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ONPEJEJIEHUE KHHEMATUYECKHUX TAPAMETPOB ITAJIEHUS KAIIEJIb PABOYET'O
PACTBOPA IIECTULIU OB ITPU OIIPBICKUBAHUN C YYETOM U3MEHEHUS
X TEOMETPUYECKUX PABMEPOB

AHHOTanus: Pacuimpenne acCopTHMEHTA IPUMEHIEMbIX HECTHIMA0B M KHUIKUX MUHEPAJIbHBIX yI00peHHii 00yciaB-
JIMBAET HEOOXOAMMOCTb MOCTOSHHOTO COBEPLICHCTBOBAHUS KOHCTPYKIUH PACIbUINTEIIEH, MO3BOISIOMINX CO3/1aBaTh MOHO-
JCIIEPCHBII pachblil U 00€CHeYUTh KaueCTBEHHOE BHECEHUE CPEICTB XMMHU3AIMK NPU HEOOJNBIINX 7103aX U HAaMMEHBIINX
MOTEPSX. AKTYaIbHBIM OCTAETCS BOIIPOC U3YUCHHS ITpOIiecca MaJeHUs Kalellb ¢ M3MEHSIOMIMHUCS FeOMEeTPHUSCKIMHI pas3-
Mepamu. VcenenoBaHus ABHKEHNS Kameldb B BO3JYLIHON Cpe/ie MO3BOJISIIOT OMPEICTUTh CKOPOCTh M KOOPIMHATHI NMaACHUS
Ha 00pabaThIBaeMyI0 IMOBEPXHOCTh, 00OCHOBATh KOHCTPYKUHIO, pa3Mephl, ONTHUMAJIbHBIE PEKUMBI pabOTHl U MapaMeTpsl
YCTaHOBKH PACHbUINTEICH U yCTPOUCTB 3aIUThI (haKesa pachblla OT IPSMOr0 BO3ACHCTBUSA BETPaA, YTO OCOOCHHO BaXKHO Ha
CTaJNU MPOEKTUPOBAHMS KOHCTPYKIHUI pacIbUINTENeH MOeBBIX ONphICKUBaTelell. B cTarbe mpuBeneHO MOAEIHpPOBAHHE
mporecca najieHus Kanejib pabodero pacTBopa NECTHUUIA B COMPOTUBIISIOLICHCS Cpeie ¢ Y4eTOM H3MCHEHHUS HX reoMe-
TPUYECKHX pa3MepoB. [losyueHbl ypaBHEHHE U3MEHEHHS paanyca Kaluld B 3aBUCUMOCTH OT U3MEHEHMsS T'OPH30HTAJIbHOM
HOHCpC'—{HOf/i JABUXXCHHUIO arperara, Q)opMyna HN3MCHEHUA MHTCHCUBHOCTHU y6blBaHI/l$[ KaIlJIi B 3aBUCUMOCTH OT HAYaJIbHBIX
YCIIOBHH ¥ COCTOSIHUS OKpYyKaromiel cpe/sl. [loiydeHa 3aBHCHMOCTh MKy KOI(QPUIIMEHTAMH NIepeMEIIeH s Karlii BJI0JIb
TOPHU30HTAIBHON MOTIEPEYHOH ABIKCHHIO arperaTa OCH U BpeMeHeM, IIPUBEICHEI BEIPasKeHHS U1 H3MEHEHHS pajyca Karl-
JIM B 3aBUCHMOCTH OT 'OPH30HTAJBHOTO MEPEMEIIEHHs U yPaBHEHUSI M3MEHEHUSI CKOPOCTU M BEPTHUKAJIBHOI KOOPIMHATBHI
JBHKEHHS KA oT BpeMeHu. OnpezesieH KOaQPUIMEeHT MaccOOTAaun ¢ HOBEPXHOCTH KallJIM B 3aBUCUMOCTH OT K03 duu-
€HTa COIPOTHUBIICHUS, HAUYaJIBHONH CKOPOCTH; TUIOTHOCTH CPEJIbl HAa TPaHHIE KAIUIH U PAaCTHTEIBHOU CPEbl, MOABEPKEHHOH
00paboTke. Pe3ynbTaThl HccnenoBanns MOTYT OBITH MCIONB30BAHBI B MAIIMHOCTPOCHUH MPH IIPOEKTUPOBAHUH U HCIIBITA-
HUSIX pacubUIUTeNeH U GOPCYHOK, pa3paboTke KOHCTPYKIMI BETPO3AIMUTHBIX YCTPOHCTB (haKeIoB pachbplia pabodnux pac-
TBOPOB MECTHLIUIOB B MOJICBBIX OIPLICKUBATEIISAX, MOACIMPOBAHUH IIPOLIECCA IBHIKCHHS Kallelb C M3MEHSIOIICHCS Maccoii
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DETERMINATION OF KINEMATIC PARAMETERS OF FALLING DROPS OF STANDARD SOLUTION
OF PESTICIDES DURING SPRAYING, TAKING INTO ACCOUNT GEOMETRIC DIMENSIONS VARIABILITY

