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KepiBuuns cexnii: 1.1.1H., mpod. H. I'. Kyuyk, HTY «XIIl», XapkiB
Cexperap cekuii  k.T.H., goi. C. C. Byns6a, HTY «XIIl», Xapkis
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CEKUIA 3. MeToau wBmakoi Ta A4OCTOBiPHOT 06po0KM gaHux
B KOMITIOTEPHUX CUCTEMAX Ta Mepexax
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TOM 4
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CEKUIA 1

TEOPETUYHI TA NPUKNAAHI ACMEKTHU
NMPUNHATTA PILLEHb, ONTUMI3ALIT TA
YNPABJNIHHA CUCTEMAMMU | MPOLIECAMU

KepiBnuns cexnii: a.1.H., npod. H. I'. Kyuyk, HTY «XIIl», Xapkis
Cexperap ceknii: k.T.H., gom. C. C. Byns6a, HTY «XIII», Xapkis

BEB3ACTOCYHOK JJIs1 KEPYBAHHA JIOTICTUKOIO
BAHTAKOIIEPEBE3EHbD

Tlonexaes A.C., Xoaes B.O.
XapKiBChbKH HalliOHAILHUN YHIBEPCUTET palioeNeKTPOHIKH, XapKiB, YKpaiHa

VY cy4acHHX yMOBaX CTPIMKOTO 3pPOCTaHHS OOCSTIB JIOTiCTHYHHX OIepariit
KPUTHYHOTO  3HA4YCHHS  HaOyBae  e(eKTHBHE  YNpABIIHHA  IpoIecaMu
BaHTaKOTIEpPEeBe3eHb. TpanulliifHi MiIXoau 10 0OpOOKH JOTICTHYHHUX JaHHUX YacTo
BUSIBJIIIOTECS.  HEJOCTATHHO MAaCIITa0OBAaHMMH, OCOOJMBO B yMOBAaX BHCOKOTO
HaBaHTaXXCeHHA [1]. ¥V 3B’s3Ky 3 IIIM aKTyaJlkHUM € CTBOPECHHS Be0-3aCTOCYHKIB,
SIKi TO3BOJISIIOTH aBTOMATH3yBaTH YIPABIiHHS JIOTICTUKOIO, 320€3MeYUTH CTIHKICTh
CUCTEMH Ta MiIBUIIUTH LIBUIKICTh 0OpOOKH 3anuTiB [2].

Y poboTi npencTaBacHO PO3pOOKY MPOTOTHITY BeO-CUCTEMH, OPIEHTOBAHOI Ha
YIPAaBJIiHHS JIOTICTMKOIO BaHTaxomnepeBe3eHb. OCHOBHA yBara HpPUALIIETHCS
omTuUMI3aIli CTPYKTypu O0a3sud [JaHUX M[UIAXOM HOpMasi3alli, iHIEeKCyBaHHS,
BIIPOBA/KCHHS KEIyBaHHS, a TAKOXK peatizallii THy9YKOi apXiTeKTypH 3aCTOCYHKY.
[IpoBenene TecTyBaHHSA TOKa3aJo 3MEHIIEHHS 4yacy BiINOBiNi cuctemu Ha 45%,
10 MATBEPKYE e(EeKTUBHICTH 3alIPOIIOHOBAHUX pimieHsb [3].

OxpeMo pO3TISAHYTO peajizamiro 0a30BHX MeEXaHI3MIB  aBTOpH3AIii
KOpHUCTyBadiB (BOJIiB, MIWCIIETYEpiB, OpPOKEpiB) Ta YIPaBIiHHSA CTaTycaMH
mepeBe3eHb. Y POO0OTI TaKOX OKPECICHO IEePCIIeKTUBU iHTerpallii iHCTpyMEHTIB
MaIIMHHOTO HAaBYaHHA JUIA TIPOTHO3YBaHHS MapUIPYyTHOTO HaBaHTAXKCHHS,
QHAJIITUKK Ta yXBAJICHHS YIPABIIHCHKUX pillieHb [4].

Crucok Jirepatypu

1. Zhong R.Y., Xu X., Klotz E., Newman S.T. Intelligent manufacturing in the context
of Industry 4.0: a review. Engineering, 2017, vol. 3(5), pp. 616-630.

2. Chong A.Y.L., Li B., Ngai EW.T., Ch'ng E., Lee P.K.C. Predicting online product
sales via online reviews, sentiments, and promotion strategies: a big data architecture and
neural network approach. International Journal of Operations & Production Management,
2016.

3. Pucella R., Tov S. Optimizing database queries for distributed systems: Challenges
and techniques.

4. Dahlin M., Xu H., Zhang M. Real-time user authentication using multi-factor
methods: A framework for transportation management. Journal of Information Security,
2021.
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MEXAHIKA IPUHHATTS PIIEHD Y BITEOITPAX:
BIIVIMB BUBOPY I'PABLISI HA PO3BUTOK CIOXKETY

[MTagapyx O.M., Xomnes B.O.
XapKiBChKUIT HAITIOHAIBHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaiHa

Ha cywacHomy erami po3BHUTKY IrpoBoi iHaycTpii Bce Oinblue yBaru
NPUALISETbCS IHTEPAaKTHBHOCTI Ta BIUIMBY BHOOpY TpaBLsl Ha XiJ irpoBOro
npouecy. Skio panime Bifeoirpu 31e0LTBIIOr0 IPYHTYBAaIHMCS Ha JHIHHOMY
CIOXKETI, TO 3apa3 PO3pOOHHWKH HaMararThCS BTUIIOBATH O IrOp MEXaHIKH, sKi
JI03BOJISITH  CTBOPIOBATH  YHIKaJbHI IrpoBi ClHeHapii Ta MigBUIIATh pIiBEHb
3aHypEeHHS TPaBIL Y CBIT I'PH.

JocmimkeHHsT MEXaHIK IPUHHATTS PIlIeHb Y Bileoirpax € akTyalbHUM JUIA
PO3pOOHUKIB, AKi MParHyTh BAOCKOHAJIUTH iHTEPAKTHBHI HAPATHBU Ta IIiIBUIIUTH
piBeHb 3amydeHHs aymutopii [1]. Peamizamis pi3HUX MeXaHIK NPUHHATTS pIMICHB
CIIpHsiE TIUONIOMY 3aHYPEHHIO IPaBL B CIOXKET Ta HaJa€ MOXIIMBICTh IIOBTOPHOTO
MIPOXOKEHHS BiZICOTPH Ta POPMYBaHHS HOBHX IrPOBUX BiATaTy>KECHb.

MeTo10 mocCHiqKeHHsI € aHaji3 OCHOBHMX MEXaHIK NPUUHATTS pillleHb Y
BiZIeoirpax Ta OLiHKa IXHHOTO BIUIMBY Ha CIOXKETHY CKJIQJIOBY, a TAKOXK BUSIBICHHS
e(eKTUBHMX MiIXO/IB 10 peatizalil HeliHIHOTO CIOKETY.

Jlnst MOCATHEHHS IOCTaBJICHOT METH CIiJi MpoaHali3yBaTH OCHOBHI THUIH
MeXaHIK BUOOPY Y Bifeoirpax, AOCIIAUTH MiIXOIH, SKi PeaTi30BaHO B MOMYJIIPHUX
Bifleoirpax, BU3HAYUTH (HaKTOPH, IO MiIBUIIYIOTH EMOIiiHE 3aJy9IeHHS TPaBIld 32
JIOIIOMOTOI0 MeXaHiK BHOOPY [2], BUABICHHS MPOOJIeM 3 SKUMH MOYKHA 3ITKHY THCSI
TP CTBOPEHHI BiAMMOBITHUX MEXaHIK.

Y pe3ynpraTi JOCHIJPKEHHS BHUSBJICHO, IO HAaHOUTBII e(QEeKTHBHUMHU
CyYaCHHMH HiIXOJaMH JO peaji3allii MeXaHiK MpUHHATTS PIlIeHb € pO3TaiyKeHi
CIIeHapil, HAKONMYIYBAIBHI HACTIIKA PIMICHb Ta aJalTHBHI aITOPHTMH PO3BHTKY
croxeTy. Bci 1l MexaHIKK J03BOJISIOTH Kpallle peai3yBaTd IrPOBHH MpPOIEC, aje
BUHHMKAIOTh 1 mpoOiieMH, 30KpeMa, BHMKOPHCTaHHS 3HAa4HUX pPECypCiB Juis
CTBOPCHHS PI3HOMAHITHUX CIOXETHHUX T'UJIOK.

[Mopanbuii gociKeHHs] MOXYTh OyTH CHPSIMOBaHI Ha aHaJli3 BUKOPUCTAHHS
LITYYHOTO IHTENEeKTy /IS aBTOMAaTW4HOrO ()OPMYBaHHS CHOXKETHHX BapiaHTiB
3aJICKHO BiJ] CTHJIFO TPH KOPHCTyBaya Ta BIOCKOHAJICHHS aJTOPUTMIB TeHepariil
HENTIHIHHUX CIICHApIiB.

Cnucok Jirepatypu

1. Juul, J. Half-Real: Video Games between Real Rules and Fictional Worlds. The
MIT Press. 2005.
2. Sicart, M. The Ethics of Computer Games. The MIT Press. 2009.
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PO 3ACTOCYBAHHSI METOY AHAJII3Y IEPAPXIMN )11 BUBOPY
OHJIAUH-KYPCY 3 BUBYEHHSA MOBH SQL

Hamox €.0., Beaipceka L]
XapKiBChKUIT HAITIOHAIBHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaiHa

Omaita-xypen 3 SQL, mpezncrtasieHi B [HTepHET, BiIpi3HAIOTECSA 3a 3MICTOM,
METOJaMH BWKJIAJAHHS, BAapTICTIO, TEXHIYHAMH BHMOTAaMH, MiITPUMKOIO Ta MArOTh
MIEBHY pEHTHHTOBY OIHKY, fKa HE 3aBXIN € 00’€KTHBHOIO. B cBowo wepry,
KOpPHCTYBa4i MAalOTh pPi3HHH piBeHb IIATOTOBKH, IOTpeOM Ta OWIKyBaHHS, IO
YCKJIAJJHIOE TPUHAHATTS PillleHHs npo BHOiIp Kypcy. CHCTEeMHHME Miaxin I03BOISE
00’€KTHBHO OILIHUTH aJIbTEPHATHBU Ta BHOPATH KypC, L0 MaKCUMAJIBHO BiAIOBIJAE
noTpedaM KOpHCTYBayiB.

Mertoro poboTH € po3poOka MpoLeaypH OLIHIOBaHHS OHJaiH-KypciB SQL Ha
OCHOBI Metoay aHaiizy iepapxiii (MAI) nnst ob'extuBizalii mpouecy BUOOpPY Kypcy
JIBOMA ILIbOBUMU Ay TUTOPIIMH.

HOna  BuOopy  onTuManeHOro  OHJaWH-Kypcy SQL  Ha  OCHOBI
GaraToKpUTEpiAILHOTO aHaizy BHKOpucTaHO MAI, SKui JO3BOJISIE CHCTEMATH3yBaTH
TIPOIIEC OLIHIOBAaHHS Ta BU3HAYNTH HAWKpAIIMil BapiaHT Kypcy BIIIIOBIHO 0 3aJaHHUX
kpurepiiB  [1]. LlimboBa ayauTopis IOCTUKCHHS BKJIIOYAa€ TIIOYATKIBIIB Ta
KOpHCTYBadiB i3 0azoBmmu 3HaHHAMH SQL, sKi mIyKaroTh e(EeKTUBHHHA Kypce ULt
BUBUCHHS MOBH 3anuTiB. MAI 3acTocoBaHo 111 TOOYIOBH iepapXidyHOi MOIeli BUOOPY
Kypcy, (opMyBaHHS MaTpUllb NapHHX [OPIBHAHL Ta PO3PaXyHKY BaroBHX
Koe(illi€HTIB, 10 BHU3HAYAIOTh BIIHOCHY 3HAYYLIICTh KpuTepiiB [2]. BuznaueHo
KOMIIOHEHTH BEKTOpY HPIOPUTETIB P JUIsl OCHOBHUX KPHUTEpIlB BUOOpY: 3MICT Kypcy
(P = 0,3623), dinancosi acnektu (P = 0,2307), meroau Bukmaganus (P = 0,1711),
nocrynHicTh minrpuMkn (P = 0,0942), texnonoriyni moxuueocti (P =0,0898) Ta
Biiryku kopucrysauis (P = 0,0519).

Amnaniz anpTepHaTHBHHX KypciB SQL mokaza, mo HaWOUIBII ONTHMATEHEM €
kypc «OcrHoBu SQLy, skuit oTpuMaB HaiBUIIHWIA rTo0anpHuUiA npioputet (0,4464). Leit
Kypc oxomtoe 0azoBi Temr SQL, Mae NOCTYNHY BapTicTh, 30ajlaHCOBaHI METOAU
BUKJIaJIaHHs Ta BUCOKY OL[IHKY KOPHCTYBAadiB.

Takum uymHOM BHKOpUCTaHHA MAI [103BOIMIO CHCTEMATH3yBaTH IIPOLEC
NPUAHATTS PilIEHHS], BU3HAYUTH BIUIMB KOXKHOTO KPHUTEpil0 Ta 3a0e3nednTd BHOIpP
Kypcy Ui JBOX IUILOBHX aymUTOpii. 3ampornoHOBaHMK TIimXiZ, Moke OyTH
IHTETPOBAaHMWI y CHCTEMHM aBTOMATH30BAaHOTO OIiHIOBAaHHS OCBITHIX IIporpaM Ta
BUKOPHCTaHUH 711 BHOOPY KypPCiB y pi3HHX chepax OHIaiH-HaBUAHHS.

Cnmncoxk JiTepatypu

1. Saaty T. L. How to make a decision: The analytic hierarchy process. European Journal
of Operational Research. 1990. T. 48, Ne 1. C. 9-26. DOI: https://doi.org/10.1016/0377-
2217(90)90057-1

2. Forman E. H., & Gass S. I. The analytic hierarchy process—An exposition. Operations
Research. 2001. T. 49, Ne 4. C. 469-486. DOI: https://doi.org/10.1287/opre.49.4.469.11231
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MYJbTAATEHTHI CHCTEMH TA IX 3ACTOCYBAHHS B
JIOTICTHALI TA EKOHOMIII

Iym A.0., Jiamenko B.O., Mopos A.B.
XapKiBChKUIT HAITIOHANBHUH YHIBEPCUTET padioeIeKTpOHiKH, XapKiB, YKpaina

3 pO3BUTKOM IM(POBHX TEXHOJOTIH 3pocTae morpeda B aBTOMAaTH30BaHUX
PIIIEHHSX JUIS ONTHMI3allii CKIaHUX MPOIIECIB Y JIOTICTHII Ta eKOHOMII. OIHUM
i3 MEPCIIEKTUBHUX ITIAXO/AIB € BUKOPUCTaHHA MyJbTHareHTHUX cucteM (MAC), siki
MOJICTIIOIOTh B3a€MOJIII0 ABTOHOMHHX areHTIB JUIS JOCSTHEHHS CHIIBHOT METH.
3aBIsIKM  CBOiM 34aTHOCTI 10 CaMOHaBYaHHS, ajanTanii Ta pPO3MOAIIEHOTO
MPUHHATTA pilleHb, TakKi CHUCTEMH JO3BOJSIOTh IIBUIIATH €()EeKTHBHICTD
VOpaBIiHHSA JIAaHIIOTAMW TIOCTadaHHs, (IHAHCOBUMH pPHHKAMH Ta 1HIINMHA
€KOHOMIYHUMH Tiporiecami. [1]

Y cdepi mOTiCTHKM MYyJNBTHAreHTHI CHCTEMH 3aCTOCOBYIOTBHCS IS
JVHAMIYHOTO IUIAHYBAaHHS MapIIpyTiB TPaHCIOPTY, YMPaBIiHHSA CKJIAJACHKUMHU
3armacaMM Ta KOOpIWHAIl Jiif aBTOHOMHUX pOOOTIB y JOTICTHYHHX ICHTpPAX.
Hampuknan, areHTH MOXyTh TNPOTHO3YBaTW 3aTpPUMKH Ha MapuipyTtax i
ABTOMAaTHYHO KOPHWTYBaTH IUIaHH II€pPEeBE3eHb, 110 3MEHIIYE Yac JOCTaBKU Ta
Butpatu. Kpim toro, inrerpamiss MAC i3 TEXHOJOTiSIMH IITYYHOT'O IHTENIEKTY
JI03BOJISIE TIOKPAIIMTH IPOLIECH NPUHHATTS pINIEHh B YMOBaxX HeCTaOiIbHOTO
nonuty. [2]

B exoHOMIiuHIl cdepi MyIbTHAreHTHI CHCTEMH BUKOPUCTOBYIOTHCS IS
MOJICIIOBAHHSI PHHKOBHUX MEXaHi3MiB, CHMYISIII TOBEIIHKH CIIOXKHBAaYiB Ta
aBTOMaTH3amii TOpriBii. Hampukinanm, anropuTMIYHUA TpeWauHr Oa3yeThcs Ha
npunnunax MAC, e okpeMi areHTH aHaji3ylOTh PWUHKOBI JlaHi, NMPOTHO3YIOTh
KOJIMBaHHS IIiH 1 3HIMCHIOIOTH TOProBelbHI omepamii. Lle crpuse 3HIKEHHIO
pu3uKiB 1 migBumieHHIO edekTtuBHOCTI (iHaHCOBHMX pimeHb. Kpim Toro,
MYJIbTHAr€HTHI CHCTEMH JOINOMAaraloTh pPO3POONIATH TOJITHKMA  YIPaBIiHHS
MaKpOEKOHOMIYHMMH MpOLIECAMH, MOJEIIOIOYM BIUIMB 3MIH Yy MOAATKOBIH Ta
IPOLIOBO-KPeANTHIN mosith. [3]

MeToro q0moBiai € aHai3 NPUHIUITIB POOOTH MYJIBTHATEHTHUX CUCTEM Ta iX
3aCTOCYBaHHS B JIOTICTHIII Ta €KOHOMII, 30kpemMa Yy cdepi ynpaBiiHHS
TPAaHCIIOPTHUMH TOTOKaMH, aBTOMATH3allii TOPrOBHX OIepalii i MporHo3yBaHHs
€KOHOMIYHHX TE€HIEHIIIN.

Cnucok Jirepatypu

1. Cupmopenko B.I1. MyJbTHareHTHi CHCTEMH: OCHOBH, METOAU Ta aITOPUTMHU. —
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ONTUMIBAIIIHI METOJIN B YIIPABJITHHI BAPOBHUYNMHU
INPONECAMM

TTanamrox 1.0., TTokasziit K.O., Tumomenko [1.0.
XapKiBChKUIT HAITIOHANBHUH YHIBEPCUTET padioelieKTPOHIKH, XapKiB, Ykpaina

3 PpO3BHTKOM MPOMHCIIOBOCTI Ta 3POCTaHHSAM CKJIQJIHOCTI BHPOOHUYUX
NPOLIECIB  1TOCTAa€ HEOOXIJHICTh y BIPOBA/KEHHI e(EeKTHBHUX METO/IB
onruMizanii. TpaguuiiiHi MiAX0AW 10 YIpaBIiHHS BUPOOHUIITBOM HE 3aBXKIU
3a0e3neuyroTh MaKCHMallbHy NPOJYKTHBHICTH Ta MIHIMI3allil0 BHUTpaT, MI0
CHOHYKA€ JI0 MOIIYKY HOBHX aJITOPUTMIYHMX I MareMaTHYHUX pimeHb. OIHUM i3
KJIIOYOBHX HAIPSAMIB € BUKOPHCTAHHS METOMIB MAaTEeMaTHYHOTO MOJCTIOBaHHS Ta
IITY9HOTO 1HTEJIEKTY, SKi TO3BOJIIOTh 3HAXOIUTH ONTHMANBHI MUISXH PO3IIOILTY
pecypciB i MiHIMI3yBaTH BTpaTH Ha Pi3HUX eTanax BUpoOHUITBA. [1]

CydacHi onTHMi3aliffHi METOAW BKIIOYAIOTh 3aCTOCYBAHHS TCHETHYHHUX
AITOPUTMIB, METOMIB pOIHHA YaCTHHOK, HEHPOMEpEeKeBUX IMIAXOMIB Ta
MOJICNIOBaHHS Oi3Hec-mporeciB. Hampukiman, reHeTHYHI aNTOPUTMH  YCITITHO
BUKOPHCTOBYIOTBCS ISl PO3B’3aHHS 3a7a4 PO3KPOI0 MarepiaiB, MapUIpyTH3aLii
TPAHCIIOPTY Ta IJIAHYBaHHS BUPOOHHYHX JIiHIN, IO JO3BOJSE 3HAYHO CKOPOTHUTH
Yyac BUKOHAHHS 3aBAaHb 1 MiIBUIIUTH €(PEKTUBHICTh POOOTH MiANPHEMCTB. [2]

OxpeMHM HampsiMOM € BIPOBA/PKEHHS peajlbHOTO 4Yacy oOINTHMi3alii B
ABTOMATH30BaHMX CHCTeMax YIpaBliHHA BHUPOOHUUTBOM. Taki cucTeMu
BUKOPUCTOBYIOTh BEJMKHH MAacWB JAHHX 13 CEHCOPHHX MEpeX Ta MAaIIMHHOTO
HaBYaHHSA MJIS IIBUJAKOTO aHaji3y 1 KOpWryBaHHS mapameTpiB mpoueciB. Lle
3a0e3mneuye aganTUBHICTh BUPOOHUIITBA 10 3MIHHHX YMOB Ta CHPHSE ITiIBUMICHHIO
eHeproeeKTHBHOCTI 1 SKOCTI mpoaykiii. [3]

MeTor0 10MOBiAi € aHANI3 CyYaCHHX ONTHUMI3AIlifHUX METOMIIB B YIIPaBIiHHI
BUPOOHUYMMH TIPOLIECAMH, PO3IJIAN IXHBOTO 3aCTOCYBaHHS JJIsl ITiJBHILCHHS
MPOJXYKTUBHOCTI, 3HWKEHHSI BUTPAT Ta MOKpAIIECHHS SKOCTI MPOMYKIii, a TaKoX
OLIiHKA MEPCIEKTUB PO3BUTKY LIMX METOJIIB Y IPOMHCIIOBOCTI.

Crucok Jirepatypu

1. [Terpeaxo O.M. OnTHMi3aliifHi METOIM Y BHPOOHHYHMX CHCTEMax: MaTeMaTHYHE
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ABTOMATH3AIIA MPUAHATTS PINEHD V KIGEPOI3UYHUX
CUCTEMAX

Ckerpic I.I., Citaikos B.I.
XapKiBChKUIT HAITIOHATBHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaina

CyuacHi kibepdizuuni cucremu (K®C) BimirparoTe KIIOYOBY poib Y
MIPOMUCIIOBOCTI, TPAHCIIOPTi, €HEpreTHli Ta IHMHNX cdepax, A€ BKIUBUMH €
ABTOHOMHICTh, THYYKICTh 1 IIBUAKICTh MPUHHATTS PillicHb. ABTOMATHU3AIIIS IIOTO
NPOLIECY IO3BOJISIE 3HAYHO MIJBHIIMTH €(EKTHBHICTb YIPABIIHHA CKJIAQJHUMHU
cUCTEeMaMH, MiHIMI3yBaTH JIIOACBKUH (akTop 1 3a0e3NeuuTH MIBHIKY aarTallilo
710 3MiHHHX yMOB. [1]

OpxHUM i3 OCHOBHEX MiAXOMIB 10 aBTOMAaTH3amii MpuiHATTA pimeHs y KOC e
BUKOPUCTaHHS METOJIB INTYYHOrO IHTENEKTYy, 30KpeMa MAIIMHHOTO HaBYaHHS Ta
HEUPOHHHMX Mepex. 3aBISKH LM TEXHOJIOTiSIM CHCTEMH MOXYTh aHalli3yBaTH
BXiJHI JaHi B pealbHOMY dYaci, IPOTHO3YBaTH MalOYyTHI CTaHW Ta aJalTyBaTd
NOBeIiHKy 0e3 BTpy4YaHHs JIOOUHH. Hampukmaza, y IPOMHCIOBOCTI anrOpHTMHU
rIMOOKOr0 HaBYaHHS 3aCTOCOBYIOTBCS JUISi MOHITOPDUHTY OOJaqHaHHA —Ta
MPOTHO3YBaHHS BIIMOB, IO JO3BOJIIE ONTHUMI3YBaTH IPOIECH TEXHIYHOTO
o0ciyroByBaHHs. [2]

[HIIMM TNEpCIEeKTUBHMM HANpsIMOM € BHKOPUCTAHHS MYJbTHAar€HTHUX
CHCTEM, JI€ aBTOHOMHI areHTH B3a€MOIIIOTE MK COOO0I0 I JOCATHEHHS CIIJILHOI
MetH. Lle ocobmmBo eeKTHBHO y cdepi JOTICTUKHU, YIPaBIiHHS TPAHCIIOPTHUMHU
NOTOKAMH Ta CHEPreTHMYHHMH MEpeKaMH. ATCHTH MOXYTb CaMOCTiHHO
YXBaJIFOBaTH PIIIEHHS HAa OCHOBI aHAJ3y JIOKANBHOI iH(OpMAIil, IO ITiJBHUILYE
THY4YKicTh Ta MacimtaboBanicte KOC. [3]

MeTor0 10MOBIAi € aHAN3 CyYyacHUX IMIAXOJIB O aBTOMATH3AIll MPUITHATTS
pimreHs y ki0bepdi3smuHUX cUCTeMaX, 30KpeMa BUKOPUCTAHHS MITyYHOTO iHTEIEKTY,
MYJIbTHAr€HTHUX TEXHOJOTIH Ta METOMIB ONTHMI3allii, a TakoX IX NpaKTHYHE
3aCTOCYBaHHS Yy PI3HHUX raly3sX.

Crucok Jirepatypu

1. Cunoperko B.O. Kibepdisuuni cucteMn Ta iX 3aCTOCYBaHHS y IPOMHUCIOBOCTI. —
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cucremax. — Xapkis: Bugasuuuuit aim, 2023. — 256 c.
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BEB-IOJATOK AJIs1 YIIPABJIIHHS TIOCJIYT'AMHU
B MEPE’KI BAPGEPIHIOIIIB

Haymos M.O., TTopomenxo A.L
XapKiBChKHUI1 HAI[IOHANBHUH YHIBEPCUTET pagioeeKTpOHIKH, XapKiB, YKpaiHa

Y cyyacHOMy 1H(pPOBOMY CEpEOBHUIN aBTOMATH3aIlisl Oi3HEC-IPOIECIB €
KJIFOYOBUM (haKTOPOM YCHIIITHOTO PO3BHUTKY CEpBICHMX KoMImaHiil. bapOepionu sk
YacTMHA IHAYCTpii Kpacu MOTpeOyIOTh 3pYYHUX Ta €e(PEeKTUBHUX pillleHb JUIs
B3a€EMOJIIi 3 KI€HTaMH, IUIAaHyBaHHS pOOOYOro vacy IpaliBHUKIB 1 00poOKku
BEJIUKOT KiJIbKOCTI 3amuciB [1].

Po3pobka BeO-momaTKy MO3BOJISE ONTHMIi3yBaTH IIi MPOILECH, 3a0e3IIeTHBIITN
KIIiEHTaM IHTYITHBHO 3po3yMinuii iHTepdeiic mis BubOopy OapOepa, mociayrd Ta
3pydYHOro 4acy Bisutry. CHcTeMa TakoxX mependadae mepcoHalizoBaHui iHTepgeric
sl OapOepiB, A€ BOHH MOXYTh BCTAHOBIIIOBATH BIAcHHHA rpadik pobotw,
HeperisiIaTi 3alkCcH KITIEHTIB Ta eeKTHBHO yIPaBIIsTH HABaHTaXXEHHAM [2].

Oco0OMUBICTIO PO3pOOITIOBAHOTO JOJATKY € YITKHIA MO POJIeH KOPHCTYBadiB
(xmient, G6apbep, aaMIHICTpATOp), WO J03BOJIAE 3a0€3MEUUTH OC3MEKy MaHHX i
KOHTPOJIb JOCTYIY A0 Pi3HUX (YHKIINA. BaXITUBOK CKJIAJ0OBOIO € aBTOMATH3aIlisd
3amKcy KJIEHTIB Ha OCHOBI 3aaHoro rpagika 6apoepa, 1o MiHIMI3ye HMOBIpHICTB
MIOMUJIOK Ta HOKPAILY€ SIKICTh CepBiCy.

MeTo10 poGOTH € CTBOPEHHS BeO-JOAATKY JUIs YNPABJiHHS MOCIyraMH B
Mepexi OapOepIiomiB, KU TO3BOJSAE ONTHUMIZYyBaTH IIPOIEC OHIIANH-3aIUCY,
MTOKPAIATH KOMYHIKAI[F0 MK KII€EHTaMH Ta TMpamiBHUKaMU Ta 3a0e3MeunTH
e(peKTHBHY OpTaHi3aIifo poOOTH.

3acTOCYHOK peayi3oBaHO i3 BUKOpUCTaHHIM (peiiMBopky React 3 MoBoro
nporpamyBanHs TypeScript, mo 3a0e3nedye BHCOKY SKICTh KOIy, Kpamry
MATPUMKY MAacImTa0OBaHOCTI Ta 3py4HICTh po3poOku. CepBepHa YacTHHA
nobyznoBana Ha C# i3 3acrocyBanHsM ASP.NET Core, mo 3a0e3nedyye BHCOKY
MPOJIYKTUBHICTh, MAaCIITA0OBaHICTh Ta 3pYYHICTh IHTErpallii 3 pelsiiiHo0 6a3010
nanux. J{is 30epiranus naHux BUKopuctoByeTbest MySQL — wapiiina CYB/], mo
3abe3rnedye MBUAKUI JOCTYII 10 CTPYKTypoBaHoi iHpopmarii [3].

Crucok Jirepatypu

1. Botixo B.I. CydwacHi BeG-TexHOMOrI{: Teopist Ta mpakTuka. — Kuis: Bumaprwanii xim
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IMPOAKTHUBHE YIIPABJIIHHSI PECYPCHHMM 3ABE3INEYEHHAM
IMPOEKTIB BIJHOBJIEHHS IHOPACTPYKTYPHU

Jouenkxo H.B., JIynis f.C.
XapKiBChKHUIT HAITIOHANBHUH YHIBEPCUTET MICHKOTO TOCIIOIapCTBA
imeni O.M. bekeroBa, XapkiB, Ykpaina

VYnpaBiuiHHA TPOEKTAMH BITHOBIICHHS 1HPPACTPYKTYpH, IO MOCTpakaia
yepe3 BOEHHI [ii, BiIOyBaeTbcs B arpecCMBHOMY CEpPENOBHI MHPH KOPCTKHUX
4acoBUX Ta (iHaHCOBUX oOMexeHHsX. Crienudika MPOEKTIB BiTHOBICHHS BUCYBa€e
JNOJATKOBI OE3MEKOBI Ta TEXHIYHI OOMEKEHHsS, IO MOXXYTh IIPU3BECTH [0
3HIKCHHS e(QEeKTHUBHOCTI YIPAaBIiHHSA TIPOEKTOM Ta HEMOXXIHMBOCTI ioro
peanizanii. CBoeyacHe 3a0e3ledeHHs pecypcamMH (SK MarepialbHUMH, Tak 1
JIIOZCBKMMHU) Y BH3HAYCHOMY 00Cs3i Ta 3aMaHOi SKOCTI € HEeOOXiIHOI YMOBOIO
peanizauii npoektiB  [1]. AHami3 kaapoBux NpoOJeM Yy BOEHHHH Iepiof,
CKJIAIHOCTI 3 OpOHIOBaHHSAM CIIBPOOITHHKIB Ta HEOOXITHICTh 3a0e3meueHHs
HaliiHOro (YHKIIOHYBaHHS KOMaHIM BHUCYBAalOTh BHMOTH 10 PEIHXXHUHIPUHTY
MIPOLIECIB YIPABIIHHS JIFOJCBKUMHU PECYPCaMH.

MeTo10 70NIOBIAi € PO3II MPOLECIB MPOAKTUBHOTO YIPABIIHHSA PECYPCHUM
3a0e3neueHs M MPOEKTIB BiTHOBICHHS iIHYPACTPYKTYPH.

B nomnoBiai HaBomATHCA pE3yNbTaTH aHANI3Zy PECYPCHOTO 3a0e3NedeHHs
MPOEKTIB BITHOBJICHHS IHQPACTPYKTYpPH, aHaNi3y MiIXOMiB OO VHpPaBIiHHA
NPOCKTHUMH  PU3MKaMH, T[OB’SI3aHUMH 3  PECYpPCHHM  3a0€3IeUEHHSM.
HecrtabinbHicTh cepemoBuina, MoOLTI3amiiHI Ta MIrpalliifHi IpOIECH HETaTHBHO
BIUIMBAIOTh Ha PECypCHHH NpOo(diiNb MPOEKTY, MiABUIIYIOTh PU3UKH, MOB’s3aHi 3
pecypcHuM 3abe3neyeHHsIM. Y MyJIbTHNPOEKTHOMY CEPEIOBHIII BaXIUBO
BpPaxOBYBaTH B33a€MO3B'SI30K MDXK IPOEKTaMH Ta B3AaEMHHMH BIUIMB IIPOLECIB
YIPAaBJIiHHS, [I0 MOXE YCKJIaHIOBATH YIIPABIIHHS PU3UKAMH.

[TpoBeneHO MOAENIOBAaHHS MPOILECIB MPOAKTUBHOTO YIPABIiHHS PECYPCHUM
3abe3neueHHsM. Po3risiHyTo 0COOJIMBOCTI  3aCTOCYBaHHA —KOH]irypaiitHoro
YOpaBIiHHSA TPU po3poOIli MPOEKTIB BiXHOBIEHHS iHppacTpykTypu. Ha mimcrasi
OTPUMAHHUX Pe3yJbTaTiB PO3POOIICHI peKOMEHAAIIIT o0 TpaHchopMarllii mporeciB
YOpaBIiHHS PECYpCHUM 3a0e3MeUYeHHs MPOEKTIB BiAHOBICHHS iH)PACTPYKTYpH Ta
ypaxyBaHHsS HEOOXiTHOCTI YIPaBIiHHSA KPUTHIHAMHI KOMIICTCHITISIMH.

TakuM 4YMHOM, 3aCTOCYBaHHS IPOAKTUBHOTO YIIPABIIHHSI DPECYpCHUM
3a0e3neueHHssM  BiIHOBICHHA  1H(QPACTPYKTypH  JO3BOJNUTH  IIiBHIIHUTH
e(eKTHBHICTh peati3amii MPOEKTIB NUIIXOM ypaxXyBaHHS PH3HKIB, IO BITMBAIOTH
Ha 3a0e3meyeHHs pecypcaMu, Ta PO3pOoOKH 3aXOiB 3 MiHIMI3allil iX HETaTUBHOTO
BIUIUBY.

Crucok Jirepatypu

1. HacranoBa 1o 3Bomy 3HaHb 3 ympaBuiHHA npoekramu. Hacramosa PMBOK 7-e
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MOJEJIIOBAHHA BITHOBJIEHHSI BACOKOTEXHOJIOT'TYHOI'O
HNIAIPUEMCTBA IIVISIXOM IUBEPCU®IKALIII BUPOBHUIITBA

®emoporuy O.€., [Tominyk €.B., Comnosiios B.C.
HarmionansHMi aepOKOCMIYHIHA YHIBEPCHTET
«XapKiBChKUi aBianiiHUN IHCTUTYT», XapKiB, YKpaiHa

YMOBH 0COOJNMBOTrO CTaHy KpaiHW NPHU3BEIH J0 HEOOXIIHOCTI CTBOPEHHS
HOBUX BHpOOIB Ha ICHYIOUMX MPOMHCIOBHX mHignpueMcrBax. Lle mnotpebye
MIPOBEJCHHS MOJIepHi3alii mianpuemMcTBa Ta AuBepcudikaiii Horo AisUIBHOCTI B
KOPOTKHI1 yac, 1110 OB’ SI3aHO 3 MOTpedaMu AJIsl BUITYCKY HOBHX 3pa3KiB TEXHIKH, Y
ToMy 4ucii 030poeHHs Ta OoempunaciB [1]. ToMy, akTyanpHa Tema JOTOBini, B
SIKiH TIpeACTaBiIeHI pe3yabTaTH JOCHIHKSHHS MI0J0 MOACTIOBAaHHS 3aXO0/IiB Ta IiH,
OB SI3aHNX 3 JUBEPCH(IKAII€I0 MANPHEMCTBA U BHITYCKYy KOHKYPEHTOCIPO-
MOJKHOI Cy4acHOI BHCOKOTEXHOJIOTIYHOI MpOoayKii [2].

Metow m0omoBigi € po3poOka KOMIDIEKCY MOZETCH, 3a JOTOMOTOK SKUX
MOJKHA aHaN3yBaTH Ta IUIAHYBaTH HEOOXiNHI TPOEKTHI 3axomu Ta Iii IMOIO
auBepcudikanii iICHyI04Oro BHPOOHHWITBA, 3 METOI  BHIIYCKY aKTyalbHOI
BHUCOKOTEXHOJIOTIUHOT mpoAyKilii. [IpOBeICHO CHCTEMHHI aHalli3 MOXJIMBHX
cTpareriii AuBepcudikaiii BUpoOHULITBA. BusiBIieHI OCHOBHI (hakTOpH, SIKi CyTTEBO
BIUIMBAIOTh HAa MOJCpHI3alli0 BUpOOHUITBA. CTBOpPEHA MOCIMOBHICTh Mii s
MPOBEJCHHS JuBepcUdikanii BUPOOHUITBA, KA y MOJAIBIIOMY, MOJEIIOETHCS.
[IpoBenena onrumizalisi BHOOPY BapiaHTy AuBepcH]ikaiii BUpOOHUIITBA 3 ypaxy-
BaHHAM HOBHX 3aMOBJICHb Ha MPOJYKIIIO MiJIPHEMCTBA Ta MPOTHO3IB MOBEAIHKA
puHKy 30yTy. CTBOpeHa  omnTuUMi3amliiiHa MOIENb I OIIHKH YCIIIIHOCTI
MPOBEACHHS 3aXOiB IIOAO IUBEpCHUdiKalii BHPOOHHWNTBA, 3a JOIMIOMOTOIO
MOKa3HUKIB dYacy, BHTpaT Ta pusukiB. OcoOimMBYy yBary IpHAITIEHO BIUIMBY
MOXIIMBHX 3arpo3 Ha Tpouec MozepHizamii BupoOHHuTBa. CTBOpEeHa
omnTUMI3aIiiiHa MOJENb JOCHI/PKCHHS 3aXO0[iB, Yy 4daci, MO0 BIJHOBJICHHS
BHUCOKOTEXHOJIOTIYHOTO BHPOOHMIITBA. B IOMOBiAi HABOIATHCS pe3ysbTaTU
MIPOBEJICHOTO JIOCHI/DKEHHS 1110/10 e(peKTUBHOCTI MPOEKTHUX JIill 10 BiIHOBICHHIO
BHCOKOTEXHOJIOTIYHOIO BHPOOHHIITBA. 3a JOINOMOIOI0 CTBOPEHHUX HOBHUX Ta
OpUTiHAJIBHUX MOJEJeH, OLIHIOITHCS 4Yac, PU3UKH Ta BapTICTh HNPOEKTHUX M.
BukopucTani MareMaTWYHi METOAM Ta MOJCNi: CHCTEeMHHH aHaji3 cTparterii
BiTHOBJICHHs. BHPOOHHIITBA, ONTHMI3aliiiHA MOJAETh IOAO0 BHOOpPY BapiaHTy
MOJIEpHi3alil MiANPUEMCTBA, SIKICHI OI[IHKM EKCIIEpPTIB JUIsS JIEKCHMKOTpadiqHOrO
BIIOPSIIKOBYBaHHs BapiaHTiB MOJIEPHi3allii.

Cnucok Jirepatypu
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MOJEJIb BABOPY KOMII'IOTEPHUX KOMIVIEKTYIOYHAX
HA OCHOBI IX CYMICHOCTI

€rnizeBa A.B.
HarmionansHMi aepoOKOCMIYHUI YHIBEPCHTET
«XapKiBChKUH aBianifHUN IHCTUTYT», XapKiB, YKpaiHa

CyuacHi KOMIT'IOTEPH CTaly HE3aMIHHUMH ISl BUPIIICHHS 3aBAaHb, SIKi IS
ONTHMAIBHOI pPOOOTH MOTPEOYIOTh 3HAYHOI OOYMCIIOBAJIBHOI IMOTYXXHOCTI
(mampuknaza, o6pobOka Bimeo, aymio, 3D-rpadika Ta amimauis). J{i1s BUKOHAHHS
TakOro THUIy 3aJa4  HEOOXiJHI IOCTIHHO  OHOBIIIOBATH  KOMII IOTEpPHI
KOMIUIEKTYIOUi, Taki SK MAaTepPHHCHKY IUIATy, ONECPATHBHY IIaM STh, BiIEOKAPTY,
poriecop, OJIOK KUBJICHHS Ta Hakonmn4dyBad. OTe, BHHUKAE aKTyalbHa IpodiieMa
BUOOpY amapaTHOro 3a0e3nedeHHs KOMI'toTepa [1], Ais KOpeKTHOro BHPIIICHHS
SIKOT HEOOX1THO TOTPUMYBATHCS CYMICHOCTI 0OpaHUX KOMIUICKTYIOUHX.

MeTtor0 gomoBiai € 0OTpyHTYBaHHS BHOOPY KOMI IOTEPHUX KOMIUIEKTYIOUUX
Ha OCHOBI MaTeMaTH4YHOI MOJENi i3 3aCTOCYBaHHAM TeOpii HEWIiTKHX dYHCeT Ta
MHOXHUH.

