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Kupu

Hapc Oepuil naBoMuaarud TaxpuOanapAaH MabIyMKH, KYNTHHA Tanadanap
busuka Qanuman OepwiraH MacajlaHUHI MIAPTUHU TYHIYHUIIJA MabiyM Oup
KUAMHYIWIMKIApTa yapamaad. Tamaba mMacana mapTHHU TYITyHMAacAaH SUnIll yIyH
Macajga MapTuAa KaTHamaérraH (QU3MK KaTTAIMKIApHU Y3uJa akc STTUPraH
dbopmynaHu TonMIIra xapakat Kwiaaud. by xomnarna ByxKyara KeinaauraH JUaaKkTUK
MyaMMmoJiapJaH Oupu Oepwiran UMK Macanajga kedaérraH (u3uK >kapaéHHUHT
Xa€uii MOJICIMHU TacCaByp 3Ta onMmaciaurugaanp. by xonataa ykurysuu tanadara
OepuiraH MacaJlaHW TYIIYHHO ONHINKA YYyH YW3Ma YM3UITHU Takiaud Kuiasu,
JEKWH 4YM3WITaH 4YW3Ma OpKalu KedaértraH (U3WK Jkapa€HHU TYJIAKOHIIN
TacBUpJall KUWWH xucoOiaHajau. MacalaHu eddill ydyH YU3WITaH 4u3Ma dca
Kapanaétran (Qu3uK >kapa€HHW CTAaTUK KYpUHUIIJATWHA TaCBHUPJAIl MYMKHH
Oynaau, Oy sca kewa€tra (PU3MK >KapaCHHUHT alipuM OHWp XOJATHHUTHHA aKC
aTTUpa onaau. FOxopuaa KeNTUpPWITaH MeNaroruk-IuIakTUK MyaMMOJapHUHT
eunMH cudaTtuga BHPTyal KOHCTYPKTOpJIAp TypKymMHra KuUpyBud Interactive
Physics cumynaropuaan xamaa MathCad pactyp mnakeru doitganaHuinn
XHCOOJIaHaIH.

Interactive Physics cumynstopugan xamma MathCad nactyp maketuman
doiinananran xonna (U3MKABUI MacallalapHUHT IMApTUHU  aHUMAIUs XoJaa
MOJICIIMHU sipaTull Tanadanapra Gu3MkaBuil Macananapra OyjaraH KU3UKUITUHUHT
oprutura onub kenaau. Tamabanap Interactive Physics cumymnstopu Ba MathCad
JacTyp TMaKeTHu OpKalu Oupop Oup QUMK MacajllaHu oOJraH XojjJa YHHU
MOJICJUTAIITHPHUINTa KUpHIagunap. Tamabamap KOMIIBIOTEp MOJCIWHHU sipaTa
TypuO Macanaiap ycTuaa AXIIM 0ol KoTupaawiap, PU3MK MOXHSATHHHU aHriIad
eTauIap XaMja CYnIaJIural MacaTaHWHT (QU3HK JKapa€HUHU KOHJIW KYpPHHHMIIIA
Ky3 ongura kentupaawnap. Harwxkana, Ttamabamap Oepunaérran (u3uK

MacajajlapHyi KUMMHYUIIMKCH3 €UHII Majlakacura ara Oyiauiap.

Ymby manakaBuii 6utupyB mmuMHUHT Makcagu MathCad Ba Interactive

Physics gactyp makeTHHHMHT ¥3Ura XOC XyCyCUsTIapy Ba YHAAH (ONJalaHUITHIUHT



ycnyonapu xamga MathCad Ba  “Interactive  Physics” nactyp mnaketuaan

doiinanann0 macananap €Ml yCyJlapuHy 0aéH KUJIUII.

MathCad pacTyp nakeTHHHMHI y3Ura X0C XyCyCHUAITJIApH Ba YH/IaH
(poiifanaHMIIHUHT yCayOJIapH

3aMOHaBMI ~ KOMIIBIOTEp  MaTeMaTUKacu  MaTeMaThK  XUCOOJapHH
aBTOMATJIAIITUPUII y4yH OyTyH Oup OupiamiTUpuiIraH JacTypud THU3UMIIAp Ba
nakeTJIapHu TakauM 3T1agu. by Tusumnap nuuaa Mathcad oxnuii, erapnuya Kaiita
WIIUIAHTaH Ba TEKIIMPWITaH MaTeMaTrK XUCoOIanuiap TUBUMUIUD.

Ymyman onranga Mathcad — 6y KoMITbIOTep MaTeMaTUKACUHUHT 3aMOHABHI
COHJIM YCYJUIAPWHM KYJUIAIIHWHT YHUKaNI KOJUICKUUACUAMD. Y Y3 MUWra WHJIIap
WYUard MaTeMaTUKAaHUHT PUBOKIIAHUIIM HATWXKACHUJA WHUFWITAH TaxkpuoOanap,
KOouJanap Ba MAaTEMAaTUK XUCOOIIAI yCYJUIAPUHU OJITaH.

Mathcad maxeTn MyXaHAUCIMK XUCOO MIUIAPUHU OaXKapUIll YUyH ACTypHil
BocUTa OYnuO, y mpodeccHoHan MaTeMaTUKIap yYyH MYJDKa/UIaHTaH. YHHUHT
épmamuza y3rapyBud Ba Yy3rapmac mnapameTpid anreopanik Ba auddepeHiman
TEHIVIAMAQJIApDHU  €uull, (DYHKIUSUIApHU — TaXJuWil KWIAII —Ba  YJIQpPHHUHT
HKCTPEMYMUHU U3JIalll, TONWITaH €YUMJIApPHUA TaxJIMJ KWW YUYyH *aJBajuiap Ba
rpadukimap Kypum MyMkuH. Mathcad mypakka® MacanajgapHd €4YdIll YYyH V3
JacTypJiall TUJIUTa XaM dora.

Mathcad wunrepdeiicu WindowsHuHr Oapya pactypiapu uHTedeicura
yxmam. Mathcad umira Tynrypuiranan CyHr YHUHT oMHacu/1a OOIll MEHIO Ba y4dTa
nanen Bocutacu yukaau: Standart (Cranmapt), Formatting (®@opmatianr) Ba Math
(Marematuka). Mathcad wmra tymrasga aBTOMAaTHK paBUIIAA YHUHT HWIITYH
xyxoxkat Qaitmn Untitled 1 Hom Ounan oumnanu Ba yura Workshet (M Baparn)
nevinnanu. Standart (CtanmapT) BocuTanap maHenu Oup Hewa (aityutap OuiaH
UIUIal ydyyH Oylpykiap TYIIaMuHu y3 nuura onanu. Formatting (dopmatiain)
dbopmyrna Ba MaTHIapHH (GopMmatriam OViinda Oup Hewa OyHPYKIapHU V3 HUUTa
onagu. Math (MaremaTuka) MaTeMaTUK BOCHUTAJIAPUHU Y3 WYHUra ojraH Oymuo,

ynmap €paamMuza CHMBOJUIAp Ba OIEPATOpJIApHU XyXoKaT (aitnm oliHacura



KOWNAITUpHII yuyyH Kymnanwnamu. Kyiugarn pacmaa Mathcaduunr oifHacu Ba

YHUHT MaTeMaTHK [MaHe]l BocuTanapu Kypcatuirat (1-pacm):
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1-pacm. Mathcad makeTu oiiHacu Ba yHUHT MaTeMaTHK ITaHE]l BOCHUTAIAPH.

Colculator (KombkymsiTop) — acocuii MaTeMaTHK oOIepalusiap IIa0JIOHH;
Graph (I'padux) — rpadpukinap madnonu; Matrix (Marpuna) — martpuna Ba
MaTpuila onepamnusuiapuau  Oaxkapuin maononu; Evluation (baxomam) -
KUMMaTIIapHu [OOOpHIII OINepaTopd Ba HATHXKAIAPHU YWKAPUIL ONEPaTOPH;
Colculus (Xucobnamr) — muddepeHnpamian, HHTErpaiall, CyMMaH! XHCOOIal
mabmonn; Boolean (ManTtukuii omepaTtopiap) — MaHTUKUH —oOmeparopiiap;
Programming (JlacTypnammupuii) — aacTyp TYy3WIl Y4yH KEpakiud MOIyJuiap
apatui onpearopiaapu; Greek (I'pex xapdaapu) - Symbolik Oenrunmnap ycruaa
UIIUIAII YYyH OorepaTopiap.

MaremaTuk u@oaIapHU Kypull Ba xucoOjam. bounurtanrud xonarna
PKpaHJa Kypcop KpecTuk KypuHuiiga Oymamu. Wdomanu xuputumiga y
KUpUTWIAETTaH udomanu osrawiad ojraH Kyk Oypyakiaud XoJjaTra YTaju.
MathcaduvHr Xap KaHgail OINepaTOPMHU KUPUTHUIIHM Yy4yTa ycyjjaa Oaxkapuiil
MYMKHH:

e MeHI0 OyiipyruaaH ¢oiinananuo;



e KJaBuaTypa TyrmajiapujaH ¢oigananuo;
e MaTeMaTuK maHenaaH Gorgananuo.

VarayBumnapra KuiiMaT OepHml y4yH IOGOpHII  omepaTtopm ="
UNUIaTHiIaau. XucoOjalulapHd aMmajra OIIUPHIN YIyH OJIIMH (QopMylagaru
y3rapyBun KHMMaTJIapu KUPUTWIAIW, KEWWH MaTeMaTuk udoga E3unmd TEHTIIHK
“=" OeNrucy KUPUTHIAIH, HaTkagaa udoaa KuiMaTu Xocu 0ynaau (2-pacMm).

Ommuii Ba MaTeMaTUK HQoOJaJapHM TaxpUpjala MEHI CTaHaapT

Oyiipykmapuman  (Qormamanmiamu. — Taxpupmampjga — KJIaBHATypajaH  XaMm

doiinanaHnuiln MyMKUH, MacajaH

e kecu0 oy — Ctrl+x; Hycxa ojuir — Ctrl+c;
o Kyiinm — Ctrl+v; Oaxapunan 6exkop kuui — Ctrl+z.
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2-pacMm. Ouit MaTeMaTHK U(oaaTapHu XUCOOIaILL.

Mathcad 200 nman opTtuk ¥V3uma KypwiraH (QyHKusiapura sra Oymuo,
yJIapHU MaTeMaTuK udojanapja UIUIATAI YYYyH CTaHJApT MaHesl BOCUTacuaaru
Insert Function (OyHKUMAHM KYHWII) TyrMacura OOFJIaHTaH MYJIOKOT OMHaculaH

dbolnananunagm.



Mathcad Xxyxokatura MaTH KUpPUTHII y4dyH Ooml MeHrogaH Insert—Text
Region (Kyiimmm—Marn wmaiinonu) OyipyruHH  Oepuin  €KH  SXIIHCH
KJIABUATYpaJaH UKKUTAIM KaBUuka () OenrucuHu KUpUTUII Kepak. byHna maTH
MabJIYMOTHHU KUPUTHII YYyH SKpaHJa MATH KUPUTHUII MaWJIOHU Maigo Oynaau.
MaTH KupUTHII MaWJOHWTa MaTeMaTUK HuGOAaHW E3WII YYyH MAaTeMaTHK
MaiJIOHHH XaM KYWWII MYMKWH. ByHUHr y4yH Iy MaTH MaljgoHUAa TypuO
Insert—Math Region (Kyiium—>MarteMatuk MaiijoHN) OyHpyFuHU OepuIln KOsl
by wmaiigongaru KupuTWiIraH maTteMaTuk udopanap XaM OJJIUN KUPUTHITaH
MaTeMaTHK Mai0H KaOu XUCOOIanIHu Oaxapaiu.

Mathcadna  QoiimananyBun  QYHKIUSCHUHM  TY3UII  XucoOJjamuapaa
KyJTaiuInKHA Ba YHUHT S((eKTUBIMruHu omupaan. DOyHKIHUS dYalm TOMOHIA
KypcaTiiuO, YHIaH KEHUH F0OOpHIN orepaTtopu (i=) Ba XpcoOJaHAIUTaH uQozaa
Esunaaun. HWdomana wnuiatunaguraH  y3rapyBud — KaTTAIMKIApU — (QYHKIHS

napameTpu KWinO (QyHKIMS HOMHJIaH KEMUH KaBc nuuaa €3unaau (3-pacm).
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3-pacMm. XucoObianuiapiaa GpoigananyBu QyHKIUSICUHU TY3HUIIL

Juckper y3rapyBumiiap Ba consiapHu ¢opmariaam. Mathcadna nuckper
y3rapyBuwiap J€raHia LUK ONEpaTOPUHM TYLIYHUII Kepak. byHmau
y3rapyBumiiap MabiyM Kajam OujiaH YCyBUM €KM KaMalyBUM COHJIAPHU KETMa-KeT

KaOyn kunaau. Macanas:



x:=0..5. By mynun Ounnupanuku Oy y3rapyBuum KUiIMaTh Katop Oup Heua
Kuitmatnapaup, seau x=0,1,2,3.4,5.

x:=1,1.1..5. bynna 1 — Gupunuu connu, 1,1 — UKKUHYU COHHHU, 5 - OXUPTHU
COHHH OWJIIMPATIH.

x:=A,A+B..B. bynna A — OGupunuu, A+B — ukkuHuu, B - oxupru coHHuU
oW IUpaIy.

Hzox! V3rapyBum JIManmazoHMHM KypcaTHIIIA WKKM HyKTa ypPHHTA
KJIaBUaTypaaaH (;) HyKTa Beprya kuputwiaau €éxku Matrix (Matpuiia) nanenuaaH
Range Variable (uckper ¥3rapyBum) Tyrmacu Oocuiaau. XuCOOJIaHTaH
KUWMAaTHU YUKAPHII YUyH 3ca Y3rapyBUH Ba TEHTJIUK OCITUCUHU KUPUTHII KU (O
Hatwxkana y3rapyBunM KUKWMAaTH KeTMa-KeT jkaaBanjaa unkaau. Macaman, x:=0..5
ned €310, KeMUH X= KUPUTHUII KEPAK.

