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YOOCKOHANEHUU METO[ OGI'PYHTYBAHHSA
BUBOPY 3ACOEIB BUMIPIOBAJIbHOI TEXHIKU
ANnA NOTOYHOIo PEMOHTY PALIOENEKTPOHHUX 3ACOBIB

Memorw cmammi € yOOCKOHAIeHHSI MemoOy 0OIPYHMYBAHHs 8UOOPY 3AC00Y GUMIPIOGAILHOT MEXHIKU Ol
NOMOYHO20 PEMOHMY PAOIOENeKMPOHHUX 3AC00I8 i3 UKOPUCTNAHHAM eNeKMPOHHOI 06yuctiosanrvhoi mexuixu. 11i0
YAcC HANUCAHHA CMammi 3aCMOCOBAHO Memoou meopii UMOSIPHOCMEN, MEXHIYHOI OlaeHOCMUKY | Mempoo2ii.
3asznauenuti memodonociunuil nioxio 0ag 3mocy nposecmu O0CHIONCEHHs. HOBUX NIOX00i68 00 MempON02IYHO20
3a0e3neuentss NOMOYHO20 PeMOHmY paodioeleKmpoHHUx 3acobis. YV cmammi YOOCKOHANEHO Memoo
00IpYHmMY8aHHa 6UOOPY 3ac00y  BUMIDIOBANLHOI MEXHIKU 3 MIHIMAILHO NPUNYCIUMUMY — 3HAYEHHAMU
MEmpONOSIYHUX XAPAKMEPUCMUK Npu 3a0e3neyeHHi NOKA3HUKIE PeMOHMONPpUOamHocmi padioeneKmpoHHUX
3aco6ig nid uyac ix nomounoco pemonmy. CymHicmov YOOCKOHANEHHS Memody 3800UMbCsl 00 MAKCUMATLHOL
anzopummizayii pienHs 3a80anHs 34 O0NOMO2010 eAeKMPOHHOI 0OUUCTIOBATLHOT MeXHIKU. Y cmammi HagedeHo
O10K-cxemu peanizayii Memooy i NOKA3AHO iX BUKOPUCTAHHA HA 3PA3KY padioeneKmpoHHo2o 3acoby. Ompumani
pe3yrbmamu 8iOpi3HAIOMbCSL 8I0 GIOOMUX popmanizayicio GUKOHAHHA ONepayiti 34 00NOMO20I0 eleKMPOHHOL
0OYUCTIOBANBLHOT  MEXHIKU, MOJICIUBICMIO NOPIGHAHHSA  6APIAHMIE KOMNAEKMY  PISHOMAHIMHUX 3ac00i68
BUMIPIOBANILHOI MeXHIKU 05l 6UOOPY HAUKpAW020. Aemopu nponoHyroms Gopmanizayilo piwenHs 3a80aHHS.
00IPYHMO6aH020 6UOOPY 3ACO0Y GUMIPIOBANLHOI MEXHIKU 3 MIHIMAIbHO HEOOXIOHUMU MempPONOIYHUMU
Xapaxmepucmukamu Ol  GUKOPUCMAHHA 6 0Oa3i 3HAHL NEPCNEeKMUSHUX —ABMOMAMUIOBAHUX — CUCHEM
Memponociuno2o  3a0e3nedeHHs peMonmy  paodioeneKmpoHHUX —3acoi6 i3  3ACMOCYBAHHAM — CYYACHUX
inghopmayivinux mexnonociu. Lle Odacmbv 3mo2y noemicmio agmomamuzyeamu npoyec 6ubopy 3acody
BUMIPIOBATILHOI MEXHIKU I3 NEPENiKy MONCIUBUX | BUKTIOUUMU CYO 'EKMUHUL pakmop.

Knwuosi cnosa: paodioenexmponni 3acobu, 3acobu SUMIPIOBANIbHOI MeEXHIKU, DeMOHm, HNOKAZHUKU
PEMOHMONPUOAMHOCHI.

Beryn

IToTouHuii pEeMOHT paIiOENEKTPOHHUX 3ac00iB
(mami — PE3) Ta ycyHeHHS! HECTIPaBHOCTEH B MOJIBOBHUX
yMOBax € JIOCHUTb BXKJIMBOIO YACTHHOIO TEXHIYHOI
eKCInTyarartii, Ky HEMOXKITBO MTOBHICTIO
dbopmarmizyBaru. Haiibinpmuii 9ac 0coOOBHH CKiIan
BUTpayae Ha MOIIYK HECHPaBHHUX €JEMEHTIB. Aue
TEOPETHYHI JOCTIIDKCHHS B IUX Taly3sX HAyKOBHX
3HAaHb MpPU iX BIPOBA/DKCHHI B IPAKTUKY PEMOHTY
JAalOTh 3MOTY CYTTEBO CKOPOTHTH CEpelHid dac
BiJTHOBJICHHs mpare3aatHocTi PE3.

IlocTanoBka npoodJjieMH. Mertposnoriuni
XapaKTEepPUCTUKU 3aco0y BUMIPIOBAJIBHOI TEXHIKH
(mami — 3BT) cyTTeBO BIUIMBAIOTH Ha 3HAYCHHS
cepenuboro vacy BimHoBieHHs (Ts) PE3 mim gac ix
MOTOYHOTO PEMOHTY, TOMY 1[0 Pe3yJIbTaTH BUKOHAHHS

Henocratus METpPOJIOTiTHA HAIIHHICTE 3BT
MIPU3BOANTE 110 30iNbIIeHHs 3Ha4YeHb 1. BomHowac,
MiABUIICHHS BUMOT JI0 METPOJIOTIYHUX XaPAKTCPUCTHK
MOHAJ HEOOXITHUN piBeHb 30UIBIIYE TX BapTicTh Oe3
BIUIMBY Ha MOKa3HUKH peMoHTonpunarnocri PE3.
Tomy, BUHHKae HayKoBa MpobieMa MiHiMizalii BuMor
1o 3BT mpu 3a0e3meveHHi HEOOXITHOTO 3HAUCHHS T,
IiJ] 9Yac MPOBEACHHS MOTOYHOro peMoHTy PE3.

