MIHICTEPCTBO 3AXHCTY JIOBKIJLJISA MINISTRY OF ENVIRONMENTAL
TA IIPHPOJIHUX PECYPCIB YKPATHH  PROTECTION AND NATURAL RESOURCES

JIEPKABHA EKOJOTTYHA OF UKRAINE
AKAJIEMISI THCJSIAMNJIOMHOI  STATE ECOLOGICAL ACADEMY OF
OCBITH TA YIIPABJIIHHSI POST-GRADUATE EDUCATION AND
03035, m. Kuis-35, Bya. Mutpononura Bacuas MANAGEMENT
Jlunkisewkoro, 35, 1./¢. (044) 206-31-87, 35, Metropolitan Vasil Lypkivskyi str., Kyiv, 03035,
e-mail: dei2005@ukr.net Ukraine, tel./fax (044) 206-31-87,

e-mail: dei2005@ukr.net

lo0j0Bi pa3oBoi cneuia/izoBaHoi BUYEHOI
paan JI® 26.002.176 y HauionanbHomy
TeXHIYHOMY yHiBepcHTeTI Ykpainu
«KuiBcbKHit  noJiTexHiuHHi  IHCTHTYT
imeni Iropsi CikopebKoro»

03056, KuiB, bepecrelicbKHH NpOCHEKT,
37

BUIT'YK OITOHEHTA
npodecopa kadeapH exoJ0riuHOT Ge3neKH
JlepkaBHOT akazeMil MiC/ISTHNJIOMHOT OCBITH Ta yNpaBJiHHS,
MinicTepeTBa 3aXHCTY 10BKIJLISI T NPHPOAHKX pecypceiB YKpainu,
JIOKTOpa TeXHIYHHX HAYK, npodecopa MAIIIKOBA Oxeza Anvoepmosuua
na auceprauito KHP'THOBA Apmemin IOpiiosuua
3a remoro: “METO/IU TA ITPOI'PAMHE 3ABE3ITEYEHHSI
JIEHLIEHTPAJII3OBAHOI'O YIIPABJITHHSI I'PYITOBHUM ITOJIBOTOM
BE3MIJIOTHUX JITAJBHUX ATTAPATIB HA OCHOBI TEOPII
HEO/JHOPITHOI'O BEKTOPHOI'O 11OJISA™,
3 rajy3i sHanb 12 — Ingopmauiiini Texnosorii
3a cneniagabHicTio 121 — Inzkenepisi nporpamuoro 3adesnevenus
Ha 3100y TTs cTYneHsi 10KTopa dinocodii

AKTYAaJ bHICTH TEMH JIHCEPTA lli'l..

V TenepilHiii yac Mae Miclie pi3ke 3pOCTaHHs 3aCTOCYBaHHs Oe3MiJOTHHX
nitaneuux anapatis (BITJIA) B pi3HHX rany3sx, Bijl ClIbCBKOrO rOCMoAapcTBa 10
00OpOHH, TOLIYKOBO-PATYBAIILHUX OMEpalliii i MOHITOPUHIY HABKOJIMLIHLOTO
cepeziosuiia. Ile B cBolo uepry BumMarae po3poOKH CKJIaAHUX CHCTEM YNpPaBIiHHS.

Taki cucremn noBunHi OyTH 3xatHi  koopauHyBatv Jjekiibka BIUIA s
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cnibHoro Ta e(eKTHBHOro BHKOHAHHS CKJIQJHMX 3aB/aHb. JleueHTpasizoBaHi
CHCTEMH YNpaBJIiHHS, Ha BiMiHY BiJl LIEHTpai30BaHUX, 3a0e3MeuyoTh CTIUKICTh
n0 360i8 okpemux BITJIA i macuwrraGoBanicts s Besukux rpyn  BITIA.
3acTocyBaHHs TEOpii HEOJHOPIAHMX BEKTOPHHX MOJIB B KOHTEKCTI I'pyrnoBOro
ynpasairns BITJIA € oco6nnBo akTyalbHHM 4Yepe3 3pocTaroyy CKJIAZIHICTh MiCii,
SKi BUMaraloTh ajanTHBHUX | AMHAMIYHMX cTpaTeriii pearyBanus. Lli micii yacTo
BiIOyBalOTHCS B HenepeabauyBaHOMY CEpEIOBHILI, L0 BHMArae Bin BITJIA nHe
TiABKH THATPHMYBaTH cTabinbHicTh KoH(irypauii rpynu mig dac rpyrnoBHX
MOJbOTIB, aje W ajanTyBaTHCs /0 3MiH Ta aBTOHOMHO YHHKaTH MEpPELIKOL.
PospoGka MerosiB i mporpamHoro 3abesrneveHHs Juld JIelIeHTPali30BaHOr0
YIPaBJIiHHS € BOKIMBUM KPOKOM Ha LUIAXY 10 peaisailii noBHOTO noTeHLiany
rpynosoro ynpasiinas BIUIA, nporoHyiouu npakTu4He pilieHHs, ke BijlMOBiAA€E
MaiibyTHLOMY HAMpPSAMKY PO3BHTKY aBTOHOMHHX CHCTEM.

Cyuacui BITJIA MoxkyTh OyTH OCHALIEHI LIMPOKHM CTEKTPOM JIaTYUKIB, B
TOMY YHMCIi KaMepamMH BMCOKOI pO3JisibHOT spatHocTi, Tersosizopamu, LIDAR i
MyJIbTHCTIEKTPAIbHUMHI ceHcopamu. Lli iHCTpyMEHTH 3HaYHO PO3LIMPHIIH CTICKTP
sactocyBanns BITJIA — Bil MOHITOPMHTY HaBKOIMIIHBOTO CEPElOBHIIA i
pearyBaHHs Ha karacTpogu 0 ynpaBiiHHS CiJILCBKHM  TrOCIOJapCTBOM  Ta
iHcnekuii 1HppacTpyKTypH.

PosroprasHs KilbkoxX Ge3NiIOTHHX JiTalbHMX anapatis (areHTis) y cKiazl
BEJMKOr0 POIO U BUPILICHHS 3aBlaHb 3a0e3neucHHs €KOJIOrYHOT Oe3neKkH
JIOBKLJUIS T IPUPOHUX PECYpPCiB Mae CBOI nepesary. CrinbHi AiT KUIBKOX areHTiB
XapakTepH3yloThCs IIMPOKOI0 00J1aCTIO 3aCTOCYBAHHS Ta MAOTh NEpeBard MpH
3HCHEHH]  €KOJIOrTYHOr0  MOHITOPHHIY Bi/UNOBIAHAX paiOHIB Ta 00 €KTiB
kputuunoi ingpactpykrypu. Ilpu ubomy obcTexkeHHs paiioHy Ta 00’€KTiB
criocTepeKeHHs  3AIHCHIOEThCS  LBMALIC, HDK 33 JIOMOMOTOW  OHOro
Gesninornoro mitanpHoro anapary (bITJIA). Takox 3 SIBJSETLCS MOKIHMBICTH
3aCTOCOBYBATH PI3HOMAHITHY —anaparypy eKOJIOrIYHOro  CrocTepekeHHs (B

ONTHYHOMY,  pajionokauiiiHoMmy, — iH(ppauepBOHOMY aianasoHax — TOLLO).
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PesynpraTom OyayTh OLIbLL JIOCTOBIpHi MOTOKH JaHuX, sKi OyayTh chopmoBai
micas koMmruiekcaitii (06’ €aHaHHs) pi3HUX (I3UYHUX JAHUX CMIOCTEPEKCHHS. Kpim
TOro, 3’SBJSETHCS MOXKJIMBICTH 3aCTOCYBaHHsA POIO arentiB BITJIA Ha pi3HUX
BHCOTAX Ta LIBHAKOCTAX, 1100 3ifiCHIOBATH €KOIOTIYHH MOHITOPHUHT 3 PI3HHX
HanpsMiB.

PosropranHs KibKOX areHTiB y CKJaji BEJMKOro poio Mae CBOI MepeBart.
Crinbhi aii KiIbKOX pOOOTIB € IIMPOKOIO 00JACTIO 3aCTOCYBAHHA. MosxHa
Bi3yani3yBaTu KiJdbKa MOXJIMBHX TepeBar, 30Kpema y BHIIAIKy 0e3MJIOTHUX
nitanehnx anapatis (BIUIA). Piii BITJIA mMoxe 00CTEXKHTH TEPUTOPIIO LIBH/LIE,
Hik omun BIUIA, sikuii Kinbka pasiB mpojiTae Ty camy tepuropito. Tliaxoan
BHILOTO PiBHS, TaKi K JEKOMIO3UILis MOLIYKOBOT CITKM Uil OKPEMHX areHTiB,
jeriie peanizyBaTH, KOJHM ICHY€ KijbKa arenti. BIUJIA MeHLIOrO po3Mipy
oCHalleHi OOMeXeHWM o0JajHaHHAM, 1100 3MEHLIMTH CIOKHBAHHA eHeprii
06aHAHHAM | 3MEHIIMTH 3arajbHy Bary Jjitaka. MoxHa OCHaCTHTH pi3HHUX
areHTiB y poi pi3HMMH JaTuMKamH. Pe3ynbTaToM OyayTh Oinbli GaraTi MOTOKH
JaHuX, AKi OyayTh CTBOpeHi miciis 06’ € HaHHS Pi3HUX JaHHX naruukis. [ToaioHi
eKCIIepUMEHTH MOJKHA YSBHUTH, KOJIH piit arentis BIUJIA mpaiioe Ha Ppi3HHX
BHCOTAX, 11100 JOCIIUKYBATH Ha3eMHi 00’ €KTH, TAKHM YMHOM 3a0e3Meuyrouu pi3Hi
TouKH 30py Ha Linb. Taki MOKpalieHHs pe3yJbTaTiB areHTaMH poiB 0COOIMBO
KOPHCHI, BpaxoByIOYH BHCOKOJIMHAMIYHE Cepe/loBUIIE, B SKOMY INpalliOlOTh
BITJIA. Cutyauis Ha noji 6ol MOXe BKE 3MIHHTHCS 10 TOFO MOMEHTY, KOJIH
omun BITJIA 3aificHuTh NpOXi Hal TEPUTOPI€I0, TMOTIM MEPeMICTUTBbCA, 1100
OXONWTH iHWI obmacti, a notiM moBepHeThes. JlenikaTHi IHUMACHTH, TakKi SK
MOLIYKOBO-PATYBAJIbHA  MiCis (SAR), MOXyTb BHMaraTd 3ajy4yeHHs KiJIbKOX
arentis. O61acTh Moke GyTH 3aHAJTO BEJTMKOIO JUis MOKPUTTS oanum BILIA, i
GisbIle areHTiB MiJABKIILY€E HMOBIPHICTD LIBHIKOTO NOLLYKY XKEPTBH.

3actocysannsi BITJIA Buiiiwio aneko 3a Meki BIHCBKOBHX 1 CIOCTEPEKHHX
dynkuiii. Y cinbebkomy rocnozapersi BIUIA PEBOJIIOLIOHI3YIOTE  CIOCOOH

MOHITOPHHIY ~ 3/10POB'S  TIOCIBiB, YNpaBiiHHS —pecypcamu i MakcuMmizauii




BpokaitHocTi. Y cdepi 0XopoHH AOBKILIS APOHH BiIrpaloTh BUPIiLIAIbHY POJib Y
MOHITOPHHIY TONYJSILiN AMKMX TBApHH, KapTorpadyBaHHi JIiCOBUX MAacHBiB i
BI/ICTeXKEHHI 3MIH B €KOCHCTEMax, CIIPHYMHEHUX 3MIHOIO KJIiMaTy Y JIHOAChKOIO
pisbHicTio. Komepuiiinuii cextop BukopuctoBye BITIA ans Gesniui uisnei,
30KpeMa, JUls  JIOCTAaBKM  BaHTaXiB,  IHCMEKUii  iH(pacTpyKTypH  Ta
aepoOoTO3HOMKH, 1 1i€ JIHILE JesK] 3 HUX.

Cucremy 3 jekijibkomMa TPaHCIIOPTHUMHU 3aco0aMH MOKHA ONMCaTH K
eeKTHBHY, pe3yJlbTaTHBHY, THYYKY Ta AEMOHCTpYy€ Oijibliy TOJIEPaHTHICTH /0
HeCnpaBHOCTEH, HiK OAMH areHT. Lle poOMTH Gifbl KUTTE3IATHAM MaTH pii
BITJIA namaraioTbcs BUKOHATH neBHe 3aBaaHHs. OJHaK CKjajHe cepeloBHIIe, B
SIKOMY BOHHM MpaliOlOTh, YCKIaHIO€ cTBOpeHHs ctiiikux poi bITIA. Ycenimne
BrpoBa/pKeHHst posi BITJIA npoaeMOHCTpyBaio BUHSTKOBY 31aTHICTh BUKOHYBATH
3aBJlaHHs B Pi3HUX c(epax, TaKUX 5K CiJIbCbKe TOCMOAAPCTBO, OOCTEKEHHS
NPUPOJIHUX PECYpPCiB BOJAHM, IPYHTIB, TBAPUHHOIO CBITY, MOLIYKOBO-PATYBaJIbHI
ornepatlii, a BIHCbKOBI.

Henepeabaueni noii, Taki sk noraHa noroja, BTOproHeHHsi BOPOKHX areHTiB,
3ITKHEHHS 3 4y)KOPITHUMH TiJIaMHM UM IHIIMMH areHTaMHu polo, BTpara 3B’si3Ky a0o
MOMWJIKM B CXeMax KepyBaHHSl Ta MpPOrpaMHOMY 3a0e3neueHHi — Jiuilie JesKi 3
nojii, sKi MOXKYThb IepelkoikaTH poboti poro. Yacto norouni GararoarenTHi
CHCTEMH € B3a€MO3aJIeKHUMH Y BUCOKIH Mipi, 1110 poOUTbH BTpaTy HaBiTh OHOr0
are”Ta KkaractpodidHOIO /U1 BCHOrO POIO Ta 1porpecy Horo Micii.

OpHak HeBja4i MOKYTb MaTH pi3Hi (OPMHM, SIK BHYTPILUHI, TaK i 30BHILIHI.
36071 3B’43Ky, Hasirauii ta cnoctepesxenns (CNS) knacudikyloTbest sk BHYTpillHi
HECNPaBHOCTI, TOAI SIK MOroja Ta MEPelIKOAX € 30BHILHIMKH moiismu. Lle
JIOCHIIZKEHHSI € YacTHHOI MOTOYHMX 3YCHJIb, CHPIAMOBAHHUX HA [MiJABULIEHHS
critikocti poiB BIUIA. 1llo6 peanizyBaTv BIIMOBOCTIHKICTb Yy 3rpasix, Ham
cnovyaTky notpiOHO KOHLenTyali3yBaTH i1 B MOBEAIHKOBMX peakuisx, siki 1notim
MOJKHa pealizyBarTy.

Pesynbraty  nposejeHoro ananisy BIHCHKOBHX — KOH(IIKTIB  OCTaHHIX



JCCATHIITL MOKa3aJu, WO OIHMUM 13 [epCleKTHBHUX HanpsMiB pPO3BUTKY
BiliCLKOBOT aBiallii, IKMH 3HAYHO MiABUIMB O eheKTUBHICTb YAapHUX aBialliftHHUX
KOMIIJIEKCIB, € CTBOPEHHSI KOMILJIEKCIB 3 6e3MiJJOTHUMH JITalbHUMHU anapatamu Ta
PO3BUTOK TaKTHKH X 3acTocyBaHHs. [Ipu 1IbOMY Ma€ Miclie 3Ha4yHe MiJABUILIEHHS
posti Ge3ninoTHOT aBialii K Py BUpilIeHH] 3aBaHb 3a0e3MeyeHHs IHIIMX BUIB i
MOJIOTiB BiliChbK, TaK i NpH BUPiLIEHHI PO3BiAyBaJIbHUX, YAAPHUX Ta CrelialbHUX
3aBiaHb. Ha erani po3BuTKy BilicbkoBoi Ge3niioTHol aBiawii #ayTe poGOTH 3i
CTBOPEHHS HOBMX yJapHUX Oe3MiJIOTHMX JITaJlbHUX anaparis, 3[aTHHX
BUPILLYBaTH 3aBaHHs y CKIaji rpynu. Y 38'A3Ky 3 LIMM aKTYaJIbHUM € BUPILLIEHHS
3aBJIAHHA 11010 OOrPYHTYBAHHS CTPYKTYpPH PO3NO/AIJIEHOT CHCTEMM YNpaBIiHH
FPYNoIO yaapHUX Ge3NiJIOTHUX JiTalbHUX anapaTiB Ta po3poOKH aqropuTMiB Tt
(GYHKUIOHYBaHHSA, 10 J03BOJAIOTh MIABMIIMTH e()EeKTUBHICTb IPYNOBOrO
CIIJIBHUX JIiH B aBTOHOMHOMY PEKHMI.

Cnia BpaxoByBaTH, 1110 CHTYallisi B pailOHi MOHITOPHHIY MOXKeE 3MIHMTHCS LlIe
10 TOro MomeHTy, Koiau oauH BIUIA 3ailichuts mnpoxia Haa 00’e€kTom
CIIOCTEPEKEHHS, MOTIM MePeMiCTHTBCS, 100 J0Ci/KYBATH iHII 00°€KTH, a NOTIM
nosepHeTbes.  [loaibHi  cuTyauii BMHMKaOTH NI 4Yac  CIOCTEPEKEHHS
BeJIMKOMACIUTAaOHUX SBMIIL TAa HA/3BUYAMHUX CUTYyallil TaKUX K MMOBEHI, MMOKeXKi,
texHorenni apapii Ta karactpodu. Ilpn upomy Taki onepauii K MOUIYKOBO-
paTyBaibha Micis (SAR) MOKyTh BUMaraTi 3aydeHHs KIJIbKOX areHTiB.

CucteMy 3 JIEKUIBKOMA TPAHCIIOPTHUMH 3ac00aMM  MOXKHA OMNMCATH K
ed)eKTUBHY, pe3yJIbTaTHBHY, THYUKY Ta OLIbLI TONCPAHTHY /0 HECTIPABHOCTEH, HixkK
onun arent. Lle pobuth pouinbHum Matu piii BIUIA, ski 3ailicHIO0TH 3aB1aHHs
eKOJIOriuHOro  MoHiTopunry.  Ycmimne — BnposajukeHus — powo  BIUIA
[POICMOHCTPYBAIO BUHATKOBY 3/aTHICTh BUKOHYBATH 3aB/aHHs B pi3HMX chepax,
TakuxX AK CLIbCBKE TrOCMOAApCTBO, OOCTEXKEHHS TMPUPOJHUX PECYpCiB  BO/IM,
[PYHTiB, TBAPHHHOIO CBITY, 10LYKOBO-PATYBaJIbH1 T2 BiliCLKOBI Orepattii.

Henepenbaueni 1oAil, Taki sK [orana I1oroia, 3aBajd, 3iTKHEHHS 3
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4y)KOPIZIHUMH TiJIAMH UM iHLIMMK areHTaMH polo, BTparta 3B’s3Ky ab0 MOMMJIKH B
cXemax KepyBaHHs Ta MporpamHoMy 3abe3neyeHHi — Juie Jeski 3 moiii, ki
MOKYTh  Tepemikomkati  poboti  poto.  Hacto OaratoareHTHi CHCTEMH €
B3a€MO3AIEKHUMHU, 110 poOMTH BTPATy HaBITh OJHOTO areHTa KatacTpo(iuHOKO
JUIS BCHOTO POIO Ta epeKTHBHOCTI ioro Micii. Tomy noTpibHi HayKoBi pO3pOOKH,
crpsiMoBaHi Ha niBuienHs criiikocti pois BIJIA.

