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INOKPALIEHHA BOJAO- TA EHEPTOKOPUCTYBAHHA
HA PUCOBHUX 3POIIIYBAJIbBHUX CUCTEMAX

Po3pobieHo Ta 3ampornoHOBaHO METOJ CHCTEMHOI ONTHMIi3amii AJI MOKpAIeHHsS BOJO- Ta €HEPrOKOPUCTYBAHHS Y ()YHKIIIOHY-
BaHHI prcoBux 3ponryBansHuX cucteM (P3C). ChopmynsoBano migxoan Ko BHOOPY KPUTEPiiB Ta yMOB €KOHOMIYHOI i €KOJIOT1YHOT
ontuMizanii mix yac moOyHoBH KOMIUIEKCHUX ONTHMI3alliHUX MOAENEH y MpoeKTax IX peKOHCTPYyKLil Ta ekciuryaranii. HaykoBo
OOTPYHTOBAHO CYKYITHICTh Pi3HOPIAHUX Ta B3a€MOIIOB'SI3aHUX ITIOKAa3HUKIB (TTTMOMHA PiBHIB IPYHTOBHX BOJ Y MiKBereTamiiHuii nepi-
O]l ISl pUCY Ta Y BereTaliifHui nepiox Ui CYyImyTHIX KyIbTyp, MiHEpalli3amis IPYHTOBHX BOJ, TPUBAIICTH IIEPiOy i3 CTOSHHSM piB-
HS IPYHTOBHX BOJ HYDKYE Bifl KPUTUYHOI TJIMOMHH, CTYIIHb 3aCOJIEHHS KOPEHEBMICHOTO IIapy IPYHTY, BHAKICTH (GUIBTpaIii 3 mo-
BEPXHI PUCOBOTO 4YeKa, 3pOlIyBalibHa HOPMa PHCY, 3araJIbHUi 00'eM NepekadaHol BOAM) SIK KPUTEPIiiB OLIHIOBAHHS 3arajbHOI eek-
THUBHOCTI BOJIO- Ta CHEProkopucTyBaHHs Ha QpyHknioHansHUX P3C. Ha ocHOBI cucTemMHol ontuMizanii po3po6ieHO KOMIUIEKC Pi3HO-
PiIHMX Ta B3a€MOIOB'I3aHUX PEKUMHHX, TEXHOJOTIYHUX 1 TEXHIYHUX pilleHb, CIPIMOBAHUX HA ITiJBHINEHHS 3arajibHOi €()eKTHB-
HocTi QyHKnioHyBaHHS P3C BiqmoBigHO 0 CydacHHX €KOHOMIYHMX H €KOJIOTIYHHX BHMOT, YJOCKOHAJIEHO METOIH OOIPYHTYBaHHS

napameTpis. EkoHOMIs BogHuX Ta eHepreTuuHuX pecypciB Ha P3C cranoButs 20...50 %.
Knrouogi cnoga: cucteMHa ONTHMI3aLlisT; BOJO- Ta HEPrOKOPHCTYBAHHS; PHCOBA 3POLIYBAIIbHA CHCTEMA; EKOJIOTO0-eKOHOMIUHUHN e(eKT.

Beryn. BaxmiBuMm Ta akTyaJbHUM 3aBAAHHSM PO3BHT-
Ky arpapHOTo CEeKTOPY €KOHOMIKH YKpaiHH Ha Cy4acHOMY
erami € BiJHOBJICHHS IPOAYKTHBHOCTI Ta PECYpPCHOTO IT0-
TeHmiaxy Traiy3i puciBHunTBa. e € HeMoxiauBUM Oe3 mif-
BHUINEHHS 3araJlbHOI TEXHIYHOI, TEXHOJOTIYHOi, EKOHOMI4-
HOI Ta €KOJIOTIYHOI e(eKTHBHOCTI (DYHKIIOHYBaHHS HasB-
HHUX pHUCOBHX 3pouryBaibHUX cucteM (P3C).

[MocusenHst eKoNIOTiYHUX TPOOJIEM y 3pOIIYBAaHOMY 3EM-
71epoOCTBi 1, 0COOIMBO B PUCIBHUITBI, TOTPEOYE Y3rOJHKEHHS
SKOHOMIYHHUX Ta EKOJOTTYHUX IIJIEH, 32 SIKUX MOXKHA JIOCST-
TH HaWOLIBIIOrO CYKYITHOTO €KOJIOr0-eKOHOMIYHOTO eekxTy
(Monaco & Sali, 2018; Van Niel & Mc Vicar, 2004). dns
OO ITOTPIOHO 3aIPOBAIMTH 3aXONIH, SKi CHPSIMOBaHI Ha
(hopMyBaHHS €KOJOTIYHO CTaOIBHOIO MPHUPOIHOTO CEeperio-
BHIIA Ta HOTO BUCOKY BiITBOPIOBAIBGHY CLIPOMOXKHICT.

Bupimrenns miei HayKOBO-IPaKTHYHOI MpoOIeMu IpyH-
TYETbCS HA HEOOXIJHOCTI IMiZABHUIIEHHS 3arajibHOI e(eKTHB-
HocTi ¢yHKionyBanHs P3C Ha OCHOBI BUKOPHCTAaHHS Ha-
YKOBO OOI'PYHTOBAaHHX, PECYPCOOIIaHUX TEXHOJIOTIH 3po-
LIyBaHOTO 3eMJjepoOcTBa. BinnosiaHo, e morpedye 3acTo-
CyBaHHS Bi/INOBIHUX KOMIUIEKCHHUX 1 CHCTEMHHUX DPillICHb 3
BOJIO- T4 CHEPTrOKOPUCTYBAHHS Il Yac NMPOEKTYBAaHHS Ta
eKCILTyaTallii Takoro poay O0'€KTiB 3 ypaxyBaHHAM Cydac-
HUX €KOHOMIYHHX Ta €KOJIOT1YHUX BUMOT.

AHaJIi3 JiTepaTypHuX JaHUX Ta MOCTAHOBKA Mpoo.ie-
mu. ITocranoBka i€l mpobneMu, B MpUHIWMII, He HOBa. Pi3Hi
0COOJIMBOCTI — BiJl PSKUMHHX, TEXHOJOTIYHUX, TEXHIYHUX
JI0 €KOJIOT0-€KOHOMIYHHUX — PO3IJISIHYTO B YACJICHHHX ITyOJIi-
KaIlisX BiIMOBITHUX (haxiBIiB pizHOTrO mpodiito. Tak, muTaH-

IHpopmauis npo aBTopa:

HS e()EeKTHBHOTO BHMKOPHCTaHHS BOAHHUX PECypCiB I Yac
BHPOILIYBaHHS PHCY B yMOBax Ae(ilUTy BOAW Ta HEOOXia-
HOCTI YIPaBIJIiHHS 3POIIYBAJILHOIO BOJOIO JUIS TiJBHILECHHS
MIPOAYKTHBHOCTI PUCIBHUIITBA BUCBITIIEHO B poboTax (Mona-
co & Sali, 2018; Van Niel & Mc Vicar, 2004; Botes, Bosch
& Oosthuizen, 1996; Soundharajan & Sudheer, 2009; Yaku-
ba, 2017). ITo3utHBHI pe3ynbTaTdi BUPOOHHUIITBA OCHOBHOT'O
MIPOYKTY Xap4yBaHHS OUIBIIOI YACTHHH JIFOJICTBA — PUCY Ta
BIUIMB Ha HABKOJIMIIHE IPUPOHE CEPEIOBHIIE HABEICHO B
(Van Niel & Mc Vicar, 2004; Yakuba, 2017).

[I{omo muTane oNTUMI3aIli]l BOIO- T2 EHEPrOKOPHUCTYBAH-
HS Y CTBOPEHHI Ta (D)YHKIIOHYBaHHI MEITIOPAaTHBHUX CHCTEM,
30kpema i P3C, To BOHM MaroTh MEpeBaXHO MOLIYKOBUH i
MIOCTAaHOBOYHMI Xapakrep. Tak, 3a pe3yabTaTaMu JOCIHi-
keHb (Botes, Bosch & Oosthuizen, 1996), 3anpononoBaHo
MOJIETb JJIsl ONTHMI3allii pilleHb 3 BUKOPUCTaHHS BOJHHUX
pecypciB il yac BUPOIIYBaHHS PHUCY JJIsl OTPUMAHHS BUCO-
KHX BPOXKaiB PHCY 3 MEHILOIO KiJIbKICTIO 3POIIYBAIEHOI BO-
. OnTuMizaliiHy MOJENb Ul PO3pOOJICHHS ONTHMANb-
HUX TpadikiB 3pOIIyBaHHS JJIsl PUCOBOI KYJIBTYPHU IPOTATOM
Tiepiozty BereTarlii B yMoBax Ae(inuTy BOIH 3a1pOIOHOBAHO
y mocaimkerHi (Soundharajan & Sudheer, 2009).

