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Annomayusa. eab: pazpabotka u neMoHcTpanus BozMokHocter UT-cpenct st pe-
LIEHUS 33J1a4 paclipeesIeHNsl pECYpCOB IIPU 3KCILUTyaTallud OPOCUTENbHBIX cucteM. MaTepuaJibl
U MeTo/bl. B KauecTBe pecypcoB, UCIOJIb3YEMBbIX Ul peIIEHHs 33/1a4 ONTHUMU3ALUH, paccMaT-
pHUBAJIMCh BOJIHBIC, JIIOJCKUE, TEXHUYECKHE W (DMHAHCOBBIE pecypchl. B KadecTBe IeneBOi
¢yHKIMYU ObLIa OIpenesieHa 3a/1a4a ONTUMU3ALUN PACIPEIETICHNUS OPOCUTENBHOM BOJIBI MEXKIY
BOJIOIOJIb30BATENSAMH, 3a0UPAIOIUMHU BOJLY U3 OPOCUTENIBHOM cucTeMbl. OCHOBY HCIOJIB3YyEMBIX
NUT-cpencts coctaBuiia CreqUaibHO pa3pabOTaHHas KOMIIBIOTEpHas MporpaMma, OpHEHTHPO-
BaHHas Ha UCIIOJIb30BAaHUE B COCTaBE MOOMIIBHBIX KOMITBIOTEPHBIX CPeJCTB. [l qeMoHcTpanuu
€e BO3MOXHOCTEH HCIIOJIb30BaHA BEpCUsl MPOrpaMMbl, 00E€CHEeUMBaIONIas ONTHMU3AIMIO pac-
IpezieieHNs pecypcoB Ha cucTeMe, BKitoydatoleil B ceds 10 BogononsioBareneil. Peyabrarsl.
[TpuBeneHbI IpUMEpbl ONTUMHU3ALMOHHBIX PACYETOB JJIS IByX BapUaHTOB JEHCTBUS OrpaHHUYe-
HUIl Ha ucnosib3yeMble pecypcbl. llepBeiii BapuanT npennoinaran Hamuuue 90 % numura Ha
BOJIHBIE PECYPCHI NIPH OTCYTCTBHH KaKHX-THOO OrpaHUYCHUI Ha JIOJICKHE, TEXHHYeCKnue u (u-
HAHCOBBIE PECYPCBHI, UMEIOIIMECA HA CHUCTeME. BTOpOol — OTCYTCTBHE OIpaHUYEHUN Ha BOJHBIC
pecypcebl, Ho Hamure 90 % orpaHu4eHuil Ha JIIOJICKUE, TEXHUYECKHE U (PUHAHCOBBIE PECYPCHI.
JI1 KaXI0ro U3 BapuaHTOB IIPOM3BE/EH pacueT MoKas3aresei, HCIOoIb3yeMbIX TP IKCILTyaTa-
IIUM CHUCTEMBI: paclpeielieHHe KaX/I0ro U3 pecypcoB MEXy BOJIOIIOIb30BATEISIMHU; 00eCIeyeH-
HOCTb Ka)XJIOTO M3 BOJIONOJIB30BaTEe OPOCUTENBHOM BOIOH; (haKTHUIECKOE UCTIONb30BaHUE pe-
CypcoB B LienoM 1o cucreMe. BeiBoabl. McnonszoBanue UT-cpeacts ans penieHus 3agad om-
TUMM3AIMN paclpeieseHus PecypcoB MO3BOJISIET: O00ecleduTh HaydHO OOOCHOBaHHOE HC-
M0JIb30BAHNE MMEIOLIUXCA Ha MEIMOPATHBHBIX CHUCTEMax BOJHBIX, TEXHUYECKHX, JIFOJCKHUX,
(bMHAHCOBBIX M JIPYTHUX PECYPCOB; MOBBICUTH KAaYE€CTBO U ONEPATUBHOCTh YIPABICHYECKUX U HH-
YKEHEPHO-TEXHUUYECKUX pEIEHHH, CBSI3aHHBIX C MCIIOJIb30BAaHUEM U PACHPE/ICIEHHUEM PECYPCOB
Ha MEJTMOPATUBHBIX CUCTEMAaX; 00ECIeUnTh PadoTy ¢ €IUHOM O0IIECUCTEMHOM 0a30i1 TaHHBIX.
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Abstract. Purpose: to develop and demonstrate the capabilities of IT tools for solving
resource allocation problems during the irrigation system operation. Materials and methods.
Water, human, technical and financial resources were considered as resources used to solve op-
timization problems. The objective function was defined as the task of optimizing irrigation wa-
ter distribution between water users who take water from the irrigation system. The IT tools
used were based on a specially developed computer program designed for using as part of mo-
bile computing equipment. To demonstrate its capabilities, a version of the program that opti-
mizes resource allocation in a system, including 10 water users, was used. Results. Examples
of optimization calculations are given for two variants of restrictions on the resources used.
The first variant assumed the presence of 90 % of restrictions on water resources in the ab-
sence of any restrictions on human, technical and financial resources available in the system.
The second - no restrictions on water resources, but the presence of 90 % restrictions on hu-
man, technical and financial resources. For each of the options, the following indicators used
in the operation of the system were calculated: distribution of each resource between water
users; availability of irrigation water for each water user; actual use of resources in the system
as a whole. Conclusions. The use of IT tools to solve problems for optimizing resource dis-
tribution allows: to ensure scientifically sound use of water, technical, human, financial and
other resources available in reclamation systems; to improve the quality and efficiency of
management and engineering decisions related to the use and allocation of resources in recla-
mation systems and to ensure work with a single system-wide database.

