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Annomauyusn. Hcxkyccmeennwiii unmennekm (MH) mpancgopmupyem cenvckoe Xo3sicmeo,
BHEOPAACL 8 CUCMEMbl JKOHOMUYUHO2O NOAUSA U npednazas peulenus O ONMUMUZAYUU
UCNONL308AHUS 800bl, NPOCHO3UPOBAHUS €€ NOMPEOHOCMU, MOHUMOPUHEA CUCMEM OPOULEHUs,
AHAIU3A OAHHLIX O PACMEHUsAX U ynpaeieHusi yooopenusmu. Texuwonroeuu HH ananuzupyrom
MHOJCECBO NEePeMEHHbIX, MAKUX KaKk COCMOsAHUe NOY6bl, KIUMAMUYECKue Ycioeus U
XapakmepucmuKku pacmeHul, 4moobl OnMuMU3UPOBAmMs NPOYECChl OPOULeHUs U CNOCOOCMBOBAMb
aghhexmuenomy pacnpeodenenuro pecypcos. Omo Hanpasienue AaKmMydaibHO OAs  YAYYUuleHus
VPOXUCAUHOCMU U KAYeCm8a CelbCKOXO3AUCMBEHHOU NPOOYKYUU, NPU IMOM MUHUMUIUPYSA 3AMPAmbl
U 8030elicmsue Ha OKPYHCaArowyio cpeoy.

B smom pazoene onucvisaemcs paspabomra mamemamuyeckol mMooenu 0 ONMUMU3AYUU
npoyecca KaneibHo2o OpOWleHUsl, VUUMbIBAs CILONCHblE B3AUMOCEA3U Mexcd)y B000U, NOUBOll,
pacmenusmu  u - Kiumamudeckumu  ycioguamu. Ilpumenenue ypasnenuu Hasve-Cmoxkca,
ONUCHIBAIOWUX OBUNCEHUE HCUOKOCMU, U YUCTEHHLIX Memo008, MAKUX KAk Memoo KOHEYHbIX
a1eMenmos, obecneuugaem MoOeIUpPOBarue U ONMUMU3AYUIO NOMOKA 800bl. [Ipoyecc onmumusayuu
gKIIOUaAem 6 ceOsl HECKONbKO WA208. OM MOOeIUPOBAHUS CUCEMbL U ONpedeleHUsl NAPAMEMPos 00
NPUMEHEHUs. ONMUMUZAYUOHHBIX MemO008 OJisl HAXOHCOeHUsI ONMUMANbHLIX peuwtenuti. Haoo
NOOYEPKHYMb  CNOHCHOCMb  3a0a4i ONMUMUZAYUY NOAUBA U BANCHOCML YYemd MHOMCECmEd
NnepemMenHbIX, 8KIIYAs NPAKMUYECKUEe ACNeKmMbl KANeIbHO20 OPOWEHUs, MaKue KaK pacnoiodceHue
KAneabHuy u munsi HOUY6bi.

Ilo pe3ynomamam ucciredosanuil 6vin pazpaboman aneopumm peuwienus ypasHenus Hasve-
Cmokca 6 couemanuu ¢ OONOTHUMENbHLIMU YPAGHEHUAMU, VUUMbBIBAIOWUMU NOBeOeHUe KAanelb
(Hanpumep, YpasHeHusi 0BUNCEHUs Kaneib 8 Noje CKopocmu). Ima mooeib No380Jsen ONnucamo
pacnpeoeieHue Kaneib 8 NPOCMPAHCMEE U 6PEMEHU, UX 83AUMOOeUCmEUe C OKpYICcarouell cpeool u
OpyaumMu Kanisimu, a makice nogeoeHue H#HUOKOCmu 8 Yyeiom npu OpouteHul.

H3yuenvt gonpocvl paspabomxu mMamemamuyeckou Mooeiu u anieopumma UcKycCcmeeHHo20
unmeniekma O/ CUCMEM KaneabHo2o opouienus. B kauecmee mamemamuueckoi molenu 07
MOOenUpOBaAHUsl NPOYECCO8 8 CUCIeMe OPOULeHUs UCNOIb308aH0 YypasHeHue Hasve-Cmoxkca.

Knrwoueevie cnosa: uckycmeeHnnvlil uHmeniekm, KaneivbHoe opouieHue, ypasHenue Haesve-
Cmoka, mamemamuueckas MOOeilb, NPOPAMMUposanue Ha s3vike Python, ancopumm, ynpaseneHue.
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Abstract. Artificial Intelligence (Al) is transforming agriculture, integrating into efficient
irrigation systems and offering solutions for optimizing water usage, forecasting its demand,
monitoring irrigation systems, analyzing plant data, and managing fertilizers. Al technologies
analyze a multitude of variables such as soil condition, climatic conditions, and plant characteristics
to optimize irrigation processes and facilitate the efficient distribution of resources. This direction is
relevant for improving crop yield and the quality of agricultural products, while minimizing costs
and environmental impact.

In this section, the development of a mathematical model for optimizing the drip irrigation
process is described, taking into account the complex interactions between water, soil, plants, and
climatic conditions. The use of Navier-Stokes equations, which describe the motion of fluids, and
numerical methods, such as the finite element method, ensures the modeling and optimization of water
flow. The optimization process involves several steps: from system modeling and parameter
determination to the application of optimization methods for finding optimal solutions. It is necessary
to emphasize the complexity of the irrigation optimization task and the importance of considering a
multitude of variables, including practical aspects of drip irrigation, such as the placement of
drippers and soil types.