AHaJi3 ocTaHHIX AocaimxkeHsb i myoaikamiii. B
pesynbrati mudposizamii PE3 BuHHKae HEOOXimTHICTH
JIOCIII/DKCHHS. 1 BIPOBAKEHHS HOBHX TIAXOMIB [0
METPOJIOTIYHOTO  3a0€3MeYeHHs  iX  MOTOYHOTO
pemonty. Cknagnicte cydacHux PE3 6e3mepepBHO
3pocTa€e, a BUMOTH A0 iX PEeMOHTONPUAATHOCTI HE
3MIHIOIOTBCS, e BHUMArae KOMILICKCHOTO
YIOCKOHAJIICHHS METPOJIOTIYHOTO 1 JiarHOCTHYHOTO
3a0e3MeUeHHS MOTOYHOTO PEMOHTY.

MEPEeBipOK  3HAYEHb TMapaMeTpiB  JalOTh  3MOTY
KUTbKICHO ~ OIIHATHA TEXHIYHUH CTaH BHPOOIB. OcoGmusocti  TexHiuHoi  excruryarauii 3BT
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BiICPKOBOI'O MPHU3HAYCHHS Ta MIAXOIH A0 iX BHOOPY
JuIsl peaiizauii NOTOYHOTO PEMOHTY O30pPOEHHS Ta
BIICPKOBOI TeXHIKHU po3risiHyTo B [1-3]. B [3] Buepiue
OTpUMaHO (PyHKLIOHAIBHY 3aJIC)KHICT METPOJIOTTYHOT
HagiHocti 3BT B MikmoBipkoBudd mepiog T (B
MICSIISX).
P(1) =1—-mKyK.";m=720TK,/T";

ne Ky —uacrka metposoriunux xapakrepuctuk 3BT,
HEOXOIUIEHUX BOYZOBaHMUM KOHTPOJIEM;

K.* — ctatucTuuna OIliHKa
MIPUXOBAaHUX BiIIMOB;

K, — xoedirmient Bukopuctanus 3BT;

T* — cratucTiyHa oliHKa HampaioBanHs 3BT Ha
BiIMOBY.

Takox  Bcranosineno, wmo 0,1 < K. <0,24
3aJIeXHO BiJl yMOB BuKopucTaHHs 3BT, 3a Takux ymoB
01<K,<0,3.

Cepenne kBagpaTuyHe Bigxwienas P(T) Big
OTPUMAHOI OI[IHKH JJOPIBHIOE

8 = mKy/K.(0,15K, + 1/m),

B [4] y3arampHeHO 3HAauYEHHS HMOBIPHOCTI

MIPAaBUIIHHOT OIIHKU PE3yJIbTaTy BUKOHAHHS ITEPEBIPKU

koedimienTra

p 1 mokaszaHo ii BIUTMB Ha CepeHiil Jac BiIHOBJICHHS
PE3 3a ix IOTOYHOTO PEMOHTY
oKty
*oP@mp T Y
Je t — cepenHii Yac BUKOHAHHS;

K — cepenHs KUTBKICTh MTEPEBIPOK;

t, — cepenHiil 4ac yCyHEHHs HECIIPAaBHOCTEH;

T,y — IPUITyCTUMMH Yac BiHOBIICHHSI.

B [5] yzarampHeHO (yHKIIOHAIBHI 3aJ€KHOCTI
MAaTEeMAaTHYHOT'O CIOJIBAHHS BIJAXWJICHHS TEXHIYHOTO
CTaHy BUPOOIB Bijl HOTO iICTHHHOTO 3HAYCHHS 32 OJHIET
noMuwIkH (axiBus p. Takoxk mokazaHo, MO YMOBHHUU
anroput™ JgiarHoctyBaHHs (mami — YAJ]) moxHa
BUKOpHCTOBYBaTH, ko p<0,5. HaBeneHo MosxiuBi
Buan (OiHApHI, OXHOPIAHI, HEOXHOPIIHI, IPYNOBi) i
dbopmu (MiHIMaBHI, JOCKOHAJI, MakCUMaslbHi) Y AJ]
(puc. 1), ne m — moayne Bubopy YAJI; L — 3aransHa
KiIbKICTE elleMeHTiB; Knin — MiHIMalbHA KUIBKICTH
MIEPEBIPOK JUIsI OILIHKM TEXHIYHOTO CTaHy BHPOOY;
Kmax— MakcumManmbHa KiIbKICTH TepeBipok; ¥; —
KUTBKICTh OLIIHOK TEXHIYHOTO CTaHY IICJIs BUKOHAHHS 1
HepeBIpoOK; L — KUIBKICTD (haxiBIiB.