Keywords: irrigation systems, resources, operation, restrictions, optimization, infor-
mation technology
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Brenenue. [Ipu skcrutyatanum MEIMOPAaTUBHBIX CUCTEM M OOBEKTOB IMpH-
XOJIMTCS PELIAaTh LEJIbI KOMIUIEKC 3a7a4 Pa3HbIX YPOBHEU CI0KHOCTU. [Ipu 3TOM
MHOTHE M3 HUX TpeOyloT ydyeTa M aHaiM3a LEeNoro psaa (pakTopoB, OKa3bIBaro-
IIUX BAUsSHUE HA uX pemreHue [1, 2]. OcoOeHHO aKTyalbHBIM 3TO CTAHOBUTCS B
YCIOBUSIX ONEPAaTUBHON pabOThl, CBA3aHHONW C JWHAMUYHO H3MEHSIOIIUMUCS
YCJIOBHUSIMM JKCILTyaTalllH, CONMPSKEHHBIMA C BO3MOXHOCTSIMA BO3HUKHOBEHHS
Pa3IMYHOTO POJIa OrPAaHHYCHHUI HA BBITOJHCHHS TEX WM UHBIX pabot [3].

QO YyHKIUOHAIBHO-TEXHUYECKUE BO3MOKHOCTH coBpeMeHHbIX UT-cpencrts
BO MHOTOM 00€CHEeUMIM BO3MOKHOCTh PEIICHUs 3HAYUTEIBHOIO YUCIia HHKEHep-
HO-TEXHUYECKUX U WHKEHEPHO-MEINOPATUBHBIX 3a71a4, BBIIIOJIHEHUE KOTOPBIX pa-

Hee OBLIO CYIIECTBEHHO OTPAaHMYEHO M3-3a MX CIIOKHOCTH U TpynoeMKocTu [4-8].
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Lenbto HacTOsMIEH pabOTHI SIBISUTUCH pa3pabOTKa U JEMOHCTpAIs BO3-
MoxHocTer UT-cpencTs it pemenus OJHOM U3 aKTyalbHBIX 3a/a4 dKCILUIyarTa-
UM MEIMOPATUBHBIX CHUCTEM M OOBEKTOB. ONTUMH3ALMM PACHpPENEICHUS pe-
CYPCOB, UCIIOJIb3YEMBIX TIPH €€ OpTaHU3aIiK U poBeacHuH [9].

Matepuanbl U MeToabl. B kauecTBe 1eneBoil QyHKIMK ONTUMU3ALNH,
paccmaTpuBaeMoil B Hactosiied pabote, Obula olpeseseHa 3ajada ONTHUMHU3a-
IIUU pacTpeesieHns OPOCUTEIBHON BOJBI MEXJY BOAOIOJIB30BATEISIMHU, 3a01-
PAIOIIMMU BOJY U3 OPOCHUTEIIBHOW CUCTEMBI, B YCIOBHUSIX BO3MOKHOT'O AEHCTBUS
OTPaHUYECHUM HA HCIIOJIB30BAHUE MMEIOLIMXCSA HA CUCTEME BOIHBIX, JIIOICKUX,
TEXHUYECKUX U (PUHAHCOBBIX PECYPCOB.

AJITOPUTM pELIEHUS MTOCTABICHHOW 3aa4i ONTUMHU3ALUN C UCIOJIb30Ba-

Huem UT-cpencts npeacTaBieH Ha pucyHke 1.

Onpepenexve H
KONUYECTBA UMEIOLLIMXCA Ha CUCTEME BOAHDBIX,
NIOACKNX, TEXHUYECKUX un d)MHaHCOBbIX pecypcos %
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PucyHnok 1 — Anropurm penieHust 3a1a4y ONTUMH3ANUM pacnpeaeeHust
pecypcoB Ha OPOCHUTEJILHOM cUCTeMe

Figure 1 — Algorithm for solving the problem of optimizing resource
allocation in an irrigation system
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3a ocHoBy UT-cpenacTs, UCHOJB3YEMBIX JISI PEIICHUS MOCTABICHHON B
HacTosAlell paboTe 3amaud, ObUTM B3SATHl pa3paboTku aBTOpoB B Buiae UT-
NPWIOKEHUS, PEaT30BAaHHOTO Ha 0a3e OOIIeNOCTYMHOro MakeTa Mporpamm
Microsoft Excel unm ero ananoros?.

®parmeHT skpaHHOM popmbl dTOoro MT-mpunokeHus mnpeacTaBiieH Ha

PHUCYHKE 2.

|2£] Microsoft Excel - Mporpamma onTuMUzaLmMn pacnpeseneHia pecypcos NP YNPaeneHHN EOA0N0IE30EaHUEM

IE_] Dain [paska Bwg Bcraska Popmar  Cepewc  Jannee Oxkno  Cnpaska

A | 8 [ e | o | E]JF[e6 [H ] 1] J] K]

1 |MCXOOHBIE OAHHBIE:
_ 2 |Nnax 3afiopa Bogbl 3 WCTOYHKEE, NG = 3000
_3 |Mopckne pecypcol, ea. = 16000

4 | TexHWYECKWE pECYPCH, 0. = 1500

5 |®uHaHcOBLIEpeCYpCHl, &0, = 8000

]

7 |XapakTepHCTHKR BOLONONL30BaTENEH:

