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AHHOTamisi. Y cTaTTi MpoaHaizoBaHo 3aco0u (opManbHOI KOMITO3HIIIT , MOXKIIMBOCTI IX 3aCTOCYBaHHS B

[apWHI CepelOBUINHOTO Am3aiiHy. HaBeneni mapaieni B TOHATIHHOMY amapaTi Ta MPOSKTHIH MpaKTHI
CepeIOBUINHOI Ta (OPMATBEHOI KOMITO3HIi. PO3KPUTO CYyTHICTB Ta 3MIiCT OCHOBHUX KaTeTOpiil: Mipa, CHIIOBI IO,
CHUIIOBI JTiHII, HAPY>KEHICTh, EMOIIIMHUI pE30HAHC, MIPOCTOPOBICTh, CEPEIOBUINHIN MaciuTab Ta iH... HaBeneri
MPUKJIAIN 00 aHANI3y CTPYKTYpHO-EMOLIHHOT0 3MICTY KUBOIMCHOT KApTHHU Ta BUBEACHHS ii B TPUBUMIPHUIA
HPOCTIp.

Abstract. The article analyzes the means of formal composition, the possibilities of their application in the
field of medium-dimensional design. The parallels in the conceptual apparatus and design practice of medium and
formal composition are given. The article reveals the essence and content of the main categories: measure, force
fields, force lines, tension, emotional resonance, spatiality, medium scale and others. Examples of the analysis of
the structural and emotional content of the painting and bringing it into the three-dimensional space are given.

Key words: formal composition, medieval composition, categories of formal composition, measure, power
lines, fields, scale, emotional resonance and tension, the criteria and indicators of integrity.

Keywords: ¢gopmansha xomnosuyis, cepedosuyHa KOMRO3UYis, Kame2opii hopMaibHoi KoMnozuyii,
Mipa,cunosi ninii, nous, Macuimab, eMOoYitiHUll pe30HAHC MA HANPYIICEHHs, Kpumepii ma nOKA3HUKU YiiiCHOCMA.

AKTyaJdbHicTh pO0OOTH B TOMIyKax 3aco0iB
MiBUIIICHHS EMOI[IfHUX BIUIMBIB apXITEKTYPHOTO
Cepe/IOBHINA; 3aCTOCYBaHHI HaabaHb Cy4YacHOTO
MHUCTEI[TBA B  CEPEIOBHIIHOMY  IPOCKTYBaHHI,
JIOCJIIIKSHH] MPOOJIIEMH CepeIOBHIIHOI KOMIIO3HIIIT 3

mo3uIii  (HOpPMaTbHO-KOMITO3UIIIHHOTO — TIAXOAY;
€KCTparnoJOBaHHs KOMIIO3HII HHIX 3aco0iB
HEe(irypaTHBHOTO KHUBOITUCY B HapuHy
CEPEIOBUIIHOTO AM3aiHY.

Pi3ni acmektu mpoOiieMH  KOMIIO3WINI B

CEPeIOBUINHOMY IHM3alHi, 3aCO0M KOMIIO3UIIIHOTO
dbopmyBaHHs 00pa3y apXiTeKTypHOTO CEpeIOBHINA
po3rasHyTi B mparsix B. [Mlumko, 1. A. €dimosa, H.
MenerxkoBa, A. Taspiminoi, H Kynpsmosa, M.
JlazapeBa, 1. Po3encon, C. MixaitioBa, A. IkoHHiKOBa
ta iH. [1-3; 6]. [HocmimkeHi Ta y3arajJbHeHi:
KOMIIO3HUIlisl Michkoro cepenosuia (B.AHTOHOB),
kommo3uuisi  micta (A.bynin, M. Kpyrnosa),
CHIBBITHOIICHHS IIPOCTOPY Ta MAacH B apXiTEKTypHii
kommo3uuii  (A. €d¢imoB, A. TabpiyeBcrkuii),

KOMITO3MLi#HI KojopucTuka ta (GopmoyrBopenHs (1.
Asmsn, [. JloOpunwmua, I'. JleGemeBa). IcHylOTH
HOIJBSIIM Ha TEOPil0 KOMIIO3MLIi SK Ha MOETHKY
apxitekrypu (O. [ony0eBa), KOMIIO3HUINIO CIIPHHHATTSI
(¥O. XKwmypxo, JI. ITanora, C. llly6oBud), Bi3yanbHOI
xopexkii (B. [TaBnosa), kommo3suitito GopMOyTBOPEHHS
(. Menoaunckuii ). PiHOMaHiTHI moryisau  Ha
KOMITO3MIIII0 B MHUCTELTBI Ta JU3aliHi JIEMOHCTPYIOTh
A. CrenmanoB, B. Manurin, I'.IBanoBa, B. VYcrin, €.
Kubpik, H. Kosnos, I'. JlorBurenko, A. Ilaciunuii, 1.
[Mactup, €. lllopoxos, B. Lllepbuna, M. fIpemkiB Ta iH..
CkiaBcst 3arajIbHAN HAYKOBUH Ta MDKIUCIUIUTIHAPHUI
TEPMIHOJIOTIYHMI amapar 3 TMpo0JeM MHCTEIbKOi
KOMIIO3HII].

Mix TiM, Haj0aHHA B apuHi He QIrypaTUBHOTO
JKUBOIIMCY Ta IU3aliHy

(0. Yepuumon, E. XKepnes, O. Yenypona, C.
[nerox Ta iH..) [1;3] HE po3MOBCIOKYIOTECS Ha cdepy
CEepEeJIOBUIIIHOTO AM3aiiHy, HE JIOCTATHHO TEOPETHYHO
0OTpYHTOBAHO 3aCTOCYBAHHSM B IPOCKTHIN NMPaKTHUII
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3ac00iB  CyyacHOro  aBaHrapgy Ta  Ju3aiiHy,
3alo3MYEeHHs TXHIX METOJIB Ta XylnoXHboi MoBH. Lle
poOMTH  aKTyalbHHMM  IIOCTaHOBKY  IpoOjeMu
JIOCJIIJPKEHHS, BU3HAYCHHSI HOTO 00’€KTy, MpenMery,
METH Ta 3aBJIaHb.

IIpo6aema nocainzkeHHs - 3aCTOCYBaHHS 3aC001B
(hopMabHOT KOMITO3HUIIIT B CEPEIOBHIITHOMY AU3aNHI.

O0’exT AOCTiTKeHHS - (hopmanbHO-
KOMIIO3UIIIMHAN X1 B CepeOBUIITHOMY
MIPOEKTYBaHHI.

Hpeamer nocaimxeHHs: - 3acobu dopmanbHOL
KOMIIO3HII] B CEpEeIOBHUIITHOMY AHM3aiHi.

Merta: BusiBUTH 3ac00H (hopMaIbHOI KOMIO3UIIT
Ta cdepy TXHBOro 3aCTOCYBaHHS B CEPEAOBHIIHOMY
JM3aiiui.

3aBaaHHA:

- IpOaHaNi3yBaTH TEOPETUYHI JKepena 3 TpodiieM
(hopMabHOT KOMITO3HUIIIT;

- PO3MIMPUTH MOHATIMHUHA amapaTr cepeIoBHIIHOI
KOMITO3MIII 32  paXxyHOK  3allO3MYCHHA  Ta
eKCTpaIOIIOBaHHA Teopii (GopManbHOI KOMITO3MIIT B
CepeloBUIL HUH H3aiiH;

- HaBeCTHM TIPHUKJIAJ 3acCTOCYBaHHS 3aco0iB
(dopmanbpHOi KOMNO3UIT B JAW3aiiHI apXiTEeKTypHOTO
cepeoBHIIIa.

CyyacHa KOHUeMNLisl 3arajbHOi An3aiiHepu3anii
JKUTTSI IPOTOJIOIIY€E MOXKIIMBICTh YTBOPEHHS BCHOTO 3
Ooyap uoro. lle BiAmoBimae cyyacHOMY MOIIAAY Ha
MUCTEIITBO, SIKE TOCTA€ SAK 3aci0 KOMyHikailii, (hoopma
ICHYBaHHS CEpCOOBWII HHX [IalloTiB, JDKEPEIo
EMOLIMHNX BIUIUBIB Ta MEXaHI3M  yIPaBIiHHI
BpOXEHHSIMH Ta TOBEAIHKOIO TisigadiB. IcHyIOTh
MOTJSIIA HA MHCTELTBO SIK HAa €IWHE CHHKPETHUYHE
SBHIIE, SKE BMIIIy€e Pi3HOMaHITHI (OpMH TPOSBY Ta
KOPHUCTYETBCSl €IMHOI0 MOBOIO - MOBOIO XYIOXKHIX
obpasziB. lle 3yMOBIIO€ TPaBOMIPHICTH «TBOPYOTO
nepeKiiasly» Ppi3HHX SIBHII MHUCTELTBa, 3alO3MYEHHS
3ac00iB BUPA3HOCTI, IX B3a€EMOOOMIH.

BisyanbHe — CHpUHHATTSA,  NOYYTTEBUH  Ta
acolllaTMBHUAN  aCMeKTH, JDKepena  IMOBEAIHCHKOI,
eCTeTUYHOI, eMOIiifHoI  peakmii; iHpOpMamiiiHi
CUTHAIH, Bi3yaIIbHO-KOH(IIIKTHI CHUTYyaIlii,
JTUHAMIYHICT KOMTO3HIIIHHOT CTPYKTYpH,
KOMIIO3UIIIIHI ~ CXeMH, CIOKETH Ta  PO3IOMLT

CEpEeIOBHUII HAX POJIEH BiAIrparoOTh MPIOPUTETHY POIH
B KOMITO3UIIIITHOMY ()OpPMOYTBOPEHHI.

3a cyyacHUMH MiIXOJaMH J0 TEOpii KOMITO3MIIT
HE iCHY€ HIYOro, IO HEMOXJIMBO OpPTaHi3yBaTH 3a
3aKOHAMH XYJ0KHBOI JOIUITLHOCTI, SIBUIIE KOMITO3HUIT i
TPaKTYIOTh HE SIK JINIIE MaTepiajibHe, aJie sIK 3arajbHe,
SKe Mae nosa Bi3yaJIbHUI 3mict[1-6].
TepMiHONOTIYHHMI amapar PO3MIUPIOIOTH 338 PaXxyHOK
NOHATE:  OpieHmyloue pycio, ecmemuyHe Hoie,
KYMYIAMUSHUNL  epekm, KOMRO3UYIsL MUMYACOBUX
CMaHie, eMOYitiHa HANPYICEHICMb, eMOYItHI eNnIuslU,
iHme2spanbHa KOMRO3uYis, opicHmyoye pycio Ta iH..
CamorinbHOCTI HaOyBae NpUBaOIINBICTH Ta
IHTYITUBHICTP CaMOTO IIPOEKTHOTO Ta XYJOXKHBO-
TBOpPUOTO Tporiecy. Moro MeTor Ha3MBaOTh JyXOBHO-
eCTeTHYHUI TOTEHIa]l CepefOBHUINA, YIPABIiHHI
BIUYTTSMH Ta HACTPOSMH CIIO)KHBAdiB, MIHJINBICTH

¢bopM, MOOUIBHICTH CBITJIO-KOJIBOPOBUX OOCTAaBUH
TOLIO.

AmnHamniz Teopii Ta mNpaKTUKM B LApUHI HE
¢iryparusHoro xxusonucy ( O. Uepnumos, E. XKepzes,
O. UYenypora, C. Illmerok Ta 1iH.) HaJgae HaM
MOJIJIMBICTh MHPOBECTH Mapaieni MK Cy4acHUM
MUCTELTBOM Ta CEPEHOBHIIHMM IIPOCKTYBaHHAM 3
O3 popmanbHo20 nioxooy.

I[Ipu BimgimenHi ¢opmu Big 3MicTy, 3aMiHi
peamictThaHUX ~ 00'€KTIB (dhopmanEHIMHA (abo
aOCTpPaKTHUMH), Ppe3yJIbTaT IMPOEKTHOI MisIIBHOCTI

AHAI3YIOTh Yepe3 XapaKTePUCTHKH 1 BIIACTHBOCTI
€JIEMEHTIB KOMITO3HIIi1, iX CTPYKTYpHY OpraHi3ailo.

CyuacHi migXogu A0 TNPOEKTHOI MiSJIBHOCTI B
JAC posrmsiHyTi O. YepHHIIOBHM. ABTOp aKTUBHO
BUKOPHCTOBYE TaKi 3arajibHO-KOMITO3HULINHHI MMOHATTS,
SIK IUTacTHKa, popma, 06’ eMHO-TIPOCTOPOBA CTPYKTYpa,
pakypc, IUIaH, Maca, M[pOCTOpOBa AWHAMIKA, THII
MPOCTOPY, THII 3B’S3KiB, MacmTald, KOHCTPYKIis,
TEKTOHIKa, IUTICHICTh Ta €HICTH Ta iH. BiH mocmimkye
cnenn(iky B3a€MO/Iii eIEMEHTIB, CIOCOOU JOCATHEHHS
Bi3yallbHOI  HUICHOCTi, XYIOXHBOI  BHPA3HOCTI,
ecreTnyHoi  miHHOCTI. Ha mepumit  mman B
CEPEIOBUINHOT XY0KHBO - TU3ANHEPCHKOT AIsUTBHOCTI
IPU LIbOMY BUCTYTIAE€ KOMHOZUYIUHA AKMUBHICMb,, TaK1
i Kateropii sk cnpsamoeanicms, CUNOSI NiHil, cunoge
noze, iNO30PHULL NPOCMOPOBULL 38'A30K, eMOYILHUL
CIUMYN, eMOYIUHULl Pe30HAHC, HNO3UMUGHUL ma
He2amuGHu RPOCmip.

O. YepHUILOB PO3IIsAAE IOHATTS CUAOBUX NIl
i cunogux noaie¢ 3 TOUYKU 30py KOMHOZUUINHOT
AKMUGHOCMI OCHOBHUX e JlemMenmie popmanvnoi
opzanizauii. B opranizamiiiHiii cTpykTypi popMambHOI
KOMTIO3HIIiT KOXKEH 11 eeMeHT (JIiHis, IUIIMa, Kparka)
Oepe ydyacThb He caM 1o co0i (ToOTO OOMEKEHU JTrIIe
cBoiM "¢izuunuM" KOHTypoM, abo obpucoMm), a B
€THOCTI 3 TUM IPOCTOPOM, SIKWil OpPraHi4HO HAJIEKUTh
€JIEMEHTY 1 € HOro HEBIJ'€MHOI0 YaCTHHOIO, BKa3ye
aBTop. Lle € Take cobi "marHiTHe mosie", 1110 BU3HAYAE
CTYIiHb BIUIMBY €JIEMEHTY Ha BECh HABKOJMIIHIN
MpOCTip, HA 3HAYYIIICTh CEIEMEHTY 1 Xapakrep
BKJIFOUCHOCTI B 3arajbHy CTPYKTYpPY KOMIIO3HLIHHOT
opraHizamii.  [HTEHCHBHiICTH 1  CHPSMOBAaHICTP
IIPOCTOPOBOi AKTHBHOCTI CUNOB020 MNOJIA €IEMEHTY
3aJICOKUTh HE TIIBKH Big #WOoro KoHQIryparmii,
Macmrady, KOJIbOpy, TOHY, (DaKTypH, MOJOXKEHHS B
OpOCTOPi, KyTa OCBOBOTO 3CYBY MIOJO BEPTHUKAM i
TOPU30HTAJI 1 T.I., ale i BiJ TOTro, SIKi €JIeMEHTH, 3
SKAMH CHJIOBMMH TMOJSIMH 3HaXOISThCS MOpyd 3
HUM. TakuM 4YHHOM, caM€ 3a pPAaxXyHOK 63aEmooii
CUI08UX NOJIIG 1 TOCATAETHCS eheKm KOMROZUYIIIHO20
00'cOonannn enemenmie 6 UiNICHYy HPOCMOPOBY
cmpykmypy. llpu hopMmyBaHHI Habopy KOMROZUYTTHUX
efleMenmieé ApXITEKTYPHOTO CEpellOBUINA BayKJIMBa
BapiaTHBHICTb 11X KOMOIHYBaHHI , MOXIIHUBICTh
CTBOPIOBAaTH 3a PaxyHOK LBOTO Pi3HI 3a aKTHBHICTIO 1

CIPSMOBAHOCTI CWJIOBI IIOJI, HAJaBaTH Pi3HOI
KOMIO3WIIIHHOI  3HAYYHNIOCTI TOMY YH IHIIOMY
CJIEMEHTY.

Kpumepiem sizyanvnoi yinicnocmi 6yov  axoi
KOMnOo3uyii € BITIYTTS TOTO, MO ii BaXKKO MOJTYMKH
PO3AUTUTH Ha HE3aIEKHI YaCTHHH. SIKIIO TaKWi MO
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HaIpOILYEThCS, TO L€ CBIIYHUTH NPO TE, IO MIX
CHJIOBUMH IIOJISIMM  €JIEMEHTIB HE BCTaHOBHBCS
HEOOX1THUH KOMITO3UIIIHHUH 3B'I30K, MIXkK €JIeMEHTaMHU
3HaXOAUTHCS He2amugHuti npocmip, He 3allOBHEHUH 1X
CHJIOBUMH JIiHISIMU. YMOBH JJOCSITHEHHS LITICHOCTI:

- 20/106He B KOMIIO3UIIii TOBUHHO 3HAXOAMTHCS B
Pi3HUX 30HAX MPOCTOPY;

- BCl enemenmu TIOBUHHI BKIIOYAaTHUCS B
KOMITO3HIIIIO Pa3oM 3 iX CHIIOBUMH TOJIAMH.

IHHOBamiifHA  TpPakTOBKAa MOHATTS  LEHTPY
(romoBHoro) B (opmambHiii  kommosmiii  [1;3]
TIOBHICTIO BIJNOBIiJa€ CEPENOBHITHOMY IIXOAY 3
BU3HAYCHHSIM Bi3yalbHUX BIiCEH Ta KOPHIOPIB.
Tonogne y c¢opmanvhiti kKomnosuyii - 1€ TOYKA
KOMITO3MIIIITHOTO MTPOCTOPY, 110 I'Pa€ KIHOYOBY POJIb B
OpraHizaiii [UTICHOTO CIIPUUAHATTS; 1Ie YeHmp, depe3
SKAH TIPOXOJSATH OCHOBHI mMpaeckmopii pyxy noensioy
NpH  «IPOYHTAHHI»  OpTaHi3amiifHOl  CTPYKTypH
KOMIO3UIiitHOTO TBOPY. Ilenmp € ""moukoro ioniky"
MIPY Bi3yalbHIN OIIHI 3HAYYIIOCTI BCiX KOMIOHEHTIB
KOMIIO3HUIII SK IUTICHOTO yTBOpeHHS. BupimanbHy
pOTb y BHUAUICHHI IEHTPY TPAarOTh CaMe CHJIOBI JIiHIi
BCIX KOMIIO3UIIIMHUX €IIEMEHTIB 1 XapakTtep ix
B3a€EMO/IIl B €JMHOMY KOMIIO3HUIIITHOMY MpocTOpi. 3a
paxyHOK CBO€ET IHTEHCUBHOCTI 1 CITPSIMOBAHOCTI, CUJIOBI
JiHii 31aTHI "BecTH" MOMIISA, CTUMYJIIOBATH HOTO pyX
IO 3aJaHil TPAEKTOPIT.

Cmyninb KoMRO3UyiuHoi 3HAYywocmi TOTO YU
IHIIIOTO  €JIEMEHTa B 3arajibHiil KOMIIO3ULIWHIN
opraHizamii Moxe 3a0e3ledyBaTHCS HE TIUIBKH 3a
paxyHOK CHJIOBHX JiHIH 1 CHJIOBHX TIONIB, anle i 3a
paxyHOK aKTHBHOCTI BHYTPIIIHBOTO 3MICTy CaMHX
€JIEMEHTIB.

Ilpocmopogicmes B GpopManbHOI 1 cepeOBHIITHOT
KOMITO3HMIIIT (3a 00pa3HuM BU3HAYEHHSM
O.YepHHIIOBa) BUCTYIA€E SIK MEBHE BHUCOKOUYTIIHBE
mone ("oxean Cossipicy"), II0 Mae BIaCTHBOCTH
NOTEHLIITHOT 30y >KyBaHHOCTI, PYXJIBOCTI,
IUIMHHOCTI, PEAKTUBHOCTI. Y NPHUPOJHOMY CTaHi IIe
OpOCTip  COPUHAMAETBCS B CIOKOI, piBHOBa3i,
paBHOAKTIBHOCTI 1 piBHO3HauyHOCTi. Lli BmactmBoOCTI
MPUTaMaHHI TPOCTOPY JIAIIE TOZi, KOJNU BiH ICHY€ B
HaOLTPII cTaTHYHOI opMi. Ane BapTO HamaTH OyIb
SIKYy OpI€HTOBAHICTh, SK TPOCTIp BHYTPIIIHBO
30yKY€ETHCS, aKTUBI3YETHCS, HECE B COO1 IEPEYMOBY
JI0 TIEBHOTO PYXY, & 3HA4YNTh, 1 JIO IEBHOTO XapakTepy
fioro cripuiHATTS. TaKuM YHHOM, HaBIiTh IepeOyBarOYU
B BUXIJHOMY CTaHi, IIIe 10 IPUBHECEHHS B HHOTO Oy/1b-
SKUX €JIEMEHTIB, TPOCTip BiH BXE Ja€ TIJAJadeBi
i JIKa3Ky s THEBHOTO €MOIIITHO-IyTTEBOTO
MepeXKUBaHHS 1 3aTabHOTO XapaKTepy AWHAMIKH HOTO
PO3BHUTKY.

Crnuparoduch Ha TOHSTTA eMOYiliHO20 CMUMYY,
O. YepHHUIIOB aHANIZYE KOHMPACMHY, HIOAHCHYIO I
MOMOdNCHIO KOMIIO3UIIT Ha NpPEAMET JOCSITHEHHS
eMOIIHHOTO e(eKTy pi3HOi IHTEHCHUBHOCTI IpH iX
cnpuiHATTI TsgadeM  (puc.2). Bigbip 3aco6iB
(hopmMaTbHO-KOMITO3UITI HHOT BHPA3HOCTI Mae
3I1ACHIOBATHCS BUXOISIYH 3 TOTO, [00 KOMITO3HUIIIHO

nn

3MOJICJIIOBATH PiBHI BiIHOCHH "TBip-eMouis", "cTuMy-
peakuis" (puc.l). O. UYepHuimoB 3ayBaxye, IO
THUIIOJIOTisI 3a3HAYEHUX CIIIBBIHOLIEHb EJIEMEHTIB
KOMITO3MLIITHOrO ~ Marepialy  IPYHTYeTbCcs  Ha
00'€EKTUBHOCTI TPHOX HPHUHIMIIOBO PI3HUX 3a CBOIMH
CYTHICHUMH XapaKTEpPUCTUKaMH (OpPM  BiJHOCHHH
JFOAWHU 0 AIACHOCTI: "IMOMHA - IpeAMETHUH CBIT",
"mronuHa-TIpocTip” 1 "mronnHa-gac". JlroquHa icHY€E B
MPEeIMETHOI CepeOBHII, B IIPOCTOpi i B Haci, i #oro
€MOIIHHO-UyTTEBE CTABICHHS 10 KOXKHOTO 3 HUX IPa€E
ICTOTHY pOJb TPH  XyIOXKHHO-KOMITO3UIIHHOMY
(hopMOYTBOPEHHI pi3HUX KJIACiB IITYYHUX CHCTEM.
VYCBIJOMIICHHST IbOTO JIO3BOJISIE  PO3IIISLAATH
aBTOpPY KaTeropito KOMRO3UUIHO20 macuimady B
TPHOX OCHOBHHX 3MICTOBHHX PIBHAX: MemMPUUHOMY,
npocmopogomy i uacogomy. Kommosuyitinuii 3micm
MempuyHo2o macuimady BKIIOYaE B ceOe pi3HI THIH
oprasizarii CTPYKTYPHHX BiTHOCHH caMmx
MpeaIMEeTHUX (GOpM , IO BiAMIOBIAE TPOBM IOHITTSIM
excmep'ep, inmep'ep, npedomem. Jlorika cTpyKTypHOI
opraHizamii IMX THIIIB METPUYHOTO MacmTady
CIIMPAETBCS. HA TPH OCHOBHI ()OPMH B3a€EMO3B'S3KY
CIIEMEHTIB MaTepialbHOi AIMCHOCTI: TPOCTOPOBY,
KOHCTPYKTUBHY 1 (YHKIIOHaJBbHY. Biominnicmo
Gopmanvro-kKoMno3uyilino20  ma - cepedosUUHOO
macwmaby BiA TPaAWIIHHOTO TpPaKTyBaHHS Li€l
KaTeropii: BiH CHHpAaeTbCcs HAa MEXaHI3MH YyTTEBO-
00pa3HOTrO CHPUUHATTS JIFOIUHU, Ma€ IPUYHHHO-
HACJIIKOBUI CeHC: MaciiTad TBOPY BHKOHYE pOIIb
TIPUYHHHA, a 00pa3Ha acolliamist — poJib pe3yNbTary.
ApxiTekTypHEe cepenoBunie posriasanaerscs O.
UepammoBuM [1] SK TpeaMeTHO OpraHi30BaHHMA
€K3HUCTCHIIATBHUHN MPOCTIp aKTHBHOTO OYTTS JIOINHH,
110 BM3HAYa€ «CXEMH» WOTO MOBENIHKM Ta aiii. BoHO
Bi3yaJJbHO CIpPHUAMAETbCS K 00'eMHE TUIO 3
3aMKHEHUM Ha cebe mpocropoM ¢yHkuii. [IpenmerHi
€JIEMEHTH IHOT0 cepeaoBuina (Macw, Tiia, 00’eMu,
MOBEPXHI) TOBUHHI BHIIPOMIHIOBATH «EMOIIIHHO-
CMHCJIOBY CHEprito» (CHJIOBI JIiHII, MOTOKi, MOJIA),
HAMOBHIOBATH WOT0 KOMIIO3HUIIMHUM  PyXOM, 3
po30iroM 3a BicsAMH, MeXaMH, CIPSMYBaHHIMH,
IUIAHAMH, BY3J1aMH, 30HaMH, IIEHTPaMH, PpiBHIMH,
pakypcamu Ttomo. CykymHicTh KoMOiHamii (opmye
iHAMBiqyanbHI (OPMH CTOCYHKIB — aBTOHOMHICTB,
MTOBTOPEHHS, 3aMKHEHICTb, TIPOHNKHEHHS,
MIPOTUCTABIEHHA Ta iH.. Cmpykmypoymeopioouuil
¢axmop — XyIOKHBO-KOMITIO3MIIIHHA OpraHi3alis
CIPUUAHSTTSL cepefoBHi] HOro mporecy. «Ilnacruuna
rpa» OyIyeThCS HAa OCHOBI B3a€EMOJIil Pi3HUX MOTHBIB
(Benuke-ManeHbKe, MOHONITHE-CKIAZ0BE, BiTYMHEHE-
3aMKHEHe, rIIyXe-axypHe, HKOPCTKE-MSITKE,
HaOJIKEHHS- BiIJaJICHHS, TIPUTSKEHHS -
BIJIIITOBKaHHS, KOHLEHTPAL[is-PO3CIIOBaHHS, HACTYII-
BiACTYn Tomo). JlisUIbHICHUI acmeKT HaJae ysBy O

xapakrepi  OesmocepenHiX — (I3UYHMX  KOHTAaKTIB
nroauHY 3 hopmoro. Tabmuns 1 1eMOHCTpYe CYyTHICHO-
¢yHKIiOHaNBbHI  mapaynesni MK (opmambHUM

MHCTEUTBOM Ta CEPCAOBUIL HUM )IHSaﬁHOM.
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Tabmuns 1
YTunurapHO-TeXHUYHA 3HAKOBO-KOMYHIKaTHBHA .
Mera PHO MY GbyHKIIis
CYTHICTb CYTHICTbh
CrBOpEeHHs . Hociit myxoBHOCTI, L .
. . JpyropsimHa ado B3arai OpraHizarfist lyXOBHO1
XyJIOKHBOT IHHOCTI, . CHUMBOJI, 3HaK KYJIbTYPHOTO
BIJICYTHS armocdepH,
XYJIO)KHBOTO 00pasy CEHCY.
Bzaemonist .
N BigOuTOK KyJIBTypHOTO
€CTETUYHHX Ta 11032 BusiBiieHHS BHY TPIIITHIX
. S CEHCY B XYJ0KHbOMY CeHcoyTBOpEHHS
€CTEeTUYHHX CYTHICHUX 3B’ SI3KIB ofoasi
IiHHOCTEH P
TaHi3aIlis .
. Op .. SIckpaBicCTb,
LiHHICHOT B3aeMOIi1 . . . . .
. OPHTiHAJIBHICTE BITOUTTS DyHKLIOHYBaHHS TBOPIB
TBOpY Ta criokuBada, | COLIOKyIBTYpHA POIIb TBOPY. . . .
0COOMCTOCTI MUTILI B Horo MHCTEITBa B XPOHOTOII1
€CTETHIHOTO .
. TBOPYOCTI
Janory.
. . .. [lepeTBOpeHHs pedi B
[iasor aBTopa- . Cucrema 3HaKiB, B SIKO1
MopenroBaHHs MailOyTHEOTO CEHCO-THIL, BUSIBJICHHS
MHUTIIS T2 3aK0JIOBAHA Xy IOMKHS .
CIOJKUBAYa TBOPY . . CXOBaHHX COIIOKYJIBTYPHUX
CIIO)KMBAYA. iHdopMmartis 7
3HaueHb 00 EKTY.
Marepiaizaris XyI0KHbO1
CrBOpeHHs 1ep Y PacnpenmeunBanue
i71e1, TBOPUOTO 3a/IyMy, N CTUITBOYTBOPEHHS
€CTETUYHOTO o . BusiBiieHHsI Ta CIPUIAHSTTS .
KOMITO3UIIIHHOTO PillIeHHs . (BTLJICHHS €CTETUYHOTO
eTaJIOHy JUIS KyJIBTYpPHHUX CEHCIB, . - .
CY4YaCHHMH 3aCO0aMH. . iziealty B Cy4acHiit popmi)
CIIO)KMBAYA. XyIOKHBOT iH(OpMAIIil
OIpe/MEYNBaHUE

B cepemoBuimHOMY TNpOEKTYBaHHI iCHYIOTH JBa
ocHOBHHX npoyecu. | — ¢dopmoyrBoperns, II —
VOpaBIiHHSA COPUHAHATTAM, T@pH dYoMy, OOHIBa
BTIIIOIOTHCS OJTHOYACHO, aJKE 1HIII IMAX0IN HE JAI0Th
pesynbTaris [2].