QdoifananyBud (QYHKIIUSHUHT YHUHT apryMEHTHra MOC KUHMaTJIapuHU
xuco01ab uukapuil Ba Oy KuUWMATIapHU >KaaBail €KW rpaduk KYpUHUIILIA
TacBHpJallla JUCKPET y3rapyBuujapAaH (QoijajaHuIl KyJIalWJMKHU KEITHPAJIH.
Macanan, f(x)=sin(x)-Cos(x) dbyHkius kuiiMatiapuau X HUHT 0 1aH 5 raya Oyiran
KUiiMaTiiapuga Xxucooaml Kepak Oyica, y xojija KyWuaard KAPUTHUIIHH amara
omupui kepak: f(x)=sin(x)-Cos(x) x:=0..5 f(X)=orcas06.

Connapuun ¢opmaraam. Opmarma Mathcad 20 Oenrm  aHuKIMruraya
MaTeMaTtuk udoAanmapHu XucoOjsaiau. XucoOsalml HaTWXKaTapUHU Kepakiu
dbopmarra y3rapTUpUIN y4yH CHYKOHYA KYpPCATTUYMHH COHJIM XUCOO YMKaTUTaH
JKoMra KentupuO, WKKM MapTa Te3-Te3 Oocuilnl Kepak. Hatmkanma conmaphu
dopmarnam Hatwkacu Result Format oitHacu mnaitno Oynaau. ConnapHH
dbopmatnam Kyiugaruiapamp:

e General (Acocuil) — ¥3 xonuma kaOyn kwiuil. COH SKCHOHEHIMAN
KYpHUHULIA TACBUJIAHAIU.

e Decimal (VHmuk) — VHIMK Ky3FalyBuaH HyKTa KypHHHIIIA
TaCBUPJIAHYBYH COH (MacanaH, 12.5564).

o Skientific (Mnmuil) — coH ¢akar mapaxaia TacBHUpiaHaau (MacaiaH,

1.22*10°).



e Engeneering (MyXaHANCIUK) — COHHHHT Japaxacu ¢akaT 3 ra Kappaiu

KWIMHUO TacBUpiaHanu (Macaias, 1.22%* 109).

- Mathcad Professional - [Formatir.mcd] - @E|
@ File Edit W¥iew Insert Formak Math  Symbolics  Window  Help - x

Dl SR Y o B = D & [0ox -] Bl
|Mormal || ial =l ~|B U |===|i=4
E A [ x= [£ < 7] «p #
CoHnap fopmats. a=el" wpoga yuyH L’
General a=2203 x 10t
Decimal a = 22026 466
Engineering  a= 22026 x 107
Skientific a=2203 x 10t

fiz) = sinfz)  DYHKUMA KHAMATRAPKMH Xap ¥MN POpMaTLa YHKapHL
z:=0.53 Engiheeting Decimal
fi5) = fiZ) =
0109 i]
241471103 0.841
909.29710-2 0.9049
14112103 0141
-786.80210-3 -0.7a7
-953.92410-2 -0.9549

3]
]

-
£ >
For Help, press F1 ALTO MUM Page 1

4.pacm.Connapuu popmariaiil Ba KUiMaTiaapHu Xap Xuil opMaja TacCBUpIIaLl.
e Fraction (Kacp) — coH TYyrpu €EKM HOTYFpPU Kacp KYpHUHHIIKIA
TacBUpJIaHAIN.
ConnapHuHT Xap Xui (hapMaTia YUKApWIKIIY KyHugaru 4-pacmaa KeITUPUITaH.
Nxxu yauyamam rpaguk Kypumn. My yngammm GyHKmus rpaduraHu
KypHUIlIl Y9yH KyHUAard nporeaypaiapHu 0axapuIn Kepak.
1.Kaiicu sxoiira rpaduk Kypuin Kepak Oyica, Iy >KOWra KpecTii Kypcop
KYWWJIAIN.
2.Marematuk nanenuHuHr Graph (I'paduk) nanenunan x-y Plot (Mkku ya4oBnu
rpaduk) Tyrmacu 60cuIaau.
3.Xocwn Oynran WKKW yimuamiu rpaduk madsoHura adciuce YK apryMEHTH
HOMH, OpANHATA YKUTA (PYHKIIUSA HOMH KUPUTHIIA]IH.
4.ApryMeHTHUHT OepuwiraH Y3rapuil auana3oHuaa TpadUKHU Kypull Yy4dyH
rpaguk mabJoOHM TalIKapuUCH CHYKOHYada Oocuiaau. Arap apryMEHTHUHT

JAuaria3oH KI/If/'IMaTI/I 6epHJ1Maca, y XO0Jga aBTOMATHUK XOJida apryMCHT JHAIla30H



kuiiMatu 10 nan 10 raya 6ynanu Ba mry auanasonja rpaduk Kypuianu (MacanaH,
pacm 5). I'padux popmaTiHM KailTa y3rapTUpHILI YUyH Ipaduk MaillOHUHU UKKA
MapTa Te3-Te3 CHYKOHYAaHM KypcaTHO OOCHIN Ba OYMIITaH MYJIOKOT OWHAcHIaH
KEpaKkJIM Y3rapuiuiapHu KUJIHII Kepak.

Arap Oup Heua ¢yHKIUsAIap rpadUrdHU Kypuil Kepak Oyica Ba yliap
apryMeHTJIapu Xap Xui Oyica, y xonna rpaduxaa QyHKIusuap Ba apryMeHTIiap
HOMJIapH KeTMa-KeT Bepryia KyWunuO kuputunaau. byHna OupuHum rpadux
OMpPUHYM apTyMEHT OYinda OupuHYM (QYyHKIUS rpad)UrMHA Ba MKKUHYUCH 3Ca MOC

paBUIIIa UKKMHYU apTyMEHT OVin4a NKKUHYM QYHKIUS TpadUriHu TaCBUPIIAi U
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5.pacMm. @yHKIMS rpadUTUHU KypHIL.
Kyiiuna rpaduk ¢opmatu MyJIOKOT OWHACcCH KyHUIMaTapyuHU
oepamus:

1. X-Y Axes — koopaunara ykuHu (opmariam. Koopaumnara ykura
CeTKa, COHJIM KUWMATiIapHU Tpadukra OeNrwiapHd KyWHIl Ba KyHuIarujapHU
YPHATULLI MyMKUH:

e LogScale — gnorapupmuk wmacmTabma VYKra COHIM KHHMATIAPHU

TacBUpJIALL;,

e Grid Lines — un3ukKa ceTkanap KyWui;



e Numbered — koopauHaTa YKu OVitnua COHIAPHA KYHHIIL;
e Auto Scale — con kuiimaTIIap YerapacuHu YKJia aBTOMAaTHK TaHJIAIIL,
e Show Markers — rpadukka 6enru KupuTHII;
e Autogrid — yu3uK ceTKacu COHMHU aBTOMATHK TaHJIAIIL.
2. Trace — ¢ynkuus rpadukiapuau dopmatiam. Xap Oup QGyHKIHS
rpaUTrHHA AJIOXK/IA Y3rapTUII MyMKHH
e um3uk kypunumu (Solid — y3nukcus, Dot — nmynktup, Dash — mrpuxiy,
Dadot — mTpuxyu myHKTUp);
e gusuk panru (Color);
e rpaduk Tunu (Type) (Lines — unsuk, Points — nykranu, Bar €xku SolidBar
— YCTYHIJIH, Step — NoFOHaIM rpaduk Ba OOIIKA);
o uu3uk Kamuuauru (Weight);
e cumMBol (Symbol) - rpadukna xucobnaHran KuiMartiap y4dyH (ainana,
KpPECTHUK, TYFpu Oypyak, poMO).
3. Label — rpa¢uk maiinonu capiosxacu. Title (CapioBxa) maiigoHura
capJoBXa MaTHU KUPUTUIIA]IH.
4. Defaults — Oy xyitnnma épnamuia rpapuK KYpUHHINTA KAUTHII MyMKHH.
Y4 yayamuiu rpadguk Kypuin. Yu ymuamian rpaduk KypHIll y9yH KyHugard
npoleaypajapHu Oa>kapull Kepak.
1.Ukku y3rapyBumian (yHKIHMsS HOMHHH KeWnH (:=) 1000pHII orepaTtopu Ba
byHKuus nPoaCUHN KUPUTHUIIIL.
2.I'paduk Kypui kepak OyyiraH >koira Kypcop Kyiuiaau.
3.Marematuk manenununr Graph (I'padux) manemuman Surface Plot (yu
ymuaminu rpaduk) tyrmMacu 6ocunanu. Ly xoiina yu yayamiu rpaguk madiaoHu
naiio oymasu.
4. 11labnon MaWIOHWAAH TallKapucHUja CUYKOHYa Oocwiaau Ba Tpaduk
KypuJiaJu, MacaiaH, 6-pacM Jam TOMOH.
Wkxku y3rapyBunnu dhyHknus 6yinda rpaduk CUPTHHN KyPUIITHU T€3 KUJIHIII
Makcaauaa OOIKa yCcysn xaM MaBXKyJ Ba y ailpuM Xosutapaa (QyHKIWS CUPTUHU

Ty3ula GyHKIMS MAaCCUB COHJIM KMMMAaTJIapUHU UILIaTad, MacaiaH, 6-pacM yar



TOMOH. byHnail rpadukHM KypHIl y4yH KyWHIard npoueaypaiapHu Oa’kapuiil
KEpak.

1.duckpet y3rapyBumiiap EpaamMuaa MKKM QYHKIUSHUHT Y3rapyBUUCH YUYH Xam
KUIMaTIapUHU KUPUTHIII.

2.MaccuB KUpUTHUII. YHUHT 3JeMeHTIapu GyHKUUS KuiimaTiapu O0ynu0, ynap
Oepuirad QyHKIUSI apryMeHTIapy KUiMaTIapyuIaH TallKul STUIaau.

3.Kypcop kaiicu >xoiira rpadvk KypHuIll Kepak 0yIica 1y )oira Kyiniaau.

4.I'padpuk madaoHUTa GYHKIMS HOMUHA KUPUTHUIIL.

5.11abnoH MaiiloHUIaH TAalIKapucuaa CHUYKOHYa Oocuianu Ba Tpaduk
KypuJiaJu, MacaiaH, 6-pacM YHT TOMOH.
['padux popmaTuHu KaiiTa Y3rapTUpHIN Ba yHTa paHriap Oepull y4yH rpaduk
MalJJOHUHU HWKKHA MapTa Te3-T€3 CHYKOHYaHM KypcaTHO OOCHII Ba OYWITaH
MYJIOKOT OMHAcHAaH KEpakKJIM y3rapuIlJIapHU KWIWII Kepak. by y3raptupwuiuiap

MYJIOKOT OMHacH 7-pacmja OepuiiraH.
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6.pacM. Mkku y3rapyBumnn QyHKIMS rpagUruHU KypUILL
bynapnan tamkapu sitHa Oup KaHya OOIIKAapHUIll 3JIEMEHTIapy MaBxKy. Yiap

rpadukHu  (dopmarianiga KEHr UMKOHUATHU Oepaau. Macanan, rpaduxk



MacCIITa0UHU Y3rapTUPHIL, TPapUKHU alIaHTHpUII, rpadukra aHUMAaIMs OepuIn
Ba Oomka. 7-pacmaa y4 yimdamiu rpadukau popmatiiam oiHacu OepuiraH.
I'paduxHE GOMIKAPUITHUHT OOIIKa YCyJUTapu KyHuaaruiap:

o [paguknu atinanmupuws YHU KypcaTHO CHUYKOHYA YHT TYTMacHHHU OOCHII
OwJiaH aMaira OUIUPUIIAIN.

o [pajuxnu macuwmabrawmupuws Ctrl Tyrmacuau 60cu0 CHYKOHYA OPKAJIH

OakapuIIaJIy.
o [pagukea anumayus Oepum Shift Tyrmacuam Oocum OwiraH CHYKOHYA

OpKaJIk aMaJil'a OIIUpUuIan.

3-D Plot Format g|
Backplanes ] Special ] Advanced ] EuickPlat Data ]
General l Arez ] Appearance ] Lighting ] Title ]
Wi
Rotation: |Eiks f.f.:-::sSltyle

] - ermeter
Til: |35.4 3, O Bz =
Twigt: |349.95 3: " Mone W Show Border I
Zoom: |1.04492 [ Equal Scales [ ShowBox [
Plot 1 }
Dizplay Az
FRAE o Surface Plat T Data Paints " Bar Plat
" Contour Plat © Wector Figld Plat © Patch Plat
0k | OTrEHa | | Cnpaeka |

7.pacm. I'padukau hopmatiant olHaACH.

IHaronaaum Ba Yy3Jaykiaum QyHKUUAJIap udoaanapuaa  WAPTJIAPHHU
uniaTum.  OyHKIuAIapHU XucoOJamiga xamMMa BakKT XaM Y Y3JIyKCHU3
OynmaBepmaiiiu. Aipum xoiulapAa y3yJulira sra Oyiagurad Ba MaroHAIU
(ctyneHuaTtuil) QyHKIUAJIApHU XaM XucoOiam kepak Oymanu. bynpait xosmap
yauyH Mathcad maptinapHu KHPUTHUII YUYH Y4 XUJI YCYJIHUA UIIUTATA/IN:

o if pynkums maptu Epaamuia;
e Programming (nactypnam) nanenuaa 6epuira if oneparopu épaamuna;
e MaHTUKHUH (0yJ1) omepaTopiapHu MILUTATIaH XO0JI/a.
Mucon Tapukacuja OalKaHWHT STHINIIKAA YHUHT CHUJDKUIIMHUA aHUKJIAII

MacasiacuHu Mopa uHTerpanu épaamMmuia XucooJaiHu KapaimMus (8-pacm).



banka srmmm maituma xap xun M1(x) Ba M2(x) ¢yskmusnap Owinan
udoaanaHyBuu UKKHU OYITumMaaH nbopar.
If GyHKIMS IAPTHHU MIIUTATUIITHUHT MPOIEIypacH KyiHuaa OepuiiraH:
1.®Oyuknus HOMUHE Ba (=) 1000pHIIT ONIEPATOPUHU E3UTII.
2.Ctangapt BocuTanap mnanenuga Insert Function (DyHkuusHM KYHUI)
TyrMacuHHM OOCHII Ba KypwiraH GyHKUMsUIap pyWxaTu MyJIOKOT oitHacuaaH if

dbyHkusSHN Tannam, yaaad keiud Insert (Kyitum) tyrmacunum 6ocumn kepak. if
GbyHKIUsACH 11a0JI0HU Y4 KMPUTHII KOMHU/IA TTaif10 Oyaau

3.Kuputui x)oiu TyJIaupuiIaiy.

if dyHKUMACUTa MypoXkaaT Kyiuaarnya 6yiaau:

if (cond,x,y),

Oy epna
cond — mrapt (macanan, X>L1),

X Ba Y (yHKUMSra KalTapuiaaaurad Kuiimatiap.

