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AKYyMYNATUBHI | TEKTOHIYHI CTPYKTYpPU AHA NiBHiYHO-3aXxigHOro
wenbdgy YopHoro Mops Ta ix po3nisHaBarnibHi O3HaKu

Cepait lNonoska

YMaHCbKUi Aep>xaBHUIN NegaroriyHni yHiBepeuteT iMeHi [Nasna TuunHm
Byn. Capgosa, 2, YMaHb, YkpaiHa, 20300
sergi_polovka@ukr.net, orcid.org/0000-0002-4928-4943

Anotauis. Ha mensdi YopHOTro Mops iCHYIOTh
CTPYKTYPH PIi3HOI T€HE3M — aKyMYJIATHUBHI Ta TCK-
TOHIYHI. BUCBIT/IIEHO OCHOBHI J1arHOCTHYHI Ta Bi-
IMIHHI PHUCH JIOKAIBHUX CTPYKTYp TEKTOHIYHOTO i
aKyMYJISITHBHOTO TIOXO/KeHHS. PO3TIIsIHYTO BIUIHMB
XBWJIBOBUX TMPOLECIB HA CTPYKTYPU OCaIOYHOTO
MOXOJIKEHHSL.

KuaiouoBi cioBa. AKyMynsSTHBHI Ta TEKTOHIUHI
CTPYKTYpH, MiBHiYHO-3aximHuil mensd YopHoro
MODSL.

BCTVII

YopHe Mope 3 1aBHS NPUBEpPTA€E yBary Aoc-
JIAHUKIB 13 PI3HUX rajly3ell HayKu; HE € BU-
KIIIOYEHHSIM 1 Mopcbka reosioris. OcoOiaMBoiO
aKTyaJIbHICTIO BUPI3HSETHCA MUTAHHS 3’sCy-
BaHHS I'e0JIOT1YHOI OyI0BH 0CaJOYHOI'0 YOXJIa
3eMHOi KOpH, sIKa 3HAXOAWUTHCS TiJ BOJAMHU
LIOTO MOPS 3 METOI0 BUAOOYTKY PI3HUX KOPH-
CHUX KonayiuH (HadrTa, ra3 i1 rasoriipati Ta
in.) [2, 3, 8], sKuX HUHI rocTpo MOTpedye
VYkpaiHa.

KopucHi komanu ¢opMylOThCS B IMEBHUX
reoJIOrIYHUX YMOBAaxX, HANPUKIAA: ICHYIOUl Ha
JaHUN Yac ra30KOHJICHCATHI pOJIOBMIIA HA Ti-
BHIYHO-3axiqHOMYy Mmenbdi YopHoro mops
MPUYPOYCHI 10 TEKTOHIYHO aKTHBHOI TUISTHKU
akBaTopii 11boro Mops. HuHi Ha maHii AUTSTHIT
MOpSI PI3HUMH T€0JIOr0-re0()i3UMYHUMHU METO-
JaMH B OCaJIOYHOMY YOXJII BUSIBJIIEHO OJM3BKO
200 nmokanbHUX MiHATH, SKI PI3HATHCS TEHE-
3010.

I'eosorii (nmitosorii, crparurpadii Ta iH.)
0CaJI0YHOTO YOXJa Ta PyHIAaMEHTY 3eMHOI KO-
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pU TIBHIYHO-3aXITHOTO MENb(y MPHUCBIUICHA
3HaYHa KiIbKICTh myOikariii [1, 4 — 7].

s Toro, mo0 3aiHCHIOBATH TPOTHO3HY
OILIIHKY KOPHCHHMX KomanuH (HadTu, rasy Ta
ra30KOHJICHCATy, IICKiB Ta 1iH.) B A30BO-
YopHOMOPCHEKOMY PETiOHi, CIiA PO3ALTUTH Il
CTPYKTYpH Ha aKyMYJIATHBHI Ta TEKTOHIYHI.
Hama mMera mokaszaTv OCHOBHI BIIMIHHA MIXK
muMu Gopmamu penbedy nHa akBaropii Yop-
HOTO MOps Ha TNPHUKJIAIl MiBHIYHO-3aXiTHOTO
wensdy [9 — 14].

BUKIIA/L OCHOBHOI'O MATEPIAJTY

[TiBHIYHO-3aX17Ha yacTuHA YopHOrO MOpA 1
MIPWIETJIMX PANOHIB CYIII € CIIOJY4YEHHSIM pi3-
HOPI/IHUX T'€OTEKTOHIYHUX EJIEMEHTIB: KIIacH-
9YHAa KOHTHHEHTaJIbHA CTPYKTypa — YKpaiHCh-
kuid T (YIL), skuii mocniqoBHO 3MIHIOETHCS
Ha MIiBAHI «MOJ0/1010» CKiQCHKOIO TUIUTOIO 1
naii YopHOMOPCHKOIO YIIOTOBHHOIO.

Y CTpyKTypHOMY BiAHOIIEHHI MiBHIYHO-
3axigHui 1menbd YopHOro Mops € TEKTOHIY-
HOIO JIeTIpeci€ro  (3amaJiiHOI0) MiBHIYHOTO
[IpudopHomop’si, sfika BUHUKJIA B Mi3HbOMAMi-
KONChKUI vac 1 oOmexeHa JloOpymkero Ha
3axo/i Ta KpuMChKHUM MIBOCTPOBOM Ha CXO/II.
Ilokonem 3amaauHu B 1i MIBHIYHIA YacTUHI €
3aHypeHUN Kpal «IpeBHbO» CXITHOEBPOIICH-
cekoi mmatdopmu (CEII), a B miBJeHHINA yac-
TUHI — mnoxoBaHuil QyHaameHt CkidchKoi
WIMTH. Mexa MK LUMH Te€OCTPYKTYpaMu 3a
JAHUMHU JOCTITHUKIB OCTaHHIX POKIB, 10 Oa-
3YIOThCSI Ha aHalli3l pe3ysbTaTiB HAHHOBILIMX
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reoJIoro-reo(izuyHuX podIiT MPOBOAUTHCS IO
[TliBnenHo-Ykpaincekomy  (Azoo-I'ominuH-
CBbKOMY — Yy DI3HHX JITEpaTypHUX KEpenax
Ha3UBAETHCSA IO-PI3HOMY) TIMOMHHOMY pPO3-
aowmi (Puc. 1).

I'mubuana OymoBa YopHOMOpPCHKOI 3ara-
JTUHU OOYMOBJIEHA TEOJIOTIYHOK Oym0BOIO i
TPbOX F€OCTPYKTYPHHUX 30H, a came: menbdy 3
«MaTEPUKOBOIO» 3EMHOI0 KOPOI, KOHTHHEH-
TAJILHOTO CXHITY 3 KOPOIO «IIEPEXiTHOT0» TUITY
Ta JIO)KEM MOpsS 3 «CyOOKEaHIYHOK» KOPOO.
Bigomo, 1m0 kKopa KOHTHHEHTAJIBHOTO THUILY 3
«TPaHITHO-THEHCOBUM)» IIApOM PO3BHHYTa B
MeXax meabQy, B «IIepexiaHii» 30HI MaTepu-
KOBOTO CXWJIy IIed IIap PO3IOYMHAE BUKIIH-
HIOBATHCS 1 TIOBHICTIO 3HUKAE TIiJ] JIOXKEM MO-
Ps, BMIHIOFOUHCh KOPOKO «OKEAHIYHOTO0Y THITY.

['0710BHOIO PHUCOI0 TIMOMHHOT TEKTOHIKH
periony € 61okoBa OyaoBa (GyHAaMEHTY 1 HU-
HIX TOPU30HTIB 0CaTOYHOTO YoXJa. B Mexax
YopHOMOPCHKOTO PETiOHY TIIMOUHHI PO3JIOMH
€ MEXEI0 MiAHATD 1 MPOTHHIB, BOHU TaKOX I0-
JISI0Th OJIOKK 3€MHOT KOPH 3 PI3HUM TI'e0JIO-
rO-iCTOPUYHUM PO3BUTKOM.
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Puc. 1. ®parmenT kapTu TeKTOHIYHA Oy10Ba
VYkpainn
Fig. 1. Fragment card tectonic structure Ukraine

VY CTpYKTYpi OCaZO4YHOTO YOXJa B MexXax
MiBHIYHO-3axiiHOTO mIenbdy YopHOoro Mops
BUJIUIAIOTHCS HACTYIHI CTPYKTYpPHI €JIEMEHTH:
[liBHiuHO-YKpaiHChka MOHOKJIIHANb, Kpuios-
cekuii miporuH, Kimiiceko-3MmiiHa 30Ha mMij-
HATH (CeIn; Kapkinitcbko-IliBHiuHO-
Kpumcbkwuii nporun, Kpaiioa cryminb, Kana-

MITChKE MIIHATTS 1 AJIBMIHCBKA JETpecis
(Ckidbepka tumata) [7, 9 — 14]. CrpykrypHi
€JIEMEHTH JIOCIIKYBAaHOTO PErioHy YCKIaJ-
HEH1 JIOKQJIbHUMH MIAHATTSIMU aKyMYJISTUBHOT
Ta TEKTOHIYHOI TPUPOIH.

Posrisiparoun pailoHyBaHHS LIUX CTPYKTYP,
CIII HAroJIOCHUTH, MO 10 «IapeBHBO» CEII
MPUYpPOUYEHi JIOKAIbHI MiTHATTS aKyMYJISTHB-
HOT'O THILY, a 10 «Moj001» CKi()ChKOI MIUTH
— TEKTOHIYHOTO.

[IpuHLMnOBa PI3HULS CTPYKTYPHHX elieMe-
HTiB CEII 1 Cki(hchbKOI UIUTH NOJSATAE B TOMY,
10 BOHU MarOTh Pi3HUHN cTparturpadiyHuii 00-
car ocanouHoro uvoxia. B mexax CEIl no
CKJIaqy 4YOXJIa BXOIATh BEPXHBOIPOTEPO30ii-
ChKi 1 (haHeposoiceki Bimkimagu. OcagodHuit
qoxoi Cki()chbKOI IUIMTH CKIIAJA€ThCs ME30-
KaMHO30MCbKUMH YTBOPEHHSIMH, 3a BHKIIIO-
YEHHSIM TPiacOBO-IOPCHKUX. 3HAUYHY YacCTUHY
00’emy ocanouynoro yoxja CEIl ckmanamTh
najaeo30MchbKi Biaknaau, a CKihchbKOi TUIHTH —
Kpen0Bo-TiajaeoreHosi [1].

VY BianoBigHOCTI A0 (a3 TEKTOHIYHOTO PO3-
BUTKY perioHy B ocamouyHomy yoxiui CEIl Bu-
JUISIFOTBCS. HACTYIHI CTPYKTYPHI KOMIUIEKCH:
0aliKambChKUI (BEpXHIM TPOTEpO30i), Kaje-
JTOHCHKHMM (KeMOpili — HIDKHIH J€BOH), Tep-
LMHCBKUN (cepeiHii JeBOH — HUXHIM Tpiac),
KiMepilicbkuii (cepenHill Tpiac — cepenHs opa)
1 aMbMIAChKUM (BEpXHS Opa — aHTPOIIOTEH).
Ocanounnit yoxon CkipcbKkoi IUIMTH CKIIaje-
HUHN aJIbMIHCHKUM KOMITJIEKCOM.

binbiy miBHIYHO-3axXiiHY YacTuHy YopHO-
ro Mops 3aiimae menbd. OcoOauBoCTI HOro
OynoBu, sIK 1 OyJOBH MaTEpUKOBOIO CXHIY,
BU3HAYAIOTHCS TEKTOHIYHOIO OYIOBOIO TpHMIIe-
rioi cymi. [llupoka cmyra menbdy — 11e okpa-
ina C€II 1 npunernoi 1o Hei CkiCchbKOT MIUTH.
Haii0inpi piBHOIO 1 MOJOrOI0 YAaCTHHOIO Lie-
ey € mpuieraa 1o Oepera 30Ha MOpPS 3 TJIU-
6unamu 30...40 M, 1m0 YTBOpEHa BHACIIIOK
IHTEHCUBHUX Cy4YacHUX aOpa3iitHo-aKyMmyJIsi-
TUBHUX XBWJIbOBUX TIpOLECIB. 30BHIMIHA,
OUIBII IIMPOKA YacTHUHA IIeNb(y, BUPIBHIHA
criabkille, Mae 3HA4YHI KyTH Haxuiy, Aki 30i-
JBIIYIOTBCS A0 Kpato menbdy. Ha rmubunax
60...70 M BUALIAIOTHCS HEBENMKI HEPIBHOCTI
TTHA, TII0 MAIOTh BUTJISIT HETJTMOOKUX YJIOTOBHH
Ta MITHATH 13 aMIUTITYJ0I0 B JEKUIbKa METPiB
[11].
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3 reomopdosoriunoi kaptu (Puc. 2) moci-
JDKYBaHOTO PErioHy, MOXKHa OauWTH, IO «He-
piBHOCTI» 1gHa YOpHOrOo MOpsi PO3MOYMHA-
I0ThCS IMBJICHHIIIE 30HU TITMOUHHOTO PO3JIOMY
(CyOImMpOTHOTO HANPSIMKY), SKUW BIIJIUISE
C€Il Bin CkihebKoi IMIUTH, € CKOHIIEHTPO-
BaHI OCHOBHI JIOKQJIBHI ITIJIHATTS TEKTOHIYHO-
ro MOXOJUKEeHHs. BoHM mpuypodeHi 10 Oibin
«aKTUBHOI» B OPOTCHIYHOMY BIJTHOIICHHI Te-
puTODIi.

'} 17[;;
—

F———— 1wenp
— shelf(b

| MaTEPUKOBUHI CXHII
' imainland slope

1T JIHO yJIOTOBUHHM
| bottom of cavity

Puc. 2. Penbed 1ua YopHoro mMopst

Fig. 2. The topography of the Black Sea

binbicTe emileHTpiB 3eMJIeTPYCiB, SKi Bi-
noymucs 3a nepiox 1927 — 1986 p., 3Haxoau-
ek B akBaropii YopHoro mops. 3a 1ei nepi-
on 3apeectpoBaHo 2477 3emierpyciB (0e3
ypaxyBaHHS TPaH3UTHHUX) Pi3HOi 1HTEHCHUBHO-
CTi, 3a 3BHYAN X OCEPEIKU PO3MIIIYBaJIUCS HA
rubuHi 6mm3bKo 20 1 pigko 30 kM [6]. To6ToO,
BCl BOHHM BIJIHOCSATHCS JI0 THUITY HETJIMOOKUX
KOpOBHX. B 3amexxHocTi Big TreoguHaMi4HOI
00CTaHOBKHM OJIOKH TNEPEMIILYIOThCS OJIUH Bi-
JTHOCHO OJIHOTO, SIK y TOPU30HTAJIBHOMY, TaK i
BepTHKaIbHOMY HampsiMkax [4, 9, 11, 14].
3MILEHHS 10 HUX KOJHMBA€ETHCS BiJ YaCTKU
miniMeTpy 110 9...10 M, a iHKomH 1 Oinbine [6].
IIpu 1bOMy 3MIHIOETHCS penbed MOBEPXHI
CylIl 1 MOPCHKOTO JIHA.

Sk Bimomo 3 reonoro-reoizsMIHuX Ta reo-
Ne3NYHUX TaHuX, HuHI YopHe Mope rnepedyBae
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B TpaHcrpecuBHIA (a3i. LIBuakicts «BimcTy-
my» O6eperoBoi JiHii Ha Pi3HUX AUISHKAX KOJIH-
Ba€ThCA B Mekax Bix 1 1o 3 m/pik [5, 10].

Jlokazamu, 110 JIOKaJbHI CTPYKTYPH TEKTO-
HIYHOTO MOXOJKEHHS MaroTh INIMOMHHY IpH-
poay, € Te, IO NMPH TaKil «IIBHUJIKIi» TPaHCT-
pecii, 3B’430K iX 3 ITIMOMHHUMHU TOPU30HTAMHU
HE IPUIUHAETHCS (HE PYHHY€ETHCS).

CTOCOBHO aKkyMyJIATUBHUX (opM penbedy
MOPCBHKOTO JTHa, TO MO>KHA KOHCTaTyBaTH, 110
OCHOBHA iX KUIBKICTBh 3HAXOIUTHCI Ha AUISHIN
«apeBHboi» CEII, sixa 3aroruieHa mopeM. Ile-
PEBaXHO BOHM PO3MIIICHI Ha TITUOMHAX OLIb-
me 30...40 M. OTKe, Ha HUX HE BIUIMBAIOTH
Cy4acHl XBHJIBOBI Ipouecu. B Tpancrpecusny
a3y, OCHOBHUM MICIIeM pPO3BAaHTAXKCHHS Te-
PUTEHHOTO Marepiany € menbd. AHanizyiouu
HEOTEKTOHIYHHIA CTaH CY4aCHOTO MOPS MO>KHA
BUAUIUTH JIBa PI3HOBHJIM TPAHCTPECUBHUX
¢bas:

1) dasa, npu sAKii 3pocTae MIoIa Mops aje
IpHU [BOMY CepelHs IIHMOMHA HOro HEe 3MEH-
LIYEThCS;

2) ¢a3a, B Ky mIoma Mops 30UTBIIYETHCS,
a cepeqHsl TMOMHA HOro 3MeHIIyeTbes (Bil-
YyBAETHCS XBHJILOBHI BIUIKB).

VY nepuoMy BHUIAJIKy TpPaHCIPECUBHOI (a-
3W, TOOTO KOJU MOTYXHICTh BOJHOTO IIapy
HaJl aKyMYJIATUBHUMH (popMaMH He 3MEHIY-
€TbCS, 11 JIOKAJIbHI CTPYKTYpH BUKOHYIOTh
POJIb TUMYACOBOI NEepeIKoan (1€ 1 € HMOBIpHO
gac (opMyBaHHS TaJIeONONHMH) Ui HAIXO-
JDKEHHSI TEPUTeHHOT'0 MaTtepiaidy B MO akBa-
Topii YopHoro mops. 3a Hed «KOPOTKHI» Y
T€0JIOTIYHOMY PO3YMiHHI 4ac, BOHM IHTEHCHB-
HO HapoIIyIOTh CBOIO IUIOILY Y HAIPSMKY CY-
11, 3 SKOI BHMHOCUTBHCS pIKaMU TEPUTCHHUUN
MaTtepiall, Ipu LHBOMY AP0 MOTYXKHOCTD» 1X-
HBOTO PO3TAIIyBaHHS JIMIIAETHCS HA TOMY XK
camMoMy MicIii.

[Ipu HacTynHIA PI3HOBUAHOCTI, MIPOLIEC Ya-
CTKOBO MOBTOpIO€Thes. Koy Ha JokanpHi mi-
THSTTS aKyMYJISITHBHOTO TIOXOJDKEHHS PO3IIO-
YMHAIOTh I1HTEHCHBHO BIUIMBAaTH XBUJIbOBI
MPOLIECH, TO MpPH IIbOMY BiAOYBa€ThCS 3MEH-
IIEHHSI MOTYXHOCTI OCaJI04YHOTO IIapy, a Ha-
POIIYBaHHS X TUIOIII YaCTKOBO BiIOYBA€THCA
32 paxyHOK CaMoro X JIOKaJbHOTO MiJHSTTS
(aKyMYJSTHBHOTO TIOXOIDKEHHS), Y 3aJIeKHOC-
Ti BiJl IepeBaru HaNpsIMKY BITPY y JaHHI reo-



ITpuponHMYi HayKn

noriunuit yac. Orxe, 3 KoHQIrypamii Takux
($hopM MOXKHA CYIHUTH PO IMAJICOTIAPOJIOTTUHI
YMOBH TEPHUTOPII.

Konu piBeHb MOps «pi3KO» 3MEHILIYEThCH,
BiOyBa€ThCS Mirparist akyMyJIsTUBHUX (hopMm
y HamNpsSMKy SKAWA 3aJI€KUTh B TiIpOIOrid-
HUX YMOB, sKI CKJIAJIMCA Ha Lied Yac Ha JaHii
nutstHI akBaropii YopHoro mMopsi. BignosigHo
BiIOyBaeThCsl mepedynoBa cTpaTurpadigHoOro
po3pi3y, B SIKOMY OCHOBY aKyMYJSTHBHOI (ho-
PMH CKJIQIalOTh «HANUMOJOAIMI» BIIKIAAU, a
«IpeBHI» BHUIIOBHIOIOTH ii KpiBito. Jliteparyp-
HI JpKepesa CBia4arh, M0 OUIBIIICTh CTPYKTYP
aKyMYJIITUBHOTO TTOXOJUKEHHSI € TEepeBiIKiIa-
JICHUMH.

Posrnsigaroun cxemy TemmeparypHUX aHO-
Majiii mopcbkoro aHa (aBrop B.M. Ilepepsa,
1995 Ta iH.) MOTPIOHO Big3HAYMTH, IO JOKA-
JbHI CTPYKTYpU TEKTOHIYHOI'O IOXOJKEHHS
OUTBII YITKO (DIKCYIOTBCS y TEIIOBOMY PEXKH-
Mi, TOOTO OCHOBA iX € «pO3IrpiToI», a B aKy-
MYJISTHBHIA (POPMi OCHOBA — «XOJIOTHAY.

VY OuIBLIOCTI BUNAJKIB CTPYKTYPU TEKTOHI-
YHOTO TOXO/PKEHHS POIOBXKYIOTh IiTHIMATH-
Csl HA HOBOMY €Talll TEeKTOI'€HEe3y, BOHU YiTKO
¢ikcyoThes B penbedi akyMyIsTUBHUME (O-
pMamu TUIy OapiB 1 HaWOUIBII AKTUBHI MAIOTh
Ha CKJICMIHHI JIaryHy, IpiOH1 MaJoaMILIITy/HI
CTPYKTYpHU 1ACHTU(IKYIOTbCS MiKpodopMaMu
I1JIBOJTHOTO penbedy.

[TopiBHIOIOUHM CXEMH T'€0JIOTIYHHUX PO3pi3iB
JOKAJIbHUX CTPYKTYp TEKTOHIYHOTO IIOXO-
mokeHHs (migHaTTs [ominmuaa — IlImingra) Tta
akymynsatuBHuX (Opecbka, J{HicTpoBchbka 0a-
HKH), CIIiJi 3BEpHYTH yBary Ha Te, L0 BOHHU
BIJIPI3HAIOTHCS CTPaTUrpadiuHUM PO3PI30M Ta
MICIIEM CBOT'O PO3TalllyBaHHs BiJIHOCHO CTPYK-
TypHux enemeHTiB (CEII 1 Ckidebka nmuTta),
K1 € Pi3HI B OPOT€HIYHOMY Bi/IHOILIEHHI.

BMCHOBKU

[TincymoByrouM Ham JOCTIHKEHHS, CIif
3pOoOUTH HACTYITHI BUCHOBKH.

1. V noxanbHHUX CTPYKTYp TEKTOHIYHOTO
MOXO/KEHHS, iX S/IpO HEe MITPy€e y TOPH3OHTA-
JBHOMY HamNpsSIMKY, IO BIAHOIIEHHIO 10 OJIOKY,
Jie BOHU PO3TAaIIOBaHI.

2. Slnpa akymymaTuBHUX (opM penbedy
JTHA MOpSl PYXalOThCsl Y TOPU3OHTAIBLHOMY Ha-

MPSMKY, TIO BiTHOIIEHHIO 10 OJIOKY 1€, BOHU
pOo3TalioBaHi.

3. JlokanbHi CTPYKTYpH TEKTOHIYHOTO MO-
XOJKEHHS BIIPI3HAIOTHCS Bl aKyMYJISITHBHHX
TUM, [0 BOHHU OUTBII YiTKO MPOSIBISIFOTHCS Y
TEIUIOBOMY PEXHUMi, 3a CEHCMIYHHMH, TpaBi-
TalIHHUMU Ta MarHiTHUMA JaHUMU.

4. B akyMyJIATUBHHX Ta TEKTOHIYHHUX CTPY-
KTypax BIIMIYA€TbCA PI3HUN cTparturpadiy-
HUM 00’€M OCaJOYHOTO 4YOXJIa, Y JIOKAJIbHUX
HiTHATh TEKTOHIYHOTO IOXOKEHHS BIJICYTHI
BEPXHBOIIPOTEPO30UCHKI 1 (haHEepO30UCHKI Bif-
KJIaJu, TOOTO y iX MoOyI0OBI MpHUiMaB y4acTh
TITBKY JIBIMUCHKUI CKJIA9aCTUN KOMIUICKC.

5. Ilpu moOynoBi iH)XEHEPHHX KOMYHIKa-
i, sKi OyIyTh IPOKIAIATHCH 110 THY aKBATO-
pii YopHOTO MODSI, CJTiJ] BpaXOBYBATH MIPUPOTY
CTPYKTYp, iX reorpadiro po3TamryBaHHs i T.11.
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Accumulative and tectonic structure
of the north-western shelf of the Black sea
and their distinctive features

Sergii Polovka

Summary. On the shelf of the Black Sea there
are structures of various origins - accumulative and
tectonic. When covering the basic diagnostic and
distinctive features of the local structures of tecton-
ic origin and accumulation. The influence of wave
processes in the sedimentary structures.

Key words: Accumulative and tectonic struc-
ture of the north-western shelf of the Black Sea.
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Impact of a hard cylinder with flat surface on the elastic layer

Vladislav Bogdanov
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Summary. Here author investigates the stress-
strain states of an elastic layer engaged in impact
with a hard cylinder with flat surface. The initial
contact proceeds by that flat surface. We consider
the contact problem with a dynamically changing
contact zone. We use the same approach as in [2,
3], which is based on the reduction of the basic
dynamical equations of the system stamp-layer to
an infinite system of Volterra integral equations of
the second kind. This approach sets the stage for
the efficient numerical analysis of the problem and
for reliably determining the quantitative dynamical
and kinematic characteristic describing the
collision process as functions of the initial impact
velocity and the parameters of the elastic layer.

Key words: impact, elastic, layer, plane
problem, hard cylinder.

INTRODUCTION

Problems of impact hard and elastic bodies
on the deformable bodies remain relevant and
researched in  various models and
formulations. One of the most important
direction of such research is to identify the
characteristics of destruction incised beam
specimens at their destruction at the three-
point bending wusing indenter. Relevant
experiments make it possible to identify much-
needed mechanical characteristic of the
material — destruction toughness related to the
stress intensity factor at the top of crack.

Since the process is dynamic and may be
accompanied by substantial plastic
deformation, its study is complex and
multifaceted problem, which requires analysis
of the impact on the experienced striker body,
dynamic interaction of body and supports,
beginning the process of destruction and its
development. This subject is very wide and is
associated with numerous publications. It were
selected for that paper only sufficient
minimum of such publications. In [14] was
investigated dynamic problem about pipeline
with flowing fluid inside with taking into
account Coriolis force. In [1...5] were
investigated dynamic problems of outside
contact pressure to the metal constructions.
The nonstationary problems [6...11] of impact
interaction of absolute hard flat indenter with
incised in the median section of beam
specimens in  dynamic  elastic-plastic
formulation are belong to the underlie theme.
In paper [12] three dimension quasistatic
problem in  elastic-plastic ~ formulation
corresponding to [1, 3] was solved. It was
revealed that stresses significantly different
from the stresses obtained from the solution of
a similar problem in the dynamic elastic-
plastic formulation. In paper [4] it is solution
of problem of plane strain state from three-
point bending of the beam sample with middle
notch. It was taken in account the process of
unloading of the material. The plane stress
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[5, 6], stain [8] and spatial [10, 11] problems
of growing crack simulation were solved. In
[5, 10] the crack length was increasing when at
the top of crack the maximal stresses were
absent. In [6, 8, 11] the crack was growing by
generalized local criterion of brittle fracture.
Destruction toughness of the material was
determined on the base of solutions of plane
strain [7] and spatial [1, 9] problems. The
approach  of studying the dynamic
development of cracks in the experimental
samples [26 — 29], based on the method of
Rayleigh was proposed.

The bulk of publications of study of the
strain-stress state of the impact interaction is in
elastic formulation. In elastic formulation
plane [2, 15] and axisymmetric [16] problems
of the impact of hard bodies on the elastic
layer were investigated. In [17] it was
investigated the effect of nonstationary loading
on the front surface of the elastic half-strips. In
[23] the problem of flat elastic dynamic
interaction of the absolute hard body with
homogeneous isotropic elastic half-space at
supersonic stage. Here it is assumed that the
contact zone can be multiply region. For
solving the initial Cauchy problem for a
system of quasi-linear differential equations
the hybrid methods were developed. The
impact of the hard cylinder [2] is interesting as
a limiting case of the impact of an elastic
shells [13].

In this paper it was used an approach [2, 13,
24], which based on the reduction of initial
dynamics equations of the system shell-layer
to the infinite system of \olterra integral
equations of the second kind. The size of the
initial contact zone between cylinder and top
surface of the layer is equal to the width of
cylinder flat surface.

STATEMENT OF THE PROBLEM

A hard cylindrical body with flat surface
moving  transversely along a  path
perpendicular to the surface of an elastic layer
0<z<H reaches the surface at the time
t=0. Initial contact is made along the plane
flat surface which is parallel to axis of the
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cylinder. We attach a moving cylindrical
coordinate frame rOz’ to the stamp, its z axis
coinciding with the axis of the cylinder, and
with the layer we associate a fixed Cartesian
coordinate frame Xyz .

7

o
e !

-d
SO o xx X

Fig. 1. Schema of system stamp-layer

The stamp penetrates (Fig.1) the elastic
layer at a velocity Vy(t), (0<t<T) with the
initial value Vo =V5(0), where T is the total

time of interaction of the stamp with the layer.
We introduce the dimensionless variables.

t,:% X’:i Z’:i u':u_t
R’ R’ R ' R’
/ G !/ V ’ W !
! q ! M H H
— — T 5 I! :Xl !Za
0= R (Li=xY.2)
2
[32:C_§:£ a2:&:(1+4_“j
cé K c? 3K
CZZE b2 Bzz 3“ )
o o2 3K+4u’

where p,u, K,C, and C, are the density, the

shear modulus, the volumetric strain modulus,
and the wave propagation velocities in the
elastic layer.

The equations of motion of the elastic layer
are written in the form [3].
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) AW:ﬁzatz’ AEaszrayz'

If the shear modulus p is set equal to zero,

the equations of motion of the elastic medium
go over to the acoustical equations. With
Eqg.(1) taken into account, the physical
quantities are expressed in terms of the wave
potentials by the relations

:a_(P_Fﬂ’ X:a_(P_a_\V’ Uy=0.

ox oz 0z OX

2 2 2
Oz = (1_2b2)a_;P+2l32(8_(p+ 0 W}
ot

Uy

0z2 oOxoz
=25262_(P+62_W_2 262_\"
X X0z ot ox2’
Gxy =Oyz =0, 1)

2,0%9
©=0, +0, =2(1-b )?a Oxx =0—=0y,

where u=(uy,uy,u,) is the displacements

vector, and o,, and o,, are the components of

the stress tensor. In solving the problem, we
use the same approach as in [18, 19, 21],
which enables us to identify the linear
coordinates along the surface of the layer and
the projectile in the early stage of penetration,
thereby validating the approximate relations.

According (2) for the displacement u, and
pressure p follow dependents will be

performed
u, (t,%,0) = wy (1) — H( x| -d) x
x(l—w/l—(| X| —d)zj,

©)

t
wr (1) = [V (1)dt, p(t,X) = =0, (t, %,0), X< X .
0

10

Linearized boundary conditions are

Dal V() =v @ <X O
z=0

S, =0, X >x"(V), (5)

GZX|z:O =0, |X| < o,

At the boundary layer z=h there is hard
grip condition.

For interaction time O0<t<T from the
band we separate a finite size rectangle
{|x|<l, 0<z<h}, whereupon we can treat

the problem of impact on the layer as the
problem of impact on a strip. The length of the
rectangle | so that the disturbances will not
reach its lateral boundaries:

*

IX]=1 |15 a(T —tg)+ X" (to), ddit

t=t,

We assign zero-valued initial conditions to
the problem and on the lateral surface there are
sliding fixing conditions

x|=l =0,
(6)

op oy
o =% Vheo =], =0
t=0 t=0

uX|\x\:l =0, szh
(p|t:0 -

The movement of the cylinder as body has
determined from Newton's second law

asz

M&tz

= _F(t)! VT (O) :VO’ Wt (O) =0, (7)

where F(t) — reaction force of the elastic

layer, which is determined taking into account
(3), (5) as an integral of pressure on the
contact area:

X ()
F(t)=2 [ p(t,x)dx.
0
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Taking into account the elevation of the
medium and the slowing of the cylinder
penetration into the elastic medium, we

determine the boundary of the contact zone X
from the condition:

wr (1) —u, (t,X7,0) —H( X |—d) %
x(l—,/l—q x*|—d)2)=

{0,|x|< x"(t), €<0, |x]>x ()}

SHEMA AND METHODS

Taking the Laplace transform of Egs. (2)
with respect to the variable t, where s is the
parameter of the transform, and applying
Fourier separation of variables, we write the
general solution of the equations, subject to the
conditions of extinction of the disturbances at
infinity, in the form [2, 24]

0" (5:%2) = X Ay(8) %
n=0
xexp(— 2,/s% /o +xﬁjcosknx+
+ 3 B, (s) exp(zw/s2 [a? +22 jcosxnx,

n=0

vH(s.%2) = 3Co(s) x
n=0

xexp(— 7:/s2 B2 + 22 jsin AX+  (8)
+ > Dy (s) exp(zw/s2 /B2 +xﬁjsin ApX.

n=0

where A, =nn/l, n=0,00 denotes the Eigen

values of the problem, determined from the
conditions on the lateral surfaces of the half-
strip (6).

The functions V, u,, 6,,, 6,, on the
surface of the medium of layer are represented
by series in the system of Eigen functions of
the problem and the function p is represented
by trigonometry series:
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V(t,x,0) = >V, (t)cosi,X,
n=0

U, (t,%,0) = > U, (t)cosr, X,

n=0
65, (t,x,0) = iozn(t) COSApX, ©)
n=0
o, (t,%,0) = iczxn (t)sini, x.
n=0
p(t,x) = i P, (t) cos(nx). (10)
n=0

In (3) using (9) and making use of the
orthogonality of the trigonometric functions
the expression for the n-th harmonic of
pressure will be:

Pa(®) = = 3 ()2 0
n=0

0
Yo (x") = = [cosnxcos 2y x dx,
0
_ T
NZ = [cos? nx dx. (11)
0

Next the problem for equations (1) with
follow boundary conditions has solved.

Yzl V() 0y, =0, (12)
ot z=0

Uy|,_, =0, uy| . =0.

Satisfying conditions (5) with allowance for
(8) and (9), applying the inverse Laplace
transform, and invoking the convolution
theorem, an equation that establishes an
interrelationship between the components of
the vertical part of the velocity and the normal
stresses on the surface of the layer has been
obtained:

t
G,n(t) = —oc[Vn (1) + [V () F, (t - r)dr], (13)
0

where
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- t
Fo () = Fo () + 01 (n) + [ Qo (BRn&)d2 (0t - &) +
0

+Jo (01 n&)e3(n,t-E))de.

o () = —ag Iy (0hnt) + 2082212 (Tg (ahnl) -
- j0 (ant) - Jl(axnt) + Jl(m"nt)) + ant(bJo (a}‘nt) -
= 3o (Bht)) + (2= 52)Tg (0 t) — To (Bha)],

oj(nt)=v;(n0.B,h)+ iHj(n,si ,h) cosB;t,
i=2

B; =|Imsi|, (1=234), (]=123),

Hj(n,si,h):2Nj(n,Si)/A(Si),'Yj(n,OL,B,h)=
=—(33jbp + B; /af+Dj /bf+Fj 1C¥) 1 ay,

A(S) =ays?(9s® + 7(ay +by +¢;)s* +5(asb; +

+a,¢, +byc;)s® +3aybycy), ap =b*h® /108,
a, =722 +6a?/h?, b, =p2(23 +6/h?),

¢, =38%/h% +a?22, Ny (n,s) = ag +a55° +
+ay5* +ag,8°%, (k=1 2), N3(n,s)=ags+

+ 80557 +8ysS”T + 3350 +ay38%, gy = 2hBbA2 x
x (1+b?)1+h?A2 —2h?\2 /3), 8, = P°b(B2 +
+2h22(B%(1+b?)(1+h*2 13) b2 (2p2 (1 +
+n 13)—h?A2(1-b?)?/6)))/h, ay; =p°bh((L+
+b?)(1+h?\2 /3) +h®A2(1+2b? —30%)/3))/ 2,

agy = p3bh3(1+6b% +b*)/24,a,, = 2p*%0? x
x (2b? +h?\2(21+b?) +13n%A2 /20 /3),

ag, =B*b2 (1+2b% +b*/5)/6, a;, = 28 x
x A2 (6b% + (2+b%(5+b?))h?A2 + (7120 +b? x
x (715+2b?))h*At) 13, ay, = 28%bh?A2 (b2 (1+
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b2(10+b? /5)))h?)A2), ags = —2B1%4F 2+
+(19/3-bH)h*Ad 120+ 21—b? 13)h®A2), a5 =
— 282022+ (2+b2/3+b* 13)h%A2 + (23160 +
+3b2/10+2b* /15)h*A}), @y = B2+ (2+
+10b% /3+4b* /3)h?A2 +(7/12+19b% / 20 +
+8b*/15+p2b?(1+ 2b% +b* /5) /3)h*r1) /2,

as3 = P2 (1+2b2 +b*/5)/24, by =
=2ay3/8y, ag3 =P (h?(O*(1+b%/3)+(8b*/
/5+3b% +4/5)h*\2 /12) + (1+ 2b% +b* /5)B% x
xh?A3b?/3), |B;, Dj, Fj|(a.b,c) =

=B, D, F|[(by;. byj.bg;). B = (afa+c—ab)(c; —
—~by)/ Ag, D = (bfa+c—-bb)(a —c;)/ Ao,

F =(c2a+c—cb)(b —ay)/ Ay, Ag =al(c,—

—by) +bf (8 — ) +¢f (b - ), by =2y -
—agMy /8y, by =ay —agly/ag, by =ag, —
—agky /39, (k=1 2), by =agz—My(ag3—

— 3Ky [ ag, b3 =ay3 —aamy /a9 — 5 (833 —ay3 x
xkylag)/ag, b3 =83 —au3ly /8y —ky(ags —
—ay3/ag)/ag, ky =(ag +b +¢)ag, 1 =(ayby +
+ayC +biG)ag, My =ahycay, s =0,

s, =iay6/h% +22, 53 =iB/6/h% +22,

sy =iy3p/h2 + a2,

The exponentials in (8) were laid out in a
power series, which were deducted six first

members. Here Jg(t), J1(t) - Bessel
functions of the first kind of zero and first
order, respectively, and the function J,(t) is
defined as follows:

t
Jo(t) = [Jo(r)dr.
0
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It is easy to verify that when the thickness
of  the layer tends to infinity

hIim ¢;(h,n,t) =0, (i=1, 2, 3) functions ¢;
—>®©

are zero and equation (13) coincides with the
corresponding equity for the half-space
[18, 20, 24].