B jpanmii  uwac poifoa pOGOTOTEXHiKA TexHONOriuHO  mepenbayac
NPOeKTYBaHHs, OyAiBHULTBO Ta PO3rOPTAaHHs IPyN pobOTIB, sIKi KOOPAHHYIOTH i
CHiBLHO BUPILIYIOTH 3araibHy npobiemy abo BUKOHYIOTH okpemi 3aBiaHHs. Lli
TEXHOJIOrisl 4eprae HaTXHeHHs B MPHPOAHMX CAMOOPraHi30BaHMX CHCTEMAX,
TaKWX SK couianbHi Komaxu, 3rpai pu6 abo mnTaxiB, fKi XapakTepu3ylOTbCA
KOJIEKTHBHOIO MOBEIIHKOIO HAa OCHOBI NMPOCTHX MiCUEBMX MpaBuil B3aeMouii. Sk
NpaBuJIo, poiioBa poGOTOTEXHIKA peasti3ye iHKeHepHI MPUHLMIK 3 BHBUCHHA
NPUPOAHUX CHCTeM. Po3ropranHsi KilbkoX poOOTH30BaHHX KOMILIEKCIB (areHTiB)
y CKJIaJi BEJIMKOro poio Mae cBoi mepesaru. Tomy criibHi aii KiJIbKOX poboTiB
MaloTh pi3Hi chepy 3aCTOCYBaHHS.

MoskHa BHAUIMTH Kijbka MOXJIMBHMX mepesar, 30kpema y Bunaaky BITJIA.
Piii BITJIA moxe JOCHiKyBaTH TepuTopito wBHaue, HiX oanu BIUIA, skunii
nponitac  HajA Ti€IO K TEPUTOpi€l0  KijbKa pasi. Posnoxin  QyHKLUiH
CTIOCTEpPEKEHHS MiXK OKPEMHMH areHTaMH, siKi OCHalleHi 0OMexKeHHM OOpPTOBHM
001aHaHHAM, 103BOJIsAE Oibl e(PeKTHBHO BUPIIYBATH 3aBJaHHs BUKOPHUCTaHHS
BIUJIA 3 pisaum  GoproBUM  00JaJHAHHAM, HANpUKIaL, JUls  [OUIYKOBO-
patyBaibhoi Mmicii. Lle poGuth Oinbw kurresparnum mati piit BIUIA, sixi
HAMaraloThcs BUKOHATH neBHe 3aBjaHHsi. OQHAK CKlajaHe Cepe/loBUIIE, B AKOMY
BOHM MpaLIOIOTh, YCKIAQJHIOEC CTBOPEHHS crifikux pois  BITIA. VYcniwna
peanizauis rpynu BITUIA nposemoncTpyBsasa 3J1aTHICTh BUKOHYBATH 3aBJIaHHS B
pi3HMX Traqy3siX, TAKMX SIK CiIbCbKE TOCINOAAPCTBO, OOCTEKEHHS TEXHOTeHHHX
HeGesneuHnx  00’€KTiB, TPAHCIOPTHUX CHCTEM, EHEPreTHUHMX KOMILIEKCIB,

NPUPOIHUX PECYPCiB BOJM, IPYHTY, TBAPUHHOTO CBITY, MOLLY KOBO-PSITY BA/IbHi




onepatlii. , BIfiCbKOBI 3aB/laHHsI.

Ha erani po3BuTKy Ge3ninoTHoi aBiaulii €KOJIOTIYHOTO MOHITOPUHTY BEYThCs
poOoTH 31 CTBOPEHHSI HOBHX Ge3MiIOTHUX  JITAJbHUX —anapartiB, 31aTHHX
BUpilIYBATH 3aBJaHHsi CHOCTEpEKeHHs B CKiIadi rpynd. Y 33Ky 3 LM
AKTyalbHHUM € PO3B’si3aHHs 3aj1ayi OOIPYHTYBAaHHS CTPYKTYpH po3MoisieHol
CHCTEMH KepyBaHHsi IpYIMolo Oe3MioTHUX JITalbHUX anaparis Ta pO3pOOKH
anroput™is i (yukuionysanns. Lle miaBMUMTL edeKTHBHICTb TpYNOBOro
3acTOCYBaHHs O€3MINOTHUX JITAILHUX anapaTiB eKoJOori4Horo MOHITOPHHIY 32
paxyHOK KOOpJMHALlIT IX CrijIbHUX /i B aBTOHOMHOMY pEeKUMI.

3acTOCYBAHHS  IITYYHOTO pOHOBOrO IHTEJEKTYy —CHpHA€  MiABMUICHHIO
e)eKTHBHOCTI  BUKOPHCTAHHS pOIO  OE3MMOTHMX JTalbHUX araparis Ul
BUPILLICHHS 3aBJaHb 3a0e3MedyeHHs eKoNOriuHoi Ge3reKn, 3aXMCTy AOBKILIA Ta
NPUPOIHUX PECYpCiB, BUKOHAHHS MiKHAPOAHMX 3000B’A3aHb YKpaiHH Y chepi
OXOPOHM HABKOJMIIHLOrO MPHPOAHOro cepefoBuila. Tomy HeoOXxiaHa HaykoBa
po3poOKa Ta BNPOBA/UKEHHSI CyYacHHX TeXHOJIOriH 3abe3neyeHHss POHOBOrO
MOHITOPHMHTY TpH YIIpaBJiHHI poeM 0e3MiTOTHUX JIITaJbHUX arnaparis.

[Ipy cTBOpeHHI Ta 3acTOCYBaHHI pOIO JITAJbHUX anapaTiB J0LijJbHE
BpAaxoBYBAaTH JIOCBIJl 3aCTOCYBAaHHS MallOpO3MipHMX Oe3MiJOTHUX JiTalbHHUX
anaparis, CbOr0/IeHHI HAMpallOBaHHs B rajy3i ITYYHOrO iHTENEKTY Ta NoTpedH B
iX y MaifOyTHbOMY BUKOPUCTAHHI.

HeoOXiaHICTh BU3HAYEHHS HAYyKOBHX NpOOJEM KepyBaHHS MOJbOTOM 3rpai
Ge3NiIOTHUX JIiTaJbHUX anapaTiB BH3HAYA€TLCS TEXHOJIOTIEI0 CTBOPEHHS Ta
METO/I0JIOTI€I0  3aCTOCYBaHHA POMHOBOrO iHTENICKTY JUISL YNPaBJiHHS IpynaMu
Masopo3MipHUX 0e3MiIOTHUX JIITAIbHUX anapariB

Po3pobka Mmertoso00rii  poioBOro iHTENEeKTy Ul yNpaBiiHHS Ipynamu
Maiopo3MipHUX  0e3MiOTHUX JiTalbHUX anapatiB nepejadavae  BpaxyBaHHS
TeHieHlii po3BUTKY Manopo3Mipuux BITJIA, 30kpema nepexiz BiJi BHAKOpHUCTaHHS
oaunounux bBIUIA no rpyn ta komruiekciB BITIA. OcHoBHI npoGiemu

ynpasiinns rpynamu BITJIA nos'szani 3 BHKOpPHCTaHHSM METOIB POHOBOrO




IHTEJICKTY  JUISl  BUPILUEHHS  THIOBHX  3aBJaHb, IO  MiATBEPAKYETHCS
KOMIT'IOTEPHHM MOJIC/IIOBAHHSIM.

Po3pobka wTydHOro poitoBoro intesekTy nepeabayac BU3Ha4eHHs MpeaMery
JOCIJUKEHb, - iHpopMalliiina B3acMOo/Lisi €/IEMEHTIB rpynu 6e3nioTHUX JiTalbHHUX
anapatis Ta iX ypazjiuBicTh 110 AeCTPYKTHBHOTO iH(POPMALIHHOTO BILJIMBY.

Ha nauuii  mMoment us npobiema akTyanbHa JuUis  anaparis,  sKi
3aCTOCOBYIOTHCS SIK Y LIMBUILHUX, Tak 1 000oponHux cepax. Kpim Toro, 3asiaHns
BUSIBJICHHS  TIPUXOBAHOI0  JIECCTPYKTHBHOIO  iH(OpMaLIHOrO  BIUIMBY €
HEBHPILLICHUM Y KOHTEKCTI rpynu 6e3niJloTHHX JITalbHUX anapaTis.

Jluceprauiiina poGora npucesueHa po3poOii MeToJiB Ta NPOrpamMHOro
3a0e3neyeHHs ynpasiiHHs rpynoBUM MoJbOTOM Ge3MiI0THHX JiTalbHUX anapartiB
(BIUTA). Baxnuo 3abe3neunt rpyni aBTOHOMHHX anapariB MeBHY reOMeTpUYHY
Oprasisauilo, Jie BOHH pyXaloTbes sk €aute wije. Llei miaxia BUKOPHCTOBYETHCS
JUIs BUKOHAHHS BEJIMKOI KUIBKOCTI npakTH4HuX 3aBaavb. Hanpuknan, BITJIA
JITAKOBOIO THIY MalOTh BHCOKY LUBMJIKICTH Ta MaHEBPEHICTb, 1110 KOPHUCHO JUIS
3aBJlaHb, Jie BaXKJIMBA TPUBAJIICTD Ta JAAIbHICTb MOJBLOTY.

Jlns 3abe3neveHHsi TakoOro ynpasiiHHS HEOOXIZAHO BIPOBAJAMTH METOJH, SKi
JIO3BOJISIIOTH ~ anaparaMm  JiSTH  He3alekKHO OJMH Bl OJHOrO, YHHKAKYH
HeHTpasiizoBaHoro kepysanHs. Takuil miaxiz 4acto MOpPiBHIOIOTH 3 IPYNOBHUM
YIpaBJIiHHSM, Jie KOKEeH anapat rnpuiMae BracHi pitienns. I'pynose ynpasiinus B
KOHTEKCTI Oe3MiJIOTHUX JITaKiB PO3IJIANacThes, K OpraHisallis rpynu anaparis 3
MEeTOIO BUKOHAHHS CKJIQJIHUX 3aBJlaHb.

MeTo/l BEKTOPHHUX [MOJIIB MOJLOTY MO 3ajaHii TPAekTOpii € OAHMUM i3
croco0iB JIOCATHEHHS! TAKOro IPyNoBOro ynpasjiiHHs, je anapatd GOpMylOTh Ta
MiATPUMYIOTD 3a/1aHi FeOMETPHYHI CTPYKTYPH JUIsl CIIJILHOTO BUKOHAHHS 3aB/aHb.

MeTtojt  ynpapiiHHS  Ipynold  aBTOHOMHMX — JIiTaKiB, 3aCHOBAaHO Ha
JIeLeHTPaIi30BaHil  apXiTeKTypi KOHCEHCYCY Ta BMKOPHCTAHHI HEOHOPIIHOIo
BEKTOPHOIO 10Js  NPOXOKEHHs npsiMosiiHidiHoro mapwpyty. lLleit  niaxin
CPAMOBAHO Ha CTBOPEHHS AIrOPHTMIB YMPABIIHHSA, 1O J03BOSIOTH JliTaKam

YTPUMYBATH 3a/laHe MOJIOKEHHs B Ipyni MiJd 4ac pyxy MO MNpsMojiHiiiHOMY




FOPH30HTAIbHOMY MapuipyTy. Bin 6a3yeTbCsi Ha NpPUHUMIAX KOHCEHCYCy Ta
BUKOpHCTAaHHI BEKTOPHHX [0JiB MPOXO/UKEHHS MapiupyTy, 110 3abe3neuye
rHyuKicTh y BHGOpI GakaHoi (opMHM Ipynu 3 ypaxyBaHHAM CKJaaHOT JMHAMIKH
BITJIA.

JleuenTpaiizoBaHa  apXiTekTypa  KOHCEHCyCcy  JI03BOJs€  anaparaMm
Y3rO/UKYBaTH CBOE TIOJIOKEHHS 3a PaxyHOK OOMiHy iH(opMmalli€io, CrpHsOUH
TOYUHOMY CJIJlyBaHHIO 110 3ajaHiil TpaekTopii Ta 30epeKeHHIO  BITHOCHHX
MoJIOKeHb JiiTakiB B rpyni. Lleit MeTo mae cyTTeBe 3HAUEHHS JUTS 3aCTOCYBAHHA Yy
chepax, ge cymicHe (yHKIioHyBaHHs Ge3MiIOTHUX JITaKiB y IpyMi € KIIOYOBUM:
MOHITOPHHI 3eMHOI TOBEPXHi, MOIIYK Ta pATYBaHHs, BUKOHaHHs BIHCHKOBHX
3aBadb. Lli MeTOMM TrapaHTylOTh aCHMITOTHYHE HaGIMAKEHHS BIJAHOCHHX
MONOKEHb B IPYI 710 3aJaHKX, a TAKO)K HAaOJIMKEHHs IBHKOCTI KOXKHOIO JiTaka
JI0 CepeIHbOT KpelcepehKol LBHAKOCTI.

Jluceprallisi MpUCBsYEHa BUPILIEHHIO HAyKOBO-IPHUKIIAIHOIO 3aB/aHH,
pO3pOOKHM  METOAIB Ta  apXiTeKTypu mporpamHoro — 3abesrnedeHHs  JUld
JeLIeHTPali30BaHOr0 IPYNOBOro yNpasiiHHs Ge3MiIOTHUX JITalbHUX anaparis
(BIJIA) 3 ypaxyBaHHSAM OCOOJIMBOCTEH iX JAMHAMIKH, a Takokx po3podka
MaTeMaTH4YHOI MOJeNi Ui eKCHEePUMEHTAIBHOrO MOCiiKeHHs e(eKTHBHOCTI
yrpasiiHHs rpynosuM noiasotom bITIA.

Tomy Tema auceprauiitnoi pobotn KHPAHOBA Apmemin [Opitiosuua

pucBA4cHa piUJCHH}O OO0 HAYKOBOI'O 3aB/laHHs € AKTYaJIbHOMO.

Cryniib  OOIPYHTOBAHOCTI __HAYKOBHX __ 10.10’Ke€Hb, BHCHOBKIB i

pekoMen1auii, copmMyiLOBaHHX V IHCEPTAlLi.

ABTOp J106pe posymie crietBiky 3a1adi, 10 PO3IIIAAAECTHCS y AucepTaiil
Ta KopekTHe (opmymoe ii noctaHoBy. JlOCHUKeHHs MiAXOAIB 10 TIpPyroBOro
ynpasnins BITIA Ta nocranoska 3aBaaunb (aHaini3 crany po3sutky BITIA, ananis
MOZKJIMBOCTEH TPYNOBOIO  3aCTOCYBaHHs, aHali3 HAyKOBMX METOMIB  JUIs

ynpasiinns rpynamu bITJIA) siki BMKOHaHO a0CHTH KBallihikoBaHO, CKIaJH




10

OCHOBY PO3pOoOKH JIeLIEHTpasi30BaHOro ynpasiitis s rpyn BITJIA Ha ocHOBI
METOJly HEOJHOPIAHOrO BEKTOPHOIO MOJIS.

Tomy aBrOop OOIpyHTOBAaHO BHKOPHCTOBYE 3araJbHONPHHHATI  METO/H
nocniokenns (niniiina anreGpa, Teopis rPYNOBOTO yNpaBiiHHs, METOL byHKLLIH
JIsSinyHOBa, METO/IH AHANITHYHOT reOMeTpii, METOM Teopii HEUITKOT JIOTIKH, Teopis
HeJIiHIiHOrO  ynpaBjiiHHs, Teopis aJanTHBHOTO  yNpaBIiHHS, KOMIT'IOTEpHE
MOJIeNIOBaHHsS) JUI  PO3poOKM MPOrpaMHOro 3abesrneveHHs Juls rpyrioBoro
ynpapiinns BITJIA, po3po6ku nporpamMHoro 3abesrneyeHHs s yrnpaBJiHHA Ta
Bi3yauizailii rpynosoro noaboty BITJIA.

[Tix €ac npoBeieHHs JOCHiKeHb aBTOp CIIMPAEThCA Ha BifoMi (aKTH Ta
HAyKOBi JOCSTHeHHs B oOpauiii cdepi, sKi OTpUMaHi 3 BHKOPHCTAHHAM
anpoGOBAaHOr0 MAaTeMATHYHOTO —anapaty, SKHil € aJeKBaTHUM iHKeHepii
MPOrpaMHOro  3abe3neyeHHst  AELEHTPAIi30BaHOrO  yNpapjiiHHA  IPYTOBHM
M0JBOTOM O€3MMiIOTHUX JIITAJILHUX anaparis.

Po3pobneni  aBTOpOM — MPaKTH4YHI  peKOMeHJallii  IPYHTYIOTbCS — Ha
po3po0JeHOMY HHM  HAayKOBO-METOJMYHOMY anapary, sKHi € J10CTaTHbO
YYTJIMBAM JUIS BIZAMOBIZIHMX 3MiH BUXIJIHUX JIaHHX.

Bizmiualo, 1110 HaAyKOBI MOJOXEHHS Ta peKoMeHzaalil, ski chopmyibOBaHi y
BUCHOBKax /10 po3ainiB (crop. 56, 83, 103, 152) Ta 3aranbHUX BHCHOBKAX (CTOp.
153-155), 3pobieHo HayKoBO OOIPYHTOBAHO 1 JIONYHO 3a pe3yibTaTamu

eKCIiepUMEHTAIbHUX 10CTIiJUKEeHb, Ta OLIIHKM 1X IOCTOBIPHOCTI Ta a/IeKBaTHOCTI.

JlocTOBIpPHICTH 0/1eP/KAHNX Pe3YIbLTATIB.

JIOCTOBIpHICTb  HAYKOBHX MOJIOKEHb, SIKI 3aXHLIAIOTBCS  3100yBauem,
BMCHOBKIB | peKOMEeHJallii MNiATBEep/KY€ETbCS iX BIANOBIAHICTIO METOMAOIOrT
JOCHIJUKEHHST  TIOCTABICHOTO HAayKOBOIO 3aBJAHHS; [OBHOTOIO PO3IIsSAY Ha
TEOPETHYHOMY |  €KCIEPUMEHTAILHOMY PIBHAX 00'€KTY JOCHIJUKEHHS, 1110
OXOIIIOIOTH HOro 3MICTOBHI 1 MpoLecyalbHi XapaKTePUCTHKH; 3aCTOCYBAHHIM
KOMIUIEKCY METOJIB, aJIeKBaTHHUX MpeAMEeTY JOCHIUKEHHS 1  MOMKJIHBICTIO

BiZITBOPEHHS PE3YIbTATIB JI0CIJUKEHHS.
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JIOCTOBIPHICTH 1 OOIPYHTOBAHICTb PE3yJIbTATIB AMCEPTALlil TPYHTYIOTBCS Ha:

* BAKOPUCTaHHI pe3ysibTaTiB aHaji3y crtany po3Butky BITIA, moxnuBocTeit
IpyNoBOro 3aCTOCYBaHHs, HAYKOBHX METO/IB JUlst yripasiinus rpynamMu BITIA;

* KOPEKTHOCTI 3aCTOCYBaHHS 3arajlbHONMPUIHATHUX METOMAIB J0C/IUKEHHS:
niniiina anreGpa, Teopis rpynoBoro ynpasiiHhs, Meroa (yHkuiid JlanyHosa,
METOJM aHANITHYHOT reoMeTpii, MeToau Teopii HediTKoi JIOTiKHM, Teopis
HENIIHIHHOTO  YNpaBiiHHA, TeOpis aJanTHBHOrO YNpPaBJiHHA, KOMII'IOTEpHEe
MOJIEeJIIOBaHHS.;

* Y3rOJDKEHICTIO 13 HAsBHUMM pe3yJibTaTaMH MPOrpaMHOro 3abesnevyeHHs
JUISL yNpaBIliHHs Ta Bizyasizauii rpynosoro noiboty bITJIA;

e JaHuMX Mpo iX ycniliHe MpakTMYHE 3acTOCyBaHHA Ta [OPIBHAHHA
OTPUMAHHMX pe3yJ]bTaTiB 3 BiJIOMHMH JAHUMH HE3QJIeKHHX JOCHIIHUKIB Ta

pe3ysibTaTaMu 10CI1KEeHb.

