
~ 
0:6LE,l(HHEHHbIH HHCTHTYT Jl,l(EPHI,IX HCCJIE,l(OBAHHH 

1-2002-182 

l-0-9 f( .i Ha rrpaBax pyKOIIHCH 
Y,l{K 539.1.07: 539.126.333 

IOXHMqYK 
ApKa.4Hii ApKa.41,eBHq 

PA3PA60TKA H C03,l.{AHHE KOMIIJIEKCA 

Jl,JIJI HCCJIE,l{OBAHIDI MIOOHHoro KATAJIH3A 
JIJJ,EPHbIX PEAKIJJfH CHHTE3A 

B llJIOTHbIX CMECJIX H30TOTIOB BO,l{OPO,l.{A 

Crrea;irnn1,HocT1,: 01.04.01 - npn6ophl H MeT0,41,1 
3KCilepHMeHTaJII,HQH q>H3HKH 

ABTope<pepaT ~HccepTal.{HH Ha COHCKaHHe yqeuoii CTerreHH 

~OKTopa TeXHHqecKHx HayK 

)zy6ua 2002 



Pa6orn BbID0JIHena e PoccuiicKOM <l>eJJ.epaJibH0M HJ.J.epuoM QeHTpe -
BcepOCCHUCK0M uay-crno-HCCJie)J.0B8TeJibCK0M HHCTHT)'Te 

3KcnepHMeHT8JlbHOii cJ>H3HKII 
(Capoe) 

u e Jla6opaTopu11 Sl,IJ.epublx npo6JieM HM. B.II.)vtcenenoea 
O6'be)J.UHeHH0r0 uucnnyra SIJ).epHblX ucCJie)J.OB8HHU 

(,l].y6na) 

Olf>uQHaJibHble onnoueuTbI: 

JJ.0KTOP q>H3HKO-MaTeMaTH'JeCIGIX Ha)'K, npocpeccop, 

tJJiett-1<oppecnoHJJ.eIIT P AH 

,nmcrop q>H3HKo-MaTeMamqecKHx ttay1<, npocpeccop, 

tJJiett-KoppecnoHJJ.eIIT P AH 

.D.0KT0p TCXHH'leCKHX HayK, C.H.C., 

a1<a,neMHK MAH3E 

repllITeHH C.C. 

Orattec.llH IO.~. 

oeJIOBOJJ.CKHH JI.<l>. 

BeJJ.YmaH opramnaQ11H: Hayqtto-»ccne.u.oaarem,cKHii HHCTmyr 

q>H3HKH HM. <l>oKa CaHKT- IleTep6yprcKoro rocy.u.apCTBeHH0fO yttHBepcHTeTa, 

r. C.-IleTep6ypr 

3amHTa .u.»ccep1cu.um coCTOHTC.ll " ~ ~2r. Ha 3ace,naiIHH 

JJ.HCCepnuuI0HH0fO C0BeTa _n720.001.03 B O61,eJJ.HHCHH0M HHCTmyre .llJJ.epHI,IX 

»ccne,noaam-1ii, 

r . .nJ6uaMoc1<0BCKOH o6nacm. 

C .n»ccepTaQneii M0»cH0 o3HaK0MHThC.ll B 6n6n»0Te1<e OH5IH. 

AnrnpecpepaT p83ocnaH J.;" Vil( · 2002r. 

YlleHhIH ceKJJerapb coaeTa 

JJ.0KT0p q>H3HKO-M3TeM3Tff'leCKHX HayK .. ~~ EarycoB IO.A. 

1' 

\I 

t 

I 

11 

,j 
l 
' 

OliW:AH XAPAKTEPHCTHKA PAliOTbl 

AKTyllJILHOCTL TCMLI 

Teopeni.qecKII MIOOHHhlll KanUIH3 JIJ(epHI,IX peaKI(IIll CIIHTe:3a (.narree no TeKCTY MK) 

6WJ npe,nCKa3aJI qapm,30M <l>paJIKOM 6onee 55 JleT TOM)' Ha3a,n B 1947 ro.zzy, nocne OTKphITIIll. 

JlaTeCOM, OKKIIaJIIIHII II ITa)'3JIOM B 1937r. 1t-Me:30Ha II ero pacna,na Ha MIOOH II HellTplIHO: 

n±➔µ± + vµ- ro.n cnycrn B 1948r. A.,n:. Caxapos noK.narr, qyo nocne o6pa30BaHIIll. ddµ

MOJieKYm,1 MrHOBeHHO npOIICXO,nHT JIJ(epHM peaKI(Hll, II npeMOlKHJI IICnOJI!,30BaTh MK ,nJill. 

npomso,ncTBa :meprn1I II HeiiTpOHOB. B 1954r. B 1954r • .H.E. 3en1,,n0B1Iq sneps1,1e ol(eHHJI 

CKOpOCTh JIJ(epHOll peaKI(IIII B ddµ-MoJieKYJie, KOTOpall. 0Ka3aJiaCL Ha MHOI'O nOpJIJ(KOB 

BeJIIIqn:Hl,J Bhlllle, qeM CKOpOCTh pacna.na MIOOHa. 11 TOJihKO n I 956r. AJI1,sapel( 

::iKcnepHMeHnUihHO o6Hap)')KHJI MK B Qeno~e peaKI(IIII pµ➔ dµ➔ pdµ➔ 3He + µ·. 3-ro 

OTKphlTHe Bhl3BaJIO 6on1,moii 3HyY31Ia3M cpe,nn: 4>m1IKOB. Pa60T1,1 no 1Iccne,nosaJIHIO npoQeccon 

MK 6WIII pa3BepHyYhl no BCeMy MIIpy. O.nttaKO nepBhie )Ke 3Kcnep1IMeHnUihHhle pe3yJihTaThl B 

lKH,nK01ii:
0

,neiiTepim'·noKa3aJIII, qyo CKOpOCTh o6pa30BaJIIIll. ddµ MOJieKYJihl oqeHh Marra (7-104c"1>, 

a; cooTBeTCTBeHHO, l(enoqKH MK oqeHh KopoTKH. 3TOT pe3yJll,TaT 3Haqn:TeJll,HO YMeHhIIIIIJI 

mrrepec K myqaeMOM)' ll.BJieHIIIO Tex «l>H31IKOB, KOTOphle XOTeJIII cp.ny )Ke np1IMeH1ITI, MK ,nJill. 

nony,ieHIIJI "qn:cToii JIJ(epHoii" ::iHeprn1I. 

Cne.nyioll(He Illl.TL JieT (l 962-67r.r.) pa6oThl B 3TOii o6nacrn rrpo.no=arrlI JIIIIII!, ,nae 

rpyrrn1,1: n .D:y6He rpyrrrra B.rr.,n:)KeJierrona II n OOJIOHhe {llnUIIIll) rpyrra E. Zavattini. 11 IIMeHHO 

B no BpeMll. B 3KcnepHMeHTaX C I'a30Bh!MII MIIIIIeHll.MII BhlCOKOro ,naBJieHHll. B .D:y6He 6wio 

OTKphITO HOBOe ll.BJieHIIe - ll.BJieHIIe pe30HaJICHOro o6pa30BaJIIIll. MOJieKYJihl ddµ. OKa3aJIOCh, qyo 

CKOpOCTh o6pa30BaJIHll. ddµ -MOJieKYJI 3aBIICIIT OT reMnepayYphl, B qacTHOCTII, ·nplI TeMrrepayYpe 

380K OHa Ha rropl!J(OK BeJIIIqn:Hl,J 6oJihIIIe, qeM n )KII,nKOM ,neiiTep1III. O6MCHeHIIe 3TOMY 

Ha6JIIO,neHHIO 6wio npe,nJIO)KCHO EA. BeCMaJIOM, pa6oTaBIIIero n m BpeMJI n .D:y6He no,n 

PYKOBO,nCTBOM c.c. repIIITeiiHa. OCHOBHaJI n:,neJI 3aKJIIOqarraCL B TOM, qyo HeiiTpaJihHhlll dµ

aTOM rrpoHHKaeT B MOJieKYJIY .neiirepHll. II rrpHJIIIIIaeT K 0,nHOMY II3 ero JIJ(ep, o6pa3yll. HOBhlll 

Me:30MoJieKYJlll.PHhlll KOMIIJieKc cornacHo peaKI(HII dµ + D2 ➔ [(ddµ)d2e] •. 3Hephrn CBJI31I 

o6pa3YJOII(eI'OCll. KOMIIJieKca paBHa 3Heprn:n: CBll.31I ddµ - MOJieKYJihl -2::iB II KIIHeni.qecKoii 

3Heprn1I HarreTaIOII(ero dµ aTOMa. CKopoCTh 06pa30BaJIHll. ddµ - MOJieKYJihl 3aBIICHT OT 

reMITepayYphl, rroCKOJll,KY 3a cqey ::iHeprnlI Harrernromero dµ - aTOMa E=3/2kT OCyll(eCTBJlll.eTCJI 

pe:30HaJICHaJI no,nCTpOHKa. ITOO)Ke JI.11.IToHOMapeB II ero KOJIJiern npoBeJIH Teopeni.qecKHe 

pacqeThl TpexqaCTHqn:oii CIICTeMhl C KYJIOHOBCKHM B3aHMO,neiiCTBIIeM, B KOTOphlX OHH Brrepnhle 
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II0Jl)"IIIJIII :meprmo cna6o CBll3aHH0ro C0CT0llHilll M0JieKyJihl, paBH)'IO 1.9638, 'ITO 

II03B0JIIIJI0 C xopoweii TQqHQCThlO 0IIIICaTh 3KCIIepI1MeHTaJihHhle J(aHHhie, II0JI)"IeHHhle 

rpyrrrroii B.IT • .n:)I(eJierroBa. OKpbIJieHHhie JTIIM ycrreX0M, B 1977r. 0HII 0IJeHIIJIII 3Heprn!O CJia6o 

CBll3aHH0ro B036y)I(J(eHHOro C0CT0llHilll dtµ-MoJieKyJihI, K0T0pal! 0Ka3aJiaCh paBH0H Bcero JIIIIIII, 

0.6638. PacqeThl TaK)I(e II0Ka3aJIII, qTQ K0JIIlqecTB0 IJIIKJI0B MK B cMeCII J(eiiTepilll II TPIITilll, 

IIHIIIJIIIlpyeMoe 0J(HIIM MIO0H0M, J(QJI)I(H0 6b!Th paBH0 ~ 100. J:(Jill rrpoBepKH JT0ro pe3yJihTaTa B 

.D:y6He Bcero 3a rot( 6bIJIII C03J(aHhl MeT0J(IIKa II 06opyt10BaHI1e Ml! rrpOBeJ(eHilll 3KCrrepI1MeHTOB 

B J(eiiTepIIH-TPIITileBh!X CMeCllX, II ~e B 1978r. 6hIJIO ycTaH0BJieH0, qTQ CK0p0CTh o6pa30BaHIDI 

dtµ - M0JieKyJihl "-dtµ"" 10
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B II0JIH0M cooTBeTCTBIIII C rrpeJ(CKa3aHilllMII Te0peTIIK0B. 

ITOl!BJieHile 3TIIX pe3yJihTaT0B Bhl3BaJI0 H0B)'IO B0JIHY 3KCIIepIIMeHTaJihHh!X II 

TeopeTIIqecKIIX IICCJieJ(oBaHIIH rrpoIJeCC0B MK rrpaKTilqeCKII Ha Bcex YCTaH0BKax, crroco6Hh!X 

rro.rryqaTh Me30HhI: LAMPF (ClllA), PSI (lllBeii1JapI1ll), JIIDI<l> (PocCilll), KEK (51rroHIDI), 

TRIUMF (KaHMa), RAL (8eJIIIKo6pIITaHIIll) II pllt1e t1pyrnx. 8 1982r .• , 6hmII HaqaThI 

3KCIIepIIMeHThl B Jloc AJ!aMOCCKOH HaIJIIOHaJihHOH Jla6oparnp1rn C J(eiiTepIIH-TPIITIIeBh!MII 

MIIIIIeHllMII BhIC0K0ro J(aBJieHIDI, B K0TOphlX 6hIJIII rro.rryqeHhl peK0pJIHhie Bh!Xptlhl HeHTPOHOB 

(150±20) Ha 0JIIIH MJO0H. 8 PSI (8IIJIJIIIreH) c yqacmeM IMEP (8eHa), LLNL (JlIIBepMop) II 

L8L (EepKJIII) rrpoB0J(IIJIIICh IIccnet10BaHIIll MK B )I(IIJIKIIX t1eiiTepIIii-TPIIT1IeBhIX cMecl!x. 8 

faTqIIHe rpyrrrroii A.A.8opo6beBa B 1983r. 6hma C03J(aHa 0JJilrHHaJihHal! II0HII3aIJII0HHal! 

KaMepa BhIC0K0ro J(aBJieHIIll ( ~ lOMITa), Ha KOT0p0H BII0CJieJ(CTBIIII 6hIJIII Bh!II0JIHeHhl 

rrpeIJII3II0HHhie II3MepeHIIll napaMeTP0B MK. OJ(HaKO 3TII pe3yJihTaThl J(aBaJIIICh He Jieraoii 

IJeHOH. Co3J(aHHhie YCTaH0BKH 6hlJIII HanpaBJieHhl Ha no.rryqeHilll "6hlCTPOro" pe3yJihTaTa II He 

orneqaJIII B IlOJIHOH CTeneHII BCe B03pacTaJOIIJIIM TPe60BaHIIllM PMIIaIJIIOHHOH 6e3onaCHOCTI!. 

IT03)I(e 06 ycJI0BIIllX pa6oT Ha 3TIIX ycTaH0BKax roB0pIIJI0Ch: "... 11e .11a6J1100aJIOCb 

311a•mmenb11020 06ny'le11W1 nepco11ana mpumueM". ITo.rryqeHHhle pe3yJihTaThl He no3B0JillJIII 

IIcnoJih30BaTh MK ,Ami rrpllM0ro rro.rryqeHllll JHepmII (,Ami noJI0)I(IITeJihIIoro JHeprcrIIqecKoro 

Bh!X0J(a Heo6xOJ(II~O He MeHee 300 aKT0B CIIHTe3a Ha .0JIIIH MIOOH) •. 3TO CKa3aJI0Ch If Ha 

npoBeJ(eHIIII J(aJihHeiiumx IICCJieJ(OBaHIIH MK, II . K K0HIJY 80-x IIX IIHTeHCIIBH0CTh CH0Ba 

3HaqIITeJihH0 YMeHhIIIIIJiaCh. 

TeM He MeHee, ,ZJ;a)I(eHpII =cJie IJIIKJI0B ~100/µ- MK M0)I(H0 IICII0Jih30BaTh B MIO0HH0-

Ka~aJIIITIIqecK0M. rn6pIIJIH0M peaKTope (MKrP) II IIH~eHCIIBH0M IICT0qHIIKe M0H0Xp0MaTIIqHhlX 

14 M38'HhIX HeiiTP0H0B (MK 0.0.H). 

8 1992r. 6hlJIII Bh!II0JIHeHhl TeopcrI1qecKIIe pa60Thl, npeJ(CKa3hlBaIOIIJIIe H0Bhie 

oco~eHHOCT~ MK B :rrouHOH CMeCII. OKa3aJIOCh, 'ITO CKOpOCTh pe30HaHCH0ro o6pa30BaHIIll dtµ 

- M0JieeyJihI B CMeCII B HeCK0JihK0 pa3 BhIIIIe, qeM B 6IIHapHoii D/T CMeCII. 
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J:(Jill IT0J(TBep)I(J(eHl!ll ' 3TIIX TeopeTIIqecKIIX npet1CKa3aHIIH II Hax0)I(J(eHIIll 

0ITTI!MaJihHh!X ycJI0BIIH npoTeKaHl!ll MK B CMeCII H/D/T, ITOTPe60BaJIOCh npoBeJ(eHIIe 

CIICTeMaTHqecKHX IICCJieJ(OBaHIIH npoIJeCC0B MK B MHOroqJaKTOpHOM np0CTPaHCTBe 

TeMneparyp, J(aBJieflllll II KO!fIJeHTPaIJIIH H30TOil0B B0JI0p0J(a (0.8) B l!CCJieeyeMh!X CMeCllX. 

KpoMe TOro, pe3yJihTaThl IICCJieJ(OBaHI!H MK M0ryT 6h!Th IICIT0Jih30BaHhl II IIIIIp0K0 

IICil0Jlh3)'!0TCll B TaKIIX o6JiaCTl!X qJYHJlaMeHTaJihHhlX IICCJieJ(OBaHIIH KaK: amOMIIWI q>U3UKG, 

MO!leK)l!IHpllWI q>U3UKa, 11oep11W1 q>U3UKa, q>U3UKa cna6blX 63GUMOOeiicm6uii U K6Gllm06WI 

3/leKmpoOUllw.tUKa. OCHOBHOH npo6JieMoll:, 6e3 peIIIettHll K0TOpoll: HeB03M0)I(H0 6hIJIO 

0CYIIJeCTBIITh 3TII pa60ThI, 6h1Jla npo6JieMa C03J(aHllll PMllaIJIIOHH0-6e3onacHoro o6opyJ(OBaHIDI 

,Ami pa6oT c TPHTI!eM B Hll3KOqJOHOBoii na6oparnpIIII qJa30TPOHa MIT OIDIH, peIIIeHHe 

KOTOpoii llBJilleTCll aKmVaJlbHOU 3QOa'teii, HMeJOIIJeii Ba)I(H0e HayqHoe 3HaqeHI!e. 

8 CBll3II C BhlIIIeII3JI0)I(eHHh!M 0CHOBHOH l{eJlblO ouccepmauuouuoii pa6ombl llBJilleTCll 

co3JlaHIIe paoua~uo11110-6e3onac.11020 06opyt10BaHIIll ,Ami pa6oT c TPHTHeM npII npoaet1eHIII1 

CIICTeMamqecKIIX JKCnepIIMeHTaJihHhlX IICCJieJ(0BaHIIll: npoIJeCC0B MK B nmp0K0M J(llaITa30He 

cMecell: H:8 npII rrnornocm 0.2 ~ p ~ 1.4, B t1IIana3oHe TeMrreparyp IO-SOOK. 

