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TpeTsa mixkHapoaHa HayKOBO-NpaKkTU4YHa KOH(pepeHLia
Underwater Technologies 2017

Muxadno Cykay

KuniBCbkUI HaUioHanNbHWIA yHIBEpCUTET OyAiBHULTBA | apXiTeKTypm
31, MNosiTpodnoTcbkuin npocn, Knie, YkpaiHa, 03037
msukach@ua.fm, orcid.org/0000-0003-0485-4073

Amnoranis. [Tposeneno |ll mixxnapoany Ha-

YKOBO-TIpakTHUHy KoH(pepenmiro Underwater

Technologies 201 fipucBsucHy BIUTUBY BOAU
Ha JIOBKULIS Ta Pi3HI aCMeKTH JIOJCHKOT is-
JBHOCTI. YKpaiHChKI W 1HO3eMHI (axiBIll 00-
TOBOPHJIM IIMPOKE KOJIO MUTaHb, MOB’ I3aHUX 3
PO3pO0OKOIO TE€OPii, MPOBEACHHSIM JTOCIIIKEHbB,
CTBOPEHHSIM HOBOi TEXHIKH 1 OOJaIHaHHS,
MPAaKTUYHUM 3aCTOCYBAHHSIM CYYaCHHX €HEp-
FOOIIAAHNX 1 EKOJIOTIYHO OE3IEYHNX TEXHOIIO-
riii. Y 3ax0/1i1 B3sUIM y4acTh Maike JIeB’ SHOCTO
¢axiBuiB, y TOMY YHCIi 13-32 KOPAOHY, SKHX
BimsHayeHo Ceprtudikaramu, [logskamu opr-
KoMmiTeTy KoH(epeHuii, Jumiomamu nepemo-
KI[IB KOHKYPCIB 3a TpbOMa HOMIHAI[ISIMH.
Kpamii po6otu pexkoMeHI0BaHI A0 OMyOIiKy-
BaHHS B MDXKHAPOJIHUX HAYKOBUX JKypHaJIAX.

KarouoBi  cjoBa:  HayKOBO-IIpaKTH4YHA
KOH(EpeHIIis, MiIBOAHI TEXHOJIOTiI, 1HTerpa-
1ist (haxiBIiB, MIXKHAPOIHI IMyOiKaIIii.

B KwuiBcbkoMy HaIioHaIbHOMY YHIBEpCH-
TeTi OyMiBHUIITBA 1 apxXiTeKTypHu BinOymnacs I
MixHapoaHa HayKOBO-TIpaKTHYHA KOH(pepe-
iz Underwater Technologies 2017ika
npoxomuia 3 21 no 23 Gepe3Hs 3a agpecoro:
31, [ToBitpodnorcekuii mpocm., Kuis, Ykpaina,
03037.

CmiBopranizoropamu KoH(pepeHIiii BUCTY-
nw MiHICTEpCTBO OCBITH 1 HayKu YKpaiHH,
[HCTHTYT TenexkomMyHiKaliil 1 TJI00AIBHOTO 1H.
¢dopmariifHOr0 mpocTopy Ta IHCTHTYT eneKT-
po3BaproBanHs iMeHi €.0.ITatona Harionans-
Hoi akazemii Hayk Ykpaiuu, Iloabcbka akaze-
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Muxanno Cykau
] npodecop kadeapu
| OyaiBenbHUX MaLLWH

. O.T.H., npod.

mis Hayk ([IpencraBuunrBo B Kuesi), Harmio-
HaJbHUW  YHIBEpCUTET KopabieOymayBaHHS
(MuxkomnaiB), XapKiBChbKUIl HAIlIOHATBHUN YHI-
BepcuteT pagioenekTponiku (Puc.l1).

Posrnsmanucey nuTaHHs, OB’ A3aHl 13 BILUIU-
BOM BOJIM Ha HaBKOJIMIIIHE CEPEIIOBHIIE Ta 1H-
HOBaIiitHi TexHousorii. HaykoBmi # caxisii
MPEACTaBUIM Taki ranay3i 3HaHb sk [Ipupon-
HUY1 Hayku, MaTemaTHka i ctaTuctuka, [Hgo-
pMariifHi TexHosorii, MexaHidyHa Ta €JIeKTpH-
YHa 1H)KeHepis, ABTOMaTH3allisl Ta MPHUIIAI0-
OynyBaHHs, BUpOOHUIITBO Ta TeXHOJOTiI, Ap-
XiTekTypa Ta OyJiBHUIITBO .

['omoBoro opraHizariiiHOro KOMITETY KOH-
depennii oobpano pekropa KHYBA n-pa exoH.
Hayk npodecopa Ilerpa Kymikosa, cmiBrosio-
BOIO — AUpeKTOopa [HCTUTYTY TenekoMyHiKawin
1 TiIobanbHOrO 1H(GOPMALIHOTO TPOCTOPY
HAH Vxkpainu unena-kopecnongenta HAHY,
Onexcangpa Tpopumuyka, dieHaMHd KOMITETY

1
-l .

— Directora Stacja Naukjwa w Kijowie PANDr

habHenryka Sobczuk@Poland)ra 3aBimyBaua
kadenpu XHYPE ng-pa texs. Hayk mpodecopa
Awngpis TessmieBa (XapkiB).

! Imena, npi3Buma, Ha3BK KOMOBiaEil T01AHO
B aBTOPCHKIii penakuii (MOBOIO OpHTiHAITY)
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Puc.1. Poboua nporpama i criiBopranizatopu KoHdepeHii
Fig. 1. Working program and co-organizers of conference
o mixkHapomHOi pamu KoH(pEpeHIii yBiii- Weltischev (Bauman MSTU, Russia), Dizin
[ITH TPEACTAaBHUKHK OaraThbOX KpaiH CBIiTYy — Walery Wysoczanski (WSBOP w Radomiu,
PhD Ass. Prof. Winfried Auzinger (Vienna Poland).
University of Technology, Austria), PhD Hayxosuit KOMITET KoH(pepeHTIil

Snr.Res.Ass. Vladislav Bogdanov (Australia), Underwater Technologies 201@uonumu ii
PhD Ass.Prof. Goran Bryntse (EREF, Sweden), dynaatop — n-p TexH. Hayk npogecop Mu-
PhD Snr.Res.Ass. Vladimir Feldgun (Israel xaiino Cykau, cmisronosa — aupekrop Incru-
Institute of Technology), Czl. rzecz. PAN, Dr Tyry enekrpo3saproBanns imeni €.0.Ilatona
hab Prof. Jan Glinski (OL PAN, Poland), PhD akanemix bopuc Ilaron, unenu xomitery —
P.Eng. Maxim Gots (Skyjack Inc., Canada), Dean Technische Universitat Bergakademie
PhD Krishna Kayastha (Hydro-Technical Dr hab Prof.Carsten Drebenstedfreiberg,
Commission, Nepal), Dr hab Prof. Eugeniusz Germany), npopekrop HarionansHoro yHi-
Krasowski (OL PAN, Poland), Vladyslav Bepcutery KopabiaeOymyBaHHS iMeHI aamipaina
Kvjatkovskiy  (Krypton Ocean Group, Makaposa a-p TexH. Hayk npodecop Bonomu-
Virginian Isl.), ScD Ass.Prof. Viktor Mashkov  mup bninnos (Mukonais).

(University J. Evangelista Purkyne in Usti- UneHaMu HayKOBOTO KOMITETY KOH(EpeH-
nad-Labem, Czech Republic), PhD Usman wuii Oynu a.1.H. npod. Biktop baxenos (Kuis),
Naeem (University of East London, England), x.¢.-m.H. mpod. Onexcannp besepxuii (Kuis),
ScD Prof. Mihail Nikitenko (BNTU, n.T.H. npod. Aunpii bonmapenko (Ininpo),
Belorussia), Dr hab Prof. Lech Rowinski 4n.-kop. HAHY, n.1.H. c¢T.H.c. Anaroniii I'on-
(Gdansk University of Technology, Poland), uap (KuiB), 1.1.H. npod. Imutpo I'ondapenko
Pjotr Suvorov (Development of Danube (XapkiB), k.T.H. cT.H.c. €Bren ['opbareHKO
Navigation, Hungary), PhD Prof. Vadym (KuiB), a.r.H. mpod. Bomogmmup I'pumrmn
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(Omeca), m.apx. npod. Mukona JIsomin (Kuis),
1.T.H. ipod. Muxaiino Jlyoposcekuii (Oxneca),
n.1.H. npod. Jleonix 3amixoBchkmii (IBaHO-
®pankiBcbk), A.T.H. mpod. CssarocnaB Kpa-
Beis (PiBHe), a.1.H. nmpod. Bomogumup Jlebe-
nes (KuiB), n.1.H. mpod. Onexcanmp JIyrosch-
kuii (KuiB), a.reon.H. npod. Bomogumup Mu-
xainoB (Kui), wi.-kop. HAHY, na.r.-m.H.
npod. Omnekciii Murponoascekuii  (Kuis),
a.T.H. po¢d. Bomomumup Hanyruit (Juinpo),
a.1.H. npod. IBan Hasapenko (KuiB), a.T.H.
npod. Anatomiii O6mra (JIbBiB), 1.T.H. TIpod.
Iennamiii O6opcekuii (Omeca), a.1.H. mpod.
Biraniit Ilnockuit (KuiB), a.¢p.-M.H. mpod.
Oumnexcanap Ipuxoasko (JIuinpo), a.1.H. mpod.
Irop Pe6esnrok (JIbBiB), n.¢.-m.H. mpod. Ba-
nepiii Camoiinenko (KuiB), a.1.H. mpod. Bo-
nogumup Cumonenko ([Juinpo), a.1.H. mpod.
Bomogumup Cricapenko, (KuiB), a.1.H. pod.
Poman Hlynbi (Kuis).

Po6oui moBu koH(epeHIii — yKpaiHCBHKa,
pociiicbKa, aHrmiichbka Ta MOJbcbKa. [HQOp-
Mmariiiarumu maptaepu — Big end Small,TOB
[Tpoludo, BunaBuumrso Jlipa-K.

3anporoHOBaHO 4YOTHPU (OPMH ydacTi —
ouHa (momoBiAb ab0 Tpe3eHTAIlisl pe3yIbTaTiB
TEOPETHYHHX Ta EKCHEPHUMEHTATIBHUX JOCIi-
JDKEHB), 3aoyna (CTEHIOBI JOMOBIMI, 1HHOBA-
[ifiHI  TpoekTH, moBimomieHHs), oOnline

nomoBimi (mo SKype 3B’s13Ky), nybrikayis B
MDKHAPOJHUX HAYKOBHX JKypHaJIax.

Merta koHbepeHIlii — aHai3 1 oIliHKa CTaHy
npobyiieM B Tramy3i MiABOJHUX TEXHOJOTIH,
MPEACTABICHHS Pe3y/IbTaTIB HAYKOBUX 1 Mpak-
TUYHUX JIOCHIJKEHb Ta BIPOBADKCHHSA 1X Yy
BUPOOHUIITBO; 1HTETpaIlisl yKpaiHChKHUX, 3aKO-
pAOHHMX (haxiBLIB i HAYKOBUX ILIKIJ B pO3pO-
o111 Teopii, MpOBEACHH] JOCTIIHKEHb, CTBOPEH-
Hi HOBOI TE€XHIKM 1 METOJIiB, MPAKTUYHOMY 3a-
CTOCYBAaHHI E€HEPTOOIaJHUX Ta EKOJOTIYHO
0e3MmeyHnx TEXHOJIOTiH; KoHcomalis (axis-
IIB PI3HUX TaJly3eW ISl BUPIMICHHS MPpoOeM
r100abHOTO BIUIMBY BOJAM Ha JOBKULIA M
CHpUsHHS TpaHChepy IHHOBAIIHHUX TEXHOJIO-
Ti.

Jlo oprkomitery Hafmiunuio 89 3asBOK Bij
124 ygacuukiB kKoH(pepeHrii, y Tomy uncii 20
aBTOPIB HAYKOBHX pOOIT, 5Kl TPUHHSIN
y4acTh Y KOHKYPCHIN Tporpami 3a HOMIHaIIis-
Mu Ha kpamii Ilpesenramiro, I[HHOBamiHUN
npoekT, [lyomikarito. B 1mimomy Ha TppOX Ccek-
misix kKoHdepeHtii 3aciyxanHo moHaa 60 ouHux
JOMOBiiel,  mecsaTh  3aouHux 1 Skype-
Mpe3eHTalliif, TPEeACTaBICHO pe3yabTaTh JI0-
CI/DKEHb Ha 3M00YTTSA NIBOX JOKTOPCHKHUX 1
JEKUTBKOX KaHIUIATChbKUX JTUCEPTAIlii.

[InenapHe 3acimaHHs y 3aji BUEHOI paau
KHYBA ypo4yucTo BIAKPWIM MPOPEKTOP 3 Ha-
YKOBOi poOOTH 1 Mi>KHapoJHUX 3B’ s3KiB Bita-

Puc.2. Bigkpurrs Tpersoi Mi>kKHApOIHOT HAYKOBO-TIPAKTUYHOI KOH(pEpEHIT
ITiosooni mexnonoeii 2017

Fig. 2. Opening of the Third international scientificaflyactical conference
Underwater Technologies 2017
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mii [Tnockuit Ta Ilpesuaent Axanemii OymiB-
HunTBa YKpainu IBan Hasapenko, siki 3a3Ha-
YHJIH, 110 32 TPH POKH 3 JHS 3aCHYBaHHS (o-
pyM HaOyB Heabuskoi momymspHocTi (Puc.2).
[Tpo 1e cBimUMTH MHpPOKE KOO0 (axiBIiiB, 3a-
JYy4EeHUX JI0 CIUIKYBAaHHS OO IMHUTaHb TJIO-
0aJbHOTO BIUIMBY BOJM Ha HABKOJMWIIHE Cepe-
JIOBUIIE, CTBOPCHHS W (DYHKI[IOHYBaHHS TEX-
HIYHUX CHCTEM 1 HOBITHIX TEXHOJIOTIIH, IO IIi-
JBUIIYIOTH SKICTh KUTTS JIFOIUHU.

3 TpPOMOBOIO 10 YYacHHUKIB KOH(EpeHIIil
3BepHyBCs [upektop IlpencraBaunrsa Ilosb-
cekoi Akanemii Hayk Henryk Sobczuknaro-
JIOCHBIIIM TPO BIAYYTHHUU IMPOTPEC, SIKUM CY-
MIPOBOJIKYETHCS JTAaHWKM 3axil, 30Mparodu yce
OinbIre (axiBIiB, Yy TOMY YHCI 3aKOPAOHHHX,
JUISE OOTOBOPEHHS HaraJlbHUX MHUTAaHb BOJIOKO-
PUCTYBaHHS, €KOJOTIYHOTO 3aXHCTy JTOBKILIA
Ta iHmux npobaem (Puc.3).

[Ipo MixkHApOIHY CHIBNpAIL0 HAYKOBIIIB
KHVYFBA 3 eBponeiicbKMMH IHCTUTYIISIMH Kpa-
CHOMOBHO TOBOpPHUB KEpiBHUK KOMICIi 3 MOTO-

Eugeniusz Krasowski Bononumup brinmnos

Puc.3. [TnenapHi qomoBsizi
Fig. 3. Plenary lectures

pu3arlii Ta €HEPreTUK:u B CIILCHKOMY TOCIIO-
napctBi  JIrOOMHCBKOTO  BLAALTY PAN
Eugeniusz Krasowskiz skuM Hac MOB’s3ye
OaraTropiuHa cmiBIpalsd y BHIaBHUYIN cdepi,
oprasizarii # MpoBEIEHHI YHUCICHHUX HAYKO-
BHX KOH(EpEeHIIiil, CHMIO31yMiB Ta KOHTPECIB.
[Tpodecop Muxaiino Cykad axIEHTYyBaB
yBary Ha norJimOJeHH1 1HTerpallii HayKOBIIIB Y
rajysi MiABOJHHMX TEXHOJOTIH 3 (daxiBsaMu
1HIUX KpaiH, 30kpema [ mancpkoro YHiBepcu-
tetry Texuomorii (PakympTeT KOpabeIbHOTO
au3aiHy i miaBoaHoi poborusanii, Dr hab Prof.
Lech RowinskK); Dean Technische Universitat
Bergakademie Dr hab  Prof. Carsten
Drebensted(Freiberg, Germanyia in.
[Hdopmariiero mMpo MOCATHEHHS 1 MEPCIIEK-
TUBU PO3POOKH MEXaHI30BAaHOTO 1 aBTOMaTHY-
HOTO OOJaJHAHHS MJIsS JYTOBOTO ITiJIBOJTHOTO
3BapIOBaHHS MOKPHUM CIIOCOOOM TMOJUTUBCS
rosioBHui kKoHCTpykTOp Il OKTB InctutyTy
enektpo3BaproBanHs iMeHi €.0.Ilatona HAH
VYkpaian a.1.H. pod. Bomogumup Jlebenes.

Cepriit Koprees Mukouna apHuLbKHi
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Pazowm i3 3aBimyBauem Binainy Gi3udHUX 1 Me-
XaHIYHUX JOCTIPKEHb 3BaprOBAaHOCTI KOHC-
TPYKIIHHKUX cTaje 1 4aByHiB A.T.H. Cepriem
MakcuMOBUM PO3MOBUIM NPO PO3POOKH 1H-
CTUTYTY ¥ CydacHI TEXHOJIOT1l 3BaplOBaHHS Ta
pi3aHHS MiJ] BOJIOIO.

VYHiKanbHy B CBITI TEXHOJIOTIIO MPOEKTY-
BaHHs, BUPOOHHMIITBA 1 TECTyBaHHS OE3MPOBIJI-
HOTO KaHaJly BiJI€O3B 513Ky aHTJIIHCHKOIO MO-
BOIO TPEJCTaBUB MPE3UACHT MIXHAPOIHOI

kommanii BaltRobotics Sp.z.0.0. (Limited

liability company, Gdansk, Poland}epriit
KopneeB y miarorosneniii pazom 3 Kupuiom
OtpagnoBum 1 Bonogumupom Illymnsikom mpe-
3eHTarii. Iloka3aHo 0cCOOIMBOCTI BUKOpHC-
TaHHs OE3MPOBITHOTO Bi/IEO3B’ 3Ky B MiABOA-
HUX aBTOHOMHHUX amaparax tumy AUV
(Autonomous Underwater Vehicles)is Bu-
pIlIEHHS 3aJ1a4 HEPYHHIBHOTO 1HCIICKTYBaHHS
MiJBOTHUX HA(TOra3ompoBoIiB Ta iH.
ITpopekrop 3 HaykoBoi pobotn HYK (Mu-
KonaiB) A.T.H. npod. Bomogmmup brainmos
MPUBI3 Ha KOH(MEPEHIIIIO 11Ty KOMaHIy CTy/e-
HTIB, 3700yBauiB i Bukiana4iB (Auapii Cipi-
BuykK, Jleo AnoGa, Cepriii bminmos, Onek-
caunp bninnoB, Mukona BosisH, Angpii
Boiitucuk, Makcum ['puniaenko, Jlenuc Jlyna-
eBcbkul, Irop Kanunbkuii, Onexcanap Knou-
koB, Biktop Kopumpkuit, Cepriii Ocamunii,
Haniin Capxan, ¥ Yen Ci), sKi npeacTaBuiin
pe3yNbTaTd HayKOBO-JIOCHITHOI Ta IMPOEKTHO-
TEXHIYHO1 AisutbHOCTI HamioHnansHOTO yHIBEp-

 Tala R e Lowm aila
Pux0= T hnin w029 Enatie
'M-é«m B

Ha 38’si3ky i3 ABctpaniero (Vladislav Bogdanov)

Puc.4. Skypesonosini
Fig. 4. Skype-lectures
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CUTETy KopabneOyayBaHHS IMEHI aaMipaia
MakapoBa y HampsIMKy CTBOPEHHsS 3aco0iB
MOPCHKOI POOOTOTEXHIKH.

3aciyxanu nonoini Olexandra Trofymchu-
ka (The Institute of Telecommunication and
Global Information Space of the National
Academy of Science of Ukraine)Juriia
Kaliukha The State Research Institute of
Building Constructions, Kyiv) “An integrated
methodology for landslides’ early warning
systems based on the integration between
modern monitoring techniques along with
avanced numerical modeling;.d.-m.H. mpo-
¢pecopa Onekcanapa besepxoro (HTY, Kuis)
it 3mob0yBaua Bikrtopii Kopuienko (Iactutyt
mexaniku iMeHi C.I1.Tumomenka HAH VYkpa-
inn) “JluHaMika po3BOPOTY MMiIBOJHOI OYKCH-
POBaHOI CUCTEMH .

UyngoBuM MOpHUKIAIOM CaMOBiAaHOI Ta
eeKTHBHOI Mpaii € podoTa KOJIeKTHUBY Mix-
rajly3eBOro HayKOBO-T€XHIYHOI'O KOJEKTHUBHO-
ro mianpuemctsa «Jlana» (KuiB) mig kepiBHU-
UTBOM K.T.H. Muxkomu [apHunbkoro, sSKui
MPOJAEMOHCTPYBAB [if04l 3pa3ku Ta HOBI CXe-
MU KOPHCHOTO BUKOPUCTAHHS €HEPrii MoBITPs,

a TaKoX Tepemnaay BUCOT Teuii piuku — AJs
OTPUMAaHHS €JIEKTPUYHOI, TETUIOBOI Ta MEXaHi-
YHOI eHeprii, sSKi € eKOJOTIYHO-YHUCTUMHU HO-
BUMHU aJIbTEPHATUBHUMHU JKEpeslaMU BiJHOB-
JMIOBANBHOI €Heprii, 3JaTHUMHU 3amoliratu
€KOJIOTIYHUM KaTacTpodam, po3TalloByIOYHCh
BUIIIE J3€pKaja BOOM 1 OTKE HE 3aTOILIIONO-

IOHTVYHI (Jleonin 3amMixoBChKHiA)
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Puc.5. Jleneratu xondepeHiii
Fig. 5. Delegates of conference

yrch. OTpuMaHi HAyKOBI 1 IPAKTUYHI Pe3yib-
TaTH MOXXYTh CYTTEBO 3MEHIIUTH CHEPTETHUHY
3aJIeKHICTh YKpaiHU Bif rasy, Byruuis, OeH-
3MHY Ta JU3EIHHOTO MAIHOTO, 3BAKAIOYH HA
TON ¢akT, Mo Micie BUAOOYTOTO BYTiUIA Ta
BYIJICBOJHIB 3aBXKIM 3aiiMae MHWTHA BOAA, 3a-
MIACH SIKOi y CBITI CKOPOUYIOTHCS.

PoGoty mienapHoro 3acijaHHsI TIPOJIOBXKE-
HO SKypenonoBissMu y4acHUKIB i3-3a KOPJIO-
Hy. Tak, mepmmum Ha 3B’ 130K 3 KOHPEPEHITIEIO
BUHIIOB TMPEICTaBHUK aBCTPaNiAChKOI (ipmu
Serenidad Consulting Pty. Ltd Vladislav
Bogdanov(Sidney, Australia)sxuii npeacra-
BHB TeopeTHuHy po3pobky “Impact of a hard

cylinder with flat surface on the elastic layer”

3a MarepiajJaMd MiArOTOBJIEHOI TOKTOPCHKOI
auceprailii 3 mareMaTku (Puc.4).

Husky nmpeseHTaiiiii eKoJI0riYHOro HanpsMy
HaJaiIM criBpoOiTHUKM Kadenpu iH(opmarriii-
HO-TEJICKOMYHIKAI[IHHUX TEXHOJIOT1M Ta CcHc-
TeM [BaHO-DpaHKIBCHKOTO  HAI[iOHAIBHOTO
yHiBepcuTeTy HadTH 1 rasy. IIpo cucremy aB-
TOMAaTHU30BaHOTO YIPABIiHHS BOA03a0ipHUMHU
CTaHIIAMH 3 (PYHKIISIMA THCIIETYEPHU3aIlii Po-
31noBiB Mukosna Hukonaituyk, a 3aBigyBay Ka-
benpu Jleonin 3amixoBchkuii — mpo web-
OpIEHTOBaHY CHUCTEMY MOHITOPUHTY 3a0pya-
HEHMX BOJHHX cepenoBuil. [likaBoro BUSBH-
nachk TemaTtrka OneHu 3aMiX0oBChKOI «P03pob-
Ka CHCTEeMH MOHITOPHHTY CTaHY BOJHUX ITOBE-

pXOHb Ha 0a3i cyyacHMX 1H(POPMALIHHUX TeX-
HoJoriii» Ta IBana JleBunpkoro «Cucrema aB-
TOMAaTHU30BaHOTO YIPABIIHHS MiJKauyBaJIbHU-
MU HAaCOCHHMH CTaHIIAMH Ha 0a3l 4aCTOTHUX
nepeTBoproBauiB Sinamics G120C».
VYuacuukam koudpepenmii (Puc.5) 6ymo Ha-
JaHO TUIONIY JJsi peKJIaMU BJIACHUX JIOCST-
HEHb, IEMOHCTpAIIil PO3po0JIEHOT0 00JIaIHaH-
HS ¥ IHHOBALIMHUX TEXHOJIOTIA Ha BHUCTABKO-
BUX CTCHJaX, MOXKJIMBICTh MpOIaryBaHHs BJa-
CHUX BHJIaHb HayKOBOI Ta HaBYaJIbHOI JIiTEpa-
typu (Puc.6). OprrexHikor i iHTEpHET-
3B’ I3KOM OIIiKyBaBcs [ puropiit Mauunmms.
Cexk1iiiHi 3acimaHds BiAOyBamucs Mij mpo-
BojoM (cekmuis Ne 1) — mupekropa IHcTHTYTY
TeJEKOMYHIKaIlii 1 ro6amsHoro iHpOopMaIrii-
Horo npoctopy HAHY wunen-kopecnonaeHra
HAH Vkpainu Onekcangpa Tpodumuyka,
npodecopa HarioHansHOTO TPAHCIOPTHOTO
yHiBepcuTery a.¢.-M.H. mpod. Omnekcanapa
bessepxoro (BueHHii cekperap — K.T.H., JIO-
teHt Jmutpo Mimyk); B cekiii Ne 2 — mpope-
kropa HYK imeni akanemika MakapoBa J.T.H.
npod. Bomogumupa biinmosa, dhaxiBis 3 po3-
pOOKM ¥ MOCHIMKEHHS MiABOJHHUX arapariB

(Gdansk University of Technology, Poland) dr

hab prof. Lech Rowinskicékperap — Oiek-
canap Mapuenko); B cekmii Noe 3 —3aBigyBaya
kadenpu micekoro oyaiBaunTBa KHYBA n-pa
apxitektypu mpodecopa Mukonu [[pomiHa,
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Puc.6. BucrtaBkosi crenau i 00ga HaHHS
Fig. 6. Exhibition stands and equipment

JieKaHa TeXHIYHOro yHiBepcurery Bergakade-
mie (Freiberg, Germany) Dr hab, PrGfarsten
Drebenstedt(cekperap — Caitmana Komorib-
Ka).

JNpyruit nens pobotu koupepenmii (Puc.7)
po3moyaBcsi 3BITOM 3aBigyBaya Kadeapu mo-
pokHIX MamuH HarmioHabHOTO TPaHCTIOPTHO-
ro YHIBepCHTETy K.T.H. mpo¢. Bomommmmpa

Oy/iBETbHHUX Ta aBapiHHO-PATYBAIBHUX POOIT.

[IpencraBuukn XapKiBCHbKOTO HaIliOHAb-
HOTO YHIBEPCUTETY PaIiOCIICeKTPOHIKHU: 1.T.H.
npod. Andrey Tevyashewunctynuiau 3 Tema-
tukoro “Optimum stochastic control of the
operating modes of water mains’a
Volodymyr Brytik, Volodymyr Kobziev,
Mohamed AlKilani — “Features of digital

image processing underwater environment
with the help of special filters”, “Data analysis
and revising the conceptual model OF E-GOV

Myciiika Tpo pe3yJabTaTh HAyKOBUX JOCII-
JOUKCHb Ta CTBOPEHHS CIEIiaTbHUX 3eMIICPHii-
HUX MamuH Oe3nepepBHOI Ail JUIsl PEMOHTY

MaricTpajJbHUX TPYOOIPOBO/IB, MpPECTaBIIe-
HUX Ha 37J00yTTS HAyKOBOTO CTYIEHS JOKTOpa
TEeXHIYHUX HayK. BinOymocs >xBaBe 00roBo-
PEHHS, B PE3yNbTATI SIKOTO HAIAHO 3ayBa)KCH-
H ¥ mopagu monao (opMyBaHHSA KBamidika-
IHHOT poOOTH.

Nikolay Zhuk (Slavic-Aryan Academy of

Sciences, Kharkiv),Myron Nazarian Yury

Stelmakhov (International non-governmental
organization

humanitarian and ecological
“Inter-Chernobyl”,  Kharkiv) omnikyBanuchk
“Ecological

Hupexrop TOB HTK «MoGinpHI BOmOIa3HI
cucremu» Onekciii Pynuk poskazaB mpo Mo-
JIyJIbH1 CHeIiaai3oBaHl KOMIUIEKCH 13 CHCTe-
MOIO JKHTTE€3a0€3ICUCHHS [JI1 BOJOJIA3HUX

MIABOAHI TEXHONOTrIi « 06/2017, 3-15
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aspects of the building the
shipping canal from china to the black sea”.

systems”.

Jlexinpka MOMOBIZEH TOPKAIUCS TEMAaTHKH
HiIBOIHOT PO3pOOKHU IPYHTIB (HAyKOBUH Kepi-
BHUK I.T.H. ipod. Muxaiino Cykau), siKi mif-
roryBaiin Onekcanap Mapuenko «lIpokia-
JIaHHS-3aTTIOICHHST Ka0elmB Ha MPOTSHKHUX
00’ektax mensdy», Cpitnana Komorpka
«[IporHo3yBaHHs 3yCHJIb pi3aHHS IPYHTY IIO
reojorivHuM kKepHam», Cepriit Jlucak «Moje-
pHI3aIis OJTHOKIBIIIEBOTO eKCKaBaTopa-
MaHIMmyJIaTopa».

Acmipant JIro60B ITura pa3om 31 cBOiM Ke-
piBHUKOM I.T.H. mnpod. ['ennamiem I aiiko
(HTYY KIII imeni Irops CikopchKkoro) momo-
BUTK PO HOBUH CIOCIO €KpaHOBaHOI PO3p00-
KM JIOHHHX TMOKIadiB rasorigparis. ScD Prof.
Sviatoslav Kravetc Roman Zoria (National
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Puc.7. Cekuiiini 3acianns
Fig. 7. Sectional meeting

10 MIABOOHI TEXHONOTrIi « 06/2017, 3-15
MpomMmucnoBa Ta UMBINbHa iHXeHepifA



IIpupoAHHYi HayKH

University of Water and Environmental
Engineering, Rivne)mpencraBuiu a0MOBIIL
Ha Temy “Approximation of math model of the
combined cutting soil's critical depth with
influence of working speed”.

PobGotu iHcTUTYTY IHCTUTYT TeOTeXHIUHOI
mexaniku iMeHi M.C.ITonsxoBa HAH Ykpainu
B raily3l 3HEBOJHEHHS TipChKOI Macu aHOHCY-
BaB J.T.H. ipod. Bomogumup Hanytwmii, a €B-
ren Cemenenko, Onbra MarseeBa, Cepriit
Kupwnuko, Haramis KoBanb oOrpyHTYBanmu pa-
IIOHAJIbHI MapaMeTpu 1 peXUMU POOOTH Tif-
POTPAHCIIOPTHOT YCTAHOBKW TPHW ITiABOIHIN
PO3pOOIIi PO3CUTTHUX POIOBHIIL.

[IpenacraBanku XapKiBCHKOTO MEXaHIYHOTO
TexHikymy imeHi O.Mopo3oBa (Anzpiii He-
sk, Tersna bemosa, I'puropiii MoKpeHKO)
3aiiMaTuCh KIHEMAaTHYHUM JOCITIKEHHSIM PO-
0ounx pyxiB OymiBEILHUX MAIIHUH MPH MPOBE-
JICHHI TiABOIHUX POOIT ¥ TPUBUMIPHUM MOJIE-
JIOBAaHHSM HAaBaHTAXEHb Ha TiAPaBIIYHUNA
yIapHUN MOJIOT pU pyHHYBaHHI i1 BOAOIO.

I'pyna ¢axismiB Ta cryaeHtiB 3 Hariona-
JBHOTO TPAHCIIOPTHOTO YHIBEPCUTETY MPE3CH-
TyBaJu CBOI pO3pOOKH, BHKOHAHI IiJT KEpiB-
HUITBOM I.T.H. Mukomu Ky3bpMiHIIS, Y CTEH-
TOBUX JNOMOBIIAx — «limBogHUT MOMYIHHUN
TpPaHCIOPTHUU TyHENb», dIpobiieMu Ta nepc-
MEKTUBH  aepOTPaBIMETPUYHUX  JOCIIKEHB
akBaTopiii Ykpainu», <«JloCBifi KOMILIEKCY-
BaHHS 1H(OpPMAIIHHUX TEXHOJOTIA MpHU Mo0Yy-
JOB1 KapT reoi3udHuX MmomiB», dIpoekT mia-
BOJHOT HAyKOBO-JOCHIIHOI cTaHmii», «HoBi
MOJKJIUBOCTI BH3HAUEHHSI TYCTHHHHX HEOJHO-
piaHOCTEH Ha menbQi 3a JOMOMOTOI0 CeicMO-
rpaBiTAIliiHOTO MOJENIOBaHHA». B HUX mpu-
iHsm ydacts Onekcanap [opaiiiuyk, Muko-
na [Ilpucraiino, FOpiii JlyboBenko, Mapis
Cnusbka, Bnangucnasa IlaToka, Okcana Ky3sb-
minenb (HemimraeBchbKuil arpapHuii KOJEIK),
Karepuna IlaBnenunk, Mukona Ky3pminelb,
IBan Maptuntok, SkiB Binokroiz, TersHa
CrenaHeHko.

PobGoty iHmoro niuany mpoaeMOHCTPYBaIH
a.¢.-m.H. npod. Cepriit ®enin (HTY) Ta Ipu-
Ha 3yoOpernpka (KuiBCbKHiIT HAIliOHAIBHUIN YHI-
BEPCUTET TEXHOJIOTiN Ta nu3aiiny) — «Heiipo-
HEYITKa alpoOKCHUMAIlisl TPaIylOBAIBHUX Xapa-
KTEPUCTHK MEePBUHHUX BUMIPIOBAILHUX TEpe-
TBOPIOBAYiB», a TaKkoX K.T.H. AoueHT Ouek-

niaBoOAHI TEXHOMOCrIT « 06/2017, 3-15
MpomMucnoBa Ta UMBINbHa iHXeHepis

caaap Cupora «CucreMa XUBJIEHHS Oarato-
LWIIHPOBOTO JBUTYHA 3 BIOPCKYBAHHSAM Oe-
H3UHY 1 3BOPOTHIM 3B’ SI3KOM 3 BIIKITIOYCHHSIM
TPYIH HHITHAPIB».

briok pomoBimel apxiTeKTypHO-OyaiBesb-
HOTO CIIPSIMYBaHHSI HPEACTaBICHO (axXiBISIMU
KUIBKOX BHUINMX HaBYAILHUX 3akianiB [losbim
i VYkpaimu. Tak Sabina Kuc (Krakow
University of Technology, Poland)Liudmila
Ruban(KNUCA, Kyiv) posrnsuyau “Creative
landscape architecture: union with wated’
“IlepcrieKTUBH apXiTEKTypHO-JITaHAMAPTHOTO
OCBOEHHSI CHUCTEMHU MPHOEPEKHUX Ta BOAHHUX
TepUTOpii”.

Wyktadowca akademicki Instytutu
Budownictwa Dr ik. Walery Wysoczaski,
cremiamict 3 akycropeosorii (Wyzsza Szkota
Bezpieczéstwa i Organiacji Pracy w Radomiu,
Poland) pasom 3 Kierownikom Kkatedry
Budownictwa Ogdélnego Dr hab, Prof.
Stanistawom Ficem(Politechnika Lubelska,
Wydziat Budownictwa i Architektury, Poland)
3aiiManucs  mpobnemoro  “Bezpieczéstwo
ekologiczne oraz niezawodito
eksploatacyjna obiektow budowlanych na
terenach poddanych wptywom osuwisk”.

Oco06MBOCTI  IMOBIPHICHOTO PO3paxyHKY
BHUCOTHHX CIIOPYJ TPU BpaxyBaHHI BUMAIKO-
BOCTI 000X CKJIaJIOBUX BITPOBOTO BILJIUBY PO3-
TJIHYJIN CHIBPOOITHUKU Kadeapu
KOMIT FOTEpHHUX TEXHOJIOTiH OymiBHHIITBA Ha-
[IOHAJBHOTO aBialliiHOTO YHIBEPCUTETY J.T.H.
npod. AuToH MaxiHpKo 1 K.T.H. gou. Haramis
Maxinpko. A 3aBigyBau Iii€l kadeapu JI.T.H.
npod. Onexcannp JlaneHko pa3oM 3 acmipaH-
tamu Jlapieto CkpeOHeBoro, OiekcaHapoIo
[leuenko, Nadim Masud nmomanu podoTy
“Calculation of compressed and bended steel
reinforced concrete constructions in the
retained formwork”.

HoBuM HecTangapTHHIA MiJXi]] 32CTOCOBAHO
MPU KOMILJIEKCHOMY BHpIIIEHHI MPOOJIeM eKO-
Jorii 1 yTuiizanii MpOMHUCIOBO-TIOOYTOBUX Bi-
JXOJIIB Ha 0a3l TEXHOJIOTIl «PeCalKIIHTY» Y
BUPOOHMLTBI Oy/iBEJIBHUX MaTepiajiiB aBTO-
pamu Ilerpom Kymnpienko, Mapiam ['ypreninze
(KHYBA), Cgitianoro Jlanoscekoro, Haraii-
eto Kympienko, I'puropiem Ilernkinum (H/I
OyniBelbHUX MatepialiB 1 BUpoOiB, KuiB).
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30araueHHsT KOPHCHHUX KOIAJIUH BHCOKO-
IPaJieHTHUMUA KPIOMarHiTHUMHM  Ceraparo-
pamu, sIK oJiHi€l 3 HaWOLIbII ePEeKTUBHUX TEX-
HoJoriii omikyBaBcsi nupekrop OOO Ilpoln-
¢o (Tepuominb) Aupiii JIMUTPEHKO.

3aBinyBau Kadenpu HpPUKIAAHOI Tiapoae-
pomexaHiku Ta MexaTpoHiku Omnekcanap Jly-
TOBCHKHUH 31 criBpoOiTHUKamu [punoro bepHuk
ta Iropem TI'pumko (HTYY KIII imeni
I.CikopchKkoro) moka3anud CBOI JOCSATHEHHS B
YIBTPa3BYKOBIM KaBiTaI[iiHIM TEXHOJOTIi Ta
oOJamHaHHI JUTsl 3HE3apaKeHHS CTIYHUX BO/I.

A Oleksandr KravchuKKNUCA, Kyiv) mo-

noBiB mpo “Functioning of filter structures in

changing velocity conditions over time”.
[TutanHsAM MexaHizamii poOIT MPHUCBIUEHO
HU3Ky poOiT daxiBuie KHYBA - JImutpa i
€Brena MimykiB «J{ocmiKeHHST TUHAMIKH Ti-
JPOMEXaHYHOTO MEXaTPOHHOTO IPHUBOIY,
«PyifHyBaHHS TipCbKUX MOpiJ 13 BUKOPUCTAH-
HSM €JIEKTPOTipaBiIidyHoro edexrty», €BreHa
I'op6atioka i Bononumupa Bonsnioka «Cto-
XaCTUYHI MAaTeMaTHYHI MOJEN pelbedy MOp-
cpkoro mgHa», Anartonis ®omina, Onekcanapa
Koctentoka, Onekcannpa TerepsatHuka «Po3-
MOJIICHHSI EHEPreTUYHOI il Ha poboue cepe-
JOBHUIIE TIPH HOTO PO3poOIi», «DopMyBaHHS
ONTUMAJILHOTO PIiBHSA €Heprii 1HKEHepHHUX
KOMIUJICKCIB 3 PO3POOKH pOOOUHX CEPEIOBHII,
Jleonina IleneBina «3HMKEHHSI €HEPTOEMHOCTI
3eMJICPUAHHUX MAIIMH 3 T1IPaBIiYHUM MPUBO-
JIOM TIpU pO3pOoOLI MiABOJAHUX IPYHTIB».
Pesynbratu HaykoBOi poOOTH MPOJIEMOHCT-
pYBaJM CTYACHTH W MaricTpanTu kadenpu Oy-
nisenpHux MamuH KHYBA: fna Jlynenko
«Po3pobka MexaH130BaHOTO (PYHKI[IOHATHFHOTO
MOJYJIS JUTsl 3BEJICHHS BEPTUKAIBHUX MOHOITI-
THHUX 3a1300€TOHHUX KOHCTPYKINA», [lenunc
Po3BanoBchkuii «IIpuHIMIIK CTBOPEHHS BiO-

TpamumiiiHo TpUMAIOTh y4acTh B HaIIUX
dbopymax creriansicTy 3 eKOJOTIYHUX MUTaHb B
ramysi OyaiBaunTBa — Enyapn Mankin, Hara-
mist XKypaBcbka, sIKi Ha el pa3 ImpeicTaBUIH
pobotn «EdeKkTHBHE BHUKOPUCTAHHS TEOTEp-
MaJIbHOI €HEePrii AJIT CUCTEM TeTIJIONOCTauYaHHs
KUTJIOBUX Ta TMPOMHUCIOBHX OyIiBeNb» Ta

«Ecological scientific aspects of technogenic
safety with nonchemical water treatment for a

technical water-supply»Onmnekciit JIBopko i
Annpiit boumap (KHYBA) poskasamu mpo
OpUHIUOK 1 MeToau  (pyHKI[iOHAIbHO-
IUTAaHYBAJIBHUX PIilICHb MPOCTHX HEPETyIbOBa-
HUX TEPETUHIB Ha BYJIMYHO-AOPOXKHIA Mepexi
micTa (Ha mpuknami Kuesa) ta mpo TpaHcmop-
THO-TIEPECaIOUYHUI BY30J SIK €JEMEHT IJIaHy-
BaJIbHOI CTPYKTYPH MiCTa.

3 KpaCHOMOBHHMMHU i/IesIMM BUCTYIIWJIH ap-
xirektopu Bachynska Liudmyla Bachynska
Olha siki HATXHEHHO 1 MEPEKOHIMBO PO3IIOBI-
JIF TIPO BIAMIHHICTB B COIIAJIbHO-EKOHOMIYHHUX
yMOBax 1 MOJITHYHOMY YCTpOi B JepikaBi
BIUIMBAIOTh HAa HAmpsMu (GopMyBaHHS apxiTe-
KTypHO-TpasoOyaiBensHoro o6’ekry: “The

development of the architectural object under

the influence of social historyta “Historical

Kiev and its temples is the religious centre of

the surrounding areas”.