Arap mapT Oaxkapuiica, y Xo0Jijla KuiiMaT X ra akc XoJijia y ra 000puiiaju.
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8.pacM. Y3nykim QyHKIUTIAPHU XUCOOIAIIA AP TIAPHHA UIIIATHIIL.



Programming (/lactypnam) manenu €pramua IIApTAM ONEPATOPHU KUPHUTHII
yUyH KyWHJaru npoueaypaHu Oaxapuin kepak Oynaau:
1. ®yHKIMsA HOMUHY Ba (:=) FOOOPHIII OTIEPATOPUHU E3HIII.
2.MaremaTuka BocuTanap maHenuaan Programming (actyprnamn) maHenuHu
oun0, y epaad Programming Toolbar (/lactypmiamr nmanenu) TyrmMacu Ba KeHuH
Add Program Line (lacTyp KaTOpHHU KUPUTHUIII) TyTMAcH OOCHIIAJIN.
3.FOxopumarn KUpUTHIL )Xoiura (Kopa TypTOyp4akian) OMpUHYM ydacTKaaaru
STWJIKII MOMEHTH Y4yH udoja E3unaam.
4. Jlactypmam manenmnan If tyrmacu (if omepatopm) Gocmmamu. Hatmkana
KHPUTUII KOWM, Kaepra IIapTHU E€3WI Kepak OYyiraH »xoil maigo Oynanw,
macanal x<L1 éku 0<x<L]I.
S.IlacTkM KHpWUTHII JKOWHWra HMKKMHYM Y4YacTKa YYyH OIWIMII MOMEHTH
KUPUTUIIAAH Ba OVIIUIMK TyrMacu €plaMujia y aKpaTHIaiu.
6.Jactypnam manenuaan Otherwise Tyrmacu Oocunaau Ba IIapT E3WJIa]H,
Macajas, x>L1.

ManTtukuii (0yn) omepaTtopyiapuHd MIUIATUIIAA OepuiiraH KYIIUITyBYH
udoganap Moc MaHTUKHI orepaTopra Kymatupwiaau. MaHTHKUNA omnepaTopJiap
Oyn omepartopnap manenunaH kuputuiaau (Bjjlean Toolbar tyrmacupan). byn
oneparopiapu ¢daxkar 1 €ku 0 kuiimaT KaiTapamu. Arap mapt TYrpu Oyica, y
xoyjga omneparop kuiMatu 1, akc xommia 0 Oymanu. Mantukuit  (0yn)
oTepaToOpJapUHU UIILJIATUIITa MUCOJ §-pacM/ia KEITUPHUIITaH.

KuitmaTiiapau riodan wooopum. CumBosuIn xucoOsamiap. Alpum
y3rapmacniapra riodajil KuiMaTHA OepHIll YdyH KyHUJard mpoLeaypaHu Oaxapuiin
Kepak Oymanu:

1.V3rapmMac HOMH KHPHTHIIAIH.

2.Marematuka mnanenuman Evaluation Toolbar (baxomam mnanenw) Tyrmacu
oocunaau.

3.0umiran  Evaluation (baxosmamr) oitHacugan Global Definition (I'mo6an

aHuK1aIn) Tyrmacu 6ocunaau €ku Shift+~ Tyrmanapu 6apaBap 6ocunanu. bynagai



aHUKJTAHUII Oapua XyxoKaTiap y4yH TabCUp KWJIaau, s’bHU Oapua Xyxokariapia

Oy KMIIMaTHHU UILJIATUII MyMKHH.

Conmn  xucobnanutapaan  Tamkapu Mathcad Oenrwim — (cuMBoOIIIH)

XUCOONalUTapHU XaM aMajira omupanu. by neranu xucoOnanuiap HaTH)KaCHHU

AHAJIMTHK KS'/pI/IHI/IHII[a TaCBUpJalll MYMKHH. MacaﬂaH, dHUKMAaC MHTCIrpall,

muddepennuamiam Ba Oollka Iy KabW MacajajllapHU €4ulllla YHUHT €YUMUHU

aHAJIMTUK KYpUHUIIIA TacBUpiaiau. bynmail onouii cuMBoiu xucoOmanuiap 9-

pacMaa KCITUPUIITAH.
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9-pacm. CUMBOIIITH XUCOOTANLITAPHH OasKapHIIl.
CumBoIHM XHUCOOIaNUIapHA OaXKapuIlia UKKATA aCOCUM BOCUTAa MaBXY/I;
e Symbolics (CuMBOIIIH XHUCOOJIAIT) MEHIOCH;

e Maremaruka naHenuaan SymboliC maneny.

By BocuTanap aHua Mypakkadb CUMBOJUIM XucoOamiapaa Ky ulaHUHWIa . X031p

Aca OJIIMHA CUMBOJIJIM XUCOOJANTHU OaKapUILIHUHT JHT COJ/a YCYJIH, 'hbHU TE3-Te3

UILIATHIAG TypWJIaJnuraH ycyJuiapJaH OUpH - CHMBOJUIM TEHIJIMK Oenrucu (—)

yeyauHu kypub unkamui. Kyiuaa Oy ycyngan (oianaHUIIHUHT KeTMa-KEeTJIUK

TapTUOU OEpHIIraH:
1.Marematuka ma"enuaad Calculus Toolbar (XucoOmam mnaHenu) Tyrmacu

OocuaIn.



2.0umnran manen ouHacugaH Calculus (XucoOmamr) HE TaHmad, aHHKMAc

HHTeraHHHﬁCHqKOanHa/qHKHHHaTHHaﬂHﬁOMHCOHﬁTapHKaCHHa,aHHKMBC HHTCTPAI

KapaJ1asram).

3. Kuputum xoiinapu TYIAupuiIanu, sbHU (QYHKIMS HOMH Ba Y3rapyBud HOMHU

KUpUTHJIaAOU.

4. CuMBoOJUH O€ITH TEHTJIATH (—>) OCITHCH KUPUTHIIATH.

CuMBoOITH XUCOOIAIT BOCUTANIAPH Kangan 1
Bocura [[Tabnon Tavpudu

float e Float, e— CumKyBYM HYKTaHU XHCOOJIAIT

complex e complex, e— Kommiekc con ¢popmacura yTkasui

expand e expand, e— bup Heua y3rapyBUWJIM WAFUHIW, KyITaWTMa
Ba Jlapa)KaHU OYMII

solve e solve, e—> Tenrnama Ba TeHraaManap TUBMMUHU €YU

simplify e simplify, e— Hdbonanapau nxdamaii

substitute e substitute, e#— | Mpomamapuu xucoOamr

collect e collect, e— Onmuii inFMHAMAA TaCBUPJIAHTaH MAJMHOM
KYpUHUIIIArU U(OJaHN UXdaMJIaIl

series e series, e—> Hapaxanu karopnaa udoganu iumt

assume e assume, e—> AHUK KAAMAT ounan 1000puITrad
y3rapyBUMHU XHCOOIAII

parfrac e parfrac, e— Onnuit kacpra udoaanapHu EUUII

coeffs o coeffs, e— [TormaOoM  KOX(DQGUIIMEHTH  BEKTOPHHHU
aHUKJIAIll

factor e factor, e— Ndonanapuu kynaityBumnapra Eiui

fourier e fourier, e— Dype TYFpy AIMalITUPULLNA

laplace e laplace, e— Jlarutac Ty¥pu aliMamITUpUILA

ztrans e ztrans, e— Ty¥pu Z-anMalTupuIL




invfourier e invfourier, e— | dype Teckapu aaMaIITHPHUIIN
invlaplace e invlaplace, e— | Jlammac Teckapu aaMaIITHPUILIH
invztrans e invztrans, e— | Teckapu z-anMamTupuin

M'— o Marpuiaau TpaHCIIOHUPIIALI

Mt el Marpuiiara Mmyposxaat

M| — o| > Marpuiia qeTepMHUHAHTHHHA XHCOOJIa1II
Modifiers Modifier manenuHN YUKapUIIT

Jlumutiaapun xucodaam. Mathcadna numMuTIapHU XUCOOJAITHUHT ydTa
orepaTtopu 0op.

1.Marematuka nmanenuaaH Calculus Toolbar (Xucobmam maHenuw) Tyrmacu
0acuica, Colculus (XucobOumaimn) ma"Henu ouwsiagd. Y €pHUHT MAcTKU KHUCMUJA
JUMUTIAPHA XACOOJIAI OTIEpaTOPJIApUHU KHUPUTHUII YUYH ydTa TyrMadya MaBiKy/I.
YnapHuHT OMpUHHU OOCHIII KEPAK.

2.1im cy3UHUHT YHT TOMOHHMIATM KUPUTHULI )KOHUTa HPOJ1a KUPUTUIIAIH.

3.lim CY3MHUHT OCTKM KHCMHTIa Y3rapyB4d HOMH Ba YHUHT WHTHJIQJUTaH
KUIMaTH KUPUTHIIA]TIH.

4.bapua udoaanap Oypuakiu Kypcopaa €Ky Kopa paHITa aKpaTuiiau.

5.Symbolics—Evaluate—Symbolically (CumBoILIH XHcoOIam—»

baxonam— CumBosun) Oyipykiapu 6epusiiaiu.



=* Mathcad Professional - [Limit.mecd] |
- b4
100k -

=

|s] Ele Edit view Insert Format Math Symbolics window Help
D=l &E v fio B2 = A
Nomal || arial [ B r oul|===|t
B A [ = [ <F 7] af
~

MrarTRapHK Xrcobnaty
(Bapya wdonanapH oNOMHOEH KHPHUTHHT)

=
+
[N

L |

y—pon J-X+ B

H—
ol
>

ALTO MM Page 1

<
Press F1 For help.

10-pacm Tt napHmn xucobrialu

Mathcad arap numMuT MaBxyjn Oyiica, TUMUTHUHT WHTWIUII KAWMATHUHUA
Katapagu. Jlumutinapau xucoOnamra goup mucoiuiap 10-pacmaa KeITUPHUIITaH.

[Ily kabu MareMaTWK aMajUlapHU Xamaa (U3MK MacajlajapHu yuly JacTyp

acocuga CYHII MMKOHMATUIA OIra 65'/JII/IHIII/I.

dusukagan macanajaap eunmga MathCad nacryp nakeruaan goiigajsanun

Harakat davomida nuqtaning qoldirgan izuga trayektoriya deyiladi
Nazarly mexanikaning kinematika bo’limida jismning inertligi va unga ta’sir

etayotgan kuchni hisobga olmagan holda harakatning geometrik xossalarini

o’rganadi.
Kinematikaning asosiy masalasi, jism (nuqta) harakati berilgan holda uning

kinematik xarakteristikalarini aniglashidan iborat.
Uslubiy ko’rsatmada harakat parametrik ko’rinishda berilgan bo’lib,

uning traektoriyasi, tezlik va tezlanish, egrilik radiusi vaqtning muayyan

qiymatida aniglash uslubi keltirilgan.
1 - Topshiriq. Harakati koordinata usulda berilgan nuqtaning, tezlik va

tezlanishlarini aniglash.



Nugta harakati berilgan. Shu M nuqtaning t - ¢,(c) vaqtdagi holatini,

tezligini, urinma, normal va to’la tezlanish, egrilik radiusini aniglash talab

etiladi.

Jadvaldagi masalalarni echish uchun kerak bo’ladigan giymatlar keltirilgan

Variant Ne Harakat tenglamalari t,, ¢
x = x(t), en y = y(t), eu
1 —2t7+3 - 5t 1/2
2 4cos *(xt13)+ 2 4sin *(zt/3)+ 2 1
3 —cos(;r t2/3)+3 sin (ﬂ't2/3)—l 1
4 4t + 4 —4/(t+1) 2
5 2sin (7 -t/3) —3cos (7 -t/13)+ 4 1
6 3t° +2 - 4t 1/2
7 3t —t+1 5t° —5t/3-2 1
8 7sin (7 -t°/6)+3 2-7cos (z-t°/6) 1
9 -3/(t+2) 3t+ 6 2
10 —4cos (7 -t/3) ~2sin (7 -t/3)-3 1
11 —4t’ +1 — 3t 1/2
12 5sin *(7 -t/6) —5cos ‘(7 -t/6) 1
13 Scos(n-t2/3) - 5sin (n-t2/3) 1
14 _2t-2 -2/(t+1) 2
15 4cos (7 -t/13) —3sin (7 -t/3) 1
16 3-t 4.7 +1 1/2
17 7sin *(z -t/6)-5 —7cos *(z -t/6) 1
18 1+3C03(ﬂ~t2/3) 3sin (7zvt2/3)+3 1
19 ~5t7 -4 3t 1
20 2 - 3t-6t’ 3-3t/2 -3t 0
21 6 sin (;r‘t2/6)—2 6cos(;r-t2)+3 1
22 7t -3 5t 1/4
23 3-3t7 +t 4-5t° +5t/3 1
24 —4cos (#t/3)-1 — 4sin (7t /3) 1
25 — 6t -2t — 4 1
26 8cos “(zt/6)+ 2 —8sin *(zt/6)-7 1
27 ~3-9sin(z-t°/6) ~9cos (7 -t°/6)+5 1
28 —4t® +1 ~ 3t 1
29 5t° +5t/3-3 3t? +t+3 1
30 2cos (7 -t 13)-2 —2sin (z -t?/3)+3 1
1a - masala

Mnugqtaning harakat tenglamasi berilgan:




x:5005(7r~t2/3) y:—SSin(ﬁ-tZIS) t=1s

ECHISH: Ush bu topshirigni ikki usul bilan echish mumkin
1 usul:

1. Trayektoriya tenglamasini aniqlaymiz. Buning uchun harakat
tenglamasidan ¢ vaktni chiqarib tashlaymiz, hamda x va y larni bog’lovchi

folmulani hosil qilamiz:

{X=5C05(ﬂ-t2/3)

y = —5sin (;r-t2/3)

— = c0s 5 )

25 3 [ x y 2 2 2
= {—+—=1 = X" +y =5

|y2 o ﬁ.tz L25 25

— =sin *-

L25 3

Demak, trayektoriya tenglamasi markazi koordinata boshida va radiusi

R =5en bo’lgan aylanadan iborat

2. Mnuqtaning koordinatasini aniqlaymiz:

1
[x:Scos(iz-t2/3):5-—: 2,5 e
2
M =(2,5-4,33)

3
y = -5sin (7 t°/3)= -5.— = 4,33 cu
2

|
l
3. Tezlikni topish uchun uning koordinata o’qlaridagi  proyeksiyalarni

aniqlaymiz
' ' -’ 10 -7 -t
V, =(x) =(5cos (z -t*/3)) = —5-sin e I = i Iy
3 3 3 3
' ' t? 10 -7 -t
v, =(y) = (-5sin (7 -t°/3)) = -5-cos i Lo = s It
3 3 3 3

Tezlikning modulini aniglaymiz:

t=1cda Vv, =-900 eulc, V, 6 =-526 culc, V =10,472 culc

4. Xuddi shuningdek tezlanishi proyeksiyalarini aniglaymiz:

a) to’la tezlanish va uning koordinata o’qlaridagi proyeksiyalarini aniglaymiz:



" 2 10 - -t
a, = (0 =) = [- 2T D] =
\ 3 3 )

20 1 10 1
——-cos(— z’ tzw ﬁztz——~5in(—~7[-t2\'7[

9 3 ) 3 (3 )

" y 107 -t 20 1 10 1
a, =(y) :(Vy) =(— z -cosi-tzw :—~Sin(—~7r-t2\-7r2-t2——COS(—-ﬂ-tzw-ﬁ
\ 3 3 ) 9 (3 ) 3 (3 )
t=1c da
a, =-20,035 culc”, a, =13,758 ou /c”, a=2434 culc’

6) urinma tezlanishni aniglaymiz:

V. -a, +V_-a
y y

ar:‘ ‘=10,477 em le’

v
B) normal tezlanishni aniqlaymiz:
2

a,=+a’ —a’ =21,932 cu /c’

1. Egrilik radiusini t=1s vaqtdagi egrilik radiusini aniglaymiz:

16 - masal:

Il usul: Bu masalani “ Mathcad “ matematik dasturi yordamida echamiz.



