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ONITUMI3BAIIA CUCTEMM YIIPABJIHHS ATPONIJINPUEMCTBOM
Y MPOIECI If ®OPMYBAHHS HA 3ACAJAX AIIKHUTAJI3 AL

OPTIMIZATION OF THE AGRICULTURAL ENTERPRISE MANAGEMENT SYSTEM
IN THE PROCESS OF ITS FORMATION BASED ON DIGITALIZATION

Onrtumizailis CUCTEMU YIIPABIiHHS arpoIiIIPUEMCTBOM € KPUTUYHO BAXKIIUBOIO Yepe3 Psi MPUYUUH, IO CIPH-
YUHEHI CIIEU(IKOI0 arpapHOro CeKTOpy Ta MOCTIMHUMH 30BHIIIHIMU BUKIMKaMH. ONTUMI3allis J0TIoMarae BIpo-
Ba/DKyBaTH MPAKTUKH, [0 3MEHIIYIOTh BIUIMB Ha JOBKILISA, 30KpeMa uyepe3 e(heKTHBHE BUKOPHUCTAHHS BOJAU, Mi-
HIMI3aIli0 BUKOPUCTAHHS TIECTHIUIIB Ta JOOPHB, a TAKOXK Yepe3 BIPOBAKCHHS CUCTEM OOCpTaHHS KYJIBTYp, IO
MIJIBUIIYE POMOYICTh IPYHTIB. 3a pe3ysibTaTaMd BHKOHAHOTO JOCITIKCHHS PO3DISIHYTO ITIIXOAH J0 MOOYJIOBH Ta
VJAOCKOHAJICHHST €KOHOMIKO-MAaTeMaTHYHOT MOJENI JUIs ONTHMi3alii CHCTEMH YIPaBIiHHS arporiIIpHEMCTBOM.
JloBesieHO, MO BKITFOYEHHS TWHAMIYHUX, CTOXaCTHYHHX, O0araTOKpUTepialbHAX, POOACTHUX 1 aJanTalliiHAX eJie-
MEHTIB MOYKE 3HAUHO IJIBUNIMTH €(DEKTUBHICTH 1 aJalITUBHICTh MOJIEIIi, 3a0€3MeUyrOYr Kpally BiAMOBIIHICT pe-
aJIBHUM yMOBaM rocrojaptoBantsi. OOrpyHTOBaHO, 10 BIIPOBA/PKEHHS CEHCUTHBHOTO aHAJI3y SIK METOIY OIIHKH
BIUIMBY 3MiHHHMX IapaMeTpiB Ha pe3yIbTaTUBHICTh MOJENi 3a0e3neuye mIuoIe po3yMiHHS YyTIMBOCTI MOZAECTI 10
30BHINIHIX Ta BHYTpiIIHIX 3MiH. Lleit aHami3 no3Bossie ineHTH(IKYBaTH KPUTHYHI MAapaMEeTpH, 10 BIUIUBAIOTH HA
IPUNHSTTS pillleHb, Ta (POPMYIIOBATH CTpATETii IX ONTUMAIBLHOTO BUKOPHCTAHHA. APryMEHTOBAHO, 0 CHCTEMa-
TUYHUHN TiaXia 10 Bepudikamii 1 Bamigarii Moxeni HeoOX1IHUN JJIsl MiJATBEP/DKEHHS il TOYHOCTI Ta HaJIIMHOCTI.
i mpornecu 3a6esneqy}0Tb BHCOKHIA PIBEHb JOBIPH J0 MOJICIIBHUX MPOTHO3IB Ta PEKOMEH/IAIIH, 0 € BaXJIMBUM
JUIS e(beKTHBHoro YIPaBTiHHS arponmanEMCTBaMn B YMOBaxX HEBU3HAYCHOCTI. TakM YUHOM, pO3pOOIIEHO KOMTI-
JIEKCHUH X1 10 MOJIETFOBAaHHS 1 aHamsy, SIKU MOYKE CITYTYBaTH MIITHOIO OCHOBOKO JUISl TPUUAHSATTSI 06rpyHTOBa-
HHX ynpaBJ‘IlHCLKI/IX pilIeHb Ha arponmaneMCTBax ITIIBUIIYOYH TXHIO 3/[aTHICTh aJIalTyBaTHCS IO IBUIKO3MiH-
HUX YMOB 30BHIIIHLOTO Ta BHYTPIIIHBOTO CEPEIOBHIIIA.

Kiro4oBi ciaoBa: arpominpueMcTBO, yIPaBIIHChKI PIllIEHHs, eKOHOMIKO-MaTeMaTHuIHi MOJIEJi, CCHCUTUBHUM
aHai3, MOJICNbHI MPOTHO3H.

Optimization of the agricultural enterprise management system is critically important due to several reasons
caused by the specificity of the agricultural Sector and constant external challenges. First of all, the agricultural
sector faces a high level of uncertainties, including unpredictable changes in weather conditions, price fluctuations
in the market, and changes in legislation affecting agricultural operations. Therefore, effective optimization allows
agricultural enterprises to adapt to these challenges, minimizing risks and optimizing resource utilization. The second
important aspect is the growing need for sustainable development and environmental responsibility. Optimization
helps implement practices that reduce environmental impact, particularly through efficient water use, minimizing
the use of pesticides and fertilizers, and introducing crop rotation systems that enhance soil fertility. Based on the
results of the conducted research, approaches to the construction and improvement of the economic-mathematical
model for optimizing the agricultural enterprise management system have been considered. It has been proven that
the inclusion of dynamic, stochastic, multi-criteria, robust, and adaptive elements can significantly enhance the
effectiveness and adaptability of the model, ensuring better alignment with the actual operating conditions. It is
justified that the implementation of sensitivity analysis as a method for assessing the impact of variable parameters
on the model's performance provides a deeper understanding of the model's sensitivity to external and internal
changes. This analysis allows for the identification of critical parameters influencing decision-making and the
formulation of strategies for their optimal use. A systematic approach to the verification and validation of the model
is argued to be necessary to confirm its accuracy and reliability. These processes ensure a high level of trust in the
model's forecasts and recommendations, which is essential for effective management of agricultural enterprises
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under uncertainty. Thus, a comprehensive approach to modeling and analysis has been developed, which can serve
as a solid foundation for making informed management decisions in agricultural enterprises, enhancing their ability
to adapt to rapidly changing external and internal conditions.