a) d)
F=1; m=2; L=8; K=3 N\
b) F=4; m=2; L=6;
Kuin=1 s Kmaxzs; K:3,33
e)
F=2; m=2; L=6: A/ \ /\/ \
I<min:2; Kmax:3; K:2,26 /\ \
c) F=3; p=2; L=9;
Kuin=1; Kmax=3; K=2,22
f)
F=3; m=2; L=7; Knin=2; Kmnax=4;
£, =2;0;=3;4,=2; K=3 F=3; m=3; L=9;
Kuin=1; Kmax=3; K=2,22
Pucynox 1 — Ilpukiiaay BUAIB i OpM YMOBHHX aJITOPUTMIB JJIarHOCTYBaHHS
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MeTtoro cTaTTi € yNOCKOHANCHHS METOLy
oOrpyHTYyBaHHS BHOOpY 3aco0y  BHMIpIOBaJIbLHOI
TEXHIKH AJIs1 TOTOYHOTO PEMOHTY Pa/iOeIeKTPOHHUX
3aco0iB 3 BUKOPUCTaHHSAM €JIEKTPOHHOT
004YHNCITIOBAILHOT TEXHIKH, IO JACTh 3MOTY HE JIMIIE
MiIBUIIATHA SKICTh, ajleé W CKOPOTHTH 4Yac PO3pPOOKH

METPOJIOTIYHOTO 1 JIarHOCTUYHOTO 3a0e3IeYeHHS.

OTpuMani 3a Takux yYMOB (pyHKLIOHAJIBHI
sanexHocti p (L, K, u, m, p) HaBeneno B tabum. 1, ne
K, (oOMexxeHHs1 3HM3Y) — Lilla YacTMHA CEPEeIHBOT
KijgbpKkocTi mepeBipok, "K' (oOMexxeHHS 3ropu)
okpyrienHs K mo minoro uncna.

Tabmnms 1

OyHKITIOHATBHI 3aJI€KHOCTI MATEMATHIHOTO CIIOiBAaHHS BiIXWICHHS TEXHIYHOTO CTaHy 00'€KTIiB
JiarHOCTYBaHHS BijJl HOTO iCTUHHOTO 3HAYSHHS

dopma . . . . YMoBHHI
— 3HavyeHHs MAaTEMATUYHOrO OYiKyBaHHs BiIXHMJIEHHS TEXHIYHOIO CTaHy 00'€KTIB HoMep
> =05(k+-—a K-1
JlockoHana p(m=2) =0, ( +m—1>( —p)p 1
dhopma =1
(F=1) pu=1) =05 (K + — )@ = pypret 2
p(m =2)
mlmX + |K|m—1) = 1) + (L = DX + [K](m — 1) — D)p a
h 2(m — 1)ml¥1 3
MinimaapHa —p)plki-1
opma
(1()F£2) p(u=2)
(u+ DI+ DM + [Klp - D)+ L= D((e+ D" + [Klu - Dp a
2u(p + DK 4
- p)p—
Kmax .
0,5(1 —p) L(m+im—-1)—-1)
p(m =2) = : p' 5
I[(;BiJlLHa p(m—1) _ ‘tin m
opma 0,5(1— . P
_ , ) v L[+ D +ip— 1]
(F-3) puz2) = 2P N Lo 6
pH (h+1)
i=Kmin
(L-1)/(m-1)
(m>2) 1—p|p(1 + pt-/(m-1) Z im—-1)—-1 , ;
m=>2)= _
MakcumainbHa p 2p 1-p L mt p
bopma —D/u
(F=4) ws= 7P p(1+p“ 0/ z w1 g
=D wri?

Pesynbratn nux my6mikariil y3araasHeHo B [6], ne
HaBEICHO MPUKJIAIN {X HMPAaKTHYHOTO BUKOPHUCTAHHS.
Sk HemomiK HaBeIEeHUX PE3yJbTATIB CIiJ BiIMITHTH
HEZOCTaTHIM piBeHb (opmamizamii pimeHHs 3amadi
o6rpynToBanoro Bu6opy 3BT m1s morouHOro peMoHTy
BUPOOIB.

BukJiag ocHOBHOT0O MaTepiajy

AOCJTi/IZKeHHS
Meton npusHaueHwit Ui Bubopy 3BT 3
MiHIMaJIBHO [IPUITY CTUMUMU 3HaUYEHHSMU

METPOJIOTIYHMX XapaKTepUCTHK Npu 3a0be3nedyeHH]
NOKa3HUKIB pemoHTompuatHocti PE3 min wac ix
MOTOYHOTO  peMoHTy. CyTHICTD  yJIOCKOHAICHHS
METONly TIOJIATAE B MaKCHMAIbHIH alropuTMizartii
BHOOPY 3BT JUTSt MTOTOYHOTO PEMOHTY
pamioeIeKTPOHHUX 3aco0iB 3a JTIOTIOMOT OO
€JICKTPOHHOI 06uunCIIoBaNbHOT TexHiku (Hami — EOT).

Sk mMaremMaTHYHUI amapar BHUKOPHUCTAHO METOIU
Teopii HMOBIPHOCTEW, TEXHIYHOI JIarHOCTUKH 1
MeTposiorii, HaBeieHI I amnpoOoBaHi y BIZOMHX

HAayKOBMX MyONiKamisx 3 TEXHIYHOI eKCcIuTyaTtarii
cydacanx PE3 3 po3HeceHuMU B IPOCTOPi elleMeHTaMu
[1-7].

3apmannas BuOopy 3BT mist mOTOYHOTO PEMOHTY
PE3 Bupiuyerbes moerarnHo:

OTPUMAHHS 1 aHAJII3 BUXITHUX JaHUX;

po3podka YA]I BupoOy [6, 7];

o1riHKa Moka3HuKiB SKOCTI (T5<Tyn, p<0,5);

32 HEOOXIMHOCTI 3MiHA BHXIJHUX JIaHUX i TIOBTOP
po3podku YA/,

3a BHKOHaHHS YMOB TmepeTBopeHHS YAJl B
JIarHOCTUYHY TIpoTrpamMy 3 PEeKOMEHIAIMisIMU MO0
Brubopy 3BT.