Using last relation, the mixed boundary
conditions (4) and (5) were satisfied. Forming
a series expansion in the Eigen functions and

equating coefficients of lie terms in COSA X,

an infinite system of \olterra integral
equations of the second kind was obtained:

V,, (t) + zamn(x )jv (t)F, (t—1)dt =
m=0
:Cn(x )VT (t)a (14)
where

|
o (X) = —2 [ cos . x cosh., xdx,
n x*

X |
Cn(x*)_ ¥ [ cosh,xdx, NZ = [ cos®2., xdx.
n 0 0

Transforming (7) and making use of (3),
(10) and (11), we rewrite the equations of
motion of the projectile in the form

dvr(t) _ 20
T 2 X (0 +
N Z—S'”XKX W v, (F,t- r)dr}
n=0 n (15)

NUMERICAL IMPLEMENTATION

The numerical implementation of the
governing system of equations (14), (15) is
based on a combination of the quadrature and
reduction methods. The integrals in Egs. (13)
— (15) are evaluated according to the Gregory
symmetrical quadrature  formula  for
equidistant fifth-order nodes [25]. The Cauchy
problem for the differential equation (15) is
solved by the fourth-order Adams method with

local truncation error O(At®) [25], where At
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is the length of the subintervals into which the
interval [0, T] is partitioned. The initial phase
of the solution is computed in steps of At/16.
The order of reduction N is chosen from
considerations of practical convergence. To
smooth the oscillations encountered in the
summation of finite number of terms of the
series and to offset the Gibbs phenomenon, an
averaging operation [22] was introduced,
which in the case of the sum of a finite number
of terms of a trigonometric series reduces to
term-by-term multiplication of terms of the
finite sum by the Lanczos multipliers

o, = (sin(ht/N))/(nmt/N), (n=0,N).
Setting the shear modulus p equal to zero,

we obtain as a special case the problem of the
impact of a shell on the surface of a fluid. An
aluminium layer was considered as an example

Vp=0.003, pun=0.3582K, h/R=0.02,
M =025, h=2, T=2 d=0.05 (Fig.1).
Figures 2 — 5 shows the results of the
calculations: normal stresses o,, (Fig.2) and
the normal displacements u, (Fig.3) at the

middle point of initial contact area, the
reaction of the layer P (Fig. 5), the penetration
rate V of the projectile into the medium of
layer (Fig.4).

GZZ

-3.0E-02 o
&
2.0E-02 /\

0.0E+00 \ — .

T T T T T
31301 647E-01 9.80E-01 1.31E+00 1.65E+00 t

Fig. 2. The dependence of the normal stresses

u,
1.5E-03 " ==
4 -
- ~ -~
prase .~
1.0E03 -~ . ~
- '
K4 -
K
5.0E-04 ’f"\\
0.0E+00 \

T T T T T
313601 6.47E-01 9.80E-01 1.31E+00 1.65E+00 t

Fig. 3. The dependence of the normal displacement
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Fig. 4. The dependence of the velocity
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Fig. 5. The dependence of the elastic layer reaction

Solid curve corresponds to the case of the
impact of hard cylinder with flat surface with
width 2d on the elastic layer (Case 1). For
comparison shown dash and dots curves which
represent the cases of the impact of hard
cylinder with flat surface d =0.05 on the
elastic half-space (Case 2) and hard cylinder
d=0 on the elastic layer (Case 3)
corresponding. The maximal normal stresses
G ,, arise in case of the impact of hard cylinder
on the elastic half-space. In Case 2 the normal
stresses are significantly less than in Cases 1
and 3 and in Case 3 on 30% higher than in
Case 1.

SUMMURY

Developed solution gives ability adequately
simulate an impact processes of the impact of
cylindrical flat body on the elastic layer
especially when initial contact area is strip.
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Yaap KecTKOro HUJINHIPA € MJIOCKHM
Cpe30M 1o YNpyromy cJioio

Bnaoucnae Bo2oarnos

AnHoraums. Hccnenyercss — HanpshKEHHO-
ne(OpMUPOBAaHHOE COCTOSIHUE YIIPYTOTO  CIIOA,
KOTOpBIN JeopMHUpYeTCs B pe3yibTare yaapa
J)KECTKOr0 UWIMHApPAa C IUJIOCKOW IUIOUIAJKOH.
HavanbHblil KOHTAKT MPOUCXOAUT MO MOBEPXHOCTH
IJIOCKOTO cpe3a. PaccMarpuBaercst KpaeBas 3aja4a
C IWHAMHYECKH W3MEHSIONIIEHCS 30HOW KOHTAaKTa.
Hcnons3yercs MOJIXO, KOTOPBII CBOJIUT
ypaBHEHUS NTWHAMHKU CHCTEMBI INTAMII-CIOH K
OCCKOHEUHOU CHUCTEME HMHTEIPaIbHBIX YpaBHEHUH
Bonsreppa BTOpOro pona. 3to AaeT BO3MOXHOCTh
3¢ (GEeKTUBHO TTPOBECTH YUCIEHHBIA aHATN3 3a/1a491
U JIOCTOBEPHO OMPEACIIUTh JUHAMUYECKHE KOJIH-
YECTBEHHBIE M KWHEMATHYECKUE XapaKTEPHUCTHKH,
OMUCHIBAIOIINE MPOLIECC ylapa B 3aBUCUMOCTH OT
Ha4YaJIbHOH CKOPOCTH yIAapHWKAa W  YIPYTUX
mapaMeTpPOB CIIOS.

KaroueBble cJjioBa: ynap, ynpyrui, Ciou,
IJIOCKAs 3a/1a4a, KeCTKUN UITHHIIP.
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Kinematics parameters of twosectional trencher's

Mykhailo Sukach, Sergij Lysak
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MosiTpodnoTtcebkun npocn., 31, Kuis, YkpaiHa, 03680
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Summary. The analyses of working process of
trencher that fully uncovers the pipeline along its
perimeter, was made. Interrelations between kine-
matic and geometric parameters of the working
equipment were defined.

Key words: kinematic analysis, trencher, pipe-
line, working equipment.

INTRODUCTION

Reliability of Ukraine’s pipelines transpor-
tation is a very important indicator of stability
of supplying Western European countries with
fuel and energy resources. Taking into account
that pipelines system was built most actively
in 1960 — 80 years, most of them are operating
with significant exceed of service life. This
results in pipeline’s operating safety decrease,
which depends on timely and high quality
overhaul [1...5].

Pipeline’s operational reliability significant-
ly depends on insulating coating corrosion,
that appears due to intensive aging process.
This usually leads to frequent accidents and
stoppages of oil transferring to consumers
[6—8].

New major repairs technology enables re-
newal of pipeline’s efficiency without lifting
pipe from the ground trench along the full
length of repaired area [9, 10]. This repair is
carried out by using a set of technologically
connected special earthmoving machines
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(Fig.1). One of them is a chain trencher, which
opens the pipeline in a trench. The authors are
presenting the adapted working equipment,
which allows to fully uncover the pipeline
along its perimeter, excluding at that the ma-
chine for digging under the pipe. Moderniza-
tion of machine requires proper scientific basis
of constructive and kinematic parameters of
the working equipment, therefore addressing
these problems is important [11, 12].

PURPOSE OF THE WORK

The purpose of the work is a kinematic
analysis of the working process of a trencher
that uncovers and simultaneously undermines
the trunk pipeline.

THE MAIN RESULTS OF THE WORK

The trencher construction (Fig.2) proposed
by the Authors consists of the base machine 1,
which moves along the pipeline 2 and the
working equipment 3 [13, 14]. Soil is worked
and transported by chain sections 4, 5. Then
the ground moved from the trench is evacuated
by the conveyor 6. Equipment is operated by
hydraulic cylinders 7, 8, 9. Controlling of the
machine along the pipeline is done by tracking
devices 10.
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Fig.1. Technology of pipelines overhaul: 1 — machine of digging the ground by layers;
2 — pipeline uncovering machine; 3 — pipeline undermining machine; 4 — isolation remov-
al machine; 5 — pipes-laying machine; 6 — isolation putting machine; 7 — machine for soil
compaction; 8 — bulldozer; 9 — diesel power station; 10 — fertile ground; 11 — mineral soil

In regime of pipeline uncovering by two-
sectional chain trencher, the working pocess
represents the combination of two motions:
motion of a chain with fixed on it cutting tool
at velocity of v,; progressive motion of the

base machine along the pipeline during a
trench digging at velocity of v,,.

Thus, cutting tool performs a complex mo-
tion: together with the chain, it moves with re-
spect to the machine and together with machine
— with respect to the soil (bottom hole) [15].

1. Let’s consider the kinematics of motion
of a prototype-machine’s working tool, with
chain sections installed in parallel to each oth-
er (without undermining the pipe).

While making uncovering of underground
pipeline with chain sections installed in paral-
lel to each other, the machine is working in the
mode of longitudinal digging excavator, when
the plane of motion of the working tool’s
chains is in the same plane (or in parallel) with
the main machine’s motion.
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Kinematic feature is in the cutting tool’s
motion trajectory deviation by angle A
(Figs.3, 4), which is less than the tilt angle of
working tool’s carcass with respect to the bot-
tom holep [16]:

vesin
tgo=—S " b :
V:COSB + V),

Analysis of this dependence demonstrates
that the angle of deviation of cutting trajectory
mainly depends on the angle of installation of
the working tool’s carcass and driving chain’s
velocity, as the machine’s motion velocity is a
relatively small amount.

As the chain sections are fixed at different
angles to the bottom of the trench in order to
cross the vertical axis of the trench during the
pipes undermining (see Fig.2), the cutting tool
trajectory deviation angles for each section
will be different [17]. Let’s fix the tilting angle
to the bottom hole for one section (for example
the right one) B, (usually it is about 60°).
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Fig.2. Chain trencher: 1 — base machine; 2 — pipeline; 3 — working equipment; 4, 5 — chain
section; 6 — conveyor; 7 — 9 — hydraulic cylinders; 10 — control devices

Then, taking this into account, deviation of
the cutting tool motion trajectory for the right
sections will make up

Vg Sin By
tgoy =—S——=—,
Vg1 COSBy +V,,
where v, — the working tool’s right section

chain motion velocity, v,, — base machine
motion velocity, or

V.1 Sinfy

oy =arctg—=——.
V. COSBq +V,,

For the left section, taking into account the
fact that it is fixed at an angle 3, , will make up

Ve2 SiN By
V.p COSPy +V,,

th(,Z =

18

or
Vg, SN
oL, = arctg —<2 P ,
V.o COS By +V,,
where v, — the working tool’s left section

chain motion velocity;

The obtained formulas connect base ma-
chine motion velocity v,, and kinematic pa-
rameters of the relevant chain sections motion.

The parameters of the chips that are re-
moved by the cutting instrument during ma-
chine’s operation are their length and width.
The width of the chip depends on the geomet-
rical parameters of the working tool, therefore
its value is not calculated but is obtained bas-
ing on the working tool parameters.

Taking into consideration the kinematic pa-
rameters of the machine’s velocity (see Fig.3),
the chip thickness h, for the left section of the

working tool of h, =s,sina,, where s, —
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Fig. 3. Scheme of motion of the
cutting bits of working tool’s
chain sections

feeding for one girder with cutting bits of the
left section (or the distance that is passed by
the trencher for the time of coming out from
the bottom hole of two successive girders).
Similarly define the thickness of the chip h,
for the right section of the working tool:
h, =s,sina,, where s, — feeding for one gird-
er with cutting bits of the right section.

Taking into account that base machine’s
motion velocity is a relatively small value in
comparison to the chain’s motion velocity, i.e.
V,,<<V,, you can assume that angles B=a,

i.e. the soil cutting velocity corresponds ap-
proximately to the velocity of the chain of the
corresponding section of the working tool.
Therefore, we can write down:

h, =s,sinP,, h, =s,sinf,.

Conveying of the cutting bits for the left
and right sections will be

VM VM
My =ty M

Sl == t
Vel Ve

p
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Fig.4. Scheme of the chain working
tool’s velocity with the sections
fixed in parallel

where t, — cutting bits layout pitch in the line

of cutting. Taking into account these formulas,
the thickness of the chip

V., . \" .
\" V
cl c2

Analyzing the latter formulas one can con-
clude that changing the motion parameters of
base machine v,, and of chain v, it is possible

to adjust the thickness of the chip that is being
cut h at the constant constructive and kinemat-

ic parameters of the working tool t, i B . For

a smooth adjustment of values v,, and v, itis

necessary to apply an adjustable hydraulic
drive, because manual transmission, even with
a significant number of gears, assumes the dis-
creteness of change of these parameters.

Thus, we obtained the values of chain sec-
tions motion velocity parameters and values of
soil chips parameters, which are cut at chain
sections being fixed in parallel.

2. Let’s consider now the kinematics of
working tool motion during the process of
digging under the pipeline, i.e. when the chain
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sections are set to each other at an acute angle
¢ (Fig.5). At that the kinematics of the pro-
cess is changing, what affects the working
progress of the machines on the whole.
Absolute velocity v, vector equation looks

(see Fig. 5) va =V¢ +Vy, Where ve —the ve-
locity vector of the chain motion in the corre-
sponding section of the working tool; vy —ve-
locity vector of base machine motion during
the trench digging.

As an example, let’s consider the kinemat-
ics of motion of the left chain section of work-
ing tool. We have the spatial (three dimension-
al) coordinate system with coordinate ax-
esx,y,z, point O — coordinate basic origin.

Chains velocity v. (and hence the plane of
motion) will deviate from the plane of motion

of the base machine by the angle (Pz , Which

provides crossing the vertical axis of the
trench with lower parts of the working tool’s
sections. Velocity v,. is directed at an angle

to the plane xz (the plane of the bottom of the
trench), which equals the angle at which the
working tool‘s chain section carcass is fixed
(installed).

Fig.5. Scheme of the chain working tool
velocity during the pipeline undermin-

ing (sapping)
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Plane of the machines velocity vector v,, is

in parallel to the plane (axis) of the tractor’s
velocity motion yz. Thus, we come to the abso-
lute velocity of soil cutting v, . Vector v, isin

the plane which deviates from the plane of
tractor’s motion at an angle y and is at an an-

gle 6 to the horizontal plane xz (plane of the
bottom hole).
Let’s define the parameters v,, 0, vy, for

that let’s consider the triangle AOAB, in
which the sides OA=v., AB=v,,, the angle

between them y =180° —%. According to
the theorem of cosines

v, = \/VCZ + vM2 -2V .V, cos(1800 - %j :

In triangle ABDO:':

sin9:§,
OB

where BD = AC = OAsinf.

AN

M

———

n—ANUJ.ho
S B
/

10 20 30 40 50 60 70 80 90 m=1e:

Fig.6. Dependence of chips thickness
on constructively-kinematic pa-
rameters of working process
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Taking into account thatOB =v,, OA=v,,

) Vv
we cometo sin6=—2— or
V. Sinf

0 = arcsin

Ve sin

The obtained dependence combines
parameters of motion velocities of the working
tool v, of base machine v,, and of angles of

chain sections carcass fixing to the horizontal
plane of the bottom hole B and its rotation

% for pipeline undermining.
Angle vy of deviation of the plane of soil

cutting absolute velocity v, from the tractor’s
motion plane yz according to Fig. 5

Y= %—Z;, where ¢ — the angle between the
horizontal projections of the absolute velocity
of cutting v, and chain motion velocity v,.. In
a triangle ACOD::

side OC =0Acosp,
OD =0Bcos0,
CD=AB=Vv,,.

Replacing the corresponding sides of the
triangle ACOD by horizontal projections of
the velocities we obtain

v, —va2 cos? 0-v, cos? 3

cosg=-M
2V, COSf3 v, COSO

2

or

sz —va2 cos? e—vc2 cos? B

€ = arccos
2V, COSP V4 C0sO

Then angle

2 2 a2 2 2
V,,~ =V,  C0S° 0—V-“ cos
y:%—arccos vM__"a C i
2V, cosf3 v, cosO
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\/ch + v\,2 —2VVy, 005(180O - %j

From the last formulas follows that the
thickness of chip that is being cut by the chain
sections during the pipes undermining, is

Vy Vy
hy =t, —-sind;; hy =t, —*-sinod,.
Va Ve2

Motion velocity of trench excavator’s chain
usually equals v. =0,4..2m/s, and the ma-

chine’s motion velocity during the pipeline
undermining is v,, =80 m/h (v, =0,022
m/s). Graph on fig. 6 shows the dependence of
the thickness of soil chip that is being cut on
the constructive (cutting bits layout pitch, an-
gle of carcass fixing) and kinematic (chain and
machine’s motion velocity) parameters of the
process.

According to the graphic interpretation of
the above dependency, as the chain’s motion
velocity increases, at machine’s motion veloci-
ty being constant, the soils chips thickness de-
creases. At ratio m=\\I/—C=10...50 the rapid

M
reduction of chips thickness is observed, and at
velocities ratio m = 60...100 this value has no
significant change of parameter h. Therefore,
in this range the change of chain velocity is
inexpedient.

CONCLUSIONS

1. In result of machine’s working process
kinematic analysis it was established that the
cutting bits motion trajectory o deviates from
the working equipment’s carcass fixing angle
B.

2. The dependencies were obtained, which
interrelate the geometric and kinematic param-
eters of the soil digging process, namely: the
thickness of chips h, sections fixing angles to-
wards the bottom hole &, y, ¢, cutting bits

layout pitch t, and other.

3. Basing on these dependencies one can
define and regulate the motion velocity of
chain v. and machine v, to provide the nec-

essary thickness of the soil chips h, that are
being cut by chain sections.
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AnHorauus. [IpoBeneH KMHEMaTUYECKUNA aHA-
U3 paboThl TPAHIIEEKOMATENs, PACKPBIBAIOIIETO
TPYOOIIPOBO 10 €ro MNEPUMETPY. Y CTAHOBJICHBI
3aBUCHMOCTH MEXIYy KHHEMAaTUYeCKHMH H Teo-
METPHUIECKUMHU TlapaMmeTpaMu pabodero obopymo-
BaHUI.

KiarueBble cjI0Ba. KMHEMaTHUYCCKHI aHAIIN3,
TPaHIIIEEKOAaTeNb, TPYOOIIpoBoI, pabodee o0opy-
JIOBaHHE,
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Anotaunis. [TonykoBi Ta iHCIEKI#HI TTiABOIHI
po0oTH 3a3BUYall BUKOHYIOTBCS 13 3aCTOCYBaHHSAM
MIpHB’SI3HUX MiABOJHUX CHUCTEM Ha 0a3i camoxif-
HUX MiIBOAHUX amapaTiB. OHAK, OLTBIIICTh TAKHX
CUCTEM He 3a0e3MeuyloTh MOKJIMBOCTI OIEpaTHB-
HOTO BHECEHHS 3MiH JI0 BJIaCHOI KOH(Irypariii, o
oOMexye mepenik (PpyHKIIH, BAKOHYBAaHIUX HUMH.

B nmaniii po0OTI mNpeacTaBiICHO CTPYKTYPY
MIPUB’SI3HOT MiBOTHOT CUCTEMH Ha 0a3i caMOXiTHOT
MiJBOTHOI TEXHOJOTIYHOT TIaTGOPMHU Ta OMKCAHO
pexxumu ii pyxy. Buznaueni 3amaui, siki Mae BUpi-
IIyBaTH CHCTEMa KEpyBaHHS PyXOM IUIaT(HOPMHU.
3a pesymbraTamMu JOCITiPKEHb 3allPOIIOHOBAHO
CTPYKTYpPH PYIIHHO-PYILOBOTO KOMIUIEKCY Ta
KOMIUIEKCY TE€XHOJIOITYHOro OOJaHaHHs TUIaTgho-
pPMHU, a TaKOXK PO3POOIJIEHO y3arallbHEHY CXeMY CH-
CTeMH KepyBaHHS TpPUB’S3HOIO MiBOIHOI CHCTE-
MOI0 Ha 0a3i caMOXiZHOI MiABOIHOT TEXHOIOTIYHOT
1aTHOPMH.

KuarouoBi cioBa: npuB’si3Ha miIBOJHA CHCTEMA,
caMOXiJIHa TIiJBOJHA TEXHOJOTiYHa IuIaTdhopMa,
PYLIHHO-PYJILOBHI KOMIUIEKC, CUCTEMa KepyBaH-

HSl pPyXOM.

BCTVII

Ha cboroguimHiil 1eHb akTyaJlbHUM € IH-
TaHHS OpraHi3allii MOIIYKOBUX Ta IHCIEKIIIH-
HUX TIABOJHHUX POOIT y BoAoWMax YKpainu, a
TaKoXX B akBaToOpisix YopHOro Tta A30BCHKOIO
MOpiB. 30KpeMa, ICHye HEOOXIJHICTh B TOLIY-
Ky Ta 3HEIIKO/KEHHI BHOyXOHeOe3MeuHuX
00’€KTiB, 1HCIEKI] PIYKOBHUX Ta MOPCHKHUX
nopTiB, cyneH tomo [9, 13, 16...18].
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3a3Buuali BUKOHAHHS IMiJIBOJHUX POOIT
3MIHCHIOETHCS TIPUB’ I3HAUMH TT1JIBOJTHUMHU CHC-
temamu (III1C) Ha 6a3i caMOXiTHHMX MiABOJ-
Hux anapatiB (CITA). OgHak MOXIUBICTH BH-
00py Ta ONEpaTUBHOTO BCTAHOBJICHHS TEXHO-
JIOTIYHOTO 00N HAaHHSA (MaHIMYyJISATOPIB, Tia-
pOJIOKATOPIB, pi3akiB Ta iH.) Ha OUIBLIOCTI CY-
gacaux CITA € oOMeXeHOI0, 10 3BYXKYE Iie-
penik 3aaa4, BupimyBanux [II1C. Takox Has-
BHICTh KOPCTKHX 3B’SI3KiB TEXHOJIOTIYHOTO
obnanHanus 3 koprycoM CIIA ycknaaHioe
npouec kepyBants HUM 1a [1IIC y ninomy, mo
NPU3BOAMTH 0 IIBUAKOI BTOMHU OIlepaTopa Ta
3amkenHs epextuBnocti II1C [2].

[TigBummT epeKTUBHICTh MIABOJHUX PO-
01T MOXKJIMBO HIIAXOM IpoekTyBaHHS CITA sk
CaMOXiHOI MiABOJHOI TEXHOJIOTIYHOI TIaT-
¢opmu (CIITII). Ho cknany mnardpopmu BXO-
JUTh BJIACHUM pPYLIHHMNA KOMIUIEKC Ta KOM-
miekc TexHosjoriynoro oonamunanus (KTO) 3
PYXOMHM HOCieM, SIKU 3a0e3mneuye pyx Ta mo-
3UIIIOHYBAHHS TEXHOJIOTTYHOTO OOJIagHAHHS
BigHocHO Kopmycy CIITII. Ilepenik o6nan-
HaHHs, iK€ MOke Bxoautu A0 ckiaaxy KTO,
3aJIeKUTh BiJl KOH(Irypamii HOCiS TEXHOJOTi-
YHOTO OOJa/JIHAaHHS Ta 00YMOBIIOETHCS MTOCTa-
BJICHOIO 33/1a4€lo.

Opnak, BIUIMB 30BHIIIHIX 30ypeHb (Hampu-
KJIaJl, BITPO-XBWJIbOBUX 30ypeHb Ha Kabesb-
TPOC) Ta CYTTEBO HENIHIMHMNA XapakTep CKia-
noux CIITIT poOuth aBTOMAaTH3aliIO Kepy-
BaHHA PyXOM IIaTGOPMHU Ta KOMIUIEKCY ii Te-
XHOJIOTIYHOT'O OOJIaJIHAHHS CKJIAJHOI0 HayKo-
BOIO 3aJ1a4€I0.
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META TA METOIU
Mertoro poboTH € po3poOKa CTPYKTYp CHC-
TEMU KEpPYBaHHA pPyXOM Ta PYIIHHO-

PYJIBOBOTO KOMIUIEKCY CaMOXIJIHOI ITiIBOJXHOL
TEXHOJIOT14HO] 1mIaTdopmu.

B nporuieci BupileHHs 3a/1a4 MONIYKY Ta 1H-
CTEKIIii 3a3BUYail BAKOPHCTOBYIOTHCS HACTYTI-
Hi pexxumu pyxy CIITIT [11]:

- TIO3UIIOHYBaHHS B TEBHIN TOYIII TiABO/I-
HOTO TIPOCTOPY;

- PyX 3a 3aJlaHUM KypcoMm Ta/a0o0 3 TIEeBHOIO
TJIMOMHOI0 3aHYpPEeHHs (BUCOTOKO HaJ TIPYH-
TOM);

- 3aHYpeHHs a00 CIUIMBAHHA 13 3aJ]aHOI0
MIBUIKICTIO;

- pyx 13 3a/laHOI0 IIBHJKICTIO Ha IEBHIH
JUCTaHIT BiJ 00’ €KTa 00CTEKEHHS,

- PyX B3IIOBXK CKJIaJTHOi IPOCTOPOBOI Tpae-
KTOPIi.

Pyx CIITII y niiBogiHOMY IPOCTOPI CYIpo-
BOJKYETHhCS BIUIMBOM Ha Kopmyc rardopmu
psiAy 30BHIIIHIX cull Ta MOMeHTiB. KoHdiry-
paris IITIC wa 6a3i CIITII, a Takox cwid, siKi
nitoTh Ha maatdopMy B mporieci i pyxy, 30-
Opaxeno Ha Puc.1.

Kepyroui cunu Fppi, crBoproBani pymuiii-

HO-pynboBUM KomiuiekcoM (PPK), 3abGesrme-
qytoTs pyx CIITII. Okpim 3ycuns Big pymriii-
HO-PYJIbOBOTO KOMILIEKCY Ha KOpItyc Tuiatgo-

PMHU TIOCTIHHO MHifOTH cuiaM TsokiHHS Fr Ta
BUIITOBXYBaHHA Fp. Takox ma pyx CIITII

BIIMBAIOTH TijipoauHamivni cumu Frs, sxi Bu-
HUKaoTh BHachigok B3aemomnii CIITII 3 pinu-
Hoo [6, 19].

Ka6enbs-tpoc (KT), saxuii 3abe3neuye eHep-
roxwusneHHst CIITII Ta indopmamiiinuii 0OMin
Mk CIITII Ta moctroM kepyBaHHsS, PO3TaIIO-
BaHuM Ha cynHi-HOocil (CH), cTBoproe 30ypro-

touy cuny Fxr. Ockineku KT € enementom 3

po3MNoiIeHnMy TTapameTpamu, To Fxr € cyr-
TEBO HENIHINHUM 30ypIOIOYMM BILTUBOM 1 3a-
JICKUATH BijJ 0aratb0X 3MIHHUX, B TOMY YHCII
Bia noBxuHM BumymieHoi yactuau KT, ioro
JiaMeTpy Ta MPOCTOPOBOI KOHQITryparlii TOmo
[12, 14].

Bmnu na pyx CIITII matote KTO (cuna

FKTO) a Takok 00 €KT (cuia Fo) AKHM
MAaHIMyJII0€ TEXHOJOTIYHE O0OJaJHAHHS, 32
YMOBHU MOTO HAsBHOCTI (HANpUKIal, y 3aTHC-
Kaui maninyssiropa) [7, 10, 20].

Bei cumm, gxi girote Ha CIITII Takox

Puc. 1. Ctpykrypa npuB’s3H01 IiIBOJHOI CHCTEMH Ha 0a3i caMOXiJHOI MiJBOIHOI TEXHOJIOTIYHOT
maT(opMu Ta CHITH, 10 BIUIMBAIOTH HA 11 pyX

Fig. 1. The structure of a tethered underwater system based on a self-propelled underwater techno-
logical platform and forces that affect its movement
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YTBOPIOIOTH BIJMOBITHI MOMEHTH, SKi 3aJe-
KAaTh B/l TOYOK iX NMPHUKIJIAJACHHS 1 B 3arajbHO-
My BHUIAJKY, sIKI 1 CHJIU, PO3JIISIOTHCS Ha Ke-
pyrodi Ta 30yproroui. CyTTeB1 HETIHIHHOCTI 5K
KEPYIOUHX, TaK 1 30yprOIOYNX CHUJI Ta MOMEHTIB
YCKJIQIHIOIOTh TMPOIIEC PYYHOTO KEPYyBaHHS Ta
CHUHTE3 CHCTEM aBTOMAaTHYHOIO KepyBaHH:I
(CAK) CIITII.

Jnst xepyBannst CIITII mponoHyeTbes Bi-
JOKPEMUTH Ti 1 €IEMEHTH, SIKI MarOTh 3JIiKC-
HIOBAaTH KEpPOBAaHUHM pyX 1 pO3MIfAaTd ix sK
CaMOCTIIiHI 3aJ1a4ui KepyBaHHS:

- 3amauy kepyBaHHs pyxom CIITII B tpu-
BUMIpPHOMY BOJHOMY IPOCTOpi SK HOCiSI KOM-
IUIEKCY TEXHOJIOTTYHOTO 00JIaiHaHHS,

- 3amauy kepyBaHus pyxoMm KTO BigHOCHO
CIITIL.

st momryky Ta incnekiii CAK CIITII mae
peali3oByBaTH Taki PeKUMU PyXY:

- crabumizamis MBHIKOCTI MOCTYIaIbHOTO
pyxy xopnycy CIITII (rmomyxk);

- crabumizamisi Kyra Kypcy Ta IVIMOWHU 3a-
HypeHHs ab6o Bucotu CIITII Hax rpyHTOM
(Tomryk, iHCHIeKITis);

- crabimizamia Bigctani Bigm CIITII nmo
00’exTa 00CTe:)KEHHS (1HCTICKITis);

- KOMIIGHCalisi BIUIMBIB 30ypeHb BiA
00’ekTiB, sikumu MaHimymtoe KTO (iHcnekis).

Cucrema aBromarnyHoro kepyBaHHs KTO
npu IbOMY Mae 3a0e3rnedyBaTH pyX Ta NO3H-
[[IOHYBaHHS TEXHOJIOT1YHOTO OOJIaJHAHHS BiJ-
HocHO Koprycy CIITII 3 ypaxyBaHHSIM Biac-
Horo pyxy CIITII y BogHOoMy mpocTopi.

Viromkena podora CAK CIITII ta CAK
KTO mae 3a6e3neunTH KepoBaHUN pyX TEXHO-
JoriyHOro o0MagHaHHA 13 33/laHUMH [TapaMeT-
paMu B BOJTHOMY TPOCTOPI, 110 € OCHOBOIO JIJIst
ycninHoi peamizanii 3agay [I1C.

Manesposi xapakrepuctuku CIITII Ta
SKICTh MPOLECIB KePYBaHHS 11 PyXOM ICTOTHO
3anexats BiJ ckiany PPK mmardopmu Ta cxe-
MH pO3MIILIEHHS PYIIIHHUX HpUCTpoiB. Jlns
BU3HAYCHHSI HAHKPam[oro BapiaHTy CKIIAAY Ta
CXEMH pO3MIIIEHHS pPYIIIHHUX MPUCTPOIB
ymoBHO posaummo PPK wa #aBi ckimamosi:
KOMIUIEKC PYIIIHHUX MPUCTPOIB, sIKi 3a0e3me-
9yIOTh MapHIOBUH pyX MmiarGopMu Ta KOM-
IUIEKC MIAPYITIOIYUX PYHIIMHUX MPUCTPOIB.

AHani3 MapuoBUX PYHIIHUX KOMIUIEKCIB
cyqacHux CIIA mnoka3zye, mo HaWOUIBIIOro
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TIOIIMPEHHSI HA0YJIM BOX- Ta YOTHPHbOXBAJIbHI
cxemu [1, 5, 8].

JlBoxBanmbHi cxemu (Puc.2) 3abe3rneuyrorh
npsmouiHiiHuA pyx CITA Ta MOXJIHMBICTH HO-
ro obepranus. [Ipu nboMy MiHIMaIBbHUN pai-
yC MUPKYJsALii (po3BopoTy) 6e3 JMiHIHHOTO Iie-
peMileHHs 1 6€3 BUKOPUCTaHHS TOPU30HTATb-
HOTO MiJIPYJIIOI0UOTO TPUCTPOI0 HE TEPEBH-
IIy€ TIOJOBUHU BIJICTAHI MIX OCAMH PYIIIiiB.
PPK, mo nmoOynoBaHi 3a JaHOK CXEMOIO Haii-
OLTBII IIUPOKO BUKOPHUCTOBYIOTBCS Y CKJIAAIl
CIIA nonrykoBOro Ta iHCHEKIIHHOTO KJIaciB.

3 4OTHPHOXBAIBHUX HAMOLIBII MOUTHPEHH-
MU € JIBi CXEMHU:

S
Q[ v’L‘ =

- ~

S

Puc. 2. [ligBomuuii amapar 3 pyIIiiHHAM KOM-
IUIEKCOM, SIKHMH OpTraHi30BaHO 3a JIBOX-
BAJILHOIO CXEMOI0

Fig. 2. Underwater vehicle with propulsive
complex that is based on two-thruster
layout

- pyuIiiiHi NpuUCTpoi BCTAHOBJIEHI B KOPMi
CIIA (Puc.3);

- pyLIiiHI NPUCTPOi PO3MILIEHO MO Kpasx
kopnycy CIIA min kyrom 45° no niamerpalib-
HOI TionmHu anapara (Puc.4).

MapiioBi KOMIUIEKCH, 10 MOOYyJOBaHI 3a
HEepIIOI0 CXEMOK MiJIBUIIYIOTH MAapuIioBY
mBuakicts CITA. OgHak, Taka cxeMma 4acTiIle
BUKOPHUCTOBYETHCS B araparax poOo4yoro Kia-
Cy i3-3a 3HAYHOTO ITiIBUIIEHHS BUMOT JI0 CHC-
TEMH €JIEKTPOKUBIICHHS.

Jlpyra cxema 3a0e3rnedye JiHIHHI TepeMi-
menass Ta obOepranHs CIIA Ha HeBenwukii
MIBUJKOCTI (10 3 BY3JiB) B OyIb-IKOMY Ha-
NPSIMKY, 110 € HEOOXiAHOI YMOBOIO IS ede-
KTUBHOTO BUKOPHUCTAaHHS MaHIMYJISTOPIB.

Jlo TOJIOBHMX HEJOJIKIB BKa3aHOI CXeMHU
BITHOCUTHCSI Hee(DeKTUBHE BUKOPUCTAHHS TIO-
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TYKHOCT1 PYIIiiB TpH MapIoBoMy pyci (K.K.J1I.
ckinagae 0,7 Bix cymMapHOro ymopy pyluriiB) Ta
301JIbIIICHHS Ta0apUTIB amapara.

Jnst 3abe3neueHHs] 3MiHM TIHOWHH, PyXy
10 TPAEKTOPIi, PO3BOPOTIB Ta MO3UIIIOHYBaHHS
CIIA, 3a3BHYail BUKOPHCTOBYIOTHCS TaKi CXe-
mu (Puc.3) [3, 4, 15]:

- OJHOBAJIbHA CXE€Ma MiAPYIIOI0YOro KOM-
IJICKCY;

- JIBOXBaJbHA IPOCTOPOBY CXEeMa MiApy-
JIIOI0YOT0 KOMILIIEKCY;

— YOTHPHOXBAJIbHA CXEMa MiJIPYIIOIYOro
KOMILJIEKCY.

OpHOBaJlbHA CX€Ma MiAPYITIOI0YOTO KOM-
wiekcy (Puc.5) 3a0esneuye mnepemilieHHs B
BEPTUKAIBHIN IUIOMMHI (3MiHA MTHOUHM 3aHY-
peHHs amapara). JlaHa cxema MOKe BHKOPHC-
TOBYBATHCh JIMIIEC y BHUIAJKY, KOJU MapIio-
BUM pywidHuM Komriekcom CIIA 3aGesme-
YYIOTBHCS 1HIN HEOOXiJHI BUIU PyXy (J1aromi
nepemitieHHs, ooepranus). OpHak, HaBiTh B
Takiii kKoH(iryparii 1aHa cxemMa He 3MOXKE 3a-
0e3MeynTH KOMITEHCAIil0 30ypIOI0YNX MOMEH-
TiB Binm KTO, a orxke, € HeehEeKTUBHOIO IS
Bukopucranus y ckianai CITTIL.

