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HaBezeno pe3ynbTaT JOCIIHKEHb, IO TPOBOAMIKCS Y BIAAI (yHKIIOHATBHUX EIEMEHTIB CHCTEM Kepy-
BaHHS [HCTUTYTY TexHiuHOI MexaHiku HarionansHoi akajgemii Hayk Yxpainu i Jlep:kaBHOr0 KOCMIi4HOTO areHTCT-
Ba YKpaiHH Ha NPOTS3i OCTAHHIX II'SITH POKIB. Y pe3ysbTaTi AOCIIKEHb 3 MIKPOXBHIBOBUX 30HIOBHX METOIIB
BUMIPIOBaHb PO3POOIICHO JABO30HAOBHI BapiaHT XBUWJICBIIHOI BUMIPIOBAJIBHOI CEKILiil [UIsi HAZIBUCOKOYACTOTHOTO
iHTepdepomeTpa. 3MEHUICHHS KiTbKOCTI 30HAIB 1 MOMXKIIMBICT BUKOPUCTAHHS TUIBKH ABOX 30H/IB MOKA3aHO IIUIs-
XOM aHaJIi3y KOpEHiB PiBHSIHHS, sSIKE IIOB’I3y€ MOIYIb HEBITOMOT0 KOMILIEKCHOTO Koe(ilieHTa BiTOUTTS 31 CTpy-
MaMH 3’€JHAHUX i3 30HIaMH HamiBIPOBiTHUKOBHX JEeTEKTOpiB. PO3po0iaeHO MeToaAN MiABUILEHHS TOYHOCTI BUMI-
PIOBaHb IIUIIXOM ypaxyBaHHS Koe(ilieHTa BiIOUTTS pyHOPHOi aHTEHHU, 3MiHH JOBXHHU 30HIYBAIIBHOI €IEKTPO-
MArHiTHOI XBHJI y BiAMOBIAHOCTI 3 BHMIpPSHHM KOe(illiEHTOM BiZOUTTS Ta KOMIICHCALil MOXHOKH YCTAaHOBKU
MDK30HJOBOI BifICTaHi.

IlpuBeneHo pe3ynbTaTd PO3pOOKH i JOCIIHKEHb MIKPOXBUIILOBHX BUMIPIOBAYiB mapaMeTpiB i0HOC(EpHOT
w1a3Mi. Po3po0ieHo W TOCIIPKEHO eKCIIepHMEHTANIbHI 1 KOMIT'IOTEepHI MOJeNi MIKpOXBHIBOBHX BHMipIOBauiB
mapametpiB ia3mMu. CTBOpeHa TEOPETHYHA 1 eKCIepUMEHTaIbHA OCHOBA I PO3POOKH BUMIPIOBA4iB Ha OCHOBI
OIKOHIYHHX PE30HATOPIB I OLIHKY KOHIIEHTpALii eleKTPOHIB y PO3psIKEeHiI HU3bKOTEeMIIepaTypHiif I1asmi.

HaBenmeno pesysibratd po3poOKH 1 TOCITIKEHb EKCIIEPHMEHTAIBbHUX 3pa3KiB 10HHO-TUIA3MOBUX, 10HHO-
IIPOMEHEBUX I KOMOIHOBaHUX TEXHOJIOTIYHHUX IPHUCTPOIB UL MIPOBENCHHS JONOMDKHHUX i OCHOBHUX TEXHOJOTid-
HHX OIepalliil HOBEPXHEBOrO 3MIIIHEHHS, a TAKOX Ul KOMILUICKCHOI 3MilJHIOI04Oi 0OPOOKH B €IHHOMY BaKyyM-
HOMy 1mKIi. Po3poGieHo opuriHaneHy cxeMy iMITyJIbCHOTO PO3pSIHOTO Jukepena. JociimkeHo pododi xapakre-
PHCTHKH MarHETPOHHOI CHCTEMHU B PEXKUMI TeHepallil CIPsIMOBAHOTO MOTOKY Ta30BHX 1 METaNEeBHX 10HIB. 3 METOIO
(hokycyBaHHS 10HHOTO ITy4Ka MOAEPHiI30BaHO aBTOHOMHE i0HHE JKEPEJIO 3 aHOJHUM IIapOM.

IlpuBeneHo pe3yabTaTH AOCHIIKEHHS TEXHIKO-eKOHOMIUHOI Ta HAyKOBOI €)eKTHBHOCTI CKIIQJAHUX TEXHid-
HHX CHCTeM 1 00'€KTiB paKeTHO-KOCMI4HOI TeXHIKH. 30KpeMa, pe3yJIbTaTH JOCIIDKEHb 110 YIOCKOHAJICHHIO 1CHY-
F0YHX METO/IB PO3PaXyHKY MTOKa3HHUKIB HAAIHHOCTI 1 6e3meK 00'€KTIB paKeTHO-KOCMIYHOT TEXHIKH.

Kniouosi cnosa: komniexchuil Koegiyicum iooummsi, nepemiujeHHsl, ereKmpudHull 30H0, HA0BUCOKOYAC-
momua inmepghepomempisi, X6unegiona cexyis, po3piodcena nia3mMa, NIA3MOosi MEeXHON02IUHI nPUCMpOT, OIKOHI-
YHULL Pe30OHAMOP.

This paper presents the results of investigations conducted at the Department for Functional Elements of
Control Systems of the Institute of Technical Mechanics of the National Academy of Sciences of Ukraine and the
State Space Agency of Ukraine over the past five years. The investigations into microwave probe measurements
resulted in a two-probe implementation of microwave interferometry for displacement measurement. The possi-
bility of using as few as two probes was demonstrated by analyzing the roots of the equation that relates the mag-
nitude of the unknown complex reflection coefficient to the currents of the semiconductor detectors connected to
the probes. To improve the measurement accuracy, methods were developed to do this by accounting for the re-
flection coefficient of the horn antenna, by changing the operating wavelength according to the measured reflec-
tion coefficient, and by compensating the interprobe distance error.

The results of development and study of microwave meters of ionospheric plasma parameters are presented.
Experimental and computer models of microwave meters of plasma parameters were developed and studied. An
experimental and theoretical basis was prepared for the development of meters based on biconical cavities to
assess the electron density in a rarefied low-temperature plasma.

The paper presents the results of development and study of prototype ion-plasma, ion-beam, and combined
process devices for auxiliary and main surface strengthening operations and combined strengthening treatment in
a single vacuum cycle. A novel circuit for a pulse discharge source was designed. The performance characteristics
of a magnetron system were studied in the regime of generation of a directed gas and metal ion flow. To provide
ion beam focusing, a self-contained anode-layer ion source was upgraded.

The paper presents the results of study of the technical-and-economic and scientific efficiency of complex
engineering systems and rocket/space hardware, in particular the results on the refinement of existing methods for
calculating rocket/space hardware reliability and safety indices.

Keywords: complex reflection coefficient, displacement, electrical probe, microwave interferometry,
waveguide section, rarefied plasma, plasma processing devices, biconical cavity.