3 M2 BogononNL30BaTENS -= 1 2 3 4 5 5] 7 8 9 10

8 |[3aseku Ha Bogy, nic 100 300 200 400 500 GO0 400 200 100 200
10 |¥g saTpaTh niog.pecypcee, eg.fin/c) 65 35 4.0 45 5.0 55 6.0 6.5 7.0 6.5
11 |¥g.saTp.TexH.pecypcoe, eg./(n/c) 0.7 0.7 0.6 0.6 0.5 0.5 0.4 0.4 0.3 0.4
12 |¥g zaTpaTh gwH.pecypcoe, eg.fin/c) 27 2.4 25 26 27 2.4 25 28 27 26
13
_14 |PE3YNbTATH] ONTHMH3A LIAK:

15 | 1) ©arTHyeckne pacxogsl E0gsl, NogaBdeMble E0QONCNE30EaTENAM:

16 M2 BogononNL30BATENS -= |1|2|3|4|5|B|?|5|9|1ﬂ|
17 |Pacxoge, nic | 400.0] 300.0] 200.0] 400.0] 500.0] e00.0] 400.0] 200.0] 100.0] 200.0]
18
_18 |Z) ®arT. zafiop Bogbl M3 HCTOYHKEE, NV =

20
_21 |3) ParTU4ECKHE SATPAETLI N0 CHCTEME:
_22 | -nonugckiM pecypcam, e, = 15800
_23 | -noTEexH.pecypcam, ef. = 1455
_24 | -no duHaHc. pecypcam, eq. = 7630

25

26 |PaKMyecKkHe 3aTpaThl N0 BOAONONbI0BATENAM:

27 NE B0gONONL30BaTENR = 1 2 3 4 5 [+] ril ] ) 10
28 |3aTparsl Niog. pecypcoE, en. 650| 1050 300 1800[ 2500 3300 2400| 1300 700 1300
29 | JaTpaThl TEXH.pECYPCOB, €. i) 195 120 220 250 270 160 70 30 70
30 |3aTpaTsl GiMH.pECYPCOE, 0. 270 720 S00| 1040( 1350 1440( 1000 520 270 520
31

32 |PacnpefencHue pecypcos MEXKOY BOAONONLI0BATENAMM (B % OT HMEHIWMXCA HA CHCTEME

33 M2 BogononL30BaTENS —= 1 2 3 4 5 -] T 8 il 10

34 |Boghuie 3.3 10.0 67 133 16.7 20.0 13.3 6.7 3.3 6.7
35 |3aTpartsl Niog, pecypcos 4.1 6.6 5.0 11.3 15.6 2086 15.0 8.1 44 3.1
35 | 3aTpaThl TEXH.pECYPCOB 47 13.0 2.0 14.7 16.7 18.0 10.7 47 2.0 47
37 |3aTparsl GiHH.pECYPCOB 3.4 9.0 6.3 13.0 16.9 18.0 12.5 6.5 34 6.5
38

39 |Wcnonb3oBaHWE pecypcoB CHCTEMBI (B % OT MMEHWKXCH)

40 | - BOgHbEIX 100.0

41 | - nigokx 593.8

42 | - TEXHU4ECKHX g7.0

43 | - dMHAHCOBLIX 95.4

44 |0BecneyeHHOCTE BOGOW BOAONONL30BATENEN (B % OT 3aABNEHHOM)

45 N2 B04ON0NE30EETENS = [+ [ 2 | 2 ] &« | 5 | & [ 7 | &8 | 3 | 1|
46 | 1o0.0] 1oo.0] 1o00.0] 1o0.0] doo.0] doo.e] do0.0] 1o0.0] 1oo.0] doo.0
47
48 | El - AYEKN AnA BECHA MCKOGHEIX GAHHEIX

45 - AYEKH C ABTOMAETHYECKM PACCYMTHIEAEMbIMI NAPaMET paMK

Pucynok 2 — ®@parment 3xkpannoil UT-npunoxkeHus s pemieHus 3a1a4u
ONTHMM3ALUM PECYPCOB NPH IKCILIYATALMU OPOCUTEIbHON CUCTEMBbI

Figure 2 — Fragment of the on-screen IT application for solving the problem
of resource optimization during irrigation system operation

Pynuxona JI. B. Microsoft Office Excel 2016. CII6.: 5XB-ITerep6ypr, 2017. 640 c.
ISBN: 978-5-9775-3743-8.
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Jlns yHUBepcanu3aluu UCIoab30BaHus pa3padorannoro U T-npunoxkenus
3HAUCHUS JIIOJICKUX, TEXHHYECKNX W (DMHAHCOBBIX 3aTpaT MPUBOMAATCS B YCIOB-
HBIX €IUHUIIAX. ITO CBSA3aHO C YHUKAJIBHOCTBHIO KaXJ0M U3 MEJIMOPATUBHBIX CH-
CTEM, OCOOCHHOCTSIMU WX DKCIUTyaTallud, YCIOBUSIMU (DMHAHCUPOBAHUS H T. TI.
[Ipy HEOOXOAMMOCTH TOJIydaeMble PE3ybTaThl ONTUMU3AIUU MOTYT OBITh Iie-
PEBENICHBI B peaJIbHbIC 3HAUCHUS.

