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YACTOTHHMI AHAJII3 CUTHAJIIB ITPA JJIATHOCTYBAHHI IIU®POBUX TE3
EHEPITOAUMHAMIYHUM METO/J1OM

B cmammi npoeodumsca ananiz eudy eHepzoOUHAMIYHUX IMAYIbCI6 8 NPOCHOPOO-Uacosiil ma
YACMOMHO-CREKMPAIbHITL 0071aCMAX 07151 YOOCKOHAICHHA NPOYecy 0iAZHOCMY8AHHA YUPPOBUX MUNOBUX
enemenmie 3amiHU, AKi MalOmy y ce0iti KOHCMPYKYIT 6eUKI iIHMeZPAIbHI cxeMu i MIKPORPOUecopHi 6eUKi
inmezpanvni cxemu.Cmeopennsa HOGUX Ma YOOCKOHANEHHA ICHYIOYUX CUCEM, W0 8UKOPUCHIOEYIOMbCA
0171 U3HAYEHHA MEXHIYHO20 CMAHY UUPPOBUX RPUCMPOI8 Y CKIAOHUX YMOBAX CbO200CHH:, 8UMAAE
PO3poOKu Hosux memooie diacnocmysanns. Ile obymoeneno eucoxorw cknaonicmio paoioeneKmpoHHol
mexHiKu ma degiyumom uacy Ha NPUILHAMMA PiieHHs NPU NPOEEOeHHI KOHMPOJII0 MEXHIUH020 CaHy. Y
HayKo60-mexHiuHill Jimepamypi no po3pooyi ii ekcnayamayii padioenekmpoHHoi mexXHIKU 0CHO6HA yeaza
HPUOINAEMbCA NUMAHHAM O00CTIONHCEHHA MONCTIUBOCHE MIHIMI3aAUIl cepeOHbOo20 4ACy GIOHO6NEHHA mA
eapmocmi 3acobie Oiaznocmyeannsa 06’ckma padioenekmponnoi mexuiku .OcHo6HUM (akmopom, wio
CHPUMYE PO3GUMOK CYUACHUX CUCHMEM MEXHIUHO020 OIAZHOCMYGAHHA, € GIOCYMHICHMb MemOoOUUHO20
anapamy, AKWil 30AMHUI 3HAYHO eleKMmUBHIUle GUKOPUCMAMU PO3POOIeHl OiazHOCMUYHI MOoOdei 0J1A
6UAGNEHHA HECNPABHUX JIOZIUHUX e/leMeHmi6.

3acmocyeannsa 3anpoOnoHOBAHUX HAYKOGUX RIOX00i6 00 00podKu Oiaznocmuyunoi ingopmauii,
003601UMb: 3A30a71€2i0b 6UHAYAMU e/leMeHMU, XAPAKMEPUCMUKU AKUX HAOTIUNCYIOMbCA 00 KPUMUYHUX;
GU3HAYAYUMU MEXHIUHUI CMAaH pPadioeeKMpPOHHOI MeXHIKU Yy pexcumi peanvbHozo 4acy; npogecmu
MOHImMOpUHz npave3oamuocmi eiemenmis paoioerekmponnoi mexuiku. Taxodi ue oacms mModxciugicmo
mouHiute 00podaAMU 3HAYUEHHA 0iAZHOCMUYHUX RAPAMEMPIE, NPOZHO3Y8amu i3 3a0aH00 00CHOBIPHICHIO
uac iomosu padioenekmponnux komnonenmie.lle 6 ceoro uepzy npuseoe 00 IMeHUWEHHA UACY UABICHHA
panmogux 8i0moe 00’ckmie paoioeeKmpoHHOI mexHIKU ma 3HAYHO CKOPOMUmMb UMPAYEHUIl Uac Ha
GIOHO6/ICHHA UUPPOBUX MUNOBUX eIEMEHMIE 3AMIHU DPAOIOEKMPOHHOI MEXHIKU, 8UMOZU 00 AKUX
nocmitiHo 3pocmaroms 6 ymosax eiooumms 3opoiunumu Cunamu Ykpainu pociiicokor azpecii.

Kntouosi cnoea: enepzoounamiunuii memoo OiazZHOCMY6aHHA, pdAdioeneKmMpPOHHA MexHiKa,
npOCMOpP060-4aAcos8a 061acmb, YACMOMHO -CReKMPAIbHA 001ACHb, MUNOGUIL e/1IeMEeH 3AMIHU.

Beryn. Ilponec po3Butky pamioenekTponHoi TexHiku (PET) 030poeHHsT XapakTepusyeTbes
IIMPOKMM 3aCTOCYBaHHSM Yy 3pa3Kax CKIamHUX auckperHux mnpuctpoiB (JI1), mepmr 3a Bce
MIKpOTIPOIIECOPHUX BeIHKuX iHTerpanbaux cxem (MII BIC).

3acrocyBaHHs nUGPOBHUX THIMOBHUX eleMeHTIiB 3aminu (TE3), ski MaoTh y CBOTH KOHCTPYKIIii
MII BIC, y 3paskax pagioenektponHoi TexHiku IloBitpsaux Cun 30poitHux Cun Yipainu
BUKITMKAJIO HEOOXIIHICTh PO3POOKH MPUHIIMIIOBO HOBHX PillIeHb MHUTaHb ii eKcIUTyaTalii 1 peMOHTY
[1,2].

He 3Bakaroun Ha 3HaUH1 IEpeBary BiJ BIPOBAIKEHHS CydacHUX MeToA1B aiarHocTyBanHs PET,
pe3ynbTaTH JIOCHIDKEHb ICHYHUOi CHCTEMH TEeXHIYHOI JIarHOCTHKH TOKa3ylTh Ba)JMBICTh 1
HEOOX1IHICTh 3aCTOCYBaHHS HOBHUX MIIXOIIB I KOHTPOJIIO TexHiuHOTO cTany PET. dyHk1ioHanbHe
JIarHOCTYBaHHS PaJlioeIEKTPOHHUX KOMIIOHEHTIB K enemMeHTiB TE3, B SKOMy BUKOPHUCTOBYIOTHCS
MePeBIPOYHI TECTH, 1110 BXOAATH A0 BOyI0BaHOT CUCTeMHU JiarHOCTyBaHHs 00’ekta PET, BU3HauaoTh
iX TeXHIYHUH CTaH K CIPaBHUN HABITH y BHUIMAJIKaX, KOJHM 3HAYCHHS 1X MIarHOCTUYHHX MapaMmeTpiB
HaONMKYIOTBCS 10 KpUTHYHUX. [3-5].

[le mpu3BOUTH 10 panToBUX BiqMoB 00’ekTiB PET Ta 3HMXKYye MOKa3HUKU HAIITHOCTi, BAMOTH
710 SIKUX MOCTIIHO 3pOCTaoTh B yMOBax BifOUTTs 30poiinumu Cunamu YKpaiHu pociicbkoi arpecii.
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Ananiz pocaimkenb i myOaikauiii. [ToOynoBa BHCOKOE(EKTHBHHX CHUCTEM BH3HAYCHHS
TEXHIYHOTO CcTaHy IHudppoBux npuctpoiB (L[I1) i KOMIOHEHTIB y CKIAJHUX YMOBaX ChOTOJCHHS,
BHUMAarae po3poOKH HOBHX METOJIIB 11arHOCTYBAaHHSI, a TAKOX CUHTE3y Cy4aCHUX CUCTEM TEXHIYHOTO
niarHoctyBanHs. Lle oOymoBieHo Bucokor ckianHictio PET, nedinurom uvacy Ha HpUHHATTS
pillIeHHs IPH MTPOBEJCHHI KOHTPOIIO0 TexHiyHoro crany (TC).

Y HayKOBO-TEXHIYHIH JIiTepaTypi Mo po3pooii i ekcruTyartailii paaioeIeKTpOHHOT TEXHIKH OCHOBHA
yBara TMPHUAUIAETHCS TUTAHHAM JIOCTDKEHHS MOXIIMBOCTI MiHIMI3alii CepeJHhOro dacy
BIJTHOBJICHHS Ta BapTOCTi 3ac00iB miarHocTyBaHHs 00’ekta PET .

Panim po3poOieni MeToan i 3acO0M KOHTPOJIO TaKUX AUCKPETHUX MPUCTPOIB MAIOTh P
HenoumikiB [1-3]. OmHuM 3 TiaXoAiB A0 po3poOKH HOBHX PIlIEHb MO0 MIarHOCTYBaHHS IU(PPOBUX
TE3, mo wmictare MII BIC, € Bukopucranus mpoTikanHs eHeproanHamiyHoro mpouecy (E/I) y
norigaux enemenTax (JIE) s BU3HaYeHHS TEXHIYHOTO CTaHy 3pa3ka 030poeHHs [3].

byne nmouumpHO Outhin getasnibHO po3risinytd EJIII, mo BUHUKAaE y JIaHIIO31 KUBJIECHHS
CKJIaJHUX LUPpOBUX O0'€KTaX Ta BU3HAYMTHU MOKIMBICTh TEXHIYHOI peaiizalii MpHUCTPOIO s
niarHoctyBanHs nugpoux TE3 1m0 BXOIATh 10 CKIaay paaioeneKTPOHHOT TexXHIKH [3-7].

OcHoBHa 4YacTHHa po0oTH. AHaii3 IPOBEIEMO B M'ATh €TalliB, PO3IJISHYBIIM CUTYaLlil
MOJXKJIMBOTO B3a€MHOTO DPO3TalllyBaHHS IMITYJIbCIB eHeproaumHamiuHoro mnpouecy EJIIT y uacosiit
o0racTi 1 CHeKTpa IMITYJIbCIB Y YaCTOTHINA 00J1aCTI.

1. O0unounuii enepeoOUHaMiyHULl IMRYIbLC T U020 CNeKmp

SIKicHu# aHaNi3 IMIIYJIbCIB CTPYMY KBa31KOPOTKOTO 3aMUKAHHS Ui PI3HUX TEXHOJIOT1H
BUTOTOBJICHHSI JIOTTYHHUX €JIEMEHTIB J03BOJIUB 3pOOUTH BUCHOBOK IPO T€, IO CIIOCTEPEkKEH1
npakTH4HO eHeproguHamiuHi iMnynben (EZI) wMoxyre OyTtu  mpenctaBieHl  (QyHKIIIEO
KOJIOKOJIOOOpa3HOTo (raycCiBChKOTO) IMITYJIbCY

oy
S(t)=U,e ™ 1)
ne U — amrutityia iMITysisCy;
o, — koedirieHT hopmH.
BuxopuctoBytoun mneperBopenHs Dyp'e, oaepxkumo aHamitmuHy Mojaenb EJII B dacTtoTHIi
obmacri

)

st omuHounoro EJII wacoBa 1 wacToTHa HOpMOBaHI MoJieJli IMOKa3aHi Ha pUcyHKax la, 10
BIJIIIOBIIHO.
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2. Buznauenns npaxmuynoi wiupunu cnekmpa

EneproanuamiuHi iMIyJIbCH MalOTh KIHIIEBY TPUBATICTh 1, 0T)KE, MalOTh HECKIHUEHHHH CIIEKTP
[4]. IIpaktuyHo BCi MpHUCTPOi BUIUICHHS MIarHOCTUYHOI iH(OpMALii MalTh OOMEXKEHY CMYTY
nponymeHHs. ToMy npu BUAUIEHHI CUTHATY MOKe OyTH OTpUMaHa JIMIIe YaCTUHA HOTO YaCTOTHOTO
cnektpa. [Ipu oMy HEOOXiHO 3a0€3NEUNTH BUAUICHHS HAMOUTBII iCTOTHOT, 3 TOTJISAY HASBHOCTI
JiarHOCTUYHOI iH(pOpMaIlii, YaCTHHH CIEKTPA.

Bubip npakTHYHOI MIMPUHU CIEKTpPa CHUTHAIY MOXHA 3JIHCHUTH MO JBOX KpPUTEPIAX —
S€HEPTeTUYHUM KPUTEPIEM 1 KPUTEPIEM MPHUITYCTUMUX MEPEeKpydyBaHb curHaiy [4-6]. Y Ourbmiocri
BUIAJKIB 32 MPAKTUYHY IIUPHUHY CIEKTPa CUTHATY MPUHMAIOTH Jialla30H 4acToT, y MEXax SKOTO
Mmictuthes 90% eneprii curnamy [5,6]. ToMy ckopucTaeMoCs CHEPreTUYHHM KPHTEPIEM BUOOPY
MPAaKTUYHOI IUPHUHU CIIEKTPA.

3rimHo [5] eHepris cUrHaly, 30cepe/eHa B cMy31 yacToT Bif 0 10 w; , MOXKe OyTH oOunciIeHa
yepes3 CIEeKTPaIbHY IUIbHICTh HACTYITHUM YHHOM:

@1
=1 [[S(jo)*do. ®)
0
[TincraBuBmm Bupas (2) B Bupi3 (3), oaepKuMo
2
W =($T- aj’lez.[z‘") do.
o 0

[ToBHa eHeprisi OJUHOYHOTO TayCCIBCHKOTO IMITYJIBCY, BIAMOBIAHO a0 piBHOCTI [lapceBains
Oyne:

W, = [[U@OFdt=[ [Uy (e Pdt=Ug [e 7 dt =

Yo Tetel (g7 at) - U—Oz\/g
\/Ea - a \2°
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Bimomo [4,5], 0, SIKIIO BU3HAYWTHU TPUBATICTH TayCCIBCHKOTO IMITYyJbCY HAa pIiBHI, IO
BianoBigae 90% eneprii iMmynbcy, TO KoediieHT GopMU BU3HAYAETHCA Yepe3 TPUBAIIICTD IMITYIIbCY

TAaKHUM YUHOM:
o = 1, 67
Ty



Buxonsuu 3 TOro, mo TPUBATICTh IMITYJIbCY €HEPTOJMHAMIYHOTO IPOILECY B CEPEAHBOMY
ckiagae 3,5 HaAHOCEKYHJ, TO O = 4,714-108. 3 1pOro BHILIMBAE, IO B cmy3i gacroT Big 0 10

@ =775.5-10° pan/c 3ocepemkeno 90% ewneprii omuHouHoro EJII. Tlomameine 30uTbIICHHS
NPAKTUYHOT IUPHHU CHEKTPA 3 EHEPreTHYHOI TOUKH 30py HEJOLLUIBHO, TOMY IO IPK ®1 = @, KPUBA

v(op) (puc. 2) ayxe mosjora.
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Pucynox 2 - IllupuHa ciekTpy 3 eHepreTUYHOT TOUKH 30Py

TakuMm yMHOM, IpaKTHYHA IIUPHHA €HEProJMHAMIYHUX IMIYJIbCIB BU3HAYAETHCSA IIMPUHOIO
CIIEKTpa OJHOTO IMITYJIBCY 1 CKJIaJIa€ BeMUUUHY mopsaky 120 Mrir.

3. Bnaue sminu mpusanocmi EJ]I na amniimyono-uwacmomuomy cnexkmpi (A4C)
Axicanii anamiz AYC eHeproamHaMiyHUX IMIYJIBCIB TIOKa3aB, IO TMPU 3MEHIICHHI Ty

CIICKTpaJIbHA MUTBHICTD TPH ®=0 3MEHIIYETHCS 1 MUPHHA CIIeKTpa 30uTbInyeThes (puc. 3). OnHak B
OKOJIMII TOYKH @' ICHYE JIalla30H YacTOT o"— 0" | y MeXaX sIKOTO 3MiHa CIIEKTPaIbHOI IUILHOCTI B
3aJICKHOCTI Bim 3MIHM t, HE3HAYHAa 1 HE MEPEBHUIIYE SKOTOCh HAlepe] 3alaHOr0 3HAYCHHSL.

BusHaunmo, sIK BHpakaeTbCcs NIMPHHA 30HHM KBa3iCTAI[IOHAPHOCTI CIIEKTpa B 3aJISKHOCTI Bif
BIIHOCHO1 3MIHHM MOJTYJIsl CIIEKTpaJbHOT IUTBHOCT [/, 8].

S{wh
a1

250

Pucynox 3 - 30BHIIIHIN BUTIISAA LIUPHUHU CHIEKTPY

3HalIeMo 4acToTy ', Ha SKUH MEPEeTHHAIOTHCS OTMHAIOU1 CIIEKTPIB IMITYJIBCIB 13 TPUBATICTIO
Tl i T2 (fu1 <7w2). Jing meoro y Bupasi (2) BBeJEMO TPHBAIICTh IMITY/IbCY 332 YMOBH, IO BHMIp



: .. Up . . o :
BiOyBaeThcs Ha piBHI /¢ . [Ipu npomy MacmTaOHUil KOedilieHT oL 1 TPUBATICTH IMITYJIbCY 3B'sI3aH1

. -2 o
criBBiTHOMIEHHIM & = %u . Bupas (2) npuiime Buz:
0)2’!'2

on/;ru T
2

S (jw)=
JIyist 4acTOTH ® BHKOHYETBCS yMOBA

(@'7u1)? (@'7y2)?
Uz, 05 Uz, %"
2 2

[IepeTBOpuMO 1€ BUpa3

(0't0)? (0'1y2)°
nty——=htyp -———"—
16 16
3Bigku
Tu2 —Tul
AOCOJTFOTHE 3HaYEHHS MOYJTIB CIIEKTPATbHUX MIUTBHOCTEH
_((D'Tuz)2 _(‘D,Tul)2

. . . Ug+n
AS(jw) =S2(jo) - S1(jo) = % tg2e 16 —gyue 16

O6uncnuMo BigHOMICHHS AS(jw) 10 cepeaHbOT0 apuMETUIHOTO THX CAMUX BEJIUYHH:

_(OJ’TUZ)Z _(Cl)’ful)2
AS(jo) _ o Tu2 e 16—t e 16 _:
S2(jo) +S1(jow) _(oa’w:uz)2 _(oo'rul)2 '

[TepeTBOpUMO OTpUMaHy PIBHICTH:
_wz(TulZ*Tulz)

1 - fu g 16
Tu2 _ é
o () 2
1+ fun e 1
Z-u2
[lepenuiemo ioro y BUIsIAIL:
1-x ¢
1+x 2
3BIJIKH
X = fu e_% — 2-¢
T, 2+&
BupimuBim et Bupa3s BiTHOCHO ®, OAEPKUMO:
In ( 2+ jﬂ
o' 0" = o'? +16 Z_—E" (4)

2
Tu2 —Tul
J7is HaXOKEeHHST ®" TIOKa3HUK CTYIEHS B IPYTOMY JIOJAaTKy MiAKOPEHEBOTO BUPA3Y IOPIBHIOE

+1, 175 HaXoKEHHST ©” TTOKa3HUK JOpiBHIOE —1.
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Bupa3 (4) n03BoJis€ OLIHUTH Jiala30H 4acTOT o'—-o” y MeXax SKOTO 3MiHa TPUBAJIOCTI
IMITyIIbCY BiA Tt OO tT,p MPHBEJE A0 BIAHOCHOT 3MIHM MOJYJISl CHEKTPAIbHOI IIUIPHOCTI Ha 3a/1aHE

YHUCIIO BicOTKIB [9].
4. Bnaus e3aemoposmawiysanns EJ]I 6 uacositi oonacmi na A4C
[Tpu mpoBeaeHHI MOJETIOBaHHS MOXIIMBOTO B3aeMHoro posramnryBanHsa EJIl Ha wacoBiii oci 3a
JOTIOMOTO010 MateMaTuyHoro naketi Mathlab Bepcii 5.2.1 orpumani HactynHi pesynabratu s AUC.
Posrmsiaremo Bunagok 18ox EJII. CniekTpanbHa MIUTBHICTh TAKOTO CUTHATY JOPIBHIOE
Uy (2], Vo 2] g
Sy(jw)=S,(jo)+S,(jw) :;Oe 2 +;09 2a) gl

[

. U, - i

.= ) e
(04

ne U, —uac 3aTPUMKH OJTHOTO IMITYJIbCY 11010 iHmoro [10-12].

JIst TBOX €HeproAMHAMIYHHUX IMIYJIbCIB 3MIIIEHUX OJUH BITHOCHO iHIIOTO Ha 1 HC (puc. 4a)
AYC noxka3zanuii Ha puc. 46. Uepes Te, 110 TPUBAIICTH CYMapHOIO IMIYJIbCY B 4acoBiil o0sacTi
30UTBIIYETHCS, B YACTOTHII 001acTi CIOCTEPIraeThCsl 3BY)KEHHS CIIEKTpa.

———————————————————

,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,

-1 -05 0 05 t16%:

Pucynok 4 — Burisin AUC 1t 1BOX €HEproAMHAMIYHHUX IMITYJIbCIiB

ITpu 361nb1eHH] yacy 3aTpuMKH t, (puc. 5a) AUC 3ByxyeTbes, 10 A0O3BOJISIE PO3PI3HIOBATH
MOJIOXKCHHS 1 KutbKicTh EJII.

--------- 0.8} --oodoeb L N
--------- TN 1A Y R [ /0 O N
A SPHINN N A W
.........
-1 05 0 0:5 t-16% ?3 2> 4 o 1 2 Fio°ru
a) 0)

Pucynox 5 — Burnag AUYC i po3pi3HeHHs mojioxkeHHs 1 KutbkocTi EJII

IIpu t, =1, (puc. 6a) crnocrepiraerbcs xapakrtepHuil nemtoctkoBuil Buag AUC (puc. 60),
“HyJIbOBi 4aCTOTH” PO3TAIIOBaHi HA OCi YaCTOT y Toukax @ =(2n-1)74 , ne N — 4yucio IMIYILCiB,

Ty — Hepioj IXHBOTO MPOXOIKEHHSI.
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. 0 : : : : : s
t-10% 1.5 -1 05 o] 05 1 F10Tu

Pucynox 6 — Burising AUC (a) nenroctkoBui, (0) “HynbOBi 4acTOTH PO3TAIIOBaHI HA OCI YaCTOT

Ha puc. 7—-9 nokazano Burnsg AUC npu pizHOMY B3aemoposTamnyBaHHi Tppox EJII. ¥V
KOXXHOMY BUNAJKY BUJ 1 cTpykTypa AUC TOUHO XapaKTepHU3yIOTh KUIBKICTh 1 B3a€EMOPO3TaIllyBaHHS
IMITYJIbCIB.

--------- Y &7, & % Wt SRR AN -Y-! S S S 00 N W SR N
--------- T & A & 5 S et ISV DU SRS 7 JSUNS M | SR WO
S R iy 4 St B A

777777777 AN e LN

: 0 : : : : :
-1 -05 0 05 t1d5% 3 2 0 1 2 r1o°ru

1 1
AN S £\ 4\ O [ N N O S
ST S ARV W 08|t N
o f A oaf N
o oA AL 19 N S
0 » 0 i a
-1 -05 0 0.5 tl1de -3 -2 -1 0 1 2 F10Tu

Pucynox 9 — Burnsang AUC npu pisHOMY B3aeMopo3TairyBaHHi Tpbox EJII

ITpu 3miHi yacy 3arpumku Mk cycimHiMu EJII 3miHtoeTsest Bua 1 ctpykrypa AUC. 3Haroun
nociiioBHicTh nepexiatodeHHss JIE B daci, moxkHa mo aHanizy AUYC To4yHO BKazaTH, SIKMH came
€JIEMEHT 3MIHUB CBiii NOTTYHMI cTaH. BukopucTaHHs Takoi AiarHOCTUYHOI iH(opMaIlii T03BoJIsE
BUABIATH Henpane3aatHi JIE 3 TouHoo BKa3iBKOIO 1e()EKTHOTO eIEeMEeHTa.
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5. Obrpynmyeanns moodiciueocmi nepexody 8i0 npocmopogo-4acosoi k-pienegoi 0opobku 0o
4aCcmMomHO-CNeKmpalbHOl

Peanizanist 6araropiBHeBO1 00pOOKH 03BOJISIE 3HAUTH OJTHOYACHE CIIPAIIbOBYBAHHS JIEKLIBKOX
JIE, ane BBeOCHHA [OJATKOBHUX KaHAJiB BUAUICHHS 1 KOJIyBaHHS IiarHOCTHYHOI iH(popmarii
YCKJIQ/IHIOE TIPUCTPIH, MABUIYIOUYM HMOBIPHICTh TIOMUJIKOBOT TPUBOTH.

[IpoananizyeMo 3MiHY CHEKTpiB CHUTHAIIB Yy JIAHIIO31 JKUBICHHS TIPH OJHOYACHOMY
MEPEKII0YEHHI OJJHOTO, JBOX 1 K JIOTIYHMX eJIeMEHTIB, BKJIIOUEHHX MapayenbHo. CHekTpaibHa
mineHicTe EJII ommcyerbess dopmynoro (2). TeopeTmyHO muMpWHA CHEKTpa HECKIHUEHHA, alie

CIIEKTpaJIbHA LIUIbHICTh MAaKCHMaJIbHA TUILKM B OOMEKEHOMY Jiana3oHi 4acToT @..@,,, a 3a Horo

Me)XaMH IIBUIKO 3MEHIIYEThCS. TOMY 3a IIUPUHY CIIEKTPa MPUIMAIOTh Jliala3oH 4acToT, Y MeXax
sIKOTO 30cepekeHo 90% eneprii curnany [11-14].
3 aHani3y NPaKTUYHOI LIUPHUHU CHEKTPa, MPOBEJEHOTO B IYHKTI 2, TpaHUYHA YaCTOTa MOXE
OyTH BU3HaYeHa SK:
o,=032-7-«a.

Monynb cnekTpanbHOT IUTHHOCTI, 1110 BIAMOBIJAE FpaHI/IHi CIIEKTPa ®rp , BU3HAYACTHCS

[Tpu ogHOYAaCHOMY CIIpalbOBYBaHHI IBOX eneMeHTiB y JIAHIF031 )KUBIICHHS] BUHUKAE IMITYIIbC,
SIKUI TOPIBHIOE CyM1 IMITYJIbCIB BiJl KOKHOTO €JI€MEHTa
2
— —(at)
U,(t)=2Ue
[Tpu 11boMy crieKTpasibHA MUTHHICTH CYMApHOTO IMIYJIBCY MPUWME BUTJIS;

S,(jow) = ZU\/— ( j

I'pannyHa yacToTa, IO BIMOBIIAE PIBHIO CHeKTpaJ'IBHOI IUTBHOCTI (5), BUBHAYUTHCS 3 YMOBH

Me—w,zaﬁ) Uz (%ZJ
(04

(24

3Bigku

= J4a?In2+(0,26- 7)?4c’ (6)

[Tpu ogHOYACHOMY CrIpanbOBYBaHHI K esieMeHTiB Bupas (6) Oyzie MaTH BHUIIIS:

) k:A\/Ink+BZ, (7)

p
ne A=2o, B=0,26n,

Hnst t, =35 He 3HAaUeHHsS Wrpk 3BeleHI B TaO. 1

Tabnuusg 1 — 3navenns orpk mpu 1, =35 HC

k 1 2 3 4 5 6 7
.108 P22
¢ 7,7 11,0 12,53 13,51 14,23 14,8 15,25

3 Tabn. 1 BumMBae, mo 3 poctoM K 3pocTae rpaHuyHe 3HaYeHHs Orpk [15]. Ll oOcraBuna

JI03BOJISIE  TIPOBOJUTHU CTIMKE PO3XOJUKEHHS CIIEKTPiB, IO BIANOBIAAIOTH PI3HUM PIBHIM
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crnpaupoByBanHs JIE. OTxe, 3'sBisi€Tbes AiarHOCTHYHA iH(OpPMAIlis, 0 A03BOJISE IepeiTH Bix K-
PIBHEBOI aMILTITYTHOT 0OpOOKHM /10 4aCTOTHO-CHEKTPaIbHOT 0OpPOOKM CUTHAIB y JTAHIIFO31 )KUBIICHHS.

BucnoBku. [IpoBenennii anasi3 CHEKTPiB CUTHAJIB MPOTIKAaHHS €HEPTOANHAMIYHOTO TPOLIECY,
1110 BUHUKAIOTH Y JIAHIII031 )KUBIICHHS CKIaJHIX HU(PPOBUX 00'€KTax, MOKA3aB, 10 CIEKTPU CUTHATIIB
€ IOCTOBIPHUM JUKEPENIOM JiarHOCTHYHOI iH(popMalii. BUKOpUCTOBYIOUM MPUHLIMIIN OJHOYACHOTO
aHamzy BUXI1THOT peaKuu 1 mapaMmeTpiB €HEproJuHaMIYHOTO 1Mnan,cy, TEXHIYHO MOXKIIUBO
peanizyBatu TpPUCTPii i miarHocTyBaHHS 1uppoBux TE3 Ha OCHOBI CIEKTPaIbHOTO aHATIZY
napamMeTpiB eHeproANHAMIYHOTO MPOIIECY.
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PhD Gakhovych S.V., PhD Okhramovych M.M.,
PhD Kravchenko O.1., Shevchenko V.V.
FREQUENCY ANALYSIS OF THE SIGNALS IN DIAGNOSTIC TESTS BY
THE ENERGY-DYNAMIC METHODOLOGY

The article analyzes the type of energy-dynamic pulses in the space-time and frequency-spectral
domains to improve the diagnostic process of digital standard replacement elementswith large integrated
circuits and microprocessor-based large integrated circuits in their design.Creation of new and
improvement of existing systems used to determine the technical condition of digital devices in complex
conditions requires the development of new methods of diagnosis. This is due to the high complexity of
radio-electronic equipment and the shortage of decision time when carrying out technical state control.In
the scientific and technical literature on the development and operation of radio electronic equipment, the
main attention is paid to the study of the possibility of minimizing the average recovery time and cost of
means of diagnostics of the radio electronic equipment object.The main factor holding back the
development of modern technical diagnosis systems is the lack of a methodological apparatus capable of
significantly more effective use of developed diagnostic models to identify faulty logical elements.

Application of the proposed scientific approaches to the processing of diagnostic information will
allow: to determine in advance the elements whose characteristics are approaching critical; to determine
the technical condition of radio electronic equipment in real time; to monitor the serviceability of elements
of radio electronic equipment.It will also allow for more accurate processing of diagnostic parameter values,
forecasting failure times of radio electronic components with a given reliability. This, in its turn, will lead to
decrease of detection time of sudden failures of radio-electronic facilities and considerably reduce time
spent on restoration of digital standard replacement elements of radio-electronic equipment, requirements
to which are constantly growing in conditions of repulsion of the russian aggression by the Armed Forces
of Ukraine.

Keywords: energy dynamic method of diagnostics, radio electronic technology, space-hour sphere,
frequency-spectral sphere, typical replacement element.
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®OPMYJIIOBAHH ITPOBJIEMHY CTBOPEHHSI NEPCIIEKTUBHUX
JAUCTAHIIMHO-KEPOBAHUX KOMIIVIEKCIB POSMIHYBAHHS HA OCHOBI
AHAJII3Y PE3VJIBTATIB BEJIEHHSI BOMOBUX I B YKPAIHI

oceio eedennsn oOoitoeux Oili y Cy4acHUX BOCHHUX KOHIIKmMax nokKaszas, w0 O0OHUM i3
HebOe3neyHux ix HACIOKI6 € 3a0pyOHeHHA mepumopii GUOyXoHeOe3neYHUMU Rnpeomemamu, sKi
CHAHOGIAMD 3a2P03y AK GIICbKOBUM, MAaK i yueinbHomy Hacenenuro. Ilpu yvomy oonum iz ocHoeHux
HpPOOIEMHUX RUMAHb € 3HAYHE NEPEeSUUeHH MEMNIE PO36UMKY MIHHOT 30POi 6 NOPIGHAHHI 3 meMnamu
PO36UMKY npomuMminHUX 3acooie. He € eunamkom i Yxpaina, aka uepes nosnomacuimaony azpeciio pgh
ORNUHUNACA 6 YUCTI HATlOINbI 3a0PYOHEHUX BUOYXOHEeOEe3NeUHUMU NPEOMEemAaMU KPAaiH ceinty, wo 6 ceoio
uepzy nompeoye eeauKoi KiibKocmi uacy, cuj ma 3acodieé 0nsa po3eioku ma po3mMiHyeanHs mepumopii.

Ananiz 3acmocysanna eudyxomnebezneyHux npeomemie y 6itiHi pgh npomu Ykpainu nokazye
GUKOPUCMAHHA NPOMUBHUKOM 6Cb020 HAAGHO20 6 HbO20 CHEKmpY MIHHOI 30poi, eéKnouaryu my, wo
3a60ponena MiXdcHapoOHuMu KoHeeHUiamu. XapakmepHow 0cOoOIusicmio MIHY8aAHHA RPOMUGHUKOM
Micyeeocmi € wiupoKe GUKOPUCMAHHA OUCMAHUIUHUX CUCMEM MIHY6AHHA, MIHY8AHHA 0€3CUCMEMHO,
3acmocysanna HO8UX CHOCO0I6 MIHYGAHHA, 6CHMAHOGIEHHA BUOYXOHeDeINeUHUx npeoMemie y cman
Hegunyuaemocmi. AHAI3 HAABHUX 3AC00I6 POIMIHYSAHHA 6 IHMCeHepHuUX nidpo3dinax 3C Ykpainu noxkazye
ix 3acmapinicmo ma HU3bKy eheKmueHicHb, @ MAKOHC 8I0CYMHICMb OUCMAHUIIIHO KEPOBAHUX KOMNIEKCIE
po3minysanna. lIpu ybomy ocnoeHUM CHOCOOOM 8UKOHAHHA 3A80AHb 3 POIMIHYBAHHA AK 6 YMOBAX 6€0CHH
ooitosux 0ill, max i npu eéiocymuocmi ix € pyuHuil, w0 cmanoeums GeauUKy Hebeneky canepam. Tomy
CMEOPEeHHA OUCMAHYIIIHO-KEPOBAHUX KOMNIAEKCI8 POSMIHYGAHHA € AKMYanbHuM 3ae0annuam. Bupiwennsa
3a3navenoi npobdemu NPONOHYEMBCA 3A PAXYHOK PO3POOKU HOBUX NPUHUURNIE Oii nepcneKkmusHux
OUCMAHYITIHO-KEPOBAHUX  KOMNIEKCY  PO3MIHY8AHHA, OOIPDYHMYBAHHA  MOMCAUGUX  8apianmis
3acmocysanHa WimamHux NEPEeHOCHUX 3aC00i8 NOULYKY 6UOYXOHeDe3neyHUX NPeOMemie Ha OUCMAHYIIIHO-
Kepoganux pyxomux naiamghopmax 3a konyenyiecro «Canep nepeonvozo Kparoy, 00IpyHmy8anHsa 6UMoz 00
CMpYKMYypU ma napamempie 6KA3aHUX KOMRieKcié ma peanizauia idei w000 cmeopennsa o6azu Oanux
mexHiunux o0opazie  gidomux  euOyxoHebe3neuHuUx npeomemié HA  NIOIPYHMI  OMPUMAHUX
eKCnepuMeHmaibHUX OaHUX W000 00PanUX NOKA3HUKIE (aMnimyod, nepiod ma uacmoma cuzHa1y).

B cmammi na ocnoei ¢opmanizayii nocmaenenoi Haykoeoi npoodremu 3 GUKOPUCHAHHAM
mMeopemuKo-MHONHCUHHO20 RiOX00Y HABEOCHO MOOeTb (IYHKUIOHY8AHHA NEPCHEKMUBHO20 OUCHAHUIIHO-
Kepoeanozo KOMNIEKCYy pPO3MIHY6AHHA 3 YPAXY8AHHAM 00C6I0y 3ACHIOCYBAHHA HPOMUEHUKOM
eubyxoHebe3neunux npeomemie nio uac eiiHu pgh npomu YKpaini, xapakmepucmuk 3acobie ix noutyky
ma 3HUWeHHS

Knrwowuoei cnosa: 060iiogi 0ii; eudyxonedezneuni npeomemu; poO3IMIHYGAHHA; OUCHAHUIIHO-
KepoeaHuil KOMNaeKC PO3IMIHY8AHHA.

Beryn. IureHcuBHE BeieHHs 00iM0BUX Al y MIBAEHHO-CXIIHOMY perioHi YKpaiHu IpU3BeEo
70 TOro, L0 3HA4YHAa TEPUTOpis YKpaiHUM BHsSBHIAcS 3a0pyIHEHOIO BHOYXOHEeOE3NEeUHUMHU
npenmeramu (BHIT) [1-4]. 3a indopmarieto acoriarii canepiB YkpaiHu cTaHOM Ha OepeseHb 2022
POKY opieHTOBHE 3a0pynHeHHs Tepurtopii Ykpainu BHII ckiagae Oinbime 82,5 THcAY KBajpaTHUX
KUTOMETpIB, 1 moaHs 1s uudpa 36inbmyerbes (puc. 1) [4]. Ha Hiit npoxuBae O6inbin HK 15 MIH.
rpomasH. Lle moTpeOyBaTuMe 3HAUHUX BUTPAT JEPKABHUX KOILUTIB Ta PECypcy ISl MPOBEICHHS
ryMaHiTapHOTo po3MiHyBaHHs. J[o Toro , moctiiiHi oOcTpitu pd Tepuropii Ykpainu, y TOMy 4HCIi
JMCTAaHIIMHUMU CHCTEMaMH MiHYBaHHS, IPU3BOIATH 10 HOBUX PYHHYBaHb 1 30UIbIIEHHS TEPUTOPII,
ska 3a0pynnena BHIIL
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Amnainiz pe3ynbTaTiB BEICHHS IIHpoKoMmaciTaOHOi 30poitHoi arpecii pd mporu Ykpainu
II0Ka3aB, 10 OTPUMAaHi Bij MJIPUBY HA MiHAX BTPAaTH B 0COOOBOMY CKJaji, a TaKo) OOHOBOI Ta
CHeUiaNbHOT TeXHIKM € 3HAaYHUMU. HallOuipll KPUTHUYHMM 10 MIMPOKOMACIITAOHOTO BTOPTHEHHS
apmii BusiBucs 2015 pik. A 3aramom, cranoM Ha 31.12.2020 y 30ni npoBeneras ATO/OOC orpumanu
MIHHO-BHOYXOBI TpaBMH Pi3HOT BaXKKOCTI 882 BiiiCBKOBOCITYKOOBEIb, 3aruHYIO0 248.

oo 3arubeni MUBITFHOTO HACENEHHSI, TO 3a JaHUMH CTOKIOJIBMCBKOTO IHCTUTYTY Mupy 3a
KUTBKICTIO BTpAT IUBUIBHOTO HaceneHHs Ykpaina y 2017 pomi 3aiimana 3 wmicme, a y 2018 pori 5
Micrie, Bunepemkatodi Adranicran, Kam6omky, Maii ta [lakucran [1-4]. 3a nanumu YpaBitiHHS
€KOJIOTIYHOT Oe3MeKH Ta MPOTUMIHHOI MISUTBHOCTI 3 MOYAaTKOM OOWOBHX [Iii JIMIIE HA TEPHUTOPIi
JHonenpkoi Ta JIyrancbkoi 00JacTeil y HACHIAOK MiAPUBY HA MiHAX MOCTpaxaano Outem HDK 1900
UBUIPHUX 0c¢i0. Ha choromHi BimomMocTi mo0 BTpat Bix migpuBy Ha BHIT ocoboBoro ckiamy cui
000pOHH, ITUBUTLHOTO HACEJICHHS Ta TEXHIKH 3 MOYaTKy TOBHOMACIITAOHOT arpecii pg yTOUHSIOThCHS.
[Ipn upomy, anamiz iHopMalii 3 BIKPUTUX JDKEPEN IOKa3ye, L0 BTPATU 3 KOKHUM JHEM
30UTBIITYIOTHCS, BKJIFOYAIOYH CarepiB, sKi BUKOHYIOTh 3aBIaHHs SK IMiJ 4ac OOMOBHUX Jiif, Tak 3a
B1JICYTHOCTI iX.

Acouiauia
Canepis
YEpainu

ol 3

3aranbHa nnowa Hebesneunux (3a6pyaHennx <

- BubyxoHebesneyHnmmn npeaMeTamu). paloHiB YKpaiHu
A~ ujoHaiimeHwe 82 525 kM2~

YMOBHI MO3HAYEHHS:

Dr. e = :
paitonu YKpaiHu

7777) HebeaneuHi paitoHn TMMYacoBO OKYNOBaHWX TepUTOpIi fb‘f P
[LloHeubkoi Ta Jlyrancokoi obnacrein Jj Bilgoroa Doy |

L, TuM4acoso oKkynoeaxa Teputopia AP Kpum

>
Pucynok 1 — O6c¢sru 3a0pyiHEHOT MICIIEBOCTI, IO MOTPeOye pO3MIHYBaHHS CTAaHOM Ha
yepBeHb 2022 poky

IMocTanoBka nmpo6JemMu. J{oCBij BUKOHAHHS 3aBJaHb 3 PO3MIHYBAHHS Y BOEHHUX KOH(IIIKTaX
CYy4acCHOCTI Ta MEPOTBOPYHX OIepalisfx [5-6] mokaszas, 110 OJJHUM i3 OCHOBHHX MPOOJIEMHHUX ITUTaHb
€ 3HAYHC IIEPCBHINCHHS TEMIIIB PO3BUTKY MIHHOI 30poi B MOPIBHSHHI 3 TEMIIAMH PO3BUTKY
IPOTHUMIHHHUX 3ac0o0iB [7-9]. Lleit dakt, BpaxoByrOUYH 3pOCTal04y iHTCHCHBHICTh 3aCTOCYBAHHS MiH
Ta camopoOHuX BUOyxoBuX npuctpois (CBII), y mpoBiqHUX KpaiHaX CBITY JaBHO BXKE CIIPUHAMAETHCS
SK 3arajJbHOCBITOBa IpoOiemMa, BUPIMICHHs K01 moTpeldye KomruiekcHoro miaxomay [10,11]. Ipu
LIbOMY, 0COOJIMBA yBara B OIlepallisaX 110 PO3MIHYBaHHIO IIPUIUISIETHCS IKOCT1 OUHIIEHHS MICIIEBOCTI
Bix BHIIL, 1o Bu3HavyaeThcss MbKHApOAHUMH CTaHIapTaMu 3 po3MiHyBaHHs [12]. B3arani, Ha nanuit
4gac He ICHY€E JKOJHOTO TEXHIYHOTro 3acoly, sikuii Ou 3abe3meuyBaB BUKOHaHHS BUMOT [12], mio i
00yMOBITIO€ MOJABIIE MONIMPEHE 3aCTOCYBAHHS PYYHOTO CHOCOOY PO3MIHYBaHHS, SIKHH € BKpaii
BUTPATHUM Ta HEOE3MEUHUM.

OTxe, BpaxoBYIOYi BCE BHUIIE 3a3HAUCHE, Y MPAKTHUIl PO3MIHYBaHHS 3HAYHO 3arOCTPIOETHCS
nmoTpeda MiABUIIEHHS SIKOCTI, ONIEPaTUBHOCTI Ta OE3MEKH MPOIIECiB, MOMTYKY, BUSIBICHHS, 3HUIECHHS
abo 3uemkomkeHHss BHIL. OcoGmuBo TocTpo Take NHTAHHS TIOCTAa€ IO BITHOIIEHHIO JIO
MEPCHeKTUBHUX 3aco0iB PO3BIIKM MIHHO-BUOYXOBHX 3aropo/pkeHb (MB3), 30kpema, 3aco0iB
nouryky ta BussieHss BHIL

AHaJi3 oCTaHHIX aocJiaKeHb i myOJikaniii mokaszas, 110 B HUX HIHATO Ta PO3TJISHYTO
4acTKOBI HayKoBi 3a/1aui. Tak Bimomi mpatti [ 13-24] npucBsiueHi BUCBITICHHIO Pe3yJIbTaTiB HAYKOBUX
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JOCII/DKEHb, COPSIMOBAaHUX Ha MOJICITIOBAHHS MPOIIECIB Ta OOIPYHTYBaHHS BUMOT JI0 3aCO01B MOLTYKY
ta BusiBiieHHss BHIT pisHuMU MeToamu, po3risiialoThes acleKTH AUCTaHIliitHoro 3uumenas BHIT.
B wmartepianmax [25,26] HaBeneHi pe3yiabTaTH TEOPETHYHUX JOCTI/DKEHb CIOCOOIB IMOBITPSHOL
PO3BIIKH 3aMIHOBAHUX JIUITHOK MICIIEBOCTI.

[IpoBenenuii anai3 BiIOMUX JOCTYITHUX JAOCIIIPKEHb 1 MyOIiKaIiil J03BOJIUB JINTH BUCHOBKY,
IO 3a/1a4a TPOBEJCHHS KOMIUIEKCHUX JOCTIHKEHb MOMJIMBOCTI BHKOPHCTAHHS MEPCHEKTHBHUX
3aco0iB momyky Ta BusiBaeHHs BHII 3a momomoror aucTaHmiiiHO-KepoBaHUX IIaTdopM i3
BpaxyBaHHSAM XxapakTepy MiHyBaHHs Ta Turmaxy BHII, 1mo 3acTocoByroThCs Mmim 4yac BeICHHS
00MOBHX [iii, HA CHOTOJHI BHpIlIEHa HE Y MOBHOMY 00cs3i. Pa3om 3 1M, muTaHHS CHCTEMHOTO
aHaJI3y TEXHIYHHUX aCIIeKTIB BHSIBJIICHHS MiH Ta iHImmx BHII B yMoBax cutyairii, o ckiagacs B 30Hi
OOMOBHX JTiif, 3aJTMIIAETHCS AKTYyAIbHUM 1 BUMarae npoBeICHHS IOJATBIITUX JOCHTIKEHb.

Mera crarTi BUKIAcTH pe3ynbTaTtu aHanizy 3actocyBaHHs BHII nHa Tepurtopii Ykpainu B
HAclIIOK BIMHM 3 pd, Ha OCHOBI SAKMX 3AIMCHUTH MareMaTH4HE (QOPMYNIOBaHHS MpodiieMu
CTBOPEHHS NEPCIEKTUBHUX JUCTAaHIIITHO-KEPOBAaHUX KOMIUIEKCIB pO3MIHYBaHHSI.

Buxkian ocHoBHOoro marepianay pocaigxenns. [lin vac segerns OOC, a Ha ChOTOAH1 Y XO/I1
mMpoKkoMaciiTabHoi 30poiiHoi arpecii pd npotu Ykpainu npoTtuBHUK BHkopuctoBye BHII sk y
BUTJISA/Il MIHHHX TOJIIB, TaK 1 TOOMHOKO JUIsl pyHHYBaHHs 00’ €KTiB iH(ppacTpykTypu periony Ta CBII
[27-29]. Haii6inbIn momupeHoro € pakTHKa, KOJIM AUBEPCIHHO-PO3BiAyBaIbHI TPYIH apMii arpecopa
MOTIEPETHRO BHBYAIOTH MICI PO3TAIIyBaHHS Ta THUI BCTAHOBJICHHX MIHHHX IOJIB JIJIS 3aXHCTY
MO3UIII HamKX BiicbK a00 MapUIpyTH BHCYBaHHS PE3EPBHUX T'PYH, a MOTIM BCTAaHOBIIOIOTH Ha
MapiipyTax BHCYBaHHS MiHU-TIacTku st camepiB 1 CBII, sxi y OULIBIIOCTI BUNAAKIB BUSBHUTH
HaJA3BUYaNHO CKJIAIHO.

B ocranniif yac HalOUIBII MIMPOKO MPOTHUBHUK CTaB 3aCTOCOBYBATH TUCTAHIIMHUN crociO
MIHYBaHHSI MICIIEBOCTI SIK MPOTUTAHKOBUMH, TaK 1 MPOTUMNIXOTHUMHU MiHaMH. OCOOIHBICTIO TAKOTO
MIHYBaHHsI € O€3CUCTEMHICTh BCTAHOBJICHHS MiH Ta 0cOOiMBa HeOE3MeKa MiH, SIKi B CBOEMY CKJIafl
MalTh PI3HI TPHUHIUIN CIPAIIOBaHHS MATYHMKIB IUTI(CEHCMIYHI, HATSKHI, HATUCKHI, ONTHYHI).
3a3HaueHi MIHU MOKYTh BCTAHOBIIIOBATHUCS SIK B PEKHM CaMOJIIKBI/IaIll yepe3 pi3Hi Mepioau 4acy,
TaK 1 0e3 caMOoJIIKBiAaIlii, 0 HECE TOAATKOBY HeOe3MeKy I BiHChKOBOCITY)KOOBIIIB Ta IIUBLUILHOTO
HACEJICHHS.

Xapakrtep Ta o6csaru 3abpyaneHHst micueBocti BHIT y 30H1 npoBeneHHs 60MoBUX il Ta Ha
3BUIBHEHUX TEPHUTOPIAX € JIOCUTh PI3HUM, TOOTO 3HAYHO BIAPI3HAETHCA Bil KJIACHYHOTO
MOCTPAASTHCHKOTO MIAX0Ay 10 MIHYBaHHSA. Y IBOMY CEHCI CIIiJI 3BEpHYTH OCOOJIMBY yBary Ha
3MilmeHHs mpiopuTeTiB 'y Oik 3actocyBanHs CBII y mnopiBHAHHI 3 1H)KEHEPHUMH MIHAMU
MIPOMHUCIIOBOTO BUPOOHUIITBA.

Bkazanuii paxt OyB miATBEpIKEHUN pe3ynbTaTaMy CTATUCTUYHUX JIOCIIIPKEHb, TPOBEACHUX Y
HarionanpHOMY yHiBepcuTeTi 000poHHu Ykpainu im. IBana Uepusxoscbkoro [30]. [lo craTHCTHYHOTO
onutyBanHs 3anydanucs 100 odiuepiB 3C Ykpainu, siki MatoTh 3HaYHUA O0HOBHIA TOCB11 BUKOHAHHS
OoloBuX (cmerianbHuX) 3aBaaHb y 30H1 mpoBeneHHs OOC. KpiM mpiopuTeTHOCTI 3aCTOCYBaHHSA
piduux Tunie BHII Oyma miarBepikeHa 3aiexHICTh piBHA HeOesneku Big Tumy BHIL mro
3ycrpivanucs y JloHerpkiit ta JIyrancbkiii oonactsax (puc. 2).
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Haii6inbm Budyxone0e3neyni 0oenpunacu Ta npeaMeTu

ABiauiiiHi 6oenpunacu

ApTunepiiicbki 6oenpunacu

CrpineubKku 60enpunacu, pyyHi rpaHaTtm
rpaHaToOMeTHiI nocTpinm

IHXXeHepHi MiHn

Camopob6Hi Bubyxosi npucrpoi

OCHOBHETHOBHETHOBHETHOBHETHOBHETHOBHETHOBHETHOBHETHOBHOM

Pucynok 2 — I'icrorpama piBHs HeOe3neku pizaux tumis BHIT 3a pe3ynbratamu onmuTyBaHHS

Tako BCTaHOBIIEHO, 1110 MiHU Ta BUOYXOB1 pucTpoi (BIT) mpoTHBHUKOM BCTAHOBIIIOIOTHCS 3
eIEMEHTaMHU HEBIITyYCHHSI a00 HE3HEIIKODKEeHHS. JJIsl IIbOTO pa3oM 3i 3BHUYAHHM IMiAPUBHUKOM
BUKOPHUCTOBYIOTh PYYHI IpaHaTH, BaKeJl 3anaiiB sSKux (PIKCyrOTbcs Koprmycamu MiH. [IpoTuBHUK
3aCTOCOBYE BC1 HasBHI B HBOT'O Ha 030pOEHHI1 IH)KEHEPH1 O0€NMpPHUIIacH, 30KpeMa «MIHU-CIOPIIPU3N» Ta
«MIHU-TIACTKW», OOCSTH 3aCTOCYBaHHS SKUX BU3HAYHUTH JIOCUTH CKIIAJHO. MiHU BCTaHOBITIOIOTHCS SIK
Ha JIiHiT 00HOBOTO 3ITKHEHHS, TaK 1 B HACEIIEHUX MYHKTaX y MICIAX CKyITYCHHS Jroaei [27-29].

XapakTepHUM CTa€ BiIMOBA BI TPAaH3UTHOTO MIHYBaHHS MICIIEBOCTI Ta mepexia 10 00’ eMHOT
Moieni 6e3cucteMHoro MiHyBaHHs (puc. 3) i3 3acrocyBanus BHII mo misam (06’ ektam).

