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TABJIAM TH3UMHIA VEKUTUWIAIMTAH OH3HKA
PAHNJIAH MACAJIAJIAP EYHII METOHKACHHHA
TAKOMMWLIAIITHP UL

M.E. Tyemypamos, TBUIITTH PRumysyucu

Yuwby waxorada yasonunz kapuunusu yamoa ozupaux Kywu
MABLCUPUOA  BEPMUKAT YAPAKAM  KUIAEM2AH HCUCMHUNE yapaxam
ROHYUAGPU Fpeanunzan 8a yaapea 0oup Macaranap uunab xypeanuaza,

Kanum cyznap: Spcun mywnu meznanuu, yaparam
MEHERAMACU; MESTUK MEH2NAMACY, UHMEZPANNAUL, UNMEZPAR Ye2apa-
AAPU; YAGOHUN2 KAPULUTUI Y,

Hannas cmames nocesupena usysenuro saxona deuncenus mena,
osudCcyugezocst nod Oelicmenem Ccuibt COnpomuenenust 6030yxa u
MAZOMERUA, U HEKOMOPBIE PEULECHHBIE 3a0aYi OMHOCAMCA K MOl
meme.

Knwyeesie cnoea: Yexopenue ceoboonozo RAOEHUR; VPasHeHue
OBUNCENUS,  CKOPOCMb  OGUNCEHUA;  G3Mb unmezpan, npeoenvt
UHMEZPANA, CONPOMUBICHUE BOZOYXY.

This article is devoted to the learning law of motion of a body
moving under resistive force of an air and Jravity and somé problems
solved belongs this topic.

Key words: Free falling acceleration; the equation of motion; velocity
of motion; to take integral; limits of integral; resistance of an air.

Marirymks, ymymMTanmm ypra MakTabnapuEMHT I0KOpH cundnapy
Ba aKaJIEMUK JIALCH Xaua oJIHil TabJIHM Myacccacanapuia YKyB4YH Ba
Tanabanapura 3pKHH TYINAETIaH SKH THK IOKOPHIa OTHIITaH JKMCMHUHT
XapaKaTHHH YPraHHIl MaB3ylapyia XABOHMHT KAPIIMIHTH ssTHOOpra
OIAHMATaH XOMT y9yH, IBHH (hakaT OFMPIMK KYYH TahCHPH OCTHIATH
KHCM Xapaxkar Vkurunamy. Onuwit TasmMm Myaccacaapuia Xxam Oy
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174 TALAB, TAKLIF VA TAHLIL

Macana uykypnamrupub mudipepenuman Ba BeKTop KYpHHMILTIapHaa
YxuTHNaaM. ACNHA, XaBOHHHT KAPIMIMTH YRTHOOpra OJMHAIWTAH
XONJaru Xapakard Xakukarra aHda akue O0ynub, Oynra sca ommit
TALAMM Myaccacanapuia kam 3sTiHOop Oeprnamu. Illyanar yayn xam
OFHP/IMK Ky49¥ Ba XABOHMHI KApIIMIMIWHH Owpramkaga ssTadopra
OJIMHIaH XOJUIArd XXUCMHMHT XapakaTwHH Ypraaum TanabanapHan pean
Ba3WATra aHYa AKUHIALITHPAIH.

BHnaMu3kH, MYXMTHHHT KAPHDWIHIH TE3MMKHMHAT OMpHHUM
Aapaxacura €Kk MKKHHYH jJapaxacdra TYFpH NpPONOpUMOHAI
OV myxue, Jlexnn, xago Gunan comup 6ynamuran xoamcanapaa
(aBToMOOWI XapakarvHu YpraHuma, aBuaumMsaia, Xapouit TexHuxkana
napaunoT, YK, CHapaj Ba GolkanapHa Yprauumyia) KapuiuiuK Ky4uHa
TE3NMMKHHHT MKKHHYM Jlapakacura NnpornopuyoHan aed kapanaau. bus
ymly MaKoia/a aifHaH my Xo/T y4yH ep CHPTHAAH THK X0J1/a I0OKOpHUra
OTHIraH »HucM Xamaa Oupop GanasIMKIAH MAacTra TauUvlaHral AKUCM
XapakarvHH ajoXuia-anoxuga ypraHaMus Ba yjiapra oM macanaiap
AIUTaiMA3,

