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9PKHH HU3JIaHYBYHA

AnHoTanmmsa. YmOy wmakomaga YXK maxrta To3amam — arperaTMHUHT
TaKOMIJIJTAIITUPUWITAH HWUPUK UQIIOCTUKIApJaH To3aiall CeKIUsICHUa TaxTa
OynakyalapuHd WIIYM OpraHjapAard XapakaThd Hazapuidl TaxJiawin d3Tuiauo, Oy
XapaKaTHUHT WYHaIMINW, TE3JUrd Ba OOIIKa KypcaTKA4WIapura TabCUp O3TYBUYU
KyWwIapHU aHUKJIOBYM TEHIJIaMalap KeATUPUO YUKapUIITraH.

Kaaut cy3nap: rtozamam, OapabGaH, Kus J€BOp, TE3NHK, KAPIIWINK KYy4H,
TEHTJIaMa, TUKJIAHUIT KO3 PUIIUEHTH, TAIIKUI TYBYUCH.

AHHOTamuA. B 3TOM cTaTbe TEOPETHMYECKHM H3Yy4alOCh XapaKTEP IABHKECHHUS
XJIOTTKOBBIX JIETy4eK B pa0OYMX OpraHax B YCOBEPIIEHCTBOBAHHOM CEKIIUU OYMCTKH
OT KPYIHBIX COPHBIX IIPUMECEN XJIOMKOOYUCTUTENBHOIO arperara Y XK, B pe3ynbraTe
YEro BBIBEJACHBl YPAaBHEHHS JECUCTBYIOLIMX CHJ, OIPEICISAIOLIME HaIpPaBICHHUE,
CKOpPOCTb U APYTrYe IMOKA3aTENN IBUKEHHS XJIONKOBBIX JIETYUEK.

KiaioueBble cioBa: ounctka, 6apabaH, HaKJIOHHas CTEHKA, CKOPOCTh, CHJIA
COTIPOTHBIICHHUS, ypaBHEHUE, KO (PHUIIMEHT BOCCTAHOBJICHUS, COCTABJISIONTHE.

Kupum. Ilaxtanu oxumiau Tto3anam arperatu Y XK amanga kKymmaHuinO

KeITMHMOK/Ia, YHJa KO3UKJIMW Oapabanmapw OwiaH Maiina u@IOCIMKIAH TOo3ajall
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OYIMMU Ba KOJIOCHUKIIM MaHXapaJlapu, YyTKalIu edyBuMd OapabaHiap OwiiaH ypairan
appadayid THIUHAPIN HUPHUK UDIOCTUKIAH OYINMHA MaBXYI.

Amanmary maxta XoM ami€éCHHHM TO3aJarMYHUHT aCOCHUN KaMUWJIMTH IIYHJAKH,
YHY MIJIATHII MAalldHAAa TEPWITaH MaxTaHW TO3ajallaa TO3aJalTHUHT MMOTCHITHAI
IOKOpH TO3ajalll camapaJopIuruHi TabMUHIAMaiau, Oy acocaH To3ajall appadaiu
MWIMHAPJIAPUHUHT ~ COHMra OorimMK. Harmkanma  amanmard — To3ajlaruyjiaH
doiinananmaranga Tto3anam S(PpGeKTH yHAa HIUIATUIAIUTaH To3alall appadaiu
IWIMHJIPJIApA COHM OWJIaH derapajiaHaau. byHIaH Tamkapw, WAPUK HOIOCIUKHU
To3ajam OYyIuMHIla WKKATA WYHANTHUPYBUM 4YYTKanu OapabaHiapu MaBxkyn, Oy
KOHCTPYKIMSHU MypaKKaOIamTHpa r Ba SHEPTUs capuHU OIIUPAIH.

IOxopuna xkentupunrannapaan kenu6 ynkuoO, “Paxtasanoat ilmiy markazi” AXK
na wnutad YMKWITaH MalldHaja TEPHJIraH IaxTa XOMamEcuHU HQIIOCTHKIapaaH
To3anam OKMMIKA MamuHacu Y XK HM TaKOMWJUTAIITUPHUIL MAaKCaaul1a WIMHAKW €4YUM
taxng stunau [1].