Keywords: agricultural enterprise, management decisions, economic-mathematical models, sensitivity analysis,

model forecasts.

IMocTanoBka mpodsemu. Onrumisaifiss CHUCTEMHU
YIPaBIIHHS arpomiJIIpHEMCTBOM € HaJ3BUYAIHO BaXIIH-
BOIO Uepe3 psiJi NPUYUH, BUKIMKAHUX CIIEIM(IKOI0 arpap-
HOTO CEKTOpa Ta TIOCTIHHMMHU 30BHIMIHIMHA BHKJIAKAMHU.
ATrpapHUil CEeKTOp MigTaeThbcs BHUCOKOMY DIBHIO HEBH-
3HAYEHOCTEH, BKJIIOYAIOYM HECMOIBaHI 3MIHHM ITOTOJHHUX
YMOB, KOJIUBAHHSI [[IH HA PUHKY Ta 3MiHH B 3aKOHOJABCTBI,
sIKI BIUIMBAIOTh Ha BeAEHHs rocrojapcrsa. EdexrnBHa
OIITUMI3AIlisl T03BOJISIE AarPOITiIPUEMCTBAM AN TyBaTHCS
IO WX BUKIHKIB, 3HWKYIOUH PU3UKH Ta ONTUMIZYIOUH
BHUKOPHUCTaHHS pecypciB. 3pocraioua morpeda B CTalIoMy
PO3BUTKY Ta €KOJIOTIUHIH BiJMOBITATBLHOCTI TaKOX Biji-
rpa€ BOKJIUBY posib. ONTUMI3ALlIS CIPHUSIE BIPOBAIKCHHIO
MIPaKTHK, 110 3MEHIIYIOTh HEraTUBHMUN BIUIMB HA HAaBKO-
JIMIIHE CEpPEeIOBHINE, HANPUKIAL, Yepe3 palioHaJIbHEe
BHUKOPHUCTAHHS BOAW, CKOPOUCHHS 3aCTOCYBAHHS TICCTHIIU-
IiB 1 JOOpUB, a TaKOX 3aMPOBAIKECHHS CUCTEM 00epTaHHS
KYJIBTYP JUISl I IBUIEHHS POJIIOYOCTI IPYHTY.

VY cy4acHOMY CBITi TEXHOJOTIYHUX IHHOBAIH OITH-
Mi3alis nependadae BUKOPUCTAHHS HOBITHIX TEXHOJIOTIH,
TaKUX SIK TOYHE 3eMJIEpOOCTBO, aBTOMATH30BaHE YIIpaB-
JHHSA BOOHUMH pecypcaMH Ta IHTEICKTyallbHWH aHawi3
JaHWX IS TPOTHO3YBaHHA BpokaiHOCTI. Ile mo3Bomse
MIAIMPUEMCTBAM IIIJABHINYBaTH €()EKTUBHICTH BUPOOHH-
1TBa Ta 3a0e3neuyBarn BHCOKY sIKicTh mpoaykiii. Kpim
TOTO, OINTHMI3allisl YIPaBIIHCHKOI CHCTEMH JONOMarae
arpomiANpUEMCTBAM IIBUALIC pearyBaTd Ha 3MiHH B
TIOTIHATI Ta CIIOKUBUYUX YIOMOOAHHSIX, aalTyIodl BHPOO-
HUITBO /O aKTyalbHUX pPUHKOBUX TeHnIeHIiH. Lle mia-
BUIIYE KOHKYPEHTOCIPOMOXKHICTh arpomianpHEMCTB Ta
cripusie cTabiIbHOCTI TXHIX JTOXO/IIB.

OTKe, ONTHMI3allisl CHCTEMH YIPaBIiHHS arporninpH-
€MCTBOM € HEOOXIJTHOK JUIS 3a0C3ICYCHHST TPHUBAJIOIO Ta
CTaJIOTO PO3BUTKY B YMOBAX 3POCTAOYHX BHUMOT IO TIPO-
QYKTUBHOCTI Ta eKoJiorigHoi Oe3nexu. e cTBoproe yMOoBH
JUTs1 O1TTBIIT THYYKOTO, PecypcoeeKTHBHOTO Ta IHHOBAIIIH-
HOTO MIIXO/Y JI0 arpapHOro BUPOOHUIITBA.

