74

e

UHCTUTYT AAEPHOHN ®dLI3MKHU CO AH CCCP

A.®. Baiicman, C.b. Baccepman,
M.I. Toakoscknii, B.J1. Keno, P.A. Canumos

O NOBEPXHOCTHOH 3AKAJIKE CTAJIH
KOHULEHTPHPOBAHHDBIM 3JIEKTPOHHbBIM
NMNYY4KOM B ATMOC®EPE

MPENMPHHT 88-73

= =

R T S R N e

HOBOCHBHUPCK




0 noBepxHOCTHOH 3aKaJKe CTa/H
KOHILEHTPHPOBAHHBLIM 3JEKTPOHHBIM
My4ykKOM B aTmocgepe

A.®. Badicman, C.B. Baccepman,
M.I. Toarkosckudi, B./I. Kedo, P.A. Casumos

AHHOTALUHUH

Hccnenyiorcs  BO3MOMHOCTH  MNOBEPXHOCTHOM  34KANKH

CTaNH KOHUEHTPHPOBA HHEIM SJNECKTPOHHBIM NYYKOM.

JkcnepumedTl nposogAatcAd ¢ 1985 r. Ha ycTaHOBKe

«Kauukep» (yckopureasr 3JIB-6 ¢ KOHUEHTPUPOBAHHLIM

BHIMYCKOM Myyka B armocdepy). Onvcanbl pexumsl

ofecrmeyuealLHe 3aKAJKY H HEKOTODhHIE XNdpaKTepHbE
CBOHCTBA 34KANEHHOTO CJ0S.

CONEPXAHHE

Beepenne .
I. XapakrepHcTHka nyusa. CnocoObl 3aKasiky .
2. CBOHCTBA 3aKaJeHHOH 30HBI .
Il TennepaTypubtl pEsEN . .- oo v s v G
2.2. Metoguka HCCNeNOBAHHA 3aKaJeHHOH 30HbL
2.3. Oco6eHHOCTH 3aKaJeHHOH 30HBI A i L e
3. Cefisb Mexjy napameTpaMu NyyKa H reOMeTPHYECKHMH XapaKTepHc-
INNENE SARSACHEOI S0HB .0 -0 e e e
4. 3aMeyaHHsl 10 TEXHOJOTHH 3aKaJKH 3JeKTPOHHBIM MYYKOM
Sl PO eNaS AARBIRE . Lo e L Do e e
Fa LIDROCOBSY SARANKA, . « oo iile s
4.3. 3aKkanka ¢ BpallleHHeM MO MYYKOM
4.4, 3aKanKa HaKJOHHbLIX MOBEPXHOCTEH
4.5. lloBoakn
4.6. TexHosordueckne BO3MOMKHOCTH yckoputeneid USAP
DL T O R e e e R el B S b S T R
Lt 1 e e M i e B i e P

11
11
13
13

18
24
24
24
26
27
28
28
30
31




BBEJLEHHE

YrnpouyHeHHe MOBEPXHOCTH H/AH OT[AE/bHBIX €€ Y4acTKOB (AeTaqeHd H
3J1eMeHTOB 000pYy10BaHHA) b MAalUIHHOCTPOEHHH, METAJJIVPrHH H ApY-
THX OTpacafax MPOMbIUIJIEHHOCTH OTHOCHTCS K YHCAY Ba)KHEHIIHX Tex-
HOJIOTHYECKHX [POIecCcOB, MPHBJAEKAOUWHX BHHUMAHHE MHOTHX cheuua-
JUCTOB. Cpeau MeToa0B YNPOYHEHHA NMOBEPXHOCTH HauboJee pacnpocT-
PAHEeHHbIMH ABJAAIOTCA TePMHAYECKAd 3aKaJkKa H pas3jHyHble CnocoObl
XHMHKO-TEpDMHUECKOH 00paboTKH (UeMeHTauHdA, a3oTHpOoBaHHEe H AP.).
[loBepxHOoCTHasA TepMHUeCKasd 3aKaJKa M0 CPaBHEHHIO ¢ XHMHKO-Tep-
MHYecKOH oOpaboTko# TpeGyeT 3HAUHTEJbHO MeHbLLIEro BpeMeHH H
ABJSETCA NO3TOMY Go0Jlee NpealouTHTENbHOI,

B HacTosiliee BpeMst B MauIHHOCTPOEHHH M MeTaJJIYPrHH B OCHOB-
HOM MPHMEHSEeTCH NOBEPXHOCTHAfA 3aKafjkKa ¢ MOMOIIbK HarpeBa HHIY-
{MPOBAHHBIMH HAa TNOBEPXHOCTH TOKAMH («HHAVKUHOHHASA>» WIH
TBY-3akanka). B 1wWHpPOKO pacnpocTpaHeHHbIX Mpolueccax 3aKaJkKH
TBY Buigensiiouiasica B Martepuaje o6beMHAd MJOTHOCTh MOLLHOCTH
coctasasier nopsiika 1 kBr/cm’, uto obecneunBaer mporpeB 10 3aka-
JOYHOH TeMnepaTypbl 3a OECATKH cexkyHi. B TeueHue 3Toro BpeMeHH
TeNJ0 ycrneBaeT 3HAYHUTeJbHO pacteybcs Braybb matepuaaa. Jas no-
CJAeAYIoUEero oxnaxkieHusa obdA3zatenbHo Tpebyerca BOAfAAHAA MWJAM Mac-
JsAHAsA BaHHa W/JAH BOAAHOH Ayuw («crnpeHep»), TaKk Kak HHauye He 10C-
THraetrcd HeoOXOAHMAas AJA 3aKaJKH CKOPOCTb OXJaMJeHHsd,

Kpome Toro, anas KaKA0H aeTajH, Kak MPaBH/J0, cO31aeTcHd COOT-
BeTCTBYVIOIEH (POpMbl HHAYKTOP, YCTaHaBAHBaeMblid BOIM3H MOBEpPXHOC-
TH C 3aJaHHBIM 3330POM.



Ucnoab3oBaHWe MOLIHBIX KOHIEHTPHPOBAHHbLIX MOTOKOH 3HEPTHH,
renepupyemblx COg-nazepamH WIH YCKOPHTENAMH 3/€KTNOHOB (IJOT-
HOCTh BBIJENAEMOH B MaTepHa/Je MOLWHOCTH jocTHraer 10° —
—10° kBr/cw®), nosBogasier OCYILECTBASITh HarpeB MOBEPXHOCTHOTO
CJIOSI HACTOJNBKO ObICTPO, UTO. MOCJAeAVIOLIee OXJa)KJieHHe MpOorperoro
CJOSl 3a CUeT OTTOKa Tenaa Braybb meTanja NMPOUCXOAHT € AOCTATOY-
HOI /451 3aKaJKH CKOpPOCThIO («camo3akanaka»). llo gawubiM Haummx
skcnepumentor Ha IJIB-6, rayb6uHa camo3zakankd gocruraer 1,0 mw,
UTO BO MHOIMX CJY4asix [1OCTATOYHO.

B texHoaorud 3akanku TBY npu pe3skoM OXJa)KIeHHH JKHIKOCTBIO
nporpetod Ha 6oJblIYIO rayOHHY jJeTajd BO3HHKAKT OO0JbllIHE TEePMH-
yeckHe HanpsieHus. Kpome TOro, Ha HayaJbHOM 3Tane OXJaxK1eHHd
WMHUIAKOCTELIO KAPTHHA TElJIOBBIX MOTOKOB M TEMIEPATYPHLIX FPajHEHTOB
CA0XKHAs, BO MHOrom cayuyadsad. [lpouecc oxsaxkjaeHHsi NMJI0OX0 mojila-
ercsi peryjupoBaHuio W crabuauszaund. O6a dakrtopa: ray6oxuii npo-
pEB H HEpPaBHOMEDHOE MO MOBEPXHOCTH OXJaKAeHHE JeTaJjdH— IPHBO-
AT 33YacTy0 K 3HAUMTENbHBIM MOBOJAKAM W MECTHBbIM JepeKTam.

[lpu camo3akajke Myukom Ha Ty ke riyOuHy, uto npu TBY, sunep-
rOBbIJEeJEHHE HA €IHWHULY TMJA0UIaAH 3HAUHMTENbHO MeHblle, cJejloBa-
TeJIbHO, TeMIepaTypa jJeTaju MnocTe BblpABHHBAHHUS TemnepaTyp B HeH
TOXKE€ 3HA4yHTeJdbHO MeHbine. [lagee, Npu camo3akKaJjke YYKOM OTTOK
Terja OT MOBEPXHOCTH BCIOAY MPOXOAHT OAMHAKOBO. MHUHHMabHbIH
Mporpes [eTand B IeJOM H BCIOAY OJHHAKOBOE M0 [OBEPXHOCTH
OXJa)KJIeHHe MHHHMH3HDYIOT MOBOAKH H BePOATHOCTL MORABJEHHA Tpe-
muH. Kpome rtoro, Bpems, B TeueHHe KOTOPOro NPOHCXOAHT TelIOBOE
BO3MEHCTBHE, COCTaBAAeT He OGoJsiee [0JieH CEeKYHIbl, UTO TMO3BOJAET
u3bexkaTh 3aMETHOrO0 OKHMC/IEHHA [OBEPXHOCTH,

C yueToM MepeuyucaeHHbIX OOCTOATENBCTB ONEpAlHA 3aKaJKH
MOXKeT ObiTb (PUHHUIIHOH.

