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Mexanixo-mexnonociuni cucmemu ma KOMRJieKCcu

VJIK 628.16.06
M. B. BEPHAIIbKUH

MATHITHO - PEATEHTHA TEXHOJIOIISI OYMIIEHHSI BOJIM TA YCTAHOBKA IS ii PE-
AJIIBALIT

Hageneno BifIoMOCTi i eKcIiepruMeHTaNbHI IaHi PO PO3POOKY TEXHOIOTIT MATiHTO-PEATEeHTHOTO OYHIIICHHS BOIU Ta PE3YIbTATH eKCIICPUMEHTATBHIX
JIOCII/PKEHb OYHMILCHHS BOAU B MarHiTHOMY IOJi BiJ ¢epo-, aia- i mapaMarHiTHUX JOMIIIOK. BCTaHOBJICHO 3aleXHICTh I BU3HAYCHHS €(EKTHB-
HOCTI OYHIICHHS BOJIH, SIKA BPAXOBY€ KOHCTPYKTUBHI Ta TEXHOJOTIYHI MapaMeTpH BOJOOYHMCHOI YCTAHOBKHU 1 XapaKTEPHCTHKH 3a0pyIHEHO! BOJIH.
HaBeeHO KOHCTPYKIIO YCTAHOBKH ISl PEKAITi3allil TEXHOIOTI] MATHITHO-PEareHTHOrO OYHIIEHHS BOAU. Pe3ynbTaTi TOCIIHKEeHb MOXKYTh OyTH BH-
KOpPHUCTaHi JJIs pallioHaNIbHOI OpraHi3aiii BOJHO-XIMIYHOTO PEXUMY TEIUIOBUX MEPEX i BOAOMIATOTOBKH.

KoroyoBi cioBa: MarHiTHUI BiICTIHHHMK, MarHITHO-pEarcHTHA TEXHOJIOTiS OYMCTKH BOJIM, MAarHiTHUH CHJIOBHH (akTop, MarHeTuT, edek-
TUBHICTb OUMILCHHS.

IpyBesieHBI CBEJCHHS U IKCHEPUMEHTAIBHbBIC JAHHBIC O Pa3pab0TKe TEXHOJIOTHMH MAarMHTBI-PEAreHTHOH OYMCTKH BOJBI U PE3YJIBTATHI SKCIICPHMEH-
TaJIbHBIX HCCIEA0BAHUH OYUCTKH BOABI B MATHUTHOM IOJIE OT (eppo-, THa- ¥ MapaMarHUTHBIX IpUMeceil. Y CTaHOBJICHA 3aBUCUMOCTS JUIS OIIpejiene-
HUA 3G (HEKTHBHOCTH OYUCTKH BOJBL, KOTOPAsl yYUTHIBACT KOHCTPYKTHBHBIC U TEXHOIOTHIECKHE TapaMeTPhl BOJIOOUYUCTHONH YCTAHOBKU M XapaKTepHU-
CTHKH 3arpsi3HEHHON Bobl. [IpuBeicHa KOHCTPYKIMS YCTAHOBKY JUISl PEKATM3ALUKN TEXHOJIOIMU MarHUTHO-PEAreHTHOTO OYHUCTKH BOJIBI. Pe3ynbraThl
HCCIIEIOBAHHN MOTYT ObITh UCIIONB30BAHBI I PAlHOHAIBHOIN OpPraHU3alluy BOAHO-XUMHUUYECKOTO PEXHUMA TEIUIOBBIX CeTeH U BOZOMOATOTOBKH.

KiroueBble cj10Ba: MarHUTHBIH OTCTOMHUK, MATHUTHO-PEATCHTHAS. TEXHOJIOTUS OYUCTKH BOJBI, MATHUTHBIH CHIOBOU (haKTOpP, MarHETHT, -
(heKTHBHOCTH OYHCTKHU.

In a paper usage of the compact installations with magnetic sumps of cellular frame for implementation is scientifically substantiated magnetic - reac-
tion technologies of clearing of waters permitting to reduce the area and volume of refining facilities at maintenance of high performance of their ac-
tivity.

Is designed and is investigated (studied) a new design of a magnetic sump of cellular frame intended for clearing of polluted waters from fero-,
dea- i of paramagnetic impurity (additives); is designed a technique of definition of efficiency of clearing of water, which one allows for design and
technological parameters of a sump, and also parameters of an incoming water; the trial-and-error constants of relations describing a purification
process of water in a magnetic sump are determined; the process of mechanical neogenesis feromagnetic of a reactant - magnetite is
investigated(studied); the designs and guidelines tangent calculation of magnetic sumps as independent facilities and in combination to filters FSL are

designed.

The outcomes of a paper utilised at mining «of the Guidelines on designing, the manufacturing i exploitation of the trial type magnetic - reac-
tion of clearing of water », approved State dwelling communal manage of Ukraine.
Keywords: the magnetic sump, magnetic - reaction technology of clearing of water, magnetic power factor, magnetite, efficiency of clearing.

Beryn. CucreMn KOMyHaJIbHO-TIOOYTOBOTO BOJSIHO-
T'O OTMAJICHHS, B SKMX OCHOBHHMM TEIJIOHOCIEM TPAJMIIIIHHO
€ BOJIa, SIBISIFOTHCSI KPYMHUMH CIIOKMBAYaMHU MaIHBHO-
EHEepreTHIHNX PECypCiB 1 MiABUIIEHHS €(PEeKTHBHOCTI iX
poboTH MOXe 3a0e3NeUnTH 3HAYHY EKOHOMIIO JOPOTOro
nedimurHoro nmanusa [1, 2]. Bumoru mojo miAroTOBKU
BOJIH, SIKI MPEJ BJIAIOTH 10 KOMIUIEKCY 3aXO/IiB, IO IPO-
BOJSITBCS IIPU POOOTI KOTJIIB 1 TEIUIOBUX MEPEkK B OCHOB-
HOMY MOJKHa C(OPMYJIIOBATH TaK: BOJAOIIIrOTOBKA JUIs
TETJIOBUX MEPEX 1 BOJAHO-XIMIYHUH PEXKHUM B HUX MOBUH-
Hi 3amo0irTe yTBOPEHHIO BCiX BUAIB 3a0pyIHEHb Ta KO-
PO3IHHHMX TOIIKO/PKEHb, a TaKOX IX BIJKIAAEHb Ha
BHYTPIMIHIX IMOBEPXHIX BOJOTPIHHOTO OOJIaTHAHHS, elie-
MEHTaxX Tpacu i Mepexi i3 BpaxyBaHHSIM BUMOT HasIiii-
HOCTI 1 EKOHOMIYHOCTI.