Hatikpamii pe3ynbTaTé IOCSATAIOTHCS, SKIO0 BHOIP
3BT amsd TOTOYHOTO PEMOHTY 1  TEXHIYHOTO
obcyroByBanHs PE3 BHKOHYIOTH mie Ha erami ix
npoekTyBaHHs (puc. 2). BomHouac, € MOXJIHBICTh
BuOOpy cyuacHux 3BT 3 MiHIManbHO NPUITYCTUMHMHU
3HAYCHHSAMH P 332 BHKOPUCTaHHI SK aHAJIOTOBUX
(puc. 3), Tak # inmux tumnis 3BT (puc. 4).
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»

JamMiHuTH L.F.u,m,t.l.&,,
BUXIOHI OaHi K, Tgn. P(T)
Hi p=0,6
<1 TaK »

TE=[tK+E}r}f{pK+P{-']I'J

p=p+0,01
¢ Hi
Bubip 3BT
BubBip p Ha puc. 3 BwbGip p Ha puc. 4

<
PoapaxyHok o

Ha puc. 5

L =05

Tak
/ p. o, Tg. 3BT

)

PucyHok — 2 brok-cxema anroputMmy BuOopy 3aco0iB BUMIPIOBaJIbHOI TEXHIKH /ISl IOTOYHOTO PEMOHTY
panioeNeKTpOHHHX 3ac00i1B Iifl 4ac IX MPOEKTYBAHHS
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Tun wkanm 3BT

p=0.84...0.852 baraTtowkanbHuUA
p = 0.944..0.910
p=oeas <P
p = 0.725 - opuzJoKHaTﬁaana
pie=i0:00 Tak iy
p=0538 Tak Haﬂ::ﬁgna
b =0.971 cekTop

ﬁ/ 3Ha4YeHHA p

Pucynox — 3 brok-cxema anropuTMy BH3HaYSHHS HMOBIPHOCTI MPABIIIFHOTO OIIHIOBAHHS PE3yJIbTaTy
TePEeBiPKHU MMapaMeTpa aHAJIOTOBUM 3aCO00M BUMIPIOBATLHOT TEXHIKH
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p=0,9993

p=0,9985

IHankaTopn?

[NoyaTok

Tun 3BT

JlorivHi
yMOBW?

p=0,995

p=0,950

p=0,900

Ocuunorpad?

Tak Hi AHarnorosum
p=0,95
_ _ Lindoposuin
p=0,995 p=0,99 00,98

Pucynok 4 — Biok-cxema anropuTMy BH3HAYSHHS HMOBIPHOCTI MIPABUIIHLHOTO OIIHIOBAaHHS PE3YIbTATy
HepeBIPKY MapamMeTpy iHIIUM 3ac000M BUMIpPIOBAJILHOT TEXHIKH
(r — xiIBKiCTB po3psaiB udpoBux 3BT, u — KUIBKICTH JOTIYHUX YMOB, | — KIIBKICTD 1HIUKATOPIB)

3a MOXIHMBOCTI, T[EpeBary CiiJl BiJJaBaTH
CydaCcHHM HU(POBUM MYJIbTHMETPaM (BUMIPIOBAHHS
ornopy, mOCTiiiHOT 1 3MIHHOI Hampyrud) a TakoX
ocrorpadam (BUMIpIOBaHHS TOCTIHHOI 1 3MiHHOL
HaIpPYyTH, YaCTOTH Ta PiBHS CHUTHAJIIB y IIUPOKiil cMy3i
4acTOT, KOeQIieHTYy  MOIYJAIii Ta  IHIMX
napameTpiB).

3a Bubopy 3BT mis morounoro pemonty PE3 mig

yac X  TexHIYHOI  eKciulyaralii  HeoOXigHO
BUKOPHCTOBYBAaTH MOJMJIMBOCTI BOYJOBaHHMX 3aco0iB
TEXHIYHOro jiarHoctyBaHHs (puc.3,4), a Takox
o0naiHaHHS BIHCHKOBUX PEMOHTHHX OpraHiB (puc. 6).
3anpornoHoBaHi OJIOK-CXEMH aJTOPUTMIB OPIEHTOBaHI
Ha BukopuctanHs EOT mim dac po3poOku
METpPOJIOTIYHOTO 1 JIarHOCTHYHOTO 3a0e3MeueHHs
MOTOYHOTO PEMOHTY PaJioeIeKTPOHHHX 3aCO01B.
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TakK Tak

Hi

p 3a(3) maon.l || p 3a(4) maoa.l

HI
PospaxysaTu
p3a(2)
TaK
Pospaxysat Po3paxysaru
p3a (1) Tabn. 1 p 3a(7) mabn.l
Hi
Po3zpaxysatu Po3paxysaru Po3paxysaru Po3paxyBaru Pospaxysaru

p 3a(5) maoa.l | |p 3a(6) maoa.l p 3a(8) maon.l

0

A
A

PucyHok 5 — briok-cxeMa anropuTMy KiJIbKiCHOT OIIIHKY 3HAYCHHS MaTEMATHIHOTO CIIOIiBAHHS BiIXHJICHHS
TEXHIYHOTO CTaHy 00’ €KTa BiJl HOTO ICTHHHOTO 3HAYCHHS

Slkmo mig gac JiarHOCTYBaHHS PaioeIeKTPOHHUX
3ac00iB BUKOPHCTOBYIOTH Aekinbka 3BT, To 3a VAJ]
BU3HAYAIOTh KUTBKICTh 3aCTOCYBaHb KOXHOTO i3 HUX 1
JUISL PO3PaXyHKIB IMOKA3HUKIB SIKOCTI 32 OTPUMaHHMU
AITOPUTMAMHU ~ HacaMIepea  OLHIOITh  CEpPEIHE
3HAYCHHS  WMOBIPHOCTI  MPAaBWIBHOCTI  OLIHKU
pe3yJIbTaTy BUKOHAHHS MIEPEBIPKH, KA JOPIBHIOE

3 P =2iL1p ni/Zf/‘.:lng,
JIe p; — IMOBIPHICTh PABUIILHOCTI OLIHKU PE3YJIbTATy
BUKOHaHHs nepeBipku 3BT tuny i,

n; — KuIbKicTh nepeBipok 3a YAJl 3BT rtumy i 3a
MepioJT 4acy T.