AKTyanbHi TpoOJIeMH IIO/0 3HMKEHHS €HEpreTHYHMX
3aTpaT Ha PUCOBHX CHCTEMaxX BOIOTOCHOAAPCHKOTO KOM-
wiekcy Hwknapoi Kybani posrisayTo B (Yakuba, 2017). 3a
pe3yibTaTaMu JI0CIIDKEHb PO3pO0JIEHO Ta HaBEJCHO Mapa-
METPH OIITHMI3allil PHCOBHX 3POLIYBAJIBHUX CHCTEM, SKi
JIaf0Th 3MOTY 3HH3UTH €HEpPro3aTpaTH Ha KOJEKTOPHO-Ipe-
Ha)XHIM MepeKi pUCOBHX CHUCTEM.
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BusHaueHHS ONTHMAIBHUX IapaMeTpiB 3pOIIYBaJIBHOI
MEpeXi PHUCOBHUX CHCTEM 3a ONTHMI3ALliHHUM ITiIX0J0M
posrisiHyTO B poboTi (Paudyal, Pandit & Goto, 1991). Bin-
CYTHICTh BiJNOBiTHUX TEXHIYHUX KPUTEPIiiB I BCTAHOB-
JICHHS OITHMAJBHUX PO3MIpPIB 3pONIYBAIBbHUX KaHAJIB
MIPU3BOJUTL /10 HHU3bKOI €()EeKTUBHOCTI OaraThox ipura-
mifHx cxem. ToMy Ha OCHOBI ONTHMi3aliiHOTO ITiIXOIY
BCTAaHOBJIIOIOTH TaKi PO3MIpH KaHAIIB, SIKi € EKOHOMIYHUMHU
1 IpUBOJATH 10 MIHIMAJIBHUX BTPAT 3POIIYBAIGHOI BOAM.

OTKe, IOCTIUKEHHST Ha PUCOBHUX CHCTEMAaX 3BOJSATHCS, B
OCHOBHOMY, 10 BHPIIICHHS OKPEMHX, NIEPEBAYKHO BY3bKHX,
NUTaHb (YHKIIOHYBaHHSA. 3a MHHYJIMH Nepiof TOJIOBHY
yBary NpHAUIIIA IIEPEBAYKHO NMHUTAHHIO ITiBUILIEHHS BPO-
XKaWHOCTI CUTBCHKOTOCTIONNAPCHKHUX KYIBTYp 0Oe3 ypaxyBaH-
HS 30€peXeHHsI Ta MOKpAIICHHS POAI0YOCTI IPYHTIB, pari-
OHAJIFHOTO BUKOPUCTAHHS 3€MEJIbHNX, BOJHHAX W IHIIUX pe-
cypcis, oxoponn noBkimst (Kovalchuk & Michalska, 1994;
Rokochinskiy, Mendus & Turcheniuk, 2016).

e 3yMOBIIEHO BUHUKHEHHSIM ITUPOKOT'0 KOJIa HAraJIbHUX
mpoOieM moao nedinuTy BOJHHUX PECYPCIB, MiITOILICHHS,
Hee()eKTUBHOTO BUKOPUCTaHHS BOJHHX, EHEPreTHYHUX U 1H-
IIMX PecypciB, Jerpaaarlii MeTiopoBaHUX I'PYHTIB TomIo.). LI
npo0GJieMa 3HaYHO MOCHITIOETHCSI B YMOBaX 3MiHH KIIIMATYy.

Bonnowac migxoau 10 oOIpyHTYBaHHS KOMIUIEKCY 3a-
XOJIIB 3 ONTUMI3AIlii PSKUMHHAX, TEXHOJIOTIYHUX Ta TEXHIY-
HUX pIIIEHb I 9ac CTBOPEHHS Ta (DYHKIIOHYBaHHS PO3-
pOOJICHO HENOCTaTHBO Yepe3 BHPAKEHY CHEenU(ivHICTh
P3C (cxmamHi TigporeosoriuHi yMOBH, 3aCOJEHICTH IPYyH-
TiB, IPYHTOBHX BOjJ Tomlo). lle BH3HAuae HEOOXimHICTH
MOEHYBAaTH B OJHIA ONTHUMI3aIliifHIA MOIENi Pi3HOPIHI
Kputepii. 30KkpeMa, eKOHOMIUHI KpHTepii, 10 BUPaXEHI y
BapTICHOMY BHIJIS/II 1 XapaKTepU3YyIOTh EKOHOMIYHY e(eK-
TUBHICTh MEJIOPATUBHHUX 3aXONiB. A TaKOX EKOJOTIYHI
KpHTepii, 0 MpeacTaBiIeHl CyKymHICTIO BiAnmoBigHux oi-
3WYHUX TTOKAa3HMKIB BOAHOTO, COJILOBOTO Ta 1HIINX PEXH-
MiB, SKi XapaKTepH3ylOTh eKojoriuny edexrusHicts P3C.
ToMy mUTaHHS CTBOPEHHS €IMHOI EKOJIOIO-€KOHOMIYHOL
OIITHMI3aLiiiHOI MOZENI € aKTyaJIbHUM 1 MOTpeOye MOIyKy
HOBWUIX IIi/IXO/iB IO HOTO BUPIIIICHHS.

Mera Ta 3aBIaHHS DOCTIIKeHHA. MeToro poboTH €
i IBUIICHHAS 3arajbHOI e()eKTUBHOCTI BOJO- Ta CHEPTOKO-
pHUCTYBaHHS Ha OCHOBI ONTHUMi3alii PeKUMHHX, TEXHOJO-
TYHUX 1 TEXHIYHWX pIlIeHb 3 BOJOPETYNIIOBAHHS IiJ 4Yac
cTBopeHHs Ta (yHkuionysanas P3C 3 ypaxyBaHHIM cydac-
HUX €KOHOMIUHHX H €KOJIOTIYHUX BHMOT.

Jl1 mOCATHEHHS 3a3HaYeHOi METH MOTPIOHO BUPILINTH
Takl 3aBIAHHS:

® DPO3BHHYTH TEOPETHYHI 3acafy H PO3POOHMTH CydacHi IiJXOxu

JI0 ONTHMI3allii Ha €KOJIOro-eKOHOMIYHHUX 3acajiaX TEXHIUHUX i

TEXHOJIOI YHHUX piHIeHb 3 BOAOPCTYIIOBAHHS Y HPOCKTaX pe-

KOHCTpYKIIi Ta excrutyaranii Ha P3C;

® JOCHIIUTH Ta OLIHUTH PEXHMHI, TEXHOJOTIYHI Ta TEXHIYHI

ocobmmBocti BomoperymoBaHHs Ha P3C y B3aeMo3BI3Ky B

3MIHHHX TPHPOJHO-arPOMEITIOPaTHBHAX YMOBAaX Ha IPHUKIAAL

punynaiiceknx P3C (ITP3C);
® pPO3pOOUTH 3araibHI NMPHUHIUIK OOYIOBH H pearnizamii Mone-

JIeH onTUMi3allii TEXHIYHUX 1 TEXHOJOTIYHHUX PIllIEHb 3 BOIOPE-

rymroBanHs Ha P3C Ha ekol1oro-eKOHOMIYHHX 3acaiax.

Buxian ocHoBHOro marepiany gociigxenns. Hayxo-
Bi IiJXO¥ Ta MPHUHIUIA peaji3amii MOIeNi CHCTEMHOI OIT-
tumizanii Ha P3C. PucoBi cucteMu MaroTh HU3KY OCOOIH-
BOCTEH, YMM BiJIPi3HIIOTHCS Bi TPaIUIIHAX MEITiOpaTHB-
HUX 00'eKTiB 30HHM 3pomreHHs. L{i ocobnmBocTi 3ymMOBIEHi
CKJIaJIJHUMH IPYHTOBHMH, I'€OJIOTIYHUMH Ta TiJpOreosoriy-

HUMH yMOBaMH TEPUTOPIiH, 110 BiJIBE/ICHI ITij1 yIaIITyBaHHS
PHCOBHX CHUCTEM, a TAaKO)X HasBHICTIO Y CIBO3MiHI NPOBia-
HOI KyJIbTYpH 3aTOILUTIOBAHOTO PHUCY.

Oco0aHMBiCTh TEXHOJIOT{ BOIOPETYIIOBAHHS ITij] Yac BH-
POILIYBaHHS 3aTOIUTIOBAHOTO PHCY ITOJISITAE Y CTBOPEHHI Ta
MATPUMAaHHI Ha PHUCOBHX IIOJISIX MOTPIOHOTO HPOMHUBHOTO
BojHOTO pexkumy. Lle 3abe3neuye hopMyBaHHS CIPHSATIN-
BOT'O NPHUPOIHO-MEIIOPATUBHOTO PEKUMY Ta (OPMYBaHHS
3aJI0BUIBHOTO €KOJIOrO-MeJIiOpaTHBHOIO CTaHy L€l TepuTo-
pii. CTBOpeHHs1 HEOOXiAHOTO MPOMHUBHOTO BOIHOTO PEXKH-
My 3a0€e311euyi0Th BiAMOBIJHUMH PeXUMaMH BOJOIIOAAYl Ta
BOJIOBi/Be/IeHHsT Ha cucteMi. [lomana Boga BHTpavaeTbes
HAa CTBOPEHHS IIapy Ha PHCOBOMY ITOJIi MIOMO Oi0JOTiYHIX
moTped KyJAbTYpH pHCY, TpaHCHipamifo i QirpTpamiiHi
BTpaT. CyTh MPOMUBHOT'O BOJHOT'O PEKUMY IOJISITAE TYT Y
3HW)KEHHI CE30HHOI aKyMYyJIsii cosiell y BepXHiX TOpHU30H-
Tax Ta BUMHBAHHS HU3XiJHUMH TOKaMH BOJIU B HIDKHI ro-
PHU30HTH 1 B JPEHAXHY MEPEXKY.

