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KBA3I-PHI -®0YHKIII JIJIA AHAJITUYHOI'O OIIMCY YMOB
HENEPUTHHAHHS CKJIAJEHUX Ob’€KTIB B 3ATAYAX POSMIIIEHHS TA
MOJEJIIOBAHHA PYXY IIOTOKIB JIIOAEU

3aoaui onmumanvHo2o posmiweHHs 00’€Kkmie € NpeoMemom  OOCHIONCEeHHS.
004UCTIOBALHOI 2eomempii, a MemoOu iX po36’A3aHHs — HANPAMKOM MeOopii 00CHIONHCEHHS
onepayiu. Jlo 3a0au po3miujenHs GIOHOCAMbCA 3a0adi YNAKOBKU MA PO3KPOI, KL MAaomv
WUPOKUL CNEKmp HAYKOBUX 1 NPAKMUYHUX 3ACMOCYBAHb ) NOPOWKOGIU Memanypaii,
2IPHUYOO00OYBHIU NPOMUCTIOBOCMI OJIsl MOOENOBAHHS PYXY CUNYYUX PEdOBUH, AHAI3]
cmpykmyp pioun ma cK1a, 3a0a4ax 102iCmuxu OJisl MOOEN08AHHSA ONMUMATbHUX YHAKOGOK
BAHMANCIB, 8 3a0AYAX MOOENI0BAHHS IHOUBIOYALHO-NOMOYHO20 PYXY TH00el npu ix esakyayii
3 Oyodigenb, mowjo.

3 mouxu 30py mMemooig MOOen08aHHs, BUWEHABEOEHI KIACU NPUKIAOHUX 3a0ay
Hanexcamsv 00 KIACYy 3a0ai 2e0MempuyHOo20 NPOEKMYBAHHA 3i CNeyupiuHol Ccucmemoro
obmedcenb, AKa NoG’A3ama 3 ix 2eomempuuHumu eracmusocmamu. lLleii xknac 3aday
gionocumuvcs 0o kiacy NP-cknaonux, 0ns po3e’sa3aHHsa AKUX 3ACMOCOBYVIOMbCA, AK NPASUO,
espucmu4ti ancopummu. /s po3pooKu epekmusHux aneopummis, wjo 3aCHO8AHI HA Memooax
JIOKanbHOI ma 2106anvHoi onmumizayii, BUHUKAE HeOOXIOHICMb 8 No0Y008i AdeK8amHux
mMamemamuyHux mooenell Ha 6aszi aHAIIMUYHO20 NPeoCMmAagieHHs VMO8 HenepemuHaHHs
00°€KmMi6 3 ypaxy8anHaMm ix HenepepeHuUx mpaHciayii ma obepmanb.

Oonoro i3 akmyanvHux 3a0ay 8 menepiwHil 4ac € 3a0aua MoOent08aHHs pyxXy HOMOKY
mooel, AKY, 6 KOJMCHUU MOMEHM UYAcCy, MOMCHA PpO3210amu, AK pPO3IMIWeHHs el 3a
3a0aHumMu  oomedxcenuamu. Pezyromamu  awnanizy nokazyrome  8iOCYmMHICMb  MOOei
IHOUBIOYAILHO-NOMOYHO20 PYXY NH00el, Wo adeK8amua peaibHomy nomoky. Ipu pyci arooetl
8 NOMOYI CROCMEPI2amMbCsl HACMYNHI Kame2opii pyxy. KoM@bopmHuuil, CROKIUHUL, aKMUBHUL,
niosuwenoi akmuenocmi. Konu kamezopis pyxy nepexooums 8 kame20pilo akmusHo20 pyxy 3
MONCIUBUMU  CUTLOBUMU  OIAMU, WITLHICMbL NOMOKY 30LIbULYEMbCS, WO NPU3BOOUMDb 00
nPUPOOHUX Oepopmayitl mina 100uUHU

B pobomi 3anpononoseana modenv mina ar0OUHU 3 YPAXYBAHHAM il NPUPOOHUX
oehopmayil, AK MPUKOMNOHEHMHA MOOelb, 5KA AGIAE 000N 00 €OHAHHA MPbOX
HeHCOPCMKO NO8 A3AHUX eNiNci8, OCHOBHUIL 13 AKUX 00EpmMAEmbCsl HenepepPeHo 8 pAMKAX Kyma
Mane8peHocmi 8iOHOCHO OCHOBHO20 HANPAMKY PYXY, d OONOMINCHI MOXCYMb 00epmamucs 6
00NYCMUMUX MexCax 8I0HOCHO OCHOBHO20. [N aHanimuyHo20 Onucy ymoe HenepemuHaHHs
MPUKOMNOHEHMHUX 00 €KMi8 3anponoHosana moougixayia xeazi-phi-ghyHxyiti ckiadenux
00°cxmis, AKa € OCHOBOI AN2OPUMMIE MOOENIO8AHHS NOMOYHO20 AKMUBHO20 PYXY t00ell ma
YRAKOBKU PO32NAHYMO20 KIACY 00 €Kmi8.