HavkoBa HOBH3HA Ta BAKJIMBICTH pPe3VJbTATIB, sIKI O/lepKaHi aBTOPOM B

JIACepTallii, MoJsiraloTh B HACTYTTHOMY:

V  auceprauiiiHiii  poGoTi BHpilIEHO HAyKOBE 3aBJaHHsA LIOAO PO3pOOKH
METOJIIB Ta apXiTeKTypH MpOrpaMHoOro 3abe3neyeHHs Ul JELEeHTPaTi30BaHOro
rpynoBoro yrpasiiHHs 0e3ninoTHuX jgiTaneHux anapartis (BITJIA) 3 ypaxyBanusim
ocoONMBOCTENH 1X JAMHAMIKH, @ TaKoX po3podka MareMaTH4YHOI Mojesi Juis
eKCIIEPUMEHTAIbHOTO  JIOCHI/UKEHHs!  e(DEKTHBHOCTI  YNpPaBIiHHSA  TPYNOBUM
nojbotom bITJIA.

MeToro aucepTauii € MiZABUILEHHS e(peKTHBHOCTI yrpaBiiHHs (HOpMYyBaHHIM
Ta NiATPUMKOIO 3a/1aHOTO M0JI0XKEHHS IPYIH aBTOHOMHUX O€3MIIOTHUX JIITalbHUX
anapatiB  3a pPaxyHOK Ppo3poOKM METOMIB, aIrOpUTMIB Ta [POrpPamMHOro
3abe3rnieueHHs JICLEHTPAIi30BaHOrO  YNpaBdiHHS, WO BPaXoBYE HEJIIHIHHUI
xapakTep CTPYKTypH cucteM "aBromnijior-anapar”.

Jlns pocsirHenHs wiei Metw B poboti Oysio chopMynboBaHO 1 BUPILIEHO

HACTYIHI 3aBJIaHHs:
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- aHau1i3 BIJIOMMX MiAXOAIB /U1 BUPILIEHHS 3aBJaHHs rpyrnoBOro yrnpasiiHHs
BITJIA Ta BuGip cepel HUX TakuX, 110 MOKIMBA OpraHi3allis JeleHTpasli30BaHoOro
rpynosoro ynpasiitus BITJIA;

- aHaniz ICHYIOUMX METOJIB Ta TEeXHOJOriH cTBopeHHs iH(opMaliiHoi
CHCTEeMH JUis 3a0e3nedenns rpynosoro yrpasiinusa bITJIA;

- po3po0Ka apXiTeKTypu Ta NporpaMHOro 3abesneueHHs /Uis ynpasiiHHs Ta
Bi3yanizauii rpynoBux nojsotis bITJIA;

- YJIOCKOHAJIEHHSI METOJy [MpOCTOpY BiAHOCHMX CTaHiB Ui (hopMyBaHHS
rpynosoro ynpasiinns bITJIA;

- YIOCKOHaNeHHs MeToly (opMyBaHHs Kepylounx BruinBiB HaBeseHHs bITJIA
Ha OCHOBI 3aCTOCYBAHHS METO/1iB HEJIIHIHHOTO CHHTE3Y;

- po3pobka MeTOMiB Ta anroput™iB rpynosoro ynpasiinus BIUJIA 3
ypaxyBaHHSIM 0COOIMBOCTEN IMHAMIKH pealbHuX cucteM «aBroninot-bIIJIA»;

- yJAOCKOHajleHHs MatematuuHoi mozeni cepeax MATLAB/Simulink, 1o
JIO3BOJIWJIO MIPOBECTH MOJIetoBaHHs ynpaiinus rpynamu bITJIA;

- TNpOBEJEHHS  MaTeMaTHYHOrO  MOJEJIOBAaHHS  Ta  BUKOHAHHSA
00YHCIIOBAIILHUX €KCIIEPHMEHTIB 3 METOI OLIHKH e(eKTUBHOCTI po3pobieHUX
QJITOPUTMIB.

[TpoBeneni B poboTi fociUKeHHs GaraTorpaHHOl apXiTeKTypH, MPUTaAMaHHOT
cucTemaM 3 aekiibkoma BITJIA, n03BoauiIn aBTopy A0CHIAMTH CKIQIHY AHHAMIKY,
sKa JIeKMTh B OCHOBI e(eKTMBHOrO YIpPaBJiHHS TpPyNow i ONepaTuBHOI
KoopauHauii. 3aBAsKM  peTeJbHOMY  aHajlizy  Oyjo  BCTAHOBJIEHO,  LIO
JlelleHTpali30BaHi  MeXaHi3MM  YNpaBjliHHS [POMOHYIOTh 3HAYHI [epeBard B
MiABMLIEHHI  THYYKocTi, MacwiraboBaHocti i criiikocti  rpyn  BITJIA.
ITopiBHsIBHUI aHali3 JiTepaTypH LIO/0 CTPATerii ynpasainus GopMyBaHHIMH i
iXHbOro OOCIYroByBaHHSl I0Ka3aB, IO [epeBara HaJaeTbCs LEHTPai30BaHUM
[iIX0/1aM 4epe3 NpOoCTOTy iXHbOI iMrulemenTauii. OfHaK Ui METOAM 4acTo He

JI03BOJISIIOTE  CTBOPIOBATH (POPMYBaHHS JIOBUILHOI reoMeTpuuHol (Gopmu i He

MaloTh BCeOIYHOro MaTeMaTHMYHOro aHamizy criiikocti. Taki oOmexenws
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MiAKPECIOI0Th  HEOOXiAHICTL  1HHOBALIHHUX, TOBHICTIO  JIeleHTpali30BaHHX
anropuTMiB yrnpasiiHHA. B poGOTi pO3IVISNAETHCA PI3HULSA MiK MMiAXOAaMHU
BIZICTe)KEHHS TPAEKTOPIT i CJijyBaHHS 3a TPAEKTOPI€I0, aKTyalbHICTh METOJIB
CJiyBaHHs 3a TPAEKTOpicl0 B CHCTEMaxX CHijabHOro ympasiinus. Lli meroau
ocobauBo axtyanbHi Jjuis BITJIA 3 ¢dikcoBaHUM KpHIOM, $Ki BHKOHYIOTh
pi3HOMaHITHI Micil, NPONOHYIOYM CTpaATEriyHy TOUHICTh | e(pEeKTHBHICTH B
HaBirauii 3asjaneriab BU3HAUEHMMHM MapuipyTamu. Po3pobieHi TexHonorii Ta
METOJAMKHM MalOTh Ha MeTi BHPILIMTH iCHYIOYi MpobieMH TOYHOCTI, Bark Ta
3QUIEKHOCTI BiJI 30BHIIHIX CMCTEM HaBirauii, 10 BiIKpMBA€ HOBI MEPCIEKTHBH
ast 3actocyBanns BITJIA. B po6oti o6rpyHTOBaHO, 110 pe3yjabTaTH AucepTauil
3MOKYTb 3a0€3MeuuTH KPUTHUYHI TeXHOJIOTIYHI nepeBard B yrpaBiiHHI rpynamu
BIUTA, cnpusioud iX WMpLIOMY BINPOBA/UKEHHIO Ta BUKOPHUCTAHHIO B PI3HHUX
obnactax. Omxe, ynpasiinus rpynamu BITJIA nexuTh B IJIOLIMHI PO3BMTKY
JIeLIEHTPaIi30BaHUX, THYYKHMX crpateriii ynpasnainds. Taki cTparerii, sK
BM3HAYeHO B poOOTi, MOBUHHI HA/JABaTH MPIOPUTET AAANTHBHOCTI, J03BOJISAIOUH
rpynam BITJIA nunamiuno kopuryBatH cBoi (OpMyBaHHS i MOBEIIHKY B pekHUMI
peajbHOro 4acy, THM CaMHMM MaKCHMIi3ylouM OnepaTHBHY e(eKTHBHICTh U
pisuux npodiniB Miciif. Tlouryk NOBHICTIO J€UEHTPaNi30BaHUX AIrOPUTMIB €
nepcreKTHBHAM  HANpsAMKOM JIOC/I/UKEHb, SIKHH BIZIKDHE HOBI MOXJIMBOCTI |
MiABUIKTE onepaTuBHy edexTusHicTh rpyn BITIA.

B pob6ori posrisinyto rpynose ynpasiinus BITJIA nitakoBoro tumy 3
ypaxyBaHHAM OCOOJMBOCTEH JMHAMIKM pealbHUX CHCTeM «aBTominor-BITIA».
PeasiizoBaHO MOJIeJib apXiTEKTYpH AeleHTpaiizoBanoi B3aemoii BITJIA Ha ocHoBi
KOHCEHCYCY. ABTOPOM Y/IOCKOHAJEHO 3aKOHM YMNpPaBliHHA, 110 BPaXOBYIOTh
0o6MeKeHHS Ha BXiJIHI CHIHAJW yNpasiiHHs cucteMu «aBtoninot-bIUIA», ans
Bunaaky (opMyBaHHsS Ta MIATPUMKHM TPYIH 3a 3arajbHUM KypCOBMM KYTOM, a
TAKOK JIOBEJIEHO 1XHIO CTiHKicTh 3arajoM. TakoK yJIOCKOHAJIEHO 3aKOHH
yIpasIiHHs, 10 BPaXOBYIOTh 0OMEKEHHs Ha BXIJHI CHIHAJIM YNIPABJIIHHS CHCTEMHU

«agroninot-bIUIA», s Bunaaky (opMmyBaHHS Ta MIATPUMKH [PYNOBOroO
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yrpasJiHHs IPH OPIEHTYBaHHi 3a 3arajibHUM 3a/1aH1M MPSAMOJIIHIHHUM LUIAXOM, @
TAKOXK JIOBEACHO TX aCHMITOTHYHY CTIHKICTb 3aranoM. Ha ocHOBI HEOAHOPIAHOTO
BeKTOPHOTO MOJs 33 JIONOMOrOI0  3alpOroOHOBAHMX  3aKOHIB yrpaBJiHHS
CHHTE30BaHi Kepylodi BIUIMBH (JOPMYBAHHAM JUIS NIATPUMKH (OpMH TpYNH 1 JUis
wBMaKocTel Ta KypcoBux kyTiB BIUIA, 110 rapantyioth 301KHICTE MOTOYHMX
KYpPCOBHX KYyTiB i WIBMKOCTe 710 3a1aHNX Y 3aKOHAX yMpaBIiHHs, JUIA clieHapito
nonbory BITJIA npsimosiniiinum wuisixoM. PeanizoBaHo airoputm ajanTtauii
cuctemu  «aptoninor-BIUJIA», wo jao3Bojse 36epertd  CTifKicTh i SKICTH
nepexianux Tpacktopiii BIJIA y pasi, AKIO AuHamika OAHOro abo KilbKOX
anapatiB BiAPI3HAETHCS Bil MEPBICHOIO HANALITYBAHHS AIrOPUTMIB IPYNOBOro
yTpaBIiHHS.

Cyuacni metoau rpynosoro yrnpasiainus bITJIA 3a3sudaii nok1azaioThes Ha
noeananns GPS, inepuianbhoi Hairanii Ta 6asosoro 38'a3ky mix BITJIA. Tomy
aBTOPOM 3aNpONOHOBAHA APXiTEKTypa, 3aCHOBAHA Ha anropuT™Max OJIOK-CXeMH,
nobyJ0oBaHa HAa UMX OCHOBaX 3 [MOKPALIEHOIO Bi3yalbHOO 00pOOKOIO IS
inenTndikauii  mizepa, Oiabl  JOCKOHAIMMHM  MPOTOKOJAaMH  3B'S3Ky  Ta
aJanTHBHUMHM MOJIMBOCTAMM TMpPUHHATTA piweHb. Takuil miaxin 3abesnevye
GifblI TOHKMII KOHTPOJb 1 alanTHBHICTh y ckiaauux ymosax. [lokpaiuena
iHDOPMOBaHICTh MPO CHTYallilo, fKa JOCATACTHCA 3aBJSKH Bi3yalbHii 0Opolui,
MOJKe 3HAYHO TMOKPALUMTH 3AaTHICTb TIPYNOBOrO YNpaBIiHHS MiATPUMYBATH
dopmyBaHHs Ta BUKOHYBaTH 3aBjaHusi B ymosax siacyrtsocti GPS. Kpim Toro,
BHKOPHMCTAaHHs aJIrOPHTMIB MOXe J03BOJIMTH TPyl BUKOHYBAaTH OiIblU CKIa/Hi
Micii 3 6iJbLIOK aBTOHOMHICTIO 1 MEHIUMM MPSIMUM HArjisaoM 3 OOKY JIIOAMHH.
Po3pobiiena nporpamHa apxiTekTypa, sika rnokaszaHa Ha OJOK-cXeMax, aJirOpUTMH
gKoi 3abe3nevyloTh ajganTHBHE KepyBaHHs Ta Hasirauito. Ilokasani anropurmu
3MEHIIYIOTh  3aIeKHICTh Bijl mnouyatkoBux nonoxenb BIUIA, niaBuuyoun
pazgifigicts 1 crabinbHicth  Micii.  Takum  uMnHOM, cyuyacHe nporpamHe
jabesnevenns i ynpasiinus BITJIA 3opientoBane Ha iHTerpauiio HaaiiHHX

AJTOPUTMIB KepyBaHHs 3 THYYKICTIO ajantauii 20 3MiH 30BHiWHIX ymoB. Jlis
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PO3pOOKM MPOrPamMHOT apXiTeKTypH Ha OCHOBI 3alpPONOHOBAHUX AJITOPUTMIB JUIA
rpynosoro ynpasiinig BITJIA nponoHy€TbCA HalaTH MOKJIMBICTb CaAMOCTIHHOIO
npuitHsTTs pitnens kokuomy 3 BIUIA, 36epiraiouu npu ubomy Oe3nepebiiHUH
38'5130K Mik BITJTA juist 3a6esneuenHs CTIHKOCTI FpyIiu.

B po6oti 06rpyHTOBaHO, 10 pO3po0Ka MPOrpamMHOro 3adesrnedyeHHs s
neuentpanizopanoro ynpasiinus BITJIA € 3HauHUM KpOKOM BIEped Y chepi
GesnminoTHux  gjitanbHux  anapatiB.  Llg  cucTema, iHTerpye  ajanTHBHE
HAJAIITYBAHHS KOe(illieHTIB y peajbHOMY uaci, L0 € 3HAYHHUM BiXOJAOM BiJ
TPaJMLifiHUX METO/iB, 3aCHOBAHMX Ha HeuiTKii soriui. Cucrema He JHLIe KEPYE,
ase it Bi3yanbHO BizoGpaxae quHaMmiky rpynosux ynpasiinb BITIA, niaBuiyouu
onepauiiiny edekTHBHICTb i Ge3nexy. 3aBAsKu CBOil apXiTeKTypi Le MporpamHe
3a0e3neyeHHsl CAyrye BaXKJIMBHM IHTeppeHcoM MK CKIaAHAMH JIaHUMH
TpackTopii nombory rpynu BIUJIA Ta KopucTyBauem, Bizyamizyrouu |
KOHTPOJIIOIOYM Tpymny Oe3nminoTHHKiB. BriodenHs Ga3u gaHux s 30epiranHs
inpopmauil npo APOHH, TPYNOBi yNpaBiaiHHS 1 Micii, MOpsa 3 MOKIMBOCTAMH
B3a€MOJIii 3 KOpHCTyBaueM uepe3 rpadiunuit intepdeiic (pponrtenn), cnpuse
CTBOPEHHIO IHTErpOBAHOrO cepeloBHIIA ynpapiiHHA. Kpim Toro, KoMnoHeHTt
cumysauii cucremu mozaemoe noseainky BITJIA B TpuBumipHomy mnpoctopi,
BpaxOBYIOUM Ppi3HI CTaTrycH Micii Ta yMOBM, B sKHX nepedyBalOTh JApPOHH,
3a6e3reuyioun OHOBJICHHS Ta TOUYHICTb IAaHUX y PeKUMI peanbHoro yacy. Cucrema
ynpasiliHHs Ta  Bisyamisauii rpynosoro noaboty bITUIA  BiapisusieTses
iHTErpoBaHUM IHTEppEeHCOM KOpUCTyBaya, KM 00'€Hy€e ynpapiiHHS TIpyIoo
BITJIA, Ta MoHiTOpHHT 3a ctaHoMm Mmiciii 1 BITJIA B rpyni, 3a6e3neuytoun npocre ta
3posymizne KepyBaHHs. CucTeMa 3/1iHCHIOE OHOBJIEHHS NAaHUX KOXKHY CEKYHIy,
BPaxoBYIOUM TOYHICTh JIOKAL B peaJbHOMY 4Yaci, 110 ifealbHO MiAXOANTh JUls
auHamiyHux Micid. CucreMa TakokK Mae MeXaHi3MM ajanTtauil 10 NOTeHIUHHUX
BIJIMOB JIPOHIB, 11O 3HMKY€ PM3MKM MiJ uyac Miciit. KopuctyBaui MoxkyTh serko

ynpasasath rpynamu bITJIA ta micisimu yepe3 GponTeH/, WBHAKO aianTyiouuch

A0 3MiHHMX ymoB. Ili ocobGnmBocTi pobisTh CHCTEMY BHCOKOANANTHBHOIO Ta
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edexTHBHOIO, 3a0e3MeUyIouH TOYHICTb Ta HaliHHICTB Y cKiaaHux onepatisx. Bei

[i XapaKTepHCTHKH pobJIsATh il yHIKalbHOIO MOPIBHSIHO 3 IHIIMMHM CHCTEMaMH

ynpasiinus BITJIA.

V naniit pobori

Bnepue:

Po3po6iieno apxitekTypy Ta nporpamue 3adesnedeHHs s yrpaBiiHHA Ta
Bisyanizauii rpynmosux nospotiB  BIUIA, wmo 6asyerbcs Ha BMKOPHUCTAHHI
JlelleHTpaNi30BaHOi apXiTeKTypH B3a€MOJii Ha OCHOBI CXeM KOHCEHCycy Ta
reTeporeHHMX BEKTOPHUX MOJIB JUISl BiJICTEKEHHS 3a/1aHOT  TPAEKTOPIT PyXY.
3a3Hauene nporpamue 3abesneyeHHs BiAPI3HACTBCA BiJ  BIIOMHX JHIAHUX
mMojenell 3aBasku iHTerpaiii asroninotis BILUIA, 1o po3umpioe MOZKJTMBOCTI
NPaKTHYHOrO 3aCTOCYBAHHS 3a Mekamu icHylounx miaxoais. [lporpamhe
3a6e3redeHHs J103BOJISE MIATPUMYBATH Pi3Hi CTaTyc Miciii Ta JpOHIB Ta Hajlae
MOYJIMBOCTI KOpPHCTYBauaM BHKOHYBATH pi3HOMaHiTHi Jii uepes intepdeiic s
rpynoBoro ympasiiHHg 1 Miciasmu. BukopucTaHHs J1aHOro  IpOrpamHoro
3abe3neuenns J03Bossie KepyBaTH rpynamu BITJIA juisi BMKOHAHHs —pi3HHX
3aBJaHb, 3MEHIIYIOUM €HePreTHUHI Ta 4acoBi BUTPATH Ha BUKOHAHHS 3aB/1aHb.

Yoockonaneno:

1. Meton npocTopy BIAHOCHMX CTaHiB a1s (OpMyBaHHsS TpYIOBOro
ynpasiinas  BIUIA, wo BIJIpi3HAETbCS BiJl BIJIOMHX 3aKOHIB KepyBaHHS
TOUYKOBMMM MacamMu BpaxyBaHHsM JauHaMmiku nonboty BITJIA. Peanizauis
323HAUEHOr0 METOJY JI03BOJISIE MiHIMi3yBaTH 3arajlbHy €HEprito, HeoOXiaHy s
nigrpumku rpynn BIUIA, Bpaxosyioun Biacrawb Mk cycianiMu BIUIA Ta
HEeoOXiIHy KOPEKLII0 Kypey, 110 /103BOJINIIO 3HU3UTH €HEProcrnoxusanHs Ha 20
%.