JIpyrum BaKHbIM JAOCTOHHCTBOM TEXHOJIOI'MH TOBEPXHOCTHOH 3aKas-
KH, MCIOJIb3VIOIleH KOHUEHTPHUPOBAHHLIH TMOTOK 3IHEPrdH, ABJAAETCS Jer-
KOCTb (OPMHPOBAHUS HYXKHbIX 30H YNMPOUHEHHSl, MEPeCcTPOMKH DeKHMa
MpH nepexojae Ha oO6pabOTKY APYrHX AeTajeHd, aBTOMAaTH3alHH.

B Hactosiuiee Bpemd Haubojee [OPOrpPeCcCHPYIOHIHM — METOAOM
MOBEPXHOCTHON 3aKaJkW JeTaneil siBisercs JaszepHas TexHoJgorus. Ee
npumensier paa ¢upm CLUA, Snownm w apyrux crpad. OneTHO-mpo-
MbILIJIEHHbIE Y4acTKH paboTaloT Ha HEKOTOPbIX aBTOMOOHJbHBIX 3aBO-
pax v B aApyrux orpacasax mawnHocrpoenus CCCP. Otum 3anumaerca
HECKOJIbKO oTpacaeBbix uHcTHTYTOB. [loctpoen aasepuwiit nenrp AH
CCCP B lllatype, kKoTOpHH Hapsily C APYTHMH OpraHH3aildsMH BejeT
pa3paboTKy NpPOMBILIJIEHHBIX J1a3€pPOB,
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Mekny Tem, KOHUEHTPUPOBAHHBIA 3JEKTPOHHBIA MYyYyoK B aTMocde-
pe NpH HCNOJAb30BAHHH /I MOBEPXHOCTHOH 3aKaJKH, XOTA M yCTynaer
Jg43epy 110 PacXoJHMOCTH Nyyka K [A0JKeH HMeTh pajiHalHOHHYIO
3aIHTY — NPEBOCXOAHUT €ro [0 pALY BaxKHbIX CBOHCTB!

— KIIJI ycTaHOBKH MHOTO Bbiilie;

— BO3MOXKHOCTb ObICTPOH M OoJiee HAJEKHOH (MO CPaBHEHHIO C MeXa-
HHUECKOH) PAa3BepPTKH NMy4yKa MarHHTHBIM T0JEeM;

— MOLLHOCTH pa3pabOTaHHbIX MPOMBIILJIEHHBIX YCKOpHTeJeH (AeCATKH
KBT) Ha nopsiaok Bblllie, 4EM Y J1a3€pPOB NPOMBILLICHHOIO Ha3Haue-
HUA (eauHKribl KBT); -

— T[OBEepPXHOCTb AeTa]H HEe HYXKHO 4YepHHTb (6e3 uepHeHUsA NOBepX-
HOCTh MeTajqaa mnorioutaer Toabko 5— 109 sHepruu ayda COo-
-Jasepa);

— raybHHa cam03akaJ/JiKH Bblle, TaK KakK 3Hepruda nydyka Bbiaeffercd
B CJ0E€ TOPMOMKEHHS, KOTOPbIH MOKET PABHATHCHA HJAH ObITh COH3-
MEPHMbIM ¢ FMYOHHOH 3aKaJKH.

MoKHO yBEpPEHHO CUMTATb, YTO BO MHOTHX CJjaydyadXx NpPHMEHEHHe
SJMEKTPOHHBIX YCKOpHUTe eHd Oyaer Gojee 3 (PEeKTHBHO, YyeM /1a3epos.

KOHUEHTPpHPOBaHHBLIA 3JEKTPOHHbIH NMYYOK JErKo MoJyyuTbh B BaKy-
yMe, U YCTAHOBKH 3TOr0 BHAa [/ MOBEPXHOCTHOH 3aKAaJKH CTaJlHbIX
geranei cyiectByior. OJHAKO B CHJAY OYEeBHIHBIX HeJOCTaTKOB (orpa-
HHYeHHbIE BO3MOMKHOCTH MO ABHXXEHHIO AeTajel Moj MyuykKoMm, HX pas-
MEpaM H MPOM3BOAMTE/IbHOCTH) LWHPOKOro pacnpoctpaHeHdss 3To obo-
pyaoBanue He noayuuao [1].

HMwmetoTes otaenbHble padoTsl MU 3aKanke NYYKOM, BbINYLIEHHBIM B
atmocdepy, uepe3 doabry, nanpumep [2], HO ucnoJib3oBaBlIMeCH B
3TOM paboTe YCKOPHTEJNH HMEKT MOLIHOCTbL nyuka 10 5 KBt ¥ maaywo
MJIOTHOCTb MOILHOCTH, UTO HE MO3BOJISIET BLIUTH HA peXXHUM caMmo3akaJ-
k. Ilpu obayuenun noayuasca raybOKHH nporpes nertasied H npHme-
HAJHCh OXJaXK1aloliHe MHIAKOCTH.

CDBE}J}_LIEHHD HOBbIE BO3MOMHOCTH MMOHABHJHCb B CBHA3H C paapaﬁm-

ko B UAD yckopuTeseid 3JeKTPOHOB C BBITYCKOM KOHLEHTPHPOBAHHO-
ro nyyka B armocdepy. aa pasavuHbIX NPOMBIILJEHHbIX Lejed pas-
paboTaHbl YCKODHTENH HenpepbiBHBIX JeKTPOHHBIX Ny4YKoB cepuH 2J/1B
[3], xoTtopbie MOryT padoTaTh C BbIBOAOM KOHUEHTPHPOBAHHOTO MYy4Ka
B arMocdepy ¢ 3Heprueil anekrpoHos jgo 1,5 M3B v MowHoCTBIO Myy-
ka go 70 kBt (cm. puc. 1). Mmeercs Takxke onbiT padoTbl HMOYJbC-
HbIX yckopuTeaeit thna JJ/IMT ¢ BbIBOAOM KOHLEHTPHPOBAHHOrO Myuyka
B atrmocdepy, H CyLIeCcTaVeT BO3MOXHOCTH CO3JLaHHHA MOLLHBIX [pO-
MBIILTEHHBIX YCTAHOBOK C TAaKHMM MydYykamMu Ha Oase HMelOUIMXCH pas-
pa6ortok [4, 9].




Puc. I. ®ororpadusa nyuka B armocdepe.

C 1985 rogpa B P CO AH CCCP coemectHo ¢ Gasupyioweics
Ha €ro TEeppHTOPHH TPYNNOH /JNEHHHIPaacKoro HHCcTHTYTa «[unpoie-
MEHT» M C MNPHBJIEYEHHEM pas/HYHbIX 3aHHTEPECOBAHHBIX NMPOMbIIIIEH-
HbIX NpeANnpHATHH MPOBOAKTCH pabora MO H3YUYEHHIO U OCBOEHHIO TEX-
HOTOMHH MOBEPXHOCTHOH 3aKaJK{ CTajH. JKCNepUMeHTh NpOBOASATCH
Ha yckopurteae IJIB-6. O nepsbix 3KcnepumeHTax coobliajoch B A0K-
jdage [6]. B Hacrosiweid paGore npuBOAATCH pe3yJbTaThl, 0Jy4eHHbIE
B nocieiHHe apa roga. OHH cojep:kaT pasHUHBIE TEXHOJOrHUecKHe
MpHEeMBl H pexKHMbl 3aKaJKH, HMelOlllHecs [IaHHble O CBOHWCTBAX 3akKa-
JIEHHOH 30Hbl, BO3MOMHOCTH OILEHOUHbIX PACUYETOB pAa3/JHUYHBIX Mapa-
METPOB TEXHOJIOFHYeCKOro Mnpolecca Ha OCHOBAHHM pa3paboTaHHON
MEeTOAHMKH [7], TpeGoBaHHA K NPOMBILIJIEHHBIM YCKOPHTENAM TPH TIPH-
MEHEHHH HX /5 PasJHUYHbIX BHIO0B 3aKaJKH.

OcHoBsHas macca pe3dy.bTaToB Obljla MOJYyUeHA HA CTAAH MapkKu 45.
OtaenbHble pe)kKHUMBI 3aKajKH Onpo6oBaHbl HA CTaJsAX [APVIHX MApPOK.

m

I. XAPAKTEPHCTHKA NYYKA. CMOCOBbI 3AKANKH

HMcnoabsoBaica uenpepeisHbii My4OK, CO3]1aBaemMblH YCKOpHTEJdeM

IJIB-6. Dueprus

MEKTPOHOB

ycTaHaBsJiHBaJgach B

npepenax

I —1,4 M3B, Tck nyuka ue npeesiman 45 mA. Pacnpenenende naor-
HOCTH 1I0TOKA SHEPrHH MO CEYEHHMIO KOHUEHTPUPOBAHHOrO MY4Ka nop-

unHdAeTcs 3akoHy [aycca [8]:
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» Y —ACKAPTOBHl KOOPAHHATHI Ha 06.1y4aemoil MOBEPXHOCTH;

4(x2+yf’)] ’

7 (L.1)

[ —710K myuka; E—3Heprus 3[IEKTPOHOB (YCKOpsilOlllee HamnpsiKeHue):

dy, —rayccosB AHAMETP MyYyKa.

Beawunna d, B 3aBHCHMOCTH oOT PacCTOAHHS [0

BbIIIYCKHOTO

OTBEPCTHS h  (cM. Takke puc, 2) onpefeaseTcs Mo SMNHPHYECKOH
popmyJe
du=0,140,55- 10"} LAMBR oo oo
I+\/£r;MaB;. 0,75-10~ 24, (1.2)

3aeck dy u h uamepsaores B cm, £ B M3B.