Po3po0Oka merToniB ajisi iHTepdepeHIiHHNX 30HI0BUX HAJBHCOKOYACTOT-
HUX BUMipIOBaHb NepeMimennsi. BumiproBanns B HanBucokouactotHomy (HBY)
Jliana3oHi JOBXHH XBUJIb HMIMPOKO BHUKOPUCTOBYIOTHCS JUJISi BU3HAYEHHS pi3HOMa-
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HITHUX TIapaMeTpiB, TAaKWX SK BiJACTaHb, MMEPEMIIICHHS, MBUAKICTD, JiCIICKTPUIHA
MPOHUKHICTH TOMIO. I MOOYIOBM BUMIPIOBAUIB PyXy € BEIbMH INPHUBAOIHBOIO
30H70Ba peanizamis HBY-iaTepdepomerpii. YV pesynbrari TOCTIHKEHb 3 30HIO-
Bux HBY-BuMipioBaHb, 110 MPOBOAMINCS Yy BiAMIII (YHKIIOHAIBHUX €JIEMEHTIB
CHCTeM KepyBaHHS |HCTHUTYTy TexHI4HOI MexaHikn HamioHanpHOI akagemii Hayk
VYkpaian 1 Jlep’kKaBHOTO KOCMIYHOTO areHTCTBa YKpaiHH Ha IPOTA3l OCTaHHIX
II’SITH POKIB, PO3POOIICHO JBO30HIOBHI METO BUMIPIOBAHHS mepeMimenHs. oro
XapaKTEePHOIO PHUCOI0 € MOKIMBICTh BHMIPIOBAHHS IEPEMIIICHHS 3 BUKOPHUCTaH-
HSIM TiJIBKU JIBOX 30HJIB, HA TOW Yac SIK 3aralbHOBKHUBAHOIO TPAKTHKOIO € BHKO-
pucTanHs TproX 30HiB. Teopito nmporo metoay [1, 2] HaBeaeHo HIKUE.
Posrasaemo nBa 30Ham 1 1 2, 3’€mHaHi 3 HAMIBIPOBITHUKOBUMH JIETEKTOPaAMHU
3 KBQJIPATHIHOIO BOJIBT-aMIICPHOIO XapaKTEPHUCTHKOIO. 30HIM PO3TAIIOBaHI MiX
BUITPOMIHIOBaYEM i KOHTPOJIBOBAaHUM 00’€KTOM Ha BiAICTaHI A g / 8 oauH Bix OqHO-

ro, 1ie kg — IOBXMHA 30HIyBAJIFHOI €IEKTPOMArHiTHOI XBIJII Y XBUJIEBOI. bimxk-
4e /10 00’ €KTa pO3TalllOBAaHUH 30H/ 2.

Ctpymu netekTopiB J,, J,, HOPMOBaHi Ha iXHi 3HAU€HHS B PEXUMI y3rojKe-
HOT'O HAaBAaHTAXXCHHS, TAKMM YMHOM BHPAXKaIOTHCS Yepe3 MOAynb R 1 ¢azy vy
KOMIUIEKCHOTO KOeillieHTa BIIOUTTS B MICIi po3TamlyBaHHs 30Haa 1

J; =1+ R? + 2Rcosy (1)

J, =1+R%+2Rsiny . (2)

Iadopmaris nmpo BigcTanb X Mix 00’€KTOM i 30HA0M 1 MicTUTBCA y (hazi KoM-
IJIEKCHOTO Koe(ilienTa BinOuTTs: y = 4mX/A + ¢, 1€ A — TOBXKUHA 30HIYBaILHOI

€JIEKTPOMArHITHOI XBHUIII Y BITBHOMY TIPOCTOpPi, ¢ — ckiazoBa (a3, sika He 3aie-
JKATH BiJ BIJICTaHi X.
3agava momsrae B ToMy, o0 3HaiTH nepeMimeHHs 00’ ekta AX(t) y MomeHT

yacy t BiTHOCHO HOTro MOJIOKEHHS B TIOYATKOBHI MOMEHT 4acy fo. [Ipu Bu3HaueHHI
nepeMillieHHs 1711 YCYHeHHS (pa3oBOi HEBU3HAYCHOCTI JIOCTATHHO MATH KBaJpaTy-
pHi curHanu COSy u Sinwy . 3rigHo 3 (1) 1 (2), 1l CUTHANKM TaKUM YMHOM BHUpa-

JKAIOTHCS Yepe3 HEBIIOMHM MOAYINb Koe(illieHTa BiIOUTTS

Cosw_ﬂ Sinw—az;Rz
2R ' 2R

JIe BBEICHO MO3Ha4YeHHd a; =J; —1, a, =J, -1.

3 BHpasiB 11 KBaIpaTypHUX CUTHATIB OTPUMYETHCS OiKBaapaTHE PIBHSIHHS
BimHOocHO R

2, .2
R4—(a1+a2+2)R2+%=0. (3)

e pisnsiHHs Mae jBa nojatHi koperi Ry i R, (R, 2 R,). Ananis nux xopenis

MoKa3ye, Mo y BUMaaky R Sl/\/g MOoIyJb KoedimieHTa BigoutTs R 3aBxau Oyne
naBaTHcs KopeHeM R, . Y mpomy BuUmajky Momynb KoedimieHTa BiIOUTTS OIHO-

3HAYHO BHU3HAYa€Thes 3 piBHAHHA (3) sk Horo kopiHb R, i, oTke, COSy i Siny

127



TaKOXX BH3HAYAIOTHCS OJHO3HAYHO. [Ipy BiOMHX COSY 1 SNy TepeMilleHHs
00’exta AX y MomeHT yacy t,, n=0,1, 2, ..., BiITHOCHO HOr0 MOYaTKOBOT'O 3HAYCH-

H X(ty) MOXKHA 3HAWTH 3a JIOMIOMOTOIO TAKOTO AJITOPUTMY po3ropTaHHs dasu [3]

arCtg—sm\V(t”) , siny(t,) >0, cosy(t,) >0,
cosy(t,)
o(t,) = arctg—sm\lj(t”) +m, cosy(t,) <0,
cosy(t,)
arcth +2m, siny(t,) <0, cosy(t,) >0,
cosy(t,)

Ap(t,) = o(ty) —o(t,_1)

0(t,) =16(t,1) +Ao(t,), |Ao(t,)|<m, n=12..,

0(ty_1) +Ao(t,) — 2nsgn[Ae(t,)], [Ae(t,)|>m n=12,..,

AX(t,) = :‘—ne(tn) n=012..

Je @ — HeposropHyTa ¢asza, 8 — posropHyta dasa.
VY Bumaaky x R >1/ J2 MepeMilIeHHs TaKOK MOKe OyTH BH3HAYEHE i3 3a-

JOBUTBHOIO TOYHICTIO, SIKIIO B SIKOCTI MOJIYJS KOe(illieHTa BiIOUTTS BHKOPUCTO-
ByBaTH KOpiHb R, . VY 11bOMy BHIIaJKy MakcHMajbHa TEOPETHYHA IMOXHOKA BU3HA-

YeHHS TIepeMillleHHs ckianae 6mu3bko 4,4 % Big MOBXKUHH 30HIYBaNbHOI €NEKT-
POMArHITHOI XBHIIL A .

Jlst mepeBipKy OMKMCAHOTO BHIIE JBO30HIOBOTO METO/Y BU3HAUCHHS MEPEeMi-
HmIeHHsT OyJIo BHUMIpSHO TepeMilleHHs 00’ekTa (MeraneBuil Juck abo MeTasesa
KBaJIpaTHA IJIACTUHA), SIKUM MPUBOJIUBCS JIO 3BOPOTHO-TIOCTYMAIBLHOIO PYXY KOP-
00-rTOHKOBMM MexaHizMoM [4]. JoBkWHa 30HAYBalbHOI €IIEKTPOMATHITHOT XBUIII
y BIJILHOMY TPOCTOPI Y BCIX BHUIAIKAX CKIajaaia 3 cM.