B pmomoBimi  HaBOAMTBCS ~ MOJAENIb  CYMICHOCTI  KOMI IOTEPHHX
KOMILICKTYIOYMX Ha OCHOBI HEYITKMX MHOXHUH. [IpomoHyeTbcs momaTu
KOXKHOTO TpPEJCTaBHUKA KOXHOTO BHUJY KOMII FOTEPHHX KOMIUIEKTYIOUUX Y BHJII
HaOOpy HOro TeXHIYHUX XapakTepucTHK. Ha ocHOBI iH(GopMalIii 111010 CyMICHOCTI
KOMIUIEKTYIOUHX Ta IX TEXHIYHHX XapaKTePHCTHK OTPHMAEMO MHOXXHHU
JIHTBICTUYHUX 3MIHHHX JUISl KOXXHOTO BHJLy KOMIUICKTYIOUHX.

EnemeHTH OTpMMaHMX MHOXWH BHKOPHUCTOBYIOTBCS B CHCTEMI ITPaBHII
HeuiTkoi mpoaykuii [2, 3]. B pesymbrati OyayTh OTpUMaHi  CKiIajHI
BHUCJIOBIIIOBAHHS 3 BUKOPHCTAHHSAM JIOTIYHHX OIlepalii. 3anmponoHOBaHa MOJENb
MOXXe OYyTH KOPHCHOK ISl KOPHCTYBadiB, SKi OakalOTh CaMOCTIHHO OHOBHTH
amapaTHe 3a0e3MeYeHH KOMIT F0Tepa, a TAKOXK MoXe OyTH BUKOPHCTaHa JUII 3a1a4
NPUIHATTS pilleHb 3 BHOOpPY HaOLIbII NepeBaKHUX BapiaHTIB 13 3a4aHOi
MHOXXHHH.
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MOJEJTIOBAHHA TPOEKTHUX POBIT OO BITHOBJIEHHS
TA MOJEPHI3ALIII BUCOKOTEXHOJIOTTYHUX BUPOBIB

®enoposna O.€., Manees JI.B., @enoposid B.A.
HarmionansHuit aepOKOCMIYHIIA YHIBEPCHTET
«XapKiBChKUi aBiallifHUI IHCTUTYT», XapKiB, YKpaiHa

IcHye mnpobieMa BHKOPHCTaHHS BHCOKOTEXHOJOTiuHHMX BHpoGiB (BB) B
MIHJMBHX YMOBax TeNepilHboro cepenopuma [1]. BuHuKaoTh HOBI BUMOTH Ta
XapaKTEePUCTUKU IO BUKOPUCTAHHS, 110 HOTpeOye BiIHOBIEHHS ab00 MoJepHizawil
BHCOKOTEXHOJIOTIYHOT TeXHIiKH. Ile 0COOIMBO BaXKIMBO IS BIICBKOBOT TEXHIKH,
sIKa BUKOPHUCTOBYETHCS B yMOBaX cydacHOi riOpmanoi BiitHH. ToMmy, akTyambHa
TeMa [IOTIOBiAi, B K TIpeACTaBIEHI pe3yNbTaTH JOCHIDKEHHS II0J0
MOJICTIIOBAHHS Ta IUIAaHYBaHHS IIPOEKTIB MOJEpHi3amii Ta BigHOBiIeHHA BB, mo
crpusie iX e()eKTHBHOMY BUKOPHCTaHHIO B YMOBaX OCOOJIMBOTO CTaHy Kpainu [2].

MeTtor0 A0moBiai € po3podka KOMIUIEKCY MOJIENEH, sIKi JO3BOIIIOThH IUIaHy-
BaTH MPOEKTHI poOOTH MOA0 MoaepHi3alii BB, ans epekTHBHOTO BUKOPHCTaHHS B
Cy4YacHHX yMOBax eKCIUTyaTaiii. AHaJi3y€eTbCsi MHOXKHMHA ICHYIOUMX BHPOOIB C
LJUTIO BHSIBJICHHS. HAMOIMbII OMM3BKOrO 10 MOAEpHizamii. Bubip migxomsimoro
BapiaHTy, B POEKTI MOJEpHi3allii, 31 CHIOETBCS 32 JOIOMOTOI0 SIKICHUX OLIHOK
excriepTiB (y (opMi 3HaueHb JIHIBICTUYHHMX 3MIHHUX) Ta JIEKCUKOrpadigyHOTo
BIIOPSIIKOBYBaHHs BapiaHTiB. ®OpMyBaHHs HOBOI (MOJAEPHI30BaHOI) apXiTEeKTypu
BUPOOY 3IIMCHIOETBCS 32 JIONOMOTOI0 METOAY KOMIIOHEHTHOTO MPOEKTYBAaHHS.
BupmineHi KOMIIOHEHTH, SIKI BUKOPHUCTOBYIOTHCS TOBTOPHO (iCHYIOTh Y MHUHYIIHX
MPOEKTAX) Ta HOBI KOMITIOHEHTH, SKi BIAMMOBINAIOTH 3MiHEHHIO (DYHKI[IOHAITY
BHpOOY IUIA CydacHHX TOTpeOd 3actocyBaHHs. HoBi (iHHOBamiliHi) KOMIIOHCHTH
MaloTh MOXKJIMBICTh BIUIMBY Ha PH3HMKH, 4ac Ta BapTiCTh MPOEKTY MOAEPHI3aIii.
[IpoBenena onrmmizamisi ckiamxy KoMrmoHeHT BB s momyky xommpowmicy Mixk
«HOBHMH» Ta «CTapuMH» KOMIIOHEHTaMH Yy ckiaai. B jmomoBini HaBomsThes
pe3yJbTaTH aHali3y IOCHIOBHOCTI MPOEKTHHUX il om0 MojaepHisarii BB 3
BUKOPHCTaHHSIM ONTHMI3aliiHOT Ta imitaniiHoi Moneneil. HaykoBa HOBH3HA
JIOCII/DKEHHS TOB’s3aHa 31 CTBOPEHHSM HOBUX Ta OPUTIHAIBHUX MOJENeH, sIKi
JO3BOJISIIOTh [JIAHYBaTH MPOEKTHI Mii mogo MoxepHizamii BB, mms  ioro
BUKOPHCTaHHS B CyYaCHHX YMOBAax eKcIulyaTauii. Bukopucrani MaTeMaTH4Hi
METOJM Ta MOJENi: CHCTEMHHIl aHalli3, SKICHI OI[IHKH €KCIIEPTiB, ONTHMi3alliiHi
MO/, iMiTaI[iiHEe MOJICITFOBAHHS.
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MOJIEJII TA METO/H JUIs1 JOCJIKEHHS OBE{IHKH
KOPHCTYBAYIB IHOOPMALIIHAX SAAS-CHCTEM

Maxkapenko T.C., Jlemenko FO.0O.
HarmionansHuit aepOKOCMIYHIIA YHIBEPCHTET
«XapKiBChKUH aBianiiHUN IHCTUTYT», XapkiB, YKpaina

Indopmaniitni SaaS-cucremu (Software as a Service) ocTaHHIM Yacom
AaKTHMBHO  BUKOPHUCTOBYIOTbCS Yy pi3HHMX cdepax Oi3Hecy, OCBITM Ta
anminictpyBanns [1]. Jlns mokpammeHHs 1X €(EKTHBHOCTI BaXXIHBO PO3YMITH
MOBEIIHKOBI  3aKOHOMIPHOCTI KOPHCTYBadyiB, IO JO3BOJSE ONTUMI3yBaTH
iHTepdeiic, MIBUIIUTH KOHBEPCIIO Ta 3aII00ITrTH BiITOKY KITI€HTIB.

MeTtoro nomoBiai € po3poOka Mojenel Ta METOIIB Ui aHANi3y IMOBEHiHKH
KOpHUCTYBaviB SaaS-CHCTEM Ha OCHOBI JaHHX PO IXHIO aKTHBHICTH Ta B3A€MOIIO 3
cepBicaMu.

ByB mpoBenmeHwii aHami3 ICHYIOUMX MOJENEH Ta METONIB HOCIHIIKEHHS
MIOBEAIHKY KOPHUCTYBadiB SaaS cucTeM, 110 BKJIIOYAE BUBUYCHHS CYyYacHUX MiIXO/IB
J0 MOJETIOBaHHs TOBEJIHKM KOPUCTYBa4iB Ta OLIHKY €(EKTHBHOCTI PI3HUX
METOJIB 300py Ta aHaNI3y JaHUX.

Jlis  BHUKOHAaHHS JOCTIIKCHb y pOOOTI BHKOPHCTOBYIOTHCSI METOIU
MaIlMHHOTO HAaBYaHHSA, HEHPOMEpEeXeBi alropuTMH, KIACTEPHUI aHami3 Ta
KOTOPTHUH aHaJi3 Ul CerMeHTallil KOPUCTYBaUiB 1 BUABIICHHS 3aKOHOMIPHOCTEH y
ix moseminti [2, 3].

B pesynprati Oymm po3poOieHi MoOmeni Ta METOOH, SKi JTO3BOJIAIOTH
aHaNmi3yBaTH TIOBEAIHKY KOPHUCTYBadiB SaaS-cHCTeM Yy peaJbHOMY 4aci,
MIPOTHO3YBATH iXHI Jii Ta HaJaBaTH pEKOMEHJamii /U MOKpAalIeHHS B3a€MOJIII.
JocmimkeHHs BUSBWIO KIIOYOBI  (pakTOpW, IO BIUIMBAIOTH HAa  BIATIK
KOPHCTYBadiB, a TAKOX ONITUMANBHI CTpaTeril ImepcoHali3arii cepBiciB.

BukopucTaHHS 3alpONOHOBAaHUX MOJIENIE Ta METOJIB CHPUSIE IMiJABUIICHHIO
e(eKTUBHOCTI SaaS-cucTeM, 3HIKEHHIO BHMTpAaT Ha YTPUMaHHs KIIEHTIB Ta
MTOKPAIIECHHIO 3arajibHOI SKOCTI KOPUCTYBAILKOTO JOCBIY.
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3ACTOCYBAHHS POIB JIPOHIB Y CLJIbCbKOMY T'OCIIOJIAPCTBI

Isens @.C., Jlemenko 10.0.
HarmionansHM# aepOKOCMIYHUH YHIBEPCUTET
«XapKiBChKUH aBialifHUHA IHCTUTYT», XapKiB, YKpaina

CyuacHi BUKJIMKH B arpapHOMy CEKTOpi TOB’s3aHi 31 3MIHAMM KIiMary,
3pOCTaHHAM BHUTPAT HA PECYPCH Ta HEOOXIIHICTIO MiJBHIIECHHS IMPOXYKTUBHOCTI
BUMAaraloTh BIIPOBA/UKEHHS HOBITHIX TeXHOJNOTiH. OAHUM 13 MNEpPCIEKTHBHUX
HanpsiIMiB € BHKOPHCTaHHS POIO JIPOHIB — MHOXMHHM aBTOHOMHHX O€3MiJIOTHHX
mitanpHux anapatiB (BIIJIA), sxi 31aTHI 10 KOOpAMHALIT il y pEXUMI peabHOTO
gacy. B ymoBax mudposizalii CiTbCEKOTO TOCIIONApCTBA JaHA TEXHOJOTIS Jae
3MOTY BHKOHYBaTH IIMPOKHHA CHEKTp arpOBHPOOHMYMX 3ajad 3 MiHIMAIbHUM
JIFOJICHKUM BTpy4aHHsm [1, 2].

MeToro 10MOBii € CTBOpEHHS IHTENEKTyalbHOI MOJENI KEpyBaHHSI POEM
BIUIA s BHUKOHaHHA  OMepaliii 3  MOHITOPHHTY, OONpPHUCKYBaHHS,
KapTorpadyBaHHS Ta aHAJi3y CTaHY CUTBCHKOTOCIIONAPCHKHX YTifb.

[lpoBeneHo aHali3 OCHOBHHX CLEHapiiB 3acTOCYyBaHHS pOIO JIPOHIB Y
CUIBCHKOMY TOCIIOJIAPCTBI: MOHITOPHUHT 1OJIiB; oOynoBa NDVI-kapt; BusiBieHHs
30H TIOCYXH, XBOpOO Ta WIKiJHUKIB; TOYKOBE OONMPUCKYBaHHS 3acO0aMHU 3aXHCTY
pPOCNIMH; KOOpAMHALIS 3 HAa3eMHUMHM aBTOHOMHHMMH CHCTEMaMu B paMKax
IHTETPOBaHUX MIAT(HOpPM.

PosrsiHyTO  memeHTpani3oBaHy —apXiTEKTypy PO 3  BHKOPHCTAHHIM
MYJBTHAT€HTHOTO ITiAXO0/AY, IO JO3BOJISIE KOKHOMY JPOHY aBTOHOMHO NpHHMaTh
PpIlIeHHs, CHHXPOHI3YIOUH Jii 3 iHIIIMMHU areHTaMH Yepe3 JOKaJIbHI KaHaH 3B’ SI3KY.
Taka Mmopmenp 3a0e3redye CTIHKICTH O BTPAaTH OKPEMHX E€JIEMEHTIB 1 THYYKE
MacmTabyBaHHS cucteMu. [IpoBezeHO MoOnENIOBaHHS MapIIpyTH3alii APOHIB i3
BUKOPHCTAHHIM QJITOPUTMIB POTHHSL.

ITix yac po6oTH OyJIM BUKOPUCTaHI: aJrOPUTMH POiHHS, MAlllMHHE HaBYaHHS,
MYJIbTHareHTHE MOJEIIOBAHHS, METO/IM KJIacTepH3alil Ta MapLIpyTH3aLil.

BukopucraHHs poro IPOHIB Yy CUIbCBKOMY TOCIIOJAapCTBI  J03BOJISIE
MiIBUIIUTH  €(EKTUBHICTh arpoOBUPOOHHMLITBA, 3HU3UTH BHUTPaTH JOOpUB Ta
MECTHIM/IIB, ONTHUMI3yBaTH arpOTEXHIYHI 3aXO0Au I 3a0e3MeUUTH EKOJOTIYHO
CTIMKHH PO3BUTOK rairysi.
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OPTIMIZATION OF ARTILLERY FiRE CONTROL SYSTEM
USING UAV

Suleymanov S.S., Bayramov A.A., Abdullayev F.N.
Republican Seismic Survey Center, Baku, Azerbaijan

The main advantage of an unmanned artillery fire control system operating
using UAVs with Al is the fastest possible decision-making without human factor
based on a flexible assessment of the environment (situation), the type of enemy
weapons and the category of their importance, as well as the distance to enemy
military installations. As can be seen from the analysis of the problems of
automating artillery fire control [1-7], the development of existing and future
automated control systems at the tactical level is almost always carried out in
conditions of a limited number of artillery systems. Therefore, as the first objective
function of the problem of optimal synthesis of an automated workstation for the
commander of an artillery battery (brigade, division), it is proposed to use the total
firepower Py of its components. This optimization problem is proposed to be
solved using the objective function. The purpose of the report is to present the
results of the developing a complex for remote control of unmanned artillery fire,
developed using UAVs with artificial intelligence. The developed unmanned
system includes sensor modules for assessing the environment, collecting and
processing data, planning and decision-making, and preparing commands for the
commander of an artillery battery, battalion, division or brigade. To solve the
problem of optimal synthesis of an automated workstation for an artillery battery
commander, it was proposed to use the total firepower of its components as an
objective function. A mathematical model was proposed for the optimal use of
artillery installations and shells to destroy enemy targets using UAVSs.
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A 4D COMBINED BOUNDARY PROBLEM FOR LOADING-TYPE
BIANCHI HYPERBOLIC EQUATIONS WITH NON-SMOOTH
COEFFICIENTS

Mamedov 1., Abdullayeva A., Gasanov A., Huseynov A.
National Defense University, Baku, Azerbaijan

This paper addresses a four-dimensional (4D) combined boundary value
problem for a loading-type Bianchi hyperbolic equation with non-smooth
coefficients.

The problem is formulated with non-classical boundary conditions of a
unique structure—three-dimensional (3D) conditions in the middle and one-
dimensional (1D) conditions in the geometrical middle—which notably do not
require compatibility (matching) conditions. It is substantiated that these non-
classical conditions are equivalent to classical 4D boundary conditions when
solutions are considered in isotropic Sobolev spaces.

The studied equation generalizes numerous classical and model equations of
mathematical physics, such as the Laplace, telegraph, and string vibration
equations, along with their 3D and 4D analogues, including wave and Bianchi-type
systems.

The presence of non-smooth coefficients complicates the application of
classical methods, as no formal adjoint equation exists.

Consequently, standard tools like integration by parts and Riemann function
methods are inapplicable.

The research emphasizes the importance of this class of problems in modeling
real-world processes such as fluid filtration in fractured media, moisture migration
in soils, thermal neutron diffusion, and complex biological phenomena. By
substantiating the equivalence of classical and non-classical combined boundary
conditions in a fourth-order setting, the paper contributes to the theory of
hyperbolic equations and their applications in applied mathematics and physics.
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ALGORITHMIC CONTROL OF UAV SWARMS IN ROUTE-BASED
TACTICAL OPERATIONS

Sabziev E.N., Pashayev A.B., Hashimov E.G.
Military Scientific Research Institute, Baku, Azerbaijan

In modern warfare, the tactical application of unmanned aerial vehicle (UAV)
swarms has emerged as a promising approach to enhance mission success rates,
especially in environments that pose high risks for personnel. This study focuses
on the operational principles involved in managing the coordinated flight of
military UAV swarms toward designated mission zones. Specifically, it
investigates the planning and execution of UAV swarm navigation along
predefined routes marked by geographic coordinates and specified flight altitudes.

Key aspects addressed in the study include: the design of flight paths using
natural terrain features such as valleys and riverbeds to ensure stealthy and secure
approach; the avoidance of obstacles and mid-air collisions through the
maintenance of safe distances between UAVS; the preloading of critical mission
parameters—such as obstacle maps, expected target coordinates, average and
maximum speeds—into each UAV; and the initiation of autonomous flight by a
central operator command.

The findings emphasize that effective UAV swarm coordination requires the
integration of real-time environmental data with adaptive flight path algorithms to
ensure mission safety, stealth, and synchronization. The paper offers insight into
how such systems can be further developed for efficient battlefield deployment and
operational reliability.
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OPTIMIZATION OF A SEISMOACOUSTIC GROUND TARGET
DETECTION METHOD

Hashimov E.G.
Azerbaijan Technical Universiteit, Baku, Azerbaijan

This study presents the results of experimental testing of a novel
seismoacoustic detection method designed to identify and localize moving ground
targets under varying terrain conditions. Field trials were conducted across
mountainous, forested, and flat terrains to evaluate the system's accuracy and
resilience against environmental noise and signal distortions [1-3]. The
experiments utilized triangularly arranged 3D piezoelectric sensors to detect low-
frequency seismic signals generated by different armored vehicles. Sensor spacing
varied between 50-200 meters to assess performance across different wave
propagation ranges. Real-time signal processing included noise filtering, spectral
analysis, and target classification through comparison with a reference signal
database. The average localization error ranged between £2-5 meters, with greater
deviations observed in windy and rainy conditions due to increased ambient noise.
Advanced filtering techniques partially mitigated these issues. Terrain complexity
also influenced signal trajectory, necessitating optimized sensor placement and
modeling of wave paths for accurate interpretation. Mathematical modeling was
employed to analyze direction and distance estimation errors, revealing that sensor
geometry, inter-sensor distances, and angular deviations significantly affect
accuracy. Optimization strategies included improved sensor placement
(triangular/polygonal configurations), automated noise filtering, 3D terrain
modeling, and refined angle-based range estimation algorithms.

Overall, the proposed method demonstrated reliable detection capabilities in
challenging environments. The study concludes with recommendations for
enhancing accuracy through better sensor sensitivity, more extensive field
validation, and integration of high-performance, real-time processing systems.
These results confirm the practical applicability of the method and lay the
groundwork for further development of intelligent battlefield detection solutions.
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MORPHOLOGY OF Il 1l TRANSFORMATIONS
IN THE MONOCRYSTAL Ko.945Rb0.05sNO3

Bayramli R.B.
Baku Engineering University, Baku, Azerbaijan
Nasirov E.V.
Military Institute named after Heydar Aliyev, Baku, Azerbaijan
Bayramli U.F.
Baku Military College, Baku, Azerbaijan
Nasirov V.1
Azerbaijan State Pedagogical University, Baku, Azerbaijan

Monocrystals of Ko.easRbo.0s5sNO3 were grown by an isothermal crystallization
method, from an aqueous solution, and the growth morphology of crystals of Il
and Il modifications during transformations Il <> 11l was studied. It is established
that the structural transformations in the crystal under investigation are
enantiotropic and the equilibrium temperature between modifications Il and Il is
T = 455+0,5 K. Monocrystal Ko gasRbossNOs were obtained from an aqueous
solution at room temperature by isothermal crystallization. For the perfection and
chemical purity of the obtained crystals, potassium nitrate of analytical grade and
rubidium nitrate of chemical grade were subjected to additional purification by
multiple crystallization. As a result, well- faceted crystals with an average size of
1x0,5x10 mm and variety of external shapes were obtained. The resulting crystals
were mainly needle-shaped, extending along the crystallographic direction [1].

Using a MHH-8 optical polarizing microscope equipped with a special
heater, morphological studies were carried out, that is, visual observation of the
crystal growth during polymorphic transformations [1]. These observations were
carried out using a “Levenhuk C310 NK” film camera and recorded by a
computer. The crystal temperature was measured with a thermocouple, whose tip
was directly touched the surface of the sample. The accuracy of temperature
measurement at 100°C reached +0.5. First, we determined the equilibrium
temperature between modifications 1l and I1l, which is equal to To=(455+0,5) K.
Observations in an optical polarizing microscope show that Il — 111 polymorphic
transformation occurs in the studied crystal at the temperature Ty>To. Here, Ty is
the transformation temperature and Ty is the phase equilibrium temperature. The
temperature difference AT=Ty-To that we determined [2,3], depends on the
perfection and on the prehistory of the matrix monocrystal. The maximum
deviation from the equilibrium temperature between modifications Il and Il is
AT~2 K. Thus, it has been experimentally established that in Kg.g4sRb0.05sNO3
crystals, polymorphic transformations are enantiotropic in nature, and the growth
of crystals of modifications Il and Il during I1-111 transformations occurs with the
formation and growth of nuclei of the daughter modification within the matrix.

It is also determined that there is no intermediate modification between Ill
and Il modifications. The rhythmic growth that is found in potassium nitrate
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crystals during the Il — 1l transformation [4] is not detected in this case.
Polymorphic transformations occur according to the monocrystal<> monocrystal
type. Partial replacement of K* ions by Rb* ions increase the equilibrium
temperature between modifications Il and 111 by about 55 K.
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NON-CLASSICAL BOUNDARY VALUE FORMULATION
FOR 4D BIANCHI-TYPE HYPERBOLIC EQUATIONS
WITH IRREGULAR COEFFICIENTS

Abdullayeva A., Mamedov I Huseynov A., Gasanov A.
National Defense University, Baku, Azerbaijan

This paper investigates a four-dimensional (4D) combined boundary value
problem for a loading-type Bianchi hyperbolic equation with non-smooth
coefficients. The problem is formulated using non-classical boundary conditions of
the 3D-in-the-geometrical-middle and 1D-in-the-middle type, which do not require
matching conditions. It is proven that these non-classical boundary conditions are
equivalent to classical four-dimensional conditions when the solution is considered
in the isotropic Sobolev space. The hyperbolic Bianchi equation discussed
generalizes several well-known equations of mathematical physics, including the
Laplace, telegraph, and wave equations, as well as their 3D and 4D counterparts. The
novelty lies in addressing the problem within the framework of non-smooth
coefficients, where classical techniques, such as integration by parts and the use of
Riemann functions, are not applicable due to the lack of a formally adjoint operator.
The relevance of this study is supported by real-world applications such as fluid
filtration in fractured media, moisture and heat transfer in heterogeneous
environments, and biological process modeling. The results contribute to the theory
of partial differential equations and provide theoretical foundations for solving
complex applied problems where classical assumptions on smoothness are not valid.
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HNIATPUMKA HPHﬁHﬂTTH PIIIEHb B YMOBAX HEBU3HAYEHOCTI
IH®OPMAULII ITPO NICUXOJIOTTYHUU CTAH JIIOJNHHA

Trotrornk O.0., Hocaus 1O.B.
XapKiBCHKHH HAIIOHAIFHIH €KOHOMIYHUH YHIBEpCHTET
imeni Cemena Kysnens, Xapkis, Ykpaina

CydacHi yMOBHM JisUIBHOCTI JIIOJUHU XapaKTEPU3YIOTHCS BUCOKUM
piBHeM cTpecy, iHQoOpMaliiHUM IepeBaHTaXXEHHSIM Ta HEOOXiIHICTIO
NPUHHATTA Ba)JIMBUX pilleHb B yMoBax oOwmexeHoi iHdopmanii. Lle
0COOJNIMBO aKTyallbHO IJs cdep, 1Mo mependavaroTh BiANOBINAIBHICTE 3a
KHUTTA, 300poB’s abo cycminmpHUH H0OpoOyT. Y 3B’SI3Ky 3 HHUM BUHHUKAE
morpeba y CTBOpeHHI iHQOpMamiiHWX TEXHOJOTIH MIsI MOHITOPHHTY
NICHXOJIOTIYHOTO CTaHy JIIOJWHH Ha OCHOBI aHami3y Ii BereTaTHMBHHX
MTOKa3HUKIB 32 YMOB HEBH3HAYEHOCTI.

Metow aonoBiai € po3podOka iHpOpPMAMIHHOI TEXHONOTII IS MiATPUMKH
MPUHHATTS PIllIEHb OO MICUXOJIOTIYHOTO CTaHy JIIOIMHH.

B nomnoBingi po3poGieHo mporec NpUUHATTS €()eKTHBHUX pillleHb y i
ctepi mepenbavae peanmizaliito aekuibkox eramiB. Ertam 1: 30ip manux. [xepena
JaHUX: BEreTaTHBHI IIOKa3HUKM (apTepiallbHUH THCK, YacToTa CEpLEeBUX
CKOpOYEHb, 4YacTOTa JUXaHHS TOWIO0); CyO’€KTHBHI OIIHKM CcTaHy (aHKETH,
OMUTYBaHHS, MCHUXOJOTIUHI TecTH); noAaTkoBi ¢akropu (BiK, cTaTh, yMOBH
cepenoBuIa, piBeHs (izuunoi aktuBHOCTi). Etam 2: O6pobka nanux. [lonepeans
00po0OKka: (impTpamis IIyMiB y JaHUX; HOpMali3amis MOKa3HUKIB (3BEICHHS IO
€IMHOI TIKamu). AHaNi3 HEBU3HAUYCHOCTI: BUKOPHCTAaHHS HEUITKOI JOTIKH IS
00pOOKHM HEUITKHMX a00 HENMOBHUX [aHWX; CTBOPCHHS (YHKIIA HAICKHOCTI IS
BXIIHUX TapaMmeTpiB (HaIpHKIAA, «HU3BKAH PIBEHb CTPECY», «BHCOKHHA pPiBEHB
TpuBOXKHOCTI»). ETan 3: MoaentoBanus. baratohakTopHuii aHaii3: BCTAHOBJICHHS
CTaTUCTUYHHMX  B3a€EMO3B’S3KIB ~ MDK  BEreTaTUBHUMH  IIOKa3HHKaMH  Ta
[ICHUXOJIOTIYHUM CTaHOM. Mojeni MAaIIMHHOTO HaBUYaHHs: Kiacudikailis cTaHy
(HOpManbHUi, CTPEeCOBUi, KPUTHYHMI); NPOTHO3YBaHHS 3MiH ICHXOJIOTIYHOTO
CTaHy 3aJIe)KHO BiJl BXIJIHUX JNaHuX. [HTerpaiis pe3yabTaTiB: 00 €HAHHS AaHUX 13
pizHux JoKepen Ui GopMmyBaHHS witicHOT kapTuHU crany. Ertam 4: IpuitHarTs
piieHHs. AHani3 pe3yjbTaTiB MOJCNIOBAHHS: IHTEpIpeTalis CTaHy JIOIUHU 32
piBHsMU. Pekomenaanii: onepatusHi jii (BiAMOYMHOK, TUXaJbHI BIPABU, MEIHMYHA
JIOTIOMOT'a); TOBIOCTPOKOBI PeKOMeHAalii (3MiHa pexuMy mpaui, MCHXOTepartis,
¢bisuuHa aktuBHicT). ETam 5: MoHITOpHHT y peaibHOMY Yaci. OHOBJICHHS AaHHX:
MOCTIHHUH 30ip HOBUX IOKa3HHKIB Yepe3 CEHCOPH; aHaIli3 3MiH Y IICHXOJIOT1YHOMY
cTaHi. Apjanramiss CUCTEMH: KOPHI'YBaHHS MOJEJIEHi Ha OCHOBI HOBHX JaHUX;
MOJIMIIEHHS TOYHOCTI TPOTHO3IB 4Yepe3 CaMOHaBYaHHA cucreMu. Eram 6:
3BiTyBaHHs Ta iHTerpamis. @opMyBaHHS 3BiTYy: Bizyasizalis pe3ynbraTiB (rpadiku,
niarpaMmn); 3BIT IpO CTaH JIOAWHM JJs JKapiB, KepiBHHUKIB abo camoro
KOpuCTyBaya. [HTerpaiis 3 IHIIMMH CHCTEMaMH: Iepejava JaHuX 0 MEIUYHUX
cucreM abo ciryx0 mATpUMKHN (HapUKIIal, IICHXOJIOTIB).
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ONTUMIBALIS PO3INOAIVIEHUX IOT-MEPEXK JJ151 BUSBJIEHHSA
BE3NIVIOTHUX JIITAJIbHUX AITAPATIB

[epemerunxk J1.0., Trotronuk O.0.
XapKiBChKUIT HAITIOHAIEHUH YHIBEPCUTET padioeIeKTPOHIKH, XapKiB, YKpaina

P03BUTOK OE3MiIOTHUX NiTaNbHUX amapaTiB (IpOHIB) BiAKpHUBAa€E MIMPOKI
MOXIJIMBOCTI JJIsl iXHBOI'O BHKOPHCTaHHS, aje TaKOXX CTBOPIOE HOBI 3arposd,
ocobmuBo y chepi ix BusiBneHs [1]. JIns epeKTUBHOrO BHSBJIECHHS IPOHIB
BUKOPHCTOBYIOThCS po3nofiieHi loT-mepexi, M0 CKIagaroThCsl 3 YHUCICHHUX
CCHCOPHUX IPHUCTPOiB, 3[JaTHUX 30MpaTH Ta aHaji3yBaTH JlaHi NP0 HOBITPSHHUN
mpoctip. OgHAK OXHIEI 3 KIOYOBHX MPOOJIEM TaKMX CHUCTEM € HeoOXiTHICTh
3a0e3neueHHs BHCOKOI  TOYHOCTI BUSBIICHHS npu MiHIMaJIbHOMY
eHeprocnokuBaHHi. [locTiiiHe (QYHKIIOHYBaHHA BCIX CEHCOpPIB Y Mepexi
MIPU3BOJNUTH 10 3HAYHWX BHUTPAT CHEPTii, IO 3MEHIIyE TPHUBATICTh ABTOHOMHOI
poOOTH IPUCTPOIB i MiABUILYE BUMOTH JI0 iXHBOT M ATPUMKH.

MeTor m0MOBii € MOCTIMKEHHS METONIB onTuMizamii posmoninernx loT-
MepexX Ul BUSIBIICHHSI JPOHIB 3 YpaxyBaHHSIM OanaHCy MK eHeproe()eKTHBHICTIO
Ta TOYHICTIO BHsABJCHHS. OCHOBHMMH 3aBAaHHSIMHU € aHaji3 OCHOBHHX HpoOJieM,
1[0 BUHUKAIOThH MPH PO3FOPTAaHHI TAaKUX MEPEX, BUBUCHHS MMIIXOIB 10 3HIKCHHS
€HEProCIOKMBaHHS 0e3 BTPATH SIKOCTI MOHITOPDUHIY Ta OLiHKa e(eKTUBHOCTI
pi3HHX MeTOIB KepyBaHHs pecypcamu loT-npuctpois.

Omnrtumizaris po3nozineHoi [oT-mMepexi moBuHHA 3a0€31eYyBaTH:

— MakCHMaJIbHE TIOKPUTTS MOBITPSHOTO MPOCTOPY;

— MiHIMI3aIlil0 eHePTOCIIO)KUBAHHSI CECHCOPHUX BY3IIB;

— IIBHJKE pearyBaHHS Ha 3arposy,

— 3axwWCT Bij XubHux crpairoBansb (false positives);

— THYYKY MapUIpyTH3aIlifo Ta 00poOKy JaHUX y peabHOMY Jaci.

OmHuM 13 MeTOAIB ONTHMI3allii € BHUKOPHCTaHHS eHeproe(eKTUBHUX
MPOTOKOJIIB 3B’s13Ky, Takux sik LPWAN, LoRa Ta Zigbee, 1mo m03BOJSIOTH
3MEHIIUTH BHUTPAaTH €Heprii Ha mepenady IaHuX. J(0aTKOBO BaXKJIMBY pOJIb
BiJlirpae aJanTHBHE KEPYBaHHS aKTUBHICTIO CEHCOPIB, IIPH SKOMY BOHH IPAIIOIOTh
HE B IIOCTIHHOMY PpEXHMi, a aKTHBYIOTbCS JIMIIE IPHU BHSBJICHHI ITiJO3PUIHX
o0'exriB. lle n03BOJISIE 3HAYHO CKOPOTHTH CIIOXHMBaHHS C€HEprii 0e3 3HMKCHHS
eekTUBHOCTI poOOTH cucTeMH. BuxopucTaHHs mnepudepiiHuX 0oO4YHCIeHb
3abe3neuye 00poOKy nmaHMX Oe3nocepeHbO HA IPUCTPOSX, IO 3MEHIIYE
HaBaHTAKEHHS Ha IEHTpPaJbHI cepBepH. [10puaHI cUCTEMH MOHITOPHHTY, SIKi
KOMOIHYIOTb pi3Hi THIIM CEHCOPIB, ITiIBUILYIOTh €HEProe()eKTHUBHICTh Ta TOUHICTH
BUSIBJICHHSI. BIpOBa/pKeHHS IHTENEKTYaIbHHX aJrOPUTMIB, 30KpeMa METO/iB
MAaIIMHHOTO HAaBYaHHS, JO3BOJISIE 3MEHIIUTH KUIBKICTh XHOHHX CIpAIbOBYBAHb i
i IBUIIUTH 3araIbHY €(PEKTUBHICTh CUCTEMH.

EneproedextuBHicTh Mepexi loT MokHa OIiHHTH dYepe3 cepemHe
CIIOKMBAHHS €HEpPril Ha OJIMH CEHCOP, SIKE BU3HAYAETHCS (hopmyioro [2]:
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l l\.l'

Egug =% =1 P X T;,
ae N — 3aranbHa KiIBKICTh CEHCOPIB Yy MEpexi, £;— MOTYXHICTh CIOXKUBAHHSI i-TO
ceHcopa, T;— Jac akTUBHOI poOOTH i-TO CeHCopa.

3umKeHHs  Eo,;MOXIIMBE IUIAXOM aIaNlTHBHOTO KEPYBAaHHS aKTHBHICTIO
CEHCOPIB, KOJIM BOHU aKTUBYIOTHCS JIUIIE ITPH BUABJICHHI MiT03piauX 00'€KTIB.

TouHICTh BHUSBJIEHHS JIPOHIB 3aJISKUTH BiJ] IApaMETPIB CEHCOPHOI Mepexi Ta
ITOPUTMIB 00poOKM NaHuxX. OMHUM i3 KpHUTEpiiB epEeKTUBHOCTI € HMOBIPHICTH
npasuibHOrO BusBieHHs (True Positive Rate, TPR):

TP
TPR = ,

TP+EN

ne: TP — KUTbKICTh HPaBWIIBHO BUSIBIICHHX APOHiB, FN — KUTBKICTh MPOITyIIECHIX
JPOHIB.
Hust  minimizanii xubuux crnpaunsoByBanb (False Positive Rate, FPR)
BUKOPHCTOBY€ETHCS CITiBBIIHOIICHHS:
FP
FP+THN'

FPR=

ne: FP — xinbkicTh XMOHHUX CHIpalboByBaHb, TN — KUIBKICTh BUIIAJKIB KOPEKTHOTO
HEBUSBIEHHS 00'€KTa.

OnrtuManbHe HajalTyBaHHS NOPOTOBHX 3HAYEHb CEHCOPIB Ta AJTOPUTMIB
00poOKHM TaHUX J03BOJISIE TOCATTH HAMKPAIOTO CITiBBIIHOLICHHS.

Onrumizaniss  po3moxineHux loT-mepex Juisi  BUSIBICHHS JPOHIB €
Oarato()akTOPHHM 3aBJaHHSAM, WIO BHMarae 30aJaHCOBAaHOTO MiJAXOJy MO
€HEProCIIO’KMBAHHS Ta TOYHOCTI BUSBICHHS. 3alpONOHOBaHI METOH J03BOJISIOTH
3HAYHO ITOKPANIUTH €(QEKTHBHICTh CHUCTEMH, 3a0e3MeUyI0UYd BUCOKY HAMIHHICTH
Ipu MiHIMaJbHOMY CIOXHBaHHI eHepril. [lomamemnn mocimimpkeHHS MaiTh OyTH
CHpsIMOBaHI Ha BJOCKOHAJICHHS aJTOPUTMIB KEPYBAaHHS MEPEKEI0 Ta pPO3POOKY
Oi7bII ATANTUBHUX MOJIEJICH BUSBIICHHS.

OntmMmizaniss  posmoxpiiennx loT-mepexx s BusiBieHHs BIUIA €
CTpaTeriyHuM HaNpsIMOM, SIKUi 00'€JJHy€ CEHCOPHI TEXHOJIOTI], TeJIeKOMYHiKalii Ta
wTyyHui iHTenekT. Lle no3Bossie cTBOpUTH e(eKTHBHY, aJalNTHBHY i Oe3neuHy
CUCTEMY IOBITPSHOTO MOHITOPHHIY SIK JUIS IMBUIBHOTO, TaK 1 Jjis 0OOPOHHOTO
3aCTOCYBaHHSL.

Crucok Jirepatypu
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OCOBJIMBOCTI 3ACTOCYBAHHSA ITYYHUX HEﬁPOHHHX
MEPEX'Y TPEHAKEPIB VI IITIAI'OTOBKHA BOAIIB
ABTOMOBUJIBHOI TA CIIEIIAJIBHOI TEXHIKH

Maiora A.L
HauioHanpHuii aepOKOCMIUYHHN YHIBEPCUTET
«XapKiBChKUi aBiallifHUK IHCTUTYT», XapKiB, YKpaiHa

HeoOxinHicTh YIOCKOHAJICHHS! CIEIiabHUX TPEHaXKEPIiB VIS IiJrOTOBKH
BOIIIB, 3 METOI0 MiIBUIICHHS e(EeKTHBHOCTI mpouecy HaOyTTs MaiOyTHIMK
BOJISIMHM BIJINOBIHUX HaBUYOK, B YKpaiHi € 0COOJMBO aKTyalbHOIO, OCKIIBKU
iCHye  HEOOXimHICTh  SKHAHCKOPImOi  MIATOTOBKM  3HAYHOI  KUIBKOCTI
BIICKOBOCTY)KOOBIIIB YIPABIIHHIO TPAaHCIIOPTHUMH 3aco0aMU, IO MAarOTh HU3KY
ocobnuBocTel (MMPaBOCTOPOHHE PO3TAaIlyBaHHsS KepMa, Ta iH.) [1]. YV mepeBakHiii
OUTBIIOCTI BHIIAJIKIB, (PYHKIIOHYBaHHS TaKMX TPEHAXKEPIB, Y YaCTHUHI TEXHIYHOI
JIarHOCTUKY ITOTOYHOTO CTaHY BY3JIB Ta arperariB aBTOMOOLISA, AJIS 3aKpillICHHS
HAaBHYOK IIPaBWIILHOI eKCIUTyaTalil TpaHCIOPTHOTO 3acoly, OasyeTbcs Ha
MPUHIUIAX IMITAliHHOTO MOJCTIOBaHHS. Pa3oM 3 TuM, UIS BiANpPaIOBaHHS
MaiOyTHIMHU BOZISIMHU palliOHaJbHUX PILIEHB I0J0 MOBEAIHKY B YMOBaX CKJIaIHUX
JOPOXKHIX CHTyamlil, 30KpeMa, pO3Mi3HaBaHHsS pI3HOTO POAY NEPEUIKOA, Y
TpeHaKepax 3acTOCOBYIOThCs WITy4yHi HeiiponHi mepexi (IHHM). Ilpu upomy
e(eKTUBHICTh (YHKIIIOHYBaHHS TpEeHaXkepa i, BIAMOBIAHO, IMPOLIECY HAaBYaHHS,
Oe3mocepenHIM YMHOM TIOB’si3aHa i3 3maTHicTiO [ITHM mpaBuibHO po3mizHABaTH
sSKOMOra OiNlbllle IMepelIkoA Ha UUIAXYy TPaHCIOPTHOro 3aco0y. 3a3HaueHa
00cTaBHHA, y CBOIO Yepry, OOYMOBIIIOE IIOTPIOHICTH Y MOPIBHIHO TOBrOMY TEpioi
yacy Ha HaBuaHHS BignosigHoi [ITHM.