AHaJti3 ocTaHHIX AociaxKeHb i mydaikamiii. 3 orsany
Ha cneuudiky arpomiAnpueEMCTB SIK 00'€KTIB yIpaBIiHHS,
MOKHA BIJA3HAUWMTH, IO IXHSA MISUIBHICTH IMIAIamac I
BIUTMB YHCJICHHUX BHYTPIMIHIX 1 30BHIMHIX (haKTOpiB.
Ile, 30kpema, BKIIOYAa€ 3MiHM B PUHKOBIM KOH'FOHKTYPI,
JIepKaBHY MOJITHKY, TCXHOJIOTIYHI 1IHHOBAIII1,  TAKOXK CKO-
JIOTivYHI yMOBH. BojHOYac, 3a JaHUMU JOCIIHKEHB, IIPO-
BEJICHUX Ha BeO-caliTaXx Takux oprasizaimii, sk Shels [1],
VYkpaiHcbkuil iHCTUTYT MaitOyTHBOTO [2], Reactor.ua [3],
AgroOne [5], ExspressSoft [6], AgriChain [7], Interfax —
Vkpaina [8], Y3A [9], Soufflet Agro Ukraine [10], TasAgro
[11], a Takox anaui3 mpairs apropis Kiimgyk JI. [4] Ta Can-
naynsik O. [12], BusBII€HO, IO ICHY€ HEAOCTATHS YiTKICTh
y BHU3HAUCHHI KOMIIOHEHTIB, NPHUHIMIIB Ta (aKTopiB,
[0 BIUIMBAIOTh HA CHCTEMH YIPABIIHHS arpoIialnpHeM-
cTBaMH. L[ HEBM3HAUYCHICTH YCKIATHIOE (POPMYTIOBAHHS
e(eKTUBHHMX CTparerii ympaBiiHHS Ta amanTaiii arpo-
HIANPUEMCTB 10 3MIHHHX YMOB. Y CBOIO 4Yepry BHHUKA€e
notped y OLIBIIIH MOTPeOi BUBYCHHS CHCTEMATH3AIlIT ITi/T-
XOIIiB 10 BU3HAYEHH IUX (pakTopiB. BoHa no3Bomuts op-
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MYBAaTH aJIallTUBHI CTPATETil, 10 BiAMOBIIAIOTh CyYaCHHM
BUKJIMKaM, 3a0€3Meuy04H CTIHKMH PO3BUTOK 1 KOHKYpPEH-
TOCIIPOMOXHICTB y arpapHomy cekropi. Lle, y cBoto uepry,
CIPHUSITUME HE JIHIIE SKOHOMIYHOMY 3POCTAHHIO arporlij-
MIPUEMCTB, aje i 3a0e3MeueHHIO MPOIOBOIBIO] Oe3MeKH
KpaiHu.

dopmymoBaHHS  3aBAaHHS  AOCHIKSHHS. MeToro
JIOCIIJDKEHHST € Po3po0Ka Ta BIPOBA/DKEHHS €()EeKTHBHOI
CHCTEMH YIPABJIIHHS arporniIlpueMCTBOM Ha OCHOBI €KO-
HOMIKO-MaTeMaTUYHOTO MOJICIIOBAHHS, IO CIPHUITHME
onTUMIi3aIii pecypciB, MiABUIIEHHIO MPOAYKTHBHOCTI Ta
3a0€3MeUeHHIO CTAJIOr0 PO3BUTKY B YMOBAaX 3MiHJIMUBOTO
arpapHoOro cepe/oBHIIA.

Bukuiag ocHoBHOro marepiauay gociaigkenas. OnTu-
Mi3allis CHCTEMH YIIPaBIiHHS arpolliJIIPHEMCTBOM € KpH-
THUYHO BXXJIMBOIO Y€PE3 sl MPUUKH, 1110 CIIPUYMHEHI CIie-
UQIKOI0 arpapHOTO CEKTOPY Ta MOCTIHHUMH 30BHINITHIMH
BUKJIMKaMH. [lepi 3a Bce, arpoCeKTOp CTUKAETHCS 3 BHCO-
KHM piBHEM HEBM3HAUCHOCTEH, BKIIIOUAIOYH Herepenoady-
BaHi 3MiHM NOTOJHUX YMOB, KOJMBaHHS L[IH HA PHUHKY Ta
3MiHM Y 3aKOHO/IaBCTBI, [0 BIUIMBAIOTh Ha BEJICHHS T'OCIIO-
nmapcTBa. Binrak, eeKTHBHA ONTUMI3AIS JO3BOJISE arpo-
MiATPHEMCTBAM aJaNTyBaTHCSA OO X BHUKIUKIB, MiHIMi-
3YIOYHM PU3UKH Ta ONTHUMI3YIOUd BUKOPUCTAHHS PECypCiB.
Jpyruii BayJIMBUHI acIeKT MOJIATae y 3p0CTardiil moTpeoi
CTaJIOr0 PO3BUTKY Ta €KOJOTIYHOI BiAINOBIJAIBHOCTI.
Onrtumizanist 10moMarae BIPOBaPKYBaTH NPAKTHKH, IO
3MEHIIYIOTh BIUIMB Ha JOBKIJUIS, 30KpeMa depe3 edek-
TUBHE BHUKOPHCTAHHS BOIHM, MiHIMIi3aIlif0 BUKOPHCTAHHSI
MEeCTUIUAIB Ta JOOpWB, a TaKOXK dYepe3 BIPOBAIKESHHS
CHUCTEM O0EpTaHHS KyJBbTYp, IIO IMiJBHUILYE POIOUICTD
IpyHTiB. Tpere, y cydyacHOMY CBITI TEXHOJIOTIYHHMX 1HHO-
Balliid, ONTHMI3allis] BKJIOYA€ 3aCTOCYBaHHS IEPEIOBHX
TEXHOJIOTIH, TAKUX K TOYHE 3eMIIEpOOCTBO, aBTOMATH30-
BaHE YIPaBIIiHHs BOJHUMH PECypCaMH Ta IHTEIEKTyallbHe
aHaJ3yBaHHS JaHUX JUIs [IPOTHO3YBaHHS BPOXKAHHOCTI.
Ile mo3BOJsIE MiANPUEMCTBAM HE TIABKH IiIBHIYBaTH
e(eKTUBHICTh BUPOOHUIITBA, aJie i 3a0e31euyBaTH BUCOKY
aKicTh npoxaykuii. OKpiM IIbOro, ONTHMI3allis CHCTEMHU
YIPaBIiHHS JIOMOMAarae arporijnprueEMCTBaM Kpaile pea-
TyBaTH Ha 3MiHH B IIONHTI Ta CHOKUBAI[bKUX YIOTOOaH-
HAX, QJanTyHo4dd BUPOOHHIITBO IIiJi aKTyajdbHI TPEHIU
pusky. lle He nuie 30UIbIIye KOHKYPEHTOCIPOMOXKHICTh
arpoIiIPUEMCTB, ajieé W CIpHs€e CTAOUTBHOCTI JOXOJIB.
3aranoM, ONTHMI3allisl CHUCTEMH YIPABIIHHS arporiji-
MIPUEMCTBOM € HEOOXiTHOIO My 3a0e3redeHHs IXHBOI
3MATHOCTI JI0 TPHUBAJIOrO Ta CTAJIOTO PO3BUTKY B yMOBax
3pPOCTAlOYMX BUMOT JIO TPOMYKTHBHOCTI Ta €KOJOTIYHOL
oe3neku. Lle cTBOprOE yMOBH [Ist OLITBII THYYKOTO, PECYp-
coe(heKTHBHOTO Ta IHHOBALIHHOTO ITIXO1y 10 arpapHoro
BUPOOHMIITBA.

