
Mnno6puayrv Poccua
@e4ep anbHo e ro cyAapcrBeHHo e 6rc4xeruo e yqp exAeHn,e HayM

I4ncrvtry.t cr4rr b Ho ro.r Ho fi o Jr eKTp oHr4Kr4

C z6 rap cro ro o rAeJr eHVfl p o ccuft cro fi axa4 eMrlr4 Hay K
(r4c3 co PAH)

Or4en o 6p aso narelrrrofi AerreJrbHo crrl

HAyTIHbI14 AOKnA.II
o6 ourosHbrx p e3ynbrarax

HayqHo-KBanu@uraqzonnofi p a6oru Ha reMy:

<<IeHepaqr{fl ra3o-MeraJrJr HqecKr{x
[yrrKoBo-[Jra3MeHHsIx o6pasosaH[ft B paspflAax Hrr3Koro AaBJreHr{fl )

Haup aueHr{e rro AroroBKr{ :

I 1 .06.01 - 3nerrpoHr4Ka, paAprorexHr{Kar4 cprcreMbr cBr3r'

llp o $mr rroAroroBru (cueqraalr no crr ) :

2 .2 . | - B axyy rvr :nafl vr rrr a3 MeHHar sn eKTp o HrlKa

Hayunnft pyKoBonlrenb:

,{euucon Bla4uvrnp Bumoponuu,
K.T.H., san. ra6oparopuefi
I4C3 CO PAH

Acuupaur

C anuy x M r4xailil B Nrrop on uu

Toucx - 2024



OdocnosaHl{e arcTyaJrbHocru reMbr HayrrHoro ucc.rreAoBaHnfl

B cBf,3pl c aKTI4BH;IM pa3BHTr{eM uayuuofi n flpoMbruuensoft orpaurefi

Poccuu Bo3HI'IKaer Bce donsuras neo6xo4nrocrb B co3AaHr{H HoBbrx Marepr.r€rJroB

An s y B en wre]d.r4.',, e $ s eHrunHo crr{ r4 A o Jr f o B eq Hocrr4 us aeruir.

B reKyIIIee BpeMq [epeA rIpoI43BoAr4TeJr.sMH cror{T 3a.{aqa o6ecuequm

Il3AeIrvIsIM. Heo6xo4zuGrfi cpoK clyx6u sa c.rer rroBhrrrreHr{rr rroBepxHocrnofi

TBepAocrLI v H3Hococroftrocru Marepkrana usAerr,rft. Xunauxo-TepMr,rqecrcls

o6pa6otra rloBepxHocrtlHapaBHe c r,roHHo-maguennofirrrupoKo rrc11onb3yerctr Arrfl

ynyqueHllrl IroBepxHocrHblx cnoficm Aeralefi u rzl:.1errnfi. Hecnnorpfl Ha BbrcoKyro

repcrleKTl4BHocrb, cyuecrByer pflA upo6neu, rperurrcrByroqrx BHeApeHr{rc B

rlpoH3BoAcrBeHHbIe III4KJIbI qlaQponoro HHTeJTJIeKTy€urbHoro aBToMaru3r,rpoBaFtrroro

ooopyAoBaH.vfl na erofi ocHoBe. Oco6eHuo oro Kacaercfi cr4creM, B Koropbx
rpe6yerc{ co3raBarr o6r€MHo-oAHoporo{yro rna3My B 6oruunx (> 0,1 M3)

BaICyyMHrrx o6reuax. Llueercfl pflr\ cJroxHocrefi c o6ecneqeHrreM rpe6yerraofi

crerreHl4 HeoAHopoAHocrrl ruIa3MbI. Ooprr,rzpoBaHze rrrrasMbr c Hnsrcofi creleHbro

HeoAHopoAHocrI4 14 Bo3Mo)KHocrb He3aBr4crrMofi perynr4poBxofi ecex pa6o.rmr

napaMerpoB Moxer o6ecnequrb HecaMocroflTeJrbnrrfi rnerou1r4fi pa3prA c [oJrhrM

KaroAoM (c rHeufirefi uHxerqzefi DneKTpoHoB B rrrra3My rneroulero pa3pflAa v
Qop rr,rzpo Ba$vrs.ryqKo Bo-[rra3MeHHnx o 6p as onanafi ).

Cuuresnp yeMall B rIoJIoM KaroAe rnerolr1ero p a3p{Aa c BHeruHeft ranxexquefi

3neKTpoHoB IrJIa3MaIIo MeroAy ee reHepaIIHtI Mo]Ker 6rrrr orHeceHa K nyrrKoBo-

rIJra3MeHHbIM o6pasoaanuru tl]. llyurono-rrJrasMeHHoe o6pa:onanue (iln6)
rlpelcraBJl-fier co6ofi [rla3MeHlryrc cpeAy, ocHoBHbre csoficrsa (cocran,

o.qHopol[IocTb) H rlapaMerpbl (r<onqenrp ar\vrfl, reMrreparypa 3JreKTpoHoB,

noreuquan) rcoropofi o[peAenrrorc{ ryrrKoM qacrlrrl (enenrponoe, r4oHoB,

@orouon, 6ncrprtx uefirpaJlbHbrx rracrurl w r.A.), HmKeKTHpyeMbrx B 3neKrpo-

pa3psAHyro cl4creMy, o6ecuequBaloqyrc 3axuraHr{e v ropeHrre pa3p.rrAa B

o rlp eA en eHHo M A zarla3oHe p a6 ou ux flap aMerp o B tlo A aBJreHu]o, To r(y, Harrpfl ]KeHr4ro

rop eHI'IrI. Oco 6eHno crbro ryi tIKo Bo -rrJra3MeHHrrx o 6p as onauuit, reHep r4p yeMbD( B

HecaMocro-flTeJIbHOM TneIOqeM pa3pf,Ae c rroJrbrM KaToAoM, frBITfleTCflBO3MO)I(HOgIb



reHepaIII4I4 tIIIa3MbI B IITZpOKOM AIIaIIa3oHe 3HaqeHl4fi KoHrIeHTp arpru
(10t0 - 1018 M- 3) 14 He3aBI'IcI4Maf, peryJII{poBKaBcex pa6owxnapaMerpoB pa3psroB,
TaKIlx KaK Halp'ttxeHl4e ropeHl4fl u padouee AaBneHLIe. 3ro rro3BoJrf,er rrpr4Mer#nb

mIO Anq p erueHlrrr Hayq Hbrx u rexHr4rrecKrrx 3 anaq.

Ile.n r HayrrHoro HccJreAo BaHuq

onpe4eneHl{e BlrulrH:al_yclonzfi reHeparlkrr{ raso-MeraJrrrr4qecKrlrx [yqKoBo-
rrrIa3MeHHbIX o6pa":onauufi GIIO) c vcrloJrb3oBaHr4eM HecaMocrorreJrbHoro

Tneloulero p a3p{Aa Hr{3KOrO AaBneHr,ur c rroJrbrM KaroAoM c r{rDKeKrlraefi :lercrp oHoB

Ha oAHopoAHocrb rrJra3Mbr n o6revre BaKyyMHofi rcanaeprr.

Ocuonuue 3aAaq r{ HayqHoro r{ccJreAoBa Hufl

1 . Oupe4eJIeHI{e 3aKoHoMepHocreft BrrkrflHufl ycronufi reHeparlr{r4 [yrrKoBo-
rrrla3MeHHoro o6pa:oBaHI4{ Ha ocHoBe HecaMocro-rrreJrbHoro rJlelotqero pa3pflAar12

ero cocTaB.

2- l4ccne,{oBaHrre paclpeAelenlafi KoHrIeHTp arJvru 3ap-rr}KeHHbrx qacrr.rq B

o6reue pa3psAHofi Haueprt n ra3oBbrx H raso-MerarrrlqecKr,rx rrJra3MeHrrbD(

o6pasonauurx, SopMI'IpyeMbIX rlpr4 Hrr3KoM AaBJreHr{r4 B HecaMocrorreJrbHoM

rneroqeM pa3pflIe.

3. Onpe4eJIeHIle oco6ennocrefi QopurEpoBaHr4rr rBepAbrx Hr4TpHArrbD(

uorcprrrraft, HarrbrJIteMbIX BaKyyMHo-A/roBbItra rrJra3MeHHo_accr4crupoBaHr{bM

MeroAo M B ra3 o -MeraJrnlFrecrux llilO.

I"uana 1. Jlureparypuufi o6:op

Paspx4rr HI43Koro AaBJreHLrfl caMocroflrelrnofi v HecaMocrorrelrsofi

$oprrau u?IpoKo l4cnorlb3yrorc-fl Anf, reHep aglrrv Hrr3KoreM[eparypHofi 1nnasN{br s

6onrnrnxBaKyyMHtrxo6relrax. B 3aBr4cr4Mocrr4 or xonsurypapuoneKrpoAr{bD(

crrcreM, AaBneHHfl pa6ouero ra3a u ilapaMerpoB oneKTporrr/naHlrr pa3pqAHoro

ycrpoHcrBa, caMocrofreJlbHufi paspq MolKer rrpr,rHr4Marr $opnay HcKpoBoro,

TnercIllero, AyroBoro. HecaMocro.treJlbHble $opvru pa3prloB xapaKrepu3yrcrrcfl

3HaqI4TeJIrHo 6onee IuI{poKI4Mvr 1prana3oHaMr4 Harrpfl)Kenufi rope:anfl v roKoB

pa3pn4a.



B uocne4Hee roAbl rloBbllrreHuufi zHrepeo K raccneAoBaH?nrM n o6racg
co3AaHI'Iq Hpl3KoreMneparypHofi, o6teuno-oAHopo4rofi rrJra3Mbr B 6olrum<
Bal(yyMHrrx o6reuax. 3ro cB.l3aHo c pacuupeHueM crreKTpa rexHonorr{qecKrD(

npuueHeulafi o6revfirux [rIa3MeHHhIX o6pa:onauufi v Heo6xoauMocrbro

rloBhllrreHu,t tlpoI43BoALITeJrbHocrI4 Bal{yyMHbrx DneKTpoHHo-LroHHo-rrna3MeHr{bD(

ycraHoBoK [2].

feuep aropbl [ra3Mbl, ocHoBaHHhre Ha 3a)r.,,rr aHvru Ayro Bo ro r4 Tnelo,,1ero

pa3ps'Ea, HaIrrJIrI cBoe npuMeHeHI{e B LIoHHo-rIJIa3MeHHoM HaHeceHr4t4

yilpoqlulrcxPlx llol{pbITI'Ift, salqurnblx 14 AeKoparr{BHbD( rroKpbrrrrfi, ouucrKe H

aKTI4BaIII4I4 rIOBepxHocrLI HarlbrJrreMbrx uzllenuit n naxyyvre. B AorronHeHr4e K

3TOMy, reHepaTopbr rrna3Mbr trcflonb3yK)Tc.fl ArIfl SoprvrrapoBartilrfl
HaHoKprrcraJrJII{qecKLIX u auopQnbD( coeAl4neuzfi Ha rroBepxHocrpr rnep4rx ren [3,
4], a:orupoBaHr4lrcranefi, TnraHar,r ero clrraBoB 15 _ g].

Brrcoras e$sexrunHocrb v HaAe)KHOCTb reHepaTopoB rrrra3Mbr c

HaKaJIeHHhrM LI rroJrblM KaroAoM o6ecuequla LD( IoBoJrbHo qacroe npI4MeHeHHe B

Bal(yyMHo-AyroBbx rlpoqeccax HarrbrJreHu{ rroKp rwuit [9, l0].
Ha pLIcyHKe I upe4craBJleHa rrprzHrlr4rruarrblafl cxeMa u o6rquft B:an

rlna3MoreHeparopa (III4HK> c HaKaJIeHHbIM KaroAoM, pa:pa6oraHHoro B

Ha Llcllonb3oBatilz[1l

r4 nurefi HaKarra,

cr,rcTeMa oKpyxrcHil

Llucrury re cllrrbHo ro q uofi sn eKTp oHr{Kr,r.

llpunqnu pa6oru reHeparopa rrra3Mbr ocHoBaH

pasprrurofi clrcreMbr, cocrorrqefi vs flonofo Karo.[a

BbrrroJrlurcurx $ymqzro HaKaJreHHOrO Karo.[a. 3ra
corleHourou 3, co3Aaloqr4M MarHr4THoerroJre B = 0,02 Tn.