Y fmomoBimi poO3ITISAHYTO HHU3KY IUTaHb, SKi CTOCYIOTBCS OITHMi3amii
HaBuyaHHs IIHM, 30KkpemMa BH3HAUCHHIO IapaMeTpiB B aJrOpPUTMax OLIHIOBAHHS
Kaumaxxa ta Harymo-Homi [2]. HaBenmeno pekomenparii miomo migbopy
rapameTpiB pellakcaliii Ta peryispusanii 1yisl NPUIIBUALICHHs IPOLEeCcy HaBYaHHS
HIHM.
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HUISIXHW 3ABE3IIEYEHHS EOEKTUBHOCTI TPONECIB
JUCHIIETYEPU3ALII 3AHATDH Y 3AKJTAJAX BUIIIOI OCBITH

Curtaik O.0., Boosituenko O.B.
HarmionansHM# aepOKOCMIYHUH YHIBEPCHTET
«XapKiBChKUH aBianiiHUN IHCTUTYT», XapKiB, YKpaiHa

Jucnerdepusaliisi HaBYaJbHUAX 3aHATH y 3akianax Bumoi oceitu (3BO) e
KJIFOYOBOIO CKJIQJIOBOIO €(eKTHBHOIO YIPaBIiHHS OCBITHIM mporecoM. Bona
BKJIIOYa€ IUIaHYBaHHS pPO3KJIaly, KOODAMHALIIO pecypciB Ta KOHTPOJIb 32
BUKOHAHHAM HaByanpHuX 1iaHiB [1]. OpjHak, NpakTHKa BHUKOPUCTAHHS
CIIeTiajli30BaHUX KOMII FOTEPHHUX CHCTEM JUI BUPIMICHHS 3a7ad AWCIeTYepU3allii,
Hajajga 3MOTY BHSBHUTH pSIX TpoOJIeM TEXHIYHOTO, OpraHi3amiiHOrO Ta
METOJIOJIOTIYHOTO XapaKTepy, sIKi CYTTEBO BILIMBAIOTH Ha e(DEKTUBHICTH peaizaril
HaBYalpHOTO mpouecy [2]. 3okpeMa, y Takux cHUCTeMax, peaisawis 3aBIaHb, L0
OB sI3aHi 13 aBTOMAaTH30BaHUM CHHTE30M PO3KJIaLy 3aHATh, 3a3BHUail Oa3yeTbcs
Ha 3aCTOCYBaHHI aHANITHYHUX Mojened. PasoM 3 TuM, aHANITHYHI MOZIETi MalOTh
PN CYTTEBUX HEJOJNIKIB, IO MOJSAraloTh, HacamIepesa, y NpoOIeMaTHYHOCTI
BIZITBOPEHHSI JITHIBICTUYHOTO Ta HEYITKOTO XapakTepy JaHHX, a TAKOX ICHYIOUUX
00MeKeHb Ha PO3MIPHICTh 00’ €KTIB MOICTIOBAHHS.

VY J0omoBiAl HAaBEIEGHO pPE3yJbTaTH KPUTHYHOTO OIJISAY ICHYIOYHMX CHCTEM
JUCIICTUCpH3allii HaBYaIbHUX 3aHATh y 3BO, Ta 3amponoHOBAaHO y3arajlbHEHY
KOHIIETIIII0 CTBOPEHHS, PO3TOPTaHHSA W eKcITyartarii Takux cucteM. KoHnemmis
0a3yeTbcsi Ha  TATPUMYBAaHHI  €IWHOTO  iHPOPMALIHHOTO  MPOCTOPY,
[EHTpali30BaHii CTPYKTYpl JaHUX, 3aCTOCYBaHHI HH3KH aITOPHTMIB ONTHUMI3aIil
Ta iHTerpamnii CUCTEMH 3 IHIIMMH CEepBiCaMu, IO JO3BOJUTH 3HAYHO MOKPAIIUTH
SKiCTh TIpoleCcy AWCIIEeTYepH3allii HAaBYAIBHUX 3aHATh, 30KpeMa, 3a paxyHOK
3MEHIIICHHS YaCOBHUX BHTpAT CIiBPOOITHHKIB i aamiHicTpanii 3BO, Ta minBummTi
edexTuBHICTH OCBiTHROTO Tporiecy B 1imomy [3]. Tlomanpmni mocHimKeHHs
nependavyaTh PO3pOo0JIEHHS JOCIITHOTO HPOTOTHUIY TakKoi CHCTEMH, Ta WHOro
TECTYBaHHS y PealbHUX yMOBaX.

Crucok Jitepatypu
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MMPOOEAYPA CUHTE3Y MOJEJII 3HAHB ITPO YACOBI
3AJIEZXKHOCTI, IO MAKOTB MICIE ITPH ®YHKIIIOHYBAHHI
CUCTEM TPAHCIIOPTHOI JIOTICTUKH

®eoxtucros C.O.
HauioHanpHui aepOKOCMIYHHUI YHIBEPCHUTET
«XapKiBChKUi aBiallifHU{ IHCTUTYT», XapKiB, YKpaiHa

B cyuacHoMy CBiTi edeKTHBHICTb Oi3HEC NpOLECiB Ha perioHAILHOMY,
HalliOHAILHOMY Ta, 3arajloM, Ha CBITOBOMY PiBHSX, BEJIMKOIO MipOIO 3aJI€XKUTh BiJl
SIKOCTI Opraizaiii TpaHCHOPTHHX JIOTICTUYHUX CHCTEM. THIIOBHM 00’€KTOM TYyT
BHCTYyIIa€ OBHUH JaHItor mocradands ([1JII1), mo sBisie co0or0 CKITaTHy COIi0-
€KOHOMIUHY CHCTEMY, Bill SKOCTi (pYHKITIOHYBaHHS SKOi, IT0 KiHIIEBOMY PaxyHKY,
3aJICKUTHh €PEKTHBHICTh OpPTaHi3allii TPAHCIOPTHOI JIOTICTHKH B IUIOMY. 3a CBOEIO
npupozoto, IIVIIT € ckiagHOIO CTOXAaCTHYHOIO CHUCTEMOIO, Ul (YHKIIOHYBaHHS
SIKOi XapaKTepHI TaKi OCOONHMBOCTi: TOPIBHSAHO BENHKAa KUIBKICTH HE3aJeKHUX
YYacHHUKIB Oi3HeC IMpOIEeCiB; BaAXKKO (OpPMATI3yeMUil XapaKTep B3a€MOJIi IMOMiX
yuacHukamu [1JII1, siki yacTo € KOHKypEeHTaMH; BUCOKa JUHAMIKa 3MiH Y cepeluHi
CHUCTEMH; HECTAlliOHApHICTh OLIBIIOCTI TPOLECiB, IO MarTh Micle Ipu
¢ynkuionysanni [TJIIT.

3a3HaueHi OOCTaBMHM BU3HAYAIOTh HEIOCTATHIO €(PEKTUBHICTH ICHYIOYHX
3aco0iB iH(popmamniiHoi miarpuMku IIJIII, Ta 0OYMOBIIOIOTH HEOOXIMHICTH iX
MOJIEpHI3alii 3a paxyHOK po3mmpeHHs koHuenmii SCM (ympaBiiHHS JaHIIOTaMu
MOCTA4YaHHs), OUISIXOM JIOTIOBHEHHS 3HAHHS OpIEHTOBAaHUMM METOJaMH, JUIs
JOCSATHEHHS KOH FOHKTHBHOTO KOHCEHCYCY oMk yuacHukamu [1JIIT.

JonoBian MIPUCBSYCHA IMUTaHHAM T ABUIIIEHHS e(eKTUBHOCTI
¢yskumionyBanss [JII, mossxoM po3poOKH crelialbHUX METOAWYHUX 3acO0iB, a
Ha I OCHOBI — MPHKIAAHOI iHPOPMAIIHOT TEXHOJOTIl MITPUMKA TPUHHATTS
pileHs moa0 (OpMyBaHHS TOYHO B CTPOK Ha TEPMIiHAIBHUX AUISHKAX JIaHIIOTa
HeoOXimHux obcsrie BantaxiB [1]. Ommcano HewiTky ciTkoBy momens ITJIIT y
¢dopmi iepapxiunoi nBopiBHeBoi BriaaeHoi citku Ilerpi (BCII). BepxHiii piBeHb
BCII BigTBoptroe npouec GpyHKIiOHYBaHHS (OKYCHOI KOMIIaHil SIK LEHTPaJbHOTO
enementa [1JII1, a KOXKeH 3 KOMIIOHEHTIB HHKHBOTO PIBHIO CITKOBOI MOJIEIII SIBJISIE
co00r0 enmeMeHTapHy citky Iletpi, mo BimoOpaka€ JIOTICTHYHI MPOIECH
Ge3rocepeIHbOTO NMEepeMilieHHs] BaHTaxiB. [1o1aHO ONMC NPOLEIypH CTBOPEHHS
HEYiTKOi CITKOBOi MOl NpejcTaBieHHs iHpopManii mpo Oi3Hec mpomuecH, sKi
MaroTh Micue B mporeci ¢yskuionysanus [1JIII, 3 ypaxyBaHHAM iCHYIOUHX
4acoBHX 1 pecypcHux oOmexenb, y ¢opmi BCII, mo po3mmpeHa Iuisixom
TEMIIOpAJIbHUX ~TBEp/UKEHb. BuKiaseHi choemiaJibHi METOIM  aBTOMaTH3alii
npoueciB GopMyBaHHS pilleHp Imojxo cranoro ¢yHkuioHyBanus IIJIII, a came
0OTpyHTYBaHHSA BUOOPY BHy TPAHCIOPTY Ta PAIliOHAIIBHOTO MapIIPyTy JTOCTaBKH.

[ToOymoBa Mozeni SBHOTO TIpeacTaBieHHS dacy npu ¢yHkionysanHi [1JII1
nependadae MOCTiAOBHY peai3allito HU3Ku erartis [2].
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Ha mnepmomy erami cuHTe3y MOJENni 3HaHb 3 YypaxyBaHHAM YacCOBHX
3aJIeXKHOCTEH, B IKOCTI 0a30BUX MPUMITHBIB AOIIJIHHE BUKOPUCTAHHSI MOMEHTIB, Ta
(abo) inTepBaiiB yacy. [Ipu mpomy, 11 TO3HAYEHHS MOMEHTIB Yacy Ta iHTEepBalliB
BHKOPUCTOBYIOTBCS KOHCTAaHTH (XBWJIMHHU, TOJWHH, IHI, JaTH, 1 T. iH.), a TaKOX
MIPUMITHUBH «TPUBAIICTHY, SIKI BIATOBIIAIOTH BIJICTAHIM MiXK MOMCHTaAMH 4acy.

Jpyruii etan: eneMeHTapHi GyHKIIT OyIylOTbCs Ha OCHOBI 0a30BUX BiJIHOCUH
i € IX QyHKUIOHATLHOIO BEPCi€r0, OCKUIBKU (DYHKIIT HAAIOTh 3MOTY 3/1HCHIOBATH
NIEPETBOPEHHS MIXK YaCOBHMH ITPUMITHBAMH.

Ha tperpoMmy erami cuHTE3y MoAeni HEOOXinHO, mpu (OpMyBaHHI MHOXKHUHH
MPUMITUBIB Yacy, 3aJaTH 3B'I30K MK HUMH Yy BUIJISIII BIiJMOBIIHUX aKCIOM,
BpPaxOBYIOUH BJIACTHUBOCTI (IMCKPETHICTH/HENMEPEPBHICTh) Hacy, XapaKTepHi st
KoHKpeTHHUX enementiB [1JIIT.

UerBepTHii eranm cuHTE3y Moneli 0azyeTbcs Ha CTaHOAPTHHX 3acobax
TEMITOPAJIbHOT JIOTIKH.

[T'sTwit eTan cHHTE3y MOJENI YaCOBUX 3aJICKHOCTEH rependadac 3B’ 13yBaHHI
JIOTIYHUX TBEPUKEHB 3 YacoM, Ieperdavyae BUKOPUCTAHHS IiIXOMIB, SKi MalOTh
JOCTaTHIO BUPA3HICTh.

Ha ocranHboMy, 1moctomy erami, JOPMY€eTbCS MHOXKHHA 0a30BHX YaCOBHX
TBEp/PKEHb, a TAKOX BH3HAYAIOTHCS 1X BJIACTHBOCTI 3a JOIMOMOIOI0 MHOXXHUHH
aKCioM.

BuknageHa y JOMOBiAI Mpoleaypa CHHTE3y MO 3HAaHb MPO YacoOBi
3aJIeKHOCTI, IO MaroTh Micue npu ¢yHkmionyBanHi [UIIl, y Xomi momambmmx
JOCTI/DKCHb CTaHe ONHIEI0 31 CTaaiil eTalmy TONaHHS 3HaHb, y MPUKIATHIN
IHTeNeKTyTBHIN 1H(pOPMANiiHI TEXHOJOTII PO3POOJICHHS TUHAMIYHOI EKCIIEpPTHOI
CHCTEMH, IIIO0 PaliOHANBHOI OpraHi3alii BaHTAKONEPEBE3eHb [UISI IIUPOKOTO KIIacy
CHCTEM TPAHCIIOPTHOT JIOTiICTHKHU.

Crucok Jitepatypu
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LHIJISIXA OPTAHIBALI THOOPMALIIMHOTO MIITPUMYBAHHS
THIIIALIT MEPEMOBHH IIOJA0 KOONEPAIIITHOTO
BUPOBHUIITBA BE3IMIJIOTHUX
JITAJIbHUX ATIAPATIB

Illocrak I.B., ®@eokTucrona O.1.
HauioHanpHu aepOKOCMIUYHHUN YHIBEPCUTET
«XapKiBChKUi aBiallifHU{ IHCTUTYT», XapKiB, YKpaiHa

BupoOHHUITBO TAKUX BUCOKOTEXHOJIOTIYHUX 00’ E€KTIB, IKUMH € Oe3MiJIOTHI
mitaneHi amapatn  (BITJIA) HeonmiHHO mnepexbauae Koomepawilo, TOOTO
OpraHi3alil0 y TPOCTOpPi 1 dYaci MpPOIECIB BHUTOTOBJICHHS Ta IIOCTAYaHHS
MarepiaiiB, JeTanei, By3JiB, arperariB Ta iHIIMX BUPOOIB, IO TEXHOJOTIYHO
OB ’s13aHi 1 HEOOXiMHI /IS MOBHOTO LUKy BHpoOHuUITBa BITJIA. YV monosimi
PO3TISIHYTO OCOONHMBOCTI TpOBeneHHs meprioi cranii (iHimiamii) mepeMoBHH
o0 opranizamii koomnepaniitHoro supooruiTBa (IIKB) BITJIA. ITokaszano, mo
Ha Ii#f cTamii Mae Micle HEMPUITYCTUMO BHCOKHU piBeHb PU3UKIiB, 3yMOBJICHUH,
3 OQHOTO OOKy, WMOBIipHICTIO 3HayHHX (DiIHAHCOBMX BTpAT y XOIi peaiizaril
MIPOEKTY, a 3 IHIIOTO — BTPATH IOTCHIITHOTO KOOMIEpaHTy (KOOIEPaHTiB), ¥ pa3i
HEJIOCSATHEHHS KOHCEHCYCY MK y9acCHHKaMHM niepeMoBHH. HaBeneHo KpuTHaHui
OISl ICHYIOYMX KOMITIOTEPH30BAHUX CHUCTEM IIATPUMKH IIE€PEMOBHH.
Buxomsun 31 cnenuiku TPEAMETHOI raiysi, 3poOJIEHO BHCHOBOK IIPO
HEOOXITHICTh PO3pOOKU MPOOJIEMHO-OPIEHTOBAHMX METOAMYHHX 3ac00iB, a Ha
iX OCHOBI — CIeniaji30BaHOl MPOrpaMHOi CHCTEMH MiATPUMKH HPUHHATTS
piwens (CIIIIP) meperoBopHUKIB mijx yac iHimialii MPOEKTIB KoonepauiiHoro
BupobOHHuITBa BITJIA.

[MpoGnema HenocTaTHHOT €PEeKTUBHOCTI MEPErOBOPHOIO MPOLIECY Ha eTari
iHiIianii mpoeKTiB KoomnepailiiiHoro Bupoouuirea BITJIA BUHHKAae BHACIIIOK, Y
TOMY 4YHCTi, 1 BIICYTHOCTI CIEI[ia/li30BaHMX KOMIT'FOTEPHHUX  3aco0iB
iHpopMamiiHOi MIATPUMKH, $Ki mpu (GOopMyBaHHI BiNMOBITHUX pIilICHB
HajaBadu O MOXIUBICTh ypaxXyBaHHS CICIU(IKK SK CaMOTO eTamy iHiIiarii
MIPOEKTY, TaK i mpeaMeTHOI rany3i «Koonepamiiiae BupoOHIITBO BITJIAY.

Bupimenns 3a3HaueHol MpoOJIeMH HUITXOM CTBOPEHHS Ta 3aCTOCYBAHHS
eeKkTUBHMX 3ac00iB iHpOpMaiiHOT MiATPUMKH TEPEMOBHH PO KOOTEpaliiiHe
BUPOOHMITBO Ha TIOYaTKoBOMY ertami (iHimiamii) 3a0e3me4nTh EKOHOMIIO
(iHaHCIB Mo-TIepIIIe, 3a paXyHOK CKOPOUYECHHS TEPMiHIB IIEPEMOBHH, a MO-IpYTe,
BHACJIJIOK 3HW)KEHHS HMOBIPHOCTI NPHHHATTSA HEpaLliOHAIBHHUX pillleHb, M0
NIPU3BOJIATE 10 IOATKOBUX BUTPAT y XOJi pealti3auii MpoeKTy KooIlepariifHoro
BupoOHunTBa BITJIA [1].

3 mo3wumii curtyariitaoro anamnizy [2], I[IKB sBnse co6oro mporec oOMiHy
JyMKamMH 3 METOI0  JIOCSATHEHHS  Yrogd  IIO0  B3a€MOBUTIIHOTO
CHiBpoOiTHUITBA. Y CHTyallifHOMY aHaji3l NPUHHATO BiAHOCUTH NpEIMeT
MIEPEMOBHH, HOTO YYaCHUKIB, iX MO3MMii Ta il 10 00'€KTHBHUX XapaKTEPUCTHK,
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a MOTHBH, IIUli, TEpeBaru, IyMKH, OILIHKH Ta apryMEHTH CTOpiH — [0
Cy0'€eKTHBHHUX.

TomosHoto BigminHicTiO [IKB Bix iHIIUX BHUIIB IEPEMOBHH € HASIBHICTH HE
MEHIIIE BOX CTOpiH, IO OepyTh y4acTh, 3 YACTKOBO HECHIBIAJAIOYHMH IIiIISIMH,
iHTepecaMu, ITyMKamMHu Ta Hamipamd. Llg dacTkoBa po30iXKHICTH €, MO CYTi,
KOH(QITIKTOM.

[Hma ocobmuBicts mporecy [IKB nomsrae y Tomy, mo BiH BigOyBaeTscs y
JOBOJII CKJIagHOMY, IHHAMIYHOMY CEpEHOBHINi, MIO NEpEeIKoIKae SIK
CTBOPEHHIO JETEPMIHOBAHOTO OIHCY BCHOTO TMPOIECY, TaKk 1 po3poOri
JIOKaJIbHUX MOJEJICH IepEMOBHH.

Jlo Toro X XapaKTepUCTHKH CEpPEeIOBHINA, M0 TpaHC(POPMY€EThCS, HECTIHKI
i BeIbMH 3aJie)XaTh BiX [ilf areHTiB-y4acHuKiB. [lpyra i3 3a3Ha4eHHX
OCOONMMBOCTEH BH3HAYA€ JOIIIBHICTh 3acTOocyBaHHA mixm wac anamizy I[IKB
IHCTpYMEHTAapit0 KOHMIIKTHOTO MCHEIKMEHTY.

BigmoBingHo mo cxemu Tomaca-KimiMeHnHa [3], i3 M'ATH BiOMHX CTHIIIB
BeZieHHs TiepeMoBuH, s [IKB xapaktepHi Tpu: cmiBmpari; TpHUCTOCYBaHHS,
TiOpHIHOTO KOMIIPOMICY.

3a3HaueHi cruii opranizanii [IKB opraniuHo moeIHYIOTBCS 3 TMAXOIO0M, ¥
SIKOMY YYaCHUKHU TIEPEMOBHH CHPUHAMAIOTHCS SK COIiaNbHI areHTH, SIKi MalOTh
BiJINIOBiHI ITOBEIIHKOBI XapaKTEPUCTHKH.

3acTocyBaHHS TaKOTO IMIJXOAY IIiJ 9ac CTBOPEHHSI KOMI'IOTEPHHX 3ac00iB
inpopmanitinoi mingTpumkun [IKB HamacTh MOXIHBICTH 0e€3MOCEpEIHBOTO
BUKOPUCTaHHSA Yy TpoIlleci KOHCTPYIOBaHHS CHCTEM MIATPHUMKH TMPHAHATTS
pimens  (CIIIIP) yyacHMKaMH  TIEPETOBOPHOTO  MPOIECY,  BEIHKOTO
IHCTpyMEHTapilo, HAaKOIMYEHOr0 Yy IpOrpaMHiil iHXeHepii y mepion
CTaHOBJICHHS Ta PO3BUTKY areHTHOI mapaaurmu [4].
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OpraHni3anisi MepeMOBUH 100 KOOIEpaliiHOro BUPOOHHUITBA OE3MiTOTHUX
mitanpHUX anapatiB [1] ¢opmanapHO MoXe OyTH ToAaHa SIK MPOLEC 3HAXOKEHHS
[Tapero-onTUMaNBHOTO PIIICHHS TPO PO3MOMALT 3aMOBJICHHS MK Y4YacCHHKaMHU
neperoBopi. ITo3Ha4uMMoO BUTPATH KOXHOTO J-TO yyacHHMKa depe3 l;, a 3arambHi

BUTPATH Yepe3
L=ym,1.
J=1%

[TalioBa ydyacTh y BHTparax Ha BHKOHAHHS 3aMOBJICHHS OIUCYETHCS
¢dopmyoro:

1 .

ne R; - 4acTMHAa 3aMOBJIEHHS, Ha fKy MNpeTeHAye J-i y4acHHK HeperoBopis,

. . L
dynxuis f; GesnepeppHa i BU3HAUYCHA HA MHOXHUHI I—j

Skwo e ymoBa YL R; =1, QyHKuis f; BU3Hayae Ty, um iHmIY CcXeMmy
po3noainy 3amoBiicHHs L Mk KoomepaHTaMmu.

BimnosigHo mo cxemu Tomaca-Kimmmvenna [2], Bun (yHKIil BU3HAYAE CTHIIb,
a, BIONOBIAHO, 1 TaKTUKy TPOBEICHHSA  IEPEeMOBHH. Tak,  SKIIO
}; Cf) = (%),VJ: 1,m, Tom RJ- = Cf , TO MOXe WTucs MoBa Ipo
CIIBPOOITHUIITBO MOTEHIIHHIX KOOMEPAHTIB 3 MPOMOPLUIHHIM MOIIIOM BHTpPAT 32

BHKOHAHHS 3aMOBJICHHS MDK ydYaCHHKaMHU. Y pa3si, Kodu (YyHKIS Ma€ BHTISL
1; —

fi[£)=b=0,¥.,=1,m, crunb NEpEMOBUH BU3HAYAETHCSA MPUCTOCYBAHHAM JI0

I\ J

3aIUTIB IPOTHIICKHOT CTOpOHH. HalBipoTiAHIIIOO 1, BOAHOYAC, HAWCKIIATHIIIOK B
opraHizaniiHOMy BiJJHOLIEHHI € oOpraHisaiis [POBEICHHS I[EPEMOBUH PO
KooTepariifie BUPOOHUIITBO y CTHJII TIOPHAHOTO KOMIPOMICY. Y IBOMY BHITQJKY

. I;
dynxuis f; (f) Ma€ BHUIJISI

fj(%)=(1—.!:)-(%),0£b£1,Rj=(1—b)(%>+(%)

ne b - xoedimicHt, mo BH3HAYAC «BEIMUYMHY TOCTYIKH», a00 KOMIPOMICY, IO
JIOITyCKA€THCS, M1 - KUTBKICTh YYaCHHUKIB IIEPEMOBHH.

BinnoBigHo 10 BHAY GYHKIIT fj (3aJIe)KHO BiJl TOTO, SKUH CTHIIb TIEPEMOBUH
JOPEYHHUH), BH3HA4YarOThes llapeTo-onTuManbHi 3Ha4eHHS R;. MHOXHHA Takmx
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3HaYeHb CIY)KUTh OCHOBOIO i (opMyBaHHS 0a30BOi MpOIO3UWIlii Ha eTarmi
iHiIiam3amii MpoeKTy KoomepaliiHoro BUPOOHHIITBA, TOOTO HA MPAKTHIN IIE
O3HaYae Y3rOKCHHs 3HaueHb [; ma R; (mepen®auyBaHHX BHMTPAT INOTCHIIHHHMX
YYacHHUKIB Ta, BIINOBiAHO, iXHBOI mailoBoi ydwacTi B KoomepauiiHOMY
BUPOOHUIITBI).

HacrymHoto ¢a3010 nepeMoBHH II0JI0 iHIMiaTi3alil TPOEKTy KOooIepawiitHoro
BHPOOHHUIITBA, Tichs GopmyBaHHs 0a30BOi MPOIIO3UIIIL, € peanizamis iTepamiiftHoro
mporiecy y3rofpkeHHs 1iei mpomosmmii. Ha it ¢asi meperoBopiB  mis
iHpOpManifHO MATPUMKH OOUITHHO 3aCTOCYBATH METOJ 30MIKEHHA 3HAYCHD
mmapaMeTpiB 3a MiHIMi3alii MaKCIMAaJIbHOTO BHTPAITy CTOPIH [2].

Bynemo BBaxkaTH, mo 6a30Ba IPOIIO3MIIIS MO0 OpraHi3amii KoomepamiiHoro
BUPOOHHUIITBA XapakTepusyeThes i = 1,1 mapameTpamu OliHKU R;, sIKi MaioTh OyTH

y3roJDKeHI 71 - yyacHMKamMu IneperoBopiB. KoXeH ydaCHHK IHpOIOHYE CBOI
3HayeHHs mapameTpiB V. [lnd  ysrojkeHHs 3alpONOHOBAHMX —HapaMeTpiB

(3Ha4YEHHs SIKMX YacTO BiJPI3HATUMYTbCS), MOKE OyTH BHKOpPHCTaHa CIielliajbHa
dynxuis P;;(V;), mo BinoGpakae JOMyCTUMICTh JUIs J-TO y4aCHHKA HEPEroBOPiB,
BHOOPY BIAMOBIAHOTO 3HaYeHHs mapameTpa V;.

IMporiec BCTaHOBICHHS 3HAYEHb BAarW mapaMmeTpiB V; mpoBOMUTBCS KOKHOIO
CTOPOHOIO IIEPEroBOpiB i3 3allydeHHSM KOJEKTHBY ekcrmeptiB. Ilpu npomy
JOLITEHE 3aCTOCYBaHHS HU3KH METOMIB KOJICKTUBHOI'O €KCIIEPTHOIO OLiHIOBAaHHS,
30KpeMa, THX, 10 0a3yIOThCS HA CTPYKTypH3allii Ta arperyBaHHi OL[IHOK, HaJaHUX
OKPEMHMH SKCIIEPTAMH.

3nauenns 3minaux M ta Wi, («Barm» BUTpaIy j-ro y4acHHKa IEPEroBOpiB),
MaioTh Oytu BusHadeHi cepen CIITP TIIIKII 3a m0mOMOro  CreriaibHUX
00YHCITIOBANIBHUX TIPOLEAYpP. 30KpeMa, aBTopaMu myoOsikauii [1] 3anponoHoBaHo
BHUKOPHUCTOBYBATH Ha 1iii pazi meromu MAULT (Multi-Attribute Utility Theory) ta
AHP (Analytic Hierarchy Process).
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DEVELOPMENT OF AN ONTOLOGICAL SYSTEM FOR CONFIGURING
VIRTUAL POWER PLANTS TAKING INTO ACCOUNT PEAK LOADS

Shostak 1.V., Feoktystova O.I.
National Aerospace University
“Kharkiv Aviation Institute”, Kharkiv, Ukraine

Today, the spread of virtual power plants (VPPs) is a stable trend in the
organization of the energy market in developed countries [1, 2]. For example, the
total capacity of VVPPs in the USA is approximately 30-60 GW, which is 4-8% of
peak electricity consumption. However, forecasts for 2030 are aimed at increasing
this figure to 80-160 GW, which is equivalent to the capacity of approximately 150
fossil fuel power plants [3]. VPPs integrate the capacities of decentralized
producers, as well as consumers (prosumers) and energy storage systems (for
example, batteries and converters such as “energy to heat” and “energy to gas”),
with the aim of efficiently organizing the energy market. Thus, any VPP is a virtual
structure that operates independently of the centralized electricity grid and does not
have its own fixed assets, such as generating capacities, transformers, transmission
lines and storage.

The goal of VPP is to optimize the use of each physical asset owned by third
parties, while maintaining the stability of the overall energy system. The main
differences between wind farms and traditional energy complexes are the absence
of a central generating facility (e.g., a coal-fired or gas-fired power plant) and the
consumer status of most consumers who can periodically supply electricity to the
network from their own capacities (e.g., solar panels, wind turbines, heat pumps
for electric vehicles). In addition, VPPs ensure effective balancing of demand and
supply during peak load periods by attracting consumers [3].

At the same time, there is a fundamental problem in the operation of wind
farms - balancing demand and supply during peak load periods.

Automatic management of VPP business processes under such conditions is
not effective enough, since standard algorithms cannot adequately respond to the
many situations that arise due to the impact of the environment on VVPPs. This led
to the conclusion that VPP lifecycle support tools require a dialog component that
allows VPP managers to obtain rational options for managing the power grid
during crises.

In general, the synthesis of VPP configuration under peak load conditions can
be viewed as a resource allocation problem, where adequate information is
required on the volume of energy supply services and the resources available to
provide these services. In practice, however, the scale and dynamism of the energy
market lead to a high level of uncertainty, manifested in incomplete, inaccurate and
ambiguous initial data. This circumstance creates a high risk of making irrational
or erroneous decisions when configuring VPPs under peak load conditions, which
emphasizes the importance of using specialized decision-making information
support (DSIS) tools when configuring VPPs under extreme operating conditions.
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The report is devoted to the development of methodological support and, on
its basis, the basic information technology for decision support in obtaining an
acceptable VPP configuration that meets specific requirements (constraints) within
the known functional structure of VPP components. These constraints are based on
available information about VPP components, their parameters and compatibility
constraints.

The structure of the decision support system for the sustainable functioning of
VPP is presented in the form of a library, which includes five types of ontologies:
domain, tasks and methods, knowledge sources, queries and application ontologies.
It is assumed that in extreme conditions, caused primarily by negative
environmental factors, VPP managers will be able to receive options for rational
solutions to mitigate crisis situations in a dialog mode.

Each stage of the operation of the ontology-based decision support system
(ODSS) technology is considered in detail. Each VPP employee with the authority
to make decisions on managing the power grid in extreme modes works on the
basis of the terminology of his query ontology and through it interacts with the part
of the program ontology created to process the current query. ODSS activation
begins after entering a query from the decision-makers (DM). Subsequently, the
system automatically forms a program ontology corresponding to the query based
on the program ontologies stored in the library. If such applications are absent, this
is considered the initial ontology corresponding to the query description.

In ODSS, reasoning is implemented using the well-known method of finding
a feasible solution in the theory of constraints [4].

The final stage of one cycle of ODSS operation is issuing a response to the
DM query. This includes translating the terminology from the domain ontology to
the query terminology.

A promising direction of this research is the intellectualization of the VPP
functioning processes by developing tools for integrating and consolidating
knowledge using resources available on the Internet.
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3ABE3IIEYEHHSI AKAJIEMIYHOI AOBPOYECHOCTI B YMOBAX
BIVIBHOI JOCTYITHOCTI CUCTEM HITYYHOI TEHEPAIIII TEKCTIB

I'maBueBa FO.M., ['maBues M.I.
HarmionansHuil TeXHIYHAN YHIBEpCUTET «XapKiBCHKUH MO TEXHIYHUH IHCTUTYTY,
XapkiB, Ykpaina

VY cydyacHOMy akajJieMiYHOMY CBiTi BUKOPHUCTaHHs IITy4HOTo iHTenekrty (LLI)
JUIsL TeHepauii TEKCTIB crae naejami mnomyispHimuM. Lle mopymrye uwncieHHi
MUTAHHSA, TOB’S3aHI 3 CETHKOK, OPUTIHANBHICTIO Ta SIKICTEO HAayKOBHX pOOIT.
BonHouac, TeXHOJIOTIT A1l BUSIBJICHHS TAKUX TEKCTIB TaKOX PO3BHBAIOTHCS, alle 1X
e(peKTUBHICTh 3aNHImaeThCs Mix muTaHHAM. [Ipobnema Bukopuctamns LI mns
aKaJIeMIYHAX MiJed MOJATa€E y BiACYTHOCTI OCOOMCTOTO aHaNi3y Ta KPUTHIHOTO
MHCJICHHS, 10 € KIIOYOBHMH JUII HayKOBOTO JUCKypcy. BomHodac, BHKIHKH,
NOB'SI3aHI 3 BHSBJICHHAM INTYYHO 3ICHEPOBAaHMX  TEKCTIB, BKIIIOYAIOThH
3a0e3meueHHsT JOCTaTHROI TOYHOCTI Pe3yNIbTATiB Bill porpaM, sKi iTeHTH(DIKYIOTh
TaKi TeKCTH.

Metoro fmomoBiai aHami3 migXoAiB g0 3a0e3MEeYeHHS  aKaIeMidHOL
J0OpOYECHOCTI B yMOBax BUIBHOI JOCTYMHOCTI y BUKOPUCTaHHI CHCTEM LITYy4YHOT
reHepariii Texkctis [1].

B nomoBini anamizyeThcs JOCBIA 3aKiaiiB OCBITH MIONO BPETYJIOBAHHS
BUKOPHCTAHHS INTYYHOTO IHTENIEKTY B aKaJeMi4HOMY Iporeci. BaxmuBum
HaTpSMOM € BUKOPUCTaHHS mporpamuux 3aco6iB (I13). B HaykoBux myOmikamisx
OIMUCYIOTHCS HEAOIKH, OB’ A3aHi 3 HEJOCTATHBOK TOYHICTIO BU3HAYCHHS IITYYHO
3reHEpPOBAHUX TEKCTiB, ane [I3 aKkTHBHO BIOCKOHATIOKTHCSA. Hampukian, ne
MiATBEPKYE TOCHIPKEHHST aBTOPiB [2], sIKi 3aCTOCYBallK JBa ANTOPUTMU: ITiXif,
3acHoBaHu# Ha Kiacudikamii (Support Vector Machineg); cratuctiuuHuii MeToa Ha
OCHOB1 JIHTBICTUYHMX O3HaK. MakcuMaJbHa TOYHICTL BHsABIeHHS - 99,87%.
PiBeHb TOYHOCTI BUSBIICHHS nepedpasoBaHuX TeKCTiB pocsr 87,58% s moxeni
kinacudikarii Ta 84,91% miist CTATUCTHYHOT MOJIEIT.

TakuM 4YHMHOM, Ba)XXJIHMBO 3aCTOCYBATH KOMIUIEKC 3aXOJiB: YNPOBAIDKECHHS
MPOrpaMHUX 3ac00iB, 3aTBEPIKCHHS IOJITHK Ta HaBYaHHS HaBUYKaM poOOTH 3
cucTeMaMH IITy4HOro iHtenekty Came KOMIUIEKCHHI MiAXil —JIO3BOJIUTH
3a0e3NeunTH aKaJeMidHy JOOPOYECHICTh B OCBITHbO-HAYKOBOMY IPOIIECI.
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MYJBTIATEHTHI TEXHOJIOTTI JUISI AMTAITUBHOTO KEPYBAHHS
CKIIAJHUMHU CUCTEMAMUA

Paguenko B.O., Kyuyx H.T'.
XapKiBChKHUI1 HAITIOHANBHUH YHIBEPCUTET pagioeNeKTpOHIKH, XapKiB, YKpaiHa

B pmomoBimi po3TIAHYTO TEOpIl0 CKIAAHWUX aJalNTHBHUX CHCTEM I
BUPIIICHHS 3aBAAHHS YIIPABIiHHSI BaHTA)KOIIOTOKOM.

CkmamHi cucteMu OynmyrOTbCsS SIK  CaMOOPTaHI3yIO4i CHCTEMH, SIKi
XapaKTepU3yIOThCs HENiHIWHICTIO CBO€I TOBEIIHKH, KOJIHM Maja BXifHa i Ha
CHCTEMY TPHU3BOAWTH IO BENMKUX 3MIH HA BUXO[, TaK CaMo SIK 1 HaBIAKH, KOJIH
BEJIHKI BXiZHI Jii MOKYTb HECYTTEBO BIUIMBATH Ha Pe3yibTyiodi 3MiHU. [Ipu 1ipomy
TaKOXX MOXIIMBI 3aTPUMKH, KOJMBaHHS Ta OCIWIALIl PIlleHb, JABUHOMOIIOHI
3MiHH [TapaMeTpiB Ta 0araTo iHIKMX HECTIONIBAaHUX PEaKIi, 1[0 CTABIATH y [NIyXHI
KyT yrnpasmiHiis [1].

CKIIaIHICTh € BJIACTHBICTIO BIJAKPUTOI CUCTEMH, KA CKIAMAETHCS 3 BEIHMKOI
KUTbKOCTI PI3HOMAHITHHX, YaCTKOBO aBTOHOMHHX, AaKTHBHO B3a€MOJIIOYHX
€JIEMEHTIB, 3BaHMX areHTamu. CKlajiHa CUCTEMa 3a3BHYall HEMA€e >KOPCTKOI'O
LEHTPATi30BAaHOTO YINPABIIHHA, Ta ii MOBEAIHKA BHU3HAYAETHCSA B3AEMOIIEI0
areHTiB, i ToMy, OyIy4l XaOTHYHUM, € HEBH3HAYCHHM (HEICTEPMiHOBAHHM),
OCKUTBKH y KOKHOI CHTyallil BH3HA4aeThCS CBOOOMOI0 BHOOpPY areHTiB i BiX
NPUHHATHX HAMH PIlICHb.

CknamHI CHUCTEMH MarOTh TakKi OCHOBHI XapaKTEPUCTHKH: BIIKPUTICTH —
BU3HAYa€ B3a€MOJisS 13 30BHIIIHIM CEPEJOBHIIEM; PI3HOMAHITHICTh — BH3HAYae
ABTOHOMHICTh Ta B3AEMO3B'A30K arcHTIB, BIACYTHICTh IICHTPATI30BAHOTO
YIOPaBIiHHS — BHM3HAYa€ 3JAaTHICTh areHTIB 3HAXOAUTH OajaHC IHTEepeciB
Y3rOKCHHS PillleHb; EMEPKCHTHICTh MOBEAIHKH - BH3HAYA€ 3aTHICTh CHCTEMHU
3HAXOJUTH PIILICHHS Yepe3 B3aEMO/IIF0 CBOIX €IEMEHTIB.

Takum YMHOM, CKJIaJHa CHUCTEMa - 1€ CHUCTEMa, IO CaMOOPIaHi3yeThCs,
moOyIoBaHA Ha IMOWIYKY i MiATpUMI OanaHcy (TapMOHIi) iHTEpeciB areHTiB, ne
IHTEJIEKT CHCTEMH TPOSBIISETHCS B JIAHIIOKKAX B3a€MOMIN 1 y3TrO/PKeHNX pillleHb
JUTSL TOCSATHEHHS 0aJaHCy iHTEpEeCiB areHTiB, 0 MUTTEBO 3MIHIOETHCS 3a CUTYAIi,
10 1 BU3HAYAE UYTIUBICTh CHCTEMH JI0 3MiH.

CkiazHy CHCTEMY HEMOJJIMBO PO3AIINTH, SIK 116 POOUTHCS B KIACHYHOMY
CHUCTEMHOMY aHaji3i, Ha IiJICHCTEMH, IOBEJIHKa SKHX aHali3yeThCs OKPEMO,
OCKUTBKM PO3pUB 3B'A3KIB MDK PI3HAMH €JIEMEHTaMH CKJIATHOI CHCTEMH
CHPUYUHUTH CIIOTBOPEHHS TOBEIIHKH BCIi€T CKIIaHOT CHCTEMH B LIIJIOMY.
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3ABJJAHHSI CEMAHTUYHOI'O IEPETBOPEHHS ITOBIIOMJIEHD
AJIsI TETEPOTEHHOT'O IUIFO3Y ITPOMUCJIOBOT'O
IHTEPHETY PEYEH

Hanenko C.C., Kyayk H.I'.
HauionanpHiit TexHiunuii yHiBepcutet «XI1I», Xapkis, Ykpaina

VY nomoBifl po3rISIHYTO CEMAaHTHYHWM MIII03 Y KOHTEKCTI MPOMHUCIOBOTO
Iareprerty peueit (110T). Lle mporpaMHo-anapaTHIA KOMIIOHEHT, IO BiAMOBigae 3a
MIEPETBOPEHHS, Y3TO/KCHHS Ta 30arayeHHs JaHWX 3 PI3HUX JDKEpeJ Ha OCHOBI
3arajpHOi CEMAaHTUYHOI MOJEI.

Takuii murr03  momomarae  3a0e3NMEYUTH  iHTEpOINepadeNbHICTE  MiX
NPUCTPOSIMH, CHCTEMaMH Ta XMapHUMH IDiardpopMamMu. TakuM 4YuHOM,
CEMaHTHYHUH MUTI03 BHpimye mpoOieMu B3aemomii pisHHX mnpukmagaux [10T
TEXHOJIOTIH JHIIe Ha piBHI MeTaganux [1].