Jis To0ymoBM €KOHOMIKO-MaTEeMaTHYHOI MOJIENi OTITH-
Mi3arlii CHCTeMH YIpPaBIiHHSA arpoIliIIPHEMCTBOM, IO
BpPaxoBy€ MPOaHAi30BaHl y APYromy po3aiiai (akropw,
HaM TMOTPIOHO BHM3HAYUTH OCHOBHI €JIEMEHTH MOJIelIi:
3MiHHI pillieHb, 1T Ta 0OMexeHHs. OCh 3arajbHHU IIaH
OOYIOBH TaKOT MOJICITI:
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Kpok 1: Bu3HadeHHs 3MiHHMX pilleHb. 3MiHHI
pillleHb — 1€ mapamMeTpH, SIKi MOKHA KOHTPOJIIOBAaTH abo
peryJoBati B Mexax cucteMu. [y arpomnianpruemcTsa 1e
MOXYTb OyTH:

— KIJTBKICTP 1 BUIM BUCAIKCHUX KYJIBTYD;

— 00CsTH BHKOPHCTAaHHS pecypciB (Boma, H0OpwBa,
TIECTUIININ);

piBeHb BUKOPHCTAHHS TEXHIKH Ta 00TaJHAHHS;

— 9Yac 1 yacToTa 30MpaHHs BPOXKALO.

Hexait x=(x,x,,...,x,) NIpeACTaBIIsi€ BEKTOpP 3MIHHHX
pilleHb, ¢ KOKEH KOMIIOHEHT X, BiJoOpaxkae KiJIbKiCTb
pecypciB, BHJ KYJIbTYPH, IHTEHCHBHICTh BUKOPHUCTAHHS
TEXHIKH TOIILIO.

Kpoxk 2: Busnauenns 1ineit mogedi. [ini Mmogeri Bu3Ha-
YaroTh, 110 caMe MOTPiOHO onTUMizyBaT. MOXKIMBI Lii:

— MakcHuMizallist npuOyTKy abo MpOXyKTHBHOCTI,

— MiHIMI3aIlis BUTPAT Ha PECypCH Ta SKCILTYaTalliio;

— MiATPUMKA CTAJOTO PO3BUTKY Ta 3HHKECHHS €KOJIO-
TIYHOTO BIUTHBY.

HinsoBa (hyHKIIA f{x) BUpaxkae KiHIIEBY METy OITHMi-
3amii, HaMPHUKIaJ, MaKCUMIi3allilo IpuOyTKy 91 MiHiMi3a-
I[iF0 BUTpPAT:

maxmin f(x)=Profit(x)—Cost(x),

ne Profit(x) — Qynkuis npn6yT1<y, sKa BiJ TPOZIAXKY
CUIBCHKOTOCTIONAPCHKOT  MPOIYKIIT, sKi 3ajexarb BiJ
Takux (aKTopis, K 0OCSITH BHPOOIEHOT MPOAYKIii, puH-
KOBI IIiHHU, 1 MOXKJIMBI oTanii yu cyocuuii Tomo. OyHKIist
puOyTKy MOXe OyTH CKJIQJHOIO 1 BKJIFOYATH HENIHIMHI
3aNIe)KHOCTI, TaKi SIK 3MiHHI PHHKOBI ITiHH, IO 3aJIeKaTh
BiJI IKOCTI Ta KiJTBKOCTI IMMPOIYKIIIT;

Cost(x) — ¢yHKLiS BUTpaT, sKa BHU3HAYa€ 3arajbHi
BHUTpPATH Ha BUPOOHMIITBO, BKITIOUAIOUN BapTICTh PECYPCiB
(Takux sIK HACIHHS, JOOPUBA, BOJIA, EHEPTis ), OTLIATY Mparlli,
amMopTH3allil0 00JaHaHHs, 1 IHIII ONEpaTUBHI BUTPATH.
Bona Takox Moxe OyTH HENIHIHHOI Yepe3 3aJeXHOCTI
BUTpAT BiJ 00cATy BUPOOHMIITBA 20O BiJj LIiH HAa pecypcH,
SIKI MOXKYTb 3MIHIOBATHCS.

Kpoxk 3: Buznauennst ooMexeHnb. OOMexeHHs — 11e (pak-
TOpH, 110 06Me>1<yIOTL MOXKIIMBOCTI IPUHHSTTS PillICHb:

- I[OCTYHHICTL pecypcm (3emus, Boza);

- HpaBOBl HOPMH i CTaHIapTH;

— TEeXHIYHI MOXXJIMBOCTI OOJIaIHAHHS.

Beenemo oOmexxkeHHS y (opmi piBHSAHB Ta HEpPiBHO-
CTEM:

g(x)<0,i=1,....m;

hi(x)=0,j=1,....p.

Je g(x) mpeicTaBise HEPIBHOCTI, HAaIPUKIAL, oOMe-
JKEHHsI Ha PecypcH, a h(x) — pIiBHOCTI, Taki 5K GanaHc
pecypciB UM BUMOTH JI0 TEXHOJIOTTYHHUX MPOLECIB.