2. Merton QopmysanHs Kepylounx BruMBiB HaseaeHHs BIUIA,  skuii
BIIPI3HACTHCS BIL TPAAMLIHHMX 3aKOHIB KEPYBAHHS 3aCTOCYBAHHSM METOJY
neniniiinoro 154 cunte3y. MeToa He BPaxoBY€ TOUHE BIJCTEKEHHS KEpyIOUHMX

curHanip kinemaruunumu mojaensmu BITIA, mo 103BoJisi€ iICTOTHO 301/IbLIMTH
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e(peKTUBHICTh ~ BUKOHAHHS miciii. BpaxyBaHHs cua  npUTATryBaHHA — Ta

Bi/IIITOBXYBaHHS, 110 pearyloTh Ha 3MIHM B JMHaMilll rpynu Ta Cepe/loBHILA,
no3sonse ontuMizyati musxu BITJIA s 3HWKEHHS 3arajbHOro Hacy micii Ta
BUTpaT eneprii aas rpynu 3 15 BITJIA, 110 Mpu3Beno 10 CKOpOYeHHs 4vacy
BUKOHaHHS Micii Ha 25 %.

3. Vaockonaneno wmojenb rpynosoro nombotry BITIA B cepenosuiiie
MATLAB/Simulink, sika, Ha BiAMiHy BiJl CIPOLIEHMX MOJEICH, peasizye
HeJliHiiiHy AMHAMIKY amapartiB i CTaHAapTHI aBTOMUIOTH JUIS KOKHOTO 3 HHX, LIO
J03BOJISE MPOBOJAMTH  HAJNAWITYBaHHS MapaMeTpiB Yy 3akoHax IpynoBoro
YIPaBiHHS, OLIHIOBATH 10 aTMOC(epHHX MojiB Ha rpynosuii nonit bIUIA, a
TAKOK 3AIHCHIOBATH Bi3yasli3allilo Oflep/KaHnX pe3yJibTaris.

TakuM YHHOM, 3anpoNoOHOBaHMIl HAyKOBO-METOJMYHMH anapar B rauysi
imkeHepii nporpamHoro 3abesnedenHs (Mojieni, METOIH, METOAHKH i QJIrOpUTMH)
3abe3neuye  MiABHIIEHHS  e()EeKTHBHOCTI  ympaBiiHHS GopMyBaHHAM  Ta

ﬂiIlTleMKOlO 3a/1aHOr0 T0JIOKEHHS Ipynd aBTOHOMHHX 0e3MniJ0THUX JITalIbHUX

arnaparis.

AprvyMeHTYBAHHSI _Ta KPHTHYHE OLLIHIOBAHHSI ﬂOpiBHﬂHO 3 BiJlOMHMM

pillieHHsAMH 3alpONOHOBAHNX ABTOPOM HOBHX PillICHb.

SIk HayKoOBY OCHOBY, Ha Halll NOIJIsJ, CJiJ BHKOPHCTOBYBATH TEOPETHKO-
MHOKHHHY MoJe/b iH(popMaliiiHoi B3aeMoOAil rpynu 0e3nIOTHUX JIITabHUX
anapaTiB Ha OCHOBI pE3yJbTaTiB MOPIBHAILHOT OLIHKH cTparterii rpynoBoro
yIpaBJIiHHA. [poBesenuii ananis Takoi MOJIeJli, JIO3BOJISIE BUSIBUTH Ta OLIHMUTH
Bpa3JMBi eJeMeHTH, SKi 3iHCHIOITh iH(opMalliiiHy B3a€MOJII0 Ta CXHIIbHI /10
jecTpykTHBHOrO iH(popmauiiinoro srumsy. Hanani monens inopmatiitHoro
g3aeMoii (8K  BHYTPIIIHBOTO, 1 30BHILIHBOTO) BBOAWTBCS JCCTPYKTHBHA
i opMmallis, 110 PU3BOJMTE 10 NIOPYILICHHS (YHKLIOHYBAHHS OJHHOIO JTaNbHOTO
anapaty YM rpyIy 3arajioM.

[lpoBesennii ananis mnokasas, IO iHpOpMalliiiHa  B3aEMOAIS  IPyIH
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Ge3ninoTHIX JiTATbHUX anapatiB MoTpedye MIBHLIEHHS (akTopa 3aXHILEHOCT
K Bl J€CTPYKTHBHOro iH(OpMalifiHOro BIUIMBY, Tak i BiJl NMPUXOBaHOro
JIeCTPYKTUBHOTO  iHpopmauiiinoro  BruMBy.  IlpuxoBanuit  necTpyKTHBHHH
iHpopMalliiiHnii  BIJIMB  HEMOXKJIMBO — BHABUTH  KJIACHUHHUMHM  [iXOJaMH
3abesnevenns indopmariitnoi  6esnekn. OTke, HeoOXiAHO po3pOOUTH HOBI
METO/IH, IO J03BOJISIIOTH 301IbIINTH 3aXMILEHICTh iH(OpMaLiiHOT B3aeMOIT Bij
TaKUX aTakK.

[IpakTHuHa 3HAYyLIiCTH MPOMOHOBAHOIO MIAXOAY MoOJfrac B TOMY, IO
pe3yabTaTH aHalizy TeopeTHKO-MHOKHHHOI mozeni iHdopmaliiiHoi B3aeMoAil
rpynu  Oe3niIOTHUX  JITalbHMUX  anapatiB - JI03BOJIATH  pO3pOOMTH  Ta
BMKOPHUCTOBYBAaTH HOBI MeToau 3abesnederHss iHdopmaliiHoi Oe3neku Juls
NiKBiAauii cneunpiuHUX ypa3auBOCTei, NOB'I3aHUX HE TUIBKHM 3 KJIaCHYHHMHU, aje
i 3 «M'SKUMH» MeToAaMM BIUIMBY. Takuii miaxig Oyae noTpiOHui s
3aCTOCYBaHHA $IK 3rpai (rpynu) 0e3mijoTHMX JiTalbHUX anaparis, TaK 1 Juis
ABTOHOMHHMX POOOTOTEXHIYHHX CHCTEM.

[lepiioo HAyKOBOK MPOOIEMOIO MPU LBOMY € OOIPYHTYBaHHSI CTPYKTYpH
pO3MO/IJIEHOI CHCTEMH YINpaBJliHHA IPYNOI0 YNAApHUX Oe3MiJOTHHX JITalbHUX
anmapaTiB  Ta po3poOka alropuTMIB KOOpAMHALIT iXHBbOI B3aemonii s
MakcuMizalii LiJbOBOro MOKa3HMKA Ha MPUKIAAl aTaku KUIbKOX HE OJHAKOBO
BaKJIMBMX LliJIeii B aBTOHOMHOMY PEKHMI.

[Ipu OOrpyHTYBaHHI CTPYKTYPH PO3MOJIIEHOT CHCTEMH YIIPABJiHHS IPYIOIO
B3a€MOJ1ii MPONOHYEThCS BHKOPUCTOBYBATH METOJHM CHUCTeMHOro auanisy. [lpu
LIBOMY JUISi CHHTE3Yy MOKa3HMKa e(eKTHBHOCTI KOOPJAMHOBAHMX Jlii Ge3minoTHuX
JiTaJbHUX anapaTiB MOXKYTh BHKOPHCTOBYBATHCS METOJ aHajidy iepapxii Ta
METOJM JIHIHOro NporpaMyBaHHs, a JUIS OUIHKH e(EeKTUBHOCTI alropuTMy
KoopauHalii Aifl 6e3niJOTHHX JITajlbHUX anapaTiB y pi3HHX CHTYallisX MeTO]
IMiTallifHOTO MOJICJIIOBAHHS.

Jlpyra npoGiema nojsrae y HeoOXiIHOCTI pO3BUTKY Teopil PyHKIIOHYBaHHS
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CHCTEMH YNpaBliHHS rpyrnoto 0e3niIOTHHX JITAIbHUX anapatis, WO J03BOJIAC
opraizoByBaTH iX KOOpAHHOBaHi Jlii B aBTOHOMHOMY pekHMi Ha OCHOBI Teopil
MYJIbTHATEHTHHX CHCTEM, a TaKokK PO3POOKY IHTErpaibHOro MokasHHKa AKOCTI
OLLIHKH IPYNOBHX /il 6e3MinoTHUX JiTajlbHUX anaparis.

Bupimenns uiei npobsemu nepeadayac BMKOPMCTAaHHs MPEACTABICHOT
PO3MO/INEHOT MepPeKELEHTPUYHOT CHCTEMH YNpPaBIiHHS TIpynoto Oe3niJoTHHX
JTaNbHUX anmapaTiB 3 METOI CyTTEBOTO IiJIBUIICHHS eeKTHBHOCTI rpyrnoBoi
aTaku ylapHUMH 0e3MiJIOTHUMH JIiTaJIbHUMH anapatamMmu Ta Cepe/IHbOro BUrpairy.

Po3nosinena MepekeleHTpHYHA CHCTEMa YNpaBiliHHS [PYMolo  ylapHHUX
Ge3MiOTHIX NiTANLHIX anapaTiB Ta AIrOPUTMH ii QyHKLIOHYBaHHS MOKYTh OyTH
BHKOPHMCTaHI po3poOHUKaMH Ge3MiJOTHUX JIITalIbHUX anapatis 1pH pOeKTyBaHHI
HOBHX 3pa3KiB aBialliiHOT TEXHIKH.

Tpers npoGiema noB'S3aHa 3 MOXKJIMBICTIO 3aCTOCYBaHHS TEXHOJIOTIH
MYJIbTHAreHTHUX CHCTEM /10 3aBJaHHs KepyBaHHs pOeM. 3a JOMOMOrolo OMUcy
KJIIOYOBHX OCOOJIMBOCTE POMOBOrO yrpaBiiHHA Ta MPOTOKOJY JIOKAJIbHOTO
ronocyBaHHs OyayeTbCsi —CTpaTeris —ajanTHBHOrO  YNpaBjiHHA 33  yYMOB
HeBH3HAYEHOCTeH. Y 1bOMY aIrOpPUTM YMpaBiiHHA POEM AMHAMIUHHX 00'€KTIB
(hopMyeTbes 3 ypaxyBaHHSIM JIOCATHEHHSI KOHCEHCYCY.

YeTBepTa npobiieMa CTOCY€EThCs acneKTiB iH(opMmaliiHoT 6e3reKkn rpyrnoBux
MOGIIBHUX POOOTOTEXHIYHUX KOMIUIEKCIB i3 poHoBUM iHTenekToM. [lpu ubomy
06roBOPIOIOTHCS CMIOCOOM BIUIMBY NMPOTHOOPYOI CTOPOHH HA POHOBHIH AJITOPHTM.
YycesibHe MOJIENIOBAHHSA MOXKIMBHX JECTPYKTHBHUX 1HGOpMALIHHUX BIUIMBIB HA
poeBi poGOTOTEXHIUHI CHCTEMH CBIYHTH PO MOKIHBICTb YCYHEHHS 3arpo3u Juis
rpyn¥ JAMHaMidHMX O0'€KTIB — BTPyYaHHS B YNpaBliHHS poeM 3 GoKy
3JOBMUCHHMKIB. TakuM  4YMHOM  OOIPYHTOBYIOTHCS  HOBI  BUMOIM  1LI0J10
nepcrieKTMBHUX MexaHi3miB 3abesnedents inpopmauiiinoi Gesnekn poiosux
CUCTEM.

Tepmin poesuii inrenekt (PI) (anrn. swarm intelligence) Oys BBeaeHwmii

Xepapao beni i Ban Llzinom B 1989 poili, B KOHTEKCTI CHCTEMM KIITHHHHMX




20
pobotis. Bin BH3Hauae KOJIEKTHBHY MOBEJIHKY JIeLleHTpasi30BaHOl CHCTEMH, L0
camoopranizyerbes. Ilpu upomy Pl po3risigaerbes TeopeTHyHO ITY4HOrO
iHTenekTy fAK MeToa onTumizauii. Ilpote paniuie ines Q0KIagHO PO3IIsHYTa
Cranicnasom Jlemom y pomani «Henepemoxknuii» (1964) ta ece «Cuctemu 30poi
JBAJLATH NEpLIOro cToiTTs, abo EBomouis qoropu Horamu» (1983).

CucTeMn POOBOro iHTENeKTY, K MPABHIO, CKIafaloThes 3 Ge3iui areHTiB
(e7leMeHTH pOI0), 10 JIOKAIBHO B3AEMOAIIOTH MK €O0O0I0 i 3 HaBKOJIMUIHIM
cepejioBHiieM. Inei Takoi B3aemojii, SK NpaBHiIO, MOXOMATH Bill NMPHUPOJH, a
0co6aMBO Bil Giosoriunnx cucteM. Y poioBiii cucTeMi BiACYyTHS LIeHTpali30BaHa
cHCTeMa ympaBjliHHS, sika 6 BKasyBala KOKHOMY 3 areHTiB Te 110, 110 Tpeda
poOutu. I'lpu 1bOMY KOXeH areHT (eJIeMeHT) Clijly€e Jly/Ke MpoCTUM IpaBujaM, a
JIOKaJIbHI 1, TIEBHOIO MIpOO, BHMAJKOBI B3a€MOJT MPU3BOJATH /10 BUHHKHEHHS
IHTEJIeKTYaJIbHOI TPYyNoBOI TMOBEAIHKH, $Ka He KOHTPOJIOETbCS OKPEeMHMH
eJIeMeHTaMH.

Cnin 3a3HauuTH, 1O TOYHe (MaTeMaTHYHO (opmajlizoBaHe) BH3HAYEHHS
poiioBoro iHTesnekTy jaoci He chopmyiboBano. Oanak, B uinomy, Pl nosunen
ABIATH co0Ol0 OaratoareHTHy cucTeMy, ska © Maja MOBeAIHKO, 110
CaMOOPraHi3y€eThCsl, $Ka, CYMapHO, TMOBMHHA MpOSBIATH JEAKY PO3YMHY
MOBE/IHKY.

[IpoGsiema rpynoBoro ynpapjiHHS aBTOHOMHHMH O0’€KTaMM y pealbHHX
yMOBax Ha CBOTOJHILIHIHA JeHb € J0CHTh aKkTyanbHow. lle oOymoBrneno
CKJIAHICTIO YNpaBIiHHA, JHHAMIYHUMH 3MIHaMHM [apameTpiB  0OCTaAHOBKH,
0OMesKeHHSIMHM Ha BXiJIHI CUTHAJIM YIPaBJIiHHS B peajibHUX CHCTEMaX «aBTOMIIOT-
BITJIA». TlutaHusiM rpyrnoBoro ynpasiiHHs Oe3niJIOTHHX JiTaJbHUX anapariB
npucBsyeHo Oarato jociai/pkeHb Ta  nyOnikalid - Takux  3apyOiKHHMX Ta
ykpaincbkux BueHnx: A. Piccard, C. Ryan, C. Peebles, G. Collins, A. Erickson, N.
Baldock, M. R. Mokhtarzadeh-Dehghan, L. N. Craig, R. Olfati-Saber, R.W. Beard,
W. Ren, T.W. McLain, H. Yamaguchi, a takox JI. Aptiowun, O. Kononos, O.
Maukos, /1. Kydepos, T. lllesenvosa, I1. IlaBnenko, /|. bonnapes, B. NonemGo,

A. boukappos, O. Mapruniok, B. I'epacumenko, O. bapabaiu ta iHmx.
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B Garathox pofoTax LHX JOCTIAHHKIB 3aKJ1aJeHO OCHOBY JUIsl 0CIIiUKEHHS
3aja4 TPyNoBoro ynpasiinns aBTOHOMHMX BITUIA Ta ix cnibHOro BUKOHAHHS
3apianb. OcobiMBicTIO LMX 3aBlaHb € MoOynoBa Ta miATPUMKA 3a3jalierijib
BU3HAYEHOT  reomMeTpuuHoi  (OpMHM  TPyNH  aBTOHOMHMX  O0’€KTiB, 110
yHKIiOHYIOTh SK €auHe Iine nporsarom Beiei wicii. 3okpema, rpynu BITJIA
3HAXOAATH  CBOE€  3acTOCYBaHHS B 0ararbOX  MpakTHUHMX — 3aBJIAHHAX,
MiATBEP/KYIOUH eeKTHUBHICTh BHKOpHcTanHs rpyn BIUIA y nopiBHsHHI 3
MOOJMHOKMMHU MOJbOTaMH. BHpillleHHs OKpeciieHMX HayKOBUX 3aBJlaHb BUMarae
MIKAMCIMIUIIHAPHOTO  MiAXOAYy, ©0O'€AHaHHs 3HaHb 3 Teopii ynpaBiiHHSA,
ONTHMi3allii, KOMI'IOTEPHUX HAyK Ta J0Ci/KeHHs onepalliif. Yemix y uii crnpasi
06ilge 3HAUHO PO3LWIMPUTH MOXKIMBOCTI ynpasiainus rpynamu  BIUIA, 1o
JI03BOJIMTL MPOBOAMTH Oifbll CKIajHi, ABTOHOMHI omepauii, fAKi MOXYTb
a/lanTyBaTHCS 110 LIMPOKOTO CIIEKTPY 3aCTOCYBaHb i CEPEI0BHILL.

Bianosiano 0 3arajbHONPUHHATOTO — BHU3HAYEHHs, TMiA  [PYINOBHUM
YIpaBJliHHAM Ma€TbCsl HA yBa3i OTPMMaHHs 3a/aHoi 3a3/aneriib reoMeTpUYHOl
GopMM Tpyno aBTOHOMHHX JHHAMIYHMX 00’€KTiB. Y mnpoleci Moanbuoro
BUKOHAHHS 3aBJaHHs IPyna Mae MiTpUMyBaTH Lo GopMy, Jil0uH K TBEp/e Tijo.
I'pynu BITJIA BHKOPHCTOBYIOTBCS Y BEIMKiH KIIBKOCTI MPAaKTU4YHHMX 3aBJaHb.
Tomy mnpo6iaemu rpynosoro ynpasiinHs BITJIA orpumyioTs octanHiM 4acom
BeJIMKY yBary JOCIiJAHHKIB yChOro CBiTy. Pe3ynbTaTv n0ciiukeHb CBiaYaTh npo
yCHiX 3arporoHOBAHUX METO/IB YNpaBliHHs. AJIFOPUTMH, po3podieHi Ha ix
OCHOBI, NPOJEMOHCTPYBAIN 3JATHICTh J0 CTablIbHOrO YTPUMAHHS IPynu Ta
TOYHOrO CJiJyBaHHA MO 3aJaHUM TPAEKTOPiAM PpyXy JiTakiB 3a pi3HUMH
ClIeHapisIMH.

PoifoBa  poboTOTeXHIKa  TEXHOJOrIYHO  nepeada4yae  MPOEKTYBAHHAM,
KOHCTPYIOBaHHSI 1 PO3rOPTAHHAM BEJIMKMX IPYN POOOTIB, SKi KOOPAMHYIOTH i
CHiJILHO BUPILIYIOTH 3arajbHy mpobiemy abo BMKOHYIOTH OKpeMmi 3aBaanus. Lls
TeXHOJIOTs Yeprae HaTXHEHHs 3 MPUPOJHUX CAMOOPraHi30BAHMX CHCTEM, TAKHX
K colliasibHI KoMaxH, 3rpail pub abo nraxis, 110 XapaKTepH3yIOThCS KOJIEKTHBHOKO

[OBEAIHKOIO HAa OCHOBI MPOCTHX JOKAJIBHHUX MNpaBHi B3aeMoJil. SIK npasuio,
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poiioBa poBGOTOTEXHiKa peaizye iHKEHEPHI TMPHHUMIIM 3 BMBUECHHS LMX
MPUPOJHUX CHCTEM.

TakuMm uuMHOM, poiioBa pobOOTOTEXHiKa MparHe CTBOPUTH CHCTEMH, AKI €
Gifblll HAAIMHUMHK, BIAMOBOCTIHKMMH Ta THYYKMMH, HIK OKpeMi eJeMeHTH
3arajlbHOT CUCTEMH, 1 SIKi MOXKYTb Kpallle a/anTyBaTH CBOIO MOBEAIHKY [0 3MiH y
HAaBKOJMILIHLOMY CepeIOBHIILI.