Abstract: Expansion of range of applied pesticides and liquid mineral fertilizers necessitates continuous improvement
of spray nozzle design, allowing to create a monodisperse spray and ensure high-quality application of chemical agents at low
doses and minimal losses. The issue of studying the process of falling drops with varying geometric dimensions remains sore.
Studies of drop movement in air environment make it possible to determine the falling speed and coordinates on the treated
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surface, to substantiate the design, dimensions, optimal operating modes and parameters of sprayers and devices for protect-
ing the spray cone from direct exposure to wind, which is especially important at the design stage of sprayer for field spraying
machines. The paper presents simulation of process of falling drops of pesticide standard solution in resisting environment,
considering geometric dimensions variability. An equation for drop radius variability depending on the unit motion horizon-
tal transverse variability, formula for variability of intensity of drop decrease depending on the initial conditions and state of
environment are obtained. Dependence between coefficients of drop displacement along the horizontal transverse to the unit
movement axis and time is obtained, expressions for variability of drop radius depending on the horizontal displacement and
the equation for variability of velocity and vertical coordinate of drop movement on time are presented. The coefficient of
mass transfer from the drop surface is determined depending on the resistance coefficient, initial velocity, medium density at
the border of drop and plant medium subjected to treatment. The results obtained can be used in mechanical engineering for
design and testing of sprayers and nozzles, design of wind protection devices for spray cones of standard solutions of pesti-
cides in field sprayers, in simulation of process of drop movement with varying mass.

Keywords: pesticide sprayers, pesticide standard solution, spraying, drop, radius, pattern, axis, velocity, position, dis-
placement, movement

For citation: Kruk I. S., Chigarev Yu. V., Romanyuk V. Determination of kinematic parameters of falling drops of
standard solution of pesticides during spraying, taking into account geometric dimensions variability. Vestsi Natsyyanal nay
akademii navuk Belarusi. Seryya agrarnykh navuk = Proceedings of the National Academy of Sciences of Belarus. Agrarian
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BBenenne. Pa3BuTue cenbCKOX03MCTBEHHBIX TOJIEBBIX OMPHICKMBATEIICH HEBO3MOXKHO 0e3 u3yde-
HUs Tporecca 3PGEKTHBHOTO pacipe/esiecHUus padboyero pacTBOpa MECTULIUIIOB U KUJIKUX MUHEPAIIb-
HBIX YJIOOPEHUI 110 MOBEPXHOCTH, KOTOPBIH BKJIFOUAET HE TOJIBKO TEXHOJIOTHYSCKUE U KOHCTPYKTHUBHBIC
napaMeTpbl PacIbLINTEICH, HO M SKOJIOTUYECKUE aCIEKThl, CBSI3aHHBIC ¢ MaTePUAJIbHBIMU 3aTPaTaMu
U noTepsiMu ypoxkas. JlanHas nmpo0OiiemMa SBIIsieTCsi MHOTOCTOPOHHEH, YTO 3HAUNUTENBHO YCIOXKHSET 3a-
Jlady MOJCPHHU3ALUU CYIIECTBYIONIMX W MPOSKTUPOBAHHUS HOBBIX CPEICTB MEXaHHU3AIMH IPOLIECCOB
XHUMH3AIUU B PACTEHUEBOJICTBE.