Kpoxk 4: Buznauennst dakropis. Ileperik, xapakrepuc-
THKa 1 aHami3 (akTopiB, SKi BINIMBAIOTH HA MOJIENb HaBe-
JICHO Yy JPyroMy po3mim amceprarii. [aTerpyemo i ¢ax-
TopH y pyHKII{ f(x) g (x).h; (x). Haan/IKnaz[:

E,pk xk 4y xk ch h xz

ne p, (x,() — IiHa TIPOAYKTY, 3alleKHA BiJ SKOCTi Ta
KiJIBKOCTI BUPOLIEHOI KYIBTYPH X,, & ¢, — BAPTICTb Pecypcy
[ 3 BuKOpHCTaHHsM 06CATY 7, (X,

Kpoxk 5: Maremarnune (opmysroBanas mozedi. [Ticis
BU3HAYCHHsI BCIX LIMX €JIEMEHTIB MOXHa cHOPMYITHOBATH
MaTeMaTHYHy MOJIENb, BUKOPHUCTOBYIOUH HEINiHIHHI piB-
HSHHS, IO BiZOOpakaloTh 3aIEKHOCTI MK (akTopamu.
Hanpukian, 3anexHicTs TPUOYTKY Bif 00CSTiB BUPOOHH-

(1
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TBA Ta IIiH MOXKe OyTH BUpa)kKeHa Yepe3 HelliHiiHI QpyHKIIT.
3aranpHa opMa MOJIENTI BUTTISIAE TAK:
max/min f(x)

(2
x, 20, k=1,...,n

s momens Moxe OyTH po3B'si3aHa 3a JOMOMOTOIO
METOJIIB HEIIHIITHOTO MPOTpaMyBaHHS, TAKHX SIK METOJ
Jlarpanyka, rpaiieHTHUI CITyCK, TEHETUYHI aJITOPUTMH 200
1HIII METOIH OTITUMI3AIlil, 3aJI€KHO BiJI cTIerudiku Ta po3-
Mipy 3ajaui.

OTOoX, 3ampONOHOBAaHWHM MMIXiJ JO3BOJISE CKJIACTH
KOMITJICKCHY MOJIEJIb, IKa BPaX0OBY€ peasibHi YMOBH i 0OMe-
’KEHHsI B arpoCeKTOpi, 3a0e31euy04r rHyYKIiCTh 1 TOUHICTh
y TpuiHATTI pimens. [lompu e, s MOIENb Mae CyTTEBI
pe3epBH JUIs MiJBHIICHHS PIBHS 1 peajiCTUYHOCTI Ta
aJaITUBHOCTI, a caMe:

JlomaBaHHsT JUHAMIYHAX KOMITOHEHTIB. 3aMiCTh
CTaTMYHOT MOJIENIi MM MOXXEMO pPO3INISJaTH JUHAMIUHY
MOJIeTb, SIKa BPAaxoBy€ 3MiHM 3 dacoM. lle MoxHa 3miii-
CHHTH 3a JIOTIOMOTOI0 JU(EPEeHIIHNX PIBHAHBL ab0 CHUC-
TEM JIMHAMIYHOTO MPOrpaMyBaHHS:

o~/ x(0.0), G)
t

e x (Z) — IIe CTaH CHCTEMH B Yaci £, a f — QpyHKIis, sKa
OIHCYE SIK CTaH 3MIHIOETHCS.

2. BBemeHHS CTOXAaCTHYHOCTI. ATpOMiINpPHUEMCTBA
YacTO CTHKAIOTHCS 3 HEBHU3HAYCHICTIO, TAKOIO SIK HEIe-
pendadeHi MOroJHi yMOBH ab0 KOJMBAHHS I[IH HA PUHKY.
BxutroueHHST BUITAAKOBHUX 3MIiHHUX: f{X,®), 1€ @ — cTOXac-
TUYHUH eJeMEeHT (HallpuKiIaj, PO3MOIII MOTOJHUX YMOB
a0o 11iH).

3. baratokputepiaibHa onTHMIizalis. 3aMicTh OHI€l
Ib0BOT PyHKIIT, MOYKHA PO3IIISATH KUJIbKA LiJeH OHO-
YacHO, TaKUX SK MaKCUMi3allis MpuOyTKy, MiHIMi3aIlis
BIUIMBY Ha HaBKOJIMIIHE CEPEJOBHIIE, ONTUMI3allis BUKO-
pHUCTaHHS pecypciB:

max min f,(x), f,(x),.... f, (x). 4)

Ie BuMarae 3aCTOCYBaHHsI METO/IB IS PILIICHHs Oara-
TOKPHUTEPIAIbHUX 3a/1a4.

4. PobGactHa onTHMi3alis. 3 METOI 3pOOMTH MOJENb
CTiHKOTO 710 Bapiamiii B TaHUX Ta HEBU3HAYCHOCTEH, MOKHA
3aCTOCYBAaTH METOAN POOACTHOT ONTHMI3allii:

min mawaQf(x,co), &)
ne Q) —mpeacTaisie co00I0 MHOKHHY MOXKITBHX CIIe-
HapiiB a0 MIOKIB.

5. ApmanramiifHa onTuMi3aiis. 3 oWy Ha 3MIHHICTH
arpapHOro CEKTOpY, MOKHA BIPOBA/IUTH MEXaHI3MH IS
ajianrarii MojieNi B peallbHOMY Yaci:

x(t+1)=x(1)+ K (1)-(d(1) = x(1)),
ne K (t) — xoediuient aganranii;

d(t) — GakaHi 3HAYEHHS B 3aJIGKHOCTI BiJl 30BHINTHIX
YMOB Ta BHYTPIIIHIX HiTeH.

Ili BmocKoHaNEHHS 3pOOATh MOJENb OUTBII THYYKOIO
Ta MPUIATHOIO JUISl pealibHUX YMOB YIIPABIIHHS arpoij-
MPUEMCTBOM, JOIOMOXYTh Kpalle pO3yMITH i MIiHIMI3y-
BaTH PU3MKH, & TAKOXK ONTHUMI3yBaTH PECYPCH 3 ypaxyBaH-
HSIM 0aratbox (akTopiB.

[HTerpyeMo m'ssTb BEKTOPIB BIOCKOHAJCHHS B 0a30BY
MOJIeTTb ONTHMI3aIlil, MO0 CTBOPUTH OUTBII peariCTHIHY
Ta aJanTHBHY MOJEJb Uil YIPaBIIHHS arporiJIpHeM-
CcTBOM. BukoprcTaemMo MaTeMaTH4HI MiIXOMW IS JTOJa-
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BaHHS JMHAMIYHHMX, CTOXaCTHYHHUX, OaraTtokpuTepiaiib-
HUX, pOOACTHHUX 1 aanTaliiHIX XapaKTePHCTHK.