Berilgan tenglamaga ko'ra MM nugtaning holatini, trayektoriyasini va t=t1, s wvaqtdagi

tezligi va tezlanishini, urinma va normal tezlanish, egrilik radiusini aniglash

2 2
= z et < t =
¥(t) =5-cos|=n = ¥ AT —58!!’1[1‘(-?] t9 =1 s
®(t1) =25 ¥(tq1) = —433
o
// 36 \\
2
12
vt |
— 433 6 B8 -36 24 -12 o 112 24 326 5
Eerera 12
2
NL » /
\ >0
» |
(.25
nugtaning tezligini aniglaymiz
d d
we(t) = Sy () we(t) = — ¥y (1)
* dt ¥ dt
-10 . 1 2 —10 1 2
vx(t)——>—3—»sm(§~n-t )-n-t vy(t)——>—3—vcos(—3--n-t j-':rt
2 2
v(t1) = vx(t1:| + le:t1:|
vi(tq) = —9.069 % vyl(tq1) = —5.236 % vitq) = 10472 %

Mugtaning to'la tezlanishi va uning koordinata o'glaridagi proeksiyalarini aniglaymiz

=20 1 10 1
Ay (t) = %vx(t) ay(t) — = cos(g S t2) - n2 - 't2 =5 sin(g - t2) B3
20 1 10 1
ay(t) = %vy(t) ay(t) — = sin(g ST t2) - 1':2 - t2 -5 cos(g o tz) -7
2 2
a(t) = .\f‘ ay(t)™ + ayit)
SmM SmM SmM
ax(t1) = —20.035 = ay(t1) = 13.758 = a(tq) = 24304 =
s s s

Mugtaning urinma tezlanishini aniglaymiz
vy (1) - @c(t) + wy () - ay(l)
v(t)

ag(t) =

ag(ty) = 10472 =2
02
Mugtaning normal tezlanishini aniglaymiz

an(t) = am® - a; (0 an(t1) —=21932 32

t=t1 vaqgtdagi traektoriyaning egrilik radiusini aniglaymiz

vty
ap(t)
Shunday qgilib t=t1 vagtda nugtaning holati, traektoriyasi, tezlik va tezlanishlari aniglandi.

p(t) = P I:t1) =3 sm
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Nugta harakati berilgan. Shu M nuqtaning t - t,(c) vaqtdagi holatini,
tezligini, urinma, normal va to’la tezlanishlarni, egrilik radiusini aniqlash talab
etiladi.
Berilgan: x=4at+4; y=-4/(t+1); t=2c

x(th=4-t+4 y(t) = T+ t1=2c¢c
x(tq) =12 y(tq) = -1.333
30
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nugtaning tezligini aniglaymiz

4

vy () = d—x[t] vyt — 4 wylt) = d—j,r[t]l wylt) —

wlty) = o ity + gty

wlt) =4 oM wlty) =444 — ot} = ams 22
C C C

Mugtaning ta'la tezlanishi va uning koordinata o'glaridagi proeksiyalarini aniglaymiz

d d
E}{l:t:l = a"."}{l:tzl Ellll.ll:t:l = a"."yl:t:l

alt) =0 -2

alt) = J ag() + ay(t)?

ch
CH — - -
afty) = -ssmzx 10 2 aylt] =096 3 alt1) = 0296
EE cC C
Mugtaning urinma tezlanishini aniglaymiz
W) A lt) + () - ay(t)
EIT |:t:| =
w(t)
aclty)=0mm =
i . 5
C
Mugtaning normal tezlanishini aniglaymiz
- 5 Ch
an(t) =) a(t)* + a1 an(t1) =028 3

t=t2 = vagtdagi traektoriyaning egrilik radiusini aniglaymiz

pit) = plty) = 13.429 cm

3 - masala
Berilgan:

Nugqta harakati berilgan. Shu M nuqtaning t - t,(c) vaqtdagi holatini,
tezligini, urinma, normal va to’la tezlanishlarni, egrilik radiusini aniglash talab

etiladi.



X =-4cos (7 -t/3) 3 y=-2sin(z-t/3)-3; t=1c
t . t
x (1) :=—4-cos(n-§j y(t) = —2-Sln(‘n-§)—3 t1=1 ¢
yit1) = —a732 x(t1) = -2
i
39T
281
1371
o6 ' ‘
¥ S 7 S —— b |
B3 —2—19516 3 2 3 <4 5
— 4732 S el I T =
EEFE { o | P B ] i
//’/ = e
[' 291 )
A 1381 —
= o vl I A
sl
x(H ,—2
nugtaning tezliging aniglaymiz
d 4 1 d - 1
1= Zourt 1 = Z.m-t]- =Syt 1 —= =
e (1) dt}{(j (1) — 3 sm(3 P j F) Wy (1] dty(j we (1) — 005(3
2 2
'-.-'I:t-]:l = '-.I'}{I:‘t-]:l + '-.-'-:I.-I:t-]:l
velty) = 3628 20 welty) = —1oa7 22 vit) = 3778 220
C C C

Mugtaning to'la tezlanishi va uning koordinata o'glaridagi proeksiyalarini aniglaymiz

d d
Ay (1) = a\\r}{(tj Ay (1) = av\;(tj

.(1
-5l — - -
3

4 1
ay(tl — i CDS[E B tj - '112 ayt) —

aylt1) = 2.193 % ay(t1) = 1.899 %
[ [
[0}
altq) = zom 2

Mugtaning urinma tezlanishini aniglaymiz

Wy (1) - A (L) + we () - a3y
w(t)

agl(t) =

aglt1) = 1.52

Mugtaning normal tezlanishini aniglaymiz

an(t) = .f a(th® - ag(1)®

t=t1 vagtdagi traektorivaning egrilik radiusini aniglaymiz

anl(tq) = 2.433

ity
ap (1)

Pt = plt1) = 5259 Cha

4 — masala

ait) = . ae(t? + ayit?



Berilgan:
Nugqta harakati berilgan. Shu M nuqtaning t - t,(c) vaqtdagi holatini,

tezligini, urinma, normal va to’la tezlanishlarni, egrilik radiusini aniglash talab

etiladi.
5 1
X(t) = 4t y(h=16-t -1 t=2c
HEL) = 4t YT = 16 - 12 — 1 R
xl:‘t-]:l =2 },rI:t1} =3 ?
| . /
| . !
\ . /
with
]
EFEF B
T/
= J4 = 12 _}\D 1 2 c] ]

Wity 2



nugtaning tezligini aniglaymiz

welt) = S (1) ety —> 4 wlt) = S (1) (1) —> 32 . 1

'\.-'|:t1:l = <.J|lr"-"}{|:t1:|2 + """5"(11.':'2

weltq) =4 == wlt1) = 16 -

=3 %,
wit1)] = 16492 ——
c
Mugtaning to'la tezlanishi wva uning koordinata o'gqlaridagi proeksiyvalarini aniglaymiz
o o
S (1) = —wy (1] S (1) = —w (1]
* dat ¥ at ¥

Aty — 0 ay (1) — 32

art) = Jax(tj;’ + Ay ()

R C R

ax(t1] = 0 % aylt1] = 32 ) altq) = 32 —
[

MMugtaning urinma tezlanishini aniglaymiz

wie (1) - @ (1) 4w (t) - 3,01

ap(tl = (D)

agli1) = 31.045 ':C—:'

Mugtaning normal tezlanishint aniglaymiz

R

ant) = .J arhi® — agi” anltq) — 7.761 =

t=t1s2 = waqgqtdagi traektoriyvaning egrilik radiusini aniglaymiz

Wit
ap(t)

Pt = P (t1)] = 35.048 i

Interactive Physics qacTyp nakeTMHHHUHI y3Mra Xoc¢ XyCyCUsIT/Iapy Ba YH/AaH

(oiigaTaHUIIIHUHT yCTyOJIapu

Interactive Physics - unrnmsua cy3nan oquHran 0yimo, y30ekua nurepdaoi,
XOHIM (PU3MKA JeraH MabHOJApHH aHriaTaad. by mactyp ¢Gusuka YKUTYBUMIAPH
Ba KOMIIBIOTED JACTYPUYMIIAPMHUHT XaMKOPJIMKIA MEXHATAapud  MaxCYJIHIuUp.
Interactive Physics nactypumarm xapakaT HHCTpyMEHTIapuaaH (HoimamaHui
MYMKHH Ba TajgabaJapHMHT V3Japd MYCTaKWJ paBHUINIa MyXaHANC EKH MMM
MyTaxaccuciap Kabu (u3uKaBuil kapaCHJIapHH MOJCIUIAIITHPUII UMKOHUSTUTA

sraaupiap.



Hactyp MSC.Software kommanmsicu (AKII) Tomonmman sipatunras,
TU3UMra Kywuiaaurad tamnabnap: Windows XP/ Vista/7, Pentium mpoueccopw,
onepatuB xotupa 12 Mb, kartuk nucknaa kamuaa 80 Mb 6y xxoit 6ynuimm Tanad
kunuHaau. [Jactyp dakarruna Windows omnepanuion Tu3ummaan tamkapu MacOS
Jla MIUTalIUTad BEpCUsIIapu XaM MaBxKy/I.

By nmactyp naBnmaT TabiauM CTaHAapTiapura Ba YKyB Myaccacalapuia
KYJUTaHWIaEéTran anabuéTiiapra MOC KeNTraHIuru OWJIaH MyXHUM TEIaroruk Kypoi
XUCOOJIaHaAIN.

Mabnymku, 6ab3u Oup xapaéunap €ku (pU3MKaBUN MOJEITHHUHT TacHU(DU
yu3Ma IUlakariapAa TYJIWK y3 aKCHMHM TONMauau. byHMHr ycTwra xapaéHHUHT
Y3rapuivHA KYpUIll UMKOHUSTH YMyMaH MaBxyJ sMmac. [llyHu tabkunnad yruin
kepakku, Interactive Physics pactypura yxmam —jgactypiaap  (QpU3MKaHU
VKATUIIJAaTMHA SMac, yMyMaH TabluM THU3UMHAA HOEO AacTypuil MaxcyJsoT
xucoOnaHaau. Mucon yuyH “©Ou3nkoH” KoMOaHUsICUHUHT “OTKpbITas Pusnka’Ba
“@uzuka B KapTUKaxX’ OJJEKTPOH JacpiUKIapua MaBxkyl OYiraHn Mojesiap
MEJIOTOTUK HYKTaW Hazapja  (QYHKIMOHAJUIMIY, HWHTEPAKTHBIUIU KUXATIAH
anoxyaa axpaiud Typaaun. AMMO Yy epAa KeJITHUpPWIraH Tal€p Mopeiapaaru
GU3UK KATTATMKIIAPHU Y3rapTUPUIIM MYMKHWH, JEKHH KyIuM4a OoIIKa (Qu3MK
KAaTTAJIMKHU KUPUTHUII MyMKHH 3Mmac. Interactive Physics mactypunma spatuiran
Mozenaa 3ca YKyBuM (U3MK Kapa€Hra OEBOCHTa «apajlalin0» TYpPHUILU, YHUHT
napameTpiapuHu  Y3rapTupuO, SHTU  HapaMeTpiapHH  KUPUTUIIH,  aMall
KWIMHAETraH KOHYHHUATra KaHJall TabCUp KWIAETTaHW TYFpHCHIA XyJocaap
YUKapUIIHK, Tanada Y3WHU JIOWHXa KOHCTPYKTOpH cudaTuaa Kapamiu, OUIUM OJIMIII
Ba YHHU UyKYpJIALITUPHUII UMKOHHITHUTA dra OYIaiu.

Hactyp Taxpuba HaTWKajJapyuHU COHJIM HHTErpajjiall OpKajld amaira
omupaau. Interactive Physicsga conmm uHTerpajyuiaml METOAMHUHT HUKKU YCYJU
MaBxya: Dinep Ba Kyrra-Mepcon (Oomka Homu xam maxyn Pynre-Kyrra o-
Japaxajaard MeToau J1e0 XxaM HOMJIaHAIH ).

[P nmactypuman mexaHwka OYIMMHHHM YKUATHIIAA (PONTATaHUIIHWHT Y3UTa

XOC TEJAroruk KyJIalJIMK TOMOHJIApW XaKuaa TyxTanubd ytamus. By mactypHUHT



acocMii MyXMM TOMOHHW INyHAAK{, YHAA Xap Xuil (U3UKaBUU MOJEUIapHU
“yckyHanap mkadu”’ nan doigananub spaTUIaIu.