MarnnrHoe rloJre, co3raBaeMoe coJIeHoI,IAoM B reHeparope [rIasMbI, 3aMgrHo

BnLUIer Ha ABTDKeHI4e 3JIeKTpOHOB, KOTOpbre SMr4Tprpyrorcr HaKaJrr.rBaeMhIM

KaroAoM. 3ro upNBoAI4T K rroBhllleHlrro eSserrunHocrr{ r{oHrnarluu pa6ouero

ra3a) xoropnfi [oAaerc{ Brryrpb rloJroro KaroAa, u SoprraupoBaHr{ro Brryrpg rroJroro

KaroAa IlrlorHoft ra3opa3pxrytoit rrrla3Mbr. llo rlrory nropr,rvnoft r4oHHo-

3neKTpoHnofi sl4llccuu He3aMarHI4rIeHHhre LroHhr, ycKopeHHbre B rrprlKaro.u{oM

cJloe, Moryrnrt6usaTb BTopI{tIHbIegneKTpoHbrrrc creuoKKaroAa, qrocnoco6crnyer



ycr4neHlrrc HoHr43arlr4r4 BHyrpr,r KaroAHofi lonocrl{. 3ro uossoJr{er

3AXI4TATb I{ TIOAACPXI4BATb rAgOgSIfi PA3PSA MC)KAY TIOJIbIM KATOAOM

Xaparrepnue 3HaqeHr4r BeJrr4qr{Hbr KoHrIeHTp arJkrl rasosofi

cra6rurso

I,I aHOnOM.

IIJIA3MbI,

$opnaupyeuofi reHeparopoM rrJra3Mhr, Jre)Kar B Ar{ara3one (1016-1017) M-3.

Pucynox 1 - llpznqvrrrvlaJrbnascxeMa uolltluit Br{A reHeparopa ra3oBofi nna:narr c

naralennuM I{ rroJlbrM KaTOAOM

Tleroqufi paspr4 HIi3Koro 4anrenzr (4o 1 - 2 tla) B 3Haqr,rreJrbrrbD(

uacrura6ax ucnoJrb3yerct B poccuficxofi u :apy6exHofi npoMbrrrrJreHHocrLr c

IdeJlblo I4oHHo-masi\4eHuofi o6pa6orrz MeraJrJroB [r c[rraBoB. Ecrm cpaBHrrrb MeX4f

co6ofi ilna3My pa3p.flAoB Ht43Koro raBneHr4s vr rrra3My, SopvrnpyeMyro B

aHoMaJIbHoM TJrerouleM pa3pf,Ae [pr4AaBneHrarrx = 100 lla, ro Mo]KHo orMerr4Tb, qro

B nepBoM cnyqae, cKopocTb a3oTIIpoBaHLIflcpaBHuMa I4III AaIrc BbIIIre. 3ro ce.flsaHo

c reM' qro IIpH HLI3KOM AaBneHvIV cyqecrByer 6onrrue Bo3Moxnocreft 4nr
AocrIDKeHI{s MaKcl4Malruofi roqHocrlr perynr4poBaHnr napaMerpon pa6ouero

lpoqecca, B ToM ql'{cJle Bo3MoxHocTb KoHrponLIpoBaTb sHepIHrc HoHoB [11], uro
rro3BoJlfler o6ecueql4Barb Ha rpaHIlIIe pa3AeJra ((rna3Ma-rroBepxHocrb)> 6olrruee
coAep x(aHue aroMap Horo a3ora Lr oAHoBpeMeHHo rroBbrrueHuue rcoe$fiuquenrrr
gub$yznu 3a ctler crpaBnlaBaHvfl xpynKrrx HarrpLrruux Qas Ha rroBepxHocrr,r
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MarepI{ana, xapaKrepu3yrorqaxc{ orHocr4TeJrbHo Hr43KHM roo$Szqr4eHToM

4u$$yeuraa3ora.

B uccne4oBaHl4tl [12] 6un r43yqeH caMocrorremnrrfi uerorqufi pa3p.rrA c

rIoJrbIM KaroAoM o6teuovr 0,2xr3. B pesynrrare cHr,DKeHLrrr AaBrreHvrflfa3aB o6teue

BaKyyMHoft rarvrepbl, HalpflIteHr{e ropeHr4rr pa3prAa yMeHbrrrprJrocb Ao 1 90 B. Ornn

IaccJleAoBaHufl rIoKa3aJI, qro roK Ha Karo.qe rlpLt orcyrcrBr{r4 BHeIrrHeft uuxerulun

3neKTpOHOB OIIpeAeJI-fleTCfl I4CXOA{ I43 BOJII4LII/IHLI IIpI4IO)KQHHOIO HaIIptr]KeHI4s.

Koe$QuqIaeHT BTopruHofi I,ronno-3neKTpoHnofi euucctrr4y yBenruuB aercfr,B cBr3lr

c TeM, qTo rIoBbIIIreHI4e Halp{}KeHrr.fi Me}KAy KaToAoM rr aHoAoM cTaHoBraTct

upuvrnofi Bo3Hr.IKHoBeHI{t 6orrmero KoJrr,rqecrBa raoHrasaqraft, Koropbre

o cy ilIecrBJrtrrorct y cKo p eHHbrM[ sn eKTp o HaMu B rrp LrKaro 4nofi o 6l acur.

Bolsr-auflepHafl xapaKTepvrcrvKa raKoro caMocrorreJrbHoro rneroilrero

pa3psAa c TIoJIBIM KaroAoM upra pa6oqeM IaBreHuLr 0,64 fla u o6reue = 0,2 yr3

rrpeAcraBrreHa Ha pr4cyHre 2 [1 3].

LKE

*{&

.qx!

e$

.$*

fffi

l{!i:

-! -1

-F*. A

PIacyHor - 2. Bomr-arrarlepHbre xapaKTepr{crrlKr.r rJrerougax paspx4oe: 1 -
HecaMocrotreJlbHoro, 2 - canrocrosrerbHoro. fiannenue a3ora p : 0,64 fla, ror

BcrroMorareJrbHoro papfl,Ia I : 30 A.

Cuuxesue HarrpflxteHr4fl ropeHr,r-fl pa3p-flAa Ao HecKoJrbKLrx Aec-f,TKoB BoJrbr

Aocrlaraerc.fl rrocpeAcrBoM HH)KeKrIur,r oneKTpoHoB B nna3My [I4, l5]. llour,nrao

cHLDKeHHx HanpflXeHLIl ropenv$' peanl43yeTc;t Bo3Mo)KHocrb ero neganncnvroft
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peryn4poBKr,r, qro oAHoBpeMeHHo [o3BoJrser perym{poBaTb ToK pa3ptrAa lI

3Heprum r4oHoB, ycKopqlorr[4xcr Ha KaToA.

llpe4craulterct, rITo I,IoHHo-rura3MeHHa{ o6pa6orra rroBepxHocrrl Aerarefi rz

usAenufi Ha cerogrururufi AeHb Bbl3brBaer 3HaqlrreJmnrfi r4HTepec, r{Meer

IIeHHocrb I4 HayqHoe BIlAeHrre AanbHeftruero pul3Bl{Tltfl HalpaBneHr4f, rrpr4MeHeHrrrr

HecaMo crosrelbHoro rnelorqero p a3pfl Aa c BHerrtrefi usxerquefi 3neKTp o Ho B

OcHosHat I{enb 4aHnofi pa6oru - orrpeAenr4Tb BJrr{.rrHrre ycnoBrafi reuepa4al

ra3o-Meranr[qecKl,Ix [ytrKoBo-rrJra3MeHHbrx o6pa:onanufi (rInO) Ha ocHoBe

HecaMocTo{TeJrbHoro Tneloruero pa3psAa Hu3Koro AaBneHr{fl c rroJrhlM KaToAoM c

uuxerqr,reft 3neKTpoHoB Ha o4Hopon{ocrb SopvrupyeMoro rrra3MeHHoro

o6pa:onanr,lr n pa6o.{eNa o6teMe Bar(yyvtrofi KaMepbr.

llo sHueHI4e Irc Ho co cro fi Ko crr4 rro B ep xHocrr{ Marep r{€il on u u: 4er ufi

lnx qenn 4aunofi p a6oru rpe6yercx rrp oBecrr{ r4ccneAoB a:rtvrfl) HarrpaBneHrrbre

Ha perneHr{e cne.4yroqax 3aAaq:

1. Onpe4eJII4Tb 3aKoHoMepHocrrl Brrr4nlavrl_ ycroenfi reHepaqlrr{ ry/r{KoBo-

IUIa3MeHHO|O OOpa3oBaHI4S Ha OCHOBe HeCaMOCTOrTeJrbHOrOTJrercUero pa3prlaHa

ero cocTaB.

2. VIccneAoBarb pacnpeAen eHuAKoHrIeHrp a\Lrtr3apnxeHHbrxqacrlrrl s o6relae

pa3pt,[Hofi rcanaeprr B ra3oBbIXV ra3o-MeraJrJrI/FIecKr4x rrrra3MeHHrxo6pasoBaHllrx,

SoprraupyeMblx npll HI43KoM AaBneHr4u B cucreMe reHepaq[u II|IO Ha ocHoBe

HecaMo cTo.rrTeJrbHo ro Tnerolllero p a3p{Aa.

3 . Oup e4eJII4Tb 3aKoHoMepHocrr,r cr{HTe3 a rBep Abrx Hr{Tp H,qHBrx rro4p :srrfr,

HafIhIJIf,eMbIX BaI(yyMHO-IyrOBbIM rrrra3MeHHo-aCCr4CTt4pOBaHHbIM MeTOAOM B ra3o-

MeTaJI JI Irttl ecKax lI[O.

I"lr a sa 2. O co6 eH Hocrr{ reHep a uu H rty rr Ko Bo -rur a3 MeH Ho ro o 6 paro nauur

Ha ocHoBe HecaMocToflTeJIbHOfO TJrerOUIefO pa3pflAa

H acrortq afl HraBa co Aep xfllT n ce6 e Kp arKo e o rrr{caHr{e gKcrrep r4Menral rnofi

ycraHoBKn Il ooopyAoBaHufl, a raKxe MeroArrK, Koropbre ncrroJrb3oBilJrr{cb Anfl



I{ccneAoBaHprfl BIrvAHkrA ycnoButrI feHepaqnl4 ra3o-MeTanJrrrqecKux [yqKoBo-

rrrra3MeHHbrx o6pa3osaHr.rfi Ha cocraB r{ oAHoporu{ocrb sopMrlpyeMofi B HeM

rag o no ft 14 ra3 o -Merafirl,trl ecKo fi nrasNlrr.

2. 1 OnucaHue 3nc[ep]rMeHra.nurofi ycraHoBK[l

3xcuep wteHTaJIbHuuI ycraHoBKa, IlcrloJlb3yeMa-fl An-f, xccneAo BaHLrfl Brrr1flErp6_

yclonnfr reHep aIII4LI ra3o -MeraJrJrr4rrecKr,D( rtyqKo Bo -[rra3MeHHrrx o 6p a:o saHtrU

(flno) Ha ocHoBe HecaMocrorreJrbHoro rJreroqero pa3prra HH3Koro AaBneHr,rfl c

TIOJIbIM KaroAoM c uHxexqzefi 3JIeKTpoHoB Ha oAHopoAHocrb rrrra3Mbr

Qoprur,rpyeuoft n pa6o.reu o6reue BaKyyMHofi rauepu, codpaHa Ha ocHoBe

IrpoMblllulennofi ycraHoBKa HHB-6 .6-Vn. @ynxquro rroJroro KaroAa rnerorlero

pa3psAa BblrloJlluror BrryrpeHHrle creHKH BbrrrreyKagarmofi KaMepbr c pa3MepaMr4

650x650x650 urra. Typ6oruoneKynspHru7 sacoc TMH-500 :a4eficrByerc.r AJUr

orKaqKI4 pa6ouero odreua BaKyyMHofi rauep s- (0,21 vr3) Brrrrorb Ao 5.10-3 lla.