IIpoGmema mepeTBOpeHHS [JaHMX MDK PISHUMH IPOTOKOJAMH  Ha
CEMaHTHYHOMY piBHI € aKTyaJbHOIO Ui TMpoMucioBoro IHTepHetry peueit. [Ipum
BUKOPHCTaHHI DI3HUX IPOMHUCIIOBHX pillleHb BHHHKAae MNpoOJieMa CTHKYyBaHHS
TEXHOJIOTIH K Ha (Pi3MYHOMY, KaHAJILHOMY, MEPEKEBOMY, TPAHCIIOPTHOMY PIBHSX,
TaK 1 IPUKIATHOMY PiBHI.

Jnst BupinieHHs 1i€i TpoOaeMu MPOMOHYEThCSI BUKOPHCTATH T'€TEPOrCHHHN
uuto3 Internet of Things.

[Ipobnema B3aeMomii MPOTOKOJIB JIMIIE HA PiBHI METagaHUX BUPINIYETHCA
BUKOPHCTAHHSM CHeMianbHOro mporpamuoro 3abesmeuenns (I13), mo i Oyxme
MIPOMHUCIIOBUM CEMAHTHIHNM IILTIO30M.

Hane I13 Bumise KIOYOBY iHPOPMAIIO BiJ] KOXHOTO 3 MAKETIB NaHUX,
NIPUKIIQAHUI piBeHb SKMX 3aCHOBAHMH HAa OJHOMY 3 MPOMHCIOBHX HPOTOKOJIB, i
MEPEeTBOPIOE Ha 3arambHUi TpoMiKHUA (opmar Industrial Internet of Things
Conversion Format (110TCF).

Y pa3i norpebu BukopucTOBYIOThCS QyHKuii I13 ams mepeTrBopeHHS
OTPUMaHUX [JAHUX Yy HPOTOKOJIH, IO MiATPUMYIOTBCSA, 1 MOAAIBLIOTO IX
BIJINIPABJICHHS B IIYHKT NPU3HAYECHHSI.

Sk mpuKiagHe pilleHHS s ceMaHTHdHOro numody IIoT mpomoHyeThes
BuKoOpHucToBYBath rereporenuniilloT mumo3, Heterogeneous Industrial Internet of
Things Gateway — nuiro3, 10 BCTaHOBIIOETHCS B paMKax ofgHoro pimenHs [oT i
BIZINIOBiJIa€ 3a TIEPETBOPEHHS INPOTOKOJIB IPOMHCIOBOrO [HTEpHETY pedeil Mix
coboro.
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BJIOCKOHAJIEHHS TEXHOJIOT'TI INOBYJ1OBH
HEKOMYTATHUBHUX CET-OITEPAIIIN

Pynaupkuit B.M., Jlana H.B.
JHep>kaBHUIT HAYKOBO-TOCTIIHUI IHCTUTYT BUIIPOOYBaHb i cepTHdikamii
030pO€HHS Ta BifICBKOBOT TeXHIKH, YKpaiHa
Koporxkwuii T.K.
Yepkacbkuii iepkaBHIH TEXHOJOTTYHNHI yHIBepcuTeT, Uepkacu, Ykpaina

OnmHUM i3 MEPCIEeKTUBHUX IUIAXIB PO3BUTKY MajlopecypcHoi kpunrorpadii e
CET-umdpyBanHs, sike peajli3yeTbcsi Ha OCHOBI IeHepalil ICEeBIOBHUIIAIKOBUX
HabopiB CET-onepamniit. CET-onepamii nmpeacTaBisioTs co0010 AUCKPETHI MOZEIi
Tabmup ninctanoBky [1]. Cepen CET-omepaniit ocobmuse micue 3aiimatots CET-
omeparii SIKi TOIyCKAarTh MEPECTAHOBKY onepaHaiB. OCOONHUBICTh TaHUX OTIepamii
MoJArae B TOMY INO IICHS TEPECTAaHOBKM OIEPAHMAIB 3MIHIOETHCS AWUCKPETHA
MOJIENb OTIeparii i 3MiHIOIOTHCS TaOJHUII i ICTAHOBKH, IO 3a0e3meuye 301TbIICHHS
JI0 JIBOX pa3iB KiIbKOCTi TabNuIb MiJICTAHOBKH B Kpunroanroputmi [1]. Ha xanp
CHHTE3 JaHHMX Ollepaliii MPOBOAUTHCS JIMILE 32 Pe3yJbTaTaMU OOYMCIIOBAIBHOTO
eKcrepuMeHTy [2] 3a BiACYyTHOCTI TEOPETHUHHMX METO/IIB OOy I0BH.

MeTo10 10MOBiAi € BIOCKOHAIEHHS TEXHOJIOTI] OOY/I0BU HEKOMYTaTUBHUX
CET-onepatiit Ha 0OCHOBI 00’ € JHAHHS OJJHOOTIEPAHAHUX OIEepallii.

Cunre3 cumerpuunux asoxomnepananux CET-onepaniii siki JOMycKaroTh
NIEPECTaHOBKY ~ONEpaH[AiB MOJKHAa peami3yBaTd Ha OCHOBI IyOJIIOBaHHSA
omHOoMNepaHHUX omepamiid. [yOmoBanHs oxHoonepannaux CET-omeparmiii mo
cBoiif cyTHOCTI mpenctasisie norop CET-omepamiit 3 pisHUMHU apryMeHTaMHU.
MoxHa momycTutH, o 00’exHanHa omgHoomnepanaHux CET-omepamiii 3 pisHEMH
apryMeHTaMHu 3a0e3Ie4YnTh CHHTE3 SK CHMETPUYHMX TaK 1 HECUMETPHUYHHX
neoxomnepanaanx CET-omepamiii siki JOIMyCKarOTh TEPECTAaHOBKY ONEpaHIiB. 3a
pe3ysibTataMH JIOCIHIIDKEHHS BAAJIOCS CHHTe3yBaTH Bci 576 IBOXPO3psaHi
nsoxomnepannni CET-onepaliii siki 101ycKatOTh EpPECTAHOBKY ONEPaHIiB.

OtpuMmaHi pe3yJabTaTH IO03BOJIMIM YJOCKOHAIUTH TEXHOJIOTII0 CHHTE3Y
KOMYTaTHBHHUX 1 HEKOMyTaTHBHUX JBoxornepananux CET-onepariit 1uis nodynosu
MaJlo PECYPCHHX CUCTEM MOTOKOBOTO MIM(PYBaHHS.
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BIIVINB EJIEKTPOMATHITHOI'O BUITIPOMIHIOBAHHSA
HA XAPAKTEPUCTHUKH HAIIIBITPOALTHUKOBHUX
KOMINVIEKTYIOUUX CUCTEM 3BSA3KY

Bpecnasern B.C., bpecnasens FO.B., AAxosernxko [.B., ®omenko A.A.
HauionaneHuii TeXHIYHUI yHIBEPCUTET
«XapKiBCBKUH NOMITEXHIYHUNA IHCTUTYT», XapKiB, YKpaina

BB CcHIIBHHX eNEKTPUYHMX Ta MAarHiTHUX THOJIB Ha Ipane3laTHICTh
CHUCTEM 3B’SI3Ky CTA€ BarOMHM Yy BHIIQJIKy, KOJIM E€JEKTPHYHI Ta MarHiTHI IOJIS
NIPOHUKAIOTh y CEpeAMHY BHUPOOIB Kpi3b HEOJHOPIAHOCTI €KpaHiB, HaBOIIYU
JOJATKOBI CTPYMH Ta HANpyTH Ha eleMEeHTaX BUPOOiB, AKi 3MiHIOIOTH iX pobodi
XapaKTepUCTHKH. J[OCTiKEHHS TPOIECiB TaAKOTO poxy OOYMOBJICHI BCe OUTBIINM
3aCTOCYBaHHSIM HAMiBIIPOBIAHUKOBOI €JEMEHTHOI 0a3W, $Ka Ma€ BHCOKY
YyTIUBICTH [0 Jii CTOPOHHBOTO EJICKTPOMArHiTHOTO BHIIPOMIHIOBaHHSI.

Binporicte iCHYIOUMX EKCIIEPUMEHTAIBHUX Ta TEOPETHYHUX Ppe3yJIbTaTiB
JOCII/DKCHb BIUIMBY €JIEKTPOMArHiTHOIO BHIIPOMIHIOBaHHS Ha Mpale3JaTHICTh
NpWIIaiB 3B’S3KYy BIAHOCATBHCS 1O raiy3eil HeoOOpPOTHHMX BIIMOB (TEIUIOBHI
npoOiit). B Toil ke wYac 3anMIIAlOThCs BIAKPUTUMM NHUTaHHS, IIOB’s3aHI 3
BU3HAYCHHSIM MEXaHIi3MIB BIUIMBY CTPYMiB, HaBEACHHX €JEKTPOMAarHiTHUM
BUIIPOMIHIOBaHHSIM, Ha ()i3W4YHI MPOIECH, 110 BU3HAYAIOTh CTYIEHb BiIXWIICHHS
poOOYNX XapaKTEPUCTHK MPHJIAMIIB BiJl HOPMH Ta MOJMJIMBOCTI BiJHOBJCHHS iX
HOPMAIJILHOTO (DYHKIIOHYBaHHSL.

Metorw nomoBigi € Qi3udHa MOJENb TOSBU 3BOPOTHIX BiAMOB (0e3 BTpaTu
Mpane3JaTHOCTI) HAITiBIIPOBITHUKOBUX MPHIIAIIB B YMOBAX, KOJH Jis CTOPOHHBOTO
BHIIPOMIHIOBaHHS MPHUBOAUTH O BIAXWICHHSA iX poOoumx ( BOJBT — aMIICPHHX)
XapaKTepUCTUK Bix HOpMHU. [IpHUMHOIO TOSBM TakuX 3MiH XapaKTEpHCTHK €
mporiecn TpaHchopMarii eHeprii HaBeJCHWX 30BHIIIHIM BHIPOMIHIOBAHHSIM
CTpYMIB B €HEpril0 BIAaCHUX KOJIMBaHb HAMIBIPOBIAHUKOBHUX NpUiaaiB (
BCTAaHOBJICHHSI Pe)KHMY T'eHepallii KOJIMBaHb).

B nmomogiai po3risgaircs eACKTPOMArHiTHI KOJMBAHHS, 10 ICHYIOTh Ha
MEX1  PO3MOALTY  CEPENOBHIN, SIKI  BIAPI3HAIOTHCS  CICKTPOMATrHITHUMU
BJIACTHBOCTSIMM — TOBepxHeBi mnoysiputonn (xBwii  ®ano). Ilpn 1upomy
BUKOPHCTOBYBAINCSl  DIBHSHHS ~ €JIGKTPOJMHAMIKH.  pIBHAHHA  MakcBena,
MarepiaibHi PiBHSHHS Ta TPaHWYHI YMOBH, 3a JIONIOMOTOIO SIKMX BH3HAYaIOTHCS
3aKOHM  Juclepcii IOBEpXHEBHX  EJIEKTPOMArHiTHUX  KojJuBaHb.  CriekTp
MIOBEPXHEBUX ITOJIIPUTOHIB BU3HAYaBCSI B yMOBAaxX HAOIMXEHHS XOJIOIHOI IUIa3MH
Ta BIJICYTHOCTI IX 3ITKHYyBaJbHOTO 3aTyXaHHA. J[s 3HaXO/DKEHHS MEXaHi3My
3racaHHs IIOBEPXHEBHX IUIA3MOHIB, 00YMOBJIEHOTO iX B3a€MOJIEIO 3 EIEKTPOHAMH
MPOBITHOCTI Ha MeXI pPO3NOAULY CEpelOBUIN, 3acCTOCOBYBAJIMCS PIBHSHHS
€JIEKTPOAMHAMIKM B yMOBaX HEXTyBaHHSI e(eKTaMu 3alli3HIOBaHHSA. byno
OoIepKAHO JUCTIEpCiiHE PIBHAHHS IJISI CUCTEMH TOTIK 3apsHKCHUX YaCTHHOK —
HAMiBIPOBIIHUKOBA HA/I'PATKa B YMOBaX, KOJIM YACTHHKHU IOTOKY IPOXOASATH KPi3b
CepeloBUIlle 3 TOCTIHHOI MIBUAKICTIO. 3HAaWAEHO BIAcHI 4YacTOTH KOJWBaHb,
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chopMyIHOBaHO YMOBH PO3BHTKY HECTIHKOCTEH Ta OTpUMaHO BHUPA3W IJIs Pi3HUX
OKpeMHUX BHUMAAKIB. 3 MPaKTUYHOI TOYKH 30py B pOOOTI BHPINIEHO BaXkKJINBE
NUTaHHS [P0 MOXJIMBICT 30y/DKCHHS IOBEPXHEBUX KOJMBAHb B YMOBax
PE30HAHCHOT B3a€MOJIi1 XBWIIb TAa YACTHHOK, KOJIH TOTIK €JIEKTPOHIB Ta MepioINdHA
CTPYKTYypa PO3JAUICHI y MpocTopi. B omoBiai mpuBeneHi KijdbKICHI OIIHKH BTPAaT
eHeprii HaBelEeHHX CTPyMiB Ha 30y/DKEHHsS IOBEPXHEBUX KOJHMBaHb. Buoip
MOBEPXHEBUX KOJIMBAaHb B SIKOCTI KaHally TpaHchopmauii eHeprii CTpyMmiB He €
BUIIAJKOBUM — IIed THN  KOJMBaHb  JIOKANI30BaHO  IMOOJIM3Yy  MEXIi
HaMiBIPOBIIHUKOBOTO TpWJIaay, LI0 BU3HA4Yae eQEKTUBHICTH X B3aeMomil 3i
CTpyMaMH, HaBeJICHUMH 30BHILIIHIM BUIIPOMIHIOBaHHSIM.
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3BYKEHHS BJJACHUX KOJIUBAHB I’E3OEJIEKTUYHUX
MMPUJIAAIB IOTOKAMM 3APATKEHHUX YACTHHOK

Bpecnasens B.C., bpecnaseup 10.B., flkosenko [.B., ®omenko A.A.
HauioHanpHuii TEXHIYHUI yHIBEPCUTET
«XapKiBChKUi NONMITEXHIYHUN IHCTUTYT», XapKiB, YKpaiHa

OnHi€elo 3 TOJOBHUX MpoOjeM cydacHoi paniodisvku € HeoOXimHICTh
OCBOEHHS CYOMIJIMETPOBOTO Ta KOPOTKOXBWJILOBOT YAaCTHHH MIiNIMETPOBOIO
Jliara3oHIB eJIeKTPOMAarHiTHUX XBWIb. LI iama3oHn 4acToT BaXKJIMBI JAJIsl PO3BUTKY
JOCII/DKEHb Y PI3HHX Taly3sx (i3uKH, ale i, a TaKoX s 0araThOX TEXHIYHUX
3aCTOCYBaHb: PAJIiOJOKaIlil, paliOHaBiramii, TEXHIKH 3B’S3Ky, OOYHCIIOBAJIHHOI
TexHiku 1 T. i. Ha mepmomMy Micmi y miif mpo0iemi 0e3yMOBHO CTOITh 3amada
CTBOPEHHS [DKEpell BUIPOMIHIOBAHHS €JEKTPOMAarHiTHMX XBwib. OpnHa i3
MOXKJIMBOCTEH pillleHHsI 11i€l 3a1a4i 6a3yeThesl HA Mpolecax NepeTBOPEHHS eHepril
MIOTOKY 3apsi/UKEHHX YaCTHHOK B €HEPril0 BHIIPOMIHIOBAHHS BJIACHHMX KOJINBaHb
TBEPIOTIIBHUX CTPYKTYp B YMOBax IeEpeXiJHOTO BUIpOMiHIOBaHHS. KpiMm Toro,
IpoIiecy TeHepamii KOJUBaHb TAKOTO Jiama3oHy MOXYTh OyTH NPHYMUHOIO TOSIBU
3BOPOTHIX BiZIMOB — 3MiH pOOOYHMX XapaKTEPUCTHK CUCTEM 3B’ SI3KY

MeTol0 A0MOBiAl € TOmIyK Ta aHaji3 MEXaHI3MiB B3a€EMOJIi MOBEPXHEBHUX
ENIEKTPOAKYCTUYHUX XBWIJIb Ta EJIEKTPOHIB Ha MEXI IUIa3MOBE CEpeIOBHIIEC —
II’€30€JIEKTPUK Ta OTPUMAHHS AHANITUYHUX PIIIEHb 3a4ad B3a€MOJii CTPyMIB,
HaBEJCHNX 30BHIMIHIM €JIEeKTPOMArHiTHUM BHIPOMIHIOBAaHHSM, 3 BIIACHUMH
€JIEKTPOMarHiTHUMHU KOJIUBaHHIMHU CTPYKTYD, 110 KOMIUIEKTYIOTb
I’ €30€JIEKTPUYHI NPHUIIaIH, B YMOBaX PEXKUMY HECTIHKOCTI ( reHepallii) KOJMBaHb.
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JIIs  pO3KpUTTST MeXaHi3My O0e33iTKHyBaJbHOTO 3TacaHHs IOBEPXHEBHUX
IJIa3MOHIB B po0OTi 3acTocoBaHo MoHATTS XBwi Ban — Kammena (XBK). ¥V
MoTIepeIHIX podOTaxX TPHITYCKAIOCh, MO II€ 3TacaHHs aHAJOTIYHO 3TacaHHIO
Jlarmay B Oe3mexHOoMy cepenoBuimi. [Ipu IboMy TOJE MOBEpXHEBOI XBHI B
YMOBax J3€PKaJIbHOTO BIJIOWTTS €JEKTPOHIB BiJl MEXi PO3MOALTY IOJABAJIOCS Y
BUTJISIII HAOOpYy NPOCTOPOBHX TapMOHIK, IO IOUIMPIOIOTECS B OE3MEKHOMY
cepenoBumi. [loBHe 3racaHHi TOBEpXHEBHX KOJHMBAaHb €  HACJiJKOM
IiICYMOBYBaHHS 3racaHHs MPOCTOPOBUX rapMoHik. [Tpn npoMy migxoai poib Mexi
BUSIBJIIETBCSL TUTBKM Yy (OpPMyBaHHI IIOBEPXHEBMX XBWIb. Takuii meron
BUKOPHCTOBYETHCS, SIK IIPABUIIO, B YMOBaX A3€PKaJIbHOTO BiJOUTTS €JIEKTPOHIB BiX
Mexi. Ha Mexi po3mozimy cepemoBHI BHHHKAE IEPETBOPCHHS MOBEPXHEBUX
komrBaHb y XBK, sKki mommproroThcs Bramd ceperoBumma. [lokazaHo, M0
0e331TKHyBaJIbHE 3racaHHS ITOBEPXHEBUX KOJIMBaHb OOYMOBIICHO NEPETBOPEHHIM
ix emeprii B eHeprito XBK. OmepxkaHo BHpa3 AUCHEPCIHHOTO PIBHSHHS IUIS
IIOB’SI3aHNX €JIEKTPOaKyCTHYHMX Ta IIJIa3MOBHX KOJHMBaHb, a TaKOX BHpa3 Uil
HOTo JIeKpEeMEHTa, BUSABICHO YMOBH BHHUKHEHHS PE30HAHCY, IIPH SKOMY Ha MEXi
BUHHMKAE MOBEPXHEBA IUIA3MOBO — aKyCTHYHA XBWJIs, aHAJIOTIYHA XBWIII Ha MeEXi
II’€30HAIIBIPOBIIHUK - BakyyM. MexaHi3Mu 0e33iTKHYBJILHOIO 3racaHHs
MOBEPXHEBUX KOJMBaHb, IO 0Oa3ylooTbcs Ha 3acrocyBanHi XBK, oOmexeHo
KJIaCUYHUM HaOMKeHHsM. Pa3oM 3 THM, OCTaHHIM 4YacoM B PI3HUX Traly3sx
pamiodi3uku Bce OLIBIIE 3aCTOCOBYIOTh CTPYKTYPH 3 BEJIHKOK KOHIICHTPAIIEI0
HOCIiB, ¢ BHKOHYIOTHCS YMOBHM KBAaHTOBOTO HaOMIDKeHHS. [lo HHMX HaleKarsb:
HaMIBOPOBINHUKOBI rpatku, 2D emekrpoHHi cuctemu, ctpykrypu MJIH, ToHKI
MeTalNeBl IUTIBKHM. BW3HaueHi po3paxyHKOBi CITiBBIIHOMICHHS UIS KiUTBKICHHX
XapaKTepUCTHK 3BOPOTHIX BiJKa3iB TPWIAMIB B 3aJCKHOCTI BiI mapamerpiB
30BHIIIHBOTO €JIEKTPOMArHITHOTO BHIIPOMIHIOBaHHA Ta (I3UYHHAX SKOCTEH
MaTepialiB, KOMILICKTYIOUHX IpWIaIn. B SKOCTI €eHepreTHIHOTO KPUTEPIr0 OI[IHKH
ENIEKTPUYHOT CTIMKOCTI HaMIBIPOBIIHMKOBUX TIPUIaHiB B Taly3i 3BOpPOTHIX
BiJIKa3iB 3alPONOHOBAHO BEIMYMHY €HEpTii BUNPOMIHIOBAHHS €JIEKTPOMArHITHUX
KOJIMBaHb HAMIBIPOBIAHUKOBHUX NPWIIAJIB, SKa BU3HAYa€ CTYIHb BiJIXWICHHS
BOJIbT — aMIIEPHUX XapaKTEPUCTHUK HAMIBIPOBIAHUKOBUX MHPUJIAAIB BiJl HOPMH B
yMOBax Jii CTOPOHHBOTO BHUIpOMiHIOBaHHs. [IpuBeneHi KUIbKICHI OLIHKH BTpAaT
eHepril HaBeJCHUX CTPyMiB Ha 30Yy/DKEHHS MOBEPXHEBUX KOJIMBaHb. BenuduHa
eHeprii BHUIPOMIHIOBaHHS BJIACHUX KOJMBaHb HAIliBIIPOBIIHUKOBUX IIPHUJIaiB
3HAXOJUTHCS B MeXax cydacHuX npuiimMadisB HBY - BunpomiHroBaHHs.
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RESEARCH AND MATHEMATICAL DESCRIPTION
OF DIFFERENT SOURCES OF INTERFERENCE

Ibrahimov B.G.

Azerbaijan Technical University, Baku, Azerbaijan
National Defense University, Baku, Azerbaijan
Ismayilova S.R., Orujova M.Y.
Azerbaijan Technical University, Baku, Azerbaijan

At present, the transmission messages via various types of communication
channels requires studying and researching the descriptions various sources of
interference in order to increase the noise immunity of digital signal reception. In
this regard, let us move on to the issue of the mathematical description various
sources of interference. It follows that interference can be represented as a random
function of time. A random function of discrete time is usually called a random
sequence, a random function continuous time is called a random process. Random
functions are characterized by their distributions. Numerical characteristics in the
form of distribution moments are also used.

The following inequalities are characteristic for impulse interference:

i <<Ty,  Ti>r7,, 73<7,
where 7, - the establishment time of the circuit affected by the impulse interference;
7. - duration of an elementary signal transmission; T; - the interval of following.

Pulse interference is created mainly by industrial and atmospheric sources. The

analytical record of the implementation of a random pulse process has the form:

n
un(t):ZUmi¢(t_ti!Ti)x @)
i=1
where t; -is the time of occurrence of the i-th pulse; i - is its duration; where ti is the
time occurrence of the i-th pulse; 7 is its duration; Umj — MakcuManbHOe 3HAUEHHE
HampspkeHust s i-ro ummynsca. Spectral density of the pulse noise amplitudes
according to the Fourier transform:

o0 0

S(jw) = I u, (t)ei“dt = jUnme"“e‘j‘”tdt , @)

0 0
where S(jo) :Unm/\/on2 +o’.
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Impulse interference is characterized by a broadband spectrum that decreases
with frequency. From (1) and (2) it is clear that impulse interference is characterized
by a broadband spectrum that decreases with frequency.

The shorter the duration of the interference, i.e. the greater the coefficient a,
the wider and more uniform the spectrum in frequency. The spectrum width of the
pulsed interference is usually greater than the spectrum width of the signal. The
distribution of amplitudes - in particular, for atmospheric interference is
satisfactorily described by the logarithmic Gaussian law

WU ,,)= ! exp| — 19Uy o? = Ig?u (3)
nm ‘\/zo_n 20_5 ! n nm?
The distribution of pulses in time is close to the Poisson distribution:
OIT, | _
F(k,9)=[ @ }e . @)

where F(k, &) —is the probability of the occurrence k pulses during time & ; T, —

is the average repetition period of the pulse interference.
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STUDY OF SEISMIC PROCESSES USING Ai TECHNOLOGY

Suleymanov S.S., Bayramov A.A., Abdullayev F.N.
Republican Seismic Survey Center, Baku, Azerbaijan

It is known that in the pre-earthquake stage, large rheological changes occur in
a certain volume of the geological environment: geophysical anomalous volume
zones of various nature are formed, cracks open in the zones of increased shear and
tensile stress. The development of the pre-earthquake destruction process can affect
the change in the recorded geophysical anomalies, anomalous variations in the
Earth's magnetic field, gravity, and radon exhalation dynamics [1-4]. For more
effective analysis of the results of regular monitoring of changes in the Earth's
magnetic field and the propagation of seismic waves, it is necessary to create an
automated magnetometer, as well as a mathematical and hardware-software complex
using artificial intelligence-based neural networks, Fourier analysis, wavelet
transforms, etc. methods for processing the received seismic spectra [5-7].

The purpose of the report is to present the results of the creation of a new
generation automated magnetometer complex; regular observation of seismic waves
in a selected area; assessment of the current situation in the depths of the earth and
on the surface based on information (spectral data) received from seismological
devices, analysis of the dynamics of spectral data for separate periods.

References

1. Hashimov E. G. et al. Determination of the bearing angle of unobserved ground
targets by use of seismic location cells //2017 International Conference on Military
Technologies (ICMT). — IEEE, 2017. — p. 185-188.

2. Hashimov E. G., Bayramov A. A. Detection unobserved moving armored vehicles
by seismic method //National Security and Military Sciences. 2015. vol. 1. Ne. 1. C. 128-132.

3. Hashimov E.G., Bayramov A.A. Destruction of enemy combat power in
indeterminacy condition //Proc. of Vth International Scientific Technical conference “Modern
development directions of data communication technology and control means. 2015.p.23-24

4. Hashimov, E.G., Maharramov R.R. Methods of effective detection of unmanned
aerial vehicles // TIpo6nemu indopmarusanii. Te3u momosiaeit 9- i MixkHapoaHOI HAyKOBO-
texHiunoi koHpepennii. Tom 1. -Uepkacu — XapkiB-baky — Benscbko-bsima: 18 — 19
mmcronana, -2021, -¢.118-119

5. Sundhararajan M., Gao X., Nejad H. Artificial intelligent techniques and its
applications. Journal of Intelligent & Fuzzy Systems 34 (2018), pp. 755-760.

6. Bajaj, S., Bopardikar, S., Moll, A., Torng, E., Casbeer., D.: Perimeter Defense
using a Turret with Finite Range and Service Times. arXiv:2302.02186v1 [eess.SY] 4 Feb
2023

7. Guerrero-Bonilla, L., Nieto-Granda, C., Egerstedt, M.: Robust Perimeter Defense
using Control Barrier Functions. In 2021 International Symposium on Multi-Robot and Multi-
Agent Systems (MRS). IEEE, pp. 164-172. (2021).

8. Hashimov E. G. et al. Application of relief digital model for combat operation
planning //Military Knowledge. — 2015. — T. 4. — C. 63-69.

47



Current directions of development of information and communication technologies and control tools

SOFTWARE FOR THE RADON EMISSION CONTROL

Bayramov A.A., Keramova A.A., Yusifova X.H., Mammadzada S.A.
Republican Seismic Survey Center, Baku, Azerbaijan

When tectonic blocks interlock, lithospheric electromagnetic fields in the
compression area will be suppressed, and intensified in the stretching area [1-3]. In
addition to earthquakes, there are also hidden dangers, the so-called "slow
catastrophes". Radioactive radon is dangerous, first of all, for humans, the study of
the dynamics of radon emission depending on geodynamic factors is very relevant.
In Azerbaijan, radon is the most common hazard in cities and rural areas. It is this
type of danger that causes the most human deaths and the greatest material damage
[4-6].

The purpose of the report is:

1) to investigate of radon emission by geochemical technology in the special
stations on the territory of the Azerbaijan Republic;

2) to develop and create a software for the radon emission control in order to
assess the risk of seismicity in the region and to transmit measured data on-line mode
to a central post using GSM communication.

As a result of the pilot studies, a map of radon emission on the territory of the
Azerbaijan Republic will be create. A software for carrying out analysis at the central
post will be developed and created.

The work was carried out under a grant from AEF-BQM-BRFTF-4-2024-5(53).
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MODERN AUTOMATIC CONTROL SYSTEMS IN THE 44-DAY
PATRIOTIC WAR

Alakbarova S.
National Defense University, Baku, Azerbaijan

In this article, the role and importance of the use of modern automatic control
systems by the Armed Forces of Azerbaijan in the “Iron Fist” operation during the
Second Karabakh War are evaluated and analyzed.

Technological progress on a global scale has led to changes in the forms and
methods of conducting modern warfare. Unlike previous wars, modern conflicts do
not take place along a broad front but rather have a localized character. As a result
of wide-ranging, purposeful reforms and technological advancements within the
Armed Forces, the Azerbaijan Armed Forces made extensive use of modern
automatic control systems. During the military operations known as “Iron Fist,” the
highly professional and precise deployment of modern missile and simulation
systems, especially Unmanned Aerial Vehicles (UAVS), played a significant role in
increasing the effectiveness of military operations and ensuring both strategic and
tactical advantages on the battlefield [1-3]. Thus, through the effective application
of automatic control technologies, the Azerbaijan Armed Forces were able to alter
the course of the 44-day Patriotic War—by automatically detecting and destroying
enemy targets, minimizing personnel losses on the battlefield, disabling the enemy’s
communication and control systems, rapidly collecting and processing data, and
automatically executing attack plans. All of this weakened the enemy’s resistance
and accelerated the victory.

Due to many of its specific features, the “Iron Fist” operation is regarded by
military experts and security researchers as a war in which next-generation warfare
elements were employed. It is cited among the leading operations in world military
history [1].
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UNMANNED VEHICLE CONTROL ALGORITHM

Suleymanov S.S., Bayramov A.A., Abdullayev F.N.
Republican Seismic Survey Center, Baku, Azerbaijan

At the present stage, various navigation methods have been proposed: inertial
navigation, satellite navigation and observation-based navigation. However,
depending on the task at hand, it is necessary to select the optimal autonomous
navigation technology for the unmanned air vehicle. One of the effective ways is the
technology of Aurtificial Intelligence (Al), which is widely used in the field of
engineering research [1-8]. Al can detect anomalies and predict potential scenarios,
respond to changing situations, study complex problems associated with huge
volumes of data, and find patterns that humans might ignore. It can analyze and use
external factors to improve the maneuvering of UAVSs.

The purpose of the report is to present the results of the developing an
algorithm for controlling and navigating an unmanned vehicle using the artificial
intelligence method. The process of functioning of an intelligent unmanned vehicle
control controller with the choice of a global navigation satellite system is
considered. An algorithm has been developed for using a visual or inertial navigation
system to determine the coordinate and time characteristics of an unmanned aerial
vehicle in the event of non-functioning of the global satellite navigation system. The
proposed algorithm and control architecture are applied to an unmanned aerial
vehicle intended to perform a reconnaissance flight.
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APPLICATION OF ACOUSTIC-SEISMIC METHODS FOR DETECTING
MOVING OBJECTS

Piriyev H.K., Dashpoladov E.Z.
National Defense University, Baku, Azerbaijan

Modern geophysical monitoring technologies effectively detect and track
moving objects using acoustic and seismic methods. By analyzing sound waves and
ground vibrations, these methods enable the remote monitoring of vehicles,
pedestrian movement, and industrial activities [1-5]. The integration of these
techniques enhances detection capabilities in complex environments, including
urban and remote areas.

Key techniques include spectral-time analysis, which differentiates emitted
signals, spectral-polarization processing, which refines directional information, and
bearing determination, which locates objects based on wave propagation.

Field experiments demonstrate that these methods achieve 85-95% accuracy in
object detection. Their application is particularly valuable for security, military
surveillance, and automated industrial monitoring, ensuring real-time tracking and
precise identification of moving targets. Moreover, the ability to operate passively
without requiring active signal transmission makes them highly suitable for covert
operations and environmental monitoring.

Acoustic-seismic methods provide an effective approach for the positive
identification of moving objects. The combination of spectral-time analysis,
spectral-polarization methods, and bearing determination allows for real-time
refinement of an object's key parameters. This approach has promising applications
in security, military monitoring, and automated control systems in industrial
environments.
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TECHNOLOGICAL ASSURANCE OF DIMENSIONAL ACCURACY
IN MACHINE PARTS

Sarvan A.Sh.
Azerbaijan Technical University, Baku, Azerbaijan

This article investigates the dimensional accuracy and economically justified
tolerances in the manufacturing and assembly of machine parts, emphasizing their
impact on production efficiency and operational performance. The study highlights
the necessity of re-evaluating part accuracy requirements by predicting dimensional
changes due to wear and analyzing the functional influence of clearances in
mechanical assemblies. By optimizing dimensional relationships and controlling
tolerances, both durability and cost-effectiveness in the production process can be
significantly improved.

Particular attention is given to the techno-genetic transformation of
dimensional accuracy from workpiece to final part surfaces, especially in high-
precision machining. The formation of micro-geometric characteristics is
determined by inter-operation inheritance and the precision of previous
technological steps. Modern numerically controlled machines with enhanced rigidity
are essential for achieving the required accuracy and surface integrity.

The paper also explores how various machining processes generate
characteristic “hidden” and “apparent” micro-errors, influenced by input parameters
and physical-mechanical conditions. The real contact area between surfaces,
including plastically deformed micro-protrusions, critically affects part longevity.

Finally, the study underscores the scientific and technical importance of
ensuring high dimensional and shape accuracy, particularly in parts operating under
extreme conditions. Special emphasis is placed on the honing process and its impact
on surface microstructure, reliability, and performance of machine elements.
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THE ROLE OF ARTIFICIAL INTELLIGENCE IN COUNTERING
UNMANNED AERIAL VEHICLES IN MODERN CONFLICTS

Maharramov R.R., Sabziev E.N., Pashayev A.B.
National Defense University, Baku, Azerbaijan

In recent years, the growing demand for unmanned aerial vehicles (UAVS) in
modern conflicts—such as the Second Karabakh War, the 2023 localized anti-terror
operations, the ongoing Russia-Ukraine war, and Middle Eastern hostilities—has led
to rapid advancements in UAV technology. These systems vary significantly in size,
function, design, and autonomy, presenting serious challenges for air defense (AD)
systems. Especially problematic are small, low-flying UAVs equipped with stealth
coatings that hinder detection by conventional radar and optical systems. As a result,
leading global research institutions and defense companies emphasize the integration
of artificial intelligence (Al) to overcome these limitations. Al-driven detection and
object recognition systems can analyze radar signals and visual data to identify
UAVs with high accuracy. Moreover, signal analysis systems can detect UAV
communication patterns, enhancing threat awareness. Beyond detection, Al enables
automated response mechanisms, capable of classifying UAV types, assessing threat
levels, and deploying suitable countermeasures. Automatic targeting and firing
systems powered by Al ensure faster and more precise responses. Ultimately, Al
offers a transformative approach to UAV defense, promising faster, more accurate,
and highly integrated counter-UAV systems. As Al technologies advance, they will
reshape traditional defense paradigms and provide revolutionary improvements in
both detection and combat efficiency.
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TACTICAL AND INTELLIGENT CONTROL OF UAV SWARMS

Talibov A.M., Pashaev A.B., Sabziev E.N.
Institute of Control Systems, Baku, Azerbaijan

The use of a swarm of unmanned aerial vehicles (UAVS) in modern military
operations has emerged as a strategic approach to overcome the limitations of
individual UAVs. This paper explores the fundamental principles and tactical
applications of UAV swarms in combat missions. Key components of effective
swarm deployment include route-based flight control, formation integrity, target
detection and recognition, target assignment, safe transport of hazardous payloads,
and precision weapon deployment. Route planning prioritizes low-visibility paths
such as valleys and riverbeds—to enhance covert movement, while advanced
algorithms ensure safe navigation and collision avoidance. Swarm UAVSs transition
from en-route flight to battle formation and align laterally before engaging targets.
Each UAV autonomously selects a designated target based on a distribution
algorithm. Critical attention is given to the secure handling of explosives through
intelligent electronic switching systems and power supply controls, which activate
only after takeoff. The detection and targeting modules rely heavily on artificial
intelligence (Al), utilizing image recognition and real-time adjustments to maintain
the target in the camera's field of view. A software system is proposed to identify
enemy silhouettes and guide the UAV precisely toward destruction zones. Overall,
this research underlines the growing role of Al and intelligent coordination in the
effective and safe use of UAV swarms in combat environments.
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DESIGN AND SIMULATION OF A HiIGH-PERFORMANCE
MICROSTRIiP ANTENNA FOR WIiRELESS
COMMUNICATION SYSTEMS

Karimov E.Y., Muradov T.S.
Military Institute named after Heydar Aliyev, Baku, Azerbaijan

In the digital era, wireless communication systems have become essential for
ensuring fast, reliable, and high-quality data transmission. With the increasing
demand for wireless technologies such as Wi-Fi and Bluetooth, the need for efficient
antenna design has grown significantly. This study presents the modeling and
simulation of a microstrip patch antenna operating at 2.4 GHz, a widely used
frequency in wireless communication systems. Due to its compact geometry, low
weight, and low manufacturing cost, the microstrip antenna is ideal for applications
in mobile devices, WLAN, medical technologies, and satellite communications. The
antenna was designed using CST Microwave Studio software, with copper used for
both patch and ground layers, and ROGERS RT/duroid 5870 selected as the
substrate material for its high-frequency compatibility. Simulation results revealed
a reflection coefficient of -45.5 dB, gain of 6.8 dBi, VSWR of 1.01, and directivity
of 7.8 dBi—values that meet or exceed standard performance criteria for Wi-Fi
applications. The optimized design and feeding techniques contributed to the high
efficiency and reliability of the antenna. These findings suggest that the proposed
antenna can be effectively used in modern WLAN systems, offering a practical
solution for expanding the capabilities of wireless communication technologies.
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THEORETICAL AND PRACTICAL APPROACHES TO COMBAT
ACTIVE ELECTROMAGNETIC INTERFERENCE

Ganjiyev A.Sh, Huseynov M.M., isgandarov R.Z., Mabudov G.F.
Military Institute named after Heydar Aliyev, Baku, Azerbaijan

Ensuring reliable transmission, reception, and processing of signals under
active jamming conditions is one of the key challenges in modern applied
information theory. This paper is devoted to the theoretical and practical aspects of
enhancing the jamming resistance of radio-technical systems (RTS) used in military
applications. A concise overview of methods, perspectives, and results related to the
suppression of active electromagnetic and noise jamming is presented. The study
analyzes the structure and vulnerabilities of modern multifunctional RTS against
electronic warfare (EW) technologies and proposes several improvement strategies.
Particular emphasis is placed on increasing the structural stealth of wideband
probing signals through combined phase-coding and pseudo-random discrete
frequency modulation techniques. The paper highlights the necessity of technical
and organizational measures to ensure both jamming resistance and emission
concealment, especially in combat operations where passive modes are limited. In
light of the increasing use of microelectronic-based devices and growing
electromagnetic density in the environment, the study emphasizes the urgency of
addressing deliberate active jamming threats. Proposed countermeasures include
classical anti-jamming methods, improved operator training, adaptive coding
techniques, phase-modulated wideband signals, and automated jamming
suppression software systems. The findings underline that overcoming active
jamming threats is vital for the operational integrity and survivability of all signal-
emitting and receiving military platforms.
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MONOCRYSTAL < MONOCRYSTAL TRANSFORMATION
IN Ko.975Rb0.02sNO3 CRYSTAL

Nasirov E.V., Mabudov G.F.

Military Institute named after H.Aliyev, Baku, Azerbaijan
Rzayeva A.G., Nasirov V.I.