AHali3 JiTepaTypHMX HaHHX Ta TOCTAaHOBKA
npoosemu. Jlns Temao i rapsyoro BOJOIOCTaYaHHS
HAaceJIeHHA Ta NPOMHCIOBHX O0’€KTiB B OCHOBHOMY BH-
KOPUCTOBYETBCS BOZAA TOCHOAAPCHKO-MUTHOTO MpU3HA-
YeHHS BIAMOBIAHO caHiTapHux Bumor I'OCT 2874-82
,Boaa nuteeBas” 1 CaHITiH 2.11.4.559-96. Ilepen moxa-
Yel0 Takoi BOOM B MEPEXY OIAJICHHS MPOBOIATH KOM-
IUIEKC 3aXOIiB IO IIOJIIIIEHHIO I SKOCTI BiAIIOBiIHO
CHIII 2.04.07-85 ,,TemnoBsie cetr”. OCTaHHIM 4acoM Ha
ICHYIOUMX 1 HOBHUX TEIJIOBUX MEpeXkax Bce IIHMpIIE BIPO-
Ba/DKYIOTbCS CydyacHi BITYM3HSHI 1 IMIOPTHI KOTIIH,
o0yajiHaHHS SKUX NOTPeOyIOTh OLIb JKOPCTKUX BHMOT JI0
SIKOCTI SIK TIDKUBITIOI0YO1, TaK 1 MEpPeKeBOi BOH, SIKi pe-
IJIAMEHTYIOThCSl IHCTPYKIISIMH TI0  eKCILTyaTallii X
YCTaHOBOK.

Oco0MBICTIO 3aKPUTHX ONATIOBATEHIX MEPEXK € Te,
10 B HUX Ha IPOTA31 ONATIOBAILHOTO CE30HY IHPKYIIOE
NPaKTHYHO OJIHA 1 Ta K BOJA, OCKUIBKH, K BCTAHOBJICHO
NPaKTHKOIO eKCIuTyaTarii, 100aBKa BOJY Ha MOMOBHEHHS
ii BTpat He mepeBuye 1,5 — 2 % Bix 3aragbHOI KiJTBKOCTI.
Ie o3Hauae, Mo BUITyYeHHS TNPOIYKTIB KOPO3ii, HAKHUIIO-
YTBOPEHHS, MEXaHIYHUX Ta iHIIMX JOMIIIOK, SIKi ITOTIaN
B IMPKYJAMITHANA KOHTYp a00 YTBOPWIJIHCS B HBOMY B
IpoIieci HarpiBaHHA BOIH, € JOCHTH BaXXIIMBOIO 33/1a4eio
BHACTIJIOK HE3HAYHOI MpOAYBKH cucTteMH. IIpoTe, He3Ba-
JKaro4M Ha I[i BUMOTH, B MPAKTHIN SKCIUTyaTaIlil JOCHUTh
YaCTHMH € BUIIAJKU NOPYILIEHHS IMX HOPM MOB’SI3aHUX 3
HEMOBHOIO Jieaepallielo BOAM, a0 IONajaHHsIM a0 Hel
MOBITPsl B 0aKax — akyMyJIsITopax IpH HEBIPHO OpraHi3o-
BaHOMY ITiIBOJlY /IO HHX JIeacpOBaHOI BOJH, a TAKOX MpPHU
BUKOHAHHI PEMOHTHHX pOOIT BHACIIIOK aBapiii.

BinkmageHHs, [0 YTBOPIOIOTBCS Ha ITOBEPXHI
HarpiBaHHA 1 B TEIIOOOMIHHHKAaX € JOCHTH Pi3HOMaHIT-
HUMH 32 CBOIM XIMIYHHUM CKJIQJIOM, CTPYKTYpOIO, TyCTH-
HOK0 1 TeruronpoBimHicTIO [3-5]. 3ycTpidaroThCcs pHXII,
MOPUCTI BIAKIAICHHS, SIKi CXOXKi Ha Ty( abo mem3y.

B nepeBakHiii OLIBIIOCTI monepenHs 00poOka BOAM
JUTS TEIUIOBUX MEPEK IMOJIArae B 11 OM SIKIICHHI, IS 90-
ro0 BUKOPHCTOBYIOTH pi3HI MeETOAM (peareHTHi, (iib-
TpPYBaHHS 4yepe3 CIeliaibHi cOpOeHTH, iI0HHOTO 00MiHY),
cepell SKHX, NOYHMHAIOYM i3 cepeauHu 30-X pOKiB
HaiOLTbIIIE PO3MOBCIOJDKCHHS OTPUMAaB METOJA 1OHHOTO
oOMiHy, SIKMi 0a3yeThCsl HA 34aTHOCTI AESKUX, MPaKTH4-
HO HEPO3YMHHHUX Yy BOAI MarepianiB (10HITIB), 3MiHIOBaTH
B Oa)kaHOMY HalpsIMKy 10HHMH CKJIaJ{ BOAH, 1 JO3BOJISIE
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JIOCSTHYTH HAWOUIBII TIMOOKOTO €(PEeKTy IMOM’ SIKIICHHS
(1m0 0,01...0,02 MF-QKB./,Z[MS), 110 HE MOJKHA 3a0€3I1eYNTH
iHmmMu ~ Metonmamu. [6, 7]. Ilpore, mi wMeTomu
ITOM’SIKIIICHHST MAIOTh PSJT HEJIOJIIKiB, OCHOBHUMH 13 SKHX
€: BICOKa BapTICTh 1 TPYAOMICTKICTh MOHTaXXy Ta Hajaj-
KM oONamHaHHA, 3HAYHI eKCIDTyaTaliiHi eHeprOBUTPATH
Ta Ha 3aMiHy i 100aBKy iOHOOOMIHHUX MaTepialliB, 3Ha4Hi
00’eMH KaHaNI3alIIfHUX CTOKIB, HECTaOUIBHICTH B POOOTI.
ToMmy, OCOOJIMBO II€ CTOCYETHCS HEBEIUKUX JIOKATBHHX
Mepex, BoJia B 0araTb0X BUINAJAKAX B3araji HE MPOXOJIUTh
HISIKOT MiJrOTOBKH, IO HEPIJKO MPUBOIUTH 10 aBapiii
o0aiHaHHS.