[annufi y p o B eHb B aKyy Ma s BJrr ercf Ao craro rrHbrM AJrr rrp o B eA eH vrfl ra nbHefuruaq

I4ccneAoBanuit. Vcrasonra raruKe ocHarrleHa cr4creMofi narrycKa IBVX ra3oB 
-

aproHa (Ar) u a3ora (Nr). flpu HarycKe pa6ouero ra3a AaBJreHr4e B KaMepe

ycraHaBJlrlBaerc.f, Ha ypoBHe or 0,4 Ao 1 lla, qro rro3BoJrfler ofiecner{HTb

o nTilM aJr b Hbre y cil o B r4q Anr reHep aI\I1.Lr IIII a3 Mbr.

B KaqecrBe LIcror{HHKa rasosofi [rIa3MbI I4cflonb3oBaJrct ura:uenrnul

I4crotIH[IK c HaKaJIeHHbIM u rroJrbrM KaroIoM (|II4HK). [tts reHeparl{4

MeraJlJluttecrofi [rIa3MbI l4clloJrb3oBanr4cb ABa DJrerTpo4yroBbrx uc[apr,rreJtfl c

TI{TaHOBrIM 14 aJIIoMI4HI{eBrIMI{ KaroAavru. B KarrecrBe Marepr4anoB KaroAoB AJII

BaKyyMHo-AyroBbx ucuapurenefi ucrroJrb3oBaJrucb rlnnr4HApuqecKr4e Karopr

AHaMerporr,r 80 rvrrvr r43 TvrranaMapKr4 BT 1 -0 u aruonlr41hrlrr,rapxu A7.

2.2 O nuca H rre pa3 p qA HbIx cxeM 3Kcrrep r{ M eHTaJr bHo ft ycra H o B Kr.r

zccne4onaHqrfl rrpoBonrnkr B AByx pa3pflAHbD( cxeMax. lha:ua,
cI{HTe3I'IpyeMafl B TIOJTOM KaTOAe HeCaMOCTO{TenbHOrO Tnercruero pa3prAa c

nueffireft I{mKeKII[efi enercrpoHoB, no MeroAy ed reuep arlkrvMox<er 6um orHece]a

K [yqKoBo-raa3MeHHbIM o6pa:onanuxrrn [1]. Pa:pxaHiur cxeMa ArrflreHepaqrar4 rn3o-

Meranrl{.lecKoro [yrIKoBo-rIJIa3MeHHoro o6pa3oBaHlrr [peAcraBJreHa Ha pr{cyrrKe

8



36. fim cpaBHeHl'ts, B roM )I(e BaKyyMHoM o6reue 6stru rpoBeAeHrr uo4o6rnre

IrIccJIeAo B aHI4s p a3pqAa c rp aAI,IIII4ostrofi Dn eKTp o rurofi cxeuo fi , up eguag Haqelil{ofi

An{ rlna3MeHHo-accucrl,lpoBaHHoro BaKyyMHO-AyfOBOfO Ha[brJreHr4r uorprrrunT

(upe4craBJreHa Ha pr4cyHxe 3a).

nmilrm*x /
Ilrifiilirlrltii (llll.il'lk D

Pucynox 3 - Cxerrart sKc[epl{MeHraJrbHbrxycraHoBoK Ans.peanLrcarlr4n rrpoqeccoB rr.}ra3MeHHo-

accplcrl4poBaHuoro HarIbIJIeHI4s: a- TpanwlrroHHar pa3pfrp;nafr cxeMa; 6 - p*p"gHar cxeMa .4n{
reHepaIII'IH [yqKoBo-[JIa3MeHHoro o6pa:onaur4r B HecaMocrorreJrbHoM TneroqeM pa3prAe c

TIOJIbIM KATONOM.

B rp a4zql4oHHofi p a3prlAHofi cxevre, rp eAcraBneHHofi Ha p HcyHre 3 a, creHKr{

BalqyyMHoft KaMepbI flBJI{Iorc{ aHoAoM AJrfl r4croqHr4Ka ra3oBofi nJra3Mbr (lInHK)

r4 AIrfl' AByx SneKTpoAyroBbD( I{cflapuTenefi c rlrraHoBbrM rr aJrrcMr4Hr{eBbrMtr

Karo AaMI4, np eAHa3 HaqeHHbrM 14 g.rrfl, reHep aquu M eraJr Jl lr.r ecKo fi rrJr a3M br.

B pa:prgHofi cxeue, npeAcraBneHHofi Ha pr,rcyHrce 36, ra3o-MeraJrnr4qecKoe

[yqKoBo-rrJra3MeHHOe O6pa:onaHue SopuupoBaJrocb B froJroM KaroAe

HecaMocro.flTeJlbHoro rnelou1ero pa3pqAa. HecaMocroflTeJrbHbrfi ueroqnfi pa3prA

3axHraJlcs MexAy creHKaMLI BaKyyMHofi KaMepbr, lrBJrqroquMtrcr KaroAoM, tr

KonbIIeBhIMI,I aHoAaMI4, rlpeAcraBrIeHHbIMuHapr4cyHKe 3. KonnUenbre aHolbrTarore

tBJrflIorcfl aHoAaMI,I Anfl BaKyyMHo-AyroBbD( ucnapvreteit, flBnsroqtrrc{

f eHep aropaMu MeraJlJlr{rrecKoft rrJra3Mbr.

flaiititbI{ilf
Ht{!:tr

9
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finx cra1l4rlbHoro rop eHrlur HecaMo cro{TeJrbHoro rneroqero p a3p fl.Ia ilpr4

HI43KI,IX AaBneHI4tX, ltCfrOJIb3OBanaCb AOTIOIHLITeJIbHaiI I,ImKeKIII,Ifl SneKTpOHOB I43

rIrIa3MbI HeCaMOCTO.f,TeJIbHOTO AyTOBOTO pil3prAaC HaKaJreHHbrM tr rroJrbrM KaToAoM,

Qo p rvrupyeMo ro ncrorl HrrKo M rrJr a3 Mu < IIITIHK>. 3l exrp o A, .rBJr.fl rou1nfi cx aHoAoM

HecaMocrosrenbHoro AyroBoro pa3pfl,Aa, repeKpbrBarcfl MenKocrpyrrypHofr

cerrofi c pa3MepoM sqefiKl,I0,4 x 0,4 uu c reoMerpnqecrofi rlpo3parrHocrbro oKoJro

45 % r{ r{MeJr rroreHrlr4aJr rronoro KaroAa rneroqero pn3p{Aa.

Pucynor 4 - Bnerunuitnu[KoJrbrleBbrx aHoroB TJreroilIero rd AyfoBbrx pa3prroB B

oKcnepr.rMenralrnofi ycraHoBKe

2.3 ?lcctteA o Ba HLIe Br uqH ufl ycJr o Brrft renep a q rr[ ra3o -MeraJrJr r{qecKoro

tly tI Ko Bo -uJra3MeH Horo o6 p a: onaHuq Ha cocra B Qo p vr n pyevrofi IIJr a3Mbr

Onrraqecnas 3MIlccI4oHHa.n crreKTpoMerpvrfl rBn.f,ercfl Ba)KHbrM

I,IHCTpyMeHTOM Ang MOHr4TOpr4Hfa r,roHHO-IUra3MeHHbrX [pOqeCCOB, TaKHX KaK

TpaBneuze I{ ocaxAeHr4e Marepr4anon [16, I7l. B upoqecce crlHTe3a uorprrlaZ

o6pa:yerct [rla3Ma, cocrorrr1Lafl v3 qacrr4rl, HaxoAflrrlrxcq B r{oHr43r{poBaHHoM 14

no:6yx4eunou cocroflHlrrl. llepexo4 qacrlrrl n: eos6yxAessoro cocroflHlrfl B

Banyyrrauo-[yroBbre

vcrapvTenrr

10



ocHoBHoe, cotlpoBoxAaercf, r,r3nyqeHr4eM, Koropoe coAepxraT r4HSopMarIHro o

rIJIorHocrI'I nos6yxAeusrx cocrosHrafi aroMoB vr MoneKyn pacurrleHHoro

BerrlecrBa r4 ApyrlD( KoMrroHeHroB ragosofi cpeAbr [18].
B xoAe rIpoBeAeHIlrI l4ccneAoB anuft [poBoAr4rrocb orrpeAeneHrre

3aKoHoMepuocrefi BITufllaHA ycnoeuft reHepaur4r4 rryqKoBo-[rra3MeHHoro

o6pasonaukrs Ha ocHoBe HecaMocrosrenbHoro rneroqero pa3p Ma Ha cocraB

Sopvrnpyeuofi s uera rasonofi r4 Merannrrecrofi rrJra3Mbr c rroMorrlbro Mero,4a

oMr4ccr4oHuofi cnexrp oMerp r4r4.

2.3 .1 Mero4 n na n3 M ep eHrrfl 3M uccrro H H brx crreKTpo B

I4ccle4onan:ae 3aBr4cr{Mocrr4 ycnonufi SoprrnupoBaHkra ry/rrKoBo-

rrrla3MeHHoro oop€l3oBaHIl{ Ha ocHoBe HecaMocrorreJrbHoro rneroulero pa3prAa

BKrIotIaJIo B ce6n aHaJI?I3 cocraBa rasosofi u Meraulr4rrecroft rrJra3Mbr c

rpI4MeHeHrleM MeroAa euuccrEonnofi crreKTpoMerpkrv. [tts u:rueperuui

I{crloJlb3oBiulc.fl crleKrpoMerp HR4000 or KoMrraHr4r,t Ocean Optics c ilvana3oHoM

I{3MepeHI4{ AII{H BOJIH or 250 fo 350 HM Ii crreKTpanbHbrM pa3peureHraeu 0,5 nu.

SrcuepuMeHTbr rrpoBoAr{nr4cb qepe3 $raneq co cMorpoBbM oKHoM,

ycraHoBneHHbIM Ha nepxueft creHKe KaMepbr, c oAprHaKoBbrM BpeMeHeM

3Kclro3rrl{vn v ycpeAHeHI4eM p*yJrbraroB fro 4 lr3MepeHr4.srvr. 3ro [o3BoJrr4rro

o6ecnequrr AocraroqHyro roqHocrb bilfl a*arrn3a uHTeHcr4BHocrr4 gMlrccrlr4

Marepr4anoB KaroAon (rnraHa rr aJrloMHuut)

14: naep eHI{e 3MIlccI{o HHbrx cleKTp o B rrp o Bo &rnocb Ha 3Kcrrep rlMeHTanbHoM

crellAe, rIpeAHa3HaqeHHOM trtrfl rrpoqeccoB reHeparlr4r,r ra3o-MeraJrJrr4rrecKr,D(

ryqKoBo-rIJIa3MeHHux o6pa:onanufts 6ommux (Z 0,1 vr3) BaKyyMHrrx o6reuax

TexHoJlorn'Iecxofi rasosofi ruIa3MbI, r,rclonb3yeruofi B npoqeccax xr,rMHKo-

Tep Muqecrofi o6p a6orKtr cralefi r4 cruraBoB.

llo pesyJlbraraM paHee rrpoBeAeHHbrx r{ccne4onauvrfi 6stru oilpeAeneHbr

orrrr4MaJrbHbre pexlrMbr u3MepeHu_fl, rrpeAcraBJreHHbre n ra6luqe 1 .

T a6 nur& I - Onrnrvralruufi p elKLrM r43Mep eHr4t
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fas
Pa6oqee

AaBneHue

Tox u uanprxeHr4e

ropeHnt

HecaMocrorrelrnuI

uerorqzfi pa3prAa

Tox u uanpaxeHr.re

fopeHI.It ra30Bofo

pa3prAa B (IILIHKe))

Tonu

BaKyyMHo-

AYIOBbIX

ucnapureaefr

(Ti raroa)

Torn

BaKyyMHo-

AyroBblx

ucnapzrelefi

(Al raroa)

p,tra Ip, A(Up, B) Ie, A (Ue, B) I,t A I,t A

Ar/N
2 0,6/0,5 t7 (66) 20 (s0) 80 60

B ra6lnqeL npe4craBneHbl AnHHbr BoJrH r4 coorBercrByrcrque r4M rrepexoAbr

IIIfl qaCTLIII TUTaHa U AJIIOM'VIIJI4fr.