Jactyp ¢usukaBuii kapaCHIapHM JKOHJM KYPUHHUILJA TaCBHUpJIAII
UMKOHUSATUHU Oepud, yHJa TE3JaHUI, KY4YHuIl, Ky4 Ba TE3JIMK BEKTOPJIAPUHUHT
WYyHaNIMIUIApUHU,  TE3MUKHUHI,  TE3JaHUIIHWHT, Ky4YHMHT Ba  OoOIIKa
KaTTAIMKIAPHUHT BakKT OVindya y3rapuil rpadWruHd TacBUpJaml MyMKUH. |P
JacTypHuIaH BHpTyan ja0opaTopus HWIUIApUAa, SKCIEPUMEHTAl Macajanapiaa
doiinanaHuI MyMKHUH.

Interactive Physics nactypu:

e Dy3uKaBUI XOAMCATIAPHU KOHJIM Ba TAOMUI KYPHUHMILIA TACBUPJIALLL
e Ky3aTum kuiinH OynraH skapaéHiIapHU XaM HaMOMUIII 3Ta OJIUIII;

e TankukoT 00BbekTH cudatuaa GoiimaraHmIII,

e Du3ukaBuil XoAUCaHU OUp HEYa MapTa TaKpopJiall;

e Du3uka (panura OyaraH KU3UKUIIHU OPTTUPULL;

e Tanabanapaa TaIKUKOTYHIMK (PAOJIMATUHHA OPTTUPUILL;

e TanabaapHUHT WXKOAUN KOOWIMATIAPUHY OUTUPUILTA XU3MAT KUJTAIH.

Interactive Physics nactypu opkamu ¢usvka (HaHUHM YKUTHIIIA SHIH
TYPKYM MAIIFyJIOTJAAPHU KUPUTHUIII MYMKHUH. MUCOJT yUyH:

e BupTtyan naGoparopus Hiiapu;
e Hamolini skciepuMeHTIapH;

e TaIKMKOT 3KCIIEpUMEHTIIApH;

e Macasa Ty3ur;

eMacanaHu TaxJiuja KUJIKII Ba X,K.

MabiryMK#, OXupry BakTiIapaa Gusuka GaHuHN YKUTHUIITA OUJL sIpaTUiaéTrad
AJIEKTPOH TaBJIUM pecypcliapu Kymain® O0opMokaa. SIpaTuiran 3JIeKTPOH TabJIUM
pecypclapyuHUHT TapkuOuaa (UMK xKapaCHJIapHU aKC OSTTUPraH >SJIEKTPOH
JApCIUKIap Ba BUPTyaa JabopaTopuvs, HAMOWUII TaxXpHOaTapUHUHT KOMITBIOTED
MOJIeJIJIapd MaxCycC AacTypilall THUIApH Tajad KUJaAurad JacTypuid TAabMUHOTIIAP
OpKaJId ApaTUJIMOK/AA. SIpaTuirad KOMIbIOTEP MOJEIUIAPUHU SPATUIT YUYH MAaXCYC

JacTypialnl TWUTApUHU Owimin Ba (U3WKaBaWii KOHYHUSTIAPHU XKyJa FOKOpU



napaxana Ownmmmn Tana®d KwinHagu. JlekuH aiipuMm  Xoiulapia  sipaTWiraH
Mojesapaa Gu3uK kapaéH ymMmyMaH (pU3uKa KOHYHJIapUra TYFpU KeJIMacIUTuHU
Ky3aTull MyMKHUH. By X0 3ca, )KyJa aunHapiii Ba NeAaroruk HyKTaui Hazap/aaH
Kyna xaBuu xonataup. Arap ¢usmuka dhanu YKuTyBUnMCH GU3UKAHUHT OUpOp OUp
OynuMuIaH OMpop OUp KOMIIBIOTEP MOJEIMHM SIpATULI HUATHAA OYica, y Xoijaa
YKUTYBUMJAH Maxcyc JacTypiall TWIMHM Owinil Tanad KuivHagu. Interactive
Physics cuMymsITopu YKUTYBUMJAH Maxcyc JOacTypiaml TWUIAPUHH OWITUIIHU
tamad KuiaMmakau, Oy oaca Interactive Physics gactypunuHT  ad3anmiuk

TOMOHJIapUJaH OMpHU XUCOOIaHAIM.

MabiyMKH, KOMIBIOTEPHHHT TabIUM-TapOUs COXACHAard axaMuATH
Oekuéc. Y TabJIUM TU3UMUHU MabMypuil OOIIKapHUIIaH TOPTUO ajoxuja MakTad
GaomuATHHN  TAlIKWJI  JTHII, OOMIKAPHWIN, Ha30paT KWIKIITada, YKYB
OpeIMETIapUHN  YPTaHUIIHMA TAIIKWI KWIMIIAAH TOPTUO  YKyBUYMJIAPHUHT
WHAMBHUIyaJl MAIIFYJIOTIAPUHHU TAIIKWII ATHUINTada OYIraH MyaMMOJIapHU KaMpal
onagu. Kommpiorep MabIyMOTIApHH CaKJIOBYM, YJIapHU KalTa WILIOBYH, TYPIU
IakJl Ba ycyjuiapjaa VKyBUMJIapra €TKa3yBuM yTa Kyjnad BocuTa cudaruma TaH
OJIMHMOKJ1a. KOMITbIOTEpHUHT TabauM OepHILIard Ba3udacu Japc kapaéHu Ouian
yerapaianmaiau. Tanabanap y OwiaH MyCTakwi MILUIA0, XaTTo yilaa Xxam OuiauMm
omunuiapu MyMmkuH. [llyHuHTHEK, KOMMBIOTEp TapMoOKIapuaaH (oiimamaHmuil,
Maco(amaH YKUTHII XO3UPTU KyH YUyH op3y OYnMail konau. by HorupoH Oosanap
Y4yH TabJIUM OJUIIHUHT STOHA WMKOHHSTH, WKTHIOPIH, yTa KHU3UKyBYaH

YKyBUMJIAP YIyH MYCTAaKUJI TabJINM OJIHII BOCHUTACH XaMJIUD.
KommnbroTepnu YKUTUIIHUHT ad3auTMKIapy KyAa Kyn O0ynu0,yKyBumiapaa

MabJIyM MaJaKaJapHU MIAKJIJIAHTUPUII BAaKTU KUCKApaaW;, MAIUK KWJIWHAIATaH
TONIIMPHUKIIAD COHM OIIAAW; YKYBUWJIAPHHMHI MIUIAII CypbaTH KaJaJUIalllajiv;
KOMITBIOTEP TOMOHMJIaH (haos OOMIKAPUITHU Tanmad KUJUHUIIM HATWKACHIA
YKyBUM TabJIUM CYObEKTHTa alljlaHaM; YKyBUMIIAp Ky3aTHILN, MYIIOXaa KUIUIIN
KUMMH OYiraH >xapaCHiapHM MOJEIUIAIITUPUILI Ba OEBOCHTA HAMOWHIN KHJIMLI
UMKOHUATH XOCUJ OYnazu; KOMMyHHUKaIUsi BocuTanapuiad (oiinanaHrad xosjaa

JApCHU y30KJaru wmaHOanap OwaH TabMHUHJIAIl WMKOHMSTH XOCWJI Oyianu;



KOMITBIOTEp OWJIaH MYJIOKOT AMIAKTUK YWWH XapaKTepuHU ojaau Ba Oy Owuiad
VKyBumiapgaa yKyB (aonmustura mMoTtuBarus Kydasaum Ba xokazo. llly cababmm
TaBJIMMHU KOMIBIOTEPJIAIITUPUII MyaMMOJIApUHU Xaj Kuwidinl OVitmya Oapua
UKTUCOAWM pPUBOXKIIAHTAH MaMJlakaTiapja, yiaap OujaH Oup Kartopjaa
pecnyOnuKamMu3ga Xam Typiad HYHanumgard WIMUAA — TagKUKOT — HILIapu
VTKa3WIMOK/A.

VKyBuHnapHUHT QH3MKaNaH Macaja eurIl Ba JIa0OpaTOPHs MAIIFYIOTIaApUIa
HIyFyJUIaHUIUIapu  GU3MKAa KypCUHM VYKUTHIL KapaéHUHUHT HSHT MYXUM Ba
camapaiii KucMuHM Tamkwil Kuiaad. Iy ca®abnum xam, macana euuin Ba
naboparopus MalIFyJOTIAPUHU TYFPU TAIIKWII KWIWIL, YHU PUBOXJIAHTHUPHUIITA
OMJT MacajlaJlapHy UIIUTA0 YMKHUII (GU3HKA TABJIUMHJIA KY/1a KaTTa aXaMUsATra Jra.

Ou3nKkaHu YKUTHUIIAA KOMIBIOTEp TEXHOJIOTUsIIapuaaH (ouganaHuil Oup
Katop ad3aumkiIapra sraadp. MacanaH, Mabpy3alaH OJMHTaH Ouiaumiiap
KOMITBIOTEp  TEXHOJOTHUSUIApM  acocuja  macaja  euuil,  JiabopaTtopus
MaIlIFyJIoTiaapy, (UMK >Kapa€HJIapHU MOJICJUIAIITUPUINT MAIIFyJIoTIapyu OuiaH
KYIIWJICA OCOH V3JIAIITHUPWIMINMIAAH TAIIKapu YPraHwiaéTraH XOJAWCAJTapHUHT
(hU3MK MABHOCUHU OHTJIM MJIPOK ATHUILITA EpAaM Oepaiu.

VkyBunmmap ymly xomma Mabpysa OMnaH Macaga Ba  JabopaTopus
MalIFyJI0TIapy  Macajlajapyd €YMMHUHHA y3apo O0oFfa0d Hazopar  KWIWII
MMKOHUSITIIapuUTa 3ra 0ynaaunap.

MabiayMku, kKynruHa GU3UKaBH MacanallapHu €4uInia YKyBUM MacaliaJaH
KeJuO YMKKaH XojaTAaa (pu3nka KOHYHUSTIAPUHUHT MaTeMaTuK (opMynacuHuU
€3a]11 Ba XOCHUJI OYJIraH TeHIrlamMaiap CUCTEMAcUIaH Macaia apTuaa cypanaérrad
(bU3UK KaTTATMKHA KEITUPUO YMKapaau, Kepak Oyica, Taxjmia Kuiaau. Mana mry
OwJiaH Macaja euydill >Kapa€Hu Tyraiau. JIeKuH YKyBUM Iy WIIUIaraH MacajacuHU
Taxpubaaa TEKIMUPUO KYPUIT UMKOHUSATHTA 3Ta OYIManIu.

XaKuKaTtaaH xam, Oupop OMp >KUCMHHUHT OollKa caiépana (Kydiu €EKd
Kyucu3 MalJoHAa Macajlad, TpaBUTAIlMOH MaW0HAA) XapaKaTUHU Ky3aTHI €KW
XABOHUHT KApUIWJIMK Ky9UHH YBTHOOPTA OJITaH X0JIJIa TOPU30HTTa OypUaK OCcTHIa

OTWITaH J>XUCMHHMHI XapakaT TPAaeKTOPHUSICUHHU, MabliyM OHUp BaKTIaH KeWHH



Ba3MATH KaHAal OYIUINMHU TacaBBYp STUIIMMM3 KuiinH Oynagu. Iy ca6aGmm,
XO3UPT'H BaKT/a KOMIBIOTEP TEXHOJOTHUSJIAPUHUHT YKYB Kapa€HHUra KeHI KUpHUO
KCJITAHJIMTHHU  YbTHOOpra onub, ¢uisnka (aHUHUHT aHbaHABUM YKUTHII
MEXaHM3UMHra KYyIMMYa 3JEMEHT KHUPUTHII SBHU MOJACpHU3ALMSAIAII BaKTU
KeJI/IH.

by Tamabaman ypraHunmaérraH MyaMMOHHHT MOXHUSTHHH UYKYp XHC
KUJUIIHA Ba (DU3HUK KapaCHHUHT MOXUSATHUHHU YyKyp TyLIyHHIITa Epaam Oepaju.
byHmaii MaFya0TIapHN TAITKAUIAIITHPUII YIYH TabJIAM TH3UMUIA MAbIIyM OUp
MabHOMA WHKWIOOWH Y3rapumra onub kenrad Interactive Physics mactypman

cboﬁj:[anaHraH XO0JIaa TAMKUJUIAIITUPHUIITHA TaBCUSI KHJIaMHU3.

4. Interactive Physics nacrypuaan goiigananud MexaHuka 0yJIMMuUra
oM MacaJlaJIapHU eYHI yCyJJIapu

du3ukagaH  Macajia UM  YKYBUMJAPHUHT  AyHEKapalulapuHU
HIaKJUTAHTHPUIITa WKOOMM Tabcup KypcaTaau. Macana euyuin Kyn xoJuiapnaa
dH3MKa JapCIAPHHUHT TAPKUOMIT KHCMH GYIHO Kenaay. YKUTYBUM SHIM MaB3yHH
0afH KWuIga Ba YHM MycCTaxkamjailjga, YTWITaHJIApHU TakKpopJiallfa,
YKyBUHJIAPHUHT MYCTaKWJI HMIUIApUAa Ba OWJIIMMIIApUHU CHHAO KypuWIIa Macania
eunigan ¢oigananagu. @duznMkara KU3UKYBYM YKyBuuiap OuiaH cuHbIaH
TalIKapy MaIIFyJoTiaapaa xam Macananap euwrtanu. Kyitmna Interactive Physics
nactypuaan QoiinanaHud MexaHuKa OYJIMMUTa OWJ] MacallaJlapHU €YUl yCyJuIapu

KCITHUPHUIITaH.

1-macana. Ep sa Ou mapkaszniapu opacuoaeu ypmaua macoga 60
paouycea mene. Ou maccacu 3ca Ep maccacuoan 81 mapma kuuuk. Ep
ounan OuHU OUPIAWMUPYBUU MYEPU YUSUKHUHZS KAUCU HYKMACUOA IHCUCM

Epea xam, Otiea xam 6up xun xyu ounan mopmuiaou?

MacanaHuHT mapTura Kypa yHra Teruiijid Yu3MaHu 4u3ub oJlaMus3.



