJ,1 B paMKaX .UaJJbHefunero pa.3BHTHJI TeXHO­
JIOfIDI HaTpHll. 

Technology of sodium as the coolant of fast neutrons reactors. F.A. Kozlov, V.V. Alekseev, L.G. Volchkov, 
T.A. Vorob'jeva, Yu.I. Zagorul'ko, Yu.P. Kovalev, P.S. Kozub, G.P. Sergeev. In the article is given a brief descrip­
tion of principal results obtained in sodium coolant technology researches as applied to development of nuclear plants 
(NP) with fast breeder reactors. The researches and developments, having been carried out, provided successful long­
term operation of the reactors BR-10, BOR-60, BN-350 and BN-600. The progress has been achieved on the following 
topics: 
• varieties and intensities of sodium coolant impurities sources have been established and classified with regards to 

their possible detrimental consequences for NP's long-term operation; 
• using original theoretical and experimental methods has been studied the state of impurities in sodium both in equi­

librium and with account for variations of impurities content, temperature conditions and possible chemical reac­
tions; 

• multiple experimental investigation of heat-mass transfer and hydrodynamic processes in cold traps has been per­
formed. Simultaneously an original method of the cold traps regeneration has been developed and implemented at 
NP's; 

• mathematical models of impurities homogeneous and heterogeneous mass transfer in sodium have been developed; 
• sodium fires at sodium leaks into air and their extinguishing procedures have been investigated. 

Special attention is paid to the aspects ensuring NP's normal operation with account for potential failures due to 
technological reasons. There are considered the mostly urgent tasks of sodium coolant technology further development. 

TTpaKTH4eCKH C caM0fO H848JJ8 B 38)],8411 oc­

B0eHHJI HaTpm1-Tenno1-1ocHTen.st BX0JJ.HJIH: H3y4e­

HHe xapaKTepHCTHK CHCTeMbl "HaTpm:i-npHMeCH­

K0HCTp~0HHble (TeXHonorn4eCKHe) M8Tep11a­

nhI-38lll,HTHhlH r83", 04HCTKa HaTpHJI OT np11Mece11 

11 K0ffrponh 3a HX coJJ.ep»<att11eM, 6e3onacHa.st JKc­
nnyaTau:11J1 ycTaH0B0K B pa604HX pe)KHM8X H npH 

npose,neHHH peM0HTHbfX pa6oT. 
3nt 38JJ.84H npH C03JJ.8HHM ycTaH0BKH 6P-5 

KaK nepsoro M8CWTa6Horo npoT0THila 6blCTpOrO 

peaKTopa peweHbl HCITblTaHHeM Ha 3Kcnep11MeH­

TaJJhHhlX CTeHJ].ax XJT, 0XJl8)1(Jl.8eMblX T0JJY0JI0M, 

npo6KOBblX HHJJ.HKaTOp0B (TTH) 11 ycrpoikTB 0T-
6opa npo6 TennoHoCHTeAA JJ.n.st nocneJJ.YIOLl.(ero 
8HaJJH38 HX Q)H3HKO-XHMH4eCKHMH MeT0J].aMH. 

AHaJJOrH4Hhte 38J].84H peUJaJJHCb H rrpH C03JJ.8HHM 

A3C c peaKTopaMH BOP-60, 6H-350, EH-600. 
OJJ.HOBpeMeHHO np0B0JJ.HJIHCh HCCJieJ].0B8HIDI <t>11-

3HK0-XHMH4eCKHX npou:eccoB B CHCTeMe "HaTpHH­

npHMeCH-K0HCTpYKI.J.H0HHhle ( TeXHonornqecKHe) 

MaTep118JlhI-38ll.lITTHblH r83" [ 1 ... l O]. 

1. IlpuMecu B TeOJlOHOCHTeJle H 3a~HTHOM nue 

l-byqeHbl HCT04HHKH npHMeCeH, HX HHTeH­
CHBH0CTh, B03M0)l(Hble HeraTHBHb[e nocneJ].CTBIDI, 
o6ycnoBneHHble npHMeCKMH, npH 3KCMy8T8U:HH 
A3C. Ha ocHosa1-11111 3THX JJ.8HHbIX o6ocHosatto 
JJ.0nyCTHM0e C0JJ.ep)l(aHHe np11Mece11 B Tenn0H0CH­
Tene 11 38ll.\HTH0M ra3e 11 pa3pa6oTaH OCT Ha Ha-
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TpHH npH nocTaBKe H B nep110,n 3KCruJ)'aTaQHH 

513Y (Ta6n. I) [11]. 
K11cnopo,n S1BJU1eTCS1 HaH6onee onacHoii c 

T04KH 3pemtR K0pp03H0HH0ro 803,AeHCTBHSI Ha 

K0HCTPYKI..IH0HHbIH MaTepHan np11MecMo. Co,nep­

)f(attHe KHCJI0po.n:a B HaTPHH, nocTaBJUleM0M C 3a­

B0,Aa, He AOJI)l(H0 npeBbllllaTb 50 Mntt"1
, a B npo­

Qecce 3KCnnyaTaQHH, y<IHThIBaSI pa31IH4Hble CH­

ryaQHH C B03M0)l(HI,IM nocrynneHHeM KHCnopo.n:a 

BO speMR peM0HT0B H pa3repMeTmaumt K0HT)'pa, 

ero co.n:ep)KaHHe orpaHH4eH0 10 Mntt"1
• IlOMHMO 

KHcnopo.n:a Ha K0pp031110 K0HCTPYKU.HOHHMX Ma­

TepHaJI0B B HaTPHH 0Ka3bIBalOT BJIHRHKe yrnepo.n:, 

a30T, 80,A0p0,A. 

Mcxo,ASI H3 .n:onycTHM0CTII CHIDKeHHR npocrno­

CTHI,[X xapaKTepHCTHK CTaJIH Ha IO % s npou.ecce 

3KcnnyaTaQHH peaKTopHOH ycTaH0BKH, peK0MeH­

.n:osaHbl cneAYJOm:He H0pMbI co.n:ep)KaHHR yrnepo­

.n:a B HaTpHH: AJIR I K0HT)'pa 20 MJIH-
1
, .D:JISI II K0H­

rypa 30 MJIH-1
• Ha CTa,AHH TT0CTaBKH HaTPHR C 3a­

so.n.a Ha A3C co.n:ep)f(aHHe yrnepo.n.a He ,D.0JI)KHO 
npeBbilllaTb 30 MJIH-1

• 

Bo.n.opo.n. 0Ka3bIBaeT MeHbUiee K0pp03H0HH0e 

so3,n.eHCTBHe Ha K0HCTPYKQH0HHbie MaTepHanbI, 

l{eM KHCnopo,n, o.n:HaK0 C0BMeCTH0e 803,D.eifoTBHe 

3THX npKMeceii npHB0.D.HT K B03pacTaHH10 Koppo-

3IDf cTaneif. OcttOBhIBaSICb Ha no.n.xo.ne, aHanorH4-

H0M .D.JIR KHCJI0po.n.a, H0pMa co,nep)KaHHSI B HaTpHH 

.n:nsi so,nopo,na ycTaHosnetta 0,5 MJIH-1• 

B Ha4anbHbIH nep110,n ocsoeHHR HaTpHR KaK 

TeTTJIOH0CHTem C'IlITaJI0Cb, 4T0 a30T He 0Ka3bIBaeT 

rr T a 6 n II u a I. lDHMeCH s HaTDHH 

cym:ecTBeHH0ro BJIKSIHKSI Ha MexaHH4eCKHe CBOH­

CTBa CTaJieH. O.n.HaKO s ,ll.aJibHeHrneM o6ttapy)KeHO, 

l{TQ HaJIHl{He a30Ta B 3a[QHTH0M raJe Bbl3blBaeT 

a30THp0BaHHe CTaJIH. Il03T0MY npHHSIT0, 4T0 npH 

TeMneparypax Bblllle 300 °C KOHl.{eHTpaQHSI a30Ta 

B 3all.{HTH0M raJe HM HaTPHeM .n.om1<Ha 6bITb 

MeHbUJe ~ 0,3 % 06. 

2. KouTpOJlh npuMeceii B eaTpuu 
H 331.QHTHOM r33e 

IlpH o6ocHosam-rn TPe6osaHHH K MeTO.n:aM 

K0HTp0JISI no onepaTHBH0CTH, ,D.HaTTa30tty K0HQeH­

TPaQHH, 4YBCTBHTeJibH0CTH YllHThlBaJIHCb He 

T0JibK0 Ba)l(H0CTb C03,D.aHHSI ycn0BHH .D:JISI AJIH­

TeJibHOH 6e3asapHHHOH pa60Tbl np0MbIUJJieHHbIX 

ycTaH0B0K H HX np0T0THil0B, Il0Mep)f(aHHR pa­

.D.HaQH0RHOH o6cTaHOBKH H MHIDIMH3aQHH .D.030-

BblX Harpy30K, HO H He06XO,D.lfMOCTb o6ecnel!eHHR 

3KCnepHMeHTaJibHblX pa6oT (Ta6n. 2). 

IlpH pa3pa6oTKe npo6ooT6opHbIX YCTPOHCTB 

6onhUioe BHHMaHHe y,n.enetto o6ecne4eHH10 npe.n.­

CTaBHTenbH0CTH npo6ooroopa, Heo6xO,AHMOH 

4YBCTBHTeJibH0CTH H T0l!H0CTH aHaJIH3a. 

113 60JII,UJOro K0JIH'IeCTBa pa3pa60TaHHblX 

npo6ooT6opHHKOB HaUJJIH npHMeHeHHe TPH THTia 

YCTPOHCTB: TPY6l!aTbIH npo6ooT6opHHK, npo6o­

oT6opHHK-.D.HCTHJIJIRTop (pHC. I) 11 npo6ooT6op­

HHK PMH0aKTHBHoro HaTPHSI (pHC. 2). IlpH 0TPa-

60TKe pe)Kl{Ma JJ:HCTHJIJISl'QHH B rrpo600T6opHHKax­

.D.HCTl1JIJIRT0pax H attanme npo6, OT06paHHbfX. B 

Tpe6osaHID1 OCT, Mmi°1 Co.uepJKattue B HaTPIU-1 

TPY6llaTbJH npo6ooT6opHHK, y.n:eneHo 

nepsoCTeneHHoe BHHMattHe o6octto­

sattmo napaM~os 3Toro npou.ecca 

H o6ecne4eIDl10 MHHHMaJibHblX 3a­

rpS13HeHHH npo61,1 B nocne.n.yrorn.eM 

aHaJIH3e. B pe3ynbTaTe .D:0CTHrttyT0 

cne.n.yrorn.ee. Ilpe,nenbl o6Hap~eHHR 

COCTaBJISIJOT: TIO KHCJI0pO,Ay ( OKCH.D:­

HaSI, rH,ApOKCH,AHaSI 11 Kap6ottaTHaSI 

qiopMbl) - 2 MJm ·1, no yrnepo.ny (tte­
nery1-me qiopMbl) - 4 MJIH-1, a301)' 

(HHTPHAHbie qiopMbI) - 1,6 MJIH-1, 

xnopH,D.aM - 2 MJIH- 1
• HoBbie MeT0.D:bl 

aHaJIH3a H annaparypa BHeJJ.peHbI Ha 

npeJJ.npHSITHSIX-nOCTaBm:HKax HaTPHR 

H peaKTOpHbIX ycTaHOBKax EP-10, 

EOP-60, EH-350, EH-600. 

N!!N'!! liH-600, MJIH
01 

n/n 
flpHMeCH 

flepuo.u Ilep1m.1J. 3KC-
Il0CTIIBKH ruJVaTamrn 

IKOHTYJ) 11 K0myp 

l Kamm 1000 1000 600 500 

2 KanbUHH 10 10 5 4 

3 Yrnep0.!l 30 30 6 18 

4 XJJopH.llbl 30 30 9 9 

5 A30T 10 10* 3 3 

6 )I{eneJo 50 50 25 22 

7 KpeMHHH 10 10 < 10 < 10 

8 BHCMyr 10 10 < 10 < JO 

9 6ap11A 10 10 < 10 < 10 

10 Onoso 20 20 < 20 < 20 

11 KHcnopo.n 50 10 2 2 

12 Bo.nopo.u - 0,5 He HJMep. 0,02 

13 
[(eJ!ffl, 

- 185 176 -MEKIKr 
*B JarJJ.HTH0M raJe I K0HT)'pa co.ueplKaHHe aJ0Ta .uonycKaeTCSI .uo 0,3 % 06. 
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Cpeou onepamU61-lblX Memo006 
Ko11mpoM npUMeceu 6 1-1ampuu oc­

HOBHOe BHHMaHHe y.n.eneHo IIJ1 
(pHC. 3), ,n.aT4HKaM C .D.Hq>cpy3HOHHbl­

MH MeM6paHaMH H 3JieKTP0XHMHl!e­

CKHM MeTO,ll.aM. PaC4eTHO-TeOpeTH-

4eCKHM aHaJIH30M ycTaHOBJieHO, 'ITO 

noKaJaHHSI Illi 3aBHCSIT OT psi.,na 



T a 6 J1 H u. a 2. Tpe6oeaHJUI K CHCTeMaM H MeTO,llaM KOHTJ)Onll 3a co.nepi1<aHHeM 
np11Mecei:i e HaT0Im 

~· )];1-1aml30H TTpe.nenbHa,i Heo6xo.nHMoe 
n H3MepeHmi, '-IYBCTBHTeJJb- epeMll HJMe-

MnH
01 HOCTb, MJJH•I peHID! 

0,05 ... 2 10"' 
eNa 

0,1...10' 0, I 
goc 

Bo.nopo.n 
5 ... 103 2 

eAr 
5 ... 103 2 

goer 

10"3 
... 5·10"1 5.10·3 

Yrnepo.n* 0,1...I0j - I 
~ I qac 

1...10 10·• 
KHcnopo.n 

1...105 1 
goc 

TTpo.nyKTbI Koppo3HH (Fe, Cr, Ni) 1...100 1 1 CYT 

JlHTHH 1...100 I I CYT 

6op 5 ... 10 5 I CYT 

AJOT 1,6 ... 100 1,6 3 qaca 

Xnop 2 ... 1000 2 3 '-laca 

TTpHMe'-laHHJI: I. BepxHAA rpa<j>a - onepaTHBHbie MeTO.llbl KOHTpOM npHMeceit 
HHlKHllll rpa<j>a - KOHTJ)OJlb rrpHMecei:i c oroopoM npo6b!. 

2. • - ,nnll oaepanmHoro MeTO.na KOHTpOJJll yrnepo.na - e eD.HHHUax 
TepMO.llHHaMH'-leCKOA aKTIJBHOCTH. 

napaMe-rpos: ,nHaMerpa ornepCTHH, HX 4Hcna, pac­
xo,na H cxopocn1 oxna)!()J.eHHJI TenJJOHOCHTeJUI, 
npoTeKaiomero 4epe3 ornepCTHJI, s11,na KpHcTan­
JJH3)'l01.Lleiic.si npHMeCH, a TalOKe OT KOHCTJ)YKLJ.HH 
rm. 113 BblITOJJHettttoro aHaJJHJa cne.nye-r, 4TO ec­
JJH H3MepeHHe nposo,nITTb npH paCTBOpeHHH o6pa-
30Basweik.si npo6KM, TO q>HKCHpyeMaJI TeMnepa­
rypa Ha4ana ee paJMbJBaHH.11 6y.ner 6nIDKe K reM­
neparype HaCbll..LleHH.11, 4eM TeMnepa-rypa Ha4ana 
JaKynopHBaHHJI rm s npouecce oxna)!()J.eHHJI. 
3KcnepHMeHTaJJbHO onpe.neneHbl JHa4eHJ,fjl napa­

Me-rpos, rapaHTHPYJOLLlHX ,nOCTOBepttOCTb OOKaJa­
HIDI rm. ITpose,neHa rpa.nyHpOBKa rm no KMCJJO-

PHC. I . TTpo6ooroopHHK-.llHCTHJJJlllTOp: I - BaKyyMHal! 
KaMepa; 2 - noeoporuoe yCTpolicTBo; 3 - CTI1KaHbI; 4 -
CJJHBHal! Tpy6Ka; 5 - KOH.lleHCaTOp 

2 

PHc. 2. TTpo6ooroopHHK pa,llHOaKTHBHOrO HaTpHJI: 1 -
Koprryc KaMepbI rrpo6ooT6opa; 2 - KacceTil co cTaKaH­
'-IHKaMH .nn,i rrpo6; 3 - OCHOBHOe ynnoTHeHHe; 4 -
wToK; 5 - JaMopru1rn:eruomee ynnoTHeH1-1e; 6 - HH)f(Hee 
ynnoTHeHHe 6oKca; 7 - nepqaTOtU11,1A 6oKc; 8 - naMTTa 
oceew.eHHJI 6oKca; 9 - eepxHee ynnorneHHe 6oKca; 10 -
pe,nyKTOp; 11 - 3JJeKTponpHBo.n; 12 - KOHTelmep AM 
TpaHcnopTHpOBKH KacceTuJ c npo6aMH; 13 - ynJJOTHe­
HHe KOHTeHHepa; 14 - CTeKJJo; 15 - nepqaTKH 
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Na 

t 
Na 

PHc. 3. KoHCTpYKUIDI ITH (Wie MO.UHq>KKaUHR): I - oc­
HOBHOH BeHTIUlb, 2 - Termoo6MeHHHK, 3 - peryJIH­
PYIOII.ll1H seHTIUlh, 4 - KapMaH TepMonap1,I, 5 - pacxo­
.uoMep 

po.ny, B0.D.0po.ny H npo.nyKTaM B3aHMO,D.eHCTBHJI 

HaTPHJI c ao.n.oi1". 

Me-ro.n. K0HTP0JJ.sr 3a TepMO.LJ.HHaMH'-leCKOH aK­

THBH0CTbJO npHMeCeH B HaTpHH C HCTT0Jlb30BaHH­

eM .n.aT4HK0B C .n.mpcpy:mOHHbIMH MeM6paHaMH 

0CH0BaH Ha H3MepeHHH TTOT0Ka npHMecei1" H3 Ten­

Jl0H0CHTeJUI 4epe3 cnelJ,HaJJhHble MeM6pam.1 B 

.n.pyryro cpe.ny (aaxyyM, HHepTHblH ra3, cneUHa.Jlb­

H~ ra30B~ CMeCb) npH K0ffTP0JJHpyeMbIX napa­

M~ax. 

/(M KOHmpo/lJI, BoiJopooa B Hampuu B Ka11ecm­

Be Mamepuana iJu¢qiy3uoHHou MeM6paHbl Bb16paH 

HHKeJJb. ,[vi.sr H3MepeHIDI n0T0Ka 80.LJ.0po.a:a HC­

TT0Jlb30BaHbI pa3JJH'-UU.Ie MeT0)J.bl. Jly•mme pe-

3YJJbTaTbl TT0JJy'leHbl npH npHMeHeHHH MarHHT0-

pa3pH)J.HbIX HaC0C0B. Ha HX 0CH0Be C03)J.aH KH.LJ.H­

KaTOp ao.a:opo.a:a aaToMaTH'leCKHH HBA-1 (pHc. 4), 
co.a:ep)KaI.J..tHH cne.a:YJOutHe 0CHOBHbJe 3JJeMeHTbl: 

6noK no.a:orpeaa HaTPH~ .a:o pa604eij TeMnepary­

pb1; BblCOKOBaKYYMHblH 6noK, COCTOHI.J..tHH H3 )J.aT­

tfHKa, BHyTPeHIDIH TTOJJ0CTb K0TOporo CBH3aHa C 

BaKyyMHOH TTOJJOCTb}O MarHHTOpa3pH.LJ.HOro Haco­

ca; 6noKH cpopMHpOBaHHH 3JleKTpH4eCK0ro CKrHa­

na (TOK Hacoca) KaK cpyttKl..lHH TTOTOKa 80.LJ.0po.a:a, 

TTHTaHHJI Hacoca BbJCOKOBOJlbTHblM Hanpjf)KeHHeM, 

H3MepeHHJI TOKa Hacoca, cpopMHpOBaHHJI aaapHH­

HOro CHTHa.Jia, ynpaaneHH.sr HarpeaaTeneM, npo­

aepKH M~onorn4eCKHX xapaKTepHCTHK HBA-1 . 

OCHOBHble xapru,.--repHCTHKH HBA-1 - 4YBCTBH­

TeJJbH0CTb no B0.LJ.0po.a:y B HaTPHH H HHepUH0H­

H0CTb paaHb1 0,01. .. 0,06 MnH·
1 

H 15 . . . 18 c, cooT­

seTcrneHHO. fnaaHoe Ha3Ha4ettHe MBA- L Ha npo-
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PHc. 4. CxeMa HH.LlHKaTopa eo.uopo.ua B HaTpHH l.1BA- l: 
A - 6noK s1,1coK0BaKYYMHbIH, E - 6noK HaTpHes1,1ii, B -
ycTpolicrno KaJJH6poso•rnoe; I - Hacoc HM)];-0,0063, 
2 - .a;aNHK so.uopo.ua, 3 - eeHTHJib HJJH nepelKHM BaKy­
YMHblH, 4 - peKynepaTOp, 5 - 0CH0BHOH HarpesaTeJlb, 
6 - .nmaTOp so.uopo.ua, 7 - 6aqoK MepHb1ll:, 8 - seHTH­
mt, 9 - MaHoMeTp, IO - TepMonap1,1, 11 - 6noK nHTaHID! 

MblWJJeHHbIX ycTaHOBKax - o6HapJ)KeHHe nona­

)J.aHH~ B0.LJ.bI a HaTPHH npH Te'IH naporeHepaTopa. 

/(/lJI, KOHmpOIUl y2J1epoi'Ja 6 Hampuu HCil0Jlb3Y­

eTCH )J.aT'IHK C MeM6paHOH H3 )KeJJe3a apMK0. O.a:Ha 

CT0poHa MeM6paHbI OMbIBaeTc.sr HaTPHeM, HMeJO­

mHM TeMneparypy 750 °C, BT0p~ - cneUHa.Jlb­

HblM fa30M, KOTOpbIH, B3aHMO)J.eHCTBy.sr C yrnepo­

.D.OM Ha noaepXH0CTH MeM6pa.Abl, o6pa3yeT OKHCb 

yrnepo.na HJIH MeTaH. lliMep.sreMoe KOJJH'lecrno 

o6pa3YJOIQei1"c.sr 0KHCH yrnepo.a:a HJIH MeTaua npo­

nopUHOHaJJbH0 TepMO)J.HHaMH'leCKOH aKTHBHOCTH 

yrnepo.a:a B HaTpHH. 3-ra CHCTeMa npHMe~naCb B 

HaTPHeBOH JJa6opaTOpHH <1>311 npH HCCJle)J.OBaHHH 

nose.a:eHIDI yrnepo.a:a a HaTPHH. 

/(M U3MepeHWl. KUcllopooa B Hampuu pa3pa-

60Tam1 ~ er W) COBMeCTH0 C <1>311 3JJeK­

TPOXHMH"4eCKHe .srqeiiKH (3XJI), 0IIbITHMe o6pa3-

l..lbI K0T0pbIX npo1rum HCTTblTaHH.sr Ha 3KCnepHMeH­

TaJJbHbIX HaTPHeBblX CTeH)J.ax, B pam,IOaKTHBHOM 

ttaTPHH peaKTopa EP-10. Ha II KOHType ycrnHOBKH 

EH-350 OHH npopa6oTaJJH 6onee 20 000 qacoa. 

IlorpernHocTb H3MepeHH.sr KOHUeHTPauHH KHCJJO­

po.a:a c noMorn;blO 3X51 - 20 %. K C0)KaJJeHHJO, 

npo6JJeMa np0MbllJIJleHHOro OCBOeHH.sr 3X51 a Ha­

CTO.srmee ape~ He peweHa. 

MemoObl onepamuBH020 U3MepeHWl. aKmuB­

Hocmu HYK11U006 6 KOHmype u KOHmpOllb 2epMe­
muimocmu 060J1011eK mB3llOB. Ha peaKTopHOH yc­

TaHOBKe EOP-60 OTPa6oratt MeTO.LJ. orrepaTHBHoro 

K0HTpon.sr aKTHBHOCTH HyKJlH)J.08 B TTOT0Ke Ha­

TpHeaoro TeIIJJ0H0CHTeJUI pa60Ta10Ll..lero peaKTopa 

YCTPOHCTBOM U,EHA ("ue3HH a HaTPHH" ). l13Me­

peHHe aKTHBH0CTH ocymecTBJUIIOT repMaHHH­

JlHTI-IeBblM )J.eTeKTOp0M B cop6UHOHHOH 30He 061,-

1 3 ~ eM0M npHMepH0 CM ' pacnoJJO)KeHH0H B npo-

T04HOH Tpy6Ke. 3a BpeM.sr H3MepeHIDI 1 . .. l O MHH 

Ha)J.e)KH0 H)J.eHTH(pHl..lHpyerc.sr H H3Mep.sre-rc.sr 

y.a:eJJbHall Pa.LJ.H0aKTHBH0CTb HyKJJHJJ,08 ue3HJI B 
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HaTpHH, a npH HeK0TOpblX ycJJ0BHJIX T8l0Ke H KCe­
HOHa. 

j{JlJl KOHmpOJlJl 6000p00Q 6 3QU,/UmHOM 2Q3e 

p83pa60TaHbl H BHe]lpeHbI B np0MblUJJJeHH0M 

M8CUJTa6e MeTO]lHKH 8HaJJH38 npHMeceH C HC­

nOJlb30B8HHeM CTaH]lapTHblX np06op0B: raJ0B0ro 

xpoMaTorpacpa JIXM-8, "ll,HpKoH", "Eaihcan", ra-

30aHaJJH3aTopa BTH, noJaomu, K0HTp0JIHp0BaTh 

KHcnopon, aJ0T H neryqne yrnepo.noco.nep)Kall(ne 

npHMeCH B npe.nenax 10·1 
... 10·3 06 . .noneiL 

~ K0HTp0JJJI ao.uopo.ua B aprotte II K0Hzypa 

H raJoo6p83HbIX rrp0JlYKTOB .ueneHHJI B raJOBOH 

noJJ0CTH peaKTopa (rIIP) p83pa60T8Hhl crreUHaJJh­

Hhie cxeMbl oT6opa r83a, BKJilO'IaIOII\He <pHJJhTPhl 

.!lJlJI 0tJHCTKH OT napoa H8TPIDI H H8rHeTaTeJJH raJa 

(.um, I Komypa). Conep)KattHe ao.uopo.ua a JamHT­

H0M raJe II K0HTypoa A3C EH-350, EH-600 on­

pe.uem1eTcR K0HJlYKT0M~HtJeCKHM aHaJJH38T0p0M 
ao.uopo.ua KAB-7. 

3. O'1HCn:a HaTpHH OT DpHMeCeH 

OCHOBHhlMH YCTP0HCTB8MH 0tfHCTKH H8TPIDI B 

K0Hrypax 6bICTpblX peaKTopoB CJJY)K8T XJ1. Hc­
cne.uoaaHbl oco6eHHOCTH rrpoueccoa r11.upo.uHHa­

MHKH Tenno- 1-1 Maccoo6MeHa a XJI (pHC. 5). ,lLJIR 
pe)KffM0B pa60Tbl noaymeK xapaKTepHbl MaJJble 

CK0pOCTH TenJJ0H0CHTeJJJI, 6onhlIIHe rrp0X0.UHbie 

cetJeHHJI, yMeHbllJ8IOI11HeCR no Mepe HaK0llJJeHHJI 

rrpHMeceH B JT0BYUJKe, 3H8LJHTeJlbHbie nepena.uhI 

TeMneparyp, HaJJHtJHe p83BeTBJJeHHhlX Maccoo6-
MeHHhIX noaepXHOCTeH. Hccne.uosaHHll npoB0.UH­

JIHCb KaK Ha cneUHaJTbHblX 3KCnepHMeHTaJThHblX 

yqacTKax, Mo.ue1rnpY1QL1.1,HX p83JTHtJHhle 30Hbl XJ1 
(H30TepMHtJeCKHH H HeH30TepMHLJeCKHH OTCTOH­

HH_KH H <pHJJhTPbl, 30Ha 0K0HtJ8TeJihH0r0 0XJTa)l(Jle-

2 000 X, MM 

V VI VII 

PHc. 5. PacnpeneneHHe 
0KHCH HaTpHJI B noeym­
Ke, HJMepeHHoe y-MeTo-

noM: a) • - GN.,o = 
= 63 Kr" o - G = , Na10 

= IIIK.r-0 - G = 
' N120 

= 14 Kr; 6) - cxeMa pa3-
pe3KH JJ0BYIIIKH Ha '!ac­
TH H MeCTa Oroopa JJ0-
KMbHblX apo6; B) -
cxeMa pa3pe3KH qac-rea 
rv' H v' llJlJI rpanyH­
posKH y-MeT0Jl0M 

HHR), T8K H Ha MO.UeJTJIX rrp0TOTHll0B Jl0ByUJeK, 

K0T0pb1e rrpoeKTHposannch a <I>3H H OKEM. 
KoHCTPYKUHH XJI rroKaJaHhI Ha pHc. 6 n 7. 

11ccJie.UOB8HHJI ll0K83aJJH: 

- pacnpe.ueneHHe npHMecei1 B oxna)l(JlaeMbIX 

npoT0tJHhIX 30Hax xapaKTepH3YeTCR 6onhUJOH ue­

paaHoMepH0CThlO. IlpH HHCX0.URmeM ll0TOKe ox­

Jia)l(JlaeMoro H8TPHJI MaKCHMa..m.HaR Jl0KaJJbHaR 

K0HQeHTpaUHJI npHMeceH npeBhIUJaeT cpe.umoIO B 

10 H 6onee p83. TI0.uo6m1H pe)KHM TetJeHHJI xa-

2 3 4 

PHc. 6. CxeMa XJI rrpHMecelf HaTJ)WI peaKTopa 6P-10: 
I - BXOllH0H na-rpy6oK HaTpHJI; 2 - BbIX0llHOH rra-rpy-
60K Ha-rpW!; 3 - ll0JJ0CTb HarpesaTemI; 4 - KapMaH 
TepMonapb1; 5 - 3MeeBHK B0JlRH0r0 0XJJaJKJleHHll; 6 -
ll0JI0CTb TOJIYOJia; 7 - q>HJJbTJ); 8 - K8HaJI 0XJJIDKJl,eHHll 
HaTpIDI; 9 - eey-rpeHHHH Kopnyc XJI; IO - Hapy)IC}l1,JH 
K0pnyc XJI; J 1 - 0TCT0liHHK 
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B03Ayx 

Puc. 7. CxeM1,1 XJI rrpm.teceii Ha-rpm1 EH-600 (a) 11 EH-
350 (6): 1 - ueHT})a.JlhHa.s! -rpy6a; 2 - BHelIJIDrn KaHaJJ 
peKyrrepaTOpa; 3 - B03.Il}'IIIHblli 3a3op; 4 - q>Hllb-rp; 5 -
rrpOTO'IHbie -rpy6KM; 6 - aKCMa.Jll,Ha.s! -rpy6a; 7 - -rpy6KM 
B03JlYIIlHoro OXJTIDK.l(eHWJ; 8 - KO)l(yx ox.na)l(.nemu1; 9 -
KO Hye; 10 - JMeeeHJ< 

paKTepeH JI.JUI nepBbrx HCITbITaHHbTX MO)leJieH XJI, 
'ITO 06bHCHHeT HH3K)'IO eMKOCTh no npHMeCHM; 

- BbUIBJleHo, '!TO OTCTOHHHK CJI)')Klff 3<p<peKTHB­

HOH cocTaBJUUOmeii XJI, yJJ.ep)l(],IBIUI A O 25 % 
npHMeceii. ITpw-1eM npH pa6oTe OTCTOHHHJ(a s co­

CTaBe JIOBYIIIKH, KOr)la HaJJ. HHM HaxO)lHTCH 30Ha 

OKOH'-IaTeJibHOro OXJla,l(Aemu, K03<p<pH1.J.HeHT 

yJJ.ep)KaHID! npHMeceii B OTCTOHHHI<e B03pacTaeT 

AO 50 %. Cpe.u.IDUI Maccosiui KOHUeHTPlll.lIDI npw­

Mece11 s OTCTOHHMKe )lOCTHraJia 56 %; )lOJl,11 o6be­

Ma, 3aHHTIUI npHMeCblO, COCTaBJIHJla 35 %. 
JTH pe3yJI&TaTbl, a TaK)Ke )laHHl>Ie HCCJle)lO­

BaHHH TeilJlo- H Maccoo6Metta B HeH30TepMH'ie­

cKoM H H30TepMHl.feCKOM <pHJibTPax H HCITbITaHHH 

pa3JIHlfHbIX MO)leJieH xn, onpe)leJIHJil-1 OTel.feCT­

BeHHhIH no.u.xo.u. K KOHCTPYHPOBaHmo XJI, KOTo­

piui JlOJI)l(Ha HMeTb TPH nocJie)lOBaTeJlhH0 pacno­

JlO)KeHHhle 30Hbl: OXJia)l(AaeMhlH OTCTOHHHK, 30H)' 

0KOH'!aTeJihHOro 0XJla)l(AeHJUI H H30TepMH'!eCKHH 

<pHJihTP. Hcru,1TaHJ,fjj XJI noKaJaJIH, '!TO OHi-i 3<p­

cpeKTHBHO 01.fHll.\aIOT HaTPlfH OT KHCJI0pO)la H 80-

)lOpO)la (npw BpeMeHH rrpe6&JBaffHjf HaTPH.H B Jl0-

BYIIIKe 6onee 15 MHH K03<pq>Hl{HeHT yJJ.ep)KaHJ,fjj 

npHMeCeH 6JIH30K K e)lHHHUe). 
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MHHHMaJibHaH KOHU,eHTPfilOUI KHCJIOp0)la M 

BOJJ.opo)la B HaTpHH ITOCJle 01.fHCTKH ero Jl0BYWKa­

MH pa3HhlX THITOB paBHa HX pacrnopHMOCTH npH 

TeMneparype 120 .. . 150 ° C Ha BbIXO)le 113 Jl0Byrn­

KH. ,[vJH 3THX TeMneparyp pacrnopHMOCTb KHCJI0-

po)la 11 B0JJ.0pO)la COCTasn,qeT 3 ... 5 tt 0 ,02 ... 0,05 

MJIH-
1
, COOTBeTCTBeHHO. O1.fHCTKa HaTpj,fjj OT npo­

JJ.yKTOB KOpp03HH H oco6eHHO OT yrnepoJJ.a MeHee 

3<p<peKTHBHa. Pa3pa6oTaHbl OCHOBHhie ITO)lXO)lbl K 

K0HCTpy11posattmo XJI ( onpeJJ.enem1e o6beMa XJI, 
ee 30H H HX reoMeTpw11), B&16opy XJia)loareHTa 11 

KOHCTpyHpOBaHHIO Y3JIOB OXJia,l(AeHl,fjf, K C03)la­

Hlfl0 MeTO)lHK TeITJIOB0ro pac'!eTa XJI. 
/{11J1, eoccmaHoe11eHUR pa6omocnoco6Hocmu 

11oeywxu npu B03pacma,.wu wopae11u'leCKOW co­

npomuefleHUR U3-3Q HGKOnJleHUR 6 Heu npUMeceu 

prupa6omaH Memoo pe2eHepaZfUU. Ott 3aKJIIOl.faeT­

cH B nepeso.u.e ryronnaBKHX np11Meceii ( OKHCH Ha­

Tpf,fjf ) , JlOKamnosaHHbTX B JlOBYIIIKe, B JierK0ITJlaB­

KYIO Kaycrn"lecKylO <paJy. OcHOBOH 3TOH <pa3bI 

CJl~HT rHJlpOOKHCb HaTPJ,f,q, o6pa3)'IOLUaJICH B 

pe3yJI&TaTe B3aHMO)J.eHCTBl,fjf OKHCH HaTPl,fjf C BO­

JlOPOJlOM. B HeH pacrnopett&I OKHCh 1-1 rHJlpHJJ. Ha­

TPHJI H .u.pyme np11Mec11. ,n:o npoBe)leHID! perette­

pau11H OCHOBHM Macca HaTPJ,fjj yJJ.an,qeTcJI 1-13 no­
BYillKH. Ilocne 3Toro nosyIIIKa pa3orpesaeTc.si JJ.O 

TeMneparyp&r 450 ... 500 °C. Ecm1 B nosy111Ke 

HMeeTCH ,ll0CTaT0'IH0e KOJIHlJeCTBO BOJJ.Opo.u.a (B 

BH)le r11JlpH.U.a HaTPH,11), TO HeT Heo6XOJlHMOCTH 

no.u.asaTb raJoo6pa3Hhrn so.nopo.u. JI.JUI npespame­

HHH OKHCH HaTPJ,fjj B rH)J.pO0KHCh. H36bITOK ra3o­

o6pa3HOro BO.U.Opo.u.a, KOTOphIH MO)KeT o6pa30Bhl­

BaTbCJI np11 pa3JI0)KeHH.H rHJlpHJla, c6pac&rnaeTcJ1 B 

aTMoccpepy 4epe3 cneUBeHTHJI.siu,H.IO. 

KayCTHl.feCKIUI <pa3a, o6pa3)'10ll.\lUICH s npo­

uecce pereHepal..l,HH, CTeKaeT B OTCTOHHHK JIOBYW­

KH. TaK KaK OHa HMeeT Bb!COK)'IO ITJIOTHOCTb, ee 

o6beM 3Ha'!HTeJlbH0 Melibrne o6beMa, 3aHHMaeM0-

ro npHMeCJIMH B nosyIIIKe .u.o pereHepal..1,1111. Ilp11 

Heo6XO)J.HMOCTH KaycTH"leCKIUI <pa3a MO)KeT 6b!Tb 

y.u.anetta fl3 JI0BYllIKH B cneU,HaJibH)'IO eMKOCTb. 

Mero.u. np1-1MeHeH s <!>3M Ha pa3IIH'iH&rx MOJJ.eJIJIX 

XJI 6onee I 5 pa3. Ha o.uttoH 113 3KcnepHMeHTaJI&­

HbIX Jl0BymeK OH HCilOJib30BaJICJI 8 pa3. ,[J:aHHbIH 

MeTOJl perettepau,m1 ITOKa3aJI BblCOK)'IO 3cp<peKTHB­

H0CTb Ii 3KOHOMHlfH0CTb, lfTO IT03B0JIHJI0 BHe­

JlPHTh ero Ha npoM&IIIIJieHH&1e ycTaH0BKH EH-350, 

BH-600, a Tal()Ke peKoMeH.u.osaT& .un.si EH-800. B 
Ta6JI. 3 npHBe)J.eHbl )J.aHHhle ITO OTe'!eCTBeHH0MY 

o n1,1ry pereHepauHH XJI. 
YJ1aeJ1uea11ue paouo11yKJ1uooe e XJl. Hccne.u.o­

BaHID! pacnpe.u.enem1.si pa.U.HOH)'KJIH.UOB no o6beMY 

1DTarn1,rx XJI peaKTopos EP-5, EOP-60 BhI.llBHJIH 

cnoco6HOCTb JlOByrneK s TOH HJIH HHOH CTerreHH 

HaKaITJIHBaTb paJJ.H0H)'KJIHJlbl. Onpe.u.enetta 3 <p-



T 6 a JI H ... a 3 p erettepaum1 XJI 11 HX Mo.n.ene H 
N2.N'2 

O6'heKT MecTo npoae.uemu1 HaKonneHHh1e a XJI KoJIH'lecrno 
n/n perettepa._.1111 npOJJ.YKThl perettepaUHli 

I XJI V-105 JI 
3KcnepHMeHTaJ11,m.1A 

Na2O, NaH, NaOH I (1973) CTeHJJ. <1>311 

2 XJI V-105 JI 
3KcnepHMeHTIUii,Hl,(H 

Na2O, NaH, NaOH I (1973) CTeH.U <1>311 

3 xn v- 105 JI 
3KcnepHMeHTaJ11,tt1,1/:t 

Na2O, NaH, NaOH 8 (1975-1982) CTeH.ll, <l> 311 

4 Mo.uen1, Xn V-36 JI 3KcnepHMeHTaJihHl,IH 
Na2O 2 (1974) CTeH.U <1>311 

5 
Mo.n.en1, XJI EH-600 3KcnepHMeHTIUihHhIM 

Na2O, NaH, NaOH 3 (1973-1987) V-800 n CTeH.ll <1>311 

6 
XJl CHCTeMbl nplir0TOB- EH-350 (onpo6oeatt11e 

Na2O, NaH, NaOH 2 (1980, 1981) neHHJI HaTl)Hll V-3 Ml Mern.n.a) 

7 xn neTJJH N2 9 V-3 Ml EH-350 (orrpo6oeaHHe 
Na2O, NaH, NaOH, NaT 1 (1983) MeT0.D.a B YCJI0BIDIX neTmI) 

8 xn neTJIH N2 12 V-3 Ml EH-350 Na2O, NaH, NaOH, NaT I (1984) 
9 XJI nernH N2 8 V-3 Ml EH-350 Na2O, NaH, NaOH, NaT 1 (1985) 
IO XJI nern11 N2 11 V-3 M3 EH-350 Na2O, NaH, NaOH, NaT 1 (1985) 
11 XJI nern11 N2 5 V-6 M3 EH-600 Na2O, NaH, NaOH, NaT I (1987) 

12 
XJI nern11 N2 5 (ernpall 

EH-600 Na2O, NaH, NaOH, NaT 1(1988) xm V-6 Ml 

cpeKTHBHOCTb OlJHCTKH Ha-rpHll OT pa.31IH'UihIX 

H}'KJIH,D.OB. (OmorneHHe paBHOBeCHblX o6'beMHbIX 

aJ<THBHOCTeH .no H IlOCJie OlJHCTKH: JJ.Jlll 
1311 - 100, 

65zn - 7 1 137,134Cs -1 5 60Co H 124Sb - 1 3 a rma 
, , , ' ' , 1,-1/1..11. 

OCTaJihHblX H}'KJIHJJ.OB - 1 (oTCYfCTBHe O'IHCTKH)). 

BH.D.HO, 'ITO pa.nHOaKTHBHhle H30TOilhl ifo.na y.nep­

)KHBaJOTCll H pacna)J.aJOTCll B JIOByun<e. IlOKa.3aHO, 

'ITO YJiaBJIHBaHHe H30TOnOB ue3Hll B XJI B OCHOB­

HOM o6ycnoaneHo ero oca.>K,lleH.HeM Ha yrnepo.n­

HhIX npHMeCllX, HaKOITJieHHbIX B JIOBYIIIKe. 