Ta6nurla 2 - flrmrtbr Bo JrH r{ gHep rerlrrrecKr4e rrep exo Abr

9acruua nnunanolHu llepexo4

Ti+ 307,5 Hrr,r Zdz(3r)+p + 3d2(3F)4s

Ti* 308,8 nnr 3d2(3F)4p + 3d2(3F)4s

TT 323,45 nrvr 3d2(3F)4p + 3d2(3F)4s

Ti* 323,65 ur'r' 3d2(3F)4p + 3d2(3F)4s

Tio 334,8 una 3d2(3F)4p + 3d3

Ti* 336,1 nv 3dz(3F)4p + 3d2(3F)4s

Ti* 337,3 uu 3d'(3F)4p + 3dz(3F)4s

Ti+ 338,37 nrr,r 3d2(3F)4p + 3dz(3F)4s

Al* 266,9 nnr 3s3p + 2p"3s"

,,{nx o np eA en eHul 3 aKo HoMep Hocrefi B rrvrflrtr4fl y cn oB 14 fi reHep auukr [y q KoBo -

rIJIa3MeHHoro o6pa3oBaHI4-fl Ha ocHoBe HecaMocroflTeJrbHoro rneroqero pa3prAaHa

cocraB SoprranpyeMofi B HeM la3oBofi r,r MeralrJrr,rqecKofi [rra3Mbr rrpoBoAr,rJrct

KoMrrIIeKc I4ccIIeAoBaHIrfi. Pexnplbr reHepaquvL Arrfl Koropbrx [polr3Bo.U4[acb

cbeMKa 3MI4CCHOHHbTX CneKTpOB rrpeAcTaBJreHbr B Ta6nnle 3. OcnoBHar 3a4arta

cocTotJla B LlccneAoBaHkrvr BJruraH'us BeJrprqr4Hbr roKa AyroBbrx pa3p.[AoB

rrcToqHI{KoB MeTaJIJII/FIecKofi trJra3Mbr Ha SMr,rccrroHHbre c[eKTpbr ra3o-

MeraJrJrr4rrecKoro [yqKoBo-rrJra3MeHHoro o6pasorannr, SopuupyeMoro B

HecaMocTo.flTeJIbHoM TnerorqeM pa3p{Ae, IIp u HarrycKe ap roHa oco6ofi qr4 cTorbr rlpr4

AaBneHr,rr{ 0,6 fla, Lr B a3orHofi arnroc$epe npr4 AaBneHu}r 0,5 lla. Tor 4yronoro

t2



pa?fllra Ha Al KaroAe H3MerulJrcr B Ar{arra3oHe 60 - 90 A c [raroM 10 A, BeJrlrqr,rHa

roKa pa3ptAaHa Ti raro4e InMerrJrnacb B Ar.,rarra3oHe 80 - 1 10 A c uaroM 10A.

T a6nuIla 3 - P exuMhl, rlp I4 Korop brx np o r43 Bo MJrr{cb cbeMKa gMr{ccr4o HHbx

cneKTpoB

JT

OTIbITA
faa

Pa6o.ree

.IIABJIEHIIC

Tox u HarrprxeHr,re

ropeHr,rs rir3oBofo

pa3prAa B

<lIIrIHKe> / Hecau.

rneroq. pa3ps.ila

Tox uaAl

KaTOAe

Tor ua Ti

KaTOAe

P,fIA Id A(Ud B) I(dt), N. I(dz), A

I Ar 0,6 20 (50) tr7 (66) 60 80
.|
z Ar 0,6 20 (s0) tr7 (66) 60 90

3 Ar 0.6 20 (s0) /r7 (66) 60 100

1 Ar 0,6 20 (s0) tr7 (66) 60 ll0
5 Ar 4,6 20 (50) tr7 (66) 60 80

6 Ar 0.6 20 (50) n7 (66) 70 80

7 Ar 0,6 20 (50) tr7 (66) 80 80

8 Ar 0,6 20 (s0) t17 (66) 90 80

I Nz 0,5 20 (s0) tr7 (66) 60 80

t0 Nz 05 20 (s0) tr7 (66) 60 90

I1 Nz 0,5 20 (s0) tr7 (66) 60 r00

I2 Nz 0,5 20 (s0) t17 (66) 60 110

13 Nz 0,5 20 (s0) tr7 (66) 60 80

11 Nz 0,5 20 (s0) tr7 (66) 70 80

I5 Nz 0,5 20 (s0) tr7(66) 80 80

I6 Nz 0,5 20 (s0) tt7 (66) 90 80

13
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flolyueuHhle B AIIarIa3oHe Anr.rH BoJrH (250 - 350) HM crreKTpbr r{Meror rrunun

orHocI,ITeJIbHo nrrcorofi I{HTeHcI4BHocrI4, rro KoropblM MoxHo oilpeAeJruTb BJIr{lrHHe

BeJTI4TILIHbI TOKa AyI-OBOTO ngilapLrrerrn Ha SMlrcct4oHHbre crreKTpbr ra3o-

MeraJrnrlFrecKofo flyqKoBo-[rra3MeHHOrO O6pa:OnaHrax,

HecaMo cTorTeJrb Ho M Tn eroqeM p a3psAe.

SopvrrapyeMoro B

Ha pucyuxe 5 aso6palKeHbI3Mr{ccr{oHHbre crreKTpbr, coorBercrByrorqr4e HoHaM

Tr4TaHa B ap roHosofi [ras\le.

l 6000
l 5000
r 4000
13000
12000
l 1000
r 0000
9000
8000
7000
6000
5000
4000
3000
2000
I 000

315 320 325 330 335

AJII,IHA BOJ]HI'I, HM

Pucyuox 5 - 3rvrr-rccnoHHble crreKTpbr lrHTeHcaBHocr[r rrpu ri3MeHeHrlr,r roKa Ha Ti rcarole

B apfoHe

llo pe3ynbraraM rlpoBeAeHHbrx rE:uepenzfi 6rrnu rocrpoeHbr rpafimor

3aBI{CI4MOCTH I,IHTeHCI4BHOCTpT 3Mr,rCC}rOHHbrX CrreKTpOB OT TOKa pA3pflAAAyroBoro

ucllapl4Tentr' [peAcTaBJIeHHbIe Ha pucyure 6. fpa$urra crpolrnr{cb Anq ror(it

AyroBoro pa3ptlaAl rarola B a3orHofi amroc$epe rpr{ AaBneHr4r4 0,5 lla u a

aproHonofi arrraoc$epe 0,6 lla. fpa$uxu orpeAeneHrfl lrHreHcr{BHocrn

3MI{cckIoHHoro crIeKTpa Al* 6unanrr6paHa rrvrHLrfl.,coorBercrByroqat Anr4He BoJrr{br

266,9 HM. [aulcrax Iru]FILrfl 6rtra nn6pana ]r.i3.3a nuconofi uHTeHcr{BHocrLr

3MrIccHoHHoro crleKTpa. fpaQlrxu An-x roKa AyroBoro paspflAaTi raro4a TaK xe

crpol4nl4cb AJIfl asorHofi arvroc$epbl npfl AaBJTeHLTH 0,5 lla rr Anfl aproHonofi

aruocQepbl rIpI4 IaBxeHI4I{ 0,6 lla. lru uouoB rr4TaHa 6:';tnu nu6paurr IrLrHr4r4

----* I{Ti): 80 A. Ar, iu: l?A
----- I(Ti):90 A- Ar"- Irn: 1?A

- I{Ti) = 100 A, A1- Ir:r: 17A
I{Ti} : 110 A- Ar. irn: l?A
I{Ti): I l0 A, Ar, Irlr: 0A

- 
(Ti):0 A- h,,::i7A

ai

F

F<

C)
F.

34s340
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9MIICCITIOHHbIX

3MI,TCCPIOHHbIX

crreKTpoB, [peAcTaBJreHHbre B

crreKTpoB Ti+ r/rMeror cxoxyn

ra6nurle 1.

3ABI4CI'IMOCTb

Tar KaK rrvnrm

or roKa pa3psla

-108,8 ffi
333.65 ru

s
>t

a)

E
iJ
€-

u

o

r0000
9500
9000
8-s00
800s
?500
?000
6500
6000
J 500
5000
4-10S
.*osO

3500
-1000
2500
1000

t

s0 6J

I --**t--* i

L--.-,__".' l

r -- -"-- -*+
l--'- 1
.t.

$0 85 90 95 1&] 105 I 10 r15

l{Ti}, A

?5 80

T{AI1 A

?0$

-J
I

* i5o

sl
S roo
E

5$

AyroBoro ktcllapl4rertr, rpa$LIK 6nr uocrpoeH Anfl AByx nrrnufr308,8 HM H 323,64

HM.

]u-ttJ

4fi*
40BS

J:nfl'

3ffiS

J5"qj

:{m
t:dff

1ffi
fis

308.8 r*t
333.65 su

8fl 85 SS S5 l&S 1S5 tt$ 115 120

r(Ti),A

Pzcynor 6 - fpaSraxv 3alllcr{Mocrefi r.rHTeHcr4BHocrrz sSuccr4oHHbD( crreKTpoB B

3aBLICI'IMOcTII oT ToKa pa3pqA AyI'OBoro [CnapI,ITens.p'tts. A- irJrroMt4Hrr.flB aproHe npfi

AaBIre}/,vrv0,6llau a3ore rIpLI AaBneHuu}j fla, E - AJrl-ruralaB aproHenprrAaBneHuuA,6fla,

B - ans rr.rraHaB a3ore npr{ AaBneHuu 0,5 lla

Aualuszpys lonyqeHHhle pe3ynbrarbr, cror,rr orMerr4Tb, qro r{HTeHcvBHocrb

I4ccneAyeMbIX 3MlIcclIoHHhIX crIeKTpoB uMeeT 6rusxyro K nr4HefiHoft 3aBprcuMocrb

15



or roKa pa3psAa AyroBoro ucnaplrrerls, rrro roBopr4T o6 orcyrcrBrdlr pe:Koro

H3MeHeHr{q B CO CTaBe rrrra3Mbr, 3Mr4Tr4p yeMofi c KaroAHoro IUITHa.

2.4 Oco6eHnocrr{ a3r.rMyraJrbHbrx pacrpeAeJreuufi KoHueHTpaquu

rlJra3MbI B fa3o-MeraJrJruqecKl{x rryqKoBo-rrJra3MeHnsrx o6pa3oBaHIlqx

pacrpeAeleHnft2.4,1 Meroguna ll3MepeHur a3r{MyraJrbHbrx

KOHTIeHTpaUUI{ rrra3Mbr

,{nr raccneAoBaHLUI paclpeAeJreHr4s KoHrIeHTparrrlr.r 3apfl}KeHHbD( rracrurl B

pa6ouenr o6revre BalqyyMHofi xaruepu B rrpoqecce ropeHrlfl pa3pflAa r4cnoJrb3oBarrct

oAHHoqHrrfi qluluuApxrlecKr4fisou4 Jleurruropa. ,{zanrerp 3oHAacocraBnrJr 0,5 ml,

AnI,IHa 5 MM. I4suepeuux tlpoBoAr4Jrr{cb c rrcrronb3oBaHueM

aBToMarll3rrpoBaHHofr cncreubr 3oHAoBbrxrl3Mep euuit,pa:pa6oranHofie IrIC3 CO

PAH [1e].

l41t*"*

}ryffi.