O PEeKTHBHOCTh BHECEHUS PAOOUYMX PACTBOPOB CPENCTB XMMHU3AINH B PACTCHUCBOACTBE, Haps-
Iy ¢ APYTHMH TTOKAa3aTeIsIMU ONPEeIeTCs paBHOMEPHOCTHIO paclpeielieHnsl Ipernapara U TyCTOTOH
TIOKPBITHST 00pabaThIBAEMON MOBEPXHOCTH, KOTOPBIE OMPEICIISIOTCS pa3MepaMy Kareidb U 3aKOHOMEP-
HOCTSIMH WX TAJICHHS JI0 TIOJTHOTO OCaXCHUS HA 00bEeKTe 00pabOTKUA. MeXaHU3M OCaXKJICHHS Kalelb
pabouero pacTBopa CJIOKeH ¥ MHOrooOpaseH. Karmis, 0TopBaBIINCh OT BBIOPOIIIEHHON M3 COILIa paciibl-
JUTEISI CTPYH KUIKOCTH, 00JIafasi 3aracoM, KHHETHYECKOM SHEPIHH, 3aME/IJICHHO JBIIKETCS O] JICH-
CTBUEM CHJIBI TSKECTH U CUJIBI COIPOTUBIICHUSI-BO3YIITHOM cpelibl. CIyCcTs HEKOTOPOE BpeMsi, KOTa 3TH
CHJTBI B3aUMHO YPaBHOBECSTCsI, OHA JIOCTHUTAeT KOHEYHOM CKOPOCTH, U JIBUIKETCSI 110 OMPEACICHHON Tpa-
€KTOPHH, MMapaMeTPbl KOTOPOH OMPEICIISTFOTCS HaYallbHBIMH YCJIOBUSIMU UCTEUCHUS )KUIKOCTH U3 COILIa
U COCTOSIHUEM OKPYIKAroIleH cpelibl (BIaXKHOCTh, TEMIIEPATyPa U BOCXOASIIUE TIOTOKH BO3AyXa, HAIU-
gpe Betpa) [1, 2]. UcnapeHne kamenb B YCIIOBHSAX IOJIEBOTO OMPBICKUBAHHUS — CIOXHBIN (DU3MIEeCKUit
nporiecc. OH MPOMCXOIUT HA TPEX DTanax mMojeTa Kameib: Mpu (popMHupoBaHHUY (hakema paciblICHHON
JKUJKOCTH, TIPH UX TaJIEHUU W OCAXKJICHUH U BO BPEeMsI HAXOXKACHUS Ha TIOBEPXHOCTH 0OpabaThiBaeMo-
ro o0bekTa. OnbITAMH YCTAHOBIICHO, YTO TIPU TOHKOM PAaCIbLIE TIPOIECC NCIApEHUs UIET 3HAYUTEIIBHO
ObICTpEe, YeM IPU KPYITHOM, TAK KaK MEHBIINE KAl 00IaaloT OONbIICH YASITbHON MOBEPXHOCTHIO.
Ha ckopocTh 1 Bpems maJieHus Karelb BIHSIOT TeMIIepaTypa ¥ BIaXKHOCTh BO3/yXa, BO3JICHCTBUE Ha-
MIPaBJICHHBIX BO3YIIHBIX TIOTOKOB, B TOM YHCJIC M BETPa, a TAK)KE BBHICOTA YCTAHOBKU PACIIBLIUTEIS
10 OTHOIIICHUIO K oOpalaTsiBaeMomy o0bekTy [1-7]. Mcmosb3oBaHue BOJBI B KAY€CTBE PACTBOPHUTEIIS
aKTHBHOT'O BEIECTBA MperapaTa NPUBOJAUT K TOMY, YTO Karuiu auamerpoM 100 MKM Ipu TeMIieparype
32 °C, BHaskHOCTH BO3yXa 46 % 1 ckopocTH BeTpa 1-2 M- ¢ ' TepsoT ot ucnapenus 50 % macesi [1, 77