OilbITHOM o6pa.3Qe H Ha-rpH.H (K03<pq>HQHeHT pac­

npe.neneHIDI), a TaK)l(e no CTOHKOCTH HX B Ha-rpH.H. 

Ilocne HCCJie)J.OBaHIDI 6onee .necllTKa MaTepHaJIOB 

)J.JUI nocJieJJ.Y}Omero HCilbITaHIDI B PaJJ.HOH)'I<JIHJJ.­

Hb.IX JIOByun<ax peKOMeH,D.OBaHbl rpacpHTbl MapoK 

rM3, PEM H rM3-6. 

~ 3cpcpeKTHBHOH OtfHCTKH Ha-rpIDI OT ue3IDI 

npe)J.JIO)l(eH H o60CHOBaH MeTO.n cop6UHOHHOH 

OlfHCTKH C npHMeHeHHeM rpacpHTOBhIX MaTepHa­

JIOB. Hx cpaBHHBa.Jlli no OTHOIIIeHHJO o6'beMHhIX 

aKTHBHOCTeH cop611pyeMoro pa)J.HOH}'KJIH)J.a B 

Pa3pa6oTfilfhT pa.3JIHtJHb1e THIII.I yc-rpoitcrn 

OlJHCTKH Ha-rpHll OT Qe3IDI H o60CHOBaHbI pe)KHMI,I 

HX 3KCilJIYaTaQHH. B tJaCTHOCTH, Ha OCTaHOBJieH­

HOM peaKTope peKOMeH,D.oBaH pe:lKHM OlJHCTKH npH 

TeMneparype 200 ... 230 °C, a )J.JUI 6onee rny6oKoH 

Olf_HCTKH - .nae CTa)J.H.H: a) npH 240 . .. 320 °C H 6) 

npH 160 ... 220 °C. Pe3yJII,TaTbl OlJHCTKH Ha-rpHll OT 

Qe3Hll cop6UHOHHI,IMH JIOByrnKaMH npHBe.nem, B 

Ta6JI. 4. 

Ta 6 JI H ... a 4. YcJJOBHll H pe3yJJl,TaTbl 0"IHCTKH TeIIJI0HOCHTeJIJI peaKTopoB OT Ue3Hll C HCil0Jl.b30BaHHeM 
oa30a60TaHH1>1x noe 1 meK 

YCTaROBKa EOP-60 EH-350 EH-600 
)J,aTa: MeCllU, ro.u 02.75 07.75 06.80 11.86 11.79 04.80 07.84 09.84 08.86 
TTpO.UOJDKHTem.-

H0CTI,, qac 45 140 155 382 123 759 199 403 346 

OTHOllleHHe Mace 
rpaq>HTa H Ha-

TPIDI, 10-5 
18 5,5 3,7 8,2 2,1 2,1 2,0 1,2 1,2 

TeMneparypa, °C 190±20 230±20 240±20 235±10 
225; 200; 250; 250; 

220±10 
180 175 175 185 

Y ..UeJibHall aKTHJl-

Hoen, Cs nocne 190 80 40 42 410 210 70 160 110 
0"IHCTKH, KEKlr 

OTHomem1e 
MOlllH0CTH .ll03i,l 
.n.o H nocne o•m- 2,6 2,7 1,4 3,4 1,5 2,5 1,8 1,4 1,5 

CTKH 
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4. HcCJJe.r.osaeus s o6JiaCTH 4>0Jn'lecKoii 
xnMun n Macconepeuoca 

Onpe.D.eneHbl paCTBOpHMOCTH KHCJlOpO.D.a, 80-

.D.Opo.D.a, yrnepo.D.a, cepbl H KpeMHIDI B HaTpHH. C 

YlfeTOM aHanH3a mrreparypHblX JJ.aHHblX peKOMeH­

.D.OBaHbl aHanHTHYeCKHe 3aBHCHMOCTH no paCTBO­

pHMOCTH 6onee 20 HHJJ.HBHJJ.YMbHblX semecTB s 

HarpHH. 

C HCnOJ1b30BaHHeM opHrHHMbHblX paClfeTHO­

TeopeTHlfeCKHX H 3KCnepHMeHTMbHblX MeTOAHK 

H3ylfeHO COCTO.RHHe npHMecei1 B TenJlOHOCHTeJle H 

3aLUHTHOM ra3e B 3aBHCHMOCTH OT KOMnOHeHTHOro 

COCTaBa CHCTeMbl H ee TeMneparypbl KaK B ycno­
BIDIX TepMOAHHaMHlfeCKOro paBHOBeCH.R, TaK H C 

ylfeTOM KHHeTHKH peaKUHH. TaKHe 3JleMeHThl, KaK 

Ca, Ba, Ti, Zr, V, Nb, La, U, 6y.n.yT npHCYTCTBO­

saTb B Harpm, npeHM)'LUeCTBeHHO B BH.D.e C0OTBeT­

CTBYIOUUfX OKHCJlOB. 

YrnepO.D. s OCHOBHOM 6y.D.eT npHCYTCTB0BaTb 

B HarpHH B CB060.D.HOM BH.D.e H B He3Ha'-!HTeJ1bHblX 

KOJlHlfeCTBax B BH.D.e aueTHnH.D.a HarpH.R, a B ra30-

BOH cpa3e Ha.D. HarpHeM n0.RB.RTC.R MeTaH H ABy-

0KHCb yrnepo.a.a (npH COOTBeTCTBy!QLUeM HMHlfHH 

80.,nOpO.D.a H KHCnopo.D.a B HarpHH). 

Onpe.D.eneHbl KOHCTaHThl cKopoc-rei1 peaKUHH, 

Heo6XOJJ.HMble .D.JI.R paCYeTOB H3MeHeHID! C0CTaBa 

CHCTeMbl HarpHH-npHMeCH npH B38HM0,D.eHCTBHl1 

HarpID! C ra3006pa3HblM 80.D.OpO.D.OM, rH.D.pOOKH­

ChlO HarpID! (MR roMoreHHOH H reTeporeHHOH 

peaKUHH), C ABYOKHCblO yrnepo.D.a H MeTaHOM. 

l-faY4em-1e KHHeTHKH CKOpoCTeH peaKUHH ne­

,:YYHX npOJJ.YKTOB B3aHMO.D.eikTBIDI HecpTenpo.n.yK­

TOB C HarpHeM nOKa3anO, 'ITO KOHTP0Jlb nonana­

HIDI Macna B Harpmi no yrneso.n.opo.n.aM s ra30BOH 

cpa3e Ha.D. HarpHeM HaH6onee uenecoo6pa3HO ocy­

mecTBJl.RTb no KOHUettrpauHH MeTaHa. 

3KcnepHMeHTanbHO ycTaHosneHo, YTO B3aH­

MO.D.eHCTBHe Kap6oHaTa HarpID! c HaTpHeM HaYH­

HaeTC.R npn TeMneparypax 350 ... 360 °C. KoHelf­

HblMH npOJJ.YKTaMH peaKl(IDI .RBn.RIOTC.R OKHCb Ha­

TPHR H cso6o.D.HbIH yrnepo.D.. 

Ilpei>Ro:J1Ce11bl MOOe/lu 20Mo2emw20 u 2eme­
po2em1020 MacconepeHoca npUMeceu 6 1-1ampue-

6blX KOHmypax. Ha HX OCHOBe pa3pa60TaHbl KOM­

nblOTepHble KO.D.bl .D.JI.R paClfeTa HHTerpanbHOro 

MacconepeHoca BO.D.Opo.D.a H TPHTHR, a TalOKe npo­

AYKTOB KOpp03HH KOHCTPYKUHOHHhIX MaTepnanos. 

Ilpe.n.no>KeHa MO.D.enb MacconepeHoca TPHTHR 

s rpeXKOHTypHOH ..513Y c HarpHeBblM TennoHOCH­

TeJleM, BKn!OlfaJI BblXO.D. TPHTHJI B noMeLUeHH.R 

A3C H OKPY>Ka!OLUYIO cpe.LJ.Y, H BhmonHettbr pac­

lfeTbl no pa3pa60TaHHblM K0MOblOTepHblM KOJJ.aM 

.D.JT.R CTaUH0HapHoro COCT0.RHH.R CHCTeMbl , a TalOKe 

c y1..1eTOM HeCTaUHOHapHOCTH npouecca. OHH no­

Ka3anH, 'ITO OCHOBHOe K0JIH'-leCTB0 TPHTIDI, o6pa-
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3y10merocsi s 6b1crpoM peaKTope, noczynaeT s XJ1 
I H II KOHTypos. IlpH 3TOM B nosywKax I K0HTypa 

ero HaKannHsaeTc.R npHMepHo B nonTopa pa3a 

6onhwe. B II1 KOHTYP 1..1epe3 naporeHepaTopbl rp11-

THS1 BblHOCHTCSI npHMepHO Ha .n.sa nop.RJJ.Ka MeHb­

we, YeM HaKannHBaeTCSI B XJI. lfope3 CTeHKH Ha­

TpHeBblX KOHTypos s aT~occpepy ero nona.n.aeT Ha 

.D.Ba-TpH nopsi.n.Ka MeHbWe, lfeM B JlOBYWKH. Pe-

3YJ1bTaTbl paclfeTa AHHaMHKH H3MeHeHHJI CO.D.ep­

>KaHHSI TPHTHsi s nepBblX KOHTypax ycTaHOBOK EH-

600 H <l>eHHKC nOKa3aHbl Ha pHC. 8. 

TTpH HenpepbIBHOH pa6oTe ycTaH0BKH EH-600 

Ha HOMHHMbHbIX napaMeTpax BblXOA TPHTHSI B 

aTMOCcpepy, BKnl04aJI npOH3BO.D.CTBeHHble noMe­

meHH.R, cocrnsnsieT no paclfeTaM 33 Ku/ro.D.. O6-

1.I.lHH BbIXOA TPHTHR lfepe3 III KOHTyp c 6e3B03-

spaTHO TepsieMOH nHTaTeJibHOH BOAOH COCTaBnSleT 

86 Ku/ro.n.. 3ToT TPHTHH s ocHOBHOM nonanaeT B 

rH.D.poccpepy. 

IlpuMe1-1umeJlb1-IO K HeU3omepMUl/eCKUJ\1 l/Up­

KYll.RlfU01-/1-/blM nampue6blM K01-1mypaM pa3pa60-

ma1-1a npuHZfUnUaJlbllO H06aJl MameMamul/eCKaJl 

Moi>ellb Macconepeuoca npoi>yKm06 Koppo3uu 

KO/ICmpyKlfUOHflblX MamepUaJl06. Mo.D.eJlb yYHTbl­

BaeT OAHOBpeMeHHblH nepeHOC pacTBopeHHblX 

npHMeCeH H B3Beceit IlpoBe.D.eHbl 3KCnepHMeHTbl 

no Hccne.n.osaH.HJO MacconepeHoca npo.n.yKTos 

K0pp0311M B HeH30TepMHlfeCKOM yYaCTKe HaTpHe­

soro K0HTypa, Ha OCHOBaHHH KOT0pblX YTOlfHeHbl 

3HalfeHHSI cpH3HlfeCKHX KOHCTaHT, Heo6XO))JfMbJX 

.D.JTSI lfHCJleHHOH peaJIH3aUHH K0AOB. 

C 1-1cnoJ1b30BaHHeM npe.n.no>KeHHOH M0.D.em-1 

paCClfHTaHbl nJIOTHOCTH nOT0Ka MaCCbl npOJJ.YKTOB 

Kopp03HH, OCa>K.D.a!OLUHXCJI Ha nosepXHOCTH rn.n.­

paBJIHYeCKOro rpaKTa yCTaHOBKH EH-600. TToKa-

3aHo, •no 3a 20 JleT Henpepb!BHOH 3KCnnyaTaUHH 

peaKTopa TOJILUHHa orno>KeHHH s TTTO B MaKCH­

MYMe COCTaBHT 0KOJIO 1,6 MKM. Ha1160JiblllaJI CKO­

pOCTb KOpp03Hl1 KOHCTPYKUHOHHOfO MaTepHana 

HMeeT MeCTO B BblCOKOTeMneparypHOH 30He. Ee 

BeJIHlfHHa C0CTaBJISleT OKOJ10 ) MKM!ro.n.. Pe3ynb-

KoH1.teHTpa1.tMR TPMTMR e HBTPMM I KOHT)'pa , 6KIKr 
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PHC. 9. Pacrrpe.neJJeHHe ITJJ0TH0CTH noT0Ka MaCChl K0M­

noHeHTOB CTaJJH, oca)l(JlaJOIJlHXCll Ha noeepXH0CTb 1133-

JJa no ero .ll.Jl}fHe, DJlll peaKTopoe EH-600 (KpHBall I) H 

EH-1800 (KpHBall 2) (OTPHUaTeJJbHall o6naCTb cooTBeT­

cTByeT paCTBopemno CTaJJH) 

TilTbI pac'-ieT0B Mll EH-600 H EH-1800 rrpeJJ.CTaB­

neHbI Ha pHc. 9 Ha Ta6JI. 5. 

T a 6 J1 u u a 5. PeJyJJbTaTbI pacqeT0B MacconepeHoca 

ITP0lIVKT0B K0PP03HH B l K0HTVDe ..sJ:3Y 

YcTaHOBKa EH-600 EH-1800 

T"""''·' ·' °C 550 575* 

8bJXOJl Ilp0.UYKT0B KOpp03HH H3 
11 52 

a.3., Kr/ro.n 

HaH60JJbJIJall CK0p0CTb paCTB0-

peHHll CTilJUI Ha BbIX0.ne H3 a.3., 0,8 1,7 

MKM!ro.n 

HaKOITJJeHHe 0TJJO>KeHHH B 3KC-

TPeMaJJbHbIX TOqKax (a.J./TITO) 
0,3/0,09 0,32/0,14 

npH nopHCTOCTH 0TJJ0>KeHHtl 

50 %, MKMlro.n 

*- Bbi6paHa Ha HaqaJJbH0M 3Tane pa3pa60TKH rrpoeKTa 

5. BonpOCbl 6eJonacuocTH upu aHOMaJlbHblX 
cnryaneHx na pea1crope 

HccJ1eooea1we ucmetteHUf/. Hampwi U3 KOHmy­
poe npH xapaKTepHCTHKax HaTPHeBbIX CHCTeM 6&1-

CTPblX peaKT0p0B IT0KaJaJI0, '-iT0 BttyrpeHHHe npH­

'-iHHbl .D)Tll 6bICTpOro o6paJOBaHHll KPYITHbIX JJ.e­

<peKTOB 0TCYTCTBYJOT. 3-ro IT0,D.TBep)K,l{aeTCll H 

MHOrOJieTHHM OITblTOM 3KCrrnyaTaUHH. TeM He Me­

Hee a npoeKTax 6bJCTpblX peaKTopoB yqHTbIBaeTCJI 

BOJMO)KHOCTb 60Jibllll1X Te'-ieH HaTpHll H npOBO­

,ll.RTCJI COOTBeTCTBYJOI.QHe HCCJieJJ.OBaHHll [9]. 
TaKHe HCCJie,D.OBaHHll ocymecTBJieHbl Ha 3KC­

nepHMeHTaJibHblX CTeH.n.ax B ycJIOBHRX, MaKCH­

MaJibHO np116JIIDKeHHbIX K ycJIOBHllM pa60Tbl KOH­

KpeTHblX HaTpHeBblX CHCTeM OTe'-ieCTBeHHblX 6&1-

CTpbIX peaKTopoB. ITpH 3TOM 1nyqeHbI: 

• xapaKTepHCTHKH npoTe'-ieK HaTPHR qepe3 .n.e­

<peKTbl MaKeTOB TPY6onpoBO).J,OB, HMHTHpyio-

1.QHX peaJibHble Tpy6onpoBOJJ.b[ HaTpHeBbIX 

CHCTeM 6hICTpbIX peaKTOpoa; 

• 

• 

oco6eHHOCTH ropeHmr pacnblJieHHOro, paJ-

6p&13rnaaeMoro H paJJIHB111eroc.si cno.si HaTpHR; 

Bb!XOJJ. a3p030JlbHbIX npOJJ.YKTOB rrpH ropemrn 

HaTPHll (B TOM '-iHCJie PaJJ.HOaKTHBHoro) H HX 

nepeHOC B TeXHOJIOrH'-ieCKHX ITOMemeHHRX pe­

aKTopa H oKp)')KaiomeH cpeJJ.e; 

• xapaKTepHCTHKH paJJIH'iHblX cpeJJ.CTB H CHC­

TeM ITO)f(apOTYUJeHHR HaTPHR, JIOKaJIH3aUHH 11 

no.n:aaJieHHJI ropeHHR, JIOKaJIHJau,m H ynaBJIH­

BaHWR a3p030JlbHblX npOJJ.YKTOB; 

• paJHble cnoco6&1 H cpeJJ.CTBa OTMbIBKH H JJ.e-

3aKTHBaUHH o6opy.n.oaaHH.si H noMemettHH JJJ.a­

HH.si peaKTopa nocne ropemur ttaTpHR. 

PaJpa60TaHbl, aepHCpHI.{HpOBaHbl H HCITOJib30-

BaHbI Ha npaKnt:Ke MeTOJJ.HKH H K0MITblOTepHbJe 

nporpaMMbI pac'-ieTa napaMeTpoB ropeHHR HaTPHR 

H nocneJJ.CTBHH ropeHHR. 3-ro no3BOJIHJI0 npoatta­

JIH3HpoaaTb aaapmuu,ie CffTYaum1 c Te'ibIO H ro­

peHHeM HaTPHR npHMeHHTeJibHO K KOH:KpeTHbIM 

npoeKTaM 6bICTpb1X peaKTopoB. PaJpa6oTaHbJ, 

o6ocHOBaHbl TeopeTH'ieCKH H 3KcnepHMeHTaJibHO 

H BHe.n.peHbl BblCOKO'l)'BCTBHTeJibHble H Ha)J.e)l(Hble 

CHCTCMbl o6Hap)')KCHH.sl TeqH H ropeHHR HaTPHR-

3-ro CHCTeMhl KOHTPOJ(j{ 3aMbIKaHHJI T0K0Be,zzyrizyoc 

npoBOJJ.HHKOB 3JICKTp006orpeaa HaTpHCBbIX TPY-

6onpOBOJJ.OB, CHCTeMbl o6Hap)')KeHHR PaJJ.HOaK­

THBHbIX a3p030JieH, HOHH3al{HOHHbie JJ.eTCKTOpbl H 

JJ.p. 

PaJpa6oTaHHblC cpeJJ.CTBa H CHCTeMbl ITO)Ka­

POTY111CHH.sl HaTpHR H JIOKaJIH3aUHM nocneJJ.CTBHH 

ero ropeHHR OCHOBaHbl npeHMYmeCTBCHHO Ha 

naCCHBHOM rrpHHU:Hne JJ.CHCTBHll. 3-ro, HarrpHMep, 

CTpaxOBO'!Hb[C KO~, KOTOpblC ycrnHaBJIHBaJOT­

Cll Ha Kopnyce peaKTopa H HCKOTOpblX Tpy6onpo­

BO,D.ax. ITpocTpaHCTBO MC)l(JJ.Y KO)f(yxOM H CTeHKOH, 

3a KOTOpOH HaXOJJ.HTCll HaTpHH, IT0CTO.s!HH0 3anoJI­

HeHO HHepTHbIM raJOM, HCKJIJOqaIOI.QHM ropeHHe B 

cnyqae TC'm HaTpHJI. 

I.liMpoKoe npHMCHeHHC ITOJIY'iHJI MeT0).J, CaMO­

TYUJeHHJI, Kor.n:a npeKpaI.QeHHe ropeHH.si HaTPHJ1, 

BbITeKaIOI.Qero B 3anoJIHCHHOe B03.D.yxOM 3aMKH)'­

TOe rrpocTpaHCTBO (HeKOTopyio eMKOCTb HJIH JJ.a)f(C 

TCXHOJIOrHtJCCK0e noMemeHHe ), JJ.OCTHraeTC.ll B 

pe3yJI&TaTe CHIDKeHHll KOHUCHTPauHM KHCJiopo.n.a 

Ja cqeT ero B3aHMo,n:eHCTBHR c HaTPHCM. C n0Mo­

m&10 onpe.n.eneHHoro pe)f(HMa pa60T&1 CHCTeMb1 

BeHTHJ(j{UHH, OCHaI.QCHHOH CITCUHaJibHblMH BbICO­

K03cp!peKTHBHblMH !pHJibTpaMH, npeJJ.OTBparuaeTC.ll 

Bb!6poc a3p030JieH B aTMOCcpepy. 

AKTHBHblC MeTOJJ.bl CTO)f(apOTY111eHHJ1 npeey­

CMaTpHBaIOT npHttyJJ.HTCJibH)'IO ITO)l.aqy orneracH­

TCJibHblX cpeJJ. H MaTepHaJI0B K O'iary ropeHIDI. 

ITpw 3TOM HCIT0Jib3YIOTC.sl CTaUHOHapHble CHCTeMhl 

nopolllKosoro no)l(apoTYllleHHR, a TaIOKe nepe­

HOCHbie ( nepe)J.BIDKHl,IC) orneryarnTeJIH. 
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Pa3pytUeIDfe 6eTOHHblX c-rpo1-neJ1bHblX KOH­

CTPYKUHH npe,noTBpamaerc51 06J1HUOBKOH BHYf­
peHIDIX nosepXHOCTeH CTeH noMerueHH51 CTaJlblO, 

lffO o6ecne•rnBaeT OTCYTCTBHe np.s1Moro KOHTaKTa 

Ha-rpIDI C 6eTOHOM H TenJIOH30Jl51UHeH, pa3Meruae­

MOH Me)l(,U)' o6mu~oBKOH H 6eroHoM. KpoMe rnro, 

pa.3pa60TaHbl cneuHaJ!bHble THTTbl 6eTOHa, XHMH­

l.!eCKH He pearnpy10ruero c HaTpHeM. 
OnblT 3KCn.rryaTaUHH OTel.!eCTBeHHblX 6b!CT­

pb!X peaKTOpOB TTOKa3aJl, 4TO npHHHble H BHe­

.11.peHHb!e TeXHHL!eCKHe peweHIDI o6ecne4HBalOT 

tta.11.e)KttyIO 3amHTY OT ropemrn Ha-rpm1. 
AHOM(]JlbHblU pe:»eUM 21 RH6apR 1987 2. ua III 

6J10Ke EA3C. Ha peaKTope EH-600 c11cTeMaMH 

H3MepeH!-ul. <pH3HqecKHX H TeXHOJIOrHqecKHX na­

paMeTpOB 3aper1-1cTpHposaH nepexo.11. peaKTopa B 

COCT051HHe aHOMaJ!bHOr0 pe)KHMa, Bblpa3HBllJeroc.s1 

B p.s1.11.e co6hITHH H 3cp<peKToB, xapaKTepH3YIOU{HX­

C51 caMonpOH3B0JlbHbIM OTKJIOHettHeM 3THX napa­

Me-rpOB OT ycTaHOBHBllJHXC51, 3a.11.aHHblX 3Ha4eHHH. 

l1cxo.11..s1 H3 <pHJHqecKOH npHpO.!J.bl co6bITHH, 

3aperncTpHpOBaHHblX B xo.11.e aHOMaJ!bHOro pe)KH­

Ma, H HX coqeraHIDI a Kal.!eCTBe HaH6onee sepo51T­

HOH npH4HHhl ero B03HHKHOBeHH51 H pa3BHTIDI 

I napbl "' aapo3om,, ~ - 803AyWHble 3arpA3HeHMA 

Macna M3 fl-lH 
npM peMOHTHblX pa6oTax; 

npMMecM B 3a~MTHOM ra3e 

npHHHTO norra.D.aHHe B UHPKYlll1PyIOl.11.HH TenJIOHO­

CHTenb npHMeCeH, HaKOIIJleHHblX 3a npe;:nnecT­

ByIOll.UiH nep110.11. 3Kcrr.rryaTaUHH peaKTopa Ha no­

sepXHocrnx fnP. 
11cT04HHKaMH cpopMHpOBaHIDI OTJIO)KeHHH 

npHMeceii Ha nosepxHOCT.sl'X rnP cJIY)KaT: 

- napb! H a3p030JlH MaCJla H3 fl.J,H; 
- BJ1ara, OKCH.11.bl yrnepo.11.a H yrneso.11.opo.11.b1, co-

,nep)l(am1-1ec.s1 B BH,n;e npHMeceii B aprotte (3aIUHT­

HhIH ra3); 

- B03,!l;yll1Hble 3arp.s13HeHID1 (BKJ!I04M snary), no­

na,na10m11e B peaKTop np11 npose.11.emrn JaMeHbl 

06opy.11.0BaHH51 H peMOHTHblX pa6oT. 

Ha p1-1c. 10 npe.11.cTaBneHa npe.11.nonaraeMM 

cxeMa npoueccos np11 aHOMaJJbHOM pe)l(J{Me B I 
Komype EH-600 21.01.1987 r. H B nocne,n;yIOl.11.HH 

nepHo.11.. 
/{llfl ycmaH06KU EH-600 cpeou MH02UX eonpo­

C06, C6fl3GHHblX C 6eJonaCHOCmblO u npoOJleHUeM 
pecypca, 60/lbutoe JHa'leHue UMeem cocmoRHue 
ZfeHtnpwlbHOU noeopomHou KOllOHHbl (J..IIIK) pe­
aKmopa. 11Meerc.s1 aHaJIH3 tteraTHBHhIX nocne.11.cT­

BHH B3aHMOAeHCTBH.sl rpacf>HTa C Ha-rpHeM, rronaB­

ll111M B ~- no rrpo6JieMe B3aHMO,D;eHCTBIDI rpa­

HaKonneHMe + 
·crapeH1-1e• 

omo>KeHMii a rnP 

I Tp1-1rrep l 

q>HTa c HaTp11eM a <1>311 BbillOJIHeH U11KJI 

Hccne.11.osamrn. Hx pe3yn1,TaTb1 11cnoJih30-

BaHbI np11 pa3pa6oTKe nepBOH sepCHH pac­

l.!eTHoro K0.11.a .11.Jljj nporno311posaHID1 nose­

.11.ett11jj ~ np11 AaJJbHeHWeH 3KcnnyaTa­

UHl1 EH-600. Ha p11c. 11 noKa3aHo nporno-

3HpyeMoe nepeMemeHHe HeKOTOpblX TOlfeK 

Ha nosepXH0CTH o6elfllliK.J.i ~ OTHOCl1-

TeJibHO ee reoMe-rp114ecKoro uett-rpa B Te-

4ett11e apeMeH11 .11.Jljj 0.11.ttoro m cuettapHeB 

nona,naHJ,ljj Ha-rpIDI BHYfpb KOJIOHHbl. 

l 
nepeXOA OTnO>K8HMH 

B HaTpMH 

ll13MeHeHMe lll3MeHeHMA <l>opM1'1p0BaHMe XMMM4eCKMe peaKJ.1MM 

KOHt.1eHTpat.11'1M ypoeHA H8Tl)1'1A 83BeWeHHOH ¢a3bl ee~ecre e cocraee 

renMA B rnP e 6aKe peaKTopa npMMeceii B H8Tl)MM OTnO>KeHMH C HaTpl'1eM 

1 
I 

l 1 l 
8blca>KAeHMe eJeeceii 8blpacraHl'18 TeMne- 1113MeHeH1-1e 

B a.a.; M3MeHeHMe paT)'pbl 386MB8Hl'1A; AaeneH1-1A 

peaKTMBHOCTM Hecra6MnbHOCTb M KOHt.1eHTl)8l1Ml'1 

pa6oTbl n111 BOAOPOAa B rnP 

• 
Cop6t.1MA t.1e3MA 137 1113MeHeHMe 

Ha 48CTMLl8X yrnepoAa TepMO™ApaenMKM 
Tl)8KTOB 6-H nem1-1 

, 

ll13MeHeHMe I nATHa nOBblWeHHOH 3a61-1eaHMe npoxo- noeblweHMe 

noKaJaHMH l.\EHA y-aKTMBHOCTM AOB B nocaA04HblX 8KTMBHOCT1'1 

B npi,tAOHHOH 48CTM rne3Aax TBC e BPX; yrnepoAa 

6H neperpee TBC B HaTpM1'1 

6. QqecTKa o6opy.i:.osaneH OT OCTaTKOB 

TeDJIOBOCDTeJIH D yuu'ITO:iKenee OTXOAOB 

(4, 11, 12) 

B pe3yJihTaTe Hccne.11.osaHHH 11 0606-

rueHH.sl Oilb!Ta pa3pa60TaHbl 6e3onaCHble 

npHeMbI npose.11.eHH.sl pa3J111lfHbIX onepa­

uHH: 04HCTKH o6opyAOBaffHjj OT OCTaTKOB 

HaTpH.sl 11 ero .11.e3aKTl1BaUHH; 3aIUHTbl Ha­

T{)l151 OT OKHCJleHl1jj npH BCKpbITIDI KOHTY­

pos; pa6oT npH 113BJlel.!eHl1H 11 ycTaHOBKe 

o6opy,nosaHIDI s KOHT)'p; YHHqTO)KeHIDI 

OTXO,LlOB 11 YTHJIH3auHH orpa6oTaBWero 

TeTIJIOHOCHTeJl.sl'. 

l1ccne.11.osan11cb pa3JIH"!Hble MeTO.!J.bl 

Ol.lHCTKH OT OCTaTK0B TenJIOHOCl1TeJIH 11 

yttHlfTO)l(eH_J,ljj OTXO)].OB: napora30BhIH; 

cnHpTOBOH 11 BO,!l;HOCTI11pTOBOH; B0.!J.OBaKy-

PHc. 10. llpe;monaraeMaH cxeMa npoueccoa np1-1 aHOMaJibHOM pe)lrn- YMHbIH MeTo,n; BaKYYMHM oTroHKa Ha-rpIDI; 
Me a I KOHTYflC EH-600 21.01.1987 r. 1-1 a nocneJl)'lOIUHH nepHO)]. (12] OTMbIBKa B0.11.51Hb1M TYMaHOM. no Ka)l(,L(OMY 
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P1-1c. 11. ITepeMemett1-1e a Te'leHJ1e epeMeHH TO'leK 

I ... 4, pacnoJJO)KeHHblX paBHOMepHO no OKPY)KHOCTH 

o6e'laHKH JJ.ITK, Ha noaepXHOCTH o6e'laHKH OTHOCH­
TeJ11,HO reoMeTPwiecKoro ueHTPa JJ.ITK 

MeTO.Zl.Y IlO.Zl.06pam,1 pel..{emyphl peareHTOB, ycno­
BIDI 11 pe)KHMhI npose)J,eHHR onepal..{11H (TeMnepa­
zypa, ,/J,JlHTeJihHOCTh H np.), 06ecneq11sruom11e 
6e3onacHOCTh npoBe)J,eHHR pa60Thl. 

llapo2ruoeb1u cnoco6 CHIDKaeT cKopoCTh pe­
aKL{HH H31l)HR C 80,/J,OH peryJ1HpOBaHHeM CO,/l,ep­
)f(3HHR napa s raJosoi,i cMecH a30T-nap s npe.Zl.enax 
OT 5 .Zl.O 60 %. Ee3onacHOCTh npose)J,eHIDI onepa-
1..{HH o6ecnel{HB3eTC.!I KOH1l)OJleM 33 CO,/l,ep)f(aHHeM 
B0.Zl.Opo.na H KHC110po.na 8 OTMbl80l{HOH waxre, 
npe,/l,sap1rreJ1hHhIM pa3orpeaoM 06opy.Zl.0BaHID1 ,no 

t = l 10 ... 130 °C (,/J,JlR npe,/l,OTBpameHHR KOH)J,eH­
Cal..{HH napa), nOCTOJJHHhlM y,naneHHeM npo.nyicros 
peaKUH11 11 o6pa3)'lOUJ,eroc.!I so,nopo,na 113 30HhI 
peaKUHH. ,[(aHHhIH MeTO)J, np11MeH.!leTCR )J,11.!I OT­
MhlBKH Kpy1rnora6apHTHoro 06opy.Zl.0BaHID1: fUH, 
Tennoo6MeHHHKOB, MO.ZJ.ynei1 naporettepaTopos; 
)J,11.!I 3Toro o6opy.Zl.OBaHIDI coopy)f(eHh1 cnel..{11anh­
HhIe rnaxThl Ha peaKTopax EH-350 11 EH-600. C 
noMOUJ,hlO napora3080f0 cnoco6a OTMhlTO OT oc­
TaTKOB tta1l)HR 12 fUH, 18 MO.ZJ.YJieH naporettepa­
Topos, a TaK)f(e 3HalJHTem,Hoe KOJIHl{eCTBO cpe.Zl.­
Hero 11 MeJIKoro o6opy.nosaHHR, s TOM qJ,fCJie 
6onhrnoe 1.10c110 TBC (EH-600, EH-350). 

Memoo Om.Mbl(JKU MellKOOucnepCHOU (JOOOU 
(80.ZJ..!IHhlM ryMaHOM) pa3pa6oTaH )J,11.!I CHIDICeHH.!I 
KOpp03HOHHOro 803,ZJ.eHCT811R Ha KOHC1l)YKL{HOH­
Hble MaTepHaJibl. <l>opcyHKl1, 11CnOJlh3yeMble npH 
np0113BO)J,CTBe 80.Zl..!lHOro TYMaHa, paCC'IHTatthl H 
CKOHC1l)yHpOBaHhl 11CXO)J,R 113 1'pe6osaHHH )J,11C­
nepcttocTH Kanenh, <popMhI <paKena H pacxo,ZJ.H1>1x 
xapaKTep11CTHK. Ba)f(HOH oco6eHHOCTblO 3Toro 
MeTO)J,a .!IBJl.!leTCR OTCYTCTBHe Kopp03110HHOro no­
Bpe)l(JleHIDI Marep11ana o6opy.nosaHIDI ss11.ny Toro, 
'ITO OTMhIBKa npOH380.Zl.HTC.!I npH Hl13Kl1X TeMnepa­
rypax. KoHCTPYK1-'HR BOJl.!IHbIX <popcyttoK stte.npe­
Ha Ha waxTax MOHKl1 Kpynttoro 11 cpe.nttero 060-

py.nosattHR peaKTopa EH-600 H npHMeH.ReTCSI .nm1 
OKOH4aTeJlbHOH 01.fHCTKH o6opy.u.osaHl1.!I OT Ha­
TPH.!I nocne ero naporaJosoii o6pa6oTKH. 

Ilpu eoooeaKyyM11ou OmMbl6Ke, npe.Zl.JlO)KeH­
HOH H pa3pa6ornHHOH OKEM, npol..{ecc se.n.eTC.Sl 
BaKyyM11posaHHeM npH HenpepbIBHOM y.naneHHH 
so.nopo.na, o6pa3yJOUJ,erocR npH B3aHMO.Zl.eiicrn,rn 
HaTpHS! c BO.Zl.OH. Ee3onacttocTb npouecca o6ecne-
4HsaeTCR co6mo,neHHeM pe)f(HM3, npH KOTOpOM 
TeMneparypa H ,/J,as11ett0e He .D.OJl)f(HbJ npesbIrnan 
CJle)J,yJOUJ,HX 3Hal.JeHHH: npH OTMhIBKe 80.Zl.OH t < 25 

°C, P < 250 IJa; npH OTMbIBKe TYMaHOM t < 25 °C, 

P < 2 KITa; npH naposow OTMhIBKe t < l 00 °C, 
P < 45 KITa. 

Ha ycTaHOBKe, coop~eHHOH s OKEM, oT­
MhITO 6011ee 100 e,ZJ.HIDfl..\ o6opy.Zl.OBaHIDI, BKJlJOqasi: 
XJI, 11>attcnopTHbIe eMKoCTH, MaKeTbI TBC, apMa­
TYPY H .np. MeTO.Zl. 06ecne1.JHBaeT 6e3onacttoe se­
.n.ettHe npouecca, BhlCOKOe KalfeCTBO OTMbIBKH H 

OTCYTCTBHe KOpp03HOHHOro nospe)l(JleHH.Sl MaTe­
pnana. 

,nnR OTMhlBKH CJlO)f(HOro H TOHKOCTeHHOrO 
o6opy.Zl.OBaHHR, CKJlOHHOro K nospe)f(.Zl.aeMOCTH, 
pa3pa6oTaHhl TeXHononm CIIHpTOBOH OTMhlBKH OT 
OCTaTKOB Ha1l)HR, npH 3TOM HCnOJlb3)'lOTCR pa3-
JlJ,fl{Hb(e BH.Zl.hl cn11pTOB: 3THJ108hIH, MeTHJlOBbIH, 
3TaHOJlbl, rmtKOJlH, L{eJ1Jl030JThBbl H np. PeaKUHOH­
HaR cnoco6HOCTh Ha1l)IUI no OTHOllleHl1IO K CnHp­
TaM YMeHbUJaeTC.!I 8 nop.Sl.Zl.Ke OT nepBHlfHblX K 
BTOpHlfHbIM, a T3K)f(e C yseJ1Hlfem1eM lfHCJla aTo­
MOB yrnepo,/l,a: MeTaHOJl > 3TaHOJ1 > nponaHOJl-1 > 
nponaHOJl-2 H T.)J,. CrrnprOBOH OTMblBKe 8 OCHOB­
HOM no.nseprruoTC.!I OTpa6oTasUJHe TBC, tte noTe­
pRBrnHe CBOeH repMeTHlJHOCTH. 3-roT MeTO.Zl. OT­
MblBKH TBC 3THJIOBhlM CnHPTOM Btte.npett Ha scex 
OTelfeCTBeHHblX peaKTopax. HerepMeTHlfHbie 
c6opK11 oqHUJ,aJOTCR pacnnaBJieHHl,IM CBHHUOM. 
,[(anhHeHlllHM ruaroM 8 pa3BHTHH cn11pTOBOH OT­
MblBKH noc~J111 HCCJle)J,OBaHIDI MeTO.Zl.08 np11-
MeHeHID1 TJJ)f(eJlblX CnHpTOB, CH),{)f(aJOtnHX onac­
HOCTh 803HHKHOBeHHR no)f(apoa npH OtrnCTKe 060-
PY.Zl.OBaHIUI OT Ha1l)HR. 

0lfHCTKa o6opy.Zl.OBaHHR H KOHrypos BaKyyM­
HOH .n11cTl1J1Jl.!IL{Hei1 06113.ZJ.aeT pR.Zl.OM npeHMY­
mecTB no cpastteH1flO c .Zl.pyrHMH cooco6aMH: ra­
paHTH.!I 6e3onacHOCTH ( OTCYTCTBHe BhI.Zl.eJleHIDI 

so.uopo.na); yMem,rneHHe Kom11tecTBa conyrcT­
syroUJ,HX OTXO,/J,08. IJpol..{ecc saKyyMHOH .Zl.HCTHJI-

11.!IUHH se.neTC.!I np11 TeMneparype 400 .. .450 °C H 
BaKyyMe 30 ... 40 IJa. 3TOT cnoco6 HCnOJTb3YeTC.Sl 
.Zl.Jl.!I npe.nsapHTeJlbHOH OlfHCTKH CJlO)f(HOro H pa3-
BeTBJieHHoro o6opy.Zl.oBaHHj(, HMeromero KapMa­
HhI, He.upeHHpyeMble y'laCTKH H T.)l. HanpHMep, C 
noMOUJ,hlO saKyyMHOH .n11cTHJIJ1JJUHH O'lll.UeH I 
Kottryp peaKTopa EP-10 s 1980 r . 
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).];rui YHH'ITO)KeHJ,UI OTXOJ].08 ll{eJJO'iHblX Me­

TaJUIOB pa3pa6oTaHbl H npHMeHlllOTCll .nsa MeTOJ].a: 

o6pa6oTKa napora30BOH CMeCblO HJIH MeTO,UOM 

C)l{HraHHll. YHH'ITO)KeHHe npOH3B0J].HTCll B cneQH­

aJJbHOM noMemettHH, o6opy,n:oBaHHOM Bb!Tll)KHOH 

seHTHJJllUHeH H <pHJibTPaMH, HCKJJ10'-laJOll.lHMH Bbl-

6poc npOJJ.YKTOB peaKQl1H s OKp~alOll.lYIO cpe.uy, 

a TaK)Ke MaHHnyJJllTOpaMH H np116opaMH KOHTpO­

Jlll, tteo6XO,UHMblMH ,ll)lll ynpasJJeHHll npoQeCCOM. 

IlpH 6oJJblllHX KOJJW-JeCTBax OTXOJJ.OB, a TalOl<e 

,UJJll OTpa60TaB1J1ero TeITJJOHOCHTeJJll HCITOJib3YIOT­

Cll pa3JJH'-1Hble MeTOJ].bl yni:JIIif3aQHH. B <l>3l1 HC­

CJJe,UOBaJIHCb cne,n:yJO!l{He np0Qeccb1 J].JJSI nepeso,n:a 

OTXOJ].08 ttaTPHSI B ITO)Kapo6e3onacttoe COCTOllHHe: 

aMaJJbraMHposattHe, )KJ{J].KO<pa3Hb!H MeTOJJ., MeTO­

JJ.bl ra30<pa3HOro 11 TBep.uocpa3HOro OKl1CJJeHl1ll. 

MemOO OMQJlb2QMUp06QHUR OCHOBaH Ha peaK­

QHH MeTaJUia co PTYfblO H o6pa30Bamrn aMaJJbra­

Mbl nma Na-Hg2, pacTBopeHHH ee B so,n:e c Bbl.Ue­

JJeHJ-1eM menoq11 11 so.nopo.na. 

>KuOKOrjJG3HblU Memoo nepepa6oTKH OTXOJ].0B 

3aKJI10<£aeTcll B pacTBopeHHH .n11cneprn:p0Battttoro 

Ha umaKe HaTPIDI B meno<£HOM pacTsope. KoHQett­

TJ)HposattHM menol£h s JJ.aJJhHei:hneM npeo6pa3y­

eTCll B ueMeHTHblH KaMeHb, npHrOJ].HI,IH JJ.Jlll 3axo­

poHeHHS1. 

I'mopa3HblU Memoo nepepa60TKH OTXO,UOB 

H8TJ)llil OCH0BaH Ha npoQecce 0KHCJieHIUI m-tcnep­

rnposaHHoro Ha co,n:e HJIH lllJlaKe HaTPHll np11 

reMneparype 300 ... 350 °C. O6pa3YJOl.1.IHHCll cy­

XOH nop0UIOK OKHCJJOB apH .uo6asJJeHHH BO.Ubl 

npeo6pa3yeTcll B reoueMeHTHhIH KaMeHb, npHro.n­

HblH J].Jlll 3axopoHeHHJ1. 

