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HasHaveHue U CpOKH BBINOJHEHHSI MEPOTIPUSATHH 110 peasin3aiuy BceX GOopM caMOCTOSITEIIb-
HOM paboThL.
CamocTosiTenpHast paboTa TUIAHUPYETCS M BBITIOIHSAETCS. B COOTBETCTBUH ¢ [ 0CyIapcTBEHHBIM 00pa-
30BaTeIbHBIM CTAHIAPTOM HampariieHHs MoAroToBkH 08.03.01 Cmpoumenvcmeso npoduiiei moaro-
TOBKU [Ipomviuinennoe u epaxcoarnckoe cmpoumenscmeo, Ilpouzeoocmeo u npumenenue cmpou-
MeNbHLIX Mamepuanos, uzoenut u konempykyuil;, Tennoeazocnabocenue u genmunayus, Booocnao-
Jrcerue u goooomeeoenue, Iopodckoe cmpoumenbCcmeo u Xo3a1ucmeo, Asmomoounvhwvie 00po2u.

ConeprkaHue U CMBICIIOBasi HAIIOJIHEHHOCTh, 00bEM U CPOKH BBIMOJIHEHUS CaMOCTOSATEIbHON
paboThI, COOTBETCTBYIOT YU4€OHBIM IUTaHAM OYHOU (hOpMbI 00yUeHUs MO AUCHUIUINHE "BBencHue B
¢busuky" HanpasieHus: noarotoBku 08.03.01 Cmpoumensvcmeo.

1. I1esip ¥ 3a/1a49M BBITOJHEHHS CAMOCTOSITEIILHOM Da6OTH o puciuiinae "BeeeHue B (bI/I-
"

3UKY

L1es1b BBIMONHEHUS CaMOCTOATENIbHON paboThl O AucuuIuIvHe "BBenenue B GU3uKy" cOCTOUT
B YCTpaHEHUHU MPOoOJIeM a1aliTAlMOHHOI0 XapaKTepa, BOSHUKAIOIIMX Y CTY/IEHTOB [IEPBOTO Kypca IIpH
M3YyYCHUH Y4eOHBIX JUCLUIUIMH €CTeCTBEHHO-HAYYHOIO LIMKJIA, B YACTHOCTH IPU U3Y4YE€HUH (DU3HKH.

3aiauaMy OCBOCHHUS JUCLUIUIMHEI "BBenieHue B pu3uKky" ABISIOTCS:

1) pa3BUTHE JTOrHYECKOrO MBIIUICHUS U OBJIaJCHHE METOIaMHU PEeIICHUs PU3NUSCKHX 3a1a4
MOCTPOCHUEM MAaTeMaTHYECKUX MOJIENICH (PH3MUECKUX MPOIECCOB;

2) ¢dhopMupoBaHKE HABBIKOB 0OPaOOTKU IKCIIEPUMEHTAJIBHBIX JAHHBIX C IPUMEHEHHEM dJie-
MEHTOB TEOPUH OMIMOOK, TOCTPOEHUS IPa(hUKOB 3aBUCUMOCTEH (PHU3UIECKUX BEITUYMH.

I1. Coneprkanue caMOCTOSATENBHON paboThl 0 nucuuIuivHe "BBenenue B pusuky".

Ha BbInomHEHHE caMOCTOATENbHOM pabOThl OTBOIUTCS 331aHHOE YUE€OHBIM IUIAHOM KOJIHYe-
CTBO YaCOB CAMOCTOSITENIbHBIX 3aHSATHH CTyACHTa. MeponpHusaTHs 10 CaMOCTOSTEIbHON paboTe BHI-
MOJIHSIETCS B TEYEHHE CEMECTpa U JIOJKHBI OBITh CIIaHbI /1711 IPOBEPKH MPENOoAaBaTeso B Ha3HAUCH-
HBIW UM CPOK.

B kadyecTBe 371€MEHTOB CaMOCTOSTEIbHON BHEAYTUTOPHOM pabOThI CTYIEHTHI pealln3yloT U3y-
YeHHE TEOPETHYECKOTO MaTeprasa, BBIHECEHHOTO Ha CAMOCTOSTEIHHYIO paOOTY, U TIOATOTOBKY OTYe-
TOB I10 IOMAIIIHUM 3a/IaHUSIM.

CamocrosaTenbHOI paboTa BBHIIOIHIETCS C MPUBICYCHHEM BO3MOXKHBIX MH(POPMAITMOHHBIX
Bo3MOkHOCTeH (Ombnmuoreka Tynl'Y: yueOGHast, MoHOrpaduyeckas, nepuoauYecKas JuTeparypa u
ANIEKTPOHHBIE CPEACTBA HH(OPMAIUN).

II1. MeTonuka BBIMOIHEHUS CaMOCTOSTEIbHON PabOTHI.

