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lNMporpama po3po6Kn KOPUCHUX KONarnuH
CBiTOoBOro okeaHy

lMempo Kynikos, Muxatno Cykay

KuiBCbkMI HauioHanNbHWI yHIBEpCUTET OYAIBHULITBA | apXiTeKTypu
MosiTpodhnoTcekmmn npocn, 31, Knis, Ykpaina, 03037
msukach@ua.fm, orcid.org/0000-0003-0485-4073

AHoTanisi. 3amporoHOBaHO MPOTpPaMy CTBO-
PEHHS HOBHIX TEXHOJOTIH, TEXHIKM 1 KOMILUIEKCIiB
M0 BUBUYCHHIO, BUJIO0YBaHHIO, TPAHCIIOPTYBAHHIO 1
epepoOJICHHIO METAJIOMICTKUX Ta 1HITUX TBEPIUX
KOPHCHHX KOTAJMH MAaTEPUKOBOTO IMeNnb(y 1 TIu-
00KOBOMHOI yacTHHH OKeaHiB. [lokazaHo akTyaib-
HICTh TPOOJIEMH Ta PECYPCH MOPCHKHX KOPHUCHHX
KOTIAJIMH, 3a3HaY€HO METy, 3a/1adi mporpamu Ta ii
KOHKYpPEHTHI TiepeBaru. Po3risiHyTO cBiTOBHI TIO-
TEHIlan ¥ moTpedu y po3polli KOpHUCHHX KoIa-
JIMH, BU3HAYEHO HANPSAMH i TEMaTHKy HayKOBHX
po0iT, a Takox (piHAHCOBI MOKA3HUKU Ta (HopMH
IHBECTHIIIMHOTO CIiBPOOITHUIITBA.

KarouoBi cjoBa: po3poOka KOPUCHHMX KOIIa-
nuH, CBITOBUH OKeaH, MIeTbd.

AKTYAJIBHICTbH [TPOBJIEMU

Jlo HETaBHBOTO Yacy BBAXKAJIOCH, IO B JIO-
CSDKHOMY MalOyTHbOMY CBITOBIH CHUJIBHOTI
3arpoXxye TOTaJbHUHN AePIUT eHepropecypcinB
1 MiHepaJlbHOI CHPOBMHM, PO3BiJIaHi 3amacu
SKUX Ha MaTEpUKOBIM yacTHH1 oOMexeHi. To-
My BX€ IOHAaJ MIBCTONITTA NHWJIbHY YBary
CIpSIMOBAaHO Ha IHTEHCHUBHE BHMBUYEHHS Oa-
raTtcTB, 30cepe/keHnx B Mopi [1]. 3a orinka-
MU €KCIIepPTiB Ha JociigxeHHs y CBITOBOMY
OKeaHi MOPIYHO BHUTpadaeThcs Onm3bko $500
mipA. HuHI Ha akBaTOpisIX MpalioTh OibIIe
40 6ypoBux cyneH 1 200 6ypoBux riardopm 3
MaKCHUMaJIbHOIO IMTMOMHOI0 OypiHHS 10 12 KM.

Mopceka reosorisi mnepectae OyTH YHUCTO
pOMaHTHYHOK Haykoro. Hosuii eran B ii po3-
BUTKY 3YMOBJIEHUH, TepeayciM, BIIKPUTTIM
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BEJIMKHUX POJIOBUII Ha()TH 1 Ta3y HA KOHTUHCH-
TaNbHHUX CXHJIAX, K1 y MOPIBHIHHI 3 HIeNb(om
3QTUIIAOTHCS M€ MPAKTUYHO HE BUBYCHHMU.
VY KIHI[I MHHYJIOTO CTOJITTSI PO3MOYaTo MiAro-
TOBKY JIO TIPOMHUCIIOBOTO OCBO€HHS TJIMOOKO-
BOJIHUX POJIOBHII] METAJOHOCHOI CHPOBHHHU:
nonimeraniuaux koHkpenid (IIMK), sxi wmic-
TaTh Mn, Ni, Co, M0, Zn i eHepreTU4HOi CcH-
POBHHU — ra3oriaparis (ra3, METaH).

META I[TPOT'PAMU

3a0e3neueHHs] MapUTETHOTO 3 PO3BUHYTH-
MU KpaiHaMu J0CTyny YKpaiHu 10 MiHEpalib-
HO-CUPOBHHHHUX PECYpCIB INIMOOKOBOJHUX pa-
roniB CaiTOBOro okeany. BupimieHHs mpo-
O6nemu neiuuTy BaXJIMBUX CTPATErIyYHUX Me-
TajgiB (HIKETIO, KOOalbTy, Mijli, MOJIOACHY,
IIUHKY, CBUHIIIO, IIUPKOHIIO Ta iH.), @ TaKOX
CUPOBUHU JUIsl BUPOOHUITBA A00pUB — oc-
¢oputiB. Buxin Ha 3aKOpJOHHI PUHKU 3 KOH-
KYPEHTOCIIPOMO>KHOIK TEXHIKOI MO BHI00YT-
Ky Ta nepepoO1i KOPUCHUX KOMAJIUH MOPCHKO-
ro jaHa [2].

CBITOBI PECYPCHU
KOPUCHUX KOITAJINH

CymapHi 3amacu Ta3orifpariB (TBEpAHi
ra3z) y CBiTOBOMY OKeaHi CKJaJalTh 3a pi3-
HUMH OILlIHKaMH4 Bifg 12 10 76x10%° M3, a ToJIi-
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METaJiYHUX KOHKpemiil (Timpku B Tuxomy
okeaHi) — 165 mupa. T. IxHa MeTamoeMHicTb:
oim3bko 30 % — Mn; 1,3% — Ni; 1,2% — Cu;
0,2% — Co 1 me maitke 30 KOPUCHUX KOMITO-
HeHTiB. KiJTbKICTh MeTaliB, SKi BUIYy4arOThCS
i3 cyxux IIMK, B piunoMy BUpOOHUIITBI i M-
pUEMCTBA MOTYKHICTIO 4 MJIH. T ckiajae: Ni —
39,9; Cu — 30,9; Co — 7,8; Mn — 804,0 Tuc. T.
[3].

3a monepenHiMH oriHkaMu Ha AH1 CBITOBO-
ro okeany 3aisrae 6mmspko 300 mupn. T 3aimi-
30MapraHIieBoi pyam, i I 3amacu IOCTIHHO
3011bIIyt0ThCS. Tak, HAKOMUYEHHS! MapraHIio
B KOHKpELISIX NPpUOIN3HO B 3 pa3u MepeBUILye
HOTO CIIOKMBAHHS YCIEIO CBITOBOIO ITPOMHC-
JIOBICTIO 32 TOM K€ Mepioj] 4acy; HAaKOMHYEHHS
KOOaJbTy 1 MUPKOHIIO e 3HAYHIIIE — BiAIO-
BifHO B 4,5 1 5 pasiB Ouibine. ToOTo, 3anacie
Minepanovuux pecypcie y Ceimogomy okeaHi
8UCMAYUMb HA COMHI I MUCAYL POKISB.

Y 90-x pp. Pagsacekum Corozom i CIIA
MIPOBOAMBCS EKCHEPUMEHT 3 BUIPOOYBaHHS
3eMcHapsay (aucropbepa) st MOJETIOBaHHS
npolecy BUAOOYyBaHHS KOHKpELN 1 BHUSIBIICH-
HJ HeraTWBHOI mil Ha HoBKULIA. SIOHICIO BU-
npoOyBano arperar 30opy [IMK na rnmGuni
2200 M B meHTpi MiBHIYHO-3aXiJHOI YaCTHHH
Tuxoro oxeaH. AKTHUBHO MPOBOJATH JOCIi-
mxeHHst Kurait, [nais, [lisnenna Kopes Ta iH.
KpaiHU-3assBHUKH JIIJISTHOK.

OuikyBaH1 TEPMIHU MOYaTKy KOMEPIIITHOTO
BUI00yBaHH:: rasorigparis — apyre, [IIMK —
tpete aecatumiTTs XXI cropivus. XTo A0
BOTO Yacy Oyne Haubiibul nio2omosneHull 6
HAYKOBO-MEXHIYHOMY NIAHI 00 GUPIUUEHHs
npobnemu (ToOTO 3HAWAE HAMIMHHUI Croci0
JOCTYITY 10 CUPOBUHU 3 MiBOIHUX POJIOBUII),
TOW 1 6ucpae 6 KoHKypenmniti 6opomu6i [4, 5].

Kananoto, Hopgerieto, CIIIA 1 Snoniero 3
2006 — 2007 pp. po3moyaTo JOCIIJTHO-
MIPOMHUCIIOBE OCBOEHHS MPUHIIMIIOBO HOBOTO
1 HeYyyBaHO OaraToro (167><1017 M METaHy)
BYIJIEBOJTHEBOTO JIXKepelia eHeprii — MeTaHo-
riapary. Bin 3ansrae y BUIIIAI «TOPIOYOTO
JTBOJTY» (113><1017 M CH,) B moHHux ocan-
kax Ha 93...95 % miomi CBITOBOTO OKeaHy
Ta y BUTJIA1 "MIIAHOTO MeTaHy" (54><1017
m® CHy) B HaJpax BIYHO MEP3JIOTHUX obJac-
Teil MaTepUKOBOTO (OCTPIBHOTO) CYXOJONY.
[Ipu cykymHOMY CBITOBOMY Ha(TOTa30BU-

4

noO0yBaHHI, SIKE€ JOPIBHIOE 2804x10° M°

(to6T0 4 Mupa. M madrh i 2800 mapx. M
OPUPOJHOTO Tazy), JA00CMEY UCMAYUMD
MemaHoz2iopamis maudice Ha 6 MIH. pOKI8.

HaBiTp siKmo 1eil mporHo3 BUIPaBIa€Th-
cs Ha 10 %, To Bce OJTHO MeTa — OTPUMAHHS
HaJIHHOTO JOCTYIMY J0 POIOBHII ra3origpa-
TiB 1 OCBOEHHS NMPOMMCIOBOI TEXHOJIOTII 1X-
HBOTO BUJIOOYBaHHS — BUIIPABIOBYE 3aCO0OH.

A3oBo-HopHOoMOpchkuid OaceliH Ta akBa-
Topist BanTilickkoro Mopsi OCTaHHIMH pOKa-
MU TaKOX CTalOTh 30HOIO MiJABUIIEHOI yBa-
T'Hl, K TMOTEHIII{HE JKEepeIo MOPChKOI MiHe-
palbHOT CUPOBHHHU, 1 HE JIMIIE IJIsA Mpuode-
PEKHUX JIEpHKaB.

['eonoriuni 3amacu, gociigxeHi y 6aceii-
Hi YopHoro wmops: eazociopamu (TBepawit
raz) 25...30 TpnH. M3 canponenegi myau
(arpoximiuma cuposuua) — 3,2x10" Mm% opi-
onooucnepcui nicku — 1o 100 mapna. t; mpic-
Ha BoJa (3araJibHUM CTIK) — 178 MuH. M B
pik; 3010mo B poscunax — 100...150 1; pa-
KVWHAK — HE OOMEXEeHi; OanbHeoN02iuHi
epazi — 70 MiH. M cipka — NEeKiTbKa MIpI.
T.; € 3aMIaCH 3a1i3HuX pyo Ha menbdi Ha MiB-
neHpb Big KepueHChKOro miBoCTpoBa 3i 3Mic-
TOM 3aimi3a 35...39 % i 1.1.

Kpim Toro, 3 6ydienuymeom nagpmoeaszo-
nposooié nHo YopHoro 1 banriiicekkoro mo-
piB yce Olybllle MEpPEeTBOPIOETHCA HA OyiiBe-
apHUM Malimanyuk. ToMy muTaHHS Oe3meKu
(y T.4. exonoriuHoi) mijg dYac MpPOBEICHHS
poOiT 1 eKkcruryaTalii poAOBHIL BUXOAATh Ha
MEepIINH IUIAaH.

3AIAYI ITPOTPAMU
TA KOHKYPEHTHI [IEPEBATU

TpanumiitHui TUISIX CKOpOYEeHHS nediruTy
MiHEpalbHOI CHPOBHMHH, TOOTO 30UIBIICHHS
o0csriB BUAOOYBAaHHS 3a PaXyHOK KOHTHHEH-
TaJIbHUX POJOBHUI, B OUIBIIOCTI KpaiH, BKIIIO-
yaroun YKkpainy i Kuraii, € HerepcrneKTHBHUM.
s cupoBuHa Ha cymii abo BiACyTHs, abo 3Ha-
XOJUTBhCS Yy BUTIIANl OINHUX pyl, MoJajiblla
po3poOka sIKuX crae HepeHTalbenbHOI0. Kpim
TOT0, 30UIbIIEHHS! 00CATIB T1PHUYO-BUA00YB-
HUX pOOIT Ha CyX0J10J1i MPU3BOJUTH IO BTPATH
TOJIOBHOTO OaratcTBa KpaiHW —TUIOMIOYHX 3e-
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Menb (Hapas3i B YKpaiHi 3pyHHOBaHO TipHUYH-
MU poboramu maibke 200 THC. Ta TIIOTIOYNX
3EMEb).

BupimeHHss muTaHHS 32 paxyHOK IMIIOPTY
CHUPOBHMHHU NOTpeOy€e 3HAUHUX BAJIOTHUX aCHI-
HYBaHb, SIKI MpU HHUHIOIHIX 00CSrax CHOXH-
BaHHS Ta BCTAHOBJICHOMY PiBHI CBITOBUX IIiH
cknanaoth $11...12 mapa. mopiyao. B Toii xe
yac OararctBa CBITOBOIO OKeaHy, Cy4acHHUH
piBEHb PO3BUTKY TEXHIKH JI03BOJISIIOTH CTBO-
pUTH peHTabellbHE MOPCHKE TipHUYE MiaIpH-
€MCTBO 3 BHJI0OYBaHHS, TPAHCHOPTYBaHHS Ta
nepepoOKH TBEPIUX KOPUCHUX KONAJIMH OKea-
HiYHOTO JHA [6].

B pe3ynbTari BUKOHAaHHS MPOEKTY Oyze BU-
PIIIIEHO KOMILIEKC 3a/1a4, a came:

eKOHOMIYHI — 3a0€3TIeUeHHS MOTPeOd KpaiHu
y HiKedi, MiAl, IUHKY, CBHUHIIO, MapraHIlio,
piAKO3eMeNbHUX Ta JOPOTOIiHHUX MeTayax,
KobanbTy, docdopuTax 3a paxyHOK mepepoO-
KM TBEPAUX KOPUCHHUX KOMAJIMH MOPCHKUX PO-
JIOBHILL;

noaimuuni — 3a0e3neueHHs] IpaB KpaiH-
YYaCHMKIB HPOEKTY, SIK CYBEpEHHMX JIEpKaB,
Ha BHKOpHCTaHHs OararctB nHa CBIiTOBOTO
OKeaHy, y4yacTb Yy BHpIIIEHHI IUTaHb,
MOB’sI3aHUX 3 PO3MoAiioM aHa CBITOBOTO OKe-
aHy; 3akpimieHHs 3a Ykpainoro 1 ITombiero
MpaBa Ha BIAMOBIIHY JOJIIO JUISTHOK POJIOBHUIIL
3aizomaprauieBux konkpeniit (3MK);

coyianvHi — 30epexeHHsl 1H(PacTpyKTypHu
Ta poOOYMX MICIb METalTypriiHUX, MalluHO-
OyMiBHUX, XIMIYHHMX, CyIHOOYIIBHUX, I€0JI0-
rOpo3BIyBaJIbHUX MIANPHUEMCTB Ta OpraHi3a-
i, BUKOPUCTAHHS YCTaHOB BiMCHKOBO-
MIPOMHCIIOBOTO KOMITJIEKCY y TE€XHOJIOTIYHOMY
LUK BUAOOYTKY Ta nepepoOKH HOBUX BH/IIB
CHpPOBHHHU; CTBOPEHHS JIOJAaTKOBOTO (OHIY
pobounx  wmicup  Oaratbox  mpodeciii,
OB’ SI3aHUX 31 CTBOPEHHSIM HOBOI'O MOPCBHKOTO
TipHUYOT0 BUPOOHMIITBA.

Jlnist TOCSATHEHHST METH Iporpama nepenoda-
qae:

- IPOBE/ICHHS MOIIYKIB 3 PO3BiJIKM Mepcre-
KTUBHMX AUIIHOK YopHoro ta bantiiickkoro
MOpiB, MaTepukoBoro menbdy 3axinHoi Ad-
puku, Ianificekoro 1 Tuxoro okeaHiB, 1HIIUX
PETiOHIB; peecTpaLlilo 3asBOK Ha BIACHY JUIs-
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HKy pomoBun TKK y BiaAmoBigHUX Mi>KHApOI-
HUX OpraHax;

- IPOBEJICHHS JOCII/KEHB 3 OLIHKH BIUIUBY
BUJI00YBaHHS MiHEpAIbHOI CHPOBHHU Y TPO-
MHCJIOBUX MaciTadax Ha EKOJIOTiI0 OKeaHy
(Mops1), po3poOKy NPUPOJOOXOPOHHUX 3aXO0-
JiB;

- CTBOPEHHS Ta MPAKTUYHE OIPALIOBAHHS
TEXHIKM Ta TEXHOJOTIH PO3BiJIKH, BUI0OYBaH-
HS Ta epepoOKU Pi3HUX BHUJIIB CHPOBHHU; BH-
X171 3 KOMEPIIHHUMH TTPOTIO3HIIISIMU Ha 3aKOP-
JOHHUH PHHOK HAYKOBO-TEXHIYHOT MPOIYKIIii;

- JIOCATHEHHSI TIPOMHCIIOBOTO BHIOOYTKY B
obcsirax 10 3 MutH. T Ha pik cyxux 3MK (abo
BianoBigHOI KimbkocTi iHmmMX TKK) Ha 06asi
BITYM3HSHOT TEXHIKM MOPCHKOTO TipHHYOTO
BUPOOHMIITBA 3 BHUKOPUCTAHHSIM HayKOBO-
TEXHIYHOTO Ta TMPOMHUCIOBOTO IMOTEHIIATY THX
rajxy3eil IpOMHUCIOBOCTI, IO Mi/JISraroTh KOH-
Bepcii.

CTAJIIS1 OTIPAITIOBAHHS:
TTIOTEHIIIAJI TA TIOTPEBU

B Garatpox paifonax CBITOBOTO OKeaHy €
BEJIMUE3HI 3alacu MOCTIHO BIAHOBIIOBAHUX
MOKJIAJIB  3aji30- Ta KpEeMHINMapraHIEBUX
KOHKpeLid, ¢ochopuTiB, IHIIUX KOPUCHUX
KONaJIMH — B OKPEMHUX pailoHax BOHH J100pe
BuBueHi (30Ha Knapion-Kninnepron B Tuxomy
okeaHi). 3rimHo 3 MiXKHApOIHOK KOHBEHIIIE0
OOH i3 Mopcekoro npasa Bix 1982 p. 3apeec-
TPOBAHO JAUISHKHU 3a MEPBICHUMH BKJIAJHHUKA-
mu (komumaiM CPCP, ®panuieto, Snowiero,
[Hni€er0), a TakoX MDKHAPOAHUMH KOHCOPIIY-
mamu OMA, OMI, OMCO, Konnecott Copper,
[ntepokeanmeran (mo octanHboro 3 1987 p.
3anyueHo bonrapiro, B’etnam, Ky0y, [Tonsmry,
Yexito, CroBauuuHy); BiIOYBalOThCS 3aX0H
10710 TXHBOTO MTPOMHUCIIOBOTO OCBOEHHS [7].

HayxoBo-gocniani opranizanii HAH Ykpa-
iy, iHCcTUTYTH Ta Kb MinmMammpomy 1 Mis-
npomy Ykpainu, yHiBepcutetu KHYBA, KIII
Ta 1HII yCTaHOBHU MalOTh HEOOXITHUN HAyKO-
BO-TE€XHIYHMH JTIOpOOOK, €KCIepHUMEHTAIbHO-
CTeHJIOBY 0a3y Ta mojironu. Lleit motenmian
cTaHOBUTH 10 70 % ychoro 10poOKy, HAKOIMH-
YEHOr'o MiJl Yyac BUPILIEHHS MpoOJieMU y paM-
kax konumHboro CPCP.
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[IpomucnoBi 00'eqHaHHS Ta MAMPUEMCTBA
VYkpaiHu, B TOMY YHCI Ti, 110 3aJy4alOThCs Yy
MOPSAKY KOHBEpCii, MalOTh TEXHOJOTI4HI MO-
AJIMBOCTI JJI1 BUTOTOBJIGHHSI €KCIIEPUMEHTa-
JBHUX 1 JOCTIAHO-TIPOMHUCIIOBHX 3pa3KiB Ta
oprasizariii cepiiHOro BUPOOHMIITBA BUII00Y-
BHOTO TEXHOJIOTIYHOTO OOJIaTHAHHS, BUA00Y-
BHUX Ta TPAHCHOPTHUX CYJE€H, YCTaTKyBAaHHS
1u1s1 30arayeHHs Ta nepepoOku [8].

Meranypriiinuii KOMIIEKC YKpaiHu J03BO-
Jsi€ BUPINIYBaTH MUTAHHS MEPEpOOKU MiHepa-
JbHOI CUPOBMHHM Ha TOBapHI MeTalu Ta Qepo-
crutaBu. Tak, mepiry JIOCHiTHY TepepoOKy
3MK 0Oymo nposeneno y 1988 — 1989 pp. y m.
Hikonomnb, mopTom [uis npuiiMaHHsS CHPOBHHU
Mmorso O ciyryBaru micto Kepu, a s #oro
MEPBUHHOI NEPepOOKH — BUBLIBHEHI MOTYX-
Hocti Komum-bBypyHcekoro  3amizopyaHoro
KOMOiHaTYy.

HamionanpHa akanmemiss Hayk YKpaiHu,
Jlep>)xkomreosorii, BICBKOBO-MOPCBKI CHJIU
VYkpaiHu, Tak camMO SIK HAayKOBl yCTaHOBU U
BUPOOHUYI MiANPHUEMCTBA, BOJOAIIOTH HAYKO-
BO-JIOCTITHUM ()JIIOTOM, 3IATHUM 32 TEBHOTO
nepeobsiafHaHHs BUPILIYBAaTH 3a7adi y Oy/b-
AKoMy perioHi CBITOBOTO OKeaHy; JUIS I[bOTO
JOL1IbHE BUKOPUCTOBYBATH 3HA4HI MOTY>KHO-
cTi MukosnaiBchKoro KopadiaeOyiBHOTO 3aBO-
ay [9] Ta HaykoBuii motenitian HarioHaapHOTO
yHIBEepCcUTETY KOopabieOynyBaHHS IMEHI aJMi-
pana Makaposa [22].

baza minBognoi TexHiku “TimponHaBT” Ta
HBO “Mapiexonpom” B CeBacTonoii MarwTh
rIMOOKOBOJHI (10 2 KM) amaparH, HayKOBO-
JOCHiIHI CyaHa-Hocli, OeperoBy iH}pacTpyk-
Typy Ta npudanu (Hapa3i THMYacoBO HE JIOC-
TYIHI JJIs BAKOPUCTaHHs B YKpaiHi). 3a ymo-
BU PEKOHCTPYKIIi iX MOXKHA 3aCTOCYBaTH s
00CITyTOBYBaHHSI Ta PEMOHTY TJIMOOKOBOAHOT
TEXHIKH.

HamionanbHuit  ripHuunii  yHIBepCHUTET
(JAHimporneTpoBCchbK) Mae KOMILIEKC JiabopaTo-
PHO-CTEHJOBOI0 YCTaTKyBaHHS Ta MUIKOBOJ-
HUX TOJITOHIB, 0€3 SKUX HEMOXXJIUBE BHpI-
IIIEHHsSI HayKOBO-TEXHIUYHUX MPOOIEeM po3poo-
KM pOOOTOTEXHIYHHUX BUJOOYBHUX KOMILIEK-
CiB; po3p00JIeHO TEXHIYHI MPOEKTH Ta 3aCO0H,
BUT'OTOBJIEHO Ta BUIIPOOYBAHO, Y TOMY YHUCII B
JOCITITHO-IIPOMHCIIOBUX pelicax CHUIBHO 3 Ha-

yKOBISIMM ~ HiMeuuuHH, eKcnepuMeHTaIbHI
By3J1 BU00YBHOI TexHiku [10].

B KHYBA crtBOpeno 60opToBe i 3aHyproBa-
He OONaAHaHHS A JOCTKEHHS POOOYMX
NPOIIECIB MAIIMH 1 BIACTUBOCTEH TOHHUX IPY-
HTIB y MPUPOJHOMY CTaHi. B ymoBax mosmiro-
HIB 1 MOPCBKHMX aKBaTOpiii BUIPOOYBaHO pPO-
004l OpraHu i IOCHiHI 3pa3Ku MiABOJAHUX 3e-
MIIEPUMHUX MamuH. Pe3ynbraTe JOCIiIKEeHb
BIIPOBA/PKEHO Y MPAKTUKY MOPCHKUX 1HXKEHE-
PHO-TEOJIOTIYHUX POOIT Ta BUKOPUCTAHO Y pe-
KOMEHJIAIlisX 13 BUOOPY 1 MPOEKTYBaHHS parli-
OHAJIBHUX TApaMETPiB TiIBOJHUX 3EMIICPHIi-
HUX cucteM [11].

HeoOxigHICTh BUKOHAHHS IMPOTPAMH, 30K-
pema Juist YKpainu, 00yMOBIIEHO HACTYITHUM:

- notpeba kpainu 3a ganumu BO MexaHo-
OpuepMmeT y ToBapHUX (epocrmiaBax Ha 2010
p. omiHIOBaIUCH Ol 1825 THIC. T, IO HE TIOK-
pHUBA€EThCS BIacHUM BUpoOHHUITBOM. [lonan 10
BUAIB (epociiaBiB 3aranbHO0 Macoro 270
tuc. Ty 1990 p. Hagxonunu 330BHI. JlimiTu
HiAIPUEMCTB BHILISUTHCS B cepeHboMy Ha 80
% motped, a Mo CIuIaBaM Ha OCHOBI BOJIb(pa-
My Ta Monioneny — 30...50 % Bix notpel;

- 32 TUMHU X JaHumu y 1993 — 95 pp. B
VYkpaiHi croXuTo (B TUC. T Ha PIK): aFOMIHIIO
— 950, migi — 290, mikemro — 80, osoBa — 6,
uuHKy — 250, cBunio — 30, marnito — 15, tu-
TaHy — 6, kobansTy — 0,6, Mmoni6aeny — 0,13,
Bosb(pamy — 0,09, KOHLIEHTpATy LUPKOHIEBO-
ro — 10, KOHLEHTpATy PyTUIOBOrO — 35, KOH-
LIEHTpaTy 11bMeHITOBOTO — 57. KonbopoBi Me-
TaJld BUIUIABJISIIOTH B OCHOBHOMY 3 IMIIOPTO-
BAaHOI CUPOBUHUY;

- OCHOBHOIO NPUYMHOIO CUTYallii, 110 CKia-
Jacst 3 BAPOOHUIITBOM 0aratbOX BHJIIB METAIIIB
Ta METAJONPOAYKIi, € BIACYTHICTb ab0 He-
cTaya BJIACHUX CHPOBHHHHX PECypCiB, y T.U.
HIKeNIeBUX, KOOATbTOBHX, MITHHX, XPOMITO-
BUX, CBHHIICBO-HIKEJIEBHX, OJIOBO- Ta aJTFOMOC-
TIHKUX BUCOKOSIKICHUX PYJI;

- 3a0e3Me4YeHHs] MIHepalbHOI CHPOBUHOIO
32 PaxyHOK IMIIOPTY MOTpedye MpH CepeaHix
ceitoBux 1iHax ($ CHIA 3a 1 1 Hikemo —
10740, mimi — 2414, xobanpty — 31216, map-
ranuo — 1923, gocdopuris — 2500) 3HaUHUX
BaJIIOTHHUX KOMITIB, a came $ 4...12 mupa. 1mo-
PIYHO;
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- mpomucioBo po3BuHyTi kpainu (CILIA,
Snonis, BenukxoOpuranis, ®Ppanmis, Himeu-
4yyHa), moynHaro4u 3 60-x pokis, a Kuraii, [H-
nisi, [liBnenna Kopes ta iH. — 3 80-x pokiB
MHUHYJIOTO CTOpivYsl MPOBOAATH POOOTH MO Ti-
NrOoTOBII 1O OcBO€HHS OararctBs CBITOBOrO
OKeaHy; 0cOo0JIMBa yBara MpUIIISETHCS paiio-
HaM, 0araTuM Ha CTPATETIYHO BAXKJIMB1 KOPHUC-
Hi KonanuHd. PoOOTH 3M1HCHIOETHCSI B OCHOB-
HOMY Yy paMKax HalllOHAJIbHUX TMpOrpaMm IiJ
KOHTPOJIEM JIEPKaBH 332 PaxXyHOK IIEHTPaJi30-
BaHuX iHBecTulid. Kurait, Inniro, IliBneHny
Kopeto, xpainn Adpukn MOXHA pO3IIIAIaTH
SIK TOTEHLIMHUNA PUHOK HAYKOEMHUX TEXHOJIO-
riii. Pocist Takox TpooBxKye poOOTH IO CTBO-
PEHHIO TEXHIKM PO3BiAYyBaHHS Ta BUIOOYBaH-
HIO MiHepaJIbHUX pecypciB CBITOBOTO OKeaHy.

Takum unMHOM, peanizallis MPOEKTy J103BO-
JUTh BUPIMIUTH HAHOIIBII  paliOHAIHLHUM
[UIAXOM TpoOsieMy 3aly4eHHS y TOCIOAapCh-
KW 00IT BEJIMUE3HUX 3aIaciB KOPUCHUX KOITa-
JIUH JIHA OKeaHy. 3aTpUMKa PO3BUTKY pOOIT 1Mo
BTUICHHIO TPOEKTY Ha JIOBTI POKH BiJCyHE
OCBOEHHSI HOBOT'O HAJIHHOTO JKepena IOMOB-
HEHHsSI CHPOBHHHOI 0a3u, CIPUYMHHUTH BiICTa-
BaHHSA YKpaiHU BiJl KOHKYPEHTIB, 3aKpH€ BU-
X1l Ha CBITOBHI PUHOK BiJIITOBITHOI HAYKOEM-
HOT TEXHOJIOT1] Ta TeXHIKHU, MPHU3BEE A0 BTpa-
TH HAaKOMUYCHOTO HAyKOBO-TEXHIYHOTO IOTeE-
HITIaTYy.

CrapiiinicTs mporpamu

Ha nepmiii crazgii B npoekTi nepeadayeHo
PO3poOKy 3acaJHUX JOKYMEHTIB: NMPUHIIMIIO-
BUX TEXHIKO-CKOHOMIYHMX BHUMOT, TEXHIYHHX
3aBJlaHb, IPUHIUIIOBUX TE€XHIKO-€KOHOMIUHUX
PO3paxyHKIB, TeHEepaJIbHUX TpadiKiB Ta IJIaHIB
IIPOBE/ICHHS poOiIT, cxeM (piHAHCYBaHHSA 3 ypa-
XYBAaHHSAM MOXKJIMBOCTEH BITUM3HSIHUX Ta 1HO-
3€MHUX 1HBECTHUIIi, CBOEYACHOTO OBEPHEHHS
kpemutis [12].

B pesynbraTi BUKOHAHHS IIOTO eTamy Oy-
Jie: CKJIAJICHO 3arajibHe YSBJICHHS TPO BUJIO-
OyBHY, TPaHCIIOPTHY Ta NEpPepoOHY TEXHIKY,
OpraHizaniifHy CTpyKTYpY MOPCbKO20 2ipHU4O-
8U000YBHO20 NIONPUEMCMBA; BU3HAYCHO HE-
00X1IHUH 00CST TreoJOoropo3BiIyBaAIbHUX Ta
HAYKOBO-JIOCHITHUX PpOOIT; YTOYHEHO HEo0-
X1H1 00csru (iHaHCYBaHHS, CTPOKU IPOBE-
JIeHHs poOiT; OpraHi3oBaHO KOOMEpaIilo opra-
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Hi3aIliid Ta MiAMPUEMCTB 3 BUKOHAHHS TPOEK-
Ty; BUSHAYCHO CTPYKTYPY, CXEMH YIPaBIiHHS
Ta peanizalii MpoeKTy.

[licna 3aBepumieHHS UX poOIT, HA APYTii
cTajil MPOeKTy Oy1yTh BUKOHYBATHCH.

- T€0JIOTOPO3BiAyBaJIbHI pOOOTH, IO BKIIIO-
YaroTh IMOIIYKOBO-PO3BIAyBallbHI pEHCH y Iie-
pcriektuBHI paiionu. (OgHUMHU 3 MEpUIMX pa-
MOHIB MTPOBEJICHHS F€OJIOrOPO3BITyBAILHUX Ta
HAyKOBO-JIOCTITHUX poOIT MOXYyTb OyTH
menbd banriiicbkkoro mMops B Pusbkiit 3aTorri
ta KamamitTchke mosie KoHKperiit B 3arori Yo-
pHOTO MOp4 13 3armacaMu 5 MIIH. T. 32 JaHUMH
MOTIEPEHIX JTOCHIPKeHb Il BIJHOCHO OiH1
KOHKpEI[il MOXKYTh 3aCTOCOBYBATHUCH SIK €(eK-
TUBHI MPUPOJHI COPOCHTH BAXKUX METANTIB B
CTIYHHUX BOJAaX MPOMMCIOBHX MiJMPHEMCTB, B
SKOCTI JOOpPUB y CUTBCBKOMY TOCHOAAPCTBI, a
TaKOX B’SKY4oi CUPOBUHHU Il BUPOOHHUIITBA
OyniBenbHHX MaTtepiamiB. [licast 3akiHYeHHs
copO11iil KOHKpeIii MOKyTh OYTH BUKOPUCTaH1
sK 30aradueHa CHpOBHHA JIJIsi BUpOOHUIITBA (e-
pOCILIaBIB);

- HAyKOBO-JOCTiIHI poOOTH, 110 MAIOTh 3a-
raJIbHO-TIPOEKTHE 3HAYEHHS, a came: 31 CTBO-
PEHHS HAYKOBHUX OCHOB PO3POOKM TEXHIKH i
TexHoJjorii BugoOysanus mopcekux TKK, mo-
CIIJDKCHHS BIUTUBY €KOJIOTIYHO MIKIJJTHBHX
(dakTopiB, 110 BUHMKAIOTh NMPH BHI00YBaHHI,
pO3p00OKH 3aX0/11B MO0 iX 3aM00IraHHS;

- JIOCIIPKEHHs CBITOBOTO PUHKY TEXHIKH 1
TexHoJjorii BunoOysanHs mopcbkux TKK, po-
3poOka peKoMeHJallild Mo OpraHizaiii CHilib-
HUX MIJMNPUEMCTB 3 1HO3EMHUMU 1HBECTHILIS-
MU;

- BUPILIEHHS MDKHApOJHO-TIPABOBUX ITH-
TaHb, 110 3a0€3MeuyloTh IHTerpauio YKpainu,
[Tonpii, iHIMX AepkaB y Mi>KHAPOIHI OpraHi-
3amii 3 BUIOOYBaHHS Ta BHKOPHCTAHHS TBEp-
JIMX KOPUCHUX KOIAJIMH MOPCHKOIO JIHA;

- CTBOPEHHS JIOCIIJHUX 3pa3KiB BHUI00YB-
HOTO CyJIHa 1 KOMIUJIEKCY TE€XHOJOIIYHOro 00-
JaHAHHS TSI BUAOOYTKY, MTHOMY 1 TIepepo-
6xu TKK. L1 yacTuHa nMpoekTy MOBMHHA MicC-
TUTH. TIPOBEJCHHS TEOPETHYHUX Ta EKCIIePH-
MEHTAJBHUX JOCHI/DKEeHb, II0 3abe3nevarhb
CTBOPCHHSI TEXHIKH, NMPOBEACHHS CTEHIOBUX,
MOJIITOHHMX 1 MPUHMAIbHUX BUIIPOOYBaHb BY-
3JI1B arperariB Ta BCbOI0 KOMIUIEKCY B IIJIOMY;
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[TapanenbHo 13 BHUIE3a3HAYCHUMH POOOTa-
MH, Ha TpeTiil crajiii MpoeKTy 3AiiCHIOBATH-
MYThCSI:

- CTBOPEHHS JIOCIIIHOTO 3pa3Ka TPaHCIOp-
THOTO CyIIHA JIJISl TIEpEBE3eHHs BUIOOYTOI CH-
poBUHHU 110 OeperoBoi 6as3u;

- OYIIBHHIITBO  JOCIITHO-TIPOMHUCIOBHUX
3pa3kiB BUJOOYBHUX CYJAHOBUX KOMIUICKCIB i
TPAHCIOPTHUX CYJICH;

- OCBOEHHSI TEXHOJIOTIH 1 CTBOpEHHS TEXHi-
KM TepepoOKr BHI00YTOI CHPOBHHHU Y TOBap-
HY IPOAYKIIIO;

- CTBOpeHHs OeperoBoi 0a3u 3 00CIyroBy-
BaHHS Ta PEMOHTY TEXHIYHUX 3aco0iB 1 Cya-
HOBOT'O TEXHOJIOT1YHOTO O0JIaTHAHHS;

- CTBOPEHHSI MOPCHKOTO TIpHUYOTO HiANpH-
eMcTBa 3 BUA00YTKY 1 nepepobku TKK.

[HTEJIEKTYAJIbHA BJIACHICTb:
HAABHICTD ITATEHTHO-ITPABOBOI'O
3AXUCTY, KNOW-HOW

B nmocmimkennsx KwuiBcbkoro HamioHab-
HOTO yHIBEpCUTETy OyAiBHHUIITBA 1 apXiTEKTy-
PH, TIPOBENICHUX 32 MOPCHKOIO TEMATHKOIO i
KEepiBHULITBOM [.T.H., ipoecopa M.K. Cyxka-
4ya, nporsaroM Mmaibke 30 poOKiB HpuiMan
y4yacTb: 4 TOKTOpU TEXHIYHHUX HayK, pogeco-
pH, 6 KaHAUJATIB TEXHIYHUX HAyK, / aclipaH-
TiB 1 3100yBaviB HAYKOBOT'O CTYIEHs, IPOBI/IHI
HAyKoOBl, 1HXEHEepHI Ta TexHI4Hl1 (axiBui. 3a
et nepioj BuKoHaHo: 10 rocnpo3paxyHKOBUX
HAyKOBO-AOCHIIHUX poOIT 13 3arajibHUM ¢i-
HancyBanasM H/IP i OKP monan $ 840 Tuc., 5
JIOTOBOPIB MPO HAayKOBE TBOpUE CMIBPOOITHU-
ITBO, 6 NepKOIKETHUX TEM 3a 3aMOBIICH-
M MOH Vkpaiunu [13, 14].

HayxoBy 1 BUpoOHMYY AiSUIBHICTH KOJIEKTH-
By MIANOPAIKOBAaHO BHMKOHAaHHIO HAyKOBO-
texHiuHux nporpam: JAKHT “CsitoBuii oke-
an”, “Iarepmopreo” 3a mpobinemoro “‘Jlocmi-
JUKEHHSI MOpIB 1 OKE€aHIB 3 METOI BHUKOPHC-
TaHHS 1X MiHEpaJIbHUX PECypCiB’”’; IUIaHIB Hay-
KOBO-JIOCIIITHUX POOIT OpraHizamii 1 mignpu-
emctB: HJIITlokeanmam (J{HiIpONETPOBCHK),
HJI minepansHoi cupoBunu (MockBa), IHCTH-
tytiB  H/lI[1lokeanreodizuka (I'eneHKHK),
entpanpHOi TeosororeodizuuHol eKCIeaNITi
(Tenenmxuk), BH/lokeanreomnoris (C.-I10),

I “IlTopm” (JInimpomeTpoBchK); Tiany Ha-
[[IOHAJIBHOTO areHTCTBa MO0 MOPCHKHM JIOCIi-
JOKEHHSIM 1 TexHosorisM “HexuBi pecypcu’;
nepkOro/pKeTHIN TemMaTuii MiHOCBITH 1 HAyKu
VYkpainu.

Hanpsimu i TeMmaTuka HayKOBHX POOiT:

- JOCHIJKEHHS TPOIeCy pO3POOKH IPYHTY
7] BUCOKUM T1JPOCTATUYHUM THUCKOM 3 Me-
TOIO CTBOPEHHS IiJBOJHUX IPYHTOPO3POOHUX
MaIllVH;

- po3po0Ka i BIPOBAKCHHS KOpPaOEIbHUX
ABTOMATHU30BAHUX BUMIPIOBAYIB BU3HAYCHHS
MIIHOCT1 IOHHHX TPYHTIB 1 T€OTEXHIYHUX MO-
JLyJIiB;

- HaTypHEe BU3HAYEHHS TiIPOPO3MHUBY 1 3y-
CWJIb pi3aHHS JOHHUX IPYHTIB JUIsl PO3PaXyHKY
SHEPreTUYHUX 1 TEXHOJIIOTIYHHX MapaMeTpiB
po0OoYMX OpraiB MNIMOOKOBOJHUX MEXaHIYHUX
3ac00iB;

- po3poOka 3aco0iB TpaHCHOPTYBaHHA 1
OLIIHKH BJIACTHBOCTEH JOHHHUX I'PYHTIB 1 TTOPIJ
CBITOBOrO OK€aHy 3 METOI CTBOPEHHS IpHU-
JaaiB, MalIWH, OOJagHaHHA 1 aBTOMAaTH30Ba-
HUX KOMIUIEKCIB aJisi Oy/AiBelbHO-BHA00YBHUX
pOOIT B yMOBaxX pi3HUX IPYHTIB;

- po3poOKa 1 BIPOBAHKCHHS TpaBiTAIITHUX
30H/IB 1 MPHJIAAIB peecTpamii yAapHHUX IMITy-
JbCIB TEXHIYHUX 3aC001B;

- JIOCIIIKEHHS TI0 CTBOPEHHIO POOOUUX Op-
ra”iB TTMOOKOBOAHUX BUIOOYBHHX 1 PO3BIAY-
BaJIbHUX MaIllMH, aBTOHOMHOI IOCJIAHHUIILKOT
anaparypu;

- CTBOpPEHHS Teopii pyHHYBaHHS IM1JBOAHUX
pobouMx cepenoBHI 1 po3poOka Ha Iiif Oa3i
NpUiIagiB A OLIHKU iX BJIACTUBOCTEH, METO-
TIMK PO3PaxyHKy Ta OOJIQAHAHHS JJISI OYHCTKU
MOBEPXHI JOHHUX MAacCUBIB 1 KOHCTPYKIIH Bif
panioakTUBHMUX 3a0pyIHEHb Ta BHJI00YBaHHS
KOPUCHUX KOTIAJIMH;

- po3poOKa METOJHMK, MAaTEMaTUIHUX MOJIe-
Jel 1 MPOBeJeHHs BUIIPOOYBaHb poOOUUX Op-
raHiB MiABOJHUX I'PYHTOPO3POOHUX MAIINH;

- HayKOB1 OCHOBU POOOYMX MPOLECIB Mij-
BOJIHUX 3€MIIEPUHHUX MAaIlIWH, PO3pOOKa Me-
TOMIB 1 OONMAHAHHS JJISl OYUCHUX 1 BHIOOYB-
HUX poOIT B 3a0py/AHEHUX BOJI0IMax YKpaiHu;

- eHepreTuuHi 1 JjedopmarliifHi B3ae-
MO3B'SI3KH  (PI3UKO-EKOJIOTTYHOTO CTaHy IpH-
POIHUX POOOYMX CEepeOBUI IPAHUYHO BHCO-
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KOi 1 HU3BKO1 MIIIHOCTEH MPHU PI3HUX 30BHIIII-
HIX HaBaHTA)KCHHSIX.

Pe3yabTaTn 1ocaiikeHHs

Po3pobieno MeToau NPOrHO3HOI OILIHKHU
IPYHTOBUX MACHBIB IO ONOpPY PYHHYBaHHIO
3eMJIepUHUMU MaliMHaMu. BusHaueHo oco0-
JMBOCTI TPOLIECY Pi3aHHA IPYHTY POOOUMMHU
OpraHaMy 3eMJIEpUHHUX MAIIUH Mif TiApocTa-
TUYHAM THCKOM. BCTaHOBJICHO pallioHaIbHI
napamMeTpy PiKYYHX OpraHiB TIIMOOKOBOJIHUX
IpPyTOPO3POOHMX  MAaIIMH. 3amporOHOBAHO
eKCIIpec-MeTO/I BU3HAYECHHsSI BJIACTHBOCTEH
MiABOJHMUX IPYHTIB JJIS1 PO3PaxXyHKY poOOYOro
ornopy 3emiiepuilHMX MamuH. JlocmimkeHo
0COOIMBOCTI 1 TEXHIYHUI CTaH poOoOYnX opra-
HIB MalllMH MpH IMIBHAKICHIH po3poOIii rpyH-
TiB. BU3HAYeHO BIUIMB AMHAMIYHOI il IiJIBO-
JTHUX MAlllMH Ha JUCTepcHi cepeaoBuiia. Po3-
po0JIeHO METOIM MPOTHO3YBAaHHS JJOHHOTO
eKcIuTyaTalfiiinoro ¢oHa Ha 0a3i (i3UYHOTO
MOJICIIIOBAHHSL 1 PE3YNbTaTiB JOCIHIKSHHS
MOPCBHKOI'O JIHA Y MIPUPOJAHOMY CcTaHi. BcTano-
BJICHO 3aKOHOMIpPHOCTI B3a€MO/Iii poO0OYHX Op-
ra”iB 3eMJICpUHHUX MAaIIUH 3 MiABOJHUMU
B’SI3KOIUIACTHYHUMH IPYHTaMHU.

Jlnst BUpIIIEHHS 1TUX 3a7a4 CIiBpPOOITHHKA-
mu HJ/II OyniBenbHO-TOpOKHBOT 1 1HKEHEPHOI
texHiku KHYBA na voni 3 a.1.H., mpod. M.K.
CykauoM CTBOPEHO KOMILJIEKC OOpPTOBOTO 1
ITMOOKOBOTHOTO 00J1aIHAaHHS, NMPU3HAUYEHOTO
JUTsl KOHTAKTHOTO JIOCIIIIKEHHS JTHA aKBaTOPin
B CY[IHOBHUX 1 MIBOJHMX YMOBax IHija Tigpoc-
TaTHYHUM TUCKOM 10 65 MIla [15]. Ha moui-
rOHaX 1 MOPCBHKMX aKBaTOpPisiX BUIIPOOYBaHO
poOoui opraHu i AOCTIAHI 3pa3Ku MiABOJHUX
3eMJICpUAHUX MaluH. PesynbTaTé  gocii-
JDKEHb BIPOBAKEHO Yy MPAKTUKY MOPCHKHX
1HKEHEPHO-TEOJIOTIYHUX POOIT, BUKOPUCTAHO
B PEKOMEHJIAIlisIX 3 BUOOPY palliOHAJIbHUX Ma-
pameTpiB 1 NMPOEKTYBAaHHS MIABOJHUX 3eMIle-
PUNHUX CUCTEM.

BrnpoBajnxeHHs TeXHiKM i TEXHOJIOTII

TpyOuacTi mpo6OBIIOIPHUKH 3 PO3PI3SHUMHU
IUTACTMACOBUMHM BKJIAJIMIIAMM 1 CYJIHOBI I'eo-
texHiyHl moayai HI'M BmpoBamxkeno HBO
[TiBnenmopreosnoriga va HAC “17 cve3n npod-
COI030B” B pydoHOCHOMY perioHi KiapioH-
Kninmepron Tuxoro okeany [16, 17]. Boprosi
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aBTomMaTu3oBadi moayni BAI'M BkimodeHo y
CKJIaJli 1HKEHEPHO-TEOJOTIYHOTO KOMILIEKCY B
3arajgpHy 1H(OpMaIiHHO-00YUCTIOBAIEHY Me-
pexy Ha 6a3i yHiBepcanbHUX cynHOBHX EOM.
[Ipuctpoi rpaBiTaliiiHOro 30HyBaHHS IPYHTY
VI'3-60 (3aHyproBaHy 4acTHUHY 3 amaparyporo
peectpariii 1 G0pTOBI MPHUCTPOi 0OpOOKHK na-
HUX) Ta METOAMKY I'paBiTAllifHOrO 30HAyBaH-
HS BIPOBA/KEHO Ha cynax LleHTpanbHoi reo-
aoro-reoizuuHoi excrneauiii mpu BUIPOOY-
BaHHJIX Ha YOpHOMOpchbKoMy menbgi. [Ipuna-
mu [IPU3 Bukopucrtano IHxeHepHUM LIEHTPOM
“IlItopm™ Ha cyani “UccrnenoBaTens’ MpU BU-
BYCHHI IOHHUX IpyHTIB HoBopociiicbkoi Oyx-
tH. ®oTonpoboBindipauku ['®Y-6-8/3 — 30H-
v I'33 1 MeToauKy CeKTPO30HAIBHOIO (OTO-
rpadyBanHs nHa BrnposamxkeHo B H/II1lokean-
reodizuka I Yac TPOBEICHHS IMIKETAKHOI
3MOMKHM MOPCBKOro JHa. Tam ke BUKOpUCTaHO
METOJ OMpPOOYBaHHS IPYHTIB IMJIIHIAPUYHUMU
30HaMU 1 KOMI'IOTepHY nporpamy “lanen-
TOp”, po3pobieHy ans peanizaiii iHTepdeiicy
oreparopa, QyHKLIA po3paxyHKiB i BimoOpa-
KEHHS Pe3yJIbTaTiB.

