
6- 2 0 XAPhKOBCKHH OP ~EHA JIEHHHA 
IlOJIHTEXHHqECKHH HHCTHTYT 

HM . 8.H.JIEHHHA 

BAJIAJlhIKHH 
HuKoJiaH Haattoauq 

9-80-7 4 

BOilPOChl C03~AHHH H HCCJIE~OBAHHH 
PABoqEro CJIOH 

CBEPXnPOBO~Hmttx PE30HATOPOB 
8 BH~E IlJIEHOK CBEPXIlPOBO~HHKOB 

BTOPoro PO~A 

Cnel\HaJibHOCTb 0 I . 04. 07 - q>H3HKa TBepAOI'O Te JI a 

ABTOpe¢epaT AHCCepTaUHH Ha COHCK8HHe yqeffoA CTeneHH 

KBHAHAaTa ¢H3HKO-M8TeMaTHqecKHX HayK 

ny6Ha 1980 



Pa6oTa Bl1IIOJIHeHa .B OT,neJie HOBHX M8TO.D;OB ycKopeHHJI 
O6'!,e~HeHHOrO liHCTliTYTa JI,nepHllX HCCJI8.D;OB8Hllll 

HaY'JHlle PYKOBO~TeJIH: 

0ipllllH8JlbH118 OllllOH8HTll! 

Be,Jzy1I1ee npe,nupi,mTHe: 

.D;OKTOP ~ll8llRO-MaTeMaTHlleCKHX H8YK 
CapaHUeB B.IT. 

m:iH~,naT qlll8HKO-M8T8M8TI1tleCirnX HayR 

Py6HH H.B. 

.D;OKTOP qJll8HKO-MaTeMaTHlleCKHX H8YK, 
npoqieccop IlaJiaTHHK i.e. 
.D;OKTOP qJH8llKO-MaTeMaTHlleCRHX H8YK 

KOMHHK IO.II>. 
HaY1IHo-11ccJie,nonaTem,cKHfi HHCTHTYT 

' 3R8KTPOcpH3HtI8CKOH annapaTypI:J . 
MM. l.B. EqipeMoBa, IleHHHrpa~ 

SamnTa COCTOHTCJI "_" ----- !980 r. B· _____ llaCOB 

Ha sace,naHHH cnellH8Jlll8HPOB8HHOro COBeTa K068.39.02 npH 

XapblWBOKOM llOJIHTeXHHtieCI{OM HHCTHTyTe HMeHH · B.11. ]eHHHa 

(3!0002, - XapbKOB, yJi. iJipyH3e, 2!). 

C ,nnccepTall1,1ei1 MOlKHO O8HaROMHTbCJI B 6H6JIHOTeKe HHCTHTYTa. 

ABTopeqiepa-r pasocJiaH " 

Y1IeHlli1 ceKpeTapb 
· Cll8li1,18JIH8HPOB8HHOro COBeTa 

" ____ !980 r. 

CoROJI A.A. 

l 

l 
l 

j 

O6maa xapaKTepHCTHKB pa60Tll 

,ILHccepTBilHJI llOCBSlllteHa BOllpOCaM OO8.D;BHHH pa6o-qefi IIOBepxHOCTH 
CBepxnpoBO.Itflll\HX pesOHBTOPOB (CITP) M6TO.D;3M11 BaeyyMHott llJl8HOtIBOH 

T6XHOJIOrHH • .I{Jvl perueHHJl 8THX nonpocoB 6Wl paspa6oTaH, OO8.D;BH H 

BBe,neH B 8RCIIJIYaTallHD KOMllJI8KC TBXHOJIOrHlleCKoro H HCCJie,nonaTeJib

CKoro o6opy,noBBHHR. 
Ha CBepx'BUCOKOBaeyyMHofi YCTBHOBKB .IVJJI HBHeceHHH CBepxnpOBOW!

IIUIX llJIBHOK 6wia OTpa6oTaHa T8XHOJIOrHR IIOJIY'l8HHH HIIO6HeBUX H HH0-

6Jm-THT8HOBUX (c 88.D;BHHUM COOTHorueHIIBM KOMllOHBHTOB) KOH.D;eHCBTOB 
onpe,neJieBHOH TOJIIIUIHU Ha llO,nJIOJUtax CJIOlltHOH reoMBTPH'i8CKOH qJOpMU 
IIJIOIIIB.ll;I,D .no 0,25 ti-. MaTep11aJ1 llO,nJIOXKH - MeTaJlJlll ]{ HBM8T8JIJIU • 

Ha KBMepe pacceRHJIH npoBO,nHJICH BHBJIHB 8Jl8MBHTHOro COCT8BB no

JIY'JBBMllX KOH.D;BHCBTOB MBTO.D;OM ynpyroro pacceHHHJI ll8CTHQ 8He • 
11ccJie,noBaHK8 88BXCli!MOCTH 8Jl8MBHTHOro COCTBBB, q8BOBOro COCTB

Ba 11 CBepxnpoBO,Itlillli(X xapaKTepHCTKK KOH.D;BHCBTOB OT ~8HKO-TeXHO
JIOrHlleCKJIX ycJIOBHfi HX IIOJIY'l6HIIH llOSBOJ1JIJIO OTJla,nHTI, T8XHOJlOrHD 
HaHeCeHU llJieHOK HHO6U H H1106Hfi-THT8H8 Ha llO,nJIOlltKH HS MeTaJIJia 
II HeMeTBJIJIB co cBepxnpoBOWIIIITilMH xapaKTepHCTKKBMH Ha ypoBHe JIY'l
IDKX XBPBKTepHCTHK COOTB6TCTBYDU\HX MBCCHBHUX MBTepHaJIOB Ha IIOCTO
HHHOM TOKe H .D;OCTBTO'IHO MBJIUM IIOBepXHOCTHUM COilpOTIIBJleHHeM BB 
nepeMeHHOM BUCOKOllBCTOTHOM TOKe. 

B pesyJibTBTe c IIOMOUU,D paspa6oTaHHofi TeXHOJIOrHH COS.D;BDTCH 
CITP UHJIHH.D;PHtIBCKOro THllB HB llBCTOTY 500 MI'Q µa MB,nHOH OCHOBB C 
pa6otiell IIOBepxHOCTbD B BH,ne IIJlBHKH HHO6.HR H.Jlll HHO6HH-THTaHa 
pasJllltIHOro COCTBBB ,nJIJI BKCilepl!MeHTOB Ha npOTOTHlle YCKOpslDlllett 
ce:KUHH KOJIJieKTHBHoro YCKOPHTeJIR II HHO6HeBUe TOHKOilJIBHOtIHUe CITP 
Ha cani_pllpoBott OCHOBe ,nJIJI HCIIOJlbSOBBHHH HX B OO3.D;BHIIH BUCOKOCTB-

6JIJII,HUX reHepaTOPOB. 

AKTYBJlbHOCTI, npo6JieMU 

Paspa6oTK8 MeTo,na cos,naHJ!Jl CITP C pa6OtIHM CJIOeM B BK,ne IIJleHKJI 

,nHKTOBBJl~CI, B nepByD Otiepe.D;I, BKTYBJibHOCTbD npo6JieM, pemeHK8 KO
Top~npe,nuoJiaraeT HCllOJlbBOBBHlle.CITP. 

I. B npOTOTHll8 KPIOreHHOtt BUCOKOtIBCTOTHOtt YCKOpsIIJlllett C8KQIIII 
KOJIJleKTIIBHOro YCKOPHTeJIH XOHOB CITP npe,nH83H8tI8HU ,nJIJI YCKopeHU 
BJlBKTPOH-HOHHUX cryCTKOB. 11,nea KOJIJl8KTHBHOro MeTo,na COCTOXT B 
TOM, tITO.K8Jl,IU:l:tt KOH, y,nepiuBaeMW1 KYJIOHOBCRJIMll.CHJlaMH BHYTPX 
BJI8KTpOHHOro cryCTKa K ycxopaewdt BM8CTe C HHM, ~onxea 
np1O6peTBTb aHeprxD 60JibmyD, ~eM JIIJ6ott BS 8Jl8KTPOHOB BO CTOJlI,KO 
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pas I BO CKOJlbKO pas Macca IIOKO/l HOHa do;u,me "s{MleKTHBHoi-i" MaCCH 
IlOKO/l SJieKTPOHa! 