PoiioBa poboToTexnika nependadae 3acTOCYBaHHS POHOBOrO IHTENEKTY,
00YHCITIOBATILHOTO MOJIEJTFOBAHHS KOJIEKTUBHOT [MOBE/IIHKH, 110
camoopranizyertbes. OaHak peanisaiis poHOBOI MMOBEAIHKM B CHCTEMi BMMarae
nabararo Gisiblle, HiK NPOCTO 3aCTOCYBAHHS AJITOPUTMIB POHOBOrO IHTENEKTY /10
icHyloOunX poboTuszoBanux rardopm. Hacnpasii e yacto Bumarae neperisHyTH
TpaauLiiiHi pPoGOTH30BaHI BHAM AisUILHOCTI, Taki sK IUlaHyBaHHs, OpraHisaiis,
KepyBaHHs, KOHTPOJb. TOMy BTiJIeHHS WbOrO AOCHIUKEHHS Ha MpaKTHUI €
BHKJIMKOM, SIKMH 11e notpedye HajlexHOro BHpilleHHs. BiiacHe kaky4u, Ha
CHOTOJIHI JKOJHOTO PeaNbHOro 3acTOCYBaHHsSI POHOBOI POOOTOTEXHIKH He ICHYE.
Tomy noTpiOHI 101aTKOBI AOCII/UKEHHs, 1100 OTpMMATH 3HAHHS Ta NPAKTHKY,
HeoOXiHi 15 TOro, 11106 BUBECTH poi pobOTiB 3 1abopaTopii B peaibHHIi CBIT.

PeTpocneKTHBHMI aHaili3 iHHOBAUIMHMX 1 MNePCreKTUBHMX HaMpsMKiB
CTBOpEHHSI POHOBOT POOOTOTEXHIKH.

3a ocTaHHI ABa JECATHJITTS poiioBa poOOTOTEXHIKAa BHPOC/A 3 HEBEJIMKOT
o6GsacTi, 3anoyaTKOBAaHOI KiJIbKOMa JOCJI/UKEHHSIMH 3 SIBHUM  OlOJIOTTYHUM
HATXHEHHAM, /10 3piJOro HAayKOBOrO Hampsmy, B sIKOMY Opanu yuyacTh Kijlbka
nabopatopiil 1 fociiHUKIB 110 BecboMy cBiTy. [lowyk y Google Scholar nokasye,
mo ¢pasa «poiioBa poboToTexHiKa» Brepiue 3'sBuinacs B 1991 poui, i wo ii
BUKOPHCTaHHs 3aiuianocs ayxke odmexennm 10 2003 poky, Kojiu BOHO novaio
3HAa4YHO 3pOCTaTH.

[TpoBe/eHuii aHai3 HayKOBUX JUKEpesl MOKa3yloTh, 110, HE3BAKAIOUHM Ha Te,

1O J10CTIAHMIBKA Taly3b poioBoi pobOTOTeXHIKM Oepe CBiil MoYaToK y KiJlbKOX
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OCHOBOIOJNIOKHHUX poboTax, HaapyKoBaHUX y 1990-x pokax, nuuie 3 2000 poti BiH
[MOYaB 3HAYHO 3POCTATH.

CrnioyaTKy BMBYEHHS POHOBOI poOOOTOTeXHIKH Oysio crpsiMoBaHe Ha
nepeBipKy KOHLEINIIT cTurmeprii (CTUrMeprisi — opma ornocepeKOBaHOTO 3B'A3KY
MK TPUPOJHMMH Ta INTYYHHUMH areHTaMu, Koau poGota, siky BMKOHY€ areHT,
3aJIMLIAE CINIJL Y CepeloBHMILl, KU CTUMYJIIOE€ BUKOHAHHS HAaCTYMHOI poOOTH THM
caMuUM abo IHILIMMH areHTaMH).

[licns kinbkox nouatkoBux crpo® micas 2000 poky 3’siBUIOCS KijbKa
JIOCIIJUKEHb, 30CEPe/UKEHMX Ha TaKHX 3aBJaHHsX, SK MOIIyk 00 €KTiB. Y KiJIbKOX
BHMaJKax pili poGOTIB BUKOPUCTOBYBABCS /Uil TOYHOIO MMOBTOPEHHS JMHAMIKH,
IO CHOCTEPIraeThesl B 6100rUHMX cHcTeMax (NpHUKiaj 3Milianoro 6ionoriyHo-
POOOTHYHOIO CYCHIIBCTBA).

OJHUM i3 nepmMx MiXKHapOAHUX MPOEKTIB, IO JOCIIKYBaIH CHiBIPALIO B
rpyni poboti, OyB mnpoekt Swarmbots, skuit ¢iHaHcyBaBcs €BpOINeEHCHKOO
Kowmicieto B nepioa 3 2001 no 2005 pik. Y ubomy npoekTi rpymna 3 10 20 po6oris
3/aTHA J10 CaMOCKJIanaHHs, ToOTO (i3UYHO 3’€IHYIOUHCh OAMH 3 OJHHUM, 1100
copmyBaTH  B3aEMOJIIOYY  CTPYKTYpPY, HampuKiag, s  KOJEKTHBHOIO
TPAHCIIOPTY, OXOIUICHHS TEPUTOPIT Ta MouyKy 00’€KTiB. [ 010BHMM pe3yibTaToM
npoekTy Oyn0 pealizallis NpUKiIagy —CcaMOOpraHi3oBaHux poOOTiB, sKi
CMIBNPALIOIOTh /Ul BUPILIEHHS CKIAJHOrO 3aBAaHHs, NpUYOMy pobOTH B poi 3
yacoM BUKOHYIOTH Pi3Hi pouli.

I[Tpoekt Swarmanoid (2006-2010) nowmpuB iaei Ta aAropuT™MH, po3podIieHi
B Swarmbots, Ha pi3HOPiHI poi poOOTIB, 110 CKNANAIOTLCS 3 TPHOX THIIIB pOOOTIB
— jiTalOYMX, CKeJeJa3HHX 1 Ha3eMHMX — SIKI CHIBNPALIOBAIM /Ul BUKOHAHHS
3aBJlaHb MOIIYKY.

[TapanenbHO 3 yCHiUIHOIO A€MOHCTPALIEIO NapaMrMH POEBOT POOOTOTEXHIKH
Oyn0  npoBeaeHO JOCHIJUKEHHS B HAmpsMy MiHiaTIOpu3aiii — anapatHoro
sabesnevenns. lle nependavae  po3ropraHHs  COTEHb, MOKJIMBO, THCSY

B3acMolil0unX Maiux pobotiB. PoOOTH cTaloTh BCce MEHIUMMH, aX /10 Crnpod

_—_
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An3aitHy B MiIIMETPOBOMY MaciuTaoi. MiniaTiopu3allisi anapaTHoro 3abe3neyeHHs
Ta iHTerpauis BIANOBiAHOro HaGopy JaTYMKIB 3aBaJMJIM MPOrpec B LbOMY
HaTpPSIMKY.

Jluie 4yepes Kijbka pokiB OyJ0 MPOBEJICHO EKCIEPHMEHTH 3 THCAYCHO
poboTis: KinoGor. KinoGoru Gyam 3axymani Uist MiATPUMKH NepLioi ieMoHCTpantii
BEJIMKOTO POI0 POBOTIB, po3pobienoro s Gpopmysanus dopmu, i nisHiue Oyiu
BUKOPHCTaHI JU1s KUIBKOX YCHILIHUX JOCITiIKEHb,

PoGotoTexHika poiB He OOMEKYETbCS Ha3eMHMMHM IUarGopMaMH, -
PO3IIISAAIOTBCS MOMKIMBOCTI 3aCTOCYBaHHs HAJABOJAHMX i MiJABOJHMX POOOTIB, a
TAaKOXk poOi JiTalouMX ApoHiB. Xouya BOAHI Ta MiJABOJAHI TeXHOJIOrl Bce e
notpedyloTh  3HAUHWX 3YCHJIb /Ul PO3BUTKY, HATOMICThb JIDOHH  BiKe
KOMepl1iali3oBaHi Ta NpeacTaBIsioTh o000 JyKe MepCrieKTUBHY MiaThopmy Ui
3aCTOCYBaHHS JAMCTAHLIHHOrO 30H/lyBaHHs B Pi3HUX cpepax.

[Ipy 1LOMY, OCHOBHHM HANpAMKOM BIPOBA/UKEHHSIM pPOOOTOTEXHIKH €
po3pobka MeTo0.10riT KepyBaHHs 3rpasmi poboTis. Lls meTonosoris nepenbayae
po3pobKy aHaIITHYHMX MoJesiell POHOBMX CHCTeM, MPHIHATTS €BOJIOLIHHMX
MiAXOAiB M0 ONTHMIi3auii, 3acTOCYBAaHHS MIHIMaNiCTHUHHUX  KOHTPOJEpiB
(HeHpOoHHI Mepexi).

TakuM uYMHOM, BH3HAUeHHS HaAilHOT Ta e(EeKTHBHOI I1H)XKEHEepHOI
MeTo10J10rii s poiB poOOTIB Oyle BUMaraTH 3HaYHHX 3YCHIIb y HalOIMKul
POKH.

3acTocyBaHHsi POHOBHX MPHHLMIIB Y poOOTOTEXHIL HA3MBAIOTH IPYIOBOIO
poGOTOTEXHIKOIO, TOL SIK OHATTS «POMOBHIT IHTENCKT» HANCKUTH [0 3aralbHOTO
naGopy anroput™is. Tak, Hanpukiai, «poiHoBe MPOrHO3YBaHHS 3aCTOCOBYETHCS
y BUpILIEHH] I€AKHX 3aB/Iab POrHO3YBaHHs.

BaxmBa mnpoOiieMa ToB's3aHa 3 po3poOKO0 Ta  peasi3alli€lo  caMux
AJIrOPUTMIB  POIOBOIO  YNpaBliHHg (METOAM Ta KpHTepii onTumisauii) mnpu
BUpillleHHI KOHKPETHMX TPHUKJIAAHMX 3aBlaHb 3acTOCYBaHHs 3rpal PyXOMHX

00'e€KTIB.
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Huni TakMMH  BBQXKalOThCS TaKi @IFOPUTMHM: METOJ pOI0 YaCTHHOK,
MypauiiHHii - alrOpuT™, OUKONMHMI  @IrOpUT™, IITYyYHAa IMyHHA CHCTeMa,
AIFOPUTM  CIPUX  BOBKIB, aIrOpPMTM TPaBITALIHHOTO  MOLIYKY, aJroputM
anbTpyi3My, AlrOpPHTM  iHTEJNeKTyaJibHHX  Kparelb BOIAM, CTOXaCTHYHHH
andy3iiinmii nomyk, 6aratopoiioa onTHMi3aLis.

1. Metox poio yactunok, MPY (anru. Particle Swarm Optimization, PSO) -
METOJl YHCEeIbHOI ONTHMI3alii, /I BUKOPUCTAaHHS SIKOrO He MOTPIOHO 3HATH
TOYHOTO rpamienta QyHKUii, mo onTHMizyeThes. MPU 6yB nosenennit Kennexi,
EGepxaprom Tta Llii, cnouaTky npu3HavaBcs JUis imiTanii coliajJbHOT MOBEJIIHKH.
[pu 1boMy anroput™ 6yB cripolenuii i 6yi10 BU3HAUYEHO, 1110 BiH NPUAATHHH JUIA
BHKOHaHHs onTuMmizauii. Kuura Kenneni Tta EGepxapra onucye Gararto
dinocoderknx acnekris MPU Ta Tak 3BaHOrO pOHOBOro iHTEJEKTY. Benuke
nociikenns nporpam MPU 3po6neno [lose. MPY ontumisye 3asjaneriib
chopmyaboBaHy (GYHKLUIO, MIATPUMYIOYH TOMYJISLII0 MOKIMBHX pilleHb, 3BaHHX
YACTHHKAMH, Ta TEpeMilllylouM Ll YacTHHKH Y MPOCTOpi pilleHb 3riaHO i3
npoctoio (opmyioto. [TepemileHHs MiANOPSAKOBY€TbCS NPHHLMITY HAHKPALLOro
3HaifICHOro y 1IbOMY MOJOKEHHI CTaHOBHINA, SIKE MOCTIHHO 3MIHIOETLCS Mil Yac
rnepeOyBaHHs YaCTHHKAMM BUTIHUX MOJOKEHb.

2. MypaiuuHuii anroput™. MypalimHiid airoput™ (airoput™M ontuMmisarii
MypalMHOi KOJIoHiT, anri. ant colony optimization, ACO) — ouH i3 epeKTHBHHX
OJIiIHOMIQJILHUX @JITOPUTMIB JUIS 3HAXOJDKEHHs HaOJIMIKEHHWX PO3B'A3KIB 3ajaul
KOMiBOsIZKepa, a TAKOJK aHAJIOrYHUX 3aB/laHb MOLIYKY MaplupyTiB Ha rpadax. Lleit
niaxia 3anporioHoBaHuii  Oesbriicbkum jociaiannkom Mapko Jlopiro (Marco
Dorigo). CyTb mifixojy nojsrae B aHaui3i Ta BUKOPHCTaHHI MOJEIi MOBEAiHKH
Mypax, 11O LIYKalOTh LLISXH BiJl KOJIOHIT 10 TKl. B OCHOBI anroputmy nexuTh
oBeiHKa MypalinHOT KOJIOHIT - MapKyBaHHs BAAJIMX JIOPIT BEJIMKOIO KiJIBKICTIO
depomony. PoboTa nounHAETHCs 3 PO3MILLEHHS Mypax y BepuIMHax rpada, notim
[IOYMHAETHCSA PYX Mypax - HanpsMOK BM3HAYAETHCS IMOBIPHICHUM METOAOM, B

SKOMY BpaxoBYIOThCS: HMOBIPHICTBH Tmepexoay B rpadi, JOBKHHA BIINOBIHHX
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NepexoliB, KilbKicTh (epOMOHIB HA KOKHOMY 3 MEpeXojiB, BEIMYHHA, IO
BH3HAuYa€ eheKTUBHICTh AJITOPUTMY.

3. Bukonunuit anroput™ (anroput™  OkonuHol  Kkosowii).  LTy4nuii
anroput™ 6mkonuuoi cim'T (anr. artificial bee colony optimization, ABC) -
QJITOPUTM POIO HA OCHOBI METa-€BPUCTHYHOIO JITOPUTMY, BBEJICHOTO Kapaborom
B 2005. Bin iMiTye moBeaiHKy KOPMOBHX MEIOHOCHHMX OUKiI. AJIFOPHTM ABC
CKJIAJA€ThCsl 3 TPHOX eTaniB: pobouoi 6ukouH, 6uKonu-Harsaa4a Ta 6UKoH-
pO3BijHKKA. BJUKOJIM BHKOPUCTOBYIOTH @JIFOPUTM JIOKAJIbHOIO MOLIYKY B OKOJIHLLI
pillieHb, BUOPaHMX HA OCHOBI JI€TEPMiHOBAHOTO BibOPY poOOUMMHU OKOIAMH Ta
iiMOBipHicHOrO BiaGopy GwKkonamu-HarisaayaMu. bukona-po3BiAHHK BHKOHYE
BI/IMOBY Bi/l BHCHA)KEHHX JUKepes JKMBJEHHS y KOpPMOBOMY mpoueci. 3a i€
aHAJIOTIEIO PillleHHs, SKi Gi/iblie He KOPUCHI UTs TIOLIYKY pillleHHs, BIKHAI0ThCA
Ta J0/AI0THCS HOBI pillieHHs (3a aHANOTICI0 3 JOCII/UKEHHSIM HOBHX PETiOHIB Y
MOLIYKY JUKepel).

4. Illtyyna imynHa cucrema. llltyyna iMyHHa cuctema - Lie alanTHBHA
po3nojiiiena oGUMCIIOBAIbHA CHCTEMA, SIKa BUKOPHUCTOBYE MO, MPUHLMITH,
MexaHi3Mu Ta (yHKLii, onucaHi B TeOpeTHYHiil iMyHOJIOTIT, SIKi 3aCTOCOBYIOTHCS
JUIsl BUPIIIEHHs MPUKIAJHUX 3aBaaHb. He3Bakarouu Ha Te, WO NPUPOAHI iMyHHI
CHCTEeMH BHBYEHi /aJleKO He MOBHICTIO, Ha ChOTOJHI ICHYIOTH LIIOHAHMEHIIe TpH
Teopii, 10 TMOSCHIOWTh (QYHKILIOHYBaHHS IMYHHOI CHCTEMH Ta OIHUCYIOTh
B3a€MOJIiI0 i eJeMEHTIB, a caMe: TeOpil0 HEeraTMBHOro BiAOOpPY, Teopiio
KIOHAJBLHOT cesleKlil Ta Teopito iMyHHOI Mepexi. Bonu cranu ocHOBOIO
CTBOPEHHS TPHOX AJITOPUTMIB (GyHKIIOHYBaHHS LITYYHOT IMyHHOI CHCTEMH.

5. AJTOPHTM CipHX BOBKiB. AIFOpPHTM onThMisauii cipux Boskis (Gray Wolf
Optimizer, GWO) €  MeTa-eBPUCTHYHMM  AITOPUTMOM ornrTuMizailii,
sanpornionosaium C. Mupamynunuem i JUk. P. Mupamynuiem y 2014 poui. B
OCHOBI LIbOFO @IrOPUTMY JIEKHTH iIMiTallis couiaibHOi MOBEAIHKH Ta iepapxii
BOBKIB Y NPHPOJi. AJIrOPHTM BHKOPHUCTOBYE YOTHPH THIIM BOBKIB: aib(a, Oera,

nenpTa Ta oMmera. Asib(a-BOBKH JOMIHYIOTH | IPHIMAlOTh PILIEHHS [P0 HANPsM

___-——_
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noJloBaHHs, OeTa-BOBKM MNiANOPSAKOBYIOTbCS 1 J0nomaraioTh aib(ha-BoBKaM,
Ne1bTa-BOBKH JIONIOMAraloTh iHILIMM BOBKaM 1 HIyTh 3a JliiepaMu, a OMera-BOBKH
3a3BMYail WAYTh 3a IHIIMMH | BUKOHYIOTh Oiiblly yactuHy pobotH. Lls iepapxis
BUKOPUCTOBYETHCS B @JIrOPUTMI  BIIHOBJICHHS TMO3MLIT BOBKIB 1 TOLIYKY
rinoGanbHOro onTHMyMy. Y KOKHIH iTepauii aaroputmy anbpa, 6eta ta aeiabra-
BOBKH OHOBJIIOIOTH CBOI T03MILIii y MPOCTOpPi pillileHb, BUKOPUCTOBYIOUH BJIacHI
HalKpalll pilleHHs Ta Haikpalii pilleHHs iHIMX BOBKIB. OMera-BoBKH
OHOBIIIOKOTH CBOT MO3MILT, Mayun 3a HalKkpalmu BoBkamu. [TonibHo 10 iHIIKX
O1OMIMETHYHHX AJTOPUTMIB, AJFOPUTM ONTHUMI3aLil CIPUX BOBKIB BUKOPHUCTOBYE
MOBEJIIHKY Ta B3a€MOJIIO TBAPHUH Y NMPUPOJII JUIsi CTBOPEHHS e(peKTUBHUX METO/IIB
BUPILLEHHS CKJIQJAHUX 3aBJ/laHb ONTHMI3ALLIT.