TeepoorjJa3HblU Memoo nepepa60TKH OTXO,UOB 

OCHOBaH Ha 0KHCJJeHHH HaTPHll OKCHJ].aMH 3JJeMeH­

TOB, co,n:ep)Kam»xcll s lilJlaKe MeTaJJJIYPrHtJecKoro 

npo113so,n:cTsa. PeaKUHll HJJ.eT npH TeMneparype ~ 
450 °C; KOHel.{Hblli npOJJ.YKT nepepa60TKH npe,n:­

CTaBJJJleT co6oi:i: KaMHeno,n:o6Hoe coe,n:IDieH11e, 

npHrDJ].HOe J].Jlll J].JIHTeJJbHOro 3axopoHeHHll. Ilpe­

HM)'mecTBa .naHHoro cnoco6a: OTCYTCTBHe Bb1.ne­

JJeHHJ1 so.nopo,n:a H MeHbUlee yseJIH'-leHHe KOttetJ­

HOro npo.uyKTa no cpaBHeHHIO c BhJ1J1enp1rne,n:ett­

HblMH TPeMR MeTO,UaMH. 3ToT MeTOJ]. OTpa6oTaH Ha 

na6opaTopHhIX o6pa3uax 11 npe.nnonaraeTCll np11-

MeHllTb J].JJSI YTHJJH3aQHH pa,UHOaKTHBHblX OTXOJJ.08 

HaTpI-ui. npH Bb!BO,Ue H3 3KCITJTyaT8UHH peaKTopa 

EP-10. 

I1epepa6oTKa OTpa60Tas1J1ero ttaTJ)Hesoro Te­

nnottocHTeJljJ JJ.JJll ero 3axopoHeHHJ1 CBll3aHa co 

3Hal.{HTeJJbHblM yseJJH'-lettHeM KOHe4HOro npo,n:yK­

Ta, 003TOMY uenecoo6pa3HO HCilOJlb30BaTb )TOT 

HaTPHH JJ.Jill BHOBh CTJ)OllmHXcll 6H HJJH ttaHTH eMy 

IlpHMetteHHe B npOMbUIIJJeHHOCTH. 

_nnll IIOBTOpHOrO HCITOJlb30BaHHJI HaTpHll [ 

KOHTypa J].Jl,S! BHOBb CTPOllll{HXCll 6H IlOTpe6yeTCll 
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ero Ol£HCTKa OT ,UOJJrO)KHBYI.J..IHX paJJ.HOaKTHBHbIX 

H30Tonos. HanpHMep, ttaTJ)HH EH-600 Tpe6yeTCll 

0'-IHCTHTb OT H30TOITOB Qe3Hll B 2-10
3 

pa3 11 OT Ha­

TPHll-22 s 300 pa3 (Bbl,Uep)l{Ka s Te4eHHe ~ 20 

neT). HaTPHH II Kottrypa MO)KeT 6bITb np11MeHeH 

6e3 ,UOITOJJHHTeJJbHOH O'-IHCTKH. ,nnll HCITOJJb30Ba­

HH,SI HaTJ)HJI II KOHTypa B XHMH'leCKOH, MeTaJJJiyp­

rH4eCKOH npOMblUIJleHHOCTH H ,n:pyrnx o6nacrnx 

Hapo.nHoro X03llHCTBa Tpe6yeTCll ero 0'-IHCTKa OT 

TPHTHll .uo 7-10
4 

EKIKr, ecnH sec napT11H npeBbI-

1J1aeT I T. ,nnll ITOBTOpHoro npHMeHeHHll HaTPHll [ 

KOHTypa noTpe6yeTCll ero rny60KM OtJHCTKa OT 

,UOJJrO)KHBYl.1.IHX pa.nHOaKTHBHbIX npo,n:yKTOB (Ha 

4 . . . 5 nopll.LI;KOB). I1paKTH4eCKH 3TOT HaTJ)HH MO­

)KeT 6b!Tb HCITOJlb30BaH B TeX o6nacn,x npOMblill­

JleHHOCTH, r.ue OH npHMeHlleTCll B Ka'-leCTBe npo­

Me~O'-IHOro npo.uyKTa, ttanp11Mep, npH npoH3-

so.ncTBe TeTPa3THJICBHHUa. 

3aKJJJO'lenne 

l1ccJJe,UOBaHHSI no Q>H3H4eCKOH XHMHH H Tex­

HOJIOrHH HaTPHll xapaKTepH3ylOTC.II TeM, 4TO Ha­

KOITJieHbl 06UIHpHb1e 3HaHH.jJ no Q>H3XHMHH H TeX­

HOJIOrHH HaTJ)Hll KaK TeITJIOHOCHTeJI.11 6b!CTpb1X 

peaKTopoB, HMeeTCll 3HatJHTeJibHbIH Olli>IT HCilOJlb-

30BaH}ijl ero Ha A3C c peaKTopaMH EH-600, EH-

350, a TaK)Ke na 3apy6e)l{HbIX A3C. BMecTe c TeM 

nporpecc B 3TOH o6nacTH HaYKH H TeXHHKH ,n:ane­

KO He Hcqepnatt. HIDKe npe.ncTaBneH nepeqeHb 

OCHOBHbIX npo6JieM, pemettHe KOTOpbIX He ,UOJDK­

HO OTKJlaJ].bIBaTbCll Ha nocJie,UYJOlllHH nep110.u, 

BBHJJ.Y cerOJ].H,SllllHeH Heo6xo,UHMOCTH ITOBblllJeHH.11 

6e3onaCHOCTH H 3KOHOMH'-IHOCTH ,n:eHCTBYJOlllHX H 

npoeKTHpyeMblX nepcneKTHBHhlX .513Y. 

1. llpUMeHumellbHO KI KOHmypy (a.3., menJ10-
06MeHHUKU, KOHmyp 1,/UpK)JllRl,/UU HampUR, 2a306ble 
cucmeMbl, 6aK peaKmopa) 3a,n:aqa MaKCHMYM -

BbIIlOJIHeHHe HCCJJe,n;oBaHHH, HanpasJJeHHhIX Ha 

pa3pa6oucy sepH<pHQHpoBaHHOro Ko.na, Y<£HTbl­

B8lOll.lero B3aHMOCBll3b TenJJO-, Maccoo6MeHHbIX, 

)KeJJaTeJlbHO H .11.uepHO-<pH3H'-leCKHX, <pH3HKO­

XHJ\1Hl£eCKHX H TeXHOJIOrH'-leCKHX npoueccos J].Jl.11 

pac'-leTa MacconepeHoca npHMecei1 B reTeporeH­

HhIX 11 roMoreHHbIX CHCTeMax B pe)KHMaX HOp­

MaJJbHOH 3KCITJJyaTaQHH 11 aHOMaJJbHblX CHTyaUHH. 

Heo6XO,UHMble 3KCnepHMeHTaJJbHble H pac-

4eTHO-TeOpeT114eCKHe pa60Tbl: 

- TennorHJJ.paBI111Ka I KOHTypa H ra30BbIX CHCTeM 

c onpe,n:enettHeM 30H nacCHBHOH UHPKYJJllUHH H 

38CTOHHblX 30H; 

- 113yqeHHe MeXaHH3Ma 11 KHHeTHKH o6pa3088HHJI 

J,l pacna.na CJIO)KHblX OKCl1,UOB H yrnepOJJ.HbIX co­

e.nHHeHHH B ycJIOBHSIX HeH30TepMH'-1eCKOro KOH­

rypa; 



- onpe,D.eneHHe .D.Hq>q>y3HOHHblX xapaKTepHCTHK 

CJlO>KHblX )KH,IJ.KOMeTannH4eCKHX CHCTeM; 

- non)"-leHHe ,D.aHHblX no paCTBOpHMOCTH H .D.HC­

nepCHOCTH reTeporeHHOH CHCTeMbl C y'-leTOM 

cnoHTaHHOro o6pa30BaHHJI 3apO,D.btUJeH KpHCTan­

JlH'-leCKOH (pa3bl H3 nepeCblt.UeHHblX paCTBOpos; 

- 3KCnepHMeHTanbHOe H paC'-leTHO-TeOpeTH'-leCKOe 

onpe,D.eneHHe KOHCTaHT, BXO.D.Slt.UHX B paC4eTHbte 

KO,IJ.bl, C y'-leTOM pa60'-IHX napaMeTpOB nepcneK­

THBHhlX 5£3Y H HCnOJ1b3yeMblX B HHX MaTepHanOB. 

.naHH~ HH<pOpMal.lHSI 6y.D.eT OCHOBOH ,D.nSI 

pa3pa60TKH (pH3HKO-XHMH'-leCKOH MO,D.eJlH, Heo6-

XO.D.HMOH ,IJ.nj) on11caHHj) npol.leCCOB TennOMacco­

nepeHoca B KOHrype C )KH,IJ.KOMeTannt14eCKHM Ten­

JlOHOCHTeneM H fa30BblX CHCTeMax ycnlHOBKH, a 

TatoKe HHTerpanbttoro KO,D.a. 3-ro onpe,D.enHT 

CTPYK1YPY ero HHTerpanbHOH MaTeMaTH'-leCKOH 

MO,D.eJlH. Tat<OH KO.D. He TOJlbKO ,D.aCT HH<pOpMal.lHIO 

0 B03MO)l(HOM onaCHOM HaKonneHHH npHMeceH, HO 

H C,D.enaeT B03MO)KHblM o60CHOBaHHe MeponpHSI­

THH, MMHHMl13Hpy!Ot.UHX HX Ha1<onnett11e B 3a­

CTOHHhlX 30Hax, a cne,D.OBaTeJlbHO, o6ecne'-IHBaJ0-

1.UHX npe,D.OTBpat.UeHHe aHOManbHblX CHryaUMH 

npH 3KcnnyaTal.lHH JI3Y. 
2. llpU11-1eHume11bHO K napozeHepamopy 11a­

mpuu-eooa 3a,D.a4a MaKCHMyM: Ha)"-IHO­

TeXHH'-leCKoe o60CHOBaHHe BhlCOK03cpcpeKTHBHhlX, 

3KOHOMH'-IHblX naporeHepaTopos, MHHHM113HpyJ0-

1.UHX B0 3M0)1(lf0CTb B03HHKHOBeHHj) Telf_H B0,D.hl B 

HaTpHH H ero nocne.D.CTBHH, rapaHTHPYJOt.UHX Bbl­

coKHH pecypc HX pa6oTht. 

Heo6xo,D.HMhie 3KcnepHMeHTanhHhte H pac­

'-leTHO-TeopeTH4eCKHe pa60Tbl: 

• pa3pa6oTKa MaTepHanos 11 060CHOBatt11e Ha­

)"-IHO-TeXHH4eCKHX peweHHH, HanpasneHHhlX 

Ha 3aMe,D.neHHe npOl.leCCOB caMOpa3BHTHj) H 

nocne,D.yJOt.Uero pa3BHTHJI Te'-leH BO,D.hl B Ha­

TpHH; 

• o60CHOBaHHe BO,D.HO-XHMH4eCKOfO pe)KHMa, 

MHHHMH3HpyJOt.Uero Kopp03HOHHbie npol.leCCbl 

B III KoHrype 11 nocrynnett11e BO.D.Opo.D.a H3 III 
KOHrypa B HaTpHeBbie CHCTeMbI; 

• npose,D.eHHe KOMOJleKCHbfX HCObITaHHH CHC­

TeM aBTOMaTH'-leCKOH 3amHTbl naporettepaTo­

pOB Ha cTeH,D.e CA3 (s nepsyJO o'-lepe.D.b ,D.nJI 

ycTaHOBKH EH-800); 
• pa.3pa6oTKa aKycrn4eCKOH CHCTeMhl o6Hapy­

)KeHHSI Te4ei1 80,D.bl B HaTpHH B naporeHepaTO­

pax HaTp11i1- so,D.a . Co3.D.aHHe TaKoi1 c11cTeMbt 

HMeeT oco6yJO aKryaJlbHOCTb ,D.nSI Kpyntto-

6n04HblX napor eHepaTOpOB. 

3. llpu.Memune,'lbllO K nepcneKmUBllblM A3C: 
6011ee BblC0Kue napaMempbL me11J1ouocumeJlJl, 

oeyxK011111ypHble cxe.Mbl (11anpL1Mep, muna EH 
KJITY-300/ J00). Heo6XO.D.HMbJe 31<cnep11MeH­

TanhHbte H pac4eTHO-TeopeTH'-leCKHe pa60Tbt: 

- 3a,D.a'-IH, ccpopMynHpoBaHHhie B n. I, np11 nepe­

xo.D.e Ha BblCOKHe TeMneparypbl npHo6peraroT 

nepBOCTeneHHYIO at<ryanbHOCTh. IIpH 3TOM oco6oe 

BHHMaHHe Heo6XO.D.HMO y.D.eJTHTh: pa3pa60TKe KOH­

CTpYKUHOHHhlX MaTepHanOB, p a6oTocnoco6HhIX s 

HaTpHH npH TeMneparypax nepcneKTMBHhIX 5£3Y; 
onpe,D.eneHHJO KOHCTaHT, xapaKTepH3YJOW:HX qrn-
3HKO-XHMH'-leCKHe H Maccoo6MeHHble (Kopp03H­

OHHble) npol.leCCbl B H8TpHH npH HCOOJ1h30BaHHH 

3THX MaTepHanOB, H K03Q)Q)HUHeHTOB npOHHUae­

MOCTH raJOB '-1epe3 3TH MaTepHanhl H .D.HQ)Q)Y3HH 

pa3JlH'-IHhlX 3JleMeHTOB B HHX; 

- H3)"-leHHe 8J1Hj)HHSI TeXHOJlOfHH, MCOOJ1h3yeMbIX 

BO II HJlH III KOttrypax (HanpHMep, .D.JUI JI3Y c 
K3ITY HJlH np11 npOH3BO.D.CTBe so.nopo.na), Ha cpH-

3HKO-XHMH'-lecKHe npol.leCChl, a cne.nosaTeJihHO, H 

Ha TeXHOJlOrHH, He06XO,ll.HMbie ,D.nH o6ecne'-leHID! 

.D.nt1Te111,Hoi:f 6e3asapmrnoi:f, 3KOHOMH'-IHOH 3Kc­

ruiyaTal.lHH JI3Y: HCTO'-IHHKH npHMecej:j H B03-

MO)KHOCTH MHHHMH3al.\H_H HX HHTeHCHBHOCTH; 

oco6eHHocTH MacconepeHoca TPHTHj); HHTeHCHB­

HOCTh reHepal.lHH ,D.HCaepcHOH q>83hl, Heo6XOJJ.H­

MOCTb O'-IHCTKH OT Hee, MeTO,D.bl J,f CHCTeMbJ O'-I_HCT­

KH. 

4. O6UJue 3ai)a4u OllJl ecex cucmeM c 11ampue­

BblM 1nenJ1011ocume11eM: 

• pa3pa6oTKa 6011ee cosepweHHhIX np116opos H 

MeTO,D.08 KOHTpOJISI co.nep)K8Hffj) npHMecei:i B 

HaTpHH, HanpHMep 3x.sI; 6onee cosepUJeHHhIX 

MeTO,D.OB H YCTpOHCTB 0'-IHCTKH HaTpttjJ OT npH­

Mecei:f, Bb16op OOTHManbHOrO CO'-leT8HHSI BCT­

poeHHhIX a 6aK peaKTopa H BHeUJHHX yCTpOH­

CTB O'-IHCTKH, 1-1ccne.nosaHHe cnoco6os O'-IHCT­

KH TennOHOCHTem1 OT B3Becei:f; BH6poaKyCTH­

'-leCKOf0 MeTO,D.a KOHTpOJIJI <PYHKUHOHaJlbHbIX 

OTKJlOHeHHH H COCTOSIHHSI o6opy.D.OBaHHj) HaT­

pHeBblX KOttrypos; 

• HCCJie,D.OBaHHe npoQeCCOB, conpoBO)K.IJ.lllOIJlHX 

TlDKen1,1e asapHH, B TOM •mcne c pacnnaBJieHH­

eM a .3. ; 

• ycoseprneHCTBOBaHHe TeXHOJlOfHH OTMhlBKH 

KOttrypoB, o6opy.nosaHHJI, s TOM '-IHCJie CHC­

TeM O'-IHCTKH, YHH"ITO)KeHffj) H nepepa60TKH 

H8Tpffj); 

• peweHHe .npyrttx, B TOM '-IHCne JIOKaJlhHbJX 

38,D.a'-I, CBSl3aHHblX C npoeKTHposaHHeM HOBblX 

ycTaHOBOK, npo,D.neHHeM pecypca yCTaHOBKH 

EH-600. 

KoHmaKmHaR UllqJOpMalfUR - 3azopyllbKO JOpuu 
!1ea1106u'I, me11.: ( 48439)9-80-84, e-mail: 
sodiumra ippe.ru: AlleKceee BuKmop BacW1be6u'I, me11. : 
( 48439)9-42-34, e-mail. alexeev@ippe.ru 

53 



CnHCOK JIHTepal)'pbl 

I. }l{uoKUe MeTaJIJU,r / C6. CTaTeH no.n pe.n. TT.JI. K H­
p H JI JI o e a, 8.11. C y 6 6 o T H H a, TT.A. Y w a K o­
e a. - M.: ATOMHJ.D.aT, 1967. 

2. liazoacapoB /0.E., llu11xacuK M.C., Ky311e~oa H.A. 
u Op. TeXHH'!eCKl1e rrpo6JieMbl peaKTOpOB Ha 6b1CrpblX 
HethpoHax / TTo.n pe.n. IO.E. Ear .n a capo ea 11 np. -
M.: AToM1n.naT, 1969. 
3. Cy66omu11 B.H., Haa1108cKuii M.H., Ap11011bOoa 
M.H. <l>H3HKO-XHMH4eCKl1e OCHOBbl npHMeHeHHJI )l<H.!1.­
KOMeTaJIJIH'leCKHX TeIUIOHOCHTeJieJ:i. - M.: ATOMl-13.D.aT, 
1970. 
4. FopoxoB M.A, Tbl.MOUI li.C., Ca<j,apoa F.<I>. EeJo­
nacHOCTb pa6on,, c JIHTl1eM, Harp11eM, KaJIHeM. - M.: 
ATOMHJ.naT, 1971. 
5. JomoB B.B., HBa1108 B.A., CmapKoa O.B., Kpaea 
H.I(. KoppOJHJI KOHCTPYKUHOHHbJX MaTepwanoe e )l<H.D.­
KMX weJI04Hbrx MeTaJIJiax / Tio.n pe.n. rrpo<j>. E.A. H e B­
J op o Ba. - M.: ATOMHJ.naT, 1977. 
6. KOJ/108 <l>.A., BOll'IK06 fl.r., Ky111e~08 3.K., Ma­
mlOXUH B.B. )K}{JJ.KOMeTaJIJIH'cleCKHe TeIUIOHOCl1TeJIH 
513Y. O•rncTKa OT rrpwMecei:i H HX KOHrpOJib / TTo.n pe.n. 
<l>.A. Ko J JI o Ba. - M .: 3HeproaTOMHJ.naT, 1983. 
7. l/e11em1<u11 /0.B., Ku1u11 B.J(., llo11RK08 B.H. Pa­
.nwaLI,HoHHa11 6eJonacHOCTb A3C c 6b1Crpb1M peaKTo-

pOM "' HarpHeBblM TeIUIOHOCHTeJieM. - M .: 3Hepro­
aTOMJ,IJ.naT, 1983. 
8. llo11J1aacKuii B.M., KoJ11oa <P.A. 6eJonacHOCTb na­
poreHepaTOpoe Harpwii-eo.na. - M.: 3HeproaToM1n.naT, 
1990. 
9. Ko111oa <P.A., HaaueHKO B.H. HarpHH - TeIUIOHOCH­
TeJib A3C C 6b!CrpblMH peaKTOpaM11 // ATOMHa$1 3Hep­
r11$1, 1996. T. 80. Bbm. 5. - C. 337 - 345. 
I 0. Cy660111u11 B.H., Ap11011b008 M.H., Ko11108 <l>.A., 
Wu.uKe8U'l A.JI. )Kw.nKOMeTaJIJIH'!eCKHe TeIUIOHOCHTe­
JlH .nJI$1 $1.nepHOH 3HepreTHKJI // ATOMHa!I 3Heprl1JI, 2002. 
T.92. Bhrn. I. - C. 31 - 42. 
11. Typ11u11 H.M., l(po6b1ute8 A.B. 3KcnepwMeHTI1JI1,­
HbIe )l<H.nKOMeTaJIJIH'!eCKHe CTeH.ZU,I. - M.: 1978. 
12. Koz/ov F.A., Alexeev V. V., Zagorul'ko Yu.I et al. 
The summary of the sodium coolant technology devel­
opment in application to LMFBRs / Working material 
"TM on the Coordinated Project (CRP) "Analyses and 
Lessons Learned from the Operational Experience with 
Fast Reactor Equipment and Systems". Obninsk, 14-18 
February 2005, TM-27172 and TM-26984, TWG­
FR/123, IAEA, Vienna, 2005, p. 237 - 259. 

CraTb!I nocrynHJia B pe.naKUHIO 28 .neKa6p$1 2007 r. 
BorrpOCbl aTOMHOH HayKH 11 TeXHl1Kl1. 

Cep. <l>HJHKa Rn.epHblX peaKTopoe, 2008, Bbln. 4, 
C. 41 - 54. 

Y)J;K 621.039 
H1yqeune cl>HJHKO-XHMHqecKH.X CBOHCTB Jien~onJiaBKHX CDJiaBOB B o60CHOBaHHe 

Bbl6opa 3KOJIOmqecKH 6e1onacuoro TeDJIOHOCHTeJIH .Ll,JIH 3HepreTH'leCKHX ycTaHOBOK 

E.B. Cynw1, H.r. Eozo01t06U'I, O.B. Cmap«o6, E.A. Koa,emKo6a, A.H. BacUJ1be6a, 
ct>rYTT "ffll.J; P<l>-<1>311'', 249033, r. 06tt11HCK Ka.rty)KCKOH o6n., rut. EoHJJ.apeHJCo, I 

Tipe.nc-raeJieHJ,I peJyJil>TaTbl HCCJie.noeaHHH CBOHCTB JlerKOIUlaBKHX )l<H.ll.KOMeTaJIJIH'cleCKHX CHCTeM Ha OCHOBe cnna-
808 meJIOljHJ,JX MeTaJJJIOB, l.l,HHKa, aJIIOMHHIDI, raJIJlIDI, HH.D.IDI, OJIOBa, CBHHUa 11 811CMyra B HHTepeane TeMIIeparyp OT 
273 .no 1 295 K. BnepBbie 06Hapy>1<eHO YHMKaJibHOe ceoikTBO HeKOTOpblX cnJiaBOB weJIOl!HblX MeTaJIJIOB c11CTeMbl Ha­
rp1di-Kanim-ueJl1H OKl1CJI$1TbC$1 Ha 803.l).yxe 6e3 BOCIUlaMeHeHll$1, BH.D.HMOrO Bbl.D.eJieHH.11 a3p030JieH H npaKTITTeCKH 6e3 
nOBb!WeHH$1 TeMneparypbl CIUlaea. Tipe.nJIO)l(eHa rnnoreJa MexaHHJMa OKHCJieHIDI HeBOCIUlaMeH$110mIDCc$1 CIUlaBOB 3TOH 
Cl1CTeMl>I O rrpeHMymecTBeHHOM OKHCJieH)1}1 rpOHHOro cnnaea B ero noeepxHOCTHOM CJIOe. AHOMaJibHOe OKl1CJieHMe 
o6ycnoeneHO o6paJOBaHHeM nerKonnaBKOH CHCTeMbl, 3H.noTepMH'cleCKHMH rrpouecCaMH pacTBopeHHJI npo.nyKTOB 0KlfC­
JieH11$1 cIU1aeoe H nepepacnpe.neneHMeM KHcnopo.na Me)l(.ny KOMnoHeHTaMH s )l<H.!1.KOH cpe.ne HeeocnnaMeHJ110mHXc11 
CIUlaBOB. 

Research of physical and chemical properties of low-melting alloys for a choice of ecologically safe coolant of 
power installations. E.V. Sulim, N.G. Bogdanovich, O.V. Starkov, E.A. Kochetkova, A.N. Vasil'eva. The results of 
research of properties of low-melting liquid-metal systems on basic of alkaline metals, of zinc, aluminium, galium, in­
dium, tin, lead and bismuth at temperature range of 293 ... 1 295 Kare submitted. It was found out that some alloys of 
system sodium-potassium-cesium could oxidize in the ambient air without intensive aerosol formation, flame and tem­
perature increase. The hypothesis of the mechanism of oxidation of uninflammable alloys of system sodium-potassium­
cesium about primary oxidation of an alloy in a superficial layer of a these alloys is offered. The abnormal oxidation is 
caused by the formation of low-melting system of products of alloy oxidation and redistribution of oxygen between com­
ponents in the liquid medium ofuninflammable alloys. 

MttorOKOMnOHeHTHbie )KHJ].KOMeTaJJJIHlfeCKHe 
CHCTeMbl npe,nCTaBJI.SUOT co6oli TerutOHOCHTeJTH 
npHHUHITHanbHO HOBoro nma: C peryn11pyeMbIMH 
CBOHCTBaMH. H3Memu1 KOMnOHeHTHblH COCTliB, 
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MO)KHQ C03AaTb TerutOHOCHTeJlb C 3a,naHHblMH xa­
paKTepHCTHKaMH, coxpaH$1H npH 3TOM AOCTOHHCT­
sa lfl1CTblX KOMnoHeHTOB. )1{11)).KOMeTiiJTJIH'leCKHe 
CHCTeMbl Ha OCHOBe meJIOlfHblX MeTaJJJIOB HMelOT 



K0MTUleKC YHHKaJlbHbIX TennocpH3H'ieCKHX, rep­

M0J.J;HHaMH4eCKHX, 3JleKTpo- H si.n;epHO(pH31-f4eCKHX 

csoiicTB [l , 2]. He.n;ocTaTKOM ll(eJ104HbIX MeTaJI­

nos H 60J1bllJHHCTBa HX cnnaBOB .!IBJl.!leTC.!I cno­

co6HOCTb 0KHCJlSITbC.!I Ha B03.n;yxe npH TeMnepary­

pe OKp)')KaIOll(eH cpe,n;bl, CaM0B0CTUlaMelUITbCSI H 

noMep)KHBaTb ropeHHe c BbI,n;eneHHeM 6om.woro 

K0JlHl{eCTBa a3p030JleH, l{T0 M0)KeT peanH30BaTbC.!I 

npH asapHHHbIX c1-1ryaum1x. 

O.n;HO H3 HanpasneHHH HCCJleJ.J;0BaHH.SI - H3Y­

qeHHe npoueccos BbIC0K0TeMneparypHoro 0KHc­

neHH.!I, MexaHH3M0B B0CTUlaMeHeHH.SI H ropeHH.SI 

MeTaJ!Jl0B, a TaK)Ke BbI6op C0CTaB0B CTTJlaB0B 1-1 

MaTepHan0B, BB0J.J;HMblX B TenJ10HOCHTeJ1b, K0T0-

pble cnoco6cTBOBaJ!H 6b1 CHH)KeHJ,UO TeMneparypbl 

ropeHH.SI cnnaBOB H K0J1lf4eCTBa Bbr,n;en.!leMblX B 

raJ0BYIO cpa3y a3po3onei:i npH HX ropeHHH. IlowcK 

)KHJ.l;KOMeTaJlJlH-qecKHX CTUlaB0B, 06J1a.D:aIOlllHX II0-

HIDKeHH0H flO)KapoonacH0CTblO, .!IBmieTC.!I Ba)KHOH 

rrpaKTW1ecKOH 3a,n;aqeit, perneHHe KOTOpoii noBbI­

cHT 6e3onaCHOCTb 3KcnnyaTal..(HH .!IJ.J;epHbIX 3Hep­

reTH1'1eCKHX ycTaH0B0K (.R3Y). 
B pa6oTe CHCTeMaTH3Hp0BaHbI pe3yJ1bTaTbl 

3KCnepHMeHTaJlbHbIX H paC4eTH0-reOpeTl.f4eCKHX 

HCCne.n;oaaHHH CBOHCTB )KHJ.l;K0MeTaJ1Jll.f4eCKHX 

CHCTeM Ha 0CH0Be ll(eJl0lJHblX H .n;pyrl.fX nerKo­

TUlaBKHX MeTaJlJl0B B HHTepaane TeMnepaTYP OT 

273 K.n;o I 295 K. 

1. Onucauee MexaHBJM0B B0CDJiaMeHeHBH 

H ropeHBH MCTaJIJI0B 

MexaHH3M BOCnnaMeHeHHSI H ropeHH.SI 4aCTHU 

MeTaJlJl0B H CTUlaB0B CB.!13aH C HX (pH31.f<JeCKHMH 

CBOHCTBaMH. IlpH HX 0nHCaHHH MeTanJlbl no.n;­

pa3J.J;eJ1SIIOT [3] Ha .n;aa Knacca: neT)"fl.fe H Henery­

'iHe; no CBOHCTBaM 0KCHJ.J;0B nocne,n;HHe ,n;eJlSIT B 

CBOIO oqepeJJ.b Ha rpynm,I MeTaJlJl0B, l.fMelOll]He 

paCTB0pHMbie, HepaCTB0pHMbie, Jl~e 0KCHJ.J;bl. 

Jl~He MeTaJlJlbl HMeIOT HH3KYIO TeMneparypy 

nnasnemu1 H npH ropeHHH HaX0J.J;JITC.!I B )KHJJ.K0M 

C0CTQjfffHH, a HX 0KCHJJ.bl, o6pa3YIOl.l.\HeC.II Ha no­

BepXH0CTH MeTarma, M0ryT Hax0JJ.HTbC.!I KaK B 

TBep,n;oM, TaK H )KHJJ.K0M C0CT0.IIHHH. EcnH TeMne­

paTYPa ropeHH.SI Jlery-qHX MeTannoa npeabrrnaeT 

TeMneparypy KHneHHSI HX 0KCHJJ.0B, nocne.n;HHe 

Hax0J.J;SITCSI B 30He ropemrn B ra3006pa3HOM co­

CT0.IIHHJ,i. }fa 30Hbl ropeHIDI napbl OKC~0B m-1cp­

cpyH.n;Hpy10T KaK B TBepJJ.YIO K0pKy 0KCHJJ.0B, TaK H 

B B03JJ.yx, r.n;e 0HH, 0XJla)KJJ.aSICb, K0HJ.J;eHCHpyIOTC.11 

H npeapama10Tc.!I. 3aTeM B MeJ1b'¾afu1me rnep,n;bIe 

4aCTHl.{bl 0KCHJ.J;a - JJ.blM [ 4]. O6pa30BaHHe a3p030-

JleH a BHJ.J;e 6enoro nn0TH0ro J.J;bIMa CJl)')KJ,IT 0J.J;HHM 

H3 npH3HaKOB ropeHH.SI nery4HX MeTanJlOB. 

BocnnaMeHeHHe MeTaJ!JlOB .IIBJl.lleTC.11 Hal{anb­

HOH CTa,n;HeH ropeHH.SI H xapaKTepH3yeTC.II pe3KHM 

H3MeHeHHeM pe)KHMa npoTeKaHH.SI XHMH-qecKoro 

npouecca 0KHCJ1eHID1. BocnnaMeHeHHe npoHcxo­

JJ.HT BCJle,UCTBHe HapyrueHHSI Tennoaoro paBHOBe­

CH.!I, npHBOJJ.Simero K caMOYCKOpSIIOl.l.\eMYC.11 pocry 

TeMneparypb1. Kor.n;a 3HeprH.!1 3K30TepMl.fl{eCKoro 

0KHcneHH.SI rrpeab1rnaeT noTepH Tenna Tennonpo­

BOJJ.HOCTblO, KOHBeKUHeH H H~eHHeM, peaKUIDI 

CTaH0BHTCSI caMOYCKOpSIIOII(eHC.11 H TeMneparypa 

B03pacTaeT cnOHTilHHO. 

Ilo604Hble peaKUHH ( 0XJla)KJJ.eHHe H3-3a nery-

4eCTH npo,n;yKTa OKHCJ1eHHS1, o6pa30BaHJ,1e 3all(HT­

HOH OKCHJJ.HOH nneHKH) MOryT no,n;aBHTb pa3BHTHe 

npouecca socnnaMeHeHHsi. Cnoco6HOCTb MeTa.nna 

K BOCTTJlaMeHeHl.flO onpe.n;eJl.lleTCSI cneJJ.YIOll(HMH 

cpaKTopaMH: xapaKTepHCTHKOH o6pa3yIOUleHCH Ha 

noaepXH0CTH OKCHJJ.HOH nneHKH; COCTaBOM OKl.fC­

JilffeJlbHOH cpeJJ.bI, ee .n;aaneHHeM; rennocpH31.fl{e­

cKHMH CBOHCTBaMH MeTaJlJla; reOMeTpHeH H no­

aepXHOCTblO MeTa.nna; ycnOBH.SIMH 3KCnepuMeHTa. 

Cne.zzyeT 38.MeTHTb, 'ITO TeMDeparypa BOCDJiaMe­

HeHH.SI 3aBHCHT OT MHOrHX cpaKTOpOB H He .!IBJl.lleT­

CSI nOCTOHHHOH xapaKrepHCTHKOH [3]. 
TeMneparypa ropeHJ,U1 CJl)')KHT nepuo.n;l.flJe­

CKOH cpyHKUHeH OT aTOMHOro H0Mepa MeTaJlJla. 

TaK, ll(en04Hbie MeTaJlJlbI HaTPHH, KarJl.fH, l..{e31.fH u 
cnnaBbl Ha OCHOBe 3THX MeTarJJJOB, K0TOpbie OTHO­

C.!ITC.!I. K JJ~, HHTeHCHBHO OKHCJl.lllOTC.!1 Ha 

ao3.n;yxe, aocnnaMeH.!I.IOTCH npu TeMneparype OT 

301 .n;o 391 K H noMep)Kl.fBaIOT ropett1-1e B napo­

BOH cpa3e c BbIJJ.eJJeHHeM 6om,moro KOmrt.JeCTBa 

a3p03oneif. fopeHHe ll(eno4HbIX MeTa.nnoa npe.n;­

CTaBJ]jleT co6oH 3K30TepMff-qeCKHH rereporeHHbIH 

npouecc, npw KOTopoM o.n;Ho H3 pearnpywmux 

Bell(eCTB HaX0JJ.HTC.11 B )KHJ.l;KOH q>a3e, a OKHCJJHTeJlb 

- B raJOBOH cpe.n;e. IlpOA)'KTbI peaKl..{HJ,I HaxOJJ..!ITC.!I 

s TBep,n;oM, )KHJJ.KOM H raJoo6pa3HOM COCTOmIDlX. 

Hat.JanbHOH CTaJJ.HeH ropeHH.!I HBJ]jleTC.11 caMoBoc­

nnaMeHeHHe MeTannoa - pe3Koe ycKopeHHe 3K30-

TepMl.f4eCKOH XHMH4eCKOH peaKl..{irn. Ha ao3.n;yxe 

noaepXH0CTb I.I.(eJJOqffl,JX MeTarJJlOB HaTPH.!I, KarJH.!I 

H ue3H.!I Il0KpbIBaeTC.11 nneHKOH, COCTOSIU]eH H3 

0KCHJ.J;OB, n1.n;pOKCHJJ.0B, K.ap6oHaTOB H .n;pyrl.fX co­

e.n;HHeHHH. Hanulffle 3TOH nneHKH npeJJ.OTBpal.l.\aeT 

socnnaMeHeHHe MeTanJJOB npH TeMnepa,ype HH)Ke 

T04eK HX TTJlaBJleHJ,ijf. 

B HaCTOSll.l.\ee BpeM.!1 HaH6onee IlOJJHO 113y-qe­

Hbl H cq>OpMYmtpOBaH1,J q>H3H1'1eCKHe H XHMH'ie­

CKHe MOJ.J;eJJH BOCTTJlaMeHeHJ,1.11 H ropeHJ,l.!I Ha­

TPH.!I [5]. BocrmaMeHeHHIO HaTPH.!I rrpenrnecTByeT 

CTa,nH.!I o6pa30BaHH.!I Ha noaepXHOCTH MeTarma 

OKCHJJ.HOH rmeHKH, CTPYKTYPa KoTopoif .IIBJI.lleTC.11 

.n;ett.n;pHTHOH. 3To rrpHBOJ.J;HT K ttepaBHOMepHOCTH 

OKHCJJeHH.11 H C03JJ.aHHIO TeMneparypHoro rpa,n;H­

eHTa, l{TO B CBOIO oqepe,n;b BeJJ.eT K B03HHKHOBe­

HHIO rpa,n;HeHTa noaepXH0CTHoro HaT.!l.)KeHJ,ijf, 

o6ecne4HBasi KanHJJJ1.11pHYIO KoHBeKl..{HlO. B pe-

3ynhTaTe 'iaCTb HaTpKSI npOpbIBaeTC.11 4epe3 OK­

CHJ.J;ttylO nJJeHKY, 06pa3y.11 refuepbl H 6yropKH, KO-

55 



TOpbie OTHOCJITCJI K csepxTeMneparypHhlM JIBJle­

HH.stM. 

MexaHH3M BOCllJlaMeHeHHJI HaTpllil xapaKTe­

pH3yeTCJI cnoHTaHHblM ycKOpH!OLUHMCJI OKHCJle­

HHeM "IHCTOH nosepXHOCTH 6yropKOB MeTanna. 

Bo3HHKaJOLUHe Ha nosepXHOCTH HaTpHJI 6yropKH 

OKHCJIJIIOTCJI, HarpeBaJOTC.11 11. BOCnJiaMeH.RIOTCJI 

6onee 6bICTpO, "!eM OKpy»<aJOmasi, noKpblTaJI OK­

CHAHOH nneHJCOH noBepXHOCTb MeTanna. fopeHHe 

HaTpH.!1 onpeAenReTCJI ABYMR BCTpe"!HblMH npo­

u.eccaMH: AHcpcpy3HeH KHCllOpOAa qepe3 nnaMJI K 

HaTpHIO H nepeHOCOM napos HaTpllil K nosepXHO­

CTH IlJlaMeHH. B 3aBHCHMOCTH OT cnoco6a nOABOAa 

MeTanna B 30tty ropeIDUI paccMaTpHBaJOT JJ;Ba Me­

xaHH3Ma ropemur: napocpa3ttoe JJ.Hcpcpy3110Httoe 

ropeHHe, xapaKTepH3yJOLUeeCJI cso60)J.HOH OT OK­

CHJJ;OB nosepxHOCTblO npH TeMneparype HaTpllil 

6onee 923 K, 1-1 ropeHHe c KanHJIJI.!ipHbIM HCnape­

HHeM, xapaKTepH3yJOIIJ,eecR HanH1-meM OKCHAHOro 

CJlOJI Ha nosepXHOCTH, qepe3 KOTOpblH 6naroAapR 

KanHJ1J1J1pHOMy 3cpcpeKT)' nOAHHMaeTCJI pacilJlaB­

neHHblH MeTaJIJl, HcnapHeTCH H cropaeT npH TeM­

neparype HaTpllil Mettee 923 K. 
l13BCCTHO, "!TO xapaKTepHCTHKH cnnaBOB on­

peAemIIOTC.11 HX cpa30BblM COCTaBOM, rpacpw-ieCKH 

onHCbIBaeMbIM JJ;HarpaMMOH COCTOJIHHJI. Or COCTa­

Ba cnnasa 3aBHCHT xoporno H3yqeHHbie CBOHCTBa 

CilJlaBoB: TeMneparypa T1JlasneHH11, llJIOTHOCTb, 

. 3JleKTponpOBO)J.HOCTb, 3JleKTpH'-!eCKHH noreHQHaJI, 

XHMH'-!eCKa.R aKTHBHOCTb, nnaCTH'-IHOCTb. fpacp11-

qecKH 3TH 3aBHCHMOCTH npeACTaBJI.stlOT co6oti 

CJ10)KHbie KpHBbie, KOTOpbie, KaK npasHnO, KOppe­

JllfPYJOTC.11 c nmrneti JIKKBHeyca AHarpaMMbI co­

CTOHHIDI. BocnnaMeHjieMOCTb TaIOKe npeJJ.CTaBJIJleT 

co6oti CJlO)f(H)'IO 3aBHCHMOCTb OT COCTaBa cnnasa, 

"!TO 061>11CH1ieTC.!I pa3H006pa3tteM peaKUHH Me)K)zy 

KOMTIOHeHTaMH cnnasa. TeMneparypa BOCllJlaMe­

HeHIDI cnnaBOB He JIBJl.steTCH a,n,l\HTHBHOH cpyttKUH­

eu HX COCTaBa. ,l{HarpaMMa 3aBHCHMOCTH TeMne­

pa-rypbl caMOBOCnnaMeHeHHJI OT COCTaBa cnnasa 

rrpeACTaBJlJleT co6oti KpHByJO, KOTOpy JO HeJ1b311 

annpOKCHMHpOBaTb KaKOH-J1H60 3aAaHHOH aHanH­

TH'-!eCKOH cpym<UHeH [5]. 
Bb16op KOMn03HU.HH cnnasoB MCTanno s , a 

TalOKe I13yqeHHe CBOHCTB HX OKCHAHblX nneHOK 

11BJ1JICTC11 aKT)'anhHbIM HanpasneHHeM HCCJleAOBa­

HHH ITO rrpeJJ;OTBpameHmo HJlH TTOAaBJleHHIO pa3-

BHTIDI npou.eccos BOCnJlaMeHeHllil H ropeHlfj! Me­

TanJlOB H HX cnnasos. 