2. IlpOBBA8HHe TOtffiHX pa,nHO(!IHSHqecKHX HSMepeHHi-i TpedyeT COSAa
HHH BHCOKOCTadHJlbHHX HCTOqllHKOB CB1I CHrHaJIOB. reHepaTOPH, CTadH

JIHSHPOBamme Cill', CTaHOBHTCH KOHKypeHTOCIIOC06Hmm C KBaHTOBH
MH CTaHAapTaMH qacTOTH. 0AHHM HS IlYT8li cymeCTB8HHOro YAytJIJ.leHHH 
CTadHJibHOCTH STHX reHepaTOPOB HBJlll8TCH MCilOJll,SOBaHHe HH06HeBHX 
TOHKOIIJieHoqHHX Cill' Ha canqiHponoil OCHOBe. 

Uem, H saAaqH HccJieAoBaHHH 
Uem,10 HCCJieAoBaHHii HBJISlJIOCb cOSAaHHe cBepxnpoBowr~x CB~ pe

soHaTopoB C padoqHM CJIOeM B BHA8 IIJieHKH AJIS1 IlPHM8H8HIDI HX B yc
KOPHT8JlbHOll .II ~SMepnTeJibHOll odJiaCT.flX T8XHHKH. 

B SaAaqH BXO,nHJIO: 

I. PaspadOTKa, COSA8HHe H BB8A8HH8 B BKCIIJIY8Taqn10 BaKyytlHOll 
YCT8HOBKH AJISi H8H8C8HH.fl CBepxnpOBOWI~X IlJI8HOK HH06H.fl H IIJI8HOI{ 
Ha OCHOBe IIHOdll.fl. 

2. PemeHHe BOilpOCOB no~eHHH IIJieHOK onpeAeJI8HHoro COCTaBa H 
S8AaHHOli TOJlllUIHhl Ha npHeMHOll IlOBepxHOCTH IlJIO~AbI0~0,25 r.l
CJIOJKHOfi qiopMH co cTaT:aqecKHMH cBepxnpoBo,wIIIUIMH xapaKTepncTHKaMH, 
COOTB8TCTB~H M8CCHBHllM'M8TepHaJiaM. 

3. Paspa60TK8, COSA8HHe H BB8AeHH8 B SKCIIJIYaTaUHIO YCT8HOBKH 
AJISl 8H8JIHS8 SJieMeHTHOro COCT8Ba IlJieHOK H IlOBepxHOCTei-i TB8PAOro 
TeJia MeTOAOM yupyroro paccenHHH qacTHll sHe. 

4. PaspadOTKa H COSA8HH8 3Jl8KTPOHHO-JiyqeBoa nylllKH ,IVIR caapKH 
CThlK8 CBepxnpoBowrmero pesonaTopa H 0Tp860TK8 T8XHOJIOrHH CB8PKH 
CTHK8. 

5. HcCJI8AOB8HH8 T8XHOJIOrH'l'.eCKOll npHMOHI!MOCTH paspadoTaHHOro 
SJI8KTPOHHO-IIJiasMeHHOro HCil8pHTeJlR:. 

6. HcCJI8AOB8HH8 qasoBoro H SJI8M8HTHOro COCTaBa Il~88MHX 
IIJieHOK HH06HH H HH06Hil-THTana. 

?. HcCJI8AOB8HH8 MaKPOH8Ilpilllt8HHil B CHCTeMe "nJieHKa - J.18,I\Haa 
IIO,I\JIOlltKa" • 

a. l1cCJI8AOB8HH8 CT8Tl!TI8CitHX CBepxnpOBOWl!JlHX xapaKTepHCTHK 

IlJI8HOK HH06M H HH06Hll-THT8H8 H IlPHPO.IUI OCJI,8MHOH CHJW IlHHHHHra. 
9. UCCJI8AOBaHHe IlOBepxHOCTHoro HMile,I\aHCa IIJieHOK HHO(llrn. 

·, .. IO. HcCJI8AOBaHHe IlOBepXHOCTHoro COilPOTHBJieHilH IlJl8HOK HH06Hi!
THT8Ha. 

II. Paspa60TK8 TeXHOJIOrHqecKoro npouecca KSrOTOBJI8HHH CBepx
npOBO,ltlllllero pa6oqero CJIO/l CB1! pesoHaTopoB. 

2 

'! 

l. 

. Hay-email HOBHSHa H SHatJHMOCTb 

I. BnepBHe paspa6oTaH MeTOA COSABHHR Cill' c pa6oqru~ cJIOeM B 

BHA8 IIJieHIUI CBepxnpoBOAHHK8 BTOporo POAa Ha IlOAJ!OlKK8X HS MeTaJI
JIOB H HeMeTaJIJIOB. TaKHe Cill',B OTJIHtJHe OT Cill', BillIOJllleHHHX HS 

MaCCHBHHX MaTepH8JlOB, He IlOAB8pJ!t8HH HBJI8HHIO TepuouarHHTIIOro 
npo60/l, KOTOpoe npeIIHTCTByeT AOCTIDK8HHIO npneMJieMOH A06pOTHOCTl! 

Ha BHCOKOM ypoBHe MOmHOCTH. 
2. PaspadoTaHa MeTOAHita aHaJIHsa SJieMeHTHoro COCTaBa IIJieHOI{ H 

noBepXHOCTei-i HH06H.fl H HH06ni-i-THT8H8 TOJI~Hoi-i AO ?,5 MKM,OCHOBaH

HaH Ha ynpyroM pacceHHHH qacTHU 8He • 
3. IfocJieAOBaHa IlpHpOAS 06!,eMHoii CHJlhl IlHHIIHHra B m106ni-i-THTa

HOBWC IIJI8HK8X pasJIHtffioro COCT8Ba. STO Il03BQJIHJIO HaMeTHTb IIYTll 
AaJibHeilmero IlOBlIDl8HHH BeJIHqHHH KpHTHqecKoil IlJIOTHOCTH TOKa B 

IlJI8HKax HS T8KOro CIIJI~Ba AO SHaqemm jK;;: 106 A•CM-2 • IlJieHKH C 

YK838HHHM SHatJeHHeM /k MOryT 6HTb HCilOJlbSOB8HH IIPH COSAaHHH CIIP 1 

npeAttasHaqeHHHX AJISI pa60TH Bo BHemHeM MarHHTHoM noJie He>H,.,,. 
4. BnepBHe 3KCil8pHMeHT8JlbHO llCCJI8AOBaH IlOBepXHOCTHult HMIIe

A8HC CBepxnpoBOWlll\llX IIJI8HOK HH06HH. PesyJibTaTU HCCJieAOB8HWI 
. xopomo corJIBCYIOTCH C TeopeTHqecKHMH pacqeTaMH no MOAeJIH MaTTH

ca-EapAffH8. 
5. B pesyJibT8Te npoBeAeHHUX HCCJie~oBaHHil S8BHCHMOCTH COCT8B8 

IIJI8HOK (ipasoBoro ll SJieMeHTHoro), npoqHOCTHHX H BAresHOHHHX . 

CBOHCTB KOHAeHcaToB, HX cBepxnpoBowrmicx xapaKTepHCTHK OT ~HSHKO
TeXHoJiorHqecKHX YCJIOBHH npenapHpOB8HH.fl, a TalQlte npoHSBeA8HHOro 
TeopeTHqecKoro pacqeTa pacnpe~eJieHHIT KOHAeHcaTa Ha Bpa~romeilcH 

IIOBepXHOCTH I paCIIOJIOllt8HHOR 8ICCI.l8HTPHtJHO 'OCH HcnapHT8JlbHOro 6JIO
Ka, paspa6oTaH, COSA8H H BBeAeH B SKCIIJIY8T8QHIO KOMIIJieKC T8XHOJIO
rHqecKoro H HCCJI8AOB8T8JlbCKOro 060PYAOBaHHH: 

a) CBepxBHCOKOB8KYY1!H8H YCT8HOBK8 AJIS1 H8Hecemm O,IUIO- H MHO
roKOMIIOHeHTHHX IlJieHOK paSJIHqffHX M8TepH8JIOB C IlOJieSHHM OCJI,eMOM 
B8KYY1!HOil K8M8pH ~I M3; 

6) 3Jl8KTPOHHO-JiyqeBM nymKa AJISi CBapKH CThlK8 Cill'; 
B) 'ycT8HOBK8 AJISi 8H8JIH88 SJieMeHTHOro COCT8B8 IlJI8HOK H IIOBepx

HOCTett TBepAOrO TeJia MeTOAOM ynpyroro pacceHHHH qacTHll 8He C 
sHeprHeil E0 = 1+4,3 MsB. 