0
\7 ) =z -
\\_M/\'/ ek
TIOBITPSI
ZepeBa,
POCIIMHHICTB ynamkosi [11IM, CBIT

nporudopToi [1TM, TIIIM Ta
CBII i3 po3Tsuxkkamu

ITOBEPXHSI, CHIT H H
) ¢yracui [TTIM
Bl 0.1 v ™
TpyHT & o o
' Im IITpM, dyracu, apTunepiiicbki
HBB

(BayKKHIi CYTJIMHOK, TTiCOK,
KaM’SITHUCTHH TPYHT) 10 M
aBiaOOMOH, 110 HEBUOYXHYJIH

Pucynox 3 — O6’emMHuii Xapakrep BeJIleHHs MIHHO{ BiiiHU Ta 3a0pynHenHs BHII micueBocti
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Hebe3neka mossirae B TOMy, 10 1X 3aCTOCYBaHHS HE 0OMEKY€EThCSl Hi MaciTabamu, Hi 4acom,
Hi MicueBicTiO. [I[pOTHBHUK B OCHOBHOMY BUKOPHCTOBYIOTh 1HKE€HEPH1 OO€MPUIIACH PAJASHCHKOTO Ta
POCIICHKOTO0 BUPOOHHMIITBA: MPOTHIIXOTHI MiHM (BUOYX0Bi mpuctpoi) — [IMH Bcix moaudikamii
(IIMH, IIMH-2, IIMH-3 [IMH-4), MOH-50 (90, 100, 200), O3M-72 (3, 4, 160), IIOM3-2M,
BuOyxoBi npuctpoi HBY-II ,,Oxora” (HBY-II2); «minu-nactkn» — MC-3, MC-4, MJI-7, MJI-8;
npoTuTaHkoBi Miau — TM-57, TM-62 pizaux moaudikarii, TM-72, TM-83, TM-89, a takoxx BHII,
TaKi SK: apTHJIEPIHCHKI CHAPSIAW, MIHOMETHI MiHU, PEaKTUBHI CHAPSIIM CHUCTEM 3aJIIOBOTO BOTHIO,
MOCTPUTH OCKOJIOUHUX TpaHaT, pisHoManiTHI CBII [27-29]. [IpoTe, ocranHi 60¥OBI Ail TOKa3yIOTh,
[0 MPOTUBHUK CTaB IIMPOKO 3aCTOCOBYBATH HOBI MiHH, SIKi BCTAHOBIJIIOIOTHCS AWCTaHIiNHHO. Lle
Hacamriepes MiHa mpoTtumixotHa MiHa [TOM-3, ska BCTaHOBIIOETHCS SIK 32 JOMOMOTOIO CHCTEMHU
MiHyBaHHS «3eMJyelenney, Tak 1 aBialliiHUMH, apTUIEPIMCBKUMH Ta MEPEHOCHUMH CHUCTEMaMHU
MIHYBaHHs Ha BIJICTaHb BiJ] KUIbKOX METPIB /10 coTeHb KimoMeTpiB [28]. Oxpim [IOM-3 npoTuBHUK
IIMPOKO 3aCTOCOBYE 1 IHIII MIHHU, SIKI BCTAHOBIIOIOTHCS JUCTAHI[IMHUMH 3ac00aMU MIHYBaHHS —
npotunixotHi [IOM-1, TIOM-1C, TIOM-1, [TIOM-2 Ta npotutankosi [ITM-1, [TTM-3, TITM-4.
OcoOnMBICTIO 3aCTOCYBAHHS IIUX MIH € T€, 110 BOHU MO>KYTh BCTAHOBJIIOBATUCS IIMOOKO B THIY
HaIlIMX BIMCHK, B HACEJIICHUX MTYHKTAaX, Ha 00’ €KTaX roCcroIapchKoi AISUTBHOCTI TOo1Io [27].

[IpoTUBHUK BUKOPUCTOBYE 1 HOBI CIIOCOOM NMPUBEACHHS B Alt0 npoTunixoTHux MiH 1 CBII. Ha
JI0/Tavy JI0 «PO3TSHKOK» BOHU PO3BIMIYIOTH MO KyIIaX pUOAIbChKI TAYKH, M0 YIIUISIOTHCS 3a OJAT. Y
TaKoMYy pa3i carepu MornepeKarTh PO Te, Mo Tpeda OyTH HaATO 00epEKHIM, CBOEYACHO TTOMITHTH
I IPOUTH «PO3TSKKY», ajleé MOKHA MPHU IIbOMY HE TIOMITUTH KUIbKa TaKMX TraykiB, PO3BILIAHUX IO
KyIIax, SKi MOXYTb BIIUTHCS B OJIAT, 1110 IPU3BeIe 10 BUOYXY [27].

Ha aBrommsixaXx TpPOTHBHHKOM YCTaHOBIIOIOTHCS, SIK TpaBwio, (yrach Ta MiHH. BoHn
BIJ1alOTh NIEpeBary KepoBaHUM caMOpPOOHUM (hyracaMm TpbOX TUIIB: Il ypakeHHs 00HOBOT TEXHIKH,
JUTSL ypa)KeHHS )KUBOI CUJIM Ta KOMOIHOBaHI. Y HaceleHUX MyHKTax 1 JICOBI MICIIEBOCTI MOXYTh
BcraHoBmoBaTucs CBII 3 pi3HUMH BUIAMHU «PO3TSKOK», JUISL IKMX BUKOPUCTOBYETHCA TaK 3BaHE
«MaBYTUHHS» (TOPU3OHTAJIbHE, BEPTUKAIbHE, 3MilIaHe). BOHO MoOXe BUTOTOBISATHUCSA 3 APOTIB
CHUCTEMH YIPABJIIHHS MIPOTUTAHKOBOIO KEPOBAHOIO PAKETOI0, BOJIOCIHB, TUIOK JepeB, KymliB. Bucora
Ta JIOBXKUHA «PO3THKOK» MOXKe OyTH pizHA. 3aCTOCOBYIOTHCS TaKOX XHOH1 «PO3TSDKKW», MIHU Ta
(dyracu MOXXyTb BCTAHOBJIIOBATUCSl Ha HEBUJIY4a€eMICThb. Y TaKOMY BHIMAJKY pa3oM 31 3BUYalHUM
MIPUBHUKOM TIPOTUBHHK BHUKOPHUCTOBYE PYYHI TpaHATH, BaXKEl 3amaliB SKUX (HIKCYIOThCS
KOpITyCaMH MiH.

3a HasBHOCTI JIOCTAaTHBOTO Yacy Ta MOKJIMBOCTEH MPOTUBHUK 3aBKIU HAMaraeThCsi MiHyBaTH
Oynb-siki 00’€kTH, a0W 3aBIaTH BTpPAT YKPAaiHCHKUM BilickkaMm. lle MOXyTh OyTH MIJACTyNH 0
OTIOPHUX TYHKTIB 1 OJIOKIOCTIB HaIIUX BIMCHK, IUIAXH, SKAMH 3JIHCHIOETHCS IMOCTAYaHHS
MaTepiabHO-TEXHIYHUX 3ac00IB YKpaiHCBKUM TiApo3aiiaM (3a3BUYail 1€ 3arajbHOJeprKaBHI
JIOpPOTH, JIe TIOBHO LIUBUILHOTO TPAHCIIOPTY), BKIIIOYAIOUYH KIOBETH Ta JIICOCMYTH, CKIIAIH, MICIIEBICTh
Ha HeHTpanbHiii cMy3i, OyaiBIIi, JKepena BOAOMOCTayaHHs, 00’ €KTU 1HPPACTPYKTYPH, TOILIO.

Y 1poMy ceHCi MPOTUBHUK BUSIBIISIE CIIPUTHICTh 1 BUHAX1AUBICTE. JIOCHUTh YacTo 3 Horo 60Ky
3aCTOCOBYETHCSI PI3HOMAHITHUN THMNAX CHEHIATHHUX I1H)KEHEPHUX OO€mpunaciB SK IITaTHOTO
npu3HaueHHs — MiHu, Tak 1 CBII, mo BUTrOTOBIEHI 3 MigPY4YHHX MaTepianiB, HAMpPHUKIAI, 3
apTHICPINCHKUX CHApSIIiB 1 OoempuIiaciB, MO HE crapamroBaad. o TOro >k MPOTUBHUK € BKpa
MIICTYITHUM — Y X171 11yTh PI3HOMaHITH1 «MiHU-clopnpu3ny», CBII, mo 3amMackoBaHi mij MUpHI peul,
pi3H1 GOPMU TaK 3BAHUX «PO3THKOK», Y SIKHX BUKOPHCTOBYIOTHCSI MIHH Ta TPaHAaTH, 1 HABITh TaK 3BaHi
«IHTENIeKTyaJbHI» MIHM 13 CEMCMIYHMMHU JaTYMKaMM, HMIMPOKO BUKOPUCTOBYETHCS IUCTAHIIINHE
YIIPaBIIiHHS M1IPUBOM, 1110 CBIIYITh PO JOCTATHHO BUCOKUI piBEHb MpodecioHani3My MPOTUBHUKA
Ta Horo Oe3mimMiTHe 3a0e3neYeHHs HeoOXiTHUM oOaqHaHHM [29].

3BHUYaiiHO, MIHHUI apceHall MPOTHBHMKA JIOCHTh PI3HOMAHITHUI 1 BIH HE OOMEXKYeTbCS JIMIIE
NpUBEJCHUMH TUIIAMHU 3pa3KiB MiH. 3aCTOCYBaHHsS OO€mpHuMaciB pi3HOI HOMEHKJIATYpu B «MIHHIN
BiliH1» nepe0avae HeoOMeXeHe iX BUKOPUCTaHHA 3a MaciTabaMu, MiclieM 1 yacoM O0HOBUX Jiil. Y
paiioHi poBeJieHHS OOMOBUX [iif BOHO Ma€ HHM3KY OCOOJMBOCTEH: 3aMiCTh TPAIUIIMHIX MIHHHX
TOJIIB, IIJ0 CTAHOBJISATH OCHOBY KJIIACHYHOI CUCTEMHU 3ar0poKeHb, HalOUTBIIIOr0 MOMIMPEHHS Ha0yIH
KepOBaHi Ta HEKepoBaHi pyracu, okpemi MiHH 1 TPYNH MiH, a TAKOX Py4YHI 'paHaTH, BCTAHOBJICHI Ha
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PO3TSDKKaX; TepeBakHa KUIbKiCTh MB3 BCTaHOBIIOIOTHCS Ha I0pOTax i y30i4usix; TOJOBHUHN 3aci0
BEJICHHS MIHHOi BIiHM — HE TUIbKH IH)KEHEepHI Ooenpuriacu, aje W apTuiiepiiicbki Ta aBialiiHi
Ooenpuriacu, py4Hi rpaHaTy, MPUCTOCOBAHI 3a JOMOMOTOO MIPYYHUX 3aCO0IB JI0 3aCTOCyBaHHS SIK
¢yracu (mactkn) [27,29].

Kpim TOro, 3HaUHy 4acTKy BTpAT CTAHOBJIATH BUIAJKU MOTPAIUISHHS BiliCBKOBOCITYXOOBIIB
a00 TexHikW Ha BilacHI a00 He 00JIIKOBaHI BIAMOBiAHUM ynHOM MB3 1mijx yac BUKOHAHHS 3aBJIaHb
IH)KEHEPHOT PO3BIIKH, TEPEMIIIEHHS MIXK MMO3UIISIMH, TIPOBEICHHS IH)KEHEPHUX POOIT (IHKEHEPHOTO
oOafHaHHS MO3UILi), TACIHHS MOXEX, eBaKyallil MOpaHeHUX TOI0. TOMY 3 METOI0 BCTAaHOBJICHHS
MOPSAIKY Ta MpPaBUJ TOBOKEHHS BiICHKOBOCITY)KOOBIIIB Ha MICIIEBOCTI, sika 3a0pynHeHa BHII,
JIOTPUMaHHS 3aX01B MiHHOT Oe3neku y [3 1] Bu3Ha4eHO MOPSA0K OpraHizallii Ta BeIeHHS IHKEHEPHOT
PO3BiIKM B yMOBaX 3aCTOCYBaHHS MPOTUBHUKOM Pi3HUX BUOYXOHEOE3MEUHNX MPEAMETIB.

B mmx ymoBax rocTpo mocTano MMTaHHS BUKOHAHHS 3aB/IaHb MO0 PO3MIHYBaHHS B paifoHaxX
BeJIeHHs1 OOMOBMX JNii Ta Ha 3BUIBHEHUX TepuTopiix. Tak, 3a manumMu MO VYkpaiHu 3 moyaTtky
6oioBux nii B nepioa 3 2014 poky no kinerns 2021 p. canepu BUSBUIM Ta 3HEUIKOAWUIN OUIbIIE
25 tuc. on. BHIL. I'pynamu po3minyBaHHsI oumiieHo Outbmie 4 THC. ra Teputopii Ta 1,3 THC. KM
HUISXIB, a TAKOK Maibke 750 KM 3aII3HUYHUX KOJIIH. Y pailoHi BeleHHS 00HOBUX i 1510 OJM3bKO
60 rpyn po3MiHyBaHHS. 3p0O3yMiJI0, 110 CTAHOM Ha YyepBeHb 2022 poKy HUX I'PYI 3HAYHO OUIbIIIE.

g BeaenHs po3Binku MB3 mpu3HauaroThes 1HKEHEPH1 pO3BIIYBaJIbHI J1030pH, 1HXKEHEPH1
po3BinmyBanbHI Tpynu. [l BemeHHS pO3BIAKM 1 TOJOJIAHHS 3aropo/DKEHh Ha MaiJaHdnKax
MPU3EMJICHHSI TaKTUYHOTO TMOBITPSHOTO JECaHTy JO0 CKIaay TMepeAoBHX TpyN 3axOIJICHHS
MalJJaHUYMKIB BUAUISIOTHCA 1HXEHEpHO-canepHi niapo3aun. [Ipu upomy nigposaiiamu 3C Ykpainu
3aCTOCOBYIOTHCSl IIYMH, MIHOIIyKadi Ta OomOoIlIyKadi, KOMIUJIEKTH PO3BLAKM 1 PO3MIHYBaHHS,
1H)KEHEpHO-PO3BI1yBaIbHI MAILIMHU, ONITUYHI 3aCO0U CITOCTEPEKEHHSI, TPUIIAJN HIYHOTO OaueHHS.

Hemomikamu icHyrounx Ha 030poenHi 3C YKkpaiHu Ha3eMHUX TEXHIYHHX 3aCO0IB IHXKEHEPHOT
po3Binku MB3 (MMII-2, PBM-2, UMb, MHM) cinig BBaxkatu ix MopaiibHY Ta (Qi3UYHY 3aCTapulicTh
(mpuitHATI HAa 030poeHHS, 11e 3a yaciB CPCP) (puc. 4). B ymMoBax cBiTOBO1 TEH/ACHIIIT CTBOPEHHS Ta
3aCTOCYBaHHS POOOTH30BAaHUX KOMILJIEKCIB 1 CHCTEM Y BIMCBHKOBIA cdepi OUIbII CydacCHUMHU €
3aKOPJOHHI MeETaJomIyKadi (CIIOHCOPChKAa JOMOMOTa BOJIOHTEPIB a00 1HO3EMHHX BIMCHKOBHX
CHIEITIaICTIB).

| 1MB, O Seri MEZLY UHM,

— 1 Seriesl, — Serk Serieﬂ Series]. j
griac1

B Serigs
79 0.892 Seriact

.78 _H(l)vglgo?g 089 Ferex4 Series1,
— 0.69 7 AN/PSS-

1 : — — — —~ 0
al Series.l,\:| seriest, | | | | | | | [ | 110606
pemam, MMIL ]

0.408 0434

Pucynox 4 — [opiBHsUIbHUH aHaNI3 pIBHS TEXHIYHOI JOCKOHAJIOCTI 3aC001B 1HXEHEPHOT
po3Biaku MB3

[Ipu 1mpOMy CIifg BiAMITHUTH, II0 HA ChOTOJHI B YKpaiHi HAHOIIBII 9acTO 3aCTOCOBYETHCS

py4uHui cnocid po3MiHyBaHHs. HaBiTh mpu MexaHIYHOMY cIOCOO01 BeJI€HHS IHKEHEPHOI pO3BIAKH
1H)KEHEPHO-PO3BiTyBaJILHOIO MAIIMHOIO TAKOK Oe3rmocepeIHbo Kepye oauHa. Jlucraniiiiai 3acodu
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BUSIBIICHHS MiH BiacyTHi. lle mpu3BoauTh 10 BTpaT 0COOOBOTO CKIAAY IHKEHEPHO-CANEPHUX
nigpo3autie 3C Ykpainu.

Orxe, Ha 030poenHi 3C VYkpaiHu BiACYTHI Cy4acHi poOOTH30BaHI KOMIUIEKCH 1 3aco0u
IMCTaHIHOT po3Binku MB3, 1m0 crioBuUIBbHIOE TpoIiec po3MiHyBaHHS B YKpaiHi i BUMarae 3MiHH
HIIXO0AIB 10 3a0e3MeueHHs MMiPO3/UTIB IHKEHEPHOT PO3BIIKK 1 ONIepaTHBHOT PO3pOOKHU (3aKyIiBIIi)
Cy4acHUX 3ac00iB, KOMITJIEKCIB 1 pOOOTH30BaHUX CUCTEM iHKeHepHO1 po3Binku At 3C Ykpainu.

HeoOxigHO 3ayBakWTH, IO JIOCBIN BHUKOHAHHS 3aBJaHb 3 PO3MIHYBaHHS Yy BOEHHHUX
KOH(DITIKTaX CY4acCHOCTI Ta MUPOTBOPYHX OTIEpAIlisiX MOKA3aB, 110 OJHUM i3 OCHOBHHX MTPOOJIEMHUX
MUTaHb, sIKE OyJlIO 3a3HAYEHO BUIIEC € 3HAYHE NEPEBHUINEHHS TEMIIB PO3BUTKY MiHHOI 30poi B
MOPIBHSIHHI 3 TEMIAMH PO3BUTKY NPOTUMIHHHX 3aco0iB. lleil dakr, BpaxoByrouu 3pocTarody
IHTEHCHUBHICTB 3acTocyBaHHs MiH Ta CBII, y npoBigHNX KpaiHaxX CBITY IaBHO B)KE CIIPUIMAETHCS K
3arajibHOCBITOBA TIpo0sieMa, BUPIMICHHS K01 MOoTpedye KoMIuiekcHoro miaxoxy [33-42]. B mux
KpaiHaxX JaBHO BXK€ CTBOPEHI JUCTAHIIMHO-KEpOBaHI TE€XHIYHI 3aCO0M ISl MPOBEIEHHS PO3BIAKU
MmicueBocTi Ha BHII ta po3minyBanns. [Ipu nboMy, ocoOnrBa yBara B onepauisx no po3MiHyBaHHIO
NPUAUIAETECS  SKOCT1 ouunmeHHss wicueBocti Big BHII, mo Bu3HavaeTbess MDKHApOIHUMHU
CTaHJapTaMH, Ta 3a0e3MeueHHs Oe3eKH orepaTopiB 3 po3miHyBaHHs. [IpoTe, Ha naHuii Yac HE ICHY€
KOJIHOTO TEXHIYHOTO 3aco0y, KUl Ou 3abe3revyBaB BUKOHAHHS BKa3aHUX BUMOT, 1110 1 00yMOBIIIOE
MOJAJIbIIIE MOIIUPEHE 3aCTOCYBAHHS PYYHOTO CHOCO0Y pO3MIHYBaHHS, SIKUM € BKpail BUTPATHUM 1
HeOe3neyHuM. ToMy CTBOpPEHHS BITUM3HSHUX JUCTAHIIMHO-KEPOBAHUX KOMILJIEKCIB PO3MIHYBAaHHS
(AKKP) Ha cporojgHi € HaJ3BHYalHO aKTyaJIbHUM 3aBJIaHHSM, sKe MOTpedye IeTaabHOro
JOCITIJKEHHS Ta CTBOPEHHS BiMOBITHUX METOIOJIOTIYHUX OCHOB

OCHOBHOIO 171€€10, 1[0 TOKJIaJieHa B OCHOBY IPOBEAEHHS JOCIIPKEHb, € po3po0Ka HOBUX
npuHIuMiB Aii nepcrnektuBHUX JJKKP, 00rpyHTyBaHHS MOKIJIMBUX BapiaHTIB 3aCTOCYBAHHS IITATHUX
nepeHocHUX 3aco0iB nmomyky BHII Ha nucranmiitHo-kepoBanux pyxomux rmiardgopmax (IKPII) 3a
KoHrenmiero «Camnep MmepeaHbOoTO Kpary, OOIPYHTYBaHHS BHMOT JO CTPYKTYpPH Ta IapaMeTpiB
BKa3aHMX KOMIUICKCIB Ta peaizarlis i/1ei mo 0 CTBOPEHHs 0a3u TaHUX TEXHIYHUX 00pa3iB BiZOMHX
BHII Ha miarpyHTi OTpUMaHUX €KCTIEPUMEHTATBHUX JAaHUX 00 0OpaHUX MOKA3HUKIB (aMILIITY/1a,
MepioJI Ta YaCTOTa CUTHATY).

Jnst popmanizanii mocraBieHOi HAYKOBOI MPOOJEMHUHA OCHOBI TEOPETHUKO-MHOKUHHOTO
nigxony [32] BuzHaueno moaens nepcnektuBHoro JIKKP takum unHOM:

KR=(V,D,F,Z,Pr,Sp,Ck,Q(Z),C(z)t(z)), (1)

ne KR — nepcriekruBuuit JIKKP;
V — mMuoxwuna enemenris JIKKP;
D — MHOXMHA 3B’3KIB MK €J1€MEHTAMH;
F — ¢ynkuii, sixi npusnaveni exementam JJKKP;
Z — muoxwuHa 3aBanb JJKKP;
Pr — muoxwuna npouecis y IKKP;
Sp — motIa TEPUTOPIi MICIIEBOCTI, IO MiAJIATa€e PO3MIHYBaHHIO;
CKk — cknaznicTh mponecis po3MiHyBaHHS;
Q(Z) — TIOKa3HUKU SKOCTI BUKOHAHHS 3aBJaHHS,

C(Z) — MOKa3HUKHU BapTOCTI pO3MiIHYBaHHS;

t(Z) — yac, 1110 BUTPAYAETHhCA HA BUKOHAHHS 3aB/IaHb 3 PO3MIHYBaHHS.
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@OynxkuionyBannsa JIKKP (1) moxxe OyTu mostaHo y BUTIISAL BioOpaKeHHS
VxDxFxPrxSpxCk —> Z (2)

OnHi€ero 3 OCHOBHHX BUMOT, siKi BucyBatoThes 10 JIKKP € Bumora mono ii npame3naTHOCTi.
ToOto 00csirn BUKOHAHHMX 3aBJaHb Z , sIKi peai3yloThCsl BIAMOBIAHUMHU TipouiecamMu Pr | moBuHHI
OyTH MaKCHUMAaJTbHUMHU MPHU TOTPUMAHHI BUMOT 1010 30epeKCHHSI iX HE0OX1THOT KUTBKOCTI Ta SIKOCT1

X BUKOHAHHS Q(Z ) , B yMOBaX peCypCHOI0 Ta 4aCOBUX OOMEIKEHb.
TobTo, y hopmaiizoBaHOMY BUTIISII TIPOOJIeMa MOKe OYTH MoJjaHa, K

W (Sp; Ck) — max, 3)
mpu ZeZ",Q(2)2Q"(2),C(2)<C"(2)4(z)=<t",Ck, <Ck;,Ck = (x,h,g),

ne Q* (Z ),C* (Z ),t* ,Ck? — JesIK1 TPaHUYH1 TOKA3HUKH, BCTAHOBJICH] ONEPATHBHO-TAKTUYHUMU
BHMOTaMH;

<K, h, g) — TIapaMeTpH CKJIAIHOCTI MIPOIIECIB PO3MIHYBAHHS;

K — mineHicts BHIT, ra™;

h— rambuna BcraHOBIeHHS a0o 3HaxomkenHs BHII BimHOCHO MOBEPXHI CEPEJIOBUINA, IO
MIPUXOBYE, M;

0 — un BHII, sxi BcTaHoBIieH1 a00 3HaXOIATHCS Ha MICIIEBOCTI.

BucHoBku. Takum uymHOM, YKpaiHa Ha CHOTOJHINIHIN JE€HH € OJHIEIO 3 HAHOPYIHIIIO
BHOYXOHEOE3MEYHNMH TIpeIMETaMH KPaiHOIO Y CBITi, @ OCHOBHHM CIIOCOOOM PO3MIHYBaHHSI € Py4HUH,
SIKMH € HE TIOCUTH €(hEeKTUBHUM Ta CTAHOBUTH BEJIMKY HEOE3MEeKy 0COO0BOMY CKJIa Ty TPYI PO3MIHYBaHHSI.
OpHuM 3 HampsMKIB TiBUIICHHS €(EKTUBHOCTI MPOIECIB pO3MIHYBAaHHS Ta 3a0€3MEUeHHsT Oe3MeKH
cariepiB € ctBopeHHs Ta 3actocyBaHHs JIKKP. IlimBumumu edekTHBHICTD MpOIIECiB pO3MIHYBaHHS 32
noromororo JIKKP mosximBe 3a paxyHOK aanTaiiii H#oro eJIeMeHTIB 00csTaM 3aBAaHb Pi3HOT CKIIATHOCTI
13 BpaxyBaHHSIM PECYpPCHUX OOMEKeHb. 30Kpema, TMoOyJI0BY 3a3HAYEHOTO KOMIUIEKCY MPOTIOHYEThCS
3MIMCHATH Ha OCHOBI aJanTallii yMoBaM BeJIeHHS OOMOBMX JiH ITiJ] Yac MIHHOT BIHHU MOJIEPHI30BaHUX
ICHYIOUMX Ta CTBOPEHHMX HOBHX 3acO0IB pO3MIHYBaHHS, a TaKOXX 3a PaxXyHOK BIPOBAHKEHHS
OOIpYHTYBaHHS paIliOHAJBHUX TMapaMeTpiB Ta cTpykrypu mnepcrnekruBHoro JIKKP. Sk wampsmox
MOJIANIBIIUX JOCIIKEHb € PO3BUTOK METOJOJIOTTYHUX OCHOB CTPYKTYPHO-TIapaMETPUYHOTO CUHTE3Y
CUCTEMH JIUCTAHIIIMHO-KEPOBAHUX 3aC001B (KOMIUICKCIB) pO3MIHYBaHHS Ta BUCBITJIICHHS pE3y/IbTaTiB
eKCIEPUMEHTAJIbHUX JOCITIIKEHb.
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Doctor of Technical Sciences Kotsiuruba V.1., PhD Krivtsun V.I.,
PhD Miroshnichenko O.V., Solodeeva L.V.
PROBLEM FORMULATION OF THE CREATION OF PROSPECTIVE REMOTE-
CONTROLLED DEMINING COMPLEXES ON THE BASE OF THE RESULTS ANALYSIS OF
COMBAT OPERATIONS IN UKRAINE

The experience of conducting combat operations in modern military conflicts has shown that one
of their dangerous consequences is the territory contamination with explosive objects, which pose a threat
to both the military and the civilian population. At the same time, one of the main problems is the significant
development rate excess of mine weapons compared to the development rate of mine countermeasures.
Ukraine is not exception, which, due to the full-scale aggression of the Russian Federation, found itself
among the most contaminated countries by explosive objects in the world, which in turn requires a large
amount of time, forces and means for reconnaissance and demining of territories.

The analysis of the explosive objects use in the Russian Federation war against Ukraine shows the
enemy use of all available mine weapons, including prohibited by international conventions. A
characteristic feature of the enemy mining of terrain is the wide use of remote mining systems, random
mining, new mining methods and the installation of explosive objects in an uncooperative state. The
analysis of the available demining means in the Ukrainian Armed Forces engineering units shows their
obsolescence and low efficiency, as well as the absence of remote-controlled demining complexes. At the
same time, the main method of performing demining tasks both in the combat operations conditions and in
their absence is manual, which poses a great danger to sappers. Therefore, the creation of remote-controlled
demining complexes is an urgent task.The specified problem is proposed to solve through the development
of new operation principles of promising remote-controlled demining complexes, the justification of
possible options for use the standard portable means of explosive objects search on remote-controlled mobile
platforms according to the concept “Front-line Sapper”, the requirements justification for the structure and
parameters of the specified complexes and the idea implementation of creating a database of technical
images of known explosive objects on the basis of obtained experimental data on selected indicators
(amplitude, period and signal frequency).

The article, based on the posed scientific problem formalization using a theoretical-multiple
approach, provides a functioning model of a promising remote-controlled demining complex, taking into
account the experience of the enemy explosive objects use during the Russian Federation war against
Ukraine, the means characteristics of their search and destruction.

Keywords: combat operations; explosive objects; demining; remote-controlled demining complex.
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HEJIIHIAHI IONMEPEYHO-KYTOBI KOJIMBAHHS NIJIPECOPEHOI TA
HENIIPECOPEHOI YACTHH KOJICHUX TPAHCIIOPTHHX 3ACOBIB TA IX
BILIUB HA CTIMKICTH PYXY

Po3pobneno memoouxky ananimuyHozo OO0CHIONHCEHHA 6NAUBY HETIHIIHUX HONEpPeuHO-Kymosux
KOJIUBAHb cucmeMu niopecopena-Heniopecopena Yacmunu Ha CMIKiCmb PyxXy KoJiCHUX MPAHCHOPMHUX
3aco0ie 630062ic KPUBONIHIUHUX OUIAHOK WAAXy. Ompumano cucmemy HENIHIUHUX OudhepeHyianbHUX
PieHAHb, AKI ORUCYIOMb OUHAMIKY GIOHOCHO20 pyXy 6Ka3aHoi cucmemu ma nooyoo8aHo nepuie
HabauxcenHna it ananimuunozo po3e’asky. Qcobdnusicmio KOJIUBAHb 6KA3AHUX YACHUH € Me, W0 iX 61ACHI
yacmomu 3anexcams i0 amnaimyo. Tomy ounamiuna 63acmooin mixic niopecopenorw ma Heniopecopenoio
YacCmuHamu, a MaKoic 00POHCHIM NOKPUMMAM MA WILHAMU 6U3HAUAIOMbCA AMNAIMYOHO-YACIMOMHUMU
Xapakmepucmukamu  KOJu8aHv  6KA3AHUX YACMUH  AKI 3YMOGNEHI HEPIGHOCMAMU  WAXY.
Buxopucmosyiouu piHAHHA KIHEMOCMAMUKU CUCHEMU HeniopecopeHa-niopecopeHa YdacmuHu,
GU3HAUEHO CUNU OUHAMIYHOI 63AEMOOIT NPYHCHUX KOJIC 3 O0O0POMCHIM RNOKpUmMmMAM — 0a306i
CcnigeiOHOWeHHs ONA OWiHKU cmilikocmi pyxy. Bcmanoeneno: eionochi konueanms niopecopenoi ma
Heniopecopenoi YacmuH MPAHCHOPIMHO20 3AC00Y 3HAUHOI0 MIPOI0 3MEHUIYIOMb KPUMUYHI 3HAYEHHA
WEUOKOCMI CMINIKO20 pyXy HA NEPEeKUOAHHA;KPUMUYUHE 3HAUEHHA WGUOKOCMI CMIliKozo pyxy Ha
nepeKuOanHa € OinbuwuM 0 OLbUIUX GeTUYUH CIAMUYUHOT 0edopManii nPYICHUX eJleMeHmie ma WuH,
a Makoxc nPozpecusHol XapaKmepucmuKu RPYHCHUX eJ1eMeHmie.

Ompumani OCHOBHI pe3yIbMAMU MOMNCYMb CAYHCUMU 0a3010 014 CHIBOPEHHA RPOZPAMHOZ0
HPOOYKMY a0anmueHux nidgicok, a ix 00CMogipHicCmb NIOMBEEPOIHCYEMbCA OMPUMAHHAM Y ZPAHUYHOMY
GURAOKY pe3yibmamie, aKi CHOCYIOmMbCA OLIbW NPOCMUX — NIHIHHUX PO3PAXYHKOBUX MOOeTell OUHAMIKU
mpancnopmnux 3acooie.

Knrouosi cnosa: konichuii mpancnopmuuili  3acié, cucmemu niopecopioéanHHa, a0anmueHi
niogicku, HeHIIHI nOnepeuHO-Kymosi KONueanHs, AMNIIMYOHO-UaACMOMHI XAPAKmMePUCMUKI KOJTUGAHDb,
PI6HANNA KIHEemOCMamuKu.

Beryn. [IlnaBHICT XOnmy,CTIMKICTH PYyXy, KEpPOBaHICTh, MPOXIIHICTH € OCHOBHUMU
CKCIUTyaTal[iIiHUMH XapaKTEPUCTUKAMHU KOJICHUX TpaHcrnopTHux 3aco6iB (KT3) [1-7]. Bouum
BHU3HAYAIOTHCA CHJIAMHM B3a€MOJIi IIMH Ta JOPOXKHBOIO TOKPUTTS, a TaKOX IipecopeHoi Ta
Hemigpecopenoi yactud (ITY Ta HITY). Ominka criikocTi pyxy Ha 06a3i “CTaTUYHMX’ 3HAYCHb CHJI
TUCKY IIMH Ha JOPOXHE MOKPUTTS MPU3BOJUTH 10 HETOUHOCTEH BU3HAUYEHHS KPUTHUYHUX 3HAUYEHB
MIBUJIKOCTI CTIMKOTO PYyXy, KEPOBAHOCTI B3JOBXK KPHBOJIHIMHMX IUISHOK HUIAXy. JluHaMiuHa K
B3a€EMOJIIS KOJIC 13 JTIOPOXKHIM MOKPHUTTAM BH3Ha4YaeThcs kosmBaHHsMu [TH ta HITY, posmoauiom
MacH y TpaHCIIOPTHOMY 3aco0i, craHOM IIHH Ta iH. KonuBanus Bkazanux yactud KT3 Bu3HauaroThCs
KpIM 30BHIIIHIX YUHHUKIB (HEPIBHOCTEH LUISAXY, K1 € OAHIEIO 13 OCHOBHUX NMPUYHH iX BUHUKHEHHS),
CIWJIOBUMHU XapakTepucTukamu cucremu miapecoproBanus (CII) (mpyxHuMH eneMeHTaMu Ta
nemrdepHuMy TpuctposMu) Ta muH. Y Outbmocti KT3 BukopuctoByrots CII y sKHX 3B'S30K Mik
BITHOBJIIOBAIbHUMH CHJIAMU Ta AedopMalisiMu 4 AeGopMallisiMi Ta iX MIBUAKOCTIMU OMUCYETHCS
HEeTIHIMHUMHU 3alle)HOCTAMU. He nuBnsunch Ha 11e, 0a30Bi aHANITUYHI JOCTIIKEHHS BILUTUBY Ha
eKCIUTyaTalllifHi XapaKTepPUCTUKU 3aKOHY 3MiHM BigHOBIIOBaNIbHUX cwil CII Ta MpyXHUX LIMH
MPOBEICHI st THIHHUX MaTeMaTHuHUX Mojeneit [8-14]. Illo cTocyeThest aHAMITUYHUX JOCTIKEHD
BILIMBY HEJIHIHHOI BIIHOBIIOBAJILHOT CUJIM MIPY>KHUX €JI€MEHTIB Ha MJIaBHICTb X0y, CTIMKICTh PYXY,
KEpPOBAHICTh, TMPOXIIHICTb, TO MpodjieMa 3aJUIIAETbCS BIAKPUTOIO 4epe3  BIICYTHICTb
MaTeMaTUYHOTO amapaTy MMOOYJ0BM aHAJIITUYHMX PO3B’SI3KIB HEMHIMHUX JudepeHiiaTIbHuX
PIBHSHB, AKi onHCyoTh MexaHiuHy cucrtemy [IY ta HITY KT3. YucensHa cuMyssiist )k BKa3aHUX
HEJNHIHUX qudepeHiiaIbHIX PIBHSAHD HE Ja€ MOXKIMBOCTI 3pOOUTH y3arajJbHEeHUX BUCHOBKIB Uepes3
HU3KY iX BiactuBocTell. ToMy icHye mpobOiema BHOOPY MiHIMaJIbHO MOJKJIMBHUX PO3PAXYHKOBHX
MoJIeNeH, sIKi 3 0JHOTO OOKY MaKCHMAaNbHO BioOpaxkanu 6 BIumB ocHoBHUX BiactuBocteid CIT KT3
Ta muH Ha auHamiky ITY ta HITY, a 3 iHmoro — manu G6aHamitTiaHui po3B’si30K. Came yacTKoBe

28



PO3B’sA3aHHS BKa3aHOI 3arajibHOT MPOOIEeMH CTOCOBHO cTiikocTi pyxy KT3 B310BX KpUBOMIHITHHX
TUISTHOK [UIAXY PO3KPUBAETHCS Y pOOOTI.

AHaniz ocranHix aociaimkedb. binbmicts KT3 cnpoekroBani Tak, mo0 BOHU Oynu
CUMETPUYHUMHU BiTHOCHO BEPTUKAJIBHOI IUIOIIMHHY, sIKa MPOXOoAuTh yepe3 nentp mac [T4 Ta HITY, a
OT)KE TMOTIEPEYHO-KYTOBI KOJIMBAHHSI ISl HUX HE 3aJIeXKaTh BiJ| M03/I0BKHBO-KyTOBHX 1 HaBNaku [15].
Bkazane, MeBHOIO MIpOI0, CIYXKUTh Uil CHPOIIEHHS PO3PaxXyHKOBUX, a BiJ TaK MaTEeMAaTUYHUX
mozeneidt muHamiku KT3 y 3amexHOCTI Bim mpoOiaemMu ska po3risiiaeThes. Tak IS JOCTiKEHHS
KEpPOBAHOCTI PyXy y JOCTaTHHO PO3TIIAIATH BiTHOCHI MO3/I0BXKHBO-KYTOBI KOJUBaHHs cuctemu T4
ta HITY, mmaBHOCTI X0y Ta MPOXiAHOCTI — MOB3J0BXHBO-KYTOBI Ta BEPTHKAIBHI, CTIHKOCTI pyXy —
MOTEepeYHo KyToBi [16-22].

OmnuM 3 e]eKTHBHUX NUISXiB PO3B’SA3aHHS BKa3aHOI BHUIIE NPOOIEMH € METOA
MaTeMaTHYHOTO MOJICIIIOBAHHS TUHAMIYHOTO TPOIECY 13 OTPUMAHHSM AHAIITUYHOTO PO3B’SI3KY
MaTeMaTH4HO1 Moeni. [IpoTe aHaniTHYH1 TOCHIHKEHHS OB A3aH1 13 ypaxyBaHHsAM AuHaMiku [1Y ta
HITY, noB’sa3aHi 13 moOyqOBOIO pO3B’S3KIB CHUCTEMHU 3BHYAHUX HENIHIMHUX IU(EepeHLIaTbHUX
piBHsAHb. OTpUMAaTH B 3arajlbHOMY BUIAAKY JJIsl HUX aHAJIITUYHI1 CIIIBB1IHOIIEHHS, sIK1 Oynu 6 6a30t0
JUI OLIHKY BIUIMBY aMIUIITY/JHO-4acTOTHOI XxapakrepucTuku kosmBaHb ITY Ta HIIY Ha ocHOBHI
eKCIUTyaTal[li{H1 XapaKTepUCTUKHU € MPOOJIEMOIO SIKY HEMOXKIIMBO BUPIIIUTA MaTeMaTuyHo. ToMy y
HU31 npanp [17-20], m1st 9acTKOBOTO BUPIMIEHHS ICHYIOUMX MPOOJIEM MaKCUMAJIBHO CIPOITYBaJIN
PO3paxyHKOB1 MOJIeIi, OOMEKUBIINCH TUTbKU ypaxyBaHHsIM kosmBaHb [1U. B Toi#i ke vac, HaBiTH 13
aHai3y JIHIKHUX MaTeMaTHUYHUX Mojenel [23-26] BumnuBae, mo koquaHHsS HITY KT3 3naunO
BIUIMBAIOTh HAa OCHOBHI EKCIUTyaTaliiHI XapaKTEePUCTHUKHU TMIiI dYac PyXy B3J0BXK NULIXY 13
HEPIBHOCTSIMH.

[Hmmit migxin noOyaoBaHUM Ha eKCIIEPUMEHTANBHUX JOCHKEeHHAX [12,13] BruMBY THUX UK
IHIMX YMHHUKIB Ha nuHaMiky [TY 13 HemiHiiHOIO crioBoro xapaktepuctukoto CII, He Moxke maTu
BIJIMTOB1/Il HA HU3KY BaXXJIMBUX MUTaHb, SKI CTOCYIOTHCS, 30KpEeMa, Pe30HAHCHUX MPOIIECIB Mia yac
pyxy KT3 B310BX X HUIAXY 13 BIOPSIKOBAHOKO CHUCTEMOIO HEPIBHOCTEH; BIUIMBY MOOJIWHOKHX
HEPIBHOCTEH Ha YacTOTy KOJIMBaHb aJKE OCTaHHS 3aJeKHUTh Bim amIunityau ta iH. Kpim Toro,
€KCIIEPUMEHTAJIbHI JIOCTIDKEHHSI TOTPEOYIOTh 3HAYHOTO MATEpIalbHOTO Ta YacOBOTO PeCypcey.
Taxkum urHOM, HAOUTRII €()EeKTUBHUM crioco0aMu TociipkeHHs BBy auHaMmiky [TH ta HITY Ha
eKCIUTyaTal[lifHI XapaKTepUCTUKH € Ti, B OCHOBY KOTPUX IOKIJIAJCHO IMO€JIHAHHSA aHATITUYHUX
pe3ynbTaTiB JIOCHIIPKeHb KOJIMBAHb BKa3aHUX YacTUH 13 0a30BUMH TMOJOXEHHSIMH CTIMKOCTI,
KEpOBAaHOCTI Ta IUIaBHOCTI pyxy. Came Takuil MiXil pO3BUBAETHCA y POOOTI MPHU TOCITIIKEHH1
crifikocTi pyxy KT3 B310BXK KpHUBOIIHINHOT NUISTHKY NUIIXY 13 TOOAWHOKHUMH HEPIBHOCTSIMHU.

MeTto10 cTaTTi € BUBEIEHHS aHANITUYHHX CIIIBBIJHOILIEHb, SKI BH3HAYAIOTh BIUIUB Ha
KPUTHUYHY IIBHJKICTh CTIHKOT'O PyXy OCHOBHHMX IapaMeTpiB, SKi OMUCYIOTh CUJIOBI XapaKTEPUCTHKU
CIl, mun ta aunamiku [TY ta HITY KT3 ans pospaxynkosoi cxemu KT3 (puc.1).

Onuc ymoB: asoicHuil KT3 i3 3anexHOI0 MiABICKOIO 3 HEPO3PI3HUM MOCTOM PYXa€ThCS
KPUBOJIHIHHOIO [AUISHKOIO LUISIXY 13 HHU3BKOYACTOTHHM JIOPOKHUM TpoduieM 31 CTaluMu
MBUAKICTIO V' Ta pajalycoM KPUBUHH AUISIHKY ILISAXY P .

HeoOxiHO BU3HAYUTH KPUTUYHI 3HAYEHHS IIBUIKOCTI CTIIKOTO PyXY 3 OIJIAly HA 3aHECEHHSI
1 mepekuiaHHs 13 ypaxyBaHHaM koiuBasb [IY ta HITY. 3a po3paxynkoBy cxemy KT3 npuiimaerscs
JIBOMacoBa Iuiocka cucreMa (puc.1): migpecopena yactuna (IT4) - 1, neninpecopena yactuna (HITH)
- 2. BinHOCHMI pyX BKa3aHMX YaCTHH 3A1HCHIOETbCS Y BEPTUKAIbHIN TUIOMINHI, a B3aEMOAIIOTh MDK
co000 BKa3aH1 YaCTHHHU 3a PaxXyHOK MPYKHHUX elleMeHTIB (3) Ta nemndepHux mpuctpoiB (4). I3
noposxHiM okputTsam KT3 B3aemoie mmnamu (5). BBaxaeTbes, 110 nepemimieHHs 1neHTpis Mac [T4
ta HITY 3a paxyHOK Hai3qy KOJIIC MIPABOTrO YW JIBOro OOPTIB € 3HAUHO MEHIIUMHU 32 MEePEeMIIIeHHS
BCIX IHIIUX TOYOK BIAMOBIMHMX YacTWH. Taka “MiHIManmbHa MOJENb’, K Oyae MOKa3aHO HUXKYE,
JI03BOJISIE OTPUMATH AHAIITUYHY 3aJIeKHICTh JUId BU3HAueHHS BIUMBY KojiuBaHb [IY ta HIIY Ha
CTIHKICTB pyXY, a B OJANBIIOMY MOXe OyTH y3arajbHeHa i JOCIKeHa Ha IHITNX eKCIITyaTaliiHuX
xapakrepuctukax. llono npyxuux BractuBocteid muH (Fii) 1 npyxHux enemeHtiB (F2i), To BoHH
3ajiekaTh Bi iX Aedopmaltiif, B mojanbuioMy npuitMemMo

29



Pucynok 1 - Po3paxynkoBa cxema KT3

. . . . +1
i aedopmariii K (Azi, Azi) 1 OMUCYIOTHCS BOHHU BIATOBIIHO 3aJICKHOCTIMHU Fj :Cl(Ali )Vl Ta
+1 .. NV .
P = 02(A2i )V2 , @ CUJTU B’SI3KOTO TEPTS IIKMH Ta IEMITIPEPHUX MPUCTPOIB MPOTIOPITIHI IO IBUIKOCTI

. Roj =ap(Ay)

MPY)KHUX €JIEMEHTIB 1 AeMI)epHUX MPUCTPOIB MpaBoro 6opra i BiamoBigHo | = 2 - miBoro 6opra,Cy ,

)251+1 252 +1 (i

ix nedopmariiif Ay; 4m Ay y cremeHi 2sj +1:Ryj = 0‘1(A1i =1 pnsa muH,

Co, 04,0 - Bimomi crami). [l{omo mapamerpiB V; Ta V,, sKi BKa3yiOThb Ha BIAXWJICHHS MPYKHHX
BJIACTUBOCTEH INHWH 1 MPYKHHUX €JIEMEHTIB Bia JIIHIMHOTO 3aKOHY, TO BOHH JIOJATKOBO ITOBHHHI
3a10BOJILHATH yMOBaM icHyBaHHs y [1Y ta HITY xonuBansHOTO mporiecy. Ile Oyae cnpaBmKyBaTuch
2mg +1
S

KO Vg +1=—"—"—,mg,Ng =012,... 3a IOmOMOTOI0 BKa3aHUX (b}IHKI_[iﬁ BJACTLCSI OIMCATH CHUJIOBI
2ne +2
S

XapaKTEePUCTUKH IIHH Ta MPYKHUX €JIeMEHTIB mupokoro cnektpy KT3.

Bukiaan ocHoBHoro marepiagy. [l po3B’s3aHHS TOCTaBJICHOI 3ajadi IepIl 3a BcCe
HEOOX1IHO OmucaTH OUHAMIKy BITHOCHOTO pyXxy Bka3zaHux yactuHu KT3. 3a HaBeneHUX BuIle
MPUITYIIEHh MaTeMaTHYHa MOJICTbh BIIHOCHOTO PyXy Ma€ JBa CTYIEHi1 BUIbHOCTI (cBoOOaM). 3a
y3arajabHEHl KOOPAWHATH JUIsl HEel MPUIMAIOThCS KYTH MOBOPOTY BIAMOBIIHUX YaCTUH HaBKOJO
MO3/I0BKHIX OCEHl SIK1 MPOXOAThH Yepe3 [EHTPH Mac BIAMOBITHUX YaCTHUH Y BIIHOCHOMY CTAaTHYHOMY

iX IOJIOKEHHI: (p(t)- HeMiAPecopeHoi YacTUHH, W(t)- miapecopeHoi yactuHU. st Toro mo0

OTpuMaTu y3araaneHi CHJIN, K1 Bi,I[HOBiI[aIOTL BKa3aHUM Yy3arajJbHCHHUM KOOpJAWHATAM IICPII 34 BCC
1

. P+Q |vq+1 .
BHU3HAYNMO CTaTHUYH1 I[e(bopMaun BKa3aHUX YaCTHUH: Alst. = . CTaTHu4YHa z(e(I)opMaum IINH,
2C1
1
Q |votl . . ) )
Agt, =| — - cratnyHa aedopmarist mpyxHux exementis, P ta Q - Baru Bimmosigro HITY Ta
2C2

ITY. Toxi nedopmartii H1uH IpaBoro iJiBOro 6OPTIB y JOBUTBHUI MOMEHT Yacy MpUHMaIOTh 3HAaUEHHS
L L
A11 = Agst, —?P(t) v A12 = Agst, + E(P(t) :

[TonibHUM YMHOM 3HAXOAMMO JedopMallii MPYKHUX €IEMEHTIB IPaBOTO Ta JIIBOro OOPTIB y
JOBUTBHUH MOMEHT dYacy. TakuM UYWHOM, y3arajlbHEHI CHJIM SKi BIINOBIAAIOTh MPUWHATUM
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y3araJbHEHUM KOOPIUHATAM JIBOMACOBOI CHCTEMHU SIKa PO3TIIAAAETHCS MPUIUMAIOTh BUIJIST CHCTEMHU
piBHsHb (1)

vq+1
L vyl Lv,sl L L)1 L
Qg =—C2a(Ast —wa—Agst, +<P;> —coa(Agt, +va - Aggt, *<P;) —a Agst, ves va Agst, — ¢

L L
Qy =c2(Ast, - w(th - ag + ‘P(t)z)vzﬂ ~ca(Agt + vt - Aggp - <P(t);)V2+1' (1)

a Bin Tak audepeHUiiiHi pIBHAHHS BITHOCHOTO PYXy MPHUHATOI PO3paXyHKOBOi MOJEIi
HaOyBarOTh HACTYITHOTO BUTJISIALY:

) Loy, +1 Ly, +1] L AREE L\'1"
Icl(p:—cza (Ast. _"’a_Alst. +(p;) + (Ast. +"’a_Alst. _(PE) —clE Alst. +(p; - Alst. _(PE

Lv
Ic\y :CZH(ASI. -vya _Alst. + QE)

iX 1eHTpHu Mac, RW(\il,(])) Ta RW(\i/,(i)) - BIAMOBIHO MOMEHTH CHJI ONOPY AEMII(EPHUX TIPUCTPOIB

+1 Lv2+1

277 cpaldg +ya-Ag ~0) +RW(\p,¢), 2)

o+ I, Momentu iHepuii [T4 ta HITY KT3 BigHOCHO MO310BXKHIX OCEH, SIKI IPOXOIATh YEpe3

Ta B SI3KUX CHUII IIMH BIZHOCHO BKA3aHHUX BHIIE OCEH.

JIJis 3HaXOJKCHHSI JMHAMIYHOTO THCKY IIIMH HA OMOPHY MOBEPXHIO TEpII 32 BCE HEOOX1THO
3HAWTH aMIUTITYJHO-4aCTOTHY XapaKTePUCTUKY IBOMACOBOI CHCTEMH IO PO3TISAAAETHCS, a IIe
OB’ SI3aHO 13 MOOYZ0BOIO aHATITUYHOTO PO3B’SI3Ky CUCTEMH NUdepeHIiaTIbHIX PIBHIHB (2).

