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HCCJEJJOBAHUE MATEMATHYECKON MOJIEJIA PACTIBIJIEHU S
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Knrouesvie cnosa

Pre-sowing seed treatment significantly impacts the yield of agricultural crops. Using modern, effective pre-sowing seed treat-
ment methods ensures good yields. A modern and highly effective pre-sowing seed treatment method involves creating an artificial
seed coating: seed dressing, encrusting, and pelleting. To achieve a uniform and homogeneous seed coating, it is necessary to select
the optimal operating modes for the equipment used (seed dressing, encrusting, and pelleting). Centrifugal disc atomizers are rec-
ommended for applying liquid components of varying viscosities to seeds. Centrifugal disc atomizers are widely used in the creation
of artificial seed coatings, including dressing, encrustation, and pelleting. Liquid component atomization efficiency directly impacts
the quality of the resulting coated seeds and energy consumption, and depends on numerous factors, including the disk design,
equipment operating parameters, and the properties of the applied liquid. To improve the efficiency of creating artificial seed coat-
ings, as well as the efficiency of spraying liquid components using a centrifugal disc atomizer, a key component of artificial seed
coating equipment, this paper examines a mathematical model of liquid component droplet size as a function of centrifugal disc at-
omizer parameters. The relationship between atomization efficiency and parameters such as disk radius, disk rotation speed, liquid
flow rate, and number of blades is determined. The influence of these parameters on droplet size is also determined. The results of
the study identify areas for optimization of each disk atomizer parameter and propose a theoretical basis for the design of centrifugal
disc atomizers.

Key words: artificial casing, disc atomizer, seeds, spraying, drops.

BBenenue

,U,J'IFI nony4vyeHna BbICOKOIro ypoXKas XOpPOLIEro KadyectBa H606X0,CI|I/IMO MCMo/b30BaTb COBPEMEHHbIE, Bbl-
COKO3(h(heKTMBHbIE CNOCOObLI NPeLnOCcCeBHON 06paboTKM ceMsH. OLHUM U3 TaKUX CNoco60B ABMSETCA CNOCO6
CO3/aH1s NCKYCCTBEHHOM 060/104KM Ha MOBEPXHOCTUN CEMSIH — JpaXKUPOBaHUE.

TexHoMornsa co3faHnsa UCKYCCTBEHHbLIX 0060/I04EK Ha NOBEPXHOCTU CeMSAH (MHKPYCTUPOBaHWME N ApaXu-
pOBaHI/Ie) NMeeT 6O0NbLLIOK noTeHunan B MNMoBbILLEHNN ypo>|(a|7|HO0TVI MHOTUX CeTbCKOXO03AMCTBEHHBIX KYy/lb-
TYP. He,qOCTaTOK MUKPO- N MaKpPO3/IEMEHTOB B NMOYBE KOMNEHCUPYETCA UCKYCCTBEHHbLIM UX HAHECEHNEM Ha
MOBEPXHOCTb CemsaH. Hanbonee akTyanbHa Takas 06paboTka A/ CEMSH, UMEIOLLMX HEOOMbLLYO HOPMY Bbl-
CeBa, TaKMX Kak paric, CBekna, Kykypysa u gp. [2, 7, 8, 10].

[N nonyyeHNs KauyeCTBEHHbIX LPaXXMPOBAHHbLIX CEMAH HEOOXOAMMO MCMOb30BaTh APHEKTUBHOE 060-
PyAOBaHVe Mo3BO/IAIOLLEE CO3AaBaTb PABHOMEPHYHO 060/104KY Ha cemeHax. pu MCronb30BaHUM TEXHOSO-
rM NOCTENEHHOr0 HacNavBaHWs 060/104KN, BaXKHbIM 3Tanom B NPOLLECCe CO3AaHNs UCKYCCTBEHHO 060M104-
KW SIBISIETCS 3Tan pacnblieHns CBA3ytoLelt xuakoctu [1, 2]. OT paBHOMEPHOCTM HAHECEHMUS XKULKOCTU Ha
CeMeHa 3aBMCUT KauyecTBO NOJy4aeMoro CEMEHHOro fpaxe. B npouecce fpaxXmpoBaHWs XXMAKOCTb pacrbl-
NAETCA Ha MENIKME Kan/in, KOTOopbIE NPUINNAaKOT K NMOBEPXHOCTU CEMAH. 3arem ,CI,O68.BI'IF|eTCFI CyXOI7I MOPOLLOK.
|_|OCKOI'Ibe NMOBEPXHOCTb CEMAH BNadKHadA, NMOPOLUOK NpunnaeT K noBepxHOCTU CEMSAH, o6pa3yﬂ cnoi uc-
KyCCTBEHHOI 060/104K/ Ha NMOBEPXHOCTM ceMeHu [1, 2].
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[ns pacnblieHns XUAKOCTM B MPOLIECCe CO34aHNSA UCKYCCTBEHHBIX 060/104eK NPUMEHAKOTCA Pas/inyHbIe
TexHonornu. Hambonee yHMBepcasbHON U APHEKTUBHOM TEXHONOTMEN pPacnblIeHNs XUAKOCTU ABNSETCS
1Cnosb30BaHMe BpaLLaroLerocs gucka [3, 9].