Ha xoMnosuiiiiHOMy piBHI IIe peani3yeTbCsi B
XYZ0XKHBOMY MEpPETBOPEHHI ()parMeHTy cepeaoBHIIa,
SIKMI 3QUTy4ae JTIOIUHY 10 CBO€ET cepu. Kommosuriiiina

MUSUTBHICTP B CEPEIOBHINI  HATPABISAETHCS — HA
Oprasi3artio:

- CepEIOBHIIHAX JIaJIOTiB;

-Oe3mepepBHOCTI CepelIOBUILIHUX
TpaHcdopmarii,

- TIPIOPHUTETHOCTI EMOIIMHOrO BIUIMBY, HaBiTh
BiOyBaeThCs  3a

AKIO  1e paxyHOK  BIJIpUBY

(hopMoOyTBOpEHHS Bix QYHKIIII.

- PpO3BHTKY 1 Marepiami3amii MOBH 3HaKiB,
3HAYCHB 1 KyJIbTYPHUX CCHCIB.

3acobu peanizarii IbOTO:

- HaJaHHS €CTETUYHHUX 3HAYEHBb 1 AKOCTEH BCIM
CEpEeNIOBUIHIM  CKJI3JIOBMM, B TOMY 4YHCII HE
apXiTeKTYpHUM (opMam;

- XYZO0XKHS IHTepIIpeTalis YTHIITapHUX QYHKIIH.

CBiOMO KepyBaTH AWHAMIKOK 1 eMOIIHHOI
AKTMBHICTIO  BI3yaJIbHOTO  CIIPUHHATTS  MOXJIHMBO
3aBJISIKM OCOOJIMBIN OpraHizamii mpocTopoBUX 3B'I3KIB
Ta BIJIHOCHH MIJK €JIEMEHTAMH KOMIIO3HIII].

Hamu  po3missHyTI TpHKIaaAd — 3aCTOCYBaHHS
(hopMaITbHO-KOMITO3HUIIIITHOTO MAXO0TY bi o)
(dopmyBaHH KoMIIo3u1Li1 iHTEp €py (puc.3,4).

Puc.1. Teopu ne gpicypamuenozo scusonucy- apm-ananozi cepedosuHo20 npoeKny8anHs
(meopu O.Hedowumro)
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Puc.2.. Ilpuxnadu 3a0anocmi eMoyiiiHux 6NIUGI8 HA OCHOGI KOHMPACTNHUX, HIOGHC HUX Md MOHOXPOMHUX
sionouens (meopu O. Hedowumra)

Puc.3. Ilpocmoposa mema ma ii apm-inmepnpemayisi  (popMATLHOMY HCUBONUCY
(1a ocnosi meopie O.Heoowumka)

>

PucA. Ilep

Puc.3.1. KepoBanmnii xaoc

BiATiHKM CHHBOTO KOJBOPY, IIO 3aIIOBHIOIOTH
CHJIOBI IIOJIS1, BU3UBAIOTH BIAUYTTS PYXJIMBUX IIOTOKIB,
IO MepeMilyIoThes, Hebec, 0 MaJaloTh Ha 3eMIIIO.
TTomapaHuyeBi TOPH3OHTANLHI BCIIOJOXH B BEPXHIN
YacTHHI POOOTH BPIBHOBaXKEHI iX BiOMTKAMHU 3HU3Y.
KoMno3uiiifiuuii IEHTp NPEACTABICHO MACHBHOIO
BEPTUKAUIIO, HEWTpaibHI 3a KOJBOpPOM. BiH
MIPOTUCTABJIEHUH  HECTaOlIbHOMY  IpOCTOpY 32
PaxyHOK CBITJIOTIHBOBOTO BHpILIEHHS, 10 (OpMye
06’eM. Moro Bich IenBe BiIXHIeHa BiJ BepTHKAI.
CBITJIOBI IUISIMHM TIpaBOpyd Ta JIBOPYY BIIIrpaloTh
€IHaJIbHY Ta CIPSIMOBYIOUY POJIi, TPAHCIIIOIOTh 3B'I30K
Heba Ta XMap, BIABIIMX Ha 3EMIIIO, 3IpOK, SIKi
3pHUBAIOTHCS B HEDO.

S ]
eK1a0 NPOCMOPOBOL memMu POPMATLHOLO HCUBONUCY HA MOBY CYUACHO20 IHMeEpP '€Py

Puc.3.2. BikHO KHMTTH .

Komno3umifiamii IeHTp BTPATUB MACUBHICTD, Bij
HBOTO  BIAXOAWTH TUHAMIYHMKA  (DaHTOM, SKHH
MiATPUMYE pO3Iin HU3y Ta Bepxy. [lomapaHueBmit
HAIBIIPO30PHI KOHTYD LEHTPY GopMye noprai, pamy,
sKa TOJUIAE MPOCTIp IO BepTHKam. TeMHI BaKKH
3eMJISIHI TOHHM OPraHi3yloTh 1i KOHTYp, MepeiHii riaH
Ta nepcrnektuBy. CKpi3b pamy MepeTikae pyX BepXHIX
HeOECHMX Mac Ta HWXKHIX, 3eMHHX. TeMa RHUTTS, 110
HApPOJDKYETHCS, BUPAXKEHA KOJILOPAMHU CHUPOT 3eMITi Ta
BECHSHOI TpaBU. TeMHA IUIAIMAa HA 3€JIEHOMY TIH
BUSIBJISIE TTOYATOK PYyXY B MOPTA MailbyTHHOTO.
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Puc.3.3. Xurka cradinbHicTh.

Komrmo3uuiitnnit neHTp yckinagHeHo 3a (pOpMOro
Ta KombopoM. C¢hopMOBaHO BigUyTTsI HOPOXKHEUl
ycepeauHi MacH, 110 HacyBaeThesi. BoHa minkpecieHa
MOXWIMMH CBITJIMMH CMYyTaMH, SIKH (JOPMYIOTH PHTM
migiiomMy. 30J10Ta COHSIYHA Maca yTBOpPEHa BiATIHKaMHU
JKOBTOTO, TIOMapaH4YeBOTO Ta pOXKEBOTO, HANAE
BITUYTTS €AMHOTO 00’ €My, MeTa SKOTO - OpPTaHi3yBaTH
pyx moropu, mo Tpiymdy. OpmHak, Tak SK pyx
OpraHi3oBaHO Hi 3J[iBa HAMpaBO, a HABIAKH, TO
JUIIAETECS MOXIIUBICTh PYXy MO HU3XITHIN, SKHAN
CIIPSIMOBAHO /10 YEPBOHO-YOPHOI IUISIMH 3HU3Y. Tak sk
PYXH, IO 3yCTpiHarOThCS Maike BpIBHOBaXKEeHi, TO
CTaH HECTaOUILHOCTI CXOBaHO IPUXOBAHHM 30JI0TOM
MepeMOTH.

Puc.4.Apt-inTepep. [lapanenbHe KuTTH.

A. JlomiHaHTa BHOKpeMJIEHa Yy  BUIJIAIL
BEPTHKAIBHOTO CBITJIOBOTO Kapkacy, c(opMoBaHa
cXolaMH Ta iX BimoOpaxeHHsIMH. PeanpHuil put™M
BISUIOBOTO OCBITIICHHS MiATPHMAaHO imo30pHAM. B
3aJIC)KHOCTI Bifl OCBITIICHHS 3MIHIOIOTBCS XapakTep
TIPUMIIICHHS. AKIleHTH CMIIIYFOTBCS. Timro3ii
HECKIHYEHHOCTI MPOCTOPY JMOCATHYTH 3a PpaxyHOK
J3EPKAIbHOTO  ()parMEeHTy CTell Ta HIOAHC HHUX
KOJIbOPOBHX DILlIEHb C BUKOPHCTAHHSIM HEUTpPAIbHHUX
BIJITIHKIB, 1[0 HAraJyITh KOJip XOJCTY ab0 KapTOHY.

IIpocti ¢opMu Jierkux JEHT TOpPHU30HTANEH
CTBOPIOIOTH  BIAYYTTS CaMOCTIHHOI'O J10JJaTKOBOTO
PYXy, HE3aJIEKHOIO Bil OOCTaBUH IKUTTA. 3MiHA
dhopMu, po3Mipy, KONBOpPY, OCBITIIEHHS apT-00'€KTy,
pO3MIIIEHOTO  BCepeawWHi, B  cdepi  BIUIHBY
KOMIIO3UIIIITHOTO LEHTPY, MPONOHY€e KOMOIHAIIT I'pH 3
MPOCTOPOM Ta 00pa3zoM.

AXTHBHE KOJbOPDOBE BHpILICHHS CTeNi 3
PYXJIMBUM MAJIFOHKOM Ta PUTMOM O1JIMX CMYT CTBOPIOE
BIAYYTTS MEPEBEPHYTOr0 NPOCTOPY M, OJHOYACHO,
CTUCKAIOTh MpOCTip, poOnATs JIOMIHYIOUUM
HaIpPaBJICHHS TOPU30HTAJICH.

BucHoBkn. Takum YMHOM, Ha OPHUKIAII
nepekyiaZii MOBHM He]irypaTMBHOTO JKHBOIHCY B
[[apHHY CEPEIOBHIIHOTO MPOEKTYBaHHS, OYyJI0 3a/aHO
0o0pa3Hy XapaKTEepUCTHKYy Ta EeMOLIMHUH 3HaK
iHTEp’€pYy,  NEpPEeBEACHO  IUIOUIMHHE  PIlICHHS
KOIBOPOBUX IUIIM B 00’€MHO-  TIPOCTOPOBY
KOMIIO3HUIIFO.

Ha mizncraBi aHami3zy TEOPETHYHHUX Ta XYHTOXKHIX
JUKepes  BH3HAYCHE CIUIbHE MOJE  JiSUTbHOCTI
(hopMasbHOIO MHUCTELTBA Ta AU3aiHY apXiTEKTYPHOTO
CEepellOBUINA:  aKTHUBI3aIliss E€MOIIWHUX  BIUIMBIB,
3a0e3neueHHs] MiHIMBOCTI Ta AWHAMIYHOCTI BpakKeHb

Ta CHUTyauid, CBITJIO-KOJIOPHUCTHYHHUN  CLEHApii,
aKTHBI3aLlisl TBOPYOI YSIBH, II0YyTTEBA BU3HAYCHICTh Ta
iH..  BcraHoBineHi  BIAMIHHOCTI  TpagULiHHOTO
TPaKTyBaHHS IOHSATH IPOCTOPY Ta MacmTady Bif
(hopMaTbHO-KOMITO3UIIIHHOTO Ta  CEPEIOBHIIHOTO.
OxapakTepHu30BaHi KIIFOUOBI MOHATTS KOMITO3HLIIHHOTO
(dbopmoyTBOpeHH: ( CHIIOBI JiHii, moyst). Haromormeno
Ha CHUIBHOCTI MiTXOMIIB IO BH3HAYCHHS TOJOBHOTO (
LEHTPY) B CEPEIOBHUIIHOI Ta (OPMATBEHOI KOMITO3HIII1.

[Momansmoro JOCTI JUKSHHS BUMAararothb
METOAMKA Ta METOJOJOTi MPOEKTHOTO BTIICHHS
3ac00iB (hOpMaATEHOTO MICTEITBA.
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FORMATION OF THE HUMAN AND STREET ANIMALS INTERACTION ENVIRONMENT

DOI: 10.31618/ESSA.2782-1994.2021.1.68.8

Abstract. The paper is devoted to the problem of arrangement of the city's ecosystem by the architectural and
design tools. The contradictions and conditions of joint habitation of people and street animals (cats) in the urban
environment are revealed. The initial potential capacity of different types of urban environment (beaches, a
traditional Odessa courtyard, public parks and squares, modern multi-storey buildings) in the formation of a
harmonized, conflict-free interaction between people and animals have been investigated. The sketches of the
search for the artistic appearance of cat settlements (students’ works) are presented.

Keywords: ecosystem, architectural and design tools, conflict-free interaction conditions, artistic appearance
of a fragment of the urban environment, cat settlements, humanistic approach, and urban lifestyle.

Studied problem: architectural and design
methods of forming an artistic appearance of the urban
environment fragment, the implementation of the
“Kind City” idea: harmonious coexistence of various
biological species in an artificial environment.

Topicality. The modern urban lifestyle is
characterized by the dynamism, processability, and
efficiency. The forms of social life such as a
promenade, informal communication of neighbors, and
joint holidays in Odessa courtyards recede into the past.
The city is captured by transport, which displaces
people and animals. In social psychology, the
humanistic values are replaced by the egocentrism and
individualism. The disunity, diving into the virtual

reality, decrease in the need to sympathize and
empathize corrodes the human from a person. In this
situation, all creatures great and small suffer most
acutely, who entered by the will of man into his
artificial environment, but are not adapted to its
changes. The socio-humanistic, ecological, sanitary
and hygienic contradictions between the modern way
of life and traditional values are solved, among other
things, by the architectural design methods. In

European practice (Poland, the Baltic states, etc.), there
are various forms for arrangement of consistent
coexistence of people and animals, the industry
operates to provide living conditions for street cats,
including in the wild.
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In Ukraine, there is a “Kind City” program,
according to which he cats are declared part of the
ecosystem of cities such as Kyiv, Odessa (from
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Odessa is a special city. Animals are traditionally
loved here. The “Cats of Odessa” program, volunteer
organizations, and joint projects of various institutes
operate, the creative intelligentsia is involved (cats are
the art objects on the streets of the city, calendars and
postcards with street cats, etc.). The cat settlements
appeared in the historical center of the city

- o e i : New X . =
1.1. The world practice of organizing interior and outdoor houses for cats.
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14.12.2017), Mykolayiv, Zaporizhzhia, Dnipro, etc.
[1-4].

(Manezhnaya Str., Teshchin Most, Sobornaya Square,
etc.), in the beach and recreational areas (Gorsad,
Luzanovka, etc.), some of these houses are factory-
made, some are the product of the residents'
craftsmanship (Fig. 1). However, the potential capacity
of the architectural design has not yet been used, an
environmental analysis has not been carried out, the
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needs of different environmental niches have not been interaction of people and animals in various types of
identified, a set of project proposals has not been  spaces. This determined the problem, object, subject,
formed taking into account the peculiarities of the goals and objectives of the study.

1.2. Odessa experience of cat settlements (factory-made and self-made houses)
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13, functionally shaped solutions for the environment for cats

The object is an urban environment that
accumulates a typical way of life.

The subject is architectural and design tools of
arrangement of the “environment” in the environment,
humanistic and communication, compositional and
aesthetic aspects.

The goal is to identify architectural and design
tools for conflict-free interaction between people and
cats in the urban environment.

The objectives:

- to identify the needs and potential capacity of
arrangement of the environmental interaction of people
and animals in various types of urban development;

- to form a typology of cat settlements;

- to develop project proposals for the
harmonization of the urban environment with the
organization of living conditions for the cats.

The urban developed land is not homogeneous. It
includes historical and modern low-rise buildings,
objects of historical and cultural heritage, multi-storey
complexes, temporary housing, etc. Housing in

recreational areas or near industrial development, in a
cultural center or on the outskirts, farmstead or modern
high-rise buildings, elite or municipal housing differs
by typology of the inhabitants, style and way of life,
conditions for free communication, etc.

In the urban ecosystem, all living things occupy
their own niche and ensure its stability and eco-balance.
Domesticated animals traditionally live next to the
people who have tamed them, integrate into their way
of life. At the same time, their biological
predetermination should not be infringed (in cats -
nocturnal lifestyle, spring caterwaul, focus on hunting,
mobility and playfulness, typical nutrition, features of
propagation and nurture, etc.). In the urban
environment of the old city, the cats are pushed into
attics and basements; they have no place in the new
building at all. Often people demonstrate aggression
towards them, not understanding that it is necessary to
take sole responsibility for the imbalance in
coexistence, violation of culture and traditions.
Animals need a home. People need their love and help.
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Children need the practice of cooperation, care, and
responsibility. Partially these needs can be solved by
organizing shelters, rehabilitation centers, involving of
municipal services, management companies, etc.,
partially by means of architectural urban environment
design.

Even a superficial analysis makes it possible to
highlight the features and possibilities in the
arrangement of the environment in the environment.

The factors influencing architectural and design
decisions:

- population  density, its
composition, socio-cultural preferences,

- the geometric set course of space and buildings.

- the ratio of public and private areas, their
operational set course,

- traditional lifestyle in the environment,

- the existing eco-structure,

- performance, safety, sanitation and hygiene, the
ability to access different areas, etc.,

- the possibility and need for transformations of
the environment complex,

- artistic and stylistic features of the development.

This determines the typological features of the cat
settlements:

By method and location

- environments built into the system of equipment
(into the system of courtyard stairs, additional buildings
and pits, into galleries and unfinished attics, etc.),

- fit in the structure of the walls, basement floors,
in the improvement system,

demographic

- organized using lost or partially lost elements of
eco-structure or equipment (dried-up or broken trees,
obsolete or destroyed playgrounds, old cars and
dovecotes, etc.),

- independent detached objects.

- top, bottom, middle,

- fully autonomous, partially autonomous or fit-in.

By capacity and other  quantitative
characteristics:

- individual, group,

- single-level, tiered, combined,

- permanent and temporary, seasonal and year-
round,

By  compositional  and
characteristics:

- a house-constructor’s kit, a play structure, a
basket, a ball, a nest, a woolen sock, a ribbon, a cat's
tower-town, a house-a joke, a parody, a decoration, a
house-hovel, a garden, a skyscraper, a capsule, a
canterbury...

- point, tape, compact, spatial, with development
in height, along a polygonal line, diagonally, etc.

- cellular structure, monolithic structure,
dismountable, etc.

- contrasting in terms of style, neutral or organic.

The presented students’ works demonstrate
conceptual approaches to the design of urban

artistic ~ image

environment fragment with the inclusion of cat
settlements therein. Fig. 2. Conceptual proposals for the
artistic and functional arrangement of the environment
in the environment (inclusion of houses for cats in
residential buildings
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2.1. Introduction of cat settlements into the structure of a traditional Odessa courtyard
(students’ works) (courtyards for cats, cat capsules, cat roosts)

2.2. Formation of cat houses around damaged trees. Nests and hovels for cats in the park.
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2.3. Examples of house patterns: cat hostel, tower-house, ball, canterbury, cat garden, house-decoration.

Conclusions. The necessity of forming the
environment in the environment, increasing the
humanistic component of the urban environment
through the arrangement of conflict-free

The necessity of forming the environment in the
environment, increasing the humanistic component of
the urban environment through the arrangement of
conflict-free interaction between people and cats has
been substantiated.

The potential capacities of different types of urban
environment in solving the abovementioned problem
have been researched. The factors influencing the
architectural and design decisions in different types of
urban residential development are highlighted.

The classification features and typological
characteristics of cat settlements are proposed. On the
example of conceptual students’ works, the examples
of the functional and artistic arrangement of the
environment for cats in the structure of the city are
given. The architectural and design tools of forming the
urban environment image are revealed, taking into
account the conflict-free coexistence of people and
cats: activating the humanistic-communicative
beginning of the environment by means of:
compositional, artistic, structural solutions, forming an
environmental scenario with the participation of all
inhabitants of the environment, ensuring the necessary
“decorations” for the environmental processes, the
organization of the environmental composition, taking

into account stylistics, ergonomics, aesthetics, and
lifestyle.

The issues of ecobalance in new buildings, in the
conditions of an urbanized technogenic environment
await further research.
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FORMATION OF THE COMMUNICATIVE AND OPERATIONAL GRAPHIC COMPETENCIES OF
THE ARCHITECTURE STUDENTS
DOI: 10.31618/ESSA.2782-1994.2021.1.68.9
AnHotanusi. CraThs TOCBSIIEHA MPOOJEMe OpraHu3aldd SKOCHUCTEMbl TOpPOJAa apXUTEKTYypHO-
JIM3aiHEPCKUMU CPEICTBaMU. BBISIBICHBI IPOTHBOPEUHSI M YCIOBHUSI COBMECTHOTO OOMTAHUsI B TOPOJICKOIT cpefe
JIFOJICH M yJTUYHBIX )KUBOTHBIX (KOTOB). McciieoBaHbI HCXOIHBIE BO3MOXKHOCTH Pa3HBIX TUIIOB TOPOICKOHN Cpelibl
(IsDKY, TPaJMLIMOHHBIA OJECCKUI JBOPHUK, OOIECTBEHHBIE IAPKU M CKBEPHI, COBPEMEHHAs MHOTO3Ta)KHAs
3acTpoiika) B OpMHPOBAaHUH rapMOHHM3UPOBAHHOT0, OECKOH(IIMKTHOTO B3aUMOJEHCTBYS JIIOJIeH M KHUBOTHBIX.
[IpencraBneHbl A3CKU3bI OMCKA XYA0KECTBEHHOTO 00pa3a KOIaybHiX MMOCEIEeHUH (CTyAeHYecKHe paboThl).
AnoTanis. CtaTTio NPUCBSIYEHO NMPoOJIeMi OpraHi3alii eKOCUCTEMH MicTa apXiTeKTypHO-IU3aiHEePCHKUMHU
3acobamu. BusiBieHO MpOTHPIYYs 1 YMOBH CHITBHOTO MPOXHUBAHHS B MICBKOMY CEPEIOBHII JFOEH 1 BYTHIHHUX
TBapuH (KOTiB). JlocmipkeHO BUXiTHI MOMIMBOCTI Pi3HMX THIIIB MICBKOTO CepeAOBHINA (TUIXKi, TpaxuIiitHui
OJIECHKHH JBOpHK, TPOMAAChKI MapKW 1 CKBEpH, CydacHa OaraTomoBepxoBa 3a0ymoBa) B (OpMyBaHHI
TapMOHI30BaHOTO, 0€3KOH(UIIKTHOTO B3aeMozii roneil 1 TBapuH. IlpeacTaBieHi ecKi3u MHOIIYKY XyJI0KHBOTO
00pa3y KOTSYHX IOCENeHb (CTYAEHTCHhKI poOOTH).
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Abstract. The publication is devoted to the problem of the formation of the communicative and operational
graphic competencies of the architecture students. The parallels are drawn between the design and artistic activities
of the students. The forms of search and implementation of a creative idea by the graphic means are studied. The
paper reveals modern approaches to the professional communication by graphic methods, means of forming
environmental mise-en-scenes, featuring the functional and activity, emotional and figurative, etc. components of
the architectural concept. The parallels are drawn between the theatrical and scenographic approach, cinema
storyboard and the method of featuring sequential environmental impressions in the architectural sketches. The
potential of formal art in enhancing the emotional-compositional component of students” works are researched.
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Key words: composition, graphics, artistic image, design, graphic skills, competencies,

The topicality is in an attempt to overcome the
contradictions between the classical academic art
education of the architecture students and the practical
needs of their professional realization. The task of
providing students with graphical and communicative
tools that make it possible to demonstrate the concept
in its development, in dynamics, to conduct a
professional dialogue by visual means is found and
illustrated.

V. Shimko, A. Efimov, A. Ikonnikov, A. Gutnov,
V. Glazychev, |. Rozenson [1-8] and others devoted
their works to the development of professional
competencies of architects-designers. In the field of
formation of the artistic and compositional skills an
important place is occupied by the works by N. Volkov,
Y. Gerchuk, E. Shorokhov, V. Savenkova, G. Beda [9-
12], etc. the problems of professional artistic training
were studied by E. Belaya, S. Kanivets, L. Masol, T.
Mikhova, O. Soroka, O. Khrashchevskaya and others.
Their study interests include areas of style formation,
art therapy, generation and implementation of aesthetic
values, the creative, reconstructive, constructive,
representative,  personality-oriented,  integration,
innovation and other types of professional activities of
the artist. The competency-based approach to
proessional training was studied by N. Didus, M.
Dobruskin, T. Dolgova, T. Katkova, T. Komarnitskaya,
T. Mikhova, O. Shcholokova, E. Tyurikova, etc.

However, the instrumental skills that make it
possible to conduct a graphic dialogue, to consider a
project idea in the course of its development, to identify
the sources and carriers of an artistic image in
architecture by graphic-analytical and combinatorial
methods, remain unexplored.

This made it possible to formulate the problem,
object, subject, purpose and objectives of the study.

The problem is the formation of communicative
and operational graphic skills of architecture students.

The object is the professionally important graphic
competencies of the architects-designers.

The subject is communicative and operational
graphic skills in the professional training of architects-
designers.

The purpose is to identify and systematize the
communication and operational skills in the
professional training of architects.

The objectives:

- to identify the features and problems in the
graphic training of the architects;

- to highlight professionally significant graphic
skills, the scope of their application;

- to establish means and methods of forming
communicative and operational graphic skills of the
architecture students.

The professional training is interpreted as
readiness to perform the professional functions,
readiness for a certain type of activity, provides for the
purposeful formation of the necessary qualities. As a
result of professional training, a new formation arises -
competency, which consists of knowledge, abilities,
skills, values and personal qualities, enabling the
architect to independently and effectively carry out
professional activities. We have identified the
structural components of graphic competency based on
the desired result, which is determined in accordance
with the state standard for training an architect-
designer. As part of this study, only those graphic
competencies are considered that allow for
interpersonal communication, promote dialogics and
provide information content and  imagery
(see Table 1.).
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The structure of

rofessional-graphic competency of an architect-designer.

General professional

- possession of graphic techniques and materials
- feature of the form, volume, space
- feature of the nature of the material, manner of execution, texture
- using the features of the graphic processing to achieve the planned result
- the ability to deal with nature, according to imagination, from memory

- compositional skills,
- creative skills

Specialized (architectural and
graphic)

- specifics of the architectural and graphic language
- constructive analysis and combinatorics of forms
- optical illusions, reflections, special effects

- stylistics and stylization
- shaping
- conceptual sketching

Communicative-dialogical

- feature of the stages of the design process, analysis, change and range of

- achieving interactivity, verbal and graphic interaction
- development of dialogics of images, generation and feature of processes,

- use of methods of story boarding, mise-en-scene drawing, scenario modeling of

- graphic information skills using the form of comics.

impressions

senses, and meanings

the situations

Emotional and image-bearing

- aesthetic tuning fork of the environment
- means of identification (national, regional, corporate, etc.)

- sources and carriers of artistic imagery

formation skills:
- artistic dominant

- determinants of an emotional sign

The problem of the formation of the graphic skills
of architecture students is considered from different
perspectives: the traditional academic approach, the
professionally oriented formation of certain visual
competencies, and provision of graphic communication
tools. All these forms are present in one way or another
in the professional activity of an architect. However,
the experience of academic work has demonstrated that
there is a bias towards academic training, the students
do not have enough knowledge of various materials,
artistic tools and techniques. The graphic composition
and presentation of project ideas, processes, and
exploratory sketching cause difficulties. Quick
sketches, short-term subject compositions,

foreshortening tasks, and focusing on the chief thing
cause difficulties. The task of “thinking by a pencil”,
“communicating by a pencil”, conducting a dialogue
using images (such as comics or storyboards), working
by an active material without using a pencil and an
eraser is impossible for many. Potential of collage,
installation, happening on the basis of project graphics,
etc. are hardly applied in search and design practice.
Combinatorial thinking, imagination, imagination, and
outlook are poorly developed.

In the course of practical interaction of the design
and art academic disciplines, the educational tasks and
means of their implementation took shape
(see Table 2).

Table 2.

Coordination of educational tasks of art and project training for 1 and 2 courses.

Initial ar_cmtectural Artistic training Assignments
training
. Constructive and linear 1.0ptimization of means of expression
Architectural . .
details and drgwmg,_feature of volume by short_-term sketches of frf':lgments of the architectural
. line, chiaroscuro, feature of profiles (a piece of cornice, column caps, balusters,
moldings : . .
material properties vases, sculptural details, elements of complex shape)
Proportioning, mass and detail, without a pencil: ink-brush, or felt-tip pen.
shapes and volumes, framing of 2. The emotional load of the picture. Composition.
1 composition volumes, stylistics | - a fragment of an architectural monument (advertising
and stylization based on postcard) by various art means: watercolor-romantic,
Orders classical forms. stylized as Japanese graphics, old photography or
The line as a means of engraving, in the manner of various artists or artistic
expression, style (Cezanne, Vann Gogh, Manet, Picasso, ...)
Complex shape constructive 3. Art-translations and art-interpretation of the
analysis “architectural profile” in the languages of different arts.
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4.also in different materials (wire, concrete, paper,
material combinations)

Drawing the facade
of an architectural
monument as a
whole and in
details.

Wash drawing of an
architectural
monument

Drawing the
perspective of an
architectural
monument
Wash drawing of an
architectural
monument
perspective

The concept of a whole and
parts, mass and detail, the
concept of proportions, rhythm,
divisions of the whole (plane,
surface, volume), the concept
of point of view, angle of
perception,
and scenery spot.

The perspective of geometric
bodies and their combinations
(constructive analysis)
Feature of volume by effects of
light and shade.
Exercise of the plane by tone.
Highlighting the foreground.
Techniques and materials of
manual graphics.
Stylization of natural forms,
human figures, groups of
people

5. Linear sketches of the urban environment fragments
(academy courtyard, Odessa courtyard), details of the
buildings.

6. Facade of a building from the human horizon
(division of the plane).

7. Perspective of a urban environment fragment. Roofs
of the city (bird)

8. Sketches of people in the urban environment
(outdoor café, bikers, athletes, pensioners, beach goers),
multi-figure compositions.