MeTtoauka mody10BM aHAJITHYHOI0 PO3B’SI3KYy MaTeMaTU4HOi mojaesi cucremu MY ta
HIMTY KT3. bazow miss 1oOyAoBM HAOIMKEHOTO aHATITHYHOTO PO3B’S3KY CHUCTEMU
mudepeHITiaIbHUX PIBHAHD € HACTYMHI (PI3MYHO OOTPYHTOBaHI MOJIOKEHHS, SIKI MAalOTh MICIIE JIJIst
pyxy KT3 B310BX TOBUIBHUX JUISHOK IIISAXY: a) MAaKCUMaJIbHI 3HAYEHHS CHJI OTOPY JeMITpepHUX
npuctpoiB CII € 3HAYHO MEHIIMMH BiJi MaKCHUMaJbHHX 3HAYE€Hb CHJI TNPYKHUX €JIEMEHTIB; O)
Koe]iieHTH ‘“KOPCTKOCTI” IIHH € 3HAaYHO OUIBIIMMH HDK BIAMOBITHI KOE(DIIEHTH MPYKHHUX

eneMeHTiB, To0to Cq >>Co. Ile BummBae i3 Toro, mo it Bcix KT3 cratuuni nedopmarii muH €

3HAYHO MEHIMMHU Bin ctatuuHux aedopmariii CII. HaBegeHe mo3Bojsie MpeiACTaBUTH CHUCTEMY
mudepeHIiaTbHUX PIBHSAHB (2) HE 3MIHIOIOYH 11 TOYHOCTI Y BUTJISIL:

V1+1 V2+1
.. L V2+1 L V2+1
Icl(p+C1L (p; =Coa (Ast._\Va_Alst.+‘PE) +(Ast.+‘Va_Alst._(P;) +R(P(

1+ 2c5a(ay) "2 = 2¢5a(v, +1)(ay) 2 oL+ Ry, (6.1, 2). (3)

Buxozasuu 13 HaBeleHOI MOPIBHAIBHOT OLIHKM OCHOBHUX XapakTepucTuk CII Ta mpyxHux
IITMH BUIUIMBAE, 110 MaKCUMaJIbH1 3HaYEHHS MMPAaBUX YACTUH CUCTEMH JIudepeHIianbHuX piBHIHb (3)
€ 3HAYHO MEHIIMMM Bl MAaKCUMaJbHUX 3HAu€Hb BIANOBIAHUX JAPYIMX JOJAHKIB JIIBUX YaCTHH.
OctanHe € OOIpyHTYBaHHSM 3aCTOCYBaHHS 3arajbHUX inel meroxiB 30ypenb [27, 28] mig uyac
oOy/I0BU PO3B’SI3KY CUCTEMU HENIHIHHUX PIBHAHB (3).

BaacHi koauBanus He3dypenoro pyxy ITY ta HIITY KT3. EdexktuBHICTh 3aCTOCYBaHHS
MeTO/iB 30ypeHb HeNHIMHUX TudepeHiaTbHUX PIBHAHB 3aJIEKHUTh Bil MOXJIMBOCTI MOOYAOBHU 1
PO3B’A3KY BIIMOBITHOT cucTeMU He30ypeHUX piBHAHB. 1 BUNIAJIKY, 1110 PO3TJISAA€THCA 11€ HeNMiHIIH1
midepeHLianbHi piBHAHHSA (4):

V1+1
. ClL L
o+——| 0 =0,

le, L 2

2C23. (a\v)\;2+1 _o. (4)

le

W+
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Ix posp’sasku Bupaxarorses [17, 18] uepes mepiomuuni Ateb-dynkmii [29-31] y Burmsmi
cuctemi (5):

. sa (Vl +11, w(P(a(p)t +70 )
¢ -
ca (Vl +1,1,(o(p(a(p)t+yO)
sa (v2 +1’1‘m\|!(allf)t+¢0)

ca (v2 +11, (O\If(a\l/)t + $0)

o= ,9(p=OJ(P(a(p)t+'Y,

v=2ay ’S‘I/:w\lf(allf)t+¢’ (5)
y AKUX 8y, 8¢, S\V’ S(P BIIMOBIHO aMIUTITYAM Ta (pa3u KoJamBaHb He30ypeHnoro pyxy T4
ta HITY, ¢ , v - nouatkosi pasu me30ypenoro pyxy. Illo cTocyeTbes BIaCHUX 4acTOT Oy (a\,,),

CO(P(a(P)° TO BOHHU SIK 1 JUISi OUTBIIOCTI HENMIHIMHUX KOJMBHUX CHCTEM 3aJeXaTh BT aMILTITY]

L ) +2
2vy + Z)Cl(zj vi

BIJIMOBIIHAX YaCTHUH 1 MPUAMAIOTh 3HAYEHHS .

( ) (V2 +2)C2av2+2 Y2
Oy 8y /= | qy 2 "’(p(acp): : ¢ 2
C C1
Jlyig 1H)KEeHEpHOTO BUKOPUCTAHHS OUTbLI 3pYYHUMH € 3aJIEKHOCTI JJIs 4acTOT B aMILTITY]
BIINOBIAHUX YAaCTHH, SIKI BPAaXOBYIOTh CTaTH4HI jAedopmarlii NpyXHUX eJIeMeHTIB. ToMmy SKIIO,
BUKOPHUCTATH BKa3aH1 MapaMeTpH, SIKi XapakTepu3ytoTh npyxHi eneMmentu CII Ta muHu, oTpuMyeMo
HACTYITHE CIIBB1IHOIICHHS:

1

(vps2)0a( a )27 2 (oo L )Y m

—s| — Qy 2 w@(%): ap 2 (6)
t

2lc \As 2lcy 2014

‘”w(aw):

Ha pwuc.2, puc.3 mpencraBieHO 3aJeKHOCTI BJIACHUX YacTOT KOJIMBaHb Yy Teplax

(f . (a )f -1 (a ) Y S ) Bl aMIUTITYZ BIAMOBIIHUX YaCTHH
VT gm, VOV 0T o, ete) M = vrli N s A YA BUIIOBIL

Vi +2 2 vi+2

3a pi3HUX 3HauyeHb cratnuHux aedopmamid [IY ta HIIY nmpu HactymHux mnapamerpax KT3
Q=40000H, P=5000H, L=2.5m. |Cl=2000KF'M2, |C=10000KI"M2.

fo, c* fo, ! fp, C*
8 8 8y,
P o,/ 61
f1 |/ 1@ | f11(a)
f12(a) 4 - f12(a) 41 f12(a)
f13(a) | f13(a) |/ f13(a)
2 2| 21
a a
ag, Pag, o P3A i ay, pag,
0 0.02 ' 0 5<107° 0.01 0.01¢ 0 0.02
a a a
a) 0) B)

Pucynox 2 - 3ajieXHICTh YaCTOTH MonepeuHo-KyToBuX koiuanb HITY Bifx 11 amrutityiu
KOJIMBAHb IIpU
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2 4 2
a) V1 = —4epB, V| = —CHHE, V] = —3€JIeH, A1gt = 0.03m;
9 9 3

2 4 2
6) V| = —UuepB, V] = —CHHE, V| = —3eleH, Aigt = 0.02m;
9 9 3

_2 2 4
B)vy = ? 4epB,v] = gcnﬂe,vl = —3eneH, Aqgt = 0.05m.

1.57 15
fy, €

I

fi1@) 2\ f11(3) e )

12(a) fl2@ | . 12(a)
,f,ls(a) 13(a) o f13(a) osh

dy, Pag | Ay, PaA Ay, Pag

0 002 004 006 0.0 0 002 004 006 00 0 002 004 006 00

a) 6) B)

Pucynox 3 - 3ayexHiCTh 4aCTOTH MOTIEPEYHO-KyTOBUX KomBaHb 14 Bif i1 aMrutiTyin
KOJIMBaHb

a)vo Z%Z%PB \% =§CI/IH€V2 =g3eneH Ast =0.15m
0) v, =gqepB Vo =§CHH6V2 =g3eJICH Agt =0.2m;

B) Vo =gqepB % =§cm{ev2 =g3eneH Agt =0.25m .

[IpencraBieni pe3yiabTaTu MOKa3y0Th, IO Ui perpecuBHUX Xapaktepuctuk CII ta mpyxHHX
IIUH JJIs OUTBIINX BEJIMYWH aMIUTITY/] KOJIMBaHb BJIACHI YACTOTH BIAMOBIIHUX YaCTHH € MCHIIHM 1
OJIHOYACHO Uil MPOTPECHUBHUX — OUIBIIMMH, OJHOYACHO MJsi OUTBIIMX BEJIUYUH CTATUYHUX
nedopmartiii BjJacHI 4aCTOTH € MEHIITUMHU.

CrmiBBinmnomenHs (5), (6) € omHoyacHO 0a3010 JJisi BU3HAYEHHS BIUIMBY JAeMIpEpPHUX
MIPUCTPOIB Ta CHJI B A3KOT0 TEPTS HA aMILIITYJHO-9aCTOTHY XapaKTepuCTUKY KoauBanb [1Y ta HITY
KT3, a Takox BeIMYMH MOYATKOBUX 3HAUEHb aMILTITY/l KOJIMBAaHb MIPECOPEHOT Ta HEMIPEeCOPEHOT
YaCTHH.

MeToauka BU3HaYeHHs BILIMBY cuJ JAemndepuux npuctpois CII Ta B’ s13k0-npyKHHX
CHJI IIMH HA AMILIITYAHO-4ACTOTHY XapakTepucTuKy KoanBanb KT3. OtpumManuii y 3B's130K Mk
yactoTamu BracHuX kosivBaHb [1Y ta HIIY Ta ix ammuiityaamMu He BpaxoOBYE BIUIMBY CHII OINOPY
nemngepuux npuctpoiB CII Ta B’sa3ko-mpykHHX cuil muH. Sk mokaszaHo y [29], 3a manoro
MaKCUMAaJbHOTO 3HAYEHHS BKAa3aHWX Ta IHIIOI MPUPOAM HETHIMHMX CHJI Yy MOpPIBHSHHI i3
MaKCUMaJIbHUM 3HaYE€HHSM BITHOBIIIOBAJIBHOT CHJIM aMILTITY/a Ta YaCTOTa KOJIMBAIBHOTO MPOLIECY €
MOBUIbHO-3MIHHOIO (YHKI[I€0 4acy. JIns 3HAaXO/DKEHHS 3aKOHIB 3MIHM B 4Yaci IuX (yHKii
y3aralbHUMO OCHOBHI i1ei Metony Ban-nep-Ilons Ha cuctemy nudepeniianbHux piBHsHb (3). Lle
JI03BOJISIE PO3B’SI30K PO3IIIAAYBAHOI CHCTEMM HEMIHIMHUX AudEepeHLiaNbHUX PIBHAHB LIYKAaTH Y
BUTIISAOL

p=a,(t)sa vy +11, 9, (1)) 94 (t) =0y (a, )t +v(t)

v = aw(t)sa (v2 +11,9,, (t)) 9 (t)= @ (a(p)t +¢(t), (7)
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Je HeBigoMi (QyHKIIl Yacy a(p(t), a\V(t)' SQ(t), SW(I) 3HaXOMAThCSA TakK, 00

crniBBigHOMmEHHS (7) 330BOJIBHSIIO BUXIAHIN crcTeMi qudepeHIiaTbHIX PIBHIHB (3).
Ilpumimka. Y 3anexnoctsx (7) Ta HWKYE 3a pO3B’SI30K HE30ypeHMX piBHAHD (4)
MPUEMAIOTHCS TIEpIIi (BepXHi) 3aI€KHOCTI criBBigHOLICHD (5). Lle He Hakanae akicb 0OMEKEHHS Ha

METOAMKY 3HaXO/DKEHHSI HEBIIOMUX (YHKITIH a(p(t) , Ay (t), S (t), Sy (t).

[Ilo6 3HaiiTH 3aKOHW 3MIHM BKa3aHHMX HEBIMOMUX (YHKIIH HUIIXOM IuQepeHIIitoBaHHS
CHIBBIIHOIIEHB (6) 32 YacOM MEpII 3a BCe, 3HAIIEMO 13 ypaxyBaHHIM HaBEACHOTO, TIOXITHI 32 4acoM
byHK1iH, sKi Oy1yTh onrcyBaTu 30ypeHuit pyx 000x yactu KT3 — cucrema piBHSHB:

d da 2a, d9,l(t
20 - 0 sa(Vi+1, 8, () + —2 d9(1) calL, vy +1,9,(t))
dt dt vi+2 dt

d 2a, d9,,(t
B _ B vy 41,8, (1) — ul
dt ot vp+2  dt

)ca(l, vo+1,9,(t)) (8)

2
. . d
HaCTYHHI/IM }II/I(l)epeHIIIIOBaHHSIM 3a 4aCOM HaBC€ACHUX 3aJICKHOCTEHU 3HaAXOAUMO _;P Ta
dt

dz\y

5>~ TaKe CITIBBIIHOIICHHS:
dt

2
d2o(t) _ 2°’<p(a<9)a
dt? Vi +2

¢

Savl+l("1 +11, Sq) (t))— V12+ 5 d(('ji_t(plzmq)(aq))-l- a dOJ(p (a(p )}ca(l, vi+19

2
_1‘9—5? %awsa(\/l +119,, (t))

dylt)_ 204y ),
dt? Vo +2

20 (a )d¢
y\y
—-——"-—"3,5a(vo +11, 9,,(t
V2+2 dt v (2 W())
VY cmiBBigHOMIEHHAX (8) BpaxoBaHO, IO BIANOBITHO 10 MeTony Ban-mep-Ilomst maroth

d
CIPaBIKYBaTHUCh CITIBBiTHOILIEHHS: % ca (vz +11 8\41 (t))— ﬁ ?1_(: sa (1, v+1, S\V (t)) =0 Ta

i

saV2 +1(V2 +11,9,, (t))— V_iZd:_tW[ww (aw )+ a m&”—a"’)]ca(l, vy +1

(9)

da
d—tcpca(vl +11, S\V (t))— é%sa (1, v1+1, S(p (t))z 0. KpiM mporo, 0e3mocepeiHbOI0 IMEePEBIPKOIO

nepekoHyemoch, mo g koiausanb 114U ta HITY KT3 BnacHi yactoTu y BUMAAKy, KOJU MPYXKHI
BJIACTHBOCTI €JIEMEHTIB CHUCTEMHU MIBICKH OINUCYIOTHCS PO3IVISIAYBAHUM THUIIOM HENIHIMHOCTEH,

d‘”\v(a\v) Vo +2
340BOJIBHAIOTH TOTOXXHOCTAM (D\V aw +aw = (DW aw Ta.
daw 2
de (a ) vy +2 . .
® (a )+a LAY () (a ) HaBenene C MHOCTI JO3BOJIIE OTPUMATH 3BHUYAHI
e\Cy /T T 5 Yoo/ y CyRY p

¢
mudepeHianbHl pIBHAHHS JUIS BUHAYEHHS 3aKOHY 3MIHM aMIUTITY]l 3aTyXalouux koiausaHb I1Y Ta
HITY
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da, call,vi+19,)
0 Tqoglag) 0o 0ol
d9, 252" (vy +11,9,)
dt m‘p(a‘P)Jr 2y (v +2)0g(ag e, f(p(aw,a@,,S\l,, 8('))
da,, callv,+19 )
v _ v
it oy lay) ol Oy )
d9,, 252"y, +11,9,, ) (10)

T:(’O\V(a\l’)-i_ fw(aw,a(p,SW,S(p),

ay (V2 + 2o, (aw )IC
ne  QyHxmii f(P(aW’a¢’aZ’8W’8<P’SZ) Ta fw(aw,a(P,aZ,SW,S(P,SZ) BiOMOBiNAIOTH

3HAYEHHSM MPaBHX YaCTUH AudepeHuianbHuX (3) 32 yMOBH, 110 B HUX (p(t) Ta \V(t) 1 IX MOXiaH1
BH3HAYAIOTHCSI BIAMOBIAHO JI0 3aiexxHocTel (6), (7).

OTpuMaHi 3aJIEKHOCTI MOKa3yIOTh 1I0: a) 3a IeIKUX KIHeMaTUYHUX rapameTpis cucremu [1T4-
HITY Tta cumoBuX XapakTepUCTHK MIABICKM Ta MIMH Yy po3risayBaHiii moneni auHamiku KT3
MOXJIMBUHN BHYTpimIHIN pe3oHanc [32]. Lle mutanas Moxe OyTH TPEeIMETOM OKPEMHX JTOCITIKEHb;
6) ammutitynu konuBanb 114 ta HITY 3a nepion koJimBaHb MIPECOPEHHUX YU HE MIIPECOPEHUX YACTHH
3MIHIOIOTBCS Ha Mally BeNM4YMHY. Bka3aHe € mifcTaBoro Ajs ycepeaHeHHsS 3a (a3aMu KOJUBaHb

r( 1 jr[232+2j
V2+2 2

or 1 +252+2
V2+2 2

S\V’ Sq, MpaBuUX YacTUH piBHsHB (10), oTpuMyeMo

da,, :_(0‘2)% 2a,,0,(a) 252
dt HZIC (V2 + 2)

9y  [(vp+2)cpa¥2*? V?Z
dt Ic Ve

1 231-|-2
day,  (ap)a, Za(pw(p(aw) %1 F[v1+2jr( 2 j
(v1+2) |

(11)

Takum 4yuHOM, JUIS TIEPIIOTO HAOIMKEHHS KOJMMBaNbHUK mporec cuctemu [IY ta HITY
OTHCYEThCA 3aEKHOCTAMH (6) y SKUX MapameTpu Ay, g, ‘9\11’ 8(')3B’}I38.Hi CHUCTEMOIO

midepeHnianbHUX piBHAHD nepioro nopsaky (11). [Ing ogHo3znauHoro onucanHs Horo HeoOXiTHO
J0JIATKOBO BKa3aTu JJsl AudepeHIiabHuX piBHAHb (11) mouaTkoBi yMOBH.

Binomo, mo npuunHoro konuBanb [IY Ta ITHY € HepiBHOcTi nuisaxy. BBakaerbes, 1o
BIJICTAaHb MK HUMH € TaKOIO, 1110 MICJIS MOI0JIaHHS TPAHCIOPTHUM 3ac000M OJHI€T 13 HUX 3aBASKH
HasBHUM JeMI(EepHUM NMPUCTPOSM Ta CHJIaM B’SI3KOTO TEPTs IIUH Y MOMEHT KOHTAKTy IIHWHU i3
HACTYIHOIO HEPIBHICTIO KOJHMBAHHS 000X YaCTUH NPUMHUHAIOTHCSA. Lle 103BoIs€ 3a MOYaTKOBI yMOBHU
JUIS CUCTEMHU JH(epeHIialbHUX PIBHAHb BUOMpATH Ti, SIKI Y3TOJKYIOTBCS 13 “peakiii€lo” IMIHHU Y
MOMEHT KOHTAKTYy ii i3 HepiBHicTI0. [Tpuiimatoun 1o yBaru, mo mig yac pyxy KT3:

- MHA 0€3B1IPUBHO KOHTAKTYE 13 HEPIBHICTIO LIISAXY;

- HEpIBHICTh IUISIXY HE3HAYHOT JJOBXKUHH;
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- TPAaHCIOPTHUI 3acib pyXaeTbes 31 CTAJIO0 32 BEJMYMHOK MIBUAKICTIO V (LIBUAKICTH
nepeHocHoro pyxy KT3)

- 13 TOCTAaTHIM CTEIIEHEM TOYHOCTI MOKHA BBaXKaTH, 110 BIZHOCHA CKiIamoBa mBuakocti HITY
KT3 y MomeHT Hai3ly Kojeca Ha HepiBHICTh piBHA mpoekiii mBuakocTi pyxy KT3 Ha BepTukans.

Takum uymHOM, 0a3010 A BHU3HAYCHHS IIOYATKOBOI aMILTITYIH IOTEPEYHO-KYyTOBHX

. . Ld .
KOJIMBAHb € CHiBBIAHOMICHH:: VSIN 3= =70 , B - KyT HaxMITy 10 TOPU30HTAIBHO AUISHKH [IUISXY

2 dt t-0
JOTUYHOI 10 HEPIBHOCTI y TOYIlI KOHTAKTY IIMHU 1 HepiBHOCTI. [IpuiiMatoun 10 yBaru 3aieHOCTi
(6) - (8) Ta HaBemeHE BHIIE OTPUMYEMO

L

d 2
5 %sa(vl +11, (D(p(a(p)t)-i- %m@(a(p)ca(l,vl +1, co(p(aq))t) o =Vsin . (12)

AnreOpaiune piBHsSHHS (12) 103BOJIsSI€ BUBHAUYUTH TTOYATKOBE 3HAYEHHS aMIUTITYIN KOJIMBAaHb
HITY KT3 3ymoBieHe HEPIBHICTIO HUISIXY
2
5 v+l | vy+2
1., . 2(vi+2)1 A
= Vsin B (v1+2)Ica Ist (13)
LP+Q) | L

aq’\tzo -

[ToniOHM YKMHOM 1 3HAXOJMUTHCS TMOYATKOBE 3HAYEHHS aMIUIITYIU TMOMEPEYHO-KYTOBUX
KOJIMBaHb MIPECOPEHOT YaCTHUHHU. YMOBOIO Ui ii 3HAXO/JKEHHS € PIBHICTh MIBHJKOCTEH TOYOK
npuenHaHHs npykHux eaemenTis 10 HITY Ta T4 y mouyatkoBuit MoMeHT yacy. OTpuMyeMo:

2

a _ VsinB 2(V2 +2)|C Ast V2+1 V2+2 (14)
V[t=0 L Q a

Taxkum unnom, AUX konuBanb [TY ta HITY onwmcyeThes 3BuYaitHUMU auQepeHITiaTbHUMHA
piBastHHsIMU (11) 3a mouaTtkoBux ymoB (13) Ta (14).
Mertoauka Bu3HavyeHHsi BIJIMBY KoguBaHb IIY ta HIIY Ha kpuTHYHe 3HAYEHHS
mBUAKOCTI cTilikoro pyxy KT3 B310Bk KpUBOJIIHIHOI TiJISTHKY HIISIXY
Kputnuni 3HaueHHS MIBHJKOCTI CTIHKOrO pPyXy 3 OTJISAYy Ha MEpPeKUIaHHS BU3HAUAIOTHCS
BEJIMYMHOIO JUHAMIYHOI B3a€MOJII IIKH 13 JOPOKHIM MOKPHUTTAM. bazoro /Ui aHAMITHYHOT OLIHKH
BKa3aHOT B3a€MOJIIl MOXKYTb CIYXHUTH PiBHSHHS KiHeTocTatuku cuctremu [TH ta HITY ta otpumani
BHIIIC aHATITUYHI CIIBBIIHOMIEHHS, SIKI ONMUCYIOTh KIHEMATHKY BIIHOCHOTO PyXy BKa3aHUX YaCTHH.
om0 piBHSIHB KIHETOCTATUKU PO3TISAYBAHOT CUCTEMHU, TO BOHU Juig BUMAIKY pyXy KT3 B3momxk
KPUBOJIIHIHHOT AUITHKY 31 CTAJIOI0 32 BEJTMYMHOIO IMIBHUJIKICTIO IPUHMAIOTh BUTJIST
N1+N2 —P—QZO,
F1+F2 —(-Dp —CDQ = O,
L o @ (15)
NlL—(P+Q)E+ M¥q +MKp +®@pHc, +PgHc =0,

. . (0] ()
ne P, Pp - ronosHi BeKTOpH cUI iHepLii epenocHoro pyxy ITH ta HITY; MKQ, Mgp -
TOJIOBHI MOMEHTH CHJI iHepIlii BKa3aHMX YaCTHUH BIIHOCHO TOYKHM KOHTAaKTy IIMHH JIBOTo OopTa Ta
nopoxuboro nokpurts; Nj  ta Fj- BigmosigHo BepTHKambHI Ta TOPU3OHTAIBHI CKIAMOBI il

JIOPOKHBOTO TIOKPUTTS Ha KoJteco mpasoro (1 =1) uu miBoro (1=2) Gopris; H(;l , Hc Bigmami no

JOPOKHBOTO MOKPUTTS LIEHTPIB Mac HE MiIPecOpeHoi Ta MiJJPeCOPeHOi YaCTHH.
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BinmoBigHO 0 BU3HAYEHHS TOJIOBHI BEKTOpH CHI iHEpIii mepeHocHoro pyxy 14U ta HITY

2 2
o QV PV ) .
pisai ®q =ET, p =§? -roJIoBH1 K MoMeHTH cui iHepuii [IY ta HIIY Bu3HauyarorbCs
3aIeKHOCTAMU
2
d’y 208 (ay) 1
MR =lko— = ko ———a,sa 2 vy +11,9,, )
KQ ='KQ a2 K.Q Vo +2 \ (2 \v)
2
0% | 205lag) (16)
MEp =lxp— = Ixp ——2"a sa 1™ (v +11, 9, )
KP =IKP 2 TP 75 40 (1 (p)

e IKQ y IKP - MOMCHTH lHepIIll ITY Tta HITY BiI[HOCHO TOYKHU KOHTAKTY IIWHU JIIBOTO 60pTy
1 IOPOYKHBOTO TTIOKP I =1 +_2 H2 +—2 lkp =1 +—P H2 +—2 Sxro migcTa
Pl KHBOT'O IIOKPUTTA: y = . Z1KIIO IT TaBUTU
KQ=I'C g C 4 K.P C, g C 2

BKa3aH1 3HAUYEHHS CWJI 1HEpIii Ta IX MOMEHTIB y PIBHSHHS KIHETOCTaTUKU OOMEXHBIINCH y HHUX
MaKCHUMaJIbHUMU 3HAYEHHSIMHU, OTPUMYEMO

Ny +N,-P-Q=0,

2
Fi+F —V—(E+9j20,
P\g @

2 2 2
N1L—(P+Q)g+|K.Q—2mw(a(p) —Z%(a(p) v (EHcﬁngcj:O- 7

a, +1 d,t+—
\V} K.P 10}
g g

vy +2 Tove+2 p
OTpumaHi BUIE CHIBBIIHONIEHHS € Oa30BUMHU I BH3HAYEHHS KPUTUYHUX 3HAYCHB
IIBUIKOCTI CTIKOTO PyXY 3 OIJISIY HA IMEPEKOyBaHHS Ta 3CYB.
YMOBOIO JUIS BHU3HAYCHHS KPUTHUYHOI MIBHAKOCTI 3 ONNIAAYy Ha TEpEeKHIaHHS

Tpanc(hOPMOBAHOKO IS PO3IIIAAyBaHoi po3paxynkoBoi moaeni € Ni =0. I3 ypaxyBaHHsaM BKa3aHOTO
OTPUMYEMO

L 203\24/(%) chzp(acp)
R T BT (19
) PHc, +QHc PY

OxpemMUM BHIAIKOM OTPHMAHOT 3aJIEKHOCTI IpU A = 0 ¢ kpuTHYHE 3HAYECHHS MIBHIAKOCTI

CTIMKOTO pYyXY 3 OIJIsIy Ha MepeKuaanHs 0e3 ypaxysanns konuBanb HITU. Ha puc. 4. npencraiieHo,
BINOBIAHO 10 3anexHocTi (18), 3amexHICTh KPUTHYHOT 3 OTJISAY Ha MEpeKUJIaHHS MIBUIKOCTI
CTIMKOTO pyXy.
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Pucynok 4 - 3anexHiCTh KpUTUYHOTO 3HAUEHHS IBUIKOCTI BiJ aMIUTITYau KonuBaub [1Y 3a

pi3HuX cunoBux xapakrepuctuk CII Ta mpyXHUX IIHH
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2

a)vp =04epB, vy = % 3eJleHe, Vy = % xKopud, vi = —, A =0.35Mm, ap = 0, A;=0.01m ;

9
2 2 2
0) vo =0uepB, vy = 5 3ed, Vo = 5 KOpUY, Vi = 5 A =0.25Mm, agp = 0, A; =0.01m;

B) Vo =0ueps, v, :§3eneHe, Vo :§Kopnq, \%1 :g’ A =0.15m, g =0, A1 =0.03m;
, A =0.3M, g =0,01, A; =0.05m;

2 2
r) vo =04eps, vy =9 3eNeHe, Vo =§K0p1/111, vy =

n) vy =0uepB, vy = % 3eleHe, Vo = % Kopud, vi=—, A=0.25Mm, ap = 0,01, A;=0.05m;

~NIN
N I

€)vp =0uepB vy :§3eneHe Vo zgxopnq V1 =2 A=0.3m,a,=0,01, A; =0.03m;

K)vo =0uepB, vy = % 3eJ€HE, Vo = 5 KOpHUY, Vi = 2 , A =0.3mMm, ap = 0,015, A1 =0.03m;

7
2 2 2
3)vo =04epB, vy = 5 3eJeHe, Vo = §KOpI/I‘I, Vi = 7, A =0.3m, ap = 0,01, A1 =0.05m;

n) Vo =qupB, ) = —" 3eniene, Vo =_?KOpI/I‘{, vi=—, A=0.2pm, g =0,0, A;=0.04m;

2
7
- - -2
i) Vo =—4epB, Vo, = —3elleHe, Vo =—kopu4, v =—, A=0.2m, a,=0,01, A; =0.04 ™m;
) v 3 1oPB, V2 = 2= Kop 1= ® 1

K) Vo = ?, v1 =04epB, v1 = %3eneHe, V1= l—fKoqu, A =0.15m, ap = 0,01, A; =0.06 M.

[IpencraBneni rpadiddi 3aJI€KHOCTI MOKA3ylOTh, MO0 KPUTHYHE 3HAYCHHS IIBHUIKOCTI 3
OTJISIY HA MEePeKUAAHHS:

- 0e3 ypaxyBanHs konuBanb HIIY e 6inbmum s CIT 13 OUIBIION0 BETMYHMHOKO CTaTUYHOT
nedopmartii IpyKHUX eJIeMEHTIB. 30UIbIIIEHHS cTaTUYHOT nedopMartii npyxHuX eaemeHTiB Bix 0.15
M. 10 0.25 M. cnpuymuHs€ 3pOCTaHHS KPUTUYHOI IIBUAKOCTI Ha 27% mpu aMIUNTYAl KOJIMBaHb

2
ay, =02panivy =g-anpn ay =0.3pan - na 35%;

- 13 OUIBIIMM 3HAYEHHSM IapamMeTpy HEIHIMHOCTI V, A1 MajuX aMIUIITy] KOJUBaHb €

MEHIINM 1 OUTBIIUM I “BENMKUX~ aMIUTITYyA KonuBaHb [14;
- jns CII i3 mporpecMBHUM 3aKOHOM 3MiHHM BiJIHOBIIFOBAJIBHOI CHIIM JIJISI MAJIMX aMILTITY]T
KOJIMBaHb € OUIBIIUM SIK 13 JIHIMHUM 3a OJHMX 1 THX >K€ 3HaueHb CTaTUYHOI aedopmarii, a s

BenuKuX HaBnaku. [Ipu amrmiityai konuBans 114 ay = 0.1pan i craruuniit nedpopmanii IT4 0.25 m.

2
KPUTHYHE 3HAYCHHS BUAKOCT1 CTIMKOTO PyXy IpH V2 = g € Ha 5% OLIBLINM SIK JJIA CII 13 11HIHAM

3aKoHOM, a ipu 8y, = 0.4 pa - menmmm Ha 11%.

o crocyeThest BrmuBy kosmBanb HITY Ta cratnuHoi AeopMartii IIMHU TO:
- 30imbiIeHHs ctatuyHoi nedopmanii muHM 3 0.03 M 10 0.05 M cnpuyMHS€E 3pOCTaHHS

2
kpuTHYHOI mBHAKocTi pyxy npu &, =0.1pang a, =0.01pax ma 9% (v; =§,A =0.3m), a mpu

ay =0.2pan. i a,=0.01pan na 29%;
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- 3pocTtaHHs aMmIUlTyau KonuBanb HITY crnpuumHsie 3MEHIIEHHS KPUTUYHOI MIBHIKOCTI
criiikoro pyxy. 3pocranns dg Bix 0.01 pag mo 0.015 pax cnpuyuHse 3MEHIIEHHS KPUTHYHOT

2
mBuKocTi Ha 35% mpu @y, =0.1pan, vy = 3 A =0.3m, A1 =0.05m, a npu a,, =0.2 pax - na 45%.

VY Bunanaky:

- perpecMBHOi XapaKTEPUCTHUKH NPYKHUX EJIEMEHTIB 1 MPOTPEeCHBHOI IMUH KPUTHYHE
3HA4YEeHHS IIBUAKOCTI CTIAKOTO PyXy € Juisd OUIbIIMX 3HAU€Hb MapameTpy Vv, Jemo OUIbIIUM IS
MaJIMX aMInDITyx KonuBaHb [1Y i HaBmaky MEHIIMM - Ui BEIMKHX aMIuliTya koiuBaHb [1Y. [Ipu

o . =2 -2
ammuntyal konusasdb 114 0.1 pan 3pocranHs napameTrpy Vo  Big = 110 5 CIIPUYMHSE 3DOCTAHHS

KPUTHYHOI HIBUAKOCTI CTiIKOro pyxy Ha 3%, a mpu amiuiiryal konuBaHb 0.4 pag — KpUTHUHE
3HAYEHHS MIBHJKOCTI CTIHKOro pyxy 3poctae Ha 33% mpu Takux 3HAUEHHSX IHIIMX HapaMeTpiB

CUCTeMH V1 = % A=0.2m,a,=0,01,A; =004 m;

- pEerpecuBHOI XapaKTEPUCTUKH MPYKHUX €JIEMEHTIB Ta IWH KPUTHUYHE 3HAYEHHS IIBUAKOCTI
CTIMKOTO pyXy € OUIbIIMM 3a KPUTHUYHE 3HAYEHHS IIBUIKOCTI 32 PErPecCHUBHOIO 3aKOHY 3MIHU
npyxHux BiaactuBocteit CII 1 TiHIAHUX NPYKHUX BIACTUBOCTEN IIMH.

BucnoBku. Otpumani y poOOTi pe3ylbTaTH MOKa3yloTh, I0:

- KPUTHYHI 3HAYEHHS IIBUAKOCTI CTIAKOTO pyXy 13 ypaxyBaHHSM IMONEPEYHO KYTOBHX
konuBanb HITY HaBiTh MpH MaJIUX aMIUTITYaX KOJMBAaHb OCTaHHIX € 10 30% MEHIIMMU HOPIBHSAHO
3 BUIAJIKOM KOJIM UM YHHHUKOM 3HEXTYBAHO;

- mnomnepedyHo kyroBi konuBaHHs [TY TA HITY KT3 3HauHOI0 MipO10 3MEHIIYIOTh KPUTHYHE
3HA4YEeHHs LIBHUJKOCTI CTIMKOro pyxy 3 OIVIAy Ha NEepeKuAaHHs. 3pOCTaHHs aMIUIITYJu KOJIMBaHb

HIM a4 Bix 0.01 pax mo 0.015 pax cnipuvuHse 3SMEHIIEHHS KPUTUYHOT IIBUAKOCTI CTIHKOTO PyXy

2
Ha 35% npu ay, =0.1pan, vy :§, A=0.3m, A1 =0.05M, a npu Ay =0.2pang - Ha 45% 3a Bcix

IHITMX BKa3aHUX 3Ha4YeHb nmapameTpiB CII;

- s KT3 13 mporpecuBHUM 3aKOHOM 3MiHHM XapaKTEPUCTUK MPYKHUX €JIEMEHTIB OUTbIITNM
BEJIMYMHAM iX CTaTU4YHOI nedopmMallii Ta MHUH BiAMOBiIA€E OUTbIIE 3HAYEHHS KPUTHYHOT MIBHJIKOCTI
CTifikoro pyxy. 30uIbiIeHHs ctaTuyHOI Aedopmarii muH 3 0.03 M 10 0.05 M cipuyuHs€E 3pOCTaHHS

2
kpuTHaHOT mIBMAKOCTI pyxy mpu 8y, =0.1paxa, =0.0lpaxna 9% (vz = §,A =0.3m), a mpu

ay =0.2panm. i g =0.01pag na 29%.

Takum unnom, Bukopuctanua y KT3 CII i3 nporpecuBHUM 3aKOHOM 3MIHH XapaKTEPUCTUK
MPYKHUX €JIEMEHTIB 30UIbIllye KPUTHUHE 3HAUEHHS MIBUAKOCTI CTIMKOTO PyXy y HOpPIBHSHHI 13
aMopTU3aTOpaMu 13 MPYXKHUMHU €JIeMEHTAaMU 3 JIHIMHUM YU PETrPecUBHUM 3aKOHOM 3MIHU
BITHOBITIOBAIBHOI criti. OHOYacHO HexTyBaHHS konuBaHHsAMU HITY HaBiTh 3a Manux amrutityn ii
KOJIMBaHb MPU3BOIUTH JI0 3aBUIICHUX PE3YJIbTATIB KPUTUYHUX 3HAYCHB IIBUIKOCTI CTIHKOTO PYXY.
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PhD Nanivskyi R.
NON-LINEAR TRANSVERSE-ANGULAR OSCILLATIONS
OF SPRUNG AND UNSPRUNG PARTS OF WHEELED VEHICLES
AND THEIR INFLUENCE ON TRAFFIC STABILITY

A method of analytical study of the nonlinear transverse-angular oscillations influence of the
sprung-unsprung part system on the traffic stability of a wheeled vehicle along curved road sections has
been developed. A system of nonlinear differential equations describing the dynamics of the relative motion
of this system has been obtained and a first approximation of its analytical solution has been constructed.
The peculiarity of the oscillations of the specified parts is that their natural frequencies depend on the
amplitudes. Therefore, the dynamic interaction between the sprung and unsprung parts, as well as the road
surface and elastic tires are determined by the vibrations amplitude-frequency characteristics of the
specified parts, which are caused by road irregularities. Using the kinetostatics equation of the unsprung-
sprung part system, the forces of dynamic interaction of elastic wheels with the road surface were
determined — the basic ratios for evaluating traffic stability. It has been established: the relative oscillations
of the sprung and unsprung parts of a vehicle significantly reduce the critical speed values of stable motion
for overturning; the critical speed value of stable motion for overturning is greater for larger static
deformation values of elastic shock absorbers and tires, as well as the progressive characteristic of elastic
shock absorbers.

The obtained main results can serve as a basis for the creation of a software product of adaptive
suspensions, and their reliability is confirmed by obtaining results in the extreme case, which apply to
simpler - linear calculation models of vehicle dynamics.

Keywords: vehicle, suspension systems, adaptive suspensions, nonlinear transverse-angular
oscillations, amplitude-frequency characteristics of oscillations, kinetostatics equation.
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PO3POBKA PEKOMEH A LI 110JI0 BIIPOBAKEHH S
T'EOIH®OPMAIINHUX NIICUCTEM € IMHOI ABTOMATH30BAHOI CUCTEMH
YIIPABJIIHHS 35POMHUX CIJI YKPAIHU

3pocmaroui  MOMNCIUGOCHI BUKOPUCMAHHA NEPCHEKMUGHUX IHEMOPMAUINIHUX MEXHON02I Y
GiliCbKOGIIl chepi 3Myutyloms nepeiaHymu mpaouniiini nioxoou 00 6UKOPUCMAHHA 3A4C00i6 ma Memooie
CYMICHO020 ananizy HaaeHoi ingropmauii wiooo Oiil eiiicvk (cun). 3pocmaroua OUHaAMIKa 6e0eHHA 30POiiHOT
oopomvou ma eenukuii oocaz ingpopmauii, axka nionazac ananizy, PU3IBOOUmMsb 00 MO20, W0 IIOOUHA 8Iice
He 6 3M03i 3a Oyyce KOPOMKUIL 4ac nposecmu aHaniz HeovXioHozo obcazy iHgopmauii ma npuitnamu
36ariceHe piwieHHA. 3a Yux 00CMABUH, GUHUKAE HEO0OXIOHICMb 3ACMOCY6AHHA HOBUX M EXHON02il
YHPAGNIHHA CUNAMU MA 3ACO0AMU 30POUHUX CUNI ONIA AHAI3Y ma NPpURHAMMIA piuieHb, 6i000parcenns
cumyauiil, w0 CK1aIucA.

AKkmyanvHicmb ma HeoOXiOHICMb CIEOPEHHA | 6NPOBAOICEHHS 2e0iHopMaYilIHUX nidcucmem K
CK1a0080% inghopmauiiinozo 3abeznevenns EOUHOi ABMOMUMU30BAHOT cUCHEMU YRPABTIHHA 00yMO6IeHa
3a2a1bHUM RIOBUUEHHAM UMOZ 00 ONEPAMUGHOCHI, NOGHOMU | AKOCHI IHoOpMayilinozo 3a0e3neueHts
npouyecy ynpagninnsa giticokamu (cunamu).I eoingpopmayiiini mexnonozii 0036ona1oms chopmysamu cOuny
Kapmuny cumyayiiiHoi 00i3nHanocmi, po3podumu cyuacHi memoou KOHmMpOJio i ynpaeiinHa 3acodamu
30poiinol GopomboOuU, éKIIOUAIOUU Oe3niiomHi | POOOMU30BAHI KOMNIEKCU, RIOGUWUMU RPO30picMb |
onepamugHicms pooomu mujily i 3HUBUMU PiGeHb 0e3n0CePeOHbOl NPUCYMHOCHME 3d 00OROMO2010
opmyesannsa eipmyanvHo 6iooanenux wmaoie ma iHwux opzanie ynpasiinnua. Eounuii zeoingropmauiinui
npocmip EACY 3opoiinux Cun Ykpainu mac ymeoproeamuca AK cepedosuuie (mepedrca)
63AEMONO06 ’AZAHUX 2€0NOPMATiG, NPUHAUEHHI AKUX NOSIA2AE 8 KOHCONIOauil inghopmayii w000 HasaeHux
y EACY 3opoiinux Cun Ykpainunpocmoposux oOanux, sKki ogopmiaioromsca i HaAoaArOmovca 011
GUKOPDUCMAHHA Y GU2IAOL 2€0CePBicie, & MAKOMHC CMEOPEHHI COUHOT MOUKU 6X00y KOpUCHY8auie y ue
cepedosuuie. Buznaueno, wo y axocmi npozpammnor cknadoeoi onmumanbHo 3acmocosysamu cepeepie
npozpamne 3ave3neuennna ArcGIlS komnanii ESRI.

Knrouosi cnosa: zeoingpopmauiitne 3abde3neuennsn,ceoingpopmayiiini niocucmemu,zeonpocmoposi
dani, 2zeonopman, EOUHA AGMOMAMU3O6AHA CUCHIEMA YNPABTIHHA.

Beryn Ta mocranoBka npoo6JieMu. BuzHaueHHs 3aBnaHp reoiH(GopMaiiiHoro 3a0e3nedeHHs
010 peani3allii HampsMKIiB po3BUTKY €IuHOT aBTOMaTH30BaHOi cucteMu ymnpasiiHHsA (€EACY)
30poiinux Cun Ykpainu (3CY) 3 ypaxyBaHHSIM OCOOJMBOCTEH 3aCTOCYBaHHS BIiiChK (CHII) Ha
Cyd4acHOMY eTani po3BUTKY Ta pedopmyBanHsa 3C YKpaiHU € OJHIEIO 3 aKTYyaJIbHUX IPOOIeM JUls
yrpaBiiHHs Bificbkkamu 3CY.

3pocTaroui MOJIMBOCTI BUKOPHUCTAHHS TEPCHEKTUBHUX I1HGOPMAIIHHUX TEXHOJOTIH Yy
BICBKOBIN cdepi 3MYIIYIOTh MEPEerisHyTH TPAAULIAHI MiTXOAW J0 BUKOPUCTAHHSA 3aco0iB Ta
METO/IB CYMICHOTO aHalli3y HasBHOI iH(popMarii moao Al Bilickk (cui1). 3pocTaroua AMHAMIKa
BEJICHHs 30poiiHOT 0OpOTHOM Ta BeNMKUI 00cAT iHOpMallii, IKa MiJyIArae aHanizy, Ipu3BOIUTH 10
TOTO, L0 JIOJAMHA BXKE HE B 3MO31 3a JyXe KOPOTKHM Yac MpOBECTH aHali3 HEOOXiAHOTO olcsry
iH(pOopMalii Ta pURHATH 3BaXKEHE PilIeHHs. 3a [UX 00CTaBUH, BUHUKAE HEOOXIHICTh 3aCTOCYBAaHHS
HOBHMX TEXHOJIOTIH yNpaBJIIHHS CHJIaMHM Ta 3aco0aMH 30pOMHUX CHII JUId aHali3y Ta MPUAHATTS
pillieHb, BiIOOpaykeHHs CUTYallil, 10 CKJauucs. BOHM naroTh MOXIIMBICTH MPOTHO3YBaTH MOXJIUBI
BapiaHTH PO3BUTKY MO/ Ta IPOMOHYBAaTH KOMaHMpaM Oy/b-sIKOTO PIiBHS PI3HI1 IUISXU JOCATHEHHS
ONTUMAJILHOTO PE3YJIbTaTYy.

Jlnst BUpIMIEHHS TaKUX 3aBJaHb HEOOXITHO BHKOPHCTOBYBAaTH TEXHOJIOTII, SIKi €(EKTHBHO
MOEHYIOTh MPOCTIP Ta Yac 31 3HAUHUMHU 32 00CATOM CYNYTHIMM JaHUMHU Y BUIJIAII aTpUOYTUBHOL
iHpopMarii o0 00’€KTIB ONepaTuBHOI 0OCTAaHOBKH, JOBIIKOBOI iH(opMmalii npo Teatp (paiioH)
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BeJIcHHs1 OOMOBMX Jili, KIIMAaTW4HI YMOBH, AaHi po3Bimku Ta iH. [1, 2]. Came ans BUpimIEHHS
noniOHMX 3aBJaHb B apMifix 0Oaratb0X Jep)kaB CBITY BHKOPHCTOBYIOTBCA TeoiHpopMaliiHi
texHoJorii.Y 30poitnux Cunax VYkpaiHM oOCTaHHIM dYacoM Cc(HOpPMYBaBCS OKpPEMHH BH]
iHpopManiiiHoro 3a0e3neveHHs, KU IPYHTYEThCSA Ha 3acafax reoiH(popManiiHIuX TEXHOJIOTIH, a
came — reoiHpopMaliiiHe 3a0e3NeUYeHHS.

AKXTyanbHICTh Ta HEOOXIHICTH CTBOPEHHS 1 BIIPOBA/DKEHHS I'eOiHPOPMALIHHUXITIACUCTEM SIK
CKJIaJI0BO1 iH(popMaItiitHoro 3a0e3nedueHHs CACY oOyMoBIieHa 3araJIbHUM MiIBUIICHHSM BHMOT JI0
OTIEPATUBHOCTI, TOBHOTH 1 SIKOCT1 iH(POpMaLifHOTO 3a0e3MeUeHHs POIeCy YIPaBIiHHS BiliCbKaMH
(cumamm). OctaHHI [OOCSATHEHHS B Taiy3i 1HQOpPMALIHUX TEXHOJOTIH CTBOPHIM TIEBHY
HEBIJIOBIIHICT, MK BHUIICHa3BAaHUMHU BHMOTramu Ta 3a0esrnedeHicTio Bikickk ['1C-iHpopMaliero
[3, 4]. IlpoTupivusi, SKi BAHUKIN MDK BEJIMYE3HMMHU 00’eMaMu iH(OpMamii Ta MOKIMBOCTAMH iX
00pOoOKH 1 BUKOPUCTaHHS, 00YMOBIIIOIOTh HEOOXIHICTh PO3pOOKH HOBHX 3aC001B, MOOYJOBaHUX Ha
npunnunax ['IC.

AHaii3 OCTaHHIX JOCIIDKEHb Ta MmyOmikanii.y naHuil yac 3'sIBUJIMCSI HOBI IHCTPYMEHTH, SIK1
B1100pakatoTh Cy4acHU piBEHb I'e0iH(POPMATUKH Ta Bce OUIbIIE 3aCTOCOBYIOThCS Ha mpakTul. Jlo
HUX MO’KHA BITHECTH 3aCO0M CKJIaJHOTO 0araToakTOPHOTO MPOCTOPOBOrO aHali3y 1 MiArOTOBKU
BHCOKOSIKICHUX CUHTE€30BaHMX 300pa’keHb Ha OCHOBI HU(POBUX KAPT, 3HIMKIB 1 JaHUX ONEPATUBHOT
obctaHoBKM [5]. OpnHak BUKOPHCTAHHS PI3HOPIIHUX MPOTpaMHUX HPOAYKTIB, (opmaris
MIPE/ICTaBJICHHS JAaHUX, TEXHOJIOTiM, 3aCHOBAHUX Ha pI3HIN i1eoJiorii GpopmMyBaHHS, OOpOOKH 1
30epiraHHsl MPOCTOPOBUX [AHHWX CTa€ TOJIOBHOI MEPEHIKOJOI0 Ha INIISAXY CTBOPEHHS €IMHOTO
iHpopMalLiiiHOro mpocTopy nAepkaBu [6, 7]. Ornsg pi3HUX HanpsMiB Ta €(PEKTUBHUX NPHUKIIAIIB
BUKOPHUCTAHHS T'eoiH(OpMAaLIfHUX TEXHOJOTI SIK CKJIaJ0oBOi aBTOMAaTM30BaHMX IH(OpMaIiifHUX
CUCTEeM yIpaBiliHHA Biiicbkamu [1, 2, 8-10], 3yMOBIIOIOTE HEOOX1THICTH PO3POOKH PEKOMEH ALl
1010 BIPOBaKEHHS reoiHdopmaliitaux miacucrem CACY 36poitnux Cun Yipainu.

Metoro crarTi € po3poOKa pEeKOMEHIAIlld I0J0 BIPOBAKEHHS TreoiHGOpMAIITHIX
nigcucteM €CACY 36poitnnx Cun Ykpaidu.

Bukian ocHoBHOro wmarepiaay gociimxenHsi. CydacHi iHQOpMAIiifHI Ta MEpEKeBl
TEXHOJIOT11 y BIMCHKOBIM cdepi € OCHOBOIO JJIs 1HTErpallii reorpadiqvHo po30CepEeHKEHUX OpraHiB
YOpaBIiHHSA, 3aC00IB PO3BIAKH, CIIOCTEPEKEHHS 1 IUJICBKa3aHHS, YrpyHNoBaHb BIMCHK 1 3ac00iB
ypaskeHHsI yBUCOKOAIANTUBHY Ti100anbHy cucremy [11-13].

OcnoBHe mnpusHaueHHs ['IC — HajaHHS opraHaM yIpaBlliHHS YCIX PIBHIB JOCTYIy 0
MIPOCTOPOBUX JAHUX PO MICLEBICTh 1 00'€KTH Ha HIH Y pealbHOMY PEeXHMi 4acy abo OJIM3bKOMY 10
HBOTO 13 3a0e3reueHHsIM Hao4YHOi (opmu ixHporo mpencraBieHHs. ['IC 30epirae reonpocTopoBy
iH(bopMaIlito Yy BUTJIANI Ha0Opy TeMaTHYHUX 0a3 JaHUX, M0 MOEIHYIOTHCS 3 MOJICIHPHUMHU Ta
PO3paxyHKOBUMH (DYHKIIISIMH JIJI1 MAHIITYJTIOBaHHS 1 IEPETBOPEHHS iX Y MPOCTOPOBY iH(POPMAITLiTO.

bynb-sxa reorpadiyna iH(opMaIliss MICTUTh BiJOMOCTI HIOJO MPOCTOPOBOTO MOJIOKEHHS,
HaMpuKial, Ipo NPUB'A3KY A0 reorpaiyHUX YM IHIIUX KOOPAUHAT. J{J1s1 aBTOMaTUYHOTO BU3HAUYEHHS
MICIIS PO3TaIllyBaHHs 00'€KTa 3aCTOCOBY€ETHCSI IPOLIEC T€OKO{yBaHHS, AIKUH MOJIATa€e y MO3HLIFOBaHH1
MIPOCTOPOBUX O0'EKTIB BITHOCHO BiJMOBITHOT CHCTEMHU KOOPIUHAT.

Jna Bukopucranus B ['IC gani maioTe OyTH MepeTBOpPEHi y BiANOBIIHUI nudposuii hopmar.
barato manux mepeBeneHi y ¢opmatu, siki crpuitmatrotees ['IC-maketamu. J{ns 6aratbox THUITIB
IIPOCTOPOBUX OINepaliil KiHIEBUM pPE3yJIbTaTOM € MPEACTaBICHHS NaHUX Y BUTJSAAL KapTH YU
rpagika. ABTOMaTH30BaHe KapTorpadyBaHHs Ha 6a3i reorpadiyHux iH(OPMAIIHHUX CUCTEM HaJla€e
HOB1 IHCTPYMEHTH, IO PO3LIMPIOIOTH 1 PO3BUBAIOTh HAyKOBI OCHOBU KapTorpagii. 3 iXHbOIO
JIOTIOMOTO10 Bi3yallizallii caMUX KapT Moke OyTH JIeTKO JOTIOBHEHa 3BITHUMU JIOKYMEHTaMH,
TPUBUMIPHUMHU 300pa’keHHSIMH, rpadikaMu i Tabnuusamu, GortorpadisMu Ta IHIIMMHU 3acO0aMH.