As a result of the research, an algorithm for solving the Navier-Stokes equation was developed
in combination with additional equations that take into account the behavior of droplets (for example,
equations of droplet motion in a velocity field). This model allows describing the distribution of
droplets in space and time, their interaction with the environment and other droplets, as well as the
overall behavior of the liquid during irrigation.

Issues related to the development of a mathematical model and an artificial intelligence
algorithm for drip irrigation systems have been studied. The Navier-Stokes equation was used as a
mathematical model for simulating processes in the irrigation system. Keywords. Artificial
intelligence, drip irrigation, Navier-Stokes equation, mathematical model, Python programming,
control algorithm.

Keywords: Artificial Intelligence, Drip Irrigation, Navier-Stokes Equation, Mathematical
Model, Python Programming, Control Algorithm.

UO‘K 631.004.896

TOMCHILATIB SUG‘ORISHDA MATEMATIK MODEL VA SU’NIY INTELLEKT
ALGORITMI

Turg‘unov Adilbek Muxtarovich - texnika fanlari nomzodi, professor v.b.,
ORCID: 0009-0004-1124-0285, E-mail: adilbekturgunov(@gmail.com

“TIQXMMI” MTUning Qarshi irrigatsiya va agrotexnologiyalar instituti, Qarshi sh., O‘zbekiston

Annotatsiya. Sun’iy intellekt (SI) qishlog xo jaligini transformatsiya qilib, suv tejovchi
sug ‘orish tizimlariga kirib, suvdan foydalanishni optimallashtirish, suvga bo ‘Igan ehtiyojni bashorat
qilish, sug‘orish tizimlarini monitoring qilish, o ‘simliklar haqidagi ma’lumotlarni tahlil qilish va
o ‘g ‘itlarni boshqarish uchun yechimlar taklif gilmogda. SI texnologiyalari tuprogning holati, iqlim
sharoitlari va o ‘simliklarning xususiyatlari kabi ko ‘plab o ‘zgaruvchilarni tahlil qilib, sug‘orish
Jjarayonlarini optimallashtirish va resurslarni samarali tagsimlashga yordam beradi. Bu yo ‘nalish
hosildorlik va gishlog xo ‘jaligi mahsulotlarining sifatini yaxshilash uchun dolzarb bo ‘lib, bu orqali
xarajatlarni kamaytirish va atrof-muhitga ta’sirini minimallashtirish mumkin.

Bu bo ‘limda suv, tuproq, o ‘simliklar va iqlim sharoitlari o ‘rtasidagi murakkab munosabatlarni
hisobga olgan holda, tomchilatib sug‘orish jarayonini optimallashtirish uchun matematik model
ishlab chiqish tavsiflanadi. Suyuqlikning harakatini tasvirlovchi Navye-Stoks tenglamalari va
cheklangan elementlar usuli kabi raqamli usullardan foydalanish, suv ogimini modellashtirish va
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optimallashtirishni ta’'minlaydi. Optimizatsiya jarayoni bir qator bosqichlarni oz ichiga oladi:
tizimni modellashtirishdan va parametrlarni belgilashdan tortib, optimal yechimlarni topish uchun
optimizatsiya usullaridan foydalanishgacha. Shuni ta’kidlash lozimki,sug ‘orishni optimallashtirish
vazifasining murakkabligi va ko ‘plab o ‘zgaruvchilarni, jumladan tomchilatib sug ‘orishning amaliy
Jihatlarini, masalan, tomchilatib sug ‘orish tizimlarining joylashuvi va tuproq turlarini hisobga
olishning muhim ahamiyat kasb etadi.

Tadgiqotlar natijasida tomchilar harakatini (masalan, tomchilar tezlik maydonida harakat
tenglamalari) hisobga olgan holda Nav'e-Stoks tenglamasini hal qilish algoritmi ishlab chiqildi. Bu
model fazo va vaqtda tomchilarning tarqalishini, ularning atrof-muhit va boshqa tomchilar bilan
o ‘zaro ta'sirini hamda sug ‘orish jarayonida suyuqlikning umumiy harakatini tasvirlash imkonini
beradi.

Tomchilatib sug ‘orish tizimlari uchun matematik model va sun'iy intellekt algoritmini ishlab
chigish masalalari o ‘rganildi. Sug‘orish tizimi jarayonlarini modellovchi sifatida Nav'e-Stoks
tenglamasi qo ‘llanilgan.

Kalit so‘zlar: Sun'iy intellekt, tomchilatib sug ‘orish, Nav'e-Stoks tenglamasi, matematik model,
Python tilida dasturlash, boshqaruv algoritmi.

BBenenune

UckyccrBennsiii untemuiekt (M) naxonut Bce Gojee MIMPOKOE NPUMEHEHUE B CEIIbCKOM
XO3sIIICTBE BO BCEM MHpE, BKIIOYas CUCTEMbl 3KOHOMHUYHOro mnojuBa. [IpuBeném HekoTopsbie
aCIeKTHI, CBSI3aHHBIE ¢ ucnoib3oBanuemM MU B stoit obmactu| 1, 2]:

» Onrumuszanys pacxo/ia BOJIbI;

» IIporHo3upoBaHue MOTPEOHOCTH B BOJIE;
» MOHHTOPUHT COCTOSIHUSI CHCTEM;

» AHanu3 IaHHBIX O PACTCHUSX;

» YmpasneHue yno0peHUsIMU.

