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MpusitanHHa

3 Harogm pivyHuLi
Mi>KHapOAHOro HayKOBO-BMPOOHMYOro XypHany

NIABOAHI TEXHONOTrII

NMPOMUCITIOBA TA LUMBIIbHA IHXEHEPIA

[oTytounce 0o npoBedeHHA [pyrol MiKHapo4HOI HayKoBO-NPaKTUYHOI KOHJdbepeHLUiT
«MigBoaHi TexHonorii, 2016», pegakuinHa Koneriss o4HOMMEHHOrO XypHarny npuimana ae-
TOPCbKi HaykoBi poboTu, WO BiAMNOBI4ATb BUMOraM MiXKHapOAHOro oaxoBOro HaykoMeT-
PUYHOrO BUAAHHSA. 3BaXkaluu Ha iHTepec JonucyBadiB 4O TeMaTuKKU, NOB’si3aHOl i3 BNn-
BOM BO[M Ha LOBKINNA Ta iHHOBaUiMHI TEXHOSOriT, 1 NONPU rapaHTOBaHWW BUXI4 XypHany
ABidi Ha piK, 3@ ocTaHHi 9 MicAuiB 3i6paHO BXe YOTMPU BUMYCKU. |13 MPUEMHICTIO KOHCTaTYy-
€MO, LLIO 3asiBK/ NPOAOBXYIOTb HAOXOAUTH.

3000yBayi HayKOBUX CTYMEHIB BUSBMATb 3alikaBreHicTb 4O nybnikauin B MiXHapoa-
HUX BUOAHHAX, Y TOMY YUCIIi aHIMINCbKOK MOBO, HamMarato4mMcb JOHECTU pe3yrbTaT CBO-
IX gocnigpkeHb OO SsKOMOra LMpLIoro Kona vuitadie. MMigTpymyoumM BUCOKUA piBEHb aBTOpP-
CbKMX MaTepianiB Ta SAKICTb pefakuiHoi obpobkn craTten, Hapasi nogaHo 3anuTn Ao
AeB’ATN HayKoMeTpuyHux 6as.

3a JocuUTb KOPOTKUKM Yac Big OHSA 3aCHYBaHHA MiXKHApPOAHOro HayKOBO-BMPOOHWYOro

XypHany «lligBogHi TexHonorii. [lpoMmncrnoBa Ta umBinbHa iHXeHepia» HaMm BAArnocs:

> 3ibpaTu NOTYXHY pefakuiHy Konerito 3 NpoBigHMX OOKTOPIB i NpodecopiB BiANOBIgHMX
ranysem 3HaHb

» opraHidyBaTtu poboTy MixXHapogHOI paan daxiBuiB i3 npeacTaBHUKIB 12 KpaiH CBITY

» CTBOPUTW rinepakTUBHUMA CanT BUOAHHA 3 HENEPEPBHUM HaANOBHEHHAM Ta MOro nigTpu-
MYBaHHSAM

» otpumaTtn CeigoutBo MiHicTepcTBa tocTuuil YKpaiHM Npo AepxaBHy peecTpauito
KB Ne 21541-11441P Big 21.08.2015;

» B ntotoMy 2016 p. 3apeecTpyBatu XxypHan B HauioHanbHin 6ibnioteui imeHi Bonognmu-
pa BepHagcbkoro

» nopatn 3asaBky o MikHapoaHo! KHWKKOBOI nanatu B Napwxki n otpumatn 25.03.2016
peecTtpauinHi Homepu ISSN 2415-8550 (Print) Ta ISSN 2415-8569 (Online)

» 3apyuntucb nigTpumkoro Polska Akademia Nauk (Przedstawicielstwo w Kijowie), Hauio-
HanbHOI akageMii Hayk YkpaiHu (lHcTUTyT mexaHiku imeHri C.IM. TumoweHko, IHCTuTyT
reonioriYyHmMx Hayk, IHCTUTYT rigpoMexaHiku, [HCTUTYT reoTexHi4yHoi mexaHiku imeHi M.C.
MonsikoBa, IHCTUTYT TenekomyHikauin i rmobanbHOro iHgopmauinHoro npocTopy) Ta
BMLUMX HaBYanbHuX 3aknagis Ykpainm (KHY imeni Tapaca LesyeHka (Kuis), HI'Y (OHin-
poneTpoBcbk), HYK imeHi agmipana Makaposa (Mukonais), XHYPE (Xapkis), HYBITI
(PinHe), HITY (J1bsiB), I®PTYHI (IBaHO-®paHkiscbk), OHMY (Ogeca); OOABA (Ogeca))

> B aeHb BigkputTa || MHIK «[MigBogHi TexHonorii, 2016» (19.04.2016) oTpumaTn pilieH-
HSA eKcrnepTHOI paau Npo BHeCeHHs XypHany o lepeniky HaykoBux dhaxoBuX BUAAHb
Ykpainn (Hakaz MOH Ykpainn Ne 515 Big 16.05.2016 p.),

3 YnM, LUAHOBHI YnTadi N aBTOpU, BITAEMO Bac
Ta 3anpoLlyeMO Y CBIT Haykun 1 nybnikauin!
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Opyra mixkHapogHa HayKOBO-NMpakKTu4yHa KoHdepeHuis
«MipBopHi TexHonorii, 2016»

Muxadno Cykay

KuiBCbKMI HauioHanbHUIM yHiBepcuTeT ByaiBHMUTBA | apXiTekTypu
MosiTpodhnoTcekmin npocn, 31, Knis, Ykpaina, 03037
msukach@ua.fm, orcid.org/0000-0003-0485-4073

AHoTtaunisi. Y Benukid 3am  Buenoi pamu
KHYBA BinOynacs [pyra mixHapomHa HayKOBO-
mpakTHdHa KoH(epeHis «[limBomHI TeXHOMOTII,
2016», mpucesiuena 100-piudro Big JHS Hapo-
JUKEHHS1 wieHa-kopecnonaeHta AH  Ykpainu
10.0. Betpoga. B ii po0ori B3stn yuacts (axisiii 3
JBAHA/LATH KpaiH cBiTy. [IpoBeIcHO KOHKYpCH Ha
kpamty «lIpeseHrarito», «|HHOBAIIHHUN TPOCKTY,
«Ilybnikamiro». Matepianu mepeMoXIlB Ta ydac-
HUKIB KOH(EpeHIii PeKOMEHI0BaHO JI0 BHCBIT-
JIEHHS B MDKHapoOJHOMY HayKOBO-BUPOOHHYOMY
xypHaii «[liTBOTHI TEXHOIIOTIi».

KuarouoBi cioBa: HayKoBO-TIpakTH4YHA KOH(e-
PEeHIIisl, TABOAHI TEXHOJIOTIT, MiXKHAPOJHE CITiBPO-
OITHHUILITBO.

3 19 mo 21 xsitHs B KuiBcbkoMy HailioHa-
JHHOMY YHIBepCUTETI OyAiBHUITBA 1 apXiTek-
Typu BinOynacsa Jpyra MixHapoiHa HAyKOBO-
npakTuiHa KoH(pepeniis «[ligBoaHi TeXHOM0-
rii, 2016». Bxxe TpagumiiiHo ii Oyno mpucss-
YEHO BIUIMBY BOJM HA JOBKILIA Ta IHHOBa-
uiiini  Texnousorii (Puc. 1). Posrmsmanucs
npobJemMH Ta 3ajadi 3 TaKUX Tany3eil 3HaHb SK
[Ipupoanuui Hayku, ApxiTekTypa 1 OyJiBHUII-
TBO, BupoOHHMIITBO Ta TexHONOTIi, ABTOMAaTH-
3arisi Ta mpuiagoOymyBaHHs, MexaHiyHa Ta
eJIeKTpUYHa iHxeHepis, [HpopmariitHi TexHO-
norii, [{uBinpHA Oe3meka.

3a MUHYJIMH PiK 3HAYHO PO3IMIUPHUBCS CKIIAJ
OpraHi3aTopiB Ta CIIBOPTaHi3aTopiB KOHpepe-
HIi1, Hacammepes e MiHICTEpCTBO OCBITH 1
Haykd Ykpainu, KuiBcekuil HalioHaTHHUI

4

yHIBEepcUTET OYyIIBHUILITBA 1 apXITEKTYypH,
[onscrka Axagemis Hayk (IIpeacraBHUIITBO B
Kuesi), HanionanbHuii yHiBepcUTET Kopabiie-
OynyBaHHs iMeHi ammipana Maxkaposa, Jlep-
JKaBHUU BUILMN HaBYaIbHUM 3akian Harmiona-
JTbHUNA TIpHUYUHN YHIBepcUTET, XapKiBChKHIA
HAI[IOHATIFHUI YHIBEPCUTET PaiOCNEKTPOHIKU
[HcTUTYT Tinmpomexaniku HamionanpHOi aka-
nemii Hayk Ykpainu ta Akaaemis OyaiBHHIIT-
Ba Ykpainu. @opyM BiOyBaBcs 3a aJpecoro:
[ToBitpodnorcekuit  mpocnekr, 31, Kuis,
Vkpaina, 03037, 3ama Buenoi pagu KHYBA,
ayn. 466.

Jlo opraHizalifiHOTO KOMITETY YBIUILIN
pektop KHYBA n-p exon. Hayk mpodecop
[Terpo KynikoB, 3acTymHHUK TOJIOBH J-p TEXH.
Hayk mpodecop Muxaitno Cykau, Director
Stacja Naukjwa w Kijowie PAN (Poland) pro-
fessor Henryk Sobczuk, TIpesuaent Axamemii
OyIiBHULITBA YKpaiHU JA-p T€XH. HayK mpode-
cop IBan Hazapenko (Puc. 2).

MixHapoaHa paja ckiajganacs 3 MpeacTaB-
HUKiB 14 xpain cBity — Goran Bryntse, Ass.
prof PhD, EREF(Sweden); Vera Chzhen,
Gimnasium of Oriental Languages (Korea);
Jan Glinski, Czl. rzecz. PAN, Prof. dr hab,
Prezes OL PAN (Poland); Maxim Gots, PhD
P.Eng, Eng. Manager Skyjack Inc. (Canada);
Li Hong, Confucius Institute of Taras
Shevchenko KNU (China); Krishna Kayastha,
PhD, HydroTechnical Commission (Nepal);
Yevhen Kharchenko, Prof. ScD, Uniwersytet
Warminsko-Mazurski w Olsztynie (Poland);
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Puc. 1. 3ampomenns ta poboua nporpama
Fig. 1. Invitation and executable code

Dmytro Kokarev, Solar Energy System
Amkortek-Ukraine (Israel); Eugeniusz
Krasowski, Prof. dr hab, Przewodn Komisji
Motoryzacji i Energetyki Rolnictwa OL PAN
(Poland); Vladyslav  Kvjatkovskiy, LTD
Krypton Ocean Group (Virginian Isl.); Viktor
Mashkov, Ass. prof. dr hab., Univerzita J.E.
Purkyne v Usti nad Labem (Czech Republic);
Mihail ~ Nikitenko, Prof. ScD, BNTU
(Belorussia); Paolo Orsini, Intern. Company
IRD Engineering (Italy); Lech Rowinski, Prof.
dr hab igz., Politechnika Gdanska (Poland);
Pjotr Suvorov, Development of Danube
Navigation (Hungary); Tetiana Yerak, Lions
Business  Group (Slovenia); Vadym
Weltischev, Prof. PhD, MGTU to Nikolaj
Bauman (Russia).

3Bakaroun Ha OaraTOHAI[IOHAJILHUN CKJIAL
y49acHUKIB KOH(pepeHIlii, poOoYrnMH MOBaMHU
00paHO YKpaiHCBKY, POCIHCBKY, aHTITIHCBKY 1
MOJBCHKY.
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Hayxopuit komiter II MHIIK «ITizBomHi
texHozorii, 2016» ovonunu A.T.H. mpodecop
Muxaiino Cykad; Bire-rojiora, akaaemik HAH
Vkpainn a.T.H. npo¢d. Biktop I'piHuenko —
mupektop IHctutyTy Tinpomexaniku HAH
VYkpainu; vice-chairman, Prof. dr hab ing.
Carsten Drebenstedt — Dean Technische
Universitat Bergakademie Freiberg (Germany);
Bille-TOJIOBa, A.T.H. mpod. Bomoaumup bmin-
OB — TPOPEKTOp 3 HaykoBoi pobotu Harrio-
HAJIBHOTO YHIBEpCUTETYy KopabieOymyBaHHS
iMeH1 akagemika Maxkapoga.

UnenaMn HAyKOBOTO KOMITETY KOH(pepeH-
uii 6ynmu 1.1.H. npod. Biktop baxenosn (Kuis);
n.¢.-m.H., npod. Onexcannap bespepxuit (Ku-
iB); A.T.H. moueHT Anapiit bonnapenko (uin-
pOTETPOBCHK); A.T.H. mpod Onena Bomomkina
(KuiB); un.-kop. HAHY, n.1.H. cT.H.c. AHaTO-
niid lonvap (KuiB); a.1.H. pod. Amutpo ['on-
yapeHko (XapkiB); K.T.H. CT.H.c. €BreH ['opba-
tenko (KuiB); n.1.H. mpod. Bomomummp
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Puc. 2. Bigkpurtst JIpyroi Mi>kHapOJHOT HAYKOBO-ITPAKTUYHOT KOH(EpeHIIil
«ITigBomui Texuosorii, 2016»
Fig. 2. Opening of the Second international scientifically-practical conference
«Underwater technologies, 2016»

I'puiinn (Oneca); a.1.H. npod. Crenan Enosx
(XapkiB); n.1.H. ipod. JleoHin 3aMixOBCHKUI
(IBaHO-®paHKiBCHK); 1.reoi.H., npod. OneHa
IBanix (KuiB); n.1.H. mpod. CsarocnaB Kpa-
Beub (PiBue); n.1.H. mpod. IlaBno Kpuenko
(KuiB); n.t.H., mpod. Mukona Ky3bpminens
(KuiB); n.1.H., mpod. Onexcanap Meneinok
(Opmeca); a.t.H. mpod. Bomommmup Hamyruit
(IuinponerpoBcek); K.T.H. 1pod. JleoHin
[enesin (KuiB); a.1.H. mpod. Biramiit [lnoc-

kuii (KuiB); a.reoi.H. npod. Cepriit IlonoBka
(KuiB); n.t.H. mpod. Irop PeGesntok (JIbBiB);
n.1.H. npod. Borogumup Cricapenko (Kuis);
n.T.H. pod. Auapiit Tessimes (XapkiB); WiI.-
kop. HAHY, n.1.H. npod. Onexcanap Tpodi-
muyk (KuiB); a.1.H. mpod. Poman [yne1 (Ku-
iB); nm.reorp.H. mpod. Omnekcangp I[llumnios
(KuiB); n.1.H. mpod. Banepiii SIxoBenko (Kuis).

3aBnaHHs MIKHAPOAHOI KOH(EpeHIii — mo-
rIMONIEHHST 1HTerpalii yKpaiHChKUX 1 3aKop-

Puc. 3. Mixxnapozana aisuibHicTs KHYBA
Fig. 3. International activity of KNUCA
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JTOHHUX (paxiBIIB Ta HAYKOBUX IIKiJ 3 PO3PO-
Oku Teopii, oONMaJHAHHS Ta METOMIB JOCIi-
JDKEHHSI POOOYHX IPOIECiB, CTBOPEHHS HOBOI
MiJIBOTHOT TEXHIKU, MPAKTUYHOTO 3aCTOCYBaH-
Hs IHHOBAIlIMHUX €HEPTOOIIaIHUX Ta €KOJIOTi-
9HO OE3MEeYHMX TEXHOJOri B Oy/iBHHUIITBI,
MOITYKOBUX Ta BUIOOYBHUX POOOTax, 0XOpO-
HU HaBKOJUIIIHBOTO CEPE/IOBUINA TA 1HIIUX Ta-
Jy35X BUPOOHHUUOT TiSTBHOCTI.

OronomeHo KOHKYpC Ha Kpairy HayKoBO-
MpakTUUHy poOoTy ceper (paxiBIliB 1 CTyIEH-
TiB 3a HoMiHamismu: «lIpesenranisy, «IHHO-
BamiiiHUN mpoekT», «llyOmikamis». 3rimHO 3
KOHKYPCHOIO MPOTPAMOIO MPOTIATOM IMOTOYHO-
ro POKY pO3MISIAAIMCA OPHUTIHAIBbHI imei Ta
MPONO3HUIii, HECTAHAAPTHI PILICHHS 1 KpeaTH-
BHI [TPOEKTH B raly3i MiABOJHUX TEXHOJOTIH.

[Tig yac mpoBeAeHHsT KOH(EpeHIIii ydacHu-
KaM HaJaHO MOXKJIUBICTh MPE3CHTYBATH CBOI
HAyKOB1 JOCATHEHHS, a TaKOX CTCHIOBY ILJIO-
Iy JUIsi BHCTAaBKOBUX 3pa3KiB, JIEMOHCTpAIlii
TBOPYOI Ta CycHiiabHOI AismbHOCTI (Puc. 3).

Jlo yyacHHKIB KOH(epeHIii HaIilnuo Bi-
taHHs Bin pekropa KHYBA Ilerpa Kymikosa

Ta MPOPEKTOpa 3 HAYKOBHX POOOTH 1 MIKHA-
ponuux 3B’s3kiB Bitamist [lockoro. 3 Termmu-
MH CJIOBaMH TPO BAXKJIMBICThH CITIBIpAIli MK
HAYKOBIIMHU YKpainu i [loabiri 10 mpucyTHix
3BepHYBCs aupekTop [IpencraBaunrsa B Kue-
Bi [lonbcekoi akamemii wayk Prof. dr hab.
Henryk Sobczuk, sikuii moOakaB y4acHHUKaM
TBOPYOI HaCHATU Ta miiaHoi podotu (Puc. 4).

[Ipesunent Akanemii OymiBHUIITBA YKpai-
Hu IBan HazapeHko po3moOBiB IpO CTaH CHpaB
Ta MEePCIEeKTHUBU OyIiBEIbHOI OCBITH B Cydac-
Hux ymoBax. IIpodecop Muxaiino Cykay Ha-
TOJOCHMB Ha BAXJIMBOCTI Ta MEPCHEKTHUBAX
TpaHcdepy IHHOBAIIHUX TEXHOJOTiH, a Ta-
KOXX TMPE3CHTYBaB MpOrpamMy pO3pOOKH Ta
OCBOEHHSI KOpUCHUX KonajsuH CBITOBOTO OKe-
aHy.

[Ipopekrop 3 HaykoBoi pobotn HamioHamns-
HOTO YHIBEPCUTETY KopabneOyayBaHHs iMeH1
anMipana Makaposa A.T.H., ipo¢. Bomoxumup
BniHIOB 3arocTpuB yBary ciyxadiB Ha cydac-
HUX 3aBJAHHIX PO3BUTKY IMiJBOIHOI poOOTO-
TEXHIKM B YKpaiHi Ta MpPE3eHTYyBaB pO3POOKHU
¢axiBuiB HYK, sKki Bxke 3aCTOCOBYIOTHCS Ta

Puc. 4. Ilnenapni nonosiai
Fig. 4. Plenary lectures
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MOXYTb OYyTH KOPHCHHUMH Yy TEpPCIEKTHBI.
Han3euuailHO BaXJIMBHM € IHUTAHHS CIIONY-
YeHHsI MK OeperamMu BEIIMKUX PIiYOK Ta Ipo-
TSOKHUX BOJioWM. [Ipo mepcriektuBu OynyBaH-
HS TYHEJIBHUX TepexoiiB 4epe3 JHIIpo pos-
MoBiB 1.T.H. ipodecop HamioHaIbHOTO TEXHi-
YHOTO yHiBepcuTeTy «KHIBCHKHI MOTITEXHIY-
Huil inctuTyT» ['ennaniit ["aiixo.

CropymKeHHsI TYHEeJIbHUX MePeXO0/IiB uepes
JIHIpO — aKTyaJbHE 3aBJaHHS JJS YKpaiHCh-
Kol TeoOyniBelabHOI Taimy3i W TpaHCIOPTHOI
iHdpactpykTypu. bepern [[ninpa MoxyTth Oy-
TH 3’€JHaHI METPOTYHeJIeM, aBTOMOOITbHUMU
tyHensmu (I'eHepanbHmii 11aH po3BUTKY Kue-
Ba mependavae OyAIBHULTBO TPbOX TYHEIB
nix {xinpom), miaBOJIHUM IOKEPOM I Tpa-
HCTIIOPTYBaHHS CTIYHUX BOJ 3 MpaBoOro Oepera
no bopTHuIbKOI cTaHLii aepailii, a TAKOXK Ty-
HEJIbHUM TIE€PEeX0JI0M KUIbLIEBOI aBTOMAricrpa-
ni HaBkono Kuesa. Ile morpeOye crucreMHOro
HiAXOMy J0 1H)KEHEPHO-TEOJIOTYHUX BUIIYKY-
BaHb, MPOCKTYBAaHHA i OYAIBHUIITBA KOMILIEK-
cy migBogHux TyHeniB Kwea ta KuiBchkoro
periony. OCKUIbKY 111 MUTAHHS TSI T1ABOTHUX
mig3eMHUX O00'€KTiB B YKpaiHi BHUpilIyBaTH-
MYTbhCsl BIEpIle, HeOOX1THOI CKIIaJJOBOIO Ma€e
CTaTH HAyKOBHUH CYNPOBIA IMX MaCIITAOHHX
MPOEKTIB, NPUYOMY HAyKOBHH MOTEHIIa
HTVYVY «KIII» Ta KHYBA MoxyTh epeKTuBHO
320€3MEeUnTH L0 CKIA/I0BY.

[lixaBi 1HHOBAIlIHI TPOEKTH Ta TMEPCIEK-
THBH MiJIBOAHOI ypOaHiCTUKU HA movaTtky XXI
CTOMITTS npezcTasieHo foktopanToM KHYBA
JIronmuioro PyGaH, sIKy 13 3aXOIUIEHHSIM CITy-
XaJIH K JOCBim4eH1 ¢axiBill, TaK 1 CTYJEHTCh-
ka monoab (Puc. 5).

Ha niienapnomy 3acianHi TakoX BUCTYITH-
mu npodecop Onekcanap bessepxuit 1 Bikro-
piss Kopuienko (Inctutyr wmexaniku HAH
Vkpaiau) 3 iHGOpMALIE0 TPO KOIHBAHHS
OyIKOBO-3asKOPEHUX CHCTEM 3aropoJKCHHS
Ha xBuisax. K.t.H. FOpiit CrensmaxoB (MixkHa-
pollHa HEypsioBa TI'yMaHITaApHO-EKOJOTTYHA
opranizauis «IHTep-HopHOOUIIBY) MpeICcTaBUB
MpOEKT ecrtakanHoi goporu «Kamseit», a
Dmytro Kokarev (Solar Energy System
Amkortek-Ukraine, Israel) Gmuckyde mpeseH-
TyBaB IHHOBAI[ifHI €HEProoIaHi TEXHOJOTIi
Ta 00JIaTHAHHS JIJIS T ITpIBaHHS BOIH.

JlexisibKa BUCTYITIB 3allJIAHOBAHO Y BUTJISII
online-koHdepeHiiii, 3 BUKOpUCTAaHHIM SKYpe-
3B’s13Ky. MOBOIO OpuriHainy, 1e aBTOpChbKi po-
6otu nipod. Annpes TepsimeBa Ta Onbru Ma-
TBHEHKO (XapbKOBCHKHI HAIIMOHAJLHBINA YHHU-
BEPCUTET PATUOdIEKTpOHUKH) «O0 OmaHOM
KJ1acce 3a7a4 ONTUMAJIbHOTO CTOXaCTHYECKOTO
yIpaBJIeHUs] TUOPUAHBIMH JTUHAMUYECKHUMHU
cucremamny»; Bragumupa bputuk, Bragumu-
pa Ko6G3eB, Enensr I'pebennnk (XHYPD,
XappkoB) «lludpoBas ob6paboTka M300paXke-
HUWM IMOJBOJHOW Cpelbl C IIOMOIIBIO CIELH-
anpHeIx  GuasTpoBy»; Volodymyr Kobziev,
Mohamed AlKilani (NURE, Kharkov) «Using
the e-gov systems to resolve water supply
problems in Libya»; Onekcanapa KoG3apa
(AT YxpHAIIIuueinOyn, KwuiB) Ta Onera
[Ipumauenko (KHYBA) «OcHOBH mNpoOeKTy-
BaHHS TEPUTOPi y 30HAX MOKJIMBOTO MiATOI-
JICHHS Ta 3aTOINICHH»; Mukonu ["apHUIBKOTO
(Mixrany3eBe HayKOBO-TEXHIYHE KOJEKTHUBHE
nignpuemcTBo «Jlana», Kwui) «[ligBumeHHs
€(eKTUBHOCTI TEXHIYHUX CHCTEM IILJISTXOM BHU-
KOPUCTaHHS €Heprii BOJHUX IMOTOKiB». Ha-
’Kallb, HEAOCTaTHS IIBHUJKICTb IHTEPHET-
3B’S3Ky Ta Manuil Tpadik HE TO3BOJIMIN Y IO-
BHI{ Mipi 33/I0BOJILHUTHU MOTPeOy MOMOBIIa4iB
Ta MIKaBICTh CIIyXadiB KOH(pEPEHIIi.

PoGoty cekmiiinux 3acimanb (Puc. 6) pos-
royajiu BUCTynaMu rocrei 13 HamionanbHoro
TpPaHCIIOPTHOTO  yHiBepcurery Onekcanjapa
I'ponenskoro, Onekcanapa [opaiftuyka, Kus
Hanuneiiko, Mapii Cnuzbkoi «Typuctuunuit
nigBonHui Oatuckady, «IlimBoaHa mocmigHa
cTaHIisay, «[limBoagHUN MOTYIBHUN TPAHCTIOP-
THUH TyHenb» (KepiBHUK — 3aBiyBayu Kadenpu
KOMIT IOTEPHOI, 1H)KEHEpHOi Tpadiku Ta IH-
3aiiHy A.T.H. Mukona Ky3bpMmiHens).

K.r.n. moment IOmis VYawssHoBcbka (YHI-
BEpCUTET MUTHOI crpaBu Ta (¢iHaHCiB, [HiN-
ponerpoBcbk) Ta Anapiid Imutpenko (TOB
«[TPOIH®O») posznosinu npo «Bukopucran-
HSl DITYYHUX HEWPOHHUX MEPEX B CydaCHHX
iH(pOpMalLIHUX TEXHOJIOTISAX MPOTHO3YBaHHS,
Onexcannp bynsa (KYTEIL, Kuis) — npo «Bo-
JTHO-1H(OpMalliliHI HEHTPH 5K 3acid edeKTHB-
HOI TYpUCTHYHOI AisTIbHOCTI», a Sergii Bilyk
(KNUCA) — mpo «Determination of critical
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Puc. 5. Yuacuuku xoHpepeHuii
Fig. 5. Participants of conference
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load of elastic steel column based on experi-
mental datay.

HamionaneHuii yHiBepcuTeT KOpabiaeOymy-
BaHHS iMeHi anMipaia MakapoBa mpejCcTaBIie-
HO JIOMOBIJSIMU AacHipaHTIB Ta BUKIATAYiB
Onekcanzapa KioukoBa, Annapis Boiiracuka i
Annpis CipiBuyka (HayKOBUH KEPiBHUK JI.T.H.
npo¢. Bonogumup brninnoB) «PiBHSHHS icHY-
BaHHS CaMOXIJIHOI MPUB’SA3HOI MiIBOJIHOI CHC-
TEMH SIK OLIHKAa MOXJIMBOCTI ii CTBOpEHHS»,
«IlinBotHa pOoOOTH30BaHA TEXHOJIOTIS YCTaHO-
BKH KOPHCHOTO BAaHTaXy Ha MOPCBKE IHO»,
«Po3pobka MaTemMaTHyHOI MOl KepyBaHHS
TPAEKTOPIEIO PyXY MiZBOAHOTO arapara.

Jloktopant HaiioHanbHOrO YHIBEPCHUTETY
«JIpBiBCcBKA MOJTiTeXHIKa» Onekcanap biaiHos
pazom 3 acmipantom Biktopom Kopuibkum
PO3TIISAHYIN «APXITEKTYpPHO-KOHCTPYKTUBHHIMA
TUI CAMOXIJIHUX MPHB’SI3HUX MiJABOJHUX ara-
patiB 3 YJAOCKOHAJCHOI KEpPOBAHICTIO» Ta
«CyyacHi 3agadi  KepyBaHHS CaMOXiJTHOIO
MPUB’S3HOIO T1IBOJHOIO TEXHOJIOTIYHOIO IJa-
ThopMoIO».

Husky nomoBigeit mpencrasieHo i3 JlHin-
ponerpoBminau — JIBH3 Hamionanehuii rip-
Huuuii  yaiBepcuter (Anapiii Bonmapenko,
Awnnpiit HebatoB) «MeTo po3paxyHKY KOHC-
TPYKTUBHHX TapaMeTpiB  TOPH3OHTAJIbHUX
KinacudikaropiBy, «JociipkeHHsT MexaHI3My
30y/DKEHHSI KOJMBaHb PyXOMOI'O periera Bij-
camkyBanbHOi MammHU»; OO0 Oxeanmaiie-
Hepro (Bikrop Kyxap, Bitaniit Ky3pmiHcbkuii,
Onbra OBumHHIKOBA) «PO3MIMPEHHST MOXIIH-
BOCTEH CITKOBUX NPOMHUCIOBUX BOJSHUX (]i-
JIbTPIBY»; [HCTUTYTY TI'€OTEXHHYHOI MEXaHIKH
imeni H.C. IlonsxoBa HAH Vkpainu (Bomo-
numup Hanyrtuii, Banentuna YenumikiHa,
Cepriii Koctupsi) «AHami3 KOMILIEKCHOTO
3HEBOJHEHHS IpIOHUX (PAKIIN TPaHITY».

HaiiGinpm ymcenbHa rpymna JOMOBigadiB
Oyna 3 KuiBCbKOro HallOHaJIbHOTO YHIBEPCH-
TeTy OymiBHMLTBA 1 apxitekrypu. LlikaBi no-
MOBIJ1 acMipaHTIB Ta MariCTPaHTIB apXiTEKTY-
pHoro ¢axynabTery Mukonu bpesina, Beponiku
lNomoBau, Bacwmmst Xomoca, IOmii Cmorenka,
AK1 Mpe3eHTyBaJIu cBoi po3polku «Exomnomicu
Ta BOJHI IHHOBAIIMHI TEXHOIOTI», a TaKOX
«Ekormonicu Ha BOAi K BHUPIIIEHHS €KOJIOTid-
HOT MPOOJIEMH CYy4aCHOTO MICTa».
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He 3amummnuca mos3a yBaroro acmipaHTu
Onexkcannpa boumap, Onekciit JIBopko, Oner
Ckopyk (HayKOBH# KepiBHUK I.T.H ipod. Mu-
koma OceTpiH) 3 mpe3eHTanisMu «MicToOymi-
BHUI JIOCBiJ peati3allii KUIbIIEBOTO MPUHIIAITY
opraizamii pyxy TpaHCHOPTY Ha MiAXoJax 0
MOCTiB», «EKoJIOTi4HI KpUTEpii B MOJIEi OIli-
HKH €(EKTUBHOCTI MPOCTUX MEPETHHIB HA BY-
JUYHO-TOPOXkHIN Mepexi M. KueBay, «Mil-
HICTh Ta TPINIMHOCTIHKICTE cTanediopobdeTon-
HUX TUIUT, OMEPTUX MO KOHTYPY MpHU MOBTOP-
HUX HaBaHTAXCHHX).

Yactuny A0MOBiACH MIATOTOBIEHO 3 po3pa-
XYHKOM Ha IyOJIiKaIilo B YeproBUX BHITYCKax
xKypHany «llimBomui TexHomorii». Lle «IHxe-
HEpHUI po3paxyHOK ¢inbTpamii B migToruie-
Homy cxuii» (aBropu FOmist Bepesnunbka, Jle-
cs Bacuiienko, Onena Bomomikina); gyxe mi-
KaBMii MaTepiaj PO aHalli3 MaHTPOBOI €KOCHU-
CTEeMH 3 TOYKM 30pY EKOJIOTiuHOi Oe3neku
«Assessment environmental safety for man-
grove biomey (mokropant Tetiana Kryvomaz).

AcnipanTu 13 CyMCBbKOIO JA€p)KaBHOT'O YHi-
Bepcutery Cepriii Kyniniu, Haranest CemeHo-
Ba MOJAM Ha PO3MIsLA poboTy «OnTumizariis
CUCTEMU KEpyBaHHS TlIpaBIiuHUMU IIPUBOJIA-
MU 3 MPOMNOPUIMHUMHU PO3MOAUTEHUKAMU,
Krishna Kayastha (Hydro Technical Commis-
sion, Nepal) — «Development of bell type wa-
ter well with wide gravel filter».

Hanpsim koHdepeH1ii 3 MexaHI4YHOI Ta ene-
KTPUYHOI 1HXeHepil oxomiaeHo 14-ma gomoBi-
JISIMUA TIPEJICTAaBHUKIB Kadeapu OyaiBeTbHUX
MallvH Ta Kadeapu MamuH 1 00JaJHaHHA Te-
XHOJIOTIYHMX IpoueciB. Haltbuip nikaBumu 3
HUX Oynu: «MareMaTHuHEe MOJIEITIOBaHHS B3a-
€MOJIIi pylIis pO3MYyLIyBAJIBHOIO arperary 3
MOBEPXHEIO IPYHTY B MPUOEPEKHUX 30HAX BO-
noiimuy (Jleonin Ienesin, €Bren ['opoOartiok,
Bomogumup Bossaiok, Jmurpo Mimryk),
«locmimkeHHs: CTIMKOCTI eKckaBaTopa, obJa-
JTHAHOTO CTPUIOK MaHIMyJIATOPHOTO THUIYy Ta
KTmoBuM 3axBatoMm» (Muxaiino Cykad, AHa-
toniit KpaBuyk), «3emiepuiiHa TexHika is
poOoTH Ha Bojoimax mainoi rmuOunm» (Onek-
canap Mapuenko, Ceitiiana KoMoribka).

Tersna [lepObuna Hanana iHdoOpMariito mpo
«HaBanTakeHHsT Ha By3/M BiOpauiiHuUX Ma-
UIMH NPU BUKOHAHHI MiIBOJHO-TEXHIYHUX PO-
6it»; HOpiit AOpamkesuu, ['puropiii Mauu-
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Mapist Cnuzbka

IOpiii CrenbMaxoB Ceitnana Komoripka, Imutpo Mirnyk

Puc. 6. Cexiiligi 3acigaHs
Fig. 6. Sectional meeting
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muH, Onena YoBHIOK — mpo «AOpa3uBHI 1H-
CTPYMEHTH JJi1 OOpOOKH MeTaJeBUX 1 HEMETa-
neBux marepiamiBy; Anaromii @omin, Onek-
cauap Kocrentok, Omnekcannp TerepsATHIK,
BnanucnaB Kopue — npo «EdexTuBHI KOHC-
TPYKIIi pi3ajJbHUX E€JIEMEHTIB TPYHTOPO3p00-
JIOBAIBHUX poOOYMX OpraiBy, AHATONIH
®owmin, Onekcannp Kocrentok, Onexcanup
Tereparuuk, Onexciit sg4ok — npo «Po3mym-
HUK aKTUBHOI Ji1».

[TopamyBana akTUBHICTH acHipaHTIB Ta Ma-
rictpantiB bormana Bominoro, Omnexcannpa,
Hpsiuenka, Auapis 3anpuBoan, Baguma 3aii-
3usika, Biktopii Koponb, Bormanma Marrroka,
Bonogumupa MaptuniieBa (HayKoBHil KepiB-
HUK JA.T.H. npod. IBan Hazapenko), siki npen-
CTaBWJIU JI0 YBaru ayAuToOpii pe3yiabTaTu CBOiX
HAYKOBUX JOCHIDKEHb: «YIIUIBbHEHHS TMPYXK-
HO-B'SI3KO-TNIACTUYHUX CEPEAOBHUII MPOCTOPO-
BHMHM KOJMBaHHAMH MammuH», «HamifHicTs
pobouynx opraHiB MiAHOMHHMX MEXaHi3MIB B
YMOBax CKJQJHOTO HaBaHTaXeHHs», «Moje-
JIOBAaHHA TPOIIECIB cenaparlii MarepialiB y Bi-
OpalliiiHO-y/IapHOMY IIOJIi pyXy poOOUYOro op-
rany», «MoOJeTOBaHHS MPOIECIB TiAPOAUHA-
MIYHOT KaBiTamii piAMHHUX CEPeIOBHIIY.

Taxosx Oynu nomnosini Makcuma Hazapenko
«JlocnmipkeHHs  TEXHOJIOT1I TOPHU30HTAJIbHO-
HanpaBJIeHOro OypiHHsS CBEPAJIOBHUH», AHApIs
Unuypa «MopentoBaHHs MPOIECIB IEpeMIITy-
BaHHS B’SA3KO-TUIACTMYHHUX CepeloBHIL poOo-
YUMH OpraHaMH CKJIaJHOI OymoBw», Bacwis
Ob6onenko «Kpurepii OLIHKKH e(EeKTUBHOCTI
BUKOPUCTAHHS MIIHOMHHUX MEXaHI3MiB». 3a-
CIIyXaHO JIeKiJIbKa Mpe3eHTalil, SKi 3 TUX YU
IHIIMX NPUYMH He Oynu 3asBiieH1 y [Iporpami,
asie OaxaHHsS aBTOpPIB M moTpeba JAOHECTH 1H-
dbopmartito 10 MUPOKOI ayAUTOPIi CIOHYKaIa
iX 0 CHiJIKyBaHHS W JUCKYCiH 3a mpobiema-
THUKOIO KOH(pEpeHIIii.

[IpuiinATO KOJEeriajabHE pilleHHs Mpo iHi-
iFOBaHHS 3anmuTy A0 KuiBChKOi MICBKOI aep-
aBHOI aJIMIHICTpaIlil 3 MPOMO3ULISAMH 100
CYNPOBOKEHHSI 00’ €KTIB MiJI3EMHOTO OYy/iB-
HUITBA Ta PO3POOKM CTPATEriyHOIO IUIAHY
OCBO€HHS Min3emMHoro mnpoctopy Kuesa (mo-
nepatopu ['ennaniit [aiiko, Ilerpo 3axapuen-
KO), @ TaKOX PO BUKOPUCTAHHS BiJHOBIIOBA-
JBHUX AIBTEPHATHUBHUX JKEpPEN eJIeKTPUYHOI,
TEIJIOBO1, COHAYHOT 1 MEXaHIYHOI eHeprii, po-
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3TAIlIOBAHMX SIK HA PYCI1 PiYKH, TaK 1 Ha Oepe-
31 (MogepaTop Mukosna [apHUIIBKUI).

Orxe, yci nomoBigadi, siki 0e3mocepeaHbo
npuiiMany ydactb y po6oti pyroi mixHapo-
JTHOT HAyKOBO-TIPaKTHYHOI KoH(pepenmii «I1ix-
BojHI TexHoJjorii, 2016» orpumanu Ceptudi-
KaTH, L0 3aCBIAYYIOTh OCOOMCTY ydYacTb Yy
¢dopyMi 13 3a3HaYEHHAM Miclsl i JaTu arpoda-
1ii pe3ynbTaTiB HAYKOBO1 POOOTH.

Haii0inpIn akTUBHUX YYaCHUKIB 3aX0/y Ha-
ropomkeHo IloasikaMm HayKOBOrO KOMITETY
koHpepenuii (Puc. 7). Tak, 3a miaTpuMKy Hay-
KOBOi Monoji BimsHaueHo pekropa KHYBA
n.e.H., mpodecopa Ilerpa KymikoBa i mpopek-
TOopa 3 HaykoBoi poOoTu HarionanpHOro yHi-
BEpCUTETY KOpabiieOyayBaHHs iMEHi aaMipaia
MakapoBa 1.T.H. mnpocgecopa Bomnoaumupa
bininmnosa.

3a MiATPUMKY YKpaiHCbKOi HayKd Ta MiX-
HApOJHUX 3B’SI3KIB MOJSKY OTPUMAIHU JTUPEK-
top [IpencraBuunrsa B Kuesi ITonbchkoi aka-
nemii Hayk Prof. Henryk Sobczuk ta romosa
KOMicii 3 MoTopu3arlii i eHepreTuku JIroOmiH-
cbkoro Bimainy [lonbcekoi akagemii Hayk Prof.
Eugeniusz Krasowski, sikomy HemiogaBHo 0y-
70 mnpucBoeHO 3BaHHS «lloyecHuil TOKTOp
KHYBA» 3a 3HauHuil BHECOK B po30ylOBY
HAYKOBUX, OCBITSHCBKHX Ta KYJbTypHHX
3B’s13kiB MK [lONBbCBHKOIO aKageMi€ero HayK Ta
KuiBcbkuM HaIllOHATHLHUM YHIBEPCUTETOM OY-
JIBHUIITBA 1 apXiTEKTypH (pILICHHS BUEHOI pa-
1w Bin 25 6epe3ns 2016 p., mporokon Ne 42).

3a cIpUsHHS HAyKOBIH JiSUIBHOCTI Ta BUCO-
KM npogecioHanizM MoAsKK BPY4EHO 3aBijly-
Bauy Kadenpu OyniBelNbHOI MEXaHIKM M.T.H.
npod. Biktopy baxeHoBy 1 3aBigyBauy BiJi-
Jy eJIEeKTPONpPY>KHOCTI [HCTUTYTY MeXaHiKu
imeni C.II. Tumomenka HAH Vkpainu
n.¢.-m.H. npod. Onexcanapy bezsepxomy.

3riiHO 3 pILIEHHSIM KOHKYpPCHOI KOMIcCii y
2015/16 pp., nepeMoXusIMH KOHKYpPCY BU3HA-
HO: 3a HoMiHatie «IIpe3eHTanis» — npexacra-
BHHKA 13paibCbKO-YKpaiHCHKOT bipmu
«Amkortec-Ukraine» Dmytro Kokarev; 3a Ho-
MiHAI€0 Kpammid «[HHOBaIIMHUN TTPOEKT» —
JOKTOpaHTa Kadenpu nmaHamapTHOI apxXiTek-
Typu KHVYBA k.apx. nouenra Jlrogpmuny Py-
0an; 3a HoMiHamiew «[lyGmikamis» — IOKTO-
paHTa Kadeapu OXOPOHH Mpalli i HaBKOJIMII-
Heoro cepenosuma KHYBA k.T.H. moreHra

nigBOAHI TEXHOMOTNI ¢ 04/2016, 4-15
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Puc. 7. IMogaxu || MHIIK «IligBomui Texuosorii, 2016y
Fig. 7. Gratitude’s of Il ISPC «Underwater technologies, 2016»

Jrogmuna PyGan

Dmytro Kokarev

Puc. 8. Ilepemosx1i KOHKYpCiB
Fig. 8. Winners of competitions

Terssiny KpuBomas, sskuMm BpydY€HO BiAMOBIIHI
Juniaomu (Puc. 8).

VY Hpyriit Mi>kHapoAHIN HayKOBO-TIPaKTHY-
Hii KkoHbepeHuii «[liABOgHI  TEXHOIOTI,
2016» Oynu 3amisHI BUII HABYAJIbHI 3aKJIaJIH,
aKaJeMiyHi YCTaHOBHM Ta BUPOOHUYI Oprasiza-
ii Ta Ykpaiau:

- Axanewmis OyaiBHunTBa YKpainu (Kui)

MABOOHI TEXHONOTrTI » 04/2016, 4-15
MpomucnoBa Ta LUmMBiNbHA iHXeHepis

- JIBH3 HamionaneHuii TipHHYHA YHIBEPCH-
teT ([HITpOneTpoBCHK)

- JepkaBHa aaMiHICTpAIlisi MOPCHKOTO Ta Pi-
yKkoBoro Tpancnopty (Kuis)

- AIT HHAI OyniBenpHOTO
(KuiB)

- IBaHO-®paHKIBCHKUIA TEXHIYHUI YHIBEpPCHU-
teT HadTH 1 ra3y (IBaHo-DPpaHKIBCHK)

BHUPOOHUIITBA
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- Iuctutyt reomoriuanx Hayk HarionansHOT
akazaeMii Hayk Ykpainu (Kui)

- Incturyt reosorii KuiBcbkoro HarioHab-
Horo yHiBepcuteTy imeni Tapaca IlleBuenka
(KuiB)

- IHCTUTYT TeOTexXHIYHOI MEXaHIKH iMeHi
M.C. IlonsxoBa HAH VYkpaiau (nainporer-
POBCBK)

- Iuactutyr rigpomexaHiku
akazaeMii HayK Ykpainu (Kui)
- Incturyt mexaniku imeni C.I1. Tumorrenka
HarionansHoi akanemii Hayk Ykpainu ([Hin-
POTIETPOBCHK)

- IHcTUTYT TenmexkomyHikamiii i ri06aIbHOTO
iH(popmaniiinoro mpocropy HAH VYkpainu
(KuiB)

- Incruryr Ttexniunoi ternodizuku HAH
VYkpainu (Kuis)

- KuiBchkuil HallioHaNbHUI yHIBEpCUTET OY-
niBHUNTBA 1 apxitekTypH (KuiB)

- KuiBcbkuil yHiBepcUTET TypHU3MYy, €KOHO-
Miku Ta ipaBa (KuiB)

- Mixrany3eBe HayKOBO-TE€XHIYHE KOJEKTH-
BHe minnpuemctBo JIAHA (KuiB)

- HaykoBo-TeXHIYHUH LEHTpP MaHOPAMHHUX
akyctuyHux cucreM HAH Vkpainu (KuiB)

- HamionaneHuil MiCOTEXHIYHUN YHIBEPCUTET
VYxpaiau (JIpBiB)

- HamioHanpHMi  TeXHIYHMH  YHIBEPCUTET
«KuiBcpkuii nmonitexHiuHui 1HCTUTYT» (KuiB)

- HauioHaneHUI TpaHCIIOPTHUN YHIBEPCUTET
(KuiB)

- HamioHaneHUi yHIBEpCUTET BOJHOIO TI'OC-
10/1IapcTBa Ta NpupoaokopuctyBaHHs (PiBHe)

- HamionaneHuii yHiBepcuTeT KopabneOymy-
BaHHS iMeH1 aaMipana MakapoBa (MukosiaiB)

- HJI GyniBenbHO-TOPOXKHBOI Ta 1HKEHEPHOT
texHiku imeHi B.JI. banaaincekoro (Kuis)

- HJAI OyniBenbHux MarepianiB imeni B.JI.
I'myxoBchkoro (Kuis)

- IlpunHinpoBcbKa Jep’kaBHA akaaemist Oyi-
BHUIITBA Ta apXiTeKTypH (HIIPONETPOBCHK)

- Opecbka nepxaBHa akajaemis OyJIBHHUIITBA
Ta apxitektypu (Oneca)

- Opecbkuil HallOHAIBHUNA MOPCHKUN YHI-
BepcuteT (Oneca)

- TOB HAI ITigzemHoro i cremiagbHOTO OYy-
niBaunTBa (KuiB)

- YMaHCBhKUH Jep:KaBHUM MeJaroriyHui yHi-
Bepcuret iMeHi [1aBna Tuunau (YMaHb)

HamionanesHO1
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- XapKiBCbKUH Jep:KaBHUN YHIBEPCUTET Oy-
JIBHUIITBA Ta apXiTeKTypH (XapkiB)
- XapkiBCbKUH IHCTHTYT ympaBiiHHSA (Xap-
KiB)
- XapKiBCbKUH HAI[IOHAJIbHUA YHIBEPCUTET
OyAiBHMIITBA Ta apXiTeKTypH (XapKiB)
- XapKiBCbKUH HAI[IOHAJIbHUA YHIBEPCUTET
panioeneKTpoHiku (XapKiB)

besnocepenupo abo B AKOCTI acoIiiOBaHUX
4JIeHIB y KOH(pepeHIIii Opaiu y4acTb iHO3eMHI
Ta MDKHAPOJIHI YCTaHOBU:
- binopycbkuii HalliOHAIbHUN TEXHIYHUN YHi-
BepcuteT (binopycs)
- I'OY BIIO MocKkoBcbkuil AepxKaBHUI TeX-
HiyHM yHiBepcuTeT iM. M. baymana (Pocis)
- MixHapoaHa HEypsI0oBa T'yMaHITapHO-EKO-
noriuna opranizauis [arep-Hopuobumns (Ykpa-

iHa)

- Confucius Institute of Taras Shevchenko
KNU (China)

- Development of Danube Navigation (Hun-
gary)

- European renewable energy federation
(Sweden)

- Hydro Technical Commission (Nepal)

- International Company IRD Engineering
(ltaly)

- Komisja Motoryzacji i Energetyki Rolnictwa
OL PAN (Poland)

- Lions Business Group (Slovenia)

- LTD Krypton Ocean Group (Virginian Isl.)
Politechnika Gdanska (Poland)

- Przedstawicielstwo w Kijowie PAN (Poland)
- Skyjack is a Linamar Company (Canada)

- Solar Energy System Amkortek-Ukraine (ls-
rael)

- Technische Universitit Bergakademie Frei-
berg (Germany)

- Uniwersytet Warminsko-Mazurski w Olszty-
nie (Poland)

- Univerzita J.E. Purkyne v Usti nad Labem
(Czech Republic)

[lincymoBytoun pe3ynabTaTd poOOTH, 3a3Ha-
9IMO, 110 0 KoH(pepeHIii Oyno HamicmaHo 58
noroBineit Bim 88 aBTopiB. 3 mpe3eHTaIiIMA
Ta 0OTOBOPEHHSAM NMPUNHSIN y4acTh 56 1oro-
BiJIayiB, sIKI oTpuMaiu nepcoHanbHi Ceptudi-
kati. YacTMHa JOMOBijeH 3MIMCHIOBAJAch B
OHJIAaH-PEXUMI.
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Puc. 9. ®oto Ha 3ragky
Fig. 9. Photo is on mention

[TepeMOXKIISIMU KOHKYPCIB 32 BIAIOBITHUMU
HOMIHAI[ISIMU BU3HAHO 3-X yYacCHHKIB, a 6 J0-
OpoIiiB OTpUMAaIH TOSKU OpraHi3alliiHoOTo Ta
HayKoBOTro KoMiteTiB koH(pepenmii. [Ipencra-
BIICH1 JI0 PO3TIISAY pedakuiiHoi koJerii pobo-
TH PEKOMEHJI0BaHO 10 MyOJIiKamii B MiKHApO-
JTHOMY HayKOBO-BUpOOHHMYOMY xypHaui «Ilia-
BOJIHI TeXHOJOT11», Buirycku 03 ta 04.