Azerbaijan State Pedagogical University, Baku, Azerbaijan

The investigation of monocrystalline <> monocrystalline phase transformations
in Ko.97sRbo.02sNOs solid solutions is of both scientific and practical importance.
Scientifically, the study contributes to the understanding of polymorphic
transformation mechanisms, crystal nucleation, and growth processes, enriching
knowledge in crystallography and materials science. In this work, single crystals
were obtained via isothermal crystallization, and their structural transformations
were analyzed using optical microscopy and X-ray diffraction techniques. It was
determined that the crystals exhibit a rhombic structure at room temperature, and
undergo a reversible [IIII transformation to a hexagonal structure at temperatures
above 401 K. Morphological analysis revealed that new phase nucleation begins in
the [100] crystallographic direction and continues along [001]—a characteristic of
monocrystal-to-monocrystal, enantiotropic transitions. Notably, the I-phase
observed in pure potassium nitrate during cooling was absent. These transformations
demonstrate potential for use in temperature- and pressure-sensitive sensors due to
their phase responsiveness. The crystals' high thermal stability and dielectric
properties also make them suitable for heat storage systems, capacitors, and
microelectronic applications. Furthermore, the incorporation of Rb* ions enhances
phase stability and enables control over transformation temperatures. The results
open up new directions for functional material design in fields such as defense
technology, environmental monitoring, and information storage.
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TACTICAL ENERGY-SAVING STRATEGIES FOR MILITARY
UNMANNED AERIAL VEHICLES

Zulfugarov B.S., Manafov A.
National Defense University, Baku, Azerbaijan

Minimizing energy consumption during reconnaissance flights of military
unmanned aerial vehicles (UAVs) is essential for operational efficiency and
extended mission duration. Traditional path planning approaches often equate the
shortest distance with optimal energy use; however, this assumption neglects energy-
intensive factors such as course changes and UAV acceleration. This paper presents
a comprehensive analysis of 14 practical criteria aimed at optimizing UAV flight for
reduced energy consumption. These include maintaining lower altitudes to benefit
from stable air density, minimizing course deviations, employing wide-angle lenses
for efficient area coverage, and optimizing descent strategies upon mission
completion. Further strategies involve regulating the power of data transmission
systems, implementing wide-area surveillance through coordinated UAV swarms
with altitude self-adjustment, and integrating high-speed processors to shorten
mission time. The study also highlights the effectiveness of brushless DC motors in
reducing UAV weight and energy use. Joint optimization of flight paths and
communication energy efficiency is emphasized as a holistic solution. By addressing
both aerodynamic and electronic aspects of UAV operations, this research provides
actionable insights into energy-efficient UAV design and mission planning,
potentially reducing energy consumption by up to 150% in coordinated flight
scenarios.
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SWARM TACTICS AND THE EVOLUTION OF UAV WARFARE
IN MODERN CONFLICTS

Sabziev E.N., Pashayev A.B.
Military Scientific Research Institute, Baku, Azerbaijan

Recent armed conflicts such as the Second Karabakh War and the ongoing
Russia-Ukraine war have demonstrated a paradigm shift in modern warfare tactics
and technologies. These conflicts are characterized by the use of non-traditional
combat methods, enhanced precision weaponry, information warfare, and advanced
command and reconnaissance systems. Notably, unmanned aerial vehicle (UAV)
systems—particularly combat and reconnaissance drones—have become key tools
for achieving tactical superiority when manned aviation is impractical or ineffective
due to strong air defense systems or hazardous combat environments. The analysis
of recent wars has revealed a trend toward miniaturization, energy efficiency,
multifunctionality, and autonomy of UAV systems, often enhanced by artificial
intelligence technologies. A significant emphasis is placed on the use of drone
swarms, which offer advantages in coordinated target detection, high-impact strikes,
and autonomous decision-making. This paper explores the tactical applications of
military UAV swarms, identifies key mission objectives, and outlines principles and
approaches to their deployment.

The aim is to investigate the technical and operational challenges in swarm-
based UAV warfare and to develop a structured framework for their use in future
military engagements. The findings highlight the transformational role of UAV
swarms in redefining battlefield strategies.
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FORMATION CONTROL AND ATTACK ALIGNMENT
IN UAV SWARM MISSIONS

Sabziev E.N., Pashayev A.B.
Military Scientific Research Institute, Baku, Azerbaijan

This paper explores the tactical procedures involved in ensuring proper
formation control and attack alignment during swarm-based UAV military missions.
One of the key aspects of swarm coordination is the transition from a route-following
mode to a combat formation as the UAVs approach the target zone. Based on
preloaded information about the estimated number, location, and spatial distribution
of targets, the UAVs initiate a collective maneuver approximately 300 meters before
reaching the target.

Initially flying in a column formation along a pre-planned route, the UAVs
autonomously shift into a line (chain) formation to enable simultaneous target
acquisition and synchronized engagement. During this phase, the UAVs conduct
real-time video surveillance to detect and identify targets, with the possibility of
operator intervention for additional accuracy. This formation ensures optimal use of
firepower while minimizing the risk of mid-air collisions and maintaining secure
distances from terrain obstacles.

The study highlights the importance of intelligent coordination algorithms and
flexible flight control systems to manage swarm behavior under dynamically
changing battlefield conditions. These findings contribute to the development of
more effective swarm UAV mission planning and real-time operational control in
modern warfare scenarios.
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TARGET DETECTION AND AUTONOMOUS GUIDANCE IN
COORDINATED UAV SWARM OPERATIONS

Huseynov M.A., Hashimov E.G.
Military Scientific Research Institute, Baku, Azerbaijan

This section focuses on the mechanisms of target detection and guidance within
a swarm of military unmanned aerial vehicles (UAVs). During the final approach
phase of the mission, the UAVs are tasked with conducting coordinated target
acquisition using onboard optical systems and preloaded geographic data. Operating
in a chain formation, each UAV independently scans its designated sector, allowing
for parallel identification of multiple targets across a wide area.

The swarm employs real-time video processing and image recognition
algorithms to detect enemy personnel, vehicles, or infrastructure. Detected targets
are then marked and transmitted to the central control system or operator for
validation. Once confirmed, UAVSs use autonomous guidance systems to align their
trajectory towards the assigned targets.

In more advanced scenarios, UAVs may dynamically reassign targets within
the swarm based on proximity, priority, or mission context, ensuring efficient
resource allocation. This collaborative approach enhances mission effectiveness,
reduces time-to-engagement, and minimizes redundant strikes. The system's
adaptability in dynamic combat environments underscores the significance of
distributed intelligence and decentralized decision-making in UAV swarm
operations.
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TARGET ALLOCATION AND SYNCHRONIZED STRIKE EXECUTION
IN UAV SWARM SYSTEMS

Huseynov M.A., Hashimov E.G.
Military Scientific Research Institute, Baku, Azerbaijan

In modern warfare, the use of unmanned aerial vehicle (UAV) swarms has
introduced new tactical possibilities for coordinated attacks against enemy targets.
This paper investigates the mechanisms and algorithms behind target allocation and
synchronized strike execution within UAV swarm operations. The focus lies on how
multiple UAVs autonomously detect, identify, and assign targets among themselves
using onboard sensors, inter-drone communication, and Al-based decision-making.
Once the targets are distributed based on priority, location, and type, the UAVs
coordinate their movement and timing to launch a simultaneous or near-
simultaneous strike, maximizing effectiveness while minimizing the risk of
counteraction.

The study examines real-time synchronization protocols, dynamic
reassignment in case of UAV loss, and timing precision in electronic warfare
conditions. Simulation-based evaluations demonstrate that synchronized strikes
significantly increase mission success rates, especially against mobile or time-
sensitive targets.

This analysis offers a conceptual framework and outlines future directions for
the integration of adaptive coordination strategies in UAV swarm technologies,
particularly for high-risk operations where precision and timing are critical.
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STRUCTURAL AND ELECTRONIC INTEGRATION OF EXPLOSIVES IN
MILITARY UAV PLATFORMS

Huseynov M.A., Huseynov B.S., Hashimov E.G.
Military Scientific Research Institute, Baku, Azerbaijan

This paper explores the challenges and safety measures involved in the
transportation of hazardous payloads, specifically explosives, using unmanned aerial
vehicles (UAVs) for military applications. The type of explosive, its fragmentation
pattern, and physical form must be carefully selected based on the operational
objectives and integrated with the UAV's structure for safe delivery.

A key focus is the design of an intelligent detonation control system that
ensures maximum safety during the flight phase. The explosive is detonated using
an electro-detonator, but under normal conditions, the system must remain fully
isolated from any electrical connection to prevent accidental detonation. To achieve
this, an intelligent electronic module and software-driven control circuit are
developed to manage the arming process securely. This system only allows the
detonation sequence to proceed upon receiving a validated signal from the UAV's
control unit, thereby minimizing operational risks.

The study contributes to the safe deployment of UAV-based combat systems
and presents a model for integrating explosive payloads without compromising
mission integrity or operator safety. Such advancements are essential in enhancing
the precision and security of UAV-based strike missions.
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SAFE ACTIVATION MECHANISM FOR UAV-BASED EXPLOSIVE
PAYLOADS IN MILITARY MISSIONS

Huseynov M.A., Huseynov B.S.
Military Scientific Research Institute, Baku, Azerbaijan

This section explores the development of a reliable and safe firing mechanism
for explosive payloads deployed by military Unmanned Aerial Vehicles (UAVS).
The safe handling and deployment of explosive devices is of paramount importance,
both to prevent accidental detonation and to ensure mission success. The proposed
firing system integrates advanced safety protocols, whereby the explosive subsystem
remains disconnected from any power supply during preparation and mounting.
Electrical connections are established only after the UAV is fully assembled and
secured for flight. The system is activated remotely through a specialized “arming”
command from the control station, at which point it enters standby mode and awaits
the final “fire” command. The explosive payload is triggered via an electro-
detonator, and the firing circuit includes both electronic hardware and a
programmable logic module that ensures accurate and controlled detonation.

Furthermore, the mechanism is designed with a failsafe feature: if the UAV
aborts its mission and returns to base, the system automatically disengages from the
power source, preventing unintended activation. The integration of intelligent
electronics, delayed arming procedures, and automatic deactivation routines ensures
both operational effectiveness and personnel safety. This approach supports the
broader goal of enhancing the autonomy and tactical applicability of UAV swarms
in complex combat scenarios.
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ADVANCED SEISMOACOUSTIC TECHNIQUES
FOR EARLY DETECTION OF CONCEALED MILITARY THREATS

Babayev S.M.
Military Institute named after H. Aliyev, Baku, Azerbaijan

The detection of invisible or unobservable targets holds significant strategic
importance in modern military operations. With the rapid advancement of
technology, collecting, processing, and utilizing high-precision data efficiently has
become a vital requirement in defense and security domains. Especially in
mountainous, forested, or otherwise complex terrains, early detection of unexpected
threats necessitates the use of innovative approaches. In this context, seismoacoustic
methods offer notable advantages due to their low energy consumption, silent
operation, and high accuracy. These methods detect pressure and sound variations
generated by the movement of heavy machinery and armored vehicles, processing
multiple physical signals simultaneously to minimize false positives. However,
complex terrain may distort signal trajectories, affecting detection precision. This
paper proposes a novel seismoacoustic approach for detecting invisible ground
targets, using a 3D coordinate-based algorithm grounded in seismic localization
principles. The use of triangular sensor configurations enhances signal direction
estimation and reduces computational errors.

The study aims to examine the theoretical foundations, technical capabilities,
and practical applications of the proposed method. Furthermore, it evaluates
performance across varying topographical conditions. The results present new
perspectives for seismoacoustic technologies in defense, offering significant
potential to optimize military surveillance and early-warning systems.
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PRINCIPLES AND APPLICATIONS OF SEISMOACOQUSTIC
DETECTION IN MODERN TARGET RECOGNITION SYSTEMS

Hasanov A., Talibov Y.B.
Military Institute named after H. Aliyev, Baku, Azerbaijan

The detection of ground-based and concealed targets is of increasing strategic
importance in modern military operations, particularly in complex environments
such as mountainous and forested terrains. Seismoacoustic methods have emerged
as effective tools for such detection tasks due to their low energy consumption, silent
operation, and high accuracy. These techniques rely on the collection and analysis
of seismic and acoustic signals generated by the movement or presence of military
vehicles, armored units, or other ground-based objects. One of the core advantages
of seismoacoustic systems is their ability to simultaneously process multiple types
of physical signals, thereby reducing false positives and enhancing reliability.

This paper reviews the fundamental principles of seismoacoustic detection,
focusing on the integration of seismic and acoustic data and the role of advanced
algorithms in minimizing environmental noise. Special emphasis is placed on the
use of piezoelectric sensors, which exhibit high sensitivity to low-frequency
vibrations and can operate reliably across varied terrain and harsh conditions. The
study also highlights the relevance of these technologies beyond military
applications, including disaster monitoring and infrastructure surveillance. Finally,
the potential for further development through advanced materials and real-time
processing capabilities is examined, underscoring the growing significance of
seismoacoustic systems in modern defense strategies.
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SEISMOACOUSTIC TECHNOLOGIES
FOR GROUND TARGET DETECTION IN COMPLEX TERRAIN

Talibov Y.B., Hasanov A.
Military Institute named after H. Aliyev, Baku, Azerbaijan

Seismoacoustic detection methods have proven to be strategically valuable in
military operations, especially for identifying and tracking heavy military vehicles
and armored targets in complex terrains such as mountainous and forested regions.
These technologies rely on the analysis of seismic waves generated by the movement
of such equipment and offer low-energy, passive detection capabilities with high
precision.

One of the key developments in this field is the deployment of seismically
positioned sensor networks that can triangulate the location and movement of
ground-based targets.

This study explores advanced sensor placement strategies, particularly
triangular configurations, which enhance the accuracy of directional and distance
measurements.

Moreover, adaptive signal processing systems have been developed to
minimize background noise and interference from non-target sources, thereby
improving target classification and reducing false detections.

The paper emphasizes the significance of applying optimized algorithms that
account for wave trajectory alterations caused by rugged terrain, enhancing detection
effectiveness even in challenging operational environments.

The findings indicate that seismoacoustic techniques, when integrated with
intelligent data processing and efficient sensor geometries, can offer robust solutions
for remote surveillance and threat detection in military settings.
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SEISMOACOUSTIC METHODOLOGY
FOR DETECTION OF SURFACE TARGETS

Dashpoladov E.Z.
Military Institute named after H. Aliyev, Baku, Azerbaijan

This study presents a structured methodology for the detection of hidden
surface targets using seismoacoustic systems.

The proposed approach emphasizes the optimal deployment of sensors in
triangular configurations, which improves the accuracy of determining the direction
and distance of seismic wave sources.

Each seismic detection cell (SWC) consists of three 3D piezoelectric detectors,
arranged at optimized distances based on the frequency range and monitoring area.

The piezoelectric sensors, known for their high sensitivity to low-frequency
vibrations and low energy consumption, enable long-term field monitoring. The
signals generated by the detectors (Pij) vary depending on the strength and incident
angle of the seismic wave and are processed to determine the wave’s direction.

The complete detection chain includes: piezoelectric sensors with 3D
geometry, triangular SWC configuration, SLS (Seismic Location Station) with
spatially optimized structure, AnSoft signal analysis software, a false-signal filtering
system, and a database of seismic profiles of moving military vehicles.

This integrated configuration enhances detection reliability, especially in
complex terrains, while minimizing false positives.

By combining sensor design, wave propagation analysis, and advanced data
processing, the system ensures accurate identification of mobile targets even under
challenging environmental conditions.
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A METHODOLOGY FOR EVALUATING THE EFFICIENCY
OF MILITARY AUTOMOTIVE TRANSPORT OPERATIONS

Talibov A.M.
Institute of Control Systems, Baku, Azerbaijan
Sadiqgli A.B.
Azerbaijan Technical University, Baku, Azerbaijan

This study presents a methodological framework for evaluating the efficiency
of military automotive cargo transportation within the auto-technical support (ATS)
system of the Armed Forces of the Republic of Azerbaijan. The methodology is
designed to account for the complex and multidimensional nature of military
transport operations, including operational readiness, timeliness, and economic
efficiency. Key performance indicators (KPIs) are identified and analyzed, such as
total transportation distance, time expenditure, vehicle load utilization ratio, empty
mileage coefficients, cost per transported unit, and transport productivity. A multi-
criteria approach is applied using mathematical models to determine optimal values
of these indicators.

The model considers both logistical constraints and operational parameters like
route optimization, rest periods, loading and unloading delays, and vehicle wear
factors. The study introduces efficiency coefficients (e.g., nominal load utilization,
useful cost index) that reflect the degree of resource use within a defined planning
cycle. Emphasis is placed on minimizing idle time, enhancing scheduling, and
reducing total transport cost. The proposed methodology enables military decision-
makers to assess the overall performance of cargo operations and make informed
adjustments to improve effectiveness within the ATS structure. It also offers a
scientific basis for developing specialized software tools for logistics planning in the
defense sector.
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A GRAPH-BASED MATHEMATICAL MODEL FOR PLANNING
MILITARY AUTOMOBILE CARGO TRANSPORTATION

Talibov A.M.
Institute of Control Systems, Baku, Azerbaijan
Sadiqgli A.B.
Azerbaijan Technical University, Baku, Azerbaijan

This research introduces a graph-based mathematical model for planning
military automobile cargo transportation. The transportation process is interpreted
as a network flow, and a stepwise algorithm is constructed using graph theory
principles. The first stage of the model identifies optimal delivery routes via the
Bellman-Shimbel shortest path algorithm. The second stage involves solving a
classical linear programming transportation problem to determine the shipment
matrix between supply points and demand centers.

The final stage addresses the optimal distribution of available vehicle resources
across identified routes. Key transport parameters such as distances, vehicle
capacities, costs per route, and number of vehicles are incorporated.

This structured model ensures economic efficiency, operational feasibility, and
supports decision-making under constraints typical of military logistics.

The presented framework provides a scientific foundation for automating and
optimizing transportation planning in defense logistics systems.

References

1. Bayramov A. A. et al. MaremaTndeckass MOJEIb JIOTUCTUKH TEXHUYECKOTO
cHa0>keHHs B 30HAX BOCHHBIX JieiicTBuit //CydacHi iHpopMaIiifHi TeXHOIOTIi y cdepi Oe3nexn
Ta oboponn. — 2019. — T. 35. — Ne. 2. — C. 77-80.

2. Talibov A.M., Hashimov E.G. Vehicle transport cost calculation method / Current
directions of development of information and communication technologies and control tools.
Proceedings of 14-th International Scientific and Technical Conference Volume 2: sections
3-6. - Baku — Kharkov — Jilina, april 25 — 26, 2024. -p.107.

3. Talibov A. M. et al. On the optimal placement of logistics centers //Baku:
Informatics and Control Problems. — 2023. — Ne. 43. — p. 51-58.

4. Talibov A. et al. Optimal placement of logistics centers in the Republic of
Azerbaijan //2nd International Conference on Problems of Logistics, Management and
Operation in The East-West Transport Corridor (PLMO 2023).—Baku: may. —2023.— p.24-26.

5. Hashimov E. G. About one method of navigation task solution //AHMC after H.
Aliyev. Scientific Review. —2013. — T. 1. — Ne. 20. — C. 45-49.

6. Hashimov E. G., Bayramov A. A., Xalilov B. M. Terrain orthophotoplanes making
for military objects revealing //National security and military sciences. — 2016. — T. 2. — Ne.
4. —C. 14-20.

7. Tami6oB A. M., I'ymies B. B. A method for assessing the military-economic
indicators with the purpose of locating a logistics center for redeploying troops //Advanced
Information Systems. — 2021. — T. 5. — Ne. 2. — C. 152-158

70



CyyacHi HanpsMmn po3BUTKY iHPOPMaLLIMHO-KOMYHIKaLiHUX TEXHOMOTi Ta 3acobiB ynpaBniHHA

EVALUATION METHODOLOGY FOR THE EFFICIENCY
OF MILITARY AUTOMOBILE CARGO TRANSPORTATIONS

Talibov A.M.
Institute of Control Systems, Baku, Azerbaijan
Huseyn-Zada K.
Baku State Universitety, Baku, Azerbaijan

This paper presents a methodology for evaluating the operational efficiency of
military automobile cargo transport. The approach focuses on identifying and
optimizing key performance indicators (KPIs), including total distance (Sd),
transport time (Td), vehicle load utilization, cost per ton, and advantageous expense
ratio. Formulas are provided to quantify metrics such as transport productivity and
cost-efficiency, considering both technical and organizational factors.

The methodology integrates coefficients for unloaded driving, driver rest
periods, fuel consumption, and vehicle depreciation to ensure accurate assessment.
It highlights the impact of transport planning delays and inefficient routing on
overall military readiness. By applying this methodology, defense organizations can
assess both current and optimal performance, allowing informed decision-making
for enhancing logistical support systems.

The proposed model facilitates the economic analysis of transport operations
and supports the development of logistics strategies tailored to operational realities.
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ROBOTIC TECHNOLOGY AND ITS APPLICATION

. Gadirova T.T.
Military Institute named after Heydar Aliyev

This paper explores the essence of robotic technology and its increasing
importance in contemporary military systems. The study begins by defining the
concept of robotics as an engineering discipline focused on the design, construction,
and operation of automated systems capable of replacing or supporting human
activity. It then provides a brief historical overview, highlighting the use of early
military robots such as the Soviet “teletanks” during World War II, thus underlining
the longstanding interest in military automation.

The core part of the article examines the current state of military robotics,
including their diverse applications in modern armies—ranging from reconnaissance
and mine clearance to firefighting and logistics support. The paper discusses the
technical and operational advantages that robotic systems offer over human
personnel, especially in high-risk or repetitive tasks. Furthermore, it investigates the
role of military robots in reducing physical strain on soldiers, enhancing battlefield
productivity, and most importantly, saving lives.

The article emphasizes that robotic systems, due to their durability and ability
to operate continuously, are becoming integral components of national defense
strategies. It also underlines the future trajectory of military robotics in connection
with artificial intelligence, autonomy, and ethical considerations.
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KEY JUSTIFICATIONS FOR DRONE USE IN WARFARE

Babayev S.M.
Military Institute named after Heydar Aliyev, Baku, Azerbaijan

The growing use of unmanned aerial vehicles (UAVS) in contemporary military
operations is often justified by their perceived effectiveness in achieving strategic and
tactical goals.

This paper analyzes the main arguments put forward to support the effectiveness
of drones in armed conflict.

It is argued that drones, due to their high-precision targeting capabilities, can
neutralize terrorist threats with minimal risk to military personnel and reduced
operational costs.

In particular, UAVs are considered an efficient means for eliminating high-value
targets (HVTs), thereby disrupting the leadership and organizational structures of
militant groups.

Their ability to provide real-time surveillance and intelligence further enhances
situational awareness on the battlefield.

These claims are especially prominent in the practices of states such as the
United States and Israel, where drone operations are frequently utilized for targeted
killings and strategic reconnaissance.

However, the paper also highlights that such effectiveness claims often rely on
selective or unverified data, and tend to overlook the legal, ethical, and humanitarian
consequences of drone strikes, including civilian casualties and accountability issues.
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SOVEREIGNTY AND CIVILIAN PROTECTION
IN THE AGE OF DRONE WARFARE

Muradov S.A.
National Defense University, Baku, Azerbaijan

The increasing use of unmanned aerial vehicles (UAVS) in military operations
has raised complex legal and ethical questions that challenge traditional principles
of international law and armed conflict. One of the most controversial issues is the
violation of state sovereignty through cross-border drone strikes conducted without
the host nation’s consent.

Such actions undermine the UN Charter’s prohibition against the use of force
and raise concerns about the erosion of territorial integrity. Additionally, drone
strikes have often resulted in civilian casualties, prompting scrutiny under
international humanitarian law (IHL), which mandates the principles of distinction,
proportionality, and necessity in armed engagements.

The lack of transparency in drone operations, particularly those conducted
covertly by intelligence agencies, further complicates accountability. Limited public
disclosure and the absence of independent oversight have led to growing criticism
from human rights organizations, as victims and affected communities are often left
without legal recourse or acknowledgement.

This paper explores these key challenges, calling for clearer international
norms, improved transparency mechanisms, and the establishment of accountability
frameworks to regulate the lawful and ethical deployment of drones in warfare.
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THE IMPACT OF INFORMATION TECNOLOGIES
ON NATURE OF WARS

Tahirov R.K.
National Defense University, Baku, Azerbaijan

The intensity of modern armed conflicts demonstrates that war continues to be
a prevailing means of resolving both interstate and internal contradictions. The
famous statement by Prussian military theorist Carl von Clausewitz—"war is merely
the continuation of politics by other means"—remains relevant even today. Analysis
shows that while the core objectives of war—such as destruction, weakening,
intimidation, and overthrowing—have not changed, the methods and forms of
achieving these objectives have evolved significantly. Changes in technology,
society, economic systems, and political structures have all shaped the
transformation of warfare.

Historical and contemporary studies confirm that militaries that fail to adapt to
new weapons, technologies, and operational methods often face devastating defeats.
For instance, France's quick defeat by Germany in World War 11, despite having
strong weaponry, is attributed to its military leadership’s attachment to outdated
methods from World War I.

A key focus of this paper is the emergence of "Network-Centric Warfare"
(NCW), a concept introduced by the U.S. Department of Defense in the late 20th
century. NCW emphasizes gaining superiority on the battlefield through the use of
advanced information and communication technologies. It integrates intelligence,
command and control, navigation, and firepower systems into a unified digital
network. One of its core elements is "self-synchronization,” which allows
commanders to interact directly with troops and superiors, make real-time decisions,
and rapidly respond to changing battlefield conditions.

As a result of the integration of information technologies, revolutionary
changes are taking place in the art of war. Traditional distinctions between strategic,
operational, and tactical levels are becoming blurred. NCW enables simultaneous
target identification and engagement across all levels, making modern warfare more
dynamic, decentralized, and decisive than ever before.
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ADAPTING MILITARY ENVIRONMENTAL STANDARDS
TO MODERN CHEMICAL AND RADIOLOGICAL THREATS

Talibov A.M.
Institute of Control Systems, Baku, Azerbaijan
Hashimov E.G.
Azerbaijan Technical University, Baku, Azerbaijan
Akhundov R.G.
National Defense University, Baku, Azerbaijan

The evolving nature of chemical and radiological threats in military conflicts
presents new challenges for environmental protection standards. Traditional military
environmental protocols, established during earlier eras, often fail to address the
complexities of modern warfare, where chemical and radiological weapons can have
long-lasting, widespread consequences. This paper examines the necessity of
adapting military environmental standards to better mitigate the risks posed by these
modern threats and ensures the sustainability of military operations while protecting
both the environment and personnel.

Adapting military environmental standards involves integrating new scientific
knowledge and technological advancements into existing frameworks. As chemical
and radiological weapons have become more sophisticated, so too must the strategies
for minimizing their impact on military personnel, local populations, and
ecosystems. This includes revising regulations for the handling, storage, and disposal
of hazardous materials, ensuring that military personnel are adequately trained to
respond to chemical and radiological incidents, and developing new protective
measures that go beyond traditional approaches.

One key aspect of adaptation is updating environmental monitoring systems to
detect and assess contamination levels more accurately. Modern chemical and
radiological agents can be difficult to detect, especially when they are dispersed
across large areas. Advances in sensor technology, such as portable radiation
detectors, chemical sensors, and automated air monitoring systems, can enhance the
military’s ability to respond quickly and effectively to contamination events. These
technologies can be integrated into real-time data systems, allowing military
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personnel to make informed decisions and implement rapid mitigation actions.
Furthermore, new protective measures for military personnel are essential.
Traditional personal protective equipment (PPE) may not be sufficient to handle the
wide range of modern chemical and radiological agents. There is a growing need for
specialized PPE designed to provide longer-lasting and more efficient protection, as
well as more advanced decontamination technologies that can quickly and
effectively neutralize hazardous materials.

Lastly, the environmental impact of chemical and radiological weapons
requires the development of strategies for ecosystem recovery and environmental
restoration. Adapting military environmental standards involves creating more
sustainable approaches to managing contamination and mitigating long-term
damage. This includes revising military protocols for the decontamination of
affected areas, as well as considering the potential for post-conflict environmental
rehabilitation to restore ecosystems and support public health.

In conclusion, adapting military environmental standards to modern chemical
and radiological threats is critical for the protection of military personnel, local
populations, and the environment. By integrating advanced technologies, refining
protective measures, and developing long-term recovery strategies, military forces
can better manage the risks posed by chemical and radiological weapons, ensuring
operational sustainability and minimizing the lasting effects of these dangerous
threats.
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ESTIMATION OF TRANSPORT COSTS IN THE PROCESS
OF MILITARY LOGISTICS

Talibov A.M.
Institute of Control Systems, Baku, Azerbaijan
Hashimov E.G., Hazarkhanov U.A.
Azerbaijan Technical University, Baku, Azerbaijan

This paper examines the effectiveness indicators of military cargo
transportation carried out within the framework of automotive-technical support
(ATS) for the armed forces.

The research takes into account the specific operational, dislocation, and
logistical characteristics of the Azerbaijan Armed Forces, as well as the geographic
and infrastructure features of the national territory.

The study highlights the limitations of civilian transportation efficiency models
when applied to military contexts and proposes tailored evaluation criteria for
military logistics operations.

Key performance indicators (KPIs) are identified based on criteria such as
vehicle load efficiency, minimized empty mileage, centralized delivery systems, and
cost optimization through route and resource planning.

A mathematical optimization model is developed incorporating multi-criteria
analysis (MCA), which includes economic, technical, and tactical parameters
relevant to military operations.

The model addresses the challenges of ensuring timely delivery, operational
readiness, and strategic allocation of transport resources under dynamic and
constrained environments.

The findings support the need for specialized planning software that reflects
the realities of military logistics and enable more efficient, responsive, and secure
transport operations.

This study contributes to the improvement of ATS systems through
quantifiable performance metrics and provides a scientific basis for decision-making
in defense logistics management.
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FUTURE LASER WEAPONS TECHNOLOGY

Mammadova Kh.
National Defense University, Baku, Azerbaijan.

Modern laser weapons are revolutionizing military technology by
complementing and, in some cases, replacing traditional weapon systems. Their
primary principle is to neutralize targets by directing high-energy light beams to a
specific point.

Contemporary laser systems include fiber-optic, chemical, and continuous
lasers, each distinguished by precision, power, and sustained energy supply. Laser
weapons are widely used in military operations, naval defense, and space
technology.

These weapon systems are employed to eliminate fast-moving threats such as
missiles, drones, and artillery shells. The U.S. LaWS and Israel’s Iron Beam are
successful examples of laser technology applications. In naval forces, laser weapons
are used to protect ships and strategic maritime assets. In the space sector, laser
systems are designed to safeguard satellites and neutralize potential threats.

The advantages of laser weapons include high precision, light-speed response,
low operational costs, and silent attacks, making them a formidable choice for
modern defense systems.

Unlike conventional weaponry, laser-based systems do not require
ammunition, reducing logistical burdens and increasing sustainability in long-term
combat scenarios. However, environmental factors such as weather conditions,
atmospheric disturbances, and power supply limitations can affect the efficiency of
laser weapons.

The use of this technology is regulated by international laws and ethical
standards due to concerns about its impact on civilian targets and human rights. The
integration of artificial intelligence into laser weaponry will enhance accuracy and
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automation, making them a crucial defense tool in hypersonic and space warfare.
Future developments in laser technology may lead to the creation of even more
advanced systems, capable of countering stealth aircraft, cyber threats, and high-
speed ballistic missiles.

Some military experts predict that next-generation laser weapons could be
miniaturized for deployment on unmanned aerial vehicles (UAVs) and ground-based
autonomous defense platforms.

As global military powers continue investing in laser technology, it is expected
that these weapons will play a decisive role in future warfare.

The combination of Al-driven targeting, improved power efficiency, and multi-
layered defense systems will make laser weaponry an integral part of modern
military arsenals.

While these advancements promise unparalleled defensive capabilities, their
deployment remains closely tied to legal, strategic, and ethical considerations,
ensuring that their use does not lead to unintended humanitarian or geopolitical
consequences.
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ANALYSIS OF THE FUNCTIONING
OF AN ATMOSPHERIC ACOUSTO-OPTICAL LOCATOR
WIiTH AN ELECTRONIC SCANNER

Abdullaeva A.J., Huseynov A.G., Gasanov A.G., Suleymanov I.1., Nasirov E.V.
National Defense University, Baku, Azerbaijan

This article presents a comprehensive physico-technical analysis of the
functioning of an atmospheric acousto-optical locator with an electronic scanner,
aimed at improving the efficiency and accuracy of remote object detection under
complex atmospheric conditions [1].

The research is based on the theoretical modeling of the processes involved in
the interaction between acoustic waves and laser radiation within a nonlinear optical
medium, enabling the implementation of adaptive scanning and image correction in
the presence of turbulence and meteorological interference.

The study analyzes the key physical parameters of the system, including the
spectral characteristics of acousto-optical transformation, phase shifts, and
amplitude modulation of the signal, and provides a comparative analysis of
traditional methods versus the proposed approaches [2].

The integration of an electronic scanner allows for rapid and precise image
formation, a fact confirmed by both computational models and experimental data
obtained using modern digital signal processing techniques [3]. The practical
significance of article lies in the potential application of the developed technology
in remote sensing systems for atmospheric exploration, environmental monitoring,
and defense security, where high sensitivity and reliability in real-time signal
processing are essential [4-11].

The analysis demonstrates that integrating acousto-optical conversion with
electronic scanning significantly enhances the resolution and dynamic range of
detection systems. The developed mathematical models and signal processing
algorithms effectively minimize the impact of atmospheric interference, ensuring
stable and accurate measurements despite varying meteorological conditions.
Experimental results confirm that the proposed approach successfully separates the
useful signal from background noise, which is critical for improving system
reliability.
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THE ROLE OF DRONES IN MODERN ARMED CONFLICT

Jahangirov V.A., Babayev S.M.
Military Institute named after H. Aliyev, Baku, Azerbaijan

This article explores the use of unmanned aerial vehicles (UAVSs) in the context
of the Russian-Ukrainian conflict, highlighting their tactical applications, impact on
battlefield dynamics, and prospects for future development. The conflict has become
a defining case in modern warfare, where UAVs play a central role in both
reconnaissance and strike operations.

The study categorizes the UAVs used into several main groups:

— reconnaissance drones such as Russia’s Orlan-10, Tiirkiye’s Bayraktar TB2,
and the American RQ-20 Puma, which provide situational awareness and artillery
fire correction;

— strike drones like the Lancet and Shahed-136, designed for precision attacks
on high-value targets;

— loitering munitions and kamikaze drones, which enable accurate targeting
while minimizing exposure to air defenses;

— commercial drones such as DJI Mavic, which are repurposed for frontline use
including reconnaissance and payload delivery.

Tactically, UAVs have transformed the conflict through real-time
intelligence gathering, accurate target acquisition, and the execution of precise
strike missions.

Additionally, first-person-view (FPV) drones have seen increasing use in close
combat scenarios.
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The effectiveness of UAVs has driven the deployment of electronic warfare
(EW) systems and specialized air defense mechanisms to counter their use.

The influence of UAVs on the conflict includes enhanced artillery accuracy,
reduced reliance on manned aviation, and the emergence of new threats to armored
units and fortifications. In response, counter-UAV technologies have rapidly
evolved.

Looking ahead, the evolution of drone warfare is expected to include
autonomous UAVs, Al-coordinated drone swarms, enhanced EW systems, and
expanded use of modified commercial drones with combat capabilities.

Overall, the Russian-Ukrainian war has underscored the pivotal role of UAVs
in reshaping modern military strategies and the future of armed conflict.
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VALIDATION OF MATHEMATICAL APPROXIMATIONS
FOR AN ATMOSPHERIC ACOUSTO-OPTICAL LOCATOR
WITH AN ELECTRONIC SCANNER

Huseynov A.G.
National Defense University, Baku, Azerbaijan

This article is devoted to the validation of mathematical approximations used
for modeling the operation of an atmospheric acousto-optical locator with an
electronic scanner. The study is based on a comprehensive analysis of theoretical
models that describe the nonlinear physical processes occurring during the
interaction between acoustic waves and laser radiation in conditions of atmospheric
turbulence and other interferences [1]. Within the framework of this research,
mathematical algorithms have been developed and tested that allow for highly
accurate predictions of the system’s dynamic behavior, as well as an assessment of
the influence of various atmospheric parameters on the quality of the generated
signal. Special attention has been given to the optimization of the models through
the application of iterative numerical methods, error minimization algorithms, and
adaptive approximation techniques, which ensure a high degree of consistency
between theoretical calculations and experimental data [2]. A set of test scenarios
has been established to examine the stability and sensitivity of these mathematical
approximations to changes in operational conditions, thereby identifying critical
parameters that determine the effectiveness of the acousto-optical locator. The
relevance of this work is driven by the need to enhance the accuracy of remote object
detection under complex meteorological conditions - a factor of significant
importance for defense security, meteorology, and environmental monitoring [3-12].
The comprehensive approach that combines theoretical analysis with practical
validation demonstrates the potential for employing the developed models in modern
remote sensing systems.

The conducted research confirms the correctness and effectiveness of the
proposed mathematical approximations for describing the processes occurring in an
atmospheric acousto-optical locator with an electronic scanner. A comparative
analysis of theoretical calculations and experimental data revealed a high degree of
correlation, indicating the feasibility of applying the developed models to practical
applications.

The optimized algorithms significantly reduce measurement errors, ensuring
improved resolution and an enhanced signal-to-noise ratio. Special attention was
paid to accounting for nonlinear effects and the influence of atmospheric
interference, which allowed for the adaptation of the model to real-world operating
conditions.

The obtained results demonstrate that the integration of an electronic scanner
with acousto-optical conversion contributes to an increased dynamic range and
improved stability of the system when operating under variable atmospheric
conditions. Furthermore, the limitations of the models identified during the study, as

84



CyyacHi HanpsMmn po3BUTKY iHPOPMaLLIMHO-KOMYHIKaLiHUX TEXHOMOTi Ta 3acobiB ynpaBniHHA

well as the proposed directions for their improvement-including the adaptation of
algorithms using machine learning methods-open up prospects for the development
of new generations of remote detection systems. Thus, the validation of the
mathematical approximations confirms their scientific soundness and practical
applicability, potentially contributing to further advancements in acousto-optical
sensing technologies and enhancing the reliability of real-time monitoring systems.
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BOMOBI AIi BMAKBATOPIi YOPHOT'O MOPsI
B XO/II POCIMCBKO-YKPAIHCBHKOI BIMHA

Amie H.I'., Mycaes A.
BiiicekoBuil HayKOBO-OCTiAHUI iHCTUTYT, baky, AzepOaiimkan

Amnaii3 60iioBuX aiii B akBaTopii YopHOro MOps B X011 pOCifiCbKO-YKpaiHCEKOT
BiliHM mokazaB, mo B 2022-2024 pokax YkpaiHa 3a JONOMOIOI0 MOPCHKHX
OE3MIOTHUKIB 1 paKeT, 3HUIIMBIIN OJM3BKO TPETHHU KOpadiiiB YopHOMOPCHKOTO
BM® Pocii, HelirpanisyBana ioro Oublly 4acTHHY (JOpMabHOT IepeBark Ha MOpi.
o BroprueHHs B Ykpainy ¢umor Pocii y YopHomMy Mopi HamiuyBaB nonan 70
kopabuiB. Ilicns modaTky moBHOMacITaOHOI BiHHM YKpaiHi BAAIOCS IOIIKOJUTH
abo 3HUIUTH OiNbNIy YacTHHY KopabmiB i mizBomHmx 4doBHIB BM® Pocii 3a
JOTIOMOTOI0 PakeT i MOPCHKUX Oe3MiIOTHHKIB-ApoHiB. Kpim toro, 3CY Bimbmmu
ocTpiB 3MiiHHIA i BUBENN 3 JIAAYy CHCTEMY CIIOCTEPES:KEHHS POCifichbKoro (pioTy Ha
«Bekax bolika» y miBHIYHO-3aXimHii wactuHi YopHOTO MOps. 3a OIiHKaAMH
¢axiBuiB, YD Pocii BrpatuB Ha 75% 3maTHICTE BUKOHYBaTH 001OBI 3aBmaHHA. Lle
no3sonuiio B 2024 poui 3mycutu Pocito BuBecTH KOpabii BiiCBKOBO-MOPCHKOTO
oty (BM®) 3 YopHoro ta A30BChKOTo MOpiB [1].

BonHouac, Pocist ocraTouHo BinMoBuIacs Bij peMoHTy cBoro ¢ioty B Kpumy
yepes 3arpo3y BTpart BHachigok atak cui 3CY. VY neit nepioa 3CY 3HUIIMIMA MaTUit
pakerHuii kopadens (MPK) «uxion» y CeBacTomosibChKiii OyXTi, 3aBIaiu JBa
yaapH 1o miaBogHoMy 4oBHY «PoctoB-Ha-J[oHy» Ta me oauH — mo MPK «Ackomsmy
y Kepui. Llst curyaris mpu3Bena J1o Toro, o BUKOPUCTOBYBaTH Kpum aiist peMoHTY
CYJIEH CTaJI0 HEMOXJINUBO [2].

Y 2024 pomi moyacTimamyd BHIAIKH aTaKd MOPCHKHX OE3MIIIOTHHKIB
lonoBHOTO ympaBiiHHA Po3BigKH MiHOOOpPOHU YKpaiHu Ha MOpCHKi moptu BM®
Pocii, siki 6epyTs y4acTs y 00HOBHX omepamisx Ta B OpraHi3amii mocTadaHHs CHIT
creuialibHUX orepaiiid. JlaHi aTaky HaroJIoUyoTh Ha 3yCHIUIIX YKpaiHu 3aBJaTu
ynapy no noprtax i cuiax BM® Pocii nanexo Bix siHii GppoHTy.

Y gjucronani 2024-ro poky JIpoHM I[ONOBHOrO YHpaBIiHHS PO3BIAKH
MinoGopoHu Ykpainu Bapuiu pociiicekoro ¢uiotmiieto B Kacriiicbkkomy Mopi, sike
3'e/iHaHe KaHAJIOM 3 A30BCbKMM MopeM. Kacrmiiickke Mope — ojiHa 3 TI'ATH JIOKaIii,
Je 6a3yeTbces BificbkkoBo-Mopcebkuil ¢utot PO [3]. Le OyB nepuiuii ykpaiHChKuii yiap
o pociiicekiit ¢rotmnii B Kacnilicekomy Mopi, sike 3'eqnane Bousro-JloHchkuM
CYJHOTIJIABHUM KaHaJIOM 3 A30BCHKMM MOpEM 1 IoB's3aHe 3 A30B0-YOPHOMOPCHKUM
perioHoM, Tako BHepie OyJo 31 iCHEHO HANIT JPOHIB-KaMiKaj3e 10 Periony, e
BiZICTaHb BiJl JIEPXKABHOTO KOPJIOHY YKpaiHM 110 00'ekTa MOpa3KH CTAHOBHUTH
6mm3pK0 1500 xM.