J:(Jill J(0CTII)I(eHl!ll 3TOH IJeJilf pelUaJIUCb CJleOVTOWUe 3a0Q'IU: 

• pa3pa60TKa MeTO,ZJ;0B II annaparypbl II0JiyqeHI!ll Bh!COKOfO J(aBJieHl!ll H:8, BKJIIOqaJI TPIITllll, 

npII o6ecneqeHIIII qIICT0Thl ra3a Ha yp0BHe He MeHee 10-
7
06. J(OJiell: no npIIMeCllM C D-4 II 

PMIIl!Ulf0HH0H fie3011aCHOCTII; 

• C03J(aHIIe MeT0J(IIKH Il0J(H)T0BKH CMeCI! 3aJ(aHH0ro II30T0IIH0ro II M0JieeyJillpHoro C0CTaBa 

II anrraparyphI ,Ami ee aHaJII13a; 

• C03J(aHIIe K0HCTPYK!JIIH MIIIIIeHeii, . 06ecneqI1BaIOIIJIIX, C OJ(H0H CT0P0Hhl, MIIHIIMaJihH0e 

3KpaHIIp0BaHIIe µ-nyqKa II npoeyKT0B ll,!l;epHh!X peaKIJlfH, a C t1pyrnii - PMIIaIJII0HH)'IO 

6e3onaCHOCTh II BhlC0KYJO HaJ(e)I(H0CTh; 

• Bhl6op K0HCTPYKIJII0HHh!X MaTepIIaJI0B, YJI0BJieTB0plllOIIJHX TPefiOBaHIIllM Bh!COKOH 

CTOHK0CTII K B03,neiiCTBIIIO H:8, BKJIIOqaJI TPIITIIH, o6Jia;(aJOIIJIIX xoporneii 

TeXH0JI0rnqHQCThlO, CBapIIBaeM0CThlO II HII3Kl!Mlf napaM~aMII B0,!l;0p0J(0IIp0HIIIJaeM0CTII; 

• C03J(aHIIe MeT0,ZJ;l!K II o6opy,noBaHllll ,Ami npoBe,neHIIJI HCCJieJ(OBaHIIH BJIIIJIHIIll TPIITllll Ha 

JKcnnyaTaIJII0HHhle xapaKTepl!CTI!KH K0HCTPYKIJII0HHhlX MaTepHaJI0B; 

• Bhlfiop. 3al!JIITHhlX II0KphlTIIH J(Jill npe,nornpameHllll ,!l;IIqJqJY3IIOHHhlX YTeqeK TPlITllll B 

0Kpy,KaIOIIJ)'IO cpeey; 

• C03,ZJ;aHIIe MaJiora6apIITHh!X PaMaIJIIOHHO-fie3011aCHh!X IICTQqHIIK0B H:8 BhlC0K0ro 

J(aBJieHIDI; 
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• pa:3pa6oTKa CIICTCMhl KOHTPOJlll II ynpaBJICHl!ll ycTa!IOBKOH II ee ::meMeHTaMII; 

• C03.[laHllll CIICTCMhl pa.[lllaTIIIOHHOro MOHIITOp!!Hra B ra30Bb!X KOMMyttl!KaTillllX 

TCXHOJIOruqeCKOro 06opy.z:10BaHl!ll II pafioqeii 30HC • 

.L{oCTl!lKCHIIC IIOCTaBJICHHhIX IJCJieii oc~eCTBJlllJlOCh C IICIIOJlh30BaHIICM CJIC.z:IYl(l~X 

Memoou'tec«ux u mexnonozu'lec«ux npue.uoa: 

• IICTIOJih30BaHIIC MCTaJIJIOrll.z:IPll.z:IHhlX CIICTCM .[IJlll xpaHeHllll, TpaHCTIOpTllpOBaHl!ll, 

nonyqeHl!ll .[laBJICHllll II YTl!Jlll3aTIIIII 11B; 

• IICTIOJih30BaHIIC MCTaJIJIOrll.[lpll.[IHblX Cl!CTCM II .z:1mpq>Y3IIOHHblX IlaJIJla.[IIICBh!X qJIIJlhTPOB 

.[IJlll oql!CTKII CMeceii 11B II nonyqeHllll MOJICKYJlllPHOro paBHOBCCHOro COCTOJIHllll; 

• , np!!MCHCHIIC pa.z:111oxpoMaTOrpaqi11qecKOH MCTO.[IIIKII .[IJlll aHaJill3a MOJICKYJillpttoro II 

1130TOTIHOro COCTaBa CMeceii 11B; 

• IICTIOJih30BaHIIC BO,LlpO.z:IOCTOHKIIX KM; 

• IICTIOJlh30BaHIIC IIMCJOmeiicll II C03.[laHIIC HOBOH 3KCnep!!MCHTaJihHOH 6a:3hl P<l>.5IU:

BHI1113<l> .[IJlll npoBC.[ICHIIJI: IICCJIC.[IOBaHIIH no Bbl6opy KM, IICCJIC.[IOBaHl!ll CIICTCM "MCTaJIJI 

- 11B" np11 Bh!COKIIX .[laBJICHllllX, ycKopeHHOH napa60TKII 
3
He B MaTPIIIIC KM II 

onpe.[ICJICHl!ll ero 061,eMHOfO co.z:1eplKaHlll1, npoqHOCTHOH II q>YHKIIIIOHaJihHOH OTPa60TKII 

3JICMCHTOB KOMTIJICKca, pecypCHhIX IICilhITaHllii; 

• np11MeHe1111e COBpeMCHHOro nporpaMMHoro o6ecneqeHllll II IICTIOJlb30BaH11e COBpCMCHHOH 

3JICMCHTHOH 6a:3hl .[IJIJI C03.[laHl!ll CIICTCM KOHTPOJlll II ynpaBJICHllll KOMIIJICKCOM. 

Hayqna11 HOBH3113 pa6on,1. 

1. Pa:3pa6oTaH II C03.[laH pa.z:111a11110HH0-6e3onacHh!H KOMTIJICKC TIO.[lfOTOBKII ra:30BOH CMCCII 

.[IJlll o6ecrreqeHl!ll 3KCrrep!!MCHTOB no MK, II03B0Jlll!Om11ii npoBO.[ll!Th pa6oTh! C TPIITIICM B 

KOJI11qecrnax .[10 10 KKII B ycJIOBllllX OTKph!ThIX. na6oparnp11ii, 06ecne~BaJOm11ii 

IlO.[lfOTOBKY CMCCII 3a.[laHHOro 1130TOTIHOro COCTaBa, aHaJill3 MOJICKYJlllPHOro 1! 1130TOTIHOro 

COCTaBa CMCCII, O'Il!CTKY CM.CCII .[10 ypOBHll ,HC XYJKC 10-7 
06 • .!{OJieii no np!!MCCJIM C z > 4, 

no.z:1aqy ee B MIIIIICHh H YTl!Jlll3aTill!O TIOCJIC 3aBepIIICHllll pa6oT. 

2. BnepBbie B cocy.!{ax ' BhICOKOfO , .!{aBJICHllll, np!!MCHJICMh!X .[IJlll pa60Tbl C 

TPIITHHCO.[leplKamllMII ra:3aMII ,BhlCOKOro' .[laBJICHllll, np!!MCHeHa KOHCTPYKJlllll B Bll,l(e 

aBTOq>plITIIpOBaHHOfO cocy.z:1a c .!{BOHHh!M py6eJKOM JamlIThl OT HCCaHKJIIIOHIIpOBaHHOro 

. npOHIIKHOBCHllll TPIITllll B aTMocqiepy. H0B113H3 TCXHIIqecKHx peIIIeHIIH, 3aJIOlKCHHhIX B 

KOHCTPYKJIH!O, IlO.[ITBCplK.[leHa IlaTCHTOM P<l>. 
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3. B MIIIIICHJIX .[IJlll IICCJIC,llOBaHllll npo11ecc0B MK np11Mettena CIICTCMa ClKl!lKCHllll 11B 

npoKaqKQH OXJla.[IIITCJlll (lKll.z:IKoro BO,LIOpO.!{a) qepe3 IlOJIOCTb MCJK,lly HapYJKHh!M II 

BHYTPCHHIIM KOpnycoM aBTOCKpellJICHHOfO coty.!{a. HoBll3H3 TCXH11qecKHx peIIIeHIIH 

IIO.!{TBeplK.[lena IlaTCHTOM P<l> • 

4. ,[{Jill nonyqettl!ll Bh!COKOii IlJIOTHOCTll 11B np11 IICCJIC.[IOBaJIIIJIX npo11ecc0B MK np11Menen 

MCTO.!{ H3KOTIJICHHJI lKll.[IKHX 11B B aMnyne TIO.!{ Bh!COKIIM .!{aBJICHIICM, nonyqaeMh!M OT 

BaJ!a.[IIICBOro reneparnpa. HoBl!3Ha TCXHll'ICCKIIX peIIIeHIIH IlO.!{TBCplK.[letta IlaTCHTOM P<l>. 

5. Ilonyqetthl HOBh!C PC3YJihT3Thl no .[IJIIITCJlhHOH npoqHOCTII CTIJiaBa XH40M.[{TI0-11.[{ II ero 

CB3pHhIX COC.!{IIHCHIIH nplI B03.!{CHCTBIIII BO.z:IOpo.!{a BhICOKOro .!{aBJICHIIll .!{0 150MI1a B 

.!{1Iana:30He TeMnepaTYP .!{O 700°C. 

6. BnepBh!C nonyqeHhl napaMCTPhl BO.!{OpO.!{OilpOHIIJlaCMOCTll KaK CllJiaBa XH40M.[{TI0-11.[{ 

II ero. caapHhlX COC.[IIIHCHllii, TaK lI CilJiaBa C JamllTHhIM IlOKph!Tl!CM 113 HIITPll.!{a TIITaJia B 

.!{l!ana:3oHe TeMnepaTYP .!{O 800°C. iiaii.!{eno, 'ITO np11 TeMnepaTYPe 400-500°C .[IJlll 

noKpb!Tllll 113 HIITPll.z:la TllT3Ha c~ecrnyer 113JIOM Kpl!BOH npOHll!laCMOCTII, CBll33HHhlH, 

TIO-Bll.!{l!MOMY, C 113MCHCHIICM MCX3H1!3Ma TPaHCTIOpTa B0.!{0pO.!{a 'Iepe3 3TO IlOKphITl!e. 

7. ,[{Jill IICCJIC.!{OBaJIIIJI BJIIIJl!Illll Tpl!Tllll Ha CJIYJKC6Hhle CBOHCTBa KM, np!!MCHJICMhlX .[IJIJI 

pa6oTh! c Bh!COKIIM .!{aBJICHIICM TpllTllll, pa:3pa60T3Hhl HOBhle MCTO.!{IIKII II o6opy.!{OB3Hl!e, 

TI03BOJlll!Om11e npOBO.!{IITh ycKopeHHOe HaKOilJICHl!ll II onpe.!{eJieHlle o6oeMHOfO 

co.z:1eplK3Hllll pa.z:1norennoro ren11J1 B MaTP1111e KM. 

8. BnepBhie .[IJlll CIICTeM "B3Ha.[IIIH - 11B" nonyqena .z:111arpaMMa COCTOJIHl!ll a KOOp.[ll!HaTax 

.!{aane1111e - TeMrrepaTYPa - KOHIICHTPaTillll (P-T-C) a .!{1Iana:30He .!{aBJie1111ii .!{O 500MI1a • 

9. BrrepBhie rronyqenh! 3aB11c11MocT11 rrapaMeTPOB IJIIKJia MK a TpoiiHoii H/D/f cMec1111B a 

.[lllaTia:30He TeMnepaTYP 20-800K II lIJIOTHOCTeii .[10 0.9 OT IlJIOTHOCTll lKll.[IKOro BO.!{Opo.z:1a II 

IllllpOKOM .!{llaTia:30HC 1!3MCHCHIIH KOHIJCHTPaTIIIII 11B B CMCCII . 

10. IlonyqeHhl HOBble 3HaqeHl!ll napaMeTPOB ljl!KJia MK B .!{BOHHOH D/f CMCCII B .[lllaTia:30He 

TeMrrepaTYP 20-800K II lIJIOTHOCTeii .!{O 1.3 OT lIJIOTHOCTll lKll.!{KOro B0.!{0pO.!{a II III!!pOKOM 

.!{llaTia:30He 113MCHCHIIH KOHIJCHTPa111111 11B B CMCCI!. 

11. BrrepBhie rronyqeHbl 3KCITep!!MCHTaJihHble 3HaqeHl!ll napaMCTpOB IJIIKJia MK .[IJlll .!{CHTep!!ll 

B .!{IIaTia:30He TeMrrepaTYP 400-800K rrp11 BhICOKIIX ITJIOTHOCTJIX .!{CHTepllll. 

12. Pe3yJihTaThl, rronyqeHHh!e B .[laJIHOH pa6ore, lI03BOJIIIJlll C03.!{aTb HOBOe HanpaBJieHl!e -

pa:3pa60TKa CIICTeM .[IJlll rrpoBe.[leHl!ll Pa.z:lllaTIIIOHH0-6C30ITaCHh!X pa,6oT C 

TplITIIHCO.!{eplKamllMll aemecTBaMII rrplI BhllIOJIHCHIIII IICCJIC.!{OBaIIIIH B o6JiaCTII 

q>ytt.[laMCHTaJihHOH II rrp!!KJia.[IHOH q>ll311KII. 
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IIpaKTH'leCKaH ue11110CTL pa60TLI. 

1. Propa60TIUIO II C03,llaH0 06opy,110BanIIe )'IJIJI np0Be,11e111rn IICCJie)'IOBaHIIii npouecC0B MK B 

CMeCIDC HB, Ha K0T0p0M npoBe)'leHLI H np0,!I0JDKaIOT IIp0B0)'IHThCJI CHCTeMaTIIqecKHe 

'..lKCIIepHMeHTanbHble HCCJie,!I0BaHHJI npoueccoB MK B CMeCIDC HB B Illlip0K0M )'lliaIIa30He 

IIJIOTH0CTeii, TeMIIeparyp II KOHUeH1pauHii HB. 

2. Propa60TanbI II C03,llaHhl IICTO'IHHKH )'laBJieHHJI HB Ha 0CH0Be MeTaJIJI0fll.llpll.110B, K0TOpLie 

B HaCToJ1mee BpeMJI npHMeHJIIOTCll B IIccne,110BanHmc: npoueccoB MK (JUIIT OJUIH); 

HeiiTpOHHO-II36bITO'IHhIX CHCTeM Ha rpanmie HeiiTpOHH0ii CTa6HJihHOCTH (JUIP OJUII1); 

CHCTeM 11MeTanJI0fll.llPll.ll - HB ", B03,lleiiCTBHJI TpIITHJI Ha qJII3HKO--MeXanHqecKHe CB0iiCTBa 

KM, B II3MepeHHIDC ypaBHeHHJI C0CT0JIHHJI .11eiiTepHJ1 B o6JiaCTII Mera6apHI,IX ,llaBJieHIIii 

(P<l>51[(-BHI1l13<l>) H B pll.lle .!IPY™X JKcnepHMeHTanLHLIX pa6oT. 

3. Propa60Ta.H II C03,llaH pa)'llioxpoMaTOrpaqi )'IJIJI onpe,11eJieHHJ1 M0JieeyID!pH0ro H II30T0IIH0ro 

C0CTaBa CMeCH HB IIpII IICCJie,!I0BaHHJIX npoueccoB MK II IIpH npoBe)'leHHII pll.lla pa6oT II0 

TeMaTIIKe P<l>51[(-BHI1l13<l>. 

4. Propa6oTano, C03,llaH0 H IIp0IIIJI0 M~0Jiorn:qecKyIO aTTeCTauHIO OTpaCJieBoii 

Jia6opampHeii II3MepIITeJibHOii TeXHHKlI )'103HM~HqecKoe 06opy,110BanIIe )'IJIJI 

onpe,11eJieHHJ1 061,ei,rnoii aKTHBH0CTII TpIITIIJI B raJ0BLIX cpe,11ax. 

5. Propa60TaHHaJI CIICTeMa K0HTp0JIJI II ynpaBJieHIIJI K0MIIJieKC0M ump0KO HCII0Jib3YeTCJI upII 

npoBe)'leHIIII pa3JIII'IHbIX '..lKCIIepIIMeHTanhHhIX IICCJie)'IOBanHii B JUII1 II JUIP OJUIH, 

P<l>51[(-BHI1l13<l>, CI16IYT II pJl)'le .!IPY™X opraHH3auHii. 

6. Pe3yJILTaThl HCCJie,!IOBanIIii napaM~0B MK, nonyqeHHble B HaCTOHmeii pa6oTe, 

HCII0Jih3yIOTCJI B aTOMHOll qJH3IIKe, Jl)'lepHOll qJII3HKe, qJII3IIKe CJiafiLIX B3aHMO)'leHCTBIIll H 

KBanTOB0ii JJieKTP0.!IIIHaMHKe, a TaKJKe IIpII pacqcre K0HCTPYK™BH0ii cxeMLI 

IIHTeHCIIBH0ro HCTO'IHIIKa HeiiTp0H0B Ha 6roe MIO0HH0ro KaTaJIH3a. 

IIoJIOlKeHHH H Pe3YJILTaThI, BLIHOCHMLie na 3anurry. 

1. Propa6oTKa H C03,llaHIIe K0MIIJieKca 06opy,110BanIIJ1, BKJI!Oqruomero B ce6J1: K0MIIJieKC 

II0,llroTOBKH ra30B0ll CMeCH, ceMeiiCTBO TpHTIIeBbIX -II ,11eiiTepHeBbIX MHIDeHeii BbIC0K0ro 

)'laBJieHHJI II IICTO'IHIIKH II30TIJIIOB B0,!10po.11a BhIC0K0ro ,llaBJiemui:. Ha 6roe .!IHril.llpll)'IHoii 

q>a3LI BaHa.!IHJI )'IJIJI npoBe,11eHHJ1 Hccne,110BanHii npoueccoa MK a cMecmc HB. 

2. Pe3yJibTaTLI IIccne,11oaanHii qi113IIKO-MexanHqecm cBoiicrn CIIJiaBa XH40M)TTI{)-l1)]; 11 

ero CBapHLIX coe.!IIIHeH!Ill B YCJI0BHIDC .!IJlllTeJibH0ro B03,lleHCTBHJI B0,!10po,11a BhIC0K0ro 

,11aBJieHHJ1 a )'lliaIIa30He ·TeMneparyp 300-IO00K II napaM~oB ao,11opo,11onpoHnuaeMoCTH, 
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KaK )'IJIJI )'laHH0ro CIIJiaBa II ero CBapHbIX coe,!IHHeHHii, TaK H )'IJIJI CIIJiaBa C 3amllTHbIM 

II0KpbITIIeM II3 HIITpII,lla TIITana. 

3. Propa6oTKa MeT0)'la II 06opy,110BaHHJ1 )'IJIJI npoBe,11eHHJ1 ycKopeHH0ro HaK0IIJieHIIJI 

pa.zumreHHoro remrn II onpe,11eneHIIJ1 ero 061,eMHoro co,11eplKaHIIJ1 B MaTpIIUe KM. 

4. .[(IIarpaMMa C0CT0JIHHJI CIICTeM 11BaHa,11lfii - HB" B K00p,!IIIHaTax ,11aBJieHne -TeMneparypa -

K0HUeHTpaUIIJI (P-T-C) B .llllaIIa3oHe ,11asne1111ii .110 500MI1a. 

5. Pe3yJihTaThl '..lKCnepIIMeHTOB II0 II3MepeHIIIO napaM~0B MK B CMeCJIX HB IIpII BhlC0KIIX 

IIJI0TH0CTJIX II pa3JIII'IHhIX K0H!leHTpauIIJIX. 

Anpo6au1rn pa60TLI. Pe3yJii.TaThI, npe,11cTaBJieHHLie B ,!IHccepTauIIII, ,!I0KJia)'lh!BaJIIICh Ha 

CeMIIHapax B PoccIIiiCKOM <l>e,11epanbHOM 5!.llepHOM [(eHTpe - BcepoccIIiiCKOM HayqH0 -

IICCJie)'I0BaTeJILCK0M IIIICTIITJTe JKCIIepliMeHTaJihH0ii qJII3IIKII (CapoB), na6opampIIII Jl,llepHbIX 

npo6neM IIM. B.Il . .[(lKenenoBa Q6Le)'IIIHeHHOm IIHCTHTJTa Jl)'lepHLIX IICCJie)'I0BanIIii (.[(y6Ha), B 

l1HCTIITYTe Te0peTIIqeCK0ii II '..lKCIIepIIMeHTanhH0ii qJII3IIKII (MOCKBa); B Koop.zurnauIIOHHO

IICCJie,110BaTeJILCK0M ueHTpe II0 rrpo6neMe MIO0IIH0ro KaTanII3a II '..lK30TIIqecKIIX KBaHT0Bh!X 

CIICTeM (MOCKBa), B HayqHO - IICCJie,110BaTeJILCK0M IIHCTIITJTe qJII3IIKII IIpII C.- Ilcrep6yprCKOM 

YHIIBepcIITeTe (CanKT-IleTep6ypr), Ha ITO "MMK" (O3epcK), a TaKJKe Ha MelK.!IYHapo,11Hoii 

KOHq>epeHUIIII II0 MIO0HH0My KaTanII3y µCF95, .[(y6Ha 1995; 7-oii MelK.!IYHapo,11Hoii 

KOHq>epeHUIIII no MaTepIIaJiaM )'IJIJI peaKTopoB CIIHTe3a, O6HIIHCK, 1995; Me)K)'lyHapO,llHOM 

pa6oqeM C0Beman1m II0 MIO0HH0MY KaTaJIII3y:. IIHTeHCIIBH0MY IICToqHIIKY HeiiTpOHOB II ero 

IIpIIJI0)KeHHJIM, <l>pacKaTII (l1TaJIHll), 1996; MelK.!IYHaPO.!IHOM pa6oqeM C0BeIUaHIIII II0 

TeXH0JI0rn:H MIIKpOcq>ep, MIIKpoKancyn II Jia3epHLIX MIIIIIeHeii, MoCKBa, 1997; MelK.!IYHapO,llHOH 

KOHq>epeHUIIII II0 '..lK30TIIqeCKHM aTOMaM, MoneeynaM II MIO0HH0MY KaTanII3y, MOHTe BepIITa 

(IllBeiiuapHll), 1989; MelK.!IYHapo,llHOM CeMHHape "IloTeHuIIan poccIIiiCKIIX Jl,llepHbIX ueHTp0B II 

MHT[( B TpIITIIeBLIX TeXHonornmc. PRIIT-99", CapoB, 1999; 6-oii II 7-oii MelK.!IYHapo.11Hoii 

KOHq>epeminn "Bo,11opo.11Hoe MaTepIIaJI0Be,11eHne II XIIMHJI rn:,11pII,110B MeTaJIJIOB", KauIIaenII, 

1999 n Anynrra 2001; IlepBOM MelK.!IYHap0,llH0M CeMIIHape "Ee3oIIaCHOCTh II '..lK0H0MIIKa 

no,11opo.l1Horo TpancrropTa. IFSSEHT-2000" CapoB, 2000; Me:JK;zy1iapO.llHOM CIIMII03IIJMe 

"HaJ'IHLie HCCJie)'I0BaHHJI C IICII0Jih30BaHIIeM TpIITIIJI II CBJl3aHHaJI C JTHM TeXHHKa", BaKo 

(51rroHIIll), 2000; 9 MelK.!IYHapo,11Hoe pa6oqee coBemanIIe "PeuHKJIIIHr Bo,11opo,11a a MaTepnanax, 

KOHTaKTHpyIOmIIx c IIJia3Moii B peaKTopax CIIHTe3a", AproH, (ClllA), 2000; MelK.!IYHapo,llHoM 

ceMHHape "83aHMO,lleiicTBIIe II30T0II0B B0,llopo,11a C K0HCTPYKJlH0HHh!MII MaTepIIanaMH. IHISM-

0 l ", CapoB, 2001; MelK.!IYHapo.11Hoii KOHq>epeHUIIII "MIOoHHLiii KaTanII3 n CBJl3aHHLie 

'..lK30TIIqecKIIe aT0MhI. µCF 01", IliIIMo,11a (51nOHHll), 2001; 51-M CoBemanIIII II0 Jl)'lepHoii 

7 



cneKTpOCKOIIIIII II CTJl)'KTYpe aTOMHoro »;:1pa, CapoB, 200 I; 6-oii MeJKJzyHapO.l(HOH 

KOH1pepem~1m no TJlIITl!eBOH HayKe II TeXHOJIOrIIII, lzyKy6a (JIIIOHIUI}, 2001. 