Puc. 3. [linBoaHMit anapaT 3 pyIIiiHIM KOM-
TUICKCOM, SIKMI OpraHi30BaHO 3a YOTH-
PHOXBAJILHOIO CXEMOIO

Fig. 3. Underwater vehicle with propulsive
complex that is based on four-thruster
layout

. B

Puc. 4. [linBonHuit anapar, pymiiHAN KOM-
IIJIEKC AKOI'o OpFaHi3OBaHO 3a 40THU-
PBOXBAJIBHOK CXEMOIO 3 p03MiH_[eHH$IM
PYLUIIiB il KyTOM JI0 JiaMeTpaibHOT
IUIOIIMHU arapara

Fig. 4. Underwater vehicle with propulsive
complex that is based on four-thruster

layout with the placement of thrusters
at an angle to the center plane
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Puc. 5. IlinBoanawmii anapar, miapyTFO0IHnd
KOMILIEKC SIKOTO OpraHi3oBaHUM 3a 01-
HOBAJILHOIO CXEMOIO

Fig. 5. Underwater vehicle that has a maneu-
vering complex based on a one-thruster
layout

Puc. 6. [linBoaHuii anapat, miapynoBaIbHAN
KOMILIEKC SIKOI'0 OpraHi30BaHUH 3a
JIBOXBAITLHOIO TIPOCTOPOBOKO CXEMOFO

Fig. 6. Underwater vehicle that has a ma-
neuvering complex based on a dis-
tributed two-thruster layout

MABOOHI TEXHOJOr ¢ 05/2017, 23-31
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JIBoXBajbHA MPOCTOPOBA CXeMa MiJIPYIIo-
toyoro komiuiekcy (Puc.6) Gasyerbcst Ha BH-
KOPUCTaHHI HE3AJICKHHUX PYIIiB aJis 3abe3me-
YCHHSI IEPEMIIIICHb B BEPTUKAIbHIN (3MIHH

rmbunn 3anypeHHs CITA) 1 ropu3oHTaIb-
Hill ommHax. /laHa cxema BHKOPHCTOBYETh-
cs, B OIIBIIOCTI BUIMAAKIB, 3 OJHO-, IBOX Ta
YOTHUPHOXBAIBHOIO (IIPU KOPMOBOMY pPO3Mi-
IIEHHI) CXEMaMH MapIIOBOTO  PYIIIHHOTO
KoMmIuiekcy. OcCOONMBICTIO TaKOrO BUKOPHC-
TaHHS €:

- 3a0esnevyeHHs oOepTaHHsS amapara mpu
BUKOPHUCTAaHHI OJIHOBAJIBLHOI CXEMH;

- 3a0e3mevyeHHs: 00epTaHHs Ta JIaroBOro py-
Xy TpU KOPMOBOMY PO3MIIIEHHI MapIIOBOTO
PYLIIHOTO KOMIUJIEKCY 3 BOX Ta YOTHPHOX-
BaJIbHOIO CXEMOIO.

Sk BapiaHT MOJepHI3aIlil Takoi CXeMH 1HO/II
BUKOPUCTOBYIOTh CHUCTEMH 3 Oaratbma ([Ba,
TpH 1 OUNbIIE) PyHIisIMH JUISI TIEPEMILICHHS B
BEePTHUKAIbHIN TUIOMMHI. Bapiant migpynroro-
9YOro KOMILIEKCY, SIKUi MOOYIOBaHO 3a TaKOIO
CXEeMOI0 300paxkeHo Ha Puc.7.

Taka MonepHi3amlis BHUKOPHCTOBYETHCS B
BUIIAJIKAX, SKIIO:

- TOTYXHICTh OJHOTO PYIIisi HEAOCTATHS
Ui 3a0e3neyeHHs] HeoOX1AHOT BEIMYUHU YIIO-
Py

- HeoOXiJHa Ti/JBUIIEHa MAaHEBPEHICTb,
TOOTO HEOOX1THO 3MIHIOBATH BEIUYUHY Tu(e-
penta CIIA.

Puc. 7. [TinBogHuMi anapat, TiApYITIOIOUNIA
KOMIIJIEKC SIKOTO OPTaHi30BaHHM 3a
YOTHUPHOXBAIEHOIO CXEMOIO

Fig. 7. Underwater vehicle that has a ma-
neuvering complex based on a four-
thruster layout
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MpomucnoBa Ta UUBINbHa iHXeHepia

PE3VJIbTATHU

Pymitino-pynpoBuii kommuiekc I1I1C na 6a-
31 CIITII mpononyeThCst oprani3yBaTH Ha 0a3i
cxemH, sKy 300paxeHo Ha Puc.8. /o mapmio-
BOT'O KOMIUICKCY IIPOMIOHYETHCS BKITFOUHTH J[BA
pyiii, ki po3MillIeHO B KOPMOBOMY BiJIIJICH-
Hi mnaTgopMu BiajaneHi Bix oci, IO MPOXO-
IMTh 4Yepe3 JiaMeTpalibHy IUIOIIMHY arapara
Ha Bifctanb D;. [lana cxema 3abe3neuuTsh Ma-
PIIOBUH TMPSMOJIHIHHUNA PyX Ta MOXJIMBICTH
obepranns CIITIIL.

[Migpymorounii KOMIUIEKC TIATPOPMH TIPO-
MOHYETHCS OPTaHi3yBaTH 3a MPOCTOPOBOIO
CXEMOIO 3 IIICThOMA PYIIIHHUMU MPUCTPOSIMHU.

YoTtupu mpuCTpOi BCTAHOBIIOIOTHCS Y BEP-
TUKQJIBHIN TIJIOMIMHI HA OCSAX CHUMETpii miat-
¢dopmu. [IBa 3 HUX € PIBHOBIANAJICHHUMH BiJ
neHTpa BennuuHu amapara O Ha Bigcranb D;
Ta 3a0e3MeuyroTh pPEryJIoBaHHS IU(PEPEHTY
CIITIL Inumn gBa pyuriiiHUX OpUCTPOi BCTaHO-
BIIIOIOTHCS Ha BincTani D3 Bin neHTpa Bennyu-
HU Ta 3a0€3MeUyI0Th PEryJIOBaHHs KpeHy. Pe-
TYJIIOBaHHS KpeHy Ta Au(epeHTy € HeoOxin-
HUM /U1 KOMIIEHCAIlil 30BHIIIHIX 30ypeHb BiJ

-

L L
D,

-

Puc. 8. Cxema po3MmillieHHs! pyNIIHHAX TIPHU-
CTPOIB CAaMOXIiIHOT MiIBOJIHOT TEXHO-
JorivHoi aThopmMu

Fig. 8. The layout of thrusters of a self-
propelled underwater technological
platform
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Puc. 9. Kommieke TexHonoriyHoro oomia-
HaHHSA (BEPCisl 3 MAHIMYISATOPOM)

Fig. 9. The complex of technological equip-
ment (manipulator version)

KTO Ta 00’€eKTy, IKMM BiH MaHIITYIIIOE.

e nBa mpuCTpPOi BCTAaHOBIIOIOTHCA B TO-
PU3OHTAIBHIN TUIONIMHI Ta € PIBHOBIINATICHU-
MU BiJI IUTONIMHY HIMTAHTOYTa arapaTa Ha BiJic-
taub Dy4. [ani pymiiiHi npuctpoi 3abe3neyarsb
JaroBui pyx rmiarGopmu, SKUi € HeoOXiTHUM
MIpY BUKOHAHHI 1HCTIEKIIHHUX POOIT.

KomMmriekec  TeXHONOriuHOro oOiaJHaHHS
CKJIQJIA€ThCS 3 PYXOMOTO HOCIS Ta TEXHOJIOTi-
yHoro oOmanuanus (Puc. 9). Hociit mpu3naue-
HUHN JJI IepeMILIEHHS] TEXHOJIOTTYHOro obuia-
JTHAHHSA Y MiJBOJHOMY IPOCTOPI BITHOCHO KO-
pnycy ITA. B naniii poOoTi HOCIii MpOMOHY-
€THhCSI BUKOHYBATH y BUTJISAI PAMHOI KOHCTPY-
KIIii 3 TBOMa CTYTIEHSIMU CBOOO TN

- 00epTaHHs TEXHOJOTIYHOTO OOJIaJHAHHS
HAaBKOJIO BEPTUKAJILHOI OC1 CUMETPIi KOMILJIEK-
cy;

- HaXWJI TEXHOJIOTIYHOTro OOJIafHAHHS Bif-
HOCHO JIaHKH 00epTaHHSI.

B sxocTi TEXHOJIOrIYHOro oOJIagHAHHS B
JaHii poOOTI MPOMOHYETHCS BUKOPUCTOBYBATH
JIBOXCTYIIEHEBHI TMIIBOAHUI MAaHIMYJISATOpP 3
CHCTEMOIO BiJICOCIIOCTEPEKEHHS.

CAK IIIIC na 6a3i CIITII npononyetbes
OpraHizyBaTu 3a 6araTopiBHEBOIO CTPYKTYpPOIO
(Puc.10). OCHOBHUM €IEMEHTOM CHCTEMH €
cucrema aBTOMATHYHOT'O KEepyBaHHS
MIPUB’SI3HOKO TBOJHOIO CHUCTEMOIO, SIKa PO3-
MIITY€EThCS HAa OOJIaJHAHHI MMOCTa €HEPTEeTHKU
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ta kepyBanHs CH. Jlana cuctema anamizye na-
Hi BiJl 3BOPOTHUX 3B’S3KIB BUKOHABYHMX CKJIa-
noBux Ta cercopis I1I1C Ta popmye Biamosi-
Hi kepyroui BrmmBH. CIITII nagae CAK IIIC
HACTYIHI 3BOPOTHI 3B’ SI3KH:

- BEKTOp (Dppk LIBUAKOCTEl 0OEpTaHHS Ba-
niB pymriitaux npuctpois CIITII,

- BEKTOpH INBUJAKOCTEH 0OepTanus ((mkro )
JTAaHOK PYXOMOTO HOCisl Ta MPOCTOPOBOTO TIO-

noxeHHs ( Pxro) po60o4oro oprany KOMILIEKCY
TEXHOJIOTIYHOr0 00IaJHAHHA,

- BEKTOpU KYTOBOi Opi€HTaIii (ﬁ), npoc-
TOPOBOT'O TTOJIOKEHHS (5 ), MIBHAKOCTEH JIi-
HIAHIX (\7) Ta 00epTOBUX (5) nepeMilieHb
mwiarpopmu Ta guctaniis (D) go 06’exra 00-
CTEKCHHS;

- JIOBKMHA TMOMYIIEHOI YacTUHU KaOesb-
Tpocy L.

Kepyrourmu BIUTMBaMU € HACTYIIHI:

- BEKTOp @ppks, 3aAHHX  IIBHAKOCTEH

o0epTaHHs BaliB pPYMIHHUX HPUCTPOIB

maThopmH,

- BEKTOD KOs, 331AHUX WBUAKOCTEH 00e-

PTaHHS JIAHOK PYXOMOT'O HOCIisI TEXHOJIOTI14HO-
ro o0JIagHaHHA;

- 3a/JlaHa MIBUIKICTH Zom ,, 0bepTtanHs Oapa-
Oany s1e61aKxu kabenb-Tpoca (JIKT).

Kepyroui BIUIMBH HAaAXOJATh A0 CUCTEM Ke-
pyBaHHS HUKYOTO PiBHSA, SIKI HA OCHOBI JaHUX
BiJl BIIMOBIIHUX 3BOPOTHUX 3B’S3KiB (opMy-
I0Th CUTHAIM KEPyBaHHS JUIsI BUKOHABYOTO

obnmagHanHs (BexkTopu Uppk , UkTOo Ta cuUrHam

Uger )-

PosrnsiHyTi  00’€KTM  KepyBaHHS, OKpIM
JIKT, € HenmiHITHUMH Ta 3a3HAIOTH BIUIMBY HE-
BH3HAYEHUX 30BHIIIHIX 30ypeHb. Tomy mojaa-
JBIIUI pO3B’SI30K 3a/laul aBTOMAaTHU3Allil Kepy-
BaHHS IMPHB’SI3HOIO MiJIBOAHOI0 CHUCTEMOIO Ha
6a31 CIITII BOauaeTbcsl y CHHTE31 IHTENIEKTYa-
JBHUX cucTeM KepyBaHHs ckiagoBumu [ITIC
13 BUKOPUCTaHHSAM 1HBEPCHUX MOJIEIIEH.
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Puc. 10. CTpykTypa cucTeMH aBTOMAaTUYHOTO KEPYBaHHS PUB’SI3HOIO T1IBOTHOIO CHCTEMOIO
Ha 0a3i caMOXiAHOI MiABOAHOI TEXHOJOT1UHOI TIIATPOPMHU

Fig. 10. The structure of the control system of a tethered underwater system based on a self-
propelled underwater technological platform

BUCHOBKU

1. Onucano cTpyKTypy HpHUB’A3HOI IiJBO-
IHOI cucTeMH Ha 0a3l caMOXIIHOI ITiBOIHOIL
TEXHOJIOTIYHOI MIaTGOopMH Ta BU3HAYCHO 3a-
Jadi, sIKi Ma€ BUPINIYBaTU CHCTEMa aBTOMATHU-
YHOI'O KEPYBaHHS 1l PyXOM.

2. 3anpornoHOBaHO CXeMy  pymiiHO-
PYIBOBOTO KOMILIEKCY, sIKa 3a0e3rneuye camo-
XIJHYy TMIJABOJIHY TEXHOJOTIUHY IuIaTGopMy
MOJKITUBICTIO 3/IICHIOBATH BCl BUIU MOCTYIIa-
JIBHOTO Ta 00EPTOBOTO PYyXY.

3. 3ampomnoHOBaHO y3aralbHEHY CTPYKTYPY
0araTopiBHEBOI CHUCTEMHU KEPYBAHHS IMPUB’SI3-
HOIO TIJIBOJHOI0 CHUCTEMOIO0 Ha 0a3i caMoXij-
HOT T1JIBOJAHOT TEXHOJIOTTYHOI MIaTHOPMHU.
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Modern tasks of the control of a self-
propelled tethered underwater
technological platform

Oleksandr Blintsov, Viktor Korytskyi

Summary. Searching and inspection underwa-
ter operations are usually performed with the use
of tethered underwater systems that are based on
self-propelled underwater vehicles. However, most
of such systems can’t provide the opportunity of
operative alteration of its configurations leading to
constraints in the list of functions performed.

In this paper the structure of a tethered under-
water system based on a self-propelled tethered
underwater platform is introduced and the modes
of the movement of such platform are described.
The list of tasks that are to be performed by the
system is determined. According to the survey
structures of propulsive complex and the complex
of technological equipment of platform are pro-
posed, and the structure of movement control sys-
tem for the tethered underwater system based on
the self-propelled underwater technological plat-
form is designed.

Key words: tethered underwater system, self-
propelled tethered underwater platform, propulsive
complex, movement control system.
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Po3pobka maTemMaTU4HOI MoAerni KepyBaHHA
TpaekTopicto pyxy niaBoaHOro anapara

AHOpit Cipigyyk

HauioHanbHui yHiBepcuteT kopabnebyaysaHHs imeHi agmipana Makaposa
npocn. lepoie CtaniHrpaga, 6, Mukonais, YkpaiHa, 54025
sirivchuk@mail.ua, orcid.org/0000-0003-2927-2600

AHoTanis. PyuyHe xepyBaHHS pyXOM IpUB’s3-
HOTO MIJIBOJHOTO amapara € TPYAOMICTKOIO 3aj1a-
4ero, BUPINIEHHs SIKOi MOTpedye HampyKeHoi po-
0oTu omeparopa amapata. A B JCIKHUX CUTYaIlisx
BUKOHAHHS TiIBOJHUX POOIT 3 BHUKOPUCTAHHSIM
PYYHOTO DPEXHMY KEPYyBaHHS PYXY BHUSBISIETHCS
HEMOXKJIUBUM. 3 1HIIOTO OOKY B MpOIIECi mepemi-
LICHHS B IJBOJHOMY MPOCTOPi Ha TPAEKTOPIi py-
Xy MIJBOHOTO arapara MOXKYTh 3yCTPi4aTUCh CTa-
THUYHI Ta PyXOMi TEpPEIIKOAN, 0 POOUTH aBTOMa-
TH3aI[il0  KEepPyBaHHA  TPAEKTOPHHM  PYXOM
MPUB’SI3HOTO MiIBOJHOTO amapara CKJIaJHOK Hay-
KOBOIO 3aJjau€lo.

B naniii poOOTI BUKOHAHO OTJISI CYy4aCHUX ITiJI-
XOIB JI0 KepyBaHHS TPAaEKTOPHUM PYXOM PyXO-
MuX 00’ekTiB. s moOymoBH TpaekTopii pyxy
armapara 3amnpolOHOBaHO BHUKOPHCTOBYBATH MOJU-
(hikoBaHUI METOM MOTCHIIWHUX IMOJIIB., 30UIbIICH-
HSl €()EKTUBHOCTI OTMHAHHS NEPEIIKO JOCATHYTO
32 PaxyHOK BHKOPHCTaHHs IOAATKOBHX Iap Ipo-
MEHIB T1JIpOJIOKaTopa B TOPU3OHTAIBHIN Ta BEPTHU-
KaJIbHIH TUIOIIWHAX PYXY.

[lepeBaramu 3amponoHOBaHOTO MiAXOAY € 3Me-
HIICHHS 1MOBIPHOCTI TIPOXOJDKEHHS TPAa€EKTOPil
amapara 4yepe3 TOYKH JIOKAJIbHUX MiHIMyMiB (yH-
KUi{ BIAIITOBXYBAaHHS T4 MOXKJIMBICTH KOPUT'YBaH-
HSl TPAEKTOPIEI0 PyXy B pealbHOMY PEKUMI yacy.
JloaTKOBOIO MEpeBaroro 3arporoHOBaHOTO METO-
Jla aBTOMAaTH3alil pyXy € MOXIIMBICTb OTMHAHHS
MiABOAHMM anapaToM PyXOMHUX HEPEIIKOI.

KuaiouoBi cioBa. Meros MOTEHIIHHUX IIOJIB,
TPAEKTOPIST PyxXy, OOXiJ MEPElIKOa, IIiABOAHUM
amapar.
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BCTVII

OmauM 3 HAMOUIBII TOIIMPEHHMX 3aco0iB
MOHITOPHUHTY Ti/IBOAHOT 0OCTAaHOBKH, a TAaKOX
MIPOBE/ICHHS ITiIBOJIHO-TEXHIYHUX POOIT € Te-
nekepoBani miaBoani anapatu (ITA). 3acrocy-
BaHHS MiJIBOJHUX amapaTtiB o0yMOBIeHO Oara-
ThMa NMPUIHHAMH, CEPE]l SIKUX Oe3MeKa KUTTIO
JIOAVHM, IIBHUIKICTb MPUBEICHHS B JIil0, Be-
JMKa rIInOrHa poOOTH, OLIBII HU3bKA BAPTICTh
npoBezieHHs pooiT Torto [5, 9, 20].

B namm yac TenexepoBaHi MmiIBOJIHI anmapaTu
MalOTh aBTOMaTU4YHY a00 aBTOMAaTHU30BaHY CHU-
creMy kepyBaHHs [15], mo m03BossIe OLIBII
e(deKTUBHO BHUKOHYBaTH TIOCTaBJEHI Tepe]
HUM 3aj7a4di 0e3 BHUCOKOI KBamiikaiii orepa-
Topa. B cBOIO "epry geski 3a/1adi, [0 BUKOHYE
T1JIBOJTHUHM arapar, He MOXYTh OyTH peanizo-
BaHi B TMOBHOMY OOCS31 JIIOJMHOIO-OIIEPATO-
poMm. Tomy KOXXHUH NIABOJHUN amapar Mae
CUCTeMY KepyBaHHS, IO 3abe3medye BUKO-
HaHHS TIOCTaBJICHUX TIEpe]] HUM 3aBIaHHSIX.

Haii6inpm ckiagHoo 3a/1a4€ro Ui aBTOMa-
TAYHOT a00 aBTOMATHU30BAHOI CHUCTEMH Kepy-
BaHHA [TA € kepyBaHHS HOTO PyXOM, OCKUIBKH
Ha [TA 3aBxau Ait0Th 30BHINIHI 30ypeHHs, a
TaK0X B 30HI pOOOTH 3HAXOSATHCS MEPEIIKOIN
[5]. B sikocTi mepemikoa MOXYTh BHUCTYIATH
cTatuyHi (penbed AHA, TAPOTEXHIYHI CIOPY-
JM, T1JIBOJAHE CMITTS TOLIO) Ta pyxomi (1HII1
ITA, Bomonasu, MiABOIHI arperaTtu) 00’ €KTH.
ToMy cucTeMa aBTOMATHYHOTO KEepyBaHHS
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(CAK) noBuHHa BMITH HE TiTbKH 3a0e3Medy-
BaTH Tpoxo/keHHs [IA 1o 3aBY4acHO BH3Ha-
YECHOMY MapHIpyTy, a i MaTH MOXJIUBICTH ca-
MOCTIHHO 3MiHIOBaTH TpaekTopiro pyxy IIA B
3aJIeKHOCTI BiJ CUTYyAIlil.

[TuTanHa KepyBaHHSIM TPAEKTOPIEID PyXy
PO3MISIIAETECS B c(hepax KOMIT IOTEPHOTO MO-
nemoBanas [1, 17], aBToMOOiIIBEHOI MPOMHUC-
noBocti [11, 13, 14], aBiamii [2, 12] Tomo. Ic-
Hye Oararo Bapialiii MeToJiB 00XO/y Iepel-
kox [3, 4, 19], mo 1oBoAUTh HEOOXI1HICTH IMO-
JAIBIIOTO JTOCTiPKeHHs mpoOnemu. Haitvac-
Tilne 3aaa4y o0XOoJIy MEpEIIKOA PO3TIIIar0Th
B FOPH30HTAJIBHIN TuronwHi [3, 5] Ta npu cra-
THYHHX repemkoaax [17].

[Tpu nasiBHOCTI B 30HI poboTH ITA pyxommx
MEePEIIKO BHUHUKAE HEOOXITHICTh PO3POOKHU
METOJly, SKHH 3MOXe 3a0€3MEUYUTH KOPEKTY-
BaHHS TpaekTopii pyxy IIA nmns ycyHeHHs
MOKITUBOCTI 3iTKHEHHs [TA 3 pyxomoro mepe-
mKoj0t0. EdekTuBHUM B aHOMY THTaHHI €
METO/I MOTEHIIHKX 1MOoJIiB [2], ae maHui Me-
TOJ MOTPeOy€e YAOCKOHAJICHHS OCKIJIbKU TpPU
BEJIMKIM KUTBKOCTI TEpemKoa 30UTbIIYEThCS
MOJKJIMBICTh TIONA/JaHHS B TOYKY JIOKQJIBLHOTO
MiHIMYMY, a TaKOX Ha KEpyBaHHS TPAEKTOPi-
€0 pyxy [1A BIUIMBaKOTh BCi MEPEUIKOIHU, HA-
BIThH Ti 1110 HE JIEXKATh HA HOTO IIIAXY.

META TA METO/I1

Po3pobka koHLeNIii KepyBaHHAM TPAEKTO-
pieto pyxy IIA B TpuBHMipHOMY NpPOCTOpi, Ha
OCHOBI METO/ly OTEHIIMHUX IOJIiB.

PE3VJIbTATU

[Tix wac pyxy miJIBOJHOTO amapara B TOBIIII
BOJM HAa HBHOTO JIFOTH 30BHIIIHI 30ypeHHsI, Be-
JUYUHY SKUX HE MOXXJIMBO IEpendadnTd 3a-
3naneriip (Tediss, pyxomi Mepemkoan, XuTa-
BULIS TOIIO), TOMY >KOPCTKE CIIJIKYBaHHS I10
3aBYaCHO 3aJlaHiil TpaekTopii pyxy B JaHOMY
BUTA/IKy HEMOXJIHBE. TOMY Uil pyxy MiIBOI-
HUX amapaTiB B yMOBaX HEBU3HAUYEHOCTI JUIs
3aBaHHA TpaekTopii pyxy IIA BuxopucroBy-
I0Th KOHTPOJIbHI TOYKH, 0 SIKUX BiJ] TOBUHEH
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nicrarucs. YepryBaHHIM KOHTPOJBHHUX TOYOK
3a/1aI0Th OakaHy TpaekTopiro pyxy I1A.

B 3anexxHOCTI BiJ 3aBIaHb, [0 MOCTaBJICHI
nepes; aBTOMaTHYHOK CHCTEMOIO KepyBaHHS
(CAK) IIA, 3MiHIOETBCS TYCTHHA KOHTPOJb-
HUX TOYOK B MpOCTOpi. Tak sSKIo HEOOXiTHO
JIOCTaBUTH poOoumii ab0 BUMIpIOBaJIbHUHN 1H-
CTPYMEHT B 3aJaHy TOYKY IOCTATHHO JIMIIE
OJIHI€T KOHTPOJILHOI TOYKH, a SKIIO HEOOXITHO
MPOBECTHU OTJISI TIAPOTEXHIYHOI CIOpyIu Ki-
JBKICTh TOYOK 301IBIIYETHCS B 3QJICKHOCTI BiJl
JOITYCTHMOTO BiJIJAJICHHS BiJ ITLTI.

[Ipu migroroBui IIA mo wmicii po3craBns-
IOTBCSI KOHTPOJIbHI TOYKH, SIKi TOBHHEH MPOii-
i [TA omuparounch Ha MiABOJHI KapTH 30HU
oOcTexxeHHs. SIKIIo iHpopMarlis mpo IaHy 30-
HY BIJICYTHSI, TO B SIKOCTI KOHTPOJBHHX TOUOK
BU3HAYAIOTHCS KOOPJWHATH JOCTAaBKH 00Iaj-
HaHHA (171 onHi€el 11ii) a00 KpaiHi TOYKH 30-
HU OOCTeXeHHS (1151 OOCTEKEHHSI BOJHOI TO-
BIIlI 32 JIOIOMOTOFO TaJICIB).

JIJist BCTAaHOBJICHHST KOHTPOJIBHUX TOYOK iC-
Hy€ 1Bl BUMOTH: KOHTPOJbHA TOYKA HE IO-
BUHHA JIOKATH B CEPEAMHI HEPYXOMOI Mepelil-
KoJu 200 B Oe3rocepeiHii OIM3bKOCTI BiJl HEl
Ta KOHTPOJIbHA TOYKA MIOBUHHA JIS)KATU BCEPe-
nuHI po6o4oi 30HM (1u1st ipuB’si3HuX [1A). [{ns
npuB’si3Hux [IA npyra BUMora BU3HA4a€eThCs
3a hopmyrnoro:

Xe Yo, Z
L2, HZ L

max max

<1, 1)

ne Xy, Yk, Zk — KOOpJIMHATH KOHTPOJIHHOI TOY-
KU; Lmax — MakcuMasbHa JTOBKUHA BiJJIaI€HHS
ITA Bix cymna-HOCIsI; Hmax — MakcuMasbHa
riubunHa 3anypenHs [TA. Haituacrime Lpyay Ta
Hmax 01MHAKOBI Ta JOPIBHIOIOTH JOBXKHHI Ka-
0enb-TpOoCy IpH BIACYTHIN Teuii.

Jlia mpokiiagaHHs Oe3MeYyHOro MapuipyTy
MK KOHTPOJIBHUMH TOYKAMHU JIOLIIBHO BUKO-
PUCTOBYBaTH METO]l MOTeHUIMHUX moiiB. e
MiIXi1 HE BUMAarae Hi KBaHTH3AIlil MPOCTOPY,
HI MIOBHUX MOMNEPEHIX po3paxyHKiB. CyTHICTh
METOY IOJISATaE B TOMY, 110 KOXKHA MEPEIKO-
Jla Ma€ HaBKOJIO ce0e BijpasyiuBe MOTCHIIIITHE
oJie, Cuja sIKoro 0OepHEeHO MPOTopLiiiHa Bij-
CTaHl BIJ HHOTO; TaK CaMO ICHY€ OJHOpiAHA
cHUJIa MPUTATaHHA 10 i Yepe3 Giu3bKi moc-
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TIMHI IHTEPBAJIN Yacy OOUYUCITIOETHCS CyMa Be-
KTOpIB NPUTSATAHHS Ta BiIIITOBXYyBaHHA. Pe-
3YJIbTYIOUUH BEKTOpP BKa3ye HApsiM Ta MIBUJI-
KicTh pyxy [17].

JletanbHe OCTIKEHHS TOKA3alio, 10 Me-
TOJ TOTEHIIMHUX IMOJIIB 3JAaTHUHA MPOBECTU
amapatr B OyIb-sKy TOYKy. [Ipudomy OCHOB-
HUM HEJIOJIKOM METOJIY MOTEHI[IHHUX IOJIIB €
nonajaHHs B JIOKaJIbHI MIHIMyMH, ajie 1€ 3y-
crpivaernces pinko [18].

B sKocTi curHanmy KepyBaHHS, 3BayKarO4d
Ha JIOCBIA MUHYIHMX jgociimpkeds [1, 13, 19],
OOUpAEThCS BEKTOP MUTTEBOI MIBHIKOCTI [TA.
OTxe pe3ynbTyrounii BEKTOp pyxy Oyze mpej-
CTaBJICHH Y BEKTOPHOMY BHIJISIII:

m-™m

0, =k,F +—0+—1+...Ti; )

e 17p — pe3yJIbTYIOUHi BEKTOP IBUAKOCTI; Ky

— KOeQIIIEHT MPUTITAHHS KOHTPOJIBHOI TOUKH
ab0 00’€kTa MOHITOPHHTY; Ko ; — KoedimieHT
BIJIIITOBXYBAHHS KOXKHOI mepemmkoan; loj —
BIJICTaHb BijJ KOXKHOI mepemkoau a0 [1A; ry —
OPT HAMPABJICHOCTI dii CHUJIM MPUTITAHHS I ;
— OPT HAIPaBJICHOCTI Jii BiIIITOBXYBaHHSL.

[Ipn BHKOpUCTaHHI KJIACHUYHOTO METONY
MMOTEHIIMHNX MOJIB BUHUKAC IEKIIbKA HELO-
JIKIB:

- IPY HAsIBHOCTI BEJMKOI KUIBKOCTI Mepen-
KOJT 30UTBIITY€ETHCS Yac JUIsl PO3PaxyHKY HE0O0-
X1IHOTO BEKTOPY LIBUIKOCTI, a TAKOK MOXKIIU-
BICTh NOMAJaHHS B TOYKY JIOKAJIbHOI'O MiHI-

MyMy;

JlomoMiXxHi TOPU30HTAIBHI IPOMEHI

OCHOBHUIA IPOMiHB

a

- NIpY BUKOPHUCTaHHI Ha peasibHOMY [IA Bu-
HUKa€ HEOOX1THICTh 3aCTOCYBaHHS TiApOJIOKA-
TOpPY KpyroBOro OrjsiAy, 10 MpHu3Bene 10 30i-
JBIICHHS Yacy CKaHyBaHHS MPOCTOPY abo BHU-
KOPUCTaHHs OLIbII JOpororo oomaananus [3].

B sKocTi yHOCKOHQJIGHHS METOIy MPOIIO-
HY€THCSI BHUKOPUCTAHHS BIJIITOBXYIOUOi il
JUIIE TUX TEPeNIKod, M0 JIeKaTh Ha MUISAXY
pyxy IIA. JIns BU3HAYEHHS YU JISKHUTH Iepe-
mKona Ha 1oisaxy IIA, BHKOPHUCTOBYETBCS
MPOMiHb, SKUH HamNpaBJICHUH 10 111 (OCHOB-
HUW TpoMink). [Ipu TakoMmy miaxomai 10 OTH-
HaHHS TEPelIKOJ, Y CBOI uepry, BUHUKAE
MOXXJTUBICTh 3iTKHeHHS [IA 3 mepemko0r0
IpU HEBENUKINA BIACTaHI BiA MapuipyTy pyxy
Ta Kparo TMEPEIIKOI 32 PAXYHOK BIACHUX PO-
3mipiB [TA.

TakuM 4uMHOM, HEOOXITHO BBECTH JIOIIOMi-
HI TIpOMeEHi, 10 OyAyTh BpaXxOBYBaTH JaHY
MOYJIMBICTh Ta OyIyTh PO3TAIlIOBaHi Ha 3 Je-
SIKUM KyTOM BIJIXWJIEHHS BiJl OCHOBHOI'O Ha-
npasJjsirogoro npomens (Puc.1) [16]. Jomomi-
KHI TIPOMEH1, B CBOIO 4epry, MOJAUISIOTbCA Ha
TOPU30HTANIGHI Ta BEPTHKaIbHI. [ opu3oHTa-
JBH1 JOTIOM1XKHI TPOMEH1 KOPETyIOTh BiJICTaHb
BiJl Kparo repemkoau 10 [TA, Koim oCHOBHUH
IPOMiHb HE MEPEeTUHAE JaHy MEepeliKoay. 3a-
JTA4CI0 BEPTUKAIBHUX JOMOMIKHHUX TPOMCHIB
€ KOpEKIli€ BUCOTH PYXy HaJ IPYHTOM, HaJ abo
IiJT TIEPENIKOaMH, a TaKOX MOXKJIUBICTh OTH-
HaHHS HEBUCOKOI MEPELTKOIH.

[Ipoctip, mo 3HaxoguThCs HaBKOJO [IA
PEICTaBUMO 3aMICTh IPYHTY JHA TUIOCKUMN
JUCK 3 HEOOMEXKCHHM paJiycoM Ha SKOMY
3HaXOIAThcs NepemKkoau (penbed, riaporex-

JlonoMixkHi BEpTHKAIIBHI TPOMEHI

OcHOBHUI TIPOMiHB

o

Puc.l. Po3milieHHs JONOMIKHUX IIPOMEHIB BIZIHOCHO OCHOBHOI'O
Fig. 1. The layout of secondary rays in relation to primary ray
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HIYHI CIIOPYH TOIIO), L0 MPEJICTaBICHI B MO-
JeNTl HWITITHIpaMH, Taky X camy (GopMy MaroTh
pyxomi 00°€KTH, 110 3HAXOAATHCS B TOBILII BO-
1y, Ha il moBepxHi abo Ha aHi. TakuM 4yuHOM
MEPEIIKo/ja MAaTUME JIUIIE HEBEIHUKY KIIbKICTh
HEOOXITHUX MapaMeTpiB: KOOPAMHATH LEHTPY
ocHOBH (Xi, i), TTMOMHY Ha SKi BOHA 3HAXO-
auteest (Zj), Bucoty (h;) Ta paxiyc mepemikoau
(Ri).

Toni piBusaus (1) [6] B BekTopHOMY BHi
IUIl TIOTOYHOTO MOMEHTY 4acy MaThMe BH-
LIS

Dy =0p + Y0+ 20, + X0 (2)

ne U, — BEKTOp IIBHAKOCTI NPUTATAHHS LI

17i — BCKTOP BiI[I_HTOBXYBaHHH nepeuiKoanu 110

OCHOBHOMY HpOMeHi; L.

i — BCKTOD BLIIITOB-

XYBaHHS JONOMDKHHX BEPTUKAJIBHHX IMPOMe-
HiB; Eixy — BEKTOpP BIIIITOBXYBaHHS JOTIOMIiX-
HHX FTOPU30HTAIBHUX IPOMEHIB.

Jliis pyXy B TPUBUMIPHOMY IPOCTOPi CKJIa-
JA€EMO CHCTEMY PIBHSIHB HPsMOi OakaHOTO Ha-
npsmky pyxy ITA [10]:

X=X, +0dx-t;
Y=Y, +dy-t; (©)
z=1,, +dz-t;

1€ Xna» Vnar Zna — MOTOYHI KOOPAMHATH IT1IBO/JI-
Horo amapara; dx, dy, dz — ckianoBi GakaHoro
BekTOpYy mBUAKOCTI [1A; t — gac pyxy.

CknanoBi BEKTOPY PYXy o, (dx,dy,dz) BU-
3HAYAIOTHCSA 32 POpMyTIaMHu:

dxzxna_xt;

I,
dy: yna_yt;

! ©)
dZ:Znu_Zt,

It :\/(Xna _Xt)2 +(yna _yt)2 +(Zna _Zt)2

1€ Xt, Vi, Zt — KOOPJAUHATH KOHTPOIHHOI TOUKH;
I — BizmcTanb Bix [TA 10 KOHTPOJIBHOT TOUKH.
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Jlis BU3HAUYEHHS PE3YNIBTYIOYOTO BEKTOPY
mBuakocTi [TA mepmr 3a Bce HEOOXIIHO BH-
3HAYUTHU SIKI MEpemKoau abo iX MpOoeKIii je-
)aTh Ha NUAXy ITA B ropu3oHTaJIBbHIA TLTO-
IIUHI, JJI1 [OTO 3allUIIeMO PIBHSIHHS KOJIa,
10 XapaKTePU3ye MEPEIIKOAY:

(X_Xi)2+(y_yi)_Ri=O' )

Takum uymaOM minctaBuBmm (3) B (5)
OTPUMAEMO:

(X, +AdX-t=%)"+(y,, +dy-t—y,) -
-R?=0;

dx? -t% +2dx -t (x,, —x,)+ (x,, —x)* +
+dy? -+ 2dy -t (y,, — Y) + (Y, — V) -
~-R?=0;

(dx® +dy?) -t* +(x,, —x,)° + (v, — )" +
+2-[dx- (X, = %) +dy- (v, ~y)] 1~
~-R?=0;

(6)

[IpuBenemo (6) 10 KAHOHIYHOTO BUY:
At? +Bt+C =0; (7
Ie:

A=dx? +dy?;
B =2fdx-(x,, —x)+dy- (v, -y} O
C= (Xna _xi)z +(yna - yi)2 - Riz'

[Ipn po3B’s3aHHI KBaJAPaTHOIO PIBHSHHS
(7), fAKmO JAWCKPUMIHAHT Oinblie HYIS —
MEepeNIKo/a JISKUTh Ha NUIIXy pyxy [TA, skmio
pIBHHMI HYJII0 — HEpemKkoja Ta MapupyT J0-
THUKAIOTHCS, SKIIO TUCKPUMIHAHT MEHINE HYJIIS
— IepelIKoa He JeKUTh Ha HuiIxy pyxy [1A i
TOMYy HE€ Jii€e Ha Horo pyx. SIKimo KopHi piB-
HSHHS MalOTh BiJ’€MHE 3HAYCHHS TO Tepel-
KOJa JeXuTh nmo3any pyxy IIA 1 ii nis Takox
HE BPAaXOBYETHCSA. Y BHUMAIKY KOJIHU OJHE PiB-
HSHHA Ma€ JOJaTHIH KOpiHb, a JApYyruit
BIA‘€MHHUH TO II€ MOXJIMBO jaumie xoiand ITA
3HAXOJIUTHCS HaJ 200 MiJ] MEePEIKOI00.
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OTpuMaBII 3HAYCHHS 4Yacy, 4epe3 SKHi
BiIOyneThes 3iTkHeHHS Mik [TA Ta mepermiko-
JIOK0 TiJICTaBUBIIM HOTO B CHCTEMY PIBHSHB
(3), orpumaemMo ofHy ab0 JBi TOYKH MEPETHHY
MapuipyTy Ta HEepenIkoau. 3HAXOIUMO BiJC-
taHb Big [TA 10 TOUYOK:

I = J(X=X,) + (Y= Y,) 7 ©)

1€ X, ¥ — pO3paxoBaHi KOOPAUHATH TOYKU 31T-
KHEHHSI.