1-pacMaaru KeJITUpWITaH TO3ajarud cxemacura MyBO(MUK, KYWHITaH MaKcajra
Kyhujgaruda: TapkuOujga Ko3ukKjiu Oapabaniapu OynaraH maiga udIocIMKIapaaH
To3ajall, Xap OWpW appadyaii Ba €4YyBYM 4YYTKajau OapabaHiapliaH, appadaiu
Oapabanapau peBepcuB (Kapama-Kaplid TOMOHTA) aWIaHTUPHUIIHKA TabMHHJIOBYH
TO3ajlalll COHMHU POCTJIOBYM MOCJIamMa, TOPU30HTA IOKOPH KOIKOKJAp Ba KEHUHTH
KO3UKJIU OapabaHiy CeKUUsSHU OMpuHYM OapabaHuWrada YpHATWITaH KUs J€BOpAaH
TAIIKWJI TONTaH aijgaHMa KaHajra sra OyiraH maxTa To3ajaruduaaH Qoiranaimb

SpUILWIAIH,
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1, 10-xo3uksiu 6apabaH, 2-acocuit appaudanu 6apabaH, 3-UIaAMITHPYBYHN YyTKa, 4-
KOJIOCHUKJIM TIaHXKapa, S-pereHepaunus appadanu OapalaH, 6-4uyTKadu e€4yBUd
OapabaH, 7-TycuK, 8-ityHanTupruy, 9-kus nesop, 1 1-typau r03a, 12-udraocauk nHer,
13-pama.

1-pacm. TakoMHWIAIITHPWITAH NAXTAHN HUPUK UJIOCITUKIAPIAH

TO3aJ1a1ll CEKIUSCUHU YPraHWJIyBYM NapaMeTpJIapu KYPCATHJITaH CXeMacHu

Acocuii KHCM. 2-pacmra 3bTHOOp KapaTtamus, Oy epjaa maxra OYyiakdacu y4HIIl
HynmuHUHT oxupuaa Kus aesop (1-pacm, 9-1mo3.) 6unan yupamanu. Kelinaru 6ockuya
naxrta OVIaK4yacCHHMHT KO3UMKIH OapabaHaaH ydKka Oypuyak ocTHIa YYHUO YHUKHIIH
MYaMMOCHHH XaJI KHJIMII Ba XaBO KapIIMIUTHHU XUcoOTa OJiraH XoJa YHU KUl IEBOP
OWlaH TYKHAIITYHTa KaJap XapakaTh KOHYHHUSTIAPUHU Ha3apuil ypraHuiiiad nbopar

Oymasu.
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mg
1-naxra Gynakyacu, 2-Kus J1€BOP
2-pacMm. IlaxTa 0yaakyacuHM KO3UKJ/IM OapadaHIaH aKpajraHiaH KeiiuH
KHS IeBOPra TOMOH XapaKaTu cXeMacu
Kypunaérran xonaT yuyH XaBOHHHI KapIIUJIUK Ky4YWHU Kyiuaaru udozaa 6uian

KEJITUPHUIIT MyMKHH [2, 3]:

Fo=Loacv? (1)

COIIBO3 2

By epza: p — XaBOHH 3UYJINTH, KI/M>;

- A — maxTa OyJIaK4acuHU KYHIaJJaHT KECUMH MaiJIOHH, M

- Cq — €éubom KapmiK KodphUumueHT (a3pouHaMuK Kod(phUImneHT);
- V — naxra O6ynak4yacMHM XaBOTa HHUCOATaH TE3JIUTH, M/C.

CoananamTupuin Makcaanaa KyuuaarmiapHu KUpUTaMu3:

k=2 pAC, )

DOHIM maxta OYJakdacMHUHT KHS JeBOp OWiIaH ydpamiaguraH BakT (tp),

MOMEHTHHH TONaMu3, Oy UIyHH aHrTaTaquk (Y = Yp:
. 1 1k .
y, =V,sin(6)-t, —Egtﬁ _EH(VO sin(9))*t; (3)

by epma: V, — maxta OynmakdyacuHM KO3WKJIW OapabaHmaH y4nO YWKHIIIATH
OOIIJTAHFUY TE3IUTH, M/C;

M — naxTa OyJIaK4YaCHHU MacCacH ,KT;
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t, - maxTa OyIaKkyaCMHU KHsl JI€BOp OMJIAH yYpalluil BaKTH, C.

