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KBA3HOIITUMAJIbHOE YIIPABJIEHUE 3ATPY3KOM KOHBEMEPA
HA OCHOBE MUHUMAKCHOI'O KPUTEPUSA KAYECTBA

B pabome oOvina pewena 3a0aua cunmesa KEAZUONMUMATLHO2O pe2yNamopd, 00ecneyusaruye2o
MUHUMUZAYUIO OMKTNOHEHUS 3a2PY3KU KOHBellepa npu MUHUMYMe dHepeemuyeckux 3ampam Ha ynpasnenue. llpu
ocyWecmaneHuu npoyeoypvl Cunme3d UCHOIb306ANACy MAMEMAMUecKds Mooelb CUCmeMbl Cmaburu3ayuu
3aepy3Ku KOHGelepa ¢ Y4emom Yucmozo 3anazoblanus no nepemewenuio epy3a u KoiebameibHoM Xxapakmepe
nepexooHo20 npoyecca 8 KoHmype ckopocmu. s HaxoxicOeHus K8a3uonmumMaibHo20 YRpasieHus UCHOIb308d1Cs
Mmemo0 Auzexca — benimana, noseonaowezo natmu MUHUMYM QYHKYUOHAA KAYECMEA NPU HAUXYOULeM GIUSTHUU
so3Myuarowux 8030elcmeuil. 3adaua peutanacs npu YCiosul CyujeCmeo8ams «Ce0ao80y mouku MUHUMAKCHO20
Kpumepusi ONMUMAIbHOCHU O YNPAGIAWEM) U 803MYUarOwum 8030elicmeusam. B pesynomame cunmesa 6vin
NOTYYeH 3aKOH KBA3UONMUMANbHO20 VYNPAGNEHUS 8 8U0e CYMMbl JTUHEUHbIX COCMABIAIOWUX OM NepeMeHHbIX
cocmosanus. Hccnedosanue memooom yupposozo moOoenupo8aHusi ROKA3AL0 NPeuMyuwiecmed NOay4eHHO20
aneopumma  YNpaeneHus Hno  CpABHeHuilo ¢ Kiaccuyeckumu — pezynsmopamu. llomyuenuwiii  3aKoH
K8A3UONMUMANLHO20 YNPAGIeHUus 00CMAMOYHO HPOCMO MOdiCem ObiMb peanu308an HA NPOcPaAMMUpyemom
KOHmponepe Oist YRpasieHust KOHgeepoMm.

Knrwouesvie cnosa: 3arpy3ka KOHBelepa, TPaHCHOPTUPOBKA CHIIYYHX MaTepHanoB, MeTof Aiizekca -
bennmana, MUHAMaKCHBIN (DYHKI[HOHAI KQ4eCTBa, CEJI0Bas TOUKA.

BBenenue. B Hacrosiiee BpeMs Ha NMpENPHATHIX aKTyaJdbHOW SIBISETCS 3ajada SHEpProcOepexeHus 3a
CYEeT ONTUMU3AIUU PAOOTHI CUCTEM C PETYIUPYEMBIM 3JeKTponpuBooM. OTHUMU U3 Hanboyiee YHEPTOEMKHUX
QJICKTPONPHUBOAOB CO 3HAYUTCIbHBIM MOTCHIHAJIOM 3Heproc6epe>1<eHH;1 SBIIAOTCA KOHBeﬁepHLIe CHCTCMBI
HETIPEepHIBHOM TPAaHCIOPTHUPOBKH CHIITyYHX IPY30B, TAKMX KaK MECOK, yroib, 3epHO. [IpiMeHeHne peryimpyeMbIx
3JIEKTPOIIPUBOJIOB  TIO3BOJSIET  CTAOWIIM3MPOBATH  3arpy3Ky KOHBeiiepa, 00ecHeudTh MaKCHMaJIbHYIO
MPOU3BOIUTENBEHOCTD, YBEIMYUTh HAJEKHOCTh M JONTOBEYHOCTh CHUCTEMBI B LEJIOM. BaXHO OTMETHTH, YTO
MMEHHO cTa0wiu3anusi KOJMYeCTBa TIpy3a Ha KOHBEHepe IMO3BOJISIET TIOJyYUTh MaKCHMAaIbHYIO
3HEpPro3hGpeKTUBHOCTH 000PYJOBAHUS.

B 10 e Bpems cymecTBeHHON Mpo0eMoil BHEAPEHNS TAKUX CUCTEM SBISETCS CII0KHOCTh MX HaJlaJKu U
JKCIUTyaTauu. Jleno B TOM, 4YTO HalW4Me YHCTOTO 3ama3/blBaHUS B KOHTYpE pEryJHpOBaHHS JIeJIaeT
He3((EKTUBHBIM TPHUMEHEHNE CTAaHIApTHBIX pPEryJIATOpPOB, IIOJNydaeMbIX METOAAaMH II0CIIe0BATEIbHON
KOPPEKINH, THO0 YaCTOTHBIMH MeToaMu. OTKIIOHEHHUS peasIbHON 3arpy3KH KOHBeHepa OT 3aJaHHOW IPUBOJIAT K
neperpysKe NPUBOTHBIX JBUTATENEH, X MEePETPeBy, a TAaKXKe H3TUIIHEMY HOTPEOIICHHIO CUCTEMOH  YIIPaBICHUS
3IEKTPOIHEPTUU.

Heas u 3axaun uccaenopanus. [lomydenne Hammydmero pexxnma paboTel KOHBeHepa ¢ TOUYKH 3pEHHS
5HEeprod(PpPEeKTHBHOCTH BO3MOXKHO 3a CYET NPUMEHEHHUS PETYIATOPOB, MOIYYCHHBIX ITyTeM TPHUMEHEHHS
Ppas3IMYHbIX METOAOB OITHUMHU3AIIHUHA. O)IHI/IM n3 HamboJjee 3(1)(1)CKTI/IBHI)IX METOAOB CHHTE3a OITHUMAJIBbHBIX
perynsaTopoB sBisieTcst MeTo] bemmana — JIsmyHoBa. B 3ToM citydae 3aKoH yrpaBieHHS A1 CHCTEMBI C YHCTHIM
3ama3/IbIBAaHHEM M CIIy4aiHBIM BO3MYIIAIOIINM BO3JIEHCTBHEM OYyIeT copepkaTh KO3 QHUIUCHTHI, 3aBUCSIIIE OT
BpeMeHu. [Iponeaypa roncka aHaIUTHYECKOTO BBIPAXKEHUS IS 9THX KO3()(UIIMEHTOB C BEIYUCIUTEILHOM TOUKH
3peHHsl SBISIETCS KpallHE TPYJAOEMKOW U NpHUBENET K 3HAYUTEIBHOMY YCIOXKHEHUIO CHCTEMBI YNpPaBICHUS.
[TosToMmy, pa3paboTka cUCTEMBI YIIpaBICHUS 3arpy3Koi KOHBeHepa, obecneyrBaromas OonTHMalbHOE ITOBEICHUE
CUCTEMBI U OTHOCUTEIBHO MPOCTON C TOUKU 3PEHUS IPAKTUUECKON peann3alu, SBIIeTCs aKTyallbHOH 3a1aueil.

Matepuan u pe3yJbTaThl HCCJIEA0BAHNS. 3a/1a4a PETYIMPOBAHUS 3arpy3KH KOHBEMEPOB 11l CHHKEHUS
SHEPTONOTPEOICHNUS NPEANPHUATHN C CHCTEMaMH TPAHCIOPTHPOBKH CHIITyYNX MATEPHAIOB IIHPOKO
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paccmarpuBaercst B pabotax [1-5]. B HuX pemaercs 3agaua cHHTE3a JIMHEHHO — KBaJAPATUUHBIX PErYJIITOPOB
3arpy3ky, B KOTOPOH CYIIECTBYIOILINE HEIMHEHHOCTH pacCMaTpUBAIOTCA KaK MUHUMHU3HPYEMbIE YIPaBIISIOIUE
BO3AEHCTBHs. Takxke B KauecTBE KOPPEKTUPYIOIIMX BO3JACHCTBUI pacCMAaTpUBAIOTCA U BHELIHHE BO3MYIICHHUS,
JeicTByromue Ha KOHTYp. OCOOCHHOCTBIO CYLIECTBYIOIIMX pEIIeHHH sBIsSeTcd TO, 4YTO B KadyecTBe
MHHUMH3HPYEMOro (yHKInOHama Ka4yecTBa HCIIOJIb3YETCS KJIACCHYECKHH KBAaAPAaTWYHBIA KPHUTCPUH
ONTHMAJIPHOCTH. B 3TOM ciygae OrpaHudYeHHs Ha BO3MYINAIOIIME BO3JICHCTBHA IOAPAa3yMEBAaOT X
MHHUMH3AIHIO, TO €CTh (DaKTHIECKH, 331a4a ITONCKA ONTHMAIBHOTO PEryysiTopa OyAeT JOCTaBIATh SKCTPEMYM
(hyHKIMOHATY KauecTBa JINIIH IPY MUHUMAIIFHOM BIMSTHIH BO3MYIIICHU 1 HelnHetHOCcTeH [6]. CriemoBaTensHO,
MOyYCHHBIE PAHEE, PELICHUsS 3aJauyd aHAJUTHYECKOTO KOHCTPYHUPOBAHUS PETYISATOPOB [A0OT HAMITYUIINH
PEe3yJIbTAT JIMILB IPU HE3HAYUTEIbHBIX KOJIEOaHHSIX 3arpy3KH, U HE 00ECIIeUnBaOT HU3KYIO YYBCTBUTEIBHOCTD K
BapHalysIM BO3MYIICHUI.

ANBTEpHATHBHBIM MOAXOAOM K OO0ECHEYCHUIO ONTHUMAJIBHOTO TMOBEICHHS CHCTEMBI SIBISIETCS
UCIIOJIb30BaHNE MHBApPUAHTHOTO YIPABJIEHUS, HEUYBCTBUTEIBHOTO K BHELUIHUM BO3MYIIAIONUM BO3JEHCTBUAM.
CymiecTByeT OOJbIIOE KOJMYECTBO BapHaluid mporenypbl bemnmana - JlsamyHoBa muisl pelieHHs 3agadu
Hax0XJIeHUsI pPOOACTHBIX PErYJISATOPOB, U3 KOTOPBIX OJHUM M3 HauboJiee MOMyJISIPHBIX SBISIETCSI MeTOA AH3ekca
— bennmasna [7].

[Ipn ucnonb30BaHUH METO/1a, IPEUIOKEHHOTO B [8], 3a1a4a OMCKa ONTHMAIBHOTO PEryJIATOPa CBOAUTCS
K quddepeHnnansHoM Urpe ¢ AByMs y9aCTHHUKAaMH, T€ IIEPBBIN UTPOK B BUAE YIPABILIIOLIETO BO3AeHCTBIS Oy aeT
obecrieynBaTh MUHUMYM (YHKIMOHAJIA KadyecTBa IIPU HAMXYALIEM XapakTepe BO3MYIIAIOMINX BO3ACHCTBHUI,
(hopMHpyEMBIM BTOPHIM HTPOKOM. Takod MOAXOA IMO3BOJIUT OOECIIEYHTh BBICOKYIO POOACTHOCTH CHCTEMBI K
KOJIeOaHMAM KOJIMYECTBA CHIITyYero Ipy3a, KOTOPOE IIOCTYNaeT Ha KOHBEHep.

OcymiecTBUM ~ MNpoOLEAypy  CHHTe3a  ONTHMAaJIbHOTO  peryisropa  3arpy3ku  KOHBeifepa,
ANIEKTPOMEXAHNYECKasl CHCTEMa KOTOPOT'O OIMKCHIBAeTCsl KOJIeOaTeNbHbIM 3BEHOM. Takoe IoIylieHue Oyner
CIIPABEIIMBBIM ULl OJHOJIBUraTEJILHOIO KOHBEepa ¢ HACTPOMKOM KOHTYypa CKOPOCTU IIPUBOJA HA TEXHUYECKUU
ontuMyM. IIpeniokeHHbIN MOJAXO0/ MTO3BOJIHT CYIIECTBEHHO YIPOCTHTh MPOLEAYPY CHHTE3a 0e3 3HAYUTEIbHOTO
CHWIKXCHHUS TOYHOCTH PCHICHUA 3aJla4 ONITUMU3AlIU.

Kontyp crabwimm3zanmm 3arpy3kd HENPEPHIBHOTO TpPAHCIOPTA MUl CHITyYHX TPY30B C YUETOM
MPEeI0KEHHOW MO 3JIEKTPOMEXaHNUECKOI CHCTEMBI TPUMET BUJI, IIPEACTAaBICHHBIN Ha puc. 1.
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Pucynox 1 - Cxema KOHTypa CTaOMIM3aIMHK 3arpy3KH KOHBelepa rOpHOI00BIBAIOIETO IPEIIPHATHSL.

Ha puc.1 BBeneHs! cienyromue o0O3HAYECHUS: Qg,Q - 3aJaHHOE U peaJbHOE KOJIMYECTBO Ipy3a Ha
KOHBelHepe B TEKYIIMIA MOMEHT BPEMEHH; O - KOJIMUYECTBO TPYy3a, 3arPyKaeMoro Ha KoHBeilep; O - MTHOBEHHOE

KOJIMYECTBO TPY3a, MOCTYyMaroliee Ha KOHBeep; |K - INIMHA KOHBelepa; R6 - paanyc npusoaHoro Gapabana; 1,

- nepenatounoe uucio pexykropa; K, , &, T, - mapamerpsl aneKTpoMexaHHueckoil cucTeMbl KoHBeiiepa npu

on !
HaCTpOﬁKC BHCIIHETO KOHTYpa Ha MOIIyJ'lBHLIﬁ OIITUMYM;, V - JJUHENHas CKOPOCTDH NMECPEMECIICHUA JICHTHI; [0
CKOPOCTh BpaIlleHHs IBUraTeIIsl MpUBOIHOTO Oapabana; U - ympasistomee Bo3aeiicTBHE.

3aBUCHMOCTD TEKyIIEH 3arpy3ku KOHBeiiepa OT KOJMYECTBa TIpy3a, IIOCTYNAIOUIET0 Ha JICHTY,
omnpezensiercst BeipaxxenueM (1):

Q=(-e")s. (1)

T o
Paznoxum COCTaBJIAIOIILY IO ep B psan TeI/Inopa, OrpaHNvuMcCd ABYMs COCTABJISIIOMIMMU, U TIPU YUCTE

HHTGFpaHLHOﬁ COCTaBJ’IHIOHleﬁ HarpyskKu noJiyuuMm:
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HOCKOHLKy BpEMs 3aICPIKKU 3aBUCUT OT CKOPOCTU B 3aBUCUMOCTHU T = IKlp R6 @ , MOXeM 3anucarb B

HopManbsHOH opme Ko ypaBHeHHE, ONUCHIBalOIIee H3MEHEHUE 3arPY3KH:

dQ R, ©)

IToBenenue mpuBoAa, MPHU YCIOBUM €r0 HACTPOMKM BHEIIHETO KOHTypa PEeryJHpOBaHHs CKOPOCTH Ha
TEXHUYECKUH ONTUMYM, OIHCHIBAETCSl CUCTEMOH U depeHIManbHbIX YpaBHEHUH:

deo (4)
T

de 1 2. K,

— =——wo-—>+—2u

dt T?)‘l Tan Tan

[Nomydnm B uroro cucremy nuddepeHInanbHbIX YpaBHEHUI B HOpManbHOH Gopme Koy, onmceiBaromiee
MOBE/ICHHE KOHBEHEPHON CHCTEMBI:

X =—aXX, +0, (%)

X, = Xs,
X, =—a,X, —a,%, +bu,

rie X, =Q, X, =w, a1=|k_lR6i;11 a,=T"'b=KT"

an ! an=on

MuHuMaKcHbIH QyHKIMOHAN KauecTBa CPOPMUPYEM, UCXOJISl U3 TPEOOBAHMS IMHAMUYECKOW TOYHOCTH U
MUHHMYMa YHEPTeTHUECKUX 3aTPaT Ha YIIPaBICHHE, a TAKXKe MaKCUMH3AaIMK BO3MYIIAIOIIET0 Bo3AeHCTBHA [9]:

% (6)
minmax J = I(qle +Q,X5 + 0% + KU —r,0°)dt.
? 0

o 2 o
Hannuwne B (byHKL[I/IOHaHe Kadye€CTBa COCTABJIAIOUICH —I’20' YKa3bIBa€T, YTO BOSMYIIAIOUINE BO3ICUCTBUC

MEHSIETCS 110 JIMHEIHOW 3aBHCHMOCTH OT ITEPEMEHHBIX COCTOSIHUS, OJJHAKO HAaUXYALINM 00pa3oM 10 OTHOIIECHHIO
K YIIPaBJIAIOIEMY BO3JICHCTBHIO B ITPOU3BOJILHBIII MOMEHT BPEMEHH.

[Ipouenypa pemieHuss NPUKIAAHBIX 337349 AHAJTUTHYECKOTO KOHCTPYMPOBAHUS KBAa3HONTHMAJIbHOTO
perynaTopa Ha OCHOBe TeopuH au(pepeHnuanbHBIX Urp [7,8] mpearnonaraeT HaJMYHE «CEAJIOBOW» TOUKH
MHHUMH3HPYEMOTro (DyHKIOHAJA, TO €CTh CYIIECTBOBAHHUE PEIICHHE UTPoBoii 3aqaun. [losToMy, onaraem, 4ro
CYIIECTBYIOT JomycTuMble U W O, KOTOpble MOCTaBISIOT CEJIOBYIO TOUYKY BBHIOpaHHOMY (DYyHKIMOHAIY
KayecTsa.