9. Perspective futuristic composition based on
geometric bodies (space or underwater station).
Illustrations of science fiction with architecture,
featuring of conventional color and lighting (the purple
planet of the four suns).

10. Lighting design, shadow show.

11. Snap compositions: People (crowd, mass of people
from different angles), Transport (bicycles and rollers,
carts and trolleys, Odessa trams, in a traffic jam, street
parking, in the port, in a yacht club, boats, crafts and
paddleboats on beach, trains. Images of the “interior”
of the vehicle, from different horizons, in different
approximations and angles. Design of the transport of
the future (helicopter-steamer)

Traffic stop

Shape analysis,
Stylization and functional
interpretation of the natural
motives.

Angle, rotation, form forming
based on a geometric body.
Composition, formal
composition, its potential in
DAS. Translation from
different languages of art ...
Form making and stylization
based on font.
Thematic form and image
forming,

Light scenario of the interior.
Form making based on stairs.
Visual effects, means of
attracting attention.

12. Exercise “Flying cube, spinning cube (in turns),
inside cube, composition based on cube, square.
13. Comics. Drawn pictures - stories based on student’s
life.

14. Construction. The city of sand. Phased construction
with fixing the stages. Constructive image.
Sectional shells, bionic fountains.

15. Development of an arbitrary theme, for example,
“fish” (used for sitting on it, flying, living in it, etc.;
playing fish, theatrical performance poster, theatrical
costume “fish”, and a sign for a store “The fish,
indeed”, scenery for the play “Fish Day”.
Installation or collage
with graphic detailing...

16. Entrance zones to buildings.

Branding, graphics plus logo
Shop-windows
Signboards and advertising
Design of the elements.

17. Cafe interiors. Spatial images.

Design of special form making equipment.

The table demonstrates that the design practice

requires the solution of various artistic tasks:

stylization, art-interpretation, combinatorics, shaping,
modeling and sketching, work in various materials and
techniques, etc.

Communication and graphic training is aimed at
dialogic skills, its feature is “shotgun” work,

“storyboard” approach, creation of a “design tree” of
artistic  searches, search shaping, ‘“automated”
constructional and light-and-dark cut-off analysis, the
use of optimization and stylization methods in
composition.

Prototypes and analogs for individual exercises
are presented in Table 3:
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Prototypes and analogs for individual exercises

Table 3.

Prototypes and analogs for art-interpretation of the interior stairs

Task
content

To use the
“staris”
theme to
form an
artistic
image of
the
environmen
t, its
compositio
nal center
or tuning
fork.

To change
the deep
compositio
n by
various
articulation
s, rhythm,
color
scheme or
the nature
of the lines.

Concentrati
on of
attention,
visual
deformatio
ns,
approximati
onor
removal of
surfaces
and planes.

é
)

Wh

Linear
illusions.

| Dissolution

of volumes
in space.

a Imitation of

space,
deformatio
n.

5. Graphic and coloristic methods of changing shape and space
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Arrangeme
nt of
dynamic
space with
lines, color,
optical
illusions.

Form
making
based on
stylization,
visual
deformatio
ny
overlaying
an
additional
theme.

To form
open and
closed
spaces
based on
the identical
scheme. To
save the
“well”
theme

8. Sources of the images - household items.

Toturn
non-artistic
forms
(household
items,
plumbing,
etc.
equipment)
into an art
object or
architectura
| form

MSTE s e

Formation
of
volumetric-
spatial
compositio
ns based on
material
properties.

Solving problems on these and other themes frees  dialogical tasks can be implemented only in the

the imagination of students, expands the range of  “shotgun” and “one-go” modes

creative searches, forms the “mindset” of the artistic Students” works (Fig. 1) demonstrate the focus of

potential of the “out-of-artistic”, provides art tools for ~ the communicative graphics.
solving project tasks. However, communicative-
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Fig 1. Environment mise-en-scéne. “Shotgun” compositions.

Conclusions. Thus, the problem of the formation
of the communicative and operational graphic
competencies of architecture students is solved by:
coordinating artistic and project training, setting of
general educational tasks, defining long-term tasks and
visual priorities, identifying the range of visual tools
and methods for mastering it by students in art and
project disciplines. In other words, the implementation
of a competent approach in professional training.

The paper highlights the professionally important
graphic competencies of the architects-designers,
demonstrates their place in the system of general
graphic competencies. The communicative and
operational graphic competencies are developed by the
system of visual and creative stimuli and solution of
artistic and design problems. The condition for the
formation of such skills is the execution of works in the
form of “shotgun” composition without preliminary
sketches and markings, the image of mise-en-scenes,
environmental situations in a simplified stylized
presentation.
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PRINCIPLES AND APPROACHES FORMALLY COMPOSITION IN ARCHITECTURAL DESIGN
DOI: 10.31618/ESSA.2782-1994.2021.1.68.10

AHoTanisg. Y CcTaTTi NpoaHaIi30BaHO OCOOJIMBOCTI 3aCTOCYBaHHS MPUHIMMIIB (GOpMajbHOI KOMIO3HUIIT B
MPOEKTHIH JIsUTbHOCTI apXiTeKkTopa-an3aiiHepa. BimokpemieHi NOHATTS (HOpManbHOI KOMIO3HULIT, (OpMaIbHO-
KOMIIO3UIIIITHOTO MiAXory, (popMalbHO-KOMITO3UIIHOHOTO TPHHIUIY. PO3KPUTO XapaKTEPHCTUKY «Mipay SK
BCCOXOIUTIOIOUOTO TOHATTS. HaBemeHo mapamemi MiK JU3aiHEPCHKOI KOMITO3MINED Ta (HopMaNbHOO
KOMIIO3HUIli€f0 B MuCTenTBi. [IpoaHanmizoBaHO Ta CTBOPEHO MiAXOIM IO YTBOPEHHS CEPEHOBUIIHOI KOMITO3HIIIT
(cro’xeTHHI, MOHTaXXHHH Ta QopmanbHuil). KaTeropil Ta MOHATTS y3araibHEHO B TaOnW4Hii Gopmi. 3icTaBieHi
MPUKIIAIN 3aCTOCYBaHH PI3HUX KOMITO3UIIIHHUX MIAXO/IB 0 pO3POOKH TOPTiBEIFHUX BITPHH.

Annotation. The article analyzes the features of the application of the principles of formal composition in
the design activities of an architect-designer. Separated notions of formal composition, formal compositional
approach, formal compositional principle. The characterization of the "world" as an all-encompassing concept is
revealed. Parallels are given between design composition and formal composition in art. Approaches to the
formation of environmental composition (plot, montage and formal) have been analyzed and created. Categories
and concepts are summarized in tabular form. Examples of the application of various compositional approaches to
the development of trade showcases are compared.

Krouosi cnosa: komnosuyiss 6 apximekmypHomy OU3aiHi cepedosuiyd, QopmMarbHO-KOMNOUYITIHULL NIOXIO,
KOMRO3UYIUHA Mipa, CIOJCemHa, MOHMAICHA, d)opMaJlea KOMRO3UYyisi, emMOyitiHull pPe30HaHC, eMmoyiline
HAanpysjiCcenHsl, Kamezopii KoMNno3uyii, KOMnO3UYiuHa YinicHiCMmo.

Key words: composition in architectural design of the environment, formal compositional approach,
compositional measure, plot, montage, formal composition, emotional resonance, emotional stress, categories of
composition, compositional integrity.

AKTyaabHicTh po0OTH: B TMOIIyKax 3acobiB
MiBUIICHHS EMOI[IMHNX BIUIMBIB apXiTEKTypHOTO
CEepelloBUINA; 3aCTOCYBaHHI Hag0aHb CYy4acHOTO

MHUCTELTBA B  CEPECIOBHIIHOMY  IPOCKTYBaHi;
JOCITiPKeHHI TPOOJIeMHU CepeIOBUIIIHOT KOMITO3HUIIIT 3
TO3HIIHA (hopmMaTbHO-KOMITO3UIIIHHOTO i IX0aY;
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€KCTpaNoIIOBaHHA KOMITO3HMLITHNX 3aco6iB  [6.17]. Kommosuniiine ¢opmoytBopenns B JJAC
HedirypaTuBHOTO KHUBOIIUCY B LApUHy  PO3KPHMBAETHCS UEpe3 pIiBHI CEPEIOBHIIHOI MOBHU
CEepEIOBHIIHOTO JTU3alHY. (emeMeHTH  apXiTEKTYpHOTO IPOCTOPY, E€JIEMEHTH

Pi3Hi acriekTH mpoOIeMH IMiIBUINCHHS BUPA3HOCTI
apXITEeKTYpHOTO  CEpElOBHINA, HOrO0  EMOIHHOT
Hanpy>XeHocTi, (opMyBaHHsS IIEBHOTO 3HaKy Ta
atMocdepu po3risHYTI B mpamsgx WM. AsmzgH, B.
IInmko, I. Posencon, C. MixaiinoBa, A. IkoHHIKOBa Ta
in. [1,7,13]. Komno3umito B apxiTeKTypHOMY Iu3aiiHi
JIOCITI Ky BN 3 TO3UIIHA CEepeIOBUIIHOTO,
JIpaMaTypriifHOTO, 3arajbHO XYyJOKHBOTO MiIXOIIB
[1,4,8,15]. TlousTiitHuit amapat QOCITITHAKIB Maiike He
BUXOJMB 32 MEXI 3arajbHONPHHHATOI TEPMiHOJOTII.
Mix TtuM, mno3a yBarowo (axiBIIB 3aJMIIMAINCS
HaJ0aHHA B LapHHI He (IrypaTHBHOTO KMBOIIUCY Ta
mmzaiiny  (H. [errsnaukoBa, O. Yepnumos, E.
XKepnes, O. Yenyposa, U. Jlu, C. lllnerok Tta iH..)
[5,18]. BuHukm nOpoTHpidds MDK — OIMPOKHM
3aCTOCYBaHHAM B TPOCKTHIM TIPaKTHIi 3aco0iB
CYYacHOTO aBaHTap/y Ta AW3aiHy, 3al03MYCHHS iXHIX
METONIB Ta XYyJOXXHBOI MOBH Ta HEJOCTATHHOIO
TEOPETHIHOIO MPOPOOKOIO X npobireM. [lara poboTta
3 cHpo0OI0 TEOPETHYHO OOTPYHTYBATH 3aIlO3MUYCHHS
Hajg0aHb  (opmanbHOI  KOMIO3MWLII B HApHUHI
CEepEIOBHUIIHOTO ITPOCKTYBAHHS.

O0’exT HoCHimKeHHs - popMabHa KOMITO3UIIIS,
(hopMaTbHO-KOMITO3HUIT THUI miaxig B
CEepeIOBUIIHOMY MPOEKTYBaHHI.

IIpeamer pocizkeHHs - MOXIIMBICTD Ta OPMHU
eKCTpaIOIIOBaHHA Teopii (GopManbHOI KOMITO3MIIi B
npoekTHy npaktuky JAC.

MeTta: po3mIMPUTH TOHATIHHWNA amapaT Ta
Jiarma3oH TPOEKTHHX  MOMJIMBOCTEH B IapuHi
CEepeIOBUINHOI KOMITO3HUIIIT 38 PaxyHOK 3aCTOCYBaHHS
(hopmanbHO-KOMIIO3UITiHOTO migxony B JTAC.

3aBaaHHA:

- IpOaHaNi3yBaTH TEOPETUYHI JpKepena 3 TpodiieM
KOMITO3HMIiT, BUOKPEMHUTH 0co0IMBOCTI (hopManbHOT
KomIto3u1ii Ta cdepy ii 3acrocyBanus B JIAC;

- JIOCIIINTH Ta y3araJlbHUTH NOHATIHHUN anmapar
CepeIOBUIHOI KOMITO3MIIi 3 TO3HUIiH (opMaTbHO-
KOMITO3HUIIIITHOTO ITiIXO0/Y;

- HaBECTH NPHKJIAJ 3aCTOCYBaHHS (HOPMAIBHO -

KOMIIO3UIIITHOTO ~ WIXOAy  MIOAO  IiJICHIICHHS
XYIOXHbO-CMOIIIMHNX ~ BIUIMBIB  apXiTEKTYpPHOTO
CepeIoBHIIIA.

Kommosuiito B jau3aiiHi  apXiTEKTypHOTO

CepelloBUINa JOCHTIIKYBaId AHTOHOB B. (koMmo3uIlis
Micbkkoro cepenosuima), byHiH A., Kpyrmosa M.
(xoMITO3MIIis MicTa), I"abpiueBchKmiA A.
(CTiBBiTHOIIIEHHS POCTOPY Ta MacH B apXiTEKTypHIH
KoMmo3utliil), €}iMoB A. (KOMITO3UIIiIHI KOJTOPHUCTHKA
Ta GopMOyTBOpEHHs) Ta iH. OCOOIMBOCTI CIIPUHHATTS
Ta JpKepena  eMOLIMHMX  BIUIMBIB  PO3KPHUTH
ApnxeiimoMm P. (Bisyansne cnipuiinsrts), bensesoro E.
(ocobmmBocTi CHPUHHATTS IPOCTOPY),
3abenpmrancekuM b. (emoriiiHi BrutuBHu), CamMiHM
JI,  VYuemoBcekoro O. (3HaKOBa  IITICHICTB),
IkoHHiKOBUM A. (€CTeTHYHI ITIHHOCTI TpPEeIMETHO-
POCTOPOBOro cepenopuina) Ta in.[7,14]. docmimkeni
ecteTnyHa opranizamis ¢opmu B JIAC, ocobmmBocTi
KOMIIO3UIlifiHOTO  (hopMyBaHHS OO'€KTIB AM3aiiHy

3HAYYILIOi OpraHizauii MpocTopy, NOETHAHHS OKPEMHX
yacTed Ta YTBOPEHHS CHHTarM (MOBHHUX 3HAaKiB)),
Mopdosoriuni TpaHcdopmanii, sKi HepexoidATh B

cepemoBuIHI Meradopu Ha  BHOIOMYy  malmi
NPOCKTYBaHHA  Ta  CHOPUHHATTA  KOMIIO3HIIi.
Bimokpemmeni  Taki  Karteropii  apXiTeKTypHOI

KOMIIO3HUIIi SK TPOCTip, Maca, CBITIOBHH TOTIK,
MIPOCTOPOBA CTPYKTYpPa 1 TEKTOHIKa, TIPOCTOPOBE TiJIO,

KOHCTPYKTUBHI  piBHI Tomo. HasBaui 3acobu
rapMOHi3allil: MeTp i pUTM, MOJyJIb,
MPONOPIIOHYBaHHs, MacmTabHicTh, Ta iH. [17].

JlocmikeHI MOHATTS «CEPEIOBHIN HUM aHCaMOJIby,
«KOMITO3MLIIHHUH BY30J1», «IHTETpaJIbHa KOMIIO3UIIISD».
Kommo3utiiiHy cTpyKTypy TpakTYIOTh depe3 HOHSTTS:
JOMIHAHTH, aKumeHTH, ¢GoH, Bici, Tema, izmes,
KOMTO3HUIIIHHI 3B’S3KH, apXiTeKTypHO-IH3aiHEPCHKUN
Kapkac. BimokpemieHi ¢opManbHi Ta 3MICTOBHI Ki1acu
KOMIO3ULIfHUX ~ 3aBJaHb.  BCTaHOBIEHO, IO
CEepeOBHIL HUM MiIXi/ 10 KOMIIO3HUIIIT aKLIEHTY€E yBary
Ha CICHAPHOMY MOJECIIOBaHHI CEpelOBUI HHUX
npouieciB. BuBueHe oTOUeHHs K 00’€KT XyNOXKHBOT

TBOPYOCTI. B mporeci MOCHIMKCHHS: Bi3yalbHe
CIPUUAHATTS, HOro 4yWHI Ta acoLiaTUBHI acIeKTH,
JUKepena  MOBEOIHCBHKOi, eCTCTHYHOI, eMOIHHOI
peakiii;  iHpoOpMamifiHi  CHTHamW,  Bi3yalbHO-
KOH(JIIKTHI CHUTYyaIlil, AUHAMIYHICTh KOMITO3HUIIHHOT
CTPYKTYPH, KOMIIO3MI[iffHI ~CXEMH, CIOKETH Ta

PO3MOIIT CepelOBUI HUX poJsieil. 3a CTBEpIKCHHAM
[lnvko B., apXiTeKTop MNpH3HAYaE «TEPOSIMHU» -
JOMIHAHTAMH CEPEJOBUIIHOT KOMIO3HUIT OyIb-sKi
eMOIIifHO-00pa3Hi  «xapakrtepm» (HOCIi 30pOBOTO
BIIYYTTS), [JOBUIBHO KOMOIHye Mi3aHCLIEHH Ta
(GyHKIIOHABHI €301, SKi BIATBOPIOIOTH IMEBHUIA
o0pa3 - cepemoBHI HUU CHeKTakiab. Kommosuiriiiai
BapiaHTH CTBOPIOIOTHCS METOAAMH: IIEPEePaxyHKY,
PO3BUTKY, IPOTUCTABJICHHS Ta iH..

3a Cy4acHMMH ITiAXOAaMH IO Teopil KOMITO3HLii -
HE ICHY€ HIYOTO, IO HEMOXXJIHBO OpraHi3yBaTH 3a
3aKOHAMH XyJI0HBOI TOLIIBHOCTI; SIBUIE KOMITO3UIIIT
TPaKTYIOTh K HE JIMIIE MaTepialbHe, aje i 3arajibHe,
sike Mae HeBidyanpHHU 3MicT [19]. TepmiHOMOTIUHMIA
arapar po3LINPIOIOTh 32 PaXyHOK MOHATH: OPi€HTyIOUe
pycio, HaIpy>keHiCTb, €CTeTHYHE ToJe,
KyMYyJSITUBHHH ~ €(DeKT, KOMIIO3MISI THMYacOBHX
cTaHiB. B  Kkommo3umifHOMy  (OpPMOYTBOpPEHHI
camoriibHOocTi  HaOyBaroTh  TpUBaOIMBICTE  Ta
IHTYITHBHICTE Camoro mpormecy. MeTol Ha3HUBarOTh
WOTO JyXOBHO-ECTEeTHUYHHH TOTEHIaN, BiadyTTS,
HACTpOi CIOXHUBAaYiB, MPOCTOPOBY AMHAMIKY (GoOpM,
MOOUIBHICTB CBITJIO-KOJIBOPOBHX oOcTaBuH
cpudHATTS Tomio. lle Hamae HaM MOXIMBICTDH
MIPOBECTH Mapasei 3 HeirypaTHBHOIO KOMITO3HIIEIO B
MHCTENTBI, PO3IIISIHYTH CEPEAOBHIIHY KOMIIO3HUINIO 3
MO3MLIH ghopmanvrozo nioxody. CyTHICTh miaxony (3a
W. JIu) B TOoMy, 0 HE3BaXKar0uW Ha Te, 10 (opma
B3a€MOIIOB'SI3aHa 31 3MICTOM, MOJKJIHMBO BIIIIIEHHS
dbopMH BiJ 3MICTYy NUISIXOM 3aMiHH PEasliCTUIHHUX
00'exTiB popmansHIMH (200 abCTpaKTHUMM), ajie Tak,
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mo6 ¢GopmanbHa KOMIIO3HMIliS BHCIOBIIOBAJIA iICHO 1
XYJI0KHBO-00pa3HUii 3a]JyM 4epes:

- XapaKTCPUCTUKUA 1 BIACTUBOCTI EJICMEHTIB
KOMIIO3HIIT;

- CTPYKTYpHY OpraHi3aIlio CJICMCHTIB
KOMITO3HMIIIT.

Bracmimok Ta B mpomeci  KOMITO3HIIHHOL
ISUTBHOCTI, YTBOPIOIOTBCSL TeBHI emorii. TooOTto,
KOMIIO3WIifiHa ~ [OiSUIbHICTE  NpH  (OPMAIBHO-
KOMIIO3UIIITHOMY  IOXOAI caMa €  TPOIEecoM
TIPOAYKYBAaHHS €MOIIii.

3a 3aranbHO-HAYKOBHM  MIiAXOJOM, MOHATTA

KOMITO3HMIIIT Ma€e TPUEIUHE TPAKTYBAHHSI: SIK TBOPY; SIK
ocobmmBoi  QopmMu  CTpyKTypHOi  oOpraHizarii
Mmarepiaiy; sik TBopyoro mpoueccy [18]. B TBopi
BTUTIOKOTECS 00'€KT, CyO0'€KT, MpeaMeT, MeTa, METO/,
YMOBH, 3acO0M, IPOLENYpH, NPOAYKT, pPE3yJIbTaT
KOMIIO3UIIHOT HistmbHOCTI. Komnosuyis sk meip €
MoxXigHe BiX mporecy LTeCTIPSIMOBAHOTO
3acTOCyBaHHA (POPMOTBOPUYHMX UMHHHUKIB 1 CBiZOMOTO
BUKOPUCTaHHS  HEOOXiMHOTO apceHalmy  3aco0iB
XYIOXKHBOI BHpasHOCTi. Komnosuyitina yinichicme €
0co0IIBOIO (HOPMOFO 30pOBOI OpraHizallii , BTUICHHIM
B TBOpi 3MicTy ii Kareropiii i moHsaTh. bararctBo i

0araTcTBO 1 I[TICHICTh KOMIO3HIIHHOT (opMmu.
Cmpyxmypua CKAAOHICMb 3aJIeKUTh BiJ
PI3HOMAHITHOCTI 3aKOHIB, TPUHIIMIIB, METOMIB 1
3ac00iB KOMITO3MLINHHOI opraHizamii, 3acTOCOBaHHX
JUIL JTOCATHCHHS TOTO pIiBHA TapMOHIMHOCTI BCiX
€JIEMEHTIB Marepiaiy, npu SIKIH BOHHU
MIEPETBOPIOIOTHCS 3 CYKYIHOCTI B LITICHY CHCTEMY, /i€
HEMa€ HiY0TO 3aifBOTO, Yy>KOPITHOTO i 130J50BAHOTO.
Komnosuyii ax meopuuii npoyecc (3a B.JIleBinum) -
MpoIiec CTBOPEHHS HOBOI IIHHOCTI, SIKOi paHilie He
icHyBamo.  Bu3HauaeTtbcs  HUIAMH  (CTBOpEHHS
MITICHOCTI SIK HOBOTO CHCTEMHOI SKOCTi), METOJaMHU
(cuHTE3y MOHATIHHO-JIOTTYHOT O, Xy I0XKHBE0-00pa3HOTrO
Ta MarepialbHO-TEXHIYHOTO0), NPUHLIUITAMH
(MeTomoiorii  XyMOKHBO-TIPOEKTHOI  opraHizamii
LITyYHUX CHCTEM), 3aco0aMu. (XyI0KHbO-0Opa3HUM,
KOMITO3HULII{HO-BUPa3HUM, MaTepiabHO-TEXHIYHUM).

Bimokpemmrorots  [17,18] Taki xapaxkmepucmuxu
KOMNO3uyii: TapMOHINHICTB, €IHICTb, IIUIICHICTB,
CHIBMIpHICTB, 3B'S13aHICTb, i ATIOPSIKOBAHICTb.

3arajibHe BHCTYIA€ SK 3aKOH, NPHUHLMII i MEXaHi3M,
MOPODKEHHS CaMHX WX xapaktepucTuk. Tabmuusa 1
BMIIIy€E Ta CUCTEMATU3Y€ PO3IINPCHUI Ta 30aradyeHui
TOHATIHHUHN anapaT KaTeropii «KOMITO3HLIis.

IUTICHICTh KOMITO3UIIIHHOTO 3MICTY 3YMOBIIOIOTh
Tabmungs 1.
Y3arajbHeHuii NOHATIHHNI anapaT cepel0BHIHOT KOMIO3HILIT
KOMITO3ULITA
TBIp- TOXIJTHE BiJT POIIECY 3aCTOCYBaHHS (DOPMOTBOPUYMX YMHHUKIB KOMIIO3HIIITHOT ITICHOCTI 1 BAKOPUCTAHHS
3ac00IB XYI0’KHBOI BUPA3HOCTI
ocoba opMa CTPYKTYPHOI OpraHu3aIlii XyI0XKHBOTO MaTepiary
TBOPYMH NpOLIEC
Tinu 3aKkoHu Bigun
00’eMHO-
. 3aKpUTa JIOTJTbHICTD o (ponTambHA o0'emHa TPOCTOPOB
BIIKpHUTA rapMOHIIHICTh a
CIO’KETHA MOHTaKHA (opmasbHa
HpuHTinmm
XYIIO)KHBO-
KOMIIO3UIIIHOTO . . vt
e Ilimxomm 1 Kpurepii 1
(hopMOOyTBOpEHHS Kareropii i xapakTepuCTHKA
. METO/TH TIOKa3HUKA
MartepiajlbHIX, 3HAKOBUX
1 IPOIIECYATHEHUX CHCTEM
dopMamsanii (hyHKIHMOHATBHICT {BHOBALA CuHre3 00pa3Horo i .
. TOXKHICTB
P b P JIOTIYHOTO TOTOAKHIC
00pa3HOi aKTHUBI3aLil KOHCTPYKTHMBHICTb | CYIIIAPSIHICTE CMOIIHHO-
XyIIO)KHBO-TIPOCKTHA .
P . TPy . YHIp. YAOKHBO-TIPOX T —
KOMOIHATOPUKH C€KOHOMHYHICTb TTOBTOPEHHS OpraHm3arist peaxrii mpH
N . LIJIOTO B HOro M .
cTri3anll TEXHOJIOTTYHICTb CIPUUHATTL
YaCTHHAX
ok CITIBPO3MIPHICT CHHTE3 NOHATHIHO-
TpaHcopmari THOKICTb JIOTIYHOTO, Xy I0’KHBO-
. o . o0pasHoro i MarepiansHO- | €1HICTb hopMH i
TEKTOHIKH, TapMOHIHHICTD €THICTh . .
— TEXHIYHOTO. 3MicTy
" . SIKICHA 1
CIOXKHBYOT (QYHKITIT TOB'SI3aHICTh L .
KUIBKICHA Mipa
BuractuiBocTi SxocTi
.o 0CTOTA . CTPYKTYPHICT | TEKTOHHYHICT .
JIUHAMIYHICTh P . MAacHBHOCTh MaITabHICTh Py 00pa3HiCTh
. CKJIAHICT . b b
-CTaTUYHICTh . MPOCTOPOBICTh
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€CTeTHYHAS
. . CaMOLIIHHICTD, €nHICTh .
[NacuBHiCTB- Bi3yaJlbHa OorarcTBo i
. o XYIIO)KHBO- (dopmu Ta .
AKTUBHICTh IITICHICTh . . IUTICHICTB
00pasHuit 3MICTY
CEHC.
3acobu TTpuiiomu
(dhopma XYI0KHB00-00pa3Hi, KOHTpaCT-HIOaHC
KOJTip KOMITO3HUITIHHO-BUPA3Hi, CHUMETPis-aCUMETPist
(axtypa MaTepUaIbHO-TEXHITHI CTHTI3AIMS
PUTM TpaHchopMartis
TIPOTIOPIIiT
BaHH
TUTACTHKA Py
ba30Bi NOHATTS (hopMaTIbHOT KOMITO3HILI Mipa
.\, - . OO0’ emHy0UmMiA PiBHi BMiC
KOMIIO3Ii{Ha aKTUBHICTH 1 11 CIIPsIMOBaHICTb OyHKI A MICTY
(akrop KOMITO3HITIHHOT MipH
AHrocmi
. .. IHHICHO- 81ACMUBOCHIE .
CIJIOBI JIMHII 1 CHJIOBE TIOJIE . AKICHA
€CTeTHYIHA O3HAKU CYMHICHI
XapaKmepucmuxy,
3axony npunyuny
. Kamezopii
. . . orepariiHo- .
LTIO30pHHI TIPOCTOPOBHIA 3B'S30K . . nOHAMMms KLITbKiCHA
TsUTHHICTHA
MeXaHU3My
peanizayii
TIO3UTUBHUH 1 HEraTUBHUI TPOCTIP
eMOIIIHII CTIMYJI i EMOIIIIHII pe30HaHC aKma meopuo2o
CTPYKTypa KOMITIO3HUIIIHHNX 3B’ S3KIB Ta KOHCTPYKTHBHO nposisy eMoYitHO- CITiBPO3MipHICTS
BiIHOCHH -TBOpYa nouymmesoi enepeii
BHYTpIIIHIH eHePreTHIHNI eMOIIIIHO - XYOO0ICHUKA,
TIOTYTTEBUH ITOTSHITIAT
META - VTBOPEHHS LIUTICHOCTI IK HOBOI CUCTEMHOT IKOCTI

Dopmanvuy Komno3uuiro Ha3MBaIOTh
rpanuuHO0 (opmoro cBoGoau TBOpuocTi, ("TBip"
PO3YMI€TBCS SIK TOJISI 3 LUIECIIPSIMOBAHOTO BEJCHHS
MOBHOIIIHHOTO KOMITO3HIIIHHO -TBOPYOTO MPOIIECY).
3arajJbHUM BCEOXOIUTIOIOUNM TOHATTSIM (hopMaibHOL
kommosuii O. Yepnummos [ 18] HasuBae mipy. Mipa €
TAM, IO JISKUTh B OCHOBI: KOXHOi SKOCTI,
BJIACTHBOCTI,03HaKH a00 CYTHICHOI XapaKTepUCTHUKH
KOMIIO3UIll K  BTUIeHOT rTapMoHil  (yinwuicHo-
ecmemuyna  yHKYisi  Mipu); KOXHOTO  3aKOHY,
NPUHIMUITY, KaTeropii, MOHATTs a00 MeXaHI3My SIK CyTi
nporiecy 1l peamizaiii (onepayitino - Oiloua Qynxyis
Mipu); KOXHOTO aKTy TPOSBY €MOLIHHO-IyTTEBOI
eHeprii  XyJOXXHHKA; IOPOUKYE  KOMITO3HUIIIHHY
TaPMOHIIO (KOHCMPYKMUSHO-MBOPYA (QYHKYIA MIpU).
Crparerist pyxy BiJ 3aragbHOro (Mipa) 0 OKpPEMOro
(pizHOMaHITHMX  (oOpM  BHpIIIEHHI  KOHKPETHHX
3aB/IaHb XY A0’KHbO-KOMITO3HILIHHOTO
(hopMOyTBOpEHHS) OYAy€EThCS, BUXOISYH 3 HPUHLIUITY
1€PapXiYHOTO B3a€MO3B'I3KY TPHOX OCHOBHHX DPIBHIB -
dbynmamenTanpHuX TOHATH [18]:  skicna wmipa,
KinbKicha Mipa [ cniemipHicms. Kinokicna mipa
nepeadaydae MpaKTUYHE BUABICHHS CKIIAMY 1 Tialla30Hy
3ac00iB yTBOpeHHS KOMITO3UIlii. [IOHATTS siKichoi mipu
PO3KPHBAETHCS 4yepes KOHKPETHHIA 3MICT
XapaKTepUCTUK.  30pOBa  LUTCHICTb,  XYJOXKHS
BUPA3HICTh Ta €CTETHYHA IiHHICTh. Lle B3aeM03B's130K
BHYTPIIIHBOTO (CTPYKTYpa) 1 30BHIIIHBOTO (pyHKIIs)

B KOMITO3HIII1, 1[0 PETYJIFOETHCS 3aKOHOM, SIKUH 3aj1a€
MEXI SKICHUX 1 KUTbKICHUX 3MiH KOMITO3HIIIi B ILJIOMY
1 KOXKHOTO T1i eNeMEeHTy 30KpeMa. 3acTOCyBaHHS
MOHATTS «MIpH» B LAPWHI CEPEIOBHINHOTO IU3AHHY
HaJla€ MOXIIUBICTh OpraHi3amii MiJecrpsMOBaHOI,
KOHTPOJILOBAHOi, 3 TPOTHO30BAHWM pPE3YJIbTATOM,
XYJI0KHbO-KOMIO3HIIIHHOT AisITBHOCTI.