Ounu 6us ymoy (3) Tenrnaman (tp). ra HUCOATaH eYMIIMMU3 MyMKHH. By (tp,).
ra HucOaTaH KBajpaT TeHIIamMa Oynaad. Ym0y TEHIIIAaMaHWHT €YMMH [axTa
OymaK4acUHU KUS IEBOpra Iy4 KeJraH BaKTUHHU Oepajiu.

bup mapra 6u3 (t,). Tonamus., Ou3 XapakaTHUHI TOPU30OHTaJ TEHIJIAMACH]IaH

(Xp): HUHT TOPU30HTA XOJIATUHU TOMUII yuyH (DONIaTaHUIIMMHU3 MYMKUH. ;
~V, cos(9)-t, — = & 0))’z; 4
Xp - VYo COS( ) ' p EE (\/OCOS( )) tp ( )

[laxta 6ynakyacu Kus eBopra Jiyd kenranaa (tp), BAKT MOMEHTHHH TOIHUII y4yH
0u3 (Xp) JaH (oliganaHaMus Ba TEHITIAMAHU €4aMU3:

DHIU KKs IeBOpTa JIyd KeJraHaa maxra OyJIaKuaCHHUHT TE3JTUTHHH TOIUIT YIyH
(tp) Bakr wmomentmaaru (Vi) TE3NIMKHMHI BEPTUKAN TAIKWI OTYBYUCHIIAH

¢oiiganaHUITIMU3 MYMKHH:
. k .
V, =V,sin(d) - ot, —E(Vosm(e))tp (5)

KI/I}I ACBOpra aAy4d Kejirangaru (VX) TC3JIMKHUHT TOPHU30HTAJI TAIHKWUJI 9TYBYUCHUHU

KYﬁHHaFH‘Ia AHUKJIAINMHU3 MYMKHUH .

V, =V, cos(8) - %thp (6)

OHju O3 Kusl IeBOp OWJIaH y4pallvill BaKTH/Ia MaxTa OYIaKkyaCHHUHT BEPTUKAI
Ba TOPU30HTA Tarkui sTysunnapu- (Vy) Ba (Vy) kuiiMarnapura sramus. Kus nesop
OWwaH TYKHAITaHAa IaxTa OYJaKYaCHHHMHI YMYMHUH TE3JIMTHHU TOIHUII YYYH

[Tudarop Teopemacunan porigamaHUIIMMHU3 MyMKHH:

Voﬁu; = \' ;Xz +Vy2 (7)

By (7) Tenrnama Ou3sra Kus JeBopra Iy KeJrasaa naxra 0yJaKkdacCHHUHT yMyMUH
TE3JIMTMHU aHUKJanra UMKoH Oepaau. Keitmnru 0ockuyaa, maxra OyJIaKk4acUHU KU
JIEBOp/IaH Kaepra cakpalluHy aHUKJIamaup. byHu xan kumuin yuyyH V Te3nuruaaru
naxTa OyJaru xapakaT TpaeKTOpHscUTa HucOaTaH Oypyak ocTua OyaTran Kusi IeBopra

YPWIMIIMHA XpcoOra onamu3, 3ap0a KaTTUK 3Mac, YyHKHU MaxTa OyiaKyacu FOMIIOK
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acocra sra. KenuHr, maxta OYJakyaCMHUHI KHs J€BOpra ypWIraHJaH KEeWMHHIU
TUKJIAHUII OypyarrHU aHUKJIAWIUK, axTa OYJIaK4acuHU KHsl J€BOPAAH TyLUTaHUAAaH
KEeHMH KOOpAUHATanap OUilaH OXUPTU HYKTaHH aHUKJTANMMU3.