“PHCITDE'.,ELEJIEHHL‘. 00BbEMHOH MJIOTHOCTH MOIIHOCTH i(z), BblaeasO-
weiicst B xone OOJIy4eHHS] BHYTPH MaTepHala, HHAYC HA3bIBAEMOE 103-
HOH KPHUBOH, nMokKasaHo Ha puc. 3 [9].
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Puc. 2. 3asucumocts AHdAMeTpa Ny4yKa or

paccToiHHA  mpoJerta 3NEKTPOHOB B
aTMocipepe:
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Puc. 3. Pacnpenenenne oGbemuoli mior-
HOCTH MOILLHOCTH B MaTtepHaJje npu o6.1y-
UEHHH.




BeanuwuuHa O, NoJaydeHHAs M[POAOIKEHHCM NpsiMOJIHHEHHOH YacTH
N03HON KpHBOH, —TaK HA3LIBAEMBIHl 9KCTPAMOJHPOBaHHbIA npober —

HAXOJAHTCH H3 COOTHOLIEHHA
54 E—1{) ;
R 054 E 16 : “‘3}

5,_1 — | ——
p p

rie R— 9KCTpanojupoBaHHbid npober B €JHHHLAX MacCcOBON TOJILHHBI,
r/cm?; E soipaxkena B MaB.

FnyGuHy MPOHHKHOBEHHMSA 3/eKTPOHOB s HAMIHX neseit ymnoOHO
BbipaKaTb 3P (PeKTHBHbIM npoberom Osp, OMpeleasieMbiM Kak
| Uiz) dz

Jlnsi 103HOH KPUBOH C OCTATOUHOH TOYHOCTBIO BBIMOJHACTCH COOTHO-
[eHHe

Tlajiee mepeuHcJanM ONpoboBaHHble CTOCOOBl 3AKANKH:

— jlopoXkedyHas 3akKajaka, Korja Aeradb AuHelHo nepemeliaercs Moa
HEMOJIBHAKHBIM MYYKOM]

__ ponocosasi 3aKajdKa: jAeTalb TakXKe JHHEHHO MepeMelaercs [oa
NyuyKOM, HO MYUOK CKaHUpyeT B HampaB/CHHH, [epneHAHKYIIPHOM
nepemeniennio geranu. CkaHHpoBaHue Myuka NOCTHTAeTCH npume-
HeHHEM 32JeKTPOMarHHTHOH pa3sBepTKH,

— 3aKajKa BpalldoulMXxcs Moj HEMOABHXKHLIM - MYHKOM aetase:
O/IHOBPEMEHHO ¢ BpallleHHeM MPOH3BOAUTCH MOCTYHATENBLHOC nepe-
MEellleHHe [eTaJjHd BAO0Jb OCH BpPalLleHHA,
dopma rpaHHIbl 3aKAJEHHOTO CJ0s 1151 HA3BAHHbIX Tpex cnecoboB

aaKAJKH B CeYeHHH, MEPHeHAHKYASPHOM HanpapBieHnio [ABHKEHHS

oGpasiia, NoKazaHa Ha pHc. 4.

A5 KpaTKOCTH HHXKE, €c/li He OTOBOPEHO ocobo, HMeercsa B BHLY
jopoxeuHas 3akasika. Ilepexoi K Apyrum cnocobaM TPOCT, a OCOOEH-
HOCTH MX OYIyT [IpPHBE/EHbl B pa3jede 4.

B nopoKeyHO# 3aKajke MOBEPXHOCTHAS MIOTHOCTD HEpPrHuH mocJge
pHTerpupoBauus (1.1) no BpemeHH BO3/EeHCTBUA NMYUKa
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Puc. 4. Popma NONEPEUHOID CeHCHHT 3aKANEHHOH 30HLI MPH Pa3HbIX crnocofax 3aKalKH:

(J,—,FLU[_.'I[_I}!{'I‘.“!llitﬁ FaKaaRa; O — MonoCoRad 3aKaAKa; g — KRAIHKOALICEAH 3aKaANKA.

rie iy — KoopauHaTa Ha 3aKa/JuBAeMOH [OBENXHOCTH, MepPNeHAHKYAAP-
Hasi HanpapJeHHIO fepeMelieHHs ofpasua MOL MYUKOM; U — CKOPOCTb
nepemeriienus obpasua.

B nonocoBOH 3aKaJiKe

IE
w=

T ¥
vy

(1.7)

rie [, — shdekTuBHan WHPHHA MOJOCHL

2. CBOACTBA 3AKAJIEHHOHW 30HbI

2.1. TemnepaTypHblidi PEKHM

B s0He 3aKaJKH 34 BPeMs MOPsiAKa BpemMeHH OOJyueHHF [l OCY-
IECTBJAETCH HATPEB 10 HEKOTOPhIX MAKCHMAJbHBIX (MUKOBBIX) TeEMIle-
paTyp, OT/JHYAIOUIHXCA OT TOYKM K TOUKE H JeKallux B HEKOTOPOM
yuTepsane. Hauano WHTEepBaja MHUKOBBIX TEMMeEpaTyp B TOUKAX 3aKa-
JEHHOH 30Hbl OPHEHTHPOBOUYHO OLEHEHO B HacTodileid pabore Kak
1100°C (cm. pasa. 2.3. u pasa. 3, dopm. (3.5), (3.6)). Kouer uurep-
BaJia MMKOBBIX TeMIlepaTyp He A0JKeH NpeBbllaTh TeMNEpaTypy njias-
qeuusi craam (aas craad 45 okono 1400°C), mOCKOAbKY PEKHMbL C
niapaedHeM Hellesecoo6pasnbl (cm. pasa. 2.3. nm. 3 H 4).

PeskMMbl 3aKaJKH 10 BPeMEHH BO3IAEHCTBHS MyUKa MOXKHO pasic-
AWTH HA TPH BMAa, coraacHo Tab.a. 1.



Tatanpna |

Temnepatypubie pexumMbl 3aKaJKH NS SHEPrHH 3J1EKTPOHOB
E=1=1,4 MsB

Bpema HaqaneHas crepocT Bpema oxaamocHHa
Htniais s O0IVHEHHS, OXJTaMACHHA oo Temnepatyphl Ty
PEKHMOD fos (dT /)y Thei
c rpan./c C
AnuabarHueckue < 0,01 > 15-10¢° < 0,5
HeaguaGaru. |DHCIPbIE 0,01 —(0,1) 15-10° — (4107 0,56—(2)
s s Cpexnue (0,1) —1 (4-10%) —500 (2) —15
MegenHble | —2.3 500 — 200 15—50

Anuna6aTHyecKHMH Ha3BaHbi pEXHMBI, NPH KOTODHIX 3a BpeMs
00/1yyeHHs] TeMJO OTTeKaeT OT CJA0f, Kyla OHO BHECEHO TYYKOM, He
boaee, uem Ha 309%.

HeannaGatuueckuMH Ha3BaHbl PeKHMbl, NMPH KOTOPHLIX 3a BpeMs
00MyyeHHsi ycrieBaeT MPOH3ONHTH pacTeKaHHe Temnaa, Ho eule obecrneyu-
B4€TCsl KauyecTBeHHAsd camo3akagaka. PaszbdenHde BpeMeHHOTO adanaso-
Ha HeajHabaTHYECKHX PEXHMOB Ha [Ba M011HaNa3oHa npeacTaBJsaeT-
CAl  1esecooOpa3HbIM BBHIY HEKOTODLIX KAUeCTBEHHLIX pas3JHudii B
3aKaJqeHHOH 30HE, COOTBETCTBYIOIHX YKa3aHHbIM MOAAMANA30HAM (CM.
pasa. 2.3, nn.3 u 5). Bpemsi 06/1yuennsi, paarpaHHuUHBaIOLIee NOLIHA-
MasoHbl, —npeaMer AafpHeHwWHX Hceaenosanuit. [lo oraenbubim doTo-
rpaguaAM MHKPOULIH(OB MOXKHO MPHBECTH JHIUL €r0 NPeanoJoKHTe ] b-
HOe 3HaueHHe (yka3aHo B Tals. | B ckofKax Tak e, KAK H COOT-

BETCTBYIOLIHE HAaya/JbHasa ckKopoctb (dT/dl)y u Bpems oxaaKaeHHH
3

0.‘(..!']]'

MejsieHHBIMH Ha3BaHBI NepPeXOiHbe PeXHMbI, MPH KOTOPBIX MPOHC-
XO[AHT nocTeneHHoe ocaabJeHHe CTeNeHH 3aKalkH ¢ obpa3oBaHuem
MPOMEMKYTOUHBIX CTPYKTYP.

[lpuBenentble B Taba. | 3HaueHHS HAYAJNBHOH CKOPOCTH H BpPEMeHH
OXJlaXKA€HHA MOJY4YEHBl C MOMOIUIbID OLEHOYHOro pacuera [7]. Bpems
OX/IaX AEHHHA OTCUMTBHIBAGTCH OT MHKOBOH TemnepaTypel 10 TeMmMmepary-
pPbl  Hayama MapTeHCHTHOro mppespauweHds 7,. Jlaga craau 45
I, =300°C [10, 11]. Bea#unna ¢, ykasaHa 045 NOBEPXHOCTH 06pa3-
ua, rae oHa Haubo blias.

[To murepatypubim panubim [10, 11] aas o6pasoBaHud MapTeHCUT-
HOH (asbl B cTasu 45, HayaabHasa CKOPOCTb oxaaxkaenus (dT/di)y w
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BpeMsl OXJaMAEHHA L, AOJMKHbl MOAYHHATLCA YCJIOBHAM:

- (E) sosen i bk il o
dt /) o s

2.2. MeTtoaHKa HCCAEAOBAHHA 3aKaJEHHOH 30HMI

[MosepxHocTh 00pasios nepen o6jayueHHeM MpeiBAPHTEIbHO IMTOJH-
posanach. [locae obnyuenusi NpoOH3BOLHIACH JONOJHHUTENbHAA MOJIH-
poBKa M5 CHATHS moTemHenus. Ha no/upoOBaHHOH MOBEPXHOCTH rpa-
HHIBL 3aKAJEHHOH 30HBI MpocaeupaioTces, Ho ciabo. [lpu stom 3aka-
JdenHas obgactb noayuaercss Gosee Guectdired. [asi 4eTKOro BbisiBJe-
HISL TPAHMIl NpHUMeHsloch TpaBienue pactBopom 4% HNOs B
CEH:_.OH

TeepaocTh H3mepsaach metogom Bukkepca npu wuarpyske 10 kI
Ha orpenbublx 0o6pa3zuax H3Mepsnach MHKDOTBEPNLOCTb H NPOBOJAHIHCH
meTaJ/norpadHyecKiue HCC/IelOBaHHUSA.