CHoiTbHAM ~ TOHATTSM  CEPEJOBHIIHOTO  Ta
(hopMasTbHO-KOMITO3UI[IHHOTO  IMIAXOMIB € MOHATTS
813YAIbHUX KOMYHIKayiil. Buznaueno mpu
@ynoamenmanrbHux ckAA00BUX OO TIPOLECY:

- i1 1 3MICTY Bi3yaJbHOTO TIOBIJOMJICHHS;

-TUO  CIOPUHHATTA  Bi3yanpHOi  iH(opmarii
CIIOXKHMBAYEM;

-opmu opranizanii Hocis BizyanbpHOT iHpOpMAIii.

®opma opranmizaumii Hocis  iHQopmamii €
IHTETpaJbHOI0, BTUIIOE BIACTHBOCTI JBOX IHIIAX
CKJIQJIOBUX KOMYHIKaTHBHOTO IIPOLIECY, BHCTYIIAE
OesrocepeHIM BHPa3HUKOM X B3a€MOBIIHOCHH, IS
3a0e3neueHHsT SKUX TMOTPiOHI TEBHI XYHIOXHBO -
KOMITO3UITIHHI MPUHIUTH 1 3ac00u. OCHOBHUM THITaM
Bi3yaJIbHUX  KOMYHIKalii  BiIMOBITAIOTH  6i0u
KOMRO3UYitinoi opeawnizayii Xya0XKHbO-OCMHUCIEHHOTO
TIPOCTOPY:  CIOHCEMHUL, MOHMANCHULL  HOpMATLHUL
[8]. O. UepHumoBuM mpoaHadi3oBaHi Ta 3iCTaBJEHI
0Cco0IMBOCTI IUX KOMITO3ULIMHUX MIIXOMIB.
Crooicemni komno3uyii OynyloTbcs Ha NTPHUHIMUIAX
JITEpaTypHOrO  OMHOBijaHHA abo  TeaTpajbHOIO
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CIIEKTaKJIIO, B SIKOMY O€pyTbh y4acTh IEBHI IIEPCOHAXI.
ChpuifHATTS «IEpPCOHAXIB» BUMAara€ CBOEPIAHOTO
«IPOYUTAHHS», «yCBIJOMIICHHSD) 3B'I3KIB MK HUMH 1
BU3HAYCHHS pOJI KOXKHOIO B IIMX BiJHOCHHAaX.

CroKeTHa KOMIIO3HWINiS —Tependadae  TOCIHTiJOBHE,
yIepe/pKeHe, 3alliKaBlieHe CIPUAHSATTS, TYT 3aBXKId
NPUCYTHUH  MOMEHT TOpIBHAHHSA, 3iCTaBJICHHS,

OakaHHA PO3MIIANATH, BHUKATH B 3MICT, IparHeHHS
3pO3yMITH CyTh. 3HAYMUMICTh TaKOi KOMITO3HINI B ii
nmofiifHOCTI. B cepemoBHITHOMY NpPOEKTYBaHHI TaKi
KOMIIO3HIIi1 YTBOPIOIOTHCS 3aBASKH IPaMaTypriiHOMY
miaxony, cepenoBumIHoi cueHorpadii. @adymna 3amaHa,
risigad abo BIJIOKPEMITIOE ce0e Bifl IbOTO CIIEKTAKIIO
JKHUTTSI, CIIOCTEPIraloum HOro 330BHI, a0 NpuiiMae
ydacTh, BiJirpaBas 3aJaHy poib. 3a 3aqyMoM
MPOEKTYBAIBHHKA - PEKHUCEPA CEPEAOBHUIIIHOTO JKUTT,
MOXe€ 3/iHCHIOBATHCSI 3MiHa pPOJIEH CEepeloBHI] HHUX
aKTOpIB, PI3HOMAHITHI CEPEIUBHUINHI CIOKETH MOXKYTh
cpuiiMaThCs OMHOYACHO 1 330BHI 1 3 CepeiuHU.
BisyanpHi Bici BigirparoTh poilb CrOKeTHOI (hadyiw,

3a0e3MeuyoTh  MOCTIOBHICTD  CEpEelOBUII  HHUX
BpaXEHb.
30BciM  IHIOWA, TPAMO-TIIPOTHICKHUHA  THII

CHpUIHATTSA nependavae moumasxcna komnozuyis. 1le
- KOHCTaTallis Bi3yanbHoro (akty, (ikcamis yBara Ha
JAHHOCTi,  OJHO3HAYHOCTi,  3aBEpIICHOCTI  Ta
CaMOJIOCTaTHOCTI.  SIKIIO  CIOXKETHY  KOMIIO3HIIIO
«PO3TIISIAIOTEY, (IIPOYUTYIOTHY», KIIPOCTEXKYIOTHY, TO
MOHT2)KHa KOMIIO3UIliSI cama «KHIA€TbCS B OYi»,
BIUTMBAE SIK CIIaJIaX, KOMaH/1a, CHTHaJI - OJTHOMOMEHTHO
1 omHOsIKICHO. BoHa 3BepHEHA HE 10 MOYYTT, a 0 OKa
3 METOI0 HOro akTHBHOTO, IUIECTIPSIMOBAHOTO
30yIKeHHS, CIpPHHMAeThCcs SK €IUHUA akKopn, He
nependavyae NPOHUKHEHHS INOTJSLY Yy BHYTPIIIHIO
cTpyktypy. IlpuHimnm  MoOHTaXHOi  opraHizarii
BUKOPUCTOBYETHCS [Tl  JOCATHEHHS  HaHOUIBIIOT
CTabiaLHOCTI, CaMOCTIHHOCTI, IHMBIyaIbHOT
3HAYYNIOCTI Bi3yalbHUX (OPM, CKIQJAHHS 3 HHUX
«TPYMOBOTO TOPTPETY» y SIKOMY HIXTO HE MOBHHEH
«3aBakaT» oauH onxHomy. Lle Bua kommosumiitHOT
opraHizamii, SKHH OTOTOXHIOETBCS 3 MOHATTAM
KOMIIOHYBaHHS, CKIIaJaHHs, 3'eqHanHsd. Lle#t miaxix B
CEpE/IOBUIIHOMY IIPOCKTYBaHHI CHPSIMOBaHO Ha
JOCSITHEHHSI ~ €MOLIWHOI ~ BHM3HaUeHOCTI - B
MEMOpiabHAX KOMIUIEKCaX, aJMIHICTPAaTHBHHAX Ta
KyIbTOBHX 00’€kTax Tomo. B  apxitektypHOMY
CepeIOBHILI TAKOXK OJHO3HAYHO CIIPHUHMAIOTHCSI 3HAKH
Opi€HTYBaHHS, iHpopmaii Ta pexnamu,
MOHYMEHTAJIBHOT MpOTaraliu, 3aco0u
obcnyroByBanHsa. lle - 00’€kTH - KOMaHIW: CTiHd,
KyIly#, TIOBEpTail HampaBo, Pyl MIBUJIKO, IJUBUCH
Bropy TOIIO.

[MpuHumnm opranizamii i xapaxkrep CHPUHHATTS
dopmanvnoi Komnozuyii BIIPI3HAIOTHCS THM, IO B Ti
OCHOBI JIGXHTh HE PO3MOBiIb 1 HE KOHCTaTalis (axTy,
AK B MEpIINX ABOX, a CaM IMpOLEC CTAHOBJICHHS,
MOPOJKEHHS XyJOXKHOCTI Bi3yaJbHOT OPMH B €IHOCTI
3 1l eMOmiiHO-4yTTeBUM 3MicToM. KommosuriitHuit
MPOLIEC TYT MiAMOPSIIKOBYETHCSI:

- HE JIOTiIi CIOETHOTO OIOBIZaHHSA IIPO
BiJIHOCHHHM 30BHIITHUX IS TIIsAa9a IEPCOHAXKIB,

- 1 He 3aKOHY KOHTPACTHOTO IPOTHCTaBICHHS
BisyallbHOro (hakTy, Je TIJsiad BUCTYIIa€ B PO
peliimienTa,

- a camMe NPUHLUIIOM TOTOXXHOCTI, BiIOBIAHOCTI
YyTTEBOMY TEPEKHMBAHHIO JIIOAWHH, BTUJICHHIO LLOTO
TIOYYTTS Y Bi3yaJIbHY XyJIOXKHIO (OpMY.

JloCHiIHUKY HaroJomIyoTh, IO SIKIIO CIO’KETHA
KOMIO3HUIlisl OyIyeThCs K BisyallbHE BigoOpakKeHHS
MOYYTTS TapMOHii, TO gopmansha KOMRO3uyis - K
8i3yanbHe GMINEHHA 2APMOHII CamMo20 XYOOHICHbO-
KOMNO3UYIUHO20 NOYYMMAL.

Hpunyun opmanvuoi opeawnizayii TPYHTYETHCS
Ha €MOIIHHO-9yTTEBOMY MeXaHi3Mi. 3a
KOMITO3ULIITHAM 3MICTOM 1 XyJOXHBOIO (DOPMOIO BiH
sBIIsiE€ 13 cebe Bi3yalibHE BiOOPaKCHHS XYI0KHBO-
00pa3HMX SBUI BHYTPILIHBOTO CBITY Xy 10XHUKa [18].
Tomy kommo3uis, ska OyAyeTbCs Ha NPUHLUIAX

¢dopmampHOi  opradizamii, BHMarae  IUIICHOTO,
OpTaHIYHOTO OayeHHs, TOHKOTO €MOLIIITHOTO
yIpaBIiHHS MPOLIECOM B3a€MOIPOHUKHEHHS,
B33a€MOIIEPETBOPCHHS eJIEMEHTIB KOMITO3HILii,

PO3YMiHHS 1 BiT9yBaHHSA iX SIK pyXJINBUX, MIHIIUBUX 32
KOMITO3HLIITHOIO aKTHBHICTIO «30H KOHUeHmpayii
emouiiinoi enepezii», 3JaTHUX TO «POZYUHATHUCH» [0
CTaHy HEpO3PI3HEHHOCTi, TO «YLIUILHIOBATHCHY M0
cTymeHs (isuuHoi MarepianbHOCTI. Kommosuiris,
noOynoBaHa Ha NMpUHOMNAX (OpPMaILHOI OpraHiarii,
BIZIPI3HAETHCS IJIMHHICTIO, [IJIACTUYHICTIO,
«IyJICYFOUOIO» JIHIHHOI0 O€3MePEepBHICTIO, EHICTIO 1
HEPO3IUTBHICTIO K IUTICHUHA XKUBUN OpraHi3M, SKUH
iCHye B CBOEMY NPHUPOJHOMY, OaraTOBUMipHOMY
MPOCTOpi. 3arajgbHa OpraHi3amis KOMIIO3UIIIITHOTO
TBOPY OYAYETHCS BIAMIOBIIHO IO MOHSTTS «KeMOUIHUT
pe3onancy. [IoHATTS «KUTbKICHA Mipa» TYT IOB'sI3aHE 3
Bi3yaJbHUM BUP&)KEHHSM Ta J1ala30HOM BHYTPILIHBOT
AKTHBHOCTI KOKHOTO €JIEMEHTY, BUMAarae
3a0e3neueHHs iXHbOI B3aeMO3aMiHHOCTI 0Oe3 MIKoan
U 3MicTy,BTpatu "BupasHoi mormi". Kommo3uminHi
3B'SI3KM 1 BITHOCHHH HOCSITh HE MEXaHIYHHUH, & 4y TTEBO-
00pa3HUil XapakTep 1 peai3yroThCs 3a JIO0IMOMOTO0
«CHJIOBHUX JIHIN» 1 «CHIIOBHX ITOJICIT», IIJ0 MafOTh IEBHY
CIPSIMOBAHICTh, IHTCHCHUBHICTH, PO3MIpPEHICTh, 30HHU
nii. B cepenoBumHOMY NpPOEKTYyBaHHI (hOpMAIIEHO-
KOMTO3HIIHHUN MiIXiJ] BUMarae TOro, Mo MepmI Hix
BH3HAYWTH TPOIMOPLIi, poO3Mip Ta Opi€HTAIIO
KOHKPETHOTO "KUTTEBOTO MPOCTOpPY" MalOyTHBOT
KOMITO3HIIi1, HEOOXiHO 3a3/aJierih 00pa3Ho i HAOYHO
yIBUTH c001 1 TMOOKO BimdyTH HOro 3arajabHAN
eMOLIMHNNA JaJ, CKJIAAHICTh 1 XapakTep AWHAMIKH
cunosux JiHill 1 AaKTUBHICTb CUNOBUX NOJIG8, SKi
HAIIOBHIOIOTH JKUTTAM KOMIIO3HMIIIO 1 HAJarTh I1H
XYJIOXHbO-BUpa3HUi ceHc. JlispHICTh CIOXHMBada Ta
Horo CHpuiHATTS cebe SK YacTUHHM KOMIIO3MIIT
BIUIMBAIOTh Ha 3MiHYy XapakTepUCTHK (parMeHTy
KOMIIO3MIII, #oro emouiiiHy ckiagoy. e
OJTHOYACHHUII NpOoIeC B3a€EMOBIUIMBIB CEPEIOBHIIA Ta
CIOKMBayYa, 00MIH €MOLIMHO-eCTETHYHUMU
IIHHOCTSMH.

Yepuumos O. [18] posBoauts nomamms
«opmanvna komnozuyiny i «npuHyun opmanvHoir
opzanizauiiy. B nepmomy BUIaAKYy «(HOpMaIBHICTE»
KOMIO3HILiT mepeadadae BiABOMIKaHHS, abCTparyBaHHS
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BiJl Oyb-IKHX CMHUCIIB 1 3HAYEHb, 1[0 HE BITHOCATHCS
JO oprasizamii camoi  XyZ0XXKHbO-KOMITO3HLIHHOT
¢dopmu. «[IpuHnmn GpopmanbHOT opraHizanii» e Juie
OKpEeMUil BUTIaJIOK KOMITO3HUIIITHOT OpraHi3amii mops 3
CIO)KETHUM 1 MOHT@)XHHM. Bci THNH cepenoBHIIHOT
KOMITO3MIIT BH3HAYaThCS MIpOIO BiJHOCHH SIKICHHX
XapaKTEepUCTHK: 30pOBOI HINICHICTIO (K THIOM
CHPUHHATTSA), XyIOXXHBOIO BHPA3HICTIO (MOB's3aHOL 3
opradizariero (GOpMH HOCISI) i €CTeTHYHIH MiHHICTIO
(moB'si3aHOi 31 3MICTOM 1 METOI Bi3yaJbHOTO
TIOBITOMJICHHST). 3aBISKH TaKOMY CIIiBBiIHOIICHHIO
MOJXKHa JIETKO "TIEPeKMHYTH MiCTOK" MDX: BHIAMH
KOMITO3HIT i MIPUHIUIIAMH oprasizarnii;
MoM(DiKaIisIMU TIPOLECIB Bi3yalbHOI KOMYHIKalii

IpuHOMOM KOMIO3MWIIHOT OpraHizamii MOXYTh
3aCTOCOBYBATHCS KOMOIHOBaHO, OXOILTIOIOYH COOOI0
pi3Hi piBHI Kommo3uLiiHOTO Mpoueccy. Lle 3anexutsb
SK Bif HOro CKIAgHOCTI, Tak 1 BiJ THUX IJICH, fKi
CTaBUTH TMepes COO0I MPOEKTYBabHUK. Hampukinan,
Opd  OJHOYACHOMY  BHKOPHUCTAHHIO  MPUHIIMIIB
CIOKETHOI 1 MOHTa)KHOI opraHizallii, OIUH 3 HUX Oyze
3a/laBaTH BiTHOCHHH "3MicCT - popma" KOMITO3UIIHHOTO
MaTepiaiy, a IHIIHH - 3MicT i popMy HOTO CIPUIHSTTSI.
BigmoBigHO MOXYTh  MOEMHYBAaTHUCS  yci  iHII
MIPUHIINIIN, CKJIaar0uu HaMPI3HOMAHITHIIII
koMOiHawii. OTke, BUXOASYM 3 LJIeH 1 3MICTY TeMH,
M0  IPOPOOJISETBCS,  ApXITEKTypHO-IU3AHEPCHKI
KOMITO3MIIT MOXYTh OyIyBaTHCSl Ha MOHTaXXHO-

CIO)KETHOMY, (D OpPMalbHO-CIOKETHOMY Ta  IHIIMX
miaxomax, mo B (GOpMaIbHO-KOMITO3ULIHHOT
TEpMIHOJIOTI]  BIINOBIA€ TOHSITTIM  eMOUiliHO20
pesonancy i emouyiinozo  cmumyny. TBip

CEepENIOBUIHOIO MHCTELTBA B TaKOMY pa3l BHUKOHYE
CHMBOJIIUHY 1 e€MOTHBHY (YHKIII NEeBHOI 3HaKOBOI
cucTeMH. XapakTep Bi3yadbHOTO CHPUHHSITTS TaKOTO
CepeoBHUINA MOXKe OYTH K OTHOMOMEHTHO-LIJIICHHH,
TakK 1 MOEJIEMEHTHO-ITOCITI JOBHHUM.

Puc.1 imroctpye pi3HHIEO B TOOYIOBI KOMITO3HIIi{
TOPTiBeNPHOI BITPUHM Ha pI3HMX MpHHOWNAX (Ha
MPUKIAAI  CTYAEHTCHKHX pobiT). Ha wmamrorkax
MpeJCTaBlIcHa PoO0OTa 3 MacmTabOM Ta PUTMIYHOIO
OpraHizali€lo, MOIIyK 3aco0iB KOHIEHTpAIl yBaru.
CIOXKETHHUH Ta CHOKETHO-MOHTaXKHUM MPUHIIMIT O1TBIIE
BIIMOBIAIOTh  1HQOpMALIfHMM  BHMOTaM,  aJjie
MPOTParOTh B EMOIIHHOMY TOCHIIi, aCOI[IaTUBHOCTI, B
CTPYKTYPHO-KOMIO3HIIITHOMY TOTEHIial (MOMIIUBO
3aMilleHHs (OPMATBHUX EJIEMEHTIB KOHKPETHHMHU
CKJIQJIOBHMH, 10 PEKIaMYIOThCS, BBEICHHSI CHMBOJIIB,
3HaKiB, IPUPTIB Ta TEKCTIB O CTPYKTYPH KOMITO3HUIII;
MOXJIMBI ~ 3MIHM  TOHaJbHHX Ta  KOJHOPOBHX
KOMOiHamilf, MmO cOpuaATAME 3MiHI  eMOLIHHOI
HACHYEHOCTI TOIIO), aKTUBHOCTI Ta JMHAMILli 30pOBOTO
cnpuidHATTS. ToMy QopManbHO-MOHTKHHUN MPUHINAI
MoOYyZOBH TOPTiBeNbHUX BITPUH Ma€ IOTEHIal
PO3BUTKY Ta BUMAarae OKpeMoro po3riisiny, IpakTHYHOT
arnpoOariii Ta TEOPETHYHOTO AOCIIKCHHS.

29 700

Puc.1. 3acmocysanns pisnux Komnosuyitinux npunyunie no6yoosu mopeisenvnoi simpunu 1.1.6uxioni
napamvempu 8impuHu
1.2.n06y006a komno3uyii Ha CroHCemHO-MOHMAICHOMY NPUHYUNT
1.3.3acmocysanns popmarbHO-KOMROZUYILIHO20 NIOX00Y
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Ecxiznnn nionyk (popMH:
I
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BucnoBkn: JlocnikeHi Ta po3BeieH! HMOHSTTS
(opmaibpHa KOMIIO3ULIs, GOpMaTbHO-KOMITO3ULIIHHHI
M AX1T B CepeIoBUIIHOMY MIPOSKTYBaHHI.
«DopManbHICTEY KOMITO3HIIIT nependavae
BiZIBOJIIKAaHHS, abCTparyBaHHs Bil OyJb-SKUX CMHUCIIB
1 3Ha4YeHb, 110 HE BIJAHOCATHCS IO OpraHizamii camoi

XyJIOXKHBO-KOMIO3umiHOoi  popmu.  DopmanpHa
KOMIIO3UIliSl € BIi3yaJbHHM BTUICHHSM TapMOHIl
XYJIOKHbO-KOMITO3HIIHHOTO  MOYYTTSA.  3arajibHOIO

KaTeropiero (popMaIbHO-KOMITO3UIIHHOTO MiAXOLy €
KaTeropiss MipH, fKa BHCTyIae B TPHOX Qopmax
(sxicHa, KimpKicHa Ta cHiBMipHICTE). IloHATIHHMI
anapar (GopMaJbHOT KOMITO3HULIi BKJIIOYA€E MOHATTS
€MOI[IOHAJIBHOTO CTHUMYJy Ta PpE30HAaHCy, 30Ha
KOHIIEHTpALi] eMOLIHOT €Heprii, CUIIOBI JTiHii Ta CUIIOBI
nons romo. «IIpunmmn dopmanbHOi opranizamii» ne
JIMIIE OKPEMUH BUMAJOK KOMITO3MIIHHOI OpraHizarii
MOpAJ 3 CIOKETHMM 1 MOHTaXHUM. Lli mpuHImmm
3a0e3MeuyroTh 0COOIHBOCTI CHPUHHATTS
KOMITO3HIIi1,Bi3yaTbHAX KOMYHIKaIliH, MOXYTb
CKJIaJaTHCsA B PI3HOMaHITHI KOMOiHAIli. 3araibHOI0
KaTeropiero (popMaIbHO-KOMITO3UIIHHOTO MiAXOLy €
KaTeropiss MipH, sKa BHUCTYIae B TPHOX (opmax
(siKicHa, KUIBKICHAa Ta CHIBMIPHICTB). 3acTOCYBaHHS
(dhopMabHO- KOMITO3MIIHHOTO TIAXOAy Ta HOTO
YCKJIQTHEHUX KOMOIHAII} B apXiTEeKTypHOMY IH3aiiHi
PO3LIMPIOE Jliala30H MPOEKTHHX MOJXKIJIMBOCTEH 3a
paxyHOK  CBIJIOMOTO  yNpaBIiHHS  €MOLIHHOIO
CKJIJIOBOIO cepelioBHIIa, GopMyBaHHS HOTO 3HAKY Ta
CHCTEMH BIUIMBIB Ha CIOXKHBada.

MOoKITHBICTh Ta POPMH €KCTPATIOMOBAHHS TEOPii
(hopMaTbHOT KOMITO3UIIi1 B IPOESKTHY MpakTuKy B JJAC
MPOITIFOCTPOBAHO HA MPUKJIAJl YTBOPEHHS KOMMO3HUIIIT
TOPTiBENHHOI BITPUHH. 3iCTaBICHO PE3yIbTATHBHICTH
Ta TBOPYMI NOTEHIIall PI3HUX ITiIXO/IB.
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Abstract. The article presents the results of research, analysis and how to build learning feed-forward
controller based on model reference adaptive system in the remote control loop for missile stabilization. The
controller structure is simple, adaptive control law applying Lyapunov stability theory fast convergence and
sustainable. The simulation results have shown the advantages of using algorithm, the missile is always stable
when there is a parameter change due to the effects of flight conditions.

Keywords: Learning feed-forward controller, Model reference adaptive system, Missile, Stabilize.

1. INTRODUCTION

The nature of applying an adaptive control system
according to a reference model is to design the
controller so that the system to achieves the desired
properties given by a mathematical model (reference
model) [2]. When the properties of the real system
different from the ideal properties of the reference
model, the system is changed by adjusting the
parameters of the controller or create additional sub-

signal [1].
The learning feed-forward controller is based on a
model reference adaptive system capable of

automatically adjusting the parameters of the controller

Kp (p) =

Inside; K, - Transfer coefficient of the missile

V, - Missile velocity

T,, - Time constant

§p, - The attenuation coefficient fluctuates
individually

Ty - Aerodynamic time constant

Ty depends on the aerodynamic arrangement of
the missile, the geometrical and aerodynamic
characteristics of the missile’s elements. They change
with flight conditions (altitude, velocity, change of
attack angle ...) [5, 6]. In particular, the ¥—7: coefficient

varies greatly, depending on the dynamic pressure and
make amplification coefficient of the control system
also change within a wide limit.

There have been a number of articles providing
solutions to stabilize the missile by application of
classical control theory [5]. However, only response
within a certain range the dependence of the open
control loop gain on the aerodynamic pressure [5].
Stabilizing the missile stage parameters requires
complex equipment, multiple sensors, each parameter
needs a separate stabilizer [4, 6]. Although stable
solutions have been implemented, but in actual the
missile stage parameters still change, so the quality of
the control loop will decrease, the missile stage
parameter is different from the calculated parameters
[5, 6].

according to the tendency to bring erro (e) between the
reference model and the process (missile) forward
gradually go to zero. The advantages of this controller
are fast adaptive speed, high stability and less
sensitivity to noise [1, 2].

Missiles in the remote control loop is Kinetic stage
with change parameters, and therefore need to be
stabilized. The change in the missile normal
accelerations depends on the wing deflection angle in
groove nod described by the transmission function
[3, 4,5, 6]:

p

IJ‘TV
T§p2+2§prp+1 e

There have been a number of articles providing
solutions to stabilize the missile by application of
adaptive control theory [1, 2]. However, the solutions
proposed today mainly use the feedback linearization
method, complex stability algorithm, which requires
many measuring set (or evaluation) of the missile’s
kinematic parameters [1, 4]. Therefore, the realization
of the algorithm is very difficult.

Seeing that, to improve the accuracy of destroying
the target, the missile needs to be stable during flight.
Therefore, the article proposes how to stabilize the
missile on the application of learning feed-forward
controller based on model reference adaptive system.
The controller has a simple structure, the law adapted
fast convergence and sustainable. Algorithm is verified
through simulation, has reliable results and is able to
realize the algorithm in current technological and
technical conditions.

2. DESIGN ADAPTIVE LEARNING FEED-
FORWARD CONTROLLER ACCORDING TO
THE REFERENCE MODEL

The structure depicted in figure 1 can be used as
an model reference adaptive system [1, 2]. The process
has a mathematical model of the second order, which is
controlled with the help of the learning feed-forward
controller. The parameters of this controller are
A, b, - The change parameter of the process
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(missile) is a, b, c. Normal acceleration requires of the
missile stage input is a,. (control signal).

Lyapunov:

o |-
S |-

2
T e
Reference model !
______________________ | + —
| <

Figure 1. Structure diagram of process, reference model, learning feed-forward controller

The reference model is described by:

Ym __ ‘U%n
a_r - P2H+2&mwm ptwd, (2)
The process is described by:
X _ I(p _ 1
U TEp2+28,Typ+l  ap2+bpic &7
2
Witha=T—p, b=M , c=—
Kp Kp Kp
Represents process as a state variable:
; 0 1 0
. X1 X1
= . = b 1 = A B 4
S R R &
_ 0 1 0
WithdA=|_c¢ _ |, B=|1].
a a a
By means of a learning feed-forward controller, the ~ Therefore, the design problems posed are: Find

state variable filter output signals can be used to create
an inverse model of the process. We need to define the
operating principle based on the errors between the
output of the reference model (y,,,) and the output of the
process (x), and adjust the parameters a,,,, b,, and c,, so
that they converge according to the parameters of
process a, b and c respectively.

This shows that we can use the approach by classic
Lyapunov stability theory to find the law of adaptation
for the learning feed-forward controller parameters.