Ymby MyaMMOHM Xall KWIMII YYyH T[axTa OYJaKyaCUHMHI XapakaT
TpaekTopuscura HucOaTaH Oypyak OcTUa YpHATUITaH KHsl J€eBOpra TabCUPUHU KYPHUO
yukaMu3. Kymainuk ydyH maxra OVIaKk4aCMHUHI TPAEKTOPHUSICH Ba KHUSL J€BOP
opacuaaru Oypyak (o) ra TCHI SKaHJIUTHHHU TaCaBBYp KUJIAMU3.

Tuknauwum Oypuarnuu ((B)) Oearmmaiimus, (3-pacMm) Kusi AeBOpra TabCUPUIAAH
CYHT, maxTa Oynak4yacu Kusl JeBopra HucOataH HopMman Oynanu. TUKIaHHII

6yp‘laI‘I/IHI/I HUMITYJIC Ba QHCPTUAHUHT CAKJIAHUIIT KOHYHJIApH épz[aMHz[a TOIMWIT MYMKUH.

1 B 2

T

1-maxTa O6ynmakdacu, 2-Kusi 1I€BOP
3-pacm. [IaxTa 6VjJaKyacuHHU KHsl 1€BOPra YpUJraHjaaH CYHI THKJIAHHUII

XapakKkaTtu cxeMmacu

Kus neBopra nepneHIUKyNIsp WyHAIMIIAA WMITYJICHAHT CaKJIaHWII KOHYHH
KylHarnya KeITUPUWINIINA MYMKHUH
mV sin(a) = mV, sin(B) 8)
by epna: V — maxra 6ynakuyacuHu OOIIIAHFUY TE3TUTH, M/C;
V¢ — nmaxra OynakJyacMHU KUS J€BOPTra YpIITaHAaH KEHUHTH TE3ITUTH,

Mm/c.
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Tabcup HyHamumm OYiMYa SHEPTUSHUHI CaKJIaHWUII KOHYHM, arapja Kus

JI€BOPHU KOHCOJ J1e0 TaXMHUH KWJIAIUraH Oyicak, Kyduaaru KypuHuuiaa Oynaau:

%mv2=%mvf+%|m$ 9)

by epna: | — Kust 7eBOpHU MHEPIIMSI MOMEHTH,
w¢ — 3apOajaH KeWHWH KU JEBOPHUHT Oypuak Te3nuru (Oy YM3UKIU TE3JIMK Ba
TUKJIAHUII Oypuaru OuiiaH OOFIIHK).
[TaxTa OynakyacuMHM Kusl J€BOpra ypuiraHJaH KeMUMHTU TUKJIAHUII TE3JIUTHHU

KyHuJaruiapiad TOMHUII MYMKUH

Love- lme2 e (10)
2 2 2
By epma:- K — HbTOH/METp 1a YiMuaHagWraH MATEPUATHHHT  DJIACTUKIHK

(xaTTUKIUK), Kodhunmentu, (H/m)

_3EI

== (11)

by epna:- \(E\) — kust 1eBOp MaTepUATMHUHT JJIACTHKIUK MOJYJIH KYpPCATKUYH,
I1a;

- | — alinanum yKura HucGaTaH KUs A€BOP KECUMHHMHI UHEPLUS MOMEHTH, M*;

- L — Kust J€BOpHU Y3YHJIUTH M.,

- X - Mmerp (M) OwiaH YyiyaHTaH MYBO3aHAT XoOJlaTUTa HUCOATaH.CHUIDKMII
(medopmartus), (m).

(11) TenrnamanaH maxTa OyJIardHu Kusl JCBOpra yprIIraH1aH KeHIUHTY Te3TUTHHA
TOTIAMM3!

v _\/mVZ—kxz _\/mL3\/2—3EIx2
= -

m 3

(12)

mL
Nueprius momentn I KuMs JEBOPHUHT IMAKJIM Ba Maccacura OOFJIUK OViasu.
CopmanamTupuill yayH KHsi IeBOp Oup Xwut Ba TypTOypuak maxnmra sra ned ¢dapas

kninannnk. Keitma

|=$my, (13)
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By epna (my,) — Kust IEBOPHU Maccacw,

(L) - xus 1eBOpPHH y3yHIIHTH.