[linTBEepIKEHO aKTyallbHICTh PO3TISAAYyBa-
HUX TUTaHb MIOJI0 BIUTUBY BOJHOTO CEpeio-
BHUIIA HA JOBKUIIS Ta PO3BUTOK 1HHOBAIIITHIX
TEXHOJIOTIH, 30KpeMa B TaTy3sX MPOMHCIOBOL
Ta IMBUIBbHOI imKeHepii. [linTpumano iHimia-
THBY SKOMOTA MIMPIIOTO BUCBITICHHS TIPO-
OreM, HayKOBHX 1 MPaKTUYHHUX pIIIeHb Ha
MIMaTbTaX HEM[OJaBHO 3aCHOBAHOTO JKYpPHAITY
(Puc. 9).

HanaromxeHno HaykoBi ¥ J110BI KOHTaKTH
NOMDK Yy4YacHUKaMU KOH(]epeHlii, HamMiueHO
MEPCIIEKTHRBU Ta TNUIAXH MOAAIBIIOTO CIiBPO-
OITHMIITBA. 3allJITAHOBAHO MiJArOTYBAaTH Ta MPO-
BECTH HacTynHuil popym Ha noyatky 2017 p.

OTxe, IIKyEMO BCIM 3a yBary Ta y4acTb B
MDKHapOAHOMY (opyMmi, IpOBEIEHOMY Ha Te-
penax KuiBChbKOTO HaIlIOHATBHOTO YHIBEPCH-
TeTy OyHiBHMIITBAa 1 apxiTekrypu. baxaemo
MILHOTO 37I0POB’sl, TBOPYMX YCIIXiB Ta HOBHX
HAYKOBUX JIOCSTHEHB !
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Second international scientifically-
practical conference
«Underwater technologies, 2016»

Mykhailo Sukach

Kyiv National University of Construction
and Architecture
Povitroflotskyy prosp., 31, Kyiv, Ukraine, 03037,
msukach@ua.fm, orcid.org/0000-0003-0485-4073

Summary. In the large hall of Scientific advice
KHVYBA took place the Second International re-
search and practice conference «Underwater tech-
nologies, 2016», sanctified to the 100year from the
birthday of member-correspondent Academy of
sciences of Ukraine Ju.O. Vetrov. In her work spe-
cialists participated of twelve countries of the
world. Competitions are conducted on the best
«Presentation», «Innovative projecty», «Publica-
tion». Materials of winners and participants of con-
ference are recommended to illumination in an in-
ternational scientific and production magazine
«Underwater technologies».

Key words: research and practice conference,
submarine technologies, international cooperation.
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Assessment environmental safety for mangrove biome

Tetiana Kryvomaz

Kyiv National University of Construction and Architecture
Povitroflotskyy Prospect 31, Kyiv, Ukraine, 03037,
e-mail: ecol@i.ua, orcid.org/0000-0001-7426-8745

Summary. Mangrove ecosystem was analyzed
from ecological safety point of view. The compari-
son anthropogenic impact on some mangrove bi-
ome in Brazil and Seychelles show that mangrove
in Brazil affected by industrial and anthropogenic
loading, whereas on Seychelles recreational distur-
bance and pollution are biggest problems for man-
grove. Threats to mangrove ecosystem include:
clearing, overharvesting, water reduce, overfishing,
coral reefs destruction, pollution, climate change.
Analyses of mangrove soil find big transformation
ratio soil elements to mobile forms for Fe (K.
=253,81) and Cu (105,45), which is make this
metal accessible for other living organisms and
return to nutrient cycle. Mangrove systems support
a range of species and provide a humber of essen-
tials for many different living organisms. The abili-
ty myxomycetes Hemitrichia serpula accumulate
Ca (K, = 443,69) and Zn (247,41) from environ-
ment was discover; Ni (60), Mn (16,04) and Pb
(11,94) also show high level elements concentra-
tion in compere with their content in soil. Man-
groves provide a wide range of goods and ecosys-
tem services with great economic and environmen-
tal consequences. Risk for mangrove assess by
exceeding the rate of the disappearance and reduc-
es the capacity to function effectively as a viable
ecosystem.

Key words: ecological safety, mangrove, anth-
ropogenic load, risk assessment

INTRODUCTION

The ecological values of mangroves in most
tropical countries have been qualitatively well
documented and recognized. However, there is
little quantitative scientific data to back this
up, because most of the evidence is observa-
tional [9]. Mangrove is unique ecosystem
therefore they are often the object of conserva-
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tion programs, including national biodiversity
action plans [14]. Problems of nature protec-
tion and environmental safety are closely re-
lated. “Environmental safety passports of spe-
cies” (ESPS) appears universal platform for
impersonal evaluating of risk with accounting
the interests and tasks of environmental safety
and nature protection [10]. ESPS accumulate
veracious scientific information about individ-
ual species and evaluation of risk probability
of real and potential threatens from this organ-
ism to environment, humans and other bioob-
jects [11]. The main purpose of the introduc-
tion of passports is to systematize scientific
information for determination of effect of eva-
luated species on the environment, humans
and other living organisms. In results analysis
of information about organisms being eva-
luated could be possible to draw conclusions
about impact risks to this species and danger
effects of this species [12]. But ecosystems
analyses may more effectively represent bio-
logical diversity as a whole than individual
species. It include fundamental abiotic compo-
nents that are only indirectly included in spe-
cies assessments. Declines in ecosystem status
may be more apparent than extinctions of in-
dividual species. For urgent evaluation ecosys-
tem-level assessments may be less time con-
suming than species-by-species assessments.
For balance this discrepancy the combination
main information from ESPS can be used to-
gether with general information about ecosys-
tem. The International Union for Conservation
of Nature (IUCN) setting classification
schemes international global standards for
documenting extinction risk for species and
ecosystems [4].

NiaBOOHI TEXHOMOTNIT e 04/2016, 16-25
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PURPOSE OF WORK

The objective of this study is to make pre-
liminary risk assessment of mangrove biome
using environmental safety passports of spe-
cies and IUCN classification schemes with
considering WWEF evaluation. According with
this purpose was planed to 1) analyze data
about biotic components and abiotic factors of
mangrove ecosystems; 2) assess of beneficial
use the mangrove by human and their role in
the nature; 3) determine potential threatens and
risk for this ecosystems; 4) compare anthropo-
genic load on some mangrove biome in Brazil
and Seychelles.

MATERIAL AND METHODS

Research of anthropogenic load on man-
grove ecosystems was carried in September
2011 in Pernambuco Brazil and in Seychelles:
on Mahé Island in October 2011, Praslin and
Curieuse Islands during June and July 2015,
La Digue Island in January 2016.

Risk assessment of anthropogenic load on
mangrove ecosystems made for determination
of quantitative or qualitative estimate of risk
related to recognized threats. Quantitative risk
assessment requires calculations of two com-
ponents of risk:

R; = Lip(Ly), (1)
Rtotar = 2i Lip(Ly), 2)

were R —risk, i — factors of risk, L — the mag-
nitude of the potential loss, p — the probability
that the loss will occur. For environmental
safety loss is simply a verbal description of the
outcome. In that case, the "risk" is expressed
as:

R, = p(L;), 3)

Risk assessment of bioobjects for environmen-
tal safety involved different dimensions, or
plot axes, of a niche represent different biotic
and abiotic variables. These factors may in-
clude descriptions features of the organism's,

MABOOHI TEXHONOCII e 04/2016, 16-25
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habitat, trophic position, geographic range, etc.
[20]

Coefficient for transformation soil elements
to mobile forms of soil elements calculated by
formula:

Ks-mf = Cs / Ct, (4)

where Kg.n¢ — ratio for transformation soil ele-
ments to mobile forms of mangrove soil ele-
ments, Cs — concentration element in soil, Cp¢
— concentration element in mobile forms of
soil.

Coefficient of elements accumulation by
myxomyecetes fruiting body in mangrove cal-
culated with formula:

Ka=Cn/Cs, (5)

where K, — ratio of elements accumulation, Cy,
— concentration element in myxomycetes fruit-
ing body, Cs — concentration element in soil
[12].

RESULT OF RESEARCH

Mangroves geographical distribution

Mangroves occur worldwide in the tropics
and subtropics between latitudes 25° N and
25° S, but the largest percentage of mangroves
is found between the 5° N and 5° S latitudes.
The area of mangroves was 137760 km?,
spanning 118 countries and territories [1]. Ap-
proximately 75% of world’s mangroves are
found in just 15 countries. Asia has the largest
amount (42%) of the world’s mangroves, fol-
lowed by Africa (21%), North/Central Ameri-
ca (15%), Oceania (12%) and South America
(11%) [7].

Mangroves forming components

Mangrove environments created by trees
and shrubs species growing in coastal saline or
brackish water. About 110 species are consi-
dered "mangroves”, in the sense of being a tree
that grows in such a saline swamp, though
only a few are from the mangrove plant genus
Rhizophora (Fig. 1). Of the recognized 110
mangrove species, only about 54 species in 20
genera from 16 families constitute the “true
mangroves", species that occur almost exclu-
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sively in mangrove habitats [7]. Major compo-
nents of mangroves include 47 species belong-
ing to 10 genus of 6 plant families: Acantha-
ceae, Arecaceae, Avicenniaceae, Combreta-
ceae, Lythraceae, Rhizophoraceae. Black
mangroves conclude 9 species of genus Avi-
cennia and two — Lumnitzera. 11 species of
genus Laguncularia called white mangrove.
Red mangroves from family Rhizophoraceae
include 8 species of genus Rhizophora, 6 —
Bruguiera, 2 — Ceriops and Kandelia. Mono-
typic taxa Nypa fruticans Wurmb is the only
palm considered adapted to the mangrove bi-
ome. Mangrove apple present by 5 species of
genus Sonneratia from family Lythraceae, also
Conocarpus erectus L. (buttonwood) from
family Combretaceae. Minor components of
mangroves involved 15 genus from 14 fami-
lies: 6 species from genus Barringtonia, 3 —
from Acrostichum, Heritiera, 2 — from Aegiali-
tis, Aegiceras,Bravaisia, Camptostemon, EXx-
coecaria, Pemphis, Xylocarpus and by one
species for genus Acanthus, Fimbristylis, Os-
bornia, Pelliciera, Scyphiphora. The most
important feature all this plants that it can
thrive in high temperatures and absorbs brack-
ish water. Each species has its own solutions
to these problems.

Characteristic of mangroves habitat

A habitat is made up of physical factors
such as soil, moisture, range of temperature,
and availability of light, etc. Analyses of im-
pacts of abiotic factors from habitat to species
vital activity show range of tolerance, opti-
mum, minimum and maximum value of each
factor. Mangrove plants require a number of
physiological adaptations to overcome the
problems of anoxia, high salinity and frequent
tidal inundation. The saline conditions tole-
rated by various mangrove species range from
brackish water, through pure seawater (30 to
40 ppt = parts per thousand), to water concen-
trated by evaporation to over twice the salinity
of ocean seawater (up to 90 ppt) [18]. Man-
groves exclude salt by having significantly
impermeable roots which are highly impreg-
nated with suberin, acting as an ultra-filtration
mechanism to exclude sodium salts from the
rest of the plant. They can also store salt in cell
vacuoles and can secrete salts directly with salt
glands at each leaf base.

Mangrove adapted to low oxygen prop
above the water level with stilt roots and can
then absorb air through pores in their bark
(lenticels). They also make specialised root-
like structures which stick up out of the soil

Fig. 1. Red mangrove Rhizophora mangle L. on island Mahe (Seyshelles)
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like straws for breathing (manypneumato-
phores) which are also covered in lenticels.
The roots also contain wide aerenchyma to
facilitate transport within the plants.

Because of the limited fresh water available
in salty intertidal soils, mangroves limit the
amount of water they lose through their leaves.
They can restrict the opening of their stomata
and also vary the orientation of their leaves to
avoid the harsh midday sun and so reduce eva-
poration from the leaves.

As a result of their intricately entangled
above-ground root systems, mangrove com-
munities protect shorelines during storm
events by absorbing wave energy and reducing
the velocity of water passing through the root
barrier. In addition, mangroves protect inter-
tidal sediment along coastlines from eroding
away in harsh weather year round [19].

Biotic factors of mangrove ecosystem

Mangroves provide a number of essentials
for many different living organisms, including
food and shelter for a diverse animal commu-
nity, living both below and above sea level.

Fungi, bacteria and termites can decay
mangrove forests into peat deposits [22]. Ter-
mites are an important action on the organic
matter is crucial to the chemical stabilization
of mangrove peats and decaying for peat for-

mation [22]. In mangrove sediments were col-
lected the fungal strains with the great poten-
tiality to degrade diesel oil, without develop-
ing antagonistic activity. These fungi accumu-
lated significantly higher biomass, produced
extracellular enzymes and liberated larger vo-
lumes of CO; [2].

Mangrove crabs (Fig. 2) munch on the
mangrove leaves, adding nutritients to the
mangal muds for other bottom feeders. Nega-
tive crabs influence present as predation to
plant seedlings [19]. The unique ecosystem
found in the intricate mesh of mangrove roots
offers a quiet marine region for young organ-
isms [3]. Algae, barnacles, oysters, sponges,
and bryozoans live in areas where roots are
permanently submerged. They all require a
hard surface for anchoring while they filter
feed. Mangroves provide important nurseries
for many sandy and muddy-bottom demersal
and surface feeding species, shrimps and mud
lobstersuse the muddy bottoms as their habitat,
including commercial fish and crustaceans,
also juvenile coral reef fish [7]. Mangroves
supply the existence and health of coral reefs
which are dependent on the buffering capacity
of these shoreward ecosystems, support the
oligotrophic conditions needed by coral reefs
to limit overgrowth by algae.

Fig. 2. Mangrove root Latreille crab Goniopsis cruentata
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Table 1. Content of elements in soil and in
Hemitrichia serpula plasmodiocarp
in Seychelles mangrove

Concentra-
Concentra- tionin
mEeIr?;s tion in soil, | Hemitri- A{ﬁ)c#gl:ilg'
mg/g chia serpu-
la, mg/g

Al 10895,91 1478,4 0,14
Ca 352,3 156312,9 443,69
Cd 0,024 0,11 4,58
Cu 4,64 15,41 3,32
Fe 956,88 5400 5,64
Mg 2555,17 2376 0,93
Mn 6,77 108,62 16,04
Ni 0,08 4,8 60
Pb 1,14 13,61 11,94
Si 513,65 1169,54 2,28
Zn 1,08 267,2 247,41

Mangrove systems support a range of wild-

life species including crocodiles, birds, tigers,
deer, monkeys and honey bees [13]. Many
animals find shelter either in the roots or
branches of mangroves. It serve as rookeries,
or nesting areas. Many migratory species de-
pend on mangroves for part of their seasonal
migrations.

Some common myxomycetes species live
in this ecosystem and playing important role in
nutrient cycle. They have ability elements
transformation and absorption. For some myx-
omycetes species the feature heavy toxic metal
accumulation discovered (Tab. 1).

In our research discover ability myxomy-
cetes Hemitrichia serpula (Scop.) Rostaf.
(Fig.3) accumulate some elements from envi-
ronmental. The highest value of coefficient
accumulation by fruiting body (plasmodio-
carp) this myxomycetes was for Ca (443,69)
and Zn (247,41). Some other elements also
show high ratio concentration in compere with
their content in soil: for Ni K, = 60, Mn —
16,04, Pb — 11,94. Thus new bioaccumulation
organism was discovering in mangrove eco-
system.

Role in nutrient cycle

The mangrove biome characterized by fine
sediments often with high organic content col-
lect in areas protected from high-energy wave
action. They contain a complex salt filtration
system and complex root system.

Mangrove forests are an important part of
the cycling and storage of carbon in tropical
coastal ecosystems. Many scientists believe
that mangroves are far more efficient at trap-
ping carbon than tropical and temperate fo-
rests. They have a staggering ability to se-

Fig. 3. Myxomycetes Hemitrichia serpula (Scop.) Rostaf.
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quester carbon from the atmosphere, and serve
as both a source and repository for nutrients
and sediments for other inshore marine habi-
tats, such as seagrass beds and coral reefs.
Mangroves have slightly different chemical
compositions so the carbon content varies be-
tween the species as well between the different
tissues of the plant e.g. leaf and roots. This
plant becomes peat in good geochemical, se-
dimentary and tectonic conditions [22].

Anaerobic bacteria liberate nitrogen gas,
soluble iron, inorganic phosphates, sulfides
and methane, which make the soil much less
nutritious. Aerial roots allow mangroves to
absorb gases directly from the atmosphere, and
other nutrients such as iron, from the inhospit-
able soil. Mangroves store gases directly in-
side the roots, processing them even when the
roots are submerged during high tide [18].

The fine, anoxic sediments under man-
groves act as sinks for a variety of heavy
(trace) metals which colloidal particles in the
sediments have scavenged from the water.
Mangrove removal disturbs these underlying
sediments, often creating problems of trace
metal contamination of seawater and biota.

Table 2. Compare of elements in soil and in its
mobile forms in Seychelles mangrove

Concentra-

Ele- Concentra- tion in Transforma-
ments tion in soil, mobile tion ratio
mag/g forms of

soil, mg/g
Al 10895,91 - -
Ca 352,3 30,47 11,56
Cd 0,024 0,038 0,63
Cu 4,64 0,044 105,45
Fe 956,88 3,77 253,81
Mg 2555,17 617,7 4,14
Mn 6,77 3,87 1,75
Ni 0,08 0,22 0,36
Pb 1,14 0,48 2,38
Si 513,65 _ _
Zn 1,08 1,08 1

Soil pH = 8,76

MABOOHI TEXHONOCII e 04/2016, 16-25
MpomwucnoBa Ta umMBinbHa iHxXeHepis

Such organic pollutants such as polycyclic
aromatic  hydrocarbons (PAH), organo-
chlorine pesticides dichlorodiphenyltrichloroe-
thane (DDT), hexachlorobenzene (HCB), po-
lychlorinated biphenyls (PCB) can be accumu-
lated in mangrove sediments [8].

Our research finds big transformation ratio
soil elements to mobile forms of soil for Fe
(Ks.mf =253,81) and Cu (105,45). Accordingly
component of soil in mangrove make this met-
al accessible for other living organisms, in-
cluding Fe and Cu to nutrient cycle (Tab. 2).

Beneficial use

Mangrove ecosystems represent natural
capital capable of producing a wide range of
goods and services for coastal environments
and communities and society as a whole.
Mangroves provide at least US$1.6 billion
each year in ecosystem services [4].The loss of
mangroves will have devastating economic
and environmental consequences. These eco-
systems are not only a vital component in ef-
forts to fight climate change, but they also
protect some of the world’s most vulnerable
people from extreme weather and provide
them with a source of food and income. Some
of these outputs, such as timber, are freely
exchanged in formal markets. They serve as a
nursery for fish and other species that support
coastal livelihoods. Up to 75% of the game
fish and 90% of the commercial species in
some regions are dependent on mangroves for
part of their life cycles and on nutrients ex-
ported from the mangroves to other ecosys-
tems [6].

Mangroves are vital to coastal communities
as they protect them from damage caused by
tsunami waves, erosion and storms. Maintain-
ing a healthy mangrove forest sustains natural
protection and is less expensive than seawalls
and similar erosion control structures, which
can increase erosion in front of the structure
and at adjacent properties due to coastal cur-
rents. It appears that as the sea-level is slowly
rising, mangroves are a better alternative to
protecting coastlines from eroding than other
can made structures, such as seawalls [14, 21].

The tsunami has provided an opportunity to
illustrate that healthy mangroves serve as a
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natural barrier against massive waves — pro-
tecting infrastructure developments and saving
lives. The IUCN compared the death toll from
two villages in Sri Lanka that were hit by the
devastating tsunami giant waves. Two people
died in the settlement with dense mangrove
and scrub forest, while up to 6000 people died
in the village without similar vegetation [5]. It
proves that mangroves provide a natural wall,
which is necessary in high impact natural dis-
asters areas such as this one.

Mangrove root systems slow water flow,
facilitating the deposition of sediment. Toxins
and nutrients can be bound to sediment par-
ticles or within the molecular lattice of clay
particles and are removed during sediment
deposition. Compared with the expense of
constructing a wastewater treatment plant,
mangroves are commonly selected as receiv-
ing areas of effluent. Increasingly the notion of
specifically constructed mangrove wetlands is
being adopted and used for treatment of aqua-
culture and sewage effluents [5].

Threats assesment

The chief threats to mangrove habitat come
from: conversion and landuse change and the
indirect effects of sediments and chemicals in
runoff from catchments degraded by clearing
of upland vegetation and intensive agriculture.
Many mangroves become degraded through
the upstream building of dams, roads and irri-
gation channels. As new cities are developed,
mangrove forests around the world have felt a
great impact not only on their ecosystems
health, but also their wave-attenuating capacity
[22]. Threats to mangrove ecosystem and their
habitats include: clearing, overharvesting, wa-
ter reduce, overfishing, coral reefs destruction,
pollution, climate change.

Clearing: Mangrove forests have often been
seen as unproductive and smelly, and so
cleared to make room for agricultural land,
human settlements and infrastructure (such as
harbours), and industrial areas. Clearing for
tourist developments, shrimp aquaculture, and
salt farms has also taken place. This clearing is
a major factor behind mangrove loss around
the word [17].
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Overharvesting: Mangrove trees are used
for firewood, construction wood, wood chip
and pulp production, charcoal production, and
animal fodder. While harvesting has taken
place for centuries, in some parts of the world
it is no longer sustainable, threatening the fu-
ture of the forests [17].

Water reduce: Dams and irrigation reduce
the amount of water reaching mangrove fo-
rests, changing the salinity level of water in
the forest. If salinity becomes too high, the
mangroves cannot survive. Freshwater diver-
sions can also lead to mangroves drying out. In
addition, increased erosion due to land defore-
station can massively increase the amount of
sediment in rivers. This can overcome the
mangrove forest’s filtering ability, leading to
the forest being smothered [17].

Overfishing: The global overfishing crisis
facing the world’s oceans has effects far
beyond the directly overfished population. The
ecological balance of food chains and man-
grove fish communities can also be altered
[17].

Destruction of coral reefs: Coral reefs pro-
vide the first barrier against currents and
strong waves. When they are destroyed, the
stronger-than-normal waves and currents
reaching the coast can undermine the fine se-
diment in which the mangroves grow. This can
prevent seedlings from taking root and wash
away nutrients essential for mangrove ecosys-
tems [17].

Pollution: Fertilizers, pesticides, and other
toxic man-made chemicals carried by river
systems from sources upstream can kill ani-
mals living in mangrove forests, while oil pol-
lution can smother mangrove roots and suffo-
cate the trees. Mangroves maintain coastal
water quality by abiotic and biotic retention,
removal, pollutants, and particulate matter
from land-based sources, filtering these mate-
rials from water [17].

Climate change: Mangrove forests require
stable sea levels for long-term survival. They
are therefore extremely sensitive to current
rising sea levels caused by global warming and
climate change. The Global Mean Sea Level
has risen 4 to 8 inches over the past century,
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almost twice the average rate of 80 years prior
[16].

Other factors mangroves have an influence
on, include coastal profile, water depth and
bottom configuration. The mangrove popula-
tion has felt both direct and indirect effects due
to coastal engineering and human develop-
ment, resulting in a devastating decline in
population. This decline has led to a negative
chain of effects in other ecosystems that are
dependent on mangrove forest for survival.

Risks evaluation

Mangroves respond to deteriorating condi-
tions with dieback and loss of habitat. Degra-
dation of mangrove habitat by the direct loss
or alteration of trees reduces its capacity to
function effectively as a viable ecosystem.
This in turn endangers the species that depend
upon the healthy mangrove ecosystems. More
than 35% of the world’s mangroves have been
destroyed, exceeding the rate of the disappear-
ance of tropical rainforests [17]. The Atlantic
and Pacific coasts of Central America, where
as many as 40 percent of mangrove species are
considered threatened, are particularly af-
fected. The figure is as high as 50% in coun-
tries such as India, the Philippines, and Viet-
nam, while in the Americas. In India and
Southeast Asia, where 80% all mangrove area

has been lost over the past 60 years [4]. The
potential loss of these species is a symptom of
widespread destruction and exploitation of
mangrove forests. More than one in six man-
grove species worldwide are in danger of ex-
tinction due to coastal development and other
factors, including climate change, logging and
agriculture. 11 out of 70 mangrove species
(16%) which were assessed will be placed on
the IUCN Red List [4]. Countries with very
large areas of mangroves have a significant
number of protected areas notably Australia
(180), Indonesia (64) and Brazil (63).

About 7% of the area occupied by man-
grove swamps and forests is located in Brazil,
extending along most of its coast [7] and con-
centrated (70%) between the states of Para and
Maranhéo [15]. Despite of active conservation
an action, some Brazilian mangroves destroy
by industry and have negative pressure of
anthropogenic loading, especially when it allo-
cated near favela. In Seychelles industry are
not active, but recreational disturbance is very
strong, so the biggest impact for mangrove is
pollution (Fig. 4). The main problem of the
island and costal is a real threat of flooding
due to global climate change. Thus general
main risks for all mangrove ecosystems are
destruction, pollution and climate change.

Fig. 4. Anthropogenic rubbish in mangrove
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CONCLUSIONS

1. The most strong nature abiotic factors af-
fecting mangrove biome are high salinity, fre-
quent tidal inundation and anoxia, concerning
mangrove developed physiological adaptations
for overcome the problems.

2. Analyses of mangrove soil find big trans-
formation ratio soil elements to mobile forms
for Fe (Ksmf =253,81) and Cu (105,45), which
is make this metal accessible for other living
organisms and return to nutrient cycle.

3. Mangroves provide a number of essen-
tials for many different living organisms such
as crabs, fish, coral, algae, lobsters, oysters,
barnacles, shrimps, sponges, bryozoans and
also bacteria, fungi, termites, myxomycetes;
mangrove systems support a range of wild-life
species including crocodiles, birds, tigers,
deer, monkeys and honey bees.

4. The ability myxomycetes Hemitrichia
serpula accumulate Ca (K, = 443,69) and Zn
(247,41) from environment was discover; Ni
(60), Mn (16,04) and Pb (11,94) also show
high level elements concentration in compere
with their content in soil.

5. Mangroves provide a wide range of
goods and ecosystem services with great eco-
nomic consequences such us a source of food
(fish, crustaceans, etc.) and income outputs
(timber); protection from damage caused by
tsunami waves, erosion and storms; treatment
of aquaculture and sewage effluents from tox-
ins and nutrients of wastewater by bound par-
ticles or within the molecular lattice of clay
particles and sediment deposition; vital com-
ponent in efforts fight climate change

6. Threats to mangrove ecosystem include:
clearing, overharvesting, water reduce, over-
fishing, coral reefs destruction, pollution, cli-
mate change; risk for mangrove determine by
exceeding the rate of the disappearance and
reduces the capacity to function effectively as
a viable ecosystem.

7. The comparison anthropogenic impact on
some mangrove biome in Brazil and Sey-
chelles show that mangrove in Brazil affected
by industrial and anthropogenic loading, whe-
reas on Seychelles recreational disturbance
and pollution are biggest problems for man-
grove.

24

REFERENCES

1. Alongi D.M., 2009. Paradigm shifts in man-
grove biology. In: Coastal Wetlands: an inte-
grated ecosystem approach. Amsterdam, El-
sevier Science, 615-640.

2. Ameen F., Moslem M., Hadi S., Al-Sabri
A.E., 2016. Biodegradation of diesel fuel hy-
drocarbons by mangrove fungi from Red Sea
Coast of Saudi Arabia. Saudi J. Biol. Sci. 23(2),
211-218.

3. Bos A.R., Gumanao G.S., van Katwijk M.M.,
Mueller B.; Saceda M.M., Tejada, R.P.,
2011. Ontogenetic habitat shift, population
growth, and burrowing behavior of the Indo-
Pacific beach star Archaster typicus (Echino-
dermata: Asteroidea). Marine Biology, 158,
639-648.

4. Chadwick N., Malentaqui P.Y., 2010. Man-
grove forests in  worldwide  decline.
WwWw.iucn.org.

5. Dahdouh-Guebas F., Jayatissa L.P., Di Nitto
D., Bosire J.O., Lo Seen D., Koedam N.,
2005. How effective were mangroves as a de-
fence against the recent tsunami. Current Biol-
ogy, 15 (14), 1337-1338.

6. Danielsen F., Sorensen M.K., Olwig M.F.,
Selvam V., Parish F., Burgess N.D., Hiraishi
T., Karunagaran V.M., Rasmussen M.S,,
Hansen L.B., Quarto A., Suryadiputra N.,
2005. The Asian tsunami: a protective role for
coastal vegetation. Science, 310-643.

7. Giri, C., Ochieng, E., Tieszen, L.L., Zhu, Z.,
Singh, A., Loveland, T., Masek, J. and Duke,
N., 2011. Status and distribution of mangrove
forests of the world using earth observation sa-
tellite data. Global Ecology and Biogeography,
20(1), 154-159.

8. Kaiser D., Schulz-Bull D.E., Waniek J.J.,
2016. Profiles and inventories of organic pollu-
tants in sediments from the central Beibu Gulf
and its coastal mangroves. Chemosphere, 153,
39-47.

9. Kryvomaz T., 2014 Evaluation of model ob-
jects for developing of Environmental safety
passports of species. Ecologichna bezpeka ta
prirodokoristuvannya, 16, 32-39 (in Ukrainian).

10.Kryvomaz T., 2015. Certification of species in
the management of environmental safety.
Scientific Herald of Ivano-Frankivsk National
Technical University of Oil and Gas, 1(11),
149-154 (in Ukrainian).

11.Kryvomaz T., Voloshkina O., 2014. The Risk
Assessment of Threats from Biological Objects

NiaBOOHI TEXHOMOTNIT e 04/2016, 16-25
MpomucnoBa Ta umMBinbHa iHXeHepis



[ TpuponHMdyi HayKu

in Environmental Safety. Motrol: kom. Mot.
Energ. Roln., OL PAN, Vol.16-8, 137-144.

12.Kryvomaz T., Voloshkina O., 2015. Methodi-
cal approaches to forming Environmental safety
passports of species. Visnyk of Vinnytsia Poli-
technical Institute, 4, 36-45 (in Ukrainian).

13.Massel S.R., Furukawa K., Brinkman R.M.,
1999. Surface wave propagation in mangrove
forests. Fluid Dynamics Research, 24(4), 219-
249.

14.Mazda Y., Kobashi D., Okada S., 2005. Tid-
al-Scale Hydrodynamics within  Mangrove
Swamps. Wetlands Ecology and Management,
13(6), 647-655.

15.Menezes M.P.M., Berger U., Mehlig U.L.F.,
2008. Mangrove vegetation in Amazonia: a re-
view of studies from the coast of Para and Ma-
ranhdo States, north Brazil. Acta Amazonica,
38(3), 403-420.

16.0O'Neill T., 2007. Curse of the Black Gold:
Hope and betrayal in the Niger Delta. National
Geographic. 211(2), 88-117.

17.0swell A., 2016. Mangrove forests are one of
the world’s most threatened tropical ecosys-
tems. WWF, http://wwf.panda.org.

18.Popp M., Polania J., Weiper M., 1993. Physi-
ological adaptations to different salinity levels
in mangrove. Towards the rational use of high
salinity tolerant plants, 27, 217-224.

19.Skov M.W., Hartnoll R.G., 2002. Paradoxical
selective feeding on a low-nutrient diet: why do
mangrove crabs eat leaves? Oecologia, 131(1),
1-7.

20.Szabo D.T., Loccisano A.E., 2012. POPs and
Human Health Risk Assessment. Dioxins and
Persistent Organic Pollutants, 3rd Edition, John
Wiley & Sons.

21.Ustinova 1., 2015. Theoretical principles of
wave urbanistics. Underwater technologies,
Vol.01, 33-42.

22.Vane C.H., Kim AW. Moss-Hayes V.
Snape C.E., Castro Diaz M., Khan N.S., En-
gelhart S.E., Horton B.P., 2013. Degradation
of mangrove tissues by arboreal termites (Nasu-
titermes acajutlae) and their role in the man-
grove C cycle (Puerto Rico): Chemical charac-
terization and organic matter provenance using
bulk 613C, C/N, alkaline CuO oxidation-
GC/MS, and solid-state 13C NMR. Geochemi-
stry, Geophysics, Geosystems, 14 (8), 3176-
3191.

MABOOHI TEXHONOCII e 04/2016, 16-25
MpomwucnoBa Ta umMBinbHa iHxXeHepis

OneHKa YK0J0rn4ecKoi
0€30MaCHOCTH /151 MAHTPOBBIX
OMOMOB
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AnHoTranus. [IpoaHanu3upoBaHbl MaHTPOBBIE
9KOCHCTEMBI C TOYKH 3pEHHS HKOJIOTHYECKOU
6e3onacHoctu. CpaBHEHHE AHTPOIIOTEHHOTO BO3-
JIeMCTBUS HA MaHTPOBbIe OMOMBI B bpazmnuu u Ha
CeillLIenbCKUX OCTPOBax MoOKazajo, uro B bpasu-
JUHM Ha HEKOTOpPhIE MaHTPOBBIE COOOIECTBA BIHsI-
IOT MPOMBIIIJICHHBIE U aHTPOIIOTEHHBIC Harpy3KH,
B TO BpeMs kak Ha Ceifmenax cambIMU OOJBIIAM
po0JieMaMy MaHTPOBBIX JIECOB SIBIISIIOTCS peKpea-
LIMOHHBINA IIPECCUHT U 3arpsi3HEHHE. B nienom Hau-
OONBIIMMHU YrpO3aMHu JJIsl MAHTPOBBIX 3KOCHCTEM
SIBIIIIOTCA  BBIpYOKa, aHTPOIIOTCHHBIN IPECCHHT,
MU3MEHEHUE BOJHOTO PEKUMa, YUpE3MEPHBIA BHLIOB
pBIOBI, pa3pyllieHHUEe KOPaLUIOBBIX PUGOB, 3arpss-
HEHHUE OKPY’KaIollel cpeibl, N3MEHEHNE KIINMara.
AHanu3 MaHTPOBOM MOYBBI BBIABHI BBICOKHE 3Ha-
yeHus: KodpduimenTo TpanchopmManuu Mo IBHK-
HBIX (opM MOUYBEHHBIX AmeMeHTOB id Fe (K =
253,81) u Cu (105,45), mosTOMy 3TH METaIIBI
JOCTYIHBI JJISl IPYTHX JKUBBIX OPraHU3MOB U MO-
TYT BEPHYTBCSI B KPYyTOBOPOT BEIIECTB.

MaHTpOBBIE CHCTEMBI TIOJACPKUBAIOT LIEIBII
PAI BHIOB M OOECIEYMBAIOT OJAroNpHUsTHBIC YC-
JIOBUSL JUIS JKU3HEAESATENILHOCTH MHOTUX DPa3iind-
HBIX JKHMBBIX OpraHu3smoB. OOHapyxeHa croco0-
HOCTh MHKcomurieta Hemitrichia serpula akkymy-
nupoBats Ca (K, = 443,69) u Zn (247,41) u3 ok-
pyxaroreit cpezpl; kpome toro, st Ni (60), Mn
(16,04) u Pb (11,94) BeIsBICHBI BBICOKHE 3HAYCHHS
KOHIICHTpAIMI TI0 CPABHEHUIO C UX COJepKaHUEM
B mouBe. MaHTrpoBbIe Jieca 00ecreunBaloT HIMPO-
KU CHEeKTP 3KOCHCTEMHBIX YCIYyT C OOJBIIMMHU
9KOHOMHYECKMMHU W 3KOJIOTHYECKUMH TOCJIEACT-
BUSIMH. PUCK JIJIs1 MAHTPOBBIX OMOMOB OIIGHUBAET-
Cs B MPEBBILEHUH CKOPOCTH HCYE3HOBEHUS H
CHI)KEHUHU CIIOCOOHOCTH 3¢ (EeKTUBHO (HYHKIHO-
HHUpPOBATh TMOJI BO3JIEUCTBUEM TEXHOT€HHON Ha-
IPy3KH.

KiroueBble ciaoBa: skojorudeckas Oesomac-
HOCTh, MAHIPOBBIE DKOCHCTEMBI, TEXHOTEHHAs
Harpy3Ka, OlleHKa PHCKa.
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OueHka noTeHuunana pecypco- u 3Heproc6epe>KeHM;|
npu ynpasrneHnn pa3sutmemMm m (*)yHKLIVIOHMpOBaHVIEM
MaruncrtpasibHOro sogosona

AHOpel Tesswes, Onbea MameueHKo

Kharkiv National University of Radio Electronics
prosp. Nauki, 14, Kharkiv, Ukraine, 61166
tad45@mail.ru, orcid.org/0000-0002-2846-7089

Annoramus. PaccmoTpeHa mpo0iieMa OIeHH-
BaHUsI TIOTEHIIMANIA PECYPCO- U IHEProcOepeIKeHUsI
IPYU MOATOTOBKE MHBECTHUIMOHHBIX MPOEKTOB MO-
JepHU3aLMN TEXHOJOIMYECKOro 00OpYIOBaHUS U
nepexojia OT TPAAMLMOHHOTO YIPABICHUS PEXKH-
MaMu paboOThl MarucTpaibHBIX BOJOBOJIOB K OII-
TUMAaJIbHOMY CTOXAaCTUYECKOMY YIIPABICHHUIO IUIS
TPEX30HHBIX Tapu(oB Ha 3nmeKkTposHepruto. [Ipen-
JIO)KEH HOBBIM METOJ IOJIyYEHHsI HECMEIEHHBIX,
3¢ (HEeKTUBHBIX W MPAKTUYECKH PEATH3YEMBIX OIle-
HOK ITOTEHIIMaja Pecypco- U SHeprocOepexeHus B
MarucTpajbHBIX BOJOBOJAX. MeToJl OCHOBaH Ha
WCIIOJIb30BAaHUH PE3YIHTATOB KOMIIBIOTEPHOTO MO-
NEeTUPOBAHUSl PEIICHHUA 33/Ja4d  ONTHMAaJIbHOTO
CTOXaCTHUYECKOTO YNPABICHHUS PEKUMAMU PabOTHI
MarucTpajbHBIX BOZOBOJOB. Bce MHOXecTBO Ba-
PHAHTOB MOJEpPHHM3ALMU CBEIACHO K H3MEHEHUIO
rpada ceTu, TPaHUYHBIX YCJIOBHUIl (IIPOrHO30B BO-
JOTIOTpeOsIeHUsT M YPOBHEH BOJBI B pe3epByapax),
apaMeTpoB MaTEeMaTHYECKUX MOJENeH HaCOCHBIX
arperaTtoB M y4acTKOB TPyOOIPOBOAA.

[IpuBeneHsl pe3yabTaThl OIEHOK IOTEHIIMAa
pecypco- u SHeprocOepeXeHus: Ijisl MHOMXKECTBa
Pa3NUYHBIX BAPHMAHTOB MOJEPHHU3ALUU TEXHOJO-
THYECKOr0 000PYIOBaHHS OJTHOTO U3 KPYITHBIX Ma-
TUCTPAIbHBIX BOJIOBOJOB YKpauHbl, 0Oecredn-
BAIOIIMM BOJIOM TOPOJ C HaceleHueM cBbiiie 1,5
MJH. 4ell. [lomydeHHble OlleHKH MOTEeHIMAaIa SHEPTo-
U pecypcocOepexeHnsi Uil KOHKPETHOTO MarucT-
paNbHOTO BOAOBOJA MO3BOJLIIOT CAENATh €ro MHBE-
CTULIMOHHO NPHBIIEKATEIBHBIM.

KuloueBble cjioBa: MarucTpaibHBIH BOJOBOJ,
OIIEHKa IMOTEHIMAIa PEeCcypcoCcOepexeH s, ONTH-
MaJbHOE CTOXACTUYECKOE YIIPABICHUE, PEryNH-
PYEMBIil IPUBOJI, HACOCHAS CTaHIIHA.
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BBEJIEHUE

Maructpanbhbiii BogoBoa (MB) cnoxnas
TEXHUYECKas CUCTEMA, MpEeJHA3HAUYCHHAs IS
TPaHCIIOPTa BOJBI HAa OOJIBIINE PACCTOSIHHUS OT
UCTOYHMKA BOJOCHAOXKEHUsS O KPYIMHBIX Ha-
CEJIEHHBIX MYHKTOB (IIOTpeduTeNneil), B cOCTaB
KOTOpPOM BXOAST MHOTOLEXOBBIE HACOCHBIE
cranuuit (HC), MHOroHutouHble MarucTpaiib-
HbIE TPYOOIPOBOJIBI, pe3epBYyaphbl UUCTOU BOJIBI
(PUB) [1].

[IpoektupoBanue u crpourtensctso MB
VYkpaunsl npousBoamiocs B 1950 — 1980 rr.
[Ipu aTOM mapameTpbl 060PYIOBaHUS pacCUu-
THIBAIUCH ISl pEKMMa MAaKCUMaJIbHOTO BOJO-
MoTpeOIeHns, ¢ MEePCIeKTUBON €ro JallbHEe-
1IETO POCTa.

B nHacrosimee Bpems B CBA3U C POCTOM Ta-
pudoB Ha Boay U BcE Ooliee MIMPOKOMY HC-
MI0JIb30BAHUIO MOTPEOUTENSIMU CPEACTB yuéTa
BOAbl BO BCEM MHpE CIIOXKHUJIACh YCTOWUYMBAS
TEHJACHIIUS K CHUXEHHIO OOBEMOB BOJOIO-
TpeOenus. Takas e TeHJIEHIUS CYIIECTBYET
u B Ykpaune. Ha Puc. 1 npeacrasnen rpadux
(aKTUYECKUX U TPOTHO3HPYEMBIX CpEIHECY-
TOYHBIX 00BEMOB MMOAAYU BOJIbI B TOPOJI C Ha-
CEIICHUEM CBBIIIE 1,5 MITH. JKUTEIICH.

VYcroiiunBas TEHICHIUS CHUKEHUS BOJO-
MOTpeOIeHUs] TIPUBENIa K TOMY, YTO B PEAIbHO
IKCIUTyaTupyeMbix MB o0pa3oBanuch 3HaYH-
TENbHBIE PECYpPChl UX HEUCIOJIB3YyEMOM Ipo-
M3BOJUTENILHOCTH, & UMEHHO: HACOCHBIE arpe-
ratel (HA), ycranosnenneie Ha HC, Obumn
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paccynTaHbl Ha 3HAYHUTEIHBHO OOJBIIYIO TPO-
M3BOAMTEIBHOCTh, B HACTOSAIIEE BPEMs BBIHY-
KIEHBl pPadoOTaTh C TPHUKPBITBIMH PETYJIH-
pytorumu  3anaBwxkkamu (P3) co 3HauuTennb-
HBIMH MaTEPHAIBLHBIMU M JHEPreTHYCCKHUMHU
norepsimu [2 — 5]. D10, B CBOIO 0Yepe/ib, SIBH-
JIOCh OJIHOM M3 MPUYMH HEMPEPHIBHOTO POCTa
YIIeITBHOTO pacxona AJIEKTPOIHEPTHU
(xBr-u/M%), 1 Kak cieacTBhe, pocta TapudoB
Ha BOY.

TBIC. M3
500.0

4591 4615

450,0

400.0

350.0

2012r 2013r 2014r 2015r 2016r 2017r 2018r 2019r

Puc. 1. I'padux GakTHuecKnX U MPOTHOZUPYEMBIX
CPEIHECYTOYHBIX 00BEMOB ITOAAYHN XOIIO]I-
HoM BoJisl MB

Fig. 1. The schedule of actual and projected aver-
age daily volume of the cold water supply
of water main

Pemenne 3toit nmpoOiemMbl MPUBOAUT K HE-
00XOIMMOCTH TIOMCKAa WHBECTHUITMOHHBIX TIPO-
€KTOB II0 MOJEPHM3ALMUU TEXHOJIOTMYECKOTO
obopynoBanus MB, mpuBeneHHIO €ro B COOT-
BETCTBUE C JJOCTaTOYHO HEOOXOJUMBIM YpPOB-
HEeM 3araca pecypca (1o MOIIHOCTH, TPOU3BO-
JMTENILHOCTH, HAIAEKHOCTH) W TEPEXOAY OT
TPaJUIIMOHHBIX CHUCTEM YIIPABICHUS K COBpeE-
MEHHBIM CHCTEMaM ONTUMAJIBHOIO CTOXACTH-
YEeCKOro yIpaBieHHs], Ooyiee aJleKBaTHO COOT-

BETCTBYIOILIMX HM3MEHECHUAM  OKPY)KAIOLICH
cpensl MB, ero cTpykrypel M IapaMeTpoB
[6 - 8].

B pabore paccmarpuBaeTcs CHUCTEMHBIN
MIOAXOJ K OIICHKE IOTEHIHada pPecypco- M
sHeprocoepexenus Uit KpynHoro MB, Haxo-
JSIIErocs B OKCILTyaTalluu, 34 CUYET UCIIOJIB30-
BAaHM KOMIUIEKCAa MEPONPHUATHM IO NPUBEIE-
HHUIO B COOTBETCTBUC MapaMETPOB TCXHOJIOI'U-
YEeCKOro 000pynoBaHMs (DAKTUYECKUM DPEXH-
Mam ero pabotsi [9 — 12].
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[HEJIb PABOTBI

Ienbto naHHOM paboThHI sABIsETCA paspa-
00TKa MeToJa TIOJIy4YeHHsS] CHUCTEMbl HHTE-
IpajbHBIX OLEHOK IIOTCHLIMANA PEeCypco H
SHEeprocOepeeHus TNpU MPOBEACHUU KOM-
IUIEKCa MEPONPUATHN 110 MOJAECPHU3ALUU U pe-
KOHCTpykuuu MB u nepexone oT TpaauluoH-
HBIX CHCTEM YIpPAaBJIEHUS PEeKUMaMU pabOThI
MB K COBpEMEHHBIM CUCTEMAM ONTUMAIbHOTO
CTOXaCTHYECKOTO YIpPaBJICHHUS UIsl TPEX30H-
Horo Ttapuda Ha snekTposHepruto. OTinyu-
TEJIbHBIMU OCOOEHHOCTSAMH IOJy4aeMbIX Olle-
HOK SIBJISIETCSI MX IOTEHLUAlbHAs HECMEIIEH-
HOCTh, 3((eKTUBHOCTh M IpaKTUYECKas pea-
JU3YEMOCTh B paMKax MHBECTUIMOHHBIX IMPO-
€KTOB.