B excnepumenTi No | BUKOpUCTOBYBABCSI METAJIEBUIT IUCK JiaMeTpoM 128 MM,
MOJIBiiHA aMIUTITyla KOJIMBaHb CKianana 15 ¢cM, a MiHiMallbHa BiJICTaHb M)XK aHTe-
HoOto ¥ quckoMm — 100 cMm. B excriepumenti Ne 2 BUKOPUCTOBYBABCS TaKHi ke ca-
MUH JMCK, ITOJIBIMHA aMILTITy1a KOJMBaHb ckiiafgana 10 cMm, a MiHIMajIbHa BiICTaHb
MIXK aHTEHOIO U auckoM — 15 cM. B excnepumenTti Ne 3 BUKOpHCTOBYBaBCS MeTa-
JICBUH KBajapaT 31 cTopoHor 70 MM, MOABIfiHA aMIUIITyla KOJWBaHbL CKJajalia
10 cMm, a MiHiMaJIbHA BIICTaHbL MK aHTEHOIO M TMCKOM — 5 CM.

Ha puc. 1 — puc. 3 HaBeJileHO YacOBY 3aJICKHICTh BUMIPSHOTO MEPEMIILIEHHS
00’ekTa AX 1 GaKTHUHOTO MEPEeMillieHHS 00’ €KTa AXact, YACOBY 3aJIC)KHICTD TOXHO-
KM BU3HAYCHHS MEpeMillleHHs AXer 1 3aJIeKHICTD KopeHs R, piBHsHHS (3) (BUMIpsi-
HOTO MOJyJis Koe(ilieHTa BiIOUTTS) BiJ MepeMileHHs 00’ exTa AXo 3 ITOJIOKEHHS,
HaHOJMKYOro 70 aHTeHH, jis ekcriepuMmeHTiB Ne 1, Ne 2 1 Ne 3 immoeiaHo. Sk
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BHJTHO 3 PUCYHKIB, KPHUBI BUMIPSHOTO ¥ (DAKTUIHOTO TMEPEMIIICHHS CITIBIAAAIOTh 3
TOYHICTIO 10 TOBIIIMHMU JIiHIH.

AX, AX

MM

act’

T T T T T T Ax
0 20 40 60 80 100 120 140 ™y MM

—— (aKTUyHE NEePEeMIllIeHHs; — = BUMIpsIHE MEePEeMIilllCHHS

Puc. 1

T T T T T T T T T
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 16 tc

T T T T T T T T T
R 0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 16 tc

T
0 20 40 60 80 100 Ax, MM
—— (axTu4He NepeMillieHHs; — — BUMIpSHE IepeMillleHHs

Puc. 2

Ak BugHO 3 puc. 3 (ekcriepumeHT Ne 3), po3poOiieHni METO/1 100pe Iparioe i
NPy MiHIMaNBHINA BiJICTaHI O aHTEHU 5 €M, Ta TOW Yac sIK pajap Ha CTiHHIN XBWII,
3aMponoHOBaHui y poboTi [5], HE MoKe MpamoBaTH Ha BiJCTaHIX, MEHIINX Bij
14 cwm, yepe3 iHTepdepeHIiito Mixk 00’ €KTOM i aHTEHOIO.
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0,0 0,2 0,4 0,6 0,8 1,0 1,2 14 t ¢

T
0,0 0,2 0,4 0,6 0,8 1,0 12 14 tc

112
2

T T T
0 20 40 60 80 100Ax, MM
—— (axkTuuHe NepeMillleHHs; — — BUMIpsIHE MepEeMIIlCHHS

Puc. 3

B ommcanomy BuIe METOJIi HEXTYETHCSI HASBHICTIO Y XBWJICBIMHIN CeKii i3
30HJaMH XBWJi, BiAOWUTOI Bia pymopHOi aHTeHH. OHAK 1€ HEXTYBaHHS MOXE TIPH-
3BOJUTH 10 3HAYHOI MOXHOKW y BHITQJKYy, KONH KOEQIIi€HT BiOUTTA 00’€KTa €
MTOPIBHAHMM 3 KOe(illi€HTOM BiIOUTTS PYIOPHOI aHTEHH, 110, HAPUKIA, MAE Mi-
CIIe TPH TIOCTATHRO BETHMKIN BiJICTaHI MK 00’ €KTOM ¥ aHTEHOIO.

Meton ypaxyBaHHS Koe(imieHTa BIZOUTTS pyHOPHOI aHTEHH 3aIPOIIOHOBAHO
B pobotax [6, 7].

3 ypaxyBaHHSAM KoeillieHTa BiZOUTTS PYMOPHOI aHTEHU BHUPA3U JJIS KBaApa-
TYpHUX CUTHAJIB i PIBHSAHHS JUIsl BH3HAYEHHS HEBIJIOMOTO MOAYNA KoedillieHTa
BiIONTTS 00’ €KTa HAOYBAIOTH BUTIISIITY

_ A-R? A~ R?
siny=———, cOSYy=——,
Y= "oRB Y= "5RrB
4 2(op2 A12+A22
R*-R (2B +A1+A2)+T:O, (4)

A =a+bR,siny,, Ay =a—-b(l+R,cosy,),
B=1+\/§Rasin(\ya+%),

a=J;—1-2R,cosy, —RZ, b=J,—J,—2R,(cosy, —siny,),

ne Ra 1 ya— Moaynb i gasza koedimieHTa BiTOUTTS PyHOPHOT aHTEHH.
AmHaiiz KOpeHiB OiKBaJpaTHOrO piBHAHHS (4) MOKa3ye, M0 Y BHIAAKY

R< B/ \/E MOJyJIb KoedillieHTa BiIOMTTS 00’€KTa 3aBXau Oy/e JAaBaTUCS MEH-

MM JIOJIATHAM KOpeHeM Ry 1boro piBHSHHA. Y BUNAIKY X R > B/ J2 IpH BUMI-
PIOBAHHSAX Y BUIBHOMY ITPOCTOPI MEPEMILIIEHHS MOYKe OYTH 3 TOUHICTIO IO KIJIBKOX
MPOLICHTIB BiJ{ JOBKUHHU 30HIyBaJIbHOI CIEKTPOMArHITHOT XBHIII y BUIBHOMY ITPOC-
TOpI, SKIIO BBa)KATH, 110 MOAY/b KoedillieHTa BIAOUTTS 00’€KTa TAKOX JA€ThCS
KopeHeM Ro.
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Ha puc. 4 HaBeaeHO 4acOBY 3aJIC)KHICTD MOXHUOKH BU3HAYCHHS MEPEMIIICHHS
AXg, AT PI3HUX 3HaUY€Hb MOAYJS KoedilieHTa BiIOUTTsA 00’ekra R mpu mozento-

BaHHI IPOLIECY BUMIPIOBAHHS TEPEMIIICHHS 00 €KTa, MO 3MiMCHIOE TapMOHIMHI
KoJIBaHHA 3 mepiogoM 7. Monynp koedimieHTa BiZOMTTS aHTEHH AOPiBHIOBAB
0,05, i BigxuIeHHS CTPYMIB IETEKTOPIB BiJl iXHIX TEOPETUYHUX 3HAUEHb MOJEIIO-
BAJIOCS BUIIAJKOBHM ITyMOM. SIK BUIHO 3 PHUCYHKa, NMpU KOEQilieHTi BigOUTTS
00’ekTa, MOPIBHAHUM 3 KOe(]ii€eHTOM BiJOWUTTS aHTEHH, HEXTYBaHHS OCTaHHIM
MOYKE MMPHU3BECTH 0 3HAYHOI MOXHOKH.