2.MeTOAblUCCJJCAOBaHUH 

MccneAoBaHHe npou.ecc os socnnaMeHeHHJI, 

ropeHID! MCTaJIJlOB H HX CnJlaBOB, a TalOKe H3yqe­

HHe CBOHCTB npOJJ;yKTOB HX cropaHHJI, npOBOAHJlH 

Ha 3KCnepHMeHTaJlbHOH ycTaHOBKe, cxeMa KOTO­

pou npeACTaBJie Ha Ha pHC. 1. B o cnnaMeHeHHe H 
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PHC. 1. CxeMa ycTaH0BKH .lJ.JI.11 HJ)"'ICHH.11 OKHCJJCHWI 

cnnaB0B Ha B0JJlyxe: 1 - 3JJCl<Tp0ITe%; 2 - MaJThlH Me­

TaJJJJH'leCIUIH CTaKaH; 3 - 60JJblllOH MeTaJJJJH'ICCKHH 

cTaKaH; 4 - MeTaJJJJ Km! cnnas; 5 - pacnoJJo>KeHHe Tep­

Monap: I - JlH0 Manoro crnKaHa, TI - nelfh, III - cnnas, 

IV - B0JJly wttasi Jotta; 6 - q>HKCHp)'lOIJlee K0JJhUo; 7 -
c6opID1K AJUI ynasJJHBatt11si a3p0J0JJei1; 8 - cocyJl AJUI 

nornomettWI a3poJoJJe11; 9 - pacTBop; 10 - acm1paTOp 

.lJ.JIH oroopa npo6 B0JJlyxa; I I - np116op KCTT-4, K0H­

rpon11pyiom1111 TeMneparypy 

ropemrn H3y'ianH B cpeAe oKpy)l(aJOLUero B03.LJ.yxa 

(npH OTHOCHTeJlbHOH BJla)l(HOCTH OT 40 AO 60 %) 
nocne ttarpesaHHJI 1-1ccneeyeMoro MeTanna HJ1H 

cnnasa B 3JleKTpH"leCKOH ne"IH JJ.O onpe)J.eneHHOH 

TeMnepazyp1,1. B npou.ecce 113yqeHHJ1 ttenpepbIBHO 

perHCTpHpOBanH TCMTiepa-rypy cnnasa H ra30BOH 

cpCAbl. MoMeHT BOCilJlaMeHeHHJI perHCTpHpOBaJIH 

BH3yanhHO no HanH'-!HJO 11pKoro cseqemuI, H3Me­

Hettmo TeMrreparypbl MeTanJia H B03,!l:YlllHOH 30Hbl 

Ha)J. HHM. 

y naBJlHBaHHe npOJJ;yKTOB cropaHID! HCCJle­

JJ;yCMblX CilJlaBOB H oroop apo6 ra30BOH cpeAbl 

ocyw.ecTBJ1J1J1H npH noMOW.H acnHpaTopa norno­

meHHeM a3p030JlbHblX npOAYKTOB cropaHHJI BOA­

HblM pacTBopoM. CocTaB npOJJ;yKTOB cropaHH.!I H 

HX KOJIH"!eCTBO onpeAeJl,SlJJH no pe3yJ1bTaTaM atta­

m13a nornOTHTCJlbHbIX paCTBOpOB. COJJ.Cp)l{aHHe 

npOJJ;yKTOB B3aHMOAeHCTBHJI B rrepec"!eTe Ha cyM­

Mapttoe COAep)l{aHHe rHJJ;pOKCHAOB MeTanJIOB pac­

C"IHTblBanH no pe3yJibTaTaM aLI.HAOMCTpH'-!eCKOro 

THTpOBaHHH, COAep)l(attHe HOHOB menO"IHblX Me­

TanJlOB - no pe3yJibTaTaM MeTOAa nnaMeHHOH cpo­

TOMeTpHH, COAep)l(aHHe HOHOB men O"IH03eMeJ1b­

HblX MeTaJlJlOB - no pe3ynbTaTaM KOM0JieKCOHO­

MeTpH"leCKoro THTpOBaHHJI. 

3. OnpeAeJienue napaMeTpoe 

eocnnaMCHHCM0CTH H ropenuH 

6uuapHblX CUCTCM (UeJI0'IHblX MCTaJIJI0B 

OAHHM H3 HanpasneHJ-fH HCCJlCAOBaHHH JIBJl.11-

eTCH onpeAeJieHHe napaMeTpOB caMOBOCnJiaMeHe­

HHH H ropeHHJI. )l{HAKOMeTannH-ciecKHX CHCTeM Ha 



OCHOBe HaTpIDI. C L(eJiblO pacurnpemu1 3KCnepH­

MeHTMbHblX ,D.aHHblX no H3)"-leHHJO BOCflJlaMe­

WleMOCTH CflJlaBOB I..L(eJIO'-IHl,IX MeTMJIOB npose­

)J.eHbl HCCJie,D.0BaHIDI B HHTepsane TeMneparyp 

293 ... 973 K 6Httapm.IX CHCTeM I..L(eJIO'-IHblX MeTan­

JIOB: HaTpHH-KanHH, HaTpHH-L(e3HH, KanHH-L(e3HH, 

HaTpHH-JIHTHH npH COOTH0llJeHHH K0Mn0HeHTOB 

HaTpH$1, JIHTIDI, KMHSI H L(e3IDI OT 0,0 .D.O I ,0 aT. ,D.. 

3KcnepHMeHTMbH0 ycTaHOBJieHo, '-!TO npaKTw,1e­

CKH see 6HHapHble CflJlaBbl HaTpHSI c JIHTHeM, ue-

3HeM H KanHeM HMelOT aHan0flf'IHblH C Ha-rpHeM 

MeXaHH3M ropeHIDI: npH BOCflJlaMeHeHHH CflJlaB0B 

Ha6mo.n.aeTC,i pe3K0e □OBb!WeHHe TeMneparypbl 

803.lJ.YWHOH 30Hbl Ha,D. nosepXH0CTblO cnnasa, B 

npouecce ropeHIDI B03HHKaJOT BTOpH'IH.bie o'-!arH 

soJropaHIDI. 

,[(,m1 HJIJIIOCTp~HH Ha pHC. 2 nOKa3aHbl TH­

nH'IHbie 3aBHCHMOCTH H3MeHeHHJI TeMneparypbl 

803.ll)'ll.lHOM 30Hbl H MeTaJUia: BOJIHoo6pa3Hbie 

KpHBbJe OTpIDKalOT B03HHKHOBem1e BTOpH'-IHblX 

oqaros ropeHIDI. H nosb11IIeHHe TeMneparyphl Me­

Tanna H fa30BOH cpa3bl Ha,D. ero nosepXHOCTblO. 

Co,ll.ep)l(aHHe a3p030JlbHhIX npO.lJ.YKTOB cropaHIDI 

HaTpIDI H HCCJie,D.OBaHHbIX cnnaBOB CHCTeM Ha­

TpHH-KMHH, HaTpHH-JIHTHH, Ha-rpmi:-ue3mi: npH 

cropaHHH o6pa3L(OB MaCCOH npHMepHO 30 r HMeeT 

npaKTH'leCKH O.D.HHaK0Bble 3Ha'leHHJI H COCTaBJI$1eT 

sem.f'-IHHbI OT 0,4 AO 2,0 r-3KB. MeOHIM
3

• fipH 

ropeHHH cnnasa HaTpllil H JIHTIDI C COAep)l(aHHeM 

S % Mace. Ha6JI10AaeTC,i yMemrneHHe K0JI}fqecTBa 

a3p030JlbHblX npOJJ.YKTOB AO 0,2 r-3KB. MeOH/M
3

• 

Y CTaHOBJieHO, '-!TO npH HarpesaHHH 3BTeKTH­

qecKoro cnnasa KanH»-ue3HH B mrrepsane TeMne­

paryp1,1 OT 293 .no 973 K He Ha6JI10AaeTCsi: ero 

socnnaMeHeHHe. HesocnnaMeHSIIOmHHCsi: cnnas 

0KHCJISleTCSI Ha 803,AyXe 6e3 n0BbllileHIDI TeMnepa­

ryp1,1 cnnasa (1) H fa30BOH 30Hbl (2), 'ITO OTpIDKe­

HO Ha pHC. 2. CoAep)l(aHHe a3p030JlbHbIX npOJJ.YK-

T, K 

900 ~--~---~--~---~-t_, M_ ~_H_ 
10 20 30 40 50 

PHc. 2. 11.JMeHeffile reMneparypbl cpe,D.bl npH OKHCJle­
lUiH cnJJasa KaJIHJ:1:-ueJmi (l , 2) 11 np11 ropeHIDt Ha-rpIDI 
(3, 4): )1(11.D.Kall q>aJa: CnJJaB - I, Ha-rpHJ:I: - 3; raJOBaJI 

q>aJa: CilllaB - 2, HalJ)HH - 4 

TOB .D.aHH0ro cnnasa pe3K0 yMeHbWaeTC$1 npH6JlH-

3HTeJibHO B I 00 pa3. 

4. OnpeJJ.eJieeue napaMeTpoe eocn;aaMenHeMo­

cTu u ropeeuH cn;aaeoe ua ocuoee 

eaTpHH H DieJI0'IB03eMeJll,HhlX MeTaJIJI0B 

C ueJlbJO onpe.n.eneHIDI BJIH$1HIDI BBeAemu1 

meno'IHo3eMeJibH.bIX MeTanJioB Ha npouecc rope­

HIDI HaTpIDI HCCJie,D.OBaHbl C□JlaBb[ HaTpllil C .D.0-

6aBKaMH KaJibl(IDI .D.O 0, 1 % Mace. H MarHHJI .n:o 

0,6 % Mace. Y CTaHOBJieHO, '-!TO BBeAeHHe MarHHJJ 

ycHJIHBaeT HHTeHCHBHOCTb ropeHIDI HaTpHSI H 

yBeJIH'IHBaeT COAep)l(aHHe a3p030JieH B fa30BOH 

cpe.n.e npHMepHo B 4 pa3a. BseAem1e A06asKH 

KMbl(IDI cnoco6cTBYeT yMeHbIDeHHJO nJI0THOCTH 

o6pa3yl01..L(HXC$1 a3p030JlbHbIX npO,AyKT0B cropa­

HIDI H CHH)l(eHHJO COAep)l(aHIDI a3p030JieH B 2 pa3a. 

5. OnpeJJ.e;aeeue napaMeTpoe 

B0CDJlaMeHHCM0CTH H 0KHCJICHHH CDJlaB0B 

ea oceoee QHHKa, aJIIOMHHHH, raJIJIHH, HOAHH, 
0JI0Ba, CBHHl(a H BHCM}'Ta 

,lq,yrnM ttanpaBJieHHeM HccneAoBaHIDI. SIBJISl­

eTc,i H3)"-leHHe qJH3HKO-XHMH'-!eCKHX CBOHCTB Jier­

KOnJiaBKHX CilJlaBOB Ha OCH0Be L(HHKa, aJIIOMHHIDI, 

faJIJIHSI, HH,n:IDI, 0JI0Ba, CBHHL(a H BHCM)'Ta. DblJIH 

Bb16pam,1 nerKOnJiaBKHe cnnaBbl, KOTop1,1e no 

CBOHM TennocpH3H'-!eCKHM CBOHCTBaM H XHMH'-le­

CKOH aKTHBHOCTH Y.D.OBJleTBOpRJIH xapaKTepHCTH­

KaM TennoHocHTeneu .D.JIS1 Jl3Y. CocTaB Hccne­

AYeMbIX cnnaB0B H xapaKTepHCTHKa XHMH'-leCKOH 

aKTHBHOCTH cnnaB0B npe,n:CTaBJieH.bJ s Ta6JI. I. 
_nri,i npe.n.sapHTeJihHOH oueHirn csoncTB cn.na­

BOB 3KCnepHMeHTaJibHO onpe.n.eJieHbJ: TeMnepary­

pa nnaBJieHHSI HCCJieeyeMbIX CflJlaB0B, AJI.SI: KOTO­

pblX He HaH,n:eHbl JIHTeparypHble ,D.aHHb1e; XHMH'le­

CKaSI aKTHBHOCTb CruiaBOB no OTHOilleHHIO K BJIIDK­

HOMY B03JJ.yxy, BO.D.e H HaTpHJO; TeMnepaTypa 

flJlaBJieHHR npO.lJ.YKTOB B3aHMo,n:eHCTBHSI HCCJie­

eyeMblX cnnaB0B H HaTpIDI. 

y CTaH0BJieHO, '-!TO CruiaBbI Ha 0CH0Be faJIJlllil 

(cnJiaBbJ N!!NQ 2 .. .4 s Ta6JI. I) o6Jia,D.aJOT TT0HH­

)l(eHHOH XHMH'leCKOH aKTHBH0CTblO H M0ryr 6bITb 

peK0MeH,n:OBaHJ,J B Ka'-!eCTBe o6'beKTa .D.JIS1 HCCJie­

A0BaHIDI. KOMnJieKca CBOHCTB KaK TeruIOHOCHTeJISI 

Jl3Y c □oHlf)l(eHHOH □0)l(apoonacttoCTblO. 

6. OnpeJJ.e;aeene napaMeTpoe eocnJ1aMen11eMo­

cTu H ropeHBH CDJlaB0B CHCTCMhl 

meJI0'IHhlX MCTaJIJI0B uaTpBB-KaJIHH-JIHTHH 

fipH H3Yl.Jemrn BOCnnaMeHSleMOCTH TpOHHblX 

CHCTeM meJIO'-IHblX MeTaJIJIOB HaTpHH-KMHH­

JIHTHH ycTaHOBJieHo, 'ITO HCCJieAOBaHHbie C□Jl aBbl 

cneJJ.YIOmero cocrnsa: HaTpmi: 35,78; 34,63; 97,52 
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T 6 1 C a JJ Hu a OCTaB HCCJJe.nyeMhlX nerKOITJlaBKHX CITJlaBOB 

N2N2 CocTae cITJJaea 
/M, cc 

cITJJaaa 
MeTIIJIJl % Mace. aT . .U. 

Pb 37,5 0,25 
1 Sn 37,5 0,44 130,0 

In 25,0 0,31 
Ga 67,0 0,75 

2 In 29,0 0,20 13,0 
Zn 4,0 0,05 
Ga 62,0 0,73 

3 In 25,0 0,18 10,8 
Sn 13,0 0,09 
Ga 61,0 0,71 

4 
In 25,0 0,18 

3,0 Sn 13,0 0,09 
Zn 1,0 0,02 
Bi 50,0 0,44 

5 Pb 30,0 0,25 92,0 
Sn 20,0 0,31 
Bi 46,4 0,33 

6 Sn 33,6 0,42 102,0 
In 20,0 0,25 
Bi 52,2 0,38 

7 Sn 37,8 0,48 110,0 
In 10,0 0,14 

% Mace.; Kamoi 60,67; 58,72; 1,7 1 % Mace.; JIHTHH 

3,55; 6,65; 0, 77 % Mace. He o6na,n.aioT noHIDKeH­

uoH nO)KapoonacHOCTblO no cpaBHeHHIO C HaTpH­

eM. 

7. OnpeAe.rteaue napaMeTp0B B0CDJiaMeHHeMO­

CTH H ropeHHH cnJiaB0B CHCTeMbl 

meJI0'IHblX MeTaJIJI0B HaTpuii-KaJIHii-ue3HH 

TIO HeKOTOpbIM nOKa3aTellilM TepMOAHH3MH­

qeCKHX H TeflJlOq>HJHt{eCKHX CBOHCTB cnnaBbl 

TpOHHOH CHCTeMhI HaTpHH-KaJTHH-Ue3HH ycrynaIOT 

w.eJI04Hl,[M MeTaJIJiaM HaTpHH, Kamm H HX cnna­

BaM, HCnOJib3yeMblM B Ka4eCTBe TenJIOHOCHTem1 

~3Y: 
• 60Jlblllee 3Ha4eHHe nJJOTHOCTH 3BTeKTHt{eCKO­

ro cnnaaa (Ha 50 %) no cpaaHeHHIO c HaTpHeM 

H KaJIHeM npHBe,neT K yaeJJHt{eHH"IO 3HepreTH-

4eCKHX 3aTpaT Ha nepeKa4ey cnnaaa; 

• TennonpOBOJJ.HOCTb cnnaaa HMeeT HaHMeHb­

wee 3Ha4eHHe H3 BeJIHl.{_HH TennonpOBOJJ.HOCTH 

ero KOMITOHeHTOB (a 5 ... 7 pa3 MeHbWe Tenno­

npoeo,nHOCTH HaTpID!); 

• eenw-urna .naaneHHJI Hac1,1w.eHHbIX napoa 

cnnaaa HMeeT 3Ha4eHHe ua nop.si,noK Bb111Je, 

4eM HaTpHll, t{T0 3Ha4HTeJlbHO ycJJO)KH.SleT 06-

paw.eulle C HHM B UHPKYllill.{HOHHblX KOHT)'pax 

npH TeMneparypax 700 ... 900 K (TeMneparypa 

KHnettHJI cnnaea npH HOpMaJibHOM JJ.aBJieHHH 

COCTaBJIReT 994 K). 
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XHMH<teCKaR aKTHBHOCTh 

803.nyx npH 500 °C HaTP1di rrptt 400 °C 

OKHCmieTCH Ha 803.Uyxe 6e3 
Bh1.neneHHe 33po3oneA tt 

BOCITJJaMeHeHHJI 
nOBh!WeHHe TeMrrepary-

pbl .UO 600 °C 

noeh1weH11e TeMnepary-
He OKHCJJHeTCH 

pbl .UO 480 °C 

ITOBhIWeHHe TeMnepary-
He OKHCm!eTCH 

pbl .UO 490 °C 

He OKHCJJHeTCH 
ITOBhIWeHHe TeMnepary-

phi .UO 540 °C 

OKHCJJJ!eTCH Ha B03.nyxe 6e3 
Bh1.nenett11e a::ipoJoneA H 

BOCllJlaMeHeHHJI 
nOBhIWeHHe TeMnepary-

pbl .UO 680 °C 

OKHCJ1JleTCH Ha B03.nyxe 6e3 
Bh1.neneHue 33p03oneA H 

BOCITJJaMeHeHFUI 
noe1,1weHJ1e TeMnepary-

pbl .UO 650 cc 
OKHCJ1HeTCH Ha B03.nyxe 6eJ 

Bbt.neneHtte a3po3oneA " 

BOCTIJlaMeHeHHJ! 
nOBhIWeHHe TeMnepary-

phi .UO 680 cc 

0,11.HaKO 6e3yCJIOBHOe npeHM)'UJ.eCTBO TJ)OH­

uoro 3BTeKTH4eCKOfO cnnaaa - caMaJI HH3K3JI H3 

1IJ,eJJ04HbIX MeTIUinoe H cnnaaoa TeMneparypa 

nnaeneHID! (195 K), T.e. cHcTeMbI c TpOHHbtM 3B­

TeKTH4eCKHM CnJJaBOM SIBllillOTC.SI. )KH.!J.KHMH B Jll0-

61,1x ycnoBHJIX Ha 3eMJJe H B KOCMOCe, 06na.aa10T 

OITTHMaJibHblMH nycKOBblMll xapaKTepHCTHKaMH H 

He Tpe6y10T no.norpeea. B .llaHHOM pa:3,11.ene npe.11.­

cTaaneu1,1 pe3yJJbTaTbl HCCJJe,noaaHID! q>H3HKO­

XHMH4eCKHX CBOHCTB cnnaBOB CHCTeMbl H3TpHH­

KaJIKH-Ue3HH (6 ... 10]. 

I) Ilpuzomoelle11ue oeou11bvc u mpou11b1x cwiaeoe 
cucmeMbl 11ampuu-K(lJlUU-l{e3uu 

Il\eno4Hhte MeTaJJJlbJ HaTpHii, KaJIHH, ue3HH 

SIBJI.SIIOTC.SI BblCOKOaKTHBHhlMH XHMHt{eCKHMH 3JJe­

MeHTaMH, B3aHMO,neHCTBYSI C KOMITOHeHTaMH 803-

,nyxa c 003ropatt11eM. ITpHCYTCTBHe npHMeceii a 

3THX MeTaJIJlax H cnnaeax CYll.leCTBeHHO BJIID!eT Ha 

HX 3KcnnyaTaUHOHHble xapaKTepHCTHKH KaK Ten­

JIOHOCHTeJJeH. ITo3ToMy ua nepaoM 3Tane Hccne­

.nosaHHJI q>H3HKO-XHMH4eCKHX CBOHCTB cnnaBOB 

w.en04HblX MeTaJJJIOB OTpa6oTaHbl cnoco61,1 npH­

roTOBJJeHHJI cnnaBOB H3TJ)IDI C ueJHeM H KaJIHeM, 

ITOBbllllaIOUJ.He Ka4eCTBO cnnaBOB H 6eJonaCHOCTb 

pa6oT npH HX npHroTOBJleHHH. 

ITpouecc np11roTOBJJeHHst .nsoiiHbIX H TpOH­

HbtX cnnaBOB w.en04HblX MeTaJIJJOB ocymecTBJUIJIH 

B nep4aT04HOM ra30BaKyyMHOM 60KCe. B Ka4eCT­

Be ,,rnepTHOH cpe.Ubl npHMeHRJIC.SI ra3006pa3Hb!H 



aprOH, JJ,OilOJIHIITeJibH0 0'-IHlll.eHHblH C nOMOlll.bJO 

nomonrreneii ymeKHcnoro ra.3a H BJiarn (acKa­

pHT, aHrHJJ.pOH, pacnJiaa11eHHbIH HaTpHH). IlpHro­

TOBJieHHe JJ,BOHHbfX H TpOHlil,[X CnJiaBOB HaTpIIB­

KaJJHH-Ue3HH B03M0)KH0 OCYlll.eCTBHTb npH CMe­

lllHBaHHH pacrmasJJeHHbIX K0MTT0HeHTOB. 

IlpH paCCMOTpeHHH JJ,HarpaMMbl COCTO.llHIDI 

CHCTeMbl KaJIHH-Ue3HH Bbl.llBJieHo, qTo BbIDJe TeM­

nepaT)'pbl 185 K (-88 ° C) JJ,aHHbie MeTaJIJibI tteor­

paHHqeHHO B3aHMHO paCTBOp.llJOTC.ll KaK B )KH)],­

KOM, TaK H TBepJJ,0M COCT0.llHHllX. JlHHH.ll JIHKBH,Zzy­

ca HMeeT 3Ha'leHHe B HHTepaane TeMneparypbl OT 

301,64 JJ.O 336,76 K c MHHHMaJJbHblM 3Ha'1eH1-1eM 

JJ,JI.ll 3BTeKTHqecKoro crmasa KaJJHH-Ue3HH 250 K 
(-23 ° C). TaKHM o6pa.30M, CnJiaBbl JJ,aHHOH CHCTe­

Mbl HaxOJJ..llTC.ll B )KH)],KOM COCTOllHH_H npH K0MHaT­

HOH TeMneparype. Ilo3TOMY JJ,aHttoe CBOHCTBO 

paCCMaTpHBaeMOH CHCTeMbl HCTTOJib30BaHO )],JI.II 

npHrOTOBJieHH.ll JJ.BOHHblX cnJiaB0B KaJIH.ll H ue3H.ll . 

3Kcnep HMeHTaJJhHO ycTaHOBJleHO, 'ITO CMeurnsa­

HHe pacrmasneHHoro ue3H.ll H rnep,noro KaJIH.ll npH 

KOMHaTHOH TeMneparype n03BOJI.lleT nonyqaTh 

crmaBbl ue3H.ll H KaJIH.ll, KOTOpbie Hax0J],.llTC.ll B 

)l(H)],KOM COCTO.llHHH. 

B npouecce npHroTOBJieHH.ll crmaBa npo11cxo­

JJ.1IT TT0BhillleHUe TeMnepaT)'pbI OT 301,63 K 
(28,63 °C) JJ.0 313 ... 323 K (40 ... 50 °C) nocne 

BBe,neHIDI TBep,noro KaJIH.ll B )l(HJJ.KHH ueJIIB, a 

TaK)l(e OT 301 JJ.O 313 . . . 323 K nocne BBeJJ,eHIDI 

TBepJJ,oro HaTpIDI s nonyqeHHhIH )l(HJJ.KJIB JJ.BOHHOH 

crmaa KaJIHH-Ue3IIB. Y crpaHeHUe npe,nBapHTeJib­

Horo 3Tana pacnnaaneHH.ll KaJIHll H HaTpIDI o6ec­

neq}{BaeT TTOBbIIIIeHHe 6e3onaCHOCTH pa60T H no­

nyqeHHe CnJJaBOB C TTOHIDKeHHblM co,nep~HHeM 

npOJJ.YKT0B OKHCJieHH.ll npHCYTCTBYJOll{HMH npH­

MeC.llMH B 3all.(HTH0M ra.3e H Ha nosepXH0CTH K0H­

CTpYKUH0HHhIX MaTepHaJIOB. IlpeJJ,JIO)l(eHHbIH cno­

co6 npHr0T0BJieHH.ll YMeHblllaeT 3HeprerwteCKHe 

3aTpaTbl, CHIDKaeT TT0)l(apo- H B3pbIBOonacHOCTb 

npouecca npHrOTOBJJeHHll crmaaa H nOBbilllaeT ero 

KaqecTBo. ):vl.11 pearrH3aUHH JJ,aHHoro cnoco6a 

npeJJ,JIO)l(eHa ycTaH0BKa, cxeMa KOTOpOH npeJJ.­

CTaBJieHa Ha pHc. 3. Ha npeJJ.cTaBJieHHbIH cnoco6 

npHrOT0BJieHHJI CITJiaBOB CHCTeMbl HaTpHH-KaJIHH­

Ue3HH H KOHCTpYKl..{HJO ycTaHOBKH nonyqettbl aa­

TopcKHe CBH.L{eTeJibCTBa [7, 8]. 

PHC. 3. CxeMa YCTaH0BKH .nm, npHrOTOBJieHHl! CllJiaB0B 

cHcTeM1>1 HaTpmi-KaJJHli-ueJmi: 1 - 3arpY30'iHLIH 6ax; 

2, 3 - 6aKH-peaKTop1,1; 4 - :meKrpoHarpesaTeJih; 5 -
nepeMe1IIHBa10Il.(He nonacTH; 6 - rrpe:cnoco6JieHHe JlJUI 

BCKpblTHll aMnyJJbl C ue3HeM, CJIHBH0e yCTpOHCTBO H 

)l(H,!lKOMeTaJJJIWieCKHe BeHTHJIH; 7 - ra30BaxyyMHl,le 

BeHTHJIH 

2) Onpeoe11eHue napaMempoB BOCnilaMeHReMocmu 
U 2opeHUJ/. CnilQBOB cucmeMbl u,eJlO'lHbVC Mema.JlllOB 

Hampuu-KC1.llUU-ije3UU 
3KcnepHMeHTaJibHO yCTaHoBJieH0 HeH3BeCT­

H0e paHee CBOHCTBO CHCTeMbl HaTpHH-KaJIHH­

ue3JIB onpe,neJieHHOro C0CTasa OKHCJJJITbC.ll Ha 

B03.IzyXe B HHTepaane HCCJieJJ,0BaHHbIX TeMIIepaT)'P 

293 ... 973 K 6e3 HHTeHCHBH0fO Bbl)],eJieHH.ll a3po-

30JieH H o6pa.30BaHH.ll nJiaMeHH, a TaK)l(e 6e3 no­

BbUlleHHl! TeMnepaT)'pbt. rpaHHUa o6nacTH ttesoc­

rmaMeHJIJOll{HXC.ll CITJiaBOB annp0KCHMHpyerc.11 

ypaBHeHHeM 3JIJ!Hnca, C0OTHOIIIeHHe no.rryoceH 

K0Toporo coCTaBJI.lleT 2,4. ~eHTp 3JIJIHnca pacno­

JI0)l(eH B T0'!Ke 0, COOTBeTCTBYJOlll.eH CTTJiasy, 

6JIH3KOMY K 3BTeKTwteCKOMY (TO'IKa E). CoCTaB 

cnnasa npHBeJJ,eH B Ta6n. 2. 
CoCTaB HeBOCTTJiaMeHJIJOlll.HXC.ll CilJiaBOB 

TpOHHOH CHCTeMbl 0ITHCbll3aeTC.ll HepaseHCTBOM 

(6CNa - 1)2 ~ (8CK Ccs - 1), r,ne CNa, CK, Ccs -
aT0MHaJI JJ.OJI.ll KOMTT0HeHT0B CTTJiaBa. O6JiaCTb He­

BOCnJJaMeH.llJOlll.HXC.ll CITJiaB0B TpOHHOH CHCTeMbJ 

HaTpHH-KaJIHH-Ue3HH noKa.3aHa B K0HUeHTpauH­

OHH0M rpeyroJihHHKe P03e6yMa Ha pHC. 4. 

T 6 a JI HU 3 2 C OCTaB HeB0CnJJaMeH.!llOlUHXCll CnJJaB0B 1l)0HHO CHCTeMbl a- - s N KC 
To'IKa HJIH o6nacTb Co.nep)l(aJrneKOMilOHeHTOB 

Ha .n11arpaMMe co- aT0MHall ,!l0Jlll MaCC0Ball ,!lOJlll, % 
CT0llHHll Na K Cs Na K Cs 

T. O 0, 12 0,44 0,44 3,52 21 ,88 74,60 
T. E 0,14 0,43 0,43 4,16 22,08 73,75 

O6JiaCTb HeB0C-
0,02 .. . 0,19 ... 0, 19 .. . 0,50 ... 7,60 .. . 46,50 ... 

nJiaMeH.sUOlUHXCll 
0,24 0,69 0,69 7,80 43,70 89,20 

cnnasos 
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Na 

C,,,aT. AOilR 

PHC. 4. KOHUeHTJ)aUHOHHbil-\ TJ)eyr0JJbITTIK CHCTeMhI 

HaTJ>HH-KaJIHH-ueJHH 

HeBOCTIJJaMeHJUO[llHecsr CTIJlaBbl HCCJJe)].OBaH­

HOH CHCTeMbl OKHCJUUOTCSl Ha B03.ll.)'Xe 6eJ 

TIOBb(llleHHSl TeMnepa-rypbl CTIJlaBa H 803.lJ.YUIHOH 

30Hbl. 3aBHCHMOCTb H3MeHeHHJI TeMnepa-rypbl 

803.ll.)'Xa H MeTaJJJJa npH OKHCJJeHHH 

HesocnnaMeHffiO[llHXCSl CTIJlaBOB TpOBHOH 

c11cTeMbl HaTpHH-KaJJHH-Ue3HH aHanorw-rna 

xapaKTepy TeMnepa-rypHOH 3aBHCHMOCTH CTIJJaBa 

KaJJHH-Ue3HH 3BTeKTH'-IeCKoro COCTaBa, KOTOpasr 

npe.D.CTaBJJeHa Ha pHC. 2. 
3) OnpeoeJlenue Ko114e11mpa1JUU a:,po30Jleu 

npu OKUCJleHUU Cn.lla808 
11ampWl, KanWl u 1,fe3UJl 11a eo3oyxe 

,lviJI oueHKH 3cpcpeKTHBHOCTH CHIDKeHHJI no­

)KapoonacHOCTH HeBOCTIJlaMeHJUOJ.UHXCSl CTIJJaBOB 

npose.n.eHbl 3KCnepHMeHTbl ITO onpe.n.eneHHlO KO­

JJHt.J:eCTBa BbI)].eJJSlJOJ.UHXCJI B raJOBYJO cpa3y a3p0-

30JJeH npo;zyKTOB ropeHHsr CaMOBOCTIJJaMeHsrJO­

J.UHXCH H OKHCJJeHHJI HeBocnnaMeHsrlOI.QHXCSl cnna-

808 s m-1Tepsane TeMnepa-ryp 293 ... 973 K. 
Co.n.ep)KaHHe a3po3onei1 npH ropeHHH caMo­

aocnnaMeHJIJOlllHXCH CTIJJaBOB HMeeT 3Hat.J:eHHJI 

1,0 ... 2,0 r-3KB. MeOHIM
3

, npH'ieM c ysemtt.J:eHHeM 

co.n.ep)KaHHJI HaTpml B CTIJJaBe KOJJH'•IeCTBO BbI)].e­

JlHIOlllHXCSl a3p030JJeH TIOBbllllaeTcsr. CoOTHOWe­

HHe KOMTIOHeHTOB a3p030JlbHb[X npOJzyKTOB rope­

HHJI CTIJlaBOB no cpasHeHHIO C HCXO)].HblMH cnna­

BaMH H3MeHJleTCsr: co.n.ep)KaHHe HaTPHsr yMeHbUia­

eTCH B 2 ... 4 pa3a, a KaJJHSl H ue3H.ll yseJJH'IHBaeTC.11 

npHMepHO s 1,3 pa3a. 

TTpH oKHcneHHH cnnasos, HesocnnaMeHHIO­

lllHXC.11 Ha BOJ.D.yxe, co.n.ep)KaHHe a3po3oneii B ra-

30BOH cpe.n.e Ha)]. cnnaBOM yMeHblllaeTC.11 He MeHee, 

'-leM B I 00 pa3, H 11MeeT 3Hat.J:eHHSl B HHTepsane 

(0,8 ... 0,4)- 10"2 
r-3KB. MeOHIM

3
• A3p030JJbHbie 

npOJzyKTbl OKliCJJeHHJI HeBOCTIJJaMeHHJOI.QHXC.11 

cnnaBOB o6oramalOTCSl coe)I.HHeHHSlMH HaTpHsr 

np11MepHO B 3,5 pa3a, a coe.n.11HeHHsrMH KaJJli.ll H 

ue3HSl 06e.n.H.11JOTCH npHMepHO B 1,2 pa3a. 

4) Memoo u npo2pa.MMa pac'lema pae11oeec11b1X 
cocmoR11uu cucmeM :,emeKmu!lecK020 mpo(mo20 
cn/laea HampUR., KallUJl, lfe3Wl C 2G3006pG3HblMU 

COeOUHeHURMU 
U,enhJO .n.aHHOH cepllli 11ccne.n.osaHHH srsm1eT­

csr 113yyeH11e c11cTeM: HesocnnaMeHJIJOI.UHHCH 

TpOHHOH cnnas menO'-IHhIX MeTannos HaTPH.sr, Ka­

JJHJI, ue3HJI - BO)].Opo.n., KHCJJOpo.n., KOMflOHeHTbl 

BJJa)KHOro ao3.nyxa. TepMo.n.11HaMHYeCKHH pact.J:eT 

Bh!TIOJJHeH AJJ.11 CHCTeM B3aHM0)].elfCTBHJI 3BTeKT11-

'-1eCKOro Tpoirnoro cnnasa I.UeJJO'-IHbIX MeTannoa 

HaTpH.11, KaJJHJI, ue3H.ll C 80.D.OpO.D.OM, KHCJJOpO.D.OM, 

KOMTIOHeHTaMli BJJruKHOrO 803.ll.)'Xa B liHTepsane 

TeMnepa-ryp 195 ... 1 295 K npH .n.asneHliH CHCTeM 

105 Ila AJJH Mace c11cTeM, paBHbIX 1 Kr. Hat.J:anbHbIH 

COCTaB pac'-leTHbIX CHCTeM npe.n.cTaBJJeH s Ta6n. 3. 
y CTaHOBJJeHo, 'iTO KOH)].eHCHpOBaHHaH cpa3a 

CHCTeMbl TpOHHOH cnnas - so.n.opo.n. COCT0HT H3 

)KH)].KHX I.UeJJOlfHblX MeTaJJJJOB OT TeMnepa-rypbl 

195 .no 845 K, rn.n.p11.n.os KanHJI 11 HaTPH.sr B o6nac­

rn TeMnepa-ryp 195 .. . 695 K, a ra3osasr cpa3a 3TOH 

CHCTeMbl s o6nacrn TeMnepa-ryp 195 ... 1 295 K s 

OCHOBHOM 113 napoB MeTaJJJJOB ( O)].HOaTOMHbIX, 

0)].HO- H pa3H011MeHHbIX )].HMepoB). ,lviJi npe)J.Bap11-

TeJJbHOH oueHKH CBOHCTB cnnaBOB 3KCnepHMeH­

TaJJhHO onpe.n.eneHb1: TeMnepa-rypa nnasneHHsr 11c­

cne.n.yeMhIX CTIJlaBOB, .D.JJH KOTOpblX He HaH.)l.eHbl 

JJHTepa-rypHble .n.aHHble; XHMHt.J:eCKa.11 aKTHBHOCTh 

cnnaBOB no OTHOllleHHIO K BJJa)KHOMY 803.lJ.YXY, 

so.n.e H HaTPHJO; TeMnepa-rypa nnasneHH.11 npo.n.yK­

TOB B3aHMO)l.eHCTBHJI Hccne.n.yeMblX CTIJlaBOB 11 

HaTPHJI. 

CocTas npo.n.yKTOB 83a11Mo.n.eiicTBH.ll TPOirno­

ro 3BTeKTH'ieCK0r0 cnnasa CHCTeMbl HaTPHH­

KaJJHH-Ue3HH H KOMTIOHeHTOB 803.ll.)'Xa npe.n.cTaB­

neH a Ta6JJ. 4. KoH)l.eHCHpOBaHHaH cpa3a CHCTeMbl 

T a 6 JI If u a 3. CocTaB paclfeTHblX CHCTeM TJ)0HH0ro 3BTeKTHYeCK0ro cruiasa HaTJ)HJI, KaJJHSl, ueJHJI 

6 H raJ00 >paJHbIX semeCTB 

KoMno- KoMnOHeHTbl TpOHH0ro 
Co.neplt<aHHe raJoo6pa3HblX semecTB, M0Jlb 

HeHT CHC- cnnasa Na-K-Cs, M0Jlb 

TeMbI: Na K Cs H2 0 2 CO2 N 2 H 2O 

B0.D.0P0.D. 1,5660 5,5890 5,6090 1,7· 10·3 - - - -
KliCJl0P0.D. 1,5660 5,5890 5,6090 - I· I 0-4 - - -
snalKHbIM 1,5050 5,3540 5,3910 0,6170 4- 10-4 2,0830 8,04-10"2 

-
B03.D.YX 
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T a 6 JI " u a 4. CocTaB ITp0JlYKT0B B3aHMOJ].eHCTBIDI CHCTeMbl 3BTeKTH1'!eCKHH cnnaB - K0Mn0HeHTbl BJlaJKH0ro 
B0Jnyxa: Cs (5,3910 MOJ!b); K (5,3540 MOJ!b); Na (1 ,5050 MOJJb); N2 (2,0830 MOJJb); 0 2 (0,6170); CO2 {4·10'4 

MOJlb); H2O (0,0804 MOJlb) 

<l>aJa T, K 
CoJJ.ep)!(aHHe KaJKJJ.0f0 KoMnOHeHT CHCTeMb[ 

K0Mil0HeHTa CHCTeMbl, M0Jlb 
0,68 . .. 4,5 Na, K, Cs 

195 .. . 345 
- 10·1 Na2O, K2O, Cs2O 

10·2 ... 104 NaOH, KOH, CsOH, Cs2CO3 
< 10-4 NaH, KH, CsH 

0,68 . . .4,5 Na, K, Cs 

395 ... 495 
- 10·1 Na2O, K2O, Cs2O 

10-2 
••• I 0-4 NaOH, KOH, NaH, KH, CsH, Cs2CO3 

< 10-4 CsOH 
KottJJ.eHCHpo- 0,68 . . .4,4 Na, K, Cs 

BaHHa1! 10·1 
.. . 104 Na2O, K2O, Cs2O, K2CO3 

545 .. . 745 
< 104 NaOH, KOH, CsOH, NaH, KH, CsH, 

Na2CO3, Cs2CO3 

795 ... 945 
0,1818 ... 4,3510 Na, Na2O, Cs2O, Cs, K 

< 10-4 

0,384 I 
995 .. . I 095 - 104 

< 104 

l 145 . . . 1 295 
0,3841 
< 104 

195 ... 1 295 2,0830 
195 ... 245 - 10-4 

495 ... 695 
- 10·2 

< 10-4 
- 10-1 

faJOBa11 10-i __ _ 10-4 
695 ... 895 

< 10-4 

8·10·2 

0,35 . . . 5,2360 
995 .. . 1 295 10·1 ... 10·2 

- 10-4 
< 10-4 

3BTeKTw-1ecKHH TJ)OHHOH cn.nas - snroKHbIH B03.!JYX 

COCTOHT H3 )KHJU(HX meJIO'-!HblX MeTaJJJIOB, HX OK­

CHAOB, rH,ApOKCHAOB, Kap6ottaTOB H rHAPHAOB. 

faJOBlUI q>a3a 3TOH CHCTeMbl COCTOHT B OCHOBHOM 

H3 napoB MeTaJJJIOB ( OAHOaTOMHbIX, OAHO- H pa3-

HOHMeHHblX AHMepos), OKCHAOB KaJJHJI H Qe3HJI, 

BOAOpo.n;a, yrneKHCJioro raJa. 06pa30BaHHe B CHC­

TeMe BOAOpo,n;a npH TeMneparype Bb!We 995 K 
MO)l(eT C03,AaBaTb onpe,n;eJieHH)'IO onacHOCTb: 

TeMneparypa caMOBOCnJiaMeHeHHJI BOAOpo,n;a co­

CTaBlll.eT 783 K. 
Pac'-!eTHble IlOKa3aTeJIH COCTaBa KOH,D.eHCHpo­

BaHHOH H raJOBOH q>a3 pacCMOTJ)eHI-lbIX CHCTeM 

Y.!J.OBJieTBOpI-tTeJibHO cornaC)'JOTCll C JIHTeparyp­

Hb[MH .n.aHHblMH. L(HHaMID<a o6pa30BaHHJI H pa3-

JlO)l(eHHl! npo,n;yKTOB B3aHMO.!J,eHCTBHll KOMnOHeH­

TOB CHCTeMbl Ha OCHOBaHHH paC'-leTa COOTBeTCTBy­

eT HX q>H3H'-!eCKHM CBOHCTBaM B COOTBeTCTBHH C 

mneparypHblMH .!J.aHHblMH. TaK, HanpHMep, B na­

POBOH q>a3e OAHOaTOMHbie meno'-!Hbte MeTanJibl 

K2CO3 
Na2O 
Na,K 

Cs2O, Cs 
Na2O 
Na, K 

N2 
CO2 

H2, Cs 
Cs2O, K2O, Na 

H2, K, K2O, Cs2O 
Na, Cs, Na2CO3, K2CO3 

K-Na, Cs-Na, Cs-K, Na2, K2, Cs2, 
Cs2CO3 

H2 
Na, K, Cs 

K-Na, Cs-Na, Cs-K, Na2, K2, Cs2 
Na2CO3, K2CO3 

K2O, Cs2O 

npeo6na,n;aroT Ha,A AH- 0 MHOroaTOMHblMH MOJie­

KynaMH 3THX MeTanJIOB, '-!TO no,LlTBep)l(,IJ;aeTCll pe-

3YJibTaTaMH pac1-1eTa. IlpHCyTCTBHe B KOHAeHCH­

poBaHHOH q>a3e paC'-leTHOH CHCTeMbl rH,ApOKCHAOB 

MeTaJJJIOB o6ycJIOBJieHO HX nerKonmlBKHMH CBOH­

CTBaMH: TeMneparypa n n aB.JieIDUI rHApOKCH.Lla ue-

3Hll COCTaBJilleT 545,0 K, rH.LlpOKCH,Lla KaJJHJI 

653,0 K H rH,ApOKCH,Lla HaTJ)HJI 593,0 K. 