1) BU3HAUCHHS 3MiIHHUX:

x(f) — BekTOp ympaBIiHHS B yaci f, IO BKIOYAE
pecypcu, 00poOKy 3eMiTi, THIIH KyJIBTYp TOIIIO;

() — BEKTOp CTOXAaCTHUYHUX 1APAMETPIB;

2) NMHAMIYHE MOJICTIOBAHHS:

= F(sle) o))

ne u(t) — YIPaBJIIHCHKI PIIICHHS B Yaci f;
f— QyHKIis, 1110 MOZICNIOE TMHAMIKY CUCTEMH 3JI€)KHO
BiJl CTaHy Xx(1) Ta Iii u(t);
3) minsoBa ﬁDyHKHiﬂ 13 BpaxyBaHHSIM HEBH3HAUCHOCTEH:
F

()

E| F(x(t),0(t)) | > max/ min, 8)
ne E — MareMaTuIHe O4iKyBaHHS;
F — minpoBa QyHKIIS, 0 3aJICKUTH BiJl CTOXaCTUIHUX
mapaMeTpiB;
4) GararokpuTepiaibHa ONITUMI3aIlis:
max min (fl (x), /s (x)seeees £ (x)), )
f— uinpoBi (GHyHKII, AKi MOKYTh BKJIFOYATH MPHOYTOK,
EKOJIOTIYHY CTiIHKiCTh, BAKOPUCTAHHS PECYPCIB TOIIIO;
5) pobactHe MozemroBaHHsA. PoOacTHa omTumizalis
JUISL MiHIMi3alii BIUIMBY HaWTipIIOTo CHEHaPIo:
min max, F(x(t),(o), (10)
6) amamTariiiHa omTHMIi3allid. AjanTamiifHi TpaBUIa
KOPHT'YBaHHSI:
x(t+1)=x(t)+a(r)-(u(r)-x(1)), (11)
ne ot) — xoedimienT aganTaiii, skuil Moxe GyTH
¢byHKIi€0 Bi pi3HUX (aKTOpiB, 30KpeMa, BiJ BIIXHJICHb
MUHYJIUX Tiepe0adeHb BiJl pealibHUX Pe3yJIbTarTiB;
7) GopmyroBaHHS onTHUMI3aLiHOT 3a1a4i:

max/ min £

[F(x(1).0()

(12)

X, (t) >0, k=1,...,m;

min max, F(x(t),(o).

Jli1st mepeBipKu CKOPUTOBAHOT MOJIEN Ha KOPEKTHICTh
Ta aJIeKBaTHICTh 11 MPOTHO3IB Ta pillleHh, MOXKHA 3aCTO-
CyBaTH Pi3HI MiJXOIHU, 30KpeMa BaJIiallit0, BepUQiKaIlito,
CEHCUTUBHUH aHasi3 Toimo (Tadm. 1).

O0epeMO CCHCHUTHBHHI aHali3, OCKUTBKH IIEH METOI
JIO3BOJISIE ITTMOOKO 3pO3YMITH, SIK OKpeMi apaMeTpH BILIU-
BalOTh Ha PE3yJIbTaTH MOJIENI, IO € KIFOUOBUM JIJISl CKIIaI-
HUX CHCTEM, SK Hamla MOJAETh ONTHMI3alii YIpaBIiHHS
arpomignpueMctBoM. CCHCUTUBHHI aHAJi3 BaKIHUBHIMA
JUISl BU3HAYEHHS BYKJIIMBHUX MMAPAMETPIB, SKI MOXKYTh Kap-
JMUHAITFHO 3MIHATH BUXITHI JaHI MOJENI TPH HE3HAYHHUX
KOJIMBAaHHSIX BXIJTHHUX 3HAucHb. [le 0cOOMMBO aKkTyaabHO B
arpoceKTopi, Jie Taki 3MiHHI SIK MOTOJA 1 IIHK HAa PUHKY
MOXYTh JIpaMaTHYHO 3MIHIOBaTHCS. 3aCTOCYBaHHS CCH-
CUTHBHOTO aHaJi3y JO3BOJIIE TAKOX BHUSBUTH MMOTCHILIIHI
ciabki Micis MOJIeN, OCKITBKH BOHO MOKAa3y€e, HACKITBKU
PE3yNBTaTH MO Yy TIUBI 10 3MiH Y KO)KHOMY 3 TTapamMe-
TpiB. Lle BaXIMBO 151 amanTaiiii MOJIEII i 3MiHHI YMOBH
PeabHOTO CBITY, IO JO3BOJISE MiIMPUEMCTRY Kpalle Iuia-
HYBaTH PECYPCH Ta pearyBaTd Ha 30BHIIIHI MOKH. Takox,
MPOBENICHHSI CCHCUTHBHOTO aHAJI3y MOXC IiIKPCCIIUTH,

Tabmms 1

MeToau nepeBipku MoJesTi HA KOPEKTHICTH Ta aIeKBaTHICTH

Ilepetik meTonin

XapaKTepUCTUKH METOliB

Bepudixaris

Bepudixaris nondrae y nepeBiplii IpaBUIbHOCTI MaTeMAaTUYHOIO (YOPMYIIIOBAHHS MOJEINI Ta JIOTiKU
i1 BukoHaHHs. Lle BKIfouae neperipky:
— KOy Ta aJropuTMiB: YOEe3MeuuTH, 1o NporpaMHe 3a0e3nedeHHs a00 KO/, SIKHii BUKOPUCTOBYE —
MOJIeJIb, HE MiCTUTh IIOMMJIOK 1 BUKOHYETBCS SIK OUiKy€ThCS;

MareMaTuuHoro ¢opmyitoBanHs: IlepeBipka, 0 piBHSIHHS, OOMEXEHHS Ta 1HIII KOMIOHEHTH
MOJIeTTi IPaBUIILHO BiTOOPAXKAIOTh 3ayM