METO/bI TIOBBIIIEHM A KAYUECTBA
N OOOPEKTHBHOCTHU PABOTDI
MATUCTPAJIBHBIX BOJOBOOB

OnanM w3 Hambosee d(h(HEKTHBHBIX METO-
JIOB TIOBBIIIEHUs KayecTBa U 3(deKkTuBHOCTH
pabotel MB sBnsieTcss COBEpILICHCTBOBAHUE
CHUCTEMBI OIIEpaTUBHO-JUCIIETYEPCKOTO
yIpaBiieHUs pexxumamu padbotsl MB Ha ocHo-
BE HCIOJb30BaHMs Oojiee aJeKBAaTHBIX MaTe-
MaTrueckux Mmojenei [13 — 16], yuuTtsiBaro-
IMX KAaK CTOXAaCTHYECKHUM XapakTep IMpouec-
COB MOTpeOJIeHHUsS BOJBI, TAK M CTATHCTHYE-
CKHME CBOMCTBA IIApaMETPOB MOJEIIA HA 33/aH-
HoM uHTepBasie ymnpaeienus [0, T]. dust paspa-
00TkH OoJyiee aJEKBAaTHBIX MaTEeMaTHYECKUX
Mmojeneil pexumoB padbotsl MB u s dextus-
HOTO yuyéTa cHenupuueckux ocoOeHHoCTel
MB kak o6bekTa ynpasinenust MB paccmarpu-
BaeTCs KaK CTOXaCTUYECKUH OOBEKT, (PyHK-
LMOHUPYIOINI B CTOXAaCTHYECKOM cpene. s
MB Takumu crnenuduueckuMu 0CoOCHHOCTSI-
MU siBiIsieTCa Hanuuue B HUX PUB nocratouHo
60sb1IOr0 00BEMA.

CroxacTu4ecKkuil XapakTep cpeabl MposB-
JSieTCsl B TOM, YTO IMPOLIECCHl MOTpedIeHUs
BOJbl HOCSAT SIPKO BBIPAXEHHBIN CIy4alHbIN
xapakrep. CtoxacTuyeckuil xapakrep oObeKTa
YIPaBIEHUS NPOSBISAETCS B TOM, YTO Mapa-
METpPBbI TEXHOJIOTHUYECKOro obopynoBanus MB
alpUOPHO HEU3BECTHBI, a OLICHUBAIOTCSA I10
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AKCIICPUMEHTAJILHBIM JIaHHBIM BBIOOPOK KO-
HEYHOW JUIMHBI, U SBIIAIOTCA CIIyYalHBIMH BE-
nuuuHamu. [losTromMy npu peleHun 3a1a4 OnTH-
MI3aIMH PEXUMOB pabotsl MB HeoOxomMmo uc-
MOJIb30BaTh CTOXACTHYECKYI0 MOJIeTh KBa3H-
CTallMOHAPHBIX peXHUMOB padotel MB. Co-
BEpIICHCTBOBAHUE CHCTEMBI  OIEPATUBHO-
JUCTIETYEPCKOTO YIPABICHUS PEXKUMAMU pa-
06oTel MB 3akitouaercs B mepexoje OT CIIo-
JKUBILIEUCA K HACTOSILEMY BPEMEHU CHUCTEMBI
LEHTPAITM30BAaHHOTO YIPABICHUS PEKUMAMHU
pabotel MB Kk coBpeMeHHOH JaeleHTpan30-
BaHHOM CHCTEME ONTHUMAJILHOI'O CTOXAaCTHYe-
CKOTO YIpaBIeHUS IS TPEX30HHOTO Tapuda
Ha AJICKTPOIHEPTHIO.

3AJIAYA OIITUMAJIBHOIO
CTOXACTUYECKOI'O
VIIPABJIEHUS PEXXUMAMUA
PABOTBHI MATUCTPAJIBHOT'O
BOJIOBOJIA

3ajaya ONTHMAJIBHOTO CTOXaCTHYECKOTO
yIipaBJieHUs pekumMamMu padotel MB peanusy-
€T CTPaTerui0 MaKCUMaJIbHO BO3MO>KHOI'O HC-
MoJIb30BaHus Bcero oobéma PUB um Tpéx30H-
Horo Tapuda Ha snekrposHepruro. CyTh cTpa-
TErMH 3aKII0YaeTCs B TOM, YTO I10a4a BOJbI B
PUB un3 MB pomkHa OBITh MUHUMAILHONW Ha
UHTEPBAJIE BPEMEHU C MAKCHUMAJIbHBIM TapH-
(oM 1 MakcUMalbHON HAa MHTEpPBAJEe BPEMEHU
¢ MHHUMaIbHBIM Tapudom [17].

HcxonupiMu TaHHBIMM 711 3a/1a4dl SIBJISI-
10TCA: CTpYKTypa MB, npeacrasnenHas B Buae
OPUEHTUPOBAHHOTO rpada, BXOJaMU M BBIXO-
namu kotopou sBistoress PUB; mapamerpsl
MHOTOHUTOYHBIX TPYOOIPOBOIOB, MHOTIOIE-
xoBbix HC u PUB; wunTepBan ynpaBieHUsS
[0, T] (oaHu cyTKHM), KOTOPBIH pa3douBaeTCs Ha
24 moapIHTEpBaia, COOTBETCTBYIOIMIMX KaXK/10-
My 4acy nepuoja ympasienus K = 0,...,23. Ha
KaXI0M K-oM TmoOJbIHTEpBase BpPEMEHH W3-
BECTHBI NPOTHO3bI IIPUTOKOB BOJABI B pPE3Ep-
Byapbl Ha Bxojax MB, monmyTHbeIX 0TOOpOB U
or6opoB u3 PUB Ha Beixoge MB B Buae yc-
JIOBHBIX MaTeMaTHUYECKUX OKUJaHUN
G, = I\(ﬁl (g (w)) u UX  JUcCIepcHit

O'si = E(q" (®)), BBIYHCIIAEMBIX B MOMEHT
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Bpemenu kK = 0 ¢ ympexxaenuem | = 1,2,....23;
HU3MCPCHHBIC 3HAUYCHUA ypOBHeﬁ BOAbI B KaxX-
nom z-om pesepsyape H,, (®); daxruueckoe

KOJIMYECTBO BKIIOYEHHBIX HA.

IemeBas QyHKIHUSA 3a4adydl ONTHMAIBLHOTO
CTOXACTUYECKOTO YIPABJICHHUS PEXUMaMH pa-
6otel MB [17, 18] npezcraBisieTcss B BUIC Ma-
TEMaTHUYECKOTO OXKHMJIAHHUS CyMMapHOW CTOH-
MOCTH DJIEKTPOIHEPIUH, 3aTpAaurBacMOU BCe-
Mu paboraronumu HA Ha MHTEpBaje yrpas-
nenus [0, TJ:

n m

M izzl\lijk (9, (®))- 1, > min » (1)

k=0 i=L j=1 utyen

rae Ny, (0, (©)) — cuyuaiinas Bennunna, xa-

paKTepU3yIoIasi MOIIHOCTh, 3aTPAYMBACMYIO
j-M HA i-it HC na k-om uHTepBasic BpeMEHH;

I, — 3HaueHme TpEX30HHOro Tapuda Ha dJIeK-

TpodHepruio Ha K-om mHTEepBane BpemeHu; N
— xonmyectBo HC; M, — konmvectBo pado-
tajoimx HA ma i-oii HC; u(k) — Bekrop
yIpaBJIeHUs, ONpeACIAIoIUNA  MaTemaThye-
CKO€ OXKHJaHuEe OOIIero KoimuecTtBa pabdo-
tatomux HA, nosnoxeHus peryaupyromux 3a-
neuxek (P3) u 000poToB mpHuBOIa Ka)a0ro
paboratomero HA Ha k-om nHTepBanie Bpeme-
HU.

OO6nacte orpaHuueHuii € omnpexessercs
CTOXACTMUYECKON MOJEeNbI0 KBa3HCTallMOHAP-
HBIX peKUMOB padoTsl MB:

ieL

I\Ufl (hrk (0 () + Z By (G (@) +

+z ByiNezic (G (@) + z by (O (@))J =0,

ieR ieM

(r=v,...v+1,-1 k=0,..,23), (2)
'\u/)l (hNSJ'k (0)—Hy (0)- hNAjrk (A (@) +

+hRerk (O ((’)))+z By (P (i ((D))"‘hi(g) )j =0,

ieM

(j=1..mr=1...,mz=1..,2).(3)
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qik ((D) = I\U/Jl { Zrblriqu ((D)+ i blriqu (m)j’

(i:L...,v—l), 4)
Gy (0)>0, ieL. (5)
hy (G (@) = sgn g, (©)S;(0)q4 (@), i € M, (6)
hyaic (G (©)) = 8g; (@) + 8y, (@) Gy (w) +
+8, (0) 0 (), i € L,
Maic (G (@) = dg; (@) + dy; (0) 0 (@) + ®)
+d,, (m)qikz(w)a iel,
9,81- hyuix (G (@) - Gy (@)

(7)

M o () = = g e (G @)
iel, 9)
hezic (i (@) = w i eR,(10)
ik

Y IMHAMAYECKMMU MOJIEIISIMU PE3EPBYapOB

H, (@) = H 1 (@) + €y (A (@) = i (@),
(z=1..,2) (12)

C BEPOSITHOCTHBIMH OTPaHMYEHUSIMU Ha (ha30BbIe
MIEPEMEHHBIE:

P(Hy (@ <H™)zaq,
P(Hy(@2H")za, a~097, (12)

Y SKCTPEMAJIbHBIMU 3HAYCHHUSMU OTPaHUYCHUI Ha
(azoBbIe TIepeMEHHbIE T (PUKCUPOBAHHBIX MO-
MeHTOB Bpemenu K = 6 u k = 23:

M{H,(e)} > min , (k=0,...,6), (13)

Gzvhk €Q

M{H,;(®)} > max

, (k=0,...23), (14)

QZthGQ
rae H, (®) — ypoBeHb BOMIBI B Z-OM pe3epByape
Ha 3agaHHOM K-oM wHTepBame Bpememn, H™

H™ — MMHMMATEHO M MaKCMMAIBHO JOMYCTH-
MBI YPOBEHB BOJIbI B K&YKIOM Z-OM PE3EpPBYape.
Cry4yaiiHple BEIIMYHHBI XapaKTePH3YIOT:
0 (0) — pacxox Bombl Ha i-M yyacTke Tpy6O-
npoBoga Ha K-om wmHTepBaie
h, (0, (®)) — moreps namopa Ha i-M y4acTtke

BPEMCHU;
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TpybonpoBosana k-oM HHTEpBale BPEMEHH;
hysic (®) — Harop Ha Beixoge HC, hyy, (G ()

— Hanop i-ro HA. S,(®) — omenka ruapasiu-
YECKOTr0 COMPOTHBIICHUS I-T0 yd4acTKa Tpy0o-
nposoaa (i€ M); Ny (G (@) — onenxa ma-
neHus Hamopa Ha i-oft P3; 77, (0, (@) -
OLICHKA KIIJ] i-To HA;
ay; (), 8y (w), & (0), dy; (), dy; (©),dy (@) —
ouenku mnapamerpoB HA (iel); C (o) -
otienka mapametpoB P3 (i € R); Ei — crenenn
otkpeitust P3 (E € (0,1]); hi(g) — reoJe3nyecKas
OTMeTKa i-ro yuactka Tpybomposoma (i€ M),
D, — O9JEMEHT MKIOMATHYCCKOW MATPHIIbI;

d,.n (®),0,,;, (©) — pacxox Boas! Ha BXOAE U
BBIXOJIE pe3epByapa; M{} — maremaTudeckoe

OKHMJIaHUE CITy4YalHON BEJTUYHHBI {.}.

Jlns paspemumoctu 3anaun (1) — (14) cuc-
Tema ypaBHeHUi (2) — (14) nomonHseTcs rpa-
HUYHBIMHU YCIIOBHSIMHU B BHJIC ITPOTHO30B pac-
X0l0B Bcex mnorpeburerneit cucremsr 0, (1)

(TTONYTHBIX ¥ KOHEYHBIX ), BBIYUCICHHBIX B BH-
JIe YCIOBHBIX MAaT€MaTHYECKUX OXKHMIAHUH B
MOMEHT BpemeHH K = 0, ¢ ynpexzaenuem | =
1,2,...23, a Takxe HAYaIbHBIMU YCIOBUIMH
npu K = 0 B BHE OIEHOK MaTeMaTHYECKHX
OXKUJIaHUH YPOBHEH BOJBI B KaXJOM Z-OM pe-
3epByape — H,,.

B pabote [17] npuBenen nprOMmKEHHBI Me-
TOJl PEIICHHS PAacCMAaTPUBACMOM 3a/iadu, MyTéM
nepexofia ot croxacruueckou 3amaun (1) — (14) x
e€ JeTepMUHHpOBaHHOMY 3KkBHBaieHTy [19, 20],
peIIeHHEe KOTOPOTO OCYIIECTBILSIETCS MOUPHIII-
POBaHHBIM METOJIOM BETBEH U TPAHHUII.

METO/] ITOJIYUYEHU A OLIEHOK
I[TOTEHIIMAIJIA PECYPCO- 1 OQHEPI'O-
CBEPEXEHUA I1PU YIIPABJIEHMU PA3-
BUTHUEM 1 ®YHKIIMOHNPOBAHUEM
MATUCTPAJIBHOI'O BOJAOBOJA

JIJIs  TIOJTydeHUs TPAKTUYECKH pean3ye-
MBIX HECMEMIEHHBIX U A((HEKTHBHBIX OLEHOK
MOTEHIMAIa PECypco- M HEProcOepeKeHUs B
paboTe TpeqIokKEeH HOBBI METOJ|, OCHOBaH-
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HBI Ha CpaBHEHHMHU (PAKTUUECKU 3aTpayrBac-
MO MOIIIHOCTH M CTOUMOCTHU 3JIEKTPOIHEPTUU
IIPU CYILECTBYIOLICH CHUCTEME YIPABICHUS C
IIPOrHO3UPYEMBIMU 3aTpaTaMd MOIIHOCTH U
CTOMMOCTH 3JIEKTPO3HEPTHH IIPU ONTHUMAJIb-
HOM CTOXAaCTUYECKOM YIPABIECHUU PEKUMAMU
pabotrer MB [21, 22]. [Ipu sToM st 1:060T0
KOHKPETHOIO BapuaHTa MojepHu3zauuu MB
OKa3bIBACTCsS JIOCTATOYHBIM BHECTH H3MEHE-
HUS B rpad) ceTd, rpaHUYHbIE yCIOBHs (IpO-
THO3bI BOJIONIOTPEOJICHUSA), B MapaMeTpbl Ma-
TemaTuueckux mozeneil HA u yuyactkoB Tpy-
00onpoBOJa, CBA3aHHBIX C PACCMATPUBACMbBIM
BapUaHTOM MOJIEPHU3ALUH.

[losnydyeHne cuctembl MHTErpajbHBIX OlLie-
HOK MOTEHIMaJla pecypco- U 3Heprocoepexe-
Hus MB npousBoauiocs Ha OCHOBaHUM CpPaB-
HEHUsl pPE3yJbTaTOB pELIEHUS 3aJaud OITHU-
MaJIbHOI'O CTOXAaCTUYECKOTO YIPaBJICHUS pe-
xKuMamu pabotsl MB aiist pa3nuuHbIX BapuaH-
TOB MOJIEPHM3ALIMU C CylLIecTByroIuM (6a3o-
BbIM) BapHaHTOM ynpasieHus. Cucrema UHTe-
IpajbHBIX OLEHOK IOTCHIMANA PEeCcypco- M
sHeprocOepexeHns MoTydeHa Ui Pa3InIHbIX
BAapUAHTOB MOJEPHU3ALMH TEXHOJIOTHYECKOTO
000pYyIOBaHUSl M YIPABJICHUS PEKUMAMU pa-
60oT1sl MB:

1) mepexoa OT CYIIECTBYIOIIEH CHCTEMBI
YIPaBIEHUS K COBPEMEHHOW CHUCTEME OITH-
MaJbHOI'O CTOXACTUYECKOTO YIPaBJICHUS pe-

HC 3 nogpéma

KUMaMu paboTel MB mist TpéX30HHOTO Tapwu-
¢a Oe3 m3MmeHeHus CcTpykTypel MB u mapa-
METPOB  TEXHOJIOTHYECKOT0  00OpYyI0BaHUS
MB;

2) nis HA ma HC MB, npousBoauTeb-
HOCTb U MOUIHOCTb KOTOPBIX IPEBBILIAET JOC-
TaTOYHO HEOOXOIMMYIO, TPOU3BOIUTCS:
e o0pe3ka pabounx xonéc HA,
e cHIKeHue oboporoB npuBoaa HA mnyrém
3aMeHbI dnekTpoasurareneit HA;
® YCTAaHOBKa YAaCTOTHO PEryjJIMpyeMoro IMpu-
Boja Ha HA.

3) U3menenue crpykrypsl MB.

B kadectBe mpumepa MoIy4eHHUS] CHUCTEMBI
HMHTETrpalbHBIX OLIEHOK MOTEHIINAIa PECypco U
SHEPTroCOEPEKEHUs] TPU YIPABICHUH Pa3BU-
THeM U (¢yHKIMoHupoBanueM MB paccmort-
puMm MB, crpykTypa KOTOpOro mpejicTaBieHa Ha
Puc. 2.

PaccmarpuBaembiii MB Brirodaetr B cedst
TPU HACOCHBIE CTAHIIMU TEPBOTO MOABEMA
(HC11, HC12, HC13), Tpu HC BTOpOTrO noas-
éma (HC21, HC22, HC23) u HC tpernero
nogpéma. HC Broporo momséma HC21 u
HC22 noparot Bogy Ha HC Tperbero noaséma,
a HC tperwsero noxwséma u HC23 nopatot Bony
B PUBS5 u B ceTb ropona.

g pemieHust 3aaud ONTHUMAJIBHOIO CTO-
XaCTHUYECKOTO yMPaBJICHHS peKUMaMHU PabOThI

HE 2 HOZ[LE_!;Ma

Bcerbropona | g 1, = |HC 1 nompéma
< e 5
BEIXON 1 PUB % 5 |1
-t = £ [ HCl1
|| e &l =
—o— s o =
2 &
9 Q &1 2
1
@ O
TIOMYTHBIE § : g
PUB MOTPeGUTENH % 5 1 8
T 5|1 =
5 = £ HC12 =
= 8! 2
et 1 ]
e =
O Q : p
5| | 8
1
v E|1 5
22 H ~
BBIXOZ 2 THOTpeGHTemI 2 e IL _:
< R
B cets ropona O 5

Puc. 2. CtpykTypa MarucTpagbHOTO BOJOBO/IA

Fig. 2. The structure of the water main
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MB paccmatpuBamce HC Broporo u Tpernero
noasémoB 1 PUB4, u PUBS.

HC Broporo moagséma HC21 u HC23 oc-
HaIlleHbl YETBIPbMSI OJHOTUIIHBIMH, TMapa-
JIENBbHO NMOAKIIOUEHHBIMU HA ¢ ogrHaKoBBIMU
xapakrepuctukamu, HC22 u HC Tperbero
noabEMa OCHAIICHBI MATHIO U CEMBIO OJHO-
TUMHBIMU HA COOTBETCTBEHHO C pa3InyHbIMU
XapakTepuCTHKaMHu. B HyneBoil MOMEHT Bpe-
MeHr K = 0 [y MaTeMaTHYECKOE O)KHIaHHE

ypoBHell Bogel B PUB4 H, =2wm; B PUBS

H,, =1,45m. JlonmycTiMble 1Uana3oHbl U3Me-

HeHHMst ypoBHeW Boabl B PUB4 [2...4,9], B
PUB5 [1,45...4,9]. ®akTHyeckue mapameTpsbl
TEXHOJIOrHYecKoro obopymoBanusi MB mpu-
BeneHnl B Taom. 1.

Tadoauua 1. @akTyeckue napaMmeTpsl TEXHOIOTU-
gyeckoro obopynoBanus MB
Table 1. The actual parameters of technological
equipment of water main

Ha Puc. 3 npuBeneH TUIIOBOW MOYaCcOBBIN
rpaduK CYTOYHOTO TPOTHO3a MOTpPEOSICHUs
Boanl 3 PUBS.

B Tab6n. 2 npuBenens! 10 BapuaHTOB MoO-
JEpPHU3AIMHA TEXHOJIOTUYECKOro 00opyaoBa-
Hust MB.

Ha Puc. 4 npuBogutcsa usMeHEHHas CTPYK-
Typa MB.

Tabauna 2. BapuaHnTel MOIEpPHHU3AINA TEXHOJIO-
ruyeckoro obopynosanust MB
Table 2. Options for upgrading technological
equipment of water main

Bapu-
HpOI/I3B€IleHHI)IC N3MCHCHUSI
aHTEI
bazo- o
- CymecTByOImHAN Ha TAHHOE BPEeMs
1 OnTUMaNbHOE CTOXAaCTHYECKOe YIpaB-

JICHHC

2 O6pe3ka konéc HA na HC21 (d*=612
mm) 1 HC22 (d*=792 mMm)

Koi-
HC |Tuno HA %’ h, m N, nl’.l d, mM| BO
M°a kBT Muu". HA

HC21 | 20HAC [3420| 71960 [1000| 765 | 4

HC22 | 24 HAC [6500| 79 |11600| 750 1040

3 | O6peska xkonéc HA nma HC21 (d*=612
mMm) u HC22 (d*=792 mm), perynupye-
MbIii ipuBox Ha HC23 (N1*=700 mun™)
U JIBa perynupyemsbix nmpusoga Ha HC3
(N1*=650 MuH"), U3MEHEHHE CTPYKTY-
ps1 MB

990-

5
HC23 | 22 HJIC |4799 |90 |1000]1250 | 825 | 4
1040| ©

HC3 |24 HJIC |6500| 79 |1600| 750

4 Oope3ka konéc HA na HC21 (d*=612
mM), HC22 (d*=792 wmm), HC23
(d*=660 mMMm), TpH pEryIUpPYEMbIX HPH-
Boza Ha HC3 (n1*=650 mun™), u3mene-

Hue cTpykrypst MB
q. m3/c 5 3amena apurareneit Ha HC21 (n1*=750
MuH")
§ : 6 Oope3ka konéc HA na HC22 (d*=792
' MM)

{)
I
h

9 I 13152719 2123 4. 3. 5 T 9

Puc. 3. TunoBoii movacoBslii rpadMK CYTOYHOTO
nporHo3a norpedieHus Boas u3 PUBS

Fig. 3. Typical hourly chart of the daily water con-
sumption forecast of CWR 5 (clean-water
reservoir)
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7 O6peska konéc HA na HC22 (d*=792
MM), 3ameHa nBuratenei Ha HC21
(n1*=750 mun’")

8 | Obpeska xonéc HA na HC23 (d*=660
MM), I3MEHEHHUE CTPYKTYpsl MB

9 3amena gurateneit na HC21 (n1*=750
muH"), obpeska xoméc HA na HC22
(d*=792 mmMm), HC23 (d*=660 mm), u3-
MEHEHHE CTpyKTypsl MB

10 3amena asurareneir na HC21 (n1*=750
muH"), obpeska xoméc HA na HC22
(d*=792 mm), HC23 (d*=660 mm), HC3
(d*=792 ™MM), HW3MEHEHHE CTPYKTYpHI

MB
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Fig. 4. The modified structure of the water main
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Puc. 5. HanopHble XapaKTepUCTUKH HACOCHBIX arperaToB 1 MB 1j1sl pa3nuyHbIX BApUaHTOB MOJEPHU3A-
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Fig. 5. Pressure characteristics of pump units and the water main for upgrade options: « — PU type
20NDS, ¢ — PU type 22NDS, ¢ — PU type 24NDS

Ha Puc. 5 npuBoxmarcs maTeMaTH4YECKHE
OKUJaHUS HaNOpHBIX Xapakrepuctuk HA u
MB wn oleHKHM MaTeMaTHYeCKOI'Oo OKHIaHHUS
noJjioxkeHust pabouux touek HA s paznuu-
HBIX BapuMaHTOB MojJepHu3zaunmu Ha Puc. 6
IIPUBEJICHBI NIPOPAHKUPOBAHHBIE OLEHKU Ma-
TEMATUYECKOT0 OXKUJAHUS MOIIHOCTU U CTOM-
MOCTH 3aTpaT Ha DJIEKTPOIHEPTHIO 3a CYTKHU
JUISl pa3JIMYHBIX BAPUAHTOB MOJECPHU3ALINN.
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Ha Puc. 6 BugHo, 9yTOo Hambosee mnepcrek-
TUBHBIM BapHaHTOM MOJIEpHHU3AIMU SIBISETCS
BapuaHT 3 (oOpe3ka koiéc HA wa HC21 (d* =
612 MmM) u HC22 (d* = 792 mm), peryiupye-
MbIid ipuBoa Ha HC23, u3MeHeHue CTpyKTypbl
MB; ontumansHoe ynpasienue). Ha Puc. 7
MIPUBEACHBI PE3YNbTAaThl OLEHOK MOTEHIHaa
pecypco U 3HeprocOepeKeHus sl MHOKECTBA
Pa3IMYHbIX BapHAHTOB MOJIEPHHU3AIIH.
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Fig. 6. Estimates for the expectation of power and the cost of energy costs per day for a variety

of upgrade options
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Fig. 7. Estimates of resource and energy saving potential for a variety of upgrade options

s 6a3oBoro pexxuma paborst MB ¢ on-
TUMAJIHBIM YIIpaBJICHHEM W BapuaHTa 3 MpH-
BEJCHbl  KOJMMYeCTBO  pabotaromux HA
(Tabn. 3) u ypoeuu Bomsl B PUB4, PUBS5
(Puc. 8, Puc. 9).

Takum 00pazom, W3 BCEX PaCCMOTPEHHBIX
BapUaHTOB BapuaHT MojepHu3anuun MB (Ba-
puanT 3) oOmamaeT MaKCUMaJIbHBIMH TIOTEH-
nuanamu sHeprocoepexxenus B 124 029 xBr, u
MaKCUMAaJIbHBIMHU TTOTEHITHAIAMH pecypcocOe-
pexxenus 138 948 rpH. B TeueHue cyTok. B oT1-
HOCHTEITFHBIX €IMHUIAX K 0a30BOMY PEKUMY
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OTHU MMOTCHIHUAJIBI COCTABJIAIOT COOTBECTCTBCHHO
47,9% u 55,9%.

BbIBO/IbI

1. TIpenyioxKeHHBII METOJ TTOMYYEHHST OIIEHOK
MOTEHIIMANIAa PEeCYpCo- M DHEProcOeperkeHus Ha
OCHOBAaHUHU PE3YJBTATOB KOMITLIOTEPHOTO MOJIe-
JIMPOBaHMS PeXUMOB paboTel MB mipu nocrarou-
HO OOJIBIIOM 00BhEME MOJICTTUPOBAHMS PA3TMIHBIX
BAapUAHTOB  MOJICPHM3ALMU  CTPYKTYpHl U
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Taémmma 3. KonudecTBo paboTaroNMxX HACOCHBIX
arperatoB st 6a3oBoro (6) pexuma
paboTHl MaruCTPAIILHOTO BOIOBOAA U
BapuanTa 3 (B3)
Table 3. Number of operating pumps for the base
(6) the mode of operation of water main
and option 3 (83)

HC21 | HC22 | HC23 HC3

Hacel B 36 183 6 | 53 6

o]
W

SN
(6]
[EEN

©o|o|~N|o|u|swin|- R

H
H
I L e L R R R YN ENENES

A e e e N NN NI DY LS EN EN E N E N FN N
B I e e e e e e L R L L L G itk s s,

N R R R ESEN EN N N

N R R Rk NN R R R R R R R RN N N [N N | w

RlRRRr RN NN N NN N R R (N o oo oo o
A R R R R
RlRRRRNNN N R R R R R R RN N NN N NN -

napameTpoB MB nipy pa3nMuHbBIX rpaHUYHBIX yC-
JIOBUSIX TEOPETUYECKH MO3BOJISET IOIYYUTh HeE-
CMeILEHHbBIE, Y(P(EKTUBHBIE U TPAKTUYECKU pea-
JIM3yeMBbIE OLICHKH IMOTEHLIMAIA PECYPCO- U DHEP-
rocOepeXeHus], KOTOpbIe MOTYT CITYyXKHTh Ha/IEX-
HOM OCHOBOH IS pa3pabOTKH M pealn3aliy UH-
BECTHLIMOHHBIX MIPOEKTOB B CHCTEMaX BOJOCHAO-
HKEHMSL.

2. llonmydeHHas 3aBHUCMMOCTbh OILIEHOK TOTEH-
1Masia SHepro- U pecypcocoeperxeHrst OT BUIa U
00béMa MoaepHM3aii MB no3BosisieT nocTpouTh
ONTUMAIBHYIO, C TOYKHM 3PEHMS PaCIONaracMbIX
MHBECTULIMA U CPOKOB MX OKYMAaeMOCTH, CTpaTe-
TUIO MIPOBEJIEHNs paboT O PEKOHCTPYKLIUHU U pa3-
BuTHIO MB.
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Fig. 8. The change of the estimate of the mathe-
matical expectation of water level in CWR4
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oxxuganus ypoBHs Bogsl B CWRS

Fig. 9. The change of the estimate of the mathe-

matical expectation of water level in

CWR5

3. [loy4yeHHbIe OLIEHKH MOTEHIM AN SHEPTO- U
pecypcocOepekeHnst Uit KOHKpeTHoro MB mo-
3BOJISIFOT C/IENATh €r0 MHBECTULIMOHHO MPHBIIEKa-
TEJIbHBIM.
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Estimation of the potential of resource
and energy saving in the management
of development and functioning
of water main

Andrey Tevyashev, Olga Matviyenko

Kharkiv National University of Radio Electronics
prosp. Nauki, 14, Kharkiv, Ukraine, 61166
tad45@mail.ru, orcid.org/0000-0002-2846-7089

Summary. The problem of estimating of the
potential of resource and energy saving while the
preparation of the investment projects of the mod-
ernization of the technological equipment and the
transition from the traditional modes of operation
of the water mains to the optimal stochastic control
for three-band tariffs for the electricity is examined
in this work. A new method to obtain unbiased, ef-
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fective and practically implemented estimates of
the potential of resource and energy saving in the
water mains has been proposed. The method is
based on the use of the results of computer based
simulation of the solving of the problem of optimal
stochastic control of the modes of operation of the
water main. The whole variety of options of the
modernization of the water main is narrowed down
to the change of the net graph, boundary conditions
(predictions of water consumption and levels of
water in the reservoirs), the parameters of mathe-
matical models of the pump units and sections of
the pipeline.
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The results of the estimates of the potential of
resource and energy saving for a variety of differ-
ent options of the modernization of the technologi-
cal equipment of one of the largest water mains in
Ukraine, providing water to the city with a popula-
tion over 1,5 million people are given. The ob-
tained estimates of the potential of resource and
energy saving for the specific water main allow to
make it investment-attractive.

Key words: water main, estimation of potential
resource, optimal stochastic control, steering-wheel
drive, the pumping station.
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MexaHiuHa Ta eJIeKTpUYHa iFKeHepid

UccnenoBaHue TeXHONOrMU YCTPOMCTBA FOPU3OHTANbLHOIO
3KpaHa Ha KpynHomMmaclutabHoMm cteHAae

AnekcaHdp anuHckud

l"ocynapcTBeHHoe npeanpusaTue HaydHo-uccnegosartensbCckuii
WHCTUTYT CTPOUTENBHOMO NPOM3BOACTBA
YepBoHOo30psHbIn npocnekT, 51, Kues, YkpanHa, 03110
agalin@ukr.net, orcid.org/0000-0003-3648-4572

AnHoTaums. PaccMoTpeHa 3ajiadya ycTponcTBa
TOPU30HTAJIBHOTO HPOTHBOQHIBTPALIMOHHOTO JK-
pana (I'TID) mox coopyKeHHEM C LENbIO 3aIlUThI
TPYHTOB OT 3arpsi3HEHUS] TEXHOTC€HHBIMM CTOKAMH.
IIpoBeneHbl 3IKCIEPUMEHTANIBHBIE HCCIIEIOBAHUS
IO OMNpPEJENECHNI0 TATOBOTO YCHUIIMS NMEepEMEIIECHUS
PEXYIIETO HOXa B INECKE. YCTAHOBIEHO BIMSHHE
TEXHOJIOTHUECKUX (PAKTOPOB — BEPTUKAJIBHOIO
JaBJICHUs, JaBJICHUA 110/1a4d U INIOTHOCTH PacTBO-
pa — Ha TATOBOE yCWIHE, HEOOXOAMMOE ISl CO3a-
HUs 3KpaHa. Ha ocHOBe MOJIyueHHBIX 3aBUCUMO-
CTel JaHbl PEKOMEHJALMU 110 KOHCTPYHPOBAHUIO
pabouero oprana s ycrpoiictsa ['TID.

KuroueBble ci1oBa: TEXHONOTHS, SKCIIEPUMEHT,
TOPU30HTAJIbHBIN 3KpaH, TATOBOE YCHUIIUE.

ITOCTAHOBKA ITPOBJIEMbI

[IpoGiema 3amMTBI TPYHTOB M TPYHTOBBIX
BOJI OT 3arpsI3HCHUS] TOKCHYHBIMUA CTOKAMH, JIO-
Kalu3alus PacipoOCTPaHEHHsT TOKCHUYHBIX Be-
IIECTB ¥ PAJAMOHYKIIMIOB KaK MO IJIOIIAIN, TaK
U Ha 3HAYMTENIbHBIC TIIYOWHBI SBISETCS aKTY-
anmpHOM M ceromns [16]. Jlokanuzamus 3arpss-
HEHHBIX TPYHTOB U CTOKOB JIOCTaTOYHO HAJICXK-
HO peIIaeTCs TPUMEHEHHUEM COBEPIICHHBIX
NPOTUBO(MMIIBTPAIIMOHHBIX 3aBEC, BO3BOAMMBIX
crocoboM «cteHa B rpyHTe». OmHako 3¢ ¢ek-
TUBHOCTb TAaKOM BEPTUKAIBHOM 3aBECHI 3HAUU-
TEIbHO CHW)KACTCS B Cllydae OTCYTCTBHS Ha
MPaKTHYECKN JOCSITaeMON TIIyOMHE BOIOYIIOp-
HOTO CJIOSI TPYHTA, B KOTOPBIA JOKHA OBITH
3army0ieHa 3aBeca. [Ipu OTCYTCTBUH BOIOYTIO-
pa mpoOJieMy MOXHO PEIIMTh, TMPHUMEHSSI HO-
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BYIO TE€XHOJIOTHIO YCTPOWCTBA NOPU3OHTAIBHO-
ro dKpaHa MoJ CYHIECTBYIOLUIUMHU COOPYKEHUS-
Mu. s co3maHus HOBOM TEXHOJIOTHH HE00X0-
JUMO PELIUTh BAXKHYIO 3a/1ady OIpeaesICHUs
YCUJIMA TIepeMelieHns pabodero opraHa Ipu
CO3JJaHMHU FOPU3OHTAIBLHON MOJIOCTH B TPYHTE B
3aMKHYTOM MPOCTPAHCTBE MOJ BO3JCHCTBUEM
BEPTUKAJILHON Harpy3KH.

AHAJIA3 UCCIIEJJOBAHUI
U IIYBJIMKALWN

[IpenBapuTenbHble HCCIEAOBaHUSA, IPOBE-
nennsie B HUM ctpouTenbHOro mpou3BOACT-
Ba, IMOKa3aJli BO3MOXXHOCTh CO3JaHHSI TOPHU-
30HTAIBHOTO TPOTHUBOQPHIETPAIIMOHHOTO JK-
paHa Juisl JOKalu3aluy 3arpsA3HeHu U Heoo-
XOJIUMOCTb OTPEJECICHUS BIUSHUS PA3IMYHBIX
(hakTOpOB Ha Tpolecc 0Opa3OBaHMs TOPU30H-
TAJIBHOW MOJIOCTH NOJ JACHUCTBHEM BEPTHKAJIb-
HOT'O JIaBJICHUA U YCTPOIMCTBA B HEW dKpaHa.

Amnamus pabor FO.A. Berposa, B.JI. bana-
nuackoro, A.H. 3eneamnna, B.M. bamosHesa,
M.K. Cykaua nokasajl HanpaBJI€HUS UCCIIEN0-
BaHMS BIUSHHUSA (opMbl pabouero opraHa u
CBOWCTB TpyHTa Ha Mpoliecc 00pa3oBaHUs ro-
PU30HTAIBLHOM MOJIOCTH JJISI YCTPOMCTBA MPoO-
TUBO(MUIBTPALIMOHHOTO JKpaHa B 3aMKHYTOM
MIPOCTPAHCTBE MOJI COOPYKEHHEM.

Opnoil W3 3amay CcoO3/aHUSl TEXHOJOTUU
YCTpPOICTBA TOPU30OHTAIILHOTO MPOTUBODUIIBT-
PALMOHHOTO 3KpaHa MOJ COOPY>KEHUEM SIBJISA-
eTCsl ONpeeNIeHne YCUINIl MepeMeleHus pa-
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Oouero opraHa mpw 0Opa30BaHUs DKpaHa Ha
0a3e M3BECTHBIX 3aBUCUMOCTEH C MCIOJIB30Ba-
HUEM TEOPETUYECKUX METOJIOB U IKCIIEPUMEH-
TaJbHBIX HCCIICOBAHUI Ha KpyIMHOMAcCHITaO0-
HBIX MOJICTISIX.

HEJIb PABOTBI

Ha ocHoBaHuu uccienoBaHuii Ha KPYIHO-
MacIITa0HOM CTEH/I€ YCTAaHOBUTH IMIIMpHUYE-
CKHE€ 3aBUCUMOCTU YCWJIHHA TIEPEMEIICHUS Pa-
0oyero opraHa B ChlIllyued cpele OT BEPTHU-
KaJIlbHOTO JAaBJICHUS, NABJICHHS MOJa4Yd pac-
TBOPA, IJIOTHOCTH PacTBOPA U CBOMCTB CPE.bI,
a TakXKe MOJIYYUTh 3HAYCHUS KOIPPUIMECHTOB,
YUUTBHIBAIOIINX CBOWCTBA cpenbl U hopmy pa-
00Yero oprana mpu CO3JaHUHM TOPHU3OHTATIHHO-
ro KpaHa.

OCHOBHOE COEP>)XAHUME

HaydHo-uccie10BaTeIbcKUM —~ MHCTUTYTOM
CTPOHMTENHFHOTO TIPOW3BOJCTBA  TIpEIIaraeTcs
HOBAst TEXHOJIOTHS YCTPOMCTBA TOPU30HTAIBHO-
ro npotuBodmIbTparioHHoro skpana (['T1D)
[1] mmst 3amMTBI TPYHTOB M TPYHTOBBIX BOJ OT
3arpsi3HEHUsI, KOTOpasi 0a3upyeTcsi Ha TeXHOJIO-
MU YCTPOWCTBA TOPU30HTAIBHBIX CKBAXKHH Me-
TOJIOM TOPU3OHTAILHO-HANPABICHHOTO Oype-
uus (CHB).

OCHOBHBIMH TIPOIIECCAMU TEXHOJIOTHU SIB-
JSIFOTCS  OypeHHE HAIpaBJISIONIMX TOPU30H-
TaIGHBIX CKBKHH, 3aTSTUBAHWE B CKBAKUHBI
pa3eNUTENbHBIX DJIEMEHTOB W3 TOJMMEPHBIX
Tpy0O, pa3paboTka rpyHTa MEXKTy CKBaKHHAMH C
pa3eMTENbHBIMI 3JIEMEHTAMHA TPYHTOpa3pa-
0aTHIBAIOIIM PabOYMM OPTaHOM U 3aIOTHEHUE
o0pa30BaBIICHCS TOPU3OHTAILHOW  TIOJIOCTH
MPOTUBO(UIHTPAIIMOHHBIM MaTepuaoM
(IMdM) (Puc. 1).

[Tpu Bcem MHOTO0Opa3wu MPOIECCOB, TOJ-
JIeXKAIIMX U3Y4YCHUIO, OCHOBHOM 3a7adel siBiIs-
eTcs M3y4eHHe Tpolecca OOpa3oBaHUS TOPH-
30HTAJILHOM MOJIOCTU B TPYHTE IMOJ BO3HACHUCT-
BHUEM BEPTHUKAIBLHOTO JABJICHUS U ONPEICICHUC

MCTPOM KOTOPOTO SABJIACTCA TATOBOC YCUIIUC.

Ha cerogns cymiecTByeT OOJIBIIIOE YHUCIO
UCCIIEIOBAaHUIM  mpoliecca IMOBEPXHOCTHOTO
(oTBaNBHOTrO) pe3aHMsi TPYHTAa HOXKOM H Pa3-
paboTaHbl JOCTATOYHO XOPOIIUE MaTeMaThuyde-
ckue mozaenu. Haubomnee pacrpocTpaHeHHBIMU
MOJIETISIMU TaKOTO Tpoliecca SBISI0TCI MOJIEThb
10.A. Berposa [2, 3] —mnpouecc pe3anus mpu
MaJIbIX CKOPOCTSIX, YTOYHEHHas monaenb B.JI.
banamunckoro [4] — mis ckopoctelr Ooibiie
20 m/c, mozaenu, paspaborannbie A.H. 3ene-
HuHbIM, B.W. BanoBHeBbim 1 1p [5 — 7).

[Tponecc 6e30TBAILHOTO pe3aHMs B 3aMKHY-
TOW cpelie METOAOM NPOTATHUBAHUS TPYHTOpa3-
pabartbIBarolIero pabouero oprana (Hoxa) UMe-
€T CYILIECTBEHHBbIE OTIMYUS U TpedyeT ydera
JIPYTUX MApaMETPOB M KCIOJB30BAHUS JIPYTHX
Mojelel. 3aaur Takoro THIa pacCMaTpUBaIOT-
Csl B pazJiesie MEXaHUKUA B3aUMOJCUCTBUS TBEP-
noro tena ¢ aedopmupyemoit cpenoit (B maH-
HOM cjIydae MecyaHbIM rpyHTOM). Hambonee
M3YYEHHBIMH SIBJISIFOTCSI BOIIPOCHI B3aUMOIEii-
CTBUSI TBEPJIbIX TEJ C KIACCUYECKHUMH MOJIEIIS-
MU cpel (HECKMMAaeMOi BS3KOH JKHIKOCTBIO,
YIPYro# cpenoi). 3HaYuTeIbHO MEHBIIE PadoT
MOCBAIIEHO HEKIACCHYECKUM CpelaM, B 4acT-
HOCTH JIMHEWHBIM BSI3KO-YIIPYruUM cpenam [17].
@dakTUYeCKH HE HCCIEOBaHbl 3a/1aud JIBUKE-
HUS TBEPIBIX TEJI B COKUMAEMOU BSA3KOM KHUJIKO-
CTH.

Puc.1. ®parment ['TID:
1 — ropu3oHTaNBHAs TOJOCTh, 3aNOJHEHHAS
MPOTUBO(PHUIBTPAUOHHEIM MaTepualioM; 2 —

TOpHU3OHTAJIbHAsA CKBAXXHMHA C Pa3aciauTCiib-

HBIM JJIEMEHTOM, 3 — IIEPErOpoaKa pa3aeiiu-

TEJILHOTO 3JIEMEHTa; 4 —OKPY>KalOIINi TPYHT
Fig.1. Fragment of the HIS:

1 - is a horizontal cavity filled with imper-
vious material; 2 — horizontal well with a
separation element; 3 — partition of the sepa-
rating element; 4 — the surrounding soil

CONPOTHUBIICHUH TIepeMeIIeHHI0 pabodyero op-
raHa B T'PyHTE, HCOOXOIUMBIX JUII 0OOCHOBAH-
HOTO BBIOOPA TEXHOJIOTHYECKOTO 000PYI0BaHUS
Ui 00pa30BaHUs TOJIOCTH, OCHOBHBIM Tapa-
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B cuity cioskHOCTH 331a9U IPOHUKHOBEHHSI
TeJNa B Cpele OCHOBHAsL POJIb OTBOJIUTCS HKC-
MEPUMEHTATHLHO-TEOPETHUECKUM METOaM.
CornacHo CymIIeCTBYIOIIMM HCCJIEIOBAHUSAM
IUIsSE pacCMaTpUBaEeMOM 3a/laud CYIIECTBCHHBI-
MU OyIyT CIEIYIOUINE XapaKTEPUCTHKU pado-
4Yero opraHa. T€OMETPHUYECKHEe TapameTpsl, K
KOTOPBIM OTHOCSATCSI HE TOJBKO pa3Mephl pa-
Oouero oprana, a u ero hopma, KOTopast BIHUs-
€T Ha XapakTep MpPOIECCOB B3aUMOJCHCTBUS
CO Cpeloil W Ha TMPOLECCH], BOSHHUKAIOIINE B
caMmoil cpezie Mmoja ero BO3ACHCTBUEM; Macca,

Marepuai, ONpeAessiiomuid  KodPGUIIUESHT
TPEHHS; CKOPOCTh IepeMelIeHuss padodero
oprasa.

Jlis peanu3anuu paccMaTpUBacMOUM TEXHO-
JoTUU pabovMii opraH MpeCTaBiIsieTcs B BUAC
JBYX 4YacTeU. pexylleld 4acTh — HOXKa W 3aj-
HeW yactu — crabmimsatopa. Ha mnpaktuke
HaumOoJee 4acTO MCHOIB3YIOT JIB€ (GOPMBI pe-
KYIIEH 4aCcTU — KIMHOBUIHYIO M 3aKpYIJICH-
Hyl0 (cepudueckyro, SUTMNTHYCCKYIO WIH
MMEIOIIYI0 BBITYKIYI0 MOBEPXHOCTH BTOPOIO
MOPSI/IKA).

Puc. 2.Cxema cu, 1eHCTBYIOIIUX HA pabOUHii
opraH. P —BepTukansHoe naBnenue; F —
yCHIIE TIepeMEIIeHUs pabodyero opraHa
(Hoka); 1 — XpaHUIIHUIIE OTXOJOB; 2 — HAJl-
3eMHasl THIPOU3OJISIHNS, 3 — HOX padodero
oprana; 4 — crabmim3aTop pabodero oprasa,
5-TIB

Fig. 2. Diagram of the forces acting on the work-

ing body: P — the vertical pressur& — the

movement force of the working body

(knife); 1— waste storage; 2 above-ground
waterproofing; 3- the knife of the working

body; 4- the stabilizer of the working body;

5-HIS
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B mpomnecce ycrpoiicTBa sKpaHa MpU JIBU-
KEeHUHM pabodero opraHa Ha HEro OyayT Aeii-
crBoBaTh cuibl (Puc. 2), Bo3meiicTBHE KOTO-
peIx OyIeT KOMIICHCHPOBATHCS HAIMPABIISIO-
MU, 33JaI0UMMH [IPSMOJUHEITHOE Hampas-
nenune. OnHaKo st o0ecTieueHus: CTaOMIbHO-
ro JIBIKCHHSI HOXX HEOOXOAMMO cOajaHCUPO-
BaTh TaKUM 00pa3oM, 4TOOBI IIEHTP Macc Ha-
XOJuIICs OMKe K peKyIlel KPOMKE.

[Ipotiecc mpoxnaabIBaHUsI TOPU3OHTAIILHO-
ro 9KpaHa MOXKHO IMpPEICTaBUTh KaK COBOKYII-
HOCTh JIByX OCHOBHBIX MPOIIECCOB: MPOKJIAIbI-
BaHUE MYTH MEPEIHEN PEeXyIlel 4acTbio pa-
Oouero opraHa M HpoKiaabiBaHue (YKIajKa)
JKpaHa.

B03MOXHOCTE peaM3anuu IpeajaracMou
TEXHOJIOTUM B OCHOBHOM ONpEIeNsieTcs pea-
JIM3YEMOCTBIO TEPBOr0 MPOIECCa — BO3MOXK-
HOCTBIO TepeMelleHHs] paboyero opraHa B
cpene.