TexHonornsa LeHTPo6eXHOro pacnbliieHUs nNpeobpasyeT XUAKOCTb B MeJIKMe Kar/v ¢ NOMOLLbIO BbICOKO-
CKOPOCTHOrO BpaLlaroLLerocs avcka. Ee 0CHOBHOe NpevMyLLEecTBO 3aK/IH04aeTca B TOM, YTO A1 npoLecca
pacnblieHns He TpebyeTcs co34aBaTb BbICOKOE [aBfeHue B NnojatoLlemM Tpy6ornpoBoe, YTo No3BoNseT -
(heKTMBHO M36eraTb NPo6EMbl 3aCOPEHUS PachblInTeNed, XapakTepHOW ANA TPaaULMOHHOIO pacrblieHns
noj, faBneHuem. VI3MeHsas CKOPOCTb AMCKa, MOXHO TOYHO KOHTPO/MPOBaTb pasmep Karesb. Kpome 3Toro,
LIEHTPOGEXHbIN ANCK NO3BONSAET PacnblifTb BA3KME XMAKOCTY [2, 3, 9].

WccnepoBaHve 3aKOHOMEPHOCTEN BNUAHWA KOHCTPYKTMBHBIX MapaMeTpoB LieHTPOOEXHOro Ancka u pe-
YXMMOB €ro paboTbl Ha pa3mep Karesb >XXWULKOCTU AB/IAETCA BAXXHbIM 3Tarom B OMpeAeneHny ONTUMa/IbHbIX
napameTpoB paboTbl 060PYLOBAHUA U JOCTUXKEHUM MAKCUMa/IbHO KaYeCTBEHHbIX APaXKMPOBaHHbIX CEMSH.

B gaHHOV cTaTbe M3yyeHa MaTeMaTMyeckas MoAe b PacnblIeHNs XUAKOCTA C OLEHKOA BAMSHWA pasnny-
HbIX NapaMeTPOB Ha Ka4YeCTBO pacnblieHns A1 ONTUMU3aLumM 060pyLoBaHuS.

B YO BICXA 6bin pa3paboTaH 3KCNepUMEHTaNbHbI ApaXMpaTop CEeMsiH, NO3BONSAIOLWNIA NPUMEHSTb
Crnocob MocTerneHHOro HacnansaHns 060/104KN 1 CO34aBaTh APaXMPOBaHHbIE CEMeHa Pas/IMyHbIX CefibCKO-
XO03INCTBEHHbIX Ky/bTyp. Ha aKcneprMeHTalbHOM ApaxupaTope 6b1In NnosyyeHbl paXXMpoBaHHbIe CeMeHa
caxapHOii CBeK/bl, panca n ap. KynbTyp [2, 4, 5, 6]. A1 NoNyYeHMs Ka4yeCTBEHHbIX APaXKMPOBaHHbIX CEMSH
B ApaxupaTope HEOOXOAMMO OMNpesenTb ONTUMa/IbHbIE KOHCTPYKLMOHHO-TEXHOIOMMYECKMe napameTpbl U
peXxKnMbl ero paboTtbl. Kpome 3Toro, B npouecce akcnayatauum 060pyAoBaHns HeobxoarMo NpoBOAUTb 3p-
FOHOMWYECKME M3MEHEHWS 1 ero ONTUMU3ALMI.

[nsa NocTpoeHUs MaTeMaTUYeCcKO MOAENN pachblIeHNs XUAKOCTU LeHTPOOEXHbIM AWMCKOBLIM pacrbl-
NNTENIeM, OCHOBaHHOWN Ha MHXXEHEePHOW MpakTuKe N MeTofax 06paboTKu rmapoMexaHunky, 6blin onpejene-
Hbl CriefyroLve npuHumnel [9]:

1. XKnpKocTb ABNAETCA HECKUMAEMOWN HbIOTOHOBCKOMW YXUAKOCTbIO, TO €CTb M/IOTHOCTb XXMAKOCTM OCTa-
eTCA NOCTOSIHHOM Ha NPOTSHXKEHUW BCEr0 NPOoLecca TeYeHUA U He MEHAETCS BO BPEMEHW U MPOCTPaHCTBe, YTOo
obecneunBaeT COXpaHeHWe MacChl XWAKOCTM B MOAENN U CNYXWUT OCHOBOW /19 MOC/NeAYHOWero aHaimsa
ahpekTa pacnblieHus.

2. MocKonbKy MeToA, pacrblieHns GUCKOBOro PacrblNTENs — LLEHTPOOEXHbIN, LLeHTPo6eXHas cuia AB-
NAETCA OCHOBHOW ABWXKYLLIEV CUNOI B npoLecce pacnblieHuns. [103ToMy BUSHUE NOBEPXHOCTHOMO HaTsKe-
HUS 1 BA3KOCTM XXUAKOCTU He y4MTbIBaeTCs B npouecce aHanmsa. OfHaKo B peasibHOM npouecce pacrbliie-
HWSt NOBEPXHOCTHOE HATSHKEHME U BA3KOCTb XXMAKOCTMN ABNAIOTCS 06LEKTUBHBIMM U BANSAIOT Ha 3PMEKT pac-
nblneHns. Ytobbl chenatb CO34aHHYHO MaTeMaTUyecKyto Mogenb 60/ee COOTBETCTBYIOLLEN (haKTUYECKOMY
pacnblieHN0, B OKOHYaTe/IbHYH MOZeNb HEO6X0AMMO BBECTU MOMPaBOYHbIA KO3(h(ULMEHT. MonpaBoYHbIii
KO3(DULUMEHT — 3TO MapameTp, KOTOPbIA YUUTLIBAET BIMSIHWE TaKUX HeyYTeHHbIX aKTOpPOB, Kak MoBepx-
HOCTHOE HaTsHKeHMe U BA3KOCTb. OH KOPPEKTUPYeT MaTeMaTUYeCKyt0 MOZLeNb, YTO6bl NPpU6AN3UTL pesy/b-
TaTbl NPOrHO3MPOBaHMA MOLENN K (haKTUUeCKOMY 3(h(heKTy pacrblieHuns.