Jomanrnss pabota BeinosiHseTcs Ha uctax ¢popmara A4. lpudrt Times New Roman, kerib
14, MeXCTpOYHOE PaCCTOSHHUE OIMHAPHOE, OTCTYM 1 cM, IO — Kpyrom — 2 cM. BelpaBHMBaHuUE — 11O
mmpune. TexcToBblit pegaktop — Word.

[IpuBeneHHbIE B OTUETE pEUIEeHUs 3a]a4 JOJKHBI COOTBETCTBOBaTh HOMEPY BapUaHTa 3a]1a-
HUs, BBIJIAHHOIO IIPEIOaBaTelIeM JaHHOMY CTYAEHTY. B IPOTMBHOM ciydae 3a IPENIOKEHHBIN K
c/aue MaTepuai HauuciaeHus 0auioB HE MPOU3BOIUTCS.

O06s13aTenbHBIM AJIEMEHTOM O()OPMIIEHHUS! OTYETA O BHIMOJIHEHHOM JIOMAIIIHEM 3aJ[aHUU SBIIS-
€TCsl TUTYAbHBIN JHCT, 00pa3er] KOTOpOro MpuBeieH HIKe. TUTYNbHBIN JIUCT HE HyMepYyeTCs.
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ITPUMEPBI BAPUAHTOB JJOMAITHUX 3AJTAHUI
Homawnee 3a0anue Nel
1. Yacrtuma [BWXeTcs Tak, 4YTO €€ CKOPOCTh 3aBUCHUT OT BpPEMEHHM 1O 3aKOHY

2 3
— re t t - t o
V(t)= - A——B—2 +J- B—S—A— , rne A, B — NOCTOSIHHBIE BEIWYMUHBI, |, | — €JUHUYHBIE
T T T

OpPTHI B IEKAPTOBOM CUCTEME KOOpAMHAT. Yepe3 CKOIbKO CEKYHI YCKOPEHUE YaCTHIIbI Oy/IeT MepIieH-
JMKYISIpHO ocH y, eciii T=1 ¢, A =2 m/c, B=3 m/c.

a)0,171c¢ 6)0,271c B)0,47lc 1)0,671¢c n) 0,871c
2. Yacrtuiia Havyajga CBOE JBM)KEHHE M3 Hayasla KOOPJMHAT C HYJIEBOW HAa4albHOW CKOPOCTBIO, U €&
t

2 oy
j + J'-B(—j , tae A, B — mocrosiHHas
T T

YCKOPCHHE 3aBHCUT OT BPEMEHH IO 3aKOHy a(t)=i -A(

BEJIMYMHA, |, | — CAMHUYHBIC OPTHI B JICKAPTOBOW cHcTeMe KoopauHar. HailTu TaHreHc yria, moa
KOTOPBIM OyIIeT HaIpaBieHa CKOPOCTh YaCTHUIIBI K OCH X B MOMEHT Bpemenn t=1 c, eciu t1=1 c, 4
=2 m/c?, B=3 m/c’.
a)l,I 6)09 80,7 105 0,3
3. CKOpOCTh YacTHUIBI M3MEHSCTCS BO BpeMeHH 10 3akoHy V =>5t-1+12t- j. Uemy paBHa BenmuunHa
TaHICHIUATBHOTO YCKOPEHUS YaCTHIIBI B MOMEHT BpeMeHH ¢ = 1 ¢?
a) 26 M/c? 0) 13 m/c? B) 17 m/c? r) 34 M/c?
4. Yactuna JBWKETCS BIOJb OKPYKHOCTH C PajuycoM | M B COOTBETCTBHHM C ypaBHCHHEM

o(t) = 2n(t3 -12t+ 24) , TIIe (p—YTOII B pajranax, t —Bpems B ceKyHaax. YeMy paBHO TaHTCHIHAIIb-

HOE (KacaTelbHOE K TPAeKTOPHH) YCKOPEHUE YacTULbI (B M/ ¢?) B TOT MOMEHT BPEMEHH, KOTJIa ¢&

HOpPMaJIbHOE YCKOPEHHUE PaBHO HYIO?
a)oém 0)12n B)24m r1)36m
5. Hactuma u3 COCTOSIHUS TTOKOS HauaJla IBUTaThCs 10 Iyre OKPYXHOCTH paanyca R =1 M co ckopo-

y t y
CTbIO, MOAYJIbL KOTOPOM 3aBHCHUT OT BPEMCHH 110 3aKOHY V = A- T Haiiti Tanrenc yriia MEXAY BCK-

TOPOM IOJTHOTO YCKOPEHUS ¥ BEKTOPOM CKOpPOCTH YacTHIbl yepe3 Bpemst t =1c, ecmu t1=1c. 4 =2