Pacmpenne accopTUMEHTa MPUMEHSEMBIX MTECTUIINAIOB M )KHJIKUX MUHEPAIBHBIX YI0OpeHHH 00-
yCIIaBIIMBaeT HEOOXOUMOCTh MOCTOSTHHOTO COBEPIIICHCTBOBAHU S KOHCTPYKIIMH PACIIBLIUTEINEH, T03BO-
JISFOIIUX _CO3AaBaTh MOHOJIUCIIEPCHBIN PACIbUT M 00ECIICUNTh KAYeCTBEHHOE BHECECHUE CPEICTB XUMHU-
3aIiy IPH HEOOJBIINX JI03aX M HAMMEHBIIUX MOTepsx. VcciienoBaHus IBMKCHUsI Kalelb B BO3AYIITHOM
cpezie 03BOJIIOT OIPENeNIUTh CKOPOCTh M KOOPAWHATHI MaJeHUs Ha 00pabaThIiBACMYIO TIOBEPXHOCTD,
000CHOBaTh KOHCTPYKIIMIO, pa3Mephl, ONTHUMAJIbHBIC PEXUMbI pa0OTHI M MapaMEeTPbl YCTAHOBKU pac-
MBUIMTENICH, YTO OCOOCHHO Ba)KHO Ha CTaJUU MPOCKTUPOBAHMS KOHCTPYKIMH pacHbLIMTEICH MoJIe-
BBIX OIPBICKUBATEINIEH.

' MecTunuass: cupasoynuk / B. . Mapteraenxo [u ap.]. M.: Arponpomusaat, 1992. 168 c.
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OnHOM M3 MaoN3y4YeHHBIX SBIISETCS 3a/ada O MOTepe MACCHI Kalelb pacTBOpa B MPOIECCE BhI-
[TOJTHEHU ST TEXHOJIOTHYECKOM ONepanny BHECEHU pabovynX pacTBOPOB CPEACTB XMMHU3ALNHN 32 CUET UX
TEII000MEeHa ¢ BO3AYLIHBIM IMOTOKOM B TIOJIETE OT COIJIa PACHBUIUTENS 10 00pabaThiBaeMOi MOBEPX-
HocTH. Onpeenenne HEKOTOPhIX KNHEMAaTHYECKUX TapaMeTPOB JIBUKEHU S Kallelb MOCTOSHHON MacChl
pabouero pacTBopa MECTUIMI0B PUBEAEHO B padoTax [1, 2, 8, 9]. M3yuenne ABMKEHHS TEI HEPEMEH-
HOI Macchl HadaTo B padortax M. B. Memepckoro [10] n mpomomkeHo BO MHOTHX JIPYTHUX, CBI3aHHBIX
C pa3IMYHBIMU (QU3UYECKUMU 3a7adaMu. MoaennpoBaHNE MPOIECCOB ABHKECHHS Kamelb.C M3MEHs-
oIIeicst Maccoit oTpakeHo B padotax [11-13].

Lenb paboThl — HcciaeA0BaHNE 3aKOHOMEPHOCTEH ABMKEHHS Kareslb pabouero pacTtBopa NecTULu-
JIOB TIpU ONPBICKMBAHUU C YUYE€TOM M3MEHEHHsI MX F€OMETPHUUYECKUX pa3MepoB M MOJIyHeHHE MaTeMma-
TUYECKUX 3aBUCHUMOCTEH, TIO3BOJISIONIUX ONPENCTUTh KHHEMATHYECKHE ITapaMeTPhl Maaroliell Kariu
B 3a/IaHHBI MOMEHT BPEMEHH.

Pe3yabTaThl U X 00cy:xkaAeHne. PaccMOTpuM IBHKEHNE KaIlJIH )KUIKOCTH-MACCOU M, PAANYCOM 7,
BBIOPOLICHHOM U3 COIJIa PACTIBUINTENS B OKPYIKAIOIIYIO CPEAy ¢ HauaJIbHOW FOPU30HTAIBHON CKOPOCTHIO
Vierpr CaMTaEM (OPMY Kl [apo0OpasHO ¢ HaYaIbHBIM PaInycoM 7, . lIpn noneTe Ha Karuio JeHcTBy-
10T cuita Tsokectd G, U cuiia JIOOOBOTO a’pOAMHAMHUYECKOTO COMPOTHBIEHUs Bo3myxa F, [1, 2, 11-18].
Cuna 10060BOTO COTIPOTHUBIICHHS HAIIPABJICHA 110 KaCaTeIbHON K TPAEKTOPHUH T0JIETa B CTOPOHY, TPOTHUBO-
MIOJIOXKHYIO HAIIPABIICHUIO IBUKCHUS, U SIBIISICTCS 3aJaHHOW (QYHKIMCH CKOPOCTH KaIlIH V,:

2 EpsSi 2
Fc :_k)xvK == ; KVK? (1)
S
rae k, = E"p%; & — Ge3pa3mepHbIii KOOQOHUIUSHT COMPOTUBICHHUS ABUKESHUIO KATLIH; P, — INIOTHOCTh

Cpenbl, KM ; S, — IIomaib MONePeuHOTo CeUeH s KaIllu, M .
Cuna TspkecTH, IeHCTBYIONIAs Ha KaIlIio, ONIPENSSSTCS 110 clieayromeil popmyre:

G.=mg

(g — yckopeHHe CBOOOIHOTO TIAJICHUS, M- C °).