B paGoTe HCNOJNb30BAJHCh MPOTOKOJ/bl METANIOrPAPHUCCKHX HCCe-
fOBaHMH MeTpoJordyeckoid cayx6bel HA®, naGopatopuit 3aBONOB:
Tsizkcrankorunponpece uM. EdpemosBa v ABHauuoHHbli MM. HKa/o0Ba,
r. Hosocu6upck: KAMA3 r. HaGepexubie Yemubl; SlpocaaBckuit

MOTOPHBIH 3@BOJ.

2 3. OcoOeHHOCTH 3AKAJNEHHOH 30HbI

[. Ilpu GbicTpbix pekumax obaydeHusi {(ls<<0,1 ¢) Ha MHKPOLLIH-
dax npu yseauuyenun X500 rpandua Mexay 3aKaJeHHOH H He3aka-
neHHol obJacTAMH MpeacTasiasier cOOOH MPAKTHYECKH JHHHIO HyJ1eBCH
toautrHbl. [Ipu 3TOM TpaHHUa 34Ka/KH JeJuT Ja)e OTIedbHble 3epHa.

2. OTtcyTcTBHE MMepexoHOH 30Hbl Ha OBICTPHIX peXHUMax NOATBEPK-
faeTcs TAKXKEe 3aMepaMH TBepAOCTH. Tsepaoctb no Bukkepcy He MeHsi-
ercsl OT [MOBEPXHOCTH [0 TPaHHIbl 30Hbl 3aKaJKM H COCTaBJAET BO
Bcex cayuaax HV, =780450 krc/mm?. TlpH uamepeHHH Ke MHKPOT-
BEPAOCTH HabJwgaercs Goabiiod pa3bpoc 3HayeHHH, UTO 00 bACHAETCH
yepeJOBAHMEM B 30HE 3aKa/JKH MapTEHCHTHbIX H (peppHTHBIX 3€peH
(puc. 5). MakcumanbHble 3HAYEHHA MHKPOTBEPAOCTH MapTEHCHTHDIX
3epeH He MEeHSIOTCA BINIOTh 0 PACCTOSHHH NOpsiiKa 50 MKM oOT rpa-
HHIBI 30HBl 34aKAJKH, Tle TBEpAOCTh HEeCKoJbKOo noxwxkaercs. Ho pas-
mep 50 MKM YK€ CONOCTaBHM C pasMepom OTHe4yarka NpH 3amepax

MHKPOTBEPJIOCTH.
Ha ocHOBaHHM BHAa MHKpPOUIIUDOB, 3aMEpOB MHKPOTBEPAOCTH
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Puc. 5. 30HAa 38KaANKH B OJHOM H3 «ObICTPbIX» PeXMHUMOB (KBA3HKOJbLUEBOH PpeMHM,
tos=0,04 c);
- Y4acToK 30HB 3aKaJKW CO clelaMH 3aMepoB MHKpoTBeproctH, X 100; &—coorsercTeyioulee
PACTIpEIeJeHHE MHKPOTBERAOCTH.
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COMOCTaBJEHHA 3KCMNEePHMEHTaJbHbIX AaHHBIX MO pa3Mepam 3akaJjeHHOH
30HLI ¢ OLUEHOYHBIM pacyeToM [Y9] MOMHO BbICKA3aTh NPeNNnoaOKeHHE,
YTO CYIIECTBYET IrpaHH4yHas temmneparypa 3akaqakv T, ~1100°C, Bble
KOTOPOH ayCTEeHH3alUA NepauTa MNPOHCXOJAHT 3a BPeM$, MEHblUee He-
CKOJIbKHX MHJJIHCRKYHJ (BpeMsl 3IKCNO3ULUMHM MPH TemilepaType Bblle
T, B agnabaTHyeCcKHX pe)KMMax), U HHXKe KOTOpOil OHa He MPOHCXOIHT
H 33 CYLecTBEHHO OOJbliiHe BpEeMeHa MOpsAjiKa HeCKOJbKHX JEeCSAThIX
CEKYHIbl (BpPeMs 3KCHO3HIHK NPpH Temnepatype Bbille T, B MeLJCHHBIX
pexumMax).

B Jsurepatype HMeIOTCA JdaHHblE O COKPAUIEHHH BPEMEHH MOJHOM
aycTeHM3alUKH | ¢ MOBBLILIEHHEM TeMmmeparypbl T crTaflu OT BpeMeHH
nopsiika MHHYT npH Temneparype okoso 800°C go nopsinka 1| ¢ npu
Temneparype okoso 900°C. [Ias BpemeH, cyllecTBeHHO MeHbIHX | c,
MO JUTEePaTYPHbIM [AHHLIM, HEAUHHAA C HEKOTOPOH KPHUTHYECKOH Temme-
patypbl, BO3MOXKEH MPaKTHYECKH MFHOBEHHbIH nepexoj ¢eppuTa B ayc-
TEHHUT (cM. pHC. 6), BOCNPOH3BOASILUHA OJHY M3 KPUBBIX pHc. 24.6 M3
[13]. TlonoGuoe nosenenne ob6bacusoT [12, 13] 6Ge3nudPy3HOHHBIM
(CcnoHTaHHBIM) o—7y M[peBpallleHHeM B (EpPPUTHBIX COCTABJISAIOLIHX
3eped nepJiuTa.

Puc. 6. CxemMaTHuyHaa jaHarpamma

KHHeTHKH o0pa3oBaHHa  aycTeHHMTA

NMPH HArpeBe B NO3BTEKTOHIHOH CTaJH
(BocnpousseaeHo u3 [13]):

I —uavano Auddy3IHoHHOTO 0OPaIOBAHHA

aycrenuTta, 2 —G6esHpdysHoHHOE npespa- A e e e it i

HieHHe o L]}eppu‘raﬂu ?q?l?ﬂepﬂﬁft pua‘iuulf_}. ' I

byt

3. ®deppHuTHAs ceTka, CYLIeCTBYIOLLAS B OCHOBHOM MaTepHage, coX-
paHsieTcsi 6€3 U3MEHEHHH B UACTH 3aKaJEHHOH 30Hbl, MPHMBbIKAWIIIEH K
ee IHY (cm. puc. 7). ToamwuuHa caoss ¢ ¢GeppHTHOH ceTKOH B 30He
3aKaJKH TeM 0OoJbuie, 4yeM MeHblle Bpems OBJydYeHHS [, 4 [PH HEKO-
TOPBIX peKUMax 00JYyYyeHHH, OTHOCAIHXCA K OblcTpbiM (cMm, taba. 1),
OTMEYEHO COXpaHeHHe (EepPPHTHOH CEeTKH Ha BCel TOJIIHHE 3aKajeHHOH
30HBI.




Puc. 7. 3akanenHas 3oHa 1Ja# OJHOrO
H3 CpelHHX N0 BpPEMEHH obanyyeHus
pexxumoB: f,=0,15 c. YBeanuenue
w 100. Buano, uro deppHATHAA CETKa
npoCTHpaeTcA OT JIHA 30HH 3aKalKH
[PHMEPHO Ha [OJOBHHY €€ TOJLLHHEL
Matepuad: craiab 49.

a4

MHUKpOTBEPAOCTE MAPTEHCHTHbIX obaacTell, obpasoBaBuInXcdA Ha
MecTe MepJWTHbIX 3epeH HMCXOAHOH CTPYKTYpPbl, BCIOAY OKOJ10
1000 krc/mMm?; MHKpOTBepAOCTb (EPPHUTHOH CeTKH HE HIMEHAETCHA B
peayabTaTe 3aKajlKkH H COCTABJASET OKOJO 250 kre/mm%. ITO CBHAE-
TeJALCTBYET O TOM, uTO Au(p¢y3us yraepoia 3a nNpeieiami MepJAHTHbLIX
3epeH B (EPPHUT He ycreBaeT MPOHCXOAHMTH H, COOTBETCTBEHHO, HE
ofpa3yercsl ayCTEHHUTHOH CTPYKTYpbl A4 nocaeayIolled 3aKalku B
MapTeHCHT. 3aTo B mpejesax HCXOAHBIX NEPIHTHBIX 3EPEH ofpasyercs
MEJKOHIO/1bYaTbid MapTeHCHT.

MO>KHO NpeANoJOXKHTh, 9TO CTPYKTYpa, KOria B MATKYIO dheppHT-
HYI0 CETKY MOrpyKeHbl TBepAble MapTeHCHTHBIE 06J1acTH, MOXKET OKa-
34Thesl BBIFOAHON C TOUKM 3PeHMs 3KCILTyaTalMOHHBIX CBOHCTBI COHE-
TAHHA H3HOCOCTOHKOCTH'H BA3KOCTH.