Knrouosi cnosa: posmiwenns, mooentosanHs, pyx , Nomik nooetl, mpuKoOMnOHeHmHa
MoOenb npoexyii mina 1ounu, Keasi-phi-gyukyis, ckiadeni 06’ exmu
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KBA3U-PHI-®@YHKIUS I AHAJJUTUYECKOI'O OIIUCAHHUA YCJIOBUI
HENEPECEYEHHUS COCTABHBIX OBBEKTOB B 3AJAYAX PASMEIIEHUS U
MOAEJIMPOBAHUE JIBUXEHUSA IIOTOKOB JIIOJAEHN

3aoayu onmumanvHo2o pazmewieHus 00beKMo8 A611emcs NPeoMemom UCCle008aHUs
BLIYUCTIUMENILHOU 2eOMEMPUU, A MEMOObL UX PEUleHUs - HANPAsIeHUeM MeopUul UCCc1e008anUs
onepayuti. K 3a0auam pazmewenus omunocamcs 3a0adu YNaxkosKu U packpos, Komopwle
UMeom WUPOKULL CHeKmp HAYYHLIX U NPAKMUYECKUX NPUMEHEHUUl 6 HOPOUKOBOU
Memanuypeuu, 20pHO000bI8aOwel NPOMBIUIECHHOCMU Ol  MOOEIUPOBAHUS  OBUNCEHUS.
CHINYUUX Bewjecms, aHanuze CMpPYKmyp HCUOKocmeu u cmekid, 3a0a4ax J0SUCMUKU O/
MOOenUpo8aHus ONMUMANILHLIX YNAKOBOK 2PY308, 8 3a0a4ax MOOenupo8anus UHOUBUOYANbHO-
HOMOYHO20 OBUINCEHUSL TH00ell NPU UX I8AKYAYUU U3 30AHUL U M.O.

C mouku 3peHusi Memooo8 MoOeIUpPoB8anUs, BblulenpuseoerHHble KIACChl NPUKIAOHBIX
3a0ay OMHOCAMCA K KIACCY 3a0a4 2e0MeMpPU4ecKo20 NpOeKmuposanus co cneyuuyeckoll
cUCmeMOoU 02paHuyeHull, KOmopas C643aHad C UX 2e0MempUdecKUMU colicmeamu. Imom
Kaacc 3a0ay omHocumcs K knaccy NP-ciodchbvix, 015 peueHuss Komopulx NPUMEHAIOMC, KaKk
npasuio, 3Igpucmuyeckue aneopummvl. [nsa paspabomku 2¢hghekmusHbIx aneopummos,
OCHOBAHHLIX HA  Memooax JOKAIbHOU U  2100ANbHOU — ONMUMU3AYUU,  BO3HUKAEM
HeobXo0uMocms 8 NOCMPOEHUU AOeK8AMHbIX MameMamudeckux Mmooenel Ha Oase
AHATUMUYECKO20 NpPeoCmasieHusi YCl08UUl HenepeceueHusi 00beKmog ¢ yuemom Uux
HenpepvleHbIX MPAHCIAYUL U 8PAUEHUL.

OO0HOU U3 aKmMyanbHbIX 3404y 68 HACMoAujee 8pems AGIAENCs 3a0a4d MOOETUPOBAHUS
08UIICEHUsI NOMOKA NH00€l, KOMOPYIO, 8 KAHCObLL MOMEHN 8PEMEHU MONCHO PACCMAMPUBAMb
Kak pazmeujenue nooel no 3a0aHHbIM ocpanuyenuamu. Pezynibmamol ananuza noxazwlearom
omcymemeue Mooenu UHOUBUOYATbHO-NOMOYHO20 OBUNCEHUS T00el, A0eKBAMHOU PealbHbIM
nomokam. Ilpu oOsudcenuu naw0oeti 6 nomoke HAONOOAIOMCA Cledyiowue Kamezopuu
O0BUICEHUSL: KOMMOPMHDBIU, CNOKOUHBIU, AKMUBHBIU, NO8blueHHOU axmueHocmu. Koeda
Kame2opus 08UICEHUsL Nepexooum 6 Kame2opuro axKmuHO20 OBUNCEHUS C B03MONCHBIMU
CUNOBLIMU  OelicmBUAMY, NIOMHOCMb NOMOKA  YBeIU4UBAemcs, 4mo Npueooum K
ecmecmeeHHbIM Oehopmayusam meia 4ei06exd