B sKocTi HacTymHUX pO3paxyHKIiB oOupa-
€THCS TaKe 3HAYCHHS X Ta ), NIPH SKUX 3HAYCH-
Hs BiJcTaHi Oy0 HaAWMEHIINM.

[Ticas pbOro BU3HAYAETHCS BEKTOP TOJIOB-
HOTO TIPOMEHS, JUIsI KOPETYBaHHS MapuIpyTy
pyxy. Sxmo ITA 3HaX0AUTECS HA OTHOMY piB-
Hi 3 BU3HAUEHOIO MEPEIIKO 00, TO1 CIIPaBe/-
JINBUM BUPA3:

z.<z <z +h, (10)

B IHIIOMY BHIQJIKy BEKTOP BiJIITOBXYBAaHHS
rojoBHoro mnpomens Oyae piBauMm 0. Ilpu
cnpaBequBi HepiBHOCTI (10) BekTOp BimIITO-
BXYBaHHSI B/l NEPEIIKOIN PO3PaXOBY€ETHCS Bi-
JTHOCHO TIEHTpa MEPEIIKO/TH:

1, = J06 =%,0) + (Y = Yoo)

— Xi B Xna yi - yna . (11)
Ui = I 2 y I 2 aO ’

8 8

ne |, — Bigcrans Big I[TA 10 1ieHTpa mepemniko-
M.

Jls BEpTUKAIBHOI CKJIaLOBOI KOPETYBaHHs
pPYXy HEOOXIJHO BHU3HAUUTU TOUKH IEPETUHY
JOTIOMIKHUX BEpPTHUKaJIbHUX IPOMEHIB 3 IIe-
pemkoo0. BepTukanbHUNH TPOMIHB MOXKeE
NEPEeTUHATH CTIHKOIO MEPEHIKOIN, BEPXHBOIO
a00 HUKHBOIO OCHOBY.

B takoMmy BumNaaKy TOYKU MEPETHHY MPO-
MIHHIO Ta TMepemkoau Oyae BHU3HAYaTUCS 3a
dbopmyoro:
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z,, 1 -ctgp mpu t >0,t,>0;
z,+h, npuz,, >z, Ta
7= t >0,t, <0; (12)
Z, npu z,, < Z, T2
t >0,t, <0;

ne B — KyT BIIXWJICHHS JOTIOMIKHHX BEPTHKA-
JHHUX TPOMEHIB.

VY Bumnanky xomu ITA 3axomuthes Haa abo
IiJ] TIEPEIIKOI0I0 PO3PAXOBYETHCS JIHIIE OHA
KOOpJIMHATa Z BIJHOCHO sKOi Oyne NpoBO-
JTUTHCS KOPEKTYBaHHS MapuHIpyTy pyxy 3a o-
PMYJIOIO:

g _z,-7 (z,-12)-sin’p
A P
Z na

sinf .

(13)

na

ne |, — noBxxuHa mpoMeHro.

VY BUNaAKy KOJIM MEPElIKoAa 3HAXOIUThCS
nepen amapatom (t1>0, t;>0) HeoOXigHO BHU-
3HAYUTH OOHM/BI TOUKHU MEpPETHHY Z; Ta Zp . Ta
BU3HAYUTH X CHJIy BIJIITOBXYBaHHS CIIPOCK-
TOBaHy Ha BepTHKaIbHY Bich 0z, dz, 3a aHa-
aoriyHo gopmyni (13), skmo Touka Z; abo Z,
HE BXOIUTH B MPOMIXOK (Zj; Zi+h;) To cuna Bi-
JIITOBXYBaHHS BiJl TOYKU Oy/€ pPIBHOIO HYIIIO.
PesynbpTyroua cuia BiAmTOBXyBaHHS 0Z; Oyre
cymoro dz;, dz,:

dz; =dz, +dz,; (14)

BepTukanbHuii BEKTOp KOpEryBaHHsS Map-
wpyty Matume Burisn o, (0,0,dz,).

Jlis TOTIOMIKHUX TPOMEHIB, IO JIeKaTh B
TOPU3OHTANIbHIN TIJIOMKHI piBHSAHHSA (4) Oy-
JyTh MaTH BUTTISA;

dx, = cos(arccos(dx) + a);

dy, =sin(arccos(dx) + a); (15)
ne dx,, dy, — opTH HampaBICHOCTI MPOMEHS; 0.
— KYT BIIXWJICHHS JOTIOMDKHOTO MPOMEHS BiJl
OCHOBHOTO.

Po3paxyHOK cwiM BiAIITOBXYBaHHS JIOTO-
MDKHHMX TPOMEHIB PO3pPaxOBYEThCS aHAJIOTIY-
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HO CWJIi BIJIITOBXYBAaHHS OCHOBHOTO IpOMe-
Ha. Jlns Toro, moO MOmOMIXKHI IMPOMEHI He
BIUTUBAIM HA MapuioBy mBUAKICTh [TA ix mist
MIPOEKTYETHCS HA IOMEPEYHY CKIIAJOBY J0 T'O-
JIOBHOTO BEKTOPY.

=, = x,)2 + (0, = 2,)%

(X() _ana) S|n a,
l,
By =| Yo Ye) sina, | (16)
Iz)
0

1€ Xy, Yy — HaHOJIVMKYI KOOPIUHATH TOYKH ITe-
PETHHY OMOMDKHOTO TPOMEHIO Ta MEPelIKo-
v, |, — HaliMeHIa BiJICTaHb BiJ MEPEHIKOIN
1o ITA y HanpsIMKy TIPOMEHIO.

Cyma BekTopiB 17p yepe3 MPOMDKKH yacy t

(hopMye TPaEKTOPiO PyXy B 30HI 31 CTATHYHHU-
MH Ta PyXOMHMH IIE€PEHIKOAaMHU B OIEpaTHB-
HOMY pexumi. TpaekTopis pyxy B JaHOMY BH-
naaky dopmyerbes TUIbKH Tif 4yac pyxy 1A,
TaKMM YMHOM HE BHMAarae IOIEpeaHiX po3pa-
XYHKIB, fIKi BKJIIOYanu Ou B cebe J0JaTKOBI
XapaKTePUCTHKH TEPENIKOJl TaKi, SK IIBUJ-
KICTb iX pyXY, IPUCKOPEHHS TOILIO.

BMCHOBOK

Bukopucranusa naHoi MareMaTU4HOI MoOJe-
7 J03BOJIUTH OUTbII €peKTUBHO OyAyBaTH Ma-
puipyT pyxy IIA B mopiBHSHHI 3 KJIACUYHUM
METO/IOM MOTEHIIHHUX MOJIIB, 31 30€pexKEeHHIM
nepeBar JaHOTO MeToHy. TpaekTopis pyxy, B
MOPIBHSAHHI 3 KJIACHYHOIO, € OUIbII MPsIMOJi-
HIHHOIO Ta Ma€ MEHIy BIPOT1JHICTh MOMNa/laH-
HS B TOUKY JIOKQJILHOTO MIHIMYMY.
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The development of a mathematical
model for motion trajectory control
of an underwater vehicle

Andrey Sirivchuk

Summary. Manual control of the process of the
movement of a tethered underwater vehicle is a
complicated task which requires hard work of op-
erator. In some situations the completion of un-
derwater operations with exclusively manual con-
trol is even impossible. On the other side while in
movement underwater vehicle may encounter stat-
ic or moveable obstacles located on its trajectory
that makes the automation of the control of the
movement of a tethered underwater vehicle a com-
plicated scientific task.
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In this paper the overview of modern approach-
es to the control of trajectory motion of mobile
units is presented. To define the trajectory of the
movement of an underwater vehicle the use of
modified potential field method is proposed. To in-
crease the effectiveness of obstacle avoidance the
additional pairs of sonar beams in horizontal and
vertical movement planes are used.

Advantages of proposed approach are in the de-
crease of probability of crossing of points of local
minimums of repulsion function by the trajectory
of an underwater vehicle and the possibility to cor-
rect the trajectory of movement in real time. Addi-
tional advantage of proposed method of movement
automation is the ability of an underwater vehicle
to avoid mobile obstacles.

Key words: potential field method, the trajecto-
ry of movement, obstacle avoidance, underwater
vehicle.
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MeToa pacuyeTa KOHCTPYKTUBHbIX NapamMeTPOB ropM3oHTamNbHbIX
knaccudukaTopoB

AHOpeli boHOapeHko

"BY3 HauunoHanbHbIN ropHbIA YHUBEPCUTET
npocn. Kapna Mapkca, 19, [IHenponeTpoBck, YkpanHa, 49005
bondarenkoa@nmu.org.ua, orcid.org/0000-0002-7666-6752

Annoranus. IIporecc rpaBUTarlmoHHON Tepe-
pabOTKH 3EpPHUCTHIX MAaTEpPHAaJOB B TOPU30HTAIb-
HOM IIOTOKC IIYJIbIIBI COIIPOBOXIACTCA TCUCHHUEM
HECYIIEro TOTOKa B MpeeniaXx pPa3HOHAKIOHHBIX
MIOBEPXHOCTEH, a TAK)KE OTTOKOM BHH3 CTYLICHHOM
MYJIBITBL.

B pabote 000cHOBaH METO/I pacueTa KOHCTPYK-
THUBHBIX MAPAMETPOB TOPU3OHTAILHOTO KiIacCH(H-
Karopa, KOTOPbI OCHOBaH Ha MOCTPOCHHUHU TpPacK-
TOPUM JABWXKEHHUS TBEPABIX 4acTHll. TpaeKTopuu
JABUXKCHUSA SHCMGHTapHOﬁ HJaCTULBI ) KUIKOCTHU NN
TBEPJOU YACTHIIBI TONYUSHBI MYTEM OMPEACICHUS
TeKyHIeﬁ KOOpAWHATBI YaCTHUILI B COOTBETCTBUU C
meTosioM Jlarpanxka.

JIOCTOBEpHOCTh TMOJYYEHHBIX TEOPETHUCCKUX
3aBUCHUMOCTEH MOATBEPXKIICHA C IPUMEHEHUEM Jia-
OoparopHoro odopymoBaHus Ha Oa3e KiaccuuKa-
TOpa TOPU3OHTAIBHOTO MHOTOCEKI[HOHHOTO TPH
MUTAHUM CTPYWHBIM MTUTATEIIEM.

KioueBble ciioBa: rpaBUTAllMOHHOE pasJielie-
HUeE, KJIAcCCH(QUKATOp TOPU3OHTAIBHBIN, TPACKTO-
PHSI IBHOKEHUIS.

BBEJAEHUE

Beigenenne U3 HMCXOAHOW MacChl INIMHU-
CTBIX MJIM WIHCTBIX YaCTHUIl TPAAUIIMOHHO BBbI-
IIOJIHAETCS B TPaBUTALMOHHBIX ammaparax ¢
TOPU30HTAJIBHBIM JBHKEHUEM HECYLIETrO I0-
TOKa: TOPU3OHTAJbHBIE  KJIACCH(PHUKATOPSI,
JelIaMaTopbl, CHUpPaJbHbIE KiacCU(HUKATO-
pbl, JEKAHTATOPBI, TOPU30HTAIbHBIE OTCTOM-
HUKUM W 1p. [IpenmodrurensHBIM yCTPOMCT-
BOM, IO3BOJISIONIMM 3((EKTUBHO BBIIEIATH
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MEJIKOAMCIIEPCHBIE TPUMECH KPYIMHOCTBIO Me-
Hee 0,16 mm, sBisgercs Kiaccudukarop TH-
paBiIMuecKuil ropu3oHTaIbHbIN (Puc.1).
Knaccudpukarop ruapaBIndeckuii ropu-
30HTQJIbHBIM COCTOUT W3 INPOTOYHOW YACTH,
pa3lesieHHOM Ha y4yacTKu: pasaeneHus 1,
OCaXIeHHs 2, UCTeYeHHs 3 W OyHKepa s
HaKOIUIeHHUs 3epHucToro marepuaia 4. Cxema
MIPOTOYHOI 4YacTu KiacCU(pUKaTopa MpUBEeE-
Ha Ha Puc.2. [Iponecc rpaBUTaliMOHHON mepe-
pabOTKM 3€pPHUCTHIX MaTEpUAIOB B T'OPU3O0H-
TaJIbHOM IIOTOKE ITyJIbIIBI COITPOBOXKIAETCS TE-
YeHHEM HECYILEro MoToKa B IpeJesax pa3Ho-
HAKJIOHHBIX MTOBEPXHOCTEH, a TaKXXE OTTOKOM

Puc.1. Moznens Topu30HTaIBHOTO Kilaccuu-
KaTopa
Fig. 1. Model of the horizontal classifier
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BHU3 CTYIICHHOH IMyJbIBI B Mpeleiax ydacT-
KOB: pa3elieHus, OCAXKICHUS, ucTeueHus. [Jns
00OCHOBaHHUsI KOHCTPYKTHBHBIX ITapamMeTpOB-
TOPU30HTAIBLHOTO Kiaccudukaropa Tpedyercs
pa3paboTka METO/a pacueTa, OCHOBAaHHOTO Ha
MaTeMaTUYECKOU MOACIN ABUXCECHUA IIOTOKA B
MPOTOYHON YacTh KJIACCU(PHUKATOPA C YUIETOM
M3BECTHBIX MOJICIICH pacIpe/IeIeH ] CKOPOCTH
MOTOKA I10 €r0 TIyOnHE.

I[IEJIb PABOTBI

Pa3paboTka MeTona pacueTa KOHCTPYKTHB-
HBIX IApaMETPOB TOPU3OHTAIBHOTO KIIACCHU-
¢ukaTopa, OCHOBAaHHOTO Ha MaTE€MaTUYECKOMH
MOJICTIH IBUYKEHHSI HECYIIETO MOTOKA ITYJIBIIbI,
BKJTIOYAIOIIEH TBEp/bIE YaCTUIBL, B €r0 Mpo-
TOYHOIM YacTH YYWTHIBAIOIECH M3BECTHBIC MO-
J€TH paclpeesieHnsl CKOPOCTH MOTOKA TI0 €To
riyouHe.

VYuactox
OCAKICHHA

Yuacrox
pa3aeeHAsA

MATEMATHUYECKOE MOJIEJIMPOBAHUE
OCAXIEHWA TBEPIABIX YACTULI,
JABMXHUMBIX YCKOPEHHBIM
HECYIIUM ITOTOKOM I1VJIBIIbI

W3BecTHO, YTO TpU pa3AeieHUH 3epHHUCTO-
ro MaTepuayia KpyIHOCTBIO MEHee 2 MM pa-
[MOHAILHO TMPUMEHEHHWE THUAPABIMYCCKHX
KJIaCCU(IUKATOPOB C TOPH3OHTAIBHBIM IIEpe-
MeleHrueM moroka [1 — 5].

Onwucanue JBWKCHHS IMOTOKA KUIKOCTU B
TOPU30HTAIFHOM KJIACCH(HUKATOPE BBITIOIHE-
HO C TIPUMCHEHHEM YpaBHEHUs Oiuiepa s
uaeanbHol (HeBsi3kol) kuakoctu [6 — 10] B
pe3yabTare 4ero pa3paboTaHa MareMaTHye-
CKasi MOJICIIb JIBHKEHUS KUJAKOCTH B MIPOTOY-
HOW 4YacTH KiIacCU(PUKATOPA TUAPABIMYCCKOTO
TOPU30HTAIFHOTO U TOyYeHBl 3HAYEHUSI CKO-
poctei Uy, Uy, U; M YCKOPCHMH IOTOKa

VYuacrok
HCTeYeHHd

Puc. 2. Cxema HpOTO‘lHOﬁ qacTu KJ'IaCCI/Iq)I/IKaTopa TUAPABINYCCKOTO rOPU30HTAIBHOT'O
Fig. 2. Chart of running part of hydraulic horizontal classifier
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du, duy du,
: B XapaKTEPHBIX y4acTKax

dt dt dt
nporecca. [loaydyeHnas MoeNb MpeaHa3Haye-
Ha JJId OIIKMCaHUA IIponecca OCAXKIACHHA TBEP-
AbIX YaCTull, ABHMKHMBIX YCKOPCHHBIM HCCY-
UM IMIOTOKOM IIYJIBIIBI H 000CcHOBaHHUS pa-
[MOHAIBHBIX MAPAMETPOB YCTPOWCTB, MPHUME-
HSAEMBIX JJIs I'PaBUTALMOHHON IepepadOTKH
3CPHUCTBIX MAaTCPUAJIOB.

Hﬂﬂ OIMHMCaHus Ipouecca ABUKCHHUA HECY-
IIei cpe/Ibl BBEICHBI 0003HAYECHUS:

Qp , Qo+ Qy — MPOU3BOAUTENLHOCTH IO ITyJIbIIE

)

HA y4acTKax pa3JeJIeHUsi, OCAXKICHUSA U UCTE-
3
yeHus M /c; Qpec — MPOM3BOIUTENBHOCTD IO

CT'YLICHHOH IIyJbIle Ha y4acTKE OCAKACHUS,
m>/c; by, hy— IHpHHA K BRICOTA IOTOKA B Ha-

YaJIbHOM CCYCHHHM Y4YacTKa pa3fIelieHUs, M;
By, H,— mupnna u BeICOTa [IOTOKA B KOHEY-
HOM CCYCHHMHM y4acTKa Pa3jelICHUsl M Havaib-
HOM CEUYCHHUH y4acTKa ocaxkaeHus, M; by, h,
— IMIMPUHA U BBICOTA ITOTOKA B KOHEYHOM Ce-

YCHHUU Yy4aCTKa UCTCUCHUSA, M, (lp, Bp — YI'JIbL

pacmmpenusi motoka mo ocsm O-Z u O-Y Ha
y4acTKe pasfeneHus; o, P, — YIJIBI Cyke-
HUs ToTtoka 1o ocsiMm O-Z u O-Y Ha ydacTke
HCTEUCHMS.

[Ipy nBM>KEHMM TBEPIOM YaCTHUIBI B HECY-
IIEM NOTOKE BO3HUKAET €€ MEPEMEIICHNUE OT-
HOCHUTEIIBHO XHUAKOCTH, 3HaunT Uu=U-V, B
pe3yiabTare cama >KUAKOCTh NMPHOOpeTaer J10-
nosnHuTenbHoe aBwxkenue. JI. [lpanaras [11 —
13] Ha3Ban cuily, BO3HHMKAIONIYIO MPH YCKO-
PEHHOM JBUXEHHM TeJa OTHOCUTEIbHO KUJ-
KOCTH, TMIPOJANHAMHUYECKUM JalTbHOAECHCTBU-
eM. [Insg oueHku pexuma B3auMMOJCHCTBUS
TBEPJIOM YacTUIBl U MOTOKA HECyIIeW cpejsl
IIPU CKOPOCTSX, XAapaKTEPHbIX JJIsi TOPHU30H-
TanbHOro knaccudukaropa (Puc. 1), mpearno-
JIO)KUM, 4YTO TMOTOK OOTEKAaeT HEIMOJBIKHYIO
TBEpAYIO yacTully. B aTom ciydae 3HaueHus

. ud
gyrucia Peiinonmpaca (Re =—) He mpesbicsT
1%

30. B npuBeneHHOM Hana3oHe HEpaBHOMEP-
HOCTb JABUXEHUS T€J1 OTHOCUTENBHO KUJIKOCTU
HE TPUBOAUT K WX BPAIICHUIO WM KoJieOa-
HUIO, TO €CTh OHH JIBUTAIOTCS 0€3 ompeseNeH-
HoM opueHTaruu [11]. 3BecTHO Takxke, 9TO B
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MaJIOCKOPOCTHBIX MOTOKaX, HECYIIUX TBEPbIE
YacTULIBI MajblX pa3MEpOB, BIUSHUE CHII
Cadmena nu Marnyca-)KykoBCKOro Ha mapa-
METpPBI JBUKCHHS TBEPJBIX YacTHIl OyIeT He-
3HauntenabubiM [10]. Ilpu yka3aHHBIX peXH-
Max JABUKEHUS TBEPABIX YaCTUIl OyIyT MUHU-
MaJIbHBIMU TaK)X€ TMIPOJUHAMHUYECKHE CHUJIbI
CONPOTHBIICHUS, BO3HMKAIOIIME IIPU 3HAYHU-
TEJIbHBIX YCKOPEHUSAX TBEPABIX YACTHI] 33 CUET
MyJbCallii, MOATOMY Cuibl bace Takxke He
YUUTHIBAIIUCE.

B peanbHOCTH TBEp/Ible YaCTHUIIBI ABUKYTCS
YBJIEKa€Mbl€ MOTOKOM IPH MaJbIX OTHOCH-
TeIbHBIX CKOpocTsax V. JlomycTum, 4To B Ipe-
nenax kpymHocteit 0,15...5 MM pexum o0OTe-
KaHMsI TIOTOKOM TBEPAON 4YacTUIbl OyneT Jia-
MHHAPHBIM. [[BH)KEHHE TBEpAOW YaCTHUIBI OT-
HOCUTEJNBHO KHUAKOCTH MPU MaJIbIX YHCIAxX
Peitnonpaca (Re < 1), To ects mpu JiamuHap-
HOM OOTEKaHHH, MOKET OBITh OMUCAHO W3-
BecTHBIM ypaBHeHueM I'. Ctokca [11]

_ 9P —px)d”

v
r 18u

. 3.

rje p, — INIOTHOCTh TBEPAOW YACTHLIBI, KI/M";
3.

P, — IUNIOTHOCTb KUAKOCTH, KI/M”; |L — JUHA-

MU4ecKuil K03(h(PUIIUEHT BA3KOCTH, KI/M"C.
[IpuBenenHoe ypaBHEHHE MPUMEHUMO TPU
NaJICHUU TBEP/AOH YacTUIBl B HEMOIBM)KHON
KHUJIKOCTH TIOCJIE€ OKOHYaHUS HAa4aJbHOTO He-
YCTQHOBUBIIETOCS pPEXUMa €€ JBHXKEHHS, B
TEYeHHEe KOTOPOTO TBEpJasl YacTUIla MaJaeT C
YCKOpPEHUEM, TO €CTh MOCI]Ie JTOCTUKEHUS KO-
HEYHOUW cKopocTh. OYEBHIHO, YTO JBIKEHHE
TBEpJOW YacCTULBI B YCKOPEHHOM TOpPU30H-
TAJIbHOM HECYIEM IOTOKE HaXOIHUTCS B 00-
JACTU HEYCTaHOBUBIIETOCS JBUKEHUS, KOTJa
Ha CKOpPOCTh [IBW)KCHHUS TBEPJOW YaCTHUIIBI
3HAYUTENbHOE BIUSHHE OKa3bIBAET YCKOPEHHE

Hecymiero  motoka.  Torma,  0003Ha4MB

2
}\‘:pTd

, TOJIYYHUM BBIPAXKCHUC JI1 OTHOCH-

TEJIbHON CKOPOCTH TBEPAOM YaCTULBI U YCKO-
PEHHOTO MOTOKA KUAKOCTH B BUJE CHCTEMBI
ypaBHEHUH
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du
vy =AM —2
X dtj
du
vy = — L X
y dt
vV, =4 dﬁj
dt

3Hasi CKOPOCTh TOTOKA, IOJyYHM BBIpaXKe-
HHUE Ul ONpEJeNCHUsl a0COIIOTHON CKOPOCTH
TBEpAOH yacTuIpl. [IBIDKEHHE YacTUIBI BHU3
COIMPOBOXKAACTCA AOIMOJTHUTCIIbHBIM BJIIMAHUCM
I'PaBUTAIIMOHHBIX CHJI, KOTOPBIC YYUTHIBAIOTCS
CKOPOCTBIO CcBOOOAHOro mnajaenus V.. Torma
a0COIFOTHAsI CKOPOCTh TBEPAOW YacTHUIBI Oy-
JeT paBHA

du
Ua, =u, —A| —2 |
% X (dtj
Uy, =u —xdﬂ; 1)

du
Ud, =u, - —2 |+V,.
9z z (dt} r

Ou4eBUIHO, UTO TPU HM3BECTHOM 3KCIEPH-
MEHTaJIbHOM 3HAYEHHH CKOPOCTH CBOOOHOTO
MaJICHUSI ® TBEPAON YaCTUIBI B HEMOABUKHON
BOJIe CUCTeMY ypaBHeHHH (1) MOKHO 3amucaTth

B BUJIC
du
Uty =uy — A =2,
=i 5]

. duy |
du
U+, =u, - A —% |+ o.
z z (dtj Y

B xauecTBe cocraBisome ypaBHeHus U U
u
at IIPUMEHHUM IOJyYEHHBIE PAHEE 3aBUCUMO-

CTH JJII CKOPOCTH M YCKOpPEHHUs MOToKa [7 —
10]. Tpaektopuio ABUKEHUS SJIEMEHTAPHOMN
YaCTHUIBl KUAKOCTH WM TBEPIOH YaCTHIIBI
MOJIYYUM MYTEeM ONpeeNIeHUs TEeKYIIeH Koop-
nuHaTel 4dactunbl. Creayer yka3aTh, 4TO B
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JAHHOM CIIy4yae MHTEPECHO OIPEIEIICHUE Te-
KYIIMX KOOPJIMHAT YaCTULbI TOJIBKO B IJIOCKO-
ctu X-Z. JIns 3TOro paccMoTpuM Mpoliecc Ie-
pEMEILEHUs] JIEMEHTAPHON YacCTULbl KUIKO-
CTU B COCTaBe MOTOKa. B cooTBeTrcTBHM C Me-
TozioM Jlarpanxka, Tekyuiash KOOpAHWHAaTa 4dac-
TUIBI ABIIAETCS (QYHKIUEH UCXOAHON KOOPAH-
HaTbl U BpeMmeHu [6]. TpaekTopusi ABUKEHUS
YaCTULbl JKUJKOCTU IPU IJIOCKOM JIBUKEHUHU
OIMCBIBACTCS CUCTEMOU YPaBHEHUI

x = f1(xo,20,t)
L= fz(Xo,Zo,t).

W3BecTHBINE METO/A paccMaTpUBaeT JIBUXKe-
HUE YaCTHUILbl KHUJKOCTU 32 €IUHULY BPEMEHU
%;UZ :%. [Ipoek-
dt dt
LU TEKYLIEH KOOpAMHATBI YacTUIbl JKUIKO-
CTH Ha ocb X, Z ONUCHIBAETCS CUCTEMOU ypaB-

Henunit B Bune dx=U,dt;dz=U,dt. Pemas

dt co ckopocteio Uy =

NPUBCACHHYKO CHUCTEMY Ha INIOCKOCTH IIOJIY-
qum

3Has, 4TO KOOpJAMHATA Z TOKa3bIBaeT TIIy-
OMHY OCaXIEHUs YaCTUIIBl, a X TMPOEKIIHIO
JUTMHBI TTyTH Ha och O-X Tekyliee mpuparie-
HUU TIYOUHBI OCAXKIEHUS YACTUIIBI MOXKHO
ONPENEIUTh U3 BHIPAXKECHUS

dz = —Zdx. (3)

[Ipupamenrie TIyOUHBI OCaXJICHHS YacTH-
LBl ONPENENINM IyTEeM IOJCTAaHOBKH H3BECT-
HBIX BBIPOKEHUM JUIsI OmpeneseHus abCcomoT-
HOM CKOpPOCTH TBEPI0H yacTHIlsl (2), Toraa

u, —k(ddutz}+m
dz = dx.

du
Ux "“(dﬁ)

3Hasg, 4YTO B COOTBETCTBMH C HCCIIENOBa-
HUSIMH, TpUBEJAEHHBIMU B [7 — 10], mst yyact-
Ka pa3/eNeHrs CKOPOCTh MOTOKA
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Uzp = tga,Uyp,
a YCKOPECHHUE ITIOTOKa

du, duy

P A

[Tocie MOACTaHOBKHM MONYYHM BbIpa)KEHUE
(3) B BUIIE

tga,Uy —tgapk(ddutxj+co
dz, = dx;, .
duy
( dt j

Otcrona, Tekyiiee MpUpameHue TTyOHHBI
OCaKICHUS YacTHUIIBI HA YYacTKe pa3JelIeHUs
OyzeT paBHBIM

_ tga,Uuy, + d

dz b

P Uay,

CKopocTh JIBUKEHHS CTYIIEHHOH MYJIbIIbI
10 BCEMY CEYEHUIO y4acTKa OCAXKICHUS UMEET

MOCTOSTHHOE 3HaueHue U,y = 9 [7 - 10], To-
B
p
rJa MpupamieHne TIyOHHBI OCaXKICHUS TBEp-
JOM 4acTUIIBI HA YYaCTKE OCAKACHHS MOITYyIUM
U3 BBIPAKCHUS

dz, =—dx,.
° Ud,, °

JUid omnmncaHus OCaKIEHUS TBEPHABIX Yac-
TUL, TyTeM OINpeesieHuss TEeKYyLIero Inpupa-
LIEHMSI, BOCIIOJIb30BABLINCH ONMMCAHUEM, IPHU-
BeeHHbIM B [7 — 10], aHalIOrMYHO Y4YacTKy
pas3feseHns, IoJyYrM BeIpa)KEHNE

_ tgo,Udy, +o

dz, dx, .

Uuy,
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[TIOCTPOEHUE TPAEKTOPUU
OCAYJIEHMSI TBEPJIbIX YACTHIL]

[Tonw3ysick BBIpaXXEHUAMH ISl OMpeJese-
HUS 3HAYEHUM NpUpaLIeHUs TIyOMHBI OCaX-
JICHUsI TBEPJBIX YACTHI] HA y4acTKax pasjelie-
HUS U OCAXJICHUS MOYKHO MOCTPOUTH TPACKTO-
pUU JABUKEHUS TBEPHBIX YacCTHI], IPUMEP KO-
TOphIX NpuBeaeH Ha Puc. 3. Tpaekropusa mo-
CTpOE€Ha TOJIBKO JUIsl YYAaCTKOB pas3feiieHus U

6

1 — TBep/IBIE YACTHIIBI C YYETOM JIBIIKEHHUS
OTHOCHUTEIILHO IOTOKA KHUIKOCTH;

2 — TBEp/IbIE YACTHIIBI 0€3 ydeTa JBIKEHUS
OTHOCHUTEIILHO IOTOKA KHUIKOCTH;

3 — IOTOK KUIAKOCTH

Puc. 3. Tpaekropus IBHKEHHS YaCcTHUIl HA y4a-
CTKaX: @ — pa3NeeHus; 6 — OCAXKICHUS

Fig. 3. Trajectory of motion of particles on
areas. a — classification; 6 — besieging
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OCaXJCHHS, TaK KaK Ha MX NMPOTSHKEHUU IIPO-
MCXOJUT TPOLecC KIacCu(PUKALUU 3epHUCTHIX
MartepuanoB. Ha yuacTke ucrteueHus u3 mpo-
1ecca KJIACCH(PHMKAIMKU BBIHOCATCS B3BELICH-
HbIE TBEPIABbIE MEJIKOAMUCIEPCHBIE YaCTHULBI,
IIOCTPOEHUE TPACKTOPUMU OCAKIAECHUS KOTOPBIX
B JJaHHOW paboTe He BbI3bIBACT UHTEpECa.

Ha pucyHke BuUAHO, 4TO y’K€ Ha Y4acTKe
pasfeseHnsl KUAKOCTb W TBEPIABbIE YaCTHULIbI
JBIKYTCSL 110 PAa3HBIM TPAcKTOPHSIM, BBHUIY
BIIMSIHUS Ha TBEPJbIC YACTHULIBI CHJI TSKECTH,
MHTEIPAIBHO YYTCHHBIX B HM3BECTHOM DKCIIE-
PUMEHTAILHOM IIapaMeTpe — I'MIpaBIAYECKas
KPYIHOCTb . TBepIble 4acCTHULIBI BUTAKOTCS
110 KPUBOJMHENHON TPAaeKTOpUU, IIPUYEM H3-
32 MalblX 3HAYEHUHN IEPEMEILEHUN TBEPIBIX
YaCTULl OTHOCUTEJIBHO IIOTOKA XUAKOCTH V,
pa3HMIA B ONMCAHUM UX JBUKEHUSA, C y4ETOM
u 6e3 ydera JBUKEHUS OTHOCHUTENIBHO MOTOKA
KUIKOCTH, HeBenuka. Ha ygacTke ocaxneHus
HabOmoxaercst Oosee NpsAMOJIMHEWHas Tpaek-
TOPHS IBMXKEHMS TBEPIABIX YacTHL. XapakTep-
HO, YTO pa3HULA B TPAEKTOPUAX JBUKEHHS
IIOTOKA >KMJKOCTH M TBEPABIX YACTHI] YBEJIHU-
YUBACTCS.

SKCITEPUMEHTAJILHBIE
VICCJIEJIOBAHMS TTPOLIECCA
OCAYIEHUS TBEPIIBIX YACTHILI
JIBUKUMBIX TOPU30OHTAJIbHBIM
HECVIIUM [TOTOKOM

N3yueHne 3aKOHOMEpPHOCTEW IOBEICHUS
36pHUCTOrO0 MaTepuana IMpU €ro pasiciieHUuu
Ha KJIacChl B XOJIe¢ I'PaBUTALIMOHHOMW Iepepa-
OOTKM B TOPU30HTAJIBHOM IOTOKE MYJBIIBI C
LEJbI0 TIOATBEPKICHUS TOCTOBEPHOCTH TOJY-
YEHHBIX TEOPETUUYECKHUX 3aBUCHMOCTEM BBI-
MIOJIHEHbl C MPUMEHEHHEM JabopaTOpHOIO
obopynoBaHus Ha 0a3ze Kiaccupukaropa ro-
pU30HTaIBEHOTrO MHOroceknnonuoro KI'M npu
NUTaHUU CTPYHHBIM nuTaTenem (Puc. 4).

B xone maGopaTopHBIX SKCIEPUMEHTOB
U3Yy4aJoCh BIIMSHHME Ha IIPOLIECC JBUKCHMS
TBEPAON YaCTHUIbI: COBMECTHO MPOTEKAIOIIETO
OTHOCHUTEJIBHOTO BEPTUKAIBHOIO M TOPU30H-
TaJbHOTO JBUKEHMSI YaCTHIl; CTECHEHHOCTh
JBUKEHMSI YaCTHIL; NIEPEMELICHUE YaCTUL[ OT-
HOCHUTEJIBHO HECYIIEr0 T'OPU30HTAJIBHOIO IO-
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TOKa. Bcero OBLIO BBIMTOJIHEHO 36 IIUKIIOB DKC-
MEPUMEHTOB, TPU 3TOM obpabotano 153 mop-
MM 3epHUcToro marepuana [10].

B pesynbraTe mabopaTOpHBIX HCCIEIOBA-
HUNH M3y4eH TMPOIECC OCAKICHUS YaCTHUI]
KBaplla OKaTaHHOW ()OPMBI B TUATIA30HE KPYII-
Hocte#t 0,2 MM u 1,8 Mm. OOpaboTka JaHHBIX
SKCIEPUMEHTOB TOKa3ajia, YTO B JMAMa3o0He
kpynHocteit 0,2 mm 6osee 90 % TBepAbIX vac-
THUI[ CQJAWIIUCh B OTCEKH, HAXOJSAIINECS B T€O-
peTHUecKoi 00JacTh OCAXKICHHSI OKAaTaHHBIX
yacTul kBapua kpynHocteit 0,2...0,1MMm.

Puc. 4. JlabopaTopHasi ycTaHOBKA JUIsi HCCIE0-
BaHMS TPABUTAIMOHHOTO  pa3/ieNICHHs
3CPHUCTBIX MaTCpHaJIOB

Fig. 4. Laboratory setting for research of gravity
classification of grainy materials

Takum o00pazomM, MUHUMAaJIbHOE 3HAaYEHHE
BEPOATHOCTH TONAJaHUsI OKaTAaHHOM YacCTHIIbI
kBapua kpynHoctsio 0,2...0,1 MM B TeopeTn-
4ecKylo 00sacTb ocaxeHus cocraniser 90%.
A mpu y4yeTe HaIU4Us B IPUMEHSIEMOM ChIpbe
yacTUl KpynHocTbhio MeHee 0,1 MM TeopeTu-
yeckasi 00JIacTh pacHIMpSAETcs U BEPOSITHOCTh
ctpemutrcss kK 100%. W3ydenue nBuxkeHUS
TBEPABIX YacTUIl KBaplla KPYIMHOCTbIO MEHee
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1,8 MM moOKa3ajio, 4TO NpPU KOHUEHTPALMH
TBEPJIOTO B MHUTAHUM IMYJIbIBI B Ipeaenax oT
0 no 20%, wm3MEHEeHHWE 3HA4YeHUs CpeaHei
KPYIHOCTH OCaXJCHHOTO B OTCEKax 3€pHHU-
CTOr0 MaTepuana HEe BBIXOJIUT 3a 3HAUYCHUE
5%, a B cpeaHsisi MOTPEIIHOCTb COCTaBIISIET
1,6%. Ilpouecc ocaxIeHHs MPOTEKan IpHU
CpelIHEe CKOPOCTH TOPU3OHTAIBHOTO IMOTOKA
0,03 m/c.

BbIBO/I

KoHcTpykTHBHBIE TapaMeTpbl TOPHU30H-
TaJIBHOTO KJacCU(UKATOPa, PAllMOHAIBHO OII-
pEeAeIATh BBIIOJIHUB IIOCTPOEHUE TPACKTOPHUH
JBYKCHMSI TBEPHABIX 4YaCTUL[ B XapaKTEPHBIX
Y4acTKax MPOTOYHOM YACTH, IOJy4aeMOH ITy-
TEM ONPENCIICHUs TEKYILEero IpUpaleHus
TITyOUHBI OCAXKICHHS TBEPIOW YaCTHUIIHI.
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Method of calculation of horizontal
classifiers structural parameters

Andrii Bondarenko

Summary. The process of gravitational treat-
ment of granular materials in pulp horizontal flow
features carrying flow being limited by surfaces of
different inclination values, also condensed pulp
flowing downwards.