Takox MeTpOJIOTiYHy HaIifHICTh KOMIUIEKTY i3
M 3BT ouiHI0Th 32 BUpa3oM

P(v) = ML, P(0)
ne P; (t)— merposnoriuna HagiiinicTs 3BT By i.

OOMeEXCHHS 1 NPUOYNICHHS Ha BHKOPHCTaHHS
yAoCcKoHaneHoro Meroxy subopy 3BT mms motogHoro
PEMOHTY 1 TEXHIYHOTO OOCIYrOBYBaHHS CydYacHHUX
pamioeeKTPOHHUX 3ac0o0iB BiJNOBIAAIOTh peaTbHUM
yMOBaM BHKOHAHHS TOTOYHOTO PEMOHTY .

PosrnsHeMO  BHKOPHCTaHHSA  3aIpOIIOHOBAHHX
MIPOTO3UIII Ha TPUKIAAl pO3pOOKH METPOJIOTiYHOTO
3a0e3ne4yeHHs MOTOYHOTO PEMOHTY
CyHepreTepoAnHHOTO CTepeoOHIYHOTO

pamionpuiiMada 3  TOABIMHMM  TNEPETBOPCHHIM
9acTOTH, CXeMa SKOTO HaBeleHa Ha puc.7, e
MTO3HAYCHO:

1 — aHTeHa,

2 — MiJICWITIOBAY BUCOKOT YaCTOTH;

3, 5 — 3mimyBaui;

4, 7 — miaCUIIOBaYi MPOMIKHOT YacTOTH;

6 — cmyroBuit GinbTp;

8 — merekrop;

9, 10 — rerepoauHu;

11, 13 — migcwIroBa4 HUKHBOT YaCTOTH;

12, 14 — ry9HOMOBII;

15 — tpancdopmarop;

16 — BUIIpAMIIAY,

17 — GinbTp eNeKTPOKUBIICHHS;

18 — crabimizaTop Hanpyru.

Jlisi BUKOHaHHS TNEpeBIpOK HEOOXiAHI HACTYIHI
3BT:
1, 12, 14 — BumiproBad omopy;
15 — BOBTMETP 3MiHHOT HANIPYTH;
16, 17, 18 — BOJIbTMETp MOCTIHHOT HATIPYTH;
2, 3, 9 — ociimtorpad IS MEPEBIpKU PIBHS CHUTHAIIB
BHCOKOI 9aCTOTH;
4, 5, 6, 7, 10 — ocumnorpad mIs TEepeBipKH PiBHA
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CUTHAJIB ITPOMIKHOT YaCTOTH;
8, 11, 13 — ocumnorpad [uist nepeBipky piBHS CUTHATIB
HHU3BKOI YaCTOTH.

it BUMIpIOBaHHS ONOpY, 3MIHHOI 1 HOCTIHHOT
HaNpyry JOLIIBHO BUKOPHCTOBYBATH MYJBTUMETp, a
piBeHb CHUTHAJiB BHCOKOi, MPOMDKHOI 1 HH3BKOL
YaCTOTH MEPEBipATH ocimiorpadom, To6To M=2.

Movatok

JliarHocTHYHA MOJENb paIionpHuiiMavya y BUTISAIL
rpada iH(pOpMAaIIHHO-CHEePreTHYHUX 3B’SI3KiB,
moOyioBaHa 3a peKOMEHalisiMu [6, 7], 1€ YCYHEHO
TPaH3UTUBHI 3B’A3KH IO CICKTPOKUBICHHIO, HABEICHO
Ha pUC. 8 i3 MO3HAYCHHSAM IH/ICKCIB NepeayBaHHS IS
noaaneInoi modymosn YAJL.

L,p,m.l.ty.
Tgn. P(z), 3BT
g

Mobynosa YAL,
poapaxyHok K

BuanaveHHs p 3amiHnTi
arigHo puc. 3, 4 p,m, ¥AN
i W K.opr-
TB'“K"'E'_.; (p+P(7))
Hi
Te5Ten 4
Tak

PoapaxyHok g
arigHo puc. 5

S6iNBWWTA
amiHow 3BT

peg Tg YAL /

Pucynox 6 — biok-cxema anropuTMy IepeBipKH BiIIOBITHOCTI 3ac00iB BUMipIOBaJIbHOI TEXHIKH 1 yMOBHOTO
NTOPUTMY iarHOCTYBAaHHS BUMOTaM IIPH TIOTOYHOMY PEMOHTI PaioeNeKTPOHHIX 3aC00iB
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11 12

l
2 3 4
4
D > > D >
A A
D >
9| I
13 14
T A
15 16 17 18
—> 3 »» »K > Cr [

Pucynox — 7 Cxema papionpuiiMaya

Pucynox 8 — JliarHocTnuna MoJienb paionpuiiMaya

PeMOHT BUKOHY€ThCS arperaTHUM MeTozoM [6]. B
TaKoMy pa3i 3arajibHa KijbKicTb esiemeHTiB L=18. YAJ]
pamionpuiiMada, MoOyJAOBaHUN 3a PEKOMEHIAIISIMH
[6; 7], maBemeno Ha puc.9. CepemHs KiTbKICTh
MIEPEBIPOK JOPIBHIOE

K=(13%4+6%5)/(18+ 1) =4,3.