B pabome npeonosicena moodenv mena uenoseka ¢ yuemom €20 NPUPOOHLIX
oepopmayuti, Kax MpPeXKOMNOHEHMHAs. ~MOOelb, KOMopas npeocmasisiem  cooou
00beOUHeHUe Mpex HeHCeCmKO CEA3AHHLIX JIUNCO8, OCHOBHOU U3 KOMOPbIX 8paujaemcs 8
HENpepviHO pamMKax yeia MAaHe8PEeHHOCMU OMHOCUMENbHO OCHOB8HO20 HANPABNeHUs
08UdICeHUsl, d  BCNOMO2amellbHble MO2YM — 8PAWAMbCA 6  OONYCMUMbBIX — Hpedenax
OMHOCUMENbHO OCHOBHO20. [ aHANIUMUYEeCKO20 ONUCAHUA YCOBUU  HenepecedyeHus
MPEXKOMNOHEHMHBIX 00BEKMO8 NPednoAHceHa Mooupuxkayus keasu-phi-pyHKyuu cocmagHulx
00beKmMOo8, KOMOPAsi MONCEM  CAYHCUMb OCHOBOU  ANCOPUMMOE MOOEIUPOBAHUSI  KAK
NOMOYHO20 AKMUBHO20 OBUNCEHUs JII00el, MAK U YNAKOBKU paccMampuéaemozo Kiacca
00beKmoa.

Knrouesvie cnosa: pazmewenue, moodenuposanue, O08udxiCeHue, NOMOK Jr0oell,
MPEXKOMNOHEHMHAs MOOeNb NpoeKyuu mena uenosexa, keazu-phi-gpynkyus, cocmasHwie
00veKmbl

10.32782/2618-0340/2020.1-3.8
79



ITPUKJIAJTHI ITHTAHHA MATEMATHYHOI'O MOAEJTIOBAHHA T. 3, M 1, 2020

V.M. KOMYAK
National University of Civil Protection of Ukraine

K.T. KYAZIMOV

Academy of the Ministry of Emergency Situations of Azerbaijan

A.V. PANKRATOV
Institute of Mechanical Engineering Problems. A.N. Podgorny NAS of Ukraine

QUASI-PHI-FUNCTIONS FOR ANALYTICAL DESCRIPTION CONDITIONS OF
NON-INTERSECTIONS OF COMPOUND OBJECTS IN THE PROBLEMS OF
PLACING AND MODELING MOVEMENT OF MOVEMENTS OF PEOPLE

The problems of optimal placement of objects are the subject of study of
computational geometry, and methods of their solution are the direction of the theory of
operations research. The placement tasks include packing and cutting tasks, which have a
wide range of scientific and practical applications in powder metallurgy, in the mining
industry for modeling the movement of bulk substances, at the analysis of structures of liquids
and glass, in the problems of logistics for modeling of the optimal packing of goods, , in the
problems of modeling individual movement people during their evacuation from buildings,
elc.

From the point of view of modeling methods, the above classes of application
problems belong to the class of geometric design problems with a specific constraint system
that is related to their geometric properties. This class of problems belongs to the class of
NP-complexes, which are usually solved by heuristic algorithms. In order to develop efficient
algorithms based on local and global optimization methods, it is necessary to build adequate
mathematical models based on the analytical representation of the conditions of non-
intersection of objects, taking into account their continuous translations and rotations.

One of the actual problem nowadays is the task of simulating the movement of the flow
of people, which, at any given time, can be considered as placing people for specified
constraints. The results of the analysis show that there is no model of individually current
movement of people that is adequate to the real flow. When moving people in the stream are
the following categories of motion: comfortable, calm, active, of high activity. When the
movement category moves into the category of active movement with possible force actions,
the density of flow increases, which leads to natural deformations of the human body.