OcTaHOBUMCSI Ha Ka)XJOM acleKTe 10 OTIENbHOCTH. B pelieHun Bompoca ONTUMH3ALUU
pacxona Boasl MM moker aHanu3upoBaTh JAaHHBIE O IOYBE, KJIUMATe M PACTEHHSX, YTOObI
ONTUMU3UPOBATH 00BEM BOJIbI, I10JIABAEMOI Uepe3 CUCTEMBI KaleJIbHOTO OPOIIEHUs. DTO IOMOraeT
CHU3UTb NOTPEOIECHUE BOJBI U YIyULIIUTh 3()P(PEKTUBHOCTH OPOILIECHHUS.

B npornosupoBanuu noTpeGHOCTU B BOJIE HEOOXOAUMO pa3padboTaTh alrOPUTMBbI MAITUHHOT'O
oOyuenusi, Ul Moxer mpezicka3biBaTh, KOTJa U CKOJIBKO BOJbl HYKHO IOAaBaTh HA MOJS. ITO
MO3BOJISIET CEJIBCKUM XO3sIiCTBaM IIAaHUPOBATh opolleHue 6osee 3¢(HEeKTUBHO, TPOrHO3UPOBATH
peasibHyI0 NOTPEOHOCTH B MOJIMBHBIX BOJIAX.

B Bompoce MOHMTOpPHUHra COCTOSIHUSI CHUCTEM MCKYCCTBEHHBI HMHTEUIEKT MOXKET
KOHTPOJIMPOBATh pabOTy CUCTEM KaleJIbHOI'O OPOILIEHUs, 0OHAPYKUBATh HEUCIIPABHOCTH, YTEUKH U
JpyTrHue BO3HUKAIOUIUE MPOOIeMbl. DTO MOMOraeT IpeJ0TBPAaTUTh MOTEPU BOJblI U CHU3UTH 3aTPAThI
Ha OOCIIy’KMBaHUE M MPUHUMATh SKCTPEHHbIE MEPbl MPEJOTBPAIECHHUS BO3MOXKHBIX HEMOJIAJO0K B
CUCTEME KareJIbHOT0 OPOLICHHUSL.

IIpu npoBeneHus aHanu3a JaHHBIX O pacTteHuax MU moxker aHanum3upoBaTh JAHHBIE O POCTE
pacTeHUii, COCTOSTHUY MOYBBI U IPYTUX (HaKTOpax, YTOOBI ONPEAEIUTh ONTUMAIbLHOE BpeMs U 00bEM
OpOILLEHUs I KaXKJ0r0 y4acTKa MoJIs.

B nmnponecce ynpasieHus yAoOpeHUSMH OCOOEHHO aKTyaJleH BOIIPOC HCIIOJIb30BAHUS
HCKYCCTBEHHOTO MHTEJUIEKTa, HpPH TIOMOLIM 3TOH TEXHOJOTMH MOXXHO ONTHMHU3HPOBAThH
pacnpezeneHue yJo0peHuid yepe3 CUCTEMbI KalleJIbHOTO OPOLIEHHS, YTO CIIOCOOCTBYET MOBBIIIEHUIO
YPOKaWHOCTH M OKOHOMHUHU YJIOOpEHWW, KOTOPBIM HEOIEHHMO BIMSIET Ha CeOECTOMMOCTh
BBIPAIIMBAEMBIX CEIbX03yTroauit [2].

Hcxons w3 BBIIECKa3aHHOI'O MOXHO OTMETHTb, YTO CTAHOBUTCS OCOOEHHO AaKTyaJbHbIM
BOIIPOC MPUMEHEHMSI KalleJIbHOTO OPOILIEHUS 3€MJIM B CEJIbCKOM XO034HUCTBE. DTOT CIIPOC MO3BOJISET
pa3paboTtarb A(PQGEKTUBHBIE METOAbl W TEXHOJOTMU ONTHUMAJIBLHOTO HCIOJIB30BAHUS BOJHBIX
PECYPCOB, KOTOPbIE MOT'YT MOBJIHATH HA YBEIUUYEHHE YPOKaWHHOCTH CEJIbXO3YTOJIui U MPUBOAUTH K
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YIYUYIIEHUIO KayeCTBa MOYBHI. 3ajada ONTUMH3AIMU MOJMBA B CHUCTEME KaleJIbHOTO OPOIICHUS
MOXET OBITh CJIIOKHOM 3a7a4eil n3-3a OOJBIIOr0 KOJWYECTBA MEPEMEHHBIX, TAKMX KaK THI TOYBHI,
CTeneHb OOHUTUPOBKH TOYBHI, KIIMMATUYECKUE OCOOCHHOCTH, THUIIBI MOCEBHBIX PACTEHUU M JTaXkKe
COCTOSIHME€ M HEPaBHOMEPHOCTh Cpelbl oporneHus. B cBs3u ¢ akTuBanumen pa3paboTok B 00JIacTH
HMCKYCCTBEHHOTO HWHTEJUICKTa M HEHPOHHBIX CETel OCOOEHHO aKTyallbHBIM CTAaHOBHUTCS BOIPOC
MIPUMEHEHHSI 3TUX TEXHOJIOTUM B CEITCKOM XO3SICTBE.