The method to calculate design parameters of
horizontal classifier, based on solid particles mo-
tion trajectories taking into consideration, is
proved in the article. The trajectories of liquid or
hard elementary particle motion are got by deter-
mination of current coordinate of particle in ac-
cordance with the method of Lagrange.

Got theoretical dependences validities with the
use of laboratory equipment on the base of hori-
zontal classifier at a feed by stream feeder.

Key words: gravitational separation, horizon-
tal classifier, motion trajectory.
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HocnigxeHHA MexaHi3My 30yMKeHHA KONMBaHb
pPyXomMoro pelieTa BigcamXyBanbHOI MallMHU

AHOpIt Hebamos

[BH3 HauioHanbHWIA ripHW4nin yHiBEpCUTET
npocn. Kapna Mapkca, 19, m. [lHinponeTpoBcbK, YkpaiHa, 49005,
Nebatov_A@nmu.org.ua, orcid.org/0000-0003-0851-5909

AHoTanisi. Y craTTi 3AiACHEHUI aHai3 3alex-
HOCTEH TPaeKTOPii pyXy 1 aMIUITy KOJUBaHb Py-
XOMOI'O peleTa BiJi KOHCTPYKTHBHUX IapameTpiB
MeXaHi3My 30y/KEHHS KOJNHMBaHb BiJCaKyBallb-
HO1 MammHH. [IpoaHanmizoBaHO 3alE€KHICTh MOX-
JMBOTO BiJXWJICHHS PO3Maxy BEPTHKAILHUX KOJIH-
BaHb, 3aJEKHICTh PO3Maxy BEPTHKAIGHHUX Ta TOPH-
30HTAIBHHUX KOJIMBAaHb BiJl BEJIMYMHH EKCICHTPH-
CUTETYy MEXaHi3My MpPUBOJA periera. 3po0JeHi BU-
CHOBKHM TI0 HaJaHHIO PYXOMOMY pelIeTy TpsMOJIi-
HIAHOT TpaeKTOpii pyxy.

KarouoBi caoBa: BijcajpkyBanbHa MallWHa,
PYXOME PeleTo, HapsIMHI.

BCTVII

Po3poOka poioBUI KOPHUCHUX KOTAJIWH Bi-
NOyBaeThCsl B yMOBax JAe(ilUTy BOAU, €IEKT-
poeHeprii i iHmmMX pecypciB. OcodIUBO 1€ Bi-
JYYyTHO TP PO3POOII BTOPHUHHUX POJIOBHIIL
KOPUCHHX KOIAJIWH (XBOCTOXPAHWJIUI 1 Bij-
BaniB). lig Takux yMOB HiAXOASTH amapartu
MaJIoi 1 cepeaHbOT MPOIYKTUBHOCTI 3 HU3BKUM
CHEeProclOXKUBaHHSAM. Y IIbOMY ILJIaHI 3BEp-
TalTh Ha cede yBary BiJICaJKyBajbHI Malllu-
HU 3 pyxomuM pemierom (Puc. 1) [1...4].

Puc.l1. BigcamkyBaibHa MaliiHa
Fig. 1. Jigging machine
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VY koprryci 3 BifcaKyBaJIbHOT MallluHU PO-
3TallIOBaHE PYXOME peIIeTo 2, KoMy Iepeja-
I0ThCS KOJIMBaHHS Bij mpuBoja 1.

HaiiGiapmn mmpoKo BITOMOKO KOHCTPYKIIi-
€10 BI/ICA/DKYBaJIbHOI MAIlIMHU 3 PYXOMHUM pe-
meroM € mamuHa tuny "llrayx". IIpore, yde-
pe3 BIACYTHICTh aHami3y il KOHCTPYKIIii, a To-
YHIIe MeXaH13MYy 30y PKeHHS KOJIMBaHb, HEBI-
JOMi MOXJIMBOCTI PETYJIOBAaHHS TPAEKTOPIii
MepeMIlIEHHsl pelleTa, aMIUITY] BEpTHUKAalb-
HUX 1 TOPU3OHTAIBHUX KOJHMBAHB 1 CIIBBIIHO-
meHHst MK HUMUA. OcTaHHEe 0COOIMBO BaXIIU-
BE MPH OI[IHII MOXKJIMBOCTI IEPEPOOKH KOpPHUC-
HUX KOMAJIWHHM, BUXOIAYM 3 1iX (i3uko-
MEXaHIYHUX BJIACTUBOCTEH, 1 BH3HAYECHHS
MIPOJYKTUBHOCTI MAIIMHU 0€3 MPOBEACHHS Jia-
OopaTopHux jgociimkens [5 — 8].

BUKIIAJL OCHOBHOI'O MATEPIAJTY

Jlnst oTpuMaHHS HEOOXITHUX BIJOMOCTEH
PO3TIISIHEMO MEXaHi3M 30YIKeHHS KOJIHMBAaHb
PYXOMOIO peleTa BiJcaJKyBaJlbHOI MalluHU
tuny "llrayx" mnpencraBmenuii Ha Puc. 2
[9-11].

Bin BcraHOBIIEHMII Ha HEPYXOMiii BaHHI, B
AKiil po3ramoBaHe pyxome pemero 1. Pyxu
pyxoMmoMy peuiety 1 nepenaroTbes Bif AKepe-
na 30y/DKeHHS KOJMBaHb 2 (€KCIEHTPUKOBHIMA
MIPUBIA) Yepe3 CHUCTEMY BaXKeNliB, IO CKJaja-
€TbCA 3 1IaTyHa 3, TAru 4 Ta KopoMucen 5, 6.
JIOBXHHY IIaTyHa 3 MOXHA 3MIHIOBaTH 32 JI0-
MIOMOTOI0 PETYJIIOI0YOro MPUCTPOIO 7, a JIOB-

KHUHY TATH 4 - PEryII0I040ro NpUCTPOoIo 8.
[TooKeHHsI JIaHOK B MPOCTOPi BU3HAYAETH-
cs 1X po3mipamu, Biactansmu h i |, a Takox
KyTOM IIOBOPOTY KPHBOIIUIIA Py,
KyT ¢ OBOpPOTY IIaTyHa BiIHOCHO TOpH-
30HTaJIi BU3HAYAETHCS 3 BUPAKCHHS:

2252
21,S

_SSin(‘PG'i"PHpj o
-I—arctan(_SCDS(%HPHPJ_HI) @, (1)

(p,; = arccos

ne: |y, — momkuHa maryHa; |, — moBKHHA ILIC-
ya 0;C KOPOMHUCIIA; € — EKCICHTPUCUTET IIPH-
BOZY; (o — KYT MiX Bigpizkom (010; i ropu3o-
HTAJUTIO; S — BigcTaHp MK ToukaMmu £ 1 Os.

Biacrans mixk Toukamu £ 1 O, BU3HAYACTh-
csl 3 BUpa3y:

S = Jif +e2 — 21, cos(@p + @y ), (2)

|1 — BizcTanp Mix Toukamu O1 ta O,.

Kyt ¢« nosopory mneda O4 kopomwucia
BITHOCHO TOPU30HTaNi, BU3HAYAETbCS 3 BUpa-
KEHHSI:

21,S

_SSin(‘PG'i"PHpj o o
-I—arctan(_Sms(%mﬂpjﬂl) @y — o, (3)

Cg—@+sj
Py = arccos| —————

Je: oL — KyT MK TUIeYMMa KOPOMHUCIIA.

A g
/.
d p
O3
7

Puc.2. Cxema BigcamkyBaibpHOl Mamuau tuny "HTayx"
Fig. 2. Chart of jigging machine of type «Stauch»
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Pemero, 3a3Buyaii, BCTAaHOBJIEHE T'OPU30H-
TanbHO. KOHCTpyKIisl MeXaHi3My 30Yy/KEHHS
KOJIUBaHb HE Iependayae peryaroBaHHS KyTa
HOro HaXWiIy y3IOBX MaliuHU. Tomy, 3MIHUTH
KyT Haxwjy pemiera MOXHA, JIMIIE BHICIIN
3MiHU B KOHCTPYKIIIIO HOT0 KOpooOa.

Perymorounii mpuctpiii 8 npusHaueHo I
BUKOHAHHS YMOB TIpale3aTHOCTI MEXaHi3MYy:
10,03/=/CD/=/AB/, i no3Boisie 3a paxyHOK
3MIHU JIOBXUHU TATH 4 YCYHYTH HETOYHOCTI
BUTOTOBJICHHS 1 CKJIaJIaHHS.

KoHcTpykiiiss MexaHi3My Taka, IO TPa€eK-
TOpisl PyXy PYXOMOTO peliera Taka X, fK 1 To-
YKU A KOpOMHCIa 5, IO € IYyror, paaiyc Kol
BU3HAYAETHCS TOBKUHOIO Tuieda Oz4.

BeptukanbHa ckiiajioBa KOJUBaHb PyXOMO-
ro pemiera 1 3abe3medye po3mynryBaHHS Ma-
Tepiay 1 00ymoBiieHa e(heKTUBHICTIO IPOLECY
BiJICa/UKCHHS. | OpM30OHTaNbHA CKJIAZOBa KO-
JMBaHp 3a0e3reuye parlioHaJIbHE MPOCYBaHHS
MaTepiany y3J0BXK peliera A0 MICIs po3BaH-
Ta)KCHHSI.

Po3max BepTHKaJBbHUX KOJHMBAaHb BH3HAYH-
MO SIK

(5]
=

P
==}

-
o

MOKNHEE BilXHAEHHA poiMaxy 5 y.’ %,

Yamax—Yamin
—

= Zamax~Yamin (4)

1€ Yamax, Y4min — MaKCUMajbHa 1 MiHIMajgbHa
KOOp/AMHATa TOUYKHU A MO BEPTHUKAJi 3a Mepion
KOJIMBAHHS peliera.

ITonoxxenHuss Touku A BITHOCHO oci YV Bu-
3HAYUMO 3 BUPAKCHHS:

Va = Ly sin(ey), (5)

ne |1 — nosxuna mwieda 0,4 KOpoMHucia.
Po3max ropu30HTaIbHHX KOJIHMBAaHb BH3HA-
YHUMO K:

Sx _ XAmax—XAmin (6)

€. X4max, X4min — MaKCUMaJIbHA 1 MiHIMaJIbHA
KOOp/AMHATa TOYKH A 110 TOPU3OHTAII 32 IMepi-
0J1 KOJIMBaHHS pelieTa.

ITonoxenust Toukn A BimHOCHO oci X BH-
3HAYUMO 3 BUPAKCHHS:

Xq = Ly COS((IJK)v (7)

75

IKCcueHTpHeHTET - 10 pmx

80 85

KYT @, Tpag

------- IKCUeHTpHCHTET - 30 pmx
..... IKCHEHTPHCHTET - 50 pamx

— ECHEHIPHCHTET - 70 2T
= = = JECUEHTpHCHTET - D0 Mnr

Puc. 3. 3aneXHOCTI MOKIIMBOTO BiIXMJIEHHS PO3Maxy BEPTUKAIBHUX KOJIMBaHb Sy Bil KyTa O i

BCJIIMYUHU CKCUCHTPHUCUTETY €

Fig. 3. Dependences of possible rejection of scope of vertical vibrations of S, on a corner o and size

of excentricity ¢
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3MiHa BETMYMHU E€KCLIEHTPUCHUTETY MPUBO-
oy 1 JOBXHHHM InaryHa 3 poOWTh 3HAYHUUI
BIUIMB Ha TPAEKTOPiI0 KOMMBaHHS pemiera 1 i
pO3Max HOro BEpTUKAIBHUX 1 TOPH30OHTAIEHUX
KonuBaHb. [Ipore, mia 3abe3neueHHs cTalbiab-
HO1 pOOOTH MAaIllMHM MOTPIOHE HE3AICKHE pe-
T'YJIIOBaHHS BEPTUKAJIBHHUX 1 TOPH30HTAIBHUX
KOJIMBaHb perrera [12 — 14].

[IpoBeneHi AOCTIKEHHS JO3BOJMIA BH-
3HAYUTHU palliOHAIbHE 3HAYCHHS KyTa O KOpPO-
MUCIIA 5, TIPU SKOMY PETyJIIOBaHHS aMILTITYIA
BEPTUKAJIBHUX KOJMBAHb MOXHA 3/1IICHIOBATH
TUTBKH 3MIHOIO €KCIICHTPUCHTETY MPHUBOIY 2.
[Tpu upomy, 3MiHA JOBKHMHHU IIaTyHAa HE pO-
OWTh HA AMIUTITYy BEPTHKAJIBHUX KOJIMBAaHb
pemiera 1 icrorHoro BBy (Puc. 3).

Buxonsuu 3 rpadikie Ha Puc. 2, pekomen-
IYETHCS KYT O PUAMATH B Jllania30H1 75...79°.
[Tpuyomy, BUOMpaTH HOTO BUXOASYM 3 BEIH-
KOCTi Tmiepe0adyBaHoro Ui 30araueHHs Kia-
cy marepiany. [nsg kyra o = 77° sanexwicTs
po3Maxy BEpPTUKAIbHHUX KOJIMBaHb Sy Bix Be-
JMYUHU €KCIICHTPUCUTETY & MpEJICTaBlIeHa Ha
Puc. 4.

3MiHOIO aMILTITYIX TOPU30HTAIBHUX KOJIH-
BaHb PETYIIOEThCS MIBUAKICTH TPAHCIIOPTY-
BaHHS MaTepiajy Y370BX MAallMHHU. Y CBOIO
Yepry, peryjitoBaHHs BEJIMUYMHHU TOPU30HTAIb-
HUX KOJIMBaHb POOMUTHCS 3a PaxyHOK 3MIHU
JIOBKMHU IIaTyHa 3.

130

100 /
d
,(P/

L~

30

v

w0 30 40 50 &0 70 80 80 g mMm

Puc. 4. 3anexHicTh po3Maxy BEpTUKATLHUX KOJH-
BaHb S B1Jl BEINUUHU EKCLIEHTPUCUTETY €

Fig. 4. Dependence of scope of vertical vibrations
of S, on the size of excentricity €
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JloBxHHA MmaTyHa 3 0OMEKY€ETHCSI YMOBAMHU:
- Mpane3AaTHOCTI MEXaHI3MY;

- e(peKTUBHOCTI MIPOIIECY BiJICAIKECHHSI.
YMoBaMH Mparne3aTHOCTI €:

1!3min = 1{1 - EI\' + g,
1{3ma:n: = 1{1 + EI\' — £ (8)

YMoBH €peKTUBHOCTI MPOIECy BiACaHKEH-
Hs1 00YMOBJIICHI HACTYITHUM:

- KYT @y IOBOPOTY KOPOMHCIIa HE Mae OyTH
MeHie 07, OCKUIBKY 1€ IPUBE/E 10 3MIHH Ha-
npsamy TpaHCHOpTYBaHHSI Marepiany B3araii,
a00 3MiHI HaNpsMy TPaHCIIOPTYBaHHS MaTepi-
ary 3a TepioJ1 UKITY BiJICaJKCHHS.

- KYT @y TIOBOPOTY KOPOMHCIIA Mac OyTH
Menie 90°. [nakie, e mpuBeae 10 yTBOPEH-
Hs 1I€ JBOX EKCTPEMYMIB 3a MepioJl y BepTH-
KaJIbHUX KOJIMBAaHb PEIIeTa, 0, B CBOKO YEpry,
HETaTHBHO BiTOOpaKaeThCs HA MPOLECI PO3-
IIapyBaHHs MaTepiany.

MOXIMBOCTI PeryIlOBaHHS PO3Maxy TOpHU-
30HTAJILHUX KOJHMBAHb 32 PAXyHOK 3MiHH JIOB-
KMHH IIaTyHa 3 TPU PI3HUX 3HAYCHHAX EKC-
LIEHTPUCUTETY 2 mpeacTaBieHi Ha Puc. 5.

3MiHa JOBXKMHU IIaTyHa 3 B MEXKax
100...200 MM 3miiiCHIOETbCA 32 JIOMOMOTOIO
PEryJoYoro MpUCTPOr0 /. 3HAYHIII 3MIHU
JIOBXXMHHU HEOOX1IHO pOOUTH 3aMiHOIO IIaTyHa
abo #oro neranen.

S mm
e
.:-""-F-
200 -
-~ al
150 —
100 //
50 ="
T

10 W W o4 50 60 700 B0 90 g MM

Puc. 5. 3anexHicTs po3mMaxy ropu30HTAIBHIX
KOJIMBaHb Sx Bi,[[ BCJIMYNHU CKCICHTPUCHU-
TETY €

Fig. 5. Dependence of scope of horizontal vibra-
tions of S, on the size of excentricity ¢

51



BupoOHMIITBO Ta TeXHOIOTil

BHUCHOBKU

Buxonsun 3 nmpoBeneHuX JOCHIIKEeHb, MO-
JKHA CKa3aTH, 10 MapaMeTpu MAIIWHU ITi/110-
paHi ans 3a0e3nedeHHs TpaekTopii pyxy pe-
IeTa, MaKCUMaJIbHO HaOJIMKEHOT 32 (GOpPMOIO
10 mpsMoniHiiiHOI. IIpoTe BHXpPOBI MOTOKH,
110 BUHUKAIOTh HABITh NPH TaKill TpaekTopii,
HE JI03BOJISIIOTH €(EKTUBHO MEPEpOOIATH Jpi-
OHI KJIacH KOPUCHUX KOTIaJIHHH.

Jnst 30aradeHHs] BEJNMKHUX KJIAaciB BYTLIUIA
MOTPiOHO 301IBIICHHS AMILTITYIH BEPTHKAIb-
HUX KOJIMBaHb pemiera. lle mpu3BoOguThH 10
3HAYHOI BIIMIHHOCTI (pOPMHU TpaeKTOpii pyxy
pemera Bing npsimodniniitaoi. 1o, y cBoro uep-
Ty, TIOCHIIIOE€ BUXPOBI MOTOKH, IO TEpEMIllly-
I0Th Martepiajl Ta 3HIKYIOTh NMOKa3HUKHU 30a-
TaYCHHSI.

Tomy po3poOka BincajKyBaabHOI MAaIllMHA
3 MPSMOIIIHIKHOIO TPAEKTOPI€I0 PyXy peliera
Ta ONEPATHBHUM PETYJIIOBAaHHIM HOTO BEpTH-
KaJbHUX 1 TOPU3OHTAJIBHHUX aAMILTITY/ KOJH-
BaHb € aKTYyaJbHOIO MPOOJIEMOIO.
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Research of excitation mechanism
of vibrations movable sieve
of jigging machine

Andrii Nebatov

Summary. In the article a realizable analysis of
dependences of trajectory of motion and ampli-
tudes of vibrations of movable sieve is from the
structural parameters of mechanism of excitation
of vibrations of jigging machine. Dependence of
possible rejection of scope of vertical vibrations is
analyzed, dependence of scope of vertical and hor-
izontal vibrations on the size of eccentricity
mehanyzmu drive sieves. Drawn conclusion on a
grant to the movable sieve of rectilineal trajectory
of motion.

Key words: jigging machine, mobile sieve, di-
recting.
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Building protection in conditions of simultaneous
availability of soil base substantial differential
settlements and seismic hazard origins

Denys Khokhlin

Kyiv National University of Construction and Architecture
Povitroflotskyy prosp., 31, Kyiv, Ukraine, 03680
den_a_khokh@rambler.ru, orcid.org/0000-0002-0128-8515

Summary. The problem of possible combina-
tion of soil base substantial differential settlements
and seismic action is characterized. This theme is
extremely urgent subject to significant negative in-
fluence of soil base substantial differential settle-
ments evolution on the construction system seismic
stability and also to possibility of continuation of
base settlements after earthquake.  The article’s
aim is to consider of building protection features in
conditions of both complex influence simultaneous
availability. Sequence of theme uncovering in the
article consists of the building protection strategy
selection in conditions under consideration;
straight consideration of recommended protection
measures; approaches to the calculation analysis of
developed measures. Differentiation of building
protection strategies and approaches to the calcula-
tion analysis is occurred on basis of the building
responsibility class CC-1, CC-2, CC-3 and possible
consequences and costs from damages and collapse
of buildings. Approaches for building protection
methods from separate influences of base settle-
ments or seismic and also results of pre-existing
investigations of such influences combination fea-
tures are analyzed for separation of proposed pos-
sible protection measures complex.

Key words: differential base settlements, seis-
mic loads, combination, construction system, pro-
tection.
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INTRODUCTION

Complex  geotechnical  natural  and
anthropogenic conditions (undermined
territories, slumping soils, creeps, karst and
other suffosion kinds, new building influence,
etc.) which result in substantial differential
settlements of base (SDSB) are widely spread
on large areas of Earth’s surface. Significant
seismic hazard that is basically associated with
a tectonic activity are spread on Earth too and
has consequential activization on all planet.
Combination of such complex influences is
common and natural. Thus, the protection of
constructions affected by such combination is
relevant.

Both substantial differential settlements of
base and earthquake create significant load
influence on the construction system and stress-
strain state (SSS) with a high risk of
constructions or all system collapse. It is logical
to consider a possibility of such influences
combination.

An increased complexity of research and
consideration  of  substantial  differential
settlements of base and seismic combination
results, as a rule, either in all-out removal of
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SDSB causes (typical of West Europe or North
America) or in avoidance of problem
consideration by a standardized negation of
such combination possibility (typical of the
post-Soviet countries).

Individual attempts of studying seismic and
different SDSB kinds combination occur on the
exSoviet Union territory, for example, papers
[1 — 5]. Series of studies [5 — 9] et al., which
had been performed by Ukrainian Kyiv Zonal
Scientific and Research Design Institute of Civil
Engineering (KyivZNIIEP) from 1982 to 2009
with interruptions, was the most thorough for
this theme. This series was started for the
purpose of developing of protection methods
for buildings in the slumping soils conditions of
Odessa seismic region. Eventually, the range of
problems had thoroughly been highlighted, the
series of substantial differential base stiffness
influence effects on the building seismic
reaction had been revealed and the propositions
for building analysis and protection in the
slumping soils conditions in seismic areas had
been suggested. However, a great number of
questions and problems remained unexamined,
for example, consideration of other substantial
differential settlements of base causes, taking
into account a standardized prohibition of
peculiar (abnormal) influences combination,
applied  engineering  analysis  methods
development, more  solid theoretical
substantiation of the problem and its solutions,
development of universal complex of buildings
protection subject to their responsibility class.
In this connection the author conducts a
complex of studies to solve the above problems
(some results are presented in the article).

MATERIALS AND METHODS

The article’s aim is development and
substantiation of features of buildings protection
in conditions of simultaneous availability of soil
base substantial differential settlements and
seismic hazard origins. Methods of analysis and
synthesis of data from scientific and normative
sources and also previously investigations of
author are used in the article.
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RESULTS AND DISCUSSION

Development of building protection system
in compound conditions under consideration
has to include complex, which consists of:

- general strategy, which depend on, for
example, from the building responsibility class;

- measures, which are determined by their
technical and economic efficiency;

- analysis and refining of taken protection
system.

Meanwhile it is necessary to specify features
of protection for designed and for existing
buildings separately.

It is necessary by selection and development
of building protection measers complex in
conditions under consideration to adhere next
strategies (subject to the building responsibility
class):

- for class CC-3 [10] it isn’t recommended to
allow necessity for capital repair and(or)
levelling after complex influences under
consideration (1% — 2" categary of technical
condition after influence in conformity with
DBN V.1.2-14:2009 [11]);

- for class CC-2 it is allowed necessity for
planned capital repair and(or) levelling after
complex influences but without emergency
condition of a building (2" — 3™ categary of
technical condition after influence);

- for class CC-1 it is recommended to allow
of limited deformations and damages
corresponding with 3™ categary of technical
condition after complex influences with
carrying out of capital repair and(or) levelling
(39 categary of technical condition after
influence).

Introduced approach has base on assumption
of too substantuial costs and consequences
(economic, social et al.) from necessity for
restoring of CC-3 class building over the all
period of operation, which will exceed
additional costs for protection in the phase of
building or reconstruction. Approach of
allowance of reasonable and controlled
damages and deformations from peculiar
(episodical) influences for middle and low
responsibility level (CC-2 and CC-1) buildings
is general known and used [12].
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Introduced connection of building damages
and deformations level to corresponding
categary of technical condition is founded on
base of essence each such categary [13]:

- normal (1%) technical condition — total
correspondence to requirements of working
norms and building project, absence of
substantial defects and damages;

- satisfactory (2™ technical condition —
presence of defects and damages, insignificant
departures from requirements of norms and
building project, which don’t soundly limit
using of building according to its intended
purpose or can be ignored or removed by in-line
repair;

- non-serviceable (in conformity with norms)
(3") condition — there are defects and damages,
departures from requirements of norms and
building project, which don’t permit to use
building or its part in normal duty (without
limitations), there is necessity in limited
operating  regime, capital  repair or
reconstruction, but safety can be guaranteed
before achievement of 1% or 2" technical
conditions.

- emergency (4™ technical condition —
defects and damages, departures from
requirements of norms and building project
create straight threat for safety at building (there
is direct danger for life, health, environment,
safety of valuable property).

General approaches and principles have to be
characterized for detection of specific protection
measures.

Following rules and regulations have to be
taken into account for development of building
protection measures in conditions of possibility
soil base substantial differential settlements and
seismic hazard simultaneous influence:

- to combine protection rules, provided by
norms and standards for designing and
protection in seismic hazard conditions and
availability  of  substantial  differential
settlements of base origins [3, 12, 14] et al.,
which are useful for protection from both
influence kinds, for example: to provide simple
plan form; symmetry of stiffnesses and masses;
to reduce construction and building mass for
vertical and horizontal gravity and inertial loads
abatement; to provide stability and geometry
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immutability of construction system (to use
rigid construction system); to create fail-safe
conjunction of floor and envelope rigid disks
with vertical bearing structures;

- not to apply building protection methods,
which are effective and permissible for
protection from one complex influence kind,
but are weakening for other influence, for
example: not to use yielding and combined
construction systems; to limit damages and
yelding deformations spreading for more
responsible building subject to expected
combination of influences under consideration;
not to use non-girder reinforced concrete
frames; not to use enlarged column grids.

Three following approaches for protection of
buildings by projecting in conditions of seismic
and substantial differential settlements of base
possible combination can be extracted:

- full removal of substantial differential
settlements of base origins and earthquake-
resisting projecting without their accounting
(necessity in repairs can be in future after
earthquake);

- partial reduction of possible substantial
differential settlements of base and seismic
influence (active seismic protection, preparation
of base course et al.) together with building
structural protection from reduced level of
complex level (in future — limited necessity in
repairs and(or) levelling of construction
system);

- completely structural perception of
complex influences (in future — rigorous
necessity in repairs and(or) levelling of
construction system).

Under their selection potential total building
and future repairs costs have to be taken into
account.

Similar approaches have to be used for
existing buildings, which were builded before
putting into operation of the rules under
consideration and don’t conform with them:
reconstruction and strengthening of system
foundation-soil base and also measures for
levelling are used for removal or reduction of
substantial differential settlements of base
influence; arrangement of different active
seismic protection kinds — for seismic influence
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reduction; strengthening and reconstruction of
construction system — for its stability rise.

Analysis of existing requirements to building
protection by availability of seismic hazard or
substantial differential settlements of base
origins [12, 14 — 16] et al. and also results of
already conducted investigations on theme of
building in conditions of complex environment
(under consideration) combination, which are
presented in the present article and in [3, 6 — 9]
et al., has allowed to develop series of
conditions for structural requirements, that are
introduced below.

It is necessary to provide compulsory
arrangemen of buried basement and(or)
undergrounds storeys (with height not less than
1.8 m) under all solum, the stories can’t be
taken into account as overground according to
DBN V.1.1-12:2014 [12]. This storey (storeys)
acts the part of buried rigid girt, which
reinforces general construction system and
reduces substantial differential settlements of
base on overground part. In addition,
appropriate systems for levelling and(or) active
seismic protection of building.

Using of continuous panel-wall foundation
(with or without piles) has to be effective for
reduce of substantial differential settlements of
base level. Herewith pressure level on the base
and appropriate  deformations  (especially
yielding and from slumping) are reduced.
Effective load redistribution on neighbouring
preserving base areas occurs by limited in plan
crater or gap. Cantilevers along the building
contour with overhung arris- prolongation of
walls (the foundation has to be arranged in the
form of continuous base plate) are also
necessary by availability of formation factors
for gaps and craters at the basis (karst,
undermined territories etc.). These measures
can redistribute the load even on basis outside
the main spots of the building in plan.

It is useful and necessary to provide for the
separation of complex or extended forms of
buildings in the plan and also substantially
different on the building decisions parts by
deformation seams along the entire height of the
structural system. Limiting seam step has to be
taken with a combination of rules for seismic
protection and protection from relevant
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substantial differential settlements of base
origins, and width of the seam — as the sum of
width for seismic and deformation seam.
Increase of the limited step between
deformation seams in terms of substantial
differential settlements of base perception can
be used for single-storey and low-rise buildings
by calculation validation and arrangement of
rigid buried storey(s).

It is necessary to apply the most stable
designs such as monolithic reinforced concrete
or composite systems by extreme (9-point)
seismic hazard with accounting of possible
substantial differential settlements of base pre-
load of construction system.

Soils with 11l [12] (and worse) category of
seismic properties are one of the negative
factors that increases seismic load and can be
substantial differential settlements of base
origin. Removing, replacing or strengthening
(with upgrade of the base soil seismic
properties) of such soils have to be used for
effective building protection.

Following measures for buildings with
bearing walls have to be applied:

- at least one longitudinal wall, which
increases overall system reliability for
perception of complex influences and usually
has fewer openings and also reduces system
spans in the transverse direction, has to be
arranged for buildings with height 3 and more
floors. Walls fractures have to be limited and
offset by through ribs at the level of floors and
covering;

- to combine structurally flat arches and
walls floor belts;

- it is necessary to increase the minimum
requirements for construction materials with
taking to account increasing the level of efforts
and stresses in comparing with norms for the
protection from separate complex influences
[12,14] et al., for example, for walls floor belts
concrete class should be at least C16/20 and
reinforcement at least 4612A400C;

- all joints of the walls have to be securely
reinforced, as one of key factor for strength and
stability of the construction system is the
preservation of single spatial work of
constructions located in different planes;
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- masonry walls have to be strengthened by
reinforced concrete or steel inclusions or
reinforced cases, which have to be the basis for
the perception of tensile (in different directions
and planes) efforts at too weak for this stone
walls. Prestressing of reinforcement and other
inclusions at masonry walls areas with the most
tensile or shear overload is recommended for
increase of protection effectiveness from tensile
or shear efforts [3, 17] et al., for example, as
shown in Fig.1;

- sections of walls, weakened by vents, have
to be considered as cuts, because have general
form of wall construction, but due to significant
weakening by holes these areas are not able to
perceive significant load.

Fig.1. Using of prestressed vertical ties for
strengthening of masonry walls by possible
occurrence of basis gap: perception of ten-
sile stresses in incline cuts and blocking of
inclined cracks by prestressing (can be ef-
fectively complemented by horizontal ties)

Similar requirements for frame buildings:

- minimum class of structural concrete for
frame linear elements — C20/25;

- diaphragms or braces have to be installed
symmetrically and in extreme axes (rows of
columns).

- near node section of columns have to be
further strengthened (as at the node) on length
at least 2 of the largest size of column cut. In
this case all longitudinal rods have to be
embraced by stirrups, because condition and
serviceability of these areas have critical
significance for efforts perception from
horizontal and vertical skews in frames.

It is necessary to take into account possibility
of substantial differential settlements of base
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and building heeling extension by selecting and
developing of active seismic protection.
Analysis of the possibilities of active seismic
protection using is presented in [8]. It was
determined that systems with increased
damping and adaptive systems of seismic
protection are the most potentially suitable for
use by the presence of substantial differential
settlements of base.

Following rules have to be observed for
analyze of buildings in conditions of possible
simultaneous  influence  of  substantial
differential settlements of base and seismic
loads.

Individual calculations of complex loads
(under consideration) influence are allowed for
objects of class responsibility CC-1. 1t is
assumed in this case that the stability and
strength of building construction system are
sufficient for perception of the complex
influences. Using of combination of design
requirements and protection from both
influences allows to predict low probability of
building collapse in the case of various complex
influence combination, which is considered as
with low probability for this responsibility class
(subject to usually low period of operation and
carrying out of timely repairs).

It is necessary to perform calculations by
complex influence separately for analysis
and(or) checking of construction cuts for
buildings with class responsibility CC-2. In this
case Yyielding deformation coefficient k; = 1,0
hase to be used for seismic analysis (appropriate
flexibility coefficient p = 1, which implies the
absence of yielding deformations) with the
possibility of perception and structural testing
system after earthquake. It can be allowed
considering of combination of loads with
seismic using following formula:

N
_ p
Ny =7nNstat +7m7m

, (1)

Where yn < 1/k; — safety coefficient for
construction materials, other designations
adopted by DBN V.1.1-12 [12]. That is
characteristic values of materials physical and
mechanical properties for bearing structures can
be taken into account for seismic loads as
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emergency load for this influence value
reducing (allowed, for example [18]). But the
effect of such reducing may not exceed the
effect of yielding deformation of construction
system. Additional analysis for checking of
accepted design has to be applied subject to
emergency combination with sequential loading
by substantial differential settlements of base
(as prestressing of construction system) and
seismic with considering of characteristic
physical and mechanical properties of
construction materials (by the principles based
on progressive destruction [19]) using nonlinear
static analysis (DBN V.1.1-12 [12]). Ground of
such necessity is based on permanent nature of
building stress-strain state  (prestressing is
considered as dead load [21]) from substantial
differential settlements of base and the need to
guarantee absence of this class building collapse
from potential combination of complex
influences under consideration.

All rules as for CC-2 have to be applied for
buildings with class responsibility CC-3 except
of using the formula (1).

CONCLUSIONS

1. Despite a widespread disregard of the
problem of possible combination of soil base
substantial differential settlements and seismic
action that is observed in regulations and
practice, this theme is extremely urgent subject
to significant negative influence of SDSB
evolution on the construction system seismic
stability.

2. Introduced building protection system
from the combination of complex influences
under consideration consists of: the building
protection strategy selection in these conditions;
protection measures, which selection is
provided by their technical and economic
efficiency; approaches to the calculation
analysis and refinement of developed measures.

3. Common approaches and principles for
introduced protective measures choice state for
develop of these measures. For example,
combining of protection rules, provided by
norms and standards for designing and
protection in seismic hazard conditions and
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availability = of  substantial  differential
settlements of base origins, which are useful for
protection from both influence kinds, is used
and also building protection methods, which are
effective and permissible for protection from
one complex influence kind, but are weakening
for other influence.

4. Common rules for building analysis in
conditions of simultaneous availability of soil
base substantial differential settlements and
seismic hazard origins subject to the building
responsibility class CC-1, CC-2, CC-3 are
proposed.
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3amuTa 37aHUi B YCJI0BUSIX
O/THOBPEMEHHOTI'0 HAJIMYMS UCTOYHHKOB
3HAYMTEJIbHBIX HEPABHOMEPHBIX
aegopmanuii U celicMOONIACHOCTH

Jlenuc Xoxnun

Annortamusi. OxapakTtepu3oBaHa IMpoOiieMa
BO3MOKHOTO COBMEILEHUS BIUSHUM 3HAaYUTEIb-
HBIX HEPaBHOMEPHBIX IeQOpMaliii OCHOBAHHS H
ceficmuku. JlaHHas Tema sBIseTCS 0COOCHHO aKTy-
aTbHOM C YYeTOM CYIIECTBEHHOI'O HEraTHBHOTO
BIUSHUSI Pa3BUTHUS 3HAUUTEIBHBIX HEpaBHOMEp-
HBIX aedopmanuii Ha ceHCMOCTOMKOCTh 3JaHHMH, a
TaK ’kK€ BO3MOXKHOCTbH pa3BUTHA Aedopmaunuii oc-
HOBaHMS TIOCTEe 3emiieTpsceHus. PaccMoTpeHbl
0COOEHHOCTH 3aIIUTHl 3aHUH NpPU HAJTUYUM BO3-
MOKHOCTH BO3HUKHOBEHUS] O0OUX CJIOXKHBIX BIIHUS-
HUI C y4eTOM BBIOOpA CTpATervH 3aIUTHl 3AaHUH
MpU paccMaTpPUBAEMbBIX YCIIOBHUSX; HEIOCPEACT-
BEHHOI'0 PACCMOTPEHHS PEKOMEHIOBAaHHBIX MEpO-
NPUATHH 1O 3alUTe; MOAXOABI MO PACYETHOH
OIIeHKE pa3pabOTaHHBIX MEPOTIPUSITHH.

Paznenenne 3amuThl 37aHUM M TOAXOAOB K
pacdeTy NPOHUCXOOUT Ha OCHOBAaHUM KJIACCOB OT-
BercTtBenHoct CC-1, CC-2 u CC-3, BO3MOKHEIX
MOCTIEACTBUN M 3aTpaT M3-3a MOBPEXKICHUS U pas-
PYLIEHUS] CTPOUTENbHBIX 00bekToB. I[Ipoananuzu-
POBaHBI METOJBI 3AIINUTHI 3AAHUNA OT BIUSHHS JIe-
dopMaluii OCHOBAaHUS W CEHCMHKH OTHAEIBHO, a
TaK e pe3ylbTaThl paHee MPOBEIECHHBIX HUCCIIEO-
BaHBl OCOOEHHOCTH MX COBMECTHOI'O JCHUCTBHS Ha
CTpOUTENbHBIE 00BEKTHI. Vcmonp30BaHO 00BENH-
HEHHE U YCUJICHUE NPaBWI, IOJIE3HBIX AJIS 3alUThI
OoT 00OMX BHUJIOB BJIHMSHHUI, a TaK K€ BBLICICHBI
crnocoObl,  siBisrorrecs:  3pQEeKTUBHBIMU W
JOMYCTUMBIMH IS 3allUTBl OT OJHOTO BHIA
CIIOKHOTO BO3/ICHCTBUS, HO OCHAOJISIOMIMMHA ISt
JIpYyroro.