[Ipouecc MpOHUKHOBEHUS paboyero opraHa
B IPYHT YCIIOBHO MOHO pa3JeiuTh Ha TpU
OTJeNbHbIE 3aJ]aud pacueTa YCWJIHM compo-
TUBJIEHUS. U PEXKYILEH HOKEBOM 4acTH, IS
CTAOWIM3UPYIOMIEH YacTH W i1 OOKOBBIX
CTEH HOYKE€BOW YaCTH.

OOb1iee ycuiive HaXOAUTCS CYMMHUpPOBaHU-
€M IIOJIy4CHHBIX 3HAYCHUM YCHIIMW IS KaxkK-
nou otaenbHou dacTH. OIHAKO, KaK ITOKa3bl-
BatoT skcnepumenTel M.K. Cykaua [8 — 10],
OCHOBHBIE€ YCUJIS CBSA3aHBI C MEPEMEIICHUEM
pexymiend yactu Hoxka. J[yig pemeHus 3amayu
OMPENEISAIOTCS CIEAYIONIME HCXOJIHBbIE JlaH-
Hble: (PU3UKO-MEXaHUYECKHE XapaKTePUCTUKU
rpyHTa (yroim BHYTPEHHErO TPEHWHs, CIICTLIe-
HUE, MJIOTHOCTh, YTOJl TPEHUsl TPyHTa MO Me-
TaJuTy), IapaMeTpbl HOXKEBOM vactu (yrous 3a-
OCTpeHMs KJIMHA, TOJIIMHA KJIMHA, HIMpUHA
KIIMHA, JUIMHA HOXKEBOM 4YacTH U OOKOBBIX
CTE€H), TPACKTOPHS IBHIKCHHUS.

[TpouHocTh chilydero Tenaa (COMpOTHBIIE-
HHUE Pa3pyIICHHIO) B OCHOBHOM OIPEACISIeTCSI
€ro COMpOTHUBJIEHUEM cABUTY miH cpesy. Co-
MIPOTUBJICHUE CBHIMYYero Tejla PaCTIKEHHUIO
CBS3aHO C €r0 CONPOTHUBIICHHEM CJIIBUTY, a CO-
MPOTUBJICHUE CXKATUIO 3aBUCUT OT MPOYHOCTHU
YacTUI] U OT TEX JaBJICHUM, KOTOpbIE BO3HU-
KalOT B MECTaX KOHTAKTa U MOTYT JIOCTHIaTh
Oonpmux 3HaueHuit [11].
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BrlieynoMsiHyThIe MCCIEIOBaHUS TOKa3bl-
BAalOT, YTO JJISl IOCTPOEHUS MaTeMaTU4eCKOU
Mozenu mpouecca ycrpoiictsa ['TID B chimyueit
NecyaHou cpene HeoOXOAUMO NMPUMEHSATh JKC-
MEPUMEHTATBHO-TEOPETUUECKUI METON Hucclie-
JIOBaHUS, TaK Kak 3HA4YEeHUs (PU3NKO-MEXaHU-
YECKUX XapaKTepUCTUK ChIMy4ed cpenbl, BXO-
JsIe B pacueTHble (hopMyiibl, Hauboee ToY-
HO MOTYT OBbITh ONpEAETICHbI dKCIIEPUMEHTAIb-
HBIM ITyTEM.

N3 ananmza paboT 1Mo MEXaHWKE CIUIONIHON
cpeabl sl SMIMPUYECKOrO IOJIX0/Ja MOXKHO
MIPEION0XKNTh, YTO CHJIa CONIPOTHUBIICHUS Cpe-
nbl F ompenensercs B BUIE CYMMbI TPEX CHIT

F=F+F,+F, (1)

rae F1 — cuia JMHAMHYECKOTO COMpPOTHBIIC-
HUS, BBI3BAHHAS MHEPIMEH YaCTHI[ CPEIbI,
NPUHUMAETCS TPOMOPIMOHATIBHON KBaJpaTy
CKOpPOCTH MPOHUKAHUS Tesia B cpeny; Fr — cu-
Ja BSI3KOCTH CpEJibl, BO3HHUKAIOIIAs 3a CYET
MIPEOJIOJICHUS] TPEHHSI MEKIY YaCTUIIAMU CPe-
nbl; F3 — cuima craTHYecKoro COMpOTHBIICHUS,
KOTOpasi OKa3bIBaeT CYIIECTBEHHOE BIUSHUE U
BEJIMYMHA KOTOPOW HE 3aBHUCHUT OT CKOPOCTH
JBYOKEHUS Tena [12].

Takum 00pa3oM, CHUITy CONIPOTUBIICHHSI Cpe-
JIbl MOKHO TIPEJICTABUTh B BUJIC YPABHCHHUS

F=AV?’+BV+C, (2)

rae A, B, C — momoxxurenbpHble KOHCTAHTHI,
3aBUCSAIINE OT CBOWCTB Cpelbl U (POPMBI JIBU-
KYILErocsi B HeW Tena; V— CKOpOCTh IepemMe-
mieHus: pabovero opraHa.

C ydeToM TOro, 4TOo CKOpPOCTh Iepemelie-
HUE pabodvero opraHa B TPYHTE MPH YCTPOUCT-
BC TOPU30HTAIIBHOTO IKpaHa Maa

(20...12m/9ac) u TOrO, 4TO MPU TAKUX CKOPO-
CTSX MpeoOsafaioT ympyrue aedopmaruu, B
paborax [13, 14] mist pacyera HEOOXOIUMBIX
yCUITHiA OblTa MPEATIOKEHA CICIYIOIIAs YIIpo-
mieHHass GopMysa, MO3BOJISIONIAs YIUTHIBATH
MPOILIECCHI, MPOTEKAIOUINE B CUCTEME <TBEPAOEC
TEJIO — CBIMyYast cpeiar»:

N = (BppoV2 + PBepT) ! (3)

rae N=F/S — ynenpHOE ycuine mnepeMerieHus
pabodero oprana B mecuaHoil cpene, I[la;
S—mromane muaens; B —koaddumnuent, yuu-
THIBAIOMIHMI CBOWCTBA cpebl U hopmy padoue-
ro OpraHa; pp, — IJIOTHOCTb MaTepuana pado-
YEero Oprasa, K/, Pycpr — BEpTHKaNIbHOE JaB-
nenue, [la.

Jlig u3ydeHus BO3MOXKHOCTH 0OpazoBaHUs
TOPU3OHTAILHOIO PKpaHa B MECYAaHOM TPYHTE
B YCJIOBHUSIX BO3JEHCTBUS BEPTUKAIBHOM Ha-
IPY3KH, TOJYYEHUS] SMIHUPUYECKUM IIyTEM
3HaYeHUH yAenbHoro comnportuBieHus N u ko-
s dunmenta B OblIa MPOBECHA CEPHsl IKCIIe-
pumentoB [13, 14]Ha crenuanbHONW MPUCTaB-
Ke K cepuiiHoMy crnBuroBomy mpubdopy IICI -
2M nyist pabounx OpraHoOB C KIMHOBHIHOW W
panuanbHON (OPMOI PEKYIIETO HOXKA.

DKcIeprMEHTaMi  YCTaHOBIIEHO, 4TO pabo-
YUl OpraH B BHUJE HOXa C paJuaibHOM 3aTO4Y-
KOl Jlerye cTaOMIU3UpPYeTCs U SBJISIETCS OINTH-
MaJIBHBIM JJ1s1 00pa30BaHUs MOJIOCTH, 0COOCHHO
IIPY YBEJIMYEHUH TUIOTHOCTH IECYAHOM CpE.bl.
[TosToMy HOX Takoi (OpMBI OBLT BBIOpAH IS
JaJIbHEUIINX UCCIIEIOBAHUM.

OO0OpaboTka pe3yIbTaTOB 3KCIIEPUMEHTA Me-
TOJIAMH MaTEMaTHYECKON CTATHCTHKH ITO3BOJIH-
Ja TOJYYUTh OSMIMPUYCCKUE 3aBUCHMOCTH
YIEIBHOTO CONPOTUBJICHUS IEPEMENICHHIO
pabouero oprana N opraHa OT BEpTHKAIBHOTO

Tabauna 1. YpaBHEHHS perpeccHy YACILHOTO COTIPOTHRICHIS MIEPEMEIICHUI0 pabodyero oprana

OT BEPTUKAJIBHOT'O JaBJICHUSA

Table 1.Regression equations of specific resistance to mewéthe working body of the vertical pressure

Crernenp ymioT- Yron 3aTouku VYron 3aTouku
o o PajuanbHas 3aT0UKa HOXKa
Henws Id HOka 11 HOXa 25
0,24 y=34,61%- 0,071 y=25,02% + 0.524 y =3540% - 0,236
0,52 y=49,40& + 0.275 y=33,89% + 0.548 y=5712%-0852
0,8 y=52,344&+ 1,548 | y=47,95%+0.609 | y=326[In(x+0138+5117
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JABJICHUS M CTENEeHU YIUIOTHEHHUS MecKa JUIs
pabounx OpraHoB ¢ KIMHOBHIHOW M paavalib-
Hoi (hopmoit pexxymiero Hoxka (Tabm 1), a ¢
yderoM Qopmyibl (3) — 3HaueHUS KOIPPHIH-
eHTa B.

HccnenoBanus mokasand, 4To 30HA YIUIOT-
HEHMsI OTpaHMYeHa MaJbIMU pa3MepaMu TPy30-
Boro orceka npucraBku (340x100x11fm) wu,
BEPOSITHO, 3HAUYUTENIFHO MPEBOCXOAUT €ro pas-
MEpBI, U3 YEro CIEIYET, YTO MPOIIECC YIIOTHE-
HUSl TIECKa, MPOTEKAIONIMKA TMPH MpPOBEIECHUU
9KCIIEPUMEHTOB, OTIMYAETCS OT PEabHBIX YC-
JIOBUHM, B KOTOPBIX Cpelia MPEICTaBIseTCS Kak
OeckoHeuHblii 00beM. IloaToMy 3HauyeHHs Ko-
s durnmenta B, yauThIBarOIIero BIUSHHUE Cpe-
el U (opMmy pabodero opraHa M, COOTBETCT-
BEHHO Y/IEIbHOTO YCHIINSA MEepeMENIeHUI0 pado-
gero oprana N B mecuaHoil cpeme TpeOyrOT
YTOUHEHHS] Ha CTEHJE 3HAUYUTENILHO OOJIbIIETO
pasmepa.

JInst MoaenMpoBaHusl TEXHOJIOTU YCTPOMCTBA
I'TID ¢ ydeTroM BIUSHUS PA3IWYHBIX (DaKTOPOB
ObUT CO37aH KPYIMHOMACIITAOHBINA CTEH, TI0-
3BOJISIOIINI B YCIOBHSIX, TIPUOIMKEHHBIX K pe-
aJIbHBIM, MPAKTUYECKU OTPabOTaTh OCHOBHBIE
nporeccsl o co3aanuto ['TI3.

OCHOBHBIMU 3JIEMEHTaMHU CTEHJA JJISI MOjie-
JTUpoBaHUsl TexHojoruu ycrpoiictea I'TID sB-
JSIFOTCSt OyHKEp U1 TpyHTa (IeCKa); MPHKUM-
Has KpBIIKA C TPOPE3WHEHHBIM JHHIIECM
(mHEBMOTIPHUTPY3) IS MOJAETHPOBAHUS H30bI-
TOYHOTO BEPTUKAILHOTO MJABICHHUS HA TPYHT
HarHeTaHWEM B HEe KOMIIPECCOPOM BO3IyXa,
TPyObI,  MOJICTUPYIOIIUE  TOPU3OHTATBHEIC
CKBa)XMHBI C OTPAaHUYUTENSIMU; THAPABINYECKas
cuctema noaauu [1OM; npuBoa nepeMenieHus
pabouero opraHa; pabouuii OpraH ¢ paaualib-
HOM (hOpMOIT PEXYIIIETO AJIEMEHTA; TOJIbIC TATH
JUISL COETMHEHUST pa00YMX OPTaHOB C TMPUBOJIOM
(Puc. 3)

C yderoMm TOro, 4TO Ha MPUCTABKE OBLIO OT-
MedeHa HedhdekTuBHOCTh nogaun [1OM B ro-
PHU3OHTAIILHYIO TOJIOCTHh CO CTOPOHBI €€ YCThS,
JUISL CTeHJIa OBUTH CO37aHbl pabovne OpraHbl B
BHJIC HOXA C paJHaIbHON 3aTOYKOH u ¢ (op-

- 151 — aKcriepuMeHTHI 0e3 MPOKJIaIbIBAHMUS
I'TI3, xoTOpBle MPOBOAMIUCH C IIENBIO OMpEne-
JICHUSI Ha CTEHJIE TSATOBOTO YCUIIUS TIEPEMEIICHHS
pabouero opraHa B IecCKe «Hacyxo» 0e3 MpokJa-
JBIBAHUS SKpaHa M yTOYHEHHS 3HAYE€HHs KOd(-
¢unmenTa B;

- 2-1 — DKCIEPUMEHTHI C MPOKJIaJAbIBAHUEM
I'TID nua onpeneneHus: BIMSHUS TEXHOJIOTH-
yeckux (aKTOPOB Ha TMpolecc 00pa3oBaHUS
9KpaHa, Ha BEIMYUHY TITOBOIO YCWIHA U
YAETBHOTO CONPOTHUBJICHUS IEPEMEIICHUIO
pabouero opraHa B Mecke NMpH 0Opa30BaHUH
I'TID Ha kadecTBO 3KpaHa.

B nepBoil cepumn ompeneneHue yAeIbHOTO
ycuiusl mepeMenienuio padodero oprana N B
NecyaHoi cpesie M, COOTBETCTBEHHO 3HAYCHUS
kod(durmenta B, yuuThBaromero BIHSHUE
cpeabl U GopMmy pabodero opraHa, MpOBOIM-
JIOCh TpU MPOTIATMBAHUU paboyero opraHa B
OyHKepe CTeH/a, 3aloJIHEHHOTO IpeiBapH-
TEIbHO YIJOTHEHHBIM MeckoM. CTemneHb YII-
notHeHus necka — 0,8,9To cOOTBETCTBOBAJIO B
CPEIHEM IIJIOTHOCTHU 1,65/cm’, BeprukansHoe
JaBJIeHWEe Ha pabouyuil opraH, CO3/J1aBaeMoe

Puc. 3.Crena st MOACTHPOBAHUS TEXHOJIOTHH
YCTpOMCTBA TOPU3OHTAIBHOTO SKpaHa:
1 —ocHoBanue creHna; 2 —OyHKep; 3 —IPHKUM-
Hasl KpbIIKa; 4 —KapeTka IPHUBOAA NEPEMEIICHUS
pabouero opraHa;, 5 — ruapaBIMYecKas cUCTEMa
mogaun [IOM; 6 —kommpeccop; 7 — H3MEPHUTEITb-
Hasl CHCTEMa

Fig. 3. Stand for simulation technology of horizon-
tal screen construction:
1 — base of the stand; 2 — bunker; 3 — clamping
cover; 4 — carriage of the movement of the work-
ing body; 5 — hydraulic system for IM feed; 6 —
compressor; 7 — metering system

cyHkamu g nonayu [IOM HenmocpencTBeHHO
3a pabo4nii Opraf Mo Mepe ero NepeMeICHHUS.

DKCNEepUMEHTHI, TPOBEICHHBIC HA KPYITHO-
MaCLHTaGHOM CTCHIC, MOXKHO paB,Z[G.HI/ITB Ha
JIBE CEPHH.
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MexaHiuHa Ta eJIeKTpUYHa iFKeHepid

Taﬁ.lmua 2. PCByJ’IBTaTI:I OIIPCACICHUA TATOBOI'0 YCHUIIUA F(.yx " YACIBbHOT'O COIPOTUBJICHUA
nepemeneHuto pabodero oprana N,,, B necke 6€3 00pa3oBaHUs SKpaHa

Table 2.Results of determination of tractién,, and specific resistance to movement of the
working bodyN,,, in the sand without the screen formation

Pyrepr = 0,4 * 9,81* 10 TTa

Cpennee

Fcyx, H |1368,25 1385,5p 1411,40 1439,87 146150 1490,21 1541,380,48 1570,8p 1465,48

*
Ncyx

o 47,57 | 48,18| 49,07 50,07
107, ITa

50,8 51,8252,90 | 53,56 54,6 50,96

Poepr = 0,8 * 9,81* 14 Ta

Cpennee

Fcyx, H[1898,18 1980,14 2070,33 2192,00 2322,55 240},20 24§7,129,36( 2686,2# 2297,(1

*
Ncyx

ot 66,00 | 68,85 71,99 76,22
107, ITa

80,7p 83,7086,48 | 91,42 93,40 79,87

MEeCKOM U MTHEBMOMpUrpy3om, cocrasisuio 0,4
n 0,8 kr/eM?. Yeunusa, HeoOXOMUMBIE U IIe-
pemereHuss pabodero opraHa, H3MEPSUIHCH
muaamomerpom JIOPM-3-0,5 u Tenzomerpu-
geckoil m3MeputenbHo cuctemoir CHUUT-3.
Pe3ynbTaThl mepBOil cepUM AKCIEPUMEHTOB
cBeneHsl B Taom. 2.

3HaueHue B ompeaessuioch ¢ y4€TOM BbI-
paxenus (3) o popmyse

N, - P
B — cyx Znep'r . (4)
rpov

Jlia onpenenenust By O pe3ysibTaTaM JKC-
MEPUMEHTOB Ha CTEHJ/IE WCIIOJIb30BAIUCH JIaH-
Hele Tabn. 3, a Juid onpeneneHus 3HYEHUS By
MO pe3yJibTaTaM SKCIIEPUMEHTOB Ha TPHCTAaBKe
UCTIONB30BAIOCH YPAaBHEHUE PETPECCHU  JUIS
HOXa ¢ paauanbHoi popmoii 3atouku (Tadm.1):

y(x)=3262*In(x+0139+5117,  (5)

rae Y —Neyx,, X = Pryepr.

Pesynbrarel onpenenenuss B INpUBENCHBI B
Tabin. 3, aHamm3 KOTOPOM TOKa3bIBaeT KOPPEs-
IIMOHHYIO CBSI3b PE3YJILTATOB, MONYYCHHBIX Ha
MPUCTaBKE K CIBUTOBOMY MPHOOPY M CTEHJE:
W3MEHEeHHe BepTuKanbHOro nasieHus ¢ 0,4 mo
0,8 kr/cM GOMblIe YeM B 1,5paza B oboux ciy-
Yyasgx YBEJIMYMBACT YJCIHLHOE COMNPOTUBIICHHUE
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MEPEeMEIIIeHHI0 pabovero opraHa M, COOTBETCT-
BEHHO Kod(duimeHT B.

Taxke ycTaHOBJICHO, YTO 3HAYCHUS Y/IEIb-
HOTO COTNPOTHUBIICHUS MIEPEMEIICHUIO pabouero
OopraHa M, COOTBETCTBEHHO Kod(duienta B,
YVUYUTHIBAIONIECTO BIMSHUE cpensl U GopMmy pa-
Oodero opraHa, B JKCIIEPUMEHTAaX Ha CTEHJE
MpaKkTHYEeCKU B 6 pa3 MEHBIIE TEeX JKe IMoKa3are-
JIeH, TOJTy4YeHHBIX HA MPHUCTaBKe. DTO OOBSICHS-
eTcsl TeM, YTO B DKCIIEPUMEHTAaX Ha MPUCTABKE
30Ha YIUIOTHEHUS TIecKa NP MepEeMEIIeHIN pa-
0oyero opraHa ObUIa OrpaHMYEHA pa3MeEpaMu
KOHTEWHepa, YTO MPUHIUIUAIBLHO OTINYASTCS
OT peaNbHBIX YCJIOBHH, TPH KOTOPHIX cpeaa
MPEICTaBISIETCS] KaKk OECKOHEUHBIN 00BEeM, B TO
BpeMsi KaK SKCIIEPUMEHTHI Ha KPYITHOMACIITa0-
HOM CTEHJIC 3HAUUTEIHHO OJIDKE K PeaTbHBIM
ycioBusiM. OCHOBHas 11€JIb BTOPOM CEpUHU DKC-
MIEPUMEHTOB COCTOUT B KOPPEKTHPOBKE YIPO-
eHHo#i Gopmyisl (3) MO OMpEIEICHUIO TATO-
BOTO YCHWJIMSI 332 CYET ydeTa JIOMOJHUTEIBHBIX
YCWIINH, OOYCJIOBJICHHBIX TEXHOJOTHUYECKHUMHU
ocobeHHoCcTsiIMUA oOpazoBanusi [TID u KoHCT-
PYKTHBHBIMH OCOOCHHOCTSIMH pabodero opra-
Ha.

Hcxonst w3 3T0T0, BTOpasi Cepysl MPOBOIIIACH
MPU TEX K& 3HAYCHUSIX OCHOBHBIX MapaMeTpPOB,
9TO U TIepBast, HO VISl Pa3JIMYHBIX 3HAUYCHHUI BEp-
TUKAJIGHOTO JaBJICHWS, JABJICHUS TOJAa4Yd pac-
TBOpA ¥ TUIOTHOCTH MOAaBAEMOT0 PacTBOpa.
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Tadmauua 3. Pe3ynpTaTel onpeaeneHus 3HaueHui B

Table 3.Results of determination of valuBs

Prcpm> ¥9,81%10'TTa
Ne | OGopymo- | pw | V,* 0,4 0,8
3 2 2 2 Bys/By.4
n/m BaHHsA kr/m® | 107 m/c | N * s N * s | B, /B.
Vs B*10” |B,/Bewm pds B*10 LA
107 I1a 107 I1a m
1 |IIpucraBka 303,5 | 35,27 481,5 | 55,76 1,58
7800 | 0,33 6,37 6,58
2 | Crenn ’ 50,96 5,54 ’ 79,87 8,48 ’ 1,53

VmenHO 3TH mapameTphl BIMSAIOT KaKk Ha Be-
JTMYUHY PEaKTHBHOW CHJIBI M BEIWYMHY BUOpa-
1K paboyero opraHa, KOTOpble BO3HHUKAIOT MPU
BBIXOJIC PacTBOpA U3 ero POpCyHOK, TaK U Ha U3-
MEHEHHE BJIQKHOCTU TECYAHOW Cpelbl U MOTYT
KOHTPOJIMPOBATHLCSI B TIPOLIECCE TIPOBEICHUS HC-
TIBITAaHUH.

B mporecce co3nanus skpaHa MOAETUPOBa-
JIOCh BEPTHKAIbHOE JaBJIEHHE, COCTAaBIISIO-
IIMMH KOTOPOTO OBLTH JTaBJICHHUE TIECKa, HaXO0-
nsmierocs B OyHKepe, U JOTOJIHUTEIBHOE J1aB-
JIEHUE, CO3/1aBaeMOe ITHEBMOINIPUTPY30M. Bep-
TUKaIbHOE HasieHne miMensuiocs or 0,04 nmo
0,8xr/cm’.

DKpaH COCTOsUT U3 TPEX MapasUieSbHBIX MOJI0C,
00pa3yeMbIX MEXIy OTpaHUYUTEISIMU pabodnM
opraHoM ¢ (opcyHamu, yepe3 KOTOpble B IO-
JIOCTh 32 PadOYMM OPraHOM IO TSTOBBIM PacTBO-
POMNOABOIAIIMM TPYOKaM TMOAABAICSI PacTBOP
[IOM miotHocTsIO OT 1,2 110 1,351/cM>. [lasie-
HUE TI0J]auM pacTBopa BapbupoBasiock oT 0,710 1
Kkr/eM>.

JI71s1 OLIEHKM BJIMSTHUS BBIITICYKA3aHHBIX (PaKTo-
POB Ha BO3MOXKHOCTH CO3[[@aHHSI TOPU30HTATLHOIO
9KpaHa U €ro KayecTBO ObLI MCHONBb30BaH METON
TUIAHUPOBAHUS KCIIEPUMEHTA C TIPOBEICHHEM HC-
CIICTIOBAHUI 10 15TH TOUCUHOMY CHUMMETPHIHOMY
IUIAHY C OmpezelieHneM (YHKIMH OTKIIMKA | T10-
CJIEYIOIIMM COCTaBJIEHUEM YPaBHEHHUM PErpeccrul.

B kadectBe omHON W3 (QYHKIMIA OTKIMKA
OBLJIO BBHIOPAHO YACIBHOE CONPOTHBJICHUE TIe-
pememenuto pabodero oprana N,. Huke
MIPEJICTABICHO ypaBHEHUE PErpeccuu IO OIl-
peneneHuio N, B 3aBUCHMOCTH OT TE€XHOJOTH-
4ecKuX (PaKkTOpoB — BEPTUKAIBHOTO JaBIICHUS
X1, JaBlIeHUs MOJa4u pacTBopa X2 U IUIOTHO-
CTH pacTBopa X3:
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N,=42,75 + 22, X, - 2,3 — 2,063 — 1,59 X5
= 1,14X:X3— 0,12X:X3 — 0,07X1X2X3, (6)

B Ta6n. 4 npuBeacHbl pe3ynbTaTaM oOIpe-
JEJICHUS TATOBOTO ycuius F,.

Kak mokaszanmu wuccnemoBanusi, TpU BEPTH-
KaJIbHOM JiaBjicHuH Ha skpad 0,04 KF/CMZ, naB-
neHuu nogaun pactsopa 0,7. ..Axr/em? v mwioT-
HocTH pactBopa 1,2...1,35r/cM® SKpaH TpaKTH-
YECKU HE TIOyJaJicsl, a TIPHU JPYTUX BapHAIHsIX
(GakTOpOB WMEN JOCTaTOYHO KadeCTBECHHYIO
CcTpykTypy. [lo3TOMY B manmbHEHIIUX paccyxk-
JICHUSIX OBUTM WCIIOJIb30BAHBI PE3YIbTATHI IKC-
MEPUMEHTOB TIPU BEPTUKAIBHBIX JIaBJICHHIX
0,4u 0,8kr/cm?.

B koHCTpykmmu pabodero opraHa mpeny-
CMOTpeHbl ()OPCYHKH Ha €ro 3aJHed CTEHKE
JUTsl BBIXOJA pacTBOpa B TOJIOCTh, 00Opa3ylo-
IIyrocs 3a pabodrM OpPraHOM.

[Tpu BeIXOHE pacTBOpa [IOM mnox naBieHu-
eM uepe3 (QOpCYHKH BO3HHMKAET pPEaKTHBHAS
cuna. IloaTomy ycuiue, HeoOXoauMoOe It
yCTpoiicTBa dkpaHa F, B mecke, MOXHO OIH-
caTh CJICAYIOIMHUM OOIUM OajlaHCHBIM COOT-
HOIIICHHUEM:

F.=F.—-F, (7)
rae F,— ycunue nis oOpa3oBaHusi MOJIOCTH B
necke, H; F,—peaktuBnas cuna, H.

C ucnonp3oBaHueM cooTHouIeHUs: Merep-
CKOTO Il pEaKTUBHOMW TATH MPHU BO3JACHCTBUU
JOTIOJIHUTEIBHOM BHEIIHEH CHJIbI YpaBHEHHUE
JUIS. ONPENETICHUS] TATOBOTO YCHJIMSI MOKHO

NpeaACTaBUTh B BUAC
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Taﬁmma 4, Pe3yIII>TaTBI ompeacjCcHus CpECaAHUX 3HAYCHHUH TATOBOTO ycuiid v yACJIbHOTO
COTIPOTHUBJICHHS TIEPEMEIIEHUIO pabodero oprada npu o0pa3oBaHUU IKpaHa
Table 4.Results of determination of the average valudsastion and specific resistance

to movement of the working body while screen foiiorat

T L 10* o | N7 10 Eou N 10*
PBepT = 1la I1a Ila
9,81* Pp-par® 10° kr/m’®
10* ITa 1,2 1,28 | 1,35
P.o.= 0,7%9,81*10TIa
08 | 208529 7251] 198496 69,04 1900[62 66)09
04 | 129924 4518 123398 42,84 1202[73 41)82
0,04 | 618,48 21550| 587,3f 20,44 57266 19p1
P.o.= 0,85%9,81*1(TTa
0,8 |1989,19 69,16] 186944 6500 1781|75 61)05
04 | 127884 4447| 119348 4151 1144[77 39J80
0,04 | 608,74] 21,17| 5686p 19,77 51595 17,p4
P.o.= 1,0+9,81*10TIa
08 | 186659 6490] 17444 60,64 1676[81 58J80
04 | 124434 4327| 1160,48 40,3 109907 382
0,04 | 590,92 2055 552,35 19,21 52363 18p1

rIe

\
ZPMpp_pa IS

9)

B dopmynax (8), (9 P — IaBienue momaun
pactBopa, Ila; pppa — IJIOTHOCTH pacTBOpA,
kr/m>; VIt — 06beM MOJAHHOTO pacTtBopa 3a
e/IMHHILY BPEMEHH, M /C.

Pe3ynbTaThl pacuera peakTUBHOW COCTaB-
JISIIOIIEH TATOBOTO YCHJIMS TIPU 00pa3oBaHHUM
JKpaHa ng)n BepTUKAIBHBIX AaBieHusX 0,4 u
0,8 kr/cm” BeimonHEHBI 110 Gopmysie (9) u cBe-
nensl B Ta6m. 5. [Ipu aTOM yuTeHo, 4To 1O pe-
3yJbTaTaM JKCICPUMEHTOB CpEAHUN 00BheM
pacTBOpa, MoaBaeMoro B MOJOCTh JUIS CO3/1a-
Hust dkpana, cocraua 4800 cm®. Tlpu mocto-
SIHHOW CKOPOCTH TIepeMellieHus pabodyero op-
rana 0,33cwm/c 3Hauenue V/t Oyner coctaBisiTh
16,38.10° m%c.
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Anamu3 Tabn. 5 mokaspIBaeT, 4YTO peaKkTHUB-
Hasl COCTaBIIAIOINIAs UMEET OCTAaTOYHO Mayoe
3HAYEHUE, OJJHAKO €€ U3MEHEHUS MMEIOT CHC-
TEMaTUYECKHI XapakTep U OHa YBEIMUMBAETCS
C YBEITMYCHUEM JABJICHUS MOJaYd PacTBOpa U
€ro MIOTHOCTH.

CpaBHeHue ycunusi 00pa3oBaHUs MOJOCTH
IpU TPOKJIAAbIBaHUU dKpaHa F, ¢ ycuineMm
nepemeneHust pabouyero oprana 06e3 oOpazo-
BaHMA dKpaHa F.y MOKa3bIBaeT, 4To 3Ta pas-
HUIIA TAaK)KE UMEET CHCTEeMAaTUYECKUU Xapak-
TEp B CTOPOHY YMEHbIIIEHUS 3HaUeHUN (PaKTH-
YeCKUX YCUJIUH, IPUYEM pa3HUIA 3aBUCHUT OT
BCEX BBIIIEMIEPEUNCICHHBIX (AKTOPOB — BEP-
TUKAIILHOTO JaBJICHHUS Ha paboumii opras,
JaBJICHUA TOJAa4Yu U IJIOTHOCTU pactBopa. [lo
CPAaBHEHUIO C PEAKTHUBHOM COCTABIIAIOLICH
MMeeT CYLIECTBEHHOE 3HAUE€HUE U €€ BKJIaJ] B
YMEHBIIIEHUE TATOBOTO YCWIHS TIPH TPOKIIAJI-
ke skpana (ot 9,210 27 %).

MOXHO TPEANONIOKUTh, YTO YMEHBIICHHUE
TSAroBoro ycuiusi npu ycrpoiictse I'TID npowuc-
XOJHT 3a CYET BOSHUKHOBEHUS BUOparmu pabdo-
Yero opraHa InpH BBIXOJIE pacTBOpa IMOj JaBiie-
HUEM depe3 (POPCYHKHU U JIOTIOIHUTETIHHOTO yB-
JaKHEHUsI OKpyxatoriero mecka (ot 9 no 14%).
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Tab6auna 5. PesynpraThl onpenenenys peakTuBHOH F, n BubpanuonHoii F,,s cocTaBisommx

TATOBOTO ycumus F

Table 5.The results of the determination of reactyeand vibratiorfF,,; components

of tractionF

Poepr = 0,4 *9,81* 10 Ia
Ppa-pa * 10°% kriv®
Veunue, 1,20 | 1,28 | 1,35
H Poo* 9,81%10%a
070 | o085 100| o070 085 10 0,7 08  1,0p
Fp 0,210 | 0232] 0251 07217 0,239 0260 0243 0,2k 0,367
F, |1299,26| 1278,8% 1244,38 1233,p8 1193|88 1160,78 120p,784,77| 1099,0]
F.= F,+F,[ 1299,47| 1279,07 1244,43 1233,80 1194|{12 116,04 120p,98502| 1099,34
Fex | 1465,48) 146548 146548 146518 146548 146%,48 146,485,148 146544
*
(Fo/Feys) 0,014 | 0016 0,017 0,015 0,01 0,018 0,015 0087 0,8
100%
FBM =
- 6F 166,01 | 186,41 220,83 232,18 271,36 30444 262|53 320,46 ,136p
cyx
(anﬁchyx) A
11,33 | 12,72| 1507 1584 1852 20,77 17,91 21B7  24[98
*100%
Poepr = 0,8 * 9,81* 10 Ma
Ppa-pa * 10° kr/m®
Veunue, 1,20 | 1,28 | 1,35
H P o 10°TTa
070 | 08| 100] o,70] o085 10 0,7 08  1,0p
F, 0210 | 0,232| 0,251 0217 0239 0260 0243 o072h6 0,967
F, |2085,29| 1989,15 1866,99 1984,96 1869[44 1744,04 190D,681,7B| 1676,8]
F.= F,+F,| 2085,50 1989,38 1866,94 198518 186968 1744,30 190D,882,00| 1677,04
Fox | 2297,01| 2297,00 2297,01 2297,01 2297{01 2297,01 229f,09722| 2297,0]
*
(Fy/Feys) 0,009 | 0,010| 0,011 0,009 0,010 0,01t 0010 00Kl 0,d12
100%
FBI/I =
- 6F 211,51 | 307,63 430,17 311,88 427,33 552[71 396/17 515,01 ,981p
cyx o
(FBI/I6/FCyX)
9,21 | 13,39| 18,73 13,58 18,60 24,06 17,245 2242 26[p9
*100%

YMEHbBIIICHHE COMPOTUBJICHUS TepeMelie-
HUIO TBEPAOrO Tejla 3a CUeT U3MEHEHUs
CBOMCTB T€CYAHOUW Cpebl, BHI3BAHHOTO BHO-
panueld TBEpAOTO Teida M AOMOIHUTEIbHBIM
YBJIQKXHEHUEM TeCKa, MOATBEPKAACTCS U JIPY-
UMM HccaenoBaTesiMu [15].

Benuunna BHOpanmoHHOW COCTaBIISIONICH
TATOBOTO yCWIHS Fpus IPU CO3JaHUU SKpaHa
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Ha CTCHJIE U €€ COOTHOIICHHE C YCHIIMEM Tie-
pemerenust pabouero oprana 6e3 oOpas3oBa-
HUA O9KpaHa F¢x B 3aBUCHMOCTH  OT
BBIIIETIEPEUNCIICHHBIX (aKTOPOB MPUBEJCHA B
Tabm. 5.

Hcxons u3 pe3ynpTaroB SKCIEPUMEHTOB Ha
KpPYITHOMACIITAOHOM CTEHJE, MOXHO C/eaTh
BBIBOJ, UTO CYHICCTBCHHOC YMCHBIICHUC TATI'O-

MABOJHI TEXHONOCIi « 04/2016, 38-49
[MpomucnoBa Ta umMBinbHa iHxeHepis



Mexaniuna Ta eJIKTpMYHa iH)KeHepiH

BOTO YCWJIWS TIPH 00pa30BaHUU SKPaHa MPOUC-
XOJUT 3a cueT BUOpanuu paboyero opraxa,
BO3HHUKAIOMICH MPH BBIXOJE pacTBOpa IMOJ
JaBlieHHEM U3 OPCYHOK, M 3a CUET JOIMOJHU-
TEJIBHOTO YBIIQ)KHEHUS TEeCKa BOKPYT JKpaHa.
CHUXXEHUE TITOBOIO ycuia B CPCAHEM CO-
craBiser 18 %.

I/ICXOI[H M3 BBIIICHPHUBCACHHOI'O, 3aBUCH-
MOCTB JIJISl pacdeTa TATOBOTO YCHIIUS TIepeMe-
IICHUsT Paboyero opraHa MpPHU CO3JaHUM II0-
JOCTH I TOPU3OHTAIBHOTO JKpaHa MOMKET
OBITH MpeCTaBlieHA B BHUJIE OAaJaHCHOTO ypaB-
HEHHS

F= S(BPHVZ + Pg)- Fau6 ~+2Paos p—pa @tﬁ (10)
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//I’/\\‘\
. _
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IIpn BepTHKAILHOM JaBJennn 0,4
B e
Ty
=]
3
P!
B
s 1,35
£1
5 0 1,28 ~4N
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0,85 120 & &
’ § ‘é‘
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Puc. 4.3aBrcuMOoCTH BUOPAITMOHHON COCTABIISIIO-
IIe¥ TATOBOTO YCWIWS OT JaBIICHUS MOAa9N
pacTBopa | ero IIOTHOCTH MPH BEPTUKAIb-
HOM maBjieHuH. a — 0,8kr/cm?; 6 — 0,4xr/cm?

Fig. 4. The dependence of the vibration component

of the traction from the supply pressure of

the solution and its density at vertical pres-

sure:a— 0,8 kg/cr; b — 0,4 kg/crh
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[Ipu 3TOM OlICHOYHBIE ypaBHEHUS OIpee-
nenus Fg,s Ha ocHOBaHmM maHHbIX Tabm. 5,
KaKk (YHKIMH JIBYX TIEPEMEHHBIX — JaBJICHUS
MoJayMl pacTBOpa W €ro IUIOTHOCTH, OYAyT
HMETh BU/I.

- 17151 BEPTUKAJILHOTO JIaBJICHUS O,81<r/CM2

FBI/I6 0,8 = 8’ 31P

ojg

+ 9, 4, .- 154 11
- s BepTukanbHoro nasnenus 0,4 kr/em?
FBI/I6 04~ 2757Pn0;( + 6192pp—pa - 847. (12)

[Torpemnocts onpeaenenus Fpue amMnupuue-
CKHM TIYTEM I10 CPaBHEHUIO C JIAHHBIMHU JIa0O-
pPaTOPHBIX HUCCIENOBAHUN i1 BEPTUKAIBHOTO
nasinenus 0,8 arm. HaxomuTcs B mpeaenax
—-8,9...49,9 %rmpu cpemHem aOCOTIOTHOM 3HA-
YeHHH TorpermHocTd 5,4 %, a a1 BepTUKAIb-
Horo nasienus 0,4 atM. — B mpenenax
—-8,3...48,9 %mpu cpemHem abCOMIOTHOM 3HA-
yeHun norpenrHoctd 5,0 %,9To I TEXHOJIO-
THYECKUX SKCIEPUMEHTOB B TPYHTOBOU cpejie
SIBIISICTCS JIOITYCTUMBIM.

I'paduku TATOBBIX YCHJIWN NpPUBEICHBI Ha

Puc. 4.

BbIBO/IbI

1. DkxcnepuMeHTaIbHBIE MCCIICIOBAHUS Ha
KpPYITHOMACIITaOHOM CTEHJIE MO3BOJIMIIMN IOJTY-
YUTh YUCIICHHBIC 3HAYCHUS YCUIIUS TIepeMelle-
Husl pabouero opraHa Ioj BO3JEICTBHEM Bep-
TUKAIBHOTO JIABJIICHUS MPU 00pa30BaHUU TOpPH-
30HTAJIBLHOTO PKpaHa B recuyaHoM rpyHre. [Ipu
3TOM YAETbHOE CONMPOTUBIICHUE TEPEMEIICHUIO
pabodero oprana B OyHKEpe C IECKOM B Cpejl-
HeMm cocrapisier 0,54 MIla, a MakcumansHOE —
0,72MI]a.

2. [TlpoBenena olleHKa BIUSHHS TEXHOJO-
TMYECKUX (PaKTOPOB — BEPTUKAIBHOTO JaBlie-
HUS, JaBIICHUS TIOJJAYU U TUIOTHOCTH PacTBOpa —
Ha TATOBOE YCWUJIME IEpeMeIIeHusi paboyero
opraHa, HeOOXOIMOTO ISl CO3JJaHUsI IKpaHa.

3. IlpennoxkeHo O6amaHCHOE ypaBHEHHE TIO
OTIPECTICHUIO TATOBOTO YCHUITUS TIEPEMEIICHHS
pabodero opraHa MpH CO3/JaHUU SKpaHa, Y4H-
THIBAIOICe BUOPAIMOHHYI0O W PEAKTUBHYIO
COCTaBJISIIOLIHE.
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4. TlomydeHb! OLICHOYHBIC YPaBHEHUS IS
OTIpeJIeJICHUs] BEIMYMHBI BUOPAIMOHHOW CO-
CTaBJIAIONICH TATOBOTO YCHWIHSA KaK (yHKIIUH
IBYX TMEPEMEHHBIX — JaBJICHHS IMOJA4M pac-
TBOpA U €0 IIOTHOCTH.

5. Ilpu koHCTpyumpoBaHHH paboyero op-
raHa Juist o0pa3oBaHHsS TOPH30HTAIBHOTO K-
paHa cienyeTr npeaycMaTpuBaTh BO3MOKHOCTD
CO3JIaHUSI €r0 MCKYCCTBEHHOW BHOpamuu, 4To
MO3BOJIUT YMEHBIIUTH TPEOOBAHUS K BEIUYH-
HE TSATOBOTO YCHJINSI 00OPYZOBaHUS JUIsl IIepe-
MeIeHus: pabodero oprasa.
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Summary. To protect the soil from pollution
by technogenic drains we consider the task of hori-
zontal impervious screen (HIS) construction under
facility. Experimental studies on the traction loét
working body movement in the sand while HIS
constructions were conducted. The equation for
traction force of working body movement in the
sand while HIS construction was retrieved. The
directions for construction of the working body
were described. The influences of technological
factors: vertical pressure, feed pressure and gensi
of the solution onto the traction movement of the
working body, needed for the screen construction,
were determined.

Key words: technology, experiment, horizontal
screen, traction force.
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NMiaBogHa po6oTn3oBaHa TeXHOSMOTrisA
YyCTaHOBKW KOPUCHOIo BaHTaXy Ha MOpPCbKe AHO

Bonodumup BniHyoe*, AHOpiti Bolimacuk®

HauioHanbHui yHiBepcuteT kopabnebyaysaHHs iMeHi agmipana Makaposa
npocn. Nepoie CtaniHrpagy, 9, Mukonais, YkpaiHa, 54025
yolodymyr.blintsov@nuos.edu.ua, orcid.org/0000-0002-3912-2174
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AHoTanisi. 3anmporoHOBaHO TEXHOJIOTIIO
ABTOMATHU30BAaHOI yCTAaHOBKH KOPHCHOTO BaH-
TaXy Ha MOPCbKE JHO IUISIXOM 3aCTOCYBAaHHS
HEe3aceNeHNX IIIBOJHUX amapaTiB-poOOTiB.
Po3rnsiHyTo MOXJIMBI TEXHIYHI pIlICHHS, Ha
MIJCTaBl SKUX TPOBEICHO OIIHKY TepeBar i
HEJIOJIIKIB PI3HUX BapiaHTIB peaiizalii IiIBo-
THOI poOOTH30BaHOI TeXHOJNIOTil. BukoHaHO
a”Hali3 O0COOJMBOCTEN Ta MOLIIBLHOCTI ITOBHOIL
a00 YaCTKOBOI aBTOMATH3Allii.

KurouoBi cjioBa: cynHo-HOCIH, MiABOIHUN
amapar-poOoT, TiIpPOaKyCTUYHA CTaHIlis, pa-
nio0yii, KOPUCHUI BaHTaX, MiJBOJHA POOOTHU-
30BaHa TEXHOJIOTIS.

BCTVII

B mporieci MOHITOpUHTY TiABOIHOI 00CTa-
HOBKHU Ha 3aXMIICHUX aKBaTOPISX ICHYE MPHUK-
JajHa HayKOBO-TE€XHIYHa mpoljemMa — BHSB-
JIEHHS PYXOMHUX HAJBOIHUX Ta MiABOJHHX IIi-
JIei 3a TOTIOMOTOI0 MEpexXi CTalllOHApHUX pa-
710~ Ta T1IpoaKyCTUYHUX OyiB. YcTaHOBKa Ta-
KUX OyiB Ha MOPCBKE JIHO € OJHI€I0 3 PO3Io-
BCIOJKEHMX MOpchkuX omnepauiid [1]. Taki po-
00TH, 3a3BHYall, BUKOHYIOTbCS 32 JIOMTOMOTOIO
niaBoAHMX anapatiB-po6otiB (ITAP) i y Oinb-
IIIOCTI BUIIAJKIB TPYIHOIIIB HE BHUKJIMKAIOTh
[3].

OpnHak, OCTaHHIM YacoM 3’SBMJIMCH 3a/adi,
SIKI BUMararoTb BUKOHYBaTH KOHTPOJb SIKOCTI
YCTAHOBKH BaHTaXXy Ha MOPCBKE JIHO Ta BHUKO-
HYBaTH TIOBTOPHY HOTO YCTAaHOBKY y BHIIQ/IKAX,
KOJIM SIKICTh YCTQHOBKHM HE BIJIMOBiJIA€ BUMO-
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ram JI0 IiJIBOJHOT TeXHOJIOT1 (HaIpuKIIa, Ko-
JM KYT Haxuly BCTAaHOBJIEHOI'O Ha JHO oOian-
HaHHS TepeBuIlye aomyctumuii). Kpim Toro,
9acTo Taki 3ajadi nepeadavyaroTh MOBEPHEHHS
BAaHTAXy Ha CYJHO MICJIA MOTr0 TPUBAJIOi E€KC-
Iutyaramii Ha JHi, 10 OOyMOBIIOE HEOOXin-
HICTh MOTO IOIIYKY Ta 3aXOIUICHHS CIIeIiaib-
HUMHU MaHIMYJISITOPAMH TSl BUKOHAHHSI ITiJI-
floMy Ta TIOBEpHEHHS Ha CyAHO-HOCI#H [16].

TakuM YMHOM, aKTyaJIbHUM € HAayKOBE 3a-
BJIaHHSI aBTOMATHU3aIlil BCbOTO KOMIUICKCY ITiJI-
BOJIHHUX POOIT 3 BAHTAXKEM — BiJ] KOHTPOJIHOBA-
HOI YCTAaHOBKH Ha JTHO JI0 MiAHOMY Ha TOBEp-
XHIO.

META TA METO/IU

MeTo1o cTaTTi € ONUC MOKJIMBHUX BapiaHTIB
YIOCKOHAJIEHHS M1JBOHOI pOOOTHU30BaHOI Te-
XHOJIOTIi eKCIulyaTalii JIOHHOT aBTOHOMHO{
PaAioriIpoaKyCTUYHOI CTaHLIi HUISXOM aBTO-
MaTHu3alii 11 yCTaHOBKH, MICIs eKCILTyaTaIliii-
HOTO MOUIYKY Ta MiIHOMY Ha CYIHO.

Ha cporoguimHiii 1eHb po3poOKOI0 Ta BU-
TOTOBJICHHSIM Pajio- Ta riAPoaKyCTUYHUX OyiB
3aliMalOThCsl HE JIUILE BCECBITHHO BIJJOMI 3a-
pyODXKHI KOMMaHii, ajie 1 yKpaiHChbK1 OpraHisa-
wii [14]. [IpoTe BOHU BUTOTOBISAIOTHCS HE J0-
CKOHAQJIMMU SIK MIHIMYM B JIBOX HamnpsMKax.