IlpaKTHqecKaH ueHHOCTL 

Paspa6oT8HHlrll, COSASHHHH H BB8A8HHHH B 8KCilJIY8T8Illl!O KOMIIJI8Itc 
TeXHOJIOrHqecKoro H HCCJI8AOB8T8JlbCKOrO odOPYAOBaHHH, 8 T8Kllt8 
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npoBe~eHHHe HCCJ18~0B8HRR no3BOM!OT C03~8B8Tb CIIP Ha paaJIH'IHOH 
OCHOBe C pa60'IHM CJ108M B BH~e nJieHKH. Coa~aHH TOHKOnJICHO'lHUe HH-
06HeBHC peaoHaTopu Ha canqillpOBOli OCHOBe (KOMIIJ18ltT 113 ~Byx H~eH
TH'lHHX CIIP c ~o6pOTHOCTb!O fl.o = 2 • 108 npll T = 2K) • Ha OCHOBe 
3THX peaoHaTOPOB B MI'Y IIIM. M.B.JIOMOHOCOBa C03~8H BUCOKOCTa6HJlb
Hllli 3a~a10m,1il BHCOKO'laCTOTHHH reHepaToi/101. 

Be,ItYTCR pa60TU no coa~aHH!O CIIP C HH06HeBofi H HH06HH-THT8HOBOH 
nJieHKofi Ha Me~oU ocHOBe ( f O = 500 MI'u) c ueJibIO 11cnoJ1b30BaHHR 
HX B KOJlJICKTHBHOM YCIWPRT8J18 OHMY Ol1filI. 

Pe3yJibTaTH HCCJ18~0B8HHfi no TeMe ~aHHofi pa60TH HalllJlH OTp8EeHHC 
B I9 ny6JIHK8I.UUIX D H8y'!JHHX OTe'leCTB8HHb!X H 3apyc5elltHHX Ey-pHaJiax. 

JJ,eCSlTb H3 HllX COCT8BHJUI OCHOBY ~ccepT8UHH. MaTep:aaJIH ~HccepTa
IµIH o6c~eHH B OT~eJie HOBblX MeTO~OB YCKOpeHHR 06~eMHCHHoro HH
CTHTyTa R~epHHX HCCJ18~0B8HHfi, 

Ilpe~Bapl!TeJ!bHM 38.lllHTa ~llCCepTa.I.WH npoB~eHa Ha COBMeCTHOM 
aac~am.m Kaql~pu M8TaJIJIOqJR3llRll ll Kaq;e~pH TeopeTI!'leCKofi 11 3KCITepl1-
lv!eHTaJlbHOfi g)l13llRll XapbKOBCKOro IIOJlliT8XHll'l8CI{OrO llHCTHTyTa HM, 
B.ll.JieH11Ha. 

CTPYKTYP8 ~HccepT8IµIH 

.niiccepTaIIHR COCTOHT H3 BBe~eHHR, tJeTupex rJiaB, 38KJI.JO!ICHHR, 
~Byx npllJIOECHHH H CllllCK8 JlHTepaTYPU. O~eM pa60TU 153 CTpaHHUU: 
M8111HHOm1cHHH T8KCT Ha !05 CTpamu:inx; 53 PHCyHKa • I6 Ta6JIHij Ha 
48 CTPBHHijax; cn.11coK JlHTepaTypu 113 90 Ha.llMeHOBaHUfi Ha 7 CTpaHH-

11ax. 
KpaTKOe H3JIOE8HHC ~ccepTaijRH 

Bo BBeneHHH ~aHa o6maH IlOCT8HOBKa npo6JICMU C03~8HHR TOHKOnJie
HO'IHOro pa6otJero CJIOH. CIIP 1m cBepxnpoBO~HKOB BToporo po~a, Ha
MetJeHu IlYTH ee pemeHBfl H KPaTKO H3JIOlKCHU peayJlbTaTH HCCJ18~0Ba~ 
HHfi H 3KCnep11M8HTOB. 

B nepBofi rJiaBe npHBe~eH 8H8JlH3 COBpeMeHHoro COCTOH.lll.U:I Bonpoca 
C03~HHR CIIP. 

O~ofi .113 OCHOBHHX 3Jl8KTP0<1JH3H'l8CKHX xapaKTepHCTHK CIIP flBJlfleT
CR noBepxHOCTHoe conpoTHBJieHHe Rs . B cooTBeTcTBHH c Teop11eil 
EWII TeMIIepaTypHaJI H 'laCTOTH8R aaBHCl!MOCTb Rs Ha 'l8CTOTaX, np11 

KOTOPHX 3HeprHR liw MeHbWe :mepreTJl'lCCKOfi meJll{ 2A' JI npn TeMIIe
paTypax T< 0,5 TK ~aeTcR cJie.llYJ(lllll™ BupaJKemteM 

Rs co ~.._exp (-K!rJ, 2iJe K =-f.7-f2. 
B 3KCil8pHMeHTax TaKaR aaBHCHMOCTb Ha6JIIO~aeTCH ~o TeMIIepaTyp 

BHlllC I,5K. llill!te 3T0li TeMnepaTypH CYJ!18CTBY8T OCTaTO'IHOe conpOTDB-
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Jl8Hll8 /? o , ItOTOpoe npaKTll'l8CKH He aaBllCI!T OT Ter.mepaTypH, a na
MepeHHOe noBepxHOCTHoe conpOTllBJl8Hll8 BHp8Jlt88TCR CJ10.llYJ()InllM oc5pa30M: 

Rs (7'/ = RGkUJ (Tl + Ro. 
CaMHMH Hll3KHMI! 3H8'l8HH.!IMI! OCT8TO'lHOro conpoTHBJ18HHR, KOTopue 

6HJIH ~ocTHrHyTu Ha H1106nn np11 T ¥ I,2+I,5K B ycJIOB.HJIX aKpaHn
poBKH, HBMJOTCR 3Ha'leHllR R0 ::l:! 0,5~2,0xI□9 OM. IlpI!Be~eHHHe aHatJe
HllSl peKOP.IlHH H :rpy,nHO BOCnpon:3BO,IUl1!1,1. Ilpa.KT:llqecKn 3Haqe-

'leHlle BeJlllqllHH OCT8TO'IHOro conpoTllBJl8HllR BHllle npnMepno Ha nopMOK. 
Ilpll H8Jlll'lllH 60JlbWHX BHCOKO'l8CTOTHHX MarHHTHHX llOJiell 3HepreTll

'IJ8CK8R meJib YM8HbW88TCR, a rJiyc5nHa npOHHKHOB8HHR B03pa~TaeT, 'ITO 
Be~eT K yneJIHtteHllB> ~s . HcnoJlb3YH :reop1rn I'lmaelypra-JiaH~ay, XaJib-
6pn:r:rep noKasaJI, ttTo npH i = I,85K ll B8 .,=B1e .nM Hno6m1 
Rs {8.t-~R.s(OJ=3,3; r}{e · 8,_ - TepMO,IU!HaMHttecKoe KpnT.ntJec1coe noJie. 

Ha npaKT.llKe npn H3rOTOBJ18Hll.ll CIIP HS M8CCHBHHX KYCKOB (Jll!CTOB) 
CBepxnpoB0.14HHK8 npn ~OCTHX8HHH M8I'HHTHOll COCTaBJIH10mett Bq llOJlJI He
KOToporo KPHTH'!ecKoro sHa'leHHR B:".:f: Bk HacTynaeT TeJ)MoMarHHTHLtR 
npoelott, o6yCJIOBJieHHHH llJIOXOil TenJionpoBO~OCTb!O CT8HOK CIIP. 

CoBpeMeHHOe COCTOH.HHe pac5oT no C03~8HHIO CIIP 113 M8CCHBHHX M8Te
Pll8JIOB B llCCJ18~0B8T8JlbCKUX: UeHTpax B CCCP H 3a pyc5el!COM IIOKa3HBae:r ,. 
'ITO, H8CMOTps! Ha npeO'AOJleHHHe TpY~OCTll nsrOTOBJI8HHH CIIP ll coxpa
HeHHR HX BHCOKHX pa60'lllX xapaKT8PHCTHK, RBJ18Hlle TepMOMarHHTHOro 
npo6oa orpaHH'lllBaeT npHMeHeHlle T8KHX CIIP ,nJlfl llOJly'!J8HllR TpeelyeMWC 
Hanpmt8HHOCT8li 3Jl8KTpll'l8CKOro noM. CJie,ItYeT T8Kllt8 OTM8TllTb, 'ITO 
,nJll1 OCBOeHHOfi T8XHOJIOrllll ll3rOTOBJl8HM CIIP ll3 M8CCllBHOrO KYCKa 
CBepxnpoBO~HKa I!M88TCR PM orpaHI!'leHHil, rJiaBHHMH ll3 KO'.t'OPHX HB

MIOTCH: orpaHnqeHlle no pa60'l8MY ,IUl8ll830HY (pe8.JlbHO - He MeHee 4r~) 
113-38 pesKoro yBeJIH'IJeHHR paaMepoB pesoHaTopa; H88KOHOMll'IHOCTb -
- o~eM OTXO~OB OKOJIO 75%. , 

llepcneKTHBHHM npe'ACT8BJlfl8TCR llCnOJlb80B8HHe CBepxnpoBO~llROB 
ll POM B BH~e llJ18HOK, HBHeceHHHX HB no,IVIOJltKH C BliCORott TenJionpo
BO,ll,HOCTblO. KpOMe Toro, B HeROTOPHX oclJIBCTHX CBTl-TexHHKH Wl,11 003-
~BHHR CIIP TPeelyeTCH npHMeHeHne CBepxnpOBO~HR8 TOJlbKO B-B~e llJieH
KH. Hanp1™ep, CIIP Ha can~HPOBOil OCHOBe Wl,11 C03~8HM BHCOROCTa; 
ClllJibHoro sa~BD!lero reHepaTopa. 