— . . . . . . —
00 02 04 06 08 10 12 14 16 18 20T

KoediuieHT BigOUTTS aHTEHH: BPAaXOBYETBCSA **+ -+ HE BPaxOBYETHCA

Puc. 4

VY pobori [8] moka3zaHo, 110 /it 3MEHIICHHS TOXUOKH JTIBO30HIOBUX BUMIPIO-
BaHb Yy IIMPOKOMY Jliana3oHi koedimieHTa BiJOUTTs 00’ €KTa MapaMeTpH JIBO30OHI0-
BOT'O BUMipIOBaya A, (IOBXMHA 30HIYBaJIbHOI €IEKTPOMArHiTHOI XBUJI1 Y BUIBHO-

My HPOCTOPI, IPH SIKil MIXK30HZ0BA BIACTaHb CTAHOBHTH Ag / 8) 1 W (po3mip mm-
POKOi CTIHKM XBWJICBIJTHOI CEKIIii) IBO30HIOBOTO BHUMiprOBava MEepPEMIllIeHHS T10-
BUHHI 3aJJ0BOJIbHATH yMOBI 1,3 <A, /\N <14 i nmoBXWHA 30HIYBAIBHOI €IEKTPO-
MAarHiTHOI XBWJI y BUIbHOMY NPOCTOpPI MOBUHHA 3MiHIOBaTHCA 3 A, Ha 11\ mpu

BUMIpsSIHOMY KoedilieHTi BitOUTTS 00’ exTa Butie Big 0,514.

Y poGoTi [9] 3ampornoHOBaHO METOJ]I KOMIICHCAIlil MOXUOKA BU3HAYCHHS I1C-
PEMIIIIeHHs, TIOB’3aHO0T 3 BIIXWJICHHSIM MIXK30H0BOI BiJICTaHi BiJl ii yCTaHOBOYHO-
ro 3HayeHHs. Ha puc. 5 HaBeaeHO pe3ysibTaTH MOJCIIOBAHHS IPOIIECY BHMIpIO-
BaHHSI MIEPEMILLICHHS, a caMe TIOXUOKY AX,, BHU3HAYCHHS NEPEMIILEHHS 3 BUKOPHC-

TaHHSM yCTAaHOBOYHOTO 3HaUYEHHs MIXX30H0BOI BiJICTaHi (kg / 8) ta ii yrouHeHOTrO
3HaueHHs (0,1008), ) mpu akTUYHIN MiXK30HIOBIH BiaCTaHi kg /10 .

SIx BUIHO 3 pUCYHKA, BUKOPUCTAHHS YTOYHEHOI MXK30HAOBOI BiJICTaHi 3HAYHO
3MEHIIye TMOXWOKY BH3HA4YeHHs nepeMimieHHs. OmucaHi BUIIE METOOH MOXYTb
OyTH 3acTOCOBaHI MpH PO3pOOLI Ta BUTOTOBJIEHHI MIKpPOXBHJIBOBHX BHMIipIOBaUiB
nepeMilleHHS.
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AX_, MM
er

-

0,6

",
-
-

T T T T
0,0 0,2 0,4 0,6 0,8 10 t,c

Mik30HI0Ba BiJICTaHb:

YTOYHEHA === - YCTAHOBOYHA
Puc. 5

Po3poOka i qocaiizkeHHss MiKPOXBHJILOBHX BUMipIOBaUiB mapaMeTpiB io-
Hoc(epHoi minazmu. OCHOBHUM 3aBJIaHHSAM JaHOTO HAIPSIMKY JIOCIHIHKCHb OYJI0
PO3p0o0Ka U TOCITiKEHHS MOJIENIeH MIKPOXBUIIBOBOTO PE30HATOPHOT'O IEPBUHHOTO
MEepeTBOPIOBaYa JUIsl BUMIPIOBaHHS MapaMeTpiB PO3piKeHOT 10HOCGHEpHOT T1a3MHu.

B pesymbraTi gocimikeHb Oyso pO3po0JICHO M JOCIIPKEHO JIeKUIbKa
KOMIT'IOTEpHUX MOJIeNiei MEepBUHHUX MEPEeTBOPIOBAYIB HA OCHOBI Pi3HWUX THITIB
MIKPOXBHJILOBHX pPe30HATOpiB. Byso mokaszaHo, 10 HAHOUIBIN TEPCIEKTUBHUMU
JUIs. BUMIPIOBaHb MapaMeTpiB pO3piPKEHOI M1a3Mi € NMEpBUHHI MEpPeTBOPIOBaYi
Ha OCHOBi OIKOHIYHUX PE30HATOPIB.

Ha ocHOBI koMIT'10TepHIX Mojenel OiKOHIYHHX Pe30HATOPiB OyJI0 OTPUMAaHO
OIIIHKM YaCTOTHUX 3aJICKHOCTEH Koe(illieHTiB mepemayi Ta BIJOMTTSA Mik HOTo
MOPTaMH BiJi KOHIIEHTpAIli] €JIEKTPOHIB B PO3PiIKEHIH I1a3Mi.

Takox Ha OCHOBI WX MojieNel OyJI0 MPOBEICHO JOCHIPKEHHS BIUNTUBY KOHC-
TPYKTUBHHUX OCOOJMBOCTEH (F€OMETPUYHHX MapaMeTpiB €JIEMEHTIB, THITY XBHIIbO-
BUX TIOPTIB Ta MarepiajiiB MOKPUTTS BHYTPIIHIX MOPOXKHHUH PE30HATOPA) HA HOTO
CJIEKTPOIMHAMIYHI XapaKTepUCTUKU 32 YMOBH BiJICYTHOCTI BILTUBY 30BHIIIHBOTO
MAarHiTHOTO TTOJIS.

Ha ocHOBI aHaITHYHUX MOJENCH OyJI0 MPOBEACHO JOCHIIKEHHS 3aJICKHOCTI
BJIACHUX YacCTOT OIKOHIYHOTO Pe30HATOpa Bij KOHIEHTpAIlii eNEKTPOHIB Y MyIa3Mi.
Byno orpuMaHO OIIHKY 3aJIe)KHOCTI YyTJIUBOCTI BJIACHUX YacTOT OIKOHIYHOTO pe-
30HaTOpa 3 PI3HUMHU F€OMETPUYHUMH MapaMeTpaMHu JI0 3MiHU apaMeTpiB Ta3MHu.
OTprMaHO BUPA3U 3aJICKHOCTI YyTJIMBOCTI 3CYBY 1 BIZIHOCHOTO 3CYBY BJIACHOT Yac-
TOTH JI0 3MIHU KOHIICHTpAIIil BUIbHUX €JICKTPOHIB y OJHOPIIHIN i0HOC(EpHIH IIa-
3Mi 3a BiJICYTHOCTI MarHiTHOTO TOJIS:

Af e’r (5)

N, - 4nm,eqcf '(D)sin O

2.2
1 Af er (6)

n, f,  2me,c’ f 2 (®)sin’d

ne Af — 3cyB BiacHOT 4acTOTH; Ne — KOHIEHTpALlisl €JIEKTPOHIB y IUIa3Mi; ¢ — 3a-

pSAI eNMEeKTpOHA; Me — Maca €JIEKTPOHA; € — MieICKTpUYHA CTaja; ¢ — MIBUIKICTH
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CBIiTJIa; I — JOB)KKMHA TBIPHOI KOHyca OIKOHIYHOrO pe3oHaTopa; & — HAMIBKYT MPH
BepinHi KoHyca; f '— 0e3po3MipHa BiIacHa 4acTOTa MOPOKHHOTO KOHIYHOTO Pe30-

HATOpAa, AKa 3aJIeKUTh BiJl pO3MIipy MIBKyTa IIPH BEPIIHHI KOHYCY.

3 oTpuMaHUX pe3yNbTaTiB Oyino 3pOOJIEHO BHCHOBOK, IO JJIsi 301IBIICHHS
YYTJIMBOCTI 3CYyBY BJIACHOI YacTOTH OIKOHIYHOTO Pe30HATOpa IO 3MiHH KOHIICHT-
parii enexkTpoHIB B HEHaMarHideHii i0HOC(epHii m1a3Mi HaJIe)KUTh 30UTBITYBaTH
paziyc OCHOBH KOHYCIB.