M/C.
a)2 0)3 B4 1S5 no6

Jlomawinee 3a0anue Ne2
1. Yactuua aBWKETCA B IUIOCKOCTHM TaK, YTO €€ UMIIYJbC 3aBUCUT OT BPEMEHH IO 3aKOHY

7 8
|3(t) =j- A(Ej + ] . B(Ej ,Tme A, B — mocTossHHBIC BEITUYHMHEI, T, ] — €IMHAYHBIE OPTHI B A€Kap-
T T

TOBOW CHCTEME KOOpAWHAT. HaliTh TaHTEeHC yIila MEeK1y OChIO Y M1 BEKTOPOM CHJIbI, JIEMCTBYIOIIECH Ha
gactuiy B MoMeHT Bpemenn t=1 ¢, ecrm t1=1 ¢. 4 =2 kr-m/c, B=3 kr-m/c.
a) 0,98 6)0,88 B)0,78 T1)0,68 n)0,58

‘ s 2. Umnynbce Tena P; M3MEHUIICS TMOJ JCUCTBHEM KOPOTKOTO yaapa u
—_T 2 .

Py | CTail paBHBIM [, , KaK MMOKA3aHO Ha pUCYHKe. B KakoM HampaBieHUH
- 24 41 . 9
= JICKCTBOBAJIA CHIa?

o ’, ayl 6)2 B3 n4

4 3. IlepnieHAUKYISIPHO OJHOPOAHOMY TOHKOMY CTEPXKHIO MaccChl m W

JUTMHOW [ TpOXOAAT ABE mapajuiesibHble ocu. OmHA MPOXOIUT 4Yepes

ueHTp macc crepxkusa C, a Apyras depe3 = ZJ 4 TOUYKY 0, JISKAITYIO Ha

paccTosiHMM X OT ero koHna A. Bo ckosbko x pas OTJINYAKOTCS MOMEHTBI

WHEPIUH CTEPKHS OTHOCUTENBHO 3TUX ocei? m =2k, / =3 M, x=1mM
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a)l133 paza 6)13,3 paza B)1,33 paza 1)4,33 paza m)5,33 paza
4. U3 sxecTu BbIpe3alid TPU OJMHAKOBBIC JIETAIM B BHJIE dIUIHIca. [IBe AeTanu pa3pes3alin Ha YeThIpe
OJIMHAKOBBIE YaCTH. 3aT€M BCE YAaCTH OTOJBUHYIIH JIPYT OT ApYyra Ha OAMHAKOBOE PAaCCTOSHUE U pac-
0 CTaBWJIM CHMMETPHYHO OTHOCHUTENbHO ocu OO' (cM. puc.). Beibepure
| By g MPaBUILHOE COOTHOIIEHUE MEXy MOMEHTaAMHU WHEPIUMHU 3THUX JIeTa-

P |0 et otHocHTemBHO ocH OO,

S T ahs el §) h<l=l; ) L<l<l
B : ’ ') HE XBaTaeT JaHHBIX
5. MaJieHbKUH apHUK IIOMECTUIIH B TOYKY C PaIUyC-BEKTOPOM [ = i A+] .B+k-C.B HEKOTOPBIH
MOMEHT Ha IIAPUK IOACHCTBOBAIM CUIION F=i- D+]- E+k-G. Haiitu IIPOEKIIMI0 MOMEHTA CHUJIBI

Ha OChb X OTHOCUTENIbHO Hauana koopauHar. A, B, C, D, E u G — HEKOTOpbI€ TOCTOSIHHBIE; T, ], K —
€IMHUYHBIC OPTHI B JEKapTOBOM cucteMe koopauHar. A =2 M, B=3 M, C=4wm, D=4 H, E=5H,
G=6H.

a)2HM 6)2HwM B)4HM r)4Hwm n)-6Hwm
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METOJANYECKHUE YKA3AHMUSA K PEHIEHUIO
TECTOB U 3A/1AY 110 TEME "KHUHEMATHKA
MATEPHAJIBHOM TOYKH"

1. MarepuanpHas TOUKa JBUKETCS C IOCTOSIHHOM MO BEJIMYUHE CKOPOCTBHIO BIOJIb
IJI0CKOM KpuBOU. E€ momHoe yckopeHrne MakCUMaibHO ...