Jlist pemieHus 3TOW 3aadyd MOKHO HCIIOJIh30BaTh MAaTEMAaTHUECKYIO MOJIEIh U aJTOPUTM
HCKYCCTBEHHOTO MHTEJIEKTa, KOTOPHIE MO3BOJIST ONTUMHU3UPOBAThH PACTIPEICIICHUE BOJIBI B CUCTEME
KareJbHOTO OPOIICHHUSI, YIUTHIBAsI BCE BBIIICYIIOMSHYThIC IIEPEMEHHBIC.

Metoabl nu MmaTepuasbl (TeopeTnueckrue OCHOBBI)

B paspaboTke anropuTMOB ONTUMAIBHOIO OpOILIEHHE KaleJbHBIM MYTEM HEOOXOAUMO
pa3paboTaTh MaTeMaTHUYecKue MEeTOJbl pacuéra ONTUMAJIbHOrO moiuBa. s 3Toro Heo6XoAMMO
pa3zpaboTaTb MaTeMaTHYECKYI0 MOJElb, KOTOpass MOXKET ObITh MPEACTaBICHA B BHUJAE CHCTEMBI
YpaBHEHMI, ONMUCHIBAIOIINX MPOIIECC B3aUMOJECHCTBHUS BOJIbl, TOUBbI, PACTEHUN M KIMMATHYECKUX
yCIOBUH. VYpaBHEHMs] MAaTeMaTU4YeCKOW MOJENM MOTYyT BKJIOYaThb B ce0d K0d(DPUIIHEHTHI
BOJIOIIPOHULIAEMOCTH TOYBBI, YPOBHU HCIAPEHUS BOJIbI, BIMSHUE PA3JIMYHBIX TUIIOB PACTECHUHA Ha
yCBOEHHME BOJBI M T.J. s yuera BceX STHUX MEPEMEHHBIX MOTYT HCIOJB30BAaThCS METO]IbI
MaTeMaTH4eCKOI0 MOJIETUPOBaHus, Takue kKak ypaBHeHus HaBbe-CTok.

VYpaHenuss HaBbe-CTokca ONMCHIBAIOT IBM)KEHHE JKUAKOCTU M ra3a, U OHM MOTYT OBITb
HCIIOJIb30BAHbI JUIsI MOJEIUPOBAaHUS MOTOKA BOJbl B CHUCTEME KareiabHoro opoiueHus. OnHako,
MPSIMOE PEIlIeHNE ATUX YPAaBHEHUH AJIsl ONTHMHU3AIMHU [10JIMBA B KAlleJIbHOM OpPOLIEHUU MOXKET ObITh
CJIOKHBIM M3-32 UX CJIOKHOCTU U BBIUHCIUTENBHBIX TPEOOBAHUMN.

Bmecro npsmoro pemrenusi ypaBHenudt HaBbe-CTokca, 0OBIYHO HCIOJIB3YIOTCS YHCIIEHHBIE
METO/Ibl, TAKME KaK METOJ KOHEYHBIX DJIEMEHTOB WJIM METOJl KOHEYHbIX O0OBbEMOB. OTH METOJIbI
MIO3BOJISIIOT MOJIEIMPOBATh M ONTUMU3HPOBATH MOTOK KUAKOCTU B CHCTEME KaleJlbHOr0 OpOLIEHUS,
YUUTBIBas pa3IMyHbIC apaMETPhl, TAKUE KaK TUAMETP Kallelb, pacipe/iesieHue AaBJIeHUs U T. .

OnTuMu3anus NoJMBa B KaleJIbHOM OPOLIEHUH MOXKET BKJIIOYATh B c€0sl CIIeAyIOUIUE IIaru:

1. MopgeaupoBaHue CHCTeMbI: pa3padOTKa YHCICHHOM MOJEIM CHCTEMBbI KameJIbHOTO
OpollleHus, UCTONb3ysl ypaBHeHUs HaBbe-CTokca Miu JIpyrue ypaBHEHHUS, YUUTHIBAIOIINE
0COOEHHOCTH MOTOKA BOJIbI YEPE3 KAIeJIIbHOE OPOLICHHE.

2. OmnpenesieHHe NMapaMeTpoB: 33JaHHE NapaMETPOB CHCTEMbI, TaKUE KakK paclpejeieHHe
Karesb, TMaMeTphbl Kamelsb, PacXoJl BOJbI, JaBJl€HUE U JIpyrue (PakTopbl, KOTOPbIE MOTYT
BIIUSATH Ha MPOLIECC OPOILICHHUSL.

3. IleneBas ¢yHkuusi: onpeaeneHue 1eNeBOM  (QYHKUHMHM, KOTOPYIO MBI  XOTHUTE
ONTUMU3UPOBATH. DTO MOXKET ObITh PAaBHOMEPHOE MOKPBITHE I0JIEH, MUHUMU3ALMS [10TEPh
BOJIbl WIIH JpyTrue Kputepuu 3¢ (HEeKTHBHOCTH.

4. Ucnonb30BaHUe ONTUMHU3ALMOHHBIX METOAOB: IPUMEHEHHE ONTHUMM3ALHMOHHBIX
METOJIOB ISl HaXOXKJEHHSI ONTHUMAaJIbHBIX 3HAUEHU MapaMeTpoB CUCTeMbl. MeTO bl ONTUMU3ALNH
MOTYT BKJIIOYaTh F'€HETUUECKHE aITOPUTMBbI, METO/Ibl TPAIMEHTHOIO CITyCKa U T.[I.