Yactuny poOiT, OmyOJiKOBaHUX Yy MiXHa-
POIHMX KypHalax HamepenonHi, Oymo nomy-
IIEHO 70 KOHKYPCY Ha Kpamry myOsikaiiio 3a
TEMaTUKOI0 KOoH(epeHuii. bynu # Taki, mo 3
PI3HUX TNPHUYUH HE BIOUCAIKCS B PETJIAMEHT
KoH(epeHIIil, aie Bce X 3apaxoBaHi B SKOCTI
anmpoOOBaHUX JOCTIIHKEHB 1, 3BaXKalOUu Ha TIi-
NTBEPPKCHUN HAyKOBUW pIBEHb Marepiany,
PEKOMEHI0BaHi 10 OnyOJiKyBaHHS B HACTYI-
HUX BUITyCKax >kypHamy «[ligBOmHI TEXHOJO-
rii. [IpomuciioBa Ta nuBiIbHA iHXeHepis». Ha-

camriepen, me. Svyatoslav Gomon, Andriy
Paviuk (National University of Water
Management and Environmental Engineering,
Rivne) “Study on working peculiarities of glue
laminated beams under conditions of slanting

POKOTKIB 13 BHUCOKHMH TOKa3HHUKaMH SIKOCTI
VIOUTBHEHHST 3 YpaxyBaHHSIM HaIMpyKEHO-
nehOpMOBAHOTO CTaHY YIIUIBHIOBAJILHOTO Ce-
penoBuma», AnHToH [llabanoB <« 3HWKEHHS
E€HEPrOEMHOCTI PO3POOKH MIIHUX POOOUNX

cepenosui», Brag Kimiuec «EdexktuBHi KOoHC-
TPYyKIlii poOOYMX OpraHiB AT PO3POOKH Mill-
HUX MatepianiB», Bomogumup Crerok «YHi-
BepcajbHE YCTaTKyBaHHS I PO3POOKH MIIIl-
HUX MaTepialiB».
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bending”, Banepiit ["aBpunenko, Onexcanap
lankin (HamionansHuH TPaHCIOPTHUHN YHI-
BepcuteT) Ta AHaronii O6mra, borman Hly-
Bap (Hamionanpuuii yHiBepcuteT «IbBiBCH-
Ka MOoJiTexHika») “JlekoMIo3ullis onepaTop-
HUX PIBHSHbP Ha OCHOBI  arperamiiHo-

naBoaHI TEXHONOrIT « 06/2017, 3-15
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Puc.8. YuacHuKH Ta nepeMoxkIli KOHKYPCiB
Fig. 8. Participants and winners of competitions
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itepatuBaoro  migxoxy”’; Olga Petrunya

(KNUCA) “Methods of taking into account of
traditions are at forming of the system of

technical service in Ukraine¢nineaa pobota
€preniii ['opbGarenko, Biramiii XoMHUIIBKHUH,
Jlinis Tepemienko (IHCTUTYT TiApOMEXaHIKH
HAH Vkpainun) «ExcriepuMeHTaIbHE TOCTi-
JOKEHHS IT1ABOJHOI0 XBHJIEIOMA aKTUBHOI Ii1»
Ta iH.

Orxe, aBTOpaMm, MmO Oe3mocepenHbO MpH-
WManu ydactb y pobOoti ¢dopymy, BpydeHi
Ceprudikaru, gKi 3aCBiTUyIOTh NEPCOHATBHY
yaactb y Il mibkHapomHii  HayKOBO-
MPAaKTUYHIN KOH(epeHIii Underwater
Technologies 201{@uc.8).

[TepeMoXIsIM KOHKYpPCiB, MPOBENCHUX Ce-
pel y9acHHKIB KOH(EpEeHIlii, Bpy4eHi BiIMOBI-
aai Jumimomu (Puc.9). Tak, kpamioro Oyia
Ilpezenmayia nupexktopa Mixraiy3eBoro Ha-
YKOBO-TEXHIYHOTO KOJEKTHBHOT'O MiANpPHEMC-
tBa «lana» (KuiB) k.T.H. Mukomu ['apHuUIlb-
KOTO, SIKHi MPOJIEMOHCTPYBAB HHU3KY BIACHHUX
BHHAXOJIB 1 JII0YMX 3Pa3KiB albTePHATUBHUX
JpKepen eHeprii. 3a OJHOCTaHUM pIlIeHHSIM
KoMicii kpamuM IIpoekmom BU3HAHO pO3p00-
Ky aKyCTUYHOTO KaHaJly Bi/l€O3B’sI3KY JUIS Ii-
JTBOAHUX AaBTOHOMHHX amapatiB tuny AUV
(Autonomous Underwater Vehiclesypencra-
BJCHY mpe3uaenToM kommanii BaltRobotics

Sp.z.0.0. (Limited liability company, Poland)

Sergii Kornieiev B koukypci Ha kpamty [1y6-
nikayiro iepemoriia pobora Anrona i Haranii
Maxinpko «Oco0JIMBOCTI IMOBIPHICHOTO PO3-
paxyHKy BHCOTHHUX CIIOpYJ NpHU BpaxyBaHHI
BHUITQIKOBOCTI 000X CKJIQJOBHX BITPOBOTO
BILJIUBY.

Puc.9. /IumioMu nepeMoxKIliB
Fig. 9. Diplomas of winners

14

3riHO 3 pilIeHHsM KOHKYPCHOI KOMicCii 3a
aKTHBHICTB B poOoTi kKoH(pepeHuii Underwater
Technologies 2017AloasikaMu OpPrKOMITETY
HArOpOJDKEHI:

- 3a 3acnyau 8 po30y008i YKpaiHCbKoi HayKu
— Ilpesunent HaumionanbHOi akagemii Hayk
VYkpaiau akagemik bopuc [laton

- 3a CnpuaHMHA Mpaucgepy mexHonro2iu —
TUPEKTOp [HCTUTYTY TeleKOMYyHIKAIii 1 TJ10-
6anpHOTO iH(pOpMatiiitnoro npocropy HAHY
yi.-kop. HAHY Onexcanap Tpobumuyk

- 32 IHHOBAYIUHI MEXHIYHI piuleHHs — Tupe-
ktop MHTKII «Jlana» k.1.H. Mukona ["apuu-
UbKW, sKkuid craB Jlaypeatom KOHKypCy
Underwater Technologies

- 32 MPAHCKOHMUHEHMANbHI  HAYKOBL
3¢ sa3xku — PhD, Snr. Res. AssVladislav
Bogdanov (Serenidad Consulting Pty. Ltd
Sidney, Australia)

- 32 CMBOPEHHs CNeyianbHUux 3eMIepUtiHux
mawun — 3aBigyBad kadempu HTY k.T.H.
npod. Bornogumup Myciiiko

- 32 eKONo2IYHUL 3axucm OOBKILIs — 3aBi-
nyBau kapeapu IOTYHI a.1.H. nmpod. Jleonin
3aMiXOBCHKHIA

- 32 BUCOKI HAYKOBI 00CsACHeH s — 3aBiyBad
kapenpu XHYPE n.1.H. npod. Anapiii Tess-
IIeB

- 3a Kpawyy cmeHoo8y 0onogiob — KEPIBHUK
IpyIHU CTYAEHTIB A.T.H. Muxona Ky3bpminers

- 32 nNIOMPUMKY MBOP4Oi MON0OTI — IPOPEK-
topa HYK imeni agmipana MakapoBa A.T.H.
npod. Bomogumup biinos.

[Tin gac mpoBeacHHsT KOH(EPEHIIii HaIaro-
JOKEHO TBOPYI M IUTOBI 3B’ SI3KK TIOMIXK (haxiB-
ISIMH BIJIMOBITHUX CTICIIAIBHOCTEH, YKIIaIEHO

B
By
Z
%
.-lv
%
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Puc.10. ®oto Ha 3raaxy
Fig. 10. A photo is on mention

MOTIEPEIHI YTOIU TIPO CIBOPALI0. Y3TOMKEH1
OCHOBHI TOJIOKEHHS TIPO SIKICTh Ta HAYKOBHM
piBeHb MartepialiB, IO APYKYIOThCS, paBUia
opopmiieHHs cTaTted y (HaxoBUX BHUIAHHSIX
3TiIHO 3 BUMOT'aMU HayKoMeTpu4yHux 0a3. Jlo-
CSITHYTO JOMOBIICHOCTI NMPO Yac IMPOBEACHHS
HacTynmHoro Qopymy i roioBHi Horo 3acaau
(Puc.10).

B xoai po6oTH pO3IISHYTO HIMPOKE KOJIO
MUTaHb 3 PI3HUX Tally3ed HayKH, 3a3HAUYCHHUX
TEMaTUKOI0 KOH(epeHuii i oaHONMEHHOTrO
HayKOBOTO XypHay [1i0800Hi mexHonoaii.

Hapasi BiH Mae peectpauii MiHtocT Ykpai-
Hu KB Ne 21541-1144R Big 21.08.2015ta
HBY imeni B.Bepuancekoro; asa ISSN (print
2415-8550 i online 2415-8569xonuTh 110
[epeniky ¢daxoBux Bumanb Ykpainu (Hakas
MOHY Ne 515 Big 16.05.2016p.); ixmekcy-
€Tbcss 'y 8 HaykoMeTpuyHHMX Oazax. XKypnan
Ma€e MKHApOJHY PENaKIliiHy panxy 3 (axiBIliB
14 xpaiH cBiTy; OHAJ TMOJOBUHY 3a 00CSITOM
CTaTell NPYKYIOThCS 1HO3EMHUMH MOBaMu. €
BiacHuii (Www.uwtech.at.Up rinepakTuBHUIA
calT; mojBiiiHe (30BHIIIHE W BHYTPIIIHE) pe-
LIEH3yBaHHS, IMIAKT-(QaKTOp >XKypHaly Iepe-
Bumye 1 ¥ 3HaXOAWTHCS Ha peecTparlii TBOX
HaykoMepuuHux 0a3 Skopus Web of Science.

3 HamMM BUJIAHHSM acOIlIHOBAaHO YOTHUPH
Iacrurytn HAH Vkpaian, [Tonbcbka akagemis
HayK, TIOHAJ JIBa JECSTKH BUIIMX HABYAITBHUX
3aknaniB Ykpainu, Himeuuwnnwn, [Tonmbmi; Tpu
TaIy3eBUX HAyKOBO-JOCHITHUX 1HCTHTYTH,
IpOMaJIChKi Ta BUpOOHHMUI Oprasizaiiii, y Tomy
YUCITI MDKHAPOJIHI, Ha calTax SKUX pO3MiIlle-

MIABOAHI TEXHOMOrIT « 06/2017, 3-15
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A=

HO 1H(OpMaLiI0 MPO KypHaI. 3a JBa POKU Bix
IHS 3acHYBaHHS, IOCHJIAIOUYMCh HA CTarTTi,
ornyOnikoBaHi B /li0800HUX mexHON02IAX, BKE
3aXUIIEHO 3 JOKTOPCHKHUX 1 7 KaHIUIATChKHUX
JUCepTallii.

Otxe, 6axxaemMo yciM ydyacHUKaM KoHdepe-
HIT MIITHOTO 3/0pOB’s, TBOPYOi HacHaru u
NOJAIBLINX YCIIXiB B HAayKoBi poOoTi Ta
0COOMCTOMY JKHUTTI!

Third international scientifically-practical con-
ference Underwater Technologies 2017

Mykhailo Sukach

Summary. It is conducted Il international re-
search and practice conference of Underwater
Technologies 2017, sanctified to influence of water
on an environment and different aspects of human
activity. The Ukrainian and foreign specialists-dis
cussed the wide circle of the questions, related to
development of theory, realization of researches,
creation of new technique and equipment, practical
application of modern energy keeping environmen-
tally sound technologies. Almost ninety partici-
pants took part in a measure, including from
abroad, that is marked corresponding Certificates
and Gratitude’s of organizational committee of
conference. Laureates of competitions after three
nominations — Presentation, Innovative project,
Publication of — got Diplomas of winners. The best
works are recommended to the publication in in-
ternational scientific journals Underwater Tech-
nologies.

Key words: research and practice conference,
submarine technologies, integration of specialists,
international publications.
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Ocob6nuBocTi IMOBiIpHICHOro po3paxyHKy BUCOTHUX criopya
npu BpaxyBaHHIi BUNagKoOBOCTi 060X CKnagoBux
BiTPOBOro BNJiuBy

AHMOH MaxiHbko!, Hamanis MaxiHbko?

HauioHanbHWi aBiauiiHniA yHiBepcUTeT
1, npocn. KocmoHaeTa KomapoBa, Kui, YkpaiHa, 03058
'pasargada@yandex.ua, orcid.org/0000-0002-9147-7087

“orcid.org/0000-0001-8120-6374

AHoTanisi. IMOBipHICHUI pPO3paxyHOK BHCOT-
HUX CIOPY[ 3aJICXKHUThH BiJ] HASBHOCTI PO3PaxXyHKO-
BO-TEOPETUYHOI 0asu, mo 3abe3mnedye ajgeKkBaTHE
YSIBIICHHS TIPO B3a€EMOJIII0 CTIIOPYIH 13 30BHIIIHIMH
HABaHTA)XCHHSIMH, Ha OCHOBI TOYHHMX Ta JOCTYII-
HUX 7S IHKEHEpiB 0OYHCITIOBAIFHUX MPOLEAYp 1
METOJIIB PO3paxyHKy. B 3ampomoHoBaHiii CTaTTi
Oysio JocmimpkeHo npoOieMy OLIHKK peakiiii Bu-
COTHHUX CIIOPYZ Ha Jif0 BITPOBOTO MOTOKY Yy (hopmi
JIBOX CTAaIllOHAPHUX BHIIAJKOBHX TPOIIECIB Ta 3a-
MPOTNIOHOBaHA JIAKOHIYHA METOJMKA CIOJTYy4eHHS
IUX TPOLECIB LUIAXOM 3acTOCyBaHHS (axkTopy
nopuBy. BiAnoBinHO 10 OTpuMaHUX 3aJIeKHOCTEH
Ta PeKOMEH/Iallil, BAKOHAHUH MPaKTUYHUN po3pa-
XYHOK HaJiHOCTI BHCOTHOI CIIOPYIH Y MPOCTOPi
MepeMillieHb NMPU BpaxyBaHHI BHUITAJKOBOCTI 000X
CKJIaJIOBUX BITPOBOTO BILJIMBY, Ha MPUKIAIl CTPH-
XKHSI 3 OTHM CTYIICHEM BIJILHOCTI.

Kuarouosi cioBa. lIBuakicTs BiTpY, BUIIAAKO-
BUH mporec, (HakTop MOPHBY, XapaKTEPUCTHYHA
IHTEHCUBHICTB, YACTOTHI XapaKTEPUCTHUKH.

BCTVII

OrmiHka peakiiiii BUCOTHUX CHOPYA MpPHU CY-
Michiit nmii crarmumoi U(t) i mymbcaniiinoi
G(t) ckiIamoBOi MIBHIKOCTI BITPY, KOJIH OOH/I-
Bl PO3TIIAIAIOTHCS SIK BUTIAIKOBI, 32BN TIPO-
BOKY€ Npo0JIeMy CIIBCTABJICHHS JIBOX BHIIA[-
KOBHX MPOIIECIB 13 PI3HUM MacimTaboMm dacy:
MaKpOMETEOPOJIOTIYHOTO t, 1110 BUMIPIOETHCS
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- - AHTOH MaxiHbKO
npodecop Kadeapu KOMM'toTEPHUX

e A
3 TEeXHosorin byaiBHULTBA
O.T.H., C.H.C.

— Hatania MaxiHbko
OOLEHT Kadbeapun KOMM IOTEPHUX
TEeXHosorin byaiBHULTBA
K.T.H.

y JlecsiTKax roJuH 1 100ax Ta MaKpoMeTeopo-
JOT1YHOTO T, II0 BUMIPIOETHCS Yy CEKYHAX Ta
xBwinHax. CrpaBa B TOMy, IO BHIAJKOBI
mportecu U (t) i G(t), Gyayun cranioHapHHMH
B MeXax CBOTr0 Maciitady yacy, npu aaredpa-
fyHIH CyMi NOPOKYIOTh HECTalllOHApHUM
MIPOIIEC 13 CKJIAAHOIO YaCTOTHOIO CTPYKTYPOIO.
[IpocToTa MaTeMaTHYHOTO OMUCY L€l CTPYK-
TYypH HanpsiMy BIUIMBAa€ HA MPOLEIYpPY OIMUCY
BUIAIKOBUX KOJIMBaHb CIIOPYAH, KA 3 TOYKH
30py iHXKeHepa MOBUHHA OYTH aHAIITUYHOIO Ta
"TakoHIYHOI0. OYeBHIHO, 110 Ul I[LOT'O HEOO-
XiHO 100 METOAMKA IMOEIHAHHS IBOX CKJIa-
JIOBUX IIBUAKOCTI BITPY TaK0oX Oyjia MpOCTOIO.
Tunosi noai6H1 TEOpETHUHI 3a/a4l BK€ BHUpI-
LIYBAJIUCS B paMKax JJaHOTo XypHany [1].
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HemoxHa HE BIAMITUTH MEBHY IPOHIIO Ja-
HOT mpoOnIeMaTHKU: (PaKTUIHHUNA BHIIAKOBUI
MPOIIeC MBUJIKOCTI BITPY Ha MIiJICTaB1 CIIEKTPY
Ban nep Xomena [2] po3kinamgaroTh Ha JBa
«3pyuni» cranionapsi nporecu U (t) i G(1), a
MOTIM BHPIIIYETHCS THUTAHHS iX IOEIHAHHS,
TOOTO «3pYYHOTO TTOBEPHEHHS» 0 IEPBUHHO-
ro mporecy. OTHHM 13 TakuX 3aco0iB, SKHI
no0pe 3apeKOMEHTyBaB ce0e y raiy3i JuHaMi-
KM BUCOTHHX CHOPYH, € (akTop mopuBy [3 —
6]. Tomy mnopanmein MipKyBaHHS CTOCOBHO
cionyuenns npouecis U(t) i ((t), a Takox
CIIPOBOKOBAaHMX HMMHM peakmiii R(t) i F(7),
yB’SI3yBaTUMEMO CaMe 13 IIUM KOe]il[ieHTOM.

B sKoCTi BUXIZIHOTO TOJIOKEHHS ITOJaJTb-
IMX MIPKYBaHb MPUHAMEMO TillOTE3y PO TE,
0 BiIMOBA CIIOPYAH Y OYAb-SIKOMY TPOCTOPI
peaKIliif mpu BUNIAJIKOBUX KOJMBAHHSX, BUKIIU-
KaHUMHU TporiecoM U(t), MOxe BiOyTUCS JHU-

1Ie TOJi, KOJH cepenHst mBUAKICTh BiTpy U (t)
nocArae cBoro Makcumymy U, .. . JloliabHICTh

OPUUHATTA 11i€1 TIMOTe3W MOXKHA TMOSCHUTHU
HacTynHUM uyuHOM. Crannmapt npouecy U(t)

3pOCTa€  TMPOIMOPILIHHO OpPJUHATI  MPOIECY
U (t), a ToMy IipH IOCSTHEHHI OCTaHHIM BeJu-

yuHu U BiH Oy/e MakCUMaJIbHUM; BIJIO-

max >
BIIHO W PU3UK BHHUKHEHHS BIJIMOBH TaKOX
Oyzne MakcMMalbHUM. TakMM YHMHOM 3aMiCTh

BumaakoBoro mporecy U (t) MoxHa po3rmsma-

TH JIAIe Woro Mmakcumymu U Ha JOBXHUHI

max
peaitizaliii piBHOMY NPOEKTHOMY CTPOKY €KC-
IUTyaTanii BUCOTHOI CIOPYIU T .

META I METOU

MeTo010Tis OLIHKY CTaTUCTUYHUX XapaK-
TEPUCTUK MAaKCUMYyMIB BUIIAJKOBHUX IPOLECIB
HaJIiYy€e HE OJIHY COTHIO PI3HOMaHITHUX METO-
UK, METONIB Ta mporno3uuiil. Ilpore BHaci-
JIOK CKJIAJJHOCTI MaTeMaTHYHOIO amapary, 110
3aCTOCOBYEThCSI ¥ 00’eMy OOYHCIIOBAIBHUX
IpoIelyp, BOHM HaBpsii UM MOXYTh IpPETEH-
NyBaTH Ha 1HXEHepHe 3acTtocyBaHHs. Kpim
OT0 OUTBIIICTh OTPUMAHHUX Ha CbOTOJHI pe-
3yJbTATIB y CTAaTHCTHINl €KCTPEMaJbHUX 3Ha-
YeHb CTOCYETHCS HOPMAJIBHUX BHUITAJKOBUX
MTOCJTIIOBHOCTEN 1 MPOIIECIB, a CepeaHs CKJIa-

niaBoOH! TEXHOMOCrI » 06/2017, 16-27
MpomucnoBa Ta UUBINbHa iHXeHepiaA

JIOBa IIBHJKOCTI BITPY Ma€ PO3MOJIII, SKUN
HaBITh BIJIJJAJICHO HA Haraaye€ HOPMaIbHHMA. Y
3B’S3Ky 3 IIMM BHHHKA€E MOTpeda B HAOJIMKe-
HUX METOJaX, sIKi O MOEAHYIOUM TMPOCTOTY i
JAKOHIYHICTh  BHKIJIAJEHHS, 3a0e3neuyBaiu
JOCTATHIO TOYHICTh PO3PAXYHKY.

3a ocHOBY OyJsia B3sta Mojeib [7] Ta BIoc-
KOHAJIeHa CTOCOBHO MAaKCHMYMIB CEpPEIHbOI
IIBUKOCTI BITPY Ta MIBUKICHOTO HAIOPY.

3MiCT JJaHOT MOJIeJNI TPYHTY€ETHCS Ha Tepe/-
YMOBI TOTO, IO OYAb-SAKY HIUIBHICTH PO3MOII-
Jqy BuUMagkoBoro mpouecy y(t) 3 HylIbOBUM
Cepe/IHIM Ta OJIMHUYHUM CTaHAapTOM MOXKHA
3aMmcaTu K

£, () = g (v) exp[-92 (V)] 1)

ae g; Ta g, — Aeski QyHKuli, o XapakTepu-
3YI0Th (hOpMY pO3IOALTY.

Iyt cepelHbOl KUTBKOCTI BUKHIIIB 3a Jie-
KU JeTepPMIHOBAaHH PIBEHb Y MaTHMEMO

N, (v1t) =exp[~go (v.1)], )
9 (r)=0,(n)-In[V2z n, k(1) t g, () ], (3)

Jc ne — C(l)eKTI/IBHa gacToTa BHIIAIKOBOI'O

nporecy Y(t), k(y) — dyHkuis, sika BpaxoBye
MO>KJIMBE BiaxuieHHs moximanoi BII Bim HOp-
MaJIbHOT'O PO3MO/ILITY.

[MincrapuBumm (2) y (1), mis inTerpanbHOi
(GyHKIIT po3MoAlTy MAKCUMYMIB BUIIaJKOBOTO
mporecy 3a yac t mMatumMemo HacTymHy Qop-
MYJIbHY IHTEpPIPETALIO:

F(y.t) =exp{-exp[-go(v.1)]}. (4)

Jana QopmMyna acouiroeTbesi 3 1HTErpajb-
HOIO (DYHKIIIEIO TEPIIOTO EKCTPEMaIbHOTO
posmoniny ['ym6ens [8] 1 nepexomuts B HHOTO
y BUIAJKY JIHIHHOI 3aJIe)KHOCTI apryMEHTy Y
B IOKAa3HUKY eKcroHeHTH. Ilpumyctumo nani,
0 NpU JAEIKOMY 3HA4eHHl Y=Y, OQYHKLiA
go(y,t) mounHae Mano BiApi3HATHCA BiJ Mps-
MOT MPONOPIIIHOCTI 1 ii MOKHA 3aMIHUTH J10-
THYHOIO, IIPOBEJICHOI0 Y Toulli Y =7 . OueBH-
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JTHO, 110 PIBHSHHSA IIi€] JOTUYHOI MaTHUME BH-
TIIs

Jo,c (v:t) =20 (v —70) , 5)

1€ BEIMYUHU A 1 Y, IO aHAJOTII 13 po3Moi-

nom ['ymGens, OynemMo Ha3MBaTH XapakTepHc-
TUYHOIO IHTEHCHUBHICTIO Ta XapaKTepUCTUY-
HUM MakcumymoMm BIT y(t) .

XapakTepUCTUUHUIA MaKCHUMyM Y,, Y Bif-
noBigHocTi g0 pobit B.B. Bosnorina [9, 10],
00epeMo TaKMM YMHOM, 100 MpH Yy =7, BU-
koHnyBanack ymoBa N, (yq|t)=1, a xapakre-

PUCTUYHY IHTEHCUBHICTD — BUXOSIUU 3 TEOMe-
TPUYHOTO 3MICTH JOTUYHOI:

@.ne(yo) K(yg) tx (6)
x01(Yo) €Xp[=9, (vo)] =1 ’

. 9'1(vo) . (Vo)
)\4 = - — . 7
0=92(o) 91 (7o) * K(Yo) ")

Jlyiss oOTpyHTYBaHHS 3alPOIIOHOBAHOTO ITi-
JIXOJly PO3TJISTHEMO JIBa BHUIIAJIKU, KOJIU OPIH-
HaTH BumnaakoBoro mpouecy Y(t) posmomins-

IOTHCS 32 HOPMaJIbHUM 3aKOHOM (IyJIbcalliiiHa
CKJIa/IoBa IIBUJKOCTI BITPY) 1 3akoHOM Beii-
Oynna (cepeaHs CKJanoBa LIBUAKOCTI BITPY).
Hns  HOpManbHOro mpouecy  k(Vy)=1,

gl(Y)lesz, a gz(y)=0,5y2. I3 Bupasis

(6), (7) HeBaxkko Bimpa3y BCTAHOBUTH, IO
Ao =70, @ XapaKTEPHCTUYHUH MAKCUMyM 7Y

3HaXOAMThCsA 3a popmyioro Paiica, To6TO

Ao =70 =4/2In(n t). (8)

3 iHmoro OOKy, B1IOMO, L0 MaKCUMyMHU
HOpMaJibHOTO HOpMoBaHoro BII, 13 aBiui nu-
(bepeH1iiioBaHOI0 KOPEIALIHHOI (YHKIII€IO,
cmayoth po3noauty ['ymbens I tuny i3 Ha-
CTYyITHMMH IlapaMeTpaMu Macmraly @, Ta IHo-

noxenns b, [11]:

3 =2In(t),
b =2In(t) +In(n,)/2In(t) . (9)

18

Sk BugHO 13 Gopmyan (7), mapamerpu a, Ta
b, 3anexaTs BiA MacmTady dacy, oOpaHOro

JUISL TIpeicTaBieHHs mporecy. [Ipu mpomy y
Takiii Mipi, IO 1€ MOXKE I1HKOJHM CIIYKHUTH
JDKEpEJIOM Henopo3yMminb. JliiicHO, SKIIO 3Mi-
HUTH ofuHMI MacmTaly y (9), 3amiHtoroun t
Ha U'=t v, npuiiMaroum, WO vV JesiKa KOHCTa-

HTa, TO i€ NPU3BEAE IO 3aMiHU ,/ZIn(t) Ha
\jZIn(t)+2In(v) i3amini n, Ha n,/v i Kias-

KICHA OLIIHKa IIapaMeTpiB &, Ta b, craHe iH-
mor. [Ipore odeBuaHo, MO SKUM OW Hi OyB
Mmacirad vacy, i ri00ajibHOr0 MaKCUMyMY
nporecy Y(t) icHye TOYHHMI TpaHHUYHUN PO3-
noin. [Ipobiema nomsirae y ToMmy, 110 TTOMHJI-
Ka [pu BUKopHcTanHi (7) a1s KiHIEeBUX iHTEp-
BaJiB Yacy 3aJCKUTh BiJ Macmrady dacy.
OpuH JjoriyHMi cmoci® mipaxyHKy uyacy,
SKUH 9acTO BUKOPHCTOBYETHCS Ha IMPAKTHUIII
[12 — 16], monsirae y BUpaXKeHHi #Oro B 0j1u-
HUIX BIJCTaHI MiX NMEPETHHAMHU HYJIBOBOTO
piBHS a00 cepenHBOI JOBXKUHU MEPIoy Mixk
Hymsamu. Hexailh v=n, — cepeaHs KUIbKICTb

BUXO/IIB 32 HYJIbOBHUI PiBeHb Yy (CTapy) OAMHU-
o yacy. Bememo HoOBuM MacmTad dacy
t'=tv, gKuil migpaxoBye 4Yac B OJMHUIAX
KUIBKOCTI BUXOJIB 32 HYJIbOBUHM piBeHb. Toml
In[n, v)]=In(1) =0 i, BiamoBigHO, ri06aiL-
HUM MaKCUMyM TIPOIIECY CIIIYE PO3MOALTY
I'ymGens I tuny i3 cniBmajarouuMu napameT-
pamu MaciTady 1 MOJOKEHHS:

a, =h =«f2ln(v t). (10)

Takum YMHOM, BHKOPHCTaHHS BHpa3iB
(4) — (6) s HOPMATBLHOTO TPOIIECY JT03BOJISIE
3HAXOJUTH TOYHE PILICHHS 3a]adi Mpo po3Io-
Ii7T TII00abHOrO MAaKCHUMYMY, XO4a BHBOJIH-
mucst popmynu (6), (7) ta (9), (10) i3 abcosnro-
THO Pi3HUX MAaTEeMaTHYHHX MEPETYMOB.

VY BUNAgKy, KOJU OpJHWHATA BHIAJKOBOTO
mporecy y(t) cmimye 3akony BeliOymra, mae-
MO HACTYIHY OLIHKY (YHKIiH Q;, §, Ta K B
HOpPMOBaHi# Gopmi:

0 (1) =9%0), G(y) =T L+yVy )™
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K(y) =1, (11)
ne by ta V,, — mapamerp dhopmu Ta xoedimi-
€HT Bapiarii
™ =T (L+byH)»
IIPH BiJIMOBITHOMY apryMEHTI.

[MigcraBisiroun nani Bupasu y (6) ta (7),
JUISL XapaKTEPUCTHYHOI IHTEHCHBHOCTI MaeMO
3aMKHEHE PIllIeHHS, a JJI1 XapaKTePUCTUIHOTO
MaKCUMyMy — TPAHCIICHJICHTHE PiBHSHHS, KO-
piHB SKOTO 1 IaBaTHME YHCJIOBY OIIIHKY Tapa-
MeTpa Y,

po3mnoairy Beiibymia;

— HeINoBHa rama-(QyHKIIis

1-hy [1—rhN (1+Y0VW)QN}
1+voViy
J27 1t gy(v0) expl-0, (1)1 =1. (13)

3 iHmoro 60Ky, y pyHnaMeHTaIbHIi MOHO-
rpadii [11] moka3yeThbcsi, MO HE3aJIEKHO BiJ
3aKOHY pO3IOJUTY OpAMHAT BHUIIAJKOBOTO
nporecy Horo riodambHUI MakCHMyM CIiTy€e
posnoniny I'ymbens [ tumy npu ymoBi, 110

.  MI-F,]
e [f,(n]1°

=1, (14)

ne F, (y) — iHrerpanbHa QYHKIIS PO3MOALLY
BIT ¥(t), siky mis BUNAAKy BUKOPHCTAHHS

3akoHy BeiiOymina MokHa MoJaTH y HacTyIl-
HOMY 3araJlbHoMy BHUIJISLJIL:

F, (v) =1-exp[-g, (V)] (15)

[MincraBuBmmm Bupasu (1) ta (15) y (14),

BpaxoByroun mo 0;(y)=09'5(y), 3MoxkeMo
3armcaTu
Iim(glzm—l], (16)
= g%(7)

[Moennyroun Bupas (14) i3 rpaHUYHOIO PiB-
HicTio (16), MOXHA 3amucaTé yMOBY BiIIOBII-
HOCTI TIO0ATEHOTO MakcUMyMy mporiecy (1)
eKkcTpeMainbHOMY posnoairy ['ymOens [ tuny:
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lim| g (1)/9%5(]=0. (17)
Y0

[IpuBeneHa yMoBa € IOCTaTHBOIO JJIS TOTO,
mo6 Qynkuis posmoxiny F (y) Hamexana
0o0J1acTi TSHKIHHS MMOABIMHOIO €KCIIOHEHIAIb-
Horo posmnoniny I'ymbens. Ilpu mpomy BoHa
crpaBe/MBa s Oyab-skoro BII, miybHICTB
Ta (YHKIIS pO3NOJUTY SIKOTO HPEACTaBICHI Y
surisiai (1) Ta (15). OueBuano, mo aas BIT i3
posmoniiom BeiiOymna ymosa (17) BukoHY-
eThes. JlificHO, 3HAUIITOBIIM MEPIIi JB1 MOX1aHI
GbyHkUii g,(y) 1 MIACTaBUBIIM OTPUMAHUI

pesyabtar B (17), 6yaemMo matu

lim[—— by

ooy + Vit

] (by -1) I|m[ ] 0.(18)

TakuM 4MHOM TriI00aNbHUNA MaKCHUMyM BH-
MaJIKOBOTO TPOIIECY 3 PO3MOJIJIOM OPAWHATH
3a 3akoHOM BeiiOymia cruinye mnoaBiiiHOMY
eKCITOHeHIIabHOMY 3akoHy ['ymOerns. Jlope-
YHO BIAMITHATH, IO HMOMIOHMA BHCHOBOK CTO-
COBHO €KCTPEMYMiB BUITaJKOBUX BEJIMYUH, K1
CIIIYIOTh po3noniny BelOymra, OyB panimie
copmyaboBanuii B podoTi [17].

Posnonin BeitOymna, mpu po3risal BiTpo-
BUX BIUIMBIB, Ma€ OJIHY KOPHCHY BIACTHBICTh
— BWITQJIKOBI TIPOIIECH CEPEIHBOT MIBHUIKOCTI
BITpDY Ta CEpPEAHHOrO IIBHUJKICHOTO HAaIopy
MaroTh OJIHaKoB1 po3nonutu. [lapamerpu mux
PO3MOILTIB MOB’sI3aHi CMiBBIAHOIICHHIM

CT+B) 0w
P ra+py? p, U212

(19)

ae W i U — mMareMaTuuHi CIO/iBaHHS BUTIA]I-
KOBHUX IPOLIECIB CEPEHbOI LIBUAKOCTI BITPY
U(t) Ta cepeaHBOro NIBHAKICHOrO HAropy
W(t) .

Takox BaXJMBUM € THUTaHHS YacCTOTHOI
crpykrypu mporecie U (t) i W(t), ockimbkm
BOHA HAMpSMYy BIUTMBAE HA TOYHICTD OILIHKH X
MakCUMyMiB. SIK BiJIOMO, BHUEPITHOIO XapaK-
TEPUCTUKOIO OYJIb-SKOT0 MPOLIECY Y YaCTOTHIN
obmacTi € HOro HOPMOBaHA CIEKTpaJibHA
LUIbHICT S, (N) abo, BIANOBIAHO 10 3BOPOT-

19
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Horo neperBopeHHsi Dyp’e, HOpMOBaHA Kope-
msuiiiaa GyHkuis p, (to) . [t mporuecy cepe-
JHBOTO IIBUAKICHOTO Hamopy B poOotax [14,
17] nns mux ¢GyHKOIH 0OrpyHTOBAHO MOKIIH-
BiCTh 3aCTOCYBaHHS BHPa3iB BUTIISIY

32a°
o +(2rn)’P’

2

30)(20)

Sw(n) =

Pw (o) =exp(-a o) [1+ o To +

e o — mapaMeTp HOPMOBAHOI KOPEINSIiHHOI
dbyHKIIii.

Eq)eKTI/IBHa yacToTa n 4yaCcToTa 3a Mak-

e,w?

CUMyMaMHu N Ta KOC]Ii€HT MHUPOKOCMY-

m,w
ropocti f,, mHpouecy W(t) MoxyTs OyTn
BH3HAYCHI Yepe3 MOXiTHI HOPMOBAHOT KOpeJIs-
HiHHOT QyHKIIIT:

2
: a
New =—Puw(0) = 3

v
nr%]’W — p\{y (0) :30.2
Pw(0)
n
Bow =—""=3,0. (21)

nW,W

Jlns mporecy cepeiHboi MIBUIKOCTI BITPY
U(t), oueBmmno, mo ¢ynkuii S,(n) Ta
pu(Tp), @ Takok iX XapaKTEPUCTHKH Ny,
Nnu 1 Beu > HE crtigyBatuMyTh Bupasam (20),
(21), a OymyTh moOB’si3aHI 3 HUMH JCSIKHMH
CIiBBIIHOUICHHSMH.

HopMmoBany kopenduiiiHy QyHKIIO Mpolie-
cy U(t) orpumaemo BimmoBinmo 10 ii BH3HA-
genns, i Bpaxoyroun, mo U(t) HabmmkeHo

nopisaioe /W(t) :

pu (10) =M [U () U(t+1o)]=1/pu(To), (22)

M — cUMBOJ MaTeMaTUYHOTO CIO/IiIBaHHS.
[Ticns mboOro OoTpUMaeMoO YacTOTHI Xapak-
TEPUCTHKU N\, N,y 1 B,y Ha 6asi Gopmyn

(21) nnst cepenHBbOI MIBUIKOCTI BITPY Ta MijC-

20

TAaBUMO OTPUMaHI NOXiAHI mIpu Ty =0 y Bupa-

3u (21):

2
; o
ng,u =—py(0)= B

2 :va(o)zﬁaz

n
mu 0 ,
Pu 0) 2
_ mu =415 23
Bm,U - - ' ( )
nW,U
3BiJICH JIETKO OTPUMYEMO 3B 30K MIX dac-
TOTHUMHU XapaKTepI/ICTI/IKaMI/I BHITAIKOBUX

MPOIIECIB CepeaHbOI MIBUIKOCTI BITPY Ta ce-
PEIHBOTO MIBHIKICHOTO HATIOPY:

ne,w:ﬁ nm,W: §z11
n U ] nm’U 5 7 L]

e,
Bow ! Bou =V3/5~0,77. (24)

OTxe BIIHOIIECHHS YaCTOTHUX XapaKTepHUC-
THK 000X mporeciB (24) BiTPOBOrO BIUIUBY
MOXYTh PO3ILIHIOBATUCH K YaCTOTHI iHBapia-
HTH.

Posrnsig BiTpoBOrO MOTOKY y (opmi JTBOX
CTaI[lOHAPHUX BHUMIAJIKOBUX IIPOIIECIB POOUTH
3a HEOOXIJHE PO3MIIAIaTH PEeakIlilo CHOpyau
TaKOX Yepe3 CHUHTE3 JBOX BMIIQJKOBHX CKJIa-
JOBUX. Y BIJMNOBIIHICTh MPOLECY CEPENHbOI
msuakocti BiTpy U (t) MOCTaBHMO CHPOBOKO-
BaHMiI Hero Tporec peakuii R(t), a mymbcani-
am BiTpy U(t) — mponec F(t). dns cymapuoi
peakuii ciopyau 6ynemo matu (Puc.1)

Ry (t,7) = R(t) + F(1) = R(t)[1+ %], (25)

BizeMeMo 10 yBaru, mo cepemaHsl peakilist
OIOpH 3HAXOJUTh B JIIHIHHOMY 3B’3KY 13 Mpo-
necoM aeponuHamiuHoi cuimn  F(t), ToOTO
R(t) = F(t)n, ., a nmporiec qunamivnoi peakii

Ma€ HYyJbOBE CEPEIHE Ta CTAHMIAPT, SIKUW BH-
3HA4YA€THCSI BUPA30OM:

G, x(2) =M, 4 o5 x(2) ,f1+ Zy,

&¢ (1) =2F, () 1,(2); (26)
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ae 1, , — KoedillieHTH BIUIMBY Ul BIANOBiA-
HOro npocropy peakuii r: |,(z) — iHTeHCHB-

HICTh TypOyJIEHTHOCTI; Z, — KOe]illieHT Iu-

g
HamiuHol uyriuBocTi. Tomi dopmyny (25)
3MOKEMO Tepenucatu y BuUrmial (TyT 1 gami
OIYIIEHHUI apryMEHT BUCOTH Z ):

Ry (t,7) = F(t) Ny x X

x[1+2|u MO zg]’ 27

1€ YN — HOPMallbHMM BUIIAJKOBUH IIPOLEC 3

HYJIbOBHM CEpEIHIM 1 OJMHUYHUM CTaHAap-
TOM.
BunaakoBuii mpoiiec aepoIMHAMIYHOI CHITH

F (t) mMoxHa MpeACTaBUTHU K
F(t) =W(t) Ar, A =0y Cp A, (28)

e ¢, — (yHKUIS BepTUKAIBHOrO MPOdIIIO
mBUAKiCHOro Hamopy, Cp — koedilieHT jo-

60BoTO O1MOpy; A — HaBITPSIHA IUIOMIA.
[Tincranoska (28) B (27) mus cymapHoi pea-
KIIii JO3BOJISIE 3aITUCATH

Ry (t,7) = W(t) Ar Ny x X

[1+2 1, 7y () /1+zg] (29)

[Ipunyctumo, 1o AMHaMIYHA CKJIa/l0Ba pe-
akmii f(t) Moke BHKIMKATH BiIMOBY JIMIIIE
TOMi, KONMM cepeHs mBHAKicTs Bitpy U (t) i
peakuis R(t), 1OCATAIOTH CBOTO TIOGATBHOIO
MAaKCUMyMy Ha 1HTepBail dacy Ty, A€ Ty

TEPMiH eKCIUTyaTallii BUCOTHOI cropyau (cMm.
Puc.1).
Ile nmomymieHHs M03BOJSIE 3aMICTh BUTIAI-

KoBoro mpouecy Ry (t,t) posrisgaru muie
HMOro MakCUMyMHU, IIPUNMAIOYH 1X 32 BUIAJIKO-
Bl BEJIMYMHH, ITOB’S3aHI YaCTOTHO-YACOBHMU
3B’3KaMH 13 BUX1THUMHU MTPOLIECAMHU:

RZma\x:\r\/max AF Mrx X

><['1+2|u Trmax 1+ Zg | (30)

Maxkcumymu W, BHIIaJKOBOIO IPOLECY

CepeIHhOr0 MIBHIKICHOTO Hamopy W(t) Ta
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npouecy ¥y (t), MaroTh NOJBIHHMIA €KCIIOHEH-

uianpHui posnoxainy ['ymbens. Tomy, oueBu-
JTHO, 110 3aKOH PO3MOALTY MaKCUMYyMIB peak-
1ii BUCOTHOI CIIOPY/IM BU3HAYATUMETHCS Yepe3
NOOYTOK JIBOX OJIHAKOBO PO3MOAUICHUX BUIIa-
JKOBUX BEJIMYUH 13 PI3HUMH CTaTUCTUYHUMU
XapaKTepUCTUKAMH.