EcTecTBeHHO, B 30He [epenJjaBa pacTBOPEHHE hEepPUTHOH CETKH
pcerga MpoucxonuT. TBepaocTh B 30HE Mepenaasa 3amMeTHO HE OTAWYA-
eTcsi OT cpejlHeid TBEpPAOCTH TBEPAO3aKaJeHHBIX ofgacted. B ObicTphIX
peKumax Mo pacTBOPEHHIO (peppHTHOH CETKH MOMHO ONPEAEIHTH TPd-
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Puc. 8 Pacnpenenenne teeproctd HVig, no rayGuHe 30HB 3aKaJKH A8 pexHma C
Lane=T¢.

1000
750 X % %
S00 t
2501
J 0 95 / fe

Puc. 9. Teepaocth no Bukkepcy (Harpyaka 10 Krc) Ha NOBEpPXHOCTH 00pasiloB H3 CTa-
gH 45, sakaneHHBIX NPH pPaszHbIX BpeMCHaX 00AYIEHHSA [us.
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HULY 30HBI nepengaBa. 3akajika C nepenjaBoM Heuesecoo6pasHa: B
JOHE nepeniuba HHOrAa HabJ/l0AaloTCsA TPEeLLHHB, OBEPXHOCTL AeTaaH
TpebyeT nocseayouei o6paboTKH (CM. rakke CAeUYIOUMIHN NMYHKT),

4. B pasaHuHbIX pexxMMax 3akajiku 6es nepenJgasa ofpasuoB H3
CTaJjH, B3ITOH B COCTOSIHHH MOCTaBKH (6ea [peABapHTEJbHOH TepMOCH-
paboTKH), 06pasyeTcss MeJKO H CpeaHEHIOJbYyaThifl MapTeHcHr (2—5
6annos mo OCT 8233-56). Ha rpanuiax 3oHbl 3aKajKH Beeria obpa-
3YETCH MEJIKOMroibyaThli MapTeHcHT. B cayyae ke 3akanku ¢ nepe-
flTABOM B 30HE TMepenjaBa NPeHMYlIECTBEHHO 06pa3yercst KpymHO-
Mro/1bYaThii MapTeHCHT.

5. B cpeanux no Bpemenu obayuenns pexxumax (0,1 c<<t <1 ¢)
Ha CpaHHue MeXNy 3dKaNeHHOH W He3akaJeHHOH o6.JACTAMH MOMKeT
BO3HHKATb NnepexoiHas 06JacTb ¢ MOCTENEHHBIM NOHHMKEHHEM TBEpPAOC-
TH B He#. Tonwkua nepexonHoit 3oub nopsigka 0,1 mu. TBepnocts ke
HETOCPEACTBEHHO B 3aKaJeHHOH 30He ocTaercs NPHMEPHO TOH xKe
CaMOH, 4TO M NpH OBICTPBIX pexumax: 730450 krc/mm® no Bukkepcy
npH Harpyske 10 xrc (cm. puc. 8, 9).

6. Ha meanennbix pexumax (1 c<<i;< 3 c) IUHPpHHA Nepexo HOH
30Hbl MeXIy 32KaJeHHOH H He3axka/JeHHOH 06/iacTAMH BO3DPACTaer.
[pu 45~2,5 c TBepaOCTL BCe 30HB 3aKAIKH nagaeT, a yetkas rpa-
HHLA MeX]y 3aKaNeHHOH H He3aKaJeHHOH O6.acTAMH TpPAaBJEHHEM
WAH(pA yiKe He BHIABAAETCS, T. €. CamM03aKajaKa MOCTeNeHHO HCUe3aerT,

3. CBA3b MEXIY MAPAMETPAMH NYYKA U TEOMETPHYECKHMH
XAPAKTEPHCTHKAMH 3AKAJNEHHOW 30HbI

PopmysamMn 1aHHOrO pasjgena MOJy4eHbl Ha OCHOBAHMH YIpoLleH-
HOTO aHa/lHMTHYECKOro pacyera [7]. CremeHb MX corjacusi ¢ 3KcmepH-
MEHTOM HeBbiCOKa (cMm. puc. 10— 14), HO yacTo AocraTouHa A5 BCe-
BO3MOM HBIX OILEHOK.

[IprBeneH CHMCOK HCNOAB3VIOMIMXCS AJSI ONHCAHHS npouecca BeJH-
4uH: Wo— NOBEPXHOCTHAS IJIOTHOCTh BBENEHHON JHEPTHH B UEHTpe
AOPOXKKH HJIH mNoJOChl; [ —ToK nyuka; £ —3Heprus 3/1eKTPOHOB HJIH
ycKopsiouiee Hanpsixende; d,—rayccos auameTp nyuka (cm. (1.2) u
PHC. 2); ¥ —CKOPOCTb MepemMeleHus AeTalH OTHOCHTE/JbHOr0 My4yKa;
k —TemnepatyponpoBOAHOCTL MaTepHaa; BeJH4YHHA

ki kdg
2 'quﬂ

Ty (3.1)
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€CTb OTHOCHTEeJbHOE BpeMs BBOjJlda HEPrHH nydyka: onpejensercd Kak
OTHOLIEHHE BpemMeHH 00JyueHHusd

fo (3.2)

)

K ¥apakTepHOMY BpPeMeHHM OTTOKa Tensa eriaylb marepuaana; p— maort-
HOCTh MaTepHana, ¢-—'vieabHas TEm10CMKoCTh 061y4yaeMqQro martepHa-
aa; O,y —3(p¢exkTuBHaa raybuna csofGojpHoro npodera 37JeKTPOHOB B
MarepuaJe: onpejaeasercd no gopmyJe
o 0,35£—0,1 .
8,4 = 0,668, = ————, (3.3)

0

[

rae §.,—TaKk Ha3blBaeMblil 3KCTPAnOAMPOBAHHBLIA npober — uamepsieTcs
B MaB, p B r/em’, &, B oM.

Hekotopbie BcnomorartesibHble BeJHUMHBI A48 €Tand 45 npeacras-
JeHbl B tabsa. 2. OHa cocTaBjeHa CcOraacHo BLIOpaHHbIM CPelHHM 3Ha-

PR e
YEeHHAM MnapameTpoB CTajd 40 B 30He 3adaKaaku: p=7,7 r/cM’
c=0,612 Ix/r-rpan; #2=0,06 cm“/c; AT = 1400 rpaa.
Ta6awuna 2
E, MsB Bag MM pedap AT, T fom? i =— %hT". C
| 0,32 210 0,011
1.2 0,41 270 0,018
1.4 0,51 340 0,028
[loBepxHocTHAaA MNJOTHOCTL 3HEPruu, obecneyHBawias MHOAbLEM

TeMnepatypbl B TOYKe MAKCMMyMa 3HeprosblaeneHus BOIM3W NOBEpX-
HOCTH matepuana Ha AT,

Wo=W, 147, =pcB AT 41, , (3.4)

raie Wi, — 10BepXHOCTHAA MJOTHOCTb 3HEPrHH B OTCYTCTBHE TeNJONnpo-
BOJHOCTH MarepHaja (aguabatuuyeckue ycaoBus). 3HaueHus W,, npH-
BelleHbl B TabJa. 2.

3aBHcumMocTh (3.4) npoBepsiack AJsi PeXXHMOB Haua/la MOAMJIAB-
Aeuns AT=1400°C, u B uesom Ha6A0OAAJOCh YIOBJETBOPHTEJIbHOE
corJacHe ¢ 3KCNEepUMEeHTOM, B ocobGeHHocTH npd 1, = 10 (cMm.
puc. 10).

OTtHocHTe/IbHAA ILIMPHHA 3aKaJEeHHOHW JOPOXKH paBHA
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e + : e - -
! 40 100
0 20 40 60 T
Puc. 10. Koscdduuuent orsosa Tenaa OT MOBEPXHOCTHOrO clofl BOIM3H PEXKHMOB MOA-
naaenendd. Kpueas noctpoena no opmyne: Wy/Wa= 141, .
4+ —FE=1 MaB: o —E=1,4 MaB; » —xpasuxkcabuepolt cnocob 3zakanku, =1 MsB; o —«ksa-
3HKOABIEROH cnocod 3akanke, £E= 1.2 MsB,
(éf):
+.
Tl
E:* % ? L
95 [
o ®
la¥e
: ¢ 4 g.‘ # 5
0 20 40 60 0 100
T

Puc. {{. OTHOCHTEALHAS LWHPHHA 3aKaneHHOH JLOPOXKH BONH3IH PeXRHMOB Hauala noi-
naapaenus. Jduamerp nyuka d, uamensaca B npegenax 2—35 mM. [Ipamas —npennoaa-
raemee sHauyeHdne BedHuyHHBl (di/dn)nn.
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I

d. AT,
— = In g
{’f” IETJ-

(3.9)

rie AT,—noabeM Temmeparypbl 10 KPHTHYECKOH TemmepaTtyphbl 3aKai-
ki (eMm. m. 2.3); AT, —HanGoablinil noabeM TeMmnepaTyphl, A0CTHrae-
Mblii B LleHTpe f0poxKH. H3 (3.4)

W"n
pr.‘?ﬁ,lp.y."ll +1,

-'.'5 TLIL —_

Hna pexumoB, GAH3IKHX K naaBfaeHHio, AT,=AT,.. d./d, onpeae-
JACTCH H3 3KCNepHMeHTa, uTo no3soJsetr M3 (3.5) uvadtu AT, Dxcne-
pHMeHTaJ/dbHble 3HAYeHHHA d./d, BO Bcex pemxumax, OJH3IKMX K MJaBJe-
HHIO, TPYIIMHPYIDTCH BOKPYr BeJAHYHHB

(puc. 11). U3 (3.6) u (3.5) waxoaum AT,2~1100°.
OrHocuTeabHas ray6uHa 3akajeHHOH 30Hbl paBHa

G \/{_Iﬂ—rl} In i (3.7)
ﬁ'arﬁ i ﬁl?a

Jns peuma Hauyagaa noaAnJaBJeHHS 3TO N4eT (puc. 12)

. 1 W
[_'[33,} 1 i ,” .
1,“,"1 f-}'l'-::'l r.l..