- Step 1: Determine the differential equation for e

Represent the reference model as a state variable:

Ymi = Ym2 5 Ymz =€

(stabilize) the adjustment law for the adjustment
parameters a,,, b,,, and c,, so that the error between the
reference model (e) and the process progresses to 0, and
adjust the parameters a,,, b,, and c,, so that they
converge according to the parameters of process a, b and
c respectively. Steps to design the controller adapted
with Lyapunov stability theory as follows:

&

=Dl

sl =lo ol bl +[ile=[5 olm+ (1]

©
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Represents a process as a state variable:

Xy = Xy )
J.CZZ__xl__xZ'i' (CmYm1+mem2)+ amg &)
v 0 1
. X1 X1 Ym1
A R [ N
0 1 0 O 0
=[_c _blx+|m bm|Yy+|am|e )
a a a a a
With error e is determined by the following formula:
e =Yy, —X (10)
e=y,—X (11)
Replace (6) and (9) in to (11) we have:
0 0 0 1 0
é=|om bm|ym—|_c _blx+]|{_m|eE
a a a a a
0 0 0 1 0 1 0 1 0
=|m bm|Ym —|_¢ _P(¥Ymt|_c _B|Ym—|_c _B|X+t|q_9m|eE
a a a a a a a a a

0 0 0 1
=|c_em b_bm|ym+|_c _b|(hm—X)+|q
a a

a a a a

"-_m] e=Aym +4e+Bie (12)

a

0 0 0 1 0
WithAy =|c _em b _bm|, Ay =|_c _b|, By=|; _m (13)
a

a a a a a

- Step 2: Select the Lyapunov V (e) function [1, 2]

V(e) =e"™Ne+aTaa + bTpb (14)
Inside, N - Symmetric matrix is determined a and B - The diagonal matrix contains the
arbitrarily positive. elements that determine the adaptation process speed.
a and b - The vectors contain nonzero elements of - Step 3: Determine the conditions for function
matrices A, and B;. V (e) to determine negative

V(e) = (Ayym + Aze + Bie)T.N.e + e".N.(Ayy,, + Aze + Bye) + 2a.a.a” + 2b.B.bT
= (4,e)".N.e +e".N.Ay.e + 2e".N.A;.y,, + 2a.a.a” + 2e".N.B.e + 2.b.5.b" (15)

From [1, 2]: ATN+NA=-Q either (4,e)T.N.e+eT.N.A,.e is always negative. Thus,
e"(ATN + NA)e = —eT Qe the stability of the system will be ensured if part

According to Malkin’s theorem, Q is a positive  2e”.N.A;.y, + 2da.a.a” + 2e".N.B.e + 2.b.8.b”
deterministic matrix. This means that the value for part  has zero value, that is:

el.N.Ay.yy +d.a.a” =0 (16)
e".N.B.e +b.8.bT =0 17
. 0
Witha =[Az1 a2], e=[€1 €], a= [aél ]
22
M1 M1z _ Ym1
N = [n21 nzz]' ! [az1 azz] Ym = }’mz]
After calculating, we get the following results:
. 1
Az = _a_n(ernzl + €2152) Vi1 (18)
. 1
oz = _a_zz(e1-n21 + €31M22)Ym:2 (19)
From formula (9) we have:
m . 1.
a21=§—% =l = T Cm (20)
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To complete the parameter update process, ¢, is
defined by the following expression:
Cm = ainf[(ernu + €2n22)Ym1] dt + ¢, (0) (21)

From formula (13) we have:

b by . 1y
Qg =7~ 702 = _;bm 22)

To complete the parameter update process b,,,, a,
are defined by the following expression:

bm = aizzf[(elanJ' + eznzz)ymz] dt + bm(o) (23)
Am = éf[(el-nn + e,ny,)el dt + ap, (0) (24)

Where a,, and S,, are called the speed of the
adaptation process, n,; and n,, are the elements of the
matrix N.

- Step 4: Determine N from A”N + NA = —Q with Q = [qll qlz]

q21 422
0 N1 n12] [n11 n12] 1b- _ _ |9 ‘hz] (25)
1 N1 Mz N1 Moz — 2 421 922
Sl + S =t ]
a(n21 N32) Nyg =Mz = - My2 _ 11 Chz] (26)
b c c -
M1 =g Ma1 — oMoz Map + Mg = 2. My | 921 G2z
The results are as follows:
1
Nz =MNz1 = E‘hr% (@7)
1 a2 a
Nyg = Nyp = ;(C_Z-Chl + ;CIZZ) (28)

From formula (21), (23) and (24), the design of the  reference adaptive system with Lyapunov’s stability
learning feed-forward controller based on model theory in figure 1 is redrawn in figure 2 as follows:

Ym

A
(=1~ ]

(== ]

ar 2 g
—> o, = %} q
28 0, [

Figure 2. The learning feed-forward controller based on model reference
adaptive system
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3. SIMULATION RESULTS AND remote missile control loop [5, 6]. The simulation
ANALYSIS organization diagram is in the form of figure 3, with the

The algorithm survey is performed within the  parameters are selected follows:

Target coordinate Command settin a,
—>» determination | system 9
system Y

) Creating fake
targets

A 4

The missile has adaptive system

A

Missile coordinate
determination system

Figure 3. Structure diagram of control loop using learning feed-forward controller based on model reference
adaptive system
- Target has speed V, = 450(m/s), flying in,the a =0,011; b = 0,15; ¢ = 1.
horizontal distance D = 29(km), altitude H = 6(km), - Controller parameters: w,, = 10; &, =0,7.
maneuver start time at moment ¢, = 10(s), maneuver —  _ [174 174] thi pyy ~ 0,0385: pyy ~ 0,078.

finish at moment ¢, = 15(s), maneuver 30(m/s?). .
. Missile velocity V, = 900(m/s). - The command setting system creates command

according to the 3-point guidance method.

Missile trajectory - target

8000 ‘
Target
7000 o =
6000 -
Missiles have controller
— 5000 - — - e
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9] Missile no controller
kel
2
= 4000 =
©
2
> 9999 99992 99994 99996  9999.8 10000
& 3000 -
2000 -
1000 -
0 | | |
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Figure 4. Missile trajectory — target
12 Guidance error
I I Missiles have controller
10 Missile no controller
E
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=
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=
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©
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Figure 5. Error at meeting point
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The position error
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Figure 6. Error of position

Speed error
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Figure 7. Speed error

Comment: The missile is always stable during
flight. The controller is adaptable to changes in kinetic
parameters, the error at the meeting point (straight
deviation) is small. Error between the reference model
and missile is small, the law of adaptation is fast
convergence and sustainable.

4. CONCLUSION

The controller structure is simple, adaptive control
law according to the reference model applied Lyapunov
stability theory fast convergence and sustainable.
Simulation results show that, when using an adaptive
mechanism, it is more stable than when not in use. This
is the basis of improving the accuracy destroy targets,
meet in the actual conditions when the missile’s flight
conditions change.

However, the adaptive laws (21), (23) and (24)
only apply to the process and the reference model has
the second order transfer function. Thus, when the
process has a higher order transfer function, we must
approximate that transfer function to degree order 2.
The learning feed-forward controller only compensates
and corrects for the process with the second order
transfer function, which is a limitation of this method.
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NUMERICAL SIMULATION OF DUST POLLUTION OF WORKING PLACE NEAR COAL DUMP
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YUCEJBbHE MOJAEJIOBAHHS MK1JIOBOT'O 3ABPYJIHEHHS POBOUYMX 30H BLJISI HITABEJIIO
DOI: 10.31618/ESSA.2782-1994.2021.1.68.12

Summary. The problem of estimating the level of air pollution in the working areas near the coal pile is
considered. The task is to develop a CFD model that allows to predict the level of air dust pollution, taking into
account the process of wetting the surface of the coal pile. To model the process of coal dust transfer in the air, a two-
dimensional mass transfer equation is used, which takes into account coal dust transfer due to convection and
diffusion. The Navier-Stokes equations are used to calculate the air flow field near the coal pile. Finite-difference
schemes of splitting are used for numerical integration of modeling equations.

Computer code is developed on the basis of created CFD model. The developed code can be used to analyze the
effectiveness of the coal surface wetting to reduce dust pollution of work areas near coal piles. The results of a
computational experiment are presented.

AHoTauist. Po3risgaeTsest 3a/1aua OIiHIOBaHHS PiBHS 3a0pyIHEHHS MOBITPS B poOOYMX 30HAX 3a mTabenem
Byriust. CtaButbes 3amada po3pooku CFD moperni, 1m0 103BoJIsiE MPOTHO3YBATH PiBEHb MUIOBOTO 3a0pyIHEHHS
HOBiTpSI 3 YpaxyBaHHAM MOPOLECY 3BOJIOKCHHS HOBerHi mrabero. ILJISI MO/JICJIFOBAHHA TIPOLIECY IMOMIMPEHHA
BYTJIBHOTO MWy B MOBITPI BUKOPHUCTOBYETHCS JIBOBUMIpHE PIBHSHHS MacOIEPEHOCY, II0 BPaxoBYE IMOMIMPEHHS
BYT1JIBHOTO TTHITY 33 paxyHOK KOHBEKILIT Ta qudy3ii. s po3paxyHKy HMIBHUIKOCTI MOBITPSIHOTO HOTOKY 01715 mtadberns
BYTJUISI BUKOPHCTOBYIOThCS piBHSHHS Hap’e-Ctokca. /Iyt 4mcesnpHOro iHTErpyBaHHS MOJEINIOIOYHMX PIBHSHD
BHUKOPUCTOBYIOTHCA pi3HI/IL[eBi CXEMU PO3IICIUICHHS.

CTBOpEHO KOMIT FOTepHHMI Ko Ha 6a3i po3pobaenoi CFD mozeni. Po3po6ienuit koa Moxke OyTH BUKOPUCTAHHUN
JUIS aHallizy e(eKTUBHOCTI BUKOPHCTAHHS 3BOJIOYKEHHS ITOBEPXHI BYTULIA JUIS 3HIDKCHHS IHJIOBOTO 3a0pyIHEHHS
pobounx 30H. [IpeacraBieHi pe3ybTaTi OOUHUCITIOBATLHOTO €KCTIEPUMEHTY.

Keywords: numerical simulation; air pollution, working area, coal pile, labor protection
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IMocranoBka npo6emu.

Bimomo, mo mrabenst BYriuis € MOTYKHUMH
JoKepenaMu 3a0pyaHEHHs MOBITPs B poOOUYNX 30HAX. 3
MOBEepXHI ImTabenss BYTUUII BHHOCATBCSA — Pi3HI
3a0pyxrtoroun pedoBmHd (i, CO Ta Take iHmIe).
Oco0mmBO IHTCHCHBHUM € MIWIOBE 3a0pyaHEHHS
pobounx 30H Oins mrrabemniB Byriyura. [IporHozyBanHs
piBHA 3a0pyTHEHHS MOBITPs 6115 IITabeiB € 0cOOIMBO
Ba)KJIMBOIO 33/1a4€HO0.

Jnst 3MEHIIeHHs PiBHS MHJIOBOTO 3a0pyIHEHHS
pobounx 30H BHMKOPHCTOBYIOTBCS Pi3HI 3acoOu:
eKpaHH, 3BOJIOKEHHS TIOBEPXHI mrrabento,
BUKOPHCTAHHSI CIIEIialbHUX PO3YMHIB, IO MOJAIOTHCS
Ha TIOBEPXHIO MTa0eNro Ta Take iHme. [y mpakTuku
Ba)XXJTUBO aJICKBATHO OLIHIOBATH C€(PEKTHBHICTh IHX
3aco0iB Ha eTami po3poOKH MPOEKTY 3aXUCTy TOBITPS
Bi 3a0pynHeHH. OJHUM 3 Ba)KIIMBUX METOMIB TAaKOTO
OIHIOBaHHSA € BHUKOPUCTAaHHS  CICIialli30BaHUX
MaTEeMaTUYHHX MOJICIICH.

AHaJli3 OCTaHHIX AOCJHiIKeHb Ta NyOJiiKauii.
Jnst mporHo3yBaHHs PiBHS 3a0pyJHEHHS TOBITPSI IPU
emicii mwry Bif mTa0e 0 BUKOPUCTOBYIOTHCS pi3HI
MaTeMaTHuYHI Mojeni, Hampukiax, moaeas OHJI-86,
Mozenb ["ayca, uncensHi moaeni [1, 2, 3,7, 8, 12]. lani

MOJIENI JT03BOJISIIOTH NP BUKOPHCTaHHI KOMII IOTEpIB
MaJIoi Ta cepeHbOl MOTYKHOCTI MIBUAKO OLIHIOBATH
IHTEHCHUBHICTh Ta PO3MIpH 30H 3a0pyJHEHHS MPU THX
abo IHMHUX METeOyMOBaX, IHTEHCHBHOCTI IpKepema
3a0pyAHEHHS TOIIIO. Monemi moTpedyroTh
BHKOPHCTAHHS THIIOBOI ITOYATKOBOI iH(OpMAIlii, mo €
BXUIMBUM [UIA TPAKTUKHA. AJie JaHi MOJENi BaXKO
3aCTOCOBYBAaTH Ul  aJE€KBAaTHOTO  OLIHIOBaHHS
e(peKTHBHOCTI BUKOPUCTAHHS Pi3HHUX 3aC00iB 3aXHCTy
NoBiTpst Bix 3a0pynHeHHs. lle moB’si3aHo 3 THM, IO
BKazaHI MoOJeNi BpaxoBYIOTh MITabesb BYrunis sK
«TOYKY», TOOTO 0e3 BpaxyBaHHS HOrO0 reoMEeTPHYHOI
(opmH Ta aepoJMHAMIKH ITIOTOKY Oins mtademnto. Tomy
BUHHMKAa€E BaXJIMBAa IpobjeMa 10  CTBOPEHHIO
e(peKTHBHUX METOJIB OI[iHIOBaHHA €(PEKTUBHOCTI
BHKOPHCTAHHS PI3HHUX 3ac00iB 3aXHCTy MOBITPS Oins
mrabenis.

Merta poboru- crtBoperHs CFD momenmi s
OILIHIOBaHHS PiBHA 3a0pyAHEHHS TMOBITPSA B PoOOYHX
30HaxX OIS mMITa0eIo BYT1ILIS.

MartemaTH4YHA MOJ€JIb.

Jlnst oniHIOBaHHS piBHS 3a0pyAHEHHS TOBITPS
Oinst mrabento BYriulsl BUKPUCTOBYIOTHCS HACTYITHI
piBusnHHs [1, 4, 8, 9]:

dw  OJuw | Ovw 1
T ©
at ox oy Re(??T(;"'ZT(;)
s
ax? + ay2 w, &
T T+ 2 = div(u - gradC) + BiL, Qu(B)S(x — xS — ¥, 3)
e ®=0V/0X-0U/0y — BUXOD; METOAYy 3axWCTy mo0yIoBaHa CyOMoOzenb, IO

Re=VoL/v — uncio Peitnonbca;

L — xapakrepHuit po3mip;

Vo — XapakTepHa IBUAKICTE;

V — KIHEeMaTUYHUH KOe(IIliEHT B’ SI3KOCTI;

W — QYHKIIIS TOKY;

u=0y/0y, V=—0y/OX — KOMIIOHCHTH BEKTOpa
MIBUJIKOCTI TIOBITPSTHOTO ITOTOKY;

C — KOHIICHTpAIIis BYTOJILHOTO THITY;

Ly, Ky — KoeditienTn TypOyseHTHOI 1ndys3ii;

(Q — IHTECHMBHICTH eMicCii BYroJbHOrO MHIY BilX
MOBEPXHI mTabeNIo;

O(x — x:)d(y — yi) nenvra pynkuis Jipaka;

(xi, ¥i) — IexKapTOB1 KOOPIMHATH;

t —d4ac.

KpaitoBi ymoBu mist cuctemu piBsHb (1)—(3)
HaBezieHo B [8].

SIk  BigomMoO, IS 3HIDKEHHS 1HTEHCHBHOCTI
MUJIOBOTO 3a0pyIHEHHS MOBITPS B POOOYMX 30HAX
BUKOPHCTOBYIOTh 3BOJIOXKEHHsI TIOBEPXHI IITAa0EIs
Bojot0. Jlnst ouiHIOBaHHA €(EeKTHBHOCTI TaKOTO

BUKOPHUCTOBYEThCS cymicHO 3 mognemto (1)—(3). Hus
moOymoBH  CyOMOAeTi  CKOPHCTaeEMOCH  TaKHMHU
MipKyBaHHSAMH. Bopa, mo moTpanmia Ha HOBEPXHIO
mrabens, 30impmye Bomoricte W Byrimma.  Ie
30UIBIIye 3HA4eHHS Vi — «IOpOTOBE» 3HAYCHHS
IIBUKOCTI TTOBITPSI, MICIIS SIKOTO MOYNHAETHCS BiAPUB
YacTOK MWy BYrumis. SIK pe3ynbrar, 3MEHIIYEThCS
IHTEHCUBHICTh )  eMicii Mty BiJ TOBEPXHI MITA0EITIO.
[Ipu pyci NOBITPSHUX Mac HaJ MOBEPXHEIO IITA0EII0
Mae Miclle BUMApIOBaHHS BOJAWU. |HTEHCHBHICTH
BUITAPIOBAHHS 3aJIS)KHUTh BiJl KOMIUIEKCY (PaKTOpiB, ajie
IIBUJIKICTH TOBITPSIHOTO IMTOTOKY MAa€ B IbOMY IIPOIIECi
Jy’)e CYTTEBY pOJib. BHACHiZOK BHIIapIOBaHHS BOJAU
3MEHIIYETbCA BOJIOTICTh W BYyTiUIA, IO 3MEHIIYE
3HaYCHHS mapaMeTpy Vi Ta, sK pe3ylbTar,
30UTBIIYETHCS 1HTEHCHMBHICTE @  eMmicii mwiry Bix
TIOBEPXHI TabeIto.

Hnst pO3paxyHKy BKa3aHUX MPOIIECiB
BHKOPHCTOBYIOThCA Taku emmipudHi mozmeni [5, 10,
11]:

Qw = (5,83 + 4,1V)PyVM, 4)

V, = 4.97 + 0.268 - WL58 )
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Q=42-(V—Vp) ()
ne Q,, — IHTCHCUBHICTh BUNAPIOBaHHS BOaH, V — 1. Busnauaerbcs JIOKaJbHA HIBHKICTh

JIOKaJIbHA IIBUJIKICTD BITPY OISl AIISHKU BYTuwis; Py —
THUCK HacU4YeHoi mapu Bonau; M — MOJEKYJspHa maca
Boau; Vi — «OpOTOBE» 3HAUYEHHS IIBUAKOCTI, MiCIISA
SIKOTO TIOYMHAETHCA BiIPHB YacTOK rmuiny; W — BiTHOCHa
BOJIOTiCTh BYTiuIst; Q — IHTEHCHBHICTB eMicCil muity Bif
MIOBEPXHI ITA0EIIIO.

Takum  umHOM, piBHsSHHA (4)  omucye
IHTCHCUBHICTh BHIIAPIOBAHHS BOJHM BiJ IOBCPXHI
mrabento; piBHAHHS (5) OMHECY€E 3MiHY «IIOPOTOBOTO»
3HAYCHHS MIBUIKOCTI MPH 3MiHI BIIHOCHOI BOJIOTOCTI
BYTUIIS; piBHAHHA (6) ONMHCYe IHTEHCHBHICTH eMicil
MIUTY BiJ TUTSTHKH IITa0eIIo.

Hami, anroput™M pimieHHS 3amavi BKIIOYAE Taki
MipKyBaHHSI. Mogens OyayeTbcss Ha 0a3i Takux
MipkyBaHb. Hexail, Ha moBepxHIO ImTabes, MO0 Mae
TUIOIIUHY S;0q1, IPOCOYHBCSA 00°eM Bomu W, (Maca
Bo M"™,uter = Wipar * P> 1€ p— WIJIBHICT BOJIH), a
BiTHOCHA IOPO3HICTh BYTULIA P, yq;, TO B TIIHOWHY 30HA
NpOMOYYyBaHHs OyJie JOPiBHIOBATH:

Wwat
hyat = o
ScoalPcoal

[pu morpamstaHi 00°’emy Bogu W, B mTadens,

BCEPEIMHI BYTULISI 3MIHIOEThCS HOro  BiIHOCHA
BOJIOTICTb, III0 PO3PAaXOBYETHCS TaK:
wnr = M™yater+tmg 1009
— = water7o %,
Mcoal

1e Mcoal — Maca BYTUIISL B 30HI IPOMOTYBAHHS; Mo
— Maca BOJH, o OyJia B BYTULTL A0 3BOJIOKYBaHHS.

SIkmio  3mificHEHO — 3BOJIOKEGHHS — NOBEpXHi
mrTabemo, TO alrOPUTM pIMICHHA 337adi 1o
BU3HAYCHHIO PiBHS HHJIOBOrO 3a0pyIHEHHS POOOYMX
30H JJIsl TAKOTO CLIEHAPiI0, HACTYITHUIL:

"3

MOBITPSHOTO TOTOKY O Pi3HUX TUISHOK TOBEPXHI
mrTabeno (YicebHe pimeHHs piBHAHS (1), (2)).

2. BwusHawaeteca Mmaca Bomu dmg, 1m0
BHITAPOBYETHCS 3a MPOMIXKOK dacy dt (piBHAHHS 4).

3. Po3paxoByeThCs BiTHOCHA BOJIOTICTH BYTiJIIA
TicyIsi BUMApOBYBaHHsI BOM 3a vac dt:

n+1
M wat—dMg

Wn+1 —
Mcoal
4. PospaxoByeTbcs Vi — «IOpOTOBE» 3HAYCHHS
IIBUAKOCTI (piBHSHHA 5).
5. BwusHauaeTbcs  KUIBKICTH  BYTUDIA, IO

€MiTOBaHa B MOBITPS BiA MUISHKH IITA0EIO (PiBHIHHS
6).

6. Po3paxyHOK MOBTOPIOETHCS, TOYMHAIOYH C 11.2.

HeoOxiHO miKpecIuT, o Uil BUKOPUCTAHHS
niei  Meronoiorii  Ayxe BaKIMBO PO3paxyBaTH
JOKaJIbHY MIBUAKICTh TMOBITPSHOTO IOTOKY Oifist
noBepxHi IuTabemo Byriuisl. Sk e BKasyBaJoch
paHinre — 111 33/1a4a BUPILIyeThcs Ha 6a3i piBHsAHB (1)—
(3). Posrmsaemo  MmeTomonorii  pilleHHS — OHX
MOJICTIO0YHNX PiBHAHB. Tak, Ay pinieHHs piBHSHHASA (1)
3IIHCHIOETBCS HOr0 PO3LICIIICHHS HACTYITHHM YHHOM:

dw uw vw

%t t5 =0 )

dw 1

% e ®)
ax2 9y?

JIyis uncensHOro pillieHHs piBHSIHHS HIepeHocy (7)
BUKOPHCTOBYETHCS JIBOKPOKOBA CXeMa PO3ILEIICHHS
[81:

— Ha IMEepUIOMY KpOLi pi3HHIEBE PIBHSHHI Mae
BUTJIS;

n
o™
—”’At L Lo + L0k =0; 9
—Ha JPyroMy KpOIli PO3IICIUICHHS Pi3HUICBE
PIBHSIHHSI Ma€ BUIJISIA:
WPk,
——] — 2+ L7 0™ + L7y 0™ = 0. (10),
Y tdopmynax (9), (10) BHKOPUCTOBYIOTBCS TakKi ou"w  Ujyq jw?:llj —u; jw?;rl 1
i ~ ) ) ), ), S SN 1)
3aJIeKHOCTI: ax Ax = Lyo™,
ouw Jutw Ju w + PR S S PRy L U
_ n ' ovTw ~ Vij+1@" g — Vi 0 -1 = [+l
Ox ox Ox dy Ay y ’
ovw ovtw v w _ _ il R
3 = 3 5 X 0V w N Vi_j+1w ij+1 Vi,ja) ij L‘wn+1
y y y ay Ay y '

- u+ |ul u— |ul
- 2 ’ ’
v+_v+|v| __v—|vl
2 0 2
1 1
outw - Uy jort —uf ol o

dox Ax T !

HeBizome 3Ha4eHHA @ B KOXHOMY piBHAHHI (9),
(10) Bu3HauaeThcs 3a (QOPMYIIOKD «PAXyHKY, IO
O1KHTBY.

Jns  yucenbHOTO
BUKOPUCTOBYETHCSI ~ HACTYIIHA
po3uierieHHs [6]:

pimenHs  piBHaHHA (&)
pi3HMIIEBa  CcXeMa
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1 1 1 1 1
n+s n+s  n+s n+s  n+s
(wz,jz“*’?j_ 0y i + 0y it
At Re Ax? Re Ay? ’
(11)
1
+1_ M3
o] “”z,jz _ “’?++11.j‘“’zr.lfd “’3#1“"?1‘){1
At Re Ax? Re Ay?

HeBinome 3HaueHHS! @ B KOXHOMY piBHstHHI (11) PisHumeBa cxema Ui YHCENBHOTO PIlEHHS

BHU3HAYAETHCS 32 (POPMYIIOI0 «PaxXyHKY, IO OLKUTHY. piBusHHA (2) Mae Bursix [6, 7]:
111i+1,j,k—21lfi,]2',k+1/1i—1,j,k + Vij+1k=2Wijrt¥ij-1k _ —wy; (12)
Ax Ay? J
HeBinome 3HaueHHs mapamMeTpal) BH3HAYAETHCS
3 (12) 3a sBHOW0O ¢opmynoro. KommoHeHTH BekTopa
MIBUIKOCTI IOBITPSTHOTO ITOTOKY PO3PaXOBYIOTHCS TaK
- Yijer — i _ Vi — Y
LJj Ay Vi Ax :
Hdnst  umcenpHoro  pimeHHs piBHsHHS  (3)  Ilo-mepuue, 3IIHCHIMO PO3ILEIUICHHS Ha

BUKOPUCTOBYETBCSl PI3HMIIEBA CXeMa pO3IICIVICHHS.  JAU(epeHLiaIbHOMY PiBHI TaK:

oc | ouc | ove _

wtax TS 0,. (13)
ac 17} ac a ac

=5 (50) + 5 (1w 50)- a4
17}

= %Q8(x — x)S( — y)- (15)

Jnst uncenpHOTrO 1HTErpyBaHHS piBHAHHA (13)
BUKOPHCTOBYEMO TaKi 3aJIeKHOCTI:
ouC _ ou'C N ou=C
ox  ox ox '
vC  av*C N v C
gy ~ dy 0y

TyT NIpUIAHATO MO3HAYECHHA UV =V — W

)

coutlul o u—u
u =—-u =—>5,
R o A R Al 1
v = 2 4 v = 2 )
+ + n+l _ .+ ~n+l
u'C  wiq, ;G5 —w Gy LHont
~ =Lt ,
ox Ax
- - n+1 _ ,,— n+l
0u™C  wipq, ;G — Gy et
~ =1 ,
ox Ax
+ + n+l1,  _ .+ rnt+l
v C N Vi,j+1C ij VL,]C Lj-1 L+C‘n+1
dy Ay o
- = n+1 — y-.ontl
v C Vi O e — v O [+
dy Ay o
Cxema posmemneHHs Juig  piBHsHHA  (13) — Ha TEpUIIOMY KpOL, pi3HHUIIEBE PIBHSIHHS Mae
3aIHCYETHCS TaK: BUIJISL
Ck

At

—Ha JpPYromMy Kpoui pO3IICIUICHHS Ppi3HUIIEBE
PIBHSIHHSI Ma€ BUIJISA:

ko Cch
LJ LJ + L+ka + L+ka = 0;
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[ |

n+1l _ Ck

L B Yy LA N Sl
x y .

At

Hesinome 3naduenHs xoHreHTpanii C B KOKHOMY
PIBHSHHI BH3HAYAETHCSA 32 (POPMYJIOI0 «PaXyHKY, IO
ODKHTHY.

1
n+= n+=
o2 —C..>+¢C
i-1,j 1)

+

Jns uucenpHOTO iHTETpyBaHHS piBHIHHS (14)
BUKOPUCTOBYETECSL ~ JBOETAllHA pPi3HUIEBA CXeMa
PO3IIeIIeHHS:
: nts
ij-1

1 1
n+s n+s
2 _n _ 2
Gy =Gy _|=G; "
At Ax?

Ay? ’

i,j _ i+1,j
At
HeBimome  3HadeHHA  KOHIEHTpamii  MHITY
BHU3HAYAETHCS 3 IHUX 3aJIEKHOCTEH 3a  SIBHOIO
(hopmyoro.

Ax?

Ay?

1
n+l _ nty n+1 n+1 n+1 n+1
Cij Cij [ =G ] [Ci,j+1 - (j; ]

Jns umcenpHOTO iHTETpyBaHHS piBHIHHS (15)
BUKOPUCTOBYEThCSI MeTon Elinepa, po3paxyHKOBa
3aJIEKHICTD Ma€ BUTIISA

CHt = Cl+AtXQi6(x —x)8(y — ¥1).

Ha 6a3i po3po0i1eHoi urcenbHOI MOIeINi CTBOPEHO
kox "COAL", moBa nporpamyBanast FORTRAN.

Pe3yabraTn.

Ha ©0a3i po3pobieHoi wyucenpHOI  Mojedi
PO3B’s13aHO HACTYMHY 3a1a4y. Po3risgaerses mrabensb
BYTUUIA, O Mae CKJIAJHY TeoMeTpudHy (GopMmy Ta Ha
fioro noeepxHio nogaHo ln/mM? Bomu. Ilouatkosa
BoJIOTicTh Byriuist 4%; moposnicte Byriuis 10%;

b

IIBUKICTB TIOBITPSHOTO MOTOKY 12M/C.

Hmx4e Ha pucyHKax IHOKa3aHO, SK 3MIHIOETBHCS
IHTCHCUBHICTD 30HHM THJIOBOTO 3a0pyIHEHHSA OLIA
mradeno 3 4acoM BHACHIJOK BUIIAPOBYBaHsS BOJHU 3
MOBEpXHi ByriipHOro mrabdemo. KoxkHe uwmcio Ha
pUCYHKax  MOKa3ye Yy  BIJICOTKaX  3HA4YCHHS
KOHIICHTpAIlii MY BiJf MAaKCHMAJIbHOI KOHIICHTpAIT
ATy Ha aHUH Yac B pO3paxyHKOBOT 001acTi.