Jlocmigauii 3pa3ok OyKCHPYBaHOTO JIOHHO-
ro pos3pigauka BJIP BukopucraHo mig gac jo-
CII/DKEHHSI JTOHHUX IpyHTiB 3 Oopra HJC
“Suraps” B ['enenmkunpkin Oyxti. Metonq
MapIIpyTHOTO ONpoOyBaHHS MOPCHKOIO JHA 1
JiI0YMid MakeT MiaHyro4oi ycraHoBku [IM3
3actocoBano BHJllokeanreonoriero y BHUIIPO-
OyBaHHSX Ha MOPCHKOMY MOJIIroHi banriichb-
KOro B1JUTIIEHHS €KCIIEpUMEHTAIBHO-
nocnigaux pooit BH/IIripakonopmety B pa-
rioni M. Jlienas (octpoBiB Pyxny 1 Caapemaa).
Pesynbratn nocnijkeHb TiIpOPO3MHUBY 1 Me-
XaHIYHOI po3pOOKH JOHHUX BiAKIaJleHb Pu3b-
koi 3aToku 3 6opra HJC “Ilennd-1" Bmposa-
JUKeHO y BceepociiicbkkoMy 1HCTUTYTI MiHepa-
JbHOT CUPOBUHHU TNIPH MPOEKTYBaHHI BUI00YB-
HO1 YCTAaHOBKH 1 JOCJIITHUIIBKOT amapaTypu.

Pesynbpratu BUNpOOYBaHb MIJBOJHUX 3€M-
JEpUNHUX MAIlUH, METOAUKUA BHU3HAYEHHS
BJIACTHBOCTEH 1 OMOpY PYHHYBaHHIO JTOHHHX
rpyHtiB Bukopucrani: B HJIIllokeanmarui
(JIHimporneTpoBCchbK) MpU CTBOPEHHI TIHMOOKO-
BO/IHOI BUJI00yBHOT ycTaHoBKH; B CKb TexHi-
KM MOPCBKHMX T'€0JIOTOPO3BI1IyBAILHUX POOIT
(MypMaHCBK) miJl yac BUNPOOYBaHHS caMoOXi-
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JTHOTO arperary 300py TBEpPAUX KOPUCHUX KO-
najuH Ha Mopckkomy nHi; B H/II GyniBenbHo-
JTOpOKHBOT 1 1HKeHepHoi TexHiku (KuiB) mpu
MPOEKTYBaHHI epii(h)THO-3eMIIECOCHOTO KOM-
IJIEKCY JUISl PO3POOKH CampoIIesIiB il BOJOIO
Ta IJIaBYy4Oi YCTAaHOBKH MJII OYMIICHHS BO-
JOWMHUII BiJi PaJiOaKTUBHO 3a0pYAHEHUX MY-
niB [18, 19].

3anporonoBani B KHYBA HOBI Meroam i
TEXHIYHI 3aC00M JO3BOJWIIH: IiIBULUTH MIPO-
JTYKTUBHICTH JOCTIIKEHHS pOOOYOTO MPOIIECY,
CKOPOTUTH TEPMiH CTBOPCHHs 1 3a0e3meunTH
e(eKTUBHICTh 3aCTOCYBAaHHS 3E€MJICPUMHUX
MalIfH MiJ] BOJOK; pealli3yBaTh KOMILICKCHY
OLIIHKY JJOHHUX MAacHUBIB IPU CKOPOYEHHI YHC-
Ja craHmiil mpoOoBinOOpYy Ta 3arajabHOI TpPY-
JIOMICTKOCTI peHCOBUX POOIT; BCTAaHOBUTH
eKCIUTyaTallifiHuii TPYHTOBUI ()OH Ha MOPCH-
KOMYy JHI 1 ONTUMAalbHI Tpacu BHUAOOYBHUX
cuctem [20, 21].

3a matepiajaMl BHKOHAHUX JIOCIITKECHb
ABTOPCHKUM KOJIEKTUBOM OITyOJIIKOBAaHO I10-
Hag 500 HaykoBuX mpaib, y T.4. 11 MoHOrpa-
¢iit, 30 HaBYANBHHUX MOCIOHUKIB 1 MiAPYYHH-
kiB, moHaa 300 HAyKOBUX CTaTe, y T.4. B Mi-
XKHapoaHuUx oKypHaimax “Teka”, “Motrol”,
“Econtechmod”, “IlimBomHi  TexHomorii”.
[IpiopureT TEXHIYHUX pIICHb 3aXHUIICHO IIO-
Hajg 40 aBTOPCHKUMHU CBIJIOITBAMH 1 NaTeHTa-
MU Ha BUHAaXIJ.

3aranpHUl €KOHOMIYHHMH e(peKT Bij BIpO-
BaJDKEHHS PE3YNbTAaTiB POOOTH CTAHOBUTH I10-
Hag 4,5 muH. rpH. OCHOBHI TMOJOXKEHHS, HAY-
KOBI ¥ MpaKkTU4H1 pe3yabTaTd poOOTH JOIOBI-
JIaNMCh, OOTOBOPIOBAIMCH 1 OJIEP)Kau TMO3H-
TUBHY OLIIHKY Ha 0araTboX MDKXHApOJHHX, pe-
CIyOJIIKaHCHKUX KOH(EpEeHI[IsiX Ta KOHIpecax,
HAayKOBUX CeMiHapaxX NpO(UIbHUX YCTaHOB i
BUINUX HAaBYAIBHUX 3aKJIaAiB YKpaiHU Ta 1H-
KX JiepkaB npotsrom 1986 — 2015 pp.

OIHAHCOBI ITOKA3HUKU:
TEPMIH BUKOHAHHA, ITEPIO/I
OKVYIIHOCTI, 3AT’AJIbHA BAPTICTb

OcHOBHI 3aBJaHHSl IpOrpaMu Ta €TamM ix
BUKOHAHHS.

1. Po3poOka 3acamHMX JOKYMEHTIB, CXEM
peaizanii npoexTy i ynpasiiHHA HuM. [IpoBe-

10

JIEHHS TTOITYKOBUX HAYKOBO-IOCIITHUX 1 TIPO-
THO3HHX Teojoriuvaux ominok: 2016 — 2018
pp-

2. Po3poOka Ta CTBOpEHHS TEXHIYHUX 3aCO-
OB 1 TEXHOJIOTi BUKOHAHHS 3aBIaHb i3 IMPO-
BEJICHHS T€0JIOTOPO3BIAyBAIBHUX POOIT, MO-
JiepHi3allii TeXHIYHUX 3ac00iB PO3BIJKHU, CTBO-
pPEHHS JOCTITHMX 3pa3KiB BUIO0OYBHHX KOM-
IJICKCIB, CyJIeH JJIs TPAHCIIOPTYBaHHS 1 Tepe-
pobku cupounu: 2019 — 2024.

3. [IpoBeneHHST BCHOTO KOMILIEKCY HAayKO-
BO-JIOCTIAHUX POOIT 1 CTBOpPEeHHS Oeperopoi
iHppacTpyKTYypH 3 00CIyrOBYBaHHS Ta PEMOH-
Ty BUA00yBHOT TexHiku: 2025...2030 pp.

OuikyBaHi pe3yJabTaTH BUKOHAHHS IpOrpa-
MU

- BCTQHOBJICHHS TEPCIEKTUBHUX IJISHOK
ponoBuny TKK 3 nanumu mpo ixHi 3amacu Ta
opOpMJICHHS BIAMOBIAHOI 3asiBKH JIEpXKaB-
Y4aCHUIIb,

- BUKOpHUCTaHHs YKpaiHow Ta llosbiiero
gacTKu auUlssHka ponoBumna 3MK, 3apeectpo-
BaHoi 3a koymmHiM CPCP Ta mikHapoaHOMO
oprasizaniero “IaTepokeanmeran’;

- TEXHIYHI 3aCO0M I eKCIUTyaTaliiHol po-
3BIIKH POJOBUII MiHEPATBHUX PECYPCIB;

- HayKOBO-JIOCTIIHI CYy/HA, JOYKOMILIEKTO-
BaH1 BITYM3HSIHUM Ta 1HO3EMHHUM YCTaTKyBaH-
HSIM, JUTSI TIOIIYKY 1 PO3BIAKM MOPCHKHX KOpPHU-
CHUX KOIIAJIHH;

- TexXHOJOTii BU0OYyBaHHS Ta BUKOPHUCTaH-
HS TBEPAMX KOPUCHHUX KOMAJIHH, 3 JOTPHUMAaH-
HSIM HEOOX1THUX €KOJIOTIYHUX BUMOT;

- CyJTHOBI KOMITJICKCH ITPOMHUCIIOBOTO BHJIO-
OoyBanus TKK Ta BinnmoBiJHI TpaHCHOPTHI CY-
nHa;

- PEKOHCTpYyHOBaHI MiANPHEMCTBA 3 BUPOO-
HULTBa 1 NMepepoOKH CUPOBUHHU, MOPTH IS
MpUIMaHHS TPAHCIIOPTHHUX CYyJeH, Oeperosa
0aza 0OCIyroByBaHHS Ta PEMOHTY MiABOJHOI
TEXHIKH;

- CHIbHE MOPCHKE MiAMPUEMCTBO 10 BHITY-
CKY CTpaTeridYHO BaXXIIMBHX YOPHHUX Ta KOJHO-
POBHX METaJIiB 1 CIIJIaBiB 3 00CATOM BHPOOHU-
urBa 10 3 MmuH. T Ha pik cyxux 3MK abo Biz-
noBiaHOI KimbkocTi iHmux TKK, BupoOHUYOI0
MOTYXKHICTIO 10 50 THC. T Ha pik (3a HiKele-
BUM EKBIBAJICHTOM), OOCATOM TOBAapHOI MpPO-
aykiii 70 $ 860 muH., pentabdenbHicTiO 23 %
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Ta TEPMIHOM OKYITHOCTI 15 poOKiB, 3a pU3UKOM
3amMoBHUKA 110 12 %.

Opi€eHTOBHA BapTiCTh BUKOHAHHS MTPOCKTY B
ntomy: $ 990 miH., B T.u. goas KHYBA y
2016 p. — $ 1,6 muH.

®OPMU IHBECTHULIMHOTO
CIIIBPOBITHULITBA

[TpononyroThCs ABa NUISAXH (DiHAHCYBAHHS.

1. 3Baxarouu Ha Te, 110 BUTPATHU Ha PO3PO-
OKy OKCaHCHKUX POIOBHII IMOPIBHIOIOTHCS 3
HEOOX1IHUMH BHTpPAaTaMy Ha PO3IIUPEHHS Tip-
HUY0-BUJOOYBHHX TMIANMPUEMCTB CYXOMIOINY,
BUPIIICHHS HU3KH €KOHOMIYHHUX 1 MOMITUYHUX
npobieM Moke 3a0e3NednTH JAep)kaBHE Oro-
JDKeTHEe (piHAHCYBAaHHS HAayKOBO-TOCIIIHHX,
T'€0JI0rOPO3BiTyBATLHUX i MIPOEKTHO-
KOHCTPYKTOPCBKHX POOIT.

diHaHCYBaHHS CTBOPEHHS TPOMHUCIOBUX
(cepiifHMX) 3pa3KiB TEXHIKH JOIIJIBLHO 3a0€3-
MEYUTH 32 PAXYHOK KPEIUTY 3 TIOBEPHEHHSIM
iX 3aMOBHUKY MICII1 BUXOJy Ha MPOEKTHY IO-
TYXKHICTh TipHUYO-BUIOOYBHHUX MIANPHEMCTB.
@diHaHCYBaHHS PEKOHCTPYKIT mMepepoOHUX
MIPUEMCTB, 0a3 I 0OCIIyTOBYBaHHS Ta pe-
MOHTY TEXHIKH, MOPTIB HAIXOPKEHHS CHUPO-
BHHH TPOBOJUTHMETHCS TAaKOXK 32 PaxyHOK
KpEeIuTiB.

2. dpyruil nuisix nependavae opraHizailiro
aKI[IOHEPHOTO TOBAPHCTBA 13 3alyYEHHSIM KO-
IITIB 3alllKaBJICHUX YCTAHOB, OpTraHi3allii,
OKPEeMHUX BITUM3HSIHHMX Ta 1HO3EMHUX MiANpHU-
€MCTB.

3aCHOBHHUKAMH TaKOTO aKI[IOHEPHOTO TOBa-
pucTBa 3 60Ky Ykpainu mornu 0 cratu: KHY-
BA, Incrutyr reorexniynoi mexaHiku HAH
VYkpaiau, korreps “Azosmamt”’, BO “IliBnen-
Huit mammHoOyniBHMiA 3aBox’, Kb “IliBmeH-
ne”, LUKb “Kopan”, [epxkomreomnorii, MiH-
NPOMIOMITUKA YKpaiHu Ta iHmi; 3 Kuraiich-
KOi — BIATOBIAHI MAMPUEMCTBA 1 YCTAaHOBH.

ToBapHOIO MPOAYKIII€IO aKIIOHEPHOTO TO-
BapHUCTBAa MOXYTh OYTH:

- pe3ylbTaTH TeO0JOrOPO3BiTyBaIbHUX PO-
0iT;

- pe3yJbTaTh HAYKOBO-JOCIHITHUX POOIT 1
BUIIPOOYBaHb;

- TEXHOJIOT11 PO3POOKH POJIOBHIIL;
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- TIPOEKTH TEXHIYHHMX 3aco0iB BHI00YyBaH-
Hsl, TPAHCIIOPTYBaHHA 1 MEPEPOOKH KOPUCHHUX
KOIAJIMH.

Kpim depocnnaBiB Ta jiratyp 3 KoJbOpo-
BUX METalliB, TOBAPHOI MPOAYKILIEID TaKOK
Oyze HajaHHS TOCIYT 3 BUIOOYBaHHS, TpaHC-
MOPTYBaHHS 1 epepoOku cupoBUHU. [l 11bO-
IO CTBOPIOBAaTUMYTbHCS CHUIbHI HiANPHEMCTBA,
Hanpukiazn 3 Iamgiero, Kurtaem, Ilonsiiero Ta
1H. JIep)KaBaMu, sIKi MaloTh 1HTEpeC 10 CHiBPO-
OITHUIITBA 32 €0 TTPOOIEMOIO.

BMCHOBKUA

1. Kommiekcna mnporpama «Po3pobka ko-
pucHuX KomaiauH CBITOBOTO OKeaHy» Iepel-
Oadae miAroToBKY mpomno3uiii g0 KaOinery
MinictpiB  YkpaiHu Ta  ypsaAiB  KpaiH-
3aCHOBHHKIB IIOJI0 PO3POOKH HAI[iOHAIBHUX
nporpaM Ta BKJIIOYEHHS iX JI0 JE€pP>KaBHOTO
wiany (iHAHCYBaHHS 13 3allydeHHSM MiXKHA-
POJHUX YCTaHOB Ta BEHUYPHOTO KaIiTay.

2. Omxe, y4acTb y CHUIbHIA MiKHApOJHIN
porpami Ta CympoBiJl IHHOBAIIITHOTO MPOEKTY
€ HaOIbII e)eKTUBHUM 1 PEATbHUM IUIIXOM
JUISL BXO/DKEHHS YKpaiHu 10 Yucia NepeoBUX
KpaiH, 10 3aiMalOThCs MiATOTOBKOIO JI0 MPO-
MHCJIOBOT'O OCBOEHHSI MOPCHKUX POJOBHII Mi-
HEepaJIbHOI CHPOBUHH, CTaHE 3aIlOPYKOI0 eHEep-
TeTUYHOI Ta CHPOBUHHOI HE3aJIeKHOCTI HaIlIUX
KpaiH y CBITOBOMY IPOCTOPI.
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Summary. The program of creation of new
technologies, technique and complexes is offered
on a study, booty, transporting and redoing threw
capacious and other hard minerals of mainland
shelf and deep-water part of oceans. Actuality of
problem and resources of marine minerals are
shown, an aim is marked, program tasks and her
competitive edges. World potential and require-
ments are considered in development of minerals,
certainly directions and subjects of the advanced
studies, and also financial indexes and forms of
investment collaboration.

Key words: development of minerals, World
ocean, shelf.
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MaTteMaTrKa Ta CTaTUCTUKA

KonnBaHHA 6yMKOBO-3aAKOPEHMUX CUCTEM
3aropoKeHHA Ha XBUMAX

OnekcaHdp Bessepxuli*, Bikmopis KopHieHko?

[HCTUTYT MexaHikun imeHi C.IM. TumoweHka HAH Ykpainu
Byn. . Hecteposa, 3, KviB, YkpaiHa, 03057
'o_bezver@ukr.net, orcid.org/0000-0002-0834-6335
2vf_kornienko@ukr.net, orcid.org/0000-0003-4763-8784

AHoTauis. B po0oTi 3arrponoHoBani MeTOIUKA
1 anropuTMHU IOCHIIKEHHS KOJNHWBaHb OyHKOBO-
3asKOPEHOI CHCTEMH 3arOpojKeHHS, IO J03BO-
Jisi€ BU3HAYMTH AWHAMIYHI 1 KIHEMaTH4YHI Xapak-
TEPUCTUKU TIOBEAIHKH TAaKWX CHUCTEM IIiJ JI€I0
MOPCBHKOTO XBHJIIOBaHHSA. Ha OCHOBI KilaCHYHHX
MIXOIB MPO KOJUBAHHS CUCTEM MOOYI0BaHA CHC-
TeMa pIBHSAHb PyXy OyHWKOBO-3aSKOPEHHX KOHCT-
pykuiit. [IpoBeneno meramizamiro cui, oo JiF0Th HA
BCl €JIEMEHTH KOHCTPYKIii. 3 BHKOPUCTAHHIM
anpOKCUMALlill THyYKHX €JIEMEHTIB 3a IOIIOMOI'0I0
CIUTaliHIB HeMiHiMHI audepeHmiansHi pIBHIHHS
JPYroro TOPSIKY B YACTHHHUX TOXIJIHUX 3BE/IEHI
0 HeNiHiHUX 3a7a4 Komni mo 4acoBiit Koopau-
HaTi, M0 PO3B’SA3yIOThCA YUCENBbHO. B pobori Ha
MPUKIAI KOHKPETHOI OyHKOBO-3asKOpEeHOi cucTe-
MU TPOBEJICHO YHCENBbHUI aHami3 BIUIMBY Mapa-
METpPiB MOPCHKHX XBWIJIb (TIEpiofy, KyTa HabiraHHs
XBWJIBOBOTO ()POHTY) Ha HATSATH B PI3HUX TOYKAX
KOHCTPYKIIii, 8 TAKO)K Ha KOHQITypallifo CHCTEMH B
MIPOCTOPI TiT JIEFO XBUIIb.

KuarouoBi cioBa: xonuBaHHs, Oylipern, MOPChKe
XBHWJIIOBaHHS, HATSIT, PUBKH.

BCTVII

ByiikoBo-3asKOpeHi CUCTEMU 3arOpOKEH-
HS BHKOPHUCTOBYIOTH 3 METOI OOMEXEHHS
po3/1MBiB HAapTH, a TAKOX B SKOCTI THYYKHX
O10TEeXHIYHMX CHOpPYA JUIsl BHUPOIIYBaHHS
MOpPCBHKUX OpraHi3MiB 1 BOJOpPOCTEH, TOIIO

14

[9]. Bonu 3HaxomAThCs MmiJa i€0 HEPIBHO-
MIpPHO PO3MOAUIEHUX Y MPOCTOPI HABAHTAXKEHB
(Teuii, XBHJIi) 1 MOXYTh MaTH pi3Hy KOH(Irypa-
LIFO.

JlocBin eKcrityarartii i MpOeKTYBaHHS TaKUX
CUCTEM IOKa3ye, 110 B YMOBaxX XBWJIIOBaHHS 1
TeUill B SIKIpHUX KaHaTaX (THYYKHX eJIeMEHTax
KOHCTPYKIIi), cerudiyi mpy»Hi BIaCTUBOC-
Ti SKUX TOJSTAIOTh B TOMY, II0 BOHH IIpAIlfo-
I0Tb Ha PO3TAT 1 HE TPAIIOITh Ha CTHUCK,
BUHUKAIOTh ‘“‘po3ciialiieHHsI” 3 HaCTyIHUM
PUBKOBHM 30UIbIICHHSM B HHUX HATATY, SIKUN
MOXE TIepEeBEpIIYBaTH CTAaTHYHI 3HAYEHHS B
KijbKa pasis [1, 2, 9].

TpuBana nisg nepeMiHHUX 3YCUJIb Ta PUB-
KOBUX €(eKTiB Mae HEraTUBHUN BIUJIUB Ha
MIIHICTh 1 HaAIMHICTh poOOTH OyHKOBO-3as-
KOPEHUX CHCTEM 3aropopkeHHs. Tomy HeoO-
X1JIHE BUBYCHHS HECTAIlIOHAPHOT JUHAMIYHO1
MOBEJIHKU TaKOI CUCTEMH SIK B I[LJIOMY, TaK 1
OKpeMux 1i eJIEeMEeHTIB, TOMYy IO ‘‘po3ciad-
JeHHs” B JIEAKUX €JIeMEHTaX MPHU3BOIATH [0
MOSIBM PUBKIB Ta BiOpaliii B yciif CUCTEMI.

META I METOAU

MeToro JOCTIKEeHHS € BUBYCHHS BIUIUBY
Il XBWIb Ha KOJMBAHHS OyHKOBO-3asIKOPEHHUX
CHUCTEM 3arOpOKEHHS, a caMme. BU3HAYCHHS
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KIHEMaTHYHHUX 1 CUJIOBUX XapaKTEPUCTHK CHC-
TEMH 3arOpoKCHHS NpPU PI3HUX BEKTOpax i
nepiofax XBWJIb Ta BHUSBIICHHS THYYKUX eJie-
MEHTIB, B IKUX BUHHUKAE “po3ciadiieHHs” .
Po3missHeMO THYYKHH €IeMEHT KOHCTPYKIIii
(rHy4Ke mpoTshkHE Tino). Ilix rHydYKuM TijoMm
OyZeMO PO3YMITH T1JIO, SIKE TIPH MauX aedop-
MaIlisiX Ma€e 3Ha4YHI CKIHYEHHI MepeMilleHHs 1
MPAIIOE TUTBKK HAa PO3TAT, & IiJ] MPOTSHKHUM —
TLJIO, OMH PO3MIp SIKOTO 3HAYHO TEPEBHILYE
nBa iHmi. Hexali Ha TUIO HIFOTH MacoBi CHIH

P}”(Xk,t), Ha YaCTHHI IIOBEPXHI Tila [JIIOTh

MMOBEPXHEBI CHIIN Ifx(xk,t) 1 3a7aHi TIepeMi-
wenns U (X, t). Bimiik gacy i nepemirenss

BEICMO BiJ[ TIOYaTKOBOTO HE30YPEHOTO CTaHY.

JIiist 3HaXO/KEHHST PO3IOUTY HAMPY)KEHb 1
nedopmariii B Tii, OOyMOBJICHUX PYXOM Tija,
3alUIIeMO TPUHIIMIT BipTyaJibHOI POOOTH IS
TaKoi JMHAMIYHOI 3a/1a4i [6]

t
[l 68 e5maV — 5K -
t; LV

—[[[ P8RdV — [[ FRdS {dt=0. (1)

Jlns 3HaXo/pKeHHs po3B’s3Ky 3amadi (1)
MPOBEIEMO JUCKPETU3ALII0 CUCTEMH, TIepeMi-
LICHHS BHPa3uMO 4Yepe3 AMCKPETHE YHUCIIO
y3arajJbHEHUX KOOpJUHAT (] J(j =12,..., N) 1

3aIMIIEMO Y BUTIISII
ut :Ul(Xl,lexe’OIL(lziqB’t)-
Tomi
dR N R aR
= —eJ
N 6R

SR = > g @
_1aq j I
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t
[leperBopumMo BUpa3 jSKdt B (1), BHKO-
4
PHUCTOBYIOUH y3arajibHEeHi 3MiHHI (] j

jSKdt —}2% 4. K K -8q;dt, (3)
& dt oq; oqj

JIe BpaxoBaHi YMOBH qu (tl) =0, 8qj (t2 ) =0,
j=L N.

BuxopuctoBytoun (2), TpeTiii i 4eTBepTHiA
yienu B (1) mpuBeneMo 10 BUITSITY

m P5Rdv+jF5Rds_zQ36qj, (4)
J_

e QF =|[ 5 R gy ij—ds—
v o4 s O
y3arajbHeH1 30BHIIIHI CHIIH.

Tak sk MH PO3TIISLIa€EMO THYYKI MPOTSDKHI
eNIEMEHTH KOHCTPYKIi, TO MepuMii 4wieH B
BapianiitHomy npuHImIi (1) MoXHA 3BECTH 10
BUIIISTY

[[J odedV =[Tdeds, ne T = [[odF .
\% L F

Kopuctytouncs (2), MOKHA 3anucaru

N
se= 3% 5q
j=100j
8 Oe .
Beenemo Qj = JT]- ——ds — ysarambHeHi
L i
BHYTPILLIHI CHJIH.
Tomi
N
[Toeds = > Qfsq; . (5)
L j=1

[MincraBumo (3), (4), (5) B (1) 1 ogepxumo
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- -QF +Qf Ba;jdt=0 (6)

Tak sk Bapiarii He3aJIekKHI, TO 3 PIBHSHHSA
(6) onepxxkumo cucremy N piBHSHB

LB 2 _}-qf j=IN. ()

L1i piBHSHHS € pIBHAHHAMHE pyXy Jlarpamxka
MPYXHUX TUI, IEPEMIIICHHS IKUX CKIHYCHHI.

3anumeMo  PIBHSHHS  pPyXy THYYKOTO
CIEMCHTa B HEPYXOMill CHUCTEMi KOOpIUHAT
Oxq, X2, X3. Ilicns muckperusauii cucTeMu 3a
y3araJibHeHI KOOpJIUHATH BHOMPAEMO TPOCTO-
pPOBI KOOpPJAMHATH TOYOK auckperm3arii. Tomi
pamiyc-BEKTOp THYYKOTO  €JIEMEHTa  MiX
TOYKAMHU JUCKPETH3AIIIT 3aITUIIIEMO Y BUIJISII

3
= 3 Ryi€
k=1

ne Ry — ¢yHkuii, mo BHpaxarOTh 3B’SI30K
JOBXKMHU OCI THYYKOTO €JIEMEHTA 1 KOOpIuHaT
TOYOK JUCKpeTH3alii, € — OQMHUYHHN pajiyc

-BEKTOp.

Cuny Hatary naiasi THYYKHX €JIEeMEHTIB 3
JHIAHUMU NPYKHUMH BJIACTUBOCTSIMU MOXKHA
3anucary y BUDISAI1

T =CE8H(8), (8)

ne Cg — xoedilieHT TiHIHHOI NPYXHOCTI,

ds — dI OR
€= —1 — BIiZHOCHE BHIOBXKECH-
dl al
) .. 1 £€>0
HS, H(a) — ¢ynkuis Xesicaiina = ,
0 <0
TOOTO THYYKHI €JEMEHT TMpaIfo€ TUIbKH Ha
pO3THT.

Kinernuna enepris HaOyne BUITISAY

N ~lin
j m; des
i=P l;

I\JII—‘

ZI piﬁi‘de:2
i=0 v
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ne mj = ﬂ pjdF — moronHa mMaca po3TATHYTO-
Fi
ro eJIEeMCHTa, a 3TiJHO 3aKOHY 30epeKCHHS

oR;
=mi|—='ds.
al

Hagamo dopmynam s y3araJibHEHOT

macu m;dl

BHYTpimHbOi cuwm  Qf i1  ysarambHeHoi

30BHIIHBOT cunu Qi BurIAMY

lia O |
Qf = I,[(CEiSi)H(Si)qudeZ
Ii+1 aﬁ
Al
e
’ |aﬁi|_1 Gl |aﬁi|OII
IH—l =~ OR:
i= fi=—‘ds=
| IJI. Ianj
_IT(EM fm)aR' @dl.
I ! ! 8ij ol
|

Tyt ﬂp = Ilfidp — PO3Mo/IiyIeHa MOBEPXHEBA

P
cuma, fi" = _fjﬁdF — posmojiieHa MacoBa
Fi
cuna.

3 BpaxyBaHHSM BHpa3iB JUIs KIHETHYHOL
eHeprii Ta i1 MOXIJHMUX, a TAKOXK y3araJlbHEHUX
CWJI, PIBHSHHS pyXy THyYkoro enemeHrta (7)
HalOyze BUIIALY

1N-1 . B .
j Li miﬁ ai—miﬁ ai—f-
o e 1R o | 9Re] o JoRi o |@R
| | T)al|oxg|a
(F _ /GR |oR; =0, ()
6ij‘5|
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[Ipu B3aeMomii 3 30BHIIIHIM CEPEIOBHINEM
Ha THYYKHH €JIEMEHT [iI0Th: CHJa TOBEPX-
HEBOTO TiAPOAMHAMIYHOTO OIOpY, CHJIa 1HEep-
i1 IpUETHAHO MacH PITUHU, IO 3aTy4aETHCS
B CYMICHHHU pyX, CHJIa Barll THYYKOTO €JIEMEH-
ta Ta cwia Apximena [10]. Bynemo BBaxkaru
TaKOX, 110 B JIEAKHX I -TOUKax 3a/laHi KiHeMa-

THUYHI KpalioBl yMOBHU ﬁ?(i) = ﬁ?(i)(t)’ BHACITi-

JIOK YOTO PO3MIpPHICTb CUCTEMHU PIBHSHb 3MEH-
IIUTHCSI HA I PIBHSHB 3 BIATOBITHUMHU HOME-
pamu. TakuM YMHOM, PIBHSHHS PyXy FHYYKOTO
eJleMeHTa HaOynyTh BUIVISILY

INSL [ Ry - oR
0 i=0 5ij 5ij
il 7 )|r|aR :
—Mai i
O Xj

+Ceailm-OH (|- )}T.I%Q%i )+
+{ (pFiltil—mi )g -
bRl -g)a] -
i X&—ﬁi)‘[&—ﬁi)ﬁilz-

li-alR ] o, o

|T||2 OXj

ne j=0 N|r(i), k=123, % =—1.

Jlo uux piBHSAHb Tpeba M0AaTH MOYATKOBI
ymoen R;(t=0)=Ry, Ri({t=0)=Vr.

Po3rsitHeMO HOBIBHY pO3rally)KeHY CHCTe-
My 3askopeHHs. Bubepemo Ha cuctemi mocii-
noBHicTh Touok P (i=0,1,...,N). Koopnuna-
TH IUX TOYOK y HEPYXOMiH cucTeMi KOOpIuHAT
Oynytb Xk (k =1,2,3). Hexaii Touka P; cmis-
Najae 3 TOYKOK KpiIuieHHs Oys KOMIIAKTHOi
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dbopmu Tak, 1m0 HOro MOXHA BBaXKaTH Marepi-
QITBHOI0 TOYKOIO, HA SIKY JIIOTH CHJIH, & TOYKH
PP (i=N-r,...,N) — 3 r Toukamu 3asiKo-
peHHs, TOOTO B HMX 3a/1aHl KIHEMaTH4YHI yMO-
BH, 4 CaM€ — MPOCTOPOBI KOOPAWHATH LIUX TO-
yoK. PyX JinsSHOK THYYKHX eJleMeHTIB (Oyi
pemiB) Mk Toukamm Pj Ta Pj ONMILEMO 3a

JIOIIOMOTO10 pajilyciB-BeKTOpiB R; j = Rilf €k , Oe

Rilj — (YHKIIS, 110 BUPAXKA€E 3B'S30K JTOBKUH

oyr oceil minsaHok Oyil pema i KOOpAMHAT
TOYOK.

Ha cucremy nifoTh SIK MacoBi, TaK i MoBepx-
HeBl (TiIpoauHaMiyHi) CHJIM. [HTEHCHBHICTH
OCTaHHIX 3aJeXKHUTh BiJ Opi€HTAIil THYYKHX
€JIEMEHTIB y TMOTOlll, MapamMeTpiB MOTOKY 1
napamerpiB koHcTpykuii [10]. BpaxoByemo
3aKOH 30epeKeHHS Mach 1 OIHOCTOPOHHICTh
poboTu rHydkoro enementa [3, 4]. Bukopuc-
TOBYEMO Yy3arajlbHCHHsI TPUHIIMITY BipTyaib-
HOi poOoTH Ha JuHaMiuHi 3aga4i [6]. 3a y3a-
raJlbHeH1 KOOPJMHATH MPUHMAEMO MTPOCTOPOBI
KOOPJIMHATH TOYOK AMCKpeTH3auii Xij. B pe-

3yAbTaTi OEPIKYEMO CHCTEMY pIBHSHB, IO
OITUCYIOThH PYX 3asKOPEHOT0 JOBIILHOIO po3ra-
JTY’KEHOIO CUCTEMOIO Oysl B piAMHi

e
T” ka

IZ((”HJ Ij

0 ij

— Majj (V

- Celg|-DH Gy - nhﬂ"L

+ ((PFjj ‘?ij‘—mij)g—

il a7 L AT - 1 aﬁ|
- rij(V_Ru)Tij((V_Ru) IJ)—Z)_(?XJ)
‘T'J‘ %Ij‘ K
+beko+|fb =0, (11)
ko
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R;;
Tij = 1, g=1/Ljj, k=123, p=12...,N-r.

ol

Tyt mjj i Myjj — Maca i npueanana Maca, Ljj
— JIOBXKHWHA, Fij — IUIOLLA MONEPEYHOro mepe-
pisy, Cgijj. Cqij, Cpjj — KoedirienTy npyxHo-
CTi W OMOpY JOTUYHOTO 1 HOPMAJIBHOIO Ij-TO

BIIpI3Ky Tpoca, V — BEKTOp IIBUIKOCTI MOTO-
Ky, p — HIUIBHICTh PiAMHU, § — BEKTOpP BiJIb-

Horo mafinHdg, My — maca Oys, Fp — cuim,

110 J1it0Th Ha Oyi.

Cwin, mo nifoTh Ha Oyl BiJ MOPCHKOTO
XBWIIOBaHHS, OyaeMo Oparu aHaJIOTi4uHO
[3, 5]. dus Oys BixomoaioHOi popmu, TOOTO 3
MOCTIMHOI TUIONICIO BaTEpIIiHii, TMPUUMAEMO,
[0 MaKCUMaJbHUN po3Mip Oy Manuid y
MOPIBHSHHI 3 BiAPI3KOM, Ha SKOMY IIBHJKICTBH
MOTOKY PIAMHM 3HAYHO 3MIHIOEThCA. BrimmBom
Oys Ha moTik Oymemo HextyBath. llepenOaua-
€MO, IO LEHTP TUCKY 1 EHTP Mac 30iraroThes,
TOJ[I MOMEHT TiAPOJMHAMIYHHUX CHJI BiJICYTHIH.
Skmo maioM BiUIBHOI TMOBEpPXHI  Maluid
MOPIBHSIHO 3 JOBXHHOK XBWJII, TO 1 HAXHIHU 1l
OyAyTh MaluMH, TOAI MOXHA BBaXKaTH, IO
MOBEPXHSI PIAMHU KOJIUBAETHCS 3a 3aKOHOM
[10], n = Acos(kX — wt) . BuinBoM MOpPCBKOTO
XBUJIIOBaHHS Ha €JIEMEHTH 3asKOpeHHs Oys Ha
mOuHax, OUTBIIMX TOJOBUHU  JIOBKHUHU
XBUII1, OyI€MO HEXTYBAaTH.

Jlomaroun 10 OTpUMAHUX PIBHSAHb PyXy
[IOYaTKOBY KOH(Iryparilo CUCTEMHU 3asiKOPEH-
HS in(l’t]tzo = XISi 1 IOYaTKOB1 MIBUAKOCTI ii

pyxy )'(ki(l,t]tzo ZUEi, OJTHO3HAYHO OIIHIIIE-

MO JMHAMIKY 3aIKOPEHOT0 Oysi.

J1st 3HaXO[KEHHS pajilyCiB-BEKTOPIB  Rijj

BUKOPHUCTaHI MapaMeTpUyHI JOKaJlbHI CIUIaii-
Hu [2, 8].

Po3paxyHKOBy cuCTeMy pIiBHSHb MOXHa
MIPEICTaBUTH Y BUIIISI

[XkplIM] = D(Xgp, Xkp)- (12)

JU1 4MCENBHOTO PO3B’SA3aHHS CUCTEMY JIU-
(depeHuianbHUX piBHIHb pyxy (12) HeoOxinHO
IIPUBECTH 10 HOPMAJIBHOIO BUAY. Tak sk ele-
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MEHTH MaTpuIili M 3aniexaTh BiJl HEBIOMUX
¢byHKLIN, TO Tmporec HopMami3amii HeoOXiTHO
IIPOBOJIUTH Ha KOXKHOMY KpOIIi 32 yacoM. AJie,
TaK K MaTpunsg M € po3pilKeHOo, TO MpH ii
pPO3B’Si3aHHI METOAAMU BHUKIIIOYCHHS JEsKi
€JIEMEHTH MaTpHIIi, 110 10 PO3B’sI3aHHS J1OPiB-
HIOBJIM HYIIO, TEPECTaloTh OyTH pIBHUMH
HYII0. BUKOpHUCTOBYIOYM MEPECTaHOBKU CTOB-
NIB 1 PAOKIB MaTpHlll, MOXXHAa CKOPOTHUTH
KUTBKICTh HEHYJIbOBUX EJIEMEHTIB, IO 3HOBY
3’SIBISIIOTBCA  TIpU  (pakTopuzariii. Haiikparri
pe3ynbTaTtd, 3 MOMISAY MIHIMaIbHOTO YHCia
HEHYJIbOBUX €JIEMEHTIB 1, K HACIIJOK, 4Yacy
PO3B’s3aHHS NEPETBOPEHOT CUCTEMH, BUXOSTh
JUIS TIEpECTaHOBKH, 110 Oyla OoTpuMaHa Mpu
BUKOPHCTaHHI QJTOPUTMY MiHIMAJIBHOTO CTY-
nens [7].

Tak ik Ha KO)KHOMY KpOIIl 32 4acoM HeoO-
X1IHO pO3B’A3yBaTH JiHIIIHY CUCTEMY pPiBHSIHb
3 Marpuneo M, TO BUHUKA€E MUTaHHS CTIHKO-
CTI pO3B’sI3KY, 110 3abe3meuyeThcsi BHOOPOM
TOJIOBHOTO €JIEMEHTa MaTPHIll 1 3aJIeKUTh BiJI
Mipu 1i 0OymoBieHOCTI. [[si KoHOTO psaKa
PO3DISIHYTOI MaTpuili M BeTHMYWHU JiarOHAb-
HUX €JIEMEHTIB B JIBa Pa3H MEPEBUIIYIOTH CYMY
BEJIMYWH HEiaroHaJbHHUX, TOOTO Marpuis M
€ MaTpuIel0 3 JIlarOHAJIbHOIO IEePEBaroro.
OninuMo Mipy CIeKTpaabHOI 00YMOBIICHOCTI
Mmarpuui M. [{ist piBHOMIpHOT pO3OMBKH MOXK-
Ha 3HEXTYBaTH PO301KHICTIO MK KOoe]iIlieHTa-
Mmu. CTpyKTypa HEHY/IbOBUX €JIEMEHTIB MaTpu-

i M° CHIBIIAZa€ 13 CTPYKTYpOK MaTpulll
IHIIEIEHTHOCTI Tpada, 10 BIAMOBITAE CXEMi
KOHCTpyKii. HeHynboBI HeniaroHaigbHi eje-

MEHTHU MaTpHIll M° JOPIBHIOIOTH OMHUILI. Y
3araJlLHOMy BHUIIQ/IKY, BHU3HAUUTH Mipy 00y-
MOBJICHOCTI MaTpulll HEMOXJMBO, aje s
3a3naneriib. HopmanizoBaHy cuctemy Hei-
HIlHUX JudepeHliaTbHUX PIBHSIHb PO3B’A3Y-
€MO YHCEeNIbHO, BUKOpUCTOBYIOUM MeToA ['ipa.

PE3VJIbTATU TA ITOACHEHHA

BuKOpUCTOBYIOUM 3alpoNOHOBAaHUN aJro-
PUTM, JOCIIAMMO KOJIMBAaHHS OyIKOBO-3asKO-
PEHOI CHCTEeMM 3aropo/LKEHHS B YyMOBax po3-
BUHYTOTO MOPCHKOTO XBWIJIFOBaHHS. 30Kpema,
PO3MITHEMO 3asKOpeHy 10 NMpsMiil JiHii cucre-
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Puc. 1. Cxema OyHKOBO-3asKOPEHOI CHCTEMHU
3arOpOHKEHHS
Fig. 1. Buoy-moored barrier system

My, IO YTPUMY€EThCs Oysamu Ha xBuii. Jlocmi-
KCHHSI KOJINBAaHb IPOBEIACMO I KOHKPETHOT
KOHCTPYKIIil, B SIKIH KIJIBKICTh: TOYOK 3asIKO-
peHHs — 7, Oy#KiB — 7, TOPU30HTAJIBLHUX PSIJIiB
— 3, BeprukanbHux psaiB — 7 (Puc.1).
Jomxunu Bcix AunsHok mo 100m, moronHa

Maca OyiipeniB 3 Kr/M, IUIOMIa iX MONEPeYHO-
ro nepepizy Fjj = 0,0003M2, Koe(imieHT mpy-

JKHOCTI CEij =1O7 H. Koedimientn rigpoau-
HaMIYHOTO OMNOpPY pyXy B pIAUHI TPUHHATI
Taki: Cqj =0,78 KF/MZ, Cnij =156 Kr/M2 —

JOTUYHA Ta HOpMajbHa CKJIAI0BI; MPHEIHAHA
Maca piJHH, 110 3aJTy9a€ThCsl B CYMICHUI pyX
Majj = 0,4 kr/M. byil Mae wwiHIpHYHY

¢dopmy, maca O6ys 100kr, miioma MiaeneBoro

nepepizy Im?.

Bubepemo HepyxXoMy CHUCTEMY KOOPIWHAT:
Hexait ommHa OXqXy 30iraeTbes 3 He30ype-
HOIO [TOBEPXHEIO BOAH, a Bich OX3 HampaBUMO
IIPOTH BEKTOpA BUILHOTO MaJiHHS.

VY SKOCTI MOYaTKOBOI OOMpaEMO PIBHOBAXK-
HY KOH(Irypaiito KOHCTPYKIIiT

— -0 KR
Xj t:OZXj’ Xj|t=0:o'

JHocniaguMo KoivBaHHS OyHKOBO-3asKope-
HOT CHUCTEMH 3aropoJ’KeHHsI IIPH Pi3HOMAHIT-
HUX TIepioJlax MOPCHKOTO XBHIIIOBAHHS, €
3aJIEKHICTh MK IEpioIoM XBUJIb Ta iXHBOIO
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Puc. 2. 3anexHICTh HATATY BijJ 4acy B CEpeTHbOMY
BepTUKaIbHOMY Oyiiperni mpu o= 90°,
Tw=16c-1;,T,=18c—2; Ty=23c-3;
Tw=32c—-4

Fig. 2. The dependence of the tension on time in
the average vertical buoy line at o= 90°,
Tw=1,6c-1;Ty=1,8c—-2; Ty=2,3c-3;
Tw=32c—-4
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Puc. 3. 3anexHicTh HATATY Bifl Yacy B CEPEIHLOMY
BepTUKaTbHOMY Oyiiperni mpu o= 90°, T,
=45c-1;T,=5,6c-2;T,=6,4c—3; Ty,
=8,0c—-4;Ty=9,0c-5

Fig. 3. The dependence of the tension on time in
the average vertical buoy line at o= 90°,
Tw=45¢-1; Ty=5,6c-2; T,=6,4c - 3;
Tw=80c—-4; T,=9,0c-5

aMILTITY/I0I0 BUPAXKAETHCS 32 3aKOHOM [6]
A=0,085exp(0,751n(gT2 /2x)

Ha Puc. 2, 3 mnpencraBiieHi 3alie)KHOCTI
HaTATY BiJ yacy MpH KyTi MiX (POHTOM poO3-
TOBCIO/KEHHSI XBHJII Ta JIIHIEIO 3asKOPEHHS
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0=90° B cepemHbOMY BEpTUKAIBHOMY Oyii-
perti B ToUlli KpiruieHHs OyHKa.

I[Ipy  mamux  mepiogax  MOPCHKOTO
XBWIIOBAHHS aMIUTITYIU HAaTATY CYTTEBO HE
BiApi3HAOTECA. [lpum Benmukux mepiomax
MOPCHKOTO XBHWJIFOBaHHS (IITOPMOBI XBHJII)
aMIUTITYIM HaTATY 31 30UIbIICHHSAM Mepioxy
XBWJI1 3HAYHO 3POCTAIOTh.

Ha Puc.4 npencraBieHa 3aleXHICTh
MaKCHUMAaJIbHUX BEJIIMYMH HATATY BiJ| TIEpPIOIy
XBWJII TPU KyTi MiX (POHTOM DPO3MOBCIOI-
’KEHHs XBUJII Ta JiHiero 3askopenns o= 30°B

T,Hx10*
4
1
3.5
3
J— 2
2.5
] //
2 -~
e
- —
1 / I S |
1 2 3 4 5 6 7 8 Ty C

Puc.4. 3anexHICTh MAKCUMAJIBHUX BEJIUYHMH HATS-
ry Bijg nepiomy xsuii npu oo = 30° y
KpaitHboMy — 1 1 B cepenHbOMY — 2 BEpTH-
KaIpHUX Oyipemnax

Fig. 4. The dependence of the maximum values of
tension on the wave period o= 30° in the
extreme — 1 and the average — 2 vertical
buoy lines

T,Hx10*

86 88 90 92 94 96 98 t,c

Puc. 5. 3anexHicTs HaTAry BifJ yacy B CEpEAHBOMY
BepTUKaNIbHOMY Oyiiperi nipu Ty, = 6,4C,
o=0°-1;45°-2;90°-3

Fig. 5. The dependence of the tension on time in
the average vertical buoy line at T,,= 6,4c,
o=0"-1;45°-2;90°-3
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KpaitHboMy (kKpuBa 1) 1 B cepenubomy (KpuBa
2) BepTUKAIbHUX Oyiipernax B TOUKaxX KpiIlJIeH-
Hs OyHKa.

baunmo, 1mo mMakcuMamnbHI 3HAUEHHS HATs-
riB B KpaliHbOMY Oyiperi MpaKTHYHO JiHIHHO
3pOCTaIOTh 3 POCTOM Mepioay XBWIb. B Toi ke
yac JUid CEepeaHbOro Oyiperna Mpu Majux
nepiofax XBWJIb MaKCUMaJIbHI 3HAUCHHS HATs-
Ty IIPAKTUYHO HE 3POCTAIOTh.

Jns HalOimpIm WMOBIPHOTO MOPCHKOTO
XBWJIIOBaHHS B YMOBaX BIJIKPHTHX IIesibdo-
BUX 30H (mepiox xBum T, =6,4C, mo Bif-

nopigae  4...5 Oaxam) Ha  Puc. 5
MPEICTaBICHO KOJIMBaHHS OyiiKoBO-
3aKOPEHOI CUCTEMM 3aropoIKEHHS IIpU
pi3HHX KyTax M1 dbpoHTOM
PO3MOBCIO/KCHHSI XBWJII Ta JIHIEID 3as-
KOPEHHS B CEPEAHbOMY BEPTUKAIBLHOMY Oyii-
perni B TOUIlI KpiruieHHs OyiiKa.