Janee OCyIECTBMM JIMHEAPU3ALMIO cOCTaBisomed X, X,, BXonsmed B mepsoe audpepeHnmranbHoe

YpaBHCHUC CHUCTEMBI. HpI/I OTOM PCHICHUEC 3adavyd ONTUMHU3AIHU CTAHET HpI/I6J'II/I)KeHHI)IM, TO €CTb PCEUICHUC,
IMOJYYCHHOC B PE3YJIbTATE CUHTC3a, 6y,HGT KBa3sHOINITUMaJIbHBIM.
CyIIIeCTByeT JBa OCHOBHBIX IIOJAXOJa K l'IpO6J'I€M€ JIMHeapu3aluu. B IEpBOM Cliydyac MCIJICHHO

MEHSIIOIIAACS COCTABIIAIOIIAs IPMHUMAETCS IETEPMUHUPOBAHHOM, TO €CTh X Xy = K(Xl)X2 [10]. 3necs K (Xl)

- ko3 uMeHT, NTPUHUMAEMBIN MTOCTOSHHBIM JJIsI HEKOTOPOH o6iacTu (a3oBOro mpocTpancTBa. Bo BTOpoM
cilydae OCYIIECTBISI€TCS JIMHeapu3alus «B Touke» [11], Hampumep, B TOUKE HOMHHAJIBHOTO PeXnUMa paboThI

kouBeitepa. Ilpu stom X X, = a1(><1, X2)X1 +a, (Xl, XZ)X2 , TIe ai(xl, Xz) &y (Xl, Xz) - K03 ULUEHTHI
JMHEApU3aLMK «B Touke». [ 3a7au¥ MakCHMMM3allUM 3arpy3Ku KoHBeilepa BTOpod mojaxon sBisercs Gonee
NPeANOYTUTENBHBIM. B 5TOM cityuae nuHeapusoBaHHas cucteMa JudGepeHnanbHbIX YPaBHEHHH, ONHMCHIBAIOIIasT
JMHAMUKY KOHBeHepa, 3aliLIeTCs:
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X =—a,X —a,X, +0, )
X, = X,
X, =—a,X, —a3X; +bu,

rae d;, &, - K0O3)QUIMEHTHI IMHEAPU3ALUH «B TOUKEN.

Jns nuHeapu30BaHHOW cucTeMbl u((epeHIManbHbIX YPAaBHEHHH W BBHIOPAHHOTO MUHHMAaKCHOTO
(yHKIMOHAIa KauecTBa ypaBHeHUE Aif3ekca - bemiMaHa 3anumiercs:

min max[ ,x; + X} + X} ++6u° —1r,0° + 8)
u o

+6_V(_ —a,X +o-)+a—vx +a—v(—ax —a,X, +bu) |=0
8X1 allxl a12 2 8X2 3 8X3 272 a3 3 .

[IpomsBeneM moOMCK dKCTpeMyMa (YHKIMOHANA 110 YHPABIAIOIIEMY W BO3MYIIAIOIIEMY BO3ICHCTBHIO,
MOy YUM:

bov 1oV ©)

—— 0=
21, OX, 2r, 0X,

OcyIecTBUM 3aMBIKaHHE CHCTEMbI IITEM ITOJCTAHOBKH MOJYYCHHBIX BBIPAXCHUH B (DYHKIIMOHAIBHOE
ypaBHeHHe (8), moaydnM ypaBHeHHe Alizekca — bemumvaHa B 3aMKHYTO#H hopme:

) ) , oV oV (10)
X + 0, X, + Q3% +a(_auxi _aizxz)"'axa +
N Cax—axy M (V) _L(v

Mo Ll Sl 4r\ ox, | 4r\ ox

PenienreM jiaHHOTO ypaBHeHus OynerT (gyHkuus V B Buje KBagpaTHuHOU (POPMBI OT MEPEMEHHBIX
cocTostHusA cucTeMsl Buaa [9,10]:

V = K X2+ 2K, X Xy + 2K X X, + Ko, X2 + 42K, X, X, + K X2 (11)

INoncraBuM BBIpa)XXEHHS JUIS YacTHBIX NPOM3BOAHBIX B ypaBHeHHs Ailizekca — bennMaHa B 3aMKHYTOH
(opme 1 BbIIENMB KOA(PQUIIMEHTHI IPH OANHAKOBBIX CTETICHSX, ITOJYIUM CHCTEMY alreOpandecKux ypaBHEHUH
Pukkaru [9]. U3 Hee monmyunm 3HaueHHs Kod(hdunueHToB GyHKIMU beiamMmaHa W IMOACTaBUM MX B MCXOIHBIC
BBIPQXECHUS [UIS1 YIIPABJICHUS U BOSMYIICHUSL:

U=—KyX —KyX =Ky X0 o0 =K X% + Ky %, + Ky X (12)

HccnenoBanne AMHAMHYECKHUX XapaKTEPUCTHK KOHTYpa PEryJIMPOBAaHHUS 3arpy3kd OBLIO MPOBEICHO
MeToAOM HU(pPOBOro MojenupoBanus ¢ npuMmeHeHHeMm mnaketa MATLAB wu ero mpmioxkenus Simulink. B
KayecTBE 00BEKTa pacCMaTPUBAJICS KOHBElHep rOpHOIOOBIBAIOIICTO MPEIIPUATHS ¢ PEKOMEHAYEMOH 3arpy3Koi

45 tonH u anuHoit 500 merpos. Ilepemennsie coctosHus X,, X; ObUIM MOTy4YEHBI B BUJIE PA3HOCTH 3aJlaHM,

MOJY4aeMOT0 OT 3TAJOHHON MOJIENIN MPUBO/Ia KOHBEIepa, HACTPOCHHOTO Ha MOIYJIBHBIN ONTUMYM. 3aJaHue T10
3arpy3ke (hOpMHUpPOBAIOCH B BHIE OOpPAaTHO - MPOIOPIHOHAIBHOTO CHTHAJIA MO0 CKOPOCTH KOHBEWepa C Iebio
MaKCUMaJbHOW KOMIIEHCALIMH YUCTOIO 3aa3AbIBaHuUs JIEHTHL.

I'paduku nepexoMHBIX MPOIIECCOB 10 3arpy3Ke KOHBEWepa MpH MCIIOIb30BaHUU JIMHEHHO — KBAIPATUIHOTO
PEryasTopa, CHHTE3UPYEMOTO MPH YUeTe HAMUIYUIIEro XapakTepa BO3MYIIAONIMNX BO3ACHCTBUM, MTPEACTABICHBI
Ha pHUCyHKe 2. B pexxume cTaOMIN3aIy BEIXOHOW BETHYNHBI HMEIOTCS CYIIECTBEHHBIE KOIEOaHUs 3arpy3H A0
10% oT 3a7aHHOTO 3HAYECHMUS.
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Pucynox 2 — I'paduk mepexoqHoTo mpolecca o 3arpy3Ke IMpH UCTI0Ih30BaHUH JTHHEHHO — KBaIPATHIHOTO
perymsropa.

I'paduk mepexoHBIX MPOIECCOB MO 3arpy3ke KOHBeWepa IpH HCIOJIB30BAHUM CHHTE3UPOBAHHOTO
KBa3HONTHMAJIBHOTO PETYJsATOpa TNpelCTaBieHbl Ha pucyHKe 3. [IpM MCmonb30BaHMM CHHTE3MPOBAaHHOTO
peryisaTopa CKayoK 3arpy3KH IpH 3arojHEHHUHM KOHBeWepa MpPakTHYeCKH OTCYTCTBYET, KojieOaHUs 3arpy3KH B
pexrMe cTabUITU3alnH TAKKe CYIECTBEHHO YMEHBIIMINCH.

50 T T T T T T T
40 .
[52]
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b
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Pucynok 3 — I'paduk mepexoaHOro mporiecca 1o 3arpys3ke IpH HCIOJIB30BaHHH KBa3HONITHMAIBHOTO

peryisropa.

CHHTE3UpPOBaHHBI KBAa3HONTUMAIBHBIH PETYIATOP, KOI(D(GUIIMEHTH KOTOPOTO OBUTH ONpEACICHBl C
Y4ETOM HauMXYJIIEro XapakTepa BO3MYLIAIOMIMX BO3ACHCTBUH, B OTIMYUE OT JIMHEHHO — KBaApPaTUYHOIO
perynsaTopa, JIydile KOMICHCHPYET CIyJYaiHbBIe KOJICOaHWs 3arpy3Kd B pexuMe crabmmmzanun. [Ipu sToM
CIIO)KHOCTB PETYJISATOPA CYIIECTBEHHO HE YBEIHYMIACH W TONYYEHHBII alrOpUTM YIpaBJIECHUs, a Takxke OJOK
(opMupoBaHHS 3aJaHHSA IO TEPEMEHHBIM COCTOSHHS MOXKET OBITh peaJu30BaH Ha MHUKPOMPOIECCOPHOM
YCTPOMICTBE pEryIupOBaHUsL.

BeiBoabl. Vcnonn3oBanue Merona Alzekca — bennmana mpu WrpoBOd MOCTaHOBKE 3aJadd CHHTE3a
MO3BOJMIIO Pa3paboTaTh aJTOPUTM YIPABICHHSA, 00ECICUNBAIONIMN ONTUMAIbHOE KAaueCTBO YNPABICHHUS INPH
HauXyZlIeM XapakTepe BO3MYLIAIOIIMX BO3AeHCTBUM. JIMHeapuzanus «B TOUYKE», a TAKXKE MCIOJIb30BaHUE
JIETEPMUHHAPOBAHHBIX KOA(PQHUIIMEHTOB PETYIATOpa 00ECICUNIN KBa3HONTHMAIEHOE YIIPABICHUE 3aTpy3Koi Oe3
3HAQUUTENIBHOTO YCIIOXKHEHUSI CHCTeMBbl perynupoBaHus. CpaBHEHHE DPe3yNbTaTOB MOJEIUPOBAHHS IOKA3allo
MPEUMYIIECTBO NPEIJIOKEHHOTO CUHTE3UPOBAHHOIO PETyIATOPa, 0 CPABHEHUIO C JIMHEWHO - KBaJPATUYHBIMH,
HNPUMEHSIEMBIMA B CYLIECTBYIOIIMX KOHBEHEPHBIX cUCTeMax. [lonyueHHBIH anropuT™M YOpaBIECHUS, a TaKxKe
UCIIOJNIb3YEMbIH OJIOK (OPMUPOBAaHUS 33aJaHUM MO TEPEMEHHBIM COCTOSHHS MOXET OBITh peasM30BaH Ha
OOIIEPOMBIIIIIEHHOM ITPOrPaMMHPYEMOM JIOTHYECKOM KOHTPOJUIEPE, HCIIOJIB3yeMOM JUIS pEIIeHHs 3a/ad
apToMaTm3anuu. IlpemmokeHHBI mTOAX0A K (OPMHUPOBAHMIO KOHTYpa PEryIHUPOBAHHSA  3arpy3Kd
MpeayCcMaTpuBacT HUCIIOJIb30BAHUE JTATYUKOB ob0beMa ChIIYYEro rpysa, NOAKIOYACMBIX K KOHTPOJUIEPY IO
OTHOMY W3 IPOMBIIUICHHBIX HHTepdeiicoB. [lampHeiee yiydlIeHHe KadecTBa PETyIHPOBAHUS 3arpy3KH
BO3MOXHO TyTeM Ooyiee TOAPOOHOTrO y4deTa JUHAMHYECKHX CBOWCTB KOHBEHEPHOW CHCTEMBI, YTO MOXKET
IMPUBECTHU, B CBOIO OUCPE/Ib, K CYIIECTBEHHOMY YCJIOXHCHUIO aJITOPUTMaA YIIPaBJICHUS.
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QUASI-OPTIMAL CONTROL OF CONVEYOR LOADING BASED ON MINIMAX QUALITY
CRITERIA

In the work, the problem of synthesis of quasi-optimal controller, which minimizes the deviation of the
conveyor load with a minimum of energy losses, was solved. When performing the synthesis procedure, a
mathematical model of the conveyor loading stabilization system, taking into account the delay link in the load
movement and the oscillating behavior of the transient process in the speed loop, was used. To find quasi-optimal
control, the Isaacs-Bellman method, which makes it possible to find a minimum of the quality functional with the
worst behavior of disturbing influences, was used. The problem was solved under the condition that there existed
a «saddley point of the minimax optimality criterion for control and disturbing influences. As a result of the
synthesis, the law of quasi-optimal control was obtained as the sum of the linear components of the state variables.
The investigation using method of digital simulation shows the advantages of the obtained control algorithm in
comparison with the classical regulators. The obtained law of quasi-optimal control can be easily implemented
based on a programmable regulator for conveyor control.

Keywords: conveyor loading, conveying of bulk materials, Isaacs - Bellman method, minimax functional
of quality, «saddle» point.
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KBA3BUOIITUMAJIBHE KEPYBAHHSA 3ABAHTA’KEHHAM KOHBEE€PA HA OCHOBI
MIHIMAKCHOI'O KPUTEPIIO AKOCTI

B pobomi eupiwena 3adaua cunmesy K8A3IONMUMANLHO2O0 pe2yiamopd, wo 3abe3neuye MiHimizayito
BIOXUNEHHA 3ABAHMAICEHHS KOHBEEPA, NPU MIHIMYMI eHepeemuyHux 3ampam Ha ynpaeninusa. Ilpu 30iicnenni
npoyeoypu cuHmesy BUKOPUCMOBYBANACA MAMEMAMUYHA MOOelb cucmemu cmaoinizayii 3a8aHmMaiceHus
KOHGeEPA, 3 YPAXYBAHHAM HUCMO20 3ANI3HIOBAHHS NO NEPEeMIYeHHIO GaHmMadCy i KOMUBATbHOMY Xapakmepi
nepexionozo npoyeccy 'y KOHmMypi wieuokocmi. [J[na 3HAXOOXCEHHA K8A3IONMUMANLHO20 — YNPAGNIHHA
sUKOpUCmMogy8ascs memoo Ausexca - bennmana, wo 003601a€ 3HAUMU MIHIMYM QYHKYIOHANY AKOCMI npu
Haveipuiomy xapakmepi 30yprorouux enaugie. 3adaua eupiuty8anacb 3a YyMOSU ICHY8AHH «CION0BOI» MOUKU
MUHUMAKCHO20 KPUMEPII0 ONMUMANIbHOCII 34 Kepyouum ma 30yproouumu eniueamu. B pesynemami cunmesy
6y10 OMPUMAHO 3AKOH K8AZIONMUMANLHO20 YNPAGIIHHA Y 6UeNA0L CYyMU JIHITHUX CKIAO08UX 8I0 3MIHHUX CIMAHY.
Jlocniodcenus memooom yughposoco MoOeno8ants NOKA3AL0 nepesdzu OMpPUMAHO20 ANOPUMMY VAPAGIIHHI Y
NOPIGHAHHI 3 KiacuyHumu pezyasimopamu. Ompumanull 3aK0H K8a3ionmuManbHo20 YRPAIiHHA 00CUMb NPOCTO
Modice Oymu peanizo8anull Ha NPOSPAMOBAHOMY KOHMPOJEPI YIPAGIIHHS KOHBEEPOM.

Kniouogi cnoea: 3aBaHTaXCHHS KOHBEEpPA, TPAHCIIOPTYBAaHHS CHUITYYUX MaTrepialiB, MeToj Am3ekca -
Bennmana, MiHiMakcHUH (QyHKITIOHANT SKOCTI, CiIJIOBa TOYKA.
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JOCJ/IIIZKEHHA ITIEPETBOPIOBAYA 3 BOCBMU30HHUM
PET'YJIIOBAHHSAM HAIIPYT'U

Memoio pobomu € guxkopucmanna memooy 6azamonapamempuiHux @YHKyiu 3 6UKOPUCMAHHAM NAKemy
MATHCAD Onsa auanizy enekmpomMacHimHux npoyecié 6 eneKmpuyHux KoOIax 3 HANienposiOHUKO8UMU
KOMYMamopamu.

Y yii  cmammi nposedeno ananiz - eneKmMpomMacHImMHUX ~ NPOYeci6 8  eNeKMPUYHUX — KOAX
Hanienpogionuxogumu 3 komymamopamu. Cmeopeno mamemamuyny mMooenb 015 AHANi3Y eleKmpOMASHIMHUX
npoyecié 6 Hani6npoGiOHUKOGUX NepemeopIoaiax 3 WUpOMHO-IMIYIbCHUM PeSYyIIO6AHHAM 6UXIOHOI Hanpy2u.
Haseoeno epaghixu, wo 6id obpadcaioms enekmpomaeuimui npoyecu y enekmpuynux konax. Cmamus npuceauena
PO36UMKY Memooda 6azamonapamempudnHux QYHKYil wWiaxom pospooKu HO8UX MAMEMAMUYHUX Mooenell ma
BUBHAYEHHST (PYHKYIU [ QIOPUMMIYHUX PI6HSHb OJSL AHALIZY 3A NIOCUCMEMHUMU CKIAO0SUMU LEeKMPOMASHIMHUX
npoyecie 'y po32any0diCcenux eneKmpudHux Koaax 3 HAanienposiOHUKOSUMU KOMYMAMopamu i JaHKamu 3
CUHYCOIOANbHUMY, NOCMIUHUMU IMIYIbCHUMU Hanpyeamu. Hanienposionukoei KoMMymamopu ModCyms
BUKOMYBAMU GUCOKOYACMOMHE 3MIHEHHA CIMPYKMYPU eN1eKMPUYHUX Kil | WUPOMHO-IMAYIbCHY MOOYAYII0 hazHux
i JMHIIHUX Hanpye mpugasHoi mepesci eneKmpoNCUBNeHHs, GUKOHYIOUU pe2yit08aHHA GUXIOHUX HANpYye
HanignpoGioOHUKOBUX Nepemsoplo8ayie napamempis eieKmpuyHoi eHepeaii.

Knrouosi cnosa: eneKTpoMarHiTHI IpoIiecH, BUXiTHI HAIIpyTa Ta CTPyM, OaraTonapaMeTpUIHi MOAYITIO0Yi
(yHKIIT, HAMIBOPOBITHUKOBI KOMYTAaTOPH, MOJICITIOBAHHSI.