The paper proposes a model of the human body, taking into account its natural
deformities, as a three-component model, which is a union of three non-rigidly bound ellipses.
The main ellipse rotates continuously within the maneuverability angle relative to the main
direction of movement, and the auxiliary ellipses can rotate within acceptable limits relative
to the main one.For the analytical description of the conditions of non-intersections of three-
component objects, a modification of the quasi-phi-functions of compound objects is
proposed, which is the basis of algorithms for modeling the current active movement of
people and the packing of the considered class of objects.

Keywords: placement, modeling, motion, human flow, three-component human body
projection model, quasi-phi-function, compound objects.

IlocTanoBKka nmpoodJeMu
3amadi ONTUMAJILHOTO PO3MILICHHS € TPEAMETOM JOCHIHKEHHS O0YMCIIIOBAIBLHOT
reoMeTpii, a METOJM iX PO3B’sSI3aHHS — HAMPSMKOM TEOpii HOoCHiKeHHs onepainii. [lo 3aga4d
PO3MIILIEHHS BiHOCATHCSA 3ajadi YIMAaKOBKM Ta PO3KPOIO, SIKi MarOTh IIUPOKUN CIEKTP
HAyKOBUX 1 TPAKTUYHUX 3aCTOCYBaHb Yy TIOPOIIKOBIM MeTalyprii, TipHUYOI00YBHIM
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MIPOMHMCIIOBOCTI JIJISl MOJICTIOBAHHS PYXYy CHITYYMX PEUOBHWH, aHAJI31 CTPYKTYp PIWMH Ta CKJa,
3a/la4ax JIOTICTUKHA IS MOJIETIOBAHHS ONTHUMAIBHUX VYIIAKOBOK BAaHTaXIB, B 3a1adax
MOJICITIOBAHHS 1HIUBI1AYaJbHO-TIOTOYHOTO PYXY JIFOJCH MpH iX eBakyailii 3 Oy/1iBelb, TOIIO.

3 TOYKM 30py METOJIB MOJEIIOBAHHS, BWIIEHABEACHI KJIACH MPUKIAJHUX 3a7ad
Halle)KaTh J0 KJIacy 3ajJa4 FeOMETPUYHOrO MpoeKkTyBaHHsS [1] 31 crernudiuHO0 CHCTEMOIO
00MeXeHb, sIKa IMOB’s3aHa 3 X TeOMETPUIHUMHE BIACTUBOCTAMH. Lleit kimac 3a1a4 BiTHOCUTHCS
no kiacy NP-ckiaaHuX, I pO3B’S3aHHS SKHX 3aCTOCOBYIOTHCS, SIK MPABHJIO, €BPUCTHYHI
anroputMu. J{ns po3poOku epeKTUBHUX aNTOPUTMIB, IO 3aCHOBaHI Ha METO/IaX JIOKAJIbHOI Ta
ro0anpbHOT ONTHUMI3allii, BUHUKAE HEOOXIMHICTh B TOOYAOBI aJeKBAaTHUX MaTeMaTHYHHX
mojeneii Ha ©0a3l aHaNITUYHOTO NPEJCTABICHHA YMOB HENEPETHHAHHS OO0 €KTIB 3
ypaxyBaHHSIM X HETIEPEPBHUX TPAHCIIALIN Ta 00EpTaHb.

AHAaJII3 OCTAHHIX T0CJIZKeHDb TAa MyOJTiKkanii

OnHoro 13 aKTyalbHUX 33Ja4 B TEHEpIlIHINA Yac € 3a/1a4a MOJCIIOBAHHS PYXY MOTOKY
monen. PesynbpTaTn aHamizy [2] MOKa3yrOTh BIICYTHICTH MOJENI 1HIWBIIYaIbHO-TIOTOYHOTO
pyXYy JIozeH, 110 aIeKBaTHA PeaTbHOMY MOTOKY, 3 0OMEKEHUMH MOOUTBHUMHU MOKIIUBOCTSIMHU
3MIIIAHOTO CKJIaAy B JOCHUTH IIUPOKIA HOMEHKJIATYPl TPOMAJChKHX OymiBENbh PI3HUX KIIACiB
(GYHKILIOHATIBHOT TOXKEKHOT HEOE3IEKH.