1 — xonyenmpayis nuny 6 dianazoui 0.25-0.71 me/m®
Puc. 1 — Konyenmpayis nuny 6ins wmabenio eyzians, t=335¢, Cuaxe=6.47m2/m®

B4

(8]

1 — xonyenmpayis nuny 6 dianazoni 0.75-2.05 me/m®
Puc. 2 — Konyenmpayis nuny 6ina wmabenio eyeinns, t=559¢, Cuaxe=10.82me/m®
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1 — xonyenmpayis nuny e dianasoni 2.91-5.85 ma/m®
Puc. 3 — Konyenmpayisa nuny 6ins wimabenio eyzians, t=951c, Cyaue=18.31me/m®
AwHani3 HaBeleHMX pHUCYHKIB mokazye, 1o E.B. Bpysuxuii. — Kues : UH-T ruapomexannku HAH

BHACJIJIOK IHTEHCHBHOI'O BUIIAPOBYBAaHHS BOIOH 3
MOBEpXHI Tabeno 30UIbLIYEThCS 1HTEHCHUBHICTD
BHHOCY MUY BiJ INTa0eNI0 Ta, SIK Pe3ysbTaT LbOTro,
Iy’)Ke IMIBUAKO 30UBIIYETHCS KOHICHTPAIlsl MATY B
pobouoi 30HiI 3a mradenem. Tak, mporsrom 10xB (3
gacoBoro piBHI 335¢ 1o wacoBoro piBHA 951c),
MaKCUMalbHa KOHIICHTpAIis Iy B po0O0Y0i 30HI
30UIBIIyeThCS TPAakTHYHO B 8 pa3. ToOto, myxe
MIBUAKO Oyae MaTH CyTTeBe 3a0pyAHEHHS IMOBITPS B
pobouiit 30H1 Ois 1ITAdEITIO.

BigzHaunMo, 1110 Yyac po3paxyHKy — 7¢.

BucHoBku.

Po3pobniena nBoBumipua CFD mMopgens, 110
0a3yeThcs HAa BUKOpUCTaHHI piBHAHE HaB’e-CTokca Ta
PIBHSHHS  KOHBEKTHBHO-TU(Y3IHHOTO  MEPEHOCY
JoMimku B arMmocdepi. Mopenp opieHTOBaHa Ha
OIiHIOBaHHSA pIBHA 3a0pyAHEHHS aTMOc(hepHOTro
MOBITPsI B poOOYMX 30HAX OIS BYTUIBHOTO IITA0EITIO.
Po3pobnena cyOMopmenp Al OIIHIOBAHHS BIUIHBY

3BOJIOKEHHSI ~ MOBEPXHI  ITa0ell0 Ha  CTYMiHb
3a0pyJHEHHS MOBITPSI.

B  mopmampmioMy,  IIAaHY€TbCS ~— CTBOPEHHS
TPUBUMIPHOT  YHMCENIbHOT ~ MoOJeNi [yl aHalizy

e(peKTUBHOCTI BUKOPHUCTAHHS 3BOJIOKEHHS MOBEPXHI
mrabeo 3 METOW 3HWKEHHS PIBHS IHIJIOBOTO
3a0pyIHCHHS MOBITPS B pOOOYHX 30HAX.
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RESEARCH OF THE IMPACT ON PRODUCTIVITY OF PARAMETERS AND OPERATING MODES
OF THE VIBRATION MACHINE DRIVE FOR CLEANING AND WASHING CONTAMINATIONS
BY SUBMERGTD STREAM JET WITH SOLID PARTICLES
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HNCCIIEJOBAHUE BJUSHUSA HA TIPOU3BOJAUTEJIBHOCTDb ITAPAMETPOB U PEXKUMOB
PABOTBI IPUBOJA BI/IBPAHI/IOHHOﬁ MAMIUWHBI IJIs1 OYUCTKHU 1 MOWKM 3ATPSI3HEHUM
3ATOIIIEHHOM CTPYEMH C TBEPJIbBIMU YACTUIIAMUA
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Summary. Analyzed the methods of cleaning and washing, the design of machines with a vibration drive.
The choice of a specific method of cleaning and washing is determined depending on the type and properties of
contaminants, on the requirements for the cleanliness of products, and the type of production. The scheme of
operation of a vibrating machine for cleaning and washing machine parts in a pulsating flow of liquid with solid
particles is considered and parameters that affect its performance are determined. The results of studies of physical
phenomena during the formation of a pulsating submerged jet are presented, and the influence of design parameters
and modes of the drive robots on the maximum jet pressure is determined. An analytical dependence of the
maximum instantaneous pressure of the jet has been obtained experimentally, which makes it possible to determine
the optimal ratios of parameters when designing a vibration machine for cleaning and washing contaminants.

AHHoTanusa. [Ipoananu3upoBaHbl CIIOCOOBI YMCTKH M MOWKH, KOHCTPYKLIMH MAIIMH C BHOPAaMOHHBIM
MpHUBOIOM. BEIOOp KOHKPETHOTO croco6a OYMCTKH M MOWKH ONpENeNseTcs] B 3aBUCUMOCTH OT BHJA U CBOMCTB
3arps3HeHuil, oT TpeboBaHMH, MPEIBIABISEMBIX 0 YUCTOTE M3ICIHUH, THIIA PONU3BOACTBA. PaccMOTpeHO cxemy
paboThl BUOPALIMOHHON MAIIMHBI I OYUCTKH M MOHKH AeTaneil MallliH B MyJIbCUPYIOIIEM ITOTOKE KHUIKOCTH C
TBEPABIMH YaCTULIaMU WU OMPEACIICHBI MapaMETPhl, KOTOPLIC BJIUAIOT Ha eé MPOU3BOAUTCIIBHOCTD. HpI/IBe}IeHO
Pe3yIbTATHl HCCIICAOBAHUN (PU3UUECKUX SIBICHUHA NMPH (HOPMHUPOBAHUHU MYIbCHPYIOMICH 3aTOTUICHHON CTPYH H
OIPCACIICHO BJIMSIHUC HA MAKCUMAJIbHOC HABJICHHUEC CTPYHW KOHCTPYKTHUBHBIX I1APAMETPOB, PCIKUMOB pO6OTBI
npuBoaa. 3KCHepI/IMeHTaHLHO NOJIyuCHa aHAJIMTUYCCKasA 3aBUCUMOCTb MAKCUMAJIbHOT'O MTHOBCHHOI'O 1aBJICHUS
CTpYH, KOTOpas Aa€T BO3MOKHOCTb OPEACIATh ONTUMAJIbHBIC COOTHOIICHUS MMAPAMETPOB IIPHU MPOCKTUPOBAHUN
BI/I6paLII/IOHHOI71 MalllWMHBbI AJIs1 OYHUCTKH U MOMKH SanHSHeHHﬁ.

Key words: cleaning, washing of contaminants, vibration machine, dynamic parameters of the process and
machine.

Knrouesvie cnosa: oducmka, MOUKa 3a2p}l3HeHu1/7, 6u6pauu0HHw1 Mautura, ouHamuyeckue napamvempbvl
npoyecca u MautuHbsl.

Formulation of the problem. On the surface of
parts and assemblies in the process of their
manufacture, operation of machinery and equipment,
technological and industrial contaminants are formed.
Qualitative cleaning of objects from pollution is
achieved by a complex physico-chemical and
mechanical impact on it, the first - is provided by the
use of chemicals that affect pollution, the second - the
use of mechanical energy of pollution (scrapers,
brushes, liquid jets, abrasive jets). The emergence of
new technological processes for the manufacture of
parts, new requirements for the quality of repair of

various objects of technology leads to the search for
new technologies and methods and the creation of new
designs of jet-type installations for washing and
washing parts, especially in small and single production
types and equipment repair.

Analysis of recent research and publications.
Qualitative cleaning of objects is achieved due to the
complex interaction of physico-chemical and
mechanical effects of the washing jet on pollution.
Physico-chemical factor is provided by the use of
heated detergents, which is associated with significant
material costs for the acquisition and heating of these
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solutions with their adverse effects on the environment.
Therefore, the development of technology to improve
the quality of repair and maintenance of equipment,
from the surface of parts and components must remove
not only weakly and moderately bound contaminants
(road dirt, oil and mud deposits, etc.), but also tightly
bound (corrosion destruction products, old paintwork,
etc.), which occupy about 10% of the total surface area
of objects and have the greatest complexity of removal.

Improving the efficiency of cleaning and washing
plants is achieved by increasing the mechanical action
of the jet on pollution. The most promising and
widespread of the existing technologies for cleaning
and washing facilities are technologies using high-
pressure water jets [1-4]. Recently, the increase in the
efficiency of cleaning machines using jet cleaning
technologies is achieved by increasing the Kkinetic
energy of the jet by increasing the supply pressure of
the washing liquid or adding abrasive material to it. As
an increase in the mechanical factor, the use of abrasive
is used, both separately (dry jets) and together with the
cleaning solution (water-sandblasting) or increasing the
pressure of the washing jet [5].

As a result of theoretical and experimental studies
[5] it was found that hydroabrasive wear, which is
similar in nature to the process of cleaning and
washing, occurs under the impact of solid particles on
the body surface. Depending on the properties of
materials and the angle of attack of abrasive particles,
wear can have the nature of brittle fracture (wear of
silicate glass), micro-recognition (wear of copper),
plastic extrusion, the emergence and growth of
microcracks. The intensity of wear depends on the
angle of attack [5], flow rate, concentration, size,
hardness of abrasive particles, the ratio of surface
hardness of the material and abrasive particles. As the
angle of attack decreases, the magnitude of the shock
pulse decreases, and the probability of microcutting the
surface (contamination) increases. In order to clean a
specific contaminant, it is necessary to develop
cleaning and washing technologies that break down the
contaminant under the action of additional stresses
created in the flow of detergent by abrasive or polymer
crumb particles. Known methods and designs of
machines and devices with a vibrating drive for
cleaning and washing parts and components for various
contaminants that occur during the manufacture or
repair of equipment and machinery [6,7]. As a result of
analytical studies [6] it was found that the performance
of the pulsating jet cleaning process is affected by the
following parameters: velocity or pressure of the jet,
mass of polymer crumb particles, frequency and
amplitude of oscillations of the drive, ratio of pulsation
chamber diameters and nozzle to the axis of the jet.

The purpose of the article. The aim of the work
is to study the influence of drive modes and design
parameters of the vibrating machine for cleaning and
washing, using flooded pulsating jets of liquid with
solid particles, to achieve optimal performance
conditions of the cleaning and washing process. The

need to create special installations for the operation of
cleaning and washing machine parts during repairs in
small-scale production is an urgent scientific and
technical task.

Selection of previously unsolved parts of the
overall problem. Determining the optimal parameters
of the drive of vibrating equipment with a pulsating
working fluid based on a hydropulsator (GP) is
constrained by the lack of experimental research in this
area. This determines the relevance of the work.

Presenting main material. The modes of
cleaning and washing the surface of the part by the flow
of detergent (optimal technology) is determined based
on the analysis of the hydrodynamic interaction of the
detergent with particles with existing contamination on
the parts, as well as on the analysis of experimental
studies. Let's consider the mechanism of removal of
pollution by the immersed pulsating stream of washing
liquid with inclusions of firm particles. Without
underestimating the importance of physicochemical
factors due to the activity of the detergent medium, it is
believed that the process of mechanical action of the
liquid on the contamination is one of the main
conditions that determines the efficiency of cleaning
and washing. The process of cleaning and washing the
surface of the product by the flow of liquid with solid
particles can be divided into the following
interconnected, elementary processes: the formation of
a pulsating jet of liquid with solid particles, supply of
liquid flow to the surface to be cleaned, separation of
contaminants and their washing from the surface to be
cleaned, the contaminants hang in the liquid stream, the
contaminants are transported to the filter device. It is
established [8,9] that turbulent pulsating flow of liquid
with particles has more significant friction forces when
spreading on the surface with contamination and the
possible process of microcutting its solid particles and
the main factor influencing the productivity of the
process is the velocity of liquid flow capturing
particles.

Pulsating jets of liquid are formed in the
membrane GP (Fig.1), which works as follows: when
the rod 4 with the membrane 3 down in the chamber 2
creates a vacuum and the liquid is drawn into the
chamber through the nozzles 1. During the rod 4 and
the membrane 3 up liquid and it is pushed under
pressure through the nozzles 1 from the chamber 2.
This produces a pulsating jet of liquid from the nozzle
with a high degree of turbulence. It is established that
when the liquid is drawn into the pulsation chamber
through the nozzles at certain modes of fluid flow into
the nozzle, an annular isolated cavity filled with gas is
formed. When the annular insulated cavity is destroyed,
dissolved air begins to be released from the liquid in the
form of gas bubbles, which enter the pulsation
chamber, which reduces the volume of liquid, which is
then pushed through the nozzles and they act as a
damper when compressing liquid in the pulsation
chamber.
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Fig. 1. The design of the membrane hydropulsator: 1 - nozzles; 2 - pulsation chamber;
3 - membrane; 4 - stock

Figure 2 shows a diagram of a vibrating machine
for cleaning and washing machine parts in a pulsating
flow of liquid with solid particles [10]. It consists of a
bath 1 in which at the bottom is a pulsation chamber 2,
which is connected by a rod with a vibrating actuator 4.
It has a box 7 for collecting solid particles 11 with a
grid 6 below the nozzle and on the side surfaces 9 for
spreading fluid flow. In the box 7 above the grid 6 to
which the jet is directed from the nozzle 5 is installed a
nozzle 8 with a gap for solid particles on the grid 6,
which are filled into the box 7. The vibrating machine
works as follows. The part 12 to be cleaned is located
on the nozzle 8 with a gap H (larger than the maximum
size of the solid particle). The vibratory drive of the
machine 4 is switched on. Due to the oscillations of the

diaphragm with disks 3 in the pulsation chamber 2 the
fluid is alternately compressed when it moves upwards
- a jet from the nozzle 5 appears, and when it flows
down the liquid discharge - it is drawn through the
nozzles 5 into the pulsation chamber. The jet from the
nozzle 5 passes through the grid 6 and ejects the solid
particles 11 and through the nozzle 8, the flow of the
mixture strikes the surfacel2 to be cleaned. Solid
particles 11, after interaction with the surfacel2, the
liquid is thrown on the walls of the box7 and falls to its
bottom. When the membrane with discs 3 moves
downward, a liquid flow occurs, which draws solid
particles 11 onto the mesh 6 under the nozzle 8. Then
the cycle is repeated.
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Fig.2. Scheme of operation of the vibrating machine for cleaning and washing of machine parts in a pulsating
flow of liquid with solid particles: 1 - bath body; 2 - pulsation chamber;

3 - membrane with disks; 4 - vibratory drive; 5 - nozzles; 6 - grid; 7 - box for collecting solid particles; 8 -
nozzle; 9 - grid; 10 - washing liquid; 11 - solid particles; 12 - the surface to be cleaned; H is the distance from
the nozzle to the surface to be cleaned; dy - diameter of the nozzle; Dy is the diameter of the pulsation chamber; f
is the oscillation frequency of the vibratory drive; And - the amplitude of vibrations of the vibratory drive

To determine the dynamic characteristics of the
drive of the vibrating machine for washing and cleaning
contaminants, an experimental setup was made to
determine the visual process of forming a pulsating

fluid flow (Fig.3) and an experimental setup to
determine the influence of drive modes and design
parameters on the maximum pressure of the pulsating
flooded fluid jet. (Fig.4).
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Fig.3. Installation of visualization of the formation
of a pulsating jet of fluid:
1 - vibrating drive: 2 - pulsation chamber;
3 - transparent nozzles; 4 - capacity for damping
fluid oscillations

Installation for studying the value of the maximum
pressure of the pulsating jet from the nozzle (Fig.4)
consists of a frame on which is mounted an eccentric
vibrating actuator driven by a DC motor. The change in
the amplitude of oscillations occurs when changing the
cams with an eccentricity of 0,5; 1,0; 2,0 mm. Changing
the frequency from 0 Hz to 30 Hz is done by changing
the voltage on the transformer of the control panel. The
vibrating actuator is connected to the pulsation
chamber by means of a rod. A bathtub with transparent
walls for visual observations is fixed on the racks. A
screw pair with a step of 0,75 mm is installed on the
racks in the supports. In the case of a nut the rail transfer
directed on an axis of movement of a stream is
mounted. These means allow a fixed movement of the
pressure sensor, which is fixed by means of a thread on
the rail. The reciprocating movement of the liquid
through the nozzles and the movement of the liquid in
the pulsation chamber on the installation of Fig.3 was
recorded by a digital video camera with further
processing and conversion of information into a
computer file.

As a result of researches of visualization of
process of formation of a pulsating flooded stream the
following results are received. With reciprocating
oscillations of the membrane in the pulsation chamber

Fig.4. Installation for research of size of pressure of a
stream from a nozzle: 1- the vibrating drive: 2 -
capacity for liquid;

3 - nozzles; 4 - pressure sensor; 5 - the control panel
of frequency of fluctuations

of the vibrating machine, the following physical
processes occur: when the membrane moves down in
the pulsation chamber, the pressure drops below
atmospheric and through the nozzles the liquid is drawn
into the pulsation chamber at a rate depending on the
membrane oscillation. At the entrance to the nozzles,
the water current lines are distorted, and there is a
narrowing of the flow (Fig.5,a, Fig.5b).
Simultaneously with the increase (frequency of
oscillations) of the velocity through the nozzles there is
a cavitation cavity at the entrance to the nozzles, which
is filled with bubbles of gas dissolved in the liquid,
which then break out of the cavitation cavity and enter
the pulsation chamber (Fig.5, b). However, at
significant speeds (oscillation frequencies) of liquid
entrainment in the pulsation chamber, there is an
avalanche increase in the volume of gas bubbles in the
nozzle, resulting in a large gas bubble in the pulsation
chamber and a smaller volume of water enters the
pulsation chamber (Fig.5,c). As the membrane moves
upward in the pulsation chamber, the pressure rises
above atmospheric and the gas bubbles flatten,
reducing the volume of liquid passing through the
nozzles, which reduces the maximum speed and
pressure force of the nozzle jet.
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a

Fig.5. The results of the visualization of physical processes during the reciprocating motion of the fluid
through the nozzles in the pulsation chamber of the vibrating machine when changing the oscillation
frequency of the drive: a - oscillation frequency 12 Hz; b - oscillation frequency 16 Hz;
¢ - oscillation frequency 22 Hz

It is established [11] that the productivity of the
cleaning and washing process in the vibrating machine
is determined by the formula:

kcDZAf,.  2-H 3
ko-m-(1,29T/1+D—ctga)

i
Q= )

4-0-H

&

where A - is the amplitude of fluid oscillations in
the pulsation chamber; f - frequency of fluid
oscillations in the pulsation chamber; e— coefficient of
narrowing of the flow into the nozzle; D,- the diameter
of the pulsation chamber; d,,- diameter of a nozzle; D,-
nozzle diameter; a - the angle of unilateral expansion
of the jet from the nozzle, a = 12° 40/; k,- the number
of crumb particles involved in the processing; m -
particle mass; H - the distance from the jet nozzle to the
surface to be treated; k.- coefficient that takes into
account the quenching of the jet velocity from the
nozzle during the passage of the grid, ks = 0,9.

From the analysis of dependence (1) it can be
concluded that to increase the productivity of the
cleaning process, the following parameters affect: the
optimal ratio of particles in the jet at the smallest
distance from the nozzle to the surface to be cleaned,
reducing cutting stresses. But the main factor that
affects the productivity of the process is the speed of

2
K

;z'f , which is captured and moves
n

the particle V. =

e
with the jet of liquid and has in formula (1) the third
degree and its small change leads to a significant
increase in productivity.

To measure the parameters of the pulsating jet
from the nozzle, it is technically convenient to move
from determining the value of the pulsating jet velocity
to measuring the maximum pressure of the pulsating jet
at its initial section at the exit of the nozzle. The
pulsating jet of liquid from the nozzle is formed due to
the oscillations of the vibrating drive of the machine, so
the theoretical speed V, of the liquid in the nozzle is
determined by:

Ve =4y f, &)

where 4, - the amplitude of oscillations of the
liquid in the nozzle;

f - frequency of oscillations of the drive.

Taking into account the reduction of speed in the
nozzle due to the narrowing of the flow (local
resistance), we can write the following dependence:

V=<1, 3)

where V - jet speed taking into account local
resistances; ¢ — coefficient of local resistance ¢ = 0,5;
V, - theoretical speed.

In [9], the influence of the frequency of
oscillations of the drive on the value of the maximum
speed of the pulsating jet from the nozzle without
taking into account the effect of hydraulic shock and
the appearance of the gas phase in the pulsation
chamber was obtained analytically. The obtained
values, the values of the maximum jet velocity, can be
converted into the maximum fluid pressure at the outlet
of the nozzle at the initial section by the formula:

pv?
P= &

where p - is the of water,

p = 1000kg/m3.

density

The search for the optimal operating modes of the
drive of the vibrating machine was carried out
experimentally on the installation (Fig.4) by measuring
the sensor change the maximum pressure of the jet from
the nozzle for the oscillation cycle of the drive. A pre-
calibrated membrane strain gauge was used, which was
mounted above the nozzle at a distance of 10 mm in the
initial section of the flooded pulsating jet. To measure
the instantaneous value of the hydrodynamic pressure
of the fluid from the nozzle, a USB oscilloscope
BM8020 is used, which is connected to a personal
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computer via a USB port and is served by the software
product «DiScoy. In the experimental study, the change
of the jet pressure in the form of oscillograms was
recorded and during their processing the maximum
pressure of the pulsating jet was determined under the
following conditions: liquid temperature 20°, amplitude
of membrane oscillations A = 0.002 m; the diameter of
the pulsation chamber Dy = 0.1 m, the diameter of the

nozzle d, = 0,01 m, the oscillation frequency f of the
drive of the vibrating machine varied from 0 to 25 Hz.

After processing the obtained oscillograms on the
grid of the pressure versus frequency graph obtained
analytically (Fig.6, curve 1) [11], a graph of the change
in the maximum pressure of the liquid jet from the
nozzle was plotted (Fig.6).
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Fig.6. Graphs of the maximum pressure of the pulsating jet of liquid from the nozzle on the oscillation
frequency of the drive: 1 - analytical curve; 2 - experimental curve; A - amplitude of oscillations; D - diameter
of the chamber; dy, - diameter of the nozzle; H - is the distance from the cut nozzle to the sensor

In search experiments, it was found that the
dependence of the maximum pressure of the pulsating
liquid jet in the initial section (Fig.6, curve 2) on the
frequency of the drive oscillations has the following
curve change: in the initial section from 5 to 8 Hz, the
maximum fluid pressure coincides with the analytical
one, but with an increase in the frequency of
oscillations of the drive in the range from 8 to 13 Hz,
the value of the maximum pressure of the liquid jet
increases due to the phenomenon of water hammer;
with an increase in the frequency of oscillations of the
drive in the range from 13 to 20 Hz, the value of the
maximum pressure of the jet liquid decreases due to the
appearance of a significant number of gas bubbles in
the pulsation chamber.

The maximum fluid pressure of the jet from the
nozzle is in the range of frequencies from 11 to 13 Hz,
so the pulsating jet of fluid from the nozzle has a

maximum speed within these limits. To establish the
optimal ratios of the design parameters of the pulsation
chamber and the size of the nozzle depending on the
modes of operation of the drive, a three-factor
experiment of the central composite rotatable planning
of the second order was carried out. For research,
pulsation chambers measuring 60,120,180 mm with a
10 mm nozzle were made.

To establish the value of the maximum
instantaneous pressure from the nozzle, the main
variables that influenced the value of this parameter
were determined: x; - the ratio of the diameter of the
pulsation chamber to the diameter of the nozzle
(Dy/d,), dy = 10MmM; x, - the oscillation frequency of
the drive; x3- amplitude of oscillations of the drive. As
a result of the experiments, the regression dependence
was obtained as follows:

y =0,2728 + 0,067x; + 0,0091x, — 0,052x; — 0,0156x,x, — 0,0756x, X3 —

—0,0339x,2 — 0,00225x2 — 0,0203x3 . (5)

After recoding and conversion of variables into
natural values, the following regression dependence of
the maximum instantaneous pressure of the pulsating
fluid jet on the design parameters and modes of
operation of the drive:

P uax — 0,0000096D% — 0,002f2 — 0,02642 (6)

Using the software product MatchCad,
calculations were performed according to equation (6)
and graphs of the dependence of the maximum
instantaneous pressure of the liquid jet Pmax On the
oscillation frequency and amplitude of oscillations
Fig.7 and cross section of the response surface of the
maximum instantaneous pressure Fig.8.
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Fig.7. Response surface of the dependence of the

maximum instantaneous pressure of the liquid jet

from the nozzle on the frequency and amplitude of
oscillations for the pulsation chamber D = 100 mm

Conclusions

The analysis of the dependence of the productivity
of the process of removing contamination from the
surface of the part revealed the influence of various
physical parameters of the vibrating machine on its
performance, namely: the optimal ratio of particles in
the jet at the smallest distance from the nozzle to the
surface to be cleaned. with particles, which depends on
the design parameters and modes of operation of the
drive of the vibrating machine. It is experimentally
established that the maximum pressure of the pulsating
jet of liquid and the maximum productivity of the
machine for cleaning and washing is achieved with the
following design parameters: the ratio of the diameter
of the pulsation chamber to the diameter of the nozzle
10mm; oscillation amplitude A =2 mm and oscillation
frequency of the drive from 11 to 13 Hz.

The obtained regression dependence (6) of the
maximum instantaneous jet pressure on the design
parameters and modes of operation of the drive and its
graphical interpretation makes it possible to find the
optimal ratios of frequency and amplitude of the drive
for certain sizes of the pulsation chamber in the design.
solid particles.
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ASSESSMENT OF SOME INDICES OF OIL-CONTAMINATED SOILS ON THE EXAMPLE OF THE
ABSHERON PENINSULA

Contaminated of soil ecosystem with oil and oil
products is one of the most complex and multiplane
problem of environmental protection. No other man
made pollutant no matter how dangerous it is, can’t
compare with oil by the volume of distribution, number
of pollution sources, the amount of load on all
components of the natural environment during well
accidents. Qil spills cause great harm, due to the large
migration capacity capturing territories, many times
higher than the initial pollution. As a result tens of
thousands of hectares of fertile land are polluted, are
withdrawn from agricultural turover. Oil-contaminated
soils are the sources of secondary pollution of
atmosphere and underground waters, having a huge
negative ecological impact on flora and fauna. Suffice
it to note that only on Absheron oil district several tens
of thousand of hectares of land are subject to
reclamation. Loss of oil-contaminated lands and rapid
degradation of landscapes causes the need to study
processes, that stipulate their transformation.

The purpose of this work was to determine the
enzymatic activity of the oil-contaminated soils and
determination of the MPC of oil products in the soil.

DOI: 10.31618/ESSA.2782-1994.2021.1.68.14

It is known, that crude oil has different effects on
enzymatic activity of the soil, than is stipulated by
different composition of the oils and climate of the
surrounding area. To get a good picture the behavior of
enzymes in oil-contaminated soils, experiments were
carried out on artificially polluted soils. The results of
the research are shown in the table, from which it is
evident that crude Absheron oil steadfastly inhibited
the activity of catalase, since activity of the soil catalase
correlates well with total number of microflora.
Catalase activity may be used as index of total
biological activity of soils with various contamination
degree by oil. Activity of hydrolytic (invertase,
phosphase and protease) and oxidative enzymes
(polyphenol oxidase) is also observed. Dehydrogenase
activity of the soil is often used as measure of metabolic
activity of microorganisms in soil. Contamination of
soil with oil also lead to a sharp reduction of
dehydrogenase activity. A direct dependence between
the oil content in the soil and its urease activity was
established. For example, in the most polluted (toxic)
version (600 gram oil+ 10 kg soil) urease activity was
4.51.

Table
Effect of oil pollution degree on activity of the enzymatic processes
%f;i'gse Phosphase Inv:znrtase, Protease, Polyphenol- Eﬁzgedrr%_ Ureaze
. 2 pnase, 9 mg amine | oxidaze, mg g ' Mg mg NHs
Variants of perlg | mgP.Osper | glucose . formazan
N . . Nperlgr | purpurogalin per 1 gr
experiments | gramof | 10grsoilin per1gr . . per 1 gr o
- . soil in24 | per 100 gr soil o soil in 30
soil in2 24 hours soil in 24 - : soil in 30 .
. hours in 30 minutes . minutes
minutes hours minutes
50 gram of
1| oil fg“kg of | 565 223 551 0.20 22 6.71 2.00
100 gram of
2 | o fg“kg of | 446 113 412 017 18 5.94 259
200 gram of
3 o fg“kg of | 315 1.03 3.02 013 12 5.00 3.48
300 gram of
4 | oil fg"kg of | 300 1.00 247 08 10 435 417
400 gram of
5| o fg"kg of | 512 0.43 152 06 08 321 5.96
500 gram of
6 | ol fg“kg of | 154 0.25 111 0.4 06 267 6.60
600 gram of
7ol fg“kg of | a7 013 0.94 0.2 0.4 115 7.41
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Suppressing of the activity of biochemical
enzymatic processes by oil contamination of soil is
explained by violation of the water-air properties of soil
and high toxicity created by contamination.

It should be noted the fact that exactly the soil
serves as a reservoir, in which contaminants may be
accumulated in large amount due to presence of the
huge adsorbing interface liquid-solid. Due to the fact
the concept of the degree of contamination is closely
related to the phitotoxicity of soils, research have been
carried out with naturally polluted soils in Petri dishes
with such agricultural crops as barley, peas, Lucerne
and water-cress. Experiment were carried out under
laboratory conditions with soil mass in 100 and 200 gr.
Taking into account that water-cress in more sensitive
to oil contamination, this crop was especially carefully
observed. Observations of germinating seeds were
conducted as follows: for the first 10 days the number
of sprouted seeds was counted daily and then it is was
done in 2-5 days. A few days after sowing all the
seedings were measured, the number of live and dead
outcomes and absolute seed germination were
determined. As a result it was found out that on heavily
polluted soils in some places only the germination of
plants was observed, but there was no growth, on
weakly-polluted soils, the plants get along, but grew up
for a long time had a listless oppressed look. Much
better development was observed on slightly polluted
soils and on soils with minimal polluted, the plants had
a good appearance, the sprouts were fresh, elastic,
bright green color.

Used oil was taken from Surakhany field as the
most typical for the Absheron deposit.

Thus, it was revealed that oil dramatically affects
the quality of the environment of organisms,

YK 547.854.1.789.1

significantly degrades soil
substrate for the plants.

Hydrofob particles make it difficult the entry of
moisture to plants roots, violating normal metabolism
processes.