JociijpkeHHsl eJIeKTpUYHOi eHeprii, a TakoX PO3BUTOK HAIIBIPOBIIHMKOBOI TEXHIKH JI03BOJISIOTH
BUKOPHCTOBYBaTH B IIEPETBOPIOBAJBHUX YCTAHOBKaX JIaHKY BHCOKOI YacTOTH 3 4YacTOTOI IEPEKIIOUEHHS
BEHTHUJIIB 3HAYHO OUIBIIOT Biji YaCTOTH 3MIHHOI HAIIPYTH MPOMHUCIIOBOT Mepexki. PO3BUTOK HamiBIIPOBIIHUKOBOT
TEXHIKH JJ03BOJISIE BUKOPUCTOBYBATH B TIEPETBOPIOBAJBHUX YCTAHOBKaX JIAHKY BHUCOKOI YaCTOTH 3 YacCTOTOO
MepEKITFOYCHHS BeHTUIIIB 3HAYHO OUTBHIIOT Bl YaCTOTH 3MIHHOI HAPYTH MPOMHUCIOBOI Mepexi. B THx Bumagkax,
KOJIM 332 BUMOTaMM HaBAaHTA)XEHHS HEOOXiTHO 3a0e3MednTH HOro TrajibBaHidHy PO3B’SI3KYy 3 E€HEPreTHYHOIO
MEpEeXer IMpH 0araTo30HHOMY pPETYyJIIOBaHHI BHXIJHOI HANpyTH, B SKOCTI HMPOMDKHHX CTPYKTYp AOILIEHO
BUKOPHCTOBYBAaTH CTPYKTYPH MEPETBOPIOBAYIB YaCTOTH 3 OAHOKpaTHOIO Mmoayisiuiero (ITY 3 OM). V [1-3]
MOKa3aHa JOIUIbHICTh BUKOpUCTaHHS CTPYKTYp 1Y 3 OM B niarHOCTHYHUX KOMIUICKCAaX €JIEKTPOMEXaHIYHUX
CHUCTEM JUIsI TOOYIOBH BTOPHHHHUX JDKEpENl JKUBJICHHS 3 PI3HUM BHIOM BHXIZHOI eHeprii. Y maniid poOoti
MPOBOJIMTBCSl aHali3 BUKOPUCTAHHS TIi€l X CTPYKTYpH B SIKOCTI JIAHKM BHCOKOI YaCTOTH IEPETBOPIOBAUiB
TpuGasHol HANPYTrH B MOCTIHHY HANPYTy NMPH HiIKIIOYeHHI cuitoBux Monynaropis (CM) no ¢a3HuX npoBoiB
EHEepreTUYHOI Mepexi 1 LIMPOTHO-iMITyNIbCHUM perymtoBanHsaM (IIIP) mocTiliHOT Hanpyru Npy BOCBMHU30HHOMY
kepyBaHHi. Take 3’€JHaHHS JO3BOJISIE TIOKpAlIUTH (GOPMY BXIJHHX CTPYMIB IIEpETBOpIOBaYa 3a paxyHOK
BiJICYTHOCTi B HUX TapMOHIK, SIKi KpaTHI TPHOM.

Y3aranpHEHaA CTPYKTYpHA CXeMa IepeTBOpIOBaYa Mmoka3aHa Ha puc. 1. Ha cTpykTypHiil cxemi mo3HaveHi:
CM,, CM;, CMc — cuioBi MOAYJISTOPH BINOBIAHUX (pasHUX HANpPYT, CYKYITHICTh SIKMX IPEICTaBIsie co000
JIaHKY BHCOKO{ 4aCTOTH NlepeTBoproBaua, BB — BucokouactoTHuii Bunpsimisdy, H — naBantaxkenns. Koxnuii 3 CM
cknanaerses 3 N iHBepropiB BunpsivuiieHoi Hanpyru (IBH), ski BKiIroueHi eHepreTHYHIMHI BXOZaMH MapaJiesIbHO i
HaBaHTAXEHI Ha y3roKyBasibHI Tpanchopmaropu (TV), 3’eaHaHi BTOpUHHEME 0OMOTKaMH IOCIiIOBHO.

[Ipn cxnagaHHi MaTeMaTHYHOI MOJENI NEPEeTBOPIOBaYa 3 KOMITIOTEPHOIO OpieHTaliero ii 3acTocyBaHHS
BUKOPHCTAEMO METOJI OaraTomapaMeTpUIHUX MOAYNMIOYNX GyHKIiA [2], Akl mepeabavae momepesHe
MIPEJCTaBICHHS AITOPUTMIYHOTO PiBHSHHA IepeTBopioBada. [lpu oMy mpuiiMeMo Taki MPUIYIIEHHS: BXigHA
eHepreTMYHa Mepeka CHMeTpHuYHa 1 I BHYTpIIIHIA Omip JOpiBHIOE Hymo, Tpam3ucTtopu i miogn IBH
MPEACTaBISIIOTECS 1CaTbHIMH KITIO9aMH, Y3TO/DKYBaJbHI TpaHC(OpPMATOpH B KOXHIM 3 30H peTyTIOBAaHHS
BUXIZIHOT HE MaIOTh BTPAT, @ HABAHTA)KEHHSI [IEPETBOPIOBaYa Ma€ eKBIBAJICHTHUH aKTHMBHO-1HIyKTUBHHUH XapakTep.

© B.B. Muxaiiinenko, FO.M. Uynsk, O.C. Yapnsxk, 2018

132 ISSN 2308-7382 (Online)



ISSN 1813-5420 (Print). EHepreTuka: ekoHomika, TexHosiorii, ekosorif. 2018. Ne 1

i\(i,1) l'z(l)\
—) [l
A . .
¢ l[l(l',t) CM4 leM(l,t) !
iq(1)
B & 7 i —
| CMB | BB :;\ H
N\
-~ u, gt
C & Ly d (1)
CMC
0 ¢ P ¥

Pucynok 1 — CTpykTypHa cxema nnepeTBoproBaya

Taka CTpyKTypa J[O3BOJISE€ peani3yBaTH OaraToKaHaJbHHW CIOCIO TIEPETBOPEHHS MapaMeTpiB
EJIEKTPOMArHiTHOI eHeprii Mepexi, npu sikomy B CM 3IifiCHIOETBCST PO3ray)KeHa MOIYJIALISI MUTTEBUX 3HAYCHD
(ha3Hux Hampyr TpudasHOi CHEPreTHYHOI MEPEKi, YACTOTH (1, BIAMOBIIHUMH CKBIBaJICHTHUMH MOYTFOIOUUMU

BIUTMBaMU \V(Ocp,t), 4acTOTH . B pesynbraTi Takoi omepawii Ha Buxoni koxkHoro 3 IBH dopmyerbcs

MPOMO/Y/TbOBaHa HAIpyra

. 1 .
UZM(p,I,t)= k_ul(ht)d)(lit)\v(a’p’t)’ 1)
T
ne: i = 1, 2, 3 — HoMepu (a3HMX HAmpyr CHEPreTH4HOi Mepexi, BimmosimHo 4, B, C; k'r— Koe(ilieHTH
TpaHcdopMalii y3romkysansHoro Tpaicopmaropa; P =1, 2, 3, ..., N — HOMep 30HU PEryJIOBaHHSI BUXiAHOI

HanpyrH, 30iraerbes 3 HomepoM iHBepTopa CM; d)(l,t)— (GyHKUIT IPSMOKYTHUX CHHYCIB, SIKi CITIBIIaJIAIOTh 32

MOJIOXKESHHSIM B YaCOBil 00JIACTI 3 BiAMOBIMHIUMH (ha3HUX HAMPYTaMU MEPEKi:

¢(i,t) =signsin| o, —@ ; (2)

ne: Ul( 1t )f MUTTEBI 3HaUSHHS (Pa3sHUX HANPyT EHEPreTHYHOT Mepexi:

: . 1—-1)2n
u (i,t) =U,,, sin| o, —% ; (3)
) 1m — AMILIITyHE 3Ha4€HHs (a3HOI HANPYTH.
ExBiBasieHTHI MOYIIIOI0Yi BIUTUBH [T0IaMO BUPA30M
1o .. :
(o, t) :EZSIgn(SIn(mztiap(t)—(p)]) , )
2

ae O, (t) — KYTH yTIPaBIIiHHS, 32 paXyHOK 3MiHU SKHX 3a0e3neuyeTrcs LIP BuxinHOi Hanmpyru nepeTBoproBaya;

(p —mouaTKoBa (ha3za €KBIBAJIEHTHUX MOYJIIOIOUUX BIUIHBIB.

IIpu Garato30HHOMY peryJIIOBaHHI BHUXITHOI HAIPYTH MEPETBOPIOBAYa 3a0€3MeUyETHCS MOYEPrOBO 3MiHA
KYTiB yIipaBiiHHs B Aiana3oHi Bix 0 10 90°. YMoBHY 3MiHU KYTiB YIPaBIIiHHS Y OKPEMHUX 30HAX ITOJaMO Y BUTIISII:
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o, (t) =0, mmo t < —"— (p Dl a,(t)=180" , sxmo '[>Np—T20, a inaxme O, (t) = fu(p,ZO,t) , e

fu (p,20,t) - q)yHKul;I, sIKa 33]1a€ 3aKOH 3MiHK O, (t) , sixa 3anexuTh Bix HoMepa 30HM P i iX KizbKOCTI

Buxinny nampyry U, (t)naHKM BUCOKOI 4YacTOTH II€PETBOPIOBaYa, 3TiHO 3 HOro CTPYKTYpHOIO

oprasizauiero i 3 BupazoMm (1), 3anmiiemMo cymoro
1 . .
Zk u (i, G, (o, t) 5)

a Buxinny Hanpyry nepersoprosaua Ug (1) sk Bunpamneny manpyry (6) nonamo Bupazom
Y HalpyTy Hnep P d p y Halpyry p

N=8 3

Zki 0, (1,000, D (ot V). ©

p=1 i=1

ne: V(t) — QyHKUis IPAMOKYTHOTO CHHYCa, IO CIIBIAJAE 32 YacOM 3 MOJOKEHHAM BuXinHoi Hanpyrn U, (t)

JIAHKW BUCOKO{ YaCTOTH MepEeTBOPIOBaYa
v(t) =sign(u,(t)) . )

Yacosi miarpamu Buxigmux Hampyr IBH U, ( p, i,t) , 7maHku Bucokoi wactotn U, (t) i
nepeTsopropaua Uy (t) , nodynoBani 3a (5) 1 (6) npu 3MiHI BEJIMYMHU KyTa YIPaBIiHHSA O p 1o JiHIHHOMY

3aKOHy B KOOpAMHaTax Bix wacy { , momani na puc. 3.
Jns 6im;m JETAILHOTO  aHallidy BHUXIJAHOI Hampyru TneperBopioBada B (5) mO3HAUYUMO

(I t)¢ ‘U I L ‘ i, BpaxoBytoun (3) ta (4), a Takox Te, o B (6) \II(OLp,t)V(t) ‘\y((xp,t)‘

aJ'IFOpI/ITMl‘IHe plBHHHHiI nepenumemMo 'y BI/IF.]'ISI,I[I

Uy (t):if(i U

p=1\_i=1l

sin(o,t —%

Zsin n(wztiocp(t)—(p)D. (8)

CTpyM HaBaHTa)KEHHs 3HAWIEMO, SIK PEakIlifo OJHOKOHTypHOro RL—maHmrora Ha miro Hampyru (6). Jns
1poro nudepeHniagbpHe PiBHIHHI, CKIaeHe U BHXiHOTO KOHTYPY HepeTBOPIOBaYa, MPEJACTaBUMO B BUJI

u, (t R
D(t,y)=%—tyo, )

ne: Y( — BU3HAUYAETHCS 3 IOYATKOBUX yMOB; R i L — BiANOBIHO aKTHBHMI OMip i iHIYKTUBHICTH HABAHTAXEHHS.

Pimenns (9) BiTHOCHO CTpyMy HaBaHTa)XEHHS BU3HAYMMO YHCIOBUM METOJIOM Y BUTJIIII MaTpHIi
i, (t) = rkfixed (y,0,k,s, D), (10)

ne: Y — BexkTop noyaTkoBHX YMOB; 0, K — uacoBuii iHTepBall pillieHb; S — KUIbKICTh TOYOK Ha 4acCOBOMY iHTepBaIi
pimens; D — Bektop dyHKIisA AudepeHIiTHIX PiBHIH .

YacoBi JiarpamMu cTpyMy HaBaHTa)XEHHs B KOOpJHMHATaX BHXIJIHOI HAIpyIu MepeTBOpIOBaya i BUXiJHOTO
CTpYMY JIAHKH BUCOKOi YaCTOTH JUIsi BOCBMU30HHOTO PETYJIFOBaHHS MPE/ICTaBIeH]I Ha puc. 2.
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Pucynox 2 — Yacosi miarpaMu cTpyMy HaBaHTaXCHHS B KOOPJMHATAX BUXIJHOI HAIIPYTH IIEPETBOPIOBAYa
1 BUXITHOTO CTPyMY JIaHKH BUCOKO{ 9aCTOTH

|

|l

BpaxoByrour Ty 00CTaBHHY, 110 Ha iHTEpBaJlax HyJbOBHX may3 (7) CTpyM HaBaHTaXXCHHS MiATPHMYEThCS
B KOHTYpi HaBaHTa)keHHs 1 ioiB BB 3a paxyHok eHeprii, ska 3anacaeTbcs B iHAYKTHBHOCTI 32 MONEPEHI [IUKIH

pOOOTH EPETBOPIOBaYA i 3 CHEPIETHYHOT MEPEski HE CIOKHUBAETBCS, TO I BA3HAYEHHS BUXiTHOTO cTpyMmy |9 (t)

JIAaHKW BUCOKOI 4acToTH 1ocTaTHbo (10) nepemMuoxuTH Ha hyHKLIO (7), 0 Mae OMHUYHY aMIUTITYALy 1 ClliBHasae
3a gyacoM 3 (6). Toni

i, (t) =1, (v (t) (11)

st BU3HAYEHHS BXIJHUX CTPYMIB 1HBEPTOPIB KOXHOI p—I 30HI PEry/lOBaHHS BpPaxyemo, IO iz(t)

NPOTIKa€ B 3araJbHOMYy KOHTYpi Bcix CM, yTBOpEHOMY IMOCHIZOBHO 3’€IHAHHMMH BTOPHHHUMH OOMOTKaMH
y3roKyBabHUX TPaHC(HOPMATOPIB i IPUIMEMO O yBarw alropuTMidHe piBHAHHSA (6) 1 Te, mo (2), (4) 1 (7) €
(HhYHKIISIMA OJJMHUIHOT aMILTITYIH.

[pu upoMy y 3aragbHOMY BHII

_ L OW(e, D)
kT

L(n,i,t)

(12)

st BuzHauenHs BxigHux CM y BCbOMY Jiiana3oHi peryiroBaHHs BHXIJHOI HAPYTH MiJICYyMy€EMO BXIiIHI
crpymu Bianosinuux IBH. BpaxoBytoun (12), 3aransHuii Bupa3 Juist BXiHux ctpyMmis CM nogamo y BUIIIsiAi

N=8
iy(i,Y) =D i (i), (13)
p=1
Ie: il( p,i ,'[) — Bxigni ctpymu IBH.

YacoBi jiarpamu BXiZHHX CTPYMIB i-X (a3 eHEpreTH4HOi Mepeki B KOOpAWHATaX (asHUX HAmpyT,
noOynoBaHi 3a (13), mpeacrasieHi Ha puc. 3.

TakuM YMHOM, TPUBEJCHI PE3yAbTAaTH IOCII/DKEHb IOKa3yITh €(EeKTHBHICTh MOAAHHS MaTeMaTHYHOI
MOJIEJI IepeTBOpIOBaya BiJTHOCHO HANIPyTH HABAHTAXKEHHS, CTPYMY HAaBaHTa)KEHHS 1 CTPYMIB, 1110 CIIO)KUBAIOTHCS
3 BXIHOI Mepexi Yy3arajbHIOIUMMH (YHKIISIMH OararorapaMeTpUYHOTO BHAYy. Y3arajbHIOO4i (yHKIii
GararonapaMeTpUYHOTO BUIY €(DEeKTHBHI 1 VISl IHIIMX NEPETBOPIOBAYIB MOTYJIALIHHOTO THITY.

JlociipKeHHs TIOKa3yIoTh €()eKTUBHICTh BUKOPUCTaHHS OaraTorapaMeTpHYHUX MOJIYIIOIUNX (DYHKIIH
JUIL MOJENIOBaHHS 1 pO3PaxyHKy €JEKTPOMAarHiTHUX TIPOLECIB Yy PO3TaIy)KeHHUX EJIEeKTPHYHUX KoJlax
HAIiBIPOBITHIKOBUX HEPETBOPIOBAYIB 3 0araTO30HHUM BHCOKOYACTOTHMM IIMPOTHOIMITYJIBCHUM DPETYIIOBAaHHIM
iXHBOT BUXIJHOT HAIIPYTH NPpH JKMBJIeHHI RL-HaBaHTa)KEHHS.
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Pucynok 3— YacoBi giarpamu BXiJJHUX CTPYMIB Ta HAMpyT i-X (a3 eHePreTUIHOI MepexKi

\4

BucHoBok

B pesynbrati gociikeHb MOXKHA 3pO0UTH BUCHOBOK, 110 JIOLUIBHO BUKOPHCTOBYBATH ITPOTPAMHHH MAKET
MATHCAD s aHaii3y eJeKTpOMarHiTHMX MpOLECIB Ta ONTUMIi3alil HapaMeTpiB HalliBOPOBITHUKOBHX
nepeTBOproBadiB. Takuid MiAXix JO3BOJISIE 3MEHIITUTH HECTAOUTBHICTD PEXKIMIB Y TEXHOJIOTIYHOMY HaBaHTaKCHHI
Ta PEKUMIB CIIOKUBAHHS €IEKTPOCHEPTIi Bil MEPEXi IEeKTPOKIBIICHHS.
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STUDY OF CONVERTER WITH TWENTY ZONE REGULATION VOLTAGE

Analysis of the electromagnetic processes is organized beside this article in electric circuit with
semiconductor commutator. Mathematical model is created for analysis electro-magnetic processes in
semiconductor converter with width pulsed regulation of the output voltage. The broughted graphs, which reflect
the electromagnetic processes in electric circuit. Method much parametric functions was used when performing
calculation. The mathematical model of the converter is created for twenty zoned regulations of the output voltage.
Article is devoted to the development of a method of multi-parametric modulating functions by means of working
out of new mathematical models and definition of functions and the algorithmic equations for the analysis on sub-
system components of electromagnetic processes in electric circuits of variable structure with sinusoidal, direct
and pulsing voltage. Introduction of functions with discrete parameters in the algorithmic equations for analysis
of processes in circuits with semiconductor commutators simplifies modeling on subsystem components. The
mathematical model of steady-state processes and transients in electric circuits of semiconductor converters of
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modulation type with multi-channel zonal use of phase and line voltages of a three-phase network of power
supplies is developed. The mathematical model of electric circuits of thyristor shapers of electro-discharge pulses
for the analysis and the matching of capacitors charging modes with decrease several times of electric resistance
of technological load is also created. The obtained results have a great value for development theoretical electrical
engineering in a direction of simplification of calculations of electromagnetic processes in electric circuits with
semi-conductor converters of the electric power. The Electromagnetic processes in electric circuit under width-
pulse regulation possible to analyse with use the algorithmic equations multivariable function, which argument
are a system parameters semiconductor commutator, signal of control, phases to network of the power supply and
time. Introduction multivariable function with discrete parameter in algorithmic equations of the analysis formed
and connecting processes in electric circuit of the variable structure allows to reflect change of this structure
under system components, simplifying modeling and analysis of such processes to account of the generalization
of the got equations. Except specified correlations and diagrams designed model allows to analyse forms of the
output voltages and current of the separate power modules.