CuuraeM, YTO TEpeMEIICHHWE KallJld B Ha-
MIPaBJICHUM JIBH)KCHUS ONPBICKUBATEISI HE3HAYH-
TEIBHBIM, TOTJA IapamMeTpPbl JBM)KEHUS MOXKHO
OTpeNeNiITh B MIOCKOCTH x(z, HAYaJI0 KOTOPOWM
MOMECTHM B TOYKY BbLIETa KaIlJIM M3 COILIA pac-
neututens O (puc. 1).

YpaBHEHUST JIBUKCHUS KaIlId OTHOCUTEIHHO
oceii OyyT UMETh TaKOU BHI:

d S
Ox: my Do _ ——épB E Vix; )
dr 2
dv £9,S,
Ozz m.—<=m g—=2Fy | 3
K T, e ©)

rae v,,, V,, — COCTaBJISIIOIINE CKOPOCTH JBUKCHHS
Kary BroJib oceit Ox u Oz:

v

Vix = Vi SINY,,; Vi, = V COSY,,;

K.

Pa3nenuB ypaBuenus (2) u (3) Ha m,, onTy4um

dex _ ngSK 2.
o 2R
dr 2my
Puc. 1. PacuernHas cxema majcHHs KaIlIM JKUIKOCTH
“ﬂ 8 dez épBSK 2
B BO3JIYIIHO# cpene =9g— Viz -
dt 2m

Fig. 1. Calculation model for a liquid drop in air environment K
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4
VYuutsiBast mapoodpaszuyto Gopmy karnu [1, 2, 12, 13, 19, 20] (o6bem kamu V. = gnrf , TUTOIA b

CCUCHMSI KAl S = anz), 3aBUCHUMOCTH M, = PV, (P, — TNIOTHOCTH pabodyei )KUIKOCTH) TpeodpasyemM
3aBUCUMOCTH K TAKOMY BHUJIY:

dvl(x __E.!pBSK VZ .

dr 20V
dez —g— vaBSK Vx%z'
dt 2p. Vi

Torma ypaBHeHUS ABMKEHUS (2) 1 (3) IPUMYT CIACTYIOIINI BUT;:

e _ 3G 2

Vo 4
dt 8rn @
dVKz 3 CV 2
=g———Vv_, 5
dr & 8 r, @ ©)
rne Cy = Py .
Pk
TIpeanonokuM, 94To paauyc Karim 7, ¢ TCYCHHEM BpeMEHH yObIBaeT mo 3akony [11], Toraa
o

= , 6
N R ©

T7ie 7y, — Panyc KaIln, KOTOPBI COOTBETCTBYET BpeMeHH = 0, T.e. Ha4aIbHOMY BPEMCHH BbLJICTa Kall-
JIX U3 COIIJIA; \y — MHTCHCHBHOCTD YOBIBAaHUS pagnlyca KaIlTH.
3ameTum, uto [1, 2, 9]

dv _ dv dr _ digdi _ rdw dv o
dt  dt dr, /dr..dt hey dre
Torna ypasuenus (4) u (5) ¢ yaetom BoipakeHus (7) mpeodpa3yroTcs K TAKOMY BHY:
2
d C
eV Qe E_Vvlfx -0 )
T, dnc 8 1
2
(Ve 3G o o ©)
o dne 81
HepernuIIeM uxX KakK
d r. C
Dy 3 02 =0; (10)
dr, 8 rly
d 3r. C g,
T A (11)
n , r
0O0603Ha9UM ¢ <V v
r. C T,
f=2 0V Bl (12)
8 vy 1\

Paccmorpum nBukeHune Karu BIOdb ocu Ox. YpaHenue (10) ¢ ydyerom obo3HaueHuit popmy-
ne1 (12) IpAMET CIeay oM BHI:

d k
Vix M ‘vix’
dl"K rK
nIn
dv,, s dr, . 13)
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[locne mHTETpHUPOBAHHUS TTOTYIUM