I'eoindopmartiiiHi TeXHOJOTIT J03BOJSAIOTH CHOPMYBATH €IUHY KapTHHY CHUTYaLIMHOT
00I3HaHOCTI, pO3POOUTH CydacHI METOJM KOHTPOJIIO 1 yIpaBiiHHS 3acobamu 30poitHO1 00poTHOH,
BKJTIOYAI0UYH O€3MUI0THI 1 pOOOTH30BaH1 KOMIUIEKCH, MIIBUIIIMUTH TPO30PICTh 1 OMEPaTUBHICTH POOOTH
THIIy 1 3HHU3UTH piBeHb O€3MOCepeIHbOi MPUCYTHOCTI 3a JIOTMOMOro (OpMYBaHHS BIPTYaIbHO
BIJIaJICHUX MITA0IB Ta IHIIKUX OPTaHiB yIpaBIiHHS.
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[TpoGnemy 3abe3nedeHHs YacTHH 1 MiIPO3ALTIB TE€OMPOCTOPOBUMH JJAHUMH 3 BUKOPHUCTAaHHAM
HOBITHIX T€0iH(OPMALIHHUX TEXHOJIOTIH 3HANIIIA CBOE BiIOOpa)KeHHS Y pO3pOOIli Ta MPAKTUIHOMY
MOXXHA BHUPIIIMUTH 32 JONOMOroro reoindopmaniiinux cucreM. Taki CHCTEMH IIUPOKO
3aCTOCOBYBAJIHCS 1 3aCTOCOBYIOTHCS VY JIOKAJIBHUX KOH(QIIIKTaX OCTaHHIX POKIB Ta TMiJ dYac
MPOBEACHHS MUPOTBOpUMX omeparid. CXoxki 3a CBOEID CTPYKTYPOIO €IEMEHTH TaKuX CHUCTEM B
apMisX MPOBIHUX KpPaiH CBITY 3aCTOCOBYIOTHCS B YCIX OTIEPAaTHBHO-TAKTHYHUX JIAHKAX, 10 Opuraan
BKIIIOYHO. Y 30poiinnx Cunax YKpaiHU € JIeKiTbKa CTPYKTYPHHUX MiAPO3AUIIB, SIKI 3aiiMarOThCS
00po0OKOI0 reormpocTopoBoi iHpopMartii. [HpopMmaltis 1o UX CTPYKTYP HAIXOIUTH MapaieIbHO, X04a
BOHA MoOrJIa O JOTOBHIOBaTH OJiHA OJHY. ICHye HEOOXimHICTh OO0'€MHATH BCIO TPOCTOPOBY
iH(OopMarito, sika Moxe OyTH OTpuMaHa Bif pi3HUX mxepen. Ll indopmartist moBuHHa 30epiraTucs B
OJIHIN 6231 KOMITIOTEPHUX JAHUX, KA MOCTIHHO OHOBJIFOETHCS.

I'eoindopmamiitainmiacucemu (I'C) sx omHa 31 CKIAJOBUX 3arajibHOTO 1H(OpPMAIIHHOTO
3a0e3nevYeHHs] MPOIECy YIPaBIiHHA MIATOTOBKOI Ta 3acTtocyBaHHsAM 30poitHux Cun Ykpainu
MOBUHHI 3a0€31euyBaTH HACTYIIHE:

—(hopMyBaHHs €IMHOTO 1H(OPMALIIHHOTO TPOCTOPY B MEXkaxX T€aTpy BOEHHUX J1i BIMCBHK (Cri);

—BIJOOpa)KEHHSI OIEepaTUBHOI OOCTAaHOBKM Ha KaprorpadiyHoMmy (OH1 3 BHUKOPHCTAHHAM
YMOBHHUX 3HAaKIB, Yy BIATOBIJHOCTI 3 3aTBEP/UKEHHUM BIMCHKOBUM KJIacU(IKaTOPOM, MPUHHATHM Y
30poitaux Cunax Ykpainu;

—TeHepalizaiito (MacmradyBaHHs) KapTorpadiqHoi iHpopMallii B 3aJI€KHOCTI Bl 3aBAaHb, 1110
BUPIIIYIOTHCS;

—TIOCTa4aHHS KapToTrpadiuHuX JaHUX /7151 3a0€3MeUeHHS TOCTAaHOBKHY 3aB/IaHb 1100 peasi3alii
pillieHb KOMaHJUPIB BCIiX PIBHIB i€papXii NIAMOPSAKOBAHOCTI;

—00poOKy KOOPAMHATHOI Ta PacTPOBOi (KOCMIYHI 3HIMKH, aepo-,(poTo-) iHopmarllii BiJ BCIX
BH/JIIB PO3BIJIKH;

—TIO€THAHHS TIPOCTOPOBO PO3MOALICHOT iHPOopMaIrii 3 iHopMaIliero 3 TEeMAaTUIHUX 0a3 TaHUX,
JOBIIKOBOIO Ta IHIIOIO 1H(OPMAITIEIO;

—HaJaHHS TEXHOJIOTIA JJI1 aBTOMATH30BAHOTO aHAJ3y OINEPATUBHOI OOCTAHOBKH 3 METOIO
OTPUMAaHHS BUXITHUX JNAHUX JJIS BUSIBICHHS 3arpo3 Ta MPOTHO3YBaHHS X PO3BUTKY, MPOBEACHHS
MO/ICTFOBAHHSI 1 HaJJaHHS PEKOMEHIalliii KOMaHAXpaM BiIMOBITHUX PIBHIB;

—reoiHopMalliiHy MATPUMKY aBTOMATH30BAaHOTO BHPIIIEHHS 3aBAaHb MO0 BHIIB
onepaTuUBHOTO 3abe3neueHHs 30poiinux Cun Ykpainu (KOMIUIEKCH PO3paxyHKOBUX 3a/1a4);

—3a0e3MeUeHHs] aBTOMaTU30BaHOTO BUIaHHS 00MOBUX rpadiuHUX JOKYMEHTIB;

—3a0e3MeUeHHs CYMICHOCTI aBTOMaTH30BaHUX CHCTeM Ta 3aco0iB apTomaru3aiii CACY 3CY B
YaCTUHI TPOCTOPOBO PO3MOAUICHOT iHGOpMaIi 3 IHIIMMH TOJIOHMMH CHUCTEMaMH 3a YMOB
BHKOHAHHS 3aBJaHb Y CKJIaJ1 KOATIIii BINCHK (CHIT).

Buxonsun 3 OCHOBHHX 3aBJaHb, Ie0iH(QOPMAIIHINIICUCTEMHU SBISIOTH COOOI0 CydacHY
MIPOCTOPOBO-PO3MOIUIEHY MiICUCTEMY 3arajlbHOCUCTEMHOTO iH(opmartiiiHoro 3ade3nedennss CACY
3CY, sika 3qaTHa 00pOOJIATH MPOCTOPOBI JIaHI CYMICHO 3 IHIIOIO iH(OPMAIlIE€I0, 0 [MUPKYIIOE B
€ACY 3CVY. Kpim Toro, ¢yHKIIOHYBaHHAT€OIH(OOPMALIHHUXITIICUCTEM IOBUHHE BiANOBIAATH
Cy4aCHHM BHMOTaM IIIOJO armapaTHOi Ta mporpamHoi yHigikaiii, HaganHa npodeciiiHoro 3py4Horo
Ta 3p03yMuIOro iHTepdeiicy kopucryBaya, BiNIOBIAaTH BUMOTaM I0JI0 pOOOTH OKPEMUX EJIEMEHTIB
B pEeXHUMI pealbHOTO 4Yacy, TPYHTYBAaTHUCS Ha apXiTEKTypi Ta TEXHOJOTISX, IO JJ03BOJSIOTH
JOCATHYTH IHTEepOIepaldesbHOCTI MO BIAHOIIEHH!IO J10 iHImHUX nigcucreM €EACY 3CYVY.

VY BIANOBIAHOCTI 10 ICHYIOUMX HOPMAaTHBHHUX BHUMOI B CTPYKTYpi OaHKY I€OIpOCTOPOBHUX
naaux ['IC €ACY 3CVY 3a 3MicTOM, TEXHOJIOTI€I0 HAMOBHEHHS, aKkTyami3alii Ta (yHKI[IOHaTbHUM
BUKOPDUCTaHHAM Mae€ OyTH 3a/ifiHa BeJHMKa KUIBKICTh PI3HOMAHITHMX 0a3 JaHMX Ta OKpeMHX
eJIEKTPOHHUX peecTpiB.OCHOBY 0a3 TeoJaHMX CKJaJae 00’€KTHO-OpIEHTOBAaHA MOJIENb JIAHMX
(geodatabasedatamodel), sika cnpomo’kHa OmMMCyBaTH MPUPOAHY MOBEAIHKY 1 B3a€EMOBIIHOIIECHHS
MIPOCTOPOBUX 00’ €KTIB.

®ynnamentom ['IC €ACY 3CY noBunHa Oytu cepBicHO-opieHTOBaHa apxiTekrypa (COA)
po3noaieHux 0a3 reoJaHux, BIAMOBIIHO JI0 SKOT CepBep HANA€ MOCIYIM JOCTYILY IO JAaHHUX Ta iX
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00poOKH UIIXOM BUKOPUCTAHHS KOpUCTyBayamMu TeMaTnuyHnX WEB-cepBiciB, siKi BAKOHYIOTbCS Ha
cepBepi.

Meta po3ropTaHHs CEpBICHO-OPIEHTOBAHI apXITEKTypH — 3a0e3neueHHs €nuHOoi (Gopmu
yrpaBiiHHs iHpopMmaniiHumu pecypcamu 3CY. Bona 103BoJisi€ Oprati3yBatu 1ii pecypcH Tak, 1moo
MOCTIIHO 33JJOBOJILHATH MOTpedHU 31iiicHeHHs reoindopmaninoro 3ade3nedeHHs 3CY, sKi MOCTIHHO
po3BuBarThcs. OcHoBHa posib COA B TOMy, IO BOHA HAJA€ 3arajbHy JJIs BCIX CYO’€KTiB i
KopuCTyBadiB riardopmy ais noctymy 1o pecypeis CACY 3CY. YV Bumanky 3acTOCyBaHHS THYYKHX
MeTOJiB mpoekTyBaHHs, nepexiny Ha COA Mae 37iiiCHIOBATHCS MHUISXOM OJHOTO a00 JEKUIBKOX
MUTOTHUX MPOEKTIB. Po3ropTanHs cepBiCHO-OPI€EHTOBAHOI apXITEKTYPH J03BOJISIE CTBOPUTH €JMHUN
iHTEepdelic A BHYTPIIHIX KOPHUCTYBadiB, IO BHKOPHCTOBYIOTH SIK BHYTPINIHI MJaHi, fKi
30epiraloThCs y BHYTPINIHIN (JOKaibHINA) 0a3l JaHWX, TaK 1 30BHINIHI JaHi, HaJgaHi IHITUMU
nocTtavanbHUKaMu. CepBICHO-OPIEHTOBAHA AapXITEKTypa 1 METOIU MpPOEKTyBaHHS 0a3 TeoJaHHuX
CTBOPIOIOTH (PYHJIAMEHT JIsl B3AEMOCYMICHOCTI IaHUX 1 CUCTEM.

s mMonenb oprasizaiii MPpOCTOPOBUX AAHUX BUXOJWUTH 332 paMKU peAaryBaHHs OJAHIET 0azu
reoJIaHuX IIIIXOM CTBOPEHHS JIeLeHTpali30BaHoi 6a3u reoganux. barato cy0’ekTiB (KOPUCTYBaiB)
MOXYTh ITyOJIIKYBaTH CBOI JaH1 1 peECTPYBATH iX JUIsl HOLIYKY 1 BUKOPUCTAHHS OYAb-SKOIO KUIBKICTIO
BiJlajieHuX KopucryBauiB. Ti, y CBOIO 4epry, MOXXyTh ab0 3aBaHTa)XyBaTH 10 ceOe Hallp JaHUX
LUIKOM, a00 BUKOpUCTOBYBaTH KapTorpadiuai WEB-coyx06u 1u1s1 nuHaMi4HOT BUOIPKH 1 3arpy3Ku
HEBEJIIMKOI YAaCTUHHW MJaHWX, II0 € HeOOXiTHMMH Y iX TOTOYHOMY eKCTeHTi Kaptu. IIporec
ACMHXPOHHOTO peJaryBaHHsIM 1 myOmikaiii Moke OyTH PpO3LIMPEHO JUIsl MIATPUMKH IPOLECY
PO3MOBCIOKEHHS JTAaHUX [0 MMHCIL, NPH SKIH KOXHHA KOPUCTYBad MOJKE 3BEpTaTHCS 0
OHOBJICHHX JaHUX TUTBKH TO/Il, KOJIM BOHH HOMY MOTpiOHi [ 14].

Jlo cknany 0azoBux 3aco0iB ['IC €ACY 3CY MaTh BXOAWTH CEpBEPHI KOMIIOHEHTH, SIKI
cnemnianbHo Tpu3HaueHi g miarpuMkd COA (K IHCTpyMEHTalbHI, TaK 1 3aCO0M MIATPUMKH
¢ynakuionyBanas COA). I'IC-cepBicu Aar0Th MOXJIMBICTh BUKOpUcTOBYBaTH pecypciB ['TC €EACY
3CY gepes pi3Hi A0ATKH KIIEHTIB: HACTLIBLHI MPOrpaMHi KOMIUIeKcH, kapTtorpadiuni WEB-gonatku
1 MoOUTBbHI mpucTpoi. B 3anmexHOCTI Big Ty pecypcy, IO MYyONIKYeThCs, KOHDIrypyroTbCs
BiamoBimHI 6a30Bi cepicu. [licmst mybmikartii cepBicu peectpyroThest Ha ['IC- cepBepi, ix meTamani
3aHOCSTHCS B KaTajoru [15-18].

I'IC €EACY 3CVY mae 3abe3nedyBaTv BKJIIOUEHHs iH(oOpMaIlii, ska OTPUMYETbCS B PEKUMI
peanbHOTO Yacy B MPOIEC MPUUHATTS pillieHb (HAmpUKiIaa, CTBOpeHHS nmudpoBoi Moaeni 6010, sika,
KpiM cTaTH4yHO1 Tororpadiunoi iHdopmaItii, Bi3yaai3ye MOTOYHE MICIIE3HAXO0KEHHS 00’ €KTIiB 0010).
Kopucrypaui I'lC €ACY 3CY noBHHHI MaTH MOXJIMBICTh YIPABJISITH OTOKOM JIaHUX PEAIbHOTO
yacy, OJCpXKYIOYH JIaH1 Bill AaTYMKIB, 3/IHCHIOBATH iX MUTTEBY OOpOOKY 1 aHAI3 JUIsi BUSHAUEHHS
MMOTOYHOI CUTYaIIil 1 BIAMPABJIATH KapTy C BIAMOBIAHOIO iH(OpMAIIi€0 BUZHAUYCHUM O JCpKyBadyam
MIPUMYCOBO Ha €KpaH, [0 eIeKTPOHHII MOIITi, Yepe3 CUCTEMY MUTTEBUX MOBIAOMIIECHb Ta iH.

Pedepentna momens I'IC €ACY 3CVY, ska mintpumye o0’eqHaHHs iHbopMaiii 3 pi3HUX
JDKEpel, 1110 MalTh Pi3HE MOXOKEHHS, PI3HY CTPYKTYPY 1, MOXKJIMBO, pi3HE MICIIE€3HAXOKEHHS, 3
TOYKH 30py il apXiTeKTypHOi moOynoBU MOke OyTH HpEJCTaBJI€HAa y BUIJISIAI B3a€MO3B’S3aHOI
CYKYITHOCT1 MOJieNieil HaCTYIMHUX PIBHIB:

—PpiBeHb METAOMKCIB CEPBICIB 1 aBTOpU3AIlil KOPUCTYBaUiB Pi3HUX KaTEropiii;

—piBeHb (PYHKIIOHATBHUX BEO-CEPBICIB 1 MOPTAIIB JOCTYIY;

—piBeHb IHTErpallii 3 ycrmaJkoBaHUMHU J0JaTKaMu, 0a3aMU JaHUX 1 cepBicaMu;

—PpiBEHb TEXHOJIOT1H PEIHKUHIPUHTY 1 pO3BUTKY 1H(POPMALIIHOT CUCTEMH.

Oprasizalis IpUKJIaJHUX CUCTEM 3 CEpBIC-OPIEHTOBAHOIO apxiTekTypoto Ha 6a31 WEB-ciyx0
IIPUITyCKa€e CTBOPEHHs 1 BUKopucTaHHs WEB-cepBiciB, 1110 BU3HAYatOTh (PYHKIIOHAIBHICTD MOCIYT,
mo HajarThes nojaatkamu. IIpu msomy WEB-cepBic BucTynae sk 00’€KT, 110 peasizye oJuH abo
JeKiTbKa METOIIB, A0 SKUX MOXHA 3BepTatucs 3acobamu Web 3 Oyab-sIKOTO J0JATKY.

Texnonorigs Web-ciyx6 I'lC €EACY 3CY mae 6a3zyBaTucs Ha TpbOX OCHOBHHUX CIIEIU(iKaIIisX,
mo MaroTh ctaryc WEB-cTangapris:

—SOAP (SimpleObject Access Protocol) — mpoTokos, o BHU3HAYa€e MpaBWiia B3AEMOJII 3
BiJ1aJIeHUMU 00’ ekTamH 1o Internet-mpoTokosam, 30kpema, o NpoTokoiry http;
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—WSDL (WebServicesDescriptionLanguage) — moBa omnucy mporpamMHux iHTepdenciB s
WEB-cnyx0;

—UDDI (UniversalDescription, Discoveryandintegration) — ciryxx0a 1oBiqHHKa JIsi peecTpartii
Web-niocayr (cepBiciB).

s ctBopeHHsi e€quHOrO reoindopmariiitnoro cepenosuma st €CACY 3CY  HaidOinbmn
ONTUMAJIFHUM IUIIXOM € BIPOBA/DKEHHs reoiHdopmamniiiHoro moprany 30poiHux Cun Ykpainu
(mai — reonopTai), y IKOCTi MpOrpaMHoi, iHpopMaIiiHO -KOMYHIKaiiHOT raTGopmMu, Mpu3HAYEHOT
IUTSl CTBOPEHHS €IMHOTO TeoiH(opManiitHOro Ta iH(opMaIliifHO -aHAIITHYHOTO CEPEIOBUIIA OPTaHiB
BIICBKOBOTO yIPaBIiHHs, BIHCHKOBMX YacTHMH Ta migpo3ainiB 30poitnux Cunm YkpaiHu 3
PO3MEKYBaHHSM IIPaB JIOCTYITY KOPUCTYBAYiB 10 IIUX PECYPCIB.

['eonopran sIK KOMIUIEKC MPOTPaMHO-TEXHIYHHX 3aco0iB, MEPEKEBHX CEpBICIB Ta CEpBICIB
reonpoCTOPOBUX JAHMUX, L0 3a0e3MedyloTh BIAOOPaKEHHS B MEpEXi IeONpPOCTOPOBHUX JIaHUX,
MTOBMHEH BUKOHYBAaTH HACTYITHI OCHOBHI 3aBJaHHS:

—00po6iieHHs Ta Buaaua iHpopmarlii Ha aBToMaTu30BaH1 podoui micus (1ani APM) nocagosux
oci0 oprasiB BIICbKOBOTO YMpaBJliHHS (BIICBKOBUX YaCTHH);

—HaJaHHS JOCTYIY JI0 €IUHOTO reoiH(GOpPMAIIfHOTO MPOCTOPY MOCAJI0BUM 0CO0aM OpraHiB
BIICBKOBOTO yIpaBiiHHS (BIMCHKOBUX YaCTHH, MIIPO3ALIIB);

—3a0e3neveHHs B3aeMOJIl 3 IHIIMMHU BIIICBKOBUMHU (OPMYBAHHSIMH Ta IPABOOXOPOHHUMH
opraHaMi YKpaiHH B paMKax €JUHOTO reoiH(opmariiifHoro npocropy;

—3a0e3MedeHHsI TIOMYKY/A0CTYy 10 HeoOXiaHo1 iHhopMarrii.

['eonopran moBUHEH MaTH HACTYNMHUM 0a30BHI Habip KapTorpadiyHUX CEPBICIB:

—KkaprorpaiyHuii  cepBic  €JIeKTpOHHUX (UM(POBHX) KapT - MYJIbTUMACHITAOHUMN
KapTorpagiuHuil cepBiC, SKHM MICTUTh BEKTOpPHY IH(QOpMAIIl0 BCHOTO MAacCIITaOHOTO pAIYy
TororpadiyHUX Ta OTJIAA0BO-TeorpadiIHIX KapT;

—KkaprorpadiyHuii cepBic eIeKTpOHHUX (IU(POBUX) KapT Y TPUBUMIPHOMY BiIOOpaKEHHI -
KOITiT KapTorpaiyHOTO CepBiCY eNeKTpOHHUX (IUGPOBUX) KapT 3 MOXKJIUBICTIO Bi3yamizarlii
reoindopmariiiftHoi iHpopMaIlii y TpMBUMIpHOMY BiTOOpaKeHHI;

—KkapTorpadiyHuil cepBic MaTepiaiaiB AUCTaHIlIiHOTO 30HayBaHHsa 3emui (/133) - cepBic sxuii
Mmictuth Matepianu /133 (aepodoTo3HiMaHHs, KOCMIYHE 3HIMaHHS Ta 3HIMaHHs 3 BI1JIA) Ta no3Bossie
OIIEPaTUBHO CTBOPIOBATH (POTOJOKYMEHTH MPO MICIIEBICTB;

—KkapTorpadiyHuii cepBiC AUCTAHIIHHOTO 30HIyBaHHS 3eMJIi Y TPHBUMIPHOMY BiI0OpaKEeHHI;

—KkapTorpadiuHUi CepBIC I 3aBaHTAXEHHS PACTPOBUX KapT - KaprorpadiuHuii cepsic
703BOJIsIE 3aBaHTaXUTH Ha APM TtonorpagiuHi KapTé BChOIO MacIITaOHOIO pAl Y PacTpOBUX
(dhopmaTax 3 MOKJIUBICTIO 1X TOAAIBIIOTO APYKY (PO3MHOXKEHHS) [6, 7].

B skocTi mporpamMHOi CKIaJ0BOi ONTHMAJIBHO 3aCTOCOBYBAaTH CEpPBEpHE IPOrpamHe
OaraTokopuctyBaipke 3abe3nedeHHs ArcGIS kommanii ESRI. Jlna 3abe3neuenHs Oe3nepepBHOT
poOOTH MPOrpaMHO-TEXHIYHUX 3ac00IB Ta CEPBICIB TEONMOpTaTy, HEAOMYIIEHHS BTPAaTH JaHUX
HeoOXi/iHe pO3ropTaHHs BIAMOBOCTIIIKOT KOH(Iirypamii 3a apXiTEKTyporo ‘‘active-passive”, mae
ocHoBHu# “active” I'lC-cepBep (cailT) po3MimnyeTbcsi B KapTrorpadivnomy 1nentpi KomanayBanns
cun migrpumku 3CY, a pesepBHuil “passive” I'IC-cepBep (caliT) po3mimyeTrbcsi B ['0Jl0BHOMY
iHpopManiitHo-komyHiKamiiHoMy By3mi ['III 3CY. KoxkeH 3 HUX Mae BIACHI JIOKaJbHI CXOBUIIA
KOH(Irypariiif, ceppepHi JUPEKTOpIi Ta 371MCHIOE 1X pe3epBHE KomioBaHHA. B pa3i mporpamMHux uu
TexHIYHUX 3001B Ha ocHoBHOMY ['IC-cepBepi pesepBHuii “passive” I'IC-cepBep aBTOMaTHUHO
npuiiMae ¢QyHKLIi “active” 10 BIJHOBIEHHS Npale3/1aTHOCTI OCHOBHOTO. 3aBJSKHU 3a3HAUEHOMY
NPUHLUIY 3a0€3MevyeThCsl TPUCTYIICHEBUN piBEHb 30€peKEeHHs CEpBICIB 1 JaHUX.

KopucryBaui reoNpOCTOPOBUX JAHUX 30poitHux Cun (mrTabu OprasiB
yIpaBiiHHs, reoiHdopMantiiiai migcucremu ACY To10) 311 CHIOIOT 3alMT, OTPUMYIOTh JOCTYII J10
pecypciB 1 cepBiciB reonopTaina yepe3 ['onoBuuit iHpopmaniiiHo-komyHikamiitauii Byzon 'L 3CY.
30ip, oOpobOka Ta myOikalist reornpoCTOPOBUX JAHUX, OTPUMAHMX BiJl MIJPO3/UTIB TOmorpadiqHoi
CIIy’kOM, a TakoX 13 30BHIMIHIX pkepen ([epxreokanactp, JlepkaBHe KOCMIYHE areéHTCTBO TOILO),
3niiicHIoeThes B KapTorpadiynomy neHTpi. 3a JOOMOT010 aBTOMAaTH30BaHOTO aHATI3yTaKUX JaHUX
MOJKJIMBO BU3HAUUTH HAIIPSIM PO3BUTKY MO Oe31ocepeiHbO B CUCTEMI YIIPABIIHHS, B TOMY YHCI1
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Ha OCHOBI MPOCTOPOBOTO aHANI3y MOBEHIHKH 00’€KTIB omepaTtuBHOI oOcTaHOBKHU. J[aHi cucTtemMu
HA/IAI0Th JI0JAATKOBUI pIBeHb aHAIIZY JUIS MPUHHATTS pillIeHb OpraHaMH YIPaBIIiHHS, CTBOPIOIOYU
SIKOMOTa TOYHIIIIE MPEICTaBICHHS ONEPAaTUBHOT OOCTAHOBKH, SIKa IHTETPYEThCS 3 iH(POpPMAITIEIO 13
pizHux mKepen [19].

Ha cyuacHomy erani po30ymoBu 30poitHux CHI BaXKJIMBOIO OCOOJIMBICTIO PO3BUTKY CHUCTEM
VIPaBIIIHHS € HAJA0aHHS IUMHU CUCTEMaMH BJIACTUBOCTI HACKPI3HOTO MacimTaOyBaHHS — Bill CHCTEM
CTPATEriuHOTO PIBHA IO CHCTEM YIPaBIiHHSA O€3MOCepeIHhO OKPEMHUMH MiApo3aiiaMu (Ta
HaBmaky).3a0e3MevyeHHsT IMOCTIHHOT ~ aKTyaJbHOCTI BimOOpaXeHHS 3araJbHOI  OTEpPaTHBHOT
0OCTaHOBKM Mi/IBUIIY€E CUTYAIiiHy OOI3HAHICTh KOMAaHIMPIB BCIX PIBHIB, JO3BOJISIFOUM MPUUMATH
3Ba)KEHI pillICHHS.

BucnoBku. OTxe, reoinopmariiine 3a0e3neueHHsI B CUCTEMI YIPABIiHHS Ma€ 3a0€3MeYnTH
CYMICHY poOOTY MDK PI3HUMHU JaHKaMu Ta ciayx0amu 30poitHux Cun YkpaiHu, He BTpaTUBILIU MIPU
LbOMY €/IHICTh MIAXOMAIB 10 BUKOPHUCTAaHHS MPOCTOPOBO PO3IMOAUICHOT Ta HIO1 IHQOpMaILii.

BuxopucrtanHns cydacHUX 3ac001B 3B'S13Ky 1 KOMYHIKaIliif 103BOJISIE B IHTEpPECAaX MOCAI0OBUX 0CI0
mTabiB PO3rOPHYTH Cy4dacHI aBTOMATH30BaHI poOodl Miclsl 1 BUKOPUCTOBYBATH iX SK €AUHY
maThopMy TEXHOJIOTIYHOI Ta cUcTeMHO1 B3aemonii.Ha croromnimHii geHs B 30poitHux Cuiax
VYkpaiHu BIpOBa/KEHO psAJ IHPOpMaLIHO-aHATITUYHUX CHCTEM, L0 BHUPIIIYIOTH 3ajaul
aBTOMAaTH3aIlll MpoIEeCciB MOOUTI3alifHOTO PO3rOPTaHHS, OOOPOHHOTO IMJIaHYBaHHS, JIOTICTUYHOTO,
KaJpoBOro, (hiHaHCOBOTO 3a0e3MeyeHHs], 1 BC1 BOHM MatoTh OyTu iHTerpoBaHi B CACY.

Taxum ynnom I'IC EACY 3CY Mmae 3a0e3neuyBaT iHTEpOIepadbenbHICTh 3 icHytounMu y 3CY
iHGOpMaLlIfHO-aHATITUYHUMU CUCTEMaMHU Ta THMH, IO IUTAHYIOTHCS 3 BUKOPUCTAHHSAM IHIIHUX
TEXHIYHUX Ta MPOrpaMHUX 3aco0iB. 3alesnedyeHHs ¢yHkuioHyBaHHsS Takoi ['IC-mumardopmu sk
OCHOBHOT T1aT(hOpPMH CTBOPEHHS, 30epiraHHs 1 MOMKUPEHHS IPOCTOPOBHUX JaHUX CKOPOTUTH Yac Ha
MPUAHATTS PIICHb, a TAKOX MIJBUIIUTh €()EKTUBHICT, BHUPINICHHS BIAMOBIIHUX 3a7a4 3 MUTaHb
YIpaBIiHHS BIACHKAMU.
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PhD Lytvynenko N.I., PhD Korenets O.V.
DEVELOPMENT OF RECOMMENDATIONS FOR THE IMPLEMENTATION
OF GEOINFORMATION SUBSYSTEMS OF UNIFIED AUTOMATED CONTROL SYSTEM
OF THE ARMED FORCES OF UKRAINE

The growing possibilities of using promising information technologies in the military sphere force to
reconsider the traditional approaches to the use of means and methods of joint analysis of available
information regarding the actions of troops (forces). The growing dynamics of the armed struggle and the
large amount of information that is subject to analysis lead to the fact that a person is no longer able to
analyze the necessary amount of information and make an informed decision in a very short time. Under
these circumstances, there is a need to apply new technologies for managing the forces and means of the
armed forces for analysis and decision-making, reflecting the situations that have developed.

The relevance and necessity of creating and implementing geoinformational subsystems as a
component of the information support of UACS is due to the general increase in requirements for efficiency,
completeness and quality of information support of the process of managing troops (forces).
Geoinformation technologies make it possible to form a unified picture of situational awareness, to develop
modern methods of control and management of means of armed struggle, including unmanned and robotic
complexes, to increase the transparency and efficiency of rear operations and to reduce the level of direct
presence through the formation of virtually remote headquarters and other control bodies. The unified
geoinformation space of the UACS of the Armed Forces should be formed as an environment (network) of
interconnected geoportals, the purpose of that is to consolidate information on spatial data available in the
UACS of the Armed Forces, that are processed and provided for use in the form of geoservices, as well as
to create a single point of entry of users into this environment. It was determined that it’s optimal to use
ESRI's ArcGIS server software as a software component.

Keywords: geoinformation support, geoinformation subsystems, geospatial data, geoportal, Unified
Automated Control System.
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METO/J PO3PAXYHKY 3AXUCTY HEPCOHAJIBHUX JTAHUX 3
YPAXYBAHHAM KOMIVIEKCY CIIEHU®IYHUX ITAPAMETPIB COLHIAJIBHUX
MEPEX

B Ykpaini npaeéo na 3axucm ocoducmux OAHUX — ye KOHCMUMYUINIHA 2apanmis, a 3axucm
HEPCOHAIbHUX 0AHUX — 00HA i3 chep, y AKill maka apanmisn mae peanizogysamucs. IIpeomemom nawiozo
oocnioxcenns Oyoymop He 00’ckmu 63azani, a OUHAMIYHI cucmemu 3axucmy ingopmayii 6 coyianvrux
mepexcax y MamemamuiHoMy pPO3YMIHHI Ub020 mepminy. Y 00cniodceHHi po3poodieHo JiHIIHY
MamemMamuyHy Mooesb i RPO6eOeHO 00CTIONHCEHHA MOOETL 3AXUCHY HEPCOHAILHUX OAHUX 610 KOMNIEKCY
cneyugiunux napamempie mepesyci i inmencueHocmi nepedayi OAGHUX 8 COUIATbHUX MEPEHCaX.

Pozenanymo 3anexcnocmi: eequduHu nOMoKy ingopmauii ¢ coyianvhinl mepedrici 6i0 CK1adosuUx
3axucmy inghopmayii, NEPCOHANbHUX OAHUX, | WEUOKOCHI NOMOKY OAHUX; 3AXUUWEHOCMI cucmemu 6i0
po3mipie cucmemu ma 6i0 KiibKocmi REPCOHAIbHUX OAHUX; 3azpo3 Oe3neyi iHgopmayii 6i0 Komniekcy
cneyugiunux napamempie mepexci. Ompumano cucmemy KiHilHUX PIGHAHb, KA CK1A0ACMbCA 3 PIBHAHHA:
WeUOKOCmi 3MIiHU HOMOKY iHngopmayii 6i0 3axuwenocmi couianvnoi mepexci i Koegpiyicnmis, aAKi
6i0obparicaromsb 6HIUB 3AX00i6 3aAXUUEHOCHI, KIUIbKOCHI NEPCOHANbHUX OAHUX, WIGUOKOCHI GUMOKY,
3MIHU ROKA3HUKA 3axucmy inghopmauii 6i0 Komnaexcy cneuugpiunux napamempise mepeoici, it po3mipis,
3axuuenocmi nepcoHanbHux oanux. B pesynomami po3e’azanna cucmemu oughepeHyianbHux pieHAHb
ompumani mamemamuyHi ma zpaghiuni 3anexcHocmi NOKA3ZHUKA 3aXUCHY HEPCOHAIbHUX OAHUX 6
coyianvhii mepedxici 6i0 pisnux cknaoosux. Pozenanyewu mpu eapianmu eupitieHHs PiGHAHHA OIU3LKO
CMAayionapnozo CMAany CUCmemu, MOMCHA RPUILMU 00 6UCHOBKY, U0, 6UX00AYU 3 YMOE CHIBEIOHOUIEHHA
oucunauyii, 3a2acaHHA YACMOMU KOAUBAHb 00 NE6HO20 3HAYEHHA 30IlCHIOEMbCA RepioouyHo, i3
3amyxaruow amniimyoor, abo eKCHOHeHUIabHO 3d 32acarium 3aKOHOM. Buxkonano 6inbuw naounuii
ananiz noeedinKu cucmemu, nepeiiuiosuiu 6i0 ouepenuianvnoi gopmu pieHanb 00 OuUcKpemHoi i
HPOMOOETbOBAHO OeAKUIl IHMEPEaAl iICHY8AHHA CUCHIEMU.

Ilpeocmaesneni mamemamuuni ma zpagiuni 3anexicHoOCMi YACMOMU 8AACHUX KOJIUBGAHD CUCHEMU,
nepiody Konueams, Koeghiuyicnma 3azacanua.llpoeedeno imimauiitne MoOenO8aHHA O0nA 3HAYEHb 3
8i0OXUIEHHAM 6i0 cmayionaphoi no3uyii cucmemu. B pesynomami imimauyiiinozo mooentoeanus 0oeedeno,
W0 cucmema 3axucny couianbhoi mepesci Helinilina.

Kntouoei cnoea: couianvha mepesxca, nomik ingopmauii, o0ogipa, penymauis, MoOenr08aHHs,
Koeghiyienm 3axucmy, de3nexa, 3axucm iHpopmauii.

Beryn Ta nocranoBka 3agadi. [1IBuke nommpeHHs coliadbHUX OHJIAMH-CEPBICIB 1 PO3BUTOK
texHoJorii Big Data Bukinkanu iHTepec 10 BUKOPUCTaHHA 1H(OpMAILii 3 COIIaTbHUX MEPEXK Y PI3HUX
cpepax. OOMIH CTPYKTYpHUMHU Ta TEMATUYHUMHU JAHUMU MOTEHLINHO J03BOJII€E BUKOPHCTOBYBATH
ColLliaJIbHI Mepexl Ui BUpIIIEHHS MIMPOKOTO KOJa 3aBJaHb 3aXUCTy I1H(opmauii Ta JaHMX.
[Ipenmerom npaHoro AociikeHHs OyqyTh He 00 €KTH B3araii, a JUHAMIYHI CUCTEMM 3aXHCTy
iH(pOopMalii B cCoLliaIbHUX MEpeXkax Y MaTeMaTUYHOMY PO3YMIHHI IOTO TEPMIHY.

3BaKalOYM Ha CKJIAJHICTh MPOLECIB B COLIATbHUX MepeXax, IHTEHCHUBHMHA pO3BUTOK
TEXHOJIOT1 HECaHKIL[IOHOBAHOTO JIOCTYIY J0 MEpPCOHaNIbHOI iH(popMallii, 3a0e3MeueHHs 3aXUCTy €
OJIHUM 13 aKTyaJIbHUX 3aBJaHb Ul CIUIBHOTH B YKpaiHi Ta cBiTi. ICHYI04l KOMIIOHEHTH 3aXHUCTy
ocobuctoi iH(popMarlii, He 3a0e3NedyloTh MOBHOIO 3aXUCTy MNEPCOHAJIbHMUX JAaHUX OcoOu, IO
00yMOBIIEHO HHU3KOIO MpobieM. BiAcyTHICTh METO0IOTi MOOYOBU CUCTEM 3aXUCTY B COIIATbHUX
Mepexax SBISETbCA CTPUMYIOUMM (DAKTOPOM TOJANBIIOT0 PO3BUTKY COILIAIBHUX MEpex Ta
iHbOpMaIlIfHUX TEXHOJOTIH B HUIOMY. SIKIIO Ha CHOTOAHI OUTBII MEHII JOCHTIIKEeH1 KIaCH4YH1
3arpo3u MepcoHanbHOi iH(opMarlii Ta po3po0sIeHi METOAM X 3aXHCTY, TO 3AUIIAECTHCS 0 KIHIIS HE
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BUBUYCHMM BIUIMB CHEHU(IYHUX TapamMeTpiB COLIaAIbHUX MepeX Ha 3aXHUCT TEePCOHAIBHOT
iHpopmanii. /o Takux crnenupiuHUX HMapameTpiB BiIHOCATHCA: KOH(DIICHIIHHICTD NEPCOHATBHUX
JaHUX, peMyTallis KOPUCTYBayiB MEpEeXkKi, B3a€MOBIUIMB KOPHCTYBaYiB, JOBipa MK KOPUCTYBadyaMH,
CIUTBHI TYMKH KOPUCTYBAYiB MEPEXi, CUIIbHI Ta CIIa0Ki 3B’ 3KH, aBTOPUTET KOPUCTYBaya, IBHU/KICTh
MOIIUPEHHS TMEPCOHAIBHUX JaHUX B MEPeXi, MapaMeTpu pPO3LIMPEHHS MeEpexi, KUIbKICTbH
CIIBTOBApHCTB B MEPEXi, KaHAIH MOIMHUPEHHs iH(opMallii, iTeHTndikaiis KOPUCTYBaviB TOIIO.

JlocmipKeHHsT AMHAMIYHOT MTOBEIIHKN PEaTbHOTO 00’ €KTa 3aXHUCTy BUMArae CTBOPEHHsS HOTo
MaTeMaTU4YHOI MoJeni. Y 0araTh0oX BUMAJKaxX MPOIEAypa pO3pOoOKH MOJENI MOJATAaE B CKIAAaHHI
MaTeMaTUYHUX CHUCTEMHU DPIBHSHb. B pe3ynbTari KOOpAWMHATH CTaHYy CHUCTEMHU 1 il mapamerpu
BUSIBJISIFOTHCSL  TIOB’S3aHMMH ~ MDK  CO0O0, 10  JIO3BOJISIE MPHUCTYIHUTH JIO  PO3B’SI3aHHS
mudepeHianbHUX PIBHAHD MPH PI3HUX MOYaTKOBUX YMOBAX 1 MapaMeTrpax.

Tomy po3poOka HOBUX Ta YAOCKOHAJIEHUX METOJIB TIABUIICHHS PIBHS 3aXUIIEHOCTI
1HGOpPMaLIITHOTO MPOCTOPY COLIAJIBHUX MEpexX, Kl 0a3yroThbCsi Ha MaTeMaTU4YHHUX MOJEIAX
JUHAMIYHUX CUCTEM B 3aJICKHOCTI BiJl cielM(pIYHUX ITapaMeTpiB COIIAIbHOI MEPEXK] € aKTYaIbHOIO.

AHaJi3 ocCTaHHIX JocTHixKeHL. bBUILIIICTE BiZIOMHX MIAXOMIB O MOJEIIOBAaHHS,
BUIPI3HSIOTHCS TIM, SIKI TTapaMeTpH IPH MOJIEITIOBAHHI HUMH BHUKOPHUCTOBYIOTh B SIKOCTI BXIIHOI
1H(opMallii Ta sIK1 XapaKTEePUCTUKN MOJIEIbOBAHOT CUCTEMH PO3PAXOBYIOTHCS Ta HAIXOSATh Ha BUXI]
Moeni. [Ipu mboMy aHaiITHYHI MOJIEITI, IO PO3TIISIAI0THECS 3 MO3UIlIi TCOPETUYHOT MaTeMaTHKH, HE
€ TOTO)KHUMH PEATbHIN TIHCHOCTI, 3Ba)Kat0YM Ha 0OMEXXEHY TOUHICTh pe3ysIbTaTiB.

VY po6ori [1], BKa3yeThcs, M0 MTOBEAIHKA COMIANBHOT MEPEKH 3MIHIOETHCS 3 YaCOM, TOMY Bara
KOPHUCTYBada B COI[IaJIbHOT MEpEeXH pi3Ha B KOXKHOMY Iepio/l yacy. TakuM 4MHOM, MOKAa3HUK JJIs
OI[IHKA Baru KOPHCTyBaya B COINIAJIbHI MEpEeXH 3aleKUTh BII TOYHOCTI METPHKH, SKa
BHKOPHUCTOBYETHCS JIJIsI BUBHAYCHHS 9acOBOTO iHTepBany. HoBa MeTpuka Jijisi BU3HAYCHHS 9aCOBUX
iHTepBaIiB 0a3yeThCs HA CTAaHIAPTHOMY BIAXHMIICHHI Ta BU3HAYAE, 0 Bara KOpUCTyBada 0a3yeThCs
Ha MPOCTIN eKCIIOHEHITINHIN MO eI 3r1aKyBaHHA. B po6oTi [2], JOCTIIKY€EThCS BCECBITHS MEpeka,
sIKa YTBOPIOE BEIIMKHUHA OPIEHTOBaHUM rpad), BEPIIMHAMH SIKOTO € JOKYMEHTH, a peOpa — MOCHIIaHHS,
0 BKa3yIOTh HUISX BIA OJHOTO JOKyMEHTa A0 iHmoro. He3Bakarouum Ha HOTO OYEBHIHUN
BUIIQJKOBUII XapakKTep, TOIOJOTIA [bhOoro rpada Mae psa yHIBEpCaIbHHX XapaKTEPUCTHK.
[IpencraBiena Mozenb MOKE OMHCYBaTH Mepexy 0Oe3 MacmTaOyBaHHS 3 MEBHUMH IpoliecaMu
caMooprasi3airii.

VY po6oti [3] mpoBOAUTHCS BUSBICHHS MiA03PUIOi Ta HE3aKOHHOI MOBEIIHKU B COIIAJIbHUX
Mepekax, 0 € aKTyaJlbHUM 3aBJaHHSAM IIiJI Yac aHaJli3y COIIaJIbHUX Mepexk. Mopenm B3aeMoil
MIO3pUIMX KOPUCTYBayiB 3HAYHO BIAPIBHAIOTHCS BiJ iXHIX TOBApUINIB 1 MOXYTh OyTH
1IeHTH(IKOBaHI 3a JOIMOMOIOI0 METOIIB BHSABICHHS aHOMaJik. 3a3HauyeHl METOJH MOXYTh
3aCTOCOBBYBATHCH JIJII MEPEXK 13 JIUIIIE OJJHUM THIIOM B3a€EMOJIIT MK KOpUCTyBadamu. ¥ 111l poOOTi
JOCTIKY€EThCS MpoOiIeMa BUSABIICHHS aHOMAll y 0araromapoBUX COLIAIBHUX MEpekax ILITXOM
00’enHaHHs 1H(MOpPMAITii, JOCTYITHOT Ha KUTPKOX MEPEKEBUX PIBHSX.

VY poGoTi [4] Bka3yeTbes, 1m0 ImBUAKA IM(poBa TpaHchOpMaIliss Ta TEXHOJIOTIYHI 3PUBU B
CydyaCHHX Oprasi3allisXx BHMararmTh pPO3BUTKY pPOOOYMX MiCIlb, OpPIEHTOBAaHMX Ha JIOJCH, 3a
JIOTIOMOTOI0  SIKUX CIIIBPOOITHUKM 3MOKYTh MIJBUIIUTH pPIiBEHb YCBITOMIJIGHHA Oe3meku Ta
BIJIMTOB1IaJILHOCTI 3a CBOI /i1 3aBJIIKM y4acTi B COLIIAIbHUX MEpPEkKax.

VY poborax [5,7,18] HaBeneHO pe3yabTaTH IMITAlIHHOTO MOJICTIOBAHHS EKCIEPUMEHTY IS
BUpIIICHHS 3aBJaHHS IIOJ0 3amo0iraHHs TOLIUPEHHI0 3a00poHEHO0i iH(opmarii B collianbHii
Mepexi. [IpeacraBneHi iHCTpyMeHTalIbHI 3aC00M IMITAI[IITHOTO MOIETIOBAHHS Ta 1X 0COOIMUBOCTI, 1110
CHPUSIOTH YCHIIIHOMY 3aCTOCYBaHHIO JJIsi MOJEIIOBAHHS COIIaTbHUX MEpeX. ABTOPH HABOISTH
MIPUKIIAJ IMITAIITHOT MOIeT1 I71s1 BUSIBIIEHHS 3JI0BMHUCHUKIB Y COLIIaIbHIN Mepexi.

Y poGoti [6] BKa3zyeTbcs MOXIUBICTH TMEpel0avyeHHS Ta aHaNi3y MOBEIIHKU IJIOJUHU B
CoIaibHI Mepexi 3a pe3yabTaTaMH aHali3y Aid KOpUCTyBaya: TEMH, HACTPOi, BIAMOBiAI Ha
MOBIAOMIIEHHS, TOmIO. JlJis BUpIIIEHHS IHOTO 3aBJAHHS NPEICTABICHO METOJ MOJETIOBAHHS
IHTepaKTUBHOI TMOBEMIHKM B COIaJbHOT MEpeXu MIKpPOOJIOTiB 3 ypaxyBaHHSAM HAcTpOiB
KOpHUCTYBauiB. BUKOPHUCTOBYETHCS CTOXaCTUYHMM MIAX1M, 3aCHOBAaHUIN Ha KUTHKOX areHrax. B skocti

55



NPUKIAAY JOCHKYeTbcs Mepexa Twitter bapaka OOamu K e€roneHTpuYHa Mepexa, o0
MPEJCTaBUTH PE3YJIbTATH EKCIIEPUMEHTAIBHOTO MOJCTIOBAHHS.

Y poborax [8,11,13-15] mocmipkeHO AMHAMIYHI HENIHIAHI CHCTEMH 3aXHCTy COI[IaIbHUX
MEpEK, SIKi BpaXOBYIOTh MIOKA3HUKHU JIOBIPH, PEITyTaIlil, B3a€MO/Iii KOPHUCTYBadiB, PO3MOBCIOKCHHS
iH(OopMalii Ta KOHCTPYKTUBHUX 0COOIMBOCTEH comianbHi Mepexku. Ilokas3ani pe3ynbTaTi CTIHKOCT1
CHCTEMH 3aXUCTY 3 BUKOPUCTAHHSIM (Pa30BO1 IUIOMINHHU.

VY poborax [9,10] npencrasieni Moaesni BUnaakoBux rpadis ta ix 3acrtocyBanHsa. OnucaHo
HESIBHHUM COIlIAbHIM Tpad, sikuil GOpMyeThCS B3aEMOIIEI0 KOPUCTYBAYIB i3 KOHTAKTAMU Ta TpyIaMu
KOHTAKTIB, 1 IKHW BIIPI3HAETHCA BiJl SBHUX COLIaAJIbHUX TpadiB, Y IKUX KOPUCTYBadl IBHO JI0JIAIOTh
IHIIUX JIIOJCH SIK CBOIX «aApy3iB». IIpeacTaBieHO METPUKY B3a€MOJIIT I OI[IHKK CIOPIIHEHOCTI
KOPHCTYBaya 3 HOT0 KOHTAKTaMH Ta IrpyrnamMu. 3alpONOHOBAHO HOBHH aJITOPUTM CTBOPEHHS TPYIH
Ipy3iB, SIKWM BHKOPHUCTOBYE HESABHUN COINIAIbHUM Trpad KOPHCTyBaya, BPaXOBYIOUM HEBEITHKUN
MOYAaTKOBUH HaOlp KOHTAaKTIB, SKHUX KOPUCTYBad YK€ TO3HauuB K jApy3iB. [lokazano
eKCIIEPUMEHTAJIBHI PE3yJIbTaTH, 10 JEMOHCTPYIOTh BaXKJIUBICTh SK HESIBHUX T'PYIIOBHX CTOCYHKIB,
TaK 1 peUTUHTY CIIOPIIHEHOCT1 Ha OCHOBI1 B3a€MO/IT JUIsl IPOIIOHYBAHHS JIpy31B. AHANII3YIOThCS JBa
3actocyBaHHs anroputMy Friend Suggest, siki Oynu BumyieH1 sk Gynkiiii Gmail Labs.

B pobGorax [12, 21] po3risiiaeTbecsi 3aCTOCYBaHHSI TE€OPIi TMHAMIYHOTO XaoCy JO0 BUBUYEHHS
COITIAJIbHHX SIBHII. 3BEPHEHHS JI0 BUTOKIB CTBOPEHHS T€OPii IMHAMIYHOTO Xa0Cy B MPUPOI03HABCTBI
BUSBWJIO HENIHINHI JWHAMIYHI CHCTEMH B MPUPOJHOMY CepeaoBHINl (TYpOyIeHTHI TMOTOKH
aTMocdepu, O10J0TTYHI MOMYJALIT TOLO0). 3aCTOCYBAaHHS TEOPIi Xa0Cy MOXKIJIMBE TaKOXK Ha MIKpO- Ta
MaKpOPIBHSAX COIIAIBHUX JTOCITIIKEHb.

B poGoTtax [16, 17] mocmimKyrOThCS coliaabHI Mepexi K (PeHOMEH OpraHizallii CyChijbCTBa:
CYTHICTh Ta MIJIXOH 10 BUKOPUCTAHHS 1 MOHITOPUHTY.

B po6oTi [19] mpoBeneHo aHali3 XapaKTEPUCTHK COMIAIbHUX rpadiB, oOyI0BaHUX 3a TAHUMU
coriaibHOT Mepexi Twitter 3a THXKACHB, IO JT03BOJISIE BUKOPUCTOBYBATH BKa3aH1 XapaKTEPUCTUKH
JUIS TeHepaiii Mojeneil BumagkoBux rpadiB. Take BUKOPHCTaHHS € KOPHUCHHM Ha €Tarax
€KCIIEPUMEHTAJILHOTO aHaJli3y TiJ Yac OI[HKKM e()EKTUBHOCTI MAaTeMAaTHYHOIO Ta IMPOTPaAMHOTO
3abe3neyeHHs. [IponoHyeThCs yA0CKOHATIEHAa MOJIENb 3pOCTaHHS COLIAIbHOT MEPEKi, 3aCHOBaHa Ha
OTIOCEPEIKOBAHOMY 3B'sI3yBaHH1 BY3JIiB. J{J1s 11i€T MO1eni mpecTaBiaeHi pe3yIbTaTi KOMII'TOTEPHOTO
MoJienoBaHHs. [IpogeMOHCTpOBaHO HasBHICTH (a3 IIUIBHOI Ta PO3PIHKEHOT MEpeXki, a TaKoX
00yMOBJICHICTh BJIACTUBOCTEH MEPEXi 3 11 T'YCTHHOIO.