B kadecTBe 00BEKTa BOJOMOIB30BAHUS, JJII KOTOPOTO OBLIN MPOJEMOH-
CTPUPOBAHBI BO3MOXKHOCTH WCITOJIb30BaHUs ucxomubix MT-cpeacTs, Ob1 ompe-
JIeJIEH BapyUaHT OPOCUTEIHLHOM CHCTEMBI, BKItoUaronuid B ceds 10 Bo1omons30-
Barelie. 3HaueHUsI MX 3asBOK Ha BOJY MPHUBEJCHBI B TaOuIe 1.

Tadauua 1 — 3asaBKU BOJONOJIb30BATE/IeH HA BOAY

Table 1 — Applications for water by water users

Homep Boonosib3zoBaTens
1 2 3 4 5 6 7 8 9 | 10
3asBKa Ha BOJLY, JI/C 100 | 300 | 200 | 400 | 500 | 600 | 400 | 200 | 100 | 200

IToka3arenn

B kaudecTBe 3aTpar JIIOJCKUX, TEXHUUECKUX U (PMHAHCOBBIX PECYPCOB, UC-
MOJIb3yEeMbIX Ha MojAauy €AUHUIBI BOJbI KAKIOMY U3 MOTpeOuTeseH, ObLIN Ipu-
HATHI 3HAYCHUSI, TPUBEJICHHBIC B TaOHIIE 2.

Tabumua 2 — 3HaueHus yaeJbHBIX 3aTPAT PeCYpPCOB HA MOAAYy BOIbI

BOJAOIIOJIB30BaATC/IAM
Table 2 — Values of specific resource costs for water supply to water users
yI[eJ'ILHHe 3aTpaThbl HOMep BOOOITIOJIB30BAaTCIIA
Ha eIMHHUITY ITOaBaCMOM BOIBI 1 2 3 4 5 6 7 8 9 | 10
Jlronackue pecypcsl, ex./(1/c) 65|135/140|45|50/55,60|65|70]| 6,5

Texuudueckue pecypesl, ei./(11/c) 07/07/06]06/05{05/04|04|03]|04
DuHaHCOBBIE pecypchl, ea./(J1/c) 2712412512627 24|25|26| 27| 2,6

Pacuer 3aTpar Ha obecrnieueHue peKUMOB IKCILTyaTalluu 110 KaKJIOMY BO-
JIOTIONIB30BATENIO MPU OTCYTCTBUU KaKUX-THOO OrpaHUYECHUN HA UCTOJIb3yeMble

pecypcbl puBezieH B Tadmuie 3.
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Tabaunua 3 — 3aTpaThl pecypcoB Ha MoJa4y 3asiBJIEHHBIX PacX0/10B
BO/JbI KAXKJA0MY U3 BOAONOJIb30BaTe el
(pH OTCYTCTBMH OTPAHUYEHUIT)

Table 3 — Resource costs for supplying the declared water consumption
to each water user (in the absence of restrictions)

HaumenoBanue Howmep Botonon30BaTes
pecypca 1 2 3 4 5 6 7 8 9 10
Bogusie, 1/c 100 | 300| 200 | 400| 500| 600 | 400 | 200 | 100 | 200
JIronckue, ex. 650 | 1050 | 800 | 1800 | 2500 | 3300 | 2400 | 1300 | 700 | 1300
Texuuueckue, e/. 70| 195| 120 | 220 | 250 | 270 | 160 70 30 70
dUHAHCOBEIE, €]I. 270 | 720 | 500 | 1040 | 1350 | 1440 | 1000 | 520 | 270 | 520

[Tpu 5TOM 0011IME 3aTpaThl PECYPCOB MO CUCTEME COCTABJISIOT:

- BoJHBIX pecypcoB — 3000 ii/c;

- mojickux pecypcoB — 15800 en.;

- TEXHUYECKUX pecypcoB —1455 ef.;

- (punancoBbIx pecypcoB — 7630 en.

JInst meMOHCTpanuu BO3MOXKHOCTEN ucnonab3oBanus UT-cpeacts mis on-
TUMU3AIUU PACTIPEICIICHHUS] PECYPCOB TMPHU AKCIUTyaTallud MCXOJHOTO0 OOBEKTa
B HaCTOsIIEeH paboTe ObLIO HEOOXOIUMO PEIIUTh CIEAYIOIINE 3a/1auu.

1 [IpoBecTu pacueT ONTUMATIBHBIX PEKUMOB BOJOTIOIB30BAHMS HA 00BEK-
T€ B YCJIOBUSIX JICUCTBUS JIMMUTA Ha 3a00p BOJIbI B CUCTEMY, HO MPU OTCYTCTBUU
OTpaHUYCHUN Ha JIFOACKUE, TEXHUUECKHE U (PUHAHCOBBIE PECYPCHI.

2 [IpoBecTu pacdeT ONTUMAJIbHBIX PEKUMOB BOJIOTIONE30BaHUS HA 00BEK-
T€ B YCJOBHUSX OTCYTCTBHUS JIMMHUTa Ha 3a00p BOJABI B CUCTEMY, HO HAJIUYUS
OTpaHUYCHHI Ha JIIOJICKHE, TEXHUYECKUE U (1K) (PMHAHCOBBIE PECYPCHI.

PesyabTaTsl u o0cyxaeHue. J[jisi AEMOHCTpallMd ONTUMU3ALUN PECYP-
COB JIsl BapUaHTa, KOT/1a Ha CUCTEME MOTYT CYIIECTBOBATH JTUMUTHI HA MCIIOJTb-
30BaHME BOJHBIX PECYPCOB, OBIJIO YCIOBHO MPHHSATO, YTO (haKTHUECKOE 3HaYe-
HUE BOJHBIX pecypcoB cocTaBisieT 90 % moTrpeOHOro, a OCTAIbHBIE PECYPCHI

UMEIOTCS B IOCTaTOYHOM (TIOTpeOHOM) KoJimdecTBe (Tabmuia 4).