3. XKupkocTb paBHOMEPHO pacnpejesneHa B LeHTpasibHOW 06/1aCcTy, C paBHbIMU PacXojaMn B KaXA0M Ka-
HaJsle 1onacTu, YTo M03BO/ISET U3beXxaTb NOMeEX B MOAENN, Bbl3BaHHbIX CMELLEHHbIM NOTOKOM. Bosee Toro,
MOTOK B KaHasie ionacTu ctabuneH. BennmunHa v HanpaeneHne CKOPOCTM B KaXKA0M TOUKe NPOCTpaHCTBa 3a-
BUCAT TO/IbKO OT NPOCTPAHCTBEHHOIO MOIOXKEHMS.

4. T10CKO/bKY LeHTPOOEXXHOE YCKOPEHME, BO3HMKAtOLLLEe B MPOLIECCe PacrblfeHWs, 3HaYUTENIbHO MpPeBbl-
LLIaeT YCKOpPeHVe CBOOOAHOIO NafeHus, BAIMSIHWE CUMbl TSHXKECTU Ha TPAeKTOPUIO XXMAKOCTU U MPoLecc pac-
MblIEHNS MUHMMaNbHO, MO3TOMY B/IMSIHUEM CU/bI TSHXKECTU NPeHe6peraem.

Mocne TOro, Kak XXnAKocTb NOCTYNaeT B LEEHTP AUCKA C MOCTOSHHBIM PacXofoM Yvepe3 TpyoKy Ans noga-
UM XKUAKOCTKU, OHA CHayana 06pasyeT KOMbLEBYIO M/IEHKY YXUAKOCTW B FOPU3OHTA/IbHOM CeYeHUU LieHTpa
amcka. Mpu BpaLleHny AncKa ¢ NOCTOSHHOW YI/I0BO CKOPOCTbIO XXMUAKOCTb NOA AeACTBUEM LIEHTPOOEXHOM
CW/Ibl MHEpLMK OBWKETCA K Kpato. [LoCTUrHYB nonacTeid, OHa pa3feniseTcsa IoNacTsaMm Ha HeCKO/IbKO MOTO-
KOB, KOTOpble NOCTYNakT B BeepoobpasHble KaHa/lbl. B ropn3oHTaibHOM 06/1aCTW NOTOK XXMUAKOCTW YCKOpPS-
eTca paguanbHO BAOMb KaHanoB fionacTei. Mpu 3TOM BbICOTa /IONACTW OCTAeTCA NOCTOSHHOM, a Nowaib
CeyeHMs NoToKa U3MEHSETCS TO/IbKO B 3aBUCUMOCTY OT PaguasibHOro NonoxeHus. Mpy BXO4e B HaK/TOHHYHO
061acTb BbICOTA /IONACTN NOCTENEHHO YBENMYMBAETCA B 3aBUCMMOCTY OT pPafnaibHOro NosoXeHus 6naro-
[iaps HaK/IOHY Hapy)Xy BEPXHEN 1 HUXHEN KPOMOK aucka. Kpome TOro, Hak/IoH nonacTeld Co34aeT onpeje-
NEHHbIV YroN C ropu30OHTa/IbHOW MI0CKOCTBI, CO06LLas MOTOKY XXMAKOCTU OCEBYHO COCTaBAOLLYIO CKOPO-
CTW. BHYTpK KaHana NoTOK XXNAKOCTU HENPePbIBHO UCMbITLIBAET AENCTBME LIEHTPOOEXHOW CU/ibl, HaKan/m-
Bas KMHETUYeCKyHo 3Hepruto. [JOCTUrHYB Kpas AMCKa, CKOPOCTb NOTOKa NOCTENEHHO yBeNMYMBaeTCS B pa-
ON&IbHOM HanpaBNeHUN [0 MakKCUMasbHOro 3HauveHusi. Korga noToK XXUAKOCTWM OTXOAMT OT Kpas [4UCKa,
AncbanaHc Mexay uHepumel 1 NOBEPXHOCTHLIM HATSHXKeHMEM MPUBOAUT K APO6IEHMO XMAKOCTH. [NepBo-
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Haya/lbHO 06Pa30BaBLUMECS HUTW XWAKOCTY NOA AENCTBMEM CONPOTVBNEHMS BO3M4YyXa pacnafatoTcs Ha Kan-
N, B KOHEYHOM MTOre 06pa3ys 061ako Karnesb [3, 9].

OcHoBHasI YacTh

Hamu npegnaraetcs TeOPETUYHECKMIA METOL UCCNef0BaHUA BAUSHWUA KOHCTPYKTUBHbLIX U AUHAMUYECKNX
napameTpoB AMCKOBOrO pacnblINTeNs 418 UX ONTUMMU3ALMM C LieNblo NOMYYeHNs Ka4yeCTBEHHOrO pacnbiia B
npoLiecce Co3AaHNs NCKYCCTBEHHbIX 060/104EK HA NOBEPXHOCTU CEMSH.