Pa3oM 3 TUM y BCiX 3a3Ha4eHHX JKEpesiax MaTeMaTH4HE MOJICIIOBAHHS PO3IIIAIAETHCS K
3aCTOCYBaHHS MaTeMAaTUYHOI MoOjedi KOHKPETHHX IapameTpiB (Zeski mapaMeTpu MaioTh
IMOBIpHICHUH Xapakrtep). [IuTaHHsS B3a€MO3B'SI3Ky Ta TNIMOMHM B3a€MO3B'SI3KY BXIJHHUX IIapaMeTpiB
i 4Yac MOJEIIOBAaHHS IMPOLIECIB HE PO3rsAaoThes. LI YMHHUKM B3a€MO3B'SI3KY 1 B3a€MOBIUIUBY
MOXYTh ICTOTHO CIIOTBOPUTH PE3yAbTaTH MOJETIOBAHHS 1 MOCTAaBUTHU MiJ] CYMHIB aJI€KBAaTHICTh
Mojienm. Tomy po3poOka HOBHUX Ta YJOCKOHAJEHUX METOIB IMIJBUIICHHS PIBHSA 3aXHIICHOCTI
iH(popMaIIiHOrO TPOCTOPY COIlIABHUX MeEpeXk, sKi 0a3ylThbCd Ha MAaTeMaTHYHHX MOJIECIAX
JUHAMIYHUX CUCTEM B 3aJI€KHOCTI Bill cieru(IYHUX MapaMeTpiB COLIATbHOI MEPEXKI € aKTYallbHOIO.

MeTo10 po6oTH € yIOCKOHAJIECHHS MOJENI 3aXUCTy JaHUX y COIAIIbHOT MEpEeXkH 3a paXyHOK
BpaxyBaHHA CHEHU(IKH COIIabHUX MepexK. [ 11boro He0OX1IHO MPOBECTH JOCITIKEHHS BIUTUBY
KOMIUIEKCY cnenu(piyHMX mapamMeTpiB COLaJbHOI Mepexi Ha MmapaMeTpu 3axucTy iHdopmarii, a
TaKOX Ha OCHOBI JIIHIMHOT MOJIeNi TapaMeTpiB COLIANBbHOT MEPEXH MEePEeBIPUTH JIIHINMHICTh CUCTEMU
3axXuCTy iH(pOopMAaIIii.

Buxnan ocHoBHOro martepiany. TeopeTndyHe H0CHIIKEHHS TMHAMIYHOT TOBEIIHKU PEaTbHOTO
00’ekTa BUMAarae CTBOPEHHsS HOTo MaTeMaTuyHoi Mojenmi. Y O0aratbox BHMAJKax Mpoleaypa
pPO3poOKKM MOJEeNi MoJArae B CKJIAJaHHI MaTeMaTHUYHMX pPIBHSAHb Ha OCHOBI (DI3MYHUX 3aKOHIB.
3a3Buyail 11 3aKOHH (OPMYIIOIOTHCS CYKYIHICTIO Au(epeHLiabHUX piBHSAHb. B pesynbraTi
KOOpPJIMHATH CTaHy CHCTEMH Ta 1i apaMeTpu BUSIBJISIFOTHCS TIOB’I3aHUMH MK CO000, IO 103BOJISIE
IOPUCTYIIUTH A0 PO3B’S3aHHSA JU(PEPEHLIATbHUX PIBHAHb IPH PI3HUX IMOYATKOBUX YMOBax 1
napamerpax.

3riIHO KJIACHYHOTO MIAXOY JI0 3aXUCTy NEPCOHATBHUX JTaHUX, PO3PI3HAIOTH!
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T.=|D;.D,.D,.D,, PN,

NG ERVLY, C(G), Vi Yy L Ly 1, PP (1)
ne: T, — MHOKHMHA 3arpo3 Bif creludidHIX mapaMeTpiB coLiaTbHOT Mepexi,

D i JIOBipa 710 HaIaHHS TOCTYT (JIF0IMHA TOBIPSI€ MEBHIM KOMITAHI1 1010 HAJAHHS SKICHUX
mociyr abo pecypceis),

D, — nmosipa pgeneryBanns (delegation trust) ommcye noBipy [0 KOpHCTyBada
(mpencTaBHUKA), IO Ji€ i BHHOCUTH PIICHHS B/l iIMEH1 KOMMaHii, SKiil TOBIpse,

D, — noBipa nocrymy (access trust) omucye IOBipy 3i CTOpPOHM IpoBaiizepa o0
KOPHCTYBaya, sIKOMY HaJIa€ThCS TOCTYII 10 pecypciB. Lleil KOHTPOIb JOCTYILy BUKOPHCTOBYETHCS B
cucTeMax aBTeHTHU(IKaIl,

D, — KOHTeKcTHa [0Bipa, BH3HAa4Ya€ Mipy JOBIpM ydacHHKa B HEOOXilHI CHCTEMH Ta
IHCTUTYI[1I{HI MEXaH13MH, 10 NIATPUMYIOTh TpaH3aKIlii 1 3a0e3MeuyroTh 0e3MeKy Mepexi,

[ — pemyrarist i—TOoro KOpuUcTyBaua,

R — xonekTBHA cyMapHa penyraiito wieHiB CM,

P, — mosuTHBHMI BILIMB MiK KOpHCTYBa4amu,

N;; — HeraTWBHMH BIUTMB MK KOPHCTyBa4aMH,

V., — no3uTnBHa B32EMOIist MK KOPHCTYBayamu,

V, — HeraTuBHa B3a€MOJIil MK KOPHCTYBaYaMH,

C(G) — cepenniii koedimieHT KI1acTepHu3allii BCix By3IiB rpada,

Y, — MoiMBa nepeaaya iHdopMalii Mk KOpUCTyBayaMH,

Y; — HEMOXKIIMBA Niepeiava iHpopMallii MDK KOPUCTYBaYaMu,

L, — noBkuHa NUISIXy MK KOPHCTYBa4aMH,

|, — ilenTHdikanis KOPUCTyBayiB B Mepexkax a i B,

|, — inenTHdikaiis KopucTyBada B MEpEKi,

P — iiMOBipHicTB TOTO, 1110 3B'SI30K OY/I€ CTBOPEHHMH 3 IAHOIO BEPIIMHOIO [IPH BUIIAIKOBOMY
MIPUETHAHHI,

P, — iMOBIpHICTb TOTO, IO 3B'A30K Oy/I€ CTBOPEHMUH 3 TAHOK BEPIIMHOIO IIPU MIEPEBAKHOMY
MpUETHAHHI.

3MiHa Takoi SKOCTi, AK crenudiuHi mapaMeTpu COIiaIbHUX MEPEkK, € MPOILEeCcOM, 0 Ma€E

yacoBui iHTepBal. [lo3HaunMo KinbKicTh iH(opMmarii B cuctemi — /. TloTik iHpopmarii 3a Mexi

. NV . . dl .
lH(l)OpMaI_III/IHOI CUCTCMH IMO3HAYUMO 4YCPEC3 dl, MBUAKICTh 3MIHH LBOTO IIOTOKY — —. .HOI‘I‘IHO, 1o,

SIKIIIO TOTIK 1 MIBUAKICTH 3MIHU TTOTOKY JOPIBHIOIOTH HYIIO, TO BUTOKY iH(MOpMallii Hemae:
dl
dl=0; —=0. )
dt
Burik indopmariii 3anexuth BiJ 3aXUIIEHOCTI CHCTEMHU — BXKUTUX 3aXOJIB 3 HeWTpamizamii
3arpo3 Oe3MeKu MEepCOHANbHMX JaHWX. Z — TOKa3HUK 3aXUIIEHOCTI 1H(OpMAaIiiiHOI CHCTEMH.
Cknagemo piBHSHHS:
dl
E=2p2+(CV+Ck)|, (3)

e Zp — KoeiIlieHT, M0 BiToOpaXkae BIUIUB 3aXO0/IIB 1100 3aXHUCTy iHPOpMaIii;
C, — xoediuienT, mo BimoOpaxkae BIUIUB IBUAKOCTI BUTOKY IEPCOHAIBHUX JAHUX;

C, — xoeimienT, mo Bino6paXkae BIUTHB KiTbKOCTi MEPCOHANBHHUX JAHUX Ha iX BHUTIK.
InTepnperyBaTu JaHe piBHAHHS MOKHA HAaCTYIMHUM YMHOM. BUTik iH(popMaIlii 3a1eXuTh Bi:
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—po3Mipy iHpOopMaLiHHOT cucTeMU (Tak 1 Bl KUTBKOCTI IEPCOHANTBHUX JIaHUX);

—IIBUAKOCTI BUTOKY NEPCOHATIBHUX JIAHHX,

—BUTOKY iH(opmarlii OJOKyeThCS 3aXUIICHHICTIO CHCTEMH (3aX0JaMU M0N0 HeWTpamizamii
3arpo3 Oesneku iHdopmarrii).

Jlani po3riisiHeMO, BiJ YOTO 3aJIeKUTh 3aXHIIEHICTh cUcTeMH Z. BU3HAUMMO 3aXHINEHICTH
CHCTEMH 5K  3JaTHICTh  CHCTEMH  TPOTHUCTOATH  HECAHKIIOHOBAHOMY  JIOCTYIYy  JIO
KOH(DiIeHITIMHIXITEpCOHATBHUX JaHuX. OTKe, 3aXUIIEHICTh CUCTEMU OyJIe 3aJIe)KaTh BiJ:

—po3MipiB cHCcTeMU (TaK i Bill KUTBKOCTI IEPCOHANBHUX JaHUX);

—3arpo3 Oe3nexu iHpopMarlii BiJy BTpaTH JOBIPH MK KOPHCTYBaYaMH,

—3arpo3 O6e3mnexu iHpopMaIlii BiJl B3a€MOEMOBIUIUBY MK KOPUCTYBAa4aMu;

—3arpo3 6e3neku iH(opMarlii Bil B3a€MOBITHOCHH MK KOPUCTYBayaMu;

—3arpo3 6e3neku iHpopMallii BiJ MPUETHAHHSA MDK KOPUCTYBayaMu;

—3arpo3 6e3neku iH(opMarlii Bix koedimieHTa KiacTepu3allii;

—IIBUJIKOCTI BUTOKY IMEPCOHAJIbHUX JaHUX; BUTIK 1H(OpMaIii KyHiIOeThCS 3aXUIIEHHICTIO
CUCTEeMH (3axX0JlaMU 11100 HelTpanizaiii 3arpo3 6e3nexu iHdpopmaiiii);

—3arpo3 6e3neku iHpopMallii BiJ MOMIUPEHHs IHPOopMaIlii MbK KOPUCTYBadaMu;

—3arpo3 6e3neku iHpopMallii Bi HeileHTH(IKalii KOPUCTYBadiB.

CkiazieMo pIBHSIHHS:

dz 1 X, - - - - ZVC‘”
i D, + DR+—= +——+(Pij—Nj)/(Pij+ Nij)+(a+ B+ 0+ p)V, +V€T+

Ni in (4)

+1 (r+1) "+ EXP(=D @(y,. %)+ >, ¥ (1, %,)) — 1(Cy, +Cyy),

veV Veu

ne D — moBipa Mk KOpUCTyBa4yaMu,
R — 3aranpHa permyTarlisi KOpUCTyBadiB MEpExi,

N, — 3araJibHe YMCJIO BEPIIUH rpada B MOMEHT Hacy t,

X; — KUIBKICTb 3B’S3KIB sIKi Ma€ BepIIMHA I'pada B MOMEHT 4acy t,

Pijm Ta Ni;“ — YUCJIO MO3UTHBHUX 1 HETAaTHBHUX MUISAXIB TOBXHUHU M, IO HIyTh Bia (hakTopa
Xi 10 akTopy X;j, BIAMOBIIHO;

napamMeTp ¢ OTHCYE CXWIBHICTh CyO'€KTa 10 BCTAHOBJICHHS B3a€MOJIil, mapamerp p
OTIMCYE TPUBAOIMBICTH 00 MOMYJISPHICTS,

6 — minpHICTH Tpada (oriHka — yncio pebep L),

£ — XapaKTepUCTUKA TCHICHIII MOJIENi 10 CAMETPUYIHOCTI JTiaj,

N — 3arampHe 4MCIIO BepuIuH rpad)a B MOMEHT Yacy t,

Z C, — cymapHe 4yKcIo 3B sI3KIB BepLIHH rpada B MOMeHT yacy t, f>0,

veV

I' — KUTbKICTh KOPUCTYBAYIB 3 IKUMU MO3KE MOAUTMTHCS TAaHUH KOPUCTYBay 1HPOPMAITIETO,

t — KopucTyBau Mepexi, SIKMi 3HaXOJUThCS HAa BU3HAYEHOMY BY3Ii, YHapHa eHeprii @ i
OiHapHa eHepris .

I{i 1B enepreTuyHi (PyHKIIT € AIICHUMU 1 HEBI'€MHUMH. YHapHa €Hepris BIANOBLIAE 3a
CXOXKICTh Mpodito B rpadi A i ioro npoekuii B B 3 Touku 30py nmosiB npodinis, a 6iHapHa eHepris
BI/INOBI/Ia€ 3a OJIM3BKICTh MK MPOEKIIIMU BEPIIUH V Ta U B rpadi B.

O6'ennaemo piBHsHHS (3) 1 (4) B cucTeMy pPIBHSHB!
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9z _ D. +DR+l +HL+(|5"._ Nij)/(lsij-i- Nij)+(0[+ﬂ+9+p)vi +

dt Nj Z X
i=1

s, (5)
+_vevN +t (r+1) " +EXP(D (Y, %)+ D W (Yer %))~ 1 (Cyp +Caa);

veV veu

dl
E=sz+(CV+CK)|-

3HaiiileMo CTalllOHapHy MO3MII0 CUCTEMH, IO OINUCYEThCS PIBHAHHAMU (5). YMOBH

cTarioHapHocTi dl = 0;3—1 =0. OTxe:

D, +DR+1 +nL+(F_)ij—Nij)/(F_)ij+Nij)+(a+ﬂ+9+p)vi +
Ni in
i=1
ZCvl

+%+t (r+1)’f +EXP(—Z(D()}V,xv)+Z\P(yv,xu))_|(Cd2+cdl);(6)

veV veu

Z,Z+(C,+Cy)1 =0.
3 Apyroro piBHSHHS CHCTEMH CIIIYE:

D. +DR+1 +nL+(|5ij—|<|ij)/(|5ij+Nij)+(a+ﬂ+0+p)v

ni Zl:Xi
=

I= +
(Cy, +Ca)
(7)
chl ¢
%+t (r+1) + EXP(—ZCD(yV,xV)+Z‘P(yV,xU)
+ veV Veu .
(Cao +Car)
Jlai 3 mepioro piBHSHHS CHCTEMH PIBHSIHB (6) 3HAXOUMO z.
D, + DR-l—l +ni+(|5ij— Nij)/(lsij-l‘ Nij)+(a+ﬂ+0+p)v
) ni X
Z,7- =1 +
(Ca2 +Cy1) ®)

zcvl
o (r+1) " +EXP(= Y @(3,x,)+ 2 W(¥,, X )(C, +C)

veV Veu — 0

(Coo +Co)

+
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D, +DR+1 +ni+(ﬁij—Nij)/('sij-i'Nij)+(a+ﬂ+9+p)vi

Nj X
i _ i=1 +
(Cd2 +Cd1)zp (9)
Cu
St (r +1) "+ EXP(=Y. @3, %)+ D ¥ (3, %, )(C, + C,)
+ veV veu
(CdZ +Cd1)zp

OTxe, yMOBH TO3UIIIT CTAIlIOHAPHOCTI cucTteMu: piBHAHHSA (7), (9).

Pesynbratu MmosgentoBanHs cuctemi (7), (9) BimoOpaxeHo Ha puc. 1.

X10

0.85 0.85

08 o8 Criermdiumi napameTpy Mepexi
KinpxicHiit napamertp iHgopmarii

Pucynok 1 - 3anexHicTh 3aXUCTy MEPCOHATBHUX JAHUX B CKIAA0BUX AJis piBHIHHSA (7), (9)

Bupimumo cucreMy piBHSHB (5) METOJIOM «MaJIMX BIAXUIICHbY

I =1+1;Z =Z+Z . Omxe, cucreMa piBHSIHb MPUAME BUTIISA;
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C(Ij—f:R+DR+Di+((xv+yv)—eX“*VV)+1+ al +(C,+C,),-(C,+C,)+

n

Nnj in

i=1

2.0 g (rea)

—(1+1)(Cy, +Cy,); 10)

_ N. -
+(Pi——2+Nij)+(a+B+0+p)V, -+

( ) F:;j J) (a ﬂ p) i N2 r—1
dl - -
E:Zp(Z+Z)+(CV+CK)([+[).

dl
E=(Cd1+CdZ)Z—(CV+CK)|;

Z—f:—l(Cd2+Ck)+R+DR+Di+((xv+yv)—eX“*VV)+%_+ni+(Cv+Ck)i-(Cv+Ck)+
i X.
=i (11)
C f
- N - Z vl
+(Pij—?i:+Nij)+(a+ﬂ+0+p)Vi—VE\I/\IZ ++ f (rrjll) -
~(1+1)(Cyz +Cu)(C, +C ), (C, +C,).
JudepeHniitoroun mepime piBHAHHS cuctemu (11) oTpumyemo:
d?l Ry £, X
F:—I(Cdﬁcdz)(zp+R+DR+Di+((xv+yv)—eu v)+H +—
i Xi
i=1
N, 28 (r41)
+(C, +C); (G, +C )+ (Pi——+Nij) +(a+ B+ 0+ p)V, - =——+ - (12)
P, N r-1
- dl
_(I‘"I)(Cdz+Cd1)(Cv+Ck))_(Cv+CK)E-
d’l di ey 1%
W+(CV+CK)E+(Cd1+Cd2)(Zp+R+DR+Di+((xv+yv)—e )+ﬁ-+”_+
i Xi
i=1
C f
- N, - Zvl ft (r+1
+(Cv+Ck)i'(CV+Ck)+(Pij—F”+Nij)+(d+ﬂ+9+p)vi—ve}l\lz ++ (r 1) - (13)

_(l_"' I)(Cdz + Cdl)(cv + Ck))] =0.

PiBHsiHHS (13) € pIBHAHHSAM TapMOHIYHOTO OCIHMJISATOPA 3 3aTyXal0u0l0 aMILIITY1010, JIe:
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(Coy +Cy )(Z, + R+ DR+ D, +((x, +yv)—eX“*yV)+1 +ni+
ni zxi
a)o = i=1 (14)
- N, - Z\;Cﬂ ft (r+1)"
+(Pi——+Njj)+(a++0+ p)V, - VENZ + =] )—-1(C,,+C,,)
ij -
N
(Cyy +Cy)(Z, +R+DR+D, +((x, + yv)—eX“*yV)+E + nX1 +(C,+C),-(C,+C )+
Ni in
= Z i=1
C f
- Ny - v ft (r+l - 2
+(Pi——=+Ni)+(a+f+0+p)V, -+ + (r+) )—(I+I)(Cd2+Cd1)—M
P N r-1
(15)
T-2% (16)
)
B= G +C) (17)
2
Po3B’s13aHHS PIBHSHHS TApMOHIYHOTO OCITWIISITOPA PO3MAIA€THCS Ha TPU BUIIAIKH.
1. f<a,: | = A, exp(—(Cch‘Jcos(a)tﬂpo).(lB)
2.8=w,: | = (A, +Bgt exp(—(CV+CKt) : (19)
3. > wy: 1 = Ayexp(=yit) + By exp(=y,t) , (20)

e

N =

(C,+C)’

1 —(Cdl+Cdz+Zp+R+DR+Di+((xv+yv)—ex“y")+1 +

Ni
2.Co

- N. -
Vo = BE| +22 +(Cv+Ck)i'(Cv+Ck)+(Pij_?”+Nij)+(a+,B+9+p)Vi—VE\I/\IZ +

n

S .,

i=1

M— (i+ 1(Cy, +Ca)(C, +C)

+
r-1

Ha puc. 2, 3, 4 HaBeIeHO 3aJ€KHOCTI MOKAa3HUKA3aXUILEHOCTI 1H(pOpMAIIHHOT cUCTEMH 3

ypaxyBaHHaAM yMoB (18), (19), (20).
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0.5
0.5

Finexicroni maparneTp ifd opriarni o o Crerprdicmn mapaneTPH Mep e

Pucynox 2 - 3anexHiCTh 3aXUCTY MePCOHATBHUX JaHUX 32 yMOBH (18)

0.6
0.4

0.2 0.2

Kinsaicemii nepanerp insdopmarii 0 o Criemndiuri napanmeTpn Mepesxi

PucyHok 3 - 3anexHicTh 3aXHCTY EPCOHATIBHUX JaHUX 32 yMOBH (19)

a5
x 101
. a
z
3
25
2 5
1 4 1.5
o 1
0.8
05

0.4

0.2 o~

o v} P— i
Kimsxi #t mapantetp i op: - Criernrditie MmapanieTPH Mep esfi

PucyHok 4 - 3alexHICTh 3aXHUCTY MEPCOHATBHUX TaHuX 32 ymoBH (20)
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PosrnsHyBIIM TpH BapiaHTH pO3B’sI3aHHS PIBHSIHHSA OJU3bKO CTALlIOHAPHOTO CTAaHY CUCTEMH,
MO>KHA HPUNATH 10 BUCHOBKY, I10, BUXOSYU 3 YMOB CIIBBIAHOIICHHS JMCUMIAIIII 1 BJIaCHOI YaCTOTH
KOJIMBaHb BEJMYMHHM, 3aracaHHs OCTaHHBOI JI0 TMEBHOTO 3HAYEHHS 3IIMCHIOETHCS MEpIOTUYHO, 3
3aTyXaluol aMIUTITy/010, a00 3a EKCHMOHCHIIAJhbHUM 3TacaloyuM 3aKOHOM. BukoHaemo OLTbII
HAOYHUI aHAI3 OBEAIHKA CHCTEMH, MIEPEHINIOBINH Bill qudepeHiiatbHol popmu piBHIHE (5, 6) 10
IMCKPETHOT 1 TPOMO/ICITIOBABIIH ACSKHIA IHTEPBAJ ICHYBaHHS CUCTEMH. A came:

In+1A; . :(Cdl+Cd2)Zn _(Cv +CK)I”);

Z ., —Z 4 1
0 =7 —(Cy +Cy I, —(Z, +R+DR+D, +((x, +V,)—e* yv)+H_+

At |
X N 2.Cu 21)
5 +(Cv+ck)i'(Cv+Ck)+(Pii—F”+Nij)+(0!+,3+6+p)Vi—VE‘I’\l +

n 2

2% !

i=1
—f
N ft (r+1)

—(I+1)(Cq, +Co1)(C, + C)(C, +CL,).

In+1 = In + (Cdl +Cd2)zn _(Cv +CK)In)At1

Z,,=2,+(Z,-1,(Cy,+Cy+Z, +(R+DR+D, +((xv+yv)—ex”yV)+% +

Z Cvl

+ nX1 +(CV+Ck)i-(CV+Ck)+(13ij—M+](fij)+(a+,8+6’+p)Vi—VEV —+ (22)
P. N
>x u
_f -
+M_ (14 1)(Cy, + Ce)(C, + C)(C, +C))AL.

Buxoasuniz ymMoBH cTarioHapHOi mo3uilii cucremu, ItaZ 6ynyrs nopisatoBatu 0.5 1a 0.5. Kpok
MO/IeTFOBaHHs puiiMemo 3a 0.1 a1 BCiX iTepaliiii MoefoBaHHs. Bennanau |Sp , ZSp B1JI00paXKaroTh
CTalllOHapH] 3HAYCHHs MapaMeTpiB, SKIIO Taki OynM AOCATHYTI 3a KiHIIeBe 4Mcio itepauii. [Jlami
MPOBEACMO IMITaIliiHE MOJIEIIOBAaHHSA JUIsl 3HA4YeHb B=ay, p=a, p>y3 BimxuiaeHHSIM Bix
cTanioHapHoi mo3uiii cuctemu (tadm. 1).

Taomuus 1
[TapameTpu MOeTIOBaHHS
Ne Z, I Z C, C,, C,, C, D R [TapameTpu
1 1 0,5 1 2 3 3 1 1 1 B = w,
2 1 0,5 1 0,6 1 1 0,6 1 1 B =,
3 1 0,5 1 6 1 1 6 0,5 1 B,
Ne X, Yo Yoz | D) V X pij Nj o [Tapamerpn
1 1 0,5 1 1000000 | 0,1 0,5 1 1 0,8 B = a,
2 1 0,5 1 1000000 | 0,1 1 1 1 0,8 B =,
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1 0,5 1 1000000 | 0,1 1 6 0,5 0,8 B o,
B ) P n C. N f r [Tapamerpu
0,5 0,2 0,5 1000000 |1 0,5 1 1 1 B =,
0,5 0,2 0,5 1000000 |1 0,5 1 1 1 B =,
0,5 0,2 0,5 1000000 |1 1 6 0,5 1 B o,
Bisyaaizauisi pesyabraris (puc. 5-7).
3
25 1
2
1,5
1
0,5
o
0,5 BO 100 120 140
-1
1,5
x01 02 x03 x12 x13

PrcyHOK 5 - 3aieHICTh IHTEHCHBHOCTI Ta 3aXUCTY JIAHUX BiJ KUTBKOCTI iTepalliid, JaHi
CKJIQJIOBHX B35TO 3 Ta0M. 1: [ < @,, depes i mo3HAYEHO KiIbKICTh iTeparriii

15

Z
-15

- -

Pucynoxk 6 - 3anexHICTh IHTEHCUBHOCTI Ta 3aXUCTY JAaHUX
Bix KinbKoOCTI iTepaiii: f = @,, Di=0,5

=
=]

zZ

T

] e ]

PucyHOK 7 - 3aJIeKHICTh IHTEHCHBHOCTI Ta 3aXUCTY JAQHUX Bijl KUILKOCTI iTepauiii: S > @,
Di=0,1
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Amnani3 rpadiuHuX 3aJ€KHOCTEH JIIHINHOI CUCTEMH pHC. 8 BKa3ye Ha HEMIHIMHICT CUCTEMH.
Sk Gaummo 3 aHamizy rpadikiB, KOeQillieHT 3aXUCTy COIiaJbHOI MEpeXi He NpuiiMae HyJIbOBI
3HA4YeHHs, 0 IUIKOM BiAnoBigae peanbHocTi. He Moke OyTH 3axuct iH(opmalii mpu BiACYyTHOCTI
noBipu 110 iHdopmarii, iHpopMallis y TaKOMy BHIAAKY MPOCTO ICHYE Ta HE MOTpidye 3axucty 00
KopHuCTyBauy iHpopMallis He noTpiOHa. baunumo, 1m0 koedimieHTH, K1 3ajieXxaTh Bill permyTamii Ha
0araTo MEHIII BIUTMBAIOTH Ha KOS(IIIEHT 3aXUCTY HDK KoeillieHTH, SIKi 3a7ekaTh Bix goBipu. Lle Tex
[[UIKOM BIAMOBIIa€ JIOTIYHOMY MHCJICHHIO, 00 mapamMeTp pemyraiii 00yMOBIIOE HEOOXiHY YMOBY,
asie He JocTaTHIO. JlocTaTHS yMOBa 3aJIeKUTh BiJl ITapaMeTpy OBipH.

TakuMm 4nHOM pe3yabTaTH MOJAEIIOBAHHS OCTaTOUYHO JOBEIH, 0 TOJIOBHUM apaMeTpOM SIKUN
BILIMBAE HA 3aXUCT iHOpMarii € mapamerp A0BipH. [HIII ciennivai mapaMeTpH ComianbHOT MEpexi
BIIMBAIOTh HA KOE(IIIEHT 3aXUCTY 3HAYHO MEHIIIE.

BucHoBkH. Y0CKOHATIEHO MaTEMaTHYHY MO/IEIb 3aXUCTY 1H(POpMaIlli B COLIAIBHOT MEPEXK1 B
3aJIeXKHOCTI B1A 11 crienupiyHUX napaMeTpiB.

[IpoBeneHo iMiramiiiHe MOJEIIOBaHHSA YIOCKOHAJNEHOI MOJeNi 3axucTy iHpopmauii y
colLllaIbHOI MEpeX1 B 3aJIeKHOCTI BiA 11 cienudiuHaux napamerpis. OTpumani rpadiuHi pe3yabTaTH,
SK1 B110OpakaroTh aKkTyaJlbHY KapTHHY 3axUCTy 1H(opmalii coliagbHOI MepeXl BijJ 30BHIIIHIX
BIUIMBIB. Pe3ynbTaTi MOJEMIOBaHHS TMOKa3aJd, IO KOEPIMIEHTH, sIK1 3aJIe)KaTh BiJ permyTailii Ha
6araTo MEHII BIUIMBAIOTh Ha KOE(QILIEHT 3aXUCTYy HDK KOE(IIeHTH, K1 3ayIexaTh Bif aoBipu. Lle
JIOBOJIUTb, 1110 TTApaMeTp PemyTallii IEXUTh B OCHOB1 HEOOXITHOT YMOBH, ajie He TOCTaTHRO1. B ocHOBI
JOCTaTHBOT YMOBHM JIeXKHUTHh JoBipa.OTpuMaHi pe3yiabTaTH MIATBEP/UKYIOTh  aJ€KBAaTHICTh
pO3pobIIeHOT MaTeMaTHYHOT MO/IENI 3aXUCTY 1H(MOPMAITi y COIaTbHOT MEepexi.

[Tomanpmnii poO3BUTOK 3allpONIOHOBAHOT MOJENI MOJSrae y OUIbIl JAeTalbHOMY pPO3TIISAl
criendiKu CoIiaIbHOT MEpEeXKH Ta MapaMeTpiB iHGOPMAIIHHOTO 3aXUCTY.
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THE METHOD OF CALCULATION OF PERSONAL DATA PROTECTION ON THE BASIS
OF A SET OF SPECIFIC PARAMETERS OF SOCIAL NETWORKS

In Ukraine, the right to protection of personal data is a constitutional guarantee, and the protection
of personal data is one of the areas in which such a guarantee should be implemented. The subject of our
research will not be objects in general, but dynamic systems of information protection in social networks in
the mathematical sense of the term. The study developed a linear mathematical model and conducted a
survey of the model of protection of personal data from a set of specific network parameters and the intensity
of data transmission in social networks.

Dependencies are considered: the amount of information flow in the social network from the
components of information protection, personal data, and data flow rate; security of the system from the
size of the system and from the amount of personal data; information security threats from a set of specific
network parameters.A system of linear equations is obtained, which consists of the equation: rate of change
of information flow from social network security and coefficients that reflect the impact of security
measures, amount of personal data, leakage rate, changes in information protection from a set of specific
network parameters, its size, personal data protection As a result of solving the system of differential
equations, mathematical and graphical dependences of the indicator of personal data protection in the
social network on various components are obtained. Considering three options for solving the equation near
the steady-state of the system, we can conclude that, based on the conditions of the ratio of dissipation and
natural frequency, the attenuation of the latter to a specific value is carried out periodically, with
attenuation: amplitude, or exponentially fading law. A more visual analysis of the system behavior is
performed, moving from the differential form of equations to the discrete one and modeling some interval
of the system's existence.

Mathematical and graphical dependences of the frequency of natural oscillations of the system, the
period of oscillations, and the attenuation coefficient are presented. Simulation modeling for values with
deviation from the stationary position of the system is performed. As a result of the simulation, it is proved
that the social network protection system is nonlinear.

Keywords: social network, information flow, trust, reputation, modeling, protection factor, security,
information protection.
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MATEMATHUYHI ®YHKINIOHAJIBHO-CTATUCTUYHI MOJEJII OB’€EKTIB
KOHTPOJIIO I YITPABJITHHSA

Cmammsa npucesauena po3pooyi mamemMamuyHux @OYHKUYIOHATbHO-CMAMUCMUYHUX MoOoenell
00°ckmie KOHmMpONI0 i YnpaeniHHA, 30IHUCHIOEMbCA AHANI3 OUepeHUiliHuUX cucmem piGHAHb, AKI
GU3HAUAIOMBCA 3A 0ONOMOZO0I0 MAKUX MEmOO0ie: Memoo OupepeHyiiinux pieHAHb, MeMoo KEa3iniHillHUX
pienans, memoo Moume-Kapno.llpu po3pooyi mamemamuunoi (hyHKyionanibHo-cmamucmuiunoi mooeni
8pPAxX08YEMBCA HIe, W0 MePedca AK 00'cKm YynpasninHa Modxce CKIA0amucsa 3 CUCHeM 6CINAKUX KNacie i
euodie. I[i cucmemu morcymo Oymu agmoHOMHUMU | HEAGMOHOMHUMU, 3AMKHYMUMU | POIMKHEHUMU,
cmauionapuumu i HecmayioHapuumu, HenepepeHumu i ouckpemuumu. Tomy o0na nobdyoosu
MamemMamuyHoi QYHKYIOHATbHO CmamucmuyHiii mooeni HeoOXiOHO UKOPUCHO8Yyeamu O0CUNLb
3a2anbHULL MAMEMAMUYHUI anapam, AKUI npu 6i0NOGIOHUX 3MIHAX MOdXce OyMU ROWLUPEHUTL HA OKpemi
eunaoxku. Kpim mozo, npu nooyoosi mamemamuunoi yynkuionanbHo-cmamucmuinoi mooeni 0o'ekmy
HeoO0XiOHO maKodc Mamu yagy HPO OCHO6HI Kpumepii, 3a AKUMU GUKOHYEMbCA ORMUMIZAYIA
Xapakmepucmuk npouyecy KOHmposio i ynpaeninua./[o yux kpumepiie nepui 3a éce ioHOCAMbCA: Hdc,
HeoOXiOHUIl 01 6UKOHAHHA NpoUecy 6 yinomy i 020 CK1a008Ux; iMogipHicmb 6e36i0M068HOT pobomu;
imMosipHicmb 6UKOHAHHA 3A80AHH PIZHUMU MEPEHCHUMU eTlEMEHMAMU, W0 6X0051Mb 8 00 'cKm, | 00'cKmom
6 uyinomy; imMogipHicmb HOMUNKU; 3ampumMKa nepeoaui ingopmauii, w0 ynpaensac; Koegiyicnm
20MOBHOCHI; 8i0COMOK 6mpamu nAKemie; MOUHICMb POOOMU PIZHUX CK1A008UX IH(opmauiiinoi mepeinci
(6enuuuna @ioXunenHa napamempié 6i0 HOPMU); GaApMICHb, CHOMCUGAHA eHepzia [ IHw eaxcauei
nOKa3HuKu.

IIposooumuvca ananiz ma nodyoosa cucmemu pieHaHb, AKA 0036071€ GUIHAYUMU QYHKUIOHATbHUTL
cman 00'ekmy, KOMRneKc Cucmemu KOHMPOaIo i GUKOHAmMU OUiHI08anHA il ehexmuenocmi. Ile 0o36onumep
0e3nocepeonvo UHAYUMU UMOBIPHICHI NOABU NOCHMYNOBUX 8IOMO8 cUCHEM 00’€Kma AK Y 36UYAIHOMY
pedxcumi, max i 6 ymMoeax 6UHUKHEHHA KPU3060i cumyayii, moomo mMakcuMaibHux Haganmasycens. /lna
KOHmpONI0 i yRpaeiinHA Modxce Oymu 0yOb-aKe YCHMAMKYGAHHA, A MAKOMC 6CA MeEpedca 8 UiNoM).
Kpumepiamu onmumanvnoi pobomu cucmemu ynpasiiHHa € ii npooykmuenicms i Hadilinicmb, AKi
GU3HAYUAIOMBCA KOHKPEMHUMU NOKA3HUKAMU OUWIHKU (HAnpukiad, 4acom peaxyii, Koegiyicnmom
nOMUIIOK, eapmicmio cucmemu mouio). Lli napamempu, wio npamo abo nobiuno eniuearoms Ha Kpumepii
ONMUMATILHOCH, MOXMCYMb 8APIIO6AMUCA 3 MEMOI0 NiOBUUIEHHA NOKA3HUKIE ehexmuenocmi pobomu
cucmemu ynpasiiHHA.

Kntouoei cnosa: npouec ynpaeninHa, KOHMPOIb Mepexdcerd, MamemMamuyni QYHKUioHa1bHO-
cmamucmuyni mooei, ingpopmauyiitna mooeins.

Beryn. Ha chorogni B yMoBax IOCTIHHOTO PO3BUTKY TOCIYT 3B’S3KYy 3aMOBHUKIB
iH(OpMAIIHHUX MEpeX CIeMiaJlbHOIO TPU3HAYEHHS HacaMmIepena IKaBATh SKICHI 1 KUIbKICHI
MOKA3HUKH X Mepex. J[ist 3a0e3neueHHs] BUCOKOSKICHOTO 0OCIyrOBYBaHHS AOOHEHTIB B YMOBax
BIIPOBA/IXKEHHS HOBITHIX TEXHOJIOTIUYHUX PIlIEHB Y I[1if ramy3i i A7 HajaHHs iHGOopMaliifHUX TOCIyT
Mae OyTH CTBOpEHA CHUCTeMa YIpaBIiHHS, KA JACTh MOKJIUBICTh MPOBOJAUTH MOHITOPHHT 1 IIBUIKE
BIJIHOBJICHHSI MEPEXEBUX €JIEMEHTIB KEPYBaHHS, IMOTOKY Ta POOOTH IS MIATPUMKH MEPEKEBOTO
3B'SI3KYy; 3aBYaCHO BIJHAXOJWUTH ¥ YyCyBaTH HECHpPAaBHOCTI Ta 3abe3meuyBaTH OIEpaTHUBHE
MIAKTIOYEHHS CTIOKUBaviB HOBUX Nocayr. Came Bif opraHizailii ynpaBiiHHS 3aJI€KUTh O€3MEeUHICTh
Ta KOHKYPEHTHA CIIPOMOXKHICTh MEpexKi.

ITocTanoBka npodaemu. [IpeameToM nepeBipku i ynpasiaiHHS iHPOpMaLiitHOT Mepexi, MOXKe
OyTH Bce OCHAIICHHS, a TaKOXK B LUIOMY BCs Mepexka. Bi3bMeMo /10 yBaru BaKIUBUNA MOMEHT —
Mepeka BHU3HAYAEThCSA CKIATHOK CHUCTEMOIO, sKa Oe3MocCepefHbO MiUISrae YIpaBIiHHIO, a
BIJIMOBIIHO CKJIAJHICTH MPOIIECY KOHTPOIIO 1 YIPABIIHHS CTa€ CKIaaHICTIO 00’ekTiB. JlocminuBiim
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CKJIQJIHICTh BCHOTO IPOIIECY KOHTPOJIIO 1 YIIPaBIiHHS, BCTAHOBJICHO, IO IIEH MpoIeC B OCHOBHOMY
0OYMOBITIOETBCS CKJIAIHICTIO 00’ €KTIB.

MeTto10 cTaTTi € po3podKka MaTeMaTHYHUX (PYHKITIOHAIBHO-CTATUCTUYHUX MOJIeNIei 00’ €KTiB
YIIPaBIIiHHS 1 KOHTPOJIIO.

Bukiaa ocHoBHOro martepiaay gociimxkenHs. [1in yac qociiukeHHs JUII MaTeMaTHYHOTO
OTHCY CHCTEMH YIPABIIHHS PO3TISHYTO (DYHKIIOHAIBHO-CTATUCTHYHI MOJEII, SIKi JO3BOJISIOTH
BU3HAYUTH HMOBIPHICHI XapaKTEPUCTUKHU IHPOpPMAIIHHOT Mepexi K 00’ €KTa ynpaBIliHHS.

3anpornoHoBaHa MOJENb JIO3BOJIUTH O€3M0CepeHhO0 BH3HAYMTH HMOBIPHICHI TOSBU
MOCTYIOBUX BiIMOB CHCTEM 00’ €KTa SIK Y 3BUYAHHOMY PEXKHUMi, TaK 1 B yMOBaX BUHUKHEHHS KPH30BO1
cHuTyaii, TOOTO MaKCUMaIbHUX HaBaHTaxeHb. O0’€KTOM KOHTPOJIIO 1 YIIpaBIiHHA MOKe OyTH Oyib-
SIKE YCTATKyBaHHS, a TAKOXX BCS MEPEKa B IIJIOMY.

Otxe, s onucy (QyHKIIIOHYBaHHS 00’€kTa Oyno oOpaHO MaTeMaTWYHY MOJIEIb CHUCTEMHU
pa3oM i3 00’€KTUBHHMHU Ta BUIIAJKOBUMHU IISIMH, SIKI YNPABJISIOTHCS CUTHAJIAMU KOHTPOJIIO, SIKI
BIUIMBAIOTh HA PI3HI BHUIMAJKOBI MEPENTKOIN — 30BHIIIHI 30ypeHHs, 10 JIFOTh Ha 00'€KT, a TaKOXK
JsIMH, SIKI B1IOYBalOTbCA 13 CEpEeMHU Ta BIUIMBAIOTh HAa PI3HOMAHITHI (YHKIIOHAIbHI OJOKH
CUCTEMH YIPABJIIHHS, a 11€ JO3BOJISI€ OTPUMYBATH MPAKTUYHO BAKJIMBI pE3yJIbTATH.

Ha ocHoBi ananmizy o0paHoi mozeni MoKHa CGOPMYIIOBAaTH OCHOBHI 3aBJaHHS, IO
BUPIIIYIOTBCS aBTOMAaTHYHOIO CHCTEMOIO KOHTPOJIIO 1 YIPaBIiHHS, a TaK0X CHHTE3YBaTH
ONTUMAJIbHY CUCTEMY YIPABIIIHHS MEpeXer0, BU3HAUAIOUU MIpy aBTOMAaTH3allii Ta 1i €peKTUBHICTb.

BaxnuBoro mnpoOiemMoro ymnpaBiaiHHS 1HQOPMAIIiHOIO MEpEeXer B KPU30BUX CHUTYAIlsIX €
npo0ieMa HEMOKJIMBOCTI OMNEPATHBHOTO OTpUMaHHS 1H(opmarlii, 31iiiCHEHHS Oe3nepepBHOTO
OoOMIHY cremiaibHOI IHGOpMAIlEID 13 3aJJaHUMH  TIOKa3HUKaMU SIKOCTI 1 (DaKTHIHUMU
MOXJIMBOCTSIMM HasiBHOI 1HQOpMAaIHOI Mepexi, MBHUIKOro (OpPMYyBaHHS aNrOpUTMy [Iii B
YCKJIQJHEHUX CUTYaIlIsIX, sIKI BAHUKAaTUMYTh Ha 00’ €KTaX, JJIs 3an00IraHHs HETaTUBHUM HaCI1IKaM
PI3HOTO TIOXOKECHHS.

O0’€KTOM KOHTPOJTIO SIBJSETHCS KOMILIEKC CKIATHUX a00 MPOCTUX CTAaTUYHHUX 1 TUHAMIYHHUX
CHCTEM, a TAKOXK CJICMEHTIB.

[Ipu xoHTpOi 1 ynpaBniHHI QyHKIIIOHYBaHHS 00'€KTY MOKHA PO3IIISAIATH K OaraToBUMIPHY
JUHAMIYHY CUCTEMY, LII0 BKIIIOYAa€ aBTOMATU30BaH1 CUCTEMHU YIIPABIIIHHS, SIK HABEJICHO Ha pHc. 1.

20V peHHT

Eepyrounil EIUTHE napaMeTpH GVHEIIOHYEAHHA CHCTEMH

0o eET

E—

HeoOXLIHO EoHTpOMOEST)

e | Bbroxxepyeanus Baox ananiy
EIIXHIEHE

* JomoMIsHE] TEpaMeTPH, AE1

JHAUCHHA MapaMeTpis,
33 AEHMH Mae
YHEIOHYEATH CHCTEMA

Pucynox 1 — CtpykTypHa cxema CUCTEMH YIpaBIiHHA 0araToBUMIpHOIO TUHAMIYHOIO
CHCTEMOIO

[TapameTpu OaraToBHUMIpHOTO OO’€KTy, CHCTEM 1 OJOKIB — BEJIWYMHH, (YHKIIOHAIbHI
3aJIe)KHOCTI abo omeparopu, 10 € MIPOI0 SKOCTI 00 €KTYy 1 XapaKTepU3yIOTh 3JaTHICTh 00 €KTa
BUKOHYBATH 3a/1aHi (pyHKIiT ypaBIiHHS.
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Cran 00’ekta, SKUH NPU3BOMUTH [0 TMOPYIICHHS KOHTPONIO W YHpaBiiHHA 00’€KTOM
(30ypeHHsI), MOXKHA ONHUCATH 33 JIONOMOTOI0 CHCTEMH pIBHSHb, IO € MaTeMaTHYHOIO
GbyHKIIOHATBLHOO MoeIio [1]:

L My, (t, <, Q) ‘X, = F(t,7,X,2) (1)
ne X — BUNaAKOBa (DYHKITIS Yacy, sSKa XapaKTepu3ye BUXiAHI mapaMeTpu 00’ e€KTa;
Z — BumaaKoBa (QYHKIIIS 4acy, siIka XapaKTepH3ye 30BHIIIHI Ta BHYTPIIIHI CTaHU 00’ €KTa i
YIIpaBITIHHSA TiH;
F; — weniniiina ¢pyHKIig 9acy;

d :
M, (t, T, Q)— MHOTOWIEH onepaTopa JuQepeHIIiFOBaHHS;

t — II0TOYHE 3HAUECHHS Jacy,
T — MOMEHT 4acy.

Jlana cucrema piBHAHb 37JaTHa ONWUCYBaTH IUHAMIYHUNA CTaH 00’€KTa, SIKUN KEpPYEThCS
aBTOMAaTU30BAHUMHU CUCTEMAaMHU YIPaBIIIHHS.

30ypeHHs1, o Ai€ Ha 00'€EKT 3a TUM CaAMHM KaHAJIOM, 1110 ¥ PeryJIIOI0UNid BIJIUB, HA3UBAETHCSA
BHYTpIIIHIM, a00 OCHOBHUM. [HIII 30ypeHHS Ha3MBAaIOTHCS 30BHIMHIMH. Y MEXKaxX HEBEITUKUX
BIIXWJIEHb LIMX BEJIWYHH MPOMHUCIOBI O0’€KTH PETYIIOBAHHS MOXYTbh PO3IJIAJATHCS SK JIHIMHI
cuctemu [2].

BuytpimHi 30ypeHHsT po3auIioTbes Ha mHpsMi 1 Henpsmi 30ypeHHs. Ilpsimi 30ypeHHs —
30ypeHHs, Ha sIKi J1IF0Th KaHaJIu nepeaadi iHdopmarii.

Henpsmi 30ypeHHss — 30ypeHHs, sKI BIUIMBAIOTh HA BHUXIAHI MapaMeTpd 3a YMOBH 3MIHH
MEpEeKEeBHUX MapaMeTpiB.

JluHaMi4yHy CUCTEMY, SIKa 3HAXOAMUTHCS Mij BIIMBOM CUTHAJIIB, a TAKOK CTaHIB CUCTEMH, SKi
CIPUYMHSAIOTh BTPYYaHHs Yy CHCTEMY, MOKHA BU3HAYUTH 3a BUXIIHUMH IapaMeTpaMU, BEKTOPOM-
OIepaTopoM AMHAMIYHOT CHUCTEMH, SIKMM 3aJaHUH JAEIKMMHU MaTeMaTHYHMMHU OIEepalisiMh —
Alt, 7z, X, Z, Q) abo mesKuMU JHIHHUMH 1 HEMHIHHUME TUepeHIIIHHUME piBHIHHIMHE (1).

3aBAsSKH PI3BHOMAHITHUM [iIM 1 30ypeHHSIM BHUXITHUMH TapaMeTpamMu 00’€KTa € BHUIIAIKOBI
¢dbyHKIIT yacy.

V 3B'13Ky 3 BUITaIKOBUM XapaKTepOM PI3HHX JIii 1 30ypeHb BUXIiJIHI TapaMeTpH, 00'€KTy OYIyTh
TaKOX BUMAJIKOBUMH (PYHKI[ISIMH 4acy.

KoxHiil rpyni HoMiHaIBHUX YMOB 1IpU t =17, X5, Xoms So1s -+ §ox » HOMIHAIBHOT OOMACTI

Go BigmoBigae cBOe HOMiHAIbHE BUpiIeHHs cuctemMu (3.1):
Xoi = Pojj (zo, 7, Xos Zy) (2)

Koxwniii rpyni peanbHuXx yMOB B MoOMeHT dacyt=r7,, X, X,, &, ..., §, peajgbHOL

o6mactiG1BignoBigae cBoe peanbHe BupimieHHs cucreMu (3.1):
X =@z, 7, X, 2Z). 3

Cucremy piBHSHb 32 YMCJIOM HEIIHIMHUX ONEPATOPIB 1 BUXITHUX MapaMeTpiB IPEACTaBUMO y
BUIJISIII M OKPEMHUX pIBHSHB. YSBUMO, IO YHCIO BHUXITHUX MapaMeTpiB AOPIBHIOE YHUCIY
oIeparTopiB, IPOTE 3a IETKUMHU 03HaKaMu orepaTopiB Moxke Oytu Oubiie . [l v-2o mapamerpa (1)
nacye piBHIHHSIM:

d
Mi(t, T, a, Q)Xi = F| (t, T, Xg, Z) (4)

O06’exTaM, sIK1 peai3oByIOTh (DYHKIIIIO YIPaBIIHHS MaplIpyTy B MEpEXi, Ika Ma€ KOMYTaIlil0
MaKeTiB, YUCJIO MapaMeTpiB Ha BUXOJ1 MOXe JOpiBHIOBATH ab0 OyTH OLTBIINM, MOXKHA 3alUcaTu y
BUTJISI/TI PIBHSHHS:

d

4 Q)X =F(t 7, —, Z,); (5)

M't! H
it 7 dt dt
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Mo 7 o QX = Filt 7 o 2,); 6)

d
dt’
d

d
M, r, a’ Q)X =F,(t, 7, a’ Z,). (7)

Cucrema piBHSIHB, 32 JOTIOMOTOIO SIKMX MOJKHA OIKMCATH KOCQIIIEHT Tepenadi MepekHOTO
eJIEMeHTa!

d d .
Mv(t’ T’ a’ Qv)xv = Fv(t’ T’ a’ Zv) 1 (8)
d d .
My/(t, T, a, QW)XV/ = F‘//(t’ T, a, ZW)’ (8)
d d
M(p(t, T, a, Q(/,)X(p = ng(t, T, a, Zlﬂ) (10)

SIKmo po3risHyTH (PYHKIIOHYBAHHSI MEPEXEBOro OOJIaJHAHHS, TO BIAXWUJIEHHS BiJ HOPMHU €
HEBEJIMKUMU 32 3a3HAYCHHSMH 1 Mai’ke HE BIUTMBAIOTh HA POOOTY Mepexk1. 3BaKarouM Ha IIe M1 4ac
PO3IIIsAay 3a3HAUYEHUX PIBHSIHD, sIKI 0€3M10CEPEHbO XapaKTepU3yIOTh (QYHKIIIOHYBAaHHS MEPEKEBOTO
oOnasHaHHA, aMIUTITYJHO-YaCTOTHUMHU XapaKTepUCTUKaMU MOKHa He OpaTH 10 yBaru. 3azBudYaii
TakKe BIIXMICHHS KaHATy KOMIIEHCYEThCS KOPEKTOPOM CHUTHAIY.

PerynboBani napamerpu MOXyTh OyTH 3aJIeXKHUMH Ta He3anekHUMU. [Ipu dyHKIIOHYBaHH1
MEpPEXKHOTO eJIEeMEeHTa, Ui TPWIaLy, SKIO0 PO3MIISAIATH MOJEM, 3a3BHYail BBAXKAETHCS, IO
BIIXWUJIEHHS TapaMeTpiB Bi HOPMHU BiAOYyBalOTbCS 3 BIIHOCHO BEJIMKOIO 4YacTOTOIO, ajie €
HEBEJIMKUMU 3a 3HAaYEHHSIM 1 MaJIO BIUIMBAIOThH Ha Mpalre3aTHICTh MEpexi.