B po6orti [3] mocTaBiieHa Ta po3B’s3aHa 3ajavya MOJCIIOBAHHS PyXY T€TEPOTCHHHUX
MOTOKIB JIOAeH (JIF0M TPEACTABISIOTHCS ENINCaMU), sKa 3BOJUTHCS M0 3a1adi IIUTEHOTO
po3MileHHs (TIepeMIIlleHHsI) JIoJIed 3 PI3HOI IIUIBHICTIO, TOOTO pO3TallyBaHHAM iX B
KO>KHUH MOMEHT 4acy 3 ypaxyBaHHSM Pi3HUX MIHIMaJIbHO JOMYCTUMHX BiJICTaHEH MK HUMHU
3TiJTHO 3 PSAJOM JIOAATKOBUX TEXHOJOTIYHUX OOMEXEHb, Cepe/ SIKUX MOXKHA BUIUIMTH PyX 3
PI3HOIO IIBUKICTIO, ypaxXyBaHHS iX MaHEBPEHOCTi, KOM(OPTHOCTI, TOLIO.

3rimHo [4] mpu pyci JrOAeH B MOTOIl CIOCTEPITarOThCS HACTYMHI KaTeropii pyxy:
KOM(MOPTHUH, CHOKIMHMIA, AaKTUBHHUH, MiABUIICHOT akTUBHOCTI. Moxenb [3] moxe OyTu
BUKOPHCTaHA NMPU KOM(POPTHOMY 1 CITOKIHHOMY PYCI JIFOJIEH.

Konu xareropiss pyxy 3MIHIOETBCS 1 MEPEXOIUTh B KAaTEropil0 aKTUBHOTO PYXY 3
MOXXJIUBUMHU CHUJIOBUMHU JIiSIMH, WIUTBHICTH TOTOKY 301IbINyeThes [2]. 3MIHM MIITBHOCTI
YUHATH CWJIBHUI BIUIMB Ha XapakTep pyxy JIoAed B MOTOII, 3MIHIOIOYM HOTO BiJ BUIBHOTO,
NIpY SKOMY JIFOJJUHA MOK€ BUOMPATH MIBUKICTH 1 HAIPSMOK CBOTO PYXY, A0 CTHCHYTOTO PYXY
B pe3yJbTaTi MOJANBIIOrO 30UIbIIEHHS IIIJIBHOCTI MOTOKY, MPU SKOMY BiH Bil4yBa€ jaeaii
OUTBIII CHJIOBI [T OTOUYIOUMX HOTO JIFOICH.

VY 3B’s13Ky 3 BUIIIE MEpPETiueHUMHU BIACTHBOCTSMHU, MOJETIOBATH PyX 3 ypaxyBaHHSIM
MIHIMQJIBHO JOIYCTUMHUX BIJCTaHEH HEMAaEe CeHCy. TOMy aKTyaJlbHOIO MpoOJIeMOI0 €
MOJICITIOBAHHS PYXY JIFOJICH 3 BUPAXOBYBAHHIM NPHUPOIHUX JIedopMallii. Tija JIO0IUHH.

MeTta gocaixKeHHs
CrBopuTH MOIENb TiNA JIOAWHMA 3 BHPAXyBaHHSAM HOro MpUpOAHHMX Aedopmariii Ta
PO3pOOHTH AHATITUYHUM amapaT Ui aHATITHYHOTO OMKCY YMOB HENEPETHHAHHS JIIOJCH JUIs
MO/JICIIFOBAHHS 1X IIOTOKOBOI'O PYXY.

BuxJiageHHs1 0CHOBHOTO MaTepiary A0CiIKeHHSI
[IpeacTtaBUMO MpOEKLil0 Tila JTIOJUHMA Yy BUIVIAAL 3’ €IHAHHS TPHOX eNnciB: E, 3
posmipamu miBBick 4 1 B, E, 1 E, 3 posmipamu a 1 b (nuB. puc. 1). Ilapu Touok G,, g, 1
G,, g, , 110 BiAMIYEH] HAa PUCYHKY 1.2 , BAKOPUCTOBYIOThCS JUISl «CKJICIOBAHHS» KOMIIOHEHT

mojeni B eauHuil o0'ekt H (nuB. puc. 1 a). Koxxnomy o0'exty £ 3icTaBieHi mapamerpu
posmimenns v = (x, y,@), ne (x, y) — BekTop TpaHcusimii 00'ekta £ BiIZHOCHO HEPYXOMOI
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CHCTEMH KOOPJHMHAT, a ¢ — KyT Horo moBoporty. [lo3Haunmo uepe3 E(v) o0’ektr E = E(0),
KU IOBEpHEHUH Ha KYT ¢ (mani €) i TpaHCIbOBAaHMI Ha BEKTOp (X, ») .
[lapu Touok G, g i G,, @ , BiAMiveHi Ha TEPUIOMY PHCYHKY, BUKOPHUCTOBYIOTHCS