[Tyt nosbliienus 3¢ dextuBHOCTH opotaemoro 3emienenus. 2025. T. 96, Ne 2. C. 235-250.
Ways of Increasing the Efficiency of Irrigated Agriculture. 2025. Vol. 96, no. 2. P. 235-250.

Taboanua 4 — Ucxoauble JaHHbIE ISl ONTHMHU3AIUN pacipeaeeHnst
pPecypcoB NP HAJIMYMHU JUMUTA HA BOAY

Table 4 — Initial data for optimizing the resource allocation
in the presence of a water limit

[ToTpebHoe dakTHueckoe %
HaumenoBanwue pecypca
3HAYCHUE 3HAUYCHHUE OT MOTPEOHOTO
Bonnsie, 1/c 3000 2700 90
Jronckue, en. 15800 15800 100
TexHuueckue, e/. 1455 1455 100
DuHAHCOBEIE, €]1. 7630 7630 100

3asBKM BOJIOIOJIL30BATEIICH HA BOAONOJAYy M YACIbHBIC 3aTpaThl HA UX
peanu3aiio NPUHATHl TaKUMH K€, KaK TPU pacdyeTe BOJAOMNOIb30BaHUS 0Oe3
HAJIMYHS OTPAHUICHUHN Ha pecypchl (Tadnuibl 1 u 2).

B pesynbrare penieHus 3a1a4u ONTHMUA3ANNN ObLUTH ONPEICIICHBI:

a) YHCIICHHbIE TOKA3aTeNId ONTUMU3AINH, MIPECTaBIeHHbIE Ha (pparMeH-

Te 9KkpaHHOU Gopmbl UT-nipuioxenus (pucyHok 3);

PE3YINbTATHI ONTUMW3ALIAK:

1) MaKkTUyeckue pacxofbl BOAL, N04aBaeMele BOLONONE30BATENAM:
Ne BogononkL3oearena -= 1 2 3 4 5 6 L 8 9 10
Pacxogel, nic 70.0{ 270.0{ 170.0[ 370.0] 470.0] 570.0{ 370.0[ 170.0 70.0[ 170.0

2700

2) ®akr. 3abop BO4Ll M3 MCTOYHWKE, Nfc =

3) DaKTUyeCKHe 3aTPaTel N0 CHCTEME:
- N0 NHACKWM pecypcam, ef. =
- N0 TeXH.pecypcam, ed. =
- N0 QWHAHC. pecypcam, ei. =

14150
1310
6859

MaKMYeCcKMe 3aTpPaThl NO BOLONONbL30OBATENAM:
Ne Bogonons3cgarens = 1 2
3atparkl N4 .pecypcos, ea. 455 945
3atparthl TEXH.pecypCoB, ef. 49 176
3atparsl tMH.pecypcoe, en. 189 648

3 4 5 ] 7 g 9 10
680) 1665 2350| 3135 2220] 1105 480] 1105
102 204 235 257 143 60 21 60
425 962] 1269 1363 925 442 189 442

Pucynok 3 — Pe3yibTaThl ONTUMH3ANNU PECYPCOB MPH HAJTUYHH
90 % aumuTa Ha Boay ((pparMeHT IKPaHHOI (POPMBI MPOrPaAMMBbI)

Figure 3 — Results of resource optimization with 90 % of the water
restrictions (fragment of the program screen form)

0) yaeiapHOe pacnpeiesieHe MEXKy BOJIONOIb30BaTEIISIMU BOJAHBIX, JIFOI-
CKUX, TEXHUYECKUX U (DMHAHCOBBIX PECYPCOB CUCTEMBI, HEOOXOIUMBIX ISl pea-
JU3aIUU JTaHHOTO PEXKHMMa dKCITyaTanuu (B % OT MMEIOIIMXCS Ha CHUCTEME)

(pucyHok 4);
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PacnpenenceHne pecypcoB MeXy BOAONONL3OBATENAMMA (B % OT MMEKWHXCA Ha CHCTeMe)
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PI/IcyHOK 4 — YJICJILHOC pacnpeacJacHue MEK1y BOA0I0JIb30BaTCIAMU
HMECHIHUXCHA HA CUCTEME PECYPCOB IPH HAJINIHUHA 90 % aumuTa Ha BOAY
(pparMeHT 3KpaHHO# (GOPMBI IPOrPaAMMBI)

Figure 4 — Specific resource allocation available in the system with
90 % of the water restrictions (fragment of the program screen form)
between water users

B) 00€CTICYEHHOCTh BOJOM BOJOMOIb30BaTEICH, OTHOCUTEILHO MOJAHHOM

MMM 3as5BKH Ha BOJY (PUCYHOK 5);

I'IDOLI,EHT obecneYyeHHoOCTH BO,ﬂOi BOﬂO“OﬂbSOBaTenei OTHOCHTENEHO 3aABEHW
g0 0 925 94.0 95.0 92 5
100.0 0 EE0 50
SDD F00 700

60.0 1 — — — — — —
40.0 — — — — —
20.0 T — — — — — — —
0.0 . . . .