Ily6JUIK3llllll. Ilo MaTep!!aJiaM .n11ccepran1111 ony6JIIIKOBaHO 35 pa6or, B TOM q11cJie 23 B 

JKYpHanax: Hyperfine Interactions - 7, Journal of the Moscow Physical Society - 4, IIT3 - 2, 

Journal of Nuclear Materials - 1, International Journal of Hydrogen Energy - 1, Fusion Science 

and Technology - 2, MarepI1aJI0Be.neHI1e - 3, Bonpocu aTOMHoii 11ayic11 11 rexHIIKII - 2, 

lfaBecrm:1 PAH. Cepm:1 qi1131i.qecKaJ1 - 1. )],Be pa6oThI ony6JIIIKOBaHhI B TJlY.Aax P<l>511.l

BHI1I13<l>. IlonyqeHo 4 nareHTa P<l>. 

CTPYKTYPa II 061,eM .nnccepT3llllll. )],11ccepranm1 COCTOIIT 113 BBe,neHilll, mecrn rnaa II 

3aKmoqeHl!ll II BKJIIoqaeT B ce6ll 193 CTJlaHilllhl, 101 pI1CYHOK, 11 ra6JII1ll II 171 HaHMeHOBaHile 

lll!TllpyeMOH JII1Teparypbl. 

CO,lJ;EP)KAHIIE P AEOTLI 

Bo BBC/:ICHIIII o6oCHOBaHa Heo6xo,nIIMOCTh npoBe,neHilll IICCJie,noBaHIIH MK. 

CqiopMyn11pOBaHa neJih pa60ThI, o6ocHOBaHa ee aKTYaJihHOCTb, HayqHaJI HOB113Ha, 

npaKTIJ.qecKaJI neHH0CTh, cqiopMyn11pOBaHhl IIOJIOlKeHilll, BblHOCIIMhie Ha 3a!qllry, 11 npIIBe,neHO 

KparKoe co.neplKaHile pa6oThI. 

IlepBaH rJiaBa HOCIIT BBO.AHhlii xapaKTep. )],aHo npe.ncraBJiett11e o qi11311qecKoii 

cymHOCTII MK B CMeClIX 11B, onpe,neJieHh! KpIITilqeCKile napaMeTJ)bl nponecca MK, TJle6yiomile 

,AaJihHeiimero CIICTeMaTilqecKoro 1nyqeHI1ll. IlpI1Be,neH o63op 3KCIIepIIMeHTaJibHOro 

o6opy,noBaHl!ll, B qacTII Kacaromeiicl! cI1cTeM TJlIITileBoro o6ecneqeHl!ll II MIIIIIeH_eii, 

IICIIOJib30BaBIIIerocl! ,nJilI IICCJie,noBaHIIH MK K Haqany 3TOH pa6oThl. K 3TOMY BpeMeHII 6h!JIII 

Il3MepeHbl OCH0BHb!e napaMeTJ)hl n11KJia MK. O,nHaKO, 3TII Il3MepeHl!ll H0Cl!JIII He3aKOHqeHHblli 

xapaKTep, ocraBaJICll PM BOIIpOCOB, CBll3aHHh!X C pacxo)K,!(eHl!eM HeKOTOpbIX 

3KCIIep11MeHTaJihHhIX pe3yJihTaTOB, nonyqeHHhlX pa3Jil!qHhlMII 3KCnep11MeHTaJibHh!MII rpyrrnaMII 

(HanpIIMep, TeMIIeparypHaJI 3aBIICIIMOCTh K03qJqJI1llileHTa IIPIIJil!IIaHllll - Ols, nonyqeHHaJI B 

LAMPF II He Hame,nmaJ1 no.nraeplK.l(eHilll B pa6orax ,npymx rpyrrn). CymecrnoBaJIO ornu~e 

p»;:1a 3KCnepI1MeHTaJibHh!X ,!(aHHhIX. OT TeoperuqeCKHX. 3a IICKJIJOqeHHeM pa6oT LAMPF 

(KOTOphle TIO HaCTOllmilii .neHb IIO,!(Bepra!OTCll MHOrO~CJieHHOH KpIITHKe 3a MHOlKeCTBO · 

MeTo,nuqeCKIIX norpelIIHOCTeii), Bee OCTaJihHbie 3KCIIepI1MeHThl Bh!IIOJIHeHhl JIH6o IIpll HH3KIIX 
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IIJIOTH0CTlIX II ,!(llaIIaJOHe t'eMneparyp .no 4001<:, Jil!6o B lKil,!(KOCTil. II rnep,nh!X CMeCl!X 11B B 

,AllaIIa30He t'eMiiepatyp 15-23K. liypHOe Ha'laJIO (c l 979r.) pa6oT c TJlIITl!eM MOTIIBilpOBaJIOCb 

reopetnqecK11Mll npe.ttci<:asa1miIMn rpyrrnhl JI.it. IloHoMapeBa, no.nrneplK.l(eHHhIMII 

3KCIIepI1MeHTaJibH0 B lfy6He t-pyrrnoii B.r.3uHOBa, 06 YBeJIHqeHHII ~CJia lll!KJI0B MK, 

IIHilllllllpyeMhlX 0)UilfM MIOOH0M, Ha .naa II0pll,llKa BeJIH~Hhl, qro 0TKph!BaJI0 IIpaKTl!qecKyio 

B03M0lKH0CTb IICIIOJib30BaHml MK ,nJilI nonyqeHilll 3ilepnm. )KeJiaHile 6h!crporo nonyqeHilll 

3MIII1p11qecKoro ornera no6y.nitno HaqaTb 3KCnepI1MeHTiJ c TJlIITlleM BO Bcex HayqHh!X neHTJlax, 

I1Me10m11x MIO0HHhie rzyi!KII. Ilpu 3T0M, npo6JieMa pa.n11an110HHOH 6e30IIaCHOCTH pa6or C 

TJlIITileM 0TX0,AIIJia Ha 3a,AHIIH IlJiaH. B pe3yJihTaTe 3KCIIepl!MeHTbl IIp0BO,AIIJIIICb J11160 C 

MIIIIIeHl!MH, 3aII0JIHlleMhlMII D/f CMeCb!O B 6Jil!lKaHIIIIIX CIIellHaJIH3Ilp0BaHHblX opraHil3anlllIX, 

I1Me10m11x coOTBeTcrilyi<nnee o6opy,noBaHne II rexHonomn (LANL, JAERI), a 3areM M11meH11 

rpaHcnoprupo11aiinch Ha MJO0HHhre Kaiianu (LAMPF II KEK, coornercrneHHo), r.ne 

np0Bo,n11nuch MIIHIIMaJihHh!e MaHHITYJillllllll c 3THMII MIIIIIeHlIMII ( oxna)K,!(eHne I HarpeB ). JII160 

"Ha cKopyio PYKY" 6biJm cd3,naHi.1 cncieMhI taJoBoro 06ecneqeH11ll, ycn0Bl!ll pa.n11anuoHHoii 

6e30IIaCHOCTII pa6or Ha K0T0pbIX, 0CTaBJllIJill )KeJiaTb nyqmero (PSI). B nepBoM cnyqae 3TO 

IIpHBO,AIIJIO K nonyqeHilio Heo,nlio:maqHblX qJU3IlqecKII_X pe3yJibTaT0B Il3-3a Heonpe,neneHH0CTII 

C ql!CTOT0H CMeCII, IieTOqHbIM 3HaHl!eM M0JleKYJilIPH0ro COCTaBa II T.II., a BO BT0p0M - K 

pa.n11anI10HHOMy o6nyqeHHIO nepc0HaJia II, C0OTBeTCTBeHHO, CKOp0MY npeKparneHIIIO pa6or C 

TJll!Tl!eM. E,nllHCTBeHilaJI pa,nI1anIIOHH0-6e30IIaCHaJI ycTaHOBKa Ml! pa6oT C TJlIITl!eM 6h1Jla 

C03,AaHa rpyrrnoii K. HaraMIIHe B RAL (pa6ora Ha ycTaH0BKe C TJlHTileM 6h1Jla Haqara 3a 7 

MecllneB .no Haqana aHanomqHbIX pa6or B )],y6He Ha ycraHoBKe TPMTOH). O,nHaKo, 

rexH11qecK11e xapaKTepIICTl!KII 3T0ii ycraH0BKH HaMHoro HHlKe, qeM ycTaHOBKII TPl1TOH: 

MaKCIIMaJihHOe K0JIIlqecrno TJlIITllll -: l.5KK11, ,naBJieHI1e HHlKe aTMocqiepHoro, pa6oqaJI 

TeMneparypa MHIIIeHII 12-23K. 

IlOKa3aHa Heo6xo,nIIMOCTh C03,AaHHll H06020 pa,nnannoHH0-6e30IIacHoro o6opy,noBaHllll 

,nJilI pa6or c 1p11meM Ha qia301p0He MII 0115111. 

Bo BTOpoii rnaBe 0IIl!CaH K0MIIJieKc no,nroTOBKII ra30BOH CMeCI! (KIIrC) [I]. KIIrc 

npe,nHaJHaqeH ,nJilI o6ecneqemrn 6e3onacHoro npoBe.neHHll pa6or c TJlHTl!eM B KOJinqecrnax ,no 

10 KKII npII II0,nroT0BKe CMeCH 3a,AaHHOro Il30T0IIHOro COCTaBa IIp!! co,neplKaHIIII IIpHMeceii C 

Z>4 - He 6onee 10-7 06. ,noneii, no,naqe ee B MHIIIeHh II yr11nll3annI1 nocne 3aaepmeHHl! pa6or. 

O6mIIM Tpe60BaHHeM K C03,AaHIIIO ycTaHOBOK BhIC0K0ro ,naBJieHllll IICCJie,A0BaTeJihCKOro 

KJiacca ,nJilI pa60TbI C TJlIITl!eM B K0Jil!qecrnax, npeBbIIIIa!OillI!X lOKII, II B ycnOBlllIX, 

cnefll!aJihH0 He npncnoco6neHHh!X ·,nJill 3TIIX neneii, lIBJilIJI0Ch 06ecneqeHI1e pa.nnannoHH0ii 
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6e3orraCHOCTH. C 3TOH ueJiblO Ha JII060M B03M0)l{H0M rryrn . rrp0HHKH0BeHllil TPHTllil B 

aTMocctiepy o6ecrreqeHO TPH py6el!Ca 3aI.QHTbl )VIll 3JieMeHT0B YCTaH0BKH, H3X0J(l!II(HXCJI II0.I( 

.l(aBJieHHeM TPHTllil Bblllle aTMocctiepHoro, H ,l(B3 py6el!Ca )VIll 0CTaJibHbIX KOMMJHHK~Hii - rrpH 

HH3KHX (.llO IO.Kn) aKTHBH0CT}IX TPHTllil llJIH II0HHJ!CeHHbIX ,l(aBJieHH}IX TPHTHHCO,llepl!CaI.Qeii 

cpe.l(bl [ 1-7]. 

Pa60Tbl II0 C03,llaHHIO K0MIIJieKca 6blJIH HaqaTbl B ceHrn6pe 1995r., a B .l(eKa6pe 1996r. 

K0MIIJieKC 6bIJI CM0HTHp0BaH B HH3KoctioHOBOH Jia6opaTOpHH clia30TPOHa JUlll OlUUf, r,l(e, 

HaquHaJI c 1997r., ucrroJib3yCTcll B coCTaBe yCTaH0BKH TPHTOH MJ! CHCTeMaTW1eCKHX 

HCCJie,l(OBaHHH JIBJieHllil MK B umpoK0M .l(HaIIa30He TeMIIepaTYP, IIJIOTH0CTeii (.llaBJieHHii) H 

C00THOllleHHii M0JieKYIDIPH0ro C0CTaBa HB. 

B 0CH0BY rro.nyqeHllil Bb!C0K0ro ,llaBJieHllil HB B MHllleHJIX )Vlll llCCJie,l(0BaHllil rrpouecc0B 

MK II0JI0J!CeH rrpHHIIHII KpH0reHH0ro 3aII0JIHeHHJI MHllleHeii C II0CJie.l(ylOIIUIM HX HarpeB0M. 

KpoMe TOro, HMeCTCJI B03M0)1{H0CTb IIpllM0ro K0MIIpHMHp0BaHllil llCCJie.l(yeM0H CMeCH l1B OT 

MeTaJIJ!0rH,llpll.l(HbIX reHeparnpoB [2,8]. B pa6ore, B 0CH0BH0M, HCII0Jib30BaJI0Cb KpH0reHH0e 

3aII0JIHeHHe. 3-ro crroco6 3aII0JIHeHllil II03B0ID!eT rro.nyqaTb B MlillleH}IX .l(aBJieHHe HB BIIJIOTb ,1(0 

HeCK0JibKHX TblCJlq aTMocctiep H B TO l!Ce BpeMH II03B0IDICT MaKCHMaJibH0 o6e30IIaCHTb rrpouecc 

3aII0JIHeHllil H H36el!CaTb 60JiblllHX II0Tepb pa6oqero ra3a B IIHTaJOIIIHX K0MMYffHK~ll}IX, ~o 

oqem, Ba)l{H0 C T0qKfl 3peHllil o6ecrreqeHllil 3KOJIOraqecKoii H0pMbl (!OK.Kn) IIO TPHTHIO, 

rrpHHJITOH )VIll OIUII1. IlpH TaKOM crroco6e 3aII0JIHeHllil .l(0BOJibH0 rrpocro o6ecrrequn 

.llHclicliY3HOHHY!O oquCTKY pa6oqero ra3a AO ypoBHJI 10-
7 

06. AOJieii IIO rrpHMeCJIM, rrpHMellilJI 

.llHclicliY3HOHHble cliHJ!bTPbI Ha 0CH0Be IIaJIJia.l(HeBbIX CIIJiaB0B [9]. OcHOBHble ra30Bhle 

K0MMYffHK~HH KIIrC pacc~bl Ha pa6oqee AaBJieHHe 20 MIIa (pa6oqee AaBJ!eHHe 

11eJ!bH0MeTaJIJIHqecKHX rrporpeBaeMbl': CHJibcliOHHb!X BeHTHJieii). O61.IU1ii Bli,I( K0MIIJieKca 

rrpeACTaBJieH Ha puc. l. 

Ilo,llroTOBKa CMeCH Heo6XO.l(HMOro H30TOIIH0ro C0CTaBa IIp0H3B0,l(HTCJI ll)'TCM 

II0CJieA0BaTeJ!bH0ro H3MepeHllil K0JIHqeCTBa orrpeAeJiennoro l1B B0JIIOM0MeTpuqecKHM 

MeTOA0M B KaJIH6pOBaHIIOM MepnoM o6beMe c IIOCJie.l(yl011Ieii 3ACOp611Heii OTMepeHH0ro ra3a 

ypaH0BblM CMeceBb!M llCT0~HK0M. IloCJie qero CMeCb 33,l(aHH0ro H30T0IIH0ro C0CTaBa II0AaeTCJI 

B MlillleHI, JIH6o qepe3 IIaJIJia.l(HeBhlii cliHJihTP, JIH6o nerrocpeACTBeHHO H3 HCTOqnmra_ 

AHaJIH3 M0JieKYJIJIPH0ro C0CTaBa CMeCH OCYlllecTBID!eTCJI crreUHaJ!bH0 pa3pa60TaHHb!M 

)VIll 3TOH ueJIH ra30Bb!M p3,llHoxpoMarorpactioM, C0CTOJIIIIHM H3 AeTeKT0pa TeIIJI0IIp0BOAH0CTH 

(KarapOMeTpa) u MaJIOra6apHTHOH HOHH3311H0HH0H KaMepb! [l, 10]. Pa3AeJieHHe l1B 

11pomBO.l(HTCJ1 na xpoMarorpacli=ecKoii KOJI0HKe .l(JIHHOii 3M, COAepJ1CaI.Qeii rpanyJibl AliOJ, 

II0KpblTble Fe(OH)3• KoJioHKa pa6oraeT upu TeMnepaTYPe l!CllAK0ro a3ora. B Kaqecrne ra3a-
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HOCHTeID! HCII0J!b3YCTCJI Heon. PacXOA ra3a H0CHTeID! C0CTaBID!eT -100 CM3 IMIIH. 

CYMMapnoe BpeMJI aHaJIH3a He rrpeBblllJaeT 30Ml!H. 

Pnc. 1. O6111Hii BHA Krrrc. 

,[{Jrn IIOBblllleHIIJI T0qH0CTH 113Mepe1mii H qYBCTBIITeJibH0CTH K TPIITHHCOAepl!C311I11M 

MOJieKYJiaM B KaqeCTBe He3aBIICHM0ro MCT0Aa HCII0Jib3YeTCJI H0HH3~ll0HH3JI KaMepa 061,eMOM 

5cM
3 

H clioHOBb!M TOKOM - I 0·
15 

A. KpoMe Toro, H0HH3~H0HH3JI KaMepa II03B0IDICT H3Mepl!Tb 

a6coJ110Tnoe KOJI11qecrno TPHTHJI B aHaJIH3HpyeMoii CMecu n ero pacrrpe.QeJieH11e MellC,Qy 

1130TOIIHb!MH MOJieKYJiaMH HT, DT H T2, qTQ AaeT B03M0JICH0CTb IIp0B0AHTb He3aBHCHMYIO 

KaJIH6pOBKY rrpu6opa. 

Bhl6paHHoe B rrpouecce pa3pa60TK11 p3,ll11oxp0Marnrpaclia coqeTaHue ero 

KOHeTpYKT11BHb!X 3JieMeHTOM ll pel!CHM0B pa60Tbl, II03B0JIJ!eT II0JiyqaTb xopolllee pa3peI11en11e 

Bcex llleCTH IIIIKOB OT H30TOIIHblX M0JieKYJI (puc. 2.), a TaKJ!Ce reJIHJI (rrpH ero HaJIHquH). 

To~OCTb H3MepeHHH M0JieKyID!pH0ro C0CTaBa C0CTaBIDICT ±0.5% 0TH. 