5. IlpoBepka u HacTpoiika: MpoBepKa MOJYYCHHBIX PE3yJbTaTOB, U MPH HEOOXOIUMOCTH
BHECEHUE KOPPEKTUBHI B TapaMeTPbl CUCTEMbI UJIM METOJ, ONTUMHU3ALIH.

Heo0xoaumMo NOMHHTb, YTO ONTHUMM3AIMS KalleJbHOTO OPOIIEHUS MOKET TakKKe BKJIIOYaTh B
ce0sl MpaKTUYECKHE AacCMEKThl, TAKUE KaK pACIOJOXKEHHE KalelIbHUL, THUI IOYBBI, KYJbTYpPbl U
KIIMMaTH4YECKHUE YCIOBHUS, KOTOPbIE TAKXKE JI0JKHBI YUUTHIBATHCS B MPOLIECCE ONTUMU3ALIH.

VYpasuenust HaBbe-CToKca npeacTaBisitor co0oit cucreMy auddepeHnaabHbIX YpaBHEHUH,
OTIMCHIBAIOIINX ABIKEHUE )KuakocTr. OHu umerot Bux 3, 4, 5]:

G M=-T4 v tg, (1)

raec:
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> V — Maremarudeckuii oneparop Hada,

» V — BEKTOpPHAasi CKOPOCTh BOJIbI;

» t— BpeMs TEUYECHUE BOJBI;

» p — IUIOTHOCTH BOJBI;

> P — nmaBnenue BOOHI,

» vV — KO3pOUIUEHT KHHEMATUYECKOM BA3KOCTHU BOJIBI;

» g — BHEUIHAS CUJIA.

MopenupoBanue KamelbHOTO OpomIeHHs TpeOyeT ydeTa crenuduueckux OCOOCHHOCTEH,
TaKUX KakK JUaMeTp Kareib, UX pacupeelieHne, CKOPOCTh BBIX0JIa U3 KallebHUIl U T.1. B 1aHHOM
KOHTEKCTE, Ul YIPOIIEHHUS 3aJadd, Mbl MOXEM PacCMOTpPETh ypaBHEHHE /sl HEC)KUMaeMOM
xuakoctu (V-v=0), Tak kak BoJia B OOBIUYHBIX YCIOBUIX CUUTAETCSA HEC)KMUMaeMoH [6, 7].

Taroke, y4uThIBasi KanellbHOE OPOIICHHE, MBI MOXXEM BHECTH TapaMeTphl, XapaKTepU3YIOIIHe
KaruIn:

» D - qmametp Kariu;

> (- pacxoj BOJABI Yepe3 OJIHY KalleIbHUILY.

Teneps MBI MOKEM MOJU(PHUIIMPOBATH YpaBHEHHE, YTOOBI YUECTh 3TH mapameTpsl. [IpencraBum,
YTO KarlTd BBIXOZST U3 TOYSUHBIX HCTOYHUKOB C 33JAHHBIM PACXO/I0M:

Q=/[gu-ds )
rjae S — IOBEPXHOCTb, MIPEICTABIISIONINI KaIUTIO.

OT0 ypaBHEHUE JOIOJIHUM YCIIOBUSMHU Ha I'paHULaX, HAYaJIbHBIMHU YCJIOBUSIMH, U, BO3MOXHO,
JIOTIOJIHUTEIbHBIMU YPAaBHEHUSAMU U1 MOJIEUPOBAHUS OCOOCHHOCTEH KareJlbHOr0 OPOLIEHHUS.

1. ¥YcaoBue Ha rpaHuuax (rpaHUYHbIE YCI0BHE):
» Henpomexarowas cmenka: Ha rpaHuIle C TOBEPXHOCTHIO TOYBHI WM JPYTHMHA
IperpajaMu, Npearnoaaraercs, 4YTo CKOpOCTh KUIKOCTH HOpMajbHa K I'paHULE paBHA
Hyr0 (u-n=0, rae n — HopMaJib TpaHUIIE.
» Buixoo xanenv uz ucmounuxos: Eciv Karuid MOSIBISIOTCS B TOYSUHBIX HCTOYHUKAX, TO
MOXHO HCIOJB30BaTh YCIOBHE HAa MAacCOBBIA MOTOK, Hampumep, (u-n=Q/(A-p), rue
A — 1I011a/1b IOBEPXHOCTH U P — IUIOTHOCTD BOJBI).
» HauajbHbIe YCI0BHSA:
» Hauanvnoe pacnpeodenenue ckopocmetl: 3anaguM Ha4dalbHOE pacIpelelieHue
CKOpOCTEeH BHYTPH cuCTeMBbI opouleHus. Hanpumep, Bce KanenbHUIIBI MOT'YT HAUMHATH
C HYJIEBOU CKOPOCTBIO.
2. JlonosHHMTeJbHbIE YPABHEHHS JI1 0COOEHHOCTEH KanejJbHOr0 OPOLIeHHS:
» Vpaenenue Onsi  pacxooa 600vl uepe3 Kaneaivhuyy: Jlo0aBUM ypaBHEHHE,
OIMCHIBAIOLIEE PACXO/ BOJbI Uepe3 KalelIbHUILY B 3aBUCUMOCTH OT BPEMEHHU U JUaMeTpa
Karuy.
» Vpasuenue ons uzmenenus ouamempa kannau: Ecin guaMeTp Karuid U3MEHSIETCS CO
BpeMeHeM (Halmpumep, H3-3a MCIAPEHUs), YYTUTE O3TO B MOJENH, BKIIOUYUB
COOTBETCTBYIOILIEE YPaBHEHUE.

