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MAfH14TFnll l [ j l  KOFITPOd'Ib fJly6Idl- l t ] l  I ' {  TBEPAOCTM
YNPOLIF{EHHOIO CJIOf i  , f , .ETAJIE iU !43  BbICOKONPOqHOIO qYTYHA

nocJrE 3AKAJTKfi TOKA,\{H BbICOKOBI qACTOTbI

H. A. l(1.1srt, ,rqoa, A. M. Opoxopoe

9yryn xax KoHclpynr(rloHar,rri uarepua,r ilrrpoxo i{cllor'rb3yercrl B rrpou3BollcrBe lera-
nefr sa flpeArlpHarurx aerox,roSt'rnlHofi, 'rpaxropnoft u 4pyrax orpac,reii, npoMhtrl,'reHno-
crn. B pxrle c,'ryrlaeB or qyryHribrx Aera;efi rpe6ynrcn rroBbrrireHsb]e cBoiicrBa roJLI(o ]ia
noBepxHocrx IrsAerTH.fi npfi coxparreHriu roir crplirirvpld cepAueBnHbr, Iroropa.r no"'ryqeHa
npl orJII-iBKe r.rr'ru noc,{e or}Kr.tfa. A,rq nosbruterrlg csoiicrs roBepxHocrr.i H3/le"rg1,lr'fiporic
ECnO,lb3yeTCq rroBepxuocrHag 3sKaJrria npri  noMouli .r  ror{oB Bbtcoxol i  qacror:u (TBA) . Ka-
rlecrBo TaKHx HeoAHopo/urbrr no ceuerr!rro usAeJufi onpeilerrercr ro,rrui.inoii noBepxHocr-
HOfO 3aKa, ' IeHHOfO Cr ' tOn H l -Bep. lOC' , Ib rO C. ]Of f  i l  CCpn. l teB l i l { t J t .

f,ry6uny cJ'loff 3ar(airKr.i TBt{ 1era,refi anror,ro6rns o6uqso H3N{eprror rroA r,rr.iKpocrio-
lOlrr nU6opo.tHo nyTeM pa3pe3I(H leTa,'rfi r4 Lt3fOToBJeHHn ru;rUQa, rrTo CBfi3alro c nCrpueir
ti3reJlrt tz ,4ono.rr'Hr.rreirbr-rbrMra 3arparauu. Taxofi M,eroA Koiirpours se o6ecneqr.IBaer Aocra-
roquol l  HaAe)Kuocrn 14 He ro3Bo, ' rqer cBoeBpeMeHHo l (oppeKTuponarb g, ' ie l (TpuqecKrre l  Me-
x allur{ecKrle napaMerpbr peN{rrM a s ax arxtl TBLI.

Marsiirrirtii MeroA r{or-rrpoJr f apaHT.r.rpyer Brro.[iie oAH03HarrHoe Br,raer'reHfie n 6pali
ncex ,1eraRefi, aMeroxllrx rny6ilgl' 3ai{a,{eH}rofo cJ'rot Hni'r{e H"Iru Bbrrile HopM, ycTaHoBitcFr-
HbIX COOTBeTCTByTOUIT.TMH Texr:r14rreCKr.l.\,{H yC,'rOErirrMlr, npH OAHOBpelvieHr-roM Bbr.qer'reH'r.rH B
6pax acex Aeranefi, He yroBJre'r'Boprrouux rpe6oeanuru rexHuqecrr.rx yc,rorufl no rBeprxo-
crt-I 3aKa,'IeHHoro c,'rorr. ,A{arnursllrt rieroA IioHrpo,rrfi r<aqec'rBa noBepxHocrHoro yltpoque-
Hlit Haxo.q,LIT 3a rroc,'reAr-rue ro1br Bce 6o,ree nrlpoxoe npr.iMer{eaue [,2]. Ou ocrroBaH Ha
pa3r'ILrqIiLI MarHllirHbrx csoiicrn 3aKa,'reHr{ofo cr'Ion r{ cepAIIeBnHbr lera;reii. Tax, nalpurvrep,
IiogpqaTrlBHas cr.Ira 3ariaJreHnoro cr'rofl lrsAe,'rHii r.r3 BbrcoxonporrHof o qyryHa n 5-7 pas
6o;mrre xoep[nrunaoii cH,i]r-r cep.iiqeBHur,r f3l . Taxoe pa3r'rlrque Bno"rTHe AocrarorrHo A,.tt
IiocTaHoBKLI Ha.{e)KHOf O MatlTHTHOf O KOI{Tp OJtt.