Jlns mpocTOTH NO3HAYNMO

X =W Ap Nr x>
Y =1+21 l+Zg . (31

u VN, max

Ha ocHOBI mpaBuiia 3HaXO/KEHHS LIITBHOC-
Ti PO3MOALTY IBOX HE3aJEKHUX BUIAIKOBHUX
BeJIMYMH [26] MaTuMeMo

K 1 RZ max
frr(Remax) =~ fx(X) fy [— dX =
:I Oy x /X exp[_an,x (X _un,X)]X
5 xexp{—exp[—a, x (X —U, x)I}x

XQpy exp[_an,Y (Rz,max /X _un,Y)]X dX
xexp{—exp[—any (Rymax / X —Uny)I}

Bukopucraemo KilacH4HY JUIs TIOABIHHOTO
€KCIOHEHI[IATbHOTO PO3MOJILTY MiICTAHOBKY
bappuuenni [8]:

Z= exp{—exp {—anyy ( Rz;("ax —Uny ﬂ} (32)

[Ticns pany anre6paiuHuX MepeTBOPEHD IS
mabHOCTI fy  3anmmiemo

[ anx eplQ@)]
fs R (Remax) = [ | Uny = IN[=IN(2)]/ 0tpy ~ dZ,
%| xexp{-exp[-Q(Z)I}

_ RZ,max _
Q(Z) =0, x [Un,y TN In@)] oy Un, x J (33)
Zy =exp[—exp(a,y Upy)]-
21
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N ot ) "
' l
.“l“"‘l'i'v " Hull!lﬂ” h'”‘r
\ ‘“ll ﬂ" l l‘,“”m”
ettt L
’ A Ry (t,7) 10 2 F(t)
ol R
!
0 I:\32(’['1«')
RZ,malx """"""""""""""""""""""""
P(z) A ')
9]
3
il R()
0 >
’ At t>

Puc.1. PozpaxyHkoBa MOAENb 1I1 MAaKCUMYMIB MIPOIIECIB peakiiii KOHCOIi:

@ — cXeMaTu3allisl BUMaAKOBOro MPOIECy peakllii; 6 — cxeMaTu3allisi po3oJIily MaKCUMYMiB
Fig.1. The estimated model for maxima of the process reactions in the console:

6 — schematization of a random process reaction; 6 — schematization of the distribution of

maxima
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Crig BiIMITUTH, IO B CTPOTIA MaTeMaThy-
Hill MOCTAHOBI KOCPIMIEHT TUHAMIYHOI UyT-
muBocTi Z y Bupasi (30) NHOBMHEH Takox pos-
TIIAAaTUCS K BHIAIKoBa BenmuuHa. Lle o0y-
MOBITIOETHCSI HOTO HENHINHUM 3B’SI3KOM 13 Ce-
PEIHBOIO MIBUIKICTIO BITPY.

[Ipote mpoBeaeHI HaMU CTAaTHUCTHUYHI BH-
npoOyBaHHS BUSBWIN JOCUTh HECYTTEBY MiH-

JNUBICTH BUpA3y J1+Z, .

Lle B KiHIIEBOMY paxyHKY JO3BOJIUIO PEKO-

MCHAYBAaTU BH3HA4YaTHU Zg IIpH 3HAYEeHHI Cce-

PEAHBOI IBUAKOCTI BITPY:
Uo=U L+70u W), (34)

JIe Yoy — XapaKTEPUCTUYHHI MAKCHUMYM BH-
MaJIKOBOT'O MPOIIECY CEPEHBOT MIBUAKOCTI
BiTpy [19]; U ta \, — cTaHAapT Ta Koediri-
eHT Bapiawii Bumaakosoro npomecy U (t) .
3anumemo Gopmysy (30) y i 3pyuHiit
¢dopmi. Jlns iporo namo GopmysbHE BU3HA-
YEHHS BEJIMYMHAM Ol x ; Up x Ta Olpy, Upy !

o O
’ w AF 1/]r,x
Un x =W Ag MNr x (1+V0,W Vw)1 (35)
Qpy = You )
Cq

Uy :1+gg You:

Co=2l, fi+z, .  (36)

1€ Yow Ta Ag,, — XapaKTEPUCTUYHHUN MAKCH-
MyM Ta XapaKT€pUCTUYHA IHTEHCUBHICTb BHU-
[1a/IKOBOTO MPOIIECY CEPEHBOrO IIBUIKICHOTO
Harnopy W(t), sxi BuU3Ha4aroThCs 3a hopMmyna-
mu (12) ta (13) mpu ng =ng,; Yoy — Xapak-
TEPUCTUYHUI MaKCHUMyM BHIIQJIKOBHX IPOIe-
CiB peaxuiii ciopyau:

You =\/2In[nX‘1 At Zg1(1+Z,)]. (37)

niaBoOH! TEXHOMOCrI » 06/2017, 16-27
MpomucnoBa Ta UUBINbHa iHXeHepiaA

[MigcraBmsroun (35) i (36) y Bupas (33), oc-
TaTO4YHO MaTuMeMo (popmyna 38):

oy x eXp[-Q(Z)]

1
fz,R(Rz,max) :j

014, [y, - NI
Yo,u
xexp{—exp[-Q(Z)]}dzZ,
Ocn,X RE,max

Q@Z) =0y | 1S (You ==/ 76,)
_7\'0,w (YO,W +Vv;l)

HuxHio Mexy iHTerpyBaHHs IMPUHHATO pi-
BHOIO HYJIO 3a PaXyHOK TOro, IO JOOyTOK
Ony Unys a0o, 110 TaKe came,

You (You +i) npu  Oyab-IKHX BHXIJIHUX
g
JaHUX HE HaOyBa€ 3HAUYECHb MEHIIUX JIEB’SITH;
3BiJICH Cllilye HaOnmxeHHs Z, ~ 0.
st 3HaXOPKEHHS 1HTErpanbHOl (QyHKIIi
PO3MO/IiTy MAaKCUMYMiB BUIA/IKOBOI BEJIMYNHH
ﬁE,mM 3aJIy9MMO METO]I YMOBHUX HWMOBIpHOC-

teii [18], 3rigHO AKOTO

< R
For(Remax) = [ F (557 1, (Y)Y, (38)
0
ne Fy — iaTerpanpHa QyHKIISA pO3NOILULY BH-

MaJKOBOI BEJINUYHNHHA X .

[TincraBuBmM hopMyibHE BU3HAYCHHS (Y-
kil Fy, fy, 1 ckopucraBmuCh mifCcTaHOB-
koto bappuuenni, orpumaeMo

1
Fs r(Remax) = [ xp{-exp[-Q(2)]}dZ .(39)
0

®opmymu (38), (39) omHO3HAYHO BHpIHTY-
I0Th 3a7lauyy CTOCOBHO PO3MOJULY MakCHUMYMIB
BHITaIKOBOTO TPOIIECY F~22 (t,t) peakuii criopy-
TV, BUKJIMKAHOIO JI€F0 000X CKJIaJI0BHX BITPO-
BOro noToky. IIpore, He 3BakatouM Ha JIAKOHI-
yHy (opMy 3amuciB mux Gopmyi, 6e3mocepe-
JIHE 3aCTOCYBaHHS iX Ha MPAKTHUL BHMarae
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3ay4eHHS TPOLEAYPH UHCEIBHOTO IHTErpy-
BaHHS, 110 3 TOUKU 30pYy IHKEHEPHOTO MiXOTy
€ He3pyYHHUM. Y 3B’SI3Ky 3 UM OyJu BUKOHaHi
MOUTYKH aHAJITUYHOI aJIbTePHATHBU JUIA (PYHK-
uii fyp 1 Ky g. JuBasuuce Ha CTPYKTYpy

Bupasy (39), JIOriYHO NPUITYCTHTH, IO MOIBIMH-
HUH EKCIIOHEHLIAIbHUH pO3MOIiN HOBHUHEH
JOCTaTHHO TOYHO BIANOBIZATH BUXIAHINA (YyHK-
ii. [y mepeBipku 1IbOTO 3HANIEMO CTaTHCTH-
YHI XapaKTEPUCTHUKH MAaKCHUMYyMIB peakuii

Rz,max> BHUPaXXEHOT JOOYTKOM JBOX BHIIQJIKO-

ux Bemmans X Y [20]:

Re max =y X2 Y24+ X2 V24Y2 X7 =
R -

= X (41)
7"O,w \/6 Y%,u Vv&
2
X n_2+q)12 xS,W +®3,
w

ne R ta R — MaTemaTuuHe OviKyBaHHS i CTaH-
JapT craTuyHoi peakuii copyau; ®; ta O, —
0e3p0o3MipHi KOe(Qilli€eHTH, $KI BPaXxOBYIOTh
YJaCTOTHY YacOBY CTPYKTYpy OOOX CKIIaJ0BHX
BITPOBOTO IMOTOKY Ta JWHAMIYHI BJIAaCTHBOCTI
CTIOpY/IH:

®; =1+Vy (Yow +Cgi /Aow) (42)
CI)2 :1+Cg (Yo,u +CEi /Yo,u) ' (43)

Jlnst iHTerpanbHol QPYHKIT pO3NOAUTY MaK-
CUMYMIB peakiii CIopyid MaTUMEMO 3aralib-
HUIl BHpa3 MOJABIMHOIO EKCIOHEHIIaIbHOTO
3aKOHY

Fr(R max)zexp{_eXp[_an, X
IR RTINS | SR

JIe TapaMeTpu PO3MOALTY

ot r =/ (VBRs ) »

Uy r = F_zz,max -0, 45|QE,max :
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OGuucnenns Qpynkuiin F; p 3a popmynamu
(39) ta (43) mpu BapiroBaHHI T'€OMETPUYHHX
napamMeTpiB CIOPYIH Ta BITPOBOTO PEKHMY
MICIIEBOCTI TOKa3ajiu, IO BIAMIHHICTH B pe-
3yabpTaTax He nepesumye 1,5%. 3 ornsay Ha
11, MOXHA 3 MOBHOIO BIICBHEHICTIO PEKOMCH-
nyBatu (Gopmyny (43), y moeananni i3 (40) i
(41), mst Ge3mocepeIHBOrO MPAKTHYHOTO 3a-
CTOCYBaHHSI.

PE3VJIbTATU

Jlnisi KOHKpeTH3alii OTpUMaHUX 3aJIeKHOC-
TEH PO3IISIHEMO TMPAKTHYHUA PO3PaXyHOK
NOKAa3HHUKIB HAJIMHOCTI BHUCOTHOI CIIOPYIH Y
IpOCTOpi TepeMilieHb. J[jisi moyermeHas pos-
PaxyHKOBY CXEMy IpPEJICTAaBUMO CHUCTEMOIO 3
OJIHUM CTYIEHEM BUIBHOCTI Y BUIJISAJI CTPUXK-
Hsa Bucororo H =50m, momepeunuii mepepis
SKOTO BHUKOHAaHUH TpyO4YacTUM, 30BHIIIHIM
niamerpoM D, =80cM Ta TOBIIMHOIO CTiHKH

t, =16 MM. Ha BepxiBLi CTpUXKHS pO3TallIOBa-

Ha 30cepepkeHa maca M =500 kr, HaBITPSIHOO
2. ..
wiomero A, =10M" 13 koedinieHTOM 1000BO-

ro onopy Cp =2,0 Micue po3TauryBaHHs — M.
[MontaBa (V,, =16, W=12T1la) y Bimkpwuriii
MicueBocTi. TepMiH eKcrulyarauii MpUIHATO
T.s =20 pokiB.

3ruHagbHa JKOPCTKICTh KOHCOJII CKJIaJa€e
EJ, -639-10° kHw™?, mo Bianosimae wactori

OCHOBHOI'O TOHY KOJIMBAHb:

N, = (L/ 2m) \J3EI / (M H®) =

= (1/ 2r) [3-639-10° / (5-50%) = 0,881 I'n.

XapakTepuCTUYHUN MAKCUMyM Ta Xapak-
TEPUCTHYHA IHTEHCUBHICTh BMIIQJKOBHX MpO-
1IECIB CepeTHbOI MIBUIKOCTI BITPY Ta IIBUAKI-
CHOTO Hamopy BU3HAYalOThCsA 3a (GopMmysiaMu
(12) i (13) i3 BUKOpUCTAHHSIM CIiBBiJHOIICHD

(24)

YO,U = 6, 797 ,
Youw =12,554

7\'0,U = 1, 533 ,
dow = 0,462
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KoedimienT auramivHOi YyTIUBOCTI CITO-
PYI¥ TIpU cepeHiil MIBUIKOCTI BITPY, IO Bif-
HOBI/Ia€ PIBHIO Y, , TOOTO, M/C:

&, =7,788,
Suref (Ny1, H) =0,04cex.,
Zy,=1156.

XapakTepUCTHYHUN MAKCUMYM JIMHAMITHOT
peaxitii criopy/u 3a Bupasom (37)

You =.[2In 0,881-600-1,156 3361
’ 1+1,156

Koedinient {, 3a popmymoro (36)

€y =2-0,12-{1+1,156 =0,351.

A

MaremaruuHe criofiBanHs R i crangapt R
CTaTUYHOI peaKIlii cropyau

Ap =¢y(H) Cp A=1621-2,0-10=32,42, v,
— 1 _
B 1
 5(2-3,14-0,881)2
R=W Ag n,,=12-652-32,42-10° =
= 25,37 Mm.
R=wW Ve Ap My =

=12-1,6-65,2-32,42-10° = 40,6 mm.
Koeoiuientu cymicHoi 1iii BITpOBOro noTo-
Ky, 3a ¢hopmyrnamu (42) ta (43):

MNd,x

=65, 2 mm/xH.

®,=1+16 (12,554 + 9277y _ 23 085,
0,462
@, =1+0,351(3,361+ 0577y 5 240.
3,361

Maremarnyne croxiBaHus Ry .. 1 craH-

napT éz,max peakiiii cnopyau 3 ypaxyBaHHSAM

11 000X CKJIaIOBUX BITPOBOTO MOTOKY:

Ry max =1311mmM, Ry oy = 265 MM

niaBoOH! TEXHOMOCrI » 06/2017, 16-27
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[Tapamerpu posnoainy ['ymGens

oy g =4,85-107° 1/mm;
Un’R :1192 MM.

3a dopmysioro (44) npu

H

R = —— =500 MM 0CTaTOYHO OTPUMAEMO
¥, max 100 p

HMOBIPHICTh HETIEPEBUILICHHS IAHOTO PiBHS
npotsrom Ty, = 20 pOKiB:

F (T, ) = Fy g =exp{—exp[-4.85-107
(500-1192)]}=3,75-107,

ToOTO CTpWKEHb 13 JaHUM TIONEPEYHUM
nepepizoM MOKHa BBaKaTH aOCONIOTHO HEHa-
JitHUM. 301UIBIIMBIIY MOTIEPEYHUN TTepepi3 A0
D, =100cMm, matumemo iiMOBipHiCTH Oe3Bif-

F(Ts)=0,087, a mpu
D, =120cm - F(T,;)=0,946.

SIKI10 3ampoeKTyBaTH CYIUIbHOCTIHYACTUN
CTpWXKeHb 0e3 ypaxyBaHHS CTOXaCTHYHOI MiH-
JMBOCTI CEPEeTHBOTO BITPY HA PO3PaXyHKOBE

MOBHOI  po0OOTH

sHavenns Yoy U+U=2174m/c (came i3

TaKWX MIpKyBaHb BHKOHAHO HOPMYBaHHS Ce-
peaHporo mBuaKicHoro Hamopy y JIBH [21]),
TO IMOBIPHICTh O€3BIIMOBHOI POOOTH CTPHIKHS
mis D, =120cm ckmamatume mpu  iHZEKCi

Oesnexku By, =5524 — F(T4)=0,99989, a

SKILO 3allpOEKTYBaTH 0€3 ypaxyBaHHs IYib-
carii HIBUAKICHOTO Haropy —
F(Ty)=0,999991, T00TO MOKa3HUKK Haniii-

HOCTI OyIyTh 3aHAJITO MEPEOIIHEHI.

BHUCHOBKU

1. Mertomooris OLIHKA CTATUCTHYHUX Xa-
PaKTEePUCTHK MaKCHMYMIiB BHUIQJIKOBHX IPO-
1eciB Mae 6araTo MpoMo3ullii, MpoTe iX 3acTo-
CYBaHHSI YCKJIQTHIOETHCS BHACIIOK CKIIAIHO-
CTI MaTeMaTHYHOro amapary i 06’emy oOumc-
JIOBAJIBHUX MPOIEAYp. |HHOBAIIHUHN TIaX1a y
BU3HAYEHHI TOKA3HUKIB HAAIMHOCTI BUCOTHHUX
criopyn Oyab-sikoro tumy [22] monsrae y 3a-
CTOCYBaHHI HAOMMKEHOTO METOMy, MOJEb
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SIKOTO CTOCOBHO MaKCHMYMIB CE€PEIHBOI IIBU-
JIKOCTI BITPY Ta HIBHJIKICHOTO HAmNoOpy 3a/eK-
napoBaHa B AaHiif craTTi. Ii 3acTocyBaHHS J10-
3BOJISIE 3HAYHO CIPOCTUTH OOYMCITIOBAILHUN
nporiec i3 3a0e3neveHHsIM J0CTaTHhOI TOYHOC-
Ti pO3paxyHKY.

2. Po3risan BiTpoBOTO MOTOKY Y (hopMi JBOX
CTaLlIOHAPHHUX BUIIAJKOBHX MPOLECIB POOUTH
3a HEOOXIJHE PO3TJIAJATH PEAKII0 CIIOPYT
TAaKOX Yepe3 CHHTE3 JBOX BHITAJIKOBUX CKJIa-
JIOBUX. 3arlporiOHOBaHA METOJMKA CIIOJy4YCH-
HS JBOX CKJIQJOBHX BITPOBOTO BIUTUBY 3
OTPHMAaHHSIM TIPOCTUX BHpa3iB JUIs 3HAXO-
JDKCHHSI CTAaTUCTHYHUX XapaKTEPUCTHK MakK-
CUMYMIB peaKiiii.

3. UucenbHI po3paxyHKH MOKa3adl JOLTb-
HICTh BUKOPUCTAHHS OTPHUMAaHUX aHAJTITHYHUX
BUPA3iB Ui IHTETpalbHOI (PYHKIIT PO3MOALTY
MaKCHUMYyMiB peakilii Copyau Ta MOKJIUBICTh
ix 0e3mocepeHbOr0 TMPAKTHYHOTO 3aCTOCY-
BaHHS IIPU BCTAHOBJICHI IMOKA3HUKIB HaJIIMHO-
CT1 BUCOTHUX CIIOPY/I.
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Probabilistic design of high-rise
buildings with two stochastic
components of wind velocity

Anton Makhinko, Nataliya Makhinko

Summary. This paper proposes a consistent
method for the stochastic analysis of high-rise
building under along-wind aerodynamic actions.
Stochastic actions are related to spatial-temporal
changeability of wind velocity and spatial depend-
ence of aerodynamic coefficient. Instantaneous
stochastic wind velocity is given by the sum of a
macro-meteorological component, defined as the
stochastic mean wind velocity on average time
interval, and a micro-meteorological component,
defined as the stochastic atmospheric longitudinal
turbulence. The probabilistic design of high-rise
buildings is carried out with the account of sto-
chastic properties of structure material. Consecu-
tive statement illustrates the simplicity and preci-
sion of this method. Because of this simplicity and
precision, the method is suitable for use in design
offices as a means of providing rapid estimates of
the stochastic dynamic response and reliability
estimation of the high-rise buildings.

Key words. The wind velocity stochastic pro-
cess, gust factor, characteristic intensity, frequency
characteristics.
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JoCcTuXeHua n nepcnekTuBbI pa3pabdboTku
MeXaHU3UPOBaAHHOIO U aBTOMaTU4YeCKoro obopyanoBaHus
ANA AyroBou noaBoAHON CBapKU MOKPbIM COCO60oM

Bopuc MamoH, Bnadumup Jle6edes’, MeHHadull XKyK*

WHcTutyT anektpocBapku nmenn E.O.MatoHa HAH YkpanHbl
11, yn. BoxeHko, KniB-150, YkpaiHa, 03680
'valpaton@ukr.net, orcid.org/0000-0003-0391-6113
“oktbpaton@gmail.com, orcid.org/0000-0001-6615-8239

AnHoTanus. PaccMOTpeH COBpEeMEHHBIH Ypo-
BEHb OCHOBHBIX HalpaBieHUI pa3pabOTOK Mexa-
HU3UPOBAHHOTO M aBTOMAaTHYECKOro 00OpyHoOBa-
HUA [Js JYrOBOM MHOJBOJHOM CBapKu U PE3KHU
MOKpBIM criocoOoM. [IpuBeseHs mpuMephl pealb-
HBIX pPa3pabOTOK, anmpoOMPOBAaHHBEIX WU paboTaro-
IIUX B MPOU3BOJCTBEHHBIX YCIOBHUAX MOIyaBTOMa-
TOB ¥ aBTOMAaTOB.

[oguepkHyTo, 4ro Hambonee 3¢ddexkTuBHBIE
pa3paboTKH aBTOMAaTOB M II0JIyaBTOMAaToOB Oasu-
pYIOTCS Ha OCHOBE KOMIIBIOTEPH30BAHHBIX JJIEK-
TPOIIPUBOJIOB C IIArOBBIMU M BEHTHJIBHBIMHU JJIEK-
TpoasurareiasiMiu. OCHOBHBIE HaIIpaBIICHUS MEp-
CIEKTUBHBIX Pa3padOTOK MEXaHU3HPOBAHHOTO H
ABTOMATHU3UPOBAHHOTO 00OPYJOBaHUs CBSI3aHBI C
BHEJJPEHUEM YIIPABIIEMBbIX HWMIIYJIbCHBIX aJro-
PUTMOB YIpaBIEHHA B €ro CHCTEMax, a TaKKe
MIPUMEHEHWEM HOBBIX KOHCTPYKIIMOHHBIX MarTe-
pHaJIoB.

KuroueBble cioBa: moaBojHas cBapKa, pes3ka,
MOKpBI croco0, 00opymoBaHUE, IOJyaBTOMAT,
aBTOMAT, CHCTEMBI YIPABIEHUS, MOIYISAIUs, KO-
nebaHusl.

OKTBb HWnctutyTa 5SJI€KTPOCBApKH UM.
E.O.ITatona HaunoHanbHOM akageMuu HaykK
YKpauHbl, ABISSICH OJTHAM U3 CAMBIX OOJIBIIIAX
MHUPOBBIX IIEHTPOB B 00JacCTH CBapKH, CMEX-
HBIX TE€XHOJOTHM, IEKTPOMETAIUIYPIUHA U JIp.
HMEET OYCHb OOJBIIOH ONBIT KCCIIECIOBAHUS,
CO3JIaHUSl U YCIEIIHOIO0 BHEIPEHUS] TEXHOJIO-
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Bopwuc MNatoH

OvpekTop, Nnpe3vnaeHT HaunoHanb-
HOWM akagemMum Hayk YKpauHbl
akagemMuk

Bnagumup Jle6epeB
rnaeHbIN kKoHCTpykTOp 'TT OKTH
0.T.H., Nnpod.

FenHapgun Xyk
auvpektop M OKTB

THIl CBapKH M CBAPOYHOT'O O0OPYIOBAHUS pa3-
JIMYHOTO Ha3HA4YeHMS BO BCEX 00JACTIX XO-
3MCTBEHHOM JesATeNbHOCTH. HakoruieH rpo-
MaJHBI 00BEM HAYyYHBIX U KOHCTPYKTOPCKO-
TEXHOJOTHYECKHUX Pa3paboTOK C MOTEHIIUAIOM
peuieHus 000 nmpoOneMbl W 3afadd B 00-
JACTH CBAPOYHOr0 MPOU3BOACTBA, BOCCTAHOB-
JICHUSI W YNPOYHEHHUS PaOOYMX OpPraHoB Ma-
IIIMH ¥ MEXAHU3MOB.
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MexaHi4yHa Ta eJIeKTpU4Ha iH)KeHepis

OnHuM W3 HampaBJIeHUN pa3paboOTOK SBIIS-
eTcs CO3[JaHHe KOMIUIEKCHOTO Hay4YHO-TEXHH-
YeCKOro MpoJayKTa — crocoda MeXaHU3UpPO-
BaHHOU (I10JIyaBTOMAaTUYECKOW) U aBTOMATH-
YEeCKOM JYroBOM CBapKU MOKPBIM CIOCOOOM.
ObopynoBaHue, MOPOIIKOBAs IPOBOJIOKA U
TEXHOJIOTUH JJISl €r0 peaju3aluu ObUIH Mpe-
noxkensl B UDC umenn E.O.Ilarona [1] u no-
JTy4aloT B HACTOAIIEE BpeMsl pa3BUTHE B pas-
TUYHBIX cepax. ITO peMOHT Kopabiei u cy-
JIOB, TOJBOJHBIX MPOAYKTOMPOBOJIOB, MOPTO-
BBIX TIOJIBOJIHBIX COOPYKCHHI, CTPOUTEIHHBIC
paboThI 1Mo Boxo# u ap. [2 — 5].

B nmocnennee BpeMsi B MHCTUTYTE yAENsAET-
csi Bc€ Ooubllle BHUMAaHHS DHEPro- U pecyp-
cocOeperaroyM TEXHOJIOTUSIM CBapKH M Ha-
IUIAaBKM, a TaKXXe CO3JaHUI0 YHUKAJIbHOTO
o0Opy/IoBaHus, CIIOCOOHOTO OCYIIECTBISATH
CBapOYHBIN M HAIUIABOYHBINA MPOIECCHI, a TaK-
e TIPOIIECC PEe3KU B CPeAax U IOJIOKEHHSIX
paHee HEIOCTYIHBIX CBapOYHOMY 000pyAOBa-
HUIO. DTO B TIOJIHOM Mepe OTHOCHUTCS K 000py-
JIOBAaHMUIO 71l TIOJBOJHOM CBAapKU MOKPBIM
CIIOCOOOM.

HoBble TeXHUKO-TEXHOJIOTHYECKHE pa3pa-
OOTKM HampaBJIeHbl Ha COBEPIICHCTBOBAHUE
CBapOYHOT0 000PYAOBaHUSA C UCTIOJIH30BAHUEM
UMITYJIGCHBIX U MOIYJIMPOBAHHBIX CBAPOYHBIX
MIPOIIECCOB a, TAK)K€ BO3MOXKHOCTH IpPHUMEHe-
HUSI CBAPOYHOTO O0OPYIOBAHUS JJISI PELICHUS
CIIOKHBIX 3a/1ad CBapKU B JKUIKOH cpene (mof
BOJIOM, B BOAHBIX pacTBopax M np.) [6 — 8.
[Ipn »TOM, yuuThIBas, 4TO OOJbIIAS YACTh
pa3pabOTOK HE WMEET aHaJOoroB B MHPOBOM
MIPOU3BOJICTBE.

[enpro HacTOsAIIEH pabOTHI SABISETCS pac-
CMOTpPEHHE B JIOCTATOYHO IIUPOKOM O0BEME
BBITIOTHEHHBIX PEATbHBIX (AapOOHPOBAHHBIX U
BHEJIPEHHBIX) Pa3paboTOK 000pYyIOBaHUS IS
peanu3anu MEXaHU3UPOBAHHOM U aBTOMATH-
YeCKOM pEXHMME BeChMa JKOHOMHYHBIX B
CpaBHEHUE, HAIPUMeEpP, CO CBAPKOU B MCKYCCT-
BEHHO CO3/JIaHHOM cpene (kamepa) mporiecca
MOJIBOJTHOW CBApKHU M PE3KU MOKPBIM CIIOCO-
60oM, Oosiee MPOU3BOIUTENBHBIX YeM py4Has
JyroBasl CBapKa M pe3Ka MOKPBITBIMU INTYY-
HBIMH 3JICKTPOJIaMH, a TAKXKE IMEPCIICKTUB pa3-
BUTHS 3TO BHUJA OOOpPYIOBaHUS KaK OCHOBBI
11t 60JIee IUPOKOTO €ro MPUMEHEHUSI.
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Ecnu ykpynHeHO paccMmatpuBaTh 000pyio-
BaHME JUJISl JYrOBOW CBAapKH M HAILJIaBKH, TO
MO>XHO BBIIEJIUTh JBa OCHOBHBIX €ro BHJA.
DTO mojayaBTOMAThl U aBTOMAThI. Jlo HepaBHe-
0 BPEMEHHU PEAbHBIX KOHCTPYKLUKA aBTOMa-
TOB MIPAKTUYECKHU HE CO3/1aBAJIOCH.

OCHOBHBIE TEXHUYECKUE PELICHUS] OTHOCH-
JIUCh K TOJyaBTOMAaTaM, OCHOBY KOTOPBIX CO-
CTaBJISLT MIOTPY>KHOM OJIOK C MEXaHU3MOM I10-
Ja4¥l 3JIEKTPOHON MPOBOJOKKM HA OCHOBE pe-
TyJUPYEMOr0 3JEKTPONPHUBOIA € KOJUIEKTOP-
HBIMHU 3JIEKTPOABUTATEIIEM MOCTOSHHOTO TOKa
¢ Hanpsbkenuem nutanus 110 B. Yposenb
HaMpsDKCHUST TUTAHWS BBIOPAaH IO YCIOBUSM
ANEKTPOOE30MacHOCTH M HEOOXOJUMOCTH
KOMITEHCAIIMH TIOTEPh B KaOele MUTAHUS DJICK-
TponBurarens. lMcmnonb3oBancs — MeXaHHM3M
MoJIauu ¢ MOHMXaromuM peaykropom. Cozna-
HO JIOCTaTOYHO OOJBIIOE YHCIO TaKuX paspa-
6orok, Hanpumep [9, 10], ornuuaromuxcs, B
OCHOBHOM, CIIOCOOAMHU 3alllUThl MEXaHH3Ma
Mo/Jauu OT BOJBI, KOTOpas MOXET OBITH Ipe-
cHOI 1 Mopckoi. [lomyaBTomMaTsl Takoro Tuna
JIOCTAaTOYHO aKTHBHO MCHOJB30BAIUCH B pa3-
JUYHBIX PETUOHAX.

OCHOBHBIMU HEIOCTAaTKaMHU TaKUX KOHCT-
PYKUUI CIeAyeT CUYUTaTh MAIYI0 HaJIEKHOCTh
M3-32 KOHTAKTHOTO KOJIJIEKTOPHOTO y3J1a AJIeK-
TPOJBUTATENS, a TAK)Ke OTrpaHUYCHHBIE (DYHK-
[IUOHAJIFHBIE BO3MOKHOCTH ITOTO THIAa 000-
PYIOBaHUSI M KaK CIJIEJICTBUE HEBO3MOKHOCTh
COBEPLICHCTBOBAHMS TEXHOJIOTUN TOJABOTHOMN
CBapKU U Pe3KH MOKpBIM criocobom. OrpaHu-
YeHUE BO3MOXKHOCTEH HE MO3BOJISIIOT d(DPek-
TUBHO pellaTh TaKHE aKTyalbHbIC 3a7a4d Kak
KAueCTBEHHAsl CBapKa B MOJOXXEHUSX OTJIMY-
HBIX OT HIDKHETO, HallpuMep, CBapKa Ha Bep-
TUKQJIbHOW IJIOCKOCTH, a TAKXKE paclIupeHue
30HBI OOCTY>KHMBAaHHS TOJyaBTOMAaTOB, B TOM
Yyclie W TIIyOMHBI, HA KOTOPOU ecTh Heo0Xo-
JUMOCTh BECTH PabOThI MO CBapKe M pPeE3Ke
[11 —13].

B mocnengnee Bpemsi, HAa OCHOBE HMMEIOIIIE-
rocsi ONbITa MPUMEHEHHUs MOJyaBTOMAaTOB B
pPa3IMYHBIX YCJIOBHSX, BBIIOJTHEH TOWCK HO-
BbIX TEXHUYECKHUX PEIICHUM, HampaBICHHBIX
Ha YCTPAHEHHE BBINICYKA3aHHBIX HEJOCTATKOB
U COBEpUICHCTBOBAHUS TEXHUKH U TEXHOJO-
THH.

29



MexaHivHa Ta eJIeKTpUM4YHa iH)KeHepisa

Ha ocHOBe HOBOTO MOKOJIEHHS IIEKTPOIBU-
raTeyieidl maroBoro TUNa B KOMILUIEKTE ¢ KOM-
MBIOTEPU30BaHHBIMU CUCTEMaMU YIPABICHUS
perynupoBanus pa3paboTaH MOJyaBTOMAT st
MOJIBOJTHOW CBApKU M PE3KU MOKPBIM CIIOCO-
00M ¢ MexXaHW3MOM Moaayu 0e3 pemaykTopa
[14]. Ha Puc.1 mokasaH mosxyaBTOMAT HOBOTO
tuna “HEIITYH”.

Puc.l. [TonyaBromar 1jist OJIBOJHO CBapKU
1 pe3ku: 1 — OJIOK KOMITBIOTEPU30BaH-
HOT'O YIIPABJICHUU H PETYIUPOBAHHUS;
2 — TIOTpY»XHOH 0JI0K; 3 — crienuanm-
3MPOBAHHBIH MIJIAHTOBBIH JAEPKATEIh

Fig. 1. Semi-automatic for underwater weld-
ing and cutting: 1 — computerized con-
trol and regulation unit; 2 — immersion
unit; 3 — specialized hose holder

OcHOBHbIE (ITaCMOPTHBIE) JAaHHBIE IMOJyaB-
ToMmara npuseaeHsl B Taom. 1.

B moaudukanmsx mosyaBTomara peanu3o-
BAHBl TEXHUYECKHE BO3MOYKHOCTU HCIIOJIb30-
BAHMS HOBBIX TEXHOJIOTMI: CBapKa YIIpaBisie-
MOW MOJYJISIIMEN PEXUMOB, CBapKa C ymnpaB-
JIIEMOM UMITYJIbCHOM II0Ja4ei DJIEKTPOAHOU
IIPOBOJIOKH. BBeneHne HOBBIX BO3MOYKHOCTEHN
[I03BOJISIET B 3HAYUTEIBHO MeEpE YIYYIIUTh
KauyecTBO (POPMHUPOBAHUS CBAPHOIO COEIMHE-
HUs Ha BEPTUKAJIBHOU INIOCKOCTH.

HoBell1 mosyaBTOMaT MMeEET Majlble Macco-
rabapuTHbIE XapaKTepucTUKu — B 1,5...2 paza
MEHBIIIE YeM Yy MpeIbIIyIHuX pa3paboTokK, Mo-
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3BOJIICT TIPH M3MEHEHHHU TIIyOMHBI IOTpYKe-
HUS (JUIMHHBIA KaOenb MUTaHUS DIIEKTPOABH-
rarens) KOMIICHCHPOBAaTh IOTEpU B Kadene
MUTaHUS U 00€CIIeUnBaCT:

1) mnonydYeHHe CBAapHOrO MIBa XOPOLIETO
KayecTBa ¢ obecrieueHNeM 3aJJaHHbIX MEXaHH-
YECKUX U KOPPO3UOHOCTOMKUX XapPAKTEPUCTHK
U pes3a JOCTaTOYHOU Ui pa3fesloyHoro U 3a-
TOTOBUTEIBHOTO MTPOM3BOCTBA CTaNICH pa3HBIX
TUIIOB B HMKHEM U JPYIHX MPOCTPAHCTBEH-
HBIX MOJIOKEHUSIX;

2) obnerdeHue ajsi BOJOJa3a CBapIIHKa
BBINTOJTHEHUS IIBOB M pe3a, oOecrednBacMble
HOBBIMHU TEXHOJIOTHSIMU ¥ IPHEMAMU CBApPKHU H
pe3KH;

3) cBapka W pe3ka B BOJHOH cpene pas-
JMYHOTO YPOBHS COJIEHOCTH;

4) BO3MOXXHOCTb BEJICHHS MPOIECCOB, KaK
B aBapUIHOIM CHUTyaIlMM, TaK ¥ IPH CO3aHUH
HOBBIX KOHCTPYKLIHH;

5) BezeHue mpolecca CBapKd Ha IIyOu-
Hax Oonee 100m 6e3 mepectpoiiku (repeHa-
JaJKN) CHUCTEM IOJyaBTOMAara M HCTOYHHKA
CBapOYHOTO TOKA MPH BBICOKOW MOOMIBHOCTH
000py/I0BaHUs.

Tadauna 1. Texauueckas XxapakTepuCTHKA

Table 1. Technical description

MakcumanbHbIil CBApOUYHBIA TOK

ripu [1P = 60% u muxute 5 mMuH., A 400

PO,I[ CBAapOYHOI'0 TOKa ITOCTOSHHBIN

[onsipHocTh npsiMast

nim o0paTHas

HrameTp 35eKTpoIHOM

1,6
IIPOBOJIOKH, MM

Jwramna3oH ckopocTu noaauu

N 100....450
AIICKTPOIHOM TPOBOJIOKH, M/4ac

W3menenue CKOpPOCTH IMOJAAIN IIJTaBHOC

Bpems HenpepbIBHOI pabOTHI
MoJTyaBTOMaTa OT OJJHOM KaTyIl-
KU DJIEKTPOJIHOM MPOBOJIOKH Ha
CPeIHUX peKuMax padoThl (TOK
cBapku 250...300 A) muH.

60...70

Macca morpy>kHoro 0JI0Ka, KT,

He Ooiiee 25

HoBble pa3pa®oTkH M0JIyaBTOMAaToB Mpo-
IUIA  anpoOaIfio, BBITYCKAIOTCS MEJIKUMU
NapTUSAMH M IKCIUTYaTUPYIOTCS B Pa3IUYHBIX
peruoHax Mupa.
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PaGoThl MO COBEpIICHCTBOBAHUIO IOTyaB-
TOMAaTOB TPOJOJDKAIOTCS MO HECKOJIbKUM Ha-
MIPABJICHUSAM, OCHOBHBIE U3 KOTOPBIX CBSI3aHbI
C TMPUMEHCHHEM HOBBIX KOHCTPYKIIMOHHBIX
MaTepUajIoB C YBEJIMYECHUEM IOKa3aTens Iuia-
BYYECTH MOTPY)KHOTO OJIOKa M BBEICHHH B
CUCTEMY YIpPAaBIIEHUS M PEryJIUpOBaHUSA HO-
BBIX aJITOPUTMOB (YHKIIMOHUPOBAHUS, KOTO-
pble, B YAaCTHOCTH CBSI3aHBI C YIPaBIISIEMbIM
MEPEHOCOM 3JIEKTPOTHOTO METalla MOPOIIKO-
BBIX CaMO3aIIMTHBIX MPOoBOJIOK [15, 16]. Dto
onpeaenéHHeiM  0o0pa3oMm (opmupyemas 1o
napaMerpaM JIyroBOro IMpolecca J03UpOBaH-
Has 10Jjaya AIEKTPOAHON MPOBOJIOKH, a TAKXKe
MIPUMEHEHHE HHBEPTOPHBIX HCTOYHHKOB CBa-
POYHOTO TOKAa C UMITYJIbCHBIM U CHHEpreTHYe-
CKUM YTIPaBJICHHUEM.

HemanoBakHbIM ~ SIBISIETCS  KOMIUIEKCHOE
pellleHre 3a7aud 3alMThl JEMEHTOB KOHCT-
pYKIHMU 00OpYIOBaHUS OT KOPPO3UH M DJICK-
TPOIPO3HH.

Craemyer OTMETHTb, YTO HE BCE MCTOYHUKHU
MUTaHUS TyTd MOTYT OBITh HCIOJb30BaHbI B
KOMIUIEKTE C IMOJTyaBTOMAaTOM JUIsi TIOJIBOTHOU
cBapku. [Ipu 3HAUMTENHHOM YHAllEHUU TO-
IPY’KHOTO OJIOKa OT MCTOYHUKA MUTAHUS He-
n30eXHBl BO3pACTAIONIME C JAJTUHOW Kabemns
MaJCHUS HAMIPSDKCHUS B HEM, YTO MPHBOJUT K
HEBO3MOXXHOCTH YCTOMUMBOTO BEJEHHs IMpO-
necca. TpeOyercss ocoObIii MOAXOA K paspa-
06oTke ucTouHMKa. Hamm mpeminoxkeHa KOH-
Henmus pa3paboTKH MCTOYHHKA C KOMITEHCa-
LUEH IOTEPb, 4 NPUBICYEHHBIM YKPaWHCKUN
MIPOU3BOIUTENE OCBOMJI NPOU3BOACTBO TaKUX
HCTOYHHKOB C THPUCTOPHBIM [17] u TpaH3u-
CTOPHBIM MHBEPTOPHBIM BapuaHTamu. Mcrou-
HUK C KOMIICHCAIIMEW MaJCHUsI HampsHKSHUS
11eJ1eco00pa3HO MPUMEHATh MpHU  YAaJeHUU
orpy»xHoro Ojoka Ha paccTosHue Oosnee 60
M. KOHCTpyKIMS Takoro HUCTOYHHKA TMpe-
craBieHa Ha Puc.2.

Crenyroliee OCHOBHOE HalpaBlIeHUE pas3-
paboTOK 00OpyMOBaHUSI JIJISl TIOJIBOJTHOM CBap-
KH MOKPBIM CIOCOOOM 3TO aBTOMAThl, KOHCT-
pYUpOBaHHE KOTOPBIX paHee MPAKTHYECKH HE
ocymecTBisuioch. ClieyeT OCTaHOBUTHCS Ha
IBYX OCOOEHHOCTSIX 3TOTO HAmpaBlIeHUS. DTO
y3KOCTICIIMATU3UPOBAHHBIE KOHCTPYKIIUU aB-
TOMAaTOB W aBTOMATHI, KOTOPbIE MOTYT OBITH
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Puc.2. VcrodyHuk CBapoyHOTO TOKa IS
paboTHI ¢ VIAIEHHBIMH 00BEKTAMA

Fig. 2. Welding current source for working
with remote objects

WCIOJB30BaHBl Ha pPa3HBIX OOBEKTa CBApKH,
BO3MOXHO C HEKOTOPOH UX MoauduKanuei.