Jlna pemenust cucrembl ypaBHeHudd HaBbe-Crokca B Takol Mojenu mnotpebyercs
HCII0JIb30BAHNE YUCIICHHBIX METO/I0B, TAKMX KaK METOJ] KOHEUHBIX 3JIEMEHTOB MJIM METOJl KOHEUHBIX
o0bemoB. Takke, Mojaenb MoOXeT NOoTpeOOoBaTh KaaMOpPOBKY M IPOBEPKH C HCIIOJIB30BAHHEM
AKCIEPUMEHTAJIbHBIX JAHHBIX /Ul YTOUYHEHUSI IApaMETPOB U MOATBEPIKICHHS €€ TOUHOCTH.

Jlyig onucaHus pacxojia BOJbl Yepe3 KaleJdbHUIly B 3aBUCMMOCTU OT BPEMEHHU (f) U uameTpa
Kary (D), MOXKHO HCIIOJIb30BAaTh YpPaBHEHHME, OCHOBAaHHOE Ha (PU3NYECKUX 3aKOHAX, TAKUX Kak
ypaBHeHHe ToppHuesuiu Ui pacxoa *KHUJIKOCTH Yepe3 OTBEPCTHE:

QD)= C-A(D) " 2gh(t),
rae, Q (t,D) - pacxoxa Bobl yepe3 KaneabHUIy B MOMEHT BPEMEHHU t U ¢ JuaMeTpoMm Karuiu D;

C - xo3(pduLMEHT, YUYUTHIBAIOIIMKA pa3iauyuHble (AKTOPbl, Takue Kak KOHCTPYKLHUS
KareJabHUIBl, (hOpMa OTBEPCTUS U JIpYTUe MapaMeTphl;
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A(D) - miomaap monepeyHoro CEUYeHHsI KarelbKH, CBA3aHHAs C THaMETPOM
D(A(D) = - (2)?);

g - YCKOpEeHHe CBOOOIHOTO TIa/ICHHS,

h(t) - BBICOTa BOJIBI B CUCTEME KaIleJIbHOTO OPOIICHHS B MOMEHT BPEMEHH .

OTO ypaBHEHHE MPEAIONIaraeT, YTo PacXod BOJBI MPOIOPIHOHAIEH TUIOMAIH TTOTIEPEIHOTO
CEUCHHsI OTBEPCTHSI M KOPHIO M3 BBICOTHI BOABI Haj oTBepcTHeM. Koaddumument C 3aBuUCHT OT
KOHKPETHBIX XapaKTEPUCTUK KareJIbHULBI U MOXKET ObITh OIpPEJIENIEH SKCIIEPUMEHTAIIBHO |8, 9].

VYpaBHEHHE TaKKe HE YUYUTHIBACT BOSMOXKHBIC M3MEHEHUS AUaMeTpa Kalulh BO BPEMEHHU U3-3a
UCTapeHust U qpyrux GpaxTopoB. Eciv Takne n3MeHeHHs CyIIIeCTBEHHBI, MOJIENIb MOKET MMOTPEOOBATH
JOTIOJTHUTEIBHBIX YPAaBHEHUHN JJIS1 ydeTa 3TuX (DakTOpOB.

[IpuBenem koI mporpammsl Ha sa3bike Python, KoTopblil peanusyeTr pacder pacxoja BOJIbl B
3aBHCHMOCTH OT BPEMEHH U IMaMeTpa Karuiu:

import math
defwater flow rate(t, D, C, h):
mneern
Pacuem pacxooa 600wl uepes kanenvHuyy.
Ilapamempuoi:
- t: 8pems (cekyHObl)
- D: ouamemp xanau (mempuoi)
- C: koaghgpuyuenm
- h: eblcoma 600vl (Mempbl)

Boszepawaem pacxoo 600wl (m*/cex).

A =math.pi * (D /2) **2

return C * A * math.sqrt(2 * 9.81 * h)

# [Ipumep ucnonvzosanus QyHKyuu

time = 10 # epems 6 cekynoax

diameter = 0.0001 # ouamemp xkaniu 6 mempax

coefficient = 0.61 # kosgppuyuenm (npumep)

water_height = 0.5 # evicoma 600b1 6 cucmeme (Mempwt)

flow rate = water_flow rate(time, diameter, coefficient, water height)
print(f"Pacxoo eoovi: {flow rate:.6f} m*/cex")

B sroit nporpamme dynkuus water_flow_rate npunumMaer napameTpsl Bpemenu (t), tuamerpa
karmmu (D), xoadpduuuenta (C) u Boicotsl Bojbl (h). OHa ucnosb3yeT ypaBHEHHE Ui pacyeTa
pacxojia BObI Yepe3 KarelbHHITY U Bo3BpamaeT pe3ynbtar [10].