Bo BTopon I'Jl8B8 llpHBO,IUITCJI OllllCBHHe pa3p860TBHHOro H C03~8HHO
ro T8XHOJlOrH'!JeCROro H HCCJle~OB8T8Jll,CROro oelopy~OBaHM, 8 T8IOlt8 
pesyJlbTBTH,npoBe~eHHHX B CBmlH C BTHM HCCJle~oBaHHtt. 

YCTBHOBKa Wl,11 H8H808HllR CBepxIIpOBO)tflmHX nJ18HOR /I/ COCTOHT HB: 
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I) Ba:KYYMHoil KaMepu ~6'beMoM NI M3 , BIDioJIHeHHoil 113 HepiKaBeDmeil 
CTaJ!ll; 2) CHCTeMH 0C3M8CJllIHOll OTK8'<ffil1, BKJil()tJaIDmeil OJIOK ueoJll!TO
Bl:DC HacoCOB, SJieKTpopa3p!I.I(Hl:lll Hacoc HOP.U-250 H THT8HOBl:lll KpllO
cy6~aUHOHHl:lli Hacoc; 3) HcnapHTeJlbHOro OJIOKa, BKJll()tJ8Bllllero qeTl:l
pe aBTOHOMHl:DC SJieKTpOHHO-nm3MeHHl:DC (3II) HcnapllTeJllI; 4) sneKTPOH
Ho-nyqeBoft IIYJDKl1 W1J1 CBapKl1 CTl:lKa CITP; 5) CHCTeM SJieKTpOilHTaHHH, 
ynpaBJieHllH, CHrH8JlH3aijHH, OJIOitliPODKH H KOHTpoJllI; 6) CllCTeM Ma
rllCTpanefi - ra3oBoil, Bo.n;ooXJiaimeHHH, l!UI)U{oro a3oTa. 

Pa3Mepu Ba1cyyMHoil KaMepu no3BOJllIBlT onep11poBaTb c pe30HaT0Ra
MH CJ3iI .n;H8Il830Ha BnJIOTb .D;O 500 MI'ij (IIJIOmB.IU> IIOMOJKKllN 0,25 ~). 
Pa6oq11fi BaKY'JM ne xyxe 6,6•I0-6 Ila (5.r□-8 MM.pT.CT.). OCHOBHl:lM 
KOMilOHeHTOM OCTBTO"Il!UX ra30:S HBJllleTCH aproH. arr HcnapnTeJlll II03-
BOJllIBlT IIOJ1~8Tb O.D;HO - H MHOrOKOMilOHe!ITHl:le nneHKH pa3nli1IHl:DC sne
MeHTOB Ha no.MOJKKBX H3 MeTBMOB H neMeTUMOB • .]L7uI HCCJie.D;OBaTeJI~ 
cKnx qeneii oun11 no~eHl:l nnemru /'Id, Ta , Mo , il , ~'l , U, 
w, j{/T,·, lltfi!t • /t/~Sn H .D;P. IlpH pacIIOJIOJKeHHH no.MOEKll Ha Bl:lCO
Te I50 MM CKOPOCTb KOH.n;eHCBIIHH HH0011Hf BOJlb{fillaMa )l;OCTHraeT 3Ha-
qeHHH 800 A•MHH-1; THTaHa 4000 A•Ml1H- • · 

1Ipo113Be.n;eH pacqeT xapaKTepa pacnpe.n;eneHIDIKoH,neHcaTa Ha Bpa
maDmeilcH noBepXHOCTH OOJlblllOil nnoma.n;H, pacnoJioxeHHOll SKCijeHTjl.lflIIIO 
OCH ucnapHTeJllI. IlonyqeHo CJie.n;yBllllee ~l:lpaJ!teHlle ,wJJl KOS®)m:!HeHTa 
pacnpe.n;eJieHHH 

_fl._ I+ ( ?'o/ul+ ( Z/H t 
1-Q0 -[{f+('l°/4}2+ (lfH)2j2-(-~Z)2)31 , r.ne 

{/ - KOJllllieCTBO KOH.n;eHcaTa Ha 8.n;HHH"Il!Oll nJioma)U{e 38 nep110.n; 
oopameHHa no.n.nOl!tKll; 

\ 

Qo- KOJIHlieCTBO KOH.D;eHCaTa Ha e.n;HHHliHOll nJioma)U{e npu HellO.n;BIDK
HOil nO.MOXKe; 

lo - paccTOHHlle Mex.D;Y OCblO BpameHHH nO.MOl!tKll H OCbBl ucnapHTeJllI; 
l - T8KYlllllil pa,ll;llyc; 
H - Bl:lCOTa pacnoJIOJKeHHH I!JIOCKOCTH no.MOJKitu OT nJiocKocTH :11cnap11-

TeJJJI • 
PacnonoxeHl'!e Bpama!OllleilcH npHeMHoil noBepXHocTH corJiacHo npOH3Be
.n;eHHOMY pacqeTy 8KCij8HTp.lflIHO OTHOCHT8JlbHO OCll OJIOKa arr 11crrapHTe
J1efi H KOHTPOJlb pacqeTHl:lX PEllillMOB 11cnapeH11H I!03BOJlllJ!ll ,ll;OCTHrHYTb 
Y.D;OBJ18TBOPHTeJlbHOll paBHOM8PHOCTH pacnpe.n;eJieHHH KOH,D;eHcaTa no XH
MUqecKOMY COCTBBY n TOJimHHe Ha pa6oqeil I!OBepXHOCTH pesoHaTopa c 
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f O = 500 MI'll ( ¢ 464 MM/2/. ,lL7ul ,nocTHXeHHa KaqecTBeHHl:lX pe-
3YJlliTBTOB ~H 003,ll;BHHH CITP TpeoyeTCH onpe.n;eJieHHe C OOJlblllOit TOli
HOCTblO (IO + ro-4 aT%) SJieMeHTHoro COCTaBa pa6oqero CJIOH, orr
pe.n;eJllI!Olllero CB~ CBOllCTBa pe30HaTopa. C SToa lleJ!bB) Oun HCI!OJlbSO
BaH a.n;epHO--g)HS.lflICCY.Hll MeTo.n;, OCHOB8HHl:lll Ha ynpyrcM pacceHHHH 
qacT.l!U Ha 00Jlblllli8 yrJll:l. HccJie.n;oBaHHH npoBO.n;HJll!Cb Ha KaMepe pac
CeHHHH p 350 MM ,cMOHTllpoBaHHOll ,0, YCKOPHT8Jlb ar-5 Ha ~Ke 
qacT.l!U 8He c sHepr11eil I+4,3 MsB. 3 B sa:sucHMOcTH OT Bu6opa KOJI
JIIDAaTopa aHaJIHsupyeMaH I!JIOmB.IU> o6pa3ij0B COCTaBJJnJia 0,8+2,0 ~
PerHCTP811HH SHepreTHlieCKHX cneKTPOB pacceaHHl:lX qaCT.IU\ ocymecT
BJiaJiaCb noBepxHOCTH0-08pbepHl:lMl1 KpeMHHeBl:lMl1 .n;eTeKTOpaMH, pacno
JIOX8HHHMH no.n yrJIOM I35° H 90°. Ha pHC. I H 2 npe.n;cTaBJieHl:l THDl:l 
cneKTpOB OT HllOOHH-THTa~OBl:DC nJielloK pasJIH"Il!Oit TOJllllHHl:l H COCTaBa. 
AHaJ1113 TaKmC Cll8KTPOB I!OSBOJJJieT onpe.n;eJIHTb SJieMeHTHl:lll COCTaB 
HCCJie.n;yeMl:lX I!JieHOK H I!OBepxHOCTefi. aToT M8TO.D; HapH.n;y C qeTKHM 
onpe,neJieHHeM IlliltOB pacceHHHH Ha COOTBeTCTByTOll!liX aTOMHl:lX Maccax 
B lllllPOKOM HHTepBaJie (OT JIHTM .n;o SOJIOTa) 06ecneq11BaeT TOliHOCTb 
IQ-3 + 10-4 aT.% ll He np~BO.n;HT K paspymeHHD OcYb8KT8. PacqeT l1 