ToMy mpu ckiiaaHH1 Ta aHali31 pIBHSIHb, 10 XapaKTepU3YIOTh (PYHKIIIOHYBaHHS MEPEKHOTO
enemenTa ADOYX kanamy MmokHa 3HEXTyBaTH. Kpim Toro, Y 3araasHOMY BUMAAKY BigxuieHHS ADYUYX
KaHAJIy KOMIICHCYEThCS aJalTUBHUM KOPEKTOpoM abo BiactuBicTiO iH(papianTHOcTI OFDM
CUTHAIYy.

TakuMm 4MHOM, B JESIKUX OKPEMHUX BUIAIKaX MOKHA PO3TJISAAaTH PIBHAHHA (QYHKI[IOHYBaHHS
00'ekTa MO OJHOMY 3 PETYJbOBAaHUX BHUXIIHUX TMapameTpiB (HApHUKJIAI, WMOBIPHOCTI MOMHMIIKH)
HE3JIC)KHO BiJ] IHIIMX MapaMeTpiB.

IIpn koHTponi oO0'ekTa CHCTEMHU pETYIIOBaHHS OKPEMUX MapaMeTpiB MOXYTh OyTH
PO3IMKHEHUMH, 1 TOJI B 3aJIEXKHOCTI BiJl 0OpPaHOTO KPUTEPIIO OIIHKK TOTOBHOCTI CHCTEM aHAJI3 1
CHUHTE3 CUCTEMH KOHTPOJIIO Ta YIPABIIHHS MOXKYTh 3HAYHO CIIPOCTUTHUCSL.

AHayi3 piBHSIHHS 00YpPEHOTo CTaHy 00'€KTa B Ipoliecax KOHTPOJIIO Ta YIPABIIHHS J03BOJISE
BU3HAYUTH (PYHKIIIOHAJILHUM CTaH 00'€KTa, CHHTE3 CHCTEMH KOHTPOJIIO Ta OI[IHKH i1 €(EKTUBHOCTI.
OpHak OUTBII TOBHOIO XapaKTEPUCTUKOIO CTATHYHOTO 1 IMHAMIYHOTO CTaHy 00'€KTa € HMOBIPHICHUM
OTIHC 3a IOTIOMOTO0 3aKOHIB PO3MOALTY HMOBIPHOCTEH 3HAYEHDb [TapaMeTpiB 1 BEKTOPIB-0NEPATOPIB.

3anpomoHOBaHa MOJENb JI03BOJIUTh 0OE3MOCEPEHbO BHU3HAYUTH MMOBIPHICHI TMOSIBU
MOCTYIOBHUX BIIMOB CUCTEM 00 €KTa SIK Y 3BUMaHOMY PEXXHMi, TaK 1 B yMOBaX BUHUKHEHHS KPU30BO1
cuTyalii, TOOTO MakCHUMalbHUX HaBaHTaxeHb. O0’€KTOM KOHTPOJIIO 1 YIIpaBIiHHSA MOXe OyTH OyIb-
SIK€ YCTaTKyBaHHSI, a TAKOXK BCSI MEPEKa B LILIOMY.

3 MeTOI TEepeBIpKM  JOCTOBIPHOCTI TEOPETUYHHX BHUCHOBKIB Oyau  MpOBeICHI
eKCIIEPUMEHTAaJbHI TOCIIHKEHHS] CHCTEMHU, Pe3y/IbTaTH HaBeleHi B Ta0m. 1.

BuxinmHumu JaHUMH U1 pO3PaxyHKY € BIIOMOCTI PO HACTYIHI MTapaMeTpu:

1. o6'ext ympaBniHHS Ta HOro mapameTpu;

2. BIAXWJICHHS MapaMeTpiB 00'€KTy BiJ] 3BUYAafHUX 3HAUECHb;

3. KUTBKICTh Ta TUIH KOPENSIIHHUX 3B'SI3KIB;

VY KO)XKHOMY BHUIIQJIKy IIpy 0OpaHHI 00'€KTY yNpaBIiHHSA Ta iXHIX MapaMeTpiB, 10 BUXOJATH 3
noTpiOHOT TOUHOCTI po3paxyHKiB Ta motped CV.

Po3paxyHok 3a po3poOJIeHOI0 METOAMKOI BUKOHAHHWHM Ha MPUKIAIl 13 JaHUMH 00'€KTamMu
ynpasiiHHsa: nupposum MTC, cioyxGamu mepenadi JaHUX 3 MPOTOKOJIOM; CIyXO0aMu mepenayi
naHux 3a mporokosioM IP; ycranoBuo-BupoOHumunmMu ATC; mMiHIAHUMHU TpaKTaMu; CHCTEMaMHU
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nepeaayi 3 YaCTOTHUM PO3MOJIOM KaHaJIiB; CUCTEMaMU Iepeaadi 3 YaCOBUM PO3MOLIIOM KaHAJIB;
MEpPEXHUMHU TpaKTaMH (NIEPBUHHI, BTOPUHHI, TPETHHHI); JIHIIMU Tepeiayi.

Jlari mapaMeTpu OTpUMaHHI i3 aHANI3yBaHHS HOPMATHUBHOI Ta TEXHIYHOT JOKYMEHTAIil JUIs
BUKOPUCTaHHS MEPEKI.

Tabmuns 1
PesynpTaTi eKCiepuMEeHTaIbHHUX JTOCITIHKEHb
Ne Kinbkicts iHdopmartii Burpaiu 3 npomyckHoi
napamerpa CIIPOMOKHOCTI
YIpaBITiHHS
oes ypaxybanii 3 ypa.)fyBaHHﬂ,M ) (gac peakiii cuctemMu =
KopeJ}auanHHx KOPEJSIIHHUX 3B S3KIB 250 mc)
3B’S3KIB

1 7275,52 7275,52

2 8027,29 7224,56 3211

3 7041,56 5633,25 5633

4 8258,10 5780,67 9910

5 7767,20 4660,32 12428

6 7881,99 3940,99 15764

7 7519,31 7519,31

8 7232,99 6509,69 2893

9 6539,39 5231,51 5232

10 7931,05 5551,73 9517

11 7625,93 4575,56 12201

12 6931,12 3465,56 13862

13 7389,62 7389,62

14 7968,35 7171,52 3187

15 7232,99 5786,39 5786

16 7232,99 5063,09 8680

17 7232,99 4339,79 11573

18 7232,99 3616,49 14466

19 7238,42 7238,42

20 7310,67 6579,61 2924

21 7425,36 5940,29 5940

[IpakTuHa IIHHICTH 3a0€3MEUYETHCS MOJKIMBICTIO BpaxXyBaHHS €MHOCTI YIPaBIISIFOYOT
iHpopMarllii 3 TeperikoM BHMOI J0 TOYHOCTI TMapaMeTpiB OCHOBHOI Mepexi. Taka oIliHKa
BHU3HAYAETHCS TUCIEPCIEI0 BIAXUICHHS BiJl MaTeMaTUYHOTO OYiKyBaHHS. YuM OUIbIII BUMOTH O
TOYHOCTI MapaMmeTpiB YHpaBisAlO4Yoi Mepexi, TUM OuIblIa MOTpiOHA €MHICTh YHPABIAIOUO]
iHbOopMaIii.

BucHoBkn. Buxossiuu 3 aHanizy, MOKHA JTIMTH BUCHOBKY, IO JUIS TOOYJAOBUA MareMaTHYHOT
(YHKIIOHAJTbHO-CTATUCTUYHOT ~ MOJIeNi  HEOOXiAHO  BHUKOPUCTOBYBAaTH JIOCUTh  3arajibHUMN
MaTeMaTUYHUN amapar, SKMi 3a yMOBH BIANOBIAHUX 3MIH MOXe OyTH NOUIMPEHMH Ha OKpeMi
Bunagku. KpiMm Toro, ans moOyaoBu MaTeMaTHUHOT ()YHKI[IOHAEHO-CTATUCTUYHOT MOJIEN1 00’ €KTY
HEOOXIJJTHO TaKOX MaTH YsBJIEHHS IpPO OCHOBHI KpHUTEpii, 3a SKUMHU BUKOHYETbCS ONTUMI3allis
XapaKTEPUCTUK MPOIIECY KOHTPOJIIO 1 yIPaBITiHHS, Cepel IKUX € HacTymHi [3]:

— 4ac, MOTPiOHMI 17151 BUKOHAHHS 3arajbHOTO MPOIIECY Ta HOT0 CKIAJ0BHX;

— HMOBIpHICTh 0€3BIAMOBHOI POOOTH;

— WMOBIPHICTh BUKOHAHHS 3aBIaHHS DPI3HUM MEPEKEBUM OOJIaJHAHHIM, SKE€ BXOAATH B

— HMOBIpPHICTb MOMMJIKY;
— 3aTpUMKa nepenadi iHpopmarii o0 yIpaBiIiHHS;

73



— KOe(]iIieHT TOTOBHOCTI;

— BIJCOTOK BTpaTH MAaKEeTiB; TOYHICTh POOOTH PI3HUX CKJIQAOBUX iH(pOpMAIIfHOT Mepexi
(BemmMuMHA BIIXWUJICHHS ApaMETPIB BiJl HOPMHU);

— BapTICTh TOIIO.

Ananizyrouu piBHAHHS 30ypeHOTr0 CTaHy 00 €KTa B MPOIECAX KOHTPOJIIO 1 YIIPaBIIiHHS, MOXKHA
BU3HAYUTH (QYHKI[IOHATBHUN CTaH 00’ €KTa, CHHTE3 CHCTEMH KOHTPOJIIO 1 OIIHKH 11 €()eKTUBHOCTI.

PerynpoBani mapameTpu MOXXyTh OyTH SIK 3aJI)KHUMH, Tak 1 He3aluekHuMH. [lpu KoHTpoOITi
00'€KTy CHCTEMH pETYJIIOBaHHS OKPEMHX HapaMeTpiB MOXYTh BHSBHTHUCS PO3IMKHEHHMH, 1 TOAI
3aJIe)KHO BiJ] BUOPAHOTO KPUTEPIO OI[IHKK TOTOBHOCTI CHCTEM aHAJI3 1 CHHTE3 CUCTEMH KOHTPOJIIO 1
YIPaBIIHHSA MOXYTh 3HAYHO CIIPOCTUTHUCSL.

Pesynmpratn MOXyTh OyTH BHKOpHCTaHi sl MOOyJOBH MaTeMaTH4YHOi (yHKIIOHAJIBHO-
CTATUCTUYHOT MOJETI.
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Trofymchuk V.M., Doctor of Technical Sciences Stepanov M.M., PhD Ghirov G.B.
MATHEMATICAL FUNCTIONAL-STATISTICAL MODELS OF OBJECTS OF CONTROL
AND MANAGEMENT

The article is devoted to the development of mathematical functional and statistical models of objects
of control and management, analysis of differential systems of equations, which are determined using the
following methods: method of differential equations, quasilinear equations, Monte Carlo method. When
developing a mathematical functional-statistical model, it is taken into account that the network as an object
of control can consist of systems of various classes and types. These systems can be autonomous and non-
autonomous, closed and open, stationary and non-stationary, continuous and discrete. Therefore, to build
a mathematical functional statistical model, it is necessary to use a fairly general mathematical apparatus,
which with appropriate changes can be extended to individual cases. In addition, when building a
mathematical functional and statistical model of the object, it is also necessary to have an idea of the main
criteria by which the optimization of the characteristics of the control and management process.These
criteria primarily include: the time required to complete the process as a whole and its components;
probability of trouble-free operation; the probability of performing the task by various network elements
included in the object, and the object as a whole; probability of error; delay in the transmission of control
information; readiness factor; packet loss percentage; accuracy of work of various components of an
infocommunication network (size of deviation of parameters from norm); cost, energy consumption and
other important indicators.

The analysis and construction of the system of equations is carried out, which allows to determine
the functional state of the object, the complex of the control system and to evaluate its efficiency. This will
directly determine the probability of gradual failures of the object's systems both in normal mode and in the
event of a crisis situation, maximum loads. For control and management can be any equipment, as well as
the entire network as a whole. Criteria for optimal operation of the control system are its performance and
reliability, which are determined by specific evaluation indicators (response time, error rate, system cost,
etc.). These parameters, which directly or indirectly affect the criteria of optimality, can be varied in order
to improve the efficiency of the control system.

Keywords: management process, network control, mathematical functional and statistical models,
information model.

75



Collection of Scientific Papers of Military Institute of Taras Shevchenko National University of Kyiv
ISSN-252400056
(76)2022

http://miljournals.knu.ua/
DOI: https://doi.ora/10.17721/2519-481X/2022/76-07

TEXHIYHI HAYKHA
(opopmuteni 3a Bumororo Web of Science Ta Scopus)

UDK 531:535 Oksana Banzak
Doctor of Technical Science, Professor

State University of Intelligent Technologies and Communications (Odessa, Ukraine)
Serhii Lienkov

Doctor of Technical Science, Professor

Military Institute of Taras Shevchenko National University of Kyiv (Kyiv, Ukraine)
Oleksandr Sieliukov

Doctor of Technical Science, Professor

Kyiv National University of Construction and Architecture

Antonina Gaber

PhD, Senior Researcher

State University of Intelligent Technologies and Communications (Odessa, Ukraine)
Svetlana Dobrovolskaya

Senior Researcher

State University of Intelligent Technologies and Communications (Odessa, Ukraine)

DETECTOR MODELING USING CA-ZN-TE SOLID SOLUTION FOR RADIATION
MONITORING SYSTEMS

Abstract

The article created a model of the primary converter - a gamma radiation sensor. It is based on the following
properties of a semiconductor crystal: maximum guantum efficiency; maximum mobility of charge carriers;
minimum density of structural defects; maximum values of resistivity and density. The combination of these
properties provides a significant sensitivity of sensor with the minimum size of crystal. The inconsistency of
such a combination must be eliminated both in the process of manufacturing a crystal (for example, a high-
resistance crystal can be obtained by the simultaneous use of cleaning, components, and compensating
doping) and subsequent processing by the methods proposed in this work (thermal field method, ionization
annealing).

Among the known materials for gamma radiation sensors, single crystals of Cdx-Zn1-xTe solid solutions
have the optimal combination of the above properties and possibilities of their preparation.

The advent of modern semiconductor sensors for the first time linked nuclear instrumentation and
electronics into a single complex - a semiconductor detector. It combines a semiconductor primary converter
of ionizing radiation (sensor), a secondary converter of information from the sensor (electronics) and
software for processing this information, interconnected in terms of problem being solved and parameters.
However, the development of nuclear energy and the spread of nuclear technologies have put forward new
requirements for the control and metrology of ionizing radiation. The current level of nuclear
instrumentation cannot fully satisfy them. The solution to this problem can be provided by the development
of: methods for choosing the optimal type of semiconductor materials and controlling their properties to
create uncooled detectors; sensors with higher resolution; electronics with lower noise level; computer
methods and information processing programs with lower estimated costs; control systems for nuclear
materials and the state of AES protective barriers that meet the requirements of the existing automatic
control of radiation safety (ARS).

This article is devoted to the solution of such problems, which ensures the relevance of its topic. The main
principle of solving the named scientific problem was results of nuclear-physical studies of the interaction
of ionizing radiation with semiconductors, the development and experimental verification of physical-
mathematical models of technological processes dosimetry and control of nuclear materials.
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Introduction

Currently, almost all industries, many branches of science use sources of ionizing radiation (IR).
Widely used in the defense industry, medicine, agriculture are nuclear power plants, gamma-ray
plants of various capacities, flaw detectors, counters and many other equipment. However, the most
important branch of the use of IR in Ukraine after the elimination of the combat nuclear potential is
nuclear energy [1]. The country has five nuclear power plants (NPP) with two types of reactors, which
generate about 40% of the country's total electricity [2].

In this regard, the problems of dosimetry, which today has become an independent scientific and
technical area of nuclear physics, are becoming increasingly important. Dosimetry inherently solves
the problem of relating physical quantities to the expected radiation effects of IR application. The
main task of dosimetry is to identify sources of IR that pose a danger to the environment and humans.
Today, it is solved using a variety of technical means of registration with varying degrees of
efficiency. Comparative analysis of such means and methods of their application for registration and
dosimetry is presented in this section [3]. In addition, the existing variety of terms and values in this
industry requires some clarification in order to convey the reliability of the presented research results.

Materials and methods

The use of digital signal processing in gamma-ray spectrometers makes it possible to provide higher
resolution, stability, and load capacity (input load) compared to analog methods [4, 5]. The modern
elemental base of electronics makes it possible to convert the signal immediately after the
preamplifier. Therefore, methods of direct processing sequence of input pulses are interest, in contrast
to the methods of analog-to-digital conversion, which are typical for analog equipment [6]. The
construction of the energy spectrum in a gamma spectrometer involves the selection in the input
sequence of pulses with a leading edge duration within specified limits (about 20 ns for high-
temperature semiconductor detectors [7, 8]), determining their amplitude and constructing a
histogram that will show how many pulses and with what amplitude received at the input for a given
time. The most crucial moment of this procedure is the determination of the amplitude of the input
pulses.

The purpose of the spectrometric amplifier is undistorted transmission and amplification of the
amplitude of the input signal, and not its shape or rising edge. Therefore, appropriate circuits need to
select such a form of the frequency response of amplifier, in which the main frequency spectrum of
the signal passes, but the noise spectrum is limited as much as possible. These requirements are
contradictory, since the maximum signal gain requires a wide bandwidth, while for noise suppression,
the bandwidth must be narrow. You can find the best forming circuits if you use some of the
conclusions of the theory optimal radio reception methods developed by V. A. Kotelnikov et al. [9,
10, 11].

It is theoretically shown that the maximum signal/noise ratio in this case is achieved at equal
integration and differentiation time constants 7 z=7gc =7 . In this case, the noise level is minimal

at some optimal time constant 7o
70=C\RsRp - (1)

Then the noise level at the amplifier output is determined by the integral expression:

—_— 2 2 A
U5,=2113°N(w)‘”dw=4kTRS+4ka+f- )
T

(+w?r?)? 8 8C2%Rp 2
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One of the important characteristics of the sensor is level of parasitic components of the signal - noise
that is not related to the physical processes of interaction crystal with IR. The noise level determines
the minimum threshold for detecting IR energy.

The conversion of the energy lost by the particle in sensor into an electrical signal of the appropriate
amplitude occurs with an accuracy characterized by the resolution of system. The latter depends on
many reasons, in particular, on the properties of amplifier. Indeed, since the amplitude of signal
generated by a semiconductor sensor is small, the distortion of amplitude spectrum is due, first of all,
to the modulation of noise pulses that occur in it and in the resistances. Randomly adding up with
useful signals, the noise "blurs™ the original amplitude spectrum. The amplitude distribution of noise
is Gaussian:

1 2
U)= . 20 , 3
)= 5n ® ©

where +2 —variance or mean square deviation of the amplitude U; from the mean value U .

Let us assume that all other factors distorting the signal amplitude spectrum are negligible compared
to the effect of noise and register monochromatic charged particles that leave all the energy in the
sensor. In this case, the measured spectrum of signal amplitudes is also determined by expression (3).
However, now U — is the average amplitude of the signal, and o is determined by the noise, with &

equal to w/U_n2 =U, voltage of the noise. The width of the curve at half maximum is called the

resolution EA. By substituting the value p(U)=;p(U) into equation (3), it is easy to obtain
2

lAzz,geg. By measuring the resolution in units of energy (in electronvolts), one can determine
2

which part of the energy corresponds to the noise level recalculated to the input of a given amplifier
[12, 13, 14].
The absolute value of capacitance Cq , as well as parasitic capacitance C, largely determines the

noise level, and with it the energy resolution of the charge-sensitive preamplifier. The current flowing
through the leakage resistance Ri is another source of noise, which also leads to poor energy
resolution.

Results

The presented model of the primary converter makes it possible, taking into account the real
properties of the crystal, to calculate the dependences of the energy equivalent noise on the time
constant of the input stage of the preamplifier (Fig. 1).

The use of digital signal processing in gamma-ray spectrometers makes it possible to provide higher
resolution, stability, and load capacity (input load) compared to analog methods [12, 13]. Figure 4
shows an off-scale image of a typical segment of the preamplifier output signal containing two pulses
[11]. The duration of the leading edge of a single pulse is — At=20 ns, the decay constant of the

trailing edge is — « =20 mks. The amplitude is expressed in ADC increments. The simplest first way
to determine the impulse amplitude in such an input sequence is to find the difference between the
local minimum and the subsequent local maximum. Let's introduce the following designations of the

input signal: f,(t) - function describing the fall of the first impulse; f(t) — function describing the
decay of the second impulse.
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Fig. 1 Dependence of noise (%A ) on the charge formation time for the spectrometric path with
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Fig.2 Analysis of the structure of a typical fragment of the input pulses of the preamplifier

Then, according to the first method, the amplitude of the second pulse is found as:

A=, t)- ft)

where '[3 and t2 — times indicated in figure 2.

True pulse amplitude:

A= fo(ts) - falts).

Hence, the error in determining the amplitude is:

dA=A— A*= f(t,) - fy(t3).
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Figure 4 shows a plot of the mathematical expectation of the error depending on the download

frequency for 4=700, At =20 .107° g 0= 20-107% s. It can be seen from the graph that the error
at a loading frequency of about 10°s? can reach 1-2%.
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Fig. 3 Dependence of the expected error on the load frequency when determining the pulse
amplitude by the method of its direct measurement between minima and maxima

This error can be avoided if we assume that the coefficient o depends on the sensor and preamplifier,
i.e. is a constant value for a particular spectrometer and can be determined empirically. In particular,
using the notation in fig. 3, we get:

o |”(f1(t1))8—t|n(f1(t2)). 0

Then the formula for the second method of determining the amplitude takes the following form:

A= fylts)—e T fi(ty). (8)

The price to pay for the increase in accuracy in this method is an increase in the amount of
computation. This must be taken into account when constructing spectrometers operating in real time.
For a more complete comparison of the resolution methods described above, based on the model
developed above, the process of measuring the pulse amplitude was simulated.

In this work, for the first time, an algorithm and a program for constructing the energy spectra of
gamma radiation were created on the basis of above model. The spectra were constructed using the
first (Fig. 3, 4) and second (Fig. 5, 6) methods.
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Fig. 3 Energy spectrum of pulses when using the first method for determining the amplitude

In the model, the input signal is an additive mixture of two independent Poisson pulse sequences and
background noise:

— first sequence 41=698, At =20 107° g a=20- 107° s

— second sequence 42=700, At =20 107° s a=20- 107° S
The time intervals between pulses were random and had an exponential distribution density:

P(t)=h-e™, 120 (9)

with flow A = 2 -10° rate. The total download frequency, taking into account background, is 10® Hz.
The simulated sampling rate in time is 108 Hz, the number of amplitude quantization levels is 1024,
the simulated measurement time is 1 ms.

It can be seen from a comparison of figures 4 and 6 that the first method, unlike the second, does not
allow resolution of spectral lines that are separated from each other by a value comparable to the
calculated error.

At the same time, the use of the digital signal processing technique proposed in this work makes it
possible to obtain an energy resolution not exceeding 40 keV by both methods. This is sufficient to
create a dosimeter with compensation for the energy dependence of sensitivity (ESD). In addition,
these results show that the second method is optimal for creating high-resolution spectrometers - less
than 10 keV.
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Fig. 4 A fragment of the spectrum shown in Figure 4, on an enlarged scale
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Fig. 5 Energy spectrum of pulses when using the second method for determining the amplitude

Thus, a comparison of two methods for determining the amplitude showed that at a low loading
frequency (<10° s?), the first method is preferable: it is characterized by a smaller amount of
calculations with the same accuracy characteristics. At high loading frequencies (of the order 106 s
and more), preference should be given to the second method, which retains its accuracy and
resolution.

In addition to the method for determining the amplitude of the pulses, the resolution of a digital
gamma spectrometer is significantly affected by the choice of sampling frequency.

At a sampling frequency of 10 MHz and higher, the shape of pulse peak in the sampling interval can
be considered triangular (Fig. 7).
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Fig. 6 Fragment of the spectrum shown in Figure 6, on an enlarged scale
The dependence of the amplitude of the maximum sample on the sampling frequency is shown in

figure 7, where, for definiteness, the true amplitude of the input pulses is taken equal to 700 ADC
quantization levels.

Amplitude of the input pulses corresponds to channel 700
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Fig. 7 Dependence of sampling error on its frequency

The plot of the expected amplitude of the maximum sample shows the location of the peak on the
energy spectrum. As the sample rate increases from 10 to 100 MHz, the amount of peak reduction
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from true (700) decreases from 1% to 0,1%. The deviation boundaries characterize the peak width in
the spectrum, which affects the resolving properties of the spectrometer.

Thus, the model obtained makes it possible to estimate the influence of the sampling rate on the shift
of the energy spectrum peaks and the resolving properties of the spectrometer when choosing the
parameters of its hardware implementation.

When using direct digital processing, high resolution is achieved through efficient use of ADC bit
depth.

The leading edge of the pulses is determined by the current generated movement of electrons and
holes in the sensor, the trailing edge is determined by the constant discharge of the RC circuit in the
preamplifier, and the constant component is determined by the large decay of the trailing edge of the
pulse (about 20 us) compared to the average pulse repetition limit.

Therefore, in order to effectively use ADC bit capacity, DC component must be subtracted from its
input signal. The dynamic range of the signal change must be consistent with the diagnostic range of
ADC. To solve this problem, an appropriate scheme of a digital spectrometer is proposed.

In this circuit, the processor, based on the analysis of signals from ADC, sets the necessary gains for
the first buffer amplifier and the bias for the adder.

The maximum gain in KU1 is chosen so that when measuring the minimum background, the signal
at ADC input corresponds to its dynamic range. The minimum value of the gain must match the input
signal with the dynamic range of ADC at the maximum frequency of loading with pulses of the
maximum possible amplitude and zero offset.

Therefore, the spectrometer circuit must take into account the features of the output signal of the
preamplifier, a typical view of which is shown in figure 8.

1500

Time, s « 10°

Fig. 8 Typical preamp output

It shows that when the loading frequency changes, the signal amplitude at preamplifier output
increases by an order of magnitude. Based on this graph, the amount of offset should be able to change
from zero to the amount of expected amplitude at a given load frequency. Similarly, the minimum
gain should ensure that the signal is quantized with the maximum amplitude expected, with no
clipping effects in the ADC and zero bias for the adders. In particular, if we proceed from the
maximum amplitude of single pulses A = 700, the maximum loading frequency of 10° s 100 times
(here, it is additionally taken into account that the average value of the amplitude of a series of pulses
is an order of magnitude less than the maximum amplitude of single pulses).
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Conclusions
1. The model of the primary converter (sensor) makes it possible to calculate the dependence of the
energy equivalent of noise J on the properties of the input stage of preamplifier, taking into account

the real properties of the crystal. This shows that:

— increase in the crystal volume, bias voltage and sensor capacitance increases the noise level;

— results of the analysis in relation to CdZnTe-crystals used in this work indicate the possibility of
the sensor operation without cooling.
2. A model of a gamma radiation detector as a single system of primary and secondary converters has
been created in this work. It contains a physical analysis and an analytical representation of the
processes occurring in CdZnTe-sensor and electronic preamplifier. It is shown that the collection of
charges in the sensor differs in time, which leads to a spread of signal pulses in duration and
amplitude. In this regard, the model shows the need to use a charge-sensitive preamplifier. The main
advantage of the model is the solution of the problem of optimizing the signal/noise ratio in the
detector. This shows that:
— energy resolution of the charge-sensitive pre-amplifier is determined by the level of noise, which
depends on the capacitance of the sensor, and hence on the bias voltage and the quality of the crystal;
— in order to obtain the maximum signal-to-noise ratio, it is necessary to choose the frequency
response of the spectrometric path according to the theory of optimal filtering by V.A. Kotelnikovs;
for this, filters of both low and high frequencies are necessarily included in the path; thus, the simplest
shaper of a spectrometric amplifier should consist of a CR-RC filter; optimal shaping gives a
signal/noise ratio gain of 26% compared to simple shaping.

3. Reducing the contribution of noise when using sensors with large crystals (more than 10x10x5
mm) in the detector, with a significant difference in the transport characteristics of charge carriers at
high loads (>10° c) is possible using digital signal processing methods.

The paper proposes a block diagram and creates a multichannel digital amplitude analyzer that
provides selection of the input signal according to the pulse shape at high loads, which is inaccessible
to existing devices today. The use of such an analyzer made it possible to increase the energy
resolution, the stability of the detector operation with an even greater increase in the input load of the
measuring path.

4. A model of a digital spectrum analyzer has been built, which makes it possible to determine the
optimal method for measuring the pulse amplitude in order to create a gamma-spectrometer with
maximum resolution. On the basis of the model, for the first time, an algorithm and a program for
modeling the energy spectra of gamma-radiation were created.

The model compares two proposed methods for measuring the pulse amplitude:

— both methods make it possible to obtain an energy resolution of no more than 40 keV, which is
sufficient to create a dosimeter with compensation for the energy dependence of sensitivity;

— the first method has an accuracy of 1 ... 2%, lower computational costs and is preferable at a low
loading frequency (<10° ¢%);

— the second method makes it possible to obtain a resolution of less than 10 keV and is preferable
for the spectrometer operation at a loading of more than 106 ¢,
The created model makes it possible to choose the optimal value and evaluate the influence of the
sampling rate on magnitude of the shift energy spectrum peaks and resolution of gamma-
spectrometer.
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MOJEJTIOBAHHA JETEKTOPA 3 BUKOPUCTAHHSIM TBEPAOT'O PO3YUHY CA-ZN-TE
JJISI CUCTEM PAATAIIMHOI'O KOHTPOJIXO

Anomauin

Y cmammi cmeopeno moodenv nepeunnozo nepemeoprosaua — oamuuKka 2amma-eunpominioeants. Boua
[DYHMYEMbCA HA HACHMYRHUX 61ACMUBOCMAX KPUCHMANA HANIGNPOSIOHUKA: MAKCUMANbHA KEAHMO6A
ehekmusHicmb; MAKCUMATIbHA PYXTIUBICHb HOCIT6 3apady; MIHIMAIbHA 2YCMUNA 0eheKmie CIpyKmypu;
MAKCUMAIbHI 3HAYEHHA RUMOMO20 onopy ma wiinvnocmi. Iloeonanna yux eracmueocmeil 3adezneuye
3HauHy yymauegicmev Oamuuka npu MmiHimanvHux pomipax kKpucmana. Cynepeunugicmv maxoz2o
HOEOHAHHA He0OXIOHO ycysamu AK Yy NPOUeECi 6U20MOGIEHHA Kpucmana (HaAnpuxiad, 6UCOKOOMHU
KpUCmaa Ompumyeamu OOHOUYACHUM 3ACIOCYBAHHAM OYUW{EHHA, KOMNOHEHMIE Ma J1e2y8aHHs, W0
KOMNEHCYE), MaK i oOanbuiol o0pooKoro 6 uiii pobomi memooamu, w0 3anponoHo6ani (Mepmonoibouii
Memoo, ioHI3ayiliHull 6ionaJt).

Ceped gidomux mamepianie Ona OAMUUKIE 2AMMA-GUNPOMIHIOBAHHA ORMUMAILHUM NOEOHAHHAM
nepepaxo8anux eUie 61ACMUEGOCHEIl I MONCTUGOCAMU IX OMPUMAHHA MAIO b MOHOKPUCIATU MEEPOUX
po3uunie Cdx-Znl-xTe.

Ilosea cyuacnux HanienpogiOHUKOBUX OAMUUKIE ynepuie no8'a3ano sadepHe npunadodyoyeanHs ma
eN1eKMpPOHIKY 6 €OUHUIl KOMNWIEKC — HANIGNPOGIOHUKOGUII O0emeKmop. Y HboMy ROECOHYIOMbCA
63aemonog’azani 3a 3aoauer), w0 po3e’a3ycmvca ma nNApamMempamu HanienposioHUK06020 NEPEUHHO20
nepemeopioeaua ioHizy0u020 eUNPOMIHIOBAHHA (0AMUUK), BMOPUHHO20 nepemeoprosayia iHgopmauii 6io
damuuka (eneKmpoHika) ma npozpamue 3adenevenns 0nsa 00poodKu yici inghopmauii.
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OoHak po3eumoK amomuoi eHepzemuKku, NOUWUPEHHA A0EPHUX MEXHONO02II BUCYHYNU HOBL 8UMO2U 00
KOHmMPOJII0 ma Mempoozii ionizyiouux eunpominioeans. Cyuacuuii pieens 10epHozo npuiadodyoyeanHs
HECHPOMOIHCHA 3A0060AbHUMU IX Y NOGHOI0 Mipow. Bupiwenns wiei npoonemu moosice dymu 3abe3neuene
DPO3POOKOI: MemOoOie 6UOOPY ONMUMAIBHO20 MUNY HANIGNPOGIOHUKOGUX MAMEPIanie ma ynpasiinua ix
671aCMUBOCHAMU OJ151 CHEOPEHHS OeMeKmMOopie, U0 He0X0100ICYIOMbCA; 0AMUUKIE 3 Oi1bUL010 PO3OLTLH OO
30amuicmio; e1eKmpoHiKu 3 MEeHWUM PieHeM WiyMie; KOMN'IOmepHux mMemooie ma npozpam oo6pooKu
iHhopmauii' 3 MeHWUMU PO3PAXYHKOBUMU GUMPAMAMU; CUCHEM KOHMPONI0 A0EPHUX mMamepianie ma
cmany 3axucnux oap'epie AEC, aki gionosioaioms eumo2am iCHYIOU020 ABMOMAMUYHO20 KOHMPOIIO
padiauiiinoi 6e3nexu.

Bupiwennio makux 3a60anb NpUCéAYEHO YO cHMammio, w0 3a0e3neyye axKmyanibHicmo i memu.
OcHOBHUM HPUHYUNOM BUPIUIEHHA HA36AHOT HAYKOBOT npoOAEeMU cmanu Pe3yIbmamu 10epHo-Qizuunux
00CNioMCceHb  63AEMO0IT  IOHI3YIOUUX  GUNPOMIHIOBAHL 3  HANIGNPOGIOHUKAMU, pO3pOOKa ma
eKCnepuUMeHmanbHa nepesipKa QizuKo-mamemamuyHux mooeneil mexHoaoZiuHux npoyecie 0o3umempii
ma KOHmMPOJI0 A0EPHUX Mamepianie.

Kniouosi cnosa: nepeunnuil nepemeopiosay, O0AmuuK 2ama-6UNPOMIHIO6AHHSA, HANIGNPOBIOHUKOGUIL
Odemexmop, padiauiiina 6e3nexa, iOHI3YI04i GUNPOMIHIOBAHHA .
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ANALYSIS OF THE CURRENT STATE OF THE ELEMENTS OF TERNARY LOGIC

Abstract

The analysis of the constructed ternary elements and prospects of their development is actual. There are
different ways of implementing ternary elements. The problem of development the multivalued logic is the
lack of common approach to the implementation of components and elements of non-binary computers.
The goal of the work is the comparative analysis the current state of the methods of construction of ternary
elements. The history and prospects of development the methods of construction of ternary elements and
computer systems on their basis are considered. A comparative analysis of the advantages and
disadvantages of such methods of constructing ternary elements as threshold elements of ternary logic based
on magnetic elements, ternary elements based on A-transistor, CMOS transistor and CMOS-C transistors,
on binary logic, mathematical models of ternary elements based on neurons, threshold element on bipolar
transistors and multithreshold element of multivalued logic according to the main criteria, such as: speed,
power consumption, complexity of the structure, the possibility of integrated implementation was made. The
future directions of work and expediency of development of subjects of construction of ternary elements
and systems on their basis are outlined. All the considered methods of implementation of ternary elements
have a number of significant disadvantages. Only using the multithreshold element of multivalued logic
allows to create the ternary elements with general approach. One of the obstacles hindering the
development of ternary technology is the lack of element base and a common approach to the
implementation of components and elements of non-binary computers. Implementing ternary devices based
on threshold logic is a way to create ternary devices that can compete with binary devices in terms of
equipment.

Keywords: ternary logic, multivalued logic, methods of construction of ternary elements, threshold element,
multithreshold element of multivalued logic.

Introduction

Today, computer technology is evolving at a tremendous rate like never before. They are all based
on binary logic, which is a natural consequence of the physical characteristics of semiconductors.
One and zero - is currently the basis of all computational processes in computers and other "smart"
devices. As the size of the transistors further decreases, the technological process of production and
control becomes more complicated [1]. Every 24 months, the number of transistors in the CPU chip
doubles - this trend is known as "Moore's Law", and it cannot last forever: the scale of elements and
connections can be measured in nanometers, and very soon developers will face a number of technical
difficulties. We can assume that the technology of integrated circuits due to large investments and
many years of effort has been brought to perfection. A breakthrough in this area is possible only with
the emergence of radically new ideas that carry promising prospects [2]. Intel has concluded that one
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of the possible ways to solve the problem may be to move from binary to more significant systems,
including ternary [3].

Ternary logic - logic that uses three meanings of truth: "truth”, "untruth”, "I do not know". It was
proposed by Jan Lukasevich in 1920 [4]. As a rule, the signs "-" and "+" are used to determine the
states "false" and "true", the third state corresponds to the value "0", it means a symmetrical number
system is used. It is more understandable and closer to human understanding, but also the following
sets are very popular: {0, 1, 2}, {- 1, 0, 1}, {0, *2,1}, {N, Z, P}. Based on ternary logic, you can build
ternary technology and ternary computing systems. The analysis of the constructed ternary elements
and prospects of their development is actual. It is necessary to analyze the current state of different
ways of implementing ternary elements, which of them were implemented and how, that’s what this
article is devoted. The objectof study is the process of analysis the current state of the methods of
construction of ternary elements and computer systems on their basis. The different ways of
construction of ternary elements are aimed to improve the different characteristics. Therefore, the
improvement the speed leads to an increase in equipment. The subjectof study is the different
methods of construction of ternary elements, their advantages and disadvantages.

Problem statement

Suppose a list of n inputs is given, each of which can take one of three values. In a way, they are
converted into m outputs, each of which can take two values, which together form one or more ternary
functions.In contrast to existing approaches, current coding of ternary levels is proposed.This allows
you to combine any number of outputs, which forms the total level of the ternary signal.The
limitations of this problem are the lack of a common approach to building the element base of ternary
systems, and, as a result - the lack of element base, as well as models and methods of building these
elements.Using a multi-threshold element of multi-valued logic (MTEML) as a basic will allow you
to build the necessary elements of ternary logic and create models and general methods of their
construction.

Theseus Logic proposes to use "extended binary™ (actually - Ternary) logic, where in addition to the
usual values of "true" and "false” there is a separate signal "NULL", which is used for self-
synchronization of processes [5]. Several other research groups are working in the same direction.
Let's consider some examples of ternary elements on the basis of which it is possible to implement
devices of ternary computer systems.

Back in 1958, the first ternary computing machine "Setun” was built. It was relatively small for
computers of that generation and covered an area of 25-30 m?. Due to its sophisticated architecture,
it was able to perform 2000-4500 operations per second, had a memory of 162 nine-titrate cells and
a storage device on a magnetic drum with a capacity of 36-72 pages of 54 cells each [6]. In many
parameters, such as clock speed, range of processed numbers and performance, it is ahead of its binary
counterparts.

After "Setun" there were several experimental projects carried out by enthusiasts (such as the
American Ternac and TCA2) [7], but these were either very imperfect machines, far from binary
analogues, or software emulations on binary "iron". To date, ternary logic has not yet become
widespread. The main reason for this is that the use of ternary elements in computers does not yet
give any significant advantages over binary: binary elements are mass production; they are simpler
and cheaper in cost. Even if a ternary computer, inexpensive and similar in features to a binary
computer, were to be built now, it would have to be fully compatible with it.

Known threshold elements of ternary logic on magnetic elements (TETLM), on which computers
"Setun" were built [8, 10, 12]. A characteristic feature of TETLM is the representation of ternary
values -1, 0, +1 discrete fixed currents -If, 0, +If, execution of threshold functions of ternary logic by
algebraic addition of currents (amperes) in the input circuits of elements, the ability to divide ternary
values into their two-digit components and make them from these components. TETLM are made
based on electromagnetic technology on magnetic cores [9, 11].

Setun’'s ferrite memory differed from binary computers in that each memory cell could store one of
three different values. Memory was a matrix of ferrite rings. On each ring there were three windings
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(Fig. 1). This allowed us to write one of the values 0, 1, -1. Access to the matrix is serial, which
significantly reduced the speed of reading / writing trit.

Disadvantages of the threshold element of ternary logic on magnetic elements - built on outdated
technologies on magnetic cores, as a result of which it has low speed and cannot be implemented by
means of modern integrated semiconductor technologies.

Fig. 1 Ferrite diode logic elements

There have also been attempts to create ternary logic elements on a traditional element base. But the
proposed schemes were unattractive, as they consumed energy in static mode. Some sources [13]
suggest using a lambda transistor (A-transistor) to build ternary logic elements (Fig. 2). It is built
either on field-effect JFET transistors or on field-effect transistors with a built-in channel. However,
the A-transistor is not able to solve the problem of power consumption by the logic element, as at zero
voltage on the base (logic 0), the transistor conducts a significant current.

v,
v, 4['01
e
Vv

Fig. 2 Scheme of NLT A-transistor

Some developers have managed to improve the energy-dynamic characteristics of CMOS circuits -
their circuits were able to work in a symmetrical ternary system. The ternary element "NO™ on CMOS
transistors can have a simple implementation as in Fig. 3. But this circuit has a drawback - when the
third signal is generated, both transistors must be turned on, this leads to high power consumption.
To reduce consumption, it is necessary to complicate the scheme.

+Vpp 4
5

In Out

6

Fig. 3 Ternary element "NO" on CMOS transistors

Fig. 4 shows a circuit of a ternary disjunctor on MOSFETS [14]. The introduction of MOS transistors
8 and 9 with a built-in n-type channel, as well as new structural connections allows you to implement
a transistor disjunctor based on ternary logic.
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A ternary disjunctor on MOS transistors has two output buses, two n-type induced transistors and two
more p-type induced transistors, a resistor, a common positive power bus, a negative power bus, and
an output bus.

Disadvantages of these circuits: a large number of transistors in the logic element, complexity, and
the use of transistors with high threshold values (created technological difficulties in the manufacture
of integrated circuits based on such elements, reduced performance and increased power consumption
in dynamic mode).

5 6
= 7

b= | t=—

9 —

12
Ve

Fig. 4 Ternary disjunctor on MOSFETSs

The ternary signal is transmitted by one wire. To encode a logical zero, zero voltage relative to the
common point (ground™) is used, to encode a logical "-1" - a negative voltage, and for a logical "+1"
- a positive voltage. Thus, a symmetrical power supply with three outputs is required to power ternary
logic elements. This ternary basic element on CMOS transistors, in terms of energy-dynamic
characteristics and degree of integration, surpasses existing analogues and can be implemented based
on standard CMOS technology. However, ternary logic elements based on CMOS-element base are
about three times inferior in integration and energy dynamics to binary analogues.

A ternary inverter [14] was also implemented on CMOS transistors, its circuit is shown in Fig.5.

+V,

{__q113 |
t
|

10f]
I
|
|
N—

9

out,

IJ[

IRE

~

I

|

[

I El

|

T
Ll
2
‘I

= o=

Idicy

— ——F—/
‘

ikl
1

|
7|
|
| L L

|
=

T
:EW ‘_;_L_E.\ E{_-E_-?T;_ L Trﬂ
el ,[L e S
|
NN
|

|
1

1124 T4 L T8
L 1k L
[r——-

Fig. 5 Scheme of ternary inverter on CMOS transistors

The values of the ternary code "-1" and "+1" correspond to the negative and positive voltages of the
bipolar power supply bus, and the values of "0" corresponds to the "ground". The input of the ternary
inverter is the input of the control circuit.

The control circuit generates signals for switching the output of the element with the buses of the
power supply according to the logical inversion function. With a given logic state at the input, the
keys are closed so that the output voltage corresponds to the required value of the ternary code.

By reducing the magnitude of static currents to the values of the leakage currents of the MOS
transistors is a decrease in static power consumption in the circuit of the ternary CMOS inverter.

Along with CMOS transistors, there have also been attempts to use CMOS-C transistors. Fig. 6 shows
a diagram of the ternary element "OR-NQO".
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Fig. 6 Ternary element "OR-NO" based on CMOS-C transistors

Due to the introduction of two additional capacitors in the electrical circuit, the first is connected to
the drain of the second n-MOS transistor and the output bus, the second to the drain of the second p-
MOS transistor and the output bus of the inverter, the leakage of the second p-MOS transistor is
connected to the drain of the first p-MQOS transistor.

When the low potential of the corresponding state of the logic "-1" to the first input and the second
input of the n-MQOS transistors 6, 7 are closed, and p-MOS transistors 8, 9 are opened, while the drain
of the second p-MOS transistor 10 is a positive the potential (+ \Vdd) of the power bus, which through
the capacitance of the first capacitor enters the output of circuit 3 and the input of the next logic
element, for example, a similar logic element, the gate capacitances of n and p-MOS transistors which
form the capacitive load of the logic element.

When applying a high potential corresponding to the state of logic "1", the first and second inputs of
the p-MOS transistors 8, 9 are closed, and n-MOS transistors 6, 7 are opened, while on its drain n-
MOS transistor 7 is low the potential of the common bus, which through the capacitance of the second
capacitor enters the input of the next logic element, which forms a capacitive load.

The gates of the MOS transistors are connected to the input bus. On the surface of the drains and
sources of the n-MOS and p-MOS transistors are the corresponding drain electrodes, and the source
electrode of the n-MOS transistor is connected to a common bus, and the source electrode of the p-
MOS transistor is connected to the power bus. This circuit does not allow more than two logic signal
levels (1 bit of information). It should be noted that in this scheme, the drain areas and MOSFET
capacitors are functionally integrated. When solving applied problems, an approach is known in
which models of ternary devices based on elements of binary logic are used [15]. This method consists
in encoding the values of tritium with two bits. For example, a ternary trigger. The basis of the
classical binary trigger is a logic circuit consisting of two logical elements of the OR-NO type (Fig.
7.a), which are connected by inverse logical connections. Let us now consider a logical scheme
consisting of three logical elements of the OR-NO type (Fig. 7. b).

All logical elements OR-NOT are connected to the neighboring logical elements by means of
feedback logical connections, from here 3 logical states follow. Ternary triggers built on binary
elements have 2 or 3 logic inputs.

A ¢ | B

/ ‘l J_{ [\ }_
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\ |_f‘f
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Fig. 7 Triggers on binary elements OR-NO: a) binary trigger; b) ternary trigger
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Dual channel triggers are more popular. They have several advantages:

1. Ternary trigger, implemented on the basis of existing binary logic elements.

2. Easy integration with binary devices.

3. Economical implementation: 1 ternary digit consists of 2 binary digits.

To simplify the feedback, use 3 channels, each of which provides 1 logical state. For example, the
first channel is logical 1, the second is logical 0, and the third channel is logical -1. Such a circuit
may consist of fewer logical binary elements, but it integrates less with existing binary elements and
devices built on a 3-channel circuit will have 1.5 times more outputs than when using a 2-channel
circuit. The disadvantage of this implementation is the redundancy. To encode 3 states requires 2
elements that can form 4 states. The fourth state is superfluous, but it will be formed.

In addition to potential elements in ternary logic, there are current systems. It is known to implement
a ternary logic element on bipolar complementary unsaturated transistors - a threshold element of
ternary logic (TETL) [9]. The element is implemented on the basis of a binary ECL-element, the
circuit of which is supplemented by its replica on complementary transistors. TETL (Fig. 8) consists
of a block of emitter repeaters (BER) and connected to its outputs m blocks of current switches
(CS.1... CS.m). BER is implemented on two repeaters, respectively on n-p-n and p-n-p transistors.
The first repeater is connected between the common bus and the power bus "-E", the second - between
the power bus "+ E" and the common bus. Each CS unit contains 2 current switches. Fixed currents
If are formed by two current sources connected to the power buses "+ E" and "-E".

-k

Fig. 8 Threshold element of ternary logic

The input X of the TETL receives n discrete ternary signals. The transformation is performed using
the function tersgn(n+1, n-1, No):

tersgn(n+1, N, no)=+1, if (N+1—n.1) >0,

tersgn(n+1, n.1, No)=0, if (N+1—n.1) =0,

tersgn(n+1, N.g, no)=-1, if (N+1—n.1) <0,

where:

n+1 - the number of signals whose current values are +1,

n.1 - the number of signals whose current values are -1,

nois the number of signals whose current values are 0.

The ternary function tersgn(n.1, n.1, No) is represented at the outputs of the element by two pairs of its
two-valued components - two-bit binary values [+ R, -R] and [+ L, -L]. The correspondence of the
components’s values to the values of the function tersgn (n+1, n.1, No) is shown in table. 1 [9].
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The connection of the outputs of the element with each other and with the outputs of other elements
and the transformation tersgn (n+1, n.1, No) provides a set of means by which you can perform on the
proposed threshold elements of ternary logic different logic functions.

Table 1
Table of function tersgn (n+1, N-1, No)
tersgn(n-+1, N-1, No) +R -R +L -L
+ + 0 0 -
0 0 0 + -
- 0 — — 0

The disadvantage of TETL is that a small number of thresholds is determined, as a result of which
the levels "++" = "0+" and "--" = "0-" do not differ.

However, circuit and structural solutions used in them and tested in practice, can be used in modern
digital technology. They are based on a number of ternary elements, such as conjunctors, disjunctors,
decoders and triggers. Examples of such devices are shown in Fig. 9
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A I A
. 1 Lo —l NOT (A)
-L jl -L
-R -R —
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c)
A AORB

+R

} « Ot ‘J NOT (AQRB)
-L

R
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Fig. 9 Elements implemented on the TETL.: a) Device for forming constants;
b) Repeater and cyclic inverter of the input variable; ¢) two-input circuit "OR"

Also, other elements were implemented on the threshold elements, such as an adder [10], and attempts
were made to take a systematic approach to the construction of standard elements, for which a node
of ternary circuitry, consisting of 3 TETL, was proposed. It can be used to build elements such as
triggers. The nodes of this element consist of a TETL and for them everything related to the TETL is
valid: the inputs algebraically sum up the Ternary values; nodes can have more than one group of
outputs. The implementation of these structures is quite complex and contains many elements.

In addition to the physical implementation of ternary elements, there are systems that use their
mathematical model. For example, neural networks on linear and two-threshold neurons that function
as a threshold element of ternary logic. There are known examples of construction of such neural
networks that implement the elements of minimum, maximum, and ternary inversion [16-18].
Computational intelligence methods combine into hybrid systems various components of intelligent
technologies - fuzzy logic, neural networks, genetic algorithms. Hybrid systems, such as fuzzy neural
networks with genetic tuning, demonstrate the mutual reinforcement of advantages and disadvantages
of individual methods. Today, there are mostly neuro-fuzzy hybrid systems. However, the number of
fuzzy genetic, neuro-genetic, and neuro-fuzzy genetic systems is increasing. Schemes of some of
them contain not only classical neurons, but also, I, OR neurons. In general, the main task of
combining systems of perception and logical processing at the level of structure should be manifested
in the fact that there are schemes that work with numbers (perception) and discrete signals of truth

94



(logic). One of the properties of such logic-oriented hybrid neural networks is their ability to perform
complex operations with a simple structure. This, in turn, reduces the number of relationships between
elements, which allows you to increase the speed of logical operations. In addition, theoretical
research on three-level technology is conducted. It is expected that their results will find their original
practical application. Ternary elements of minimum, maximum and inversion in the form of a neural
network with linear and two-threshold neurons have been developed. The goal is to increase the
efficiency of neural network design. Three neural networks with linear and two-threshold neurons are
proposed. The first functions as an element of the ternary maximum, the second as an element of the
ternary minimum, and the third as an element of the ternary inversion. The advantages of such
solutions are the ability using two-threshold neurons to build neural networks that implement the
operations of ternary logic as a separate element [19]. It will also allow to expand the scope of neural
networks, to optimize the solution of so-called ternary problems - such as RGB-image processing,
three-coordinate problems, etc. It will also combine computer technology with intelligent technology.
The disadvantage of this solution can be considered the construction of the actual neural networks on
the basis of common binary computers, rather than the construction of the systems themselves, that
IS, In essence, it is an emulation of ternary elements on a binary basis.