Ha Y AJI BinmiueHO N, =7 TIEpEBipOK 32 JOITOMOTOI0
MyJbTAMETpa,  iHmI  ny=11 BHKOHYIOTH 3
BUKOPHCTaHHsIM ociiwiorpada. B rakomy pasi cepenne
3HA4YEHHs IMOBIPHOCTI IPaBUIIbHOT OLIHKY PE3yJIbTaTy
BUKOHAHHS MEPEBIPKU JOPIBHIOE

L=18; m=2; p=1; £=13.

p=Tp 1+ 11p_2)/(7 + 11),

Jie p; — WUMOBIPHICTh IPaBUJIBHOI OLIIHKU PE3yJbTaTy
BUKOHAHHS MEPEBIPKH MYJIbTHMETPOM, a P, —
ocItorpagom.

MeTtponoriuna HagiiHICT
JIOPiBHIOE

P(r) =N, P;(r) = 0,952 = 0,9.

PesgynpraT  po3paxyHKIB NOKa3HHKIB  SIKOCTI
JIarHOCTUYHOrO  3a0e3MeYeHHS IPU  MOMKJIMBUX
Bapiantax Bukopuctanus 3BT srigno puc. 3, 4, 5, 6
HaBeJIeHO B Ta0JI. 2 32 yMOBH t=2 XB; ty=5 XB.

3BT srigno [3],

PucyHok 9 — YMOBHUIA aJIropuT™ MiHIMaJILHOT (QOpMHU AiarHOCTYBaHHS pajionpuimMaya
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Tabiuws 2
Toka3HUKH SKOCTi AIATHOCTHYHOTO 3a0e3MeueHHs PEMOHTY paaionpuiiMaya
. 3acib BUMIpIOBaIbHOI TEXHIKH [Mokaznukwu sikocti YAJ]
Bapiant
MYJIBTUMETP ociiorpad p Ts, XB. p
1 AHATI0rOBHi 0,911 24,1 | 1,04
AHanoroBuit p2 =095
pP1 = 0,85 o
2 Lndpposnuit 0,929 21,8 | 088
p, = 0,98
3 AHaJI0rOBHi 0,969 17,7 | 0,45
Hudposuit p> =095
p; = 0,9993 o
4 Hngposnuii 0,987 16,1 | 020
p, = 0,98

PesynbTat po3paxyHkiB HaBeneHo Ha puc. 10, ne
npunycrume 3HadeHHs Tgr=20 xB, p < 0,5. Amnani3z
OTPUMaHHX Pe3yJbTAaTiB CBIUUTH, IO VI IIOTOYHOT'O

BapianT 3 abo 4, TOOTO 3acTocyBaTH ITU(PPOBUI
MYJIBTAMETp 3 Oynab-skuM ocuuiorpadom. IIporpama
JIarHOCTYBaHH pajionpHuiiMada HaBeaeHa B Ta0JI. 3.

PEMOHTY pajionpuiiMada IOIIPHO BUKOPHUCTOBYBATH

Ten, xB i
25 + §
| 1
| 2 X
; "
20
3 TpaekTopis Budopy
4 0 BapiaHTy 3BT
X—— i
15 + |
Obnactb
iCHyBaHHS |
pileHb ;
10 —+

O I T T I T p
0,2 0,4 0,6 0,8 1
Pucynok 10 — IToka3HUKH SKOCTI AIarHOCTUIHOTO 3a0e3MeueHHs paaionpruiiMada 3a MOXIIMBUX BapiaHTIiB
3aCTOCYBaHHS 3aC00iB BUMIPIOBAIHLHOI TEXHIKH

HaBenenuit npuxian BigoOpaxkae MOXIIHMBICTH
oOrpyntyBannst  Bubopy 3BT  mia  pemoHTty
panioeNeKTpOHHUX 3aco0iB, a TaKOX BHKOPUCTaHHS
LUX pe3yibTaTiB JUId PO3POOKM iarHOCTHYHOTO