BusBneHo, mo mpu 3MiHI KyTa pO3MOBCIO-
JDKCHHSI XBHJIBOBOTO (POHTY 10 JIiHIT 3asKO-
piHHs (OpU KyTax MEHIIUX 75°) MakcHuMmasb-
HI HaTATH y BEpPTUKaJIbHOMY Oyiipemi Oins
cepeaHboro Oyiika CyTTEBO HE BIiJIPi3HSAIOTH-
Cs 3a CBOIM XapaKTepoM Ta BEIUYHMHAMH i
3pOCTarOTh NMPU HAOIMKECHHI BEIWYMHH KyTa
no 90°, a MakcMManbHI HAaTATH B BEpPTH-
KajgbHOMY Oyiipeni Oing KpailiHboro Oyiika
CYTTEBO HE€ BIJPI3HAIOTHCS MPU 3MIHI KyTa,
X04a 1 3HAYHO O1bIIl HiXK OIS cepeaHbOTO
oyiika (Puc. 6).

T, Hx10*

3Bpe ] —

25

15
0 10 20 30 40 50 60 70 80 o

Puc. 6. 3anexxHicTs MaKCUMaIbHUX BEJIUYHUH HATS-
ry Bij KyTa ipu T, = 6,4C y BepTUKaIbHUX
oyiipenax (1 — 6ins kpaitHporo Oyiika T.1;
2 — 0inga cepennporo Oyiika 1.4)

Fig. 6. The dependence of the maximum values of
tension on the angle at T,, = 6,4¢ in the
vertical buoy lines (1 — near the extreme
buoy p.1; 2 —near the middle buoy p.4)
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Ha Puc. 7 npencraBneHa 3aiexHIiCTh HaTs-
ry Big uacy B KpaiiHbomy Oyiipeni npu
Ty =6,4c, 0.=30° no ubuni (1 — B ToULI
KpimieHHs Oyiika, 2 — B cepeaHiil Touni, 3 —
B TOUIli 3asKOpeHHs). bauumo, mo Harar mo

IIUOWHI 3MEHIIYeThCs, ane BiOpamii mocu-
JIOIOTHCSL.

T,Hx10*

3.5

3

2.5

2

N1 \
050 ‘H “,“
" 13 \

86 88 90 92

0

Puc. 7. 3anexHiCTh HATATY Bij 4acy B KpalHbOMY
BepTUKaILHOMY Oyiiperi npu T,~ 6,4C;
o= 30° (1 — Gins Oyiika; 2 — B cepenHii
TOUIli; 3 — B TOYIIi 3asIKOPEHHS )

Fig. 7. The dependence of the tension on time at
the extreme vertical buoy line T,,= 6,4c;
o= 30° (1 — near buoy; 2 — midpoint;

3 — at the point of anchoring)

T,Hx10*

0
86 88 90 92 94 96 98 t,c

Puc. 8. 3anexHicts HaTsry Big yacy npu o = 30°,
Tw=5,6C, y BepTuKkanpHux Oylipenax
(1 — 6ins kpaitaporo Oyiika T.1, 2 — 1.2;
3 —1.3; 4 — 6ins cepenuporo Oyiika T.4)
Fig. 8. The dependence of the tension of time in the
vertical buoy lines at o= 30°; T,,= 5,6¢c,
(1 — near the extreme buoy p.1, 2 — p.2;
3 —p.3; 4 — near the middle buoy p.4)
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Ha Puc. 8,9 mnpencraBieHi 3aaexHOCTI
HaTATY BiJ 4acy B BepTUKaIbHUX Oyiipenax y
TOUYKax KpiluieHHs OyWKiB MPHU Mepiofax XBUIb
Tw =5,6¢ (Puc. 8), T, =6,4c (Puc. 9) i kyri
HaOiranHs xBwi o= 90°. BennunHu HATATIB Yy
BEPTUKAIBHUX Oyiipenax mpu KpaiHix Oyikax
OinbIIIe HIK B JIBa pa3y NMEPEBUIITYIOTh 3HAYCH-
Hsl BEJIMYMH HATATIB OIS cepeanix OyHKiB.

Ha Puc. 10 HaBeneHo MakcUMaIbHI HATATH
y BepTHKaJbHUX Oyiipenax Ourst OyiikiB 1-7
(Oyiiku 3 mepmioro mo ceomuit) mpu o = 30°
Tw =3,2C (kpuBa 2), T\, =6,4C (xpusa 1).

T,Hx10*

Puc. 9. 3anexHicTh HaTITy BiJl 4acy B BEpPTH-
KaJbHUX Oyiipenax Oinst OyiikiB 1-7 mpu
Tw= 6,4c; o= 30°

Fig. 9. The dependence of the tension of time in
the vertical buoy lines near the buoys 1-7
at T,= 6,4c; o= 30°

T, Hx10*
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Puc. 10. MakcuMaIbHi HATATH y BEPTUKAIBHUX
Oyipenax Gins Oyiiki 1-7 mpu o = 30°;
Ty=64c-1;T,=3,2c-2

Fig. 10. The maximum tension in the vertical buoy
lines near the buoys 1-7 at o= 30°;
Tw=64c-1;T,=3,2c-2
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T,Hx10*

A~ - —/N PN S~
86 88 90 92 94 96 98 t,c

Puc. 11. 3anexuicts HaTary Big yacy npu o =30°, T,
= 6,4c, Oins OyiikiB y BepTHKaIbHUX Oyii-
penax: KpaiiHiii — 1; cepenniit — 2; y ropu-
30HTANBHUX: KpahHiil — 3; cepenHiii — 4.

Fig. 11. The dependence of the tension of time at
Tw=6,4c, a=30° near the buoys in vertical
buoy lines: extreme — 1;medium — 2; in
horizontal: extreme — 3: medium — 4
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Puc. 12. Ilepemimenns Oy¥ikiB B roomuHi X;0X;
npu T, = 6,4¢c; o= 90°

Fig. 12. The buoys move in a plane x;0x, at
Tw=6,4c; o= 90°
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Puc. 13. Tpaexropis pyxy cepeanboro Oyiika B
wromuHi X;OX, ipu T, = 6,4C; o = 60°

Fig. 13. The buoys move in a plane x,0x, at
Tw=6,4c; o= 60°
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baunmo, 1110 31 301IBIICHHSM TIEPIOLY MOP-
CHKOTO XBHJTFOBAHHS BEJIMUYMHU MaKCUMAIIbHUX
HaTATIB y BEPTUKAJIbLHUX Oylpernax TexX 3011b-
ITYIOTHCS.

Ha Puc. 11 HaBeneHO 3ajeXHICTh HATATY

Big wacy mpu T,, =6,4cC, o =30° B Toukax

KpirieHHsT OyHKIB BEpPTHUKAJIbHUX OYHpEMiB:
KpaitHporo (kpuBa 1), cepeaHboro (Kpusa 2);
TOPU30HTATBHUX OyHpemiB: KpalHbOTO (KpH-
Ba 3), cepeaHboro (kpusa 4).

[ToBeninky OyHKOBO-3aSKOPEHOI CHCTEMH
3arOpOKCHHSI y TPOCTOPI MPEICTABICHO Ha
Puc. 12, 13.

[lig nmiero XBWIIb, BIACHOI Bar, MPYKHHUX
XapaKTePUCTUK CUCTEMa MpHUIIMae craiioHap-
HE TOJIOKEHHS, BITHOCHO SIKOTO KOJHMBAETHCS.
3 Puc. 12 BuaHO, 110 MpU KyTi MK (POHTOM
PO3MOBCIOKEHHST XBUJI Ta JIHIEIO 3aSKOpCH-

s oo =90" kpaiini OyiKHM 3HAYHO CTATYIOTHCS
10 UeHTpy OyHKOBO-3asKOPEHOI CHUCTEMH
(6impm HiX Ha 30 MeTpiB), B TOH Yac SK y
HanpsiMi XOAY XBHJIb OYMKHU 3MIIIYIOTHCS JIUIIE
Ha JIeKiJIbKa METPIB.

[IpocropoBuii pyx cepennboro Oyiika (T. 4
Ha Puc. 1) mpu nepiomi xBwis Ty, =6,4C i
KyTi MK (POHTOM PO3MOBCIOKEHHS XBHII1

Ta minicro 3askopenns o =30° (Puc. 13) mo-
Kazye, 1m0 OyHOK pyxaeTbcsi BIAHOCHO
JTUHAMIYHOTO CTaI[lOHAPHOTO TIOJIOKEHHS T10
TpaekTOpii, OMIU3BKIN 1O KOJIOBOI.

BUCHOBKUM

3anmponOHOBAHO METOJUKY JOCIIKEH-HS
KOJNIMBaHb  OyHKOBO-3asKOPEHOI  CHCTEMH
3arOpOJKEHHS JO03BOJISIE BU3HAYUTU JHHA-
MiYyHI 1 KIHEMaTH4HI  XapaKTEepPUCTUKHU
HOBEIIHKM  TaKWX CHCTEM I  JICHO
MOPCBHKOTO XBUITIOBaHHS.

B pesymbpraTi mpoBeaeHMX MOCHTIIKEHD
MOHA 3pOOUTHU TaKi BUCHOBKH:

1) MakcuMaJibHI 3HaYEHHSI HATSATIB B Kpaii-
HBOMY BEPTHKAJIBHOMY OyHperni MNpakTUIHO
JIHIAHO 3pOCTalOTh 3 POCTOM IEPIOY XBUJIIb; B
TOW € Yac y CepelHbOMY BEPTUKAILHOMY
Oyiipeni mpu MaiauxX Mepioax XBHJIb MaKCH-
MaJbHI 3HAYCHHSI HATATY TMPAKTUYHO HE 3pOC-
TalOTh;
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2) mpu 3MiHI KyTa pPO3MOBCIOMKCHHS
XBWJIBOBOTO (POHTY [0 JiHIi 3asgKOpiHHSA
(mpu KyTax MeHImuxX 75°) MakcuMalbHI HATs-
Il B BEpTHKaJIbHOMY Oyiperi 0iJi1 cepeaHbo-
ro OyiiKka CyTTEBO HE BIJIPI3HSIOTHCS 32 CBOIM
XapakTepoM Ta BEIWYMHAMHU 1 3pOCTaIOTh
npu HaOJIMIKEHH1 BEIWYWHHM KyTa 1o 90°, a
MaKCHMallbHI HaTSATH B BEPTHKAJIBLHOMY Oyii-
peni O KpallHBOTO OyiiKa CYTTEBO HE Bij-
PI3HSIOTBCSA MPHU 3MiHI KyTa, X04a i 3HAYHO
01711 HiX OIS CepeIHbOTO OYyHKa;

3) BCNMYMHHM HATATIB Yy BEPTUKAIBHHX
Oyiipenax mpu KpalHix OyHkax OiIbIle HIK B
7Ba pa3H MEPEeBULIYIOTh 3HAYCHHS BEINYHH
HaTsriB OU1s cepeHix OyHKiB;

4) BeIMYMHHU HATITIB Yy TOPU30HTAIBHUX
Oyiipenax Ha MOPSAOK MEHIII 3a HaTATH y Bep-
TUKAJIBHUX, TPUUOMY «PO3CIIA0JICHHS» B TOPH-
30HTAIbHUX Oyiipenax BUHHUKAIOTh MPAKTUYHO
IpHU BCIX TEpioAax MOPCHKOTO XBHITIOBAHHS.
Taki «po3ciabneHHs» BIUIMBAIOTh HA XapaKTep
HATSTIB y BEPTUKAIBHUX Oyiperax, BUKJINKA-
I0YM B HUX BiOpalrii;

5) kpaiiHi OyHKM 3HAYHO CTATYIOTHCS JIO
ueHTpy cucremu (Oinbine Hik Ha 30 MeTpiB), B
TOM yac SK B HampsiMi XOAYy XBWIb Oyilku
3MIIIYIOTHCSI JTUIIE HA JAEKLIbKa METPIB.
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Oscillations buoy-moored barrier
systems on the waves
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Summary. In this paper we propose a
methodology and algorithms to study the
oscillations buoy-moored barrier systems, which
allows to determine the dynamic and kinematic
characteristics of the behavior of such systems
under the action of sea waves.

Under the influence of unevenly distributed
loads (currents, waves) buoy-moored barrier
systems, which are used as a flexible biotech
facilities for the cultivation of marine organisms
and algae, restriction of oil spills, booms and the
like, take a different configuration, and long-term
effect of the variables of effort adversely affects
their durability and reliability. In connection with
this study the vibration of such structures is
essential for designing and predicting the
regularities of their behavior under the influence of
various external disturbances.

24

Based on the classic approaches of
oscillations of systems a system of equations of
motion of such structures. Held detail the forces
acting on the structural members. With the use of
flexible elements approximations using splines is a
nonlinear differential equation of second order
dierential equations are reduced to nonlinear
Cauchy problems on the time coordinate, which
are solved numerically.

In the specific example buoy-moored system,
the numerical analysis of influence of parameters
of sea waves (period, angle of crowding of the
wave front) to the tightness at various points in the
design and configuration of the system in space
under the action of waves.

Key words: oscillations, buoy line, sea waves,
tension, tug.
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PiBHAHHA iCHyBaHHA caMOXigHOI NPUB’A3HOI NiABOAHOI CUCTEMU
AIK OLliHKa MOXINUBOCTI il CTBOPEHHS

Bonodumup BniHuos®, OnekcaHdp Knoukoe?

HauioHanbHuI yHiBepcuTeT kopabnebyayBaHHs iMeHi agmipana Makapoea,
npocn. Nepoie CtaniHrpagy, 9, Mukonais, YkpaiHa, 54025
oleksandr.klochkov@nuos.edu.ua
‘orcid.org/0000-0002-3912-2174, “orcid.org/0000-0002-6426-3374

AHorauis. Hasegeno cucreMHHH IIiOxin,
[0 nepeadayvae OLUiHKY MOKJIMBOCTI CTBOPEH-
HS Ha eTari paHHhOTO MPOCKTYBAHHS TEXHId-
HUX MPHUCTPOiB, 0a3yrOUUCh Ha PIBHSHHAX iC-
HYBaHHS YOTHUPHOX KIIFOUYOBUX CKIQJIOBUX —
JIOMHA, MaTepis, eHepreTuka, iHdopmartis.
OcobnuBa yBara NpUALISETECS PIBHSIHHIO iC-
HYBaHHS CaMOXiJHOI MNpPUB’SA3HOI MiJIBOAHOI
CUCTEMH 3a CHEPreTUYHOI0 CKJIAJ0BOIO, IO
3HAYHOIO MIPOI0 BU3HAYae€ ii eKCIUTyaTalliiiHi
XapaKTePUCTHKH.

KurouoBi cioBa: camoxijiHa puB’s3HA Mi-
JBOJHA CHUCTEMaA, Kabelmb-TpocC, CYIHO-HOCIH,
MOCT €HEePreTUKU Ta KEepyBaHHs, CAMOXIJTHUN
MIPUB’ I3HUH T1BOHHI amapar.

BCTVII

JIis MOJIHMBOCTI BU3HAYCHHs ICHYBaHHS
LUIAX1B peajiizalii MpOeKTy CTBOPEHHS camo-
xigHoi mpuB’a3Ho1 minBoaHOI cuctemu (CIIIIC)
3T1JIHO 3aBJaHHS 3aMOBHHMKA Ha PaHHIX CTafi-
SIX HEOOXITHO MaTH >KOPCTKI 3aJIe)KHOCTI MiXK
YHCEIFHUMHU 3HAYCHHSMH ITapaMeTpiB, 10 Ha-
JAIOTBCS Y 3aBIaHHI Ta XapaKTEPUCTUKAMU,
SIKUMHU Oy7ie HaJlJeHa CUCTeMa TIPH JOCSITHEH-
Hi nux mapamerpiB. KoHCTpyKTOp-TIpOeKTaHT
MIPY KOPHUCTYBAHHI IIUMH 3JICKHOCTSIMH MOXE
JaTH YIiTKY BiJMOBiAb 3aMOBHUKY MPO JOLLIb-
Hicte modbynoBu CIIIIC 3rimHo mnapamerpiB
3aBiaHHs, Mo Oyno oTrpumaHo. CTOCOBHO Ta-
KMX CHCTEM pO3IJIAHYTI PIBHSHHS 1CHYBaHHS
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Mac Ta 00’eMiB, ajie BiJICyTHE KOMIUIEKCHE pi-
IICHHS, 1[0 BPaxoBYyBaJio O BCi CKJIaI0BI CHC-
TEMHOTO ITiJIX0/1y — EHepreTUKy, iHpopMallito,
marepito Ta moauny [3, 4, 10, 11, 21].

META TA METOU

Otpumanns piBHsHb icHyBaHHs st CIITIC
y B3a€EMHOMY 3B’S3Ky €KCIUTyaTallifHUX Mapa-
METPIB Ta KOHCTPYKTHBHUX XapaKTEPUCTHK.

CuHTe3 piBHAHb NPOMOHYEThCS BUKOHYBa-
TH CIIOYATKy B paMKax KOXXHOI CKJIaJOBOI, a
HOTIM YCKJIaJHIOBATH iX, /J0/al0Yd PiBHSIHHS,
SKI TIOKa3ylOTh B3a€MHUI BIUIMB CKJIAJOBUX

onHa Ha oxuy [13, 18, 20, 22].

PE3VJIBTATU

3riJHO CHUCTEMHOTO MiIXOAY PIBHSHHS Ma-
I0Th CKJIaJaTUCA 3 4-X PIBHSIHD UM CUCTEM:

- pIBHSHHS ICHYBaHHi Mac Ta 00’eMiB
CIIIIC,;

- piBHsIHHS eHepreTtuyHoro Oanancy CIIIIC;

- piBHsAHHSA OanaHcy iH(opMaiitHUX MOTO-
kiB CIIIIC (enexkTpoMarHiTHa CYMICHICTb,
CTIMKICTh /10 30BHIIIHIX TMOJIIB Ta BUIPOMIHIO-
BaHHA, 3aBaJOCTINKICTh, KpUOTOrpadiuHui
3axHCT iH(pOpMalifHUX MOTOKIB);

- piBastHAS CIIIIC 3a moacekum GakTopoM
(eproHomika, TeXHIYHE OOCITyroByBaHHs, 30e-
piraHHs, €KOJIOTisl - BIUIMB Ha CEPEJIOBHIIE,
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TPaHCIIOPTYBaHHsI, HU3bKI BJIACHI (hI3UYHI TTO-
Js1).

[Ipu mpoBeneHHI MiABOIHO-TEXHIYHHUX PO-
o6it (IITP) B 3anexHOCTI Bi MiIBOAHOI TEXHO-
JIOT1i, 110 BUKOPUCTOBYETHCS IIBOAHUM aria-
patom (ITA), ocTaHHIi MOXE MpAIIOBATH Y
PI3HUX PEKHUMAX, IO XapaKTEPU3YBATUMYThCS
[EBHUM 3HAQYEHHSIM CIIOKHMBAHOI €JIEKTPUYHOT
norykHocti [2, 5, 6, 14, 19]. Ilo3umauumo
MHOXKHHY peXKHUMIB R HacTymHUM BHpa3oM:

R={Ry,Ry,... R},.. R}, (1)

ne R1 — mepmmii pexxum poboTH;
Rj — mpoMiXHUN peXuM poOOTH;

Rm — KiHIIEBUIl Y MHOXKHH1 PEKUM pOOOTH.
MHuoxuHI pexumiB Oyae  BIANOBITATH

MHOKHMHA MOTYKHOCTEH PR, 10 CHOXKUBAIOTh-
Cs y IX peXXUMax:

PR ={Pr1: Pr2: - RRi1-ons PR} (@)

ne Pri — MOTYXHICTB, IO CIOKHBAETHCSA Y
MePIIOMY PEKUMI POOOTH;
Pri — MOTYXHICTh, IO CIIOKUBAETHCSA y TMPO-
MDKHOMY peXuMi poboTH;
Prm — MOTYXXHICTh, IO CIIOXUBAETHCA Y KiH-
LIEBOMY Y MHOXKHH1 peXHMi POOOTH.

3rigHo 3 pexumamu poOIT ITA, mo OynyTsb
PO3TIAAATHCS, BU3HAUNTRLCS HailbinmbIa mpoe-
KTHA MOTYXXHICTb Pra rip 3 MHOKHUHH:

Pria e =SUP{Pris Pr2y - PRive Prm) ()

SIKmo 3amaHa MOTYKHICTE Pra 3am Oyze
MEHILOI0 BiI MPOEKTHOi, TOAl OyIiBHUITBO
ITA 3a ganuM KpuTepieMm 0yJe MOKIUBHUM:

Pria_3am <sup { PHA_HP} (4)

VY cBOIO uepry, 3aMOBHHUK MOK€ HaJaBaTH
s CIIIC oOMexeHy MOTYXHICTb, IO BHUII-
nsieThest Ha cyaHi-Hocli (CH) uu npu sikomych
IHIIIOMY BapiaHT1 KUBJIEHHS. Buxonsuu 3 11bo-
ro, y rio0anbHOMY pO3YMiHHI YMOBOIO CTBO-
PEHHS CUCTEMH € OUIbIle 3HAYEHHS MPOEKTHOI
MOTY)KHOCTI Yy TOPIBHSAHHI 3 TOTYXHICTIO
CIIIIC, mo 3aaHa 3aMOBHHUKOM:
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Fermic 3am < Fermc e (5)

HaBenena mnoTyXHICTP MaTHUME CKIJIAJIOBI,
IO MICTATh MOTYKHICTh MOCTY €HEPTETHUKHU Ta
kepyBanHs (ITEK) Prgk, mOTyXHICTh CITyCKO-
nigaiMansaoro npuctporo (CII) Pcnp, mo-
TYXHICTh KabenbHoi nediaku (KJI) Py, mpoe-
KTHY HOTYkHicTb IIA Ppa np Ta Benuduny
BTpaTH MOTYXHOCT1 AP:

Fermic 3am = Piex +Form + Fin + Bia mp +4P - (6)

[otyxHnicts [TA ckiagaeTscs 3 MOTYKHOC-
Tl €JIEMEHTIB, II0 OTPUMYIOTH XUBJICHHS Ha
npoTsi3i Bchoro vyacy nposenenns [ITP, a came
PconsTt, TOTY>KHOCTI 3MIHHHUX TEXHOJIOTTUHHUX
npuctpoiB Psryp [17] Ta moTyxHOCTI pymriiitHo-
pyaboBoro komruiekcy (PPK) Pppy.

F:’I'IA_I'IP = Feonst +P3111 + Fppic (7)

LikaicTe siBIsie coboro motyxHicTh PPK,
TaK s$K BOHA € BapilaTUBHOK BEJIMYHUHOIO.
[puiiMemo, mo B koHCTpykHii ITA mpucyTtHi
TPU pyLIisl — JABa MapIIOBi Ta OJAWH BEpPTHUKa-
neuui. Toni motyxHicte PPK 3anumerscs sik:

N
3
Pepk =supy 2_ R (8)
i=1
=1

ae | — miauabHUK pymiiis [1A;
J — mivnnpHEK pexumi podotu PPK TTA;
N — 3arajibHa KUIbKICTh MOKJIMBUX DPEKHMIB
po6otu PPK TTA.

Axmo poskiactu notyxHicte PPK  mo
CKJIaJJOBUX, TO OTPUMAEMO MOTYKHICTb Map-

II0BOI'o ij, BCPTUKAJIBHOT'O PyJ Ta JIaroBoro

P7j pyxiB y pasi 10/1aBaHHsl J1JarOBOTO PyLisi.
Ile maTume BUIIIAL;

5J

j
i )

Py

-

j =
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[ToTyxHicTh MapmioBoro pyxy Oyae ¢yHk-
miero Big cwim nobosoro omopy ITA Fpa Ta
CWJIM TIIPOJMHAMIYHOTO OIMOpPY Kabeab-Tpocy
(KT) Fxry mo Bici X, @ HOTY>XHICTh BEpTHUKAJIb-
HOTO PYXY — BiJI CHUIM T1IpOIMHAMIYHOTO OTIO-

py KT Fgry no Bici y.

Pyj = f (FHA; FKTX) (10)
Py =  (Fery)

O6uaBa rigpoaMHaMIYHI OmIOpU € (DYHKIII-
eto nmiamerpy KT, sikuii po3paxoByeTbcsi Ha-
crynauM yrHOM [1, 8, 9, 12, 16]:

ne Uy — Hampyra Mepesxi xuBieHHs [1A;

jw — 00OpaHa rycTuHa CTPYMY Y IPOBiTHHKY;

N — KIIbKICTD KU,

Kpw(n) — KoedilieHT yKIaaeHHS CHIOBUX JKUIT

y cepreunuky KT;

Ow — TOBIIMHA €JICKTPUYHOI 130JIAMI1i CHIIOBOT

xunu KT;

O1c — ToBIIMHA 30BHINIALOI 00omonku KT.
YHop j-ro TBHHTA, IO BUCTYIAE Y SIKOCTI

pyIIisi, BU3HAYAETHCSA 32 HACTYIHOIO (PopMy-

JIOKO:

2 A4
_PKrjofD;

(12)
412

Tj

Jie p — I'yCTUHA MOPCBKOI BOJY;
Krj — 6e3po3mipHUii KOE(ILIEHT, 10 XapaKTe-
pH3YE yIOp J-TO TBUHTA;
®j — KyTOBa HIBUJIKICTh OOEpPTaHHS j-TO TBUHTA
IT1A;
D — niamerp j-ro rBUHTA.

MOMEHT, SIKUii CTBOPIOE J-if TBUHT Ha Baly
€JIEKTPOABUIYHA 3HAXOIUTHCSI HACTYITHUM YH-
HOM:

2 5
p-Kuj-oj D;
M = T
4.1

(13)
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ne Kyj — 6e3po3mipHuil Koedili€eHT, o Xapa-
KTEPU3y€e MOMEHT |-TO 'BUHTA.

IToTyXHICTP Ha Baldy j-TO BHKOHAaBYOIO
JBUI'YHA, 1110 IPUBOAUTH Y PyX I'BUHT, Ma€ BU-
pas:

pj=——J, (14)

1e 1j — Koe(ilieHT KOPUCHOT 1il j-ro BUKOHAB-
4Oro JBUTYHA.

Hamnpyra >xuBnenns CIIIIC moxe Oyrtu
3MIHHOIO Ta TIOCTIHHOIO 1 OpTraHi3oBaHa 3a pi3-
HHUMH CXEMOTEXHIYHUMH pimeHHsMu [7, 15].

PekoMeHoBaHI 3HAYCHHS HANPYTd IS
xuBienHs [1A 3Beneni y Ta6m. 1.

Ta6auns 1. PekoMenoBaHi 3Hau€HHS HAPYTH
IUIs1 )KMBJICHHS MiJBOJHOIO anapara

Table 1. Recommended voltage for powering un-
derwater vehicle

- 3MiHHa ITocritina
Bun Onuna
Mepexi | ¢aza Tpu Gasu -
Hamnpyra, 240 400, 480, 110, 220,
B 690, 1000 400

Anroput™m BuszHadeHHs niametrpy KT HaBe-
neHo Ha Puc. 1.

3riiHO AITOPUTMY BXIJHUMU JaHUMHU JUIs
po3paxyHKy € riaumbuHa 3anHypenHs I[IA H,
MIBUJKICTh Tedii Vr, 3aJaHUi NPOEKTaHTOM
opierroBumii giamerp KT dgrs, koopauHatu
KOPIHHOTO (X, Y)kKk Ta XOM0BOTO (X, Y)xK KIHIIIB.
Ha 0a3i BXigHMX JaHUX MOiANporpaMamu IMoc-
J1I0BHO BU3HAYAIOThCS CHJIM HA KOPIHHOMY Ta
xonoBoMy KiHisiXx KT, moTykHocTti pymiiiB Ta
BUPAXOBYETHCS cyMapHa noTyxHicte PPK.

BBoasun noaaTkoBi AaHi, pO3PaxOBYETHCS
niametp KT. V Bunaaky, sikmo BiH Oyxae Oi-
JbIIIE 3a/1aHOTO BIOYBAETHCS 1Tepallis croda-
TKY 31 3MiHHOIO 3HaY€HHS HANpyrd 4M T'yCTH-
HU CTpyMy. 3Ha4yeHHs laMeTpy, sIKe MEHIIe
Y1 JIOPIBHIOE 33JaHOMY 3aKiHUy€ BUKOHAHHS
PO3PaxyHKY.

Taxox, okpim niamerpy KT, BakiuBa #oro
JIOBXXMHA, TaK SIK BOHA BU3HAYA€ KPaiHI TOUKH
po60oYOi 30HH, SKUX amapaT MOXKe JOCITTH Ha
neBHiN riuOuHi 3anypenHs. JJosxuna KT opi-
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€HTOBHO JUIsl 3aJaHOi TJIMOWHU 3aHYPECHHS
3HaXOJUTHCS 32 BUPA3ZOM:

Lyt =(2..2,5)H, (15)

ne H — 3agana rmubuHa 3aHypeHHS.

Kpim Toro, Ha BU3HauYeHIi TIMOWHI 3aHY-
penns [TA, Mixk KOpiHHUM Ta XOJJOBUM KiHIIEM
KT icHye omgHa 1 TITBKM OJIHA JTIOBXKWHA, KOJHU
HOT0 T1IpOAMHAMIYHUHN OIip MiHIMAJIBHUH.

| loyaTok

H, vy, dyrs,
(2, Ik (6, V)xi

BuszHaueHHA
CHJI Ha
kadenb-Tpoci
|
Busnauenus
MOTYKHOCTI
pyuiiis
|

Busnauenns

MOTYKHOCTI
PPK
ceceaa U n, jws kpw,
. Ci;;/, ‘5TC
Po3zpaxyHok
aiaMeTpy
kabelb-Tpocy

Puc. 1. AiropuT™ BU3HAYEHHS JiaMeTpy
Kabenb-Tpoca

Fig. 1. Algorithm for calculation the diameter
of the cable-tether

[TincymoBytour BUIlE HaBeJEHE, MOTPIOHO
3BEpHYTH YBary, 10 CHHTE3 PiBHSHB MO KOX-
HI CKJIAOBIfl CHCTEMHOTrO MiAXOAy HE Ha-
JacThb BHYEPIIHY BIAMOBIAb MPO MOXKIUBICTH
CTBOPEHHs fIK Oe3mocepeqHbO amapaTa, Tak i
IHIUX 00’€KTIB CaMOXI1JIHOI TPHUB’SI3HOI TI1JI-
BoiHOI cucremu. lle, y mepmry uepry, nosic-
HIOETHCS B3a€EMHHUM 3B’SI3KOM PIBHSAHb ICHY-
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BaHHA 1 BU3HAUYWTHM OO KIHI[ BIUIMB OJHIEI
CKJIQJIOBOT HA 1HIIY HE 3aBXKIU BAAcThCs. [lo-
Jpyre, He BCl PIBHSHHS MOXJIUBO IMPEICTaBU-
TH JUIsl YUCEITLHOTO BUPAXyBaHHS, TOMY IO,
HaANpUKIIaJ, €proHOMIYHa YacTWHA HE Miaja-
€THCSI KOHKPETHOMY YHCEIILHOMY OIHUCY, a BU-
3HAYAETHCSI CYO €KTUBHUM BITYYTTSAM KOXKHOI
JTIOAWHA. Y CBOIO Yepry, iHdopmMmaliiiiHa ckia-
JI0OBa MOJKE IepeAaBaTHCs MO €HePreTUYHOMY
kanany KT, mo 103Bosisie 3MEHITUTH HOTO JIi-
aMeTp, a BUMOTH JI0 MaTepiaiy, 3 SKOTr0 BUKO-
Hytotbes enemenTH CIITIC Bu3HavaoTh ix Ma-
cy Ta 00’ €eM.

BUCHOBKUM

s npoexryBannst CIIIIC nHa panHix era-
nax c@opMyJIbOBaHO HACTYIHI TEOPETUYHI
TIOJIOXKEHHSI.

1. Jouinbnicte nodynosu CIIIIC, sk Oyab-
SIKO1 TEXHIYHOI CHCTEMH, MOXJIHMBO 0a3yBaTu
Ha CHCTEMHOMY MiJIXOi, U0 Iependayae CuH-
T€3 PIBHSAHD ICHYBaHHS 32 €HEPTeTUYHOIO, 1H-
(dhopmariiiiHoro, MaTepiaJbHOK Ta JIFOJCHKOIO
CKJIaJJOBUMH.

2. PiBusnua icnyBanHs CIIIIC 3a enepre-
TUYHOIO CKJIAJIOBOI0 € TEpPHIOYEPrOBHM KpH-
TepieM, 10 BHU3Ha4Yae €KCIUTyaTaliiiHi Xapak-
TEPUCTUKH CUCTEMHU — IUIOILY poOOYOi 30HH,
ITIMOMHY 3aHYpPEHHsI, Ta TICHO BIUIMBAE Ha BH-
[N PIBHAHb ICHYBaHHS BIJIHOCHO 1HIIMX
CKJIaJIOBHX.
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Summary. An systemic approach of creating
an assessment opportunities during the early design
of technical devices based on the equations of exis-
tence four key components - people, material,
energy, information is presented. Particular
attention is allocated to the equation of existence
self-propelled tethered underwater systems for the
energy component, which largely determines its
performance.
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Summary. The modern underwater complexes
with umbilical tethers development trends over-
view and their underwater vehicles as technologi-
cal equipment carriers peculiarities are given. The
main disturbances that influence an underwater
vehicle motion within underwater complex with
umbilical tethers and the quality of work that it
performs are described.

The constructive elements layout basic concept
of an underwater vehicle as a part of an underwater
complex with umbilical tethers is analyzed. The
propulsive complexes typical configurations are
overviewed.

The underwater vehicle progressive and rotary
spatial motions separation concept is proposed.
The concept makes it possible to design underwa-
ter vehicles with minimal disturbances influence
while moving or positioning at six degrees of free-
dom and thus provide control quality enhancement
of technological equipment installed on an under-
water vehicle.

The theoretical basis of a new architectural-
and-structural type of a self-propelled tethered un-
derwater vehicle consisting of rotary and progres-
sive motion platforms is developed.

The possible self-propelled tethered underwater
vehicle design of the new architectural-and-
structural type consisting of three propulsive de-
vices and three rotary drives for processing equip-
ment six freedom degrees motion is proposed

Key words: underwater vehicle, architectural-
and-structural type.
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INTRODUCTION

The trends in the development of
underwater complexes with umbilical tethers
and, in particular, of tethered underwater
remotely operated vehicles (ROVS) progress
towards designing them as all-purpose
technical devices for implementing a wide
range of underwater technologies [3, 4, 13, 23].
Thus, due to the use of the principle of
modular design and the centralized digital
information exchange system, the ROV turns
from a specialized device into an all-purpose
carrier of specialized equipment that could be
called underwater platform [10]. So its main
function is the positioning at a given point or
motion along a given trajectory and the
objective of its operation is the positioning or
transportation of technological equipment.

The technological equipment can be
generally divided into devices of passive
(photo, video, hydroacoustic survey) and
active interaction with the environment and
underwater objects (manipulators, cutters,
illuminating equipment, active sonar devices,
etc.). Different categories of the technological
equipment are characterized by different
requirements for their movement in the water
space. Thereat, both progressive and rotary
motions of the “platform — equipment” system
should be considered. The integration of the
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properties of the platform and technological
equipment forms the ROV for the given
purpose:

- the high-velocity platform and the
hydroacoustic complex form a scout or
searching ROV;

- the maneuverable platform with a
videocomplex and a set of specialized sensors
form an observation or inspection ROV;

- the maneuverable platform with a
videocomplex and a system of manipulation
devices form a work class ROV;

- the platform with satisfactory velocity and
maneuverability characteristics combined with
a set of attached various purposes equipment
form a multi-purpose ROV.

Usually the technological equipment is lo-
cated in the bow or keel part of the ROV and
the umbilical tether is fastened to the top or to
the stern of the ROV. At the cruise motion the
tether remains above or behind and does not
interrupt the equipment while operating.

PROBLEM STATEMENT

The main disturbances that affect the
maneuverability of the ROV in the water space
are:

- the force and moment vectors of the tether,
which is an integral element of the ROV
working within an underwater complex with
umbilical tethers [5, 16, 22];

- the hydrodynamic force and moment
vectors originating from the ROV motion
relative to the water (e.g. currents) [15, 21].

The force disturbances caused by the
technological equipment operation also affect
the ROV. They can be considered as values of
the second order of smallness in comparison to
the basic ones and can be ignored.

Placing the mounting point of the tether
runnig end at the ROV mass center is ideal. In
this case, the tether creates almost no moments
and the propulsion system (PS) has to
compensate only the disturbing forces of the
tether. However, to keep the tether moment
equal to zero when the ROV rotational
coordinates change (e.g. course), it is
necessary to ensure structurally the free
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motion of the tether within a certain sector, or
else the tether will touch other ROV elements,
which will cause tether force application
points appearance that are distant from the
ROV mass center and, consequently, the
emergence of disturbing moments.

The tether running end, i.e. its input node
(IN), is typically mounted on the transverse
axis in the ROV diametrical plane ensuring its
free motion in the range of 20...90°. Thereat, it
is not always possible to place the mounting
axis in the center of mass; designers are forced
to shift it towards the stern [7]. Such mounting
creates a small ROV pitching moment, which
usually does affect much the maneuverability,
but the moment occurring when changing the
ROV course or moving it away from the
diametrical plane of the carrier vessel still has
a significant impact. Because of this the ROV
pilot is forced to direct it mainly with its nose
against the incoming water flow, which leaves
no possibility to survey or approach
underwater objects from desired directions, so
the ROV angular position is chosen due to
operational conditions including the direction
of the current [6].

Apart from initialization of disturbances by
the tether, the change of the ROV course also
leads to occurrence of disturbing forces and
moments as a result of impact of the so-called
"oblique" water flow. At such flow-around the
ROV pilot finds it difficult to adapt into condi-
tions of the dynamically changing flow, result-
ing in worse control quality. These reasons
necessitate the synthesis of complex automatic
control systems [14, 20], which provide a sa-
tisfactory control quality only in certain mo-
tion modes of the ROV.

LATEST RESEARCH AND
PUBLICATIONS ANALYSIS

The basic principles of assembling the ele-
ments of the ROV design are as follows. The
structure of the ROV is divided into three
areas: bow, middle and stern. In the bow area
the technological equipment is located. In the
rear area the power control module, main pro-
pulsion and steering complex are located and

MiABOAHI TEXHOMNOTrT ¢ 03/2016, 31-40
[pomucnoBa Ta LMBifbHa iHXeHepisa



ABTOMaTM3allid Ta IpwIiago0yyBaHHS

the tether IN is mounted. The steering assisting
devices are located at different places along
the casing, depending on the maneuverability
requirements. The rest of the equipment is lo-
cated mainly in the middle area of the ROV.
The elements with a large mass are typically
located in its bottom part [24].

The configuration of the ROV PS
determines the possible controlled motions of
the technological equipment. Modern ROVs
are characterized by a wide variety of PS
configurations and technological capabilities
[2, 8, 17]. The three-propulsion PS structure is
typical for many ROVs: two cruise propulsion
devices are located in the horizontal plane of
the ROV at its left and right sides and provide
longitudinal progressive motion and yawing,
one vertical propulsion device provides
vertical progressive motion. Such ROV is able
to perform controlled motion by two
progressive and one rotary degree of freedom.
The disadvantage of this structure is the
inability to perform lateral motion and to
change the pitch and roll of the ROV.
Considering this, the ROVs are additionally
equipped with lateral steering assisting devices
and drives for technological equipment
rotation (e.g. video cameras) in the vertical
plane.

The small-sized ROV for inspecting
underwater objects and collecting underwater
samples that is able to move and position itself
in the underwater space in six degrees of
freedom is known [25]. The vehicle comprises
eight propulsion devices: four vertical and four
horizontal ones. The main disadvantage of
such design is the difficulty of turning and
keeping a specified angular position of the
ROV at motion in a water flow or positioning
in a current under the influence of disturbing
forces and moments.

Similar limitations are typical for the ROV
with improved maneuverability, that provides
motion and positioning of the technological
equipment in underwater space in six degrees
of freedom, and its PS consists of twelve pro-
pulsion devices [12]. In addition, the PS com-
plexity leads to engaging more pilots and/or to
synthesis of complex multidimensional and
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multiloop regulators for controlling its spatial
motion.

ARTICLE PURPOSE

The article purpose is development of a
new architectural and structural type of self-
propelled tethered underwater vehicle as a car-
rier of technological equipment, which ensures
minimal disturbing influences on it during spa-
tial motion and positioning in six degrees of
freedom, and thus improves the control quality
of its technological equipment.

PRINCIPLE OF SEPARATING
PROGRESSIVE AND
ROTARY MOTIONS

Any ROV as a physical body moving in
three-dimensional space has six degrees of
freedom: three progressive and three rotary.
For carrying out the full range of tasks, the
ROV controlled motion should be performed
in all six degrees of freedom.

The theoretical basis of the suggested
architectural and structural ROV type is
formed by the separation of its structure into
two parts, each of which performs a specific
task and moves in its own degrees of freedom:

- progressive motion platform (PMP);

- rotary motion platform (RMP).

The PMP main elements are the bearing
frame, the tether IN mounting element and the
propulsion system, which makes it possible for
the ROV to move in progressive degrees of
freedom in any direction. Such PS should
generate the forces, the resultant of which will
always go through the ROV center of mass
regardless of the value of each force, so the
resultant of the control moments will always
be equal to zero (ideally) or minimal.

The ROV elements, orientation in space of
which is not essential, should also be included
to the PMP structure, i.e. rigidly mounted on
the frame. They are the buoyancy blocks,
balance weights, navigation system, strong
casings with an onboard computer,
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information  exchange
electronics and more.

All the equipment sensitive not only to
progressive, but also to rotary coordinates
(first of all, the technological equipment)
should be located on the RMP, which is
attached to the PMP and has its own rotary
drives that provide change of the rotary
coordinates of the technological equipment.
The RMP implementation options depend on
the particular equipment, which is planned to
be installed on the ROV. For example, rotary
motion in the RMP horizontal plane can be
common for all pieces of equipment, and the
rest of rotary degrees of freedom can be
implemented by the RMP with a separate
drives for each piece of equipment. It is
possible to place several RMPs on the PMP.

The main disturbances that influence the
ROV are the vectors of the tether tension force
and moment. To minimize the influence of
disturbing moments, the tether IN mounting
point should be placed in the ROV mass
center. If the tether is not flexible enough, the
IN should be mounted on pin joints that will
provide the specified angles of its free motion.
In general, the tether free motion should be
provided within the horizontal cone, the apex
of which coincides with the ROV center of
mass and IN mounting point, and the cone
angle should be sufficient to ensure the

system,  power

specified range of the tether free motion.

The progressive motion of the ROV built
on the principle of separating progressive and
rotary motion (SPRM) can be freely performed
in any direction, provided the length of the
released part of the tether and the PS power
capacity are sufficient. At that, the control
conditions close to ideal will be provided: the
bow of such ROV will be oriented against the
oncoming water flow, and the tether will be
located behind the ROV stern, which is its
natural location at even a minimum water
flowing. This is the way to solve the problem
of the ROV controlled progressive motion at a
given spatial trajectory under the disturbing
influence of the tether.

The effective angular coordinates range
variation of the RMP technological equipment
is restricted by the presence of the PMP
elements and the tether in the ROV stern. Yet,
particular rotary trajectories realized by the
corresponding RMP drives are sufficient to
solve most of underwater tasks, as they are
usually carried out either in the lower or in the
upper hemisphere of the water space relative
to the ROV.

To carry out such kind of work, it is
proposed to implement the SPRM principle
according to the draft drawing shown in Fig. 1.

The buoyancy block is located on the upper
level. The PS is located and the tether IN is

Middle
level

Fig. 1. ROV architecture
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mounted on the middle level. The PS
propulsion devices are oriented in such a way
that the direction of PS force vector always
passes through the ROV mass center. The
balance weights and other heavy equipment
are located on the lower level. Depending on
the nature of the performed tasks, the RMP is
located on the upper, lower or both of the
levels.

At the ROV progressive motion, the
disturbing influences of the water flow will
create the force and the moment of resistance.
The force of the resistance will be
compensated with the PS propellers. The
moment of resistance will cause the change of
the ROV angular coordinates (pitch and roll).
There are two ways to reduce the disturbed
ROV angular coordinates zero: a passive
method and an active method. The passive
method implies locating the buoyancy block at
the top of the ROV and the balance weights at
its bottom. The active method implies the
usage of the pitch-and-roll control system and
is implemented if the passive method is not
sufficient. If there remains any non-zero pitch
and roll, the RMP can work them out so that
they would not affect the angular orientation
of the technological equipment. The RPM will
also compensate the change of technological
equipment horizontal angular coordinate.

NEW ARCHITECTURAL
AND STRUCTURAL TYPE
UNDERWATER VEHICLE VARIANT
OF REALIZATION

When developing the ROV configuration
according to the SPRM principle, the major
importance has the location of the PS
propellers, mounting points of the tether IN,
and the RMP proper.

To provide the self-propelled ROV
progressive motion in three degrees of
freedom, at least three reverse propelling
devices are required. At that, their placement
should meet two requirements: first, the
vectors of their force should pass through the
ROV mass center in order not to create
moments; second, they should be linearly
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independent, so that the control force vector
could be directed arbitrarily.

If the scalar value of the thrust of each pro-
pelling device is designated as F;, F, ta Fs,

then the ROV propulsive force F is deter-
mined by the following expression:

IE = ﬁlFl + §2F2 +§3F3,

where d 5 are unit vectors which form the

basis of the PS affine coordinate system.
If the propelling devices are located

perpendicular to each other, the vectors &, 4

will form the orthonormal basis of the PS
orthogonal coordinate system.

The variant of the ROV design which has
been developed with the use of the SPRM
principle and is equipped with three propelling
devices arranged perpendicular to each other is

shown in Fig. 2 [9]. The Figure indications are

following: 1 — the frame, 2 — the vertical
propelling device, 3 — the horizontal left
propelling device, 4 — the horizontal right
propelling device, 5 — the tether, 6 — the tether
input node, 7 — the pitch-and-roll control
system, 8 — the strong shells of the electronic
blocks, 9 — the RMP drives, 10 — the balance
weight, 11 — the technological equipment.

The vertical propeller is directed upwards;
the left and right horizontal (cruise) propellers
are directed at the angle of 45° to the ROV
diametral plane, with the horizontal left
propeller being directed forward and to the
right and the horizontal right propeller directed
forward and to the left. The propelling devices
placement allows mounting the tether IN in the
ROV mass center.

The RMP is placed at the bottom of the
ROV; it is a rotating device with three degrees
of freedom, and the technological equipment is
mounted on it (the camera and the LED-light
in this example). The three RMP drives are
fixed according to the gimbals suspension
principle; their rotary axes have a common
intersection point. This RMP configuration
provides arbitrary angular orientation of the
technological equipment installed on it using
the minimum number of rotary drives.
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Fig. 2. ROV design drawing: a — right-side view, b — bottom view

The rotary motion restrictions will be
formed by the wired connections which could
be eliminated with the use of the electrical
current transition modules.

Disturbing moments can occur on the ROV
elements due to the influence of the oblique
liquid flow. Such disturbances are compen-
sated by the passive effect of the buoyancy
block and balance weights, as well as by the
active effect of the pitch-and-roll control sys-
tem.

The free tether motion in the diametral
plane is provided in the range of
approximately £45°. The length of the released
part of the tether when operating is chosen as
such that its free motion is sufficient for the
tether not to create the pitching moment.

In the horizontal plane, the free tether
motion is provided within several degrees so
the tether can create the moment turning the
ROV around its vertical axis. Yet, the rotating
devices of RMP will compensate the ROV
yaw and will provide a constant value of the
angular orientation of the technological
equipment. Thus, there is no need in the ROV
controlled rotary motion.

The ROV control system generates two
groups of control signals:
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- the PMP control vector i, = {uy, U,, Us},

where ug,2 3 are the control actions of the pro-
pulsion devices;

- the RMP control vector G, ={ua, Ug, uy},

where u,,gp,, are the control actions of the rotary
drives.

To study the ROV operational motion, the
ROV-fixed coordinate system (FCS) and basic
coordinate system (BCS) are usually used. The
BCS is suggested to be stationary, and the
ROV motion is considered relative to it [19].
The FCS center coincides with the ROV mass
center, its abscissa and ordinate axes are
orthogonal and lie in the ROV diametral plane.
The former is directed to the bow, and the
latter is oriented vertically upwards. The
applicate axis forms the right-hand coordinate
system with them; it lies in the ROV
horizontal plane with the abscissa axis and in
the ROV transverse plane with the ordinate
axis.