Development of the MPC should be carried out in
the first place with cultural vegetation, exactly with the
one that is eated by a person or is used as norm for
animals. In this case, the MPC should be understood
such concentration of the element-contaminant or
chemical compound in soil, by which the plant will be
clearly contaminated, but not to level, causing
pathological changes in humans and animals organisms
than MPC for the oil-contaminated soils is 5-6 mg oils
per 100 gr soil, since starting from this limit, increase
of contaminant concentration leads to complete
destruction of plants.

Thas, in the conditions of the Absheron Peninsula
it is determined that further criteria of toxicity of the
oil-contaminated soils may be: sharp decrease of the
enzymatic activity (catalase, phosphase, invertase,
dehydrogenase) across the entire soil profile. The
maximum permissible concentration of oil (5-6 gr per
100 gr soil was determined by artificial polluting of soil
with oil.

properties as feeding
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SYNTHESIS AND FUNCTIONALIZATION OF SOME PARA-R-PHENYLIMIDAZO[2,1-B][1,3,4]-
THIADIAZOLE DERIVATIVES
DOI: 10.31618/ESSA.2782-1994.2021.1.68.15

AHHOTanmusl. B cratbe W3II0KEHO O CHHTE3¢ HOBBIX MOJM(HUKANNU MPOU3BOIHBIX O-(peHm1T-, 6-11-
nogodenun- u 6-n-opombpenmmnmuaszol2,1-b][1,3,4]-ruaguazonos - N-((6-(4-uonodpennn)-2-R-umunazo-[2,1-
b]-[1,3,4]-traaunazon-5-uin)Me T )-aIKWIT/IUANTKUIaMHH Ha OCHOBE peakiuu MaHHuxa, OpoMupoBaHus 2-
((>runcynbdonmn)mernn)-6-dhennn-umuaaso[2,1-b][1,3,4]-truaarazona u yCTaHOBIECHO CTPYKTYPBhI MOTYyYEHHBIX
coenuHeHnu Ha ocHoBe WK-cmektpockommeii. [loka3aHo, 4TO HanWyue 3aMECTUTENECH 2-0T0 TOJOKEHUS
THAINA30JIbHOTO (parMeHTa M 3aMeCTHTeNed 5 W 6-TO IOJIOKEHHH HMMHIA30JHOTO (parMeHTa JaHHOTO
TECTCPOLUKIIA TPUYWHA TPOABIICHUEC HEOKBUBAJICHTHOI'O IIOJIOCHI MOIJIOMICHUHW B HMHIA30-THAAHUA30JIbHOTO
(hparMeHTHlI.

Annotation. The article describes the synthesis of new modifications of derivatives of 6-phenyl-, 6-p-
iodophenyl- and 6-p-bromophenylimidazo[2,1-b][1,3,4]-thiadiazoles - N -((6-(4-iodophenyl)-2-R-imidazo[2,1-b]-
[1,3,4]-thiadiazol-5-yl)methyl)-alkyl/ heterylamine based on the Mannich reaction, bromination 2-
((ethylsulfonyl)methyl)-6-phenylimidazo[2,1-b][1,3,4]-thiadiazole and the structure of the resulting compounds
was established on the basis of IR spectroscopy. It was shown that the presence of substituents at the 2-nd position
of the thiadiazole fragment and substituents at the 5th and 6th positions of the imidazole fragment of this
heterocycle cause the appearance of a nonequivalent absorption band in the imidazo-thiadiazole fragment.

Knouesvie cnosa: 2-memun-6-n-ilodogpenunumuoaszo-[2,1-b][1,3,4/muaouazona, 2-(1-xropamun)-6-n-
opompenunumuoaszo-[2,1-b][1,3,4]-muaduazona,  snexmpouivnan  zamewjenus, NOAOCA  NO2NOULCHUS,
6aNeHMHAs KOJleOaHusl.

Keywords: 2-methyl-6-p-iodophenylimidazo[2,1-b][1,3,4]-thiadiazole, 2-(1-chloro-ethyl)-6-p-
bromophenylimidazo[2,1-b][1,3,4]-thiadiazole, electrophilic substitution, absorption band, stretching vibrations.
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L
EESY

W3BecTHO, 4TO B MOCIEAHEE  BpeMs
TETCPOLIMKINYECKAE  COCAMHEHHS,  COMACpIKallue
cKernera umuzaszo-[2,1-b][1,3,4]-tnaauazona

MHTEHCHUBHO HCCIIEAYIOTCS, KaK TEOPETUUECKH a Tak
NPaKTHYECKOM IUTaHe. JTO NPEXAE BCEro CBs3aHa
CHHTE30M  OHWOJOTHYEKOW  AKTMBHOCTH  OTHX
COEIMHEHU, C APYTroll CTOPOHBI MEeTEPOLMKINUECKUX
COCIMHEHUH C MOCTHKOBBIM aTOMOM a30Ta, BXOIWT B
COCTaBe HEKOTOPBIX JICKAPCTBEHHBIX IIPENapaToB
[1-3].

B nutepaType omucaHbl eAWHUYHBIE NIPUMEPHI O
CHHTE3a 2-R-6--momodernI- u 2-R-6-
(dennnmumuaazo-[2,1-b][1,3,4]ruaauazonaos,
cozepkamux y aroma Co-THaina3onbHOro (parmMeHTa
pa3MMyHbIe 3aMECTHTENH, Kak OpoM, aJIKWIaMUH,
cynsdonunamus, 2-apun-2H-1,2,3-tpuazony [4-6].
OpnHako 0 CHHTE3e N-((6-(4-R-denmn)-2-

2). CH;COONa

anku/6ensun/cynbdonnn-umunaso|2,1-b][1,3,4]-
THaMa30-5-mn)Meruin)ankmiamutos (rae, R = 1, H) u
2-(1-xs0pati)-6-n-6pompennnumuaazol2,1-

b][1,3,4]-tnamuasonos, HCCIIEOBAHHbBIE HE
MIPOBOUTCAL.

Panee HaMU CHUHTE3UPOBAHBI HOBBIX
MoIU(bUKAITAN 2-0pom-5-xI0pMeTHIIeH-6-11-

6pompenni- u 2-(1-6poMaTiiT)/aTKuITHOATKHIeH- 5 H-
6-penmn/m-6pomdennmmmunazo-[2,1-
b][1,3,4]tannazomnos [5-6]. B macrtosimee paGoThI C
LENBIO MIPOIOJDKECHNE HCCIICIOBAHNH B 3TOM 001acTH,
HaMM OIIMCaHbl O CHHTE3E 2-METWI-, 2-OeH3WI-6-11-
nogodenun-, 2-((3runacynbGpoHua)MeTrn)-6-heHni- n
2-(1-x0pati)-6-n-6pompernn-umuaaszo-[2,1-
b][1,3,4]tnaguazona u uccaeOBaHHBIE HEKOTOPbIE UX
XMMHUYECKHX MTPEBpallIcHHeE.

Cxema 1

1). p-I-C¢H,-COCH,Br/i-C;H,-OH;

N—N
/ "
R/<S)\NH2 5-6th; t = 85°C
1-2
R = CH; (1, 3), CgHs-
CH, (2,4).

N~N
=1~ )

3-4

1). p-Br-C4H,-COCH,B1/C,Hs-OH;

Cl N—N 2). CH;COONa
\ 4 \
/CH S)\ NH,
H,C
2a
[pu B3aMMOJIEHCTBUHN 1-2 I-

nogodeHarmnOpoMucToM (B cooTHomeHuwn 1:1) u
coequHEHUsS 2a m-OpoMpeHanmwIOpoMICTOM TIpH
HarpeBaHUH B CpeJie CiupTa 00pa3yloTcs COeANHEHNHT
3 — 5 ¢ xoporum BeixogoM 89-93 u 88 %.

Jamee ¢ T1eMr0, HUCCIENOBAaHUS XUMHUYECKHX
npeBpaiierne coenunerns 4 u 2b Gpula MpoBeACHO
peakuusi  ANEeKTPOUILHOTO  3aMEIleHHs]  JIaHHBIX
reTepoLKIOB B YCIOBMsX peakuuss MaHHHXa H C
MOJIEKYJISIPHBIM OPOMOM.

CH, N\N
' | /</ Q—QBr
5-6th; t = 76-78°C Cl—CH g SN
5

IMpu B3aumopeiictBue coequneHnd 4 u 2D ¢
(dbopMabIETHIOM, ITWIAMHHOM W MopdonmHOM (B
cooTHOIIeHNH 1:1:1) B IPUCYTCTBUN KaTATUTUIECKOTO
KOJIMYECTBO YKCYCHOW KHCIOTHI B Cpele STaHOoJa
obpazyercs 6-7 ¢ xopommM BbeixogoM. Cremyer
OTMETHUTBH, YTO peakiys MaHHHXa, KaK IPeAIoaraor,
NPOTEKAeT Yepe3 MMHUHUEBBIE COJIM 00pa3yIoLInecs U3
(dopmanpaerua 1 aMHHOB B IIPUCYTCTBUHM KHCJIOTBI

[71.

Cxema 2
CH,O0 + EtNH, / CH;CO,H / N NHCH;
H N~ - H ~N
c—¢ /I\II\ N 1 o thl.gt ol C24</ BN \ I
S SN oo S— SN
4 t=78°C
6
i i
CZHS\S\70 e m{_9 + CH,0 [CHyCOH HC—N_
NN 1 TNTN
H,C— H.C—¢
2%S)§N toC N SE%S);I}\O
25—
o// o
2b 7
Hanee Obl1a HCCIIEI0BaHa peakuusi  MOJEKYJSIpHBIM OpOMOM B cpene JeIsHOH YKCYCHOM

ANMEKTPOUIBHOTO 3aMeleHnst coenuueruss 2b ¢

KHUCJIOTHI IPH KOMHATHOW TeMIIEpaType, B pe3yabTare
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obpasyercst  5-Opom-2-((aTmiicynbhOoHMIT)METHIT )-6-
¢benunmumuaszo-[2,1-b][1,3,4]tnaguazona (8) c
BeIXOIOM 98 %. B X07€ cuHTe3e OBLIO BEISBIECHO, YTO
HE3aBUCHMO OT HaxOXJIEHHWS BO 2-OM H 6-0M
MOJIOKEHUN [MKJIAa JTWIMETHICYIb(QOHUIBHOW U

(beHPIJ'ILHOﬁ TpyImIibl, TPOTOH B 5-0M MOJIOKESHUH UKJIa
SABJIACTCSL  aKTUBHBIM W BCTYNACT B  pCaKLUIO
3J'IeKTpO(1)I/IJ'II>HOFO 3aMClICHUA, a BOJOPOJa 4-ro
TIOJIOKCHUA (IJGHI/IJ'H;HOI‘O TpyIIibl HE 3aTparuBaroT B
PCaKiuro 3aMCIICHUC.

CxeMa3
H2 N\N
o\\ o H 1. Br, / CH;CO,H {/ \
Csz‘S N-N"N\ 2. CH;COONa C2H5_//S\O
C/< )\ 9]
2b 8
Heo0xomnmo OTMETHT, qT0 2-  apmn-2H-1,2,3-tpuazon-4-umummaszo-[2,1-

((Metuncynpdonnn)atun)-6-hennnumugazo-[2,1-
b][1,3,4]tnannazona JIETKO BCTYIAIOT c
MOJIEKYJISIPHBIM OPOMOM B Cpefie YKCYCHOI KUCIIOTHI, C
obpazoBaHuemM COOTBETCTBYIOIIIEE 5-6pomo-2-
((meTuncyapHoHn)3TIN)-6-heHnnumuaazo-[2,1-
b][1,3,4]tmanua3zona, KoTopslii coobimaer B padore [8].
I[Momo6HO  3tomy,  2-((3THICYIB(YOHUIT)METHIT)-6-
¢dennnumunaszol2,1-b][1,3,4]-tnaguazona  (2b) B
JIAHHOM YCJIOBHE TJI3/IKO [TPOTEKAET C 00pa3oBaHHEM 5-
Opomo-2-((3TrICy B OHMIT)METHIT )-6-
¢dennnumuazol2,1-b][1,3,4]-tuaguazona (8).

Takum 00pa3oM, HaMH BBIIBICHO, 4YTO TIPH
UKITU3ANUHT 2-MeThII-, 2-0eH3u- U 2-(1-xmopatuin)-5-
amuno-1,3,4-tnanuazona (1-2 m 2a) ¢ m-iogo- u m-
OpoMoGeHaMIT-OpOMUCTHIMI ~ TIPU ~ HAarpEeBaHHE B
cnupre 00pa3oBalOCh COCAMHEHHMH 3-5 C XOpOoLIMM
BBIXOZIOM. A Tak)Ke, HaMHU BBISBJIEHO, YTO Oyaroiaps
MOBBIIIEHHOH  IUIOTHOCTH  JJIEKTPOHOB B 5-0M
MOJIOKEHUN UMHJA30JIbHOTO (hparMeHTa COeAMHEHUU
4 wu 2b, peaxkums 5-3aMEIICHHBIX  JAHHBIX
TeTEPOLUKIIOB C MOJICKYJIIPHBIM OPOMOM U B YCIOBUSIX
peakiusi MaHHHXa yCIENIHO MPOBOJUT M MPUAAIOT UM
MPaKTHYECKUX [IEHHBIX CBOMCTB.

UK - cieKTpbI NOIJIOLIEHHS. K-
creKTphl coeaunennit 3 - 5 He conepxkaiero 5-CHa-
NH-Et moka3anx, YTO MOryT HHTEPHPETHPOBATH
KoyiebaTeNbHOE CIEKTPhl HMMH/Ia30THAINA30JIEHOTO
(parMeHTbl Ha OCHOBE JIMTEPATYPHBIX IaHHBIX II0
CIeKTpam 6-apui-2-(2-apmn-2H-1,2,3-tpuazon-4-
umumaazo-[2,1-b][1,3,4]tnaguazona [4] u Hamwux
COOCTBEHHBIX HKCIIEPUMEHTAIBHBIX JTaHHBIX.

[upokas rojoca MOTJIOIIEHHS B
BBICOKOYACTOTHOH o6nactu cmektpa (1344 cm?)
oOycioBneHa BasieHTHOMY KojieOaHusIMH  C-Heyv -
CBsI3ed METWIBHOM Trpymnma B COEAMHEHHS 3.
TMornomenne B obmactu 2970 cm?! obycnasnueaer
MPUCYTCTBHEM BAJCHTHOH KojeOaHWEe METHIHHOMN
TPYII, YTO COOTBETCTBYIOT JIMTEPATYPHBIM JIAHHBIM
[5], a momoca mornomeHus B oomactu 1627 (ams C=N-
THanuaszonsHOro (parmenra), 1582 (s C=N-
nMuaasonpHoro  ¢parmenta), 1408 (mnx C=C-
MMHUJIa30JIHOTO (parmenta) u 667 cm™t (s C-S-C-
THAJMa30JIbHOTO (hparMeHTa) MMEIOT 3Ha4YeHHe, YTO
6mm3Koe K BaJICHTHOU Kone0aHnn
MMHUIa30THAINA30IbHOTO (parMeHTa B 6-apmi-2-(2-

b][1,3,4]tmaguazona [4]. Yacror konebanms m-I-
(eHUITBHON TpyIIia MpOosBIISETCS B CUJIBHOW IOJIE B
obnactu 3415 cmL,

B cniektpax coequHeHus 4 110 CpaBHEHUIO 6-apHJI-
2-(2-apui-2H-1,2,3-tpuazon-4-umumaaso-[2,1-
b][1,3,4]tnanuazona [4] mosBiseTcs HOBas IMOJOCa
norjomeHuy  BayieHTHoro kojebanust CgsHs-CHo-
¢parmenta. B coexpmHeHHs 4 moyoca IMOTIIOIMICHUS
(GeHmTPHON Tpynmel OCH3WIOBHIH (parMeHT 1Mo
cpaBHeHHIO ¢ 6-m-1-peHmmom, mposBisercs B BHIAC
Hambonee crabee moiockl B obmactu 3134 cml, a
IUIOCKOCTHOE nedopMannoHHO mormomennn CH
BaJICHTHOW KoyieOaHWW OOHapykeHO B 00JacTu
«OTIEeYaToK manblb npu 1019-1056 cv? B UK
crnekrpax.  [losloca  TIOTJIOHICHHS — BAaJICHTHOTO
konebanuss CHj, cocemneét ¢ ¢enmnmpHO u Co-
THAIMA30JILHOTO (hparMeHTa, BCJICACTBUE CBSI3bIBAIA C
(EHWIBHBIM KOJIBIIOM TMOHIKASTCsS mpuMepHo Ha 20
cm?! 1 coctaBnsior oxono 1346 cm. Ilo cpaBHeHuro ¢
6-apun-2-(2-apun-2H-1,2,3-tpuazon-4-un)umaazo-
[2,1-b][1,3,4]tnanuazona [4], pasHHLIA B YacTOTHI
konebanun C=N u C-S-C-tmagmazonpuoii 1 C=N u
C=C-umunazonsHOTO (pparMeHTHl HocTturaet 15, 16 u
20, 15 wm cocraBager okono 1627, 674 m 1528,
1475 em™.

Ilomoca mormomeHus  3amemeHHoil  6-m-I-
(eHnIpHOM TpynIsl nposiBisiercs: B obnactu 3072 cm”
1 a CH BHeWIOCKOCTHOI ;:[e(popMauHOHHoﬁ
xonebaHuu oOHapyxkeHo B obmactu 819 cm. Jlns
CeHs-CHa-rpynmbl heHUIbHBIA TPy 06Hapy>1<eHo B
obmacru 3238 cm?l, CH, nmnposereHo B
MaJIOMHTEHCUBHOM obnacreii 2969 cm™t,

Jns  coemuHeHus 5 1ToJOca  MOTJIOIMICHUU
XapaKTepHOMY HMMHUIAa30THAIUA30IbHON (PparMeHTHI
oOHapy:xeHo B obmactu 1582 u 1634 cm? gua C=N-
MMUJ1a30-THAAUA30JIHONW (parMeHTsl, 1483 et s
C=C-umpazonsHoii (parmenra, 1288 cm?* mma C-N-
MEXIy IMHIa30-THAINA30JIbHON (pparMeHThl TaHHOTO
rerepouukia. XapakTEpHOW TMOJOCHl  BaJEHTHOM
konebannn  C-S-C-tnammaszonbHOM  (parMeHTh
nposBiieHo B 06macTu 716 cm™. {115t 9K30UKINYECKUX
(YHKIMOHANBHBIX Tpymn 2 ®W 6 TOJO0XCHUH
coequHeHUs 10 mojoca MOTIONMICHHU OOHApYXEHO B
obnactu 2954 cm™ it CH3 accuner, 1395 em™ mns CH-
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neopMmanuonHoii koneGamums u 808 oMt s
BasieHTHOM Kosiebanust C-Cl.

IMomoca moriormieHus M-OpoM(EHUITHBIA TPYIIIT
MPOSIBJIICHO B Pa3HBIX THIOB. Tak Kak, B 3aBHCUMOCTH
OT KOJIMYECTBO aTOMOB BOJIOPOAa, OOHapyKEHO
IUIOCKUX JedopMannoHHo Kojaedannu B oomacty 113,
1071 u 991 cm?! u Hennmockux aedopMalMOHHOIM
xonebanuu B ob6aactu Huxke 892 u 781 ecmt. A Taxxke
It Capou=Capow. B 00JacTH ToONOCA CpemHEH
MHTEHCHBHOCTU 1567 cM™ 0OHapyxeHo 00epTOHHOE
BAJIGHTHOH  KomebaHmum  m-Opom¢eHona, 9TO
CBUJICTEIICTBYET O TOJIOXKECHHE 3aMecTUTeNleil B
6eH3ospHOM KoubIo [9-10].

3aMeHa aromMa BOJOpPOAa B TIOJIOKECHUS S
coenunenun 4 3amectutensm -CHa-NH-Et nmpusout x
M3MEHEHHIO MHTEHCUBHOCTHU COEMHEHUH 6.

IMo cpaBuenuio ¢ 4 y N-((2-6ensmn-6-(4-
nogodenun)umunazo-[2,1-b][1,3,4]-ruaguazon-5-
wi)MeTwn)dTaHaMuHa  (6), Tmonoca  TOTJIOIMIECHUH
BaJICHTHOH KOJICOAHWUW CABHHYTA B CTOPOHY MEHBIIEH
ciraboro TIOJISL. Tax KaK, IUTSL C=N-
UMHUIA30THAANa30NbHOT0  ¢parmeHTsl u  C=C-
UMHA30JIFHOTO (pparMeHTa I0J0ca  IOTJIOMICHUH
npossueHo B obmactu 1543, 1505 u 1474 cm™,
XapaxkTepHas noJoca MOTJIOIICHHS C-S-C-
THA1a30JIbHOTO ()parMeHTa MposiBJIeHO B 00s1acTu 685
ceml Jlns n-dioppenun wu  CeHs-CHo-rpynnel B
3aBUCHMOCTH OT 4YHCIIO aTrOMOB BOZOpoJIa B
3aMEILeHHBIX OCH30JILHOTO Kouiblia [9], oGHapykeHO
HECKOJBKO TUIOCKHH M HEIUIOCKHH Ae(opMaIoHHON
KkoyieOanuu B obmactu 1189, 1139, 1101 933 u 819, 745
u 724 e, Jlina 5-CHp-NH-CoHs-rpymmsr o6HapysxeHo
2879-970 cm™ st CHy, 3135 emt mmst NH 1 1345 em™?
MIPOSIBIISTIOT CAMMETPUYHEIH THIT KosteOanus st CHs B
CHJIbHOM TIOJIE.

B UK-cnektpax coenunenuss 2b xapaxrtepnas
SHIOLUMKINYECKUX mojoca mornomenuu jis1 C=N-, C-
S-C-tnagmazonsHoro u C=C-, C=N-umuaa3onsHOro
(dbparmenTsl 00Hapy>keHo B obmacTu 1604, 695 u 1476,
1517 eml. Jlns ox30UMKIMUECKUH (yHKIMOHAIBHBIX
rpymmel  CH3CHSO.CH>- - CgHs-  momoca
MOTJIOMIEHAH  TIPOSBJIGHO B BHUAe  Hamboiee
uHTeHcuBHOW nonocel B UK-cnektpe. Tak kak, ans
SO,-rpynmt 00Hapy>KeHO IBE TOJIOCA TOTIOMICHUH B
obnmactu 1342 u 1147 cM™, 4To OTHOCUTCH K Veuy, U
Vacuw. TOTJIOIICHUH CyIb(QOHTpyMma. [IposBicHHEIE

nonockl B obnactu 2975 cm?! ornocurcs k CHs, a

Hojoca IOJIoMmEeHUd B obmactu 1183 m 1257 cm?
xapakTtepHo s BeepHbie CHo.

Jns heHunpHOW TpyMIbl HAOIOJACT JBE THIIBI
KoJie0aHUM: TojIoca morjomeHn B oonactu 1113-965
cm?  oTHocuTCs K IIOCKOH  Ae)opManHOHHOI
konebannn CH OeH301bHOrO KOJbLIA, a IIOJOCHI B
obnactu 895-862 cM™! MOKa3aHO O CUJIBHBIE MOJIOCHI
HEIUTOCKNX  AedopManumoHHBIX  Komebammu  CH
OEH30JIBHOM KOJIBIIE.

IMpu niepexome ot coemuuenust 2b k 7 u 8 momoca
MIOTJIOIIEHNH B WMHIa30THAINA30IbHOTO (parMeHTa
MPOSBIISICTCS B BUJIC HAUOO0JICe MHTEHCUBHOM MOJIOCHI B
UK cnekrpe. Ilo-BuammomMy, 5TO CBsI3aHO, U3-3a
Hanmuuuii  anektpogoHopHeld Trpynn -CHoNHEt u
anektpoakuenropuoi rpynn CH3CH2SO,-CH,-, -Br B
coenuHenun /-8 (tabm. 1). Takum oOpa3som,
XapakTepHBIE  II0JIOCA  TOTJIOMCHHWH,  KOTOPBIE
MPUHAMICKAT COCOUHEHUsM 7 u 8 OOHapyX eHO B
obnactu 1604, 1687 u 687, 688 cm* qs C=N- u C-S-
C-tragmaszonpHOTO PparMeHTsl, 1475 u 1479 e s
C=C-uMuIa3oIsHOrO (hparMeHTsI JTAHHOTO
TeTepOIMKIOB. XapaktepHble mmonockl st C=N-
UMHAA30JIbHOM  (parMeHThl coequHeHMH [ U 8
obHapyxeHo B obnactu 1518 u 1516 cm™. Tlonoca
norjomeHust  dk3ouukanyeckux  5-C-Br  u  6-
(GeHWIBPHONH TpYyNNbl  HMHAA30JILHOTO  (pparMeHTa
coemuHenus 8 HabmoparoTca B obmactu 742 cMml n
1178-966 cm?! mnma CH-mnockoif aedopMaluoOHHOI
Koie0aHWM, a Takke OOHApYKEHO HEeIJIOCKHE
neopMannoHHBIe KoJeOaHWHM (EHWIBHOH Tpymm B
obmactn  935-882 cml. Tlojoca morjormieHue
CH3CH>SO>-CHo-rpynm coenuuenns 8 HaOIr0mat0TCs
B cienyromee oomactu: 1311 u 1143 cm ! otHOCHTCS K
Ve, M Vacny, TIOTJIOIIEHHH CYIb(pOHTpymIa, 2973 cm™?
TUIST Vaeuw. CHa, 1443-1408 cmlorHocurcst misi CH-
nepopmanmonHon konebanun CHo-rpymmst.

B UK-cnekrpax coequnenus: 7 mis CH3CH2SO»-
CH,-, CHz-mopdosmmna u  (eHHIbHOW TpyNIIBI
0o0Hapy>XeHO CleyIollee Mojioca moriomeHun: 2975
eM?! s Vaw. CHs, 1442-1398  otHOcHUTCH
nedopmanmonHoi kone6anun CHy, 1151 em™ 1yt v,
SO, 1112 em? gma C-O-C-mopdomuna, 1229-965 n
862 cm? ortHocuTcs CH-HemnOCKMH M IIOCKHI
neGopMannOHHON KoJieOaHUH OCH30IbHOM IPyIIIL.

Tabnumna 1

OTHOCEHHE 110/10¢A NOTJIOIEeHnH UIst coeauuennun 3,4, 5, 6,2b,7 u 8

Ne TMosnoca noromeHus, cM ™
- C=N C=N C=C C-S-C
coeu- . . . . DK30LMKIIN-YECKUX
A (TraguazoibHON | (MMUIa30NbHOM | (MMHIA30JBHOM | (THAIMAa30JLHON N —
(bparmenT) (parmeHT) (bparmenT) (bparmenr) YHKI Py
3 1627 1582 1408 667 2970 agna CHa; 3415 pnst -
1-CsHa;
3134 mst CeHsu 1019-
1056 ned. komn. B obmact.
«OTIIEYATOK MAJIBIIED?;
4 1627 1528 1475 674 3072 a5t 1-l-CeH, 810
qutst CH-BHeTDIOCK. 1e¢op.
KoJIe0.
2954 i1 CHzacema; 1395
5 1634 1582 1483 716 o1 CH-stebop. Ko1; 808
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Just Basient. koit. C-Cl;
1567 cp. untenc. s
Ca}’)OM_:CapoM; 113, 1071,
991 nns CH mnoc. ned.
kone0.; 892, 781 mis
Hemioc. ieop. KoieO.

6 1543 1505

1474 685

1189, 1139, 1101 933 ans
wiock. Aed. ko r-1-CsHy;
819, 745 u 724 myid 1IoCK.

ned. koir. CsHs.

2b 1604 1517

1476 695

1342 u 1147 nns SO2-
rpyni, 2975 ms CH31183-
1257; nnst Beeproit CHp;
1113-965 s moc.
nedop. koned. CH Gens..
KoJbLa; 895-862 mis
Herwioc. nehopMm. Koied.
CH 6eH3071b. KOJIBIIA.