"[,nx 
nlrxcHeuuq Bo3Moxuocrr.r r4cnoj-tb3oBaHr,rff KogprrarnMerpa KtI@M-1]4 ArTq Kolrr:

po,ia r,ry6nnu H TBepjlocrr.{ sal(ar'rerrHofo c"ros TBQ Aera"refi aeror4o6n,'r.q, H3foroB,TeHHbrx
iI3 Bbrcoxonpor{Horo rrvryHa Bq 65.48.1, 6unu nponeneHr,r }iccireAoBatr4tl Ha o6pasqax c
pas,ruuuofi r,ry6nnofi ynpoqHeHHoro c,roa. O6pa:qbr npeAcraB.rrfial.r co6ofi Ky,'laqKr.r, Bblpe-
3aHHbre r-i3 paclpeAeJrHrerrbHof o na,ra (prc. I ). IIpucranHofi a,lexrpouaf HHT uMer cMei{-
HHe nOr'lIOCHbIe HaKOHerliiI,lI{}i .4,,{fl MaKCI{Mar'IbHOrO IIpXr'IefaHA.s nOJ'IIOCOB 3,'leKTpOlvlaf HHTa
K IIoBepxHocrII Hoctrxa xy,'raqxa. feouerpnuecrue pa3Mepbr u @opl,ry no,'rrocnbrx Haxol{eq-
HIII(oB H caMu AarqHKIi no46rpa,ru raxuu o6pasolr, uro6br o6ecneqnrr tr3MepeHl{e cpe;1-
Hux NIaTHLITHbIx cnoricre ua r.ny6uue, Ha Koropyrc npocrupaercq MaricrrMa!'rbHbrfi tronycrn-
t,luft gaxa,renuurt caoii A,'rrr Hopli{a,'rbHo 3aKaJreHr{blx n:ge,ruil, paccMarpr.IBaer,rbrx B Hacro.
luer i  pa6ore [4]  .

,[,na y;1o6crea pefy,rupoBr{r.r lr orcq'era pa3MarHuquBarolrero roxa 6H,ra nsrrra roJrbt{o
1 /3 uacra B[rKoB rrlNrarnu.insarofileil o6uorxi,r, Mal{cr]MaJ'rbHo npia6,ruN<enHar r{ I(oHTpo-
.lfipyeMoMy tt3Ae"rurc, qro, KaI( creAyer H: pa6oru ,[5] , no:no,rrer HecxoJtbKo yNrer"rbrur-trb
B,'IIItHI{e Ila Ber'Illqi'lHy pa3I,laf HHrIi.{Baloillef o ToKa iroS?iltiTI-iMeTpa HeIIOCTOflHCTBa 3a3opa
iilexAy u3Ae,'raeM I,r HaI(oH€riHuI{aMH 3,'reKTpoMarHltTa. 11.{r KaxAofo runa Aera,reii ucllo.rrb-
3oBa,5I4 cnofi nptrcraeHofi 3.[eKTpoMafHHr c no"'rrccaMl], noAorHaHHbrMll no $opne r{oHTpo-
,rapyeu oii rroBepxHocrr.i Aerar'rrz.