H*p*.rwr*xx,e*t
{t"lr. ;'lfiSf+g}

Pucynolc 7 - Cxerrra 3oHAa Jlenruropa

AsuuyraJlbHble p aclpeAeJreHr4r KoHrreHTp arrun [rra3Mbr 6run [onyqeHbr

rryTeM BparrleHufl III{rII4HApLtqeCKOrO 3OH,4a OTHOCT4TeJTbHO rIeHTpa

3KcrIepI,IMeHTanbHofi ycrauoBKl{ co cneAyroqr/Mrl rrapaMerpaMpr pacnono)KeHrnr

t6



3oHAa B KaMepe: paccrotrHr4e or rleHrpa BaKyyMHofi ravrepl"l- 250 MM, Bbrcora -
285 rvrrvr. [annar Bblcora coorBercrByer Bbrcore ocefi reHeparopoB ra3oeofi Ia

MeranJll4tlecxofi [rIa3MbI.llo peynbraraM LrccneAoBasufi 6rmarrocrpoeHa Kaprr{Ha

a3llMyTanbHoro paclpeAeneHllq KoHIIeHTp a\I4H rasosofi H ra3o-Merarrnqecrcofi

rIna3MbI n o6leue BaKyyMHofi xaueprr. PacnonolKeHr4e 3oHAa B BaxyyMnofi rcauepe

rrp eAcraBireHo Ha p r4cyHre 8.

Pucynor 8 - PacnonoxeHlre 3oHAa B BaKyyMHoft rauepe

?Iccne.{onanvIe rasonofi rrra3Mbr rrpoBoAr4rrocb B aproH-a3ornofi cpeAe c

co orHo rueHlreM ra3 o B 1 : 9. HanycK ra3 o B o cy ulecrB rrflrrcfl rrep e3 Lrcror{HlrK ras osoft

nJra3MbI ([II4HIO). Pa6o.ree AaBJIeHHe B rrpoqecce rpoBeAeHur sKcrrepuMeHra 6rno

paBHbIM 0,5 fla. B ra6nuqe 1 upe4craBneHpelKr4M HarrbrJreHus B pa3px.ryrofi cxeMe,

rrpeAHa3Ha.reuHofi Arrs reHeparIHLr ry/qKoBo-rrJra3MeHHoro o6pasonanux B

HecaMocrosreJlbHoM TneloqeM pa3pflAe c rronbrM KaroAoM, Koropufi 6ul [puHrrr

s a 6 as o n rlx rro r,mo raM rrp eAbr4/ u[.rx r4ccn eAo BaH uir 120].

P exuu HaTIbIJIeH r4A AnflTp apur{o rmofi p itspfl trrofi cxeurr, trp eAcraBlermofi na

pucyHKe 3a,6sut no4o6pau raKr{M o6pasovr,.rro6H KoJrtrrrecrBo rrocrynaroqefi s

pa3pf,rorblfi uponae)I(yroK MoIrIHocrH B o6oprx cnyqasx 6rrlo oAr4HaKoBbrM H

cocraBJrfitro 2700 Br 4o BKJrroqeHHA BarryyMHo-A/roBbx r{cilapprreleft u 6900 Br

np r,r p a6oralorrsax ucrorrHl,IKax MeraJrJluqecxoft trrla3Mbl.
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Creura 3oHAoBbrx xapaKTepr4crr4K rrpoBo.u4Jracb rro 20 ToqKaM,

pacronox(eHHblM BAonb rpaeKropr4r4 rroBopora 3oHAa. florerulr4an magurr 6rur

pacoqI,ITaH rlonyrpa$nuecxraM MeroAoM, c uc[oJrb3otsaHraeM rronyqeuuofi BoJrbr-

aMllepHofi xapaxrepllcrl4Krr (BAX). C uououqbro 3neKTponnofi BerBr soHAosofi

BAX 6 ula p accql4raHa Ko HIIeHrp aqus rna3Mbr r{ reMuep aryp a on eKrp oHo B 12 Il.
flo p esynbraraM I4ccneAoB artvitorleHuBanc.a rosS$r4rlueHr HeoAHopoAHocrr4

pacrpeAeJreHurr KoHrIeHTp ar\uv rrJra3Mbr. Beluqr,rHa roeQQraqueHra

HeoAHOpOAHOCTT4, XapaKTepr43yroqtur HeoAHopoAHocrb a3r,rMyranbHoro

pacrpeAeJleHrrl KoHIIeHTpaL\UV 3apDKeHHbrX rraoTrrrl lpr{HlrMaJracb panuofr

OTHOruEHI4IO MAKCI{MAJIbHOTO OTKJIOHCH'IA BEIIKIqI'IHbI KOHIIEHTPAUI,IH 3APSX(EHITbD(

qacTI4rI oT cpeAHero 3HarleHurr K cpeAHeMy 3HaqeHr,ilo.

[4suepeuur [poBoryIJII4cb rro 20 ToqKaM, 3a crrer BparueHr,u{ 3orrAa

orHocl4TeJrbHo IleHTpanbnofi ocu BaKyyMHofi xalneprr. llo:uquu 3oHAa rrppr

I43MepeHLIus 5ir (900), 1Ofi (180o), l5lr (2700) u 20ft (0o) rouxax rroKa3aHbr rra

cxeMax 3Kclep LrMeHraJrbHbrx y craHo Bo r (p nc. 3 ).

2.4.2 llolyueuHbre p$yJrbrarbr

Wz nonyqeHHbrx AaHHbrx, upeAcraBJreHHrrx Ha pHcyHKe 9, BLrAHo, rrro

yBenrueHue KoHUeHTparlr4rr rrJra3Mbr na6ruo4aercfl B roqKix 0 (0o), 1 (189, 19 (3420)

Ant Bcex rrerbrpex gKcrrepr,rMeHToB, rrro coorBercrByer BbrxoAHofi aneprype

rrcroqHr4Ka ras o n o fi rrra3 Mbr ([II4HK).

B up oqecce IBMep eHl4f, 3oHroBbrx xapaKTepr{crr{K B ToqKe 0 gosA pacronafturcfl

B HelocpeAcrBeHHofi 6ilasocrlr or sMr{ccr4oHnofi cerru. B p*yJrbraTe [oroK

oneKTpoHoB 3aMblKalrcfl. Ha 3oHA. 3ro npnBoAr/tJro K lonyqeHrrro 3aBhrlrreHrrbD(

xapaKTepI4crI4KKoHIIeHTp a\rrurura3Mbr,qro He coorBercrByer AeficreureJrbHocrrr.

B 3Karrop?IMeurax }{b 3 v J\l. 4 [pokrcxoArrJro BKJrroqeHpre reHeparopoB

MeTaJIJII{rIecxofi [rIa3MbI. B cegsn c oruM B Ariraila3oHe yrnoB, coorBercrByroil[ I
BbIxoAHbIM arreprypaM BaKyyMHo-A/roBbD( r4crrapurelefi (90' - 144" n 216" -
270"), TarcKe na6rngalorcs rroBbrrueHHbre 3Haqentrs. KoHrIeHTp ar\r4vrmagrurr. Ha

ocHOBaHr4r4 tlero Mox(Ho cAeIIaTb BbIBoA, rITo B 3TLIX O6naCrgX flporlcxoro{r

Qopul,IpoBaHue ra3o-MeraJlJrr{rrecKofi uraslau, @oprvrupyervrofi KaroAHbrM rurrr{oM
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BaKyyMHO-AyrOBOrO I4CrIapnTeJIs I{ [oToKoM 3apsxeHHbrxqacrr,ru c rroBepxHocrr/r

KaroAa, IrMeloIIIero Ha[paBneHHLIfi xapaKTep. I4s-sa xaorl,FrHoro IBIDKSHVTI

KaroAHoro [f,THa rlo [oBepxHocrr4 KaroAa 3oHA oKa3brBaercfl B o6nacru [oroKa

4yronofi nJIa3MbI, B p$ynbrare rlero ua6nro4aercr 3aBbrrrreHHbrfi pesynrrar

r.rcuepenufi.
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Pncyuor< 9 - fpa$ur pac[peAeneHl4t BeJrrrqr.rubr KoHrIeHTparIuura3onofi nrasr,mr (a) pr ra3o-

Meriuuu{qecxofi ulasubr B BaxyyMuofi rarr,repe (6)

S0 r:*,

, i r,r'
'180S2

.......fffi-r-

Hltffitiil
lll llu--!W-tr

Nq

sKCnep-
TA

Parp14uaa cxeua
Baxyyrrano-

AyfoBEIe
HoilapuTerrvl

Cpe4nee
3HAIIEHI4E

KOHqeHTparlUtr

NJ'IA3MbI

Maxcuualrnoe
3Har{eHue

KOHr{eHTparIHu

IIJIA3MbI

Koa$$uqneHr
HepaBHOMepHOCTU

n.o. l/u3 n a*, thrr (n-ax - n"o\l n"o.Vo

I rno
(puc. 1.16)

Brrrl. 7,43.1016 1,5.19t2 t02%

2
Tpa4aquoHHaa

(pzc. 1.la) Brrxl. 3,62-1016 9.10r 6 12t%

3 IIIIO (puc. 1.16) Br:r. 5,3.1016 9,5. 10r 6 8r%
4

Tpa4raqnounax
(prac. I . la) Bxr. 6,76.1016 1,33'1017 97%

Auatmzupyx nonyqeHHbre pe3ynbrarbr, MolItHo orMervrb, rrro
3KcrIepI'IMeHrax J\b 1 u J\b 2 sHa.I eHus.xoe$Suqr4eHroB Hep aBHoMepHocra Bbrrue ro
cpaBHeHLIIo c 3KcnepuMeHraMll J\b 3 u J\rs 4. Karc rpaBr{no s6nusu Bbrxolpofi

arleprypbr I'IcroqHI{KoB ra3oBoft u ueraJrJruqecKoft rrnaslarr HaxonaTc_fl o6nacrr c
MaKcI{MaJIbHbIM 3HaqeHLIeM KoHIIeHTpaWvlrra3Mbr. TlcuomgoBaHue B pa3p{4{ofi
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cxeMe AByx AorronHr4TeJrbHbrx feHepaTopoB MeTarIIlItrecKoH rrIIa3MbI IIpIIBOAITT K

BbrpaBHLrBaHr{}o roeSSr,rqHeHToB HepaBHoMepHocrr,r Ia yBentaqeHl,Irc cpeAHero

3HaEeHLITI KoHIIeHTparIuu rrJra3Mbr B pa3psAHoM [poMe)KyrKe. !'ls ra3o-

MeraJlJrplrlecKoro [yrrKoBo-uJra3MeHHoro o6pa3oBaHr{Jr, SopvrupyeMoro B [oJIoM

KaTOAe HeCaMOCTOflTeJTbHOfO Tnerorqero pA3pfrAA, CpeAHee 3HaqeHlre

KoHueHTpaWH rIJIa3Mbr HlDKe, qeM B ra3oBoM IIilO. llpe4nonolrrlTerrBHo,

[onyqeHHble 3HaqeHHt KOHTIeHTp ar\W rrJra3Mbr yMeHbrrraroTcr BcJreAcTBLrLr

KpaTKOBpeMeHHOTO BO3HTTKHOBeH?rfl OTpr4rlaTeJrbHOIO rroTeHrlr4ana frJra3Mbr,

Bo3rIpIKaroqLtMI4 I{3-3a oco6ennocrefi rop elrttrr AyroBbrx pa3p.f,AoB c KaroA}rbM

IUITHoM. Orpuqaremnrnl rroreHrluaJr rrJra3Mbr Mo)Ker rrprrBoAraTb K cHrDreHrrro

3Heprull LI3BJIeKaeMbIX SJIeKTpOHOB, a) CneAOBa'TeJIbHO, n K CHIDKeTII4TO

Ko HIIeHTp ar1ur4 3 ap{x(eHnbD( rr acrrau B rrn a3 MeHHo M o 6p a:o n anuu .