Kust neBop KOHCOMIM YpHATWITAHJAUTH ca0abnu, allaHuIl MapKaszu
MaxKamJIaHTaH Oyaan, KeHUH KHsl IEBOPHUHT OypUaK TE3UTUHU Kyiuaara Gopmysa
épaamua XucoOaan MyMKHH:

Ou3 oagurad Kus 1eBop Te3nru (wye) cudatuaa udoaaaaHUuII MyMKIH

o=V, S‘”Fgm | (14)

By epna: R — xus 1eBOpHM OFMPIIMK MapKa3uJiaH Maxrta OyiaaKyaCUHU ypUIIHUII
HyKTacuraya oynran Mmacoda, M.
KuitmaTtnapunu kyirau Kyiugarura sra 0yinamMus:

V. sin ?
lmvzzlmvf2+1.imp|_2. f—(ﬂ) (15)
2 2 2 12 R

Keitun, (15) tenrnamanu euuimn opkainud () HUHT KUHMaTUHHM KyHujgaruda

aHUKJIalll MyMKWH OYaau.

12(mvZ-mv/?)R
arcsinﬂ=\/ (mm szmz f ) (16)
p f

XaBo KapIIMJIMTHHHA XUCOoOTa ojiraH XojAa ypKkKa Oypyak ocTHa OTHJITaH IaxTa
OYnmakyaCMHUHT  XapakaTd MYyaMMOCHHHM XaJl KWIMII y4yH OHW3 XapakaT
TEHTJIaManapuaan (ONAAIaHUIMMU3 Ba XAaBO KAPIIWIUK KYYMHUHT TabCUPUHH
XHCOOTa OJUIIUMHA3 MYMKHH.

XAaBOHMHI KapWIWJIMK Ky4HM XapakaT MyHaJuIIWra KapaMa-Kapliyi Ba MaxTa
OYTIaKYaCHHUHT TE3JIMTY KBaJApaTUra IporopIroHal Oyiaam:

F — k2 (17)

Oy epna: V —mnaxTa OyIaK9aCHHUHT TE3JIUTH.
XAaBOHUHI KapIIWIMK Ky4Yd Xapakarra KapaMa-Kapiiu WYyHAUITUPWITAH, IIYHHUHT
y4yH YHUHT KUAMaTu MaHUil.

OHJiu OU3 XapakaT TeHIIamManapuiad GoiljaiaHuIIMMU3 MyMKHH:
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['opusonTan xapakar y4yH, X:
X(t) = X, +V, cos(d)t (18)

Bepruxan xapakar y4yH, y:
y(t) = Yo +V sin(O)t —% gt? (19)

by epna:
- Xo U Yo — YUl iy OONUIaHUIIUAATH KOOPAUHAIAP HYKTacH.
- X(t) u y(t) — BakTHUHT t ra TEHT KUWMaTHIa KOOpAUHATAIAp HYKTacu
XaBOHUHT KapIIWJIWK Ky4UHU XHUcoOra ojlafiuran Oyicak:
{may =-mg —kV? 20)
ma, =—kV’

by epna: ax u ay — MOC paBHIIa TOPU3OHTAI BAa BEPTUKAI WYHAIUIIIATU
TE3JaHUIILIAP.

OHau 6u3 Oy Te3NaHWIUIApHU Kyhuaaruda udoaanammumMmu3 MyMKUH:
a, = _hvx2

" (21)

Ky/2
a, =—g—EVy

0 (V,=V,c0s(0)) Ba (V,=V,sin(0)), udonanapun xucobra oiraH Xojjaa Iaxra

OYJIaKk4acCMHUHT XapakaTuHHU IuddepeHnnan TeHriamajaap TH3UMHHU KyWujaaruda

€3UIIMMU3 MYMKHH
dx

— =V, cos(&
o = Vo cos(9)

ﬂzvosin(e)
o, K @)
= (% 00s(0))

dv,

k . )
TS =-g _E(VO sin(0))

(x(0) = x¢),  (y(0) = yp), M, (0)=V,cos(@))u (V,(0)=V,sin(d)), maprmapra

6I/IHOaH, XdBOHHUHI KapIIWUJINTIHHH XI/ICO6I‘EI oJiraH XoJiga OoNIIaHFAY HYyKTara
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HUcOaTaH TYWIMII HYKTACUHUHI KOOPAMHATAJIAPUHU aHUKJIAIl YYyH TEHIJIamaiap
TU3UMHMHH PAaKaMJIM PaBULIAA €YU MyMKHUH.