Jnst mocmiKeHHs BIUIMBY MarHiTHOTO IOJISI HA OCHOBI KOMIT FOTEPHUX MOJIe-
neil Oymo OTpMMAaHO OIHKH BIUIMBY MapaMeTpiB MOTOKY IUIa3MH Ha MapameTpu
OIKOHIYHOTO pe30HAaTOpa B 3aJIC)KHOCTI Bim HOro po3MipiB i opieHTaIlii BeKTOpa
HaAIpPY>KEHOCTI Mar"HiTHOTO IMOJs. BCTaHOBIEHO, IO CMOCTEPIraeThCs MPAKTHIHO
MTOBHE CIIIBITAIIHHS 3aJICKHOCTEH PE30HAHCHUX YacTOT Bif Ne IPH PI3HUX 3HAYCH-
HSX KyTa Opi€HTAIlil 0 Bi[THOCHO BEKTOpPa HAIMPYKEHOCTI MarHiTHOTO OIS 3eMii
JUIS BUCOT Bijg moBepxHi 10 500 kM. Binbmn meTampHa ominka pisamii Af mik peso-
HAaHCHPMH YaCTOTaMH TP Pi3HWX 3HAYEHHAX KYTiB OpI€HTAIli 0. Ta OMHAKOBUX Ne
MoKa3ana 3HadeHHs mopsaaky AecatkiB kl'm. lllo mpu morpedi orpumanHS HaaTO
BHCOKOTOYHUX BUMIPIOBaHb MapaMeTPiB I0HOC(EPHOI TUTa3MH MOXHA BUKOPHUCTO-
BYBaTH MIPH YMOBI HAsIBHOCTI B CKJIAJ{i CHCTEMH BHMipPIOBaHHS BUCOKOTOYHHX T'e-
HEpaTopiB 30y/KEHHS] MiKPOXBHUJIHOBAX PE30HATOPIB, NETEKTOPIB YaCTOTH Ta Tep-
MOKOMITEHCAI[IHIUX PillleHb.

Y BIAMIOBIAHOCTI 3 pe3yIbTaTaMi MOJIENIOBaHHS OyIIO PO3pOOIEHO i BUTOTOB-
JIEHO eKCIIEPUMEHTAIbHUH 3pa30K MEPBUHHOTO MEPETBOPIOBaYa Ha OCHOBI OiKOHI-
YHOT'O PE30HATOPA 1 MPOBEJEHO EKCIIEPUMEHTAIbHI TOCIIHKEHHS HOTO XapaKTepH-
CTHK B HOPMaJIbHUX YMOBaX.

ExcriepuMmeHTanpHAN 3pa30K MPUBEACHO HA PHC. 6.

1 — KoHIYHI €JEeMEHTH KOpIycy pe3oHaropa; 2 —
KoakcianbHUH po3’eqHyBad (SMA); 3 — oTBip uIs M1a3MH
Puc. 6

Pesynprati ekcriepuMeHTaIbHUX JOCHTIHKEHb IMapaMeTpiB OiIKOHIYHOTO BUMi-
proBaua TOKa3anu iX J00pe  CHIBHAJIHHA 3 JaHUMH, OTPUMAaHUMH IIpH
KOMIT FOTEPHOMY 1 aHaIITHUYHOMY MojetoBanHi. CepellHe KBapaTUIHE BiAXHUIICH-
HSl BUMIPSIHUX PE30HAHCHUX YacTOT BiJl OTPUMAaHUX IPH MOJICIIOBAHHI HE mepe-
BunryBaia 2 %.

OTtpumaHi pe3ylbTaTé MOXYTh OyTH BHKOPHCTaHI SIK TEOPETUYHA 1 eKCIIepH-
MEHTaJIbHA OCHOBA JUISl CTBOPEHHSI BHUMIpPIOBAaYiB HA OCHOBI OIKOHIYHUX PE30HATO-
piB JUIS OLIIHKK KOHIICHTpAI(il €JIeKTPOHIB Y PO3PLIKEHIH HU3bKOTEMIIEPATypHii
TUTa3Mi.
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Po3pobka Ta gociaigieHHsl iOHHO-IJIA3MOBHUX i iOHHO-IPOMEHEBUX MPH-
CTPOIB 1JIsl 3MillHEHHSI POOOYHX MOBEPXOHb Nap TepTsa. OCHOBHUMHU 00’ €KTaMHU
JOCTIKEHB 3a TaHOI0 TEMATHUKO0 Oyir po0odi MPOIECH B TNTa3MOBHX TEXHOJIOTI-
YHUX OPUCTPOSIX Ha OCHOBI PO3psy i3 3aMKHEHUM apeiidom enexkrponis [10]. TTig
Yac BUKOHAHHS IUX JOCIHIMKCHb BHUPIIITYBaJNCh 3aBIAHHS: PO3POOKH METOMIB i
MpHUCTPOiB (hopcyBaHHS POOOYMX TPOIECIB HAHECEHHS HAHOCTPYKTYPHUX 3MIII-
HIOIOYUX MOKPHUTTIB; PO3POOKH JKEpelia KUBIEHHS MOTY>KHOCTPYMOBOTO 1MITYJIb-
cHoro marHerpoHHoro pospsay (IIIMP) mist cTBopeHHS CHpSIMOBAaHOTO TOTOKY
ra3o-MeTalieBOi IUTa3MH; CTBOPEHHS MONMi(YHKITIOHATFHUX TIa3MOBHX TEXHOJIOTI-
YHHX [IPUCTPOIB; CTBOPEHHSA aBTOHOMHOI'O JIKEpeJia CIPSIMOBAHOTO IMOTOKY €Hep-
TETUYHHUX TAa30BHUX 10HIB; ONTHMI3aIlisl TPOIIECIB 3MIITHEHHS ITOBEPXHI OJTHOKOMITO-
HEHTHUM JU(Y31HHAM 1 IMIUTAHTAI[ITHIM a30TyBaHHSM.

Haii6inpm yHiBepcanpbHUM CIOCOOOM 3MIIIHEHHS TOBEPXHI € HAHECEHHS Ha-
HOCTPYKTYPHHX TOKPHTTIB. 3 YHCJIa TEXHOJOTIYHHX MPHUCTPOIB IS HAHECEHHS
TaKWX TOKPHUTTIB CIiJ BUIIIUTH MarHeTPOHHY po3mmioBainbHy cuctemy (MPC),
sIKa 3/1aTHa 3a0€3MeYnTH OTPUMAHHS IIOTOKY MaTepially MOKPUTTS He 3a0pyIHEHO-
ro MIKpOKPAIUIMHHOIO CKJIaf0Bor0. HaHOCTpyKTYypyBaHHS NOKPHUTTS B IIpoLeci Ho-
ro KoHJeHcaii 3a0e3neuyeThcsi HU3bKOSHEPTeTHYHIM aCHCTYBaHHAM 10HAMH ap-
TOHY, SIKi €KCTParyrThCsl 3 MarHETPOHHOTO po3psmy. Peamizarmis miei dyHKIiT B
MPC moxnrBa TiTbKH TIpH 3a0e3rNedeHHi He30aTaHCOBAaHOCTI MAarHiTHOTO TOJS
MPC B 00nacTi MArHETPOHHOTO PO3PSIIY.