5 5
BOOONONEI0BATENR

PucyHnok 5 — O0ecnneueHHOCTH BO10# BOJA0MOJIL30BaTE e OTHOCUTEIBLHO
MOJAAHHOW MMH 3aiBKM NPU HAJIU4YUHU 90 Y% juMuTa HA Boay
(pparmeHT 3KpaHHO# (GOPMBI IPOrPAMMBI)

Figure 5 — Water supply to water users relative to their submitted
application with 90 % of the water restriction
(fragment of the program screen form)

') yIeIbHOE MCIOJIb30BAaHUE BOJIHBIX, JIIOJICKUX, TEXHUUYECKUX U (PUHAH-

COBBIX PECYpPCOB, OTHOCHUTEIILHO UMEIOIINXCS Ha ccTeMe (PUCYHOK 6).
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Wcnone30BaHne pecypcoB cHCTeMbl (B % OT MMEHWHXCA)

120.0 S—
100.0
80.0
60.0
40.0
20.0
0.0

T2 555 225

Oona oT
NMEHULErocA
pecypca,%

Buael pe'cypcoe

||:|—UDUCHTEJ1I:HEH ECdAa O-nrgckne O- TEXHUYECKHE D—¢11HEHCGE:IE|

PucyHnok 6 — Ucnosib30BaHue pecypcoB OTHOCHTEIbHO UMEIOIIMXCS
Ha cucrteme npu Hagaudum 90 % JauMuTa HA BOAy
(pparMeHT 3KpaHHO# (GOPMBI IPOrPaAMMBI)

Figure 6 — Use of resources relative to those available on the system with
90 % of the water restriction (fragment of the program screen form)

AHanu3 pe3yabTaTOB ONTHUMH3AIMU U1 JAHHOTO TpUMepa MO3BOJISET
ClIeNaTh CJIEAYIOUINE BHIBOIBI:

- IoJla4a BOJBI TPAKTUYECKH BCEM BOOIOIB30BATEIISIM JIOJDKHA OBITH
CHIDKEHA C YYETOM COBOKYITHBIX 3aTparT JIFOJCKUX, TEXHUIECKUX U (DUHAHCOBBIX
PECYpPCOB CHCTEMBI Ha MOJIaYy UM STOW BOIBI;

- TUMUT Ha BOJY MOXKET NMPUBOIUTH K HEMPOINOPLUOHATHLHOMY HEIOMC-
MIOJIb30BAHHUIO JPYTUX UMEIOMIMXCS pecypcoB (Hampumep, 90 % orpannueHus Ha
BOJAY BEACT K HEIOMCITONB30BAHUIO UMEIONIUXCS JIIOJCKUX pecypcoB Ha 18 %,
TexHn4yeckux — Ha 16,1 %, punancoBsix — Ha 17 %).

[Tpu perieHny 3a1a4M ONTHMU3AINN PACTIPEICICHUS PECYPCOB HA CHCTe-
Me B YCJIOBHSIX OTCYTCTBHS JIMMUTA Ha 3a00p BOJbI, HO HAJWYWs OTPaHUYCHUN
Ha JIIOJICKHE, TeXHUYEeCKUe U (W) (UHAHCOBBIE PECYPChl BOBMOKHBI HECKOIIb-
KO BapuaHTOB (Tabuuiia 5).

Tabauua 5 — BapuaHThl BO3MOXKHBIX CUTYalM, CBS3aHHBIX JeldCTBHEM
OrpaHUYEHHMH PECYPCOB HA MPOLECC IKCIUIYATAIUU
Table 5 — Variants of possible situations related to the action of resource
restrictions on the operation process

Haumenosanue Homep cutyanum / Hanmuaue orpaHudeHUs
pecypca 1 2 3 4 5 6 7 8
JIronackue HET eCTh HET HET €CTh eCTh HET eCTh
TexHnueckue HET HET €CTh HET €CTh HET eCTh eCTh
duHaHCOBLIE HET HET HET €CTh HET eCTh eCTh eCTh

B nacrosmieit pabore npuBeaeH mpuMeEp ONTUMHU3AIUNA B COOTBETCTBHUH C

cUTyalMen §, Mpeanosiararoliii HaJIuyue OrPaHUYECHUNA M Ha JIIOACKUE, U Ha

9
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TeXHUYECKHEe, U Ha (puHAHCOBBIC pecypchl. s pemieHust 3Tod 3amadn ObLIO
YCIIOBHO TPUHATO, YTO (DAKTUIECKOE 3HAUCHUE JIOJCKUX, TEXHUYCCKUX U (-
HAHCOBBIX pecypcoB coctarisieT 90 % oT moTpeOHOro0, a BOJHBIC PECYpPCHl HMe-
IOTCS B I0OCTaTOYHOM (TIOTpeOHOM) KoJtmaecTBe (Tabmuia 6).

Tabauua 6 — UcxoaHble JaHHbIE ISl ONTHMHU3AIMU pacnpeaeaeHust
pecypcoB NpHU HAJTUYUY OTPAHUYEHUI HA JIIOACKHUE,
TeXHUYeCKHe U (UHAHCOBBIE PeCypPChl

Table 6 — Initial data for optimizing the resource allocation in the presence
of restrictions on human, technical and financial resources

HanMeHOBAHNE hecypea ITotpebHOE dakTuueckoe %
pecyp 3HAYEHHE 3HAYEHHE OT MOTPEOHOIO

Boansie, 11/c 3000 3000 100

Jronckue, exn. 15800 14220 90

TexHuueckue, ef. 1455 1310 90

®DuHAHCOBEIE, €]1. 7630 6867 90

3asiBKM BOJOIIOJIB30BATENEH Ha BOAOIOAAYY U YACIBbHBIC 3aTPAaThl HA UX
peanu3anuio TPUHUMAIOTCS TAKUMH K€ KaK MPU pacueTe BOAOIOIb30BaHUA 0€3
HAJIMYHS OTPAHUYCHUH Ha pecypchl (Tadnuibl 1 u 2).