KiroueBrble ciioBa: HepaBHOMepHbIe Jedopma-
LMY OCHOBaHMs, CEMCMUYECKUE HArpy3Ku, COBMe-
LIEHUE, KOHCTPYKTHUBHAS CUCTEMA, 3aIlNTA.
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Summary. The results of the equipping of the
International exhibition center (IEC) building with
comprehensive technical condition monitoring
system are given. The characteristic featureseof th
existing systems are formulated.

The first three basic frequency magnitudes and
the natural modes of vibrations corresponding to
them are the most informative.

The basic magnitudes of natural frequencies
and the building vibration directions are deter-
mined by means of the calculation method using
established adequate finite-element model and ex-
perimental verification. The directors of improve-
ment suggested monitoring system were noted.

Key words: static monitoring, dynamic moni-
toring, frequencies and modes of vibrations, finite
element model.

INTRODUCTION

The building of International Exhibition
Center was designed by the project of V.M.
Shimanovsky Ukrainian Institute of Steel
Construction, and the second phase of its con-
struction was completed in 2006. The main
purpose of the building is to show industrial
and scientific achievements of domestic and
foreign enterprises, to arrange summits, con-

The total area of the building (57,477)m
and the service equipment allow staying there
over 15 thous visitors simultaneously. In this
respect, the building construction is the larg-
est object of the corresponding function in
Ukraine.

The works on further improvement and de-
velopment of the center's infrastructure are
performed. The documentation of the third
construction stage of its facilities is elaborated.
The service equipment is improved in accor-
dance with modern European standards.

BUILDING STRUCTURE

IEC is a large-scale engineering structure
of the 5th difficulty categoryCC3 (SS3) im-
portance class. In regard to architectural and
constructive issues, the building is a combina-
tion of three blocksA, b, B (A, B, C)), the
coating of blocksb (B) andB (C) are inte-
grated by «Khvylia».

The metal frame of the building is made of
shaped iron. Reinforced concrete solid-cast
foundations. The roof is a classic pie: profiled
sheeting, vapor barrier, insulator PAROC-
AKL, EPDM and PVC roofing membrane.

ferences, meetings, mass cultural events and wa|ls of three-layer panels of "sandwich"

maore.
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type with ROCKWOOL mineral wool insula-
tion.
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PURPOSE OF WORK

According to the safety requirements the
buildings and structures 6fC3 (SS3) impor-
tance class to which the IEC building be longs
are subject to mandatory system monitoring
[1, 2] and must be equipped with the auto-
mated systems of monitoring and manage-
ment [3, 4].

WORKING DATA

In 2012, when the implementation of the
decree of public services [5], the IEC building
was equipped with an automated system of

ASM

Remote control

static monitoring of metal structures and
foundations (ASM). A technique developed
by French company SOLDATA and the Na-
tional Geographic Institute of France (IGN) is
the basis of the system implemented.

The system working principle is based on
the determining of the spatial position of ob-
servation checkpoints with the use of laser
guidance technology which is implemented by
means of the appropriate surveying high-
precision equipment and a special software
package.

The structure and interaction of the system
components and its communication with other
systems is shown in Fig.1.

Authorized users with local
remote connection

zonal alert Y (o p—
+
' ‘ GEOSCOPE
< S ; = 1"%&“"“& A= Storage =~ Alert
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/ A W Visualization
/ | Fee
# """ Communication device
|
4 v
PDS
AD
Control
l unit
p ®
. \: Hz VO |
EH \
[ ] 4
o-', TCRA1201
0..----""" 'llnnlnn.a
i = a8
Ry ==
"’ "‘\i .0.
+ & .
- ' ®

Fig.1. The structur and interaction of the ASM componel
ACMS (ASM) — automated central monitoring system;
MRC — maintenance remote control; AD — alert device
EH - end hardware; PDS — primary data sources
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The target reflectors of special design (ref- wind impulses, background impacts associ-
erence standard and monitoring) are used for ated with the movement of subway and other
remote measurement of the position of a vehicles that make the diagnosis of the build-
checkpoint. The reference standards are ings poorly effective.
placed outside the influence of possible de- Therefore, in view of a large scale and
formation of the structures, and observation structural fullness of the building (more than
targets are mounted on the structural elements. 200 groups of structural elements) and dy-
The displacement values are measured using namic background effect on it, the finding

high-precision geodetic TCRA tachymeters of
Leica production.

ways to improve the monitoring efficiency
was aimed at the monitoring globalization.

These measured data are stored in the The expediency of the preparation of a com-

minicomputer of the control unit and are

transmitted via LAN channels to the ASM

server for further calculations, and the check-
point position calculations are performed us-
ing the ASM software.

ASM implemented allows for the observa-
tion of possible spatial displacements and de-
formations of various structural elements of
buildings and the visualization of the results
of measurements in a three-dimensional coor-
dinate system. The monitoring is performed
for 85 observation points.

ASM operates in continuous mode and
provides a measurement of vertical deflections
and horizontal displacements with an accuracy
of £1 mm. Since the introduction of the sys-
tem, it was found no irregularities in its work,
and the observation results indicate a gener-
ally satisfactory state of the structures ob-
served. However, some shortcomings in the
constructions of the building are revealed,;
these shortcomings linked to faulty installa-
tion works during construction. For example,
in 2012, in a case of significant snow load, the
bottom chord of a secondary trd$$-6 (PF-6)
is elastically deformed in the horizontal plane,

putational building model and the use of the
dynamic characteristics in the monitoring sys-
tem were provided.

There is a point of view according to which
tool monitoring without support and compari-
son with a set of adequate mathematical mod-
els of objects have random-senseless nature,
represents no practical value and does not re-
flect the reality of a problem [6 — 10], and a
mathematical model implements the actual
physical and mechanical properties of the ma-
terial, geometrical forms of structural ele-
ments, actually characterizes the work of
nodes and connections, and thus is an effec-
tive diagnostic tool of a technical condition of
the building.

Based on this approach, the experts of Kyiv
University of Construction and Architecture,
National Transport University, and IEC per-
formed preprocessor treatment and a finite-
element model of the IEC building was cre-
ated taking into account its structural and op-
erational features [11 — 13].

NASTRAN and SCAD software systems
were used. Further, the use of the NASTRAN
finite element model which was proofed for

as shown by analysis, because of the absenceadequacy and has been refined for possible

of deformation expansion joints in the form of
oval holes of bolted-type connection which
was promptly corrected.

However, the system specified displays the

calculations of dynamic characteristics includ-
ing the addition of non-structural masses is
envisaged.

The model created is universal and globally

stress-strain behavior of the specific observed reflects the stress-strain behavior of the build-
structures when they are exposed to static load ing structures. Provides the information ac-
and characterizes only its local situation, de- cording to static and dynamic characteristics,
spite the considerable importance of these including axial forces, bending moments,
structures in the construction. The system in- shear forces, displacements, buckling, fre-
dicators do not provide the information on the quencies and modesf natural vibrations at
dynamic effects on the structure such as e.g. different combinations of actual loads.
microseismic transients in the earth's surface,
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Nevertheless, objectivity of information

to permanent non-structural mass: process

may be inadequate due to possible changes induty and a load of building envelope.

the technical condition of the building associ-
ated, for example, with the change of joints in
the junctions (cropping of bolts, the appear-
ance of flexible joints), sinking soil base under
the foundation of load-bearing elements of the
structure, vibration of the working process
equipment and more [14 - 16].

Therefore, a preliminary assessment of the
building integrity is a prerequisite. The dy-
namic monitoring [17 — 21] which character-
izes the total (integral) state of the building us-
ing dynamic characteristic parameters (natural
frequencies and modes of vibrations) seems
effective in this regard

The preliminary analysis gives preference
and focuses on high priority of the evaluation
of the building integrity. In a case of positive
results of such evaluation the use of finite-
element model is effective, and in a case of
negative signals it is necessary to inform
promptly the services responsible for the
building safety.

This approach has been used in the devel-
opment of dynamic monitoring methods for
the IEC building. The certain provisions of the
specified method were analyzed and refined
according to the design and operational fea-
tures of this building. The following dynamic
characteristic parameters were used: the mag-
nitude of frequencies and modes of natural vi-
brations, the parameters describing a low-
frequency range of vibrations (the first three
basic frequencies). The modes of vibrations
were shown by means of directions and mag-
nitudes of the amplitudes corresponding to the
specified frequency range. The range of natu-
ral modes of vibrations was taken with regard

EXPERIMENTAL RESEARCH

The calculations were performed using
SCAD and NASTRAN software, and full-
scale frequency magnitudes were measured by
an instrumental method of Kyiv National Uni-
versity of Construction and Architecture using
ZET-048C seismograph (Table 1). The vibra-
tion accelerations of load-bearing structures
were experimentally measured in real time
with their further processing and determina-
tion of the natural vibration building fre-
guency data. The registered vibrational re-
cords were processed using ZETLAB
SEISMO software with spectral analysis by
the discrete Fourier transformation method.

The resulting spectra (Fig.2) were analyzed
in order to determine the frequencies of natu-
ral vibrations that correspond to the main
peaks on the spectrograms and are the results
of a response of the structures to external
sources of dynamic action.

The spectral analysis allows filtering natu-
ral frequencies of the building and other ef-
fects of background. The spectral analysis is
necessary, especially in the dynamic monitor-
ing system of large-scale structures. But the
using of natural frequencies can be ineffective
if the construction defects do not violate its in-
tegrity. For example, subsidence of the soil
base under the foundations of
structures that did not cause cracks and other
irregularities, local buckling of certain ele-
ments, a lateral tilt of a framework and so on.
In this case, it is appropriate to use their natu-
ral modes of vibrations.

Table 1. Specifications of ZET-048C seismograph

Sensor type

differential

The number of measured coordinates

3XY,2

Measurement parameter

vibration acceleratio

=]

Operating range, Hz

from 0,3 to 400

Responsivity

less than 1®m/s

Intrinsic relative error, %

less than +10

Operating temperature, °C

from =30 to +50
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Fig. 2. The spectrum of natural vibrations of the IEC g

CONCLUSIONS

The dynamic monitoring of the total (inte-
gral) state using parameters of frequencies and
modes of natural vibrations is quite an essen-
tial element of the diagnosis of the building
technical condition.

The first three basic frequency magnitudes
and the natural modes of vibrations corre-
sponding to them are the most informative.

The basic magnitudes of natural frequen-
cies and the building vibration directions are
determined by means of the calculation
method using established adequate finite-
element model and experimental verification.
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KoMmmniekcHbIi MOHUTOPUHT TEXHUYE-
CKOT'0 COCTOSIHMSA (0JIbIIIEPA3ZMEPHOT0
CTPOUTEIBHOIO COOPYKEHHUS

Buxmop I'aiioatiuyx, Koncmanmun Komenxo,
Isan Trauenko

AnHoTtauus. IIpuBeneHsl pe3yiabTaThl 000py-
JIOBaHUSI COOpYXeHusi MexXIyHapOoJHOrO BBICTA-
BOYHOTI'O IIEHTPa KOMIUIEKCHON CUCTEMONH MOHHUTO-
pUHTa TeXHH4YeCKoro coctosuus. Copmysupora-
Hbl XapaKTepHbIE OCOOCHHOCTU JCHCTBYIOIIMX
cucreM. Hambonee WHPOPMATHBHBIMH SBISIOTCS
BEIIMYMHBI TPEX TEPBBIX YaCTOT OCHOBHOTO TOHA
KOJIeOaHUIl U COOTBETCTBYIOIIME UM (DOPMBI COO-
CTBEHHBIX KOJICOAHMIA.

PacueTrHbiM MeETOMOM, TIPH TIOMOIIM CO3TAHUS
aJICKBaTHOM KOHCYHO-3JICMCHTHOM MOJEIN M JKC-
MEPUMEHTAIBHON MPOBEPKON YCTAHOBJICHHI 0a30-
BBIC BEJIMYMHBI COOCTBEHHBIX YacCTOT M HalpaBiie-
HUA KoJjieOaHui coopyxeHus. OTMEYECHBI ITyTH
YCOBEPILIEHCTBOBAHUS  IPEAJIOKEHHBIX  CUCTEM
MOHHTOPUHTA.

KuaroueBble c¢jioBa: CTaTHUECKUA MOHUTOPHHT,
TUHAMHYCCKUHA MOHUTOPHHI, YaCTOTHI U (OPMBI
KOJIeOaHMI, KOHEUHO-2JIEMEHTHAS MOJIEb.
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for protection of areas surrounding main roads
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Summary. Raising the requirements to the
ecological state of the urban environment engen-
ders the issue of efficient planning and functignin
of protection elements of areas surrounding main

roads. Surrounding main roads are areas situated

along the main trunk road networks within the
space from the main road to the building line. As
defined, the building lines are the boundaries of
placing houses and buildings relative to frontage
lines [1]. They make up about 15 — 30 % of a town
or city area [2].

Research of the methodological framework of
the sustainable development of urbanized territo-
ries should be based on a complex problem-
oriented approach of different related scientific
researches. This is why the task of examining the
environmental pressures of main road network is
highly relevant for a city. An analysis of Ukrainia
regulatory documents showed that the develop-
ment and feasibility evaluation of urban develop-
ment regulations are insufficient for evaluation of
planning measures for protection of the areas sur-
rounding main roads.

The mathematical and information models
demonstrating the dependence of environmental

decisions for respective urban areas have been
given.

Key words: trunk road networkenvironmental
pressures, urban area protection.

INTRODUCTION

The impact of automobile transport mani-
fests itself most in an urbanized environment.
A city or town is an indicator of sustainable
development or adverse interconnection of
automobile transport and urbanized environ-
ment. This research is based on the evaluation
of the impact of the current state of automo-
bile transport on the trunk road network and
the area surrounding main roads to demon-
strate the feasibility of adopted planning
measures for protection and selection of the
functional profile of the areas surrounding
main roads by environmental pressures arising
in the trunk road network. The technology-
related atmospheric air pollution sources are

pressures by factors and attributes in accordance Mostly represented by emissions from the in-

with planning decisions were presented for the
evaluation. On-sight surveys of a main road net-
work with different planning criteria were con-

ducted as exemplified by Kyiv, in the course of

which data necessary for evaluating the efficiency
of planning decisions were collected. On the basis
of the obtained data recommendations on planning
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dustrial enterprises and automobile transport.

PURPOSE OF THE RESEARCH

The purpose of this research is to develop a
model for evaluating effective protection

67



ApxitekTypa Ta OyaiBHUIITBO

measures and determining environmental protection or areas surrounding main roads is
pressures with due regard of their potential the right choice of evaluation criteria in accor-
influence for further searches of new ways of dance with which the effectiveness of deci-
solving the problem, scientifically grounded sions will differ. As the trunk road network
complex solutions and methods of urban area with all its traffic streams is an integral part of

organization.
Such approach will enable to better under-

a city or town, its impact on environmental
performance of urban area can undoubtedly be

stand the essence and consistent patterns ofcalled dominating.

the manifestations and forecasting environ-

mental pressures advance on a certain plan-

ning area with diverse development properties
and their character depending on the relief,
built-up density, planning organization of the

trunk road network.

ANALYSIS OF THE LATEST RESEARCH
AND PUBLICATIONS

Having analyzed the scientific works and
effective regulatory documents on urban plan-
ning, it is possible to come to the following
conclusions: to date, the growth in the number
of vehicles together with the development of
the trunk road network put environmental
pressure on the existing built-up area with rel-
evant engineering and design values of envi-
ronmental pressures during a certain period of
inter-main road areas. The ecological state of
urban environment has been the object of the
research conducted by such prominent scien-
tists as B.V.Solukha [3], G.B.Fuks [3],
O.S.Furmanenko [4], T.O.Shylova [5],
l.I.Ustinova [6, 22], I.B.Solukha [7], M.M.
Osyetrin [23, 24] and others, where the au-
thors propose the methods for calculating en-
vironmental values. However, their works do
not fully enough reflect the measures to pro-
tect areas from different planning methods
influencing statutory indicators and functional
areas of the territory.

METHODS FOR EVALUATION OF
THE EFFECTIVENESS OF MEASURES
FOR PROTECTION OF AREAS SUR-

ROUNDING MAIN ROADS

The main task in determining the evalua-
tion of effectiveness of planning decisions on

68

Among the main environmental pressures
stemming from the functioning of the trunk
road network, noise and atmospheric pollution
should be pointed out. As the system of streets
and roads is the key means of surface water
collection and sewerage, it also directly influ-
ences the environmental state of hydrosphere
objects, i.e. ground waters, sources, water
bodies. Its environmental pressure on the ur-
ban environment lithosphere is also obvious —
littering of the surface, lubricant and petrol
residues pollute the soils when rain and
snowmelt sewage waters are drained away.
The harmful effect of electromagnetic loads
imposed by rail transport functioning should
also not be disregarded.

Therefore, the main trunk road network of
a city or town may be called the main source
of complex environmental pressures on urban
area and environment, i.e. urban ecosystem, as
a whole.

All natural components of urban environ-
ment, namely geological, atmospheric, hydro-
logic and other environments, suffer from
harmful anthropogenic impact of the trunk
road network. The state of atmospheric air, the
degradation of which constitutes a worldwide
problem, is considered to be the most critical.

The quality of atmospheric air in a modern
developed city depends, in the first place, on
the volume of pollutant emissions, with two
sources there of — stationary and mobile
(Fig.1).

During 2015, according to statistical stud-
ies, as much as 171 thousand tons of pollut-
ants from stationary and mobile pollution
sources were emitted into the atmosphere of
Kyiv city, which is 51,58 % less in compari-
son with 2012. The dynamics of such drastic
change of this index is largely explained by
the decrease in the use of private vehicles due
to the rapid growth of fuel prices and general
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3,1% 6,3%
12,7% 15,6%

78,1%
84,2%

In 2015:

Automotive transport — 78,1 %.

Stationary sources — 15,6 %.

Railway, air and water transport and manufac-
turing technology — 6,3 %

In 2012:

Automotive transport — 84,2 %.

Stationary sources — 12,7 %.

Railway, air and water transport and manu-
facturing technology — 3,1 %

Fig. 1. Distribution of pollutants emitted into atmospheaic
in 2012 and 2015 by emission sources

recessionary economic state of the country.  The example will be the city of Kyiv,
However, a significant number of the emission which has a massive complex of enterprises of
sources remains mainly in the automotive various industrial branches polluting atmos-
transport segment [9, 10]. The density of phere with emissions of contaminating gases
emissions into the atmosphere per one squareand industrial dust.

kilometer of the city territory amounted to During 2015 as many as 367 enterprises,
31,9 tons of pollutants, which exceeded the institutions and organizations in the city were
average value for Ukraine by factor 6,8 and is contaminating the urban air with their emis-
the highest in the country, the second place sions. They emitted 26,7 thousand tons of con-
held by Donetsk oblast, the last place — by taminants, which is 4,7 thousand tons or 14,97
Volyn oblast, where the density of emissions % less than in 2014 and 51,2 % less than in
reaches 34,6 and 2,5 tons per square kilometer 1990 (Fig. 2).

respectively. The main zones of pollution are In 2015 the density of contaminant emis-
focused in the places surrounding main roads sions from stationary sources of contamination
and in the areas of concentration of industrial per 1 square kilometer of Kyiv city amounted
complexes. to 31,9 tons, which is 6.8 times more than the

60 1533

50 43,9

40 -
32,6 316316 o0 33,6 33,332,9319314

30 - 26,4 26,5 27 L 26,7

20 -

10 -

199520002002 2003 20042005200620072008200920102011201220132014 2015

Fig. 2. Emissions of contaminants from stationary contatidnasources
into the atmosphere, thousand tons
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country average (to compare, in some capital
cities this density is as follows: 91,4 tons of
emissions in Astana, 86,6 tons in Minsk and

Compared with other regions of Ukraine,
Kyiv has the lead by the amount of emissions
from mobile sources.

144,3
2014 182,8
215,8
2012 226,3
221,2
2010 229,2
226,6
2008 236,8
190,8
2006 167,8
176,5

2000 137,8

169,8
1990 218,3

0 50 100 150 200 250

Fig. 3. Emissions of contaminants produced by the roatspart into atmosphere,

thousand tons

65,6 tons in Moscow). Around 12 kg of con-
taminants per capita in the capital is 8 times
less than the country average (to compare, in
some capital cities this density is 83 kg of
emissions per capita in Astana, 14 kg of emis-
sions in Minsk and 6 kg in Moscow).

In the total volume of contaminant emis-
sions, emissions of methane and nitrogen ox-
ide amounted to 624,8 tons and 20,5 tons re-
spectively. Beside this, 5648,9 thousand tons
of carbon dioxide, also having the greenhouse
effect, was released into atmosphere. The
main air contamination source in the capital
city is mobile sources. In 2015 in Kyiv en-
gines of mobile contamination sources ac-
counted for 144,3 thousand tons of contami-
nants, which is 36,24% less in comparison to
2012 (Fig. 3).

Since 2012 this figure continues to de-
crease, which can primarily be explained by
the economic crisis in the country. Neverthe-
less, a vast majority of those emissions —
133,6 thousand tons or 92,6 % — comes from
the automotive transport, and 10,7 thousand
tons or 7,4 % comes from the air, railway and
water transport.

70

The automotive transport of the capital
causes 78,1 % of all emissions into the atmos-
phere of substances harmful for human health.

For the most part, the automobiles used in
our cities and towns, in Kyiv in particular, do
not meet to international environmental safety
and compliance standards. Most automobilists
use the low-quality fuel; it is common that en-
gines are obsolete and worn-out. This leads to
the critical state of the urban ecology.

From the general amount of pollutant emis-
sions into atmosphere by automotive trans-
port, about 97.1 thousand tons (72.6 %) were
emitted by the automobiles privately owned
by general public, and the rest 36.6 thousand
tons (27,4 %) are the emissions of the automo-
tive transport of economic entities.

Distribution of pollutant emissions from
separate kinds of automotive transport for
2012 and 2015 respectively (Fig.4):

» load carriers — 38,5 % and 43,5 %;

» special-purpose light motor vehicles — 2,7
% and 3.3 %;

» passenger light motor vehicles — 32,4 %
and 37,2 %;

» special non-light motor vehicles — 6,7 %
and 6,3 %;

» passenger buses — 19,7 % and 9,7 %.
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9,7%
6,3%

43,5%

37,2%

3,3%

Fig. 4. Distribution of pollutant emissions into atmosghen 2012 and 2015

Analyzing the above data of statistical ob-
servations, it is beyond dispute possible to
emphasize the topicality of this issue, the ne-
cessity of constant monitoring of urban envi-
ronment and implementation of planning pro-
tective engineering solutions to prevent nega-
tive impact on the urban ecology. The recon-
struction of crossings of trunk road network
with the increase of its traffic capacity as a
hub and lineal inter-hub section of the street
network increases the potential of environ-
mental pressures on the existing area sur-
rounding the main road. The estimate of the
environmental pressure potential is formed by
different environmental elements (e.g., noise,
gas contamination, dirt accumulation, dust and
light pollution) characterized by respective
attributes (duration, propagation distance).
Thus, it is possible to describe the environ-
mental potential index as a@nvironmental
pressure matrix Eand demonstrate it as fol-
lows:

Ell EJ..'-: Elm
E=(Fa Bz - Fam
Enl Er:.’. E.':m. ,

whereEnn, is the environmental pressure with
elemenin and attributem.

Depending on the target of research, attrib-
utes have different capacity potential which, in
its turn, depends on the planning properties of
the urban area, namely on the planning solu-
tions for main streets and areas surrounding
main roads. Mathematically, the potential of
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environmental pressures in space can be pre-
sented as the following formula:

Eenp=E1P1+EoP2 + E3Pas  +EnPn,

whereE, is the type of environmental pressure
on the area, and,, is the potential of pressure
in space and time on the area.

Having studied the current state of the areas
surrounding main roads and analyzed the ob-
tained data, it is possible to present the envi-
ronmental pressure as a model of influence of
environmental pressures of the main trunk
road network on the urban area (Fig.5).

The modeling of the anthropogenic influ-
ence — the curve of environmental pressure on
the urban area is an important stage in evaluat-
ing the anthropogenic impact.

In the city-planning practice the anthropo-
genic pressure coefficient is used for calcula-
tions of various kinds [11].

In accordance with the proposed model, the
level of environmental (anthropogenic) pres-
sure depends largely on the quantity of auto-
mobile transport and its stable compliance
with the present-day safety regulations, trends
of new technological developments in auto-
motive engineering, their interchangeability,
on the balance of the environmental pressure
with the existing buildings under the condi-
tions of urban densification and new spatially
planned building.

The potential (significance) of these pa-
rameters is determined, on the one hand, by
the engine type, traffic intensity, road traffic
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organization, and on the other hand, by the
type of road surface, driveway grade, planning
solutions for the area between main roads, the 1-
green coverage ratio and climatic conditions.

Maintrmk wad nebarok:
2
3
|
| 4
|
|__' Safe uthan
| ervimmtert 5.
: __T.T:t:l:ua.nembgy
| 6
|
] |_ 7.
| impact curve
|
8

Than area
Fig. 5. Model of impact of environmental pres-
sures of the main trunk road network on
urban area (wherg, is the environmental
pressure/attribute of a respective factor/,
Pn is the potential of environmental pres-
sure/effect of a respective factor)

CONCLUSIONS
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Mogaenb oneHKH 3 (PEeKTUBHOCTH
IVIAHUPOBOYHBIX MEPONPUATHI 10 3a1UTE
NPUMarucTpajbHbIX TEPPUTOPHIA
OT BJIMSIHUS IKOJIOTHYECKUX HATPY30K
MarucTpaJjabHoii cetu r. Kuesa

Anexcerti Hpuiimauenxo

AnHoTtanus. [ToBeimenne TpeGOBaHMA K KO-
JIOTHYECKOMY COCTOSIHHIO TOPOJCKOH Cpeabl Io-
poxnaaeT mpobiaemy B 3((PEKTHBHOM ILIaHUPOBA-
HUU U (QYHKIMOHUPOBAHUM DJIEMEHTOB 3aIUTHI
NPUMAruCTpalbHBIX TeppuUTOpUil. Marucrpanib-
HBIMH Ha3BIBAIOT TAaKUE TEPPUTOPUHU, KOTOPHIC
pacmlooXKeHbl BIOIb MAarucTpaJbHOW YIUYHO-
JIOPOXKHOW CETH B Mpenenax OT MarucTpaid 0
nuHAM 3acTpoiiku. [lo ompenenenuro, TuHMS 3a-
CTPOUKH SIBIISIETCS TPaHUIICH PaclONOXKEeHUs 37a-
HUM U COOPY>KEHUH OTHOCHUTENBHO KPAacCHBIX JIH-
Huil. OHM cocTaBisiIoT nmpuMepno 15 — 30%rep-
putopun ropoaa. McciemoBanue MeToaojorHye-
CKHUX OCHOB YCTOWYHBOIO Pa3BUTHUSA ypOaHHU3HUPO-
BaHHBIX TEPPUTOPHI JODKHO OCHOBBIBATHCS Ha
KOMIUJICKCHOM,  MPOOJIEMHO-OPUEHTUPOBAH-HOM
MOJXOJIE Pa3IMYHBIX CMEXKHBIX HAyYHBIX HCCIIC-
noBanuil. IloaToMy 3ajaya MCCIeAOBaHUA DKOJIO-
TUYECKUX HArpy30K OT MaruCTPaIbHOW YIMYHOM
CeTU SIBJSIETCSl aKTyalbHOU s ropona. IlpoBens
aHaJIM3 HOPMATHUBHBIX TOKYMEHTOB Y KpaWHBI, OBbI-
JI0 YCTAaHOBJICHO, YTO JJIs pa3pabOTKH W 00OCHO-
BaHUS TPaJOCTPOUTEIHHBIX PETYIHPYIOIUX HOPM
HEZOCTAaTOYHO I OICHKH IUIAHUPOBOYHBIX MEP
3aIUTH TPUMATUCTPATIBHBIX TEPPUTOPHIA.

Ji1st COOTBETCTBYIOLICH OLEHKH NPENI0KEHBI
MaTeMaTHYecKre W HH(POPMALMOHHBIE MOJEIH,
KOTOpBIE TOKa3bIBAIOT 3aBHCHMOCTH JKOJIOTHYE-
CKHX HArpy3oK 1o (akTopam W MpHU3HAKaM B CO-
OTBETCTBUU C IIAHUPOBOYHBIMHU PEIICHUSIMHU. BbI-
T TIPOBENIEHBI HATypHBIE 00CIEeTOBAHHUS MarucT-
paNbHOI CeTH ¢ Pa3TUYHBIMH TUIAHHPOBOYHBIMH
kputepusaMu B KueBe, B Xome KOTOPBIX COOpaHbI
JaHHbBIC, HEOOXOAMMBIC I OLIEHKH 3¢ (EKTUBHO-
CTH IJTAHUPOBOYHBIX PEIICHHH.

Ha ocHOBaHWUM TOJYYCHHBIX [AaHHBIX JIaHBI
PEKOMCHIAIUKN 110 TUIAHUPOBOYHBIM PEIICHHUSIM
COOTBETCTBYIOIINX TOPOACKIX TEPPUTOPHUH.

KualoueBble ciaoBa: yINYHO-TOPOKHAS CETh,
9KOJIOTHYECKasl Harpy3Ka, 3aIInuTa TOPOJICKUX Tep-
pUTOpHIA.
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Summary. The article presents the results of and cation-exchange capacity of clays, it is
cleaning galvanic drains, etching solutions, waters possible, after their physical or chemical
contaminated water soluble fractions of petroleum treatment, to obtain products with an adjust-
products, including seawater. Conducted data test- 5| non-hydratable or hydrophobic surface
ing of technology for recycling products of water balance, high adsorption and coagulating
treatment in the technology of production of ce- propertiés, which can be successfully used to

ramic bricks. it ter industrial i st
Key words: galvanic drains, etching solutions, purity water. industrial, economic, storm wa-

water soluble fractions of petroleum products. ter, water containing a colloid-disperse sus-
pensions, sea water containing crude oil and

soluble oil products [8...11].
INTRODUCTION It is proposed to use as an adsorbent some
clay modified with ferric hydroxide com-

Sustainable development (SD) provides pounds selected from the series: montmoril-
such a model of resource use that is aimed to lonite, hydromica, kaolin.
meet human needs while preserving the envi- The term “modified” means creation of a
ronment so that these needs can be met not on modifier nanolayer on dispersed clay mineral
ly for the present but also for future genera- surface with a view to change the nature of the
tions [1...4]. surface, its colloid-chemical and technological

This paper presents the results of scientific properties [12, 20].
studies and technological tests of sorbents for The economic feasibility of usage of the
purification of industrial and household sew- nanomodified aluminum silicates at water
age water containing heavy metal ions and treatment technologies is based on their effec-
soluble fractions of petroleum products, in- tiveness and low cost at cleaning of large vol-
cluding sea water, such as ballast water of umes of water, simplicity and reliability of
ships [5...7]. their production and application, possibility of

Clay minerals have unique colloid-chemical closed manufacture cycle organization, and no
properties and can therefore serve as basic ma-less important possibility of spent sorbent and
terial for adsorbents. Thanks to the large spe- water purification product recycling.
cific surface area, high values of dispersion
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The paper presents the assessing results o METHOD TO OBTAIN NANOMODIFIED

modifier impact on clay minerals colloid-
chemical properties, as well as the results of
scientific studies and industrial testing of clay
minerals (natural and modified) used for puri-
fication of acid-alkaline, electroplating and

FORMS OF CLAY

Getting nanomodified clay is based on
FeCk hydrolysis, theoretical views of the for-
mation of ferric hydroxide colloidal particles

domestic sewages and water contaminated— FeOOH, namely, that part when a solid

with petroleum products (Tab.1).

Table 1 The list of technologies and products
obtained by recycling industrial and
household waste

Production, derived
products

Thelist of industrial
waste to belisposed of

The slurry that is
formed by treatment of
fresh and sea water co
taminated by oil prod-

Getting organic
nanomineral composi-

n{ions. Raw materials
for production of

ucts building ceramics
Sludge treatment hal- | Ingredients charge in
vanostokov the production of

building ceramics,
brick tiles, sanitary
ware

The slurry after neu-
tralization etching solu-
tion in the production of

The component in the
production of building
ceramics

steel pipes
Products of WWTP Production of technical
sludge ceramics: industrial

premises, ceramic
gravel

Oxidizer propellant,
food processing

Getting nanocompo-

sites batch ingredientg
in the manufacture of
ceramic building matet
rials, fertilizers

OBJECTS OF RESEARCH

Clay minerals with different crystal lattice
structures, dispersion, natures of structure
formation in aqueous dispersions: montmoril-
lonite, hydromica from the Cherkassy field,
kaolin form the Prosyanovskoe field
(Ukraine).

THE MATTER THEORY AND THE
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phase (a centre) is formed, which absorbs
forming potential ions from the solution. As an
ion absorption result the centre surface ac-
quires a charge. Oppositely charged ions
(counterions), presented in water, are grouped
near the centre surface by electrical attraction
of unlike electrical charges, forming a colloi-
dal particle. Colloidal particles with surround-
ing diffuse layer are called micelles. If the dis-
persion medium is water, it is called hydrosol.
Depending on the colloidal solution formation
conditions the forming potential ions and
counterions can change places. Depending on
hydrolysis conditions for iron salts, aluminum,
the formed sol is positive at low pH values of
water and the negative at high ones.

The described above mechanism of hydrox-
ide sol formation in the light of the theory of
Muller [13] and the theoretical foundations of
water technology [14] allows us to determine
the conditions of coating formation on the sur-
face of finely dispersed aluminum silicate
made of hydroxide nanoparticles. At clay
modifying with hydroxide, coagulation takes
place mainly under the gravity force and the
gradient coagulation induced by mixing of the
system: water-clay-hydroxide [14, 15].

Nanomodified aluminum silicates or other
finely dispersed materials can be used as effi-
cient absorbents, fillers, structure-formers, as
well as an ingredient for many modern com-
posite materials.

RESEARCH METHODS

Clay mineral aggregate stability was deter-
mined by the volumetric method on the base of
a sediment volume formed during kaolin sed-
imentation from dilute suspension. Rheologi-
cal properties of modified clays at a critical
concentration for structure formation were de-
termined with a rotary viscosimeter «Rheo-
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test-2". At a gas analyzer «Wleft» there were about the process of structure formation of
determined sorption capacity of water-soluble modified kaolin in aqueous dispersions were
fractions of petroleum and benzene with a carried out at strain rate of 0,33...1458 s
flame ionizer, and the presence of atomic ad- The concentration of solids in the suspension
sorption metal cations and their number in wa- was 33,0%, which corresponds to the concen-
ter systems with a C-115 spectrophotometer.  tration at which three-dimensional structuring
of a system occurs. These conditions are the
best ones to evaluate effectiveness of intro-
RESULTS AND DISCUSSION duced additives or other type of system proc-
essing carried out in order to stabilize its prop-
The modification of clay minerals. The sed- erties.
iment volume ¥,.) of the samples depends Fig. 2 shows rheological curves of viscosity
on clay mineral nature and a degree of modifi- dependence on shear stress and curves of sam-
cation ¢). The degree of modification is de- ple f|0w for mOdIerd. l.<aoI.|n suspensions. With
fined as the ratio of the masses of ferric hy- increasing of a modification degre€rom 0,1
droxide and of clay minerald@). At kaolin to 5,0 % the coagulation structure strength in-

modifying with « from 0,1 to 0,7%, the sedi- Creases also, as it is indicated by viscosity in-
ment volume increases from 2.0 to 3 6%gn  Crease at low values of shear stress. The max-

(Fig.1). With furthera increase up to 5% imum value of shear stress, which is achieved
' in this range of strain rates, for samples modi-

) .
Voc decreases, remaining at3,0 0 5.0% g4, 0,1...1,5% is 3...4 times as high as

almost unchanged — 1,96...1,74 % (Vo than that for samples of natural kaolin and
for not modified natural kaolin is in the range kaolin modified on 3,0 and 5,0%. This process
of 2°cni/g [16]). is observed more clearly on rheological flow

Rheological studies to obtain information curves. The maximum structure strength in

Sedimengvolume cm3/g
4,2
4
3,5
3
2,5 : ’
2.4 2,45 25 \ 22
2,3 23 ! 2,3 ’
2 2,2 ’
2 1,8
1,5
¢ kaolin
. m llite
e A montmorillonite
0
0 0,3 0,5 0,7 1 1,5 2 3 5
Degree of modification, %

Fig. 1. The dependence of sediment volume for ferric hyidiexnodified clay minerals
on the degree of modification
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suspension with modified kaolin is achieved at that the formation of a modifier layer provides

a = 0,3%. At modifier increase from 0,3 to stabilization of kaolin suspension.

5%, the strength is gradually reduced, and nat- Hydroxide modifying affects a sedimenta-

ural and modified 3% kaolin have practically tion process for montmorillonite and hy-

identical rheological parameters. dromica in a less degree. At hydromica modi-
At treatment of suspension with natural fying with increasing modifier amounts, after

kaolin by ferric salt solution followed by hydroxide layer formationv,. decreases

FeOON precipitation on the kaolin surface, a firstly and then increases, that indicates more
degree of surface coating with the modifier complex processes of coagulation structure
plays a crucial role in the properties of the clay formation. At montmorillonite modifying, a
surface. In a case of partial covering, interac- cjegr Voc dependence om was not estab-

:;]O:Xir?]it:nveve;;ugz?'flgsgégc(gzaesgf’ g;a_cl_?]'gtgisa lished, but FeOON presence in the montmoril-
' 9. 2). ' lonite — water system has significant effect on

formation of an uninterrupted hydroxide layer suspension rheology, the process of structure

on the kaolin particle surface is completed , ) :
when EeOON content is equal 3.0%. If formation and the aggregation state of dis-
g 70 persed mineral. Atn < 3%, precipitation is

a = 5,0% structure formation is determined L I,
. : . completed within 5 h, and not modified mont-
mainly by free hydroxide particles not bound

130+
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Fig. 2.Rheological flow curves (Dr 1) for suspensions with modified kaolin:
1 - natural kaolin;2-0,3;3-0,5;4-0,7;5-1,0;6-1,5; 7—3,0;
8 — 5,0 % weight of FeOOH

to the surface of the main dispersed phase of morillonite and one witlx of 5% are deposited
ferric hydroxide aggregates. It can be assumed over 30 days.
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Industrial testing of natural and modified water system stabilization, organic matter ad-
bentonite as adsorbent for industrial wastewa- sorption increases. Sorption capacity with re-
ter purification at existing facilities showed spect to toluene increases with increasing ad-
positive results, tests were carried out at the sorbent specific surface area, such dependence
neutralization centre of the Antonov aircraft for water-soluble fraction of kerosene is not
company (Kiev). The company "Dashukovskie observed. The adsorption value with modified
Bentonity" together with the Research and De- clay minerals increases by several times, con-
sign Technological Institute of Municipal Ser- siderably exceeding the values of organic sorp-
vices (Kiev) conducted studies of bentonite for tion (see Fig. 3) [19]. The results show high
domestic sewage treatment in one of the shopsefficiency of water purification from soluble
of the Nikopol stainless tube mill (Nikopol). fractions of petroleum products.