[To-nepie, Taki Mpuiaan HiIIKUM YMHOM He
OTNITUMI30BaH1 32 KOHCTPYKITIE€IO 1 TEXHOJIOTIEI0
iX pO3ropTaHHs HAa MOPCHKOMY JIHI Ta TE€XHO-
JOTiI0 iX 3TOpTaHHs MICJA BiANpaItOBaHHS
BJIACHUX pPecypciB (HEOOXiJAHICTh PEMOHTY YU
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3aMiHM OOJIafHAHHSA, IJTAHOBE TEXHIYHE O0-
CIIyTOBYBaHHSI, 3apsijl aKyMyJIATOPIB Ta iHIIE).
ToOTo Ha CHOTOAHIIIHIN JEHBb II€ MOJYJIbHA
KOHCTPYKIisl: IEPITUN MOIYJh — [1€ aHTCHHUN
MOJyJib, JPYTUd TPUIATOBO-CHEPTeTUUHUMA.
Jlnst 3a0e3medenHs sIKiCHOT poOOTH YyTIMBOTO
eJIeMEeHTa JaHI MOJYJI PO3TAIllOBYIOThCS Ha
MeBHIN BiICTaH1 OJMH Bl OAHOTO. X04a KOHC-
TPYKIli Ma€ KOHCTPYKTUBHI CKJIQJHOIII poOo-
4i MAaKETH TAKUX CUCTEM BIXKE MPAIIOIOTH [2].
[To-npyre, Taki mpuiagu Ay»Xe BpasiuBi C
Mo3MIii BUKOHAHHS TPaJIbHUX POOIT, 30Kpema
[IPH 3aCTOCYBaHHI puOOIOBEIbKUX TpaiB [11].
PanioOyii 3B’s13ky (PB3) MoxxHa po3TamioByBa-
TH Ha TIIMOMHAX Mopcbkoro aHa B 150...200 m.
Jlnist cipomieHHs mporecy poOOTH 3a JOIOMO-
roto migBoaHoi nebiaku PB3 posramoByroTh
i MTOBEPXHEI0 MOpsl, Ha TIIMOMHAX TMOPSAIKY

Monyns-2 Ha 6opty CH

Puc. 1. ABToHOMHa siKipHa cTanHuis OnimMn-2

Fig. 1. Autonomous anchor station Olympus-2

MABOOHI TEXHONOCI e 04/2016, 50-59
MpomwncnoBa Ta umMBiNbHa iHXeHepia

20 m. Komu moTpiOHO BHKOHATH TIEpenaBaHHs
pamiocurHaiy, J1e0iIKOI BUIAIOTH HEOOXITHY
noBkuHY Tpoca. PB3, micraBmmch moBepxHi
MOps, TIepelae CUTHAJ, a MOTIM 32 JIOTIOMOT OO
MiIBOJHOT J1€01IKM HOTO 3HOBY IOBEPTAIOTh
no nonepenHaboi riubunu. Takum unaOM PB3
3HAXOJUTHCS IMiJI JII€I0 IJABOJHOI MOPCHKOI
tedii [6, 17, 18]. Takox 3aBkau iCHye Bipori-
JHICTh TOTO, IO MPOMHKCIIOBI pUOOJIOBHI CY/I-
Ha MOXYTh MOTO BUIAIKOBO 3auenuT. Yacto
TaKUM TEXHIYHUM 3aCO000M YKOMIUICKTOBYIOTh
aBTOHOMHI  paJioOTiIpOaKyCTUYHI  CTaHI]
(APT'AC) [5].

PE3VJIbTATHU

CucreMy TiIpoOaKyCTHYHOTO MOHITOPHHTY
MABOAHOT OOCTAHOBKM B 3aJ€KHOCTI BiJ 3a-
CTOCOBaHMUX 3ac001B, MOXXHA YMOBHO MOJALTUTH
Ha TPH MiJCHCTEMH: JUIA OMMKHBOI 30HU (IO
500m), cepeanboi 30HU (J10 15 kM) Ta JaNbHBOT
3ouu (moHax 15 km) [15]. Ornsan OGmumXxHBOT
30HU TPU3HAYCHO ]IS BUSBICHHS ITiIBOJHHIX
IJIABIIB Ta 3acO0IB iX MEPEMIIICHHS, OTJIs
JAadbHBOI 30HU — JIJIs BHSIBJIGHHS II1JBOJHUX
YOBHIB.

Cniyckanns Monyns-1 3 6opra CH
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Ha Puc. 1 nmpeacraBneHo 30BHIIIHIN BUTIISA
Ta mpouec cmnycky 3 Oopty CH skipHoi
APT'AC.

ABTOHOMHA PalioOTiIPOAKYCTUYHA CTAHIIS
— 1€ CYKYIHICTb CXEMaTHUYHO 1 KOHCTPYKTHB-
HO TMOEIHAHUX AaKyCTUYHHX, CJIIEKTPUYHHX 1
€JIEKTPOHHHUX TMPUCTPOIB Ta MPUIIAAIB 3a JO-
MMOMOTOK0 SIKMX 3IHCHIOETHCS TMpHUOM abo
BUIIPOMIHIOBAHHS, YM MPUIOM Ta BUIIPOMIHIO-
BaHHS aKyCTUYHHMX KOJMBaHb y Boai. OTpuma-
HI T1IPOAKyCTHYHI KOJWBAHHS CTaHIlS Tepe-
Jla€ y BUTJISIII IEPETBOPEHUX curHamiB. [pus-
HAYEeHHsI TaKUX CTAHLINA e BUSBJICHHS, CIIA-
KyBaHHsI T4 BH3HAUEHHS MICI 3HAXO/KECHHS
HAJBOJHUX CYJEH, MiJIBOAHUX YOBHIB Ta IUIa-
BIIIB.

[Ipu BusBIEHH1 Oyb-AKOI 111, B 3aJIEKHO-
cTi Bix HamamtyBaHb, PB3 3akpimeHuii Tpo-
COM J0 IIIABOAHOI JIeOiAKH IMiIHIMAKOTh HA I10-
BEPXHIO MOpSI Ta BUKOHYIOTh Iepeaady Ha 0a-
3y, CYHyTHUK YH paJioKaHajl — CHUTHaly, Ha
MOMepeHhO HANAIITOBaHI  YacToTi, SKY
npuiimae Oeperosa cranuis [13]. Ilicast goro
nebinka 3MoTye Tpoc omyckatoun Pb3 mo 3a-
3HAa4eHOI MTMOMHM Ta poOOTa MPOJOBKYETHCS.

Ha choroaninmHiil 1eHb TEXHOJIOTIS PO3rop-
taHHs Ta 3ropranHa API'AC peani3zoBana 3a
JIOTIOMOTOI0  CITYCKO-ITi THOMHOTO ~ TIPUCTPOIO
(CIIII), sxkum Mae Oyt OOJIaHAHWUN HAIBO-
Hul cyaHo-Hociid (CH). V Bumankax xoim Ha
TPaHCHOPTHOMY 3aco0i, 10 BHKOHY€E IOCTa-
HOBKY 00JIaJlHaHHS SIK MOBITPSHOMY TaK 1 Ha-
nsonuomy, BincytHid CIIIT — API'AC npocto
CKUJATh y BOIy. B pesynbraTi aHTCHHHUI
MOJAYJIb MOXE HEBJAIO pO3TallyBaTHUCS Ha
MOPCBKOMY [HI, II0 MOXX€ CHPUYHHUTH He-
CIPOMOJXKHICTh /10 Oe3nedHoi Ta NpaBUIBHOT
eKcIuTyaTarii oOJaJHaHHSA, TOMY HEOOXITHO
el Tporec BUKOHYBaTH oOepexHo. [Ipu Ta-
Kill TEXHOJIOT1i pO3ropTaHHs CTAHIIIT BiICYTHIHI
KOHTPOJIb 32 TPaBHIIBHICTIO YCTAaHOBKH 00J1a-
JTHAHHS, a/DKe BIACYTHIM Bi3yanbHHI KOHTaKT
3 IMiJIBOJHAM CEPEIOBHUIIICM.

CxeMy yCTaHOBJIEHOI Ha MOPCHKOMY JHI
APT'AC B pO3ropHyTOMY CTaHi MPEICTaBICHO
Ha Puc. 2.

3anpornoHoBaHO aBTOMATU3YBaTH TEXHOJO-
ril0 YCTAaHOBKH BAaHTaXy Ha MOPCHKE JIHO
IIISIXOM 3aCTOCYBaHHSI HEHACEJICHUX ITiIBOJI-
HUX amapariB-podortis [7, 9, 10]. dns ycmim-
HOT'O PO3B’SI3aHHS TAKOTO 3aBJaHHS CIOYATKY

JleGinka

C HpI/IBOIIOM
Ta KabeyeMm

[Inardopma
3 o0najgHaHHAM Moayiis-2

JUK ne6iaku
JUK moayns-1

Monynb-1

7
a3

PR IR LRI T LR L LA ARIS ZT LT AT ARIS FTFL ZTLTT

PB3 — panioOyii 38’ s13ky; 111 — 0710k MPOMIXKHOT ITaBY9OCTI;
JIK — mxepeno xusnenHs; K3 — kabens 3B’ s13Ky

Puc. 2. Ycranosnena va mopcbkomy 1Hi API'AC B po3ropuyTromMy crasi
Fig. 2. Expanded state of ARHAS installed onto sea bottom
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BHU3HauarTbea 3 TUHoM [TAP Ta TexHosoriero
fioro 3acrocyBanHs [4], mist 4oro HEoOXiTHO
BIJIMOBICTH HA HACTYIHI 3aIlTUTaHHS:

- Y{ MOTPIOHO 3aCTOCOBYBATH ABTOHOMHHUUN
HEHaceJeHUuW miaBoaHuK amapar-podoTt (AH-
ITAP [8]) abo mpuB’si3HMIT HeHACEICHUH ITij-
BogHui amapar-po6ot (ITHITAP) mns omepa-
Ii{ 3 BaHTaXeM?

- yn niependavaerses nopepuenns [THITAP
Ha CY/[HO-HOCIH MiC/IA BAJIOl YCTAaHOBKU BaH-
Taxy Ha aHO, a0o AHIIAP 3anumaerbcst Ha
JHI MOpPSI pa30M 3 BaHTAXEM JI0 3aBEPUICHHS
poOOTH BaHTaXKY?

Po3rnsiHeMO MOXJIMBI TEXHIYHI pillIeHHS,
Ha MiJCTaBl SKUX OLIIHUMO NEpeBary 1 HeAOi-
KM KOYKHOTO 3 BapiaHTIB peami3allii 1miIBOIHOI
TEXHOJIOT1I, IMC/A Y0ro OLIHUMO MOJKJIMBICTS 1
JOLUTBHICTE 1i TOBHOI a00 YacTKOBOi aBTOMa-
tu3amii. O4eBUIHO, 110 MOJIE MOXKIMBUX TeX-
HIYHHUX PIIICHb OXOIUIIOE YOTUPHU OCHOBHI Ba-

pianTu 3actocyBanHs [IAP, 3006paxeni Ha Puc.

3.

Tun
Pexum ITAP | [THITAP
pobotu

AHIIAP

[ToBepraerbes 1 1
Ha CY/IHO

3aIUIIaETChs
Ha JH1

Puc. 3. Bapianrtu 3actocyBanns [IAP y 3anadax
YCTAHOBKH BaHTAKy Ha MOPCBKE THO

Fig. 3. Variants of use of an underwater vehicle in
tasks of the installation of cargo on sea
bottom

[Tonepenniit ananiz mokasye, 10 3aCTOCY-
BaHHs npuB’s3Horo IIAP y Bapianti mosep-
TaHHS Ha CyJIHO 3a0e3MeYeHHs J1a€ HaCTYIHI
nepeBaru:

- MOXJIUBICTh y peaJlbHOMY 4acl MepeBipu-
TH SIKICTh YCTAaHOBKH BaHTa)Ky Ha MOPCbKe THO
1, 32 HEOOXITHICTIO, BUKOHATH HOTO IepecTa-
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HOBKY, 3a0€3MeYnBIIN TUM CAMUM HOTO Mpoe-
KTHE (YHKI[IOHYBaHHS,

- MOXJIMBICTh PYYHOTO PEXHUMY JOMONIYKY,
imeHTHdIKaIlli Ta 3aXOIUICHHS BAaHTAXYy TEepe
foro miaioMoM Ha CyqHO 3a0e3leueHHs, 110
IiBUIIYE HAIIHHICTh MOPCHKOI orepartii.

Jlo HemoJKIB I[OTO TEXHIYHOTO PIIICHHS
CJIiJ] BIIHECTH HEOOXITHICTh MO3UI[IOHYBAHHS
YW HaBITh ITOCTAHOBKY Ha SKIp CyaHa 3abe3re-
YeHHs i/l 4ac BUKOHAHHS MOPCHKOI omeparii,
110 BUMArae 3acTOCYBaHHS CIIELIaIbHUX CYJIeH
abo 30UTbIIye BUTPATH Yacy Ha MPOBEACHHS
MOpCcbhKOi onepariii. Kpim Toro, aBromaTtu3aiist
BCHOTO TPOIECY YCTAHOBKH 1 MOBEPHEHHS Ba-
HTaXy MOXJIMBA B OOMEKEHOMY 00Cs3i, IO
YCKJIAHIOE MPOLEC il BUKOHAHHS.

Y aockoHaNeHHS MiABOAHOI poOOTU30BaHOT
TexHousorii  ekcruryaranii  mouHoi APTAC
NUIIXOM aBTOMAaTu3alii ii yCTaHOBKH, MiCIS
eKCILTyaTaI[ifHOTO TIOMIYKY Ta MiIHOMY Ha Cy-
JTHO 3alpOTIOHOBAHO Peani30BYBAaTU 3aCTOCY-
BaHHSIM CIEI[iaJli30BaHOTO BAaHTa)KHOT'O Camo-
xigHoro miaBoaHOTro HOCcis (BCITH).

BCIIH noBuHeH peani3yBaTu JBi CHeIiati-
30BaHi MiABOIHI TexHOIOrI [7]:

1) ycranoBky API'AC y po0oue nonoxeH-
HS IUIIXOM PO3TOPTAaHHS 00JIaTHAHHS HA MOP-
ChKOMY JHI Ta MepecTaHOBKa 32 HEOOX1JHOCTI;

2) sroptanus APTAC muisixom ycTaHOBKH
Ha BCIIH i noBepHenns no CH.

30BHIMIHIA  BUTIIAA  3alpONOHOBAHOTO
BCIIH naBeneno na Puc. 4. OcHOBHI TeXHiuH1
napamerpu BCIIH npencraBneHo y Burisial
Tabm. 1.

ANTOpUTM NPOBENEHHS MiJBOAHOI POOOTH-
30BaHOT TEXHOJOTIi YCTAaHOBKH KOPHCHOTO Ba-
HTa)Xy Ha MOPCHKE JIHO HAaBEJCHO y BUTIISAII
onok-cxemu (Puc. 5) [7].

[Touarox peanizaiii ycTaHOBKH BaHTaXXy Ha
MOpPCBHKE JTHO TOYnHaeThes 3 3axBaty [IAP ko-
PHUCHOTO BaHTaXy. Y pa3i KOJIM MPOIleC 3aXBa-
Ty BaHTaxy BUKOHYe He IIAP, a mamyOHa Ko-
MaHaa — eHeproxubiieHHs1 Ha [IAP He mona-
10Thb. B iHIIOMY BUMaAKy HEOOXiIHO MOJATH
eHeproxuBieHHs Ha [IAP Ta BukoHnatu 3axBat
KOPHCHOTO BaHTaXy 3a JOMOMOTOI0 CHelliai-
30BaHUX 3aXBATHUX IPUCTPOIB.
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BCIIH 6e3 obriuanka (Buz 33a1y)

BCIIH 6e3 o0Tiunuka (Bua cepeny)

Puc. 4. Bautaxxauii caMOX1JHHAN 1IBOJHUNA HOCIH
Fig. 4. The underwater self-propelled cargo carrier

[Ticas Toro sk KOpPUCHUM BaHTaX HaAIHO
3akpiruieno Ha 6opty IIAP, moxHa BUKOHYBa-
TH Horo cyckanss ¢ 6opra CH na Bony. Criy-
CKO-ITITHOMHI omepartii [uist Janoro tumy [TAP
HEOOXiTHO BUKOHYBATH JIUIIE 3 BUKOPHCTAH-

HSIM ITOBHICTIO aBTOMATHYHOI'0, a00 4aCTKOBO
BTOMAaTHU30BAaHOTO CITyCKO-TIIHOMHOTO TIpH-
ctpoto (CIIII).

Taoauus 1. TexuiuHi napameTpy BaHTa>KHOT'O CAMOXI1THOTO IiJIBOJTHOTO HOCIs
Table 1. The technical parameters of an underwater self-propelled cargo carrier

HaiimMenyBaHHs napameTpa 3Ha4YeHHs

1. HIBuakicts pyxy BCITH mpu mBuakocTi migBogHoi Teyii 1o 2 m/c:

- TOPU30HTAJIbHA, M/C 0,3

- BepTHKaJbHA

a)IIpH CIIYCKY Ha IIIHOMHY, M/C 0,5

0) npu ycranosui API'AC, m/c 0,3
2. 'abaputHi po3mipu BCITH

- IOB)KHHA, MM 3840

- LIMPUHA, MM 1850

- BUCOTa, MM 700
3. Maca BCIIH, kr 1750
4. Maca KOPHUCHOTO BaHTaXy, KT 81,5
5. EnekTpoKuBIeHHS Bix AKB
6. MiHiMaJIbHa aBTOHOMHICTB, TOJ 2
7. Poboua rnnOuHa 3aHypeHHS, M 200
8. 'pannunHa rimubuHa 3aHypEeHHS, M 250
9. Hosxuna KT, m 600
10. Jiametp KT, MM 6,6
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( ITouarox

— 1 — 2
3axsar Cnyck [TA
BaHTAXY Ha BOLY
4 — 3
[Momyk Micrs 3
PO3rOpTaHHS HgHyp CHHA
o0aIHaAHHSA mAa Bony
8
Hi
3ropraHHs . rpy.HT o
P — PiBHOMIipHHiH’
16
7
Kyt naxumy Posropranns
3aJ0BUTBHHIT? obnagHaHHS
— 10
CrinuBaHHs
Tak Ha [IOBEPXHIO
[ToBepHeHHs . e
CH? Ta migiiom
A0 LA Ha 6opr CH
11 — 12 — 13
3akpinneHHs Buxi. pexumy
[TA Ha TpyHTI, OYIKyBaHHS, 3ropTaHHA
BKJL. PEXKHMY BiaXin Bin obnagHaHHs
OUiKYBaHHS TPYHTY
— 14
CrivBaHHs
Ha TIOBEPXHIO
Ta MiioM
Ha 6opr CH

Kineus )

Puc. 5. biok-cxema anroputMy NpoBeJeHHS MiIBOTHOI poOOTH30BaHOT TEXHOJIOT1] YCTAHOBKH KOPHC-
HOI'0 BaHTa)Xy Ha MOPCBKE THO

Fig. 5. The block diagram of the algorithm of underwater robotized technology for the installation
of a useful cargo onto sea bottom
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VY Bumnanky xonm Ha [TAP B mporeci 3axBa-
Ty BaHTaXy CHEPrOKHUBICHHS HE TOJAI0Th
BigctponyBat IIAP MokHa numie koiaw Ha
HBOro Oyne TojaHe eHeproxusieHHS. Llen
BapiaHT Ma€ MEBHUU HENOJIK, TaK SK I[OBHA
MepeBipKa Mpare31aTHOCTI MEXaHi3MiB BUKO-
HyeThCs Jmme micas cnycky [IAP na Bomy. V
MepIIOMY BapiaHTI MepeBipKa mpane3aTHOCTI
ITAP BinOyBaetbcst Ha 6opTy CH.

Hactynaum etanom poOOTH30BaHOi TEXHO-
norii € 3anypenss [1AP ming Boxy. IIpornec 3a-
HYpPEHHS MO>XE€ BUKOHYBATHCSI YBECh 4ac Bep-
TUKAJIBHO JI0 CaMOro IPYHTY, IICJS 4YOro Bij-
Oy/eThCs MOIIYK Micls PO3TOPTAHHS BAaHTAXKY.
Taky TexXHOJIOTiI0 3aHYpPEHHS CIIiJ] 3aCTOCOBY-
Bati Ko CH 3HaxoauThes mo0iIM3y 3a1aHuxX
KOOpJMHAT Miclli YCTaHOBKHM BaHTaxy. B iH-
[IOMY BUTAJKY JJIs1 €KOHOMIi 4acy mpoBeJeH-
HS MiJBOJHO-TeXHIYHUX poOiT IIAP mae 3a-
CTOCOBYBaTH BEPTHKAJIBHHUHA MpPHBII pa3oM 3
MapmoBuM. lle HamacTe MOKIMBICTH HaMII-
BU/IIIE JICTATHCS 3a/1aHUX KOOPAUHAT.

[Iponec momyky micisi po3ropTaHHs KOpH-
CHOTO BaHTaXy BiIOYBA€ThCS 3a KPHUTEPIEM
piBHOMipHOCTI IpyHTY. [pyHT GynemMo BBaXa-
TH PIBHOMIPHHUM SIKIIIO HOTO0 HEPIBHOMIPHICTH
3HaxoauThcss B Mexax 15...20°. Komm nana
yMoOBa OyJie BUKOHaHa 3HAlJeHE MICIE MiIX0-
IUTH IS PO3TOPTaHHS BaHTaXy, SKIIO Hi
MPOLIEC MONIYKY MICISl PO3TOPTaHHS BaHTaXY
B1J10YBA€THCS UKIITYHO.

Posropranns BaHTaxy mMoxke OyTH peanizo-
BAaHO CHEIlaIbHUMU MaHImynsiTopaMu, abo 3a
JIOTIOMOTOI0 Bi/I’€IHAHHS 3aXBAaTHOT'O MeEXaHi-
3my. Lleil mpomec 3anexuTh BiJ crocody 3a-
XBaTy BaHTaXy Ta €NEKTPOOOIaTHAHHS CaMo-
ro [TAP.

[Ticas po3ropTaHHsi KOPUCHOTO BaHTAXy Ha
MOPCBKOMY JIHI HEOOX1/IHO BIIEBHUTHUCH B Mpa-
BUJILHOCTI Horo ycraHoBKU. JlaHa mepeBipka
B1JI0YBA€THCSA 3TITHO 3 JIONYCTUMUM KYTOM
Haxmiy KOpHUCHOTO BaHTaxy. Lleil mapamerp
Y3TOJKYETBCS 3TITHO 3 TEXHIYHOK JTOKYMEH-
Taiiero Ha BaHTax. Komu mana ymoBa Oyne
BUKOHAHA PO3TOPTAaHHS BAaHTaXy BBa)KaTHMe-
MO TPaBUJIBHUM Ta PO3MOYHEMO HACTYITHUI
etan podotu ITAP, sxmo HI — BaHTax He0O0-
X1IHO 3rOPHYTH Ta MOBTOPHO PO3MOYATH MPO-
I€C MOIIYKY MICIIsl PO3TOPTAHHS BaHTAXKY.

Jlis modaTKy HACTYHMHOTO eTramy poOoTH
CJIIJT YITKO BU3HAYMTH, SK1 /il Ma€ BUKOHYBaTH

56

ITAP Ta sikoro Tuiy BiH Ma€ OyTH. Y mepriomy
BapiaHTI 0 BUKOHAHHS JAaHUX POOIT MOXKHA
sanyuutu [IHITAP. Ilpote y Bumaaky, Kojiau
BiH 3aJIMIIAE€THCS HA MOPCHKOMY JIHI Ha BECh
yac (YHKIIOHYBAaHHsS BaHTaxy, 10 HEIOJIKIB
miel TexHoorii MOKHA BIJHECTH HEOOXIIHICTE
koHcTpytoBanHs [IHITAP sk Takoro, obman-
HaHHS, SIKE HE OOCIYrOBYETBHCS, a TaKOXK Iie-
pendadyuT MOMIIMBOCTI BIJKIIOUEHHS WOTO
BiJl CyIHO-HOCIS Ha MepioJl aBTOHOMHOTO Tie-
peOyBaHHS Ha JIHI Ta MOBTOPHOTO ITiAKIFOYCH-
Hs JI0 CYIHO-HOCIS Tepe MiJiiOMOM BaHTaXy.
e 3nauyno ycknagatoe koHCTpyKiiro [THITAP,
ToMy OibII epeKTUBHO OyJie MOBepTaTH HOro
mo CH. Jlns uporo HeOOXiZHO BHKOHATH
cruuBanHs [THITAP Ha moBepxHIO BOJIH Ta TIi-
nusata oro Ha O6opt CH. Takum umHOM, 3a
HEOOXIHOCTi, MPOILIEC YCTAaHOBKH KOPHUCHOTO
BaHTa)Xy Ha MOPCBhKE THO MOXHA pPO3MOYaTH
3HOBY.

Jlpyruii BapiaHT TEXHOJIOT1i YCTaHOBKHU Ba-
HTaxy mnependavae BukopuctanHs AHITAP i1
XapaKTepU3Y€EThCS BUCOKUM DIBHEM aBTOMa-
TU3allii, OCKUIBKM BUMara€e MmoBHOi aBTOMATH-
3amii peKUMiB YCTaHOBKH Ta TOBTOPHOTO IO-
IIYKY, 3aXOIUICHHS 1 MIiOMY BaHTaxy. Y BU-
nanky xkomun AHITAP micns mepeBipku mpaBu-
JBHOCTI YCTAaHOBKU BaHTaXXy HE MOBEPTAETHCS
no CH BiH Mae 3aKkpilIUTUCS Ha IPYHTI Ta Iie-
peiitu B pexxum ouikyBanHs [12]. Tlix pexu-
MOM OYIKyBaHHS OyJIeMO pPO3YMITH BIJKIIIO-
YEeHHsI BCIX MaKCHMaJbHO MOKJIUBUX CIIOXKH-
BayiB €JEKTPOEHeprii Uil eKOHOMIi 3apsay
akymynsaTopHux 6arapeit (AKB).

3a komanjow, abo mporpamoro AHIIAP
Ma€ BUITH 3 PeKUMY OYIKyBaHHS Ta BUKOHATH
BIJIX1J BiJl IPYHTY Ha HpPOrPaMHO 3a3HAYEHY
BifcTaHb. [licis 1bOro 3ropHYTH OOJIaTHAHHS
Ta BUKOHATH CIUIMBAaHHS Ha TIOBEPXHIO BOJHU
[4]. Le HeoOXiaHO mIst TOTO, 11006 MOXKHA OYIT0
nigHATy Horo Ha 6opT CH. Ha 6opTy AHITAP
OTpUMY€E HeoOXiHe 00CIyroByBaHHS (IEpeBi-
PKY MOKa3HUKIB Mpane3aTHOCTI, aHall3 TeX-
HiyHOTrO cTany, 3apsa AKD i T.m.). Takum uu-
HOM, 32 HEOOX1JHOCTI, MPOIEC YCTAHOBKHU KO-
PHCHOTO BaHTaXKy Ha MOPCHKE JTHO MOXHa pO-
3110YaTH 3HOBY.
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BHUCHOBKU

B craTTi onrcaHo BapiaHTH yIOCKOHAICHHS
iIBOTHOT POOOTHU30BAaHOI TEXHOJIOTIi eKCILTY-
aTarii JOHHOiI aBTOHOMHOI PaJlioTiAPOaKyCTH-
YHOI CTaHIll NUISXOM aBTOMAaTH3aIlii ii ycra-
HOBKHM, MICJIS CKCIUTyaTaI[iIiHOro IMOIIYKY Ta
nigifioMy Ha CyAHO. 3 JaHOK METOI0 PO3po0-
JIEHO METOJIMKY peai3alii maBoHoi poOOoTH-
30BaHOi TEXHOJIOTIl MPH 3aCTOCYBaHHI BaHTa-
SKHOT'O CaMOXI1HOTO ITiIBOJHOIO HOCIA.
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Summary. The monitoring of underwater situa-
tion is an effective method to protect a country
from unauthorized crossing of its marine borders.
There are many ways to implement technologies
for the protection of marine borders with the use of
hydroacoustic devices. However to provide correct
functioning of hydroacoustic devices safe and cor-
rect installation of a useful cargo onto sea bottom
is necessary. Peculiarities of the use of modern
technologies for the installation of a useful cargo
were analyzed. Advantages and disadvantages of
these technologies were highlighted. To improve
the efficiency of the process of installation the use
of unmanned underwater vehicles was proposed.

Key words: vessel carrier, underwater vehicle,
hydroacoustic station, beacon, useful cargo, un-
derwater robotized technology.
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PacwmpeHne BO3MOXHOCTEN CeTYaTbIX MPOMbILUNEHHbIX
BOASAHbIX ounbTpPOB

Bukmop Kyxapb', Bumanuti Ky3bmuHckuii?, Onbea O84uHHUKO8a"

! 'BY3 HauuoHanbHbli FOPHbIN YHUBEPCUTET
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2 orcid.org/0000-0003-2480-5615, ° orcid.org/0000-0003-3805-1703

Annoranus. [lokazano, yTo Haubonee pacupo-
CTpaHEHHBIC ceT4aTble (PUIBTPHI Il TEXHUUECKON
BOZIBI B YaCTH IJIOIIAAN CETKH (QHUIBTPORIEMEHTa
Jocturu cBoero npexena. IlpeacrasieHo perie-
HHUE 3TOW MpoONeMbl B (PHUIBTPaX HOBOIO THIA
000 «OxeanmanmHepro». Pazpabotan u ocBoeH
B NPOU3BOJCTBE TUIOPA3MEPHBIH psix (GHUIBTPOB,
IPOBE/ICHbI HCCIIEIOBAaHUS C Pa3pabOTKON METOAHU-
K{ pacueTa HOBBIX (HIIBTPOB.

KuaroueBbie ciioBa: ceTyarblii QUIbTp, TOHKas
(upTpanysd, IUIOM@AAb CEeTY4aToro (HUIBTPOdIIe-
MEHTA.

BBEJAEHUE

OuncTKa TEXHUYECKOHN BOIBI OT MEXaHU4e-
CKUX 3arpsi3HEHHUH ¢ MOMOUIbI0 (UIBTPOB SB-
JISIETCSl OCHOBHBIM CIIOCOOOM IEpBOro (MHOTAA
€IMHCTBEHHOI0) JTana BOJOMOJTOTOBKH Ha
IPOMBIIUIEHHBIX CUCTEMaX BOJOCHAOXKEHHUS.
Llenp 0YMCTKM — MPEAOTBPATUThH 3a0MBAaHUE U
3aCOpeHHe anmnaparoB — KOHEYHBIX MOTpeOu-
TeNned BOABI U MOAJAEP)KAHNE IITATHBIX PEXU-
MOB HX JKCIUTyarauuu. TakuMu anmaparamu —
HOTPEOUTENIMH BOJIBI SIBISIOTCA KOXKYXOTPYO-
yarble W IUIACTUHYAThle TEMJI00OMEHHUKH,
OppI3rana oxyiaxaeHus, OpCyHKH rpagupeH U
T.II. 3JIEMEHTHI.
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Haubonee nmpocTbiMU 110 KOHCTPYKLUH, Ha-
JEKHBIMU, HU3KUMH 110 CTOUMOCTH U B CBSI3U
C 3TUM Haubojiee YacTo MPUMEHSIEMBbIMU B
IOPOMBIIIJIEHHOCTH ~ SIBIIIIOTCS  CeTyarble
¢uibTphl, (UIBTPOBAJIBHBIE 3JIEMEHTHI KOTO-
PBIX ITOCTPOEHBI Ha OCHOBE IUIETEHBIX IPOBO-
nounbix cetok (Puc. 1, a), meppoprpoBaHHBIX
JUCTOB C OTBEPCTUAMHU PA3IMYHONU (HOPMBI
(Puc. 1, 6, 6).

@unbTpel ¢ TaKUMH (PHIBTPOITEMEHTAMU
(®3) nomoOHBI MO KOHCTPYKIMHU, TPUHIUIIAM
paboThl M JKCIUTyaTallMOHHBIM MapaMeTpam,
HUMEIOT CXOZIHBbIE XapaKTEPUCTUKHU, JOCTOMHCT-
Ba U HEJIOCTATKH.

OObeMbl mopsexaiell (GUIbTPOBaAHUIO BO-
Jbl Ha OOJIBIIMHCTBE MPENNPHUATHI TAXKEIOH,
XUMHUYECKON M DHEPreTUYECKO MPOMBIIICH-
HOCTEH MCUMCIAIOTCS ThICSYaMHU KyOMYECKHX
METPOB B 4ac MpU pabouux AABICHUSX B Ipe-
nenax 0,1...1,6 MIla. XapakrepHbIMU MeXa-
HUYECKUMU 3arpsA3HEHUSMH TEXHUUYECKOW BO-
JIbl SBJISIOTCS MPEIMEThl OpraHU4ecKoro (Bo-
JIOPOCIH, JTUCThS, TpaBa, MOJUIFOCKH) U HEOP-
raHM4eckoro (Mecok, prKaBuMHA, YaCTHUIIBI
KapOOHATHBIX OTJIOXKEHHWH, oOKanuHa, par-
MEHTBI OOIIMBKHU T'PaJMpeH, JeTajau cIenoje-
KJbl, MeTaJJIMuecKue (parMeHThl, JEpeBo)
MIPOUCXOXKICHHUM, UX pa3Mephl KOJIEOIIOTCS OT
0,01 mo 10 MM u Goee.
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u

Puc. 1. OcHOBHBIE TUIBI MATEPHAJIOB AJs QUIBTPOITEMEHTOB: @ — IJIETEHAs! U3 MPOBOJIOK CETKA;
6 — MIPOCEYHOH JIUCT; 8 — MPOCEUHO-BBITSDKHON JINCT
Fig. 1. Basic types of materials for filter elements: a — woven wire mesh; 6 — grooved sheet;

6 — grooved expanded sheet

[[upokoe mprUMEHEHHE Ha OTEUECTBEHHBIX
OPEANPUATHAX B TEXHOJIOTUYECKHX ITHKIIAX
BOJIOCHAO)KCHHS  BBICOKOY(PPEKTUBHOTO  CO-
BPEMEHHOT0, 3a4acTyl0 UMIIOPTHOTO U JOpPO-
rocrosiero, obopynoBaHusi TpeOyeT Bcé
OO0JIBIIIETO KOJMYECTBA BOABI C TOHKOH OYHCT-
KOM OT MEXaHUYECKUX 3arps3HEHUN.

Ceruarple (GUIBTPBI, HauboOJIEe MPOCTHIE C
OTHOCHUTEIIbHO HEBBICOKOH CTOMMOCTBIO BO
MHOTHX CIy4asX IO TPA3eEMKOCTH CETYaToOro
(GWIBbTpO37IEMEHTa HE CHpABISIOTCA C BO3-
pociuMU TpeOOBaHUSIMH.

HEJIb PABOTBI

[lenbto HacTosimel pabOTHI SIBISETCS Hay4-
HO-TEXHUYECKOE OOOCHOBaHHE HEOOXOINMO-
CTH CO3JaHMsI HOBOTO THUIIAa CETYATHIX (PHUIIBT-
POB TEXHMYECKON BOJBI C YBEJIMYEHHOM IUIO-
[IaJIbI0 CETYATOrO (PUIBTPOIIEMEHTA U pa3pa-
00TKa HAay4YHO-OOOCHOBAHHOM METOJIUKH pac-
YeTa ero OCHOBHBIX ITapaMeTPOB.

O 3ABUCUMOCTU TJIOIIA N
CETUATOI'O ®UJIBTPYIOLIETO
JIEMEHTA OT HOMUHAJIBHOI
TOHKOCTU ®UJIETPALIAN

N3BecTHO, 4TO YeM MEHbIIE HOMUHAJIbHAA
TOHKOCTh (MIIBTpalMK, TEM OOJIbIIE IIOIAh

nigBoOAOHI TEXHOMNOTTi » 04/2016, 60-71
MpomMucnoBa Ta UuBINbHa iHXeHepis

ceT4aroro (MIBTPYIOIIETO 3JIeMeHTa TpelyeT-
csi B puIIbTpe, 4To0bl 00ecteunTs ero Tpedye-
MYIO TPS3¢€MKOCTh U O0ECHEUYHTH IpHEMIIe-
MBIC HUHTCPBAJIbI IIPOMBIBKH (1)I/IJII>Tpa.
PaccmoTpum sBe  QMIBTpYIOIIME CETKU
paBHOM momamu $1=S,=S ¢ pasHeIMH
pasmMepaMu KBaJpaTHBIX SYEEK: MEJIKOW CETKH
& Y KPYIHOU CETKH ay, IPUYEM AJIs HalIsa-

HOCTH Ay =23 Yepes KaxkIyl0 UX CETOK IpO-

XOIST MOTOKU BOZBI C OAMHAKOBBIM PacXoa0M
Q=Q,=Q (u, KaKk cIeACTBHE, C OAUHAKO-
BbIMHU CKOPOCTAMU IIPOTCKAHHA BOIABbI YCPE3
CETKH V] =V, =V, IaBIICHUEM Py =Pr =P U C
OJIMHAKOBBIM I'PaHYIOMETPUYECKUM COCTAaBOM
1 00bEMHOI KOHIIeHTpanuel 3arpsizHeHuil C.
KyMmynsatuBHas 3aBUCHUMOCTh OOBEMHOM KOH-
LEHTpAaLMH 3arps3HEHNI OT pa3Mepa YacTHIl B
JMana3oHe OT iy A0 8max MOXKET OBITH

onucaHa B o011eM ciydae pyHKIUeH Buga

C=f(a),

rae f — monuHOMHUANbHAs (QYHKIHWS, yCTaHAB-
JTMBaeMasi Ha OCHOBAaHUH DKCIIEPHUMEHTAIbHBIX
UCCIIEIOBAaHUN TPaHYIIOMETPHUUECKOTO COCTaBa
3arpsisHeHnil. KymynsatusHblil rpadguk o0bem-
HOW KOHLIEHTPAIMH 3arpsi3HEHUH Bceraa Oyaer
Bo3pacTaroiei gpynkiueit (Puc. 2).

[Tpu mpomnyckaHuu yepe3 MEIKylo U KpyIl-
HYIO CEeTKH (HIBTPYEMOMN BOABI KaXKAas CETKa
B HauyaJbHbI MOMEHT rapaHTHPOBAHHO OyeT
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Puc. 2. 3aBucuMOCTb KyMyJITUBHOW KOHLIEH-
Tpaluy OT Pa3sMEpPOB YaCTHULL 3arps3He-
HHI

Fig. 2. Dependence of the cumulative concentra-
tion of contaminant particles sizes

YJABIUBaTh 3arpsi3HEHMsI C pa3MEpPaMH, paB-
HBIMHU WU OOJBIIMMHU pa3MepaM CBOEH sdeil-
k. Yactuupl ¢ pazMepamMH, MEHBIIUMH, YEM
pa3Mephbl SIYEEK CETOK, B HauaJbHbIA MOMEHT
(uucrast cetka), OyayT CBOOOAHO MPOXOIUTH
CKBO3b ceTkH. [1o Mepe 3aaepkuBaHusl YaCTULL
B sSYEeMKax CETOK (AJI1 MEJIKOM CETKH C pa3me-
paMHu @; = @, W JUIsI KPYITHOM CETKHU C pa3Mme-
paMu @; = a,) HACTYIIHUT MOMECHT, KOTjJa BCE
SYEHKH CETOK OKaKyTCs 3a0WUTBIMHU 3arpsi3He-
HUSMH, HA CETKE BO3HUKHET CJIOW 3arpsi3He-
Hud. Ha cnoe 3arpsAsHeHHs INIOCKMX CETKax
HayHeT Peajn30BbIBATHCS MPUHLUI 0OBEMHOMN
¢unbTpanMu, IpU KOTOPOM IO MEpe pocTa
TOJIIIMHBI  CJIOSl  YJIOBJIEHHBIX 3arpsA3HEHUU
YMEHBIIAETCS pa3sMep YIaBIMBAEMBIX YacCTHLI.
OnHako Mo Mepe (QUIBTpAllMM HAKOIJICHHbIE
3arpsI3HEHUS BBI3BIBAIOT POCT Iepernaja J1aB-
JIeHHs Ha CeTKax, 4To 00yciIaBIMBaeT HE0OX0-
JTUMOCTh OYHUCTKM (pereHepaiuu) QuibTpo-
AJIEMEHTOB, HAlpPaBICHHON Ha BOCCTAHOBIIE-
HUE HOMHHAJBHOIO IIepenaja JaBlIEHUs Ha
cetke. Jlanee muki paboThl GUIBTPYIOLIUX Ce-
TOK ToBTOpsieTcd. [IpumemM oauHaKOBBIE 3Ha-
YeHUs] MAaKCHUMAJIbHBIX MEPenajioB J1aBICHUS
Ha ceTkax Ap; = Ap, = Ap, Ipu KOTOPBIX Ha-
YUHAETCSI UX OuucTKa. [IpoaoymKUTEeNbHOCTD
WHTEpPBaJia BpeMEHU OT Havana (GUIBTPOBAHUS
0 JOCTHI)KEHUSI MaKCHUMAaJIbHOTO Tepernaja
JTAaBJICHUS HA CETKE JUIsl MEJIKOW U KPYIIHOH ce-
TOK 0003HaYMM COOTBETCTBEHHO t; U t;. Ha-
30BEM 3TOT MHTEPBAJ BPEMEHU HMHTEPBAIOM
bunbpTparym.
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KonuyecTBo 3arpsi3HEHUid, yIOBJIEHHBIX 3a
OMH HHTEpBaj (WIBTPAIlMM HAa MEJIKOH H
KpPYITHOM CeTKax, ONpenaessieTcsi U3 BhIpaxe-
HUI:

Vl = VlSltl.[aa_lmaX f (a) da , (1)

V2 = V282t2 J‘aazmax f (a) da. (2

ITpupaBHsB (1) u (2) u yuuTsIBas paBeHCTBA
CKOPOCTEH MpOTEKaHHsl BOAbI YEepe3 CETKU U
UX IJIOLIAAH, MOKHO 3allicaTh

tlj:lmax f(a)da:tzj:;ax f(a)da. (3)

Pemas (3), nomyuum

_ F(amax)_F(aZ) _
h=t =t

F(amax ) —F (22) 4
F(amax)_F(al) ( )

F (amax)_ F (al)

rne F — nepBooGpasHast OT MOIBIHTETPATbHON
dynxkim f (@) .

F(amax )— F (2ay)
F(amax)—F(a1)
uem, Kak BUaHO u3 (4), K <1. OxoHuarensHo:

=k, npu-

O6o3Ha4um t,

ty =kt,. (5)

Takum 00pazoM, HE3aBHCHMO OT abOCOJNIOT-
HBIX pa3MepoB Y€K (PUIBTPYIOIIUX CETOK U
rpaHcoCTaBa 4acTHIl 3arpsA3HEHHMM, IpU MPo-
YUX paBHbIX YCJIOBHUSX CETKa C MEJIKUMU
AyelikaMu OBICTpEee HAKONMUT Ha cebe Impe-
JIENbHO JOMYCTHUMOE MO MAaKCHUMaJbHOMY Iie-
penany JaBiI€HMsI KOJIMYECTBO 3arpsA3HEHM,
YeM CeTKa C KPYIHBIMU STYeiiKaMu.

[Mpunse B (1) u (2) paBeHCTBO BpeMeHHU
MEX/y OYHCTKaMH OOOUX CETOK (paBEHCTBO
UHTEPBAJIOB (unpTpanuu) t; =t,, MyTeM
aHAJIOTUYHBIX PACCYKJIEHUH MOXKHO IMOJIy4YUTh
COOTHOUIIEHHUE IUJIOIMAJAEH MEJIKOM M KpPYIHOU
CETOK:

1
51=;52: (6)
aTak Kak k < 1, 10 §; > 55.
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Puc. 3. barapes ¢punsrpos Filtomat MCFM 306
XLP na xaprorHO-OyMakHOU (habprke

Fig. 3. Filters Battery Filtomat MCFM 306 XLP
on cardboard and paper mill

Takum oOpa3oM, s obecrieueHus Tpedye-
MOro HHTepBaja (WIbTpanuu (JOMYCTHMOTrO
BPEMEHHU MEXy OUMCTKamu) (GUIbTpa U yBe-
JMYEHUSI TPSA3EEMKOCTH (WIBTpa JJIsi TOHKOH
CeTKH TpeOyercss Oouiblas IUIOMIAAb CETKH,
4yeM IS TpYOOoH.

N3BECTHBIE [TYTU YBEJIMYEHUA
I'PA3EEMKOCTHU ®UJITPORJIEMEHTOB
B CYHIECTBYIOIINX ®UNJIBTPAX

B o0menpuHATHIX KOHCTPYKIMSIX CETYAThIX
GWIBTPOB (C OYUCTKON (UIBTPOIIEMEHTOB
0o0paTHbIM HOTOKOM BOJbI C€TKa B (UIBTPO-
BAJIbHBIX OJIOKax BBIMOJIHAETCS B BUJE IMIJINH-
npa. C yBenmM4eHUEM IUIOMAIN CETKU €€ pas-
MEphbl, a 3HAUUT U pa3Mepbl (QUIBTPa, pacTyT
NPOTIOPIMOHANIFHO TuTomaau cetku. [lpu He-
00XOAMMOCTH TOHKOM (UIBTpallUM 3Hauu-
TEJNBHBIX PACXOIOB BOJIBI IUIOMIAh CETKH,
pasMepsl (UIBTPa €ro CTOMMOCTb, KaTacTpo-
¢buyecku pactyt. [ns obecnieueHus 3ajaHHON
IPOMYCKHOW CIIOCOOHOCTH 3a4acTyl0 MOHTH-
PYIOT Ha OTHOM BOJOBOIE Oarapero W3 He-
ckonpkux QuubTpoB (Puc. 3). Hekoropsie
(GUpPMBI yCTAHABIUBAIOT HECKOJIBKO €IMHHUY-
HBIX (UIBTPOB B OJHOM KopItyce (uibTpa
(Puc. 4) [1, 3].
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Puc. 4. Qunsrpel Amiad, cocTaBieHHbIE U3 HE-
CKOJIBKHUX MaJbIX (bl/IJ'II:TpOB B CAMHOM
kopmyce: a — Mega ABF 40000 Mega (2
¢unerpa); 6 — ABF 60000 (4 dpunbrpa) [2]

Fig. 4. Filters Amiad, made up of several small fil-
ters in a single package: a — Mega ABF
40000 Mega (2 filters); 6 — ABF 60000 (4
filter) [2]

Ilena Takux OatapelHBIX (HUIBTPOBATBHBIX
YCTaHOBOK, 00IIMe rabapHuThbl, CTOMMOCTh Ca-
MHUX YCTaHOBOK U UX OY€Hb BBICOKHE.

BerpernBmmcs ¢ Takoil TpyAHOCTBIO, HEKO-
TOpBIE Pa3paboTYMKKU (PHIBTPOB MpPU HEOOXO-
JUMOCTHA TOHKOW (DUIBTpallMK C IIEJBI0 yBe-
JMYEHUsT TPSA3eEMKOCTH HCIONB3YIOT Oolee
CIIOKHBIE U JIOPOTOCTOSIIINE (UIBTPBI C JHC-
KOBBIMU [4], mieneBbIMU (IIENEBBIE TPYOHI,
IIeJieBble KOHMYECKHEe CBeuH) [6] M mpyrumu
¢buibTpodaeMeHTaMu. XOTS caMu  (UIBTPHI
MEHBIIIE TI0 pa3Mepam, HO TPeOyIOT clieluaib-
HBIX CJIOKHBIX TEXHOJIOTUH U CIIELHAIBHOTO
00opyaOBaHus NIl W3TOTOBJICHUS HUX (PUIIBT-
pO3JIEMEHTOB. DTO 00YyCIaBIMBAET BBICOKYIO
CTOMMOCTb WX OCBOCHHMS U BBICOKYIO CTOM-
MOCTh CaMHX (PMIIBTPOB, KOTOpasi CyIIEeCTBEH-
HO BBIIlIE, YEM CTOMMOCTb CETUYaThbIX (DUIIBT-
pOB.