[Ipumepom crnienumanbHOM YHHKAIbHOM pas-
pabOTKK SABISETCA KOMILJIEKC 000pyI0BaHUS
JUIsL TIOJJBOJIHOM CBapKd MOKpPBIM CIOCOOOM,
MIpEeIHAa3HAYEHHBIN JJI IPUBAPKU 3arJIyIIKU K
BHYTPEHHEH IOBEPXHOCTU TpYyO, HCIHOJIb3ye-
MBIX B KaueCTBE JIEMEHTOB TEIUIOBBIX HAacoO-
coB. CBapka Benércsa Ha riiyonHax 6omnee 200
M B Cpele BOABl C INPOTHBOKOPPO3MOHHBIM
coctaBoM. BreimonHsieTcss pabota Ha pa3HBIX
pPacCTOSHUAX OT MOBEPXHOCTH B BOJOPACTBO-
pUMOI cpezie YIIIOBBIMH KPYTOBBIMH ILIBaMU
10 JOCTaTOYHO IIUPOKOMY 3a3opy. lIpu aTom,
KaK MpaBUiIO, BHYTPEHHMH AMAMETp TPYOHI,
rie HeoOXOOUMO TNPOU3BOJMTH CBAapKy He
npesbimaer  120...130 MM, 49TO sBIsAETCA
KpaiiHe CTEeCHEHHBIMU YCIIOBUSMHU JJISI KOM-
IJIEKTa YCTPOMCTB aBTOMara il AYroBOH
ceapku. Ha Puc.3 npencraBiena cxematuue-
CKM CBapOYHas 4acTh Pa3pabOTaHHOTO aBTO-
Mata. JletadbHO KOHCTPYKIIMS aBTOMAaTa OIH-
cana B pabore [18, 19].
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Puc.3. ABTomar asst TIyOOKOBOIHOM 1MO-
BOJIHOW CBapKH MOKPBIM CIIOCOOOM

Fig. 3. Automatic for deep-water underwa-
ter welding by wet method

B cocraB aBTOomMaTa BXOOUT MCTOYHMK CBa-
POYHOrO0 TOKa, pPaCCMOTPEHHBIN BBIILIE, HOBas
pa3paboTka pa3marbiBaTens Kaless ¢ JOKalb-
HOM cucTeMoll yrpaBieHMs], Kabelb ¢ psaoM
GyHKUIMH, 00beTMHEHHBIX O0IIEH 000I0UYKOM:
npsiMoi U oOpaTHBIA Kalenu, kabenp yrpas-
JIEHUs, JJIEMEHTHl Hecyluue. Bece 3t paspa-
OOTKHM aHAJIOTOB HE UMEIOT. YTIPABJICHHE MPO-
IIPOLIECCOM CBApPKH MPOU3BOJUTCS KOMIIBIOTE-
PU30BaHHOW CHCTEMOM YIpaBlIeHHUS, 3a/ato-
el mporpaMMmy LMKIA CBapKu, paboTy cHcC-
TE€MbI MOJA4YU 3JIEKTPOJHOW MPOBOJIOKH, CBa-
pouHoro nepemMenieHus. Hannuue Herapantu-
POBAaHHOTO 3a30pa MEXIY 3ariylIKON W BHYT-
pEHHEH MOBEPXHOCTBIO TPYOBI O0OYCIOBHIIO
BBeJIEHUE €lI€ OJHOI0 OPUTHMHAIBHOTO TE€XHHU-
YEeCKOIro pelieHus — Kosebaresist cBapOYHOIo
MHCTPYMEHTa, 00eCreunBaroIero rapaHnTupo-
BAaHHOE MEPEKPBITHE 3a30pa IIPHU CBApKe C Ka-
YECTBEHHBIM  (OPMHUPOBAHUEM  KOJBIEBBIX
LIBOB.
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PasmaTbiBaTensb- MNyneT

Hecywuit kabenb
MCTOYHMK

CBapo4HOro
TOKa

Puc.4. ITonHbI KOMIUIEKC aBTOMATA IS
IyOOKOBOJIHOM MOJIBOJHOM CBapKU
MOKPBIM CTIOCOOOM

Fig. 4. Full complex of submersible welder
for wet welding

Ha Puc.4 cxemartudyecku mpeacTaBlIeH
KOMIUIEKC aBToMaTa Jyis IiyOOKOBOJIHOM Moj-
BOJHOM CBapKu B CTECHEHHBIX YCIIOBHUSIX.

ABTOMAT TpENCTaBIsACT CO0OM TPyOUaTyIO
METAJUIOKOHCTPYKIUIO, OOBEINHSIOUIYIO Cle-
JIOILIME OCHOBHBIE Y3JIbl: MOJYJb MOJaYd
3JEKTPOJHOM MPOBOJIOKH, MOJIYJb BpalllCHHs
CBApOYHOM TOJIOBKM (MEXaHU3Ma IOJayuH),
MOJYJb KOHTAKTHBIX y3J0B. Moaynb mojgauu
YW MOJyJIb BpAIlICHHUsS BBIOJTHEHBI HAa OCHOBE
0e3pe1yKTOPHBIX KOMITbIOTEPU30BAHHBIX
3JIEKTPONPUBOJIOB TOCTOSTHHOTO TOKAa B COCTa-
Be OE3KOJUIEKTOPHBIX JJIEKTPOABHUTaTENeH C
nepenavyeil BpallaTelbHOrO JIBH)KEHUS HA IO-
JAIOIIUHN POJIUK.

ABTOMAT anmpoOUPOBaH M BBIMOJHSIET TPO-
W3BOJICTBEHHBIC 3aJa4yd IO 3ariIylike TPyO
sHeprocOeperaronx KoMiiekcon B JIonione.

PaccmoTpenHbIil  aBTOMAT, SBISACH, Kak
OTMEYaJIOCh BBIIE, YHUKAIBHOW M CIIeIIUAIIN-
3UpOBAaHHOW KaTeropue oOOpyaOBaHUS, C
HEKOTOPOW MOJIEPHU3AIMEN MOKET OBITh HC-

MiaBOAHI TEXHOJOTrTI e 06/2017, 28-36
MpomucnoBa Ta uuBINbHa iHXeHepia



MexaHiuHa Ta eJleKTpU4Ha iH)KeHepisa

MOJI30BaH U B JPYTUX OONACTAX, HAIPUMED,
JUIL 3arJIyIIKA TPyO Ta30BBIX U HEPTIHBIX
CKBa)KUH, BBIMOJHEHUS] CBAapKH B aBAPUIHBIX
CUTyalUsAX | T.II.

Jpyras xateropust pa3paOOTKu — aBTOMAThl
IIMPOKOTO IpuMeHeHus. Pa3paboran psn Ta-
KHX aBTOMAaTOB, OCHOBY KOTOPBIX COCTaBJISIOT
Xopomio oTpaboTaHHBIE Y3JIbl MEXaHHU3MOB
KOOPJIMHATHOTO TMEPEeMEUICHUs] CBapO4YHOIO
MHCTPYMEHTA W CHCTEMBI MOJAYu AIIEKTPOI-
HOM MPOBOJIOKM B KOHCTPYKTHBAX, 3alIUIIEH-
HBIX OT BO3JICHCTBHSI BOAHOM cpenbl. DTH y3-
JbI 0a3UPYIOTCS HA NMPUMEHEHHUH OECKOJLIICK-
TOPHBIX DJIEKTPOJBUTATENECH C KOMIIBIOTEpH-
30BaHHBIMH CHUCTEMaMH PEryJIupyeMbIX 3JIEK-
TponpuBo0oB. Pa3zpaboTka, B HacTosiiee Bpe-
Ms NPOBEJEHA JJIS BEJCHMs Ipoliecca o 3a-
JaHHOU (TporpaMMHUpPYyeMON) TpaeKTOpUM Ha
TOPU30HTAJILHOW WM BEPTHKAJIBHOU IIOCKO-

Puc. 5. ABTOMAT TSI CBapKH HAIUIABKH IO
BO,Z[Oﬁ C JJICKTPOABUTATCIISIMA MCXa-
HA3MOB: 1 — MPOAOIRLHOTO ITepeMeIIe-
HUS; 2 — MPOAOIBHOIO IePEMEIICHNS;
3 — momaun; 4 — GIIOK yIpaBIIeHUS T10-
rpY>KHOU

Fig. 5. Automatic welding machine for surfac-
ing under water with electric motors
mechanisms: 1 — longitudinal displace-
ment; 2 — longitudinal displacement;

3 — feed; 4 — immersion control unit
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ctu. OOmiee ympaBJIeHWE IHKIOM CBapKH,
peayin3anysi [POTrPaMMHOIO  MEPEMEIICHHUS
CBApOYHOI'O0 HMHCTPYMEHTA OCYILECTBISETCS
o0mieil  KOMITBIOTEPU30BAaHHOW  CHCTEMOU
yIpaBiIeHUS.

Ha Puc.5 npencrasieH aBToMar mis MHoI-
BOJIHOM MOKpOM CBapKH C MEXaHU3MaMU KO-
OpAMHATHBIX NEPEMEIEHUN U CUCTEMBI 110J1a-
Yl 3JIEKTPOJHON IPOBOJIOKM Ha OCHOBE KOM-
MBIOTEPU30BAaHHBIX 3JIEKTPOIPUBOJOB C BEH-
TUIBHBIMU  3JIeKTpojaBuraTensmMu. Paspabo-
TAHHBI aBTOMAT HMEET IEPECTPauBaAEMYIO
KOHCTPYKTUBHYIO 0a3y M MOXET JIETKO MO-
JNEPHU3UPOBAH JUIsl PELICHUS 3aad CBapKu
II0J1 BOJIOM B MecTax M INTyOMHax, rie JOCTYIl
orepaTopa BOJ0Ja3a OrPAHUYEH WIIM Jlaxe
HEBO3MOXEH. 3aMeTuM, uTo 00bEM mojaBae-
MOH 3JIEKTPOAHOW NPOBOJIOKU B JAHHOM KOH-
CTPYKIIMHU MOKET OBbITh JOCTATOYHBIM JUIs pa-
00T TI0 CBapke M pe3Ke, TPEOYIOMMX OOJIBII0-
r'O BPEMEHH ISl €€ BBITIOJHEHUS.

Bo3MOXHOCTE TpOrpaMMHUpPYEMOTO yIIpaB-
JIEHUS IBVKEHUSIMU CYIIIOPTOB CO CBAPOYHBIM
MHCTPYMEHTOM IOKa3aHa Ha Puc.6, rae noka-
3aHbl PE3yJbTaThl HAILJIABKU 1107 BOIOH B HC-
nbITaTenbHON Kamepe (riryouna 200 m).

B Hacrosee BpeMsi Ha OCHOBE HMEIOLLETO-
Csl ONbITa KOHCTPYHMPOBAaHUS aBTOMATOB JUIsS
MOJIBOTHOM CBAapKU BeAyTCsl pabOThl MO CO3-
JTAaHUIO0 aBTOMAToOM Ui CBApKU IOJ BOJOH B

Puc. 6. Jlyrosas HamjiaBka aBTOMaTOM I10J1 BO-
JIOH ¢ IPOrpaMMHPOBAHHUEM JIBYXKOOD-
JAUHATHOT'O NMEPEMECIICHHA CBAPOYHOI'O
UHCTPYMEHTA

Fig. 6. Arc surfacing with automatic submersi-
ble with programming of two-coordinate
movement of welding tools

33



MexaHivHa Ta eJIeKTpUM4YHa iH)KeHepisa

TPEXMEPHOM MPOCTPAHCTBE, TOBBHINICHHE Ka-
YeCcTBa CBAPOYHBIX IMPOIECCOB JOKHO OBITH
00€ecIeYeHO HOBBIMHU pa3paboTKaMu MO MOJY-
JSIUA  PEXKUMOB, HUMIYJIbCHBIX aJTOPUTMOB
(YHKIIMOHUPOBAHUSI MCTOYHUKOB CBAPOYHOTO
TOKa (B OCHOBHOM WHBEPTOPHOTO THIIA,
VIIPaBJISIEMOW UMITYJICHON TOAAa4YH SJIEKTPO/I-
HOW TpoBoOJOKH. IloJe3HBIM [OMKHO OBITH
BBEJICHHE KOJIEOATEIbHBIX PEKUMOB PabOTHI
CBapOYHOIO0 HMHCTPYMEHTa C YIPaBISEMBIMU
napamMeTpamu, 4To 00ECIIeUnT CBapKy JeTayiei
C 3a30paMHu.

Cnenyer 0cob60 OTMETUTH, 4TO d(PPeKTUB-
HOCTBH Pa3pabOTOK 00OPYHOBaHMS Ul CBApKU
W HAIUIaBKH IO/ BOJOW MOKPBIM CIIOCOOOM
OCHOBBIBACTCS Ha KOMIUIEKCHOM TIOAXONE —
CO3JIaHME aBTOMATOB W IIOJIyaBTOMATOB, CIIC-
[IHAJTBHBIX MTOPOIIKOBBIX 3JICKTPOIHBIX MTPOBO-
JIOK ¥ TEXHOJOTMYECKHX MPUEMOB M METOJIUK
UX MIPUMEHCHHS.

[Toguepkaem, uro Hanbosee dPpPeKTUBHBIC
pa3paboOTKKM aBTOMATOB W IOJIyaBTOMAaToB 0Oa-
3UPYIOTCS. HAa OCHOBE KOMITBIOTEPU30BAHHBIX
AJIEKTPONIPUBOAOB C UIATOBHIMH W BEHTUIIb-
HBIMH 3JICKTPOIBUTATEIISIMU.

OCHOBHBIC HANpaBJICHUS TEPCIEKTHBHBIX
pa3pabOTOK MEXaHW3UPOBAHHOTO M aBTOMATH-
3MPOBAHHOTO OOOPYMOBAHMS CBSI3aHBI C BHE-
JIPEHUEM YIPABISIEMbIX HMMITYJIbCHBIX aJro-
PUTMOB YIPABJICHUS B €TO CHCTEMax, a TaKKe
MPUMEHEHHE HOBBIX KOHCTPYKIIMOHHBIX MaTe-
pHaoB.

To ectb 3amaum, KOTOpbIE CTOAT MeEpen
MPOMBIIIJIEHHOCTBIO CETO/HS M OYAyT peaiu-
30BBIBATHCS B 0003pUMOM OyaylieM, HarpH-
Mep OCBOEHHE IMOJIE3HBIX MCKomaeMbix Mupo-
Boro okeana [20], o0si3aTenbHO MOTPEOYIOT
NPUMEHEHHUsI COBPEMEHHOI0 BbICOKO3(dek-
TUBHOTO OOOpYJIOBaHUS UISl MOJBOJHOW Me-
XaHU3UPOBAHHOW U aBTOMATUYECKOW CBApKU U

PE3KH MOKPBIM CIIOCOOOM.
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Achievements and prospects of development
mechanized and automated equipment arc,
for underwater welding in the wet way

Boris Paton, Vladimir Lebedev,
Hennadii Zhuk

Summary. The article deals with the current
level of the main directions of development of
mechanized and automatic equipment for arc-
welding and wet cutting. Examples of real devel-
opments of semi-automatic machines and automat-
ic machines tested and operating in production
conditions are given.
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It is emphasized that the most effective devel-
opment of automatic machines and semiautomatic
devices is based on computerized electric drives
with stepper and gate electric motors. The main
directions of promising developments of mecha-
nized and automated equipment are associated with
the introduction of controllable impulse control
algorithms in its systems, as well as the use of new
structural materials.

Key words: underwater welding, cutting, wet
method equipment, automatic, automatic, system,
control, modulation, oscillation.
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E.O.Paton Electric Welding Institute activity in the field
of underwater welding and cutting

Sergey Maksimov

E.O.Paton Electric Welding Institute of National Academy of Sciences of Ukraine
11, K.Malevich str., Kyiv, Ukraine, 03680
maksimov@paton.kiev.ua, orcid.org/0000-0002-5788-0753

Summary. Presents the results of E.O.Paton
Electric Welding Institute developments on
creating electrode materials, equipment and
technology for wet underwater welding and
cutting. The R&D efforts in this area include
investigation of the effect of cooling rate, hydrogen
saturation, hydrostatic pressure and other factors
upon process of welding and quality of resulting
joints, studies of weldability of steels, development
of special welding consumables, methods and
procedures, elaboration of the basic principles of
mechanisation of the wet welding and cutting
processes. The experience of wet underwater
welding and cutting application is evidence of
possibility to apply the methods, at least, for
restoration of wharfs, platforms, pipelines, ships
and other underwater constructions.

The electrodes and flux-cored wires can be used
for:

- welding the mild steels and low alloyed high
strength steels up to 40 mm in thickness with
tensile strength of up 600 MPa at the depths down
to 30 m;

- welding high-alloy corrosion-resistant steels
ANSI 304L, 308L, 347 AND 321 type;

- cutting of carbon and alloyed steels and non-
ferrous alloys up to 40 mm in thickness at the
depths down to 60 m.

Key words: underwater welding and cutting,
flux-cored wire, low-alloyed steel, stainless steel,
mechanical properties.
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INTRODUCTION

Bl

The world ocean is an inexhaustible source of
mineral resources [1, 2]. Welding takes the important
place in construction and repair of underwater struc-
tures. The volume of application for these purposes
of wet welding, which is performed directly in water
and excludes application of expensive caissons and
chambers, recently has considerably extended [3, 4].
During the underwater welding the arc is burning in a
gas bubble which is formed due to evaporation and
decomposition of water, vapors and gases of molten
metal and components of welding consumables. Wa-
ter consists of 88,9% oxygen and 11,1% hydrogen.
Reliable protection of molten metal, first of all from
hydrogen and oxidizing effect of environment, is one
of the main tasks in the development of consumables
for welding steels under water. The second typical
feature in underwater welding is the intensive cooling
which should also be taken into account. It is possible
to compensate the heat losses by optimum selection
of slag-forming components. The problem of over-
coming the difficulties associated with wet welding
and its related applications such as the repair and
maintenance of subsea structures and pipelines by arc
welding, was solved by the introduction of semi-

37


mailto:maksimov@paton.kiev.ua

MexaHivHa Ta eJIeKTpUM4YHa iH)KeHepisa

automatic wet welding with self-shielding flux-cored
wires developed at the E.O.Paton Electric Welding
Institute (PWI1) [5, 6].

THE GENERAL DIRECTIONS
OF THE PWIACTIVITY

Due to the increased volume of underwater
constructions in the 60's and 70's encompass-
ing a variety of applications, a quest for an
economical and quality underwater welding
began. Though both dry hyperbaric and wet
welding techniques were introduced, the
method of wet welding was adopted in the
former USSR because of its inherent versatili-
ty, manoeuvrability, and relatively low cost.
Most often the techniques and technologies as-
sociated with wet welding focus on the shield-
ed metal-arc welding (SMAW) process using
in many cases a proprietary waterproof coating
developed by the manufacturer.

When assessing the performance require-
ments of wet welding to obtain quality joints
the greatest difficulties to be overcome are due
to the following circumstances:

- a high rate of cooling of welding joint
causes the formation of quenching structures
and brittle fracture of the joints

- large amount of hydrogen and oxygen
drastically reduces the toughness and ductility
of the welded joints and is dissolved in the
welds

- a high skill of the diver-welder is required
to obtain welds of satisfactory quality.

Therefore, taking into consideration the
aforementioned, the application of the SMAW
process to wet welding is limited by its inabil-
ity to consistently produce quality welded
joints by surface standards. Nevertheless, un-
derwater welding directly in water (so-called
wet welding) becomes an important technolog-
ical method due to a number of its advantages
as compared with dry welding.

The general directions of the PWI activity
in the field of underwater wet welding and cut-
ting are as follows:

- R&D on wet semi-automatic arc welding
with the self-shielded flux-cored wire

- R&D on wet manual arc welding

- R&D on wet semi-automatic cutting with-
out additional supply of oxygen

- R&D on arc cutting with stick electrodes
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- Creation of the unique equipment (semi-
automatic machine) for wet underwater arc
welding

- Working out and introduction of wet arc
welding and cutting technologies

The fundamental researches of PWI in the
field of wet arc underwater welding are as fol-
lows:

* Peculiarities of arc burning in fresh water
and water of different salinity

* Conditions for ensuring the stable arcing
under different hydrostatic pressures

* Composition of waste gases and their in-
teraction with molten metal in the vapour-gas
bubble atmosphere

* Peculiarities of transfer of the alloying el-
ements from the electrode to the weld metal

* Effect of alloying upon the structure and
properties of the weld metal

* Conditions for elimination of porosity and
non-metallic inclusions in weld metal

* Effect of hydrostatic pressure and welding
parameters upon the level of mechanical prop-
erties of welded joints

* Quality of the cut and economical indices
of mechanized underwater arc cutting of steels
and non-ferrous metals

* Structural steels weld ability including
peculiarities of formation of the welded joint
microstructure and properties, mechanism of
formation and precautions for avoidance of
heat-affected zone cracking

* Structural strength of welded joints and
considerations for their fitness-in-service

* Technical requirements to unique equip-
ment for wet welding and cutting including
power sources and feeding devices.

WET SEMI-AUTOMATIC
UNDERWATER WELDING

The idea of developing the basic technolo-
gy of wet welding using self-shielded flux-
cored wire was based on the evident ad-
vantages of such an approach. The nature of
the flux-cored wire is such that its chemical
composition can be varied over wide ranges.
This offered us a possibility of having tight
and strong welds without any additional gas or
flux shielding of metal. The reliable shielding
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could be provided by the wire itself, i.e., by
the proper selection of its chemical composi-
tion. We believed that the problem of hydro-
genation of the weld metal and the heat-
affected zone, as well as the consequences of
this phenomenon, which were already well-
known, could be solved if not completely then
at least partially, through a special design of
the flux-cored wire. Whereas an electrode
coating is in a direct contact with water and,
hence, is moistened, the core of the flux-cored
wire is protected by a sheath. It is an ad-
vantage of this wire with regard to one of the
sources of hydrogen saturation. Then, devel-
opment of the self-shielding wire meant elimi-
nation of extra devices which made the torch
heavier and the work of a welding diver more
difficult and eventually greatly simplified the
basic operations. Handling the above problem
on the basis of using the flux-cored wire pro-
vided a combination of maneuverability and
versatility of manual welding and the ad-
vantages characteristic of the semi-automatic
welding. It was evident that with this method
we could solve the problem of continuity of
welding operations, provide a fundamental in-
crease in the productivity of labor of a welding
diver and reduce the time of a stay of a human
being under the water. Additionally, it was
known that the semi-automatic welding could
be mastered under conventional conditions
much quicker than the manual welding. This
advantage must also manifest itself under the
underwater welding conditions. Therefore, the
above idea accounted also for human factor.
This could simplify choosing and training of
people for performing the underwater welding.

At the first stages of developing the semi-
automatic wet flux-cored arc welding (FCAW)
it was applied to structures of mild steels with
yield point up to 280 MPa. Further research
and development permitted the field of the
method application to be widened. By now the
satisfactory quality of wet welded joins is also
ensured when welding the low-alloy structural
steels with yield and tensile strength of up to
350 MPa and 500 MPa respectively and with
the carbon equivalent value up to 0,35 [7]. The
welded joint mechanical properties are pre-
sented in Table 1. Analysis of these data shows
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that even with slight alloying the weld metal
has the sufficiently high level of strength, duc-
tility, and Charpy toughness. The appearance
of the samples after the tests is shown in the
Fig.1.

Fig.1. The appearance of the samples after the
bend (a) and tensile (b) tests of the welding
joints of low alloyed steel

The use of this flux-cored wire in transition to
modern low alloyed high strength steels yields
unsatisfactory results. The main cause is for-
mation of cold cracks in the heat-affected zone
[8]. This problem can be solved through using
electrode materials providing formation of the
austenitic structure of the weld metal [9] and,
therefore, decreasing the amount of hydrogen
diffusing into the HAZ. For these purposes, for
welding at depths of up to 30 m, electrodes
and flux-cored wire were developed. It is very
important that mechanical properties of the
deposited metal are in good agreement with
mechanical properties of the base metal (Table
2), which is required to maintain operating re-
liability of a welded joint. The bend angle in
this case was 180°. Macrosections and appear-
ance of the samples after the tests are shown in
the Fig.2.
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Table 1. Welded joint mechanical properties

Steel Tensile Yield Strength, | Impact Energy, | Bend angle,
Strength, MPa MPa J (-20°C) degrees
St3 420...450 320...340 35...45 180
09G2 430...460 330...350 40...50 180
A36 (USA) 420...460 320...350 40...50 180

Note:

1. All samples were tested according with ANSI/AWS D3.6

2. Bend angle values have been determined at root and face bend testing

Table 2. Mechanical properties of the weld metal (ANSI/AWS D3.6)

! KCV g0
Welding method | ooz, MPa | o, MPa 8, % v, % (J:/S;l% @
manual > 410 > 600 >30 > 40 > 110
semi-automatic > 350 > 550 > 30 > 64 -
API 5L X60 > 415 >520 >19 - -

Fig.3. Macrosections (a) and the appearance of
the butt joint (b), depth 200 m

Fig.2. Macrosections (a) and appearance of the
samples after the bend (b) and tensile (c)
tests of the 40 mm thick welding joints of =
low alloyed high strength steel o2 il i ;

it 5 1.6 MM, MHOTOTPOXOAHbI -

el T e i

Fig.4. Formation of metal of multilayer weld
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For welding at great depths, a flux-cored
wire with a nickel shell was developed. Bead
on plate macrosections and the appearance of
the butt joint are shown in Fig.3.

WELDING OF STAINLESS STEELS
UNDER WATER

Repair of elements of nuclear power plants
constructions is attended with the risk of radi-
oactive irradiation of personnel. The use of
water as a physical barrier against a radiation
allows to increase possible time of performing
of works. It does perspective development of
materials for the wet underwater welding of
stainless steels. Evident is the expediency of
mechanization and automation of the process
to minimize the human labor near the radiation
source Based on long-term experience of ap-
plication of the mechanized flux-cored wire
welding in the E.O.Paton Electric Welding In-
stitute a selfshealding flux-cored wire is
worked out for wet welding of stainless steels
[10]. It allows to perform welding of butt, fillet
and overlapped joints in flat and vertical posi-
tions of high-alloy corrosion-resistant steels
type of AISI 304L, 308L, 347 and 321. Fig.4
shows the appearance of a filling layers of 12
mm thick steel 12Cr18Nil0Ti welded joint,
made under water using 1,6 mm diameter
flux-cored wire [11].

Mechanical properties of weld metal meet
to the requirements, specified to the welds,
performed on air. Results of testing speci-
mens, cut out from the butt joint, are given in
Table 3.

Table 3. Mechanical properties of weld metal
at 20°C test temperature

cSO,Za Gult; KCV’Z a?-]egrl](ej
MPa | MPa | §,% | y,% | J/cm R=t
>350[>620 |>26 | >29| >90 | 68...103

Application of the flux-cored wire opens
the prospect of automation of welding process
and exception participating of diver-welder in
works in extra hazardous conditions.
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WET SEMI-AUTOMATIC
UNDERWATER CUTTING

One of the actual tasks, determining the de-
velopment of underwater technique, is im-
provement of existing underwater cutting
methods, creation of new electrode materials
and of highly efficient process of cutting met-
als and non-metals. Arc cutting methods have
a key position in these attempts. They are
based mainly on application of stick electrodes
with oxygen supplied to arcing zone. The heat
of both the electric arc and exothermic reac-
tions of base metal and metal electrode in the
oxygen environment is used for heating metal
being cut. Essential disadvantages of such a
technique are high oxygen consumption

(0,2...0,35 m3 per running meter of a cut) and
the necessity of frequent changes of elec-
trodes. Besides, application of this method for
cutting non-ferrous metals and high-alloy
steels is practically impossible.

To eliminate the above-mentioned disad-
vantages of the known cutting methods, to in-
crease the process capacity, and to improve
diver's labour conditions, the fundamental re-
searches on metallurgical peculiarities of un-
derwater cutting have been performed at the
E.O.Paton Electric Welding Institute, including
study the physical characteristics of arcing un-
der water down to depth of 60 m [12].

Absence of additional oxygen supply into
the arc zone and the continuity of cutting per-
formance are important feature of the tech-
nique. The high cutting through capability and
arc burning stability are achieved at the ex-
pense of the flux-cored wire composition. Gas-
and oxygen forming components, besides their
action as liquid metal oxidisers and vapour-gas
bubble creators, form the plasma jet. The latter
exerts active gas-dynamic pressure on the lig-
uid metal, thus accelerating the burning
through of the base metal.

Flux-cored wires for underwater cutting
meet a number of technical requirements
which determine the possibility and expedien-
cy of their application for steel of different
thickness in the wide range of operation
depths. The main requirement of the metallur-
gical nature is intensive oxidizing of molten
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metal in the cut cavity. The technological re-
quirements include the stable arcing and quali-
ty formation of the cut edges. The components
of the flux-cored wire charge are strong oxi-
diser, gas-forming and arc stabilising com-
pounds.
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Fig 5. Relationship between underwater cutting
speed and thickness of sheet being cut
(St3) in FCAC (Vwf=350 m/h) and OAC

The wires of a small diameter (2,0...2,4
mm) are preferable for semi-automatic FCAC,
because they allow a light-weight holder to be
used which is more convenient for underwater
application.

When 2,0...2,4 mm dia. wires are used, up
to 30 mm thick low-carbon steels can be cut
by FCAC; however, the said wires are more
reasonable to be used for underwater cutting
the 15...20 mm thick metals at cutting speed
not less than 10...15 m/h (Fig.5) [13]. Some
data in respect to process parameters are given
in Table 4.

The arc cutting process with flux-cored
wire exceeds the best procedure of manual
oxy-arc cutting by tubular electrodes in terms
to productivity. The speed of cutting low-
carbon and low-alloy steels is practically simi-
lar.

Austenitic steels can be cut by 10...15%
faster, this being explained by the higher con-
centration of the cutting jet heat energy due to
the lower thermal conductivity of the metal.
The speed of cutting aluminum is 1.5...2 times
as high as that of cutting low-carbon steel of
the same thickness, this being related mainly
to the great differences in the melting points.
At the same time, the speed of cutting copper

42

is by 2...3 times lower, though the difference in
the melting points is effective as well. In the
latter case, the great effect is produced by the
high thermal conductivity of copper.

Table 4. Typical process parameters of underwater
flux-cored arc cutting of carbon steels

H, J, dw, Ic. A | Ua Vv Ve,
msw | mm mm m/h

10 10 2,0 470 40 20,0
2,4 620 45 25,0
20 2,0 460 45 8,0
2,4 600 50 15,0
20 10 2,0 450 42 18,0
2,4 610 a7 23,0
20 2,0 440 47 6,0
2,4 580 52 13,0
30 10 2,0 440 44 16,0
24 | 570 | 49 | 20,0
20 2,0 420 49 4,0
2,4 560 54 10,0

The E.O.Paton Electric Welding Institute
widely uses the new cutting technology in
practice [11]. A number of unique operations
are performed in salvaging of ships, repair of
oil and gas pipelines, restoration of bridges,
clearing of river-beds, repair of sea moorages
and so on.

PECULIARITIES OF THE SEMI-AUTOMATIC
WELDING AND CUTTING EQUIPMENT

To realize the processes of welding and cut-
ting by using the flux-cored wires, the
E.O.Paton Electric Welding Institute has de-
veloped a series of semi-automatic machines
of a unique design [14]. The control cabinet
and power source are on the surface. Submers-
ible block is filled with water to balance the
hydrostatic pressure and can operate at the
depths down to 500 m. If necessary, the diver
can open the cover of container “in situ”, re-
place the empty reel and install new one with
wire. The multi-year service confirmed the re-
liability and serviceability of the suggested
conception.

At present this direction is successfully de-
veloped using both a previous experience, and
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also new technological solutions and updated
element base. The E.O.Paton Electric Welding
Institute has designed and tested under the real
conditions the new high-efficient model of the
semi-automatic machine for underwater weld-
ing and cutting [13].
The new semi-automatic machine provides:

- stability of flux-cored wire feeding at vary-
ing of conditions of works fulfillment (depth,
water salinity, manipulation of holder by a
diver-welder) and condition parameters

- reliability of service: safety of hardware and
possibility of a quick change of units and ele-
ments, coming out of order (maintainability)

- convenience of service in setting-up and
keeping the condition parameters

- feasibility of operation using any type of
welding current source

- integral protection of supply system from
the effect of water medium of different origin
at action of high pressures.

EXPERIENCE OF APPLICATION

The important feature of wet semi-
automatic technology is its many years suc-
cessful application. The first experimental tests
on real objects were made at the end of 70-s.
By now serious experience has been accumu-
lated in repair of gas- and oil pipelines and
ships afloat.

Pipelines. Since 1970 more than 80 gas-,

oil-, and water pipelines across the water ob-
stacle were restored using the FCAW system,
Fig.6. In the most difficult cases the defective
site of pipe was excluded with help semi-
automatic cutting by flux-cored wire. The
samples simulating repair of typical defects are
shown in Fig.7 [15].
The experience of E.O.Paton EWI and CIS-
companies which use the FCA welding tech-
niques relates to restoration of river pipeline
passages at the depths down to 20 m [16]. The
maximum diameter of repaired pipes was 1020
mm, the inner operating pressure being up to 5
MPa. Usually, the duration of restoration in-
cluding removing of faulty area, mechanical
treatment, adjustment of patch, welding and
quality inspection, was 4...10 days.

Ship afloat. For the first time the semi-
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automatic flux-cored arc welding was applied
in salvaging the motor ship "Mozdok™ sunk in
the Odessa port [17]. The mentioned ship got a
7x14 m breach as a result of collision and
submer-creating hazards for normal navigation
in this region.

Fig.7. The samples simulating repair of the
typical defects of pipelines after testing
under inner pressure of 5 MPa

The ship salvaging was performed by the
combined methods: using lifting pontoons and
creating the positive floatability of the hull by
pumping polystyrene into the holds. It was
necessary to ensure complete tightness of the
brought-in patch and of the ship cargo hold
covers to prevent the leakage of polystyrene
pumped into the holds. The semi-automatic
underwater welding allowed to perform a large
volume of welding jobs in a short time. The
vertical overlap welds, 30...12 m deep, and
the welds in the vertical and flat position 12 m
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deep, were made in two passes. The total
length of welds was 230 m, Fig.8. There were
no problems of polystyrene leakage after a
through sealing, and the ship was lifted by the
time fixed.

oo™

- Iy iy

Fig.8. The path (7x14 m) welded with semi-
automatic welding

Since that time more than 200 ship-
repairing and ship-rising works were carried
out on the base of FCA welding technology.
The accumulated experience of practical ap-
plication of FCA welding technique shows the
possibility and expediency of its utilization in
the next cases:

- repair of ship hulls with navigation and cor-
rosion damages

- hermetization of ship hulls before transpor-
tation to place of ship liquidation

- hermetization of Kingston's shafts for repair
and substitution of fittings

- installation of protective casing around
screw propeller

- substitution of protectors

- restoration of rudders

- repair of floating docks and moorages

- ship rising.

CONCLUSIONS

1. At the E.O.Paton Electric Welding
Institute the two uniqgue methods for
performance of underwater work have been
created: wet semi-automatic welding and wet
semi-automatic cutting. Both of them are
based on using special flux-cored wires
permitting the process to be performed directly
in water.
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2. The reached level of weld metal
mechanical properties is believed to be
sufficient for satisfactory performance of
repair and maintenance work on underwater
structures made from mild and low-alloyed
high strength steels.

3. The semi-automatic underwater welding
application in emergency cases and in case of
emergency repair in distant industrial regions
gives such important advantages as mobility
and a possibility of a fast mobilization of the
equipment, high speed of the operation per-
formance due to a high efficiency of the pro-
cess, moderate expenses for the welding per-
formance and very high economic efficiency.

4. The underwater flux-cored wire semi-
automatic arc cutting is widely used in
restoration of underwater steel structures and
salvaging operations. The method features the
absence of any additional supply of oxygen to
the arcing zone and is intended for cutting of
carbon and high-alloyed steels, non-ferrous
metals and alloys up to 40 mm thick at the
operation depths up to 60 m, both in fresh and
sea water.
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Pa3zpa6orku UHCTHTYTA 371€KTPOCBAPKH
uMmenu E.O.IlaToHa B o01acTu cBapKu
M pe3KH o Boaoi

Cepeeiti Maxcumosg

AnHoTamms. [IpencraBneHsl pe3ynbTaTbl pas-
paboroxk MUO3C mmenm E.O.Ilarona mo co3manuio
ANIEKTPOAHBIX MAaTepHajoB, 0OOPYIOBaHUS U TEX-
HOJIOTHUM MOKPOW MOABOJHOM CBapku U pe3ku. Ha-
YYHBIE WCCIIEOBAaHUS B 3TOW 00JaCTH BKITFOYAIOT
WA3Y4YCHUE BIUSHUSA CKOPOCTU OXJIAKIACHUS, HACHI-
LIEHUsI BOJOPOAOM, THJIPOCTATUYECKOrO JIABIECHUS
U Ipyrux (akTopoB Ha MpPOILecC CBAPKH M KavyecT-
BO IMOIy4YaeMbIX COEAVUHEHHM, H3yYEHUE CBapU-
BAaEMOCTH CTajieid, pa3paboTKy crielHajbHbIX CBa-
POYHBIX MaTepHaoB, METOOB U TEXHOJOTHUH, pa3-
BUTHE OCHOBHBIX MNPUHLHUIIOB MEXaHU3ALHUH IPO-
LIECCOB MOKpPOH CBAapKH M pe3ku. OnbIT NpUMEHE-
HUSI MOKPOH ITOIBOJHOM CBAPKU U PE3KU HAIVISAIHO
CBUJICTEIBCTBYET O MPUMEHUMOCTHU 3THX TEXHOJIO-
Ui 1Mo KpalHed Mepe K BOCCTAaHOBJICHUIO MpUYa-
JI0B, TUIATPOPM, TPYyOOIIPOBOAOB, CYJOB U JIPYTUX
MOJBOAHBIX KOHCTPYKLIUH.

ONEeKTpoabl U MOPOILIKOBBIE HPOBOJIOKA MOTYT
OBITh UCIIOIB30BAHBI JUIS:

- CBapKU MaJIOyIJIEPOAUCTBIX CTajell U HHU3KO-
JIETUPOBAHHBIX CTAJIEd MOBBIIIEHHON MPOYHOCTH
TonmuUHON 10 40 MM C mpeneiaoM MPOYHOCTH 10
600 MIla Ha ryounax g0 30 m

- CBapKU BBICOKOJIETUPOBAHHBIX KOPPO3UOHHO-
cromikux craieit Tuna ANSI 304L, 308L, 347 AND
321

- Pe3KH YIJIEpPOJUCTHIX U JIETUPOBAHHBIX CTaJNei
[BETHBIX CIUIABOB TONIIMHOM /0 40 MM Ha TIyOH-
Hax 110 60 M.

KuroueBble cjioBa: MOBO/IHAS CBapKa U pe3Ka,

MIOPOIIKOBAsl ~ MPOBOJIOKA,  HU3KOYTIIEPOAHUCTAS
CTanb, HEpXKaBelolas CTalb, MEXaHUYECKUE
CBOICTBA.
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Underwater wireless video communication
in operations of AUV/UUVs —
new horizon of underwater explorations

Kirill Otradnov, Volodymyr Shuliak, Sergii Kornieiev

BaltRobotics Sp.z.0.0., Limited liability company
3, str. Trzy Lipy, Gdansk, 80-172, Poland
sergii.kornieiev@baltrobotics.com, orcid.org/0000-0003-3969-0304

Summary. This article presents the experience
of BaltRobotics® in the development, production
and testing of wireless underwater acoustic video
communications — unique in the world technology
today. It is also considered the use of wireless un-
derwater video implementation in Autonomous
Underwater Vehicles (AUV’s) as applied to per-
form inspections of underwater oil and gas pipe-
lines and other applications. The achieved charac-
teristics, limitations and coming prospects were
presented.

Key words: Wireless underwater video com-
munications, acoustics, AUV, ROV, offshore,
oil&gas, NDT, underwater pipelines inspections.

THE ISSUE & CHALLENGE

Currently, there are about 1000 Remotely
Operated Vehicles (ROV) units and up to 700
AUVs (Autonomous Underwater Vehicle) in
the world [1].

In the upcoming 4 — 5 years it is expected

that this fleet can be increased 50...60% ac-
cording to «most likely» scenario and can even
be more than doubled according to “High
Case” scenario.
The vast majority of AUVs currently belongs
to defense — as “Unmanned Underwater Vehi-
cles” (UUV, — UUV and AUV have no differ-
ences in the meaning, but the abbreviation
“UUV ” is used in the defense industry).
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Of these, approximately 35% are "heavy",
25% — "middle"”, and 40% — “light” vehicles.
The majority of heavy ROV vehicles is used in
drilling and construction support of subsea
infrastructure in oil & gas industry. Light ROV
vehicles are used in Inspection Repair and
Maintenance (IRM). Approximately 70...80
percent of all ROV’s are “heavy” to “medium
and 20...30% are “light” wvehicles. IRM-
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segment of the market for “light ROV” was in
2015 — 17% and as estimated will grow 3,8%
till 2019 [2].

As market tendency there are the attempts
to spread AUV/UUV applications from the
defense to “civil market”, with this it is as-
sumed that AUV’s will take over some IRM
tasks from ROV’s.

Much attention is paid to «Deep Water» —
ROV & AUV operations in depths up till 3000
meter of water. Although from a market point
of view, such "frontier types” of vehicles will
not be decisive because of about 80% of the
total pipelines length (and oil&gas platforms
and undersea infrastructure) belong to the
depths less 500 meters.

The service delivery market of IRM is high-
ly monopolized: 60% of all ROVs owned by
top three operators, 22% — owned next four,
18% remaining — spread across 10 other
smaller ROV-operators.

With AUV/UUV the development really is
in the “start position” when we see the civil
tasks. There are only about 30 units in the op-
erations out of defense applications. About 10
companies have its own AUV/UUV design.
BaltRobotics is one of them [3].

In the last 2 — 3 years the Oil & Gas indus-
try has been under "pressure”, which has re-
sulted in a challenge to reduce prices which
results in a critical review of approaches to
development in the industry.

For example, with regards to IRM of un-
derwater pipelines. Currently the total length
of pipelines in the world is estimated as 150
thousand km, and still increasing with 20%
towards 2019. As a great part of these pipe-
lines is older than 20 — 25 years — their end of
life cycle. Ecological requirements will press
the operators through governmental regula-
tions to increase IRM operations with the in-
creasing of “age” of pipelines despite the de-
cline in oil prices. Another thing is that the
need to optimize the budgets in this situation
requires the introduction of new advanced
technologies, including the transition from
ROV-based inspections to AUV-based ones.

Thus, the objective reasons and formal re-
quirements force operators to increase the op-
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erating costs when the optimization of budgets
is in the urgent agenda!

What does this means “in money”? — The
rent of a vessel with an ROV is roughly esti-
mated around $100 thousand per day — it de-
pends from the depth and the amount we men-
tioned belong to the “shallow water” experi-
ence. In the “deep water” the rates are higher.
The "availability factor” taking into account of
weather condition influence is about 0,3 — in
the equatorial regions, — and in the North Sea
— less. In theory Vessel & ROV can inspect
some 10...20 km, but really with the missed
days/weeks of hard weather the average
productivity per day usually lays —2...5 km.
With this initial data we can calculate: if
“5 km” the financing of the inspection of 25%
of extent should around $2...3 billion! This is
serious amount. Although, if considering that
BP paid 62 billion dollars for the accident in
2010 at the Deepwater Horizon spill, and the
real damage to nature no one can really esti-
mate the costs of 4 billion seem to be fully
justified. Anyway, any possible optimizations
will be welcomed by operators.