2.6.5-pacm

mM

2
X

) Oii Ba )xucM yuyH F = y —— dopmyna YpuHIN

mM

2) Ep Bakucm yuyH F =y ———="— ¢dopMyla ypUHIH.
(60 R, — x)
m-81M .
M, =8 M, DOKAHIUIMHH XHCOOTra ojlcak F =y ———— OYynaau. Macana
(60R,, - X)
maprtura kypa 1 =75 .Y xonga
m-M m -81M 60 R, - x)° o
y——2 =y > Ba ( e A, Oynanu.

X (60R,, - Xx) X
KKy TOMOHUAAH KBAaApaT WIAU3 YUKAPCAK
60R,, - X
— 9 60 R,, — X =9x 60 R,, =10 x

X

X =6R

Yer

2-macaua. Kyumac 610k opkanu yTkaswiran unra maccacu 0,3 Ba 0,34 kr
OyJsraH oKjIap OCWIraH. XapakaT OollIaHTaHJaH KeuH 2 ¢ yTrad Xap Kaicu oK
1,2 M paH #yn ytad. DpKUH TYIIWII TE3JIAHUII KaTTAIUTHMHU TONUHT. MIHUHT
Maccacl Ba OJIOKra WIIKaJaHWUIIMHU xXucobOra onmaHr. byHpail mMacanamapna
IOKJIADHUHT XapakaTd Te3JaHyBYaHIWp. BakTHUHT xap Oup maiTuaa FOKIapHHHT
Te3JIaHUIIIApU MUKIOP JKUXaTuAaH Oup Oupura TeHT OVnamu. a; =a, (4yHKHU WII

gy3uaManiu 1e0 Kapanaan).



BrnokHUHT WIIKaTaHUIIUHU XucoOra OJMaHr JeraH IIapT, WIIHUHT
XOXJIaraH KUCMHUJArd TapaHTJIUK KywiapuHH Oup-Oupura TeHr Ae0 xucoOuaiira
UMKOH Oepanu. CxemaTuk 4yM3Ma 4ym3amu3. byHna xap Oup *KHUCMHUHT pacMUHH
alloXUJa-aJIoXuaa YM3WIagu. Xap OWp JKUCMra TabCUp KWJIYBUM KywIapHU

aHUKIamTHpUO ynu3Maaa kypcatamus. (15-pacm).

OY koopanHaTta YKHHH BEpTUKAJT IOKOpUTa HYHANTUPaAMH3. DPKUH TYIIHII
TE3JIAHUIIIMHKA  TOMMIN  y4yH  IOKJApPHUHI  XapakaT  TeHIVIaMaslapHaaH
(poiinananamus. (0ynna a; =a, T, = T, skanaueunu nasapea oruw Kepaxk My 10K

VUYH XApaKam meH2iamac 6eKmop Kypunuuoda
T, +P, =m,a @

Oymanu. M, maccaru ik yuyn sca T, + P; = mya, (2) Oymaau. By

tenrnamanapuu OY ykka HucOaTtaH mpoeKIusIacak

P,-T,=m,a, JAPHUHT Yal Ba YHI TOMOHJApWHU Kymicak Xxamua T; = T, ;
a; =a;=a, P,=m.g; P,= mM,Q 3KaHJIUTUHU XHCOOIra OJICAaK

m,g-m,g=(m, +m,)a

(m,-m;)g=(m, +m,)a

X0ocua Oynanu.

@-HYU TOMHUII YYyH KHHEMAaTUK TeHIJIamaaaH goiganranamMus. M, Maccaiu

IOKHHHI' XapadaKaT TCHIJIaMaCHu

at >
y=v,it+—
2

2

at o
v, =0 y = —= BaKT MOMEHTHIZ  y = OyAraHu yuyH



a a = 2—:’ (6) Hu (4) ra onub 60pud Kyiicak g = -
2 t (m, —m)t

(m, +m,)2s

oynanu.

XwucoOmamapaaH g = 9,6 M/C HaTHXKa KenuO uynkanu. ByHoan
TUNgarn mMacananapHM aKcrnepuveHTan macananap Kumb Gepul xam MyMKUH.
V3apo GOFMaHraH y4vTa MICMHUMHI xapakarura Tervwnm 6ymraH, xamia

MUK arnaHULLXXCOBr a OfvHr aH MacaraHn e4MLLIMET OOMKACUHWN KYPaninK

3-macaJia. Y3yHJIUTH ¢ = 60 CM OYJITaH UTITa OCUJITaH FOK TEKHC
XapakaTiaaHuO TOPU30HTAJ TEKUCIUK/IA aitnana un3aau. FOk aiinanaérran
_an0 o
BakTaa un BepTtukan Ounad o = 30 ~ m y3rapmac Oypyak TamKuJI KUjca, FOK

KaHJal Te3quK OujaaH xapakaTiHaéTran oyianu?

MacajaHUHT Ma3MYHHHH aKC 3TTUPYBYHM yn3ma yn3amu3 (18-rasm).
FOxxka tawcup 3TyBumM Kyunapuu kypcatamus. OY Ba OX koopauHarta

OpPKaJIX YM3Maja KypCcaTUJIraHIeK UyHAITUPAMU3.

by Macananm e4ynm METOAMKACHHHUHT TYpPJIH YCYJUIAPH MaBXKYH

0ynub, 613 Oup yCcynu ycTuaa TyXTamMus..

Mapka3ra wHTHIMAa Ky4d F_ -ma, (1) TeHrilamamaru  BEKTOP

mar

kartranukiaapHuHr OX koopauHaTa YKUTra IpoeKIUsIapu

Foo = Ma (l*)

mar n

n

a -— (2)umsmamaH R=/-siha  (2%)
R

F.. =P-tga =mgtg o« (3) ra Tenrimru kypunaau. (3) Ba

mar

(2) mapum (1*) ra kyiicaxk,

mgtg & = m - Y2 (4) 6sz[aH

f-sin a

V=4/0 ¢ -tgasin a (5) XO0CUI 6}“/1121)114.

. . o 2
KuiimaTnapau ypHura Kyicak v =13 M/C”° 9KaHJIUTH KeJIUO



YyuKaau. Y3apo OOFfJlaHraH KAaTTUK OKHUCMJIAPHUHT ailjlaHMa Xapakar

AWHaMHUKacura TCruljim MacajJajJlapHu SHUull METOJHNKACHUTa TS'/XTaJIaMI/IS.

4-macana. 40 r Ba 10r OynraH HWKKWATA IIapUK TOPU3OHTAN CTEPIKEHTA

kuiaupuirad Ba 20 cM y3yHJIMKAaru un Ounad y3apo Oofnanrad. CTepxeH

ad o
10 P Oypuak Te3JWK OwWJlaH aWJlaHTaHJa IIapuKJIap CTepKeHa
c

CHpHaHMay TypraH Oyiaca, MIHUHT TapaHIJIMK Ky4YUHU TONHHT.

Macasnara Terunuiy yn3ma yuzamu3 (19-rasm.)

byHnaii xojija MIapuKIapHUHT MOC paBUlIAa HOpMan Te3naHuuuiapuHu Tp; Ba T
TapaHIJIMK Kydwiapu ByxXyAra keiarupaau. llapuknap cupnaHMaciaIuTrHHUHT

maptugaad T; =T, skaHIuru Keaud YUKaIu.

T,=———=mol, =mo’ ({-1,) (1)

1 1 1

T, = M.Y, =m,w’/ (2)

T, =m, o (¢
mao’(t-t)=m,o’l, (3) Y xonma

L

m/f-m,=m,l,
mt=(m,+m)/,

m

0, = —L1— OyHnu (2) ra kyicak
(ml_mz)
2
m, -maw -{
T=T,=T,=————=016H T =0,16H
m, +m

[ynnaii kb, GuznkagaH macajajapHU €YUl Japciapujia KOMITbIOTEp
nactypiapuian GoiganaHuIn TaJadalapHUHT Ha3apuil Ba aMaJinidi OMJINM, Majaka
Ba KYHUKMaJIapUHU IIaKJIAHTUPHINTA, (HU3WKa YKUTUII caMapaJaopJIuTriHA

OIIIMPUIITA OJINO KeTaau.



Interactive Physics mactypuaan ¢oiizaianu6é macajajiapHu e4uin

ycyJ1apu

1-macana. 25um oOananonuxkoa ocotnawiean OANKOHOAH 20PU30OHMSA
Hucoaman 30° oOypuax ocmuoa 15 m/c me3nux Ouran KONMOK OMUIOU.
Konmoxnune eopusonman uynamuwoasu yuub Oopuw Y3oKmueu xXamoa eped
mywuwl naumuoazyu me3nueu AHUKIAHCUH. XABOHUMZ Kapuwuiueu xucoodea
OJIUHMACUH.

Macananu euunt: MacalaHUHT Ma3MyHUHU TYJUK aKC STTUPYBYU UYH3Ma
yn3zamu3. (2.6.1-pacm). Uusmaza KONTOK TPOEKTOPHUSCH, Xapakar OolIaHTaH
caHok Oomm O. KONTOKHUHT OOINUIAHFUY TE3JIUTU V OTHIIl Oypuaru o, OanaH K
h,. TOpU30HTaN KY4YWIl S, TYIIUII MAWTHAArd L TE3MUK (L -TYIIUII HYKTacHaa

TPOEKTOpHS ypUHMacH OYinald WyHaIran) JJapHu KypcaTamus.

Y4 >
3
) S
- ~ "
b9 5
o X
%0 e D e G e
ll ‘90)(
| N 3
3 o
——————————— - C— - !
4Nt
2.6.1-pacm ¥ 5

OX Ba OV iynanum O6yiinya TE3IUK Ba KYUHII TEHTJIaMalapyuHu €3aMu3. byHUHT
Y4yH Mypakka® XapakaTHM MKKWTa COJiJIa XapakaTra ajiMaliTupamMu3. V; Ba L
TE3JIMKJIAPHU TOPU30HTaJl Ba BEPTUKAN TAlIKWI S3TyBUMJapra axparamui. by
TAIIKKWJI DTYBYMIIAP V| TEIMK Y4yH MOC paBUILJA Vox Ba Vo, XaMJa V TE3JHK
Y4YH Vy Ba Vy JIapra TeHT Oynaan. Y X0Jia TOpU30HTaN HyHaIIUII Y9yH

V, =V, C0s & (1) X =V, Ccos a -t (2)

2

Oynaau. Beprukan WyHamMm ydayH v=v, -sin « —gt (3) y=v,sin a - t- % (4)

dbopmynanapuu €3uin MyMKHH. KONTOKHUHT epra ypWwIMIll BakTHAa X = S,XaMmja

y = -h Oynamu. Manduii 6ynummura cabad. KONTOK XapaKaTH BaKTHAa CAHOK



oomm O ra Hucbaran mycbar ned Kalya KWJIMHTaH HYHanuIra Kapama-Kapiiu

Oynran OanaHTMKKa cHDKHiIU. by xonma (4) TeHrmamanan

o’
2
gt’ - 2v,sin @ -t-2h =0 (5 HU XOCWJ KHJIaMu3.by BakTHU Tomuil Kepak Oyiaran

. - 2
—h=v,sina- t- -2h=2v sin o -t - gt

KBaaApaT TCHIJIaMadup

. 2 .2
v, sin ai\/vo sin “a + 2gh

t =
g

XucobOmam Hatwxkanapuaan t=3,16 ¢ keaubd yukaa.
KONTOKHMHTI  TOpU3OHTAN  WYHAJIWMIIAATM  YYMII  y30KJIWTHHHU

s=v,-cos @ -t JIAaH TOMaMu3. S = 4,11 M »KkaH. KONTOKHHUHT epra ypUIHUII

0

nalTUIaru HaTUXKABUM TE3JIUMK KyWuIarura TeHr 0ynaau

V, =V, C0S &

v, = v,sin @ - gt Ta TCHIJIMTUHA Ounamu3. by kuiimatinapuu (7) ra kyicak.

v = \/vo2 cos “a + (v, sin @ - gt)° (8) XO0CuJl Oynanu.

_ 2 2 2 .2 2 . 2,2 2 2 .2 2 . 2.2
VvV = Vo COS a +V, sin o - gtv05|na+gt = vV, (COS a + SIn a)— gtv0~5|na+gt

cos ‘o +sin‘a =1 a =0 sino’=0 g’t? = 2gh Ta TEHTJIUTUHU

xucoOra oJicak

v=4lv,” +2gh = 26,7 M Oiamu3. Jlemak v = 26,7 M/c 3KaH

2-Macana. Kusiuk b6ypyarn a = 30" 6ynean Kus mexkuciuxkod

opycox kKanoau H mesznanuw oOunan xapaxamaanaou? Hwkananu

v
-
koo puyuenmu u = 0,2. /

T - !‘ >

Macamaauur Ma3MyHHUHH TaxJINI | I*;;. ‘
v i --':' -

KuanO, Ma3MYHUHHU TYJIHK aKc 3TTI/IpyB‘{I/I] .x[-‘ix_\ P,

i - /..’16\.' “\‘ — .x{:}.
Yyu3MaHu 4u3ub oJlaMu3 Ba OPYCOKKa TabCHD | Pa» e

3 e

4

2.6.2-pacm



3TYBYM Ky4JIapHHU aHUKJIAMTUPHUO, yn3Maga KypcaTamus.
By xyunap P, N,F Kyunapaump.ABBan OFUPMK KyuYMHU MKKUTA P; Ba
P, Tamkun sTyBuMiapra axparaMu3. HBIOTOHHUHI HMKKMHYM KOHYHUHU

BEKTOp KYpHuHHIIIA €3U0 0JaMU3.
P,+F,+N+P =ma (1)
(1) renrnamamarm BekTop Katanumkiapau OX  koopaWHATta  YKWTa
NPOEKIUATANMU3.
-F,+P =ma (2)
(1) naru Bextop Kartanukiapad OY KOOpAMHTA YKUTa MPOCKIIHUIIACaK
N-P,=0 (3) Oyuman N =P, nmuru keaud yukagu.