Regardless of whether the basis @, &,, a,

is orthonormal, the control force F can be
presented in projections both on the BCS and
FCS axes:

MiABOAHI TEXHOMNOTrT ¢ 03/2016, 31-40
[pomucnoBa Ta LMBifbHa iHXeHepisa



ABTOMaTM3allid Ta IpwIiago0yyBaHHS

F =iFo + JoFyo +KoFzp =

= i#a Fra + Ta I:ya + lza Fra

where i, J,, k, are the BCS unit basis vec-
tors, i,, J,, k, are the FCS unit basis vectors.

If the coordinates of the FCS basis vectors
are set in the BCS:

Ty = il +1y Jp 1Ky
Ta = inl; + jy]b + szb;
|Za = kxit; + kbe + kzlzb y
then the correlation between the F vector pro-

jections on the BCS and FCS axes is deter-
mined by the following matrix equations [11]:

I:Xb an an I:Xb
Fio |=A|Fpa i |Fpa|=A"|Fpp |:
sz an an sz
Lo O ke
A=|i, J, k|
0 Kk

The correlation between the F vector pro-
jections on the FCS axes and the PS coordinate
system is determined likewise.

If the coordinates of the &, &,, &, vectors

in the FCS basis are known (they determine
the direction of the ROV propelling devices
operation and are known from its design cha-
racteristics):

A =dqyly +ay Ja + a Ky ;
dy =yl +ayy Jo + ay Ky ;

a3 =gyl +a3y Jo + ag,Ky,

then the correlation between the F vector pro-
jections on the FCS axes and the PS coordinate
system is determined according to the follow-
ing matrix equations:
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! . ! _1
Fyb =AAF, |; F = (AA ) Fyb :
F R F; F

alx a2 X a3x
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>
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y
aiz aZZ a‘32

For the control problems, the determination
of the control signals uj, u,, uz in particular,
the determination of the Fy, F,, F3 values by
given Fy,, Fyb, Fz is of special importance,
since the latter determine the direction of the
ROV progressive motion.

To control the angular coordinates of the
technological equipment their various geome-
tric representations and transformations could
be used [1, 18]. If stepper electric motors are
used as the RMP drives, and the angular orien-
tation of the technological equipment is set by
Euler angles 6, ¢ and v, then the RMP control
actions can be determined as a vector function
of a given angular orientation of the technolo-

gical equipment d, = f (6, ¢, y), which may

vary for specific RMP configurations.

As a result, there could be the ROV
designed in accordance with the SPRM
principle, which consists of the PMP and the
RMP. Moving and positioning of the
technological equipment in three progressive
degrees of freedom is performed by means of
the PMP with the use of the PS comprising
three  propelling devices. Moving and
positioning of the technological equipment in
the rotary degrees of freedom is carried out by
means of the RMP with the three-stage
rotating device. At that, the controlled ROV
motion and positioning in three rotary degrees
of freedom is not realized, which significantly
eliminates the unpredictable changes of
hydrodynamic effects on its hull, reduces the
number of the propelling devices and
simplifies the process of their control.
Mounting the tether IN at the center of mass of
the ROV also considerably reduces the
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disturbing moments, which makes the process
of the ROV control easier.

CONCLUSIONS

1. On the basis of the proposed principle of
separating rotary and progressive three-
dimensional motion, the theoretical basis of
design of the new self-propelled tethered
underwater  vehicles  architectural  and
structural type comprising two platforms was
developed, according to which:

- the resultant propulsive force of the
progressive motion platform passes through
the center of mass of the vehicle; its absolute
value and direction are controlled values,
which provides the motion in progressive
degrees of freedom along an arbitrary
trajectory under the disturbing influences of
the tether and the water flow;

- the controlled rotary motion of the
technological equipment is performed by the
rotary motion platform relative to the
progressive motion platform; the latter
provides the technological equipment
insensitivity to major disturbing influences.

2. The possible design variant of the new
architectural and structural type self-propelled
tethered underwater vehicle is proposed, which
comprises the propulsion system consisting of
three propelling devices for performing the
progressive motion of the underwater vehicle
in any direction, and a rotating device with
three drives for performing the rotary motion
of the technological equipment along any tra-
jectory; at that, the required number of the in-
stalled drives is minimal, which simplifies the
process of the underwater vehicle control.
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APXIiTeKTYPHO-KOHCTPYKTUBHUH THII
CAMOXiTHUX NMPHUB’SI3HUX MiJIBOJHUX
anaparis 3 yI0CKOHAJIEHOK KEPOBAHICTIO

Onexcandp bninyos

Harrionansamii yHiBEpCHTET
«JIbBiBCBKa MONITEXHIKA
Byan. Kuszst Pomana, 1, kopryc 19, JIbBiB
Vkpaina, 79000, energybox@mail.ru
orcid.org/0000-0003-0426-1219

AHoTaunis. Po3rmsiHyTO TeHAeHmii pPO3BHUTKY
Cy4aCHHX IIIJBOJHUX KOMIUIEKCIB 3 THYYKUMH
3B’s13KaMU Ta OCOOJMBOCTI iX MiABOAHUX amapaTis
SIK HOCIIB TEXHOJIOTIYHOro oOnanuanusa. HaseneHo
BIIOMOCTi IIIOJI0 OCHOBHHX 30ypeHb, SIKi BIUIMBA-
IOTh Ha PyX MiJABOJHOTO arapaTa y CKJIaJli IiIBOA-
HOTO KOMIUICKCY 3 THYYKHMH 3B’SI3KaMH, Ta Ha
SIKICTh BUKOHYBaHOI HUM POOOTH.

[IpoananizoBaHO OCHOBHI MPHUHIIUIIN KOMITOHO-
BKU €JIEMEHTIB KOHCTPYKIi MiJIBOJHOTO amapara
SIK CKJIAJIOBOI TiJIBOTHOTO KOMIUIEKCY 3 THYYKHMHU
3B’si3kaMu. Po3risiHyTO THMHOBI KOHQiryparii py-
HIHHUX KOMILJICKCIB ITiIBOJHUX ariapaTis.

3anmponoHOBaHO MPUHIIMIT BiTOKpeMIICHHS 00e-
PTOBOTO Ta TIOCTYMAJbHOTO TPUBUMIPHHX PYXiB
MiZIBOTHOTO arapaTa, 3aCTOCYBaHHS SKOTO IIpH
NPOCKTYBaHHI MiJBOJHKUX amapaTiB Ja€ 3MOTy 3a-
0e3nednTH MiHIMaabHI 30ypIOIOYi BIUIMBH TIPH iX
pyci Ta TO3WIIOHYBaHHI 3a MIICThMa CTYMEHSIMHU
CBOOOJM, 1 TUM CaMHUM IOKPAIIUTH SIKICTh Kepy-
BaHHS TEXHOJIOTIYHUM OOJIaJIHAHHSIM, BCTaHOBIIE-
HUM Ha TTIBOJIHUX araparax.

Po3po6iieHo TeopeTHydHi OCHOBH MOOYI0BH HO-
BOTO apXiTEKTYPHO-KOHCTPYKTUBHOTO THITY Camo-
XIJHUX TIPUB’S3HUX MiJABOAHHUX amapaTiB y CKIaJi
iaTopM 00epTOBOTO Ta MOCTYMAIBHOTO PYXY.

3amponoHOBaHO OJMH 3 MOXIIMBUX BapiaHTIB
KOHCTPYKIIii CAaMOXiTHOTO MPHUB’SI3HOTO ITiJ[BOJTHO-
ro amapaTa HOBOTO apXiTEeKTypHO-KOHCTPYKTHB-
HOTO THUIY Yy CKJIaJi pPYyIIHHOTO KOMILIEKCY 3
TpbOMa PYIIIHHAMH TPHUCTPOSIMH Ta 0OEPTOBOTO
NPUCTPOIO 3 TPbOMA NPHUBOJAMH JUIS 3iHCHEHHS
MOCTYMAIBHOTO Ta 00EPTOBOTO PyXiB TEXHOJOI1Y-
HOTO OO0JIaHAHHS 3a IIICTbMa CTYIEHAMHU CBOOOIH.

KurouoBi cjoBa: migBogHMii amapat, apxiTek-
TYPHO-KOHCTPYKTUBHHIA THIL.
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BupoOHMIITBO Ta TexHOJIOTiT

AHanun3 KoMnneKkcHoro ooe3BoXnBaHus
MenkKux dopakumm rpaHuTa

Bnadumup Hadymbiii*, Banenmura YenbiwkuHa?, Cepaeli Kocmbips®

UHCTUTYT reoTexHudeckon mexaHunkm umeHi H.C. MNMonsikoea HAH YkpauHbl
yn. Cumcpepononsckas, 2a, [JHenponeTpoBck, YkpanHa, 49005
lnadutyvp@yandex.ua, orcid.org/0000-0002-2453-0351,
“orcid.org/0000-0003-3601-1572, ®orcid.org/0000-0001-5215-080X

AHHOTauMs. B crarbe npencTaBiieHbl pe3yib-
TaThl Pa3pabOTKH MaTeMaTu4yecKoil MoAenu s
OIMCaHUs Mpolecca KOMIUIEKCHOTO 00e3BOXKHBA-
HUs Mekux ¢pakiuii rpanuta (+0,25...0,63 mm)
u (+0,63...1,6 mM). B ycraHoBke /s 06e3BOKH-
BaHUs KCIIONB3YIOTCS TPU METO/a: BHUOpAIMOH-
HBIM, BaKyyMHBII U 3jeKTpoocMoTudeckui. He-
3aBUCHUMBIMH II€PEMEHHBIMU SIBISIOTCS CEMb Ia-
paMeTpoB: HCXOIHAsl BJIAXKHOCTb, IUIOIIAAb IIO-
BEPXHOCTH CYIIKH, H3MEHEHHE JABIICHUS B BaKy-
YMHOM Kamepe, HalpspKeHHE Ha 3JIEKTPOAax, dac-
TOTa KOJIeOaHUIl M BeNMYMHA BO3MYLIAIOIIEH CH-
JBl BUOPOBO3OYAMTEINS, Yroji HAaKIOHA Pabovero
oprana. 3HayeHue pabOThl COCTOUT B pa3paboTKe
PErpeccCMOHHON MOJENH AJIsl MPAKTUYECKOro OIH-
CaHMsl U3MEHEHUS] KOHEYHOW BJIA)KHOCTH I'paHHUTa
OT YKa3aHHBIX MTapaMETPOB.

KuarwueBble ci0Ba: KOMIUIEKCHBIH METO/,
BJI&KHOCTh, TPAHUT, PETPECCHOHHbIC YPaBHEHUSI.

BBEJAEHUE

OcHOBOI1 pabOTHI aBTOPOB SIBJISETCS
MOUCK TEXHWYECKOTO pEIIeHUs I J0CTa-
TOYHO TiIybokoro ob6e3BoxuBanus (4,0...6,0
% OCTaTOYHOW BJarv) TOPHOW Macchl, HCCIIe-
JIOBaHUE 3aKOHOMEpPHOCTEH MaccorepeHoca,
obocHoBanue ero 3¢hdexTuBHOCTH U PabOTO-
CIOCOOHOCTH, B Pe3y/bTaTe Yero MpeasiokKeH
METOJ KOMILJIEKCHOTO 00€3BOKMBAHUS BIIAXK-
HOM TOPHOM MAacCCBL.
Pa3paboranHoe aBTOpamMH YCTpPOICTBO
MIO3BOJISIET BBIOJHATH KOMIUIEKCHOE 00€3BO-
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KMBaHWE TOPHOW MAaccChl, MOCKOJIBKY B HEM
OJIHOBPEMEHHO HCIIOJIB3YIOTCA TPU MEXaHM3-
Ma 00€3BOKMBaHMS (BUOpAIlMOHHBIN, BaKy-
YMHBIA U 3JIEKTPOKUHETHYECKUN) Ha OCHOBE
3JIEKTPOOCMOCa, OCHOBAHHBIM Ha Mpoleccax
nepeHoca BIark B oOpabaThiBaeMOM MaTe-
puase 1moj BIMSHUEM MOCTOSHHOTO Toka [1,
2]. IlpenBaputenbHble HCCIEIOBaHUS 00€3-
BOKMBAHMSI 10 JAHHOMY KOMIUIEKCHOMY Me-
TOJy TOKa3alu OOHAIEKHUBAIOLIUE Pe3yNbTa-
oI [3].

BubpannonHnslii MeTosl mo3BoseT 3¢-
(bekTUBHO OTOMpPaTh U3 TOPHOW MAacChl BHEIII-
HIOIO BOoAy [4 — 6], BakyyMHBIH cIIOCOO YCKO-
pSeT ATOT MPOLECC U JIOMOJHUTENBbHO 00e3-
BOKMBAET IOPOBbIE KaHaJIbl B TOPHON Macce
[7], a Takke yOupaeT mepeMbIYKH BIIaru Me-
&KJly YacTHIIAMU TBEPJIOTO OcCTaTka (Tak Ha-
3bIBaéMble MepeTsiKku). OAHAKO Kamuuisip-
HYIO BJIary U3BJe€Yb TUMU METOJaMU HE yla-
€TCsl, TIOCKOJIBbKY CHJIBI MOBEPXHOCTHOTO Ha-
TSOKEHUS BOJIbI B KamMJUIApax JOBOJIBHO Be-
nuku [9].

Lenbto nanHON pabOTHI SABISETCS OIpe-
neneHrne 3G HEKTUBHOCTH  00E3BOKMUBAHMS
MEJIKOTO TpaHHTa 10 JABYM KjaccaM KpYITHO-
ctu: (+0,25...0,63 mm) u (+0,63...1,6 mm)
nyTéM BapbUpPOBAaHUS MapamMeTpaMmu 00e3BO-
YKUBAIOLIETO yCTPOWCTBAa U IMOJTYYEHHE MHO-
ro()akTOPHBIX PETPECCHOHHBIX ypaBHEHUH.
CHWKEHHE BIAXHOCTH TaKWX MAaTepHAIOB
aKTyalbHO B c(hepax TOPToBIIM, TPAHCIOPTH-
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POBKH U NMPUMEHEHHSI B Pa3IMYHBIX TEXHOJIO-
THSX.

[Tpu mpoBeACHUU HKCIIEPUMEHTOB Ha KO-
HEYHYIO BJIQXXHOCTh BJIUSJIM CEMb HE KOppe-
JUPYIOIUX MEXIy co00# MmokaszaTenei: mio-
mane nepPopupoBaHHON IMOBEPXHOCTH, HaA
KOTOPOH pa3Memiajcs BBICYIIMBACMBIH IPO-
IOYKT, S (MZ), MCXOJHAs BJIAXKHOCTh IPOJYKTA
Wiex (%), naBrneHue B BaKyyMHOU Kamepe
P (MIla), HanpsbKeHHEe JIEKTPUUECKOTO MO
U (B), BenmumumrHa BO3MYyIIaromeld cuibl (ycu-
nust) BuOpoBo3Oyautens F (kH), wacrora ko-
nebaHuit BUOPOBO3OYIUTENS (MI/IH'l) U yTou
HakJIoHa pabodero oprana o (rpan) [9]. Vka-
3aHHBIC TI0KA3aTeJId BapbUPOBAIUCH B ClIE-
TYIOIIUX Thana3oHax:

$=0,08...1,12 ™% ¢ marom 0,08 M%;
W,ex=10...30%, ¢ marom 10 %;

P =0,088...0,1 MIla, ¢ marom 0,04 MI1a;
U =25...100 B, ¢ marom 25 B;
F=05...08xH, ¢ marom 0,1 xH;

® = 1500...3000 mun™, ¢ marom 500 mun™
o=>5...20 rpan, ¢ marom 5 rpaf.

OO11ee KOIMYECTBO 3KCIEPUMEHTAIBHBIX
n3MepeHuil coctaBuio 88.

[EJIb 1 METOJIbI PABOTHI

[lenpro wuccnenoBaHuii: MO pe3yibTaTaM
OKCIIEPUMEHTOB OLIEHUTh BIUSHUE KaKIOTO
MOKa3aTessl U MOCTPOUTh OOOOIIEHHYIO per-
PECCHOHHYIO 3aBUCUMOCTh KOHEUHOM BIIaXK-
HOCTH OT BCEX CEMU ITOKA3aTEeIICH.

Bnauane, MeToIOM MOCTPOEHHUS MapHBIX

Tadomuua 1. Kosddunumentsr ypasuenust (1)

Table 1. Equations (1) coefficients

KOPPEJISIHI, UCCIIeI0OBATIOCHh BIMSHUE HA KO-
HEYHYIO BJIAXXHOCTh KaKOTO-TO OJHOTO IOKa-
3aTelisl MPU OCTAIBHBIX (UKCHPOBAHHBIX Ha
YPOBHE TIOCTOSIHHBIX 3HAYCHHNA. AHAITH3UPO-
Bajlach 0a3a M3MEpPEHUN BIAKHOCTHU JJI TPEX
3HAYCHUH 1omaau ode3poxkuBanus: 0,08 M,
0,56 M°> u 1,12 M* u clenyomux (HUKCHpo-
BaHHBIX nokasareisix: W, = 30 %, P = 0,063
MIla; U =75 B; F = 0,5 kH; o = 3000 mun™;
o = 5 rpan. Ilapasle Koppessuu 103BOIUIN
YCTAaHOBHUTH XapaKTep B3aMMOCBS3H KaXJI0TO
U3 ToKa3areyiedl ¢ KOHEYHOM BIIAKHOCTBHIO
(TMHEVHas, HETMHEWHAS ).

JIIsl OLEHKH CTEICHHM BIIHUSHHS KaKJIOTIO
(bakTopa ObLTa MOCTPOCHA JIMHEHHAs perpec-
CHs BHJIA:

WKOH. = f (aO +ayW,

iex, TS +asW +a,U +asF +

+agP +a;0.)

1)

IIpu »>TOM WHcCHONB30BaNach MpOrpaMma
Microsoft Excel, mo3Bossitorasi CTpouTh per-
PECCHOHHBIE 3aBUCHUMOCTH C YUCIIOM Cllarae-
MbIX 16 u menee. [lonydeHo, 4To kBajapar Ko-
s duireHTa Koppensuuu JUisl 3TOM 3aBUCH-
MOCTH HMEET HEBBICOKOE 3HadeHHe: R° =
0,8751455. TlosTomMy ee psMOe UCIOIb30Ba-
HUE Helenecoo0pa3Ho, U HUKE Mbl MOJTYyYUM
Oosiee aJeKBaTHbIE PErPECCUOHHBIE MOJIEIH.
Opnako BennMurMHA KO3(PPHUIIMEHTOB B ypaB-
HEHUM JMHEHHOH perpeccuu (ao, ai, ... ay
MO3BOJISIET OPHEHTHPOBOYHO OIICHWBATh Ha-
CKOJIBKO CHJIBHO BIIMSET KaXAbli M3 (akTo-
POB Ha KOHEYHYIO BJIIAKHOCTBH: YeM OOJIbIIe
BeJIMYMHA KOX(PPHUIMEHTa NMPH JTaHHOM (ak-

He3zaBucumbie KoaddurmeHtsr CranpaprHas t
OIIII/I6K3. CTaTUCTHUKA

(axcroper o 24,1049 3,014627 7.995982
W, @ 0,353584 0,050874 6,950182

S > —8,86693 0,476443 18,6107

® as ~0,00119 0,000623 —1,90659

U 2 —0,02418 0,0117 206679

F s 5,243971 3,112594 1,684759

P a6 190,386 19,32261 —9,85301

o a 0,292498 0,062252 4,698629
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TOpe, TeM cuiibHee ero BiustHue (Tadm. 1).

AHanu3 pe3ysbTaToOB MOCTPOCHUS MAPHBIX
KOppeNsnuil ¥ JuHelWHou perpeccuu (1) mo-
3BOJIWJI CEJIATh CIAEAYIOIINE BHIBOJIBI:

1. HauGosee cunmpHOE BIUSHUE HA MPOIIECC
CYLIKM OKa3bIBaeT JaBJICHUE B BaKyyMHOM
kamepe P. Jliiga MakCUMaJIbHOM TIIOIIAAM TO-
BepxHocTH 1,12 M IIPY UCXOJHOU BIIAKHOCTHU
30 % wmMeeT MECTO CHIKEHHE COAECp KaHUus
Bnaru 710 9 % npu P = 0,088 MIla u 1o 6,3 %
npu P = 0,1 MIla. Jlna menkoro kiacca rpa-
HUATAa TMpU 000N IUIOMIAAN 3aBHUCUMOCTD
Wion. OT P MeeT JTUHEHHBIN XapakTep.

2. Ha BTOpOM MecTe MO CTEIEeHHU BIUSHUSA
HaXOJUTCS IUIOMIA[b TOBEPXHOCTH CYIIKH.
DTa 3aBUCUMOCTh UMEET BBIPAXKEHHBIN HEJH-
HEWHBIH XapakTep. OnTuMalibHas TUIOMAAL —
nanGonbmast: S = 1,12 Mm%

3. 3aBucuMocTb Wyoy OT BEIMYUHBLI BO3-
Mymarouei cuisl F umeer nuHenRHbId Xapak-
tep. Hanpumep, npu S = 1,12 M YBEJIMYEHHE
F c 0,5 no 0,8 kH npuBoauT K yBEIMYECHUIO
KOHEYHOH Bi1axkHOCTH ¢ 11,7 no 14%.

4. 3aBucumoctb Wy, OT MCXOAHOM BlaXK-
HOCTH W,cx. MMECT BBIPRKCHHBIM HETWHEH-
HbIi Xapakrep. Tak, amsa S = 1,12 M IIPU HC-
xogHou BrnaxkHoctd 30 % KoHeYHAasT BiIaXK-
HOCTBL cocTaBisgeT 12 % u cHmkaercsa Ha 18
€AVHUL, a IPU MaJOil MUCXOAHOW BIAXHOCTH
(10 %) — mumb Ha 3 equnauLb (10 7 %).

5. 3aBucumocts Wy, OT yIUIa HaKJIOHA pa-
Oouero opraHa o UMeeT JIMHEHHBIN XapaKTep.
YBenuueHue o CBbILIE 5 Tpajl. OKAa3bIBaeT He-
raTUBHOE BIUsHUE. Tak mpu o = 5 rpaja. Ko-
HEYHas BIAXHOCTh coctaBiser 11,8 %, a nmpu
20 rpazg. — 16,9 %.

6. 3aBucuMocth Wi,y OT Hampspkenus U
JIMHeHHas, cinadas. Tak, mug miomanu 1,12 M
U TIpounx (UKCUPOBAHHBIX TapaMmeTpax MpH
ysenmnueHnn U ot 0 mo 100 B koneuHas
BIAKHOCTHL CHIDKaercst Ha 2,5%: ¢ 13,3 1o
10,8%.

7. 3aBucumocth Wyon OT YacTOTHI Kosreba-
HUN BUOpPOBO3OYAMTENS O — JIMHEWHas1, cla-
6as. [Mpu S = 1,12 M H MpoYnX (PUKCUPOBAH-
HbIX napamerpax (U = 75 B) yBenuuenue o ¢
1500 mo 3000 MHH BeeT K CHIDKEHUIO
BiaxkHocTH ¢ 14,6 1o 11,5% (ua 3,1%).
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Takum 00pazoM, BBISIBICHBI MSTh JTUHEH-
HBIX W JIB€ HEMWHEHHBbIC 3aBUCHUMOCTH Wiy,
OT u3MeHsAeMbIX ¢akTopoB. Henuneiinoie 3a-
BHCHUMOCTH — OT ILIOMIAJH CYIIKH S U OT HC-
xonHo# Brnaxkuoctu W,., Hannune nenunen-
HBIX CBSI3€H SIBIISICTCS OCHOBAHUEM MJISI TOTO,
yTOOBI TIPH TOCTPOCHHH OO0OOIIEHHON per-
peccnoHHO Mojenu (0T Bcex ceMHu (hakro-
poB) 3anaTh 1eneByr0 GyHKIuI Wiy B BHIE
MOJTHOW KBaJpaTHYHOU (OPMBI:

WKOH.: f (WI/ICX.S’ U, F, P, a, Wucx.s’ Wncx.m!
Wyex U, Wy F, Wy P, W, o, So, SU, SF, SP,

Sa, oU, oF, oP, oo, UF, UP, Ua, FP, Fa, Pa, ( )
W, 2, 8%, 0?2, U2, F2 P2 o?).
MuyHAMHU3UPOBATh YMCIIO YIEHOB YpaB-

HeHUs (2) W MONYyYUTh aJIeKBaTHYIO perpec-
CHOHHYIO MOJIEJb TO3BOJISIET U3BECTHAS MPO-
rpamma SPSS [10] mpu HCIIOIb30BaHHK OII-
nun  «llomaroBeiii  oT60p». IIporpammoint
SPSS npemnokeHo 13 perpeccHoHHBIX MOje-
Jeid, TOCTOBEPHOCTh AaNIpPOKCHUMAIUU KOTO-
PBIX OIICHHBAJIACh IO BEJIMYMHE KBajapaTa KO-
s PuIeHTa KOPPEsIuU JABYX MHOMKECTB —
pacueTHOr0 M HSKCHEPUMEHTAIBHOIO 3Haue-
HUN KOHEeuHOU BiakHocTH (Tabu. 2).

Hwxe mnpuBeneHsl MepeMEHHBIE, BKIIO-
YeHHBIC B ypaBHEeHUs Mojenei 1 — 13:

. (const) SP

. (const) SP, W

. (const) SP, W, WP

. (const) SP, W, WP, WS

. (const) SP, W, WP, WS, S?

. (const) W, WP, WS, S?

. (const) W, WP, WS, S, Fa

. (const) W, WP, WS, S?, Fa, S

. (const) W, WP, WS, S? Fa, S, SP

10. (const) W, WP, WS, S?, Fa, S, SP, oU

11. (const) W, WP, WS, $%, Fa, S, SP, oU, W?

12. (const) W, WP, WS, %, Fa, S, SP, oU, W, Sa
13. (const) W, WP, WS, S?, Fa, S, SP, U, W, Sa,
wa.

O©COoO~NOOITDE, WN B

3nece 1 Hrxe odosznaueno W = W, .
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Ta6auna 2. CtaTHcTHKA PErpeCCHOHHBIX Moaenei 1 — 13
Table 2. Regression models 1 — 13 statistics

Moens R R2 CKOppCIgTI/IpOB. ocufzgia I/I3MCRHZGHI/IE I/I3MeEIeHH5{
OIICHKH
1 0,788 0,622 0,617 3,10337 0,622 141,293
2 0,841 0,707 0,700 2,714772 0,085 24,703
3 0,892 0,795 0,788 2,31136 0,088 36,123
4 0,927 0,859 0,852 1,92915 0,064 37,582
5 0,951 0,905 0,899 1,59174 0,046 39,917
6 0,951 0,904 0,899 1,59300 0,001 1,131
7 0,965 0,931 0,927 1,35615 0,027 32,524
8 0,971 0,943 0,939 1,24065 0,012 16,979
9 0,978 0,957 0,953 1,08796 0,014 25,331
10 0,982 0,964 0,961 0,99466 0,008 16,712
11 0,983 0,966 0,962 0,97622 0,002 4,013
12 0,984 0,968 0,964 0,95753 0,002 4,075
13 0,985 0,970 0,965 0,93188 0,002 5,297

N3 Tabn. 2 BuAHO, YTO MOAEIH 5 M 6
HMEIOT OJIM3K0E, HO HE BBICOKOE 3HAYECHHE R?
~ 0,90, 4TO HEZOCTATOYHO IS aJeKBATHOTO
onucanusa. Monenu 7, 8 Tak)Ke UMEIOT HETOC-
TATOYHO BBICOKOE 3Ha4eHue R°. Mojemu 9 u
10 UMEIOT MPUMEPHO OJIMHAKOBYIO BEIUYUHY
R%~ 0,96. st mozeneii 11 —13 snauenne R
YBEJIMYMBACTCS, HO HE 3HAYUTEIBHO R? =
0,97, TOo ecTb yBenmWYeHHE KOJIMYECTBA Cla-
racMbIX B ypaBHEHUU PETPECCHH HE OIpaB-
nanHo. Takum oOpa3zom, Hambosee MOAXOMs-
IIUMU SBJIsLroTCs Momenn 9 u 10.

Koaddunmentsl ypaBHEeHUHIT perpeccuu
it mozeneit 9 u 10 mpuBenens! B Tabm. 3.

Mogemn 9 n 10 oTangaroTcs OJHUM Cia-
raembiM oU. Kak BuaHo u3 Tabdn. 3 koadpou-
[MEHT TPU STOM clliaraeMoMm Onn3ok K 0, mo-
ATOMY ISl TIPAKTHYECKOTO WCIIOIh30BAHUS
cleIyeT peKOMEHI0BaTh MOJIEINb 9:

W, =4,685+128,759SP +1,207W —9,396WP —
~0,393WS +10,05652 +0,503F 0. —18,3455;  (3)
R2 =0,957

OTMETHM, YTO M3 CEMM IOKa3aTeyed B MO-
nenb 9 He Bonum nBa — U u . Ucxona us
aHaIM3a MapHBIX KOPPENSIUH, MpU IKCILTya-
Talnuu yCTaHOBKI/I JJISL 0663B0)KI/IBaHI/I$I, 9THU
mapaMmeTpbl JIOJDKHBI OBITh  BBIOpaHBI Ha
YpOBHE palMOHalIbHBIX 3HadeHuit: U =

44

75...100 B 1 = 2500...3000 mun". Perpec-
CHOHHOE ypaBHEeHHE (3) C BBICOKOH JOCTO-
BEPHOCTBIO OIMUCHIBACT CHIKEHUE BIAKHOCTH
rpanuta KpynHoctsio 0,44+0,2 mm ¢ 10...30

% 1o 7...9 % u JOCTUTHYTOM MHUHHMYyME 6,3
%.

BbIBO/IbI

[IpoBeneH aHamM3 SKCIEPUMEHTAITBHBIX
JAHHBIX TO OO0E3BOKMBAHHMIO MEJIKHX (pak-
it rpanuta (-0,63...+0,25 MM) Ha ycTaHOB-
K€ ¢ KOMIUJIEKCHBIM BO3E€HCTBUEM BUOpalMH,
AJIEKTpOOCMOca W BakyymupoBanus. C 1mo-
MOUIbI0 COBPEMEHHBIX METO/I0B KOMIIBIOTEP-
HOTO aHajm3a pa3paboTaHa perpecCHOHHAs
MOJIeNb JUIsl IPAKTHYECKON OIIEHKH KOHEYHOM
BJIQKHOCTH TIPOJYKTa. PerpeccnonHoe ypas-
HEHHME ONMCHIBAECT IMpPOLECC O00E3BOKUBAHMS
MpHU JIBYX TOKa3aTessix, (UKCUPOBAHHBIX Ha
YPOBHE PAllMOHAJBHBIX 3HAYCHMN: HampsiKe-
Hue U = 75...100 B, gacrota 060poTOB npu-
Boga BuOpoBo3Oymutens o = 2500...3000
00/MUH. U BKJIIOYAET MATh BAPbUPYEMBIX MO-
Kaszarenel: IUIOMIAJ b TOBEPXHOCTH 00€3BO-
KWBAHUS, WCXOJHAs BJIAKHOCTh TPOIYKTA,
JIaBJICHUE B BaKyyMHOW Kamepe, BEIHMYMHA
BO3MYIIAIOIIEH CHUJIBI  BUOpPOBO3OYAMTEIS,
yrojl HaKJIOHa paboyero opraHa. Mozaenb Ox-
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BaThIBacT AHaniasoH CHUKCHUS BJIIAXXHOCTHU C

10...30% no 7...9 %.

5. Haayreni B.IL., Jammuu E.C., llleBuenko
A.M., 2012. HUccnenoBanre KHHETUKNA 00€3BO-

Taoauna 3. Koadpduuuents! ypaBHeHHH

perpeccun

Table 3. Regression equations coefficients

Ne Koaddu- N
mone- | Crmaraemoe | IWEHT IpH tKpHTepHil
(Crpronenra)
JINn cjjaracMomMm
(const) 4,685 3,201
SP 128,759 5,033
w 1,207 18,107
9 WP —9,396 —-15,156
WS -0,393 5,726
s’ 10,053 10,979
Fa 0,503 7,035
S -18,345 —6,695
(const) 6,539 4,628
SP 128,637 5,500
W 1,176 19,155
WP -9,140 -16,028
WS -0,393 —-6,259
10 s 9,931 11,856
Fa 0,551 8,293
S -18,192 —7,262
0,
oU a TOYHee —4,088
(-8-10)
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Summary. The article presents the results of
development of a mathematical model for descrip-
tion of the integrated dewatering (dehydra-
tion) process of the small fractions of granite
(0,44 + 0,2) mm. Three methods are used in appa-
ratus for dewatering: vibration, vacuum and elec-
tro-osmosis. The seven parameters are indepen-
dent variables: the initial moisture content, the
area of drying surface, change of the pressure in
the vacuum chamber, the voltage on the elec-
trodes, frequency and magnitude of the disturbing
force of the vibration exciter, the angle of inclina-
tion of the working body. The importance of the
work is the development of regression model for
the practical description of changes of final mois-
ture of granite from the specified parameters.

Key words: integrated method, moisture, gra-
nite, the regression equations.
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OnpegeneHue paaMepoB BOPOHKU BCacbiBaHUA ANsi NOABOAHLIX
TeXHONOrnn paspaboTKn POCChINHbIX MECTOPOXAEHUN

Onbe2a MedselOesa

WHCTUTYT reoTexHndeckon mexaHunkm umenn H.C. Monskosa HAH YkpanHbi
yn. Cumdpepononbckas, 2-A, JHenponeTpoBck, YkpanHa, 49005
Olya-1702@yandex.ua, orcid.org/0000-0001-5575-713X

AHHOTanuUs. YCTaHOBJIEHO, YTO IpPHUMEHEHHE
TpyOONPOBOAHOTO THUAPOTPAHCIOPTA CUUTACTCS
HaunOoJiee MEepPCIEeKTUBHBIM AJsl pa3pabOTKU Tep-
BUYHBIX U TEXHOI'CHHBIX pOCCBIHCfI H3 1oa Cjaos
Bobl. [Ipoananu3npoBaHbl TEOpETUIECKUE HCCIIE-
JOBaHUsI MPOLIECCOB TEUCHUSI B PaccMaTpUBaeMOM
o0JylacTu, OHAKO JaXKe€ OHU CYILECTBEHHO OMMpa-
IOTCSl Ha 3KCIIEPUMEHTAIbHBIE KOHCTaHTBI U HC-
NOJIB3YIOT HE OOOCHOBaHHBIE MPEIIOJIOKEHHUS.
ITomydeHsl TeOpETUYECKUE OLEHKH pa3MEpPOB BOPOH-
KW BCAChIBaAHUs, YUNTBIBAIOIINE IPON3BOAUTCIIbBHOCTD
YCTaHOBKH, JMaMETpP BCACHIBAIOLIEIO TPyOOIPOBOAA,
a TaKKe CBOWCTB TBEPABIX YACTHI] JOOBIBAEMOH poc-
ceimu. PaccmaTpuBas ruapocmech Kak OJHOPOI-
HYIO KMJKOCTb TOBBIIIEHHON NJIOTHOCTH, Hay4HO
000CHOBaHAa MOJENb TEUYCHHS B 30HE BCACBIBAHMS
rpyHTO3a00pHOrO yctpoiicta. IlomydeHHble 3aBuCH-
MOCTH TIO3BOJISIFOT 00OCHOBaTh MEPHOAUYHOCTH U
11ar nepeMerieHus Jo0ObIYHOM YCTaHOBKH, a TaKKe
OLICHUTH BpeMsl Pa3pabOTKW MECTOPOXKACHUS W
panroHaIbHOE KOJIIMYECTBO YCTAHOBOK.

KiroueBble cj10Ba: BOPOHKA BCACBIBaHUS, pa-
ZIyC pa3MbIBa, [PYHT03a00pHOE YCTPOHCTBO.

BBEJAEHUE

[Ipumenenne TpyOOMPOBOJHOTO THIPO-
TpaHCIIOpPTa CUMTAeTCs Haubosee mepcerek-
TUBHBIM JJIS1 Pa3pabOTKU NEPBUYHBIX U TEXHO-
TeHHBIX POCCHINel U3 Mo caos Boasl [1 — 5].
HezaBucumo OT TOro ucmosb3yercs Ais J10-
ObIYM pOCChINEN 3eMCHapsii WU ApiaudTHas
yCTaHOBKA MPOIIECC MOCTYIJICHHUS B3BELICHHO-

MIABOAHI TEXHONOTrTi » 03/2016, 47-53
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rO WK pa3MbIBAEMOr0 TPYHTa BO BCACHIBAIO-
mmii  TpyOOIPOBOJ BO MHOTOM OIPEACISET
3¢ dekTHBHOCT, Bcell TexHomoruu. Kpome
3TOTO MapaMeTPhbl TEXHOJIOTHH JTOOBIYH CYIIIE-
CTBEHHO 3aBHCAT OT I'EOMETPHUYECKHX pa3Me-
POB BOPOHKH BCaChIBaHUS, KOTOpast oOpa3yeT-
Cs NPH B3aMMOJCHCTBHM IIOTOKA JKUIKOCTH,
3acachblBAEMOr0 B TPYOOINPOBOA, W TPYHTOM,
HAXOMSAIIMMCS Bo3Jie TpyObl. Pe3ynbraThl aHa-
JM3a W3BECTHBIX METOJOB pacyera Iapamer-
POB BOPOHOK, 00pa3yeMbIX Ha BXOJE BO BCa-
CBIBAIOMIHI TPYOOTIpOBOa 3eMcHapsaa [1 — 5],
YKa3bIBAIOT Ha JIOMHUHHPOBAHUE B HHUX JMITH-
PUYECKHUX 3aBHCUMOCTEH, Wi GopMy, MOIy-
YCHHBIX Ha OCHOBE TEOPHH pa3MepHocTH. M3-
BECTHbl HEMHOTOUHCJICHHBIE TEOPETUYECKUE
WCCIICTOBAHMS TTPOIIECCOB TEUCHUS B paccMart-
puBaeMoii 00JacTH, a TakKe eIWHUYHBIC TO-
MBITKA TIOCTPOSHUST MAaTeMaTUICCKOW MOJIEITH
nporecca [5, 6]. OgHako make OHH CYIIECT-
BEHHO OITUPAIOTCS HA JKCIEPUMEHTATbHBIC
KOHCTAHTHI M HCIOJB3YIOT HE 0OOCHOBAHHbBIE
TIPEIITOJIOKCHHUS.

HEJIb PABOTBI

Lenbro myOnuKkanuu sBisieTcs pa3padboTarb
MaTEeMaTHYeCKyl0 MOJENIb TEUEHUS BOIbI CO
B3BEIICHHBIMH TBEPJBIMU YacCTHIIaMH B 00-
JacTU MEXIy BXOJOM BO BCACBIBAIOIIUU TPY-
O0NpPOBOJ M Pa3MbIBAEMbIM IPYHTOM, a 3aTe€M
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Ha OCHOBAHWH 3TOIr0 OIPCACIUTH T'COMCTpPHU-
YCCKUC PasMEPbl BOPOHKU BCACBIBAHUSA TCOPC-
THYCCKHUM IIYTEM.

I[TOCTPOEHUME MOJEJIM TEHEHU A

Ha ocHOBe pe3ynbTaToB BH3yanu3allld Te-
YeHHsI BO3JIe BXOJla BO BCACHIBAIOUINI TpyOO-
mpoBoA 3eMcHapsiia [1 — 5], a Takke u3BecT-
HBIX TOJ0XeHui [7, 8 — 11] u rumore3 TexHu-
gyeckoil ruapoanHamukn [12 — 16], npeanara-
eTcsl Clelyrollasl pacueTHas Cxema paccMart-
puBaemoro teuenus (Puc. 1):

- TEUEHHUE SIBISIETCS OCECUMMETPUYHBIM H
MIPU PaCCMOTPEHHH B CHEPHUECKON cHucTeMe
KOOpJIMHAT MapaMeTpbl TEUEHUs 3aBUCAT OT
paanyca v OHOU yIJIOBOM KOOPJIWHATHI,

- yIJIOBas KOOPAMHATA B pacCMaTPUBAEMBbIX
yCIIOBUSAX W3MEHSITCS OT 0, 9TO COOTBETCTBYET
Cpe3y BcachIBaloIIEro Tpyoorposoaa, a0 90°,
9TO COOTBETCTBYET MAaKCHUMAIIbHOW TIIyOuMHE
BOPOHKH BCACHIBaHMUS;

- B IIONEPEYHOM CCUCHUHU paccMaTpuBae-
MO 001acTH KaXKIbli U3 KpaeB TpyOonpoBoaa
SBJIICTCS IICHTPOM IOTCHIUATHHOTO BHUXPS,
OTIPEACTSIONIUX  paclpeieNieHue  YIIOBBIX
CKOpOCTEN KUJIKOCTH;

- pamuanbHas KOOpJAMHATa M3MEHSETCS OT
HYJISI, pacloOJI0KEHHOTO B YIITy BCaCBIBAIOIIE-
ro TpyOOIpOBOJa, W N0 TPAHHIIBI BOPOHKHU
BCACHIBaHUS;

- JBW)KEHUE >KUIKOCTH OIHCHIBACTCS CHUC-
TEeMO ypaBHeHM Dilnepa;

- YACTHIBl TBEPJAOW (Ppakiuu MOIHOCTHIO
YBJIEKAIOTCS KUJIKOCTBIO, TO €CTh THIPOCMECH
paccMaTpuBaeTcsi Kak OJHOPOJHAs KUAKOCTb
MOBBIIIEHHOW MIOTHOCTH.

VYpaBHeHue Disepa B chepudIecKOl cucre-
M€ KOOpJWHAT JJIsi paccMaTpUBaeMOro 00be-
Ma, a TaK)Xe€ COOTBETCTBYIOIHME T'PAaHUYHbIC
YCIIOBUSI, TPEOOPA3YIOTCS K CIEIYIOMIEMY BHU-
ny [5, 16, 17]:

u véu_u® 1dp

U+ =2 (1)
or rod r por
NV Y uv 1dp ?
or roo r proo

2
2_U a_u_{_l@:u__ctgex’ (3)
r or rod r r
u(r)=u, uR)=w, (4)

rae U — paavanbHas COCTaBIIAONIAs CKOPOCTH
THJIPOCMECH; V — yTIJIOBasi COCTABIISAIONIAS.

VYpaBuenue Diinepa B chepudeckoil cucre-
M€ KOOpJIMHAT Ui paccMaTpuBaeMoro oobe-
Ma, a TaKX€ COOTBETCTBYIOILME I'PAaHUYHbIE
yCIIOBHS, MpeoOpa3yloTcs K CIeAyIoIeMy BH-
ny [5, 16, 17]:

2
u vau_u 1op O
or rod r por

Puc. 1. Cxema TeueHus: B BOPOHKE BCAChIBAHHS I'PYHTO3a00PHOI0 YCTPOHCTBA
Fig. 1. Scheme of flow in a suction funnel suction head
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(Vv w1 )
or raoo r proo

2
2_U+@ E@:u__ctgex’ (3)
r o roo r r
u(r)=u, uR)=w, 4)

rae U — paaraibHasi COCTaBIISIONAs CKOPOCTH
THAPOCMECH; V — YIIOBas COCTABJISIOLIAS
CKOPOCTH THIPOCMECH; P — JaBJICHHE MTOTOKA
THAPOCMECH; p — IUIOTHOCTH BCACBIBAEMOM
cpenbl; 0 — Tekymias yrioBasi KOODIMHATA;
I — Tekyllee 3HAUEHHE PaaHMyca; ® — PajH-
ambHas TPOEKIHUSA PasMBIBAIONICH CKOPOCTH
[1-5]; R — paanyc BOpOHKH BCAChIBAHHSI.

B COOTBETCTBUH ¢ MOJEIBIO «ITOTEHIHAIb-
HOTO BHXPS», YIJIOBas COCTABJISIONIAS CKOPO-
CTH THAPOCMECH OyaeT 0OpaTHO MPOMOPIHO-

HaJIbHA PaguyCy pacCMaTpuBacMoOro CCUCHUA
[16, 17]:

v=w5, (5)
r

rre W — yriioBas NPOEKLMs pa3MblBaIOLICH
CKOPOCTH.

C ucnonb3oBanueM (HopMyIibl (5) HETPYIHO
IIOJIYYUTh BBIPAKEHUS AJI COOTBETCTBYIOIINX
IIPOU3BOJHBIX OT YIJIOBOM COCTABIISIFOLIEH
CKOpOCTH MOTOKA U nepenucaTs ypaBHeHus (1)
— (3) B cnenyromem BUE:

2
w? R __1op

2 R , 6
3 00 p 00 ©)
u_wR® 10p 0
or r3 p or 1

2

%z—RctgG—zﬂ—r—a—u. (8)

00 W wor

Y4uThiBas reOMETPUUYECKUE PA3ZMEPHI 30HBI
BcaceiBanus [1 — 5], mpenmnonoxum, 4To H3-
MEHEHHMEM [IaBJICHUs B PaJHaIbHOM HaIlpaB-
JIEHUU MOXXHO TIpeHeOpedh MO CPaBHEHHUIO C
EeHTPOOSKHbIME cuiiamMd. C yd4eToM 3TOTO
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ypaBHeHue (7) mpeodpasyercst K BUY, [MO3BO-
JSAIOUIEMY pa3feluTh IEPEMEHHBIE U IIOJY-
YUTh BBIpAXKEHHE OJIs pacueTa paauaibHOU
COCTaBJISIIOLIEN CKOPOCTH:

u=w 1—(5)2 + [gjz , 9
r w

®opmyna (9) mMo3BONSIET MOJTYYUTH BBIpa-
KEHUE IS TPOU3BOTHON OT paguabHON CKO-
POCTH TI0 paguycy W mpeodpa3oBaTh ypaBHE-
Hue (8) k BHIy, JOMYCKAIOIIEMy pa3icicHHe
NIEPEMECHHBIX U TOJIYYEHHUIO CIIEAYIOIIErO pe-
HICHUS:

sink0
sin®

R=C

tgke‘, (10)

rac C - koncraHTa HUHTCIPUPOBAHUA;, Y —

yroJl MEXIy MOBEPXHOCTHIO BOPOHKH BCAChI-
BaHUSA W BEpPTHKaIbI0; K — ko3 duumeHt
(OpMBI  BOPOHKH, YYUTHIBAIOIINN OTIHYNE
(OpMBI TOBEPXHOCTH BOPOHKHU BCACBHIBAHHSI OT
chepryuecKoi.

Jlnst ompeneseHUsT BETUYMHBI KOHCTAHTBI
MHTETPUPOBAHMS OIPENEIIUM Pacxo]] dYepe3
€IMHUYHOE paJualbHOE CEUECHHUE BOPOHKHU
BCAChIBaHWS:

Q. WR In(ﬁj . (11)
nD D

[Tocne moncranoBku Beipakenus (10) B
bopmyny (11) mis omnpeneneHdss BETHUNHBI
KOHCTAHTBl HMHTETPUPOBAHUS TOIYyYUM Clie-
JIYIOIlIeE HEIMHENHOE YpAaBHEHHE

q=xIn(x), (12)
_Q
1= aD*w’ (13)
.k, kn
X_Esm?tg—, (14)

rae ( — 0e3pa3MepHBIi pacxo.
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VpaBuenue (12) cyiecTBeHHO HE JUHEHHO
U UMEET EIMHCTBEHHOE pelIeHUE, CYIIECT-

Byromee B npomexyTke 1< x<el, monck xo-
TOPOT0 BO3MOXEH TOJIBKO YHCIEHHBIMU METO-
JaMHU, TP 3TOM 3aBUCUMOCTb BEJIMYUHBI HC-
KOMOT'O KOpHsSI OT 0e3pa3MepHOro pacxojia B
KBaJPaTUYHBIX KOOpAMHATaX C HMH)KEHEPHOU
TOYHOCTBIO MOXXET OBITh aNMmpOKCUMHPOBAHA
nuHelHou ¢pynkuueit (Puc. 2).

OTO MO3BOJISET MOJYYUTh AHAIUTUYECKOE
BBIPQ)KEHUE JUIsl ONpEAETIeHUs KOHCTAaHThl MH-
TErpupoBaHus U 3anucath Gpopmyiy (10) B Ta-
KOM BHJIE:

2
R=1072T 1+ﬂ . (15)
2 2,54

sink0
sin®

tgko

= , (16)

krt

Sinf95t9447
2 2

rae I — mapamerp (hOpMBI BODOHKH BCachiBa-
uus (Puc. 3).