Ha puvc. 1 npeacTtaBneH LEHTPOOEXHbIN AUCKOBbIN PacnblINTe/lb, KOTOPbLIA UMEET paguyc U TONLWUHY

BO BCeX ceyveHusX. Bo Bpems paboThbl OH BpallaeTCs BOKPYT LeHTPa/IbHON 0CU CO CKOPOCTbI0 . OH UMeeT

[BYXC/OMHYIO CTPYKTYPY: LeHTpanbHble 00/1aCTN BEPXHETO U HUXKHETO AUCKOB FOPU30HTa/bHbI, pasge/ieHsbl
paccTosiHMeM U UMeT paguyc . Kpasi AMCKOB HakK/MOHeHbl HapyXKy, 06pa3ys yron ¢ ropu3oHTa/IbHOM
M0CKOCTbIO.  HAaKMOHHbIX JIONAaTOK paBHOMEPHO pacnpesenieHbl Mexay AByMs Auckamu, obpasys Beepoob-
pasHblil NPOTOYHBIV KaHa1 NOA YINIOM K FOPU30HTa/IbHOM NNOCKOCTU. BnyCcKHOe 0TBEpPCTUE A5 XKUAKOCTH
pacnosioXXeHo B LIEHTPE BEPXHEr0 AMCKa, Yepe3 KOTOPbIN XUAKOCTb NPOoTeKaeT ¢ pacxogom . [ocne nona-
JaHus B LeHTpasIbHYH0 06/1aCTb Yepe3 KaHas OHa YCKOpsSieTCs BAO/b Beepoobpa3HOro NpoTOYHOro KaHaa
noj, AeCTBMEM LEEHTPOOEXKHO CUAbI, B KOHEYHOM MUTOre pacnblisschk No KpasMm ¢ 06pa3oBaHWeM OAHOPOS-
HbIX Kanefb.

Puc. 1. MpuHUMNManbHas cxema LieHTPOBEXHOr0 AUCKOBOrO pacnbiinTens
1 — BXOfHOE OTBEPCTME A1 XUAKOCTH; 2 — LeHTPaNbHas ropu3oHTa/lbHast 30Ha; 3 — OTBEPCTMA 4151 KPENIEHUs ANCKa;
4 — BepXHUIA ANCK; 5 — HAKMOHHbIE /I0NacTh; 6 — HUXKHWIA AUCK

MOCKOMbKY TONMbKO LiEHTPa/IbHbIA pagnyc BEPXHEro ¥ HUXKHErO AMCKOB FOPU30HTA/IEH, a Kpas HakJo-
HEHbI HapY>XXy Mof, YI/IOM K FOPU30HTaNIN, BbICOTA /IONACTU, MEXAY ABYMS LUCKaMM, MEHSIETCS.
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B ropu3oHTa/bHO 0671aCTI € pagnycom 'S BbICOTA /I0MACTM MOCTOAHHA 1 0603HAYAETCA KaK .
B HaK/IOHHO 06/1aCTW C pagyycoM > BbICOTA /10MACTV U3MEHSETCS B 3aBUCMMOCTU OT paauyca u 06o0-
3HauaeTcs Kak (). VICX0ps M3 reoMeTpUuecKMX COOTHOLLEHWH, BbIP@KEHME AS BbICOTbI /I0MAcTy

NMeeT BUA.
() +2(-)wn 1)
rae - paguanbHas KoopavHaTa NonoKeHus, M.

KaHan nonacTeii nmeeT Beepoo6pasHyto (hopMy MOMepPeUHOro CeUYEHMUs, U ero CTPYKTYpHbIe MapameTpbl
UTPaloT KMHOUEBYH PO/b B MPOMYCKHOW CMOCOGHOCTY XMAKOCTY. B npolecce paboTbl pachbiMTeNs Konm-
YeCTBO M Yro/l HaK/OHa NONaToK HanpsiMyt BAVAIOT Ha paguabHYHo LIMPUHY KaHana nonacTeid, TpaekTo-
PUIO MOTOKA XXWAKOCTW 1 3(hheKTUBHOCTbL MOTOKA. [103TOMY HEOBXOAMMO BCECTOPOHHE PACCMOTPETL U pac-
cumTaThb Nollaab NPOXOAHOr0 CeYeHUs KaHana onacTeil.

MocKonbKy KaHan fonacT MMeeT Beepoo6pasHyto (hopMy MOMEpPeyHoro CeYeHus, To, YUUTbIBas Yron
MEX[y NONacTbl0 U TOPU3OHTANbHON MAOCKOCTbIO, UCXOAS U3 TEOMETPUUYECKUX XapaKTePUCTUK AMCKa,

MO>XHO Y3HaTb, YTO paguasibHas LLUMPUHA S KaHana onpesensaeTcsa Y1CIoM N10naTok n, To ecTb =2 (—/)

B ropu3oHTabHOM 06/1aCTV C paguycoM < 3((eKTMBHaA NOWas MONepeyYHoro CeYeHus MoToKa
XNOKOCTW | paBHa:

L= o COS :2 o sin( / )cos (2)

B HaK/I0HHOW 06M1aCTV C paguycoM > 3((eKTUBHASA MOLLaAb NONEPeUHOro CeYeHMs NoTOKa XUAKOCTH
» paBHa:

o= () cos =[ o+2( - )tan ]M -

rae 1M ,— 3MeKTUBHbLIE M/IOLAAN MOMEPEYHOrO CEeYeHNs MOTOKA XUAKOCTU, 2; C0S — KOCUHYC
yrna Mexmy /onacTblo I FOPU30HTANIbHON MNOCKOCTbIO, UCMO/Mb3YEMbIi ANs U3MEHEHWIA NOLAAN CEUEHMS
MOTOKA, BbI3BaHHbIX HAK/IOHOM /IOMNACTH.