npoeKTHpOBaHHe :me1tTpOHH0-11yqeBOA nylllltH ,D;1IH CBapxH CTUKa CIIP npo- . 
BO.n;HJlHCb C ~eTOM HCilOJlbSOBaHHH ee B BalcyyMHOll KaMepe HaHeCeHHa 
CIT nJieHOK. IlocJie SKcnepHMeHTaJlbHoR .D;OBO.D;Kli I!ytnKll Ouna Bl:lllOJIHeHa 
CBapKa CTl:lKOB CITP C Jo = I,5I'Il:j C HCnOJlb30BaHneM BCTaBKll HS 
MaTepHaJia HT-20 TOJIIIIHHOll I MM npn CJie.IJYJOOlllX peXHMax: 
Uq = 40 KB; Lyv= IO MA; I,,~,tqr,= 0,6 A;~.,.= I5 uq-r. 

B CBHSH C TeM, liTO npH no~eHHH IlJieHOK TyronJiaBKHX MaTep11a
,JlOB (HH0611H) ocoOeHHO Bl:lCOKHe TpeOoBaHHH npe.rn,sIBJllIDTCH K ncnapH
TeJID, 01:lJlH npoBe.n;eHl:l HCCJie,D;OBaHHH T8XHOJIOrHqecKofi npHMeHHMOCTH 
paspa6oTaHHOro arr ucnapHTeJJJI. B KalieCTBe TeCTOBl:lX MaTepHBJIOB 01:l
JIH Bl:lOpaHl:l BOJI:bqipaM - O.n;HH HS CaMl:lX TyrOIIJiaBKHX MaTepuanoB,H 
ypaH - MaTepHan, KOToputt B pacnJiaBJieHHOM COCTOJIHHH orpeccHBeH no 
OTHomeHHBl K MeT8MaM, HBXO,IQllllHMC.II C HHM B ItOHTaKTe. AHaJIH3 pe
SYJil,TaTOB HCCJie.n;oBaHmt ~asoBoro H SJieMeHTHoro COCTaBa KOH,D;eHca
TOB sTmc;·MaTepHaJIOB noKaSaJI, qTo pa3pa60TaHHl:le SIT HCIIapnTeJIH 
npHrDAffl:l)P\ll n~eHHH err nneHOK HHOOHH n n~eHOK Ha OCHOBe HHO
OH.11 /4,5,6/. 

B TpeTbett rJiaBe llpHBe,IteHl:l pesyJioTaTl:l HCCJ18,ItOB8Hlrlt COCTaBa 
IlJleHOK HHOOHH H HH00Hll-THT8Ha no Mepe COBepmeHCTBOB8HHH ooopy
,ll;OBBHHH H TeXHOJIOrHH. IlOKaSaHo, qTo B YCJIOBHHX MaCJllIHOro BBKY
YMa P~ I•Io-4 Ila ( I•IO~ MM.pT.cT.) 11 npn ncnoJii,aoBaHHH THI'-
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Jiell-aHo~oB SIT ncnapnTeJiett He6oJILlill1X pasMepoB (noJiesHHii o6'I.eM 
NI,5 cM3) B lleJIOM ,lJ,11.fl ooex llCCJie~OB8HHllX o6pa3ij0B xap8KTepH1:1M 

RBJUleTCR: I) IlOllBJl8HHe ~OllOJ!HHT8JlbHHX qias; 2) H8COOTB8TCTBlle ll3-
MepeHHllX TOJll!lllH c llX pacqeTHl:1Mll 8Haqem1m.m; 3) HepaBHOMepHOCTb 

qJ830BOrO-COCT8B8 no IlJlOl!\a.Il,H H TOJllllllHe IIJiellOK. EHJio ycTaHOBJleHO, 
qTo ~onoJJHHTeJILHHe qiasu B KOH~eHcaTax ,lJ,11.fl yp:asaHHHX B8KyyMHHX 

YCJIOBllli OTCYTCTBYIOT npn CKOPOCTRX KOH~8HC8ijllll 6oJiee 26 i,c-1 

,lJ,11.fl Hll06Hll-TllT8H8 ll I8 j. c-1 ,l\nll HilOChrn, 8 OTB8TCTB0HHOi1 38 

HepaBHOMepHOCTb qi830BOro COCT8B8 ll p83Jlllqne MeJK,DY 38~8HHl:1Mll ll 

no~eHHHMll TOJllllllHaMH KOH~eHcaTOB .llBJl.lleTC.ll KOHCTPYKllll.ll SIT ncnapn

TeJiell. C yqeTOM pesyJILT8TOB npoBe~enmnc HCCJie~OB8Hlffi 6HJI ocy

mecTBJieH nepeBO~ B8KYYMHOll KaMepH Ha 6e3M8CJlllHyJO OTK8qKy ll KOH
CTPYKTBBHO ~opa60T8Hli SIT ilCllapnTeJIH (n0Jle3HHH o6'I.eM THrJieR yBe
JU!qeH ~o .... 3 CM3). IlOJiyqeHH:Ue IlOCJle peKOHCTPYKIIlut ycTaHOBI<Il HH0-

6HeBHe ll HH06,H-TllT8HOBHe IlJleHKH 6Wll1 IlO~BeprnyT:U peHTreHOBCKO
My 8H8Jlll3Y / 7 • Ha pncymwx 3 ll 4 npe~CT8BJ18HH peHTreHo.n,HqipaKTO

rpaMMH DJ18HOK HH06IDI ll HH06Htt-THT8H8. PeHTreHOCTPYKTYPHHe ~aHHHe 
OTHOCHTeJILHOro co~epxaHll.ll HH06HR ll Tll'i'8H8 B DJ18HK8X C TOqHOCTblO 
± 5% COBD8~Jlll C COOTHOIDeHHeM, 38~8HHl:1M TeXHoJiornqecKUM peJKUMOM. 

KaK IlOR8B8HO BHIDe~ B 38BllCHMOCTll OT TOJllllllHH IlJieHOR BHepreTll
qecKHe cneKTPH OT HllX Il0~8IOTC.ll pasJIHqHl,IMll: C OT,TT.8JlbHHMH mmatm; 
C pacumpeHHHMll ll H8JlOllt0HHHMll IlllRaMH; C IlJ18TO. ,ll;JuI IlJl0HOR TOJllllll~ 
HOll 6oJiee I MRM (cneRTPH C IlJ18TO), 3H8.ll napaMeTPH BHepreTnqecKHX 
IlOTepL [ s] X , npn @iKCllPOB8HHOM yrJie pacce.llH:IIB H llOCTOID!CTBe 
3Heprnn qacT.llll 3He npe~CT8BJl.lleTM BOSMOJKHl:1M npOBO~llT:& BJleMeHT
HHH 8H8JIHB 6ea yqeTa 38BHCIDIIOOTH TOpM03Horo ceqeHH.ll OT sHeprHH. 