Keywords: electromagnetic processes, output voltage and current, multi parametric modulating functions,
semi-conductor commutators , modeling.
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HCCIEJOBAHUE IMPEOBPA3OBATEJIAA C BOCBbMHU30HHBIM
PEI'YJIUBAHUEM HAIIPAXKEHUA

B craree nmpoBeneH aHamU3  OIEKTPOMArHUTHBIX  MPOLECCOB B JIEKTPUYECKHX LEMSIX C
MOJYIIPOBOTHIUKOBEIMM KOMMyTaTtopamu. Co3aHa MaTeMaTHdeckas MOIENb Ul aHajH3a 3MEeKTPOMAarHUTHBIX
MPOIIECCOB B MOIYHIPOBOIHUKOBBIX MPeoOpa3oBaTelsiX ¢ HIMPOTHO-UMIIYJIBCHBIM PETyIHPOBAaHHEM BBIXOTHOTO
HanpsokeHus. [IpuBenens! rpa¢ukn, KOTOPBIE OTPAXKAIOT 3JIEKTPOMArHUTHBIE ITPOIECCH] B JICKTPUYECKHX HETISIX.
[Tpu BBINOJIHEHUH PACYETOB HCIIOIB30BAJICS METO]] MHOTONapaMeTpuieckux GyHkuuii. Matemaruueckast MOJENb
npeoOpa3oBaTens co3aHa JIi BOCBMH30HHOTO PEryIHPOBaHMs BBIXOJHOTO HampspkeHHsIIomynpoBOAHUKOBEIE
KOMMYTAaTOpbl MOTYT OCYLIECTBISITh BBICOKOUAaCTOTHOE M3MEHEHHME CTPYKTYpPhl JJIEKTPUUYECKUX Iened U
MIPOTHO-MMITYJIbCHYIO MOJYJIALMIO (Da3HBIX M JIMHEHHBIX HANpsDKeHUH Tpex(asHOW CeTH 3NEKTPONUTAHMUS,
peanusysl peryiupoBaHWE BBIXOAHBIX HAIPSDKEHUH ITOJYIIPOBOJAHUKOBEIX Ipeo0OpaszoBaresiel NapaMmeTpoB
SNEKTPUUECKON SHEPTUHU.

KiroueBble c10Ba: 3I€KTPOMArHUTHBIE MPOLECCHI, BBIXOAHBIE HAMNPSIKEHUE U TOK, CTPYKTYpa,
MHOTOINapaMeTpUIecKUe MOYIUpyonre GpyHKINH, TOTYIPOBOIHUKOBBIE KOMMYTATOPBI, MOAEINPOBAHHE.
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EKOJIOI'TYHI MTPOBJEMMU B EHEPI'ETHUIII
ENVIRONMENTAL PROBLEMS IN ENERGY

YK 621.6.039

B.II. Po3en, 1-p TexH. HayK, nmpod., ORCID 0000-0002-0440-4251
C.B. [Isa4yenko, marictp
Hanionansnuii Texniunuii ynisepeurer Ykpainu «KuiBebkuii noirexuniunmii incrutyt imeni Iropst Cikopebkoro»

METOJU TA YCTAHOBKHU AJI51 HIAI'OTOBKU BOJONAJTABHUX
EMYVYJIbCIU SIK AJIbTEPHATHUBA TPAJUIINHUM ITAJIUBAM

B cmami posensnymo numanns euxopucmaunns 6odonanuenoi emyavcii (BIIE) sk anemepnamuerozo
namea Onsi cepeoHbo- Ma Maio000pOMHUX OU3CHbHUX O08USYHIE. Bcmarnosneno, wo Haubitbul MOKCUYHUMU
KOMNOHEHMAamu, SIKi GNIUBAIOMb HA Q06K 8 npoyeci pobomu OU3enbHO20 08USYHA, € OKCUOU A30mY, 8yeleylo,
8yenegooni ma meepoi uacmku cagici. Egexmuenum winsixom eupiutennss npobremu 3axucmy 006Kl €
3aCMOCYBAHHA B0OONANUBHOT eMYIbCIl, OCKINbKU i1 BUKOPUCMAHHSA He 8UMA2AE KOHCMPYKMUBHUX 3MiH 08UZYHA.
Taxooic 6U3HAUEHO OCHOBHI MEeMOOU NiO20MOBKU B00ONANUSHUX eMYNbCIll MA YCMAHOBKU, 8 AKUX CINBOPIOENbCSL
emMynbcis, ix nepesazu ma HedoniKu. [na ananizy Xapakmepucmux yCmMaHo80K sukopucmano oiazpamu Icikasu.
Buoineno nepcnexmugni cucmemu cmeopens emynbCo8aHUx NAIue.

Knrwouoei cnosa: BoponanuBHa €MyJIbCis, TOMOTCHI3aTOP, AUCTIEPTaTOp, AN3EIbHIN IBUTYH, TTAJINBO.

Beryn

B ocranHi poku mepej CyJIHOBIACHHMKAMHU TOCTPO MOCTaja MpobdieMa 3pOCTaHHs IiH Ha OYHKepyBaJlbHE
najauBo. Y 3B'SI3Ky 3 UM 0arato KOMIaHii-CyHOBJIACHHUKIB 3HOBY CTaJIM PO3IJIANATH MMUTAHHS 3aCTOCYBaHHS Ha
CyAHaxX OUIBLI JENIeBHX BaXXKKHX COPTIB NaJMBa, aJlbTEpPHATUBHHX JOPOTMM Jerkum copram. CdopmoBaHa
CHUTYyaIlisl TIOCUITIOETHCS 1€ i TUM, IO SKICTh CYTHOBUX Ba)XKUX MaJMB B LIJIOMY MOTIPUIYETHCS, 3 OTJISAY Ha Te,
o HadronepepoOHi 3aBoau (HII3) mparayTh 70 MiABUIICHHS BUPOOICHHS 3 Ha()TH JIeTKUX (QpaKiriii.

OmHOYACHO 31 3pOCTaHHSAM IIiH 1 3HIKCHHSM SIKOCTI MAJHBa IOCHIIOIOTHCSI BUMOTH JO PiBHS BHKHIIB
IIKIIJIMBUX PEYOBHH 3 BiANpaIlbOBAaHUMHU ra3aMu CyIHOBUX nu3eniB. Y mumai 2010p. BCTynmima B criy HOBa
penakuis [Iporpamu VI MixkHapoaHOT KOHBEHIIIT o0 3amobiranHs 3adpynHeHHmo i3 cyaer (MARPOL 73/78),
sKa nepeadavae OLTBII JKOPCTKI BUMOTH /IO CY/ICH.

OmHOTO 3 OCHOBHUX 3aJ[ad IIiJI Yac eKCIUTyaTallii IBUTYHIB BHYTPIIIHHOTO 3TOPSHHS € eHepro30epekeHHs
Ta EKOJIOTIYHMI BIUIMB Ha HOBKULIA. PoOoTa NU3€IbHOrO MalbHOrO BUKIMKAE Psifl MPOOJIeM MOB’S3aHHX 3
po06OTOI0 ABUTI'YHA TA BUKUIaMH TOKCUYHUX PEUOBHH Y TOBITPs. 3 cUTYalil siKa, CKJIanach Ha CbOTO/HILIHIN JICHb,
MOXKHA CKa3aTd L0 € CEHC PO3IJISJaTH aNbTEPHATHBHI BHAM TNAJMBA JJIs TOJANBIIOTO 1X BUKOPHCTAHHS 3
JIM3EJIbHUMH JIBUT'YHAMH.

Mera

[TinBuieHHst piBHS e€(QEeKTUBHOCTI POOOTH MM3ENBHOrO JBUTYHA Ta 3HUIKEHHS BMICTY TOKCHYHHX
KOMIIOHCHTIB BiATIPAaIlbOBAHUX Ta3iB JU3EIHFHOTO JBHTYHA, MUITXOM aHANI3Y MPOOIEMH BUKOPUCTAHHS Ba)KKUX
COPTIB JAM3ETBHOTO MaliBa BHU3HAYCHHS CIOCOOIB Ta METOMIB MiATOTOBKH BOJOMAIWBHOI €MYIBCii, OIS
YCTaHOBOK 3 pi3HUMH (I3UYHUMH METOJAMH CTBOPEHHS €MYIbCill, 3acTocyBaHHs miarpaMm IcikaBm s ix
MOPIBHSHHSA Ta BU3HAYEHHS NIEPCIIEKTUBHUX arperaTis JUIsl MO0 poOOTH 3 HUMHU.

MartepiaJ i pe3y1bTaTH J0CHiIKEHDb

B poOori [1] aHami3 BiAnpanbOBaHHWX ra3iB MOKa3aB, M0 HAHOLIBII TOKCHYHAMHU KOMITOHEHTAMH, SKi
MOTPAIUISIFOTh B HABKOJIMIIIHE CEPEIOBHUIIIE TTiJ] YaC pOOOTH AN3ENILHOTO JBUI'YHA, €: OKCHIH a30Ty NOX, ByTJiemto
COx, ByrneBoani HC, TBepIi 9acTKH caxi.

Po6oTa An3enpHOTO MaTBHOTO BUKIIMKAE P IPo0IIeM, OB’ I3aHNX 3 TOTIPIIEHHSIM IPOIECiB 3MIITyBaHHS
Ta 3TOPSHHS, IMiIBUIIEHHIM PiBHA TEIIOBOI HAPY>KEHOCTI, 301IbIIEHHM JTako(hapOOBHX BiIKIACHb 1 Harapy Ha
Jetaisax mutiHAgpo-nopmHsoBoi rpymu (LTI, miasumennsam 3u0cy LTI, ckOpodeHHAM TepMiHy eKCIuTyaTartii
MacTHII.

OnHuM 3 eeKTUBHMX IIIAXIB BHUPILIEHHS IaHUX NPOOJEM € 3aCTOCYBaHHS BOJONAIMBHHUX EMYJbCIH,
BUKOPHCTAHHSI SIKHX HE BUMarae KOHCTPYKTUBHHX 3MiH JIBUTI'YHA, ajie ToTpeOye MoJiepHi3allii HaJuBHOI CHCTEMH,
1110 BUMarae JIesIKMX KaIliTaJOBKIaIEHb.

BoponanuBHi eMybcii IpeACTaBIsI0OTE COO0I0 TUCTIEPCHY CHCTEMY, IO CKIIAIAEThCS 3 IPIOHNUX Kparenb
pinuan (qucnepcHoi (asu), po3MONUICHUX B iHIII piauHI (IUcnepciiHiit). Po3pi3HAoTh mpsmi eMysbcii THIY
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«Macio B BOJI», 3 KpalLIMH HENOJSAPHOI piAMHM (HAaNpUKIaA, MajuBa B IIOJISIPHOMY BOJSHOMY
CepeIOBHIL) 1 3BOPOTHI THITY «BOJIA B MacCi».

VY nu3ensix 3aCTOCOBYIOTBCS €MYJIBCII 3BOPOTHOTO THILY, SIKi BUKJIIOUAIOTh KOHTAKT METAJIEBUX OBEPXOHb
MAJIMBHOI arlapaTypu i CTIHOK TPYOOIPOBOJIIB 3 BOOIO.

3rigao 3 [2] 3MiHa XapakTepy poOOTH AM3EINHHOTO IBUTYHA, MiIBUIICHHS HOTO TEXHIKO-€KOHOMIUYHUX
BIactuBocTe mix gyac podoru Ha BIIE o0ymoBmoeThes Pi3MKO-XIMIYHUMHE BIACTHBOCTSIMH TTATMBHOI €MYJIbCIi.
Pi3HHIIT KOMITOHEHTIB eMyIbCii, HahTOBOTO MajkBa i BOJIH, BIIOMBAIOTECS B IEPINY YSPTy HA MPOIECaX PO3IIILY
MajanBa, HOTO BHUIAPOBYBAaHHA Ta CYyMIIIOYTBOPEHHA. BHCOKa BHIAapOBYBaHICTP BOIM, BHCOKA TEIIOTA
BUTIAPOBYBAHHS Tal0Th MOKJIMBICTE pealizallii po6odoro mpomecy 3 OiIbII0I0 TOMOTEHHICTh MTOBITPSHO-TIATTUBHOT
cymitmi. To6To mpuOIM3KUTH JaHMIA TPOIIEC 10 TOTO, sikuii HasuBaeThes — HCCl-mponecom (Homogeneous Charge
Compression Ignition).

B nmocnimxkennsix [3] mpu BukopuctanHi BIIE BHrOTOBICHHX TimpOJMHAMIYHMM MIISXOM Ha OCHOBI
muzenbHoro manuBa Mapku [T, Ha qusensx 2U8,5/11 u 8UHP32/48 minTeeppkeHa MOKIIMBICTE CKOHOMIT MAJIMBA
Ha 3-5%, ajie BHSABICHO WIBHANIEC 3HOLIYBAaHHS IOBEPXOHb, Ha SKHX BiJOYBAa€TbCS TEPTsA. 3HOIIYBaHHS
00yMOBJIEHO THM, III0 BOJa Ma€ BHCOKI 3MOYYBaJIbHI BIACTHBOCTI 1 100pe COPOYETHCS METaIOM, IO MOTipIIye
3MallyBaHHs JeTaieid maauBoM. Asie y pasi BukopuctanHs neskux [IAB sk mpucamox mms BTE, ski marots
BJIACTHBICTH BUTICHITH BOAY, JOIIOMAraloTh BIJHOBUTH HOPMAJIBHIN PEKUM TEPTH.

Takosx Imij] 9ac mpOoBECHHsI OCIiIiB Ha Au3eiabHOMY ABUTYHI Sulzer 4RLB76 Gyio oTpuMaHO 3aJIe)KHOCTI
P, T, Cnox, Bix HaBaHTa)keHH: y pa3i podotu Ha BIIE 3 20% BigCOTKOBHM BMIiCTOM BOJH, 3arajbHi MOKa3HUKH
JBUTYHA IOKpAIIWInCh (puc. 1 ).
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Pucynox 1 — 3anexxHocTi mapameTpiB ABUTYHA IPH BUKOPHCTAHHI:
1 — 3BuuaifHOTO ManKBa; 2 — BOAONAINBHOI eMYJIbCii

Crnix momaTH, MO 3TiIAHO JOCHTIKEHb, BUKOPHUCTAHHS pi3HUX cucTeM mnpurotyBanHs BIIE He BIumBae
3HAYHOIO MipOIO Ha MapaMeTPH AU3EIHHOTO JIBUTYHA.

Cnocoou orpumanns BIIE

Iepumii crioci6 momsArae B ToMy, o 0yZe BUKOPHCTOBYBAaTHCh MPUTOTOBAHA paHillle eMyJbCisd, ska Oyxae
3JIMBATUCS B OaK 3aMicTh KJIacWMYHOTO TanuBa. JlaHui BapiaHT OyJe JOBOJII MPOCTHM, OCKUIBKH TOTPEOye
MiHIMaJIbHOI MOJIEpHi3alii iCHYI0UO01 TAIMBHOI cucTeMu. Ate 3 iHmmoi croporn, BIIE He € myxe crabinmpHUMH, Y
HUX JIOBOJII BUCOKI TEMIIEpaTypH 3aCTUTaHHs, a TAKOXXK eMYJIbcii MalOTh CBIl Iepio]] penakcaii, skuii HaivacTimie
0e3 1o/1aBaHHs eMYJIbraTopiB — XiMIUHI TOBEPXHEBO-aKTHBHI CIIOIYKH — € JIOCUTh KOPOTKHM.

Jpyruii crioci6 nossirae B NpUroTyBaHHI TAJIMBHOT eMyJIbCii Ha 60pTy aBTOMOO1IISI 200 Cy/IHA, IPSIMO TIepen
BIyCKOM ii o mutingpy. List cucrema notpedye 10CUTh cepiio3HOTO BTpyUYaHHS 10 NaJIMBHOI CUCTEMH, 110 pOOUTH
ii cKJIaaHINIO ISl PEMOHTY, aJie i) 4ac NPUroTyBaHHS eMYJbCii Ha OOpTY, HAaPHKIIAL MPSMO Iepesl HacOCOM
BHCOKOTO THCKY 1 MOJANBIIOrO BITYCKY ii A0 LMIIiHZApa, € OLIbII parioHadbHUM. Takox Iie apryMeHTYeThCs
CTBOPEHHSIM JIOCUTh BEJIMKOI KIIbKOCTI PI3HOMaHITHUX TUCTIEPTaTOPiB.
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MosxHa BuginuT Tpu Metoau orpuMants BIIE (puc. 2):

Di3znYHUN

CaMoeMy/IbCYyBaHHSA

PrcyHOK 2 — OCHOBHI METOAM OTPHMAaHHS BOIONMAINBHUX eMYIbCii

- M XIMIYHAM METOJOM MA€ThCs HAa YyBa3i BHUKOPUCTAHHS IIOBEPXHEBO AKTHBHUX pPEYOBUHH —
eMYJBraTopiB, sKi OyBalOTh 2X THITIB: BOJOPO3UNHHI (TigpodinbHi) Ta xupopo3unHHi (Tinpodo0bHi). [lepmmit
TUT BUKOPUCTOBYETHCA [UII OTPUMAHHS EMYJIBCIH THIy «Maclio y BoIi» (IpsAMi eMyJbcii), APYrHid THII
BUKOPHCTOBYETHCS IS CTBOPEHHS €MYJIbCIH «BOJa B Maciii» (3BOPOTHI eMyJIbCii).