OCTaHHIM 4acoM JOCUTH TIOMYJISPHOI0 TEXHOJIOTIEI0
€ BHKOPHCTaHHS iHTi0iTOPIB (KOMIUIEKCOHIB) IO HEIOITY-
IICHHIO KOPO3ifHUX BiOKIAaJeHh B CHCTEMaX TEILIOBOIO-
MOoCTavyaHHs, TIPH SKii BUKOPUCTOBYIOTHCS PEAKTHBU Ha
OCHOBI ¢docdonaris i moyikapOOKCHiIaTiB  —
crabinizamiitHa 00poOka Boau [8]. HeoOximHO BiAMITHTH,
110 KOMIUIEKCOHM HE BMJIyYalOTh i3 BOJY HAKHUIIOYTBO-
pIloioui eJIeMEeHTH, a MaloTh 3/IaTHICTh PYHHYBaTH Jyxke
MIIHI CIHOJYKH COJieH 3a paxyHOK B3aeMOJii 3 iOHAMH,
,»BUpHBalOYM~ IX 13 KpUCTaNliB, a TaKOX pYyHHyBaTH
paHilie yTBOpeHi IIIaMOBi BiJKJIaJACHHS, pOOJIIYH iX pH-
XIIUMH 32 CTPYKTyporo. HamiB3pyifHOBaHI 3aJIUIIKH
HAKUIY i UIaMy OCiTal0Th B 3aCTiHUX 30HAX — KOJEKTO-
pax KOTIiB, (piTbTpax-BiACTIHHUKAX, & TOMY HEOOXITHO
pETeNIbHO IOTPUMYBATHCh OKPEMOTO JUISl KOXKHOTO KOTJIa
rpadika MpoBeJIeHHs! MPOYBKH i CBOEYACHOTO OYMILCHHS
¢utpTpiB-BiACTIHHMKIB. KpiM 1bOTO, BIIPOBa UKEHHS TaKO1
TEXHOJIOTii TOTpedye TOMAaTKOBOTO MOHTaXY TEII000-
MIHHOTO OOJIaHAHHS 1 XIMIYHUX OJIOKIB.

OmHuM 13 BapiaHTIB BUpIMICHHS Ii€l IPOOJIEMU MO-
e OyTH BUKOPHCTAHHS MAarHiTHUX OYHCHHX HPHUCTPOIB,
BEITMKOIO IMIEPEeBarol0 sIKUX y MOPIBHSAHHI 3 iHIIMMH ara-
paTaMu, € Te, IO BOHM 3JaTHI NPOITyCKAaTH depe3 cede
BeJIMKI 00’€MH BOJM IIPU BJIACHUX MaJIMX rabapuTax 3 BH-
COKOI0 €(heKTHUBHICTIO MPOLECY BOJOOYHCTKH 1 BiTHOCHO
HEBEJIMKUMH EKCIUTyaTalliiHIMU BUTpaTaMH, a KOHLEH-
Tpallis IOMIIIOK B HEOUHUIIICHIH BO/I MOXE KOJIUBATHCH B
IIMPOKHUX Mekax (Bim morneit Mr/L[M3 bi o) F/,Z[MS) 1 cami
JOMIIIKKA MOXYTh MaTH Haipi3HOMaHITHImI (¢i3uKo-
XiMiuHi BiactuBocTi. [IpoMucCIiOBe BUKOPUCTaHHS TaKUX
YCTaHOBOK JUII TOHKOI OYMCTKH piiMH Oyno po3novare B
KiHOi 60-x - Ha mouatky 70-X pOKIB MicJsl CTBOPEHHS
¢ipmoro "Kpadreepk Yuion" (PPH) npoMucnoBux KoH-
CTPYKLIH eJeKkTpoMarHiTHUX ¢inpTpiB. B mopanbmomy
nmaHuid Metox BrpoBamkyeThest B CIIA, SAmonii, Lserrii,
Ascrtpanii, CPCP, YkpaiHi Ta iH.

ise Ta 3aga4i gocaimkeHHss. MeTorO IOCTIIKEHb
€ 3a0e3MeUeHAsS OYHIICHHS MUPKYIAMIHHOI BOAH CHCTEM
OTaJICHHS Bix Qepo- i mapaMarHiTHUX AOMIIIOK 3 BHKO-
pHUCTaHHSIM PEarcHTiB 1 MarHiTHOTO Moiisl. BixnmoBimHO 10
BKa3aHO1 METH OyJIM BU3HAUEHI TaKi 3a7a4l JOCIiIKEeHb!

1. Po3poOutu excrepuMeHTalbHI YCTaHOBKH JUIS
JIOCJTI[)KCHHST MarHiTHO-PEareHTHOTO OYHIIECHHS BOH Bij
napa- Ta (pepoOMarHiTHUX JOMILIOK.

2. JlocnmiauTy BIUIMB 103 PEarcHTIB, CHIOBUX Xa-
PaKTEpPUCTHK MarHiTHOTO IOJIs, TEMIEpaTypH BOJH, BO-
HEBOro TMOKa3HWKa pH Ta iH. Ha Tmporec MarHiTHO-
PEareHTHOTO OYHIICHHS BOIM.

3.  Po3pobuté KOHCTPYKTHBHI pIIICHHS YCTaHO-
BOK M peami3amii OYMIICHHS BOJU MAarHITHO-
pEareHTHUM CIIOCOO0M.
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[Ipu mpoBeneHHI CKCIIEPUMEHTIB BUKOPHCTOBYBAIH
Cy4YacHI METOJM IOCHTIDKCHb Ta OOJaJHAHHI: ONTHYHA
cUCTEeMa KOHTPOJIIO MPO30POCTi BOIM, KA CKIANAnach i3
reliii-HeoHOBOTO J1asepa i potomiona, dhoroxomopuMeTp
JIM®-72, reHepaTop MarHiTHOTO JUCIEPCHOTO MaTepiary
»Ermemar”. JlocmimHi maHi oOpoOIsuiM 3a JIOTIOMOTORO
ITEOM, pe3ynbTaTH eKCIEPUMEHTIB — BiAMOBITHO 10 pe-
KOMeHamii# Mi>KHapoTHOTO COI03y YHCTOI 1 MPUKIIAJTHOT
Ximil 3a MeTo/laMu BHW3HAYCHHA 1 (HOPMOIO TIO3HAUEHHS
MOMWIOK, BIIXWICHb, OICPKYBaHUX TIPH MAacCOBUX
AHAJIITHYHAX JOCHTIDKEHHSIX.