1) B Touke 1 TpackTOpUU J
2) B TOYKE 2 TPACKTOPHUU 5

3) B Touke 3 TpaeKTOpUu R

4) mpaBUJIbHBIA OTBET OTCYTCTBYET
1

[TonnHOE ycKOpEeHHE MaTepUalIbHOM TOYKU PaBHO BEKTOPHOM CyMME HOPMaJIbHOI'O U TaHI'€H-
[IUAJIBHOTO YCKOpEeHUH. TaHreHInanbHOe YCKOPEHUE XapaKTepU3yeT OBICTPOTY M3MEHEHHSI MOIYIsS
ckopocTd. [lo yciaoBHIO TecTa CKOPOCTh IO BEJIMYMHE HE U3MEHSETCA, I03TOMY TAHI€HLUAIBHOE

dv
yCKOpeHI/Ie a, =—= 0 . 3Ha‘lI/IT B KAXKI0OHU TOYKE TpaeKTOpI/II/I ITIOJTHOC YCKOpeHI/Ie paBHO HOpMaJ'IB—
oot

2
\ .
HOMY YCKOPEHHIO, KOTOPO€ ONPEAEIISIOT o hopMmyrie a, = R W13 5T0i1 PopMyITBI ClIENyeT, UTO MpH

MIOCTOSIHHOM CKOPOCTH HOPMaJIbHOE YCKOPEHHE TeM OOJIbIlie, YeM MEHBIIIE PAJyC KPUBU3HbI TPacK-
Topuu. B Touke 2 R — o0, 1 HOpManbHOE YCKOPEHHUE B 3TOM TOYKE 00paIaercs B Hylb, T.€. OJTHOE
YCKOPEHME B ATOM TOUKE JOCTUTaeT MUHUMAJIBHOTO 3HAaYEHHU S, paBHOTO HYI0. Kak BUHO U3 pucyHKa
paanyc KpUBHU3HBI TPAEKTOPUU B TOUKE 3 MEHbIIIE, YeM B Touke 1. M3 3Toro cienyer, 4To HOpMaabHOE
YCKOpEHHME (a 3HAUUT U MOJIHOE YCKOPEHHUE) Oy1eT MaKCUMaJIbHBIM B TOUKE 3.

Otser: 3

2. HauanpHast CKOpOCTb YacTUIBl V; = 2i +3] +5k , koHeuHas V, = 30+ 4] +7K . Haiitn npupanie-
HHE CKOPOCTH YacTUIlbl AV , MOJYIIb TIPUPAIIEHHST CKOPOCTH |A\7| U MpUpaIEeHHe MOyl CKOPOCTH

Av. 3nauenus ckopocteil npusenens! B CU.

Jano Pewienue
V, = 27 +3j 15k YuuTeiBas, 4To
v, =3 +4]+7K V=V,i+Vy]+V,K, u3 BepaeHuii
AV _ 9 V; =2i+3j+5k n v, =3i +4j+7K
|A\7| _9? MOJTy4aeMm:
Av 2 V,=2m/cvy, =3m/cv, =5m/c;

Vo, =3M/¢v,, =4 m/cv,, =T M/ c.

Torna npupaiienue ckopoctu OyeT paBHO

AV = (Vax = Vi ) T+ (Vg =Vay ) T+ (V2z =z K.

[ToncraBuB 3HAUEHUS MPOCKIUN CKOpOCTEH V; U V, , TIOIyduM

AV=(3-2)i+(4-3)j+(7-5)k.

OxoHYaTEeILHO JJI ITpUpaIlieHus: CKOPOCTH YaCTHIBI UMECM

A\7z1-T+1-]+2-R.



Monynbs npupalieHus CKOpoCTH paBeH

AV] = JAVZ + AV +AV2 .

Tak Kak AV, =V, —Vyy, AVy =Vyy =V, AV, =V,, =V, , TO
- 2 2 2
|AV| - (VXZ - Vxl) + (VY2 - Vy1) + (sz - VZ1)

[AV] = \[(3-2) +(4-3)2 +(7-5)2 =1 +1% + 22 = /6 ~ 2,449 (w/c) fLns m3mercrms MozyIIs CKoO-

poctu OyieM UMETh

2
y

2

v v — h2 2 _ [\,2 2
AV =V, Vl—\/Vx2+V2+sz \/vX1+vy1+vzl

AV =+/9+16+49 —\/4+9+25 ~ 2,438 (m/c)
Otset: AV =1-T+1-]+2-R; 2,449 m/c; 2,438 m/c

3. Pammyc-BekTOp MarepuajibHOW TOYKH H3MEHSAETCI CO BPEMEHEM IO 3aKOH F=2t% + ]+ 3tk.
y y

Haiitn 3aBUCMMOCTH OT BpEMEHH BEKTOPOB CKOPOCTU M YCKOPEHUS TOYKU U MOJYJIEH 3TUX BEJIUYMH.

Hano Pewenue
2637 + j+3tk ‘ CpaBHUBAasi BBIPpOXKCHUS
“9y_9 F=xi+yj+zk u F=2t31+ j+3tk
_924-9 ‘ MPUXOAHUM K BBIBOJY, O TOM YTO
x=2t%,y=1,z=3t. Torna
v, :d—X:6t2; vy:d—y: SV, _92_g
dt dt dt

V=V,i+V,]+Vv,k=6t"+3k.

v=\/v§+v§+v§ —\/36t*+9 =344 +1.