There are also experimental results of assess- At an optimal sorbent aggregative state in
ment of possibility to use natural sorbents for water, which corresponds to the system stabi-
water treatment from soluble fractions of pe- lization, an integral adsorption value of or-
troleum products, made within the research ganic substances increases?
program INTAS Call, 1996, Brussels, Belgium Depending on a nature and a method of
(Tables 2 —5). sorbent preparation, its sorption capacity as for
The purification scheme for chromium- soluble fractions of petroleum products is
bearing wastewater using modified bentonite within the range of (80...140) mg/l.
is as follows: the adsorbent is fed to a reactor It should be noted that sludge obtained as a
tank, where wastewater is stirred for 15 min, result of petroleum products purification can
then it is pumped into settling tanks and depos- be recycled, which eliminates environment
ited for 3 — 4 hours till water clarification (ad- pollution.
sorbent amount required for wastewater treat-  Obtained slurry can be used in recycling
ment is determined by content of pollutant technologies for building materials such as
substances). Wastewater treated with adsorb-bricks or clayite. Laboratory studies to obtain
ent can be used again as purified water, or it bricks, clayite, and light-weight brick based on
can be discharged into a sewer network, be- perlite were performed.
cause, under bentonite powder influence, pol-  During studies, the next technological fac-
lutant content decreases and becomes severators were controlled: water absorption, flexural
times lower than specified in sanitary norms or and compression strength, porosity. These re-
maximum permissible concentrations. sults indicate that sludge addition to bricks or
The purification scheme for domestic sew- clayite blend in the amount of (1...3) % of to-
age is similar to the above described one: after tal mass leads to a higher fluctuation of these
rough machining or complete biological treat- factors, in the range of (1...2) %, which does
ment, water is fed into tanks equipped with ag- not affect significantly the product perform-
itators (adsorbent amount is also determined ance parameters. And at sludge content in-
by pollutant quantity). Then waste water enters creasing, even some improvement of the pa-
into settling tanks for secondary settling, rameters is observed.
where impurities precipitate and water clears  Proposed sorbent application showed a new
(at necessity, adsorbent is added). Such way to solve the problem of water treatment
wastewater neutralization allows dumping of it product disposal.
into water bodies. The sequence of technical operations for
The results of the scientific and technologi- water treatment is presented in the next figure.
cal studies show viability, technological and
economic feasibility of bentonite application
for domestic sewage treatment.
Data obtained in the study of adsorption of
water-soluble fractions form petroleum prod-
ucts are very interesting. Under adsorbent —
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Table 2 Results of spent etching solutions treatment

Ingredient
Parameters of :
: Parameters of . content in sol-
Parameter | waste nitrogen- e : Purification ef- | .
Nr . purified etching| ~ .. . id residue af-
name fluoric solu- ) ficiency, %
; solution, g/dm ter treatment,
tion, g/dn? %
1 Iron content 56,1 0,001 99,998 18,8
2 Chrome content 9,05 Less then 0,001 99,998 3,4
3 Nickel content 7,54 0,12 98,41 2,5
4 Iron total 50,18 0,00636 99,987
5 Fluorides 100,4 3,7 96,32

Table 3. The results of technological tests for modifieshtonite for industrial waste
water treatment at “Avianit” plant, Kyiv

After treatment, Treatment time

Before treatment,

Parameters of industrial

wastewater mg/I mg/l
Water of galvanic produc-
tion
Cr 28 <0,02
Cu 34 <0,05
Cd 2,4 absent 1,5-2,0
Fe 38 0,02
Ni 12 <0,05
Suspensions of different
dispersion
<0,1 um 55 0,8 0,5
>10 um 250 1,5 0,5
Polydisperse suspension 7500 4,0 1,0
Soluble fractions of petro-
leum products
Cg—Cy 5...35 0,03 2,0
Benzene Up to 150 0,1 2,0

Table 4. Evaluating of sorbent effectiveness on the baseadlified clays for water
purification from soluble fractions of petroleunogucts

Soluble fractions ngntlty of frac- Quantlty of frac- Treatment time.|  Purification
of petroleum tions before | tions after treat- -
hours efficiency, %
products treatment, mg/l ment, mg/|
Cs—Cyp 5...35 0,03 2,0 99,99...91,43
Benzene Up to 150 0,1 2,0 99,99
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Table 5. Bentonite effectiveness for domestic sewagertreat

Parameter Value

Appearance Light grey finely dispersed
powder
Mass fraction of montmorillonite, % 50...70 and more
Mass fraction of clay component having particleesiiess 86...99
than 0,02 mm, %
Residue, % not more, on sieves with mesh size, mm:
-0,4 3,0
- 0,16 10,0
Mass fraction of moisture, % 6,0...10,0
The reduction degree of contamination indexesdar r
wastewater, %:
- suspended matter 94...95
- biological oxygen demand in 5 days 92...93
- chemical oxygen demand 88
- phosphates 63...65
The reduction degree of contamination indexes i@ogi-
cally treated wastewater, %:
- biological oxygen demand in 5 days 74...82
- chemical oxygen demand 32...39
- phosphates 11...83
140 : _ :
) =] 'Ik':ri ;?:Tnuwa\t/:rlues of the adsorption of water-soluble fraction of
O The maximum values of toluene adsorption
120 s
100 >
93
80
67
60
40
20
0 0 22
0
Nel Ne2 Ne3 Ne4 Ne5 Ne6 Ne7

Nel natural illite; Ne2 modified illite; Ne3 natural montmorillonite;
Ne4 modified montmorillonite; Ne5 natural kaolin;
Ne6 modified kaolin; Ne7 organic sorption

Fig. 3. The maximum values of the adsorption of toluenesadble kerosene
fractions out of water at the optimum degree oy clanomodification
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ENVIRONMENTAL PERFORMANCE
OF THE TECHNOLOGY

STAGES OF IMPLEMENTATION
OF THE WATER TREATMENT TECH-
NOLOGY
The technology usage will significantly im-
prove employee working conditions due to the
fact that the technology does not require chem-
icals that are usually needed at a reagent way

Industrial technology implementation re-
quires passing a series of stages, namely:

- Estimation of pollutant chemical composi-
tion and drain flow volume of industrial wastewater treatment.

- Familiarization with an existing techno- Spent sorbent does not require special
logical scheme and equipment for industrial warehouses for storage, as it is required for
wastewater treatment highly toxic sludge obtained at a reagent

- Selection of optimal ways to modify the method of industrial wastewater treatment.
selected sorbent according to the criteria of  Spent sorbent is not environmentally harm-
minimal mass picking by means of tests ful materials and can be used as an additive for

- Development of a technical project for ceramic building material manufacture.
modernization of the existing technological
scheme of industrial wastewater treatment

- Development of a new technological
scheme for industrial wastewater treatment us-
ing new or existing equipment, if moderniza-
tion is chosen At technology application, the cost of in-

- Development of production schedules for dustrial wastewater treatment will be substan-
industrial wastewater treatment tially less in comparison with the reagent puri-

fication method which is used now in industry.

ECONOMIC PERFORMANCE OF THE
TECHNOLOGY

Table 5 Testing processing properties of ceramic brickeergd, containing of sludge additives
industrial waste water treatment

Batch index component content
Name of the index
Xo Xy X5 X3 Xy Xs

Forming humidity, 23,35/20,2| 24,63/19,8| 25,19/20,8| 24,49/19,7| 25,24/19,8| 25,80/20,4
%, a/b 2 0 0 0 0 0
Sensitivity to drying, =180 =180 = 180 =180 =180 =180
C
Air shrinkage, % 6,61 6,40 6,24 6,62 6,54 6,70
Overall shrinkage, % 6,70 6,54 6,74 6,72 7,04 7,02
The average density, 1,55 1,58 1,58 1,54 1,58 1,50
g/cm3
Ultimate  compres 18,4 19,2 20,0 19,8 20,4 21,8
sive strength, MPa
water absorption, % 22,28 21,50 21,20 21,44 21,Q 540

Note: X, — charge for ceramic brick factory;

X1, X; — samples of the charge additionally containsiayskconsisting of water treatment

products of galvanic production wastes 1 and 3 %véight respectively;

X3 X4 — 1,3% by weight sludge after cleaning water cminiated with water-soluble fractions of oil;
Xs — 3% sludge after cleaning ballast water (seayater
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The cost of the modified sorbent, which
will be made by an executive, will not be
higher than 5,00 UAH per 1 kg.

Modified sorbent volumes used in the tech-
nology are ranged from 0,3 kg to 1,0 kg per
1m® of industrial wastewater.

For example, an enterprise neutralization
station with cleaning capacity from 20°ro
30 nT of industrial wastewater per day re-
quires about 20 kg of the modified sorbent.

The above data allow us to state with confi-
dence that nanomodified natural aluminum sil-
icates can generally be used for solving of
global problems of water purification from
heavy metal ions and soluble fractions of
crude oil and petroleum products.

The obtained results of scientific studies
and technological tests, part of which is shown
in this report, provide a basis to offer them to
interested parties as an innovative project to
address specific problems at different indus-
tries and businesses.

In today received results of the prelimi-
nary assessment of the physical and mechani-
cal, consumer properties of ceramic building
materials samples, which charge as a plastic
component along with clays containing sludge.
As a batch of ingredients used in the sludge
produced in the process of purification of wa-
ter contaminated with water-soluble fractions
of petroleum, electroplating industrial waste,
ballast water (seawater) nanomodified natural
aluminosilicates (NMPAS). Test samples of
ceramic material on the basis of the charge for
the ceramic brick, modified by the addition of
sludge produced in the purification of indus-
trial waste water, carried out in accordance
with the State Standard 2.7-2695 BV, DTSU
B.V.2.7-4297. Analyzing the results discussed
above, it is possible to conclude that the pro-
posed project has an innovative perspective of
implementation. The effectiveness of cleaning
effluent is high, cost-effective. Batch tests for
ceramic bricks containing sorbents nanomodi-
fled samples showed the effect of increasing
the mechanical strength during storage within
an acceptable range of other important process
parameters. There is an assumption that the
manipulation of the composition of the basic
charge and the number of NMPAS supple-
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ments, carrying out preliminary testing tech-
nology will be able to find other useful, unpre-
dictable effects that many scientists and tech-
nologists find when working with nanosys-
tems. Optimization of the amount and nature
nanomodifier when processing natural alumi-
num silicates (clays) makes it possible to con-
sciously regulate technology, consumer prop-
erties of ceramic products for various pur-
poses, to create modern cost-effective and en-
vironmentally appropriate innovative projects.
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AnHotamus. [IpencraBieHbl pe3yabTaThl OYH-
CTKH TaJbBaHUYECKUX CTOKOB, TPAaBWILHBIX pac-
TBOPOB, 3arps3HEHHBIX BOJI, PACTBOPHMBIX (pak-
i HeTEMPOTYKTOB, B TOM YHCJIE MOPCKOH BO-
nel. [IpuBeIeHBI PE3yIbTATHI UCTIBITAHHS TEXHOJIO-
TUH 110 YTHIW3alUU TPOJYKTOB OYHCTKH BOJBI B
TEXHOJOTHH TPOW3BOACTBA M3 KEPaMHUYECKOTO
KHPITUYa.

KuaroueBbie cjoBa: TalbBaHUYECKHE CTOKH,
TPaBWJIBHBIC PACTBOPBI, BOJIOPACTBOPUMEBIE (pak-
MY He(DTETIPOTYKTOB.
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AHorTanisi. Po3BUTOK Ta BiApOIKEHHS YKpaiH-
CHKOTO iICTOPUYHOT'O MUHYJIOTO 3aBXKIH OyJo i 3a-
JUIIAETHCS aKTYaIBHOI0 TPOOJIEMOIO CHOTOJICHHS.
Benuka KiTBKICTE MQJIMX ICTOPHYHHAX MICT 3axif-
HOI yacTUHM YKpaiHU 3HAXOIATHCS B 3aHEJOAHOMY
cTaHi i moTpeOyloTh 00’ €MHO-TIPOCTOPOBOTO Ta
(hyHKIIOHATHLHOTO BIiITBOPEHHSI Ta OHOBIICHHS.
Hacamniepen 1ie crocyerscsi perenepauii icropud-
HUX LEHTPIB MaJuX HACEJICHUX MyHKTIB 3 METOIO C
TBOPEHHS B HUX PO3BHHYTOI 1HPPACTPYKTYPH, TO-
KpallleHHS PIiBHA KHUTTS, TSDKIHHS TYPUCTUIHUX
MOTOKiB. B po0OTi pO3risHyTO aKTyalbHICTh Ha-
HOT'O MUTaHHs, BA3HAYEHO OCHOBHI TOJIOKEHHSI Ta
3aBHaHHSA TpH (OpMyBaHHI OHOBJICHOTO CEpEIo-
BUIIIA MICTA.

KirouoBi cioBa: perenepauisi, iCTOpUYHHUI
IIEHTP MiCTa, PO3BUTOK, BiIPOKEHHS, PEKOHCTPY-
KIS,

BCTVII

Ha croroanimHiii 1eHb 3HAYHOTO PO3BUT-
Ky HaOyBa€ BUBYCHHS Ta BJIOCKOHAJCHHS ic-
TOPUKO-KYJIBTYPHOTO HAmpsiMy B MICTOOYiB-
Hill TIPaKTUIl Ta Teopii, aKTYaJlbHICTh BUPI-
IIEHHS PpAIYy TMPOOJIeM, TaKUX SK BIIPOJKEH-
HSl Ta PO3BUTOK HalllOHAJILHUX 0COOIMBOCTEH
Ta TPaAWINi TUIaHyBaHHSA W 3a0ya0BH, ajarn-
TaIis 70 Cy4YaCHUX YMOB Ta 30epexeHHs ap-
XITeKTYpHO-MICTOOYAiBHOI criaamuHu[8].

PexoHcTpykuis MicTa € Oe3nepepBHUM
MPOIIECOM, aJKE COIIAIbHO-EKOHOMIUHI 3Mi-
HU BUKJIMKAIOTh 3MiHU MPOCTOPOBOI CTPYKTY-
pu MicTa, ajanTaiilo CTapux EIEeMEHTIB Ta
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¢GyHKLIA 10 HOBUX YMOB OTOYYIOUOTO Cepe-
JIOBHIIIA Ta KUTTSI MICTa, SKIIO BOHU € aKTya-
JHHUMU Ha JAHOMY €Talli PO3BUTKY MICTa.

Ha TenepimmHiit gac apXiTeKTypHa CIIa IIu-
Ha YKpainu 30epekeHa He y BCIX MicTax, IO
dbopMmyBaics CTOMITTAMUA. TOMy JWIIE dYac-
TUHA 3 HUX O(DIUIHHO BU3HAYAETHCS 1CTOPHUY-
gumu. Y BigmosimHocTi 10 Ilocranosu Kaoi-
Hety MinictpiB Ykpaiau Ne 878 Big 26 numas
2001p. «Ipo 3aTBepaKEHHS CHHUCKY i1CTOpUY-
HUX HACeJICHUX MICIh YKpaiHU» 10 Takoi Ka-
Teropii BiHeceHi 256 mict 1 135 cenuiy Mich-
Koro tumy [14].

B Vkpaini B Hachimok ypOanizamii qpyroi
noioBuHA XX ctopiuust Ta 2000x pokis, 3Ha-
YeHHs MicTOOYiBHOI Ta apXiTeKTypHOI craj-
IIMHU 3HAYHO 3MEHIIMJIOCH Y BEJIIMKHX Ta Ce-
penHIX MICTax 1 CHIIHO 3pOCJIO B MalluX iCTO-
PUYHUX HACENICHWX ITYHKTaX, A€ JOCTaTHHO
nobpe 30epernach iCTOpMYHA MICTOOY/AIBHA
CTPYKTypa y BT JanamadTy, 000poOHHUX
VKpIIUIeHb, TUIAHYBAJIBHOI CTPYKTYPH PHHKO-
BUX IUJIONI, MPUJICTIIMX KBApTaTiB Ta BYJIHIIb,
COOOpHUX TIJIOII, MOHACTUPIB, 3aMKiB, SKi 1 Ha
CHOTOJHINTHIA JI€Hb 30€periii CBOE BaXJIMBE
3Ha4YeHHA B CTPYKTYpl Ta opraxizaumii cydac-
HUX IIEHTPIB MAIMX MICT Y KpaiHu.

B ocranHiil yac iHTepec IO TUIOINII SK He-
BIJI' €MHOTO CTPYKTYpHOTO €JIEMEHTY TpaJu-
[IHHOTO MICHKOTO CEpEeJOBHINA 3HOBY TOYaB
BIJIPOJDKYBAaTUCh, BUHUKJIA TEHJEHIIISI JO T0-
BEPHEHHS JIIOICBKOr0 MaciTady Ta ypizHOMa-
HITHEHHs (GOpM MICTOOYAIBHOT CTPYKTYpPH.
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OTxe, miCAs TPUBAJIOTO TEPIOAY <BaOyTTI»,
JOCTIPKEHHS TUIOIII SIK OCOOJIMBOTO THUITY BijI-
KPUTOTO MICBKOTO TMPOCTOPY HAOYJO BaKIIW-
BOT'O 3HAYCHHS.

[TPOITO3UIII

[Tpomo3wurtis 306epexeHHsT Ta peKOHCTPYKIIIT
ICTOPUYHOTO IEHTPY MaJIUX HACEIIEHUX MyHK-
TIB IUISIXOM OHOBJICHHS ICTOPUYHOTO CEpeso-
BUI[A, HAJAHHS HOMYy HOBOTO 00’ €MHO-
KOMITO3HITIHHOTO Ta (YHKIIOHATHLHOTO PIBHS
PO3BHUTKY B yMOBaX Cy4aCHOI'O PO3BUTKY.

META TA METOJU

MeToto AOCTITKEHHS € BUSIBUTH TIPOOIEMHU
Ta BU3HAYUTH HANpSIMKU pereHepariii icropu-
YHHUX LIEHTPIB Ta PUHKOBUX IUIOII B YMOBAax
PEKOHCTPYKIIIT Ta pO3BUTKY MaJUX MicT YKpa-
THH.

MeTtoauka IOCIiKeHHS 3aCHOBaHA Ha CHUC-
TEeMHOMY aHalli3i, KUl 3abe3rneuye oOJiK Oc-
HOBHHX (PaKTOpiB, fKi BIUIUBAIOTH Ha BUOIp
MeX PEKOHCTPYKTUBHOTO BTpYy4aHHS Ta ¢HopM
CY4acCHOTO0 BUKOPUCTaHHSA IaM’ ITHUKIB apXi-
TEKTypU PHUHKOBUX IuUtoml. Baroma vactuHa
BiJIBe/IcHA BUBUEHHIO BITYM3HSHOTO Ta 3apy-
O1KHOTO JTOCBITYy PEKOHCTPYKIl Ta PO3BUTKY
Cy4aCHMX PUHKOBHX ILIOI[ MaJTUX ICTOPUIHUX
MicT. B 3amexHOoCTI Bl IOCTaBIE€HHUX 3a1ad,
BUKOPUCTOBYBAIMCH KOHKPETHI METOAHM JO-
CIII/DKCHHSI. apXITeKTYpHUH, CTHIIICTHYHUNA Ta
CTPYKTYpHUH aHami3 aHcaMOJIB PHHKOBUX
IJION] Ta X OKPeMHX OYAiBENb Ta CIOPYH, Ka-
prorpadyBaHHs, TpadoaHATITUYHUN aHaJI3,
KOMIT IOTEpHE MOJICNIIOBAHHS, EKCIIEPHUMEHTA-
JIbHE MPOEKTYBAHHS.

XapakrepHoto i cMT.KiieBanb 0coOnuBi-
CTIO PO3IJIaHYyBaHHS € HEBEJUKI pO3MIpH KBa-
pTamniB. BinnoBinHo MM po3MipaMm MaroTh Oy-
TH 1 TabapuTH €IIEMEHTIB 3a0ya0BU (OmTHMa-
JHHUAN BapiaHT — MaJIONOBEPXOBa 3a0y/I0Ba).
BpaxoByroun icHyro4y MICTOOYIiBHY CHTya-
{10, CIIiJ] 3a3HAYUTH, L0 JAONYCTHMa BHUCOTA
MMPOCKTOBAHUX Oy/iBeNb MOBUHHA Oyt 2 — 3
noBepxu. [IpUHIIMIIOBHM MUTaHHSIM € 3a0e3-
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NeYeHHs 30€pPEeKEeHHS ICHYIOUOTO ICTOPUYHOTO
TUTAaHYBaHHS KBapTATiB.

Bupinryroun KOMMO3HUINI0 HOBUX CIIOPY,
NPOTIOHOBAHUX JJIs1 PO3MIIIEHHS B 1CTOpUY-
HOMY IICHTPi, HEOOXIJTHO 3aCTOCOBYBaTH TaKi
npuiioMu (GOpPMOYTBOPEHHS, SIKi MiAKPECIHIIO-
BaTUMYTh CHUIBHI PHUCH MDK  HOBHUMH
00’ ekTaMu Ta HAOJIMKEHHUMH 10 HUX €JIEMEH-
TaMH 1CTOPUYHOI 3a0yI0BH.

BaxxnmBo mepenbaunTi KOMIUIEKCHHIA Ona-
TrOyCTpiii TepuTopii MpoekTyBaHHsA. Hanexny
yBary ciii NPUAUIMTH BUPILICHHIO MHTaHHS
MapKyBaHHS aBTOMOOUTIB Ta CTBOPEHHS IO
MOKJIMBOCTI MiJI3EMHOTO TAapKiHTY, B IIUIAX
€KOHOMIi TIJIONII, OCKIIBKUA TEPHUTOPIS iCTOpHU-
YHOTO LEHTPY HE3HAYHA.

PE3VJIbTATHU TA ITOACHEHHA

MeTo1070TIYHOI0 OCHOBOIO PEKOHCTPYKIIii
ICTOPUYHOTO MiICTa SIBISIETHCS BUSHAYCHHS PO-
Ji ¥oro siapa Ta PUHKOBOI ILJIOMII B 1CTOPHY-
HOMY €BOJIIOLIIMHOMY pPO3BUTKY MicTta. IcTo-
pUYHE SAPO MICTa SIBISIETBCS CTPYKTYPHO-
(GopMyI04OI0 OCHOBOIO sIK B (hOpMyBaHHI
BCHOT'O MICTa, TaK 1 B arJoMepaliifHuX Mmporie-
cax [4, 15, 17].

Jly’xe BaXITUBUM acCIeKTOM € TIOUTYK OITH-
MaJBHUX MICTOOYIIBHUX MPHIOMIB 1 METO/IIB,
mo OyayTh 3abe3nedyBaTd ONTHMAJbHE CIIO-
Jy4eHHs1 HOBOI 3a0ynoBH 31 chopMoBaHUM ic-
TOPUYHUM cepenoBuIeM [8].

MicTO € BIZKPHTOIO Ta AMHAMIYHOIO CHC-
TEMOIO, III0 MOCTIHHO PO3BHBAETHCS Ta aam-
TYETBCSI IO HABKOJIMIITHHOTO CEPEIOBHIIA, Ma€e
BEJIMKY KUIBKICTh (DYHKIIIH, 110 MOCTIHHO 3Mi-
HIOIOTBCSl Ta aJaNTyIOThCS A0 CYYacHUX BH-
Mor. €1uHui 1 niicHuit 006pa3 mMicTa BU3Hava-
€TBCS XapaKTEPOM HOTO MPOCTOPOBOi U (yHK-
[[IOHAJTEHOT MEPEK, MOOYAOBOIO TIAHYBAILHOT
CTPYKTYpPH Ta apXIiTEKTypHOI Kommo3uitii [17].

[lepen moyaTKOM TaKoOro MPOEKTY HEOOXif-
HUM € TIPOBEJICHHSI TIepe/T MPOSKTHOTO aHai3y
[9].

Jlitonncue micreuko KieBaHb 3HAXOOUTHCS
Haa piukoro Crybna, Ha ii mpaBoMy Oepesi.
IIle B mitronucHy n100y micTeuka KieBanp mic-
IIeBi BJIACHUKU MOOYyIyBald Ha JaBHHOMY IO-
poaMIi JepeB’ tHUK 3aMOK 13 3eMJITHUMH Ba-
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JaMyd Ta AyOOBMMH YacTOKOJIaMW Ha HHUX, 31
CTOPO>KOBUMH BeXaMH, OIMHHUIIIMH, aje BCe Te
Oyso 3MuTO pasoM 3 Ilepeconnuiiero, IHITMMHI
BOJIMHCBKUMH MicTamu baTueBOO0 MOBIHHIO
1240poky [3].

VY XIV cr. BonuHcbka 3emiist Oyia y ckiaji
Benukoro kus3iBcTBa JIMTOBCHKOTO, 1 TIEPIILY
nuceMHy 3raaky npo KieBanp Tiei 100u 3Ha-
xomumo Tig 1458 poxkom. Came TOrO pOKy
KHA3b Muxaitno Yopropuiicbkuii OTpUMaB BiJ
Benukoro kusa3s JIutoBcbkoro CBuapuraiiia
JIap4yy TpaMOTy Ha MICTEUKO, 1 3 TOTO Yacy ax
no 1870poky KneBanb OyB BIacHICTIO KHS31B
Yopropuiichbkux, a cami KHs31 CTalnu Ha3uBa-
tucs Yopropuiiceki Ha Knesani [3].

BoHo (akTu4HO CKiIagaeThcs 3 ABOX Hac-
tuH. ctapoi Kneani — 14 ta HoBoi Knesani —
2-i, siKa BUpOCIIa MPH 3aJII3HUYHIA cTaHIT Tic-
151 mpoBeneHHs kouii Kui — bpecr y 1873po-
Ii. 3ai3HAYHA CTAHINS 3HAXOTUTHCS B 4 KM
BiJI icTOpU4HOTO 1IeHTpYy KieraHi.

Cenuiie po3TalIOBYETHCS Ha MOTPAHUYHIN
cMy3i JicoBoi 1 ctenoBoi 30H — [lomiccs Ta
Bonuni. Cenuie 3HaxoauThest Ha Tpaci PiBHe-
JIynibk, 1 € 4acTHHOIO TPAHCHOPTHOI MEpEexKi
Kkpainu. OJJHUM 3 TOJIOBHUX KpUTEpIiB, € Xapa-
KTEPUCTUKU MICTa, K MICISl THMYacOBOTO Bi-
ITOYNHKY.

Takox rocTpo cToiTh mpobemMa BiICyTHOC-
Ti aBTOMAPKIHTIB HA B'i3[]aX IO CEJHINA, OCKi-

aeku 11 KieaHi, sk JUIsi TYPUCTHYHOTO Mic-
Tedka, OyJe MmpUTaMaHHA 3HA4YHA TYPUCTUYHA
Mmirparmisi. Hapasi Hemae KOIHOTO MapKiHTY
JUTSL MITPAHTIB, [0 HE € TPUBAOIUBUM IS TY-
PUCTUYHUX TOTOKIB.

[cHYIOTh Taki HOUIAXM PEKOHCTPYKLIi icTo-
pUYHUX MICT. 30epeXeHHs ICHYI0YOi TUTaHyBa-
JBHOI Ta MPOCTOPOBOI CTPYKTYPHU Ta PEKOHCT-
PYKIIist icTOpu9dHO chopMOBaHOT TUTAHYBATBHOT
Ta MPOCTOPOBOI CTpykTypu. Halikpamum Bu-
pIIEHHSM [BOTO TMHTAHHS OyAe MO€THAHHS
000X MigXOAiB Ta TpaHC(OpMaLis MiCHKOTO
CEpeIoBUINA Y BIAMOBIAHOCTI JO HOBHX CYy-
YacHUX YMOB 1 moTped po3BUTKY. OCHOBOIO
TAaKOT0 NUISIXY BHUPIIMIEHHS MUTAHHS € TIOPIB-
HSIHHs CTapoi Ta HOBOI IUIAHYBaJIbHUX CTPYK-
TYp, Y pe3yabTaTi 4oro (OpMYEThCS €IUHUN
IUIaHyBaJbHUI Kapkac Micta (Puc.1). Bin mae
3arajpHI JJI1 BCHOTO MiCTa IICHTPH TSKIHHSA,
(GyHKLIOHATBHI 3B'A3KM Ta MPOCTOPOBI JIOMi-
HanTu. Crapa CTpyKTypa 30epiraerbcs, BOHA
3aJMIIAETHCS JKUTTE3IATHOIO 1 IOMIHYE B Me-
Kax apeairy icTopuvHoi 3a0ynoBu. HoBa cTpy-
KTypa J0Ja€ 30BCIM 1HIIN (PYHKIIOHATHHO-
MIPOCTOPOBI XapaKTEPUCTUKH TUM TEPHUTOPISM,
10 MONajaloTh y cdepy il aKTUBHOTO BILJIUBY
[4, 16, 18].

BaxxnuBy poiib y popMyBaHHI MICBKOTO Kap-
Kacy IpaioTh MiCILsl MepexXpelleHHsl cTapoi Ta
HOBOI IUIaHYBaJbHOI CTPYKTYpH MicTa. BoHu

lcTOpHKD-apXiTEKTYPHWI ONOPHMIA NAaH

leTopuanl nam'aTrr pEayBAIKAHCEROMD SHAULHHA

leTopii mam'aThe PaROHHGI0 3HAYEHNHA
uiHHa icropiina sabyaoea
Aucrapanniing 3a6yaoea

CyMILEHHA ICTORMIHOND NAINY CMT.KNEBAHE 3 CYSACHHM MNAHOM

2
]
I anouisma dowona 1aGyaoen
—1

OXOPONHA JOHI MM ATHHKIE

— e [CTOPMMHOTNG LEHTDY

ADMIMHYE UEHTDH TRAGHHA

Puc.l. Cmt KneBanb. Hakmagauus cTapoi 1 HOBOT IIaHYBaJIBHOT CTPYKTYPH B IIEHTPAIBHIH

ICTOpUYHIN YaCTHHI MicTa

Fig. 1. Klevan. Blending old and new planning structur¢hi@ central historic part of the city
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CTalOTh TOJIOBHUMU BY3JIaMU Ta LIEHTPaMH T-
KIHHSI OHOBJICHOTO IUIaHY MICTa, HOTO Ba)IJIH-
BUM KOMIIOHEHTOM, /i€ KOHIIEHTPY€EThCSA (PyH-
KI[IOHAThHA Ta MICTOOYAIBHA AaKTHUBHICTh
[2, 4, 16].

[TpoekT mepenbavyae CTBOPEHHS apXiTEKTY-
PHO-TIPOCTOPOBUX AKIICHTIB PUHKOBOI ILJIOIII],
sKa cTasa O MEHTPOM TSHKIHHS JJI1 MEIITKAHIIIB
KneBani Ta cycigHiX MICT, TYpHUCTIB Ta
00’ eJHaIa TOPTiBEJIbHY, aJMIHICTPAaTUBHY, pe-
KpealliiiHy, CyCIiJbHY 1 TyXOBHY QYHKIIII Mic-
Ta. Perenepaiiis 4acTUHH 1CTOPUKO-KYIBTYp-
HOTO 3aIOBITHUKA 3aMKY, BIIHOBJIEHHS TOPIO-
BUX PsIiB 31 3BeJIeHHsIM PaTy1i, peKOHCTpYK-
Iisl TOJIOBHOT BYJIMII 3 BiJHOBJICHHSIM PHUHKO-
BOI IUIOIII, KOMIUIEKCHHI Onaroyctpiii Tepu-
TOPIi.

PoGotn 1O peKOHCTPYKIii 1CTOPUYHOTO
LEHTPY 30CepeeHl HaBKoJi0o PHHKOBOT Ij10-
I1i, SIKa B TIOBOEHHI POKH OyJ1a 4acTKOBO 3a0y-
JIOBaHA 1 XaOTUYHO O3eleHeHa. byno BukoHa-
HO MOIICHHS, MIPOKJIa/IeH] JOPIKKH, Ta30HU Ta
KJIIyMOH, B pe3yjibTaTi 4Oro PUHKOBA ILIOIIA
cTalla aKTUBHHUM €JIEMEHTOM MICBKOTO Cepe-
noBuia. Po3po0iaeHHs cXeMH pO3BUTKY TUIOITI
B IIJIOMY i OKpeMHX HOro OyJUHKIB 3 ypaxy-
BaHHSAM CY4aCHUX BUMOT JI0 HUX, OOpaHHS OII-
TUMaJIbHOI 00’ €eMHO-TUIaHYBaJIbHOI KOMIIO3H-
Ii{ TUTOII Ta MPUJIETJIMX BYJIUIh Ta KBapTasiB,
3a0y0BH, 100 MAaKCHUMaJIbHO IIOBEPHYTH
IIEHTPY MiCTa HOT0 XapaKTepHUU 1CTOPUYHUI
o0pa3. BinHOBIEHHS BTpayeHUX 3B’ A3KIB MIXK
JOMIHAHTAMH ICTOPUYHOTO IEHTPY, a TaKOXK
JOMIHAHTOIO Ta OyIMHKAaMH Ha KOXHIN OKpe-
Miii TUIOMII. BaknuBUM 3aBIaHHSIM € YIOPSII-
KyBaHHSl TUIaHYBaJIbHOI CTPYKTYpH MicTa Ta
OyIOWHKIB pPsIOBOI 3a0yM0BU, YCYHEHHS JHC-
rapMOHYI0UOi 3a0yJJOBH, YAOCKOHAJICHHS CHC-
TEMH TPAaHCHOPTHUX Ta MIIIOXIAHUX 3B’ S3KIB.
Po3pobka (hyHKITIOHAIBHOTO 30HYBaHHS 1CTO-
PUYHOTO IICHTPY 3 YPaxXyBaHHSIM MEX 1 PEXKH-
MYy apXiTEeKTYpHO-OymiBEIbHOI isUIBHOCTI B
MEXaxX OXOPOHHHUX 30H 1 TEpUTOpIi mam’ STOK.
["apMoHiifHE MO€HAHHS CY4acHOI Ta 1CTOPHY-
HOi 3a0ym0oBH Ta OMaroycTpiii i o3eleHEeHHs
aHcamOJ1o.

3rigHo 3 BUMoramu JlepskaBHUX Oy/iBelb-
nux HopMm (JIBH 369-92,po3min 11): «¢Heoob-
X1HO mependavyaTu CaJKOEMHICTh B apXiTeK-
TYPHO-MICTOOYIIBHOMY PO3BHTKY TIOCEIEHbB,
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BpPaxoOBYBaTH OCOOJUBOCTI ICTOPUYHOTO Cepe-
JoBUINA (KOMIUIEKC IUTaHYBaHHS, IO CKJIAJO-
cs1, Ta BIJIOBIIHOI oMY 3a0y/I0BH), 110 Xapa-
KTEePU3YIOThCS CHEeUU(DIYHUMU JUIsI KOHKpET-
HOTO TIOCEJICHHS Ta €TaliB MHOro pO3BUTKY
CHIBBIAHOIIEHHSAMH 00'€MIB  apXiTEKTypHHX
CIOpPYJ 1 BIAKPUTHX MPOCTOPIB, YMOBAMH 30-
POBOTrO CIPUHHATTS MaM'ATOK Ta iX KOMILIEK-
CiB, 3B'SI3KaMU 3 TPUPOJHUM JaHAmAGTOM»

[5].

HAIPAMKHN ©YHKIIOHAJIBHOT'O
PO3BUTKY

[cTopuyHUil TIEHTp MOAUTSIETHCS HA IIICThH
OCHOBHHMX (DYHKIIOHAJBHHUX 30H. JKUTJIOBA,
TOPrOBEbHO-PO3BAKAIIbHA, HaBYaJIbHO-
BUCTAaBKOBa, pEKpealliiiHa, TOTEIbHUN KOM-
IIJIEKC, My3€iHa.

Kpim ocHOBHUX ¢yHKLIN mependayeHo psij
3aXO0iB, MO JO3BOJISITH MICTYy HAaOyTH CTaTycC
noJi(pyHKIIOHAIBHOTO TYPUCTHYHOTO MicTed-
Ka 3 po3rally>KeHoI0 cucTeMoro nocnyr. Lle nae
3MOTY 3alliKaBUTH 1HBECTOPIB y CHIBIpali Ta
nojanbmomMy (piHaHCYyBaHHI.

OpHUM 3 TakuX 3aX0J[iB € CTBOPEHHS KOHE-
depmu. I[IpoekTom mependadeHo ii po3MimieH-
HS B 3aMKOBOMY KOMILIEKCi. METOI0 CTBOPEH-
Hs KoHe(depMH , KpiM (iHAHCOBOTO aCTEKTY, €
ICTOPUYHHMA aCTEKT.

be3niu apiOHMX KpaMHHYOK, TEMaTHYHUX
Kade Ta KaB'speHb, 10 MependaueHi Ha mep-
X TOBEpXax 3a0ydoBH sApa ICTOPUYHOTO
[EHTPY Ta 3aMKOBOTO KOMIUJIEKCY IOBHUHHI
CTBOPUTHU CHPABXKHIA KOJIOPUT TYPUCTHUYHOTO
MICTEUKa 3aX1JJHOTO THITY.

VY 3B’s3Ky 3 THM (DaKTOM, IO MICTO € JO-
CUTh MAaJICHbKHM, TO MPOEKTOM Ieper0aueHo
30CepeKeHHs BCiX (PyHKII B Maniii KUIbKOC-
Ti HA TEPUTOPIi IEHTPATBHOI PUHKOBOT TIJIOIII],
XpaMoBOi TUIOIII Ta HA POB. MilKeBUYA.