Hptxe rrpeAcraBJIeHbr3oHAoBbre xapaKTepvrcrkrKvr,[on]n{eHHbre An{ roqlu }lb

14 n rpa4IaquouHofipa3psAHoftcxeue (pr.. 10) H B cxeMe Anr reHepaqlrr4ra3o-

MeraJrJII4tIecKoro ry/qKoBo-ma3MeHHoro o6pa3oBaHHr (p"c. 11), pacnoloxernrofi

s1nnzu BbIXoAHofi aueprypbr BaKyyMHo-AyroBoro ucnapurretr^. llpu aHarrrrte

nonyrreHHblx sHaqeHufi floreHrlr4ana rrJra3Mbr Antr cxeM reHepaur4lr ra3o-

MeTallJllltqecKoro [yqKoBo-[rra3MeHHoro o6pasonauur kr B TpaAr,rrlr4ormofi

pa:pr4rofi cxeMe reHeparlr4r4 ra3o-Merarrurqecrofi rrJra3Mbr, rroKa3aJrr4, yD

rIoreHIII4aJI rIJIa3MbI B TpaArrrlzonnoft pa3pflAHofi cxeue r4Meer BenrurlHy orcolo 2-

3 B (puc. l2),rorgaKaK B ra3o-MerarrrrlrqecKou lIilO or 0 4o (-) I 5 B. Ananuskrpyfl

3OHAOByIO XapaKTepHCTLIKy, MO)KHO OTMeTT{Tb, rrTO 3HaqeHr4e [OTeHrIUaJra faa3Mbr

Ll3Merulercs Bo BpeMeHI{ c orpurlarenbHoro 3HaqeHr4rr Ao 6rlrsnoro K }ryneBor\ly

3HaqeHHIo. Ha son4oeofi xapaKTepr4crr,rKe, rrpeAcraBrenHofiHapr4cyHxe 9, MoxHo

BbIAenHTb ABe ocHoBHbIe o6"rracru cocpeAoroqeulrrr [onyqeHHblx 3Haqenuft Torst

HacbIIrIeHI4s oneKTpoHoB. 3nerrpounrul rox HacbrrrleHnfl Ha 3oHA oflpeAenrercs

Qoprr,rynorl (l ).
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(1),

rAe e - 3ap{ADJIeKTpoHa, fI"- KoHIIeHTp awfl3neKTpoHoB, t - cpeAru{r cKopocTb

3neKTp oHoB, s3 - IlnoulaAb 30HAa.

O6lacrr I cooreercrByer 6oree BbrcoKr4M 3HaqeHr,ur roKa HacbrqeHrrq, qro

MolKer 6urr cBt3aHo c pe3KlrM rroBbrrrreHrleM KoHrIeHTparlr4rl BbrcoKo3Heprerr{q}rbD(

rIacrI4I{, rrorlaAarolul{x Ha 3oHA. Pesxoe rroBbrrrreHr4e KoHrleHTpaquu 3JreKTpoHoB,

rlorlaAaloul4xHa3oHA, Mo)Ker 6rrrr cBt3aHo c [o[aAaHI4eM BhrcoKo3HeprerrlrrHlD(

rlacrl{q, gM}TTLIpyeMbIX c rroBepxHocrrl KaroAa B rrpoqecce pa6orbr BaKyyMHo-

.4yroBolo uclapnTerE.

lg, trtA 
220
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-60 -50 -40 -30 -20 -10 0 10 2a 30 40 50 60
Us. B

Pucyuor 10 - 3onloBtul xapaxTepr,rcrr.rKa, roryqeHHa-fl B rpaAkrrlroHuofi pa:pranoft

cxeMe AJrr f eH eparlr4r4 f a3o -MeraJrJrr4qecKofi uraslarr

Xap arrep p acrpele lrcHurfl,roqeK Ha rrro cKo crr4 I: (U: ) B cr{creMe reHep aq4r4

n|IO uIMeer unofi xapaKTep. 3naqureJrbHa-lt qacrb roqeK pac[ono)KeHa Bo nropofi

qerBeprl4, qro roBopI4T o roM, rITo rIoreHIII{aJI fa3o-MeTaJIJII{rIecroft nnagMbl LIMegr

o Tp I4rIaTen bHo e 3 Haq eHr4e o THo cHTeJr b Ho rro TeHqr{aJr a aHo Aa.

I, : |en"vS=
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Pocrroxa oneKrpoHos B

cnyLrae orcyrcrBl4fi HacbrqeHHfi

ls, hrA

bU

50

40

<tt

2A

10

U

-60 -50 40 -30 _20 _10 0 10 20 30 4a 50 60
Us, B

Pucynor 11 - 3onaonat xapaKrepr{crt'rKa, ronyqeHHar B pa3psAHofi cxeue gra

feHepaII[U ra3o-MeTrIJIJrr{qecKr.rx [yrrKoBo-tIJIa3MeHHbrX O6pa^:oeanufi

Ha pucyHKe 11 u3o6paKeHhr KpafiHr4e rroJrolreHr/ur sKcnoHeHT,

xapaKrepl'I3yloumx BenLIlIvHy rIoreHIII4ana [rIa3MbI. IIO ecefi Br{Ar4MocTr4

rIoJIo)KeHI4e 3KctIoHeHTbI Il3MeHsercr Bo BpeMeHr{ Me}KAy grLrMLr AByMr rcpaftrunna

IIO3LIUI1If,MLI.

,{annorr,ry Il3MeHeHI4Io troJro)KeHI/uI gKcrroHeHTbI, xapaKTepzsyroqefi pocr

TOKa 3neKTpoHoB B Cnyqae orcyrcrBprfl, HacbrrrleHr,rrr, coorBercrByror r{3MeHeHr4rr B

KaprI4He pac[peAerIeHI,I{ rroreHrlr4ana SneKTparrecKofo rroJr.n B pa3psruroM

rlpoMelKyrKe. Ha placyHKe 12 [peAcraBJreHa KaqecrBeHHa.s Kaprr{}a,

noKa3blBaroulaf [peArlonaraeuruZ rrpoqecc lt:MeHeHlrs pacrrpeAeneHgf,

sneKTp LtqecKoro rIoreHIII4ana MexAy AByMfl rp aftuuvrtr froJro)KeHr4rrMrrr. B ep xuee

fIoJro)KeHHe paclpeAeneHl4rr rroreHrlr4ana coorBeTcrByer cocroflHr4ro paspx4loft

cvcreMbl, rlp 14 KOTOpOM TOKI4 AyfoBbrx pa3psAoB 3aMbrKarorcflHa KonbqeBbre aHoFr

naaloft nnoilIaAl4, a HIDKHee pacupeAeneHr{e xapaKTepu3yer cocrofHrre paspr4rofi

cI4creMbl, rlpI4 KoropoM ToKI4 AyroBbrxpa3prrAoB lra6o craHoBrrcsdnuzt<prK rryJrro,

BeposTHo, B pe3ynbTaTe KpaTKOBpeMeHHOTO roraCaHlur Ao MoMeHTa
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aBTO MaTr4qeCKO rO Cp aO aTbrB aHrLA

CTEHKI4 ttOJIO TO KATO,IIA.

IIo ronyqeHHbrM

reMrrep aTypa sneKTp oHoB

tloAlltl4rao JII4oO 3aMbrKarorcfl Ha 6rnsrexailIlre

Unn=08

{
\

Unn = -158

Pucyuox 12 - PacupeAeneur{e noreHur{iua B pa3prrHoM flpoMe]r(yrxe: K - raro4, A-

aHon.

3oHAoBbrM xapaKTepLrcrr4KaM 6rrna paccqr4TaHa

Tn AIrfl rasoaofi 14 ra3o-Meraruzqecxofi rrJra3M_br,

K A

f-()
s3

Qopnnupyeuoft B rpaAlllluouuofip aspnauoitcxeMe r4 B cxeMe Anf, reHep ar\r4lra3o-

MeraJrJrr4rrecKr/rx [yqKoBo-ma3MeHHbX O6paeonaruafi. pesylrrarn

npeAcraBJreHbr B raolnqe 5. B ra6nnqe rpr4BeAeHo cpeAHee

reMrreparypbr sneKTpoHoB, rronfreHuoe rro 20 ro.maNr.

Ta6nzqa 5 - Pesynbrarbr p acqera reMrrep arypbr oneKrp oHoB

pacqsr0B

3HAI{CHVC

AHalIa:upyt p$ynbrarbr pactreroB, rrpeAcraBJreHHbre s ra6ruqe 5, uoxno
orMerI,ITb, qro cpeAHflfl TeMrreparypa oneKTpoHoB B 3rcrrepal,renre Ns 1 z n

3Kc[epl4Menre ]lb 2 uueror 6rnsKrae 3HaqeHu.[ x cocraBJrf,ror 1,3 eB n I,4 zB

coorBercrBeHHo. llpt pa6orarou[4x reHeparopax ragoeofi rlrla3Mbr cpeAHee

J\9

sKCnepr.rMeHTa
Pa:pa4nar cxeMa

Baxyyrrauo-

AyroBble
r4crrapkrTenv

Cpe4Hee 3HaqeHr.re

TeMrrepaTypbr SJreKTpoHoB

TrrpreB

1 IIIIO (pucyuox 1.16) Brrrl 1,3

2
Tpa4raqaoHuaa (pucynor

l.1a) Bsrrcn 1,4

a
J IIIIO (pucynor 1.16) Brn -a

4
Tp a4r.rqra oHnax (pucyn ox

1. la) Br<n 1,5
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3HatIeHpIe reMrreparypbr B 3Kc[epr{MeHTe }{b 3 u s DKc[epr4Menre ]l'q 4 cocrasrsst

2,3 eB rI

sneKTpoHoB

1,5 sB coorBercrBeHHo. Taxuvr o6pasovr, cpeAHf,s reMrrepilypa

B pa3psAHor{ cxeMe Anf, feHeparlr4r4 ra3o-MeTaJrrrHt{ecKHx [yqKoBo-

rIJIa3MeHHux o6pasonaHIafi [pr,rMepHo Ha 60% Bbrrrre, rreM B TpaAr4rlr4ol*nfi

paspr4uoft cxeMe. llo-ua4uvroMy, yBenraueHue reMrreparypbr 3neKrpoHoB

rlpol{cxon4T I{3-3a roro, qro LIoHbr cso6oAHo Aocrr{raror creuoK narcyyvnrofi

KaMepbr, Qoprvrupyourlx uoltrfi KaroA, 3aMbrKaHHe 3neKTpoHoB Ha aHoA xe

3arpyAHeHo,I43-3a ualofi mloulaAr{ aHoAa n 6offiruoro KoJrr4rrecrBa sJreKTpoHoB,

3MI{TI4pyeMbIX c rloBepxHocrlr KaroAa Bo BpeM.rr pa6orrr BarcyyMHo-ryroBoro

uclrapvrTeilfl.

llonrrureHHat reMleparypa sneKTpoHoB B ra3o-Merannr4rrecKoM IIIIO no

cpaBHeHl4ro c ra3oBblrvr fIlIO, a rarcKe rro cpaBHeHr,[o c rpa.quqraonnofi paspx4nofi

cxeuofi sBJlflerct orJlrrtlllTenrHoft ueprofi cucreMbr reHeparlrar4 ra3o-

MeraJIJILrrIecKoro lIfIO, qro Bblpa)Kaercfl B oco6rrx ceoficrnax rrJra3MeHHoro

o 6p a: on au us u :aeo 6xo Ar4Mo c ru vrxy q era rrp 14 c]rHTes e uo rcp nrufi .

f.nana 3. 3arcouoMepHocrlr crrHTe3a rBepAbrx Hrrrpr{AHbrx rroKpbrrrrfi n rago-

M eraJr Jr r{q ecKr{x fIfIO
B conpeueHHoM MLIpe rexHoJroruv vtparor KJrrorreByro ponr B pa3Br4Tr4H

pa3JlruHbD{ orpaclefi npoMbIrxJIeHHocrLI. BaryyMHo-AyroBoe HanbrJreHue

yilpowrrrcuplx norpnuEfi, Koropoe HaxoAr4r rrrr4poKoe npr4MeHeur.re B

MaITII{HocrpoeHIarr, aBlrarlrroHuofi n KocMlrrrecxofi rexnare, a raKx(e B ApyrrD(

o6.lracrqx. llosrouy HapsAy c HccneAoBanuflMr4 csoficrs kr 3aKoHoMepuocrefi

reHep aqul{ rIJra3MbI B p a3psAHofi cxeue reHep arlr4rl ra3o -MeraJrJrlrqecKr/rx [yqKoBo-

rrJra3MeHHbIX o6pasonauuit, rrpoBoro,rnr{cb trcctteAoBalunrr 3aKoHoMepHocrefi

cl{Hre3a MHoroKoMrIoHeHrHo ro roKp l;rrurfl (Zr+TiB S iNi)N. Pesylrraru p a6oru

rpeAcraBJreHbr nl22l.