- (Qi3UYHMI METOJ MOJISITAE Y BUKOPUCTAaHHI 00JIaJIHAHHS [UIsl CTBOPEHHSI BOJONATUBHOT €MYJIbCIT NIIIXOM
nepeMinryBanHsi abo nepeOMBaHHS MajuBa 3 BOJOIO, MO0 B pe3ynbTaTi yTBOPHJIACh 3BOPOTHA EMYIBCIS 3
ONTHMAJIBGHUM PO3MIPOM Kpariejib BOJHM, SiIKa 3HAXOAWUTHCS B BIIBHOMY CTaHI Cepell MOJIEKYJ BYIJICLEBOTO
nanuea. Haifuacrire 11e: MexaHiYHUI BIUTMB Ha BOJLY 3 IAJIMBOM, EJICKTPUUHHUN, KOHJICH ALl TapoBuX (a3.

- caMOeMyJIbCYBaHHsI — L€l MeTo] mepeadadac eMysbryBaHHsS Ha(TOBOTO majnBa B JIy)KHY BOIY 32

paxyHOK (i3UKO-XIMIYHIX BIACTHBOCTEH JaHUX PEUOBHH, O€3 30BHIITHHOTO BIUIMBY Ha HUX.

YcraHoBKH AJ15 OTPUMAHHS BOJONAJTUBHOI eMYJIbCIl

Icnye psin cioco6iB otpumaru BIIE, He BUKOPHCTOBYIOYH XiMIUHUX 3aC00iB. PO3rssHEMO TeXHOJIOTIT Ta
arperary, IIpyu BUKOPHCTaHHI SKHX eMYJIbCisi CTBOPIOETHCS 32 PaXyHOK MEXaHIYHOTO BIIMBY Ha BOJY Ta
BYTJIELIeBE MauBoO (puc.3).

YCTaHOBKW AN OTPUMaHHA

BME
. . YCTaHOBKK 3
KonoigHuin ManH . :
CyaepKasiTaui€lo
MexaHiqHWr lomorkHizaTop
roMoreHizaTop BWCOKOro TUCKY
CTpymMmeHeBwnia rigpognHamiyHa
nucnepratop cvpeHa
bapboTaxHi
YCTaHOBKMW
YneTpa3ByKoBUIA

romoreHizaTtop

Pucynok 3 - xiacugikarlisi yCTAaHOBOK JUIS iATOTOBKH BOAOMAIMBHUX eMYIbCil

VYcranoBku s miarorosku BITE:
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1. KonoigHuii MIMH — mpouec AWCHEPryBaHHS YacTUHOK BOJXHOI (a3, 3aauIIKoBUX (pakuii
Ha(TONEPEPOOKH B 3MIIlIyBauaX POTOPHOTO TUITY 3/1HCHIOETHCS B KaHAJIAX MK 0OCPTOBHM POTOPOM i CTATOPOM.
3a3Buyail, MiXK MMOBEPXHIMHU POTOpa 1 cTaropa BCTAHOBIIOETHCS 3a30p Y Mexax a0 1 mm. Jlns 3abe3nedeHHs
POOOTH POTOPHOTO 3MilllyBaya B PeXKHUMI IPUTOTYBAaHHs €MYJIbCOBAHOTO aJIMBa B HOro 00’€M OKpEMHM HaCOCOM
MOJAIOTh Ma3yT i Boxy. O0'eqHaHMi MOTIK 3MIMIAaHUX KOMIIOHEHTIB BiJ Hacoca depe3 paialibHi KaHAIH pOoTopa
HAJXOAUTD B KiJIBIIEBUI KaHA MiX CTAaTOPOM i potopom [4];

2. MexaHI4HI TOMOTEHI3aTOpH — HOXKOBHUH mepeMinryrounii mpuctpiif. IIIBHAKOCTI HOXKIB MeXaHIYHUX
TOMOTEHI3aTOPiB MOXKYTH BapiloBaTHCS Bill IEKITHKOX NECATKIB 00EpTiB 3a XBIIMHY (HAIpUKIan, GpizepH) 10
JIECSITKIB THUCSY 00EPTiB 3a XBIWIMHY (HATIPHKIIA, JTA00PaTOPHi TOMOTEHI3aTOPH 0107I0Ti9HIX IPo0);

3. CrpyMeHeBi JucnepraTtopu — BOAA 1 NMaJMBO NEPEMILIYIOTHCS 3a PAaXyHOK 3ITKHEHHS CTPYMEHIB
PEYOBHH ITiJT THCKOM JIeKiNTbKa pa3iB (IPOXOMKEHHAM Yepe3 cekliii aucnepraropa) [5];

4. BbapOoTakHi YCTAHOBKH MEPEMIITYIOTh MAIKUBO 3 BOJIOO NUISTXOM MPOIMYCKAHHS Yepe3 piauHu mapu abo
ra3y. ['a3 mpoaaBIIOETECS Yepe3 Iap PiAuHY 3a TOMOMOToI0 TpyO 3 ApiOHUMU oTBOpamu (3-6 MM), ciTyaTux abo
KOBIIAYKOBHX Tapiiok adbcopOepiB i pexTudikariinux kosoH. [Ipu 6apOoTyBaHHI CTBOPIOETHCS BENTMKa MixK(pa3Ha
MOBEPXHS HA MEXI piiHa - ra3, Mo crpuse iHTeHcudiKalii Terno- i MacooOMiHHUX mporecis [6];

5. VnpTpa3ByKOBI TOMOTCHI3aTOpM — TIepeMIIlyBaHHS BiIOYBa€ThCs 3a paxyHOK KaBiTamii, ska
CTBOPIOETECS 32 PAXYHOK NPOXODKSHHS PIZIMH Yepe3 YJIbTPa3ByKOBE I10Jie BUCOKOT IHTEHCHBHOCTI [7];

6. TlpucTpoi 3 MPHUHIIUIIOM CYyIIEpKaBiTalii — MepeMilTyBaHHS BiOYBAETHCSA 32 PaXyHOK CXJIOITyBaHHS
KaBEepH, SKi CTBOPIOIOTHCS Ha MIEBHIH BiCTaHI BiJ KaBiTaTopa (CTAaTUYHOTO a00 THHAMIYHOTO) [8];

7. TigponuHaMivyHi CHpPEHH — L€ YCTaHOBKH POTOPHOTO THILY, CYyTh TEXHOJOTIYHOTO IPOLECY SKUX
00yMOBIIOETECSI B 0araTo(pakTOPHUM BIUIMBOM Ha OOpOOJIOBaHE pifKe TeTepOreHHE CEPelOBUINE i MOJATAE B
MyJbCAlisSX TUCKY Ta LIBHIKOCTI MOTOKY P1IUHM, PO3BUHEHOI TYpOYJIEHTHOCTI, IHTEHCHBHOI KaBiTalil, mynbcanii
B JIOKUIBHUX O0’€Max MNpH IyJbcalil Ta CXJONMyBaHHI KaBiTamidHMX OyiabOaliok (KaBepH), >KOPCTKOMY
KyMYJISITHBHOMY BIUTHBI, BACOKHX 3CYBHHUX 1 3pi3al0unX 3yCHUIUISAX, aKTUBALT piguHu [9];

8. T'omoreHi3aTopu BHCOKOTO THCKY — IPHHIMII POOOTH JIaHOT YCTAHOBKH IIOJISITAE B IIPOJIABIIOBAHHI
PEUYOBUHH, SIKa FTOMOTEHI3Y€EThCsI, Yepe3 OTBIP, JiaMeTp SKOro peryaroroThesi. OCHOBHUMH IMOKa3HUKAMHM € THCK Ta
MPOIYKTUBHICTH ipu poboTi [10].

OCHOBHMM NOKa3HUKOM poOOTH ycTaHOBOK 11t oTpuManHs BIIE e nucnepcHicTh Kparmens BOIH B IAJIHBI,
T00TO pO3Mip Kpanensb (puc.4):
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PucyHOK 4 — IOPiBHSHHS AUCIIEPCHOCTI KpaIeslb BOJIU B eMYJIbCIsIX HMiATOTOBJICHUX B PI3HUX YCTAHOBKAX

3 pucyHKY 4 MOXHA IOOAYHUTH, IO HallKpanly aucnepcHicTb, dK < 5 MKM, MarOTh 11’SITh YCTAHOBOK, a came:
KOJIOITHUI MJIMH, YJIbTPa3BYKOBHH T'OMOI'€HI3aTOp, YCTAHOBKH 3 CYyIEpKaBiTaLI€l0, TIPOJUHAMIYHI CHPEHU Ta
TOMOTEHI3aTOPH BHCOKOTO THCKY. AJre o0 BUAUNTH Hale(heKTHBHIIII, TpeGa pO3TIITHYTH ITepeBary Ta HeIOJMiKN
JIAHUX arperartiB IUB. pUC. 5.
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OcHoOBHI nepeBaru Ta Hel0JiKH YCTAHOBOK
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e) Emynbcia
BUCOKOI AKOCTI

FomoreHizaTop

BMCOKOrO
TUCKY \

Yac cTBOpeHHA Bucoki LLiBMAKe 2HOLIYBAHHSA
eMynbCii eHeprosaTpaTu netaned
€)
Emynbcia Bucoka He Benuki

BWCOKOT AKOCTi | |NMPOAYKTUBHICTL | | eHeprosaTpaTu

FapoanHamivyHa

cupeHa

Yac cTBOpeHHA
emMynsCii

PrcyHOK 5 — OCHOBHI TIepeBaru Ta HeIOJIIKH yCTaHOBOK 11t ctBopeHHs BITE:
a) Komoinauit miug; 6) MexaHigHMiA TOMOTeHi3aTop B) CTpyMeHEBHIA AUCIICPTaTop;
r) bapOotaxna ycTaHOBKa; T) YIBTpa3BYKOBHI TOMOTEHI3aTOP; 1) Y CTAHOBKH 3 CYIEPKaBITAIII€IO; €)
l'ippomuHamivHi cupeHw; €) [[oMoreHi3aTop BUCOKOTO THUCKY.

Ha pucynky 5 mpuBeaeHO OCHOBHI SIKOCTI YCTaHOBOK JJISI IIJTOTOBKHM €MYJIbCOBAHOTO IAJMBA, 3 SKUX
MOKHA BHIUINTH JeKiJlbka HaWe(eKTHBHININX Ta HaHNEepCIeKTHBHIMMX. Ha mpukmaa: yIsTpa3BYKOBi
TOMOTEHI3aTOPH, YCTAHOBKH 3 CYIEPKABITAIIIE€I0 Ta T1IPOAHHAMIYHI CHPCHH.

Bucnosok:

3rifHO OCIHIIKEHb MOKHA CKa3aTH, 110 BUKOPHUCTAHHS BOJONAJIMBHUX E€MYNBCIH SIK albTepHATHBHOTO
NajMBa € JIOCUThb MEPCIEeKTUBHUM IIUIIXOM 3MEHIIEHHS E€KOJOTIYHOrO BIUIMBY JIM3€JiB Ha HAaBKOJIUILIHE
CepelloBHILe Ta EeKOHOMIT BUKOITHOTO NanuBa. Buaineno ocHoBHI meroau npurotyBanHs BIIE i Buznaueno, mo
eMyJbCiI0 BHTIAHINIE MiATOTOBIMIOBATH Ha OopTy. TakoX pO3IISIHYTH OCHOBHI YCTaHOBKM JJISI OTPUMAaHHS
€MyJIBrOBaHOTO TAJIMBA, TIOPIBHAHO iX MOKa3HUKHU IUCIIEPCHOCTI Kpameiah BOIW IiCJIS NPHUTOTYBaHHSA eMYJbCIi,
PO3TIISIHYTO OCHOBHI IT€PEBaru Ta HeAOMiKH. MoKHA BUIUIMTH HAMITEPCIIEKTUBHIIII yCTaHOBKHY JUIS IPUTOTYBaHHS
eMyJIbCiH: YIbTPa3ByKOBHI TOMOTEHI3aTOP, YCTAHOBKH 3 IMIPHHIIUIIOM CyIepKaBiTalii Ta T1iIpoArHaMiuHi CHPEHH.
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METHODS AND INSTALLATIONS FOR PREPARING OF WATER IN FUEL EMULSIONS AS
ALTERNATIVE FOR TRADITIONAL FUELS

The article considers the use of water in fuel emulsion (WIFE) as an alternative fuel for medium- and low-
speed diesel engines. The problem of a rapid increasing of the price for light fuels for marine diesel engines was
determined. It was also defined a tightening of the requirements for the level of toxic components in the exhaust
gases. It is also, established that in recent years the quality of heavy fuel grades has deteriorated. It is determined
that the most toxic components that affect the environment during the operation of the diesel engine are nitrogen
oxides, carbon monoxide, hydrocarbons and particulate matter of soot. Effective way to solve the problem of
environmental protection is the use of water in fuel emulsion, their use does not require any structural changes in
the engine. The basic methods of preparing water-fuel emulsions and installations in which an emulsion is creates,
their advantages and disadvantages are also had defined, their advantages and disadvantages are also defined.
The Isikawa diagrams had used to analyze the characteristics of installations. Promising systems for the creation
of emulsified fuels have identified.

Keywords: water in fuel emulsion, homogenizer, dispergator, diesel engine, fuel
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FORECASTING THE STABILITY OF THE SOLID WASTE LANDFILL
UNDER ITS CREATION

The modeling of the sedimentation of the solid domestic waste landfill with the use of the finite element
method was carried out with the aim of predicting its stability in the creation and further use as a base of
structures. His characteristic feature was accounting of geometrical and physicomechanical parameters of the
ground and the soil basis. Using the C # programming language, software has been created to set the dependencies
of the polygon sediment on the properties of the underlying soils and on the magnitude of the static load.

Key words: solid waste landfill, mathematical and computer modeling, precipitation, stability.

Introduction. Ukraine ranks first in the world in terms of the number of household garbage per capita.
Under the landfills of solid waste landfill (SWL) and landfills occupy over 160 thousand hectares of land, and this
figure is constantly increasing. In this connection, the issue of sustainability of polygons arises, they exist and are
created, since improperly designed and constructed polygons is a source of catastrophic events that not only cost
millions of dollars of losses but also lead to huge environmental pollution and even loss of life [8 -18].

Planning is especially important where construction of facilities in or near the landfill is expected.
Depending on the planned use of the landfill, it is necessary to consider the following factors: the thickness of the
covering layer, the underlying layer, the slope angle of the landfill and the disposal of waste, the degree of
compaction, the use of additives and cement to strengthen the landfill, selective disposal of waste. When planning
the use of the landfill, account should also be taken of the draft, the characteristics of the underlying soil, the
availability and control of the infiltration and landfill gas collection systems and vegetation.

Evaluation of the stability of a landfill is often carried out by predicting the draft at the landfill. The
precipitation is caused by many processes, in particular, biodegradation of organic matter, dissolution and
oxidation of substances, reorientation of waste in the body of the landfill. Draft is divided into sediment caused by
primary (instantaneous) and secondary (long-term) consolidation.

Models describing the sedimentation of the solid waste landfill can be divided into models based on soil
mechanics, empirical models and models that take into account biodegradation [1 - 11]. The existing methods for
estimating the draft have a number of shortcomings. In particular, a model that includes all the factors and
parameters that affect sediment is missing and its development is an important issue. The most common model
based on soil mechanics is a model of weak soil with creep Soft Soil Creep (SSC). [12 - 22].

A common feature of the developed models is that they take into account only the municipal solid waste,
their behavior and properties, neglecting such an important component of the landfill, as the soil on which it is
based. It is from the type of strength, geotechnical properties of this soil that the stability of the landfill depends,
since they are the greatest load.

Experimental methods are costly and effective only for specific conditions. For example, the methods of
reverse analysis are based on taking into account the properties of already destroyed landfills. In turn, laboratory
analyzes do not allow to simulate the natural properties and processes occurring in landfills.

Therefore, studies of stress-deformed state of the soil mass under the landfill, affects the stability with the
mechanical and geometrical properties of the landfill and the underlying ground, static and dynamic loads and
filtration processes is actual scientific and practical challenge.

Goal and tasks. The aim of the work is to predict the sustainability of a solid waste landfill in its creation,
taking into account physical, mechanical and geometric parameters. The task is to develop a spatial mathematical
model and computer simulation of the consolidation process of the body of the solid waste landfill and the
underlying soil.

Presentation of the main research material. Numerical modeling of the stressed-deformed state of the
solid domestic waste landfill and ground base has been carried out to predict its stability during laying.

To account for the liquid phase of the waste and the underlying soil, Darcy's law is used in the form of the
equation of the balance of forces:
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where P is external pressure; p is the density; # is the dynamic viscosity; g is acceleration of gravity; u is the
filtration rate; f is the field of external forces; K = nk / pg is the permeability coefficient characterizing the porous
medium'’s ability to pass fluid.

The complete system of equations for the filtration of an incompressible fluid also includes the
incompressibility equations:

diviu =0, 2
and the continuity equation:
div pu = —pm, (3)

where m is the porosity of the soil.

It is assumed that the compressibility of the skeleton and the pore fluid is small, which leads to a linear
dependence of soil porosity on pressure.

The covering and underlying layers of the soil were described by the Mohr-Coulomb model, in which the
complete yield condition consists of six yield surfaces and six plastic potential functions.

The body of the polygon is modeled by a weak soil, taking creep into account, using the Soft Soil Creep
(SSC) model [23 — 25]. At present, this model most fully describes such properties of weak soil as stress-dependent
stiffness, as well as secondary compression with allowance for creep, in addition, it takes into account both the
physical and geometric non-linearity of the process of soil deformation.

Full volumetric deformation &y, caused by the growth of effective stresses from the initial value po’ up to p’
for a period of time tc+¢’, consists of elastic e¢ and viscous-plastic e, components. Viscous-plastic component
is the total of deformation during consolidation s,’,’pc and after consolidation sXpac. The relationship between the
deformations is expressed in the following form:

g, =g+’ +tel (4
g€ =k"In (5—(;); 5)
&’ =@ —«k)In (%); (6)
& . =M1In (TCT—J';,) (1)

where w1 * is the modified coefficient of creep; . is the time of consolidation, that depends on the geometry of the
sample under consideration; t’ is the time elapsed since the beginning of the loading of the landfill; x* is the
modified coefficient of swelling; A* is the modified coefficient of compression; t. is the time of completion of
primary consolidation; p, is the initial effective stress; p’ is the effective stress; p, is the effective pre-
consolidation stress.

The equation for determining the free surface of the filtration flow in the calculation of unstable filtration
in the body of a polygon with allowance for infiltration should satisfy the following boundary conditions: 1) the
pressure is equal to atmospheric pressure; 2) the normal velocity component on the surface is absent. At the
boundaries between the layers of the polygon and the ground base, the conditions for the equality of the normal
stress components and the rate of filtration are satisfied.