12

0 T T T

OLIEHKA PA3MEPOB
BOPOHKHN BCACBIBAHUA

PesynbraThl uncieHHOro aHanmu3a (opmy-
7wl (16) u 3aBucuMocTu Puc. 3, yka3piBalOT Ha
BO3MOKHOCTh €€ ammpoOKCUMAIMH IKCTIOHEH-
IUaIbHON (QYHKIIUCH.

C yderom 3TOro 3aBHCHUMOCTb pajuyca BO-
POHKH BCAachbIBaHUs OT TEKYILEro yria, Xapak-
TEPUCTHKH TPYOOIPOBOAA U MapaMeTpOB MPO-
necca J100b1YM, OyleT OMHCHIBATHCS CIIEAYIO-
IIM BBIPKEHUEM:

2
n_ D[, A | 1-096k go
2 2,54 316B

(A7)

B =7,33-14,34k + 9,99 . (18)

®opmynst (17) u (18) mo3BonsioT onpene-
JUTh MaKCUMaIbHYIO TJIyOMHY BOPOHKH BCa-
ChIBaHUS, KOTopass OyIeT IMOja IMOMepPeYHbIM
CEUEHHEM BCACBIBAIOLIETO TPyOONpoBOAa, M
MaKCHUMaJIbHBIH JTMaMETpP BOPOHKH BCAaChIBa-
HUS1, KOTOPBIA PACCUUTHIBACTCS TI0 €€ Kparo Ha
IIOBEPXHOCTH pa3pabaThIBAEMON POCCHIITH:

v =0,4067x + 1,0346
R® =0,9986

0 5 10

20 25 30 35
g

Puc 2. 3aBucumocts KopHs ypaBHeHHs (12) ot Oe3pazMepHOro pacxoja B KBapaTH-

HBIX KOOpAWHaTax

Fig. 2. The dependence of the root of the equation (12) on the dimensionless flow in

guadratic coordinates
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0,0 - = :

60 90
)

Puc. 3. 3aBucuMocTh napaMeTpa GOpMbl BOPOHKH BCACHIBAHUS OT TEKYILETO yIiia IpH
Pa3HBIX 3HAUYEHUSIX KOdpPuIreHTa GopMbl BOPOHKH

Fig. 3. The dependence of the shape parameter suction hopper from the current angle for
different values of the coefficient of the funnel shape

2
Ho_p1g1- K 11:9394 [Q | (49
D 1,02 D \nw

D,

D, k Y,,039% [Q
D

=1+1,76[1— 1 ~ |, (20)

119 D Vaw

rie Hp — makcumanbHas riayOMHa BOPOHKHU
BcachlBaHUs; Dy — MakcCUMalbHBIA JUAMETP

BOPOHKH BCaCbIBaHU.

BbIBO/IbI

Takum 00pa3zom, C UCHIOIB30BAaHUEM MOY-
YEHHBIX (OPMYJ CTAHOBUTCS BO3MOXHBIM OII-
peNenuTh OKHUJAeMble paguyc U TIyOuHY BO-
POHKHM BCachIBaHHS B 3aBUCUMOCTH OT MPOM3-
BOJUTEIBHOCTH YCTAaHOBKH, JUAMETPA BCACHI-
BalOIlEro TpyOOMpoBO/a, a TaKXKe CBOMCTB
TBEP/JBbIX YacTHIl JOOBIBAEMOW POCCHIMH. DTO
MO3BOJIsIET 000CHOBATH MEPUOJUIHOCTH U IIIar
MepeMenieHus] T0OBIYHON YCTaHOBKH, a TaKKe
OIICHUTH BPEMS pa3pabOTKH MECTOPOKICHHS 1
palMOHAIIBHOE KOJIUYECTBO YCTAHOBOK.
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Summary. The studies found that the use of
hydraulic transport pipeline is considered to be the
most promising for the development of primary
and secondary industrial placers from the water
layer. The theoretical study of flow processes in
the area under consideration, even though they are
essentially based on the experimental constants and
used unjustified assumptions. The paper presents
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theoretical estimates of the size of the suction
funnel. They first take into account the
productivity of the plant, the diameter of the
suction pipe, as well as the properties of the solid
particles produced placer. The paper is considered
as homogeneous slurry of higher density liquid.
The article scientifically based model of the flow
in the intake area of the dredge device. These
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dependencies allow to justify the frequency and
step movement of the mining installation, as well
as to estimate the time of field development and
management of the number of installations.

Key words: suction funnel, erosion radius, soil-
device.
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MinpBoaHa ypbaHicTUKa: NMTaHHA Ta BianoBiAi cyvyacHoCTi

Jlrodmuna PybaH

KuiBCbkMIM HauioHanNbHWI yHIBEpCUTET OYAIBHULITBA | apXiTeKTypu
MosiTpodhnoTcekmm npocn, 31, Knie, Ykpaina, 03037
knuba.landscape @gmail.com, |_Ruban@knuba.edu.ua, orcid.org/0000-0002-5973-4362

AHoTtanisi. CTaTTs NpUCBAYEHA NPUYUHAM BU-
HUKHEHHS 3aI[iKaBJICHOCTI IiJBOJHOI0 YpOaHICTH-
KOO Ta BIJMNOBIISIM Ha MUTAHHS CY4aCHOCTI M-
HapOJHOI apXITEeKTYypHO-OYAIBEIIEHOIO Ta IHXKe-
HEPHOI0 TYMKOIO.

B po0orti Bosa po3risiHyTa SIK CepeJOBHIIE ic-
HYBaHHS JIIOJWHH B Il TPhOX MOJKJIMBHUX arperar-
HUX CTaHax - SIK PIAMHU, KPUTH Ta napu. ['oroBHa
yBara NpHUIiJIeHa MOPCBKHM €KOCHCTeMaM Ta iX
MOXKIIUBOMY TOAANBIIOMY OCBO€HHIO Yy XXI cTo-
mitTi. Takok pO3TISHYTO MPOXHBAHHSI B YMOBax
BIYHOT MEP3JIOTH, JIe BOJIa iCHY€E B CBOEMY TBEPAO-
My CTaHi B SIKOCTi KpHTH Ta cHiry. Ta BusBIeHi
HamnpsIMM BHUKOPHUCTaHHS HapoInogiOHOro CcTaHy
BOJIM B Cy4YacCHil apXiTeKTypi Ta MUCTEIITBI.

Po3riissHYyTO KIIFOUOBI MPOIO3UINT MIOJI0 MOXK-
JIMBOTO IUIAHYBAaHHS MiABOAHUX Ta HAJBOJHUX IO-
celieHb, MMPOBEACHO aHai3 MIXKHAPOAHOTO MPOEKT-
HOTO JIOCBI/ly 3a OCTaHHI IT’SITh POKIB, CHCTEMaTH-
30BaHO HAyKOBO-TIPOGKTHUI MaTepiai, 3amporo-
HOBaHO KJacu]ikaIlito mocelIeHb Ha BOi TOMIO.

[IpoBeneHuit aHaji3 MIKHAPOJIHOIO JIOCBiAY
MPOEKTYBAaHHS HOBHX MICT y BOJHOMY CEpEIOBHILI
BHCBITIIIOE€ HOBI MIJIXOJU Ta CYYacHi iHXEHEpPHO-
TEXHOJIOTIYHI PIllleHHs], PO3KPUBAIOYN TOTEHILiaI
MOPCBHKHX €KOCUCTEM IS MaiiOyTHHOTO OCBOEHHS.

KuarouoBi cioBa: minBogHa ypOaHicTHKa, MOp-
ChKi €KOCHCTEMH, MICTO Ha BOJi, TpH (pi3muHi cTa-
HU BOJIM: JIiJ|, piJIMHA, TIapa; TEPUTOpii BIYHOT Mep-
37I0TH, CTIHKHIA PO3BUTOK.

BCTVII
BuHukHeHHS Ta pPO3BHUTOK JIFOJICTBA Ha

IUTAaHET1 OPraHivyHO MOB’S3aHO 3 BOJHUM Cepe-
nosumeM. OCBOEHHS BOJHOTO CEpPElIOBHIINA

54

Ma€ CBOI KOPiHHA Ta TPaaullii, aje i, BOJHO-
yac, Ma€e BEJIMYE3HHH MOTEHINaN Ui MaiOyT-
HBOr0. CTIHKICTh 3B’S3Ky MIX JIFOJICTBOM Ta
BOJIHUM CEPEIOBUIIEM MPOCTEKYETHCS B HAII
yac 1 HabyBa€e HOBHUX HaIIPSIMKIB CBOTO I0Ja-
JBIIOTO PO3BUTKY. Bee wacTiie migHiMaroThes
NUTAHHS TIOZ0 BIPOBA/PKEHHS HAYKOBHX 1H-
HOBAIIIil B CIIpaBi MOIIYKY CIIOCOOIB BUPIIICH-
Hs IpoOJIeMH MMiBUINEHHS PiBHS MOpPS Ta HAC-
JiAKIB 3MiHU KiiMaTy. ChOTOAHI HampsMy MO-
CTa€ MUTAHHA MEPEBIPKUA Ta TECTYBAHHS Maii-
OYTHBOTO TJIAHYBaHHSI HALIUX MICT BiTHOCHO
B3a€MO/Iii 3 BOJAHUM OTOYEHHSM. SIKMM YHHOM
Mu OynemMo po30ynoByBaTH ypOaHi3OBaHi
LIEHTPU Y MalOyTHHROMY, MalOyu OOMEKEHHS
Hamoi miaHerapHoi exocuctemu? IloTpiGHO
B)K€ CbOI'OJIHI BUOYAYBaTH T'OJOBHI IPUHILIUIIN
MOJIITUKY MIATPUMYIOUUX BiTHOIIEHb 3 Hai0i-
JBIITUMH €KOCHCTEMaMH TUTAHETH — BOJHUMH.

OTxe, aKTYyaJIbHICTh IOCHIKEHHS
OB’ SI3aHO 3 HACTYMHUMU (haKTaMHU.

- Bona € ogauM 3 HaMOUIBII PO3MOBCIO-
JOKEHUX TPUPOJTHUX EJEeMEHTIB Ha IIJIaHEeTi.
IcHyBaHHS BOOHUX €KOCHCTEM, Ta U OGiocdepu
B I[IJIOMY, TIOBHICTIO 3QJICKUTH BiJ YHIKAIbHUX
BJIACTUBOCTEH BOAM SIK OIHOTO 3 TOJIOBHUX
Mminepanis 3emi [1]. Boani ekocuctemu ckiia-
JaloTh OUTbIIY YacTUHY OlocdepH, 3aliMaroTh
npubmuszHo 71% moBepxHi 3emili, a OKeaHu
MpOoayKytoTh Outbie 50% 3emMHOTO KHCHIO. K
OIHUH 13 KUTTEBO HAMBAXKIIMBIIINX €JIEMEHTIB,
BOJIa 3aBXKIIM Tpajia 3HAYHY POJIb B KUTTI JIFO-
JTTHH.

- OnuH 13 BOXIIMBHUX aCIEKTIB MPOOIEeMHI
3MIH  KJIIiMaTy IUlaHeTH  Oe3roceperHbo
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MoB’si3aHU 3 BOAHHMM cepenosuiieM. B 20
CTOpIYYi 3arajbHUN MiJHOM PiBHS CBITOBOTO
OKEaHy CKJIaB JIMIIE JCCATh CAaHTHMETPiB, Ta
TEMepillHbOMY  CTOpIYYI0  HPOTHO3YIOTh
’staecsrt [2]. 3rigHo mporHozam Mixypsiio-
BOI IpylnH €BOJIOLIl KJIIMaTy, B 30HI 3aTom-
JICHHS MOXYTh ONMHHUTHUCS OJIM3BKO 25 MiJb-
HOHIB MEIIKAHI[IB HAIOI IIAHETH, IO TPOXKH-
BalOTh B pailioHax B3M0BXK y30epexoks [3]. B
3B’S3KY 13 3MiHaMHU KJIIMaTy OCTpiBHiI KpaiHu
Ta KpalHW, IO MalOTh BEIHKY MPHOCPEIKHY
TPaHUIl0, 3HAXOISATHCS B 30HI PU3HMKY 3aTOII-
JICHHS TEPUTOPIN OKEAHCHKUMH BOJIAMH Ta T10-
BHHHI BHPOOUTH TOJITUKY aaamnTaiii 10 Kii-
MAaTUYHUX 3MiH.

- JlroncTBO 3aBISKM Cy4aCHOMY PO3BHUT-
Ky TEXHOJIOT1i Ta BUHUKHEHHS HOBHX Martepi-
QJTiB BOPUTYJ MITINAILIO IO MOMJIMBOCTI YCITi-
mIHOT pearizarii aMOIIIHHUX TPOEKTIB aBTO-
HOMHOTO po3scenieHHss Ha Boai [4]. ITo cBity
BXE MOOYJI0BAaHO YUMAJIO CIIOPYIL IiJ] BOJIOKO,
30KpeMa TOTeli, TPYOOIIpOBOAM, TYHEII, Oioc-
TaHINI BUPOIICHHS BOAOpPOCTEeH Tomo. Taki
mpoekTH peamizoBaHo B Awnrmii, CiHramypi,
Anonii, Itamii, Kurai, Amepumi, OAE, ®imxi
TOIIIO.

META TA METOJIU JOCJ/HKEHHS

Mema Hamoro JIOCHIIKEHHS — BHUBYUTH
MOJKJIMBI HamnpsiMH MiCTOOYJiBHOTO OCBOEHHS
BOAHMX JaHAWA(TIB, PO3KPUTH MOTEHINA
MOPCBHKUX €KOCHUCTEM JJIsi MallOyTHBOTO ypOa-
HICTUYHOTO OCBOEHHSI HA OCHOBI TapMOHIMHO-
IO CIiBICHYBaHHS JIOJWHU Ta OKEaHy.

Memoou Oocnidxcenns — TOPIBHAIbHUM
aHaJi3 Cy4aCHOro MIXKHAPOJHOI'O MPOEKTHOTO
JIOCBIZly MICBKHX TOCEJIeHb Ha BOJIl, CHCTEMa-
TU3alis 310paHOr0 HayKOBO-IIPOEKTHOTO Ma-
Tepiajly Ta IHIIUX BUXIJIHUX JaHUX; Kiacudi-
Kallis JaHUX IOCEJIeHb y BOJAHOMY OTOYEHHI.
MeTtoaonoriyHui  aBTOPCHKHUM TMIAXIT MI0/0
MIPOBEICHHS OCIIPKEHHS 3 MO3HLIT pO3rIsTy
TPHOX MOXKJIMBUX arperatHux (i3MYHUX CTa-
HiB BOJM JI03BOJISIE 3HAYHO PO3MIMPUTU MEXi
caMoTo JIOCTIDKeHHS, MAINUTH 10 TpoliemMu
ORI KOMIUIEKCHO Ta 3pO3YMITH CUCTEMHICTh
MTUTAHHS.

MABOOHI TEXHONOCII e 03/2016, 54-65
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IMIIBOJHA YPLAHICTHUKA:
TEPMIH TA BUSHAUYEHHSA
ITPIOPUTETIB

[Mocunarounch Ha BU3HAYCHHS «ypOaHICTH-
KW» Yy €JIeKTPOHHIN eHimkionenii [5], aBrop
IPOIIOHYE PO3IIIAAATH TEPMiH «iiaBoaHa (abo,
BiJINIOBITHO, BOJIHA) ypOaHiCTHKa» B JaHii po-
00Ti K HAmpsM MiCTOOYIIBHOTO Ta €KOHOMI-
KO-reorpaiqyHoro JOCTIDKeHHS, M0 3aiima-
€ThCS KOMIUICKCHUM aHalli30M Ta BUBYCHHSM
npobiem, MoB’a3aHuX 3 (YHKIIOHYBAaHHSIM Ta
PO3BUTKOM MICBKHX IOCEJICHb Y BOJHOMY Ce-
penoBumi. Haii6inpm 3arpeOyBaHUMHU B 1IbO-
MY MUTaHHI € MOPCbKI €KOCHCTEMHU.

CTIMKICTh CEPEJIOBUILIA
ICHYBAHHS B XXI CTOJIITTL:
BOJIHE OTOUYEHHS

Boane cepenoBuine: Tpu ¢izuuHi
CTaHM BOIH

Bona € ennHOIO pedoBHHOI Ha 3emill, IO
iCHy€ B IpUPOJi B yCIX TPhOX arperaTHUX cTa-
HaxX — pIOKOMY, TBEpJAOMY Ta ra3omnojioHOMYy
(Boma, mia, mapa). BrmacHe 1i Tpu cTaHH CTa-
HYTh BIJIPAaBHOIO TOYKOIO HAIIOTO JIOCIi-
JoKeHHs. [CHyBaHHS BOJU SIK PIAMHHA HANOUIBII
PO3MOBCIO/IDKEHO, OTKE IbOMY CTaHy Oyne
MIPHUJIUICHO TOJIOBHY yBary. BuBueHHs cepeso-
BUIIIA TIPOKMBAHHS B YMOBaX BIYHOT MEP3J0TH
(ns TBepAOro cTaHy iCHYBaHHS BOJH) abo
BIUTMBY MapH Ha Cy4acHY apXiTeKTypy iCTOTHO
PO3IIUPUTH MEX1 CIHPUUHATTA TpoOIeMu Ta
nusixu i BupimeHas. Takuid MeToA0IOT1YHUN
miaxia aBTopa OyB MpeICTaBICHHUHM y JOMOBI-
X Ha MDKHApOJIHUX HAYKOBO-PAKTUIHUX
KOH(epeHIIsIX: Mi>KHApOoIH1H KoH(pepeHwii 1st
World  Multi-Conference  on  Intelegent
Building  Technologies &  Multimedia
Management IBTMM 2013 (Poland, Krakow,
16-18 xostHs 2013 p.) [6, 7]; XIV MexnyHa-
ponHoil koHpepenuuu «HoBble uaen nus Ho-
Boro Beka» (THXOOKeaHCKHIl TroCyqapCTBEH-
HBIM yHUBEpCHTET, XabapoBck, 25-27 derpans
2014 r.) [8]; 2-i mopiuniii MixxHapOHIN KOH-
(depeHiii 3 apxiTEKTypud Ta TPOMAISHCHKOTO
oyniBaunrea ACE 2014 (Singapore, 24-25
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oepesns, 2014 p.), me OTpUMaHO IUILUIOM 3a
Kpamie pociipkeHHss — Best Research Paper
(pasom i3 ipod. Kyi C., [Toasima) [9, 10].

Boane cepenoBuine icCHyBaHHS:
BO/JA IK piInHa

Haii0inpim TpaguumiiHuil cTaH CHpUHHATTS
BOJM — 1€ i1 ICHYBaHHS B SIKOCTI PiIMHH. YBa-
ra CIHELIaJiCTIB MPHUBEPHYTa N0 MOPCHKHUX
€KOCHCTEM IUIAaHETH SIK HalO1IbIn 3aTpeOyBa-
HUX Ta MEPCIICKTHBHUX.

Jlo aHamizy Oynmo oOpaHO 8 TpPOEKTIB 3i
BCHOTO CBITY, 110 Oynu po3pobieHi abo aor-
TOBaHI 3a OCTaHHI 5 POKiB.

Cucmemamusayiro  310paHuUX MarepiajiB
00 0OpaHUX MPOEKTIB OylO MPOBEACHO 3
BH3HAYCHHSM HACTYITHUX JAaHUX: KpaiHa, aB-
TOPCHKUH KOJICKTHB, PIK MPOCKTYBaHHS, PO3-
Mip TIOCEJIEHHS Ta KiJIbKICTh MEIIKaHIiB; QyH-
KIIOHAJIbHE  MPHU3HAYCHHS,  IUIaHYBaJIbHI,
KOHCTPYKTHBHI Ta IHIIUX MPOEKTHI 0COOINBO-
cri; (akropu criiikocti («sustainability»), B
OKPEMHX BWITAJIKaX — 3aIlJIAHOBAHI CTPOKHU pe-
asmizaii.

Bci mpoekTu Ti€ro 4M 1HIIOW MipoK CIIpsi-
MOBaHI Ha PO3BUTOK KOHYenyii Ccmitko2o
NPOJCUBAHHA 8 B0OHUX YMO8aX, MO mependa-
gae po3po0Ky abTePHATHBHUX JDKEPET eHep-
rOMOCTaYaHHs, BUBUEHHSI MOPCHKUX Ta OKEaH-
CBKHMX TJIMOWMH, CaMOJOCTATHICTH IIOCEJICHb,
camo3a0e3MeueHICTh MPOIYKTaMU XapuyBaHHS,
BHUPINICHHS TTUTaHb TUXaHHS, OYHMINCHHS OKe-
AHCBHKUX BOJ], PO3BUTOK TEXHOJIOTI! Ta €KOHO-

MIYHOTO 3pOCTaHHS ITUX ypOaHi30BaHUX IMOCE-
JICHb Ha BOA1 200 ITiJT HEFO TOIIO.

Ipoexm nnasyuoco micma Harvest City Big
apxitektopa E. Kevin Schopfer cymicuo 3 ¢i-
pmoro Tangram 3DS Oyno po3pobneHo Ha-
npukinmi 2010 poky [11]. IIpoekT po3pobiiss-
sl JUIS TTOJIOJIAaHHS HACTI/IKIB PYHHIBHOTO 3€M-
nerpycy 2010 poxy Ha octposi ["aiTi. B ocHOBI
CTBOpPeHHsT Ta IulanyBanHs Harvest City
JIeKaTh TPU TOJIOBHI KOHICMIIIi: CTBOPEHHS
JIOJAaTKOBOI, aBTOHOMHOI, MJIaBarovoi,
CaMo/IaCTaTHbOI TEPHUTOPIi IS TPOKUBAHHS,
Tak HeoOxiaHoi myist ["aiTi; muianyBaHHS Ha 0a3i
npuHIuny Arcology (apXiTeKTypu Ta €KOJO-
rii), SKMHA BTUTIOE B COO1 €KOJOTIYHO CTIHKY 1
MIPaKTUYHY MiCTOOYIiBHY mwiatrgopmy;
3aCHYBaHHS Ta PO3BUTOK MiCTa 3a TEOPIEIO
yapTepuux mict [11].

Micro po3paxoBano Ha 30 000 MermkaHIiB
Ta 3aiiMa€e BOJHY MOBEPXHIO JiaMETPOM Maiike
y 2 mui (Puc.1). 3arajpHe riaHyBaHHs MicTa
po3mojiyiecHe  HAa  YOTHUPU  30HH, IO
3’€IHYIOTBCS MIXK COOOIO 32 JOMOMOTOIO CHC-
TEeMHU BY3bKUX MPSIMHUX KaHAIIB. 32 MPOCKTOM
MITY4YHI [JIaBaIOYU MOIYJ CKPIIUTIOIOTHCS MK
co0010 1 00'€IHYIOTHCSI HABKOJIO BHYTPIIIHBOT
«raBaHi» 3 ICHTPOM MiCTa, IIKOJIAMH, aIMiHi-
CTpaTMBHHUMHU Ta IPOMaJICbKUMH OyIUHKaMH, a
TaKOXX 3araJlbHUM pUHKOM. BucoTa 3a0ynoBu
KHUTJIOBUX KBapTajJiB JNOPIBHIOE 4 MOBEpXam.
Ha oxonuirsix ocTpoBiB 3apOEKTOBaHI CUTbCh-
KOTOCMOAAPChKi yriias. MoIMBi yparanu ta
TallpyH MaTUMYTh MIHIMaJIbHMHA BIUIMB Ha

FRTANGRAM

Puc. 1. IIpoekT mnaByuoro micta Harvest City, apxitektop E. Kevin Schopfer crinbho 3 dipmoro

Tangram 3DS, Tairi, 2010

Fig. 1. Harvest City, by arch. E. Kevin Schopfer & Tangram 3DS, Republic of Haiti, 2010
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MJIaBal04y KOHCTPYKIIIIO MiCTa 3aBISKH «HU-
3bKOMY» Tpodinto Bciei 3a0ynoBu (He BUILE
4 moBepxiB), 11 HEBUCOKIM BaHTaXOM1AHOMHO-
CTi Ta MpUTHiYyBauyaM XBWJIb, PO3TAIIOBAHUM
[0 MEepUMETpPy KOHCTpyKwii. XBuiepizu Oy-
IyTh CKOHCTPYHOBaHI TaKMM YMHOM, 1100 J10-
JaTU CTaOUTBHOCTI MICTY.

Harvest City maB OyTu mepiiuMm IuiaBaro-
yuM mictom Ha [aiti. [11]. Bigkpura cucrema
IUTaBY4YUX MIaT(HOpPM ayke MOOLIbHA B CBOEMY
IJIaHyBaHHI: JI03BOJIsUIA 30UTBIIMTH PO3MIpH
MIOCEJICHHS, 3’ €JHATUCS 3 IHITUMH MalOyTHIMU
MICTaMH4 B TaBaHi TOLIO.

IIpoexm opeaniynux micm nns O0’€qHAHUX
Apabcekux  EmipariB  Bim Luca  Curci
Architects 6yB po3po6senuit y 2010-2013 pp.
[12]. Lle xomriuiekc opraHiuHuX Oy/iBeldb Ha
CYII Ta TP «MICSILSH» PI3HUX 32 PO3MIpaMH Ha
Boai ans 150 000 memkanmiB. BoxHi «mics-
L[1» TPAKTYIOTbCA K LITY4HI OCTPOBH, JEsKI 3
SKUX TIO€AHAHHI MK COOOIO Ta CYIICH aBTO-
LUIAXaMU Ta 3€JIE€HUMM 30HaMH, a JI0 1HIIMX
MOJKHO JIICTAaTHCS BUKIIFOYHO BOJAHUM a00 aBia
TpaHcnopToM. (DyHKIIOHAIbHE PI3HOMAHITTA
Bpa)kae: KUTIIOBI allapTaMeHTH, ToTeni, odicH,
MarasuHu, QiTHec-KI1yOH, CaloHH KpacH, cra-
HEHTPH, 3aIH KYyJIbTYpH, CHOPTHBHI OymiBIIi
Touo. Tpu KOMITJIEKCH Ha BOJi 3alIPOEKTOBAaHI
M7 pi3HE KXUTIO: y BEIHKOMY «MICAII» PO3-
TaIIyIOThCS PE3UJCHIII], amapTaMeHTH Ta To-
T€Jb, Y CEpEAHbOMY — TIIbKU TOTEINI, Y Majo-
My — BHUKIIIOYHO NpUBaTHI pe3uaeHuii. Koxna

BLUE GARDEN

OCEAN SPIRAL®D

OyIIBIISI TIPOCKTY TPAKTYETHCS SIK €KOJIOT1YHO
4ucTa, ¥ Taki OyAiBIi CTalOTh YaCTUHOIO CY-
YaCHUX METaIoJjiciB y30epexoks. bymiBenbHi
MaTepiaii, TEXHOJOrii — He BKa3aHi, fK 1
CTPOKH peajtizariii.

IIpoexm nayrxogo-oocnionoi cmanyii « Oxe-
AHCbKA CHipanby 3 KHUTIOBUM KOMILIEKCOM
Oyno po3pobiieno y 2013 porii mpoBigHOIO Oy-
JiBeNIbHOIO KoMmaHieto Shimizu, Smownis [13],
Puc.2. Kommiekc po3paxoBanuid Ha 5000 me-
mKaHiiB. B HboMy nepen0adaeTbes MoegHaH-
HS JEKIUIbKOX (YHKIIH: HAyKOBO-OCIIIHOI,
KHUTIOBOI, TOPriBEJIbHOI, TOTEIBHOI TOIIIO.
BepxHs yacTuHa KOMIUIEKCY 3aHYpEHa y BOJY,
HWKHS YaCTHHA CITIPAJbHOI CTPYKTYPH JAOCTAE
10 nHa okeaHy (muB. Puc. 2). 3araibHa 10B-
KHMHA CIIpajJbHOI KOHCTPYKLIi ckiamgae 4 KM
abo 2,5 muni. ChipajbHi CTPYKTYpH OYyAyTh
3po0JieHi 3 TONIMEpPHUX KOMITIOHEHTIB 3a JI0-
noMoror npomucioBux 3D-mpunrepis. B
MPOEKTI TaKOX Tepea0adyeHo HOBI 3aXO/U BH-
NOOYTKY €Heprii 3a paxyHOK TeMIlepaTypHHX
kommBaHb Bogu. Ctpoku peanizanii — go 2030
POKY.

Hacrymuuii npoekt Lilypad Floating City,
MO3UIIIOHOBAHUH aBTOPOM SIK «IIJIABYYHA €KO-
noJtic A KiiMaTudHux ObkeHIiB» (2008 p),
amanToBaHo s ymoB Jlybaro y 2014 pori.
Woro aBrop dpaHIy3bKHil apXiTekTop Geb-
rificbkkoro moxokenHs Vincent Callebaut [2,
3, 14, C.208].

Puc. 2. IIpoekT HaykoBo-mocmigHol cTaHIlil «OKkeaHChKa CIIpaiby 3 )KUTIOBUM KOMILIEKCOM,
OyxiBenbHa komnanis Shimizu, Anonis, 2013
Fig. 2. The research station "Ocean spiral” with apartment complex, by the construction

company Shimizu, Japan, 2013
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Ile excrnepuMeHTaIbHHUI 3pa3oK CcaMoo-
CTaTHBOTO 3€MHOBOAHOTO MicTa. [lnoma kox-
HOI miaBarouoi 1iargopMu y (Gopmi KBITKH
ninii gopiBrroeTsest 500 000 M%. Micto pospa-
xoBaHo Ha 50 000 memkanmiB. L{enTpom muia-
thopmu Lilypad Oyne mpicHOBoaHA naryHa 3
nozABiiHOIO (yHKIEr0. B Hilt 30uparumeThes
JUIsL OYMILICHHS J0IIoBa BoAa. BogHouac ia-
ryHa Oyne ciuyryBaTH cTaOuTi3yrouum Oanac-
TOM TUIaBaO4oi miaardopmu, Bech 00°€M sIKOT
3HAaXOIMTHCS HIDKYE 3a piBeHb Boau [3]. Ilia-
HYBaHHS MICTa Ha BOJI 3aCHOBAaHO Ha TPhOX
MPUCTAHAX JUIA SIXT T4 TPHOX BUCOTHHX OYIi-
BenbHUX 00’eMiB J1s Oi3Hecy Ta po3Bar. Mic-
TO BUKOPUCTOBYBAaTUME BCl 1H)KEHEPHI Ta TeX-
HiYHI pIilIEHHS B CTHJI €KOJOTi4HOi Oe3reku
[2]. «3eneni» pimieHHs] TpenCTaBIICHI: BHKO-
pUCTaHHSIM COHSYHUX OaTtapeil, eHeprii BiTpy i
IPUILUIMBIB, eHeprii 6iomacu 3emii, 300poM 1
nepepoOKOI0 JOUIOBOI BOAM, OYMILIEHHSIM BOIN
touo. Beck Byrienp 1 HEMOTPiOHI MPOIYKTH
OyayTh mepepoOmsiTucs. MiCTO MPOCKTYETHCS
SK CaMOJIOCTaTHE, 3 HYJIbOBUM BIUIMBOM Ha
oroueHHs. KOHCTpyKIis 30BHIIIHIX Oropo-
JDKYBaJIbHUX CTIH IUIaHY€ETHCS 3 BUCOKOMILIHO-
ro mosieipHOTO BOJIOKHA, BKPHUTOTO HIAPOM
niokeuay TuTaHy. Jlax kputuil ¢doroenemen-
TaMH COHSYHMX maHenei [2]. IuBectopu 3
O06'ennanux Apabebkux EwmipaTiB moxnaja-
I0Th Ha IIeH MPOEKT HaJlii 3 TOYKH 30py TYpHU3-
My. 3a JIyMKOIO apXiTE€KTOpa, MPOEKT MOXKe
OyTu peanizoBanuii He panimie 2058 poky [3].

Ilpoexm nnagyuoi oxeancvkoi memponoiii,
AKUi  po3poOisiersest  creniamicramu  China
Communications  Construction  Company
(CCCC-FHDI) B coaBTOpCTBI 3 apXiTeKTyp-
HuM Oropo AT Design Office, OyB mpencras-
nenuit y 2014 poui y Kurai [15, 16], Puc.3.
KonuentyanpHuii mpoekT po3poOiieHo Ui
JIOBFOCTPOKOBOTO aBTOHOMHOTO TPOXXHBAHHS
y OKeaHChbKMX Bogax. lle crpykrypa 3
00’€THAHMX TIJIaBAIOYUX T'€KCArOHAIBHUX MO-
naymiB 3aranpHOr0 wromiero 10,36 xkm? [16].
[IpoekTHa YMCENbHICTh HACENCHHS TOYHO HE
BKazaHa. B muraHi koH(iryparisi moceneHHs,
IO CKJIAJAEThCS 3 OKPEeMHX 30ipHUX reKcora-
HaJIbHUX MOAYJiB po3mipamu 150 merpiB Ha
30, Mmoxe OyTHM Ha OCHOBiI PIBHOCTOPOHHBOTO
TPUKYTHMKa Ta I'ATUKyTHUKa (nuB. Puc. 3).
[IpoekTom mependadeHi KUTIOBA, KOMEpIliiHA
Ta PO3Ba)KaJIbHA 30HU, 110 PO3TALIYIOTHCS Ha
Pi3HUX PIBHAX, SIK HAJ BOAOIO TaK i Mif. HEIO.
Benuka 3a miomero tepuropis Oyze BingaHa
ITiJ] 3€TICH] HAaCa KCHHSI, SIKI TEX PO3TaIIyIOTh-
csl Ha pi3HUX piBHAX. Tak, rpomMaacbkuil 3emne-
HUH TOSIC HA ITOBEPXHI BOJU MOXKE 3a0e31eyun-
TH CYCIUIBHHUM MPOCTIp AJIs CIIOPTY Ta BiJIO-
YUHKY B OTOYCHHI CBiXOTO moBiTps. [limBon-
HUH 3€JIeHuH NOosAC MOYK€ BUKOPHUCTOBYBATHUCS
TUTSL pEKPEaIiifHuX TYPIB.

TpaHcnopTHE CHOMYYEHHS MK MOAYISAMHU
Oyze 3IIHCHEHO 4Yepe3 pOo3ralyKeHYy Mepexy
MiJBOJHUX TYHENIB Ta HAJBOJIHUX TPOTYyapiB
[16]. Mo BimmaneHux MOIyJiB MOKHA Oyje
noOpatucs Ha MiABOJHUX YOBHAX abo sAXTax.

Puc. 3. IIpoekT micra Ha Boxi, China Communications Construction Company (CCCC-FHDI) &
AT Design Office, Kuraii, 2014
Fig. 3. Entitled Floating City, by China Communications Construction Company (CCCC-FHDI) &
AT Design Office, China, 2014
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Kpim TOro, Takox miaHyeThCs OyIIBHUIITBO
MaricTpajii Ha3eMHOrO TPAHCIOPTY Ha €JIeKT-
pUYHIH TA31.

Micto Oyne MOBHICTIO CaMOJOCTaTHIM, 3
HYJbOBAM BHKHJIOM BYTJICITIO, 3 HU3BKUM CHE-
procrnoxuBanHsM. Ha ocTpoBi po3ramyroTbes
BEpTUKAJIBHI caau Ta GepMu IJIs TBApHH, sKi
3a0e3Meuy0Th MENIKAHI[IB BCIM HEOOXiTHUM
00’emom Txi. EHepris mansa octpoBy Oyzae no-
OyBaTHCs B TPOLECI E€KOJOTIYHOro mepepod-
JIEHHS BIIXO/IB.

PeanizoByBatu 1ili MPOEKT IUIAHYETHCS 32
JOTIOMOTOI0 TUX CAMUX TEXHOJIOTIH, 110 BUKO-
puctoBytothes 3apaz3 CCCC-FHDI mpu Oynis-
HUTBI 31-MUIBHOTO MOCTY MiX Mictamu ['o-
HKOHTY, Makao i Wkyxaii: i3 ITy4HUMH OCT-
poBaMH Ta MigBOAHUMHE TyHesssmu [15]. TuBec-
tuniiina ¢ipma China Transport Investment
Co aHOHCyBaJa, O Ma€ HAMIPH HAHOIKIUM
9acoOM MPUCTYIHUTHU 10 OyTIBHUIITBA OKPEMOTO
MOJTyJIsl 3SMCHILICHUX PO3MIPIB JUIS TECTYBaHHS.

Benukuii iHTepec NpeaCTaBIAIOTh IPOEKTH,
10 CIIPSIMOBAaHI HA OYHUIICHHS OKEAHCHKUX BOJI,
HAMPUKIIAJ npoekm 600H020 micma Aequorea
s Pio ne YKanelipo B bpaszwuii, mo OyB po3-
pobrnenuit y 2015 poui apxitektopom Vincent
Callebaut (aBTopom xonnenii Lilypad, posr-
astryToi Buiie) [17], Puc.4. Jlyis nposkuBaHHS
20 000 memKkaHIIIB 3aIIPOTIOHOBAHO CTBOPEHHS
1000 Bexx miamerpom 500 M koxHa. ['onoBHE
MPU3HAYCHHS — OYMINEHHS OKECAHCHKHX BOJI
B1JI TUTACTUKOBOTO CMITTSI, JOCIIIKEHHS MOpP-

CBKHX IIMOMH 3 MEIUYHUMH LIUISIMH TOIIO. B
MPOEKTI TAaKOX 3aKJIaJeHO MOXKJIHMBICTH HOTO
moOy10BHU 3a gomoMorow 3D ApyKy 3 BHUIIOB-
JICHUX y OKeaHi IUIACTUKOBHX BiIXoaiB. Bupo-
OHUIITBO Xap4YOBUX MPOAYKTIB TepeadaueHo
Ha ¢epMmax 3 BUPOIIYBaHHS BOJAOPOCTEH, Ijia-
HKTOHY 1 MOJIFOCKIB, a CaJld 1 TOPOJIH 3aIpPOCK-
TOBaHI Ha BEpIIMHI PAKOBUHU-TIOAIOHMX Ha-
JIBOJHUX CTPYKTYyp. TpaHcmopTHa cucTema
Oyze >KMBHUTHCS TaKOX 32 PaxyHOK BOJOPOC-
Tel 1 pociuH. byayTh BUKOPHUCTOBYBATHUCS HO-
Bi MOHOBIIIOBaHI JpKepena eHeprii. SIk HoBui
IHHOBaIlIMHUK MaTepian Oyae BUKOPHUCTAHO
alginoplast, BuHaiiileHNII KOMIIO3UTHUI MaTe-
piaji, 110 BHUTOTOBJISETHCS 3 BOJIOPOCTEH 1
cmitTsa. CTpoKH pearizaiii — He BKa3aHi.

Ha apxitektypHomy Oienane 2015 poky y
Yukaro — Chicago Architecture Biennial 2015
— TPEICTABICHO KOHYENMYAIbHUll NpPOeKm
micma wHa 600i 3-C, CITY: Climate,
Convention, and Cruise Big aMepHKaHCHKOI'O
aBTopchkoro tangemy WORKac and Ant
Farm design [18]. T'onoBHa MeTa MPOEKTY IO-
JsTae y CTBOPCHHI IJIABYYOr0 MICTa SIK JIOCITi-
THUIIBKOT 1abopartopii, KoH(DepeHI-LIeHTPy Ta
«IIPOBITHHKA 1/ICi», sIKE HE OOMEXEHE Oy/ib-
SKUMU TPAaHULSMU Ta CIYTye i BIIBHOTO
CHUIKYBaHHSI MDXK JIOAbMH ¥ OOroBOpeHHS
BKJIMBUX MHUTaHb CydacHOCTi. OTke, IPOeKT
He OyB NpuUB’S3aHUN 10 KOJHOTO reorpadiu-
HOTO MYHKTY.

Puc. 4. TIpoekr micra Ha Bomai Aequorea, apxirekrop Vincent Callebaut, Bpaswmist, 2015
Fig. 4. Floating City Aequorea, by architect Vincent Callebaut, Brazil, 2015
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[InanyBanHsa MicTa mepemdavyae HACTYITHE.
Moro HapikHuil TlepUMeTp CTBOPEHHIT 3a 10-
MIOMOTOI0 HAJYBHHX KOHCTPYKIIH, IO TpPH3-
HAYeHHI Ui JKUTIOBUX (YHKIiH., B sSKOMY
TaKOXX MPUCYTHI BEJIMKI BEPTUKAJIBbHI 00’ €MHU
JUIS «KOJICKTUBHOI AKTHUBHOCTI», JI€ MOXYTh
po3MimaTucs inanbHi, 3aJId Tomo. BHyTpiHs
YaCTHHA MICHKOTO MPOCTOPY MpHU3HAYCHA IS
rpoMajicbkuX (GYHKIIH Ta BiIgaHa IS BiIK-
PUTOrO CIIJIKYBaHHSI JIOJIEH 3 MOPCHKUMU
TBapUHAMHM — JIeJIb(piHAMU Ta KUTAMH.

[IpencraBineHuil BUKIIOUHO SIK 17es MK
JIOACBKOTO CIIUIKYBaHHS, IPOEKT HE MICTUB B
co0i SIKUXOCh OUIBII JETaTbHUX I1HXKEHEPHO-
TEXHIYHHX PIlICHb Ta KOHKPETHUX LUD.

Hanpuxkinmi 2015 poxy OyB mpeacTaBieHo
npoexkm matbymnvo2o possumky Tokio Ha BO-
ni Bix Kohn Pedersen Fox and Leslie E.
Robertson Associates [19]. Jauuii npoekt 0y-
70 po3po0JICHO y BIANOBIAL Ha TepemdadeHi
3MIHM KJIIMATy Ta BUKIUKH €KOJOTIYHOI ypa3-
muBocTi TepuTopiil. Pospaxosane na 55 000
MEMIKAHI[IB, MICTO Ha BOJA1 Ma€ CTUIbHUKOBY
MEpPEKY TeKCArOHAIBHHX JIaT'yH 31 3MIIIaHUMU
KOMEpUIHHUMH, HTPOMHCIOBUMHU 1 TYypUCTUY-
HUMH (QYHKIIISIMH, SIKA TaKOX CIIY>)KUTUME IS
pyHHYBaHHS XBWUJb 1 BUCTYHAaTHMME€ B SIKOCTI
THMYacoBoro Oap'epy BiJ MOBEHEW miJ yac
mTopMOBUX  mpuruiuBiB.  Kommozuniiinum
[IEHTPOM CTaHE JKUTJIOBA BEXa B MHIIO 3a-
BBuIIkH (1,6 kM), ska cama 1o cobi € 30ipHH-
KOM HAWHOBIIMINX TEXHOJOIIYHUX IOCATHEHD
BHUCOTHOTO OYAIBHULTBA CydacHOCTi: (opma
BEXI1 po3po0sIeHa 3a JOMOMOTOI0 aepoarnHaMI-
YHOTO MOJIEJILHOTO €KCIIepUMEHTYBaHH:, (a-
calHa TIOBEPXHS PO3WICHOBAaHA 3 ypaxyBaH-
HsIM 300py J10IIOBOI BOAM, YHIKAJIbHA CUCTEMA
nidTiB, KA BUKOPUCTOBYE HEJIABHO pO3pobIIe-
HY TEXHOJIOTII0O MarHiTHOI JeBiTalii TOIO.
Pimennss nns  eHeproza0esneyeHHs MicTa
BKJIFOYaTUMYTh BUKOPHUCTaHHS: KIHETHYHOI
eHeprii BiJ pyxy MOi31iB yepe3 OyXTy, COHSU-
HO1 eHeprii Bia (OTOENEMEHTIB Ta eHeprii BiT-
py, OTPUMaHOK 3a JOMOMOTOK MIKPOTYpOiH
BEPXHIX MOBEPXiB roJoBHOI Bexi ToIo. Ctpo-
KM peaizalii anoHcoBaHi 10 2045 poky. Kom-
NaHisi po3poOHHUK IMPOEKTy BXKE Ma€ JIOCBiX
Bo3BeZieHHsT xmapodocy Lotte World Tower
Bucororo noHax 555 m y Ceyni B IliBnennii
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Kopei, 3aBepiienns sikoro miaanyetbes y 2015
porri.

CepenoBuile icHyBaHHS:
BiYHa Mep3Ji0Ta

[lepexoasiun 10 TBEPAOTO CTaHy ICHYBaHHS
BOJIM Y BUIJISAI CHITY Ta KPUTHU CJiJ 3ayBa)KH-
TH, 110 OCBOEHHS MPOCTOPIB BIYHOI MEP3IOTH
IUIAHETH B CBITI KJIIMAaTHYHUX 3MiH HaOyIo
HeMoBipHOT aktyansHOCTI [7, 8, 10]. Criii-
KICTh PO3BUTKY IIUX TEPHUTOPIi JOBEIEHO pea-
JI30BaHMMHU y PI3HUX KpaiHaxX 3a OCTaHHI POKHU
apXITEeKTYPHO-MICTOOYIIBHUX MPOEKTIB, SKUM
1HOJII TIepelyBalii aAMiHICTPATUBHO-COLIaIbH1
3MIHM CTaTyCy CaMHX TEPUTOPIM.

CrekTp MpOEKTIB, IO PO3POOISAIOTHCA Ta
pearizyroThCs, AyXKe MIUPOKHI: BiJx OKpeMoi
MiBHIYHOI MOOUTBHOI CTaHIIii, CTaliOHAPHOTO
KHTIIA, KOMIUIEKCY CIIOpY[, TPAHCIIOPTHOI 1H-
(bpacTpyKTypH MiICLIEBOCTI 1O IUIAHYBaHHS SIK
OKpeMUX IMBHIYHUX MOCENICHb, TaK i 3HAYHOTO
PETiOHY IIJIKOM.

OmHUM 3 SCKpaBUX NPHUKIAIIB OCBOEHHS
Ib0JI0BUKIB Oyno OyniBHunTBO B 2008 porri
ypsinom Hopserii He3BUYaliHOTO 1 3 apXiTek-
TypHOI, 1 3 HJIILOBOI TOYKU 30py CIOPYIH —
BceecBiTHbOro 6anKy — 3epHocxosuiia B 1000
KM BiJ MBHIYHOTO MOJIOCA, B yMOBaX BIYHO1
mep3notu IImin6eprena [7, 8, 10, 20]. Cxo-
BHIIIE pO3TalllOBaHE B Hajapax ckeini, Ha 120-
MeTpoBii riubuHi, 1 Ha Bucoti 130 M Hax piB-
HEM MOp#, J€ HIATPUMYETHCS IMOCTIMHA TEeM-
neparypa —18 °C [20]. KoxHa kpaina 6e3ko-
IITOBHO Ma€ B CXOBHILE BJIACHUH BIJICIK IS
HaciHHEBOTO (OHAY. 3€pHOCXOBUIIE PO3PaAXo0-
BaHe Ha eMHICTh 4,5 MinbiioHa 3pa3KiB HaCiH-
Hs1. CranoMm Ha 2015 pik 36epiraerses 840 000
3pa3KiB HaciHHA 31 BChOro CBITY. (3pa3ok Ha-
CiHHA cKJagaeTbed 3 Omm3pko 500 HaciHHA,
3are4yaTraHuX B T€PMETUYHOMY ATIOMIHIEBOMY
mimky) [20].

Teputopii BiYHOT MEP3NIOTH CTAIOTh MiclleM
MPOBEICHHS KYJIBTYPHHUX 1 CIIOPTUBHUX 3aXO0-
niB. Y rpyasi 2013 poky B Apkrtuni BinOyBcs
KOHIIEpT pok Tpynu Mertanika. MapadoHCh-
kuit 3a6ir The Polar Circle Marathon B I'peHn-
JaHli TMPOBOIUTHCS IIOPIYHO, IHIIUN Mapa-
¢on North Pole Marathon mpoBoauThcs Ha
Micle3Haxo/keHH1 reorpagiyHoro ITiBHiYHO-
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ro Ilomocy, ToMy norpanuB B KHury pekop-
niB I'iHHecca gk HaimiBHivHimmi. Ha [TiBgen-
HOMY TOJIFOCI TaKOX MPOBOJUTHCS AHTapKTH-
gHU MapadoH [7, §].

Ile muTaHHsS BKpali mmpoke W moTpedye
OCBITJICHHSI OKPEMOIO ITyOITiKaIli€xo.