O0’€XT MOCTIHKEHD — MarHiTHI yCTAaHOBKH OYHCTKH
BOJIM CHCTEM BOJSHOTO ONAJICHHS Ta BOJM i3 3HAYHHM
BMICTOM TIapa i JJiaMarHiTHUX JOMIIIIOK.

[Ipeamer mocmikeHb — MPOIIEC OYMIICHHS BOIHM B
MAarHITHHUX BIJICTIHHHKAaX COTOBOT CTPYKTYPH.

MarHiTHO-peareHTHy OYHCTKY BOJH BHKOPHCTOBY-
I0Th y pa3i HeoOXiTHOCTI BWIyYaTH TapaMarHiTHi i
JliaMarHiTHI AoMiliku. BBeeHHs B ouniyBauy Bony (de-
POMarHiTHOTO peareHTy (MarHeTUTy) i KOoaryjsHTy abo
JYTY TO3BOJISIE OTPUMATH arperaTv, 10 CKIAAy SKHX BXO-
JITh ()epoMarHiTHI YaCTHHKUW MarHeTUTY i HPOJYKTH KO-
aryJsinii, o 31aTHI pearyBaTy Ha {0 MarHiTHOTO MOJIS.
SIKIIIO TOMICTHTH OYHIIyBady BOAY 3 YTBOPCHUMH B Hilt
(epoMarHiTHIMHU arperaTaMH B MarHiTHE TOJe, TO IX
TiZpaBiiyHa KPYIHICTh 3HAYHO 301TBIIYETHCS, MPHIOMY
IIBUJIKICTH HAIPABJICHOTO PYXY 3pOCTae MO Mipi HaOIH-
JKCHHS [I0 TOBEPXHI MarfiTy, TOOTO 3pOCTaE 3 POCTOM
MAarHITHOTO CHJIOBOTO (akTopa Sk mpukiax Oaratodax-
TOPHOTO BIUIMBY Ha ()epOMArHiTHY YaCTUHKY MarHiTHOTO
MOJIsT PO3TJSIHEMO BIUIMB psiny (DakTopiB HAa 4YacTKY,
BMIILICHY B PiIUHY.

Ha ommHOuHy wacTKy Macor M, = w, X p, Oi€
BUIIITOBXYBaJIbHA cHIIa A = = @, X p, 1 Maca caMoi 4acT-
ku. Ilpu p, > p, CHIBBITHOLIECHHS MIDX AIIOYMMH Ha 4acT-
Ky CHJIaMH Ma€ BUIJIAL M, > 4. Y 11X yMOBaX HampsiMOK
PYXy YaCTHHKH 30pi€eHTOBaHe 3BepXy BHHM3. Ilix gac Tako-
ro pyxy QopMmyeTbcsi 3yCTpiuHHI PyX piAWHU 31 MIBHA-
KICTIO Wy, TIEPEIIKODKAIOYN HU3XIAHOMY pyXy. B pe3yib-
TaTi BIUIMBY Ha YacTKy BCiX 3raJlaHUX CHJI BOHa Oyne
ocimaru 31 mBuakictTio Vq (puc. 1, a). JliarmasoH 3pocTaHHs
MOJKJIMBOT IIBHIIKOCTI OCIJIaHHS OOMEXKEHHUH BIpOTiIHOIO
PI3HHUIICIO MUTOMOT MAacH YaCTHHOK JOMIIIOK 1 PiJIMHU, B
SIKi¥l YacTKa po3TalloBaHa.

Po3srnsHeMo BHIAZOK TPU JOJABaHHI B PiIUHY iH-
10 YaCTHHKU (XapaKTepU3YEThCS MArHITHUMH BJIACTH-
BOCTSAMH) 3 Macorw M,, = w,, X p,, 3 TUTOMOIO MacoIo p,, >
Pus PO3MIPOM MEHIINM TONEPETHBOL (@, > w,, abo 1/6 %
x 7d,2 6> 1/6 x nd,} , 10610 d,> d,, ) (puc.1, 6). 3aBysKu
MOXJIUBO1 PI3HHMIN TOTEHINANIB MiX IMOBEPXHIMH 000X
YaCTHHOK BOHHM yTBOPIOIOTH HOBY Oumpmry gacTtky. Oue-
BHJIHO, Maca HOBOT YaCTUHKH JIOPIBHIOE Maci JBOX YaCcTH-
HOK M, = m, + + m,,, a 3araapbHU# X 00CAT BiANOBigae
cyMi 00’€MiB KOXKHOI 3 HUX, TOOTO W, = = w, + w,, . 32
[UX YMOB CITIBBIJTHOIICHHS M)XK MacOO arperary i CHiIow0
HOr0 BHUIIITOBXYBaHHS BiJIPi3HSIETHCS BIJI TAKOTO X Mapa-
MeTpa Il TEepHIOT0 BUMAJIKY, IO PO3MNISAIAEThCSI. Y
IOMY CITiBBiTHOIIICHHI 3HAYCHHS CHJIU, [0 BU3HAYAETh-
€51 Macor0 9acTKH 3pPOCTa€, a, OTKe, MBHUIKICTh OCAIKEH-
HsI 9acTHHKH 30imbiryersest (V, > V). Ilin gac Takoro py-
Xy (opMyeTscsi 3yCTpiUHHN pyX DPiIMHH 31 IIBHUAKICTIO
W,, TIEPeIIKoKalou HU3XiTHOMY pyxy. CHila mepeniko-
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JIM IIBUIIKOCTI BUMAAaHHs B 0CaJ| YACTUHKH IPOMHOPIIiiiHa
MIBUAKOCTI 11 ociganus (Wy > > Wy).

nsixoM momaBaHHS «COpOCHTY» B piIKe ceperno-
BUIIE 3 ABISETHCA MOJIIMBICTH YIPABISATH IHTEHCHB-
HICTIO TIporiecy Horo mposcHeHHs. OqHaK Jiama3oH Takoi
MOJKJIMBOCTI OOMEXEHHH BipOTiAHOIO PI3HHUIICIO IIUTOMUX
Mac YaCTHHOK JOMIIIOK 1 «COPOEHTIBY.