VY 2024-my pori 3a paxXyHOK MpHI0aHOT i3 3aX0/Iy BHCOKOTOYHOI TAIEKOOiHHOT
30poi Ta 6E3MIIOTHUX amapaTiB BiAOYIMCS 3MIHM B XapakTepi iX 3aCTOCYBaHHS, 1€
ITOYaCTIlIay BUMAIKH aTaKu MOPCHKHUX Oe3minoTHHKIB y b Pocii Ta ocobmmBo
Ha Mopchki optu BM® Pocii, mo 6epyTs ydacTs y 60if0BHMX omepamisx Ta B
opranizallii omepariii mocTa4aHHs.
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Po3BuTOK TOMifi BHUKIWKAB CEPHO3HE 3aHETIOKOEHHS [UIS POCIHCHKOTO
BIICBKOBO-MOPCHKOTO KOMaHAyBaHH, SIKE HAMAraeTbcs OOPOTHCS 3a 30epexeHHS
TOTO, IO 3aJHIIIIIOCS He jriie Bi YoOpHOMOPCHKOTO (IIO0TY, a it MOPCHKUX TOPTIB,
110 3HAXOAATHCS 1032 (PPOHTOBOIO CMYTOIO.

Pociiicbkuit  YopHoMopchkuil (uioT st TPOTHAIT po3poOHMB 1 Brepiie
3aCTOCYBaB Ha TPAKTUI HOBI MeTOAUM OOpOTHOM 3 YKpaiHCHBKMMH MOPCHKHMH
OesminoTHUKaMu B YOpHOMY MOpi 3 METOH HEWTpalli3yBaTH II0 TaKTHYHY
amanrarttito [4].

Takum 9UHOM, 3arajiom mijJ yac noBHoMacinTaOHoi BiiHM 3CY miKBigyBanu
a00 TOMIKOAMITH 27 pOCIHCHKUX BIICBKOBUX KOPaOIIiB, BKJIFOUAIOYU BEJIHKI IECAaHTHI
(BAK), mixBomHI 40BHU Ta (rarMaHChKUI Kpeficep «MockBa». Y IIbOMY BEIHKY
OB Bimirpasi MOpPCHKI Oe3MIOTHUKH, e Benuki kopabixi BM® Pocii cramm
BEJTUKMMH MiLICHSIMH M.

e mpusBeno mo toro, mo Oinpmra yactuHa YopHOMOpPCEKOTO (ioTy Oyia
nepeauciokoBana 3 Cesacronons no ®eomocii Ta HoBopociiichka, a Takox
no3somio 3CY HeltrpanizyBaTu OubITy 9acTHHY (hopManbHOi epeBaru Pocii Ha
MOpi, 3HOBY BiZIKpHBIIH A0CTyI Ha YopHEe Mope.

3aranoM BiCbKOBO-MOPCHKHH (aKTOp Yy POCIHCHKO-YKpaiHCBKiH BifiHI Mae
BUpIIIaJbHe 3HAUYEHHS A7t 000X CTOPIH.

BukopucranHsl BiHiCbKOBO-MOPCBHKHMX CHJI Y IIii BilfiHI BUXOIUTH JAJIEKO 32
MEXI TpaJuLiHUX BIICHKOBHX JIiif, BINTMBAalOYH Ha O€3IeKy B perioHi, MiKHAPOIHI
€KOHOMIYHI TIOTOKH Ta TCOIOINITHYHI BiAHOCHHH, 3aJUIIAIOYNCh OCHOBHHUM
BHKITUKOM 151 30€peKeHHS TTT00ABHOI CTa0lIBHOCTI. .
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THEORETICAL FOUNDATIONS OF THE ATMOSPHERIC
ACOUSTO-OPTICAL LOCATOR WITH AN ELECTRONIC SCANNER

Huseynov A.G., Gasanov A.G., Abdullaeva A.J., Nasirov E.V., Suleymanov 1.1.
National Defense University, Baku, Azerbaijan

This paper presents a comprehensive investigation into the operation of an
atmospheric acousto-optical locator with an electronic scanner, aimed at military
applications. The objective of the study is to develop a mathematical approximation
and conduct a physical-technical analysis of the device to optimize its operational
characteristics under varying atmospheric conditions and electromagnetic
interference. Numerical schemes (such as the finite difference method and Fourier
decomposition) and variational calculus techniques are employed to construct
analytical models describing the dynamics of acousto-optical processes and the
functioning of the scanning system. The physical-technical analysis is based on the
principles of acoustics and optics, allowing for the assessment of the system's
stability and sensitivity in the presence of external noise and changing climatic
parameters.

1. Physical Principles of Acousto-Optical Interactionm. The acousto-optical
effect is based on the diffraction of optical waves on a periodic grating created by an

acoustic wave within a medium [1-3]. This phenomenon is described by Bragg’s
2nv

equation: A= - (D)

where: 4 - diffracted light, n is the refractive index of the medium, v is the speed of
sound in the medium, f is the acoustic wave frequency.

The first-order diffraction efficiency Mj can be expressed through the acousto-
optical interaction parameter:

n3
M, = ”7‘1 : ZT;’P @)

where: d is the thickness of the acousto-optical cell, p is the acousto-optical
coefficient, p is the medium density,P is the ultrasonic power.

2. Propagation of Acoustic and Optical Waves in the Atmosphere

Acoustic Waves in the Atmosphere. The propagation of sound waves in the
atmosphere is described by the wave equation [4-6]:

2
L= v 3)

where p is the acoustic pressure and ccc is the speed of sound in the atmosphere.

The speed of sound in the atmosphere depends on temperature and is given by
the equation:

¢ =/YRT 4

where y is the adiabatic index of air, R is the universal gas constant, and T is the
absolute temperature.

Optical Waves in the Atmosphere. The propagation of optical waves in the
atmosphere is affected by turbulence, which alters the refractive index nnn. The
interaction of light with an inhomogeneous atmosphere is described by the paraxial
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wave equation;

% L2E 4+
= ViE + ikn(x,y, 2)E (5)

where E is the electric field, k=2z/4 is the wavenumber, and 32 is the transverse
Laplacian operator. Fluctuations in the refractive index due to turbulence can be
approximated using the Kolmogorov model:

An ~ CZL*/? (6)
where Cq? is the refractive index structure coefficient, and L is the characteristic
turbulence scale.

3. Electronic Scanning. Electronic scanning is achieved through a phased
antenna array, where a phase shift between array elements enables beam steering
without mechanical movement. The scanning angle is determined by the phase
gradient:

. A
6 = arcsin (EAQD) @)
where d is the distance between radiating elements, and 4¢ is the phase shift between
adjacent elements.

Thus, the acousto-optical locator with an electronic scanner utilizes a
combination of acousto-optical principles for controlling the light beam and phased
array technology for dynamic beam steering. These physical and mathematical
models enable the analysis and optimization of system parameters for military
applications.
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EXPERIMENTAL VERIFICATION AND NUMERICAL MODELS
OF AN ATMOSPHERIC ACOUSTO-OPTICAL LOCATOR
WITH AN ELECTRONIC SCANNER

Nasirov E.V., Huseynov A.G., Suleymanov 1.1, Kishiyev H.T.
National Defense University, Baku, Azerbaijan

This article presents an experimental verification combined with the
development of numerical models for an atmospheric acousto-optical locator
equipped with an electronic scanner [1].

The primary objective is to address the challenges imposed by atmospheric
turbulence, optical distortions, and inherent noise through advanced experimental
techniques and state-of-the-art numerical methods. The scientific work integrates
theoretical analysis with empirical measurements to accurately simulate acousto-
optical interactions under realistic environmental conditions [2].

Iterative numerical algorithms and adaptive approximation methods were
employed to capture the complex nonlinear phenomena occurring during the
propagation of acoustic waves and laser radiation through turbulent media [1 ,3].

Experimental measurements were conducted in controlled laboratory settings,
and the outcomes demonstrated excellent consistency with theoretical predictions.
Moreover, the incorporation of an electronic scanning mechanism significantly
enhanced the spatial resolution and dynamic tracking capabilities of the locator. The
study identifies key parameters influencing system performance and proposes
recommendations for further improvements [3].

This research contributes to the optimization of remote sensing technologies
and has potential applications in defense, environmental monitoring, and
meteorology, providing a robust foundation for future technological advancements
[4-12].

The conducted research has successfully validated the numerical models
developed for the atmospheric acousto-optical locator with an electronic scanner.
The experimental data confirm that the numerical approximations reliably replicate
the physical behavior of the system under varied atmospheric conditions. The
iterative computational techniques applied, as detailed by [3], effectively minimized
numerical errors, while adaptive algorithms from [1] enhanced the precision of the
simulations. Notably, a high correlation was observed between the experimental
results and the predicted optical and acoustic interactions, thereby affirming the
robustness of the theoretical framework [2].

The integration of the electronic scanning system has proven crucial in
improving the spatial resolution and real-time adaptability of the locator. The
experimental verification illustrates that the system is capable of mitigating the
adverse effects of atmospheric turbulence and distinguishing the desired signal from
background noise. Despite the promising performance, the study also revealed
certain limitations, such as sensitivity to extreme environmental conditions and
potential computational constraints when scaling the model for large-area
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surveillance. Future research is recommended to incorporate machine learning
techniques for real-time optimization and to extend the experimental framework to
a broader range of atmospheric conditions.

In summary, the comprehensive approach combining rigorous experimental
validation with sophisticated numerical modeling offers a detailed understanding of
the acousto-optical locator's performance.

The outcomes not only demonstrate the scientific soundness and practical
applicability of the models but also pave the way for the development of next-
generation remote sensing systems.
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THE IMPORTANCE OF USING
AUTOMATIC CONTROL SYSTEMS
IN ROCKET AND ARTILLERY TROOPS

Muftiyev Z.
Military Scientific Research Institute, Baku, Azerbaijan

In modern times, the use of automatic control systems in rocket and artillery
troops is of critical importance for increasing the effectiveness of combat
operations. These systems allow newly detected targets on the battlefield to be
engaged swiftly and more precisely, as well as enable coordinated fire control.

The employment of advanced automatic control technologies in
contemporary warfare equips rocket and artillery troops with a decisive
advantage over the enemy, including the ability to quickly strike targets while
significantly reducing the amount of ammunition used.

In addition, it prevents firing assets from remaining too long in firing
positions and becoming vulnerable to enemy fire.

This study examines the key benefits, application areas, and future
development prospects of automatic control systems in rocket and artillery
troops.

In military operations, automatic control systems enable more precise and
efficient fire support against the enemy while using fewer assets.

The main advantages of these systems are:

- their influence on the accuracy and effectiveness of artillery (rocket)
units’ fire (strikes);

- accelerated decision-making for engaging high-threat targets quickly;

- better coordination and integration;
enhanced security;

- more efficient use of ammunition.

These systems are broadly and very effectively applied across various types
of rocket and artillery units:

- inunmanned aerial vehicles (UAV) and reconnaissance systems;

- inrocket complexes;

- inartillery batteries equipped with automated control systems;

- in fire and fire-control centers using automatic control systems.

In the future, these systems are expected to be further developed through
the integration of artificial intelligence, machine learning, and quantum
technologies. Specifically, advancements are anticipated in:

- Al-based target recognition systems;

- fully autonomous artillery and rocket complexes;

- cloud-based fire control and management systems;

- higher levels of interoperability and communication technologies.

These innovations will strengthen the battlefield superiority of rocket and
artillery troops, ensuring that they remain a primary tool in future warfare.
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Implementing automatic control systems in rocket and artillery troops not only
forms an integral part of modern combat strategies but also transforms these troops
into a key combat power in future conflicts.

By increasing the combat effectiveness of rocket and artillery fire, these
systems also conserve munitions.

More advanced Al and automated technologies could bring about revolutionary
changes in this field.

Therefore, the development and deployment of cutting-edge automatic control
systems in the military sphere should remain a top priority.
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MILITARY REQUIREMENTS AND SPECIFICS OF THE ATMOSPHERIC
ACOUSTO-OPTICAL LOCATOR WITH AN ELECTRONIC SCANNER

Gasanov A.G., Huseynov A.G., Suleymanov 1.i., Abdullaeva A.J.
Military Scientific Research Institute, Baku, Azerbaijan

The theses present a concept for an atmospheric acousto-optical locator
developed in line with modern military requirements. The system combines acoustic
and optical methods to enhance target detection efficiency. Its central element is an
electronic scanner that ensures high-speed data processing. An analysis of the
locator's key characteristics under complex atmospheric conditions has been
conducted.

The model considers the effects of turbulence, temperature gradients, and air
humidity. A comparison with traditional observation and detection methods has been
performed. Simulation results demonstrate significant advantages of the new
technology. Special attention is given to issues of electromagnetic compatibility and
interference protection. Recommendations have been developed to optimize the
system's design and operation. The technology shows high potential for application
in modern military complexes.

1. General requirements for military detection systems. The atmospheric
acousto-optical locator with an electronic scanner is designed for use in military
reconnaissance, surveillance, and early warning systems. To be effective in combat
conditions, the system must meet strict requirements, including [1-6]: high accuracy
in object coordinate determination; high processing speed and rapid response; stable
operation under complex meteorological conditions; resistance to jamming and
enemy countermeasures; minimal power consumption and compact dimensions;
these criteria ensure the system’s integration into modern military platforms,
including unmanned aerial vehicles (UAVS), ground reconnaissance complexes, and
naval air defense systems [7-10].

2. Reliability and resistance to external factors. Military reliability
requirements include:

- operation in extreme climatic conditions;

- protection against electromagnetic interference;

- durability and fault tolerance.

3. Detection accuracy and target identification. The acousto-optical locator
must provide precise coordinate determination of airborne, ground, and naval targets
in real time. Key parameters include:

- angular resolution: A6 = g ;

- ranging accuracy: g = j—; ;

- detection of low-observable targets.

System sensitivity must ensure detection of objects with a radar cross-section
(RCS) as low as 0.01 m? (stealth targets). Capability to operate under active

countermeasures (jamming, optical and electronic camouflage).
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4. Real-time performance and data processing. Military detection systems
require minimal latency in target acquisition and tracking. Key requirements
include:system response time: less than 10 ms; data update frequency: at least 100
Hz. Implementation of adaptive algorithms: Kalman filtering for trajectory rediction;
artificial neural networks for target classification.

System functionality must include: automatic target tracking; determination of
dynamic object parameters (speed, trajectory); real-time data transmission to
centralized combat systems.

5. Energy efficiency and mobility. Modern military requirements demand
reduced weight and power consumption of equipment. Weight and size constraints:
system weight not exceeding 20 kg for portable solutions; compatibility with mobile
carriers (vehicles, UAVSs). Energy efficiency: power consumption not exceeding 200
W; use of energy-efficient laser diodes and processors.

The atmospheric acousto-optical locator with an electronic scanner must
provide high accuracy, real-time performance, resistance to jamming, and
adaptability to environmental conditions, making it an essential tool in modern
military surveillance and detection systems.
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FEATURES OF CONSTRUCTING MULTISERVICE COMMUNICATION
NETWORKS BASED ON SDN/NFV TECHNOLOGIES

Ibrahimov B.G.

Azerbaijan Technical University, Baku, Azerbaijan
National Defense University, Baku, Azerbaijan
Ismayilov T.A.

Azerbaijan Technological University, Baku, Azerbaijan

It is known that SDN/NFV technology (Software Defined Network/Network
Functions Virtualization) is a set of methods that allow programmatically managing
network resources and monitoring their use-load in multiservice communication
networks, which simplifies the solution to the problem ensuring efficient use of the
communication network bandwidth and its scaling, and helps reduce operating costs
by centralizing and automating management functions.

With this approach, the controller has access to the global state of the network
and makes decisions about forwarding network traffic, while the hardware is only
responsible for actually forwarding information to its destinations in accordance
with the controller's instructions - sets of rules for processing packets. Thus, the
switch's control function is transferred to a separate central device - the SDN
controller. This approach allows you to manage and monitor the network state on a
logically centralized controller. Interaction between the data transmission layer is
carried out through a single unified open interface.

Taking into account the listed features, the main components of software-
defined networks based on the OpenFlow protocol are: OpenFlow switch, controller
or network operating system, switch management protocol, network equipment
administration protocol, secure channel through which interaction between the
controller and switch is carried out using the OpenFlow protocol.

In addition to speedup, a very useful metric for assessing the quality of
parallelism in SDN is the efficiency of using processor cores, defined as the ratio of
speedup to the number of cores:

E(m)=1/m)-S(m,r,/p), Q
where m— the number of cores of central processing (CP) units and is equal to
m=k/r, k— the total number of CP functional units from which cores can be
composed; r— number of blocks that make up a CP core; /p— proportion of

consecutive operations and can be determined by the formula:
—-1), 2
-5 @
The most popular metric for evaluating the effect of parallelization is speedup
S(m,r,/p) , defined as the ratio of the time it takes to solve a computational
problem on a single-core CPU to the time it takes to solve the same problem on a

multi-core CPU and is expressed as

S(m,r,p)=T@Q)/T(m), 3)
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where T (1), T(m)— the time it takes to solve a computational problem on a single-

and multi-core CP, respectively.

Expressions (1), (2) and (3) are derived on the basis of Amdahl's Law , which
has a very specific area of applicability in telecommunication systems: it is assumed
that the volume of the problem being solved is fixed, and the benefit from additional
processor cores is a reduction in computation time.

The NFV technology being studied makes it possible to transfer the execution
of these tasks to the upper levels of the network architecture: the execution of certain
functions is carried out not on individual devices, but through unified infrastructures.

Thus, using SDN/NFV technologies allows implementing this system in a
distributed hierarchical scheme. Its main elements are the filtering, classification and
storage subsystem, the control subsystem, and the transport subsystem.
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MILITARY LOGISTICS AND SUPPLY PROCESS DEVELOPMENT

Zeynalova G.M.
Azerbaijan Economic University UNEC, Baku, Azerbaijan

In the modern world, military logistics plays a crucial role in strengthening the
combat capability of troops and ensuring a continuous supply of essential resources.
A key aspect of improving military supply chains is the effective application of
logistics methods and principles. A well-structured logistics system is essential to
succeed in any military operation [1, 2].

As military operations expand, the demand for transportation and supply
correspondingly rises. The increasing number of operational vehicles and the
growing need for troop provisions put additional strain on road infrastructure,
leading to congestion and logistical challenges [2]. Additionally, modern warfare
also brings with itslef new dangers, such as the threat posed by enemy long-range
strike systems to vital transportation lines.

Recent conflicts, wars and NATO Joint Armed Forces exercises have shown
that the involvement of aviation and missile systems in combat can seriously disrupt
the operation of transport networks. Consequently, this leads to the isolation of
operational areas, making logistics support even more critical [3]. To counter these
challenges, military logistics must prioritize flexibility, resilience, and rapid
response strategies. For this reason, ensuring the uninterrupted operation of
transportation networks is crucial to the successful conduct of modern military
operations. This can be achieved through rapid road maintenance, the integration of
advanced construction technologies, the use of high-quality materials, and the
deployment of modern machinery and equipment [4].

The latest military operations have demonstrated that military logistics
efficiency must be supported by modern technologies and flexible management
mechanisms [3, 5]. The research identifies the priority directions for the
development of military logistics. It shown that a well-structured technical support
system is essential for the effective functioning of military logistics. Contemporary
military battels demonstrate that improving logistics and supply processes
significantly strengthens the combat effectiveness of the armed forces. To achieve
this, development efforts should focus on the following key areas:technological
advancement and digitalization — integration of artificial intelligence and
automation into logistics, as well as the use of drones and robots in supply processes;
supply chain optimization — implementation of modular supply systems, increasing
the flexibility of supply processes; transportation and mobility — expanding the
use of hybrid transport vehicles and development of network-based logistics to
enhance troop mobility; resource and inventory management — strengthening
strategic storage capabilities and optimizing the management of material and
technical resources; security and defense infrastructure — enhancing both cyber
and physical security, ensuring the protection of supply routes and communication
networks; human resource development — training military logistics specialists,
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promoting a multidisciplinary approach, and improving personnel preparation;
acceleration of supply processes — adopting innovative supply methods to enhance
combat readiness and boost efficient resource management; expansion of strategic
reserves — establishing aditional reserve bases to ensure a rapid response to
increased supply demand.

The implementation of the synergo-bifurcation model (synergistic-bifurcation
theory helps understand how systems made up of many interacting parts can undergo
sudden shifts or transitions, where everything can change dramatically due to small
changes in the system's parameters) in military logistics provides valuable insights
for predicting and optimizing future developments in this field [3]. By adopting this
model, the flexibility and efficiency of supply processes can be enhanced. The
advancement of military logistics must be guided by strategic planning and the
integration of modern scientific and practical approaches. This not only enhances
logistical efficiency but also ensures a more stable and rapid technical supply chain
during combat operations [4].

The research results indicate that further improvement of the logistics system
will significantly boost the combat readiness and effectiveness of the armed forces.
Analyzing recent conflicts and military operations underscores a crucial fact:
sustainable and adaptable logistics are essential for successful warfare. Without a
resilient supply system, military operations face severe limitations.

As a result, continuous development and the implementation of innovations in
military logistics should be a strategic priority. In the coming years, enhancing
logistics efficiency will play a key role in strengthening the combat capabilities and
overall defense potential of armed forces, making logistics development a
fundamental aspect of military strategy.
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ANALYSIS FORECASTING OF SERVICE TRAFFIC
IN TELECOMMUNICATION SYSTEM USING TIME SERIES

Aliyeva A.A.
Institute of Control Systems, Baku, Azerbaijan

The intensive development of a unified information infrastructure based on the
digital economy program and the results of the Network 2030 study carried out by
the ITU-T FG NET-2030 focus group requires new integrated approaches to
forecasting service and useful traffic in multiservice telecommunication networks
using time series methods [1,2].

The task of studying forecasting methods using time series is currently of great
theoretical and practical interest, which allows solving a wide range problems in
science, technology and communications. In particular, one of the most significant
applications of the task of forecasting methods is the prediction and analysis social,
economic and telecommunication processes, the prediction natural phenomena and
information events. In addition, various forecasting methods serve to study and
identify patterns and systemic connections in the process of functioning of certain
telecommunication processes.

In the last two decades, many forecasting methods have emerged that have
shown themselves to be quite effective. In particular, these include machine learning
models and articial neural networks [2, 3], which have become serious competitors
to classical statistical models and forecasting methods [3-5].

This paper discusses new approaches to time series forecasting using a
multivariate approach based on certain models of information theory and
communication theory. Methods based on information theory are used as basic
methods for solving the forecasting problem. In particular, universal codes and a
universal measure are used. To increase the speed of the proposed methods in the
telecommunication system, methods for optimizing the described approaches from
the point of view of their labor intensity are proposed.

In general, the problem of forecasting time series can be formulated as follows.
Let there be some source generating a sequence of elements X;,X,,... from some set
A, called the alphabet. The alphabet can be either finite or infinite. Let us assume
that at the moment of time t we have a finite sequence generated by the source
Xy, X,... X .Let's consider a random variable X, . The forecasting problem comes
down to determining the probability distribution of values of a random variable x,.; ,
i.e. to the calculation [2, 4]:

P(Xta =@l X, Xp00 X)), AEA. 1)

From (1) it follows that if the alphabet is a continuous finite interval in
telecommunication systems as service traffic.

Let the source generate the message
Xps Xo e X X [ X € A, 1=12,.t.
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In this case, it is necessary to predict one next element. Then the forecast error E
is called the magnitude of the deviation traffic forecast x,,; from the true value of

the telecommunications process x,.; , in the considered t +1moment in time, i.e.
the next value [3,5]:

E =| F(Xt+l) -F (Xt+1)| ) (2)
where F(x,.,) is the predicted value, and F *(X,,;) is the true value of the process.

By the forecast error when forecasting n steps ahead we will understand the
following value:

Efe(n) :l F(Xt+n) -F* (Xt+n)| ) (3)
where n is the number of steps for which we make a forecast.
Thus, the forecast error characterizes the quality of forecasting service traffic

in the communication system and is the main criterion for determining the
efficiency of the selected forecasting method.

References

1. Ibrahimov B.G., Alieva A.A. (2021). Research and Analysis Indicators of the
Quality of Service Multimedia Traffic Using Fuzzy Logic. In: Aliev R.A. etc. 14th
International Conference on Theory and Application of Fuzzy Systems and Soft Computing
— ICAFS-2020. ICAFS 2021. Advances in Intelligent Systems and
Computing.Vol.1306.Springer, Cham.pp.773-780.

2. lbrahimov B.G. and et al. Research throughput multiservice telecommunication
networks // CydacHi HampsiMu pO3BUTKY iHGOPMAIUIHO-KOMYHIKAIIHHUX TEXHOJIOTIH Ta
3aco6iB ympasiinas. Marepiamu 10- i mikHapoaHOi HaykoBO-TexHiuHOI KoH(epenii, 9-10
kButHs 2020. Tom1. Baky-Xapkis-XKunina, 2020, ¢.30

3. Ahmed N. An empirical comparison of machine learning models for time series
forecastin //Econometric Reviews.2010,Vol. 29, Iss.5-6, pp.594-621.

4. Valiyev V.M., Ibrahimov B.G., Alieva A.A. (2020) About one resource control task
and optimization throughput in multiservice telecommunication networks// T-Comm, vol. 14,
no.6, pp. 48-52.

5. Ibrahimov B.G., Isayev Y.S., Aydemir M.E.. Performance of MultiService
Telecommunication Systems Using the Architectural Concept of Future Networks// Journal
of Aeronautics and Space Technologies. Vol. 16, No.1, 2023. pp. 41-49.

6. Ibrahimov B.G. Analysis of multiservice telecommunication networks of the future
generation based on the architectural concept SDN&NFV and IMS//Scientific notes - AzTU,
No. 2, 2018. pp. 46 - 52.

7. Ibrahimov B. et al. Research and analysis indicators fiber-optic communication
lines using spectral technologies //Advanced information systems. — 2022. — T. 6. — Ne. 1. —
C. 61-64.

8. Ibrahimov, B.G., Hashimov, E.G. Analysis and Selection Performance Indicators
Multiservice Communication Networks Based on the Concept NGN and FN // -Kharkiv:
Computer and information systems and technologies, -aprel, - 2021. —p.96-98.
DOl:https://doi.org/10.30837/csitic52021232904

101


https://doi.org/10.30837/csitic52021232904

Current directions of development of information and communication technologies and control tools

ANALYSIS OF THE MATHEMATICAL DESCRIPTION INTERFERENCE
SOURCES IN TELECOMMUNICATION SYSTEM

Nabiyeva A.N., Hamidova A.A.
Azerbaijan Technical University, Baku, Azerbaijan

It is known that increasing the noise immunity of the functioning
telecommunication systems based on information technology requires a new
approach and analysis of the mathematical description of interference sources [1, 2].
Any interference can be represented as a random function of time. Random functions
in turn are characterized by their distributions. In this case, numerical characteristics
in the form of distribution moments are used and usually stationary random
processes are considered in the telecommunication system [3, 4].

The basis of interference sources in telecommunication systems is evaluated
into two groups - external and internal interference sources.

Among all random processes, a special place is occupied by the process with a
normal distribution, which is described by the following expression [1, 2]:

5 (6-a)?
1 é,_ 252
o2 7

F(x,a)= dx, -0 <X < o0, 1)

where x — is a random variable, a,o — are the parameters of the function.
The probability density function of the normal distribution is:

1 ) (x=d)?
f(x,a)—aﬂao{ 2o :l (2)

The probability characteristics this distribution are defined as follows:
M(x) =a, D(X)=¢? o(X)=o.
Xapakrepuctuieckas GyHKIUS HOPMAILHOTO pPaclpe/IeeHUS:
G(x,a)=exp[imx—0.5x* -] . ©)
Based on formulas (1), (2) and (3), we will consider the typical exponential
form of pulse noise [1, 3]:
U, -exp(at), at t20,
Uo(t) = Unm =S(iw) - (@ +w)*® , (4)
0, at t<0.

where a- is the coefficient characterizing the speed of interference.
As can be seen from formula (4), impulse noise is characterized by a broadband
spectrum that decreases with frequency.

Now we will consider the narrowband interferences that are recognized,
modulated, harmonic or quasi-harmonic oscillations, the main part of whose power
is in a narrow band frequencies, not exceeding the width of the signal spectrum [2,
4]:
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u,(t)= ZU ¢ cos(kat + 6, ). (5)
k

where Uy, 6k, o - random quantities are called concentrated on the spectrum, or
narrowband.
Fluctuation noise is a chaotic sequence of short-term pulses and is described

by the expression [3]:
1 u?
WU ) =———exp|-| =[],  (6)
( nm) /_zﬂ_an p (205 \J

where dispersion: aﬁ =U§ =Ue2ff'

Typical examples of fluctuation interference are internal and cosmic noises,
which exist over a wide range of frequencies.

Passive radio interference refers to multiplicative interference and the nature of
this interference consists of a random change in the parameters of the transmission
channel. Multiplicative interference is divided into external and internal. The first
occurs due to a change in the conditions propagation radio or acoustic waves in the
communication channel or the properties reflecting objects.
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STUDY OF NETWORK RESOURCES MULTI-SERVICE CONVERGENT
COMMUNICATION NETWORKS TAKING INTO ACCOUNT
SELF-SIMILARITY TRAFFIC

Huseynov R.M., Amanullazada F.I.
Baku Engineering University, Baku, Azerbaijan

Currently, network node buffer storages are the most important resource for
managing network traffic in multiservice convergent communication networks.
Based on the research, it was found that network traffic is self-similar in nature [1,
2]. Fractal properties that characterize traffic usually include such concepts as
“slowly decaying dispersions” and “long-term dependence”.

A feature self-similar traffic is the stability of clustering [3, 4]. Traditional
models packet traffic are short-term dependent, i.e., have exponentially decaying
correlations. Self-similar traffic data in convergent communication networks exhibit
long-term dependence and have hyperbolically decaying correlations [3, 5].

The conducted analysis shows that self-similarity of network traffic has a
significant impact on the quality of communication in multiservice convergent
communication networks. Research in most cases is concentrated around the
statistical characteristics of queues, since buffering is the leading resource-providing
strategy in multiservice telecommunication networks [2, 5].

However, it turns out that traditional system queuing analysis, based on the
Poisson flow assumption, cannot accurately predict the performance of a
communication system given self-similar traffic.

The conducted research has shown [1, 2, 3, 4] that an adequate description self-
similar traffic in multiservice convergent communication networks is determined by
probability distributions with heavy "tails". At present, there are no general
analytical results of the study queues with self-similar traffic and the influence self-
similarity on the quality of its service (QoS, Quality of Service) and quality of
perception (QoE, Quality of Experience).

In practice, when modeling sources, the distribution of OFF periods is often
assumed to be exponential, and for ON periods, the Pareto distribution [2, 4] is
most often used, as a function of heavy tails.

1. The -exponential distribution law [2, 3, 5]:

F(x,4)=1-exp(Ax), x>0. 1)
2. The Pareto distribution is defined by the distribution function in the form:
F(x,a)=1-(K/x)* ,x>K , x>0, )

where K- is the boundary parameter that specifies the minimum value of the random
variable x and is, in essence, a scale factor; « — the form of the parameter and
taking into account the Hurst coefficient is found as follows:
a=3-2H . (3)
When studying service and useful traffic, the most frequently used case is with
1< a < 2afinal mean equal to
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M[x] = —1 K,K>0 |, 4)

Expression (4) is the mathematical expectation of the values of the time interval
between the arrival successive streams of traffic packets in the communication
network.

Based on formula (1),...,(4), the variance of a random variable distributed
according to Pareto is determined, respectively, by the following expressions:

(24 2
ad (@-1)? - (a-2) ©

If a >1, then the mathematical expectation is finite, the variance is finite only
if a>2.

Taking into account the parameters of the distribution laws with heavy tails as
a Pareto function, the Hurst coefficient is found as follows:

H=@B-a)/2. (6)

As a result of the conducted research, a new approach was considered for the
analysis important performance indicators of multiservice communication networks
using one-dimensional distributions with “heavy tails”.
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ANALYSIS OF THE MODEL INTELLIGENT COMMUNICATION
NETWORK INDICATORS WHEN ESTABLISHING A CONNECTION

Humbatov R.T., Mammadova F.V.
Baku Engineering University, Baku, Azerbaijan
Ibrahimov R.F.
Institute of Control Systems NASA, Baku, Azerbaijan

One of the main parameters service quality in an intelligent communication
network (ICN) is the end-to-end delay that occurs during the connection
establishment process. In the authors' previous works [1, 2], a method for calculating
the probability-time characteristics of the signaling system for basic and intelligent
services implemented on intelligent communication networks was proposed.

The paper analyzes the model of the service control node (SCP, Signaling
Control Point), which is a software-controlled database, access to which is
implemented using upper-level protocols, such as the transaction capabilities
management subsystem (TCAP, Transaction Capabilities Applications Part) and the
intelligent network application subsystem INAP (INAP, Intelligent Network
Application Part).

The functional architecture of the SCP node is determined by how the MTP
(Message Transfer Part), SCCP (Signalling Connection Control Part), TCAP and
INAP subsystems of the signaling system over the common channel system No. 7
(CCS 7) divide the network resources of the SCP node processors among
themselves.

This paper analyzes the methods of calculating the indicators of an intelligent
communication network when establishing a connection using an SCP node and the
INAP protocol.

The distributed architecture of the SCP service control node provides for one
central module with a central processor for servicing the functional processes of the
TCAP and INAP subsystems, as well as associated peripheral modules, each of
which processes messages entering and leaving the signaling links assigned to this
module in multi-service intelligent communication networks using signaling system
protocols of the Sigtran (Signaling Transport) and SIP (SIP-Session Initiation
Protocol) types, TCAP and INAP which must ensure the required level of quality of
service - QoS (Quality of Service).

The process of processing a signaling message in an SCP node with a
distributed architecture can be described using an open queuing network in the form
M/G/1/.

Based on the M/G/1/00 model, the average times Tg,, (1) and T, (1) stays

incoming and outgoing requests at node i (i=1, ..., n), respectively, are calculated as
follows:

T () =iy () Wy )+, =10 ()
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For the SSP node, expression (1) will take the following form:

Tao () =iy () + Wiy )+ =0 @)

where 1; — intensity of incoming requests to the node, i = Ln;
b —k-th initial moment of the distribution function of the random variable of

service time, i =1,n.

The average time of servicing a request at the MTP2 level coincides with the
average time of transmission of significant signal units into the channel:

1@ _
A N @)
Vi (4i)

where LY — average length of significant signal units corresponding to the class

request (bytes),V, (4;) — data transfer rate, i = 1n.

Thus, as a result of the study of the model, analytical expressions were obtained
for assessing the probabilistic-time characteristics intelligent communication
networks using the INAP protocol.
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IMPACT OF RADIATION AND CHEMICAL THREATS ON
ENVIRONMENTAL SECURITY OF MILITARY INFRASTRUCTURE

Akhundov R.G.
Military Research Institute of the National Defense University, Baku, Azerbaijan

In recent decades, the global security landscape has significantly shifted, with
environmental threats arising from the potential use of radiological and chemical
weapons becoming a primary concern for military forces. The effects of radiation
and chemical hazards on the environment not only threaten the health and safety of
military personnel but also pose substantial risks to critical military infrastructure,
including facilities, communication systems, transportation networks, and supply
chains. This paper explores the influence of radiation and chemical threats on the
environmental security of military infrastructure, focusing on the potential long-term
consequences of such threats, as well as the strategies and technologies employed to
mitigate their impact.

Radiation and chemical threats encompass a wide range of hazards that can
affect military infrastructure. Radiation exposure, whether from nuclear explosions,
radiological dispersal devices (dirty bombs), or accidental releases from nuclear
facilities, can cause long-lasting environmental contamination, making areas unsafe
for military operations. On the other hand, chemical threats, such as the release of
toxic industrial chemicals, nerve agents, or other chemical warfare agents, can have
both immediate and long-term effects on the environment. These threats can damage
ecosystems, degrade infrastructure, and disrupt military operations by rendering key
assets unusable or inaccessible. The scope of these threats extends beyond the
immediate danger to personnel and includes the enduring impact on the ecological
balance, which could lead to diminished operational capacity in affected regions.

The direct consequences of radiation and chemical contamination on military
infrastructure are vast. For example, the release of radioactive materials can lead to
soil and water contamination, which in turn can affect the operational viability of
military bases, supply routes, and strategic sites. Critical military assets such as
ammunition depots, airfields, and communication facilities may be rendered
unusable due to contamination, severely disrupting military operations.
Furthermore, radiation contamination can persist for decades, causing long-term
ecological damage that hinders future recovery and infrastructure redevelopment.
Chemical contaminants, depending on their nature, can corrode and degrade military
equipment, facilities, and transport networks, causing them to deteriorate rapidly and
necessitating costly decontamination and restoration efforts.

The military must develop and implement comprehensive strategies to
minimize the impact of radiation and chemical threats on the environment. One key
aspect of these strategies involves the identification and mapping of potential
contamination zones, allowing military planners to establish secure perimeters and
deploy resources in a way that mitigates the effects of contamination. Another
essential strategy is the development and use of protective barriers and technologies
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to prevent the spread of radioactive and chemical agents. These can include
specialized materials for constructing facilities that are resistant to contamination,
air filtration systems, and portable decontamination units for use in the field. Regular
maintenance of protective infrastructure and ongoing research into new
decontamination techniques further strengthens the resilience of military
infrastructure to environmental threats.

Technological advancements have played a crucial role in enhancing the
resilience of military infrastructure against radiation and chemical threats.
Developments in detection technology, such as radiation sensors, chemical
detectors, and environmental monitoring systems, provide real-time data on
contamination levels, allowing military forces to respond more quickly and
effectively. Similarly, advancements in materials science have led to the creation of
more robust, contamination-resistant coatings and construction materials, which can
help safeguard military assets from the harmful effects of radiation and chemical
exposure. Furthermore, the use of drones and robots for remote reconnaissance and
decontamination operations significantly reduces the exposure of personnel to
hazardous environments, increasing the overall effectiveness of response efforts.

The threat posed by radiation and chemical contamination is a serious and
growing concern for the environmental security of military infrastructure. The long-
term consequences of such threats can significantly hinder military operations,
degrade critical assets, and cause lasting ecological damage. However, through the
development of advanced technologies, comprehensive operational strategies, and
international collaboration, it is possible to minimize these risks and enhance the
resilience of military infrastructure.
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DIGITAL TECHNOLOGIES AND ARTIFICIAL INTELLIGENCE IN THE
MANAGEMENT OF ENVIRONMENTAL SAFETY IN THE ARMY

Jabrayilov A.R., Hashimov E.G., Akhundov R.G.
Military Research Institute of the National Defense University, Baku, Azerbaijan

In contemporary military operations, environmental safety has emerged as a
critical area requiring innovative technological solutions. The rapid advancement of
digital technologies and artificial intelligence (Al) has significantly reshaped how
military forces address environmental challenges, ensuring the protection of both
personnel and natural resources in complex operational environments. This thesis
examines the role of digital technologies and Al in the management of
environmental safety within military structures, exploring how these tools are
employed to mitigate risks, enhance response times, and optimize decision-making
processes.

The primary objective of this research is to provide a comprehensive overview
of how digital technologies and Al are integrated into military systems for managing
environmental hazards, particularly in the context of radiation and chemical safety.
Environmental safety in military settings is multifaceted, encompassing the
prevention of exposure to toxic chemicals, radiation, and other hazardous substances
that can severely impact both the operational effectiveness and the health of military
personnel.

Digital technologies, including sensors, monitoring systems, and data analytics
platforms, have been instrumental in improving environmental safety within the
military. These technologies enable real-time detection of environmental hazards,
providing commanders with immediate access to critical data that can guide their
decision-making processes. Artificial intelligence further enhances the capabilities
of digital systems by providing advanced predictive analytics and automated
decision-making processes. Al-powered algorithms can analyze vast amounts of
environmental data and identify potential hazards that may go undetected by
traditional methods. Machine learning models are used to predict the likelihood of
environmental hazards based on historical data, environmental patterns, and current
conditions. These predictive capabilities enable military units to take preemptive
measures, such as evacuations or the deployment of specialized equipment, to
mitigate potential risks before they escalate into serious incidents.

Moreover, Al has proven to be an invaluable tool in optimizing resource
allocation and improving the efficiency of military operations. By utilizing Al for
logistical planning, commanders can make informed decisions about the distribution
of environmental safety equipment and personnel. The integration of Al systems into
command and control centers allows for a more coordinated response to
environmental threats, improving the overall safety of military operations.

A critical area of focus in this thesis is the role of Al in enhancing the
management of radiation and chemical safety. In modern warfare, the use of
chemical and nuclear weapons poses a significant threat to both military personnel
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and civilian populations. Al technologies are being used to develop advanced
detection systems capable of identifying trace amounts of hazardous substances,
even in highly contaminated environments. This technology not only improves the
safety of military forces but also contributes to broader environmental protection
efforts by minimizing the long-term impact of chemical and radiological
contamination.

While the integration of digital technologies and Al into environmental safety
management offers numerous advantages, there are also challenges that must be
addressed. The reliance on digital systems introduces potential cybersecurity risks,
as military assets and personnel may become vulnerable to cyberattacks. Ensuring
the integrity and security of environmental safety systems is paramount to
maintaining their effectiveness in the face of evolving threats.

In conclusion, the utilization of digital technologies and artificial intelligence
in the management of environmental safety in the military represents a
transformative shift in how military organizations approach environmental
challenges. Through real-time monitoring, predictive analytics, and enhanced
decision-making, these technologies are revolutionizing the way military forces
protect personnel and the environment. As the complexity of modern warfare
continues to evolve, the integration of advanced technologies will be crucial for
ensuring the long-term sustainability and effectiveness of military operations,
ultimately safeguarding both human and environmental health.
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DEVELOPMENT OF MULTILAYERED PROTECTION SYSTEMS
AGAINST CHEMICAL, RADIOLOGICAL, AND BIOLOGICAL
HAZARDS FOR MILITARY PERSONNEL

Mammadov E.V., Islamov 1.C., Akhundov R.G.
Military Research Institute of the National Defense University, Baku, Azerbaijan

The protection of military personnel from chemical, radiological, and
biological (CRB) threats is essential for ensuring the safety, health, and operational
effectiveness of armed forces in modern combat environments. The ever-evolving
nature of warfare, with the increasing risk of unconventional and asymmetric threats,
has necessitated the development of more advanced, integrated, and adaptable
protective systems.