OTxe, miATpUMaHHSA HEOOXiJHOTO PIiBHS MPOMHBHOCTI
PHCOBOTO MOJIS B Pi3HI MEPioay BUPOILYBaHHS PHUCY € HEOO-
XiHOIO YMOBOIO MiABHIIEHHS npoxyktuBHocTi P3C, mok-
paleHHs] eKOJIOro-MeTiOpaTUBHOTO CTaHY B MEXaX CHCTe-
MU Ta Ha NPUJIETIINX TEPUTOPISX.

Bupimennas o3HaueHoi mpodiieMu MmoTpedye mepexomy
BiJ TpaauuiiiHoi npaktuku po3riiny P3C He cyTo Sk Tex-
HIYHUX, a SK CKJIAJHUX NPHUPOIHO-TEXHIYHNX cHcTeM. Lle
BH3HAYa€ BIINOBIIHY 3MiHY yci€el METOHOJIOTii, TeXHIYHOL
Ta TEXHOJIOTIYHOI cTpaTerii cTBOPEHHS i (yHKI[IOHYBaHHSI.
OxpiM 11Oro, HeoOXimHe Oe3rocepenHe BpaxyBaHHS MiH-
JIMBHX Y Yacl Ta HEBU3HAYEHHX 3a CBOIM XapaKTEpOM IIpH-
poxHO-KIiMaTHIHUX yMOB. Came BOHH, pa3oM 3 MeJiopa-
TUBHUMHU YMHHHUKAMH, CIIPABISIOTh BU3HAYAJIBHUI BIUTUB
Ha 3arajJbHUNA TMPHUPOAHO-MENIOPATHBHUI PEXHUM 3eMellb
P3C Ta cTBOprOBaHMIl BiMMOBITHWNA €KOJIOT0O-CKOHOMIUYHHUN
epext (Rokochinskiy, Mendus & Turcheniuk, 2016;
Turchenyuk, Frolenkova & Rokochinskiy, 2017).

SIK TOKa3yroTh NpaKTHKa i HAOYTWH JTOCBix, BUpIIICHHS
Takoi ckiamHol mpobnemu mist HasBHUX P3C, ski mo cyTi €
TaKOXX 1 eKoJoro-ekoHoMiyHuMH o0'ektamu (Turchenyuk,
Frolenkova & Rokochinskiy, 2017), motpeOye 3acrocyBaHHsS
BIJITOBIZIHUX KOMIIEKCHHX 1 CHCTEMHUX pIllIeHb, HacamIie-
pel o0 ONTUMI3alii IPUPOJHO-MENTIOPATHBHOTO PEXUMY.

[MpupogHo-memioparuBuuii pexum (IIMP) — e cykyn-
HICTh BOJHOTO, IIOBITPSHOTO, TEIUIOBOTO, MOXHBHOTO,
OKHCHO-BITHOBHOTO Ta IHIINX IPYHTOBUX PEXUMiB. BoHH
PETYJIOIOTECS 32 JIOIIOMOTOI0 TiIpOMENiOpaTHBHUX, arpo-
TEXHIYHHUX 1 OpraHi3alifHUX 3aXxoniB Ha (OHI MPUPOIHHUX
YMHHHUKIB B yYMOBaxX 3pOIIYBaJbHOI, 30KpeMa 1 pHCOBOI,
CHCTEMH.

Ha pucoBux cucremax [IMP BusHawaeTbcst minoro HU3-
KOO YMHHUKIB, TOJIOBHUMH 3 SKMX € MPUPOHI (KIiMaTH4Hi
YHMHHUKYW), TEXHOJOTiYHi (Mofada Ta BiJNBEICHHS BOJN),
KOHCTPYKTHBHI (KOHCTPYKIISI Ta MapaMeTpu 3pOLIyBaJIbHOL
1 IpeHaXXHO-CKUTHOI Mepexi # iH.). PesympTaTtu mociimkeHs
(Mendus, 2016) cBiguaTh mpo Te, M0 HAWICTOTHIIIHNN BIUIAB
Ha [IMP nieBux P3C 3xilicHIOE IpeHa>KHO-CKHHA Mepexa.
Ha pucoBux cucremax came BOHA BH3HAYa€ iHTEHCHUBHICTh
Ta CIpPSIMOBaHICTh (INIbTpAliiHUX IIPONECiB, IO BinOyBa-
I0ThCS BHACHIZOK TPHBAIOTO IEPE3BOJIOKEHHS IPYHTIB B
YMOBax 3aCTOCYBAaHHS IOJUBY 3aTOIUICHHSAM. Ll Mepexa
(hopMye IPOMUBHHH, BiIITOBIHO BOIHUIA i COLOBHI PEKH-
MU, € BU3HAYIBHIM YHHHUKOM IPOIYKTUBHOCTI, TapaHTOM
MATPUMAHHA HAJEXKHOTO EKOJIOrO-MENIiOPaTHBHOTO CTaHy
3pOIIYBaHUX 3€MEJIb PUCOBOI CHCTEMH.
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SK ckmamHa NPUPOOHO-MEXHIUHA eKON020-eKOHOMIUHA
cucmema, P3C norpedye OMHOYACHOTO TIOETHAHHS PEIKUM-
HUX, TEXHOJIOTIYHHX, TEXHIYHUX, CKOHOMIYHUX H €KOJIOTid-
HHUX IHTEepeciB Ha OCHOBI cucmemnoi onmumizayii. CyTb
L[LOTO MOJISTa€e y 3HAXOKEHHI MPOMDKHUX 1 JIOKJIBHHX
ONITUMYMIB 32 BCIMa OCHOBHHMHM €JIEMEHTaMHM BOJO- Ta
C€HEepPTOKOPUCTYBAHHA. [0 HUX BiIHOCATH OCHOBHI 3MiHHI B
IIPOCTOPI 1 Yaci YNHHUKH, [0 BIUIMBAIOTH Ha €()EKTUBHICTH
¢ynkuionyBanns P3C 3arazom. Tomy, 3rigno 3 (Rokoc-
hinskiy, Mendus & Turcheniuk, 2016), cuctemMHa onTumi-
3al1isl Ha eKOJIOTr0-eKOHOMIYHHX 3acafaX PeXUMHHX, TEXHO-
JIOTIYHMX Ta KOHCTPYKTHBHHUX PillIeHb Ha BiJIIOBIHHUX PiB-
HAX OpUHHATTS B 4aci (1 — cramist mpoexTy, 2 — crazis ia-
HOBa eKCIUTyaTallis) Moke OyTH peanizoBaHa 3a TaKMMHU
KOMIUTEKCHIMHU MOJIEIISIMH.

Ha craaii npoexty mij yac oOrpyHTYBaHHS ONTHMAaJlb-
HHUX [apaMeTpiB KOHCTPYKTHBHHUX DIllEHb 3 ypaxyBaHHSIM
KJIIMaTOJIOTIYHOI cTparterii ympaBiiHHS 00'€KTOM MOJENb
Ma€ BUIIISA

ZP’ = min 3 C+EK)+R ~a—”;s=mi=1,7n[;
is {1} pzz;li( i n 1) 1] W s (1)

ss=Lngi=ln,

0 : 5 T
Z, = H{l{l}nZ‘ijrp —Zj‘ “a,j= I,n
Ie: ZR? — MiHIMaJbHE 3HAYCHHS TNPHUBEACHUX BHUTpAT 32

MIPUIHATOI0 YMOBOIO OOpPAaHOTO KPUTEPil0 EKOHOMIYHOI OI-
TUMAaJIBHOCTI, IO BiANOBIJa€ ONTUMAJIBHOMY IPOEKTHOMY
pilIeHHI0 i3 ~ CYKYNHOCTI  MOMJIMBHUX  BapiaHTIB
1= {i},i:rn[; Z;— cykynHictb J ={/}, j:@ KpUTEpiiB
(pi3MYHMX TTOKA3HMKIB) EKOJOTIYHOI €EeKTHBHOCTI BOMO-
perymoBanHs Ha P3C 3a CyKyNHICTIO NPOEKTHHX pillleHb
{it,i :Tn[ , BIJIMTOBITHOIO TEXHOJOTI€0 BOIOPETYITIOBAHHS
{s},s :E; Z - BiJIMIOBiTHI PO3TJISAAYBaHI JIIMITYIOUi TO-
Ka3HUKM €KOJIOriyHOi eeKTUBHOCTI; o), — BilOMi (BCTaHOB-
JeHi abo 3a1aHi) 3HAYEHHS MOBTOPIOBAHOCTI UM YaCTOK
MOXIIUBOTO CTaHy THIIOBHX METEOPOJIOTIYHUX PEXUMIB y
PO3paxyHKOBi Tepiony BereTauii CykymsocTi {p},p = E y
MEXaxX IPOEKTHOTO TepMiHy (YHKIIOHYBaHHS 00'e€KTa,
Z a,=1; W;— obecar (BapTicTh) OTpUMaHOi MPOAYKIii 3a
penm,

