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AuHomayus. [lpednoxeHa modesnb yoapHo20 B3aumoOelicmsusi NJ0CKO20 pa-
604e20 3neMeHma 2u0POOUHAMUYECKO20 annapama co c80600HOLU NOBEPXHO-
cmeblo uokocmu. 3adaya 06 yoapHom B3aumodelicmsuu KUOKOCMU U Ha-
KIOHHOU nnacmuHKu csedeHa K Kpaesol cmewaHHol 3adaye 019 Hekomopol
(YHKYUU KOMNNEKCHOU nepemeHHOU, CBA3GHHOU C KOMNJEKCHbIM NOMeHyua-
/oM meyeHus. 3adaya 06 onpedenieHuU NOJIOXEHUSA 30HbI OMPbIBA MeYeHUs
npu yoapHom 83aumodelicmsuu HaKJOHHOU NAACMUHKU U XUOKocmu csedeHa
K pelwleHuo mpaHcyeHOeHmMH020 YpasHeHUSs OMHOCUMebHO KOOpPOUHAMbI
HayasnabHOU MOYKU ompbIBa € ucnosnb3osaHuem opmyn Adamapa — Marznepa.
B wupokom duana3oHe y2n08 HAKIOHA NAIACMUHKU K c8B0600HOU nosepxHocmu
JUOKocmu onpedesieHbl NOSIOXKeHUS 30H UHePUUOHHO20 OmpbiBA MeYeHus, a
makxe 2ud0poOuUHamuyecKue pacnpedeseHHsle U CyMMApHble Xxapakmepucmu-
KU N1IGCMUHKU.

Knioyessle cnosa: yoap, ompsis medeHus, HaAKIOHHAA NAACMUHKA, opmybl
Adamapa - MaHenepa.

BBeneHue U MOCTAHOBKA 3aJauu

MaremaTuueckoe MOJeJUPOBaHNE MHOTUX IIPOIECCOB TUAPOIMHA-
MUKHJ ONMPaeTcs Ha IMOCTAHOBKY M pellleHle KPaeBbIX 3aJau TeOpHHU aHa-
autndecknx ¢Qyuxmuii. IIpum sToM riaasBHO mnpobJieMoOl mcciaegoBaTeeil
SIBJISIETCS TOJIYyUueHMe KOHEUHBIX pellleHuil B aHamuTuueckom Bume. Mccae-
JoBaHMe TUAPOJAMHAMUUECKOTO YIAapHOTO B3aMMOJEMCTBUA OCTAeTCs aKTy-
aJIbHOM B3ajlaueil B CBA3U C INUPOKON NPUMEHUMOCTBHIO €e pPe3yJIbTaTOB
IJIs YIAYUYINeHUSA SKCILIyaTallMOHHBIX XapPaKTEePUCTUK BBICOKOCKOPOCTHBIX
TUAPOANHAMUUECKUX aIlllapaTOB U UX PYJEBBIX YCTPOICTB.

Pamee B pabGore [1] moayueHO aHAJIUTHUUYECKOe peIlleHUe 3amadyu ob
YIAapHOM B3aWMOJAEWCTBUHN KUJKOCTU W HAKJOHHOU ILJIACTHUHBLI, HaXOMId-
melica Ha ee CBOOOJHOU IMOBEPXHOCTU, B BHUIE KBaApaTyp, a CJaedylolnas
paboTra COAEP:KUT YACTHBIA CJaydYail JaHHOM 3ajJaumM [Jsd yrjla HaKJOHAa
maactTuaKu B 450, rae aHaamTHuecKoe peleHne OpeacTaBJIeHO Uepes aJie-
MeHTapHble pyHKIIUN [2].
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IlycTs HaxkJOHHAA ILIACTHMHA IIMPUHBI b pacrojioskeHa oM YIJIOM

O7 pa cBOOOMHOI IIOBEPXHOCTH HEC)KMMAaeMOW HJIeaJbHON KUIKOCTH, Ha-
XOIAIMIecsa B IIOKOe M 3aHuMMaloliein moaymnpocrpanctBo. Ock Oy mekapTo-
BOII cUCTEMBI KOOPAMHAT, KAaK M PaHbIIe, HAIIPaBUM IO HOpMAaJu K He-
BO3MYIIIEHHONM CBOOOJHOU MOBEPXHOCTH KHAKOCTH BHYTPH IIOCJEIHEH, a

ock Ox — BmoJsb cBOOOAHOU mmoBepxXHOCTHU (puc. 1).
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Pucynox 1 - O6yiacTh peleHus 3aJjauyyd ¢ YUeTOM 30HBI OTPhIBA TEUEHUA
IIpenmosiaraercs, 4To B peadyJbTaTe yaapa IJIaCTUHKA HpHoOOpeTaer
CKOPOCTH
V =(U,-wy)i+(V, +w2x)f,
raie U, — mocTynaTresJbHasA CKOPOCTb BAoJb ocu Ox, V, — mocTymnaresbHasd
ckopocTh Brosib ocu Oy, @, — yrioBas CKOPOCTb. BciencTBue Hanudums