1 k

_ 1
-——=-—>+C, (14)

VKX 7 o

rae C, — nocrosiHHast nHTerpuposanust. [Ipu HavanbHbIX YCNOBUSX ¢ = 0, 1 = 1, Vi, = Vi TOLYUHM
k 1
G=—1b-—. (15)
2, Vix

[oncrasus Gopmyiy (15) B Beipakenue (14), mosydum BeIpa)XeHUE ISl U3MEHEHUS pajinyca Karliu
BI0JIb Oc OXx B 3aBUCHMOCTH OT TEKYLICH U HA4YaJIbHOM CKOPOCTHU, MapaMeTPOB a3pOJNHAMUYECKOrO
CONPOTHBIICHHS!, HAYAJIBHOTO PALNYCA 7'

3
3CVrK0 Viery Vicr

Re=— : (16)
16\|/rK0 (vaO — V) + 3vava0 CVrKO

W3 Beipaxenus (16) criexyet, 4TO MpH MOJIETE KAllJId €€ PaJnyC YMEHBIIAEeTCs, TaK KaK MpH T0-
JIeTe KAk €€ CKOPOCTh YOBIBAET V., < V. IIpn v,, = 0 mpoucXoauT WONHOE HCIapeHne Kalu, T. €.
Vv
_ _ _Kxg
F, = 0. IIpenmonokunm, 4T0 Npu AOCTHIKEHUH CKOPOCTH Vy, = ¢ Karljisi puoOpeTaeT pa3mMepsl, Co-
v
K,
OTBETCTBYIOIINE 7} = 70, toraa u3 ¢hopmynsl (16) MOKHO MOILyYUTH BBIpAXKEHHE TSI KOOPPUITUEHTA

WHTEHCUBHOCTHU YOBIBaHUS paguyca (Macchl)

9C)Viry

R 17
v 60 (17)

Bepuemcs k ypaBHenuto (14), koTopoe ¢ yueTom. BeipaxeHnus (15) 3anumieM B TakOM BH/IE:

S ey A a8

N

Tak xak

Nmeem

k 1
di = —LT—T b |dr=| Sy 1]+ —— [dx
2 héo o) Vi 25 Vi
W

=[dx. (19)

ky 1 .
— > B=——, TOI/1a BEIpaXeHHe (19) mpumeT crenyromui BUg

I"KO VKxO

0O0603Ha49uM uepe3 4 =

dt B
A(L+yt)> -)+B

[dx (20)
CraenaeM 3aMeHy

l+yt=Z
Otkyna
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AN
de 1 1
—=—,dt=—dZ.
z vy v
Torna neBast yacth ypaBaenust (20) mpeoOpasyeTcs CIenyouuM 00pa3om:
1 dz _ 1 z 1. dz
V' AZ*-A+B Y AZ*-D A ;o D’
A
k 1
r):[eD:A—Bzz—‘Z——
v
R R
———12n
D LZ!’ I<2 Viexg J 0
OGo3uaunm — = N2 i N2 = 0 .
A ky
[IpouHTErprpoOBaB BhIPAKCHUE, TTIOTYUUM
1 V4 1 zZ 1 N+Z
_z 4 % c,. @1

— =—— =- n +
yA® 72 -N?  yA ' N?*-7> 2yd N-Z

[MoxcraBum Boipaxkenue (21) B popmyiry (20), BEpHYBIIUCH K TEPEMEHHOI £

2
ero[ LR }+1+\yt

2 k| 2r2 v
I, 1
LI S —x+C, 22)
L
Ll [ R —1—yt
K( Kx(

(C, — mocTOSTHHASI HHTET PUPOBAHHUS).