BiJIOBIHMMH BapiaHTaMHM PEXHMHHX, TEXHOJOTIYHHUX Ta
TEXHIYHUX PIlIeHb CYKYITHOCTI {i},i:fn[; C;— motouHi

BUTpaTH HAa OTPUMAaHHS NPOAYKIIi 32 BapiaHTaMH IPOEK-
THUX pimeHs (ITP); E,— HopMaTHBHUMI KoedilieHT eKOHO-
MIiYHOI e(eKTHBHOCTI KalliTaJIbHUX BKJIazeHb K; 3a Biamo-
BimHMME Bapiantamu [IP; R;— MOTOXHO-KIIMaTHYHUNA PH-
3WK 32 BiANOBiAHUMH Bapiantamu [1P, 1m0 BU3HA4aIOTh K

E[: Z(WU_WFIAI)Z.a[Jj = ZR;’apjai:E: (2)
= =1

Je: W — BapTicTh BajoBOi NPOAYKLIi 3a (aKTUYHOIO BPO-
XKaWHICTIO, OTPUMaHOI0 3a i-TuM BapiantoMm IIP, rpH/Ta;
W, — BapTiCTh BAJIOBOI NMPOAYKIII 32 MOTEHIIHHO MOXXJIH-

nm
BOIO BPOXKaHICTIO Ha 00'€KTi, TpH/TA.
3a aHasoriero, Ha cramii exciuryartamii s QyHKII-
oHansHUX P3C MOeb Ma€ TakKuid BATIISI:

D, =max y W —-C —-R|-a ;i=1,75s=1,75
0 {r} pzz;[ i i 1] P K (3)

0 _ - 4 i s e —
Z, —H{l[lan‘Zﬁp —Zj‘ “a,;j =l,n;i=1n;s=1Ln,
J

J

ne Dy — MakcuMasbHe 3HaUYCHHS MTOKa3HUKa YHCTOTO JI0XO-
Iy, IO AOCATA€ThCsl BHACTIIOK OTPUMAHHS IIEBHOTO 00CATY
BHPOIYBaHOI CIJIbCHKOTOCIOAAPCHKOI MPOAYKIii Mij vac
3aCTOCYBAHHS Pi3HHUX BAapiaHTiB TEXHOJIOTIYHUX PillICHb.
Exonoriuny ymMOBYy oInTHMi3allii Ha puCOBOMY IIOJIi 1 Ha
CHCTEMI 3arajioM po3IIIAAIOTh SIK BU3HAYECHY, OOIPYHTOBA-
HY 1 IPUHHATY CYKYIHICTD (DI3MYHUX MOKa3HUKIB (KpUTEPi-
iB) OIIIHIOBaHHS BOIHOTO, CONBOBOrO i 3arambHOro ITMP.
Taxkumu nokasnukamu s P3C MoXyTb OyTH: peXUM piB-
Hs rpyHToBHX Box (PI'B) y mo3aBererauiiiauii nepion (Hg),
TPHUBATICTh 3Hax0o/pKkeHHs PI'B HIbkue Bij KPUTHYIHOI TIIH-
6unu (7); mWBUAKICTG QiIBTpaLii MM 3aTONJICHUM PUCOBUM
noieM (V);, CTymiHb 3acojieHHS KOPEHEBMICHOIO IIapy
rpyHty (S); MiHepainizaris rpyHToBUX BoA (G),; 3pomryBaib-
Ha HopMa pucy (M) Ta iH.
Zy = (Hgkx,T,a,VkX,SkS,MkX,ka),s =Ln,Vken, j=Ln,. 4

3a TakUMU TIOKa3HWKAaMH, IOPIBHSIHO i3 TPaHWYHUMHU
3HAUEHHSMH 00 KOHKPETHHX I'PYHTOBO-MEIIOPATUBHUX
yMOB 00'exTa, MOXKHA TepeadadaTy CpsMOBAHICTh MpOIIe-
ciB, sIKi BiIOyBalOTHCS Ha PHCOBOMY IIOJI 1 cuUCTeMi 3ara-
oM. lle mae 3Mory HESIBHO OLIHUTH EKOJOTIYHUM e(peKT
BiJI pearizarlii MeiopaTUBHUX 3aXOJIiB.

Po3misiHyTi MOKa3HUKHM MArOTh JOCHTh BHCOKHH piBEHb
CHOJIYYEHOCTI MK CO00I0, BPaXOBYIOTh JUHAMIKY 1 KOM-
IUIEKCHICTh JOCIIPKyBaHUX MPOLECIB, aA€KBAaTHO BigmoOpa-
JKafoTh Pi3HI mo3unii (GopMyBaHHS 1 BUSBIEHHS BOJHO-
COJIBOBOTO, (DIIBTPALIITHOTO PEXHUMIB 32 PI3HUX HPUPOTHO-
MeniopaTUBHAX yMOB. Lli OKa3HUKHM MOXYTb OyTH BH3HA-
YeHI HAasBHUMU METOAAaMH EKCIIEPHMEHTAIBHUM IUITXOM
a00 3a JOMOMOTOI0 BiJIIOBIAHUX PO3PAaXyHKOBUX METOMIB i
MoJIeJield JJIs1 IPOTrHO3HUX PO3paxyHKiB Ha JOBrOTEPMiHO-
Bilf OCHOBI. 3alpOITOHOBAHUH MiAXi Ja€ 3MOTY BUKOPHCTO-
BYBATH Iii IOKa3HUKH Yy OyJb-SIKOMY CIIOJIyYEHHI, 3aJI€XKHO
BiJl BHUDINIYBAaHOTO 3aBJAHHS, SK KpUTEpil EKOJOTridHOl
e()eKTUBHOCTI B KOMIUICKCHAX MOJEJSIX ONTHMi3alii BOIO-
pETYJIIOBaHHS Ha PUCOBHX CHCTEMax.

OOrpyHTYBaHHS ONTUMAJIBLHOTO 3arajbHOTO HPUPOTHO-
MEIIIOPaTUBHOTO PEXHUMY, BIANOBITHO MapamMerpiB TEXHO-
JIOTIYHMX 1 TEXHIYHUX NPOEKTHHX pimeHb Ha P3C 3a iHrer-
PAJIBHOIO OIIHKOIO CYKYITHOCTI HaBEAECHHUX ITOKa3HUKIB KO-
JIOT1YHOI €eKTUBHOCTI, MOXKE OYTH 1OCTaTHBO €(hEKTUBHO
BHKOHAaHO Ha ocHOBIi mimxoxy (Karuk, 1989). 3rigHo 3 Ta-
KM TIiJXOJOM XapaKTePUCTUKY EKOJIOTIYHOI HaMiHHOCTI
BapiaHTa MEeJIiOpaTHBHOI'O IPOEKTY MOKHA IPEJCTAaBUTH Y
BUTJISII BekTopa H 3 KoMIoHeHTamu H,,

H=H_[z=12,.NJ, (5)
ne N — KUTBKICTh eJIeMEHTIB (YMHHHUKIB), SIKI XapaKTepu3y-
I0Th €KOJIOT1YHY HaAiHHICTh METIOPaTUBHOTO IIPOEKTY.

3a IpuITyIeHHs, 10 B CUCTEMi YMHHHKIB BCi BOHHU € O]
HAKOBO BAYKJIMBHMH, BIJICYTHICTH IIEBHOTO €JIEMEHTa MOX-
HAa BB@XKATH SIK BIATOBiIHE 3MCHIICHHS MipH €KOJIOTIYHOI
HaziHoCTi. TOMy TYT KOMIIOHEHTH H_ IpUHAMAlOTh BiAIO-

BiJIHI 3HAYCHHS 32 YMOBH, IO
L, axmo H, < H,
0 saxmo H, > H,

ne H,. — HopMaTuBHE, KpUTHYHE a00 OMyCTUME 3HAYCHHS
Z-TO eJIEMEHTA.

Toni xoegiyienm exonoeiunoi naditinocmi BapianTa Me-
JOPaTUBHOTO MPOEKTY MOXKHA BU3HAYHUTH 32 (HOPMYIIO0

1y
k,=—) H_. 7
=y 2h. ™

(6)

nz?
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Takuif KoedilieHT € HAOMMKECHOI OIIHKOK EKOJOrid-
HOI CTiMKOCTI IPOEKTy 1 CTyIeHs BpaxyBaHHS YMHHHKIB
€KOJIOTIYHOi HaAIHHOCTI HOro (yHKIiOHYBaHHSA. 3HAUYCHHS
KOe(IILiEHTIB €KOJIOTIYHOI HaMiHHOCTI MENiOpaTUBHOTO
00'exTa 32 peKOMEHI0BAHOIO IIIKAJIOI0 HaBeAeHO B TaluI. 1.