B pe3ynbraTe perienus 3a1a4u ONTUMU3ALUU ObUIH OTIPEEIICHBI:

a) YMCJIEHHBIE MOKa3aTean ONTHUMHU3aLMHU, MPEACTaBICHHbIE Ha (PparMeH-

Te 3KkpaHHoi Gpopmbl UT-nipusoxenus (pUCyHOK 7);

PE3YINbTATEI ONTUMW3ALIMIA:
1) PakTuyeckre pacxoabl BoAbl, NoAaBaeMble BOAONONb30BATENAM:

Ne sofononL30BaTeNA -= 1 2 3 4 5 6 7 8 9 10
Pacxogel, n/c 0.0/ 300.0/ 200.0/ 400.0{ 398.9| 600.0f 400.0/ 200.0f] 18.5 200.0

2) ®akT. 33bop BOOLI M3 MCTOYHKKA, Nic = 2717

3) PakTryecKne 3aTpaTtel No CUCTEME:
- N0 MHACKKM pecypcam, ef. = 14074
- N0 TEXH.pecypcam, en. = 1310
- Mo (hUHaHC. pecypcam, eq. = 6867

Maku4eckne 3aTpaTtbl No BOQONONbL3IOBATENAM:
Mo Boflonone30BaTENA -= 1 2 3 4 £ 6 7 8 9 10
Jartpatel N4 pecypcos, eq. 0] 1050 800| 1800{ 1994| 3300 2400 1300 130 1300
JarpaTkl TEXH.pecypCoB, eq. 1] 195 120 220 199 270 160 70 6 70
3aTpaTbl MH.pECYPCOB, €4, 0 720 500 1040 1077 1440, 1000 520 50 520

Pucynok 7 — Pe3yabTaThl ONTUMU3ALMN PpecypcoB npu Haanuuu 90 %o
OrPpAHNYEHMI HA JIOJICKHE, TEXHUYECKUE U (PUHAHCOBbIE PecypChl
(pparmenT 3xpanHOli GOPMBI IPOTrPAMMBI)

Figure 7 — Results of resource optimization with 90 %
restrictions on human, technical and financial resources
(fragment of the program screen form)
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0) yIenapHOe pachpeeieHle MKy BOJIOMOIb30BaTEIIMA BOIHBIX, JIHOI-
CKUX, TEXHUYECKHX U (PUHAHCOBBIX PECYPCOB CHCTEMBI, HEOOXOAUMBIX JJIsl pea-
JIU3alUU JaHHOTO PEXXHUMAa BOJONOIb30BaHU (B % OT MMEIOIIUXCSA Ha CUCTEME)

(pucyHok 8);

PacnpenensHue pecypcoB Mexay BOAONONbL30BATENGMH (B % OT HMEIOWMXCA Ha CHCTEME)
=
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PI/IcyHOK 8 — YJICJILHOC pacnpeaeJacHue MMECIIINXCHA Ha CUCTEME PECypCoB
pn HAJINIUHA 90 % Orpaﬂnqe}mﬁ Ha JIOACKHE, TCXHUYECCKHUEC U
(punancosbie pecypcenl (pparmMeHT IKPpaAaHHOU POPMBI POTrPAMMBI)
Figure 8 — Specific distribution of available system resources
with 90 % restrictions on human, technical and financial
resources (fragment of the program screen form)

B) 00€CIEYEHHOCTh BOAOW BOJIONOJIb30BATENIE OTHOCUTENBHO MOJIaHHON

UMM 3as5BKH Ha BOJY (PHCYHOK 9);

MpouenT obecne4yeHHOCTH BOAOW BOOONONb30BATENeH OTHOCHTENBHO 3aABKH

120.0

100.0
80.0

£ 60.0
40.0
20.0
0.0

100.0

100.0

100.0

100.0

100.0

1000

100.0

0.0

79.8

5 5
BOOONONEI0BATENR

Pucynok 9 — O0ecnneueHHOCTH BOJ0# BOAONOJIbL30BaTe/ el OTHOCUTEIbHO
3asiBKU npu Haauuuu 90 % orpaHuveHunii Ha JIIOJACKHNeE, TEXHUYECKHE U
(¢unancoBbIe pecypcenl (pparmeHT IKpaHHOHM (GOpMBI IPOrPpaMMBbI)

with 90 % restrictions on human, technical and financial
resources (fragment of the program screen form)

11

Figure 9 — Water supply to water users relative to the application
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F) YACJIBbHOC MCIIOJIB30BAaHNC BOJHBIX, JIIOACKHUX, TCXHUYCCKUX U q)HHaH—

COBBIX PECypCOB OTHOCHTEIBHO HMEIOIIMXCS Ha cucteMe (pucyHok 10);

Mcnone3oBaHKe pecypCoB CACTENMEI (B % OT MMEeHWHXCA)

105.0
100.0 100.0

Yo

1000

95.0
90.8

90.0 —4‘—
85.0

||:|-EI|}EICI|'I'E.‘]1|:HER Boga E-nwgckne @- TEXHWYECKHE I:I-ﬁ]l1HﬂHCEIEI:IE|

OonA ot
HMEe W eroch

pecypca

Buabl pe'cypcos

Pucynok 10 — Ucnosib30BaHue pecypcoB OTHOCUTEIbHO HMEIOIIUXCS HA
cucteme npu Haaudum 90 % orpaHMYeHHid HA JIIOJACKHE, TEXHUYECKUE H
(¢punancosbie pecypcsl (pparMeHT IKpaHHOU GOPMBI POTrPAMMBI)