Posrisinemo Tpetiii Bunanok (puc. 1, B) — BIUIMB
MAaTrHITHOTO TIOJI Ha PiUHY 1 arperaT, yTBOPEHHUIA 3 mep-
o 1 pyroi yacTku (IUB. MONEPEAHIH Ipyruil BUAIO0K).
Arperar, 3aBAsSKH HasBHOCTI B Horo ckimazai Qepomar-
HITHOT YaCTKHM TaKoX BOJIOJI€ MarHiTHUMHU BJIACTUBOCTSI-
MH. MarHirt, po3TanioBaHU# il HHKHBOIO YaCTHHOIO T10-

Mexanixo-mexnonociuni cucmemu ma KOMnieKcu

CYIVHH 3 PIAWHOIO Ji€ HA arperoBaHy 4acTky. Hampsmok
BEKTOpIB IpaBiTaIlifHOT Ta MarHITHOI CHJI, JIFOYMX Ha Ta-
Ky 49acTKy 30irarorbcsi. Cyma BEKTOpiB 000X cui 00ymo-
BJIIO€ 3POCTAHHS MIBHIKOCTI PyXy YaCTHHKU B HAMPSIMKY
MarHiTy (V3> V;). Ilpu 361IbIICHH] MIBUAKOCTI OCiTaHHS
YaCTHHOK 3pPOCTAIOTh 3HAYCHHS BUXPOBUX BUCXIJIHUX I0-
TOKiB (W3 > W,). OHaK MIBHIKICTH OCiJaHHS YaCTUHKU
HabaraTo mepeBepllye aHAJOTIYHUN Iapamerp NpH Bif-
CYTHOCTI BIUIMBY MarHiTHOTO moJisl. [3 30iblIeHHSIM Mar-
HITHOrO CHJIOBOrO (hakTOpa IIBHAKICTH PYXY YACTHHKH
3pocTae, i, sIK HACHIJIOK, 3'IBIISETHCS MOKIIMBICTh yIIpaB-
JISITU TIPOLIECOM TIPOSICHEHHSI PiIHU.
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Puc. 1 — Cxemu ocamkeHHs (epOMarHiTHUX arperariB: a —4acTKa B TpaBiTaIL[ifHOMY IOJIi; 6 — 4yacTKa 3a0py/JHEHHs arperoBaHa 3

4acTKOI0 (DepOMarHiTHOTO AUCIIEPCHOTO MaTepiany B rpaBiTaliiiHe

TI0JIE; 8 — YacTKa 3a0py/IHEHHS arperoBaHa 3 4acTKo ¢epomar-

HITHOTO JUCIEPCHOTO Marepiay B IPaBITAIHIX I MAaTHITHOMY ITOJISIX

[epesipka i€l TimoTe3n 3aidcHIOBANACS B TaOOPAaTOPHUX yMOBaX. Y CTaHOBKA Oyila BUKOHAHA Y BUTJISAII TPUKYT-
HOT KIOBETH 3 PO30poro marepiany. Po3mipu kKroBeTH: mupuHa 2 cM, Bucota 12 cm, Kyt - 45°. Sk mkepeno cBiTia BU-

KOPHCTOBYBABCS JIa3epHUI BUITPOMiHIOBaY (puc. 2).

[TpomiHb nazepa OpieHTYBaBCs NMEPICHIUKYISIPHO 10 MIOBEPXHI KIOBETH B TOYKY M, po3TanioBany Ha 2/3 Bix Bep-
muHY KyTa. [IpomiHb nazepa, mpoxoas4yu yepe3 KIoBeTy, OKycyBaBcsi Ha poTonpHuiiMadi. 3a iIHTEHCHBHICTIO IPOMEHS
Jla3epa MPOBOJMBCS KOHTPOJIb CBITJIONPOITYCKAaHHS JOCIIJKYBAaHOTO PO3YHMHY, PO3TAIIOBAHOTO B KIOBETi. 3MiHa -
HAMIKH IHTEHCHBHOCTI CBITJIONPOMYCKAHHS MICIIs NEPETBOPIOBaYa KOHTPOJIIOBAIACh HA (PIKCYIOYOMY MPUCTPOI. 3MiHA
MAarHITHOI XapaKTePUCTUKU CHCTEMH JOCATAJIOCS IUIIXOM 3MIHM MarHiTHOI HAPY>KEHOCTI MarHiTHOTO TIOJISL.

9

Puc. 2 — JJaboparopHa ycTaHOBKA JOCIIIJDKEHB IIPOIECY OUUIICHHS BOAX: | — JUKEpero >KUBJIEHHS; 2 - JIa3epHUI BUIIPOMiHIOBAY; 3 —
TOPH30HTANIbHA BiCh PO3TAIlyBaHHS TOUKH «M»; 4 — MarHiTHa CUCTEMa; 5 — KIOBETa 3 IIPO30pOro Marepiaiy; 6 - T0CIiKyBaHa BOJa;
7 — poronpuiiMay i mepeTBOpPIOBAY CBITIA B €ISKTPUIHUN CUTHAI, § — epeTBoproBay; 9 — dikcyrounit mpuctpiit; 10 — Touka «m» Ha
MepeHil CTiHII KFOBETH, Yepes sIKY IMPOXOANTH Ja3epHHUil MPOMiHB, N - BUcoTa po3TanryBaHHs TOUKH «M», h, - BUCOTa LIapy cyc-
HeHsil B KIOBETI.
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BuxopucTtanHs BiJICTIHHUKA, MO BKIIOYAE CUCTEMY
HeTapaielbHUX IIACTHH A€ MOMIJIMBICTD CTBOPHUTH He-
OJTHOpiJIHE MarHiTHe 1oie, cuioBuil dakrop H x gradH
(H - manpyxenictb, gradH - TpamieHT HampyKeHOCTI,
SIKHH XapakTepu3y€e HEOJHOPIAHICTE MATHITHOTO TOJS B
3aJaHOMY HampsMi), SKOTO 3pPOCTAa€ B3JIOBX OICEKTPHUCH
KyTa /10 Horo BeplnHi, 3a0e3nedyroun pyx (epoMarHit-
HHUX YaCTHHOK B IIbOMY X HampsMmKy. J[ns 3abe3neueHHs
NpOLIECY 3MiHU CTPYKTYPH CHCTEMH (Koaryisuis, ¢iaoky-
JIsILLs, COpO1Lisl) 10 MOJIENILHOTO PO3YMHY BBOJMIIM KOAry-
astaT, ayr (CaOH),; Aly(SO4)z Ta iH), a mis CTBOpEHHS
YMOB B3a€MOJIii NMPOAYKTIB KOAryJsilii 3 MarHiTHUM I10-
JIeM — MarHiTHOCIPHWHSATINBUN TUCTICPCHUN Marepiai -
MarHeTur.