VYuutsiBas U30KEHHOE BBIILIE, U HECMOTPS
Ha MHOTOYHMCIICHHBIE HccienoBanus [6 — 9],
HanpaBJIeHHbIE Ha pa3pabOTKy COBPEMEHHBIX
pelieHnit Mo ceTyaTrbiM (HUIBTPaM, BOIPOC
YBEITUYEHUS T'PA3EEMKOCTH CETYaThIX (DUIIBT-
POB OCTAETCA AKTyaJIbHBIM.
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8

Puc. 5. BcacbiBaromye o4rcTUTENH (CKaHEPhI): @ — OOBIYHBII; O — MOANPYKUHEHHBIN (Amiad,
U3paunib); 6 — ¢ BopcucToi okaHToBKOM corta (STF-Filtros, Mcnanms)

Fig. 5. Suction cleaners (scanners): a — cleaners usual; 6 — spring-cleaner (Amiad, Israel);
6 — cleaner with a lint-free piping nozzle (STF-Filtros, Spain)

[NPUHIUIIMAJIBHBIE OCOBEHHOCTHU
HOBOI'O TUITA CETHATOI'O ®UJIBTPA
OKEAHMAIISHEPT'O

Cneunamuctel OO0  «OxeaHMaIIdHEPro»
IIOKa3aJii, YTO BO3MOXKHOCTU 0oJjiee MPOCThIX,
HAJICKHBIX M JICHIEBBIX CETYATHIX (HIBTPOB
emé naneko He ucuepranbl. HaiineHbl HOBbIE
TEXHUYECKHE DELICHHs, KOTOpBIE OO0ecredn-
BAIOT YKJIAJKy CETYaToro (puJIbTPO3JIEMEHTa C
sYeKaMu JIOOBIX pPa3MEpOB M IMPAKTHYECKU
10001 MIoIaau B OTHOCUTEIBHO HEOOJBIION
kopryc. HoBas xoHCTpykums QuiabsTposie-
MEHTa MO3BOJISIET 00eCleYnBaTh B HECKOIBKO
pa3 OOJBIIYIO IPA3EEMKOCTD, YeM Y (PHIBTPO-
9JIEMEHTOB C IMJIUHIPUYECKUMH (DUIBTPO-
arieMeHTaMH, obecrieyuBasi mpu 3ToM 3¢ dex-
TUBHYIO OUUCTKY 3arps3HEHHOW ceTKu oOpart-
HBIM TIOTOKOM BOJIBI B @BTOMAaTHYECKOM PEKH-
Me.

[MpuanmnmansHoe oTmune GuibTpoB OKe-
aHMalI’HEPro OT APYrux (pUIBTPOB MO3BOJIU-
JIO peayn30BaTh Ha MX OCHOBE HOBBIC TEXHH-
YEeCKUE pEeLIeHUs, 00eCleunBaroIne MpaKkTH-
4eCKHU JIFOOBIE HEOOXOIMMBIE IUIOMIAAA CETKU
B MaJIbIX KOPITyCax.

B ¢unsrpax 3apyOexHbIX KOMIIAaHUH € MPO-
TUBOTOYHOH pereHepanueil mpu OYHCTKE CET-
KA OYHIIAIOIIEE COIJIO CKOJNB3HUT TIO 3arpsi3-
HEHHOH e€ MOBEPXHOCTU C MUHUMAJIbHBIM 3a-
3opoM (Puc. 5, a). YBenuuenue 3a3opa CHIKa-
eT 3¢ ¢dexkTuBHOCTh 0YMCTKU. [loaTOMY HacTu-
bl 3arpsi3HEHUH OOJIBIIE ITOTO 3a30pa, OCTa-
IOTCSl HA CETKEe M HaKaIUIMBAIOTCS B (UIIBTpE.
TpeOyeTcst mpenBapuTeNbHAs OYMCTKA BOJIBI
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nepen GuiIsTpoM IHOO MEpUogUYecKast pyd-
Hasi OYMCTKA (PHIBTPOIIEMEHTa OT HAKOIMHB-
MIUXCS KPYIMHBIX YaCTHIl. YCTaHOBKA MOATPY-
JKUHEHHBIX BCACBIBAIOIIMX COMEJ WJIA OCHa-
[IEHHWE COMeNl MO KOHTYPY >KECTKUMH IIOJIH-
MepHbIMH BopcuHamu (Puc. 5, 6 u ) yacTuu-
HO CHIDKAIOT Mapa3uTHBIC MEPETOKH BOIBI H
MO3BOJISIIOT OOXOAMTH KPYIHBIE 3arps3HEHMs,
HO TPUHIMIAAIBHO HE CIIOCOOHBI MO3BOJIUTH
YVAQIATh KpPYMHbIE 3arps3HeHHs U3 (uibTpa.
Kpome Ttoro, Takas KOHCTPYKIHS (QHIbTpa
TpebyeT nuIuHApPUYecKorn (Gopmbl (GHUIBTPO-
AIIEMEHTA.

@unbsrpsl OkeanManHepro [ 7, 8] aumeHsl
Takoro Hejocrarka. CeTka HaTsAHyTa Ha Oapa-
0aH B BHJe «Oennubero koieca». I'ps3Hast Bo-
J1a TIOCTYMAEeT U3HYTPH, TPSA3b 000 KPYITHO-
CTH HaKallJMBaeTCsl Ha CeTKe B Kamepax «Oe-
JUYBETO KOJIeCa» M HE MeIIaeT BPAICHHIO
oyrctutenss. OUUCTUTENh NMPU OYUCTKE CETKH
CKOJIB3UT MO «OenndybeMy KoJecy», oTOupas u
YBOZSL Ha CIUB 3arpsi3HEHUs JIIOOON KPYMHO-
CTH C CETKH U STUCeK.

Ota yHUKanbHas OCOOEHHOCTb (HIIBTpA,
HaJTu4yue Kamep jsi cOopa 3arps3HEHui, mo-
3BOJIWJIA TIEPEUTH K HOBOMY TUITY (PUIIBTpa — C
3ur3aroo0paszHoi opmoii cetku, ¢uasTp Bu-
tanmust Ky3pmunckoro [10], momyuwBmem B
OxkeanManmHepro o6o3HaueHue (GUIBTp THMA
OK.

Takast popMa CeTKH MO3BOJISIET CYIIECTBEH-
HbIM 00pa3oM YyBEIMUYUTH ee miouaas. [Ipu
9TOM QWIBTP, TMPEIHA3HAYEHHBIA JUI 3a/laH-
HOTO pacxofia BOJAbI, MOXKET ObITh 000pyIOBaH
CeTKOW MPaKTUYECKU C JI0O0N siuelikoil mpu
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COXPAaHEHUU MPHUHATOTO 4Yepe3 QUIBTP pacxo-
na. Ilpu sToM coxpaHseTcss OCHOBHOM IIPHUH-
mun GuiasTpoB OKeaHMalIdIHEPro — HaUYHe
nepe OYMCTUTENEeM s4eeK A cOopa Kpyn-
HBIX BKJIFOYEHHH, YTO, B OTJIMYKE OT (PHIBTPOB
IPYIMX  TNPOU3BOIAUTENIECH, [JelIacT TakKue
(GuUIBTPHl HEUYBCTBUTEIBHBIMU JUISI KPYITHBIX
BKJIFOUEHU .

Kameps! 17151 cOopa rpsi3u B TakoM (puiibTpe
00pa3yroTcs 3ur3araMmu caMoil CeTKHU.

Koncrpykuus ¢unabrpa TakoBa, 4TO B OTHO-
CUTEIIbHO HeOosbmoM 00hEéMe (GuiabTpa Ais
3aJJaHHOTO PacxoJa MOXKHO YIOXKHTb CETKY
NPaKTUYECKH JIIOO00H I ATOTO pacxoja Iuio-
niaau. Pa3zpa®oTtan TumopasMepHBIA psii HO-
BBIX (PHIIBTPOB, OXBAaTHIBAIONINI BECh JUara-
30H CYHIECTBYIOIIUX B MPOMBIIIJICHHOCTH pac-
XOJIOB BOJIBI B TPYOOITPOBO/IAX.

Ounsrp OK — 310 PUIBTP HOBOTO MOKOJIE-
HUS, TPEBOCXOIANINI 10 CBOMM KadecTBaM
BCE U3BECTHBIE ceTyarble (UIBTPHI TAKOTO
kiacca. OcobeHHo 3(h(HEKTHBHO HX MPUMEHE-
HUE JUIsl TOHKOM (QUIbTpanuu ¢ OOJbIIUMU
pacxomamMu BOJBI.

OubTp OK npsIMOTOYHBIH, 3TO JeNaeT ero
yaIOOHBIM JJII MOHTa)Ka B JIIOOBIX YCJIOBHSIX
pacroNOKEeHUs BOJOBOJOB, HMEET OTHOCH-
TEIbHO HEOONbIINE radapuThl, OCOOEHHO IO
BBICOTE, MPOCT B 0OCTYKUBAHUH, TPOMBIBACT-
Cs B aBTOMAarWM4eckoM pexume. B kauecTBe
WHAMKATOpa 3arps3HEHHOCTH (uibTpa WC-
MOJIb3yeTCs TU(PMAaHOMETP HITH PeJie BpEeMEHH.

KOHCTPYKLIUS ®UJIBTPA ®K
C 3UI'3A00BPA3HOM CETKOM
®UJITPODJIEMEHTA

OunpTp UMeeT WIMHAPUYECKU koprmyc 1
(Puc. 6), BXomHO# maTpy0OOK 2, BEIXOAHOM maT-
pyObok 3 u ciauBHOM marpybok 4, a Taxxke
(GUIBTPOBANIBLHBIN OJIOK 5, KECTKO 3aKperieH-
HBI Ha LIEHTpaJbHON TpyOe 6, KoTopas ycTa-
HOBJIEHA B TpyO4YaroMy KOpIyce Ha MOJIIMI-
HUKaX 7 ¥ 8 ¢ BO3BMOXKHOCTBIO BpaIllEeHUs] BMe-
cTe ¢ GUIBTPOBATHLHBIM OJIOKOM.

OunbTpOBaTIBHBIN OJOK 5 MMEET BEpXHUU
muck 9 u HkHWA Auck 10, KOoTophie KeCTKO
CBSI3aHBl MEXJy c000i pacrmopkamMu B BHJE
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CTep)kHEe. Mexy BepXHUM JTUCKOM 9 U HUXK-
HuM quckoM 10 Ha BHemHme ctepxkHH 11 H
BHYTpeHHHUE CTepkHH 12 HaTsHyT (QriIbTpo-
BaJIbHBINA 37eMeHT 13 B BHIIe BBIPE3aHHOU U3
CETKHU JIGHTBI, KOTOpas 3UrzaroodpaszHo oobie-
racT BHEUIHUE W BHYTpeHHHE cTepkHU (Puc.
6).

HarsinyTeiii Takum 00pa3oM (HIBTPOBaIIb-
HBIH eMeHT 13 BMecTe ¢ BEpXHUM U HUKHUM
JICKOM 00pa3yioT B (PUIBTPOBAIILHOM OJIOKE 5
BHemHue 14 u BHyTpeHHHE 15 Kamepbl Takum
o0pa3oM, QUIBTPOBAIBHBIA OJOK 5 COCIUHEH
OTBEPCTHSIMH C TMOJIOCThIO 16 ueHTpanmpHOM
TpyOBI 6.

Ha mununapuueckom koprmyce 1 usHyTpu
3aKpeIJICH HETOIBIKHBIA OYUCTHTENh 18, Ko-
TOpBIM YacTUYHO oOseraeT (UIBTPOBAIBHBIH
6mok 5. Ouncrurens umeeT orBeperue 19, co-
€IMHEHHOE CO CIUBHBIM marpyokom 4. Ilpu
BpalleHUH (HIBTPOBAIBHOTO AIIEMEHTa 5 €ro
BHeIIHUE Kamepbl 14 uepe3 orBepctue 19 B
OYHCTHUTEIIE TOCIIEA0BATEIBHO COCTUHSIIOTCS
CO CIIMBHBIM MaTpyOKoM 4.

LlentpanbHas TpyOa 6 cBs3aHa C AIEKTPO-
npuBozom 20.

Ha cnuBHOM narpyOke 4 yCTaHOBJIECH CIUB-
HOM kiamaH 21 ¢ anexTponpuBoaoM. CIuBHOM
KJIanaH, OyIy49d OTKPBITBIM, COCIUHSET CIIHB-
HOW marpy0ok 4 co CTUBOM, T/l AaBIEHUE BO-
JIbIl HAMHOTO MEHBIIIE JIaBJICHHS B (PHIIBTpE.

PABOTA ®UJIETPA ®K C
3UT3AO00BPA3HON CETKOM
®UJIETPODJIEMEHTA

@unbTp UMeeT JBa pexuma paboThl — pe-
KUM QUIBTPALUN U PEKUM MPOMBIBKH.

B pexume npoMbIBKH (HUIIBTpa GUIIBTPALUS
BOJIbI HE IIPEKpALIaeTCs.

Ha Puc. 6 cTtpenkamu 1okasaH IyTb BOJbI B
pexxuMe punpTpanuu U oOpaTHBIN MyTh BOJBI
yepe3 (QUIBTPYIOLINI 3JIEMEHT B 30HE BHEII-
Hell kamepsl 14, xoTopas B JaHHBIH MOMEHT
IIPOMBIBAETCS B PEKUME IIPOMBIBKH.

Pabota ¢unsTpa HEe oTIMUAETCS OT pabOTHI
Opyrux (UIBTPOB C IMPOMBIBKOW OOpaTHBIM
MTOTOKOM.
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Puc. 6. Dunsrp @K ¢ 3ur3aroo0pasHoii CeTKOM: ¢ — BEpTHUKAIBHBIN pa3pe3: O — MOMepPeUHbIN pa3pes
Fig. 6. Filter FK with zigzag grid: a — vertical section; b — a cross section

B pexxume punbsrpanmu ciimBHOM KiamaH 21
3aKphIT, smekTponpuBo 20 BeikiIroueH. Bona
HAIIOPHOTO BOAOBOA, B KOTOPOM YCTaHOBIICH-
HBI (UIBTP, C 3arpsS3HEHUSMHU TEYeT uepes
BXOMHOU marpybok 2 (Puc. 6) B monocTs kop-
nyca 1, mpoXoAauT yepe3 Bce BHEIIHNE KaMephl
14 ¢unprpoBanbHOro Gi10Ka, MPOXOIUT Yepe3
(GuIbTpOBaNbHBIN 37€MeHT 13 BO BHyTpEeHHHE
kamepbl 15 ¢unbTpoBampHOro 050Ka U Jaib-
1Ie, y)K€ OYMIIEHHOM, yepe3 oTBepcTus 16 te-
4eT B MoJIOCTh 17 1ieHTpansHOi TpyOs! 6, a u3
Hee B UCXOAHBIHN marpyook 3.

Co BpeMeHeM (UIBTPOBAIBHBIN JIEMEHT
13 ¢unpTpoBanpHOro 6J0Ka 5 MOCTENEHHO 3a-
TPSI3HSETCS, B pe3yJbTaTe 4ero pacTeT mepe-
naji JIaBJIeHUSI MEXy BXOIHBIM MaTpyoOKoM 2
U UCXOJHBIM MaTpyOkoM 3. DTOT mepenaj aaB-
JIeHUs OTCIEeXUBaeT AupdepeHInanbHbIi Ma-
HOMETp 22 ¥ TOJAeT CUTHAJ O Teperaje J1aB-
neHus Ha Onok ympasnenus 23. Korma mepe-
naja JaBJeHHs JOCTHUTHET 3apaHee 3aJaHHON
npU Hajajake GUIbTpa BEIMUUHBI, KOTOpas sB-
JSIETCST CUTHAJIOM O 3arpsi3HEHUHM (QHIBTPO-
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BaJILHOTO OJIOKa 5, OJIOK YyIpaBJiIeHUS MEPEBO-
TUT QUIBTP B PEXKUM ITPOMBIBKH. .

Jist 3TOTO OH BKIIFOYAET 3JICKTPOIPHBOJ
KJlamaHa ciauBHOro 21, KOTOpBI OTKpHIBaeT
KJIarmaH, ¥ BKJIodaer anekrporpuBon 20, ko-
TOPBIM HaYMHAET BpallaTh LIEHTPAIBHYIO TPY-
Oy 6, a BMecTe ¢ Hell U Bech (PMIBTPOBAIBHBIN
010k 5. B pexume NpoMBIBKH (HIBTPOBAIIb-
HBII OJI0K 5 Bpamaercs, a CIMBHON KiranaH 21
OTKPBIT Ha CJIUB.

[Tpu BpameHuu (GuIBTPOBAIBLHOrO OJ0Ka S
Ka)K1ast BHEIHsIs KaMepa 14 mocienoBareabHO
COBMeEIIAETCs ¢ OTBepcTHeM 19 HEmoaBIIKHO-
ro ouucturens 18. Takum obOpazom kaxias
BHEIIHSSI Kamepa 14 mocrienoBaTelbHO uepe3
ATO OTBEPCTHE U OTKPBITHIM CIMBHOW KJlamaH
21 Ha HEKOTOpOEe BpPEeMs COCIUHSETCS CO CITH-
BOM.

N3-3a Toro, 4To maBieHWE BOABI B PUIBTpE
BbIIIIe aTMOC(EPHOTO TABICHUS U, COOTBETCT-
BEHHO, BBIIIC JIABJICHUS Ha CJIMBE, HA BpeMs
COBMeEIIIEHUS] BHEIIHeW kamepol 14 ¢ oTBep-
ctueM 19 Bo3HWKaeT OOpaTHBIN IMOTOK BOJIBI
gyepe3 caMy BHEIIHIOK KaMepy W Jalibllle de-
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pe3 orBepctre 19 W OTKPBHITHIA CIMBHOM KJla-
naH 21 Ha cnuB. DTOT OOpATHBIN MOTOK BOJIBI
CMBIBA€T U BHIHOCUT Ha CJIMB 3arpsA3HEHUS, KO-
TOpBIE OCEIHM Ha y4yacTKax (HIBTPOBAIBLHOTO
anemeHTa 13 B 3TOl BHemIHeW kamepe. B cBs-
3M C TeM, 4TO (MIBTPOBAIBHBINA OJOK S5 Bpa-
nlaercsd, TakuM 00pa3oM MOcCiel0BaTeIbHO
MIPOMBIBACTCS BCSI CETKA U BCE BHEIIHUE KaMe-
pbl. B pexxriMe mpOMBIBKH (HIIBTpALUs BOJIBI
MPOJIOIDKACTCSL.

B pesynbprare npoMbIBKU (UIBTPOBAIBHBIN
anmeMeHT 13 mocTeneHHo OYMINAeTCsl OT TPs3H,
Onmarozmapsi 4eMy yMEHbIIAeTCsl Mepernaj AaB-
JICHUSI MEXIY BXOIHBIM MaTpyOkoMm 2 W uc-
XOJIHBIM NaTpyOKoM 3, KOTOPBIA OTCIIEKUBACT
muddepeHIanbHpI MaHOMETp 22, CBS3aH-
HBI ¢ OiiokoM ympasnenus 23. Korga nepenan
JABJICHUS JIOCTUTHET WCXOJHON BEIMYMHBI,
OJIOK yIpaBlIeHUS 3aKPbIBACT CIMBHOW KilaraH
21. Teneps GUIBTp ONATH pabOTAET B PEKUME
(buIBTpaLUHN.

Jlanpliie HUKIT TOBTOPSIETCA.

METOJUKA PACUETA OCHOBHbBIX
[TAPAMETPOB ®UJIBTPA ®K
C 3UI'3AOO0OBPA3BHOM CETKOM
®UJIBTPODJIEMEHTA

Pazpaborana merommka pacuéra QuibTpa
@K, koTOpas MO3BOJSIET IO HUCXOAHBIM JaH-
HBIM C HCIIOJIb30BAHUEM HEKOTOPBIX 3MIHPH-
YECKUX 3HAYEHHUH OINPENEINTh BCE NPOCKTHBIE
napametpsl ¢unsrpa DK, kax reomerpuue-
CKHE, TaK ¥ THAPABINYECKUE.

B onmcanun meronuku pacuéra, npeacTaB-
JIEHHOM HMXe, NMPHUHSTHI clieayromue 0003Ha-
YEHUs,, KpoMe€ OOO3HAYEHUH, DPACKPBITHIX B
TEKCTE:

Dy, d; — nuamerps mucka — HapyKHBIH U

d

HEeil — BHYTPEHHEr0 U HapyXHoro; d

BHYTpeHHHH; O — JMaMeTphl CTEepXK-

crl: d
IMaMEeTphl CTEp)KHEW — BHYTPEHHETO W Ha-
PY)KHOTO — ¢ Y4ETOM TOJIIMHBI OOBUBArOIIEH
ux CEeTKH (dopp =der +25,

d depy 20, ); 89 — paccTosHEE OT CeTKH
Ha HaApYXHBIX CTEPXKHSAX J0 HApYKHOW IIO-
BepxHoctu aucka Dy, H,B - Beicora u mupu-

CT’ Y CTH

cTHl”

cral —
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Ha CeTKM B OHOH Kamepe; d. — amamerp cer-
KM BHYTPEHHHI (110 OCAM BHYTPEHHHUX CTEPXK-
Hel); D, — auaMeTrp ceTknm HapyKHbIi (10
0CSAM HapyKHBIX CTEpXkKHEH); Sgq — cymmap-

Hasl IUIOIIAJb CETKU B MPOMBIBAEMOM (ITPOMBI-
BacMbIX IpH j >1) OJHOBPEMEHHO KaMepax

(SC = njscl); k — xo3pduiueHT ImUpHHBI
CETKHU (k :Ej ;0c — TOIIMHA CETKU; O, —
H

TOJNIIMHA CTEHKHU Kopiyca GpuibTpa; V, — cKo-

pocTh 0OpaTHOTO MOTOKA BOABI HA CETKE IMPH
e IpOMBIBKE; (] — KPaTKOBPEMEHHBIN pacxon

Ha NPOMBIBKY IUIOIAMU Siq CETKH (QUIBTpA;

o - Kod(pPHUIHMEHT pacxoda Ha IMPOMBIBKY

oczg ; Dy
Q

¢Gunsrpa; A, p,0; — BCIIOMOrarelbHbIE Iapa-

— HapY>KHBIM JUaMeTp Kopmyca

METpbI, BBEAEHHBIE IPU PELUIEHUH CUCTEMBI
YpaBHEHMH, HE UMEIOT (U3NUYECKOTO CMBICTA;
] — KOJIMYeCTBO (UIBTPOBAIBHBIX OJIOKOB; Y

by

— IIOHATHO U3 COOTHOILICHHUA Y = —.

b
Onna wu3 ocobenHocreit Quiuptpa OK
(Puc. 6) 3akirodaercs B TOM, 4TO BECh Pacxo/l
(bUIBTPOBAHHON BOJBI B HEM MPOXOTUT Yepe3
[EHTPATBLHYIO TPYOy C BHYTPEHHUM JTUAMET-

pom d;; ¢ HeKOTOpO#i ckopocThio Vi, a TakKe

uepes Iwenb (3a30p) Ay MEKAy JAMCKOM

(UIBTPOBAILHOTO OJIOKA U KOPITYCOM (pUIIBTpA
co ckopocThio Vy,, uepes mmenu b co ckopo-

cTbi0 Vp. OT ckopocTell 9THX IOTOKOB 3aBH-
CUT mepemnaj JaBieHus Ha ¢uisTpe. IlyTém
MpEeBapUTEIbHON NPOPaOOTKH KOHCTPYKIIHMU
¢GwIbTpa M ¢ UCMOJIb30BAaHUEM TEOPUU MOAO-
Oust IS BSI3KMX HECKUMAEMbIX JKHUIKOCTEH

ompezieieHbl  ckopoctu  motokoB Vi, Vi, Vp
JUIST KQXKI0TO (pUIBTpa TUTIOPA3MEPHOTO Psfa,
KOTOpbIe 00ECIeYMBAIOT MPUEMIIEMBIIl Iepe-

Taj] TaBJICHUs Ha PUIIBTPE.
Bonbiioe 3HaueHne MMeeT BHIOpaHHAs CKO-

POCTh (QUIBTPALIHI V(b, orpezensiemMasl pacxo-

aoM Q depes ceTKy IIIOIAABI0 S
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Vi =§—C. ™

[IpaBunbHO BBIOpaHHAsE CKOPOCTH (DUIIBT-
panum o0ecreuynBaeT JOCTaTOUYHBIH MHTEPBAI
BPEMEHHU MEXJy OYUCTKaMU (UIBTPA U OITHU-
MajbHYIO BEIMYMHY IUIONIAJM CETKH S B 3a-
BUCHUMOCTH OT pacxoma Q pasmepa siueiiku a
CETKH.

HccnenoBanusiMH, MPOBEICHHBIMH paHee
cnenuanucramMu OKeaHMAIIPHEPro, A CET-
YaThIX (PUIBTPOB OBUIN TOYYEHBI IMITUPUYC-
CKHE 3aBHCHUMOCTH CKOPOCTH (DMIBTPALIUU V(b

B 3aBUCUMOCTH OT pa3Mepa SUEHKU CETKH, KO-
TOpbIE TO3BOJIMIM OOECHEYUTh MPUEMIIEMBIN
MUHTEPBAJl BPEMEHHM MEXAY CaMOOYHUCTKAMHU
¢bunbTpa ANl YCPEOHEHHOW IO 3arpsa3HEHHO-
CTH BOZBI.

YCTaHOBIIEHO, YTO CKOPOCTh  (DUIBTpa-

III/II/IV(b, KOTOPYIO CJHEAYeT MPUHUMATh IpHU

MPOEKTUPOBAHUU U BbIOOpe GuIbTpa, A
CCeTKHU C KpymHbIMH stueiikamu (a=0,5...5Mmu

60.]'[66) HUMCECT HHHCﬁHym 3aBUCMUMOCTb OT
STYCHKM a , a 1] CCTKU C MCIIKUMHU s'ueriKamMu

(a=0, 02...0, O5MM) B JMANa30He pealbHbIX

pacxonoB Boabl Q wuepe3 QuibTp — Oomee
CJIOKHYIO 3aBUCUMOCTD BU/IA:

Vp=f(aQ). 8)

OuibTp NPOEKTUPYETCA, KaK IPABUIIO, IS
3a/laHHBIX MapaMeTpoB — pacxoia Boabl Q u

MUHHMMaJIbHON KPYIHOCTH d OTOMpaeMbIX W3
MOTOKAa 4acTull TBEPABIX BKItoYeHH. B Oke-
aHMAILPHEPTO Cpa3y IPOEKTUPOBAIU THUIIO-
pa3MepHbIi psif GUIBTPOB, AL BOCBMU (UK-
CHUPOBaHHBIX PacxXofOB BOABI, KOTOPHIE OXBa-
THIBAIOT NMPAKTUYECKU BECh JMAINa30H HE0OXo-
JUMBIX JJIS1 IPOMBIIUIEHHOCTH PacXoZ0B.

Jns xaxnporo tumopasmepa (uIbTpa BbI-
OpaH J1uamna3oH pa3MepoB SYEEK CETOK OT
a=0,02umm g0 a=5MM. MuHUMAILHBIN
pasmep sueiiku 0,2 MM BBIOpaH MyTEM Ipej-
BapUTEIbHOW MPOPaOOTKH KOHCTPYKIIMH Kax-
JIOTO TUIIOpa3Mepa QUIbTpa.

Takum 00pa3oM, Kaxaelii (PHIIBTP THIIOPA3-
MEpPHOTO psijia ¢ pacxonoM Q mMoxer oTOuparhb
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TBEPABIC BKIIOYEHUS MUHHUMAJIbHOW KPYITHO-
ctu ot 0,2 10 5 MM, JUId 4Ero B KaKJIOM KOH-
KpEeTHOM (HWIBTpPEe YKa3aHHOIO Juana3oHa
MOHTHUPYETCS COOTBETCTBYIOIIAsl 3UI3arooo-
pas3Has CeTKa ¢ COOTBETCTBYIOUIEH SYEHKON U
wiomaapio. Ciaenyer OTMETHTb, YTO B (PUIIBTP
pU HEOOXOJUMOCTH MOXKET ObITh ITOCTaBJICHA
CEeTKa C SYCHKOM CBEIIIE 5 MM, HO B JaJIbHEH-
1ieM Mol OyzieM Ha3bIBaTh 5 MM.

Jns kpynHocteiit menee 0,2 MM BbIOMpaeT-
csl QUIBTP U3 THUIOPA3MEPHOTO psiAa Mo HeoO-
XOIMMOMW I 3TOM KPYIHOCTH ILIOIIAIN CET-
ku u pacxony. Ilpu sTomM B BbIOpaHHBIN
GWIBTp yCTaHaBIMBAETCS 3UI3arooOpas3Has
CeTKa ¢ HY)XHbIM pa3MepoM sueiiku. Heobxo-
JuMasi IUIOLIa/lb CETKH NIl 3aJJaHHOIO pacxo-
na Qmua a<0,2mm omnpenensieTcss U3 BbIpa-

JKEHUs, TIOJIy4eHHOTO U3 3aBuUcuMocTeil (7) u
(8).

O4eBHIHO, YTO pa3MeEpPhl U XapaKTEPUCTUKU
(GWIBTPOBAILHOTO OJIOKA JIJIS KaXXJOro THIIO-
pasMepa (QUIBTPOB JOKHBI ONPEICIATHCS
TUIOIIAbE0 CETKH Jisl siueriku 0,2 MM, TaK Kak
oHa Oymer HamOombinew. s npyrux 3Hade-
Hui a>0,2MM , TUIOIIAU CETKH KOTOPBIX Oy-

JIyT MEHBIIE, TEXHUYECKH HE CIIOKHO B TOT XK€
(buIBTPOBANBHBIN 00K BMOHTHPOBATH JHOOYIO
CeTKy MeHbIel riomaan. [Ipu sTom HU raba-
PUTHBIE, HU TPUBS30YHBIE pa3Mepbl (QHUIbTpa
WU3MEHSThH HE IOTpeOyeTCsl.

Ha3zoBéM Tunopasmep ¢uiabrpa Ui NpUHS-
TOTO  pacxoja Ipu  pasMepe  STYEHKHU
a=0,2mm ceTku 0a30BBIM (PUIIBTPOM JIaHHOTO

TUIIOpa3Mepa.

Pacuér ¢unprpa tHma ®K — 370, mpexie
BCEr0, OMNpEIEICHUE BCEX XapaKTEPUCTUK H
pa3smMepoB (UIBTPOBAIBHOIO OJ0Ka 0a30BOrO
¢unsTpa.

PanmoHasbHBIM SBIISIETCSA CIEAYIOLIUM T10-
pAAOK pacuéra Kaxaoro (uiabTpa THUIOpa3-
MEPHOT0 psJa:

1) BblOMpaeM Ui Kaxzaoro ©6a30BOro
¢bwibTpa napameTpsl, NOITy4YEeHHBIE IPEaBapH-
TEIbHO MYTEM MPOEKTHBIX NPOpPadOTOK H
IpeIBapUTEIbHBIX PACUETOB;

2) paccuMTbIBaeM Bce€ MHapaMeTpbl (UIIbT-
poBaibHOTO O5ToKa 6azoBoro ¢unsrpa (a = 0,2
MM);

MiaBOAOHI TEXHOMOTTI e 04/2016, 60-71
MpomucnoBa Ta UuBINbHa iHXeHepist



BupoOHMITTBO Ta TEXHOIIOTIT

a

Puc. 8. ®uibTp aBTOMAaTH3MPOBaHHKIN camonpombiBatoiuiicss ®K: a —3D-mozens; b — cMoHTHpO-

BaHHBIM HAa MECTE OKCILTyaTallun

Fig. 8. Filter automated self-washed FK: a — 3D-model; b — filter mounted on site

3) yrouHsieM OTJeNbHbIE MapaMeTpbl CETOK
OCTaJIbHBIX (DMIIBTPOB THUIIOPA3MEPHOTO psiaa
(mns mpuHATHIX @ =>0,2 MM);

4) paccunThIBaeM OCTaJbHbIE IMapaMeTpPbl
¢ubTpa.

Bes cnoxHOCTh pacuéra 3akirouaercs B
TOM, YTO TpH pacuére (GuiabTpa HEN3MEHHOMH
uis  QuIbTpoBajIbHOrO  Oj0ka  0a30BOro
¢mibTpa ocraércs BhIOpaHHAs TUIOMIAb CET-
ku. OcTaJIbHBIE K€ F€OMETPUUYECKUE TTapaMeT-
pBl CBsI3aHBI MEXIYy COOON TakuM 00pas3om,
YTO W3MEHEHHME OJIHOTO MapameTrpa BIEYET 3a
cO000l HEOOXOIMMOCTh W3MEHEHHSI BCEX OC-
TaJbHBIX MapaMeTpoB. B mpoTuBHOM cityuae
MBI MOJKEM BBIWTH 3a pallMOHANBHBIC WM J[0-
NyCTUMBIE TPUHATBIE TPENeNbl, HarpuMep,
CKOpOCTEil MpOTEKaHMs BOABI M, COOTBETCT-
BEHHO, TIepernajga JaBjieHUs Ha QUIbTpe,
YIEIBHOTO pacxojia BOJbI Ha IPOMBIBKY H JIpY-
THX.

PaccMoTpeB psii TreOMeTpUYecKuX W THI-
PaBIMYECKUX 3aBUCUMOCTEH (MX BBIBOJ 3/1€Ch
yITyCKaeM), AJIsl ONMpPEAEIEHNs TATH TOoIexKa-

NMIABOAHI TEXHOMOTNIT ¢ 04/2016, 60-71
MpomMucnoBa Ta UuBINbHa iHXeHepis

muX ompeneneHuro mapamerpos N,dg,K,b,a
HOJIyYUM CHCTEMY W3 IISATH YpaBHEHHH, CBS-
3BIBAIOLIYIO UX:

nde = (b+dgp )0
de=d; +de +Yb
2 jkKHAVy =Q
ijVbI"I =Q
2 jkHV,,

==

(9)

a

PemmmB 3Ty cucremy ypaBHEHUN OTHOCH-
TEJIbHO HEU3BECTHBIX, MOIY4YHUM [IaBHOE CO-
OTHOIIEHHUE — JJIs OINpPENEICHUs] KOJINYEeCTBA
N mwThipeil B QUIBTpOIIEMEHTE:!

2
(g) ~q, (10
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A-n(d,+d
poArlarton)
dCTl

o :-J‘—A . (12)
crl

Hansme u3 ypaBHeHuit (9) ompenensiem
NpyTUe HEU3BECTHBIC CUCTEMbI YPaBHEHUI:

de,k,b, ot .

Paccunrannbeie TakuM 00pa3oM mapaMeTpbl
C YYETOM HIPHUHSTHIX NPU IPOEKTHBIX Ipopa-
00TKax M NIpeaBapUTEIbHBIX pacuéTax BeiH-
YMH, IIO3BOJISIIOT ONPENEIUTh BCE APYrUe ruji-
PaBIMYECKUE U T€OMETPUYECKHUE IapaMeTphbl
¢uibTpa, B TOM YHUCIIE HApyXHbIE pa3Mepbl

¢unsrpoBansroro 6noka D, Dy, pasmep A,

u quametp koprnyca Dy no gopmynam

D =d¢ +2B, (13)
D, =D, +dcp +25; (14)
Ay = _Q , (15)
D Vi,
Dy =Dy +2(Ay +3 ). (16)

3anoXKeHHbIe MPU Pa3pabOTKe U MPOEKTHU-
poBanuu ¢uibTpoB cepun OK pemenus pea-
JU30BaHbl B TUIIOPAa3MEPHOM psALE, OXBAThI-
BAIOIIEM BECh IHMAIA30H BOAOBOIOB.

I[TPOMBINIJIEHHOE BHE/IPEHUE
®UJIBTPOB ®K C 3UI'3AO00BPAZHOM
CETKOM ®UJIETPORIIEMEHTA

Usroronenusie 4 ¢unsrpa OK-2700 (Ho-
MUHAJIbHBIN pacxon Boasl 2700 MS/IIaC, pabo-
yee maBienue 0,6 Mlla, HoMuHaAIbHAS TOH-
kocTh ¢uibTparuu 0,5 mm) 6t B 2014 rogy
CMOHTHPOBAHbI B (PMIIBTPOBAJILHON Ha JIOMEH-
Hoit meun Ne 8 ITAO "ApcenmopMurran Kpu-
BOil Por". ®uiIbTphl yCTAaHOBJIEHBI B3aMEH HE
OTpaBIaBIIUX ce0sl paHee MCIIOJIb3YyEMBIX aB-
TOMaTU3UPOBAHHBIX (PUIBTPOB 3apYOEHKHOIO
npousBonactBa. Punsrper OK-2700 HaxopaTcs
B DKCIUIyaTalluu JJIUTEIBHOE BpPEMs, IOJIHO-
CTBIO TMOJATBEPIWIM CBOU XapaKTEPUCTUKH,
IPEKpPacHO CIPaBIAIOTCS C (uiIbTpanuelt Bo-
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Bl UIST CUCTEMBI OXJIAXKIEHHSI JOMEHHOH ITe-
Yy.

BbIBO/IbI

1. YcraHoBieHO, 4TO OOIIEU3BECTHBIE HAU-
Oonee  pacmpoCTpaHEHHBIC THITBI CETYATHIX

¢GWIBTPOB B YacTH Hanbosee BaXHOTO TMapa-
MeTpa — IUIOINAAM CETKH, JOCTUIVIM CBOEro
IIOTOJIKA, YTO BBI3BAJIO BO MHOTUX CIIy4asx
nepexo]] MOCTABIIMKOB K 00Jiee CIOKHBIM U
JOPOTHM (DUITBTpaM.

2. HaiineHrl ¥ uccienoBaHbl HOBBIE TEXHU-
YyecKHe pelieHus Ha 0a3e ceTdarhiX (UIBTPOB
OxeaHMaIIsHEpro, KOTOpble MO3BOJIMIM MHO-
TOKPAaTHO YBEIMYHUTH IUIOMIAIN CETOK (DUIIBT-
pPOB B Ipefenax ONpeaesiEHHBIX Pa3MEpPOB UX
KOPIYCOB. OTO CHSJIO MPAaKTUYECKH IIOObIE
OTPaHUYEHUs MO0 PACXOAY BOJBI IPU TOHKOM
GWIbTpau eIUHUYHBIM CETYaThIM  (PHIIBT-
POM M UCKJIFOUMIIO HEOOXOAUMOCTD Iepexoa K
JOPYTUM CJIOKHBIM U JIOPOTOCTOSIIUM (pUIIBT-
pam.

3. Pa3paboran u ocBoeH BbImyck OxeaH-
Malll’HEPro THUIIOPA3MEPHOIo psiAa HOBBIX
¢unpTpoB THHAa PK ¢ UCTIOIB30BaHHEM HOBBIX
TEXHUYECKHUX peleHui. TUmopa3MepHbIil ps
(GWIBTPOB  OXBaThIBa€T MPAKTHYECKH BECh
JMana3oH HOMHHAJIBHBIX PAcXol0B U HOMH-
HAJIBHBIX TOHKOCTEW (MIBTpaluu, HEOOXOIH-
MBIX Ul IPOMBIIIEHHOCTH. [IpoBeneHs! uc-
CJIeIOBaHMsI C pa3pabOTKON METO/IMKa pacuyéra
(GWIBTPOB HOBOT'O THIIA.

4. OUIBTPBI UCTIONB3YIOTCS B TPOMBIIUICH-
HocTu. B wactHOCTH, Ha AOMeHHOI meun Ne§
ITAO "Apcenop Murran Kpusoit Por" cmon-
TUPOBaHbl M Ooyiee JBYX JIET YCIEUIHO 3KC-
uryatupyrores 4 kpynasie gunstpsr GK-2700
OxkeaHMalIzHEPTo.
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Broaden options industrial
grid water filters
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Summary. Shows that the most common mesh
filters for industrial water in part of the area of the
filter mesh have reached their limit. The solution
of this problem in the filters of a new type of
Okeanmashenergo. Developed and mastered in the
production of standard series of filters, conducted
research with the development of methods for cal-
culating the new filters.

Key words: grid filter, fine filtration, area of
the filter grid.
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Perspectives of tunnel passages con-
struction under the Dnieper

Gennadiy Haiko®, Petro Zakharchenko?
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37, Prosp. Peremohy, Kyiv, Ukraine, 03056
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2 Kyiv National University of Construction
and Architecture,

31, Povitroflotskyy Avenue, Kyiv, Ukraine, 03037
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Summary. A brief history of the construction
of tunnel junctions of large rivers, in particular —
attempts to tunnel junction Dnieper. The author
analyzed the proposal to hold an underground sewer
and road tunnels under the Dnieper. A comparative
analysis of the bridge and tunnel junction Dnieper
highway ring around Kyiv. Reported benefits of
tunnel construction.

Key words: underwater tunnel, tunnelling
shield, the benefits of the tunnel, ring expressway,
feasibility study.

HISTORICAL REVIEW

Joining of river banks and bays by tunnel
passages has a long history. The oldest under-
water tunnel that reached our time, has more
than two and a half millennia and joins banks
of Euphrates between the palace of King Nebu-
chadnezzar Il and the main temple of Babylon.
New underwater tunnels’ history dates back to
1818, when British engineer of French origin
Marc Brunel received a patent for the invention
of the tunneling shield, whereby in 1825 under
the Thames began construction of the first un-
derwater tunnel in soft rock.

72

IepcnexkTrBY OyxyBaHHS
TyHeJIbHUX nepexoaiB Jlninpa

| 2
I'ennaoiu I'aiixo™, Ilempo 3axapuenko

YHTVY KuiBChbKHii MOMITEXHIYHAI IHCTHTYT
mpoc. [lepemorn, 37, Kuis, Ykpaina, 03056
gayko.kpi@meta.ua
orcid.org/0000-0002-4263-5958
% KuiBChKMI HAL[IOHAIBHHI YHIBEPCHUTET
OyZmiBHHUIITBA i apXITEKTYpH
[MosiTpodaorcrkuii npocm, 31, Kui, Ykpaina, 03037
tkd362@ukr.net, orcid.org/0000-0003-4701-7929

Anorauis. IIpencrasieno crtucmy ictopiro OymiB-
HUIITBA TYHEJIBHUX MEPEXOMiB BEIUKUX PIUOK, 30Kpe-
Ma — crpoOu TyHenbpHOTo mepexoxny Jnimpa. [Ipoana-
J30BaHO AaBTOPCHKI MPOTO3UINT IIOAO TPOBEICHHS
MiI3eMHOTO JIOKEPY Ta aBTOMOOUIBHUX TYHENIB Mif
Huinpom. [IpoBeseHo MOpIBHSUIBHHAN aHAaJ3 MOCTOBO-
ro i TyHeNBpHOTO mepexoay J[Himpa KilbleBO Maric-
Tpajmo HaBkoso Kuepa. BinzHaueHo mepeBaru TyHe-
JILHOTO OY/iBHUIITBA.

Kuro4oBi cjioBa: miIBOAHUHN TYHENb, MPOXiIHUIb-
KM{ IOUT, MepeBard TYHEIo, KilbleBa aBTOMAricT-
paJib, TEXHIKO-EKOHOMIYHUI aHai3.

ICTOPUYHUU EKCKYPC

[loenHanHs GeperiB piyoK 1 3aTOK TyHEITbHUMU
nepexo/laMyu Mae JaBHIO icTtopiro. HaitmaBrimmit
M1JIBOJTHUN TYHEINb, 10 JIAIIOB 0 HAIIOTO Yacy,
Hasliyye OiIblIe BOX 3 MMOJIOBUHOIO THUCSY POKIB 1
noeanye Oepern HaByxomonocopa II 1 romoBauM
xpamoM Baginony. HoBa icTopis migBOIHUX TY-
HeniB Oepe mouyaTok 3 1818 p., koM aHTIiHCHKUIA
iHKeHep ¢paHily3bKoro moxomkeHHss Mapk bpro-
HHEJIb OTPHMMAaB MATEHT HAa BUHAXIJ MPOXITHUIb-
KOTO IINTAa, 3a JonoMoru sikoro 1825 p. mix Tewm-
3010 OyJI0 PO3MOYATO CIOPYHKEHHS MEPIIOTo TijI-
BOJHOTO TYHEJIO B M’ SIKUX MOPOJaXx.
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In 1933 the monograph «Underwater tun-
nels» was published for the first time in the
former USSR authored by prof. O. M. Passek
[1]. A prominent scientist, head of "Tunnels"
department in Leningrad Institute of Railway
Engineers began his book by phrase: «there are
still no underwater tunnels in the Union». Then
the author mentioned the history of underwater
tunnels construction in the world and revealed
foreign experience in the first quarter of the
twentieth century, arguing that «abroad tunnel
passages under water became commonplace»
and «at the present (1933!) tunnel technology
development there is no such soil or soil com-
binations in which it would be impossible to
lay underwater tunnel».

Among the obvious advantages of underwa-
ter tunnels compared with bridges the conveni-
ence of river navigation should be noted, as the
riverbed is not overburdened by bridge pillars;
the opportunity to conduct construction work
during the year (without seasonal downtime of
bridge construction) that provides a competi-
tive rate of tunnels construction; best nature
trails deep underground laying that pass under
rivers; possibility of cleaning automobile tun-
nels’ input air, which improves the ecology of
environment; significant advantages in safety
of water areas strategic underground passage in
cases of military events [2, 3].

The last argument was decisive for the first
attempts of tunnels under the Dnieper. In 1936
the Kiev fortified area construction was com-
pleting, but Darnytskyi and Podolsky bridges
remained weak point of the defense system. It
was decided to duplicate passage through the
Dnieper by underwater tunnels (the idea attri-
buted to the first secretary of the USSR N.
Khrushchev, who the day before was responsi-
ble for the construction of the Moscow metro
and was familiar with the possibilities of un-
derground facilities).

Two tunnels were laid in great secrecy —
North (Obolon) and south (Osokorki). Trails
were divided into sections (called "titles") with
a total length of about 6.5 km, construction of
which was carried out by engineering parts of
the Red Army and trust «Hidroshlyahbud»
(there were about 20 thousand people). Con-
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1933 poky Brnepuie y konaumnabomy CPCP Bu-
imma wmonorpadis «IlomBonHele TOHHENIM» 3a
aBropctBoM Tipod. O.M. Ilacceka [1]. Bumaramii
BUCHMH, 3aBimyBau kadeapu «Tynemi» Jlenin-
IPaJICbKOTO 1HCTUTYTY 1HXXEHEPIB NIISAXIB CIOJIY-
YEeHHSI PO3MOYaB CBOIO KHUTY MPOMOBHUCTOIO (hpa-
3010: «[ligBomHux TyHemiB y Coro3i MOKH 110 He-
Mae >xkogHOroy». Jlami aBTOp TOpPKHYBCS icTopii
OyIBHMIITBA MiBOJHUX TYHEJIB y CBITI W JaeTa-
JBHO PO3KPHB 3apyOiKHUN JOCBIJ MEPIIOi YBEPTI
XX cT., CTBEp/DKYIOUH, IO «3a KOPAOHOM TYyHE-
JBbHI MEPeXOoJH MiJ BOJHUMHU IPOCTOPAMHU CTaJH
OyJIleHHUM SIBUILIEM» 1 «11pu cydacHomy (1933 p.!)
PO3BHUTKY TYHEIBHOI TEXHIKM HEMAE TAaKOTo IPyH-
Ty ab0 KOMOIHaIl TPYHTIB, y sIKUX Oyno 6 HeMo-
KIJIMBO MPOKJIACTH TT1IBOJHUI TYHEIbY.

Cepen oueBUIHUX NEpEBar MiJIBOAHUX TYHEINIB
y TOpIBHSHHI 3 MOCTaMH CIIiJ| BiI3HAYUTH 3pYd-
HOCTI PIYKOBOTO CY/IHOIIABCTBA, OCKIIBKU PYCIIO
pikM He 3axapairyeTbCsi MOCTOBHMH OIOPAMH;
MO>KJIMBICTh BECTU OYAiBENbHI POOOTH MPOTATOM
poky (6€3 Ce30HHUX MPOCTOIB MOCTOBOTO OyiB-
HUIITBA), 1110 3a0e31euye KOHKYPEHTH1 IBHUIKOCTI
NPOBENCHHS TYHENiB, ONTUMAIBHUN XapakTep
Tpac METPOIIOJIITEHIB TJIMOOKOTO 3aKIaaHHs, SKi
MPOXOJATh IMiJI PIYKaMH; MOXKJIUBOCTI OYHIIECHHS
BUXIJIHOTO TOBITPS aBTOMOOUIBHUX TYHEINIB, IIO
MOKpAIye EKOJIOTIYHWUN CTaH JOBKUUISL, 3HAYHI
nepeBarn B Oe3meli CTPaTeridyHOro MiJ3€MHOI0
Mepexoy BOAHMX IMPOCTOPIB y pa3i BIMCHKOBUX
nofiii [2, 3].

OctanHil aprymeHT OyB BUpIILIAIBHUM JUIS
HepIIMX crpod MPOBeJeHH TyHeNiB mia JJHinpom.
1936 poky 3aBepiryBangoch OyaiBHUITBO KuiBch-
KOTo YyKpiIuieHoro paifony, npote Iloainschkuil i
JIapHULIBKHI MOCTH 3aJIMIIAIMCA CJIA0KOI0 JIaH-
KOI0 000pOHHOI cucTeMu. byro BupieHo mpoy-
6moBaTH nepexij yepe3 JHINpo MiABOJHUMHU TY-
HelmsIMH (L0 17110 MPUIHUCYIOTh TOAIIIHBOMY
nepmomy cekperapesi LIK KII(0)Y Muxkuti Xpy-
1IOBY, KM HamepenoaHl BIAMOBIIAB 3a Oy/IBHU-
LTBO MOCKOBCBHKOT'O METpOIOJIiTeHY H OyB 00i3-
HaHWUH 3 MOKJIUBOCTSIMU TIJI3EMHUX CIIOPY).