6. AJNTOPUTM IpaBiTallifiHOrO MOUIYKy. AJIFOPUTM PaBiTaALlIHHOrO MOLIYKY
(anrn. Gravitational Search Algorithm, GSA) — anroput™ mouyky, O
IPYHTY€ETbCS Ha 3aKOHI BCECBITHBOTO TSDKIHHSI Ta MOHSTTAX MAacOBOI B3a€MOJI.
ANTOPUTM IPYHTYETBCSI Ha Teopil TsKiHHA 3 ¢izuku Helotona. B anropurtmi sik
MOLIYKOBI areHTH BUKOPHCTOBYIOTbCS IpaBiTauliiiHi Macu. OCTaHHIMH pOKaMu
pO3pOOMIIM Pi3HI €BPUCTHUHI AITOPUTMHM ONTUMI3auii. barato 3 uMx anropuT™is
[PYHTYIOTbCS ~HAa TMPUPOAHMX  sIBUIAX. SIKIIO TMOPIBHIOBATH  aIrOpUTM
rpaBiTalifHOro MOUIYyKY KOIThCS 3 IHIIMMM aIrOPUTMAMH, LIei ajIrOpuT™ - oHe 3
HaieeKTHUBHILIMX Yy BUPIWIEHHI PI3HUX 3aBJaHb ONTHMI3alii HeaiHIHHMX
GyHKLIN.

7. Anroputm aneTpyismy. Jlocnignuku 31 Lseiinapii po3poGunu anropurwm,
IO IPYHTYETbCS Ha npaBuii ['aminbToHa ciMelHHOI ceneKkuii. AJropuT™ rnokasye,
K alpTpyi3M OCOOMHM B pOi MOXKe 3 4acOM PO3BHBATHCS i MpH3Be/E 10 OiIblL
e(hpeKTHBHOI MOBEIIHKH POs.

8. ANropuT™M IHTENEKTyalbHUX Kparellb BOAH. AJIFOPHTM iHTEIEKTyalbHHX
kpanesab BoAM (anra. IWD) - anroputm poto Ha OCHOBI @JITOPUTMY ONTHMI3aLLil,
KW BUKOPHUCTOBYE METOAM MPUPOJHUX PIYOK Ta K BOHH 3HAXOJNTH Maiike

ONTUMAJIbHI LUISAXH JI0 MiCLs [IPU3HAYCHHS. AHFOpHTM 3HAXOJIMTh ONTHMAJIbHI
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260 GJIH3bKI 710 ONTHMAIBHUX LUISXH, OJAEPKYBaHI 3 PeaklisiMH, LI0 MPOTIKAIOTh
MiK KparJisiMH BOJIM, KOJIM BoJia Te4e 1o pyciy piuku. B IWD anroputmi Kijgbka
IITYYHHX Kpareb BOAM 3anekaTb OJWH Bi/l OJHOTO I 3JIaTHI 3MIHIOBATH CBOE
OTOUEHHS TAKUM YMHOM, [0 3HAXOAATh ONTUMAIbHMH ULUISX Ha LUIAXY
Haiimentoro onopy. Orke, IWD anroput™ — 1€ KOHCTPYKTHBHHH nonyJsiiiHo-
OpIEHTOBAHMHN AJITOPUTM ONTHUMI3ALLI.

9. CroxacTuunuii audysiiinnii  nowyk. el anroputm nepeadauac
3actocyBaHHs MeTo/1iB MonTte-Kapiio

10. baratopoiioBa ontumizauis. Lle HOBHH, 1€ HE JOCHTDH po3pobieHUH
MiJX1/1 10 CTBOPEHHS Ta 3aCTOCYBaHHS IpyIl POiB.

11{06 npatoBati B rpyIi, okpeMi poGoTH MOBUHHI GyTH 31aTHI B3a€MOIATH
i CTiJIKyBaTHCS O/IMH 3 OJIHUM, @ TAKOXK BU3HA4YaTH POOOTH, IKY BOHH BUKOHYIOTb.
Ile nepenbauae BiANMOBiAHE TNporpamHe 3abe3rnevyeHHs IPH po3ropTaHHi poiB
poboTiB.

Miniatiopu3saiiss ~ oOnagHaHHA  CTaHe  KIOYOBMM  €JIEMEHTOM /U
eKCIIePHMEHTIB 3 BEJIMKMMHM POSMH Ta Julsi GaraThox MaiOyTHix 3actocyBakb. B
CBOIO 4epry 3HWKeHHs Maciutaby —amapaTHOro —3abesledyeHHs CTBOPIOE
Ha/3BHYAHO CKJIaAHI TPoOIeMH, SKi 10Ci He BUpILLEHI.

KpiM Toro, mnoto4Ha mpakTHka notpeGye 30ilblICHHS pO3Mipy poiB,
[JIABHOTO MEPEXO0/1y BiJl MAJIMX JIO BEJIMKUX IPYIL.

[lpy 1bOMY BHHMKaE mpodiema — SK CHPOCKTYBaTH MOBEAIHKY PO
(MaKpopiBeHb), BPAaXOBYIOUHM, IO MH MOXKEMO Oe3nocepe/iHbo MporpamyBart
JMLIe OKpeMUX poboTiB (MIKpOpiBEHb), AKI CKJIAJaloTh piil, — ue, HMOBIpPHO,
HaicKkaaaHiLMii acnekT s po3rasay. 11106 BUpiMTH 10 npodaemy, 10UIILHO
3anpornoHyBaTH  METOJ0JIOrT  MPOEKTYBAHHA  KEpPyIOUHCh OiosoriuHUM
HATXHEHHSAM, SKi € yHiBepcalbHMMH Ta TpPUIATHUMHU JUls OaratopasoBoro

BMKOPHCTAaHHSA B Pi3HMX NPUKIAJHAX KOHTEKCTAX, BiJl WAOIOHIB MPOEKTYBaHHS

J10 MCTO}IiB ABTOMATHYHOI'O NPOCKTYBAHHS.
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KpiM ToOro, € KilOYOBI acrexkTH, AKHM Aoci He MPUALIANOCS 10CTaTHBOT
yBAru, - 3aXMCT BiJl 30BHIilIHIX aTak, 106 3poOMTH 3rpai CTiiiknmu 10 cnpod
3710BMUCHHKIB.

[Tpu upomy camoopranizauis nepeadadyae CKOOPAMHOBaHWH pyx y 3rpal,
O30/ 3aBAAHHS Ta IPUIMAHHS KOJEKTHBHOTO PillleHHs. Y LbOMY BiJHOLIEHH]
MH CIIPUSEMO MOJANBLIOMY BHECKy Oiosorii, o0 HagaTH HOBI NPUHLMIH
kepyBanns. OHaK, CJli/i YHMKATH 3aHaJTO BEJIMKOI JIOBIpH /O «IHCTPYMEHTIB
6i0710rYHOr0 HATXHEHHS | GyTH FOTOBHM JI0 PO3POOKH YNPABIIHCHKOTO PillIeHHS
1106 HaJaTH POIO 31ATHICTh HABYATHCS TA MOKPALLYBATH CBOIO MPOAYKTHBHICTb. Y
BCIX BMNAJKaX camoopramizaiis Moske OyTH OUIbII KOPHUCHOI, HiXk crpoda
MPSAMOTr0 KOHTPOJTIO.

Takum  uuHOM,  poiioBa  poOOTOTEXHIKa  MpHHHAIA  Mapaaurmy
camMooprasizailii, je ynpasjiHHS POEM 3iHCHIOETbCS 3a JIONOMOIOK TMPOCTHX
(cTOXACTHUHMX) NPaBHJI, AKI BU3HAYAIOTh Croci6 B3aeMO1iT poOOTIB OJIMH 3 OTHHM
i 3 HaBKOJMIIHIM cepelloBMIEM 0e3 BHKOPHCTaHHS Oyab-ikoi (popmu
LIEHTPaIi30BaHOTO  KOHTPOJIO  4M  rodanbHux  3HaHb. [Ipore  moxkHa
CTBEp/UKYBaTH, 110 B 0araTbOX  BMMNAAKax JIOUIIbHE  3aCTOCYBaHHS
lleHTpasi30BaHuX abo iepapxiuyHUX pOPMH KepyBaHHs eJIEeMEHTAMU POIO.

Ogni€ro 3 wisieit poitoBoi poOOTOTEXHIKK € po3poOKa Ta KepyBaHHs THCAYaMU
npocTUxX poOOTIB, JOCATHEHHs CKJAJHOI MOBEAIHKM Ha PiBHI posi B pe3yJbTari
MPOCTOI IHAMBIyalbHOT TMOBEAIHKM Ta YMCIEHHHX B3a€MOJiH. ACTEKTOM, sIKHii
MOKe MaKcHMi3yBaT MailOyTHill BrIMB poiB poOOTIB, € BMKOPHUCTAHHs THCSY
MiHIaTIOPHUX POOOTIB, PO3MIPH AKMX 3MEHUIYIOTbCS 10 MiJliMeTpiB abo HaBiTh
MIKpO- 44 HAHOMETPIB.

Taxki 3rpai MOKYTb OTPMMATH JOCTYIl JIO HEBEJIMKHX 3aMKHYTHX IMPOCTOPIB
(nanpukaaa, MIKpOQIIOIAHMX KaHaliB 1 JIOACBKOrO Tijla), MaHimy1oBaTH
MIKPOCKOMIYHMMHM  00’€KTaMHu (HanpuKiai, MIKpOIIacTHKOM a0 OKpeMHMH
KJIITHHAMHM) 1 CaMOOpPraHi3yBaTucs /Ul MiATPUMKH JIOKATi30BaHOrO JIIKYBaHHS

(HanpuKiaa, UUILOBOT JOCTABKM JIIKIB). 3MeHILIEHHsT po3Mipy poboTa MmopouKye

LN S TMET T T U
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HOBI BMKJMKH, SKi HeOOXiaHO BMpilMTH, OO poiHa poboToTexHika Moria
MPONOHYBATH MPAKTHYHI piterHs. MikpopoOOTH Ta HAHOPOOOTH CTHKAIOTHCH 3
iHIIMMH i3HYHMMH 3aKOHAMH, HIXK y MakpoCKOMiuHOMy MacuiTadi, o BuMarae
HOBHX MOJIeJIei KOJEKTHUBHOT MOBEIHKH.

CyuacHi NiaX0oau 0 MiKpopoOOTiB i HaHOPOOOTIB HE BHKOPHCTOBYIOThH
3BHYaiine 00a/HAHHA Ta CTBOPIOIOTH AKTHUBHI KOJOIIHI YacTHHKH, 0i0JI0ruHI
pOBOTH], HAHOMAILIMHH, 110 JKUBJATHCS OAKTEPIAMH | HABITH KEPOBaHI rEHETHYHO
CKOHCTPYHOBaHi opraHi3amu. 3arajiom a10CJi/UKeHHs MOBUHHI 30Cepe/KyBaTHCs Ha
MeTO/aX KepyBaHHS, $IKi BHKOPMCTOBYIOTH KijlbKa HEHaAifHMX JaT4YHMKIB,
MiHIMaJIbHI @G0 MOBHICTIO BiJACYTHI 0GUMCIIOBAIBLHI MOKIMBOCTI Ta HEHaAIHHI il
Pilienns, ski  po3poOuasitoth amapatHe 3a0e3neveHHs U TIPEACTaBICHHSA
BJIACTMBOCTEH caMOOpraHi3ailii, TAKOkK € CTOXaCTHUHUMH.

[TutanHs JouiIBLHOCTI peanizalii NpUHLMIIIB AeleHTpaizauii abo iepapxii y
3rpai poGoTiB abo iHTerpyBaHHs LMX JIBOX acCleKTiB, Hapa3i HeI0CTaTHbO
BuBuUeHe. [Ipn 1bOMY CTBOPIOIOTHCS TiOPHAHI CHCTEMHM, Ji€ peai3yroThCs
iepapXxiuHi CTPYKTYPH YNpPaBIiHHSA, 110 € pe3yJIbTaTOM MPOLECIB caMoopraHizarii.
Ile 3abe3neyye rHyuKiCTh MOBEAIHKH, aIalTUBHICTh 10 HOBUX YMOB, CTIHKICTb /10
30BHIILHIX 30ypeHb. Yci i QyHKUIT npuHECYyTh KOPHCTHb 3rpasiM poOoTiB, aje
HEOJIHOPIJIHICTh HE BUKOPUCTOBY€ETHCS HACTIIBKH, SIK CIIiJL.

Jlocnianukn MeTbio3 Ta iHWI, BMBYAIOYM CKOOPJAMHOBAHY KOJEKTHBHY
MOBEIHKY Yy (i3MYHO HEOAHOPIAHMX rpynax pobOTIB, CTBOPUIM BiAMOBINHY
iH(pacTpyKTypy pOIO, aBTOHOMHMI Inepexil Bil CyTO C€aMOOpraHi30BaHOIro
KepyBaHHs J10 1€papXiuHOro KepyBaHHs Ta Ha3al.

[IpoBenennii aHaji3 CBIAYMTH, 1O Yy pealbHOMY CEpeIOBHMIL TOJOBHA
npo6JieMa, 3 KO0 CTHKAEThCS pili pobOTIB, 10J1srae B ajanTauii 10 HeCroAiBaHUX
MO/, TaKKMX AK HAABHICTH NEpelIKo abo 3MiHa aTMOC(epHUX YMOB (HanpuKiIa,
GanckaBku, Bitep abo jiom). YCi Wi Mol MOXKyTh 3aBakaTH poKO pyXaTHes Brepe/l
ab0 BUKOHYBATH 3aBJaHHs. Y LMX yMOBAX piif NOBUHEH CIiJILHO a/1aNTyBaTH CBOIO

MOBELIHKY Ta CaMOCTIiiHO 3MiHIOBaTH ¢Bol crparerito. Taki KonekTHBHI
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3IOHOCTI CrocTepiraloThes y ACAKHX BHJIIB TBAPHH, 11O KHBYTH IPYIOIO (3rpai
MOLIOK, 3rpai puO, cTana oBelb). Y TaKMX yMOBaxX peakilis KiJIbKOX 0COOMH, SKi
MOMITHJIHM 3MiHY HABKOJMIIHBOIO CEPEIOBMILA, MOXKE MOIIMPIOBATHCA HA BCiX
IHIIMX YJIEHIB IPYIH, 103BOJIAIOYH TM e(peKTHBHO pearyBaTH Ha Taki MOpylIeHHs,
SIK, HANPUKJIAZ, HaMaja XuKaka.

Taki KonekTHBHI ajanTailiiiHi MOXJIMBOCTI € pe3yabTaToM He Jiuiie
0cobnuBoi  Gopmu  B3aeMoAiT MDK IHAMBIZAMH, ane i MOAyaAUil BiAHOCHOT
IHTEHCHBHOCTI LIMX B3a€MO/Iii.

[lepenecenns 3a3HavyeHOro THIy BiacTHBOCTel y 3rpai poGotis morio 6
3HAYHO MIJABMIIMTH PiBEHb iXHBOI ABTOHOMHOCTI Ta Oyji0 6 MepCreKTHBHUM
HAIpsIMKOM J10CI1JUKEHHS.

Poi BITJIA nosuuni 6yTi B Gesrneni nij yac BAKOHaHHS CBOTX 3aB/JaHb i BOHH
TaKOX TMOBHHHI OyTH CTIHKUMH [0 30BHilIHIX aTak 310BMHCHHKIB. KpiM ToOro,
3001 B po0OOTI poi0 MOKYTb OyTH BMKIMKaHI TaKOXK KiJbKOMa 370BMHCHHMH
poboTamu, sIKi MOXKYTb NPOHUKIIH B rpyy. JlociikeHHs B 06/1acTi 3aXMCTy poiB
pobOTIB Bee 1l1e 3HaXOAAThCs B cTail po3podku. [loyaTkoBi pobOTH 103BOSIOTH
BUPILIYBATH TaKi NMUTaHHs, AK 30epexeHHs KoHdineHwuiiHOCTI iHpopMmaLii B poi,
SIK YHHKHYTH 1epeOoiB yepe3 HasBHICTh IIKIUIMBUX POGOTIB i SIK MPOTHUCTOSITH
aTaKam.

Y TenepiluHiii 4ac B3a€MO/Is JIOAMHH 3 OJHUM POGOTOM € J0CTAaTHLO J06pe
BMBYEHOIO MpOOJIEMOIO, O/IHAK B3Aa€EMOis 3 IpPynoil poGoTiB  BigkpuBae
abcosmoTHO HOBI BUKIMKH. OCHOBHA CKJIaJHICTh NPH 1IbOMY TOJISTA€ B TOMY, 10 B
YMOBaxX caMOOpratizaulii polo HemMae YiTKOI CYTHOCTI, 3 SIKOIO JIIOJMHA MOorja o
BCTAHOBUTH 3B'SI30K.

B3aemozis ynoauHa-piii nonsrae B HajlauHi indopmauii npo uimi, skux
NOTpiOHO A0CAITH, ab0 3aBJaHHs, AKi NOTPIOHO BUKOHATH. PoeM MOkHA KepyBaTH
3a JIONOMOTOI0 KUIbKOX KepOBaHMX KOPHCTYBauyamu poboTiB, BOY10BaHUX Y piii.
[Ipn  upoMy MeHIWICTL 3alliKaBJAEHWX AareHTiB MOXe BH3HAYATH 3arajibHy

nopelinky rpynu. IlToaibHi MexaHi3MH sBISIOTH cO00K0 eeKTHBHI 3acobu uis
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kepyBanHs poto poOoTiB. Tlph 1bOMy BOHM MOXKYTb CTBOPIOBAaTH MpOOIeMH
Ge3neku, ki HeoOXIZHO BUPIIMTH, 11106 YHHKHYTH TOTrO, 1100 KijIbKa 37J0BMHUCHHX
poGOTiB B3N MiJl KOHTPOJIb yBeCh piil. B AKOCTI a/lbTEPHATHBH KOPHCTYBAY MOKE
KOHTpOJIIOBaTH 3rpai poboTiB abo kepyBaTH HUMH Oe3nocepeiHbo (Hanpukias, 3a
JIOTIOMOTO10 KecTiB a0 CUrHasiB).

besnocepente kepyBaHHsi poem 3 OOKy KOpPHMCTyBaua YCKJIAaJHIOETHCH THM
dakTom, 1110 3pO3yMiTH, 110 POOHTH piii, Moke OyTH JlyKe CKlaaHo yepes Gesniy
B3aeMOjliil, 110 BinOyBalOThCS BCepeMHi  poto, SKi  MOke OyTH  BaKKO
«NpouMTaTH»  JIOAMHI-criocTepirady. ToMmy igeHTH(iKallis JisIBHOCTI  MaE
BUpillaNbHe 3HaYeHHs. MoXknuBi pitleHHs MOXKyTh OyTH BOYJI0BaHI B MEXaHI3MHU
caMooprasizauii poro, o6 3poOUTH MOTOYHUH CTAH i METY pPOIO 3pYyUYHUMH JUIs
KopucTyBauiB. InTepdeiicu MNOBEAIHKH PO, MOKIMBO, 13 JIOMOBHEHOIO
peanbHiCTIO, MOXe 30uMpaTH Ta BizyanisyBaTu iHdopmauiio 3 poio. [Ipu ubomy
MOJ1eJli KOJIeKTHBHOT MOBEIiHKH MOKYTh 3a0e31e4nTH repeadadeHHs, ki Moriu 0
JIOIOMOITH KOPHMCTYBaueBi BKWHTH BIANOBiAHI Aii (Hanpukiaja, LUISAXOM BM/ayl
HOBMX KOMaH/ KepyBaHHs poeM). Po3pobka Oy/1b-sKOro ynpasiiHChbKOro pillieHHs!
TAKOK BUMaraTMMe pPO3yMiHHS MCHXOJIOTIUHUX e(eKTiB, BUKIMKAHUX JIIOAbMH, AKi
B3a€MOJIIIOTh 13 pOEM pOOOTIB (3MEHLIYIOTh CTpeC, MOKPAlLYIOTh 3pY4YHICTh
BUKOPUCTaHHS Ta JIOBIpY).

InTepdeiicu MOBEAIHKH PO, MOXKJIMBO, JONOBHEHI PealbHICTIO, MOXYTb
36upaTH Ta BizyanisyBaTH iHpopmaiiio 3 poio. [Ipu 1uboMy Mozeni KOIeKTHBHOT
MoBeAiHKH MOKYTbh OyTH iHTerpoBaHi, 1100 3abe3neunTn nependaveHHs, sKi
Mor/au 6 JOMOMOITH KOPHUCTYBaueBl BKUTH BIAMOBIAHI [T (HAaNpPUK/IAZ, LUISXOM
BH/1a4yi HOBUX KOMaH/I 10 KEPYBaHHs POEM).