YpaBHEHVE HEPa3PbIBHOCTY, ABMAOLLEECS OJHUM M3 OCHOBHbIX YPaBHEHUIA FMAPOMEXaHMKM, OCHOBAHO
Ha 3aKOHEe COXPaHeHWst MacCbl, KOTOPbINA F1acKT, YTO NPW CTaLOHAPHOM TEYEHUM HEC)KMMAEMOI XNAKOCTY
06BEMHBI pacxop, NPOTEKAKOLWMA Yepes Nto6oe MonepeyHoe CeYeHne B eaviHULY BPEMEHU, OCTaéTCs Mo-
CTOSHHbIM. B npouecce pa6oTbl LIEHTPOGEXKHOTO AMCKOBOIO PacMbIIATENS XKMUAKOCTL MOCTYNaeT B AMCK Ye-
pe3 HeCKO/IbKO Mapas/ieNbHbIX KaHaioB. MOCKO/MbKY reoMeTpuyeckas CTPYKTYpa U YClOBWSt BXOAA XKIAKO-
CTV B KaX[bl/i KaHa/I COrMIacoBaHbl, COTaCHO YPaBHEHWIO HepaspbIBHOCTY, PACX0f B KaXKAOM KaHasne fos-
XeH ObITb Of)HAKOBbLIM. Cie0BaTeNIbHO, MOXHO MOYUYNTb:

= x60x1000 (4)

rae  — 06bEMHBLIN pacxof yepes N060e MOMepeuHoe CeueHne B eavHULY BpeMeHun, M3/c;  — 0BLuii

pacxog yepes UH(Y3NOHHYHO TPYOKY, I/MWH; — KOSIMYECTBO /IONACTEN, LUT.
OrpaHn4mBas ypaBHeHWEe HenpepbIBHOCTU, MOXHO MOCTPOUTL 60Mee TOUHYI0 MaTeMATUYECKYH MOZE/b
419 aHa/IM3a NPOU3BOAUTENIBHOCTY PacnblINTENS B Pa3/IMYHbIX YCNOBUAX IKCNyaTaLuu.

B ropn3oHTa/bHOI 0671acT € pamnycoM < paduasbHas cKopocTb notoka () pasHa:

1( ):_fsoooo-z o sin( / )cos (5)

B Hak/IOHHOI 06/1aCTV C pafnycoM > paguarbHas CKopocTb notoka ,( ) paBHa:

2( ):_2:60000-2 [ g+2( - )tan ] 'sin( / )cos (6)

Mpy BbICOKOCKOPOCTHOM BPALLIEHNN AMCKA XKUAKOCTb HAXOAMUTCS B HEVMHEPLIMANBbHOW cMcTeMe OTCUYéTa.
CornacHo npuHuuny [anaméepa, LEHTPOGEXHaAs CUna MHepPLMM BBOAWUTCA AN NOCTPOEHUS| CUCTEMbI paB-
HOBecws. [INs aHaIM3a XXNAKOCTb MOXHO MOMECTUTb B LIMNMHAPUYECKYIO cucTemy KoopamHat (|, , ), rae
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— pauanbHasi KOOpAMHaTa (0T OCK BPaLLEHMs HapyXy), — OKpYXKHasi KOOpAuHaTa (Yron BOKpyr ocy Bpa-
LeHUsT), a — 0ceBasi KoopanHata (MepneHAnKyIspHas NAOCKOCTY AMCKa), Kak MoKa3aHo Ha puc. 2.

Z
S
N | —

4. (')

0

Puc. 2. (, , ) UMIMHAPUYECKas cMCTeMa KOOPAWHAT

CHavana npoaHa/M3vMpyeM LeHTPOBEXHYIO CUNY, AENCTBYIOLLYIO Ha XUAKOCTb. B LnMAnHApNYeckoi cu-
cTemMe KOOPAMHAT pafuasibHast TOLMHA 3NeMEHTA XMAKOCTM paBHa , a NNOWafb CeYeHNs NOToKa paBHa
(). B aTOM Cnyyae 06bEM 31EMEHTA XKIUAKOCTU MOXKHO BbIPasiTh Kak:

= () (7)

rae  — 06beM aneMeHTa XuakocTn, °: ( ) — MNIOLWafb CeYeHMs MOTOKA XWUAKOCTH, 2,  — paau-
a/ibHaA TO/ILWLMHa 3aneMeHTa XXUAKOCTH, M.
B 310 BpeMs paguanbHas LeHTpo6exKHas cuna , AeNCTBYOLLAs Ha 3NEMEHT XXMAKOCTM, paBHa:
() (8)
roe — paguasnibHas LeHTpo6exXHas cuna, AeNCTBYHOLWAsS Ha 3/eMEHT Xuakoctu, H; — nnoTHOCTb

wuakocty, /3, w—yrnosas CKOpocTb Aucka, /.

[Janee aHam3npyem U3MeHeHWe KMHETUYECKON aHepruu. Mpy pagnaibHOM ABUMXKEHWUMU paboTa LEeHTpOo-
6EXHOI cnnbl NpeobpasyeTcs B NpupaLLeHne KUHETUYECKOA aHeprun. VIHTerpmpoBaHme pagnanbHON LieH-
TPOGEXHOW CUbl AT MOMHYHO PaboTy

B ropusoHTa/IbHOM 06N1acTW paboTa LeHTPOOEXHOM CUbl 1 paBHa:

f — —_—

B HaknoHHOI 06nacTu paboTa LiIEHTPOBEXHOW CUMbl  , PaBHa:

J — ]/ |
— S S

——f () —(-)—(-) w

rae o— HavanbHbIA paguyc XUAKOCTK, NOCTyNatoLeid B KaHan nonatku (Paguyc Bnycka XWAKocTn), M;

1 — paboTa LeHTPOBEXHOIN CUMbl B FOPU3OHTa/IbHON 06nacTu, [xx; , — paboTa LeHTPOBEXHON CUfbl
B HaK/IOHHOI 061acTu, k.