L Jactnab, sucem 9, Gonwtasnriy Te3/HK OAIaH THK X0/11a JOKOPHIa
OTHATAH XOJI VYYH XKHCMHHHT y=)(!) Xapakar TeHrnamacunu, 9=39(1)
OHMI TEINHK TEHITIAMACHHHM XamJa uxTuépmit A OGananmmxgarn 9
TEe3JTArHHHA aHNKIAi Jurag (JopMyJIaHu KenTupud YHKapaMu3 Ba yiapra
poup OMp Heya Macananap e4aMm3.

HElOTOHHMHT 2-KOHYHHTa Kypa  my = —mg — ﬂ.92 oynamm [1].
By maddepennman TeHmaMaHM KyWHAard KETMa-KeTIMKIR €YHIN
OPKAJIH BaKT (hOPMY/IaCHHY aHHK/IAHMU3.

ds

d$ m d§
L2 = (mg+p9), » di=——T—_=_2._ %
o (mg ) mg+py B g, M8
B
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ENUNE MEeMOOUKACUHY MAaKOMURIaUIm

faa T 2 A AE ( _ﬂ_.g]@ .
z 3, 3z+1§; B \mg mg |9
’ £ (s -9)\
= 1 r_i}_- - -£--.9 - ,E. " mg 2
\/; [arcrg[qmg 3] arclg[ o u]] v Bg arclg A 7 v
¢ J

[Ilyrmaii kanmb, ep CHPTHAAH THK IOKOPHUTa 9, bonuTaHFUY TE3MHK
OmyaH THK XO0J1a IOKOPHIa OTHJIFaH KUCMHMHT uxmcpnﬁ 9 Te3nukka
sra Oynnm sakr onuan ymby QopMmyia épaaMuaa aHMKIA MyMKHH

skaH [1], [2]. e
I=J;g ~arct [ ﬂm (3 9)] (L1)

mg + 9,9

By thopmynanan c¢olinananub, KECMHHHEr KYTapuimil BAKTHHA
XaM aHMiIanMMus Mymxas. byana 9=0 6ynumman >s1Hé0pra ommi

kudos Kuagm.
t, = \/—7— : arctg( Jz .90) (L2)
pg mg

(I.1) popmynanan ¢oaananusd KUCMAMHT Ky TapuiryHrada Gynras
UXTHEPUH TEIMMIHHM BaKTIra OOFIAHKII TEHITIAMACHEN XOCHIT KHMJTHLN
MYMKHH [2].

\/,Bm 9, - ,/ﬂmgS tg(\/‘——t)mgwg[\/—’i?t)ﬁ.%g

&8 FIZIKA, MATEMATIKA va INFORMATIKA Soan
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JBmg 3, - mgtg[\/E)

JBmg + B9, lguE J (13)

DHAM 53ca JKACMHHHT KYTADWIMIN JKapaéHHAArH TE3IMK Ba
KoOpauHaTa opackaary Gornanyimay kesnrmupud wikapaiimuk [2], [3].