Sx mocmimKyBaHOI cepeloBHINAa BUKOPHUCTOBYBAIH-
Cs IITYYHI PO3YMHHU 3 OKCHIB 3alTi3a, KaJbIlif0, MarHifo,
OEHTOHITOBOI IJIMHM, CTIYHOI BOAM. SIK MarHiTHOI OCHOBU
BHKOPHCTOBYBABCSI MarHeTHT, OTPHUMAaHUIN XiMidHIM a0o
¢izuuanM  metonamu. OOCST JIOCHIZPKEHb BH3HA4YaBCS
KIUJIBKICTIO OCHOBHUX (DaKkTOpiB, 110 BIUIMBAIOTH Ha IPO-
LIEC PO3IUICHHS CyCMeH3ild. [HTEHCHBHICTh I[HOTO IIPO-
Lecy, ska XapaKTepPH3YEThCsl PO3PAXYHKOBUM MapameT-
poM Kk, a TaKoK 3aJIeKUTh BiJl IHIINX (aKTOpiB. Y 3arajib-
HOMY BUIJIAMI 3raJjaHa 3aJeKHICTh Ma€ BUTIISL

k:f(dmn dkn tOCI ngradHY pHY CO)’ (1)

In(l - @)

ISSN 2411-2798 (print)

ne: d, — mo3a marserury, r/am°; d, — 103a KOaryisHry,
mr/mvS; t°C — temneparypa Bomsl, °C; H x gradH — cn-
noBwii pakrop MarniTHOTO OIS, A%/M°; pH — BoxHEBHI
mokasHuK Boau; C, — MoYaTKoBa KOHIICHTPAL[iS MEXaHid-
HMX JIOMIIIIOK, MF/,I[Ma.

Jocninu mpoBesieHI B CTaTWUYHHUX yMOBaX. B xomi
JIOCIHIJPKEHb OTpHMaHi 6arato coTeHb IpadidHuX 3aiex-
HOCTEH 3MiH ONTHYHOI I'YCTHHH B TOULI «M» GaraTtodas-
HOi cucremu B yaci (puc. 3). I'padiku Mann HenmiHiHHUNA
BUTJISL.

Ha nepuromy erami nporecy npoTsroM 4acy t 3MiHH
ONTHUYHOI TYCTHHH OaraTo()akTOPHOi CHCTEMH B TOYII
«M» HE CHOCTepiranock, JiHig rpadiky y BCbOMy iHTEp-
BaJyi 7 Oyna ropu3oHTanbHOW0. Leit yac € HeoOXiTHIM IS
MepeMilieHHs]  OCHOBHOTO  (pOHTY  KOHIEHTpamii
HaOUTPIMX (pakmiii momimok OaraTodazHoi cHCTeMH
y3moBx iHTepBaiy h, - h (3oHa A puc. 3).

[Ticns 3akiHYEHHS 4acy 7 HPOSCHEHHS BEPXHHOTO
mapy OaraTodasHol CHCTEMH TPHBAJIO, OCITald OUIBII
npibHi  ¢pakuii ¢epoMarHiTHUX goMimiok 1 Qpaxuii
JTIOMIIIIOK, BOJIOJIIOYMX OLUIBIN CIA0KO BHpakeHUMH (e-
pOMarHiTHUMH BiacTUBOCcTAMH (30Ha b puc. 3). Bix reo-
METPUYHUX PO3MIipiB, MacH i (pepoMarHiTHUX BIIACTHBO-
CTeH YaCTHHOK JOMIIIOK came Ifi€i yacTuHu Oaratoga3zHoi
CHCTEMH 3aJICKUTh TPUBANICTH t, - T — HAWOUIBII iHTEH-
CHBHOI 3MiHH {i ONTUYHOT I'yCTHHH B TOUIIL <M.

kE=0/ (th—17) |

¥=1-exp[-k(t) —7)]

Puc. 3 — 'padpiuna iHTepnperaiiist eKCIepUMEHTATBHUX Hociimkerb GyHkiii ¥ = [-exp [-k (t,-7)/: 1 — moyatox iHTeHCHBHOT JIO-
Kauti3auii TOMIIok; 2 — eKCriepuMeHTalIbHa KPHBa; 3 — pO3paxyHKoBa JiHis; 4 — TOYKA YIOBIIbHEHHS IHTEHCHBHOCTI JIOKaJTi3aii
JIOMIIIIOK; T — MapaMeTp, 110 XapaKTepH3y€e TPUBAIICTh GOPMYBaHHS arperaTiB i iX nepeMillleHHs B 30HY TOYKH «M»; t, — mapamerp,
LI0 XapaKTepu3ye TPUBAJTICTh IHTEHCHBHOI JIOKaITi3aLii YaCTHHOK; 4, - BenuyrHa napamerpa In (1-¥), ska crioctepiraeTbest IpOTAroM
yacy ty-7

ITicist ocimaHHS OCHOBHOI YaCTHHM IOMIIIOK Oara-
To()a3HOI CHCTEMH, PO3TAIIOBAHOI HaJl TOYKOIO «M» TIPO-
I1eC 3MiHU ONTUYHO{ TYCTHHU MOMITHO 3HIKYBaBCs (30Ha
B puc. 3).

B xo1i 00po0KH eKCTIepUMEHTATBHUX TaHWX BH3HA-
Yaich 3HAYCHHS PO3PaxXyHKOBUX MapameTpiB to, 7, 4, mo
XapaKTepU3yITh OCIIPKYBaHHH TIPOIeC.