5) I'unomeJa MexaHU3MQ aHOMaJlbH020 OKUCJleHUJl 

HeBOCnna.Me HJllOUJUXCJl c nnaBOB 

,wmpWl, KaJIWl u 1,Je3Wl. 

Ilpose,n;eHHble HCCJle.!J,OBaHHJI OKHCJieHID! Ha 

B03,Ayxe TJ)OHHblX cn.naBOB CHCTeMbJ HaTpmi­

KaJIHH-U.e3HH noKaJaJIH, '-!TO B J TOH cHcreMe cy­

mecTByeT o6naCTb, )],JUI KOTOpOH xapaKTepHO aHO­

MaJibHOe nose,neHHe cnnanos Ha so3,n;yxe. Ha oc­

HOBaHHH HCCJie.!J,OBaHHll CBOHCTB cnJiaBOB ,LlaHHOH 

CHCTeMbl H noJIY'-leHHblX pe3yJibTaTOB TepMOAH­

HaMH'-leCKOrO pac'-!eTa pasHOBeCHblX COCTOJIHHH 
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CHCTeMhl TJ)OHHOro 3BTeJCTJ,pfeCKOro CruJaBa Ha­

TPHJI, KaJJHJI, ue3HSI H KOMnoHeHTOB 8Jla)l(H0f0 

B03,rzyx_a npeAJIO)KeH MeXaHH3M aHOMaJlbHOro 

OKHCJleHHJI HeBOCllilaMeHJilOLUHXCSI cnnaBOB CHC­

TeMbl HaTpHH-KanHii-ue311ii, cxeMa KOToporo 

npe,u.cTasneHa Ha p11c. 5. AaTOpb1 npe,u.nonarruoT 

HaJlH'me ,u.syx CJle.lJYlOLUHX OCHOBHbIX npH4HH 

aHOMaJJbHOrO OKHCJ1eHl1SI Ha 803,rzyx_e cnnaBOB Ha­

TJ)HSI-KaJJHSI-Ue3HSI ycTaHOBJleHHOfO COCTasa: 

- cyw.ecTBOBaHHe B 3THX cnnasax B JI.OCTilT04HO 

WHpOKOM HHTepaane TeMnepaT)'pbl .u.onOJIHITTeJlb­

HbIX HanpaBJleHHbIX CBSl3eH Me)KJl.y pa3HOHMeH­

HblMH aTOMaMH, 803MO)KHO, 11HTepMeTanJIH4eCKHX 

coe.u.11HeHHH, KOTOpbie o6ecne4HBaJOT HH3KYJO 

ynpyroCTb napos 3THX MeTaJlJlOB Ha.D. CruJaBOM, 

l{TO npHBOJI.HT K OKHCJleHHlO MeTaJJJlOB TOJlbKO B 

)Kff.!J.KOH cpa3e a noaepXHOCTHOM CJlOe. OKHCJ1eHHe 

3THX HHTepMeTaJ1JIH4.ecKHX coe.u.1meH11H apoTeKa­

eT, BH.D.HMO, C TeilJlOBblMH 3cpcpeKTaMH 3Ha4HTeJ1b­

HO 6011ee HH3KHMH, '-leM HHJI.HBHJI.YMbHblX MeTan-

1108 3TOH eHeTeMbl; 

- YHHKaJJbHbIX esoiieTB nJieHI<H, 06pa3yrow.elieJ1 

npH nosepXHOeTHOM OKHeJleHHH TilKHX enJiaBOB. 

IlpO.IJYKTbl OKHeJleHHJI B 3TOH IlJleHKe, no­

B11.!J.HMOMY, o6pa3YJOT nepBOHa'-laJJbHO nerKonnaa­

KYJO eHCTeMY, 611aro.u.apJ1 '-leMy o6paJyeTCJI 

eilJlOlllHM H .u.oeTaTO'-IHO 3JlaeTH4HM nJieHKa, 

nperu1TCTBYIOLU8JI HCnapeHHIO K0Mil0HeHT0B 

eITJ1aBa. XHMH'-1.eeKHe eoe.u.HHeHHJI nneHKH xopo-

1110 paeTB0pHMhJ s ennaae, 3a e'-leT qero HJl.eT no­

eT0SIHHO npm~ece nepHOJI.H'IeeKoro oeso60)1(.!J.eHHJ1 

nosepXHoeTH eIDiaaa R ero noene,u.yromero OKHe-

11eHHJ1. Ilpoueee paCTaopeHHJI 3THX coe.u.RHeHHH B 

ennaae, B03MO)KH0, 3HJJ.OTepMH'-leeKHH, no3TOMY 

He Ha6J1JO.D.aeTCS1 3H3'-IHTeJll,HbIX TennOBblX 3cpcpeK­

T0B npH 0KHeneHHH TaKHX ennaB0B. KpoMe Toro, 

HeKOT0pble H3 3THX coe.u.HHeHHH B oeeJ1.ruow.eii 

nneHKe np0JI.YKT0B OKHCJleHHJI M0ryT 6hITb .D.O­

nonHITTeJTbHl,IMH HeT0'-IHHK.aMH KHe11opoJ1.a (Ha­

npHMep, 0KeH)J.I,I ue3HJ1) Jl.]lJI 0KHeJleHHJI, HanpH­

Mep, HaTpHJI H KaJJIUI BO BttyTpeHHHX, 6011ee my-

.. ., .. 
-& 
0: 

"' I 

02 293 <TS 973 K 
ocaJK,AeHHe 

·r Me 

nneHKa 

OOAHMeHTa4HR Cnnae 
pacn,opeHHe Na-K-Cs 
Me,01 293 <Ts 973 K 

n apb1 MeTannoe 
Me· 
Me, 
Me 

Me+02= Me,O 

xMe + 1/2y02 = Me,01 

Me,0,=xMe+ 1/2y02 

PHC. 5. CxeMa npouecca OKHCJJeHIDI HeBOCllJJaMeIDUO­

UU1XCll cnmlBOB 
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6oKHx e110J1x cnnasa, npH 3TOM Ha TaKOH npouece 

33Tpa4HBaeTeSI 3HeprHJI, 4TO npHBO.D.HT K TTOHH)Ke­

HHlO o6w.ero eyMMap1rnro Tennoaoro 3cpq>eKTa 

oKHcneHHll ennaaa. Ilpoueee ocao60)1(.!J.eHHJ1 no­

sepxHoeTH cnnasa OT npOJJ.YKTOB OKHCJleHHSI npo­

TeKaeT 33 C'-leT BbICOKOH nJl0THOCTH 06pa3y10w.11x­

CH npo.u.yKT0B, KOTOpb1e 0Ce)J.alOT Ha JI.HO npH o6-

pa30BaHHH noaepXHOeTH0ro eJl0SI. 

TaKHM o6pa30M, npeJI.CTaBJleHHM rnnoTe3a 

MeXaHH3Ma OKHeneHHJI HesoennaMeHJllOLUHXeJI 

ennasoa CHCTeMbl H3TpHH-KaJJHH-Ue3HH oeHOBaHa 

Ha npeHMymeeTBeHHOM 0KHCJleHHH TpOHHOfO 

cnnasa tte a raJosoli q>aJe, a a enoe TJ)OHHoro 

cnnasa, HaxOJ1.J1LUeMCJ1 a )KHJI.KOM (pacnnasneH­

HOM) eoeTOJIHHH. O6paJy10w.11eeJ1 npOJI.YKTbl 

0KHCJleHHJI 3THX ennaB0B C03.!J.3lOT T0HKYIO, 3Jla­

CTH'-IHYlO, xopowo pacrnopHMYJO B ennaae nneHKY 

e BblCOKOH IlJIOTHOeTbIO. 3-ra nneHKa eJlY)KHT 

6ap1,epoM 11 eHH)f(aeT BblXO.!J. oeH0BHblX KOMno­

HeHTOB s raJosyio cf>aJy. Ilpoueecb1 pacrnopeHHJI 

H B33HMOJl.etteTBHJI npo.u.yKT0B 0KHCJleHHJI JIBJlJI­

IOTCll 3HJI.OTepMH4eeKHMH, npHBOJI.SIUJ.HMH K CHH­

)KeHHJO cyMMapttoro Termoaoro 3cpcpeKrn oKHcne­

HHJI ennaaa. 

ITonyqeHHhle .u.aHHble TepMO.!J.HH3MH4.eCKOro 

pac4eTa e11cTeMbI TJ)OHHOH ennas w.enoqm,rx Me­

Tannoa 3BTeKTH'IeCKOf0 COCTaBa - KOM0OHeHTbl 

snIDKHoro s03,rzyx_a nomsep)KJl.aIOT npe.u.nonarae­

MYJO r11n0Te3y 0 HaJlH'-IHH B K0H,ZleHeHp0B3HHOH 

cpa3e npOJJ.YKT0B B3aHMOJJ.eHCTBHJI, KOT0pble SIBJlll­

IOTCJI 11erKonnasK11M11 coe.u.11HeH1U1MH (CsOH, 

KOH, NaOH) 11 HMeJOT BbIC0KYJO nnornocTb. }fa­
seeTHhI BblC0KM pacrnopHMOCTb KHe11opOJ1.a B ue-

3HH [IO] H o6paJosaHHe s e11cTeMe ue311li- KHcno­

po.u. cy60KeHJ1.0B ueJHJI (Cs10 , Cs4O, Cs1O2, 

Cs3O), K0T0pble JIBJlJllOTCJI nerKonJiaBKHMH eo­

e)J.HHeHMMH: npH TeMnepaTYPe BbIWe 437 K ne­

pexo)J.JIT s yeTOH4HBOe coeJl.l,fHeHHe Cs2O, nnoT­

HOCTh KOTOporo npeBbllll3eT llJl0THOeTb cnnasa B 3 
pa3a [ 11]. 3-ro no.u.rnep)KJl.aeT OTeYTeTBHe a raJo­

soii cpa3e np0JJ.YKTOB OKHCJleHHJI K0MITOHeHT0B 

3BTeKTH'-lecKoro cnnaaa HaTpHJI, KaJJHJI H ue311J1 

paecMaTpHsaeMOH eHeTeMbl. 

3aKJIIO'ICHHe 

Ilo pe3ynhTaTaM npose.u.ettHbJX 3KenepHMeH­

TaJlhHbIX 11 pac4eTHO-Te0peTH4eCKHX HCene.u.osa­

HHH onpeJ1.eJ1eHbl eoeTaBbl )1(1,fJI.KOMeTanJIH'-leeKHX 

ennaBOB B Ka'-leCTBe nepeneKTHBHbJX TenJI0HOeH­

TeJleH Jl.3Y c noH_H)KeHHOH no)KapoonacHoeTbIO. 

,lvIJI Jl.aJJbHeHlllHX H3y'-leHHH S1J1.epHO-cp113H'IeCKHX 

H TeXHOJ10fH4eCKHX CBOHCTB peK0MeH)J.OB3Hbl TJ)H 

THna ennasos: Ha ocHoae HaTpHR (95 % Mace. 

HaTpHH; 5 % Mace. JlHTHH); Ha OCHOBe rannm1 
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(61. .. 67 % Mace. raJUJHJ.i; 25 . . . 29 % Mace. IIBJJ.HH; 

1 ... 4 % Mace. 1.unra; 13 % Mace. onoao); Ha octto­

ae Qe3IDI. (46,5 ... 89,2 % Mace. ue3HH; 0,5 ... 7,8 % 
Mace. HaT))HH; 7,6 ... 43,7 % Mace. KaJIHH). 

Ha OCHOBaHHH H3Y'{eHHll q>H3HKO-XHMH-

qeCKHX CBOHCTB CllJiaBOB )KH)J.KOMeTaJIJIHt:feCKOH 

cHcTeMbIHaT))HH-KanHJ.i-Qe3HH: 

• npe)].CTaBJieHa rnnore3a MexaHH3Ma OKHcne­

HIDI. HeaocnnaMeIDIIOLL(HXCll CllJiaBOB CHCTeMbl 

ttaT))HH-KaJIHH-Qe3HH o npeHMymecTBeHHOM 

OKHCJiemrn T))OHHoro CllJiaBa He B fa30BOH cpa-

3e, a B noaepXHOCTHOM cnoe TpOHHOro CllJiaBa 

Ll.(eJIO'-IHblX MeTaJUJOB; 

• pa3pa6oTaH cnoco6 npHrOTOBJieHHll CllJiaBOB 

CHCTeMbI HaT))HH-KaJIHH-Qe3HJ.i, □OBbilllaJOLL(HH 

Kat:feCTBO CllJiaBa, CHH)KaJOLL(HH 3HepreTHt:fec­

KHe 3aT))aTbl, yMeHblUalOLL(IDI TTO)Kapo- H B3pbl­

BOOnaCHOCTb npouecca npHrOTOBJieHIDI.; 

• onpe.o:enett no ,o:aHHbIM repMOJJ.HHaMHt:fecKoro 

aHaJIH3a COCTaB KOH)].eHCHpOBaHHOH H ra30BOH 

cpa3 CHCTeM JBTeKTH'-leCKHH T))OHHOH cnnaa 

HaT))Hll, Kamm, Qe3IDI. - BO)].Opo.o:, KHCJIOPO.ll., 

KOMTTOHeHTbl BJIIDKHOro B03)].yXa. 

,n,u1 npaKTHt:feCKOro npHMeHeHlUI )KH)J.KOMe­

TaJIJIWleCKHX CllJiaBOB BIDKHO 3HaHHe rpaHHU,bl 

cyinec-rBOBaHlUI BOCllJiaMeIDIIOLL(HXCll H HeBOC­

ruJaMeIDIJOLL(HXCJI CllJiaBOB, a TaK)Ke MexaHH3Ma HX 

oKHcneHHH, t:fTO □03BOJUIT uenettanpaaneHHo BhI-

6HpaTb KOM□03HQITTI Ha OCHOBe MeTaJIJIOB B Kat:fe­

CTBe TellJIOHOCHTeJieH C MeHbllleH 3KOJIOrHt:feCKOH 

onaCHOCTblO. 

KoHmaKmHaR uH<jJopMa!JWl: meJI. ( 48439)9-59-64, 
e-mail: bogdanovich@ippe.ru, 5ozoaH06U'I Hama//Wl 
Tpuzopbe6Ha; meJ1.: (48439)9-42-67, CymJM EReHa Ba­
CWlbeeHa 

Cnncoic JIHTepa-rypb1 

1. Ii1,1cmpo6 ll.H ., Kazan J(.H., Kpe'lemoBa F.A., 
filnw,1,paUH 3.3. )KHJl](OMeTaJIJlH'leCKHe TeIUIOHOCH-

TeJrn TeOJIOBhJX -rpy6 " 3HepreTH'{eCKHX YCTaHOBOK. -
M.: HayKa, 1988. 
2. J(pul( M.E., 3yCJltut JI.JI. CnnaBhI menoqffbJX n me­
noqHoJeMeJihHbIX MeTannoa. CnpaaoqH.Hl<. - M.: Me­
-rannyprW!, 1986. 
3. 3J106uncKuu li.M., Hotj,<J>e H.F., 3J106uncKuu B.li. 
BocnnaMeID!eMOCTb " TOKCHt:fHOCTh MeTaJIJIOB " cnna­
B0B. - M.: MeTaJIJIYprm1, 1972. 
4. J(e...ruoo6 ll.F., fila1101,16a B.A., J.aez.no6 II.ll. ro­
pettne n caoiicTBa rop10qnx aemeCTB. - M.: XHMWI, 
1973. 
5. Introduction, Symmary and Recommendations / In 
IAEA: Spec. Meeting on Sodium Fires and Prevention. 
20 - 24 November 1978, Cadarache, p. 12. ITepeao.n N'!! 
E-4308. - M.: BQII, 1979. 
6. Kil3a'lK06CKuu 0./(., CmapKos O.B., Ko'temK06a 

E.A. u op. HeKOTOpb!e oco6eHHOCTH CIUiaBOB CHCTeMbl 
tta-rpHH-KannA-ueJHH // ATOMHM 3HeprID1. 1992. T. 73. 
Bhln. 6. - C. 500 . 502. 
7. CmapKOB O.B., Ko'lemKosa E.A., Iiozoauosu'l H.F. 
u op. A.c. SUN'!! 1508589 Al. Cnoco6 nperoToaneHIDI 
CIUiaBOB CHCTeMbI Ha-rpHH-KaJIHH-UeJim. I 1.02.1988 r. 
8. Ko'lemKosa E.A., Iiozoa1106u'l H.F., fleB'leHKO B.E. 
u op. A.c. SUN'!! 1753724 Al. Yc-rpoikTBO .ll.lUI nony­
qeHIDI cnnaaoa Ha-rpnii-KaJIHH-UeJJrn. 23. l 0.1990 r. 
9. CmapK06 O.B., Kil3a'lK06CKuu 0./(. , Ko'lemKo­
Ba E.A. u op. A.c. SUN'!! 1605558 Al. Cnnaa menoq­
HhIX MeTaJIJIOB. 21.03.1988 r. 
I 0. bOZOOH06U'l H.F., CyllU.M E.B., fily.MCKaJI B.J(. 
U:eJHH. CaouCTaa n MeTO,nhI onpe.neneHlUI raJoo6pa-
3YfOIUHX npHMeceu: O63op <1>311-0198. - M.: u:mrn:a­
TOMHHq>opM, 1985. 
11 . Handbook of Thermodynamic and Transport Prop­
erties of Alkali Metals. International Union of Pure and 
Applied Chemistry. Chemical Date Series N'!! 3. Editor: 
Roland W. 0 h s e. - Oxford, London, Edinburgh: 
Blackwell Scientific Publicaitions, 19,85. 

CTaThJI noc-rynHJia B pe.na~mo 25 ,neKa6pJ1 2007 r. 
BorrpOChl aTOMBOM HayKH " TeXHHKH. 

Cep. <l>H3HKa Jl,nepHblX peaKTOpOB, 2008, Bhm. 4, 
c. 54 - 63. 

63 



... 

Y.L(K 536.777+621.039.534+669.017.13 
MeTOJlHqec1rnu: anaJJHJ uoeoro cnoco6a onpeueJieHHH JueprHu ru66ca 

H 3KCnepHMeHTaJILHLie )laHHble O TepMO)lHHaMuqecKHX CBOHCTBax 

)Klf)lKOMeTaJJJIHqecKHX TenJIOHOCHTeJieu: ua OCHOBe CilJl3B0B W.eJIOqHLJX MeTaJIJIOB 

l(.H. KazaH, I'.A. Kpe'lemo6a, 3.3. lllntmbpauu, 
06beJJ.HHeHHbIH HHCTlflYI' BbICOKHX TeMneparyp P AH, I 254 I 2, MocKBa, yn. lliKopcKasi, 13/19 

)].aH D.eTIUibHblH MeTOm,1qecKHH attaJJH3 H npe,ncTaBJ!eHbl peJyJ!bTaThl npHMeHeHHll HOBOro sapHaHTa 3<jJ<jlyJHOHHO­
ro MeTO,na orrpeD.eJ!eHHll :3Hepnrn fH66ca (TepMOill-lHaMH'ieCKOH aKTIIBHOCTH) .LlBOHHblX H TpOHH.blX CHCTeM menoqHhlX 
MeTaJIJIOB Cs-Na, K-Na, Cs-K, Cs-K-Na. AKTKBHOCTb onpeD.enlleTcll qepeJ napu11anbHb1e D.asneHHll KOMllOHeHTOB, 11J­
Mep.11eMb1e 3<jJ<jlyJHOHHbIM MeTO,llOM no HHTeHCHBHOCTH HX aTOMapHblX ny4KOB. 11ttTepsan D.aBJ!eHHH B 3KCnepMMeHTe 
llBJ!lleTCll npoMe)KyTO'iHhlM Me)K,ny Ktty,nceHOBCKMM 11 rn.npO.LlHHaMH4eCKHM pe)l(HMaMH HCTeqeHHll. IIpe,llJIO)l(eHHblH 
0606w;eHHhlH sap11aHT 3<jl<jlyJHOHHOro MeTO,na BKJIIO'laeT B ce6l! .n11anaJOH ilaBJleHHH Ja npe.nenaMH npHMeHHMOCTH 
ypasHeHHll fepua - Ktty.nceHa (YrK). 11:cnom,JoBaHHe ,naHRoro MeTOD.a o6ecne4MO rpaHH'iHbIM ycnosHeM .n11<jJ<jlepeH­
UHaJ1bHOe ypastteHHe XMMHqecKOH TepMO,llHHaMHKH, peweH.He KOTOporo ,naeT BOJMO)l(HOCTb ITOCTpOHTb 3Heprmo r116-

6ca B HHTepsane TeMneparyp 400 :5 T :5 1 200 K H KOHUeHTpaUHH 0 :5 X1 :5 1. 

Analysis of a new method for determining the Gibbs energy and experimental data on thermodynamic prop­
erties of liquid-metal coolants based on alkali metal alloys. D.N. Kagan, G.A. Krechetova, E.E. Shpit' rain. Analysis 
and applying of a new variant of the effusion method for measuring Gibbs energy (thermodynamic activity) in the liquid 
alkali-metal binary and ternary systems (Cs-Na, K-Na, Cs-K, Cs-K-Na) are presented. The activity is determined using 
the components partial pressures by the effusion method with measurement of atomic beam intensity. The pressure range 
was intermediate between Knudsen's mode and hydrodynamic one. A detailed analysis shows that it is possible to oper­
ate outside the range where the Hertz - Knudsen equation applies. Applying this method allowed to supply with the 
boundary conditions the differential equation of chemical thermodynamics, the solution of which enables one to con­

struct Gibbs energy of above alloys in the range of temperatures 400 S TS 1 200 K and concentrations 0 S x, S 1. 

IIpe,wimKeH HOBblH BapHaJIT 3<p<pYJHOHHOro 

MeTOJJ.a B HHTepsa.rre JJ.asneHHH Me)l(J(y KHy.n;ce­

HOBCKHM H rHJJ.pOJJ.HHaMH'!eCKHM pe)KHMaMH HCTe­

tJeHIUI H H3JIO)KeHa KOHL(enum1 ero npHMeHeHIUI 

JJ.)UI onpeJJ.eneHIUI TepMO,ll;HHaMH'-JeCKHX CBOHCTB 

MHOfOKOMTTOHeHTHhIX menO'fHOMeTa.rrn HYeCKHX 

TennOHOCHTeneH C peryJIBpyeMb]MH xapaKTepH­

CTHKaMH. ,l(aH ,ll;eTaJibHblH MeTO,ll;H'-leCKHH aHaJIH3 H 

npe.n;crnsneHbl pe3ynbTaTbl HCaOnb30BaHIUI 3TOrO 

sap0aHTa 3cpcpy3110HHoro MeTOJJ.a onpe.n;eneHIDI 

3Hepnrn r066ca (TepMO.n;HHaMHqecKOH aKTHBHO­

CTH) ,ll;BOHHblX H TPOHHbIX CHCTeM menOlffibIX Me­

TaJiflOB Cs-Na, K-Na, Cs-K, Cs-K-Na. 

AKTHBHOCTb onpe.n;ensieTCR qepe3 napl.(HaJib­

Hbie JJ.aBneHIDJ KOMnOHeHTOB, H3MepReMbte 3cpcpy-

3HOHHbJM MeTOJJ.OM no HHTeHCHBHOCTH HX aTO­

MapHblX fl)"IKOB. ITOCKOflhKY KHCnopo.n; pearnpyeT 

C pacruiasneHHhJM men04HblM MeTaJiflOM, 3cpcpy-

3HOHHOe OTBepcTHe He MO)KeT 6b!Tb npHrOTOBneHO 

3apattee. Ilo3TOMY OHO H3roTaBnHBaeTCR Heno­

cpeJJ.CTBeHHO B BaKYYMHOH KaMepe 3neKTpOHHO­

nytJeBbIM HMnynbCOM (mmeHHblH 3neKTpOHHbIH 

ycKop1-1Tenb pacnono)Kett BttyTpH KaMepb1) nocne 

BbIXOJJ.a 3q>cpy3HOHHOH siqeHKH Ha pa6oYHH TeMne­

pazypHhlH pe)KHM. 

l1Irrepsa.rr J].asnemrn s 3Kcnep11MeHTe llBnlleT­

cR rrpoMe)l(Yf04HblM Me)l(J(y KHy.D;CeHOBCKHM H 

pe)KHMaMH HCTetJeHIDJ. 
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IIpe,wio)KeHHbIH o6o6meHHbIH sapHaHT 3q>cpy3H­

OHHoro MeTo.n;a BKmO'laeT B ce6si JJ.HanaJoH .n;asne­

HHH Ja npe.n;enaMH np0MeHHMOCTH YrK. l1cnonb-

3osaH11e JJ.attttoro MeToJJ.a o6ecneYHno rpaHu-<IHhIM 

ycnoBHeM JJ.HcpcpepeHL\HanbHOe ypaBHeHHe XHMH-

1.JeCKOH repMO,ll;HHaMHKH, perneHHe KOTOporo J].aeT 

B03MO)KHOCTb nOCTPOHTb 3Heprmo r1-166ca J].aH­

HbIX cnnaBOB s HHTepsa.rre TeMnepazyp 400 $ T $ 

l 200 K H KOHUeHTPaUHH 0 $ x, $ I . 
JlerKonnasKHe MHOfOKOMTIOHeHTHble )KHJJ.KO­

MeTa.rrnH'leCKHe CHCTeMbJ CJT)')KaT nepcneKTHBHbl­

MH TennoHOCHTeJUIMH ,wJR 3HepreTH'-leCKHX ycra­

HOBOK HOBOro ITOKOneHHR C aTOMHblMH peaKTopa­

MH Ha 6b1CTpb1x HeHTPOHax. CoxpaWlll see npe­

HMYW.eCTBa 'IHCTblX )KHJJ.KHX MeTaJiflOB no Tenno­

Cl>eMHblM H TennoaKKYMYnHpYfOW.HM CBOHCTBaM, 

3TH CHCTeMbl o6naJ].aIOT JJ.OnonHHTenbHbIMH no­

JTO)KHTenbHblMH Ka'-!eCTBaMH, a HMeHHO, MaKCH­

MaJibHO umpOKHM TeMneparypHbJM HHTepsa.rroM 

)KH,ll;KOH <pa3bl (B CTOpOHY KaK BbICOKHX, TaK H 

npe.n;enbHO HH3KHX TeMnepazyp) H B03MO)KHOCTblO 

perynHpOBaHH.51 CJIY)Ke6HblX xapaKTepHCTHK sapb­

HposaHHeM KOMnOHeHTHOfO COCTaBa [l]. 
KaK H pR,ll; nerKonnaBKHX CHCTeM TIDKenbIX 

MeTa.rrnos, B3aHMHbte .n;soHHbie H TPOHHhie w.e­

notJHOMeTa.rrJJ114ecK11e cnnaBbI HMetoT HaH6onee 

6nH3KYto nepcneKT1rny npHMetteHIDJ 6naroJJ.apll 

CBOHM YHHKaJibHbIM CBOHCTBaM. 8 4aCTHOCTH, 3B-
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TeKTW!eCKHH cfl/laB TpOHHOH cHcTeMbI Na-K-Cs (B 

aTOMHhIX ,nollilx x,: 0,139Na-0,435K-0,426Cs) 

HMeeT TeMneparypy KpHCT8JUIH3aUHH 195 K, MH­

HHMaflbttylO cpe.D.H scex H3BeCTHblX Ha 3e~rne Me­

T3Jl]IH4eCKHX )KH,llKOCTeH. 3-roT cnnas .SIBJU!eTC.SI 

o,nHOBpeMeHHO KaK BblCOKOTeMneparypHblM, TaK H 

HH3KOTeMneparypHblM TennoHOCHTeneM, OCTaIO­

[UHMC.SI >KH,llKHM B nI06bIX 3eMHblX ycnOBHJIX. 

B OCHOBe TepMO,llHHaM!14eCKOro OTTHCaHH.SI 

cnnasa ne)l(Jff :meprnll fH66ca - xapaKTepHCTH-

4eCKM cpyHKUHll (B KOOp,llHHaTax P, T, x,), onpe­

.nemnomM see TepMO,llHHaMH4eCKHe CBOHCTBa 

c11CTeMbl. ~em, 11ccne.nosamui - pa3pa6oTKa Me­

To.na nocrpoeHH.SI :meprnH fH66ca .llflll ,llBOHHblX H 

TPOHHbIX CHCTeM c KOMnoHeHTaMH Na, K, Cs B 

.llJ1aTTa30He napaMerpos 400 :S T :S 1 200 K 11 O 

:SX;:S 1. 

Ilpe.nno)KeHHM aBTOpaMH KOHUenuH.S1 onpe­

.neneHHll :mepr1111 r1166ca H ee 3KcnepHMeHTanb­

HOe ocpopMneHHe npe,nCTaBflllflHCb Ha KOHcpepeH­

UHH "TeflJIOq>H3HKa-2005", no3TOMY B ttaCTOl!lll,eH 

CTaTJ,e 3TH BOnpOCbl ,naHbl B C)KaTOM H3fl0)Kemrn, a 

OCHOBHOe BHHMaHHe y.neneHO MeTO,llH'ieCKOMY 

aHaJIH3Y H nonyqeHHblM 3KCnepHMeHTanbHblM pe-

3YflbTaTaM. 

1. Kounemurn H 3KcnepuMeHTaJibeaH qacTb 

Ilp.S!MOe H3MepeHHe napl{HanbHOH 3Hepnrn 

n166ca (repMO)J.HHaM!14eCKOH aJ<THBHOCTH a; 

KOMITOHeHTOB) !iG; = RTlna; = J(T,x;) >KH.U­

KOMeTannH'iecKoro cnnasa npH Bb!COKHX TeMne­

parypax qpe3Bbl'iaHHO CflO>KHO, a npHMemrreJII,HO 

K men04HhIM MeTannaM npaKTHt{eCKH HeB03M0)1(­

HO. Ilpw:rnHbl B OTCyrCTBHH CTOHKHX BbICOKOTeM­

neparypHbIX TBep,nbIX 3fleKTponHTOB C Heo6XO.D.H­

MbIM HOHHblM COCTa.BOM (,nn.S! o6ecneqeHH.ff YHH­

non.S!pHOH rrpOBOAHMOCTH), HCTTOflb3yeMblX B Ka­

qecrne MeM6paH KOHI.(eHTpaUHOHHblX srqeeK (M.S! 

MeTO.ll,a 3,[(C), BflH.SIHHH BKna.na H3ny'ieHH.SI COOT­

BeTCTByIOlll,HX flHHHH (,nnll MeTo.na aTOMHOH a6-

cop6u1rn ), OTHOCHTenbHO 60JibLIIOM .naBneHJrn Ha­

CbIID.eHHOro napa (Alli! MeTo.na Key.nceHa). 

Ilo3TOMY BMeCTO npllMOro H3MepeHH.SI 3Hep­

rHH r1166ca o6pa3oBaHH.SI >KH.ll.Koro cnnaBa npH 

BblCOKHX TeMneparypax npHMeHeH pacqeTH0-

3KcnepHMeHTaJibHb[H MeTOA, OCHOBaHHbIH Ha Bbl-

4HCJiemrn 3TOH cpyHKUHH B IIIHpOKOH o6nacTH 

TeMneparyp T H KOHUeHTpaUHH x; nyreM HHTer­

p11poBaHH.S1 AHcpcpepeHl..(HaJibHOro ypaatteHli.SI XH­

MHlleCKOH TepMO.ll,HHaMmrn 

[a (tiG; /T )/ a (I /T )]p,x, = Ml; , (I) 

peLIIeHHe KOTOporo HMeeT BH.U 

tiG, (T,x, ) = tiG, (7; ,x, )(T/7; )-
r 

-TJ till, (T,x,) r-2 dT 
r 1 

(2) 

B Bblpa)KeHHllX ( l) H (2) TTO,llb!HTerpanbHa.SI 

<pyHKUH.SI Ml; (r, X; ) (napumuThHcUI 3HTa.JihIIIDI 

o6pa3oBaHlUI BO Bceii uccne.nyeMoH o6naCTH na­

paMerpoB COCTOllHHll 400 :S T :S 1 200 K H 

0 :S x; < l) H rpaHH4ttoe ycnoaue 

11G; = RT Ina; = J(T., ,X;) (KoHUeHTPau110HHa.S1 

3aBHCHMOCTb 3HeprnH f1166ca TOJibKO npH O)J.HOH 

tteBbICOKOH OTCt{eTHOH TeMneparype 400 :s T, :S 
:s 450 K) onpe.nenl!IOTCll 3KCnepHMeHTanbHO. 

TaKHM o6pa30M, anropHTM uccne.nosaHIDI no-

3BOllileT HaHTH 3HeprHIO r1166ca o6pa30BaHH.SI 

>KH,llKOMeT8JUlH4eCKOfO cnnasa rrpH BblCOKHX TeM­

neparypax, He rrpH6erM K ee np.S!MOMY H3Mepe­

HHIO B 3TOH o6nacTH. ,[(aHHM cxeMa He TPe6ye-r 

KaKHX-JIH6o cneuHanbHblX .nonymeHHH H MO)KeT 

6b1Tb o6ecrreqetta Ha,[{e)l(HblMH BXOAHbfMH 3KCne­

pHMeHTaJibHblMH .naHHbIMH. 

3HTanbrrHll o6pa30BaHH.SI BO Bceii yKaJaHHOH 

Bbm1e o6nacTH T11 X; (400 :S T:S 1 200 K 11 

0 :s Xi :s I) H3Mepl!JlaCb Ha KanopHMerpH<ieCKOH 

arrnaparype C ypoBHeM qyBCTBHTeJibHOCTH, q>HK­

CHpyIOI.nHM H36bIT04HbJe 3HTaJibITHIO H TeruIOeM­

KOCTb >KH,WCOMeTaJIJIH'ieCKHX CHCTeM [2]. 

Henocpe.ncTBeHHM 3a_naqa .nattttoii pa60Tb1 

COCTOHT B pa3BHTHH MeTO,na H3MepeHHll 3HeprHH 

r1166ca (aKTHBHOCTH KOMTTOHeHTOB) Ha OTCt{eTHOH 

HJorepMe T, , T.e. onpe.neneHIDI. rpaHH'iHblX ycno-

BHH 11G; = RTin a; = J(T., ,x;) Alli! HHHTerpHpo­

saHIDI. ypaaHeHH.SI ( 1 ) , t{TO .nae-r B03MO>KHOCTb 

3aMKHyrb TepMO,[{HHaMH'ieCKOe OITHCaHHe H3yqae­

MblX CilJiaBOB BO BCeM pa6o4eM .nuana30He TeM­

neparyp H KOHUeHTpau.HH. 

KaK 6blJJO CKa3aHO BbILIIe, TepMO.UHHaMH'ie­

CKa.SI aKTHBHOCTb onpe,nellileTCll 3q>q>Y3HOHHhrM 

MeTO.UOM qepe3 napl{HaJibHble .naaneHlUI KOMilO­

HeHTOB, nonyqaeMble H3MepeHHeM HHTeHCHBHOCTH 

HX aTOMapHblX ny'IKOB. IIocKOJibKY KHCnopo.u pea­

rnpye-r c pacnnaaneHHblM w.eno"IHhrM MeTanJIOM, 

3cpcpy3HOHHOe ornepCTHe He MO)KeT 6bJTb H3fO­

TOBJieHO 3apaHee. Ilo3TOMY pa6oqaJ1 R4eHKa, 3a­

nonneHHa.S1 HCCne.nyeMblM >KH.UKHM CilJiaBOM Me­

TO.UOM BaKyyMHOH pa3JIHBKH, noMemaeTCJI B rep­

MeTH4HOM BH,ne B KaMepy no.n n11tteHHbrn 3JieK­

TPOHHhIH ycKop11Tenh, pacnono)KeHHbIH BffYTPH 

KaMepbI, nocne qero KaMepa BaKYYMHPYeTCll H 

J1qeiiKa BbIBO.UHTC.SI Ha rpe6yeMbIH TeMneparyp­

HhIH pe>KHM T,. 3aTeM .U03HpOBaHHblM 3JieKrpOH­

HO-Jiy4eBblM HMrryJibCOM npo611saeTCll 3q>q>Y3HOH­

HOe OTBepcn1e, a l!4ei1Ka .UHCTaHU.HOHHblM npHBO-
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)).OM nepeB0)J.HTC.11 )).fl.II npose.n.eHIDI 3cjJcjJ)'3HOHHOro 

3KCnepHMeHTa 00)). CMeHHbIH 1qmoreHHblH KOH­

)J.eHCaTop, OXJHl)KJ].aeMblH )l(H)J.KHM a30T0M. 

Cne1CTpanhHO-XHMH1-JeCKHH attanH3 KOHJlettca­

Ta Ha KpHoreHHOM CMeHH0M KOHJleHCaTope onpe­

)J.en.11eT COCTaB K0H)J.eHCaTa M, C0OTBeTCTBeHHO, 

3cjJcpy3HOHHOro IT0TOKa, KOTOpb!i:i B CBOIO 04epeJJ.b 

)J.aeT B03MO)KH0CTb H8HTH C0CTaB HaCbll..L(eHHOro 

napa B 3cjJcjJy3HOHHOH H4eHKe H, cne)J.OBaTenhHO, 

TepMOJJ.HHaMH4eCKYIO aKTHBHOCTb K0MITOHeHTOB. 

2. AuaJIH3 pe:lKnMa ncTe<1en1rn 

qaCTHUbl ra3a, Hax0JlHI..L(eroca B paBH0BeCHH B 

H30TepMwiecKoH KaMepe, coseprnaroT xaoTH4e­

cKoe )J.BIDKeHHe, npH KOTOpOM 1.faCT0Ta coynape­

HHH HX co CTeHKOH (v - HHTeHCHBH0CTb OOTOKa) 

COCTaBmieT V = 0, 25nv M·
2
c·I (n - 4HCfl0 4aCTHU B 

e)J.HHHUe o6beMa B M
03

; V - cpe)J.IDUI TeruJoBaH 

CK0pOCTb MoneKyn B M·c"
1
). B MOJibHblX e)J.HHHIJ.aX 

q = 0,25Nv MOnh·M·
2
·c·

1 (N - 4HCJTO Monei:i B e)J.H-

HHUe o6beMa B MOITb·M
03

) . B )J.OCTaTOqJiO pa3pe­

)KeHHOM ra3e N = Pl(R1) (R - ra30BaH nocTOHH­

HaH), a .!J.ITH H30TP0nHoro MaKcsennoscKoro ra3a 

v = (8RT /(nµ) )"
2 

(µ- MoneKyn.11pHaH Macca). 

3cpcf>y3HOHHblH MeTO)J. HBfl.lleTC.11 0)1.HHM H3 

)J.HHaMl!"!eCKHX MeTO)J.OB H3MepeHIDI )J.asnemui Ha­

CbJI..L(eHH.11. IloCKOJTbKY B .naHHOM CJTY4ae ocymeCT­

BJJHeTC.11 oroop napa, Heo6xo)J.HMO o6ecne4HTh 

ycJJOBH.11 npouecca, CBO)J.HUJ.He K MHHHMYMY 

BJUUIHHe oroopa Ha pasH0BeCMe. qT06bI nonY4eH­

Ha.11 HHTeHCHBH0CTb 0OT0Ka qacTHU Ha CTeHKY MH 

pasttosecHoro ra3a He MelUIJJaCb B CJIY4ae HanH-

4llil 3cpcf>y3HOHHOro 0TBepCTH.11 BMeCTO )J.aHHOro 

Y4aCTKa CTeHKH, Heo6XO)J.HMO, 'IT06bJ pacnpe)J.e­

rrettHe CKOpOCTeH B ra3e npH ttanWlHH OTBepCTH.11 

He H3MeHHJJOCb, T.e. OCTasanOCb H30Tp0nHbIM H 

MaKcsennOBCKHM, 4TO pean1nyeTCH npH MaITblX 

pa3Mepax OTBepCTH.11. 

YKa38HHble Bb!llie C00THOllleHH.11 npHBOJJ.HT K 

YrK M.s! MOflbHblX (q) H MaCCOBb!X (g) e)J.HHHU: 

q = 0,25Nv = P(2nRTµf112 
Monh·M·

2
·c ·

1 
; (3) 

g = 0,25pv = P{2nRTf112 µ 112 
Kr·M·

2-c·1
' (4) 

r.n.e p - nn0TH0CTb napa, Kr·M·
3

_ 

OTO)KJ].eCTBneHHe HHTeHCHBH0CTH IlOT0Ka 

4aCTHU, nona)J.3.!01..L(ero H3ttyTpH KaMepbl Ha 0T­

sepCTHe, C mneHCHBH0CTblO noTOKa, Il0KHJlaJOI..L(e­

ro KaMepy 4epe3 6eCKOHe4HO TOHKOe 0TBepCTHe, 

B03MO)KH0 T0flbKO npH HCKJIJ04eHHll sepOHTH0CTH 

CTOJIKHOBeHH.11 aT0MOB B 30He 0TBepcnrn, T.e. HX 

qacTH4H0ro B03Bparn B KaMepy. 3To TaJOKe )J.0C­

THraeTCSI TOflbK0 np11 Man0M pa3Mepe OTBepCTHJI, 

KOr)J.a 411cno KHy.ucetta 
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(5) 

r.ue A - Mirna cso6o)J.Horo npo6era, re - pa.ueyc 

3cf>cf>Y3HOHHoro OTBepCTIDI. YcnOBHe (5), npH KO­

T0p0M OTPa,KeHHbIH noToK < I%, npHHHMaeTCH 

o6hI4HO [3] B Ka4eCTBe Heo6XO.UHMOro MH npH­

MeHHMOCTH MeT0)J.a Ktty)J.cetta. 

,[(mi 611Hapttoi1 c11cTeMbl cpe)J.HJIH MHHa A; 
CB060)J.HOro npo6era KOMIT0HeHTOB C yYeT0M MaK­

csenn0BCK0ro pacnpe)J.eneHHH cKopocTeH [ 4] 

?,.,, = ( n,CJ,, ✓2 + nJCJiJ .Jl + m, I ml r = 
(6) 

= kT(P/y;x, tJ;,✓2 +Pf y1xp 1J .Jl +~t,/µ j r' 
r)J.e cr,, = n(2r,)2, cry= crp = 7t (r, + r1)2 - cooTBeTCT­

BYIOl.llHe 3cf>cf>eKTHBHble ceqeHHJI 48CTHU; m;, X ;, y; 
- CO0TBeTCTBeHHO Macca 48CTHU, M0flbHaH KOH­

ueHTpaUHSI 11 K03cf>q>HUHeHT aKTRBHOCTH KOMno­

HeHT0B; k - KOHCTaHTa oOJihUMaHa. 