Taoua. 1. lxana xoedinieHTin exosoriunoi HaaiiiHocTi
(Turchenyuk, Frolenkova, & Rokochinskiy, 2017)

Ne 3/ Koeoiuient exonoriunoi | HaiimeHnyBaHHs rpajauiii piBHs
- HaaiitHOCTI €KO0JIOrIYHOI HaMiiHOCTI
1 0-0,25 HeHaiiHa
2 0,26-0,50 HEJO0CTATHBO HajiliHa
3 0,51-0,75 JI0CTATHLO HaJIiiHA
4 0,76-1,0 HaJiiiHa

Ha BinMmiHy Bif pO3IIISIHYTOTO HiIXOMY, 3aIIpOIIOHOBAHO
OiJIbII THYYKWH 1HCTPYMEHT BU3HA4YEHHS KOMIIOHEHTH H.,
KOJIM BOHAa NpHUIMae BCi MOXJIMBI 3HAYEHHS B IHTEpBai
[0,1] 3a ymoBH, 10

H

Hz _Hrjiz
| -————, sxmo H, < H,

Hz?

H
H, = (®)
Huz Hr[)z
l+ ————, sxmo H , 2 H

ne: Hy.— dbaxkTuyHe 3HAUEHHS z-TO MOKAa3HHUKA €KOJIOTiuHOi
epeKTHBHOCTI; H,,— BIAMOBIIHO HOPMATHUBHE, KPUTHYHE

Hz

a0o jomycTrMe HOoro 3HaUCHHS, SIKE BiIOBiAae Z i

3anponoHOBaHUN METOAWYHHUNA TMIAXiT Ta METOIHWKA
Horo peasizauii Jae 3MOry IiABUIINTH 3arajbHy e€QeKTHB-
Hicte QynkmionyBanus P3C. Meroj BpaxoBye eKOHOMiUHI
Ta €KOJIOTIYHI BUMOTH 4epe3 Y3TO/DKEHHS IapaMeTpiB piB-
HSl KOHCTPYKTHBHOI Ta €KOJIOT1YHOI HamiHHOCTI W, Biamo-
BiJIHO, BapTOCTI 3 PIBHEM CTBOPIOBAHOTO 3arajibHOTO e(heK-
Ty OIPUHHSATHX PillICHb.

Pe3yabTaTH J0C/iIXKeHb CHCTEMHOI ONTHMI3alii
KOMILIEKCY 3aX0AiB 3 MiiBUIICHHA e(eKTHBHOCTI (yH-
kuionyBanus P3C. fIk noka3yioTh pe3ynbTaTu HpoBeje-
HUX JOCII/DKEHb, BU3HAYAIHHUM PEXUMHUM MOKA3HHKOM,
SIKAH XapakTepusye (inbTpaliiiai nporecu Ta HeoOXiTHHUH
piBeHb MPOMHUBHOCTI HA PUCOBOMY IIOJIi, € MIBHAKICTH Bep-
TUKaIbHOI (inbTparnii. OnTuManbHI TapaMeTpH MOKa3HUKa
IIBHAKOCTI BEPTUKAIBHOI (DibTparLii 0OIpyHTOBAHO 3a €KO-
JIOTO-MEJIIOPaTUBHMM ITiIX0/I0OM Ha OCHOBI BH3HAYEHHS I10-
Ka3HMKa eKOJIOTIYHOI HaiHHOCTI 33 PO3TILIHYTUMH (hopMy-
JIaMH.

Jly1s BU3HA4YEHHS ONTHUMAJIBHHUX MAapaMeTpiB MIBUIKOCTI
BEPTUKAJIBHOI (iNbTpalii Ha pUCOBOMY UY€Ky, sKa BijoOpa-
Kae OJJHOYACHO PEKUMHUH Ta TEXHOJOTTYHUN 0COOIMBOCTI
BozoperymoBanas Ha P3C, posrmspanu 3MiHy LBOTO I10-
Ka3HMKa B peanbHUX yMoBax Bix 0,5 mo 18 mm/mo0y
(puc. 1). Y3arambHEHI pe3yJIbTaTH TaKoi OIIHKM HaBEJCHO B
Tabm. 2.

Puc. 1. Po3nonin mBuaxocTelt BepTUKanbHOi GunbTparii Ha puco-
Bilf Kapri-deky st ymoB ITP3C

Tao6u. 2. Bu3HaYeHHs] ONTHMAIBHOI IIBHIKOCTI BePTHKAIBHOL
iIbTpauii Ha pucoBux kaprax-dyekax [IP3C

snz- -
. " | Kommo- | Kommo- | Kommo- | Kommo- AR
divwrpa- | wewra. | Koo~ | Kowno- | Kovrio- | Kovrmo- | ¢ S5biEes
ii‘p Hzsa | HEHTA | HEHTA | HEHTA | HEHTA | o .o
v, MLIIVI/HO_ Hg Hz3aT |Hz3aS |Hz3a G |Hz3a M & . ?
Oy
0,5 0,80 0,82 0,51 0,43 0.24 0,56
1,0 0,95 0,98 0,55 0,50 0,28 0,65
2,0 1,00 1,00 0,67 0,60 0,33 0,72
4,0 0,93 0,93 0,73 0,75 0,50 0,77
6,0 0,87 0,89 0,80 0,86 0,61 0,80
8,0 0,80 0,93 0,89 1,00 0,74 0,87
10,0 0,67 0,86 1,00 0,83 0,77 0,83
12,0 0,70 0,86 1,00 0,73 0,77 0,81
14,0 0,65 0,86 0,75 0,67 0,83 0,75
16,0 0,59 0,82 0,63 0,50 0,96 0,70
18,0 0,50 0,79 0,50 0,33 0,91 0,61

HaBeneni pe3yabpTaT 3acBiq4yIOTh, IO B JOCIIIKYBa-
HUX YMOBax OINTHMA&IBHOI MIBUAKICTIO (inbTparii, sKa
MiATBEPIXKYETHCA OIIIHKOIO EKOJIOTIYHOI HaIiHHOCTI k, =
0,8...0,87, € mBuakicts ¥’ = 6...10 MM/m00y. Taka mBuUI-
KicTh 3a0e3medye CTBOPEHHS MIHIMAIBHO HEOOX1IHOTO
IIPOMHUBHOTO BOJIHOTO PEXHMY, 3 SIKMM IIOB'S3aHE 3arajom
edexruBHe ¢ynkuionysanns [TP3C.

OTrxe, mijg 9ac OOTPYHTYBAaHHS y IMOJAJIBIIOMY OIITH-
MaJIBHHX [TapaMEeTPiB TEXHOJIOTIYHUX 1 KOHCTPYKTHBHUX pi-
IIeHb 3a MozensMu onrtuMizanii (1) Ta (2) B poi exosoriy-
HOI yMOBH ONTHMI3alii JOIIJIBHO PO3IIISAATH OOMEXEHHS,
0 MWBHUIKICT (inbTparii npuiiMae 3HaYeHHS, HaONMOKeHi
JI0 ONITUMAJIBHUX, TOOTO V.= V°. Po3pobnennii anst ITP3C

KOMIUIEKC PEeKUMHUX, TEXHOJIOTIYHUX Ta KOHCTPYKTUBHHIX
pilieHs 3 HiIBUIIEHHS e()eKTUBHOCTI (YHKIIOHYBaHHS CHC-
TEM MICTUTB:
® 33ax0/H, IO CIPSIMOBaHI Ha ITi IBUINCHHS IPSHOBAHOCTI i piBHO-
MipHOCTI (iIbTpalii Mo IwIomi Ta npodiaro KapTH-4eKka Ha OC-
HOBI TJIHOOKOTO PO3ITYIICHHS;
® [IOBTOPHE BUKOPHUCTAHHS JpeHaxHO-CKUAHUX Box ([CB) sx
CKJIaJHAKA CKOJIOTIYHO Oe3MeYHOI TEXHOJOTII BHPOLIYBaHHS
pucy,
® IPOMUBKY 3aCOJICHHUX IPYHTIB Ha (hOHI TITMOOKOT0 PO3MYIICHHS;
® YIOCKOHAJICHHS KOHCTPYKII{ PUCOBUX CHCTEM Ta iHTCHCH(iKa-
Iif0 POOOTH APEHAXKY;
® 33aXHCT IPEHAKHO-CKUIHUX KaHATiB BiJ] Aedopmariii pycia.
PexuMHO-TEXHOJOTIYHI 3aX01u TepeadavyaroTh 3arpo-
BaJDKEHHS pO3pOOJICHOTO i 00TpYHTOBAHOT'O PECYPCOOIIAI-
HOTO PEXHUMY 3pOIIeHHS pucy (puc.2), mo 3ade3nedye
CIOPUATIUBINI YMOBH BHPOIIYBAaHHS Ta OTPUMAaHHS BpO-
JKalfHOCTI pUCy Ha piBHi 7...10 T/ra i BHIIE

h,Mm | | 1 1
0,1 I 1
o T mHHIHT l .
Dazn MOCiB- CXoH- iHES- |BiTIH- .
PO3BUTKY cxoau KYIIIHHA TpyOKyBaHHS  HSI J103p1BaHHS

Puc. 2. Cxema pearizamii pecypcoomaqHOro pexkuMy 3pOIISHHS B
pa3i TTOBEpXHEBOT'0 3aTOIUIEHHS 3a (ha3aMU PO3BUTKY PUCY

BukoHaHi po3paxyHKH 3 BH3HAUEHHS ONTHMAJIBHHX
TEXHOJIOTIYHUX IIapaMeTpiB 3a EKOHOMIYHHUM KpHUTEPieM
edextuBHOCTI pyHKunionyBanHs P3C moxaszanu, mo onTH-
MaJIBHOIO YacTKOIO0 pHcy B ciBo3MiHi € & = 50...60 %, a on-
THMAIbHOIO 3pOINYBAalbHOI HOPMOIO pucy— M° =
18 THC. M’/ra, OPIBHSHO 3 TIPOEKTHOIO M,,= 25 Tuc. M’/ra.