JlocnikenHs poitoBoi poOOTOTEXHIKH Oy1yTh KIIOYOBUMH JUISl BUPILICHHS
ckaaanux npobiem KoopauHauii mMaiOyTHIX 3actocyBanb pobotorexHiku. Ilpu
LbOMY PO3IIIANAIOTBECS AK KOONEPAaTHBHI CLEHapii, - poOOTH, SKi KOOPAHHYIOTHCS

JUISi BAKOHAHHS CHIUILHOIO 3aB/aHHs), TaK i HANBKOONEPATHBHI ClieHapii, a came

po6OTH 5IKi € BIACHUMH iHTEpeCaMH.
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Hanpukiaj, CrocTepekeH s 3a BeJIMKOIO TEPUTOPIEIO 3a I0MOMOr0l0 0JIHOTO
pobota Moxke OyTH HEMOXJIMBHM, i e(eKTMBHHM BapiaHToM Moxke OyTH
BHKOpPHCTaHHS 6aratboX poOOTiB 0HOYACHO. [HIIMM NMPHUKIALOM € J0C/IKEHHS
BIJMOBIIHOTO paiioHy croctepeskenns 3a jgonomoroio bITIA. Slkuio B ubomy
Bunaaky oauH BITJIA Moke BUKOHYBaTH 3aBJaHHs MOHITOPHHIY, L€ MOKe OyTH
HEJ0CTaTHLO ePEKTHBHUM Uepe3 oOMeKeHHH Yac MoIboTy Ta NOTPiOHHUI yac 11100
JNIETITH Ha3aa s Nia3apsakd. Y TakKMxX yMoBaxX 3acTOCYBaHHS KiJIbKOX poOOTiB
MoKe OyTH Oiibll e(heKTHBHHM.

[Ticisi BCTaHOBJEHHS MPMAATHOCTI MYJILTHPOOOTHOT CHCTEMH MOHITOPHHIY
palioHy criocTepeXeHHs CJIiJl pO3IJIsiHYTH, SKAI THIT MIAXO0AY 10 KepyBaHHs pOEM
Oyne HalOIbII NPUHHATHUAM [UIsl PO3IJISIHYTOT MPOOIEMH.

V lesiKuX BHIIAJKaxX LEHTpali30BaHe KepyBaHHS POEM MOKe OYTH MOKIIMBUM
JUIs  BMpilleHHs TpoGJeM HEBHU3HAYEHOCTI 3aBAaHb | HerepeadauyBaHOCTI
HaBKOJIMIIHBOTO cepefoBuia. OHaK BUCOKHI MOMUT HA OHJIAHH-PO3II3HABAHHS
GbyHKUii 1 aganTauito 10 HenepeAbauyeHUX CHUTYyallid Kpalle 3aJ0BOJIbHHUTH 3a
JIOTIOMOT0I0 JIELIEHTPai30BaHUX, CAMOOPraHi30BaHUX METO/IIB.

TexHosnoris BUOOpYy pOHOBHUX pPOOOTOTEXHIYHUX PillleHb MPH BHUPIlLEHHI
NPUKJIaIHUX 3aBJaHb 3aCTOCYBaHHS.

[lepuie 3aBAaHHs MOJsAra€ B TOMY, IO CHiJl NepeabaunTH BHKOPHCTAHHS
6araTopobOTHOT CHCTEMH — i, IK HACHIIOK, TPYIH poOOTiB.

[liciis  BCTAHOBJEHHS  MPUAATHOCTI  MYJIbTHPOOOTHOT  CHCTEMH  CJIij
PO3rISHYTH, KMl THII MIJIXOAY 10 KepyBaHHs Oyae HaHOULIbLI NPUIAHATHAM Ui
poO3rJIsiHyTOT NpOOJIEMH.

Hanpukiaja, KOIM HEMOKIMBO YW JIOUIJIBHO KOOPAMHYBaTH poboTiB
1IeHTpaJi30BaHO, BHKOPUCTAHHS Py poOOTIB MOKe OYTH MPaBHILHUM LILJISIXOM.
V jesiKuX BUIAJIKax LEHTpasli3oBaHe neperjanyBaHHs MOXKe OYyTH MOKJIMBHM JUlst
BupilieHHs — npobJeM  HeBH3HAYeHOCTI  3aBlaHb |1 HenepeabauyBaHOCTI

HABKOJMIIHBLOrO cepeioBuila. OiHaK BUCOKHMH MOMUT HA OHJIAKH-PO3Mi3HABAHHS
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dyHkuiit 1 azanTamilo 10 J0CBIAYEHHX Henepea0ayeHUX cHUTyaulild Kpaile
3a710BOJILHHTH 3a 0MOMOTOIO JIeLleHTPasli30BaHHX, CAMOOPraHi30BaHUX METOiB.

[HIIWIT acTeKT, SKWH CHiJl pO3IJISIHYTH, MOJISTae B TOMY, YH PO3KJIaJa€ThCs
nana npobnema Ha (ikcoBaHy KilbKiCTb 4iTKO BH3HAUEHMX 3aBJaHb, AKI MOKe
BupimnTi Komanaa BIUIA, koxeH 3 sSKUX Ma€ MEBHY PpOJb. HaBiTb K110
npobieMy Kpaile BUPILIMTH 3a AOMOMOroto 6aratopodOTHOI CHCTEMH, Le He
060B’s13k0B0 Bu3Hauae notpedy B 3rpai BITJIA. Ocranne Bumarae epeKTHBHHMX
MOLIYKOBUX  3/I0HOCTEH, 110 Kpalle BHIPABAOBYETbCA  3aBIaHHAMM, SAKI
J103BONSIOTH Pi3Hi PO3NOLIN posieii /ISl 10CTYHUX pODOTIB.

Hapewrti, niaxia poiioBoi poGoToTeXHikH MoKe OyTH NpaBUIbHAM BUOOPOM,
SKIO  OYIKYEThCS KOpENsllii MiK uMciIOM poOOTIB Ta 30UIbLICHHAM ix
NPOJYKTHBHOCTI.

BpaxoBytoun Ui MipKyBaHHsi, CJii KpHTHYHO OLIHHTH noTeHLiiHi obnacTi
3acTOCYBaHHS pOHOBOI POBOTOTEXHiKM, 3 TOUKH 30py Mepesar, sKi MOXHa
OTPUMATH TpH 3aCTOCYBaHHI POiOBOT POGOTOTEXHIKH. JliAABHICTD 1 pO3MOJILI
3aBlaHb, AKI BHKOHYE KOKEH PoOOT, MOXKyTh OyTH TEBHOIO  Mipoto
JlelleHTPai30BaHMMK Ta camoopranizoBanumu. [Ipote came 1o cobi KOHKpeTHe
3aBJIaHHS MO’Ke He BUMAaraTH KOOp/AMHaLlii ¥ CriBIpali Mi poOoTamH.

[ToniGui acriekTH € (yHIaMEHTAILHUMH B iHIIMX cdepax 3acTOCyBaHHS,
TakuX §K, HAnNpuKiaj, UMBUIBHMH 3aXMCT, 1€ HEOOXIAHICTH MPOTHCTOSTH
NPUPOIHUM ab0 aHTPONOTEHHHM HAI3BHYANHMM CHTYALlisiM BHMArae rHy4kocTi
3BA3KIB, MIATPUMYIOUHM pOOOTIB, 31aTHHX MATH CIIPABY 3 aBapiiiHUMH CHTYALISAMH.

TakuM 4YMHOM, po3poOKa Ta BrpoBauKeHHs edexktuBHux pois BIUIA e
OZIHMM 13 HAiOINBIIMX BUKJIHMKIB, SIKI CTOATH nepei poOOTOTEXHIKOI, a TAKOK
OJIHMM i3 HaiinepcreKTUBHILIMX HAMPAMKIB 10C/IJUKEHHS.

3HauHi JOCATHEHHs poHOBOT POOOTOTEXHIKM TOB’A3aHI 3 MpOrpecom,
JOCSATHYTHM 3 BMKOPHCTAHHAM iHHOBawiiinux Texuosorid. Hanpukiazn, Hosi

marepianu, GioriGpuani pimieHHs Ta HOBi criocoOn 30epiranus Ta nepejavi




iHopmaltii  10MOMOKYTh BHPILIMTH JIeSKI MoTo4YHi npobiaeMu, nos’s3ani 3
anapatHuM 3abe3neyeHHsIM poiB poboTiB.

PospoOKka  METOAIB  INTYWHOTo  iHTEJEKTY, 30KpemMa  ajiropuTMiB
PO3MOINCHOr0 HABYAHHS, SKi BMMAralotTh OOMEKEHHX O04YMCICHb J03BOJHTH
posiM poOOTIB MOCTYNOBO 30i/blIYBATH CBOIO ABTOHOMHICTb. POl noBuHHI Oy1yTh
3a6e3neunT eeKTHBHICTD, 110 3apa3 € roJOBHOK MPOBIEMOI0 JuIst BCieT rauysi
POBOTOTEXHIKH Ta IITYYHOrO iHTENeKTY, iXHs CKiaaHicTh Moxke OyTH 30LiblIeHa
BEJIMKOIO KiIIBKICTIO aBTOHOMHHMX 00’ €KTiB Ta iX YHCICHHUMH B3aEMOJLISIMH OJIMH 3
OJTHUM, 1110 € THIIOBHM JUIsi POOOTOTEXHIUHUX CHCTEM.

TakuMm unMHOM, poiioBa poGoTOTeXHiKa 3AiCHIOE Mepexia BiA HayKOBHX
PO3POBOK 10 peanbHUX 3aCTOCYBaHb MPOTATOM MOTOYHOTO AecATHITTA. Takui
nmepexia He Gyne HeraiHWM, aje MoCTyNoBo 3alyyarume Bce Oiibiue i Oisblie
obnacTeii 3acTocyBaHHs 710 BU3HAYEHHs HOBUX BHKJIMKIB I CTBOPEHHS IOMHUTY Ha
HOBI TEXHOJIOTIYHI pillieHHs, AKi CTUMYJIIOBATHMYTb J0CIIi/UKEHHS Ta IHHOBALIT B
HACTYIHI POKH.

[1poGieMu CTBOpEHHS Ta 3aCTOCYBAHHS IITYYHOrO POHOBOIO IHTENEKTY IS
3abe3nedyeHHs e(pEeKTUBHOTO BHKOPHUCTAHHA POEM  pPOOOTH30BAHMX CHCTEM
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[TpoBeaeHmii aHami3 3a TeMOIO JOCHi[UKeHb MOKa3ye, 1O Ha JaHWH 4ac
HeJ0CTATHbO BHCBITJIEHI [MUTaHHS HAyKOBOro OOIPYHTYBaHHS CTBODEHHS Ta
3aCTOCYBaHHS METOiB Ta MPOrPaMHOro 3abesneueHHs AELEHTPali30BaHOro
YIPaBIiHHS IPYNOBHM MOILOTOM 0e3MiJIOTHHX JiTA/IbHAX anapaTis.

Vei BHIIE BM3HAYEHI YMHHUKH BM3HAYalOTh apryMEHTYBaHHsS Ta KPUTHYHE
OLIHIOBAHHS 3aNpONOHOBAHMX aBTOPOM HOBHMX pillleHb MOPIBHAHO 3 BIJIOMHMH

piLLIEHHAMH.

IIpakTHYHA 3HAYHMICTH TA BAKIHBICTH /IS raJy3i MOJsArac B CTBOPEHHI

indopmattiiftHoi TexHOIOriT MiIBUIIEHHS ePEeKTUBHOCTI YNpaBiiHHs (pOopMyBaHHAM
Ta NIATPUMKOIO 3aJIaHOTO  TOJIOKEHHS. TPYMH  aBTOHOMHHX  0e3minoTHHX
JITalbHHUX.

[IpakTHyHe 3HAYEHHS OJIePAKaHUX Pe3yIbTaTiB MOJIArae B TOMY, 11O METO/H i
nporpamue 3abesneueHHs MOKyThb OyTH 3acTocoBaHi 1pu po3polui cuctem
rpynoBOro ynpasiiHHs poem Ge3ninoTHuX JjitanbHux anapatis. Lli cucremu €
BaJJIMBUMHM JUIS BUPILLEHHS PI3HOMAHITHUX MNpaKTHUYHWX 3asaaHb. Hanpuknan,
BOHM MOKYTb OYTH BHKOPHUCTaHI JUlSi €KOJOIIYHOrO MOHITOPHHIY 00 €KTIB
KPUTHUHOI  IH(QPACTPYKTYpH, BHpIlLCHHS 3aBAaHb 3aXMCTY JOBKiLIA  Ta
NPUPOJIHMX pecypciB, a TaKokK Yy BIHCbKOBIH crpaBi, - pajiosokauiiHol

jokanisauii, onepauiii  paaioeneKTpoHHOT  O0pOTHOM,  NONONAHHS  [POTH
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noBiTpAHOT 000POHM MPOTHBHHKA 32 J0TIOMOTOI0 XHMOHuX wineit. [1pu ubomy BoHH
JI03BOJISIOTE KOOPAMHYBATH ypaXeHHs wijzei, GpopMyBaTH aHTeHHI pelTKH Ha
Gasi BIUIA a1 nokpaiieHHs 3B'A3Ky | BMMIpIOBaTH IIBMKICTh BITPY JUIS
METEOPOJIOriYHUX A0c/iKeHb. Ll 0CATHEHHS TAKOK N03BOJIAIOTH 30UIBIIMTH
KOpHCHE HaBaHTaKeHHs abo JalbHICTh MOJIBOTY 3a PaXyHOK 3MCHIICHHA
iHYKTHBHOrO ONOPY MiJ yac MOJBOTIB Y IIiAbHMX rpymax. Taki 3actocyBaHH:
MiAKPECTIOITh  IMPOKOMACIITaGHHH  BIUIMB  pe3yJIbTaTiB JIOCJIIJKEHb  Ha
eDeKTHBHICTb 3aCTOCYBAHHS SIK UMBUIBHHMX, TaK i BiiicbkoBux bBITJIA s
BMKOHAHHS PI3HOMAHITHUX 3aB/laHb.

Pesynbrati J0C/IKEHb TMPUHHATI [0 BIPOBAUKEHHA B Cektopi Ne 5
oGoponn Micta Kuis (akt Bia 18.08.2023 p.); B TOB «Iuteprexdpopsapa» (akT Bil
12.01.2024 p.); B HaByanbHoMy mpoueci HauionanbHoro TEXHIYHOIO
yHiBepcutery Vkpainu «KHiBCbKHIl TONITEXHIUHMH IHCTHUTYT imeni Irops
Cikopcbkoro» (akt Bim 12.02.2024 p.) mpu BUKJIAJaHHI  JMCUMIUIIHH
«lTpoextyBanHsi  KiGep-Qi3MUHMX ~ CHCTeM»  JUIi  CTYAEHTIB  OCBITHBO-
kBanidikauiiinoro  pius  «bakamaBp»  cneuianbHocti 121 «IHxKeHepis

MpOrpaMHoro 3ade3neyeHHs.

Ouinka 3MicTy amceprauii, il 3aBeplIEHICTh YV UiJIOMY, BiANOBIAHICTH

odopmenns auceprauii Bumoram, 3aTsep/uzkenum MOH VYkpaiun.

Y ecmyni HagaHa 3arajbHa XapaKTepPUCTHKa JMcepralii, a came:
06rpyHTYBaHHs BHOOpPY TeMH JOCHIDKEHHS (BHCBIT/IIOETbCS 3B'SI30K  TEMH
juceprallii i3 CyqyacHMMH JI0CHIUKEHHAMM Y BIANOBIAHIA rajy3i 3HaHb LLISXOM
KPHTHYHOIO aHasli3y 3 BU3HAYEHHAM CyTHOCTI HAYKOBOI NpodiiemMu abo 3aBjaHHs);
MeTa i 3aBJaHHs J0CHIKEHHs BIANOBIAHO /10 npejaMeTa Ta 00 €KTa J0CI/UKeHHS;
METOJIH JIOCJI/KEHHS; HayKoBa HOBHM3HA OTPUMAHHUX pe3yJbTaTiB; OCOOMCTHI
BHeCOK 3/100yBaua; anpoballis MatepiaiiB AMcepTaLii.

Y nepuwomy posoini «JJOCJIJPKEHHS [TIAXOAIB JIO I'PYTIOBOI'O
VITPABJIIHHS BIUVIA TA TIOCTAHOBKA 3ABJIAHb» 3aiiicHeno ananis

crany po3suTky BITJIA, ananiz MOXKIMBOCTEH TIpyNnoBOro 3acTOCyBaHHs, aHasi3
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HAyKOBMX MeToaiB s ynpasninns rpynamu BIUIA. 3aificneno nocraHoBky
HAyKOBOTO 3aBjaHHs rpynosoro ynpasiints BITJIA.
YV opyeomy  posodini  «PO3POBKA  JIELIEHTPAJII3OBAHOI'O
VIIPABJIIHHS  JUISE  T'PYII  BIUIA  HA  OCHOBI ~ METOJY
HEOJIHOPIJIHOT'O  BEKTOPHOI'O  TIOJISl»  npoBeseno  BMOip — Ta
oOrpyntyBanns wmozeni rpynosoro ynpasiinus bITJIA. Posrnsnyro rpynose
YIPaBAiHHS HAa OCHOBI METOJY NpocTopy BiHOCHUX cTaHiB. HaBeaeno po3podky
3aKOHIB yNPaB/iHHSA /U1 KOONEPATHBHOTO CJIilyBaHHS NMPSAMOJIIHIHHAM HUISXOM.
YV po3oini 3 «PO3POBKA TIPOIPAMHOI'O 3ABE3INEYEHHA JUTA
I'PYIIOBOI'O  VITPABJIIHHSI  BIUIA»  3aificheHo  aHami3  pe3ysibTaTiB
MOJIEIOBaHHs JIeLleHTPali30BaHOTO YIPABIIiHHS T[PYIOK0 JITalbHUX araparis.
HaBesieHo pe3ynbTaTH MaTEMaTMYHOTO —MOJENIOBAHHS  BiJHOCHMX  CTaHiB.
! 31ilicHeHO PO3poOKy apXiTeKTypH MpOrpamMHOro 3abdesrneuyeHHs Ui rpyrnoBoro
ynpasninns BITIA.

V poszoini 4 «PO3POBKA TTPOI'PAMHOI'O 3ABE3ITEYEHHSA JUIA
VIIPABJIIHHSI TA BI3YAJI3ALID T[PYIIOBOI'O T[1OJIOTY BILUIA»
3aificHeHo  po3pobKy — 0a3M  JaHMX  JUIt  nporpaMHoro  3abesneveHHs
JIeLIeHTPasli30BaHOr0  YNpaBliHHA: aHani3 npeaMerHoi obnacti, iHdonoriune
NPOEKTYBAHHS; AaTajloriyHe NpOEKTyBaHHs; (i3M4HEe NPOEKTYBAHHS, CTATYCH
JIPOHIB, 'PYMOBUX YNPaBIiHb, MiCiii; TPUrepH Ta IHCTPYKLIT s iXHIX nepeBipok;
naHi 3a 3aMoBuYyBaHHAM. Po3pobieHo nporpamue 3abesneueHHs Ta Bisyanisaiis:
apxiTeKTypHa MOJIe/lb MPOrpaMHOro 3abe3NeyveHHs; NporpamMHMii KOI; OmHe
rpadiunoro inTepdeiicy Ta B3a€MOAIT 3 HUM.

Y  6ucnoékax BIITBOPEHO OCHOBHI  pe3yjbTaTH  JAUCEPTALIHHOIO
JIOCHII/UKEeHHs, 110  BigoOpakaioTh 1HGOPMALHY TEXHOJIOI0 MiJABUILEHHS
edeKTUBHOCTI ynpapjiiHHsg (OPMYBAHHAM Ta MIATPHMKOIO 3a1aHOTO MOIOKEHHS
rpyny aBTOHOMHUX Oe3MiOTHUX JITAJlbHUX anapaTiB 3a paxyHOK pO3poOKu

MeTOIIiB, ZU]FOpMTMiB Ta MNporpaMHoro 3abe3neyeHHs neuempaﬂhoaanoro
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yIpaB/IiHHS, 1110 BPaxoBy€ HeJiHIHHUH XapakTep CTPYKTYpH cHcTeM "aBTOMiIOT-
anapar".