TaKHM o6pa30M, MHHa cso6o)J.Horo npo6era 

HMeeT senH41iHY nopsi)J.Ka 

?,., = ( ✓2 · tJn r' = ( ✓2 · CJ r' kT I P , 

H 0Ka3bJBaeTC.II, 'ITO B peanbHblX ycnoBHHX 3KCne­

pHMeHTa ( 400 :S T, :S 450 K, r. ::::: 1 MM) MH cnJJa­

BOB c K0MnotteHTaMH Na, K, Cs ycnos11e (5) BhI­

nonHSleTCH TOflbK0 MH 4J,!CTOro H8TPRH (AaBJiemte 

Hacr,11..L(eHIDI Ps < 1 Ila, A > IO MM). ,lv1si .n.pyrnx 

K0Mil0HeHT0B H C00TBeTCTBeHH0 )J.JIJI cnnaB0B 3cf>­

cf>y3HOHHb!H 00T0K B YKa3aHHb!X ycnOBHJIX nepe­

CTaeT 601Tb cso60JlHO-MoneKyrrHpHbIM, T.e. TepsieT 

6eccTOnKHOBHTeJibHbIH xapaKTep (Ps::::: IO Ila, A"" 
::::: 1 MM, Kn ::::: 0,5 ... 1) H nepeXO)J.1-IT s rH)J.p0)J.HHa­

MH4eCKRH pe)KHM. 

,lv!H rn.n.po)J.HHaMlflfeCK0ro pe)Kl{Ma (P ~ 100 
Ila, A ~ 0, 1 MM, Kn ~ 0,05 ... 0, I) 11cTe4eHHe s sa­

KYYM HOC HT csepX3BYKOBOH xapaKTep ( 0TH0llieHHe 

)J.aBneHHH AO H nocne 3cjJcpy3HOHHOro OTBepcnui 

>200) 11, C00TBeTCTBeHH0, MaCCOBblH IT0T0K [5, 6] 
paseH 

{ 

(y+l) }1/2 
g=PCD r[2/(y + 1)]<-r- l) (Rrf1

12
µ

112
, (7) 

r)J.e y = C/Cv. Ko3cpq>iiUHeHT Co He 3aBHCHT OT 

aT0Mapttoro coCTasa ra3a H s 061..L(eM BH)J.e 3aBH­

CHT OT nepena)J.a )J.asneHHH. I1pw 6oIThI.IIHX nepe­

na.uax OH .UOCTHraeT aCHM0T0TH4eCK0ro MaKCH­

ManbH0ro npe)J.ena. AHanH3 )J.aHHblX [5, 6] MS! 

0,LlH0-, )J.Byx- H TpexaTOMHb!X ra.308 AaeT 06nzy10 

senH4l!tty C0 = 0,85 ± 2 %. 
TaKHM o6pa30M, MH cso60,aHO-MOJieeyn.11p­

H0ro H rH.lJ.p0JJ.HHaMHl.feCK0ro pe)l(HM0B B 3cpcpy3H-

0HH0M 3 KCnep11MeHTe MO)l(H0 3an11caTb 061..L(ee 

Bbipa,KettHe MS! Maccosoro pacxo)J.a 

g = Pr(RTr"2 µ 1
'
2

, (8) 



-

f = r k = (2n f 112 = 0,399 (9) 

COOTBeTCTBYeT cso6o,nHO-MOJieKyn.sipHOM)' (KHY.n­

ceHOBCKOMY) pe)l(HMY, a 

f = rhd =Cv { y[2/( y + 1 )]Cy+l)/(y-l) r2 

(10) 

rn.npo.n1rnaMH"lecK0My pe)l(HMY. KaK BH.D.HO, 

YfK ( 4) cny)l(HT "laCTHbIM cny4aeM Bbipa)l(eHH.ll 

(8) np11 r k = (2n f1'2 . 

,lvl.si O,UHOaTOMHoro ra.3a, KaKOBbIM .llBJI.lleTC.ll 

nap meno"IHoro MeTanna npH TeMTTepa-rype T1, 

y = 1,67, OTKY.na ~o cpopMyne ( 10) M.ll rH.D.p0.D:H­

HaMHtJecKoro pe:>KRMa nonyqHM r = 0,617. TaKHM 

o6pa.30M, B r11,npo,n11HaMH"leCKOM pe)l(HMe mrreH­

CHBHOCTb peanbHOro 3cpcpy3HOHHOrO nOTOKa npe­

BbIIDaeT mrreHCHBHOCTb, paccqHTaHH)'JO M.ll Tex 

)Ke ,nasneHHH no YrK, B 1,55 pa.3a. B npoMe)K}'­

TO'IHOH o6nacTH Me)l(Ay ABYMR pe)KHMaMH K03cp­

cpHI.J.HeHT r M.sI napa menotJHoro MeTanna pacTeT 

OT 0,399 ,no 0,617. 
Ba)l(HbIH MeTOAHtJeCKHH Bbmo.n 3alCJllOtJaeTc.si 

B TOM, 'ITO 3cpcpy3HOHHblH MeTO.D: MO)l(HO npHMe­

IDITb 3a npe.nenaMH KH}'.nceHOBCKOH o6nacTH ,naB­

neHHH. TipH 3TOM o6m,HH BHA cpH3WleCKHX 3aKO­

HOMepHOCTeH C TO'-IHOCTblO .no K03cpcpHuHeHTa co­

xpaHReTC.ll, 0.D,HaKO KOHKpeTHblH anropHTM pac"le­

Ta HMeeT npHHUHTIHanbHbie 'IHCJieHHbie pa.3nH'IH.ll . 

B tJaCTHOCTH, tteyqeT nepexo.D,a 3cpcpy3HOHHOro 

nOTOKa B rH,npo,nHHaMHtJeCKHH pe)KHM, T.e. HC­

nOfil30BaHHe YfK B "IHCTOM BH,ne, B 3TOH H npo­

Me~O'IHOH o6nacr.six npHBOAHT K cymecTBeH­

HOM)' 3aBbIUieHHJO onpe.nen.sieMbIX ,naBneHHii no 

cpasHeHHJO c HCTHHHbIMH pe3ynhTaTaMH (Pk = P, 
B KH}'J(CeHOBCKOH o6nacTH, pk > P, B rH.D,pO.D,HHa­

MH'leCKOH H nepexo.nttoH o6nacT.six, r.ne Pk - ,naa­

nett11e HaCbJineHH.sI, nony4eHHoe no YfK; P, - 11c­

THHHoe ,naBJieHHe HaCblllJ.eHH.sI). 

HIDKe paccMorpeHbl 3KCnepHMeHTanbHble H 

pactJeTHbte MeTO,Ubl no,naBJieHH.ll B03MO)l(HblX CHC­

TeMaTH'leCKHX norpeurnocTeH o6o6meHHoro 3cp­

cpY3HOHHoro MeTo,na. 

3. roMOreHH3aUHH iKB):{KOH cl>aJbl 

TipHHUHTIHanbHa.ll TPYAHOCTb npHMeHeHH.ll 

3q>q>Y3HOHHOro MeTO,na npH HCCJie,noBaHHH CITJia­

BOB CB.ll3aHa C HenpepbIBHblM H3MeHeHHeM COCTaBa 

OCTruomeiic.si B .ll'leHKe KOH,neHCHpOBaHHOH q>a.3bl 

(a COOTBeTCTBeHHO H yxo.n.simeii napOBOH q>a.3bl) B 

npouecce HcnapeHH.sI. Tip11 3TOM rnaBHbIM .sisn.sieT­

c.si He H3MeHem1e o6mei1 KOHUettrpaUHH KOH,UeH­

CHposaHHOH q>a.3bl, nerKO nOMaJOI11.eec.si Y'leTY, a 

B03HHKHOBeHHe rpa,nHeHTOB KOHUettrpau,HH B cnoe 

Hcnap.siJOmeroc.11 cnnasa. OrnH"IHe cocTaBa napo­

BOH cpa.3bl, 06paJyJOmeiic.si s ,naHHbIH MOMeHT H 

COOTBeTCTBYJOlll.eH KOHUettrpaUHH nosepXHOCTHO­

ro CJIO.ll KOH.D,eHCHpOBaHHOH q>a.3bI, OT COCTaBa co­

OTBeTCTBYJOI11.ero HHTerpanbHOH KOHUeHTpaQHH 

11cnap.s110meroc.si cnnaBa 3aBHCHT OT COOTHOllleHH.ll 

cKopocTeH KOHKyp11py10mHx npoueccos: yHoca 

napa qepe3 3cpcpy3HOHHOe OTBepcTHe C e)J.HHHl..{bl 

nosepXHOCTH 3epKana HcnapeHH.ll H .D.Hcpcpy3HH 

KOMnOHeHTOB B KOH,neHCHpOBaHHOH cpa.3e. 

3Ta npo6neMa rpy,nHo pa.3pernHMa npH HC­

cne.D,osamrn TBep,nbIX cnnasos. O.nttaKo M.ll )KHJ(­

KHX cnnaB0B y.D.aeTC.ll peanH30BaTb paBHOBeCHblH 

cny"laH, npH"leM He TOJibKO 3a C"leT 6onee 1-tHTeH­

CHBHOH ,D.Hcpcpy3HH, a rnaBHblM o6pa.30M C ITOMO­

llJ.bfO HCKYCCTBeHHOH roMoreHH3alJ,HH COCTaBa HC­

nap.s110meroc.si aemecTBa. C 3TOH uenbJO pa6oqa.si 

.ll'leHKa CHa6)1(eHa cneQHanbHblM ycrpOHCTBOM­

roMoreHH3aTopoM, o6ecnetJHBaJOI11.HM paBHOMep­

HOCTb KOHl..{eHrpau1rn no BblCOTe HCCJie.nyeMoro 

)l(H.LJ.Koro cnnasa. 3To .D.OCTHranocb nocpe.ncTBOM 

)J.HCTaHUHOHHOro 3JieKrpOMarHHTHOro npHBO,na, 

KOTOpblH coo6man .ll"leHKe Kone6aTeJibHhle ABH­

)l(eHH.ll B BepTHKanbHOH ITJlOCKOCTH BOKpyr ropH-

30HTanbHOH ocH, nepnett,nHKYIIllpHOH npo.D,OJibHOH 

OCH CHMMerpHH .ll'IeHKH, C tJaCTOTOH B J(0JIH f'ep­

ua. TiocKom,Ky .sitJeiiKa npe.ncraBJIJleT co6oii ropH-

3oHTanbHYJO UHJIHtt,npWieCKYJO aMnyny (/ = 
50 ... 60 MM, d = 20 MM) C 3<pcpY3HOHHblM OTBep­

CTHeM B sepXHeH o6pa.3yJOCQeH UHIIHH,D.pa, 3TH KO­

ne6aHHJI npHB0,n.sIT K BOJIH006pa.30BaHHJO H nocTO­

.llHHOM)' o6HosneHH10 nosepXHOCTH )l(H.LJ.KOCTH. 

4. Y11e-r Kone11uou .Z.JIHHbI 3cl>cl>YlHOBBOro 

OTBepCTHH 

TipH 3a)],aHHOM ,nHaMerpe 3cpcpy3HOHHoro OT­

BepCTl-t.ll, HO KOHe'lHOH TOJII.nHHe CTeHOK JltJeHKH 

T.e. MHHe 3cpcpy3HOHHOrO KaHana le, HHTeHCHB~ 

HOCTb noTOKa na.D,aeT no cpaBHeHHJO co cnyqaeM 

le = 0, TaK KaK onpe,neneHHaJI qacTb aTOMOB B03-

apamaerc.si B KaMepy 3a C'leT a:ncop6QHOHHO­

Aecop6UHOHHblX npou.eccoa Ha cTeHKax Kattana. 

3ToT 3cpcpeKT paCCMOTpeH KnaY3HHrOM H YtJHTbl­

BaeTCJI COOTBeTCTBYJOIUHM K03cpcpHUHeHTOM L = 
= f(l, Ir,) $ 1. ,lvl.si paccMarpHaaeMbIX ycnoBHH 

(l, = 0,4 MM, r, = 0,7 ... 1,3 MM, l/ r, = 0,6 ... 0,3 < 
< 1,5) L = (1 + 0,5 lelr,)"1 = 0,77 ... 0,87. 

OKa.3bIBaeTC.si, cpaKTOp KnaY3HHra KOppeKTHO 

YtJHTbIBaeT MHHY 3cpcpY3HOHHOrO Kattana KaK )J.Jl.ll 

CB060.D,HO-MOJieKyn.sipHoro, TaK H )J.Jl.ll rn.npo,nHHa­

MH'leCKOro pe)l(HMOB. 3To o6cTO.sITeJibCTBO, ecre­

CTBeHHO, He JIBJI.lleTCJI O'leBH.D,HblM H rpe6oaano 

3KcnepHMeHTanbHOro no)].TBep)l(J(eHH.ll. B [5, 6] 
BbinOJIHeHbl cneU.HaJibHble H3MepeHHJI B lllHpOKOM 

)].Hana.3oHe .nasneHHH OT 10·1 
Ila (cao6o,nHo­

MOJieKyn.sipHbIH pe)KHM) .no 600 Ila (rH.D.pO,n:HHa­

MH'leCKH"H pe)l(HM) H OTHoweHHH le Ir, OT 0,03 AO 
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1, 7. )];attttbre 06ttapy:>1ornaJOT nomD1<:aiomee BJUUl­

HHe OTHOCJ1TeJ1bHOH .umnn.1 OTBepcnu, Ha BeJil,flffl­

HY noTOKa, KOTOpoe He 3aBHCHT OT pe)KHMa HCTe-

4eHHJI H COOTBeTCTBYeT <pOpM)'naM Knay3HHra. 

I11nepnpernUHeH 3Toro cpaKTa MO)KeT cny­

)Klffb 3aKnJ04eHHe, lffO OCHOBHaJI 4aCTb 0OHH)Ke­

HHJI .uaaneHHJI B.UOJib noTOKa B r11.upo.UHHaMH4e­

CKOM pe)KHMe ocymecTBJIJleTCJI .no OTBepCTHJI, a B 

KpHTH4eCKOM ce4eHHH (KOTOpoe, cne.uoaaTeJibHO, 

HaXO.UHTCJI B Ha4anbHOH lfaCTH KaHana) H nocne 

Hero .uasneHHe COOTBeTCTBYeT cao60,nHO-MOJ1eKY­

JIJ1pOM)' pe)KJ,fMy, 4TO cornacyeTcJI c Teop11ei1 

caepx3syKoaoro HCTelfeHHst s BaKYYM. I1o3TOM)', 

ecnH Ha axo.ue a OTBepcTHe pacnpe.neneHHe cKo­

pocTeH MO)KeT He 6b!Tb MaKCBeJIJIOBCKHM, TO 

B.UOJib Kattana OHO JIBJIJleTCJI TaKOBbIM .[(nJI JII06oro 

pe)KJ1Ma, lfTO H npHBO.UHT K H,UeHTH<pHKaum-1 

B3aHMO,UeHCTBHJI MOJieKyn ra3a co CTeHKaMH Ka­

Hana no THny 3cp<peKTa Knay3HHra. TaKHM o6pa-

30M, Bblpa)KeHHe (8) .[(nJI o6o6meHHOrO 3cpcpy3H­

OHHOro MeTO,Ua np1m6peTaeT BH.U 

g = Pf'(RTr
112

µ
112 L. (I I) 

5. llcKJJroqeuee a6coJIJOTnoii BeJID'IHHLI 

Jcl>cj>yo.unpooaoooii Macchi (opeMeoeoee 
ypaooeoeH re66ca -,IJ;roreMa (YT)()) 

BecbMa )KenaTefilHOH JIBm[e'I'CJI B03M0:lKH0CTb 

nonyqeHHJI .uaHHbIX 06 aKTHBH0CTSI.X K0M00HeHT0B 

T0JibK0 Ha OCHOBe H3MepeHHH HX KOHUeH-rpal.lHH B 

aT0MapH0M OOTOKe, T.e. C0OTBeTCTBYJOlQHX 0TH0-

weHHH Mace, a He HX a6COJIIOTHbJX 3HalfeHHH, HC­

KJl}QlfaJI Pll.U HCT04HHKOB MeTO.UH4eCKHX norpern­

HOCTeH. K HHM oruocHTCJI a.ucop6UHH Ha nosepx­

HOCTH K0H.[(ettcaTa OCTaTOCJJiblX ra:30B H B03M0)1(­

HOe HeKOTOpoe ero OKHCJieHHe (tteCMOTJ)JI Ha Ha­

JIJ,fq}fe TpeXCTYfleHlfaToH KpHoreHHOH nosywKH), 

ManoaepOJITHaJI B03MO)KHOCTb OTJIHlfHJI K03<p<pH­

UHeHTa KOH.UeHcaumt: OT e,nHHHUhI, WHp0Koyronb­

HbIH pa3ner. 3TH npouecc1,1 0TJ)a3JITCJI Ha a6co­

moTHOH seJIH<IIDle 3<p<pytt.nHpOBaHHOH MaCChI, HO 

He C~CJI Ha KOM0OHeHTHOM C0CTaBe KOH,UeH­

CaTa. 

ITpeHMymecTBa HC00Jlb30BaHI-UI TOJibKO KOH­

ueHTpaUHH KOMOOHeHTOB ( OTHOWeHHH HX 3cpcpyH­

.UHp0BaHHbIX Mace) aHanOrH4Hhl npeHM)'mecTBaM 

npHMeHeHHJI B 3cpcpy3HOHHOM MeTO,Ue C Macc­

cneK-rpanbHbIM aHanH30M npo.nyKT0B Hcnapettwi B 

KalfeCTBe H3MepsteMOH BeJIHlfl!Hbl He H0HH0ro TO­

Ka, a OTHOWeHHJI HOHHblX TOKOB, HCKnfOl{aJI CHC­

TeMaTH4eCKHe norpewHOCTH, CBJ13aHHbie C cpnyK­

ryauHeH 4YBCTBHTeJibHOCTH Macc-cneKTJ)OMe-rpa 

[3]. Bo3M0)KH0CTb HCKnJO'-!eHJ,IJI H3MepeHHH a6co­

JIJOTHOH BeJIH411Hbl 3cpcpyH.UHpOBaHHOH MaCCbl npH 

onpe.ueneHHH aKTHBHOCTH KOMTTOHeHTOB OCHOBaHa 

Ha HC0OJlb30BaHHH Yf)];, 3amrcaHHOro qepe3 OT-
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HOWeHHe (f)];O) OOTBeTCTBYIOll..\HX 3Heprni:l fH6-

6ca (norapH<pMOB aKTHBHOCTH). 

Yr,n: B o6meM cny4ae HMeeT BH.U 

_Lx,dZ; = 0, r.ue Z; - napuHanbHaJI cpyHKl.lHJI 

OT COOTBeTCTBYIOmeH 3KCTeHCHBHOH BeJIHlfHHbl, 

lfTO .[(nJI .UBOHHOH )f(H.[(K0MeTanJIH4eCKOH CHCTeMbl 

npHBO.UHT K ypasHeHHIO 

dZI /dxl - I 
- - X2 X1 . ( 12) 

dZ2 ldx2 

Ilocne npeo6pa30BaHHH Yf)]; np1106peraeT BH.U 

dZj dx 1 
- - =X2 , (13) 

d(Z2 -Z1) /dx2 

oco6eHHO y.uo6HbIH ,unJ1 <pyttKUHH BH.Ua 

/j,G; = RT 1n a; : 

dlna/ dx1 --~---'--= X2 . (14) 
dln( a2/a1) ldx2 

IlpHMettettHe ypastteHwi (14) Henocpe,ucT­

aeHHo B .UH<pcpepettu.HanbHOH cpopMe 

dlna1 dln(a/a1) --= X2 ---=---'-- (15) 
dx1 dx2 

HJJH B cpopMe HHTerpana 

ln a (2) - In a<1> = x<1> ln(i1) / a ( I)) -
I I 2 2 I 

x?> (16) 
-x<2>1n(i2>; a<2>)+ f ln(a la)dx 

2 2 I ~I) 2 I 2 

2 

.uaer B03MO)KHOCTb onpe.uenJITb cpyHKl.lHH O.UHOro 

H3 KOMTTOHeHTOB 4epe3 0THOwemUl 3THX cpyHKUHH 

o60HX KOMTIOHeHT0B. 

l13 cpopM)'nhr ( 11) .un.s1 o6mero cnyqrui 11cTe­

qettHJ1 HaXO.UHM 

I _ C2 r1µY2 P/ _ C2 B 
a2 a1 - - 1/2 s - - ' (17) 

C1 r2µ 2 r2 c, 
r.ue C2 /C1 - OTHOWeHHe KOHUettTpaum1 KOMno­

HeHTOB B K0H,UeHcaTe (B aTOMapHOM nyqKe, 0OKH­

.uaiomeM 3cp<py3HOHttyJO JllfeHKy); 

B _ [' l/2p_S /(r i/2p_S) . Rs n S 
- lµI J 2µ2 2 , I H .r2 - .uaaneHHJI 

HaCbill..\eHHJI 411CTbIX KOMTTOHeHTOB . 

B lfaCTHblX cnyqaH.X cso60.ntto-

MOJ1eKYJIJ1PHOro (T.e. s o6naCTH npHMeHHMOCTH 

YrK) H rn.npo.UHHaMHqecKoro (C/ Cv = idem .un.s1 

aTOMapHoro napa KOMOOHeHToB) 0OTOKOB fi/f'2 = 
= I , B = const. B o6meM BH.Ue r , = f()..J , scne.ncT­

BHe qero B :;r. const. O.nttaKo ouettKa 3TOH 3aBHCH­

M0CTH c yqeroM Toro, qTQ f' MeHJleTCjj Ha 50 % 

np11 H3MetteHHH A tta .usa nopst.nKa, aOKa3bIBaeT, 

'-!TO npH K0pOTKHX warax HHTerpHp0BaHJ1jj ,uaH­

HOH 3aBHCHMOCTblO MO)f(HO npette6peq1,_ 



-

TaKHM o6pa30M, ypaBHeHIDI (15) H (I 6) npH­

o6peTatOT BH)l 

dlna1 dln(C2 / C1) ----x 
dx - 2 dx ' 

I 2 

(18) 

ill a<2> - ln a(I) = x<•) ln(C(I) / c<1>)-
I I 2 2 I 

xf> 

- x<2> ln(C<2> / c<2>) + J ln(C / C )dx ' 2 2 I 2 I 2 

(19) 

z!I) 
2 

r)le C/C1 = /{x2) - H3MepJ1eMaJ1 B onbtTe se1rn•nrna. 

lli ( 15) cne,zzyeT, qrn npH x2 = 0 (x1 = I) 

d 1n a1 / dx1 = da1 I dx1 = 1 . (20) 

3-ro, HapJ1JlY c Tpe6osaHHeM B :now )Ke TO'-!Ke 

1n al = 1n 'Y, = 0 (y, - K03q>cpm,1HeHT aKTHBHOCTH), 

CJI)')KHT rpaHH<IHblMH ycJIOBIDlMH npH HCnOJib30-

BaHHH paC'-!eTHhlX ypasHeHHH B JlHq>cpepeHI.,IHaJib­

HOH (18) H HHTerpaJibHOH (19) cpopMax npH onpe­

)leJieHHH a6coJUOTHbIX 3HaqeHHH a; HJIH y,. 
B cnyqae npHMeHeHHjl MeTO)la r,ZJ;O J1)UI HC­

CJie)lOBaffHjl T))OHHblX )l(H)lKOMeTaJIJIH'•leCKHX CHC­

TeM M0)1(ff0 3anHcaTb C Y'-leTOM rpaHH<IHhIX ycno­
BHH x1 = 1, x1 = 0, In a1 = 0 

lna1(x;,x)- lna1(x1 = 1, x
1 

= 0) = 

=-~ f x,,x, x .dln(C IC,)' 
L.J X =I X =O J J 
}=2 i ' I 

(21) 

r)le noJIHbIH JlHq>cpepeHI.\HaJI d ln(C1/C;) npH HH­

rerpHposaHHH no nyqaM, npoxoJJ)lll].HM qepe3 

sepuIHtty x, = 1, X1 = 0 [7], MO)l(eT 6b1Tb npe,n:CTaB­

JieH KaK [d ln(l; ICJ/dx,]dx,. 

6. AHa.JIHl BJIHHHHH ~HMepnla~HH 

CneKTPaJibHO-XHMH'-leCKHH aHaJIH3 KOH,n:euca­

Ta ,n:aeT 3JieMeHTHhlH COCTaB MOJieKylUlpHoro nyq­
Ka, BKJIIO'-latOU.\HH BKJia,n: ,D;HMepoB H 6onee BblCO­

KHX accou.HaTOB. Ilpose,n:eum,1e pac'-1eTm,1e ou.eu­

KH Ha OCHOBe JIHTepaTYPHblX )laHHhlX, noCB.11.lll,eH­

HbIX COCTaBY napa meJIO'-IH.bIX MeTaJIJIOB [8], no-

3BOJUUOT BBeCTH Heo6XO)lHMbJe OT))HU.aTeJibHbie 

nonpaBKH, tfT06bt OT)leJIHTb BKJia)l, 06J13aHHblH 

CYII.\eCTBOBaHHJO JlHMepOB ( accou.HaTOB) B HaCbI­

meHHOM nape. CKoppeKTHpOBaHHbJe 3Ha'-leHHJI 

l;/C, OTHOCnCJI TOJibKO K MOHOMepaM, napU.Ha.Jlb­

Hble )laBJieHIDI p, KOTOpbIX He06XO)lHMO 3HaTb ,11.JUI 

onpe,L{eJieHHJI aKTHBHOCTeH KOMnOHeHTOB. 

EcnH MOJibHoe co.uep)l(aHHe d AHMepa (acco­

U.HaTa) B HaCblll.\eHHOM nape BHYT))H JlqeHJ<H paBHO 

6:xd, To cooTBeTCTBYlOU.\HH MaccosbtM BKJia)l /1C d 

3Toro accou.HaTa B COCTaB MOJieKYJ]jlPHOro noTO­

Ka, noKHttyswero Jl'-leHKY (T.e. BKJia)l B COCTaB 

KOH,n:eHcaTa), 6y.neT paseu 

6.Cd = 6.xdµ12/ (Ix,µ:'2 + L6xdµ1
2
). (22) 

I d 

B CJiyqae npHMeHeHIDI MeTO)lHKH r,ZJ;O BJIHjl­

HHe .!J.HMepH3aU.HH, KaK H YKa3aHHblX Bb!We .npy­

rHX HCTO'-IHHKOB CHCTeMaTH'-!eCKOH norpewHOCTH, 

yMeHbrnaeTCJI, nOCKOJibKY B paC'-leTHbIX cpopMYJiax 

cpHrypHpyeT OTHOWeHHe KOHl..\eHT))ar.urn. 3-ro 

BH)lHO H3 COOTBeTCTBy10mero Bb!pa)l(eHffjl 

C C 1- L6.C,,d le,, exp 
,, m _ ,, exp _ __,__:d:__ __ /..!.r __ _ 

c1•• - c1·"' 1-( ~Ac,., )/c,."' ' (23) 

r.ne Ci,m, Cj,m - MaCCOBbJe KOHQeHTpaU.HH MO­

HOMepOB B MOJieKyJIJ1pHOM noTOKe (B KOH,n:eHcare); 

c,,cxp, CJ. exp - H3MepeHHbte B om,tTe BeJIH'-IHHbl 

KOHU.eHT))al.Uffl KOMnoHeHTos; 11C;,d, 11C1,d -

a6coJIIOTHbie nonpaBKH Ha accou.HaQHJO, pacc'-IH­

TbIBaeMb1e no qiopMyne (22). 
B pa6o'-!eM .UHanaJoHe napaMeTpOB 3q>q>Y3H­

OHHoro 3KcnepHMeHTa ( 400 ~ T1 ~ 450 K , T.e . 

B6JIH3H JIHHHH JIHKBH,zzyca) paccMaTpHBaeMaJI no­

npaBKa BeCbMa Mana H npaKTl{qeCKH He BJIHJleT Ha 

pe3yJibTaTbl onpe)leJieHHJI aKTHBHOCTH KOMilOHeH­

TOB. 

7. AuaJinl paeuoeecuH e napoeoii «a,a:ie 
34t4ty1nouuoii H'leiiKB 

KaK H J1)UI BbinOJIHeHHJI ycJIOBHjl H30T))OTI­

HOCTH ra30BOH cpa3bl, onpe,n:eJ]jllOU.\HM q>aKTOpoM B 

coxpatteHHH paBHOBeCHjl Me)l()zy napoBOH H )f(J{,D;­

KOH q>a3aMH JIBJ]jleTCJI npe.L{eJibHO MaJibIB ,D;HaMeTp 

3cpq>Y3HOH.HOro OTBepCTHjl. B npe.L{ITOJlO)l(eHHH 

coxpaHeHHJI paBeHCTBa Me)l()zy K03q>q>HLI.HeHTaMH 

HcnapeHHJ1 CX,.cn H KOH,n:euca1orn a,..0Hll npH .nasne­

Hmt, He TOJlbKO paBHOM, HO H MeHhrneM, '-leM )laB­

JieH.He HaCbllI..\eHHjl, H He3aBHCHMOCTH 3THX K03q>­

q>Hl.lHeHTOB aKKOMOJlau.HH OT ,L{aBJieHIDI MO)l(ffO 

noKa3aTb H3 paCCMOT))eHHJI MaTepHaJibHOrO 6a­

Jiattca B 3cpq>Y3HOHHOH JllfeHKe [3], lfTO 

P.,/ P.,w = g,J gH,w = l + S,L/(S.a), (24) 
r.L{e Ps H PH,M - cooTBeTCTBeHHO )laBJieHHe uac1,1-

meHHJ1 H H3MepJ1eMoe .n:asneHHe, ycTaHOBHBmeecJ1 

B Jl'-leHKe H onpe.nenJ1eMoe no 3q>q>Y3HOHHOMY no­

TOKY; gs H gH3M - HHTeHCHBHOCTH ITOTOKOB Ha ITO­

BepXHOCTb, COOTBeTCTBYlOU.\He 3THM ,L{aBJieHHJIM; 

Se H Sv - nJIOU.\a)lH 3<p<pY3HOHHOro OTBepCTHJI H 

nosepXHOCTH HCnapeHHJI, COOTBeTCTBeHHO; L -
K03q>q>HU.HeHT KJiaY3HH.ra; a = CX,.cn = CX,..oH.ll - K0-

3 q>q>HU.HeHT aKKOMO.!J.au.Hff. MHHHMaJibHblM 3naqe­

HHeM s. (T.e . 6e3 YlfeTa a.ucop6HpOBaHHOro CJIOJI 

Ha BHYT))eHHeH nosepxuocTH Jl'-leHKH) CJJY)IOIT 

ITJIOU.\a)lb 3epKaJia HcnapeHHJI )f(J{,D;KOCTH. B OITbl­

Tax ,O:aHHOH pa60Tbl Se :::; 1,5 ... 5 MM
2

' s. 2'. 10
3 
M~' 

T.e. nonpasKa Ha " He.noHaCbtll.\eHHe" ("undersatu­

ration") cocTasJIJleT 0,2 ... 0,5 %. 
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8. AuaJJHJ BJJHHRHH npo._eccoe TenJ1006Mena 
(rpa.i.ueHTOB TeMneparypbI) 

B )KH,nKoii 4'aJe 34'4'y3uonnoii J1qeiiKn 

Ilpou:ecc HcnapeHIDI 3H.D.OTepMH'-leH, no3TOMY 

noaepxHOCTb HCnapeHJ,fJI .!IBJUleTC.11 o6naCTblO c 

OTpHU:aTeJJbHblMH HCTO4HHKaMH Tenn a, 'ITO npH 

.D.OCTaTO4HO 60JiblllHX CKOpOCT.!IX 3q>q>y3HH C e.n.1-1-

HHU:bl noaepXHOCTH MO)f(eT npHBeCTH K 3amrnce­

HJ,ff0 HCTHHHOH TeMneparypbl noaepxHOCTH Hcna­

peHIDI no OTHOlllemuo K H3Mep.11eMOH (TeMnepary­

pa HJMep.11nacb a oceaoM TepMonapHOM Kan11nn.11pe 

no.n. □oaepXHOCThIO HcnapettH.!1). KaK H a cnyqae c 

" He.D.OHaCbIW.eHHeM" , .n.aHHblH 3cpq>eKT onpe.n.en.!1-

eTC.!I aerrH4HHOH Se I S.,. ,lvi.!i )f(J,f.lJ.KOMeTannw:ie­

CKHX o6pa3U:OB, 06na.na10mHX BblCOKOH Tennonpo­

BO)J.HOCTblO, H peanbHbIX 3HatJeHHH nJIOTHOCTH 

Tennoaoro noToKa Ha noaepxHOCTH BJIHJIHHe pac­

cMaTpHBaeMoro 3cpq>eKTa OKaJhrnaeTc.11 npeHe6pe­

)KHMO ManbIM. CooTBeTCTBYfO[UHe ou:eHKH no)J.­

rnep)K)J.aIOTC.!I )J.aHHblMH [5, 6] )J.JT.!I COJJeH meno'-1-

HhlX MeTaJJJIOB, HMelO[UHX cymecTBeHHO MeHb­

ll1)'10 TennonpOBO)J.HOCTb H, CJie)J.OBaTeJibHO, 6onee 

BbICOKHe rpa.n.HeHTbl. 

9. Y'leT nepexo,nnblX TeMneparypHblX pe)KHMOB 

BpeMJI HJOTepMH'-lecKoro nep1-1O.n.a a 3 Kcne­

pHMeHTax COCTaBJI.!IJIO 1,5 .. . 2,5 4aca. MruccH­

MaJil,HO BO3MO)f(HI,!H BKJJa)J. HeCT~OHapHOro 

TeMneparypHoro pe)f(J,fMa (nocne Bh1KJ1JOqeHHJ1 

HarpeaaTeneii) ou:eHHaanc.11 pac'-leTHbIM nyreM 

(cM. cpopMYny (11)): 
t, 

flg, = R1 '2µ1,2 L f P,r,r-112 ch , (25) 

r)J.e 't1 H 't2 - apeMeHa COOTBeTCTBeHHO OTKJII04e­

HIDI HarpeBaTeJJeH H OKOH4amrn 3 KCnepHMeHTa 

(T :::: 300 K). Bcne)J.CTBHe □o)J.a'-!H a MOMeHT ,:1 
HHepTHoro raJa, 4TO nplIBO)J.HJIO K pe3KOMY rro­

.ll.aBJieHHJO 3q>q>y3HOHHOro nOTOKa H YMeHbllleHHJO 

apeMeHH nepexo)J.Horo pe:>KHMa, peam,Ha.!I n o ­

npaaKa He npeab1mana 1,5 % . K co)f(aneHHIO, He 

npe)J.CTaBJIJIJIOCb BO3MO)f(HI,JM HCKJIJO'-IHTh .n.aHHblH 

3q>q>eKT )I.JUI KOHKpernoro o6paJu:a KJiaCCH'-!eCKHM 

MeTO.lJ.OM aapbHpOBaHIDI apeMeHH H3OTepMHl.!eCKO­

ro nep11O.n.a, Kor.n.a B paC'-!eTHbJe ypaaHeHIDI aao­

.11..!iTC.!I pa3HOCTH 3cpcpytt.n.HpOBaHHb)X Mace (HJIH 

KOHU:eHTpal.(HH) H o6ll(HX 3 KCTTO3HU:HH B " .11.JlHH­

HOM" H "KopOTKOM" 3KCnepHMeHTaX, H nony'-1.eH­

HbJe BeJJHl.(HHI,I OTHOC.!ITC.11 TOJJI,KO K H3OTepMH'-le­

CKOMY nepHo.ny. 

10. ProyJ1LTaTb1 u o6cy)K,nenue 

PeJyJJhTaTbl H3Mepemrn npe)J.CTaBJieHbl B rn6-

JIHI.(e, r )J.e x, - MOJibHble .D.OJIH, a, - aKTHBHOCTb 

KOMTTOHeHTOB. 
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T a 6 n " I.{ a aKTHBHOCTH KOMfiOHeHTOB e 6 HHapHhlX 

11 Tf)OHHl,IX cm,aeax ~ eJTO'lHhlX MeTIUUlOB npH 400 K, 
3KCneDHMeHTaJlbHble Je3yJlhTaTbl 

XNa 0,152 0,250 
Cs-Na a Na 0,302 0,463 

acs 0,863 0,779 
XNa 0,200 0,319 0,334 0,500 0,668 

K-Na aNa 0,358 0,475 0,493 0,658 0,741 
QK 0,833 0,753 0,735 0,639 0,531 
XK 0, 149 0,350 0,499 0,499 0,700 0,850 

Cs-K QK 0,159 0,366 0,496 0,493 0,687 0,843 
aes 0,847 0,653 0,528 0,525 0,316 0, 150 

Na-K-Cs 
XNa 0,139 XK 0,435 Xe, 0,426 
a Na 0,260 aK 0,473 ac, 0,465 

)J;aHHhle nonyqeHbl npH TeMneparypax 400 $ 

s; T $ 450 K H npHae.n.eHhI K OTC'-leTHOH HJOTepMe 

T1 = 400 K MeTo.n.a c 1-1cnonhJOBaHHeM JHa'-!eHHH 

3HTanbnHH o6pa30BaHH.!I B 3TOH o6naCTH [2, 7]. 
AHanH3 HCTO4HHKOB MeTO)J.Hl.!eCKHX norpelllHO­

CTeH, OCTaIOW.HXC.11 nocne BBe,neHH.!I paCCMOTpeH­

HblX Bblllle nonpaBOK, a TaK)f(e CHCTeMaTH'-leCKHX H 

cny'-!aHHhlX H3MepHTeJII,HhlX norpelllHOCTeH, no-

3BOJJ.!leT O1.(eHHTb cyMMapHyIO □orpelllHOCTb .n.aH­

HbIX .11.Jl.!1 cpe.D.Hero no HHTepaany KOHI.(eHTpaU:HH 

3Ha'-!eHH.!I aKTHBHOCTH BeJIHl.!HHOH :::: 5 %. 
CpaBHeHHe IlOJJY'-leHHbIX pe3yJJhT8TOB C JIHTe­

parypHbIMH, HMelOll.(HMHC.11 B OCHOBHOM TOJlbKO 

.lJ.Jlj[ OT.D.eJJbHblX KOMTTOHeHTOB .ZJ.Byx H3 paccMaTpH­

BaeMbIX CHCTeM □pH TeM□eparypax ~ 400 K (Cs­

Na [9 . . . 11], MeTO.D. 3,D;C, a Na; K-Na [12], MeTO.D. 

aTOMHOH a6cop61.(HH, aNa, aK), IlOKaJI,JBaeT BilOJJHe 

Y.D.OBJieTBOpHTeJJbHOe COOTBeTCTBRe, '-!TO noJBOJI.!1-

eT ccpopMHpOBaTb o6ll.(HH MaCCHB .D.aHHbIX npu 

3TOH TeMneparype u nocTpOHTh HJOTePMY aKTHB­

HOCTH KOMTIOHeHToB npu T1 = 400 K , 0 $ x, 5 1 .II.JUI 

61-rnapm,1x cucTeM C s-Na, K-Na, Cs-K (pHc. 

1 .. . 3). Yr)]; npnMeH.!IJIOCb npH IlOCTpOeHHH KpH­

BOH ac, cnnaaa Cs-Na (.n.ononHHTeJibHO K nony­

'-!eHHhIM 3KC□epHMeHTaJTbHbIM .D.aHHblM). KaK OT­

1,0 
Cs Na 

.JJ 
t:; 

0,8 

0 
:,: 0,6 ., 
s 
!;;; 
"' a:i 0,4 

0,2 

0 0,2 0,4 0,6 0,8 1,0 

XNa, MO!lbHble AO!ll,1 

PHc. I. TepMO.UJ-IHaMWJeCKIUI aKTHBHOCTb KOMilOHeHTOB 

cruiaea Cs-Na npH T = 400 K : D , 0 - .nrurn1U1 pa6orn; 

6 - [9]; 'i1 - [ I 0, 11 ]; np.!IMhle JlHHHlf - lf.D.eaJlbHble 

paCTBOpbI 
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PHC. 2. TepMO,llHHaMWJeCKaJI aKTHBHOCTb KOMTTOHeHTOB 
cnJiaaa K-Na apH T = 400 K: D, 0 - .naHHaJI pa6oTa; 
0' ◊ - [ 111; IIpllMbie JIHHHH - HAeaJibHble paCTBOpbl 
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0,8 
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PHC. 3. TepMO,llHHaMH'JeCKaJI aKTHBHOCTb KOMIIOHeHTOB 
cnJiaaa Cs-K apH T = 400 K: 0 , 0 - .naHHaJI pa6oTa; 
IIpllMble JIHHHH - HAeaJibHble paCTBOpbI 

Me'leHO B pa3,nene BbfUie, 3TH pe3yJibTaTbl CJI)')KaT 

rpattH1IHbIMH ycJIOBIDrMH npH HHTerpHpOBaHHH 

ypaimeHwr ( 1) B HHTepBane napaMeTpOB 400 ~ T ~ 
~ 1 200 K, 0 ~ X; ~ 1. 

3a1u110"1eeee 

Tipe,nno:>KeH HOBblH BapHaHT 3q>q>Y3HOHHOro 

MeTo,na ,nJIJI onpe,neneHwr 3HeprHH f»66ca (aK­

THBHOCTH KOMilOHeHTOB) MHOfOKOMilOHeHTHOfO 

)l(H)O(OMeTaJI.lTH'IeCKOfO CIIJiaBa npH ,nasJieHHJIX, 

Cytl(eCTBeHHO npeBbIUiaJOmHX KHY.nceHOBCKHe. 