3a0e3neueHHss  MOTOYHOTO — PEMOHTY, IO 32
[IOKa3HUKAMH SIKOCTI BIANOBigae BuMoram. IKino
BUMOTH HE BUKOHYIOTBCS, TOJI HEOOXITHO 3aMIiHHTH
Bux 1 popmy YA/L 3rigHO HaBeleHNX PEKOMEH/IAIIIH.
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Ta6muis 3
IIporpama fmiarHOCTYBaHHS pagionpuiiMada
YMoBHUi PesynbraTi nepeBipku
HOMeEp 3MiCT HepeBipKH 3BT
. HE HOpMa HOpMa
HEPEBipKU
1 2 3 4 5
TlepeBipuTH piBEHDL CUrHAIIY HA . .
PeBIp p . Y ITepesipka IlepeBipka
4 BHXO/Ii TIEPIIIOTO ITiICHITIOBAYa Ocnmorpad 13 3
MIPOMIXKHOI YaCTOTH
IlepeBipuTy IOCTIHHY HAIPYTY HA Ilepesipka Ilepesipka
18 pesIp . 1y pyry MynbTumMeTp peBIp peBIp
BHXOJIi cTabisizaropa 16 12
IlepeBipuTy OCTIHHY HAIPYTY HA Ilepesipka Ilepesipka
16 peBIp ' y pyry My tbTHMETp peBIp peBIp
BHUXOJ1 BUIIPSAMJIIIYA 15 17
TlepeBipuTH 3MiHHY Hampyry Ha 3aMiHuTH 3aMiHuTH
15 p P 1y PyTY MynbTumMeTp
BTOPHMHHINA 0OMOTII TpaHChopMaTopa TpancopmaTop BHITPSIMIISTY
IlepeBipuTy TOCTIHHY HAIPYTY HA . . 3aMiHuTH
17 PeBIPH Y pyry MynetumeTp | 3aMiHUTH QLIBTP .
BUXOM1 (DIIBTPa SICKTPOIKUBICHHS crabinizarop
TlepeBipuTH piBEHDL CUrHAIIY HA . .
PEBIPHTH P yH Iepesipka Iepesipka
2 BHUXOJ IIiICUIFOBaYa BUCOKOI Octorpad | 9
YaCTOTH
. 3aMiHuTH
. . 3aMIHUTH )
1 Ilepesipuru omnip aHTeHU MynbsTUMETp AHTOH HIACUIIIOBAY
y BHMCOKOI 4aCTOTH
TIepeBipuTH piBEHDL CUTHAIIY HA BXOI1 3aMiHuTH IlepeBipka
9 PEBIP p y A Ocmtorpad peBip
I I 3
. . . 3aMiHuTH
ITepeBiputH piBeHb CUTHATY Ha 3aMiHuTH .
3 . . Ocnmorpad . MM ACHITIOBAY
BHXO/Ii TIEPIIIOTO 3MilllyBaya 3MinryBaq ! ..
MTPOMIXKHOT YaCTOTH
IlepeBipuTH HAABHICTH CUTHAJIIB Ha Ilepesipka Ilepesipka
8 pesip Ocnmorpad peBIp peBIp
BHXOJIaX JIETEKTOpa 6 12
TlepeBipuTH CUrHAJ Ha BUXOMI Ilepesipka Ilepesipka
6 peBIp . A Ocnmnorpad peBIp pesIp
CMYTOBOTO (bibTpa 10 7
TlepeBipuTH piBEHL CUTHAIIY HA 3aMiHuTH Ilepesipka
10 peBIp p1sct y Ocnmorpad peBIp
Buxomi I I 5
TlepeBipuTH piBEHL CUTHAIIY HA 3aMiHuTH THi | 3aMIHATH CMYTOBHH
5 PCBIDHTH P . Y Ocnmorpad rTH APy aemy
BUXOJIi JPYroro 3MilryBaya 3MilTyBa4y GbineTp
[lepeBipuTy curHan Ha BUXOJ1 . .
7 JIPYTOro MiJICHIIOBa4a IPOMDKHOT Ocuunorpag 3aminHTH Apy i 3aMiHUTH JETEKTO
Py P P 1 ICWIIIOBAY P
YaCTOTH
IlepeBipuTH omip I'y4HOMOBII JIIBOTO IlepeBipka IlepeBipka
12 PeBIp P Iy e MynbsTUMETp peBIp PeBIp
KaHally 11 14
[lepeBipuTn curHan Ha BUXOJ1 3aMiHuTH 3aMiHUTH
11 . . Ocuunorpag :
IiICHIIOBAYA JIIBOTO KaHATY M1 ICUIIOBAY T'YYHOMOBEIb
TIepesipuTu omip ry4HOMOB Ilepesipka Pagionpuiimay
14 PEBIP pry e Octorpad peBIp AUOTIDHHY
IIPaBOro KaHally 13 CIIpaBHUIL
TIepeBipuTu curHai Ha BUXOM1 3aMiHuTH 3aMiHuTH
13 Cpesip a Ocnmorpad .
T ICHITIOBaYa IIPaBoOro KaHajy I ICYITIOBAY TYYHOMOBEIIb
BucHoBxM 1 NMePCNeKTUBH MOAAIbIINX 3MOTY  BHUpIIIMUTA  3aBIaHHI  BUOOpYy  3aco0iB
AOCTITKEHb BI/IM.ipIOBaJ'[LHO'l' TEXHIKU JULSL TIOTOYHOTO  PEMOHTY
V/IOCKOHATeHO MeToi OGIpyHTyBaHHA BuGOpy  PAMIOCIEKTPOHHHX 3ac00iB  sSK Iy 4ac  iX

3aco0y BUMIPIOBAJIBHOI TEXHIKH JJIS TOTOYHOTO
PEMOHTY pa/IiOCIEKTPOHHUX 3aCO01B 3 BUKOPUCTAHHIM
CJIEKTPOHHOI 00YHCITIOBAIILHOT TEXHIKH.

dopmanizoBaHo PpilIeHHS 3aBJaHHI
o0rpyHTOBaHOrO0 BHOOpPY 3aco0iB BHUMIpPIOBaJIbHOT
TEXHIKH JJIS MOTOYHOTO PEMOHTY PaJi0eICKTPOHHUX
3ac00iB 3 MIHIMAJIBPHO HCOOXITHUMHU 3HAYCHHIMU
METPOJIOTIYHUX XaPaKTEPHUCTHK.

3acTocyBaHHS 3alpOTNIOHOBAHUX AJITOPUTMIB Ja€

MPOEKTYBaHHsS, TaK 1 B TMPOLECi BIOCKOHAJICHHS
TEXHOJIOTIYHOTO OOJaTHAHHS PEMOHTHUX OpPTaHiB, 3
BUKOPHCTAHHIM EJIEKTPOHHO-00YHCITIOBATbHUX
MAIIIMH, [0 CYTTEBO CKOPOYYE Yac i BUKIIIOYAE BILUIUB
cy0’€KTUBHUX (aKTOpiB HA pe3yJbTaT.