Military personnel are frequently exposed to a wide range of potential hazards,
including toxic chemicals, radioactive materials, and biological agents. Traditional
personal protective equipment (PPE) often offers protection against only one of these
threats at a time, limiting its effectiveness in complex, multi-threat environments. To
address this issue, multilayered protection systems have been developed, which
combine various materials, technologies, and design features to provide
comprehensive, real-time protection against chemical, radiological, and biological
agents. These systems are designed to be lightweight, flexible, and adaptable,
ensuring that military personnel can operate efficiently while maintaining their
safety.

One of the key innovations in multilayered protection systems is the integration
of advanced filtering materials capable of neutralizing a broad spectrum of chemical
agents. These materials utilize a combination of adsorption, catalysis, and chemical
bonding techniques to efficiently remove harmful substances from the air and
prevent exposure. In addition to chemical protection, these systems also include
radiation shielding layers made from high-density materials, such as nanocomposites
and polymers, which provide effective attenuation of ionizing radiation. These layers
can be tailored to meet specific threat levels and operational conditions, ensuring
optimal protection without compromising mobility or comfort.

For biological protection, multilayered systems incorporate advanced
antimicrobial fabrics and biocidal coatings that neutralize harmful pathogens. These
materials are engineered to actively kill bacteria, viruses, and other biological agents
upon contact, providing an additional layer of defense against biological threats.
Furthermore, integrated biosensors can be embedded within the protective gear to
detect the presence of biological agents in real-time, allowing for rapid assessment
and response to potential contamination.

Another significant innovation in these systems is the integration of smart
technology and real-time monitoring. Sensors embedded within the layers of the
protective gear can continuously monitor environmental conditions, including the
presence of chemical, radiological, and biological agents, as well as the wearer's vital
signs. This data is transmitted to a central command system, enabling commanders
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to make informed decisions about troop movements, potential exposure levels, and
the need for decontamination or evacuation. In addition, wearables and
communication systems allow for seamless communication between soldiers and
command centers, ensuring that all personnel are informed and coordinated during
operations.

One of the primary challenges in developing multilayered protection systems
is balancing protection with operational effectiveness. While it is critical to ensure
that military personnel are shielded from CRB hazards, the protective gear must not
impede their mobility, endurance, or effectiveness in the field. To address this,
significant efforts have been made to develop lightweight, ergonomic designs that
offer enhanced flexibility and comfort. Advanced materials, such as flexible
polymers and elastomers, are used to create protective layers that conform to the
body, providing a snug fit without restricting movement. Additionally, the design of
the systems takes into account the wearer's ability to perform essential tasks, such as
operating weapons, performing first aid, and communicating with other personnel.

In conclusion, the development of multilayered protection systems against
chemical, radiological, and biological hazards is crucial for the safety and
operational effectiveness of military personnel. Innovations in materials science,
sensor technology, and modular design have led to the creation of more effective,
flexible, and comfortable protective systems.
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EFFECTIVENESS OF ENVIRONMENTAL PROTECTION SYSTEMS
IN THE MILITARY UNDER RADIATION THREATS

Akhundov R.G.
Military Research Institute of the National Defense University, Baku, Azerbaijan

The role of environmental protection systems in the military has become
increasingly significant as the world faces growing concerns regarding nuclear,
radiological, and chemical threats. Particularly, radiation threats pose severe risks
not only to human health but also to military infrastructure and operational
capabilities. To address these challenges, modern military forces have developed
comprehensive environmental protection systems designed to safeguard personnel,
critical assets, and the environment from the detrimental effects of radiation
exposure. This paper aims to evaluate the effectiveness of these protection systems
in military contexts, focusing on technological advancements, operational strategies,
and the challenges faced in integrating these systems into military operations.

Technological advancements in environmental protection systems - the
development of environmental protection systems has evolved significantly over the
past decades, particularly in response to the potential use of nuclear and radiological
weapons. Modern systems incorporate advanced detection technologies, such as
radiation sensors, and specialized equipment, including protective suits and air
filtration systems. These systems are designed to detect radiation levels in real-time,
provide early warning to military personnel, and mitigate exposure through various
barriers and filters. The integration of automated and autonomous systems, such as
robotic decontamination units, has further enhanced the operational efficiency of
military units in contaminated environments. Technological innovations such as
these have played a key role in improving the overall effectiveness of environmental
protection systems in ensuring the safety and readiness of military forces.

Operational strategies for radiation protection in military operations - the
effectiveness of environmental protection systems in the military depends heavily
on their integration into operational planning. Military operations in radiologically
contaminated environments require thorough preparation and coordination to
minimize radiation exposure. The implementation of radiation safety protocols,
including the establishment of radiation detection zones, safe zones, and
decontamination stations, is critical in maintaining the health and safety of military
personnel. Furthermore, the strategic use of protective equipment and shelters during
operations, combined with efficient evacuation procedures, ensures that military
personnel can perform their tasks while minimizing the risks associated with
radiation exposure. Training and simulations play a vital role in preparing military
units for operations in contaminated environments, enabling them to respond
effectively and efficiently under high-stress conditions.

Challenges in implementing and maintaining environmental protection systems
- despite advancements in technology and operational strategies, several challenges
remain in the effective implementation and maintenance of environmental protection
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systems in military contexts. One of the primary challenges is the integration of these
systems into existing military infrastructure. Many armed forces around the world
still face difficulties in ensuring that protection systems are universally available and
properly maintained. This is particularly relevant in regions with limited resources
or in areas affected by ongoing conflict, where the deployment of complex systems
may not be feasible. Additionally, the long-term exposure to radiation can pose
health risks even with protective measures in place, requiring continuous monitoring
and post-exposure care. The need for constant innovation in detection technologies
and protective equipment further adds to the complexity of maintaining effective
protection systems.

The increasing threat of radiation exposure in military operations highlights the
need for effective environmental protection systems that can safeguard both military
personnel and critical infrastructure. Advances in technology, strategic operational
planning, and international cooperation have contributed to the enhancement of these
systems. However, challenges remain in the integration, maintenance, and
effectiveness of these protection measures, particularly in the face of new and
evolving threats. Continued investment in research, technological innovation, and
multinational collaboration will be essential in ensuring that environmental
protection systems remain a robust and reliable component of military readiness,
capable of mitigating the risks associated with radiation exposure in complex
operational environments.
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EXPERIENCE OF INTERNATIONAL COOPERATION
IN THE FIELD OF MILITARY ENVIRONMENTAL SAFETY

Jabrayilov A.R., Hashimov E.G., Akhundov R.G.
Military Research Institute of the National Defense University, Baku, Azerbaijan

International cooperation in the field of military environmental safety has
become an essential element in ensuring the security and sustainability of military
operations across the globe. As environmental risks such as chemical spills, nuclear
contamination, and the degradation of ecosystems increasingly affect military
activities, collaborative efforts between nations have proven to be crucial in
addressing these challenges effectively. This thesis explores the experience of
international cooperation in military environmental safety, examining both the
successes and the challenges faced by various countries and international
organizations in managing environmental threats within the military domain.

The primary goal of this research is to highlight the importance of joint efforts
between military and civilian entities in the protection of the environment during
military operations. While military activities are often associated with the use of
hazardous materials and high-risk technologies, international collaboration has
shown that shared expertise, resources, and knowledge can significantly enhance the
effectiveness of environmental protection measures. This cooperation takes many
forms, including bilateral and multilateral agreements, joint training exercises,
shared research initiatives, and the establishment of international norms and
standards for military environmental safety.

One of the most notable examples of international cooperation in this field is
the work of organizations such as the United Nations Environment Programme
(UNEP) and the Organization for Security and Cooperation in Europe (OSCE).
These organizations play a pivotal role in coordinating efforts to reduce the
environmental impact of military activities. UNEP, for instance, has been
instrumental in promoting sustainable practices within the military and advocating
for the adoption of environmentally friendly technologies. Through its initiatives,
UNEP works to integrate environmental considerations into military planning and
operations, helping to minimize ecological damage caused by armed conflicts.

Additionally, multilateral agreements, such as the 1993 Chemical Weapons
Convention (CWC) and the 1972 Biological Weapons Convention (BWC), have
paved the way for greater international cooperation in the field of military
environmental safety. These treaties not only aim to eliminate the use of weapons of
mass destruction but also establish clear guidelines for managing the environmental
risks associated with the production, storage, and disposal of hazardous materials.
By setting international standards and providing mechanisms for monitoring
compliance, these agreements have helped reduce the ecological footprint of military
activities and fostered a shared responsibility among nations to safeguard the
environment. Furthermore, joint military exercises and research collaborations have
enabled countries to exchange best practices and lessons learned in the field of
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environmental safety. For example, the NATO Science for Peace and Security (SPS)
Programme has supported numerous projects aimed at improving the environmental
performance of military operations. These initiatives bring together military
personnel, environmental experts, and researchers to develop innovative solutions
for reducing the environmental impact of defense activities. Collaborative research
in areas such as contamination detection, waste management, and the development
of green technologies has been a key driver in enhancing the sustainability of
military operations.

However, despite the progress made through international cooperation,
challenges remain in fully integrating environmental considerations into military
practices. Disparities in resources, political priorities, and national regulations can
hinder the effective implementation of international agreements and standards.
Additionally, the rapid pace of technological advancement in the defense sector
presents new challenges in ensuring that military activities remain environmentally
responsible. As countries continue to develop and deploy advanced military
technologies, the need for ongoing international dialogue and cooperation becomes
even more critical.

In conclusion, international cooperation in the field of military environmental
safety plays a vital role in mitigating the ecological impacts of military operations.
Through the establishment of international agreements, the sharing of research and
expertise, and the implementation of joint initiatives, nations can work together to
address environmental challenges in a more coordinated and effective manner.
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INNOVATIVE TECHNOLOGIES FOR RADIOLOGICAL AND
CHEMICAL SAFETY IN MILITARY UNITS
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Military Research Institute of the National Defense University, Baku, Azerbaijan

In modern military operations, the protection of personnel from radiological
and chemical hazards is critical for ensuring operational effectiveness and
safeguarding national security. With the increasing complexity of military missions,
the need for advanced technologies in the field of radiological and chemical safety
has never been more pressing.

Radiological and chemical threats pose significant risks to military personnel,
both during combat operations and in the aftermath of attacks. These hazards are not
only lethal but can also have long-term consequences on the environment and the
health of soldiers. Traditional methods of radiation and chemical detection often fall
short in addressing the evolving nature of threats, necessitating the development of
innovative technologies that can provide more reliable, real-time assessments and
responses.

One of the most significant advancements in radiological safety is the
development of portable radiation detection systems. These systems have evolved
from bulky, stationary equipment to compact, user-friendly devices that provide
immediate readings of radiation levels in the field. Technologies such as scintillation
counters, gamma spectrometers, and portable radiation portals are now being used
by military units to quickly assess the presence of radioactive materials in both
outdoor and indoor environments. These devices are crucial in the early detection of
nuclear or radiological attacks, allowing military personnel to take immediate
protective measures, such as evacuation or sheltering in place.

Similarly, chemical warfare agents continue to present significant threats to
military forces. New detection technologies, such as chemical sensors and detectors
that use advanced spectroscopic techniques, are enabling more precise identification
of chemical agents in the field. These technologies have improved sensitivity and
selectivity, enabling military personnel to identify even trace amounts of chemical
agents that may not have been detectable using older systems. For example, the use
of mass spectrometry and ion mobility spectrometry in portable chemical detection
systems has revolutionized the ability to detect and identify chemical agents in real
time.

In addition to detection technologies, innovations in protective equipment have
significantly enhanced the ability of military personnel to safeguard themselves
against radiological and chemical threats. New materials, such as advanced
nanomaterials and composites, are being incorporated into personal protective
equipment (PPE), including gas masks, suits, and gloves. These materials offer
enhanced protection against chemical and radiological exposure while maintaining
comfort and mobility for soldiers in the field. Moreover, wearable sensors are being
integrated into military uniforms to continuously monitor exposure to radiation and
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chemicals, providing real-time data to commanders and enabling prompt action to
mitigate risks.

Another key development in the area of radiological and chemical safety is the
use of unmanned systems, such as drones and robots, to conduct hazardous material
reconnaissance. These systems are capable of operating in environments that are too
dangerous for human personnel, such as contaminated zones or areas affected by
nuclear fallout. Equipped with radiation detectors and chemical sensors, these
unmanned systems can survey areas for contamination, provide real-time data, and
even conduct decontamination operations, all without putting human lives at risk.

Despite the progress made in radiological and chemical safety technologies,
challenges remain. The continuous development of new, more potent chemical and
radiological agents requires ongoing innovation and adaptation of existing
technologies. Additionally, the cost of deploying and maintaining advanced
detection systems, protective equipment, and unmanned platforms can be
substantial. As such, ensuring the availability and affordability of these technologies
remains a critical consideration for military planners.

In conclusion, innovative technologies for radiological and chemical safety are
playing an increasingly vital role in ensuring the safety and effectiveness of military
units in the face of evolving threats. From advanced detection systems to new
materials for protective equipment, these technologies provide military personnel
with the tools necessary to protect themselves from hazardous agents and to respond
effectively to emerging threats. The integration of unmanned systems and Al further
enhances situational awareness and decision-making, improving the ability to
mitigate risks.
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The threat of chemical and radiological contamination is a critical concern for
military operations. Accurate modeling and forecasting of these threats are essential
for effective preparedness, response, and mitigation. This paper explores the
methodologies and technologies used to model and predict chemical and radiological
hazards in military settings.

The primary goal of threat modeling in the military is to predict the outcomes
of chemical or radiological incidents, assess associated risks, and develop strategies
to mitigate impacts. The modeling process includes factors such as the hazardous
substance’s nature and quantity, environmental conditions, weather data, and the
vulnerabilities of affected populations or infrastructure. By simulating different
threat scenarios, military decision-makers can evaluate countermeasures, determine
deployment strategies, and allocate resources effectively to protect personnel and
minimize casualties.

Recent advancements in computational technologies have enabled the
development of sophisticated models that simulate the dispersion of chemical agents
and radioactive materials. These models account for the physical and chemical
properties of substances, environmental conditions, and topography, which
influence contamination spread. For example, the dispersion of chemical agents in
the atmosphere can be affected by wind speed, temperature, and humidity. Similarly,
the spread of radioactive materials depends on terrain features, precipitation, and
vegetation. Incorporating these factors into models allows for accurate
contamination predictions, crucial for timely evacuations and protective measures.

The integration of artificial intelligence (Al) and machine learning has further
enhanced the accuracy of threat forecasting. Al algorithms analyze vast amounts of
data from multiple sources, such as satellite imagery and sensor networks, to identify
trends and patterns. These predictive models can provide real-time forecasts,
allowing military forces to respond proactively. Al-powered models can integrate
various data sources, giving a more comprehensive understanding of potential risks.

Forecasting also involves understanding human behavior, such as how military
personnel and civilians will respond to hazardous substances. Simulations predict
how soldiers will navigate contaminated zones, the protective equipment required,
and how long it will take them to reach safety. This information is vital for
optimizing resource deployment and ensuring military personnel’s safety.
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The use of unmanned aerial vehicles (UAVS) equipped with sensors for
chemical and radiation detection has significantly improved the monitoring of these
threats. UAVs provide real-time data on contamination levels, which can be
integrated into forecasting models for continuous updates. This capability enables
dynamic strategy adjustments, improving the military’s response.

These models play a vital role in strategic planning by simulating various
scenarios and developing contingency plans for different contamination levels.
These plans include protocols for decontamination, medical responses, and the
distribution of protective equipment. Through simulation, military planners can
refine these protocols and ensure effective deployment during actual events.

Despite their benefits, threat forecasting models face challenges, particularly
the uncertainty in predicting the behavior of chemical and radiological agents.
Environmental variability, human actions, and the interaction of different substances
complicate precise predictions. However, advancements in computational modeling
and Al are reducing these uncertainties and making forecasts more reliable. Another
challenge is integrating data from diverse sources, which often have varying levels
of accuracy. Effective integration and data fusion are necessary to ensure that models
are based on reliable, comprehensive information. Standardized data-sharing
protocols across military units are crucial for cohesive and accurate forecasting.

In conclusion, the modeling and forecasting of radiological and chemical
threats are essential components of modern military operations, providing tools to
protect personnel and infrastructure from the consequences of contamination.
Continued advancements in computational models, Al, and sensor technologies will
further enhance the military’s ability to predict and respond to chemical and
radiological threats. By improving forecast accuracy and timeliness, these models
contribute to safer and more effective military operations.
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THE IMPACT OF MILITARY ACTIVITIES ON THE ENVIRONMENT:
PATHWAYS FOR MINIMIZING CONSEQUENCES

Mammadov E.V., Islamov 1.C., Akhundov R.G.
Military Research Institute of the National Defense University, Baku, Azerbaijan

Military operations, while essential for national defense and security, often
have significant environmental consequences. The adverse impact of military
activities on ecosystems includes contamination of air, soil, and water, biodiversity
loss, habitat destruction, and long-term environmental degradation. As military
operations evolve and expand, it becomes increasingly important to recognize and
address these environmental consequences. This thesis aims to explore the impact of
military activities on the environment and identify strategies for minimizing these
effects through improved policies, technological innovations, and operational
changes.

One of the major environmental challenges associated with military operations
is soil and water contamination. The use of explosives, ammunition, and chemicals
during military exercises and combat missions can result in hazardous substances
entering the soil and groundwater. These substances, including heavy metals, oil,
and solvents, can persist for years, posing a threat to both local wildlife and human
populations. Moreover, military bases and training areas often contain large
quantities of pollutants that may leach into surrounding ecosystems. This
contamination can damage agricultural land, degrade water quality, and harm
biodiversity. Efforts to mitigate these risks include the use of environmentally
friendly ammunition and explosives, as well as improved waste management
practices that reduce the release of harmful substances.

Another significant concern is the impact of military activities on biodiversity.
Military training areas, particularly those used for large-scale maneuvers and
weapons testing, often overlap with natural habitats and wildlife reserves. The noise,
destruction of vegetation, and disturbance of natural ecosystems caused by military
activities can drive species from their habitats, leading to population decline or even
extinction. Additionally, the construction of military infrastructure, such as roads,
airfields, and bases, can fragment ecosystems, preventing the movement of wildlife
and disrupting migration patterns. To address these issues, military planners must
consider environmental conservation as an integral part of operational planning.
Measures such as establishing buffer zones, minimizing infrastructure development
in sensitive areas, and conducting environmental impact assessments prior to
military exercises can help protect biodiversity.

The use of chemical agents and toxins is another critical issue in military
activities. The deployment of chemical weapons, although prohibited under
international law, continues to pose significant risks in certain conflict zones. The
environmental consequences of chemical weapon use are severe, with long-term
contamination of soil and water resources. Additionally, military activities often
involve the disposal of hazardous waste, which can include toxins, fuels, and other
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harmful materials. One strategy for mitigating the impact of these substances is the
development and use of biodegradable materials, as well as the creation of
specialized containment systems to manage hazardous waste. Furthermore,
advancements in decontamination technologies offer promising solutions for
neutralizing harmful substances after their use.

Technological innovations also play a crucial role in reducing the
environmental impact of military activities. The development and implementation
of advanced technologies, such as electric and hybrid vehicles, unmanned aerial
vehicles (UAVSs), and energy-efficient equipment, can help reduce the reliance on
fossil fuels and decrease emissions. Additionally, improvements in waste
management technologies, such as recycling systems and biodegradable materials,
can help reduce the environmental footprint of military operations. The use of remote
sensing and environmental monitoring technologies can also provide real-time data
on environmental conditions, enabling military units to adjust their strategies and
minimize environmental harm during operations.

In conclusion, while military activities inevitably have some environmental
consequences, there are numerous pathways for minimizing their impact. Protecting
ecosystems, conserving biodiversity, and addressing climate change should be
viewed as essential components of national security and military readiness. Moving
forward, greater international collaboration and the development of global standards
for military environmental protection are crucial for ensuring that military operations
are carried out with minimal harm to the environment and future generations.
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SYSTEMIC RISK ANALYSIS OF CHEMICAL AND RADIOLOGICAL
CONTAMINATION IN THE MILITARY

Akhundov R.G.
Military Research Institute of the National Defense University, Baku, Azerbaijan

The increasing prevalence of non-conventional warfare and the potential use of
chemical and radiological agents in military conflicts necessitate a comprehensive
approach to assessing and managing risks associated with contamination. Chemical
and radiological hazards present complex and multifaceted challenges to military
operations, personnel safety, and long-term infrastructure sustainability. The
integration of risk analysis into military planning and response strategies is essential
for mitigating the devastating effects of these threats. This paper focuses on systemic
risk analysis methods used to assess the risks of chemical and radiological
contamination in military settings, emphasizing the importance of predictive
modeling, real-time risk assessments, and the role of contingency planning.

The first step in risk analysis is identifying and understanding chemical and
radiological threats. Chemical agents vary in their properties and effects, and
radiation hazards differ depending on the type and source. Risk assessments must
consider the agents’ properties, behavior, and their impact on personnel and military
assets.

A combination of qualitative and quantitative risk assessments is used to
evaluate contamination risks. Predictive models allow military planners to simulate
scenarios and forecast potential outcomes, taking into account factors like weather
and terrain. Real-time data from monitoring systems further supports dynamic risk
analysis.

Chemical and radiological threats also impact military infrastructure.
Identifying vulnerable assets like command centers, airfields, and communication
systems is crucial. The risk assessment includes the resilience of protective measures
and the long-term consequences of contamination, which can disrupt military
operations.

A comprehensive risk management plan involves defining acceptable risk
levels, implementing preventive measures, and preparing for quick response. This
includes early warning systems, decontamination procedures, and training personnel
to recognize and respond to contamination.

Scenario-based simulations are used to evaluate the potential impact of
different contamination events. These simulations help assess protective measures,
identify weaknesses, and optimize resource allocation during real-time military
operations.

Real-time monitoring systems, including radiation sensors and chemical
detectors, provide continuous feedback on contamination levels. Advanced
technologies, like Al and machine learning, enhance predictive models, and
unmanned systems support reconnaissance and decontamination.
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Challenges in risk analysis include the complexity of modeling the spread of
contamination and the possibility of hybrid threats like combined chemical and
radiological attacks. Advancements in computational modeling, sensor technologies,
and Al will improve risk analysis, alongside research into long-term health effects
on military personnel.

Systemic risk analysis is a critical component of military preparedness in the
face of chemical and radiological threats. By employing comprehensive risk
assessment methodologies, predictive modeling, and real-time data integration,
military planners can better anticipate the consequences of contamination events and
develop effective response strategies. The ability to assess vulnerabilities in military
infrastructure, manage operational risks, and run scenario-based simulations
enhances the military's capacity to protect personnel and critical assets. Continued
innovation in risk analysis tools and technologies, along with cross-disciplinary
collaboration, will play a pivotal role in advancing the resilience of military
operations in an increasingly complex security environment. Ultimately, systemic
risk analysis will ensure that military forces are better equipped to mitigate the risks
of chemical and radiological contamination, safeguarding both personnel and
infrastructure in the face of evolving threats.
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ECO-INNOVATIONS AND SUSTAINABLE DEVELOPMENT
IN THE MILITARY SECTOR IN THE FACE
OF CONTEMPORARY CHALLENGES

Mammadov E.V., Islamov 1.C., Akhundov R.G.
Military Research Institute of the National Defense University, Baku, Azerbaijan

In recent years, the concept of sustainability has gained increasing importance
across all sectors of society, including defense. The military, traditionally associated
with significant environmental impacts, is now under growing pressure to reduce its
ecological footprint and adopt more sustainable practices. This thesis examines the
role of eco-innovations in the military sector and explores how they can contribute
to sustainable development in the face of contemporary challenges. It will focus on
the potential for green technologies, eco-friendly practices, and innovative solutions
to address the environmental, economic, and security challenges facing the defense
sector today.

The military sector has long been one of the largest consumers of energy and
natural resources, and a major emitter of greenhouse gases. The traditional methods
of operation, including the use of fossil fuels for vehicles, aircraft, and ships, as well
as the environmental consequences of weapons testing, training exercises, and base
construction, contribute to significant environmental degradation. With the
increasing emphasis on climate change and environmental preservation, the military
sector must find ways to balance its operational needs with ecological responsibility.
Eco-innovations present an opportunity to revolutionize how military operations are
conducted, reducing their environmental impact while maintaining readiness and
operational effectiveness.

Another important area of eco-innovation in the military sector is the
development of sustainable infrastructure. Military bases and training facilities are
often located in ecologically sensitive areas, and their construction and operation can
have a significant impact on local ecosystems. The use of sustainable building
materials, energy-efficient designs, and environmentally friendly construction
practices can help mitigate the ecological impact of military infrastructure. Green
infrastructure, such as rainwater harvesting systems, green roofs, and energy-
efficient buildings, can help military bases reduce their environmental footprint
while enhancing resilience to climate change.

The integration of eco-innovations into military operations also requires
changes in the training and operational strategies of armed forces. Educating military
personnel about environmental issues and sustainable practices is essential to
ensuring the successful implementation of eco-friendly technologies and practices.
This includes providing training on energy efficiency, waste management, and the
use of renewable resources. Furthermore, operational planning must take into
account environmental considerations, ensuring that military exercises and missions
are conducted with minimal environmental impact.
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Sustainable development in the military sector is not only about reducing
environmental harm but also about enhancing the resilience and long-term viability
of military operations. By adopting eco-innovations, the military can improve its
energy security, reduce logistical wvulnerabilities, and contribute to global
environmental goals. The integration of eco-friendly technologies also aligns with
broader national and international sustainability targets, such as the United Nations
Sustainable Development Goals (SDGs). By embracing these innovations, the
military can lead by example, demonstrating that national security and
environmental stewardship can go hand in hand.

However, the adoption of eco-innovations in the military sector faces several
challenges. One of the main obstacles is the initial cost of implementing new
technologies and practices. While many green technologies are becoming more
affordable, the upfront investment required for research, development, and
infrastructure changes can be significant. Additionally, there are concerns about the
performance of eco-friendly technologies in extreme military environments. It is
essential to ensure that green technologies do not compromise the operational
effectiveness and readiness of military forces. Thus, continued research and
development are necessary to ensure that eco-innovations are both effective and
reliable under challenging conditions.

In conclusion, eco-innovations offer a promising path toward sustainable
development in the military sector. By embracing green technologies, improving
waste management practices, and developing sustainable infrastructure, the military
can reduce its environmental impact while enhancing its operational effectiveness.
While there are challenges to overcome, the potential benefits of eco-innovations in
terms of energy security, environmental preservation, and long-term sustainability
are significant.
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THE ROLE OF ENVIRONMENTAL MONITORING
IN ENSURING THE SAFETY OF MILITARY UNITS

Jabrayilov A.R., Hashimov E.G., Akhundov R.G.
Military Research Institute of the National Defense University, Baku, Azerbaijan

Environmental monitoring plays a crucial role in ensuring the safety and
operational effectiveness of military units, particularly in the context of modern
warfare where environmental hazards such as chemical spills, radiological
contamination, and toxic waste pose significant risks to personnel and mission
success. The integration of advanced environmental monitoring systems within
military operations enables real-time data collection and analysis, which is essential
for making informed decisions, mitigating risks, and enhancing the protection of
both soldiers and the environment. This thesis explores the vital role of
environmental monitoring in safeguarding military units, examining the
technologies, strategies, and challenges involved in its implementation.

One of the key functions of environmental monitoring is the detection of
hazardous substances, such as chemicals, biological agents, and radiation, which are
commonly encountered during military operations. Chemical and biological
weapons, as well as radiological threats, can significantly compromise the safety of
military personnel and civilians alike. Advanced monitoring technologies, including
sensor networks, satellite imaging, and unmanned aerial vehicles (UAVS), provide
the capability to detect these hazards in real-time and assess their potential impact.
The ability to quickly identify the presence of harmful substances allows military
units to respond swiftly and deploy appropriate protective measures, such as
protective suits, evacuation protocols, or decontamination procedures.

Moreover, environmental monitoring plays a crucial role in ensuring the safety
of military personnel in relation to the surrounding ecosystem. Activities such as
large-scale military exercises, weapon testing, and base construction can result in
soil, water, and air contamination. Monitoring systems can track these changes,
alerting commanders to potential ecological hazards that may harm both personnel
and the environment. In this regard, environmental monitoring extends beyond
human health to include broader ecological considerations, ensuring that military
operations do not contribute to long-term environmental degradation.

Environmental monitoring systems also aid in risk assessment and resource
management. By continuously tracking environmental conditions, such as air
quality, temperature, humidity, and weather patterns, military units can anticipate
changes in the environment that could affect their ability to operate effectively. For
example, extreme weather conditions such as heavy storms or high winds can disrupt
communications, damage infrastructure, and limit mobility. By integrating
environmental data with operational planning, military units can adjust their
strategies, ensuring the safety and success of their missions.

However, there are several challenges associated with implementing
environmental monitoring systems in military settings. One of the main obstacles is
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the complexity and cost of deploying advanced monitoring technologies in the field.
In remote or hostile environments, it can be difficult to establish and maintain sensor
networks, and the reliability of these systems may be compromised by adverse
weather conditions, enemy interference, or logistical constraints. Furthermore, the
integration of environmental monitoring data with other military systems, such as
command and control centers, requires advanced communication technologies and
secure data management protocols to ensure seamless operation.

Another challenge is the need for proper training and education of military
personnel in environmental monitoring practices. Effective use of monitoring
systems requires personnel who are knowledgeable about the technologies and able
to interpret environmental data accurately. Additionally, military units must be
equipped with the necessary tools and resources to respond to environmental threats
quickly and effectively. This necessitates regular training exercises and the
development of standard operating procedures for environmental emergencies.

In conclusion, environmental monitoring plays an indispensable role in
ensuring the safety of military units by providing real-time data on potential hazards
and enabling proactive decision-making. The use of advanced monitoring
technologies, combined with Al and data analytics, enhances the ability of military
forces to detect and respond to environmental threats, thereby safeguarding
personnel and maintaining mission effectiveness. While challenges remain in
implementing these systems, the continued advancement of environmental
monitoring technologies holds significant potential for improving the safety and
sustainability of military operations.
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MODERN APPROACHES TO ENVIRONMENTAL PROTECTION
IN THE ARMY: CHALLENGES AND SOLUTIONS

Akhundov R.G.
Military Research Institute of the National Defense University, Baku, Azerbaijan

Environmental protection in the military sphere has become a critical issue due
to the increasing risks associated with armed conflicts, industrial pollution, and the
long-term consequences of hazardous military activities. Modern armies must
balance operational effectiveness with sustainable environmental management to
prevent irreversible damage to ecosystems and human health.

Chemical and radiation hazards pose severe threats to both military personnel
and civilian populations. Accidental spills, the use of hazardous materials in combat
zones, and the improper disposal of military waste contribute to environmental
degradation. Additionally, the rise of unconventional warfare, including the potential
use of chemical and radiological weapons, necessitates the development of advanced
protective and monitoring systems.

Given these challenges, it is imperative to explore and implement modern
approaches to environmental protection within the armed forces. This study aims to
analyze the current challenges in military environmental protection and propose
innovative solutions to enhance chemical and radiation safety in military operations.

The analysis highlights several major environmental challenges faced by
modern armed forces: chemical and radiological contamination - military activities,
including training exercises, combat operations, and equipment maintenance, often
involve the use of hazardous substances that can contaminate soil, water, and air;
waste management issues - military installations produce significant amounts of
hazardous waste, including fuel residues, explosives, and toxic chemicals, which
require proper disposal methods; lack of integrated monitoring systems - many
military bases still rely on outdated environmental monitoring systems that do not
provide real-time data on pollution levels; insufficient training and awareness - many
military personnel lack adequate training in environmental safety measures, leading
to inefficient responses to ecological threats.

To address these challenges, several modern approaches can be implemented:

Implementation of Al-Based environmental monitoring systems - Artificial
intelligence (Al) and big data analytics can significantly improve environmental
monitoring in military operations. Al-powered sensors can detect hazardous
substances in real time and provide early warnings of contamination risks.
Automated data analysis enables military leaders to make informed decisions
regarding environmental protection strategies.

Use of Smart Decontamination Technologies - Advanced decontamination
technologies, such as nanomaterial-based filtration systems and autonomous
decontamination drones, offer more efficient and safer methods for neutralizing
hazardous substances. These technologies can be deployed rapidly in contaminated
areas, minimizing risks to personnel.
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Development of Eco-Friendly Military Equipment - The introduction of
biodegradable materials, low-emission engines, and sustainable energy sources in
military vehicles and equipment can reduce the ecological footprint of armed forces.
Research into green alternatives for fuel and ammunition is essential for minimizing
long-term environmental damage.

Establishment of Eco-Security Protocols - Military organizations should
develop comprehensive eco-security protocols that outline clear procedures for
handling hazardous materials, preventing pollution, and responding to
environmental crises. These protocols should be integrated into standard military
operational procedures.

Integration of Environmental Training in Military Education - One of the
most cost-effective solutions for improving environmental protection is enhancing
military training programs. Personnel must be educated on proper waste disposal,
the risks of chemical and radiation exposure, and best practices for environmental
sustainability. Simulated exercises on handling environmental hazards should
become a standard part of military training curricula.

The implementation of modern environmental protection strategies in the
military is essential for ensuring the safety of personnel, civilians, and ecosystems.
This study highlights the necessity of integrating Al-based monitoring, smart
decontamination technologies, eco-friendly equipment, and enhanced training
programs into military operations.
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METHODS FOR DETECTING MINI AND MICRO UAVs
USING ULTRA-WIDEBAND RADIO SIGNALS
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When analyzing wars and conflicts in modern times, it is proven that mini and
micro drones are more widely used in theaters of war and they perform a wide variety
tasks depending on their specific purpose. Mini and micro drones are able to fly at
very low altitudes in complex geographical locations, while simultaneously avoiding
radio detection, infrared radiation and acoustic radiation [1, 2].

Since the flight trajectories of mini and micro UAVs are realized at very low
altitudes, in valleys, ravines, behind and at the foot of land elevations, as well as
along the horizon, their detection by radars of anti-aircraft missile complexes and
radio-technical systems in these conditions is limited [1, 3-7].

The use UAVs in a wide range positions and purposes over time constantly
changes and develops their concepts. As evidence and proof of these facts, it is
enough to look at the chronologies of the processes taking place in the former post-
Soviet spaces (Karabakh wars, Ossetia-Georgia, Russia-Ukraine wars), armed
conflicts and battles. We have witnessed the great advantages mini and micro UAVs
with artificial intelligence in these hotbeds of war.

From this perspective, when armed conflicts occur in modern times, the
technical solution to these problems, the detection and destruction of mini and micro
UAVs and the drowning of the control system (the drowning and taking control of
the enemy UAV as a spoil) remains one main issues for the parties to the conflict in
our time [1, 4].

Since the Aerospace and Air Forces play the leading role among the main types
troops in modern wars and conflicts, the basis of combat missions is the timely and
long-range detection air targets in order to destroy them before they enter the border
zone of the battlefield.

In general, drones and UAVs are continuously controlled by radio signals from
the ground or any object remotely or autonomously using navigation systems and at
the same time determine their own telemetric parameters, from this point view they
cannot realistically fly without using this method [1].

It is from this perspective that we will attempt to detect these objects
themselves and their radio navigation systems, determine their bearings, determine
their coordinates, and analyze the jamming methods used against them by detecting
the electromagnetic waves emitted by the communication means used in the control
UAVs and drones with the help of passive radio and radar stations.

However, since information exchange in mini and micro UAVs that meet more
modern requirements is organized via ultra-wideband communication channels, it is

132



CyyacHi HanpsMmn po3BUTKY iHPOPMaLLIMHO-KOMYHIKaLiHUX TEXHOMOTi Ta 3acobiB ynpaBniHHA

almost impossible to detect targets operating in this spectrum using radio
interception and radar detection methods [1, 4].

It is from this point of view that it is recommended to use passive ultra-
wideband (SSC-Spread Spectrum Communications) radio interception and radar
stations when detecting this type of UAV. Ultra-wideband signals are radio signals
with an "ultra-wide" frequency spectrum width (microwave signals) and are used for
radar and ultra-wideband radio communications. Even with the help of existing radio
technical reconnaissance means, it is very difficult to detect signals with such a small
spectral density.

In ultra-high frequency radio devices, the upper limit of the frequency is usually
at least twice as large as the lower limit [1]:

AF -
(ffm-'.'rr' + fuppr:r }.."’2 -

For the proposed expression, the condition ct<<L must be satisfied in ultra-
high frequency radar systems.

Here, c is the speed of light, t is the duration of the signal or the width of its
autocorrelation function, and L is the size of the object reflecting the signals.
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At present, the main feature telecommunication systems in the modern world
is the continuous growth of the number of subscribers, as well as their needs and
requests. In this difficult competitive environment, such a parameter of a radio
communication system as its channel capacity comes to the fore [1, 2].

From this side, the technology multi-antenna transmission has a huge number
of advantages in radio engineering systems. For example, with the help of several
antennas at the input, it is possible to transmit independent signals from each of them
to several subscribers [3, 4].

One of the most important advantages MIMO in radio transmission systems is
the effective combating of such systems with fast fading caused by the multipath
effect [1].

The multipath effect is an unpleasant situation when the receiver antenna can
receive not only the useful signal, but also a number of its copies reflected from
different surfaces. The signals at the reception are added up and, since they have
traveled different distances, each such copy has its own delay time, as well as a
different phase. In the worst case, rapid fading occurs in the communication system.

The appearance such fading occurs unexpectedly, in this case the signal is
greatly weakened in a very short time, on average to a depth 30 - 40 dB, and
assessing the quality of communication at such moments is impossible.

This article is devoted to the analysis of the capacity of channels of radio
engineering systems using the algorithm power distribution between antennas during
multi-antenna transmission information.

The capacity of a radio communication system, according to C. Shannon, is the
maximum possible number of bits that can be transmitted per unit of time in a single
frequency band without errors. It is also called channel capacity, frequency
efficiency.

For a SISO (Single Input Single Output) system, the throughput will be
determined by the Shannon-Hartley theorem as follows [1, 4]:

Caiso = (F = Fy) - tog,[1+ (Ps /o)1 1
where AF — the bandwidth of the communication channel and is equal to
AF =F, —F, ; Pg — is the signal power and aé — is the spectral power of noise

in radio engineering systems.
As can be seen, all variables in formula (1) are limited resources, in these
circumstances the scientists came up with the idea using multi-antenna technologies,
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with the help of which high throughput of channels of radio engineering systems is
achieved.

The formula for the throughput of a multi-antenna system -MIMO will look
different. It should be noted that in real conditions, the CSI (Channel State
Information) between different users always differs, as does the noise level in each
of the subchannels [3].

Assuming that in a communication system the receiver does not process the
channel matrix and has no connection with the transmitter, the formula looks like
this [1]:

K
Cmimo = 25092[1"'(/74 Py /NI, )
i=1
where N —number of transmitting antennas; A; — eigenvalues of the channel

matrix H; K — rank of the channel matrix H, where the number
limits the number of transmitting antennas.

As can be seen from (2), the maximum value of the channel capacity in a radio
engineering system is achieved by distributing power using the water filling method
[1, 4].
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MAGNETIC SUSPENSION SYSTEM FOR REGULATING VIBRATION
ACTIVITY IN THE BARREL OF ARTILLERY DEVICES

Ismayilov N.M., Nasirov E.V., Jahangirov V.A.
Military Institute named after Heydar Aliyev, Baku, Azerbaijan

Vibration activity in artillery systems is a critical factor affecting the reliability
and operational efficiency of sensitive components within control mechanisms. This
paper investigates the structural dynamics of artillery control systems, focusing on
the influence of vibration on sensors, logic units, and actuators. The study
emphasizes the limitations of current control systems, particularly the failure risks
associated with gyroscopic and inertial elements under intense dynamic loads. A key
objective of the research is to develop a high-sensitivity vibration measurement
device based on Magnetic Levitation System (MLS) technology. The paper analyzes
the working principle of the MLS device, in which vertical displacement of a
levitating magnetic core—caused by inertial forces during vibration—is converted
into an electrical signal using a galvanomagnetic transmitter. This signal is processed
through an amplifier and current regulator, creating a feedback loop that adjusts the
solenoid current to maintain equilibrium. The paper also identifies specific structural
points in the artillery system that are most affected by vibration, and demonstrates
that the MLS-based approach allows for high-precision measurement with an error
margin of only 0.2%. The results show that integrating such a system significantly
improves the operational stability of artillery barrels during both firing and
transportation.
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MULTI-CRITERIA EVALUATION OF ENERGY ACCUMULATION
TECHNOLOGIES FOR DEFENSE ENERGY SECURITY

Zulfugarov B.S., Manafov A., Hashimov E.G.
National Defense University, Baku, Azerbaijan

This study investigates and compares the operational efficiency of seven major
types of energy storage systems with the goal of identifying the most suitable option
for ensuring uninterrupted energy supply for the Armed Forces of Azerbaijan. As
the country shifts toward renewable energy sources, the role of energy storage
becomes increasingly critical, especially due to the intermittent nature of
renewables. The energy storage types analyzed include electrochemical, capacitor-
based, thermal, flywheel, gravitational, pneumatic, and cryogenic systems. Using a
multi-parameter assessment methodology, each storage type was evaluated across
seven technical and economic criteria: output power, capacity, efficiency, response
time, discharge duration at nominal load, service life, and specific cost. A unified
rating system was developed, assigning weighted scores to each parameter to
compute an overall efficiency index. The results confirm the initial hypothesis that
gravitational energy storage exhibits the highest overall performance among the
systems analyzed, making it a strong candidate for large-scale implementation in
military and potentially civilian infrastructure. This analysis provides a scientifically
grounded foundation for guiding future energy infrastructure planning in Azerbaijan
under both strategic and environmental considerations.
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3ACOBHY BUPIHIEHHS ITPOBJIEMH AHAJII3Y YMOB 3MOMKH
JJIA IIVIIBKOBOI @OTOTI'PA®II

Panranos JI.A., Ipamenko I'.C.
XapKiBChKUI1 HAITIOHAIEHUH YHIBEPCUTET padioeIeKTPOHIKH, XapKiB, YKpaina

[TniBkoBa ororpadist 3amumaeTbesi aKTyaIbHAM BHIOM MUCTELTBA 3aBISIKU
CBOTl YHIKaJIbHIN ecTeTuIli Ta npouecy 3HoMKH. [IpoTe BoHa Mae 0OMEXEHHS: BUCOKY
LIHHICTh KOKHOTO KaJpy 4epe3 Mayuid oOcsr IUTIBKM, HE3MIHHICTH 3HaueHHs [SO
MPOTATOM BUKOPHCTAHHS OJHIE] KaceTd, a MOMWIKM eKCHO3MIi 4 (oKycyBaHHS
MOXYTh 3poOMTH 3HIMOK HenpupaTHuM [1]. 3a3HaueHi OOMEXEHHS OCOOJIHMBO
MIPOSBIBIIOTECS. Y CKJIAQJAHMX YMOBAax OCBITJIICHHS, KOMW TIPH BIOKpHUTIH miadparmi
IJIMOMHA PI3KOCTI CTAHOBHTH BCBOTO KiJIbKA CAHTHMETPIB, a OIlIHKA EKCIO3MIIi
oTpeOye BUKOPUCTAHHA CIICHIaTbHIX METOIB [2].