JUTSL «CKJICFOBAHHSI» KOMITOHEHT MOJIENI B €TMHUM 00'exT H (nmuB. puc. 1 a).

a) 0)

Puc. 1. TpuKoMIIOHEHTHA MO/IEJb JIOACHKOI0 Tijia 3 00MeKeHHSIMH, 110 320€3Me4YyI0Th:
(a) yMOBM CKJIEii KM KOMIIOHEHT MOjieJli B €IUHUI 00’ €KT,
(0) oOMekeHHS HA PYXJIUBICTH einca, 110 MO/IEJIIOE NJieye JIOAUHH.

Kpim ymMOB ckiletoBaHHS, Ha B3a€MHE MOJIOKEHHs 00'€KTIB HAKJIAAAIOTHCS OOMEKEHHS
Ha CHIiBBiJHOIICHHS KYTiB MOBOPOTY, 110 BUIUIMBAIOTH 13 (i3MYHUX OOMEKEHb Ha B3aEMHE

HOJIOXKEHHSI YaCTHH JIIOJIChKOro Tina (mauB. puc. 1 6) . Tak, kyr moBopory 6, eminca E. He
MOxe OyTu Olnblle, HiK KyT 6, + «; 1 MeHIIe, HikK 6, —a,, e 6, — KyT IOBOpPOTYy 00'ekTa E,
(muB. puc. 1 6). BignosigHo, KyT nmoBopoTy 6, eminca E, He Moxke OyTu OLIbILIE, HIXK KyT
6.+, 1 MeHIIe, HIX 0, — .

Takum YWHOM, B SKOCTI MOJENI MPOEKIIl JIIOJACHKOTO Tija MPOMOHYETHCS
BUKOPUCTOBYBaTH 00'ektr H(v,,v,,v,) 3 HAacTyIHMUMH OOMEXKEHHAMH Ha IapaMeTpu

PO3MIIIICHHS:
g (v)=G,(,.), (1)
gr(vr):Gr(vc)’ (2)
ﬁc—azﬁerﬁec+a1, (3)
96—a1£91S96+a2. (4)

Crnig 3a3HauuTH, 10 B YMOBaxX BHUCOKOI IIUIBHOCTI PO3MIIICHHS JIIOACH B YHCIIO
3MIHHHX TIAPaMETPIB MOJIEN MOXKYTh OyTH BKIFKOYEH] BEJIMYMHM & 1 @ 3 OOMEKCHHAMH BUJLY

a, <o <a,q,<a La, (5)

110 JIO3BOJISIIOTHh BPAaXyBaTH B MOJICIi BEPTUKAIbHE 00CPTaHHS TJICYOBOTO Cyriio0a. 3HaYCHHS
BEIMYMH Oy, O TAKOX BHM3HAYacThCAd (PISMYHMMHM OOMEKECHHS HAa B3a€MHE ITOJIOKEHHS
YacTUH JIoJAChKoro Ttina. Ciix 3a3HA4YuTH, IO BCI PO3MipH OO'€KTIB 1 KOHCTAaHTH TIpU

10.32782/2618-0340/2020.1-3.8
82



ITPUKJIAJTHI ITHTAHHA MATEMATHYHOI'O MOAEJTIOBAHHA T. 3, M 1, 2020

MOJIEJIIOBaHHI I'€HEPYIOThCS JIs KOKHOTO 00'€KTa BHMIAIKOBMM YHMHOM 3 PO3MOALIOM IO
HOPMAaJIbHOMY 3aKOHY.
VYMOBH HenepeTuHaHHs 1BOX 00'ekTiB H, (v

ci!

Vi v,;) Ta H (v

ocHoBi Moauikarii kBa3i-phi-pyHkiii [5] a1 BHMaaKy CKIAAEHUX HEKOPCTKO OB’ SA3aHUX
00’€KTiB.

V;,V,;) H0Oy1yeMO Ha

c !