3asiicln4ocrl rpa3Mafutrrr.iBaroil{efo roxa 1o xoepqnrumerpa or r"ry6rusr 3aKa,leHHoro
c , ron  o6pa :uoB  np i lBc -1eHr  Ha  pHc .2 .  BH :uo ,  r { r o  Me )KAy  noKa .JaH ] . ]R \4H  r i ogp t { l . r rH r \ 4e rpa  H
r.ny6uHol.1 yflporrHeHHofo c"rrofi c)rqec'i'Bver oAHo3HarrHafl cBfi3b. l,ry6any cJrofl onpeAe,']r.'in
inera,r,torpaQarrecr(r.lr,r 'l{eroAoM, a rBepAocrb-no PoKBe,'r,ly HRCr.6u,ru nponeleHbr u:r-
\lepeHHrr Ko9pUrrrLiMerpotr Ha socHXe i{_V.{aqr(oB pacnpeAe,'jrarer'rbrroro sana 6o.rlu1r.tx ilitp-
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TIift l43Ae,'iui HenocfieAcrBeHH,o B npoH3Bo.lcrBeHHoM noror{e fi conocraBilerlb! noKa3aHlrff
i{oap{rirr.ir4erpa c . r"ly6ilsoil r.i rBcprocrbro 3ziid;'te EHoto .c,roa (cu. ra6;trujr). Cor,racso
rcxl{Hqecr(Hrr  

^yc, ' ro lJf i rM. : "" t i r ] l t l r  
cr t r { larotcrr  JcIaJJt  rBcp.qocrbto I IRC">54 H l lopMaJb-

Hol ' I  dn: [ -Fl  vv t , r \ '6ul lou Cao.R.
I4t  puc.2 u r i6nuusr 'BHAHo, qro BCe aera, l r r .  f lB,1rroLr. r .hecs 6paxoHl no rny6Hue u

rBepAocrr.i, uoryr 6urr' _or6pat<onauu c rioMorqbro r(ogprtr.rrHMerpa. AuanNg pe3ynbraroB
[ora3aJr, qro foAHbrMr4 6y,4yr culrrarbcr r'{era,ru, A.ira l(oroprjx noxa3aHl.rff 7o2gg uA.

AHaJort't'IHbIe pe3yr'Ibrarbl 6lt,nn no.u.vueHbr A,'rfl KopenHbrx n rlraryHlibrx lri6r xorreu-
rlarof o BaJ'Ia. l.{rs ycKopeHIIt npo{ecca KoHTpo!'rt KarrecrBa TBt{ :lar<a.nxr.r xopenHofr u

Pnc. 1. flpltcrannofr g,leKrpor,lart{fir I(ospll.Ilrlt-
Merpa r ncnrtryerlttii Kv!'IaIIoK:

/ - r B e p A b r i r  c n o i : i ;  2 - r p a H H I { H b r i i  c r o i i ;  3 -  M f l i - K a f i
o c H o B a .

,[,era.nu c,nop,r.taarnoir
r"ry6nuotl ynpoqHeHuofo

c"ror (d":6-l-2 v'r,,I)

!,era"ra c 3aHu)Kel{}toii
r,ry6anoii yrrpoqHeHHof o

c , r o l  ( d "<4  l r u )

Puc. 2. 3agucl.n,tocrr, pa3-
MarHHqr{Ba}o[leto Tor{a 0T
rny6nnu 3axar'reHHOfo TBq
c,'roq Ky.IIaqlioB pacIIpeAeJll{-

Te,rlbHofo BaJIIKa.

Aera"lH, Ha Koropbrx
o rc )  r c rB )c r  )  npo ( rHeHHbr i r

c'roti

r11ary.Hr.roft ruefilgt licno,,rb3oBa"'ra r{03prlarr-rMerp, ocHail{eHHbtft gsylttt npHcraBHbIr.IH 3.rrer.-
I 'D O\, I  AIH HTA M H.

3anprcuuoct, pasMarHlrrrllBaloIrlero roKa 1n or rnepAocru I7RC, ynpoqHeHuoro
zararKo* TBQ cJioc Ha Hoct{Ke pacnpe,4eJtuTeJlbHofo BarHKa