HcnOJib30BaH1ie ,naHHOfO BapHaHTa MeTO,na 

no3BOJTHJio onpe,neJIHTh :mepr.mo f»66ca Ha OT­

C'leTHOH H30TepMe T1 ( 400 ~ T1 ~ 450 K), T.e. 

o6ecne'IHTb rpaHH1IHblM ycJIOBHeM ,nHq>cpepeHU,H­

aJibHOe ypaBHeHHe XHMH'IeCKOH TepMO,nHHaMHKH 

( 1) H TaKHM o6pa30M 3aMKHYTh ero perneHHe, KO­

Topoe ,naeT B03M0)KHOCTb IlOCTPOHTb 3Hepr.mo 

fH66ca cIIJiaBoB Cs-Na, K-Na, Cs-K, Cs-K-Na BO 

BCeH HCCJie,nyeMOH o6naCTH napaMeTpOB COCTOJI­

HHJI (400 ~ T~ l 200 KHO ~ X; ~ I). 
Tipe,nJIO)KeHHblH BapHaHT 3q>cpy3HOHHOfO Me­

TO,ll.a 3anoJIHJ1eT npo6en B H3MepeHwrx ,nasneHHJI 

Hac1,1meHHJ1 Me)K,ny o6naCTJIMH nplfMeHHMOCTH 

MaHOMeTpH'IeCKHX MeTO.llOB (P > 100 Ila) H MeTO­

,noB, ocHOBaHHbIX Ha YfK (P < 1 Ila). 

ABTOpbl Bblp8)KaJOT npH3HaTeJibHOCTb Poc­

CHHCKOMY cpoH,ny cpyH.u.aMeHTaJibHl,IX HCCJie,noBa­

HHH, npH no.u.,nep)l(Ke KOTOporo BblilOJTHeHa 3Ta 

pa6orn (rpaHT N!l 05-02-16 I 29). 
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e-mail: d.n.kazan@mtu-net.ru, KazaH )+Mumpuu Hay­
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Y,l(K 621.039.534.6+539.l 75 
HcCJie~oBaHHe csoii:cTB cnJiasa HaTpuii:-csHuen 

C neJihlO Bhl6opa C0CTaBa Il0iKapo6e1onacHoro TenJI0HOCHTeJISI 

H.H. 3acopun, Jl.M. KY3He1<ooa, B.B. Ky.McKou, H.H. Hozunoo, A.C. Muxeeo, 
A.B. MopoJOo, B.A. Mopo3oo, C.C. llneme11e1<, A.A. TuxoMupoo, 

<I>fYTI " fHl( P<I>-<I>3W', 249033, r. O6HHHCK Kany)l(CKOH o6n., nn. EoH.uapeHKo, 1 

lhnmKeHbI pe3ynbTaTbl aHamoa .llaHHblX no CBOHCTBaM cnnaBOB HaTpHH-CBirneu, paccMaTpHBaeMhIX KaK BOJMO)K­
Hhlli BapHaHT TennoHOCHTeJUI .[[./Ill peaKT0p0B Ha 6blCTpblX HeHTpOHax. YTo•rneHa .zmarpaMMa COCTOllHHll a o6nacTH 
I. . . 21 % aT.Pb, oueHeHhI TepMOJJ.JIBaMW{eCKHe CBOHCTBa, nnoTHOCTb H TennonpOBO.ll.HOCTh cnnaBoB JJ.0 IO % aT.Pb. 
Ilpe.ll,CTaBneHbl .ll,aHHble no TeXHOnorK'l:eCKHM CB0HCTBaM cnnaBoB: BOCnnaMeHl!eMOCTb, pacrnopKM0CTb J,f aKTliBH0CTb 
KHCJIOpoJJ.a B CHCTeMe CTaJlb-C[IJiaB. OnpeJJ.eneH COCTaB tterOpl11Uero " HaTpl-ill" ~ IO % aT.Pb. 

Investigation of the properties of sodium-lead system to choose the composition of fire-safety coolant. I.I. 
Zasorin, L.M. Kuznetsova, V.V. Kumskoy, N.I. Loginov, A.S. Mikheev, A.V. Morozov, V.A. Morozov, S.S. Pleten­
ets, A.A. Tikhomirov. The results of analysis of data on properties of sodium-lead alloys regarding as possible variant of 
coolant for fast reactors are presented. The state diagram in the range of 1. .. 21 % at.Pb is improved, thermodynamic 
properties, density, and heat conductivity of the alloys up to IO % at. Pb are estimated. The data on such technological 
properties of the alloys as ignitability, solubility, and oxygen activity in the steel-alloy system are presented. 

CnnaBbl HaTJ)I-UI co CBHHUOM paccMaTpHBa­

lOTCll KaK noTeHUHaJJhHbie TenJIOH0CHTeJIH H,ll.ep­

Hb[X peaKTopoB Ha 6hlCTJ)hlX HeHTpOHax c ueJiblO 

YCTJ)aHeHHH 0CH0BH0ro Hel].0CTaTKa HaTpKH: no­

)l(apoonacH0CTH. ,[{o6aBKH CBHHUa a HaTJ)HH, eCTe­

CTBeHHo, l].0JI)l(Hhl H3MeHHTb CBOHCTBa 3T0f0 Be­

JIHK0JlenHoro TenJI0H0CHTeJl.11. Onpe.uenHTh, Ha­

CK0JTbK0 cepbe3Hbl 3TH H3MeHelOUI, - 3a,ll.a'-!a Ha­

CT0JUneH pa6oThJ. 

Hccne.uoaaHID1 TepM0,D.HHaMHlfeCK0H CHCTeMbl 

HaTJ)HH-CBHHeu npoao,D.HTC.si B <!>3M c 2001 r. 

Ib)'lfa.JJHCh l].HarpaMMhI C0CT0.SJHI-LII, B0CnJiaMe­

IDleM0CTh, TTJI0TH0CTh, TenJionpOB0.UH0CTh, MHK­

p0CTJ)}'KTYpa, TepM0.UHHaMH'·IeCKKH noTeHI..IHa.JJ 

KHCll0po.ua B cnnaaax; aHanH3Hp0BaJJHCh JlHTepa­

rypHbie ,!l.aHHhle no aKTHBH0CTH HaTJ)I-UI B cnnasax 

1-1 TennoeMK0CTH. HIDKe npHB0,D.llTC.11 oueHKH HeK0-

T0pbIX CBOHCTB, Ba)f(HbIX, no ttarneMy MHemno, 

.D.JIH Bhl6opa TenJI0H0CHTeJUI.. 

1. .IJ;narpaMMa COCTOHHH.H 

,[{HarpaMMa COCT0HHH.11 CHCTeMbl HaTJ)HH­

CBHHeu xoporno H3Ytfetta [I, 2] 3a HCKJIIOqettHeM 

" HaTpHeBoro yrna" , r.ue He YT0lfHeHa JlHHI-LII nHK­

BH.n.yca H He BhlHCHeH Bonpoc 0 HaJIHljHH 3BTeKTH­

qecKOH T0'iKH. ,[{n.si BhI6opa TenJI0H0CHTenn H3 

3TOH CHCTeMbl oqeHb Ba)KH0 onpe.uenHTb paCTB0-

pHM0CTh CBHHUa, 1160, ecJlH TaKOH TenJI0H0CHTeJih 

6y.ueT, 3T0 el].HHCTBeHHblH B CB0eM po.ue He3BTeK­

THljeCKHH cnnas, pa60TaJ01UHH B tta.ll)lHKBH.lJ.YCH0H 

06JlaCTH. TTo paCTB0pHM0CTH CBHHU.a B HaTJ)HH B 

.UHanaJ0He KOHUeHTJ)aUHH 0 ... 21,05 % aT.Pb 

(Na-Na15Pb4 ) HMeeTc.si MH0)l(eCTB0 ypaBHeHHH 

(Ta6Jl. I) H 3KCnepKMeHTaJlbHblX ToqeK (Ta6Jl. 2). 

Ta 6 JI H ll a 2. flHHIDI' JIHKBH.llyca, 
JKcnepHMeHTanbHbie .llaHHbre, x - % aT.Pb; 

Tl , °C - TeMneparypa JIHKBli,!l.yca 

x , % aT.Pb Tl, oc 103/T, K 1 lgx 
0,10 100 2,681 - 1,00 
0,32 144 2,398 -0,495 
0,75 182 2,198 -0, 125 
1,03 199 2,115 0,013 
1,54 222 2,02 0,188 
2,38 250 1,912 0,377 
3,60 268 1,848 0,556 
7,88 308 1,721 0,897 
16,00 362 1,575 1,204 
6,50 294 1,764 0,813 
14,1 355 1,592 1,149 

21,05 386 1,517 1,323 
7,79 314 1,704 0,892 
10,01 325 1,672 1,00 
12,65 335 1,645 1, 102 
14,61 352 1,60 1,165 

flliT-pa 

}];aHHbJe 
aBTOpOB 

[l] 

[5] 

Ta 6 JI H ll a 1. PacTBopKMOCTb CBHHJ.[a B HaTpHll B qiopMe lgx (% aT.Pb) = A - B/T 
N2 

A B T, °C 
flHT-

voaBH. pa 
N2 

A B T, °C mn-
ypaBH. pa 

I 5,515 2 639 100 ... 260 [21 5 5,178 2 639 120 .. . 250 [4] 
2 5, 115 2 465 I 19 ... 244 [31 6 4,082 I 840 290 . . . 386 [I] 
3 3,346 I 600 100 .. . 165 [3] 7 3,140 l 840 180 ... 340 ABT. 
4 5,157 2 380 165 ... 200 [31 8 4,160 I 880 290 ... 386 ABT. 
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3TH 3KCnepHMeHTaJibHbie .u.aHHbJe npHBe,ll.eHbI 

Ha pHC. 1 H 2 H o6o6meHhI e,n:HHblM ypasHeHHeM 

lgx(¾ aT.Pb) = 2,2+ 0, 701 · 103/T-

-0,84264· 106/T2 
(1) 

Ha TOM OCHOBaHHH, 'ITO JlHHeHHbie 3aBHCHMOCTH 

THna 

lgx = A-BI T (2) 

c.JIY)KaT ypaBHeHID!MH KaCaTeJlbHblX K HeKOTOpOH 

KpHBOH, 'ffO BH,ll.HO Ha pHC. 1, H onHCbIBaIOT 3KC­

nepHMeHTaJlbHbie T04KH B orpamI'¾eHHOM ,n:Hana-

30He TeMneparyp. YpaBHeHH.11. 3, 4, 7 (CM. -ra611. I) 
H 3KCnepHMeHTaJibHble TOlJKH aBTOpOB npH 

x ~ 1 % aT.Pb .11.s11.11.10Tc.11. HepasHosecHbIMH H npH 

ou.eHKe K03<p<pHU.HeHTOB ypaBHeHID! ( 1) He HC­

nOJlb30BaJIHCb. 

2.TepMO~HHaMeqeCKHCCBOHCTBa 

)]:aHHbie no aKTHBHOCTH HaTPH.11. B CnJTaBax 

HaTPHH-CBHHeu. npHBe,n:eHbI s CTaTbe [ 6] KaK RaH-

6onee noJTHhie H npe,n:cTasHTeJibHbie H3 scex H3-

secTHbIX [5 H .n:p.]. Ilpe,ll.CTaBHM lgyNa (YNa - KO-

103/T, ~ 1 ~ 
- 2,0 ..---~----4---~---'---..,._....,...J 

1,5 2,0 2,5 

PHc. I. PacTBopHMOCTb ca1rnua a HaTPIDI: t,. - .naHHhle 

[l]; • - .uamu,1e [5]; 0 - .uamu,1e aBTOpoa; UH<lipbl -

HOMep ypaaHeHID! a ra6n. l ; L - JlHl<BH.l(YC (<tiopMyna 

(1)) 
TL, ·c 

400...---------,---- -----, 

x, % aT. Pb 
100 -o---~---+---~----

0 10 20 

PHC. 2. Jlmnttl ITHl<BH.zzyCa CHCTeMbl HaTPIIB-CBtrneu: 

tJ. - n;aHHhie [I]; ■ - .uaHIIl>le [5]; 0 - .uaHHhie aBTOpOB 

3<p<pHI.{HeHT aKTHBHOCTH HaTPH.11.) B BH,ll.e npomse­

.u.eHID! cpyHKU.HH OT TeMneparypbl H KOHU.eHTPaU.HH 

lgyN• = F(T)F(x) (3) 

H npHMeM 

(4) 

r.n:e X - aTOMHa.11. .n:011.11. CBHHU.a. 

F(T) ecTecTBeHHO onpe.u.e11HTh B BHJJ.e 

lgy~. (x =I), T.e. npe.u.enbHoro 3Ha'¾eHH.11. B 6ecKo­

He'lHo pa36asneHHOM pacTBope HaTPIDI s CBHHU.e, 

KOTopoe He 3aBHCHT OT KOHUeHTpau,RH. Ilpe.u.c-ra­

BHM F(T) B BH.U.e MHoro'¾JleHa 

F(T) = lgy~. = A - BIT+ cp(T). (5) 

Ilocne,n:HHH qneH sse.u.eH, tJT06b1 yqecTb BKJTa.U. 

H36bITO'lHOH TennoeMKOCTH CnJTaBOB B lgyN,. 

3Ha.ll. TeMnepazypttylO 3aBHCHMOCTb c; XOT.11. 

6bl LUI.II 0.llHOro H3 cnmIBOB, BBe,neM 3q>cpeKTHBHbIH 

napaM~ B3aHMO,ll.eikTBH.II. BHTTHra ,ll.JI.11. TenJTO­

eMKOCTH 

W(T)=c:(l+().-l)x)/[x(l-x)], (6) 

rJJ,e ). - OTHOUJeHHe HOHHbIX o6beMOB CBHHlJ,a H 

HaTPH.11.. )]:JI.II CHCTeMbl HaTPHH-CBHHe.Q (). = 10 ) 
MO)KHO HaHTH KOHKpeTHoe 3Ha'l.eHHe F(T). Hc-

nonh3Y.II. ,naHHhie pa6oTbI [6] ,ll.JI.11. lg Y~. (x = 1): 

Igr~.(400 °C)=-2,89 ; Igr~.(500 °C)=-2,37 " 

lg Y~. ( 600 °C) = -1, 97, a TaIOKe ,n:a:HHhie no Ten­

noeMKOCTH cnJTasa HaTPHH-CBHHeu. (x = 0,5) 

CP = 43,467-9,667 · 10-3T [7], nonyqHM 

F(T) = lgy~. = 8,953-3395 I T - l, 05llnT + 
7 

+ 1982 / T2 -4,47 · 10..{;T +9,8· 10-8 T2 . ( ) 
IlOKa3aTeJih CTeneHH n(x) nonyqHM H3 3KC­

nepHMeHTaJihHhIX .U.aHHh[X C noMOIUhlO ypasHeHHH 

(3) H (4) B BHJJ,e 

n(x)=[lg(lgyN•/F(T))]/lgx (8) 

( n( X) HMeeT qeTKO BblpIDKeHttyIO KOHUeHTPau.H­

OHH)'lO 3aBHCHMOCTb H cna6ym TeMnepazyptty10). 

IlpH611IDKeHHO 

( {
5/3 · x 2 

npH x = 0 ... 0, 6; 
n x)= 

X npH X = 0, 6 ... 1. 

IlpRMep 

(9) 

CBOHCTB cnJTaBOB HaTPHH-CBHHeQ npHse.u.eH Ha 

pHC. 3 .u.n.11. 698 K B BH,ll.e 3aBHCHMOCTH 

G; = RT In y, OT KOH.QeHTPaU.HH CBHH.Qa . .l(mI cpas­

HeHH.11. Ha 3TOM pHCyttKe npHBeJJ,eHbI JJ,aHHbie pac-

4eTa H3 pa60Tbl [8], B KOTOpOH npHMeHeHbI pe-

3YJibTaTbl pa6oThl [6]. 113 3THX ou.eHOK cne.u.yeT, 

4TO aKTHBHOCTh CBHHU.a B cnnasax c ~ IO % aT.Pb 

p asHa ~ 10·5 
H, CJle,ll.OBaTeJihHO, arpecCHBHOCTb ero 

no OTHOUleHHlO K KOHCTPYK.QHOHHbIM MaTepHanaM 
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0 0,5 1,0 

P11c. 3. ITapumu11,m,1e 113fih1Tol.fm,1e noTeHUHa.JibJ r116-

6ca K0MII0HeHT0B CHCTeMbl HaTpHH-CBHHeu: - - -

pacl.feT aBTopoB; - - pacl.feT [8] 

B CflJlaBax C tta-rpHeM Ha HeCK0JlhK0 nopHJJ.K0B HH­

)Ke, qeM B 'fHCT0M CBHHl.(e. 

3. TeoJ1oct,u3uqecacue csoiicTBa 

I. llllomnocmb cflJlaea 2,4 % aT.Pb ouetteHa 

o6'beMHblM MeT0JJ,0M npH H3Mepemrn ypoBHjf B 

6aKe BO BpeMjf HarpeBa H 0XJla)K)J,eHj,fjf CflJlaBa. 

3-ra oueHKa BhIII0JIHeHa c norpem:H0CTblO ± 3 % H 

M0)KeT 6bITb npe)J.CTaBJieHa ypaBHeHHeM 

p(r/cM3
) = 1, 228- 2,526 · l 0-4 T(K). ( 10) 

BTopaH oueHKa ITJI0THOCTH BbIIl0JJHeHa )J.Jljl 

cnnaBa 7,9 % aT.Pb npH 700 K no CMememuo no­

JI0)Kettj,fjf rnasttoro rnuca CTJ>YKTYPH0ro cpaKTopa 

S(Q) cnnaBa ornocHTeJibH0 S(Q) tta-rpHH, H3Me­

pettm,rx: MeT0)J.0M .11.H<ppaKUHH HCHTJ)OHOB. ITpH 

oueHJ<e flJI0TH0CTH HCIT0JJb30BaH0 npe)J.IT0Jl0)Ke­

HHe, 'ITO C0CTaB cnnasa B nepBOH K00p)J.HHaUH0H­

HOH ccpepe B cpeJJ,HCM 0-rpa)KaeT era MaKp0C0CTaB, 

T.e. 

nc = (1-x)nN. + xnl'b; } 

n, : 4/3 · rtd,
3 
(p,N A )/M,; 

d, - l,23(21t/Q), 

(11) 

r.11.e n 1 - 4HCJI0 aT0M0B C0pTa i B nepB0H K00pJJ.H­

Hal(H0HHOH ccpepe paJJ,eyca d, (Me)l(aTOMHOe pac­

CTOHHHe); p,, M, - C00TBeTCTBCHH0 flJIOTH0CTb H 

M0JJbHa}I Macca K0MIT0HCHTa i; NA - 'fHCJJ0 ABo­

ra,o;po; Qi - TI0JI0)KeHHe rJJaBH0ro ITHKa S(Q); 
flJI0TH0CTb cnnasa -

Pc =3Mcn./(4rtd:NA). (12) 

B 3KCnepHMCHTe no JJ.H<ppaKUHH HeHTJ)OHOB 

onpe.11.enetto: Q1(Na) = 2,05 A-1, Q 1(Pb) = 

= 2,20 A-1
, Q 1(c) = 2,1 I± 5-10-3 A-1

; cooTBeTcT­

BeHH0 dN;= 3,770 A, dpb= 3,513 A, d0 = 3,663 AH 
ITJI0TH0CTb cnnaBa npH 700 K paBHa 1,525 r /cM3 • 
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Bse.11.eM napaMe-rp B1rrmra )J.JIH 1n6hIT04Horo 

M0JJbH0ro 06beMa cnnaBa B BH)J.C 

W(T) = Ve (x, T)(l + (A. - l)x)/[x(l - x)], A.= 10. ( 13) 

C n0M0l.l(blO 3aBHCHM0CTH ( l 0) rronyqHM 

W(T) = - l l, 44 - 2,25 · 10- 2 T-3,14 · I0- 5r 2 . (14) 

J1cnoJib3YH (13) H (14), a TalOKe paC4CTHblH 

H)J.CaJibHbfH M0JlbHblH o6'beM CflJlaB0B, M0)KH0 

paCClfHTaTb ITJl0TH0CTb cnnaB0B BO BCeM KOHL(CH­

-rpaUH0HH0M )J.HanaJ0He. OueHKa flJI0TH0CTH 

cnnasa c K0HUCHTpauHeH CBHHL(a 7,9 % aT. c npH­

MCHCHHeM YKaJaHHblX 3aBHCHM0CTeH ,ll,aeT Pc = 

= I ,5240 iicM
3 

npH 700 K, lfT0 snontte cosnaJJ,aeT c 

npr,rneJJ,CHHbIM BbIIIle paC4eT0M. ,lJ,rrn HJIJIJOCTpa­

UHH Ha pHC. 4 npHBe)J.eHa K0HUeHTpal(H0HHaH 3a­

BHCHM0CTb flJI0TH0CTH CITJlaB0B npH 700 K. BH,ll,­

H0, lfT0 CflJlaBbl C)KaTbl 0TH0CHTeJJbH0 csoero H,o;e­

aJibH0ro o6pa3a. 

2. Temwnp0600HOCmb Cf1Jla606 H3MCpHJJaCb 

MeT0)J.0M HarpeBa UHJJHH)J.pa Bh!COTOH / n0CT0HH­

HbIM TeTIJJ0BhlM TI0T0K0M q Ha era BCpXHeH ITJI0C­

K0CTH npH ttam-tlfHH H30JI}IUHl-1 Ha 0CTaJibHblX rro­

sepXH0CTIDI'.. TeMnepa-rypa H3MCpHJiaCb xp0MCJib­

KoneneBbIMH TepMonapaMH B Tpex TQqKaX no OCH 

UHJIHHJJ.pa: x = l (Bepx), x = l/2 (cepe,ll,1-ma), x = 0 

(HH3). B peryJIHpH0M pe)KHMe Harpesa n0,ll,0rpeB B 

Ka)K)J,OH TQqKe, CCJIH 0TCYTCTBYfOT 6oKOBbJe noTe­

pH Tenna, ,ll,0JDKCH IT0,ll,lfHIDIThCH 3aBHCHM0CTllM 

b.T = Qr/(Fpci)- Q//(6AF) npH x = 0; } 

b.T=Qr/(Fpc/)-Ql/(24"A.F) npiu=// 2; (15) 

b.T = Qrj(Fpc/) + Ql/(3AF) npH x = !. 

J13 pa3H0CTH ,ll,Byx nocJIC,ll,HHX ypaBHeHHH 

CHCTeMbl (15) nonyqHM 

A.=3/8-(Q* -Q.)!K/(F[T(1:,l) -T('r,l/2 )D , (16) 

rJJ,e ~- M0mH0CTb HarpeBaTeJIH; Q. - noTepH 

Terrna; F - nosepxH0CTh Harpesa; K = 2,5 ... 3 -

TapHp0B04HhlH MH0.»<HTeJJh, nonyqeHHblH npH H3-

MepeHHH TCTIJionp0B0)J.H0CTH HaTJ)HH Ha )J.aHH0M 

yl.faCTKe. TennonpOBOJJ,HOCTb tta-rpHH H3Mepetta C 

0,2 0,4 0,6 0,8 1,0 

Pwc. 4. fIJIOTHOCTb cnnaB0B CHCTeMbl HaTpHH-CBHHeu 

rrpH 700 K: I - Pc; 2 - PHn 



---

pa.36pOCOM ±7 % OTHOCHTeJTbHO H3BeCTHbIX Ta6-

JTH'ffiblX 3Ha'-!eHJ-lH [9). 
CnnaBbl HaTpHJ! c o CBHHUOM npHroTaBJTHBa­

JTHCb B CMeCHTeJTbHOM 6aKe H 3anpaBJTl!JIHCb B pa-

6o"Ill.H yqacTOK qepe3 Tpy6Ky, pacnonmKeHH)'IO Ha 

.n;He pa6oqero UHJTHH.n;pa. Tipoae.n;eHbI ouemrn Te­

wonpoao.n;ttocTH cnnaaoa I ; 4,8 H 9 % aT.Pb, no­

rpernHOCTb oueHOK ~ ± 15 %. TioeyqeHHbie .n;aH­

Hbie npe.n;cTaBJleHbI Ha pHC. 5. 
BH.[(HO, "!TO CBHHel..{ CHH)KaeT TenJTonpoBO.[(­

HOCTb CTTJlaBOB B 1,5 . .. 2 pa.3a, npHl.!eM BJlIDIHHe 

KOHl..{eHTpaUHH CBI-lHl..{a B HaTPHH B 3TOM 3KCnepH­

MeHTe He OTMe'-!eHO. B TO )Ke BpeMH TenJTOnpo­

BO.[(HOCTb cwaao a HaTPHH-CBHHeu a .n;aa - TPH 

pa.3a Bbnne, tJeM y 3BTeKTHK ttaTPHH-KaJlHH H CBH­

tteU-BHCMyr a HHTepaane TeMTiepa-ryp 300 .. . 500 
°C. T1oJTy4eHHble .n;aHHble paCCMaTPHBaIOTCH KaK 

oueHO'-IHbie, H3MepeHHbie a rrpouecce OTPa6oTKH 

MeTO.[(HKH. 

3. TenJ1oeMKOCmb cn11aeoe HaTpHH-CBHHeu onpe­

.n;enHM Ha OCHOBamrn .n;aHHblX [7, 9]. TewoeM­

KOCTb cnnaaa rrpH x = 0,5 [7]: 

cp (x = 0,5)= 43,6( 6) - 9, ( 6) · I0- 3T L(,K/(MOJlb·K); 

TennoeMKOCTb CBHHl..{a [9]: 

cp(Pb) = 30,519087 L(,K/(MOJib·K); TennoeMKOCTb 

HaTPHH [9): 

cp(Na)=38,12- 6,9·I04 r 2 + 

+ I, 9493 · I 0- 2 T + I, 024 · I 0- s T2 
L(,K/(MOJib · K). 

l-h6bITO'lflaH TeTTJJOeMKOCTh CTTJTaBa, npH x = 
= 0,5 paBHM cp(x = 0,5) = (1 - x)cp(Na) - xcp(Pb ), 
Bblpa.3HTCH cpopMynoii 

c~ (x = 0,5) = 9, 147 -3,45- I04 r 2 + 

+ 7,983 · 10- 5 T - 5, 12- 10- 6 T2 
L(,K/(MOJib·K), 

a napaMeTP B3aHMO.n;eikTBHH -

W (T)c = 201,2367 1- 7,59 · I05T-2 + l, 7563-10-6T _ 
p 

- 1, 1264 · 10- 4 T2 ,L(lKl'(MOflb · K) 

A, BT/(M·K) 
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PHC. 5. OueHJ<a Tennonp0B0L(H0CTH cnnaeoe HaTpHH­
CBHHeu: o - I % aT.Pb; • - 4,8 % aT.Pb; o - 9 % aT.Pb 

Orc10.n;a l-136bITO'IHaH TennoeMKOCTb CnJTaBOB pas­

Ha 

c~ = [x (l- x )/0 + 9x)] X 

X A,i</ (MOJib · K),(17) 
(

201,23671-7,59-I05r 2 + ) 

+ I, 7563 · 10-6 T - l,1264 -I0- 4 T2 

a nOJlHaH MOJIHpHaH TenJToeMKOCTb cnnaaa 

cp (x ,T) = x -30,519087 + (1 - x )x 

(

38,12 - 6,9 -l04 T- 2 + ) 

X +1,9493 · l0- 2 T + l, 024-10-ST2 + 

+[x (I -x )/ (! + 9x)] x 

X (l~ 
(

201,23671 -7,59-I05 T- 2 + ) 

+ l, 7563 -10-6T - 1, 1264 -10- 4 T2 • 

3HatJeHHe l-l36bITO'IHOH MOJlbHOH TenJTOeMKOCTit 

CllilaBOB Na-Pb npH 700 K IlOKa.JaHO Ha pHC. 6. 
,[(ocTOBepHOCTb 3THX oueHOK orpau11qeua 6Jrn­
)KaHmei1 OKpeCTHOCTblO x = 0,5 . 

4. TeXHOJIOrH'leCKHe CBOHCTBa CDJiaeoe 

TeXHOJIOrHl.!eCKHe CBOHCTBa cnnaBOB HaTpIDI 

H CBHHl..{a - HaHMeHee H3yqeHHbIH npe.l{MeT. 

I . H3BeCTHO, 'ITO .[(JUI nonyqeHIDI roMoreHm.IX 

pacwaaoa TPe6ywTcJ:i 3Ha'IlITeJibHhle ycIDIIDI .[(JUI 

nepeMelllHBaHHJ:i BBH.[(y Pa.3IDflOUI B TTJIOTHOCTJIX 

KOMTTOHeHTOB H cyl.l..{eCTBOBaHHJ:i HeCKOJibKHX .n;oc­

TaTOl.!HO TYfOruiaBKHX coe.mrnemrn, uanpHMep, 

NagPb4. 

.nrrj{ nepeMelllHBaHHJ:i CTTJTaBOB npHMeIDIJIHCb 

MeXaHHtJecKHH cnoco6, 6ap60Ta)K HHePTHOro ra.Ja, 

ecTecTBeHHaH KOHBeKl..{HJ:i. fapaHTHH nOJIHOH ro­

MoreHH3al..{HH HeT npH TeMnepa-rypax HeCKOJlbKO 

Bblllle JlHKBH.n;yCa, TTO3TOMY rrpH 3TOH onepal..{IDI 

)KeJiaTeJlbHO TeMneparypy .n;ep)KaTb Bblllle 40 °C H 

HCTTOJlb3OBaTb npHtty.n;HTeJibH)'lO KOHBeKl..{HIO. 

B o6naCTH COCTaBOB, HHTepeCHOH .D)lj{ BbJ6opa 

Tenn oHocHTeJIJ:i (x < 20 % aT.Pb ), HH)Ke JlHlOlH 

JIHKBH.n;yca CTTJlaBbl pacna.n;aIOTCJ:i C BbI.[(eJTeHHeM 

E 
Cp, A>t</(MOflb·K} 

2,0 ~--~--~-----,-----.--~ 

0 0,2 0,4 0,6 0,8 1,0 

PHc. 6. Ouem<a H36b!TO'l:HOH Ten.rroeMK0CTH cnnaB0B 
HaTpHH-CBHHeu 
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cpa.31,1 Na15Pb4, KOTopru1 npwMepHo B TPH pa3a n1-

)l(eJiee HaTpID!, cne.n.oaaTeJibHO, OCTbJBalOW.HH 

CJIJiaB paccJiaHBaeTCSI H npH K~OM HOBOM pa.30-

rpeae a 6aKe ero Ha.no roMoreHH3HpoaaTb, T.e. 

pa3orpeaaTb 6aK .n.o ~ 400 °C H rrepeMeurnaaTb 

HaCOCOM. TaKHM o6p a30M, 6aK .D:OJl)l(eH HMeTb 

co6crneHHblH KOHTYJ) uwpeymnurn. 

2. Ilpoae.n:eHbl oueHKH paCTBOpHMOCTH w Tep­

MO.D:HHaMH'-!eCKOfO noTeHUH:aJia KHCJIOpo.n.a B 

cnnasax ~ I ... 5 % aT.Pb MeTo,n:oM aKTHBOMeTpHH: 

KHCJIOpo.n:a. PacrnopHMOCTb OJIHCbIBaeTCSI 3aBH:­

CHMOCTblO 

lgx0 (ppm)=6,53-2500/T. (19) 

M3MepeHIUl npOBO.D:J,fJIHCb ,n:a'flfH:KOM C rnep,n:blM 

KHCJIOpo.n.o-HOHHblM 3JieKTpOJTHTOM ZrO2-y 203 H 

3JieKTpO.D.OM cpasHeHI-iSI In-In2O3. 

TepM0MeTpw-1eCKHH noTeHI.lHaJI KHcnopo.n.a, 

rrpeo6pa30BaHHblH C JIOMOW.b!O ypaBHeHHSI KepHe­

Ta B KOHUeHTpaQI-ilO KHCJIOpo.n:a, npe.n.cTaBJieH Ha 

pwc. 7. Ha 3TOM rpaq>HKe np1rne.n:em,1 .n:aHHbie no 

aKTHBOMeTPHH KHCJiopo.n:a s HaTpHH: H CJIJiaaax 1,4 

w 5 % aT.Pb s BH.D.e JIHHHH pacrnopHMocTH KHcno­

po.n.a B HaTPl-{J,f H CJIJiasax J,f paBH0BeCHSI KHCJIOpo­

)l.a a CHCTeMax HaTPHH-KHcnopo,n:-cTanb, HaTpHH­

caHHeu-KHcnopo,n-cTaJib. 

B CHCTeMe HaTpHH-KHCJiopo,n:-xpoMOHHKeJie­

Brul CTaJib rrpH TeMOepa-rype Bblllle 280 °C np0HC­

XO.!l.HT paCKHCJieHHe HaTPI-iSI H KOHUeHTpal.lIDI KH­

cnopo.n.a orrycKaeTCSI Hl-{)l(e 1 ppm scne,ncTsHe o6-

pa30BaHIDJ coe,n:HHeHIDJ NaCr02. MHHHM}'M rep­

MO,nHHaMH1-1ecKoro noTeHI.(Hana KHcnopo,na Haxo­

.!l.HTCSI rrpH ~ 400 °C. Bae,neHH:e CBHHl.la a HaTPH-" 

npHBO,AHT K CMemeHHIO 3T0f0 MHHHM)'Ma B 06-

JiaCTb HH3KHX TeMnepaTyp ~ 200 °C. 3-ro 03Halfa­

eT, lfTO Kopp03HOHHbie npoJzyKThl B CJIJiasax HaH-

6onee ycTOWIHBbl s X0JI0.!l.HbIX JIOByuu<ax He s 

npHMep HaTpH10, r.n.e OHH pacna.n:aIOTCSI C Bbl,n:ene­

HHeM KHCJIOpo.n:a B pacJIJTaB H He HaKaruIHBaIOTCSI 

TaM. 3aTO OHH ycTOHlfHBbl B 06nacn1 BblCOKHX 

TeMneparyp 1-i, B03MO)l(HO, 3aII(Hl.I(aIOT CTaJib OT 

Kopp031fH: pacrnopeHIDI. 

lgeo, ppm 
4 ,---""T""----r----r----r----, 

Na20 
3 +---+---+----tN""aP-P~b~-0'-"f_=---- -_-_·- --t 

2 +----t---:-+c...;l~>,lltl---+----1 

-2+---+----+---+----+----1 
T, °C 

-3+-~-+--~-+-~-+--~-+-~--1 
100 200 300 400 500 600 

PHc. 7. TeMneparypmu1 JaBHCHM0CTb K0HUeHTpauHH 
KHcnopo.!l,a e cHcTeMax Na-O, Na-Pb-O, Na-O-cTanb, 
Na-Pb-O-cTanh: • - Na-O-CTam, Xl8HJ0T; o - Na-Pb­
cTam, X18HI0T 
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Kopp03HOHHblX HCUbJTaHHH B CJIJiasax He 

npOBO,LI.HJIOCb, no3TOMY B HaCTOS!lll,ee speMSI HeJib-

351 onpe.neneHHO CKa3aTh, BJIHS!eT JlH KHCJIOpO.!l. Ha 

Kopp03J,fJ:O CTaJieit qTO KacaeTCSI BJIHSIHI-iSI co6cT­

BeHHO CBHHUa Ha yaeJIHtleHHe paCTBOpHMOCTH 

3JieMeHT0B CTaJIH B HaTPH:H, TO TepMO,AHHaMH:lfe­

CKH 3TO BpR,LI. JIJ,f CTOHT BHHMaHHSI BBH.!l.Y HH3KOH 

aKTHBHOCTH CBHHUa (IO -4 ••. I O -5)_ 
3. OTHOCHTeJibHO npHMeHeHI-iSI XOJlO.!l.HbIX JIO­

ayweK .!l.JIS! KOHTpOJISI KHCJIOpo.n:a B cnnasax MO)l(­

HO CKa3aTb cne,nyIOw.ee. Ec1rn B HaTPH:H .!l.JISI no.n.­

.n:ep)KaHHSI KHCJIOpo.n.a Ha yp0BHe 2 ppm Tpe6yeTCSI 

TeMneparypa Ha BblXO)l.e H3 JIOBYWKH - 130 °C, TO 

a cJIJiasax 1,5 ... 5 % aT.Pb- 300 °C. 

4. IlocJie,n:Hee, lfTO Ha.!l.0 CKa3aTb OTHOCHTeJlb­

HO TeXHOJIOfH'-!eCKlfX CBOHCTB, - 3TO BJIIDIHHe 

CBHHUa Ha BOCnJiaMeHReMOCTb cruiaB0B. YcTaHOB­

JieHO, lfTO 10 % aT.Pb s roMoreHH:3HposaHHOM 

ClIJlase HHrH6HpyIOT BOCnJiaMeHReMOCTb )l.a)Ke 

npH T > 700 °C. O.D.HaKO, JIJIOXO roMoreHH3HpO­

BaHHhle ClIJiaBbl C co.n:ep)KaHHeM CBHHUa )l.0 8 % 
aT.Pb aocJIJiaMeHRJOTCSI npH 350 .. .450 °C scne.n:­

CTBHe nOBblWeHHOH nosepXHOCTHOH aKTHBHOCTH 

HaTPHSI npH HX paccJiaHBaHHH. I103TOMY OJiblTbl C 

x ~ 8 % aT.Pb H3-3a tte,n:ocrnTO'lliOro nepeMeum­

BaHHSI cJIJiaaos nocne 3aMep3aHHR Herrpe,ncTaBH­

TeJTbHhI, H noKa HeH3BeCTeH yposeHb KOHIJ;eHTPa­

UHH CBHHUa B roMoreHH3Hp OBaHHbfX CJIJiasax, He­

o6XO.!l.HMbIH ,nJIR npe.n:ornpam,eHIDI B03ropaHIDI. 

3aKJIIO'ICHHe 

C.n.enas oueHKH HeKOTOpbIX CBOHCTB cmraaa 

HaTpH.H-CBHHeu .!l.Jljj BbI6opa B03MO)KH0f0 COCTaBa 

TeJIJIOHOCHTeAA, npHXO.!l.HM K cne.n.yJ:OIUHM BblBO­

.n:aM: 

1) HeropS!II(He cmraBbI cymeCTBYJOT npH KOHIJ.eH­

TpauHRX csHHua 10 H 6onee % aT.; 

2) .n:o6aBKH cs1-rnua B HaTPHH C)KH:faIOT Temronpo­

BO.LI.HOCTb B 2 ... 2,5 pa3a; 

3) cornacHO MO,AeJibHblM oueHKaM MOJlbHrul H o6b­

eMHrul TeJIJIOeMKOCTH CJIJiaBOB MOryT 6bITb BbIWe, 

YeM y HaTpH.51. ,l(;rn YTOlfHeHI-iSI oueHOK tty)f(Hb[ 

3KCnepHMeHTaJibHble )l.aHHble npH X < 0 ,5 H 

x> 0,5; 

4) pacrnopHMOCTb KHc11opo.n:a s cnnasax 1 ... 5 % 
aT.Pb npH6JIH3HTeJihHO B JIOJIT0pa pa3a BbIWe, 4eM 

s HaTPHH:; 

5) MHHHMYM TepM0)l.HHaMH'lfeCKOfO ITOTeHIJ;H:aJia 

KHCJIOpo.n.a B 3THX cmrasax CMemeH OTHOCHTeJibHO 

HaTP»esoro s 0611acTb HH3KHX TeMnepaTYP, YTO, c 

0.!l.HOH CTOpOHhl, JI03BOJIS!eT HaKaJIJIHBaTb B xo­

nO,n:HblX JIOBYWKax KOpp03HOHHblH WJiaM, C .n:py­

fOH CTOpOHbl, JIO-BH.!l.HMOMY, OCJia6nsieT 3all.{HT­

HYJO OKHCHYJO JIJieHKy. Koppo3HOHHbIX wccne.n:o­

BaHH:H He npoBO.D:J,fJI0Cb; 

-
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6) npHCyrCTBHe CBHHL~a s HaTJ)HH ycJIO)KIDleT Tex­

HOJiorn-.ieCKJ,fe npoueJJ.yphl □pH HC□OJib30Bamrn 

C□JiaBOB B Kat.teCTBe Te□JIOHOCHTeJieH, HanpHMep, 

Tpe6yeTc.R JJ.ep)KaTh TeM□epa-rypy BhlXO)].a H3 xo­

JIO,llHOH JIOBYUJKJ,f Bhtllle JTHHHH JTHKBH.zzyca 

-300 °C, Heo6xo,llHMa TW.aTenhHa.R roMoremna­

UHH pac□JiaBOB H T.n.; 

7) BBe,lleHHe CBHHL(a s HaTJ)HH - 1 % aT. H 6onee 

cornacHo pact.teTaM asTopos pa6oThI [IO] nosh1-

UJaeT BttyrpeHHIOIO caMO3awmueHHOCTb 6hICTJ)hlX 

peaKTOpOB OT T.R)KeJiblX asapHH; 

8) cnnas c coJJ.ep)Kam,1eM CBHHU.a - IO % aT. o6ec­

nelfHBaeT IlOBhIIIIeHHe □O)Kapo6eJonacHOCTH yc­

TaHOBKH; 

9) o,nHaKo npe:>I<JJ:e scero Ha.no peUJHTh sonpoc o 

KOppO3HOHHOM 803,l{eHCTBHH C□JlaBOB Ha KOHCT­

PYKUHOHHbie MaTepHaJibl H HCCJie,nosaTb H3MeHe­

HHe TepMOJ{HHaMHt.teCKOro noTeHll,HaJia KHCJIOpo,na 

B ,nBIDKymeMC.R TeilJIOHOCHTeJie. 

KoHmaKmHaR uH<f10pa11Wl - Muxeee AlleKca1u}p 
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(48439)9-85-55, e-mail: loginov@ippe.obninsk.ru 
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Y,l(K 621.039.534 
IlpstMOKOHTaKTHble oaporeuepaTOpbl B peaKTOpHblX ycTaHOBKax co CBHH~OBblM 

H ceeue~-BHCM)'TOBblM TCDJIOHOCHTCJUIMH 

A.B. Ee3HOC06, T.A. Eo«o6a, C.IO. Ca6uHo6, II.A. EoK06, M/(. 3eq,upo6, 
HrTY HM. P.E. AneKceesa, 603950, r. lliDKHHH Hosropo.n, yn. MHHHHa, 24 

PacCMOTJ)eHa B03MOlKHOCTb rrpHMeHeHIDJ rrpllMOKOHTaKTHblX ( o6beMHbIX) naporeHepaTOpOB B peaKTOpHbIX ycra­
HOBKax co CBHHU.OBbIM H CBHHeU.-BHCMYTOBblM TeITJIOHOCHTeJIJfMH H npHBe,n.eHbl OT,D.eJibHbie pe3yJlbTaTbI 3KCnepHMeH­
TaJibHblX HCCJle,!I.OBaHlffl rrpllMOKOHTaKTHOfO re□JI006MeHa CBHHUOBbIH TeITJIOHOCHTeJlb - BO,D.a, nap. 