VY BenuKkid CEeKpeTHOCTI OynH 3akiajeHi JBa
TyHenl — miBHIYHUKA (OO0OJOHB) Ta MIBACHHUH
(Ocokopku). Tpacu Oynu moAiNieHI Ha AUISHKH
(Tak 3BaH1 «TUTYJIN») 3araJIbHOIO JOBKHUHOIO OJIH-
3bK0 6,5 KM, OYyIIBHHIITBO SIKMX 3A1HCHIOBAJIN
1HXKeHepHl yacTMHM YepBoHoi Apwmii Ta TpecT
«[MpponsaxOya» (mpartoBaio 6nu3bko 20 THC.
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struction was conducted by coffering method.
Simultaneously dozens of compressor stations
for air supply were under construction, numer-
ous transformer substations and concrete
plants, which were mounted in the road vicinity
to reduce the distance for transporting of heavy
concrete sections. However, by June 1941 only
a few hundred meters of underground path was
built. After the war, the project was not updated
[4].

Another possibility of creating a tunnel pas-
sage under the Dnieper could be construction
of the metro in Kiev (opened in 1960). The
majority of subway in the world have multiple
tunnel passages under rivers, but Kyiv relief
features and evolution level of underground
construction at that time in Ukraine led to the
selection of a bridge passages between the right
and left banks of the Dnieper [5]. But perspec-
tives of Kyiv subway development do not in-
clude possibilities to joint Dnieper banks by
subway tunnel.

UNDERGROUND SEWER

One of the largest infrastructure projects re-
cently received funding from the Japanese gov-
ernment - reconstruction of the Bortnichi aera-
tion station. The proposal of sewage transporta-
tion from the right bank to the left bank by en-
vironmentally safe underground aqueducts
which would have continued by underground
collector to Bortnichi station was suggested by
the authors [3]. Aqueducts can be passed by
shield method and give a lot of valuable infor-
mation for the further development of tunnel
construction under the Dnieper. With the sup-
port of the Kyiv administration, this proposal is
submitted to the General Plan of Kyiv devel-
opment.

ROAD TUNNELS

A new and extremely important area of
Kyiv transport infrastructure development can
be extended road tunnels, which should greatly
relieve street transport network, promote envi-
ronmental safety and preservation of historic
buildings [6 — 8]. According to the Master plan
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0ci0). BymaiBHMIITBO BeJM KECCOHHM CIIOCOOOM.
OnHOYaCHO CHOPYKYBAIU JCCSITKH KOMIIPECOP-
HUX CTaHIKA IS TOJABaHHS TOBITPS, YHUCICHHI
TpanchopMaTopHi MiACTaHIIi, a TakoXX OETOHHI
3aBOJIM, SIKI MOHTYB&JIM B O€3MOCepenHiil OJIn3b-
KOCTI BiA Tpacu, m00 CKOPOTHTH BiJCTaHI JyIs
TPAHCIIOPTYBaHHS BAXXKUX OCTOHHHMX CEKIIiM.
IIpore o yepBHs 1941 p. Oyno cnopyKEHO TH-
e KUTbKacoT METpiB MiA3eMHoro nuisaxy. Ilicis
BiIfHHM NIPOEKT HE OHOBIIOBAH [4].

[lle oIHIEI0 MOKJIMBICTIO CTBOPEHHS TYHEIIb-
HOro mepexoxy mia JHimpom Morio cratu OyniB-
HUIITBO KHUIBCBKOTO METPOMOJITEHY (BIIKpUTHN
1960 p.). IlepeBaxkHa OiNBIIICTH METPOIOJIITEHIB
CBITY MalOTh MO JEKiJIbKa TYHEIbHUX MEepPEeXOiB
i pigkamu, ane ocoOmmBocTi penbedy Kuesa i
piBEHb TOIOYACHOT'O PO3BUTKY MiA3€MHOT0 OyiB-
HUITBA B YKpaiHi CHOpPUSUIH BHOOPY MOCTOBOTO
nepexoly MK MpaBuM 1 niBuUM Oeperamu JlHinpa
[5]. Tlpore mepcreKTUBH PO3BUTKY KHIBCHKOTO
METPOIIOJIITEHY HE BHKJIIOYAIOTh MOXKIUBOCTI TO-
enHaHHs OeperiB /[Hinmpa MeTpoTyHeneM.

MII3EMHUI JIOKEP

OpuH 3 HaliMacITaOHIIMX 1HPPACTPYKTYPHUX
IPOEKTIB OCTAaHHBOTO Yacy, SIKHH OTpUMaB (iHaH-
CyBaHHS BiJ ypsay SIMoHii — 1€ peKOHCTPYKIis
BoprHuubkoi cranmii aepamii. ABTopamMu Oyna
BHECEHA IPOIO3UIisl TPAaHCHOPTYBaHHSA CTIYHHX
BOJ 3 IIPaBOro Ha JIiBUI Oeper ekoJoriyHo Oesmne-
YHHUM MiJI36MHUM JIOKepoM [6], sikuii OM MpoI0B-
’KYBaBCS T1I36MHUM KOJIEKTOPOM 10 BopTHHIIBKOT
cranuii. [lrokep Moxe OyTH NpoWJeHUN IIUTOBUM
criocoboM 1 maru GaraTo HiHHOI iHbOpMaIii as
MO/IAJIBIION0 PO3BUTKY TYHEJIBHOTO OY/IIBHUIITBA
nix [uinpom. 3a niarpumkun KMJIA 1151 mpono3u-
il BHOCUTHCA 10 [ eHepalbHOTO TIaHy PO3BUTKY
Kuesa.

ABTOMOBUIBHI TYHEJII

HoBuwm 1 Bkpaii BaXJIMBUM HaIPSIMKOM PO3BHT-
Ky TpaHCHOPTHOI iHppacTpykTypu KueBa MoxyTh
CTaTH MPOTSHKHI aBTOMOOUIbHI TYHENI, SIK1 TTOBUH-
Hi 3HAYHOIO MipOI0 PO3BAaHTAKUTH BYJIMYHY TpaH-
CIIOPTHY MEpEeXY, CIHPHUATH €KOJOTIuHIM Oe3merri
Ta 30epeXeHHIO0 ICTOPUYHOI 3a0yI0BH CepeaMicTs
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of Kyiv development the number of road tun-
nels is eight, three of them will be under the
Dnieper, five will connect transport arteries of
the city within the right bank.

However, the most promising, and perhaps
historically the first tunnel under the Dnieper
may be south passage of the ring road around
Kyiv near city Ukrainka. The project of the
first stage of the ring road construction around
Kyiv provides erection of the southern bridge
through the river Dnieper, the length of the
bridge is 4510 meters, cost — about 10 billion
UAH in prices of 2009 ($ 1,25 billion) [9].

However, the decision remains to be debat-
able in expert community. It is connected with
environmental problem, caused by ring road
cars flow in a small town, and by necessity of
private lands’ considerable amounts alienation
for the road construction. Car tunnels can solve
these problems and optimize ring road south
passage [10]. The cornerstone issues are eco-
nomic indicators of the tunnel passage under
the Dnieper.

Below we will try to compare predictive
costs of bridge and tunnel passage through the
Dnieper. More subzero done comparison of
prognosis cost of bridge and tunnel transition is
through Dnepr.

ANALYSIS OF OPTIONS

Difficulty of the feasibility study at this
stage is caused by the lack of comprehensive
geological survey on the future tunnels way,
what make it impossible to provide accurate
calculations of technological and design para-
meters. However, international and Ukrainian
experience in tunnels construction allows to
define such facilities’ probable cost and use
this information to analyze as a first approxi-
mation.

A great variety of types, sizes, design solu-
tions, methods, speed of construction, geologi-
cal conditions of tunnels outline their cost in a
very wide range. Analysis of the transport tun-
nels construction in the European Union coun-
tries over the past two decades shows that it
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[6 — 8]. V BiamoBigHOCTI 10 ['eHEepabHOTO TUIAHY
po3BuTKy KueBa KiIbKICTh aBTOMOOUTHHHX TYHE-
JB CKJIaJIa€ BiCIM, MPUYOMY TPH 3 HUX IPOUIYTh
nig Juinpom, a m’sTh OyayTh 3’€IHYBaTH TpaHC-
MOPTHI apTepii MicTa B MeXax MpaBoro oepera.

[IpoTe HaWOUIBII MEPCTIEKTUBHUM, 3 MOKJIHBO
W ICTOPUYHO MepimuM TyHesneM min J{Himpom mo-
K€ CTaTH MIBICHHUU MEepexi] KiTbIEBOi JOPOTH
HaBkoJio KueBa B paiioni M. Ykpainka. [Ipoekrom
OyIIBHUIITBA TIEPIIOi Yeprd KUTBIIEBOI JOpPOTH
HaBkosio KueBa mependaueHo CrOpyKEHHs IiB-
JICHHOTO0 MOCTOBOTO Tepexoay 4depe3 p. JlHimpo,
MIpUYOMY JOBXKHMHA MOCTy ckianae 4510 M, a Bap-
TicTh — Om3pko 10 mupa. rpa. B 1miHax 2009 p.
(to6to $1,25 mupx.) [9].

[Ipore B eKCHEepTHOMY CEpPEAOBHII IIe PIIICH-
HSl 3aJHIIaeThecsl AUCKycidHuUM. lle moB’s3aHo 3
€KOJIOT1YHOI0 TIPOOJIEMOI0, 3YMOBJICHOIO TTOTOKOM
MAIlIUH KUTbIIEBOI MaricTpasi B HEBEITUYKOMY Mic-
Ti, @ TAaKOX HEOOXITHICTIO BiIUYKCHHS 3HAYHUX
00cCsTiB MPUBATHUX 3eMeb AJis OyAiBHUIITBA Tpa-
CH Ta, MOXJIMBO, YTBOPEHHS IITYYHOTO OCTPOBA
[10]. Bupimmry i npobieMu i 3HAYHOK MipOIO
ONITUMI3yBaTH Tpacy MiBICHHOTO MEPEXOIy Kilb-
[IEBOT MaricTpaii MOXKYTh aBTOMOOLTTbHI TYHEJII.

HapixkHuM kaMeHEeM TUTaHHS € EKOHOMIiuHi
MOK)KYUKHU TYHEIBHOTO Tmepexony mif JHimpom.
Hwxde 3pobiieHe OPiBHSIHHS MPOTHO3HOI BapTO-
CTI MOCTOBOTO W TYHENBHOTO TEpeXoay uepe3

Huinpo.
AHAJII3 BAPIAHTIB

CKIIaHICTh TEXHIKO-€KOHOMIYHOTO OOIPYHTY-
BaHHJ Ha JaHOMY €Tali 3yMOBJIEHA BiJCYTHICTIO
KOMIUIEKCHUX 1H)KEHEPHO-T€OJIOTIYHUX TOLIYKY-
BaHb Ha Tpaci MalOyTHIX TyHEJIB, 110 YHEMOXIIH-
BJIIOE TOYHI PO3PAaXyHKH iX TEXHOJOTIYHUX 1
KOHCTPYKTUBHUX mapameTtpiB. [Ipore cBiTOBHIl 1
YKpaiHCBKUHM JOCBiJ] CHOPYAXKEHHS TYHENB [0-
3BOJISIE OKPECIUTH TNEBHHUM Jiama3oH 1MOBIPHOL
BapTOCTI MOJIOHMX CHOPYA 1 BUKOPHUCTOBYBATH
o 1H(OopMaIio I aHali3y B MEpPIIoMY HaOIu-
KEHHI.

Benuke po3maiTTs THMIB, pO3MipiB, KOHCTPYK-
TUBHUX pIllIeHb, CIOCOOIB 1 MIBUAKOCTEH CHOPY-
JOKEHHS, a TAKOX T€OJIOTIYHUX YMOB OyIIBHHUIITBA
Ta eKCIUTyaTalii TyHEeIiB OKPECIIOITh X BapTiCTh
y BEJIbMHU HIMPOKOMY Jiana3oHi. AHani3 OyniBHU-
LITBA TPAHCIIOPTHHUX TYHENIB y KpaiHax €Bponeii-
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was within the range of $ 30...150 million per
1 km of tunnel [11]. Underwater tunnels were
not exception and did not go beyond this range.
In Japan, 1 km of the largest underwater tunnel
in the world (Seikan) cost $ 68 million, 1 km of
Eurotunnel’s one transport branch cost about $
120 million.

The cost of tunnels construction in Ukraine
never exaggerated the average value of a speci-
fied range. For example, the cost of one of the
biggest transport projects - Beskid tunnel which
Is under construction on the Lviv Railways, is
at a length of 1822 m and width of 10,5 m — $
104 million. The project is the first stage of
Kiev subway construction to Troieschyna resi-
dential area, which includes in addition to tun-
nels length of 5,9 km has five stations esti-
mated at $ 200 mln., that is 1 km tunnel, along
with the station will cost about $ 34 min. Anal-
ysis of the other numerical data from various
countries shows that even in difficult geologi-
cal conditions railway tunnels construction
costs in most cases does not exceed $ 100 min
per 1 km (usually in the range of $ 30...60
min).

It is worth to pay attention to the fact that
materials’ and construction works’ cost for
tunnel construction, transport and ventilation
installation (even with the overhead costs) is
several times lower than the total cost of the
tunnel. It is explained by high spendings on
excavation works in the natural (soil) array and
on tunnel equipment purchase and depreciation.
In some cases, new tunneling shields are being
bought for a long tunnels carrying out, the cost
of which is an essential part of the project cost.

These data allows to argue with high prob-
ability that the estimate of the tunnel construc-
tion under the Dnieper will not go beyond $
100 min per 1 km. Even if we will orient on
this threshold, the total cost of two tunnels with
one-way traffic will be 4,51x100x2 = 902 min
UAH. Compared with a project option for the
bridge it will save about $ 350 min.
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cekoro Coro3y 3a OCTaHHI JIBa JECITHPIUYS CBif-
YUTh, IO [EH J[iarna3oH 3HAXOJUBCS B MeXax
$ 20...150 mun. 3a 1 kM tyHemo [11]. TligBoami
TYHENl HE CTaJld BUHSATKOM 1 TaK0)X HE BUXOISThH
3a MexXIi 1poro miana3ony. B Snonii 1 kM HaiOi-
JBIIOTO MiBOIHOTO TyHENIO cBiTY CeiikaH 00iii-
moBcs y $ 68 muH.,, 1 KM ofHi€l TpaHCIOPTHOT
ritku €BpOTYHENI0 KomTyBaB Omu3pko $ 120
MUIH.

Kot cnopymkeHHs TyHeniB B YKpaiHi HIKOJIH
HE IepeOuIblIyBaB CEPeAHbOTO 3HAYEHHS LbOTO
niana3zoHy. Hampuknana, BapTicTh OJHOTO 3 HAHOi-
JbIIUX TPAHCHOPTHUX IPOEKTIB — beckuacbkoro
TYHEIIO, KM CHOPYIKY€EThCs 3apa3 Ha JIbBIBCh-
Kiil 3ai3HMIN, CKJIajae mpu JOBXHMHI 1822 M i1
mmpuai 10,5 M — $ 104 mutH. (ToOTO 1 KM TyHEIO
pa3oM 3 MOpPTaIOM KOIITYye Oau3bKOo $ 57 muH.).
[IpoekT mepmioi yepru OyHiBHHUITBA KHIBCHKOTO
METPOIIOJIITEHY A0 XHUTIOBOro MacuBy Tpoemniu-
Ha, SIKWH BKIIOYA€E KPiM MEPETiHHUX TYHEIB Mpo-
TSOKHICTIO 5,9 KM 1Ie I’STh CTaHLIN OLIHEHUH Yy
$ 200 mutH., TOOTO 1 KM TYyHENIO pa3oM i3 CTaHIIi-
€0 Oyne komryBatu O0au3bko $ 34 mutH. AHami3
IHIIMX YUCIICHHWX JAaHUX 3 PI3HHUX KpaiH CBif-
YUTb, 110 HABITh Y CKJIAJHUX I'€OJIOTTYHUX YMOBAX
KOIIT OYAiBHUIITBA aBTOMOOUTHHHX 1 3aTI3HUIHHX
TYHENIB y OUIBIIOCTI BUIAJKIB HE TepeOibinye $
100 muH. 32 1 kM (31€01UIBIIOTO JIGKHUTH Yy MEXKax
$30...60 mun.).

Baprto 3BepHYTH yBary Ha Ty OOCTaBHHY, IIO
BapTICTh MaTepianiB 1 OyJiBeIbHO-MOHTAXKHHUX
poOIT 31 CHOPYJIKEHHSI ONIPAaBH TYHEI0, TPAHCIIO-
PTHOTO I BEHTWIALIITHOrO 001aIITYBaHHs (HAaBITh
3 ypaxyBaHHSM HAKIJIQJHUX BHUTPAT) BHUSABISETHCS
B JIeK1JIbKa pa3iB MEHIIOK0, HIXK 3arajibHa BapTiCTh
TyHemo. Lle MOosACHIOETbCS 3HAYHUMHU BUTpaTaMu
Ha IPOBEJEHHS BUPOOKU B MOPOAHOMY (IPYHTO-
BOMY) MacCUBI Ta BUCOKMMH BUTpaTaMHu Ha MpUJ-
OaHHS Ta aMOPTH3alli0 MPOXIIHUIIBKOTO OO0Ja-
HaHHA. Y JeSIKUX BHUIAJKaX JUIs POBEACHHS MPO-
TSKHOTO TYHEJIO 3aMOBJISIIOTh HOBI MPOXITHUIBKI
IIUTH, BapTICTh SIKUX CKJIQJA€ CYTTEBY YacCTUHY
BapTOCTI MPOEKTY.

HaBeneni naHi 103BOJISIOTH 3 BETUKUM CTYIIE-
HEM IMOBIPHOCTI CTBEpPKYBaTH, IO KOIITOPUC
OyaiBHMLITBA TyHenmto mia /IHimpom He Buiine 3a
mexki $ 100 mun. 3a 1 kM. HaBite siKIio opieHTy-
BaTHUCs Ha 1el TpPaHUYHUN MMOKA3HUK, TO 3arajibHa
BapTICTh JABOX TYHEIIB 3 OJHOOIYHUM PYXOM
cknane 4,51x100x2 = 902 muH. rpH. Y NOpPIBHSH-
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Also, the tunnel option provides greater du-
rability and reliability of structures, and in case
of increasing the length of the tunnel may pass
under the city Ukrainka than completely solve
the environmental problem, associated with the
presence of a ring road in a small town, and
will save private land for the road construction.
There is also important fact that the tunnel pas-
sage as a strategic object is much safer and re-
liable in military situation than wvulnerable
bridge that can enhance the defense capability
of the Kiev region. Thus it seems to be reason-
able to provide preliminary geotechnical exper-
tise and survey for bridge and tunnel construc-
tion options of southern ring road passage
across the Dnieper. Chances to start underwater
tunnels construction in this project — are ex-
tremely high (Fig. 1).
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Hi 13 IPOEKTHUM BapiaHTOM MOCTOBOTO NEPEXOIY
e JJacTh €KOHOMIt0 Oin3bko $ 350 mutH.

KpiMm Toro, TyHenbHMii BapiaHT 3a0e3MEeYUTh
OLTBIIY TOBTOBIYHICTH 1 HaAIMHICTh CHOPYAH, a B
pa3i 30UIbLICHHS MPOTSHKHOCTI TYHENI0, MOXKe
npoiTH mig M. YKpaiHKa, 4MM TOBHICTIO BHUDI-
UIUTH €KOJIOTIYHY MpobiieMy, OB’ si3aHy 3 MPUCY-
THICTIO KUTBLIEBOT MaricTpaii B HEBETMYKOMY MicC-
Ti, @ TAKOX 1M030aBUTh HEOOXIAHOCTI BIUYKEHHS
MPUBATHUX 3eMENb Ui OyIiBHUITBA TpacH. Bax-
JUBOIO € I Ta 00CTaBMHA, 10 TYHEJIbLHUN Tepexia
SIK CTpATeTiYHUH 00’ €KT € 3HAYHO Oe3MEeUHINHM i
HaJIiHUM Yy BIMCBKOBIM cUTyallil, HIXK ypa3IuBUN
MICT, IO MOXX€ CHPHUATH MiJBUIIEHHIO 000POHO3-
JATHOCTI KUIBCBKOTO paiioHy. 3 oIy Ha Le J0-
UUTBHEM Oyino O TpoBeIEHHS MOIEPeaHIX iHXKe-
HEPHO-T€OJIOTIYHUX IOUIYKYBaHb 1 E€KCHEepTU3U
MOCTOBOT'O i TYHEJILHOTO BapiaHTIB CIIOPYIKCHHS
MIBJCHHOTO IEpexojly KUIbLEBOI JOPOrM uepes
Huinpo. lancu po3novyaru OyaiBHUITBO MiABOI-
HUX TYHEJIB caMe B I[bOMY IPOEKTI — HaJ[3BUYaii-
HO BUCOKi (Puc. 1).

Fig. 1. The project south bridge across the Dnieper River highway ring —
Track the first underwater tunnel in Ukraine

Puc. 1. [IpoekT miBI€HHOTO0 MOCTOBOTO MEPEXO0Ty Yepe3 piuky JIHINPoO KiJIbIEBO MariCTpaLi —
Tpaca UMOBIpHOTO Oy IIBHUIITBA MEPIIIOTO IiABOAHOIO TYHEII0 Y KpaiH!
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CONCLUSIONS

It should be noted the importance of a sys-
tematic approach for Kyiv underground space
planning development and underwater tunnels
under the Dnieper [12 — 14]. If the construction
approach of such buildings is complex (Kyiv
road tunnels, subway, underground aqueducts,
etc.), the combination of geoinformation, ac-
cumulated experience, panel assemblies, tech-
nology, production and supply of building ma-
terials — can dramatically reduce the total cost
of underground construction, improve the qual-
ity and efficiency of tunnelling.

Prof. Alexander Passek explained [1] the
inhibition of underwater tunneling development
(including developed before The World War |
project of tunnel passage through Volga river
in Nizhny Novgorod region) by effects of
«conservative engineering and powerful trading
companies that had large reserves of bridge
equipment». Since the book of prof. O.M. Pas-
sek was published more than 80 years left, but
the first phrase «there are still no underwater
tunnels in the Union» replacing "Union" to the
«Ukraine» unfortunately remains actual. More-
over, even some of the reasons for this situation
are still the same. Let's hope that on the occa-
sion of the 200th anniversary of the first un-
derwater shield tunnel (2025) Ukraine will
demonstrate to Ukrainians and world its first
underwater tunnel.
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BHUCHOBKU

Ciin 3a3HAa4YUTH BaXKIMUBICTH CUCTEMHOIO IiJ-
XOJy JIO TJIaHYBAaHHS PO3BHUTKY ITiI3EMHOTO TMPOC-
topy KueBa ¥ migBogHux TyHemniB min J[Himpom
[12 — 14]. fxmo nigxoauTu a0 OyAiBHHUIITBA Ta-
KHX CIIOPYJ K 0 KOMILIEKCY (aBTOMOOUIBHI TY-
Heni KwueBa, MeTpoTyHenb, MiI3eMHHUH rOKED,
TYHEJIb Ha KIJIBbIEBIM aBTOMAricTpaii TOIIO), TO
MOEJHAHHS TeoiH(OopMallii, HapabOBaHOTO J10C-
BiJly, IIIUTOBUX arperariB, TEXHOJIOT1H, BUPOOHHMII-
TBa ¥ TOCTauyaHHs Oy/IiBEJbHUX MaTepialiB —
3MOXYTh KapJAWHAJIbHO 3MEHIIMTH BUTPATH Ha
mig3eMHe OyIiBHHUIITBO 3a3HAYCHUX 00’ €KTIB, i
BUIIUTH SKICTh 1 €()EKTUBHICTh IPOXITHUIIBKHX
poOiT.

[Tpod. Onekcannp Ilaccek y 3ramyBaniit po0o-
Ti [1] MOSICHIOBAB TaJIbMyBaHHSI PO3BUTKY ITiJIBO/I-
HOT'O TYHEJSIPCTBA (30KpemMa po3poOIeHOTro mepes
[Tepmroro cBITOBOIO BITHOIO MPOEKTY TYHEIHHOTO
nepexony p. Bonra B paitoni Huwxusoro Hosro-
pOIly) BIUIMBAMH «KOHCEPBATHBHO HAJIAIIITOBAHO-
ro 1HXEHEepPCTBa il MOTYKHUX TOProBux (ipm, 10
MaJli BENMKI 3amacd MOCTOBOTO OOJajHaHH». 3
yacy Buxoay kauru npod. O.M. Ilacceka mpoiimi-
1o nonan 80 poki, ane nepma ii gpaza «IlinBoa-
HuX TyHelniB y Cor031 MOKH 1110 HEMAE KOJIHOTO» 3
3amiao «Coro3y» Ha «YKpaiHy» 3aJIAIIAEThCS,
Ha)kKallb, aKTyaJbHOIO. BijbIlle TOro, HaBiTh JEsKi
MPUYUHU I[HOTO CTAHOBHUINA CITIBMAAa0Th. byme-
MO criofiBaTHcs, 1o 3 Haroau 200-piyys nepuoro
M1JIBOJTHOTO IUTOBOTO TyHeo (2025 p.) Ykpaina
3MOXK€ IMPOJEMOHCTPYBAaTH YKpAiHISIM 1 CBITOBI
CBI{ mepIIuil MiIBOJHUI TyHEb.
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Moaenb ouiHKM epeKTUBHOCTI pOo60TU HeperynbLoBaHUX
nepeTuHiB Ha BYJIM4MHO-A0POXHIN MepeXi KneBa

Mukona OcempiH, [Jeopko Onekciti

KniBCbKMI HauioHanNbHWUIA yHIBEpCUTET OYAiBHULITBA | apXiTEKTYpU
MosiTpodhnoTcekmm npocn, 31, Knie, Ykpaina, 03037
oleksiy91@ukr.net, orcid.org/0000-0002-6385-4463

Anotauis. [liTBUIICHHS BUMOT JI0 QPYHKIIIOHY-
BaHHs BYJIUYHO-IOpOKHBOI Mepexi (BIM) micta
MOPO/KY€E TpobIeMy B epeKTUBHOMY (PYHKIIIOHY-
BaHHI €JIEMEHTIB Mepexi — BYJIHI (I0pir) Ta ix
nepetuHiB. [IpocTMu nepeTnHaMu y 3aralbHOMY
BUIAJIKy HA3MBAIOTh Taki, HA SKUX BIJIICYTHE pery-
JIIOBAaHHS PyXy 3a JOTIOMOTOIO 3ac00iB cBiTIO(OP-
Hol curnaimsauii. Boun cxnanarors 0au3bpko 40 %
BCIX BYJHMYHO-OPOXKHIX TEPETHUHIB B KPYIHHUX
micrax, Takux sk KuiB [3 — 5]. Tomy 3aBmanHs
nochiKkeHHS eDeKTHBHOTO (PYHKIIOHYBaHHS IIHX
BY3JiB € akTyallbHUM it Micta. [IpoBiBmm aHami3
HOPMAaTUBHHUX JOKYMEHTIB YKpainu, Oyyno BCcTaHo-
BJICHO, 1[0 JIAHMX, TaM HABEJCHUX, HEIOCTAaTHHO
JUIS  OIIHKYM e(EeKTUBHOCTI TPOCTHX IEPETHHIB.
Jlyis Takoi OIiHKU OYJIO 3alpOIIOHOBAHO TaKCOHO-
MIYHHH METOJI, IO MOKA3Y€e 3arajbHUi KoedilieHT
e()eKTUBHOCTI 3a 3aJaHUM Ha0OpOM KPHUTEPiiB.
Byno mnpoBeneHO HATypHI OOCTEXEHHS IPOCTHX
MEPETHHIB IIeHTpaIbHOI 30HU M. Kuea (Ha nucTo-
nazg 2015 p.), B xoxi skux Oyno 3i0paHO naHi, He-
o0ximHi anms omiHk: iX edexTmBHOCTI. Ha ocHOBI
1i€l OIiHKK OyJie 1aHO PEKOMEHaIlii 1o TUIaHyBa-
JIBHUM PILICHHSM JaHOTO THUITY IEPETHHIB.

KirouoBi c10Ba: BYJINYHO-ZOPOXXHS MEpEXka,
MPOCTUH MEPETHH; OIliHKa e)eKTHUBHOCTI; KpUTEPil
e(eKTUBHOCTI, TAKCOHOMIYHHIA METO/.

BCTVII

CyKyIHICTh BYJUIlb, MICBKHX JOPIr, IUIOI
Ta TIEPETUHIB YTBOPIOIOTH BYJIHYHO-IOPOKHIO
Mmepexy (BJAM). Bynuuna mepexka BuU3Hadae
TUTaHYBaJIbHY CTPYKTYpPY MicTa, BOHa HEO/IHO-
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pifHA 1 CKIIAAA€ThCA 13 MariCTpaJbHUX BYIUIb
Ta BYJUIh MicIIeBOT0 3Ha4YeHHs. OcHoBy B/IM
CKJIa/Ial0Th MaricTpajibHi BYIHII 1 JOPOTH, HA
AK1 TpUMagae mepeBakHa OUTBIIICTh MICBKOTO
TpaHcmopTHOro motoky [1]. OcHoBHI mpoGite-
MH, TIOB’s3aHi 13 OpraHi3ami€lo JTOPOKHBOTO
pyXy, 30cepexeni Ha By3inax BJIM — nepetu-
Hax ByJauIb i gopir. Bei mepernnn Ha BJIM
HOJUIAIOTh Ha YOTHUPH KJIACH 3a CIIOCOOOM
oprasizarii JOpoKHbOTO pyxy [2]:

e HeperysaboBaHi (POCTi)

® peryiboBaHi

® CcaMOperyJIbOBaH1

® IIEPETUHU Yy PI3HUX PIBHAX

VY kpynHux Mictax YKpaiHH 4acTKa Ipoc-
TUX TEPETUHIB, AKi BJAIITOBYIOTHCS IepeBa-
KHO Ha TIepEeTHHAHHI JKUTJIOBUX BYJIHIIb,
cknanae 40 %, ToMmy TOCHiTKEeHHS X edeKTU-
BHOTO (DYHKI[IOHYBaHHS 1 BUKOPHCTAaHHS pe-
3yNbTATIB WX JOCHIKEHb € BAKIUBUM (ak-
TOpoM 3abe3nedyeHHs e(eKTUBHOCTI poOoTH
Bciei BJIM wmicra.

Ineero mociimKeHHS € TOCIIIKEHHS BIUTUBY
IUTAHYBAJIbHOTO PILIEHHS MPOCTOTO MEPEeTHY
Ha e(eKTUBHICTH Horo QyHkuionyBaHHs. s
KOKHOT KaTeropii MmaricTpaieif BCTaHOBIIO-
I0TbCSI CBOI BUMOTHM JO IHTEHCHUBHOCTI PYXY,
MIBUAKOCTI PyXy, KUTBKOCTI CMYT pyXy i T.I.
MoskHa cka3zaTd, IO KaTeropiiHICTh MaricT-
pasieil € OTHUM 13 BU3HAYAIBHUX (PAKTOPIB, SKi
BpPaxOBYIOTHCSI IIPU BUOOP1 THUILY HEPETUHY 3a
OpraHizali€ero JOpoXHbOTo pyxy. IIpore HasiB-

MiABOAHI TEXHOMNOTT « 04/2016, 80-88
MpomucnoBa Ta UmBInbHa iHXeHepist



ApxiTekTypa Ta OyIiBHUIITBO

HUX HOPMATUBHHUX JaHUX JUISI OOTPYHTYBaHHS
BHOOpPY THITY MEPETUHY 3a KPUTEPisIMHU edek-
THBHOCTI, AKi MU I ce0e MOKEMO BHILIUTH
— MiHIMI3allisl Yacy Ha TMepecyBaHHS, 3a0e3Iie-
YeHHsI TPOITYCKHOI 3JaTHOCTI TEPEeTUHY Ta
0e3neKu pyxy — y BUIICHABEACHUX JOKYMEH-
TaX BKpal HemocTtaTHhO. HemocTaTHbo MOCITI-
JDKEHO 1 €KOJIOTIYHMM BIUIMB IUIAHYBAJLHOTO
PIIICHHS IEPETHHY HAa OTOYYIOUEe CEPEOBHIIIE.

Tomy MeTo10 1OCITIDKEHHS € po3poOKa Mo-
7eni OWiHKM e(EeKTUBHOCTI POOOTH MPOCTUX
MEPETUHIB Ta 3a3HAYCHHS HEOOXIIHHMX U1
[BOTO KPUTEPIiB 3 ypaXyBaHHAM IXHBOI Mpio-
PUTETHOCTI.

[poBiBuIM aHaNi3 HAyKOBUX cTateit [6 — 9],
MOKHa 3pOOWTH BHCHOBKH, IO poOOTa Hax
CTBOPEHHSIM KOMIUIEKCHOT MOJIENi  OLIIHKHU
e(EeKTUBHOCTI MPOCTUX TMEPETHUHIB B YKpaiHi
He mpoBoAwiIach. L{ikaBi 1 KOpUCHI I JaHOT
TeMu OyayTe pobortu [6] Ta [8], me aBTOpHM
MO/Ial0Th METOAMKY 1 MPUHIIUITA OLIHKH e(eK-
TUBHOCTI MPOCTOTO NEPETHHY 13 3aJy4CHHSIM
poOIT 3aXiTHOEBPONEHCHKUX Ta SIMOHCHKHUX
aBTopiB. [IpoTe B jxOnHIN 13 AaHUX cTaTel He
3raflaHo MpO BIUIUB TEPUTOPIATbHOI CTPYKTY-
pH MicTa Ha poOOTy MEPETHHY Ta HE HaBEACHI
BIJIMOBIAHI MMOKA3HUKH, SIKI O XapakTepuszyBa-
JIM BIUIMB TOI UM 1HIIOI ()YHKIIIOHAJbHOI 30HU
Mmicta. He BKkazaHO TakoX 1 EKOJOTIYHUMN
BILTUB NIEPETUHY Ha TPUJIETITY TEPUTOPIFO.

ITPO METO/JHU OLIIHKN E®EKTUBHOCTI
OYHKHIIOHYBAHHA ITPOCTOI'O
IHEPETUHY

[ToHATTS «e(EeKTUBHICTH» Yy 3arajJbHOMY
pPO3yMiHHI O3HA4Ya€ BIHOUIEHHS OTPUMAHOTO
pe3yabTaTy 10 BUTpaueHux pecypciB. Hampu-
KJIaJl, EKOHOMIYHa €(pEeKTUBHICTh — II€ BiJTHO-
IIEHHS] EKOHOMIYHOTO pe3ynbTaty (edekty) 1o
3atpaT ¢akTopiB BUpoOHUUOTro mporecy [10].
OCKiNbKM  TOPOKHBO-TPAHCIIOPTHI TEPETHHU
MPSIMOTO €KOHOMIYHOTO NMPUOYTKY HE JAIOTh,
TO JIaTH OLIHKY €(EeKTHUBHOCTI IUIaHYBaJIbHUX
pilIEHb X BY3JIIB MOKHA LUISIXOM MOPIBHSI-
JTHHOTO aHaNi3y BapiaHTIB ICHYIOUUX CHOPYI
Yl MPOEKTHUX pIIIeHb MEPETHHIB BYIULb 1
nopir [2]. T'onoBHUM 3aBOaHHSAM B OIHII
€(eKTUBHOCTI pPOOOTH TMPOCTOTO MEPETUHY €
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MpaBUIBHUNA BUOIp KpUTEPIiB OLIIHKH, OCKLIb-
KM 32 PI3HUMHU KpUTEpIAMH €PEKTHBHICTb PO-
60TH OyJe BiIPi3HATHCE.

Han tuMm, un edextuBHO OymyTh IpaifroBa-
TH JOPOXKHBO-TPAHCIIOPTHI BY3JIHM (30KpeMa
HeperynbpoBaHi nepetuHu) abo Bes BJIM wmicta
B LIJIOMY, MICTOOYJIBHUKH 1 TPaHCHOPTHUKHU
MOYaId 3aMHCIIOBATUCH BXKE y MOBOEHHI PO-
KM, KOJIM y JIeIKUX Kpainax 3axigHoi €Bpony i
kouHboMy CPCP Oynu po3poOieHi mepiri
knacudikamii enementie BJIM Ta HOpMaTHBHI
JOKYMEHTH, 110 PErjaMeHTYIOTh BHUMOTH 10
Hux. OfHi€0 13 MepmuX HAyKOBHX pOOIT, y
SIKIH  TIHIMAETbCS TMpoOJieMa IiIBUIIESHHS
(GyHKIIOHYBaHHS TPAaHCIOPTHOI 1H(pacTpyK-
Typu, € poboTa TMOJILCHKOIO0 MaTeMaTHKa
3. Xemnsira [11]. B wiii HayKoBiii mpaiti aBTOp
IPEJICTAaBUB KOHIICTIIIIO NOKA3HUKA PIBHS PO3-
8UMKY, SIKHH MOYKHA IHTEPIIPETYBaTH SIK eghe-
KmueHicms pobomu NesKoi cucmemu (Hamp.,
TPAHCIIOPTHOI).

VY 1960-70-x pp. 13 pO3BUTKOM OOUYUCITIOBA-
JBHOI TEXHIKH 3’ SIBIJINCh METOJU TaKCOHOMi-
YHOI'O aHami3y, AKi 1 J0C1 HIHUPOKO 3aCTOCOBY-
IOThCSl B PI3HOMAHITHUX O0JIACTAX COIiaIbHO-
€KOHOMIYHUX 1 TPAHCHOPTHHUX JOCIIKEHb.
OCHOBOIO IIUX METOJIB € TEPMIH HOPIGHALIbHULL
bacamosumipnuti ananiz (II6A). TloxomkeHHs
IIbOTO TEPMIHY HOSCHIOETHCS BUKOPUCTAHHAM
B TaKCOHOMIYHUX METOJaxX MOHATTS Oaeamo-
BUMIpHULL 00 ’€Kkm, T SIKUM PO3YyMilOTh abo
CTaTUCTHYHY OJIMHUIIO, SKa BH3HAYAETHCS
Ha0OpOM 3HaueHb O3HAK, a00 O3HaKa, sKa 3a-
Ja€Thes 11 3HAYEHHIMU HA OKPEMUX CTAaTUCTHU-
YHHUX OJIMHUIISX.

[lopiBHsuIbHMN ~ OaraTOBUMIpHUN — aHai3
BKJIIOYA€ B ce0e psiJ METOJIB, 110 CIYXKATh JJIS
BUSBY 3aKOHOMIPDHOCTEH B CTaTUCTHYHHX
MHOKMHAX, OJIMHUII SIKUX OMHCYIOTHCS UHC-
JeHHuM HabopoMm o3Hak [12]. CtpykTypa Mme-
toniB [IBA nHactymHa:
® TaKCOHOMIYHHMI METOJ — METOJ| YHOPSAKY-
BaHHA (TTOKa3HUK PIBHS PO3BHUTKY a00 edek-
TUBHOCT1 ()YHKI[IOHYBaHHS), METOIN PO3OUTTS
(Meton UekaHOBCHKOTO, METOJ KPYTiB), METO-
T BHOOPY peNpe3eHTAaTHBHUX TPYT);

e (hakTOpHUI aHATI3 — METOJ TOJIOBHUX KOM-
MOHEHT, KOpEeJALIHHUA aHami3, METOJ] MaKCH-
MaJbHOI JJOCTOBIPHOCTI.
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Jlyis OiHKU €eKTUBHOCTI POOOTH TPOCTO-
ro NEpeTUHY MPOIMOHYEThCS BUKOPHUCTAHHS
METONly ymopsakyBaHHs. Lleli MeTon OIiHKH,
sakuil Oyno 3amponoHoBaHo e y 1970-ti pp.
[11], xapakTepu3yeThCsl BiJHOCHOI MHPOCTO-
TOI0 OOYHUCIIEHb, SKI MOKHAa aBTOMAaTH3yBaTH
32 JIONOMOTOI0 MPOrpaMHOro 3abe3nedyeHHs
MS Excel, Ta HeBelTMKUM HAOOpPOM O3HAK, SIKi
BU3HAYAIOTh TUIH IMEpeTUHiB. Xoda, yuM Oi-
JIbIIIA KUIBKICTh O3HAK, TUM TOYHIIIA 3arajibHa
OIliHKa €(EeKTUBHOCTI poOOTH By3na. Y 3ara-
JBHOMY BUIJISAI OJOK-CXEeMYy JOCIHIKEHHS
e(EeKTUBHOCTI pOOOTH TPAHCIIOPTHOTO BYy3JIa Y
MaTpu4Hiii ¢Gopmi 3a JOMOMOTOI0 TaKCOHOMI-
YHHUX METOJIiB 300pakeHo Ha Puc.1.

BuxigouM 1 OJHOYACHO HAWBaKIUBIILIUM
KpPOKOM, SIKH{ BHU3HA4a€ MPaBHIBHICTH KiHIIE-
BUX pe3ynbTaTiB, € (QopMyBaHHA Mampuyi
cnocmepedicenv  T. Bona Qopmyerbes Tak:
MaeEMO MHOXXHHY 13 W €JIeMEHTIB (Hamp., Ha-
NOPSIMKH PYXY TPAHCIIOPTHOTO MOTOKY Ha He-
Peryjab0oBaHOMY IEPETHHI), sIKa OMUCYETHCS N
O3HaKaMH (Yac Ha TepecyBaHHS, BUKHIHU IIKi-
JUIUBHX PEYOBHH 1 T.1.). TOI1 KOXKHY OJTUHUIIIO
13 MHOXXKMHM W MOXHa IHTEPIpPETYBaTH, SIK
TOYKY N-BUMIPHOTO MPOCTOPY i3 KOOpJMHATA-
MU, PIBHUMH 3HQU€HHSM N O3HAK JJIS PO3IJIs-
ayBanol omunuii. [13, 14]. Marpuus crocre-
PEKEeHb 3aIUCYEThCS y BUIIIAI

t11  ti2 L1k tin
t1 T2 Lok ton
T= tin L2 Lix tin |
twi t;.rz tw.fz tw:n
g€ W — 4YHCIO CTATHCTUYHUX OJUHMIb

(00’€KTIB AOCTIHKEHB); N — YHUCII0 O3HAK; f;f —
3HAYEHHS O3HAKU K U1 OMHULL i.
OsHakH, AKi BXOAATH B MATPHIIO CIIOCTE-

Matpuua
cnocTepemeHs T

Cra HOAPTHU30BaHa

matpuua T

peKeHb, HEOTHOPiNHI, OCKUIBKH OIHCYIOThH
pi3Hi BaacTuBocTi 00’ekTiB. Kpim ToOro, Biapi-
3HAIOTHCS OJUHMII iX BUMIipY. ToMy HalleKUTh
MPOBECTH TIONEPEIHE MEPETBOPEHHS, 10 Ha-
3UBAETHCS CIMAHOAPMU3AYIEID 03HAK — TIPUBE-
JEHHS iX 70 CTaTUCTUYHOI omHopimHocTi. Lle
MEePETBOPCHHSI KOXXHOI OoauHUIlI MaTpuii T
MIPOBOJIUTHCS 32 (HOPMYJIOIO:

cep.
_ ik

Zik = Sk
MIPUYOMY:

cep 1 w
Xy —;XZ:zixm,

Sk\}(% X X4 (e — xfp)z)'

ne k=1, 2,..., n; Xi_3HaueHHs o3Haku K st
OMHHMIL i X, — cepeaHe apuMETHUHE 3Ha-
YeHHs O3HaKU K; Zjx — cTaHIapTU30BaHE 3Ha-
YyeHHs O3Haky K 1t onuHuAL |.

[licna cranpapTu3anii 06UUCIIIOITh Koedi-
LIEHTH i€papxii KOKHOI O3HAKH, IO J03BOJISIE
PO3PI3HATH iX 3a BaXKIUBICTIO. BOHM BCTaHOB-
JIOIOTHCSI HA OCHOBI SIKICHOTO aHaji3y, 1 J10mi-
JBHICTh iX BBEJEHHS y MOJEIb OLIHKH e]ek-
TUBHOCTI BU3HAYAETHCSA TOYHICTIO TOCIIKECH-
HS.

HactynmHuM kpokoM y  posrisiiyBaHii
MpoLeaypl € YMOBHHM TOIT O3HAK MaTpHUIl
CIIOCTEpPEKEHb Ha CTUMYJISITOPH 1 IECTHMYIIS-
Topu. O3HaKH, 110 31 3pOCTaHHAM CBOT'O 3Ha-
YeHHS TIBUIIYIOTh €PEKTUBHICTh (PYHKIIIO-
HYBaHHS TEPETHHY, BBAXAIOTb CMUMYIAMO-
pamu, a 03HaKH, MI0 31 3pOCTAaHHSM CBOTO 3Ha-
YEeHHsl MOHWXKYIOTh €(DEeKTHBHICTh, BBAXKAIOTh
0eCmumMyIAmopamu.

Po3nonin o3Hak Ha 1i ABi Kareropii ciy-
KHUTHh OCHOBOIO JUIS TIOOYZOBH Tak 3BaHOTO
emanony po3eumky, SIKUi sBisg€ cOO0I0 TOUKY
Py 3 xoopauHaTaMu Zo1, Zo2,. . ..Zon,

Po3spaxyHok
iHTerpanbHOro
NOKa3HUKA
edeKTMBHOCTI
poboTu nepeTuHy K

BusHayeHHsa
koediuientis d*
4NA MeToAy pagapa

Puc. 1. Y3aranpHeHa cxema JOCHIHKEHHsI TPOCTOro MepeTHHyY 3a gonomoroio Merony [1BA
Fig. 1. General scheme of studies simple cross section using the method of MCA
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ne
Zps = Max Z,; , AKmo S € [;
T

Zgs = MIiN Zye, K0 S € I,
T

Tyt | — MHOXXHMHA CTUMYJISTOPIB; Zrs — CTaH/IA-
pPTH30BaHE 3HAYCHHS O3HAKY S JIJIsI OJIMHUIII I

Bimctanp MK~ OKpEeMHMH  TOYKaMU-
OJIMHMIIIMU 1 TOYKOIO Py (€TaloH PO3BUTKY)
MO3HAYAETHCSA Cjp 1 PO3PAXOBYEThCS 3a popmy-
JIOK0

Cio = JZ?:l(Z:s — Zp5)?.

OtpumaHi BiACTaHI CIyXaThb BUXIJHUMH
BEITMYMHAMU JUIS PO3PaXyHKY MMOKa3HHUKA ede-
KTUBHOCTI (yHKITiOHyBaHHS d;:

Cin
di = —
Co

3BIJIKH cqg = Cg + 25y;

_ 1 W i
Cp = P ® Z;‘:l Cin,

1 _
So = w * E}’il(cm - f—'a)z-

[IpoTe Ha mpakTHIi 3aCTOCOBYIOTh MOAH]i-
KOBaHU# Koe]ilieHT eheKTUBHOCTI d;

YuMm Ommkye 3HAXOAMTHCS LeH TMOKa3HUK
1o 1, Tum edpexTuBHIMmA oguHuUIA. Jlami 3acTo-
COBYIOTb «METOJ| pajapa», 3a JIOINOMOTOI0
SKOTO BU3HAYAETBHCA [HMeZPAanbHUll NOKA3HUK
epextuBHOCTI K. IHTErpasbHUM MOKa3HUKOM
e(eKTUBHOCTI MEpPEeTHHY € BIJHOCHA IUIONIA
panapy, No0yaA0BaHOTO BCEpPEIMHI OLIIHOYHOTO
Kpyra 10 BHIIEBKAa3aHUX TMOKAa3HUKaxX d; s

KOJKHOTO HanpsiMKy pyxy (Puc. 2). Iarerpains-
HuMl moka3HuK K BHpaxoByeTbcs 3a (popmy-
JI010

K =5Sr/s

Je S — mIoia OIIHOYHOIO Kpyra; Sy — Iuiola pa-
napa,
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S, =05(sina)(a; a, +a, az + . +a, *a,_1)

e 0. — BHYTPIIIHINA KyT M)k OCSIMH ITOKa3HUKIB
panapa; aj, ap,... an — MOKA3HUKH €(PEKTUBHO-
CTi 32 HAMPSIMKaMH PyXYy.