YmJIH3~llil OTPa60TaHHOH CMeCH 0CYllleCTBIDICTCJI, B 0CH0BH0M, ee _a6cop611ueii Ha 

AByx ypanoBbIX JIOBymKax eMKOCTblO II0 B0A0P0.llY 200JI KallC,QaJI. IlpH 3T0M JI0BYIIIKH M0ryT 

pa6oTaTb HJIH KaK rHAPHAHb!e HaC0Cbl-reTTepb!, HJIH B "rrpoKa~oM" pel!CHMe. B II0CJieAUeM 

c.nyqae OTPa60TaHH3JI CMeCb l1B rrpoKaquBaeTCJI qepe3 aKTHB!!p0BaHHblll ypan OAHOH Jill60 

o6eux JIOBymeK c II0MOlllb!O cliopBaKyYMHoro nacoca. HB II0rJI0lllaJOTCJI ypaH0M, 0AHaK0 

pa3JIH~hle ra3oo6pa3Hhle rrpHMecu, C0AepJ1C311I11e CJieAhl TPHTllil, Bee l!Ce rrpoxo.l(JIT qepe3 

ypaHOBble JIOBYIIIKH. C 3T0H ueJiblO BbIXJI0II cliopB3KYYMHb1X HacocoB 0CY111eCTBIDleTCJI Ha 
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OTBaK)'YMIIPOBilHHblll pecIIBep eMK0CTb!O 1 M3
. ITocne 3aJI0JIHeHII.II peCI1Bepa .no .D;aBJieHil.11 

-300-400 MM pT. CT. c II0M0II!b!O ycTaH0BKII ra3ooqI1CTKII 0CYII!eCTBJI.lleTC.11 QqIICTKa 

HaK0IIJieHH0ro ra3a OT CJie.D;0B TpIITl!.11. ITpIIHUIIII oqIICTKII 0CH0Batl Ha KaTaJIIITilqeCKOM 

0KIICJieHIIII 11B .no B0.D;bl IIaJIJ!a.D;IleBb!M KaTaJII!3aTOp0M IIpII TeMrrepawe 500°C II YJiaBJIIIBaHIIII 

:noii B0.D;bl C II0M0II!b!O ue0JIIIT0B0ro cop6eHTa. K0HTpOJ!b ·KaqecTBa oqIICTKII 0CYII!eCTBJI.lleTC.11 C 

II0M0II!b!O IIOHI13aJIIIOHHOll KaMepb!. ITocne CHIIJKeHH.11 aKTIIBH0CTll TpIITl!.11 B O~ll!aeMOM ra3e 

.no .n;orrycTHMb!X H0pM, QqHII!eHHblll ra3 Bb16pacbIBaeTC.II B BeHTl!~ll0HHYJO Tpy6y. ITpII 3TOM 

rrpouecc Bb16poca K0HTp0JittpyeTc.11 ycTaHOBKoii paHHero rrpe.n;yrrpeJK.D;emrn Bb16poc0B. B cnyqae 

npeBbIIIIeHH.11 .n;onycTHMb!X H0PM aBT0MaTHqeCKll 3aKpbrnaeTC.II Bb!XO.D;HOll BeHTl!Jlb ll ra30Ba.lI 

CMeCb C Bb16poCHb!X · KOMMYHIIKaUilll oTnpaBJI.lleTC.11 B ycTaH0BKY rroooql!CTKH Ha 

,D;0n0JIHIITeJibHYJO Qql!CTKy. 

{l'll,tldtiO(lbl} 

• I I 
~llTD,Pl!ltp 

DZ!\ n 
-

pB3!//M,TllTO'ltJ.f11f.?t~ rpt:u'IHmi 
11+0-lJCMeCU. --
£k,p,,Htlfll•,PllUtfl/'fillHKm# 
-<Qln/llRJ<lfTe,poHeTP« --Hl('A1<'/l.tf>:p#El<"1/7nJt>.'ef-
-,.fQHl.f-"l'OJJJKIHHh.fl A'lt/'18p0. 
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\ \ 
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Puc. 2. XapaKTepHbiii BH.D; pa.n;ttoxpoMaTOrpaMMbl aHarrll3a TpOiiHoii H/Dff CMectt 11B [10]. 

y CTaH0BKa ra3ooql!CTKll no3B0JI.lleT TaKJKe rrpoB0.ZJ;l!Tb oqIICTKY 6oKCa OT crre,n;0B TpIITil.11. 

B rrpouecce pa6oTbl MaKCIIMaJibHa.11 K0HUeHTpaUil.11 TpII_Til.11 B peCI1Bepe C0CTaBJI.IIJia 2-10-
3 

KIi/Jr. 

QqIICTKa peCIIBepa .no yp0Bl!.11 2 -1 o-6 
Ktt/rr 0CYII!eCTBJI.IIJiaCh 3a BpeM.11 5-6 qaC0B. 

f1pI1 C03,llaHIIII KITfC fihllO 3aJI0JKeH0 )lBe CIICTeMbl K0HTp0JI.11 pafioqIIX rrapaMeTp0B. 

ITepBa.11, II 0CH0BHa.11, 0CYII!eCTBJI.IIJia K0HTp0Jlb Ha 6a3e CTaH.n;aprnoii pernCTpIIPYJOII!ell 

annapaTYPhI II BKJIIOqarra B ce6.11 3rreKTp0MeXaHI1qecKI1e 3anI1Ch!Bat0ll!Ile ycTpoiiCTBa, 

yrrpaBrreHile HarpeB0M 0CYII!eCTBJI.IIJI0Cb BpyqHYJO qepe3 C00TBeTCTBYJOII!lle pery1mpyeMbJe 

TpaHC(jJOpMaTOpb!. BTOpa.11 - .n;yfirrilpYJOII!a.11 CIICTeMa - peaJIIl30BaHa Ha 6a3e MO)lyJibHOll 

annaparypb! B KAMAK-CTaH.n;apTe II I!3"';epmerrbHOii aJinapaTYPhl, OCHaJUeHH0ii GRIB-
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IIHTep(jleiicoM. B ·KaqeCTBe ,yrrpaBJI.IIIOII!eii 3BM CIICTeMbl IICn0Jih3yeTC.II rrepcoHaJibHa.11 

3BM rnrra IBM PC 486DX2/66. KAMAK-aJinapawa c11CTeMhI 6b1Jla yCTaHoBJieHa B o.n;HoM 

KpeiiTe, o6MeH .n;aHHbIMII Me,1:.zzy yrrpaBJI.1IIOII!eii 3BM II KAMAK-aJirrapawoii 06ecneq11Barrc.11 

KpeiiT-KOHTp0)IJ!epoM Tilna TTKK-4. C11cTeMa K0HTp0JI.11 KITfC BKJI10qarra 110.n;cIICTeMbl 

K0HTpOJI.11 ee TeXH0JI0ruqecKIIX napaMeTpoB · 11 rrapaMCTp0B MB.[(, K0HTp0JI.11 MorreeyJI.1IpHoro 

C0CTaBa ra30B0li: CMeCII II )103IIMCTpilqecKoro K0HTp0JI.11. Co BpeMeHeM nmo n0CT0.IIHH0e 

pa3B11Tl!e BTOpoii CIICTeMbI II K 2002 ro.n;y K Heli: rrepemrrll BCe (jlyttKI!IIII K0HTp0JI.11 II 

yrrpaBJieHH.11. 

B HacT0.11ll!ee BpeM.11 c11cTeMa K0HTp0JI.11 II yrrpaBJieH11.11 (CKY) KI1fC npe.n;cTaBJI.lleT 

co6oii Tpll n0)lCIICTeMbI: rrepBa.11 - 06ecrreqI1BaeT pa6ory KITfC II )10311MCTpllqecKl!ll K0HTp0Jib, 

BT0pa.11 - pa6ory C Ml!meHbIO, a TpeTb.11 - aHaJill3 M0JieeyJI.1IpHoro C0CTaBa ra30B0ll CMec11. 

Ka)K)la.11 II0)lCIICTeMa 6a3I1pyerc.11 Ha 0T)leJibH0M nepcoHaJibH0M K0MIIbIOTepe, K0MnbIOTepbl 

110.n;cIICTeM 061,e.n;11HeHbI MeJK.llY co6oii no cer11 Ethernet. 

ITo.n;c11cTeMbI K0HTp0JI.11 II yrrpaBJieHll.11 II0CTp0eHbl B B11,lle pacrrpe.n;erreHHbIX CeTell 113 

Ha6opa IIHTeJirreKryaJibHbIX .MO)lyJieii, CB.113aHHbIX C yrrpaBJI.IIIOII!IIM K0MnbIOTepoM 110 

cTatI.n;apTaM RS-232 11 RS-485. .[(JI.II attan:oroBoro/McKpeTHoro K0HTpOJI.11 11 yrrpaBrreH11.11 

Bb16pattbr npoMb!IIlleH~b1e Mo.n;yn11. cep1111 1-7000 (jlnpMbI ICP DAS. Mo.n;yJIJ:1 3Toli: cep11I1 no 

MH0rl!M anrraparnb!M xapaiaepl!CTll~aM C0BMeCTl!Mbl C 113,lleJil!.IIMII .n;pymx rrp0113BO,lll!TeJieii 

(ADAM, -NUDAM, cep,rn 6B Analog Devices), HO 06rra,ziat0T pMoM rrpeHMYII!eCTB, K0T0phle 

06ecrreq11Bat0T 66JJ.bIIIYJO Ha,n;eJKH0CTb II 6e3oiJaCHOCTb. 

ITporpaMMHOe 06ecrreqeH11e CKY pa3pa6ornHo Ha 6a3e rraKern CRW-DAQ, KOTOpb!ii 

npe,llCTaBJI.lleT C060ll M0II!HYJO MH0ro0K0HHYJO cpe.n;y )1JI.II C03,llaHll.11 113Mep11TeJibHhIX CIICTeM, 

CIICTeM yrrpaBJieHil.11 11 o6pa6oTKI! )laHHbIX. ITporpaMMHOe o6ecrreqeHl!e M0JKeT pa6oTaTb KaK B 

cpe.n;e DOS TaK II no.n; Windows 95/98. 

,[(JI.II yrrpaBJieHl!.11 HarpeB0M 0CH0BHhIX 3JieMeHT0B Knrc pa3pa6oTaHO ceMellCTBO 

peryJI.IIT0poB M0II!H0CTII norryrrpoB0)lHIIK0BbIX, TIIIIa PMI1, yrrpaBJI.lleMb!X BHellHIIM 

noruqeCKI!M CllrHaJI0M. MaKCl!MaJibHa.11 BblX0)lHa.11 M0II!H0CTb 0,llH0KaHaJibH0ro peryJI.IITopa 

PMI1 - 1 - )10 1 KBT, peryn11p0BaHI1e 0CYII!eCTBJI.lleTC.11 MeT0,ll0M illilp0TH0 - l!MnyJibCHOll 

M0)lyJI.IIUIIII C nep110)10M 2+5 CeKytt.n;. YnpaBJieH11e peryJ1.11TopaM11 M0II!H0CTII 0CYII!eCTBJI.lle-I;C.11 

K0MnbIOTep0M qepe3 MH0roKaHaJibHbJe M0)lyJIH )lIICKpeTH0r0 BbIB0)la 1-7043, TeMrrepawa 

crn611rr11311pyerc.11 C TQqHQCTblO ±2 C
0

• 

ITpII rrpoeKTl!p0BaHIIII KITfC oco6oe BHl!MaHl!e y.n;eJI.IIJI0Cb B0IIp0CaM Pa.z1llaJJIIOHHOll 

6e3orraCHOCTI! IIpll pa6oTe C TpIITl!eM. Ee30IIaCHOCTb o6ecrre~BaeTC.II KaK rryreM 

IICn0Jib30BaHII.II rrpl!HUl!n0B (jJil3l!qecKoii 3aJUl!Tbl rrp11 II0CTp0eHIIII ra30B0ll Cl!CTeMbl 
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ycraH0BKH (nMeercll 6onee 20 6noKHpYJOlIUIX K0MaH.ll Ha He1IITarnoe ,neil.c'rnne oneparnpa 

nn6o CKY), TIU( If no,ncnCTeMoii )l03HMeTJllfqecKoro K0H-rp0illl no Tpl!THIO. 

Ha . Haqam,H0M 3Talle .llilJI H3MepeHHJI 061,eMHOH aKTHBH0CTH 'I'pl!THJI B ra30BhlX 

K0MMYffl!KaQIIJIX II B03.nyxe pa6oqeii: 30Hbl l!Cn0Jib30BanHCb np0MbIIIIJieHHhle pa,nu0Meiphl 

ra30B Prli-06. O,nHaKO pa,nH0MeipbI Prli-06 He HMeIOT cpe,nCTB .llilll BKmOqeHHJI B 

aBT0MaTH3Hp0BaHHbie CllCTeMbI K0H-rpOilll II ynpaBJieHHJI II K M0MeH-ry C03)laHHJI KrrrC ero 

np0MhlIIIJieHH0e npoH3B0)lCTB0 6bIJIO npeKp~eH0. Ilo:noMy, B nponecce Mo,nepHH3aQllll CKY, 

HaMH 6w1 pa3pa6oTaH pa,nu0Meip 'I'pl!THJI MHOroKaHaJibHhlH aBT0MaTH3HpOBaHHhlll PfD-06MA, 

B K0TOp0M o6ecneqeHa C0BMeCTHM0CTb c ynmjmnnpoBaHHbIMll 6JIOKaMll .nereKTHp0BaHHJI 

D,[([D-02I1 11 B03M0JKH0CTb 11H-rerpan1111 B c11creMhl ynpaBJieHHJI yCTairnBoK. Pa,nuoMeip 

C0CT0IIT 113 MllKp0nponeccopHoro K0H'I'p0JIJiepa pa.nuan110HH0H o6CTaHOBKH (KPO), K K0TOpoMy 

M0JKH0 no,nKJIIOquTh ,nBa np0MhlIIIJieHHbIX 6noKa .nereKTHp0BaHIIJI D,[(fE-02I1 (p11c. 3. ). 

Pa.n110Meip Prli-06MA npoIIIen npone.nypy yrneplK)leHHJI mna cpe,nCTBa mMepeHilll 

(nonyqeH cep-rmlmKaT RU.C.38.046.A N211019 OT 01.11.2001). OH o6ecnequBaeT H3MepeH1Ie 

a) 6) 

P11c.3. O6lIUlii Blf.ll: a)- K0H-rpoJIJiepa pa.nuan110HHoii o6craHOBKH KPO; 6) 6noKa 

,nereKTHpomlllllll D,[(rli-02I1. 

o6'beMHOii: aKTHBH0CTH no 'I'pl!TH~ B )lllaTia30He OT 5. 105 DK .no 5. 1010 DK C ll0Hll3aQIIOHHOH 

KaMepoii: o6'beMOM 1 JI, II OT 5. 104 DK .no 5,109 DK C KaMepoii: 06'beMOM 10 JI. Ilpe,nen 

.nonycKaeMoii OTHOCHTeJibHOH OCHOBHOH norpeIIIH0CTH H3MepeHHJI o6'beMHOii aKTHBH0CTH 

-rpHTllll He 6onee ±25%, a np11 rpa.nynpoBKe n npoBepKe no raMMa mnyqeHmo 6°Co - He 6onee 

±20%. 

Pa,nuoMeip M0JKeT pa60TaTh KaK B aBTOH0MH0M peJKHMe, TIU( II B C0CTaBe 

MH0roKaHaJibH0ii aBT0MaTH3llpoBaHHOii CHCTeMbI pa.nuauuoHH0ro M0HHTOpl!Hra. IlpH pa60Te B 

aBTOH0MH0M peJKHMe o6ecnequBaIOTcJI qlynKUHH H3MepeHHJI o6'beMHOH aKTHBH0CTH 11 
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noporoBoii CllrHaJill3liQllll. IlpH pa6oTe B C0CTaBe MH0rDKaHaJibHOii CHCTeMbI 

ll3Mep11TeJibHble 6noKH K0H'I'p0illl pa,nnanIIOHHOH o6CTaHOBKII o6'be)lIIHJIIOTCJI B JI0KaJibHYJO 

CeTu ,nByxnpoB0)lH0ii JIHHHeii: CBJl3II no CTaH,nap-ry RS-485, K0T0pbIH o6ecneqIIBaeT Ha)leJKHyio 

CBJl3b ynpaBill!IOIIIeii 3BM C Jl0KaJibHblMll iI0CTll.MII B ycnoBHJIX np0MbIIIIJieHHbIX noMex Ha 

y,naneHIIII .no 250M; 

HaquHaJI C 1997r., C Ii:cnoJib30BaHIIeM Krrtc npoBe)l~H ll;IIKJI pa6oT C pa3JIIIqHbIMII 

mnaMII MHIIIeHeii. IlpII :noM ,naBJreHIIe -rpIImii:co,neplk~eii clli:eCII .nocmrano 200MI1a, a 
. . . . 

TeMnepa-rypa - 10-8001(. 3a no BpeMJI B Krrrc 6bIJIO llCilOJib3C>BaHO II0pJl)lKa 500KKII 'I'pIITIIJI. 

KIIfC pa6oTan Ha,neJKH0,. ~peBb!IIIeHIIJI qJOHa no O~'ber.lHOMY co.nepJKaHIIIO 'I'pl!THJI B pa6oqeii: 

30He II BhlTHlKH0H BeHTHJIHUllll 3acllIIKCI!p0BaHO He 6bmo. · · 

B Tpen.eii SJiaBe npII~O,!UITCiI onilC?Jllle K0HC'I'p)'Kl{IIH M~III~Heii BbIC0K0ro )laBJieHHJI, 

IIX KOHC'I'p}'KTIIBHhle perneHHJl ll _llCnO.iI!feHHC C0CTaBHbIX qacTeii H CHCTeM. 

.[(AA npoBe,neHmI 11ccne,noBaHHii MK npn BbICOl<HX 'iIJIOTHOCTJIX MB II B IIIHp0K0M 

.n11anaJ0He TeMnepa-ryp HaM.n ·. 6blJia pa:lpa6oTaHa ceplUI M11?1eH_eii BbICoKoro ,naBJieHHJ1: 

·'I'pl!TIIeBaJI MHIIIeHb BbIC0K0ro )laBJieHHJI (TMB.[() [11,12], .neii-repneBaJI MllIIleHb BbIC0K0ro 

,naBneHHJI (.[(MB.[() [13] 11 -rp11meBaJ1 MHIIIem, cBepXBbIC0Koro .naBJieH11J1 (TMC.[(). B ocHoBy 

KOHCTPYKUHII Bcex 3THX MHIIIeHeii lI0JI0JKeHl,l cne.nyioiu11e npHHUHnbI [l'-4, 11-16]: HaJI11que 

-rpex py6eJKeii 3~HThI Ha Bcex B03M0JKHbIX nyTJ1x y-reqeK MB B aTMocqiepy; .ny6nnpoBaH11e 

3aTIOpHoii apMa-ryp1,1; ncnonHeHHe aMnyn1,1 B Blf.lle aBTO<pp11mpOBaHHoro cocy,na C non0CTbIO 

MeJK.ny BHyTpeHHHM 11 HapYJKHblM Kopnycolli: aMnyJihl .llilll c6opa .nnqiqiyn.n;11pyioiuero Bo,nopo,na; 

B03MOlKHOCTh Kpll0I'eHHOro I{ npl!MOro. K0MnpHMHp0BaHHJI l1B; BbICOKaJI (Ha ypoBHe ~0.9(6)) 

npoqnoCTHaJI Ha)leJKHOCTh npII ypoBHe )l0Bep11TeJibHOii: Bep0llTH0CTII 0.95. 

IlocKOJibKY OCHOBHbie TeXHIIqecKIIe peIIIeHl!JI - 06IIIne .llilJI Bcex Ml!IIIeHeii II IIX 

MO)lllqlIIKaQHii, TO B .llIICCepTaQH0HHC)H pa6ore 6onee no.npo6Ho np11Be,neHo onncaHIIe nepBoii: 

II3 HHX, a HMeHHO, TMB.[( [11,12], 0nl!CaHJie 0CTaJibHhlX - )laH0 JIIIIIIb B qacTn, KaC310IIIeiicJI IIX 

oT.irnqnrenbHbIX iipH3HaKOB. Ha np11Mepe TMB.[( .nano npe.nCTaBJieH11e 06 o6'beMe pa6oT, 

npOBO)lIIMhlX npn C03)laHIIH MIIIIIeH11: npoqnoCTHbie II TenJI0Bbie pacqeThI, npoqnoCTHal! 

o-rpa6oTKa II pecypcHbie 11cnbITaHHJ1, onpe,neneHIIe npoqHocrHoii: Ha)leJKHocrn, npoBe,neHne 

qlYHKUIIOHaJibHbIX HCnbITaHIIii: [ 17]. .[(AA KalK)loro mna MHIIIeHH nopJl)l0K pa6oT, IIX 

co.neplKaHHe MOJKeT cneraa OTJIHqaTbCJI, HO 06IIIM MeT0)lHKa npoBe)leHHJI 3TTeCTaQIIH MIIIIIeHH 

He ll3MeHJleTCJI. 