(3.8)

[IpousBoauTenbHOCTh Mpolecca 3akank YA0GHO OLEHHBATH MO
ABYM noKasaTe/siM: MJI0LLAaJH NOBEPXHOCTH 1};, H 0ObEMY Yo 3aKaJeH-
HOH 30HbBI, NPHXOAAMKMCH HA eNHHHLY 3aTpaveHHON sHepruu. [as
A0poXKedHOro cnocoba 3dxkalku B pe)kMme BOJIH3M NOANAABAEHHA pac-
yeT gaet

1 :
i e, (3.9)
ya W
4TO HEMIOXO corfacyercsl ¢ 3KcnepHMmeHTom (puc. 13),
g
CM ; :
nz = 0,064 : (3.10)

K

HTO C 3KCNEpHMEHTOM He coradacyercd. BKCHEPHMEHTHJEHEJIE JayeHud
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Puc. 12. Tiy6uhna 3akanedHHoH 30HbBI BOJH3H pPeXHMa MOANNABIEHHA, [lpamasa coort-

Wa ool U SE LT MERE S SE S VB,

peTcTBYeT hopmyae (O:)u = —
VapcATun

e «
; ——
W, ‘em ’

Puc. 13. TlopepxHocTHAd MPOH3BOILHTENBHOCTD JAOPOMKEeYHOH 3aKajJKH B peRHMe Hauana

] o — E==1 MsB;

"I.I|'I a Wa

noandasaenusi. Kpusad nocTpoeda no  Qopmynae M=

o —E=14 MsB.
s

pacrnogaralorcsi BOIH3H youiBatomeil kpuBoi (puc. 14).

Za, ”f’-a?%;'

w0t
50+
4 : >
0 7 . 0 S
o cM*

Puc. 14. OGbeMHas NPOH3BOAHTEIBHOCTE AOPOKEUHOH 3aKANKH B DEXHME Ha4yaaa M[oj-
nnapiaenuna: + —E=1 MsB; o —£=1MsB.

Jueprernyeckas 3QeKTHBHOCTD NOJAOCOBOH 3aKa/KH 1)z NPHMEPHO
B JBa Da3a BbilE, ueM AOPOKCYHOH. DuepreTuueckylo 3 PeKTUBHOCTD
N2 MOJOCOBOH HJIH KBA3HKOAbILEBOH (cm . 4.2 W 4.3) 3aKaJKH MOXK-
HO COMOCTABHTH C Te€M, 4To ofecneyuBaer mo 3TOMY MapaMeTpy 3aKaJ-
ka TBY.

B npouecce 3akanku TBY

cm?

ne=0,03 .
kL

ITis KBA3HKOJbLUEBOH 3aKaJKH MO IKCNEPHMEHTAAbHBIM JAHHBIM

3
cM

=01
12 kLK

Ecam seectH KIIJI 3akaiku Kak OTHOIIEHHWe 3HEPruH, KOTOPYIO
Hago Gbl1io Obl 3aTpaTHTb Ha NPOrpes TOJBKO 3aKaJeHHOH 30HBI A0
KPUTHUECKOH TemrnepaTypbl 3aKaJKH T., K TMOJHOH 3aTPayeHHON IHep-
FHH Y4Ka, TO AJs PEXHMOB Hauajsa NOAMIABICHUS pacuet naet /s

HOJOCOBOr0 (KBA3HKOMbLUEBOro) crnocoba 3aKajikH 3Ha4YEeHHE 50%.
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4. 3AMEYAHHSA MO TEXHOJIOTMH 3AKAJIKH SJIEKTPOHHBIM NMYYKOM

4.1. NopoxeuHnasi 3aKkaaka

Havyanbnasi ckopoctb oxmamaenus (cm. pasa. 2.1) BO Bcex Bujiax
3aKa/KH obecrneuyHBaeTcs, B OCHOBHOM, OTBOAOM Ter.ia BriayOb Matepu-
aja MNeprneniuKynsipHo K nosepxHoctd o6pasua. Hekoropyiw poabs B
yBEJIHUEHHH CKOPOCTH OXJaX/EHHA WrPaeT OTBOML TeNJa B CTOPOHbI OT
JAOPOKKH MnapaJliejbHO NOBEPXHOCTH ofpa3sua.

Hem yxke 10poxkka, TeM Go.blle CKasbiBAeTcs OTBOL B CTOPOHBI.
Ouenka nokasblBaer, uto npu6aBKa B HayaJbHOM CKOPOCTH OXJaKje-
HHAl HaYHHAET CKA3bIBATbLCH JHIIb 1718 d, <3 MM.

Hasi enMHUUHOR 10OPOXKKH, NPOBeIeHHOH Ha obpasue, HOCTHraercs
bosee HH3KadA, ueM B IAPYrUX cnoco6ax 3aKaJKH, KOHeuHas TeMnepary-
pa nocqae BhIDABHUBaHHA Temnepatryp B o6pasie.

B cpeiHux u mendeHHBIX pexumax o6ayueHus (cM. Tada. 1), Kor-
Aa CYUIeCTBEHHA BEJHYHMHA MOJHONO BPEMEHH OXJAXKIEHHS, OTTOK 1€[l-
14 B CTOPOHbI TAK)Ke CKa3blBACTCH [MOJOXKHTENbHO, NPAKTHUECKH, NpH
JIO0H LWHPHHE NOPOKKH.

biarogaps BblleynoMsiHyTbiM (akTopam, Ha CPaBHHUTEJNBHO TOHKHX
06pasuax MOMKHO MOJYYHTb OJHHOUHYIO 3aKATEHHYIO AOPOXKKY, B TO
BpeMA KaK 3aKaJsikd MMOJIOCOBbIM H KBA3HKOJIbIEBBIM CIOCOGOM ykKe He
fnoJiyyaeTcs.

Haumenbinass Tosuuua jgeranu, npw KOTOPOH elle BO3MOMKHA
3aKaJjika Mno cnocody NOpOXKKH, ONnpele/siach NPOBEAEHHEM OPOXNKKH
10 KAHHY C yMeHblIAKeACs: TONLIHHON MO 3aKajHBaeMol [10BepX-
HOCTBIO.

[Ipu nuamerpe nyuka 3 cM u BpemeHd O6IyueHUsT fos=0,] c
3aK4/lKa HAYHHAeT HCYe3aThb MPH TONIMHAX, MeHbWHX 2,5 mm. [lpw
MEHBLIHX JHAMETpPax Mydka 3aKa/jKa BO3MOMXHA H HA MEHbLIIHX TOJ-
IlHHaX maTtepuadJa.

[Ipy HEoOGXxoaMMOCTH CIMIOWIHOrO MOKPHITHS MJAOCKOH MOBEPXHOCTH
AOPOKEUHBIM  COCOOOM  MPHXOAWTCH HAK/IAAbIBATH JOPOKKY Ha
AOpOXKKY ¢ HaxgaecroMm. Ha nuockux ofpasuax, Kak 4 caeioBajgo OxH-

AaTb, B ME€CTE TPAHHLLI HOBOH H CTApOH JAOPOXKEK 00pasyloTcsl 30HbI
OTITYCKA.

4.2. MoaocoBag 3akaika

B orauumMe oT Han0KeHHS OTIe/bHbIX JAOpoXKeK Mo crnocoby Aopo-
KEUHOH 3aKaJ/IKM, B CIOco6e M0J0COBOH 34KAJKH 44CTOTa CJAe10BaHHS
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OTIeNbHBIX MPOXOAOB pa3BepTKH noabupaeTcsd TakoH, 4yToObl 33 BpemsA
O/IHOTO MPOX0ja TEMJIO HEe yCTmeBa/lo OTTeKaTb OT MOBEPXHOCTH 06pas-
na. Toraa B Ka)AOH TOYKe MOBEPXHOCTH TeMMepaTtypa MNOBbILIAETCH B
HECKOJIbKO CTYMEHe, YHCJI0 KOTOPhIX ONpeAeNsieTcsi CTeNeHbio HaxJec-
Ta OTAENbHbIX npnxoaos B nosoce. Ob6uiee Bpems Harpesa B KaxAOH
TOYKE MOBEPXHOCTH

lo6 = L (4.1)

¥
=g
U

rie v— CKOpoOCTh MOCTYNATE/BHOro rnepemMenieHHs oﬁpaaua nojg CKaHH-

PYIOLLHM MYYKOM.
Ias Toro, uToGbl MocJe BbipaBHHBauusa temnepatyp B obGpasue He
MPOM30ILIET CaMOOTNYCK, T. €. urofbl B 00pasile BLINOAHAIOCE YCJIOBHE

T< T, (cm. pa3n. 2.2), HeobxoaHmMa TOJIIHHA 1eTaJjH

W ;
f_ L : (4I2}
= PCAT

rne Wy — n0BepXHOCTHAS NJOTHOCTh 3IHEPrHH Ha OOJNYUEHHOH Mno.Joce,
ATy —noabeM TeMneparypbl OT HayaJbHOH TeMmmeparyphl leTann Ao
HauyaJa MapTeHCHTHOrO NpeBpaileHHs.

CkaHupoBaHue nyuyka B cnoco6e Mo/J0OCOBOH 3aKaJKH JOCTHTaercs
[PUMEHEHHEM 3JEKTPOMarHMTHOH PA3BepPTKH CO CJAEAYIOUIHMH XapakTe-
PHCTHKAMH:
dopma pasBepTkH NHA0OOpa3HAA C OJHHM CKOCOM.