5= 1TR2.
1
6 2
5] 5 )
4

Puc. 2. Pagap edeKTHBHOCTI IEpETUHY
Fig. 2. Radar crossing performance

[IponoHyeThCsl BUAUTUTH HACTYIIHI KpUTe-
pii, 3a gAkuMu OyJae MPOBEAECHO IONEPETHIO
OLIIHKY €(eKTUBHOCTI poOOTH HEPETyIbOBAHO-
T'O TIEPETHHY.

1) TpaHCIIOPTHI BUTPATH HA MPOI3/1, MJIH IPH.;
2) 3aTpUMKa pyXy Ha TIepeTHHi, C;

3) moBxkuHa uepru 95% 3a0e3medeHocTi, M;
4) xoedilieHT 3HMKEHHS MBUIKOCTI;

5) — 11) — BUKMAM IIKI[UIMBUX PEUOBHH, Bil-
nosigao — CO, NO,, CH, SO,, Pb, CH20 (r/c)
Ta IIyMOBe 3a0pyAHEHHS, NBA;

12) tryM mpUCKOPEHHS 32 HAIPSIMKAMH, m/c?;
13) moka3HHK Oe3reku pyxy Ha IepeTHH;

14) piBeHb 3aBaHT)XEHOCTI MIEPETHHY;

15) KOMQOpPTHICT PyXYy;

16) xoediIieHT OTNsAI0BOCTI;

17) npomnyckHa 31aTHICTh MEPETUHY 3a Hampsi-

MKaMH, aBT/TO/I.
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L Lo o=

Tun 1 (£90°)

Tvn 2 (£90°) Twn 3 (L40-70°)

Tun 4
(£40-70°)

Tun 5 (£90°)  Twn 6 (£35-70°)

Puc. 3. Tunm npocTux nepeTruHiB B IEHTPaIbHIN 30HI M. Knea
Fig. 3. Types of simple intersections in the Central zone of Kyiv

Puc. 4. LlenrpansHa 30Ha M. Kuesa
Fig. 4. The Central zone the city of Kiyv

IIpoBeneno awnaniz crany BJIM nentpainb-
Hoi 30HU M. KueBa (Puc. 4) 3a momomororo
iHTepHeT-cepBicy Snnekc.llanopamu, mo mo-
3BOJIMB BHSIBUTH 1 CHCTEMAaTH3yBaTH ICHYIOUi
HEepery/iboBaHi IMEPEeTUHU 3a TEOMETPUUYHOIO
o3Hakoto (Puc. 3 1 5). 3aranom KinbKicTh Tpo-
CTHUX TNEPETUHIB B LIEHTpalbHIN 30HI M. KueBa
ckiamae 75 By3niB. BUIBIIICTE 13 HUX MpeIcTa-
BJICHI HAWMPOCTIIIMM THIIOM — TNPUMHMKAHHS
JAPYTOpsiAHOT BYJMIN 10 TOJIOBHOI MijJ KyTOM
87...90° (Puc. 3, tum 2,). Y nepioxa 3 19 ueps-
Hs 1o 16 nucronana 2015 p. 6ynu nmpoBeaeHi
HaTypHI OOCTEXEHHS XapaKTepHUX THIIIB Iie-
petuniB (8 By3miB). B xomi mux oOcCTexeHb
Oyno 3adiKCOBAaHO BEJMYMHH I1HTCHCHUBHOCTI
TPAHCIOPTY Ta MIMIOXO/IB, IPOBEICHO 3aMipu
MIBHJIKOCTEH pyXy TPAHCIIOPTY i 4ac
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TMn6 Tun1l
3% 9%

Tun 4
5%

BTunl ®Tun2 BTun3 MTun4 mTun5 B Tun 6

Puc. 5. [IponieHTHU# CKIIaj TUIIB IPOCTHX TI€-
PETHHIB B IEHTpalbHil 30HI M. Knepa

Fig. 5. The percentage composition of types of
simple intersections in the Central area
of Kyiv

Ha Puc. 6 nmoka3zaHo TUNOBUN HEpEryibo-
BaHui meperuH Byia. €. KoHoBanblsg — ByIL
JlitHpoi y [leuepcrkomy paiioni M. Kuesa.

EKOJIOI'TYHA OLIIHKA ITEPETHUHIB

ABroTtpancnopT nae 6mu3pko 70% ycix To-
KCUYHHMX BUKHUAIB y atMocdepy Ta 90% mry-
MOBOTO 3a0pynHeHHs B Mictax. Ckiman 1 3MicT
OIIIHKU BIUTUBY IIKIATUBUX OO'€KTIB Ha Ha-
BrosniHe cepenosuiie (OBHC) B micToOyi-
BHI{ NMPOEKTHII JOKyMEHTAIlil BU3HAYAETHCS B
VYkpaini JJBH A.2.2-1-2003 [14], a 3a kop/o-
HOM KOMIUIEKCOM HOPMATHUBIB MiJ] 3arajbHOIO
Ha3Boro «Environmental Impact Assesmenty
(EIA).
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Puc. 6. Ileperun Byn. €. KoHoBanbIls — ByI.
Jlitas y Ileuepcpkomy pationi M. Kuesa
(Tam 2)

Fig. 6. The intersection E. Konovaltsya str. —
Litnya str. in the Pechersk district of

Kyiv (2 type)

Metoto OBHC € 3a0e3nedeHHsi rapaHTii
CYCHUIbCTBY 3 HEJIONYLIEHHS HEeraTUBHHUX
€KOJIOTIYHUX HACIIJIKIB pealrizallii 3arpoeKTo-
BaHOI TOCIOAAPCHKOI JISIILHOCTI, HOpMai3a-
i YMOB OTOUYYIOUOTO MPHUPOIHOTO, TEXHO-
TE€HHOTO 1 cormiaiapHoro cepenouma [14]. I'o-
noBHa koHuenuis OBHC — pekoHcTpyKkuis
ICHYI0UMX 00’€KTIB 1 OyJIBHUITBO HOBUX — €
OCHOBHUM Ba’KkeJeM HopMaii3alii yMOB OTO-
YyI04Oro MPUPOJHOr0, TEXHOTEHHOTO 1 collia-
JTpHOTO cepenoBuma. KoHrenryaipHe 3aBaaH-
H1 OBHC — moctynoBa HOpMai3alisi €KoJo-
riyHoi curyamii Ha Tepuropii VYKpaiHu
[19, 20].

[Ipu icHyro4OMy piBHI TE€XHOJIOTII aBTOTpa-
HCIIOPTHI 3ac00M BHUKHUAAIOTH B aTMochepHe
noBiTpst 6mm3pko 200 MIKIIJIMBUX PEYOBHH.
[lepenik iHTrpeIi€HTIB HEraTUBHOTO BILJIMBY
aBTOTPAHCIIOPTY (paHKUPYBAHHA 32 CTyIIEHEM
HEraTUBHOI'O BIUIMBY B yMoBax M. Kuesa),
KUK BKIOYaeThcss B Marepianm OBHC 3a
yKkpaiHcbkumu Hopmamu [14 — 17], ne C —
KOHIIEHTpAIlisl PEYOBHHH, MP/MB; L. cxs — EKBI-
BaJICHTHUH piBEHb IIyMy, T1bA

Haii0inb1 po3po6iieHuM 1 BiANpalnboBaHUM
B YKpaiHi Ha JaHWUN MOMEHT € METOJl po3pa-
XYHKY OCHOBHMX MapaMeTpiB 3a0pyJHEHHs
MOBITPSIHOTO OaceifHy, M0 peai3ye METOIUKY
OH/I-86. BiH yMOBHO Ha3HMBAa€TbCA «METOJ

MABOOHI TEXHONOCII e 04/2016, 80-88
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B.B. Conyxu», 60 BiH, IpoaHaTi3yBaBIId 0€3-
JiY HAYKOBUX 1 MPAKTHYHUX POOIT, HACUTHB 1
30araTvB MO0 METOAWKY JaHUMH, SIKI JAf0Th
MOXIMBICTh TIOBHIIIIE BPAaXxOBYBaTH OPOXKHI
YMOBH, XapaKTEPUCTUKU TPAHCIOPTHUX MOTO-
KiB, METOJIM peryJtoBaHHs pyxy. Takum mero-
JIOM Hapa3i MPOBAIATHCS PO3PAXYHKH IIIKia-
JMBHUX BUKHUJIB aBTOTPAHCIIOPTOM Yy TPOBIJ-
HUX MPOEKTHHUX OpraHizamisx YKpaiHnu.

Jlnst aHanmizy e(heKTUBHOCTI BIUTMBY JOPOXK-
HBO-TPAHCTIIOPTHOTO 00’€KTa HA CTaH MOBITPSI-
Horo OaceiiHy OyB pO3IJISTHYTHE TaKOX TPO-
rpamuuii meron «ATII-Exomor» i1 BuKOHaHI
PO3paxyHKH OCHOBHHUX IapamerpiB 3a0pyn-
HEHHsI 000Ma METOJaMH JIJIsl OTHOTO i TOTO X
By3JIa.

[Ipu pyci depe3 mepeTHH pPO3paxyHOK BH-
KHJIIB BIJPI3HAETHCS BiJ] CIOCOOIB PO3PaAXYHKY
BUKHUIIB TIPU TPOi3Ii 4yepe3 meperiH. Y pobo-
Tax pI3HUX aBTOPIB BH3HA4YCHA 3aJICKHICTh
mBuaKocTi pyxy V(R) mpu raneMyBaHHI Bif
BiacTaHi R.nep (M) 1o nepenonu [18, 19]. Jani
HaTYpPHHUX BHMIpiB J00pe anmpoKCUMYIOTHCS
EKCIIOHEHIIAIbHUMH 3alie)kHOCTAMU. [l pe-
T'YJIbOBAHOTO MEPEXPECTs 13 3YMHHKOI Mepes
CBiTIIOOpOM

— . —0,018R
VR.nep. - 1'::ep. (1 —€ mp)

Jlns  HeperyiabOBaHOTO Tmepexpects 0e3
000B’SI3KOBO1 3yNUHKH, 3yTUHKH TPOMaJICbKO-
r'0 TPAHCHOPTY a00 MIMIOX1THOTO MEPEXOy:

VR.nep. = l’zzep. - (1 — {)’63—0,02}?“3[3.)

BinnoBigHO pexMMHU 3yNMUHKHU (TanbMyBaH-
Hs) 1 pO3TOHY OMUCYIOTHCSI €KCIIOHEHIIHHUMU
3aJIeKHOCTSAMU 3 ypaxXyBaHHSIM 1HTEpBaJliB
T.syn. 1 T pos. 1 nocsirHeHHA 95,0 % piBHA cTano-
ro pexxumy. [Ipu omiHkax BUKMIIB CHiJ ypa-
XOBYBATH, IO MiJl Yac TaJbMyBaHHs Ha JOPO3i
B HOpPMaJbHOMY CTaH1 OUIBLIICTH BOJIIB Nepe-
KIIF0oUae KOpoOKy mepenad y HEHTpaiabHE TO-
JIOKEHHS, 1 JBUTYH JOCHTH IIBUIKO TEPEXo-
JUTHh B PEKUM XOJIOCTOTO Xoay. ['anmeMyBaHHS
3 MAKITIOYEHUM JBUTYHOM 3IHCHIOETHCS JIH-
e mpu MOKPOMY 1 3aJIeIEHITIOMY MOKPHTTI.
Jlnst po3paxyHKy cepeaHix T0OOBHX BUKHIIB
HEOoOXiHO 3a/laBaTd IMOBIPHICTH JONIIB 1
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OXKENIeANILIL I PEKUMY TaTbMyBaHHS 3 ITiJK-
JIOYEHUM JBUTYHOM, a B IHIIMX BHUMaAKax
ypaxoByBaTH peakifito Bojis, mo 3a [1.B. Py-
IeBCHKUM cTaHOBUTH 1,3...3,0 c.

Piuna maca BuKHAIB i-0i 3a0pyIHIOKOYOT
pedoBUHHM M.pic; BU3HAYAETBCS OKPEMO IS
KOXHOTO JKepelia BUKUAIB /[.mn HAa pO3paxyH-
KoBIiH miasHIi Ha BJIM micTa. PiuHi Macu BHU-
KUIIB ycCiX joKepen /[mn MiICyMOBYIOTHCS B
MeXax PO3paxyHKOBOI MUISTHKHU. [l oKpemo-
IO JDKepesa BUKUIIB:

Mpixi = Myp; - 3600K 5, - 365K, - 1078,

Je Mpix — pIYHWI BHKH]I [-TOi PEYOBHHH Ha
TaHIN TUISHI, T/PIK;

M \pi. — MakcHMalbHa pa3oBa Maca BHUKUJIB
i-TOi pe4yoBHHHU 3 JpKepena /{.mn, T/C;

K.oou = (6,45...15,4) B micTax Ykpainu;

K .ceson — KOC(Q. C€30HHOI HEPIBHOMIPHOCTI pY-
Xy.

BUCHOBKU

1. Inst micta KueBa Hapasi € akTyaabHOIO
npobiema 3abe3neyeHHs IPOIYCKHOI 31aTHO-
cti ik BJIM B nitomy, Tax 1 ii OKpeMux BY3J1iB
— Bynuupb Ta ix nepetuHiB. IIpocti nepetnnu
3aiiMaroTh Omu3bko 40% Bif 3arajbHOI KiJIb-
kocti By31iB B/IM y m. Kuesi, Tomy nocmi-
JDKEHHs iX poOOTH Ta BU3HAUEHHS KPUTEPIiB
e(peKTUBHOTO iX (YHKIIIOHYBaHHS € BaXKJIH-
BOIO YaCTHHOIO KOMITJIEKCHOTO 3aBJaHHS Iif-
BUIIEHHS €eKTUBHOCTI poOOoTH BCiei BJIM.

2. 3anporoHOBaHO OJMH 13 METO/IIB OI[IHKH
€(EeKTUBHOCTI TMEPETHHIB — TAaKCOHOMIYHMH
MeTOJT (METOJI YIOPSIIKYBaHHS), XapaKTEPHOIO
PHCOIO SKOTO € BIJTHOCHA MPOCTOTa 00YMCIIEHb
1 Jerke MepeBeeHHsS 1X Y aBTOMAaTH30BaHUUN
BUTISI (Hamp., i3 3actocyBanHsim MS Excel).
Hemonikom mporo MeToy € BiJICYTHICTH B3a€-
MO3B’SI3Ky MIX O3HaKaMH, L0 XapaKTepu3y-
I0Th HANPSIMKH PyXy Ha MEePEeTHHI.

3. IlpoBemeHo HaTypHI  OOCTEXEHHs
HeHTpanbHOI 30HU M. KueBa, B X011 SIKMX OyII0
310paHO BHIXiTHI AaHi IS MOJEITIOBAHHS PO-
00TH MEpPEeTHHY — IHTEHCUBHICTh PyXy TpaHC-
NOPTY Ta MIMIOXOAIB, MBUAKICTh PyXy, LIyM
MIPUCKOPEHHS, 3aMipsiHI T€OMETPUYHI Xapak-
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TEPUCTUKH TMepeTuHiB. Ha OCHOBI IUX JaHHMX
Oynu TpoOBENIeHI MOJCIIOBAHHS POOOTH Iepe-
TUHIB 13 BUKOPHCTAHHSM MPOTPAMHOTO 3a0e3-
nedeHHss PTV VISSIM, i 6yno 3pobiieHo BuU-
CHOBKH, III0 MOJICJTIOBAaHHS CUTYaIlli HE 30BCIM
BIJINTOBIJ1a€ PeaJIbHIM.
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Environmental criteria in a model
assessment of the effectiveness
of simple intersections on the road
network of Kyiv
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Summary. The increasing requirements for op-
eration of the road-street network (RSN) of the city
creates the problem in the efficient operation of
network elements — the streets (roads) and their
intersections. Simple intersections in the General
case call, where there is no regulation of transport
traffic through means traffic light alarm. They
constitute the near 40% of all road intersections in
big cities such as Kiev. Therefore, the objective of
the study the effective functioning of these nodes is
relevant to the city. After analyzing the normative
documents of Ukraine, it was found that the data
presented there is insufficient to assess effective-
ness of simple cross-sections. For this assessment
proposed a taxonomic method that shows the over-
all efficiency coefficient for a given set of criteria.
Were conducted full-scale examination of simple
cross-sections of the Central area of Kiev (in No-
vember 2015), during which data were collected
needed to assess their effectiveness. On the basis
of this assessment will be recommendations on
planning decisions of this type of cross-sections.

Key words: the road network, intersection of
simple, performance evaluation, performance crite-
ria, taxonomic method.
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Determination of critical load of elastic steel column
based on experimental data
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Summary. We have developed a general ap-
proach for assessing critical-strength for the cen-
tral-compressed steel elements, what have an ini-
tial imperfections. The metod is made on the basis
of experimental data. The method is a development
of the method Tymoshenko-Southwell. In work we
show of the solutions several tasks. We demon-
strate the possibility to determine of critical-
strength for the central-compressed steel elements
on the basis of experimental data initial geometric
imperfections. The results can be used at checking
the technical condition of the Central compressed
rod in the survey metal structures trusses, columns,
structural designs.

Key words: steel structures, stability, buckling,
steel elements, slenderness, reduction factor for
buckling, initial deflection, residual stresses initial
imperfections, the critical force, method Tymo-
shenko-Southwell.

INTRODUCTION

The fundamental the methodology of buck-
ling of columns is developed the hundreds
years and in solving of the problem to deter-
mine of critical-strength  for  central-
compressed steel elements is research [2 — 7].

Separate important task to determine the
stability of the rods is to analyze the influence
of initial imperfections [1, 8 — 11].

With the technical inspection of steel struc-
tures no data on initial deflection longitudinal
bending of the compressed elements with ini-
tial imperfections [13, 14 — 17]. So it is impor-
tant improve the method of finding of critical
load the elements by measurement of deflec-
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tion of the strut. [18 — 22]. This methodic
makes it possible to determine the critical
force based on experimental data.

Analysis of experimental data centrally
compressed bars dedicated a number of out-
standing works [3, 5, 7, 10, 13].

In the article the theoretical studies analyz-
ing experimental data of elastic central-
compressed steel elements with initial geome-
tric imperfections.

PURPOSE AND METHODS

This methodology of buckling of columns
with initial imperfections is based upon of re-
search Tymoshenko S.P. and Southwell R.V.
[2, 7]

But there is a need on synthesis methodolo-
gy for the analysis of experimental data cen-
trally compressed bars considering initial
geometric imperfections.

The purpose of research, which set out in
Article, is generalization theoretical approach
to the analysis of the stability of the central-
compressed steel element with the initial geo-
metric imperfections. Research Methods based
on analytical studies of centrally compressed
rod with initial imperfections.

The initial imperfections is initial geometric
imperfections, initial deflections, random ec-
centricities application of longitudinal force.
So buckling centrally compressed rod with ini-
tial imperfections we see to as a deformation
the noncentral-compressed element.
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RESULTS AND DISCUSSION

The general equation buckling noncentral-
compressed element has recording in the form
of linear differential equation:

n+k*n = =k (81 sin(@z/l) + e), (1, a)

e k2= NI%/ (EL).

Differential equation (1, a) is second order
liear nonhomogeneous differential equation.
The general solution of this differential equa-
tion (1, @) has unknown factors that depend on
the boundary conditions of strut.

The general solution of the second order
nonhomogeneous linear equation can be writ-
ing in the form.

n = Cy fysin(kz/)+ C, fucos(kz/l) -
—C3 85 sin(nz/l) — ey, (1, b)

In (1, b) ngs =Cy f sin(kz/1)+C, frcos(kz/l)
is a general solution of the corresponding ho-
mogeneous equation, nps = -Cz 6 sin(nz/l) —
ey, IS any specific function (particular solution)
that satisfies the nonhomogeneous equation

1, a).
Special function nps can be represented as
the sum of two functions:

Nps =Npso+ Npsb- (1, C)

Partial solution ms; to the differential equa-
tion (1, a) provides a formula for determining
factor Ca.

Npss = C30 ¢ sin(nz /1)
n” +k’n=-k*3, sin(nz /1),
~n*Cd, sin(nz /1) + k°C,d  sin(nz /) =
=—k*§ sin(nz /1) —n*C, + k*C, = k>3 .

C=———— = . (1, d)

For element, which has boundary condi-
tions of: hinged — hinged, and which load is
noncentral compressing, we have decision
without initial bend initial imperfections.
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N = Cifsin(kz/l) + Cofmcos(kz/l) — ev. (2, @)

Boundary conditions of: hinged — hinged is
in form writing.

Z:0,T]o:0.22|,1”|o:0.
These boundary conditions give a system of
linear inhomogeneous equations and can be

expressed in the form.

Cme - eb = 0,
Cy fmsin(k)+ C, fcos(k) —ep=0. (2, b)

Accordingly, it coefficients is.

Ci e{l—_cos(k)}.
sin(k) (2,¢)

C,f,=e,.

The general solution second order linear
nonhomogeneous differential equations (1, a)

will be.

5 (2,d)
+e{cos[g)—l}+ .
I T
1

When coordinate z/l =1/2 we have maxi-
mum displacement of the middle section of the
column.

|:1 COS :| ( j |: ( j :| 6f0
Nz = € sin +€,| cos 3 .
sm T 1

k2
1-cos(k) +Zcos( ] Zcos( )
N = & il .
ZCOS( ) n—z—l
2 k
l—COS(kj
2 o
N = & k + 2
cos| — —-1
3] %
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Y R -

nZ“:l/Z b COS(k/Z)
F_l
The last formula (3, ) is the formula secant
and it is combined with the formula for the
calculation of the growth-initial deflections at
longitudinal bending. Taylor's theorem gives
an approximation value secant by order Taylor

polynomial:

1 1 1
-1= ~ . 3,b
cos(kl / 2) 8 , ¢ (3.0)
— - -1
k k?

Finally, the formula of the maximum
deflections of the middle section of the metal
element has record.

e +0

Noaip = bnz =, (3.0
oL

8 +0y _ m’El,
T.IZ:|/2 - TEZEIX * [ |2

27_1

I“N
e +0

Mot = a =3 (4)
_Ter 1

N

E — Modulus of elasticity in tension,

— Quadratic moment of inertia,

| — Reduced (effective) strut length, equiva-
lent length of column.

N, — Euler’s buckling load.

The same conclusion can be justified using
the approach in [2, 3, 7] for any boundary
conditions of the column.

Record the total-solutions of the corres-
ponding homogeneous second order differen-
tial equation (ELn” + N = 0) has this form.

— . Nnz S nnz
Nen =csansm|— + chzn cosl—. (5)
n=1 n=1

If the element has initial geometric imper-
fections, it is in part the decision of general
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differential equation of longitudinal bending
column ElLn+ k®Nn =—k? (80 + ep) can also be
represented as a series of trigonometric func-
tions.

Since the initial geometric imperfections
are common to the rod, its record is different
from the coefficients of trigonometric func-
tions and will vary by operator ason.

Tz

ZCSOII SIH +Z asOn s0n COS I (6)

Substituting these solutions to the differen-
tial equation (1, a), that describes the stability
of the element.

If you equate the coefficients of the same
trigonometric functions in equation (6), then
you get a recurrence formula to determine the
coefficients of the trigonometric functions,
which describe the different possible harmon-
ics deflections of the rod at the loss of stability.

2 2
C —&' N = nn EIX .
sln — 2 2 ’ n 2 ’
n°n°El, I
LI O |
|2
Cson__ . __90nCson

C

sin :N—1 Cson _N—
SR

Full deflection of the column will be equal
to the amount of deflection longitudinal bend-
ing and of additional longitudinal deflection
from the initial bend initial imperfections.

ns =ngs +neO

. hmz
+cg s1n|—+

LN (7,b)

- Cqo nnz
+> 2, s t¢ cos =~

Then have
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— S CsOn : % S asOnCSOn % (8)
1]5 Z—N Sin | +Z—N COS | .
n_ll_i n=1 1_7
N N

n n

Problem 1. Maximum displacement deter-
mine for the central-compressed steel element
considering initial geometric imperfections.
The rod has boundary conditions: hinged —
hinged (column pivoted in both ends). These
conditions give the formula.

M=o = 05 Ny =03
S nCson
T]s :nsn +ne0 :z =0 NO = 0 _>a.r0n = 0
n=1 1_7
N

n

(9, a)

For the cross section, which has a maxi-
mum displacement, z=1/2, we have.

0

Cop . T C :
Norax = D, — 2 sin — + —E—sinm +

1 2 (9, b)
03 ain O 503 3n
+ N S|n?+ N Sln?'i'
1-— 1
N3 N3

Members in (9, b) with even indices disap-
pear, a true formula is.

Cso1 Cs03 Cso5
MNsmax = - + . (10)
N 4NN
1 N, N

Coefficients cy; accept the results of mea-
surements of samples rods. For rod, that has
hinged support in both ends, a first harmonic is
a dominant, and it’s the sinusoidal shape. Now
the maximum displacement will depend on the
ratio of the current force and of the critical
load.

2
C, n°El,
Msmax = #lN; Ncr = I—z . (11)
1-—
N

cr

This decision is important for determine the
maximum deflection rod for any value of the
longitudinal force provided N<Nq;.

92

Problem 2. Determine the initial geo-
metrical imperfections at a certain meaning
full load and moving of the middle cross sec-
tion of the rod. This is the inverse problem to
problem 1.

We know of longitudinal force N;, of criti-
cal force N and we know displacement of rod,
it is possible to determine the initial geometric
imperfections.

Csor =M [1 —Nij (12)

cr

Problem 3. Method is of determining addi-
tional deflectionn, . Since the total deflection

consists of initial deflection and deflection of
buckling, we have a right to record this at

neO = csOl.

C,
Nst = Nsmax ~MNeo = LlN_CSOI.
-
cr (13)
T] _ NcrcsOl _Ncrcsm +NCSOl _ csOl
sf - :
Ncr -N & -1
N
C,
Ny = NSL (14)
a1
N

Equation (14) coincides with the formula
(4). Thus, the approach shows the relationship
between the method of Timoshenko S.P. and
the method of Southwell R.V.

Problem 4. Determination of initial imper-
fections elastic buckling element and its of
critical load. A few experimental data of addi-
tional deflections (bending) the central-
compressed element is: ns, Ms2, Ms3. Corres-
ponding values of compressive strength we
know too. We proposed the following se-
guence calculation and determination of initial
geometric imperfections of column and defini-
tion of critical force.

According to the formula (14) we can com-
pose system of two a linear equations with two
unknown variable members. The first un-
known member is variable parameter of bend-
iNg: Ms1, Ns2,,» the second unknown members is
the critical load buckling shapes of the column.
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_ CsOl
1ﬂ|sl N N )
N” -1 Coor = M| ———1
SN ' (15, a)
Cso1 N
Nss = Cs MNs ( < _1)
Ncr 1 01 3 N3
N,

Divide the first equation of the system
(15, a) on the second equation and thereby we
exclude the unknown parameter.

Ncr _1 Ncr_N3
h: N3 N NS :Nl(Ncr_N?:) .
e No g NN Ny(N,-N,)
Nl Nl

Next, solution of system linear alge-
braic equations (15, a) leads to linear equation
with one unknown parameter: N .

(Ncr - Nl) NBnSl = NlnS3 ( NC’” o N3) )
&(m@_@ :(h_lj_ (15, b)
N; (N, g Na

Solution of linear algebraic equation (15, b)
can be represented by.

Ncr :L’ Ncr :—nss' (151 C)
(I\I:L%_]-J [1_ N3n51j
N3 T]sl Nlns3
According to the formula (15, ¢) can calcu-
late the upper critical load, but values lower
the critical load is calculated by the formula

(15, d), what is obtained using other experi-
mental data.

&(&M_q :(h_lj
N, (N3 ng, Ms2
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N IISZ . N Ils3
(NZ I|53 ]j (l N3 IISZJ
N3 IISZ N2 IISS

The initial geometric imperfection will be

i
nsl—_l (16)

Mso1 = Cso1 = Nst
('\Ilnss_lj
N; ng

. (15, d)

writing.

According to the formula (12) maximum
additional deflection ny ,, of the column ex-

cluding initial imperfections look like so.

T1501 . (17)

Total deflection of critical load of the loss
of stability element we can to calculate at for-
mula.

nsmax = T]sf max +TQISOl'

T]s3

-1

(nﬂ J_l 1 | asa
N )| N

N, N N,

T]sl _1 1

NlnsS_lj 1-— N,
N; ng N

cr

nsmax = nsl (

1’lsmax :nsl (

Thus generalized approach makes it possi-
ble to identify critical load and initial geome-
tric deflections on the results of a small num-
ber of experimental data.

Problem 5. Equation (15, b) has a detailed
record.
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&(&M_1j=(h_1]_ (19)
N, \ Ny gy Ns1

We introduce notation for relationship ex-
perimental data of deflection of column —C_,

and attitude critical force of the column to the
value longitudinal force of the column at test-
ing — pn, that corresponds derived displace-
ment.

N
Jeogh Seeph. (20)

Na N,

We obtain the equation, which connects
two parametric functions: deflections and crit-
ical load.

N
PGl @
1

This is the equation (21) is the hyperbolic
function, and is the universal equation of phys-
ical and mathematical model describing the
loss of the stability column.

We determine the asymptotes of the hyper-
bolic function and use this entry.

11

2 —C" (22)

Thus, when (2 — o, we has the coor-
dinate of the horizontal asymptote.

Cgl—mo
p? = L2 —>0—>py > N
N 1 1

N, &

If we have in sufficient quantity of experi-
mental results, the experimental value of the
critical force column at loss buckling will ap-
proach to the theoretical value of the maxi-
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mum critical load at deflections growth to in-
finite.

N —N

cr crmax

Due to our research is calculated the upper
limit of critical load and the lower limit of crit-
ical load and we can identify difference be-
tween their values to determine the nature of
the buckling columns. If the difference be-
tween the upper and lower values of critical
load is small, it means that the lost stability of
the column is elastic. If the difference between
the upper and lower the critical load is big, it
we have to the conclusion that the buckling
took place with the development of limited
plastic deformation, it is inelastic buckling.

The research results are important
when analyzing the results of the inspection of
metal structures for civil use and engineering
facilities operating in difficult conditions, sur-
face and underwater structures [23].

CONCLUSIONS

In experimental studies of stability the ele-
ments always buckling occurs suddenly and
the maximum critical force will not to deter-
mined indeed.

Fixing critical load and corresponding
strain measurement is always the difficulty,
since the loss of stability takes place fast at
increasing deflections. When examining and
monitoring structures we have the ability to fix
the deflections of rods under load, it the def-
lections and force is not close to critical.

Therefore, it the research allows to define
the critical load and initial imperfection by the
analysis of data relationships deflections and
of the load, which is less than the critical load.

It is shown that the maximum value and the
actual deflections of elastic elements with ini-
tial imperfections at longitudinal bending,
which will be defined by the methodology
Tymoshenko S.P. and by the approach Saus-
vella R.V. are identical.

We have shown that the method Timo-
shenk-Sausvella can be used in the analysis of
experimental results of research elastic buck-

NiaBOOHI TEXHOMOTNIT ¢ 04/2016, 89-96
MpomucnoBa Ta umMBinbHa iHXeHepia



ApxiTekTypa i 6y):LiBHVIL[TBo

ling of columns and inelastic buckling of col-
umns
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Omnpenesienne KPUTHYECKOMN
HATPY3KH YNIPYTUX KOJOHH II0
IKCIEPUMEHTAIBHBIM JAHHBIM

Cepezeui bunvix

KueBckuil HallmoHaIBHBINA YHUBEPCUTET
CTPOMUTENBCTBA U APXUTEKTYPHI
Bozmyxodumorckuii mpocr, 31, Kues
Vkpanna, 03037, vartist@ukr.net
orcid.org/0000-0001-8783-5892

AnHoTamus. Pa3paboraH 00OOIICHHBINH MMOJ-
XOJ[ JUIsl ONCHKH KPUTHYECKOW M CHJIbI CTAIBHBIX
LEHTPAIBbHO-CKATBIX CTEP)KHEH ¢ HavyaJbHBIMU
reOMETPUUYECKHMMHU HECOBEPIIEHCTBAMH H C yYETOM
WCTONB30BaHUS  DKCIIEPHMEHTAJBHBIX  JIAHHBIX.
[penocraBneHo 0OOCHOBaHWE TEOPETHYECKOTO
nonxona. B cratee o0oOmiaercss m pa3BHBaETCS
METOJIOJIOTUYECKUI TOAX0A JUIS  ONpeIeIICHUs
KpPUTUYECKOH Harpy3ku MpeUIoKEeHHbIH TrMo-
menko C.II. u Southwell R.V. Ilpu onpeaenennun
MaKCUMaJIbHBIX IIPOrHOOB NPU MOTEPE yCTOWIHBO-
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ApxiTekTypa i OyaiBHUIITBO

CTH YIPYTHX CTEp)KHEH C y4yeTOM HayallbHBIX He-
COBEPLICHCTB M CIy4YalHBIX 3KCLEHTPUCUTETOB
[IOKa3aHO TOXKIECTBO 0o0oux noxxoxoB. lIpusene-
Hbl peIleHus] HEeCKOJbKUX 3ajnad. IlokazaHa BO3-
MOJKHOCTb OIPENENIATh Ha OCHOBAaHWU SKCIEpU-
MEHTAJIbHBIX JaHHBIX HadalbHble T€OMETPUIECKHUE
HECOBEpLICHCTBA. Pe3ynbpTaThl paboThl MOTYT OBITH
WCIIOJIb30BaHbl MPHU TPOBEPKE TEXHUYECKOIO CO-
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CTOSHUS LIEHTPAILHO-CKATBIX CTep)KHEH Ipu 00-
CIIETOBAaHUH METAJUTMYECKUX KOHCTPYKIHUH (epm,
KOJIOHH, CTPYKTYPHBIX KOHCTPYKIIHHA.

KiroueBble cioBa: cranbHble KOHCTPYKIIMH,
YCTOMYHNBOCTH, HaYallbHBIE HECOBEPIIIEHCTBA, KPH-
TH4ecKas cria, MeTof] TuMomenko-Caycsena.
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IHcbopmauin
[po xypHan

MixkHapogHWn HayKoBO-BMPOOHUYMI XypHan «[ligBogHi TexHonorii» BuaaeTbcst KuiBCbknm
HauioHanbHMM YHiBepcuTETOM OYAIBHMLTBA i apXiTEKTypu CriNbHO 3 acouiioBaHUMW 4YfieHaMK
BUAAHHS:

v' Polska Akademia Nauk (Przedstawicielstwo w Kijowie), Akagemisi 6yaiBHuuTBa YKpaiHu

v' HauioHanbHa akagemisa Hayk YkpaiHu (IHCTUTyT mexaHiku imeHi C.IM. TumoweHko, [HCTUTYT reo-
NOTiYHUX HayK, |HCTUTYT rigpomexaHikun, |[HCTUTYT reoTexHidHoi mexaHikn imeHi M.C. NMonsikoea,
IHCTUTYT TenekomyHikauin i rno6anbHOro iHpopMaLiiHOro NPocTopy)

v' Buwi HaB4anbHi 3aknagn YkpaiHn (KuiBcbkuiA HauioHanbHU yHiBepcuTeT imeHi Tapaca LleB-
YyeHka, HauioHanbHui ripHnyun yHiBepenteT ([JHinponeTpoBCcbK), HauioHanbHUM yHIBEPCUTET KO-
pabnebyaysaHHs imeHi agmipana MakapoBa (MukonaiB), XapKiBCbKMI HaLiOHanNbHUIA yHiBepcUTeT
pafioenekTpoHikn, XapKiBCbKUA HaUiOHanbHUI yHiBepcuteT OyaiBHUUTBA i apxiTekTypu, HauioHa-
NbHWIA YHIBEPCUTET BOAHOrO rocrnogapctea Ta npupodokopucTyBaHHsa (PiBHe), HauioHanbHun
nicoTexHiyHnn yHiBepcuteT YkpaiHn (J1beiB), IBaHO-PpaHKIBCLKMI HaLiOHaNbHUA TEXHIYHUN YHI-
BepcuTeT HapTh i rasy, Ogecbkui HauioHanbHWUIA MOpCbKMA YHiBepcuTeT, Opgecbka AepaBHa
akagemis GyaiBHMUTBA i apXiTeKTypwn)

v' HOInig3emcneuoya.

EnekmpoHHul apxie 36epiraeTbCsa Ha canTax:

www.uwtech.at.ua (xkypHan «[ligBogHi TEXHONOTIi»)
www.panukraina.pl (PAN, npeactaBHMLTBO B K1EBI)
WWW.Usj.org.ua (Beb-pecypc «YKpaiHCbKi HayKOBI XXypHanun»)
www.irbis-nbuv.gov.ua (HBY imeHi Bonognmupa BepHagcbkoro)
www.akadembud.org (AB Ykpainu)

www.science.knuba.edu.ua Ta http://library.knuba.edu.ua (KHYBA)
www.geol.univ.kiev.ua/ua (IHctutyT reonorii KHY imeHri Tapaca LLeByeHka)
http://www.nuos.edu.ua (HYK imeHi akagemika Makaposa)
www.nure.ua (XHYPE)

www.nmu.org.ua (ABH3 HI'Y).

lpasuna nybnikaujir

B mixxHapogHOMYy HaykoBO-BUPOBHMYOMY XypHani «[ligBogHi TexHonorii» nybnikylTbca opwuri-
HarnbHi MaTepiann obcarom 8 — 12 CTOPIHOK, BKMOYHO 3 TabnuusmMu, pucyHkaMm Ta CMUCKOM JiTe-
paTtypu. CTatTi nignararnTs NOABIMHOMY pPELEH3YBaHHIO, Y TOMY YUCHi 3anyYeHUMU pefakuicto He-
3anexHumMu ekcneptamu. [lonucyeadi nepearTb BUOABLUIO aBTOPCbKE MPaBoO Ha TEKCTU Ta MUCb-
MOBi 403BONWN AN BiATBOPEHHS PUCYHKIB i Tabnvub 3 HeonyGnikoBaHWX paHiwe abo 3axuiieHmx
aBTOPCbLKNM MpaBoOM MaTepianis.

o pepakuii (pa3om 3 konieto Ha e-mail: uwtech@ukr.net) nogaroTb:
1) Tekcm cmammi (aHrNOMOBHA — 3asipeHuli nepekrad)
2) Y200y npo BiNbHE BUKOPUCTAHHSA aBTOPCbKOro npasa
3) PeueHsito (3 NOBHUM iM’IM peLIEH3EeHTA)
4) Aemopcbky 008i0Ky (Npi3BuLe, iM's Ta NO-6aTbKOBI; HAYKOBWUI CTYMiHb, BYEHE 3BaHHS, nocaja
Ta micue poboTn; KOHTaKTHUA TenedoH, enekTpoHHa agpeca, ineHTndikatop ORCID; doTto aBTO-

pa B .jpg).
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Bumoau 0o cmameti

SBazarnbHi npasuna:
napameTpu CTOpPiHKW: cbopmaT A4, BepxHE Ta HWXHE nona — 2,5 cMm, niBe Ta npaese — 2 cM;
wpndTt Times New Roman; konoHtutynn 1,2 cm, aésaunun Bigctyn 0,5 cm; po3mip OCHOBHOIO
TekcTy 12, aHoTauin i nitepatypy — 11, MixXpsiakoBun iHTepsan 1
cTaTTio opMaTyoTh Yy ABi KOJTOHKU MO 8 CM 3 MPOMIKKOM 1 CM (pO3LUMPEHHS .dOC); BUKOPUCTO-
BYIOTb TifTbKWM aBTOMaTUYHI NepeHocu cnis
Ha3Bu Tabnuub Ta nignucy nig pucyHkamu (po3mip 11) ay6nioTb aHrMINCbKOK MOBOIO | PO3Mi-
LLYIOTb NiBOpYY rpadivyHoro ob’exkty
HaNPUKIHLi CTaTTi NoAalTb: TPpaHCMiTepoBaHM cnncok nitepatypu (http://translit.net), a Takox
NMOBTOPIOKOTb aHIMINCLKOW ii Ha3By, BUXiQHI JaHi W aHOTaUil0; B aHIMOMOBHIN CTaTTi — Te came
3a3Ha4valoTb POCINCbKO MOBOIO.

CmpyKkmypy8aHHSi.
BUXigHI AaHi (wpudT Arial): Ha3Ba pykonucy (H/AK, .14), iM'a Ta npi3BuLe aBTopiB (KypcuB,
d.12), micue poboTu, NoBHa nowToBa agpeca, e-mail, ineHTudikatop ORCID (cBitno, ¢.10) —
SIKLLO BOHW pi3Hi, 3a3HavaloTb LmMpoBnuMM 3HOoCKaMn. Big BuXigHMX gaHUX 40 BEPXHbOrO Mnossi
CTOPIHKM Ta 4O OCHOBHOrO TEKCTY — 3anuLiatoTb Mo 5 NycTux psakis
CTPYKTYPHI nigposainu ctaTTi:

- AHOTAUIA (Summary) (150 — 200 cnis)

- KITKOYOBI CNOBA (Key words) go 5 cniB

- BCTVYIT (Introduction)

- META | METOOWU (Materials and Methods)

- PESYJNIbTATU TA NMOACHEHHA (Results and Discussion)

- BUCHOBKM TA PEKOMEHOALIIT (Conclusions and References)
Ha3Ba CTaTTi — iIHpopMaTMBHaA Ta KOPOTKA; CTPYKTypa aHOTauil — aHanoriyHa CTPYKTypi cTaTTi,
6e3 BMKOpPUCTaHHA CKOpOoYeHb Ta abpesiaTyp (YCi NMOSACHEHHS 4al0Tb B TEKCTI); NOCUMNAHHA B Te-
KCTi — He Binblue 5 NyHKTIB B OAHOMY MicCLi
Tabnuui Ta PUCYHKM PO3MILLIOTb MICNA NepLIoro 3ragyBaHHA NPO HUX, BENUKI — NPUTUCKYIOTb
00 Bepxy abo HM3y CTOPIHKK (He po3puBaTn 0OHOYACHO OOMABI KOMOHKM TEKCTY)
inocTpadii — y dpopmartax .jpg, .gif, .tif 3 posginbHo 3aaTHicTio He meHwe 300 dpi.

OdgbopmrieHHs:
NUWYTb NPAMO — UMdpu, rpeLbki BYKBU, KUPUNULIO, TPUIOHOMETPUYHI dyHKLUIT (tan, sin Ta iH.),
ycTaneHi BMpasun (max, const Ta iH.), XiMi4Hi enieMeHTUn; KypCMBOM — aHriACbKi cMMBONM op-
MYI1, PUMCBKI Lndopn, HOMepKU ekcnnikauil
MK dhopMynamu, pucyHkamu, Tabnuuamm i TEKCTOM 3anuiiaroTb N0 OOHOMY MYCTOMY pPAOKY
dopmynu (po3mipom 12-10-8-12-16) HabupaoTe B EQ.3 Ta UEHTPYHOTb, HymMepaLiga — npaBopyy
KOMOHKW; Tabnuui — He nepeBnLYOTbL 06nacTb APYKY CTOPIHKM
cnosa «Tabn.» (Table), «Puc.» (Fig.) nuwyTb 3 Benukoi 6ykBu, B TEKCTi — CBITIO, B HA3Bi — H/X;
TEKCT Ha MonsX PUCYHKIB 3BOAATL 40 MiHIMYMY
B CMMCKy niTepatypu — He MeHwe 20 nocunaHb; B SIKOCTi PO34iNoBMX 3HAKIB BUKOPUCTOBYIOTb
TiNbKW Kpanky i komy (ctaHgapt APA).

lMpuknadu:
odhopMneHHda ctaten y MS Word — Ha canTti www.uwtech.at.ua.

Imnakm-gbakmop xypHany «[lligBogHi TexHonorii», 04/2016 cknagae 1,44 (YepBeHb 2016).
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Aemopu nybnikayit

Ceprin Binuk — OOKTOp TEXHIYHWMX Hayk, npodyecop, 3asigyBad kadegpwu meTtanesux Ta fe-
PEB’SIHNUX KOHCTPYKLUiN KMiBCbKOro HauioHanbHOro yHiBepcuteTy OyaiBHULTBA i apxiTekTypu,Knis

Bonogumunp BniHUOB — OOKTOP TEXHIYHMX HayK, Npodecop, NPOpeKTop 3 HaykoBoi poboTn Haui-
OHanbHOro yHiBepcuteTy KopabnebyayBaHHs imeHi agmipana Makaposa, Mukonais

AHppin Bontacuk — acnipaHt HauioHanbHoro yHiBepcutety kopabnebyayBaHHS iMeHi agmipana
MakapoBa, Mukonais

OnekcaHgp ManuMHCbLKMM — KaHAMOAT TEXHIYHUX Hayk, aupektop [epxaBHoro nignpuemcrsa
HaykoBo-gocnigHui iHCTUTYT OyaiBenbHOro BMpobHuuTBa, Knie

FleHHagin Manko — QOKTOP TEXHIYHUX HayK, npodecop, Npodecop kadenpu reobyaiBHULTBA Ta
ripHMyYmnx TexHonorin HTY YkpaiHn KuiBcbkuin NONiTEXHIYHUIA iIHCTUTYT, KuiB

Onekcin [1Bopko — acnipaHT KMiBCbKOro HaLlioHanbHOro yHiBepcuteTy ByaiBHULUTBA | apXiTeKTypu,
Kuis

MeTpo 3axapueHKo — KaHOAnOAT TEXHIYHNX HayK, Npodecop, 3aBigyBay kadenpu ToBapo3HaBCTBA
Ta KOMEpLiNHOI gianbHOCTI y 6yaiBHMUTBI KMIBCLKOro HauioHanbHOro yHiBepcuteTy GyadiBHMLTBA
i apxiTektypu, Kuis

TeTtAHa KpuBomas — kaHaAuOaT TEXHIYHWX HayK, OOLEHT, OOKTOpaHT KMIBCbKOro HauioHarbHOro
yHiBepcuTeTy OyaiBHMUTBA | apxiTekTypu, Knis

Bitanin Ky3bMiHCbKMI — kaHOMAAT TEXHIYHMX HayK, 3acTyrnHuk aupektopa TOB «OkeaHmalu-
eHeproy, [HinponeTpoBCbK

Biktop Kyxap — kaHOuaaT TexXHiYHMX HayK, aoueHT, goueHT [OBH3 HauioHanbHUW FipHUYMA yHi-
BepcuTeT, [HinponeTpoBChK

Onbra MaTBieHKO — cniBpoGiTHMK XapKiBCbKOro HaLiOHANbHOro YHIBEPCUTETY pagioeneKTpoHIKu,
XapkiB

Onbra OBYMHHUKOBA — ronoBHU KOHCTPYKTOp TOB «OkeaHmalleHeproy, [JHinponeTpoBCbK

Mwukona OceTpiH — KaHaAnOaT TEXHIYHUX HayK, npodyecop, npodecop kadeapn MiCbKOro 6yaiBHU-
uTBa KMiBCbKOro HauioHanbHOro yHisepcuteTy 6yaiBHUUTBa i apxiTekTypu, Knis

Muxanno Cyka4y — JOKTOp TEXHIYHUX Hayk, npodecop, npodecop kadenpu OyaiBenbHMX MaLInH
KuniBcbKOro HauioHanbHoro yHisepcuteTy ByaiBHMUTBA | apxiTekTypu, Knis

AHAapin TeBslweB — JOKTOP TEXHIYHMX HayK, npodecop, 3aBigyBad kadeapu npuknagHol matema-
TUKU XapKiBCbKOro HauioHanbHOro yHiBepcuTeTy padioenekTpoHiku, Xapkis

IHOeKkcysaHHs sudaHHS

YKypHan «[lligBogHi TexHonorii» nogaHo A0 HayKOMeTpu4Hux 6aas:
"Ulrichs web” — http://ulrichsweb.serialssolutions.com
"Index Copernicus” — www.journals.indexcopermicus.com
"Research Bible” — http://journalseeker.researchbib.com
"Web UPBUC” — http://irbis-nbuv.gov.ua
"Get CITE” — http://waww.getcited.org
"JOUR Info” — http://jourinfo.com
“The Global Impact Factor” — http://globalimpactfactor.com
“Scientific Indexing Services” — http://www.sindexs.org
"Google academy” — http://scholar.google.com.ua/citations?user=2-FASc4AAAAJ&hI=uk
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