Directly contact steam generators in reactor installations with lead and lead-bismuth heat-carriers. A.V. 
Beznosov, T.A. Bokova, S.Yu. Savinov, P.A. Bokov, M.D. Zefirov. The opportunity of application of directly contact 
(volumetric) steam generators in reactor installations with lead and lead-bismuth heat-carriers is considered and separate 
results of experimental researches of directly contact heat exchange the lead heat-carrier - water, pairs are resulted. 

TjJ)KeJibJe )KH,llKOMeTaJIJIHt.tecKHe Te□JIOHOCH­

Tem1 (cs1-rneu H 3BTeKTH.Ka CBHHeU-BHCMYT) -

e,nHHCTBeHHbie H3 □pHMelUleMblX H paccMaTJ)H· 

saeMbIX B npoeKTHhlX npopa60TKax TeilJIOHOCHTe­

JleH, KOTOpble MOryr HC□OJib3OBaTbC.ll B naporeHe­

paTopax □pH Henocpe,ncTBeHHOM KOHTaKTe TeilJIO-

HOCHTeJIH peaKTOpHoro KOtt-rypa H TTHTaTeJTbHOH 

BO,llhl c reHepauHeH napa, HanpaBJIHeMoro B -ryp-

6HHY. B 5InoHHH npopa6aThIBaJICH npoeKT peaic­

Topa Ha 6bICTJ)hIX HeHTJ)OHax (PBWFR), OXJia)K­

,llaeMoro 3BTeKTHKOH CBHHeQ-BHCMYT, B KOTOpOM 

reHepauHH napa npoHJso,nHTCH nyreM np.11.Moro 
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KOHT8KTa BnpblCKHBaeMOH mmneJJbHOH BOJJ.bl B 

o6beM TenJJOHOCHTem, BbJUie aKTHBHOH 30Hhl [I]. 
AsTopaMH npe.ll.JIO)Ketta KOHCTPYKTHBHIUl 

cxeMa peaKTOpHOH ycTaHOBKH co CBHHl.\OBhlM Ten­

JTOHOCHTeJTeM, npeJJ.CTaBJleHHIUl Ha pHC. l. Tenno­

HOCHTeJlb HaxOJ].HTCll B Kopnyce peaKTOpHoro 6110-

Ka w, ttarpesa.sicb s aKTHBHOH 30He, nocrynaeT B 

pa6ot.JHH o6beM 3 ceKU.HH np.llMOKOHTaKTHOro na­

poreHepaTopa. TTHTaTeJJbHall BOJJ.a H3 KOJJJJeKTopa 

4 nocrynaeT t.1epe3 onycKHbte TPY6b1 5 B HH)KHHe 

pa3JJ.aIOll.lHe K8Mephl C OTBepCTHllMH HCTet.JeHH.11 

BOJJ.bl s o6beM CBHHU.a. TToJJ.orpeBal!Ch s onyCKHblX 

Tpy6ax, BOJJ.a t.f8CTHt.fH0 BCKHnaeT BCJleJJ.CTBHe no­

HIDKeHHJI JJ.8BJleHH.II B KaHanax OTBepCTHH HCTet.Je­

HIDI w o6pa3yeT JJ.HCnepcttylO cpa3y nyJbtpeH B0J].bl 

H napa B o6beMe CBHHUa. B 3THX nyJblp.s!X Haxo­

JJ..s!TCll KanJTH K0HJ].eHCaTa npH TeMneparype, pas­

HOH reMneparype HaCbII.D.emu1 npH JJ.aBJTeHHH B 

KOHKpeTHOH JlOKMbHOH T0'iKe Komypa CBHHIJ.0B0-

ro TenJTOHOCHTeJJ.11. Karuu1 KOHJ].eHCaTa B nyJbtpe 

oKpY*eHa naposoi-1 npocnoi-1KOH. 

Opw nOJ].beMHOM JJ.BH)KeHHH s pa6ot.JeM o6be­

Me 3 npllMOK0HTaKTH0fO naporettepaTopa np0HC­

XOJJ.HT HcnapeHHe KanJTH KOHJ].eHCaTa B pe3yJJhTaTe 

cneJJ.YIOmHx npoueccos: 

• KOHBeKTHBHoro rennoo6MeHa Ha rpattwue ny-

3blpll TenJJOHOCHTeJlh-BOJJ..IIHOH nap H BttyTPH 

naposoit npocJJOHKH; 

• nepe.D,a1.rn Tenna H3_rryqeHJ,1eM OT nosepXH0CTH 

CBHHU.a (sepOllTHO, t.JaCTHt.fHO noKpblTOH CJlO­

eM npHMecett) K nosepXHOCTH KanJTH KOHJ].eH­

ca-ra; 

4 

P1-1c. I . K0HCTJlYKTHBHcUI cx eMa peaKTopttoA ycrn1-1oeKH 

c npHMOK0HTaKTHhIM Tennoo6MeH0M: I - K0pnyc peaK­

TOpHoro 6JIOKa; 2 - 8KTHBHcUI JOHa; 3 - pa6oq1-1A 06beM 

npllM0K0HTaKTH0ro naporetteparnpa; 4 - K0JUICKT0p 

nHTaTeJlbHOH eo.m,1; 5 - onyCKHcUI Tpy6a; 6 - K0JIJleK­

T0p C 0TBepcntHMH HCTC'ICHWI eo.m,1; 7 - 06beM napo­

eoA; 8 - KOJIJleKTop napoeou; 9 - onycKttoA Kattan Ten­

JJ0H0CHTerui 
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• KOHBeKTHBH0ro Tennoo6MeHa BttyTPH KanJJH 

KOHJJ.ettcaTa. 

TTpH ycTaHOBKe s pa6o'!eM o6beMe HHTeHCH­

q>HKaTopoB TenJTo06MeHa H JJ.HCnepraTOp0B nyJbl­

peH, HanpHMep, B BH.D,e nepcpopHposaHHbIX peure­

TOK npo uecc TenJT006MeHa HHTeHCH<pHUHPYeTCll. 

B npouecce ITOJ].beMa nyJblpH yseJJHt.fHBaIOTCll B 

o6beMe 3a C'-leT rettepau1m napa H3 KanJTH KOH­

JJ.eHcaTa H JJ.p06llTCll. Oocne noJIHoro 1-1cnapeHHll 

BOJJ.bI B ny3blpe nap neperpesaeTCll H, cenapHpy­

llCb Ha CB060JJ.HOH nosepXHOCTH CBHHU8, BhIXO.D,HT 

B napOBOH o6beM 7 peaKTOpHoro 6110Ka, 0TKyJJ.a 

OTB0JJ.HTCll B napoBOH KOJlJleKTop. CBHHeu onyc­

KaeTCll t.1epe3 Kattan 9 H nocrynaei- Ha BXO.ll. B at<­

THBttyIO 30tty 2. I..I;HpKymu.cH.11 CBHHl.\OBOrO TenJT0-

H0CHTeJlll B peaKTOpHOM KOHT)'pe ocymeCTBJl.lleTCll 

3a C'leT pa3HOCTH nJTOTHOCTeH CBHHU8 B onycKHOM 

yqacTKe H CMeCH CBHHUa C B0}].0napOBhlMH nyJhl­

pHMH B pa6ot.JeM y'laCTKe npllMOKOHT8KTHOro na­

poreHepaTopa, a TaK)Ke 3a ct.JeT ysnet.JeHH.11 CBHHU.a 

BCnJJblBalOll.lHMH B0,nonapOBhlMH ny3blp1£MH. 

PaccMOTPeHHall cxeMa peaKTopttoro 6JToKa 

0611a}].aeT CJleJJ.YIOI.D.HMH OCHOBHblMH npeHMYW:e­

CTBaMH: 

I . B peaKTopHoM Komype OTCyTCTBYJOT no­

sepXHOCTHhle naporeHepaTOpbl H COOTBeTCTBeHH0 

HCKJllOt.JeHa 0.1].Ha H3 H8H6011ee noTeHl.\HaJlhH0 

onacHblX asapHHHhlX CHT)'aUHH - " Me)l(KomypHall 

ttennoTH0CTh naporettepaTopa" . 

2. B peaKTOpHOM KOmype OTCyTCTBYJOT rnaB­

Hbie UHPKyJJ.IIUHOHHbie HaCOCbl HJIH KaKHe-111-160 

.ll.pyrne UHPKYJ!j[TOpbl Ii COOTBeTCTBeHHO HCKJTIO­

t.JeHa noTeHU.HaJJhHO onaCHall CHT)'8lJ.H.II C OTKa30M 

rnaBHbIX UHPKYJ!j[UH0HHblX ttacocos. Ha scex pe­

)KHMax UHPKYJJ»UH.11 B peaKTopHoM KOHTYPe ocy­

mecTB11J1eTc.11 3a ClfeT ecTecTBeHHOH UHPKYJ!JIUHH 

BBHAY pa3HOCTH nJJOTHOCTeH cpe}]. B onycKH0M H 

no}].beMHOM yqacTKaX Komypa H ys11et.1eHID1 Ten­

JJOH0CHTen.11 BCll.libIBalOll.lHMH nyJblpllMH " nerKOH" 

<pa3bl. 

3. ABapHHHOe pacXOJ18)KHBaHHe ycTaH0BKH 

M0)KeT ocymeCTBJ!JITbCll 3a Cl{eT n0}].8'1H KOHJ].eH­

caTa Ha cso6o,nttyl0 nosepXHOCTh CBHHUa 1-1 K0H­

}].eHCaUHH o6pa3YJOll.lerocll npH 3T0M napa B B03-

AYW Hbl X TenJT006MeHHHKax paCX0Jl8)KHBaHH.II. 

MO)KHO yTBep)K.D,aTb, t.JT0 TaKall yCTaHOBKa 

0611a}].aeT CBOHCTBaMH BttyTPeHHeH 6e3onaCHOCTH. 

Hapll.ll.Y c JTHM paccMaTpHBaeMa.si cxeMa 06118.ll.aeT 

HeAOCTaTKaMH HJJH TPe6yeT peureHHll p.si.1].a ttayq­

H0-TeXHH'IeCKHX npo6JJeM, a HMeHHo: 

I) 311eMeHTb1 KOHCTPYKUHH peaKTopHoro 6110Ka 

A0Jl)KHbl pa6oTaTb B 0611aCTJ,f Bb!COKHX TeMnepa­

TYP (450 .. . 550 ° C), Bb!COKHX .nasneHHH (6,0 ... 24,0 
Mna) H arpeCCHBH0fO B03AeHCTBH.II Tj[)KeJloro 

)KHAKOMeTaJlJIJ,f'LJeCKOr0 TenJJOH0CHTeJIJI, B0}].hl, 

napa; 



2) AJUl 06ecneY:eH1-u1 3cp<peKTHBHOro TeflJ1oo6MeHa 

ny3blpH BOJJ.bl, napa B o6beMe CBHHU.a JJ.OJDKHbl 

HMeTb JJ.OCTaTOY:HO He60JibUJHe pa3Mepbl - nopHJJ.­

Ka .n.ecHTKOB H COTeH MHKpOMeTpoa; 

3) a CBHHU.OBOM TenJlOHOCHTeJie B KaqecTBe npH­

MeCH a peaKTOpHbrx ycJIOBHJIX acer.n.a 6yJJ.eT npH­

CYTCTBOBaTb npHMeCb BHCMYTa, H3 KOTOporo B 

HeHTpOHHOM noTOKe aKTHBHOH 30Hbl o6pa3yeTCH 

6HOJIOrHY:eCKH onaCHblH H30TOn noJIOHHH-210. 

3ToT H30TOn 6y.n.eT noczynaTb B CHCTeMy napa, 

KOH)J.eHCaTHO-nHTaTeJTbttylO CHCTeMy zyp6HHbl H, 

aepOHTHO, KOHU.eHTPHPOBaTbCH B KOH)J.eHCaTope 

napoBOH ryp6HHbl, Y:TO cymecTBeHHO ycJIO)KHHT 

3KCnnyaTaU.HIO nap03HepreTHY:eCKOH ycTaHOBKH; 

4) B npHMOKOHTaKTHOM naporeHepaTOpe peanH3y­

eTCH cnyrHoe )J.BJ,f)KeHHe )f(H)J.KOMeTaJIJIHY:eCKOrO 

TenJIOHOCHTeJIH H BOJJ.bl, napa (cxeMa npHMOTOKa), 

t.J:TO ycJIO)f(HJleT nonyY:eHHe napa C BbJCOKOH TeM­

neparypoH. B TPa.D.HU.HOHHhIX naporeHepaTopax 

noaepXHOCTHoro nma npe.n.ycMaTPHBaeTcH cxeMa 

npOTHBOTOKa. 

HecMOTPH Ha OTMeqeHHble He)J.OCTaTKH, HaJTH­

t.J:He CBOHCTB BffYTPeHHeH 6e3oaaCHOCTH .n.enaeT 

npHBJieKaTeJibHblMH TaKHe ycTaHOBKH H 

HHHU.HHpyeT pa60TbI, HanpaBJieHHbie Ha 

perneHHe YKa3aHHbrx npo6neM. 

B HIDKeropo.n.cKOM rocy.n.apcTBeHHOM 

TeXHH'ieCKOM yHHBepcHTeTe (HTTY) npo­

BOJJ.HJTHCb HCCJie)J.OBaHHJI xapaKTepHCTHK 

KOHTaKTHOro Tennoo6MeHa B TPa.D.HU.HOH­

HblX peaKTOpHbIX KOHrypax co CBHHeu.­

BHCMYTOBblM H CBHHU.OBblM TenJIOHOCHTe­

JIJIMH npHMeHHTeJibHO K asapHHHOH CHzya­

U.HH "Me)KKOHTYPHaH HeflJIOTHOCTh napore- ~ 
HepaTopa", OTPa)f(eHHble B Ha~HO-TeXHH­

qecKHX OT"leTax H ny6nHKalJ.HJIX (2, 3]. 

B HacToHmee apeMH B HITY Ha Ma­

KeTHbIX o6pa3u.ax npRMOKOHTaKTHbIX na­

poreHepaTopoB npOBOJJ.HTCH HCCJieJJ.OBaHHJI 

xapaKTepHCTHK Tennoo6MeHa, rHJJ.po.n.1rna­

MHKH, OTPa6aTbIBalOTCH OCH0BHbie 3JieMeH­

Tbl KOHCTPYKlJ.HH npHMeHHTeJibHO K npJI­

MOKOHTaKTHblM naporeHepaTopaM peaK­

TOpHblX ycTaHOBOK H onpecmrreJIJI MOp­

CKOH BO.Ubl. CnpoeKrnpoBaHbl H C03)J.aHbI 

BbJCOKOTeMneparypHble CTeH)J.bl JJ.JIH HC­

cne.n.oBaHHJI xapaKTepHCTHK npHMOKOH­

TaKTHbIX naporeHepaTopoB co CBHHll.OBbIM 

H CBHHeU.-BHCMYTOBblM TenJIOHOCI.ffeJIJIMH. 

Mo.n.H<pHU.HpoaaHHbIH cTeHJJ. <l>T-3 lM 

(pHC. 2) npeJJ.Ha3Ha'-leH )J.JIJI HCCJie)J.OBaHHJI 

xapaKTepHCTHK 6ap60Ta)f(a BOJJ.bl H napo­

BO)J.JIHOH CMeCH qepe3 CJIOH CBHHU.a, a 

0 
0 

U.HH BOJJ.bl B CBHHeu. MaKeTHOro 06pa3u.a npRMO­

KOHTaKTHOro naporeHepaTopa MO l. CTeHJJ. 

2007<1>T-MO2CT (pHc. 4) npeJJ.Ha3Ha'leH JJ.JIH wc­

cne.n.oBaHHH npou.eccoB <pH3HKO-XHMH'-lecKoro 

B3aHMO)J.eHCTBHJI CBHHll.OBOrO TeTIJIOHOCHTeJUI C 

COJieHOH (MOpCKOH) BOJJ.OH H co.n.ep)Kall(HMHCJI B 

HeH npHMeCHMH, HaKonneHHJI 3THX npOJJ.YKTOB npH 

nOBbIUJeHHbIX co.n.ep)KaHHJIX (.n.o 40 r /Kr) B Bo,ne H 

Koppo3HOHHoro B03.D.eikTBHJI pacnnaBa cB1rnu.a 

COBMeCTHO C BOJJ.OH, co.n.ep)KallJ.eH npHMeCH H npo­

JJ.YKTbl KOHTaKTa CBHHU.a C npHMeCHMH BOJJ.bl, Ha 

KOHCTPYKUHOHHbJe MaTepHaJibl ( CTaJIH) B cocTaBe 

MaKeTHOro 06pa3u.a MO2 npHMOK0HTaKTHOro na­

poreHepaTopa. 

MeTOJJ.HKa npoBe.n.eHHJI 3KCnepHMeHTOB Ha 

Bcex YKa3aHHblX CTeH.n.ax 3aKJIIO'-laJiaCb BO BB0JJ.e 

BOJJ.bI c TeMrreparypoi:1 20 ... 150 °C no.n yposeHb 

pacMaaa B o6beM camma rrpH TeMITeparypax 

350 .. . 550 °C c 3arny6neHHJ1MJ,[ 0TBepCTifH HCTe­

Y:eHml OT 150 JJ.O 3 000 MM. ,[(asneHHe BOJJ.b) rrepe.n. 

OTBepCTHJIMH HCTe'-leHIDI Kpyrnoi:i, meneBOH H 

TPemHHoo6pa30H cpopM c xapaKTepHbIMH pa3Me­

paMH OT 0,5 JJ.O 3,0 MM COCTaBJIJIJIO OT 0,2 JJ.0 

9 

14 

13 

11 

PHc. 2. CxeMa CTeH!la <l>T-3 lM: 
J - qJHJibTp HOH006MeHHbI~; 
2 - 6aK IT0,!1,ITHTOtJHhlit; 3 -
Hacoc 11Jiyl{)l(epm.1A; 4 - pecH­
sep; 5 - pacxo,noMep; 6 -
3JieKTporraporeHepaTOp; 7 -
xono,nHJibHHI<; 8 - Mepmu, eM­
KOCTh; 9 - KOpnyc; 10 - COilllO 
no,naqH BOJlbI H napa; 11 -
JOHA; 12 - Harrpasruoocmte 

CTeHJJ. 2007<l>T-MO l (pHc. 3) - JJ.JIH Te11J10-

<pH3H'-leCKHX HCilbJTaHHH H OTpa6oTKH KOH­

CTPYKTHBHblX perneHHH aao.n.a H JJ.HCnepra-

1 o JOHJla; 13 - 3JieKTpOKOHTaKT­
L-----t=====~ m.1A ,naTtJm< (3IG(); 14 - Tep­

I • 0 260 . 1 Monapa 
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PHc. 3. CxeMa npmnuurnam,Haii MaKernoro 
06pa3ua 1 (MOl): I - Kopnyc; 2 - urryuep 
npeHa)l(HbIH; 3 - BeHTHJib CHJJb<pOHHb!H Janop­
HblH; 4 - crrnpaJJb 3JieKTJ)OHarpeBaTeJibHaJI; 5 -
TenJIOHJOJil!UIDI; 6 - CB060/lHblH ypoBeHb 
CBHHUa nepe.n. IlO./laqeH BO./lbI; 7 - KpblllIKa; 8 -
npoKJia.n.Ka; 9 - I.IIT)'uep -rpy6bl IlO}lat:fH BOD.bl; 
10 - lllryuep Tpy6bt OTBo.n.a napa; 11 - Mm<po­
TepMonapb1; 12 - 3K)J. nyJbrpeA napa-BOJibI; 
13 - KJianaH npenoxpaHHTeJibHbIH; 14 - -rpy6a 
4eXJIOBal!; 15 - KOJIJieKTOp BBO.U.a BOD.bl B CBH­
Heu; 16 - COilJIOBble YCTJ)OHCTBa ( OTBepCTHll 
HCTet:feHID!) BOD.bl B CBHHeu; 17 - JIHCT nep<jJo­
pHpOBaHHbdi BepXHHH; 18 - 11IaH6a; 19 - JIHCT 
nep<jJopHpOBaHHbIH HH)l(HHH 

8,0 Mila, 'iTO q>OpMHpOBaJIO ny3blpbKO­
BblH HJJH cTpyi1HhIH (q>aKeJihHhIH) pe)l(J,IMbl 

HCTe'ieHI-UI "nerKOH" q>a3bl (B0,[(hl, napa). 

BapbHpOBaJIHCb pe)l(J,IMHble H KOHCT­

PYKTHl'Hble napaMeTpb1. Hccne,nosanocb 

smunrne Ha xapaKTepHCTHKH rennoo6MeHa 

HaJIHl.£H.ff nepqiopHpOBaHHhIX JIHCTOB B 

o6beMe CBHHUa H BeJil11.£HH 3arny6neHID1 

OTBepCTHH HCTe'ieHI-UI BOW,) no.n cso6o,n­

HblH yposeHb pacnnasa CBHHUa. Ha Ma­

KeTHOM o6paJue M02 ocymecrnn.s1nacb 

no,naqa B0./lbl C nOBbillleHHh!M co,nep)KaHH­

eM COJieH, Ha .npyrHX CTeH./lax - OTCTO.RB­

rneik.ii so,nonpoBO.u;HOH BO.llhl. 

Hccne.nosaHID1 reoMeTpHH H pa3Mepos 
OTBepCTHH HCTeqeHI-UI B0,[(bl B CBHHel.{ no­

Ka3aJIH, 'iTO HaH6onee OnTHMaJihHa c 

PHc. 4. CxeMa npHHUHIDlaJJl,HaJI MaKeTHoro o6paJua 2 (M02): 1 - paCllIHpHTeJib; 2 - 0O.llBO.U. " coJieHOH" BOD.bl; 3 - OT­
BO.U. napa; 4 - CTaKaH nepeJIHBHOH; 5 - OTBepCTHe .npeml)l(HOe; 6 - <jJHJJhTJ) Mexam1qecKHH " nyTaHKa"; 7 - OiryCKHOH 
yqacrnK; 8 - HCnapHTeJib; 9 - KOJIJieKTop; 10 - OTBepCTHe HCTe'-1:eHH.ll BOJlbI; 11 - nep<jJopHpOBaHHh1e JIHCTbl 
(0 = 3 MM, don= 3,0 MM); 12 - -rpy6a qeXJIOBa.ll; 13 - -rpy6a OOJIBO./la BO./lbl ; 14 - COHpaJib 3JieKTJ)OHarpeeaTeJibHaJI; 15 -
TellJIOH3OJll!UH.ll; 16 - eeHTHJJb .n.peH3)1(HblH; 17 - lllryuep faJOBbIH 
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PHC. 5. Pacnpen.enem1e BepnrKanbHhlX COCTiiBJIJUOIUHX CKOpOCTeli IlOD.beMa nyJblpeH BOD.bl, napa (a) H paJMepOB nyJbl­
peH (6) B CBHHUe Ha MaKeTHOM o6paJue M02 (BeJIITTHHa Jarny6JieHIDI 3KL{ OTHOCHTem,HO CB060D.HOH noBepxHOCTH 
CBHHUa ~530MM): ycJIOBIDI HCilhlTaHHH - non.al.fa BOD.bl "lepe3 HaCaD.KY co memrMH lllHJ)HHOH 1,4 MM c ycTaHOBJieHI-lhJMH 
orooliHhlMH JIHCTiiMH; Jarny6neHHe HaCaD.KH non. CB060D.HblH ypOBeHb CBHHUa he= 1 400 MM; n.aBJieHHe BOD.bl B Hacan.Ke 
P = 0, 15 MIIa; D.JIHTeJibHOCTb non.a'lH BOD.hi t = 120 MHH; pacxon. BOD.hi Q = 0,33 nJqac qepe3 Hacan.Ky 

To•urn 3peHIDl .n.1-1cneprau11_1-1 "ner1<oi:i" cpa:n,1 reo­

MeTpm1 ropH30HTaJibH0 0pHeHTHp0BaHHblX LQeJieH 

H TPeIUHH. Ilo.n.TBep)l(JteHo, <rro nepcpopHpOBatt­

Hbie JIHCTbI, ycTaH0BJieHHble Ha nyTH BCnJiblTIDI 

nyJbtpei:i, cnoco6cTBYJOT .n.po6neHIDO nyJb1peH H 

HHTeHCHq>HUHPYJOT Tennoo6MeH. 

Ha p11c. 5 npHBe.n.eHo pacnpe.n.enem1e pa3Me­

pos nyJb!peH, 3acpmccHposaHHOe 3K,ZJ; K0HCTPYI<­

UHH HrTY, H sepTHI<aJibHblX C0CTaBJIJUOIUHX CKO­

pocTeH nyJbipeH Bo.zn,I, napa. 

IT01<aJaHo, <rro noJTHoro HcnapeHIDI 1<anenb 

K0H)].eHCaTa B napoB0M ny3blpe M0)l<H0 )].0CTH'lh 

"1epe3 ~ 400 MM BblC0Tbl era n0)].'beMa B C0CTaBe 

.D.ByxK0Mn0HeHTHOfO n0T0Ka CBHHel.(-B0)].a, nap. 

,[locTIDKeHHe cymecTBeHHoro neperpeBa napa B 

TTY3b1pb1<ax TPe6yeT JHat:fHTeJibH0 6oJTbllleH npo­

.n.omKHTeJibH0CTH BpeMeHH K0HTaKTa napa B ny3bl­

pe co CBHHL(0M )].0 era cenapaUHH Ha CB060)].HOH 

nosepxttocTH nocne.n.Hero. Ha MaKeTHhlX o6pa3uax 

semi'rnHa napoBOH Harpy3KH Ha e.n.HHHuy nosepx­

H0CTH CB1rnua, npH K0TOpOH q>HKCHpYJOTC51 .n.onyc­

THMb!e y.n.apb! H BH6pal(HH, conp0B0)l(JtaJOl..qHe 

pa3pb1B nyJb!peH H He Be)].yLQHe K pa3pyrneHHJO 

3KCnepHMeHTaJibHOH ycTaH0BKH, C0CTaBJUleT 0K0-

JI0 0,7 M3
/(M

2
·<tac). 

3aic.rnoqeuee 

HcnoJib30BaHHe np51M0K0HTaKTH0f0 TenJI0-

06MeHa )KH)].K0MeTaJIJIH<teCK0fO TenJI0H0CHTem1. H 

80)].bl 0TKpb!BaeT B03MO)KH0CTb C03)].fillIDI 51)].epHO­

ro peaKTopa, o6na.n.ruoll.(ero p51.D.0M npeHMymeCTB. 

O.n.HaKo HMeeTc51 p51Jl. cneL(Hq>Ht:fecKHX rrpo-

6neM, ,l).JUI perneHH51 K0T0pbIX aBT0paMH pa3pa6o­

TaHbl H 3KcnnyaTHpYJOTC51 3KCnepHMeHTaJibHble 

CTeH)].bl. ITpe.n.cTaBJieHHble B pa6oTe )].aHHble npo­

Be,n:eHHbIX 3KCnepHMeHT0B .n.eM0HCTPHPYJOT Ha­

npaBJieffile H MeT0,ll.KKH HCCJie,ll.0Bamrn, a TaK)Ke 

~e nonyqeHm.1e pe3yJTbTaTbI. 
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IlpaBHJJa 04>opMJJeHHH CTaTeH 

(yro,rneHHble B COOTBeTCTBHH C Tpe60B3HHHMH BAK 2008 r. - BhmeneHI,I nhK mpH4>ToM) 

IlpH no.n.roTOBKe CTaTbH a c6opHHK asTOp }J.OJl)f(eH PYKOBOJJ.CTBOBaTbC.SI CTaHJJ.apTOM "OplffHHaJlbl aBTOp­

CKHe H TeKCTOBbie m.n.aTerrhCKHe" (OCT 29.115 - 88). K asTopcKHM opHrnHanaM, nepe.n.asaeMblM JJ.Jl.H m.n.a­

HH.H, npe.D.b.HBJUIIOTC.H cne.n.ymm11e Tpe6osaHH.H: 

1. 3K3eMnm1p CTaTbH JJ.OJl)f(eH 6hITb nepBblM, OTnel!aTaH Ha OJJ.HOH CTOpoHe JJHCTa cpopMaTa A4 wpHcp­

TOM N!! 12 q epe3 2 HHTepsana. CTaTbsi: .n.om1rna 6hITh cocTasJJeHa s cne.D.yJOmeM nopsi:.n.Ke: HHJJ.eKc YW; 3a­

rrras11e; HHHUHaJlbl H cpaMHITHH aBTopos; MeCTO pa60Tbl Ka)f(JJ.Oro aBTOpa C nOl!TOBblM a.n.pecoM; aHH0TaUH.H 

(He 6onee 10 crpoK); KJUO<JeBb1e cnoBa - Bee Bb1wenepeqeCJ1eeuoe ea pyccKOM u aurnuiicKOM HlblKax; 

TeKcT; CTIHCOK mneparypb1; pHCYHKH; no.n.p11cyHOl!Hble no.n.nHCH (Ha OTJJ.eJJbHOM JJHCTe). 

2. CTaTb.SI .n.om1<Ha Ta.IOKe npe.n.ocTilBJJ.!lTbC.SI o6si:3aTeJJbHO B BHJJ.e :meKTpOHHOH sepCHH o6hll!HblM lllpHcp­

TOM N2 11 Times New Roman, Me:ll<JJ.YCTpO'llihJH wmepsan - OJJ.HHapHbIH, B pe.n:aKTope Word 97 mrn 6onee 

no3JJ.HHX sepcHH. TeKcT He cpopMaTHpyeTc.H, s Kal!ecTBe HMeHH cpa11na wcnoJJh3yeTcx <1>110 nepsoro asTopa 

CT8TbH. KaBbll!KH B TeKCTe CTaB.SITCSI npH attrJJHHCKOH pacKJJa.n.Ke KJJaBHarypbl (" .. "). 

3. Co.n.ep)l(aHHe CTaTI,H JJ.OJDKHO 6bITb KpaTKHM H l!eTKHM. l1cKJ110l!alOTCSI o6mwe paccy)l(JJ.eHHSI, H3BeCT­

Hbie fIOJJO)l(eHH.H. He .n.onycKaeTCSI .u;y6m1posatt11e MaTepHana B TeKCTe, Ta6JJHI.{ax, no.n.pHCyttOtfHblX Ha}J.TIH­

C.!lX. Heo6XOJJ.KMO co6JJIO}J.aTb e}J.HH006pa3He B Ham1caHHH TepMHHOB, HaHMeHOBaHHH q>H3Hl!eCKKX seJJHl!HH 

H e,UHHHU H3MepeHID1, ycJJOBHblX o603Hal!eHHH, COKpameHHH, CHMBOJJOB. HaHMeHOBaHH.H H o603HatJeHHJI 

e.n.HHKU q>H3Hl!eCKHX semr:nrn Heo6XOJJ.HMO npHBOJJ.HTh s CHCTeMe CH. 

Heo6XOJJ.HMO o6pamaTb BHHMaHHe Ha HanHCaID!e nponHCHblX H crpO'IHb[X 6yKB: pycCKHe w rpeqecKHe 

6yKBbl (a, ~. y, cp H T.JJ..) Ha6i-rpa10TC.SI np.HMO, a JJaTKHCKHe (x, y, z, w H T.JJ..) - KypcKBOM. Te )l(e Tpe6osaHHK B 

o603Hal!eHK.HX tty)l(HO co6JJJO.n.aTb npH Ham,caHHH 1-rn.n.eKCOB H CTeneHeH B q>OPMYJJax. O6o3Hal!eHH.H MaTpHQ 

11 BeKTopoB Ha6HpaIOTC.SI no~pHbIM wpHq>TOM np.HMO. <DopMYJJbl, BKJJIOl!eHHbie a TeKCT, CJJeJJ.YeT Ha6H­

paTb 6e3 yseJJHtJeHH.H HHTepsana Me:ll<JJ.Y crpoKaMH, HanpHMep bid, exp(x/e). 

4. Ta6JJHQbl ttyMepyJOTCSI, Ka)f(JJ.a.H Ta6JJHQa }J.0Jl)f(Ha HMeTb 3aroJJOBOK. CoKpameHH.H B rpacpax Ta6JJHl.{b1 

He .n.onycKalOTCSI. B TeKCTe He06XOJJ.HMbl CCbIJIKH Ha see Ta6JJHQbl. Ta6JJHUbl nel!aTaJOTCSI B o6meM TeKCTe 

nocne nepsoH CChlJJKH. 

5. <DopMYJJbl H 6yKBeHHbie o603Hal!eHH.H BeJJH'-IHH JJ.OJDK.Hbl 6bITb pa3Mel!eHbl H cpa3y pacnrncppoBaHbl. 

<DopMYITbl ttyMepyJOTCSI apa6CKHMH QHq>paMH, HOMep CTaBHTC.!l C npaBOH CTOpOHbl JJHCTa B KpyrfilJX CK06Kax. 

HYMeposaTb CJJeeyeT TOJ11,KO Te cpopMYJJbl H ypaBHeHlUI, Ha KOTOpble eCTb CCbJJJKa B nocneeyromeM H3JJ0)l(e­

HHH. <l>opMYJJbl Bb1I10ITHJlfOTCSI B pe.n.aKTope Equation 3.0 npH HeB03M0)1(HOCTH Ha6opa Ha KJJaBHarype 

I I 
(x;,y;,F,f x,- H T .JJ..). Ilo.n.cTpOl!Hble H Ha}J.CTPO'IHbJe HH,UeKCbl BBOJJ.SITCSI C KJJaBHarypbl (x3, KM

2 
H T.JJ..), 

0 y 

rpeqecKHe 6yKBbl BCTaBJJSIIOTCSI qepe3 MeHFO BcmaeKa ➔ CUMBOn. 

6. B TeKCTe CTaTbH pHCYHOK o6x3aTeJJbHO npe,ncTaBJJ.HeTCSI Ha OT}J.eJJbHOM ITHCTe cpopMaTa He 6onee A4. 
Ha pHCYHKax .n.onycKaeTCSI MKHHMaJJbHOe l!HCJJO o603Hal!eHH_H - KpaTKHe QHq>pOBble (no nop.HJJ.KY HOMepoB 

CJJesa Hanpaso HJJH no t.taCOBOH CTpeJJKe) HJJH 6yKBeHH1>1e o603Hal{eHIDI. Bee nosi:cHeHHSI BblHOCSITCSI B no.n.pH­

cyHOl{Hl,[e TIOJJ.TIHCH. Ha o6opoTe Ka)f(JJ.Oro pHCYHKa YKa3bIBalOTC.SI cpaMHJlliH aBT0pos, Ha3BaHHe CT8TbH, HO­

Mep pHCyttKa, o603Hal!eHH.H sepxa H HH3a. BeyrpeHHHe Ha,nnHCH Ha pHCYHKax Ha6HpaIOTCSI wpHq>TOM N!! 10. 
BHH3Y Ka)f(JJ.OfO pHCyttKa JJ.OJl)f(Hbl 6b!Tb npHBe,neHbl ero HOMep H no,npHCYHOl{Ha.ff no,nnHCb UipHq>TOM N!! 10. 
IlpH HaJJHT.!HH HeCKOJJbKHX pa3JJHl!HblX rpacpHKOB Ha OJJ.HOM pHCYHKe Ka)f(JJ.b!H H3 HHX o603Hal!aeTC.SI pyccKH­

MH 6yKBaMH a), 6), s) H T.JJ.. H pacurncppOBbIBaeTCSI. 

B KOMITblOTepHOM BH}J.e pHCYHKH npeJJ.CTaBJJSIIOTC.SI B OT,UeJJhHblX cpaHJJax, BbinOJJHeHHble B rpaq>HtJeCK.HX 

pe,naKTopax Paint, PhotoShop, Core/Draw a qepHo-6enoM useTe (cpoTorpacpHH B pacTpoBOM cpopMaTe tif, dpi-

300). PwcyHKH B Word He scTaBJJJITh KpoMe cnyqaes, Kor,na pwcyHoK H3HatJaJibHO BbmorrHeH B Word. 
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7. CcblnKH Ha JlHTepaiypy B TeKCTe )J.aIOTC.!l no nop.!l.ll.KY apa6CKHMH L(Hq>paMH B KBaApaTHbIX CK06Kax. 

CnHCOK JlHTepaiypbl COCTaBJl.!leTC.!l B TOH )Ke nocJie)J.OBaTeJibHOCTH, B KOTOpOH npHBO)J..!lTC.!l CCbIJIKH Ha JIHTe­

paiypy. <I>aMHJlHH 11 HHHUHaJibl asTOpOB Ha6HpaIOTC.!l noJlY)l(HpHbIM KYPCHBOM. 

8. CnHCOK JlHTepaiypbl CJleeyeT ocpopMJI.!lTb s COOTBeTCTBHH c focy)J.apcTBeHH1,JM CTattAapTOM "EH6JIHO­

rpacpHqecKOe on11caH11e AOKyMeHTa" (fOCT 7. 1-2003), s qacTHOCTH, Heo6xo)J.HMO YKa:3aTb: 

a) .QJlj{ ~pHaJibHbIX CTaTeH - cpaMHJIHH H HHHQHaJibl aBTOpOB (He MeHee TPeX nepBbIX), Ha:3Batrne CTilTbH, 

Ha:3BaHHe ~pttana (6e3 KaBb1qeK), fO)J., TOM, BbinyCK, HOMep, CTPattHQbl; 

6) .QJlj{ KHHf - cpaMHJIHH H HHHQHaJibl aBTOpOB, nOJIHOe Ha:3BaHHe KHHfH, MeCTO H3)).aHH.!l, H3)).aTeJibCTBO 

(6e3 KaBbJqeK), fO)J. H3)).aHH.!l; 

B) .QJI.!l aBTOpecpepaTOB )J.HCCepTaUHH - cpaMHJIHIO H HHHQHaJibl asTOpa, Ha:3B aHHe aBTOpecpepaTa )J.HCcep­

TaQHH, Ha COHCKaHHe KaKOH yqeHOH CTeneHH HanHcaHa )J.HCcepTaQH.!l, MeCTO H fO)J. 3amHTbI; 

r) AJI.!l npenpHHTOB - cpaMHJIHH H HHHQHaJibl aBTOpOB, Ha:3BaHHe npenpHHTa, HaHMeHoBaHHe H3)).ruomeii 

opraHH3aQHH, WHq>p H HOMep, MeCTO H fO)J. H3)).attH.!l; 

A) AJI.!l naTeHTOB - cpaMHJIHH H HHHQHaJibl aBTOpOB, Ha:3BaHHe naTeHTa, CTPaHY, HOMep H I<Jiacc nareHTa, 

)J.aiy H fO.ll. 3a.!lsneHH.!l 11 ony6m1KoBaHH.!l naTeHTa; 

e) .QJI.11 OHeTOB - cpaMHJlHH H HHHQHaJlbl aBTOp0B, Ha:3BaHHe 0HeTa, HHBeHTapHb!H N!1, HaMMeH0BaHHe 

opraHH3aQirn, ro)J. Bb1nycKa; 

)f() .QJlj{ :meICTpOHHblX HCT0q}{J,{K0B - nOJIHblH 3JleICTpOHHblH aApec, 003B0Jl.1110InHH o6paTHTbCR K ny6JIH­

KaQHH. 

9. B KOHQe TeKCTa nepe)J. cnHCKOM mrrepaiypbl YKa:3blBaeTC.II KORTaKTnas uncl,opManes O ecex 3BTO­

pax CTaTLU: cl,aMHJIHH, HMS H OT'ICCTBO (DOJIBOCTLJO), )J.OmKHOCTL, TeJiecl,ou, e-mail H no )f(eJiattHIQ aBTO­

pa - .ll.0MarnttHH nocrrosbIH a)J.pec. 
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BHHMaHHIO quTaTeJieii: 

uayquo-TexuHqecKoro c6opHHKa 

"BonpOChl aTOMHOH uayKH H TeXHHKH. Cepm1: <l>HJHKa smepHblX peaKTopoe"! 

PeJJ.Korrrrenui: c6opHHKa "BAHT. CepIDI: <l>H3m<a ,mepHbIX peaKTopoB" HmpopMHpyeT 

aBTOpOB H 'illTaTeJieH c6opmrna 06 opraHH3aUHH co II norryrOJJ.HH 2007 r . IlO)].IlHCKH Ha 

"BART. Cepm1: <l>H3HKa gJJ.epm,1x peaKTopoB". C6opHHK BKmoqeH B KaTarror "l13JJ.aHIDI 

opraHOB HayqHo-TeXHHqecKoH HHq>opMaUIIB" OAO AreHTCTBa "PocneqaTb" (HH.lleKc 66675, 

IlO)J.IlHCHruI ueHa 200 py6. 3a O.UHH 3K3eMIIJIHp). 

HanoM1rnaeM, qTo "BAHT. CepIDI: <l>H3HKa H.Uepu1,1x peaKTopoB" no-npe)KHeMy H3JJ.aeTcH 

B rpex BbIIlYCKax: <l>H3m<a H MeTO.llbl pacqeTa ,mepHbIX peaKTOpOB, ,A1rnaMHKa H 6e3onaCHOCTb 

,mepHblX 3HepreTH'ieCKHX ycTaHOBOK H MMnyJihCHbie peaKTOpbl H npOCTble Kp.liTHqecKHe 

c6opKH. 

IlpH3blBaeM 3aIIBTepecoBaHHbIX cneuHaJIHCTOB no.n..uep)KaTb aKTHBHOH IlO)].IlHCKOH 

c6opHHK "BAHT. CepHH: <l>H3HKa ,mepHbIX peaKTopoB". 
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BOilPOCLI ATOMHOH HAYKH H TEXHIIKII 

C e p H Jr: <l>H3HKa Jr.l{epHbIX peaKTopoB 

BblnycK 4 

OTBeTCTBeHHbIH 3a er,mycK C.M. 3apHUKHR 

Pe.naKTop B.B. Il'leJIHH 

noiimmmo e ne'laTb 29.09.08. <l>opMaT 70xl08/16 
TTe'!aTb o<j>cCTHaJI. Yen. ne'I. n. 11,0. Y 'I.-H3ll. 11. 12,5. THpa>K 250. 111-UleKc 3646. 9 craTeA. 3aKa3 60 

Orne'!aTaHO B PoccttACKOM Hay'!HOM UCHTPC "Kyp'!aTOBCKHA HHCTHTYT" 
123182, MocKea. nn. AKaiieMHKa Kyp'laTOBa, I 

________,;aa. 
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