OpanMm i3 HanpsimiB yaockoHaeHHss MPC Oynio cTBOpeHHS YMOB Ui pery-
JIIOBaHHA TMOKA3HUKA HE30aJaHCOBAHOCTI MAarHITHOTO IOJIS, IO A03BOJISIE B LIMPO-
KHX MEXaxX peryjioBaTH MapaMeTpy IMOTOKY ra30BUX 10HIB Ha MOBEpxHO. s
ynockonaneHass MPC Hamu 0yi0 po3po0JieHO, BUTOTOBJICHO i BUMPoOyBaHo [11]
IIBI MOIeTi IIaHapHoi He30amaHcoBaHOI MarHeTpoHHoi cuctemu — [ITHOMPCS0 3
PETYIBOBAaHOK HE30alaHCOBaHICTIO. PerymoBaHHS MOKa3HUKA He30aIaHCOBAHOCTI
3MIHCHIOBAJIOCS TNIABHOKO 200 TUCKPETHOIO MepeOym0BOI0 MapaMeTpiB MarHiTHOTO
nossi. Cepennst ryctuHa ctpyMmy B pospsini MPC 3 karomom niamerpom 50 M cra-
Hosuna 125 MmA/cm?. Tlotyxuicts pospsy MPC 1o 3 kBrt. BinMiHHUMY 03HaKaMu
[InH6MPCS50, B nopiBHsIHHI 3 mpoToTHNamMu, Oyno 3HmwkeHHs (1o 0,07 Ila) podo-
4Oro TUCKy aprony i icrotue (Ha 30 %) nmominmeHHsa KoedinieHTa BUKOPHUCTAHHS
MaTepiany KaToja.

IcroTHe migBumIeHHs sKOCTI MOKpUTTS B MPC 3abe3meuyBanocs MiIBUIICH-
HSIM 9aCTKM METaJIeBUX 10HIB B ITOTOLI PO3MOPOILIEHOr0 MaTepialy IIIsIXOM BHKO-
puctanus pexxumy I1IMP. YV takomy pexumi cTaqo MOKJIMBUM iCTOTHE HiABH-
LICHHS IMITYJbCHOI MOTYXHOCTI PO3MMJICHHS, 10 NPU3BOIMIO A0 YacTKOBOI (10
50 %) ioHi3aLii po3NOPOIIEHOI0 MaTepiaty.

st 3ab6e3neuennst podoru [IIMP Gyno po3pobieno [12] iMITynsCHE HH3BKO-
4aCcTOTHE JHKEPEIIO JKUBJICHHSI MArHETPOHHOT'O PO3PSAY 3 PETyJIbOBaHOIO YaCTOTOO
Bix 2 I'm mo 200 I'n. OCHOBHOO BiIMiHHICTIO PO3pOOIEHOTO JXKepeia Bij CTaHIa-
PTHHX 3pa3KiB € 3HW)KEHA 4acTOTa MPOXOJHKEHHS PO3PSIIHUX IMITYJIbCIB IIPH 3HAY-
HO Oinpwii X TpuBasocti (10 10 Mc). IMmynbcHe HU3BKOUACTOTHE JXKEPENo Biapi-
3HSETHCS JCLIEBOIO i MPOCTOI0 KOHCTPYKIIEIO, Y TOPIBHSAHHI 31 CTaHAapTHUMH
iMmmynscHUMHE JpKepenamu Ha 0,1 k' — 30 [ .

Opnnouacue Bukopuctanus B MPC pexumy IIIMP i cucremu perysroBaHHS
MoKa3HWKa He30amaHcoBaHOCTI Ao3Bosmio peanizyBatd B [ITHOMPCS50 pexum
reHeparlii MOTOKY YHCTO ra3oBoi abo razo-merajieBoi miasmu [12]. Ha rpanndynHux
pexumax MPC rycTuHa cTpyMy Ha Katoj gocsrae sHadenss 0,4 A/cm?. Jlns 3a-
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OesreueHHs Pi3HUX TEXHOJOTIYHUX Oleparliii ioHHoi 00poOKHu moBepXxHi Oyim 10-
cmimkeni [13] moxknusocti [ITHOMPCS0 nist reHepyBaHHS CIIPSAMOBAHOI'O IIOTOKY
ra3oBux i (abo) meraneBUX i0HIB. Y CTaIliOHapHOMY pPEXHMi pOOOTH TPaHUIHO
He36amancoBanoro [ITHOMPCS0 renepyeThes MyqoK Ta30BHX 10HIB 3 KyTOM PO3-
xomkeHHs 20 rpa.

B pexunmi imnynscHO-IepionugaOoro po3psiny B IIMHOMPCS0 dopmyerses
BY3bKHH Iy4OK ra30-MeTajeBOi Iu1a3Mu 3 posmmpenHsam Ha 10 rpaa. Cepennst ryc-
THHA CTPyMy Ha MOBEPXHIO, 10 Oys1a Bixnanena Ha 150 mm, cranosuna 10 MA/cm?,
HasiBHicTH MeTaneBHX 10HIB B IMOTOILI MaTepialy HOKPUTTS ICTOTHO MOKPAIIyE MO-
JKITMBOCTI ()OpMyBaHHA HAHOCTPYKTYPHOTO TOKPHUTTA 3 TMOIMIICHAMH aAre31iHH-
MU xapaktepuctukamu. Y psi Bumaakis [ITHOMPC, mo npaittoe B iMITyIbCHOMY
PEeXHUMi, MOXKE PO3TISAATHCS K YHIBEpCATFHUI 10HHO-TIIIA3MOBHIA TEXHOIOTTYHUH
MIPHUCTPiH, 3MaTHUI BUKOHYBAaTH KOMIUIEKCHY 3MIIIHIOIOYY OOpOOKY IMOBEPXHi, 110
BKJIIOYa€ HHU3BKOCHEPTeTHYHE IMIDIAHTAIliiHe 3MiIHeHHS abo pamiamiitHo-
CTUMYJIbOBaHE a30TYyBaHHS Yy PO3PIMHKEHIN TIa3Mi 3 HACTYITHUM HaHECEHHSM Ha-
HOCTPYKTypHOTO TOKpHUTTs. Taki BmactuBocti [ITHOMPCS50 BimkpuBaioTh MOX-
JUBOCTI JUTSI TOMIMIIEHHS (yHKIIOHATBHO-EKCILTyaTallifHUX BIACTHBOCTEH TOBE-
PXHEBOTO 3MIIHEHHS TIPHU OJHOYACHOMY IIiIBHINEHHI MPOITYKTUBHOCTI 0OpOOKH,
3aBJISKH YHIBEPCATBHOCTI pOOOYHX (DYHKIIIH TEXHOIOTIIHOTO MMPUCTPOIO.

B yHiBepcanpHOMY TPUCTPOI, SK MPaBHUIO, OOMEKEHO MOMIHMBOCTI 3a0e3re-
YEeHHS IPAaHUYHUX XapaKTepUCTUK. Tak B pszi BUIIAAKIB, HANPUKIAL MIPU 10HHO-
mpoMeHeBil Moampikarii moBepxHEeBUX (Hi3MKO-MEXaHIYHUX BIACTHBOCTEH TuTac-
KHX a00 BiCECHMETPHUYHUX MOBEPXOHb 3HAYHOI MPOTSHKHOCTI, TIEpeBaru Mae o0po-
OKa BUCOKOEHEPIe€TUYHHUM ITyYKOM 3 BUCOKOIO I'yCTHHOIO i0HHOTO CTPyMY.