TMB.[( (p11c. 4.) - 3TO pa.nIIannoHHo-6e3onacHbrii K0MTIJieKc yc-rpoiicrB, no3B0JIJIIOIIIHX 

CJKHJKaTh -rpe6yeMoe no ycnoBIIJIM 3KcnepnMeHTa Kon=eCTBo CMecn MB B aMnyne npII 20K c 
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IIOCJieJzyIOmIIM ee HarpeBOM ,1\0 33,1\aHHOll TeMrreparypbI, HO He 6onee SOOK, rronyqaTb II 

y.AepJKIIBaTb B aMrryne 061,eMOM l 6,5cM
3 

B Te'IeHIIe 400 qacoB ,Z\aBJieHIIe 160 MITa, YJiaBJIIIBaTb 

.AIIq>q>ytt.!\IIpyromIIe rrpII HarpeBe aMrrynhl 11B. 

-He 

ny'-10K 

K Knfc t ITO}.{a"la (3BaK}'aUHll) H/D/f CMecH. 

YTHJIHJallHJI 

K KITTC ! .llH<!><l>Yim"PYl{)lllCH 

H/D/f CMeCH. 

H2 

PIIc. 4. CxeMaTH'IeCKoe mo6paJKeHne TMB,l(: I - aMnyna; 2 - OXJiaJ1.11TenL; 3 - KOJKYX; 4 - KOJJnaK; 

5 - ttarpeBaTenll; 6 - repMonapbI; 7 - )laT'IIIK )laBJJCHHll; 8 - BeHTHJJII BbICOKOro )laBJJCHID!; 

9 - npeo6pa3oBaTeJlh MaHOMCTpll'leCKIIH TepMonaptthlH; IO - 3KpaHhl TenJJOOTpIDKaIOlUIIC; 

11 - eMKOCTb BOJIOPOJIHM; 12 - peeyKTop BOJIGpOJIHhlH; 13 - MaHoBacyyMMCTJlbl. 

AMrryna 1 n OXJill,Z\IITeJib 2 paCIIOJIOJKeHbl B KOJKyXC 3, BHYTPeHHJIJI IIOJIOCTb KOTOporo 

COC,!IHHeHa c BaKYJMHOll CHCTCMOll Krrrc. B HHJKHeli qaCTII KOJKyXa Bb!IlOJIHCHa BbI6opKa c 

I{CJibIO MIIHHMH3al{HH KOJIH'ICCTBa MeTaJIJia B 30He MIOOHHoro IIY'fKa. Ha KOJKYX YCTaHOBJieH 

KOJIIIaK 4. Ero BHYTPCHHJIJI IIOJIOCTb C0061I{aeTCJI C 6oKCOM KITrC. Bo BHYTPCHHCH IIOJIOCTII 

KOJIIIaKa paCIIOJIOJKCHbl BCHTIIJIH BbICOKoro ,Z\aBJICHHJI 8 (Ppa6=500 MITa) II TCH30MCTPH'ICCKHH 

,!laT'IHK ,!laBneHIIJI 7. BeHTIIJIII o6ecrre'IHBaIOT rrepeKpbITIIe BHJTPCHHero 061,eMa aMITyJibl rrocne 

OXJlaJK,Z\CHIIJI B HCH pafioqeii CMCCH H perynnpyeMbIH rreperrycK 3TOH CMCCH H3 aMITyJibl B KITrc 

rrpu el! 3BaKyau:HH. YrrpaBJICHIIe BCHTIIJl.llMH BbIBe,!leHO Ha HapyJKHyro IIOBepXHOCTb KOJIIIaKa. 

HarpeB aMIIyJibl o6ecrre'IHBaeTCJI HarpeBaTCJICM 5, p33MemeHHbIM BHYTPH IIICCTIICJIOHHblX 

PMIIaI.\IIOHHblX TCIIJIOOTPaJKaIOmIIX 3KpaHOB 10. Pll,Z\IIal{IIOHHble 3KpaHbI II03BOJIJIIOT IIOJI}"IHTb 
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~OCTaTO'IHO PaBH0¥C:PHOe pacnpe,!leJieHIIe TeMneparypbI aMITyJibI H npeIDITCTByroT HarpeBy 

KOJKyXa llhime 343 K. 

OxnaJK,!leIIIIe pafioqeij \:Mecn IlpOBO,Z\HTC.ll B ,!\Be CTil,D;IIII: CHa'Iana B IlOJIOCT.llX ,l( H JI 

OXJlll,Z\IITeJl.ll 2 ClKHJKaeTC.ll npoMeJKyTO'IHblll XJill,Z\areHT (BO,!lop0,!1) ITYTeM npOKa'IKH JKH,Z\KOro 

330Ta/renm1 'IepC3 IlOJIOCTb r OXJl3,Z\IITeJI», 3aTeM JKH,Z\KHii BO,!IOp0,!1 H3 ITOJIOCTH ,l( ITO,!\ 

co6cTBeHHbIM BeCOM orrycKaeTCJI ITO TPY6Ke )K H 33UpJIHJ!eT IlOJIOCTb A aMITyJibI, OTKJ,!la no 

TPY6Ke M H3UpaBJl.lleTCJI B IlOJIOCTb JI OXJlll,Z\HTellij n CTeKaeT B IlOJIOCTb ,l( Ha IlOBTOprroe 

oxna)!(,!lerrue, peanmyJJ, TaKIIM o6prooM, peJKHM U:IIPKyAAU:IIH. ITocne 3aBepmeHIIJI rrpou:ecca 

OXJia)!(,Z\CHHJI npoMeJKyTO'IHJ,IH xn34arerrT 3BaKyIIpyeTCJI II UOJIOCTII A, JI BaKYJMHPyIDTCJI 

CHCTeMOH YTHJIH3al{IIII Krrrc, o6ecne'IIIB3JI TCM CaMbIM YJiaBJIIIBaHIIe ,!\Hq>q>yrr,Z\HpyromIIx IlpII 

BbICOKHX TCMUeparypax qep~ CTCHKY aMnynbl 11B. 

B npou:ecce OXJiaJK,Z\eHHJI aMITyJibI IIpOMClKyTO'IHblll XJill,Z\areHT KOHTaKTIIpyeT C 

f KtHCTeMe Ba9"YMHJll.)Ba1m~ f KcHmMe Ball)'}'Mttpouauni 

Vil 

KcHCTC~Jl~MHP011a11,!!!_ 

caUHOIIHOfOrepMOMCTpa 

Puc. 5. ITpHHU:HITIIaJibHaJJ cxeMa ,l(MB,l(: M6-M1111Ietttthli\ 6noK; 
IOK-BaK)')'MHblH KOlK)'X; K-KOJJilaK; H-HarpeeaTeJJb; Tl... T4-
TepMonaphl; Ml, M3(0-250MIIa), M2(0-60MIIa)-JlaT'IIIKII 
)laBJJeHIIJI, VI. .. V14-BCHTHJJII; Vl5-BCHTHJ!h BaJ<YYMHbii\; IIP-
IIJMep11TeJ1b BaK)')'Ma (PKR 261); Ml (0-IMila), M2 (0-25MIIa)
MaHOMeTphl; <I>-1111<j,<j,y:1110HHbli\ <j,HJJhTJ); El, E2-Meptthle eMKocm; T3-
TeilJIOOTJlIDKaIOlUlle 3Kpatthl; BS I-TepMoJ1ecop61111otttthlil 
MeTaJJJJOr11J1PIIJIHh1il 11CToqH11K 11a octtoee BaHaJl.11»; BS2-
TepM011ecop61111otttthlil MCTaJJJIOrll)lpll)lHblH IICTOqHIIK Ha OCHOBe ypatta; 
6JI-6noK; ™I, rM2-f'330Bhie Maf!ICTJ)BJIH 
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}"laCTKaMH MarIICTPaneii, 

3aipJ13HeHHblMH 

.!IHq>q>yttMpyromIIM TPIITIICM. 

ITo3ToMy ,Z\JIJI ero p33MemeIIIIJI 

IICIIOJib3YCTCJ! 

BO,!IOpO,!IHaJJ 

OT,!ICJlbHaJJ 

eMKOCTb 11, 

rroMemeHrraJJ BHYTP.H BaKyyMrroro 

3amHTHOro KOJK)'Xa. 

B rrpou:ecce 

q>yttKI{HOHaJlbHOH II IIpO'IHOCTHOH 

OTPa6oTKH, arrecTal{HII TMB,l( 

fibIJIO IIOJI)"ICHO, 'ITO: HCCymaJJ 

crroco6HocTb aMrrynhl COCTaBJl.lleT 

378 MITa, rrpII 3TOM acema 

rrponcxo,!IHT propymeHIIe rrepBoro 

py6eJKa 3amHTbl, a BTopoli 

OCTaCTCJI repMeTH'IHbIM; HHlKHJIJI 

,Z\OBCpHTCJibHaJJ rparrnu:a 

IIOK33aTeJl.ll rrpO'IHOCTHOH 

Ha,Z\CJKHOCTH > 0,9<
6l, rrpu ypOBHe 



noBepiITenI,HOii: BepmITHOCTII 0,95; pecypc pa6on,1 npH MaKCHMaJlbHblX Harp)'3Kax - 400 

qacoB; BpeMH OXJia)KJ];eHHH OT KOMHarnoii: TeMneparyp1,1 no 20K - 2 qaca, npH He06XOMMOM 

KOnHqecrBe l!C~Koro renHH 10 n; OTCyrCTByi<>T yreqKH MB qepe3 BTOpoii: py6eJK 3amHTbl. 

B orn11q11e oT TMB,[(, HBnHIOmeii:cH qacr1,10 KilrC, ,[(MB,[( (p11c. 5.) [13] npencr=er 

co6oii: KOMnneKc ycrpoiiCTB, KOTop1,1ii 06ecneq11Baer ee nonHoe aBTOHOMHoe 

4>YHKIJIIOH11p0BaHHe, a IIMeHHO: 

a) reHep11poBru111e nmpq>)'3IIOHHo-qncroro D2 113 TepMonecop6IJ110HHb!X 

MeTaJinornnp~Hb!X IICTOqJJIIKOB BS 1, BS2 Ha OCHOBe BaHaMH H ypaHa, COOTBeTCTBeHHO; 

6) oxna)KJ];eH11e, HarpeB II noMepl!CaHHe 3MaHHOll TeMneparypbl aMnym,1 MHIIIeHH B 

n11ana3oHe(80-800)K; 

B) 3arronHeHHe aMnynbl neii:Tep11eM npH TeMneparype 80-300K. 

B OTJillqJJII OT TMB,[(, aMrryna H OXJIMHTem, ,[(MB,[( KOHCTpYKTHBHO o61,eMHeHbI B 

en11111,1ii Y3eJI - MIIIIIeHHblll 6JIOK. 3TO n03B0JIIIJIO COKpaTHTI, ra6apHThl MIIIIIeHII B 

BepTIIKaJibHOM HarrpaillleHIIII. Ilp11 np11MeHeHHII B KaqeCTBe XJianareHTa lKIInROro reJIHH 

B03MOJKHa ee 3KcnnyaTaIJIIH np11 TeMneparypax OT 20 no SOOK. KoHCTpYKIJHH aMnyn1,1 ,[(MB,[( 

aHaJiornq11a ycrpoii:CTBy TIOro 3JieMeHTa B TMB,[(, pa3JIHqJJe 3aKJIIOqaeTCH JIHIIIb B ra6ap11Tax II 

Oq>OpMJieHHH lllllKHeii qaCTII. HecyinaH cnoco6HOCTb aMrryJibl, no pe3yJihTaTaM ee npoq110CTHb!X 

HccnenoBaHHii:, co=er 260MI1a, qro nonruepJKnaeT ee rpe6yeMYJO npoqnocrnyio 

HMelKHOCTb (R ~ 0_9<5) npH ypOBl!e noBepHTeJibHOll BepOHTHOCTH 0.95). 

On11HM H3 OCH0BHb!X napaMCTpOB MK, OT KOTOporo 3aBHCHT CKOpocn, H 

MHOJKeCTBeHHOCTI, IJHKJia, HBnHeTCH nJIOTHOCTI, CMeCH MB. ,[(nH npoBeneHHH IICCnenoBaHHii: MK 

npn nnornoCTJIX BbIIIIe 1.0 LHD r~~pa6oTaHhI nBe MOMq>HKaIJHII TMC,[( {pHc. 6) c 

pacmnpe1111~ TeMneparypHbIM n11arra30110M. TMC,[( o6nanaer cnenyi<>mHMn TeXHHqecKHM11 

xapaKTepHCTIIKaMH (B. CK06Kax IIpHBeneHbl xapaKTepllCTIIKH MOMq>HIJHpOBaHl!Oro BapllaHTa 

TMC,[(): 061,eM aMrryJibI MHIIIeHH - 18 (10) CM3 npH ee BttyrpeHHeM MaMCTpe 15MM; 

TeMneparypH1,1ii: MaIIa30H 3Kcrrnyaran1111 -20-S00K (10-300K); MaKCHMaJibHOe pafioqee 

naillleH11e - 250MIIa; pecypc - 600 qacoB; 3arronHeHHe - KpHore1111oe np11 TeMneparype 20K 11 

naBJieHnn He 6onee 0.5MIIa; noMepJKaHlle TeMneparypbI B MaIIa3oHe 10-300K c 

rrpHMeHeHHeM KpHopeq>pHJKeparopa 4.2GM, q>HpMbI LEYBOLD; noMepJKaH11e TeMIIeparypb! B 

MaIIa30He 300-S00K ocymeCTBnHeTCH cncreMoii HarpeBa MIIIIIeHH, npH 3TOM 11cnonh3yercH 

KpllOreHHoe 3aIIOn!IeHHe MHIIIeHH (TeMneparypa 20K noCTIIraeTCH c noMom.r,10 nporoqnoro 

reJIHeBoro KpHOCTaTil, yCTaHoBJieHHoro B BepXHeii qaCTII aMnym,Horo 6nmca. KpHOCTaT 
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1 

i I, 

aIIOJIOrnqe11, npHMeHHBIIIeMyCH B ,[(MB,[( [13]); nonaqa pa6oqero nna II yrHJill3aIJHH 

n11q>q>YHnnpyiomero rp11TIIH 06ecneq11BaeTCH Krrrc ycTaHOBKH TPI1TOH. 

,[(nH 06ecneqe1111H xopomero TenJIOBOro KOHTaKTa MeJKnY Kp11oreHHb!M 6JIOKOM II 

aMnynoii MHIIIeHH np11 ero MOHTaJKe - neMOHTaJKe np11MeHHeTCH nJiaBKaH BCTaBKa 11 {pHC. 6.) Ha 

ocHoBe cnnaBa Byna. 

Brnpoii KOHCTpYKTIIBHoii: oco6eHnocThIO TMC,[(, OTJIHqaiomeii ee oT rrpenwzymHx 

MHIIIeneii H no3BOJIHBIIIeii rronHHTb pafioqee naBnenHe no 250 Mila, HBJIHeTCH 113MeHeHHe 

I £1 fiN 
H,O.()f'li lflu 

£llWll.lOelllile 

: .,i,aeaj e61 ~.\i el 
£1 fiN . 

1l 

PHc. 6. IlpllHIJHIIHaJibHaH cxeMa TM,[(C: I - a.myna; 2-
nporoqm,rii OXJiaJ{llreJIL; 3- Kopnyc; 4- KOJIIlaK; 5- HarpeBaTl:nL; 6-
KpeMHHeBLIH repMOl{HO.l{; 7- AaT'IHK )138JleHHJI (250Mila); 8-
BeHTHJIJI BLICOKOl'O AaBJieHIDI; 9- )1aT'IHK AaBJleHHJI (25Mila); I 0-
paJUlaQHOHHIJH 3KpaH; 11- CThIKosoqH1,1il y:ien; 12- ne%; 13-
roJIOBKa KpHOpe<j,pIDKeparopa; 14- BaeyyMHIJH AaT'IHK. 

±lK, Bb!IIIe 100 Kc roqnocn,10 ±1 %. 

KOHcrpyKIJHH KpbIIIIKH. B TMC,[( 

IIJIOCKIIH BapHaHT KpbIIIIKII 3aMeHel! 

na cqiep11qecKHii. 

KpoMe Toro, C IJeJibIO 

nOBbIIIIeHHH TOqHOCTII perncrpan11n 

pafioqHX 

(naBne11He 

rrapaMCTpOB MllllleHH 

H TeMrreparypa) B 

KOHCrpYKIJHIO 

YCTaHOBJieH 

TMC,[( 61,m 

norrOJIHHTeJibHblll, 

OTCeKaeMblll C II0MOIIJl,IO BeHTllnH 

BbICOKoro naBneHHH, na=K C 

pa6oqHM11 rrapaMerpaMH 0-25MI1a, 

113Mepenne TeMneparypb! B 06nacr11 

10-300K ocymecTBJIHJIOCb C 

IIOMom1,10 nByx KpeMHHeBhlX 

TepMonnonoB q>HpMbl LEYBOLD, 

pacnonoJKeHHb!X B Bepxneii 11 

HIIJKHeii qacrn aMrryJihHoro 6noKa. 

3To II03BOJIHJIO rrpoBOMTh 

perncrpaIJHIO TeMrreparypb! B 

MaIIa30He 4-100 K C TQqJJOCTI,IO 

OCTaJibHbie H3MeHeHHH KOHCTpYKIJHH TMC,[( no OTHOIIleHHIO K rrpe~ MHIIIeHHM 

HeJHaqJJTeJII,HI,I C TO~II 3peHHH ee 4>YHKIJHOH11pOBaHIIH H 6blJIH CBH3aHbl C noBb!IIIeHlleM ee 

PanHaIJHOHHOll 6e3onacnoCTII H TeXHOJIOrHqJJOCTII rrpH MOHTaJKe - neMOl!TaJKe OTneJibHblX 

3JieMeHTOB MHIIIeHH. 
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Bee_ Tl!Ilhl MIIIIIeHell II IIX MO.nmpHK!IUll\i B IIOJIH()ll qe11eH11 y,noBJieTBOplUOT 

TPefioBaHIIJIM rrpoBe,neHHJI qJ11311'JeCKHX 3KCrrep11MeI1TOB I!O IICCJie,noBaHIIIO MK B IIJIOTHhIX 

cMeCJIX 11B. B xo,ne 3KCI!JIYaT!IUIIII KaKIIX - n1160 OTKJIOHeHllll B q>yttKI.\IIOHllpOBaHIIII MIIIIIeHeH 

He Ha6JIIO)\a.JI0Ch. 

B 'leTBepTOII rJiaBe rrp11ae.11eHhl pe3yJihTaThl BhI6opa KM, .l1JIJI ero IICIIOJih30BaHHJI B 

KOHCTPYKI.\llll:X OCHOBflhlX 3JieMeHTOB Krrrc [l l II MIIIIIeHeH [11-13], Ha OCHOBaHIIII myqeHHJI 

11x MHTeJihHOH cTOHE;OCTII B cpe.ne eooopooa [18-20] 11 eooopooonpo11u1f<ieMocmu (BII) [18-

21]. ,lvlll IIO.nTBeplK.[(eHIIJI rrpaBl!JlhHOCTII HaIIIero Bh16opa II o60CHOBaHl!JI pecypca pa60Thl KM B 

mpumuiicooepxaUJUX cpe,nax, HaMII 6hlJIO co3,na110 cooTBeTCTBYIOII.\ee 06opy.nosa1111e 11 

OTPa6oTaHa MeTO,nl!Ka ycKopeHHOro HaKOIIJieHl!ll 
3
He B KM IJYTeM Bbl.l1epJKKII o6p331\0B 113 

l!CCJie.11yeMh!X MaTep11a.JIOB B cpe,ne rrooo6p33HOro TPl!TIIJI rrp11 Bb!COKIIX ,naBJieHl!JIX II 

TeMrrepaTypax [22-24]. ,ll;aHHOe 06opy.noaaH11e C03)\aHO Ha 6roe MO.!\llqJIII.\l!pOBaHHOro KTTfC 

[l]. 