— dVX

dv
=12t;a,=—2L=0; a _dv, _
t Yo dt

£ dt
d=a,i+a,j+ak=12ti az\/a2+a2+a2 =\/144t2 =12t
X y z . x Tdy T4, :

0.

X

Oteer: V=6t +3k; v=3-y4-t*+1; életT; a=12t

4. MarepuanbpHas TOYKa JIBUXKETCS TaK, 4TO €€ panyC-BEKTOP C TEUEHUEM BPEMEHH U3MEHSIETCS 110

saxony F(t) = Ae™ | + (Bt— Ct®) j— (Dcoswt) K. B kakoif MOMEHT BpeMeHH CKOPOCTb 9acTHIBI GyIeT

HarpapyieHa 1o Hopmamu Kk ocu y? A=5m;a=3c¢';B=18m/c; C=1,5m/c*; D=4 m; o)
=2 pan/c.
Hano Pewienue
() = Ae™ i + (Bt—Ct) j-
—(Dcosat)k

A=5m;a=3c';B=18 m/c;
C=1,5m/c’;D=4w;
o =2 pan/c
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t—7? B TOT MOMEHT BpeMeHH, KOI/1a CKOPOCTh YacTHUIIbI OyleT Halpas-

JIEHa 110 HOPMaJIU K OCH Y, IIPOEKIIHs BEKTOpa CKOPOCTH Ha ATY OCh

Vy CTaHET paBHOW Hyit0. M3 BbIpaskeHUs U1l painyc-BEKTOpa CIELyeT, YTO KOOPAUHATA y CO BpeMe-
HEM M3MEHSETCS 10 3aKOHY:

y = (Bt—Ct%) . 3naunt vy = dy = E(Bt— Ct3) = B-3Ct?

dt dt
B
B-3Ct’=0=>t= ,/—=2c
3C
Otser: 2 ¢
S. JIBM>KeHME MaTepUAIbHOM TOUYKHU OIIUCHIBAECTCS 3aKOHOM x = t2 — 9. B kakoif MOMEHT BpeMeHH

t| OT Hayaja ABM)KEHUS CKOPOCTb TOYKH JOCTUTHET 3KCTPEMAJIBHOTO 3HaueHusi? B xakoll MOMEHT
BPEMEHH 2 [TOCIIE Hayala JBUKEHHSI CKOPOCTh TOUKHU CTaHET paBHOM HYIO?

/ano Pewenue
dx d 3 2 2
v, =—=—(t"— 9t°) =3t -18t.
ot dt( )

x =1t — 9t

9t -9 dv
h=-"t—: CKOpOCTB Vx 3KCTpEMasbHa IIPH dtx =0.
dv,
ot =6t-18, mosTomy 6 t1 — 18 =0m t; =3 c.

Haiiném, B kakoil MOMEHT BpeMeHH t; 1Ocie Havajia IBUKEHUSI CKOPOCTh 00paTuTcs B HYJb:
2
VX :3t2 _18t2 = 0:>t2 = 6 C.
OtBeT:t1=3c¢C;t2=6¢C
6. Yactuna aBmxercs NpsSMOJIUHENHO ¢ YCKOPEHHEM, KOTOPOE U3MEHSETCS C TEUEHUEM BPEMEHH I10
3aKkoHy a = Bt?. B = 0,5 m/c*. Kaxkoif myTs mpolia yacTuIa 3a nepable 3 ¢ Tociie Hadasa

JABMOKCHUS U3 COCTOAHUA MTOKOS?

Hano Pewienue
a=Bt? dv
. | @=— = dv=a-dt. UnTerpupyem eBy0 1 NpaByrO YaCTH IOTyIE€HHOTO YPAaBHEHHS:
B=0,5wM/c dt
t=3c v t t
S_9 ‘ I dv = _[adt . YuuThIBaEM, YTO 10 YCIIOBHIO 3aa4u TpH to =0 v, = 0. Torma v = _[a dt.
Vo t 0

t t
t
[ToncTaBuB BeIpakeHUE I YCKOPEHUsI, OyneM UMETh V = I Bt’dt=B I t2dt = Bg .
0 0

dS S t
Ve — = dS=v-dt = jdszjvdt.
dt 0 0

[ToncraBnsieM B MOABIHTETPAIbHOE BBIPAKEHUE KOHKPETHBIN BUJ (PYHKIMOHAIBHON 3aBHCHUMOCTHU
3
CKOPOCTHU OT BpEMEHH V = BE U TIOJTy9aeM:
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S

t 3 t 4 4
jBt—dt=EIt3dt= Bt_:ﬁ=3,375(M)
0 3 33 12 12
OtserT: 3,375 M
7. CKOpPOCTb YaCTHIIbI, IBMKYIIEHCS BIOJIb OCH X, H3MEHSICTCS 110 3aKOHYy V = (A— Btz)? ,Tne A =

5 m/c, a B=0,2 m/c’. B HayabHbI MOMEHT BpeMeHH t = () yacTuIla HaXOIUJIach B TOUKE Xo
= (. HaliTu nyTh, IpONACHHBIN YaCTUIICH 3a MPOMEXKYTOK BPEMEHH, 10 UCTEUYEHUH KOTOPOTO OHA
BEpHETCS B UCXO/IHYIO TOUKY.