Jns BukoHaHHS (OPCOBAHOI 10HHO-TIPOMEHEBOI O00pOOKM Oyrna mpoBeneHa
MOJIEpHi3aIlisi aBTOHOMHOTO 10HHOTO JDKepeia THITy «IIPUCKOPIOBAadY 3 aHOIHUM
mapom» (ITAI) [13]. MopaepHizaris monsrana B 3aCTOCYBaHHI OamicTHaHOTO (o-
KyCyBaHHSI 10HHOTO ITy4Ka 3 HAaCTYHHHMM HOro «10(oKycyBaHHSM» B MarHiTHii
minzi. [Iydok razoBux ioHiB (hOKycyBaBCs Ha IINSHIN MOBEpXHi AiameTpoM 40 mwm,
10 3HAXOAWTHCA Ha Bigctadi 150 MM Bif 3pi3y MarHiTHOI CHCTEMH 10HHOTO JIKE-
pena. I'yctuna ioHHOro cTpyMy B oKyci craHoBuna Bix 5 MA/cM? 1o 15 MA/cm?,
Enepris nmpuckopeHnx i0HIB JOpiBHIOBANIA TPUOIM3HO MMOJOBUHI PO3PSAIHOI Pi3HH-
ui noreHmianie B [TAIIl. 3aBasxy He3HAYHOMY TIOJIMIIEHHIO CXEMH ITiIKITIOYSHHS
ITAII 6yna icTOTHO TOJIMIIEHA CTIHKICTh MTPUCKOPIOBATBHOTO PEXUMY IOJIO BH-
COKOBOJIbTHHX TP0o00iB. ABTOHOMHe i0HHE mxepeno ITAIII125 opienToBaHo Ha
3aCTOCYBaHHS IPU 10HHO-IPOMEHEBOMY HHM3bKOCHEPTETUYHOMY a30TYBaHHI 1 JUIA
IHTEHCHBHOI 10HHOI 0OpOOKY TMOBEPXHI 3 METOI0 3HHUIIECHHS JIe()eKTHOTO IMTOBEPX-
HeBoro mapy. JledexTHuil map BUHUKAE Ticist abpa3uBHOI 0OpoOKH MpereH3iiHOoT
MTOBEPXHI 1 IMOTIPIIye BTOMHI XapaKTEPUCTHKH ITapH TEPTsL.

Juisa 3mitHIoI090i 00poOKu moBepX0Hb 3 po3BuHEeHUM 3D pennedom Bukopuc-
TOBYETHCS IMEPCiifHA TIa3MOBa TEXHOJIOTis, TOOTO TEXHOJIOTisE MOAU(iKaIlii Biac-
TUBOCTEH MOBEPXHEBOTO MIaPy KOHCTPYKUIHHOIO METally i3 3aHypeHHAM 00'eKTa
00poOKY B OJTHOPIHY 00'EMHY PO3PIKEHY ILIA3MY.

IIpn mpoBeneni a30TyBaHHS B PEKUMI paliallifHO-CTUMYJIbOBaHOI IuQy3ii
HEeoOXiZiHEe CYTT€EBE MiJABUILICHHS €Heprii ra3oBux ioHiB. B mpoMucioBux ycraHoB-
Kax nuQy3iiHHOro a30TyBaHHI B TIIIOUOMY PO3PsAAl BiACYTHI MOXIUBOCTI ISl Ta-
Koro mijBuiieHas. HeoOXiqHOW YMOBOO /ISl HOTO € 30UIBIICHHS MPOTSHKHOCTI
KaTOJHOTO HaliHHS TII0YOT0 po3psay, L0 BUMArae 3HXEHHS THCKY Ta3y B peak-
LiiiHii Kamepi 10 3Ha4eHb, MPH SKUX TIIIIOYHHA PO3pA] CTa€ HECAMOCTIMHUM 1 BHU-
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Mara€ JI0JaTKOBOro iHiIifoBaHHA. Bigomo, 0 JJId 1HILIFOBAaHHS HECAMOCTIMHOTO
TIII0YOr0 PO3psAay MOKe OyTH BHKOPHCTaHO aBTOHOMHE JpKepeno Iuiasmu (abo
JDKEpENo eNeKTPOHIB), M0 TeHepye MOTIK eIeKTPOHIB 3 eHepricro Oimpmie 5 eB.
Byno mokazano, mo B TMOTOII Tra3o-MeTajieBOi IUIA3MH, IO TEHEPYETHCS
[ITHOMPCS50, TemmepaTypa elIeKTpOHIB JOCATAE 3HAYSHHSI, HEOOXiTHOTO JUIA 1Hi-
IFOBaHHSA HECAMOCTIHHOTO TIIFOYOTO PO3PsIy.

Ha 6a3i [ITHO6MPCS50 6y1i0 po3po06ieHo KOHCTPYKITIO YHIBEPCAIBHOTO JIKe-
pena 3apAmKeHHX YaCTHHOK 3 PaliajbHOI0 eKCTPAKIi€I0 €HEPTeTUYHHUX EJIEeKTPO-
HIB 3 My4Ka ra3zo-metaneBoi mia3mu [14]. [ns excTpakiii exeKTpoHiB BUKOPHCTa-
HO TIPUHITAI TPaTOBOi CTabuIi3aIli MITIHAPUIHOI TIOBEPXHI eMiTepa eIIeKTPOHIB.
Bymno 3anponoHoBaHO KOHCTPYKIIiIO YHIBEPCAIIBHOTO TEXHOJIOTIYHOTO TLIa3MOBOTO
MIPUCTPOIO ISl MOZEpHi3amii MPOMHUCIOBOI BaKyyMHO-TUIa3MOBOI yCTaHOBKH by-
maT-3 3 METOI0 TPYIOBOi 00poOKHM ApiOHMX meranel 06'eMHOi KOHbirypamii i0H-
HUM a30TyBaHHSM 3 IOJATBIINM HAHECEHHSIM 3HOCOCTIHKOTO HAaHOCTPYKTYPHOTO
TTOKPHTTS.

Po3pobiieHi i MoiepHi30BaHi 10HHO-TIa3MOBI TEXHOJIOT1YHI mpucTpoi [15, 16]
OyJ0 3ampONOHOBAHO MJIsi MOJAEPHi3allii MPOMICIOBUX BaKyyMHO-TUIa3MOBUX yC-
TaHOBOK JIJIs1 3MIITHIOI0YO01 0OpPOOKY €IIeMEHTIB KOHCTPYKIIiT ap TepTs 3Ha4YHOI (10
500 MM) IPOTSHKHOCTI, III0 MAIOTh BHYTPIIIHI 1 30BHIIIHI po00Ui MOBEPXHi JiaMeT-
pom Bix 50 MM 10 150 Mm.

JocriTskeHHs TeXHIKO-eKOHOMIYHOT Ta HAYKOBOI €()eKTHBHOCTI CKJIATHUX
TeXHIYHUX cUCTeM i 00'eKTiB pakeTHO-KOcMiuHOI TexHiKH. OIHUM i3 3aBIaHb
JAHOTO HANPSAMKY pOOIT € YIOCKOHAICHHS iICHYIOUMX METO/IB PO3PaXyHKy MOKa3-
HUKIB HaJIHHOCTI 1 Oe3nekn 00'eKTiB pakeTHO-KocMmiuHOi TexHiku [17 — 18]. Jlns
BHUpIIIeHHs IIi€l 3amadi Oymo po3poOIeHO METOAMKY HOPMYBAaHHS HAMIHHOCTI
CTPYKTYPHO-CKJIaJHUX TEXHIYHUX CHCTEM, IO 3abe3nedye BUKOHAHHSI BUMOT 0Oe3-
MeKu, 00JIiK eKOHOMIYHUX 1 TEXHIYHUX OOMEKEHb B YMOBaX HEUHCIEHHOCTI CTaTH-
CTUYHMX JAaHMX. 3a3HaueHa METOJMKa BKJIIOYA€ MAaTeMaTHYHI MOJeNi, METOIU Ta
QITOPUTMH ONTHMI3alii HAJIITHOCTI €IEMEHTIB PaKeT-HOCIIB 1 raMMa-BiJICOTKOBUX
TEPMiHIB aKTHBHOTO ICHYBaHHS KOCMIYHUX amapaTiB, IO 03BOJISE€ BUPIIIATH
npo0JieMy BEJIHMKOI PO3MIPHOCTI Ta PEeAyKyBaTH BUXIJHY 3a7ady, COPOCTHTH pPO3-
PaxyHOK TIOKa3HHKIB HQJIHHOCTI i O€3MeKu NMpu MPOEKTYBaHHI BHUCOKOHAIiHHIX
TEXHIYHHX CUCTEM.