Also there are some limitations with ROVs:
"hooks" of tethers, "start” and "extracting"
breaks, etc., which was observed with waves
of 1...1,5 m. And with waves 2,5 m the ves-
sels with ROV must stop productive work.
How can we optimize the costs? The general
approach the same in any industry — it is au-
tomation! In the case we can reach the en-
larged effectiveness if we will expand the lim-
its for weather conditions and will have more
"availability factor". The first and the second
lead to AUVs instead of ROVs.

“The lack of breakthroughs in wireless un-
derwater communication and battery capacity
is prolonging the wait for a fully autonomous
underwater vehicle (AUV), one that will not
need a $100,000/day vessel and crew <au-
thors’: as ROV-approach>, a heavy tether for
power and control or hours to complete a task
that might take minutes onshore...” [4].

This quote clarifies the essence of the prob-
lem: to go to the automatic inspection on the
basis of AUVs it was necessary at the first to
solve the problem of transmitting video wire-
lessly. The problem of power is not very criti-
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cal now for light AUVs, it is quite acceptable
with the batteries that provide mission dura-
tions of up to 24 hours or even more. When an
AUV can cruise up to a speed of 5 knots it has
the possibility of carrying out inspections at a
distance of 100 km!

THE HISTORY OF WIRELESS UNDER-
WATER VIDEO DEVELOPMENT

Dozens of scientific and industrial groups from
almost all the leading countries of the world
are involving in the development of over the
past 20 years.

The most development activities had been
done in Massachusetts Institute of Technology
(MIT), Georgia Institute of Technology, State
University of New Jersey, University of Con-
necticut, Boise State University, The Universi-
ty of Texas at Austin, Missouri University of
Science and Technology, Florida Atlantic
University, University of Delaware (all USA),
and also some scientific teams from UK,
France and lItaly, in particular G.E.S.M.A.
(Groupe d’Etudes Sous-Marines de
1’ Atlantique), Naval Brest, France.

The results of the researches can be re-
sumed that it was revealed that the wireless
acoustic communications can be realized with
the rate 115...128 kbit/s and the distances
100...200m. But in USA market and in the
world one also you can buy only modems with
62 kbit/s with the range 300 m — not more.

Data transmission schemes used:

- orthogonal frequency division multiplex-
ing (OFDM);

- frequency shift keying (FSK);

- direct sequence spread spectrum (DSSS);

- single carrier phase-coherent modulation
with adaptive channel equalization — direct
transmission of phase-coherent modula-
tions, including: phase shift keying (PSK)
and quadrature amplitude modulation
(QAM);

- multiple-input multiple-output (MIMO).

Modulation schemes with modulation effi-
ciencies are in Table [6].
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Table. Modulation schemes with modulation ef-

ficiencies
Modulation Modulation efficiency,
scheme bits/s/Hz
DPSK 0,8
BPSK 1
1...1,6 (typ)
QPSK 2 (max)
2,75 (typ)

8 PSK 3 (max)
16 PSK 4

16 QAM 4

64 QAM 6

QAM is used extensively as a modulation
scheme for digital telecommunication sys-
tems. Spectral efficiencies of 6 bits/s/Hz can
be achieved with QAM (64 QAM) — but taking
into account the reliability of communications
the real figures are about 2 bits/s/Hz.

As system requirements for video transmis-
sion bit error rate (BER) should be:
~10%...10",

“Applied Ocean System” proposed “See-
Horse” Wireless Underwater Digital Video
Transmission System but there are no data
about the channel characteristics; and the sys-
tem is not integrated with AUVS.

THE NATURAL OBSTACLES

Among the three types of waves (electro-
magnetic waves, acoustic waves and optical
waves (lasers)), acoustic waves are used as the
primary carrier for underwater wireless com-
munication systems due to the relatively low
absorption in underwater environments.

But the use of acoustic waves especially in
shallow water can be adversely affected by
Doppler effect, temperature gradients, surface
ambient noise, and multipath propagation due
to reflection and refraction.

Propagation velocity

The much slower speed of acoustic propa-
gation in water, about 1520 m/s (meters per
second), compared with that of electromagnet-
ic and optical waves, is another limiting factor
for efficient communication and networking.
The matter is not only in the “slow speed”
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when you need only transmit video. But in our
case we need also to control AUV from opera-
tor. In the case we have the delay for signal
propagation — every 152 m “deliver” the delay
0,1 s. It is not much but there will be also the
delay for data processing! We will discuss this
issue below.

A typical speed of sound in water near the
ocean surface is about 1520 m/s. The speed of
sound in water increases with increasing water
temperature, increasing salinity and increasing
depth. Most of the changes in sound speed in
the surface ocean are due to the changes in
temperature. This is because the effect of sa-
linity on sound speed is small and salinity
changes in the open ocean are small. Near
shore and in estuaries, where the salinity varies
greatly, salinity can have a more significant
effect on the speed of sound in water. As depth
increases, the pressure of water has the largest
effect on the speed of sound. Under most con-
ditions the speed of sound in water is simple to
understand. Sound will travel faster in warmer
water and slower in colder water. Approxi-
mately, the sound speed increases 4,0 m/s for
water temperature arising 1°+C°. When salini-
ty increases 1 practical salinity unit (PSU),
the sound speed in water increases 1,4 m/s. As
the depth of water (therefore also the pressure)
increases 1 km, the sound speed increases
roughly 17 m/s.

It is noteworthy to point out that the above
assessments are only for rough quantitative or
qualitative discussions, and the variations in
sound speed for a given property are not linear
in general. But the communication system has
to follow and carry out these dependences!

Absorption

During propagation, wave energy may be
converted to other forms and absorbed by the
medium. The absorptive energy loss is directly
controlled by the material imperfection for the
type of physical wave propagating through it.
For acoustic waves, this material imperfection
is the inelasticity, which converts the wave
energy into heat. The absorptive loss for
acoustic wave propagation is frequency-
dependent. For the frequency range (0,5...1,0)
MHz (that is the only can deliver to us the sig-
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nal bandwidth till 80 kHz with practical in-
tended distances till 200m) — the absorption
about 200...300 dB/km.

One more serious limitation is that you
could not increase the power of transmitter for
your choice — you will be limited with cavita-
tion effect — the water will be “boiled” on the
antenna’s surface when transmission power
increased and the range of communication
immediately dropped down.

Multipath

An acoustic wave can reach a certain point
through multiple paths. In a shallow water
environment, where the transmission distance
is larger than the water depth, wave reflections
from the surface and the bottom generate mul-
tiple arrivals of the same signal. In deep water
applications, surface and bottom reflections
may be neglected. Due to the spatially varying
sound speed, the wave refractions, however,
can cause significant multipath phenomena.
Large channel delay spread introduces time
dispersion of a signal, which causes severe
inter-symbol interference. This brings grand
challenges for efficient modulation and de-
modulation.

Path Loss

For any propagation wave, there are three
primary mechanisms for energy loss: (i) geo-
metric spreading, (ii) absorptive loss, and (iii)
scattering loss. We next focus on geometric
spreading and scattering loss. Geometric
spreading is the local power loss of a propagat-
ing acoustic wave due to energy conservation.
When an acoustic impulse propagates away
from its source with longer and longer dis-
tance, the wave front occupies larger and larg-
er surface area. Hence, the wave energy in
each unit surface (also called energy flow)
becomes less and less. For the spherical wave
generated by a point source, the power loss
caused by geometric spreading is proportional
to the square of the distance.

Scattering is a general physical process
whereby one or more localized non-
uniformities in the medium, such as particles
and bubbles, force some forms of wave radia-
tion to deviate from a straight trajectory. It
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also includes deviation of reflected radiation
from the angle predicted by the law of reflec-
tion. This is especially relevant to underwater
channels. When the wind speed increases, the
surface roughens and the effect of surface scat-
tering becomes evident.

Surface scattering introduces not only pow-
er loss, but also spreading in delay of each
surface bounce path (thus contributes to multi-
path phenomena).

Ambient Noise

Ambient noise is defined as “The noise as-
sociated with the background din emanating
from a myriad of unidentified sources: its dis-
tinguishing features are that it is due to multi-
ple sources, individual sources are not identi-
fied, and no one source dominates the received
field”. The common sea-surface noise sources
include the surface-ship radiated noises, break-
ing waves associated with ensuing bubble pro-
duction, and so on; and the deep water noises
mainly come from marine animals. Moreover,
surface ships that cross ocean basins could
produce a general low frequency background
traffic noise that may not in fact sound like
coming from surface shipping. The level of
underwater ambient noise may have large fluc-
tuations upon a change in time, location or
depth. Nevertheless, it is still possible to
sketch out a function describing the approxi-
mate magnitude range to characterize under-
water ambient noises in very general terms.
Often pressure spectral density, defined as the
mean squared pressure of noise within a given
frequency band divided by the bandwidth f, is
used. The unit of pressure spectral density is
pressure squared per Hertz. It should be noted
that noise level is frequency-dependent. When
(0,5...1,0) MHz is used — roughly we can es-
timate Ambient noise as Intensity Spectral
Density 104...10%° (W/m?/Hz).

Time-dispersion

Slow speed of acoustic waves and signifi-
cant multipath phenomena cause very large
channel delay spread, which leads to severe
inter-symbol interference due to the waveform
time-dispersion (also called time-spreading).
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Doppler spread

In motion environments (such as platform

motion, scattering of the moving sea surface,
AUV motion), the slow propagation speed of
sound introduces large Doppler spread or
shifts, which causes severe interference among
different frequency components of the signal
(also referred to as frequency-spreading). On
the outset, large Doppler spread results in a
reduction in the channel coherence time (the
time period when the channel can be viewed as
static) or an apparent increase in the rate of
channel fluctuation. The ratio of Doppler to
carrier frequency in underwater channels is on
the order of 10 to 10™.
In short, the objective of underwater acoustic
communication is to overcome the perfor-
mance limitations induced by the highly dis-
persive channel, while at the same time im-
prove the bandwidth efficiency as much as
possible.

BaltRobotics have designed the solution
and successfully tested it in the mode “point-
to-point” with the presence of invited interna-
tional experts in Burgos (Bulgaria) in 2011, —
till now it is the only solution in the world!
In Fig.1: the moment when one of the high
data rate modems had being immersed down.

Fig.1. Burgos, Bulgaria, September, 2011:
the first wireless underwater acoustic
video channel is going to start the “new
era” of underwater development

ALTERNATIVES AVAILABLE

Free-space optical (FSO) waves used as
wireless communication carriers are generally

MiaBOAHI TEXHOJOTrTI e 06/2017, 46-56
MpomucnoBa Ta UuBINbHa iHXeHepia



ABTOMaTM3alliA Ta HpUIazo0yyBaHHA

limited to very short distances because the
severe water absorption at the optical frequen-
cy band and strong backscatter from suspend-
ing particles. Even the clearest water has 1000
times the attenuation of clear air, and turbid
water has more than 100 times the attenuation
of the densest fog.

Nevertheless, underwater FSO, especially
in the blue-green wavelengths (450...550 nm),
offers a practical choice for high-bandwidth
communication — 10 Mbps with negligible
delay over moderate ranges — up to about 100
m. The solution had been designed by Woods
Hole Oceanographic Institution (WHOI,
USA). It was reported in November, 2012 the
WHOI have developed a wireless underwater
communication system to control remotely
operated vehicles (ROVs) in real time. It was
reported in [9] the WHOI optical modem had
been used for communication with AUV.

There are two main disadvantages of Free-
space optical approach: 1) very large depend-
ence from transparency of water — in some
area of offshore oil&gas platforms one cannot
see his arm in the water (1) — that can decrease
the range to several meters as the most; 2) very
narrow beam to reach the longest range that
needs high precision of antennas’ orientation
and control system.

VIDEO DATA COMPRESSION

The limiting factor in video technology is
not only the sensors, but also the correspond-
ing data rate which results for high resolution
and high frame rates. Using the example
above, a 720x640 at 30 Hz camera with 12 bits
conversion depth will yield around 165Mbit/s
uncompressed. To transmit this data flow with
Modulation efficiency 2 bits/s/[Hz one needs
the bandwidth 82,5 MHz! For that reason digi-
tal video has to be compressed, where this is
most often achieved at the cost of image quali-
ty, although lossless compression techniques
also exist. But just in our case there should be
used all compromises and some reasonable
decrease of image quality because of we have
the bandwidth not more 80 kHz! Thus we need
the combined optimization to 1000 times!
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The standard method for image coding is
the transform domain coding, using the dis-
crete cosine transform (DCT). In this method,
the image is first transformed into a set of
DCT coefficients. By eliminating the (spatial)
redundancy between pixels, this transfor-
mation provides energy compaction, i.e., the
number of coefficients needed to represent the
image is generally much smaller than the
number of original pixel levels. An alternative
to transform domain coding is subband coding.
In this approach, a discrete wavelet transform
(DWT) is taken, which effectively decomposes
the signal (pixel levels) into subbands of une-
qual length, where each subband is represented
by its transform coefficients.

ITU standards H.263 “Video coding for low
bit rate communication” (ITU - “International
Telecommunication Union”), and the efforts of
MPEG-4 group are concerned with video
transmission at bit rates below 64 kbps. For
example, reference [10] describes a compres-
sion scheme that transmits (144 x 176) pixel
images, with 8 bits per pixel and 10 frames per
second using 16 kbps. Bit rates in this range
could be well supported by a carefully de-
signed acoustic link, and that was the reached
level before BaltRobotics results and out of
them it is the same till now!

Despite the advances in low bit rate coding
for video transmission over band-limited
channels, all but the most recent experimental
underwater systems rely on encoding of still
images using JPEG principles and ITU stand-
ards H.264 “Advanced video coding for gener-
ic audiovisual services”.

The data processing algorithm influences
directly the quality of control of AUV through
the video channel and command channel —
operator’s reaction. For 200m — the objective
and gained result of BaltRobotics, - the propa-
gation delay (“to and from”) 0,133 s. JPEG
and H.264 usually deliver compression effi-
ciency about 0,2 bit per pixel for the most ap-
plications.

BaltRobotics for the task had designed and
implemented special proprietary Video Com-
pression Algorithm “UltraVNP-Compression”
with 0,02 bit per pixel (!). This algorithm has
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also and high level of stability and keep the
recovery stable from 10 kbit/s till 128 kbit/s.

As it was demonstrated by BaltRobotics in
Malta in 2015 H.264 and JPEG in the channel
with AUV “X-3A” need 20-30 sec for the vid-
eo flow to be processed and recovered. It is
obvious that with such additional delay it is
impossible to control AUV from operator’s
side.

The testing and Demonstration had shown
that Video Compression Algorithm “Ultra
VNP-Compression” has the video flow pro-
cessing delay about 0,1 sec that can be seen as
adoptable.

THE APPLICATION

However, the mere existence of the under-
water wireless acoustic video transmission
channel it is not yet the application! In our
case, — it is NDT-application (Non-Destructive
Testing) for CP-inspections (“Cathodic Protec-
tion Inspection”) of oil&gas subsea pipelines.
Any parameters and video channel characteris-
tics should be fitted with the task and meet all
technical requirements.

We will not explain it in details CP-
Inspection approach — it can be easily found in
the web-sources. The only we will draw that
the lack till now automatic underwater inspec-
tion approaches for pipelines concerned wire-
less video because of all current AUVS in
many cases cannot find the pipeline! But when
we identify the pipeline with wireless video
we need to find the “sacrificial anode” to make
the direct connection with it with “o-potential”
wire. AUV “X-3A” with “o-potential wire”
behind can measure CP-potential along the
pipeline in the most precise approach and also
does it for buried pipelines! To follow the
pipeline AUV “X-3A” has “Magnetic Autopi-
lot” and after was connected with “sacrificial
anode” AUV will fulfill the inspection in au-
tomatic mode. The productivity in compare
with ROV-approach can be increased several
times! AUV “X-3A” can cover till 100 km in
one mission and more — this issue concerning
battery capacity can be optimized in the bal-
ance with the price of AUV.
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The working depth/distance up to 200m.
That's a lot or a little? — More than 50% of the
length of the undersea oil & gas pipelines in
2015 are in the depths of 0...100m, and about
20% — at a depth of 100 m to 500 m [11], i.e.
on the continental shelf (depths up to 500 m).
Thus there are more than 50% of all subsea
pipelines that can be expected by the systems
with underwater wireless video had been de-
signed.

AUV “X-3A”

The operational depth of AUV - till 200m,
— it covers 30% of continental shelf where the
main resources are. In Fig.2: AUV “X-3A” is
underwater.

Fig. 2. AUV “X-3A”

For undersea navigation we use DVL&INS
— “four beams” one, - of our own design with
the accuracy — 0,3%.

AUV “X-3A” has DP (“Dynamic Position-
ing”) — to keep the position when it is needed
with the seabed currents impact.

Till now AUV “X-3A” does not use any
sonar equipment: forward or side-sonar, - the
task does not need them and we do not want to
enlarge the price. But they can be mounted in
any time when the mission needs it.

AUV includes:

- Engines;

- Thrusters of DP («Dynamic Positioning»);

- Buoyancy Control System;

- Wireless Underwater Acoustic Video

Communication System (with antennas ori-

entation system);
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- Acoustic Communication Command Sys-

tem;

- DVL/INS;

- SBL (“Short Base Line”) - AUV side;

- Central Processing System;

- Video Cameras;

- Lighting System;

- Radio System;

- System Emergency Ascent;

- Batteries;

- Strong case;

- Light case;

- Embedded software.

- GPS receiver,

- GSM(INMARSAT) modem;

- Search Magnetometer (“magnetic autopi-

lot™);

- Mounting System for payload and its re-

placement;

- HUB of interfaces of payload.

Central Processing System is represented
with “NVideo-560": processors — 512 cores,
0,9 GHz.

Weight of AUV — less 200 kg.

Payload — less 20 kg.

Dimensions of AUV — less 2600x900x800.
Maximum speed of AUV “X-3A” — 5 knots.
AUV “X-3A” had been designed and tested
for 2011-2015.

The difference of AUV “X-3A” from many
solutions is: (1) the presence of “Dynamic
Positioning” mode that critically needed in
offshore but usually absent in UUVSs; and (2)
the “Automatic Routing System” also was
implemented. With this AUV “X-3A” can be
remotely controlled wirelessly by child with
simple joystick! It differs AUV “X-3A” not
only from ROVs — that needs very large and
expensive trainings, — but also from most
AUVs.

AUV “X-3A” can be adopted for other
tasks concerning:

- mapping and profiling;

- raw materials exploration;

- archeology;

- rescue operations.

VESSEL

Of course to deliver AUV to the point of
destination we need the vessel. In our case it is
motor-sailing boat — MAEKSA.
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BaltRobotics redesigned a vessel from the
former German Fishing Seiner made in
1935... In Fig.3 — one page of German Fishing
Seiner Project dated of 1935. In Fig.4 — “ma-
rine laboratory” —  Motor-Sailing  Boat
“MAEKSA”.

 Sejte 1+17-
schinenbau. Sg‘fe 19+32
Pa
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‘. VW RoBlouer Sohiffswerft VEB

Fig. 4. Motor-Sailing Boat “MAEKSA” —
reincarnation
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It combined special marine laboratories and
scientific facilities. “Sailing-approach” deliv-
ers the possibility to keep fuel in most cases —
in compare with ROVs we do not need to fol-
low AUV in the missions. It also can be ac-
counted that “Sailing Boat” approach has no
limitations on the area of operations, and has
many privileges in the channels, ports, etc. The
tonnage of the carrier vessel with AUVs can
be decreased 10 times that optimized the costs.

The Vessel is equipped with SBL (“Short
Base Line” navigation system) with the range
200m and accuracy 3%.

The Vessel includes:

- Hull;

- Engines;

- Thrusters (DP);

- Sails («Bermudez»);

- Life support system;

- Anchoring system;

- GPS-navigation system;

- Radio system;

- System of underwater communication

with AUV (video, command);

- LBL-navigation system (“Long Base

Line”);

- Launch system for AUV,

- Submerged platform of AUV communica-

tion;

- Servers;

- Local network;

- Solar Batteries;

- Mechanical, electronic and chemical

workshops;

- crew cabins.

DEMONSTRATION IN MALTA

21 May 2015, BaltRobotics held the live
demonstration of the Vessel & AUV complex
in Malta (St. Julian’s Bay, Sliema).

In Fig.5 — live on-line video of the target
with the signatures of the participants of the
Demonstration — the approach usually used by
BaltRobotics to prove that all one see — not the
trick!

The publications of the event had been
made in the magazines by the company and
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Fig.5. Wireless Underwater Acoustic Video
transmitted from AUV “X-3A” “on-line”
with the signatures of the participants of
the Demonstration

the invited experts from Polish Navy Academy
[12].

BaltRobotics is cooperating with Polish
Navy Academy and “International Dialogue
on Underwater Munitions” (IDUM) on the
issue of chemical munitions from Germany
arsenal which were flooded in the Baltic Sea
after WWII. It is not very understood that in
the Baltic Sea there are more 300000 ton of
chemical munitions (gross weight) and more
60000 ton “pure materials” (“net weight”)!
The half — in Skagerrak channel near Sweden
seashore and the other half — on the area more
2100 sg.km in front of Poland, Lithuania, Lat-
via. This is very large dangerous and in the
nearest future it has to be overcome.

PUBLICATIONS

There were published several articles [13,
14].

BaltRobotics representatives took part in
several international conferences with the re-
ports in particular in AOG-2017, Perth, Aus-
tralia.

In 2016 BaltRobotics had been selected as
one of the “20 finalists” of the Award:
"START UP WORLD-2016" in the nomina-
tions “Automatics & Robotics” with the solu-
tion "Wireless Underwater Acoustic Video
Communication Channel — "AUV-based one”
[15].
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CONFIGURATION AND CHANNEL
CHARACTERISTICS

System Parameters and Specification of
Wireless Underwater Acoustic Video Com-
munication Channel are below.

Acoustic High Data Rate Modem:

- working distance — till 0,2 km;

- data rate — 115,2 kbit/s;

- full duplex mode;

- interface — Ethernet.

Antenna with Positioning & Control
System:

- frequency — 500 kHz/1000 kHz;

- beam width — 4°.

Video Camera: 720 x 640.

Video Blaster: Black Magic.

PC & “NVideo-560" (processors — 512
cores, 0,9 GHz).

Underwater Unit Software for Video Com-
pression of “UltraVNP-Compression Algo-
rithm”:

- 0,02 bit per pixel;

- 30 frames per sec.

Vessel Unit Software for Video Decom-
pression of “UltraVNP-Compression Algo-
rithm”: buffering — 0,1 s.

PROSPECTS

The research conducted by BaltRobotics
revealed the principal limit for wireless un-
derwater acoustic video — 500 m, — it hardly
can be overcome in the nearest future. In the
current plans of the company to enlarge the
working distance of wireless video to 350m.

VIDEOS

Technology:
http://www.baltrobotics.com/.

The first wireless underwater acoustic video
— AUV-based:
https://www.youtube.com/watch?v=1giOvOhN
ZKE.

Remote Control of AUV “X-3A” and Au-
tomatic Routing:
https://www.youtube.com/watch?v=MVoFUra

VypO.
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SOME AFTERTHOUGHTS

The world ocean became the main source of
recourses increasing of the human population
in the future. In the article [16] mentioned the
first steps had been done in this direction. The
importance of ocean resources and the atten-
tion they attract from the leading countries can
be seen in the example of the United States: all
air-space companies of the country every year
are increasing “ocean budgets”: NASA, Boe-
ing, Lockheed-Martin, others. The leading
company with the largest in the world ROV-
fleet is “Oceaneering”, — 100% owned by Boe-
ing. NASA has more 10% of the budget for
ocean exploration! The “space #1” just now is
the Ocean! The real space is becoming the
“space #2”.

BaltRobotics

“BaltRobotics Sp.z.0.0.”®, Gdansk,
POLAND (http://www.baltrobotics.com/) — is
a scientific research, design, development, and
engineering business specializing in the area of
the competences that includes in particular:
engineering in robotics, telecommunications,
navigation (AUV, UGV).

BaltRobotics had been established in Po-
land by several Ukrainian specialists in 2013.
The key personnel have large experience
gained whilst working in former Soviet Union
defense industry and state scientific research
institutes.

The leading specialists and management
staff of the company were the project manag-
ers in many international projects, and they
were awarded with prestigious prizes, in par-
ticular: “Start Up World-2016”, “Gold Medal”
of Brussels Exhibition “Eureka 2006 and the
Medal of US Department of Defense -
DARPA — for the robots’ racing (UGV) —
“Grand-Challenge 20057, and also were
awarded with the medals of Exhibition
“VDNH of USSR”.
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IMoaBoanas GecpoBOIHAN BHAEOCBI3h
B onepanuax AUV/UUVs —
HOBbIE TOPH3OHTHI MOABOAHBIX HCCJIAET0BAHMIT

Kupunn Ompaounos, Braoumup [lynsax,
Cepeeti Kopnees

AnHorauus. IIpeacTtaBieH ONBIT KOMIIAHUU
BaltRobotics® B pa3paboTke, NPOU3BOJACTBE U
TECTUPOBAaHUM OECIPOBOJHOTO TOABOAHOTO aKy-
CTHUYECKOTO KaHala BHIEOCBS3M — YHHKAIHLHOW B
MHpE TEXHOJOTHH B HacrosImee Bpems. Taxxke
paccMaTpuBaeTcsi NpUMEHEHHE TOABOAHON Oec-
IIPOBOJHON BHJICOCBSI3U B WHTETPAIMA C ITOJBOJ-
HBIMU aBTOHOMHBIMM anmapatamu tuma AUV
(Autonomous Underwater Vehicles) npumenu-
TEJIBHO K 3a/ladyaM Hepa3pyIIaroIIuX HHCIICKIIUH
ITOIBOAHBIX HE(TEra3ormpoBOIOB U B IPYTHX MPH-
noxeHusx. [IpencraBieHbl JOCTUTHYTHIE XapaKTe-
PHUCTHKH, OTPaHUYEHUS M NIEPCIICKTUBBI PA3BUTHS.

KuaroueBble cjioBa: OecrpoBOHAS TOBOTHAS
BHJICOCBSI3b, AaKyCTHKa, TIOJBOJHBIC Aallllaparthbl,
AUV, ROV, oddmopnas Hedrerazomodriua, He-
paspymaromue metonsl koHTpons, NDT, uacnek-
[IMU TIOJBOJTHBIX HEe(PTEra3omnpoBoIoB.
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BupoOHMILITBO Ta TeXHOJIOTiT

AnroputmiyHa nocnigoBHICTb y3arasibHeHUX eTaniB
BUKOHaHHS MacluTtabHoro npoekty « KomnnekcHe BUpilLeHHA
npo6nem ekonorii i yrunisaudii npomMmcnoBo-no6yToBUX
BiagxoAiB Ha 6a3i TeXHONOor il «pecankriHry»

[Mempo KynpieHko', CsimnaHa Jlanoscbka®, Hamanis KynpieHko? 3

*Kuiscbkuit HauioHanbHWU yHiBEpcuTEeT OyaiBHULTBA Ta apXiTEKTypK
MosiTpodhnoTchkuit npocn., 31, Knie, YkpaiHa, 03680,
pkuprienko@ukr.net, orcid.org/0000-0003-3054-4976

A HaykoBo-40CnigHUI i TPOEKTHO-KOHCTPYKTOPCLKMM
iHCTUTYT ByaiBenbHMX MaTtepianis Ta BUpobis
68, Byn. KoctaHTuHiBCcbka, KuniB, Ykpaina, 04080,
mit@kievweb.com.ua, orcid.org/0000-0001-9637-2631
®pkuprienko@ukr.net, orcid.org/0000-0003-3820-3404

AHoTauisi. Po3po0ieHo KOHIIEIiF0 KOMIUIEKC-
HOTO BHUPIIICHHST KOHKPETHHUX 3aBJaHb, MOB’si3a-
HUX 3 TpoOiieMaMy 3a0pyIHEHHST HABKOJIHMIITHHOTO
cepenoBuia. OCHOBHMM I1HCTPYMEHTOM Yy BHpIi-
IIeHH] IUX 3aBIaHb € BUKOPUCTAHHS HaHOMOAH(Di-
KOBaHOTO TPUPOJTHOTO AIFOMOCHIIIKATY TPH OYH-
IIeHHI BOAM 3 MOAAIBIION YTHII3AIl€r Biampa-
IOBAaHOTO COPOEHTy, a TaKOX BIIXOMIB pi3HOT
MPUPOAH B SKOCTI 1HTPEi€HTA IUXTH Y BUPOOHU-
LTBI KepaMivHUX BUPOOIiB.

SIk mpuKIaj, MPUBOJUTHCS AITOPUTMIYHA TTOC-
JIJIOBHICTh y3arajlbHEHUX €TalliB MPOBEJCHHS PO-
0IT MpW BUKOHAHHI MPOEKTY B YacTUHI OYUCTKH
BoJH. [IpHBOIUTECS Mepeltik BOA, IO MICTATH JI0-
MIIIKA Pi3HOI MPUPOIH 1 MiUIATAIOTh OYUCTIN, /e
e()eKTUBHO MPAIOIOTh B SIKOCTI COPOCHTIB HAHO-
CHUCTEMH Ha OCHOBI IPHUPOIHUX aTOMOCHIIIKATIB.
MacmtaGHuif IPOEKT B LIIOMY NPHBEACHO y BU-
ISl TIPE3eHTAIlil 1 TOTOBHI JI0 peatizaliii.

KawouoBi cioBa. ATIOMOCHITIIKATH, KOMILIEKC-
He pilleHHs, HaHOMOAM(DIiKyBaHHSA, YTHIIi3allis,
KepaMidHi BUpOOH, MPOAYKTH BOJIOOUHUCTKH.

ITIOCTAHOBKA ITPOBJIEMUA
[TepepoOka MTPOMHUCIOBO-IOOYTOBHX BiJI-
XOJIIB, IO 3HAXOIATHCSA y BUIJISAI MOPOIIKIB,

[acT, CyCIIeH31 B Marepiaiu, BUpOOU i
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MeTtpo KynpieHko

npodecop kadeapy ToBapo3HaB-
CTBa i KOMEPLiMHOI AiANbHOCTI,
O.T.H., npod.

CeitnaHa JlanoBcbka
3aCTYMNHUK ANpeKTopa
3 HayKoBOi poboTy,
O.T.H.

HaTanis KynpieHko

3aBigyBay naboparopii disuko-
XiMiYHMX gocnigXeHb i byaiBenb-
HOI Kepamiku

OyIiBeNbHOI 1HIYCTpil BKIIOYAE PO3POOKY
OKPEMHX TEXHOJOTIYHUX TMPOIECIB, MepeiKk
SKMX BU3HAYAETHCS MPHUPOAOIO, XIMIUHUM
CKJIaJIoM, 00’€MaMH MMPOMHCIOBUX Ta MOOYTO-
BUX BIIXO/IB.
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BupoOHMITBO Ta TeXHOJIOTIT

B ocHOBY TeXHOJIOTIH, 1110 MPOTOHYIOTHCH,
MOKJIAZICHO TEXHOJIOTII0 PECalKIiHTy — OTpH-
MaHHsI TEXHIYHO1 OYy/iBEJIbHOI KEPaMiKU 3 BHU-
KOPUCTAaHHSM B SIKOCTI CKJIQJIOBOI MIMXTH
MIPOMHCIIOBO-TIOOYTOB1 BiJIXOAM PI3HOI MPUPO-
JIM Ta TMOXOJPKEHHS 1O MPUHIUIY MaTpuils +
pEeUOBHHA.

HayxoBy koHIenIito peanizailii TeXHOIOTIT
pEecalKIIiHTy CTBOPEHO Ha 0a3i KOJIOiJHO-
XIMIYHOTO MaTepialo3HAaBCTBA 3 BUKOPHUCTaH-

HSIM €JIEMEHTIB HAHOTEXHOJIONI, SIKa JAa€ MOX-
JMBICTh KOHKPETHO BUPINIYBAaTH CKJIAIHI MPO-
O7eMH, IIOB’s13aHi 31 CTAHOM HAaBKOJIMIIHBOT'O
cepenoBuina. Ha chorognimHiii 1eHp oTpuMa-
HO pe3yJbTaTH IOMEPEeIHIX HAYKOBHX IOCIIi-
JDKCHb Ta TEXHOJIOTIYHMX BUIPOOYBaHb TEX-
HOJIOTIT OTpUMaHi 3pa3Ku OyIiBEIbHUX MaTe-
piaJiiB 3 BUKOPUCTAHHSAM KepaMiyHOi TEXHOJIO-
rii (Puc.1), skl miaTBEpIHKYIOTh pealibHy 3HA-
YUMICTh 3alponoHoBaHoi ifei [1 — 5].

Binxoau pizHUX BUpOO-
HUITB y BUTJISI TIOPOILKIB,
acT, CyCIIeH3ii.
O00B’s13K0Ba MTOTIEPETHS
OLIIHKA JIJIsl IPUUAHSATTS Pi-
IIEHHS 38 TEXHOJIOTi€I0
«pecaKITiHTY», MATOTOBKA
BIJIXOJIIB 10 TIEpEPOOKHU

[Inamu, mo yTBOpIO-
FOTBCS TTICJIST OUUCTKH
MIPOMUCIIOBUX CTOKIB:
Oenzo3ampaBku, HaPTO-
XiMiYHI BUpOOHHUIITBA,
Hagro0a3u, 6anacTHi
BOIHU 1 T.1I.

IInaM XiMIYHUX
BUPOOHUIITB Ta
OYHCTKH BOIH Tajlb-
BaHiKa, OKUCHIOBAY
PaKeTHOIO MaJIuBa,
KHACJIOT 1 T.1.

My cTaHmin
aeparii

l I

l l

[ligroToBka BiIXO/iB AJIsi BAKOPUCTAHHS B IKOCTI KOMIIOHEHTIB KepaMiKu:
XIMIYHUN aHaJIi3, paaialliiHuii aHalli3, OIiHKA IMOBEAIHKY Ha CTalii BUIIAIY,
KOJIOiTHO-MaTepiasio3HaBYa OIliHKa

[TpoBeneHHs monepeHiX TEXHOJIOTIYHIX BUIPOOYBaHb
KOHKPETHOT KOMITO3HIIii (IIIUXTH).
KomriekcHa olliHKa MaTepiairy, 10 OTPUMYETHCS 3 BpaXyBaHHSIM
€KOJIOTT4HOI Oe3MeKH Ta BIUIMBY Ha 3I0POB’ Sl JIFOJMHN

Bubip ontrMansHOTO BapiaHTy MOJIEpHIi3allii JIF090TO
MiIPUEMCTBA KEPAMIYHOTO BHPOOHUIITBA
3 BpaXyBaHHIM 00’ €MIB yTHIII3allil BiAXO/iB

BusHaveHHS BIaCTUBOCTEH MPOAYKIIil, 10 OTPUMYETHCS Y BiITOBIIHOCTI
JI0 HOPMaTUBHO1 IOKYMEHTAIIi1, CHO)KMBHUX BIaCTUBOCTEH, cepTudikarii.
Orinka piBHs pajiallii, MeIHYHUHA BUCHOBOK

Puc.1. Cxema iHHOBaLiiHOI AiSUTEHOCTI 32 TEXHOJOTIEIO «PECANKIIIHTY»

Fig.1. The scheme of innovation technology "recycling"”
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BupoOHMILITBO Ta TeXHOJIOTiT

ITepenik MPOMHUCIOBO-1100YTOBUX BiIXO/IIB,
10 TiAJIATA0Th YTHITI3aMii

BupoOHUITBO, OTpUMaHi IPOIYKTH

[lnam, 0 YTBOPIOETHCS B PE3YIbTATI OUUCTKH
IpicHOi i MOpCHKOT BOAH, 3a0pyaHeHOi HadTo-
POIYKTaMHU

OTpuMaHHS OpraHOMiHEpaJIbHUX HAHOKOMIIO-
3unii. CupoBUHA AJ1s1 BAPOOHHULITBA OYIiBeINb-
HOI KepaMiKH

[I;1aM OYHMCTKHY raiIbBAaHOCTOKIB

[HrpenieHTH MIMXTH Y BUPOOHUIITBI OYiBENTb-
HOI KepaMiKH: 1eTia, IUIUTKA, CAaHITApHO-
TEXHi4YHi BUPOOH

IImam micist HeHTpaizamii TpaBUILHAX PO3UH-
HIB y BUPOOHUIITBI CTATBHUX TPYO

KommnoneHT y BupoOHHIITBI OyIiBENbHOT
KepaMiK{

[IpoayxTu nepepoOku Myiy cTaHmii aepamii

BupoOHUIITBO TEXHIYHOT KEpaMiKK: TPOMHCIO-
Bi IpUMillleHHS, KepaMiuHUH 11e0iHb

OKHUCHIOBAaY PaKETHOTO MANBA, TPOTYKT
repepoOKH

OTpuMaHHs HAaHOKOMIIO3HTIB, IHTPEIIEHTIB
MIVXTH Y BUPOOHUIITBI KEpaMidHUX Oy/IiBeTb-
HUX MaTepiaiiB, MiHepalibHI JOOpuBa

Puc.2. [lepenik TeXHONOTIH 1 MPOIYKTIB OTPUMAHUX MIPH YTHII3aIlii TPOMHUCIOBIX

1 TOOYTOBUX BiJXOMIB

Fig.2. The list of technologies and products resulting in the disposal of industrial

and domestic waste

[IponoHyeThCs TIEpETiK TEXHOJIOTIYHHUX Pi-
IIeHb 3 BHUKOPUCTaHHSAM pECalKIIHry s
OTPUMAaHHS KEPaMidyHOTO MaTepially pPi3HOTO
3aCTOCYBaHHS B OyHiBHHUITBI (JOpPOXKHE OyIi-
BHUIITBO, KEpaMIYHUH TpaBiid, OJOKH AJIS TOC-
MOJIAPChKUX CIOPYA) 3 BUKOPUCTAHHAM Y SIKO-
CTi IHTPEII€HTIB MIMXTH Ui BHUPOOHMIITBA
KepaMiyHUX BHPOOIB, MPOMHUCIOBHUX Ta MOOY-
TOBHX BiJIXO[iB pi3HOi npupou (Puc.2).

OBIPYHTYBAHHS ITPOEKTY

Bigxoaum mpomucioBi, KOMyHaabHI, TOCIO-
JapchbKi, MOOYTOBI, SIK IITYyYHA, HOBOCTBOPEHA
KOMIIOHEHTA JOBKUIIS, BHAWUMA KOXHIM JIIO-
JIMHI, € OJTHAM 3 TOJIOBHUX YWHHUKIB, SIKI TPS-
MO, Oe3IocepeIHbO, BCEOIYHO BIUTUBAIOTH Ha
SKICTh )KMUTTEBOTO CEPEJIOBHINA B HalIiil Kpai-
Hi. ToXX HayKOBO-T€XHIYHa, MPAKTUYHO 3Ha-
yuMa po3poOKa TEXHOJOTrii yTuii3amii Bixo-
JIB € CKJIaJoBO0 HanpsMKy CTajoro po3BHT-
Ky, aKTyaJbHa 1 Ma€ TEpPCIEeKTUBY BUKOPHC-
TaHHS 3 KOHKPETHHM PE3yJbTaTOM, SKHA
cripusie 0E3MeUHOMY KHUTTIO JTFOAUHM [6, 7].

Buxopuctanus kepamiuHOl  TEXHOJOTII,
000B’A3KOBOI0 CTami€I0 fAKOi, AK BIZOMO, €
BUIaJ HamiBpabpUKaTy TOTO Y 1HIIOTO OyIi-
BEJIBHOTO BUPOOY, mpu 3 Temreparypi 1000°C
1 BHILE, IO JO3BOJISIE 3B’ A3aTH HIKIIJIUBI X1Mi-
YHI CKJIa/I0OBI BIXOMIB B PE3yNbTaTi TBEPAO-

niaBoAHI TEXHOMNOCrIT ¢ 06/2017, 57-64
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¢da3Hoi peakiii B CKiaJg KepaMiku, SIK CTPYK-
TYpHUH €JIEMEHT, Yd MPOCTO (ikcallis B MaTe-
piaii, SIKMi HE PO3YMHSIETHCS y BOJI 1 HE Jae
BUXOJy, B HABKOJIUIIHE cepefoBuIle. Sk mpu-
KJIaJ, € JIaHI TECTOBHX BUMIPIOBaHb OTpUMa-
HUX HaMH MPH BUKOPHUCTAaHHI MPUPOJHUX Ha-
HOMOU(IKOBAHUX ATFOMOCHIIIKATIB ISl OYH-
CTK{ TallbBAaHOCTOKIB 3 MOJANBIIOK YTHITi3a-
II€I0 OTPUMAHOTO IIJIaMy, SK KOMITOHEHTIB
LIMXTH Y BUPOOHUIITBI KEPAMIYHOI IIETIIH.

3anponoHOBaHUM TMPOEKT J103BOJISIE BHpI-
IIyBaTh MpoOJIeMy 3aXHCTy HABKOJIHIIHBOTO
CepeqIoBHINa y 2-X HampsiMax, a came: JI03BO-
Jsi€ YTHII3yBaTH JeAKi BIAXOAU, SIKI paHillie
MIJUISTIA TUTBKU 30€pITaHHIO B MEBHUX YMO-
Bax, IUIaM, BiANpalboBaHi COPOEHTH, IO
YTBOPIOIOTHCSI TICISI OYUCTKH CTOKIB PI3HOI
MPUPOAU, a APYTUN HAMPSIMOK — YTHITI3aIlis
B1IXO/AIB Oy/AiBEIHLHOTO BUPOOHUIITBA — Kepa-
MiKa, BallHO, MICOK, JI€pEeBHHA, Mamip Mpu
YMOBI TIPOBEACHHS HEOOX1THOT TEXHOJOTTYHOI
MMTOTOBKH.

AHaJi3 TEXHOJIOTIYHUX BIACTHBOCTEH 3pas3-
KiB, SIKi JOCITIKYIOTHCS, TOKa3aid, IO 3a

TPOMUCJIOBO-TIOBYTOBI
BIJIXOJIM HA CJTYKBY
PETTOHAJILHOMY
TOCIIOJJAPCTBY
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BciMa KiacudiKaliiHUMA TIO3HAYKAMH, K1
npuseneni B JJCTY b.B.2.7-26-95 ta ACTY
b.B.2.7-60-97 mutam, yTBOpeHHI B pe3yibTaTi
OYUCTKH MPOMCTOKIB HAHOMOIH(IKOBAaHUMHU
copOeHTaMu, MOXK€ OyTH YTHIII30BaHO ILJIs-
XOM BBEJICHHS B SIKOCTi I00AaBKM B HIMXTY IpU
BUPOOHUIITBI IIETJIM KEepaMiuyHOI Ha JIFOOOMY
TF0YOMY MiPUEMCTBI.