Banigarmis

Bauiarist mepeBipsie, uu aJieKBaTHI pe3yJIbTaTH, SKi HaJla€ MOJIEIIb, KOJIU BOHA MOPIBHIOETHCS

3 peaIbHIMH JaHUMU 200 3 IHIIUMHU BiJOMHMH MOJIISIMH:

— 1CTOpUYHI JaHi: MOPIBHAHHA IPOTHO31B MOJIENI 3 peaJbHUMU ICTOPUYHUMHU JaHUMHU

JUIS IepeBipKH ii 3/1aTHOCTI TOYHO BiJJTBOPIOBATH BiZIOMI BUITQ/IKH;

— Kpoc-Bajijiaiisi: BUKOpUCTaHHS pi3HUX HAOOPIB JaHUX VI TPEHYBAHHS Ta TECTYBaHHS MOJEII,
1100 MEepeKOHATHUCS, 1110 BOHA CTa0lIbHA 1 Ja€ KOHCHCTEHTHI PE3yJIbTaTH B PI3HUX CHUTYAIlisSIX

pesyabTat Mozeni. Lle Bkirodae:

CeHCHUTHBHMH aHaI3
BIUIMBAIOTEH Ha BHXIJ MOJEI;

CeHCUTHBHUIT aHali3 JI03BOJISIE OIIIHUTH, HACKUTBKHU BXIIHI TApaMeTpH BIUIMBAIOTh HA BUXIHI

— aHaJi3 BIUIMBY 3MIHHUX: 3MIHIOBaHHS 3HAYCHb BX1JIHUX ITaPAMETPIB i CIIOCTEPEIKSHHS 32 TUM,
SIK 1Ie BIUTUBAE Ha pe3ysbTaTh. L{e Moxe T0moMOrTH ieHTH(IKYBaTH MapaMeTpH, sKi CyTTEBO

— aHaJi3 YyTJIMBOCTI /IO CTOXaCTUYHUX (hakTopiB: BpaxyBaHHS HEBHU3HAYCHOCTI Y BXiJTHUX JaHUX
1 CIIOCTEPEIKEHHS 3a CTIHKICTIO MOJIEJII 10 IUX KOJIMBaHb

PeanbHi cuenapii
Ta eKCIIepTHE
OITIHFOBAHHS

ITpoBeneHHs eKCIEPUMEHTIB 3 MOAEILIIO, BUKOPUCTOBYIOUHU peajibHi abo TiMOTeTUYHI CLeHapii,
11100 no0ayuTH, SIK MOZENb Belle cede B pI3HUX yMOBaX. Takoxk BaxIIMBO 3a1y4UTU JOCBLIYEHUX
(haxiBIIiB y ray3i JUisl OLIHKH PEaiCTUHYHOCTI Ta MPAKTUIHOCTI MOJIEITi

ITocriiiHe OHOBIEHHS
Ta ajanTarist

AKTYaJIbHICTb 1 TOUHICTH MOZEI.

OCKUIBKH YMOBH 3MIHIOIOTBCSI, MOJIEIIb ITOTPEOy€ MOCTIHHOTO OHOBIICHHS Ta afanraiii. Peryispae
OHOBJICHHSI JJAHUX, TIEPETVIsT 3aTyYCHUX aJITOPUTMIB 1 METOIB MOXeE JOMOMOI'TH 30epiratu

Jicepeno: nodbyoosano asmopom
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SIKI TTapaMeTpH MOJIeJTi OTPiIOHO TOYHIIIE BU3HAYUTH 200
KOHTPOJIFOBATH, 3a0€3M1EUYI0UU TUM CAMUM O1TBIII HaliiHE
1 TOYHE MPUHHATTA pimeHb. Lle crnpuse He TIABKH Kpa-
IIOMY pO3YMIHHIO JUHAMIKH CHCTEMH, ajle i ONTUMI3arlil
poOoYmx TpoIeciB Ta 3HIDKEHHIO BHUTPAT, 30UIBIIYIOUH
3araioM e(eKTHBHICTh YIIPABIIHHS arpoOIiANPHEMCTBOM.

CeHCUTUBHMI aHaji3 J03BOJISC OLHATH BIUIMB 3MiH
y BXIHUX TapamMerpax Ha BHXIJHI pe3ylbTaTh MOMIEINI.
Och OCHOBHI €TaIi TAKOTO aHAJI3y:

1. BusnauenHs BXigHuUX mapamerpiB.  Hexail
X=(X,X,...,X,) BEKTOp BXIIHMX IapaMeTpiB MoOei.
Busnauaemo, 1110 KOXKEH IIapaMeTp X, MOXKE 3MIHIOBATUCS B
TIEBHOMY Jliara3oHi 3HaYEHb.

2. Po3paxyHOK 9acTKOBHX MOXiTHUX. YacTKOBI MOXiIHI
JIOTIOMAararoTh IBUAKO 1IeHTH(IKYBaTH, SKi Tapame-
TPU € KPUTHYHUMH [JIsI BUXIAHHUX TTOKa3HUKIB MOJICIIL.
JU1s KOXKHOTO IapaMeTpa X; BU3HAYaeEMO YACTKOBY IOXiIHY

iboBOi (PyHKHIT f{X) M0 1bOMY Mapamerpy ;x e nae
t

3MOTY OLIHUTH, HACKUIbKY MaJIeHbKi 3MiHU B X; BIUIUBAIOTh
Ha pe3yibTar f(x). Bemka BenmnauHa MOX1IHOT BKa3ye Ha Te,
10 BXiJTHUH TapaMeTp Mae 3HAYHIIA BIUTAB Ha BUXiJ] MOJIEITi.