Ockinbky Bojomnozada Ta BojoBiasenaeHHs Ha [1P3C
3IIHCHIOETBCS TUIBKM 3a JOMOMOrOI0 HACOCHUX CTaHIiH,
OIITHUMAJIbHI TapaMeTpy BOJOKOPUCTYBAHHS TYT 3a0e3medy-
I0TbCSl BIJIOBIJHUMH ONTHMAJIBHUMH IIapaMeTpamMH eHep-
TOKOPHCTYBaHHS. TOMY 32 ONTHUMAJIBHOIO BEITMYMHOIO 3pO-
uryBanbHOi HopMu pucy M°=18 Tic. M°/ra Ta BiINOBiIHIM
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cyMapHUM  00'eMOM  TepekadaHoi  BOJIU Wy’ =
27,5 THe. M°/ra, ONTHMAaJIbHI 3aTpaTH ENeKTPOEHEpril cTa-
HoBysATE O = 1,78 THC. KBT'TOI/TA.

IToTOpHE BuKopucranus JJCB i 3pomeHHs pucy Ta
CYIYTHIX KYJIBTYp J[a€ 3MOT'Y BUPIIIUTH 1HILY TOCTPY IPOO-
jeMy, IoB's3aHy 3 HeoOximHicTio ckuay JICB 3 pucooi
cucremu. O0'em ckuny cranoButs 30...70 % Bix 06'emy Bo-
nmo3abopy Ha 3porneHHs. MiHepaizallis Takoi BOJIH, 3a3BU-
yali, HEeBUCOKa 1 3HAXOAUThLCA B Mexax Bix 0,5 mo 3...5 /.
Bonnouac JICB MoxxyTh OyTH BaXKIIMBUM YUHHUKOM 301J1b-
LIEHHS TUIOMI 3pOUIYBaHMX 3eMelb 0e3 3MiHM BOJ03a00py
i3 JpKepes 3pOIICHHS Ta 3HIDKEHHS CHOXHMBaHHS BOAW HA
3pOIIEHHS PUCY 1 CYITYTHIX KYJIBTYP.

Jnst mosropHoro Bukopuctanua JICB pucoBux cucrem
3a yMOBHU p030aBJIeHHs IPICHOIO BOJIOIO Y CHIBBIJHOLIEHHI
1:1Ta 1:2 po3pobneno (Patent 115157 of Ukraine, IPC,
2017) Ta 3anponoHOBaHO KOHCTPYKTUBHI 3MiHH BO/103a0ip-
Horo By3na HacocHoi cranMii [IP3C (puc. 3).

Puc. 3. Cxemu nopaui Ta BinBoxy Boau Ha [IP3C: a — HasiBHa; 6 —
3ampoIIOHOBaHa; 1 — Hacoc; 2 — HACOCHA CTaHIIiS; 3 — CMITTE3aTpH-
MyBaJIbHA PEIIiTKa; 4 — IIUTI03; 5 — BCMOKTYBAJIBHHHN TPYOOIIPOBIJ;
6 — HanipHUIA TpyOonpoBix; 7 — OaceiH mig moxadi JICB Ha 3po-
mIeHHst; 8 — Bomo3abip st npicHoi Boxy; 9 — MaricTpaabHUH TPy-
6onpogig; 10 — romoBHMiA ckuaHwMiA KaHar; 11 — Bogo3abip JICB;
12 — Gaceiin mns HakormueHHs [ICB; 13 —3acyBka; 14 — aBankame-
pa; 15 — Hu3pKOHAMI pHUI TPYOOIIPOBI X

Iposeneni gocmimkenns va [TP3C nokasanu, oo Ha Te-
puropii ymme Kimiticekoi P3C (3,5 Tuc. ra) MoxxHa BHKO-
PHCTATH IS 3pOIIEHHs I0JaTKOBO 10 15 MitH M° cinabomi-
HepainizoBanux JICB abo BigmoBizHO 3MeHIINTH 00'eM BO-
nmo3abopy. 3ampoBamKeHHS BOZOOOOPOTHOI TEXHOIOTIT BO-
nmokopuctysanHs Ha [TP3C 3 pozbasienuasm JICB mpicHOO
BOJIOI0 y criBBimHOmeHHI 1:1 ta 1:2 mae 3Mory orpumaru
BenMMuuHy uyncroro mpudyrky Bix 27000 no 28000 rpu/ra
BimmoBigHO. [Ipy 1IbOMY €KOHOMIYHO OOTPYHTOBAHOKO 3pO-
HI3YBaJ'ILHOIO HOPMOIO PHCY Takox € Hopma M°=18 Tuc.
Mm/ra.

HasBHMIA MOCBiA 1 TEOPETHUYHHUIA aHATI3 CBiqUaTh, IO
epEeKTUBHE pETYIIOBAHHS BOJHO-TIOBITPSIHOTO PEXHUMY
IPYHTIB 32 JOIIOMOIOI0 APEHaXy JOUIJIbHE Ta TEXHIYHO
MOMIIMBE y JIOCTaTHBO BOJIONPOHMKHMX IpyHTax (K, >
0,5 M/mo0y). CTOCOBHO IPYHTIB PUCOBHX CHCTEM IpoOIeMa
301IBIICHHS BOAONPOHUKHOCTI BEPXHIX MIAPIB IPYHTY €
0COOJINBO aKTyaJbHOIO. BHACIIIOK TPHUBAIOTO IMEpe3BOIIO-
JKeHHS! BOJAHO-()i3W4HI BIACTHBOCTI I'PYHTIB IOTipUIIMINCH
HACTUTBKH, IO OCTaHHI CTaJd CBOEPITHUM BOJOYIIOPOM.
Tomy, nmns 3ab6e3nedeHHs He0OXiTHOTO PiBHSI MPOMHUBHOCTI
rpyatiB [TP3C no momi ta npo¢iito NoJIUBHOI KapTH IPo-
MIOHYIOTh, SIK €()eKTHBHUH arpoMerTiopaTHBHUNA 3axim min-
BHUIIEHHS BOAONIPOHMKHOCTI BaXXKHMX IPYHTIB, NIPOBEACHHS
IJTMOOKOT0 pO3MyIIEeHHs. Y Nepioa BUPOIIYBaHHS PHCY I10-
MepelHbO MPOBE/ICHE PO3MYIICHHS IPYHTY HAa PHUCOBOMY
1ol 3abe3neuye OibII piBHOMIpHY (inbTpamiio MOIUBHOL
BOJM IO IUIOWII Ta mpodiso pucoBoi kaptu. CTBOpIOBaHi
IIBHAKOCTI € JOCTATHIMHU JUISI BUHECEHHSI JIETKOPO3YMHHUX
coJiel 3 aKTUBHOTO Iapy Ta MOKpAIeHHs HOro KMCHEBOTO
peXHUMy. A B IICIANONMBHMAN OCIHHIN mepiox 3abesme-
qyyeThes mBHAKE NoHwkeHHs: PI'B (puc. 4), npumBuanieH-
Hs 30MpaHHS BPOXKAIO Ta OCIHHBOTO 00OPOOITKY IPYHTY.

Puc. 4. 3anexuicts gacy ocymenns (H=1,5 m) Bix Bincrani Mix
IpeHaMu: 1 — 6e3 po3MyIIeHHsT; 2 — HeCyLUIbHE PO3MYIIEeHHS; 3 —
CYIUTEHE PO3ITYIIEHHS

Tax, 3a BincTaHi Mix ApeHaxHUMU KaHanamu B=100 m
OCYIIEHHSI PUCOBOTO HOJIS HAa TIMOMHY 1,5 M micis ckumy
BOoaM BinOyBaeThes 3a 28-30 nib. V pasi mpoBeJcHHS HeCy-
LTBHOTO PO3ITYIICHHS Ha ()OHI JpeHaxy 3 aHAJIOTIYHUMH
napamerpamu, 3HmwkeHHs PI'B mo Takoi rmmbuxu BinOy-
BaeTbes 3a 23-25 n1i6, a B pasi CyHiIbHOTO PO3ITYIICHHS — 32
16-18 ni6. Omxe, BijAcTaHb MK JApeHaMH B pasi BIAITY-
BaHHS CHCTEMAaTHYHOTO 3aKPHUTOTO JPEHAXY Ha BaXKHX
I'PYHTaX PUCOBHX CHUCTEM 3aBSIKH MPOBEICHHIO MEPiOIHY-
HOTO PO3ITyLIeHHs Ta iHTeHcudikamii oro podboTH, MOXXHA
30inbmuTy Ha 35...50 %.