Materials and methods
Let’s consider a multi-threshold element of multivalued logic [20] as a basic element for constructing
elements of multivalued systems, including ternary. Its block diagram is shown in Fig. 10.
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Fig 10 Block diagram of MTEML

Consider in detail its structure and principle of operation. Block 1 is a block of threshold formation
(BTF), 2.1... 2.n - emitter repeaters (ER), 3.1 ... 3.m - current switches. The input of the threshold
formation unit receives k discrete current signals 1j from the previous elements. They can take one of
the typical values (for example, for the binary logic of such values will be two: Ij = +1, I;= 0; for a
ternary symmetric system of such values will be three: I = +1, I; = 0, I;=-1).

K =k+1 + k-1 + Ko,

where k+1 — the number of signals whose current values +1,

k-1 —the number of signals whose current values -1,

ko — the number of signals whose current values 0.

BTF in turn forms n thresholds. Its outputs are fed to the inputs of emitter repeaters (ER) 2.1... 2.n.
Active ER generate signals on the connected current switches (CS) 3.1... 3.m.

Features of the structure of MTEML.: the element does not operate with potential, but with current
values of signals, so the outputs of MTEML can be combined in any number, but the signal can be
applied only to the input of one element; ability to form any number of thresholds that MTEML can
distinguish. The number of BTF thresholds depends on the number of levels of the input variable that
the MTEML is able to distinguish and, accordingly, the bit size of the variable or the complexity of

95



the operations that can be performed. In order to form the logic of the operation of this element, you
need to combine the outputs of the CS in the required combination.

Consider an example of the implementation of MTEML for a ternary symmetric system - its four-
threshold version [20], the block diagram of which is shown in Fig. 11.

The electric schematic diagram of the implementation of MTEML with four symmetrical thresholds
is shown in Fig. 11.

+R2
+Un

ER1 cs1 +L2

+Ri

+Un L

ER2 csz2 +L1
ﬂ j
]7 BTF

ER3 cs3 R

L2
'Uﬁ]
ER4 cs4 R

Fig. 11 Block diagram of the four-threshold MTEML

The values of voltages generated at the outputs of the ER and respectively fed to the inputs of current
switches are given in table 2. In this table "1" is an active signal (affects the CS), "0" is an inactive
signal (does not affect the CS) at the output of the corresponding ER.

If the signal at the input of the CS is active, the output L of the corresponding CS current is generated,
otherwise - the current is generated at the output R. CS together have 8 outputs, a combination of
which can form the necessary logical or arithmetic functions, as it shown at Fig.12 [20].

The values of the output signals of the SP depending on the input currents are described by the terlev
function, given in table. 3.

Fig. 12 Electrical schematic diagram of a four-threshold MTEML
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The implementation of MTEML for ternary symmetric logic, in comparison with TETL, has several
advantages: 4 thresholds of input signals (in TETL - 2), distinguishes 5 levels (in TETL - 3), has 8
output signals (in TETL - 4). All this together allows you to build more diverse logical and arithmetic
devices with a simplified implementation [21].

Table 2
Values of voltages at outputs ER1 - ER4
The sum | ER ER 2 ER3 |ER4
of the 1(+Us2) | (+Us1) | ((Us1) | (-
input Us2)
currents
terlev
—— 1 1 0 0
— 0 1 0 0
0 0 0 0 0
+ 0 0 1 0
++ 0 0 1 1
Table 3
The value of the function terlev
The sum of the Output signals of current switches
input currents CS1 CS2 CS3 Cs4
terlev +R2 +L, +R1 +L1 -R1 -L1 -R2 -
—— 0 + 0 + - 0 - 0
— + 0 0 + — 0 — 0
0 + 0 + 0 — 0 — 0
+ + 0 + 0 0 — — 0
++ + 0 + 0 0 - 0 -

Results

Having considered in detail the presented methods of implementation of ternary elements, we can
compare their main disadvantages and advantages [20].

1. The threshold elements of ternary logic on magnetic elements have serial access, as a result - low
speed, memory cells can store one of three states - 0, -1, +1, by means of modern semiconductor
technologies cannot be implemented.

2. Ternary elements based on the A-transistor have high power consumption even in static mode.

3. Ternary elements on CMOS transistors have a very complex structure, many transistors and low
speed. The use of CMOS-C transistors leads to the fact that some elements (eg, inverter) allow to
have only 2 logic states.

4. Ternary elements built on binary logic have simple integration with binary counterparts, but a lot
of feedback connections and redundancy.

5. The threshold element on bipolar transistors provides reliable signal generation, but has insufficient
thresholds to distinguish some signal levels (eg ++ and 0+).

6. Mathematical models of ternary elements provide high speed, but do not have their own physical
implementation, because neural networks are built on binary elements.
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7. The using of MTEML for ternary symmetric logic has several advantages: 4 thresholds of input
signals distinguish 5 levels, has 8 output signals. Ternary elements on MTEML have a simple
structure, average power consumption and high speed. All this together allows us to build more
diverse logical and arithmetic devices with a simplified implementation.

8. The using of MTEML for creating the elements of ternary symmetric logic proposed in this paper
is what can allow to create full set of ternary elements with one systematic approach.

Summarizing all the mentioned above, we obtain a comparison table (table 4).

Table 4
Comparison of methods for constructing ternary elements

Method of on based on on on on based based
constructing | magneti A- CMOS-C | binary bipolar on ONMTEM
ternary c transisto | transistor | logic | transistor | neurons L
elements / elements r S S

Parameters
Possibility of - + + + + + +
integrated
implementatio
n
potential (p) or c p p p c p c
current (c)
speed low low low high high high high
power big big big average | average | average | average
consumption
complexity complex | complex very very simple comple simple

complex | comple X
X

the presence of no no no no no no no
a  systematic
approach

9. The implementation of ternary devices based on threshold logic is a way to create ternary devices
that can compete with binary devices in terms of equipment, capacity, operational capabilities, speed,
and variety.

10. These advantages are significant in such areas as intelligent data processing systems, expert
systems, decision theory, i.e., where data analysis is performed.

Conclusions

The analysis of the construction of multivalued logic and its elemental base allowed us to draw the
following conclusions. All considered examples of realization of ternary elements have rather
sufficient lacks:

« threshold elements on magnetic cores use outdated technology, and cannot be implemented with
the help of modern integrated technologies;

« the threshold element on bipolar transistors determines a small number of thresholds, as a result it
does not distinguish some levels;

 devices on CMOS transistors do not have a standard approach to the implementation of ternary
logic;

 elements on binary logic have a rather complex structure and cannot implement a ternary system
at the required level;
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» implementing ternary elements using a mathematical neural network model is essentially
emulating ternary elements on binary computers.

Thus, all these solutions either do not allow the full implementation of ternary logic, or do not have
a common approach to its implementation or complicate the implementation of ternary devices and
their structure. Therefore, the key topical issue is the development of a standard approach and
methods for the synthesis of ternary elements.

One of the obstacles hindering the development of ternary technology is the lack of element base and
a common approach to the implementation of components and elements of non-binary computers.
Implementing ternary devices based on threshold logic is a way to create ternary devices that can
compete with binary devices in terms of equipment.

A topical scientific and practical task is to create a general approach to the implementation of ternary
nodes and methods of synthesis of ternary logical and arithmetic elements, as there are still no
standards in the development and implementation of ternary elements and a united methodological
approach. To build ternary computing and intelligent systems, it is necessary, first of all, to develop
the principles of a systematic approach to the synthesis of ternary elements and software for their
interaction with each other and with existing modern devices.

Therefore, in further research it is expedient to consider methods of construction and synthesis of
nodes of ternary computer systems, their optimization, and development of principles of
mathematical modeling and software of such systems and their elements.

The scientific novelty of obtained results is that the comparison between different methods of
construction the ternary elements is firstly performed. Using the methods of construction the ternary
element based on MTEML is proposed both universal and economical. This reduces the amount of
equipment.

The practical significance of obtained results is that the multithreshold element of multivalued logic
allows us to use it for synthesis basic elements of ternary logic and use one approach for all of them.
Additional practical advantage is that in practice it allows you to build more diverse logical and
arithmetic devices with a simplified implementation.

Prospects for further research are to use the method of construction and synthesis of nodes of
ternary computer systems, based on MTEML.Their optimization, and development of principles of
mathematical modeling and software of such systems and their elements is expedient.
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AHAJII3 CYYACHOI'O CTAHY EJIEMEHTIB TPIMKOBOI JIOT'TKA

AKmyansHum € anaiz nooyoosanux NOMpIiHuxX ejleMeHmie ma nepcnekmug ix pozsumky. Icuyroms
Di3ni cnocobu peanizauii nompiiinux enemenmie. Ilpobnemorw po3podxu 0Oazamoznaunoi n102iku €
giocymuicms €0un020 nioxody 00 peanizauii komnonenmie i enemenmiene oinapuux EOM. Memoro
pobomu € RNOPIGHANLHUII AHANI3 CYHUACHO20 CHMAHY Memoodie¢ nodyooeu RNOMPIUHUX eleMeHmis.
Pozznanymo icmopilo ma nepcneKmueu pOo36UMKY Memoodié nodyooeu NOMpIUHUX eneMeHmie ma
00yucneanvHux cucmem Ha ixocrogi. Ilpogedeno nopienanvnuil ananiz nepegaz ma HeodoiKie maxux
Memoodie nodyooeu nOmpIiiHUX eNeMeHmie, AK NOpPo20si eneMeHmu ROmpIuHOoi 102IKU HA O0CHO8I
MAZHIMHUX enemenmis, nompiiini einemeHmu Ha OcHo6i A-mpanzucmopa, CMOS mpanzucmopa ma
CMOS-C mpanzucmopis, na 06iiikogii 102iyi, mamemamuyni mooeni NOMPINHUX eeMeHmié HA OCHOBI
Helponie, NOpozosuUil elemeHm HA OINOAAPHUX MPAHIUCMOPAX MA 06azamonopozoeuil enemeHm
O0azamo3naunoi 102iKu 3a OCHOSHUM UKpUMeEPIAMU, MAKUMU AK: WIEUOKICMb, €HEeP20CHONCUEAHHA,
CKJIAOHICMb CHMPYKMYPU, MOMNCIUBICHIb KOMNIEKCHOI peanizauii. OKpecieno maudymui Hanpamku
Ppobomu ma 0ouinbHICMb PO3GUMKY MEMAMUKU ROOYO08U ROMPIIHUX eleMeHmig i cucmem Ha IX OCHOEI.

Yei pozenanymi cnocobu peanizayii nompiiinux enemenmis maromo pAad iCMOMHUX HeOOIKi6.
Tinbku eukopucmannusa 6azamo nopo20eo2o einemenma 0azamo3nauHoi 102iKu 003601A€ CHEOPIOCAmMU
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mpiiikogi enemenmu i3 3a2a1bHUM HIOX000M. OOHICI0 3 NEPEUIKOO, U0 2ATbMYIONL PO3GUMO KMPIIKOGOT
mMexHOo02il, € gi0cymHicmb ejleMeHmHol 6a3u ma €0uHo20 niOX0o0y 00 peanizauii KOMHOHeHmie ma
enemenmie nedinapnux EOM. Peanizayia mpiiikogux npucmpoieé Ha 0CHO8I ROP02060i 102iKU € CROCOOOM
CMeEopeHHA MPIliKoGUX NPUCIPOT8, AKI MONCYMb KOHKYPYGAmU 3 08IHKOGUMU RPUCHPOAMU 3 MOYKU 30Dy
001a0HaHHA.

Knrouoei cnosa: mpiiikosanozika, 6azamo3nauna 102ika, Memoou nodyooeu mpiiiKosux eiemenmis,
nopozosuii enemenm, 6a2amonopozosuil eiemenm 6azamo3Haunoi n102iKu.
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OPTIMIZATION PARAMETERS OF THE MAINTENANCE STRATEGY "ON
CONDITION" WITH A CONSTANT FREQUENCY OF CONTROL

Abstract

In this article, the optimization parameters of maintenance strategy ""on condition' with a constant
frequency of control is carried out. During the operation of complex technical objects, as a rule,
maintenance is carried out to maintain the required level of object reliability. It is known that the most
effective principle of maintenance organization is “maintenance by condition” (MC), according to which
maintenance operations are carried out only if it is required by the actual technical condition (TC) of the
object. In order to be able to determine the actual TC of an object during operation, it is necessary to develop
and “embed” in the object tools for measuring the determining parameters of the most unreliable elements
even at the stage of its creation. To do this, the developer needs mathematical models with which to estimate
the expected costs of embedding measuring instruments and the expected gain from maintenance during
the operation of facility.

Currently, there are no satisfactory models that allow one to obtain such estimates. In this article, an attempt
is made to partially fill this gap - models are proposed that allow predicting the indicators of reliability and
cost of operating an object, taking into account MC. The article also developed methods to determine the
optimal parameters of various maintenance strategies.

The problem is that when developing such facilities, all issues related to maintainability and maintenance
should be addressed already at the early stages of the design of the facility. If you do not provide in advance
the necessary hardware and software for integrated monitoring of the technical condition (TC) of the object,
do not develop and “embed” maintenance technology into the object, then it will not be possible to realize
in the future a possible gain in the reliability of object due to maintenance. Since all these issues must be
resolved at the stage of creating an object (when the object does not yet exist), mathematical models of the
maintenance process are needed, with the help of which it would be possible to calculate the possible gain
in the level of reliability object due to maintenance, to estimate the cost costs required for this. Then, based
on such calculations, make a decision on the need for maintenance this type of objects and, if such a
decision is made, develop the structure of maintenance system, choose the most appropriate maintenance
strategy, and determine its optimal parameters.

Keywords: maintenance, actual technical condition, optimization of strategy parameters, technical
condition control
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Introduction

Complex technical objects in modern society are extremely important. First of all, we are talking
about various radio-electronic complexes for military and special purposes, radar stations, automated
control systems (air traffic, energy facilities, etc.). The level of reliability such facilities depends on
the defense capability of state, economic security, the lives of hundreds and thousands of people.
Such objects belong to the class of recoverable objects of long-term multiple use. They tend to be
expensive and require significant maintenance costs. To ensure the required level of reliability during
their operation, maintenance is usually carried out, the essence of which is the timely preventive
replacement of elements that are in a pre-failure state.

A characteristic feature of complex technical objects for special purposes is the presence in their
composition of a large number (tens, hundreds of thousands) of different types components that have
different levels of reliability, different patterns of their wear and aging processes. This feature requires
a more subtle approach to the organization and planning of maintenance during their operation.
Currently, there is a decline in the number of scientific publications devoted to the maintenance of
complex technical objects. One of the reasons for this, in our opinion, is a sharp increase in the level
of integration and reliability of components. Thanks to this, the developers of complex equipment
managed to solve the issues of ensuring the required level of reliability without significant
maintenance costs (or without maintenance at all). However, the same reason (high integration and
reliability of components) opened up the possibility of implementing more and more complex
equipment with new functions, which was impossible with the old element base. This again
objectively leads to problems of ensuring reliability and, therefore, the question of need for
maintenance and the choice of optimal strategy for its implementation again becomes relevant.
Unfortunately, currently known mathematical models and methods for calculating the optimal
parameters of maintenance processes are not very suitable for application to real technical objects.
The main drawback of these models is that they either do not take into account the complex structure
of the object at all, or it is possible to take into account only some of the simplest structures [1, 2]. In
[3], a comparative analysis of the problems that arise in solving the problems of maintenance “by
resource” and “by state” is carried out. An overview of the latest works in the field of maintenance
and repair of complex systems is given. In [4], a theoretical generalization of the known mathematical
models of TC processes was made. However, these models do not allow one to build methods suitable
for practical use on their basis.

Even worse, in our opinion, is the situation with mathematical models of TC processes “by state”.
Only a small number of scientific works are devoted to this line of research [5, 6].

Thus, the article solves an urgent scientific problem of developing methods and tools (software) for
determining the optimal parameters of the maintenance strategy “by state” of complex technical
objects.

Materials and methods

Formalized description of the methodology.

The problem of optimizing the parameters of MC strategy with a constant frequency of control can
be represented as follows:

T,(E., U T)=>T"; (1
a)
c,.(E,, U, T)—>min, (106)

where T, - is the given required value of the mean time between failures of the object;
E', U’ and T - are the desired optimal values of the corresponding parameters.

This problem cannot be solved by strict analytical optimization methods, only an approximate
solution of the problem is possible. Let us consider a technique for an approximate solution of
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problem (1) based on the use of ISM and software that implements it (ISMPN program).
If at some step all the elements E_ selected from are exhausted (k :\ETO\ ), then this will mean that

the original problem (1) has no solution — specified requirement T cannot be met.
If, despite this, the task still remains relevant, then to solve it, you need to:

- increase the level of reliability of the facility;

- expand the set of potentially serviceable elements g_, or

- reduce the required level of object T * reliability.

Results

The considered technique is implemented by the user (expert) using ISMPN program. To apply the
technique, it is necessary, firstly, to create a database for the object for which problem is supposed to
be solved, and, secondly, to perform a step-by-step search for a solution in accordance with the
technique considered above. At each (k-th) step, user needs to perform the following actions (points):

1) add to the subset of serviced elements E_ (initially empty) one element taken from the set E_;
2) to perform simulation and find a conditionally optimal solution STO; =<E* U T*>;

T0? "~ 107 "K

3) determine the achieved value of the mean time between failures T and check the fulfillment of
the requirement T >T.™. If the requirement is not met, return to step 1 and continue the search

process. Otherwise, follow the next (final) point;
4) take the conditionally optimal solution obtained as the optimal solution STO; of the problem

STO, =(E, ,U.,T).

Consider the technology for performing each of these items.

1. Formation of a set of serviced elements E: .

Open the ISMPN program in Database mode. On the Object composition and structure page, select
an element in the object constructive structure tree to be included inset E:. Then, in the table that
displays data on the selected object, in the PW (recovery sign) column, enter the value “in” (serviced
element) for this element.

All elements for which the attribute “in” is set will be automatically included in the current set of
serviced elements E: .

The set of potentially serviceable elements E_ is determined by the user in advance, before the start
of calculations by this method.

2. Formation of a conditionally optimal solution STO; .

Calculations in order to determine the conditionally optimal solution are performed in the following
sequence:

- open the ISMPN program in TC Study mode | Variation Uto+TKk. (Fig. 1 shows the view of PC
screen after the completion of the calculations);

- introduce boundaries and intervals for varying the frequency of control T_ and the level of

maintenance U_, . The parameters of periodicity T _ variation are selected in such a way as to find

ok *

the minimum of function c; (T) with sufficient accuracy. The range of variation U, s

recommended to be set to [0.1; 0.9], variation interval — 0.05;
- press the Start and run simulation button.
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Fig. 1 Entering the attribute “in” for element “12”

All elements for which the attribute “in” is set will be automatically included in the current set of
serviced elements E .

The set of potentially serviceable elements E_ is determined by the user in advance, before the start

of calculations by this method.
1. Formation of a conditionally optimal solution STO;, .

Calculations in order to determine the conditionally optimal solution are performed in the following
sequence:

- open the ISMPN program in TC Study mode | Variation Uto+Tk. (Fig. 1 shows the view of the PC
screen after the completion of the calculations);

- introduce boundaries and intervals for varying the frequency of control T_ and the level of
maintenance. The parameters of periodicity T_ variation are selected in such a way as to find the
minimum of the function ¢’ (T ) with sufficient accuracy. The range of variation u_, is

k
recommended to be set to [0.1; 0.9], variation interval — 0.05;
- press the Start and run simulation button.

After the simulation is completed, the graphs of the functions u; (T.), ¢/ (T.), T,;(T.) and K’ (T)
, Will be displayed, as shown in fig. 1. T (T ) and K (T ) — are functions of the corresponding
indicators and obtained with the optimal vector U’ .

If it turned out that the function c; (T) does not have a pronounced minimum (the minimum is
obtained at the edge of the range [T ,T 1), it is necessary to change the boundaries and accordingly,
T, and T, re-execute the simulation.

- according to graph c; (T, ), the optimal value T is found that satisfies the condition (4);
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- according to schedule u; (T,), the value of TC u’, level corresponding to the optimal value T * is
determined (expression (5));

- according to schedule T (T ), value of the mean time between failures achieved in the current step
is determined T =T, (T.").

The found optimal value T." and the corresponding values u'', ¢’ , T,;” and K (T), are displayed
on the right, next to the graphs.

- obtained values U’ and T  are taken as the values of the corresponding parameters of the
conditionally optimal solution:

STO; =(E;,U.,T.")
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Fig. 2 PC screen view showing function graphs u;,(T,), c;,(T,), T, (T,) and K (T,)

1. Evaluation of the results obtained at k-th step of solving the problem.
Based on the mean time between failures obtained T;" =T (STO;) in the current step, the condition
is checked T >T.".

If the condition is met, then the conditionally optimal solution STO; obtained is accepted as the final
solution of the problem:

STO; :=STO;.

The process of finding a solution in this case is completed.

Otherwise, if T <T,, it is necessary to return to point 1, add one more serviced element to the set
E.. and repeat the calculations.

We will illustrate the application of the technique on the example of the test object Test-1. The object

106



has 15 recoverable elements. For example, let's set that potentially serviced among them are the 5
least reliable elements, the data on which are given in table. Since all elements are connected (in the
sense of reliability) in series, the coefficient of variation in the distribution of operating time to failure
of serviced elements is the same as for elements of the lower level, i.e. v, =1.

Table 1
Characteristics of potentially serviceable elements of object Test-1

Element | Element name | Cpennss HapaboTka
number mo otkasa T, h
1 132 10000
2 12 14142
3 11111 14142
4 KE-131-1 20000
5 KE-131-2 20000

For simulation, we set the following parameters:

T =20 years; ¢ =10 c.u./h; £”=0.2; N™ =500;

We will perform the calculations in sequence in accordance with the considered technology.
1. At the 1st step, we include the element 132 inthe set E’ : E' ={132}.

2. Open ISMPN program in TC Research | Variation Uto+Tk and set the following variation
parameters:

-for u : u  €[0,1;09]; Au,_=0,05;
-for T : [T,,T,]1=[800 h, 2400 h]; AT =100 h.

After that, we will make a simulation. On fig. 3 shows results of the simulation.
According to the graph of the function c_ (T,), we find its minimum and the conditionally optimal

value corresponding to it T *. Then, according to the graph u’ (T ), we find the conditionally optimal
value of u’ =u’ (T). Asaresult, we get:

T =1300h; u,,=0,5.
According to the schedule T (T ), we determine the achieved value of the mean time between failures

T,7=1343h.
As a result of the calculations performed at the 1st step, we obtain the following conditionally optimal
solution:

STO; = <E:O,U;,,TK+> = ({132},{0,5},1300h).

3. Taking into account the fact that the specified requirement for object reliability T,” >T,”= 1500 h

is not fulfilled with the received MC STO¢ parameters, it is necessary to perform the next step of
search.
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Fig. 3 Graphs of functions u;, (T,), ¢, (T,), T, (T,) and K[, (T,) for E} ={132} (v; =1)

But before that, it is necessary to open the database and for element 132 enter the conditionally
optimal value of the TC U_; level obtained for it. The value U, = 0.5 must be entered in Uto column

for element 132, as shown in fig. 3.
After that, you can perform the next (2nd) step of finding a solution.

1. At the 2-nd step, we add the element 12 to the set E_ . As a result, we get set E' = {132, 12}.

2. Open the ISMPN program in the Research TC | Varying Uto + Tk and perform calculations in
accordance with the technology discussed above. After calculations at the 2nd step, we obtain the
following conditionally optimal solution:

STO; =(E;,, UL, T, ) =({132,12}; {0,5;0,4},1300h).
3. At 2-nd step, the mean time between failures T, = 1485 hours is obtained. If this value also does
not satisfy the specified requirement T,", then the next step is performed.

In table. Table 2 shows the results of calculations obtained in 5 steps of the search performed for all
serviced elements available in the set E, (see Table 1).

Let the requirement for the reliability level T,” = 1500 h be set for the object Test-1. Then, based on
the data obtained, we determine the following optimal MC parameters:
STO, =STO; = <{132,12,11111}; {0,5;0,4;0,5},1200 h) :

With the obtained optimal MC STO’ parameters, the following values of indicators will be provided:
T,(STO;) = 1660 h;

C,,(STO;)=0,01461 c.u./h;

K, (STO;)=0,99851.
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Table 2
Calculation results of conditionally optimal MC parameters for object Test-1 (v, =1)
- . Values of indicators obtained with
Conditionally optimal parameters e .
Step . conditionally optimal parameters
number STO; STO:
k
+ ++ + +
E; ush T+, h T, . h C,p C.U/h K £
1 {132} 0,5 1300 1343 0,01866 | 0,99870 0,156
2 {132, 12} 0,4 1300 1485 0,01663 | 0,99861 0,171
132, 12,
3 { 0,5 1200 1660 0,01461 0,99851 0,180
11111}
{132, 12,
4 11111, KE-| 0,65 1300 1808 0,01361 0,99850 0,182
131-1}
{132, 12,
11111 KE-
5 ’ 0,65 1200 1988 0,01266 | 0,99847 0,198
131-1, KE-131-
2}

The relative error of the simulation results at which these results were obtained is &= 0.180.

This solution was obtained under the condition that the coefficient of variation of random time to
failure v, for all elements of the object is the same and equal to 1. It is an interesting question: how
will the optimal MC parameters change in the case of smaller values of v . This issue seems important

because many elements of real technical objects are characterized by the distribution of time to failure,
which has a coefficient of variation that is significantly less than 1 (see table 3). To study this issue,
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we will make calculations for the object Test-1, obtained under the condition that the coefficient of
variation v; for all elements is 0.5.

On fig. 6 shows the graphs of functions u, (T,), ¢, (T,), Ty (T,) and K (T,), obtained at the first
step of calculations for the set E ={132} at v, =0,5.
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Fig. 5 Graphs of functions u,,(T,), ¢, (T,), T,'(T,) and K (T,) for E;, ={132} (v, =0,5)

Table 3 shows the obtained conditionally optimal MC STO; parameters and the corresponding
values of the indicators Ty, c;, and K .
According to the data obtained in table 3, and taking into account that T,” = 1500 h, for the case
v, = 0.5, we obtain the following solution to problem (4):
STO; =STO; = <{132,12}; {0,5;0,5},2900 h) :

This results in the following values:
T,(STO;) = 1553 h;

C,,(STO;)=0,01541 c.u./h;
K. (STO;)=0,99892 (& =0,099).

Using the Test-1 test object as an example, let's consider another question: what is MC process in the
case of a strategy with a constant control frequency, and what are the characteristics of this process.
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Table 3
Calculation results of conditionally optimal MC parameters for object Test-1 (v, =0,5)

Conditionally optimal parameters Val_ues of indicators obtained with conditionally
Step STO* optimal parameters
nurEber s STO!
E; us T .4 Ty, 4 C;ﬂ, y.e./q K &
1 {132} 0,5 2900 1405 0,01740 | 0,99897 | 0,089
2 {132, 12} 0,5 2900 1553 0,01541 | 0,99892 | 0,099
{132, 12,
3 11111} 0,5 3000 1738 0,01340 | 0,99888 | 0,100
{132, 12,
4 11111, KE-| 0,65 2700 1896 0,01248 | 0,99884 | 0,107
131-1}
{132, 12,
11111, KE-
5 131-1, KE-131- 0,45 2900 2086 0,01154 | 0,99881 | 0,113
2}
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Fig. 6 Graphs of the dependence of indicators T,” and cj, on the number of serviced elements

n(E; ) for various values v,

It is obvious that this is a random process that occurs at discrete times, multiple of the frequency of
control T, . At each of these moments of time, TC of i-th element from the set E,, is performed p,_;
with probability.

For research purposes, ISMPN program has built-in procedures that allow accumulating statistics on

the number and frequency of maintenance of various elements over a given period of operation of the
facility. According to the accumulated statistics, estimates of indicators are calculated:
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T, - average frequency of maintenance i-th element;

v..; - coefficient of variation randoms periodicity of TO i-th element;

n,,;- average number of maintenance of i-th element, which is performed during a given period of

operation of the object T, .

In table 4 shows the estimates of these indicators obtained in the simulation example under

consideration for the object Test-1.

Table 4
Characteristics of the random process MS of object Test-1
with optimal parameters of the maintenance strategy STO;
Service i v, =1 v;,=05
ervice Items -rmi ’ h VTOi ﬁToi -rmi ’ h VTOi ﬁToi
132 5533 0,83 30,2 6480 0,40 25,9
12 7447 0,86 22,2 8501 0,41 19,7
11111 7420 0,86 22,3 - - -
Conclusions

1. Optimized parameters of MC strategies are:
- set of serviced elements E_;

- vector of TC U levels, in which each element ¢,  E _ is assigned the optimal TC u_, eU__ level,

- fixed periodicity of control T (for conditional maintenance) or coefficient , (for adaptive

maintenance).
2. The parameter y has the meaning of a relative value that links the changing frequency of control

T_with the current estimate of the average time to failure of the object fcp. With adaptive MC, the
frequency of control T is calculated by the formula T :yf;p, where the score fcp is determined by
the results of measuring determining parameters.

3. Parameters E_ and U_ are common for MC strategies. The difference between the “state

maintenance” and ‘“adaptive maintenance” strategies is only in the method of determining the
frequency of control T .

4. The optimal number of serviced elements has decreased. Instead of 3 elements to be served at
v,= 1, now if v, = 0.5, it is enough to serve only 2 elements;

5. Significantly increased the optimal frequency of control T (instead of T’ = 1200 hours obtained

value T = 2900 hours).
Figure 7 shows graphs of the functions of indicators T" and ¢ depending on the number of serviced

elements n(E; ). The graphs clearly illustrate the trend of improving performance T and ¢ witha
decrease in the coefficient of variation v. .
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OIITUMIBALIA IIAPAMETPIB gTPATEFIi TEXHIYHOI'O OBCJIYT'OBYBAHHA «I10
CTAHY» 3 IOCTIMHOIO NEPIOAUYHICTIO KOHTPOJIIO

Anomauisn

Y wiii cmammi npoeooumusca onmumizauyia napamempie cmpamecii mexXHiYHO20 00CAY208Y6aHHA (34
CIMAHOM» 3 ROCHIUHOI0 NepioouyHicmio KOHmpoaw. Y npoueci excniayamauii CKI1AQOHUX MEXHIUHUX
00'ckmis, 3a3euuaii, nposooumsvca mexuiune oocnyzoeyseanusa (TO) niompumku HeoOXiOHO20 pigna
be3eiomoenocmi 06'ekma. Bioomo, wo naitepexmuenivium npunyunom opzanizauii TO ¢ «TO cmanom»
(TOC), gionogiono 0o axum onepauyii TO npoeodamvca auuie MOMYy GURAOKY, AKUIO UbO20 GUMA2AE
axkmuunuii mexuiunuii cman (TC) 06'ckma. /lna mozo, ui06 y npoueci excniyamauii oyna moxcaugicme
seusnauamu Qaxmuynuit TC 00'ckma, neodXiono wie Ha emani 020 CMEOPEHHA pPO3POOUmMU ma
60ydysamu 6 00'ekm 3acoou 0n1a eUMIpIOGAHHA NAPAMEmMPIE, W0 6UHAYAIOMbCA HAWOILIbUW HEHAOIIHUX
enemenmie. /[na yb020 po3poOHUKY HEOOXIOHI mamemamuuni Mooei, 3a 00NOMO2010 AKUX MOMHCHA Oy10 0
OyiHuUmMu OuiKyeani eumpamu Ha 60Y008Y8AHHA 3AC00i6 GUMIPIOGAHHA MA OYIKY8AHUIl euzpaui 6i0
npogsedenna TO y npoyeci excniayamayii 00'cxkma.

B oanuii uac eiocymmui 3a006invHi modeni, wio oaioms 3mMo02y ompumyeamu maxi oyinku. Y yiit cmammi
3p06AEHO Ccnpody HUacmKo8o 3AN0GHUMU U0 RPOZATUHY — 3ANPONOHOGAHO MOOei, W0 00360]110Mb
npozHo3yeamu NOKA3HUKU Haldiinocmi ma eapmocmi excniayamauii o6'ekma 3 ypaxyeanuam TI'C. Y
cmammi maxoic po3poodaeno mMemoouKu, Wio 0aiome 3M02y 6UHAYAMU ORMUMATbHI NAPAMEMPU PI3HUX
cmpamezin TO.

Ilpobnema nonszac 6 momy, uio npu po3poduyi makux o00'ckmie yci numaunus, noe'azamni 3
DPEMOHMONPUOAMHICIIO MA MEXHIYHUM 00CY208Y6AHHAM, NOGUHHI GUPIWLYBAMUCA 6iC€ HA PAHHIX
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emanax npoekmyeanus 00 'ckma. Axuio He nepeddauumu 3a30a1e2i0b He0OXIOHI anapamui ma nPoOzZPamHi
3acobu e0yooeanozo konmponio mexuiunozo cmany (TC) 06'ckma, ne po3pooumu i ne 66yoyeamu 6 06'ckm
mexHon02ito npoeedennsn TO, mo peanizysamu ¢ MalOYMHLOMY MONCTUGHIL suzpaui y 6e36i0MoeHOCHI
00'ekma 3a paxynok npoeedenna TO ne e0acmoca. Ockinvku 6ci yi RUMAHHA ROGUHHI GUPIWIYBAMUCA HA
emani cmeopenus 06'ckma (konu 06'ckma wie Hemac), HeodOXioni mamemamuyuni mooeni npouecy TO, 3a
00NOMO2010 AKUX MOHCHA OY10 6 NPOPAXYBAMU MOMCTUBUIL éuzpaul y pieHi be38i0moenocmi 06'ckma 3a
paxynok npoeedennsa TO, ouinumu Heobxioni eapmicni eumpamu. Ilomim na niocmaei makux
PO3PAxXyHKi6 NpUllHAmMU PiuleHHA npo HeooXioHicmb npoeedennna TO 0na yvozo muny 06'ckmie i, AKWLO
make piuleHHA RPUHAmMO, po3podumu cmpykmypy cucmemu TO, eudpamu Haubdinbuwt nNPUIHAMHY
cmpameziio TO, suznayumu it onmumanvHi napamempu.

Kniouoei cnosa: mexuiune 00cnyz08ye6anns, akmuunuil mexuivHuii cmaHn, onMumMizayis napamempies
cmpamezii, KOHMPOIb MEXHIYHO20 CIMAHY

114



Collection of Scientific Papers of Military Institute of Taras Shevchenko National University of Kyiv
ISSN-252400056
(76)2022

http://miljournals.knu.ua/
DOI: https://doi.org/10.17721/2519-481X/2022/76-10

Shuaib Mohammed Sharif
Al-Qalam University College

THE EFFECT OF INTELLIGENT DESIGN SYSTEM STRATEGY ON THE SERVICE
MANAGEMENT SYSTEM DEVELOPMENT: A CASE STUDY IN IRAQI TELECOM
COMPANIES

ABSTRACT

The customers’ various requirements prompted organizations to change the process of designing their
products and services from standard design to diversified one by using digital technologies. In this
concern, the main objective of the study is to reveal the effect of the intelligent design system strategy
in enhancing service management system development through a field study in Iragi telecom
companies. After reviewing the reality of the companies, the data was collected by means of a
questionnaire and analyzed by relying on the (SPSS) program. On the basis of the results of the
analysis, the study reached many conclusions and suggestions that are commensurate with its nature.
Keywords: Intelligent Design Strategy, Management Service Systems.

INTRODUCTION

Using digital technologies and algorithms is one of the key methods that organizations adopt in
intelligent designing a product (good or service), which enhances the quality of its services provided
to the customer. Thus, it achieves a large market share as a result of providing services that meet the
aspirations of different customers, as well as the superiority that the organization will achieve at the
expense of competitors in terms of speed, quantity and cost. From this point of view, the current study
is divided into four axes: the first axis includes the methodology of the study. The second includes
the theoretical aspect, while the third deals with the field aspect, and the fourth concerns conclusions
and suggestions.

THE FIRST AXIS: THE METHODOLOGY OF THE STUDY

First: Research Problem

Most business organizations encounter the problem of changing the design of their products and
services, due to poor knowledge and lack of modern technology, or lack of customer information,
which negatively affects the organization service systems. To address this problem, organizations
have turned towards intelligent technologies because of their active role in designing the product in
an intelligent way that responds to the various customers’ requirements. Iraqi telecommunications
companies suffer from this problem of (lack of possession of advanced technologies, limited
knowledge, and weak feedback). To address this problem, the following questions were asked: (Do
companies have intelligent design techniques? What are the elements of service systems that
companies own? How does the intelligent design system affect service systems?)

Second: Research Importance

The importance of the study lies in the benefits it brings to the companies under study:

1- Helping companies to learn about intelligent design techniques and their contribution to improving
the quality of their products and services.

2- Making the company service systems provide services that meet the customer's ambition.

3- Gaining a larger market share at the expense of competitors through the application of intelligent
design technologies in the design of its services.
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Third: Research Objective

The main objective of the study is to reveal the impact of the intelligent design system strategy in
enhancing service management system development through a field study in Iraqi
telecommunications companies, and from this main objective we define the following objectives:

1- Diagnosing the problems of applying the intelligent design system strategy in the study sample
companies.

2- Determining the obstacles faced by companies when implementing service systems.

3- Addressing the problems of intelligent design and reducing the obstacles that affect the service
systems in companies based on the theoretical and practical aspects of the study.

Fourth: Research Hypothesis

The study starts from one hypothesis: there is an effective relationship for the intelligent design
system in the service systems.

Fifth: Statistical Scale: The study adopted the following statistical methods (Duai, 2010, 6):

- Frequencies, percentages, mean and standard deviation

- The percentage of conformity through the equation (conformity percentage = arithmetic mean /
highest degree of measurement).

- Gap ratio (gap = 1- matching ratio).

THE SECOND AXIS: THE THEORETICAL SIDE

First: The Intelligent Design System Strategy

1- The concept of the intelligent design system strategy: (Zhang et al., 2017) sees the completion
of the product design process using advanced digital technologies such as geometric modeling, Kinetic
simulation, and dynamics. Human-computer interaction achieves a design that meets individual and
diverse customer requirements as quickly as possible and at the lowest possible cost. (LI et al., 2020)
shows that the intelligent design system is one of the digital technologies used in advanced design
and manufacturing chains that achieves the best production advantages, quality, low production cost
and short time for marketing and development. (Tsang et al., 2021) indicates that the use of
technology by humans to design a product with a high degree of quality, safety, ease of manufacture,
use and maintenance achieves customer satisfaction and superiority over competitors.

2- Factors affecting intelligent design system strategy: Intelligent design is affected by many factors,
the most important of which are (Wang et al., 2019):

- Unclear design requirements resulting in product design difficulty and reduced efficiency.

- Changing design goals and the weakness of the design system.

- The complexity of users’ requirements when they cannot describe the requirements themselves
makes it difficult for designers to understand the basic needs of users. Design failures often result
from deviations in user orientation.

3- Functions of the intelligent design system strategy: There are many functions associated with
intelligent design system strategy (Jamshidi et al., 2020):

- Product design using CAD computer system.

Extracting engineering and design features.

Converting product information into facts for inference purposes.

Inference and suggestion of design rate and materials for production.

Automatically correct design flaws and enter them into the model.

4- The mechanism of work of the intelligent design system strategy: The work of the intelligent
design system depends on several steps (Wang et al., 2019):

- A knowledge base that contains coded expertise from one or more experts in the field.

- The inference provides strategies for manipulating the encoded knowledge in order to arrive at the
ultimate solutions.

- Providing a user interface for interaction between the system and the user.

- Providing links to a traditional database for importing data and using it for inference.

5- Elements of the intelligent design system strategy: The intelligent design system consists of
several elements:
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- Expert system or knowledge base: It is one of the most useful elements of the intelligent design
system, as it embodies the expert information available in the virtual design and reflects it on the
design of the product or service in reality. This role is performed by the designer engineers, technical
specialist or external consultant, using many high-level intelligent functions such as intuition,
creativity, correlation, induction, recognition, and inference. It is to analyze these functions accurately
in order to reach the point at which an algorithm was obtained to achieve these functions, as
knowledge helps to address the problem of constructing the design to be able to fully perform its
functional tasks. When the availability of many sources of knowledge makes conflicting design
solutions, expert systems wrappers must be used along with knowledge bases (Zhang et al., 2017), to
generate logical inferences that give the design space acceptable solutions. This is called a
Knowledge-Based Approach (KBS) which usually takes the form of an intelligent computer program.
Knowledge and inference procedures are used to solve complex decision problems, and knowledge
of a knowledge-based system consists of facts and inference.

Facts constitute a set of widely shared, publicly available, and generally agreed-upon information by
experts in a field. As for “inference” it is mostly private information that characterizes decision-
making at the expert level in the field (LI et al., 2020).

- Information control: The effectiveness of the intelligent design system depends on the quality of
the information used in the design, as the design status is published in the blackboard system database.
When the degree of information required to implement the unit is present, the unit is activated, and
the units can be analysis units, design performance data or procedures for evaluating or checking
whether the design meets requirements and constraints such as manufacturing, cost, environmental
impact, etc. Within this framework, the design process is controlled by engineers or is done by an
intelligent design system, whereby the design engineer uses all the functions that it provides system
for design development. In this case the intelligent design system interacts with the human designer
as the ultimate arbiter of the state of the design. Then the design checks are performed automatically
and the user is informed of the results and based on these results the system is allowed to modify the
design state to reach the required performance level (LI et al., 2020).

- Designer’s Intentions: Recognizing the intentions of an expert designer during the design process
is a very difficult process, and the difficulty is that the design intent is not a clearly defined quantity
and is difficult to measure. It is possible to identify the designer's intention by recording the reasons
and circumstances that led him to change the original design. The designer's intention can be
identified when using the intelligent design system that facilitates this process, through which the
deviation from the proposed design is recorded with some information or explanations provided for
it. This information is useful in developing new alternatives if a similar situation arises in the future
(Jamshidi et al., 2020). Recording the design goal in the first place requires attention towards
developing all necessary design features and functions present in the product using the experimental
method. The error is in the following steps: (1) building a temporary model (2) evaluating the model
and comparing the results to the design requirements (3) modifying the model and then returning to
step 2 to see if the model fails to meet the requirements. If not, the process is terminated. Therefore,
the intelligent design system supports engineering information to represent the product shape,
features, property behaviors, and product functions, depending on two types of data, one for dealing
with a large amount of formal data and the other for processing a small amount of very complex
information while giving enough flexibility to adapt to the dynamic environment (Roy et al., 2014).

- Design model: In order to obtain the required integration between the design functions, a reference
model must be chosen on which the design support tools are based, and the model should be tested
on the computer in order to evaluate the design automatically. The CAD system is an important factor
when doing intelligent design which consists of three main components: the first is the knowledge
base that contains design guidelines and material selection information, and the second is the feature
extractor which extracts the features of the designed product and then recognizes them using the
developed algorithms. The third successfully extracts and manages product design information, and
these components are developed for this work using Microsoft NET Technologies as a Relational
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Database Management System (RDBMS) in order to arrive at an appropriate design (Zhang et al.,
2017).

- Design testing: For design testing, the model designed by the product design system is called to
analyze the current state of the design, point out problem areas and indicatepossible improvements,
and this paragraph is done before major decisions about product and process characteristics (Jamshidi
et al., 2020).

Second: Service Management System Development

1- The concept of service systems: It is an integrated combination of product and service systems that
allow the creation of value for the customer when used (Akbar & Hoffmann, 2019); (Haber &
Fargnoli, 2017) see that these systems use the innovation strategy to be able to provide services that
meet specific customer’s requirements. (Totzek, 2020) indicates that it is a system that engages in the
implementation of its functions, workers and machines, relying on information, technology, and other
resources to produce products and services for internal or external customers. (Fonsecaa & Pintob,
2014) show that it is a complex socio- technical system that focuses on interoperability between
people, technology and other resources in order to provide excellent customer service.

2- Parts of service systems: Service systems are based on three parts:

a- Science: related to knowledge of service systems and how to understand their evolution.
Organizations must recognize how services are performed and how services change over time. The
method of understanding and analyzing service systems accurately will achieve a distinct service
from others, as well as achieve knowledge, as the density of knowledge is increasingly being part of
the systems and value of modern service. Almost all service industries show a growth in the density
of knowledge, whether through skilled labor or an increase The use of advanced technology, in
addition to that, the roles of employees, technology, and information shared, as well as the role of
customer input in service production processes must be understood, described and defined (Fonsecaa
& Pintob, 2014).

b- Management: It is related to investment management to improve service systems and understand
service system improvements, because it will enable management to invest successfully in this
important sector, and there are three steps adopted by the manager in evaluating the return on
investments aimed at improving service systems (Totzek, 2020):

- Efficiency (plans) getting things done the right way.

- Effectiveness (objectives) getting the right things done.

- Sustainability (relationships) Finding the right relationships with other service systems.

It also requires management to compare its service systems with each other according to the
dimensions of efficiency, effectiveness and sustainability using its own internal information, or
compare its current status with previous cases and identify historical trends in key performance
indicators to enhance service performance from year to year. The service systems can also be
compared using benchmarking with the systems of similar organizations (Qi et al., 2020).

c- Engineering: related to the creation of new technologies that improve and expand the scope of
service systems under various circumstances, as organizations improve the service system because
electronic commerce has changed the business landscape that enjoys economies of scale.
Organizations use customer information to provide standard customer service regardless of location.
This is done by introducing innovative technologies to provide the service new and different from
others in the market, and this responsibility lies with the design and operations engineers in
cooperation with the marketing department. Engineersdevelop current technologies to suit the design
idea and customer requirements, and in the event that engineers are unable to do so, they must go
towards purchasing advanced technologies from a third party to ensure the provision of services with
the required specifications. In addition, the organization must have an engineering team to provide
maintenance service to the organization and its customers alike (Haber & Fargnoli, 2017).

Third: The theoretical relationship between intelligent design and service systems: the intense
competition in the market has prompted business organizations to think about abandoning traditional
design methods and resorting to intelligent design methods in designing their products and services
and making those products attract the customer’s attention and push him towards buying and using
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them, and this is what enables the organization to Easily access the market and dominate it before
competitors. The more the organization increases its activities related to intelligent design, the more
impact this will have on enhancing its products and services systems, as service systems need an
intelligent design that enables them to be within acceptable quality standards and meet customer
needs. In light of this, we have indicated that there is a strong theoretical relationship between the
intelligent design and service systems, and on this basis we propose the following scheme that
illustrates that relationship.

- Intelligent design system strategy ~

Knowledge
base

Designer's
intentions

N | Service management system development ./

Engineering Management (Efficiency, Knowledge
effectiveness,

Sustainability)

Fig 1 Intelligent Design And Service Systems

THE THIRD AXIS: THE FIELD SIDE

First: About the Iragi telecommunications companies (study sample): Communication and postal
services in Irag were available at a very early period, as the Internet was available through the centers,
but its use is very limited due to the restriction of the ruling regime on the use of the Internet, as well
as the availability of wireless communications, which were allowed to be used only in a narrow range
only such as Thuraya satellite phones. Since 2003, the Internet and wireless communications have
entered Irag and become accessible to everyone. There are now many Internet service providers via
satellite, and the number of Internet users in Iraq is increasing significantly. The number of landline
subscribers in Iraq is about one and a half million subscribers, while mobile phone users are about 14
million users. The most important telecommunications companies in Iraq are (Asiacell, Zain, Korek
& Fanous et al.,), but in our study we will focus on Asiacell because it is The largest
telecommunications company in Irag, where Asiacell Mobile Communications Company was
established in 1999 in northern Iraq, to be the first Iraqi cellular telecommunications company in Irag.
In 2012, the French marketing research company Altai announced that Asiacell was the number one
brand in Irag not only in the field of mobile communications, but in all sectors, which reflects the
strong presence of the Asiacell brand. It is considered the main provider of high-quality mobile
telecommunications services in Irag and has more than 12 million subscribers. It is the first network
in Iraq as it is the first mobile telecommunications service provider in Iraq and has achieved coverage
of all its parts. The company provided its services in all eighteen Iraqi governorates, including the
capital, Baghdad, and all major Iraqi cities. Asiacell network covers 99.09% of the Iragi population,
making its coverage the widest among mobile operators in Irag
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Second: Description and analysis of the results of the dimensions of intelligent design system
strategy: It includes the following:

1- Expert system (knowledge base): the results contained in Table (1) indicate that the answers of the
respondents on this dimension and its variables extending from (X1 - X3) tend towards agreement
with a modest percentage (42.6%) and an arithmetic mean (1.93) and a standard deviation ( 0.79),
while the percentage of neutral answers was (29.3%), while the percentage of disagreement was
(28%), and although the measure of agreement got the largest percentage, there is a gap in the
implementation of the experts system estimated at (36%), which means that The company's ability to
meet the requirements of the experts' system is (64%), and this percentage is small and needs to be
strengthened by the company.

2- Control of information: The results presented in Table (1) show that the answers of the respondents
about this dimension and its variables (X4 - X6) tend towards agreement at a rate of (62%) and with
arithmetic mean (2.38) and a standard deviation (0.75). The percentage of neutral answers (14.6%),
while the percentage of disagreement was (23.3%). The measure of agreement obtains the largest
percentage, but there is a gap in implementation after controlling information estimated at (21%),
which means that the company’s ability to match the requirements of information control by (79%)
and this percentage is good and needs to make more efforts before The company has access to
accurate information that can be easily controlled.

3- The designer’s intentions: the results in Table (1) indicate that the respondents’ answers about this
dimension and its variables (X7 - X9) tend towards agreement with a percentage of (50.6%), an
arithmetic mean of (2.26) and a standard deviation of (0.79), while the percentage formed Neutral
answers (25.3%), while the percentage of disagreement (24%). The measure of agreement obtained
the largest percentage, and this does not indicate that there is no gap in the implementation of the
designer’s intentions in the company, as the percentage of the gap is estimated at (25%), which means
that the company knows the intentions of the designer in advance through a percentage (75%). This
percentage is acceptable and requires the company management strengthened it to know the intentions
of the designer in all.

4- Design model: The results in Table (1) show that the answers of the respondents about this
dimension and its variables (X10 - X12) tend towards agreement at a rate of (55.3%) and with an
arithmetic mean (2.24) and a standard deviation (0.83), as the neutral answers formed (13.3%), while
the percentage of disagreement (31.3%). Since the measure of agreement got the largest percentage,
but there is a gap in the implementation of the design model of (25%), which indicates that the
company has the ability to match the requirements of the design model by (75%). This percentage
requires scaling weaknesses in order to reach to a suitable design model.

5- Design test: The results presented in Table (1) show that the answers of the respondents about this
dimension and its variables (X13 - X15) took the direction of agreement (42%), mean (1.87) and
standard deviation (0.80), while the percentage of answers formed Neutral (28.6%), and the
percentage of disagreement (29.3%). Although the measure of agreement obtained the largest
percentage of the respondents’ answers, there is a gap in the implementation of the design test
estimated at (38%), which means that the company’s ability to meet the requirements of the design
test by (62%). This percentage pushes the company’s management to continuously search for Reasons
for poor testing of the initial design model.