3. IIpoBenenHs ogHOBUMIipHOTO aHamizy. OQHOBUMIp-
HUW aHai3 € KOPUCHUM JUIsS BH3HAYEHHS 0a30BOTO PO3y-
MIHHSI BIUIMBY KOXKHOTO Iapamerpa okpemo. OIiHI0EMO
LIIbOBY (YHKIIIO f{X), 3MIHIOIOYM KOKCH IapaMeTp X, B
MeKax HOoro JianasoHy, yrpuMyIOUuH iHIII nHapaMeTpH Ha iX
6a30Bux piBHAX. {e Moxke OyTH BHKOHAHO HIJISIXOM CTBO-
penHs rpadikiB 3a1eXHOCTI f{X) Bl X,.

4. TpoBeneHHs OGaraToBUMipHOTO aHami3y. bararoBu-
MipHHH aHATI3 JO3BOJISE OI[IHUTH B3a€EMOIII0 MIXK ITapamMe-
TpamMu Ta iX KOMOIHOBaHWH BIJIMB Ha BUXIJl MOJENI, IO
€ BXJIMBUM JJIsl KOMIUICKCHOTO PO3YyMIiHHSI IMOBEIIHKH
CUCTEMHU. BUKOHY€THCSI CCHCUTUBHHIA aHAaJi3, 3MIHIOKOYH
OZIHOYACHO KiJIbKa IapaMeTpiB Ul BUSBICHHS iX KOMOi-
HOBAHOTO BIUIMBY Ha pe3yJbTar. MojkHa BUKOPUCTOBYBATH
TEXHIKH, Taki sk JlarnHChKHiA Tinepky0d abo Monte—Kapio
CUMYILAII0, MO0 BUBYUTH BIUTUB PI3HUX KOMOIHAMIiN
mapaMeTpiB.

5. IaTepnperanis pe3ynbTariB. AHaNI3yBaHHSA OTPHMa-
HUX JJAHUX JJIsl BA3HAYCHHSL:

— SIKi MapaMeTpy € HaWOUIbII Yy TIIMBUMH.

— SIK 3MIHa KOMOiHalili apamMeTpiB MOXe BIUIMHYTH
Ha BHXIJI.

— sIKi cTparerii MiHiMI3auii pU3UKIB Ta HEBU3HAUYEHOC-
TEeil MOKHA 3aCTOCYBATH.

OTOX, HAMH PO3POOJICHO HEIIHIIHY €KOHOMIKO-MaTe-
MaTHYHy MOJIEJNb JUIsl ONTHUMI3allil CHCTEMH YIpaBIIiHHS
arpoIiIIIPUEMCTBOM, IO BKIIOYAE JUHAMIYHI, CTOXAcC-
THYHI, OaraTokpuTepiaibHi, pobacTHI Ta ajanTamiiHi Kom-
[IOHEHTH JUIsI OLIBIIOT TOYHOCTI Ta agzanTuBHOCTI. CeHcu-
TUBHUI aHai3 OyB 0OpaHMii K OCHOBHHI METOJ| OI[IHKU
BIUIMBY 3MIHHHX Ha pe3yJbTaTd MOJeli, IO J03BOJISIE
ineHTH(diKyBaTH KJIIOYOBI TapaMeTpy Ta OINTHMI3yBaTh
yIpaBIiHCBKI pimeHHs. ONTHMI3alis CHCTEMH YIpaB-
JIHHS arpomiJIPHEMCTBOM € BRKIMBOIO JUIS aJlanTaii 10
30BHIIIHIX BUKIIUKIB, CTAJIOT0 PO3BUTKY Ta BIIPOBAHKEHHS
MEePEeIOBUX TEXHOJIOTIH, CIPUSIFOYH MiABUIIECHHIO MPOIYK-
THUBHOCTI Ta €KOJIOT19HOI CTIHKOCTI.

BucHoBKH. Y pe3ynbraTi MPOBEISHOTO J0CIHIIHKSHHS
Oy710 po3p0o0IIeHO KOMITIEKCHHH ITiIXi[T IO YIOCKOHAICHHS
E€KOHOMIKO-MaTeMaTHIHOI MOJENi YHpPAaBIiHHS arpoIif-
MIPUEMCTBOM, IO BKJIIOYa€ JUHAMIYHI, CTOXaCTHYHI, Oara-
TOKpHUTEpiaNbHi Ta amanTamiifHi enemeHTd. Lle mixBuimye
e(heKTUBHICTD MOJENi, poONsIn i ORI YYTIMBOIO IO
peanbHUX YMOB TOCHOJApIOBaHHS. BIpOBa/pKEHHSI CEH-
CUTHUBHOI'O aHami3y J/O3BOJISIE BUSBUTH KPUTHYHI Tapa-
METpH, IO ICTOTHO BIUIUBAIOTh HA MPUHHATTS YyIpaB-
JMHCHKUX pIlIeHb, 3a0e3Meuylourd TIUOIIe PO3yMIHHS
YYTIMBOCTI MOJIEIN JI0 3MiH 30BHIIIHBOTO 1 BHYTPIITHHOTO
CepeloBHIIa.

Kpim TorO, cmcremarnyHa Bepudikamis i Bajimaris
MOJIeTli € HeOOXITHUMH JJIs MiATBepKeHHS ii TOYHOCTI
Ta HAJIIfHOCTI, 0, B CBOIO 4epry, MiABHIILYE TOBIpY 10
MOJICTTFHUX MTPOTHO31B i pekoMeHaamnii. L{e cTBoproe MinHy
OCHOBY ISl TIPUHHATTS OOTPYHTOBAaHHMX YIPABIIHCHKUX
pillieHb, IO CIHpPHSIE TiABUINEHHIO aJalTUBHOCTI arpo-
MiIPUEMCTB y MBUIKO 3MIHHOMY €KOHOMIYHOMY Cepell-
OBHUIII. 3arajaoMm, pe3yiabTaTH TOCHIIKEHHS BiIKpHUBAIOThH
HOBI MOXIUBOCTI JIJIsl ONTHMI3allii yrpaBJiHHS arporij-
MPUEMCTBAMH, MiABHIIYIOYH TXHIO KOHKYPEHTOCIPOMOXK-
HICTb 1 CTIHKICTB.
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