3.1 Marepr{aJrbr H MeroAbr r.tccJreAoBaHr{fl

Ilorpslrue HarrbIJItJIocb B AByx pa3prlHbx cxeMax, ollrcaHHbrx B rtane 2.

llonp rtrur ocalKAaJlr{cb Ha rllrnr4HAp}rqecKrre o6pa:qrr (4uarr,rerpopr 8 uu z srIcorofi
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6 ruvr) I43 rBepAoro crrJraBa BK-8 (WC + 8 yo Co), roropbre Kperr{Jrucb Ha croJre c

rlrlaHerapnofi cucreruofi npaqenns.Enaro4apqgroMy, rrpoucxoAr,rno rrepeMerrleHr,re

o6pa:qor n o6reue BaKyyMHofi rauepbr r4 AonoJrHlrrerlbHoe Bparqeuue o6pa:qon

BoKpyr csoefi ocll, qro [o3BoJrter paBHoMqpHo HarrbrJr.f,Tb rroKpbruae. Clcopocm

BpaIrIeHI4rI rloBoporHoro crona cocraBr.rura 3,5 o6/rrnun. B cpaBHr{TeJrbrrbD(

LlccneAoBanIu''x Anf reHepaquu MeTaJlJrllttlecnoft [Ira3Mbr rrpHMeH{rrr4eL ABa

BaKyyMHo-AyroBbx I4crIapI,ITens. B KaqecrBe MarepHana KaroAa rrcrroJrb3oBturHcb

IIIlpKoHr4esHfi cilrraBa 3110 kr Ti-B-Si-Ni, nolyueuHufi MeroroM CBC.

flpecconaHHble CBC-raroAbr H3roraBJrrlBzrrrucb Ha ocHoBe sK3oTepMraqecKoro

coqeraHllrl oneMeHTon Ti, B, Si B aroMHoM coorHorueHr4r4 2Til.Zr^:Si c nseaeHpreM

Ni (10 ar.%.)B KaqecrBe cBtr3Kr{ 1231.

llccleAo BaHHe Qu:nrco -MexaH[rrecKr.rx n rp n6orexHr{qecrcux cgoiicrn

nonprrruft

I4:naepenlae ronIrII{HbI HarrbrneHHbrxuorcprrrufi 6rrro rrporBBeAeHo MeroAoM

KaJrorecrl,IpoBaHl4f,. Crantsofi ruap Bpaqaerc-fl ro rroBepxHocru o6pasqa c

IIoKpbITI{eu. Mex4y IIIapoM Ia o6pasqorra 4o6aurrerc{ aJrMa3Hiur cycrreH3rlq r4 flpu

BpaIrIeHHu o6pa:yercfl xapaKrepHa-r c$epuuecKar nyHKa (puc. 13). I4cuonmyfl

ilonytleHHble AI4aMerpbI Br{yrpeHHefo rr BHerrrHero orrreqarKa, paccqr4TbrBaerct

TOn rqLrHa [onyqeHHoro rro Kp bITI4fl .

I4ccle4o naHl4e MI{Kp orBepAo crr4 rro Kp brrr4rr c rro Mo rqrrc up z6op a np n6op e

KB W- 1 (KB Pruft echnik GmbH, f ep vr auun) c aJr M €r3 Ho fi rrup arrugo fi B urxep ca np Lr

Harpy3Ke Ha HHAeHrop 0,1 H. 3uaqeHl4e rBepAocrla 6rrlo paccquraHo, KaK cpeAHee

3HaqeHI4e rlo pe3ynbrarau 10 r43MepeHr,rfi. Tax xe LrcMep{nacb aAre3r{oH}riur

rlp o qHocrb I4 xp y nKo crb Mero AoM r4HAeHTvp o BaHr4rr Ha rBep Ao Mep e P o xnenna np n

Harpy3Ke 1500 H npnrpex ncnuraHnnx.

,{nr oqeuKld KaqecrBa rroKp struft6uro ilpoBeAeHo cKperrr-TecrupoBaHne c

HcrIonb3oBaHI4eM upLr6opa Revetest RST (CSM Instruments, C[[A). B rauecrne

rrHAeHTopa ilpllMerrflrrcfl aJrMa3Hbrfi ronyc Pornenla, pailLrycorvr 200rvrxl,r. B

rp o qecce recrup o B arl.ur p erncrp r4p oBaJrc-f, cr{rHaJr arqy crt4qecro fi 3Mr4ccrru (A 3 ) n

3aBHcl4Mocrt4 or Harpy3Kr{ Ha r{HAeHrop. Harpy3Ka lranefino yBenruusaracr or 0
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Ao 150 H. llepeueqeHl4e I4HAeHropa ocyqecrBJr.flJrocb Ha paccrorHue 5 ruu co

cropocruo 3 uu/tr,tun. flocne 3aBeprrreHr4q recra 6rmo nonyqeHo orrrr{qecKoe

u:o6paxeHne AopoxKI4 H3Hoca [oKpbrrrrfl c rroMorrlbro rrHBeprr4poBarrHoro

MzKpocKoua Leica DMi8M (Leica Microsystems, fepvranua).

[nx onpe.{eneuI4l $a:onoro cocraBa rroKpbrrrrft 6rrn ucrronb3oBaH MeroA

p eHrreHo Sa: onoro aHalrrt3a (P OA) Ha p eHrreHo BcKoM 4n$p arroMeTp e S himadzu

XRD-6000S. B KarlecrBe I,IcrorrHHKa r.r3nyareHlrr rpr{MeHsJrocb CuKu,-usJryqeHr{e,

KOTOpOe Io3BOJII,IJIO [OnyquTb AeTanbHbre AaHHbre o cTpyKType rr cocTaBe

rloKpblrl4fi. MeroA POA ocHoBaH Ha {BJreHVu guSpaKrltrr4 peHTreHoBcrr{x lyuefi
Ha KpI,Icrannrrqecrcoft peruerxe r4ccneAyeMoro Marepvrara, qro rro3BoJurer

oIIpeAenr{rr $asonufi cocras [oKpbrrlrfi c nrrcoxofi roqnocrbro.

B csssu c reM, rITo Iroxp brrkrflHa ocHoBe Hr,rrpr4rHbrx coeAr4uenufi urdpKoHrr;r

HaIrrJII4 cBoe TIpHMeHeHI{e B rroBbrrrreHuz crofixocrr{ K oKr{cJreHr.Irc Aeraleit u
MexaHLI3MoB, 6ruu AofIoJIHI,ITeJrbHo rlpoBeAeHbr peHTreHoALrOpaKrIXOHrrbre

I4ccneAoBaHprfl Sa:onnx ilpeBpalqettuit groro rroKpbrrr,rfl B cMo4enr/rpoBar{Hbx

reMneparypHblx ycnoBl4tx sKcrrnyarapv [pr4 Harpene o6pa:rloB B arrvrocSepe

Bo3AyxaAo reMneparypbl I I00 oC c npuueHeHr4eM cr.rHxporpoHHorou3nyqeHr4r.

[nn rlpoBeAeHr4s SKCrrepr,rMeHTa r4crroJrb3oBaJrocb cr,rHxporpoHHoe

kI3nyqeHHe. 3xcnepl4MeHr 5rrrl srruoJrHeH na 4z$paKroMerpe In Situ cra:npu
<<flpequ:LloHHas [u$panrouerpzrll>> sa KaHaJre cr{HxporpoHHoro nslyueruu Ns 6

HaKolrl4ren.s 3neKrpoHoB B3IIII-3 (LIncrvryr rAepHofi $usuwn uuenu f. VI.

By4rcepa CO PAH, r. Hoeocv6upcx, Poccr.rr). Harpen o6pa:qa ocyu{ecrBJrrJrrr B

peHrreHoncroft BblcoKorelraneparypnoft KaMepe Anton Paar HTK-2000

TIJIaTI,IHOBrIM HarpeBareJreM, noroprrfi oAHoBpeMeHHo flBrrs;rcfr AepxareneM

o6pasqa. Pa6ovar4JIHHaBoJIHbr r{3[yqeHr,rrr ]u:0,172 HM, cKopocrb Harpenao6pa:rrB

15 "Clvruu, AI{ara3oH reMrleparyp 30+1100 'C. Perlrcrpaulur peHrreHoBcKlD(

4u$parcrorpaMM rrpor{3BoAvrrracb C HCIIOJIb3OBAHI,IEM TIO3IIIILIOHHO-

qyBcrBurenbHoro oAHoKoopArlHarHoro AereKropa O!-3M-350, BpeMs oKcrro3urun

I rvru*rlKaAp. O6pa6orKa pe3yJrbrixroB ra:uepeuufi [por43BoAr4nacb c
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HcrIoJIb3oBaHHeM rlporpaMMbr Arrfl o6pa6orrra p*yJrbraroB H3Mep e:rtuit Fttyk

v.1 .3.1.

lo.nyueHHbre p$yJrbrarbr

flo peeynbraraM KaJlorecrupoBannfl. TonrqlrHa rroKpbrrvls.,:narrbrJreHHoro B

TpailvrJuonuoft pa3pflAHoft cxeue cocraBr{na 3,9 MKM, a [onyqeHHbre 3HarreHr4,

MI{Kp oTBepAocrI,I cocraBr.rJru HV : 40,9 ffla.
Tolquna [oKpbITLIt, coorBercrByrouar HarrbrJreH?rro [oKpbrrr4q B ra3o-

MeTaJrJILrrIecKoM [yqKoBo-[rla3MeHHorr,r o6pa:oBaHvrv, cocranrala 3 MKM, qTo

HecKoJIbKO ycry[aer roJrIrIHHe rroKpbrrHlr, rroJryqeHHoro B TpaAr4ur4ormofi

pa3pfl$Iofi cxeue (3,9 uxna). 3ro MolKer 6urr o6ycloueno 6olee r.rHreHcr4BHbrM

uc[apeHueM ocaxAaeMblx aroMoB B pexr4Me lI[O ro cpaBHeHprro c pexHMoM

III4HK. oAnaro Mr,rKp orBepAo crb rro Kp hrrr4q Bbrp ocna lo 47,g f lla.
I4s cpaBHeHI4lI orrleqarKon Pornenna (puc. 13) MoxrHo orMerr{Tb, HD

orcnoeHlae rloKpbITLIfl, rroJlyrleHHoro B ra3o-MeranJII4qecKoM rryqKoBoM

oopiBoBaHuv\ He HocI4T JlerlecrKonrrfi xapaKTep ua uepn{epvkr B orJrlrrrr4e or
rIoKpbITI'tfl, tloJryqeHHoro c [pLrMeHeHr4eM r4croqHnKa |II4HK. llper groM

cooTHolrreHue BHeIUHeTO AI,IaMeTpa OTCJIOeHIIIT rroKpblTr4fl K BHyrpeHHei\dy

AI,IaMerpy (orueuarxa uugeuropa) cocraBJrrer L,7, B To BpeM_,r KaK Dro

coorHolueHl4e An{ rloKpr;rrlrfl, [onyqeHHoro B TpaAr4rlr.{oHsofi pa3psAHofi cxeue,

6olrrrre rI cocraBJl xer 2,0 . KocseHHunr o6p asoM gro cBkrAerenbcrByer o ryuruefi
a4r e3krvr rro Kp brrr{r IrfIO K rroAno)KKe.
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PacyHox l3 - Xaparrepnnfi Br{A ornetrarroe pornenou 
"*p"tr us (zr+TiBSNi)N.

ronyqeHnoro c [pr.rMeHeHr4eM ]rcrorrnr.rKa IILIHK (a) z ny.moBo_rrJrirMeHHoro o6pa:onaHrax
(6).

r4a 
''pr4BeAeHa 

xapaKTepHffr 3aBlrclrMocrb c'rHarraHa pr4cyHKe

aKycrt4rlecrofi sMLIccLII{ or Harpy3ra Ia rry6r4Hbr BHeA peHLrAr4HAeHTopaB rrpoqecce

cKperq-I4cnrrranuft rloKpblrwl |II4HK, a Ha pr.rcyHKe 146 coorBercrByroqee
US O 6P AXEHI{E A O P O}KKI4 14 3 HA III I4B AH],1rfl TIP LI 3TO M I{CIIbITA HV I4.

t{$

I

l0t)

t*$

60

t$

Prceronrur, *rv

PucyHor 14 - 3aeuclzMocrb cvr*ailaarycrrltrecKofi svrraccrapr or Harpy3Kn r4 r:ry6nnrr
npoHIlKHoBeHLIt I4HAeHropa B noKpbrTae (Zr+TiB SiNi)N, noly.reHHoro c ilpr.rMeHeHlreM

I'IcrotIHvKaIII4HK (a), coornercrBylouee uso6paNeukre Aopoxffr4 r,r3Hoca rroKpbrrprt
(Zr+TiBSNi)N uocne cKperq_r4 crruraHlrx (6)
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Jlusefinnfi xap arrep 3 aBkIcLIMo crr4 rry 6unu trp o HHKHo BeHr4r r.rrrAeHrop a B

rloBepxHocrb coxparulercfl Ao Harpy3Kr,r rropqara 50 H. Ha paccrorHuu 6olee 1,5

MM or HarIaJIa [yrLt IIpoxoxAeHl4fl HHAeHTopa Haqr{Haror Srarccr,rpoBarbc{ BcrrflecKr,r

cI{rHaJroB A3, xorx rIoKpbITI{e eqe He l43Hocl4rlocb. 3ro cBl4AeTenrcrnyer o6

y[pyro-Ae0oprvlaqrroHHoM B3aI4MoAeitcrnuur{HAeHTopa c Marepr4aJroM rro6pbrrwl

z Ko f e3 Lr o HHO M Xap aKTep e elo I43 HarUI{B AlflIVrfl .