9=

my = mgﬁ_mwz—mg—ﬂsz
dt dy
2, Mg
—— m3d9 _ m 9d9 & de=—m .j‘d(¢9 + ﬂ)
mg+pS B g mg 4 28 g .me
P s
( g2 mg)
y=-—"1--|n(.9’+;"lg-]'9=’”.|n oy =m.]n(mg+ﬂ.9€
2p BN 28 |g,m8| 28 \mg+p9
\ B )
m mg + 9’
2
’=28 n(mg+,8.9z) 4

IOkopunarn dopmynagan dofizanann® maxkcuman xyTaprimm
Dananmmruag anuknai onamus [3], [4].
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CYLU MemoOuUKacuhu mammwmmugm :

2
ot L, In(l +-’199—) (L4a)
2 mg

IL. Dumm 5ca swuem Gupop y, HyKrajgaH J, OOLITAHFHY TEINHK
OuyaH THK X014 aCTra OTHJITAH XOJ1 YOyH XHCMHMHT y=y(f) Xapakar
TCHINaMacHuy, $=3(1) oHnii TEIMK TeHINMAMAaCHHM Xamaa MXTHEPHI
y GanavyiuKAara § TeaUruHu aHMKNakauran (GopMyIaHu KeITHpHG
4YHKapaMH3 Ba yiapra Joup 6up Heua Macananap e4ammus.

Heloronuunr 2-koHynara kypa  my =mg — 3.9° 6ynam. By
madpepentman TeRTIaMann Ky iHIarH KeTMa-KeTIHKda e4HII OPKATA

BaKT (hOPMYIaCHHHE aHuK Iakmus [1].
Y . B i B oy
i mg-pS B g _mg
Ji]
; 9 78 |lg
’=Idt=—ﬁj ds __m 1 i S _
o B g M P 2 "8 gy M2l
B p gF>
(- "2 |94 fme ([me_g 1'—’§+.9)
=lmm\ B\ p)._._}_ ’"h\p A
L+ |8 |l 9 |Z& PN W e BES
\ BN B ) Y A A

ITacrra Tymaérran KuCMHUHT SPHINMIT MyMKHH GY/ran sHr KarTa
TCITHIH/Ia OFHMPIHK KyYd XABOHMHT KAPUIMIMK KYYWMra TeHIAIuamd
(1], [2].
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mj}=mg—,3.92=0, - mg=,B.9,fm, g _ = ﬁﬂ&

Iynnait kuud, Gupop I, Gomnanri TE3IHK OWJIaH nacTra OTHIraH
JKHCMHHMHT HXTUEPHHT § Te3/MKKa SPHIIMIL BAKTAHH KyHugara4a 3
mymxut [4], [5].

; 1’§.+,9\
NB VA )=8,i.x1n|(~9m.x--90)('9m+~9)|
A Iy g B R
N VB

(IL.1)
JOxopuparu QopMynagan ¢ofizananub HPKAH TAlIAHTaH KHCM
yuyH XaMm (opMyIia XOCH KIIHII MyMKHH [1], [4], [5]).

’mg
—=+9
1 m B 9 e +8 215

2\ Bg JE'E"Q 28 |9~ 9|
B

Heiorouarnar maddepennpan KYpHHHILLATH MKKHHYH KOHYHHHH
eYMII OPKAIM JKMCMHHMHI Y KOOPAMHATACH Ba 9 Teanuruam Gornarad
TeHrnaMany anuKam MymkuH [2], [3].

m'9d‘9=mg-,8.92, sy alipen m.9d.92=_1n_. 9d9 ’
dy mg-py B g_Me
p
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ENLL MEMOOUKACUNU MAKOMWLIAUIMUDLINL

sd(&’-ﬂg) 9
f m ﬂ m , mg
= )= Y=Y, = - . = ——-In |9 —~ =
s ;!;d) Y=Xo 2,65[ SZ_ﬁg_ 2ﬂ _[}_Ig
i) 0
g _me mg _ g
= e -In ﬂ - — " -In ﬂ 2] m lnl'gnznx—'gzl
28 |g2_mg|l 28 |mg_g| 28 |9%.-%|
0 ﬂ ﬂ 0
%__32
80 s WY B _ —Sfm'ln ‘9:‘“—32
Y=2XYe 25 ﬂg-_s: Yo 29 P 3 (11.3)
B

IOkopaaary (opMyNaHHd 3pKHH TalUUIAHIaH JXKACM YYyH XaM
Kyumam mymxaH [1], [5].