The initial conditions are: the filtration rate in the layers of the polygon and the underlying soil is zero;
Atmospheric pressure acts on the surface, each layer of waste and ground has its own initial physical and
mechanical properties, initial geometric parameters of the polygon are specified.

To calculate the coefficients of swelling, compression, consolidation, program software (PS) was created
using the C # programming language. As a result of the numerical calculation, strain dependencies were obtained
from the stresses under the static load of the body of the solid waste landfill. The parameters of the underlying soils

and wastes are presented in Table. 1 and 2 respectively. Layer #1 is the latest layer, layer #10 is the first that lies in
the foundation of the polygon
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Table 1 - Physical and mechanical parameters of soils

Soil
Parameter
Sand Loam Clay
Modulus of deformation Erer,(KN/m?) 18000 10000 9000
Poisson’s Ratio v, (unit) 0,34 0,36 0,37
Specific gravity of soil yunsar, (KN/m®) 18,0 13 19,0
Specific gravity of water-saturated soil ysa;, (KN/m?3) 20,7 14,6 21,8
Filtration coefficient in horizontal direction k, (unit) 0,5 0,006 0,004
Filtration coefficient in vertical direction ky, (unit) 0,5 0,006 0,004
Modulus of deformation E, (MPa) 50 33 28
Specific cohesion ¢, (kPa) 3 34 81
The angle of internal friction ¢, (degree) 31 14 13
Table 2 - Physical and mechanical parameters of the waste products

Parameter Value
Specific gravity of soil yunsar, (KN/m®) 7,504
Specific gravity of water-saturated soil ysat, (KN/m®) 10,0
Specific cohesion ¢, (kPa) 25
The angle of internal friction ¢, (degree) 20
The initial coefficient of porosity, eo, (unit) 0,4268
Coefficient of compression, C,, (unit) 0,3987
Swelling coefficient, Cg, (unit) 0,0394

The coefficient of creep, Ca, (unit):

Layer #1 0,0615
Layer #2 0,0474
Layer #3 0,0448
Layer #4 0,0429
Layer #5 0,0414
Layer #6 0,0402
Layer #7 0,0391
Layer #8 0,0382
Layer #9 0,0374
Layer #10 0,0367

In Fig. (1, a) shows the main initial screen of the software, where data are entered for further calculation in
accordance with the soil parameters. Parameters for sand, loam and clay are set separately in their respective tab.

In Fig. (1, b) is a tab of the software screen, where data is entered for the parameters of the waste.

Figure 1 — Background data: (a) soil parameters, (b) waste parameters

- & PospaxyHok ocigakua neniroHy TTB - O x
Buigni gani. Mapametpu rpyrty | Buxigai gani. Mapametpn sigrogjs | Pesynetati Bixiani aani. Mapametpu rpywty | Buxigni aavi. Napametpu sigxodis | Pesynetati
Tpyst Biaxogm
Micok CyrauHoxk Tanka | Meroma sara, (kH/m3) |I7.5[]4
Moayns asgopmaui 18000 MuToma eara scagHacHueHoro rpyHTy, (kKHY 10
Koediyient Myaccona 034 3}
Mutoma Bara rpywTy 18 Mutome 3uenneres ¢, (kMa) 25
MiTOMa Bara ECAOHACHUEHOTD FPYHTY 207 KyT eryTpiussare Tepta @, (rpag) 20
KoediyienT ineTpayyi 6 ropusoHTanEHoMYy 05 MouaTkoswnii koediyienT nopucracri, €0, (oa) |0.4268
nenpRmky Koediuient komnpecir, Ce, (oa.) 0.3987
KoediyienT inbTpauii 6 BEpTHKANEHOMY 05 Koediviert HaByxarsin, Cs, (0a) 0.0394
HaNpaMKy
Murome suennests ¢, [Na) 3 KoediyienT nossywocti, Ca, (og.) 0.0615
KyT BryTpiwnsore tepta @, (rpag) 3 Kinekicrs wapie 1
KyT Haxwny cxuny nonirchy 10
Yac, Wo MUHYE MICN® 3aKPWUTTA NOAITOHY 10 Tosuwwra wapy 3
(a) (b)
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The results of calculating the coefficients of swelling, compression, consolidation, and the relationship
between deformations, depending on the type of soil, are shown in Fig. 2 (a, b, c).
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Figure 2 — The result of calculations for the soil: (a) — sand, (b) — loam, (c) — clay; 1 — spring strain,
2— viscous-plastic after consolidation

From the analysis of Fig. 2 it can be observed that there is less sediment of the landfill when the underlying
soils are clay, and the most sediment is with sand. For example, an elastic complete deformation of 0.12 is achieved
in clay with an input of 5000 Pa, in loam - 100 Pa, in sand - 40 Pa. From which it can be concluded that the
underlying soil has a big influence on the sedimentation of the landfill.For the humerical solution of the problem
the finite elements method was used. The estimated area was divided into 265 finite elements.

We investigated the influence of underlying soil (clay, sand or loam) foundation on settlement. The landfill
for which the simulation was conducted consists of ten layers of the waste, the thickness of each layer is 3 m. The
angle of inclination of the slope of the landfill was 75°.

The results of numerical calculations are shown in Fig. 3. The vertical deformations of the polygon with
the sandy bottom of the base are shown in Fig. 3. It can be seen from the analysis of the figure that the greatest
deformation is observed in the upper layers of the polygon and is 4.95 m, and the smallest in the layer lying at the
base of the polygon (0.42 m). This is because the lower layers of the polygon are condensed more than the top
layers. The deformations of the foundation soil are the largest at the bottom corners of the polygon body (0.041
m), and the smallest - in the center (0.0101 m), since the corners are stress concentrators, in turn causes an increase
in deformations.
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Figure 3 - Vertical deformation of the landfill with sandy bottom soil
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From the results of calculations it is established that under the same conditions of the landfill, the underlying
soil layer exerts a considerable influence on the sediment value: the denser and less porous the soil, the less the
sediment. In particular, if the soil base is clay, a sludge is 23% less than sand, and 14% less than with loam as a
base.

Conclusion. Thus, it was developed spatial mathematical model of process of consolidation of solid waste
landfill in which for the first time it is offered to consider the spreading soil as it is one of major factors when
forming draft. The software in a programming language C # for calculation of coefficients of swelling, a
compression, consolidation and numerical calculation of dependence of deformations on tension at static loading
of a body of solid waste landfill was created. The effective method of calculation of the intense deformed state
combined the natural and technogenic environment which allows to predict its stability during his creation and
reuse as a basis of constructions of different function is developed.
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IMPOTHO3YBAHHSI CTIMKOCTI ITOJITOHY TBEPINX NOBYTOBUX BIIXOIIB ITPH MOI'O
CTBOPEHHI

IIpogedeno mooentogants 0cadku NOLicOHy MEepoux noOymoeux Gioxodie i3 3aCmocCy8aHHAM Memooy
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AHAJII3 MOAEJOBAHHA TPOLECY PO3ITOBCIOJKEHHA
PAAIOAKTUBHHUX BIIXO/IB

Ipoananizosano cmpykmypy i micm padioHyKnioie Xeocmocxosuuy XimiuHux nionpuemcms. [ocnioxceni
Memoou Koumpoaro padiayiinoi obcmanosku. Bukouwano oyinky nowupenHs paodiowyknioie y IpyHmax ma
niozeMHUx 800ax. Busnaueni nHanpsamxu nowupeHus 3a0pYOHeHHSA RIO3eMHUX 800 HA OCHO8I MAMEeMAMUYHOL
MoOeni 3a6pyOHeHHs nidzemHux 600. IIpoananizogana memoouxa MoOento8aHHs 2i0po2eoloSsiuHUX Npoyecis.
Jlocniooceno nepenecents padioakmuHux peuosuH 6i0 X60CMOCX08UWA PadioaKmMuUGHUX 8i0X00i8 Ha NPUPOOHO-
AHMPONO2eHHI mepumopii.

Knrouosi cnoea: XBOCTOCXOBHINA; PANiOHYKIIIIN; YPaH; PaJOH; PadiOaKTHBHICTh; MOICIIOBAHHS.

Beryn.

VYkpaiHa HalneXuTh 10 MPOBIIHUX ypaHOBHAOOYBHMX KpaiH CBiTy. YPaHOBI pOJOBHINA PO3TAIIOBaHI B
ocHOBHOMY B Mexax KipoBorpazacekoi o6macTi. 3a TOCHTh HU3BKOTO BMICTY ypaHy B pyZaX, pOJOBHIIa Y KpaiHH
MaroTh HU3KY 0COOIMBOCTEH, sIKi 3a0€311euyI0Th KOHKYPEHTHY 3[JaTHICTh BUPOOJICHOTO YPaHOBOTO KOHIIEHTPATY:

® BEJIMKI PO3MIpPH YPaHOBHX IIOKJIAAiB, IO JO3BOJIE 3aCTOCOBYBATH BHCOKONPOIYKTHUBHI CHCTEMH
BUIOOYTKY;

® BUCOKAa MII[HICTh BMILIYIOUHX MOPiJ, IO JO3BOJSE IPOXOAUTH TipHUYI BUPOOKM Oe3 KpIIUIeHHs Ta
MPOXOIUTH OYUCHI OJIOKU BETHKUX OOCSITIB;

® HEBEJIMKI BOJHI PUTOKH J0 FPHUYUX BUPOOOK;

® JIOCHUTb IIPOCTI 3aX0/H PaAialliifHOrO 3aXUCTy 3aB/ASKNA HEBEIIMKOMY BMICTY ypaHy y pynax.

BigomocTi nipo po3BizaHi 3anacu ypaHy, a TaKoxk iX MONOBHEHHs Ta BU4YepnaHHs, HajgaHi WNA, cBin4ath,
II0 CBiTOBUH piYHMI BUAOOYTOK ypaHy CTaHOBUTH NpHOIM3HO 35 — 37 THc. T (01m3bko 55% nmoToyHux noTped).
Pernra i€l cMpoBMHM IIOTIOBHIOETHCS 32 PaXyHOK CKJIAJICHKHX 3araciB (KOHBEPCIHHUM ypaH), IpoTe, 3a aHaTi30M
Bxke y 2015 pomi 1i momaTkoBi mxepena Buuepnadi. 3a nmporao3amu MAT'ATE, piuna notpeda AEC B ypaHOBii
cupoBuHi 10 2050 poxy 3pocte o 177 tuc. T. (cepeqHiit BapiaHT), abo HaBiTh 10 283 THC. T. (BHCOKHIA BapiaHT).
Hagite npu cepeqapoMy BapiaHTI cymapHa motpeba simepHoi eHepreTuku 3a 50 pokis ckiane 5,35 MITH. T. ypaHy.

OcHoBHI 3amacu ypaHy 3ocepekeHi B KipoBorpaacskomy ypanoBopyaHomy paiioni (KYPP), ouinroBani
3amacu cTaHoBJATH MoHajx 100 THc. T., 3 SKMX OUIbIIE MOJOBHHM DPEHTAOENbHI; a TAaKOX Y LEHTPaIbHO-
YKpaiHCbKOMY ypaHOBO-pynHomy paiioHi (L[YPP). Ponosuiua ITo6y3sxoro YPP BinnpanpsoBani B 1990-x pokax.
B ekcryaranii nepedyBatots Baryrtincbke i Miuypincbke pogosunia (KYPP, LIYPP BinnosinHo), CeBepuHcbke
— B pe3epsi. Jlesiki pojoBuia nepedyBaroTh Ha cTafil po3sifaku [1].

Po3pobneHa i BuKOHAaHA MporpaMa pajialmiiHOro KOHTPOJIO pamiallifiHo HeOe3rmedyHuX O00’€KTIiB i3
JOTPUMAaHHSIM II€BHUX pajialifHO-TiIri€HIYHUX perjaMeHTiB [2], 1m0 MalTbh CYNPOBOMKYBATH OyIb-SIKy
ISUTBHICTD Ha nUX 00’ ekTaX. OCKUTBKY HA MaHWH 4ac B YKpaiHi € BiICYTHIME HalliOHAJIbHI pEKOMEHAAIIT 00
opraHizarlii i IpOBECHHS paAialliifHOTO MOHITOPHHTY Ha 00’ €KTaX KOJIUIIIHFOTO YPAHOBOTO BUPOOHHIITBA, TO JIIS
BUBUCHHS PaIialliifHOTO CTaHy KOJIMIIHIX YPaHOBUX 00’€KTIB y JaHiil poOOTI BUKOPHUCTAHO aHaIi3.

Mera i 3aBganHs

Merta poboTH HonATae B aHali3i MaTeMaTHYHUX MOZENEH, 10 XapaKTepHU3yIOTh TiApOreosIoriyHi yMOBH
XBOCTOCXOBHII, aHAJI3yIOTh TreoMirparii pagioHyKJTiJiB Ta BHKOHYIOTh OLIHKY (UIBTpamiiHOro BHHOCY
3a0pyIHIOIOYNX PATi0aKTUBHHUX PEYOBUH Y IPUPOIHI BOAOMMH. JIOCIINTH MpoIliec IepEeHECeHHS paiOaKTUBHUX
PEUOBHH 3 XBOCTOCXOBHIIL Y TPUPOJTHE CEPEOBUIILIE.

Pe3yabTaTu 10CaixKeHb

TIpoBeneHi KOMIUIEKCHI JOCHIKEHHS Ta OI[iHKa PO3MOBCIOIKCHHSI BAXKKMX METANIB Ta PaliOHYKIiB B
KOMITIOHEHTaX IPUPOJTHO-TEPUTOPIaTbHIX KOMIUIEKCIB B paifOHi BIUIMBY HAaKONMMIYBaYiB Pali0aAKTUBHUX BiAXOIB
ypaHOA00YBHOI Ta ypaHO30aradyBaJbHOT IPOMHCIIOBOCTI.

3a pe3ynbTaTBMH  PaJiOMETPUYHOTO OOCTEeXKEHHS (I3MKO-XIMIYHMX XapaKTEpUCTHK IIIaMy Yy
XBOCTOCXOBHI[AX BCTaHOBJICHO, IO LIBHKICTh BEPTUKAIBHOI Ta TOPU3OHTAIBHOI Mirpamii pamioHyKIiiB
3HAYHOIO MipOI0 OOYMOBJICHa MEXaHIYHUMH Ta (Hi3UKO-XIMIYHUMHU XapaKTEPUCTHKAMHU CEpeloBHIA (€EMHICTH
TIOTJIMHAHHS, CKJIa]] OOMIHHMX KaTioHiB, pH, eeKTHBHA IIOPUCTICTD, TUCIIEPCHUH CKIal, (POPMH 3HAXOKEHHS
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pagioHyKIIIB, MBUAKICTH (inabTpamii Ta iH.). BUkopucTaHHs NpH MOJETIOBaHHI €KCIEPUMEHTAIFHUX 3HAYCHb
BIAMOBITHUX TMapaMeTpiB Ja€ 3MOTY JOCTOBIPDHO OI[IHIOBaTH Ta IIPOTHO3yBaTH HeOe3NeKy, IOB’s3aHy 3
PO3IOBCIOKEHHAM PaIiOHYKIiIB.

Cepen 0cHOBHUX (Pi3MKO-XIMIYHUX XapaKTEePUCTHUK IJIAaMy MOYKHA BHIUIUTH:

- pH;

- OIUTBHICTH TBEPJOi (a3u;

- HACHMITHA IIIJBHICTB;

- IOPHUCTICTE;

- IPUPOHA BOJIOTICTH;

- koediuieHT QinpTpanii Boau.

Sk Bimomo, pH cepenoBuina 3HaYHOIO MipOIO BU3HAUAE Mepedir OKUCIIOBAIbHO-BITHOBHHUX ITPOIIECIB, 110
y CBOIO 4epry Mae€ I03HA4YaTHCh Ha popMax 3HaXOKEHHs Ta MOOUTBHOCTI palioHYKIiiB.

BaxxnuBum nporiecom, 1110 00yMOBIIIOE PaOHOBY HEOE3IEKY XBOCTOCXOBHII, € IHTCHCHUBHICTh T'a3000MiHY
TXHIX BHYTPIIIHIX IIApiB 3 aTMOC(Eporo (aepariis).

[lepemimeHHst pafoHy B IOPOBOMY IPOCTOpi BifOYyBae€ThCs 3aBIAKM Ipolecam audysiiiHoro u
KOHBEKTHBHOTO ItepeHocy. [IIBuaKicTs i rimbuHa aeparlii, He3aIe)HO Bil MeXaHi3MiB IIEpeHOCY, TICHO OB’ s3aHi
3 YMOBaMH, 110 BH3HAYAIOTh Ta30MPOHUKHICTh CEPEAOBHINA — HASBHICTH CIIOMYYEHHUX IIOpP Ta CTYIIHb IXHBOTO
3aroBHEeHH: BoJ010. [Ipn 70 %-BoMy 3aIIOBHEHHI BUIBHOTO 00’ €My I'DYHTY BOJIOIO PYX ITOBITPS B TOPOBUX KaHATAX
MpakTHYHO BiacyTHIH. [Ipy HEe3HaYHOMY 3MEHIICHHI BOJIOTOCTI MaKpOIIOPU OCYIIYIOTHCS 1 Ta30IPOHUKHICTH
3HAYHO 3017TBIIYETHCS.

IIpoanomizoBaHi (inbTpamiifHi BIACTHBOCTI PI3HUX THIIIB XBOCTOCXOBHIL. J{J1s1 AEAKHUX AIITHOK KOoeillieHT
¢inpTpauii Moxxe OyTH TOCUTh HU3BKHUM (~ 3 cM/100Y), 1110 3HAUHO 301IIbIIy€ Yac B3aeMOii pinkoi Ta TBepaoi das.
Jlesiki MIMSTHKHM XBOCTOCXOBHINIA MOXYTh BIIPI3HSAETHCS BHUCOKOIO IMIBHAKICTIO ¢inbrpamii (118 cm/mody).
OTpuMaHi pe3yNibTaTH MOBHHHI OyTH Y3rOo/KEHI 3 pe3yJbTaTaMu JOCIIJDKEHHS I'PaHyJIOMETPUYHOTO CKIIany
YAaCTMHOK IIUIaMy — YMM OUIBLIMH BHECOK Y 3arajbHy KUIBKICTh 4aCTMHOK < 1 MKM, THM HW)XYa IIBHIKICTb
¢inpTparii.