[Tix gyac ocBoennst HOBuX TepuTopiit mix P3C abo micis
TPHUBAJIOTO BUPOIIYBAHHS CYNYTHIX KyJIbTYp MOXE BHHUK-
HYTH NOTpeda B IHTEHCHBHOMY ITPOMHBAHHI 3aCOJICHHX 3€-
Menb. Po3pobiieHo criocié mpoMHUBaHHS 3aCOJICHUX 3EMENb
pHcoBHX cHucTeM Ha (oHi riambokoro posmymeHus (Patent
112204 of Ukraine, IPC, 2016). IlepeBaroto 3anponoHoBa-
HOTO cI10co0y € piBHOMIpHE PO3COJIEHHS I'PYHTIB 1O Ipodi-
JII0 Ta BCIH IUIOIII PHUCOBOTO IOJISI Ta HA OiNbUIYy INIMOWHY,
3MEHILIECHHS TPUBAIOCTI IIPOMUBAHHS, MIBUAKE TTOHMKCHHS
PIiBHS I'PYHTOBUX BOA Y HIiCISIIIPOMHUBHUH NEPiOA.

[I{ono KOHCTPYKLii Ta ONTUMAaJBHUX MapaMeTpiB Jpe-
Ha)KHO-CKMIHOI MeEpexi 3a pO3ITSIHYTUMH pPO3pOOKaMHy,
cOpMOBaHO BapiaHTH JOCIIUKEHb, 3a SKAMH OYIIO
3IIHCHEHO ONTHMI3aIlif0 OCHOBHUX KOHCTPYKTHBHHX elle-
MeHTiB P3C 3 ypaxyBaHHSM ONTUMaJbHUX IapaMeTpiB ce-
PeIHbOI IBUIKOCTI BEPTHKAIBHOI (DiIBTpaIlii HA PHCOBOMY
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YeKy IS BCTAHOBJICHOTO ONTHMAIIBHOTO MTOKA3HHUKA YaCTKH
pucy B ciBo3mini — 50...60 %:

® papiaHTH 1...3 — KOHCTPYKIis Ta MapamMeTpH APEHAXY, 3T1THO 3
pexomenpanisimu C. I1. Mennycs (Mendus, 2016);

® papianTy 4...8 — yJOCKOHAIEHa KOHCTPYKIisl APEeHAKHO-CKUJI-
HOI Mepexi Ha KapTax-ueKax IUIIXOM YJAITyBaHHS ITPOMIX-
HUX 3aKpUTHX JpeHaXKHMX KomekTopiB (puc.5) (Patent
104000 of Ukraine, IPC, 2015);

® papianTy 9...12 — KOHCTPYKILIs Ta MapaMeTPH HasBHOI ApeHaXk-
HO-CKHJHOI Mepexi y BTN Bimkputux kaHamiB (Rokoc-
hinskiy, Mendus, & Turcheniuk, 2016).

Puc. 5. Kapra-4ex mmpokoro ¢ppoHTy 3aTOIUICHHS, JOOCHAIICHA
3aKPHUTOI0 PEHOI0-KOJICKTOPOM: | — pO3MOAINEIMIA 3pOITyBaTBHAN
KaHaj; 2 — 3pOLIyBay-CKHJ; 3 — BOLOBHUILYCK Yy 3pOLIyBay-CKUL; 4 —
BOJIOBHITYCK i3 3pOIIyBada-CKUILy; 5 — TPYIIOBHI CKUIHHI KaHaI;

6 — KapTOBa JpeHa BiIKPUTOTO TUITY; 7 — MiAMipHAa CrIopyna; 8 —
3aKpHTa APEeHa-KOIeKTop; 9 — perynsumilina cropyaa

VY3aranpHEeHi pe3yabTaTH TaKOi OIIHKA HAaBEICHO B
Tabi. 3.

Tao6ua. 3. OcHOBHI pe3yJbTaTH ONTHMIi3alifHUX PO3paxyHKiB
st IIP3C o0 o0rpyHTYBaHHS ONTUMAJILHUX NapaMeTpiB
JPeHa:Ky Ha PHCOBHX KapTax-ueKax

I'mu6una 3a- | lIBuakicts Bep- | [Toka3Huk npuse-
Bapiant Bi‘I[CTaHI; JATaHHA PI'B ) TI/IKaJ]I)‘HO.l' JIEHUX BUTpAT 3
[Ip | MK Jpe- | B OCIHHBO-3H- (inbrpauii 3 110- | ypaxyBaHHsM 110~
HAMH, M | MOBHII Ilepi- | BEpXHi PHCOBOTO | TOAHO-KIiMaTHI-
o1, M oJisi, MM/100y HOT'O PU3HKY

1 50 1,86 27,1 1,86
2 75 1,78 12,0 1,32
3 85 1,75 9,4 0,84
4 100 1,59 6,8 0,74
5 125 1,49 4,7 0,94
6 150 1,35 3,0 1,16
7 175 1,23 2,2 1,55
8 200 1,11 1,7 1,83
9 225 0,95 1,3 2,50
10 250 0,83 1,0 2,80
11 300 0,60 0,7 4,60
12 500 0,40 0,2 5,34

HaBeneni pe3ynbraTw 3acBigdylOTh, IO EKOHOMIYHO
BUTIJHMI Ta €KOJIOTIYHO NMPUNHHATHUNA BapiaHT MPOEKTHHX
pillleHp OO0 PO3PAaXyHKOBOi BiJACTaHI MiX JPEHAKHO-
CKUJIHIMH KaHaJIaMH 1 JOJATKOBUMH 3aKPUTUMH JIpEHAMH-
konekTopamu st ymoB IIP3C € BapianT 3 BiacTaHHIO
100 m. Taka MiXkIpeHHA BiJICTaHb, HA BiAMIHY BiJl HAsIBHOI
200...500 M, 3a0e3neuyye CTBOPEHHsS Ta MiATPHUMAaHHS Ha
PHCOBOMY I10JIi HPOMUBHOTO BOJHOTO PEXHUMY 3 OITHMAaJb-
HOIO IHTEHCHBHICTIO BEPTUKAIBHOI ¢inbTpamii
6...10 Mmm/m00y.

OOroBopeHHsl pe3yJIbTATIB OCIiIKECHHS, 3aNPOBa-
JUKeHHSI ONTHMi3aniiiHOro Meroay moao0 eGeKTUBHOCTI
¢ynkuionyBanns P3C. Jlotenep y Teopii Ta IpakTHi
CTBOpPEHHS 1 (PyHKIIOHYBaHHS BOJIOTOCIIOAAPCHKO-Meiopa-
TUBHUX 00'€KTiB METOIU Ta MOJEIi ONTHMI3alii po3risiia-
JIM Ta BUKOPHCTOBYBAINM B OCHOBHOMY JUISl OOTPYHTYBaHHS

JIOKaJBbHUX OJWHUYHHUX pilleHb. [lepeBakHO 1€ cTOCyBa-
JIOCh OKPEMHUX EJIEMEHTIB CHCTEMH ab0 PEeXMMIB UM TEXHO-
JIOT1 BOAOPETYJIIOBaHH, 30KpeMa ONTHMAJIbHAX HapaMeT-
piB ApeHaXKy, MaricTpaJbHUX KaHalliB, PEKHMIB 3POIICHHS
TOLIO.

3a pe3ynbTaTaMy MPOBEICHUX TEOPETHYHHUX Ta EKcIIe-
PUMEHTAIBHUX JIOCHIDKEHb YJOCKOHAJIICHO HAYKOBI ITiJIXO-
JIM IO CUCTEMHOI ONTUMi3allii Ha €KOJIOr0-eKOHOMIYHHUX 3a-
cazax BOJO- Ta eHeprokopuctyBaHHs Ha P3C 3a pisHopin-
HUMHM KPHUTEpISIMM ONTHMI3alii I0f0 pi3HUX piBHIB
NIPUAHATTSA B 4Yaci, SKi IPYHTYIOTHCS Ha CUCTEMHOMY PO3-
TJISi/Il PUCOBOI CHCTEMH SIK CKJIAJHOI NMPHUPOAHO-TEXHIYHOL
€KOJIOr0-eKOHOMIYHOI CHCTEMH.

Ha ocHOBI cucTeMHOI OoNTHMI3allii pO3pOOIIEHO KOM-
IUIEKC PEXUMHHUX, TEXHOJOTIYHUX Ta TEXHIYHHX 3aXOiB
1010 HEOOXIAHOCTI I MOLINBHOCTI Mepexomy BiJ Tpaau-
LiIfHOTO pecypco3aTpaTHOTO Ha PallioHAIBHUI Ta pecypco-
OLIa HUN PiBHI BOJO- Ta €HEPTOKOPHUCTYBaHHS. PexxumMHO-
TEXHOJIOTIYHI 3aX0[H NependadyaloTh MOBTOPHE BHUKOpHC-
TaHHS JPEHAXHO-CKUIIHUX BOJ|, 3aCTOCYBAaHHS TJIMOOKOTO
PO3ITyIIEHHs] 3 BUKOPUCTAHHSAM BiIIOBITHUX MaJIOCHEPTO-
3aTpaTHUX HACOCHUX arperaTiB, MEpiOJUYHOTO IPOMHUBAH-
HS 3aCOJICHMX IPYHTIB Ha ()OHI IJTMOOKOTO pO3IYIIECHHS.
KoHCcTpyKTHBHI 3ax01M mepeadayaroTh JOOCHALICHHS Ha-
SIBHOI BIJKPUTOI JPEHAKHO-CKUIHOI MEpeXi 3aKpUTHMHU
JPEHaMU-KOJICKTOpaMH, BJIAIITYBaHHS IIPUYKICHOTO ApeHa-
KY JIISL 3aXUCTY APEHAXKHO-CKUIHUX KaHATIB Bix nedopma-
uiit pycna. Leit koMInIeke 3aX0/IiB CIIPSIMOBAHUI HA TTiABU-
IIeHHs 3arajgbHoi edekTuBHOCTI (hyHKioHyBanus P3C Bin-
TIOBiJTHO /IO CYy9aCHUX €KOHOMIYHHX W €KOJIOTIYHUX BUMOT.