OTPBIBA yCJOBHE 0e30TPHIBHOCTU O0TeKAHUSA PAacHPOCTPaHAETCS TOJLKO Ha
yuacTke Koutypa CDE, npuuem moJsoxkenune Touku C 3apaHee HeHM3BECTHO,
1 1IMeeT BU/I

0 = _

op =V-n.

On|epp

Torga gnsa yuactkoB CD u DE zanuniem ciaeayiomninie BbIPaskKeHU I

0 = _ . .

o =V.-n =V, =-U,sinar +V,cosar + o, (xcosar + ysinar),
on|ep "

0 = _ . .

8_¢ =V. f:an:UOs1na7z—V0coscm—a)z(xcosaﬂ+ysma7r).
nDE

Ha cBoOommoii rpanuiie — ocu Ox u yuacTtke orphiBa BC — mmeem
yCJI0BUe paBeHCTBa HYJII0 UMIyJbcUBHOTO AaBiaeHusd ¢ = 0. CiaemoBaTenb-
HO IIOJIYUMJIM CMEIIaHHYI0 3ajady AJs TapMOHMUYeCKOil (PYHKIUU — IIO-

TeHI[HaJia CKOPOCTe! .
Bug dyakmum Toka yy Ha yuyacTke 0Oe3oTpbIBHOro obTekaHus EDC

ornpenesadeTCcda COOTHOIIIeHMEM
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CDZ
w=Uy—-Vyx— > (x2 +y2).
Takum 06pa3oM, B KOMILJIEKCHOI 00JIaCTU 2 = X + iy AJA QYHKIIUU
x=-lw=y-ip
nmosyuaeMm 3amauy Kengerma-Cegosa [3]:

Ha rpanuiie CDE 3amaHa ee HeliCTBUTEJbHAS YaCTh

Re ;(|

w

cDE UOy_VOx_?Z(xz +y2)’

a Ha rpanunax A B, BC, EA , — MHuUMas 4acThb B CAEJIYIOIleM BHJe
Im Z|A_mB =0, Im 7, =0,Im ;(|EAM =0.

AHaJIl/ITl/I‘IECROe HcCccjaeagosanme
,D;JI&'[ IIPOM3BOJIBHOTO yIJla HaKJIOHA IIJIAaCTHMHKHW PEIIeHNe IIOCTaB-
JEeHHOUN 3amgauun ;((t) omnpejgeasercsa (POPMYJION ¢ HEeM3BECTHLIM IIapaMerT-
pom q [1]
x(t) =y (t)-ig(t) =

_ _% (t+q)(t-1) (ILJI {b (U, sin ax - V, cos ax) J, (t) - “’Zzbz (L)l I, (t)}

-a l-«a
(1)

B mpenmosioskeHNU O HAJIWUUYMU TOJBKO OMHOUW 30HBI OTpPhIBa, Hali-

IeM ee IoJioskeHUe (KoopauHaTy ) mo npuHiiuny Oraso [4,5] ¢ ucooabso-
BaHMEM CHHIYJISAPHBIX MHTErpajioB B cMmbicie Amamapa [6,7]. daa aToro

HEOOXOAMMO OIPeJeIUTh IOTeHIMAN TedeHus ¢(¢) Ha ydacTKe Ge30TPHIB-
Horo obrexkanus t=¢+i0, & e(—¢,1). Iockonbky unTerpamst J,(t) u
J, (t) aABnsorcss mHTerpanamu Tuna Kol mo oTpesKy AeiiCTBHTENBHOI
ocu & e€(-¢,1) ¢ momomgeio popmyn ILmemesns-CoxXomKOro Hpu Iepexoe
13 BepXHell IOJIYIJIOCKOCTH B TOUKY &, Ha OTpe3Ke (—q,l) MMOJIyYeHbI BHI-

pakenus pusa J; (&) u J, (&), rae J, (&) n J,(&) — ocobele nHTErpa-

JIbI B CMbICJIe TJIaBHOTO 3HaueHus Kormu [8].