JocmimkeHo METOANKH MOAETIOBAaHHS TiJporeooriuHuX mporeciB. Ha croromHi icHye Oarato cucteMm
MOJICTIFOBAHHSI Ta MPOTrPaMHOTo 3abe3reueHHs, HalOUIbII nommpeHuMy MoxkHa BBakatu — Visual Modflow,
Visual Modflow Pro, Feflow, Modflow — Surfast u T.m., siki JO3BONSIIOTH CTBOPUTH TPUBHMIPHI MOJETI
reo¢pinpTpanii [3]. Po3poOieHi MeTOOWKM MOAETIOBaHHSA, OpPI€HTOBaHI Ha el Kiac mporpaMm. TeXHOIOTis
MO/ICJTFOBAHHS ICTOTHO 3aJIS)KUTh HE TUTBKH BiJf BHOPAHOTO TUITY IPOTPaMHOTO 3a0e3MeUeHHs, a 1 B/l MPUHIIHITIB
cXeMaTu3alii riiporeoyoriyHux yMmoB. CxeMaTH3allisl € BAXIJIMBUM €TarloM MOZETIOBaHHsI, BKJIIOYAI04n B ce0e K
npouec reodinbrpanii Tak i odxacTb. Mojeni obnacti reopuibTpanii BijoOpaxarwTh 3MiHH B IPOCTOPI Ta yaci
BJIACTMBOCTEH T'iIPOre0JIOTiYHOr0 00€KTa, a MOAEINI MPOLECIB — 3aKOHH, SKMUMH BOHM OINUCYIOThCs. [Iporpamu
BUKOHYIOTh YHCEIILHUM METOJIOM JiiepeHiiHi piBHAHHS, SKI IMITYIOTh POLIECH.

Merto/iKa MO/ICNIOBaHHSI XBOCTOCXOBHIIL TIepei0adace JiBa eTanu: CTBOPEHHS perioHaIbHOT (GinbTpariiHoi
Mo/iedi i moOyoBa Ha T OCHOBI TAPOAMHAMIYHOL CITKH ycTaneHo (iabTparil mia3eMHuX BoJ (CTPIYOK CTPYyMY);
PO3paxyHOK Mirpaiii paJioHyKIIiZiB ypaHOBOTO PSIY Y3[0BXK CTPIUOK CTPYMY MiJI3€MHUX BOJI.

Jst MoJlentoBaHHS TiAPOTreoJIOTiYHNX YMOB XBOCTOCXOBHII MPOaHali3oBaHo [3] Ta 0OpaHo po3podieHy
cucrteMy (impTparnii - Mmozxens Ha ocHOBI mporpamu Visual Modflow Pro. Monens nepenbadae crany 3-MipHY
¢hinpTpamiro i Mae 5 po3paxyHKOBHX MIApiB (3HU3Y Bropy): KPUCTANIYHI TPIIIMHYBATi MO POAH, BEPXHS YACTHHA
TPIIIUHYBATHX TPaHITIB i KOpa BUBITPIOBAHHS, aJFOBiabHI MIIIAHI BiIKIaJCHHS, CYTJIUHHI IPYHTH (HA CXHIIL
TUIATO), TEXHOTEHHI BiKIaICHHS - BiIXOIW ypaHOBOTO BUPOOHHUIITBA, HACHITHI IPYHTH ((ocdorirc-cu, MITaKm).

Jis  MopmedroBaHHS TeOMIrparii pagiOHYKIIIiB 3 XBOCTOCXOBHII BHKOPHCTOBYETHCS IPOTpaMHE
3abe3neuenns (I10) Ecolego (Facilia AB, IlIsenis) [4]. [Iporpama Ecolego sBisieThCs epeKTHBHUM IHCTPYMEHTOM
JUIA pilieHHS cucTeM AudepeHIlialbHUX piBHAHb HAa OCHOBI BHKOPHCTaHHSA KaMepHOTO miaxoxy ( aHaior
po3po0iieH aHTIIIHCHKUME crHemiamictamMu mporpam Mascot m Amber). Ecolego mpusnauene mns peamizarii
KaMepHHUX PaIiOeKOJIOTIYHUX MOJIENEH, IKi OMMMCYIOThCS 3BUYaHUMHE J(epeHiaTbHIMHU PiBHAHHSIMH IEPIIOTO
nopsiaky. IIporpama Mae BOynoBaHy 0a3y HaHUX paliOHYKIiAiB 1 J03BOJISIE aBTOMAaTHYHO MOZEIIIOBATH JIAHITIOKKA
paIioaKTHBHOTO pO3Iany.

Monenp BpaxoBye BepTHKaIbHY iHQUIBTpaLilo 3a0pyAHEHUX ITOPOBUX PO3UMHIB 3 TiJIa XBOCTOCXOBHIIA B
TIOBIAJIbHUX BOJIOHOCHMM TOPH30HT 1 IIOJAIBIIMI JaTepaJibHUH KOHBEKTIBHO-IICIIEPCIOHHMI IEpeHOC
pamioHYKIIIB (3 ypaxyBaHHSAM copOuii). Y po3paxyHKy BpaxOBYBAIHNCh BCI OCHOBHI PaJiOHYKJIiJH ypaHOBOTO
psny. MareMaTH4Hi JeTani METOAMKH PO3paxyHKYy KOHBEKTHBHO-AUCIIEPCIHHOTO IEpEeHECEeHHS 3a JIOMOMOIOI0
Ecolego HaBeneHi B [5].

Mirpamist pamioHyKJIiTiB Yy XBOCTOCXOBHIIAX XIMIYHHX MIJNIPHEMCTB 3HAYHOIO MIpOI0 BH3HAYAETHCA
mapamMeTpamMH CepefoBHUINa. Y 3B’SA3KY 31 CKIAIHICTIO BpaxyBaHHS BCiX (akTOPiB, IO BH3HAYAIOTH CYKYITHICThH
€JIeMEeHTapHHUX aKTiB COpOIIii Ta IecopOIIii paiOHYKIiTiB HA KOMITOHEHTaX TBepoi (ha3u, BUHUKAE HEOOXiHICTh
CTBOPEHHS CITPOIIEHUX MOJeNel copOLiiHOT B3aeMoii. BimbIIicTh pagioHyKIiAIB MOXKYTh 3aTPUMYBAaTHCS Ha
TBepAiii ¢a3i 3a paxyHOK i0HOOOMiHy. [HTEHCHBHICTH IIi€i B3aeMoOIii MOXHA BH3HAYHUTH 3a JOIIOMOTOO
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koedinienTa Kq, skuii BU3Ha4Yae CIiBBiAHOIICHHS KOHIIGHTpallii paJioHyKIIi/1iB, 10 ajgcopOoBaHi Ha TBepAil dasi,
Ta IXHBOIO KOHIIGHTpALI€I0 B PO3YMHI MICIS TOro, SIK CHCTeMa Jocsria piBHoBaru. Bemuki 3HaueHHs Kg
03HAYaloTh, II0 PAXiOHYKJIJ MIIHO 3B’S3aHMH 13 IPYHTOM 1 Horo Mirpauisi Oyne MOBIJIBHOIO, a HEBEJIUKI —
HaBriaku. CopOiiiHi mapamMeTpH Ui BOZOHOCHOT'O TOPH30HTY NPUIHATI Ha OCHOBI OTJIALY JIITEPATypHUX JUKEPE
[6, 7] (3a aHnanorier).

Bmsnauenns pH BoIHOI BUTSDKKH 3pa3KiB MPOBOAMTECS, K mpaswio Biamosigao mo ACTY ISO 10390-
2001, mpu cmiBBigHOIIEHHI B cycrieH3ii TBepxoi i pigkoi ¢a3 1:5. BMmicT Bomorn y 3pa3kax BH3HAYA€ThCS 3a
CTaHIaPTHOIO METOJMKOIO0. BIOKCH 3 KpHIIKaMH 1 BiZJOMOIO MaCOI0 3alIOBHIOBAJIICH MAaTEPialoM XBOCTOCXOBHIIIA
i 3BaxxyBanmcs 3 TouHicTio 10 0,001 r (A rpamiB).

[orim 3pasku BucymrytoTh npu 105 °C nporsrom 12 rox 3i 3HATHMHU Kpuinkamu. Ilicast cymku Orokcu
3aKpHBAIOTh KPHIIKAMHU, OXOJO/KYIOTh B €KCHKaTopi 1 3BaxyloTh (B rpamis). Bmict Bosmoru (W,%) MoxxHa
BU3HACUTH SIK:

A-B
W=——-x 100,
B—m
Iie M-Maca Orokca 3 KPUIIKOHO.

Merto/ BU3HAUEHHS MIIJIBHOCTI TBEPOi (a3 nuiamy 0a3yeThcs Ha CTAHAPTI Ul BUSHAYCHHS! IIIIBHOCTI
neMeHty. g mporo BukopuctoByeThest npunan Jle-lllatense, mo sBise co000 CKIAHY KOJOYy 3 MIipHOIO
ninilikoro. [Ipnnan HaNOBHIOETHCA 3HEBOJHEHUM IacoM 10 HWXKHBOI HYJILOBOI PHCKH 1 IIOMIIIAETHCS B CKIISTHUH
nocyx 3 Bojxoro. HacnnHy IIinbHICTH 3pa3kiB IIIaMy MOXKHA BH3HA4YaTH IIJSIXOM YTPSICAHHA BHCYLICHHX 1
MOAPiOHEHUX 3pa3KiB Y MIpHOMY HIUTIHIIPi. Y TpICaHHS MPOBOTUTEHCS IO IPUIIITHEHHS 3MEHIICHHS 00’ €My 3pa3Ka.
OnHUM 3 OCHOBHHUX NapaMeTpiB, IO BIUIMBAE HA BUAUICHHS PaJlOHY 3 XBOCTOCXOBHIL, € e()eKTHBHA ITOPHUCTICTB,
sKa SBJISIE COOOI0 CYKYIHICTh CIIOJIYYEHHX IIOP 1 MOPOXKHUH, Y MEXKax SKUX MOXJIHMBHUH pyX PIIUH i Ta3iB npu
KOJIMBaHHI THCKY 1 TEMIIEpaTypH.

Ouinka QinbTpaliiiHUX BIACTUBOCTEH XBOCTOCXOBHII IPOBOJIUTHCS MIISXOM BH3HAU€HHs KoedillieHTa
¢inprpanii (Kf) Boaum B KoJIOHKaX, 3alMOBHEHMX I[UIAMOM 13 XBOCTOCXOBHII. Y sKocti (inbTpary
BUKOPHCTOBYBETBCSl JUCTWIbOBaHA BOAA, SK imitaTrop arMochepHHX onaniB. BuMipioBaHHS MIBUAKOCTI
¢inpTpauii NpOBOAMTHCS MiCNIsE BCTAHOBJICHHS AMHAMIYHOT pIBHOBArd TOKY BOJIM IIPH TipaBIiYHOMY rpajieHTi=1.

3rinHo 3 [8], excmepuMmeHTanbHI 3HAauYeHHS pH BOAM TEXHOTEHHOTO BOJOHOCHOTO TOPH30HTY
XBOCTOCXOBHII] KOJIMBAIOTHCS B iHTEpBati 2,5 + 3,2, ToMy o0unciieHHs npoBoawiuck st pH 2,5 1 3,2. 3mina pH
JIOCSITAETRCS IIISIXOM 3MiHU KibkocTi NH4" y MosienbHill cucTemi.

PesynbraT 0049UCIIeHbD, IO BUKOHYBAIHCH TS cTaHmapTHUX yMoB: T = 25 °C i P = 1 6ap mokazainu, mo
OCHOBHHMH MiHepalaMu OinbInocTi XBocTocxoBuil mpu pH = 9,8 € mmarioknas ta ksapi (puc. 1). YV 3HauHI#
KUTPKOCTI TIPEACTaBJICHI OKCHIU Ta TiIPOKCHAM 3aii3a (3arasom 1o 13 %), y MEHIIH — KalblUT, TJIMHHUCTI
MiHepaJM Ta CIII0/IM. AHAJIOTIYHUHN pe3yNbTaT OTpUMaHui Takox st pH = §,5.

Ksapi
28%

ITnarioknas /

44%
Maruetur
2%
T'ematug
. - 11%
TmmiT Kaibur
1%  Cwmexrtur 50

9%

Pucynox 1 — MinepansHUIA CKJIa MaTepialiB XBOCTOCXOBHUI XiMIYHUX Tiampuemcts mpu pH = 9,8

OCKUTBKH IPH 00YNCIIEHHSIX BUKOPUCTOBYBAIUCH YCEPEAHEHI JaHi MO0 XIMIYHOTO CKJIaly MiHEepaIbHOI
YaCTUHH XBOCTIB Ta CKJIaJy BOJW TEXHOI'€HHOTO BOJOHOCHOTO TOPHU30HTY XBOCTOCXOBHII, HABEACHI PE3yIbTaTH
CIiJl TPAKTYBaTH SK SIKICHY OI[IHKY OCHOBHHX IIPOIIECiB, IIJ0 BU3HAYAIOTh (POPMH 3HAXOKEHHS ypaHy Ta HOTro
PYXJMBICTH B YMOBaX XBOCTOCXOBHII. KpiM TOro, BHKOPHUCTAHMH IS MOZEIIOBAHHS MeETO] 0a3yeThCs Ha
NPUITYIICHHI BCTAHOBJICHHS B CHUCTEMi TEPMOJMHAMIYHOI pIBHOBarW, II0 B YMOBAaX XBOCTOCXOBHILI €
MAJIOBIPOTiTHHM.
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Buspieno 3anexnicts Kg pagionyknizis (28U, 20Th, 22°Ra) y xBocTocxosumax Big pH cepenosua.

BucHoBkn

[TpoananizoBaHO ICHYIOYi METOAM MOJEIIOBAHHS TiJIPOJIOTIYHMX TpoueciB. JlochikeHo Mirpamito
PanioaKTHBHOTO 3a0pyTHEHHS Ta BAKOHAHO OIIHKY 3MiHH SKOCTI MiI3EMHUX BOJI, 32 JIOTIOMOTOI0 MAaTEMaTHIHOTO
MoJemroBaHHs. JlOCHi/KEHHS TOKa3alH, IO € TEPEHECEHHS pPaJiOaKTHMBHUX PEYOBHH BiJ XBOCTOCXOBHIIA
pamioOaKTHBHUX BIAXOIIB HA MPHUPOJHO-AaHTPONOTCHHI TEPHUTOpii, BiAOYBa€ThCS BOJOHOCHHM IUIIXOM, 32
JIOTIOMOT OO ITI3€EMHMX BOJI.

BcranoBneHo, 10 iCTOTHEM JKEpeioM Mirpariii pagioHyKIIiIiB € He TUTBKU 30CepeKeH] B XBOCTOCXOBHII
BiAX0AM, a ¥ 3a0pyIHEHI IOPOJIM BOJOHOCHOTO TOPHM30HTY MiJl Yallel0 XBOCTOCXOBHIIA. TOMYy BWIIydeHHS i
MIepEroX0BaHHS XBOCTIB HE JJaCTh 3HAYHOTO €(DEKTY 3 TOYKH 30py 3MEHIIEHHS BUHOCY PaiOHYKIIIIB B IPUPOIHI
BoJOMMa (OCOOJIMBO B KpaTKO- 1 CEpelHbOCTPOKOBIH MNEpCIEKTHBi). PalioHambHUM MiIX0IO0M MoOXe OyTH
KOHCEpBYBaHHS XBOCTIB IIUIIXOM CTBOPEHHS IPYHTOBOTO €KpaHy, SIKUH MiHIMi3ye iH}iIbTpawito atMochepHux
OMaJiB B TLJIO XBOCTOCXOBHIIIA 1, BIAMOBIIHO, MiHIMi3y€ 3a0pyAHECHHS Mi3¢MHHUX BOJ.

Cnncok BUKOPUCTAHOI JIiTepaTypu

1. TpucusakoB, B.A. Hcropus [duempomerpoBckoro yHuBepcutera [Tekcr]./ B.A. Ilpucusaxos //
Bunasaunreo [JHINIpONeTpOBCHKOTO AepKyHiBepcHuTeTy,- 1993.- C. 231-240.

2. Tlpo BUKOpHCTaHHA SIEPHOI €HEpPTii Ta pamialiiiny 6e3meky: 3akoH Ykpainu Big 08.02.2002 p. Ne 39/95
BP [Enexrponnuii pecypc].- Pexxum moctyny: http://uazakon.com/documents/date 6r/pg_gdwrof/pg2.htm/

3. Pymaxos, I.B. MogemoBansas B rigporeoyorii [Tekcr]|: HaBdu. mociOnuk / I.B. Pymakos. — /.
HauionaneHwuii ripHnunii yHiBepcuret, 2011. — 88 c.

4. Ecolego. User Guide [Enekrponnuii pecypc |/ FACILIA AB, 2011. — 152 p. — Pexxum pocryma:
http://ecolego.facilia.se/ecolego/report_objects/pdf/241

5. Ukrainian Centre for Economic & Political Studies [Texcr] / Nuclear energy in the world and in
Ukraine: state and prospects of development. — 2008. — Vol. 3. — P. 12-16.

6. Hemamkosckuii, }0.C. Bricokoe HampspkeHme aToMHOW otpacmu. JDHepretmka [Tekcr] / HO.C.
Henamkosckuii / Utorn roga. K.: Oxonomuxka, - 2005. - C. 12-14.

7. Pamsusimi, A.5. Jlo TeonorivHIX Mpo0iieM 1 MOXKIIMBICTh eHepro3abesmnedeHHs Ykpainn [Tekcr] A5
Pamzusinn // T'eomor Yipainu. Bum. Ned, - 2005. C. 26-32.

8. Kamsmer, XK. C. OCHOBB HWHXEHEPHOH TEOIKOJOTHH: METOauKa 3JKOJIOT0-TEOIOTHISCKUX
nccnenoanuii [Texer] / XK. C. Kamsucr, A. B. KoBanenko. — M., 1991. — C. 113.

T. Hrebeniuk, , Cand.Sc. (Eng.),
O. Zakladniy, Cand.Sc. (Eng.), Assoc. Prof., ORCID 0000-0003-2813-3692
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

ANALYSIS MODELING OF DISTRIBUTION OF RADIOACTIVE WASTE

Ukraine belongs to the leading uranium-producing countries of the world. Uranium deposits are located
mainly within the Kirovograd region. The program of radiation control of radiation hazardous objects with the
observance of certain radiation and hygiene regulations, which should accompany any activity on these objects,
has been developed and implemented. Studies have shown that the transfer of radioactive substances from the
tailings of radioactive waste to natural and human-made territories occurs in aquifers by groundwaters.