Torpga nonHas LeHTpobexHas pabota  paBHa:

= 1+ (11)

CornacHo Teopeme 0 KMHETWUYECKOI aHeprum, paboTa, COBepLUaeMas LIeHTPOGEXKHOI CIMOIA, paBHa 13Me-
HEHWIO KMHETUYECKOI 3HEPTi K, TO eCTb:
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-A =% (2- Zo)fo () (12)

rae  — CKOPOCTb XXUAKOCTW Ha Kparo AUcKa, / ; o — HadaibHas pagmanbHas cKopoctb, / .
MocKoMbKY Hava/lbHasA pagnaibHas CKOPOCTb MOTOKA (<K , MOXHO NPUBAMKEHHO cunTaTb, YTo  =0.
B aTom cnyuae chopmyny (12) MOXHO ynpocTuTb Ao:

1 R l l
We =3 pvh [ Ay (r)dr (13)

Pa3mep Kannu siBNSieTCst OCHOBHbIM MOKasaTesieM /15t U3MepeHuns adtekTa pacnbineHus. Ee pasmep 3aBu-
CUT OT KWHETUYECKOI SHEPT M N NOBEPXHOCTHOM SHEPr M XMAKOCTY Ha Kparo AMCKa. STa 3aBUCUMOCTb CBSI-
3aHa C LIeHTPOGEXHOI CUIOIA, NNOLLAABI0 CEYEHUS NOTOKA U PacXofoM, NMoyUYeHHbIMU BbilLeE.

Korfa )uaKocTb OTpbIBAaeTCs OT Kpasi AWCKa, KMHETUYECKasi SHeprust ABUXKYLLEACS C BbICOKOW CKOpO-
CTbHO XKMAKOCTW NPEOA0NEBAET NMOBEPXHOCTHOE HATSHXKEHWE U MPUBOAMT K e paspbiBy. DTOT NPOLLECC MOXHO
paccmaTpuBaTh Kak Npeobpa3oBaHme KMHETUYECKOI SHEPT M B MOBEPXHOCTHYO 3HEPTULO Kan/u.

Ecnv NpeAnonoXuTb, YTO Macca Karny paBHa , TO e€ KMHETMYEeCKast 3HeprUs  Ha Kpato AMCKa paBHa:
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= (14)

B npouecce pacnblfeHs XUAKOCTY YBeNMYeHNe NIoLWaaN NOBEPXHOCT NOC/E PacrblfeHNs COCTaBNIseT

A , a yBeNMYeHwe ee NMOBEPXHOCTHOM 3HEPrMM  COCTaB/ISiET:

(15)

roe  — Ko3MUUMEHT NOBEPXHOCTHOIO HATSKEHMS XKMUAKOCTH, ; A — YBenmuyeHve nnowagm no-
BEPXHOCTM XKMKOCTM MOC/e pacrbineHuns, 2.

CornacHo 3aKOHY COXpaHeHWst 3HepPrum, SHepPrus XXMAKOCTM [0 W Noc/e pacrblfeHns 0CTaéTcA HeU3MeH-
HOW, TO eCTb KMHETUYECKast 3Heprmsi  XXUAKOCTW A0 PacrblieHnsi paBHa NPUpPaLLEHNIO NOBEPXHOCTHOW
3HEPrMM  nocne pacnblneHns. MoXHO YCTaHOBUTb CNeaytoLLee YpaBHEHUE:

1
3 (16)

Korpa »uaKocTb CyLLECTBYET B BUAE CM/IOLUIHOM XNAKON MAEHKN UK XUAKUX HUTEA Ha Kpar AMCKa,
MOXXHO MPEeANOOXKNTb, YTO NAOLLAAL MOBEPXHOCTM XUAKOCTW B UCXOAHOM COCTOSHUM OTHOCUTENIbHO Mana
(Hanpumep, ecnun XUAKOCTb 06pa3yeT KOMbLEBYHO XUAKYHO NIEHKY Ha Kpato AWCKa, TO ee M/owazb NoBepx-
HOCTW MPEHeOPEXMMO Masia Mo CPaBHEHMIO C 06LIE NIoLaAbo MOBEPXHOCTM GO/MBLIOIO YMCAa Kanesb,
06pasyoLLmMXCcs Npy Nocneayowem Apo6neHnn).

Mpy ApPOGNEHNM XMAKOCTU Ha Kanau obLas naowaabs NOBEPXHOCTU 3HAYMTENbHO YBEIMYMBAETCA. ITO
yBe/IMYeHWe NnpeacTaBseT co60i NPMPOCT M/IOLLAAMN NMOBEPXHOCTM NOC/Ee pacnblieHns. MOCKONbKY Havasib-
Has MoLWaAb NOBEPXHOCTM NPEHEOPEXMMO Masia, MPUPOCT MIOLLAAN MOBEPXHOCTU NOC/E PacrbIfeHNs Npu-
6/1131TENIbHO paBeH CyMMe MJoLazein NoBEPXHOCTEN BCeX kanenb. Ecnmn npeanonoXuTsb, YTo Kanau, obpa-
3ytoLmecs Npu Apo6aeHNM XXNLKOCTU Ha Kparo AMCKa, MMEKT cepuyeckyto (hopMmy, AMaMeTp BCex Karesb
paBeH , a KOMMYeCTBO Kamelb PaBHO , TO 06Llas nnowaabs MOBEPXHOCTM NOC/ME pacnblieHns COCTaBUT

2. Torpa AN OfHOM Kanam NpupocT MoLLaau NoBEPXHOCTM MOCNE PacribiNeHst COCTaBNT A

A= ? (17)
Ero 06béM paBeH:
- (18)
Ero macca pasHa:
= = - (19)
MogacTasnasa gopmynbl (17) n (19) B hopmyny (16), MOXKHO NOMYYUUTB:
3
% = 2. 2 (20)