Hano Pewenue
V= ( A— BtZ)T W3 BeIpaskeHHs 1Sl CKOPOCTH BUTHO, YTO B HAYAJIbHBIA MOMEHT BPEMEHHU OHA OTJIMYHA
A=5 OT HYJIS U €€ MPOEKIIHA Ha OCh X TOJIOKUTEIbHA. DTO 03HAYAET, YTO YACTHUIA HAYMHACT
B : 0 ;I © pE: JIBUTAThCSl B HAMPABICHUU, COBIAIAIOIIEM C MOJIOKUTEIIBHBIM HAIIPABICHHEM OCH X.
S __9 o2 MC C TeueHneM BpeMEHH BEJIMUYMHA CKOPOCTH YMEHBINAETCS, U B HEKOTOPHIIf MOMEHT Bpe-

MEHHU tocr YACTHUIIA OCTAHABIMBACTCS, IPOW/IS MYTh, PAaBHBIM KOOPAUHATE X YACTUILIBI B
MOMEHT OCTaHOBKH. B nmanmpHeWIIeM MpoeKIus CKOPOCTH Ha OCh X CTAHOBUTCS OTPHUIATCIIBHOW H
YacTHUIA HAYMHACT JBUTAThCS K HCXOAHOU Touke. OYeBUIHO, YTO, KOT/Ia OHA B HE€ BEpHETCS, MPOii-
JICHHBIN 32 BCE BpeMs JBUKEHHUS ITyTh OyJIeT paBeH S = 2X.

Haiinem Bpems, mpoiesiiee 10 OCTAHOBKHM YaCTHIIbI, YYUTHIBAs, YTO B MOMEHT OCTaHOBKH V = (:

A-Bt’, =0 = tm=\/§= > _sc
B V0,2

dx
Tak xkak V= pra To dx = vdt. MaTerpupyst, momydnm:

toc*r

_Idx=tITvdt:> X = t:!jT(A—BtZ)dt = x=At(t)°°' —§t3 .

[ToxcTaBuB NpuBENEHHBIE B YCIIOBUH 3a/1a4H JaHHBIE, TOIYYUM
0,2
X = 5-5—? .5% =16,67 M, a BeCh PO ICHHBIIT IIyTh S=2x=333m

OtBert: 33,3 M

8. qaCTI/IHa ABUXKCETCA B ITOJIOXKUTCIIBHOM HAIIPAaBJICHUMW OCH X TaK, YTO eé CKOPOCTb MCHACTCA IO

sakony V= DX, e D=4 m"?c"!. B HayanpHEI MOMEHT BpEMEHH YaCcTHIIA HAXOJMIACh B
TOYKE X, = 0. HaliTu CKOPOCTh YaCTHUIIBI B MOMEHT BpeMeHH t = 2 c.
/ano Pewienue

v =DvX CoracHO YCJIOBHIO 3a/1a4H

D=4 m'"c! _g 20V _av

t=2¢ “odt dt

v_9 ‘ Tak Kkak KOOpAMHATa 3aBUCHUT OT BpeMeHH, T.e. X = X(t) , ckopocTh MOKHO paccMmarpu-

BaTh KaK CTI0KHYIO pyHKIMIO V= V[X(t)] ) Torna

d dvdx d dx
a= aV[X(t)] =&E=&(D&)E .
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X
VY4ureiBas, 4To ot =V, =V, NOITY4YHM:

D D D?
a=V—==DvX T = ——. BuaumM, 4T0 YCKOpEHHE OT BPEMEHM HE 3aBUCHUT, TO €CTh JIBUKCHHUE

2% 2x

YaCTHIBI SIBJISIETCS] PABHOYCKOPEHHBIM, TIO3TOMY
V=V, +at.
Tak kak npu t =0 X = Xo = 0, U3 BBIpAKEHUS 11 CKOPOCTH V = DX crenyer, 9to V, = V(X, =0)=0

. Torma
D2
v=—t.
2

[ToacTaBUB UCXOIHBIC JaHHBIC, TIOIYYUM, YTO V = 16 M/C
Ortsert: 16 M/c

9. JIBe yacTHIIbl B MOMEHT t = () OTHOBPEMEHHO HAYMHAIOT JIBUIaThCs TAKUM 00Pa30M, 4TO X Pajiyc-
C w27 - o -

BEKTOPBI M3MEHAIOTCA 1O 3akoHam: T, =3t%i, T, =(50-5t)i. Haiitu pammyc-Bextop Ty TOUKM

BCTPEYH YacCTHIl M CKOPOCTH V; M V, YacTHIl B MOMEHT t, MX BCTpedd. Bce BeMUMHBI M3MEPEHBI B

equaunax cucremsl CH.