Ha pHcyHKe 15a rrpIdBeAeHa xapaKTepHar 3aBlrcr,rMocrb cr4rH€rrra

aKycrlrtqecrofi 3MI4ccI4I/t or Harpy3KI,I r4 rry6uuu BHeApeHkr.n rlHAeHTopa B rrp oqecce

cKperq-I4crlhlTaHl4fi uorpuru{ [nO, a Ha pr4cyHre 156 uso6piDKeHr,re AopoxKr.r
r43 Ha III I,IB AHUfl IIp I4 3TO M rrCfrhlTaHr4r{.

r20

r00

s0

60

40

20

0
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Ptlcerox$nr, *ur

JlIlHefinrrfi xaparcrep 3aBI4cI{MocrLr rny6vrnrr npoHr4KHoBeHr4rr r4HreHTopa B

3ro rlo4phrrl{e coxpaHtercs B[rorb Ao Harpy3Kr4 rrop{ffia 80 H. Ha paccr oflHyIff

6olee 2,5 xnv, or HaqaJI a rryrn rrpoxoxA onns lrHAeHTopa Hadlro raercq c11ar

cl4rHaJra A3. OrcnoeHue rIoKpbITI4s or rroAnoxKn Haqr,r:aaercs Ha paccrofr{rrr1

rlopj[AKa 4 uu, qro rpeBocxo44T rloKa3arenr4 rroKpbrrusflVIHK, uolyueHHoro B

TpaAl4rluonuofi pa3ptAHoft cxeue, v cBlrAerenbcrByer o nyuruefi alre3ulr c

uo.uloxxoft.
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Ha p racyme I 6 upuneAeHbl B cp aBHeH r4u AaHH're peHTreHo@a:onoro aHrurr.Ba

rlo Kp bIrLI{ (Zr+T iB SNi)N, c$op wrp oBaHHo ro B rp aArrquouno fi p a3psAHo fi cxeue
v rIoKpbITu'I 3Toro )Ke cocraBa, cQoplrupoBaHHoro B ra3o-MeraJr.[nqecKoM

ry/rIKoBo-mI€BMeHHou o6pasoBaHl4l4. BI,r4no cyqecrBeHHoe orJrr,rrr4e Qasonrx
cocTaBoB nonyqeHHblx IIoKpblTufi. B rrepByro oqepeAb, gro Kacaercr HaJrr{qrlrr B

rloKpblrk'u (zr+TlBSNi)N csoprraupoBaHHoro B pe)KrdMe rllo, 6opra4ou z
cIrJII4rII4roB rl4raHa TiBz n TiSiz, o6la4atoqrx 6onrmefi repMocrofixocr*o no
cpaBHeHHIo c HI{TpI4AaMurvraHa I'I III4pKoHI{.s. llo-nz4utuoMy, HaJrr4rrue ornx Sas
o oy cna BnuB aer r4 6 0 nr myro rrHTerp anb Hyro rB ep r ocrb B cero [o Kp brr r4.fi .

?S, rptul.
PucyHox 16 - CpannureJlbHble pe3ynbrar6r penrreno(fa3oBoro a'naJwgaroKpbrrp1s

(Zr+TiBSiNi)N' uonyve'Horo B ra3o-Merrurn,nqecKoM rryrrKoBo-rrJra3Me'Hovr o6pasoeanuu
(uzNnraft rpartur) r4 B rpaAr4rlraonnofi p*pra"oii cxeMe (nepxnufi rpa$zx).

I4sroxeHHrre BbIIIIe pe3ynbrarbr rro3BoJr{ror rroJrararb o oorrruefi
s00exrunHocru Hosoft cxeMbr cr4Hre3a rroKpbrrr,ur (Zr+TiBSiNi)N B ra3o-
MeraJInI/FrecKoM [yqKoBo-rIna3MeHHOM O6pasonarmu rro cpaBHeHr,rn c
TpaAI4IIuoHnoft cxenaofi reHepaIII4LI ra3o-MeraJlJrrlqecxofi 11nas1a5r. llorpbrr'e ororo
cocraBa AononHI4reJIbHo 6rrno uccneAoBaHo MeroAoM peHTreHoBcKofi az$paraA,uz
c IIpLIMeHeHLIeM clllxporpoHHolo LrcnyqeHuq npl4 HaIpeBe B arrraocsepe Bo3ArXa.

nccneAosaHue [oKa3ano, qro 3aMerHbre Sasorue rrpeBparqe :uvr;_BOToM rroppbrrr4rd

HaqHHalorct npl4 TeMrleparype 6onee 750"C, B qacrHocrn o6pa:oBaHr4r4 oKcuAa

III4pKoHI4t ZrO2. B qelou sro cBllAerexbcrByer o nrrcorcofi repMocroftrocg

-{ZF}TiASi:,it}N 
nEo**- (e*Ti8si\ilN FFlil{

S *on

S {$0

! t$0

ro ry q eHHo ro MHo ro KoMrroHeHrHo ro ro Kp bnr4fl (Zr+TiB SiNi)N (p nc. | 7 ).
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TEMTICPAryPA 3NEKTPOHOB B TA3O-MCTAJIJII4IIECKOM N[IO,
B rronoM KaroAe HecaMocro-rrre.rrbHoro rnerouero pa3pflAa,

1,5 pasa BrIIIIe, rreM B cxeMe reHepaur{r4 ra3o-MeraJlnr/FrecKoro

IrrIa3MeHHoro o6pa3oBaHl4.l, SoptrupyeMoro B rparaqvoHHofipa3pflAHofi cxeMe rrzl

o cHo Be Ayro BbIX p a3pf Ao B Hr43 Ko ro AaBJreHr/rs c rro Jr brM aHo,rlo M.

3. CoslaHHbtrZ reHeparop ra3o-MeraJrJr?rqecKux lIlIO, o6ecueqraBarortrtr;

QopnaupoBaHl4e ra3o-MertulJlr{qecKr,rx lI[O c o6ulefi KoHrIeHrp a\ueimapflxeHHbx
qacrl{Il'= 10 17 M-3 B Al4ara3oHe AaBneHl/tfi (0,2-l) lla o6ecrreqrrBaer yrpaBrrreMbtrl

cr4HTe3 HurprrlHbrx rroKpbrruir cLrcreMbr (Zr+TiBSiNi)N ra rorvqeHr4e B HrlD(

TBepAbIX Sae 6opu.{oB I4 ckrnkrllul.oB Tr4TaHa TiBz u TiSiz, o6ecue.ruBarourx

PucyHorc 17 - [aunr,re peHTreHo$a:onoro aHuuru3aB pexr,rMe <in-situ.
Hay'rHsre floJro)KeHufl, ceopnny;rupoBaHHbre Ha ocHoBe pe3yJrbramB

HCCJreAoBaHtrfl

1' CreueHb HeoAHopoAHocrla rloroKa proHoB Bo BpeMenz, 6ou6aprurpyrorwD(

rloBepxHocrb Marepl4arloB I{ I'I3Aenufi n upoqecce cI4HTe3a rroKpbrrr,rfi, ocax.{aeprbD(

MeroAoM BaKyyMHO-AyroBoro [rra3MeHHO-aCCrrCTr{poBaHHoro HarrbrneHr4, B ra3o-
MeTaJIJII{[IecKOM IIIIO' IeHepI4pyeMbM B IIOJIOM KaToAe HeCaMocTo.sTenbHoro

rneroqero pa3p{Aa, Ha =15 ilporleHToB, Hr.DKe, qeM B rpa1w\voHHofi cxeMe

feHepaqlrl{ ra3o-MeraJIrII4HeCKI'tX rrJra3MeHHUX O6paSonarufi Ha ocHoBe AyroBbD(

pa3ptAoB HII3KOTO AaBneHr{r c rroJrbrM aHoAoM, r{TO rIpr4BoAuT K CO3AaHr4ro ycJlosr4tl

rlporHo3l4pyeMoro I{ Bocilpol43BoAr4Moro crrHTe3a rpe6yerrarrx Sas B rroKpbrrLru.

2. Cpe4uar-

reHepr4pyeMbrM

3HaqI4TeJIbHO, B

BbrcoKyro TBep AOCTb Bcero rroKp brTr4r.
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06 o cno na H He A o cro Bep Hocrr{ ,,oryqeH H brx p e3yJr braro B

{ocronepHocrb roryqeHHbrx p$ynbraroB noArBepxAaercs
BOCIIporr3BoAr4MOCT'bIO pe3yJlbraroB, r4CrIOJrb3OBaHrreM na4€xHrrx Merorrd{
LI3MepeHI4{, I4C[IOJIb3OBaHI4eM [oBepeHHoro o6opy4oBaHvrs. pe:ymrarbr

npIEneIeuHbIX I4ccne4onanufi HaxoAflTcfl B corJra cnvrco cxolrr,rMr4 AaHr{brMu Apyrr4K
aBTOpOB.

o6ocHonaHue HoBr.r3Hbr Lr uayunofi rIeHHocrH pe3yJrbraroB
uccJreA o BaHr{fl u HayqHbrx rroJror( euuit

Pa:pa6oraH LI 3arryqeH B 3Kcrrflyararlr4ro gKcnepr4MeHTaJrbHbrft creug 4151

reHep aqrru ra3 o -M eraJur [qecKr,rx flyrl Ko B o _nJra3MeHHhrx o 6p a: on aunfi .

lloxasaHo' qro cl4creMa Ant reHep aryv ra3o-MeraJrJrr4qecKax [yrrKoBo-
rulasMeHHux o6pa:onanufi B HecaMocroflTeJrbHoM TJrerouleM pa3p.rrAe c rroJrbry

KaroAoM, B Korop ofi 4lr cra6ulrsoro rop e HLrfl HecaMocrosreJrbHoro rnerouero
pa3psAa I{clonb3oBaJlacb AorlonHr4TeJrbHarr HrDKeKrIr4f 3JTeKTpOHOB t43 frJr€t3Mbr

HecaMocrotrenbHoro AyroBoro pa3pflAa c HaKaJreHHbrM t4 froJrbrM KaroAoM,

xapaKTepl'Byercs rloBblureHHofi reruleparypofi elerrpoHoB Lr 6olee n?rsrcofi

crelleHblo He0IHOpOAHOCTI{ no cpaBHeHr4ro C rpaAr4rll,rouuofi cxerraofi reHepa4,M

TA3 O -METAJI JII4IICCKIIX TIJI A3 MCHHUX O 6P A: ON ArrUfi C rIO JI bIM AHO N O M .

CneAeHuq o6 ouy6nuxoBaHr.r[ p$yJrbraroB r{ccJreAoB a;617fl B

p erleH3[rpyeMbrx Hayq Hbrx )Kyp HaJrax
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