MeJKJJY TOJllllllHOll nJieHOK d n WHPHHoil cneRTPOB 4 £ ~o onpe~eJieH
aoll TOJllllliHH IIJieHOK CYlll8CTBY8T 38BllCI1MOCTI, .tJ.e :::[S]•d • SRcnep.n
M8HTaJlbHO 6wm no~eHH 38BllCliMOCTH 4£ OT TOJllllllHH IlJl8HOK HH06.HR 

n THTaHa (cM. pnc. 5), onpe'AeJieHH sHaqeHM [SJ114 = 81 sB/K 11 

[S] 71 = 68 aB/1 n oneHeHa BOBMOlEHocTL .11cnoJ1nBOBaHM BTrot saaqe

Hllil fiPH. · amwtse pa6oqero cJ1oa CITP c [o BDJIOT:& 'AO 500 MI'll ( T. e. 
'AO TOJWtliH 2,5+3 MKM) no auepreT.eqecKHM Cll8RTP8M OT JlllCTOB HH06IDI 
TllT8H8 H Hll06Hll-THT8H8 paaJIH'!HOro COCT8Ba. Ha 8TIDC Cll8RTP8X (cM. 

p.ec. 6) ~o. qTO llJ18TO JlllHeil:HO B03P8CT88T ~o TOJil!lllHH IlOPJI,IUta 
2,5 MRM. DTO CBll~eTeJU,CTBY8T O TOM, qTo .mmellHHe IlOTepll aHeprm1 

d¼..r(TopM03H8Sl crioco6HOCT:&} OCT810TCJt IlOCTOJ!HHl:lMll "· CJ18~0B8T8Jl:&
HO, napBMeTp~ [Slt1i =. BI aB/X H [SJ r, = 68 sD/i MOJU!o noJU,
aoBaTI:>M ,nJlSI IlJ18HO~ H8 HH06Hil-THT8H8 TOJUAHHOll 2,5 MRM. BucoTa 
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Pl1C.3 PeHTreHOJUl(J!paKTorpaMl\_m IlJ18HKH Hl10Chm. Ha CT8K0 
.111IHHOI1 IlO.lVIOJKKe. llocTOJlHHaJl peme'rKl1 a=3,305A. 
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Pl1c.4 PeHTreH0.101~P8KTOrpa,MMa IlJieHKll HH06Hll-THT8H8 Ha 
Me,nHOll flO.lVIOJKKe. Co.n;epiK8Hl1e Tl1T8H8 B IlJleHKe 
40 ± 0,2 8T.%. 
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nJiaTo H nponoplllioHaJll>Ha H.r ::: N.r • 6"x • [SJ,,-, H cooTHomeHHe 

MeJUJY aTOMHw.111 KOHUeHTp8UHRMH (NJR THT8H8 li Hliodrui) BH'IHCJlllJJT

CH CJ18JO'ill!IHM odpaaoM: 

lllr,· _ Hrl. 01{/. [Slr,· -2 9 2 75 Hr,· 
!ft.,1 - HIY'I 6n· [Sl,.JI- ' Ht{1 ' 

r.n;e 6,;, H 'o~I - ,101qxl)epeHUH8Jll>H11e cetJemm ynpyroro pacceamm Tc' 
H N6 COOTB8TCTB8HIIO; 
Hr,- H H1t1s - BHcoTa nJiaTo ( B oTctJeTax Ha KaHaJI) cneKTpoB OT Tl H 

N8cooTB8TCTB8HHO. C IlOMOl!lI>D aTott MeTOJUlKH 6wio npoBe.n;eHo HCCJle~ 
)(0B8Hlie 8Jl8M8HTHOro COCT8B8 SH8'lHTeJlbHOro KOJlli'l8CTB8 o6pa8UOB 
K8K B npouecce 0Tpa60TKH T8XHOJIOrHH HaHeceHM IlJl8HOK, T8K li npH 
HSy'!eHHH HX CBepxnpoBOWill!HX xapaKTepHCTH✓8 , 91. 
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B 'l8TB8pTOH rJiaBe np11Be'A8HH pesyJlbT8TH llCCJ18,ItOBaHIDl CBepxnpo

BO)J,fiIIU1X (ell) xapaKTep11cT11K nJieHoK ll pesoHaTopoii. IloKa3BHa saB11-

C.11MOCTb err xapaKTePHCTliK KOH'AeHCBTOB OTA? TOJllllllHH, COCTBBa, 
T8XHOJlOrl1'l8CKllX YCJlOBlill npenapnpoBamm 2 • IIo~eHu IlJ18HKH C 

xapaKTepllCTl1KBMll,COOTBeTCTBYIDllll!Mll aHaJIOrH~UM M3CCllBHUM MaTep11-

aJ1BM, Ha'll1HaJI C TOJllllllH 0,5 MKM, npn KOH'AeHcawm Ha llO,ItJlOllUty ,Ha

rpeTy!O .no TeMnepaTypu "'700 K. IIpoBe,tteHo 11ccJ1e'AOBaHlle o6'EeMHott 

ClIRH Il11HHl1Hra Pv = /k·B • df;f(!3J _ B H1106ml-T11TaH0Bux nneHKax 

Ha cep1111 oClpasuoB, co~epJKa1IU1x Tl1T8H OT 23 'AO 62% Bee. lCaK noKa

saHo Bllllle (CM. p11c. 4), np11 CO'AepJKaH1111 Tl1TaHa B llJleHKBX Clones 

40% Bee. HaClJIIO,ttaeTCJI ll0JIM8lll18 BTopoil cp88H ( c(- n· ) . TarmM o6pa-
30M, llCCJl8~0B8HH8Jl cep11!1 oClpasuoB COCTOJIJla 1,8K 113 0,nHOcp83HUX, 

T8It 11 113 ~yxcpasaux llJieHOK. EOJibmi'IHCTBO T80p8TH'l8CKUX BUJ)8llt8-

Hlill ~ CliJlH llllHHllHra MOJ!tHO san11caTb CJl8.ItYIOllllW oClpasoM: 

R, ::.f3jk=S• Bi,e.gm(f-8}", 
r~e S - reoMeTpl1'I8CKllll ~BKT:, saB11cruimH OT MllKPOCTPYitTYPH 06-
pasna; 

13 B - np1rne~eHHaJI MBrHHTHaJI IiH.nYKllll!li f= F , ~ - ClespasMep-
Huil napaMeTp. k 2 

HaMCloJiee TO'IHHe KOJill'I8CTBeHHHe 11BMepeHIDI no~aIOTCJI np11 llC

CJle'AOB8Hlll1 saB11c11Mocru j1e (unu B-j~) OT noJJ.11 lI TeMneparypu. 

KpuBaJI P.., ( G ) oClll'!Ho npoxo,nuT qepes MaKC11MYM. KaK noKaBUBaeT 

H8KOllJl8HHUH IC HBCTOJlllleMY BpeMeHl1 P83Rll'lHhIMll llCCJie'AOBBT8JJ.llMll 

OllUT, ~ MHorux MaTepuaJIOB C BHCOKllM BHa'IeHUeM napaMeTpa cJe 
(K TaKl1M MaTep11aJ1aM OTHOCHTCJI HllOClllfi-TnTaH), CO'Ael)lta1IU1x BMIO'le

Hl1Jl BTopoii cpasu unu nnocKUe rpamu-'11, MaKcUMYM KpuBoii P.., ( G ) 
.11M8eT M8CTO npu JR: I/3; B c~ae llllHHllHra Ha ,nllCJlOKarumx MaK-

CllMYM MD.!teT HaXO,nllTbCJI M81t,lzy If = 0,25 ll 8 = 0,85 B 38BllCH

MOCTll OT CTPYKTYPH .negiopMallllil. KpuBue, CHJITHe npu pasJIH~UX T8M

nepaTypax T < TK,JIBJlllIOTCJI llO'AOClHHMH. AHaJIH3 no~eHHUX pesyJlbTa

TOB (cM. puc. 7) llOKasan, 'ITO: I) llPll'IHHOll llHHHllHra B 0,nHOcp83HllX 

HHOClu:ll-THTaHOBUX llJI8HKax JlBJJ.lllOTCJI ,nllCJIOKBqMH; 2) OCHOBHoil llPH'lH

HOll llllHHHHra B 'AByxcpasaux llJ18HK8X !lBJlJI!OTCJI rpaHHijl,I BU'A8Jl8HIDI cpa-

3H ot.-Tl ; 3) HaHClOJibmee sHa'leHHe o6&eMHott cHJW mmmnira noJIY

'leHo Ha o6pasueo OClJia.P;aIDl!leM cpe,nH.IOOf 3H8tJeHHRMH ~ H H,re. 
c P,, = I,I•10I H•M-3 : r,_. = 9,74K: l'QH c.- s,aT). HocJie.noBaa 

llOB8pXHOOTHH!l HMIIe,ttaHc 2 s: Ks .,. , Xs H OOT8TOtJH08 00ll!)OTHBJ18HH8 

1?0 • HsMepeHHti ~ 8 (rJ , Rs (8) u X5 (8) npoBO.IU!JlllCb Ha 'laoToTe 
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3aBHCHMOCTb Pv /Pv f'1Qic, OT np1rne,neHHOli MarHHTH01'i 

HH.QYKlllill J ,nNl HHOClHH-THTaHOBHX rrneHOK. 

a - nJieHKa Nb+62Bec.%7i• ;T=7,05K; j'o¼z=7,IT; 

Iii - llJ18HK8 Nu +60Beo.~1.TL' ;T=8,00K; J'ok'.t-z=l2,IT; 

~ - nJieHKa NI +40Bec.%Ti ;T=9,74K; ftl/4-z=8,8T; 

o - nneHKa #d +25Bec.~;7i· ;T=IO,I8K;fi,¼.z=9,3T; 

0 - llJ18HK8 ;VJ +23Bec. % Tt' ; T=9 '981{; ,11'of4..z =IO' OT' 

2,89 ITq C IlOMOlllb!O TOHKOllJl8HO~HHX H.1106118BHX pesoHaTopoB Ha can

qmpOBOll ocHoBe, BeJlll'lHHH R5 .11 6~ onpe.n.eJJ.f!JIHCb no HBMeperrn10 

~oClpOTHOCTll ll COClCTBeHHofi 'IaCTOTH pesonaTopoB HS COOTHOIDeHlffi 

~= I 11 AXs=-2r ~ . r'Ae r - reoMeTpu~ecru!U qJaKTOP, ,Aw 
- H3M8H8Hlle coClcTBeHHOll 'l8CTOTH pesoHaTopa. 