€ BIEBHEHICTh B TOMY, L0 IIPU MaHIMyJIs-
mii ckiragoM 0a30BOI IIMXTH Ta KIUIBKOCTI Ha-
HOMOIM(IKOBaHOI J00aBKH, MOXJIUBO Oyre
BUSIBUTH 1 1HIII KOPUCHI HE BHUSBJICHI paHiIie
e(heKTH, sIKi BUEHI 1 TEXHOJOTH (DIKCYIOTh TIPH
po0OTi 3 HAHOCUCTEMAMH.

B nanomy Bumajaky BUpILIANIbHY POJIb Bifi-
rpae npupoja mMoaudikaropa, CTyMiHb MOJIH-
(biKyBaHHS TOBEPXHI OKCHUIY YU ATFOMOCHIII-
kary. [losicHeHHS 1IbOMY JICKUTh B IIONIMHI
301IbIICHHS 1e(PEKTHOCTI CUCTEMHU, 1[0 BUHU-
Kae B Ipoleci BuUMany BindOpMOBaHOTO Ta
BUCYIIEHOTO 3pa3Ka, 110 MICTUTh HAHOMOIU-
(iKOBaHM ATFOMOCWITIKAT, CTUMYJITIOE IPOIIe-
CH CIIIKaHHS KepaMiuHOro marepiany. Pe3ymnb-
TaTOM I[HOTO € Mi/JBHUIICHA TYCTHHA KPUCTaTi-
3allifHUX CTPYKTYpP, MILHOCTI, €KCILTyaTaIlii-
HUX Ta CHOXXMBHHX BIIACTHBOCTEH Y IIJIOMY
aHaNI3yloud OTPHMaHI paHillle pe3yabTaTh
MaTepially TOnepeAHix BUIPOOyBaHb, 3aCTO-
CYBaHHS HAaHOMOAM(IKOBAHUX ATFOMOCHIIIKA-
TIB JUISI OYHUCTKH BOAM 3a0pyaHEHOT 10HAMU
BaXKUX METaJiB, HAQTONPOIYKTaMH (PO3UMH-
HUMHU Ta Yy BUIJISAJl €MYJbClil), OKHCHIOBaya
PaKeTHOTO MaJlMBa, TPAaBUJIBHUX PO3YMHIB,
MOJKHa 3pOOHTH BHCHOBOK, IO 3aIPOMOHOBA-
HUIl 1HHOBALIHUN NPOEKT Ma€e MEePCHEeKTHBY
peamizanii. IlpuBeneHi naHi [03BOJSIOTH 3
BIIEBHEHICTIO KOHCTATyBaTH, 1110 HAHOMOU(1-
KOBaH1 JIOMOCHJIIKaTH MOXYTh B IIUPOKOMY
I1aHl OyTH BUKOPHMCTaHI Y BHUpILIEHH] I7100a-
JBHUX MPOOJEeM OYUCTKH BOAM, MpodieM 3a-
XHUCTY HaBKOJIMIIHBOTO cepenoBuina [8 — 11].

SIK mpUKIaA, PO3IIANIAEThCS CXeMa pealli-
3ar1ii TPOEKTy B YACTUHI TEXHOJIOT1i OUUIIICHHS
Boau. Peamizalist Ha BUPOOHUIITBI TEXHOJIOTI]
notpe0ye MPOXOKSHHS PSATy €TalliB, a caMe:

- OLIIHKA XIMIYHOTO CKJIaay 3a0pyIHEHHS Ta
00’€MIB CTOKIB;

- O3HAWOMJICHHS 3 ICHYIOYOIO TEXHOJOTIiy-
HOIO CXEMOK0 Ta OONaJHAHHSAM JUISI OYHCTKH
MPOMUCIIOBHUX CTOKIB;

60

- BUOIp ONTUMAJILHOTO PEXUMY CITOCOOY MO-
muQikyBaHHS BHOPaHOTO COpPOEHTY 3a KpUTe-
pieM MiHIMaJIbLHOTO BHOOPY MOro Macw IUIs-
XOM TIPOBEJICHHS TECTOBUX BHIIPOOYBaHb;

- po3poOKa HOBOT TEXHOJOTIYHOI CXEMH OYH-
CTKH TPOMHUCIOBHUX CTOKIB 3 BHKOPHUCTaHHSIM
HOBOTO a00 iCHyro4oro oOJjajHaHHS, a TPH
HEOOXITHOCTI HMOro MOJEpHi3allii; po3podka
TEXHOJIOTIYHOTO PETIAMEHTY OYHCTKU TPOMHU-
CJIOBUX CTOKIB.

Takuii mAaxig BITHOCUTBCSA A0 TMEPIIOro
eramy peainizanii MacmTabHOTO MPOEKTy —
OYMINEHHS TMPOMHUCIOBUX BOJ 1 MiArOTOBKH
MPOJYKTIB BOJOOYUCTKHU JISI BUKOPUCTAHHS B
TEXHOJIOT11 pecallKIIiHTy.

Ha Puc.3, 4 HaBeneHO 3araibHy cXemy pea-
mizanii i1ei MacTabHOro MPoeKTy (y BUTISAL
Mpe3eHTAIli1) 32 TBOMA HaNPSIMKaMU

BUCHOBOK

HaBeneni B cTarTi TEXHOJOTIYHI pilICHHS
TEOPETUYHO 1 MPAKTUYHO OOIPYHTOBAHI, BH-
npoOyBaHi B pealbHUX YMOBaxX BHPOOHUIITBA.
[Ipu cepito3HOMY MiAXO1 10 BUPILICHHS MPO-
Onem yTHITi3aLii 1 eKOJIOTii POEKT € IHBECTH-
uiiHo npuBabnuBuM. Ha panmii vac icHye
MOXJIUBICTh HOTO BIPOBA/DKEHHS 3 METOIO
BUPILLICHHS KOHKPETHHUX ICHYIOUMX MpoOieM
OUHMIIEHHS TOCIMOJAPChKO-MIOOYTOBUX 1 TPO-
MHCJIOBUX CTOKIB, IONEPEKEHHS HEraTUBHO-
T'O BIUIMBY Ha HAaBKOJIUIITHE CEPEIOBUIIE BEITH-
KOTO MEpeNiKy pi3HMX arpecCHUBHHUX CIONYK 1
cyOctanmiii. OcoOnuBe Mmiclie, Ha Hally AyM-
Ky, 3aiiMaloTh pOOOTH, MOB’A3aHI 3 OYHCTKOIO
BOJIM, Y TOMY YMCIi 1 MOPCHKOI, 3a0pyIHEHOT
HaTONPOAYKTaMH, MEPEpOOKH MYJy CTaHIIIN
aeparlii 3a TEXHOJIOTIE0 «PECANUKITIHTY.
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[IEPILINI HAITPSIMOK
be3BigxoaHa TeXHOI0Tisl OUYNIIIEeHHS BOAH (CTOKIB)

Mepwmit HanpAMOK peanisaLlii NPOeKTy - yTunisauis
WwnamMiB BOAOYMCTKMU

MpuHLMN

O4YLLIEHHI NPOMMCIIOBUX-ETOKIB 3
aniomosunikaTis.

* be3BigXxogHe BUPOOHULTBO

# CneyjasbHe $i3nKo-xiMidHe MoANPIKYBaHHA
NPpUPOAHUX MiHEpaniB A/ OTPUMaHHSA
COp6eHTIB 4/19 O4YUCTKU BOAM

* BignpalboBaHuii COPHEHT 3aCTOCOBYETLCA
AK IHFpeiEHT KepamiyHMX LWMXT

OPIBHA/IbHA XapaKTepPMCTUKa

epeKTUBHOCTI OMUCTKM ra/sibBaHIMHMX O6'eKT OUMCTKM

CTOKIB Big MeTais piaHUMU MeTogamu .
) - — = - ra/ibBaHI4HI CTORY

- TPaBW/IbHi PO34MHM
-BOAM, 3a6pyAHEHi PO3UMHHUMMU

¢|pa|(u'i;:|MM Ha¢TOI‘Ip0AyKTiB (y TOoMYy
BiacTotoBaHHA 70-80 % yncsi 6anacTHi BoAM, okucHIOBaY
pakeTHOro I'IaJ'IVIBa)

EnexkTpokoaryasauia 80-90%
EnektpodnoTain 96-98%
BukopucTanHna 95-99% Kaacuuni mexHonozii 6asyromecs Ha
HaHOMOANDIKOBaHNX ymeopeHHi winamie, ski nompebytomo
3aXOPOHEeHHA ma iHwux sudie ymusisayii
NPUPOAHUX

AMOMOCKHAIKETIB

ETann 04MUCTKM NPOMUCIIOBUX CTOKIB

* XimiqHui cknag
* OBcAM CTOKIB

* BifICy THICTb XIMIYHMX peareHTiB

» OUHKA HAABHKMX NOTYKHOCTENR . X Lo X .
* OcobANBOCTI TEXHONOTIHHOI CXeMM Ta 0BAaAHAHHA * BI,CI,CyTHICTb CK/1a4IB I IHWNX MICUb 36ep|raHHH

C0p6EHTy 3 BaXXKMMU HanoBHOBa4YamMu

* Bubip copbeHTy 3a HpuTepiem MiHiMizauji ioro Macn\
* Bubip onTumansHoro pexumy mogudikaii * BIAI’IpaLI'bOBaHI/II/I COp6eHT € €KO/10T4HO
obpanoro copbenTy J

) — _ 6e3neyHum
P03po6Ka TeXHIYHOrO MPOEKTY MOAepHi3aLii HaABHOT
TEXHO/IOTYHOT CXeMM 3 yPaxyBaHHAM iHKUHIPUHIOBUX * Biﬂ,l‘lpaLI'bOBaHl/lVI COP6EHT € KOMIMOHEHTOM
A 3axoaiB .
P03p0o6Ka TeXHIYHOrO PernaMeHTy O4YMCTKM CTOKIB Kepa MIYHUX LUMXT

Bu6ip BKOHaBLA DOGIT 3 MoAMbIKaLLT | nOCTa4aHHA Di3HOr0 anaHa"[eHHH

[xepena oTpMMaHHs Biaxogis NoTpiGHOro
hi3nyHOro cTaHy i oujiHka ix 3anacis
(3aranbHa iHdopmaLis)

EKOHOMIYHi MOKa3HUKU

’ 1. Biaxoan npoMucnoBux BUPOGHMLUTB 343528,5tmc.T
PeareHTHUI MeTOA HaHomogudikoBaHwmit - Hagrobasun 17,5 me.t.
BeH3o3anpasku 1,4 et
copbeHT Thuwi

Baprictb meToay Metile y 2...4 pasu 3. AKTUBHWN Myn BOPTHULIbKOI CTaHLii
NimitHa BapTicTb <10 FPH./KF aepaulii . 560,0 Tc.T.
MOAVPIKOBaHOrO 4. LUnaMu O4NCTKM CTOKiB NPOMUCIOBUX
XiMiYHWUX MiANPUEMCTB 763,0 Tc.t.

copbeHTy P

. - ranbBaHiuHi
Hopwma sutpat 0,3...1Kr[M3 CTOKiB - OKMCHIOBaui pakeTHOro nanuea
martepianis - KUCOTHI CTOKM 427,7 et
CTyniHb OYUCTKM 96...99 % - YTunisauis 30n i wWnakis TeXHOreHHOro
CridHmx 804 MOXOMKEHHS! 1392,0 tuc.T.
Cop6ujiitHa EMHICTb 80-129 mr/r

HaHomoaudikaHTa

Puc.3. BukopucranHs BiinpanboBaHUX COPOCHTIB (LI1aMy) y BUPOOHHUIITBI
KepaMiuyHHX MaTepialliB i BUpoOiB Ha 0a3i «pecalKIiHTY»

Fig.3. Use of spent sorbent (sludge) in the production of ceramic materials and
products on the basis of "recycling
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JIPYTUI HATIPSIMOK

YTuaizauis BiixoaiB 3 BUKOPUCTAHHAM TEXHOJIOTII «pecallKJIIHry»

CyTHiCTb NpoekTy

o TexHonoris pecankniHry — oTpMMaHHS
KepaMiyHoro abo cunikaTHoro
MaTepiany 6aratodyHKLUiOHanbHOro
MpU3HaYeHHS.

o YTunisauis npoMmcnoBo-nobyToBmx
BiAXOAIB Pi3HOM0 MOXOAXKEHHS

0 3acToCyBaHHS MpuUHUUNY
MaTtpuus + PeuvoBuHa ana yrunisauii

gy e .
Bigxoaw — ue LWO? m

Di3n4HN

CTaH BioxoniB)

Lo niansaralTb
nepepooLi:

lNepesaza Ha0aembcs1 8i0x00am y AucrepcHOMy cmaHi

Puc.4. Peamizaris npoekty (I104aToK)

O otpumaemo?

KepamiyHa uerna, TexHiyHa kepamika

LWTy4Hn webiHb

ByaiBenbHuii rpa.iii

TaMnoHaxHuin MaTepian

YWwinbH0Ba4 NOAYLWOK ANS AOPOXHLOIO NMOKPUTTSA
MNiacmnka 3anisHUYHUX KONl

YKpinneHHsa cxunis MOCTIB, AOpir

YwinbHioBaY rpyHTOBUX A0PIr

BrpobHuUTBO 6yAiBENbHUX KOHCTPYKLIl

OO0OO0OO0O0O0OO0O0OO0

HEXUTNI0BOr0 NPU3HAYEHHS
KepaMiyHunit kaMiHb
MnuTka nuuroBanbHa

[oNe]

CouianbHa BignoBiganbHICTb Y MPOEKTI:

YKpa'l'HCbKe;> Po6oui
BMEO6HVILLTBO Mmicus

|E—

Po3BuToK MonoBHeHHs
pekpealii perioHy MicueBoro 6oaxery

.. A0

perioHy

Fig.4. Implementation of the project (began)
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JIPYTUM HATIPSIMOK

Yruiaizanisi BiixoaiB 3 BUKOPUCTAHHSAM TEXHOJIOTII «PecCalKJIiHTy»

TexHiko-eKOHOMIYHe 0Br'pyHTYBaHHS

OYiKyBaHUX pe3ynbTaTiB

o OuiHka KaniTanoBknajeHb 3a eTanamy po3pobKu:

1 - ®OIM, kaHuensapcbki ToBapM, 3B'A30K

2 - 10 TMC.TpH.

3 - 10 T1C rpH.

4 - 50-100 Tnc.rpH.

5 - 50-100 TUC.rpH.

6 — po6oTa BUpOBGHULUTBA, A0 1 TUXKHS

7 - poboTa KoMicii 3 npuitMaHHsa pe3ynbTaTis, 40 1
TUXHS

8 - pgocnigxkeHHs y yaci, 4o 200 Tuc rpH./pik
KOHTPOIbHUX BI/II'IDO6’yBaHb

9 - 3a pe3ynbTaTaMy KOHCTPYKTOPCbKOro
06r'pyHTYyBaHHS

10 - pepxaBHi Tapudm

11 - 10% ekoHOMi4HOro edekTy

ETanu npoekty

1. BusHayeHHs axepena Biaxoais.

0 3AIACHIOETLCA WNAXOM YXBasleHHS
pilleHHS perioHasibHOK Bflagoko

(Bxepeno iHaHCyBaHHS — eKOJI0riyHi naatexi i
360pu)

0 3AiMCHIOETLCS LWNSAXOM OroNIOWEHHS
TeHAepy Ha npiopuTeTHI 3akynisni
MaTepianis

(Axepeno iHaHCyBaHHSA — KOLITU iHHOBAaLiliHO=-
aKTUBHUX MiAMNPUEMCTB)

MigTBEpaXeHHs iael npoekTy

o BnactuBocCTi MaTpMyHMUX MaTepianis

o HaykoBo-aocnigHi po6oTu

o MaTeHTn, aBTOPCbKi CBiAOUTBA

o My6nikauii pe3ynbTaTiB HAYKOBUX
[OCHIAXeHb, po3pobka TEXHOMNOTIYHOI
[OKyMeHTaLii peanisaLlii KOHKpeTHUX
3aBAaHb 3 BpaxyBaHHSAM NPUPOAM BIAXOAIB i
NpoAYyKTiB pecankmiHry

o [ocsia KpaiH CBiTY

TokcmyHa 6e3neka NpoaykTy

Myn BoOpTHMUBKOW CcTaHuii — cknagHa
cucteMa HectabinbHOro cknagy, CyMmiw
MiHEepanbHUX Ta OpraHiyHMX peyoBUH

PevoBuHa KoHueHTpauis y roK, mr/m3
Myni, Mr/m3
ByrnesogHi 300 0,013 -59
Baxki Me 0,9-77 0,023-2,5

Puc.4. Peanizaris poekTy (3aKiHIeHHS)

TexHiKO-eKOHOMIYHE 0BrpyHTYBaHHSI
OYiKyBaHMX pe3ynbTaTiB

o OuikyBaHi 06csarn BUpobHMLUTBa
CMOXWBaHHA BiAXOAIB
200-500 kr/1000 wT. uernm
500 T. BiAxoais /pik
1000000 wrT./pik
363 MAH. rpH./pik
BiA 18,75 MAH.rpH./pik

podo8XeHHs

BMPOGHULTBO Lernn
BasIoBUI foXiA
BasnioBa EKOHOMIsA
+
€eKONoriyHun edekT + couianbHuin edekt
o PwuHkoBa UiHa mMaTepianis
webiHb npupoaHuit 130 rpH./T
rnvHa npupoaHa 100 rpH./T
uerna kepamiyHa 2000 rpH./1000 wT
o Mepion noBepHEHHS KaniTanoBkNageHb
<1 pokv B MacwTabax YKpaiHu

Etanu npoekty
podOeKeHHS

KopurysaHHs TexHosnorii

MpoBeaeHHsA AOCNIAHO-eKCNepUMeHTanbHUX pobiT

Po3pobka TexHiKO-TEXHONOrYHOI AOKYMeHTaLii

BuroToBneHHs AocnifAHMX 3paskis

Ouinka obcaris i noTyXHoOCTeN

OUuiHKa TeXHIKO-TEeXHOMOMYHUX, TEXHIKO-

€KOHOMIYHMX, EKONOMYHUX NOKa3HUKIB i

BNnacTueocTeit

9. OpraHisauisi BUpobHUUTBa (AitoYe NiANpUEMCTBO
abo nonaTkoBi BUPOGHWYI NiHiT)

10. CepTtudikauis

11. KopuryBaHHsl NOTOYHE | aBTOPCbKMWIN Harnaa

@ N v AW

TexHONOriYHi NoKa3HMKN BUPOBHULITBA

o TemnepaTtypa cnikaHHs1 kepaMiku
1200...1400 C

o Temnepartypa BUrOpsHHS
ByrnesoaHis = 300 C

o Temnepatypa immobinizauii
Baxkkmx Me = 100 C

Cdbepa 3acTocyBaHHS OTPUMaHOro matepiany

Kutn nbHe

Fig.4. Implementation of the project (completion)
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Algorithmic sequence of generalized phases
of the implementation scale project —
a comprehensive solution of ecology problems
and recycling industrial and social waste based
on «recycling» technology

Petro Kuprienko, Svetlana Lapovska,
Natalia Kuprienko

Summary. Developed the concept of complex
decision to specific problems related to pollution
problems of environment. The main tool in meet-
ing these challenges — it is used nanomodified nat-
ural aluminosilicate in water purification by subse-
guent recycling of exhaust sorbent and also wastes
of different nature as an ingredient of charge at the
production of ceramic products.

As an example algorithmic sequence of gener-
alized stages of work in carrying out the project in
the water purification section. Lists the water con-
taining additives of different nature and are puri-
fied, where work effectively as sorbents based
nanosystems based on natural aluminosilicates.
Large-scale project is given in the form of presen-
tation and ready for implementation.

Key words: aluminosilicates, complete solu-
tion, nanomodification, recycling, ceramic prod-
ucts, water treatment products.
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Functioning of filter structures in changing
velocity conditions over time

Kravchuk Oleksandr

Kyiv National University of Construction and Architecture
31, Povitroflotsky prosp., Kyiv, Ukraine, 03037
kravchuk.oca2@knuba.edu.ua, orcid.org/0000-0001-6578-8896

Summary. One of the main constructions,
which are used for preparing water of necessary
quality, is rapid filter. Functioning of such struc-
tures, as a rule, takes place in free-flow regime.
Structures operation time depends on two main
parameters: water treatment quality and provision
of necessary calculated discharge. In this case it is
accepted that fluid velocity in a filter bed is con-
stant. In fact, functioning of such structures can
differ from reviewed ones. A variant of rapid fil-
ters operation under substantial variation of filtra-
tion velocity was analyzed in the article. Specific
operation conditions of such structures and differ-
ential equations, which describe water flow in filter
medium and intensity of contaminants removal,
were reviewed.

As the result of conducted research, variation
over time of suspended particles concentration in
the filtrate, filter productivity, quantity of not clari-
fied suspension which accumulates over filter bed
under various sorption properties of filter medium
was shown. Engineering calculation methodology
of filtration structures main characteristics, includ-
ing technological filtration time, filtration cycle
duration and optimal filter media height were sug-
gested. Mentioned calculated relations and equa-
tions were illustrated by example series with typi-
cal initial data.

Key words: filtration, suspension, sediment,
filtration cycle, filtrate.

INTRODUCTION

High-quality water delivery for the popula-
tion and industrial production has always been
an important social and technological problem.
Thus, the issue of water treatment from diffe-
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Oleksandr Kravchuk
Postgraduate student of the water
supply and water sewerage de-
partment

rent pollution types has been given much at-
tention. The main research directions are how
to develop new methods of treatment and im-
prove existing ones [1]. One of the main struc-
tures, which are used for that, are rapid filters
and other types of filters [2...5], which water
delivery is usually carried out under a constant
discharge. However, due to insufficient per-
meability of the filtering material, a layer of
water accumulates over its surface in course of
time, filtration velocity changes, in which usu-
ally takes place at treatment plants with small
efficiency. As a result, at the entrance to the
filter medium, the increasing head is arisen,
which is increasing over time, and is able to
significantly accelerate filtration process. On
the other hand, under the deposition of sus-
pended solids in the medium pores, which is
accompanied by bounding significant water
amounts, its hydraulic resistance is increasing,
which ultimately leads to an abrupt decrease of
the filtering process intensity. In particular, the
progressive silting of filter material often lim-
its the operation of water treatment filters
[6, 7].
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Fig. 1. Scheme of the rapid sand filter: 1 — water level above the filter; 2 — filter medium;
3 — collecting pipeline; 4 — pipelines; 5 — valve; 6 — outflow pipeline

The scheme of rapid sand filter is shown in
Fig.1.

The study of rapid filters operations over
time has been productively engaged by many
scientists [8 — 12]. However, existing calcula-
tion methods of these structures are rather ap-
proximate and do not include many significant
factors.

MATERIALS AND METHODS

In this paper we propose a new approach to
the procedure of filtering structures analytical
calculation. Mathematical modeling of suspen-
sions clarification in water treatment filters at
a filtration velocity that changes significantly
over time was conducted [13, 14]. First of all,
its variable nature is caused by relatively low
filer medium capacity. Thus portion of suspen-
sion, which comes into filter under constant
discharge, accumulates above medium (Fig.1).

From the very beginning of subsequent fil-
tration cycle water level appears above medi-
um surface, which then during all filtration
period gradually increases, what is more irreg-
ularly over time. Whereupon the head at the
medium inlet accordingly increases, therefore
filtration velocity and filter productivity rises.
Such filtration intensification is an important
result of progressing filter medium siltation
and it inevitably leads to the decrease of speci-
fied velocity. But specific time slots of water
and suspended particles accumulation process-
es in filter significantly differ, that gives a

66

handle to distinguish the initial stages of water
clarification process. Due to its shortness only
minimal amount of sediment has time to form
in the medium, therefore it is justified to ne-
glect them and considered exceptionally hy-
draulic aspects of filter operation [15, 16].

For the first stage it is typical for saturated
front to form and displace down the medium,
which divides it into areas with filled and un-
filled by fresh water pores.

The second stage is characterized by fresh
water intensive accumulation above the medi-
um surface because of insufficient throughput
of as yet factually not silted porous medium.

During the first and the second stage filter
is factually only preparing for the third stage
of suspension clarification. But because of
short duration of the initial two stages they
don’t significantly influence the water clarifi-
cation process on rapid filters. The initial stag-
es are considered in detail in the work [17].
Henceforth the third main stage of filter opera-
tion will be considered in the article.

The initial water surface level, which forms
above medium, at first rapidly, then slowly
increases, forms heightened head at the filter
inlet and enhances filtration process. On the
contrary, porous bed progressing siltation re-
sults in gradual increase of its resistance and,
accordingly, in filtration velocity decrease.
Thereafter filtration discharge increases during
relatively short time period and then monoton-
ically decreases. Significant contribution in
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general head loss at the filtration structure can
form head loss in disposal communications.

Requested mathematical model of suspen-
sions clarification by filtration under variable
velocity consists of three interconnected units
— clarified, filtration and hydraulic. Such con-
nection is explained by variability and inde-
terminacy of filtration velocity, whereupon
this units can’t be solved consequentially
(what was usually done when filtration under
permanent velocity was analyzed). Thereby
analytical methods application is much more
complicated.

The clarification unit includes mass transfer
equation

=120 )

V() —+
()82 ot

linear mass exchange kinetics equation

%§=GN)C—BN)S, @)

and boundary and initial conditions

z=0,C=Cq; t=0, S=0, (3)
where: C, S are volume concentrations of sus-
pended and deposited suspension particles; o,
f are coefficients of suspended particles adhe-

sion rate and delayed particles separation rate,
which according to the literature depend on
filtration velocity as follows [18]:

OL=OLVVI, B=p,NVY, (4)

where: a,, By are appropriate constant coef-

ficients; I, q are empirical constants, which can
take significantly variable values depending on
the properties of impurities and mechanisms of
their delivery to medium grains.

Suspensions filtration, which takes place in
the filter bed with height L, is described by the
motion equation

\M0=—HSQ%; (5)
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where the variation of filtration coefficient un-
der soiling is determined by the formula

m;

my
k:koL{éij O ®

No

the ratio between the solid particles content in
sediment is

Ss =v(S)-S, (")

where: k, kg are current and initial filtration
coefficients [19]; Sg is volume sediment con-

centration, which consists of solid particles
and bound water; h is piezometric head; ng is

porosity of uncontaminated medium; my, m,
are empirical coefficients; y is empirical func-
tion which characterizes ratio between sedi-
ment content and solid particles in it.

The third unit describes the action of not
clarified and clarified water in filtration plant
before the inlet of medium and after the outlet
of it. At that, it is considered that the head in

filtrate collector Hgy; is constant, and the sur-

face layer begins to form immediately (t =0).

Then the head at the lower feeding border
(z=L), including head loss in outflow
communications, looks like

7=L, h=Hg +Ro?V2, (8

where R is the resistance of outlet communi-
cations; o is the area of inlet medium surface.

Dynamics of inlet water level is calculated
on the basis of its balance equation

dH
(DTW:Qin(t)_(D'V(t)’ 9)
under the initial condition
t=0, Hy,=Hp, (10)
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where: Qj, is water discharge, which comes
to the filter; H,, is water level mark over filter
bed; H, is its initial mark (ultimate mark at
the second stage).

RESULTS AND DISCUSSION

As the result of approximate problem solu-
tion (1) — (10) by analytical methods, the for-
mulas and equations were received in the work
[20].

Using modern mathematical analysis soft-
ware MathCad allows to define all main filtra-
tion process characteristics — concentrations,
heads, velocities, levels.

The subject of detailed quantitative analysis
IS main physic-chemical characteristics and
technological parameters which are contained
in initial model. Only their relative values

-1
were calculated: o, :aVL(%j — rela-
()

tive adhesion velocity of contamination parti-

: : — L(Qi )
cles to medium particles; B, = Bv_(_'”J -
ko ®

relative suffusion velocity of contamination
Qint

ongl
relative time slot; L — filter bed height;

particles from medium particles; t =

=~ C . L
C =C—— relative contamination concentra-

0
tion; Cp — initial contamination concentration;
ngL
Yy = = Ahg =Z,,—Hgyt — head scale;
Ahg
Z,y— inlet surface medium mark; Hg,; — head
2 2
. —  kgo“AhgR .
in filtrate collector; R = % — dispos-
L

al communications relative resistance.
Definitional domains of desired characteris-
tics were selected wide enough. It allows to
indicate physic-chemical factors which either
improve or complicate clarification process.
But due to the limited volume of the article,
only the most important relations are illustrat-
ed, which directly follow from the filtration
task solution under variable velocity over time.
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At that the following model parameters were
fixed: B, =001, gq=1, ¥=0001, R =1
v, =0,5. For exponent | from equation (4) the
average of the known in literature value was
accepted.

Variation of suspended particles concentra-
tion in filtrate, filter productivity, amount of
not clarified suspension which accumulates
above medium is shown in the first calculation
series. The filtration medium sorption capacity
varieties from medium (o, =5) to high
(ay =9).

Fig.2 illustrates the dependence of relative
final concentration C, from relative time slot

C,
/
0,3

t.

0,2

0.1

/
/
/
L~
]

0 100 200 300 t

Fig.2. Relative final concentration in relation to
relative time slot: 1 — @y, =5; 2—ay =7,

It allows to draw conclusions, firstly, of the
significance of suspended particles primary
skip through medium layers, secondly, of dete-
rioration of its separation quality. Obviously
the greatest skip takes place under the least
value o, =5 (curve 1). In this case less

amount of sediment is formed in the filter bed
and it allocates much more evenly by its
height.

Fig.3 illustrates the dependence of relative
filtration velocity from time slot.
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0,75
- \

N

0,25

N

0

0 100 200 300 t

Fig.3. Relative filtration velocity in relation to
relative time slot: 1 — @, =5; 2—ay =7;

Under not big sorption capacity values
(curve 1) minimal filtration velocity decrease
over time takes place. Intensified impurities
sedimentation on the top part of filter medium
(under great o, values, curve 3) leads to sharp

filtration velocity and filter productivity de-
crease.

Fig.4 illustrates the dependence of relative
water level above filter medium from relative
time slot.

~

HIO

w

[¥5]

/ 1
//

L/
_~

2

0 100 200 300 t

Fig.4. Relative water level above filter medium in
relation to relative time slot: 1 — @y, =5;
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It witnesses about the considerable increase
of water level rise velocity above the medium
under increasing material adhesive properties.

On the basis of the derived solution, engi-
neering method for the proof of technological
time slots, namely, the time slot of medium

protecting action fp , the time slot of achieving

head loss in filter bed its limit value t, and,
most important, the filtration cycles duration
ts, was elaborated. Moreover, the filtration

cycle duration should be assumed the smaller
of these two technological time slots. Quality
and efficiency criteria of filters operation were
involved for this. They regulate the increasing
content of suspended solids in the filtrate and
filter productivity degradation. That is, by
technical and economic calculations it is pos-

sible to define specific filtering velocity Vs,

that with less velocity filter further work will
be uneconomical.

In the theoretical analysis of clarifying filter
effect aforementioned economic criteria
should be complemented by quality criteria,
which is governed by suspension content in
the filtrate. Its observance means, that the con-
centration of suspension at the medium outlet
will not exceed the normative value. For nor-
mal filters operation it is necessary to fulfill
both criteria simultaneously. Therefore, the
key importance is to study patterns of hydro-
dynamic and physicochemical processes which
proceed in the filter bed and over it.

The subject of particular quantitative analy-
sis was physical and chemical characteristics,
which were contained in the original model, as
well as technological time slots and filtration
cycle duration.

Fig.5 shows the dependence of the relative

protective action time slot of filter bed fp
from its adhesive properties o, under various

relative suspension separation velocity Py .

These graphs attest that increasing of relative
velocity of inhibited pollutants separation in-
creases the suspension concentration in filtrate,
and, consequently, reduces the relative time
slot of medium protective action.
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o~

/
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/
250 // y
13 A

125 // -
=
’ 2 4 6 g ay

Fig.5. tp relation to o under various relative

velocities of suspension separation:
1-By =0,0L,2- B, =0,02 3-PB, =0,03

Fig.6 illustrates the dependence of the rela-
tive time slot of filtration velocity decrease t,

from adhesive properties of filtering material
o, under various relative filtration velocities
V«. These curves f,(ai,)show a sharp time
slot decrease f, under increasing adhesive

properties of filter bed. Under high values of
a, time slot of effective filter work can sig-

nificantly decrease.
ty

AR
SRR
SRR\

100

/
[/

0

2 4 6 8 a,

Fig.6. ty relation to o, under various relative fil-
tration velocities: 1 -V« = 0,9; 2 —
Vx=0,8; 3-Va=0,7; 4-V+x=0,6

Comparison of the curves in Figures 5 and
6 allows approximately determine the intersec-
tion points and appropriate optimal values of
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filtration cycle duration ts and relative coeffi-

cient of particles adhesion velocity o, .
In practice, the reliable value of t; allows

to start regular filter washing in proper time
and thereby to use its clarified resource as
much as possible.

However, methods, which follow from this
equations and are calculated for theoretical
justification of technological time slots and
filter bed measure, especially its technological-
ly rational height L, have the greatest practi-
cal importance. These methods are illustrated
by technological time slots calculations as
functions of the filter material adhesive prop-
erties and innovation construction parameter
of relative filter bed height E, which is equal
to ratio of arbitrary value L to its minimum
calculated value Ly -

Further two typical situations will be con-
sidered. They are caused by real opportunities
of filtration material supply. In the first case it
was received from local manufacturing wastes.
So it is cheap and available in almost unlim-
ited amounts. In the second more typical case
filtration material is scarce and expensive. So
it is necessary to achieve maximum efficiency
of filtration material (fix its operating volume)
by economical use.

In the first case medium height and volume
vary synchronously under constant other pa-
rameters.

Theoretical justification methodology of fil-
ter bed height is illustrated by the example of
calculation of relation to relative filtration cy-

cle duration f; and relative feeding height L
under various filter material adhesive proper-
ties (Fig.7).

At low protective filter feeding capacity
(oy =5, curve 1) the duration of filter opera-
tion is limited by filtrate quality (ty =t,). At
high protective filter material capacity
(ay =9, curve 3) the opposite pattern is ob-
served and filtration cycle duration is limited
only by filter efficiency decrease (ts =t ). At
intermediate value o, =7 (curve 2), in the
beginning filtering process is limited by medi-
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um protective properties, later on — by its soil-
ing, and as a result, filtration velocity decreas-

ing. Thus, at the first interval ty =t,, at the

second interval — t; =ft, .

1y /
400

300 / i
200 // 3

100 L2

0

1 2 3 L
Fig.7. Relation 1 (L): 1-a, =5; 2 6y =7;

It is obvious, that at low filter material ad-
hesion capacity, the increase of L leads to
sharp filtrate quality improvement and, as the
result, extension of filter uninterrupted opera-
tion (curve 1). In the case of mild or high ad-
hesive material capacity, the increase of L
affects filtration cycle duration ty much less

(curves 2, 3), at that, obviously curve 2 pre-
vails, due to more even sediment distribution
in the feeding.

Fig.8 illustrates the case with fixed volume.

ff /
600

/ 2
400 //

200 /
0 ! ! —
1 2 3 L
Fig.8. Relation t¢ (E): l-oy=52-ay=7;3
- av =9

MiABOAHI TEXHOMOTrI e 06/2017, 65-73
MpomucnoBa Ta uuBinNbHa iHXeHepin

In the second case in technological calcula-
tions it is necessary to consider that operating
volume is constant (W=const). Only medium
height and concerted medium surface area are
varied.

At high protective capacity (curve 3) the fil-
tration cycle duration of filtration cycle is
analogously limited only by filter efficiency

decrease (tfy =t,). At low and intermediate

protective feeding capacity (curve 1, 2), at first
the filtering process is limited by medium pro-
tective properties, later on — by its soiling, and
as a result, filtration velocity decreasing. Thus,
at the first interval ty =t,, at the second in-

terval — t; =t .

The increase of medium height leads to
medium surface area decrease and filtration
velocity increase. At the same time suspended
particles adhesion and sediment particles suf-
fusion increases. It explains higher location of
analogous curves at Fig.8.

CONCLUSIONS

1. Filter productivity can essentially vary
over time without velocity regulators. Disposi-
tion of such variations complicates because of
not clarified water accumulation above the
medium layer. Intensive raise of water level
and appropriate filtration velocity increase
takes place mainly at the beginning of filtra-
tion cycle. Then because of progressing filtra-
tion material sedimentation this velocity de-
creases gradually and greatly.

2. There are two initial stages of suspension
clarification before the main one. Formation of
surface water layer under medium pores filling
takes place during the first stage. The rapid
raise of this layer under almost clean medium
takes place during the second stage.

3. Derived analytical solution of a mathe-
matical filtering task allows to predict the spa-
tial and temporal variations of main filtration
characteristics: suspended and sediment parti-
cles concentrations, filtration discharge dy-
namics and water level above medium.

4. The key technological parameter is filtra-
tion cycle duration, which should be deter-
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mined on the basis of clarified water quality
criteria and filter operating efficiency.

5. Based on the derived relations, calcula-
tion methods of filter medium protective ac-
tion time slot, achieving the maximum admis-
sible head loss, filtration cycle duration and
rational filter bed height were evolved.

6. Summarizing the results of numerous
calculations, it can be maintained that unsuc-
cessful choice of filtering material can lead to
a significant reduction of filter continuous op-
eration time slot and, as the result, wash water
over-expenditure.

7. It is seen from analysis of relations fp,

f,, f¢ from the value L, that L increasing is

able to improve the filtrate quality to a great
extend, increase head loss to a lesser degree.

But final selection of value L in this case is
possible only including feeding value and its
washing energy loss. If filter medium volume
and filter productivity are considered to be
constant, the necessity of technical and eco-
nomical approach to justification of rational

value L disappears.
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PaGota pniabTpoBaNbHBIX COOPYKEHMI
B pe:KUMe M3MEHEHHUsI CKOPOCTH
€O BpeMeHeM

Anexcanop Kpaguyx

AnHoTanusi. OTHUMH U3 OCHOBHBIX COOpYKe-
HUH, KOTOPBIC UCIIONB3YIOTCS JIJIsl IOATOTOBKU BO-
OBl HEOOXOAMMOTO KadecTBa, SIBISIIOTCS CKOPBIE
¢unpTpeL. PaboTa Takux coopyXKeHHH, KaK MpaBH-
JI0, TIPOUCXOIUT B OE3HANOPHOM pexume. Bpems
paboTel QuUIBTpa 3aBUCUT OT JIBYX OCHOBHBIX ITa-
paMeTpoB: Ka4yecTBO OYHCTKH BOABI W obecrede-
HUEe He0o0XOoAWMOro pacdyeTHoro pacxona. Ilpu
ATOM MPUHUMAETCS, YTO CKOPOCTh JIBUKCHHE KUJI-
KOCTH B Tene (GUIbTpa SBISCTCS IMOCTOSHHOU. B
peanbHOCTH XapakTep paboThl TAKUX COOPYKEHHN
MOKET OTJIMYAThBCA OT PACCMOTPCHHBIX. B mnpea-
CTaBJIIEHHOW paboTe NpoaHAIM3UPOBAH BapHAHT
paboTel ckoporo (UiIbTpa MPU CYMIECTBEHHO W3-
MEHSIIOIIEICS CO BpeMEHEM CKOpPOCTH (pHUIIbTpOBa-
HUsA.  PaccMOTpeHBI ~ KOHKpPETHBIE  YCIIOBHUSA
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paboThI TaKUX COOpyKeHHUH U TudPepeHIrnaNTbHbIC
YpPaBHEHUS, KOTOPBIE OIMCHIBAIOT MIPOLIECC IBIKE-
HUSL BOABI B (UIBTPYIOIIEH cpene M HHTEHCHUB-
HOCTB YAaJICHUS 3arpsi3HEHU U3 Hee.

B pesysbraTe npoBeAEHHOTIO aHAIM3a IOKa3aHO
HW3MEHEHHE CO BPEMEHEM KOHLEHTpaluu B3Be-
LICHHBIX BEIECTB B (QUIBTpaTe, MPOU3BOAUTEIND-
HOCTH (WIBTPa, KOJTUYECTBa HEOCBETIEHHOH CycC-
[IEH3UH, KOTOPOE HAKOMMJIOCh HAaJ 3arpy3Koil mpu
pa3HBIX 3HAYEHUSX COPOITMOHHOW CIIOCOOHOCTH
¢unpTpyromero martepuana. I[Ipemioxkena meto-
KA WHXEHEPHOI'o pacyeTra OCHOBHBIX XapakTe-
pUCTUK GUIBTPYIOLUINX COOPYKEHHH, B TOM YHUCIIE
TEXHOJIOTHYECKHX BpeMEH (UIBTPOBAHUS, JIU-
TEJILHOCTH (DUIBTPOLMKIIA W ONTUMAILHOU BBICO-
Tel (unpTpyromeit 3arpysku. llpuBenennsie pac-
YETHBIC 3aBUCHMOCTU U YPaBHEHUS UIUIIOCTPUPY-
I0TCA CCpI/ICﬁ MMPUMEPOB C TUTTMIHBIMU UCXOJHBIMU
JaHHBIMU.

KiroueBble ciaoBa: ¢uibTpanus, CyCIEH3Us,
0CaJIOK, (GPUITBTPOIHKII, (PUITBTPAT.
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Bezpieczenstwo ekologiczne oraz niezawodnos¢é
eksploatacyjna obiektéw budowlanych
na terenach poddanych wptywom osuwisk

Walery Wysoczariski®, Stanistaw Fic*

1Wyzsza Szkota Bezpieczenstwa i Organiacji Pracy w Radomiu
13/19, ul. Mokra, Radom, 26-600
wyswal@wp.pl, orcid.org/0000-1008-1955-1962
*Politechnika Lubelska, Wydziat Budownictwa i Architektury
40, st., Lublin, 20-618, s.fic@pollub.pl, orcid.org/0000 1410-1917-2017

Adnotacja. We  wspotczesnym  $wiecie
wystepuje intensywna ingerencja antropogeniczna
w $rodowisko naturalne i wywotuje ona zjawisko
aktywizacji proceséw egzogenicznych. Ogromne
straty mozna zaobserwowac¢ Nna roéznego typu
budowlach, jak na rysunkul. Przy tym zniszczeniu
ulegaja domy, budowle przemystowe, réznego
typu drogi, trasy kolejowe, linie elektryczne,
rurociagi itp.

Osuwiska, lawiny, zaktywizowane trzgsienia
ziemi powodujg coraz powazniejsze zniszczenia
w/w obiektéw. Sposobem na zapobieganie efektom
tych  oddziatywan jest przewidywanie ich
przebiegu i zawiadomienie o niebezpieczenstwie:
zniszczen, awarii katastrofy globalnej, etc. Jedng z
metod badania dynamiki osuwisk, jak i zjawisk
tego typu, moga by¢ badania akustoreologiczne.

Slowa Kkluczowe: akustoreologia, osuwisko,
naprezenia, procesy egzogeniczne, bezpieczenstwo
ekologiczne.