F, = «N (4) nurunu 6unamus. ¥ xonna F = xp, (5), unsmanan

P,=Pcosa; P, =Psina (6)
ma =P —-F, =Psina-uPcos a=P(@Ein a-pucos a) €KH
ma = mg (sin @ — ucos a) a=g9g(sin a— ucos a) a=3.3 M/c

By epaa kyliugarunapra 3pTu60p Oepull Kepak:

bupuHYMOH, OFUPJIMK KyYMHHM TAlWIKWJI JTyBUMJIApPra aXpaTMacak
ykyBumnap Oy kydyHuHr OX Ba OY koopawHata YKiapura MPOEKTCUSCUHU
OJINIITa KUMHanmagwiap. TamKuia STyBUYWIAPWHHUHT (PP,) OX Ba OY
KOOpAMHATA YKIapura NpOeKTCUSJIAPUHU JapXO0Jl ToMa OJIaguiap.

NkkuHYKMIaH, KYTUWINK YKYBUMIApAa Xap JOUM

F - uP Ta TEHT JieraH XaTo TYIIyHYa MaBxXyj OYyianu Ba Oy epaa KU TCKHCIUKIA
3ca F =uP, KM F = umg cos « ODKAHJWUTHMHU Kypaawjiap. F = uP TEHIJIHK

TOPU30HTAJ TEKUCIUKIA KUCMHHM Xapakarra KeJITUPYBUM Kyd WYHaIWIIM OuIiaH,
KUCM TE3JMK BEKTOPUHUHT WYHAIWIIA OWp TOMOHra OyirangaruHa YpuHIA
SKAHINIMHM YKyBUMIApra KailTa-KalTa TabKMIa0 TYIIYHTHPHII Kepak. ¥3apo
OOfJIaHraH WKKUTAa €KW ydTa XUCMHUHI XapakaThra TErHIlId MacalallapHu
Kypaiumk. JlacTiabku Xoina WINIKIAHWIT XucoOra OJIMHMaiaWraH macaia

TaHJIAUMU3.



3-macana. Kyuuac ook opkanu ymrasunean unea maccacu 0,3 eéa 0,34 ke
Oynean wkiap ocunean. Xapaxam 00waIaHeanoan Kelur 2 ¢ ymead xap Kaucu oK
1,2 m Oan tiyn ymou. OpKun mywuw me3naHuul Kammanueunu monuxe. Mnuune
maccacu 6a 0O10Kea uwKalaHuwuHu Xxucobea oamaue. bynoau macananapoa
IOKIAPHUHE Xapakamu me3laHyeyanoup. Bakmuune xap oup naiimuoa okiapHuHe
Me3NAHUUAAPY MUKOOP HCUXAMUOAH OUup Oupuea mene 0yaaou. a; =a, (WyHKU un
YP3UIMAUOU 0eb Kapanaou).
v, BrIOKHMHT WIIKaTaHUIIMHN XUCOOTa OJIMAHT JeTaH
miapT, MTHUHT XOXJIaraH KUCMUJAru TapaHriuK KyWwIapyuHU

Oup-Ompura TeHr ne0 xucoOnamra HWMKOH Oepaju.

CxeMatuk yu3Ma yu3zamu3. byHma xap Oup >KUCMHUHT

=

®|g  pacMUHM allOXMJa-aJioXuja uu3uiaau. Xap Oup »xucmra

D v TabCHUP KHIYBYH KYWIApHHU aHI/IKHaIHTI/IpI/I6 qu3Mazaa

v

e

KypcaTaMus.

2.6.3-pac™M | (2.6.3-pacm).

OY koopiuHaTa YKWHU BEPTUKAJ IOKOpUTa HYHAITHpaAMuU3. DPKUH TYIITUII
TE3NIAHUIIMHUA  TOMHUII  y49yH  OKJApPHUHT  XapakaT  TeHTJIaMajlapuIaH
(oiinananamus. (Oynna a; =a, T, = T, oKaHIUTHMHU Ha3apra ojaull Kepak Mj oK

Y4YyH XapaKaT TCHIJIaMaCHu BCKTOP KS’/pI/IHI/IHII[a
T, +P, =m.a (1)

Oymanu. M, maccaru 1wk yuyn sca T, + P; = mya, (2) Oymaau. By

tenrnamanapuu OY ykka HucOaTaH mpoeKIusIacak

P,-T,=m,a, JIAQPHUHI Yall Ba YHI TOMOHJIApMHU Kywicak xamua T; = T, ;

2 2 272

a; =a,=a, P;=mQ; P,= M,Q 3KaHJIUTHHHU XHCcOoOTa ojJcaK



m,g-mg=(m, +m,)a
(m,-m)g=(m, +m,)a
X0CHuJa Oymanu.
a-HU TOIIMIO YYYH KMHEMATUK TCHIJIaMaJdaH (I)OI‘/'II[aJIaHaMI/IB. m, Mmaccaiau

IOKHHUHI' XapaKaT TCHIJIaMaCHu

y = Vot + 7
v, =0 y -2 BAKT MOMCHTHAA vy - s OYIraHH YUyH
2
2 oo 2
s= 2 a = 2—25 (6) Hu (4) ra onub 60pub Kyiicak g = w
2 t (m, —m )t
oynmanu.
XucoOnannapaan g = 9,6 M/c HaTmxka Kenub uvukaau. byHnai

TUIJArd MacajajlapHU SKCIEpUMEHTaN Macajanap KWiauO OepHil XaM MYMKHH.
VY3apo OofnaHraH ydra >KMCMHUHI XapakaTura TETHIUIM OyiaraH, xamjaa

UIIKQIAHUIIT XXCO0Ta OJIMHTaH MacajlaHd €urIll METOJUKACUHU KYpalsIuK

4-macana. Agar m = | kg eéa uwxaranuw xod3@pguyuenmu p = 0,2
oynca 16-pacmoa macseupnanean cucmema Kamoau me3naHuul Ouiau
xapaxamaanaou? | ea |l ccucmnu 6oenosuu unmune mapaHeiux KyyuHU
xamoa 1 ea W1l scucmnu unnune mapaneaux Kyuurnu monume.

Macanara Terumiad pacMHU TYIIYHUO TYFpU 4KM3UO oM Kepak. Xap
Oup JkKMCcMra TabCHp KWJIAETraH KydwIapHH aHUKJIAMTHPUO, >KUcmiapra

KYWHUII KEepak.

o
A‘N
> > >
T O m T X
o - | o
r-!_ |
F, |»
|3,
> . |
> T, 1 |0
2 T l,
4

mER
1;1 111 &8 3m ;

|
vP

2.6.4-pacm '




I, Il, Il >xucmnap ydyH XapakaT TEHIJamMajJapUHU MOC paBHIIIa
BEKTOp KypuwHHIIAa ¢E3u0 oJlaMu3 Xamja TeHrJaMmalapJard BEKTOp

KaTTAJIMKIApHHW KOOpAHWHATAa S'IKI/Il"a HpOCKHHHHaﬁMHS.

1) 3 m Maccanu >XmMcM y4yyH P,+T =3ma (1)

OY koopauHaTa yKura mpoeKIusianMus.
P,+T =3ma (2) &xm 3mg -T =3ma (2%)
(2*) (2) wmaccanu )kUCM Yy9yH F, +P, +T, + N +T =2ma  (3)
OX koopauHata YKUTA MPOSKIUIANMU3.
~F,-T,+T = 2ma (4)
T-F,-T,=2ma (4%)
2"Ba 4’ JapaaH
3mg - T =3ma

T-F,-T,=2ma

F, =2umg
3mg —2umg —T, =5ma (5)
3 M mMaccaiu )XUCM YUYH P, +T, = ma (6)
p,-T,=-ma (-1) ra xymaditupcak éku T, - P, = ma (6*) P,=mg

9KAHJUTHHM dbTHOOPTa 0Jicak T,-mg =ma (6%*) 6ymaau (5) Ba (6**) napuu

y3apo Kylicak
2mg —2umg = 6ma

2mg (1 - ) = 6ma

o 9(13—/1) (7)

1_
a =u:3,2ﬂ4/c2

3

a=32 ./l/l/C2 3mg - T =3ma

T =3mg (g —a)



T=-3.198-32)=19,84 | =19,8 ra Tedr >kaH.
T1 —-mg = ma (6* * )

T=mg +ma =m(g + a) (9) ra TEHTI 3KaH.

S5-macana. Ep ea Ou mapkaznapu opacuoaeu ypmaua macoga 60
paouycea mene. Ou maccacu 3ca Ep maccacuoan 81 mapma kuuuk. Ep
ounan OuHU OUpIAWMUPYBUU MYEPU YUSUKHUHZS KAUCU HYKMACUOA IHCUCM

Epea xam, Ouea xam 6up xun Kyy ounan mopmuiaou?

MacanaHuHT mapTura Kypa yHra Teruiuid Yu3MaHu 4Yu3u0 odaMus.

X »
£ On
7 Fy
»
F2/’m/
-~
2.6.5-pacm
1) Oi ™ o y
) il Ba )KUCM y4yH F =y ——— (QopMyna YpUHIH
mM Yer b
2) Ep Baxucm yuyH F =y ——"— ¢dopMyJa ypHUHIH.
(60 RYr-zr - X)
m -81M oy o
M, =8 M, DOKAHIUIMHHM XHCOOTra ojncak F =y ———— Oynagu. Macana
(60R,,, - x)
waprtura kypa f; =15 .Y xonna
m-M m-81M 60R, -x)° o
¥ =y >—  Ba %: 81 Oymanm.
X (60R,, - Xx) X

Nkxu TOMOHHAAH KBaApaT UJIAU3 YUKapCakK

— Y  _9 60 R, — x=09x 60 R =10 x



6-macana. V3ayuaueu (-60 cm Oyrean unea Ocuneaw 0K MeKUC

Xapakamianub 2opuzoHman mexkuciukoa aunana yuzaou. IOk aunanaémean
— 0 .

eakmoa un eepmuxan ounan o = 30 ~ au y3eapmac Oypuax mawkui Kuicd,

10K KaHOAQl me3iuKk Ouian xapakaminaémean oynaou?

MacajlaHMHT Ma3MYHMHHU aKC STTHPYBYHM uu3Ma yuzamu3 (2.6.6-rasm).
Okka Tabcup 3TyBuM KyudapHu kypcaramui3. OY Ba OX koopaumnHaTta

OpKaJii Yu3MaJia KypCaTUJITaHACK UYHAITUPAMU3.

by Macamanu eydinr METOAWKACUHHHT TYPJH YCYJUIapU MaBXYy.
0ynub, 613 Oup yCcynu ycTuaa TYXTanMmus..
Mapkasra wHTHIMAa Kyd F_ -ma, (1) TeHrilamamaru  BEKTOP

mar

katranukiaapHuHr OX koopauHaTa YKUra nNpoeKIusiiIapu

F = ma (1*)

mar n

a -=— (2)umsmagaH R=/-siha  (2%)
R

n

F... =P-tga =mgtg o (3) ra Tenrimru kypunaau. (3) Ba

(2) mapum (1*) ra xyicax,

motg @ = m - ——t— (4) OyHIaH

f-sin a

V=10l tgasin a (5) XOCHJI OYmau.

) ) oo 2
Kuiimatnapau ypHura Kymcak v=13 M/C” 3KaHJIUTH Keaud YUKaIU.
VY3apo OofnaHraH KaTTUK >KMUCMJIAPHUHI alJlaHMa XapakaT JUHaMUKacura

TCTHIIJIX MacaJlaJlapHHU CUHNII MCTOAHNKACHUT'a TSJ’XTaJ'IaMI/IS.

/-macana. 40 2 e6a 102 Oyrean uKkKuma wapux 20pu30HmMAal

cmepaicenza kuuoupunean 8a 20 cm y3ynauxoaeu un 6unan y3apo 6021aHeaH.

ad o
Cmepocen 10 ° Oypuax me3nuKk OUlAH AQUIAHEAHOA WAPUKIAD
C

cmepoiceHo0a CUpnanmal mypeau 0yica, UnHuHe mapaHeauk Ky4uHu monuHe.



Macanara Terunumm yu3Ma dyu3amus (2.6.7-rasm.)

bynpnaii Xxonga MIApUKIAPHUHT  MOC

paBulIaAa HOpMaAJI TC3JIAHUIIIJIApHUHHU T1 Ba

T, TapaHrauk Kywjlapu BYyXyara
N3 — E;
mow | T: ¢ keatupanu. llapukmap cupnanmacin-
A -
TMHUHT maptuaad 13 =T, skaniuuru
2.6.7-pacm
KeJIn0 YuKaIu.
m.v 2
T, = —mo’t, =meo’ (-1 (1)
¢
T, =me’ (-1
m.,v 2
T, =22 =m,0’r, (2)
Z 2
T,=m,0" 0,
mao’(t-t)=m,0’r, (3) Y xonna
me—m, =m,¢

2 2
m¢=(m,+m)/,

m
1
t, =

-y
(ml_mz)

2
m, -mawo -/

OyHu (2) ra Kyiicax

T=T,=T,=— =0,6 H T=016H
m,+m,
[InaneTapmap Ba CYHBUU WYIIOUUIAPHUHT Xapakarjapura TETrUILIU

MacajJaHu KapanMu3

8 - macana. Xooanap 20-pacmoa xypcamunranudex Kuiub mpocea

kymapunaou. Aeap a o6ypuax a = 90". 120", 150" 2a mene 6yaca, mpocuune

xaepuda mapaHneiawmuid Kamma

Kucmaapuoamu éxu S xucmuoamu?

2.6.8-pacm

oynaou, cupmmokHune A ea V

Tay



Oxopuma aiiTraHmMHU3AEK YM3Maja TpocTa KaHIaW Kywiap TabCHUDP
KUIaéTraHJIuTuH aHuKiIanmu3 (2.6.8-pacm). By kyunap Oapua xogalapHUHT
OFUPJIUMK KyuM Oynu0, Oy Ky4HU MKKHTA TAIIKUJ 3TYBUMIra akpaTaMus.

P=T, +T, (1)

OFUpJIMK Ky4HJaH TalllKapu TPOCHUHT IOKopuUra iyHanran T, TapaHTIUK
kyun Ttabcup Kmiamgu. OY Ba OX koopamHatajap OpKalu YTKa3aMWH3,
cyurpa Oy kywipuu O HyKTara skoinamrupamus.by xonatr yuyH MyBo3aHaTu
HIapTUHU €310 OJIaMU3.

Tc +P=0 ((Q)éxuTc +T,+ T =0 (2) Oy xyumapHUHT oYy
koopauHTa Ykiapura Ba OX koopauHaTa YKUTa MPOCKIUSIAPUHU OJAMU3,
aspan OY Ba OX ykmap Oyitmua MyBO3aHAT MIAPTIAPUHU E3aMH3.