Ha p11c. 8 B Ka'!eCTBe npMMepa npnBe~eHa samrnHMocTn HBMepeH

HHX sna'IeHirn 1?5 oT TeMnepaTypu. Ta.M lite noKasaHH TeopeTH'!emrne 

saBHCHMOCTH Rs ( T ) , pacc~uTaHHHe no <J.JOPMYJiaM MO'AeJiefl UaTTuca

-Eap,nuHa H AClplIKOCOBa -ropbKOBa-XaJiaTHHKOBa. eonocTaBJieHlle ~aHHUX 

noKasuBaeT, 'ITO: I) ~ nJieHKl! o 7l< = 9 2K BeJlll'IHHa R0 npHH.11Ma

eT MllHlIM8JlbHOe 3H8'l8Hll8 Ro,.,,,,.,._= 3,5•IO-❖ OM; 2) 38BllCHMOCTbRs(7'/ 

~ n;ienro1 6J111sKa K TeopeTH'IeCKl!M pac'!eTaM no MO'AeJIU MaTTuca-Eap

,nuHa, Hecr.10TpJI Ha TO, 'ITO llSMepeHHOe 3Ha'leH.He Re~ 4,I·I0-3 OM 

60J1ee 'leM B 'ABB pasa npeBOCXO;nllT TeopeTH'leCKOe 3Ha'leHnef'I~/. 

Ilo Mepe npoBe'AeHM llCCJl8,ItOBaHm1 eIIP Ha M9,nHOH OCHOBe Clwrn 

peweHH Bonpocu - M8X8Hll'I8CKOli pa60TOCilOC06HOCTll CllCTeMH "nJieHKa

Me,ItHaJI llOMOlKKa"; CTHKOBKll llOJlOBHHOK eIIP C llOMOIIlblO llH,nll8BOii npo

KJia~; coxpaHeHHJI err cBoncTB pa6o~ero c~OJI npu xpaHen1111 pesoHa

TopoB. IIpoBe.n.eHHH8 llBMepeHM Bl! CBOliCTB TaKUX CilP llOKa.BaJlll, 'ITO 
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'R 
{o-fJ " .. - 15 T{K} 

PHc.8 3aBRCIUAOCTb<lll~JOT TeM
nepaTypu: l - ll3MepeHO 
)1,]UI nneHOK HllOClmr C -rl(. = 
=9,2K; 2 - paccq:11TaHO 
no qiopuynru1 MaTrnca
Eap.n:11Ha; 3 - nepecq:11Ta-
110 C JJYllW'.IIX 3KCnepm.<eH
T8.JlbHHX ,llaHHHX ,llJIR CITP 
'.113 MaCC:IIBHOro n:110Clm1; 
4 - pacctj:11xaHo no qiop
Mynru1 AClp:11KOCOBa
ropbKOBa-XanaTHHKOBa. 

noBepxHOCTl!Oe conpOTHBJiel!:11e llll06.uil:-TRTaHoBOii IlJiel!Kll..., B IO pas 
BHll!e, tJeM m106rrnBoll:, 

PesyJJbT8TOM np0Be,ne1111ux HCCJl8,llOBaHHll 60JJblliOro KomwecTBa pe
SOHaTOPOB umpoxoro CB~ ,nI'lanasoHa srn:imacb paspa6oTxa TexHoJ1or11-
tJecxoro npoijecca cos,naHH.fl CUP C pa60'!HM CJIOBM B BH,ne llJIBHOK HH0-
6I'l.fl tt Hllo6uii ... TMTaHa. 

SAKIDl.EEilIB 

OCHOBHHe pesyJJbT8TH pa60TH MOlKHO KpaTito cqx:,p.iyJJttpoBaTb CJ1e~
IOU111M 06paso111: 

I. Paspa60Ta11 M8TO,ll 003,ll;8Hll.fl CBepxnpOBOMIIlllX pesoHaTopoB C pa-
60'!'.IIM CJJOeM B Btt,lle IlJIBHKH CBepxnpOBO~HKa BTOporo po.n;a. IlneHKa 
CBepxnpoBO,nllllKa HaHOCllTC.fl Ha OKOH'l8TBJlbHO OTllOJJllPOB8HHyIO noBepx
HOCTb saroTOBIUl pesoHaTopa nyTeM ItoH,lleHcawrn V.CXO,nl!Oro (-ux:) Ma
T8pllaJJa (-JJOB), llCil0P.fIBMOro (-me) C llOMOUU,10 :meKTPOHHO-nJJaSMeH
HillC ncnapnTeJJeii B BaKYYMe, IIp:11 Heo6xo~ocTH pa60tJllll CJJOii MOllteT 
6HTb S01IllllllBH H.IITPR~ofi nJJeHKOll Ha OKOH'laTeJJbHOii CTa,llll.11 HanHJieH.11.fl,' 

2. Paspa6oTaHa .II OCBOeHa MeTO,llllK0 aH0Jll'IS8 3JleMeHTHoro COCTaBa 
llJJeHOK H llOBepXHOCTeii Hll06.11Sl .11 H.1106.llfi-TllTaHa TOJllllllHOii .no 2,5 MKJ\I 
C HCilOJlb30B8H.lleM ynpyroro pacce.flH.IISl '!8CT.llll SHe. 

3, BimoJIHeH pactJeT pacnpe,neJJeHR.fl KOH,neHcaTa Ha BpartalOllleHc.fl no
BepXHOCT.11, pacnOJIOlKeHHOii 3KCrteHTPlltJHO ocu .11cnapllTeJ1bHOro 6JJOK0, 
HccJJe,noBaHo pacnpe,neJJeHHe KOH,lleHcaTa no TOJJIIIUHe Ha npHeMHoii no
BePXHOCT.11 pesoHaTopa c fo = 500 Mrii ( ¢ 464 MM) : OTKJIO!leHne OT 
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sa,nmrnofi TOJllllUHH He npeBHlliaeT ± 101&, HccJJe.n;oBaHo COOTHOllieHUe KOM
llOHeHTOB B nJJemmx N!Ti ~ CIIP c /o = 500 MI'I:!, PacxolK.n;emie MCJK
~ ,ll0HHb!M U <paitT'.lltteCK:IIM COCTaBOM paCloqeJ:! nonepx110CT'.11, HatI11HaR C 
o~ofi TpeT.11 pa~ca OT qeHTpa, JJ8lK.IIT B npe~eJJax 0,7+2,7 aT.%, 

4. HccJJe,D;OBaHa np:11po.na 06'beMHoil CllJIH IlllHH.IIHra B HU061!H-TUTaHo
BUX IlJ18HKax. IloxasaHo, 'ITO OCHOBHOll IIPll'lllHOH llllHHttHra B o~oqias
HUX IlJ18HKax .fIB.,'llllOTCJI ,llllCJIOitaill!ll, a B ,llByx<pa3!1HX - rpaHIUllil BH,ll;eJJe
Hll.fl BTOpoii qi83ll ( of - 7i.J • 

5. HccJJe,llOBaH noBepxHOCTH!lli I1MIIe,naHC CBepxnpoBOMl!ll!X IlJl8HOK 
HU06ll.fl. ,IlaHHl:le USMepeHHll no.n;TBep.JK.D;aJOT TeopeTH'leCKJ1e pactJeTH no 
1110.n;eJJtt MaTTnca-Eap,llllHa (pasJJtttJ.lle "'30% B ,llllanasone Ter.mepaTyp 
3,8+7,0 R). 