HRC" i ro, va I ]RC, I rn, "a Ip ,  uA

3,4,5
34,5
35,0
35,0
34,5

36,5

HRC,

54,0

56,0
58,5
59,0
59,0
59,0

BB,O
94;o
BB,O
95,0
9B,0
95,5

100,0

18,5
20,0
32,0
49,0
52,0
53.0
5 4 n

3 l , 0
34,0
32,5

35,0

39,0

23,0
23,5
23,5
26,0
26,0
27,0
27,0

Tattuu o6pa:oM, cyu-\ecrB) 'er  y/ toB. ' le lBopH re, lbHaf l  cBR3b Mexay not ta:aHrrRr;n 1o
Iiogpur.irl4Merpa KI,{OM-1M rr{ rflapaMerpaMu 3ar(a!']er.rHoro TBH c,roa (r.rrv6uuort n rnepAo-
cTblo) A,na Aeia,'reii anroMo6zns r.i3 ,BbrcoKonpoqHoro qyryHa. MeroAsxa xoHrpo.rrr Kaqe-
crBa 3aKar'IeEHoro TBr{ c,Toff c noMou{blo I(ogpllHTtiMerpa c nplrcTaBHbr:!{ 3;-r€KTporrzf Hn-
ToM flo3BoJlfier 6onee qeM s 10 pa3 coKpararb BpeNlq aHaJIn3a no cpaBHeHnro c ]rera,{-
,rorpa$nuecr<aM, noBblcurb npoUeilr nn6opxiz aera,rer? Airt KoHTpo.rq, qro -vBeJrir{HBaer
ero HaAe)KHocrb, a c,leAoBaTeJrbHo, Aae? Bo3Mo)Kuocrb 3aMenr{rl (eu6opovuurl) pasp-r-
ruanuluf i  MeroA KoHrpoJrf l  Hepa3pytxaroi l l f i \ r .  f lpe; l . laraevHi? cnoco6 npocr E Hcro. tHe-
HEH. OH pezr'rlr3vercfl c noMoulbro cepufinux KoSpiIHTr'DderpoB r.r .laer 3Haql.rre.:rr,Hvro gKo-
IIOMI4Io METAJ'IJIA.

Vpa.rrrcrlrr? rocl'.{apcreenauft
ynnBepcr{Ter r.rMeHa A. M. loprrioro
, Bo,r>rcxl.ili aero:agoi

llocrvns.ro B perax[firo
29 anpe;rr 1986 r.

Ip,uA
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IEPMETI43AI{P{f i  MHKPOAEOFKTOE ts TIPOIIECCE
8,4 KyyM ft blx 14 CII FIITAH 14 H flOJI I]lX 14 34EJi H [l

O. M. JIoeoscrcui, B. IO. EponSt.uau

orrnofi as upo6reM Teqefict(aHn.fl .EB"rr{ercr o6Hapyxeure iloxa,,rbHbrx nruxpoAedex-
B no,lblt li3Ae,'IHflx, Koropble xapaKTepfl3ynrcfi rIoroKoM no ixoHTpoj'tbHoMy. fa31'
f  i0-8 Bt r ' r  MeHee. o6uapyxeunlre e rpoqecce BaKyyMgbrx,ucnurasrl i i  Ha cvMuap-
fepMerxqHocrr utarpon'erpeKTbt vr{a3aHHofo fiopflAKa e aruocsepurjx ycroBl.rrrx ria-
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Pirc. 1. llux,uorpa'r,rua lt3MefleHHrr jlaBreHurr B' ilpoqecce acnurannli:
1-B HsAer I . IH ;  2 -e  pas ter rHof i  BaKyyMnoi i  KaMepe.
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cTo <(3aI( bI;BaIOTCt)> IIpH.. nOI1a.qa'HHa
B HIlx arr,Ioco'epuoii a,'rarr{, qro 3a-
rpyAlrfler ux o6napyxeilre cnoco6a_:lu
"tot{aJILHof.o rer{eIllclia}lL{;t. Bcne-lcrgge
3TO|O H nOC!.]eIyrcX{ar fep,MeTu3aIlH'I
Joiianb'HblX l'iaXrp:oledlraKTOB CBOAHTcfi.
KaK npaBH.lO. r i  tep\4er l l33uuir  scel i
n'poBepf,e}"{,o!I no,Bepx'HOCTLI C [oCIeAy-
r0IIie].I nporBepl(o14 Ha fepMeTlIqEo'arb.