Nagle przemieszczenie si¢ mas ziemnych,
powierzchniowej zwietrzeliny i mas skalnych
podioza spowodowane jest najczgsciej sitami
przyrody lub  dzialalno$cia  cztowieka
(podkopanie  stoku lub  jego  znaczne
obcigzenie).

Zjawisko to zwane jest osuwiskiem, czyli
ruchami  masowymi, polegajacymi  na
przesuwaniu si¢ materialu skalnego, lub
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Ogolnego

Dr hab, Prof.
zwietrzelinowego, wzdhuz powierzchni
poslizgu, (na ktorej nastgpito S$ciecie),

polaczone z obrotem.

Ruch ogromnych mas gruntu zachodzi pod
wplywem sity grawitacyjnej. Osuwiska sg
szczegolnie czeste w obszarach o sprzyjajacej
im budowie geomorfologicznej, gdzie w
warstwach  gruntow  przepuszczalnych i
nieprzepuszczalnych wystepuja naparzenia
zmienne.

Miejsca  wystgpowania  osuwisk, to
naturalne stoki, zbocza dolin i zbiornikéw
wodnych oraz obszary zrodlowe rzek (gdzie
erozja wsteczna zwicksza spadek terenu),
skarpy wykopow, nasypow oraz wyrobisk.
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Ostatnie sg zaktywizowane ingerencja w
nature cztowieka, czyli wpltywami
antropogenicznymi.

PRZYCZYNY POWSTAWANIA
OSUWISK I ICH ZAPOBIEGANIE

e Wzrost wilgotnosci gruntu
spowodowany dlugotrwaltymi opadami lub
roztopami;

e Podcigcie stoku przez erozjg, np. w
dolinie rzecznej lub w wyniku dziatalnosci
cztowieka, np. przy budowie drogi;

e Nadmierne obcigzenie stoku, np. przez
zabudowe;

e Wibracje zwigzane np. z robotami
ziemnymi, ruchem samochodowym,
eksplozjami, trzesieniem ziemi.

Stateczno$¢  zboczy jest jednym z
podstawowych zagadnien geotechniki. Zbocze
jest stateczne, gdy nie wystepuja w nim ruchy
masowe, takie jak osuwiska czy zsuwy. Miara
statecznosci jest stosunek sit lub momentow sit
dazacych do zachowania réwnowagi, do sit
lub momentéw sit, dazacych do osunigcia.

Ocena statecznos$ci skarp i zboczy polega
na wyznaczeniu minimalnego wskaznika
statecznosci F 1 porOwnania Qg0 ze
wskaznikiem  dopuszczalnym dla  danej
konstrukcji ziemnej, np. nasypu drogowego.

Zbocze jest uwazane za stabilne, gdy F > 1,
czyli sily stawiajace opOr przemieszczeniu sg
wicksze niz sily dazace do przemieszczenia
mas gruntu, jednak wymagane wskazniki dla
réznych budowli wahaja si¢ zazwyczaj w
granicach 1,2...1,5.

Zagadnienie oceny statecznosci skarp 1
zboczy obejmuje analizg statyczng i
dynamiczng  stabilnosci  zboczy:  zapor,
nasypow, wykopow itd. W przypadku zboczy
zbudowanych z gruntow luZznych moga
rozwija¢ si¢ sferyczne strefy charakteryzujace
si¢ ostabiong wytrzymatoscia.

Prawdopodobienstwo tego zdarzenia mozna
przewidzie¢ postugujac si¢ prostymi pakietami
do analizy dwuwymiarowej. Podstawowa
trudnos$cig w analizie stateczno$ci zboczy jest
ustalenie miejsca najbardziej
prawdopodobnych przemieszczen oraz
znajomo$¢ warunkéw wodnogruntowych.
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Wiele osuwisk moze by¢ analizowanych
jedynie po wypadkach, ktére nastgpuja, gdy
sity =~ prowadzace do  przemieszczenia
przekraczajg stabilizujgce sity tarcia W
gruncie.

Skutki osuwisk

Skutkami osuwisk czesto sa zniszczenia w
infrastrukturze, domach, nieraz w calym
ekosystemie. Osuwiska powoduja rozleglte w
skutkach zniszczenia, wynikajgce z ogromnej,
niszczacej Sity, ktorej budowle nie sg w stanie
przetrwaé. Zjawisko to mozna porownaé do
dziatania buldozera uderzajacego z duza
predkoscia i masg w nieruchomy obiekt.

Osuwiska w Polsce

Osuwiska w Polsce wystepuja najczescie] w
Beskidach. Rzadziej w Sudetach czy na
skarpie wislanej. Tak w roku 2010 tylko w
Matopolsce wystapito ponad 1300 osuwisk.
Glownie: w gminie Lanckorona — powiat
wadowicki. Wigcej niz 100 przypadkow!

W powiecie limanowskim, gmina Laskowa
okoto 30 przypadkéw, a w powiecie
nowosadeckim  okoto 200 przypadkow.
Gltoéwnie w gminie Lososina Dolna, az okoto
111. W gminie Grodek nad Dunajcem zostato
zniszczonych ~ okoto 65  doméw i
uszkodzonych 1 zagrozonych uszkodzeniem
zostato ponad 1000 doméw. Okoto 500 oséb
przesiedlono.

Osuwiska uszkodzity rowniez budynki i1
infrastrukture  w  powiecie  myslenickim
(prawie 90 osuwisk), wielickim,
nowosadeckim (ponad 50), nowotarskim,

o$wiecimskim, suskim (gtébwnie w
Zembrzycach), tarnowskim, bochenskim,
brzeskim, miechowskim oraz w Krakowie i
Nowym Saczu.

Z powodu ulewnych opadéw droga 975

catkowicie  osuneta sig¢ do  Jeziora
Roznowskiego w Kurowie i osunglo si¢
robwniez  zbocze  krakowskiego  kopca
Pitsudskiego.

W czerwcu uaktywnily si¢ nastgpne
osuwiska. W Klodnem zniszczonych zostalo
30 budynkow, a kolejne zostaty zagrozone. Z
wioski ewakuowano 434 osoby.
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Rys.1. Osuwisko w Kolonii Prusow koto Milowki (Slaskie) 6 wrzesnia 2010 r. [20]
Fig.1. Landslide in Colony Pruséw near Miléwki (province $lgskie) 6 september 2010 [20]

Uaktywnily si¢ takze osuwiska w
miejscowosci Lapszanka 1 Szczawnica w
powiecie nowotarskim, w Mniszku nad
Popradem oraz w gminie Tuchoéw, gdzie
doszto przez to, do wykolejenia pociagu
osobowego.

W Krzeczowie osuwisko na kilka godzin
zatarasowalo droge krajowa nr 7, podobnie w
Tenczynie. Osuwiska nastapity réwniez na
wielu innych drogach, ktére zostaty czasowo
zamknigte (m.in. na drogach krajowych: w
Radoczy, Czchowie, Wytrzyszczkach, czy w
Muszynce). Na Podkarpaciu zagrozonych nimi
pozostato ponad 240 budynkow i kilkanascie
mostéow. Najbardziej zagrozone tereny to
powiaty:  jasielski, strzyzowski (145
budynkéw), debicki (52 budynki), rzeszowski
(23 budynki). W 2001 roku osuwisko w
Lachowicach zniszczylo 15 zabudowan
mieszkalnych, osuwisko w Jachéwce zagrozito
osiedlu Starczowka natomiast osuwisko w
Nowym Saczu zniszczyto kilka zabudowan
mieszkalnych i gospodarczych. Zagrozenie
osuwiskami ro$nie niestety gwaltownie.
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Metody zapobiegania osuwisk

Osuwiskom, jak  wiadomo, mozna
zapobiega¢ poprzez odwodnienie  malo
stabilnego  terenu, zageszczanie  gruntu,

poprzez wbijanie pali, zaggszczenie stabilnym
kruszywem.

Naturalnym sposobem zwigkszania
statecznos$ci zboczy jest sadzenie drzew, ktore
majag bardzo dobrze rozwinigty system
korzeniowy zwigkszajacy statecznos$¢ gruntu.
Osuwisko w Kolonii Prusow, koto Milowki
(6 wrzesnia 2010), pokazano zostato na Rys.1,
a osuwisko w 2001 r. w San Salvador,
pokazano na Rys.2.

OPRACOWANIE PODSTAW
TEORETYCZNYCH AKUSTYCZNEJ]
METODY BADANIA DYNAMIKI
OSUWISK

O mozliwosciach stosowania fal UZ do
badan procesdw reologicznych, mowiono juz
od potowy lat 60-tych ubieglego stulecia [1 —
3, 11]. Jeden z autorow zaproponowatl juz w
latach 70-tych bada¢ dynamike¢ naprezen tg
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Rys.2. Osuwisko w San Salvador 2001 r. [21]
Fig.2. Landslide in San Salvador 2001 [21]

metodg W rurociggu, W ciele osuwiska [7, 8,
14].

Niebawem, wspolnie z A. N. Bietonienko,
doszedt on do wniosku o mozliwosci badania
dynamiki  osuwiska za  pomocg  fal
akustycznych, stosujac model Naviera-Stokesa
[2, 14].

W latach 60-tych XX w. w nauce zostato
stwierdzono, ze  zmiany  wlasciwosci
fizycznych warstw na powierzchni ptynacego
masywu btotnego, mozna zbada¢ za pomoca
metod akustycznych, zastosowujac fale
Raylegh’a. Badania, tego typu falami UZ, jak i
niektorymi innymi, stosowano w technice
duzo wczesnie;j.

Wiadomo jednak, Ze mnatura osuwisk
skalnych oraz zachodzace w nich procesy
reologiczne s3 nieco odmienne od osuwisk
piaszczystych i blotnych [4...6, 10]. Do
badania jednorodnych mas osuwiskowych o
duzej lepkosci metody akustyczne stosowaé
jest tatwiej. Stwierdzono, ze wykorzystanie
metod  akustycznych  fizycznych, ich
wzmocnienie poprzez modelowanie
matematyczne oraz symulacje komputerowa,
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moze by¢ tez stosowane np. do badania
niezawodnosci eksploatacji obiektow
liniowych, m.in. rurociggow zagrozonych
osuwiskiem [7...9].

Wazny jest przy tym zaréwno sposob
wytwarzania i wprowadzania fal, wybor ich
typu [12], jak i poprzedzajace badanie podstaw
teoretycznych procesu sondowania ciata
osuwiska [15...17, 19]. Bardzo waznym jest
ustalenie odpowiedniego modelu
matematycznego itp.

Zbadanie napr¢zen w osuwajagcym si¢
gruncie, mechanizmu odziatywania gruntu
oraz wspolpraca z rurg w ciele osuwiska lub
wyprowadzonego na jego powierzchnig, jest
bardzo wazne dla bezpieczenstwa eksploatacji.
Do diagnozowania napr¢zen w §cianie samej
rury, pracujacej w ciele osuwiska, jak rowniez
I wyprowadzonym na powierzchnie osuwiska,
mozna stosowa¢ roézne podejscia naukowo-
praktyczne. Zastosowanie aktualnych fal
akustycznych, realizacja teorii
akustosprezystosci, w  tworzeniu modeli
fenomenologicznych, wyboér prawidtowych
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robwnan deterministycznych, jest przy tym
zadaniem arcywaznym.

W ramach badan kompleksowych osuwisk,
ten ze wspotautor zajmowat si¢ i badaniem
naprezen w osuwisku na podstawie zmian
potencjatu elektrycznego na powierzchni
(poczatek lat 80. ubiegtego wieku). Wiele
zgromadzonych wowczas materiatow
potwierdzito  dobrg  korelacjc = miedzy
potencjatem elektrycznym i naprezeniami w
osuwisku.

Metoda ta zostala zaakceptowana przez
UAN. Z powodu ograniczonych $rodkoéw na
badania, teoretyczno-praktyczne, metody tej
nie wdrozono w przemysle. Podkresli¢ jednak
nalezy jej wysoka przydatnos¢ do badan w
ekstremalnych warunkach polowych.

Podobne badania symulacyjne procesow
reologii materiatow, sprezysto-plastycznych,
plastycznych i hiperplastycznych deformacji
materialow prowadzit, w latach 90-tych
Stanistaw Jemioto (PW). Dyssypacje energii
podczas deformacji plastycznych z
wykorzystaniem termowizji badala w latach
90-tych ubieglego stulecia takze i Wiera
Oliferuk (IPPT, PAN), a wczesniej, tam, ze

badania anizotropii materiatow, z
zastosowaniem fal ultradzwiekowych,
prowadzit  akustyk-praktyk prof. Julian
Deputat.

Jeden z autorow niniejszego opracowania
wykazal, ze otrzymane dane pozwolity uznaé
metode akustyczng jako priorytetowa w
badaniach dyssypacji energii, w tym i w
procesach reologicznych, zachodzacych w
osuwiskach.

Badanie dynamiki osuwiska poprzez
poznanie podstaw teoretycznych procesu
dyssypacji energii mozna przeprowadzac,
stosujac znane rownanie Naviera - Stokesa.

Ciatlo osuwiska rozpatrywane jest, jako
wszechstronnie  §cisnigte-rozszerzone geste
srodowisko, uwzgledniajac jego ruch z
predkosciami bardzo zréznicowanymi w ciagu
roku nawet do jednej minuty. Jako parametry
wystarczajaco informatywne wybrane zostaty
lepkosci poslizgowa oraz objetosciowq.

Stosujac  jako parametr informacyjny,
bazowa lepkos¢ objetosciowg 1 wspdiczynnik
wziety z roéwnania Naviera-Stokesa, mozna

78

bada¢ ruch masy osuwajacej si¢ z predkoscia
od jednego mikrometra na godzine.

Poniewaz lepkos$¢ objetosciowa moze byc
nie tylko porownywalna z lepkoscia
poslizgows, ale i by¢ wieksza od niej o Kilka
rzedow wielkos$ci, to nawet przy niewielkich
zmianach gestosci masywu izotropowego czy
quasi-izotropowego (lub odrebnych czesci
obsunigtego  masywu), naprg¢zenia = we
wszystkich kierunkach (3D) moga by¢ bardzo
wielkie.

Z tego wzgledu, charakteryzujac ruch
osuwiska jako prad gestej o bardzo wysokiej
lepkos$ci masy, wspomniane wyzej rownanie

Naviera-Stokesa, w wypadku ogdlnym,
wyglada nastepujaco:

do’ | V,PVJKnU nsjVnon}+
p— = +

dt N

T]SVjan

+ Q'JVnﬂsVJUn + gmnvn (TlstU' )s (1
gdzie:

p — gestos¢ masywu gruntu osuwiska;
v - predkos$¢ ptynigcia gruntu;
MNuiNs —  wspotczynniki

objetosciowej oraz poslizgowej;
Yij _ tensor metryczny.

lepkosci

Zmienne cztony rownania charakteryzujace
sciskanie:

Vool =—Zx—— @)

zaczynaja mie¢ znaczenie W  ostatnim

réwnaniu pod warunkiem, Ze entropia:

2
grad[(nv _3nsjvon} + nsgrad(VnU”

S= 3
|grad P| ®)

bedzie bliska 1.

Rozpatrujac dynamiczny
osuwiskowy, jako
jednowymiarowy:

proces
ustalony ruch
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v')=(x)0,0) (4)

oraz wspotczynniki lepkosci o warto$ciach
statych, mamy:

2
grade _gnsJVUn} +nsgrad (an”

1 pX2 P xx
= + N [0 2———"=|.
(nu 3115) { p2 5

Jezeli pominac¢ p,y, 1 uwzglednic, ze:

~

px 1dP 1
—_—— ===, 6
PP, pdp pc? P ©

gdzie:

¢ — predko$¢ rozchodzenia si¢ fali w
srodowisku sprezystym (ciele osuwiska);

B — jego uciskalnos¢, to otrzymamy:

1
= 2[np +§ns)l32

APy
AL

Dla wustalonego ptynigcia gruntu, przy
jednostajnym ruchu (n,1 ng — sa zmiennymi),
parametr S zmienia si¢ istotnie.

Na przyklad, jezeli:

ns =g e“" (o >0);n, =n, e*

to 1S1-S,| <8<, + Sy, (8)
gdzie:

Sy =2[n, +3n,)p? i—i ‘ 9)

S, =(nv +%ns)aﬁ{i—EU‘. (20)

Scharakteryzujmy  proces obsunigcia

poprzez entropig:

MABOAHI TEXHONOTrI e 06/2017, 74-81
MpomucnoBa Ta UUBINbHa iHXeHepiaA

ds n Sij |, .S
T—=n,V +2nse7" +e +
p a7 m( L )2 MNs ij (11)

+gijvj(kva)+8=nv(VUn)2+CD,

gdzie:

T — temperatura absolutna;

S —entropia;

e
deformaciji;

k — wspdtczynnik przewodnictwa ciepla;

€ — doptyw ciepla niezwigzany z lepkoscia
1 przewodnictwem ciepla.

Wprowadzmy parametr charakteryzujacy

— €z¢$¢ bezsladowa tensora predkosci

wydzielenie ciepta kosztem  deformacji
wszechstronnej:
kS
Q=r—4 B
2pT ——sign(Uyp14) - kS
dT
(12)
_ kS,
u P\, ’
‘ZP( - B]Slgn(ulplx )-kS;
dpp
gdzie: k= (13)
Ny + 3 MNs

Przy dyssypacji energii, czyli wydzieleniu
ciepta, role lepkosci objetosciowej wyznacza
si¢, zatem parametrem S. Jezeli entropia jest
mniejsza od 1, to wydzielenie ciepta tez jest
mniejsze od 1, a jezeli entropia jest wigksza
od 1, to wydzielenie ciepta zbliza si¢ do 1.

Przy niektdrych rezimach ruchu osuwiska:

Zp(d—u —Eﬁjsign(ulplx)— kS|~ 0| (14)
dp p

procesy wydzielenia ciepta wskutek zmiany
objetosci staja sie decydujace.

Wracajagc do parametru S, zaznaczy¢
nalezy, ze gdy grunt osuwiska charakteryzuje
si¢ wysoka lepkoscig (n, ~10'®Paxs), wplyw
lepkosci objetosciowej bedzie si¢ objawiat juz
przy skokach ci$nienia:
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AP _1.107% MPa/m (15)
AL

i predkosciach spetzania gruntu L > 20 cm/rok.
Roéwnanie:

1 U AP
S=2\n,+=ng | 55— 16
(1’]0 3115) p2C4 AL (16)

jest przydatne do oceny jako$ciowej procesOw
dynamicznych zachodzacych w osuwiskach.

Metodag  sondowania  falowego  ciala
osuwiska czy masywu gruntu, mozna bada¢ w
zakresie znacznych gradientdéw ci$nienia.
Dobierajac czgstotliwo$¢ nadajnika, mozna je
uzyskac na jednej dlugosci fali.

W tym przypadku mozna zbadaé wplyw
zmiany lepkosci objetosciowej na absorpcje
amplitudy oscylacyjnego sygnatu
akustycznego sondujacego ciato osuwiska. To
znaczy, ze parametry osuwisk mozna badaé
oporno$ciowymi metodami akustycznymi.

Istota tej metody akustycznej polega na
rejestrowaniu zmiany rezonansowej
czestotliwosci  podtuznych, zginajacych i
skrecajacych ~ fal  akustycznych,  przy
wprowadzeniu ich do masywu osuwiska.
Zaleznos¢ zmian czestotliwosci
rezonansowych od charakterystyk fizycznych
ciata osuwiska mozna okresli¢ wzorem:

Afiy = (P(Aﬁ' fin By v, S), (17)

gdzie:
Af;,— zmiana czgstotliwosci rezonansowej;
fi, — czestotliwos$¢ nadajnika na kontakcie

z ciatem osuwiska;
i =1, I, I — indeks odpowiedni do typu fal

nadajnika;

n=1, 2... — liczba catkowita odpowiadajaca
liczbie porzadkowe;j czestotliwosci
rezonansowej;

A — wielko$ci charakteryzujace nadajnik;
E,v — wspdlczynniki Younga oraz
Poissona charakteryzujace osuwisko;

@i — charakterystyka zmiany czestotliwos$ci
fal;
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S — pole kontaktu nadajnika z masywem
osuwiska.

Na zakonczenie artykutu, powiedzi¢ nalezy,
ze realizacja tej metody badan dynamiki
osuwisk pozwolitaby uprzedzi¢ niebezpieczne
dla rurociggbw oraz innych obiektow
liniowych, zagrozenia awariami i katastrofami.

Metody sondowania réznego typu falami
biernymi stuza, juz od wielu lat, skutecznie i
rezultatywnie w geofizyce. Opracowane
poprzez autoréw urzadzenia oraz metodyki,
pozwalaja na uzyskanie cennej informacji
geotechnicznej dotyczacej osuwisk itp.

Opracowanie nowych metod w omawianym
kierunku zashuguj¢ na uwage naukowcoéw i
praktykow. Pomoga one Ww rozwigzaniu,
bardzo waznych dla gospodarki krajowej i
zagranicznej, problemoéw  bezpieczenstwa
eksploatacyjnego obiektow energetycznych i
wielu innych  budowli, na terenach
zagrozonych osuwiskami i nie tylko.

WNIOSKI

Analiza naukowo-teoretyczna oraz
przeprowadzone eksperymenty w warunkach
laboratoryjnych, ich  sprawdzenie  w
warunkach  terenowych,  weryfikacja i
walidacja, wykazaly, ze w celu badania
zjawisk spelzania gruntu i dynamiki osuwisk
nalezy stosowac podejscie trybologiczne.

Z analizy zjawiska dyssypacji energii przy
Sciskaniu ciala osuwiska oraz opracowan
uczonych rozwijentych technicznie panstw
wynika, ze przydatnym moze by¢ rOwnanie
Naviera-Stocesa.

Na podstawie wzordéw, badajac znaczenia
wyzej wymieninych wspotczynnikow, mozna
dokona¢ klasyfikacji zmian zachodzacych w
ciele osuwiska.

Stosujac doswiadczenie zawodowe,
naukowo-badawcze oraz opracowang poprzez
autorOw aparatur¢ oraz inng, dostepng na
rynku krajowym, i zagranica, stosowang do
badan  geofizycznych, tworzy¢  nalezy
praktyczng metodyke do oceny dynamiki
osuwisk oraz ilosciowego jej oszacowania.
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Ecological safety and operational reliability
of buildings in landslide affected areas

Walery WysoczansKi, Stanistaw Fic

Summary. Scientific-theoretical analysis and
laboratory experiments, field testing, and valida-
tion have shown that tribological approaches
should be used to investigate landforming and
landslide dynamics. From the analysis of the phe-
nomenon of energy dissipation in the compression
of the body of the landslide and the study of devel-
oped countries, it can be useful to use the Navier-
Stoces equation.

Based on the models, we can classify changes
in the body of the landslide at the level of disloca-
tion by studying the significance of the above men-
tioned coefficients. Applying professional, scien-
tific and research experience, developed by the au-
thors of the apparatus and other, available on the
domestic market for geophysical research, practical
methodology should be developed to assess land-
slide dynamics and quantify its lag.

Key words: Landslide, stress, exogenous pro-
cesses, ecological safety, slope stability.
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Analysis of exploitation of residential five-storey
buildings, erected on Zaporizhzhia's subsided grounds
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Summary. This article gives an analysis of the
housing stock Zaporizhzhia, shows the classifica-
tion of residential buildings on the number of
buildings storey and external walls material, con-
sidered types of deformations are given recom-
mendations for improving the reliability of opera-
tion of five-storey residential buildings at their
possible reconstruction.

A significant part of Zaporizhzhia housing re-
sources (about 25%) is made up of five-storey
residential buildings, so-called "Khrushchovki",
which were built according to standard design in
the 50 — 60 years of the last century. The term of
these buildings exploitation is coming to its critical
deadline. The layout of such premises is morally
obsolete and does not fit to live in. Besides, build-
ings of this class have sizeable physical wear be-
cause of exploitation complexity on subsided soils.
About fifth of old dwellings are deformed owing to
subsidence of their foundations. The complex of
protective measures, capable to provide required
strength and operating buildings qualities in the
cases of base soaking are absent.

Key words. Five-storey residential buildings,
subsided grounds, camber, sag, rupture of walls,
joints expansion closures, shear deformations.

RELEVANCE OF THE PROBLEM
The purpose of this research is to systema-
tize data of exploiting experience of five-
storey residential standard construction build-
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ings and to develop recommendations to be
taken into consideration, for their available
reconstruction [1].

To analyze and systematize data on quanti-
tative and qualitative  conditions  of
Zaporizhzhia housing resources, the necessary
information and materials received from the
city housing administration were collected and
processed.
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To obtain data on residential buildings
which were erected and are being operated on
Zaporizhzhia city subsided soils, we have col-
lected and distributed the information, consid-
ering on the number of buildings storey and
external walls material [2]. The quantitative
conditions of Zaporizhzhia housing buildings
estate include:
1...4-storey brick — 1620 buildings;

e 5-storey block — 119 buildings;

e 5-storey brick — 542 buildings;

e 5-storey panel —251 buildings;
9-storey panel — 538 buildings;
9-storey brick — 74 buildings;
9-storey block — 67 buildings;
12-storey brick — 16 buildings;
13...18-storey brick — 57 buildings.

Fig.1 shows the percentage distribution of
Zaporizhzhia  city  residential  buildings
considering the storey number and walls
materials.

Significant part of the housing resources
consists of five-storey residential buildings —
912 pieces, which makes 23% of the total

2% 2% 1%/—1%

number of city's balance sheet buildings.

Five-storey residential buildings are divided
into: brick (542 houses, 2523 entrances), panel
(251 houses, 1361 entrances) and block (119
houses, 525 entrances) [2]. The buildings per-
centage by the external walls materials is:
60:27:13.

Five-storey  residential  buildings  of
Zaporizhzhia city were built in the period from
the 50 s to the 70 s years of the last century,
according to standard series 1-464, 1-464A,
BK-4, 1-437, 1-438, 1-442, 1-443, 1-480.
Five-storey buildings typical projects of the
first generation were based on several design
schemes: with a narrow step of transverse
bearing walls (series 1-464 — large-panel);
with a mixed pitch of transverse bearing walls
(1-464A, 2-468 and etc.); with three longitudi-
nal bearing walls (series 1-447, 1-480, 1-511,
1-515 and etc.). The final city’s buildings for
standard projects were erected with brick walls
(series 1-447 1-511) [2].

In the course of research on the analysis and
systematization of operating data, information
on five-storey residential buildings which were
deformed as a result of subsided effect were

W 1..4-storey’s brick

B 5-storey’s block

B 5-storey’s brick

B 5-storey’s panel

B 9-storey’s panel

H 9-storey’s brick
9-storey’s block
12-storey’s brick
13...18-storey’s brick

Fig.1. Distribution of Zaporizhzhia city housing estate considering the buildings storey number

and walls materials

Table 1. Indexes of buildings deformation frequency, depending on materials type

of exterior walls

Building Average operating Number of Of them Deformation

type time, years buildings, pcs. deformed, pcs. percentage, %
Bricks 50 542 120 22
Panels 48 251 54 21
Blocks 49 119 22 18

MIABOAHI TEXHONOTrTi » 06/2017, 82-88
MpomucnoBa Ta UUBINbHa iHXeHepinA

83



ApxiTekTypa Ta OyIZiBHUIITBO

allocated [3, 4]. The indexes of buildings de-
formation frequency, depending on materials
type of exterior walls were determined. These
data are given in Table 1.

TYPES OF BUILDING’S DEFORMATION

The deformations of buildings are caused
by vertical and horizontal displacements of the
subsided soil surface during its soaking.

The following are shows the main types of
building’s deformation and the layout of the
soaking areas. The building’s deformation,
depending on the character of uneven sedi-
mentations and building’s rigidity, can be con-
ditionally divided into the following types
[5-9].

The building’s curvature with a camber is
accompanied by the formation of vertical
cracks with the greatest opening at the top of
the building (Fig.2). The soaking source when
building is cambered is mostly located at one
of the building’s edges.

Fig.2. Building deformation type — camber

The building’s curvature with convexity
downward (sag) is characterized by vertical
cracks with increased opening at the bottom of
the building (Fig.3). The soaking area, as a
rule, is placed near the greatest deformations.

Fig.3. Building deformation type — sag
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Local compression usually takes place at
the top of the building, from the closure of the
expansion joints (Fig.4). It is displayed in the
form of adjacent walls sections crushing, bal-
conies, cornices and the displacement of slabs.
The soil soaking zone in this case is usually
under the place of the expansion joint closure.
Deformations of this kind are also possible
from the building’s sediments in the construc-
tion process, when relatively heavier building
(brick’s or block’s next to a panel’s or many-
storey’s building) is erected near the previous-
ly constructed building.

oo
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Fig.4. Building deformation type — joints
expansion closures

When vertical walls are broken, cracks ap-
pear along the whole height, including the
foundation (Fig.5). Such building’s defor-
mations are caused by horizontal deformations
of the soil, accompanying its vertical subsid-
ence. In this type of deformation, the loss of
the partition bearing capacity can lead to a loss
of the building’s spatial rigidity because longi-
tudinal walls separation from the transverse
walls.

ooooooad
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Fig.5. Building deformation type — vertical
rupture of walls.
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Shear deformations are accompanied by in-
clined cracks in the walls and vertical cracks in
bends jumper (Fig.6). The soaking source may
be placed in the area of upper inclined cracks
location.

i i
1 0 i )
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Fig.6. Building deformation type — shear
deformations

The horizontal rupture is characterized by
cracks appearing in horizontal or slightly
slanted direction as a result of individual
building sections subsidence (Fig.7). In such
cases the buildings without special base prepa-
ration are mostly deformed and ground defor-
mation occurs directly under their foundations.
As a rule, the soaking area is located under the
center of the cracks location.

gooboooao
ooooooad
ooooooag
goooooad
Oooooaoao

Fig.7. Building deformation type — horizontal
rupture of walls

CAUSES OF BUILDING’S
DEFORMATION

Uneven ground subsidence leads to stress-
strain state change of foundations and over
ground building structures and considering the
peculiarities of walls material to their damages
and cracks appearing. Cracks reduce the build-
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ing’s structural reliability, and sometimes its
performance. Cracks in the walls can also ap-
pear, independently of the base and foundation
condition. But in any case it is necessary to
determine the cause of the damage [10 —14].

Fig. 8 shows the sequence of ascertaining
the causes of damage.

Set the place of deformation

v

Determine the nature
of deformations

v

Determine the cause
of deformations

v

Develop recommendations
and measures to eliminate

Fig.8. Sequence of deformation causes
elimination

When the number of deformed five-storey
buildings, had been determined, these build-
ings were inspected in details and documenta-
tion available from specialized laboratory of
the city housing management was examined
and then the causes of deformation were iden-
tified.

Let's consider the information about the
types and causes of five-storey residential
buildings deformations, which are presented in
the Table 2 in more details.

The number of brick’s buildings deformed
by the camber is 55%, by the sag — 18%, by
the shear deformations is 20%. The buildings
with vertical walls rupture constitutes — 5%
and with horizontal walls rupture — 2% were
observed too. In deformed buildings, there is
staircases displacement from the supports; and
considerable cracking is observed within the
most weakened place — the staircase. These
buildings lose their operational capability be-
cause of the cracking in the walls, the peeling
of the plaster and the skews of the openings.
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Table 2. Information about the types and causes of five-storey residential buildings deformations

Causes of deformation, (%)
S 3 Steeping with water
i £ £ o -
S = = X
= 5% | 22 o £ S
Building type kS s S 8L o S = B
— =3 s @ = 5 S's o
o L o D Y= 7] o & =
[<H) =2 = O 2 = (?) o 8
S = = = 0 = € £
~ Z < 2
=
Camber 66 0,55 0 70 30 0
Sag 21 0,18 0 85 15 0
5-storey brick Shear deform 24 0,20 0 70 30 0
Vertical rupture 6 0,05 0 80 20 0
Horizontal 3 0,02 0 66 34 0
rupture
Camber 16 0,3 0 60 40 0
5-storey panel Sag 16 0,3 20 80 0 0
Local compres 22 0,4 0 85 15 0
Camber 12 0,55 0 80 20 0
Sag 7 0,35 15 35 50 0
S-storey block ™ gp 2 deform 2 0,05 0 0 0 100
Vertical rupture 1 0,05 100 0 0 0

Base soaking of the sewerage network
(73% in average) and soaking of water or heat-
ing networks (27% in average) are the main
course of buildings deformations in brick’s
five-storey’s residential buildings.

The number of panel buildings, deformed
over the camber and sag isn’t significant and
amounts — 30%, reciprocally. The most fre-
quent deformations were revealed in the form
of width expansion joints closure changes
(40% in average). In buildings of this type,
deformed joints are often filled with incom-
pressible materials that deteriorate the working
conditions of wall panels with a decrease in
the seams width.

It was established that the most common
cause of panel buildings deformations is the
base soaking from sewerage networks (76% in
average). Other causes of deformation are
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soaking from the water networks or heating
networks (18% in average), atmospheric water
(6% in average).

The number of block buildings deformed
because of the camber is in the range of — 55%
with the seams opening between the blocks,
because of the sag — 35%, over to the shear
deformations — 5%. Buildings with vertical
gap in the walls are 5%. In general, the opera-
tional capability of the building is lost because
of the cracks opening in blocks, the staircases
displacement from the supports and the plaster
peeling from the internal wall’s blocks surfac-
es.

The most common cause of block buildings
deformation is base soaking from the sewerage
networks (55% in average). Other causes of
deformation are soaking with atmospheric
water — 9%, water supply or heating networks
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soaking (27% in average). It was also revealed
that base soaking as a result of wrong building
compartments blocking is about 9%.

RECOMMENDATION

Since the five-storey buildings of typical
standard design have exhausted all their opera-
tional resources it is necessary either to demol-
ish or to reconstruct them in the near future.
But the state has no funds for such buildings
demolition; therefore it is more likely to re-
construct them. When reconstructing such
buildings, different variants of premises re-
planning will be provided, which help to im-
prove living conveniences.

The experience of five-storey residential
buildings exploitation shows that absence of a
complex measures against sedimentation con-
siderably affects the operational reliability
[15-19]. Therefore, during the reconstruction,
it is necessary to provide waterproof measures,
to eliminate the water hitting under the build-
ing. Analysis of deformation causes shows that
in almost 75% of all cases, the soaking source
was sewerage network leaks. So, during the
reconstruction it is necessary to provide the
full replacement of all intra-quarter sewage
networks.

CONCLUSIONS

The classification of the housing recourses
of Zaporozhzhia city considering storey num-
ber and walls materials of buildings was pre-
pared, the data on the operational experience
of five-storey residential buildings were sys-
tematized, the main types of buildings defor-
mations were determined, and the causes of
deformation were established.

The five-storey buildings of the typical
standard design are morally obsolete, have
sizeable physical depreciation. In order to im-
prove the living conveniences of such build-
ings, their reconstruction is necessary [20 —
23].

Measures to improve the operational capa-
bility of five-storey residential buildings are
proposed. These measures must be considered
in the possible reconstruction process.
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AHAJIN3 IKCIUTYATAIMHU KWIBIX MATHITAKHBIX
31aHU, BO3BEEHHBIX HA MPOCAT0YHBIX
rPYHTAX I. 3aM0pPoXKbe

Buxmop [llxooa, Mapus Cémuuna,
Anopeii llIkooa

AHHOTanus. B craThe BBHINOMHEH aHANM3 JKH-
moro doHAa T. 3amopoKbe, MpUBEACHA KIacCu(pH-
Kalysl )KUJIBIX 3/1aHUH IO 3TAKHOCTH U MaTepUary
CTCH, BBLACICHBI BUABI Ae()OpMHUpPOBAHUS, HaHBI
PEKOMEHJIAINH 110 MOBBIIICHUIO HAJEKHOCTH 3KC-
IUTyaTalUy MATU3TAKHBIX KWIBIX 30aHUN IpU HX
BO3MOKHOH PEKOHCTPYKLHUH.

3HAYUTEIBHYIO YacTh KWIOro GoHaa (mpumep-
HO 25%) 1. 3alI0pOXXbe COCTABIISIIOT ISTUITAXKHbIC
JKWIIBIC 3J1aHusA, TaK HAa3bIBAEMBIC «XPYIICBKN»,
BO3BEJICHHBIE 110 TUMOBBIM MpoekTaM B 50 — 60-x
rojgax mpomioro crojerus. Cpok 3KCITyaTaluu
9TUX 3AaHUN NPUOIIKAETCS K KPUTHYECKOMY.
[TnannpoBKa MoMeIIeHU MOpalbHO yCTapena U He
croco6cTByeT KOM(POPTHOMY MPOKUBAHHUIO B HEM
monei. Kpome atoro, 3aaHust 3T0ro Kiacca UMEOT
U CYIICCTBCHHBIN (PU3NYECKHI M3HOC, CBSI3aHHOU
CO CIIOXHOCTBIO JKCIUTyaTallid Ha MPOCAJ0YHBIX
rpyHTtax. I[IpuMepHO y msITOM 4YacTh Bcex 34aHUM
CTapoll TOCTPOWKH HAOIIOAAIOTCS JeOopMalum
M3-3a TPOCAJKH OCHOBAaHUH. DTO BBI3BAHO OTCYT-
CTBHEM HEOO0XOIMMOIo KOMIUIEKCA 3alMTHBIX
MEpONpHATUH, CHOCOOHOro obecneyuBarb Tpe-
6yeMI)Ie IMPOYHOCTHBIC M SKCILTyaTallUOHHBIC Ka-
YecTBa B CIIydae 3aMadrBaHUsI OCHOBAHUS.

KiroueBble cj10Ba: NSTUITAKHBIE JKUJIbIE 3/1a-
HUS, TIPOCaJIOYHbIE TPYHTHI, BBITMO, Tporud, pas-
PBIBBI CTEH, 3aMbIKaHUs JIe(DOPMAIIMOHHBIX IIBOB,
nedopMaliy CABHrA.
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The development of the architectural object
under the influence of social history
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Summary. Throughout the history of mankind
people evolve: while they explore the space around
themselves, they develop tools of work, language,
the environment, gaining experience, developing
skills, form of society, state, concept of beauty,
methods of construction and more. Along with
them architectural and urban objects change in
function and layout, form and style, physical and
spatial parameters, and the like. History of archi-
tecture and urban planning studies the main direc-
tions of urban art in different times, different era
and as a cultural heritage of different peoples.
However, until that time, it is not clear how the
differences in socio-economic conditions and polit-
ical structure in the States affect the formation of
architectural and urban planning object.

The study revealed that these factors are cru-
cial. They affect the structure of society with a hi-
erarchical construction of groups, where the repre-
sentatives of the authorities, and the powers that
protect them, are at the top. A certain structure of
society requires certain methods of placement of
the people in the city plan. Therefore, through the
society as a method it is the implementation impact
of these factors on the architectural object. The
article considers structures of society in Soviet and
world practice and the impact of social structure on
the architectural features of dwellings in Ukraine
in the XX — beginning of XXI centuries.

Key words: man and his needs, economic rela-
tions, political conditions, society, architecture and
urban planning.

niaBoOHI TEXHOMOCrI » 06/2017, 89-99
MpomucnoBa Ta UUBINbHa iHXeHepiaA

Ludmila Bachinska

- professor of the Department of
- fundamentals of architecture and
"'A” architectural design

o PhD, Ass. Prof.

THE INTRODUCTION

In the theoretical and historical literature,
which study the architectural and urban herit-
age of different eras, in determining character-
istics of the formation of architectural trends
there are references to differences in socio-
economic structure of the States that existed at
different times. It also refers to the influence of
various factors such as nature and climate,
technological progress and traditions of the
people and cultural borrowing from neighbor-
ing States. But so far, they are not scientific
papers that would prioritize some factors on
the formation of architectural and urban plan-
ning object, show by way of their influence,
outline the common trends and regularities of
the formation of this object regardless of the
era that is considered. This method will allow
not only to study the historical achievements
of humankind in this field of material and spir-
itual culture, but also to understand the current
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situation and ways of its further development.
Among a number of factors that affect archi-
tecture as major there were selected socio-
economic and political conditions of society in
this study.

THE PURPOSE OF THE RESEARCH

The aim of the study is to detect the mode
of action of such manifestations of social his-
tory as a socio-economic and political condi-
tions that arise in historical social process, the
formation of architectural and urban planning
object: its types, features of functioning, plan-
ning, composition, development, form, style
etc.

THE METHODS OF THE RESEARCH

The methods are used in the study:

- analysis of the characteristics and Genesis
of human life and its needs;

- the causal relationships of human life, its
needs, social and socio-economic and political
conditions of existence for the formation of the
architectural object in different historical
epochs;

- comparative analysis of urban and archi-
tectural heritage, depending on the socio-
economic and political conditions in Ukraine
during the XX — early XXI centuries.

THE RESULTS AND DISCUSSION

Mastering the surrounding world, humans
evolved from ancient times and improved their
own conditions of life. They adapted the envi-
ronment — their homes and villages for their
needs. People were busy with the production
of food and livelihood that is economic activi-
ty. During communication with each other,
they assigned duties in the team and thus de-
termined the role of each in the public process.
Gradually people have perfected the tools,
language, handicraft, mastered the techniques
of agriculture and construction and improve its
organization. In the primitive collective, all
members of the cell were equal and were en-
gaged in the production of food.
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Over time, this organization became a hot-
bed, where there was one leader who took re-
sponsibility for community life, vitality and
the ability to safely and comfortably. Thus the
economic relations between the members of
the primitive group was born, was established
the role of each of its members and was
formed the initial primitive social hierarchy
[1...4].

Over time, the number of needs of people
has increased. Needs become complex, belong
to different spheres of activity (Fig. 1).

Thus, the types of economic activity, types
of economic relations arising in the process of
life of people, system of governance are shap-
ing the structure of society as well-established
organism in which the conditions of existence
determine the social structure of the population
and the specific role of each member of socie-
ty. The development of the human community
to a certain level leads to the formation of a
state with a complex hierarchy of social strata.
M. Stepyko notes that «today, all societies are
complex structural formations defined by a
complicated weave of relations,... ... presented
institutional systems: economy, law, politics,
science and so on.» [5, p.13].

Today, the concept of society is assessed as
extremely important for understanding all so-
cial processes: «the historical events, social,
political, economic and spiritual phenomena,
structures, relationships, change and transfor-
mation» are forms of his manifestation [6,
pp.3-4]. In connection with the processes of
globalization people have become the energy
basis of life of society [6, p. 13]. Social reality
consists of social actions, social relations, so-
cial faces, social groups and social roles (F.
Znaniecki, as cited in [5, p.14]). The totality of
conditions that influence the formation and
functioning of man in society, development of
personality, its abilities, needs, interests, con-
sciousness, forms the social environment [7,
p.856]. Therefore, the life of society in all its
many manifestations, including the economic
system, socio-economic relations, system of
governance in the state and political organiza-
tions, like many other aspects, promotes the
formation of a single organism social —
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Fig. 1. The connection of man with the architectural object and the environment

environment that lives according to certain
laws and refers to social stories [8, pp. 15-16].