OY ykura uucOaTtan

TC—TA—cosi—TBcosi:O (3)
2 2
o L« L a
OX ykka HucOatau ~Ty-sin 4 Tysin =0 (4)
(4) nam T, sin = =T, sin = (5) skaHnuru Kenub 4yukKagu. Y XoJja
2 2
. V2

(3) nam T, = 2T, cos% (6) Oymagu. «=9"° Ja cos 45 ° = —

2
T. = 2T, — HHU XHCOOTa oJicak

2
T, =1,4T, 9KaH T, >T, OYymamm. Jlemak CHPTMOKHHUHT S  KHCMHIA
TapaHTJIamuIn A KACMIArd TapaHTJallHuIIgadH KaTTa. Hemak, o« =120°

Oynaranga CHpTMOKHHUHT S XaMmJa A KUCMHJa TapaHTJIAIIUII OUP XU« = 150 °

0

0 1
=2-T,-cos 60 =2.T, . —=T,

2 2

120
T. = 2T, cos

(o}

=2.T,-cos 75 -2-T, -0,2419 =0,48T,



T =0,48T, OVmap 9KaH., SbHHe =150 ° OVIraHga CHPTMOKHHHI S KHUCMHUIAru
, Oymap : ¥

c
TapaHTJIAMAI A KUCMUIaryd TapaHTJIANIUIIIaH KHIUK OYap dKaH.
9-masala. Maccacu m oynean 0K 20pU3OHMAL
meKuciuKoazopuzonmea Hucoamaun a Oypuax ocmuda HCOULAWeaH mpoc
époamuda Kyyupuimoxoa. Aeap uwxaranuuwl xod@uyuenmu a ea meue
Oyaca, mpocHuHe mapaneaux KydurHu monuHe. FOKkHU Mo0ouul Hykma 0eb
xucoonane. Onunean dcaeoonu a=0 ea a = 90" 6yrean uecapasuti xonnap

YVUYH aHalu3 KUJIUHS.

By Macajlaga XaM TCTHIIIIN CXCMATHK 4YHU3Ma ‘II/IBI/I6, JKHUCMI'a TabCHUD
9TYBUYM KyYJapHHWM AaHUKJIAIITHpaMHU3 Ba

xounmamrupamus. (2.6.9-rasm). By xywrap I

KUCMHHUHI' OFHUPJIHK KYYHU P HIIIKaJIaHHUII ;H_

1y
¥

Kyud /"«, TasHYHMHI peakuus Kyuu R, '

TpocHUHT TapaHrnuk kydu /'. OY Ba OX 2.6.9-pacm

KOOpJAWHATA YKJIApUHU TaHJIa0d 4yu3Mara KUpUTaMHU3. TPOCHUHI TapaHTJIHK
Ky4nHH UKKUTa T1 Ba T, TalIkui 3TyBUMIapra axxparaMus.

IOxHU MyBO3aHAT MAapTUHHU UPOAATOBUM TCHIIAMaTapHU €3aMu3

P+F, +N+T =0 (D
(1) vu OY Ba OX koopauHaTta yKiapura npoekiusiaimus. OX koopauHata
YKura npoekuusaacak T,-T, =0 (2)

byHna 7, =Tcs a« Ba F, = uN TEHIJIMKJIAPHU Ha3apra OJICaK

Tcos @ — uN =0 (3) oOynaawm.
OY koopauHata YKHUTA MPOCKIIUICH
N+T,-P =0 (4)
oynamm. T,=Tsina, P =mg
TEHTJUKJIAPHU Ha3apra ojcak
N + 7sina-mg =0 (4%)

KeJIn0 YuKaau



N = mg-Tsina (5)
Tcosa-MN=o0 (3)maru N HuHT ypHUTA

(5) naru N HUHT KMAMaTHHU KYHCaK
Tcosa—umg + uTsina=0 (6)
xocun 6ynanu. bynaan
T -(cos ¢ + psin ) = umg I[GMaK

L (7) skaH.

oS @ + usSin a
a =0 OYJraH yerapaBuUil XOJIHH Kypcak T =umg  (8)

xocun 0Vnmaau. byHpail yerapaBuil Xoj7a 10K TOPU30HTAN TEKUCIUK OVitnad

TYFPU YU3UKJIU TEKHUC XapaKaT KUJIHUIIU KeIU0 YMKaIH.

a =90 ° Oynran yerapaBuii xonga (7) teurmuk 7 = mg =P (8) Oynubd 1ok
BEpTUKAJI BEpTUKAJ PaBHUINIA FOKOPHUTA TEKHUC Ky TapUIHUIIN KeIuO YMKaIu.
THHY TypraH )XKHACM CTaTUKACHUIra TETUIILIM Maccajla KypanuJImK

10-macana. Maccacu 1 ke, paouycu 22,5 cm oOyrean wap. Accu
oesopea oOupuxkmupurean 0,8 m  y3ywauxoaeu unea 2.6.10-pacmoa
Kypcamuieanoek maxxkamiaumeau (ocuneawn) o6yaca, 6y wap oegopea KaHOAl
Ky4 bunaum 6ocaou?

[lapra Ttabcup OTYBYM KydwIapHUW aHHKJIAIITHpamMu3. by kydiap
MIAPHUHT OFUPJIMK KY4YH, UTTHUHT TapPaHTJIWUK KY4d, TASSTHYHUHT PCAKIHS KyId
(Macama mapTura Kypa HIIKaJaHUII
Ky4d XHUcoOra oJIMHMauin).

[ITapnapHUHT MyBO3aHAT MIAPTHU

Kyhiugaruua O0ynanu

P+N+7T=0 (1)
by xyunapau OX xoopauHara yKura
2.6.10-pacm
MPOCKIHSICH.
N -Tsina=0 (2) éxut T sin « = N (2%)

OY koopauHaTa YKATa MPOCKIUACKH  1C0Sa-mg = 0 (3)



¢k Tcosa = mg (3*). ( 2*) vm (3*) ra Mmoc TOMOHJapuHH OYIHO oOJicak

T sin o N

OyHIaH N =mg -tga (4)

T cos a mg

Keauno quKaau. NkxuHYHU TOMOHJAH 4Yu3MaJaH

R
tga = — h=+t’-R?
h

tga = —/——— (5)

R

(5) uui (4) ra kyiicak N = mg (6) xocun Oymaau

t -R’
[MapuuHr peBopra OocuM Kydd HBIOTOHHMHI HWKKHUHYA KOHYHHUTa
HUcOaTaH COH JXKMXaTWUJaH, JEBOPHUHI Iapra KypcaTa€TraH peakuus

Ky4ura TEHT. [ITyHuHTr YUYYH oocum KYYHHHUHT COH

KHHAMATHF,, = mg i : (6) dopmyna ounan anukiaanud F = 2.271H ra

v/ -R

TEHT Oyiap HKaH.
HapOatnarm Macanamu3 aiilaHuIl —YKura odra OyiaraH KUCMHUHT
MyBO3aHATUTa TETUIILIH.

11-macana. Vayuaueu 60 cm 6a maccacu 0,4 ke 6yaub, O Hyxmaea
wapuupiu maxkamiaweaw ea AD un obunan mymub mypunean AQO
cmepoicen wty un ounaw 45° o6ypuax xocun xunaou (2.6.11-pacm). V
Hykmaea maccacu 0,6 ke 6ynean wx ocuneaw (AV=20 cm). Hnnune
mapaneauk kyyu 6éa O Hykmaoacu peaxyus KyuuHu monume.

Yusmanu KaTagaH karrajamTtupud uu3ub omamu3. Macanara
TETUIILIH yu3Maja CTEepKEeHTa TETUIILIH Oapua Ky4JIapHHU
aHUKJIAITUpaMu3. by Kydnap CTepKEHHHHT OFUPJIMK MapKas3ura
KYHUHWITaH OFUPIUK KyuH P, cTepKeHHUHT V HyKTacura OCHJIraH IOKHUHT
orupnukiiapu P; umHuHT Tapanriuk kyun T, ctepkeH Ba 1ok OD geBopHu
nactra O0ocranum yuyH O HyKTaja JCBOPHUHT peakmus KydHW HOKOpHUTa
nyHanran Nog OYymaau. nm Ounan TyTu® Typuiaran CTEpKEH TapaHIJIUK

Ky4Hu XHCOOWTa AeBOPHHU CHUKKAHJIUTH yuyH O HyKTajaa siHa Oup peakius



'31‘

: |
2.6.11-pacm % * @ : T

Kyuu naigo 6ynaub, y O HyKTaJaH CTEPXKEHHHHT'A y4u TOMOH HYHaira
oymanu. By xy4d Ng4 Tra TeHr (2.6.11-pacm). N4 Ba Ngp peakmus
Ky4WIapUHUHT TEeHr Tabcup dTyBuMcH 3ca O Hykraman OD neBopra
HucOatad 6upop P Oypuak octuaa WyHanran 6ynaau. Kyunapau uyuszmana
kypcatamu3z. OY Ba OX  koopaumHaTta  YKJIAapUHU  4yHU3Mara
KONITAIITUPAMHAS.

CTep)KeHHUHT OMPUHYU MyBO3aHAT IIAPTH Oyiran 3 F =0
TEHIJ1aMaHu €3u0 oJamMus.
P+Py +T+N=0 (1)
éxu T Hu T; Ba T, Tamukua 3TyBUmMIIapra axkparcak
T,+T,+P,+P+N =0 (2)

(2) tenrmamanum OX Ba OY koopawHata YKjIapura MOpoeKIusiad

onmamu3z. OX koopauHaTa YKHUra MpoeKIusiacak

T,-Nsin g =0 T, =Tcos 45° (2*)

1

OY koopauHaTa yKura npoexkmnusiacak

T,-P, —P+Ncos =0 (3) T, =Tcos 45 ° (3%)

1

(2*) Ba (3*) mapuu xmucobra oJicak

Tcos 45° = N sin g (4)
Tsin 45" + Ncos g =0 (5)
Tsin 45° + Ncos g =P, +P (5%)

Jap XOoCuJI OVaau.



CrepxeH MyBO3aHAaTHMHUHI MKKMHYM LIAPTU MOMEHTJIAp KOUIACUIMD.
CrepxeHra Kyluiran 6apuya KywIapHUHT MOMEHTJIAapUHU aHUKJIAUITHUPaAMU3

Ba MOMCHTJIApHHUHI' HIIOpAJIapUHHU cho6ra OJIaMH3. T, =T sin 45 ° Ky4 Y4yH

enka AO ra tenr, 0y Kyd MOMEHTUHUHT UIIopacu mycobar, P; Kyd yuyH enka

OV ra tenr Oymu6 umismagan OV=40 cM, MOMEHTHUHI HIIOpPACH 3Ca

. o AO
mManbuii, R Hunr eakacu OS ra TeHr Oyauboc = —=30 CM JHP.
2

MOMEHTHHUHT uIIOpacu 3ca MaHOUUAUP. Ncos g = N, KY4YHUHT €JKacH

o
HOJTa TEHr OydaraHum y4yH MOMEHT XaM Hoxaup. FOxkopumaru Qukp
MyJioxa3ajgapHu dbTUOOpra onubd (5*) TeHrnamaHu KyHuJaard KYpuUHUIITA
€310 onamus.

Tsin 45°-60 cu = mg 40 e + mg 30 en (6) OyHIaH

Ke M

(0,610 -40 + 0,410 -30 ) ——

T = — ; XucobOnam 7 = 8,5 H ra TCHI 3KaHIWTUHU
60 cu - sin 45

cm

kypcatanu. DuHau [ Oypuakuu Tonum yuyH (4) man N Hu TommO (5%*) ra

cos S

sin g

KYSIMHU3 T sin 45° + T cos 45° = P + P (7) Tsin 45° + T cos 45 ° - ctg 8

Tsin 45° = T cos 45 ° OYyranu yayH T sin 45 °(L+ ctg #) = P, + P Oynaau

P+P . P, +P . P, +P —Tsin 45" 1
byHmaH 1+ctgp= ———;, ctgf= ———-1, cigp = - g f = ——
T sin 45 T sin 45 T sin 45 tg S
1 P +P —Tsin 45" p T sin 45°
- tgp =
tg B T sin 45 ° P, + PT —sin 45°

’2
8,5H .[—
2
i9p =
/2
0,6-10H -0,4-10H -8,5H ,|—
2

Xucobmacak tgp =15 Ba g =57 dKaH. N HUHT COH KMIUMaTHUHU Torcak (4%)

8,5H 2H
T sin 45° ' 2

dbopmynaman N = kenub uyukaau. byngan N = 7.2H
sin S 0,84

=15

oynanu.






XVYJOCA

Vuby manakasuii Oumtupys ummaa: MathCad nmactyp makeTHHHHT
y3ura X0C XyCyCUATIapU Ba YHIaH ol TaTaHUIITHUHT
ycayonapu;duszukagan macananap euuiiga MathCad gactyp makeTuaan
doinananum meroapu; “Interactive Physics” macTtyp mHakeTHHUHT
y3ura X0C XyCycUusiTiapu Ba YHIaH dholiranaHuII
ycayonapu;“Interactive  Physics”mactyp maketugadn — (oitgamaHuo
Macajajgap e4uil ycyJuiapyu 0aéH KUIuHIH.

JNlemax, MathCad sa Interactive Physics nactyp makeruaan ¢oiinananran
Xoyaa (pU3MKaBuil MacajJaJapHUHT IMAPTUHA aHUMALUS XO0JI[a MOJCIUHH SIPATHIII
tanabanapra QU3MKaBUi Macananapra OYnraH KU3UKUIIUHK — OPTTUPAIH.
Tana6anap MathCad sa Interactive Physics mactypu opkanu 6upop 6up (usuk
MacaJaHd OJITaH XOJJa YHH MOJCIUIAMITHPHINTa KUpHIaguiap. Tamadaiap
KOMITBIOTEp MOJICIMHU sipaTa TypuO Macajaiap yCTHAa SXIIA OOl KOTUpaIuiiap,
(GU3MK MOXUSATUHM aHrjad eTajawiap Xamja euuIaJuraH MacajlaHUHT (PU3HK
X)apa€HUHU >KOHJIM KYPUHMILJIA KY3 ofaura kenrupaauiap. Hatrxkana, Tanabanap
Oepuinaérran (U3MK MacalalapHd KUHMHYMIMKCH3 CUUII MajaKacura osra

oynagunap.
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