B pesynbraTi AOCHIIKEHh BCTAHOBJCHO, IO MU
MaJiux 3HaueHHsAX Komiuiekcy -K(t,-7) BenuuuHa mapamer-
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pa ¥, axuii xapaktepusye e(QEeKTHBHICTh PO3IiIICHHS
cycneHsii, mae Mane 3HadeHHsA. OmHAK 31 3pOCTAaHHAM
KomIuiekcy -K(t,-7) 3HaueHHs mapamerpa ¥ Takox 3poc-
tae i mpu -K(ty-zr) =3 edexruBHicTs moxminy ¥ mocsrae
6inmpie 95%. BusBIeHO B3a€MO3B'S30K MiXK pO3paxyHKO-
BuMH napamerpamu K, t, i 7. Tak, B3aemo3B's130k Mix (t,-7)
i pO3paxyHKOBHM MapaMeTpoM K B MareMaTHuyHOMY BH-
TJISITI Ma€ BUTIISIL:

-0,5
to-7 =156k (2
3 ypaxyBaHHSM BUSIBJICHHX B3a€MO3B'SI3KiB MIX pO-

3paxyHKOBHUMH Mapamerpami to, 7, k, MaTeMaTHYHUN BH-
pas, IpeaCcTaBlIeHni Ha puc. 4 HaOyze BUTIIAAY;

Mexanixo-mexnonociuni cucmemu ma KOMRJieKCcu

[ToOymoBaHMii 3 MaTeMaTHYHOTO BHUpa3zy Tpadik
no6pe y3ro/KyeThCs B YChbOMY Jiana3oHi 3Minu K 3 ja-
HUMH JocTikeHb. O4YeBHIHO, TaKe Y3TOKEHHSA CBil-
YHUTH PO JOCTOBIPHICTH BUKOHAHUX POOIT i PO iCHyBaH-
HS O0°€KTHBHOTO B3a€MO3B’S3Ky MK TOCTIIKYBaHUMH
napameTpamH.

Ciiz 3a3Ha4YMTH, IO B JOCIIAaX MPU MPHUTOTYBaHHI
baratodazHoi poOoUOro cepemoBuINa (CyCHeH3ii) BUKO-
PHCTOBYBAJINCH JOMILIKK PIi3HOI NMPUPOIU 1 BIIACTHBO-
cTel, 3MIHIOBAJIMCh 3HAYEHHs Ta IHIIMX (DAKTOPIB, OJHAK
BiJIYyTHOTO BIUTUBY Ha B3a€MO3B's30K Mixk K, t, 1 7, 1ie He
pobutb. Ha mincraBi pe3ysibTaTiB  MpOBENEHUX JIO-
CIiKeHp Oyia po3poOJeHa TEXHOJOTiYHA CXeMa OYH-
IICHHS BOOM B MarHiTHOMY IIOJIi 3 3aCTOCYBaHHSM pea-
TEeHTIB, [0 BOJIOAIIOTH MarHITHUMH BIIACTHBOCTSIMH (pHC.

¥ =] - exp(-1,56 x k°°) (3)  5)[9, 10, 11].
¥ -
0.8
0,6 -
04 L2
g
0,2
e
0
0 2 4 6 8

k)

Puc. 4 — 3anexHicTs eeKTUBHOCTI JT0Kami3aLil qomimiok ¥ BiJ mapamerpy

VYcraHoBKa Mpamioe HAcTyMHMM YHHOM. BuxinHa
BOJIa, Pa30OM i3 BIJICTOSHOK B IIUIAMO30ipHHKY BOJIOKO,
MOCTYNA€e B 3MillyBay BEPTHKAJIbHOTO THUILY, B SIKUH I10-
AIOThCS MArHITHUN TUCTIEPCHUN MaTtepian (MarHeTHT) i
peareHT (CipYaHOKHCIHHA ATIOMIiHIN, YT 49X iHIOINHA pea-
redr). IligrotoBneHa TakMM YHHOM BOJa IIOCTYIIAE B
MarHITHUA BiICTIHHWUK 1€ BigOyBaeTbcs 3aTpUMaHHA
YTBOPEHUX B 30HI BiAICTIHHUKA ()epOMArHITHUX arperaris.
JlokamizoBaHi y BiACTIHHHKY arperatd BiIBOIATHCA ¥
BY30JI pereHepailii, e 31IHCHIOETbCS BiJJOKPEMJICHHS 3a-
Opy/AHEHb BijJ NOBEpXHI YaCTUHOK MarHeTuty. Perenepo-
BaHM{ MarHETHT MOCTYIIAE y By30JI HOTO IIPUTOTYBaHHS, a
BiZIOKpeMJICHI 3a0pyTHEHHSI - B 1I1aM030ipHUK. YacTKoBO
BIZICTOSIHA HA MarHiTHOMY BIACTIHHHUKY BOJia IIOCTYIIA€ Ha
3epHUCTHH (PiNBTp UIA OLTBII TIAMOOKOTO JOOYHUIICHHS.
OunmieHa Ha GUIBTPI BOJAa BiABOAWTHCS Ha 3He3apa-
KYBaHHSI, B aKyMYJIFOFOYi €MHOCTI YH BOJOCIIOXKHBAYY, a

il HeBenuka yactuHa (<1 %) moOCTymae y By30J peareHt-
HOTO TOCIIOZaPCTBA Ta BY30JI IPUTOTYBAHHS MAarHETHUTY.

[MpomuBHA BOJa, HIO MEPIOAMYHO YTBOPIOETHCS IMiJ
4yac MPOMHBKH 3€pPHHCTOrO (DinbTpa, BiABOAWTBCS B ILIa-
M030ipHUK. YacTKOBO BiICTOSIHA B TDIaMO30IpHUKY BOJA
TIOCTYTIa€ B 3MIIlyBa4 yCTAHOBKH il ouncTku. Ocan 3 muia-
MO30IpHHKA TEPIONMYHO BiJBOIUTHCS HA YTWII3AII0 - B
[JTAMOHAKOIIMYYBadi, 3aBOJIM 110 NIepepoOIli BiXOIIB YK Ha
YCTaHOBKY CIATIOBAHHSI.