. . - . 'EE; . .
3rifHo 3 BH3HAueHHAM, KBasi-phi-pynkuicio @ (v, v,,t;) mna ob'extiB E,(v;) i
E,(v,) HazuBaeTbCs BCIOJM BU3HAYEHA, HENEPEPBHA 10 BCIM 3MIHHUM (YHKIS, A8 AKOi

dymkuis  max @ " (v;v;,t;) € phi-bynxiiero o6’extis E,(v,) i E,(v,) [5]. Tyt ¢, —

t,jeUcR

BEKTOp JOMOMDKHMX 3MIHHHUX, SIKI HalexaTb AesKkid miaMHoxuHi U mnpoctopy R"™ (B
nanomy Bunagky m =1, a U 36iraetecs 3 R' [6]).
Jlami MU BHKOPHCTOBYEMO TaKy BaKJIMBY XapaKTEPHCTHKY KBasi-phi-GyHKIIT: AKI0

JUISL IESKOTO ¢, BUKOHYETHCS @ (v,v,,t;) =0, Toni intE, (vl.)ﬂintEj (v,) =92 [5].

Sk Bimomo [7], aist ABoX cknaneHux o0'ekti T, (v,) = UTik v)iT,(v,)= U T, (v;)
k=1 k=1

C . TT, "
kBazi-phi-pyukuis @ (v, v;,t;) MOKe OyTH BUIIMCAHA B BUTIIAI

(v Vi) = min{® il Vvt ) k=1, m=1,..,n}, (6)

k=1...n,m=1..n..

A¢ f,; — BCKTOP JOTIOM1KHUX 3MIHHUX ¢ ;

ijkm 1 i

3anmiemo yMOBY HelepeTHHAHHs JiBoX 00’ ekt H, (v, v;,v,;) i H (v, v;,v,) V¥

purmsgi  ymkumii @ Y (Vi Vs ViV VyaVynt;) 20, Ha  ochosi  (6)  dyHkuis

@ " (Vi Vi s Vies Vi Vs Vo) MOIKE OYTH HPEICTABIEHI Y BUIIIS
“HH, . ‘EE, EE
D (Vi Vs Vs Vs Vs Vo b)) = MIin{@ " (v, v t), 3 "V s Vio L)y
ELIEV El CJ EIE oy
@ ’ (ch WV ! 1]3) @ e (vh q’ 1/4) dj I[j (vll Vlj 115) @ Fits (vll r] ’tiiG)’ (7)

CD Frlts (vrl ’vq’tzﬂ)’@ Fot (vrl ’vlj yB) (D Fots (vrl ! rj’tijg)}'

YMOBU OmHCYy HEMepeTHHaHHS TMOOYIOBaHMX OO0 €KTIB 0a3ylOThCS Ha OIMKCI yMOB
HETNIEPEeTUHAHHS EIIIICIB.
SAx BummmBae 3 [6], YMOBH B3a€EMHOTO HEMEPETHHAHHS ENINCIB OMHUCYIOTHCS

nepiuicrio @ ¥ (v, v;,t;) 20, ne @ (v, v;,t;) xBasi-phi-pynkuis, sxka moxe OyTu

3amucaHa y BUTIISIL

@ (v, v ) = (x, —x,)cost, + (v, - y,)sint, = R, —\[b? +(a? —b?)cos? (j, —1,)

8
— b% +(a? —b?)cos?(j, -1,).

10.32782/2618-0340/2020.1-3.8
83



ITPUKJIAJTHI ITHTAHHA MATEMATHYHOI'O MOAEJTIOBAHHA T. 3, M 1, 2020

Cniz[ 3a3HauMTH, mo  KkBasi-phi-pymkiiss  (6)  HOpMamizoBaHa,  TOOTO

max @ ‘f(v v,,t;) € HopmamizoBaHow phi-yHkiielo ob'extis E,(v;) i E,(v,) i 3a
t;eUcCR" ’

3HAYCHHSIMH 301raeThCst 3 BiACTaHHIO Mix 06 extamu E,(v,) 1 E,(v,).

3 ypaxyBanHsm (8), ymoBu wHeneperunanus H,(v,,v,,v,) i H vy,

o "HH,
npuiivaiors Bug @ 7 (v, v, v,V v, t;) 20, ne

ri? [7Al r]a

EE,
Vity) = mm{(D (va Verlin); @ " (Vei Vot

lE i
g’ lj4) CD [ ]j(vl’ vl/ U5) CD " /(vh tifﬁ)!
ri"vlj’tijg)’@ Fol (vri,vvrj’tijg)}y

(vu )l’vlz vg’ 7!