6. HccJJe,n;oBaHH cnepxnpoBOMllllle cTaTntJecKH.e xapaKTepHCTI!F:l! AIG 
.II #!Ji.' llJ18HOR, lI.neHim o6JJa,D;aJOT XapaRTep.llCTllltaMU, COOTB8TCTBY10lllll
M.II MaccHBHHM MaTep.11a.na'1, HatJ.11Ha.fl c TOJJlllllHH ~5000 A, npn xon,n;eHca
Ill!ll Ha IlO,ll;JIOlKKY, HarpeTyJO .no TeMIIepaTypU ~700 K. 

7. Ha OCHOBaHUU npoBe,neunux .IICCJ18,llOBaHUH T8XHOJJOr.lltJ8CKOll npn
MeHHMOCT.11 3Jl8KT~OHHO-n.nasMeHHoro ucnapuTeJl.fl Ha npl!Mepe IlOJJY'l8HU.fl 
llJJeHOR w u 23 u ' qiasoBoro u aJJeMeHTIIOro COCTaBa IlJJeHOK Hll0-
6.11.fl u 11.1106.11il-T.11Tana, MexaHlltJeCKOll pa6oTOCDOC06HOCTU CllCTelllU 
"nJJeuxa-Me~a.fl no,ll;JIOlKKa" - paspa6oTaH, cos.nan u BBe,nen B a1tcnJ1y
aTaq.1110 ROMIIJl8KC TeXHOJIOrI1'!8CKOro .II UCCJ18,llOBaTeJJbCitoro o6opy,nona
HllJl: 

a) YcTaHOBRa ~ HaneceHU.fl 0~0- U MHOrOKOMIIOHeHTHUX,IIJJeHOK 
pasJll'ltJHUX MaTepnaJJori. UeJJenoe nasnatJenHe ycTaHOBKtt - cos,naH.ie 
cBepxnpoBoWimero pa6oqero CJJOJI pesonaTopoB, PasMepH na:eyyMnoii 
xa111epu (NI M3) nosBOJJ.flJOT onepnpoBaTb c peso11aTlaM.11 CB~ ,llllanaso
Ha BriJJOTb ,no 500 Mr'Il. Pa6otJttil B8KYYM P :.- 6, 5 • IO 11a ( ~ 5 • rn-8 

M!!.pT.CT.~, OCHOBHHM ROMIIOHeHTOM OCTaTO'IHHX rasoB .flBJl.fleTC.fl aproH. 
8JJeRTl)OHHO-IIJ18SM8HHHe' ncrrapHT8Jll'I pa6oTocnoco6HH Ilpll ~aBJieHUH oc
TaTO'lHHX rasoB P!Y I□-2 J1a H HillKe • 

6) 3JJeKTPOHIIO:.nyqe~asi nynum ( Ua = 40 KB, I,.= 40 MA) llOSBOJJ.fleT 
npz Heo6xo~ocT1i OCYmeCTBJI.flTb coopey CTHRa CIIP. 

B) YcTaHOBR8 ~ anwrnsa 8Jl811!8HTHOro COCTaBa IIJJeHOK H IlOBepx.:.. 
Hocieil TBep,noro TeJJa M8TO,llOM ynp~oro paccesmnJI 'IaCTHll sue Ha 
60JJblllliX yrJJax:aHeprM 'l8CTHq Eo = I+4,3 MaB. AnaJJUSHpyeMa.fl. 
DJ!Ollta,llb - 0~8+2 10. r.'ffv~ 1 qyBCTBllT8JlbHOCTb - I0-2 + IQ-I MOHOCJJO.fl; 
TO'IHOCTb - ±5%, . 

8. Cos,naHH H npo,noJlllt8ilT cos.naBaTI>C.fl CilP ( / 0 = 500 MTu) Ha 
Me~ott OCHOBe C pa60tJHM C~OeM B Bl!,lle DJ18HOK HU06ll.fl ll HH06nil-Tn-
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TaHa ,IVU1 8RCIJepHMeHTOB Ha I!pOTOTlllle CBepxnpoBO,Itl!llleit YCROPJID!!ett 

cemnrn KOJIJleRT.1:!BHoro yc1topHTeM. 
9. Coa~aH KOMIIJleKT HS l1J3YX MeHTH'IJHHX TOHKOIJJieHO'IHUX HH06lle

BNX CIIP ( / o..,, 3 ITq) Ha caIIg/llPOBOfi OCHOBe c ~o6poTHOCTJ,10 (} o= 
= 2•108_np.1:1 T = 2 K. B MI'Y HM. M.B.JIOMoaocoBa c npHMeHeHHeM BTl!X 

CIIP peaJl.l:ISOBaH aDToreHepaTop CIR ~arraaoHa C HeCTa6HJIJ,HOCTJ,10 it :!!!! 5•1□-12 ,IWl llCll0fil30BaHllfl B TO'IJHNX pa~Og/ll3ll'IeCKHX .l:13Mepe

Hlf.lIX H g/ll3H'IeCR.l:IX 8KCIIepHMeHTax. 

Co~eJllKaHHe ~HCGepTali.l:IH OTpaxeHO B CJie~filllUIX OCHOBHNX pa6oTax: 

I. .BaJiaJIHKHH H.H., MypaToB hl.B., Py6HH H.E. YcTaHOBRa ~ HaHe

cemm cnepxnpoBOMIIUIX nJieHoK. IIpenpHHT Ol1fill, PB-6855, ,lly6Ha 
(1972). 

2 • .BaJiaJimrnH H.l'l., MypaToB D.D., CMHpHoB D.H., llla6paToB B.r. 

HeKOTOpl:le xapaKTepHCTHRH HaIINJieHHHX CBepxrrpoBOMIIUIX TOHKHX IIJie
HOK. Ilpenp.1:!HT mum, PB-6863, ,lly6Ha (1972). 

3. Byx iO., EaJiaJIHKMH H.H., OceTHHcKHR r .M., BaH CWJ tJ:aH. M1mpo

XHMH'IeCRHH aHaJIH3 TOHKHX. nJieHOK MeTO~OM ynpyroro pac·ceflHHfl 3He • 

IITS' .lf5. l1IOCRBa ' ( 1977) • 
4 • .BaJiaJIHKHH H.H., Eyx D., KaTpaceB B.B., CKpl:lnHHR A.B. IloJiy'Ie

HHe TOHRHX IJJieHOR BOJIJ,ippaMa. IlperrpHHT Ollilli, 9-9538, ,lly6Ha 

(1976); "T/u·n So&cl Ft"tms ", 38 255-260 (1976). 

5. EaJiaJillKHH H.M.", Byx hl., KaTpacen B.B., CRpNIJHHR A.B. IlJieHKH 

ypaHa .lWl MHWeHeit. IIpenpHHT mum, P13-9783, ,Qy6Ha (1976); 

"Nu'"a>t12' l'hsf-r. and Methods" ,137, p.381-384 (1976). 
6. Ea.'laJIHKHH H.H., Eyx ll., wnHHe BBKYYMHl:lX ncnapHTeJiett Ha coc

TaB MeTaJIJlll'IeCKilX nJieHOK. IIpenpHHT mum, P14-I0298, ,lly6Ha ( 19'16) 

7 • .BaJiaJIHKHH H.U., Eyx Ju. PeHTreHOBCKHli aHaJl.l:13.CBepxnpoBOMl!lllX 
TOHKHX IJJieHOR Ha OCHOBe HHOC>Hfl. IIpenpHHT Ollilli, 9-8605, ,lly6Ha 

(1975); ''.T/un Sola.( /.'c:/ms" , 32, 375-377 (1976). 
8. /3u<:h. 7. a~d 13alCl/ykln N.J. lletein,inQt-t'o'1 ef IA(> l'Oh1-

/)Qsdt'on o/ .#d'.Tt: /lthls ~ elost t'c saat.te-zcn9 cf" 
Jlle. u-71Jtn Solld Rl1r1s '' 5f f6i'-t?3 (f9?8). 

' ' 
9 • .BaJiaJil:lKHH H.H., Eyx l)., Jly6u III. XHMH'IecKHtt aHaJ1.1:1a cocTaBa 
noBepxHocTett MaccHBa H nJieHoK Ha .NG7i.• • IlpenpHHT mum, PI4-

-II□OO, .IlY6Ha (1977); ".Tlli11 Soh·d /:c'/ms" ,5I, Ji2 (1978). 

ID • .BaJiaJil:lKHH H.H., IlaHoB D.H., 3y6HeToB Il.H. IloBepxHocTHl:lit HMIIe

'AaHc cnepxrrpoBO~X IJJieHOR HHOC>Hll. "IlffcJ,Ma B JIIT~". TOM 4, BHil. 

7 • Nil (1978 ) • Py:s:OIJHCI, IlOCTynHJia B H3AaT8JI1,C:S:HU oueJI . 
1 ~eBpana 1980 roAa. 

16 