2rK20 ( k, 1 3
O603HaUNM 5+ =J n onpeaenum C, U3 HAYATbHBIX yCIoBuUi ripu ¢ = 0, x, = 0:
1 2}’K Vix,
0 0 5
n J+1
LU

C2: .
vk, J-1

23)

IloncTaBum paBeHcTBO (23) B hopmymy (22), mOTyIrIM

2 2
o an+1+\|/t:_ Ty lnJ+1
vk, J-1-wyt vk, J-1

+ X,

N

=X. (24)
vk, | J-1 J+1+yt

Pacnumem BBIPAKCHUC (24) U OMpeaACIinM BpEMs I'OPU30HTAJILHOI'O IMMOJICTA KaIlJIn:

2
T —1-
0 1n[J+1-J 1 wt}

Vh
2
J+1 J-1-wyt _oo
J=1 J+1+ vyt
Hanee ypaBHeHUE NEpENUILIEM KaK
Vh

2
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IToncraBum ypaBHeHue (26) B hopMyy (25), moaydyuM ypaBHEHHE
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W3 maHHOTO paBeHCTBA OMpeneuM Ko3(GOHUIIMEHT MAaCCOOTAaYH C TIOBEPXHOCTH KAIUIH, KOTOPBIHA
Oyzet paBeH

o = 9CVVKXOPK
" 64(W1< - Wc) .

3akaouenue. PaccMoTpeHa Mozenb U3MEHEHHsI pajnyca (Macchl) Karuik pabodero pacrTBopa Iie-
CTULHAA B IIIOCKOCTH XOz B MPEAINOIOKEHUH, YTO HHEPIIUOHHOE NIEPEMEILICHUE B HATIPABJIEHUU JIBU-
JKEHHS arperara He3Ha4MTeNIbHO. V3MeHeHne pajunyca Karli OlpeieseTcss OTHOCUTENBHO OHOM KO-
opauHATHl OX, TaK KaK TOJBKO OJJHO BEPTUKAIBHOE MMaJIeHNE KaTlIA He paccMaTPUBACTC .

B pesynbraTe npoBeIeHHBIX TEOPETUUECKUX MCCIEAOBAHUN MOIYyUYEHO yPaBHEHHE U3MEHEHUs pa-
Jyca Karjid B 3aBUCHMOCTH OT M3MEHEHUSI COCTAaBJISAIONIEH CKOPOCTH BAONb oc Ox. AHANN3 TaHHOM
(hopMyJIBI TOKA3BIBACT, YTO C 3aTyXaHHUEM CKOPOCTH IOJIeTa KaIlJy pajnyc Kamid yMeHbmaetcs. [lo-
nmydeHa GpopMyIia JUIsl oNpeieNieH!s MHTeHCUBHOCTH yOBIBAHMSI KAIUTH, KOTOPAas BKIIOYAET ¢ pajnyc,
Ha4aJIbHYI0 CKOPOCTh M Oe3pa3MepHBI KOA(QQHUIIMEHT CONPOTHUBICHHS OKpyKatomei cpemsl. [lomy-
YeHa 3aBUCHMOCTb MEKIy Kod(duimenTaMu nepemMenieHus Kariu Baoib ocd Ox u Bpemenu ?. [Ipu-
BEJICHO BBIPAKECHUE [JI1 U3MEHEHUs paJinyca Kalid B 3aBUCUMOCTH OT KOOPJAMHATHI X, T.€. TOPU30H-
TaJIbHOTO nepemenieHus. IlpuBenensl ypaBHEHNs 3aBUCUMOCTH U3MEHEHNs CKOPOCTH U BEPTUKAJIBHOM
KOOpAMHATHI JBMKEHUS Kariau oT BpeMeHH. Omnpenened Kod(h(UIIUEHT MacCCOOTAAYH C TIOBEPXHOCTH
Kariy B 3aBUCUMOCTH OT K023(p(uLimenTa conpoTuBIeHHsI, HA4YaIbHOW CKOPOCTH, IJIOTHOCTU CPEAbI Ha
TpaHUIIe KAl ¥ PaCTUTEIHHON CPEeNbl, IOABEPKCHHONW 00paboTKe.

[onyuyeHHble pe3ynbTaThl MOTYT OBITH MCHOJIB30BAHBI B MAIIMHOCTPOCHUH MPHU IPOCKTUPOBAHUH
W UCTIBITAaHUSX PACIbUIUTENeH  (OPCYHOK, pa3padoTKe KOHCTPYKIIUH YCTPOHCTB 3alIMTHI (haKesIoB
pacnbuia pabovnx pacTBOPOB OT BO3JEHCTBHUS BETpa B MOJIEBBIX ONPBICKUBATENSAX, MOACIUPOBAHUH
nporecca NaJeHus Kareib ¢ U3MEHSIOMENHCS MacCOil.

(50)
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