KM Ha116onee orneTcTBeHHhIX 3JieMeHTOB KITfC II MllllleHefi ,noJIJKeH o6na.ziaTu 

Bh!COKIIMII MeXaHll'JeCKIIMII CBOHCTBaMII: JKaporrpo'lHOCThlO, CTOHKOCThlO K B03,nell.CTBIIIO 

ao.nopo.na, .l1Jil!TeJihHOH rrpO'lHOCThIO. B TO JKe apeMJI KM )\OJIJKeH 6b!Th TeXHOJIOrll'I.HhIM, T.e. 

l!MeTh xopoIIIl!e cBap11BaeMOCTh II o6pa6aThIBaeMOCTh pe3aHl!eM, a TaKJKe )\OCTYJIHh!M KaK IIO 

l(eHe, TaK II MaCIIITa6aM ero rrp0113B0,!1CTBa. 113 pMa KM, KOTOpb!e paHee 6b!JIII IICCJie,noBaHhl 

HaMII Ha rrpe,nMeT IIX rrp11MeHIIMOCTII B cpe.ne Bo,nopo.na Bh!COKOro )\aBJieHIIJI [18-20], 6bIJI 

BhI6paH CI!JiaB XH40M,ll;TI0-11,ll;, KOTOphlll rrp11MeHJ1eTCJI .l1JIJI ll3fOTOBJieHIIJI XIIMll'l.eCKOH 

arrrrapaTyphl, rro,naepra10menCJ1 B03)\ell.CTBIIIO Bb!COKOarpecc11BHhlX cpe.n rrp11 IIOBhIIIIeHHb!X 

TeMrrepaTypax II MeXaHll'l.eCKIIX Harrpl!JKeHIIJIX. 3TOT CIIJiaB OTHOCIITCJI K KJiaccy aycTeHIITHhlX 

JKaporrpotJ.HhIX .n11crrepc110HHo-TBep.11e10m11x crrnaBoB. 

B pa6oTe rrpl!BOMTCJI pe3yJihTaThl l!CCJie.!\OBaHIIH BO,nopo.nocTOHKOCTII CIJJiaBa 

XH40M,ll;TI0-11,ll; II ero caapHhIX coe,n11HeHl!ll, KOTOpb!e rrpoBO)\IIJil!Ch Ha CTaH,napTHhIX 

l(IIJIIIH,!1p1!'1.eCKIIX o6p331\3X 03MM TIIII IV, N2 9 fOCT 1497-84 II Ha TOHKOCTeHHhIX TPy6'laTh!X 

06pro11ax, <JYBCTBl!TeJihHall .l1Jil!Ha KOTOph!X COCTaBJIJIJia -50MM, HapYJKHhlll .l111aMeTp - 010MM, 

TOJIII.\l!Ha CTeHKII pa6otJ.eH tJ.aCTII - 0, 75MM. ITpO'lHOCTh caapHoro coe,n11HeHHJ1 CIIJiaBa, 

Bh!IIOJIHeHHOfO 3JieKTPOHHO-JIY'feBOll CBapKOH, 113yqa.rracb Ha l(llJIIIH.!\Pll'l.eCKIIX 06pro11ax 

03MM, Bh!pe3aHHh!X 113 cBapHh!X l\llJIIIH,!1p1!'1.eCKIIX BTYJIOK, TepMoo6pa6oTaHHhlX .no CBapKII. 

Hcrrb!TaHl!JI Ha paCTJ1lKeH11e CTaH.l1apTHh!X l(IIJIIIH.l1Pll'leCKIIX o6p331\0B II CBapHhIX 

o6p331\0B rrpOBO)\l!Jll!Ch Ha ycTaHOBKe .l1JIJI IICIIb!TaHIIJI Ha pacrnJKeHl!e B cpe.ne Bo,nopo.na [18-

20]. ITp11 3TIIX IICI!hITaHIIJIX orrpe,neJIJIJll!Ch: BpeMeHHOe corrpOTIIBJieHl!e cr., ycJIOBHhlll rrpe,neJI 
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TeKYtJ.eCTII cro,2, OTHOCl!TeJihHOe Y.l1Jll!HeHl!e O II OTHOCl!TeJihHOe CYJKeHl!e 'I', a rrp11 

IICIIhITaHIIJIX CBapHh!X o6p331\0B - BpeMeHHOe corrpornBJieH11e cr •. 

Hcrrb!TaHl!ll B ycnoBIIJIX cnoJKHo-Harrpl!JKeHHoro cocrol!Hllll rrpoBO.l111JIIICh Ha TPy6tJ.aThIX 

06pro11ax [18,20]. ITp11 3TOM orrpe,neJIJ1Jioch Harrpl!lKeHHe (.naeneH11e) propyrneHlfll crpa:ip• B 

rrpo11ecce 3Tl!X IICIIhITaHl!ll IIMl!TllpOBa.JIOCh B03)\ell.CTBl!e 3KCIIJIYaTaullOHHhIX qJaKTOpOB Ha KM 

TMB,ll; [11]. 

CTerreHh B03,neHCTBllll BO,nopo,na Ha MaTep11a.rr Ol(eHIIBa.JiaCh IIYTeM cpaeHeHllJI 

xapaKTepl!CTIIK (cr., cro,2, o, 'I', CTpa:ip), IIOJiyqeHHb!X rrp11 IICIIb!TaHIIJIX o6p331\0B, Bbl.!\eplKaHHb!X II 

l!CIIhITaHHhlX B cpe.ne ao.nopo.na, C aHa.JIOrll'I.Hb!MII xapaKTepllCTIIKaMII, orrpe,neJieHHh!MII Ha 

06pro11ax, IICIIb!TaHHhIX B cpe.zie reJil!ll. 

B pe3yJihTaTe IICCJie,noBaIIIIH KM 6b!JII! rronyqeHhl HOBhie 3KCIIep11MeHTa.JlhHb!e 3Ha'JeHl!JI 

.l1Jll!TeJihHOH (Ha 6roe 80 'JaCOB) rrpO'I.HOCTII CIIJiaBa XH40M,n;TI0-11,ll; 11 ero CBapHhIX 

coe,n11HeHIIH rrp11 B03,neHCTBIIII B_o.nopo,na Bh!COKOro ,naeJieHIIJI .no 150MITa B .l111aII330He 

TeMrrepazyp 20 - 60o
0
c. Pe3yJihTaTbl IICII~ITaHIIH IIOK33h!BaIOT, 'I.TO .l1JIIITeJihHall Bhl,neplKKa B 

cpe.ne Bo,nopo.na rrp11 20°C OK33b!BaeT He60JihIIIOe BJIIIJIIllle Ha rrpO'lHOCTHble xapaKTep11CTl!KII 

CIIJiaBa XH40M,n;TI0-11,ll; (yMeHbII1eH11e BeJill'l.l!Hhl cr. COCTaBJIJleT -6%) 11 cymeCTBeHHO 

60JihIIIee BJIIIJIHlle Ha xapaKTepllCTIIKII IIJiaCTll'I.HOCTII (o, 1/1). C IIOBhJIIIeH11eM TeMrrepaTyphl 

IICIIhITaHIIH CTerreHh CHIIJKeHIIJI BpeMeHHOro corrpOTIIBJieHIIJI rro.n B03)\eHCTBlleM Bo,nopo.na 

ao3pacrneT ,no - 19% (rrp11 600°C), a aeJI11tJ.11Ha ycJIOBHoro rrpe.nena TeKYtJ.eCTII B 3Tl!X JKe 

ycJIOBIIJIX IICilhITaHIIH OK33hIBaeTCJI rrpaKTll'JeCKII HetJ.YBCTBIITeJihHOH K BO.l10P0.!1HOMY 

B03)\ell.CTBIIIO. TeMrrepaTypHall 3aBl!CIIMOCTh xapaKTepllCTIIK IIJiaCTll'I.HOCTII CIIJiaBa 

XH40M,ll;TI0-11,ll; B cpe.zie ao,nopo.na IIMeeT Ml!HIIMYM rrp11 TeMrrepaType 300°C, rrp11 3TOM BO 

BCeM l!CCJie,nOBaHHOM ,n11arrroo11e TeMrrepazyp BeJil!'ll!Hhl OTHOCl!TeJihHOro Y.l1JIIIHeHl!JI O II 

OTHOCl!TeJihHOro CYJKeHl!JI 'I' 6onee tJ.YBCTBl!TeJih!lhl K B03,neiiCTBIIIO Bo,nopo.na, 'JeM cr. II cro,2-

Bo.nopo.n, rrpaKT11qecK11, ne OK33hIBaeT BJil!l!Hllll Ha rrpotJ.HOCTh caapnoro coe,n11He1111J1 

cIIJiaBa XH40M,n;TI0-11,ll;. ITO-Blf.l1l!MOMY, 3TO CBll3ano C 60JihIIIeii IJJiaCTl!'JHOCThlO MeTaJIJia 

caapnoro IIIBa I!O cpaenem110 C , IIJiaCTl!lJ.HOCThlO OCHOBHOro MeTaJIJia. l13Mepen11e 

OTHOCHTeJihHOro CYJKeHl!ll IIOCJie p33phrna CBapHhIX o6p331\0B I!OK33a.JIO, 'I.TO BeJill'l.l!Ha 1/1 

(34+58%) cymecrneHHO BhIIIIe BeJil!'l.llllhl 'I' l(eJihllb!X o6p331\0B (5+16%), IICIIb!TaHHb!X TaKJKe B 

ycJIOBl!JIX B03)\eHCTBllll B0.1\0po,na. 

Pe3yJihTaThl .!\al!Hb!X l!CCJie,noBaHIIH IIOK33h!BaIOT, 'I.TO rrpO'lHOCTHhle CBOHCTBa CI!JiaBa 

XH40M,n;TI0-11,ll; coxpaHl!IOTCJI Ha_ ,nOCTaTO'lHO Bh!COKOM ypOBHe rrp11 B03,neiiCTBl!II BO,nopo.na 

. Bb!COKOfO )\aBJieHllJI B Te'Je1111e, ITO KpaHHeii Mepe, 200 tJ.aCOB. 
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O,nHaKO 0CTaeTCll 0TICJlbITbIM B0IIJJ0C O IIJlllMeHHM0CTH :nnx pe3yJil,TaT0B ,nJIJl: KM, 

pa6oTIUOmnx s rpHTnii:co.nepl!Camnx cpe,nax. ,lvIJl: oTBera Ha :noT Borrpoc 61,mo c03,natto 

o6opy,nosattne ,nJIJI ycKopeHHoro crapemct KM s TJJHTnn [22-25]. Mero,nnKa Tiiicoro CTapeHllll: 

ll3BeCTHa If 3aKmoqaercl! B Bl,IJlepl!CKe KM rrpn II0BhlllleHHhlX ,naBJieHllllX II TeMIIeparypax 

TJlllTllll:. Ilpn 3TOM, 3a cqer IIOBhllileHHOll paCTBOpli:MOCTII TJlllTllll: B Marpn1..1e KM, IIJJH ero 

pa,nnoaKTIIBH0M pacrra.ne rrponcxo,nnT HaKorrneHne 3He, icomwHTpaunll icoroporo oiipe,ne.JUieTcll 

H, 

KaK: SHe = 2 · S0 • e - R-T • ✓P ·A.· t, r,ne So - K0HCTaHTa pacTB0JlllM0CTll TJlllTllll, Hs - TeIIJI0Ta 

pacTBopeHllll, T - a6COJIIOTHal! TeMrreparypa, R - ra30Bal! II0CT0llHHal!, p - ,naBJieHne TJJHTllll, ')._ -

II0CTOllHHal! pacrra,na, ,nJIJl: TJlllTllll: 'J,..=l,79l·l0·9c·1
, t-BpeMll Bl,IJlepl!CKH KM B TJJHTHU. lfa 3TOro 

C00THOIIleHllll cne.nyer, qTQ, llCKJIIQqaJI BpeMll, rrapaMCTJlaMll, K0T0Jl!,IMII M0l!CH0 perynnpoaaTr, 

K0HI.1eHrpa1..1mo reJillll: B Marpn1..1e KM, l!BllillOTCll TeMrreparypa n ,naBJIeHne. TaKoii Mero,n 

Hapa6onm 3He B Marpn1..1e KM Ha3brnaeTcll Mero,noM "rpnTneaoro TJJIOKa". 

CornaCHO OIIllCaHHOll BbIIIIe MeTO,nnKe 61,mo rrpoae,neHo HaCl,lf{leHne 3He o6pa31..10B 

cTann l2Xl8HIOT n c1maaa XH40M,[(TI0-11,ZJ;. O6pa3l..lhl B1,IJ1epl!CHBaJI1Icr, B crre1..1nanr,Ho 

Jla3pa60TaHHOM K0HTeii:Hepe, rrpe,ncTaBJlllIOIUeM co6oii: pa.nnaunoHHo-6e3orracH1,1ii 

aBT0CKperrJieHHhlii: ,nayxcnoii:Hblli cocy,n BhlC0K0ro ,naBJieHllll: C BaJ<YYMllJJ0BaHHl,IM ao,nopo,nttr,IM 

6apr,epoM [25], rrpn ,naaneHnn TJlllTllll: -50MIIa n reMrreparype -873K B TeqeHne 700 n 

l400qacoa. B pe3ynr,rare ar,mepl!CKH o6pa3l..lOB B TeqeHne 700 qacoa co,nepl!Cattne 3He B crann 

l2Xl8HIOT n crrnaae XH40M,n:TI0-11,ZJ;, 01..1eHeHHoe pacqeTHl,IM o6pa30M, cocTaaJlller -l20-

500appm. Pa36poc 3HaqeHnii: co,nepl!CaHllll: 3He a KM o6ycJIOBJieH HecTa6llJl!,HOCThIO ycJIOBllll 

Bbi,nepl!CKH o6pa31..10B B TJlllTHll ll3-3a rpa,nneHTa TeMrreparypr,1 BHYTJlll K0HTeii:Hepa, 

TeXH0JIQmqecKHMll rrepephlBaMll If T.II. TaKal! 60Jil,Illal! Heorrpe,neJieHH0CTh B 01..1eHKe 

K0JilfqecTBa 3He B 06pa31..1ax Kivi II0CJie !IX TJlllTHJJ0BaHllll: rrorpe60BaJia C03,naHllll: 

o6opy,noBattllll: n Mero,nnKH K0JinqecraeHHoro orrpe,neneHllll: 3He B KM. 

TaKoe o6opy,noBaHne 61,mo co3,natto Ha 6a3e Mo,nepHmnpoBattHoro ra3oaoro attaJin3arnpa 

«Eltra», II03B0JlllIOIUero orrpe,neJlllTh co,nepl!Cattllll H2 n 02 B MeraJIJiax (pnc. 7.). Cyrr, Mero,na 

3aKJIIOqaercJI B IIJiaBJieHllll 06pa31..1a KM rrpn TeMIIeparype 3000°c B TOKe ra3a H0CllTeJlll C 

II0CJie,nyIOmllM aHaJill30M co,nepl!Cattllll: ra30B, Bl,I,neJillBIIIllXCJI B Jle3YJll,TaTe IIJiaBJieHllll:. AllaJill3 

3He ocymeCTBJIJ1erCJ1 ,nereKTOp0M ITO TeIIJI0IIJJ0B0,nH0CTH. KpoMe TOro, rrpn6op 61,m ,noocHameH 

llOHll3a{lllOHHOll KaMepoii:, qro II03B0JillJIO orrpe,neJlllTh co,nepllCattne 0CTaTOqff0ro TJlllTllll: B 

Marpn1..1e KM. Ilpn6op II03B0Jlller orrpe,neJil!Th co,nepl!Cattne 3He c qyBCTBHTeJibH0CThIO 10-6r, 

TJlllTllll: C qyBCTBlfTeJil,H0CThlO l 0"5Kn. AHaJIH3 rraprnn o6pa31..10B, B1>1,nepl!CaHHhlX B TJlllTHII rrpn 
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,/ 

50o
0
c n 500aTM B TeqeHne 700qac n IIJJ0IIIe,nIIIHX 3aTeM ,nerpHTll3a{lllIO Mero,noM 

moTorrHoro 3aMemeHnll, II0Ka3aJI, qro nccne,nyeM1,1ii: KM co,nepl!CHT l 60appm 3He n 4- l o·5Kn/r 

TJlllTHll. 

,[(erpnTll3al\llll: ocymecrBJIJ1Jiac1, c 1..1enr,10 rronyqeHllll: 06pa31..10B rrpnro,nHr,ix ,nJIJI pa60Th1 a 

II0MemeHllll: rperr,ero KJiacca. 3To II03B0Jlller rrpoBeCTn BCeCT0JJ0HHlle llCCJie,n0BaHllJI 3THX 

o6pa3l..lOB B na6oparnpllll:X ,npyrnx oprattn3aunii: Herrpncrroco6neHHbIX ,nJIJI pa6oT c rpnrneM. 

HMRYJlbCHaJI Ile'lb 

Pnc. 7. CxeMa ycrattoBKH ,nJIJI orrpe,neneHnll 061,eMHOro co.nepl!Cattllll: 3He n TJJHTHJI B KM. 

Cne,nyIO!UllM 0CH0BHl,IM B0IIJJ0C0M rrpn Bhl6ope KM 61,m B0IIJJ0C 0 ero BII. 

,[(mfiq>Y3llOHHhle yre~n 11B ll3 3JieMeHTOB KOHCTJJYKl..lllll, pa60TaIOll..llfX rrpn BhlC0KllX 

,naBJieHlll!X 11B If Bh!C0KllX TeMrreparypax, IIJJllB0.nJIT, C O,ntt0ii: CT0JJ0HI,I, K ll3MeHeHllIO 

K0JilfqeCTBa CMecn B aMIIyJie BO BpeMJI HCCJie,n0BaHHll rrpo1..1ecc0B MK, a C ,npyroii: - K BhlX0.ny 

TJJHTllll: 3a rrpe,neJihl aMIIYJihl, ero II0Tepl!M H B03M0l!CH0My yxy,nIIIeHHIO Jla,nlla{IH0HHOii: 

o6CTaHOBKll. II03TOMy 0CHOBHOii: 3a_naqeii: HCCJie,noBaHHll 6hlJI Bhl60p MaTepnana C 

HaHMeHI,IllllMH 3HaqeHHllMH BII H II0HCK 3all..llfTH!,IX IIOKJlhlTHll, crroco6HhlX ee YMeHbIIIHTh. 

HaMn 6hlJIH rrpoae,neHhl nccne,n0BaHllll: IIJl0HHl..laeM0CTH H30TOIIaMH B0,nopo,na 

rrepcrreKTHBHhlX l!Caporrp0qffI,IX Bo,nopo,noCT0llKllX CIIJiaB0B Ha HHKeneaoii: 0CH0Be: 

3II74IHII(XH52MBEKTIOHII), 3II99-11,Zl;(XH50MBTIOP-11,[() n 3II543Y-

11,ZJ;(XH40M,n:TI0-11,[() [18-21] n Pll.n ,npyrnx MaTepnaJI0B. Ilo C0B0K)'IIH0CTH Jle3YJ11,TaTOB 3THX 
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IICCJie,IIOBaHIIH II IICCJie,lloBaHl!H B0,110p0,110CTOHKOCTII KM B Ka'leCTBe KM 0CH0BHhlX 

3JieMeHTOB KITrC II MIIII!eHeii. 61,JJl Bh!6prui CIIJiaB 3IT543Y-H~(XH40M,ll;TIO-H,ZU. ~Jlll 3TOro 

MaTep11ana 61,m11 TaIOKe npoBe,11eH1,1 11eeJie,110BaH11J1 BIT ero cBapHhIX eoe.1111Hemiii.. 

B Ka'leeTBe 3am11THoro II0KphITIIJI HaMII 61,mo npe,IIJI0lKeH0 II0KphITl!e Ha oeH0Be Hllrp11.11a 

Tl!TaHa 113-3a ero TeXH0JI0rll'IH0eTI! II .11oe1)'IIH0eT11 B YCJI0BIIJIX 0111,JTH0ro IIp0113B0,IICTBa 

BHHH3<l>. IT0Kp1,rr11e Hllrpll,II0M Tl!TaHa oeymeeTBJIJIJI0eh MeT0,II0M Marnerp0HH0ro 

pae111,meHl!JI Ha yeTaH0BKe "EyJiaT". BeecTOpOHHl!e 11ecJie,II0BaHl!JI BIT 3T0ro II0KphITl!JI 

II0,11TBep,1111JIII o6oeHOBaHHOeTh e,11eJiaHH0ro Bhl6opa II ero nepeneKTl!BH0eTh. 