Y dodamrkax uasejieHo AKT NpO BNPOBAJUKEHHS B HaBYaJIbHUI TMpoliec
HanionanbHoro TexHiuHoro yHiBepcutery Ykpainu «KuiBCbKHH MOJITEXHIYHHIM
yHiBepcuteT imeni Irops CiKOpcbKOro» HayKOBHX TMOJIOKEHb 1 pe3ysibTaTiB
auceprauiiHoi poOoTH; AKT Tpo BIPOBA/UKEHHS pe3yJibTaTiB JAMcepTaliiHol
podotn B TOB IutexdpopBapa; AKT 1po BHPOBAUKEHHS —pe3yJbTaTiB
AMcepTauiiiHoro jpocnijukenns B cektopi NoS obopoun wmicta Kuis; Cnucok
nyOnikauii 3100yBaya Ta BigoMocTi npo anpobaliilo pe3ysibTaTiB AMCEpPTALLii;

Jlictunr po3pobieHoro nporpaMHoro 3abe3neyeHHs.

Crpvkrypa T2 00csir Ancepranii.

Jluceprauiiina pobGota ckiajgaeTbes 13 aHOTaLUii, BCTYNMY, YOTHPbOX

pO3/1iJ1iB, BUCHOBKIB MO poO3/iNax, 3arajJbHUX BUCHOBKIB, CITIHCKY BHKOPHCTAHHX

Jukepen 152 HaliMeHyBaHb, TpPbOX J0JaTKiB. 3arasbHuii oOcsar pobotu 206
cTopiHok. J/luceprauis MicTUTb Takoxk 2 Tabnuui Ta 31 pUCyHOK.

Jluceprauis 3a cBoiM 3MicToM Ta odopmieHHsM Bianosinae Haka3sy
MiuictepcTBa ocBiTH 1 Hayku Ykpainn Ned0 Big 12.01.2017 p. «Bumoru no
odopmienHs jauceprauii» Ta 3aa0BosibHAe Bumoram [loctanoBu KMV  Big
12.01.2022 p. Nedd4 «llopsaok npucy/KeHHs CTyneHs AokTopa ¢isocodii Ta
CKacyBaHHS pillleHHs pa30BOi CHeLiani30BaHOi BUYEHOT paju 3aKiaay BHIUIOL
OCBITH, HAyKOBOI YCTAHOBH IPO NPHUCYUKEHHs CTyneHs aokrtopa ¢inocodii» Ta
ynrHuM Bumoram MOH Ykpainu

Ouinka MOBH _Ta CTH/JII0 BHKIAJeHHS auceptauii. Mosa Ta cTuib

JMcepTallii cBiluaTh MpO BMiHHS aBTOpPA apryMeHTOBAHO BMKJIAAATH CBOI AyMKH
Ta, y uigomy, sianosinaiots Bumoram MOH Vkpaiun. Cdopmyasosani y
jucepTaliiHii - poOOTI  OCHOBHI  NOJOKEHHS, BHCHOBKH Ta peKoMeHzauil
BUKJIaJIeHi y JIONiYHIN MOCHIIOBHOCTI Ta 10Ka30BiH (opMi, 110 3HAYHO CrIpUsie

YCBIJIOMJIEHHIO JyMOK aBTopa. Bci pos3auin aucepraiii MarTh BHYTPILIHIO

_
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CJIHICTh | 3aBepiieHicTh. 3MICTOBHE HAMOBHEHHS MiApo3/iniB poGOTH BiANoBijgae
3MICTY BU3HAYEHHUX PO3/IiJIB.

OtpuMaHi 1iJICYMKOBI pe3yJIbTaTH JUcepTallii CriBnaaalTh i3 3arajibHOK
METOI0 i KOHKPETHHMH HayKOBHMH 3aBJaHHAMH, chopMysibOBaHUMHU Y BeTyni. B
uijloMy, juceprailiiina pobora crnpuiimaeTbes sk KBadidikaiiiina 3axKiHveHa
HAYKOBA Mpatls, 1O MICTHTh HOBI HAYKOBI pe3yJibTaTH.

"i}lTBCD}DI\‘CIIIIﬂ NOBHOTH BHKJIA/IY OCHOBHHX DC’BYJIbTaTiB ,rulcep’raui'l'

B_HAVKOBHX (haxoBux Buaanusix. HaykoBa HoBu3Ha Oe3cymHiBHA Ta JIOCTATHS

JUIS McepTauii Ha 3100yTTs cTyneHs jaoktopa (isocodii. OcHOBHI HayKOBi i
MPAaKTHYHI pe3yabTaTH, 10 OTPUMaHi B XOJi JMCEpPTALliifHOro J0C/iUKEHHS,
ony0ikoBaHO 3 HEOOXiZIHOW MOBHOTOIO Yy 12 HayKOBMX mpaisix, cepeja skux |
CTaTTsl Yy HayKoMeTpiuHoi 6a3i Scopus, 3 cTaTTi y HayKOBUX (paxoBUX BHIAHHSX
VYkpainu, a Takox 8 nyOaikariii y 30ipHuKax MarepiajiB MiKHapOJHHX HAYKOBHX
KOH(epeH L.

BiaMiuaio B LiIOMy HayKOBO-KOPEKTHHH CTHIIb BHKJIAJeHHS MaTepiaais
auceprauii. Hasa poGoru Bianosizae camiii  poboTi, sKka Bianosinae
cneuianbHocTi 121 — IHkeHepist mporpamHoro 3ade3nevenns, ['any3p 3Hanb 12 —
[Hdopmatiiitni TeXHOIOTII.

Henoaiku

V SKOCTI HeI0iKIB y poOOTI MOTPIOHO BIAMITHTH HACTYIIHE.

1. YV skocTi MeTH JOCI]i/UKeHb aBTOPOM BH3HaueHO «MeToto auceprauii €
nizBUIeHHs eeKTUBHOCTI yNpaBiiHHsg (OPMYBAHHAM Ta MATPUMKOIO 3a/1aHOTO
[10JI0’KEHHS TpyNH aBTOHOMHHMX Oe3MiIOTHUX JITalbHHUX anapatiB 3a paxyHOK
po3poOKH METO/IIB, AJITOPUTMIB Ta MPOrpaMHOro 3a0e3nevueHHs
JeLleHTPali30BaHoro YIpasiiHHs, 1O BPaXOBY€ HENIHIHHUIA XapakTep CTPYKTYpH
cuctem "apromninor-anapat”.». [Ipy 1bOMY NpeaMETOM JOCHIIUKeHb BH3HAYEHO
«METO/IM Ta MPorpamMHi 3aco0H rpyroBOro yrnpasiiHHsg aBTOHOMHHX 0€3MiIOTHHX
gitTanbuux  anapariB.. Tomy, Oaxkano Oyno © y 3aralbHMX BHCHOBKax

CHCTEMATH3yBaTH KiJIbKICHI OLHKK came IiABHIICHHS eeKTUBHOCTI YIpaBiliHHs
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GopMyBaHHSIM Ta MIATPUMKOIO 3aaHOTO  MOJOKEHHsSI TPYNH aBTOHOMHHX
Oesninoruux sitaasHux anapatiB [Ipu nbomy Gaxano 6ysno 6 BH3HAYMTH Kilac
ABTOHOMHHUX 0€3MiJOTHUX JITalbHUX anaparis, 0 SKMX JA0LIJIBHO 3aCTOCOBYBATH
po3pobiieHe indopmariiine 3adbe3neveHHs.

2. B nigpo3nini 1.4. «lloctaHoBka HayKoBOro 3aBjlaHHsi TIpyHNoBOIO
ynpasninns BITJIA.» 6axano Gysio Hagati MatematuuHy (opmalizallito 3aaaui
AOCHI/DKeHb (Ha piBHI BIANOBIAHUX MHOKHH, KOpTeKeH, C ypaxyBaHHSIM
oOMeXxeHb Ta pecypciB  iHpopMaLliiHOI  Oe3rekn CHCTEMH  YNpaBiliHHSA
KOMIUIEKCOM 00’€KTiB KPUTHUHOI eHepreTu4Hoi inppactpyktypu. Jlis BBeAeHHX
TaK 3BaHUX «(PYHKIIH quHaMiku» KoxkHoro pisus f1 1 f2, ta Bektopi mymiB §1 i
&2 Gaxano Oyn0 HajaTH iX GizuuHy iHTEprpeTaLio. 3anponoHoBaHi « ABTOHOMHE
niaHyBaHHs  LWiAXy», «JluHamidnuil  posnoain 3aBaaHb», «Makcumizallis
3arajbHOl KOPUCHOCTI» MOTPedyIl0Th O0IPYHTYBAaHHS Ta JAeTaii3allii.

3. B posaini 2 «Po3pobka neuenrpanizoBaHoro ynpasiinas s rpyn bITUIA
Ha OCHOBI METOJy HEOAHOPIZAHOro BEKTOpHOTO mnouisi» (ctop.57) 3ailicHeHo BUOIp
Ta 0OrpyHTYBaHHs Mozeni rpynosoro ynpasiinns BITIA. Oxnak o6rpynTyBanns
Ta MaTeMatH4yHol (hopmauizauii BHOOPY METOy HEOHOPITHOTO BEKTOPHOIO MOJIst
He HajaHo. B ocHOBI Li€l METOAOJIOrT ISKUTh AMHAMIYHA B3a€MOJLIsi MIJK CHIIAMH
npuTAraHHs i BiawToBXyBaHHs, wo cnpsimoBye BITUIA o wini, 30epiraroun npu
ubomy Gesneuy Bizcranb Bia nepewkoa Ta iHwmx BITIA. Jlns ynpasninss
oaunounumu BITJIA y poboti Oyn0 3anpornoHOBaHO METO] BEKTOPHOIO MOJIs
npoxoskenns uuisixy (aura. path following vector field). Ananoriununii meton
Ha3BaHO MeTOJ0M BeKTOpHMX nojis Jlsnynosa. Ilpu nbomy nependavaersces, 110
oaunounuii  BITJIA miarpuMye MNOCTiiiHY MIBHAKICTH MOJBLOTY, TOMY ToJe
ojiHOpiaHe 3a BeJAndnHOI0. [IpH LbOMY KepyBaHHs BH3HAYA€TLCS /Ul CUEHApiio
nonboty BITJIA  npsAMONiHIfiHAM HUISXOM. A AKWIO 3/IHCHIOETHCS  3MiHA
KypcoBOro KyTa (Harnpukial oOrMHaHHs BHCOTHMX cropya)? Sk OyrtH B LbOMY
punanky? Y HaBeJaeHOMY NpHKIal, st rpynu y ckiati yotupbox bIUIA y pasi

B3aeMozii (ctop. 67) Gakano Oys10 oOrpyHTYBaTH HaBeeH] eleMeHTH MaTpuill M.
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4. B poGoTi OKpeMO BH3HA4alOThCs 3aKOH YNPaBIiHHA JUIS IIBUAKOCTEH
BITJIA (Bupa3 2.38), a TakoX 3aKOH yrpasiinHs Juis Kypcosux Kkytis BITJIA
(2.39). Yomy He po3risjacThCsi BEKTOpHA ONTHUMI3aLlis, HAMPUKIAA aHATITHYHE
KOHCTPYIOBaHHs pery/istopis, abo 3actocyBaHHs OOEpHEHMX 3ajay AMHAMIKK?
Tomy Gaxano Gyno 6 06rpyHTYBAaTH BIPOBAKEHHS 3MIHHUX BEKTOPHHX 1noJIiB,
SIKI QJanTyloThes /10 3MiH Y cepe/loBHLILI Ta 3aja4ax (crop. 80): MojenoBanHs
Bexropnoro Ilosst, Y aockonanenns, Ontumizauis Hsxy, Buxiauuid AjaroputM,
a TakoX MaTemMatMuHo (opmallidyBaTH  BKJIIOYEHHSA  alanTHBHUX  CHII
BiZULITOBXYBAHHS Ta NPUTATaHHsA, AKi pearyloTh Ha 3MiHH B JIMHaMill rpynu Ta
cepesloBHIIa,  JI03BOJISIIOTH ONTHMI3yBaTH  LIIAXH BITJIA s 3HHKEHHS
3arajibHOro 4acy Micii Ta BUTpar eHeprii.

5. B posnini 3 (Po3pobka mnporpamHoro 3abesredeHHs Ul TPynoBOro
ynpapiinns BIUIA) «bakany reomerpuuHy (opmy rpynoBoro ynpasiiHag i
BEKTOp OakaHHX BIJIHOCHMX [OJIOXKEHb Yy LBOMY BHIA/KY» nouinsHo Oyno 6
TAaKoK OOIPYHTYBaTH, @ TAKOXK HA/laTH MOSCHEHHS «MOYATKOBHM MMOIOKEHHIM
(puc. 3.1 Ta Bupa3 (3.2), napamMeTpH Ta 3HAUCHHS MO/IEJIFOBAHHS (Tabna. 3.1)).

6. BucHoBok 10 po3aily 4 «Po3poGka mnporpamMHoro 3adesneveHHs s
yrpasJiHHs Ta Bizyai3ailii rpyrnoBoro nojiboty BITJIA», mo «Cucrema 31HCHIOE
OHOBJICHHS JIAHUX KOJKHY CEKYH]ly, BPaXOBYIOUHM TOUHICTb JIOKALIH B pearbHOMY
yaci, WO ijeanbHO MIAXOAWTH JUIS JIMHAMIYHHX MICIi» MaTeMaTH4YHO He
00OrpyHTOBAHO.

7. B poGoTi MaioTh Micle OKpeMi MaTeMaTH4Hi HEKOPEKTHOCTI Ta
CTHJIICTHYHI TTOXHOKH, HAlPUKIIA/L:

BianosigHo 10 cydacHoi Teopil aBTOMATHYHOIO KepyBaHHS HE 30BCIM
KOPEKTHUM € BHCHOBOK (cTop.42), wo «MareMaTHYHUM ONKCOM  Teopii
ONTUMAIBLHOrO KepyBaHHsi € BeTyn 10 (yHkuii [aminbToHiana ta npHHLKIY
minimymy [ToHTpsrinay.

He kopekThuii matrematuunuii Bupas (1.1, crop.43), (2.11; 2.12, cTop.62), He

kopekTHa Tabu..3.1, - napaMeTp - Vma, HABEJICHO JIBIUI.
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wupwi Ten aeHuii (crop. 29);
3a2nuUbNeHHS 8 CKAAOHY apximekmypy cucteM (ctop.34);
nom'skuyrouu BIaMB BUXoy (ctop. 35);
I}))W)n()euzn? ananiz mamemamudnux npuryunie (cTop.43);
VHIKQMbHUL 6HecoK B TPYTIOBe yripaBiiHHs (ctop. 57);
Piensnns, uwjo kepyioms rpynoto (crop.57);
MartemMaTtuuHe 36aeavenns He JIAIIE  TAKPECIIOE  meopemuuny 2aubumny
cmpameein ynpasninus rpynoto BITJIA (crop.. 59);
nepedoeoeo pieHs ANTOPUTMIYHOrO an3ainy, (ctop. 60);
pesvasmamusnocmi npodykmuenocmi napky bITJIA (ctop. 60);
pemenvre IMiTalliiiHe TectyBaHHs, (cTop.60);
necko KepyBatu (ctop.84);
MiAHIMAE JUCUMIUIIHY NPOrpaMHoi iHkeHepii (ctop.104);
Aneopummiuna naoiunicms (ctop.104);
Cucrema HaBirauii Ta kepyBaHHs nogimpsanum npocmopom (ctop.132);

npocme ma 3po3ymine xepypanus (ctop.152);

Bkazani HeJ0JIiKM He 3HMXKYIOTh HAyKOBMH piBeHb auceprauii “Mertoau Ta
nporpaMHe 3abe3redeHHs JeleHTPali30BaHOro YNpaBliHHs FPYNOBUM MOILOTOM
6e3MniJIOTHUX JIITAJIBHUX anapaTiB Ha OCHOBI TeOpil HEOJHOPIHOIO BEKTOPHOIO
nmons” Ta He BIUIMBAIOTH HA [O3WTHBHE BPAXKEHHs BIJ JAWcepTauii, sk
kBasiQikauiiiny poboTy, B LIJIOMY, 3aBEpPIIEHICTh SKOI HE BHKIMKAE CYMHIBY.
Po6Gota MICTHTH BHCYHYTI aBTOPOM HAayKOBO OOIPYHTOBaHI TEOPeTHuYHI Ta
eKCIepUMMEHTAlIbHI  Pe3yJbTaTH, HAayKOBI  IOJOXKEHHs, OCOOMCTHH BHECOK
3100yBaya B HayKy.

BHcHOBOK.

Bupuenns aucepraiiinoi podbotH Ta onydaikoBaHuX 37100yBaueM HayKOBHX
npailb  J103BOJISSE  CTBEP/UKYBaTH, 11O JAuceprauiiina poboTta BHKOHAHA Ha
aKTyasibHy TeMy, MpeiCTaBise cobolo JoriuHe 3aBeplieHe HayKOBE J0CHIDKEHHS,

O MICTHTB HAyKOBi MOJOKEHHS, HOBI HayKOBO OOIPYHTOBaHi TeOpeTHYHi Ta
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eKCIepUMeHTalIbHI Pe3yJIbTaTH NMpoBeAeHHX 3/100yBayeM J0CiKeHb, 1110 MalOTh
ICTOTHE 3HAYEHHs JUIS MEBHOT rajy3i 3HaHb Ta MIATBEPKYIOTHCS JOKYMEHTaMH,
SIKI 3aCBiUYIOTh TPOBEIACHHS TaKMX JOCHIUKeHb, a TaKOX CBIA4aTh I1pO
0COOMCTHIT BHECOK 3/100yBaya B HayKy Ta XapaKTepU3YEThCsl €AHICTIO 3MICTY, 110
B CYKYIHOCTI BHUPILIYIOTH HAayKOBE 3aBJlaHHS PO3pOOKH METOJIiB Ta apXiTeKTypH
rnporpaMHoro 3abe3nevyeHHs Juisi JIeLEHTPali30BaHOr0 TPYNOBOIrO yrpasjiiHHs
Oesninornux nitanbuux anapati (BITJIA) 3 ypaxyBaHHsAM 0cOOIMBOCTEH iX
JIMHAMIKH, @ TaKoK po3poOKH MaTeMaTH4HOI MOjesi IS eKCHepUMEHTaIbHOTO
NOCTIUKeHHs eDeKTUBHOCTI yrpasiiHHs rpynosuM nosisotoM BITJIA.

Jluceprauis Binanosinae Bumoram [loctanosn KMY Ne 44 Bix 12.02.2022
«ITpo 3arBepukenns [Topsaky npucyokenHs crynens okropa dizocodii ...», a il
astop KHUPSIHOB Apremiii lOpiiioBuu 3aciyroBye MpUCY/UKEHHS HayKOBOI'O
cTyneHs naoktopa ¢inocodii 3a crneuianbHicTio 121 — IHkeHepis nporpamMHoOro

3abe3neyenns, [any3p 3Hanb 12 — [HdopmalliliHi TexHOOT .

Odiuiiinuii ononenT

IIpogecop kadeapu exosoriunoi 6e3nekn

JlepxkaBHOT €K0J10TiYHOT aKaaeMil Nic/aAsAHNI0MHOT

OCBITH Ta ynpas/liHHS

JAOKTOP TeXHIYHHX HAYK, npodecop,

3acay:KeHHil 1is4 HAYKH | TeXHIKH YKpaiHu,

Jlaypear /lep:kaBHoi npemii YKpainu B rajysi v
02.08.2024p.

Hionuc }/Zuwl«mu ( fA . 3ac6i04YI0 &
lers. 3. Korg)? /mbé" )
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