PaccrosiHie OT VCJOBHOTO [€HTPA MOBOpPOTA MydKa

[0 BBIYCKHOTO OTBEPCTHHA, MM 20.
. Tanrenc HauboJibLIEro yrJaa HaK/JIOHA My4yKa

K BepPTHKa/IH 0,2.
Pasmep, 3aHumaeMblit pa3BepTKOH B HalpaBJEHHH OCH fyuka :

(ToamMHA Pa3BOPAuHBAIOLIEro YCTPOHCTBA), MM 45.

Uactora KoJgaebaun, i : ; D5 =4t}
PexxuM 3akanaku ¢ HauOoJblUed [OJYYEHHOH [IHPHHOU [0JOCH

XapaKTepH3yeTCsi C/IEeIYIOUIHMH 11apaMeTPAMH: SHEPTHS  3MEKTPOHOB
E=1,4 MsB, mupHHa 3akajeHHoHl nojocbl [,=D5> MM, CKOPOCTb nepe-
MellleHHs jetand v=47 cm/c, cpeiHee BpeMsi BO3JEHCTBHA NYydYyKa Ha
Ka)KAylo TOYKY [MOBEPXHOCTH nojochl fos=0,6 c, MOLLHOCTb MTy4Ka
32 kBTt, cpennas ray6uHa 3aKaJjJKH 10 MoJaoce §:=10,6 mm. TBepaocTh
sakanensoro ciaos HV (10 krc) 620 kr/mm’. Tomwuua obpasua
H=1,5 cm. HeckonbKO NnoHMKEHHas TBEPAOCTh B 3TOM pPEXKHME 3aKaNKH
N0 cpaBHeHH® ¢ O0ObluHOH (cM. pa3za. 2.3, 0. D), M0-BHAHMOMY,
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MOKeT ObITh 00bACHEHa HeGOABLLIHM MOpPEBHIIIEHHEM KOHEUHOH Temmepa-
TYpel o0pasua Han Ttemmeparypod T, T. e. HapyluieHHeM YCJIOBHHA
(4.2).

4.3. 3axkanka ¢ BpauleHHEM NOL NYYKOM

Takasa 3akanka BO3MOKHa B Tpex pexXHUMax: TAaK Ha3blBaeMOM
KBa3HKOJIbLUEBOM, JOPOMKEUHOM MO CNHPAJH, MOJOCOBOM 10 CIHPAJIH.

KBa3ukoableBOH pexHM rnpelnonaraer HacTOJAbBKO ObICTpoe Bpa-
HIeHHe peTaJqdH, 4TO nporperas TNydykom 3a Bpemsi ojaHoro oboporta
JOPOKKA HE ycrneBaeT OCTHITb H 4acTHYHO Harpepaercs Jajbuie MpH
crenyiomem obopore, Kaxkiabli 060pOT 3IKBHBAJAEHTEH TNPOXOAY pas-
BEPTKH MPH 3aKaJke noJocoBbiM cnocobom. Bpemsa BosaeldcTBHA Nydyka
onpepesiercss Tod e popmMyiod (ls=du/v).

MuHHMaNbHO JONYCTHMbIE AHAMETPbHl BaJja ONperensiioTcs (popMmy-
JA0H (4.2), B KOTOpO# B cAayuae CHJACIUHOrO Baja HAjJ0 NOJOMKHTb

D ‘

[[py cTpemJeHHHM YMEHbIIMTbL AHAMETP BaJja, JJs BHINOJHEHUS
ycaoBusi  (4.2), OpPHXOAMTCH YMEHbWAThH TOJMILKHY [POrpeBaeMoro
CJ0f, 4YTO MOXKHO C€JaTb KakK 3a CueT YMeHbIIeHHSl BpeMeHH BBOJA
Tenaa (yBeJqHYeHHEe CKOPOCTH 00pabGoOTKH H, COOTBETCTBEHHO, MOLIHOC-
TH Ny4YKa ¢ LUedbl0 NOCTH:KeHHHA aavabatuyeckoro pexuma Wo= Wa,),
Tak M 38 CY4ET YMEHbLIUEHHUA 3HEePTHH 3JEKTPOHOB.

KakaoMy 3HAUeHMIO 3IHEPTrHH 3JIEKTPOHOB E COOTBETCTBYET flpe-
JAebHbIH HAHMEHbIIMA 1HaMeTp BaJa, KOTOPbIH MOXHO 3akanuTh 6e3
ONMaceHHd OTINYCKa.

HauGoabimue gHaMeTpbl Baja B Pe)XHMe KBa3UKOJbLUEBOH 3aKajJKH
OTPAHHUMBAIOTCSH CJOMKHOCTBbIO OBICTPOro BpalleHHS W NpefesbHOMH
MOLULHOCTBIO My4dKa.

[IpuBenem mnpegenbHO AOCTHTHYTbLIE KBA3HWKO/ALLUEBbLIE PEXRKHMbI /5
CIMIOLIHOTO BaJja U ABYX TpyO. (cm. tabua. 3)

B pesysnbrarte 3HauHTENbHOr0 4YMCAa HU3MEpPeHHH TBEpPAOCTH BAaJoOB,
3aKa/IeHHbIX B KBA3HKOJLUEBOM peKHMe, BBIICHHJIOCH, YTO 4acTo MpH
usmepeHdiH no Bukkepcy HV (10 Krc) TBepaocTh OKasblBaeTcd He-
CKOJIbKO [IOHHXX€HHOH N0 CPABHEHHIO CO CpPeLHeH TBepPLOCTbI [JIOCKUX
00pa3LoB, 34Ka/JeHHbIX JOpPOMKeuHbIM crnocofom (cpaBH. Taba. 3 w
pasn. 2.3 nn. 2 1 5). Mexay Ttem, npH H3MepeHHH MHUKPOTBEpPAOCTH Ha
TEX Ke BajaXx OHa oKasbiBaercsl OObIYHOH: HAa MAPTEHCHTHbIX 3epHax
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nopsaaka 1000 krc/mm®, wa ¢eppaTHHIX mopagka 250 Krc/Mwm
cBsizaHo Hefoabuioe MOHHXKeHHe TBepaoctu HV (10 Krc) Ha Bagnax,

[NoKa He HACHO.

2

C uem

Tabnuuwa 3
MpenesbHO AOCTHIHYTHIE PEIKHMBI 3aAKANKH NHIMHADHUECKHX AeTajed
: Sipper- 3neprua | Paccrosmue | Bpems poa: | Ckopocre |, TeepaocTs
SRR THEHAR ANEKT- OT BBIOYCKA | AEHCTRHA GCEROLD nidgllrt::m Mownoors jenos
o g TOMUHAE, | poHos, A0 DCTATH, | HANYYEHHH, | Oepeme- 1E'ra _:“ '” mnyuka, P {3axansu
N i E h ion peewss, o | HY (10 wr)
MM MM MsB cM C oM e ol MHH kBT Kro/mu®
22 5.5 }.2 5,0 0,16 4,2 1400 20 720
Tpyba @35
(BH. @22) i) 1 2.3 0,11 2,0 2400 13,5 630
Tpyoa @ 100
(BH. (7 80) 10 §id 3.5 0,31 13 1400 45 680

B nopoxeuHoM HJAHM MOJOCOBOM IO CHHPAH Pe:KHUME 3aKaJjKu Bpa-
LAIOMKMXCS jJeTadell CKOPOCTb BpallleHWs 1 YCTaHaBJAMBAETCs TAKOH,
yToObl Tenao oT 06JYyYeHHOH NOPOMKKH HJM [10J0Ch! YCNeBaJa0 OTTEKaTh
3a Bpems 0fHOro obopora, T. €. uTOObI BHIMOIHANOCH YC/IOBHE!

2
rn nk

JloposkeuHblH HJIH MOJOCOBOH MO CHHMPaJH CnocoObl 3aKa/JKH OKa-
3LIBAKTCA @IHHCTBEHHO BO3MOMKHBIMH B cJjaydyae BaJoB 00Jbilloro j1Ha-

MeTpa.

4.4, 3axaaka HAKJOHHLIX NOBEPXHOCTEH

[IpoBosHAHCH OT/e/bHbIE IKCIEPHMEHTbI MO 3aKaJjKe MOBEPXHOCTeH,
HAKJOHEHHBIX 10 45° K N/J0CKOCTH, nepneHAuKyaapHoi nyuky. Caeayer
OTMETHTh, YTO B CJAyuae NEPeceyeHHsi ABYX HAKJIOHHBIX NMOBEPXHOCTEH
3aKajKa "X BO3MOXKHA Ha OGoJbliylo TayOHHY, eciH OHH o00pasyior
BaguHy (pic. 15,a), 4eM ecin OHM o6GpasyioT BbicTyn (puc. 15,6),
MOCKOJAbKY B C/1y4ae BbICTYNA NPHUXOAUTCH YMEHbIIATh MOBEPXHOCTHYIO
IJIOTHOCTL BBEAEHHOH 3HepruM nyuka, ytobbl H3bexaTb ero pacjias-

JIEHHH. :

ot




Puc. 15.

4.5. Mosogku

Kak yka3biBajsocb BO BBeIEHHH, MPH CaMO3aKaJKe 3/JeKTPOHHBIM
Ny4KOM MOBOAKH MHHHMaJbHbi. bonee Toro, npu B3auMOKOMNEHCHPYIO-
uieM (CHMMETPHYHOM) pAacrnoJioKeHHH 3aKajJeHHBIX 30H BBHAY CTa-
GUILHOCTH [HK/IA 3aKaJKH MOBOAOK ylaeTcs NMPaKTHYeCKH H36exXarTb.
Hanpumep, npH 3akajke WJIHLEBLIX BaJHKOB /s KOPoGKH cKOpocTel
¢peseproro craHka (@21 mm, aauHa 240 mm, marepuan: cranb 45 u
40X) Ha KaxAOM H3 HHX MPOBOAMJOCH BAOJb OCEH 10 OJHOH AOPOKKE
¢ d,=>5 mm. [Noasaanace ctpesna mporu6a npumepHo 5-1072 mm no-
cpeiante Banuka. llpu nposeneHHH Ha Kak1oM Ba/JHKe BTOPOH HOPOXK-
KH, CHMMETPHUYHOH NepBo#, cTpesa nporuba npakTHUECKH HCYesJa.