N2 2 ‘ 2
yzyo_i'lnl—ﬂ.g :yo—-'gm.lnl_ '9 (1133)

(I1.3) dopmynanu 61up Heya MaTEMATHK ANIMAIITHPHIILIAP Oa’kapuul
HATIDKACHIA TE3JIMKHMA aHUK Al (hopmymnacura sra 6ymamms [4].

_28(y=w) 280 ’;"01
.9=V";g—(”'ﬂg-.9:)-e m =S (R~ ) e =

(IL.4)
Okopumara QopMynaHu SpKHH TaUUIAHTAH XKACM YYYH XaM
KYJ1am MyMKHH,
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e _2B0-») J _28(r-%)
9 = ﬁg l-¢ » l—g o= (I1.4a)

11 Duam 5ca 1Kopuaa kentHpud unkapunras 6apua dopmynanap
jo3acHgad OHMp Heua Macananap HUUIANI OPKAIHM OMIMMIIADMMW3HH

MycTaxxamiab onamus.
I-macana: Maccacu 2 k2 Oynran XucM BepTHMKan Xoiia THK
rokopura 60 wm/c Temmk Ownan orwirad. by JKMCMHMHI Te3nMra

9 [m / s] ra TeHr O¥nranma R = 0,01.92 [N] ra Tenr Oyiran XaBo
Kapumnurara yapaiimu. Heua cexynanas kelins Oy KHCM Y3HHHAHT SHT
IOKOpHrH HyKracura spumanu? Makcaman kyrapunnm Oanasymra
kanpaii [4], [5].

Eunm: By Macananu eymin yuyH I0KOpHAA KeJITHPHO YnKapuiras

(I.2) xamaa (1.4a) dopmynanapuaan doiananamus.
s

3 7 T 0,01"—3 o
L= arclg(w} 9)= p -arclg| |———"—:60— =
Bg mg vo,on—g—@,si”,- 2kg-9.8%

m s ! s
=4,5175-0,935=4,2245.
4 2\
kg
2 0,01-5.3600 ™
B [ '5'9) Zkgk ol & |
mg ) 2.0,01-% 2kg 9,85
m \ § y,

=100m-1,0426 =104,26m.
Jemaxk, xucm ¢,=4,224 5 saktaa Ba h _=104,26 m Ganangymixka

KyTapuiap 5kaH. Arap XaBOHHHT KapIIFJIHTH Y5THOOPra oMHMarasa
90|, ¥ Xonna 6,/22 s sakraa ea 183,67 m Gananymkka xyTapunran
oVnap snm.
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CHUWL MEMDOUKACUNYE MAKOMUR UM :

2-macama: Maccacu 5 xe Gynram xucM BCPTHKAN XONJa THK
Iokopura 80 w/c Teanmuk Gnan oTwiran. By JKUCMHMHT Teanwura
9 [m/ s] rarenr 6¥nranga R — 0,029% [N] raTenr Gyaran xaso
KapIiuiimrara yupaimm. Heqa cexynagan ketiun Oy »ucMHENT Te3HI A
HKKH Maprta xamasgu? By naiftna ep cuprinan xamia Ganasmmmkna
Oynamu [5]?

Eumnm: By macanamnm equm yuyn okopuaa KeNTHPHO YMKapIirad
(I.1) xampna (1.41a) popmynanapnaan doiiananamus.

I=J-—7—-arctg [Pmg (%, - 9) = kg
Bg mg + 3,9 V

0,02%8.98™
m c

( 2
Jo,oz—’f‘i-Skg-9,s-";(so-"—'—4oi"-)
m C 5

§

-arcig =5,055-0,337=1,70s.

Skg-9,8™ 10,0258 .80 .40
C

% m s Ky J

m kg m’
B 27 L N o e o~
28 | mg+pS?

2
2002 | 5ke.08" 10,00% 1600
m s m c

=125m-1n(2,185) =97, 71m.