B pe3yJihTaTe Bl,JII0Jil!eHHl,IX pa6oT BIIepBh!e 61,rn11 II0Jiy'leH!,J napaMCTphl BIT KaK enJiaBa 

XH40M~TIO-H~ 11 ero eBapHhIX eoe.1111HeH11ii., TaK II enJiaBa e 3am11THhfM 110Kp1,rr11eM 113 

H11rp11.11a Tl!Tatta B .1111arraJ0He TeMneparyp .110 700°C. Haii.,11eHo, 'ITO np11 TeMneparype 400-

5000C .IIJill II0Kph!Tl!JI 113 H!!Tpll,11a Tl!TaHa eyi.IJeernyer 113JI0M KPIIBOH npoHm:~aeM0CTII, 

eBJ13aHH1,1ii. e 1!3MeHe1111eM MexaH113Ma rpruienoprn Bo.11opo.11a 'Iepe3 JTO 110Kp1,JT11e. ITp11MeHeH11e 

3am11TH0ro II0KphITl!JI 113 HIITPll.lla Tl!TaHa 1103B0JilleT CH1!311Th np0Hll!~aeM0eTh B0,!10po.11a qepe3 

enJiaB XH40M~TIO - H~ 6oJiee qeM Ha nopll.ll0K BeJill'll!HU. 

B IIHTOH rJiaBe 113JI0lKeHhl MeT0,lll!Ka, 06opy.110BaHl!e II pe3yJihTaThl 11eeJie,110BaHl!H 

el!eTeMU "BaHa,IIIIH - HB" IIpll Bhie0KIIX ,11aBJieHl!JIX. ITp11Be,lleH1,1, II0JiyqeHHhle B pa6oTe 

.1111arpaMMI,1 eoeT0JIHIIJI 3TOH e11eTeMhl B K00p,ll!!HaTax ,11aBJieH11e - TeMIIeparypa -

KoH11eHrpa1111J1 (P-T-C) B .1111a11aJ0He ,11aBJieH11ii. .110 500MITa. O1111eaHa K0HerpyK1111J1 

BaHa,lllleBoro MeTaJIJiorn.11p11,11Horo l!eT0'IHl!Ka ,IIJIJI eo3,llaHl!JI Bhie0K0ro .11aBJieHl!JI HB, BKJIJO'lal! 

Tpl!TIIH, BIIJI0Th ,110 500MITa. 

Ha Ha'laJihH0H eTa,111111 pa6oT 110 C03,llaHIIIO KITfC [ 1-4] BeTaJI B0IIpoe 0 IIpl!MeHl!M0eTI! 

l!MeJOm11xeJ1 BO BHHH3<l> MeXaHl!'leeKIIX K0MIIp!!MIIpYJOm11x yerpoii.eTB ,IIJilI eo3,11aH1IJI 

Bh1e0Koro (> 1 00MITa) ,11aaJieH11J1 HB. IToeKOJihKY o,11HnM 113 oeH0BHhIX rpe6oiiruinii., 

npe,111,JIBJilleMh!X K HB, JIBJilleTeJI eo.11eplKaH1Ie B HIIX 11p11Meeeii. e Z>4 Ha yp0BHe 10·1 
06 . .IIOJieii, 

TO eTaJI0 JleHoii. 6ecnepeneKTIIBHOeTh IIX np11MeHeHIIJI. B eBJl311 C 3TIIM 61,mo npe,IIJI0lKeHo 

11en0Jih30BaT1, IICT0'IHIIKII Bhie0Koro ,11aBJieHl!JI Ha 6a3e rn.11pn.11a BaHa,IIIIJI [2, 8]. B1,16op rn.11pll,lla 

BaHa,IIIIJI oeH0Bh!BaJieJI Ha eoqeTaHJIII ero BhieOKOH y,11eJihHOH CMKOeTn 110 HB II epaBHl!TeJihH0 

Hll3KIIX TeMneparyp, rpe6YJOmlIXCJI ,IIJIJI II0Jiy'leHIIJI Bh!C0KIIX ,llaBJieHl!H. IToeKOJihKY II0Jiy'IeHl!e 

Bhie0KIIX ,11aBJieHl!ll B BaHa,lllleBl,JX lleT0'IHJIKax 0lKII,llaJIIIeh npn 0TH0el!TeJihH0 Hll3KIIX 

TeMneparypax, a 3a1I0JIHeHne neTO'IHIIK0B npe.11110Jiaranoe1, np0B0.IIIITI, .IIIIlpqJY31IOHHO-'llleThfMII 

HB noeJie BhieOK0BaKYYMHOH aKTl!BaQIIII BaHa,IIIIJI II ero MHOroKpaTHOH rpeHnp0BKlf B epe.11e 

.llllqJqJY3l!OHHO-'ll!CThlX HB, m 0lKII,llaJI0eh, 'ITO eo.11eplKaHl!e npl!Meeeii. e Z>4 B .11eeop6npyeMhlX 
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113 l!eT0'IHHKa HB 6y.11er He HIIJKe 10·7 
06. ,IIOJieii.. KcraTII, 3T0 61,rno 110,IITBeplK,lleHo 

BII0eJie,lleTBHH B 3KenepnMeHTax 110 11eeJie,II0BaHIIIO npo11eeeoB MK npn IIpllM0M 

K0MIIpHMnpoBaHl!II HB B MHIIIeHH OT IICT0'IHl!K0B HB. IToeJie,IIHHM KpynHhfM npenMYIIJeCTB0M 

11e110Jih30BaHIIJI rll.llPll.lla BaHa,IIIIJI B Ka'!eerne l!eTO'!HIIKa HB 61,ma B03M0lKH0CTh e03,llaHIIJI 

MaJiora6apl!THOH, pa,1111aQIIOHH0-6e3011aeHOH K0HCTpYKIIIIII, 110 runy npe,IIJIOJKeHHOH B pa6oTax 

[11-14,25]. 

O,11HaKO, K Ha'laJIY pa6oT no e03,llaHIIIO KITrC HMeJOm11xeJ1 B Jil!Teparype .11aHHh!X 0 

,11aBJieHIIJIX, e03,llaBaeMhIX np11 HarpeBaJIIIII n1.11pn.11a BaJla,IIIIJI, II 0 3aBHel!M0CTII 3Toro ,llaBJieHl!JI 

OT TeMneparyp1,1 0Ka3aJI0eh ne.11oeTaTO'IH0 ,IIJIJI pa3pa60TKII l!eTO'IHIIK0B HB Bhie0K0ro 

,llaBJieHIIJI. Bee 113BeeTHl,Je ,11aHHh!e 0 paBH0BeeHhlX ,llaBJieHl!JIX .11eeop6111111 H30T0II0B B0,!10po.11a 

na,11 rll.llplf.ll0M BaHa,llllll 61,rn11 nonyqeuu B .1111arra3011e ,11aBJie1111ii. .110 - 90 MITa. ~yr11M 

HeJleHhfM 113 Jil!TeparypHhlX ,11aHHhlX M0MeHT0M JIBJilleTeJI BeJil!'ll!Ha 1!30T0l!H0ro 3«p«peKTa npn 

TepMl!'leeK0M pa3JI0JKeHIIII rn.11pll.lla BaHa,IIHJI. Bee 3T0 rpe60BaJIO npoBe,lleHIIJI neeJie,IIOBaHl!ll 

e11eTeMhl "BaHa,lll!ll - HB" B 11111p0K0M ,llllaJ!a30He ,11aBJieu11ii, II oeo6eHHO - np11 ,11aBJieHHJIX 

6oJiee 90MITa. 

~ 3TIIX 11eJieii 61,mo e03,llaH0 ,IIBe yeTaH0BKII e pa60'IHMII ,11aBJieHl!JIMII .110 20MITa H 

500MITa, Ha K0T0ph!X 61,m11 npoBe,11eHhl pa60Tl,J [26~29] no BI,!JleHeHl!IO pelKHM0B aKTl!BaQIIH 

Bana,11nJ1, pelKIIM0B ero Hae1,1men11J1 HB .110 .IIHrll.llPlf.llH0ii. qia31,1 n H3Mepei111JO paBH0BeeHhIX 

,11aBJien11ii. cop6111111 11 .11eeop611ii11 B 11111poK0M .1111anaJ0He ,11aaJieH11ii II TeMneparyp. 

Ha p11e. 8. 11p11Be,11eH1,1 neKornp1,1e 113 noJiyqeHHhIX P-T-C .1111arpaMM ,IIJilI e11eTeM 

rll,llp!!.11 BaHa,IIIIJI-B0.II0P0.11 II .11eii.Tepll,II BaHa,IIIIJl-.lleiiTep11ii., e00TBeTeTBeHHO [27-29]. Kp!!B!,Je 

np11 ,11pyrnx TeMneparypax l!MeJOT ruianorn'!H1,1ii. BIi.ii ii noJT0MY 3,11ee1, He np11Be,11eHu. 
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P11e.8. l1JoTepM1,1 ,11aaJien11e - eoCTaB ,IIJilI e11eTeM HN II DN. 

+571 K 

■ 505K 

◊459 K 

♦399K 

O353K 

A335K 

113 p11e.8 Bll,IIH0, 'ITO II0JiyqeHH!,Je 1130TepMhl ,llaBJieH11e - 'eoenm l!MeJOT "IIJiaTO" 

,llaBJieHIIJI II npe,11eTaBJilIIOT eo6oii. TIIIIll'lH!,Je 1130TepMhl pa3JI0lKeHl!JI nl.llPH.lla MeTaJIJia B 
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/l:Byx4>a:moii o6naCTII. no 3TIIM II30TepMaM 6b1Jm Haii;:i:eHbl 3aBIICIIM0CTII paBH0BeCHhIX 

)l;aBJieHIIII ;:i:ecop6u1111 OT TeMIIeparypbI B K0opmrnaTax lg p - 1/T. TaKall 3aBIICIIM0CTb )];JUI 

;:i:eiiTep11;:i:a BaHll)l;illl IIpII aTOMH0M 0TH0IIIeHIIII DN=l,5 np1rne;:i:eHa Ha pIIC. 9 • .lvrn o6pa6oTKII 

no.Jl)"IeHHhlX 3KCnepIIMeHTaJihHhIX il:aH,HhlX 3aBIICIIM0CTII paBH0BeCHhlX )l;aBJieHIIII ;:i:ecop6UIIH 

OT TeMneparypbl HCn0Jih30BaJI0Cb ypaBHeHHe C0CT0JIHIIJI, BhIBe)l;eHH0e il:Jl.!I B0/l:0po;:i:a B o6naCTH 

;:i:aBneHnii ;:i:o l 00 rna n TeMneparyp ;:i:o l 000 K. 0110 J1BJIJ1eTCJ1 3MnnpnqecKoii Mo;:i:114>11Kau11eii 

4 

~ 
Q 

a:' 2 
.!:!' 

--~--.. -
pji 

0 
0,001 ..,. 0,0015 0,002 

1/f 

0.0025 

P11c.9. 3aBIICIIMOCTh lg P (lgf) oT 1/T 

0,003 

ypaBHeHIIJI C0CT0JIHHJI peanbHhIX ra30B Ban-

;:i:ep-Baanbca B Bll)l;e: [p+a(p)N"][V-b(p)]=RT. 

Ifa pnc. 9 BII)l;H0, ~o 3,aBIICIIM0CTh lg p 

OT 1/T B o6naCTII )l;aBJieHIIII 6onee "' 40 MTia 

nepeCTaIOT 6h!Th JIIIHel!HhIMII. Tip11q11HOII 

HeJIIIHeiiH0CTII JIBJI.!leTCJI 3aBIICIIM0CTb 

TepM0)l;IIHaMIIqecKIIX napaMeTp0B B0;:i:opo;:i:a 

OT )l;aBJieHlll. EcnII B o6nacTH HII3KIIX 

)l;aBJieHIIli )];JUI onpe;:i:eneHlll 

TepM0)l;IIHaMIIqecK!IX napaMeTp0B M0JKH0 

IICn0Jih30BaTb 3aBIICIIM0CTh paBH0BeCHhIX 

)l;aBJieHIIli B o6naCTII "nnaTo" OT TeMneparypbI, TO B o6naCTH, Bh!C0KHX )l;aBJieHIIii paBH0BeCH0e 

)l;aBJieHIIe )l;0JIJKHO 6hITh npeo6pa30BaHO B neryqeCTb. CBJ13b MeJKil:Y neryqeCTblO II )l;aBJieHHeM 

HMeeT Bn;:i:: lg (f) = lg (P)- F(P)/2,303·R•T, r;:i:e: f-neryqeCTh, P- ;:i:aBJieHne, R- )'HHBepcanbHllll 

ra30Bllll noCT0JIHHllll H F(P) - HHTerpan OT O )];0 p pa3H0CTII o6beMOB l M0JI.11 H)l;eaJibH0rO H 

peaJibH0ro ra30B. 

)vrn H3MepeHHhlX 3Haqexmn paBH0BeCHhlX )l;aBJieHHii fihmn paccqnTaHhl 

C00TBeTCTBYJOIUHe 3HaqeHH.!I neryqeCTH. TionyqeHHa.11 )];JUI ;:i:eiiTeplll 3aBHCHM0CTb lg (f) OT 1/T 

(pnc.9.) HMeeT JIHHeiinhlii Blfil: lg(f)=-2575/T+7,4. ,lvrn Bo;:i:opo;:i:a - lgf(MTia) = - 2212/T+6,77. 

TioJib3YllCb Haii;:i:eHHhIMH 3aBHCHM0CTJIMH neryqeCTH OT TeMneparypbI M0JKH0 paccqnrnTb 

paBH0BeCH0e )l;llBJieHHe IfB Ha)]; )l;Hrll)l;Plfil:II0ll 4>a30/:i BaHll)l;lll npn npOH3BOJlhH0ii TeMneparype. 

Tipn6JIHJKeHHYJO oueHKY C03)l;aBaeMbIX C noM0JUblO rn;:i:pll)l;a BaHll)l;H.11 )l;llBJieHHH M0JKH0 

TaKJKe c;:i:eJiaTb C noM0JUblO npnBe;:i:eHHbIX B pa6ore [29} 3aBIICHMOCTeii paBH0BeCHhlX )l;aBJieHHii 

OT TeMneparypbI B o6naCTH )l;aBJieHIIii 30 + 500 MTia • .lvrn npoTH.11 H ;:i:eiiTepH.!i 3TII 3aBHCIIM0CTH 

HMeIOT, cooTBeTCTBeHH0, BIi)];: H2: lgP (MTia)=-1665/T+5,4 n D2: lgP (MTia)= -2024/T+6,l. 

TipoBe)l;eHHble H3MepeHH.!I paCIIIHpIIJIH o6naCTb H3MepeHHhlX paBH0BeCHhIX )l;aBJieHilll 

;:i:ecop6unn no cpaBHeHIIIO c JIHTeparypHhIMH ;:i:anHhlMH Ha - 2 nopJl)l;Ka )];JUI npoTH.11 11 Ha - 1,5 

nopJl)l;Ka )];JUI ;:i:eiiTepH.11. 
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Tio.Jl)"IeHHbie 3KCIIepnMeHTaJihHbie )l;aHHbie no3B0JIIIJIII C03)l;aTb cepIIIO BaHa)l;HeBbIX 

HCT0qHHKII HB BhlC0K0ro )l;aBJieHHJI. Ha pIIC. 10. npIIBe;:i:eHhl npHHUHnIIaJihHllll cxeMa 

HCT0qHHKa a) Hero 06JUHii BIi)]; 6) [20]. 

i 
is 

H ffi35l 

a) 6) 

Pnc. 10. l!CTOqHHK HB BhIC0K0ro ;:i:aBJieHHJI Ha 0CH0Be BaHa)l;lll: a) npHHUHnHaJihHllll cxeMa 

HCT0qHHKll, 6) 06JUHH Bil)];: I - Kopnyc; 2 - aMnyJia; 3 - cop6eur, 4 - KphlWKa; 5 - )laT'IHK )laBJieHHJI; 6 -
BeHTIUib BhlC0K0ro )laBJleHIIll, 7- 3.IIerrrpouarpeuan:.nL; 8 - TepMonapa. 

lICToqHIIKII 3TOro THna ncnoJih3YIOTCll: B KIIrC [l], ~B,[{ [13], B pa6ornx no 

"ycKopeHHOH Hapa6oTKe" 3He B MaTPHUe KM [22-24], B C0CTaBe ycraH0B0K )l;JIJI HCCJie)l;OBaHHH 

paBHoBeCHhlX ;:i:aBJieHnii HB B CHCTeMax "MeTaJIJI - HB" [26-29]. KpoMe rnro, 0HH aKTIIBH0 

Hcnonb3YIOTC.!I B pa60Tax, rrpoB0)l;IIMhlX no TeMaTHKe P<I>.fil_{-BHHH3<I>, HllIIp11Mep, )];JUI 

3llII0JIHeHHJI ;:i:eiiTepHii - TPHTHeBoii CMeChlO MHKp0MHIIIeHeii )];JUI TepM0Jl)l;epHoro CHHTe3a C 

Jia3epHbIM HHIIUHHp0BaHHeM [30], H3MepeHilll ypaBHeHHJI C0CT0J!Hilll ;:i:eiiTepH.11 B o6naCTH 

Mera6apHhlX ;:i:aBJieHHII H pllil:e ;:i:pyrnx pa60T. 

B mecroii rJiaBe H3JI0JKeHbl pe3yJlhraThl nccne;:i:oBannii npoueccoB MK B IIJI0THhIX D/T 

H H/D/T cMeCJIX. TipnBe)l;eHhl napaMeTpbl 3Kcnep11MeHTa, no.Jl)"IeHHble 3aBHCHM0CTH CK0p0CTH 

UHKJia OT TeMIIeparypbI, IIJIOTH0CTH H K0HUeffTPauHH HB B CMeCJIX. 

B 1997 - 2002 r.r. B JUIII Ol151H c npHMeHenneM KIIrC [l] H pa3JIHqHhlX THnoB 

MHIDeHeii [11-13, 31] 6bIJIH rrpoBe;:i:eHbl 3KCnep!1MeHTbl no H3yqeHHIO npoueccoB MK B 

IIJI0THblX CMeCJIX HB [32-39]. TiapaMeTpHqeCKa.11 o6naCTh npoBe)l;e!IHhlX 3KCnepHMe!ITOB 110 

IIJIOTH0CTH H TeMIIeparype rrpe;:i:CTaBJieHa Ha p11c. 11. Ha CllM0M ;:i:ene KalK)l;Oll TOqKe 3TOH 
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nttarpaMMbl COOTBeTCTBJeT, KaK MlfHlfMJM, 4-5 lf3MepeHlfii nplf PaJJilf'IHblX 

KOHl.leHTpal.lHJIX MB B lfCCJie~eMoii CMeClf. 
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P1:1c. 11. O6nacTh MK :mcnep1:1MeHTOB 

B IlJIOTHbIX CMeCJIX MB. 

CxeMa '..lKcnep1:1MeHTa c TMB,[{ [l 1·12] 1:1 

TMC,[( np1:1aeneHa Ha p1:1c. 12. MmneHb T 

pacnonaraercJI B qioeyce nyqKa OTplfl.laTeJibHblX 

MIOOHOB. C'!eT'llfKM l, 2 CJIY)KllT MOHHTOpOM 

nyqKa MIOOHOB. C'ICT'll:IK!i 3, 4 6onee neTaJibHO 

Bbl,lleJIJIIOT q>paKl.llfIO MIOOHOB IlJ'!Ka, KOTOpM, B 

OCHOBHOM, OCTaHaBJilfBaeTCJI B MmneH1:1. 

3aMenn1:1TeJih CH2 CJl)')KlfT MJI o6ecne'leHHJI 

MaKClfMJMa OCTaHOBOK MIOOHOB B Bonopone, 

Cl.llfHTlfJIJIJil.llfOHHble C'ICT'llfKlf 1-e, 2-e CJIY)KaT 

MJI B~eneHlflI :.ineKTpOHOB pacnana MIOOHa. 

B npoaeneHHblX '..lKCIIepHMeHTax BrrepBble 

6blJia rronyqeHa HarJI~aJI rircmrpaMMa 

11poL1eccoa MK (p1:1c. 13.), caoero pona 

qiomrpaq>lflI rrpol.lecca MK. M3 pHCJHKa BHnHO, 'ITO axon MIOOHa B MlfIIIeHb, perncrp1:1pyeMbIH 

rrporropl.llfOHaJibHb!M C'leT'!lfKOM 4 

(p1:1c. 12.) - no rrepaoe co6blrne B 

KaHane CHANNEL 4. 3aTeM 1:1ner 

'Iepena co6umii MK, pe3JJibTaTOM 

KOTOpoii lIBJIJieTCJI BbIXon 

HeiiTpOHOB, perncrpttpyeMb!X B 

KaHanax CHANNEL 1 1:1 2, a 1:1x 

CJMMa B KaHane CHANNEL 3. 