/ano Pewienue
| =3t%0 B momenT Betpeun Fy(t,) =T, (t,). Torna
f, =(50-5t)i 3t2=50-5t, wm 3t>+5t, —50=0
=2V, -2 —5++/ -5+
o —? Vy = - 5+v25+600 —5£25 = =333 ¢
v, -2 6 6
f,=3t21 =3-11,09-i =33,27-1 (m).

dr; -
v, (t) =G|—rt1 =6t,i

v, =19,98- 1 (m/c)

dr -
v, =d—t2=—5-i (M/c)

Otger: Fy=33,27-1 (m); V; =19,98-i (m/c); V, =—5-i (m/c)
10. /IBe yacTuilbl JBUKYTCS C MOCTOSTHHBIMH CKOPOCTSIMU vi =2 M/c 1 v2 =5 M/C TIO AIBYM
B3aMMHO NEPHEHANKYISIPHBIM MPSMbBIM K TOUKe UX nepecedeHus: O. B HayanbHBIN MOMEHT BpEMEHU
to = 0 yacTuupl Haxonuauch Ha paccTosHusIX €1 =30 M u {2 = 60 M oT Touku O. Yepes kakoe BpeMs

MOCJIC Ha4YaJla IBUKCHHUA PACCTOAHNUEC MCIKAY YaCTHULIAMU CTAHCT HAaUMCHBIITUM?

/ano Pewenue
vi=2wMm/c
va=5wMm/c Tak kak {x = €1 —Vit, a Ly = L2 — Vat, TO paccTosiHME MEXKTY
to=0 TOYKaMU onpeenseTcs u3 BBIPAKECHUS
61=30m
l2=60mMm
t—?
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2 2
(= /(i + ﬁi = \/(51 — vlt) + (ﬂ ) —v2t) . PaccTosinue { MUHUMAIBLHO B TOT MOMEHT BPEMEHH, KOTIa
d¢

— = 0. HaxoauM npou3BOHYIO U IpUpPaBHUBAEM €€ K HYJIIO:

dt
dr 204 -wt) (V) +2( -3 (-vy) o
dt 2\/(51 _ Vlt)z +(0,— V2t)2

2(Ly=vit)-(=vy) +2(L, = V,t)-(-v,) =0

t-(vf +v§)=€lv1+fzv2

5 ~12,41c
Vi +V5 4+25

t=

Otser: 12,41 ¢
11. CHapsin BbUIETAET U3 OPYAUs MOJ YIIIOM o = 45° K TOPU30HTY C Ha4aJIbHOM CKOpOCThIO Vo = 500
Mm/c. Yepes t = 20 ¢ mocie Havana ABMKEHHS, TIpeHeOperast CONMPOTUBICHUEM BO3/1yXa, HAUTH: a) MO-
Jyllb CKOPOCTH CHapsia; 0) yroi, KOTOPBIi COCTABISET BEKTOP CKOPOCTH V C OCBIO X; B) MOIYIIH
HOPMaJIbHOTO U TAHT'€HLMAJIbHOIO YCKOPEHHUI CHapsi/ia; B) paAuyC KPUBHU3HBI TPAEKTOPUU B TOUKE,

COOTBETCTBYIOIIEH 3aJaHHOMY MOMEHTY BPEMEHH.

Hano Pewenue
oo = 45°
Vo =500 m/c
t=20c
v—?20a-?R-?
an—7a;—?

Puc.1. Yactuiia HaxoquTces Ha HUCXOAAILIEM YIaCTKe TPAeKTOPUH

Teno B rpaBUTAlIMOHHOM I10JI€ 3€MJIU ABHKETCS C MOJHBIM YCKOPEHUEM, PaBHBIM YCKOPEHHIO
cB0OOHOTO TazieHust § . [IpoeKIus MOHOTO YCKOPEHUsI Ha TOPH30HTAIBHYIO OCh X paBHA HYIIIO, T10-
9TOMY BJI0JIb 3TO! OCH TEJIO ABUKETCS € IIOCTOSSHHOM CKOPOCTBIO Vx = Vo*COS Olo. BA0OIB OCH Y, Hanpas-
JICHHOH BEPTUKAJIBHO BBEPX, TEJIO IBMXKETCS] pAaBHOIIEPEMEHHO CO CKOPOCTBIO Vy = Vo'Sin 0o — gt.

o ' 2 2
ITomnas CKOPOCTH TCJia B 3aJaHHBIM MOMCHT BPECMCHU t paBHa V = VX + Vy . IloncTaBuB BBI-

AXKCHUA IJIA Vx U V. 0 TIEM UMECTh:
bE)

v:\/(vO cosoco)2 +(V,sin %)2 —2(Vv,sin, oc)gt+(gt)2 .