YMOMAHYTble BaJHWKH FBMJIMCH NEPBOH [eTajibi, 3akajHBaBluelcs
AJIA MPAaKTHYECKOr0 NMPUMEHeHHUSA,

4.6. Texnonornyeckue BO3IMOXKHOCTH yckopureaein HHA P

C TOYKH 3peHHS lIPUMEHEHHS MLJSl 3/EeKTPOHHO-TYy4YeBOH 3aKaJKH
Aetajed B MPOMBULJIEHHBIX YCJAOBHAX YeKopuTeau cepun DJIB (Henpe-
PLIBHBIH NMYYOK) 06/1a4aI0T HEKOTOPBIMH HELOCTAaTKAMH.

B wactosiniee BpeMsl OHH [OPUTOAHBI, JIHIUIL KOTAAa NY4YOK MOXKeET
ObITb BKJIKYEHHBIM JOCTATOYHO [0JII0— HE MEeHee HECKOJIBKMX MHHYT.
STO CBA3aHO C TeM, YTO BPEMS BbIXOAA HA PEKUM YCKOPHTENS CepHH
OJIB mopsinka 1,5 MHH mocse Ka10ro OTK/IIOYEHHS, NPHYEM MPHMEp-
HO 20 ¢ nNpH HapacTawuieM ToKe myyka. BeIBox nyuka cHayana npuxo-
JAHTCA NMPOH3BOIAHTE HA MHUIEHb, faJjee Mol NYYOK NOJABOAHTCHA AeTallb.
[IpA sTom yacTe neranu, KoTopas He NOJXKHA NMOABEPraThest 06Jayye-
HUIO, HO JIEKHT [0 XOAYV NPOJABHXKEHHA MyyKa, HakKpbiBaeTcs 3alllHT-
HbIM 3KpaHoMm. DbiCTpoe OTK/IO4eHHe MyyKa MO OKOHYAHHH 06/ yueHHS
B HacTosiliee BpeMs obecrneudBaeTcs,
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Jlnst WaToCTpaukHt CJOMHCCTEH, © mmpbfmu MPUX0AHAOCH CTaJKH-
BATbCA [IPH 3aKaJKEe BpalialUIMXCcH ACTaljleH, onuIIeM OJAMH H3 TheX
MpUMeHABIIUXCA TTPHEMOB BBOJL& Mydka Ha Bpaiuammyma:ﬁ J:L?TEIJ'.[E;. i

Netanb THIA Baja 3aKpPenaAeTCH ¢ ABYX CTOPOH, C mm-:u;i H3 KO
nejlMaJbHasa onpaska, 3aKHMmarwuiad nerafb, ¢ ApPYrod — mMojlH-

BIX C ;
: MelollHli BO3MOKHOCTL BpaulaThes. B onpaBke nep

pawlIMi LEHTP, H

—

KT

SNV AN

Puc. 16.

IEHAMKYJAAPHO €e OCH BbIMOMHAETCH OTBEPCTHE AMAMETPOM MpUMEPHO
40 mm (cm. puc. 16). |

Jlo BEIXOA TMYYKa HA PEXHUM NETATb HEMOABHXKHA, & MydOK MpOoXo-
AMT CKBO3b OTBEpPCTHE B ONpaBKe K MONajaer Ha MHIUIEHD. 3artem
jeralb NMPUBOAMTCH BO BpaileHHe ¢ OLHOBPEMEHHBIM MOCTYNarelbHbIM
nepemelleHremM BAOJdb OCH. [lyqok cHauyaja CKOJIb3HT (10 ONpPaBKe,
34TEeM [10 AeTalH.

C wejbio CYLUECTBEHHOTO COKPAIlleHHs BPEMEHH BbLIXOAd HA PEIKHM
B HacTOsinlee BpeMsl MPOBOAMTCS MO[ePHH3alusd YCKOPHTEJCH DJ1B.
[Ipo6iema COCTOHT B HEOOXOAHMOCTH Uﬁeicneum'b MHHHMAaJ/bHOE BpeMs
nepexoiHbix TNPOUECCOB MpPH cTabMJIbHOH 3HEPIHH UBJIEKT]T}GHGB (ana
cTaGHILHOCTH FEOMETPHH MyuKa B BBIIIYCKHOM YCTPOHCTBE).

Ipyras npobjaema-— HaAEKHOCTb paboTbl YCKOPHTENS B peXHME
GLICTPO YepeyIOUIHXCs MEePeXOAHbIX MPOLEeCCOB [PH BKJAKYEHHUAX H
BLIKJMIOUEHUAX TMYUKA.
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HecmoTpsi Ha yKasaHHEIE CJ0JKHOCTH, €CTh OCHOBAHHA MNPEANo.a-
rath, 4to «OwicTphii» DJIB Oyaer umeTh BpemMs BKAWOUYEHUS MOpsSiaKa
JEeCATBIX A0JIeH CeKYHMIbI.
~ Hapsiny ¢ yexkopurenasimu cepun 3JIB aas ueneli 3akanku nepenek-
THBHO [pUMEHEHHe UMIYJabCHBIX yckoputened. [Mocnennue yaobubl a5
3aKaJKd OrpaHH4YEHHBIX YYaCTKOB [MOBEPXHOCTH AeTaJtel, MOCKOAbKY
A HHX [03HpOBaHHe TpeOyeMblX MOPUHH SHEPTHH B 3aBHCHMOCTH OT
MIOIlaAH YNPOYHAEMOro yuyacTka o6ecneyHBaercsi COOTBETCTBYIOLLHMM
KOJTHUECTBOM HMI1Y/lIbCOB B MAKETE, YTO HE BbI3LIBAET TPYAHOCTEH.

TonbKO HMIYJBCHBIM YCKOPHTENEM MOMKHO 3aKaJMBATh OTHAE/NbHbIE
NATHA HA MOBEPXHOCTH. 3aKaliKa ke JOPOXKEeK H T. M. MOMKeT NPOH3BO-
AHTLCS COBEPIIEHHO AHAJMOTHYHO HENPepLIBHOMY MYUKY € IIPUMEHEHHeM
TEX >Ke€ pAcCYeTHbIX 3aBHCHMOCTEH, B KOTOpbLIX OYAyT (HIrypHpPOBaTh
CpenHsis MOIIHOCTb H CPeAHMH TOK IVYKa.

B To ke BpeMsi HMOYJbCHOCTb MOMKET CKa3aTbCsl HA PaBHOMEDHOC-
TH 3aKajKH, 4To TpebyeT NpaBUabHOro BuIOOpA peXHMa H HAKJIANbiBA-
€T CBOH OrpaHHYeHHS,

MoxHo ckasaTbh, 4TO 0O HEKOTOPOH AJMMTENbHOCTH MPOMEKYTKA
BPEMEHH OIHOr0 BKJ/IYEHHS (CErofaHsi 3TO MHHYTbI) HYMKEH HMIY.JbC-
HbIA YCKOpHTEIb, a Npu GOJbUIMX BpeMeHax — ycKoputeab THna JJIB.
IJTO OCHOBHOH KPHTEpHi I/ pELIeHHsi BONPOCA, KakKoH YCKOPHTEb
JAyulie MOAXONHT AJfA ONpeleSeHHOH TeXHOJOTHH.

5. 3AKJIDYEHHE

KOHUEHTPHPOBAHHBIH NMYy4YOK 3/IEKTPOHOB B aTtMocepe ¢ 3Hepruei
| —2 M3B, noayuenuwniii nHa paspaGoranubix B HMS®D yckopureasx,
MOXKeT HaHTH MPUMEHEHHWEe B MAalIHHOCTPOEHHH H APYIHX OTpACAsiX I/
MOBEPXHOCTHOH 33KaJIKH CTaJH.

B xone Hacrosmed paGoTbl onpo6GoBaHbl pa3anyHble TEXHOJOTHYEC-
KHE TMpPHeMbl H pEeXHMbl 38KajJKH H COOTBETCTBEHHO HM OTMEUYeHbI
OTAe/bHble MeTaJnorpaguyeckie oco6eHHOCTH 3aKAJTEHHOH 30HBL..

[Ipensoxena oueHouHas 3aBHCHMOCTB MEXKAY PeKHMOM 3aKAJKH H
pasMepaMH 3aKaJeHHOH 30Hbl.

[Ipusenenbr Tpe6OBaHUA K CHELUATH3UPOBAHHBIM YCKOPHTEISAM I8l
MOBEPXHOCTHOH 3aKaJKH CTaJH.

BaxHbiM WaroM Mo :HCCJAEI0BAHHIO BO3MOXKHOCTEH TEXHOJOTHH
NMOBEPXHOCTHOH 3aKaJ/JKH CTalH KOHI@HTPHPOBAHHBIM 3J€KTPOHHBIM
My4kKOM B arMocdepe H ee NPAKTHYECKOMY TNPHMEHEHHIO B MPOMBbILI-
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JCHHOCTH MOMKET CTaTh OpPradHH3auHs (QH3IHKO-TEXHOJOTHYECKOr0o LEH-
Tpa UP CO AH CCCP npu HoBoauneukom MeTanqypruyeckoM KOM-
- OuHate U Jluneukom noautexHuueckom HMucrturyre.
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