[Ipu omiHIOBaHHI €(EKTUBHOCTI TEXHIYHUX CHUCTEM BHUKOPHUCTOBYBAIHCS (B
MiIX0/IM: 3 BUKOPUCTAHHSAM MPUHIHUITY rapaHTOBAaHOTO pe3ynbraty [19] Ta Ha oc-
HOBI MOJIeNiell HEWITKUX JaHWX 3 ypaxXyBaHHSM KUIbKICHUX 1 SIKICHUX ITOKa3HUKIB
[20]. BukopucroByrouu axroputv Mamzani [21], Ha mepiiomy etarti IpOBOIUTHCS
(opMyBaHHS CTPYKTypH 0a3u 3HaHb, a HA APYTOMY €Talli 3IHCHIOETHCS Mapamer-
pUvHA iMeHTH(IKAIisS 3aJeXHOCTI, 0 JOCTIHKYETHCS IIIIXOM 3HAXOKEHHS Ta-
KHX TIapaMeTpiB HEYITKOi 0a3u 3HaHb, SIKi MiHIMI3yIOTh BIIXWJICHHS MOAEIbHUX Ta
EKCHEPUMEHTAIBHUX JTaHUX. 3allpONOHOBaHI METOJM JO3BOJISIIOTH BpaxyBaTH iH-
(dbopMmariito mpo Bci (pakTOpH, IO BIUIMBAIOTh Ha €()EKTHBHICTh, HE3AIEKHO BiJ
BUY Ta TOYHOCTI IX MPECTaBJICHHS, a TAKOX 3HAYHO CKOPOUYYIOTH 00CATH TOYHOT
iHpopmalii, HeoOX1IHOT AJIsl NPUHHATTS ONTUMAIBHUX PillIeHb.

B po3BUTOK TEXHOJIOTIH 00 BUAAIIEHHS KOCMIYHOTO CMITTS 3 HaBKOJIO3EM-
HUX 0pOiT [22] po3po0iieHO METO ] MPOEKTYBAaHHS aepOJMHAMIYHUX CUCTEM BiJBe-
JICHHS1 KOCMIYHUX amapariB, 3aCHOBaHMN Ha TEOpii MPUUHATTA PillIeHb 1 BUKOpHUC-
TaHHI €KCIIEPTHHUX, BepOaNbHUX Ta aKCIOMAaTHYHUX METOJIB OL[iHIOBaHHS €(eKTH-
BHOCTI cucteM [23]. 3anmponoHOBaHUI METOJ BUKOPHCTOBYE ITOPUTMH 1 MPOIie-
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Jlypr 0araTOKPHUTEPIaTLHOTO OIIHIOBAHHS adbTEPHATHB, YUM CYTTEBO BiAPi3HAETH-
Cs BiA TpamuIliHHUX METOMIB MPOEKTYBAHHS 3aCO0IB BiJBEICHHS KOCMIUHHX ara-
patiB. OCHOBHHMH pe3yJIbTaTaMH I[bOTO JOCIHIKEHHS € CTPYKTYPYBaHHS 1 KPHUTE-
pilaNbHO-IIITFOBE MOJIEITIOBAHHS 33/1a41 MPOEKTYBAHHS CHCTEMH BiBEACHHSA KOCMi-
YHHUX arapariB, po3poOKa 0aratoeTamHoi IpoIeaypy ONTHMI3allil OCHOBHUX IPO€E-
KTHUX TMapaMeTpiB y BHUIJIAL JIOTIYHOI BIIOPSIKOBAHOI MOCIiAOBHOCTI Hedopma-
JTHHUX 1 (popMaTEHUX MPOIIETyp, IO JT03BOJISIE HA TIOYATKOBIHM CTadii MPOEKTyBaH-
HS TiABUIIUTH €(DEeKTHBHICTD 1 hopManilyBaTu Ipoliec reHeparlii HaiOiIbII paili-
OHAJIBHUX KOHCTPYKTOPCHKHX PIllICHb.

Heo6xigHOI0 yMOBOIO CTAIOTO PO3BUTKY KOCMIYHOI ramy3i YKpaiHu € edex-
THUBHE YIIPaBIiHHA JiSUTHHICTIO 11 MiANPHEMCTB i OpraHi3alliii Ta pamioHalTbHE BH-
KOPHCTaHHS BUAUTIEHNX KOmTiB. HaitbimpIn mieBUM crmocoOOM yIpaBIiHHSI KOCMid-
HOIO Tajy33i0 € po3po0Ka Mep)KaBHUX HAayKOBO-TeXHiuHUX mporpam [23]. Tomy
HAJ3BUYAHO BAXKJIMBOIO € 3a7ada PO3POOKH METOAMYHOTO Ta iHbopMariiHo-
aHATITHIHOTO 3a0€3MeUeHHsI 3 BU3HAUCHHS ¢()eKTHUBHOCTI 1 MIPIOPUTETHOCTI MPOE-
KTiB JUTSl MATPUMKH TPOIECIB MPUHAHATTS pillleHp Mpu (OpMyBaHHI Jep>KaBHUX
MporpaM KOCMIYHUX JOCTiKEHb.

[MepcrieKTHBHUM HANpPsIMKOM PO3BUTKY QJTOPUTMIB MPUIHATTS ONTHUMATBHUX
pillicHh BBRYKAETHCS KOMIUICKCYBAHHS MPOIEYp EKCIEPTHOTO, EBPUCTHYHOTO, aK-
CIOMaTHYHOTO 1 BepOANBHOTO MIAXOMIB, a TaKOX (Popmaltizamist croco0iB OIiHIO-
BaHHs ajgbTepHaTuB [23].

Buxonsun 3 115010, po3po0IeHO AEKiIbKa METO/IB MONIKPUTEPiaIbHOTO OIli-
HIOBaHHS ANbTEPHATHB NUIIXOM YIOCKOHAIICHHS POLeAYp MOOYI0BU HOPMOBAHUX
1 HeHOpMOBaHHX (DYHKIIH edeKTUBHOCTI Ta MoaAH(DiKaIlii KIACHIHUX aITOPUTMIB
CITTHPHOTO IIKATIOBAHHS KPUTEPIiB.

st oTpuMaHHS JOCTOBIPHUX pe3yNbTaTiB B IMPOLECI PIlIeHHS MPaKTHIHUX
3a7a4 HAJIaHO PEKOMEHAIT 100 HAJCKHOTO BUKOPUCTAHHS PO3pOOIIEHOrO Me-
TOUYHOTO 3a0e3neueHHs. BUKOHAHHS WX PEKOMEHAIIN € TapaHTIEr aJeKBaT-
HOCTI MaTeMaTHYHOI MOJIEITi i KOPEKTHOCTI 3aCTOCYBaHHS TOTO YH iHIIIOTO METOIY.
OOrpyHTOBaHO HEOOXITHICTH CTBOPEHHS €IMHOI aBTOMAaTH30BaHOi iH(pOpMaLiiiHO-
AHAITUYHOI CUCTEMH JUIsi KOHKYPCHOTO BiOOpY MPOEKTIB 1 POpMyBaHHS CKIAILy
NporpaM HaAyKOBO-TEXHIYHUX JOCIIKCHb.
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