7 1604 1518

1475 687

2975 s CHs accum.;
1442-1398 mst nepop.
kone0. CHy; 1151 g SO,
cnvM.; 1112 mma C-O-C-
mopd.; 1229-965 u 862
i1 CH-Herockuii u
IUTOCKUI iedop. KoieO.
OCH30J1. TPYIIIL

8 1687 1516

1479 688

742 nost 5-C-Br; 1178-966
u 935-882 mst CH-tock.n
HEIUIOCK. Jeop. Koeo.
Oensona; 1311 u 1143 gus
Ve, M Vg, IODL SO;
2973 nnsa CHszaccum.;
1443-1408 mst CH-nechop.
kone0. CHo-rpymmsr;

Kax BugHO 13 Ta0m1. 1, HaIM4YKe 3aMEeCTUTEINEH 2 1
6 TTONIOKEHHS 1 BBeICHUE (PYHKIIMOHAIBHBIX TPYIIT Ha
5 TOJIO)KEHUM [AHHBIX TE€TEPOLMKIIOB, BIHUSAIOT Ha
pacnpeneleHne 3JEKTPOHHOM IUIOTHOCTH, KOTOPBIH
MPOUCXOJUT U3MEHEHUH B MHTEHCUBHOCTH HEKOTOPBIX
MUKOB  AaHHbIX coenuHeHun. B HK-cmextpe
MOJIyYE€HHBIX COeTUHEHNH, 0OHAPYKEHBI XapaKTEPHbIE
MOJOCHI  MOTJOIIEHUS  HMMHUIA30-THAAHUA30JIbHOTO

Taxkum obpazom, MOIU(DUIIMPOBAHHBIE
MOJYYEHHBIX COSTUHEHHH MOTYT CITYXHTh UCXOHBIMHU
COC/IMHEHUSIMUA ISl TOJNYYCHUs]  MPOH3BOIHBIX
nmuaaso[2,1-b][1,3,4]-tuagnazonos c HOBBIMU
cBoiictBamu. A Takxke, uccienoanue MK-cnektpos
MOTJIONIEHMS BBIIIEYKAa3aHHBIX POU3BOTHBIX
umunaszo-[2,1-b][1,3,4]tuannazonos UMEIOT
XapaKTEPHYIO 3aBUCHMOCTH OT MX CTPOEHHUS M MOTYT

IIUKIA, SK30IUKINIECKUH (PYHKIIMOHAIBHBIX TPyNI 2,  OBITh HCIIOJIb30BaHbI JUIS UACHTHQHUKAINN
5 U 6 MONOXEHUH W JIPYTHX TOJOCHI OTHOCAIIMECS]  COOTBETCTBYIOIIMX COEAMHEHUH, a Takke JyIs
JIAHHBIX ~ TETEPOIUKIIOB,  YTO  COOTBETCTBYIOT  ONpEEICHUS MIOJIOKEHUS 3aMecTUTeNnen B
JIUTepaTypHBIM daHHbIM [4, 9-10]. umuaaszo[2,1-b][1,3,4]tuagua3onbHoi KObIIE.
Tabiuma 2
DU3MKO-XMMHYECKHE CBOHCTBA CHHTE3MPOBAHHBIX COeIHMHEHMIT
Coemunenrie | Beixon, % T.., °C Bermcreno, % Hatizero, % Bpyrro-hopmyna
C H N C H N
3 89 190-192°C | 38.72 | 236 | 12.32 | 38.70 | 2.38 | 12.30 CuHsINsS
4 93 96-98°C 4893 | 290 | 10.07 | 48.90 | 291 | 10.10 Ci7H12INSS
5 88 120-122°C | 42.06 | 265 | 12.26 | 4210 | 261 | 4212 C12HoBrCINsS
6 87 163-165°C | 50.64 | 404 | 1181 | 50.61 | 401 | 11.79 CaoH19IN4S
2b 96 228-230°C | 50.79 | 4.26 | 13.67 | 50.76 | 4.28 | 4.30 C13H13N30,S;
7 98 110-112°C | 53.18 | 545 | 13.78 | 53.16 | 543 | 541 CigH2N40,S;
8 96 168-170°C | 4042 | 3.13 | 10.88 | 4040 | 3.16 | 3.18 Cu3H12BrNz0,S;
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Janneie amementHoro anamm3a C, H u N pis
coequnenuu 3, 4, 5, 6, 2b, 7 u 8 coBmamalT C

PacueTHBIMH.
JKCNepUMeHTAIbHASI YaCTh
UK-cnekTpsl  MOITIONIEHUS  CHHTE3UPYIOIIUX

BEIIECTB ObUIM 3anmucanbl B obnactu 4000 - 600 cm? ¢
paspemenreM 4 oMl Ha cyxux o00pasloB
ucnons3oBanmeM Spectrum 65 FT-IR (Perkin Elmer)
cunektpomerp ocHameH MIRACLE ATR (ZnSe) B
MNucrutyre xumum um. B.M. Huxkutuna HAHT.
CriexkTpsl OBUIM  W3MEPEHBl, W KaXAbIA  OBLI
NPOAHAIU3UPOBAH U YCTAHABIMBACTCS C ITOMOILBIO
nporpammHoro obecniedenust Perkin Elmer Spectrum,
Bepcus 10.03.07%

Temmeparypbl — IUIaBJICHUS  OIpPEICICHBI  Ha
MUKpPOHArpeBaTeIbHOM CTOJIKE Boetius.
DneMeHTHBIN aHanmu3 OBLI TpOBeJIeH B

MHUKpPOaHATUTHUECKOH naboparopun Y HHUBEpCUTETE
Degli L’Aquila HWranuu. Yucrora momydeHHBIX
COCMHEHUH ©W  XOJ  MPOXOXKICHUS  peakuuit
KOHTPOJHPOBAIN TOHKOCIOHHO# Xpomarorpadueii Ha
cranpaptHpix miactunakax  “Silufol  UV-254” B
cucteMax IUOyTWIOBBIA  3¢up-Oyranon-1  (2:1);
JUOYTHIIOBBIA 3(uUp; ATUNALETAT-AMITUIOBBIH dhUp
(1:1); nubyTusoBHI 3 up-n3omponanon (5:1).

Coemunenuss 3, 4 u 5 CHHTE3UPOBAaHBI IO
meromuke [11], a coenunenus 2b nonydyeHs! mo MeTomy
[8].

Cunre3 2-MeTHJI-6-n-fiogopeHNIUMUIA30-
[2,1-b][1,3,4]THanua30maa (3). K pactBopy 0.01 monb

coeqmennss 1 B 20 wMia JrTa”Hona JOOOABIISAIOT
SKBUMOJISIPHOE KOJIMYECTBA -
HomodenarmnOpomucteriii u  kumsatar 6 4. Ilo
OKOHYAaHUU peaxIm PEaKIMOHHYIO Maccy
OXJIAKIAIOT, HEUTpaNM3ylT aleratoM HaTpusi u
OTQUIBTPOBBIBAIOT ~ OENBI  0CAJ0K,  KOTOPBIH
MEPEKPUCTAINIM30BEIBAIOT W3 93TaHoja. [lomyuaror

coenuHeHus 3 ¢ BeixoaoM 1.01 tp (89 %).

Cunre3 2-0eH3WI-6-1-iio10 (e HUITMMHU1A30-
[2,1-b][1,3,4]THagna30a (4) TONYYarOT aHAJIOTUYHO
n3 0.01 momp coemuuenuss 2 u 0.01 momp m-
HomodeHarIOpOMHUCTEIH B H30TIPOTIAHOA.
Becusernrie kpuctamisl. Berxon 4.17 rp (93 %).

Cunre3 2-(1-xn0paTHN)-6-11-
opomdpenunaumnaaszo-[2,1-b][1,3,4]tuaguazona (5)
MONMYYaroT aHAJIOTHYHO, COSAWHCHHA 3 — TIpH
HarpeBaHWW B JTaHOJA. becuBeTHbIe KpHCTaUIbl (M3
sta”o’a). Bexox 3.43 rp (88 %).

Cunre3 N-((6-(4-iioxodenn)-2-
oenzunmmuaaso-[2,1-b][1,3,4] ruaauaszo-5-na)mer-
wi)ranamuna (6). K pacrBopy 0.01 wmomb
coequuenus 4 B 15 mi oranona go6asistror 0.01 Moib
tdopmanpaeruna, 0.01 Momp 3THIAMUHA U 2-3 Karuist
yKCyCHOM KucnoTsl. CMech MepeMelnBarT 35 MUH,
3aTeM KHILITAT C OOpaTHBIM XOJOJWIBHHKOM B
TeyeHre 6 4. BwImaBmwuii mo OXJIaXIEHUU OCaJ0K
or¢punbTpoBRIBalOT. BbxXom 4.74 rp (87  %).
BecuBeTHbIe KprCTAILTBI (M3 DTAHOA).

Cunre3 2-(OTracyabGoHWI)MeTHI)-5-
(mopdoaunomernn)-6-pennanmuaazo-[2,1-
b][1,3,4]tnaguazona (7) mMOAy4arOT aHAIOTMYHO,

coenuHenust 6. beciBeTHble KpUCTaLIBI (M3 9TaHONA).
Beixon 4 rp (98 %).

Cunre3 5-6pomo-2-((3THIACYIb()OHUIT)METHI)-
6-pennaumuaaszo-[2,1-b][1,3,4] Tuagu-azona (8).
Cmecy 0.01 wmomp  2-((3TmicynbhoHMIT)METHI)-6-
benmmumuaso[2,1-b]-[1,3,4]-tuanuasona (6) B 20 ma
ykcycHo kucioTel u 0.01 MONp MONEKYISIpHOTO
Opoma B 2 M yKcycHOW Kuciotel mpu 20°C
nmepememuBaioT 60 muH, mobasmsaror 0.82 rp (0.01
Mois) amerara Hatpus B 30 My Boasl. Brmammmit
0CaIoK OT(UIBTPOBBIBAIOT, cymar "
MIEPEKPUCTAIIIN30BBIBAIOT M3 CMECH J3TaHOla |
oyranona. Beixon 3.86 rp (96 %).
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LAemopur svipasicarom 271y00KYI0
onazooapnocms 0.x.H, npogpeccopy Myxuounoegy 3.K.

3a OKas3aHue nomouiu npu 6blnojineHuu

CneKmpaibHblX ucciedosanuil.

Hoxkmopanm Cynmanoea Bycana Cabdup zvi3bl
Jlenxopanckuii I'ocyoapcmeennuiii Yuugepcumem

BOUNDARY-VALUE PROBLEM FOR A TWO-DIMENSIONAL SECOND ORDER-TYPE
EQUATION WITH DISCRETE ADDITIVE AND MULTIPLICATIVE DERIVATIVES

DOI: 10.31618/ESSA.2782-1994.2021.1.68.16

Summary. The present paper is concerned with the study of solutions to the boundary-value problem for a
two-dimensional second order-type differential equation with a discrete additive derivative for one argument and

a discrete multiplicative derivative for another argument.

We will determine the general solution of the considered equation, containing some derived sequences.
Further, these unknown sequences are determined using an assigned boundary condition.

Keywords: Boundary-value problem, two-dimensional equation, discrete additive derivative, discrete
multiplicative derivative, second order-type equations, general solutions of the equation, solutions of the

boundary-value problem.

Introduction. As it is known, the boundary-value
problem for an ordinary differential equation in both
the continuous case [1] — [2] and the discrete case (the
so-called finite-difference equation) is well studied [3]
— [4]. The boundary-value problems for a differential
equation with a multiplicative derivative in the
continuous case was started almost a century ago [5],
as for the discrete case, it was started in our papers [6]
— [7]. We also study boundary-value problems for a
second order-type differential equation with discrete

where a, b are real constants, ¢, 0<n<
N; ¢, 0<m<M and ¢,,,0<m<M,0<n<N

Substituting the general solution (4) to the
boundary condition (2), we obtain:

M-1 n-1

additive-multiplicative
derivatives [8] - [9].

The present paper is concerned with the study of
solutions to the boundary-value problem for a two-
dimensional second order-type differential equation
with a discrete additive derivative for one argument and
a discrete multiplicative derivative for another
argument.

Setting of the problem: Let's consider the
following boundary-value problem:

and multiplicative-additive

pMp®y = frn, 0<SmM<M,0<n<N,(1)
Yun = @Yon + @, 0 =N < N,(2)
Ymn = bYmo + ¢, 0 =m <M, (3)

are preset real-valued sequences,
Ymn, 0 <m < M,0 <n < N is the query sequence.

As it is known, the general solution of equation (1)
is given by [10]:

m-—1 n-1
1
Ymn = Yon T+ Z(Df )yso)l_[fsk ,m=1,n=>1.(4)
s=0 k=0

1
Yon T § (D1()yso)| |fsk=ay0n+<pnrn20;
s=0 k=0

or given that

we have:

at1,(5)

- 1 -
_ ZISW:OI(D1( )yso) 2:3 sk — Pn
a—1

Yon ,n=>0.(6)
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Then returning to the general solution (4) and
substituting it to the boundary condition (3), we obtain:

Yon t+ Z(D(l)yso)l_[fsk =bYmo + P, m =0,

or taking into account (6), we have:

N-1

O ys) TS f = @
s . N+Z(D(l)yso)l_[fskzbym0+(pm'm20'
k=0

a—1

or, after simplification, we obtain;

M-1 -

Z (l)yso) Hfsk +a Z (D1(1)y50) Hfsk - (a - 1)me0 + (a - 1)§0m + §0N ,ym = 0. (7)

=m =

<

Giving m a value starting from zero, we obtain:
when m =0:

M-1 N-1
> 0Py [ [foe = @@= Dbyag + (@ = Do + g, (®)
s=0 k=0

whenm = 1:

M-1 N-1 N-1

Z (1)}’50) nfsk + aD1( )}’oo Hfok =(a—Dbyo+(a—1Des+oy,(9)

Subtracting formula (8) from (9), we get:

N-1 N-1
_D1(1)}’00 nfOI( + aD1(1)J’00 Hfok = (a—Db(y10 — ¥oo) + (@ — (@1 — @),
k=0 k=0

after reducing by (a — 1), we have:

N-1

1 1
D1( )YOO | |f0k = bD1( )yoo + (@1 — 9o),
k=0

from which under the conditions of

[ [foe %6100
k=0

we obtain:

$1 —
D1(1)y00 =Y10 — Yoo = W 11
0k

When m = 2 of (7), we get:

N-1

M-1 N-1 N-1
Z (D1(1))’s0) ﬂfsk + aDl(l)YOo l_[fOk + aDl(l)Yw ﬂfw = (a— Dby, + (a— 1), + @y .(12)
s=2 k=0 k=0 k=0

If we subtract formula (9) from (12), we have:

N-1 N-1
_D1(1)Y10 nflk + aD1(1)3’10 Hfm = (a — Dby — y10) + (@ — D (@ — ¢1),
k=0 k=0
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reducing by (a — 1), we get:

N-1

D1(1)y10 l_[fuc = bDl(l)}’w + @, — @

k=0

or under the condition of

we have:
1 Q2-¢
D1( )3’10 =Y20 — Y10 = % (14)

Continuing this process under the conditions

we get

Then ¢, is obtained from the event (6).

Thus, we get the following statements:

Theorem: If a b are real numbers,
0, 0<n<N; ¢, 0<m<M and
frm 0 <m<M,0<n<N are preset real-valued
sequences, then under the condition (5) and (15) there
is a solution to the boundary-value problem (1) — (3),

represented as (4) where DMy, = —wsti¥s
M=o fsk—b

s = 0, and yy, is determined by the formula (6).
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Abstract. In this paper, we introduced the concepts of full number invariant for homotopy type and entropy

of homotopy type of some topological spaces.

Based on this concept discrete random process describing evolution of the homotopy type of phase space of

¢ closed dynamical system there is built.

In this paper we introduced also the entropy of trajectory of evolution of homotopy type of phase space of
closed dynamical system, constructed random value on set this trajectories, proved that the mathematical
expectation of this random value coincide to sequence of mathematical expectations in the phase spaces of the
constructed random process with respect to the corresponding random values.

Key words: Topological space, covering, entropy, random process.

Classification codes 37B02, 37B04, 37H05 .

Introduction

The evolution of real dynamical systems is
reflected in the change in their entropy. This fact must
be taken into account in the mathematical modeling of
such systems, so it is important to define the entropy
concepts of the mathematical objects in which the
dynamic systems are represented in the models.Often
modeling of a dynamical systems(it's phase spaces) is
considered to be a continuous or discrete sequence of
topological spaces that describe the continuous or
discrete time variability of the system. This sequence
we called trajectory of changes of phase space. In the
work[11] we introduced the concept of entropy of
topological space and built a random process that
described the evolution of the phase space to the
accuracy of the entropy. In this work on the basis
introducing the notion of a complete numerical
invariant of the homptopy type of topological spaces
and the notion of entropy of the homotopy type of a
topological space, we construct a random process
describing the evolution of the phase space of a closed
dynamical system up to homotopy type.

1. The Number Invariant of Homotopy Type of
Topological Space.

Let N the set of natural numbers andP the set of
prime numbers. Consider the mapg: N — P defined so
®(1) =2,¢9(2)=3,¢3) =5¢H=7,..,0(n) =p
wherepis prime number following the prime
numbergp(n — 1).

Let K is a finite simllicial complex [4] vertices in

which are numbered by prime
numbersp (1) = 2, 9(2)=3, ¢(3) =
5¢4)=7,.,o1n) =p. Every simplex
o = o(n)e(ny). .. @(Myey1), My < M i =

1,2,...,k + 1 < nwhich vertices are

oMy, e(ny),..., oMk, ni <ni=12,....,k+
1 < nof K we correspond to product a_x+1 = ¢(n;) -

omy) ..oy, <ni=12,....,k+1<n.
Let {oye*"} the family of all simplexes of Kand

{aagaﬂ}the family of corresponding numbers. This

family uniquely defines complex K Let the sequence
A _kay+1) A _kay+1,-:+, A kay all elements of {agkaﬂ}
Oay %a, %ap a

with essential ordering, i.e. @ kaj+1 < Q_kay+1 <...<
ag

az
a_kay- Each sequence of natural numbers uniquely
ap
defines a rational number represented by continued
fraction[15]. Such, every finite simplicial complex and
fixed ordering of its vertices uniquely defines rational
number. We will denote this number by L(K,1),A € A
where A is the set of all numberings of vertices with
prime numbers of simplicial complex K In set of

numbers {L(K, 1)}1esexist a minimal element. We will
Denote this element by L(K) and call it a simplicial

number of complex K.

Finally we have built a injective mapping from set
of finite simplicial complexes to set rational numbers

L:{K} - Q.

Since every rational number is uniquely
represented as a continued fraction of a finite sequence
of natural numbers, knowing the rational number L(K)
we can construct simplicial complex K

Let new radical of number n € Nis the product
Rad(n) = p(ny)e(n,) - ¢(ng4+,). Consider a k
dimensional Euclidean Simplex kwhich vertices are
numbered by ¢@(n,),9ny,),...,(Mk41) nNumMbers.
Every such product uniquely defines Euclidean simplex
and each finite sequence of natural numbers
ny, Ny, Ng, ..., N, represents a finite Simplicial complex
in which simplexes represented by numbers n; and n;,
have common edge if Rad(n;,) andRad(n;,) contain
common factors. The dimension of the common edge,
depends on number of the common factors. Each
sequence of natural numbers uniquely defines rational
number represented by continued fraction. It follows,
that every rational number uniquely defines finite
simplicial complex . Let new vertices of complex K is
numbered with prime
numbersp(n,), p(n,),...,p(n;), Every simplex of
complex K is corresponding to product ¢(n; ) -
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o) .. oy, )k <1, the sequence of such
products uniquely defines complex K.

Such we have surjective map from set of rational
numbers to set of finite simplicial complexes

P:Q - {K}.

It is easy, that

L(K) € P7Y(K), P o L: (K} - (K} = idy;.

Let Xcompact topological space which admits a
pseudo-convex open covering[11] and the 0O(X)
minimal finite pseudo-convex open covering i.e. 0 (X)
contains minimal number of pseudo- convex open sets.
It is known that geometric realization of N(O(X))
nerve[4] is homotopy equivalent to the space X [1].
Rational number L(N(O(X))) uniquely defines
simplicial complexN (0(X)), It follows that rational
number L(N (0(X))) uniquely define homotopy type of
compact topological spacesX if it admits finite pseudo-
convex open covering[11].

Let newK simplicial complex with countable
vertices. We number the vertices of cimplicial complex
with prime numbers. If gsimplex inK then it will
represented by productp,p, -...- pr4+1 If we order these
products of primes in a natural way, we get an infinite
sequence of natural numbers which defines a continued
fraction representing an irrational number[15] and
which uniquely defines a given simplicial complex
with a countable number of vertices. on the contrary,
each irrational number decomposes into a continued
fraction corresponding to an infinite sequence of
natural numbers and therefore defines a simplicial
complex. Note that if the sequence representing a given
irrational number contains one, they will be discarded,
the resulting sequence is unique with respect to the
given irrational number, and therefore this number
uniquely determines the syimplicial complex.

Let X topological space which admits countable
locally finite pseudo convex covering, and [o,] is
minimal such covering i.e. if 0., Og € {O,} then 0, ¢
0,05 ¢ O,. The geometric realization of the
simplicial complex N({0,}) has the same homotopy
type as the spaceX [1]. From what was said above it
follows that the complex N({0,}) and the fixed
ordering of its vertices uniquely corresponds to the real
number r. Let a,,n =1,2,3,... suitable fractions of
continue fraction of this number. Each of this suitable
fractionsa,,n = 1,2,3,... uniquely defines finite
simplicial complexK,,  —and homotopy type of
geometric realization of this complex |K, |. Let
H([|Kq, |]entropy of the homotophy type [|K,,[]. If
exist, finite or infinite }L%H([|Kan|],then call this

number entropy of homotopy type of space X.

1. Entropy of Homotopy Type of Compact
Topological Space and Evolution of Phase Space of
Closed Dynamical Systems

In work [11] we called the entropy of the compact
topological spaceX, f if it admits pseudo- convex open
covering, the number% wheren is minimal number of

elements of open pseudo- convex coverings among all

finite pseudo- convex coverings ofX and m is the
number of orbits in every n element-containing
coverings at the actions by covering preserving
corresponding homeomorphisms. Let N(O(X)) is
nerve O(X) whereO(X) is pseudo- convex open
covering of X which contains minimal number of
elements n. The numberg where k is the number of

orbits in every n element-containing set of vertices of
N(0(X)) at the actions by automorphisms of N (0 (X)).
This numbers are different, therefore number of the
covering O(X) preserving homeomorphisms is less
than number of the automorphisms of N (0 (X)).
Definition 1. We call the entropy of homotopy
type of compact topological space the number % where

nis minimal number of elements of open pseudo-
convex coverings, among all finite pseudo- convex
coverings ofX and k is the number of orbits in every n
element-containing set of vertices of N(0O(X)) at the
actions by automorphisms of N(0 (X)) where 0(X) is
pseudo- convex open covering of X which contains n
elements .

Denote entropy of homotopy type of compact
topological spaceX by H,;(X). In work[11] we denoted
entropy of compact topological spaceX by H(X). It is
clear that

H(X) < Hpp(X)

Time is the total characteristic of changes, each a
physical system has its own time, when describing the
evolution of the phase space of a closed system, the role
of time can be taken to change its entropy. Let
newX,, X,, Xs,..., X;,... the discrete sequence of
topological spaces that describes one realization of the
evolution of homotopy tipe of phase space of a some
dynamical system in discrete time and letX;,i = 1,2,...
compact topological spaces which admits pseudo-
convex coverings. If a system is closed, then with the
evolution of the homotopi tipe of phase space of such a
system, the entropy grows. Therefore

Hyp(X1) S Hp(X3) <. < Hyp (X)) <...

n n

S n

N
3

<.<—=<...

»-?F|>-\
o
T |
S

Moments of time for each state X;of the phase
space can be identified with the value of the
entropyH,.(X;) of homotopy type. Based on such
considerations we will built a random process which
describes the evolution of the homotopy type of the
phase space of a closed system. As we said above, each
compact topological space which admits open pseudo
convex covering corresponds to a rational
numberL(N(0(X))) where is N(O(X)) nerve of
minimal pseudo-convex covering of this topological
space.

Let ty,t,,...,t,, ... ascending sequence of points
intime i.e. entropy values. Let3, ,n = 1,2,... the set of
rational numbers which represents homotopy type of
compact topological spaces which admits minimal
finite open pseudo-convex covering, and whose
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entropy of homotopy type is less than t,, and that all
simplicial complex with vertices from the set of
elements of minimal open pseudo convex coverings of
topological spaces which homotopy entropy lees than
t,, has the homotopy type of such a compact
topological space whose homotopy entropy is less than
t. Itis clear that the sets 3, ,n = 1,2,... are finite. Let
Define on the sets 3, probability measures[2,5,6,12]
e, S0: let measureu, —of one point subset {a;} is
number

{a;"},

ftnz

In what follows we mean that 3, is such that the
entropy of topological space which homotopy type
defined by number E(f,) has entropy which does not
exceed t, , where E(f;) is the mathematical
expectation[2,6,12]

E(ftn) = Z{'(=1 a; .“tn(ai)

M — (p”(a,tn N atn+1) — ‘utn+1( n+1) i=
Consider sequence
[Xftl], [szz]'---'

Where [Xftn]'” = 1,2,... class of all topological

spaces which have homotopy type defined byE(f;,).
This sequence determines the most likely trajectory of
the evolution of the phase space of closed dynamical
system.

In the sequence [Xfcn]'" =1,2,... entropy
H([Xf;, 1) = o when n - oo, If rlli_tzlo[Xfin] = Xthen

Xwill be homotopy equivalent to countable simplicial
complex and Hy; ([X]) = oo.

Xs, 1.

{a;"},

e, (™), e, ™),

Hht(Xal-n)
Ytoq Hne(Xayn)

te, ({ai}) =

where [ number of elements in the set 3.
andX,,, topological space which homotopy type
represents numbera and measure for subset
{@:}i=12,.kst € Iy, 18 number

?:1 He, {a:}) -

This probability measure defines on the set 3,
random value f; with distribution law [2,5,5,12]

.utn({ai}i=1,2,...ksl) =

Aa")
pe, ({a,™h

of random value f; .

The sequence {(J;,, f;, )} n = 1,2,... isa discrete
Markov-type [2,13] random process with transition
matrices

t t
a'n €3, ,amtt

~
ltn+1' n € Stnia

i =12,

Consider new the family{(3;,,B;,, u.,)} and

probability measure measure® U, 0N the
{®3:,8®B:,} [3910]. Each element of
tn tn

® I, represents trajectory of realization of the
tn

constructed above random process. for this measure has
place  equality (tX) e, (b) = Il¢, He, (be, ) Where

b, element of o -algebraB, , b = by, X b, X...X
b, X"'eé B, = {b¢, X by, X...X by, X...|b, €

B.,}and o - algebra® B, generated by product tx By,
tn n

ty .t t
Zil,iz ..... tn? Mtn(a’ill'a 2 ai:) =1
n
t £, .t t
lim N Xz, tn® th(a e ) = iy, tn,...? be (@S, ) =1
n

It follows that the measure & p,, is probability
tn

measure

(T 7

represents one of realization of random process
which describes evolution of phase space of closed
dynamical system. Consider the random value

flae, at,,...,

In the set 3, all elements are rational numbers
therefore inJ3,, we have the addition and multiplication

) = (A, ey e ey

Let

@) EQ I,
tn

Atpye-)) =i® th(a’tn)/

operations, because in the set ® 3¢, also we have the

addition operation and the operatlon of multiplying an
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element by rational number . It makes it possible a
calculation of the mathematical expectation

E(f) = Sapyepmitey )@y Tpr e s G- ) D@ty Aty A )) ==
(Zatlatlp((atl,atz,..., n,..),Zatzatzp((atl,atz,...,atn,..),..,Zatnatnp((atl,atz,...,atn,..),...)

Theorem .  Sequence of mathematical Proof : We prove the theorem by induction with
expectations of random valuesf, ,n = 1,2,... will be  respectto n. Letn = 2 and taken two random value:
coincide to mathematical expectation of random valuef

_ {e) @y . {eh
0= @D, (D, e bl
= o N 3 S ,{af;t}
pe, (@), wn,({a?), .o e, ({a,2D)
Consider set of the sequences with two If f((aitlxajtz))i=1,2,...,11,j=1,2,...,12 =u, ®

members{(a;* ) Y}iz12,.10j=12,.1,- ON the this set Mtz((aiﬁ,%&)) = u;, (") .Mtz(a].fz) distribution of
we have measurep,, &® u,,, for WhICh the formula  andom value

Hey ® He, (a7, a%) = pe, (@) - e, (%) holds .

ty l2
(@ )i=12,.,11,j=12,..15

f= ,
Ue, @ Uy, ((aitl' ajtz)) = ey (afl) “He, (a;z)
Then

i I i I

EG) =) Y @) - uy (@) (af' af?) = Z Z(utl(a D e (@) et e (@) - ey (@)

i=1j=1 i=1 j=
And

i I

E(ftg—zutl(a“)a“ Zutl(a aft Zutz(a 2)—Zzutl(a D ey (afaf =

j= i=1 j=
L Iz

Zzﬂtl ®#t2 (CI a].tz))aitl.

i=1 j=

Similarly we will show tha

L tay ¢ ! t2y t2 pl t L l ¢ t2y ¢
E(fe,) = Zj2=1 ﬂtz(ajz)ajz = Zj2=1 ﬂtz(ajz)ajz it Ue, (@) = Zj2=1 Yitq Me, (@) - pe, (ajz)ajz =
l l

1 2
=2 e, ® (@

i=1 j=1
Let new the theorem is true whenn = k. Consider n=k+1. The equality (aFl an . fk+1) =
the case er
((a;',a?,...,a;"), a;**) holds. From this equality
follows that
let+1 le+1 ir:kl
_ tk+1y o, bk+1 tr+1y o, bk+1 ty t Ty
E(fren) = 2 .“tKH(aj )aj = 2 ﬂtK+1(aj )a’j ® /“ltk(ail'aiz""'aik) =
j=1 j=1 i1,z



68 East European Scientific Journal #4(68), 2021 EEST
lk+1l 1
= Z ®.utk(a ) #tkﬂ(atkﬂ) atk+1

i1z mity kb1

Iy L 1
Z Z ® e (a Fk+1)a_fk+1 —
k
i1,i2,0 ltkj
tz=1
k+1
t1 _t tk+1 tk+1
Zl&'iz ----- itjolle+1 ® 'utk(ail’aiz’ Y lk lk+1) l41”
Similarly we will show that,
Yo ¢ t
E(ftp) = z ®,ut (a ) a,kk*ll)ai: te, <ty < tppr
i g ey tk+1
It follows that
i=1
tk+1 . . fk
3 — ]y 1 2 +1
HmECR) =lm ) ® mylaflal el e
i1,i2,mmltp b1
k+1
— t; t2 tk tp
= Z ® :“tk(“ilr“iz'---'“ik'-'-)“zp
(1,82 ool g b
The theorem is proved . Hht(af:), entropy of homotopy type of spaceX tn
Let's call the infinite product in

Hht([XalFll]' [XQZFZZ]’---' [Xaf:] ) = 1In=1Hpe (a )

the entropy of the trajectory
[Xaitll], [X“fzz]' e [Xait;], ... of evolution of fhomotopy

type of phase space of closed dynamical system; where
® e, (@i}, i

shows it s
that the

This  equality
limHht(ait") =
n—-oo n

t t
® “tn(aill’ alz
tn
t; ta
always <t8n> ten (@) @y

Conclusions

1. In paper is introduced the concepts of full
number invariant for homotopy type of some
topological spaces.

2.In paper is defined entropy of homotopy type of
some topological spaces.

3. In paper is constructed discrete random process
describing evolution of the homotopy type of phase
space of c closed dynamical system.

4. In paper is introduced the concepts of entropy
of trajectory of evolution of homotopy type of phase
space of closed dynamical system.

4. In paper proved that the mathematical
expectation of this random value coincide to sequence
of mathematical expectations in the phase spaces of the
constructed random process with respect to the
corresponding random values.

necessary
product

af;, ...) be non zero. In other cases

¢
aL:,...)=0.
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