[JanbHeilwee ynpolleHne faér:

111



— (21)

O6beamHss hopmynsl (13) 1 (21), nonyyaem:

= (22)

B T0 >e Bpems, yunTbIBasi COBOKYMHOE B/IMSIHWE YI/la HAaKNOHA I0NacTW U Yrna Hak/oHa KPOMKY AMCKa
Ha TeYeHre XXMAKOCTM M NPOLECC pacnblieHns, Hanpumep, N3MeHeHNe Hanpas/ieHNs NOTOKa XXMUAKOCTU 1
naoLWwaay cevyeHUs NoToKa rnog, yriom Hak/ioHa /10nacTu, a Takxke BMSHWE Yra Hak/IoHa KPOMKU UCKa Ha
CKOPOCTb M3MEHEHUS BbICOTbI IONACTK, 3TU (haKTOPbl OTPaXKEHbI B NPeAblAyLLeM BbIBOAE BbICOTbI I0NACTH,
NoLWaAn ceveHms NoToka n T.4. YTobbl KOMNEHCUPOBaTb OTKIOHEHWE, BbI3BAHHOE UITHOPUPOBAHMEM HEKO-
TOpPbIX (DAKTOPOB B MAeasIbHON MOAeNn, 1 NpubAnsnTL pesynbTaTbl MPOrHO3MPOBAHNA MOLENN K UHXKEHep-
HOW MpaKTUKe, AN KOMMYECTBEHHOM OLEHKM 3TUX 3(DEKTOB BBOAUTCS NOMNPaBOYHbIA KoapduumneHT (, )
(6e3pa3mepHas BeMUMHA, NONYYEHHAs NyTeM aHa/M3a 3KCMePUMEHTa/IbHbIX JaHHbIX). B KOHEYHOM uTore
maTemMaTnyeckas MoLenb pa3mepa Kanu, cofepaliias Bce KNoUeBble napaMeTpbl, NONyYaeTcs CrefyoLwmnm
obpasom:
3.(,)
_ () /, O) 23)

1t 2

rge (, )— MOMpaBOYHbIA KOIP(MULMEHT, KOMMNIEKCHBIA (DAaKTOP, KOMIMYECTBEHHO XapaKTepusyoLuil
(haKTUYeCKoe BIMSIHWE HEYUTEHHbIX (DAKTOPOB, TaKUX KaK MOBEPXHOCTHOE HaTAXEHWE, BA3KOCTb U He nje-
aNbHOCTb NOTOKa, Ha pa3Mep Kanesb. 3TO rapaHTUPYeT, YTO MOrPeLLHOCTb MeXJy pPaccuymMTaHHbIM Mo Moje-
NN pa3MepoM Kanesnb ¥ haKTUYECKN U3MEPEHHBIM 3HAYEHNEM HaxXOAWTCA B MPUEMIEMbIX MHXKEHEPHbIX Mpe-
Jenax, obecrneymsas 601ee NOMHYI0 KOPPENALMIO MEXAY CTPYKTYPHbIMU napameTpamu 1 3pheKTUBHOCTLIO
pacnbliieHns. bonee Toro, NPYMEHUMOCTb MOZENN MOXET ObITb pacLuMpeHa MyTem KOPPeKTMPOBKM Napa-
METPOB MOMPaBOYHON (DYHKLMWN 41 KUAKOCTEW € pasnnyHbIMK CBOCTBaMM (Hanpumep, pacTBOPOB MOKPbI-
TUA C Pa3fIMYHbIMU MOBEPXHOCTHBIMU HATSHKEHUAMU WU BA3KOCTHIO). ITOT KOIPMULMEHT LO/DKEH ObITh
onpefeneH aKCnepyMeHTa/IbHbIM MyTeM.

MopcTaensas hopmysbl (9) v (10) B hopmyny (23), MOXHO NONYYUTL CIEAYHOLLYHO YNPOLLEHHYO (hopMmyy:
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W3 aHanu3a hopmynbl (24) BUAHO, YTO 3(h(heKT pacnblIeHNs LEHTPOBEXHOrO AMCKOBOIO pacnbiinTesNs
(OCHOBHbLIM MoOKasaTesieM KOTOPOro AB/SETCA pasmep Kanesb) UMeET 3HAUUTESIbHYHO KO/IMYECTBEHHYHO KOp-
PENIALMIO CO CTPYKTYPHBIMU MapameTpamu, Kak NoKasaHo HUXKe:

— Pagnyc gucka — Bonblumin paguyc AucKa YOOMHSET pafuaibHblid MyTb MOTOKA XWUAKOCTU, YBEINYM-
BaeTCA HaKomM/eHHas paboTa, coBepLlaeMas LIEHTPOOEXHON CUIION, XXMAKOCTb Moy4vaeT 60/bLIYI0 KUHETU-
YECKYH 3HEPruto Ha Kpato, a Kanav nocne ApobaeHns CTaHOBATCS MeJlbye.

— Pagunyc ropunsoHTasibHON o6nact . Mpy yBennyeHUn paguyca ropusoHTaIbHOM 06/1aCTW yBenyMBa-
eTca fons paboTbl, COBEPLIAEMON B rOPU30OHTa/IbHOM 06/1aCTU, N YMEHbLUIAETCA pa3Mep Kanesb; ecnm  61u-
30K K , YMEHbLUAEeTCs 40N HaKNOHHOW 06n1acTu, ocnabeBaeT BAUSHUE WU3MEHEHMSI BbICOTbI /IOMACTU Ha
CKOPOCTb MOTOKa U YBENMUMBAETCA pasMep Karnesb.