OOpaTuTe BHUMaHuE, YTO 3HAYEHUS NapaMmeTpoB (K03 ULMEHT, JUaMeTp Kalljld U BbICOTa
BOJIbl) JIOJKHBI OBITh HACTPOEHBI B COOTBETCTBUU C KOHKPETHBIMH YCIIOBUSIMU 3a/IaHHOM CHCTEMBI
KaIeJbHOTO OPOIICHHUS.

Takue uucieHHble MoOJEIN TPeOYIOT HCHOJIb30BaHUS CHEHUAIU3UPOBAHHBIX MPOrpaMM U
METO/1a KOHEUHBIX JIEMEHTOB, YTOOBI PEIIUTh cUCTEMY AU PepeHInaNIbHbIX YPaBHEHUHN B TaHHOM
KOHTeKcTe. Takke, clieyeT UMETh B BUIY, YTO AK€ YNPOILEHHbIE MOJEIN TaKOro poja MOTYT
TpeOOBaTh 3HAYUTENIbHBIX BEIUUCIUTEIBHBIX PECYPCOB.

PesyabTarThl

DTO ypaBHEHHE OIMCHIBAET U3MEHEHHUE CKOPOCTH >KMJIKOCTH C TE€YCHHUEM BPEMEHH, BIHSIHHUE
JABJICHUS, BA3KOCTH U BHEUTHUX CHUIL

Jlj11 MOIeTMPOBaHHUS KaleIbHOTO OPOIIEHNS MOXKHO MCIOIb30BaTh ypaBHeHHe HaBbe-Crokca
B COYETaHUH C JOTOJHUTEIbHBIMU YPaBHEHUSAMH, YUNTHIBAIOIIMMHU OBEJICHUE Kalelb (HapuMep,
yYpaBHEHHE ABUKEHMSI KaIlellb B 110JI€ CKOPOCTH). Takue Moenu No3BOJISI0T ONUCATh paclpeieeHue
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Kanejlb B IPOCTPAHCTBE M BPEMEHH, MX B3aUMOJCHCTBUE C OKpYyKaroUIEHd Cpelod U ApyruMu
KaIUIIMH, a TAKXKE TIOBEICHHE JKUJKOCTH B LIEJIOM IPHU OPOLICHUU.

Tenepb paccMOTpUM alropuTM perieHus ypaBHeHuil Hapbe-CToK 1715 KareabHOro OpoIeHUs:
1. OnpenenuTh HayalbHbIE YCIOBMS: CKOPOCTh U pacIpe/ieleHUe TaBJiICHHs] BHYTPHU KalelbHOrO
OpOLLIECHUS.
2. Ucnonb3oBath ypaBHeHre HaBbe-CToK a1 pacueTa CKOPOCTU U AABJICHUS KUAKOCTH B KaIlJIsX.
3. YuuThIBaTh BSI3KOCTb U IJIOTHOCTb KUJIKOCTH, a TAK)KE IOBEPXHOCTHBIE HAMPSHKEHUSI HA IPaHULAX
Karesb.
4. Ucnonb3oBath ypaBHeHne HaBbe-CTok /17151 pacyeTa Te4eHHs! )KUIKOCTH BHYTPH Kareb U BOKPYT
HUX.
5. IlpuMeHNUTh rpaHUYHBIE YCIOBHS JJIS y4E€Ta B3aUMOJICHCTBUS C OKPYIKAIOIIEH Cpeloil.
6. ltepaTUBHO pelIUTh CUCTEMY YPaBHEHHH AJIsl IOJMyUYEHUs paclpeiesieHusi CKOPOCTH U JaBJICHUS
B KaIleJIbHOM OpOILIECHHH.
7. IlpoBecTr aHaMM3 pe3yJIbTaTOB M UX UHTEPIPETALUIO I ONTUMHU3ALMHU IIPOLECCa KaleJabHOro
OpOLLIECHUS.

OTOT anropuTM IO3BOJIUT BBINOJHUTH YUCIEHHOE MOJEIMPOBAHUE IIpoIecca KamelbHOro
OpOILIEHUS U IPEACKa3aTh ero 3pGEeKTUBHOCTh U PABHOMEPHOCTH paclpe/iesieHus BIaru.

Oo0cy:xnenue

Pemenune ypaBHenuii HaBbe-Ctokca Uis MOAENUPOBAHMS KaleJIbHOTO OPOLIEHUS — 3TO
ClIOKHasi  3ajaya, TpeOyrolias TMPUMEHEHUS YHMCIEHHBIX METOJOB W  KOMIIBIOTEPHOI'O
MOJIETMPOBaHusA. BOT OCHOBHBIE IIaru, KOTOpbIE MOTYT OBITh MCIHOJBb30BaHBI I PELICHUS 3TOU
3aJlauu:

1. ®opmyaupoBka 3agauyu: OnpenencHUe TEOMETPUU CHUCTEMBI OPOIICHHUS, THUIIA MOYBBI, U
TpeOyeMbIX apaMeTpOB BOJOCHAOKEHNUS.

2. Bbi0op yuciaenHoro meroaa: Haubosnee pacnpocTpaHEHHBIMU METOJIAMHU SIBJISTFOTCSI METO/T
KoHeuHbIX 7eMeHToB (MKD), Mmeton koneunsix pasHocteit (MKP), u meton cetox (MC).

3. Juckpermzaums odaactu: PazbueHue oOnacTu OpOIIEHUS Ha MEJIKUE 3JIEMEHTbl WU
STYCUKH, B KOKIOW M3 KOTOPHIX OYAYT BBIYUCIISITHCS TTapaMETPhI TIOTOKA.