Brimensasa meiicTBuTeNlbHBIE U MHUMBbIE YacTu B perneHun (1), mpu-
XOOUM K CJEAYIONIMM BBIPAKEHUAM A (PYHKINU TOKA U IIOTEHIUAJIa
TeueHUsA Ha CMOUYEHHOU UacTU IJaCTUHKU:
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1-a 1 _ 1-a " b2 l1-a 1 _ 1-a .
w(ﬁo){ﬁ) (50+ a"‘j (1-4) [bUn—“’; [ﬁ} (§0+ an (l—z:o)}
(4)

a)-HEr -8l ) @) -2 (1] )|

l-«a

(5)
roe U, =U,sinar —V,cosar — IpOEKIuA IIOCTYIIaTEeJIbHOU CKOPOCTH Ha
HOpMAaJIb K IIepegHel cTOpoHe miaacTuHKH. OTMeTuM, 4TO BhIpakeHue (4)

ABIIAETCA T'PAHMYHBIM YCIOBHMEM Ha ydacTke (—¢ < &, < 1).

Coryacuo npuHnumny Orazo mpuxoguM K CJIEeIYIOIIEeMY ypPaBHEHIIO
I ompenesieHusA mmapamerpa q [8]

60,0, (-0) - - 12=] o) =0, ©)

Hanee ypaBHenue (6) samuiiieM B BHUAe 3aBUCHUMOCTH KHUHeMaTHuUe-

CKOro TIapamMeTpa A, OT HEU3BECTHOTO ¢
b 2Jd,(—q) (1 - ajl_a
U, Jdy(-9)\ «

Jia puKCcUpOBaHHBIX 3HAUEHMH yrja HaKJOHA MJIACTUHKU o TO-

(8)

n

b

z

CTPOEHBI 3aBCHUMOCTHN KHMHEMAaTHU4YEeCKOI'O IIapaMeTpa K = OT IIOJIOMKE-

HUsS HaAYaJbHOM TOUYKH OTpbIBa ¢q . Hpem;:e BCET0, CpaBHEHMNE IIPOBEAECHO

JJIA TeX 3HAUEeHU yrJjia HaKJIOHa IIJNIaCTMHKM, Kor'Ja BO3MOMHO IIOJIYUUTH
TOYHOE aHaJUTHUUYEeCKOe pPellleHurue 3amadymn. AJdA caydad TOPU30HTaJIBbHOI'O

yZapa ¢ BpallleHleM BepTUKAJbHON ILJIaCTUHBI (a = 0,5) U cJaydas UHUCTO

BpAIaTeJbHOTO yAapa IJIACTUHBI, HAKJIOHEHHOUW moxa yruaom r/4. Auanu-

THYEeCKHEe PENIEeHNAd N PEeIlleHMndA, IIOJYUYEeHHBbIE€ Uepe3 MHTerpaJbl B CMBICJIE
A,aaMapa, CpaBHUBAJHUCH IIO 3aBHUCHMOCTH KHWHEMATHYECKOI'O IIapaMeTpa

U, .
K = —2 oT mososkeHus HaUaJIbLHOW TOYKM OTphIBa ¢/b. Pesynbrarsl pac-

w,b
YeTOB AJs BePTUKAJIBbHON IJIACTUHKHU IpeJCTaBJIeHBl B BHUJe rpaduka 3a-
wb 1
BHCHMOCTH KHHeMaTHUeCKOro mapamerpa A = i oT 0e3pa3zMepHOTro

0

ISSN 1562-9945 91



3 (116) 2018 «CucreMHBIE TeXHOJOTHH »

reoMeTpuUYecKoro mnapamerpa . IIpm cpaBHeHUHW Pe3yJIbTATOB C AaHAJIUTHU-
YEeCKUM peIlleHHeM II0JYy4YeHO II0JHOe coBmajgeHue [8].