Hemax, xucm t=1,70 s sakrna sah=97, 71 m Gananmmkka KyTapuiap
3KaH. Arap XaBOHMHT KapUILTHTH Y5 THOOPra ONMHMAranza 314, y Xonja
4,08 s BakTna Ba 244,9 m GananyKKa KyTapuiran 6y nap snm.

3-macana: Pangycnapu Tesr Ba 3HUTHKNApK p, Ba p, O¥nran Typnu
MarepHATIIAP/2H ACA/IT aH HKKHTA Wap XaBoda Tymmoxaa. MyXurausr
KAPIIHIIHIE TE3MKHUHT KBAJPaTHra NpONnopuHoHan ned xucobmab,
LIapyiap SpHINAJATaH SHr KarTa Te3MMKIADHHHET HACOATH aHMKIIAHCHH

5], [6].
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M

Eusmmn: [Ilapnap 2ur kxarra Te3NMKKa OJDHIUTaHAA YJIAPHHHT
Te3aHMLIIAPH HOJNra ainaHanM, SbHH OFMPIIHK KY4YM Ba XAaBOHHHI
KApIIAIMK Ky4H ¥3ap0o TeHITIalaqy.

= B9’ Veg=p9__ (1
{m.g ﬂ 12.max, -3 {pl g ﬂ lz‘max ()’ _ (1)(2)
mg = BI PVE =B e (2)
2
pl =('91.ma_5_) , = '91.mnx = _&_
2 9, nax - -~ P

4-macana: Maccacu [00 2z 6ynrad map4ya OfMpPJIMK Ky49H TabCHPH
ocTHAa TacTra TyIIMOKaa, Dysjia miapya XaBOHWHT KapIIwiurura

yupaiig, mapua xapakary x = 4,9 — 2,45 (l - ) TeHrnamara 6uHoan

comup Gynamm. Bynna x — meTpnapaa, { —COHMANapAa ymuaHany, Ox
yxm 3ca seprakan 0¥iab macrra #ynanran ned omaHr. XaBOHUHT R
KAPIIMIMK KyYHMHHHT BaKTra Ba Te3jIMKKa OOFJIAHMII TEHIVIAMaslapH

=R(t) Ba R=R(%) um xenmupu® wikapusr. g=10m/s’ ne6 omasr [5].
Eunm: Bepwiran x=x(t) ¢yHkumagan Bakr Oyiimua 2 mapra
ONMHTaHIA a=d(1) Te3NaHNUIN TEHT/IAMAcH Keu0 YAKa/Im.

9(t)= g;x(t) =(4,9¢- 2,45(1-e'2'))' =4,9+4,9¢™ [0/ s];

a(r)= g—t—&(t) —(4,9+4,9¢™) =9,8¢% [m/¢?).
Kapumnmc'xyquﬂmir BaKITa OOFJIAHMIN TEHITIAMACHHH €3aMH3.
R(t)=m-a(t)=0,1-(-9,8¢™)=-0,98-¢™ [N]

OHAM KAPIIAIAK KYUYMHWHT Te3/HMKKa OOFNaHMII TECHIVIAMACHHH
Ty3aMH3.
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R(9)=-0,98-¢ =--0,2:4,9-¢™ =--0,2-(§-4,9)=-0,29+0,98 [N]

Oxopuparu xentupub Hukapwiran QopMynanap xamaa kypuod
yranrad Oapya Macananap Tanabanapra KHCMHUHI XABO KapIIWIATHA
opTHOOpra oJiraH Xonja Howiam KYHMKMACHHH IIAKUIAHTHpHINAA
épaam Oepamu. Ymapra dmsmka macananapuam Xam auddepenuman
TEHITIAMaNap €paamMufa eYMIl MYMKHH JSKaHuruaia Ypraramgm. by
sca Talabamapuy Tabuar xoaucanapHm VYpraHMuIga pean xonarra
AKMHIAMMIN KMKOHUHEH Oepaji.
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