CepenoBuiie nepedyBaHHs: napa

AKTHBHE BHKOPUCTAHHS MapH B apXiTEKTY-
pl, B CHWIy HOro pO3PSKEHOTO (i3HUIHOTO
CTaHy, BUMAara€ IHIUBIAyaJbHOTO WiAXO.NY,
Ha0OyBae 0COOJUBHUX BUMOT Ta IIBUIIIE BiTHO-
CUTHCS JI0 TIEPCIIEKTUB MAalOYTHHOTO.

Croropni 3aTpeOyBaHi 1Ba HAIPSIMH.

[lepmwmii, mepeBipeHUd CTOMITTAMH, 1€ PO-
3BUTOK IHIYCTPIi Ca-LEHTPIB, ¢ TPAAUIIIITHO
BUKOPUCTOBYETHCS mapa. Lle icropuynnii goc-
BiJl OaratbOX KpaiH CBITY: BiJ AaBHIX PUMCh-
KHX TEPM Ta TPAIUIIHHUX TYPEUBKUX BOJIOTHX
MapHUX — XaMaMiB JI0 HalCy4acHIIUX CcIia-
LIEHTPIB, B IKMX BUKOPUCTAHHI MPUPOJIHI JKE-
pela nmapu sk To reizepu abo TepMalibHI BOIH.
Hagitp y miBHiuHIN Icnannii, € HaliBiqomimmni
y CBITI reorepMaiibHuii cra-komiuiekc Blue
Lagoon [21].

[HmMii HampsM  CTOCYETBCS  MHCTELTBA.
Crorofni, y OUIbIIOCTI BUMAAKIB, Mapornoaio-
HUW CTaH BOJHM AKTUBHO BHKOPHUCTOBYETHCS
apXiTEKTOpaMH, XYI0KHUKAMH 1 CKYJIBITOpa-
MH, SIK CepeioBuIle apT-iHcTamswii [7, 8, 10].

JIO TIUTAHHS KJIACU®IKALT
MTOCEJIEHDL V BOJHOMY
CEPEJIOBUIL

B HaykoBiii niTepaTypi MOXKHa 3HaWTH pi3HI
MIJIXOIUA IO BUBYEHHS MICT Y BOJHOMY OTO-
yeHHi. OAWH 13 HUX HIOJO0 BUIICHHS TUIIB
00’€MHO-TUIaHYBaJIbHUX B3a€EMOJIIA BOJIU Ta
ypOaHi30BaHUX CTPYKTYp SIK TO MiJBOJHE 200

BOJTHE MICTO TIpeicTaBiieHo B cTtarTi JlecHuk O.

[22].

[IpoBenenuit aHai3 MPOEKTHUX MPOIO3U-
i} 1010 MTOCEIEeHb Ha BOJI J1a€ 3MOTY BUSIBH-
TH TOJIOBHI TEHJCHI[I PO3BUTKY AaHOTO Ha-
npsMy y 6au3pkomy MaiiOyTHpoMy. Takox BiH
JI03BOJIIE TIPOBECTH KiacU(]ikaliio MICT Ha
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BOJIi, KOHIIEMIIIT SKuX Oynmu po3pobieHi Ta 3a-
MIPONOHOBAHI OCTAaHHIMH POKaMHU.

[IpoekTu ypOaHi30BaHOTO OCBOEHHS BOJHO-
ro Cepe/loBHINa, Ha JYMKY aBTOpa, MOTPIOHO
KiacudikyBaTu:

- 3@ CTPYKTYpOIO: OJTHOYAaCTUHHUH, 1BOYAC-
TUHHHUM, TOJIYACTUHHUN (ITiABOJHUN, HAIBO-
JTHUM TOIIIO);

- 32 MOOUITBHICTIO (200 MOXIJIHMBICTIO TIEpe-
CyBaHH$): CTallioHapHUI, MOOLTHHUH;

- 3a 3B’SI3KOM 13 CYIIICIO: TIOB’sI3aHUM, aBTO-
HOMHHI,

- 3a (YHKIIIOHAJIBHOI CIPSIMOBAHICTIO:
MOHO(YHKIIOHATbHUH, TOTi(YHKIIOHATIBHHH;

- 32 MacIITadOM IOCENICHHS: 1HIUBITyaabHa
OymiBIIsl, KOMIUIEKC CIIOpYJ, MICTO Ha BOII
TOIIIO;

- 32 MPUHIUIIOM EHEPrormoCTavyaHHs Ta
€KOJIOTITYHUMHU  (paKTOpaMH: CaMoOJIOCTaTHIH,
YaCTKOBO JIOCTATHIN, 3aI€KHUI;

- 3a CTpOKaMH peaizallii: KOHIENTyaIbHuH,
IPOEKTHUH, YaCTKOBO pealli30BaHUMU, pealtizo-
BaHUM.

Knacudikamiss Moxxe OyTH po3mupeHa 3a
JIOTIOMOTOI0 1HIIMX TOKA3HUKIB, HAMPUKIAJ,
BpaxyBaHHS  CTPYKTYPHUX  BEPTHKAIBHHUX
3B’SI3KIB TIOCEJICHHSI «TIOBEPXHS — THO OKEaHY»,
piBEHb BIUIMBY MOCEJICHHS HAa OTOYYIOYE cepe-
JTOBHIILIE TOIIIO.

BUCHOBKUM

1. Crilikuii pO3BUTOK CEpeIOBHINA ICHY-
BaHHJA JIIOOUHM Yy 21 CTONTTI Hampsamy
NOB’S13aHUI 3 MOAAJBIIUM 3aCBOEHHIM IpH-
POTHHUX BOJHUX EKOCHCTEM, Cy4acHHMHU Ha-
npssMaMi BUKOPHUCTaHHs MOTEHIIaTy BOJHHUX
00’€KTIB Ta 3aCTOCYBaHHSIM HOBHX TE€XHOJOT1H
Ha LUISIXY 10 BIPOBAKEHHS KOHYenyii cmiii-
K020 NPOACUBAHHS 8 B0OHUX YMOBAX.

2. BuBYeHHS BOJHOTIO OTOYCHHS SIK cepe-
JIOBUIIA ICHYBaHHS JIFOJUHH € aKTyaJlbHUM
MUTAaHHAM I MICTOOYIBHHKIB, JaHamadT-
HUX apXITEKTOPIB, €KOJIOTIB, TiIpo-1HKEHEPIB
Ta IHIUX crenianicTiB. [IpoxuBaHHS y BOJI-
HOMY CEpEIOBHIIl BUKIMKAIO 3allIKaBIEHICTh
HE OJHOT0 MOKOJIHHA apXITEKTOpPiB, MPO IIO
CBI4aTh GyTYpPUCTUYHI IPOEKTH MICT Ha BOJI
60 — 70 pokiB MUHYJIOT'O CTOJNITTS, IPOEKTH Ha
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3JIaMi CTOJIITh Ta CY4acHI MPOEKTH OCTaHHIX 5
POKIB, aHaNi3y SKHX MPUCBAYCHA JaHa IMyOi-
Kars.

3. B cBiTi ckianmcs nepeaymMoBH IS poO-
3pOOKH TaKUX IPOEKTIB, a caMe HEOOXiAHICTh
ajanrarii 10 KIIMaTUYHUX 3MiH, 3aXHUCT ypOa-
HI30BaHUX TEPUTOPIiH, JeMorpadiyHa cUTyarris
B KpaiHax, CTpIMKHII PO3BHUTOK ypOaHi3arii,
BUKIIMKM 4Yacy IIOAO 3aXHUCTy IUIaHETapHOI
€KOCUCTeMH TOIIo. BupimeHHs OaraTbox 3
HUX OPraHiYyHO IOB’S3aHE 3 OCBOEHHSIM BOJ-
HOTO CepeI0BUIIA.

4. ToToBHICTH OymIBEIHHOTO PHHKY K Ta-
KHM BUKIIMKaM — HAsBHICTh TEXHOJIOTiH, Oyi-
BEJILHUX MaTepialliB, 1HXEHEPHO-IPOSKTHHUX
pilieHs Ta JOCBiqy peaiizamii OKpeMHuX mpoe-
KTiB Y CBITI.

5. B po0oTi Boja po3risHyTa SIK Cepeo-
BUIIE ICHYBaHHS JIIOJUHU B i TPHOX MOMKIIU-
BUX arperaTHUX CTaHax - K PiIUHH, KPUTH Ta
napu. ['onoBHa yBara mpujiieHa TOCTiIKEeH-
HIO MICT Ha BOJi, Ji¢ BOJa NpEICTaBJCHA B
SIKOCT1 PIIMHM, SIK HaWO1IBII PO3MOBCIOKE-
HOMY NpPUPOIHOMY CTaHy 1ii ICHyYBaHHS Ha
IUTAHEeTI Ta 3BHYAWHOMY, TpPAAUIIIHOMY IS
CIPUHHSTTS JIIOJUHOI. MOPCHKI €KOCHCTEMHU
IUTAHETH PO3TIISIIAIOThCS K HaWOLIbII 3aTpe-
OyBaHHMX Ta TEPCIEKTHBHUX. TaKoX poO3TJis-
HYTO MPOKUBAHHS B yMOBaX BiUHOI MEP3J0TH,
7€ BOAA ICHYe B CBOEMY TBEpIOMY CTaHI B
SKOCTI KPUTH Ta CHIry. Ta BHUsBIIEHI HanpsmMu
BUKOPHUCTAHHSI NaponoaiOHOr0 CTaHy BOJAMU B
CyYacHii apXiTeKTypi Ta MUCTELTBI.

6. IlpoBeneHwii mopiBHSUIBHWE aHami3 8
KOHIIENITyaIbHUX MPOEKTIB LIO0 MMOCEJIeHb Ha
BOJ1, pO3pO0JIEHUX 3a OCTaHHI 5 POKiB, MOKa-
3aB, 110 KOKHUU MPOEKT TI€I0 Y IHLIOK Mi-
pOIO0 CIIPSIMOBAHO HA PO3BUTOK KOHYenyii
CMINIKO20 NPONCUBAHHS Y B0OHUX YMOBAX, A
caMme: pO3poOKYy albTEepHATHBHUX JDKEPET
€HEepProrNoCTayYaHHs, BUBYECHHS MOPCHKHX Ta
OKEaHChKUX TJIMOMH, CaMOJOCTaTHICTh IOCE-
JIeHb, OYMWIICHHS OKEaHCHKUX BOJ], HYIHOBHM
BIUIMB Ha MPUPOJHE OTOYEHHS, PO3BHUTOK iH-
HOBAI[ITHMX TEXHOJOriH, HOBHUX MaTepiajiB
TOILIO 3 METOI0 JIOCSTHEHHSI CTIHKOTO €KOHO-
MIYHOTO 3pOCTaHHS ITUX ypOaHI30BaHUX MOCE-
JIeHb Ha BOJ1 ab0 mij Hero.

7. 3anpomoHOBaHO KJacH}ikaliio Moce-
JIeHb Ha BOJII: 32 CTPYKTYpOIO, 32 MOOUIBHICTIO,
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3a 3B’S3KOM 13 CyIIer, 3a (yHKIIOHATLHOIO
CHPSIMOBAHICTIO, 32 MacIITa0OM MOCEJICHHS, 32
IPUHILIUIIOM E€HEPronoCcTayaHHs Ta EKOJIOTid-
HUMH (pakTOopamu, 3a CTpOKaMH peasizamii
TOILIO.

8. MaiibyTHe miaBOAHOI ypOaHiCTHKH Oa-
YUTBCSA Y NAPUMEMHOM) CNiBICHYBAHHI JIHOOC-
mea ma 600Hoi ekocucmemu. HoB1 moceneHHs
MaloTh OyTH 3aIVIAaHOBAaHUMHU TaKUM YHHOM,
00 HAMBAXKIIUBIIII COIIATBHI T4 CEPETOBUIII-
HI YMOBH OyJIM TMOJIMNIIEHI Ta MOTJIM O 3a0e3-
neunty Kpaie xkutta y XXI cromirri. Hynbo-
BUI BIUIMB Ha BOJHE CEPEOBHILE, TOKPAILICH-
HS 3/I0pOB’S Ta COLIAJBHUX YMOB JIFOACHKOTO
IPOXUBAHHS MarOTh OYTH B LIEHTP1 yBaru HO-
BUX ypOaHICTUYHUX MPOEKTIB Ta po3podok. o
2100 poky, BBaXKalOTh 1HKEHEPH, B TAKHX MiC-
Tax Morjio O mpoxkuBatu 10 250 MiTBHOHIB
YOJIOBIK.

9. MOXIUBO JAHMCKYTYBaTH OKpeMi IH-
TaHHS ICHYBaHHS B YMOBaX CTIMKOTO MOpPO3Y,
aje TepuTopii BIYHOI MEP3JIOTH OTPUMAIH
ChOTOJIHI CTIMKHI PO3BUTOK W MOTPEeOYIOTh
fioro B maiiOytapomy. Lle TepuTopii i3 0co0-
JMBUM CTaTyCOM — TpaHCHaIlloHaJIbHUM. BoHu
nepectanu OyTU CyTO AJisl MICIIEBHUX HapOJHO-
CTEW, BOHHU BiJKPHBAIOTHCS JUIsI BCHOTO Hace-
JICHHSI TUTAHETH, XTO MOJ00JISIE eKCTpeMalbH1
YMOBH KUTTS Ta Mpalli.

10. IcuyBaHHS BOAM B SIKOCTI Hapu Haii-
OUIBII CKJIaJHE, B CUJTY il ICHYBaHHS y po3ps-
JDKEHOMY BHIJISJI, Ta HOTO aKTUBHE BHUKOPHC-
TaHHS B apXITEKTYypl W€ 3a [1BOMa HalpsMaMu:
TpamuuidHOMy — 1€  IHAYCTpis  cma-
BIJINIOYMHKY Ta KPEATHBHOMY — BUKOPUCTAHHS
B YMCEJIbHUX apT-iHCTamALIAX y cBiTi. Cporo-
JIHI Ha pUHKY 3aTpeOyBaHl 3 PI3HUX MO3ULIN
Ta B pi3HIN Mipi BCl TPH CTaHU BOAM, SIK MOKa-
3aJI0 TIPOBEJICHE JTOCIIIIKEHHSI.

JIITEPATYPA

1. Ceir enunukaonenii. IIpupogoxopuctyBaHHS.
Bomna exocucrema. http://gx3000.ru/prirodoko
ristuvannja/vodna-ekosistema.html. Tleperysiny-
10 21.02.2016.

2. 3asoackos C., 2014. Lilypad ruiaBaroriiuii ropos B
Iy6ae. http://uae-dubai.ru/uae-blogs/article/lilypad-
plavayuschiy-gorod-v-dubae. [lepernsinyTo
22.02.2016.

NiaBOOHI TEXHOIOTrIT ¢ 03/2016, 54-65
MpomucnoBa Ta umMBinbHa iHXeHepia


http://gx3000.ru/prirodoko%0bristuvannja/vodna-ekosistema.html
http://gx3000.ru/prirodoko%0bristuvannja/vodna-ekosistema.html
http://uae-dubai.ru/uae-blogs/article/lilypad-plavayuschiy-gorod-v-dubae
http://uae-dubai.ru/uae-blogs/article/lilypad-plavayuschiy-gorod-v-dubae

ApxiTekTypa Ta OyIiBHUIITBO

w

. DpaHIy3CcKHMil apXUTEKTOp NMpHUIyMall IJIaBy4He
ropojga il KiMMaThdeckux Oexeniies, 2008.
http://realty.newsru.com/article/23Jun2008/lily.
[epernsinyTo 23.02.2016.

4. Cyxau M., 2015. Ilepma MbKHApOJHA HAYKOBO-
npakTiaHa KoH(epeHmis «[limBomHi TeXHOIOTI,
2015». Ilimomui Texnomorii. [lpommcroBa Ta
LIMBLIbHA iFkeHepis, Bum.1, 3-12.

5. Ypbauucruka. http://ru.wikipedia.org/wiki/Yp-
6anuctuka. [lepersiayto 21.02.2016.

6. Ruban L., 2013. Recent Trends in the Use of Wa-
ter in Modern Architecture; New Approaches to
Space Modeling. 1st World Milti_Conference on
Intelligent Building Technologies & Multimedia
Management, 10th International Conference New
Building Technologies and Architectural Design,
NBTAD 2013, Krakow, Abstracts, 86.

7. Ruban L. 2014. Three States of Water: How
Technology Makes Water a Construction Material.
Technical transactions, Architecture. Cracow:
Politechnika Krakowska, Issue 8-A, 27-37.

8. Pyban JLU., 2014. HoBble HampaBleHHsT UCTIONb-
30BaHMSI BOIBI B ApXUTEKTYPHO-TAHAIIA(THOH
MPAKTUKE COBPEMEHHOCTU. HOBBbIE HIIEM HOBOrO
Beka — 2014. Marepuanst 14-if MexayHap. Hayud.
koH®. = The new ldeas of New Century — 2014:
The Fourteenth International Scentific Conference
Proceedings: B 3 T. TuxookeaH. roc. yH-T. Xaba-
poBck, M3n-Bo Tuxookean. roc. yH-ta. 3 T., 160-
166.

9. Kuc S, Ruban L., 2014. Water as the Factor of
Techno-creation. Proceedings of a 2nd Annual In-
ternational Conference of Architecture and Civil
Engineering (ACE-2014), ISSN: 2301-394X, pub-
lished and organized by Global Science and Tech-
nology Forum (GSTF), Singapore, 50-54. (Best
Paper Awards ACE 2014.

10. Kuc S., Ruban L., 2014. Contemporary Water
Landscapes. Trends, Issues and Techno-creation.
GSTF Journal of Engineering Technology (JET),
ISSN: 2251-3701, Vol. 3, N 1, DOI: 10.5176/2251-
3701_3.1.116, 96-105.

11. Lomholt Is., 2010. Harvest City Hiaiti,
Caribbean, ‘A Concept to Recovery’.
http://www.e-architect.co.uk/haiti/harvest-city-
haiti. ITepermsiayro 21.02 2016.

12.TopmxoBa /I, 2013. Opranudeckue ropoja:
mpoekt Luca Curci Architects B OAD.
https:/Aww.buro247.ru/lifestyle/design/organich
eskie-goroda-proekt-luca-curci-architects.html.
[epernsinyro 22.02.2016.

13.Frearson A., 2014. Spiralling underwater cities

could make oceans inhabitable by 2030.

http://www.dezeen.com/2014/11/26/ocean-

MABOOHI TEXHONOCII e 03/2016, 54-65
MpomwncnoBa Ta umMBinbHa iHXeHepisa

spiral-underwater-cities-shimizu-corporation.
[epernsiayTo 23.02.2016.

14. IlnemkaHoBckass A.M., CaBuenko E./., 2011.
I'opona u anoxu. K., MaCcTHTYT ypOanucTrky, 230.

15. Ckpumun B., 2014. Kuraifipl miaHUPYIOT HC-
TIOJTH30BATH ISl IOCTPOSHHSI TOPOJIOB OYYIIETO
MIOBEPXHOCTh ~ 3€MJIM,  TIOKPBITYIO  BOJIOM.
http://itc.ua/news/kitaytsyi-planiruyut-ispolzovat-
dlya-postroeniya-gorodov-budushhego-
poverhnost-zemli-pokryituyu-vodoy. Ileperss-
uyrto 22.02.2016.

16.Frearson A., 2014. Floating City concept by AT
Design Office features underwater roads and
submarines. http://www.dezeen.com/2014/05/13/
floating-city-at-design-office. [epernsinyTo
21.02.2016.

17. Mairs J., 2015. Vincent Callebaut proposes un-
derwater "oceanscrapers” made from 3D-printed
rubbish. http://mww.dezeen.com/2015/12/24/
aequorea-vincent-callebaut-underwater-
oceanscrapers-made-from-3d-printed-rubbish-
ocean-plastic. Iepermsanyto 21.02.2016.

18. McKnight J., 2015. WORKac and Ant Farm
design a utopian floating city for humans and
marine animals. http://www.dezeen.com/2015/
10/07/workac-ant-farm-utopian-floating-city-
concept-chicago-architecture-biennial-2015. TTe-
perisiayTo 23.02 2016.

19. Keskeys P., 2016. Honeycomb Lagoons and a
Mile-High Tower: Envisioning Tokyo Bay in the
Year 2045. http://architizer.com/blog/next-tokyo/.
[epermsayTo 21.02 2016.

20. The Svalbard Global Seed Vault, Norwegia,
2008.
https://en.wikipedia.org/wiki/Svalbard_Global_S
eed Vault. [Tepermstayro 21.02 2016.

21. Blue Lagoon (geothermal spa), 1992.
https://en.wikipedia.org/wiki/Blue_Lagoon_(geot
hermal_spa). ITeperssayto 23.02 2016.

22. Jlecuux E.JIL., 2011. B3aumopeiictBue ypOaHu-
3UPOBAHHBIX CTPYKTYP M BOJHBIX IIPOCTPAHCTB.
«APXHUTEKTOH: U3BECTHS By30B», EkaTtepuHOypr,
Poccwust, Ne34. http://archvuz.ru/2011_22/24.

REFERENCE

1. Svit encyklopedij. Pryrodokorystuvannja. Vodna
ekosystema.  http://gx3000.ru/prirodokoristuvan
nja/vodna-ekosistema.html. Viewed 21.02.2016
(in Ukrainian).

2. Zavodskov S., 2014. Lilypad plavajushhyj gorod v
Dubae. http://uae-dubai.ru/uae-blogs/article/lilypad-
plavayuschiy-gorod-v-dubae. Viewed 22.02.2016
(in Russian).

63


http://realty.newsru.com/article/23Jun2008/lily
http://ru.wikipedia.org/wiki/Урбанистика.%20Просмотрено%2021.02.2016
http://ru.wikipedia.org/wiki/Урбанистика.%20Просмотрено%2021.02.2016
http://www.e-architect.co.uk/haiti/harvest-city-haiti
http://www.e-architect.co.uk/haiti/harvest-city-haiti
https://www.buro247.ru/lifestyle/design/organicheskie-goroda-proekt-luca-curci-architects.html
https://www.buro247.ru/lifestyle/design/organicheskie-goroda-proekt-luca-curci-architects.html
http://itc.ua/news/kitaytsyi-planiruyut-ispolzovat-dlya-postroeniya-gorodov-budushhego-poverhnost-zemli-pokryituyu-vodoy/
http://itc.ua/news/kitaytsyi-planiruyut-ispolzovat-dlya-postroeniya-gorodov-budushhego-poverhnost-zemli-pokryituyu-vodoy/
http://itc.ua/news/kitaytsyi-planiruyut-ispolzovat-dlya-postroeniya-gorodov-budushhego-poverhnost-zemli-pokryituyu-vodoy/
http://www.dezeen.com/2014/05/13/%0bfloating-city-at-design-office
http://www.dezeen.com/2014/05/13/%0bfloating-city-at-design-office
http://www.dezeen.com/2015/12/24/%0baequorea-vincent-callebaut-underwater-oceanscrapers-made-from-3d-printed-rubbish-ocean-plastic
http://www.dezeen.com/2015/12/24/%0baequorea-vincent-callebaut-underwater-oceanscrapers-made-from-3d-printed-rubbish-ocean-plastic
http://www.dezeen.com/2015/12/24/%0baequorea-vincent-callebaut-underwater-oceanscrapers-made-from-3d-printed-rubbish-ocean-plastic
http://www.dezeen.com/2015/12/24/%0baequorea-vincent-callebaut-underwater-oceanscrapers-made-from-3d-printed-rubbish-ocean-plastic
http://www.dezeen.com/2015/%0b10/07/workac-ant-farm-utopian-floating-city-concept-chicago-architecture-biennial-2015/
http://www.dezeen.com/2015/%0b10/07/workac-ant-farm-utopian-floating-city-concept-chicago-architecture-biennial-2015/
http://www.dezeen.com/2015/%0b10/07/workac-ant-farm-utopian-floating-city-concept-chicago-architecture-biennial-2015/
http://architizer.com/blog/next-tokyo/
https://en.wikipedia.org/wiki/Blue_Lagoon_(geothermal_spa)
https://en.wikipedia.org/wiki/Blue_Lagoon_(geothermal_spa)
http://gx3000.ru/prirodokoristuvan%0bnja/vodna-ekosistema.html.%20Viewed%2021.02.2016
http://gx3000.ru/prirodokoristuvan%0bnja/vodna-ekosistema.html.%20Viewed%2021.02.2016
http://uae-dubai.ru/uae-blogs/article/lilypad-plavayuschiy-gorod-v-dubae.%20Peregljanuto%2022.02.2016
http://uae-dubai.ru/uae-blogs/article/lilypad-plavayuschiy-gorod-v-dubae.%20Peregljanuto%2022.02.2016

ApxiTekTypa Ta GymBHVIHTBO

3. Francuzskyj arhytektor prydumal plavuchye go-
roda dlja klymatycheskyh bezhencev, 2008.
http://realty.newsru.com/article/23Jun2008/lily.
Viewed 23.02.2016 (in Russian).

4. Sukach M., 2015. Persha mizhnarodna naukovo-
praktychna konferencija «Pidvodni tehnologii',
2015». Pidvodni tehnologii'. Promyslova ta cyvil'na
inzhenerija, vyp.1, 3-12 (in Ukrainian).

5. Urbanystyka. http://ru.wikipedia.org/wiki/
Urbanystyka. Viewed 21.02.2016 (in Russian).

6. Ruban L., 2013. Recent Trends in the Use of Water
in Modern Architecture; New Approaches to Space
Modeling. 1st World Milti_Conference on Intelli-
gent Building Technologies & Multimedia Man-
agement, 10th International Conference New Build-
ing Technologies and Architectural Design,
NBTAD 2013, Krakow, Abstracts, 86.

7. Ruban L., 2014. Three States of Water: How Tech-
nology Makes Water a Construction Material.
Technical transactions, Architecture. Cracow: Poli-
technika Krakowska, Issue 8-A, 27-37.

8. Ruban L. 2014. New Trends in Usage of Water in
Modern Architectural and Landscape Practice. “The
new lIdeas of New Century — 2014: The Fourteenth

International Scentific Conference Proceedings: v 3 t.

Tyhookean. gos. un-t. Habarovsk, Yzd-vo Tyhoo-
kean. gos. un-ta. 3 t.,, 160-166 (in Russian).

9. Kuc S., Ruban L., 2014. Water as the Factor of
Techno-creation. Proceedings of a 2nd Annual In-
ternational Conference of Architecture and Civil
Engineering (ACE-2014), ISSN: 2301-394X, pub-
lished and organized by Global Science and Tech-
nology Forum (GSTF), Singapore, 50-54. (Best Pa-
per Awards ACE 2014.

10.Kuc S., Ruban L., 2014. Contemporary Water
Landscapes. Trends, Issues and Techno-creation.
GSTF Journal of Engineering Technology (JET),
ISSN: 2251-3701, Vol. 3, N 1, DOI: 10.5176/2251-
3701_3.1.116, 96-105.

11.Lomholt Is., 2010. Harvest City Haiti, Carib-
bean, ‘A Concept to Recovery’. http://www.e-
architect.co.uk/haiti/harvest-city-haiti. ~Viewed
21.02 2016.

12.Gorshkova D., 2013. Organycheskye goroda:
proekt Luca Curci Architects v UAE.
https:/Aww.buro247 . ru/lifestyle/design/organich
eskie-goroda-proekt-luca-curci-architects.html.
Viewed 22.02.2016 (in Russian).

13.Frearson A., 2014. Spiralling underwater cities
could make oceans inhabitable by 2030.
http://www.dezeen.com/2014/11/26/ocean-spiral-
underwater-cities-shimizu-corporation. ~ Viewed
23.02.2016.

64

14. Pleshkanovskaja A.M., Savchenko E.D., 2011.
Goroda y epohy. K., Ynstytut urbanystyky, 230 (in
Russian).

15. Skrypyn V., 2014. Kytajcsr planyrujut yspol'zo-
vat' dlja postroenyja gorodov budushhego po-
verhnost' Zemly, pokrytuju vodoj.http://itc.ua/
news/kitaytsyi-planiruyut-ispolzovat-dlya-postroe
niya-gorodov-budushhego-poverhnost-zemli-po
krytiyu-vodoy. Viewed 22.02.2016 (in Russian).

16.Frearson A., 2014. Floating City concept by AT
Design Office features underwater roads and
submarines. http://www.dezeen.com/2014/05/13/
floating-city-at-design-office. Viewed 21.02.2016.

17. Mairs J., 2015. Vincent Callebaut proposes un-
derwater "oceanscrapers” made from 3D-printed
rubbish.
http://www.dezeen.com/2015/12/24/aequorea-
vincent-callebaut-underwater-oceanscrapers-
made-from-3d-printed-rubbish-ocean-plastic.
IlepermsnyTo 21.02.2016.

18. McKnight J., 2015. WORKac and Ant Farm
design a utopian floating city for humans and ma-
rine  animals.  http://www.dezeen.com/2015/
10/07/workac-ant-farm-utopian-floating-city-
concept-chicago-architecture-biennial-2015/.
Viewed 23.02 2016.

19. Keskeys P., 2016. Honeycomb Lagoons and a
Mile-High Tower: Envisioning Tokyo Bay in the
Year 2045. http://architizer.com/blog/next-tokyo/.
Viewed 21.02 2016 (in English).

20. The Svalbard Global Seed Vault, Norwegia,
2008. https://en.wikipedia.org/wiki/Svalbard
Global_Seed_Vault. Viewed 21.02 2016.

21. Blue Lagoon (geothermal spa), 1992.
https://en.wikipedia.org/wiki/Blue_Lagoon_(geot
hermal_spa). Viewed 23.02 2016.

22.Lesnyk E.L., 2011. VVzaymodejstvye urbanyzy-
rovannyh struktur y vodnh prostranstv. «Arhytek-
ton: yzvestyja vuzov», Ekaterynburg, Rossyja,
Ne34. http://archvuz.ru/2011_22/24 (in Russian).

NiaBOOHI TEXHOIOTrIT ¢ 03/2016, 54-65
MpomucnoBa Ta umMBinbHa iHXeHepia


http://www.e-architect.co.uk/haiti/harvest-city-haiti
http://www.e-architect.co.uk/haiti/harvest-city-haiti
https://www.buro247.ru/lifestyle/design/organicheskie-goroda-proekt-luca-curci-architects.html
https://www.buro247.ru/lifestyle/design/organicheskie-goroda-proekt-luca-curci-architects.html
http://itc.ua/%0bnews/kitaytsyi-planiruyut-ispolzovat-dlya-postroe%0bniya-gorodov-budushhego-poverhnost-zemli-po%0bkrytiyu-vodoy
http://itc.ua/%0bnews/kitaytsyi-planiruyut-ispolzovat-dlya-postroe%0bniya-gorodov-budushhego-poverhnost-zemli-po%0bkrytiyu-vodoy
http://itc.ua/%0bnews/kitaytsyi-planiruyut-ispolzovat-dlya-postroe%0bniya-gorodov-budushhego-poverhnost-zemli-po%0bkrytiyu-vodoy
http://itc.ua/%0bnews/kitaytsyi-planiruyut-ispolzovat-dlya-postroe%0bniya-gorodov-budushhego-poverhnost-zemli-po%0bkrytiyu-vodoy
http://www.dezeen.com/2014/05/13/%0bfloating-city-at-design-office
http://www.dezeen.com/2014/05/13/%0bfloating-city-at-design-office
http://www.dezeen.com/2015/12/24/aequorea-vincent-callebaut-underwater-oceanscrapers-made-from-3d-printed-rubbish-ocean-plastic
http://www.dezeen.com/2015/12/24/aequorea-vincent-callebaut-underwater-oceanscrapers-made-from-3d-printed-rubbish-ocean-plastic
http://www.dezeen.com/2015/12/24/aequorea-vincent-callebaut-underwater-oceanscrapers-made-from-3d-printed-rubbish-ocean-plastic
http://www.dezeen.com/2015/%0b10/07/workac-ant-farm-utopian-floating-city-concept-chicago-architecture-biennial-2015/
http://www.dezeen.com/2015/%0b10/07/workac-ant-farm-utopian-floating-city-concept-chicago-architecture-biennial-2015/
http://www.dezeen.com/2015/%0b10/07/workac-ant-farm-utopian-floating-city-concept-chicago-architecture-biennial-2015/
http://architizer.com/blog/next-tokyo/
https://en.wikipedia.org/wiki/Blue_Lagoon_(geothermal_spa)
https://en.wikipedia.org/wiki/Blue_Lagoon_(geothermal_spa)
http://archvuz.ru/2011_22/24

ApxiTekTypa Ta OyIiBHUIITBO

Underwater urban studies:
modern issues and trends

Liudmila Ruban

Kyiv National University of Construction
and Architecture
Povitroflotsky prosp., 31, Kyiv, Ukraine, 03037
e-mail: knuba.landscape@gmail.com
|_Ruban@knuba.edu.ua
orcid.org/0000-0002-5973-4362

Summary. The paper is devoted to the causes
and reasons of the interest paid to the underwater
urban studies; to the answers on the main issues of
our time by the international architectural, con-
struction and engineering minds.

The paper examined the water as the habitat in
its three possible physical states — liquid, solid and
vapor. The main focus is on marine ecosystems
and their possible future development in the 21st
century. It’s also considered the accommodation in
permafrost where water is in its solid form as ice
and snow. The directions of water’s usage as vapor
in modern architecture and art are identified.
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The possible planning of underwater and
above-water settlements, the analysis of interna-
tional project’s experience over the past five years,
the systematization of the scientific and project
materials, the classification of cities on water and
other issues are considered as key proposals of this
research.

Conducted analysis of international experience
in the design and planning of new cities in the ag-
uatic environment highlights the new approaches
in modern engineering and technology solutions,
revealing the potential of marine ecosystems for
future development and coming accommodation.

Key words: underwater urban studies, marine
ecosystems, city on water, three physical states of
water: liquid, solid and vapor; territory of perma-
frost, sustainable development.
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Summary. To create a competent recon-
struction projects in the historical environment
it’s necessary to carry out pre-project research
cycle. It’s goal - to produce detailed baseline
data. Pre-project research should be carried out
using the method of graph-analytical analysis
of the historical architectural environment and
its current state, the method of comparative
analysis, synthesis by drawing up the result
recommendations schemes. The article marks
the stages of pre-project research of the archi-
tectural environment of the small town's his-
toric center. It consists of historical-genetic
analysis, analysis of the current state of the ur-
ban historical architectural environment, im-
plementation the historical-reference plan,
project of zones of protection monuments of
architecture and urban planning, preparation
the historical and urban planning substantia-
tion. These researches are directed to identify
characteristics of the formation and develop-
ment of historic urban environment, to deter-
mine its value and the state of preservation, to
define the limits of architectural and town-
planning constraints and demands during re-
construction or new construction in the historic
environment. The article shows the sequence
of pre-project researches and their mutual in-
fluence. The result schemes of each stage were
noted. A scheme-model of reconstruction ac-
tivities as the result pre-project research and as
the implementation of recommendation to the
reconstruction project was determined.
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INTRODUCTION

The need to ensure the preservation of the
existing cultural heritage and the harmonious
modern development of the historical centers
of small Ukrainian towns is a very topical
question today. The urban architectural envi-
ronment can’t be unchanged. With time it
constantly receives various changes, adapts to
the needs of people throughout its history of
existence and development. With the con-
struction of any new building architects at
various times made changes in historical ur-
ban environment. It was always very impor-
tant that this new building not only did not
broke established traditions, planning, volu-
metric, spatial and functional features, but al-
so had become a harmonious complement to
the existing historic buildings. The main prin-
ciples of any new construction in the existing
historic environment should be tolerance,
continuity and harmonious supplement. In
this case, the urban environment will retain its
historical features and will get a new devel-
opment that is necessary for him at this time
point.
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Unfortunately, the existing experience of
new construction in the historical center of
small Ukrainian towns shows off a complete-
ly different picture.

Small historical towns have unique monu-
ments of architecture and urban state and lo-
cal levels, but many of them are in disrepair
as a result of incorrect modern use or disuse
in general [7]. Further ignoring the existing
problems could lead to their complete de-
struction, and thus towns lose its authentic
buildings, which are urban dominants. Also,
today in these towns are very badly preserved
ordinary historic buildings which are the
background to highlight the dominant monu-
ments [8]. And existing new buildings are,
most, or typical buildings that are not suitable
for the kind of small town environment, or
have not enough quality architectural design.

Therefore, the main task of reconstruction
of the historic centers of small towns should
preserve their authenticity, historical and arc-
hitectural value of existing monuments im-
prove the quality of existing architectural en-
vironment and create a new quality environ-
ment with considering all the historic features
[9].

The quality of the reconstruction projects
of the historical architectural environment
greatly depends on from the carried out scien-
tific research work to the creation of detailed
baseline data. That it requires pre-project re-
search cycle.

PURPOSE OF WORK

The purpose of the pre-project research
cycle is to create, as much as possible, the
original database for the new design in historic
environment and for drafting the reconstruc-
tion of the historical architectural environment.
In the article is proposed consistently to con-
sider the stages of the pre-project research
cycle and their connections.
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MATERIALS AND METHODS

Research to create the baseline data should
be carried out with using the method of graph-
analytical analysis of the historical architectur-
al monuments and environment, the method of
graph-analytical analysis of the current state
historical architectural environment, the me-
thod of comparative analysis; generalization
by drawing up the result recommendations
schemes.

RESULTS AND DISCUSSION

Pre-project research consists of the follow-
ing steps.

1. Historical-genetic analysis.

2. Analysis of the current state of the urban
historical architectural environment (historical
center, ensemble, quarter, house).

3. Analysis of the historical-reference plan.

4. Analysis of the project of zones of pro-
tection monuments of architecture and urban
planning.

5. Drafting of historical and urban planning
substantiation.

Historical-genetic analysis is made to de-
termine the characteristics of the formation
and development of the studied architectural
urban environment at different time stages, to
identify the sustainable characteristics of its
planning and volumetric-spatial composition
and typological structure of buildings.

It includes the study and comparison of his-
torical urban plans. Its task is to identify the
town's genetic code. That is:

1. Identify the patterns of formation and
development of this historic town. Under the
influence of which factors this town acquired
its characteristics, and which ones. It is neces-
sary to analyze:

- natural factor (geographical location, cli-
mate influence, natural environment, orienta-
tion on water, relief);

- historical factor (historical events and per-
sonalities that have influenced the formation of
the town);
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- cultural factor (under the influence of
which cultures the urban environment was
formed);

- social factor (who inhabited the city by
the kind of activity: traders, artisans, farmers,
etc.; we can see this by saved to the present
historical names of streets, squares, districts,
quarters);

- national factor (different mentality - a dif-
ferent way of life, and therefore different hous-
ing);

- religious factor (which temples were built
in the town, and they became urban dominant
and determined the features of ordinary build-
ings that formed around them, as a rule, they
were houses of parishioners);

- urban factor (planning and spatial features
of the urban environment, urban dominant and
their visual links, urban hierarchy: dominant —
accents - ordinary buildings);

- architectural factor (volume, percolation,
coloring, regional stylistic features that are
formed under the influence of different cul-
tures).

2. ldentify steel features of urban planning,
volumetric-spatial, functional, architectural
and artistic organization, that is:

- what distinguishes this town from others;

- what kept and passed from stage to stage
of this town development;

- what remained to this day.

Historical-genetic analysis is carried out on
archival research and inspection on location.

Archival research - is the collection and
comparing the data from the history and town
development (historical plans, iconographer,
text materials, photos).

The results of these studies are:

- analytical scheme stages of urban plan-
ning;

- scheme of its silhouette;

- volumetric-spatial diagram of major ur-
ban ensembles and ordinary urban environ-
ment;

- scheme of composition and visual com-
munications dominants, accents and ordinary
building;

Inspection on location — is the identification
of the historic elements that have survived to
the present (remains of defensive walls, forts,
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territories of historic squares, streets, districts,
historic buildings).

Based on a comparison of archival research
and inspection on location:

- stages of planning and spatial organization
of urban architectural environment are deter-
mined;

- provides an assessment of importance of
these stages for citywide composition as a
whole;

- distinguish the main historically valuable
planning and architectural elements that make
up the genetic code, and thus are subjects to
preservation [14].

Analysis of the current state is to discover
the modern features of historic architectural
environment and its role in the present city-
wide structure [14]. It provides:

1) the evaluation of the modern urban val-
ues researched historical architectural envi-
ronment;

2) determining its current planning and
buildings and the correlation of citywide plan-
ning and buildings;

3) the definition of the modern typology of
buildings that make up the studied architectur-
al environment;

4) the definition of the modern space-
planning and constructive resolution of these
buildings;

5) determination of its modern functions;

6) determination the disharmonized ele-
ments in the historic urban environment which
violate its visual complete perception and
bring negative changes in its silhouette [14].

The study of the current state historical arc-
hitectural environment shows how it has kept
its urban, architectural and functional characte-
ristics, and how they can meet modern needs.

These analytical analysis of the current state
issued a graphical diagram plan - destructive
scheme on which we can make a conclusion
about the degree of preservation of historic
architectural environment as a whole and indi-
vidual buildings and structures that compose
it.

The scheme collected all currently existing
buildings. Determined by their architectural

and stylistic features, number of storeys and
degree of preservation. Also are shown visual
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connections between buildings in the study
historic architectural environment (dominants,
accents and ordinary buildings) and links be-
tween dominants and accents the whole histor-
ical center. Based on this are determined the
disharmonized buildings that destroy the visu-
al communications. The links between the his-
torical center and new modern centers of grav-
ity and cultural centers are established.

Conducted by graph-analytic method the
analysis of the current state historical architec-
tural environment will make it possible to con-
clude:

- how is preserved its original urban value;

- how serious is the change in the planning
and volumetric-spatial composition caused by
incorrect new building and unreasonable de-
molition of historic buildings (if any);

- which houses more preserved, in which
style, in which the state;

- what changes have occurred in the func-
tional structure, how is architectural environ-
ment functionally active and attractive;

- and identify links to modern centers of
gravity and cultural centers.

These studies of the current state compared
with the historical research data by the method
of comparative analysis. The result of the
comparison is the plan diagram - the histori-
cal-reference plan. This is complex urban con-
servation document that summarizes the re-
sults of research on the historic city [6]. His-
torical reference plan for each historic town is
developed according to «DBN B.2.2-3-2008
Composition, content, procedure of develop-
ment, coordination and approval of historical-
architectural reference plans, the special scien-
tific and design documentation to determine
the historical areas of settlements of Ukraine»
[2] and «Instructions for compiling the histori-
cal-architectural reference plans of cities of
Ukraine» [5].

At the historical-architectural reference plan
are shown and systemized by the degree of
values all objects of city planning, architectur-
al, historical and cultural heritage of the city.
Also are marked the lost dominants and mod-
ern buildings that break the links between his-
torical dominants. Historical planning (histori-
cal streets, squares, quarters, neighborhoods,
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defensive walls, forts, border of settlements,
monasteries, etc.) applied to modern planning.
Also are shown:

- the main historical urban dominants and
accents;

- visual connections between historical do-
minants;

- view points and angles of opening histori-
cal urban perspectives and panoramas;

- streets that form view directions to domi-
nant.

After comparing are made the conclusions
about the degree of preservation of historic
architectural environment.

All historical urban and architectural ob-
jects systemized by the degree of value, that is:

- architectural monuments (world, national,
local);

- monuments of town planning;

- historical monuments;

- monuments of landscape architecture;

- monuments of archeology;

- historically valuable natural landscapes;

- dry channels of rivers, underground reser-
voirs, the channels of small rivers enclosed in
tunnels.

At the historical-reference plan also are
shown:

- valuable historical and modern buildings;

- low-value buildings;

- disharmonized buildings.

So, based on comparative analysis and his-
torical-reference plan it concludes:

1) about the urban environment preserva-
tion;

2) about the preservation of individual
buildings and their degree of value;

3) about the functional preservation of the
historic architectural environment.

Detailed analysis of the historical-reference
plan will provide an opportunity to make a
correct conclusion:

- the further modern development of histor-
ical architectural environment with current re-
quirements;

- choose the best planning and volumetric-
spatial composition;

- determine how to modify and supplement
the street network, square, buildings to maxim-
ize preserve or restore typical historical image
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of the environment and at the same time adapt
it for modern requirements.

Based on the comparison of the historical-
architectural reference plan that determines the
degree of values of the historic buildings and
architectural environment in general and de-
structive schemes on which is determined the
degree of their preservation, can be drawn the
conclusions about the need and the measure of
the reconstruction. The choice of methods of
restoration or reconstruction of the buildings
and the historic environment as a whole de-
pends on its values and modern conservation.

The project of zones of protection monu-
ments of architecture and urban planning is
another urban obligatory document which is
necessary in  developing  reconstruction
projects in the historic environment.

The project of zones of protection is a
town-planning document that defines the
boundaries of special areas in the historic city,
which have limitations and the special regime
of architecture and urban planning [6] (a spe-
cial regime of reconstruction). It is developed
based on the historical-architectural reference
plan under the «DBN B.2.2-2-2008 Composi-
tion, content, procedure of development, coor-
dination and approval of scientific and design
documentation to determine the limits and
regimes of usage, zones of protection the mo-
numents of architecture and urban planning»
[1].

The aim of this project is to protect monu-
ments and to preserve the traditional character
of the environment in which these monuments
are located (the character of the ordinary
buildings, which are the background for the
monuments).

Protected area of the historic town includes:

1) the territory of the monument.

2) the complex protected zone.

Located in the historical center. Composed of
protected zones of monuments and urban
planning, which are located in the historic cen-
ter.

3) protected zones of separate monuments
located outside the historic center.

4) buildings regulation zones.

5) areas of protected landscape.
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6) areas of the archaeological cultural layer
[11].

The territory of the monument is a plot
where the monument was located historically
and which is necessary for it preservation as
cultural heritage [1].

The protected zone of the monument is the
area which is necessary to preserve the domi-
nant in its immediate environment, historical
architectural environment and to ensure its op-
timal visual perception.

Buildings regulation zone is a territory that
surrounds or is adjacent to the complex pro-
tected zones or protected zone of separate mo-
nument designed to preserve the traditional
character of buildings of the historic architec-
tural environment. This means preserving the
right size and shape for ordinary buildings
which are the background of the architectural
monuments, which have always been the city
dominants and accents. This is the «buffer
zoney», which should provide a harmonious
transition from the buildings of the historic
core to the modern buildings.

Area of protected landscape is a territory
outside the complex protected zone or pro-
tected zone of separate monument designed to
preserve the historical landscape surrounding
the monument, city building unity with nature
and visual disclosure monument from distant
points.

The areas of archaeological cultural layer
set in the cities that were founded to 14-16
centuries [11]. This is the area where excava-
tions are conducted, or where have been found
the remains of the cultural layer.

Zones of protection are allocated specifical-
ly to protect the traditional character of envi-
ronment, monuments and the ensemble of his-
torical center as a whole and for the regulation
of new construction and reconstruction of the
historical architectural environment. Accord-
ing to the state building codes those zones
have limitations and special regime of their
usage that must be performed during the re-
construction projects and the introduction of
new buildings in the historic city center.

Another important document that regulates
the possibility of modern construction or re-
construction of the historic city center is his-
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torical and urban planning substantiation. This
is the type of planning documentation, which
is being developed in order to prove a particu-
lar object locations in a given area, located in
the historically valuable architectural envi-
ronment or for the allocation of plot within
historical areas of cities for the new design or
reconstruction. It is necessary to substantiation
new design solutions that should be developed
taking into account the planning, spatial, archi-
tectural and stylistic features of the historical
valuable environment.

The task of the historical and urban plan-
ning substantiation is to identify the historical
and cultural potential architectural environ-
ment where planned to place a new object, de-
termine the conditions and limitations on
buildings on selected land plot and the limit
parameter of object that can be placed on it.

The historical and urban substantiation
«clarifies and details the positions of histori-
cal-architectural reference plan of historical
settlement to preserve the traditional character
of the historic environment within the histori-
cal areal» [10].

It is carried out:

1) by analyzing urban setting within the
studied planning (quarter, group of quarters,
microdistrict);

2) taking into account the urban value of the
object;

3) on the basis of normative documents
with the requirements of the current legislation
[3, 12] and approved planning documentation.

The historical and urban planning substan-
tiation consists of analytical and graphical
parts. The analytical part includes historical
research and inspection on location.

First it necessary to study the historical-
literary and archival materials of the investi-
gated area and adjacent territories. Based on
these materials, it can makes a conclusion
about the historical features of urban forma-
tion of the plot in the urban environment. This
makes it possible to correctly identify the terri-
tory, surrounding the plot, which should be in
the study. The plot formed and developed not
in isolation but in a town-planning context.
Further, this area is subject to inspection on
location.
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During the inspection on location the main
attention should be given to identify sustaina-
ble urban and architectural features of the site
and adjacent areas and existing buildings on
them. After the investigation we can make a
conclusion about the degree of preservation of
the historic environment as a whole and its in-
dividual components:

- what was preserved, what was lost;

- what is necessary to preserve;

- what it is necessary to upgrade in the
process of reconstruction.