CucremMHa onTuMmizamiss PEKUMHHUX, TEXHOJIOTIYHHMX 1
KOHCTPYKTUBHUX pimeHb Ha P3C mae 3Mory miaBUIINTH 3a-
rajbpHy eeKTUBHICTh QyHKIIOHYBaHHS. [Ipn iboMy Bpaxo-
BYIOTH €KOHOMIYHI Ta €KOJIOTi4Hi BUMOTY Yepe3 Y3Tro/KeH-
HS TTapaMeTpiB, PiBHSA KOHCTPYKTHBHOI Ta €KOJIOT1YHOI Ha-
JiffHOCTI W BIATIOBIMHO BapTOCTI IMX pIlIEHb 3 pPiBHEM
CTBOPIOBAHOTO 3arajIbHOTO e(heKTy i/l Yac pearizariii.

Bucnosku

1. Habynmu monansmoro po3BHTKY TEOPETHYHI 3acaiu
II0/I0 CHCTEMHOI ONTHMI3alii pi3HOPIAHUX Ta B3aEMO-
MIOB'SI3aHUX PEXMMHHUX, TEXHOJOTIYHMX 1 TEXHIYHUX pi-
IIEHb 3 BOJIO- Ta €HEPrOKOPHUCTYBAHHS Ha (DyHKIIOHAJIBHUX
P3C sx cxmagHUX NPHPOAHO-TEXHIYHHX EKOJIOr0-EKOHO-
MigHHX cucTemax. el minxin 3a0e3medye KOMIDICKCHE
OLIIHIOBaHHS Pi3HUX acnekTiB ¢pyHkuionyBanus P3C.

2. YIOCKOHAJICHO HAYKOBO-METOAWYHI IiJXOTU O TO-
OyIOBH Ta peaizallii KOMIUICKCHUX MOJIENICH onTuMi3arii 3
PI3HOPITHUMH KPUTEPIsIMA EKOHOMIYHOI W €KOJIOTIYHOI OIl-
TuMaibHOCTI. Lle mae 3Mory y B3a€MO3B'SI3KY OLIHUTH 3a-
TajibHy PEKUMHY, TEXHOJOTIYHY Ta TEXHIYHY €KOHOMIUHY
it exonoriuny edextuBHICTh (yHKUioHyBaHHS P3C.

3. Ha ocHOBI cucTeMHOI onTHMIi3arii po3pobJIeHO0 KOM-
IUIEKC PI3HOPIAHUX Ta B3a€MOIIOB'SI3aHUX PEXUMHHUX, TEX-
HOJIOTIYHUX 1 TEXHIYHHX pilleHb, COPSIMOBAHNUX HA IIi/IBH-
IeHHs 3arajgbHoi edekTuBHOCTI (hyHKIioHyBanHs P3C Bin-
TIOBIJTHO /10 Cy49aCHHX €KOHOMIYHHX I €KOJOTiYHHUX BHMOT,
YIIOCKOHAJIEHO MeToau OOIpyHTyBaHHS mapamerpiB. Eko-
HOMIisl BOIHMX Ta eHepreTndyHux pecypciB Ha P3C craHo-
BuTh 20...50 %.
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Hayuonanvhuiil ynusepcumen 8001020 X03AlCmMEa u NpUpooonoasb3osanus, 2. Posno, Yxpauna

YJYYHIEHUE BOAO- U SHEPTOII0JIb30BAHHUA HA PUCOBbBIX OPOCUTEJIbBHBIX CHCTEMAX

Pazpaboran u mpeuIoxKeH METO CHCTEMHON ONTHUMU3ALUHK IS YITyIIISHUs BOJO- M YHEPTONOIb30BAaHMS IPH (PyHKIIMOHHPOBA-
HHUH pUCOBBIX opocuTesbHEIX cucteM (POC). ChopmynnpoBaHEl TOAXOABI K BEIOOPY KPUTEPHEB H yCIOBUI SKOHOMUIECKOH U HKO-
JIOTMYECKOH ONTHMHU3AINH IPH ITOCTPOSHUN KOMIUICKCHBIX ONTHMHU3AIMOHHBIX MOJENIeH B IPOEKTaX MX PEKOHCTPYKIMU U AKCILTY-
atarun. HayqHo 000cHOBaHa COBOKYITHOCTH Pa3HOPOIHBIX M B3aMO3aBHUCHUMBIX ITOKa3arenel (IIyOHHa ypoBHEH I'pYHTOBBEIX BOX B
ME)KBETETAllMOHHBIA NEPHO — VIS PUCAa U B BETETAMOHHBINA MEPHOT — VIS COILYTCTBYIOIIUX KYIbTYP, MHHEPATH3aINs TPYHTOBBIX
BOJ, [UINTEIHHOCT IIEPHOJA CO CTOSHHEM YPOBHS T'PYHTOBBIX BOJ HIDKE KPUTHYECKOH TIyOHMHBI, CTEINEHb 3aCOJCHHS aKTUBHOTO
CJIOSI IOYBEI, CKOPOCTH (DMIIBTPAIMH M3 OBEPXHOCTH PHUCOBOTO YeKa, OPOCHTENbHASI HOpMa pHca, O0Iui 00beM IepekayaHHOi BO-
II61) KaK KPUTEPHEB OILCHUBAaHUS o0mmeil 3 ekTuBHOCTH BOKO- M SHepromons3oBanus Ha aeiictBytomux POC. Ha ocHoBe cucrem-
HOHM ONTHMH3AIMU pa3paboTaH KOMIUIEKC Pa3HOPOIHBIX U B3aHMO3aBHCHMBIX PEKHMHBIX, TEXHOJIOTHIECKHX U TEXHHUECKUX pelle-
HUH, HAaIIpaBJICHHBIX HA IOBHIIIeHHE 00mel a¢dexruBHoCTH (yHKIHoHHpOoBaHUs POC B COOTBETCTBHH C COBPEMEHHBIMH YKOHOMH-
YECKHMH U SKOJOTMYECKUMHU TPEeOOBAaHMSIMH, YCOBEPIICHCTBOBAHBI METOIBI OOOCHOBAHHS NTapaMeTPOB. DKOHOMHMS BOJHBIX U YHEp-
rerudeckux pecypcoB Ha POC cocrasmster 20...50 %.

Kniouesvie cnoga: cucteMHasi OIITUMH3AINS; BOJIO- M SHEPTrocOEpeKEHNE; PUCOBAst OPOCHTENBHAS CHCTEMA; KOJIOr0-9KOHOMH-
geckuit 3 pexT.

V. A. Turcheniuk

National University of Water Management and Natural Resources, Rivne, Ukraine

IMPROVEMENT OF WATER AND ENERGY USE ON RICE IRRIGATION SYSTEMS

Taking into consideration scientific research and engineering materials which embrace half century period and reflect weather-
climatic changes, mode-technological and socio-economic conditions on acting rice irrigation systems in Ukraine, theoretical founda-
tions as for systemic optimization of varied and interrelated mode, technological and technical solutions of water and energy manage-
ment on acting rice irrigation systems received future development; number of indexes as estimated criteria of their general effici-
ency and their parameters considering nature-ameliorative changing conditions in fixed time periods and possible efficiency levels
was scientifically determined; character and contact level among them were established. Based on systemic optimization series of in-
terrelated modes, technological and technical measures as for necessity and expediency of trans-passing from traditional resource-
cost to rational resource-saving level of water and energy management, re -usage of drainage-waste waters, performing deep earth lo-
osening with improved low-cost techniques, periodic saline soils flushing including deep soil loosening, upgrading existing open dra-
inage-waste network on close drain-collectors, arrangement off-cannel drainage system to protect drainage-waste cannels from their
route deviation were worked out. These measures are directed on rising general efficiency of acting rice irrigation systems conside-
ring modern economic and ecologic requirements. Sustainable mode methods were improved. Scientific approaches to systemic opti-
mization based on ecology-economic measures of general nature-amelioration mode of rice systems, technological and technical so-
lutions of water and energy management which sustain it in various criteria in different time levels based on systemic observation of
rice systems as a complex nature-technical ecology-economic system were upgraded. On ecology-economic principles general noti-
ons formation and implementation of systemic optimization complex models which are interrelated with regime, technology and
constructive water and energy management solutions on rice irrigation systems for a long term period were worked out. Optimal pa-
rameters of various indexes: mode (speed filtration), technological (irrigated rice standard, rice quota in crop rotation, dilution degree
of reused drainage-waste waters) and constructive solutions (construction and drainage parameters of check-maps including deep
earth loosening) for the developed complex of measures to increase efficiency of acting rice systems were substantiated.

Keywords: systematic optimization; water and energy management; rice irrigation system; ecology-economic effect.
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