Figure 10 — Use of resources relative to those available in the system with
90 % restrictions on human, technical and financial resources
(fragment of the program screen form)

AHanu3 pe3yiabTaTOB ONTHUMU3AIMH IS JAHHOTO MpPUMEpPa IMO3BOJIIET
CHIeNaTh CIEAYIOUINE BBIBOIBL:

- ToJja4a BOJIBI OT/ICIBLHBIM BOJIOIIOJIB30BATEISIM OTHOCUTEIHHO TOJAHHON
UMH 3asBKU JIOJDKHA OBITh OrpaHuycHa (Hampumep, 6-My BOJOIOJIB30BATEIIIO —
1o 79,8 %, 9-my — no 18,5 %, a 1-my u BoBce HelenaecooOpa3Ha) BBUIY COBO-
KyIHOW HEJOCTAaTOYHOCTH PECYPCOB Ha €€ pean3alluio;

- OTpaHUYEHUSI TI0O OJIHUM PECypcaM MOTYT MPUBOAUTH K HEMPOMOPIIUO-
HaJIbHOMY HEIOHWCIIONB30BAHUIO IPYTuX pecypcoB (Hampumep, 90 % orpanunue-
HUW 10 JIIOJICKMM, TEXHUYECKMM U (DMHAHCOBBIM pecypcam MPHUBOMAST K BO3-
MOYKHOCTH HcIofib30Banus 90,6 % uMeroIunxcst BOJAHBIX PECypCOB);

- OTpaHUYEHUS Cpa3y MO HECKOJBLKUM BHJIAM PECYPCOB MOXKET MTPUBOANTH
K BO3HUKHOBEHUIO JIOMIOJTHUTEIIBHBIX OTPAaHWYCHUH, CBSI3aHHBIX C MX B3aUMO3a-
BUCHMOCTBIO MEXly co00H (Hampumep, UCIOJIb30BaHUIO Bcero 99 % ioackux
pecypcoB OT 1 0€3 TOro yke orpaHudeHHbIX 10 90 % JIFOJCKUX PecypcoB).

AHanornyHeIM 00pa30M MOKHO TIPOU3BECTH PACUETHI M IS APYTUX CH-
TyaIuid, IPeICTaBICHHBIX B TA0JHUIIE 5.

B 3akirodeHre OTMETHM, 4YTO ITOJIy9aeMbI€ pPe3yJbTaThl ONTHMH3AIAN

MOTYT OBITh YYTEHBI NIPH TJIAHUPOBAHUM M OPTaHU3ALMU APYTHX padoT, BHIMOJ-

12
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HSIEMBIX TPU SKCIUTyaTalliy JAHHON OPOCUTEIBHON CHUCTEMBI. ITO MOTYT OBITh
paboThl, CBA3aHHBIE C YTOYHEHHEM CPOKOB M HOPM MOJIMBA CEIBCKOXO3UCTBEH-
HBIX KyJbTYp, KOPPEKTUPOBKON PEKUMOB pabOThl HACOCHO-CHUIIOBOTO 000PY10-
BaHUS M JOXKICBAIbHON TEXHUKH, MPOBEACHHUEM PabOT MO TEXHUYECKOMY 00-
CITy>)KUBAHHUIO 1 PEMOHTY CETH U 000pyIOBaHMs, a TaKke (POPMUPOBAHUEM U BE-
JeHreM 0OIIecucTeMHOM 6a3bl JaHHBIX B COCTaBe MH(OPMAIIMOHHOW CHUCTEMBI
«udposas menmmopanus» [10].

BobiBoabl. [IporeMOHCTpUPOBAaB BO3MOXKHOCTH Pa3pabOTaHHBIX MOOHIIb-
HbeIX U T-cpenct 1 petienus 3aa4 pacipeieseHus: pecypcoB, AIaeéM BbIBO/,
4TO UX IPUMEHEHUE TI03BOJISET:

- 00ecreunTh HAy4YHOE U MHKEHEPHO-TEXHUYECKOE 0O0CHOBaHHUE UCTOb-
30BaHHS HMMEIOIIMXCS HAa MEJIMOPATHBHBIX CHUCTEMAaX BOJHBIX, TEXHUYECKUX,
JIOACKUX, (PUHAHCOBBIX U IPYTUX PECYPCOB;

- IOBBICUTh KAYeCTBO M OINEPATUBHOCTH YIIPABIEHYECKUX, HWHKEHEPHO-
TEXHUYECKUX M MHKEHEPHO-MEJIMOPATUBHBIX PEILIEHHM, CBA3aHHBIX C UCIOJIB30-
BaHUEM U PACIpPECIICHUEM PECYPCOB Ha MEJIMOPATUBHBIX CUCTEMAX U OOBEKTAX;

- 00€ecreYnTh BO3MOXKHOCTh pabOThl CIIEUAINCTOB BCEX YPOBHEU B JKC-
IUTyaTallid MEJMOPAaTUBHBIX CHUCTEM B €IMHOM /JIsi BCEX MH(POPMAIMOHHOM

MPOCTPAHCTBE C €AMHOM SISl BceX MH(POPMAIIMOHHON 06a30ii.
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