CD o j(va ’VU tth)’CD it (vli,

'E,E, 'EE,
D (v, 1), 0 (v
e

@ FoFo (vC,,v tyl) (x, - xc])cos,tU1 + (yq ya)smt \/Bl? +(Ai2 _Bl?)cosz(jc,- - ijl)

_\/B./? + (4] — B})cos* (j, ~1;);

"ELE, _ . .
@ (vci’v_l/"tijZ) = (x,, _xlj)COStijZ + (ylj —¥,;)Sin Lio _\/Bi2 + (Aiz _Biz)cosz (Ju _tijz)
—\/bf +(a? —b2)cos’(j; —1;,);

D5 (v, v, ) = (X, =X, ) €O, + (v, — ¥, ) SNt —\/B,.2 + (A2 - B?)cos®(ji, —;5)
—\/b_f + (a2 —b7)cos’(j, —1,3);

"B E, _ . .
@ (Vv q’tij4) = (x, _‘xcj)COStij4 +(ycj _yli)SIntij4 _\/Biz +(Ai2 _Biz)cosz (i _tij4)
—JB? + (A2 = B?) oS (j, —1,4):;

"E,E) _ . .
@ (Vli:V_;j,t,ﬁ) = (x, _xlj)COStijS + (J’y _yli)SIntijS _\/aiz + (aiz _biz)cosz (Ji _tijs)

—\/Bf + (A2 - B2)cos® (j, —1;5);

‘E,E, _ . .
D (1,9, 1,6) = (3, = x,)COStq + (v, = 1,)8iN 1,5 = a? +(a? —b?)COs*(j, —1,5)
—\B} + (] =b})60S (j, ~1,5);

"EEy _ H .
CD » (vrilvcjltij7) - (xri _xcj)COStij7 + (ycj _yri)SIntij7 _\/ai2 + (ai2 _biz)cosz(.]ri _tij7)

— B} + (4] - B})eos” (J, ~ t;7);

CDIEﬂElj (vrilvlj1tij8) = (‘xri _xlj)COStUB + (yl] _yrz)SIn tij8 _\/ai2 + (azz _biz)cosz (jri _tzj8)

—\/bf + (a2 —b2) oS’ (i, —t;q);
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'EE,; . 2 2 2 2/ -
D (V5,55 9) = (X, — X)) COSE o + (Y, — ¥,;) 810 —\/al. +(a; —b)cos (j,, —t;)

— b} + (@ =b})cos* (, — ;)

Py BUKOHAHHI YMOB

gli(Vli):Gli(vci)’ gri(vri):Gri(vci)’ eci_a2 Sgri S901'—’_0{19
Hci_a2ggri£gci+al’ glj(vlj)=Glj(vcj)3g;j(vrj):Grj(vcj)’

0,-0,<60,<6,+a,,0,-0,<0,<60,+a,.

g

9

B poGori otpumano anamituyHud omuc (7-9) yMOB s HENEpPETHHAHHS
TPUKOMHOHEHTHHUX 00’ €KTIB, SIK1 SBISIIOTH COO0I0 00’ €THAHHS TPHOX HEKOPCTKO TOB’SI3aHUX
EJIITNCIB, OCHOBHUH 13 SIKUX MOXe HEMepepBHO 00epTaTHCh a JOMOMIXKHI MOXKYTh 00epTaTucs
B JIOITYCTUMHX MEXaX BiJHOCHO OCHOBHOTO.

BucHoBku

TakuMm YMHOM, y SKOCTI MOJENI TUTa JIOAWHU 3 YypaxyBaHHAM 11 TPHPOIHHUX
nedopMarliii 3arponoOHOBaHA TPUKOMIIOHEHTHA MOJIEIb, SIKa SIBIIsI€ COO0K0 00’ €THAHHS TPHOX
HEXKOPCTKO TOB’S3aHUX EIICIB, OCHOBHHUH 13 SIKMX 00EpTA€ThCS HEMEPEPBHO B paMKaxX KyTa
MaHEBPEHOCTI BITHOCHO OCHOBHOTO HAIPSIMKY PYXY, a JOMIOMIXKHI MOXYThb 0OepTaTucsi B
JIOITyCTUMUX MEXKaX BIJIHOCHO OCHOBHOTO. [IJIs aHANITHYHOTO OMKHCY YMOB HETEpPETHHAHHS
TPUKOMIIOHEHTHUX 00 €KTIB 3ampornoHOBaHAa Mozaudikaiis kBa3i-phi-QyHKIIN ckiageHnx
00’€KTIB, SIKa € OCHOBOIO aJTOPUTMIB MOJEIIOBAHHS IMOTOYHOTO aKTUBHOTO PYXY JIFOACH Ta
YIaKOBKH PO3TIIIHYTOTO KJIACy 00’ €KTIB.
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