06pb1B 3TlfX co6b!Tlfii 

CB1:1nereJibCTBJeT O rrpHJilfllaHlflf 

MIOOHa K 
4
He, a IIOCJienyIOll.llfH 

"BCIIJieCK" rOBOplfT O pacrrane 

MIOOHa. 3m JKe co6b!T1:1e 

qllfKCHpyeTCJI C'ICT'llfKOM 4 - B 

KaHane CHANNEL 4. B nattHOM 

KOHKpeTHOM co6blrnlf 

N2 ~i~-

a) 6) 
P1:1c 12. EnoK - cxeMa :.iKcrrep1:1MeHTa c TplfTHeaoii 

MlfIIIeHblO Bb!COKOro a) 1:1 CBepXBb!COKOro 6) naaneHlfJI. 
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3aperncrp1:1poaaHo 6onee 400 aKTOB c1:1Hre3a Ha onttH µ-. 

rl --lf t IJ=tr+v I . I 
I · I 

1µ - tµ - dtµ - nf4He+µ - .... 

P1:1c. 13. 3Kcrrep1:1MeHTaJihHble co6Mrnll MK B JKMKOii D/f cMec1:1: 
CHANNEL I - HelilpoHbl, 3apernClpHposaHHbie )leTeKTOpOM NI (CM. pttcl3.); CHANNEL 2 
- HeiilpOHhJ, 3apernc1-pwposaHHbJe )lereKTOpoM N2; CHANNEL 3 - HeiilpOHhl, 

3apernclpHposaHHble )lereKTOpaMH NI + N2; CHANNEL 4 - co6blTHJI, 3aperncrpwposaHHb1e 

nponOpl\HOHa.JlbHblM C'leT'lHKOM 4. 

B xone 3TlfX 3KCrrepHMeHTOB 6blJilf IIOJiyqeHbl HOBb!e 3Ha'leHlflI rrapaMeTpOB l.llfKJia MK B 

naoiiHoii D/f cMec1:1 B n1:1arrro0He TeMneparyp 20-S00K 1:1 IIJIOTHOCTeii no 1.3 OT IIJIOTHOCTlf 

JKMKOro aonopona 1:1 IIIHpOKOM n1:1arrro0He lf3MeHeHlfii KOHl.leHTp~lflf MB B CMeClf [32, 34, 36, 

37]. 

BrrepBb!e 6b!Jilf rrpoBeneHbl ClfCTeMaTlf'leCKlfe lf3MepeHlflI rrapaMeTpOB l.llfKJia MK a 

TpOHHOii H/D/f CMeClf MB a n1:1arraJ0He TeMnepaTyp 20-800K 1:1 IIJIOTHOCTeii no 0.9 OT 

IIJIOTHOCTlf lKHnKOro aonopona If IIIlfpOKOM n1:1arraJOHe lf3MeHeHlfH KOHl.leHTp~lflf MB B CMeClf 

[33-35, 38]. CnenaH BbIBOn, 'ITO KOJilf'leCTBO aKTOB ClfHTe3a, lfHlfl.llflfpOBaHHblX OMlfM 

MIOOHOM, JMeHbIIIaeTCJI rrplf no6aBKe B D/f CMeCb rrpOTlflI. BbICOKM CKOpOCTb o6pa30BaHlflI dtµ 

- MOJieKyn lf3 HD MoneeynhI B H/D/f CMec1:1, rrpencKaJaHHM TeopeTHKaMlf 1:1 rroWBeplK.l(eHHM 
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npl!Mh!MII 3KCnep11MeHTaMII, He MO)KeT KOMneHCIIpOBaTh noTeph MIOOHa 3a C'IeT Bh!COKOii 

aepol!THOCT!f ero npmmnattlfll K renlf!O. 

He CMOTJlll Ha TO, 'ITO. 3KCnepIIMCHThl C ,l(BOHHh!MH D/f H TJlOHHhIMII H/D/f CMCCJIMII 

npoBO,L\IIJIIICh npII Bh!COKIIX IlJIOTHOCTllX ·11 TeMrrepazypax .no SOOK, 3KC1Iep11MeHT!lJihHhIX 

3Ha'IeHIIii napaMCTJlOB MK B D2 IlpII TeMrreparypax 6cmee 400K He CyIIl.eCTBOBaJIO. Ilo 3TOii 

npII'IHHC, rrp11 o6pa6oTKe pe3yJihTaTOB 3KCiiep11MeHTOii_, B ,l(BOHtlh!X If TJlOHilhIX. CMeCJIX, 

3Ha'IeHIIll CKOpOCTII o6pa30BaHIIll ddµ · - MOJieeyJihl, H3BJieKaJIIICh H3 PC3YJ!hTaTOB 3TIIX 

3KCnepIIMeHTOB. ,l(Jui rronyqeH!fll 3TlfX ,L\aHHhIX C . HCIIOJih30BaHIIeM ,neii:Tep11eaoii · MHIIICHII 

Bh!C0K0ro ,naBJieHHJl [13] HaMII 6wm rrpoae,neHJ,i 3KCrrepIIMeHTaJihHh!e IICCJie,noBaHHJl B 

,neiiTep1111 rrp11 TeMrreparypax 300-800 K 11 ,naaneHHJIX ,no 150 Mila [39]. 

Ta6n11ua. 3Kcnep11MeHTaJihHh!e ,nattHh!e AddµII 1.112 B ,nnana10He TeMrreparyp 300-S00K [39] 

T,K Addu, us·• 1.112; 
3Ha'IeHIIe CrarncmqecKal! CHCTeMam'IeCKal! µs·l 

OIIIIIfiKa OIIIHfiKa 

290 (4) 2.74 0.05 0.25 2.56 (0.25) 

298 (4) 2.74 0.05 0.25 2.56 (0.25) 

401 (10) 3.06 0.06 0.27 3.06 (0.28) 

420 (10) 3.01 0.06 0.27 3.01 (0.28) 

530 (10) 3.28 0.D7 0.28 3.31 (0.30) 

548 (10) 3.32 0.07 0.28 3.35 (0.30) 

660 (10) 2.89 0.06 0.26 2.95 (0.26) 

791 (15) 2.67 . 0.05 0.25 2.84 (0.24) 

Ha p11c. 14. rrpnae,neHa TeMneparypHal! 3aBHCHMOCTh, II0JIY'ICHHal! .L\IDI it~ (KBa.npaThI). 

3,nech )KC poMfiaMII npe,nCTaBJieHh! .L\aHHhl'! PSL CnJIOIIIHal! JIIIH!fll Ha rpaqmKe - reoperII'IeCKIIe 

paC'IeThl. lfa pIICyttKa BII.L\H0, 'ITO rrpII TeMneparypax -300K HaIIIH ,l(a!!Hh!e xopoIIIO COBIIa.L\aJOT 

C ,l(aHHhIMII PSI. 

3KcrrepnMeHTaJihHh!e ,L\aHHh!e .L1ID1 MK a ,neiiTepnH rrpn TeMrreparypax BhIIIIC 400 K 

rronyqeHh! BrrepBhIC. OHII H0CJIT rrpe,naapIITeJihHhlii xapaKTep. Ilnatt11pyercll npoBeCTlf 6onee 

nuaTeJ!hHhlli aHaJIH3 rronyqeHHhIX BeJIH'IHH it~~ H it~!, a TaK)KC rrpoBeCTH .L\OIIOJIHIITeJihHhle 

113MepeHHll B 3TOM ,nnanil30He TeMrreparyp, YJIY'IIIIHB rrpll 3T0M TO'IHOCTI, H3MepeHnii KaK no 

3<p<peKTIIBHOCTlf pernCTpaunH HeiiTpoHOB, TaK H no onpe,neJieHHIO IIJI0TH0CT!f CMeCH. 
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KpHB3'1 - M.P.Faifman, Hyp. Int. 101/102 (1996) 179. 

f -S.E.Jones et al., Phys. Rev. Lett. 56 (1986) 588. 

Pnc. 14. 3aancnMOCTh it~ OT TeMrreparypu: ■ -pa6om [164], ◊ - pa6om [171]. 

B 3aKJUO'ICHHII npHB0,L\llTCll OCHOBHhie pe3yJihTaThl, nonyqeHHhle B ,n11ccepTau11n. 

1. Pa1pa60TaH H C03,L\aH pa,nnaunoHH0-6e3onacHhlii K0MIIJ!eKC no,nroTOBKH ra30BOH CMeCH 

.L\IDI o6ecne'IeHIIll 3KCnepnMeHTOB no MK, no3BOJill!OJUIIH npoB0,nHTh pa60Thl C TJlHTIIeM B 

KOJIH'IeCTBax ,no 10 KKn a ycJI0BHJIX 0rKph!Th!X Jia6oparnpnii, o6ecne'IHBaJOIUIIH no,nroTOBKY 

CMeCH 3a.L\aHHoro H30T0nHoro C0CTaBa, aHaJIH3 M0JieeyJil!pH0ro H H30T0nHoro C0CTaBa CMeCH, 

0'IIICTey CMCCH .no yp0BHJl He XJ)KC 10·7 
06. ,L\OJieii no npnMeCl!M C z > 4, no,naqy ee B MIIIIIeHh H 

yrnJIH3auHJO nocne 3aBepIIIeHIIll pa6oT. OH no3B0JIIIJI npoBeCTH CHCTeMaTII'IeCKIIe 

HCCJie,L\0BaHIIll npoueccoB MK B ,l(BOHHh!X D/f II TJlOHHh!X H/D/f CMeCl!X lfB. Ha'IHHal! C 

1997r., C IICn0J!h30BaHHeM KITrc npoae,neH UHKJI pa6oT, B xo,ne KOTOporo 6wm HCn0Jih30BaH0 

n0pll,nKa 500 KKn TJlHTIIll. KITrC pafiOTaJI Ha,Lle)KH0, npeBhIIIICHIIll <pOHa ITO 061>eMHOMY 

co,nep)KaHIIIO TJlHTHll B pafioqefi 30He II Bh!Tll)KHOH BeHTIIJ!llUHII 3a<pHKCHp0BaHO He 6hIJIO. 

Pa1pa60TaHa cepllll MIIIIIeHeii aucoKoro ,naaneHHll ():{MB,[{, TMB,[{, TMC.D:), 

no3B0JIHBIIIHX npoBeCTlf nccne,noBattllll npoueccoa MK B ,n11ana10He TeMneparyp 20-S00K n 

,L\aBJieHIIH ,no 200 Mila. HoBII3Ha TeXHH'IeCKlfX peIIIeHnii, 3aJI0)KeHHh!X B K0HCTJlYKUIIIO 

MHIIIeHeii, 3aIUIIIUeHa IlaTeHTaMH P<I>. 

2. IlonyqeHhl H0Bh!C 3KCnepHMeHTaJihHh!e 3Ha'IeHHll ,L\JIHTeJ!hH0H (80 qacoB) np0'IHOCTH 

CIIJ!aBa XH40M,n:TIO-lf,[{ II ero CBapHh!X C0e,nHHCHHH npn B03,neiiCTBIIH B0,nopo,na Bh!COK0ro 

,naBJieHIIll (.no 150Mila) B ,nnana10He TeMneparyp 20-600°C. Pe1ynhTaThl ncnh!TaHIIii 
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110Ka3h!Ba!OT, 'ITO .wmTeJibHllll Bh!Jlep)l(Ka B cpe,1e B0,lopo,1a 11pll 20°C 0Ka3bIBaeT 

He6onhIIIOe anmrnne Ha 11po'IH0CTHhie xapaKTepncTHKH c11naaa XH40MJJ;TIO-HJJ;. C 

110BhIIIIeHHeM TeM11eparyphl HCl1b!TaHHii BpeMeHH0e co11p0THBJieHHe Il0]I B03]1eiiCTBHeM 

ao,1opo,1a )'MeHhIIIaeTCll Ha~ 19% (11pn 600°C), a BeJIH'IHHa ycnoaHoro 11pe,1ena TeKY'IeCTH B 

3THX )l(e ycJI0BHllX HCl1h!TaHHll 0Ka3bIBaeTcll 11paKTH'IeCKH HeqyBCTBHTeJihH0ii K B0JI0P0JIH0MY 

B03]1eiicrnmo. TeM11eparypHllll 3aBHCHM0CTh xapaKTepnCTHK 11naCTH'IH0CTH c11naaa 

XH40MJJ;TIO-HJJ; B cpe,1e ao,1opo,1a nMeer MHHl!M)'M 11pn TeMneparype 300°C, 11pn 3T0M ao 

BCeM HCCJie]I0BaHH0M ]1Hal1ll30He TeM11eparyp BeJIH'IHHhl 0TH0CHTeJibH0ro YMHHeHHll O H 

0TH0CHTeJihH0ro c~eHHll ljl 6onee qyBCTBHTeJibHhl K B03]1eiicTBHIO B0]lopo,1a, 'IeM er. H cro,2-

B11epBb!e 11onyqeHhI 11apaMerph1 BIT KaK cnnaaa XH40MJJ;TIO-H.n; n ero caapHh!X 

coe]IHHeHHii, TaK H c11naaa C 3aII\HTHh!M 110KpbITHeM H3 HHrpMa THTaHa B ]lllaIIa30He 

TeM11eparyp ,10 700°C. Haii,1eHo, 'ITO 11pn TeM11eparype 400-500°C JIM 110KphITHll HJ Hnrpn,1a 

THTaHa cymecTBYeT H3JI0M KpHBOii 11p0HHIJaeM0CTH, CBll3aHHhlll, 110-BH]IHM0My, C H3MeHeHHeM 

MexaHnJMa rpattc11opra ao,1opo,1a qepe3 3TO 110Kphrrne. ITpuMeHeHne Jamnruoro 110KphITHll Il3 

HHrpI1,1a TIITaHa 1103B0JllleT CHH3HTh 11p0HI1IJaeM0CTh B0]10po,1a qepe3 Cl1JlaB XH40M.n;TIO - 11.n; 

B ~ 3 - 10 pa3 B 3aBIICHM0CTH OT TeM11eparypb!. 

3. )];nll 11poae,1eHI1ll HCCJie]IOBaHHll BJ!IlllHHll rpHTilll Ha CB0BCTBa K0HCTPYKIJII0HHh!X 

MaTepI1anoa, pa60Taiomnx B ycnoBHllX ao1,1eiicTBHll Bh!C0Koro ,1iumeHHll rpHTilll, pa3pa6ornHo 

H C03]1aH0 06opy,10BaHHe, 1103B0J!llIOJUee (HCl10Jlh3Yll MeT0JI "rpHTHeBoro" rp10Ka) 11p0B0JIHTh 

ycKopeHH0e HaK0l1JieHilll pa,1noreHH0ro rennll B Marpnue K0HCTPYKIJII0HHh!X MaTepilaJI0B. ITpn 

TeM11eparype Bhmep)l(Kll nccne,1yeMb!X o6pa3IJOB a cpe,1e TPIITilll ~55o
0c II ]laBJieHHII ~50MI1a 

K03<p<pHIJHeHT ycKopeHHll C0CTaBJ!lleT BeJIH'IHHY OT 10 JI0 100 pa3. I1poae,1eHh! 110CTaH0B0'IHb!e 

3KC11epI1MeHThl, 110Ka3h!BaIOJUHe Ha]le)l(H0CTh pa60Thl 06opy,10BaHHll 11pn 3THX 11apaMerpax B 

Te'IeHI1e 1400 qacoB. 

Pa3pa6oTaHHllll MeT0]IIIKa JlerpHTil3aJlllll o6pa3IJOB MeTO]I0M H30TOl1H0ro pa36aaneHHll, 

1103B0J!lleT y,1anI1Th rpHTHii H3 o6pa3IJOB ]10 yp0BHll, JI0CTaT0'IH0ro Mll 11poae,1eHHll pa6oT C 

3TIIMII o6pa3IJaMII B ycnoBilllX Hec11eIJHaJIIl3Hp0BaHHh!X na6oparopnii. 

Co1,1aHo 06opy,1oaattne n MeT0JIHKa attann1a o6oeMHoro co,1ep)l(aHI1ll pa,1noreHH0ro 

reJIHll H 0CTaTO'IH0ro rpHTHll B Marpnue KM. 

4. I1poae,1eHbl H3MepeHHll paBH0BeCHh!X ]laBJieHHii ,1ecop6IJHII 11p0Tilll II ,1eiiTepI1ll HM 

,1I1m,1pn,10M n J1I1J1eil:Tepn,10M BaHMHll B TeM11eparypHoii o6nacrn 273-s-619K n o6nacrn 

]laBJieHnii 0,013-s-486MI1a. Hail:,1eHO, 'ITO ypaBHeHHll TeM11eparypHb!X 3aBIICHMOCTeii 

neryqecTeii, C00TBeTCTBYJOJUIIX H3MepeHHb!M 3Ha'IeHilllM ]laBJieHHll, ,Will 11p0THll II ,1eil:Tepnll 

HMeIOT BHJI, C00TBeTCTBeHH0: 
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H2: 

D2: 

lgf(MI1a)=-2187/f+6,75 n 

Jgf (MITa)=-2577/f +7,47 

O6nacTu H3MepeHHhIX paaHoBeCHhIX ,1aaneHI1ii ,1ecop6u1m 110 cpaaHeHIIIO c 

JIIITeparypHh!MH ]laHHh!MH paCIIIIlpeHa Ha ~ 2 110pll]IKa ,Will 11p0Tilll n Ha ~ 1,5 110pll]IKa ,Will 

,1eiiTepnll. 

Hc110Jib3Yll 11onyqeHHbie pe1yJihTaThl, C03JlaH0 ceMeiiCTBO HCT0'IHIIK0B 11B Bb!C0K0ro 

,1aBJieHI1ll. 

5. Ha C03JlaHH0M 06opy,10BaHHII, Ha'IIIHllll C 1997r., yc11eIIIH0 11p0B0]lllTCll 

CHCTeMaTH'IeCKile HCCJie]I0BaHilll MK. 3a 3T0 BpeMll 11onyqeHbI CJ!eJIYIOmne pe3yJihTaTbI: 

• 11onyqeHbl H0Bbie 3Ha'IeHHll 11apaMerp0B IJIIKJia MK B ]IBOllHOii D/f CMeCH B ]1Ilal1a30He 

TeM11eparyp 20-800K n 11JIOTHOCTeii JI0 1.3 OT 11JI0TH0CTII )l(ll]IK0ro B0J10po,1a n IIIHp0K0M 

JlllaIIll30He Il3MeHeHHll K0HIJeHrpaIJHH 11B B CMecI1; 

• B11epBb!e 11poae,1eHbl CHCTeMaTH'l.eCKHe I13MepeHilll 11apaMerp0B IJIIKJia MK B rpoiiHoii H/D/f 

- CMeCH 11B B JIIlaIIll30He TeM11eparyp 20-S00K n 11JIOTHOCTeii JI0 0. 9 OT 11JI0TH0CTH )l(ll]IK0ro 

B0J10po,1a H IIIIlp0K0M JlllaIIa30He H3MeHeHilll K0HIJeHrpaunn 11B B CMeCII. C,1enarr Bh!B0JI, 

'ITO K0JIH'IeCTB0 aKT0B CHHTe3a, HHHIJHHp0BaHHh!X 0]IHHM. MIO0H0M, )'MeHhIIIaeTCll 11pI1 

,106aBKe B D/f CMeCh 11p0Tllll. Bb!COKllll CK0p0CTh o6pa30BaHHll dtµ - M0Jieeyn H3 HD -

M0Jieeyn B H/D/f-cMeCII, 11pe,1CKa3aHHllll TeopeTIIKaMH H 110,ITBep)l{JleHHllll 11pl1Mh!MII 

3KC11epnMeHTaMII, ue M0)l(eT K0Ml1eHCI1p0BaTb 110Tepb MIO0I!a 3a C'IeT Bh!COKOll Bep0llTII0CTH 

ero 11pHJIIl11aHHll K reJIIIIO; 

• 11onyqeHhl II0Bb!e 3KC11epnMeHTaJihHh!e 3Ha'IeHilll BeJIIl'IHHhl Addµ B JIIlaIIa30He TeM11eparyp 

400-800K 11pn Bh!C0KHX 11JI0TH0CTllX ,1eil:Tepllll. 
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