[Ilomo miaHyBanbHOI CTPYKTYpU IUISTHKH,
Maiibke BCi (pyHKIIOHATBHI 30HM BUXOJSATH Ha
JIBI TOJIOBHI ILJIOIIi, OJHOYACHO (OpMyIOUun
00’ emMoM (acamy mpocTip HaBKOJIO HUX. Pazom
3 TaM’ ATHUKaMHU apXiTeKTYpH, sIKi BXOJISTH J10
TUISIHKY, YTBOPIOETHCS €IMHUHN apXiTEKTypHHMA
aHcaMOJIb ICTOPUYHOTO IEHTPY, KWW Tpeda
BPIBHOBXUTU Ta 3HANTH NMpaBUIbHE CIIBBIA-
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HOIIICHHSI MK apXiTEKTYpOIO IMam’ SITOK Ta Cy-
YaCHOIO apXiTEKTYpOIO.

3 1miHHOI 3a0y/I0BU 3aJTUIITHINCH TOOIMHOKI
OKPEMO PO3TAIllOBaHi KUTJIOBI Ta TPOMAJICHKI
OymiBmi. InauBinyanpHa (MaominHa) 3a0ym0-
Ba MpEJACTaBlIeHA OJHO- Ta JBOTOBEPXOBUMU
OKpPEMO pO3TalllOBAaHUMHU CATUOHUMHU OYyIWH-
KaMH.

JlucrapMonyroya 3a0yoBa 3aiiMae BEIHKY
KUIBKICTh OyJiBENh Ta CIOPYA, IO PO3TAaIIO-
BaHI B M&XaX 1CTOPUYHOTO LIEHTPY.

3rifHO ICTOpPUYHHM IIIaHam, 30epircs oc-
HOBHUH IUIaHYBAJIbHUM KapKac BYJHUYHO-
JOPOKHBOT MEpeXi Ta CHUCTeMa 1CTOPUIHHX
KBapTaliB. bymu BTpadeHi 0OOpOHHI BaJH,
[[EHTpabHA PUHKOBA IUIOMIA 3 PATYIICIO Ta
XapaKTEPHOIO ICTOPUYHOIO 3a0yI0BOIO.

Penbed Tepurtopii mpencTraBieHUN KiIbKO-
Ma marop6amu, HalBHIII TOYKH SKUX yBIHYaHI
TOJIOBHUMH ICTOPHYHMMH 1AM SITKAMH, TaKH-
MU SK. 3aMOK YapTopuiicbKuX, mepkBa Pi3asa
XpuctoBoro ta Kocthoi brarosimenHns. Ila-
rop0, Ha SIKOMY 3HaXOJHUTHCS 3aMOK, 32 YaciB
cepenHbOBIUYs OyB oToueHH poBoM. [larop-
ou — okpaca KimeBani, cycnijgpbHa IIHHICTH B
ICTOPUYHOMY 1 KYJIBTYPHOMY acIIeKTi, a TAKOXK
30Ha JaHamadTy sSKa HAJAa€ MICTCUKY 1HIAMBI-
JyaJIbHOTO Ta HE3PIBHAHHOTO 00pasy.

B ymoBax icTopu4HOTro i KyJabTypHOTO Ce-
penoBuIa ciiji 0COOIUBO BiAMOBIIATBHO Mif-
XOIHMTHU JI0 TPOEKTYBaHHS HOBHUX CIIOPYJ 3 Me-
TOI0 HE HAIIKOJIUTHU BXKE ICHYIOUOMY CEpeso-
BUIILY.

Ha ocHOBi cTaporo reHepanbHOro IUIAHY
micta (1891 poky), Ha OCHOBiI aHaJOTiB Ta
KBapTaJliB 110 30€pEerIucs, MPOMOHYEThCS BiJI-
TBOPUTH OpraHi3alil0 KBapTalbHOI 3a0yq0BH
1ICTOPUYHOT YaCTHHH MICTa, 3B’ 3aBIIH 11 3 Mi-
CTOOY/AIBHUMH JIOMiHAHTaMH, 110 30eperiucs.

3a0yoBa, MO MPOMOHYETHCS HA BIATBO-
peHHA. psaoBa Oes3mepepBHA, OpPraHi3oBaHA B
3aMKHYTI KBapTaju 3 BHYTPIIITHIM TPOCTOPOM.

[lenTpanbHy PUHKOBY ILIOILY MPOTOHYETH-
Csl yBIHYATH BiATBOPEHOIO parymiero. Po3mic-
TUTHU B MEXax IUIONII BEJIO CTOSIHKU Ta OpraHi-
3yBaTH MPaBWIbHY MIIIOXITHY 30HY TSI KOM-
¢dopTHOTO NIEepeOyBaHHs JTI0IEH.

Takox, B 3aXiJHI YaCTUHI MPOMOHYETHCS
BiTHOBUTH YaCTHHY OOOpDOHHHX BaJiB, fKi €
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HEBI/I EMHOIO YaCTHHOIO ICTOPHYHOrO 00pasy
MicTa.

He MeHI roctporo ajsi MicTedka € Tpo-
Onema 30epekeHHS ICTOPHUYHUX IaM SITOK. B
MICTI € KUJTbKa IPUBAOJIMBUX, Y TYPUCTUIHOMY
CeHCI, MaM’ ATOK apXIiTeKTYpH, L0 3HAXOIATh-
cs y 3aHeq0aHOMY CTaHi. YHiKaJdbHI €KCIIOHA-
TH, 110 B JESKUX BUIIAJKAX PYHHYIOTHCS, TO-
TpeOyIOTh HETAaHOTO TIOPSITYHKY.

30KkpeMa 3aMOK, 110 3HaXOIUThCS Yy MicTey-
KY, € OJTHUM 13 HalOUIbII 30epekeHnux (opTh-
¢ikaniitnux cnopyn Hamoi kpainu. Jleski iioro
yactuHU Oynu mobymosani me y XIV cr. [3].
3a yaciB Pansucekoro Coro3y, eBHMIA yac BH-
KOPUCTOBYBABCA SIK INKOJA, MOTIM SK MiCIe
no30aBieHHs Boii. Takox sCKpaBow apxi-
TEKTYPHOIO TaM’ ITKOI0 € biaroBimeHChbKUiA
KoCTeJ MoOyIoBaHUN B CTUJII paHHBOTO Oapo-
KO 3 IIUKApHUM JeKopoBaHuM (acamom. [lic-
151 pectaspanii 1747, 1830ra 1901 pokiB koc-
TEJI JIEII0 BTPATHB CBOIO TEPBO3AaHHICTH. [0
TOTO JK pecTaBpallis, IO moyasacs Micis
OTpUMaHHS YKpaiHOI HE3aJIeKHOCTI, TTOBHIC-
TIO HE 3aBepiieHa [6].

["0JI0BHOIO 32/1a4€H0 TaHOTO MPOEKTY € PO3-
poOka QyHKITIOHATBHOI cXeMU OyJiBeNb 1 CIo-
PyA Ta OpTaHiYHE PO3MIIICHHS iX B MPHUPOI-
HOMY JaHamadTi Ta B yMOBaxX iCTOPHUYHOIO
MICTa, a TaKOX, MOIIyK CydacHUX (Hopm 3a0y-
JIOBU ICTOPUYHOTO LIEHTPY, Ha Miclli BTpaye-
Hoi. OHOBIIeHa 320y/10Ba TOBHHHA MTPOJIOBKH-
TH apXiTeKTYpHUH PO3BUTOK YHIKaJIbHOIO ic-
TOPUYHOTO HACEICHOTO MYHKTY BOMWHCHKOTO
periony.

Ha B'i31ax B iCTOpHYHHUII IIEHTP Ta B Mic-
X HAUOUTBIIOTO TSDKIHHS JIIOJIEH TPOIOHY-
€ThCs 00J1aJIHATH aBTOMOOULIBHI CTOSIHKH, a B
MeXaxX IIEHTPaJbHOI PUHKOBOI IUIONIl BEJIO
CTOSIHKU. TakoX TNPOMOHYETHCS PO3MILICHHS
M1 EHTPAIBHOIO TUIOMICIO MTiI3EMHOTO TTPOC-
TOPY 3 MAPKIHTOM Ta TEXHIYHUMH NPHUMIIIEH-
HSIMH.

3rifHo cxeMHu (QYHKILIOHAJIHHOTO 30HYBaH-
Hs ICTOPUYHY YaCTHHY IMPOTOHYETHCS BiTHO-
BUTH Yy BHUIJIIAI MYJIbTU(QYHKIIOHAIEHOTO
TPOMAJICHKOTO IIEHTPY 3 OCHOBHUMH IIEHTPaAMH
TSDKIHHS JIFOJIEH, SKUMU 3aJIUAIIAI0THCA TOJIOBHI
ICTOpHYHI ITaM’ SITKH.

B ckmaai mpoekty po3poOiieHO TeHepaib-
HUW TJIaH pereHeparlii Ta pO3BUTKY 1CTOPHY-
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Horo 1enTpy cMT Knesanb. IM mependaueno
PO3MIIIICHHSI HOBOI KBapTajibHOI (KUTIIOBOI Ta
IpOMaJIChKOi) 3a0yMOBH Ha OCHOBI JIHIHHOI
oprasizaiii XWTIOBUX BYJIHIb. PecraBparris
Ta peBiTai3alfis ICTOPUYHHUX IMaM ATOK. Bin-
HOBJICHHSI ICTOPUYHOTO BUTIISAAY MicTa. B 1mi-
JIOMY apXiTekTypa OymiBenb 1 JlaHamadTHHA
JM3aiiH IOBUHHI CTBOPUTH €IMHY TapMOHINHY
KOMITO3HITII0 TIAMOPSAIKOBaHY OTOYCHHIO Ta
MaloTh BIAMOBIZATH CTAaTYCy 1CTOPUYHOTO MicC-
Ta.

[IpoexkToM mependayeHa pPEKOHCTPYKIIS
YaCTUHU ICTOPUYHOTO IIEHTPY Ta BITHOBJICHHS
PUHKOBOI TIONII, HAAAHHS 1 TOPTiBEeIBHOI Ta
o0cimyroByrouoi (yHKIIi TUM cCaMUM IOBEp-
HEHHs i cTaTyCy 3arajJbHOMICBKOTO 3HAaueH-
HSI.

3abynoBa psiaHa, Oe3nepepBHa, BUKOHAHA B
MacmTadl iICHYyr40i iICTOpUYHOT MICBKOi 3a0y-
noBu. IloOymoBaHa 3 cydacHHUX MaTepialiB.
®opmu 3a0y0BH ICTOPUYHI — CTHIII30BaHI,
OHOBJICHI, HANIPHUKJIaJ KOMOiHaLisA cTapoi cKa-
THOI YePeNUYHO1 TOKPIBIl 3 Cy4aCHUMH CKJISI-
HUMU ¢acasaMy, HASBHICTh JIEKOPATHBHHX
eleMeHTIB Ha (acanmi mo HagaayTh CydacHii
3a0y/0Bi icTopuaHOro 06pa3y. Bucoki mokoui,
037100JIeHHS BIKOH, JIBEpeH Ta MOKPIBIII HA Ma-
Hep crapoBuHHOI 3a0ynoBu XVIII — XIX cr.
Marepianu s 031001eHHS KOMOiHOBaHI (ic-
TOPHYHI Ta Cy4YacHi).

BaxxnuBuM eTranoM OHOBJIEHHS 1CTOPUYHO-
ro CepeIoBUINA MICTa € BU3HAUEHHSI poJii Horo
s/ipa Ta iICTOPUYHOI 30HU B ICTOPHYHOMY PO3-
BUTKY MicTa. [cTopuyuHe sapo MicTa SABISETbCS
CTPYKTYpO-(pOPMYIOUOI0 OCHOBOIO HE TUTHKU B
(¢hopmyBaHHI BCHOTO MICTa, a 1 B arJioMeparii-
HUX nporecax [3, 13, 15].B Toii ke wac icto-
PUYHUH LIEHTP MICTA € HE TIJIbKH KOMITO3UIIIH-
HUM IIEHTPOM TSDKIHHS HaceJeHHs, a ¢
LIEHTPOM Ta CEPEJOBUIIEM PO3BUTKY COIlialib-
HOi aKTMBHOCTI, KYJIbTYpHOTO 30araucHHs Ta
PO3BHTKY, 1110 BIUIMBAE Ha PopMyBaHHS (YHK-
[[IOHAJBHOTO HACHYCHHS ICTOPUYHOTO LEHTPY
MicCTa.

BnockonaneHHs 1utaHyBaHHA 1 3a0ynoBu
ICTOpUYHUX MICT TIOB'SI3aHE, Hacammepen:, 3
PO3BHUTKOM iX 1HIMBIAYalIbHUX IUIAHYBAJIbHUX
MEPIIOOCHOB B YMOBAaX TEPUTOPIAILHOTO 3pO-
CTaHHsS MiCTa, MiJACUJICHHS (YHKIIOHAIBHUX
3B'I3KIB MK OKPEMHMH 30HaMH, 301JTbIICHHS
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PYXJIMBOCTI MiChKOro HaceneHHs. He BTpaua-
I0YM CBOiX ICTOPHYHO C(HOPMOBAHUX XYHOXK-
HIX SIKOCTEH, BOHU OJICPKYIOTh HOBE, HabaraTro
30uIbIIeHe (PYHKITIOHATBHE 1 COoIliaibHe HaBa-
HTaKeHHs [1].

Etanu pekoHCTpyK1Iii pUHKOBOT IJIOMII:

1. TopiBHATBHUI aHATI3 ICTOPUYHOI Ta Cy-
YacHOI TUJIAHYBaJIbHUX CTPYKTYp, CTBOPEHHS
ICTOPHKO-OIIOPHOTO TIJIaHy Ta NECTPYKTHBHOI
CXEMH IEHTPAIbHOT YaCTUHU MICTa Ta MpHUIIe-
TJINX BYJIUIh Ta KBapPTAJiB,;

2. Bu3HaueHHs CTYIEHIO IIHHOCTI IIEHTpa-
JBHOT YaCTUHU MaJIOTO ICTOPUYHOTO MICTa,
TEHJCHLIH (OpMyBaHHS Ta PO3BUTKY (CTHIIb,
xapakTep 3a0yI0BH, ITEPio] PO3KBITY);

3. BuzHaueHHsT  CTymeHIO  30epeKeHHs,
aHaJli3 Ta BUCHOBKHU Ha CKUIbKM PHUHKOBA ILJIO-
112 B LiJIOMY Ta OyiBii 30eperiu cBoi apxiTe-
KTYpHi Ta (DyHKI[IOHAJIbHI XapaKTePUCTUKH, Ha
CKUTbKM BOHH BIMOBIIal0OTh CYYaCHUM BUMO-
ram;

4. Bu3HaueHHs Cy4aCHUX BUMOT Ta BHCHO-
BKU SIKMM TOBUHHO OYTH CydYacHE 1CTOPHUYHE
Cepe/IoBUINe, YOT0 HE BHCTAYa€ HA PUHKOBIN
IJIOMII, 10 MOTPIOHO JOJATH Ta UMM JIOTIOB-
HUTH IIi]1 9ac pecTaBpariii,

5. ®opmyBaHHS 3a/1ad PEKOHCTPYKINT O-
HOYACHO Ha TPHOX PIBHAX CHPHUHSITTA — JIFO-
nuHa (BiIHOBICHHS BTPAaYeHUX Bi3yalbHUX
3B'A3KIB  MDK JOMIHAQHTaMH  iCTOPHUYHOTO
HEHTPY, YHOPSIKYBaHHS KBapTaliB, IUIaHYBa-
JBHOI CTPYKTYPH; YCYHEHHS TUCTapMOHIMHUX
€JIEMEHTIB; YIOPSAKYBaHHS W JOMOBHEHHS CH-
CTeMH  TPAaHCHOPTHHUX  Ta  MIMIOXITHUX
3B’ A3KiB), TpocTip (opMyBaHHS Ta aganTarlis
MiJ Cy4acHI yMOBHM Ta TOTPEeOM IMIMIOXiTHUX
MPOXO/iB, BYIUIb Ta IJIOLI, OIaroycrpiii te-
puTOpii Ta BHYTPINIHIX JBOPIB MPHIIETIUX
KBapTaJiB, BJIAIITYBAaHHS BHYTPILIHHOKBApTa-
JBHUX JIBOPIB 3 PO3BHUHEHOIO 1HMPACTPYKTY-
pOIO; CTBOPEHHS NapKiB Ta CKBEpIB;, BIAIITY-
BaHHS TUTSIYMX MaiIaHYMKIB Ta 30H peKpea-
1ii), OyauHOK (yrmopsiAKyBaHHS OyIUHKIB psi-
JIOBOT 3a0yI0BH; TIEpeI0aYNTH CYy9acHE 3aCTO-
CYBaHHSI OKPEMHUMH ICTOPUYHUMHU OYAMHKaMU
B aHcamOJli 3 ypaxyBaHHSIM pO3pOOJEHOTO
(YHKIL1I0HATLHOTO 30HYBaHHs aHCaMmOJI0; BH-
pillIeHHS TUTAaHHS 10 JIEKOPaTUBHOMY 0(OpPM-
JeHHIo (acafiB BCiX OyauHKIB, 10 (HOPMYIOTH
aHcaMOJIb);
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6. BusHaueHHs Mip PEKOHCTPYKTHBHOTO
BTPY4YaHHS,

7. ®opMyBaHHS KOMILUIEKCY METOIIB PEKO-
HCTPYKIIi pUHKOBOT IJIOITI.

BMUCHOBKUA

AHani3 MICTOOYIiBHOT €BOJIOMII icCTOpUY-
HUX TOCEJICHB MOKa3ye, 0 B3a€EMOJIisl iICTOpH-
YHOTO CEepeIOBUINA 3 CY4acHO0 3a0ynOBOIO €
ONHICI0O 3 HAMBAXIIMBIIINX KOMIIO3UIIHHNX
npobiem.

Cwmt Kneanp PiBHeHCBKOI 00aCcTi BIIHO-
CUTHCS O BHU3HAYHHUX ICTOPUYHHMX HACEICHUX
MyHKTIB YKpaiHChbKOro periony Bomwmni. 3a-
BJISIKH CBOEMY BHTIJTHOMY pPO3MIIIEHHIO, Ha
MPOTsI31 BCHOTO CBOTO ICHYBaHHS BIJITpaBaB
BXJIMBY POJIb B TPAHCIIOPTHOMY CIOJTy4€HHI
Ta OyB TOPTiBEJILHUM IIEHTPOM.

Ha cporoanimmHiii genp, cMt KneBans € tu-
MOBHM TIPEACTaBHUKOM MAJIUX ICTOPHUYHUX
MicT YKpaiHu, sike 30eperyio CBOIO I[IHHICTh B
MacmtTabax BCi€l KpaiHW, y BUTIISIL IIJTICHOTO
ICTOPUYHO CKJIAZICHOTO apXITEeKTYPHOTO Ta Mi-
cTOOYAIBHOTO aHCAMOJTIO.

B nwmx wmicrax 30epernacsi OCHOBHA IJIaHy-
BaJlbHA CTPYKTYpa HACElICHHMX IyHKTIB, 5Ka
CKJIa/Iajiach MPOTATOM BCHOTO iX (hOpMyBaHHS,
OCHOBHI ITaM’ AITKU apXiTEKTypH Ta MICTOOYIy-
BaHHS, PUHKOBI TUIOIII, €JIEMEHTH OOOPOHHOI
apXITeKTypyd Ta ICTOPUYHOro JaHAmadTy, a
TaKOX OKpeMi ICTOpUYHI KHUTIOBI OYyiBIIL.

MacoBa psiioBa icTopudHa 3a0yJ0oBa HE
30epernacst 1 B IOBOEHHI yacu Oyja 3aMiHEHa
Ha TUIIOBY Ta 1HJMBIAyaIbHY CAAMOHOTO THITY.
[ToBHicTIO 3HUKIM icTOpUYHI QyHKIT 3a0y10-
BH, a Cy4YacHI HE BIJIOBIIaIOTh 3HAYCHHIO
30epeKeHOT KYIbTYPHOI CIIAAIIIHH.

BaxmuBuM TBOpPYMM 3aBIAHHSM SIBIISIETHCS
MOIIYK MiICTOOYAIBHUX MPUHOMIB 1 METOIIB,
mo 3a0e3Me4yyloTh ONTHMAJIbHE CHOTYYCHHS
HOBOI 3a0yJOBH 3 ICTOPUYHO Cc(HOPMOBAHUM
CepEIOBUIIIEM.

OCHOBHOIO METOIO JIaHOi pOOOTH € TOIIYK
cy4acHuX (opM Ta IUIaHyBaJbHHUX 3aC00iB, SKi
3aMIHATHh 3HUKJI ICTOPUYHI MICTOOY/IBHI Ta
apXiTeKTypH1 eneMeHTH. BoHM nanyTh 3Mory
MOBEPHYTH YHIKAJIBbHI MiCTa Ha NUIAX MOJaJb-
[IIOT0 PO3BUTKY Ta mpouBiTaHHs. [[bomy Mae
CIpUATH 1 HOBE (PYHKITIOHAJIbHE PIIICHHS iC-
TOPUYHHUX IIEHTPIB IUX MicT. [ly)ke BaKIMBUM
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€ HEOOX1HICTh MEPEeTBOPEHHSI MAJIMX 1CTOpPHU-
YHUX MICT YKpaiHM B TYpPUCTHYHI LEHTPH,
aJuKe TYpU3M € BaXJIMBOIO CKJIJJOBOIO IX €KO-
HOMIYHOT'O PO3BUTKY.
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Problems and dir ections of reconstruction
of historical centers of small settlements
of the Volyn region (on the example
of Klevan, Rivneregion)

Eugenia Kazakova

Summary. Development and revival of the
Ukrainian historical past always was and stillhs t
problem nowadays. Lots of small historical cities
of Western part of Ukraine are in a bad state and
needs space and functional reconstruction and up-
dating. First of all it concerns the regeneratidn o
the historic centers of small settlements, with the
aim of creation in them developed infrastructure,
improvement of standard of living, gravitation of
tourist streams. Actuality of this question is con-
sidered in this article, substantive provisions and
tasks are certain at forming of the renewed envi-
ronment of the city.

Key words. regeneration, historical center of
the city, development, revival, reconstruction.
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[o pepakuii (uwtech@ukr.net) nogatoTe B €MEKTPOHHOMY BUIMAAI 3asBKY, Sika MIiCTUTb:
Tekcm cmammi (aHrNMOMOBHOT — 3 OQiLiIiHO 3aBipeHVM Nepeknaaom)

2) [osidky npo asmopis (Npi3BuLle, iM's, N0-6aTbKOBI; HAYKOBWIA CTYMiHb, BYEHE 3BaHHS; MicLle poboTu, nocaza)

3) KoHmakmmHi gidomocmi (ineHTudpikatop ORCID, cdoTo aBTOpa(iB) B .jpg, MOLITOBY i €NEKTPOHHY agpecu, MoGinbHUNA
TenedoH)

4) PeueHsito (3 NTOBHUM iM’IM peLieH3eHTa MOBOH, SKOK HanmcaHo CTaTTio)

5) Yeody (Npo BinbHE BUKOPUCTAHHSA aBTOPCLKOro npaea)

Bumoeu do cmammi
BaearneHi npasuna:

* napameTpu apkywa: oopmat A4, BEpXHE Ta HUXHE nons 2,5 cMm, nise Ta npase 2 cm; wpndT Times New Roman; ko-
noHTMTYnM 1,3 cMm, ab3auHui Bigetyn 0,5 ¢M; po3Mip OCHOBHOMO TEKCTy 12, aHoTauin i nitepatypu 11, MiXXpsaKoBui
iHTepean 1

e craTTio (.docx) dhopmaTyioTb Y ABi KOJMIOHKM MO 8 CM 3 NMPOMIKKOM 1 CM; BCTAHOBIIOTL aBTOMATUYHE NEPEHECEHHS
cnis

e Ha3su Tabnuub Ta nignucum nig pucyHkamm (po3mip 11) po3smilLytoTb niBopyY rpadiyHOro 06’ekTy; B KUPUIUYHMX TEKC-
Tax — Ay6noTb aHrMiNcbKo (PSAKOM HUKYE)

e B CMUCKY niTepatypu — He MeHLwwe 20 nocunaHb (y TOMy Yvcni Ha xXypHan «[ligBoaHi TexHonorii»); nicns npissuLy 3a-
3HaYyalTb piK BUAAHHS

e B CTaTTHAX, HANWCAHUX KNPUNWLEID, B KiHLi AaloTb aHOTaUit0 aHrMiNCbKOK; B @HIMOMOBHUX CTATTAX — POCINCLKOK

CmpyKkmypy8aHHS:

e BuUXigHi gaHi (wWpudT Arial): HasBa pykonucy (Hhk, ¢.14), iM’'a Ta npisBue aBTopa (kypcus, §.12), micue poboTw,
nowiToBa agpeca, e-mail, ineHTngikatop ORCID (¢.10); sKLi0 aBTOpiB AeKiNbka — 3a3Ha4aloTb LMPPOBMMM 3HOCKA-
MU; 3anuwarTb No 5 NycTux psagkiB Mk BEPXHIM NofieM apkyLua, BUXigHUMU aHVMKW | OCHOBHUM TEKCTOM CTaTTi

e CTPYKTYPHI Nigpo3ainuv craTTi:

- AHOTALIA (150 — 200 cnis)

- KNKO4YOBI CJIOBA (5 — 8 cniB)

- BCTYN

- META | METOOU

- PE3YJIbTATU TA NMOACHEHHA
- BUCHOBKW TA PEKOMEHIALIIT

e HasBa cTaTTi — iHpopmaTMBHA Ta KOPOTKA; CTPYKTypa aHOTaLisi — aHaroriyHa CTpyKTypi cTaTTi, 6€3 BUKOPUCTAHHSA
CKkopo4eHb Ta abpesiaTyp, yCi NOSICHEHHS 4al0OTh B TEKCTI; MOCKIaHHS — He Ginblue 5 axxepen B 04HOMY MicLi

e Tabnuui Ta PUCYHKN PO3MILLYIOTb MICIS NEPLUOro 3rafyBaHHs MPO HUX, BENUKi (Ha MOBHY LUMPWHY apKylua) — 3BepXy
ab0 3HM3y CTOpiHKM (He po3pMBaKYM OOQHOYACHO 06UABI KOMOHKU TEKCTY)

e imocTpauii — y dpopmartax .jpg, .tif 3 posginbHoto 3gaTHicTio He MeHLwe 300 dpi

OgpopmiieHHs:

e MULYTb NPSIMO — UMdPW, rpeLibki OYKBM, KUPUNULIKD, TPUTOHOMETPUYHI oyHKUIT (tan, sin Ta i.), ycTaneHi Bupasu (max,
const Ta iH.), XiMiYHi eNeMeHTH; KYpCMBOM — aHriACbKi CUMBOMY hOPMYIT, PUMCbKI Lindpy, HOMepwu ekcnikauii

e Mix hbopMynamm, pucyHkamu, Tabnuusamm i TEKCTOM 3anuLuatoTb No 1 nycToMy psiaky

e hopmynu (po3mipom 12-9-7-16-12) HabupatoTb B Eq.3 a6o MathType 6.0 i LeHTpyOTb; HyMmepauist — MPpaBopyy KOslo-
HKM; Tabnuui i pucyHKM — He NepeBuLLYIOTbL 06racTb ApyKy apkyLua

e CKOpoOYeHi crioBa «Tabn.» (Table), «Puc.» (Fig.) nuwyTb 3 Benukoi 6ykBu (B TEKCTi — CBITNO, B Ha3Bi — H/K); TEKCT Ha
nori pUCYHKiB 3BOAATb 4O MiHIMyMy, MOSICHEHHS AaloThb B nignucax nig pyucyHkamm

e CMMCOK niTepatypu AybntoTb aHrninceko abo 3a gonomoroto http://translit.net, Bkasytoum y gy>xkax MoBy opuriHany
(Kpim aHrnincbKoi, HiMeLbKoi, hpaHLy3bKoT)

e B SIKOCTi pO34iNoBMX 3HaKiB BUKOPUCTOBYIOTb TiNbKW Kpanky i komy (ctaHgapT APA); KinbKiCTb CTOPIHOK (aiana3oH)
BKa3yoTb 6e3 X No3Ha4YeHHs

e npuknagu odopmnenHs ctaten y MS Word — Ha canTi www.uwtech.at.ua
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Indexing

The journal «Underwater Technologies» is available in the following international databases:

Google academy — http://scholar.qoogle.com.ua

Google

Academy

Google Scholar is a freely accessible web search engine that indexes the full text or meta-
data of scholarly literature across an array of publishing formats and disciplines. While
Google does not publish the size of Google Scholar's database, third-party researchers es-
timated it to contain roughly 160 million documents as of May 2014 and an earlier statistical
estimate published in PLOS ONE using a Mark and recapture method estimated approxi-

mately 80 — 90% coverage of all articles published in English

Index Copernicus — www.journals.indexcopermicus.com

INDEX @ COPERNICUS

INTERNATIONAL

IC Journals is a journal indexing, ranking and abstracting site. This service helps a journal
to grow from a local level to a global one as well as providing complete web-based solution
for small editorial teams. IC Journals helps to professionally manage your journal from your
location and automatically delivers

JOUR Info — http://jourinfo.com

Jour Informatics is a non-profitable organization. It is a medium for introducing the Journals
to the researchers. This service helps researchers to finding appropriate Journal for refer-
encing and publishing their quality paper. In this global world, there are lots of Journals. So it
is very difficult to find best relevant Journal which can be useful for us. Here anybody can
find and also check the quality of particular Journal by Jour Informatics Rating, decided

based on the different critical analytical parameters

Ei Compendex — http://www.engineeringvillage.com

Engineering Index was renamed “Ei Compendex”, and it is now published by Elsevier,

which purchased the parent company Engineering Information in 1998. The name "Com-
pendex" stands for COMPuterized ENgineering inDEX. Compendex currently contains over
18 million records as of July 28, 2015 and references over 5,000 international sources in-
cluding journals, conferences and trade publications. Approximately 1,000,000 new records
are added to the database annually from over 190 disciplines within the engineering field.

Coverage is from 1970 to the present, and is updated weekly

Scientific Indexing Services — http://www.sindexs.org

SIS offering academic database services to researcher. SIS Provides Quantitative And
Qualitative Tool For Ranking, Evaluating And Categorizing The Journals For Academic
Evaluation And Excellence. The Evaluation Is Carried Out By Considering The Factors Like
Paper Originality, Citation, Editorial Quality, and Regularity & International Presence

Global Impact Factor — http://globalimpactfactor.com

GIF‘A

GLOBAL IMPACT FACTOR

GIF the evaluation is carried out by considering the factors like peer review originality, scien-
tific quality, technical editing quality, editorial quality and regularity

Ulrichs Web — http://ul

richsweb.serialssolutions.com

ULRICHS\WEB

GLOBAL SERIALS DIRECTORY

Ulrich's™ is the authoritative source of bibliographic and publisher information on more
than 300,00 periodicals of all types academic and scholarly journals, Open Access publica-
tions, peer-reviewed titles, popular magazines, newspapers, newsletters and more from
around the world. It covers all subjects, and includes publications

Web NPBUNC — http://irbis-nbuv.gov.ua

UPBWUC is the integrated library-informative system that is created on the base of the State
scientific library of Ministry of higher educational establishments of the former USSR. One of
the most systems, that is widely used by many libraries of Ukraine

The journal «Underwater Technologies» are published both in online and print versions
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Asmopu nybnikauiti

Vladislav Bogdanov — Senior Consultant of Serenidad Consulting Pty. Ltd., PhD Sciences, Senior Research Asso-
ciate, Marsfield, NSW, Australia

AHnpapin BoHpapeHko — npodecop kadeapu ripHNYnX MawuH Ta imkuHipuHry 1IBH3 «HauioHansHui ripHuymni yHi-
BEpPCUTET», LOKTOP TEXHIYHMX HayK, Nnpodecop

OnekcaHap BniHuoB — goktopaHT HauioHanbHOro yHiBepcuteTy «JIbBiBCbka MOMiTEXHiKa», KaHOUOAT TEXHIYHUX
HayK, JOLIEHT

BikTop Mamaanyyk — 3aBigyBay kadenpu TeopeTUYHOi MexaHikm KMiBCbKoro HauioHanbHOro yHiBepcuteTy OyaiBHU-
LTBa i apXiTEKTYpW, OOKTOP TEXHIYHMX HayK, npodecop

€sreHina KosakoBa — acnipaHT KniBCbKoOro HauioHaneHoro yHisepcuteTy 6ygiBHALTBA | apxiTekTypu

Biktop Kopuubkuit — acnipaHT HauioHanesHoro yHiBepcuteTy kopabnebynysaHHsi imeHi agmipana MakapoBa

KoctaHTMH KoTeHko — acnipaHT KMiBCbKOro HaLioHanbHOro yHisepcuteTy OyaiBHULTBA i apXiTEKTypu

Hatans KynpieHko — 3aBigyBay nabopatopieto dismko-xiMidHUX ocnigxeHb i OyaiBenbHOT KepaMiku OepXaBHOro
nignpmemMcTea «YKpaiHCbKUA HayKOBO-AOCHIAHUIA | NPOEKTHO-KOHCTPYKTOPCLKMI IHCTUTYT ByaiBenbHUX MaTepianis Ta Bu-
pobiB»

MeTpo KynpieHko — npodecop kadeapun ToBapo3HaBCTBA i kKOMepLiiHOT AisnbHOCTI KNMiBCbKOro HauioHanbHOro yHi-
BepcuTeTy OyAiBHUMUTBA i apXiTEKTYpU, JOKTOP TEXHIYHMX HayK, Npodecop

CgiTnaHa JlanoBcbKa — 3acCTyMnHWK AUPEKTOpaA 3 HAyKOBOI pob0OTK Aep)KaBHOro MianpueMCTBa «YKpPaiHCbKMI HayKo-
BO-A0CHIAHWI | NPOEKTHO-KOHCTPYKTOPCLKUIA IHCTUTYT ByaiBenbHMX MaTepianis Ta BUpo6iB», JOKTOP TEXHIYHUX HayK

Ceprin Jlucak — Buknagad MukonaiBcbkoro 6yaiBenbHoro koneaxy KuiBcbkoro HauioHanbHoro yHisepcuteTy byaie-
HULTBA i apXiTekTypu

AHppin Heb6aToB — Buknagad [IBH3 «HauioHanbHWIA ripHU4YMin yHiBEpCUTET»

Ceprin Nonoska — npocecop kaceapu reorpadii Ta MeToaMKM i HABYAHHA YMaHCbKOro AepXaBHOro neaarori4yHoro
yHiBepcuTeTy iMmeHi NaBna TuunHM, OKTOP reonoriYHMX Hayk, npodecop

Onekcin MpumaveHko — JouUeHT kadenpu Micbkoro GyaiBHMUTBa KMiBCbKOrO HauioHanNbHOro yHiBepcuteTty Oyais-
HULTBA | apXiTEKTYpU, KaHAMAAT TEXHIYHUX HayK, JOLEHT

Muxaino Cyka4 — npocecop kadenpu byaiBensHux mawwmH KMiBCbKoro HauioHanbsHOro yHisepcuteTy OyaiBHMLTBA i
apXxiTeKTypu, OKTOP TEXHIYHMX HayK, npodecop

AHppin CipiBuyk — Buknagay HauioHanbHoro yHiBepcuteTy kopabnebyayBaHHst imeHi agmipana Makaposa

IBaH Tka4yeHKO — 3aCTyMHWK reHeparnbHoro aupektopa TOB «MixHapoaHWI BUCTAaBKOBUI LIEHTP»

DeHunc XoxniH — goktopaHT KMiBCbKOro HauioHanNbHOro yHiBepcuteTy OyaiBHULUTBA i apXiTeKTypu, KaHaAMAAT TEXHIY-

HUX HayK, JOUEHT
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HaykoBo-BMpo6GHMYE BUAAHHS

MNaBOAHI TEXHONOrII

NMPOMUCIIOBA TA UMBINIbHA IHXXEHEPIA

Bunyck 05/2017

CtaTTi NnyOnikyroTbCA B aBTOPCLKi peaakuil

¥ OcdbopMneHHs], CTUMb Ta 3MICT XXypHany € 00’eKTOM aBTOPCBLKOro npaga i 3axuLaeTbcs
3aKOHOM

BignosiganbHicTb 3a 3MICT Ta AOCTOBIPHICTb HABEAEHNX OAHUX HECYTb aBTOPUW NyGnikauin
Pepakuis 3anuwae 3a coboro npaBo pegaryBaTtu Ta CKOpoYyBaTu NoAaHi maTepianu

Yci cTaTTi ogepxxany NO3UTUBHY OLLIHKY He3amneXHUX pPeLleH3eHTIB

Mepeapyk po3mMillleHMX y XypHani maTepianis 4O3BOMNSETHCS TiNbKU 3a MMCbMOBOKO
3rofo10 penakuii

v ¥ W W

PeueH3eHTU cTaTen

Sergii Bilyk
Volodymyr Gots
Mykola Nesterenko
Mykola Marienkov
Tetiana Shylova
Stan TarnavskKii
BaneHTuH NaHkeBWY
Hennsa JleweHko
Onekcin MntTpononbCbKni
Irop Mnageubkuni
KOpin >Kykos

OpwuriHan-makeT BUrOTOBIEHO B pepakuii xxypHany «liaBoaHi TexHonorii»

JTiHrsicTnYHWI koHCynNbTaHT OneHa aspurneHko
PeparyBaHHs i kopekTypa Bipu JaHiniHoi
MakeTyBaHHs i obknaguHka Jmumpa Miwyka

Pepakuis xxypHany BupaBeub i BUrotosnoBai

BugasHuuTtso Jlipa-K
CeigouTtso Ne 3981, cepisa K
Byn. ®.MywwuHoi, 27, od. 20-22, Knis, YkpaiHa, 03115
+38 044 2479337, +38 044 4509196
www.lira-k.com.ua, lira-k@ukr.net

KHYBA, MosiTpodnoTtcbkmin npocnekt, 31
nab. kopnyc, og. 2313, Kuis, YkpaiHa, 03680
+38 044 2454217, +38 095 6297417
www.uwtech.at.ua, uwtech@ukr.net
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