.bbrfla oleJ'raHa IIonbr1](a peilreHr,tt
yr<a:aHrr 'o i i  npo6levnr nyrcM coB\,re.
u{erHt onepauur i  Hcnr,r ra}rHf l  Ha rep-
N{eruiq'Hocrb r.r fepMerrr3arllia [11. I-lpn
)ToM n.pe.a,'rara.{ocb HaHocr.irb c.toti
a uaapo6nofi c\r'oJlbr Ha BHyrpcHHioro
noBepxlrocTb l1'o!'Ioro H3lielrvtr u ilo ee
np,oI{aKHoBe,Huro qepe3 MIiI(poH,errr'roT-
HOCTH CyAi.rTb O rep:MeTfiqHOCTII r.t3,Ae-
,ras. Ornaxo, HeoMorpq Ha gd)QeKTrB--

l rocrb npraer ia coB]rel t1eHHr onepaunir ,
lioropnfi ycnerrrHo rrp,aMeHflercrr E TerrericxaHHy L2l, a AaHsoM c,'lyqae iKeJae'uur? pesynl-
Tar ,qocrafaerct He Bo ,Boex cJ'ryqafix. 3ro o65rc,'loaneiHo npexAe Bcero 

"er'I, 
qro cnoco6

lrerb3q npnMe+rr"tb Anfl na;p,raft, uM,erorJJ,IIx 3a,MxHyryro rloJlocrb. Kpoue toro, ero npune:-
r{etne c,Bf,3aHo c Heo'npaBAa,nHo 6o,'rbrir[Mr{ 3arparaMn aHaapo6uono fepMerliKa, TaK KaK
efo HaHocrr Ha Bclo norEepx,Hocrb r4sileilfi.fr, He3atsIicl.lMo 0T Ha"{Hrir'ifi MI]KpoAeQ'eKTa.

Hal,ra npe4,rtoxelia HecKoJrbKo rpyrafi TexHoJIofr{qecKaq flocfie.(oBareJIbHocrb oIIepa-
qxr?.ua.  repMernqHocrb r- i  fepMerr43arruu [3] ,  r ioropar raxxe ocHoBaHa Ha npl iu l lure coBMe-
Ir{eHLIfl ofiepardufl u uox<er 6lrrl ilpol.iJt,lrocl'pHpoBaHa ilr4I(,lorpaMMofi LI3MeHeHHfl ,I{aBJre-
r r n n  ( p r c .  l ;  u  c x e v o f i  n c n s r i a r r r r f i  ( p l r c .  2 )

Sol{pyr  f ipotsepf leMofo yqacTr(a ro.}oTo rrJJc, ' i l r f l  coJAaror :avNHyr l i r ) i  o6teu T,rna
pasrevuoi i  oauyynanorz r iar .4epLr (PBK).  norccr l  PBK naxl 'yuapyror r iacocov.  a H3AcJ,rHe
3anonHfrcT KoHTpoJIbHt lM ra lo l t  or  HcTCql lHKa. f lo 5 re, txe r(or{TpoJ,rbHoro ra3a.  HanpM}rep
rerfiq, B.tioflocrb PBK, iroropi,]o pefrrcrprrpyrcr reqeucKare,rer'r, cyAxr o Ha,lririr.tfi uurpo-
4e$exroe B Marepua, ' Ie npoBepteMofo )r r racrxa.  Ha erol r  3aKaHqi lBaerct  nepnsi f i  3Tan -
npeABapIlreIbHble plcnbIraHIlfl Ha cyMLIapHyto reptvleri.lqHocrt. flpu o6napy>i<eHHri Herep-
MernqHoc rH  nepexoAr r  Ko  BTopoMy  g rany  -  r ep i \ 4c rHJauHH.  Ko fopy to  cog t i eua ,o r  c  on ' c -
paquei.i npoBepKl.t Ha repMerHr{Hocrb, npu aroM r.r3 T,exHo,'rorfiqecnofo qi.{x.rla 14cK,'trcrtaerct
( rnepaur.rR nogcRa Jiot(a, ' rbtrbrx Mecr reuu (pHc. 3) .

C eroli qe.rrtrc c6pacr,team Hs6rttouaoe 4an,reu[e rtoHrpo,rbHoro f a3a H3 I43AerHr{,
BaKyyMHpyror r.r3,(e,'r'He, rrro6tr vcrpaurlTb neperexaHHe fa3a rrepe3 MlixpoAecpexrtr Ha Bpe-
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