OTpuMaHi pe3yJIbTaTH JOIIIHFHO BUKOPUCTOBYBATH
B aBTOMAaTH30BaHIi  CHCTeMi  METPOJIOTIYHOTO
3a0e3MeueHHs CyJacHUX PaioeIeKTPOHHUX 3ac0O0iB 3
BUKOPUCTAHHSAM iHpOpMaIiHHUX TEXHOJIOT1H,
BOJIHOYAC N0 0a3u JaHWX BHOCSTH BIJOMOCTI MO

Modern Information Technologies in the Sphere of Security and Defence Ne 3(51)/2024 1SSV 2311-7249 (Print)/ ISSN 24107336 (Online) 143




Po3BuTOK Teopii Ta npakTUKuU CTBOPEHHS iHhopMaLliitHO-TeNeKOMYHiKaLinHMX cUCTEM

00’ekT 1 PpEeMOHTHWH oprad, a ©0aza 3HaHb
BUKOPDHCTOBY€E HaBEJEHI B CTAaTrTi airopuTMu i
peKoMeHzalii.
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Formulation of the problem in general. The purpose of the article is to improve the method of
substantiating the choice of measuring equipment for the current repair of radio-electronic equipment using
electronic computing technology.

Research methods. When writing the article, methods of probability theory, technical diagnostics and
metrology were applied. The specified methodological approach made it possible to conduct research on new
approaches to the metrological support of the current repair of radio-electronic equipment. The article improves
the method of selecting measuring instruments with the minimum permissible values of metrological
characteristics when ensuring the maintainability indicators of radio-electronic equipment during their current
repair.

Analysis of recent researches and publications. Features of technical operation of military measuring
equipment and approaches to their selection for the implementation of current repairs of weapons and military
equipment are considered in [1-3]. In [4] the value of the probability of correct assessment of the result of the
inspection is summarized and its influence on the average time of restoration of radio-electronic equipment during
their current repairs is shown. In [5] the functional dependences of the mathematical expectation of the deviation
of the technical condition of products from its true value with one error of the specialist are summarized. Possible
types (binary, homogeneous, heterogeneous, group) and forms (minimal, perfect, maximal) of conditional
diagnostics algorithms are given.

Presenting the main material. The task of selecting a measuring instrument for routine repair of radio-
electronic equipment is solved in stages: obtaining and analyzing the initial data; developing a conditional
algorithm for diagnosing the product; assessing quality indicators; if necessary, changing the initial data and
repeating the development of the conditional algorithm for diagnosing; when the conditions are met, transforming
the conditional algorithm for diagnosing into a diagnostic program with recommendations for selecting measuring
instruments. The best results are achieved if the selection of measuring instruments for routine repair and
maintenance of radio-electronic equipment is carried out at the design stage. If possible, preference should be
given to modern digital multimeters (measuring resistance, DC and AC voltage) and oscilloscopes (measuring DC
and AC voltage, frequency and signal level in a wide frequency band, modulation factor and other parameters).
When selecting a measuring instrument for routine repair of radio-electronic equipment during their technical
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operation, it is necessary to use the capabilities of built-in technical diagnostic tools, as well as equipment of
military repair bodies. The proposed block diagrams of algorithms are focused on the use of electronic computing
equipment during the development of metrological and diagnostic support for the current repair of radio-
electronic equipment. If several measuring instruments are used during the diagnosis of radio-electronic
equipment, then the number of applications of each of them is determined by the conditional diagnostic algorithm,
and to calculate the quality indicators using the obtained algorithms, the average value of the probability of the
correctness of the assessment of the test result is first estimated. The limitations and assumptions for the use of the
improved method for selecting measuring instruments for the current repair and maintenance of modern radio-
electronic equipment correspond to the real conditions for performing current repairs.

Elements of scientific novelty. The essence of the improvement of the method lies in the maximum
algorithmization of the task solution with the help of electronic computing equipment. The article provides block
diagrams of the implementation of the method and shows their use on a sample of a radio electronic device. The
obtained results differ from the known ones by the formalization of operations using electronic computing
equipment, the possibility of comparing the options of a set of various measuring equipment to choose the best
one.

Theoretical and practical significance of the article. The authors propose a formalization of the solution
to the problem of a well-founded choice of a measuring instrument with the minimum necessary metrological
characteristics for use in the knowledge base of promising automated systems for metrological support of the
repair of radio-electronic equipment using modern information technologies. This will allow to fully automate the
process of choosing a measuring instrument from the list of possible ones and eliminate the subjective factor.

Conclusion and the perspectives of future researches. The solution to the problem of a well-founded
selection of measuring instruments for the current repair of radio-electronic means with the minimum required
values of metrological characteristics is formalized. The application of the proposed algorithms allows solving
the problem of selecting measuring instruments for the current repair of radio-electronic means both during their
design and in the process of improving the technological equipment of repair bodies, using electronic computers,
which significantly reduces time and eliminates the influence of subjective factors on the result. The results
obtained should be used in an automated system of metrological support of modern radio-electronic means using
information technologies, while the database includes information about the object and the repair body, and the
knowledge base uses the algorithms and recommendations given in the article. Further research should be directed
to the development of metrological and diagnostic support for the repair of radio-electronic means with emergency
and combat damage, of a weak degree in field conditions, by specialists of military repair bodies.

Keywords: radio-electronic devices, measuring equipment, repair, repairability indicators.
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