This level of social development, which co-
vers all the main components — the economy
(kinds of economic activities), economic rela-
tions, system of governance (and degree of
education of the state) and the structure of so-
ciety — clearly reflects in the diversity of peo-
ple's needs.

The history of the development of the
human personality connected with the history
of development of his needs. Human need
urged him to activities in which a new, more
diverse and complex needs. Moreover, this
contributed to a more diverse range of
activities [9, p.522]. In addition, each person is
the bearer of individual, public, social thought,
citizenship [10] that forms the views of the
community. Thus, the needs and views of peo-
ple within each epoch are implemented in the
material and spiritual culture of humankind, a
huge reservoir of which is urban planning and
architecture [11].

The architecture performs an important role
— provides for the formation of space around it
for its needs [12]. Among the different re-
quirements to the environment since ancient
times, it was needed protection from the
weather and other negative impacts of the en-
vironment, as well as the organization-isolated
environment for ease of performing essential
functions. It provides housing and settlement,
and later during expansion needs, it was a va-
riety of architectural, engineering and town
planning objects — houses, enterprises of ser-
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vice and labor, city, communication system
[13], regional planning [14], the system of set-
tlements, even those that eventually needed to
be updated in accordance with changing social
needs [15], and forward-looking proposals for
the future [16, 17].

A number of different factors influences on
the formation of urban planning and architec-
ture of buildings. Among them, there are im-
portant climatic conditions. They give man
certain conditions of life, food, building mate-
rials, helping to determine the direction of the
buildings and layout of settlements, and also
affect the areas of settlement and population
density. The landscape and the availability of
drinking water are important for the construc-
tion of settlements. The first settlements were
located near water — on the banks of rivers,
lakes, seas, swamps. The presence of moist
soil and rainfall influence the formation of
housing architecture and planning of the set-
tlements.

Also important factors are the historical
events and political relations with neighbours,
scientific and technical progress, religion, ide-
ology, the concept of beauty and aesthetic ide-
al, and much more. But the factors listed above
— economic relations in society, the system of
government and social structure of the popula-
tion, which define the characteristics of a spe-
cific country and its citizens, the specifics of
their needs in General and in the field of archi-
tecture and urban planning, in particular, of
course, are Central in urban planning and ar-
chitecture.

91



ApxiTekTypa Ta OyIZiBHUIITBO

Even watching the development of architec-
ture and urban planning in different ages in
different territories and in different countries,
it can be argued that public life is reflected in
architecture and urban planning, and there-
fore, architecture and urban planning may
serve as an object for studying social history
[18, 19].

This method of justification trends in urban
planning and architecture based on the above
key factors have allowed us to construct a
scheme of the influence of socio-economic and
political conditions in urban planning and ar-
chitecture. These factors to the greatest extent
is a source, the reason for the formation of a
particular society, which primarily requires a
specific planning of the city, formed according
to certain principles, certain types of public
buildings and their architecture.

This diagram shows the General construc-
tion of the social hierarchy of the population of
any country that was historically determined
and created in a natural way. Upstairs it has
representatives of the authorities, and below
are the force that protects and supports of
power — the army, internal forces, judicial au-
thorities, political, ideological organizations
and religious communities. Still the following
are the different segments of the population,
among which, in particular, with high property
status is located above and slightly below
(Fig.2). Usually urban and architectural ob-
jects, primarily built for the social elite (those
who are on top of the social pyramid) — repre-
sentatives of government, the rich, who may
make an order and financial contributions to
the construction of urban ensemble. In Fig.3
these populations are shown in blue. In mod-
ern democratic States, this area was expanded
and includes people with middle income, intel-
ligentsia and officials.

In Soviet times, the social pyramid was
built differently. The government was formed
of representatives of the party elite and the rul-
ing apparatus. Below there are the same Pro-
government forces — the army, internal troops,
courts, political, ideological organization. The
workers were located at the top of the social
pyramid unlike the natural social structure of
the population, because in Soviet Russia a dic-
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tatorship of the proletariat was proclaimed.
The peasantry was placed a little lower, and
servants, and the intelligentsia — is even lower
(Fig.4).

On the example of Soviet history between
the two wars, we can see how ideological
myth about the worker as a hegemonic power
in society are actually realized in life. In Fig.5
orange highlighted part of the top of the social
pyramid in the 1920s and early 1930s, where
there was a place for the workers. The archi-
tects-theoreticians and practitioners have cre-
ated for them the projects of settlements, of
new type of houses-communes, public build-
ings service, for the dissemination of sports
and cultural activities among the population —
clubs, reading rooms, canteens, kindergartens
and nurseries, schools, bath-Laundry complex-
es and the like.

In the late 1930 — 1940-ies, when the power
became stronger in the face of the leader, the
social structure of the Soviet people with the
workers upstairs is also supported. But really
the best buildings were erected for the party
elite, senior officials, intellectuals, which sup-
ported and glorified the power (in Fig. 5 high-
lighted in red).

You can also trace the influence of key fac-
tors — socio-economic and political conditions
for the further stages of development at subse-
quent stages of development of Soviet archi-
tecture in its planning, the types of public
buildings, architectural styles, and the like.

At the end added another graph showing the
influence of the ideology of the customer, who
iS government representative, on urban ensem-
ble (Fig.6). Objects of official architecture will
always reflect the ideological components in
shaping the style of architecture.

On the examples of architecture of residen-
tial buildings of the Soviet and post-Soviet
times in Ukraine, which is depicted in Fig.7, it
is possible to see how changes in the economy
and the system of government in the state was
reflected in the architecture.

1920-e years were marked by the attention
to the workers as the chief member of the new
society. The working life before the October
revolution of 1917 was minimal primitive
when  sufficiently = compressed  living
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conditions. Therefore, after obtaining a high
social status for the workers it was necessary
to determine new conditions of stay on the ba-
sis of equality in the enjoyment of their team
the various types of service. M.Y.Ginzburg
wrote about the tasks of functional art at the
time as «the invention of new types of archi-
tecture, is meant to make the socialist way of
life» (cited in [20, p.34]. And this has led to
the development of houses-communes block
structure, in which each block that was de-
signed for certain desired functions, architec-
ture is of a simple form, which only empha-
sized the function and the structural system.
The structure of communal housing as an in-
novative idea often used for planning of the
district or a separate village, as it provided the
opportunity to organize the zoning and to
solve the sanitary issues in the building.

Time 1930s — early 1950s years, is the peri-
od when gradually centralized form of gov-
ernment in the Soviet Union strengthened on
the basis of the priority of the leadership of the
Communist party before the political and Ex-
ecutive authorities. Global political situation is
getting worse, the economy is focused on the
development of heavy industry, a search for
new ways and experimentation in architecture
and urban planning, the party and state organs
and the professional community define the
new ideological orientations in the art to Re-
naissance architecture on the basis of the clas-
sical heritage, that given its reinterpretation in
accordance with the new conditions of social
development. There was return to the man-
made classical forms in architecture, to the
construction of a block perimeter and the con-
struction of large-scale urban ensembles of
symmetrical construction. Lush architectural
forms, classical details, designed in reinforced
concrete, extensive use of concrete sculpture
that represented working people, was supposed
to symbolize the power of the state, the popu-
lar love to power and harmonious conditions
of life during the Soviet system the country's
leadership and the socialist system of econom-
ic management. The best facilities in the city
center was intended for the party elite and art-
ists, members of creative unions, that praised
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the power, and the workers lived on the pe-
riphery of cities, in modest premises with lim-
ited facilities structure and under the terms of
the settlement in separate rooms.

In the second half of 1950 — 1970-ies there
has been a reorientation of housing in provid-
ing people with apartments for each family
separately with a minimum area, but those that
provided a certain minimum level of comfort.
Over time, the norm of the total area for 1 per-
son, that were accepted and approved from the
top, gradually increased, the comfort level is
improved, the area has grown, room with a
pass-through disappeared, WC allowed to de-
sign only one-bedroom apartments. The archi-
tecture of the housing that was industrial of
methods of construction, your image reflect
equal conditions for all inhabitants regardless
of their social status. The architecture of the
housing that was industrial of methods of con-
struction, in its image reflects equal conditions
for all inhabitants regardless of their social sta-
tus.

In the above three periods in architecture
and urban planning of the Soviet country with
a socialist economic system, each stage was
determined by the state-party regulations that
were issued in the form of state plans and pro-
claimed as binding in any sector of national
economy tasks. But the government has given
housing for free. Independent Ukraine took the
path of market economy with a parliamentary-
presidential form of government. After a long
period of adaptation to new economic condi-
tions and to adapt the construction industry
focus on the needs of the population begins to
generate requests for types of housing at cost.
In the 1990-ies difficult economic situation of
the urban population had an impact on chang-
ing socio-demographic, and low purchasing
power did not allow for the purchase of an
apartment of the majority of workers in vari-
ous industries [21].

2000-e years were marked by the formation
of complexes of luxury housing for the
wealthy segments of the population (see
Fig.7). Complexes in the industrial center of
Ukraine Dnepropetrovsk — (modern name
Dnieper) — were built especially expressive,
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diverse in style and image, of European de-
sign. For the 2010-ies a significant demand for
housing with a minimum area of simple shape,
cheap materials of the facades is typical
(Fig.8).

That is, as always, the architecture clearly
reflects the economic and political situation in
the state through the appropriate structure of
society and its needs.

THE CONCLUSIONS

1. Architecture and urbanism are formed
from ancient times and develop along with the
person to ensure his / her needs. Therefore it is
impossible to consider the Genesis of architec-
tural objects, the creation and use of certain
architectural styles outside the study of the his-
tory of social development.

2. Modern science has found a new direc-
tion under the name of «social history», which
unlike the previous limited opinion determined
that social development affects all life pro-
cesses of society and forms them. Therefore,
to determine the causes and tendencies of de-
velopment of architecture and urban planning
it is necessary to investigate various processes
occurring during development of the society as
such.

3. One of the most important areas in hu-
man activities is economic activities and eco-
nomic relations arising in the process, as well
as the political system in the state. These as-
pects of the socio-economic and political life
form a certain structure of the society.

4. Society changes over time and its needs
are growing quantitatively and become more
diverse and complex, including requirements
in architectural and urban sites.

5. Mapping of the historical architectural
heritage of different ages and socio-economic
conditions and political structure of various
States have allowed tracing the main trends of
forming of architecture and urban planning:

- any structure of society is formed as a so-
cial hierarchy where at the top is the represen-
tation of power and the forces that support it;

- the structure of society, naturally created,
reflects a hierarchy of social classes according
to their wealth, but created artificially, for ex-
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ample in the Soviet Union, raises up the poor
population — workers and peasants;

- urban planning and architecture in the first
place created for those social groups that are at
the top of social pyramid, that is, the natural
structure of society — for the wealthy, for arti-
ficial structure for the poor. It defines the tasks
that need to be implemented in urban planning
and architecture;

- the type of government in the state with
solutions in urban spaces and architectural im-
age of the buildings makes use of specific
methods of development, types of public struc-
tures, types, and composition of the urban en-
semble, its architectural styles, and the like.

REFERENCES

1. Hrushka Emanuel, 1963. The development of
urban planning. Bratislava. Publishing house of
the Slovak Academy of Sciences, 650 (in Rus-
sian).

2. Bunin AV., Savarenskaya T.F., 1979. The
history of urban art. In two volumes. Moscow:
Stroyizdat. Vol.1, 495 (in Russian).

3. Bunin AV., Savarenskaya T.F., 1979. The
history of urban art. In two volumes. Moscow:
Stroyizdat. Vol.2, 412 (in Russian).

4. Stepanov G.P., 1971. The art of architecture.
Leningrad, Znaniye, 33 (in Russian).

5. Stepyko M.T., 1998. The Genesis of ethnicity:
origins, modernity, perspective (philosophical-
methodological analysis). Kyiv, Society
Znaniye, KOO, 251 (in Ukrainian).

6. KizimaV.V., 2007. Society and Existence. Ky-
iv, Publisher PARAPAN, 204 (in Russian).

7. Modern philosophical dictionary, 1998. Edited
Kemerov V.Y. London, Frankfurt am Main,
Paris, Luxembourg, Moscow, Minsk,
PANPRINT, 1064 (in Russian).

8. Bachinska, L.G., 2016. Urban planning as a
reflection of socio-economic and political con-
ditions. Regional policy: historical origins, leg-
islative regulation and practical implementation
[Kiev-Ternopil]. Vol.Il. The materials of the
Second international scientific-practical confer-
ence (Kyiv, 14-15 December 2016), MONU,
KNUCA, Economic thought. In two part, Part
2, 280 (in Ukrainian).

9. Rubinstein S.L., 1999. Fundamentals of Gen-
eral psychology. Saint-Petersburg. Publishing

niaBoOH! TEXHOMOCrIT « 06/2017, 89-99
MpomucnoBa Ta uuBINbHa iHXeHepia



ApxiTekTypa Ta OyZiBHUIITBO

House Piter, 720 (Series Masters of psycholo-
gy) (in Russian).

10.The experience of the human personality: Es-
says in philosophical anthropology, 2000. Lviv,
Svichado, 388 (in Ukrainian).

11.Ludmila Bachinska, 2009. Modern architec-
tural eclecticism: causes and tendencies.
Ukrainian art history: materials, research, re-
views. Collection of scientific works, IIFA of a
name of M.T.Rylsky, Kiev, NASU, Vol.9, 334
(in Ukrainian).

12.Gabrichevsky A.G., 1993. Theory and history
of architecture: Selected works. Edited by
A.A.Puchkov. Kyiv, The editorial Board of the
journal Samvatas, 302 (in Russian).

13.Mikola Osetrin, Oleksandra Bondar, 2016.
The town planning experience in implementing
the principle of roundabouts on the approaches
to bridges. Underwater Technologies, Vol.03,
75-82 (in Ukrainian).

14.1ryna Ustinova, 2015. Theoretical principles of
wave urbanistics. Underwater Technologies,
Vol.01, 33-42.

15.Eugenia Kazakova, 2017. Problems and direc-
tions of reconstruction of historical centers of
small settlements of the Volyn region (on the
example of Klevan, Rivne region). Underwater
Technologies, Vol.05, 84-91 (in Ukrainian).

16.Merlin Pierre, 1975. New towns: regional
planning and urban planning. Translated from
the French. Moscow, Publishing House Pro-
gress, 255 (in Russian).

17.Ludmila Ruban, 2016. Underwater urban stud-
ies: modern issues and trends. Underwater
Technologies, Vol.03, 54-65 (in Ukrainian).

18.Bachinska L.G., 2004. The architecture of the
housing: The problems of theory and practice of
structure formation. Kyiv, Gramota, 408 (in
Ukrainian-Russian).

19.Bachinska L.G., 2016. The architecture of the
housing of Ukraine of the middle of XX — be-
ginning of XXI centuries: historical and analyt-
ical essay: a tutorial. Kyiv, KNUCA, 292. (in
Ukrainian).

20.1konnikov A.V., 2006. Space and form in ar-
chitecture and wurban planning. Moscow,
KomKniga, 352 (in Russian).

21.Bachinska L.G., Stogniy A.V., 2009. On the
impact of socio-demographic structure and pur-
chasing power of the urban population of
Ukraine on the types and planning of modern
housing. Modern problems of architecture and
urban planning. Collection of scientific works,
Vol.21, 310-328 (in Ukrainian).

MABOAOHI TEXHOMNOTrI e 06/2017, 89-99
MpomucnoBa Ta uuBinNbHa iHXeHepin

Pa3BuTne apXuTeKTYpPHOI0 00beKTa
1o/ BJAMSTHUEM COLMATbHONH UCTOPUH

JIroomuna bauunckas

AHHoTauus. B TedeHue UCTOpUU pa3BUTHS ye-
JIOBEK Kak TaKOBOM HBOJIOIIMOHUPYET, OCBaUBas
MIPOCTPAHCTBO BOKPYT CeOs, COBEPIICHCTBYET OPY-
ISl TPy/Aa, pedb, OKPYXKAroIIylo cpexy, mpruodpe-
TaeT OIBIT, Pa3BUBAET HABBIKM U YMEHUS, (OPMHU-
pyeT 00IIecTBO, TOCYAapPCTBO, MOHATHS O KPacoTe,
MIPHEMBI CTPOUTENHCTBA U MHOTOE JIpyroe. Bmecre
C HUM apXHUTEKTYpPHBIE U TPaOCTPOUTENBHbIE 00b-
€KThl U3MEHSIOTCS 10 (PYHKIUHU U TUIAHUPOBKE, 110
(dbopmMe u cTUIIO, PU3UYECKUM U MPOCTPAHCTBEH-
HBIM TapameTpam | T.I. Mctopus apXuTeKTypsl U
rPaloCTPOUTENHCTBA M3ydaeT TJIaBHBIC HalpaBlie-
HUS TPaJOCTPOUTEIBHOIO HCKYCCTBA B Ppa3HBIC
BpEMEHa, pa3Hble AMOXHU U KaK KyJIbTypHOE Hacje-
JMe pas3HbIX HapoaoB. Ho 1o cux mop He BEIsICHE-
HO, KaK OTJIMYMA B COLMAIHHO-d)KOHOMHYECKUX
YCIIOBUSIX W TOJIUTHYECKOM YCTPOHCTBE B TOCY-
JApCTBax BIUAIOT HA HANpaBJICHUS (YOPMUPOBAHUS
APXUTCKTYPHO-TPAIOCTPOUTEIIBHOIO OOBEKTA.

B namHOM wuCCNenoBaHWM YCTaHOBIICHO, YTO
MMEHHO 3TH (DaKTOPHI SBIAIOTCS OTPEACIISIOIIIMH.
OHU BIMSIIOT Ha CO3JaHHE CTPYKTYPHI COLIUyMa C
HEPApXUICCKUM TOCTPOCHUEM CIIOCB HACEJICHHUS,
I/Ie TPEICTABUTENN BJIACTH M CHJIBI, KOTOPHIE X
3aIUIIAI0T, HAXOMITCs BBepxXy. OmpeneneHHas
CTPpYKTypa comnuymMa TpeOyeT OIpeaeiIeHHbIX
IIPHEMOB paccejieHus B IUiaHe ropona. Takum o0-
paszoMm, 4epe3 coyuym Kak Ccnocob npoucxooum
peanuzayus enusHUs yKa3aHHBIX (aKTOPOB Ha ap-
XUTEKTYPHO-TPAIOCTPOUTENIbHBIN  00bekT. Pac-
CMOTpPEHBI CTPYKTYpPhl COIMyMa B MHPOBOW M CO-
BETCKOH MpaKTUKE M B Ka4ecTBE MpHUMepa — BIIHsI-
HUE COIMAILHON CTPYKTYpHl HAacEJeHHs Ha OCO-
OCHHOCTH apXUTEKTYPHI KHUIIbsI B YKpanHe B TeUe-
Hue XX — Havasie XXI croneruid.

KiroueBble €JI0Ba: 4EIOBEK U €ro MOTPEeOHO-
CTH, DKOHOMHYECKHE OTHOIICHHMS, TMOTUTHICCKUE
YCIIOBHS, COLIUYM, apXHUTEKTypa H TPaJOCTPOH-
TETLCTBO.
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KopabnebyayBaHHs iMeHi akagemika Makaposa)

www.nure.ua (XapKiBCbkui HaLioHanbHWI yHiBEpcUTeT
pagioeneKkTpoHiku)

www.nungd.edu.ua (IBaHO-®PpaHKiBCbKMIN HaLliOHanbHUIA
TEXHIYHWUI YHIBEpCUTET HadTu i rasy)

www.nubip.edu.ua (HauioHanbHUi yHiBEpcUTET

(KHYBA)

www.hydromech.org.ua/ru (IHCTUTYT rigpomexaHiku
HAH YkpaiHn)

WWW.igs-nas.org.ua (IHCTUTYT reonoriyHnx Hayk
HAH YkpaiHu)

www.geotm.dp.ua/index.php/ru (IHCTUTYT reoTeXHIYHOT
mexaHikv imeHi H.C.MonskoeBa HAH YkpaiHu)

www.itgip.org (IHCTUTYT TenekomyHikauin i rnoéansHoro
iHpopmauiviHoro npoctopy HAH YkpaiHu)

www.paton.kiev.ua (IHCTUTYT enekTpo3BapoBaHHs iMeHi
€.0.MaTtoHa HAH Ykpainn)

www.naas.gov.ua (HauioHanbHa akagemis arpapHux
HayK YkpaiHu)

www.panukraina.pl (Monbcbka Akagemia Hayk,
MpeacraBHuuTBO B KMEBi)

www.tu-freiberg (Technische Universitat Bergakademie
Freiberg)

www.up.lublin.pl (Universytet Przyrodniczy
w Lublinie)

www.pollub.pl (Universytet Politechnika Lubelska)

www.underwater.pg.gda.pl (Gdansk University
of Technology)

www.geol.univ.kiev.ua/ua (KniBCbKMIN HaLioHanbHUiA
yHiBepcuTeT iMeHi Tapaca LeB4yeHka)

www.dnu.dp.ua/ru (JHINPOBCbKMI HaLiOHaNbHUIA
yHiBepcuTeT iMmeHi Onecs NoHyapa)

www.kdu.edu.ua/ru/MAIN.php (KpeMeH4yLbkMi HauioHa-
NbHWI yHiIBepcuTeT imeHi Muxarina OcTporpagcbKkoro)

www.kpi.ua/ru (HTYY «KWiBCbKMI NONITEXHIYHUIA IHCTUTYT
iMeHi Iropsi Cikopcbkoro»)

www.lp.edu.ua (HauioHanbHui yHiBepcuTeT «JIbBiBCbKa
noniTexHikay)

www.kpi.kharkov.ua (HTY «XapkiBCbKuit NOMNITEXHIYHUI
IHCTUTYT»)

www.opu.ua (Ogecbknin HaLioHaNbHUI NOMNITEXHIYHNIA
yHiBEpCUTET)

www.pntu.edu.ua/ru (MonTaBcbkUi HaUioHanbHWUI
TeXxHiYHu yHiBepcuTeT imeHi FOpis KoHgpaTioka)

www.kntu.kr.ua (LleHTpanbHOyKpaiHCbKuiA HaLiOHaNbHWN
TEeXHIYHUI YHiBepCcuTeT)

www.nmu.org.ua (OBH3 HauioHaneHWi ripHnymin
YHiBEpPCUTET)

GiopecypciB i NPMPOOOKOPUCTYBAHHS)

www.nuwm.edu.ua/ru (HauioHanbHWi yHiBepcuTeT
BOAHOrO rocrnoAapcTsa Ta NpMpOLOKOPUCTYBAHHS)

www.onmu.odessa.ua (Ogecbkuii HauioHanbHUA
MOPCbKWI YHIBEPCUTET)

www.kstuca.kharkov.ua (XapkiBcbkuii HaLiOHaNbHWN
yHiBepcuTeT ByaiBHMLUTBA | apXiTekTypm)

www.nltu.edu.ua (HauioHanbHWI NiCOTEXHIYHUIA
yHiBepcuTeT YkpaiHu)

www.ntu.edu.ua (HauioHanbHWI TpaHCNOPTHUIA
yHiBepcuTeT)

www.khadi.kharkov.ua (XapkiBcbkuid HaLioHanbHWIA
aBTOMOGINbHO-A0POXHIV YHIBEPCUTET)

www.nuft.edu.ua (HauioHanbHWI yHiBEpCUTET Xap4oBUX
TEeXHOMOTrin)

www.ru.knutd.com.ua (KniBCbkuin HauioHansHUA
YHiBEPCUTET TEXHOMOTIN | AN3anHy

www.pgasa.dp.ua (MpuaHinpoBcbka AepXXaBHa akagemisi
OyaniBHMLTBA Ta apxiTekTypu)

www.kma.ks.ua (XepcoHcbka aepXaBHa Mopcbka
akagemis)

www.zgia.zp.ua (3anopisbka aepxaBHa iHxXeHepHa
akagemis)

www.lutsk-ntu.com.ua (JlyLbKvin HauioHanbHUIM TEXHIYHNI
yHiBepcuTeET)

www.vmurol.com.ua (Bigkputnin MibxHapogHUn yHiBepcuteT
PO3BUTKY MOAUHM «YKpaiHay)

www.akadembud.org (Akagewmist OyaiBHuUTBa YKpaiHn)

www.uan.ua (YKpaiHCbka akageMisi Hayk)

www.ndibv.kiev.ua (HOI 6ygiBenbHOro BMpoGHMLITBA)

www.niisk.com (OHOI 6yaiBenbHUX KOHCTPYKLiN)

www.ndibmv.kiev.ua (YHO! 6ygiBensHux matepianis
Ta BMpobiB)
www.undergeo.com.ua (HAI Nig3emcneubyn)

www.oceanmas.dp.ua (OO0 OkeaHmalLeHepro)

www.baltrobotics.com (BaltRobotics Sp.z.0.0., Gdansk,
Poland)
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MDKHAPOIHWV HAYKOBO-BMPOBHUYM JKYPHAJI

lpasuna nybnikauii

B >xypHani ny6nikytoTbCst opuriHanbHi matepianu obcarom 8 — 12 CTOPIHOK, BKMOYHO 3 TabnuusiMu, pUcyHKammu Ta

CNUCKOM niTepaTypu (NepeBaXHO iHAUBIAyarbHi, aHrMINCbKOK MOBOLO, CKrag aBTopiB He binblie Tpbox). CtaTtTi nigns-
raloTb NOABINHOMY peLieH3yBaHHI0, Y TOMY YuChi 3anyvyeHnMn pefakuicto HesanexHumun daxisuamu. Jonvcysadi nepe-
AaloTb BUAABLEBI aBTOPCbKE NPaBo Ha TEKCTW Ta MMCbMOBI 4O3BOMNMU AN BIATBOPEHHSA PUCYHKIB | Tabnuupb 3 Heonybniko-
BaHWX paHiwe abo 3axuLeHnx aBTOPCbKMM NpaBom matepianis (Www.uwtech.at.ua, www.library.knuba.edu.ua).

1)

Ho 3aseku Ha ny6nikauito (¢popma 1) popatotb (uwtech@ukr.net) B eneKTpoHHOMY BUMMA4;:
lepeknad cTaTTi aHrMINCbKOK MOBOK — 3aBipeHun odiuinHo (nignuc, nevaTka)

2) [osidky npo aBTopa(iB) (cTaTyc: npisBuLLe, iM's, NO-6aTbKOBI; HAayKOBWIA CTYNiHb, BYEHE 3BaHHS, Micue poboTtu, agpe-

ca, nocafa; KOHTaKTHi BigomocTi: ineHTudikatop ORCID, doTto aBTopa(iB) B .jpg, MOBINbHMI TenedoH, eNeKTPOHHY
agpecy) - popma 2

3) PeueHnsito (iM'st Ta Npi3BuLLE peLeH3eHTa 3a3HauynT MOBOI CTaTTi) — ghopma 3

4) PekomeHOauito 0o ApPYKy (BATAr 3 MPOTOKONY YCTAHOBU, e NPaLoTh aBTOpK)

5) Yeody (npo BinbHe BUKOPUCTaHHA aBTOPCHLKOro npaea) — ghopma 4

Bumoau do cmammi
BaeanbHi npasuna:

e napameTpu apkywwa: popmat A4, BEpXHE Ta HWXKHE nons 2,5 cMm, niBe Ta npase 2 cm; wpudT Times New Roman; ko-
noHTtutynu 1,3 cm, absauHuin Biactyn 0,5 cm; po3mip ocHOBHOro TekcTy 12, aHoTauin i nitepatypu 11, MiXpsakoBui
iHTepsan 1

e cTaTtTio (.dOoCcX) hopMaTytoThb Y ABi KOMOHKM MO 8 CM 3 MPOMIDKKOM 1 CM; BCTAHOBMIOIOTL aBTOMATUYHE NEpPEeHEeCeHHs
cnis

e HasBu Tabnuub Ta nignucu nig pucyHkamu (po3mip 11) poamiwlyoTe niBopyy rpadivHoro o6’ekTy; B KUPUIUYHNX TEKC-
Tax — AybniooTb aHrMincbKo (PSAOKOM HUXKYE)

e B CMUCKy niTepatypy — He MeHwe 20 nocunaHb (y ToMy yucni Ha XypHan [1ideodHi mexHonoeil); nicns npissuLy 3a-
3HavyalTb piK BUAAHHS

e B TpPaHCNiTEpOBaHilN niTepaTypi y AyXKax BKa3yloTb MOBY OpuriHany axepena, siKWo BOHO Ha aHrMOMOBHe, Hanpu-
knag (in Ukrainian), (in Russian), (in Poland) i T.4.

e B CTATTsIX, HANMCAHMX KNPUMMLEIO, B KiHLi OAK0Th aHOTALiH0 aHrMiNCbKO; B aHIMIOMOBHUX CTaTTAX — POCINCHKOO

CmpyKkmypy8aHHS:

e BuxigHi AaHi (wpndT Arial): HasBa pykonucy (H/AK, .14), iM’a Ta npissuwe asTopa (kypcus, d.12), micue poboTw,
nowToBa agpeca, e-mail, ineHtTndikatop ORCID (b.10); AKLwo aBTOpPIB AeKinbka — 3a3HavaloTb LMMPOBUMN 3HOCKA-
MU; 3anuUWaTb NO 5 NyCTUX pAOKIB MK BEPXHIM NONeM apKyLua, BUXiAHUMW aHVMKW | OCHOBHUM TEKCTOM CTaTTi

e CTPYKTYPHI Nigpo3Aainu crarTi:

- AHOTALIA (150 — 200 cni.)

- KNKO4YOBI CIIOBA (5 — 8 cniB)

- BCTYN

- META | METOON

- PE3YJIbTATU TA NMOACHEHHA
- BUCHOBKWM TA PEKOMEHOALIIT
- NITEPATYPA

e HasBa cTaTTi — iHbOpMaTUBHa Ta KOPOTKA; CTPYKTypa aHoTaujii — aHanoriyHa CTPYKTypi cTaTTi, 6€3 BUKOPUCTaHHS
cKopo4eHb Ta abpeBiaTyp, yCi NOSCHEHHS A4aloTb B TEKCTI; NOCUNAHHA — He Ginblie 5 axxepen B 04HOMY MicL

e Tabnuui Ta PUCYHKM PO3MILLYIOTb MICNA NEPLLOro 3ragyBaHHSA NPO HUX, BENWKI (Ha NOBHY LUMPWHY apKylla) — 3Bepxy
abo 3HM3Y CTOPIHKM (HE PO3pUBAOYM OOHOYACHO OOMABI KONOHKUN TEKCTY)

e inmocTpauii — y hopmarax .jpg, .tif 3 posginbHoto 3gaTHicTio He meHwe 300 dpi

OghopmneHHst:

e NUWYTb MPAMO — UMdPK, rpeubki OykBW, KMPUNWLO, TPUrOHOMETPUYHI yHKUii (tan, sin Ta iH.), ycTaneHi Bmpasu
(max, const Ta iH.), XiMiYHi eNeMeHTUN; KypCUBOM — aHIMiCbKi CMMBOMNKM hopmMyn, pUMCbKi LMdpy, HOMepW ekcnnikauii

e MiX popMynamu, pucyHkamm, Tabnmusamu i TEKCTOM 3anuiiatoTb o 1 nycTomy psaky

e opmynu (po3mipoM 12-9-7-16-12) HabupatoTe B Eq.3 abo MathType 6.0 i LeHTpyIOTb; HyMepalLlis — NpaBopy4y Kono-
HKW; Tabnuui i pUCYHKM — He NepeBuLLYOTL 06nacTb ApyKy apkylia

e CcKoOpo4eHi crioBa «Tabn.» (Table), «Puc.» (Fig.) nuwyTb 3 Benukoi 6ykBu (B TEKCTi — CBiTMNO, B Ha3Bi — H/X); TEKCT Ha
Nosii PUCYHKIB 3BOAATb 4O MIHIMYMY, MOSCHEHHSA al0Th B nignucax nig pyucyHkamm

e CMWCOK niTepaTypy ayonioTb aHrMincLko abo 3a gonomoroto http://translit.net, Bkasyoun y gyxkkax MOBY opuriHany
(kpiM aHMmMINCBKOI, HiMeLbKOT, (PaHLy3bKOT)

e B SKOCTi pO34inoBUX 3HAKIB BMKOPUCTOBYIOTb TifbKW Kpanky i komy (ctaHgapT APA); KinbKiCTb CTOPIHOK (Zdiana3oH)
BKa3yloTb 6€3 ix Nno3HaYeHHs

e MpuknNagn oopMreHHs cTaTen i apxiB XXypHanis — Ha cantax www.uwtech.at.ua, www.library.knuba.edu.ua).
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®opma 1
Basieka Ha nybnikauito
JokymeHTn 3aMOBMEHHS
I gl@lE| - Hassa cTaTTi
Ne ; ; Clalgel@l (obcsr, cTop.) ; .
I, Mpissuue 3|8 gg 2| onnara Mianuc,
aBTopa(is) o|le|E| 5T "
nop. cl 22 PeueHseHm A
£|z| 8| Q| g|(ims, npiseuwe - mosoto cTaTTi) | S (TpH.) Jata
o
z|& 8|8
1
2
3
Peu.:
®opma 2
[Llosidka npo asmopie
CrtaTtyc KoHTakTHi BigoMoCTi
Ne M..b Micue poboTun
HayKOBI/.|I7.I C.'I,'yI'IiHb :qppt)aca ’ ORCID, MoG. Ten.,
nop. ’ ’ 070 (.j e-mail
P BYEHE 3BaHHS nocaga ® (1p9)
1
2
3
®opma 3

PeueHsis
PeueHsis noBMHHaA MiCTUTW:
1) Hazsy cmammi, lpiseuwja asmopie
2) OuiHky npaui (OpuriHanbHicTb; BignosigHicTe Ha3Bw 11 TekcTy ctatTi; Metoau i MeTta npaui; TepmiHonoria; CTunb Bu-
KnageHHs; NpamaTuka)
3) 3a3HayeHHa Slkocmi cmammi (no cyTi Ta il nepeknagy aHrmincbkoi abo iHLWOoK MOBOIO)
3) 3aysaxeHHs n Kopekmuesu (abo BkaszaTu Ha HEOOXiAHICTb Nepeaadi CTaTTi iHWOMY pPeLEeH3EHTY)
4) PekomeHdaujto (0o onybnikyBaHHS, NOAANbLUOrO ONpaLoBaHHSA, MOBTOPHOIrO peLeH3yBaHHs, BiAMOBUTK y nybnikauii)
5) damy, lidnuc, Ne4yamky
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®opma 4

YIrOOA Ne

npo BiNnlbHe BUKOPUCTaHHSA aBTOPCLKOro npaBa
oo nepioguyHoro BuaaHHs [1ideodHi mexHomnoaii

M. Knis «__» 201 p.

Pepakuieto MikHapo4HOro HayKoBO-BMPOOHWYOro xypHany [1i08o0Hi mexHosioaii, 3aCHOBHUKOM SIKOro € KuiBcbkuii
HaLioHanbHUI yHiBepcuTeT ByaiBHULTBA i apxiTekTypu 3 topuaunydHoto agpecoto: KHYBA, MNoBiTpodnoTChKMin NpOCneKT,
31, Kui, Ykpaina, 03037, B ocobi ronoBHoro pegakropa A.7.H., npodecopa M.K Cykaua, 3 ogHiei ctopoHu (gani — Pega-
KUist), Ta BNacHWK(M) ManHOBUX aBTOPCbKUX NpaB B 0cobi

(N.1.b.) (HaykoBMWI CTYMiHb, 3BaHHS) (ORCID)

(N.1.b.) (HaykoBMI CTYMiHb, 3BaHHS) (ORCID)
(N.1.b.) (HaykoBMI CTYMiHb, 3BaHHS) (ORCID)

3 iHWOi cTopoHu (gani — ABTop(1)), siki pa3oM imeHytoTbca CTOpoHU, kepytodnch LinBinbHMM kogekcoM, 3akoHoM YkpaiHu
«Mpo aBTOpCbKE MPaBO i CYMiXHI NpaBay, iHWWMW 3aKOHOL4ABYMMU i HOPMATMBHO-NPaBOBMMMK akTamu YKpaiHu, yknanm
uto Yrogy npo HacTyrnHe.

§1

1.1. ABTOp(K) 3asiBNSIOTb, LLO BOHU € AiNCHMMUN aBTopaMu HaykoBoro TBopy/CTaTTi nig Ha3Bot

(moBoto opwuriHany)

SAKUA € pe3ynbTaToM iXHbOI CMifbHOI TBOPYOI Npaui, i WO BOHW MatloTb BiHOCHO 3a3HA4e€HOro TBOPY BUKIIOYHE aBTOPChb-
Ke npageo.

1.2. ABTOp(1) 3aaBnsOTb, Wo TBip/CTaTtTa He Nopyllye aBTOPCbKi NpaBa Oyab-AKOi TPETbOI CTOPOHWU, HE MICTUTL
Oyab-sIKMX 3an03nYeHb Ta HEMAE HiKUX IHWNX 06CTaBMH, ki MOXYTb HapaxaTn Pepakuito o Oyab-sikoi BianoBiganbHoO-
CTi Nepe TPETLOK CTOPOHOIO B pe3ynbTaTi BUkopucTaHHs abo nybnikauii Teopy/CTartTi.

1.3. ABTOp(U) 3asBNSAIOTb, WO Y HUX € NPABO PO3NopsaKaTUCA MaTepianamu, ski Mictatbes y TBopi/CtaTTi, 30Kkpema
TekcTamu, coTorpadigmu, kaptTamu, NnaHaMu Ta iH., i WO BUKOPUCTaHHA UMX maTtepianiB y TBopi/CtaTTi He nopylye
npasa TPETbOI CTOPOHN.

1.4. ABTOp(M) 3a9BNAIOTH, LLIO BOHM 3HANOMi 3 BUMOramMum oOpMIIeHHs cTaTen, TekcT TBopy/CTaTTi MigrotoBneHo 3ri-
[OHO 3 pefakuiinHMMK BUMOramMu CTOCOBHO ny6Grnikauii y nepioguiHomy BuaaHHi 1id8o0Hi mexHornoaii.

1.5. ABTOp(K) 3asiBNAIOTH, WO TBip/CTaTTss He Gyno onybnikoBaHoO paHile B Uinomy abo YactuHamu (4u nig Tiew X
abo iHWOo Ha3BoMw), i WO BiH He OyB nepegaHun ona nybnikauii 6yab-AKOMY iHWWOMY MEpPIOAMYHOMY BUAAHHIO 3rigHO
3akoHy YkpaiHu «[po aBTOpCbKe NpaBo i CyMikHI npaBay.
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§2

2.1. ABTop(n) HapatTe Pepakuii BinbHO i 6e3 6yab-Aakux 0OMexxeHb Ha TEPUTOPIID, Yac i KiNbKICTb KOMii NMOBHE aBTOP-
Cbke npaBo Ha Teip/CTaTTio 3 METO MOro onybrnikyBaHHs y nepioguyHoMy BuaaHHi [1i0800Hi mexHorozii B ApyKoBaHOMY
Ta eNeKTPOHHOMY BUrNSAAI 3 HACTYNHUMW YMOBaMn BUKOPUCTAHHSA:

a) 36epexeHHs Ha Oyab-AKMX Hocisx/Megia;

0) po3amHOxeHHs1 TBopy/CTtaTTi, horo YyactmH abo dparmeHTiB Oyab-AKMMM BiAOMUMK METOAaMM, KonitoBaHHs TBo-
py/CtatTi abo noro 4acTuH Ta doparMeHTiB Oy[b-SKOI TEXHIKOK, 30KpeEMa ApPYKyBaHHAM, pidorpadieto, MarHiTHUM 3anu-
COM Ta oundpyBaHHAM;

B) 30epeXXeHHs Ha KOMIM'ITepi Ta PO3MILLEHHS Yy MPUBATHUX i TPOMaACLKUX KOMM'IOTEPHUX Mepexax (y ToMmy 4ucri
I[HTEpHET) | MOLUMPEHHS Yepe3 Mepexi;

r) pO3noBCIOMKEHHNA opuriHany i/abo koni TBopy/CTaTTi, OKPEMUX NOro YacTuH abo dparmMeHTiB, PO3NOBCIOAXEHHS
Ta nepefava B KOPUCTYBaHHA opuriHany abo Moro NpuMipHUKIB.

2.2. ABTOp(1) NOroaXxyoTbCa Ha Te, WO PefaKToOpCbKe OnpaLoBaHHS i TUpaXyBaHHSA NepioAMYHOro BMOAHHSA 34iNc-
HIOETBCS 33 KOLITU A0OPOBINbHMX BHECKIB ABTOPIB My6Grikauin.

§3

3.1. ABTop(n) Ta Pepakuis 3rogHi Ha Te, Wwo Pegakuis Takoxx maTme npaso:

a) 3piricHioBaTK HeobXxigHe odopmneHHst TBopy/CTaTTi 3a pe3aynbTaTaMmy NOro pefakLiiHoi 06po6ku;

6) BM3Ha4YaTU CaMOCTINHO KifNbKiCTb BuAaHb, APYK AOAATKOBMX KOMin i Tpax TBopy/CTaTTi, KinbKiCTb KON OKpeMUX
BMAaHb | 4OAATKOBMX TUPAXIB;

B) ony6nikyBaHHs TBopy/CTaTTi B iHLUMX BUAAHHSX, MOB’A3aHMX 3 AianbHicTio Peaakuii, Hix BkasaHux y n. 2.1.

§4

4.1. AsTop(n) Ta Pepgakuisa cninbHO 3acBigyyloTb, LU0 BiflbHE BUKOPWUCTaAHHA aBTOPCbKMX NpaB B Mexax Uiei yrogn €
6Ee3KOLUTOBHUM.

4.2. Byab-AKi 3miHM 4o ui€i Yrogn MatoTb OyTu cknageHi y nncbmoBin hopmi.

4.3. MNuTaHHA, He BperynboBaHi MONMOXEHHsAM Uiei Yroam, nignaratoTe npasunam LiveinbHoro kogekcy Ta 3akoHy
YkpaiHu «po aBTOpCbKE NpaBo i CyMiKHI NpaBay.

4.4. byab-aKi cynepeyku, SKi MOXYTb BUHUKHYTU Mg Yac BUKOHaAHHS Ta NpPOTAroM TepMiHy il uiei Yroam supillysaTu-
MYTbCH B MeXax TepuTopianbHOi opMCaAKKLiT 3a MicueM 3HaxoaxeHHsA Peaakuii.

Yroay cknageHo y 2 (ABox) iGEHTUYHMX NPUMIPHUKAX, MO ogHOMY 3i CTOpIH.

ABTOPMU: PEOAKLIA:

1. Mi>XXHapO4HOro HayKOBO-BUPOOHNYOro

(mignuc) (N.1.b.) XypHany [1ideo0Hi mexHormnoaii.
MosiTpodnoTtcebkm npocn, 31,

2. Kwie, Ykpaina, 03037,
(nignuc) (N.I.B.) uwtech@ukr.net, +38 095 6297417

3. M.K. Cykau
(nignwuc) (MN.1.B.)
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