This will determine the limits of architec-
ture and urban restrictions and requirements
for reconstructing or designing a new building
in the historic built environment.

Also is important the prediction about the
impact of the new building in historically
made up the urban environment. At this stage
must be analyzed and taken into account the
artificially created architectural environment
as well as the primary natural environment and
their mutual influence. For harmonious in-
scribing the new building into the existing his-
toric environment, should be followed its tra-
ditionally formed planning, volumetric-spatial,
composite and silhouette features; historic par-
cellation, stylistic, color and texture parame-
ters. Also, the new construction or
reconstruction of existing buildings should be
given the characteristics of underlying natural
terrain (relief, natural water pond, vegetation).
From these to a large extent depends on the
possibility of add-ins, extensions, creation of
underground levels, etc. Difficult relief and
hydrography of area require additional special
calculations and limits [4, 13], which should
be considered in the development of the
reconstruction projects and new construction.

Analytical researches are made in the
schemes-drawings that make up the graphical
part of the historical and urban planning subs-
tantiation. That are following.

1. Situational scheme of plot placement.
The limits of the selected area are shown on it.
This scheme is carry out on the copy of the
master plan or on the copy of the reference
plan. These plans must show all the objects
that were built after the adoption of the docu-
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ment. Under this scheme the placement of the
site, its limits and its area are determined.

2. Fragments of the historical plans of the
town.

With the help of historical plans the main
stages of planning and volumetric-spatial
structure of the city and the construction area
are defined and characterized. If there are his-
torical photos they are also included.

3. Fragment of the historical-architectural
reference plan.

This plan is determined the value of the his-
torical architectural environment in which the
selected plot for design is situated; view dis-
closure and view influence of existing monu-
ments. The presence of modern and preserva-
tion historical dominants and accents. Availa-
bility of the disharmonized buildings.

4. Fragment of the scheme of zones of
protection monuments of architecture and ur-
ban planning.

The lines of design area are allocated on the
scheme. A conclusion is made, to which pro-
tection zone the plot gets, which are limita-
tions for design in this area.

On the basis of research and analysis of
previous schemes is the conclusion about the
possible methods of restoration and recon-
struction buildings in selected area.

5. Scheme of storey and density of build-
ings on the site.

This scheme:

- determines the spatial characteristics of
the existing building;

- analyzes the historical and contemporary
accents and dominant, valuable ordinary his-
torical and modern buildings;

- determines the valuable visual commu-
nications, valuable view points that must be
preserved in the new construction or recon-
struction.

It’s necessary to consider the historically
compiled storey and density, and composition-
al methods of building.

6. Scheme of style and preservation of
buildings.

The scheme analyzes the all buildings on
the site and surrounding area for the period of
construction and stylistic identity. The historic
percolations is determined. Also, the degree of
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preservation of buildings by preservation cate-
gory is determined. A conclusion about the in-
fluence of the new object design to the existing
the historically compiled buildings is made.

7. Scheme of the functional zoning.

The plot design is allocated on the scheme. Is
defined in which functional area of the city it
is. Also, the scheme is analyzed the modern
functional using of the existing buildings in
the plot. After analyzing the conclusions are
drawn:

- what function for building will be a priori-
ty after the reconstruction or new construction
in the plot;

- which function it can complement;

- what function should be deleted.

8. The scheme of transport and pedestrian
links.

Under this scheme are described which line,
stations and public transport are within or near
the plot. The diagram are shown:

- highways;

- ity roads;

- local driveways and entrances;

- bike route (if any);

- pedestrian roads, areas;

- pedestrian squares, parks;

- public transport stops;

- car and bicycle parking.

9. The concept scheme of reconstructive
measures.

The proposals for restoration or reconstruc-
tion planning and spatial structure of the area
(urban reconstruction) and architectural and
planning structure of the buildings which are
located in this area (volumetric reconstruction)
are given in this diagram. The scheme is
linked to the conclusions the historical and ur-
ban planning substantiation and is recommen-
datory to select methods of restoration or re-
construction.

The conclusion of the historical and urban
planning substantiation should determine the
possibility or impossibility of new construc-
tion or reconstruction in this part of the histor-
ical town. Setting conditions, restrictions and
limiting options for a new building if it possi-
ble its construction.
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CONCLUSIONS

Each stage of pre-project analysis aimed at
identifying the specific features of the histori-
cal urban environment. Their consistent lin-
kage in one system gives a complete picture of
baseline data to design the project of recon-
struction of the historical urban environment
or new construction in it.

1. Historical-genetic analysis.
Identification the genetic code of the town (the
historic town center, the historic architectural
environment).

2. Analysis of the current state of the ur-
ban historical architectural environment (his-
torical town center, ensemble, quarter, house).
Drawing the destructive scheme.

3. Analysis of the historical-architectural
reference plan of historic town (historic town
center). The conclusions about the degree of
historical and cultural value of the existing
buildings in the construction area.

4. The analysis of zones of protection
monuments of architecture and urban planning
and regime of their usage. The conclusion is
which protection zone gets the plot design, li-
mitations and possible regime of it usage.

5. The historical and urban planning subs-
tantiation of new construction (reconstruction
buildings) in the sites in the historic town cen-
ter. The conclusion is about the conditions and
restrictions of building on the land plot and li-
miting parameters of the object that can be
placed in the selected area.

The general conclusions and recommenda-
tions should be the model scheme of recon-
struction of the historic environment with us-
ing modern methods of restoration and recon-
struction (the historic city center, the historic
architectural environment).
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AHHoTanms. /{15 co3aaHusi rpaMOTHBIX TTPOEK-
TOB PEKOHCTPYKIIMA HCTOPHYECKOUW Cpelbl HEeoO-
XOJIUMO TIPOBEACHHUE MPEINPOCKTHOTO ITUKJIA HC-
cienoBanuii. Ero uenp — co3gaHue OeTalbHOM Oa-
36l HCXOJHBIX JaHHBIX. [IpenmpoexTHbIE wHccie-
JIOBaHUSl CJENYEeT MPOBOJUTH C HCIOJIb30BAaHUEM
MeTosia TpadOoaHATUTHYECKOTO HCTOPUKO-apXH-
TEKTYpPHOTO aHaJu3a U aHajIn3a COBPEMEHHOTO CO-
CTOSIHHSI, METOJla CPaBHUTEIHHOTO  aHalM3a,
0000IIeHHs TyTEM COCTaBJICHHUS BBIBOIHBIX U pe-
KOMEHIATEIIbHEIX CXEM.
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B craTtbe BbIIENEHBI 3Tambl MPEANPOESKTHOTO
LUKJIa UCCIENOBAHUS apXUTEKTYPHOU cpeabl uc-
TOPUYECKOTO IEHTpa Manoro ropoaa. OH COCTOHT
13 UCTOPUKO-TEHETHUECKOT0 aHaJIN3a, aHalIHu3a co-
BPEMEHHOI'O COCTOSIHUSL apXUTEKTYp-HOM Cpelbl
HCTOPUYECKOI'O0 TOpOJa, BBIINOJHEHUS HCTOPUKO-
OTIOPHOTO IJIaHA, IPOEKTa 30H OXpPaHbl MaMITHH-
KOB apXUTEKTYpBl U TPaJOCTPOUTEIHCTBA, COCTAB-
JEHUsI ~ MCTOPUKO-TPAIOCTPOUTENHHOTO  000-
CHOBaHHA. DTH HCCJIEIOBAaHMS HAIPABICHHI Ha BbI-
ABJIeHHE OcoOeHHOCTel (POPMHUpPOBAaHUS U Pa3BH-
TUSI UCTOPUYECKON TOPOJCKOW Cpeibl, omnpesese-
HUE €€ LIEHHOCTH U CTENEHH COXPAHHOCTH, OIpe-
JIelIeHe TpaHUI] apXUTEKTYPHO-TPaTOCTPOUTENb-
HBIX OTpaHUYCHUH U TPeOOBaHMIA IPH MTPOBEACHUH
PEKOHCTPYKIIMM HWJIM HOBOM MPOCKTUPOBAHUH B
ucTopuueckoil cpere. B crarbe mokazana mocie-
JIOBATEIbHOCTh TPENNPOEKTHBIX HCCIIEIOBAHUN U
UX B3auMHOE BiHgHHE. OTMEUEHBl BBIBOJHBIE
cxeMbl Kaxzaoro orama. OmpexneneHa cxema-
MOJI€Th PEKOHCTPYKTHUBHBIX MEpONPUATHI KaK pe-
3yJABTUPYIOLIAsl NPEANPOEKTHBIX HCCICAOBAaHUN U
PEKOMEHJALMOHHASl K BBIIIOJHEHUIO IMPOEKTa pe-
KOHCTPYKIUH.

KuroueBble ciioBa: mpeAnpoeKTHBIN LUK HC-
CJI€IOBAHMSI, UCTOPUKO-TEHETUUECKUI aHANH3, UC-
TOPUKO-OMOPHBIA  IJIaH, HCTOPHUKO-TPaJOCTPOH-
TeNbHOE 000CHOBaHMUE.
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MicTtobyaiBHMM aocBig peanisadii KinbLeBOoro npuHUuNy
opraHisauii pyxy TpaHCnopTy Ha nigxoaax Ao MOCTiB

Mukona OcempiH, OnekcaHOpa boHOap

KuniBcbkui HaUioHanbHWI YHIBEPCUTET OYAIBHULTBA | apXiTEKTYpU
MosiTpodnotcebkun npocn., 31, Kunis, YkpaiHa 03037
olex.va@gmail.com, orcid.org/0000-0002-4011-0357

AHoTauisi. Y naHifl cTaTTi pO3IIAHYTO BITUU3-
HSHUU Ta 3aKOPIOHHUW MICTOOYIIBHUI TOCBiX
peamizamii TEpEeTHHIB MiChKAX MariCTpaibHUX
BYJIUIIb 3 KUTBIIEBUM PYXOM TPAHCIIOPTY Ha MiIXO-
nax 10 MocTiB. HaBeneHo mepeBaru 3acTocyBaHHS
JMAHOTO THITY TIEPETUHY Yy TOPIBHSAHHI 3 1HIIAMHU
MEepeTHHaMU MICBKHX MAariCTpalbHUX BYJIHII.
Takox BCTaHOBIIEHO, 1110 B PE3YJIbTATI €KOJIOTIYHOT
OIIHKY 3a0pyIHEHHS MPHUJIETIOl TepuTOopil MaHui
THUT TIEPETHHY € HaWOINbIl ONTUMAIBLHUM BapiaH-
TOM.

Kuaio4oBi ci10Ba: nepeTrHU MiCBKHX MaricTpa-
JIbHUX BYJIMIIb, KUIbIIEBI MEPETUHHU, MIAXOIU 0
MOCTIB, MOCTOBI IIEPEXOIH, CKOJIOTIYHA OIliHKa.

BCTVII

Micbkuii MICT Biirpa€ BaXKJIIUBY pPOJb HE
TIJIBKY SIK CKJIaJHA 1HKEHEepHa cropy/a, a i sk
aKTUBHUN XYJIO’)KHIM KOMIIOHEHT MICHKOTO
apxiTekTypHoro neisaxy. CKJIaJHUM MOMEH-
TOM B IPOEKTYBaHHI MICBKUX MOCTIB € BHU3Ha-
YEeHHs MICI oro po3TailyBaHHs B IJIaH1 Mic-
Ta. BupimenHs uiei npobiieMu MOBUHHO Bec-
TUCh 3 YpaxyBaHHSIM HHM3KU BHXIIHHUX I0JIO-
KEHb, cepel SKHUX CJiJl BUIUIMTH HEoOXiA-
HICTh YB’SI3KM MOCTOBOTO IE€PEXOJy 3 3arajib-
HOIO CHCTEMOIO BYJIMYHO-TOPOKHBOT MEpexi
(BAM) wmicra Ta 3abe3nedeHHs] €KOHOMIUHUX
Bumor [1].

[Tigxonu 10 MOCTY NMOBHHHI YB’SI3yBaTUCh 3
BJIM wmicta. Cam MOCTOBHII Tiepexia — 1e BYy3-
noBuii enemeHT BJIM wmicTa, A€ KOHIEHTPY-
IOThCS MAaKCHMaJIbHI 00’€MH TPaHCTIOPTHOTO
MIOTOKY.
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I[TOCTAHOBKA ITPOBJIEMH

[lepeTnH MaricTpajJlbHUX BYJIMIB Ta JOPIT
3araJbHOMICHKOTO 3HAUEHHS 3 plUKamMu Oaxka-
HO BUKOHYBaTH y BHIJIAII MOCTiB. OJHaK 1e
HE OJHO3HAYHO, OCKUIBKM CBITOBAa IpPaKTHKa
MOKA3ye, 10 OKPEeMi MaricTpaii, SKi BUXOIATh
Ha Ha0epe)xHy, MOXYTb 1 HE MaTH IPOJOB-
KEHHS Yepe3 piuKy y BUTJISAI MOCTOBOTO Iie-
pexony. HeoOxifHICTh B crienialibHUX 3aX0Aax
IOJI0 OpTaHi3aiii pyxy Ha Miaxoaax 0 MOC-
TIB BUHHMKA€ B THX BMIIAJKaX, KOJHM B3JIOBX
HaOepeKHUX TependadyacTbes MPOIMYCK TpaHC-
MOPTHUX 3aCO0iB.

Ha migxomax 10 MOCTIB 4acTO BHHHKAIOTh
TPYAHOILI B pycl TPaHCHOPTHOTO MOTOKY 4e-
pe3 BaKKHUI MO3JOBXKHIA MpoQuIb Ha IUISH-
Kax, 110 MPUJISATalTh 0 MOCTY, OCOOJIMBO B
paiioHax 31 CKJIaJHUM pesibeomM. Y BUIAIKAX,
KOJIN HEOOXIJTHO MEPEeBUIIUTH PEKOMEHI0BaHI
YKJIOHU Ha MIJX0Jax J0 MOCTIB 4epe3 MICIEeBl
YMOBH, CIiJi BpaxyBaTH HAaCIiJIK{, SIKI HpU
[[bOMY BHHHMKAIOTh — 3HWKCHHS OE3MeKH Ta
MIBUJIKOCTI PYXY, 3MEHIIEHHS MPOIYCKHOT
3/1aTHOCTI, 301IbILIEHHS TPAHCIIOPTHUX BUTpAT.

Bu3Ha4yeHHs1 NPUHIMIIB TPOEKTYBAHHS TH-
Iy MOCTOBOTO TIEPEXO/TY, SIKHH peai3yeThCs B
3HAYHINi Mipl MOB’s3aHO 3 MPUHIIUIIOM OpraHi-
3aIli€r0 PyxXy TPAHCTIOPTY Ha MIAX0AaX 10 HbO-
ro. SIk mokasye CBITOBHH MIiCTOOYMIBHUHN J1OC-
B1JI € JIBa MPUHIIMITIAIIBHI BapiaHTH OpraHizarii
PYXY TpaHCIOPTY: B OJHOMY PiBHI Ta B Pi3HUX
PIBHSIX.

OcHOBHUMH (paKTOpaMH, IO BU3HAYAIOTH
HIUPUHY TPODKIKOI YaCTUHU MICBKMX MOCTIB
1 NJISXOMPOBO/IIB, € CKJIAA 1 PO3MIPH TPAHCIIO-
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PTHUX TOTOKIB, @ TAKOXX OCOOJMBOCTI PyXy B
30HI IITYYHUX CIIOPY/I.

SIKII0 BYJHIIA, SIKA IPOXOJIUTH Y€pe3 MICT, 1
HabepekHa 3HAXOMAATHCS B OJHOMY piBHI, TO
oprasizariisi pyxy TPaHCIIOPTY MOXKe OyTH BHU-
KOHaHAa Oprafi3ami€l0  KUIBLEBOTO  PyXy
(Puc. 1, a, 6, 6).

Puc. 1. Cxemu oprasizariii pyxy Ha IiJIxo-
Jlax 10 MOCTY

Fig. 1. Plans of traffic on the approaches to
the bridge

OCOOMUBICTIO BJIALITYBAaHHS IEPEIMOCTO-
BHX TUION] € T€, [0 BOHU TEPUTOPiaIbHO 00-
MexXeHl. ['eoMeTpUyHi eneMeHTH IUIoI 3aje-
XKaThb Bl NMPHUIHATOI CXeMU oprasizauii pyxy
TPAHCHOPTY, BHCOTH 1 MPOQIII0 MOCTOBOTO
nepexojy, penbedy Oepera 1 xapakrepy IMpu-
nersnoi 3a0y10BU.

SIKmo pyx TpaHCHOPTY OPTaHi3OBYETHCS B
OJTHOMY piBHI, TO HEOOXiHO HoMy 3abe3meun-
TH OE3MEepemKkoHuN pyX MO0 OCHOBHOMY Ha-
HPSIMKY.

CeiTnoopHe perymnioBaHHS THependayae
MOYEPrOBUIM MPOITYCK TPAHCIIOPTHUX IMOTOKIB
M0 HampsMKax, MO0 MEPeTHHAITHCA. Tomy
TaKa cXeMa Oprasizalii pyxy Mae XapakTepHi
HEJOJIKA — 3HAa4yHl1 3aTPUMKH TPaHCIOPTY Ta
HAKOMHWYEHHS JIIBOIIOBOPOTHOTO TOTOKY B
LEeHTp1 nepexpects. Take pilieHHs HIOM «010-
Ky€» MICT, IPUBOJUTH O HEe(PEKTUBHOTO KO-
ro BUKOpUCTaHHs [1].
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[Ipu HassBHOCTI MOCTAaTHLOI IMIMPUHU HA IIi-
IX0/axX JI0 MOCTY JOLIJIBHO OpraHi30BYyBaTH
CaMOperyJIbOBaHUH KiJIBbIIEBUH PYyX Ta CTBO-
pIOBAaTH HAaWKpalli YMOBH JJii OCHOBHOTO Ha-

npsMKy pyxy [2].

AHAJII3 MICTOBY IIBHOI'O AOCBIAY

AHani3 MicTOOYIIBHOTO JOCBITy IOKa3ye
[IMPOKE BUKOPUCTAHHS KUTBIIEBOTO MPHHIUITY
opraizauii pyxy TpaHCHOPTY Ha Hiaxojaax 10
MoctiB. lllupoke BHKOpPHCTaHHS KiJbIICBHIA
NPUHIUI OpraHi3alii pyxy nepes MOCTOBUMH
nepexonamu 3100yB B BenukoOputanii. B
1951 pori 6yno moOya0BaHO MEPETUH MiCHKHX
MaricTpajbHUX BYJIUIb 3 KUIBLIEBUM PyXOM
Tpancnopty Oing mocty Jlamber (Puc. 2) ge-
pe3 piuky Temsa B JIoHmOHI.

Ile OyB cremiaabHO CIIPOCKTOBAHUU TEpe-
TUH 3 HEBEJIMKHUM pPO3MIpOM IEHTPAIBHOTO
octpiBu (miamerp ~ 20 M), aje BiH MaB BeJH-
K€ 3HA4YeHHs B 3HMKEHHI 3aTopiB. 3 000X 6o-
KiB MOCTOBOTO TIEPEXOJy IMiIXOTU 10 HBOTO
BJIAIITOBAHI Y BUTJISAI PO3B 30K 3 KUTBIEBUM
pyxom Tpancnopty. Jlekiibka pasiB 1iei nepe-
THH BJIOCKOHamoBanu B 1984, 1995, 1999 ta
2013 pp.

Ha nanuit MOMEHT 11e#i mepeTuH o0iaITo-
BaHMU JOpiKKOW i BenocuneauctiB  (bi-
cycle treatment), ska BiamrToBaHa B 00Xin
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Puc. 2. Micr Jlambet y JlonmoHi
Fig. 2. Lambeth Bridge in London
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Puc. 3. Kinbuesuii nepeTyH Ha MigXoMdi A0 MO-
cty JlamGet y Jlormoni

Fig. 3. Roundabout on the approach to the
bridge Lambeth in London

KUTBLIEBOT MPODKINKOI YaCTUHU MO 30BHIMI-
HBOMY TIEPUMETPY MEPETUHY MICBKHUX MaricT-
paJIbHUX BYJIMLB 3 KUIBLIEBUM PYXOM TpaHC-
MOPTY, MIIOXiJAHI MEPEeXOJH BIAIITOBAaHI 0
BXOJly Ha mHepeTHH. ['0I0BHOIO 0COOIMBICTIO
I[LOTO TIEPETUHY € TIOBHE PO3IJICHHS TIIIOXi-
JTHOTO Ta BEJIOCUIIETHOIO pyXY, Il IOTOKH HE
MEPECiKalThCA. 3aBASIKH TaKOMY METOAY Op-
rafizauii pyxy HIJBHUILY€eTbCS Oe3leka pyxy
Ha niepetuHi (Puc. 3.)

[Mapmx (PpaHiiis) po3aAise HA ABI YACTUHU
pika Cena, Ha Hili po3TamoBaHO 38 MOCTIB.
binpuricTe miAXOAIB O MOCTIB BHKOHAHO Y
BUTJISIAI TIEPETHHIB B OJHOMY piBHIi. Tak, Ha-
npuknan, ot mocty Actepiic (Puc.4), Anr-
JICBKOTO MOCTY, MOCTY AJIbMa BJIAIITOBAHO
NEPEeTUHU MICBKUX MaricTpajibHHUX BYIHLb 3
KUTBIIEBIM PYXOM TPAHCIIOPTY.

3a IHTEHCHBHICTIO pyXy TPaHCIIOPTHUX 3a-
co0iB MicT Actepiic 3aiiMae apyre wicie y
[Mapwxi micns mocty 3romu. liamerp neHTpa-
JIBHOTO OCTPIBLA CKanae 16 m.

B cBiToBi#i MicTOOY/IiBHII TpakTUIli 6araTo
NPUKIAAIB YacTOTO pO3TALIyBAaHHS MOCTIB.
Cepenns BiacTaHb MK MOCcTaMu Ha p. Tem3i B
Jlonponi ckmagae 0,7 kM. I OUIBIIICTE MiAXO-
JIB IO MOCTIB BUKOHAHO Yy BUTJISI TIEPETUHIB
MICBKHX MAaricTpaJibHUX BYJUIlh 3 KUTBIEBUM
PYXOM TPaHCIIOPTY.

BrnamTyBaHHS MepeTHHIB MICBKHX Marict-
paJIbHUX BYJIHIb 3 KUIBLIEBUM PYXOM TpaHC-
NOPTY MAlOTh Psii MepeBar y MOPIBHSHHI 3
IHIIIMMU THTIAMH PO3B 130K [3, 4]:
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Puc.4. Mict Acrepaic y [lapmxi
Fig. 4. Asterix bridge in Paris

® € MOXIHMBICTh paIliOHANBHOI oOpraHizarii
pYyXy NpH NEpeTHHI B OJHINM TOYL OiIbIIE YO-
TUPbOX BYJIHIIb;
® BiJICYTHI BUTPATH Ha PETYIIOBAHHA PYXY;
® 101171 KOH(JIIKTHUX TOYOK, HU3bKA BiIHOC-
Ha LWIBUJKICTb PyXy 1 TOCTpl KYTH 31UTTS (Te-
peIIeTeHHs) Ha KUTbIIEBOMY MEPETHHI CIIpHSI-
I0Th OLIIBIIOMY CTYIIEHI O€3MEKH PYXY;
® BTPATH Yacy aBTOMOOIISIMHU 3HAYHO MEHIIII,
Hi)K Ha 3BUYaliHUX TIEPETHHAX B OJTHOMY PiBHI;
e cXxeMma pyXy Ha MepeTHHI MpocTa 1 3po3yMi-
J1a BOJISAM;
e 3a0e3MeuyroThCs Kpalli YMOBHU JJIsi BHUKO-
HaHHS JIIBOIIOBOPOTHOTO MAaHEBPY B TIIOPiB-
HSIHHI 3 IHIIMMHU TUIIAMU TIEPETHHIB B OJJHOMY
piBHI;
e KamiTaJdbHI BUTPATH HA BIAIITYBAHHS Kilb-
LIEBOr'0 MEePeTHHY ICTOTHO MEHII B MOPIBHSH-
Hi 3 TIEPETHHOM B Pi3HUX PiBHSAX;
® € MOXJHMBICTb 0e3 30UIbLIEHHS TepUTOpii
MOETAITHO PO3BHBATH BY30J (BUKOPUCTOBY-
IOTBCSl TIPU CTaAIiHOMY OYyIiBHHUIITBI SK Iep-
Ui eTam).

Pa3zom 3 TUM KiJIbIIEBI IEPETUHHU MAIOTh Pl
Hemouikis [3, 4]:
® [IpU Mpoi3/1i HEepEeTHHY aBTOMOO1JII 3HIXKY-
I0Th LIBHUJIKICTb HaBiTh y BUIBHUX yMOBax py-
Xy,

® Ha KIUJIbIIEBOMY TEpPETHHI 3 BEJIUKUM
LHEHTPAJIbHUM  OCTpPIBIIEM  CIIOCTEPIraeThes
77
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nepenpodir aBTOMOOUTIB MPHU HACKPIZHOMY 1
JBOTIOBOPOTHI pyci;

e ISl BJIAIUTYBAaHHS MEPETUHY MOTpiOHA 3HA-
YHO BEJIMKA TEPUTOPIs B TOPIBHAHHI 3 IHITUMU
TUIAMU TIEPETHUHIB B OJHOMY PiBHI (0COOIMBO
P BEJIMKHX JiaMeTpax LEHTPaJIbHOTO OCTpi-
BIIS);

® JICNIO CKJIQJHINIE PO3MICTUTH IMIIOX1AHI
MepeXo i B TOPIBHSAHHI 31 3BUYAHUMU pery-
JHOBAHUMHU MEPETHHAMH B OJTHOMY PiBHi [5].

ToMy Ha miaxonax 10 MOCTIB TaKUW THII
MEPETHHIB PEKOMEHAYETHCSI  BJIAIITOBYBATH
SKIIO BHUHHKAE HEOOXIAHICT, Yy 3HIKCHHI
HIBUJIKOCTI PYyXY, 3MEHILIEHH] KUIBKOCTI 10pO-
KHBO-TPAHCIIOPTHUX TPUTOJl Ta MOKPAIIEHHS
€KOJIOTIYHOI CUTYaIlil Ha MPUJIETII TePUTOPIi.

BcranoBneHo, KO Ha MigXo4ax 10 MOCTY
OpraHi3oByBaTH Oe3MepepBHUIN PyX TPAHCIIOP-
Ty 3 IEPEeXpeUIeHHIM MiIX01y 3 HabepeKHOIO
B PI3HHX PIBHSX, TO MPOITYCKHA 3[aTHICTh OJI-
Hi€l CMyru pyxy 3pocTe Ouibllle HDXK Yy ABa
pa3u. TakuM 4MHOM MICT OJHi€ MIMPUHU MO-
e TPOMYyCKaTH TPAHCHOPTHI MOTOKHU PI3HOI
BEJIMYMHM, B 3aJIKHOCTI BiJI IPUIHATOI CXeMHU
opramizarii pyxy Ha miaxogax g0 mocrty [1].

Ecrakamu cnpsMoBaHi 10 BHCOKO BOJHHUX
MOCTIB, SIKi B OCHOBHOMY, MOXYTh OyTH 30Yy-
IOBaHI 3aMICTh BUCOKUX HacuIIiB. Po3MileHHs
MICT B3JIOBX OCpEriB BEIMKHUX Ta TIIMOOKHX
pIYOK CIIOHYKa€ 10 HEOOXIAHOCTI BIAIITYBaH-
HS MOCTOBHUX TmepexoiB. Ha Takux piukax
MOXKJIUBUH MPOXI1J PIYKOBUX, MOPCHKHUX Ta
OKEaHCHhKUX CYyJIeH, TOMY DPIBeHb PyXy Ha Ta-
KHX MOCTax JOBOJUTHCA MiiiMaTH Ha 3HAYHY
BUCOTY. J{JIs1 CIIOJTyYeHHS 3 MEPEKeI0 MpUIIer-
WX BYJUIlb, HA MAXOAaX J0 IUX MOCTIB Bla-
IITOBYIOTh CKJIQJIHI pO3TaiyXkeHi Ta Oararos-
pycHi ecrakanu. Lli pimeHHs B ymoBax MicCT
MOSICHIOIOTHCS, Hacamrmepes, apXiTeKTypHO-
IUIaHYBaJIbHUMHM ~ MIpKyBaHHSIMH. BapTticTh
OyIIBHUMIITBA €CTaKa/ y BCIX BUITaJIKaxX OlJbIa
HIXK BIIAIITYBaHHS HAacuIiB [6].

Ecrakaau s po3B’si3K pyXy B pi3HHX pi-
BHSX IIUPOKO BUKOPUCTOBYIOTHCS MPH OYIiB-
HUIITBI 0araTopiBHEBHX PO3B’ 30K, KOIH B
CKJIATHUX TPAaHCHOPTHO-TUIAHYBAILHUX YMO-
BaX HEOOXIJHO 3a0e3MEUYNUTH BHCOKY IIBH/I-
KICTb IMOBOPOTHHUX HOTOKIB. Taki po3B’d3Ku
3yCcTpidaroThes y Mictax 3 ckiagHor BJIM i
IHTEHCUBHUM PYXOM Yy BCIX HampsIMKaXx, Tak 1
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Ha TIepeCiueHHI MICBKUX Marictpajiei pajia-
JBHOTO HAMPSMKY 3 MariCTpaJIbHUMH BYJIHIIS-
MU 1 JOpOTaMH.

Ecrakagm BHKOPUCTOBYIOTBCS B OOMEKe-
HUX YMOBax 3a0ylOBH, KOJU BUKOPUCTAHHS
IHIIIUX THUIIIB IIEPETUHIB 3B’sI3aHe 3 HCOOXIAHI-
CTIO 3HECEHHS 3a0Y/I0BH.

Buxiroune wice y BYJIUYHO-IAOPOXKHIN
Mepexi micta Kuesa 3aiimae marictpains Cto-
augHe moce — Hapnainpsiaceske moce — Habe-
pexHe moce — HaGepexHo-XpemaruipbKa
Bynulsa. BoHa X SBISETHCS TMOJOBKEHHSIM
30BHINIHIX MIIXO0MIB 0 MicTa 3 00Ky JHimpo-
NmeTpoBchka 3 MiBAHSA Ta OBpydYa 3 MiBHOUI.
Crooroani mpocm. 40-piuust JKoBTHsA, OynbB.
Hpyx6u HaponiB, mpocn. Bo33’eqHanus, €
JIJISHKOK BKJIMBOI Marictpaii, 10 IpOxo-
JUTh IO MEXI LIEHTPaJbHOTO SApa MicTa Ta
yepe3 MicT imeHi [latoHa 3’eHye JBa OCHOB-
HUX aBTOJOPOXKHIX migxomu 1m0 Kuepa 3 60Ky
Opnecu ta Cankr-IlerepOypra. Ha minxonax mo
Mocty imeni [latona, 30ymoBanomy B 1956
poui uepe3 J[Hinpo, Oya0 BUKOHAHO Mepexpe-
[ICHHSI B JIBOX PIBHSX TUIY «KJIEBEPHOTO JIHC-
tay» (Puc. 5) yckimagHeHOro HasBHICTIO TpaM-
BaiiHOi siHii. B Xoxi mepmioi pexoHCTpyKIii
i€l po3B’si3ku Oyllo 3HATO TpaMBaiiHI KOIii 3
oyneBapy pyx0u Haponuis (Puc. 6).

Puc. 5. [leperun Ha migxoni no mocrta [laTtona
B M. KueBi 3 TpaMBaliHIMU KOJTisSIMU

Fig. 5. The intersection on the approach to the
bridge Paton in Kiev with tram tracks
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Puc. 6. [lepetnn Ha miaxoxai mo mocta [laToHa
B KueBi micns 3HATTS TpamMBalHHX KO-
T

Fig. 6. The intersection on the approach to the
bridge Paton in Kiev after removing the
tram tracks

B 2012 pori 6yno mpoBeAcHO 1Ie pa3 peKo-
HCTPYKIIO II€T PO3B’A3KH 1 3aMIiCTh JBOX PiB-
HiB 3pobunu tpu (Puc. 7). lanum npoekTom
nepenabavyanach PEKOHCTPYKIS MOCTY 1M.
€.0.ITaTona 3 po3mupenHsam 1o 38,0 m 1 Bia-
IITYBaHHAM Mpoi3HOi yactuHU 2%16,0 M (8
CMYT PyXY) 3 PO3JALTIOBAILHOI CMYTOKO IIHU-
puHoro 1,25 M Ta 3 TpoTyapamu o o0OujBa
00ku mupuHoIo 2,375 m.

Taxox 2012 poky B KuiBcbkoMy HamioHa-
JHbHOMY YHIBEpCHTETI OyAiBHMIITBA Ta apXiTe-
KTypu Oyna 3axuIieHa AWITIOMHa poOoTa Ha
TeMy: «PexkoHCTpyKILis JOPOXKHbBO-
TPAHCMOPTHOTO By3Jla Ha MIIXOIi O MOCTa
ITatona (npaBuit 6eper) B M. Kuesi». B xoxui
i€l poOOTH MPOMOHYBAJIOCH TPU AIBTEPHATH-
BHUX BapiaHTH I1H)XEHEPHO-IIJIAHYBaJIbHOTO
pilleHHS PEeKOHCTPYKIIi MiIX0Ay J0 MOCTY
[Tatona. ITo M BapianTam Oyia mpoBejaeHa
€KOJIOTIYHa OIliHKa Ta OIiHKa €HEePreTHYHUX
BUTpAT TpaHCHOPTY. byso npuitHaTe pimeHHs,
10 HAaWOIIBIN OITPHUM BapiaHTOM 1HXKEHE-
PHO-TJIAHYBAJIBHOTO PIllIEHHS € BapiaHT 3 Ki-
JBIIEBUM TIPUHIIMIIOM OpraHizarii pyxXy TpaH-
CIIOPTY.

[IpoekTanTH BUPIIIAIN 3pOOUTH TaK 3BaHE
po3noninpHe Kinblle paaiycoM 80,0 M i BCix
MOTOKIB, SIK1 3MIMCHIOIOTH MOBOpOTH. [le kia-
CHYHA €BPOMNENChKa pO3B'sI3Ka, Ky HA3UBAIOTh
«typbina». Ha meperwHi e moall MOTOKIB,
BCl MaHEBpH BiJOYBAIOThCS Ha KUIbIl, HEMae

MIABOAHI TEXHONOCII » 03/2016, 75-82
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BKJIMHIOBAHHS IOTOKIB B 1HIII, K OyJ0 paHi-
me. Yepes Habepexne 1 HangHinpsiHCbKE 1110-
ce 30yayBaIM IUISIXOMPOBOIU. A Tl HACHUIIOM
mig mocroMm Ilarona i OymbBapom [lpyxOu
HaponiB 3po6unu TyHeni. I e Bce 3'emHanocs
B KUIbIl. A BCepeAMHI KUIbI 3pOOMIHM Tak
3BaHl «TYpOIHW» JJIS 3MIIMCHEHHS JIIBUX TOBO-
POTIB.

B mexax mepeTuHy 1HTEHCHBHICTh B «I'O-
TuHY-TIiK» ckinanae 13482 aBr/rop.

[To3710BKHI YKJIIOHU B MEKaxX MEPETUHY:

- npsimi Hanpsamu — Bi 1%o 10 45%o (3rigHO
Tabn. 2.8 JABH B.2.3-5-2001[7]: mms V, =
60KM/TOJT YKJIOHU TOBUHHI OyTH B MEXKax BiJ
5%o0 10 70%o0 [2]);

- TIPaBOMOBOPOTHI 3’31 — Big 54%0 10
74%o;

- JIIBOTMOBOPOTHI 3’13M Ta KiJIbIlE — BIJ
12%o0 10 60%eo.

Po3paxynkoBa mBuaKicTh Ha KUTbIli — 30
km/ron (3rimHo tabn. 3.3 JIBH B.2.3-5-2001
s Il kmacy mepeTuHy Ta 4acTIli JIIBOTIOBO-
poTHuX noTokiB 15...30% — V, = 40 kmM/ron)

[7].

Puc. 7. Ilepetun Ha miaxoni mo mMocta Ilatona B
Kuesi micnst pekonctTpykmii B 2012 p.

Fig. 7. The intersection on the approach to the
bridge Paton in Kiev after reconstruction
in 2012

Paniycu miBomoBopotHux 3’i3miB — 30 M
(3rigHo Ta6um. 3.4 JIBH B.2.3-5-2001 ansa V, =
30 xm/ron HalMeHIIHH paaiyc Mae OyTu 35 M)
[7].

BrnamryBaHHS poO3MOAUIBYOTO KIUIBIST Ha-
JIajIo psij IepeBar:

- BC1 IMMOTOKU Oe3MepepBHI Ta CaMOPETYIIhO-
BaHi;
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- MOXJIMBICTh 3JIHCHEHHS PO3BOPOTY TIO
BCIX HampsSMKax;

- pO3IUICHHS TPAHCIOPTHUX TOTOKIB Mps-
MHX HaIPsSMKIB BiJ ITOTOKIB, SIKi 3J1HCHIOIOTh
JIIBOITOBOPOTHI MaHEBPH,

- PEKOHCTPYKIIiS HE Tiepeadadana 3HOCy ic-
HYIOUHX CHOPY/I.

[Ti eKOIOTIYHOI OIIIHKOIO B 3arajbHOMY
BUIAJKY CJI1J] PO3YMITH IMPOILIEC CUCTEMATHU-
HOTO aHAJII3y 1 OILIHKY €KOJOTIYHUX HACIIIKIB
HaMiuyBaHO1 JisUTbHOCTI, KOHCYJIbTAIH 13 3a-
I[IKaBJICHUMH CTOPOHAaMH, a TaKOX OOJIK pe-
3yJbTaTIB IBOTO aHATI3y y IJIaHyBaHHI, TpOe-
KTYBaHHI 1 37iliCHeHH] 1aHol fisutbHOCTI [8].

3a0pyaHeHHss aTMoc(epHOro TMOBITPS —
3MIHEHHSI CKJIaJly 1 BIACTHBOCTEH aTtmocdep-
HOTO TIOBITPSl B pe3yNbTaTi HAAXOMKEHHS abo
YTBOPEHHSI B HbOMY (i3WYHHX, O10JOTTYHUX
¢daktopiB i (a00) XIMIYHHX CHONYK, IIO MO-
KYThb HECTIPUSTIUBO BIUIMBATH Ha 3]I0POB’S
moguan ta cran HIIC. 3aGpynHioroua pedo-
BHHA — PEYOBUHA XIMIYHOTO 200 01070T19HOTO
MOXO/IKEHHS, IO MPHUCYTHS a00 HAIXOAWTHh B
aTMoc(epHe TOBITPS 1 MOXKe MpsiMo abo oro-
CEpeIKOBAaHO HETraTUBHO BIUIUBATH Ha 3/10-
por’st moaunu Ta cran HIIC. Bukun — Haaxo-
JDKeHHS B aTMoc(epHe MOBITPs 3a0pyIaHIOO-
YUX pEeYoBHMH a00 CyMilN TakUX pPEYOBHUH.
Jlxepeno Bukuay — 00’€kT (HIAMPUEMCTBO,
1[eX, arperar, yCTaHOBKa, TPAHCIIOPTHUM 3aci0
TOIIO), 3 SIKOTO HAJIXOIUTh B aTMOC(epHe Io-
BITpsL 3a0pyAHIOIOYA pE4YoBHHA a0 CyMIII
TaKUX PEYOBHH.

HeoOxigHicTh XapakTepUCTUKH (OLIIHKH)
CTaHy IOBITPSHOIO cepefoBUIla 00yMOBIIEHA
BUMOTaMH 3a0e3MmeueHHs BiMOBIAHOCTI PiBHIB
3aJIMIIKOBUX BIUIMBIB MPOEKTOBAHOIO 00’€KTa
mictoOyniBHuM [9], caHiTapHO-Tiri€HiYHUM W
€KOJIOTITYHUM NpaBWJaM 1 HopMmam. 3TiHO 3
2.9 IBH A.2.2-1-2003 [10] B ckmaxi OBHC
MIPOEKTHOI JOKYMEHTAIlll CJiJl MoJaBaTtu 00-
IPYHTYBaHHsS HEOOXiJHOCTI Takoi OIIHKH. Y
MiICTOOY/IIBHOMY acleKTi OCHOBHI BUMOTH J10
MPOEKTYBAaHHS TPAHCIOPTHUX KOMILUIEKCIB B
€KOJIOT1TYHOMY BigHOIIEeHH! Bu3HaueHi JIBH
360-92**[11], ABH b.2.4-1-94, JICIT 173-96,
JICIT 201-97 [12-14]. TIpoBigHOW BUMOTOO
710 3aJMIIKOBUX BILUIMBIB Ha TOBITpPSHE cepe-
JoBHIE € 3a0e3nedeHHs Oe3NeYyHUX piBHIB
3a0pynHeHHs Teputopii. IloromkenHio 3 op-
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raHaMM JIep>KaBHOT'O CAHITApHOTO HAarjsiay
HiAATal0Th YCi MPOEeKTH OyIiBHUITBA, PEKOH-
CTPYKIIii, PO3IMIMPEHHS, TEXHIYHOTO Iepe-
OCHAIIIEHHS 4M TepenpodiIoBaHH MPOMHC-
JIOBUX 1 IHIIMX 00 €KTIB, IIO 3M1HMCHIOETHCSA B
CKJIaJll KOMITJIEKCHOI €KCTIIEPTH3H.

3rigao 3 9.3 JIBH B.2.3-4-2000 no Herarwu-
BHUX BIUTUBIB aBTOJIOPIT BiTHOCSTHCS: 3a0py-
JTHEHHSI CepeOBHINA BIANPAIbOBAHUMH Ta3a-
MU, TBEPIMMH BHUKHIAMHU, Pa{i0aKTUBHUMU
CIIOJIYKaMH, IIyMOM, BiOpalli€ro, MHJIOM BiJ
3HOIICHHS MOKPUTTIB Tomo [15], a Takox 3ri-
nHo 3 1.4 Ta 3.2 JIBH 2.3-218-007-98 3minu
nanamadTy Ta HU3KY iHmUX. [Ipu icHyrouomy
piBHI TEXHOJOTIi aBTOTPAHCIOPTHI 3aco0u
KpiM OCHOBHHUX IHTPENI€HTIB XiMI4HOTO BILIH-
By (NO; — miokcua azoty, CO — okcup Byrie-
o0, CyHy — ByrieBoJHi) BUKHJaI0OTh B aTMOC-
¢depue mositps Omu3pko 200 pedoBHH, MHIO
IIKIITMB1 Oe3mocepelHb0 abo 3a KOMOiHOBa-
HOIO JI€F0.

CTpyKTypa LIKIJIUBUX aBTOTPAHCIOPTHUX
BUKHJIIB 3aJIS)KHUTH BiJl peXXUMYy pyxy. Byrie-
o okcuay CO BUILISETHCS OUIbIIE HA MATHX
MIBHJIKOCTSX, MEHIIE — Ha BEIIMKUX, a30Ty
niokcuny NO; — HaBmaku. 3a paxXyHOK 3011b-
OICHHST MBUAKOCTI moToky 3 10...20 1o
50...60 km/rox npo6iroBi BUKUAU (T/C) 3MEH-
IIYIOThCS Maiixke B 5 pazis. [Ipote mpu npomy
yacTka a3zoTy giokcuny NO; gemio 30iibiry-
€ThCs, a Byraemto okcuay CO Ta BYIJIEeBOAHIB
CxHy — 3meHmIyeThCH.

SIK mpaBWIIO, SKIIO MPOEKT PEKOHCTPYKIIii
BYJIMYHO-JJOPOXKHBOI Mepexi micta abo eHep-
roo0’exkra 3ale3neyye HOPMAaTUBHUN CTaH
teputopii 32 NOy, TO BIUIMB IHIIUX BUKHUIIB
(xpim CyoHj2) Ha cTan moBiTps Oyzae moHam-
MEHIIIe Ha TOPSAOK HIDKYHMMA. Ajie piBeHb IIy-
My MOKe MIJBULIUTHCS 33 PaXyHOK 301IbIICH-
HS IIBUJKOCTI pyXy MOTOKY. IIpu opieHTOBHUX
OIIIHKAX HACJiJIKiB OyIiBHHUITBA a00 PEKOHCT-
PYKLIi BYJINYHO-TOPOKHBOI MEpexi HeraThB-
HUI BIUIMB aBTOTPAHCIIOPTY HA TPWIIETIIY Te-
PHUTOPII0 JTOCTaTHHO TOBHO XapaKTepu3ye 3a-
OpyIHeHHs1 aTMOCc(hepHOro MOBITPS a30Ty /A10-
keugoM NO; 1 exBiBaJ€HTHHH piBeHb IIyMY
L.A exs [16].

B xoxi exosoriyHOi OLIHKK 3a0pyJHEHHS
MIPUJIETJIOl TEPUTOPIT O TPbOM BapiaHTaM Oy-
JI0O BCTaHOBJIEHO, IO BapiaHT PEKOHCTPYKIIIi,

MiABOAHI TEXHOMNOTrT ¢ 03/2016, 75-82
[pomucnoBa Ta LMBifbHa iHXeHepisa
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SIKUW TIporonyBaBcs [Heturyrom «KuiBmopmi-
CTIPOCKT» € HAaHOLIBII ONTUMAJIBLHUM.

Ha nepuromy erami mpoeKTyBaHHS TPaBO-
OCepeXHOi TPAHCIOPTHOI PO3B’SA3KH  MOCTY
Metpo y craHIii Merpomnoiiteny «JIHimpoy»
(Puc. 8) Oyno peayizoBaHO KIJIbIEBHI MPHH-
IIUTI OpraHi3allii pyxy TpaHCIIOpPTY.

PeKoHCTPYKLIA TRaHCMOPTHOI po3B'A3KM
Gins 7. MeTporoniTexy [IHinpo"

o p. AHIMPO

Puc. 8. [lepetun Ha migxomai 10 Mmocty Metpo y
cTaHIii MeTrpomnojiTeHy «J/lHimpo» B
Kuesi micist pekoHCTpYKITii

Fig. 8. Crossing bridge on the approach to the
Metro subway station "Dnepr" in Kiev
after reconstruction

Ha nactynHnomy erari OyB 3alipoeKTOBaHUMN
3’131 Ha MicT MeTpo 3 By:. [lapkoBoi.

B nopanpiioMy BUHUKIIA HEOOXITHICTB TMi-
JBUIICHHS SIKOCTI TPAHCIIOPTHOTO OOCITYrOBY-
BaHHS MOTOKIB, AIKi BUXOJSATh Ha L€l MEePETHH.
Byno 3anmponoHoBaHO yAOCKOHAJIEHHS KUIblie-
BOTO NEpPeTHHY 3a JONOMOIOI0 CTBOPEHHS
JIBOX JIIBUX MOBOPOTIB, IO MIJBULIWIO IPOMY-
CKHY 3[IaTHICTb TIEPETHUHY.

Ecrakana, mo posramoBana Ha HaOepex-
HOoMy m1oce B M. KueBi 103BoJIsie TpaHCHIOPT-
HOMY HOTOKY 3 MocTy «MeTpo» Oe3rnepeniko-
JTHO 371MCHIOBATH JIIBUM MOBOPOT B HAIPSIMKY
oyn. JIpyxOu HapoxiB. Y 1uiaHi ciopynaa po3-
TalloBaHa Ha KPUBIH MO Kooy pagiycoMm 19 wm.
[IponiTHa OynoBa ecTakaau - HEPO3pi3HA MO-
HOJIiTHA 3ami300eToHHa. He3Bakaroun Ha 00-
MEXEHl YMOBM OYAIBHMIITBA B YMOBAaX ICHYIO-
40i MIChKOi 3a0y/lI0BH, CKJIAJHOCTI penbedy i
3aBJaHHs Oe3MEepenIKoTHOr0 MPOIMYCKY TpaH-
CHOPTY MiA yac OYAIBHUITBA 11O OJHIHN 3 iHTe-
HCUBHHMX Marictpajieii Micta, ecrakajga noope
BIHCAJIacs B apxiTekTypy Micta Kuena.