Hartmka. Ko3uknu OapabaHHUHT allaHUII TE3JIUrU 7 M/C, maxra OYIaK4acuHU
UIIKajgaHu ko3 uiuenTuH Metamut yuayH 0,3, TYpiau 103aHUHT TETUHUII Oypyaru
15°, ropusonTra Huc6aTaH Kus A€BOPHUHT KUsIUK Oypuarn 20°, Kus 1€BOPHU YUKHII
HykTracuaad macodacu 300 MM, macTtku appadanu Oapaban kus naeBopaaH 400 mm
Y30KJIMK/Ja KoMiamran ae0 xucobyiaran XoJyija pakaMiau Xuco0 Kuiainmk. Xucoo-
KATOOJIAp IIYHU KYpcaTaJuKu, MaxTa OyIakyacu MacTKU appadaid OapaOaHHUHT
yctura 1,2 M/c Te3nukaa Tymaiu. 30Haaa appadain OapaOaHMHMHI Mapka3ujaaH 23
MM Ta ypuiaau. 4-pacMaaru rpagukiard maptiapHi KOHIUpaaurad Hapca 6apaban
Mapkasura kKapab maxra Oyiakdyacu Typiid TE3TUKIap/aa Kaepra TYIIHUIINA Tpauruau

Kypcaraau

) o o wh - =i
= = = < < =
a3

Bapafan maprkazngan Macoda .MM

=
]

]

-10 i} 10 20 0 40 50

JepopHA KRAIHE GYpHard, rpal.
4-pacm. ITaxTa 6y1aKkyacuHu appavyaju 6apadaHHUHT MapKa3ura
HHUCOATAH TYIIMII Maco(acuHH Te3JIMKKA 00FTUKINK rpaduru
4-pacmpaaru rpa@uKIaH KYpUHUO TypuOIUKH, TaxTa OYIaKyacu Kusl I€BOPHUHT
KUSUTUK OypYaruHWHT OIIMINK OwiiaH 6apabaH Mapka3uaaH siHajga Y30KpoK macodara
Tylmagy, KU JAEBOPHUHI ONTHMal KUAIUKIMK Oypuaru 15°, Gypuakuuur ommmim
pyXcaT STWITaH TYIIMII HYKTACHHUHT OFUINHTra oiaub Keiaumm MyMKuH. Kusti meBop
Ownan yupamryB HykTacu 330 MM aH kaM Oyamaciauru kepak Ba 3ap6a xkyun 0,0042
KIC HU TalIKuJ Kujaaau, Oy maxta TapKuOWAaru YUTUTHUHT IMUKACTIAHUIINTA OTHO

KeJIMaiiau.
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XyJoca. ﬁHpHK udrocaukiapaan To3ajall CEKIUSICUIArd MNYHAITUPYBYU
uyTKanu GapabaHnap YpHUra YpHATHJIAIWIaH KUS JEBOPHHHT MakOya Oypuarum 15°
OynraHn MabKyJs, Oy OypyakHUHT OIIWIIK TMaxTa OYJakdyacMHM pyxcaT JTHIITaH
TYIIWII HYKTACUHUHI OFUIIUTA OM0 Kenuuu MyMKuH. Kust 1eBop Ouiian yupamuin
Hykracu 330 man kam Oynmaciuru kepak Ba 3ap6a kyuu 0,0042 krc HM TalIKuI

KuJ1aau, 6y maxra TapKI/I6I/II[aI‘I/I YUTHTHUHT ITUKACTIAHUIINATA OO KGHM&I‘/’II[I/I.
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