The existing methods of modeling of hydrological processes are analyzed. The migration of radioactive
contamination was investigated and an estimation of change in the quality of underground waters was performed,
using mathematical modeling. Migration of radionuclides in tailing ponds of chemical enterprises is largely
determined by the parameters of the environment. The technology of modeling essentially depends not only on the
chosen type of software, but also on the principles of schematization of hydrogeological conditions. The use of
experimental values of the mechanical and physico-chemical characteristics of the environment in the simulation
allows us to reliably assess and predict the dangers associated with the propagation of radionuclides. The method
of tailings modeling involves two stages: the creation of a regional filtration model and based on it the construction
of a hydrodynamic grid based on groundwater filtration.

The experimental values of the pH of the water of the technogenic aquifer of the tailing dumps are
determined. Changes in pH are achieved by changing the amount of NH4 + in the model system. The method used
to model hydrological processes is based on the assumption of the establishment of a thermodynamic equilibrium
system that is unlikely in the conditions of tailing dumps.

It was established that an essential source of migration of radionuclides is not only concentrated in the
tailings waste, but also contaminated aquifer breeds under the cup of tailings. Tailing can be a rational approach
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by creating a soil screen that minimizes the precipitation of infiltration into the body of the tailing pond and,
accordingly, minimizes pollution of groundwaters.
Key words: tailings; radionuclides; Uranus; radon; radioactivity; modeling.
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HanunonanpHblii TexHH4eckuii yauBepcuter Ykpaunbl «KueBckuii monutexnnyeckuii HHCTHTYT uMeHu Urops Cukopekoro»
AHAJIN3 MOJAEJUPOBAHUE MPOLHECCA PACIIPOCTPAHEHHUSI PAAMOAKTUBHBIX OTXOJ10B

Ipoananuszuposana cmpykmypa u coOepicanue paoUOHYKIUOO8 XEOCMOXPAHUNUW — XUMUHUECKUX
npeonpusmuii. Hccredosanvt Memoovl KOHMPOAS pAOUAyUoOHHOU 0O0Cmanosku. Buinoanena oyenxa
PACAPOCMPAaHeHus: PAOUOHYKIUO08 8 ROYBAX U NOO3EMHbIX 800ax. OnpedeieHvl HaNPAasieHUusi PACAP OCIMPAHEHUs
3a2psA3HeHUs NOO3eMHbIX 600 HA OCHOGEe MAMEMAMUYecKoU MOOeIU 3a2PA3HEeHUs NOO3eMHbIX B00.
Ipoananuszuposana memoouxa MoOeIUPosanUs 2uopo2eosiocudeckux npoyeccos. Hcecnedosano nepenoc
PAOUOAKMUBHBIX GEUeCIE O X6OCHOXPAHULUW PAOUOAKMUBHBIX OMX0008 HA HPUPOOHO-AHMPONOSEHHbIE
meppumopui.

Knrwouegvie c106a: XBOCTOXPaHUIHIIA; PATUOHYKIHIBI, YPAH; PAJIOH; PAIMOAKTUBHOCTh; MOJICITUPOBAHHSI.
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BUMOI'M 1O O®OPMJIEHHSA CTATEN

Jnist mogaHHs pyKOIKCY A0 XKypHaJly aBTOPH MOBHHHI JOTPUMYBATHCh BCIX BCTAHOBJICHMX BUMOT, IKi BKa3aHi
HIDKYE.
Y pasi HeBiAnmoOBiTHOCTI MoJaHMX MarepiajiB CTATTI NYHKTaM IIHX BHMOI, 2 TaKO0K SIKIIO BOHHM He
BilMOBIAAIOTH TeMaTHIi HAYKOBOIO JKYPHAJy, PpeAaKiis NoBepraTuMe aBTOpaM MaTepiaju Ha
AoONpAaIOBaHHA!
O0csr cratTi
3araneHUi 00cAT cTatTi — Bifg 6 0 10 cTopinok popmaTty A4. CTOpPiHKM MOBHICTIO 3an0BHEHI TekcToM. CxemH,
puCyHKH, Tabnwmi # ¢Gopmynn NMOBHHHI OyTH HPOHYMEpPOBaHI Ta PO3MIMIEHI B TEKCTi HICIA NOCHIAaHb Ha
HUX. Marepian Mae OyTH BUKJIAJEHHH CTUCIO, O€3 IOBTOPIOBaHb JAaHMX TaOJHIb 1 PHUCYHKIB Yy TEKCTI.
HenpumycTuMo BUKOPHCTOBYBaTH e€JIEMEHTH (OPMATyBaHHS SIK «PO3PUB PO3JUTY 3 HOBOI CTODIHKH» Ta
KOJIOHTHTYJIH.
Crarrsi _Mae OyTM peTeJbHO NepeBipeHa aBTOpPaMM Ta BilNoOBiiaTH BCiM NYHKTaM BHMOI [0
odopmieHns!!!!
TexcToBuii peqakTop
Crartst HabupaeTbcsi B TekctoBoMy penaktopi Microsoft Word (Bepceii 2007 ta Bumie) i 30epiraetbes 3
posmuperasM *.doc abo *.docx.
O00B’A3K0BO HAICUIIAETECS CTATTH, 30epekeHa y popmari *.pdf !!!
3arajabHe odopmiieHHs:

1) Moga. CratTi npuiiMaroTECA 10 IPYKy TPbOMa MOBaMH: YKPATHCHKOIO, POCIHCHKOI0, aHTIIHCHKOIO.

2) Iapamerpu cTopiHKH:

o [Toss: 3;iBa, cripaBa, 3BEpXy, 3HU3Y — 2,5 cM.

¢ BupiBHIOBaHHS OCHOBHOTO TEKCTY — 32 IIHPHHOIO.

e [lepiui psiaku Beix ab3auiB — 3 Bigerymnom 1,0 cm!!!

e Ipudt — Times New Roman, keranb 10, MmizkpsiikoBuii inTepsas 1.

e Ha3sga cratTi apykyetbes BenukumMu (Caps Lock) HamiBxupaumu nitepamu (OK) — keras 14.

e 3aroJIOBKH €JIEMEHTIB OCHOBHOTO TeKcTy (Bctym, Meta Ta 3aBaHHS TOIIO) BUAUIOTHECS HAIliBXXHUPHAM
mpudrom (K).

3) CTpyKTYypa CTATTI:

e Homep YJIK (y BepXHBOMY JIIBOMY KYTKY CTOPIHKH, HAMIBKUPHUM MPUPTOM Keriab 10)

e npizBuma asropis (npukian: LI. Merpenxo (ykp.), MU.M. Ierpenxo (poc.) I. Petrenko (anrn)) ta
BIZIOMOCTI TIpO aBTOpIB (HAyKOBUil CTYNiHb, BYeHe 3BaHH:); iHAeKke ORCID — 060B’513K0B0;

o (Ilopsimok oopmiIeHHsI HAYKOBHUX CTYNEHiB Ta BYEHHX 3BaHb ONMCAHO HUKYE B HbOMY K
AOKYMEHTI B po3aini «PexoMeH10BaHi CKOPOYeHHS BUCHUX 3BaHb i HAYKOBHX CTYIEHIB»).

¢ IOBHA Ha3Ba opraxi3aiii (HaBYaJIbHOTO 3aKJIay, YCTAHOBH) — BUPIBHIOBAHHS 32 IPABUM KPAaeM;

e pedepat odcsirom Bix 1000 no 1100 3HakiB noBUHEH BiZOOpaXKaTH KOPOTKUH 3MiCT cCTarTi, He
MOBTOPIOBAaTH Ha3BYy, HE MICTHTH 3arajibHuX ()pa3 Ta OyTH CTPYKTypOBaHMM (MeTa JOCIIJDKEHHS, METOJHMKa
peamizamii, pe3ylbTaTH JOCTI/DKCHHS, BHCHOBKM). B  aHTTIOMOBHIH Bepcii CTaTrTi  HaBOISHBCS
pedepat o6csarom 1700-2000 3HakiB,

e KJIKOYOBI cioBa: (6-8 ciiB), cnoocnonyuenns: «KIO4Y0BI CI0Ba» — HAIMIBXUPHUM + KYPCHUB.
Binmosinxo 1o nocranosu [Ipesunii BAK Yikpaiau Ne 7-05/1 Big 15.01.2003p. 10 1pyKy OpUAMAarOTHECS HAYKOBI
CTaTTi, OO0 MAKOTh TaKi CJIECMEHTH:

OCHOBHMIi TEKCT CTATTi

Beryn (moctaHoBKa mpo6iieMu B 3arajibHOMY BUTIISAL Ta ii 3B 30K 13 BAYKIMBUMHU HAYKOBUMH 200 MPAaKTUIHUMH
3aBIAaHHSIMM; aHATI3 OCTaHHIX JOCIIKEHb 1 MyOiKaImii, B SKUX 3alI0YaTKOBAHO PO3B’s3aHHA JaHOi Ipobiemu,
Ha SKi CIIMPA€ETHCS aBTOP; BUIUICHHS HEBHUPIIIEHUX paHillle YaCTHH 3araJibHOi Ipo0IeMH, SIKHM HMPUCBAIYETHCS
3a3Ha4YeHA CTATTH);

Merta Ta 3aBaanHs (GopMyTIOBaHHS IIJIEH CTATTi, IOCTAHOBKA 3aBJaHHS ),

Marepian i pe3yJbTaT J0CTizkeHb (BUKJIaJ OCHOBHOTO MaTepiay JOCIIUKEHHs, 3 HOBHUM OOIPYHTYBaHHIM
OTpPUMaHUX HayKOBUX Pe3yJIbTaTiB, 3 MOXKIMBUM MOIJIOM Ha YaCTHHH 3 BiANIOBIJHUMH Ha3BaMN);

Pucynkn (niarpamu, (oTo TOIIO) MONAIOTECS Yy YOPHO-0i10MYy 300pakeHHi pPa3oM i3 TEKCTOM, MiCHsl TOCHIIAHb
Ha HuX. Bumora 0 rpadiynux MarepianiB: Oyab-fika LIIOCTpallis MOBHHHA OyTH €IMHMM HEPO3PUBHHUM
rpadiuauM 06’€kTOoM. PeKOoMeHy€eThCS 3aCTOCYBaHHS pacTpoBHX (DOpMaTiB 3 PO3IUILHOIO 3AaTHICTIO He
menme 300 dpi. PucyHok mMae OyTu posramoBaHuil y meHTpi, 0e3 o0TikanHs TekcroMm. [lianucu 10 puCyHKiB
MOBHHHI MICTHTH HyMepaIiio B HOPSIKY PO3MIIIEHHS B TEKCTI Ta MOSCHIOBAIBHHUN migmuc. Hempumyctumo
BKITIOYATH ITiIIHCH 0 CAMOTO PHCYHKa. PHCYHOK He MOBMHEH 3aiiMaTH BCIO IUiomy apkyia!!!

Kparnku micnst Ha3BHM CTPYKTYPHHX YaCTHH CTATTi HE CTABUTH.

I'padiku MOBUHHI MICTUTH MIiANHCH YCiX ocell Ha caMoMy PHMCYHKY. Bynb-skuii iHIHMNA BUTISAA MiANHCY
PO3TIIAIATHCh Ta BUTIPABIATUCH He Oyie!
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Tadauui. [Ipu 3anoBHeHHi cnij KopucTyBaTuch mpudrom 10 kermro. KosxHa Tabnu1s HOBUHHA MAaTH TTOPSAKOBHIA
HOMeEp Ta Ha3By i pPO3TalIOBYBATHCh ITiCJIs MMOCHJIAHHS Ha HEl y TEKCTi CTaTTi. SIKII0 TaOIUIs He BMILIYETHCS Ha
CTOpiHII 200 BUXOIUTH Ha iHINY, ClIiJi BUKOpUCTaTH To3HayeHHs «IIpopoB:keHHs Tad1.».

®opmyan mnoBuHHI OyTH Ha6pami3a pomomororo pexaktopa ¢opmyn Math Type (Bepcis 6.8 i
BHIIE) 200 BHyTpimHIA pemaktop opmyn y Microsoft Word 3 po3mipamu: 3BuuaiiHoro cumsosy — 11,
Besukoro inaexcy — 10, manoro ingekcy — 9. Kupmnndsi Ta rpeipki CHMBOIIM MalOTh OyTH HaOpaHi IpSAMUM
MPUQPTOM, JTATHHCHKI JTITEPH — MOXITAM. BUHITOK CTAaHOBJIATE CHMBOIIH OTIEPATOPIB 1 CTAHAAPTHHUX (QYHKITIH, SIKi
HaOWparTecs mpsaMuM mpupToM. Hymepartist popmyn, Ha siKi € MOCHIaHHSA B TEKCTi,— clpaBa B qyxkax. Llimi
YaCTHHH BiJ JECATKOBUX BiOKPEMITIOIOTHECSA KoMOI0 OauHHII po3MipHOCTI MO:KHA HAOHpaTH OKpPeMO Bin
dopmya, a6o y popmy.iax, 3 000B’I3KOBMM BHKOPHCTAHHSA NPOMIKKY.

BucHOBKH:(HaBECTH OCHOBHI BHCHOBKH 3 JOCII/KEHHS Ta MEPCHEKTHBU HOTO MOAANBIIOT0 PO3BUTKY B LILOMY
HaINpsMKY).

Cnucok BHKOPHUCTAHOI JiTepaTyPH HABOJAMThCS B TOPSAAKY IOCHIaHb Yy TekcTi, BiamosigHo no JACTY
8302:2015.(yxp) [locunauns Ha siTeparypHi JKepeia B TEKCTI HABOJSTHCS Y KBaJPaTHUX JTy’KKax.

CHucoK BUKOPHCTAHUX JITEPATYPHHX /Kepesl MOAA€Thesl ABidi: MoBoro opurinany BiamosigHo mo JACTY
8302:2015.(yxp, poc) i aHrmiicekoro, BinnosigHo g0 Bumor IEEE style

Y pa3i BiacyrHocti a00 HHM3bKOro PpiBHSI IepeKJajy AHIVIOMOBHOI Bepcil CHHCKY BHMKOPHUCTAHOL
aireparypu (References) crarrsi 0ye noBepHyTa Ha 1oonpamnioBanas!!!

Jis HamaHHS BiTOMOCTEH NP0 aBTOPIB aHTIIHCHKOIO, a00 pOCIHICEKOI0 MOBaMHM, CIiJ] BHUKOPHUCTOBYBAaTH
3arajJbHONPHHHATY JIEKCHUKY II€peKiagy HAyKOBHUX CTYIEHIB, BYEHHX 3BaHb, Mocag (OMHCAHO B PO3ZiTi
«PekoMeHT0BaHI CKOPOUYCHHS BYCHUX 3BaHB 1 CTYTICHIBY).

AHIJIOMOBHA aHOTaWlisi 32 00CArOM PeKOMEHAYEThCsl OiNBIIOK 3a YKpaiHchbKy (pociiicbky) 1700-
k2000 3HaKiB, OCKUIbKH JUISl 3aKOPJIOHHUX BYCHUX aHOTALS €, SIK TIPaBUJIO, €AMHHUM JKepelioM iHdopmauii mpo
3MICT CTaTTI.

Y pasi BiacyTHocti a60 HM3BLKOro piBHSI mepekJaay aHrjioMoBHoi aHorauii (B Google Translate ta in.)
CTATTH Oy/ie IOBEPHYTA Ha JoonpanoBaHHs!!!

B okpemomy ¢haitni nooaromuca ¢idomocmi npo agmaopie y euznadi ankemu:

(AsKeTH monmaroThcst 3 MoBaMH (YKP., aHIJI. Ta poc.). Bka3yeTbes moBHa Ha3Ba oprasizamii abo YCTaHOBKH,
BKa3aTH Miclie Jie PAIfO€ aBTOp. SIKIIO BCi aBTOPH CTATTI MPAIIOIOTh 00 HABYAIOTHCS B OJJHINA YCTaHOBI, MOYKHA
He BKa3yBaTH Miciie poOOTH KOJKHOTO aBTOPa OKPEMO.)

[IpizBuine, iM’s, m0-0aTbKOBI aBTOpPa

(TIOBHICTIO, 6€3 CKOPOYCHB)

BuyeHnuii cTyninb, BuUeHe 3BaHHs, 10CaAa

Micme po6oTH KOKHOTO aBTOpPa B HA3WBHOMY BiIMiHKY (TIOBHA|
Ha3Ba 0e3 CKOPOUYCHB)

[lomToBa agpeca micusi po60TH, 3 NOIITOBUM iHAEKCOM
KonTakTHuii Tesiegon

EjiekTpoHHa ajpeca

ORCID

BianoBigansHICTh 3@ 3MICT CTATTi HECYTh aBTOpH. OcTaTOYHE PINICHHS 00 APYKY CTaTeH yXBAIIOE PEIKOJICTIs.
Penaxuis 3anuimiae 3a co00r0 paBo MPOBOAUTH PEIaKIiHy MPaBKY CTaTeH.

Penakuisa skypHajy 3ailicHIoe mnepeBipky Ha IuiariaT 3a J0NOMOIoI0 cHewmiaJbHOI0 HNPOrpPaMHOIO
3abe3nedyeHHns!!!

Crarri, ki He BiamomizawThs BHMoOram peaakunii xkypHaiay "Eneprermka: exkoHomika, TexXHOJIOrIN,
eKoJIoris" Ta He NPOMIIJIN NepeBipKy Ha mJariaT, OyAyTh NOBEPHYTI HA JOONPAIIOBAHHS.

Yeara!!! Ha eqexTpoHHy aapecy KypHaJIy HaACHIA€ThCA:
- cratTs Bepcig B popmari *.doc a6o *.docx;
- crarts Bepcis B popmari *.pdf (OBOB’SI3KOBO);
- aHKeTa BiOMOCTEH Mpo aBTOPiB;
- aKT eKCIIePTU3U PO MOXKIIMBICTh ONPUIIIOTHEHHSI MaTepialliB y 3aco6ax MacoBoi iHdopmartii.
Konrakru:
e Tte.: +38(044) 204-82-37;
e caiit: http://energy.kpi.ua;

e e-mail: kravkpi@ukr.net
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