HoBa TexHOIOTIs MOMIIIICHHS SIKOCTI BOIH 3a0e3rie-
4ye JOCTATHIO €(DEeKTHUBHICTh OYMCTKMA BOJM BiJ 3aBHCIIHX
pedoBrH (B ToMy umcii 90 — 96 % Ha cTymeHi MarHito-
peareHTHOI ouMcTKH) — 99 % (mpm iX KOHIEHTparii 1o
300 MF/,Z[M3), 3amiza — 95 — 99 % (mpm MmicTKOCTI 3aii3a 10
10 mr/am®), conei TBepaoCTi - 85-95 % (mpu KOHLEHTpail
B BXiHiit Bomi 10 15 mr-exs/mm®), BCK — 90 — 95 % (mpu
saauendi bCK B Bxiguiit Boai mo 50 MF/,Z[Ms), MarHeTury i
maremuty — 99 - 99,9 % (mpu iX KOHUEHTpalii 0
5 1/mm).
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KomEiHoEaHE
YCTAHOBHS
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EWMHICTE BOAM 4NA
OHHCTHM

EMHICTE YMCTOI
BOAM

R R RN

YCTaHOBKa pereHepalyii

S

///////////////E////////

EMHICTE pErEHEROEAHOMD
FETHETUTY

EMHICTE MPOMWMBHOI
BOAM

Puc. 5 — TexHosoriyna cxema MarHiTO-peareHTHOT OYMCTKH BOAN

BucHoBkn. B pesynbraTi BUKOHaHHX JOCIIKCHb

BCTaHOBJICHO B3a€MO3B'I30K MiX pO3paxyHKOBHMH Tapa-
merpamu K, t, i 7, BW3HAa4YeHI KOHCTAHTH MiX IX
CITIBBITHOIIEHHSMH, IO JTO3BOJISIE PO3POOUTH HOBI ITiJI-
XOJ/IM MPUPOIOKOPUCTYBAHHSI, CTBOPUTH HOBI TEXHOJOTIT
cemnapaiii 6aratoasHuX MOTOYHHUX CHUCTEM. 3ampoIOHO-
BaHO TEXHOJIOTIYHY CXEMYy YCTAHOBKM OYHIICHHs Oara-
TO(a3HUX PIAKUX CHCTEM 3 MArHITHUMH BJIACTUBOCTSAMHU.
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YIPABJIEHUE IMTPOEKTAMM NPEJIYHPEXJIEHUS YPE3BBIYAMHBIX MPUPOJHBLIX CUTYA-
O HA MATUCTPAJIBHBIX ABTOJOPOT'AX C YYETOM PUCKOB

OnHol N3 BaKHEHIINX COCTABIIAIOMIUX YCIIEIIHOTO YIIPaBJIEH s MIPOEKTaMH NPeAyNpeXICHHs Ype3BblUaiHbIX IPUPOAHBIX CUTYalMH SBIAETCS CIO-
COOHOCTH BBISBILATH, OLICHUBATH PHCKH H YIPABIATH UMHU. IIpOBeeH aHAIN3 PHCKOB, KOTOPbIE BO3MOXKHEI IIPH YIIPABICHHU MPOSKTaMU HpeayIpe-
XKICHHS Ype3BHIYAWHBIX MPUPOAHBIX CHTyalll Ha MaruCTpalbHBIX aBTomoporax. Pa3paborana maTemaTuueckas MOAENb IUIAHUPOBAHUSA PaboOT 1o
MIPOEKTY NPEAYNPEKISHHs Upe3BbIYaiHBIX IPHPOIHBIX CUTYal[MOHHAs! MATMCTPAJIbHBIX aBTOAOPOrax ¢ yYETOM PUCKOB, KOTOpas OTHOCHUTCS K KJaccy
3a/1a4 MaTEMAaTHIECKOr0 IIPOrPaMMUPOBAHUS CO MHOTHMH KPUTEPHAMH. Pe3ynbTaThl HCCIeN0BaHUS MOTYT OBITH HCIIONB30BAHBI IPU IIAHUPOBAHUH
paboT pa3nHYHBIX MIPOEKTOB C YUETOM PHUCKOB.

KuroueBrle ciioBa: yrpaBieHUe MPOSKTAMU, YPE3BbIYAITHBIE CUTYAIUH, IPEIYIIPEXIECHUE, MaTHCTPaJIbHbIE aBTOOPOTH, PUCKH, paboTa.

OpHi€r0 3 HABAXIIMBILIMX CKJIQJ0BHX YCIIIIHOTO YIIPABJIHHS MPOEKTaMH NONEPEPKEHHS HaA3BUYaHHUX MTPUPOJHUX CUTYAIlH € 31aTHICTh BUSBIISI-

TH, OLIIHIOBATH PU3MKH 1 ynpasisTi HUMH. [IpoBe/ieHO aHai3 PU3HKIB, SIKi MOXIIMBI IIPH YIPaBIIiHHI MPOEKTaMH MOTIEPE/UKEHHS HaA3BHYaiHUX MPH-

POIHUX CHTYyallili Ha MariCTpajbHUX aBTOAOpOrax. Po3poOieHo MaTeMaTH4YHy MOJEINb IJIaHYBaHHS POOIT 32 MPOEKTOM MONEPEIKeHHS Ha/13BUYaii-

HMX IPUPOJHUX CUTYyalliiiHa MaricTpajibHUX aBTOJAOPOrax 3 ypaxyBaHHSAM PU3HUKIB, Ka BiTHOCUTBCS JI0 KIJIACY 3a/la4 MATEMAaTUYHOTO IIPOrPaMyBaHHs

3a GaraTtbMa KpuTepismMu. Pe3ynpTaTn mociiKeHHs MOXYTh OyTH BUKOPHCTAHI TIPH TTaHYBaHHI POOIT Pi3HUX IPOEKTIB 3 ypaXyBaHHIM PH3HKIB.
Ku1104o0Bi cJj10Ba: ynpaBiiHHS NPOSKTaMH, Ha3BUYalHI CHTYaIlii, TONepeKeHHs, MariCTpajibHi aBTOIOPOTH, PH3UKHU, poOoTa.

Implementation of project management in project management practices to prevent extreme natural emergency situations on main roads will
significantly save the budget of the projects, to reduce the time of their execution, improve the quality of work performed on the project. One of the
most important components of successful prevention project management of natural emergency situations is the ability to identify, assess and manage
risks. Analysis of risks is conducted in the article. These risks are possible in the prevention project management of natural emergency situations on
the main roads.

A mathematical model of the planning of the prevention project of natural emergency situations on the main roads is developed. This model
takes into account the risks, which belongs to a class of mathematical programming problems with many criteria.

As a scientific novelty, a mathematical model of the planning of the prevention project of natural emergency situations on the main roads,
taking into account risks is first developed.

The practical importance. The model of planning of the prevention project of natural emergency situations on the main roads can be used to
create automated decision support systems of prevention project management prevention of natural emergency situations on the main roads, to
development of AWS of project executives and managers.

Keywords: project management, emergency, warning, main roads, risks, work.

© H. 10. ®unb. 2016

Bicnux HTY “XIII». 2016. Ne17(1189) 111


mailto:bkmw@ukr.net
mailto:bkmw@ukr.net