HasbHeHINMnii KaueCTBeHHBIN aHaan3 (POPMbI KPHUBOU 3aBHUCHUMOCTU
KHMHEeMaTUYeCKOro ImapamMerpa A OT MOJIOXKEHUSA TOYKHU OTPhIBA IIPU HU3Me-
HeHNHU YyIja HaKJOHA IIJIACTUHKU IOKAa3hbIBAeT €e HeM3MEeHSIEeMOCTH IIO
CpPaBHEHHMIO ¢ 3aJaueil yzapa Cc BpalleHuEeM BePTHKAJbLHOU IIJIAaCTUHKHU. K
TOMY K€ IIpU 3HAUEHHAX KHHEMATUYECKOTO IapaMeTpa, MEHBIINX MUHU-
MyMa (QYHKINU, peajnu3yeTcs PeXKHUM C OJHOM 30HOW OTphIBa. 3HaUEHUeE
MUHHMYMa (QYHKIIMU C YMEHBIIIEHHNEeM yTIJia HaKJIOHA IJIACTUHKYU He3HauYu-
TeJbHO YMEHbBIIIaeTcsA, YTO YKas3bIBaeT Ha CYy:KeHUe MHOKeCcTBa 3HauYeHUM
KHMHeMaTUYeCKOro mapaMeTrpa A OTpbIBa, IPU KOTOPBLIX peaM3yeTcs Tede-
HUe ¢ OmHOU 30HOI. /[ HEeKOTOpBhIX 3HAUEHUI yIja « IIOCTPOeHBI I'pa-
(uKu, yKasaHbl OCOOEHHOCTM 3aBUCHMOCTH KHNHEMATHUYECKOTO IIapaMeTpa

A=A(g), Bcrysae K=0u o — 0 [9].
Ins ompefeleHHs HMIYJILCUBHOTO JaBJeHHUA Ha CMOUEHHOH IIO-
BePXHOCTH TBEPJOro Tejla HCIOAb3yeM (HopMy.Ty

P, =—pp(&), & € [-¢.1], 9)
raoe p — IIJIOTHOCTH XKUIAKOCTH, a IIOTeHIIraJI Ol'[pe,Z[eJIHETCH KaK MHMMMad

yacTb QyHKNuu (1) u Torma B Oe3spasMepHOM BHAe MMIIYJILCHUBHOE JaBJie-
HUe 3aIlliCchiBaeTcs B (popMe caeayIolnero BhIpaKeHUs

p-to oG 00-8) (15 ] |4@)-) @] selen
(10)

HOCTpOGHBI I‘pa(l)I/IKI/I 3aBUCHMOCTH HMMIIYJIBCHUBHOI'O OaBJIEHUA OT

GespasMepHOl KoopawHATH & = £/b s (QUKCUPOBAHHOTO 3HAUEHUS KU-

HeMaTHU4YeCKOT0 IlapaMeTpa. BbIZleleHbI 0COOGEHHOCTH IIOBeIeHUS MaKCH-
MAaJbHOTO HMITYJILCUBHOTO JaBJIEHWS B 3aBUCHUMOCTH OT YyrIJjla HAKJOHA
IJIACTUHKY M OT KMHEeMaTUYecKOoro mapaMeTrpa: npu (GUKCUPOBAHHOM 3Ha-
YeHUHU yrJia HAaKJOHA IJIACTUHKHU MaKCHUMaJbHOEe MMIOYJIbCUBHOE HaBJIEHIE
BO3pacTaeT OT CBOETO 3HAUYEHUSA IPU MpeAebHOM 3HAUEHUHN KHUHeMaTHhue-
CKOTO ITapaMeTpa J0 CBOeTO 3HAaUeHUs MPU CTPeMJeHUN KUHeMaTU4eCcKOTro
mapamMeTpa K OTpUIIATeNbHOI 6GeCKOHEUHOCTU; TPW (PUKCUPOBAHHOM 3HA-
YeHUUW KWHEeMaTUUYeCKOro IapaMeTpa MaKCUMaJIbHOe 3HaueHUe WMITYJIb-
CUBHOTO JaBJeHWS MOHOTOHHO YOBIBAeT NPU YMEHBIIIEHWU yTJia HaKJOHA
miractuaku or 900 mo 10 [10].
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Hajiee mpoBegeHbl pacueThbl KOd(MGUIIMEHTOB IIPUCOEINHEHHBIX MacC

A1 s yrioB HakJoHa miactuaku o = 90°, 600, 450, 300, 100 u 10

IIpY [pe/eIbHOM B3HAYEHNU KHUHEMATHYeCKOro mapamerpa A, , ¥ 1Opu

suauenusax A =0,5;0; —1; —2; —100. I'padpuk ogHON M3 TAKUX 3aBHCHMO-
CTell IIpeacTaBJIeH Ha puc.2.