— Yucno nonactern  — yBenMYeHUe YKCa flonacTeil YMeHbLIWUT pasmep Kanesb, HO C/ULWKOM 60/bLuoe
3HayeHe Cy3nT BeepoobpasHbIil KaHas 1 YBEIMYMT CONPOTUBNEHME NOTOKY.

— YBe/IMYeHe yrna HaknoHa KPOMKW AUCKa — C YBE/IMYEHMEM  BbICOTa /1I0MacTy YBeNNYMBaeTCs B pa-
OV&IbHOM HanpaB/eHUn, YBeNMUMBas NIoWadb CeYeHUs MoToKa M yMeHbluas pasmep Karnesb. OfHako
CIMLLKOM 60/bLUIOE 3HaYEHME NPUBEAET K YUpe3MepPHOIi 0CEBOW CKOPOCTM XXMAKOCTM, YTO YBENNUNT pa3bpbI3-
rmBaHve Kanefb.

— YBe/IMYeHWe yrna Hak/oHa Ionactu  — ¢ yBeimdeHem  (T.e. No Mepe NpubamkeHns nonacteii K Bep-
TUKaM) oceBas CKOPOCTb XXWUAKOCTU YBEMUMBAETCS, pajnasibHas CKOPOCTb YMeHbLUaeTcs, a paboTta LeH-
TPOGEXHOIN CUMbI YMEHbLLAETCS, YTO MPUBOAUT K YBENMYEHUNIO pa3Mepa Kanefb.

— HavanbHas BbicOTa 1IoNacT o — YBE/IMYEHME HaYa/lbHOM BbICOTbI 10NACTV YBENMUMBAET MoWwaab ro-
PU30HTA/ILHOrO MOTOKA M YMEeHbLUAET pasmep Kanesb. OfHAKO, eCiM o CAULWIKOM BENMKO, NoLWadb ropu-
30HT&/ILHOrO MOTOKA CTAHOBUTCA U30LITOYHOM, YTO 0CNabNseT CONPOTUBNEHME NOTOKY A0 NonajaHns Xua-
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KOCTW B KaHa/lbl /10MacTu. B aTom cyyae faxe He3HauMTeNbHble OTKNOHEHWS B MOMOXKEHUM IonacT MOryT
NPVBECTU K HEPaBHOMEPHOMY pacnpefeneHuto XUAKOCTY MeXAy pasnuyHbIMU KaHasiamu, YTO B KOHEYHOM
NTOre CHVXXaeT PaBHOMEPHOCTL pacrpefeneHuns pasmepa Karesb rnocne pacrblieHns (Kanam KaxyTcs CuL-
KOM KPYMHbIMU B OLHWUX 0611aCTAX U CIMLLKOM MEIKUMU B AiPYTUX).

— CKOpOCTb BpalleHWs Aucka — YBE/IMYEHWE CKOPOCTW BpPaLLEHWs AWCKa 3HAUUTENIbHO YBENNYMBAET
LIEHTPOOEXHYI0 paboTy, CyLeCTBEHHO YMeHblUas pa3mep Kanefb. JTO Hanbonee YyBCTBUTE/bHbIA Napa-
MeTp ANA Yrpas/eHns pasMepoM Karesb. Ha npakTuke perynnpoBka CKOPOCTY MO3BONSET ObICTPO U TOYHO
KOHTPONMPOBaTL pasmep Kaneb.

3akioueHue

MonyyeHa 3aBMCUMOCTb pa3mepa Karesb >XWUAKOT0 KOMMOHEHTA OT KOHCTPYKTUBHbLIX U AUHAMUYECKNX
napameTpoB LieHTPOBEXHOr0 AMCKOBOro pacnblnTens nyTeM CO3A4aHUA MaTeMaTUYecKoii Mogenn. 3ta Mo-
[efb YUMTbIBAET Takve K/IHoUeBble napaMeTpbl, Kak paguyc AMcKa, KoNnyecTBo nonacteid u yron. OHa cBs-
3bIBaeT pasMep Karesib C LIeHTPOBEXHOW CUMOWA, a TakKe BBOAWUT MOMpaBoyHble KoadgpuumeHTsl f(a, B) ans
KOMMeHcauuy NpeHebpeXkeHns NOBEPXHOCTHLIM HATAXEHWEM M CUlaMy BA3KOCTU, TOYHO OTpaXkas (usnye-
CKVe MexaHU3Mbl MPOoLIECCa PacrbleHNs XUAKOCTH.

Pa3mep Kanenb YMeHbLUAETCs C YBE/IMYEHUEM paguyca AucKa , CKOPOCTM AMCKa , KOMMYecTBa /ona-
CTeiA ¥ ropu3OHTaIbHOrO paguyca , W YBEMYMBAETCA C YBE/IMYEHUEM Yr/ia HaknoHa nonacteid . Cpeam
HMX CKOPOCTb AWCKA  OKa3blBaeT Hambosee CyLLECTBEHHOE B/IMSAIHWE Ha pa3Mep Karesib U LO/MKHa paccMaT-
pUBaTLCA KaK OCHOBHOW NapameTp 4/19 yrpas/ieHns paboummuy yCnoBUAMU.

B faHHOM vccrefjoBaHUM NpeAnaraloTca HanpasieHys ONTUMM3ALMU KaKA0ro napameTpa v npefocTas-
NAETCHA TEOPETMYECKass OCHOBA /19 MPOEKTUPOBaHNSA LIEHTPOOEXHbIX JUCKOBbIX PacrnbliNTENeN.
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