4. YcraHoBJIeHMe I'PAaHMYHBIX ycaoBuii: OnpeseneHue ycloBruid Ha TpaHUIax 00J1acTH, TAKUX
KaK CKOpPOCTb BOJIbl Ha BXO/IE U JIaBJICHHE Ha BBIXOJIE.

5. Pemenue ypaBHeHuii: Vcronp3oBaHne BBIOPAHHOTO YHCICHHOTO METOJA U PEHICHUS
ypaBHeHuit HaBbe-CTokca B JUCKPETU3UPOBAHHON 00IaCTH.

6. Anaiu3 pe3yabTaToB: OICHKA MOJTYYEHHBIX pacHpeneseHuid CKOPOCTH W JaBJICHUS IS
ONTUMM3ALNH CUCTEMBI KalleJIbHOTO OPOLICHHUSL.

OOBIYHO OIpe/IeNIeHe TE€OMETPUH CUCTEMBI OPOILIEHUS, TUIIA IOYBBI U TPeOYEMBbIX TapaMeTpOB

JUIS KaleJIbHOrO OPOLIEHHS BKIIOYAET B ¢€0s1 HECKOJIBKO KJIFOUEBBIX aCIEKTOB:
1. T'eomerpusi cucTeMbl OPOLLICHUSI:
» Ormpenenennie GopMbI 1 pa3MEPOB y4acTKa, KOTOPBIH HYKHO OpOIIATh.
» Pa3paboTka 1UIaHa  paCIIONIOKEHUS  KaleJNbHBIX JIMHUKW W MarucTpajlbHBIX
TpyOONpPOBOJIOB.
» VYuer penbeda ydacTka M HEOOXOTMMOCTH CO3JIAHUS 30H C PA3IMYHBIM YPOBHEM
BJIQYKHOCTHU.
2. Tun no4BblI:
» AHanu3 TUIIA TIOYBBI, TaK KaK pa3HbIC THITHI MIOYBBI HMEIOT Pa3HYIO CIIOCOOHOCTH K
yepKaHHIO BOJbI M CKOPOCTh (PUIBTPALIHKL’,
» Bp100p MeToa OpoLIeHHS, TOIXOAANIETO UIi KOHKPETHOTO THIIA TIOYBHI, HAIIPHMED,
JUIS TIOYB CO CPETHEN CKOPOCThIO (PHIIBTPALIMU MTOJIOMIET KalleIbHOE OPOILIEHHUE.
3. Tpebyemble napaMeTpbl KaneJbHOr0 OPOIIEHHA:
» Omnpenenenne NoTpeOHOCTH B BOJE [UTS KaXI0TO BUIa PACTEHUH M CTaJINU MX POCTA.
> Pacuer He0OXOUMOTIO JaBIEHHUs U PACX0Ja BOJBI IS CUCTEMBL .
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» Yder cmocoba Tmomadud BOJBI (HampuMep, BOJONPOBOJ WM HAcOC) W €ro
XapaKTEepUCTHUK.

OTu napaMmeTpsl MOMOTYT c031aThb 3(PPEKTUBHYI0 U 3KOHOMHUYHYIO CHUCTEMY KaleJbHOI'O
opolleHus, Kotopas Oyner obecrneuynBaTh ONTUMAIbHBIA YPOBEHb BIIAXHOCTU JJSl PAacTEHUH U
CHOCOOCTBOBAThH UX 3/I0POBOMY POCTY U pa3BuTuto. /L1t 6osiee TOUHOTO MJIaHUPOBAHUS U PACUETOB
MOXET HOTpC6OBaTBC${ KOHCYJIbTallus co crienuaiancraMmu B o0jacTu uppuranuu u
CEJIbCKOXO35IICTBEHHON NHKEHEPUH.

3akiao4eHue

B naHHO# craThe M3y4eHbI BOIPOCHl pPa3pabOTKHM MaTeMaTHYEeCKOM MOJENN U aropuTMa
HCKYCCTBEHHOI'O MHTEJUIEKTa Il CHCTEM KalleJIbHOrO0 OpoIlleHus. B kauecTBe mMaTeMaTHyecKon
MOJIEJIA JUIsI MOJEIMPOBAHUS MPOLECCOB B CUCTEME OPOIIECHMS HCIIOIb30BaHO ypaBHeHHe HaBbe-
Croxkca.

YucnenHoe MojenupoBaHue U pemieHue ypaBHeHue HaBbe-CTokca  momoraer
ONTUMU3UPOBATh paclpe/iesieHue BOJbl U MOBBICUTH IPPEKTUBHOCTH opolleHus. [loaxntoueHue
MOZYJII HMCKYCCTBEHHOIO MHTEJIEKTa IIO3BOJIMTh ABTOMATU3MpPOBATh IpoOLECC  IOJIMBA
YUUTHIBAIOLIUE peabHble (PaKTOPbI U COCTOSIHUE TIOYBBI M OpoIIaeMoro yuyactka. [Iposenenue
UCCIIEIOBaHUM B 3TOI 001acTU BHOCHUT BKJIAJ B CEJIbCKOXO3SHCTBEHHYIO MH)KEHEPUIO, Mpeasaras
YJIy4lIEHUE B YIIPABICHUH PECYpPCAMU BOJBI.
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