MIABOAHI TEXHONOTrT « 03/2016, 75-82
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BMCHOBKU

Bubip pamioHansHOI cxeMu oprasizarii py-
Xy Ha MiIXO0Ji O MOCTY Ma€ BEJIMKE 3HAYCHHS
IS 3a0e3nedyeHHsT €(heKTUBHOCTI PyXy TpaHC-
MOPTY Ha BYJIUYHO-IOPOXKHIM Mepexi MicTa Ta
MOBUHEH OyTH OOIpYHTYBaHUN HaJICKHUM
YHHOM.

AHali3 BITYM3HSAHOT 1 3aKOPJOHHOI MICTO-
OyniBHOT IPAaKTUKU TOBOPUTH MPO TOUITBHICTH
BUKOPUCTAHHS KUJIBIIEBOTO MPUHIUITY OpTaHi-
3amlii pyXxy Ha IEepeTHHaX MICBKHX Marictpa-
Jiel OIS MOCTOBHX TIEPEXOIiB. AJie B KOXKHO-
My KOHKPETHOMY BHUIMAJIKy HEOOXiIHO Bpaxo-
BYBaTH JOJATKOBI (DakTOpH, sIKI OCTaTOYHO
OOIPYHTOBYIOTh 1H)KEHEPHO-TUIAHYBAJIbHE Pi-
IICHHS TIEPETHUHY MICHKUX MaricTpajbHHUX BY-
JUIIb.

BrnamrtyBaHHS mepeTHHIB MICBKUX Marict-
pabHUX BYJIHIG 3 KUIBIEBUM PYXOM Ha IiJ-
XOJ[ax 0 MOCTIB HaJa€ MOMJIMBICTh IOKpa-
mMTH Oe3MeKy pPyXy TPaHCIOPTY, 3HU3HUTH
BiJTHOCHY aBapilHICTh Ta 3MEHIIUTU 3a0pyI-
HEHHSI TIPUJIETJIO] TePUTOPii IIKIJUIMBUMHU BH-
KHJIAMH.
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The town planning experience in imple-
menting the principle of roundabouts
on the approaches to bridges
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Summary. This article deals with native and
foreign urban planning experience in the use of the
principle of circular organizing traffic on the
approaches to the bridge. An advantage of using
this type of intersection compared to other city
intersections of main streets. Also found that as a
result of environmental contamination assessment
of the surrounding area, this type of intersection is
the best option.

Key words: roundabouts, circular intersection,
approaches to bridges, bridges, environmental
assessment.
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MiyHicTb Ta TpilWMHOCTIUKICTb cTanediopo6eTOHHUX NNUT,
onepTUX NO KOHTYPY NPU NOBTOPHMUX HaBaHTaXXEHHAX

Onee Ckopyk

KuiBcbkui HalioHanbHWI yHIiBEpCUTET BYAIBHULITBA | apXiTekTypu
MosiTpodnoTcbkuit npocn, 31, Knie, YkpaiHa, 03037,
2120756@mail.ru, orcid.org/0000-0003-3510-3758

AHotanis. [IpoBogwiucs ekcrepUMEHTAIbHI
Ta  TEOPETHYHI  JOCT/DKEHHS  HANpPyKEHO-
ne(hOpMOBAHOTO CTaHy OJIHO-, 1 JBOIIAPOBUX Oe-
TOHHHX, 3aJ1i300€TOHHUX Ta cranediopo3aiizoode-
TOHHHUX IUINT HiJ Ji€l0 MONEePEeYyHOro MajOLUKIO-
BOTO HABAaHTAXCHHS. 3araibHOI KapTUHOI PO0O-
TH TUTUT TP TOBTOPHUX HaBaHTAXKEHHSIX, aXx JI0 1X
pYHHYBaHHsS € TOYEepProBe MPOXOHKEHHS TPhOX
craniii pobotu xoHCTpykmii. Lle — cTamis mpyxuoi
po0oTH 1O TOSBU TEpHIol TPIlUHH, CTaIis eKc-
IiyaTarii, To0to pobora 3 TpiliMHAMU 1 crafis
pyHHYBaHHS 3pa3Ka.

[Ipu BuBYeHI nedopmalliii onepTux 1mo KOHTypy
IUTAT i €0 PiBHOMIPHOTO IMOBTOPHOTO HaBaH-
TaXEHHS TpHUBEAcHa 00poOKa BIACHUX EKCIepHU-
MEHTaJIbHUX JIOCII/KEHb Ta PO3TIISIHYTI METOUKH
TEOPETUYHUX PO3PAXYHKIB JIOCIITHUX TUTUT.

Kmrouori caoBa: cranediopoderon, ¢idpa,
JIBOLIAPOBI TUIUTH, (iOpOBE apMyBaHHs, MillHICTb.

BCTVII

[Ipo 3acTocyBaHHSI PI3HOTO BHIY BOJIOKOH
abo (iOp Ay MOKpaleHHs eKCIUTyaTaliiiHIX
BJIACTMBOCTEN OyJIBEbHUX MaTepiajiiB BiJO-
MO 3 JaBHUHHU.

Ha nanuii yac BUKOPHUCTOBYIOTH B SIKOCTI
¢$i0p CKIOBOJIOKHO, BYIJIELIEBE BOJOKHO, pi3-
HOTO POJy CHHTETHYHI BOJIOKHA Ta CTaJIeBl
¢bi6pwu.

3a ocTaHH1 TpU JECATHPIYYSI BUSHUMHU B Oa-
raTbOX KpaiHax CBITY OTPUMAHO pe3yJIbTaTH,
SIKUMH TIATBEPPKEHO SKICHO Kpallll MOKa3HU-
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k1 cranediopoOeToHy y MOpPIBHSHHI 31 3BU-
yaiinum Oetonowm [1, 3, 6, 7, 14].

Ha edektuBHicth cranediopodbeToHy 3HAU-
HO BIUIMBAa€ BHUJ Ta CIOCI0O BHUTOTOBICHHS
¢Gi0p, iX reOMEeTpUYHI XapaKTEPUCTUKH Ta Opi-
€HTaIlis B OCTOHHIM MaTPHIII.

HaiiepexkTHBHIIIMMY 32 TaHUMHU PI3HUX aB-
TopiB [2, 4, 9], € diOpu miamerpom 0,23...0,3
MM, a TakoK 110cki 3aBToBmKH 0,4...0,4 MM 1
3apmmpiku 0,23...0,9 mm. BigHomeHHs 10B-
KHUHU |t 10 eKBIBAJIEHTHOTO KPYTJIOTO TIepepizy
di iOp pexomenmyerbes B Mexax 23...113.
Haituacrime BukopuctoByioTh ¢iopu 3 li/d; =
8...100, a 3a yMOBM MaKCHUMaJIbHOI MIIIHOCTI
Ta B’A3KOCTI NpPH 3TMHI ONTHMAaJbHE BiJIHO-
meHHs ckianae lfds = 73.

bararo mociinnukis [2, 9, 16] akieHTYOTH
yBary Ha TOMY, III0 BBE/ICHHS B OETOH XaOTHY-
HO OpPIEHTOBAaHMX KOPOTKHX BOJIOKOH Majo
BIUIMBA€ Ha MILHICTh cTanediOpoOeToHy Ha
CTHUCK 1 Ha MOAYJb NPY>KHOCTI, ajie IPUBOJIUTH
JI0 CYTT€BOTO 30UIBIIEHHS MIIIHOCTI Ha PO3TAT
Ta 3THH.

[Topsin 3 BUBYEHHSAM (Di3MKO-MEXaHIYHUX
XapakTepucTuk craiediopodeToHy, Oararo
HaykoBIB [3, 13, 14] 3aiimanucs ToCiiIKeH-
HAMU JeOopMaTUBHMX BIIACTUBOCTEN CTale-
¢$16poOeToHHNX KOHCTpPYKILii. Bapro 3ayBa-
KUTH, IO 3aCTOCYBaHHs CTae(iOpoOHTOHY
BeJle JI0 MIiJBHILIEHHS >XOPCTKOCTI, TPIIIHHO-
CTIAKOCT1 Ta MIITHOCTI €JIEMEHTIB, 5Kl TpaIfto-
I0Th Ha 3rHHAHHA. L[e TakoX M03BOJISE MiBH-
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IIUTH EKCIUTyaTaIiiiHi TOKa3HUKA KOHCTPYK-
i,

bitpmicte pobiT mpHCBAYeHA OaJOYHUM
KOHCTPYKIIAM, a OT LI0J0 poboTH cranediod-
pPOOETOHY Y IUIMTHUX IIAPYBAaTHX KOHCTPYKIIi-
ax iHdopmarii HeGarato.

META, 3ABJAHHS I METOIA
POBOTU

Meta nochiKeHHS — JOCHIAMTH JOIiTb-
HICTh 3aCTOCYBAaHHSI B IIaPYBATUX KOHCTPYK-
misix (TUmMTax), BHCOKOMIIIHOTO Marepiamy,
Takoro sk cranediopoOeToH 1 e(PEeKTUBHICTH
{ioro poOOTH TIPU y MOBI, IO PO3TATYIOUHU 3Yy-
CHILISL CIpUiiMae map 3aii300eToHy, a y CTH-
CHYTIM 30HI BIAIITOBAaHUH mIap cranediopo-
OeTony.

Bunineni ocHOBHI 3aBHaHHS JOCTIIKEHb
OJTHOIIIAPOBHUX 1 IBOIIAPOBUX IUIHT:

- TPOBECTH MOPIBHSHHS EKCIUTyaTaliiHNuX
SKOCTEH OJHOLIAPOBUX 1 JBOIIAPOBUX
IUTAT, SIKi MPalOOTh Yy JABOBICHOMY Ha-
MIPYXEHOMY CTaHi;

- JIOCIHIITUTH BIUTUB O0OX IIApiB JIBOIIAPO-
BUX IUTUT Ha MIIHICTh 1 TPIIMHOCTIN-
KICTh y LIJIOMY.

Metoau NOCTIJKEHHSI — eKCIIepUMEHTallb-
Hi 1 TeopeTnuHi. SIKi 0a3yrOThCSI Ha PEKOMEH-
Jarisx BITYM3HSHUX HOPMATHBHUX JOKYMEH-
TiB 1 €BpONEICHKUX CTaHAAPTIB.

TTOSICHEHHS 1 PE3VJITATU
JIOCJIDKEHHST

Jis  TOpiBHSHHA poOOTH IIapyBaTHX
KOHCTPYKIIIA TPOBOIMIIUCS EKCIEpUMEHTa-
JbHI JOCHIDKEHHSI HampykeHo-aedopMoBa-
HOTO CTaHy OJHO-, 1 TBOIIIAPOBUX OETOHHUX,
3aJ11300€TOHHUX Ta cTanediopo3a1i300eToH-
HUX TUTUT M 1€ TOTEPEYHOTO MaJIOIUK-
noBoro HaBaHTaxeHHs (Puc. 1, 2). O0’em Ta
XapaKTePUCTHKA EKCIIEPUMEHTATBHUX 3pa3-
KiB HaBeZieHa y Tabn. 1. Tum 3actocoBaHMX
craneBux (iOp 1 IX XapakTepucTUKa Mpe.-
craBneHa y Tabim. 2.

SIK 3pa3Ku BHUKOPHUCTOBYBAILCH ILIUTH
po3mipamu 800%x800%75 mm (Puc. 1).
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Jlnst BUnpoOOBYBaHHS JOCTITHUAX TUTUT BH-
KOPHCTOBYBAJIacs CIeliajbHe  OO0JIaHAHHS
JUld BUIPOOOBYBAaHHS IUIUT ONEPTHUX IO KOH-
TYpY 3 MOXKIIUBICTIO CTBOPIOBATH PiIBHOMipHO-
posnoincHe HaBaHTaxeHHs (Puc. 2).

Jist  apMyBaHHSL  3ali300€TOHHUX  TUTAT
npuiiHsATa apmatypa @ 5 mm kiacy Bp-I 1 ap-
marypa @ 8 mm kmacy AS00C. ApmarypHhi
crepkHi B cepisx 11, IV, V po3sramoBani y po-
3TATHYTIA 30HI 13 3aXUCHUM IIIapOM OETOHY
TOBIIMHOIO 15 MM.

Jnis mopiBHSHHS nedopMaIifHUX BIacTH-
BOCTEH TUTMT BUMIPOOYBaHI OJHOIIAPOBI (Cepist
I, 11, IT) i nBomapogi it (cepis IV, V), ne
mapu cranediopobeToHy po3TalloBaHi 3BEpXy
(y ctucHyTi# 30Hi1), quB. Taoum. 1.

3 METO0 BUSIBJICHHS CTYIIEHIO CYMICHOI po-
00TH TUIMT BUMPOOYBaHI OJHOIIAPOBI TUIUTH
cepis I, II, III — Geroni, cranedidOpoOeTOHHI Ta
3amizo0etronHi. CranediOpoOeToH HE Mae 10-
JTATKOBOI CTEP>KHEBOI apMaTypH, OCKUIbKHU J10-
CIiuKeHHst pisHux astopiB [4, 12, 13] cBin-
4aTh PO HEe(EKTUBHICTh TAKOTO apMYyBaHHS.
[Ipu BunpoOyBaHHI NONEPEYHUM HaBaHTa-
KEHHSM SIK OJHOIIAPOBHUX, TaK 1 JBOIIAPOBUX
IUIUT BUKOPUCTOBYBAJIM OJIHY PO3PaXyHKOBY
CXeMy — IUIMTa IapHIPHO OnepTa 1Mo KOHTYPY
1 HaBaHTa)K€Ha PIBHOMIPHO PO3MOAIJICHUM Ha-
BaHTakeHHsM (Puc. 1).

VY mporeci HaBaHTaXEHHS Y LEHTPl IUIUTH
¢ikcyBaiM MPOrvMHM, a TaKOX Aeopmariii HaJ
OMOpaMH 3a JIONIOMOIOK0 1HIMKATOPIB T'OJMH-
HUKOBOTO THUITy 3 miHOW0 noaiiku 0,01 mm. Ha
HIDKHIN 1 BEpXHIM CTOpOHAX IUIMTH BUMIpIOBa-
mu nedopmartiii 0eToHy 3a TOIOMOTO TE€H30-
pusucropis 3 6a3zoro 50 mm (Puc. 3).

Xapakrtep aedopMyBaHHS IOCTIAHUX 3pa3-
KiB Y 30HaX 3 TPIIIMHAMH 3AJIEXKHUTh B/l CXEMHU
TPIIIKH, TOOTO BiJl OPIEHTYBAHHS TPILUH BiJ-
HOCHO HAIIPSIMKY apMyBaHHs, B3a€EMHOTO Iie-
PETHHY TPILIUH, BUHUKHEHHS TPILIMH Ha OJ-
Hill a00 Ha 000X MOBEPXHSAX E€IEMEHTY.

HackpizHi TpimMHHM 3yCTpidaloThCsl MpU
0€3MOMEHTHOMY HaNpy>KEHOMY CTaHi abo Mpu
TONATKOBIN A1l HEBEINKUX MOMEHTIB.

[TpuiHATI KOHCTPYKTHUBHI PIlIEHHS Ta Me-
TOJMKa BUIIPOOOBYBAHHS pealli3ye pi3HI BUIU
pYHHYBaHHS 3pa3KiB: 0€3 TPIIMH y CTUCHYTIN
30H1 Ta 3 TPIIMHAMHU Y CTUCHYTIN 30HI.
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Puc. 1. Cxema npukiageHHs piBHOMipPHO-PO3MOIiIEHOT0 HABAHTAKEHHS Ha TUIUTY:
P — Touka MMPUKIIAACHHA HaBAHTAKCHHS

Fig. 1. The scheme applying uniformly distributed load on a slabs:
P — point of application of load

Puc. 2. 3aranpHuil BUrIIA OOJaHAHHS JJisi BUIPOOOBYBAaHHS IUIMT ONEPTHUX MO KOHTYPY 3
MOJKITUBICTIO CTBOPIOBATH PiBHOMIiPHO-PO3IIO/IJICHE HABAHTAXKECHHS:
1 — po3BaHTaXyBaJibHA pama; 2 — IUIMTA, 1110 BUIPOOOBYEThCS; 3 — cujioBa pama; 4 —
OTIopH; 5 — po3MoAiIbYil TpaBepcH; 6 — rijipaBiivHi JOMKpPATH; 7 — PO3MIPKH; 8 — Tsxki
Fig. 2. General view of the equipment for testing circuit boards reliance on with the ability to
create a uniformly distributed load:
1 — loading frame; 2 — slabs; 3 — frame for loading; 4 — support; 5 — Distribution arms;
6 — hydraulic jacks; 7 — spacers; 8 — bands
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Tabauus 1. O6’eM eKCIEPUMEHTATBLHUX TOCIIKEHB

Table 1. Score of experimental studies

No Bun K.im’_ .
cepi Mapxka apasKis KICTb, Ilepepi3 Cknan
IIT.
——s 1 “““““ - 1 - Geton
I [16-1 | [lnura GeToHHA 3 St @ (o BchoMy
| 800 | 00’emy)
-1 Tprr?ﬁ g’f‘&‘)’?fm“a’ 3 1 1 — dhi6poberon
I P ﬁj (1o Bchomy
D-2 Hnmq (hibpoberonHa, 3 { 500 | N
T ¢idopu O-2 ’
[Tnura 3ami300eTOHHA,
I13-1 2p1\i[3&T_};pa @ 5 MM Kna- 3 | l | _ 1 — 6eror
Il Y 2D - e e e e (1o BcroMy
ITnuta 3ami300€TOHHA, =~ - X
[13-2 | apmarypa @ 8 MM Kiia- 3 | 800 J 00’emy)
cy A500C
[InuTa nBowIapoBa
[I®3-1 | (3amizo+didpodeToH, 3 1
v tun (iGpu P-1) gE AT \U \ mj 1 — $ibpoberon
[TmuTa nBoOmIapoBa N o 800 ‘ '2 : ‘{ 2 — 3a1mi300eTOH
[1D3-2 | (3amizo+didbpodeToH, 3 i ¥
tun ¢iopu O-2)
HJ’II/I.Ta JABOLIAPOBA 1 1 — ¢i6pobeTon
V| Id3K-1 g;?gfgpq;%’f’fegg’_ 3 gE S T (oxreii)
KoKTeiiTh) ’ | 800 \2 | |2 -3anizo6eTon

Tabauunsa 2. Xapakrepuctuka Gidp 3aCTOCOBaHUX y €KCIIEPUMEHTAIBLHIX 3pa3kax
Table 2. Characteristics of the fiber employed in the experimental samples

Ne HaiimenyBaHHs Hiametp, | [loskuna, | Bucora, 3araHme¥ BHEEA
MM MM MM (ecki3)
1 ®l6pa 3 IpOTy XBI/IHeHOHiG' 1,0 50,0 2,0 ~—— TS
HOT popmu, Tun d-1
5 ®i§pg 3 IPOTY, IO Ma€ aHKe- 0,75 30,0 2,9 - -
pHi Kinmi, Tin ®-2

3arajabHOI0 KapTHHOIO POOOTH IUIMT MpHU
MOBTOPHUX HaBaHTAKEHHSX, aX 10 iX pyHHY-
BaHHS € TIOYEProBe MPOXOKEHHSI TPhOX CTa-
niit (Puc. 4). Lle — crazis npyxHoi poOOTH 10
MOSIBM TepUIOi TPIIIMHMU, CTaIls eKCIUTyaTarii,
TOOTO poOoOTa 3 TpIIMHAMHU 1 CTajaid pyHHY-

BaHHS 3pa3Ka.
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I'padix 3pocTanHs TPOTWHIB 3rUHATBHUX
€JIEMEHTIB, Y TOMY YHCII IUIUT, ONEPTUX IO
KOHTYpPY, XapaKTepHU3yeThCs TpbOMa JUISHKA-
MU, Ha AKHX Ae()OopMyBaHHS KOHCTPYKIIH CyT-
T€BO BiApi3HAEThCS. [lepiia ainsgHka nomupro-
€TbCA O MOMEHTY YTBOPEHHS MEpLIUX Tpi-
IIMH, a Jpyra — J10 YTBOPEHHS IUIACTUYHHX
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Puc. 3. Cxema po3ranryBaHHsI TEH301aTUYMKIB 1 ONIOP BUMPOOYBaIbHHUX 3pa3KiB:
@ — BUWJ HWKHBOI MOBEPXHI INTH; D — BHJ BEpXHBOI MOBEPXHI IINTH; 1 — TEH30aTYHK;
2 — TOYKH MPUKITAJaHHI HaBaHTAXXECHHS; 3 — MIJIIHAPUYHA OITopa; 4 — KyJIbKOBa OIOPH
Fig. 3. Location of load cells and supports test samples:
a — view of the bottom surface plates; b —view of the upper surface plate
1 — strain gauge transducer; 2 — point of application of load; 3 — cylindrical support; 4
— ball bearing
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Puc. 4. Po3paxyHkoBa cxema IPOTHHIB IUINT:

1 — yTBOpeHHs TpilKH; 2 — MosiBa IUIACTUYHUX AedopMaLiil y pO3TATHYTIH 30Hi
Fig. 4. Diagram deflection plates:

1 — crack formation; 2 — the appearance of plastic deformations in the stretched area
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| cepis
I16-1

Il cepis
I13-1

11 cepis
o-1

IVcepis
Md3-1

Vcepis
[Md3K-1

Fig. 5. 3aranpHuii BUIIISA XapakTepy pyHHYBaHHS HIDKHBOT Ta BEPXHBOT IOBEPXHI ILIUT:
a — HWKHS MTOBEPXHSI ITUTH; 6 — BEPXHS ITOBEPXHS IIUTH

Fig. 5. General view of the manner in which the upper and lower surface plates:
a — view of the bottom surface plates; 6 —view of the upper surface plate
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mapHipiB. JI0 MOMEHTY TOSIBU MEpIIUX TPi-
IMH, 0 npubnm3Ho Bignosimae 25...30 xH,
MPOTHHU 3POCTAIOTh MOBUIBHO. 3 MOMEHTY I10-
SIBU TPIIIMH IHTEHCUBHICTH MPOTHHIB 3HAYHO
30uIbmyeTbesi. Ha TpeTid muIsHI TPOTHHU
POCTYTh MPAKTUIHO HEOOMEKEHO.

binbmr 3HauHE 3pOCTaHHS TPOTHHIB CIIO-
cTepiraethes Ha Jpyrii ainsnmi. [i BusHaua-
10Th Big 25 kH 1 g0 miHii, sika BiAMOBIIAE PO3-
BUTKY IJIaCTHYHUX Aedopmariiii craiediopo-
OCTOHY 1 apMaTypu B pO3TATHYTIH 30HI. Tomi
rpadik XapakTepu3yBaTUMEThCS JBOMA TOY-
kamu (Puc. 4): Toukoro 1, mo BiagmoBigae mo-
YaTKy YTBOPEHHS TPIIIMH, 1 TOUYKOIO 2, KA Bi-
AnoBifae Mexi aAepOopMyBaHHS PO3TSATHYTOT
30HU (MOMEHT BHYEpIIaHHS HECY4Oi 3/1aTHOC-
Ti).

Ha Ttperiii cTanii po6oT BinOyBaeTbes mMo-
PYIICHHS 3UCIUICHHS apMaTypu 3 OCTOHOM Ha
JTUISTHIT MIX TPIIIMHAMH, ITOCTYIIOBO TPIIIUHU
PO3KPUBAIOTHCS, 30UIBLIYETHCS X KUIBKICTb,
3MCHIIYEThCS BUCOTA CTHCHYTOI 30HH 1 3pOC-
TaloTh HE0OOPOTHI Aedopmariii 6erony. Cra-
IiI0 TpU BHKOPHCTOBYIOTh NpW BH3HAYCHHI
OPCTKOCTI Ta MPOTUHY TUIMTH 3 XapaKTepHC-
TUYHUM HABAaHTAXKCHHSIM.

AHami3 cXxeM apMyBaHHS IUIMT CBIAYUTH
npo mnepeabavyeHu TpaAWLiMHUN  XapakTep
37aMy IUIAT, 3aBaHTaKEHUX PIBHOMIPHUM Ha-
BaHTaXeHHsM (Puc. 5). Ha HmkHiil moBepxHi
IUTUT TPIMIMHUA HaIpasjieHl 1o OicekTpucam
KyTiB 1 YSBISIOTH TaK 3BaHUNA «KOHBEPT.
BepxHst moBepxHs IJIUT pyHHYBaJlach M0 JiHi-
M 3]IaMy B 3aJIe)KHOCTI BiJ] Marepianxy CTHC-
HyTtoi 30HM. Tak B mmutax I, Il cepii, saxi manu
CTHCHYTY 30HY 3 HEpaMOBaHOTO OETOHY, pyil-
HYBaHHS BiAOyBajioCs MO JIiHISAM 3J1aMy, IO
NPAaKTUYHO TMOBTOPIOBANIHN JIiHII 371aMy HHXKHIX
noBepxoHb TwmT. ITmutu cepii I, 1V, V, ne
CTHUCHYTA 30HA TpEJCTaBJIeHa i3 cTtanediopo-
0eTOoHY, IPaKTUYHO HE PYIHHYBAIIUCS.

[TpoanamnizyBaBimu pe3ysibTaTH mpo aedop-
Marii y CTUCHYTIA 30HI IUIMT PI3HUX Cepii,
JTIUTIUTA BUCHOBKY, IO JONIUIBHO TPHWHSATH
dbopMy emopu HampyKeHb TPUKYTHY Ui Ce-
piit I, 11, a qus cepiit 111, IV, V — npsimokyt-
HY.

Brpary Hecydoi 3maTHOCTI IUIMT BH3HaYa-
I0Th peani3alliero Mexi MIITHOCTI cTanediopo-
OeToHy ab0 TEKy4OCTi apMaTypy Ha YCiX JiHi-
AX 3J1aMy, SIKI BU3HAYAaIOTh CXEMY 3JIaMy IUIHT.
Haii0inpmri 3ycwiuid, mo NepemaroTbes IUTH-

Ta6muus 3. PyiiHiBHI 3yCHIIIS TOCIITHUX TUTMT 3a pe3yJibTaTaMH €KCIICPUMEHTATIbHUX

BUTIPOOYBaHb 3a MIIHICTIO

Table 3. Devastating research efforts slabs on the results of experimental tests for durability

3aranpHe 3yCHILIS Ha N
Ty 3ycuiuIs Ha ATy 3ruHaJbHIH MOMEHT
Ci\@ﬁ Mapka Pt kH P; xH M., xHm
P KOXHO1 KOXHO1
I I cepeHe cepeHe cepenHe CepeliHe
| I16-1 46,6 46,6 2,92 2,92 1,71 1,71
I1d-1 51,2 3,20 1,86
] 50,45 3,15 1,83
T1d-2 49,7 3,11 1,81
I13-1 62,4 3,90 2,27
i 73,6 4,60 2,70
I13-2 84,8 5,30 3,14
[1P3-1 64,5 4,30 2,55
\V4 64,8 4,19 2,47
[1P3-2 65,1 4,07 2,39
\4 T1d3K-1 65,3 65,3 4,08 4,08 2,41 2,41
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TOI0 Ha KOHTYp (Ha OJWHHUINIO IIUPUHU), 3HA-
XOJISATHCSL HA CEPETHIX AUITHKAX 3 KOKHOI CTO-
ponu twuTH. KyTH TUIMT 3 BUIBHO ONEPTHMHU
CTOPOHAMHU ITiJl HABAHTAKCHHSIM TPOXH ITi i~
MalOThCSI, y KyTax 3'SBISIFOTBCS TPILIHHA
(Puc. 5).

Or1iHOBaHHS BiJTHOCHOI €()EeKTUBHOCTI OJI-
HOIIAPOBHMX 1 JBOIIAPOBUX JOCITITHUX HaBe-
neni y (Tab6m. 3).

Ax cBiguute (Tabm. 3, 4), TpamumiiHi
KOHCTPYKTHBHI PIIICHHS TUIMT Y BUTJISAI 3aTi-
300€TOHY 3 BKIIIOUEHHSM ITO3/I0OBXKHBOI apMa-
TYpH Yy PO3TATHYTIH 30HI MalOTh TepeBary Ie-
pen HeapMOBaHHM cTanediOpoOEeTOHOM, SK Y
OJTHOIIIAPOBHX, TaK 1 JBOIIAPOBHUX ILTUT. Ap-
MOBaHI Yy pO3TATHYTIH 30HI 3ali300€TOHHI
IUTUTH BUSBIINCH Ouible HIXK Ha 30% MiHI-
e, HiK TUTMTH 3 HEApMOBAaHUM PO3TATHYTHM
mapom cranediopoberony.

[Io crocyerbecs ABOMIAPOBUX IUIMT, TO BO-
HU TIOKa3aJId IPAKTUYHO OJTHAKOBY MIIHICTB Y
nopiBHSAHHI 3 oxHomapoBumu. lle cramocs
ToMy, 1o mmap cranediopoOeToHy 3a CBOIMHU
MIIHICHUMH 1 Je(OpPMAaTUBHUMH XapaKTepHUC-
THKaM{ TIPaKTUYHO HE BIAPI3HAIOTHCA BiJ
Bakkoro Oertony. TyT BupimaibHy pojb 3ir-
pajla eKOHOMIHA JOIIIbHICTh BHUKOPHUCTAHOTO
Marepiany.

3 MOsIBOIO TPIIIMH poOoYa BUCOTA TIEpepi3y
IUTATH, TOOTO BiJICTaHb BiJ BEPXY TPIIIUHU 10
CTHUCHYTOI TpaHl Mepepidy 3MEHIIYETbCS Ta
PO3TATYBaJbHI HANpPYXEHHS Yy BOJIOKHAX HAaJ
TPIIIMHOIO 3pOCTal0Th. TpilIMHA HIBUAKO PO3-
BUBAETHCA 1 pyliHYBaHHA cTanediopoOeTOHHOT
IUTUTH BIIOYBA€THCS MO TEpepi3y, y SIKOMY
3'sBUJIACA Teplla TPIlIMHA paHille, YUM 3'SAB-
JSIOTHCS TPIIMHU Yy peIITi mepepiziB. Mirl-
HICTh CTHCHYTOI 30HM 3aJIMIIAETHCS JAJICKO HE
BUYEpIaHow. BHACHIOK bOTO, HIIKMX O3HAK
pYHHYBaHHS BEpPXHBOI IOBEPXHI OJHOIIAPO-
BUX IUUT He BusiBieHo. llle oauH YMHHHK
30€peKEeHHsI I[UTICHOCTI BEPXHBOI IUIOUIMHU
IUIMTU — BIJHOCHA BHCOKA TpaHuyHa 1edop-
Malliss Ha CTUCK — 185><10‘5, I0 Maibke Ha
20% BwIIE BiJ BAXKKOTO OCTOHY.

[TPOITO3ULII 111010 PO3PAXVHKY
JIOCJIITHUX 3PA3KIB

3a pe3ynbTaTaMH EKCIEPUMEHTAIBHHUX J10-
CIJDKEHb 3 ypaxyBaHHAM XapakTepy pyHHY-
BaHHS YCi IUTMTH 3PYHHYBAJINCS 32 HOPMAJb-
Humu nepepizamu (Puc. 5). 3Bakarouun Ha Te,
10 HAsIBHICTh TPIIIMH y PO3TATHYTHX 30HAX
IUIUT CYTTEBO 3MEHINY€E BIUIUB KPYTHHUX MO-

Tadauust 4. 3ycwiis TPILIMHOYTBOPSHHAOCTIAHUX IUIMT 3a PE3yJIbTaTaMH EKCIEPUMEHTAIbHUX

BUITPOOYBaHb

Table 4. Efforts crack research slabs on the results of experimental tests

3araJ'ILHH€H1[3/I};CyI/IHH${ Ha 3y0HJIH${I;[£)I;L}I;I;II/IHOYTBO- 3FI/IH3HBHI/Iﬁ MOMEHT
Ci\ﬁﬁ Mapxka Py kH Py xH Mer, kHM
KOXKHOL KOMKHOT cepeaHeE cepeaHeE CepecaHE CcepecaHE
IIJINTHU IIJINTHU p A p A p A p A
| I1B-1 46,6 46,6 24 24 0,86 0,86
[IdD-1 51,2 27 0,93
I 50,45 275 0,92
[ID-2 49,7 28 0,91
13-1 62,4 31 1,10
I 73.6 37,5 1,32
I13-2 84,8 44 1,54
[Id3-1 64,5 32 1,22
IV 64.8 325 1,21
[d3-2 65,1 33 1,19
\4 [d3K-1 65,3 65,3 34 34 1,20 1,20
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MEHTIB, MOXXHA PO3TJISJATH TUIMTY SIK 0aiod-
Hy, BBaXalO4W, 10 Yy KOXXHOMY HaIpPSIMKY
TUTMTA HECE TIOJIOBUHY HABAHTA)KCHHSI.

st o0uYuCIeHHST PO3PaxyHKOBOIO OIOPY
ctanediOpoOETOHY Ha CTUCK BUKOPHUCTOBYBa-
Jack 3aNIKHICTH [5, 8]:

R =Ry +knz(0f Uy Ry, (1.1)

ne R,— omip OGeroHy MaTpull Ha OCbOBUM
CTHCK (MPU3MOBA MIIHICTH);

k,— KkoedilieHT, O BpaxoBye poOOTYy
¢16p B mepepisi, NepneHAUKYIIPHOMY 10 Ha-
MPSIMKY 30BHIIITHBOT CTHCKAOYO1 CHIIN;

Mg, — KoeQilieHT 00’ €MHOT0 apMyBaHHS;

R — omip }i6p po3TaryBaHHIO;

@, — KkoeiuieHT epeKTUBHOCTI PiOpoBOro

apMyBaHHs, SKAW BHU3HAYA€THCS 32 (opmy-
JI010:

5+L
= o*tt 12
P T asL 1.2)
e
_knzluvaf
=S

L

Minnicte cranediOpoOeToHy Ha pO3TAT 3a-
JIKUTH Bl 00’€MHOTO Koe(dilieHTa apMyBaH-
Hf, BUIY, PO3MIpIB 1 XapakTepy IOBEpXHI
¢16p, kmacy 6eToOHy MaTpHIli, a TAKOXK BiJ re-
OMETPUYHUX PO3MIpIB Tepepi3y eJIeMEeHTa.
ITpu oMy, pO3pI3HSUIM /1Ba BUMAAKH PyHHY-
BaHHA CTajepiOpoOETOHHOIO €JIeMEHTa: Mep-
M — BUCMMKYBaHHS ycix (i0Op, Apyruit —
pO3pUB 1 BUCMHUKYBaHHS d4acTUHH ¢i0p. Y

I

f . .
nepuioMy BHHIaaky, mpu | . >E’ MILHICTh

ctanediOpoOETOHY Ha PO3TAT BH3HAYAIOTH 3a
dbopmyoro:

(k02:ufv|f )
AN T AN

Ry = MR, (477df ) . (13)
+0,08-5,54,,
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ay Ipyromy BUmajky, npu |, . < Ef

I
(kozﬂvaf ) 1-—= |+
Repe =My I (1.3)

+R,(0,08-5,54,,)

e
| (ﬂdf R, )
f,an = Rb

MiHIMalbHa JOBKMHA aHKEPYBaHHS

(1.4)

If,an
¢i0p B O€TOHI, 110 BiJNOBiIa€ iX 0OpUBY MpH
BUCMUKYBaHHI, MM;

m =11 — nna ¢ibp 3 ankepamu 1 m =1,0 —
s Giop Oe3 aHKepiB;

m, =1,2 — koedinieHT ymMOB poboTu (idp;

d, i |, — BiAmOBigHO AiamMeTp Ta JOBXHHA
$idp, Mm;

K,, — KoedimienT opieHTauii ¢Gidp BixHOCHO
HANpPSMKY TOJIOBHHUX PO3TATYBAIBHUX HAIpY-
JKCHb,

1 — XapaKTepuCTHKa 34eruieHHs ¢idp 3 6ero-
HOM.

Po3paxyHOK MIITHOCTI 3TMHAaJIBHOIO eleMe-
HTa MPONOHYETHCSI BUKOHATH 32 (hOPMYJIOI0

1 h x
M ==1f bx(—+—= 1.5
u 2 cmf (2 6) ( )

JIe BUCOTY CTHUCHYTOI 30HH X HEOOXiJIHO, 3Ba-
JKAl04YM Ha emropy AedopMariiid, BU3HaYaTH 3a
dbopmyroro:

X=—2% _h—gxh  (L6)
gcf+gcft

ne &y, &4 — BIINOBIIHO Aedopmallii CTUCKY i

PO3TATY KpaiiHiX BOJIOKOH Iepepizy.

MoOMEHT YTBOpPEHHS TpIIIMH 3 ypaxXyBaH-
HSM HENpyXHHUX JedopMaliil po3TArHyTOro
OeToHy mpH J1ii MOMEHTY B IUIOIIMHI Nepepizy
JIOMYCKA€THCSI BU3HAYATH 32 POPMYJIOIO:

Mcr = fcthI (17)
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ne f, — mexa minHOCTI GeToHy (cTanedibpo-

OCTOHY) Ha PO3TAT;
W, — miacTHyHMi MOMEHT ONOpY NpHBEJE-

HOTO Mepepi3y sl KpalHbOTO PO3TATHYTOTO
OeTony.

BHUCHOBKU

1. BukoHaHi eKCHEepUMEHTAIbHI JIOCII-
JDKEHHS CBiAYaTh NPO €PEeKTHUBHICTH IIapyBa-
TUX TUTAT. JIBOIIApOBI TUTUTH Yy TOPIBHSHHI 3
OJTHOIIIAPOBHMH BHSBHIIM CTIHKY TEHICHIIIO
MOJIIMIIEHHS eKCIUTyaTallifHUX SKOCTeH Mill-
HOCTI Ta TPIIUHOCTIHKOCTI.

2. Xapaktep yTBOPEHHS TPIIIMH Y IUIUTAX,
ONEPTUX O KOHTYPY MiJ Ji€l0 PiBHOMIPHOTO
HaBaHTKCHHS, MOBHICTIO BIIIOBIA€ Tpau-
[iAHIA cxeMi 31aMy TOHKUX TuMT. Ha HuokHIN
MOBEPXHI IUTMT TPIIIMHUA HAIpaBJieHl 1Mo Oice-
KTpHCaM KYyTiB, YABISIOTh TaK 3BaHHUU '"KOH-
Bept".

3. EkcnepuMeHTaNbHI JOCTIKEHHS TLTUT
MOKa3yIOTh, IO yCi 3pa3Ku 3pyHHYBalIHCS 3a
HOPMAJILHUMH TIepepi3aMu BiJl Jii 3THHAIBHUX
MoMeHTIB. [Ipu 11boMy, TpaauLiiiHi KOHCTPYK-
1ii 3a71300€TOHHUX TUIAT 3 MO3/I0BXKHIM apMy-
BaHHSM y PO3TATHYTIM 30HI MaloTh IepeBaru
nepen cranediOpoOeTOHUMHU TUTMTaMH, K Y
OJTHOUIApOBOMY, TaK 1 JIBOIIAPOBOMY BHKO-
HaHHI. 3ani300eToHHI MIUTH Maibke Ha 30%
MIIHII, HDK TUIMTH 3 HEApMOBAaHUM IIapOM
cranediopobeToHy.

4. JIBomapoBi IUIUTH MOKa3yIOTh MPaKTUY-
HO OJIHAKOBY MIIIHICTh 3 OJHOIIapoBuMuU. Lle
pe3yabTaT TOro, 1o cranediopobeToH 3a cBo-
iMM MILHICTHUMH 1 1e(OpMAaTHBHUMH Xapak-
TEPUCTHKAMHU MiJIOpaHO TaKuM, IO MPaKTHUY-
HO HE BIJPI3HAETHCS BiJ BaxKoro 6etony. Tyt
NpUiHATa 10 yBarm Kpamia cymicHa poOora
000X MaTepialiiB 1 EKOHOMIYHA JOIIHHICTb.
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The strength and crack resistance
fiber concrete slabs supported
on four sides on repeated loads

Oleg Skoruk

Kyiv National University of Construction
and Architecture
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Ukraine, 03037, 2120756@mail.ru
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Summary. Experimental and theoretical re-
searches were conducted tensely deformed to the
state one, and two-layer concrete, reinforce-
concrete and steel fiber concrete slabs under the
action of the transversal loading.

At studied the strength and crack resistance of
supported on four sides slabs under the action in
loading the calculation of own experimental re-
searches and comparison of the experimental bind-
ings of the noted slabs with theoretical calculations
after different methods and operating normative
documents.

Key words: fiber, steel fiber concrete, compo-
site material, deflection, slab.
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SIKLLO BOHW pi3Hi, 3a3HavaloTb LmMpoBnuMM 3HoCKaMn. Big BuXigHMX gaHUX 40 BEPXHBLOrO Mnossi
CTOPIHKM Ta 4O OCHOBHOrO TEKCTY — 3anuLiatoTb Mo 5 NycTux psakis

e CTPYKTYPHI Nigposainu ctaTTi:

- AHOTAUIA (Summary) (150 — 200 cnis)

- KITKOYOBI CNOBA (Key words) go 5 cniB

- BCTVYIT (Introduction)

- META | METOOWU (Materials and Methods)

- PESYJNIbTATU TA NMOACHEHHA (Results and Discussion)

- BUCHOBKM TA PEKOMEHOALIIT (Conclusions and References)

e HasBa CTaTTi — iHbopMaTMBHA Ta KOPOTKA; CTPYKTYpa aHoTalii — aHanoriyHa CTPyKTypi cTaTTi,
6e3 BMKOpPUCTaHHA CKOpoYeHb Ta abpesiaTyp (YCi NMOSACHEHHS 4al0Tb B TEKCTI); NOCUMNAHHA B Te-
KCTi — He Binblue 5 NyHKTIB B OAHOMY MicCLi

e Tabnuui Ta PUCYHKM PO3MILLYIOTb MNICNA NEepLIOro 3ragyBaHHA MpPO HUX, BEMWKI — NPUTUCKYIOTb
00 Bepxy abo HM3y CTOPIHKK (He po3puBaTn 0OHOYACHO OOMABI KOMOHKM TEKCTY)

e intocTpauii — y doopmaTax .jpg, .gif, .tif 3 posginbHoto 3gaTHicTio He meHwe 300 dpi.

OdgbopmrieHHs:

o MNUWYTb NPAMO — Unpwn, rpeLbki BYKBU, KNPUNULIO, TPMIOHOMETPUYHI yHKLUIT (tan, sin Ta iH.),
ycTaneHi BMpasun (max, const Ta iH.), XiMi4Hi enieMeHTUn; KypCMBOM — aHriACbKi cMMBONM op-
MYI1, PUMCBKI Lndopn, HOMepKU ekcnnikauil
MK dhopMynamu, pucyHkamu, Tabnuuamm i TEKCTOM 3anuiiaroTb N0 OOHOMY MYCTOMY pPAOKY

o opmynu (posmipom 12-10-8-12-16) HabupatoTe B EQ.3 Ta LEHTPYHOTb, HymepaLia — npaBopyy
KOMOHKW; Tabnuui — He nepeBnLYOTbL 06nacTb APYKY CTOPIHKM

e crosa «Tabn.» (Table), «Puc.» (Fig.) nuwyTb 3 Benukoi 6ykBu, B TEKCTi — CBITNO, B Ha3Bi — H/X;
TEKCT Ha MonsX PUCYHKIB 3BOAATL 40 MiHIMYMY

e B CMUCKy niTepaTypu — He MeHwe 20 nocunaHb; B SIKOCTI PO34ifoBMX 3HAKIB BUKOPUCTOBYIOTb
TiNbKW Kpanky i komy (ctaHgapt APA).

lNpuknadu:
o odhopmneHHs ctaten y MS Word — Ha canTi www.uwtech.at.ua.
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Aemopu nybnikayit

OnekcaHap besBepxun — pokTop disMko-maTeMaTMYHUX HaykK, npodpecop, 3aBigyBad Bigginy
enexkTponpyxHocTi IHCTUTYTy mexaHiku imeHi C.IN. TumoweHka HAH Ykpainu, Kuis
Bonogumunp BniHUOB — JOKTOp TEXHIYHMX HayK, Npodecop, NPOpeKTOp 3 HaykoBoi poboTn Haui-
OHanbHOro yHiBepcuTeTy kopabnebyayBaHHs iMeHi agmipana Makaposa, Mukonais
OnekcaHgp BniHUOB — kaHAMOAT TEXHIYHUX HAYK, AOLUEHT, AOKTOpaHT HauioHanbHOro yHisepcu-
TeTy «JIbBiBCbKa nosiTexHika», J1bsiB

OnekcaHgpa boHpap — acnipaHT KniBCcbkoro HauioHanbHOro yHiBepcuteTy 6yaiBHMUTBA | apxiTe-
KTypn, Knis

OnekcaHgp KnoukoB — Buknagay HauioHanbHoOro yHiBepcuteTy kopabnebyayBaHHs iMeHi agmi-
pana Makaposa, Mukonais

BikTopis KopHieHKO — kaHAMAAT TEXHIYHMX HayK, CTapLuMi HayKoBWUW CRIBPOBITHUK [HCTUTYTY
mMexaHiku imeHi C.IM. TumoweHka HAH Ykpainu, Kuis

Ceprin Koctupsa — cniBpoGiTHMK [HCTUTYTY reoTexHiuHoi mexaHiku imeHi H.C. MNonakoBa HAH
YKkpaiun, [HinponeTpoBCchbK

MeTpo KynikoB — JOKTOp TeXHIYHMX Hayk, npodecop, pektop KMiBCbKOro HauioHanbHOro yHisep-
cuTeTy GyaiBHMUTBA i apxiTekTypn, Kuis

Hennsa JleweHko — kaHomaaT apXxiTeKTypu, AOLEHT, OOUEHT Kadeapw iHpopmaLinHNMX TEXHOMOTrIN
B apXiTekTypi KMiBCbKOro HauioHanbHOro yHiBepcuteTy 6yaiBHMUTBA | apxiTekTypu, Kuis

Onbra MeaBegeBa — kaHaANAAT TEXHIYHUX HAYK, CTAPLUMIA HAYKOBUIA CNiBPOBITHUK, IHCTUTYTY reo-
TexHi4YHOT mexaHiku imeHi H.C.Monskosa HAH Ykpainn, goktopant OBH3 HI'Y,[QHinponeTpoBCchbK

Bonoaumup Hagytuin — JOKTOp TEXHIYHUX HayK, Nnpodecop, 3asigyBay Bigainy MexaHikm MaLluuH i
npouecis nepepobkn MiHepanbHOI CUPOBMHU IHCTUTYT reoTexHiYHOI MexaHiku imeHi H.C. Mons-
koBa HAH Ykpainu, [JHinponeTpoBCbK

Mwukona OceTpiH — KaHaAnZaT TEXHIYHNX HayK, npodecop, npodecop kadenpn Micbkoro 6yaiBHU-
utea KniBcbKoro HauioHanbHoOro yHisepcuteTy byaiBHuUTBa i apxitektypu, Kuis

Oner CKopyk — acnipaHT kadeapu 3anisobeToHHUX KOHCTPYKUin KMIBCbKOro HauioHanbHOro yHi-
BepcuTeTy OyaiBHMUTBA | apxiTekTypu, Kuis

Muxanno Cyka4y — JOKTOp TeXHiYHUX Hayk, npodecop, npodecop kadenpu dyaiBenbHUX MaLUvH
KuniBCcbKOro HauioHanbHOro yHisepcuteTy byaiBHMuTBa | apxiTekTypu, Knis

JMroagmuna Pyb6aH — kaHanaaTt apxiTektypu, OOLEHT, AOKTOpaHT Kkadeapu naHawadTHOT apXiTek-
Typu KWiBCbKOro HauioHanbHOro yHisepcuteTy 6yaiBHUUTBA i apxiTekTypu, Kuis

BaneHtuHa YenuuwkiHa — cniBpobiTHUK IHCTUTYTY reoTexHidHoi MexaHikm imeHi H.C. lNMonskosa
HAH Ykpainn, [HinponeTpoBCcbK

IHOeKkcysaHHs sudaHHS

KypHan «[lligBogHi TexHONOorii» NoAaHO 4O HayKOMETPUYHMX 6as:
"Ulrichs web” — http://ulrichsweb.serialssolutions.com
”"Index Copernicus” — www.journals.indexcopermicus.com
"Research Bible” — http://journalseeker.researchbib.com
"Web MPBUC” — http://irbis-nbuv.gov.ua
"Get CITE” — http://waww.getcited.org
"JOUR Info” — http://jourinfo.com
“The Global Impact Factor” — http://globalimpactfactor.com
“Scientific Indexing Services” — http://www.sindexs.org
"Google academy” — http://scholar.google.com.ua/citations?user=2-FASc4AAAAJ&hI=uk
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