OnpeneneHne IOJs CKOPOCTel BHYTPH 00JaCTH, 3aHATON KUIKO-
CThIO, IIPOBOAUM COTJIACHO (popMy.Jie:

dw .dy di

—=v, v, =i—=-—,
dz v dt dz

: dz _ .,
rage y =—iw — XapaKTepucThuecKas (DYHKIIAS TeUYeHHA U 7 F'(t) -

IIPOMBBOAHASA OT QYHKIIMYU KOH(GOPMHOTO IIpeoOpasoBaHMUA.
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Pucynox 2 - 3aBucumocTh Koa()pUIIeHTa IPUCOEINHEHHON MacChl Ai1 OT

yIJIa HakJoHa miacTuHku o’ maa A =0

Ecan HOpMasipHAdA KOMIIOHEHTAa CKOPOCTH U, Ha ydacTKe 6e30T-
PBIBHOTO OOTEKAHUS OIPEHe/sijach M3 MPAHNYHOrO YCJIOBUSA, TO IJIA IOJIY-

YeHHUs KacaTeJIbHOI KOMIIOHEHTHI U, HCIOJb3yeTcA Ipolleaypa auddepeH-

o

IUPOBAaHUSA IOTeHIMAala ¢ BJOJb KOHTypa U, :a—, rae KoopAwmHATa S —
S

IJIWHA IyTU BAOJL KOHTYpA ILIACTUHKM, IPU €e OTCUeTe OT TOUKHU E.
ITockoBKY TOTEHIMAJ (¢ B IPOIlECCE PEIeHUSA OIPeResIAJICA Iep-
BOHAYAJbHO B IIJIOCKOCTU t Kak (DYHKIUS IlepeMeHHOH &, TO CIpaBelJIH-

BO ciieyioIiee BbIpAaKeHUe:
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o =005
0&, 0Os

HopmanbHy0 KOMIIOHEHTY CKOPOCTHM Ha YKas3aHHBIX ydyacTKax Ha-

XoauM I10 (hopmyJie:
)

" on 0s
IlocTpoensl rpauku 3aBUCUMOCTH 0Oe3pasMepHON KacaTeJbHON

(11)

(12)

CKOpPOCTH Us; Ha IepeJHell CTOPOHE IJIACTUHBI U 0e3pasMepHO HOpMAaJb-
HOUM CKOPOCTHU U, Ha CBOOOJHOM IIOBEPXHOCTHU CIIPaBa OT ILJIACTUHBI OT 0es-

pasMepHO# KoopauHatel & = £/b NpM ONpe/ieIeHHBIX 3HAYEHUAX yIya Ha-

KJIOHA IIJJaCTUHKUW « U KMHeMaTudeckKoro mapamerpa A (puc.3, 4).
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Pucynoxk 3 - Pacupenenenue 0Oe3padMepHON KacaTeJbHOU CKOPOCTU
Ha IepeaHell CTOPOHE IIJIaCTHUHBI

II0 KOOpAMHAaTe 9? =¢&/b nns a = 60°mpuA =-1

T T T T T T —x

v, e

a = 60°

a4f A=-1
q=0.35065

E
-14 L L L L L L L L 2
| 15 2 25 3 3% 4 4.5 5 545

Pucynoxk 4 - Pacupenenenue 0e3padMepHON HOPMAaJbHOU CKOPOCTU

Ha CBOﬁOI[HOfI IIOBEPXHOCTHU CIIpaBa OT IIJIaCTHHBI

B 3aBHCHMOCTH OT KOOPAUHATHI & = £/b ana o = 60°mpu A = -1
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BriBoabI

Xopoiliiee coBHajieHre JaHHBLIX AHAJHUTHYECKOTO PeEIIeHuA U pelle-
HUS, MOJYYEHHOro uYepes3 HHTerpajbl B CMbICIe Amamapa, JOKa3bIBaeT
BO3MOKHOCTH IIPUMEHEHUSI IPEeAJOKEeHHOT0 HOBOTO IIOAXOJa B oIlIpeneJe-
HUY XapaKTEPUCTUK OTPBLIBHBIX 30H NPHU yAAaPHOM B3aMMOJEHCTBUU TBEP-
JIOTO Tejla M JKUIAKOCTU. IlosydueHHBbIe pe3yJIbTaThl MATEMaTHUUYECKOT'0 MO-
JeJINPOBAHUS PACCMOTPEHHON CJIOKHOM CHUCTEMBI MOT'YT MCIIOJIB30BAaThLCA B
WH)KEHEePHOII NpPaKTHKe OJIs YTOUHEHHs IIOCTAHOBOK 3aJad, a TaKiKe IJId
KOPPEKTHOU IIOCTAHOBKY 1 PA3BUTUS BLIUKUCJIUTEIBHOIO 3KCIIEPUMEHTa Ha
CTaIuM IIPOEKTHPOBAHMNS M pacueTa pabodMX PeKMMOB pPeabHBIX KOHCT-

PYKTHUBHBIX 3J€MEHTOB.
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