120



Tablel
FREQUENCIES, PERCENTAGES, MEANS, STANDARD DEVIATIONS, MATCHIN GRATIO
AND GAP FOR INTELLIGENT DESIGN STRATEGY DIMENSIONS

No Variants Response scale

Intel I?gentdes ) Arithmetic | standard | Match
ign Agree | Neutral | Disagree mean deviation | ratio
systemstrateg % % %

e
dimensions

Gap

Expert
systemor
knowledgebas
e

The product
orservice in
ourcompany
1 isdesigned 50 26 24 2.26 0.82 0.75 0.25
basedon the
ideas
ofcreative
workers

Our
companyuses
2 intelligentfunc 22 38 40 1.18 0.77 0.39 0.61

tions
suchasintuitio
nandcreativity

tocomeup

with the right
design

Our company
relies on
knowledge
when solving
the problem of
installing the
design to be
able to
perform its
functional

56 24 20 2.36 0.8 0.78 0.22

tasks

the average 42.6 29.3 28 1.93 0.79 0.64 0.36

Information
control

Our company
has a design
database and
A publishes it 56 16 28 2.28 0.88 0.76 | 0.24
using the
Blackboard

system
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Analyze
design data to
verify that the
design meets
requirements
for
manufacturing
, cost, and

environmental
impact

40

24

36

2.04

0.87

0.68

0.32

The intelligent
design system
interacts with
the human
designer for
final judgment

on the state of
the design

90

2.84

0.5

0.94

0.06

the average

62

14.6

23.3

2.38

0.75

0.79

0.21

Designer's
intentions

The designer's
intent can be
identified by
recording the
reasons that
lead him to

change the
current design

32

58

10

2.22

0.61

0.74

0.26

The designer
develops new
alternatives to
face any
situation in the

future

50

10

40

2.1

0.95

0.7

0.3

Supports
intelligent
design system
designed with
information to
represent
product form

and function

70

22

2.48

0.83

0.83

0.17

the average

50.6

25.3

24

2.26

0.79

0.75

0.25

Design model
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10

Our company
has a reference
design model
to base on
when
preparing a

new design

74

18

2.56

0.78

0.85

0.15

11

When our
company
designs the
product or
service, it
takes into
account the
quality factor

init

26

24

50

1.76

0.84

0.59

0.41

12

After the
design is
completed, our
company
creates a
prototype and
tests it on the
computer in
order to
evaluate the
design

automatically

66

26

24

0.88

0.8

0.2

the average

55.3

13.3

31.3

2.24

0.83

0.75

0.25

Design test

13

The model
that is
designed to
test and detect

problem areas
is called in

40

18

42

2.02

0.91

0.67

0.33

14

Address
problems in
the design to

be perfect

66

10

24

1.58

0.85

0.53

0.47

15

Introducing
the new model

to the market

20

58

22

2.02

0.65

0.67

0.33

the average

42

28.6

29.3

1.87

0.8

0.62

0.38
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Third: Description and analysis of the results of the service management system development: They
include:

1- Knowledge or knowledge: The results shown in Table (2) indicate that the answers of the
respondents about this dimension and its variables (X16 - X18) tend towards agreement at a rate of
(58%) and with an arithmetic mean (2.32) and a standard deviation (0.84), while it formed The
percentage of neutral answers (16.6%), while the percentage of disagreement was (25.3%). Although
the measure of agreement obtained the largest percentage, there is a gap in the implementation of the
dimension of knowledge estimated at (23%), which means that the company’s ability to match the
requirements of the design model is (77%), and this percentage requires strengthening by the
company.

2- Administration: Table (2) shows the results of the answers of the respondents on this dimension
and its variables (X21 - X19), where these answers were directed towards agreement with a
percentage (59.3%), arithmetic mean (2.60) and a standard deviation (0.77), while the percentage of
answers formed Neutral (18.6%), and the percentage of disagreement (22%). Since the measure of
agreement obtained the largest proportion of the answers, but there is a gap in the implementation
after management, which was (47%), indicating that the company has the ability to implement the
requirements of the design model, which is indicated by the conformity, which is (53%). This
percentage is weak and needs the company have taken good administrative measures that enable it to
reach a high quality service system.

3- Engineering: The results in Table (2) refer to the respondents’ answers about this dimension and
its variables (X24 - X22), which tended towards limited agreement at a rate of (36.6%), arithmetic
mean (1.96) and standard deviation (0.82), while the percentage of answers formed Neutral (28%),
and the percentage of disagreement (35.3%). Although the measure of agreement obtained the largest
percentage, there is a gap in engineering implementation estimated at (35%), which means that the
company has the ability to match the requirements of the design model by (65%). This percentage
requires strong support before the company by providing all requirements service engineering.

Table2
FREQUENCIES, PERCENTAGES, MEANS, STANDARD DEVIATIONS, CONFORMITY
RATIO AND GAP FOR SERVICEMAN AGEMENT SYSTEM DEVELOPMENT DIMENSIONS

No Variants Response scale

Dimensions agree
ofservicesyste %
ms
Knowledge
Our
16 companyhass 68 10 22 2.46 0.83 0.82 0.18
ufficient
knowledge
ofservicesyste
ms
and how to
perform

Arithmetic | standard | Match

Neutral% Dis(z)a/gree mean | deviation | ratio
0

Gap

services

The intensity
of knowledge
that our
17 company 40 32 28 2.12 0.82 071 | 0.29
POSSEsses
enables it to
achieve value
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for the
customer

18

Knowledge
of service
systems helps
our
company's
management
understand
the roles of
employees,
and
technology,
in the service

production
processes

66

26

24

0.88

0.8

0.2

the average

58

16.6

25.3

2.32

0.84

0.77

0.23

Administratio
n

19

Our company
invests in
service
systems to
achieve a
return on
targeted

investments

82

10

2.72

0.64

0.91

0.09

20

Our
company's
management
makes plans
with
efficiency by
doing the

work in the
right way

38

34

28

2.1

0.81

0.7

0.3

21

The
administratio
n compares
service
systems with
each other
according to
the
dimensions
of efficiency,
effectiveness

and
sustainability

58

14

28

2,30

0.88

0.77

0.23
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the average 59.3 18.6 22 2.6 0.77 0.53 0.47

Engineering

Our
engineers
innovate new

22 technologies 30 14 56 1.74 0.89 058 | 0.42
that improve

service
systems

under any

conditions

Where
engineers
develop
current
technologies
in
cooperation
with the
23 production 46 30 24 2.22 0.81 0.74 | 0.26
and
marketing
departments
so that the
design idea is
suitable for
customer

requirements

In the event
that engineers
are unable to
develop
service
systems, our
company
uses a third
24 party to 34 40 26 1.92 0.77 064 | 036
ensure the
provision of
services with
the required

specifications

the average 36.6 28 35.3 1.96 0.82 0.65 0.35

Fourth: The general indicator of the study variables: The results of Table (3) indicate that all

dimensions of the intelligent design achieved a percentage of agreement (50.5%), while the

percentage of neutral answers (22.2%), while the answers of disagreement got a percentage of
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(27.1%) at arithmetic mean (2.13) and a standard deviation (0.792). The percentage of matching
answers was (71%), which means, that the percentage of the gap in the answers was (29%). This
result indicates that the company applies the dimensions of intelligent design by (50.5%), and this
percentage is limited and needs to be strengthened by the company's management. Table (3) also
shows the results of all dimensions of service systems that achieved a percentage of agreement
(51.3%), as for the percentage of neutral answers (21%), while the answers of disagreement got a
percentage of (27.5%) at an arithmetic mean (2.2) and a standard, deviation (0.81). The matching of
the answers was (65%), which means that the, percentage of the gap in the answers was (35%). This
result indicates that the company has implemented service systems in its activities at a rate of (51.3%).
This percentage is limited and needs to be strengthened by the company management.

Table3
THE GENERAL INDICATOR OF THE RESULTS OF THE STUDY VARIABLES
No Variants responsescale
The ) Arithmetic | standard | Match
generalindica | agree | Neutral | Disagree mean deviation | ratio | ©&P
torof % % %
the
studyvariable
S
Intelligent
designdim
ensions
Expert
1 systemorknow | 42.6 29.3 28 1.93 0.79 0.64 0.36
ledge
base
information
2 control 62 14.6 23.3 2.38 0.75 0.79 0.21
designer's
3 intentions 50.6 25.3 24 2.26 0.79 0.75 0.25
4 designmodel 55.3 13.3 31.3 2.24 0.83 0.75 0.25
5 designtest 42 28.6 29.3 1.87 0.8 0.62 0.38
general
indicator 50.5 22.2 27.1 2.136 0.792 0.71 0.29
Dimensions
ofservicesyste
ms
Scienceand
1 knowledge 58 16.6 25.3 2.32 0.84 0.77 0.23
2 Administration | 59.3 18.6 22 2.6 0.77 0.53 0.47
3 Engineering 36.6 28 35.3 1.96 0.82 0.65 0.35
general
indicator 51.3 21 275 2.2 0.81 0.65 0.35

Fifth: The effect of the intelligent design system on service systems: The results of Table (4) indicate
the existence of a statistically significant relationship for the intelligent design system in service
systems (in general), in terms of the value (R2) of (70%), which is a significant value according to
the test, the estimated calculated F (14.3) is greater than its tabulated value. This means that 70% of
the change in the dependent variable (service systems) is the result of independent variables. The
validity of the model was also proven by following the coefficients (B) and T-test with a value (8.961)
which is greater than its tabular value, which means that if the value of the intelligent design system
increases by one unit, this leads to an increase in the value of the dependent variable (service systems)
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by (51%) with the rest of the variables being proven for other years, thus accepting the hypothesis of
the study.

Table4
THE EFFECT OF THE INTELLIGENT DESIGN SYSTEM ON SERVICE SYSTEMS
Variables servicemanagementsystemdevelopment
R F T Bo B, R

intelligentdesign 070 14.3 8.961 0.38 0.51 0.836

FOURTH AXIS: CONCLUSION AND SUGGESTIONS

First: Conclusion: The study reached several conclusions, the most important of which are:

1- The results of the study indicate that all dimensions of intelligent design achieved a percentage of
agreement among the respondents in the company, and this agreement stipulated that there is a gap
in the implementation of the requirements of intelligent design, and this gap has a negative impact on
the quality of intelligent design.

2- The study showed that all dimensions of service systems obtained a modest agreement between
the answers, as this indicated that there is a gap in the application of the dimensions of service systems
in the company, and this negatively affects the quality of service provided to customers.

3- The study revealed that there is a correlation and impact between the intelligent design system and
the service systems, which led to the acceptance of the study hypothesis.

Second: Suggestion: In light of the conclusions, we suggest the following:

1- The need for the company to pay attention to the intelligent design system by investing human and
engineering efforts as well as using modern technologies in order to reach an intelligent design that
fits the company’s technical ability and suits the needs of customers.

2- Developing the company's current service system to be a high quality system by applying service
quality standards to all company operations.

3- Allocating funds within the company’s budget, and the aim is to improve intelligent design
activities in a way that contributes to supporting the company’s service systems and thus is effectively
reflected on customer service.

4- Training working individuals to develop their design skills so that they can design intelligent
products and services that the company will excel over competitors.
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Iyaiio Moxammen Illapid

BIIJIUB CTPATEI'TI CHCTEMM IHTEJIEKTYAJIBHOTI'O TU3AMHY HA PO3BUTOK
CUCTEMM YIIPABJIIHHSI HOCJOYTAMM: ITIPUKJIAJ] TEJJEKOMYHIKAIIMTHUX
KOMITAHIHN IPAKY

Anomauisn

Piznomanimni eumozu KiieHmie CHOHYKANU Op2aHI3ayii 3MiHUMU npoyec po3pPoodKU ce0iX npooykmie i
nociyz 6i0 CMaHOGPMHOZ0 OU3AIHY 00 OUBEPCUPIKOBAHO020 34 00NOMOZ0I0 UUPPOBUX MEXHONO02il. Y
36’A3Ky 3 UUM 207106HOI0 MEMOI0 O00CTIONCCHHA € 6UABNEHHA GNIUGY cmpamezii iHmeN1eKmyanbHol
cucmemu HNPOEKMYSAHHA HA NOKPAWICHHS PO3GUMKY CUCHEMU YRPAGNIHHA NOCAY2AMU 34 0OROMO2010
HOMb0B8020 00CNIOIHCEHHA 6 IPAKCObKUX MmeleKoMyHiKayiinux komnaniax. Ilicna nepeznady peanvnHux
OaHux Komnauii oani Oynu 3i0pani 3a 00nNOMo2010 aHKemu ma NPOAHANI306AHI 3 OONOMO2010 HPOZPAMU.
Ha ocnogi pe3ynomamie ananizy 6 00CnioxyceHHI 3p00jieHO 0Oazamo 6UCHO6KI6 i npono3uyiil, sKi
gionogioaroms 11020 RPUPOOL

Knwuoei cnosa: cmpamezis inmenekmyaibHo20 BPOEKMYSAHHA, CUCHEMU YRPAGIIHHA CEPEICOM.
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METOIWYHMI MIIXIA 10 OLIHIOBAHHSI E@EKTUBHOCTI THIMBIIY AJILHOT
HIANOTOBKH OPIIEPCHKOI'O CKJIALY HAVKOBO-IIEJATOITYHHAX
MPALIBHUKIB V BUIIINX BINICEKOBUX HABYAJILHUX 3AKJIAJAX

Heooxionicmb 6npoeaodicenHs HOBUX NIOX00I6 w000 opzaHizayii i npoeeoeHHsA IHOUGIOYaIbHOT
niocomoexku 3 o@iyepcoKuM CKIA0OM HAYKOBO-NEOAZ02IYHUX NPAUIGHUKIE Y GUWUX GillCbKOBUX
HAGUATbHUX 3AK1A0AX HA OCHOGL NPUHUURNIE MA CMAHOAPMIE NPUIHAMUX Y 30POUHUX CUNAX OepIHcas-
unenie HATO, 3ymosneno 36poiinoro azpecicio Pociiicokoi @edepayii npomu Ykpainu. 3aznauene eumazae
00IPYHmMOB8aH020 NIOXO00Y 00 RUMAHb YOOCKOHANIEHHA CUCeEMU IHOUBIOYAIbHOT ni020mosKu 0ghiyepcbKozo
CK1a0y HAYK080-Ne0azo2iuHuUX NPAYIGHUKIE Yy GULUX GIIICOKOGUX HABUAIbHUX 3AKIA0AX, W0 He MONCTUBO
0e3 uUKOpUCMAHHS 8IONOGIOHO020 HAYKOGO-MEMOOUUHO20 Anapamy 3 OUiHI08aHHA it ehexmusnocmi.

Ha ocnosi Haykoso-memoouunux nioxoo0ié 3 OYIHIOBAHHA eleKmUugHocmi IHOUGIOYaAIbHOT
ni020MoeKu illCbKOBOCIYIHCO08YI6 Ma 00CBI0Y iT NPOBEOCHHA Y BUMUX BilICbKOBUX HABUAIbHUX 3AKIA0AX,
6 cmammi UKIA0EHO MEmMOOUYHUIL NiOXi0 00 OYIHIOBAHHA ehekmusHocmi iHOUBIOYANbHOT NIO20MOGKU
oghiuepcokozo cK1ady HAYKOB0-NeOAZOZIUHUX NPAUIBHUKIE Y GUUUX GIHCOKOBUX HAGUATIbHUX 3AKIA0AX,
AKUIl ROOYO0BAHUII HA OCHOBI PO3PAXYHKY OazamoKkpumepianvHol 0e3po3mMIpHOT OYiHKU, WO 0A€E 3MO02Yy He
minoKu oyinumu pieens KomnemeHmHocmeil oQiyepcbkozo CK1ady HAYKOBO-NeOAzoZiUHUX NPAYIGHUKIE,
ane i epaxysamu GHJIUE CYO’cKmié ni0zomoeku nio uac opzawnizauyii iHOugioyanvHoi niozomoeku. /lo
NOKA3HUKIG, AKI Xapakmepusyioms pieeHb KomnemeHmHocmeil odiyepa HAYKOBO-NeOAz02iUH020
npayieHuKa 6iOHeceHo pieeHb 1020 MemOoOUUHOT maiicmepHocmi, 0ceimu, cmaxyc pooomu Ha 3auManii
nocadi, HAABHICMb ¥ HbO20 6UEHO20 36AHHA MA NPOXOOMHCEHHA KypCié niosuuienna xeanigixayii. /lo
noKasnukie, AKi XxXapaxmepusywmo pieeHs opzanizauii iHOUGIOyanvbHOI nidzomoexku cyo’ckmamu
niozomoeKu GiOHeceno AKICMb NIAAHY8AHHA IHOUBIOYATbHOI NIOZOMOGKU Ma PiGeHb 3ahe3neueHHs 3ax00ie
iHOugidyanvHoi niocomoeku. Axicmb nianyeannsa iHOUGiOyanvHoi ni0zomoeKuU 3anexcumsv 6i0 naugy
cyb’ckmis ni0zomoseku Ha 3micm npozpamu iHOUGiOyanwvHoi niozomoexku oghiuepcvkozo cknady. Pisens
3abe3neuenna 3axo0ié IHOUGIOYANbHOI NIO20MOBKU 3anexdcumsb 6i0 O0CMamHocmi 3ade3neueHHs
MamepianbHO-mexXHIYHUMU 3aco0amu ma Hagua1bHO MAmMeEPiaibHO-MeXHIUHOW0 0a3010.

JHanuii memoouunuit nioxio 003601a€ npogecmu KilbKiCHy OUiHKYy ehexmuenocmi inougioyanvnoi
niocomoexu ohiuepcoKozo cKknady Haykoe0-nedazoivHux NPpayieHUKie y UUX GiliCbKOGUX HAGUATbHUX
3aK1a0ax, a maKoic GUACGUMU nPoodIemMui Rumannua nio yac ii opeanizayii ma npogedenHHs, uio 3yMO6II0€
HeoO0XiOnicmb po3pooaeHHA peKomenOayiil 3 it YOOCKOHANEeHH L.

Knrwowuoei cnoea: inougioyanvna niocomoexa, OUIHIOGAHHA, NOKA3ZHUKU, KOMNEMEHMHOCH,
opzanizayis nio20moeKu, cyo’cKmu nio2omoeKu.

Beryn Ta nocranoBka npooJemu. [locsin 3acrocyBanns 30poiinux Cui (3C) Ykpainu y xonai
npoBeeHHs omnepauii O0’e€HAaHUX CHJI, aHTUTEPOPUCTHYHOI omepalii Ta B X0/l Bixcidi 30poiHOT
arpecii Pociiickkoi ®enepartii cBiIuuTh, 10 YCIHIITHE BHUKOHAHHA OONOBHX 3aBJaHb BiliChKaMU
(cumamu) 3aJeKUTh Bl piBHSA iX Ooe3maTHOCTI. besnocepenHiit BIMB Ha 00€31aTHICTH BICHK (CHIT)
3MIIACHIOE PiBEHB iX MIArOTOBIEHOCTI. CamMe Ha JOCATHEHHSI BUCOKOTO PiBHS MIATOTOBICHOCTI BICHK
(cun) crpsimoBana migrotoBka 3C Ykpainu, ska BKIII04Yae B cebe: onepaTUBHY MIATOTOBKY, OOHOBY
MIArOTOBKY Ta MiArOTOBKY mepcoHany [1]. OmHi€ero 13 CKIa0BUX MIATOTOBKH MEPCOHATY SBISETHCS
MIArOTOBKA Yy BHINUX BIHCHKOBHX HaB4alnbHUX 3aknagax (BBH3), ska BkiIo4ae iHAWBIAyallbHY
nigrotoBky (II1) odinepcbkoro ckinagy HayKOBO-TIENAroriyHUX MpaiiBHUKIB. Bin edextuBHOCTI
npoBeneHHs Il Oynme 3anexxatu 1 mpodeciiHUi PO3BUTOK OQIEPCHKOTO CKJIaay HayKOBO-
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MeIaroriyHMX MpaIiBHUKIB, BIOCKOHAJICHHS PIBHS 1X KOMIIETEHTHOCTEH 3a HAPSIMOM JisUTBHOCTI,
mo Oe3rnmocepeHhO BIUIMBAE HAa IMIABUINCHHS SKOCTI HaBUaHHS ciyxadiB (KypcaHTiB). Yce 1ie
CTIIOHYKA€ JI0 MOIIYKY Ta pealtizaiii HOBUX MiAXO0/iB MO0 MPOBEACHHS 1HAWBITYyaTbHOT MIATOTOBKU
y BBH3.

HenockonamicTe  iCHYIOUMX  METOJMYHUX IAXOMIB 3  OIHIOBaHHS  €()eKTUBHOCTI
IHIMBITyaJIbHOI TIATOTOBKM BiCHKOBOCTY)KOOBIIIB Ta OOMEKEHI MOMIMBOCTI ITOBHOI[IHHOTO
3aCcTOCYBaHHS JUIsl omiHIOBaHHS edexTuBHOCTI II1 odinepchkoro ckiaay HayKOBO-TIEIAroriyHUX
npauniBHukiB 'y BBH3 cmnonykae 10 yAZOCKOHaJleHHS HayKOBO-METOJMYHOTO —amapary Ta
OOrpyHTYBaHHS 3alPOIIOHOBAaHUX 3MiH. TakuM YMHOM iCHYe moTpeda y HayKOBOMY OOIpyHTYBaHHI
METOJMYHOTO TiAXoxy 0 oIiHioBaHHsA edektuBHOCTi II1 odimepcrkoro ckmamy HayKoBO-
nemarorivHuxX mnpamiBHukiB 'y BBH3.3a3Hadene cBimuMTH TPO AKTYaNbHICTH TEMH, SKa
PO3IIIAIa€ThCS.

AHaJi3 OCTaHHIX JOCHiIKeHb. AHATI3 MOMEpPEaHIX AOCIIPKeHb Ta MyONIiKaiiid 3 JaHOTO
HarpsiMy [2-10] cBIAYUTE TIPO T€, IO €AUHOTO METOAMYHOTO MIIXOAY 10 OIIHIOBAaHHS €()eKTHBHOCTI
IIT odinepchbkoro ckiIaay HAyKOBO-TIENAroTTYHUX TMpaliBHUKIB He IcHye. [limxomu, ski
BHKOPUCTOBYBAJIMCH, CTOCYIOTHCSI MEPEBAXHO NMHTAHb OIIHIOBaHHS okpemux mpeameTiB IIT 1 He
BpPaxOBYIOTh 3MIHH icCHYt04Oi cucteMu niarotoBku 3C Ykpainu Ta ocoOnuBocTel i NpOBEACHHS Y
BBH3. Tak, y poGoti [2] po3mmsigaBcs MiAXiA MIOAO0 OIIHIOBAaHHS KOMIIETEHTHOCTEH
BilicbKOBOCTYX00BLIB. CTaTTs [3] MpUCBSYEHA OIL[IHIOBAHHIO PIBHS METOIUYHO1 JISUIBHOCTI Kadenpu
BIICBKOBOI MiATOTOBKU. 3alIpONIOHOBAHI B pO0OTI [4] aHAIITHYHI 3aJ1€KHOCTI 103BOJISIOTH OLIHUTH
piBeHb KBamiikaiii HayKOBO-TIEJAroriyHUX MpaliBHUKIB. Y monepeaHid po6oTi aBTopiB [5]
pPO3MJISTHYTO  CYKYIHICTh TIOKAa3HUKIB OIIIHIOBAaHHA €(EKTHBHOCTI TMIATOTOBKU MIAPO3AUTIB
TepUTOPIaTbHOI 000pOHU. Y cTarTax [6-8] BUKIAAEHI YaCTKOBI METOJMKH OI[IHIOBAHHS PIBHSA
HaBYCHOCTI OpUrajyM TAaKTUYHOI aBiallii, MiArOTOBICHOCTI TAHKOBOI OpUTaaM y XOJi BiIHOBIICHHS
00€3/1aTHOCTI Ta OpraHi3aiii mAroToBKM OpHUraay TepuTopiaabHoi 000poHH. Y po0oTi [9] BUKIaAEHO
METOUYHHUH IMiIX1 10 OIIHIOBAHHS SIKOCTI MPOTpaM IHIUBIIYyaIbHOT MATOTOBKU apTHIICPIMCHKUX
Miapo3AUTiB. 3anpomnoHoBaHi B po0oTi [ 10] aHamiTHYHI 3aJI€KHOCTI T03BOJISIIOTH BUSHAYUTH TTOTPEOy
y MATOTOBII HAYKOBHUX, HAYKOBO-TIEIarOTTYHUX MPAIlIBHUKIB.

Takum 4YMHOM, HaBEIEHI BUIIE METOJAMYHI MITXOId MOXKYTh OyTH BUKOPHCTaHI TUIbKH
4acTKOBO Tia 4Yac omiHoBaHHA edekTuBHOCTI II1 odimepchkoro ckiamay HayKOBO-TIEAAroTTYHUX
npaniBHukiB y BBH3.

BuxkJjan ocHoBHOro mMarepiaJy. [HauBinyanpHa miaroToBka oQinepcbKoro CKiaay HayKoOBO-
negaroriyHuX npamniBHukiB y BBH3 posrisigaerbes sk mpouec,siKuid CripsSsMOBaHUN JIJIs1 TOCSITHEHHS
kianeBoi metu III — HaOyrTs oQinepchKUM CKIIAJIOM I1HAWBIAYaJbHUX CIIPOMOXKHOCTEH IS
BUKOHAHHS 3aBJIaHb 33 IPU3HAUEHHSM, SIK Y MUPHUII Yac Tak i B 0COOIUBUI Mepio.

Tomy, B sikOCT1 y3aranbHeHOTo nokasHuka edexktuBHOCTI [I1 odinepcrkoro ckiany HayKOBO-
nefgaroriyHuxX npaniBHukKiB 'y BBH3BukopucroByeMo BennuuHy, SKa XapakTepH3ye piBEHb

JIOCATHYTHX HHMH IHIMBiIyaJbHUX CIPOMOXHOCTeW 10 BukoHauHs P, (t) 3aBmanp 3a
NPU3HAYCHHSM.

V3aranpHeHuil nokasHuk P,.(t) HOCUTH IMOBIpHICHUIT XapakTep, TOMy 3Ha4C€HHs HOro MOXe

OyTH 3alMCaHoO TAKUM YHHOM:
0<P.(t)<1 (1)

[IponoHyeThCSI MaTH CUCTEMY MOKA3HHUKIB, sika Oy/ie CKJIaAaTUCs 3 y3araJlbHEHOT0 NOKa3HUKa,
YaCTKOBUX TIOKAa3HMKIB Ta TMOKa3HUKIB. YacTKOBI TMOKAa3HMKHM 1 IOKAa3HUKU TaKOX HOCATh
IMOBIpHICHUH XapaKTep, TOMY iX 3HaU€HHS TaKOoX MpHUiiMaroThcs B Mexax Bin 0 1o 1.

Jlo yacTkoBUX TMOKa3HUKIB ouiHku edektuBHOcTi III odimepcrkoro ckimagy HayKoOBO-
nejarorivHux mnpauiBHukiB 'y BBH3 mnpononyeTbcst BimHecTH: “KOMIIETEHTHOCTI O(QilepChbKOro
CKJIaJly HayKOBO-TleZaroriuHux npanisHukiB y BBH3” ta “opranizanis II1 cy06’ekTamu miroToBKu’ .

Toni minkoBa (hyHKIIOHATHHA 3AJIEKHICTH MATHME HACTYITHUN BUTJISI:

Pe(®) = fie M, (0); M, )] )
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ne M, (t); M Op(t) — YaCTKOBI TOKA3HUKH “KOMIETEHTHOCTI O(DIlEepChKOTO CKIIATy HAyKOBO-

neparoriyaux npaniBaukie y BBH3” Ta “opranizanis II1 cy6’ektamu miAroTOBKK™ Ha TUCKPETHHHA
MOMEHT 4acy.

BararokpurepianbHy 3aadyy MOKHa 3BECTH J0 OJHOKPUTEpialbHOI METOJIOM 3TOPTKU
YaCTKOBUX IMOKA3HUKIB. 3a3HAa4YeHI MOKA3HUKU YCiX PIBHIB MOXYTh MaTH SIK PIBHY, Tak 1 pi3HY
3HaYUMICTh ab0 Baromicte. ToMmy mij vac iX 3ropTkm OyayTh 3aCTOCOBaHI BiOMOBimHI “Barosi”
koedimienTn. Po3paxyHok “BaroBux” KOe(iLi€HTIB MPOBOJMBCS METOJOM EKCIIEPTHOTO
OIIIHIOBAHHSI.

Tak, sik KoOMIEeTeHTHOCTI 0(illepChKOTO CKIIaly HayKOBO-TIEAAaroriyHux npaniBaukis y BBH3
He 3ajexarh Bij opranizamii II1 cyd’exTamMu MiATOTOBKH, a OTXKE 1 iX MOKa3HUKU HE 3aJICKHI, TO JJIs
omiHioBaHHs epektuBHOCTI II1 odinepcbkoro ckiaay HaykoBO-IieAaroriyHux npaimisHukie y BBH3

P, (t) mporoHyeThCSI BUKOPHCTOBYBATH aANTHBHY arperamito [11]:
PIC (t) = MK (t) ’ qK + MOp (t) ’ qap ! (3)

re q,;4d,, — “BaroBi”’ KOe(IIIEHTH YACTKOBHX MOKAa3HUKIB.

KoxeH 3 4acTKOBUX MMOKa3HUKIB CKJIAJAETHCS 13 CYKYITHOCT1 MOKA3HUKIB, SIKI XapaKTEpU3yIOTh
1 pO3KpHUBaIOTh iX (I3UYHMI 3MICT Ta BU3HAYATUMYTh BIANOBIAHUN pIBEHb 0€3pPO3MIPHOIO
BEJTMYHMHOIO.

YacTkoBUil TOKAa3HUK “KOMIETEHTHOCTI O(]IIepChKOro CKIaay HAyKOBO-TIEAAroriqHUX
npauisaukis y BBH3” M, (t) npononyerbes pospaxoByBaTt 3a GyHKIIOHATLHOIO 3a/EKHICTIO, KA
BpaxoBy€ piBeHb KOMIIETCHTHOCTEH |-ro odirepa HayKOBO-IeAarorivuoro mnpamisauka y BBH3.

Tak, SIK KOMIIETEHTHOCTI KOXHOIO OKpeMoro odginepa HayKOBO-NEAAroriyHOro MpaliBHUKA HE
3aJ1€)KaTh BiJl KOMIIETEHTHOCTEH IHIIIOT0, a OTIKE 1 IX MOKa3HUKHU HE 3aJIeKH1 OJUH Bi OJTHOTO, TO IS
OIIHIOBAHHS CYKYITHOTO PIiBHS KOMIIETEHTHOCTEH O(]IilepChKOro CKIaay HayKOBO-IIEIAroTTYHHX
npaniBaukiB Y BBH3 npornonyeTbcsi BHKOPUCTOBYBATH aIMTHBHY arperario:

MK(t):ZMlg(t)'qj;ij =1, (4)
j=1 j=1

ne M Kj(t)_ piBEHb KOMIICTEHTHOCTEH | -roodilepa HayKOBO-IIEAAaroriyHOro MpalliBHUKA Y
BBH3 Ha auckpeTHHII MOMEHT 4acy;
q; —“aroBuii” KoeQillieHT BaXIMBOCTI J-ro odiuepa HayKOBO-TEIAroriyHOIO

npaniBarka y BBH3;
J — KUIBKICTH 0(ilepiB HAyKOBO-MIeAArorivHUX npauiBHukie y BBH3.
“BaroBi” koe(illieHTH BaXJIMBOCTI |-To odillepa HayKOBO-IEIAroriyHOrO TMpalliBHUKA Y

BBH3 Q; po3paxoByHOThCS LUIIXOM HOPMYBaHHs IOPIBHSAJIBHHX PaHIIB MOCAX O(DILEPCHKOTO

CKJIaJly HaAyKOBO-Tearoriynux npamisaukis BBH3 R ey B1/IMTOBIIHOCTI 3 BUPA30M, KMl HaBEICHO

y po6ori [12]:
qj z%! (5)

i=1

ne R;,—mopiBHANEHUIT paHT | -To odillepa HayKOBO-TeAaroriyHoro mpamnisauka y BBH3;

N
ZRJ-G— cyMa BCIX paHriB O(]iUepChKOro CKJIaAy HayKOBO-NEAAroriyHUX MpaliBHUKIB

j=1
BBH3;

N — zaranbHa KinbKicTs MOCaR 0(ilepiB HAyKOBO-TIEAAroridHKMX nparisuukis y BBH3.
[MopiBHstibHUET paHr  j-ro odilepa HayKOBO-TeAaroriuHoro mpamisHuka y BBH3
BHU3HAYA€ETHCS 32 3AJICKHICTIO:
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R;, =1—K|—, (6)

ne N, —nopsjxosuit Homep j-ro odinepa HayKOBO-TIEAAroriyHoro MpanisHuka y BBH3;

N, — kinbKicTh oQilepiB HayKOBO-IIeIaroriyHuX npauiBHuKis y BBH3.

JIo TOKa3HHKIB, SIKi XapaKTEepU3YIOTh PIBEHb KOMIIETCHTHOCTEH |-ro odinepa HayKOBO-
nezaroriunoro mpanisauka y BBH3 M (t) nponomyerscs BimmecTu: piBeHb MeTOAMUHOI
MaHCTEepPHOCTI, piBEHb OCBITH, HAasSBHICTh Y HHOTO BYCHOTO 3BaHHS, CTaXX Ha 3aiiMaHiil mocasi Ta
MPOXOKEHHS KypCiB MiIBUIICHHS KBai(ikamii.

Tak, Sk 3a3Hau€HI NMOKAa3HWKHU HE 3aJle)KHI OJUH BII OJHOTO, TO JI PO3PaXyHKY PpIBHS
KOMIIETEHTHOCTEH | -ro odillepa HayKoBO-IearorivHoro npanisauka y BBH3 M, (t)ympomonyernes
BUKOPHCTOBYBATH a/IMTUBHY arperaio:

5 5
M]{/(t):ZCKjk(t)'Qk’ qu =1, (7)
k=1 k=1

ne Cp(t) —nokasmukm, siki XapakTepu3ylOTh piBeHb KOMIIETEHTHOCTEH j-ro odiuepa
HayKoBO-TleZaroriyHoro npanisHuka y BBH3 Ha nuckpeTHuii MOMeHT yacy: “piB€Hb METOAMYHOL

maiicteprocti® C (t); “piBEHb OCBITH” Coj(t); “HasBHICTb BUEHOI'O 3BaHHS~ ng(t); “crax Ha

M

saiimaniii mocani” C, (t); “HasBHICTb KypCIB IIBUIIEHHS KBamiikamii’ C,g. (t);

g

0, — Barosi koedinientn mokasuukis Cy(t).

Po3paxyHOK piBHsA MeTomuuHOi MaiicteprocTi odinepa C, wj(t) MIPOTIOHYETHCSI OIIHIOBATH, SIK
HaBesIeHo y poboTi [13].

Mokasuuk “pisens ocsirn” C (t) XapaKTEePHU3ye HASBHICTh y HAYKOBO-TIEIArOTTIHOTO

of
MPaIiBHUKAIUIUIOMY MPO BHINY OCBITYBIANOBIIHOTO CTyIeHIO. [ OMIHKM MOKa3HWKa ‘“‘pIBEHb
OCBITH” TIPONIOHYETHCS BUKOPUCTOBYBATH PO3POOJICHY HAMHIIKalTy OI[IHKH, SKy HaBEICHO B

Tadi. 1.

Taomums 1
OrmniHka piBHS OCBITHHAYKOBO-TI€IarOTIYHOTO MPAaIliBHUKA
PiBHi ocBiTH 3HaueHHs OKa3HUKa
JloxTop Hayk 1,0
JlokTop dinocodii (kaHauaaT HAyK) 0,8
Marictp 0,6
bakanasp 0,3

IToka3HuK “BueHe 3BaHHS" ng (t) XapaKTepu3ye HasABHICTh Yy o(iliepaHayKOBO-I1€AaroriyHOro

MpaIiBHUKA MPUBOEHOTO BUCHOTO 3BaHHS BIJMOBIIHOTO piBHs KBamidikarii. st OI[iHKKM HasSBHOCTI
BUEHOTO 3BaHHATNPONOHYETHCSI BUKOPUCTOBYBATH PO3POOIECHY HAMUIIKATY OI[IHKH, SIKY HAaBEJCHO B
TadmI. 2.

Tabmursa 2
O11iHKa HasBHOCTI Y HAYKOBO-TI€JIATOTIYHOTO MPAlLlIBHUKA BYEHOTO 3BAHHS
Buene 3BaHHs 3Ha4yeHHs NOKa3HUKa
ITpodecop 1,0
Jonent 0,7
Crapimii HayKoBUH CIIBPOOITHUK (CTAapIINil TOCITITHUK) 0,4
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[Toka3Huk “crak Ha 3aiiMaHiid mocani” j-ro odilepa HAYKOBO-TIEIArOTiYHOTO MpaIliBHUKA

C

g
HaOyTOTO HUM MPAKTUYHOTO JOCBiAY Ha 3aiiMaHii mocai.

JlocnipkenHs, siki npoBeaeHi [3, 7], 3acBim4yrOTh, IO JJIsl AOCSATHEHHS CTIMKMXHABUYOK
HEOOXiJHUI cepenHiil TepMiH rmepeOyBaHHS Ha 3aliMaHiii OCaal CTAHOBHB HE MEHIIIE TPHOX POKIB.
Takum 4MHOM, U OLIHKM CTaXy Ha 3aiiMaHiil MOcaji MPOIIOHYEThCS BUKOPHCTOBYBATH LIKAITY
OIIIHKH, SIKy HaBEJICHO B TabI. 3.

(t)xapaKTepmye HOTO 3MaTHICT SKICHO BUKOHYBAaTH BHU3HAYCHI 3aBIAHHS, KU 3aJ€KUTH BiJ

Tabmuus 3
OrmiHka cTaxKy Ha 3aiiMaHiil mocaji odinepa HayKOBO-TeaarorivyHoro npamnisanka BBH3
Tepwmin nepeOyBaHHS Ha MOcal 3HavYeHHs TIOKa3HHUKA
MOHAJ 3 POKHU 1,0
BiZ 2 10 3 pOKiB 0,8
Bix 1,5 10 2 pokiB 0,6
Bix 1 10 1,5 poky 0,4
10 1 poky 0,2

[TokasHMK “HasBHICTH KypciB migBuinenHs ksamidikamii” y J-ro odimepa HaykoBo-

MEJAaroriyHOro  IpariBHUKA C,g (t) XapaKTepHU3y€ HAasBHICTb Yy HBOIO KypCIB MiJABUIICHHS

KBamidikarii 3a HampPsAMOM JISTTBHOCTI. J[JI1 OIIHKHM MOKa3HWKA MPOTIOHYETHCS BUKOPUCTOBYBATH
pO3po0JIeHy KAy OIIHKH, SIKY HaBEJIEHO B Ta0JuIl 4.

Tabmuus 4

Or1iHka HasBHOCTI y HAYKOBO-TIEIarOTTYHOTO MPAIiBHUKA KYPCIB MiABUIIICHHS KBamidikaii
[TpoxomkeHHs KypciB MiABUIIICHHS KBaTidikarii 3HaueHHs ITOKa3HUKa
MPOTATOM OCTAaHHBOTO POKY 1,0
MPOTATOM JIBOX POKIB 0,8
MPOTATOM TPHOX POKIB 0,6
MPOTATOM YOTHUPHOX POKIB 0,4
MTOHA]] YOTUPH POKH 0,2
HE NMpUHMaB yJacTi 0

YactkoBuii mokasHuk “opramizamis IIT cy6’extamm migrorosku” M, () mpononyerscs

po3paxoByBaTH 3a (DYHKIIIOHAJIHHOIO 3aJIEKHICTIO, sSIKa BpPaxoBye MAisIbHICTH cyO’ektiB 111
CIPSIMOBAHY Ha MPOJyMaHe, IJIAHOBE HAaBUYaHHS 00’ €KTIB MiArOoTOBKH. HallBa)IMBIIIMMU 3aX01aMU
3 opranizamii II1 cy0’ekramu miArOTOBKHU sBIsA€ThCs IuaHyBaHHs II1 Ta 3abe3meueHHs 3axoxiB
II1.O1xe, 10 MOKAa3HUKIB HUKYOTO PIBHSA, K1 XapaKTepu3yroTh piBeHb opraHizaiii II1 cyd’extamu
MIZITOTOBKY MPOTIOHYETHCS BigHecTH: ianyBaHHs 111 Ta 3a0e3neuenns 3axomuis I11.

3Bakalo4yM Ha Te, 0 3a3HA4YeHl MOKa3HUKU CHJIBHO KOPEJIbOBaHI, OIIHKY PIBHS OpraHizamii

IMcy6’exramn migrotoskn M, (t) mpomoHyeThest PO3paxoByBaTH 3a JOMOMOIOK HOPMOBAHOI
MYJIbTUILTIKATUBHOI arperartii:
— q)lfl q3
MOp(t)_ Lﬂv(t) ) L3(t) ' (8)

ne L, (t); L, (t)— NOKa3HMKH, SIKI XapakTepu3ytoTh miuanyBaHHs 11 Ta 3a0e3nedenHs 3axo/1iB

IIT Ha IMCKpPETHHIT MOMEHT Yacy;
q,,,q,— “Barosi” koedinieHTH noka3HUKiB muanyBaHHs II1 Ta 3a6e3neuenns 3axoxais I11.
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Ouinky piBHs TutanyBaHHs II1 mpomMOHYETbCS BHU3HAYATH TMOKA3HUKOM, SIKUH XapaKTepu3ye
BIUIMB Cy0’€KTIB MiAroToBKH Ha 3micT nporpamu II1 odinepcskoro ckinany. Bin 3anexuTh Bif SKOCTI
nporpamu I -ronpeamery II1.

Ouirky piBns nnanysanss IIT L, (t)po3paxoByemo 3a GopMymoro:

Lo (0= 2Qu )6, ©)

ae QHM(t) — KoeiieHT sIKoCTi mporpaMu I -ro npeamery 111,

(, — “BaroBuii” koedimieHT r -ro npeamery B nporpami IIT;
R — kinbkicts npeameris y nporpami I11.
ToOto, KoediieHT SKOCTI nmporpamu I -ro npeamerty II1 an(t)Ta “BaroBuil” KoeilieHT

npeamery (], OyayTh BU3HA4aTH BHECOK I -TO IPEAMETY, 3aHATTS 3 AKOTO IPOBOIATHCA, B OLIHKY
piBHs ruianyBaHHs [T1.
Koeoimient sikocti mporpamu r -ro npeamety 111Q mr(t) IIPOTIOHY€ETHCSI BU3HAYATH BUXOISUA
3 nocsiny npoBenenHs 1. 3pobumo npumnyimieHHs, 1mo:
ne er(t) =0,95 — sxmo 3wmict mporpamu r-ro mpeamety IIT 3 ypaxyBaHHSIM dacy Ha
MIPOBECHHS 3aHATH Ta KIHIIEBOI METH BiamoBigae xoay nmposeaeHus II1;
Qm},(t): 0,8 — sikmo 3MicT mporpamMu I -ro MpeaMeTy 3aralbHOBIHCHKOBOT MiATOTOBKH 3

ypaxyBaHHSIM 4Yacy Ha MPOBEICHHS 3aHATh Ta KIHIIEBOI METH HE TOBHICTIO BIANOBIIAE X0y
nposenenHs II1;

Qm,.(t):O,G — SKIIO 3MICT MporpamMu r-ro mpeaMmery (axoBoi IArOTOBKH 3

ypaxyBaHHSM dYacy Ha TPOBEJCHHsS 3aHATh Ta KIHIIEBOI METH HE MOBHICTIO BiANOBimae Xomay
nposenenHs II1.

Ouinky piBHs 3a0esneueHHs 3axoAiB Il mpomoHyeThcs BHU3HAYATH TMOKA3HUKOM, SIKUNA
BpaxoOBy€ JIOCTaTHICTh 3a0esneueHHs 3axoaiB IIl wmarepiaapbHO-TEXHIYHHMMHU 3aco0amMu  Ta
HaBYAJILHOIO MaTePIaIbHO-TEXHIYHOIO 0a3010.

Tak, sk 3a0e3nedeHHsIMATEPIAILHO-TEXHIYHUMH 3aco0aMy HE 3aJIeKWTh BiJl HaBYaJILHOI
MaTepialbHO-TEXHIYHOT 0a3u, a OTKe 1 iX IMOKAa3HWKH HE 3aJeKHI OJWH BiJ OAHOTO, TO IS

OLHIOBAaHHA piBHA 3ab6e3neuenHs 3axoxis 11 L, (t) IPOIOHYETHCSI BUKOPUCTOBYBATH AUTHBHY
arperartiro:

2
L,(t)=>B.(t)-a,, (10)
z=1

ne By (t)— MOKAa3HUKH, SIKI ~ XapaKTepu3ylTh piBeHb 3a0e3mneucHHs 3axoxiB II1 Ha
JMICKPETHUN MOMEHT 4acy: “piBeHb 3a0e3nedyenoctizaxo/aiB I[I1 maTepianbHO-TeXHIYHUMH 3aco0amu’

Bﬁzmg(t)i “piBeHp 3abe3neudeHocTizaxoniB Il HaBuanbHOIO MaTepiaibHO-TEXHIYHOI 6a3010”

B3H,Mm6(t) ;

g, — Barosi koeditienTn nokasuuxis B, (t).

PiBenp  3abesneueHocrizaxoais Il  maTepiasibHO-TEXHIYHMMH  3aco0amMu Baumg(t)

MIPOTMOHYETHCSI PO3PAXOBYBATH 3a 3aJEKHICTIO, sIKA BPAaXOBYE MarepiallbHO-TEXHIUHI 3aco0u sKi
BUKOPUCTOBYIOThCS M1 4yac nposeneHHs 3axoxiB II1 3 ix HeoOXigHOIO nmoTpeboro, i3 ypaxyBaHHIM
BaXUJIMBOCTI X -T'O BUAY MaTepialbHO-TEXHIYHOTO 3aco0y:
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iQBx(t). qx
ZQHx(t) qx

ae ng(t) — TOKa3HUKH, SIKi XapaKTepU3YIOTh KUIBKICTh MaTepiaJbHO-TEXHIYHHUX 3ac00iB, sKi

BHUKOPUCTOBYIOTHCS M Yac mpoBeaeHHs 3axoaiB 111 Ha qucKkpeTHU MOMEHT Yacy;

Q. (t) — TIOKa3HUKH, fKI XapaKTepH3ylTh HEOOXiAHY KUIBKICTh MaTepialbHO-TEXHIYHUX
3ac00iB s SIKICHOTO TIpoBeieHHs 3axoiB 11 Ha AMCKpeTHUIT MOMEHT Yacy;

(,— “BaroBi” Koe(iIieHTH X-T0 BUAY MaTepialbHO-TEXHIYHOTO 3aC00y

X, — KUTBKICTh X -TO BHJY MaTepialbHO-TEXHIYHOTO 3ac00y, SKi BUKOPUCTOBYBAJIHMCS i/ Yac
npoBenieHHs 3axoniB I11;
X, — KUIBKICTh X -TO BHJY MaTepiallbHO-TEXHIYHOTO 3ac00y, sIKe€ HEOOXIJHO Ui MPOBEACHHS
3axoxis IIT.
PiBenp 3abe3neuenocrtizaxonis II1 HaB4YanbHOIO MaTepiaibHO-TEXHIYHOIO 0a300 B3vatm6(t)

MIPOIIOHYETHCSI PO3PAXOBYBATH 3a 3aJCKHICTIO, sIKa BPaxXxOBYE 3MaTHICTH d -TO BHIY HAaBYAILHOTO
00’exTy (3aco0y HaBUaHHS), 13 ypaxyBaHHAM MOT0 BaXJHMBOCTI, 3a0€3MEUYUTH MIATOTOBKY
0QIIEepPCHKOTO CKIIATY 10 BUKOHAHHS BU3HAUCHUX 3aBJ/IaHb:

Df
ZHHMmﬁd(t). qd
d=1

DH
z HHmmﬁd(t)' qd
d=1

ne H H.Mméd(t) — MOKa3HHUK, SIKMI XapakTepu3ye KUIbKiCTh 0 -MX HaBYAIBHUX 00 €KTIB (3ac00iB

B3HM mo (t ) = ' (12)

HaBYaHHs) HA TUCKPETHUM MOMEHT 4Yacy 3JJaTHUX 3a0€3MeYUTH MATOTOBKY 0(illepChKOTO CKIIATy 110
BUKOHAHHS BU3HAYCHUX 3aBJIaHb,

0y — “BaroBmil” KoediumieHT BaxJMBOCTI (-ro HaB4YajibpHOrO 00’ekTa (3ac00y
HaBYaHHsI )HABYAJIBHOT MaTepialbHO-TEXHIYHOT 0a3 W,
D, — kigepKicTh HaBYaIbHUX 00 €KTIB (3ac00iB HaBYaHHS) HABYAILHOI MaTepialbHO-

3
TEXHIYHOT 0a3M 34aTHUX 3a0€3MEUNUTH MIATOTOBKY 0(]illepChKOro CKIaay 10 BUKOHAHHS BU3HAUCHUX
3aBJaHb,

D, — 3arampHa KUIBKICTh HaBYaJAbHHX OO0’€KTiB (3ac00iB HaBYaHHS) HaBYaIbHOI

"
MaTepialibHO-TEXHIYHOT 0231 BU3HAYECHA HOPMATUBHUMH JOKYMEHTAMH.

BucHOBKHM Ta mepCcneKTHBH MOJAJBIIMX TOCTiTKeHb. TakuM YUHOM, y CTaTTi HaBEICHO
PO3po0IIeHNI METOIMYHUM TiXi/ 10 oiHoBaHHS eekTuBHOCTI II1 odiepchbKoro ckiiaay HayKoBO-
nefgaroriyHux — mpamiBHUKiB y  BBH3, sakuii  moOynmoBaHuii Ha  OCHOBI  PO3PaxyHKY
OaraTokputepianbHOi 0€3p0o3MIpHOI OLIHKK, 0[O0 Ja€ 3MOTY OIIHUTH HE TUIBKA pIiBEHb
KOMIIETEHTHOCTEH O(IlepChbKOro CKiIaay HAayKOBO-TEJaroriyHMX MpaliBHUKIB, ane W BpaxyBaTu
BIUTUB Cy0’€KTIB MiATOTOBKH IiJ] Yac opraHizallii iHAWBiyadbHOI MiITOTOBKH.

Pe3ynpTaTi NpOBENEHOrO JMOCTIKEHHS MOXYThb OYTM BHUKOPHUCTaHI Yy XOJi OIIHIOBAHHS
epextuBHOCTI II1 odinepcbkoro ckiany HaykoBo-TelaroriyHux mnpaniBHukis y BBH3, a Takox y
X011 MOJANBIINX JOCIIIPKEHHX 3 JaHOTO MUTaHHS Y HAYKOBUX YCTaHOBaX.

[lepcnexkTBaMM MOJAIBLIIMX HAYKOBUX JOCHDKEHb Yy JaHOMY HampsMi Moxke OyTu
oOIpyHTYBaHHS peKOMeHJallii 1o10 migsuiieHHs epextuBHocTi [T odinepebkoro ckiaay HayKoBO-
nefaroriyHux mpamiBHukiBa y BBH3.
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PhD Heorhadze O.A., PhD Pampukha 1.V., PhD Shevchuk V.V.,
PhD Piekhota S.H., Chaikovska O.E.
METHODOLOGICAL APPROACH TO EVALUATING THE EFFICIENCY OF THE
INDIVIDUAL TRAINING OF FACULTY MEMBERS COMMISSIONED OFFICERS IN
HIGHER MILITARY EDUCATIONAL INSTITUTIONS

The necessity of introducing new approaches to individual training organization and
implementation for the faculty members commissioned officers in higher military educational institutions
under the NATO principles and standards is justified by the armed aggression of the russian federation
against Ukraine. Therefore, a substantiated approach to improving the individual training system for the
faculty members commissioned officers in higher military educational institutions is required. It is
impossible without a relevant scientific methodological instrument of efficiency evaluation.

Proceeding from the scientific methodological approaches to the evaluation of the individual training
efficiency for military personnel and the experience of its conduct in higher military educational
institutions, the article provides a methodological approach to evaluating the efficiency of the individual
training of faculty members commissioned officers in higher military educational institutions based on a
calculation of a multicriteria dimensionless evaluation enabling not only to evaluate the competence level
of faculty members commissioned officers but also to consider the trainees’ influence in the course of the
individual training organization. The indicators describing the level of faculty members commissioned
officers’ competence include the level of their methodological skills, education, length of service in a given
position, availability of academic titles and advanced training courses. The indicators describing the level
of individual training organization by the trainees include the quality of individual training planning and
the level of individual training activities’ support. The quality of the individual training planning depends
on the trainees’ influence on the content of the commissioned officers’ individual training curriculum. The
level of support of individual training activities depends on the sufficiency of the provision of material and
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technical assets and training facilities. The given methodological approach enables the quantitative
evaluation of the individual training efficiency for faculty members commissioned officers in higher
military educational institutions and reveals challenges during its organization and implementation,
resulting in the necessity to develop recommendations on individual training improvement.

Keywords: individual training, evaluation, indicators, competencies, training organization, trainees.
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