Jns BupimmeHHs mpoOiieM TDTiBKOBOi (oTorpadii MOMMpPEHNM € BHKOPHCTAHHS
BOymoBaHHMX a00 30BHIIIHIX EKCIOHOMETPIB Ta AanekomipiB. OIHaK, I TPUCTPOI
3a3BMYail BHKOHYIOTH JIMINE OJHY (YHKIIO, IO BMMAara€ BHKOPHUCTAHHS KiJTBKOX
OKpEMHX 3ac00iB 111 KOMIUIEKCHOT OIIHKH CLIEHH 3HOMKH. Takoxk iCHyIOTh IporpamMHi
pimreHHs (Taki sK MOOULIbHHMH 3acTocyHOK Light Meter), siki He HiITPUMYIOTH
MOXJIMBICT BHMIPY JUCTaHLII Ta 3ajJeXaTh BiJ BOYIOBaHHX JAaTYMKIB Ta KaMepH
cMapTdhoHy 6e3 Oy/Ib-SIKOTO anapaTHOTO PO3IIUPEHHS (QYHKI[IOHAITY.

MeTo10 pof0TH € CTBOPEHHS CUCTEMH, sIKa MOENHYE (DYHKIIIFO EKCTIOHOMETpa Ta
JaNeKoMipa, a TaKo)X JOJA€ HOBI MOJKIIMBOCTI: PO3PaxyHOK MYJIbTHEKCIIO3MIIIL,
JTMHAMIYHUN 3aMip OCBITJIEHHsA. PeXuM MyJBTHEKCIO3WINi Jae 3Mory ¢oTorpady
IUTAHYBaTH KiTbKa KaJpiB, sIKi HAKJIAMAFOTHCS OJWH HA IHIIWHA, CTBOPIOIOYH e(PEeKT
OaratomapoBoi Qotorpadii. JuHamidHMIA 3aMmip OCBITJIICHHS, Ha BiIMIHY BiX
KJIACHYHOTO TOYKOBOTO 3aMipy, NpaIlOe MPOTIArOM JIEKUIBKOX CeKyHA 1 mepenbadae
TIOBIJIbHI PyXH MIPHCTPOIO, 110 J03BOJISIE BU3HAYNTH OCBITJICHHS B PI3HUX 30HAX KaJpy,
BPaxXOBYIOUH Pi3HI JpKepesia CBiTiia, TiHi Ta Binoaucku. CrucTeMa aHaizy yMOB 3HOMKH
MOBUHHA peecTpyBaTu mapamerpu 3iomku (ISO, miadparma, BUTpUMKA, OCBITJICHHS,
BIZICTaHb 10 00’€KTY, KOJHOPOBA TeMIIEpaTypa CEpPeIOBHINA TOIIO) [T MalOyTHHOTO
aHaJT3y 1MX AaHux. st peasizaliii ormcaHol CMCTEMH BUKOPUCTaHI MIKPOKOHTPOJIEPHI
moayii Arduino, ESP32 ta mmardopma «Jlinka». Takum 4yMHOM, 3alpoOroHOBaHE
pILIEHHS] CTa€ MPUPOIHMWM JOMOBHEHHSM JIO TBOPYOrO IPOLECY, JOIOMAraryuu
YHUKHYTH HEBHIPAaBHHX HOMHJOK Ta OTpUMATH OUIbII nepeadadyBaHi pe3yibTaTH
(oTo3iiomMKH Oe3 BTpaTH XapakTepHUX 0COOIMBOCTEN MpoIiecy IUTiBKOBOI (hoTorpadii.
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METO/JI JMUHAMIYHOI EJIEKTPOHEUPOCTUM YJIALIT
TPABMOBAHHUX BIOTKAHWH MMOCJIJJOBHOCTSIMHA
EJEKTPUYHUX IMITYJIbCIB JJIS IIIBUILEHHS
E®EKTUBHOCTI PEABLIITAILII

Yenypna I.C., Uyryii €.A.
XapKiBChKHH HalliOHAJILHUN YHIBEPCUTET palioeNeKTPOHIKH, XapKiB, YKpaiHa

3 METOI0 NPHUCKOPEHHS IPOILECY BiJAHOBJIEHHS IMAli€HTIB MICIs TpaBM Ta
XBOPOO, a TAKOXK JUIS MiJBUIICHHSA ¢(EKTUBHOCTI K OCHOBHOI, TaK 1 JOMOMIXHOT
Tepanii YIIKO/KeHUX TKAaHHH, 3pOCTa€ NOoTpeda PHYYKOro IMiIX0Ay A0 CTUMYJIALIT
MEBHUX IUITHOK O10JIOTIYHUX TKAHWH.

B cywacmii MemumuHI  BeNMKAa ~ yBara  TNPHIUIAETBCS  METOIaM
SJNICKTPOCTUMYJIALIT TKaHUH, IO J03BOJIIOTH HE JINIIE 3HIMATH CHMITOMH OOIIIO,
ale ¥ COpusATH MIBHUAKOMY BITHOBJICHHIO (i3ioNoridHnX (yHKHIH OpraHizMy,
30KpeMa HEpBOBOI CHCTEMH.

Huaamiuna enektponeiipoctumyssimis (IEHC) € omHuUM 3 mepCreKTHBHUX
METOJIIB, 10 AKTUBHO 3aCTOCOBYETHCS I CTUMYJIAIIT pe)IeKCOreHHMX 30H Ta
AKYMYHKTYPHHUX TOUYOK.

OnmHUM 3 KITI0UOBUX (PAKTOPIB JOCSTHEHHS MaKCHMaJbHOTO TePareBTUYHOTO
e(eKTy € TOuHe HaJalTyBaHHS aMIUTITYAH, YaCTOTH Ta MEPiofy CIiyBaHHS TPyl
IMITyJIBCIB, 11O JJO3BOJISIE AKTHBYBATH SIK YYTJIMBI, TaK 1 pyXOBI HEPBOBI BOJIOKHA.
OpnHak, He3Ba)Kal04M Ha 3HAYHWH MOTEHIIAJ, 3aCTOCYBaHHS METOIB IMITYJIBCHOT
Tepanii oOMe)KeHe HEIOCKOHAIICTIO HAasBHHUX IPHUCTPOIB, IO 3a0e3MedyroTh
TeHepallilo iMITyJIbCiB 3 HEJOCTATHIM CTYIICHEM HaJlallITyBaHHS BHUILE3a3HAYCHUX
mapameTpis [1].

Ile, B cBOIO Uepry, 3HWKYE e(EKTUBHICTh JIIKYBaHHS Ta YHOBUILHIOE TIPOIIEC
peaOumitarii.

Mera po0oTH moJisirae B po3po0iii MeTo/ Iy reHepallii eleKTPUYHHUX IMITYJIbCIB
3 IEBHUMH TapaMeTpaMu y 3aJaHoMy iHTepBaii yactoT 80-150 'l Ta AmHAMivHUM
XapaKkTepoM 3MIiHM OTHHAIOUOl TPyH IMIyJbCIB JUIs MiJBHUIIEHHS €()eKTUBHOCTI
MPOIEYpP EICKTPOHECHPOCTUMYIIAIIT Ta NPUCKOPCHHS IIPOILECY BiJHOBJICHHS
MALi€HTIB, 0 € aKTyaJlbHUM 3aBAaHHSAM JUIs KJIIHIYHOI NPAaKTUKU B Cy4YacHid
MeTUIHI [2].

Crucok Jirepatypu

1. Yymak, B. C., T. B. Hocoga, €. A. Uyryii. "Po3po6ka peabiniTaliifHOro KOMILIEKCY

CTUMYJISIIT M’5131B Ha OCHOBI Miorpadivanx ganux." (2020).

2. Xynmeuskuit, 1. 0., C. Bb. Jlatenko, 0. B. Amnronoa-Padi. "JlikyBambHi
npedopmoBaHi akropu." (2024).

139



Current directions of development of information and communication technologies and control tools

INPOI'PAMHO-AITAPATHE IoT-PIINEHHA )
VIS PO3YMHOI'O KEPYBAHHS )KUBJIEHHAM ITPUCTPOIB

Barypin O.0., Hi 4.C.
XapKiBChKUI1 HAITIOHANBHUH YHIBEPCUTET padioeNieKTPOHIKH, XapKiB, YKpaina

CrorogHi mnUTaHHA 3a0e3medyeHHs YKpaiHu eJeKTpoeHeprielo Halyio
0cO0IMBOI aKTyalbHOCTI Yepe3 LIIECNPsIMOBaHI aTaku Ha 00’€KTH SHEPreTHYHOI
iHppacTpykTypu. lle crnpuyMHUIO BKpai MIBHIKHA PO3BHTOK ajbTEPHATHBHOI
€HEPreTHUKH, 30KpeMa BiIHOBJIIOBAHUX JHKEPEI KUBJICHHS. 3a JTaHUMH JOCIIKEHb,
BiJl HOYaTKy MTOBHOMACIITA0OHOTO BTOPIHEHHS YacTKa BiTHOBIIIOBAHOT EHEPTeTUKH B
eHeprobananci kpaiau 3pocna 3 8.1% mo 22% [1]. Ilpu mpoMy CyTTEBi BTpaTh
eHeprii B HOAIOHUX CHCTeMaX 9acTo IOB’A3aHi 3 BiZICYTHICTIO TOYHOTO MOHITOPHUHTY
napameTpiB poOOTH Ta aBTOMAaTHYHOTO KEpYBaHH: IOTYXHUMH CIIOXKHBayaMu [2],
[3].

MeTtoro [OTIOBiAI € OOIPYHTYBaHHS Ta TMPOMO3HIIS METONIB CTBOPEHHS
CHCTEMH aBTOMAaTHYHOTO KOHTPOJTIO 1 KepyBaHHS )KUBJICHHSM MOTYKHHX IIPUCTPOIB
Ha OCHOBI MOHITOPHHIY Ta aHaJli3y CIIOXKMBAaHOI IOTYXXHOCTI W mapaMeTpiB
aKyMyJIATOPHHX OaTapeil, IO COpUATHME ONTHMi3alii pobOTH TiIOPUAHUX
€HEPreTUYHUX CUCTEM.

3ans  JIOCATHEHHsT L€l METH MPONOHYEThCS PO3TOPHYTH —amapaTHo-
MPOrpaMHUIl KOMILIEKC, 10 BKJIIOYAaTHME MIKPOKOHTpoJiep i 300py JaHUX Ta
mepenaBaHHs ix 3a momomororo Wi-Fi, MiNBHWUK Hampyru [UIE KOHTPOIO PiBHS
3apsay aKyMyJsaTopa, MOIYJIb BHUMIPIOBAaHHS IIOTYXKHOCTI B MEpPEXi 3MIHHOTO
CTPYMy, TBEPIOTiNIbHE penie Uil KepyBaHHS HABAHTAXKCHHAMU Ta IHUCIUICH s
HAO0YHOrO BiIOOpa)KeHHs pOOOYMX MapaMeTpiB CHCTEMH. Y MeXaxX NpOrpaMmHol
YAaCTUHU Tepef0avyacTbCsi CTBOPEHHS MOOUTBHOTO 3aCTOCYHKY 3 MOXKIHBICTIO
3aJaBaHHs POO0OYOro Jiana3oHy Ta TUCTAHLIHHOIO CIIOCTEPEKSHHS.

Y nonoBizi HaBeIeHO O4iKyBaHI pe3yJIbTaTH BUIIPOOYBaHb, 1110 Nepe10avatoTh
OLIIHIOBAaHHS MIBUAKOCTI peaKilii Ta 3JaTHOCTI 3aIpOIIOHOBAHOT CHCTEMHU e(heKTHBHO
PO3MOAUIATH HABAHTAKCHHS.
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IHTEJIEKTYAJIBHI BUMIPIOBAJIBHI CHCTEMH
JJISI MOHITOPHUHI'Y JOBKIJIJIA

Himitpo M.M., Citnikos B.I.
XapKiBChKUIT HAITIOHAIBHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaiHa

31 3pOCTaHHSAM EKOJOTIYHHMX 3arpo3 Ta AaHTPOIIONEHHOrO BIUIMBY Ha
HaBKOJIMIIHE CEPEJOBUILE BHHUKAE HEOOXIAHICTh Y CTBOPEHHI BHCOKOTOYHHX 1
ABTOHOMHHUX CHUCTEM MOHITOpPHUHIY JOBKULIL. Tpaaumiiiai Meromu 360py
€KOJIOTIYHUX JIaHMX MaloTh OOMEXEeHHS y MIBUAKOCTI, MacIITa0OBaHOCTI Ta
TOYHOCTI.

Y 1poMy KOHTEKCTI iHTeNeKkTyanbHi BuMiptoBanpHi cuctemu (IBC)
3a0e3medyroTh eeKTUBHHUNA 30ip, aHAJi3 Ta IHTEPIIPETAIlil0 eKOJOTIYHIX AaHUX y
pexumMi peassHOTO Jacy. [1]

CyuacHi iHTeNeKTyalbHI BUMIipIOBANBHI CHCTEMH MOenHYI0Th loT-cencopu,
0e31poToBi Mepexi Ta Metonu mrydHoro iHtenekry (L) mra aranizy orpumaHoOi
inpopmanii. Taki cHucTeMH MOXYTh BHMIPIOBATH piBEHb 3a0pyAHEHHS MOBITPS,
KOHLIEHTPALII0 MIKIIJIMBUX PEUYOBHH Y BOJI, TeMIEpaTypy, BOJIOTICTh Ta iHIII
€KOJIOTI4HI TIOKa3HUKH.

Hanpukian, BukopucTtanss 0e31poToBux ceHcopHux Mepex (WSN) mo3Bosisie
3a0e3MneunTH MOCTIHHII MOHITOPUHT BiiIaJeHuX ab0 Ba)KKOJOCTYITHHUX TEPUTOPIH
0e3 HeoOXiJHOCTI BTpY4aHHS JIIOJUHU. [2]

Oxpim 300py [aHWX, IHTENEKTyalbHI CHCTEMH 3aCTOCOBYIOTH METOIU
MaIIMHHOTO HaBYaHHS JUIA IIPOTHO3YBAaHHS 3MiH eKojoridHoi curyamii. Taki
QITOPUTMH MOXYTb BHABISATH TPEHIW 3a0pyAHCHHS, aHANI3yBaTH MOMKIIUBI
HACIIIIKU TPUPOJHUX KATAKII3MIB 1 HagaBaTH PEKOMEHAALIl UIA NPHAHSATTS
YIpaBIiHCHKHX pillieHb. Hampukita, mporHo3yBaHHs 3MiH piBHS 3a0pyJHEHHS BOIU
MOJKe JIOTIOMOT'TH 3aI00ITTH eKOJIOTiYHIM KaTacTpodam. [3]

MeToro nomoBigi € aHanmi3 Cy4yacHHMX IHTEJEKTyaJbHUX BHUMIPIOBAJIbHUX
cucTeM, IXHBOT apxiTeKTypH, METO/IB 300py Ta OOpOOKHM €KOJOTiYHHMX JaHUX, a
TAKOX MEPCIEKTHB PO3BUTKY TAaKUX TEXHOJOTd Yy cdepl eKoJIOriyHoro
MOHITOPHUHTY.
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JIIIAPHI TEXHOJIOT'TH
Y CUCTEMAX ABTOMATHU30BAHOI'O KEPYBAHHSA

MyxoBo3 M.C., CitrikoB B.I.
XapKiBChKUIT HAITIOHAIBHUH YHIBEPCUTET paJioeNIeKTPOHIKH, XapKiB, YKpaiHa

CyuyacHi cucteMH aBTOMAaTH30BaHOTO KEpyBaHHS BHMAaraioTh BHCOKOTOYHOT
npocTopoBoi iHdopmanii s epekTuBHOro GyHKIIOHYBaHHS. OIHUM i3 KITIOYOBUX
pimens y wiit cdepi e mizapui texuomnorii (LiDAR — Light Detection and Ranging),
SIKI JIO3BOJISIFOTH CTBOPIOBATH TPUBHMIPHI MOJENI HaBKOJIHMIIHBOTO CEPEAOBHIIA B
peanbpHOMY 4aci. Jlinapu BUKOPUCTOBYIOTH JI1a3epHE CKaHYBaHHS JJIs1 BUMIPIOBAHHS
BigcTaHell 70 00'eKkTiB, mO pOOUTH iX He3aMiHHHMH y cdepi poOOTOTEXHIKH,
ABTOHOMHOTO TPAHCIIOPTY Ta IIPOMHUCIIOBOI aBTOoMaTm3alii. [1]

BuxopuctaHHs JNiZapHUX JAaTYUKIB B aBTOHOMHOMY TPaHCHOPTiI HO3BOJISE
BHU3HAYATH BiJCTaHi MO0 00'€KTiB, PO3IMi3HABATH JOPOXKHI YMOBH Ta 3amo0iraTu
3iTkHeHH:AM. Hanpuknaz, y 6e3minoTHrx aBToMo0imsax LiDAR ckaHye HaBKOTUIITHE
CepelOBHILE 3 BHCOKOK TOYHICTIO, (OPMYyIOYM XMapy TOYOK M aHaII3y
TPAaEKTOPiN pyXy Ta aJanTHBHOTO IUIaHyBaHHS Mapupyty. Lle miaBuiiye piBeHb
Oe3rexy Ta 3abe3neyuye TOUHY HaBiraliio HaBiTh Y CKJIAJHHUX MOTOJAHUX YMOBax. [2]

Y npomwucioBiii aBToMaTH3alil JIApHI TEXHOJOTii 3aCTOCOBYIOTHCS LIS
MOHITOPUHTY BUPOOHHMYMX TIPOILECiB, KOHTPOJIIO MEpPEMIleHHS MaTepiaiiB Ta
Oe3neyHoro (GyHKIIOHYBaHHsS pOOOTH30BaHUX cHCTeM. Hampukian, y JIOricTHUHHX
LEHTpax JiJapy IONOMAararTh aBTOMAaTH30BaHUM TPAHCHOPTHUM IUIAT(HOpMam
Opi€eHTYBaTHCS y TpocTopi Oe3 HeoOximHocTi (izmyHMx MapkepiB. Lle mo3Bomse
ONTHMI3yBaTH NPOLECH CKJIAyBaHHS Ta ePEBE3CHHs TOBAPIB.

llle omHMM IEPCICKTHBHUM HAIpPSIMKOM € BHKOPHUCTAHHS JIijapiB y
CLITbCEKOMY TOCIIOAAPCTBI, e BOHM 3aCTOCOBYIOTBCS JUIsl KapTorpadyBaHHs MOJIB,
aHami3zy penbedy Ta MOHITOPHHTY cTaHy mociBiB. [loegnanHs LiDAR i3 mpoHammu
JI03BOJISIE OTPUMYBATH BHUCOKOTOYHI JaHI MPO POCIMHHICTH, IO CHPHSE OUIBII
e()eKTUBHOMY BUKOPUCTAHHIO PECYPCIB 1 MiIBUILIEHHIO BPOXKAaWHOCTI. [3]

MeTo10 10MOBiNi € aHAI3 CyyacHUX MIAXOMAIB 0 BUKOPUCTAHHS JIiapHUX
TEXHOJIOTIH y cHCTeMaxX aBTOMAaTH30BaHOI'O KepYBaHHS, a TAKOX IIEPCHEKTHBH iX
PO3BHUTKY Y TPAHCIIOPTI, MPOMHUCIIOBOCTI Ta arpapHOMY CEKTOPI.
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MOJEJIb JIATHOCTYBAHHS TEXHIYHOI'O CTAHY
JABHUI'YHIB BHYTPIIIHBOTI'O 3T OPSIHHSA

Bypak A.B., Bomosogernko F0.M., Mociitayk M.B.
XapkiBchKUH HarioHaNMHUH yHiBepcuTeT [loBiTpsaux Cuir, XapkiB, Yipaina

CyvacHi JABHIYHHM BHYTpIIIHBOTO 3TOpPaHHs TNOTPeOYIOTh KOHTPOJIO 3a
JEeSKAMH [TapaMeTpaMH TEXHOJIOTTYHOTO MPOLIECY NPH BUTOTOBIICHHI Ta, 0COOJIMBO,
npu ekciutyaraii [1, 2]. BpaxoByroun oco6arBOCTi poOOTH JBUTYHIB, OCHOBHUMH
XapaKTEepPUCTUKAMH, SIKi XapaKTepH3yIOTh TEXHIYHUIN CTaH JBUTYHIB, € apaMeTpu
MeXaHiyHOro pyxy. Jlo Takmx mnapaMeTpiB HEOOXITHO BIIHECTH IapameTpu
MEPIOINYHAX TIePEMIlIeHh IBUTYHA M Yac (YHKIIOHYBaHHS — IEPEMIIICHHS
IBUTYHAa B TpocTopi, ToOTO BiOpamii [3]. OcHOBHMMH mapaMeTpaMu BiOparlii €
amIuriTyna ta 9acrora [1, 2]. [ligBumeHHs JOCTOBIPHOCTI BUMIpIOBaHHS BiOpamii
pu poOOTi TU3ENFHUX IBUTYHIB € OJHUM 3 OCHOBHHM HAIIPSMKiB 3a0e3medeHHs X
HAIHHOCTI 32 paXyHOK CBO€YAaCHOTO BUSBICHHS BimMoB [1]. ToMy mpomoHyeThCsS
po3poluTH iMiTallifHy MOJAENh MiarHOCTYBaHHS TEXHIYHOTO CTaHy JABHTYHIB.
JocnimpkeHHsT po3po0aeHoT iMITAI[ifTHOT MOJENI JT03BOJUTh CBOEYACHO BHSIBIISATH
MOXKJTMBI BIZIMOBH JIBUTYHIB IIPU €KCILTyaTallii.

MeTtoro momoBiai € po3poOka Mojeni AIarHOCTYBAaHHS TEXHIYHOTO CTaHY
JIBUT'YHIB BHYTPIiIIIHBOTO 3TOPSIHHS.

B nomnoBini HaBOASTBCS pe3yJbTaTH MOJCIIOBaHHS BiOpamiii B JIBUTyHax
BHYTPIIIHBOTO 3ropaHHs. Mojens 3aCHOBaHO Ha MaTEeMaTHYHHX IEPETBOPEHHIX
JUTSL OJIepKaHHA iH(popMarii Mpo TEXHIYHUI CTaH IBUTYHA Ha OCHOBI ITapaMeTpiB
BiOparii. Po3poOiena imiTamiliHa MOAENh MO3BOJSE TPOBOAMTH JIOCIHIIKECHHS
BiOpaIiifi B BHYTPIIIHBOTO 3TOpPaHHS 3a pe3ylbTaTaMH BHMIPIOBAaHHS YOTHPHOX
mapamMeTpiB. Pe3yiapTaTi BUKOPHUCTaHHS iMITalliiHOT MOJIEINi JO3BOJIVIA BUSHAYHTH
palioHanpHI MapaMeTpH TEXHIYHOTO OOCIYrOBYBAaHHS JBHTYHIB, Y TOMY YHCII
1HO3eMHOTO BUPOOHUIITBA.
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MOJEJIb JIATHOCTYBAHHS TEXHIYHOI'O CTAHY
EJIEKTPOOBJIAJJHAHHSA TEXHIYHUX KOMILJIEKCIB

I'epacrmog C.B., Kot B.B.
XapkiBCbKHiA HarlioHANBHIH yHiBepcuTeT [loBiTpsarx Cr, XapkiB, YipaiHa

Anaparypa aj1st 11arHOCTYBaHHSI TEXHIYHOTO CTaHy HE MOBHICTIO 3a/I0BOJIBHSIE
BHUMOT'aM JI0 MOHITOPHMHTY €JIEKTPOOOJIaIHAHHS TEXHIYHUX KoMIuIekciB [1, 2]. s
aJIEeKBaTHOTO OIMCY JIarHOCTYBaHHS TEXHIYHOI'O CTaHy eJEeKTpooOa HaHHs
TEXHIYHMX KOMIUIEKCIB JOLIJIBHO IPEJICTABICHHS TAKUX KOMIUIEKCIB SIK BUPOOY, 110
CKJIQJAa€ThCsl 13 MHOXHMHHM KOMIUIEKTyrounx MoxyiiB [3]. Takoxk HeoOXxigHO
BpaxyBaTH NPH MJOCHIIKEHHI e(QEeKTHBHOCTI KOHTPOJIO TEXHIYHOTO CTaHy
eIIEKTPOOOIaTHAHHS TEXHIYHIX KOMIUIEKCIB Te, IO B peabHIi eKCIUTyaTarlii
BIJHOBJICHHS IPALE3AaTHOCTI CKJIANOBUX €JIEMEHTIB IPOBOAUTHCS 32 (aKkToM
BUSIBJICHHS BiZIMOBH 00'€KTa KOHTPOJIIO, HE3BAXKAIOUHX Ha HOTO Ipale3AaTHICTh B LS
MOMEHT.

MeTo10 10MOBiAi € PO3pOOICHHS MOJEIi TIarHOCTYBaHHS TEXHIYHOTO CTaHy
€JICKTPOOOIIaIHAHHS TEXHIYHIX KOMIUICKCIB.

B momnoBigi HaBOAATHCS PE3yJIbTATH IMITAIIMHOT MOJEINI MiarHOCTYBaHHS
TEXHIYHOTO CTaHy eJEeKTPOOOJIaJIHAHHS TEeXHIYHUX KOMIUIeKCiB. OCHOBHOIO
PO3po0eHHs iMiTaliifHOT MO/eNi € BpaXOByBaTH MPUHIMIIB NOOYA0BH 1IH(POBOT
amapaTypu JAiarHocTyBaHHs. [Ipu 1[bOMy BpaxOBYBaHO NMPOMIKHE NEPETBOPEHHS
BAMIPIOBaHUX (I3WYHUX BEIWYHMH B OIOMH a00 JIEKimbKa yHi(piKOBAaHUX CHUTHAIIB,
HafOUIPIN ~ 3pyYHMX [UIAI  HACTYmHOi  00poOku. KigpKiCTh  TEepBUHHHX
BUMIPIOBAJIbHUX TEPETBOPIOBAYIB 3al&KHTh Bil MPOCTOPOBOrO PO3IIIICHHS
BAMIPIOBAJIFHIX KaHAJIB 32 KOXXKHOIO (DI3MYHOI0 BENIMYHHOIO. ToMy iMmiTamidHa
MOJIENIb BPaXxOBY€ YacOBE PO3IIJICHHS BUMIPIOBABHUX KaHATIB, KOJIH OJHOPIIHI
(i3MYHI BETUYIWHI BUMIPIOIOTHCS TOCTIIOBHO B Yaci 3 BHKOPHUCTAHHSAM THX CaMUX
MEPBUHHUX BUMIPIOBAJIbHUX MEPETBOPIOBAUIB JJIsl OJHOPIAHUX (HI3UUHHUX BETHYHH
JIAHOTO BHTY.
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MOJEJb JIATHOCTYBAHHSA TEXHIYHOT'O CTAHY CKJIAJJTHUX
KOMIIJIEKCIB 3A 30HAMM NPALIE3JIATHOCTI

I'puropenko 1.B., Omsxogixos /1.C.
HartionansHii TEXHIYHMIA YHIBEPCUTET «XapKiBCHKIHA MOMITEXHIYHIHA iIHCTHTYTY,
XapkiB, YkpaiHa

[lepcrieKTHBHOIO CTpATETIEI0 MIarHOCTYBaHHS TEXHIYHOTO CTaHy CKIJIAJIHUX
CHCTEM € TIepexill A0 NMPOBEICHHS MOHITOPUHTY 3a ()aKTUYHUM PIBHEM IX CTaHy.
EnemeHTOM niarHOCTYBaHHSI € METOJl BU3HAYECHHS TEXHIYHOTO CTaHy CKJIQJHHUX
KOMIUICKCIB, B OCHOBI SKOTO OTPHMYEThCS I1H(QOpPMALis PO TPAHUI 30HHU
mpanesgatHocti [1, 2]. Merox 3abesmedye BHCOKY TOYHICTH imeHTH(]iKaril
TEXHIYHOTO CTaHy KOMIUDICKCIB 1 pimeHHS 3agadi BU3HAYSHHS ii 3amacy
mpane3gatHocti  [3]. Ortpumana iHpopMmamis HEOOXigHA IS YCIIIIHOTO
(YHKIIOHYBaHHS TAaKMX KOMIUIEKCIB 1 JO3BOJSE€ BH3HAYUTH JaTy HACTYITHOTO
0o0ciTyroByBaHHS (PEMOHTY) 3 METOIO TOTIEPEKCHHS BUTIAIKOBOTO BUXOY 3 JIAIYy.

MeTo10 10MOBiAi € PO3pOOICHHS MOJEIi TIarHOCTYBaHHS TEXHIYHOTO CTaHy
CKJIaJIHUX KOMIUIEKCIB.

V  jmonoBifi IOKa3aHO, IO TEXHIYHMH CTaH CKIAgHUX KOMILIEKCIB
XapaKkTepu3yeThesi HAOOPOM ab0 JESIKMM BEKTOPOM XapaKTEPHCTHK (IapaMeTpiB),
cepen SKHX BUIUISIOTHCS BHYTPIIIHI Ta 30BHINIHI. 30BHIIIHI (BUXIJHI TapaMeTpH)
BU3HAYAIOTh JIOMYCTHMY 30HY HENpale3/JaTHOCTI Ta XapakTepH3ylOThb Ppi3Hi
(YHKIIOHATIBHI 3aJIC)KHOCTI XapaKTEPUCTHK 1 IX BIDIMB HAa TEXHIYHHUH CTaH CKIIATHUX
KOMIUIEKCiB. BHYTpIIIHI XapaKTepUCTHKHA CKIATHUX KOMIUICKCIB Y 3aralbHOMY
IUTaHI BHU3HAYAIOTh JOMYCTUMY (TpaHHYHY) 30HY Ta XapaKTepH3YIOTh CTaH
CKJIaJIOBHX OJIOKIB. MOJIeNTh JO3BOJISIE IMITYBATH Iiar HOCTYBAHHS TEXHIYHOTO CTaHy
CKIIATHUX KOMIUIEKCIB, SK€ TIOJSIra€ y BH3HAYCHI HAICKHOCTI BEKTOpPY
XapaKTePUCTHK 30HI MPaIe3JaTHOCTI (HempaIe31aTHOCTI). 3a pe3yibTaTtaMu 3MiHU
XapaKTEePUCTUK TMPOTIATOM BH3HAYEHOTO 4Yacy MOJENb JO3BOJISIE CIIPOrHO3YBaTH
3arac nparne3ZiaTHOCTI CKIIJHUX KOMIUIEKCIB.
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PO3POBKA TA JOCJJIAKEHHSA CEPBICY PEMOHTY
TA TEXHIYHOT'O OBCJIYTOBYBAHHS ABTOMOBLJILHOI TEXHIKH

ApcnananieB A.K., Jlro6aernko H.1O.
HarmionansHuil TeXHIYHAN YHIBEpCUTET «XapKiBCHKUI MOMITEXHIYHUH IHCTUTYTY,
XapkiB, YkpaiHa

Po3poOka Ta NOCTiPKEHHS CEpBICY PEMOHTY Ta TEXHIYHOTO OOCITyTOBYBAaHHS
ABTOMOOUTGHOT TEXHIKM € aKTyaJbHUMH 3 KUIBKOX HMPHYMH: 30UIbIIEHHS KUIBKOCTI Ta
MapoK aBTOMOOUIB Ha Joporax YKpaiHW; YCKJIAIHEHHsS ABTOMOOUIBHOI TEXHIKH;
Po3poOKa IHHOBAIIIHHKX MiAXOIB JI0 OpraHi3allii cepBiCHOr0 0OCITyrOBYBaHHS JO3BOJISIE
TIIIPUEMCTBAM OTPHMYBATH KOHKYPEHTHY TepeBary Ha puHKY. OIHIM i3 OCHOBHHX
BUKJIMKIB € HEOOXITHICTh Y BIIPOBAPKEHHI CyJacHHUX Be0-3aCTOCYHKIB, SIKi 320€3Medy0Th
OITTHMI3AIIII0 TPOIIECiB OOCITYTOBYBaHHS, MiJBUIICHHS SKOCTI TIOCTYT Ta 3PYYHICTH IS
KopucTtyBadis [1, 2].

MeToro JaHOTO IOCTIIKEHHS € Po3po0Ka Ta ITOCTIKEHHS CEPBiCYy PEMOHTY i
TEXHIYHOTO OOCIYTOBYBaHHS AaBTOMOOUIFHOI TEXHIKM Yy CY4YacHHX yMOBax
eKCILTyaTallii TPaHCIIOPTHHUX 3aCO0IB IIISIXOM BJIOCKOHAJICHHI MPOILECIB CEPBICHOTO
oOCITyroByBaHHS  JuIsi  HiABUIIEHHA ©(EKTHBHOCTI pOOOTH  MiJIPHEMCTB
ABTOMOOUIBHOTO TPAHCIIOPTY Ta 3a0€3MeUeHHS X KOHKYPEHTOCIPOMOXHOCTI [3].

VY pe3ynbrari MOCII/PKCHHS BHSBICHO OCHOBHI HENONIKM ICHYIOYHX CHCTEM
CCePBICHOTO  OOCITyTOBYBaHHS, pPO3POOJICHO pPEKOMCHAAI] MO0  BIPOBAPKCHHS
€Hepro30epirarodnx TEXHOJIOTIH y MPOLECH PEMOHTY Ta 3alpOIOHOBAHO HOBI METOIH
opraHizaii poOOTH CepBICHUX ITIIIPUEMCTB, IO JJO3BOJISIOTH 3MEHIIINTH BUTPATH Yacy i
PecypciB Ha IIPOBEICHHS TEXHITHOTO 00CITyTOBYBaHHS.

3anporoHOBaHi  pIlIeHHS  JO3BOJLSIOTH  IMJBHINUTH  PIiBEHb  HAMIHHOCTI
ABTOMOOLTFHOT TEXHIKH, ONTHMI3yBaTH BHUTPaTH HA PEMOHT 1 OOCIYTOBYBaHHS;
3a0e3MeYnTH BIATIOBIIHICTD CEPBICHIX MOCITYT CyYaCHUM CTaHIapTaM SKOCTI.

OtpuMmaHi pe3ylbTaTH MOXYThb OYTH BHKOPHCTaHi JJsi BJOCKOHAJICHHS
JUSIBHOCTI MiJIIPUEMCTB aBTOMOOUIBHOTO TPAHCIIOPTY, @ TAKOXK CIIPUATH PO3BUTKY
IHHOBAIITHKUX MMIXO/IIB 0 OpraHi3ailii cepBiCHOT0 00CTyrOBYBaHHS B ramysi.
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5 OPIAHI3ALY,
AKI TPUUHANKU YYACTb Y KOHOEPEHLI

Asepbatioscancovrutl Oepicasuutl azpapuuti yrieepcumem, baxy, Asepoatioscan
Aszepbatiodcancbruil 0epacashull eKoHOMIYHUL yHisepcumem, baky, Azepbatioxcan
Asepbatioscancovrutl Oepocasnuii neoazoziunuil yHisepcumem, baxy, Asepboaiiorcan
Asepbatiodcancoruti mexHiunuil ynigepcumem, baxy, Azepbatioscan
Asepbatioocancokuti mexnonoziunuil yHisepcumem, baxy, Azepbaiiocan
Asepbatiodcanceruil yrigepcumem 0y0IGHUYMEA Ma apximexmypu,
baxy, Asepbatioscan
baxuncoxuil siticokosuil koaedxc, baxy, Azepbatioxcan
Baxuncoxuii 0Oeporcasnuii ynisepcumem, baky, Azepbaiioscan
bBaxuncoxuii inoicenepruil ynisepcumem, baxy, Azepbaiiocan
Biiicvrosuii Haykogo-docnionuii incmumym, baxy, Azepbatioscan
Biticoxosuti incmumym imeni I etioapa Aniesa, baxy, Azepbaiioican
Biiicoxosuti incmumym manxosux eiticoxk HTY XIII, Xapxis, Yxpaina
epoicasnuii 6iomexnonociunuil ynisepcumem, Xapkis, Yxpaina
epoicasruii HayKo80-00CaiOHUY IHCMuUmMym unpobyeans i cepmuixayii
030pocHHs ma gilicbko6oi mexniku, Yepxacu, Yrxpaina
Leporcasnuii ynisepcumem «Kuiscokuii agiayitinuti incmumympy, Kuis, Yxpaina
Inemumym sgiticoxoeozo ynpaeninus, baxy, Azepoatiosxcan
Tuemumym nagpmoximiynux npoyecie imeni axkao. I0.I". Mameoaniesa,
baxy, Asepbaiioscan
Tuemumym cucmem ynpagninusa Azepoaiiosicancoxoi Hayionanvhoi akademii Hayx,
baxy, Asepbaiioscan
Kuiscokuil nayionanenuii ynisepcumem 0yoisnuymea i apximexmypu, Kuis, Ykpaina
Kocmiune acenmcmeo Azepbatiosicancwvroi Pecnyonixu, baxy, Azepoatioscan
Hasuanvnuii yenmp A3epoatiodcancobkoeo a2eHmcmea HazemMHo20 mpancnopmy,
baxy, Asepbaiioocan
Haxiuesancokuii 0epacasnuil ynigepcumem, Haxivesann, Azepbatiodcan
Hayionanvua asiayitina axademis, baxy, Azepbaioscan
Hayionanvha axademis CyXonymuux 8iticbk
imeni eemvmana Illempa Cazatioaunoeo, Jlvsis, Yrpaina
Hayionanvhe aepoxocmiyne acenmcemeo, baxy, Azepbaiidican
Hayionanvnuii aepoxocmiunuii ynieepcumem

"Xapxiscoxuu asiayitinui incmumym", Xapxie, Yxpaina
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Hayionanvuuit mexniynuii ynisepcumem "Xapkiecokuil noaimexniyHul
incmumym", Xapxie, Yxpaina
Hayionanvuuii ynieepcumem «Ilonmagcvka noaimexuixa
imeni FOpiss Konopamioxay, Ilonmasa, Ykpaina
Hayionanvuuii ynigepcumem oboponu Azepoaiioxcancokoi pecnyoniku,
baxky, Asepbaiioscan
Hayionanvuuii ynisepcumem oboponu Yxpainu, Kuis, Ykpaina
Hayionanvnuii ynieepcumem yuginbnozo saxucmy Ykpainu,
Xapxie, Yepkacu, Yxpaina
Tleoazociunuii ynisepcumem imeni Komicii Hayionanonoi Ocsimu ¢ Kpaxosi,
Kpaxie, [onvwa
Ilpedocmaenuymeo «Opaxn Icm Cenmpan IOpon Cepegicuc b.B.», Kuis, Yxpaina
Tpuoninposcvka deparcasua akademisn Oyoienuymea ma apximexmypuy Y/[VHT,
[ninpo, Ykpaina
Pecnybnixancokuii yenmp ceticmoposgioku, baxy, Azepbatioscan
Yuieepcumem micma XKunina, Kunina, Croeauuuna
Yuieepcumem mexnonoeii i cymanimapnux nayx, bearvcvko-bana, Ionvwa
Xapxiscokuil HayiOHATLHUL ABMOMODLILHO-00POIICHIL YHI6epcumen,
Xapxie, Ykpaina
Xapxiecokuil nayionanvhuil ekonomiynuil ynigepcumem imeni Caiimona Kysneys,
Xapkie, Yxpaina
Xapxiecokuil nayionanvuull ynieepcumem imeni B.H. Kapasina, Xapxis, Yxpaina
Xapxigcokuil HAYIOHATLHUL YHIBEpCUMEen MICbKO20 20CH00apCmed
imeni O.M. bexemosa, Xapxie, Yxpaina
Xapxiscokuu nayionanvuuii yHieepcumem Ilogimpsnux Cun
imeni Ieana Kooiwcedyba, Xapkis, Ykpaina
Xapxigcokuil HayioHanbHull yHisepcumem padioenekmpoHixu, Xapkie, Yxpaina
Xapriscokuil padiomexnivnuii gpaxosuti konedwc, Xapkis, Yrpaina
Fugro Gb (North) Marime Limited, Abepoun, [Llomaandis, Beruxobpumans
Yepracovkuil Oepaicagnuti mexnonro2iunuil ynisepcumem, Yepracu, Yxpaina
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