2 ‘02 .
VYuutsiBas, uTo COS” O, +SiN“ o, =1, momyunm:

v=\/v§ —2(V,sin o, )gt+(gt)

2

V= \/25-104 —2-500-%-10.2%(10-20)2 ~ 385,5(Mj .
C
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Puc.2. Yactua HaxoauTcs Ha BOCXOASIIEM Y9aCTKE TPACKTOPUHU

Haitném yron o Mexay BEKTOPOM CKOPOCTH M OChIO X. Kak BUAHO U3 pUCyHKOB 1 u 2

tg OL:&: VySin o, —gt
Vy V, COS o,

2

500-—-10-20

2

500-——
2

tga = ~0,43 = a=233°

HopmanbHOE U TaHTeHITMAIBEHOE YCKOPEHUSI MOXKHO OTPEACIUTE JIBYMsI CIIOCO0aMHU.
Cnocob 1.

TaHreHMalIbHOE YCKOPEHUE XapaKTepU3yeT ObICTPOTY U3MEHEHUSI MOAYIIS (BETUUHUHBI) CKO-
POCTH, TIO3TOMY

_dv 2¢°t-2g(vesina) g(gt—v,sin a,)

dt 2\/v(2) —2(vysin a)gt+(gt)” \/vg —2(V,sin a, gt +(gt )’ |
J2

10- 10-20—500-7

a, = ~-3, 98(%) .
J2 2 ¢

\/25-104—2-5002-10-20+(1o-2o)

T

Buax MUHYC 6 6blpAdICEeHUU 07 aT ozHavaem, 4mo dacmuya HAxXo0umcsi Ha GOCXO()ﬂI/b;eM

yuacmie mpaekmopuu. J{eticmeumenbHo, Ha HUCX00aujeM yuacmKke mpaeKkmopuu cCKopocms pacmem

U MAHSEHYUAIbHOE YCKOPEeHUe OONHCHO DblMb NON0NCUmMenbHuIM (puc.l), a na socxooauem yuacmie

CKOPOCMb YaCmuybl YMEeHbUAeMcs U MAHSEHYUATbHOEe YCKOPEHUe OMmpUyamenbHo (puc. 2).
Yoeoumcs 6 mom, umo uepez 20 cekyHO nocie HAUaIa OBUNHCEHUS YACMUYA HAXOOUMCS HA

gocxo0sueM yyacmke mpaekmopuu. Bpems, neobxooumoe 015 0OCMUICEHUS HAUBbICUE MOYKU

mpaexmopuu, onpeoeisieM U3 yCio8usi PA8eHCMEA HY0 8 JMOU MOYKe NPOEKYUU CKOPOCTU Vy:

Vv, sina,

g

1o ycnosuro 3a0auu t = 20 ¢ < tmax. IMo o3nauaem, umo yacmuya 6 SMoOmM MOMEHM BPEMEHU HAXO-

Vy:VO'Sin (Xo—gtmaxzo = tmax = ~ 3594 C.

oumcst Ha eocxodﬂmeM ywacmeke mpaeKkmopuu.

Monyns a, paBeH 3,98 m/c?.

[2, .2 [(2_.2
Tak kak moiHOe yckopeHue J =4/a;+a, , To a, =4/J° —a; WIH, MOJCTaBUB BEIPAKCHUE IS a_,

OyZieM UMETh:
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) : 2
. v2g? +9°t% —2(vosin o, ) g’ —g*t% + 9% 2gt (v, Sin o ) — g% (Vo sin o) Moce mpeoGpasosanuii 1o-
V2 —2(Vysin o, )gt+(gt)’

JTY9UM:
. (v, cos ay)
N = .
\/vg —2(V,sin o, )gt+(gt)’
10-500-\/2E M
an = \/E zg,Z(c—zj .
\/25-104—2-500-2-10-20+(1o-2o)2
Coocob 2.

13 mofo6us TpeyronbHuKa, 06pa3oBaHHOTO CKOPOCTBIO V 1 €& KoMIOHeHTaMHu V, 1 Vy , Tpe-
YTOJIbHHUKY, COCTABJICHHOMY TIOJIHBIM YCKOPEHHEM § M ero TaHreHUHUAIbHOM 8, U HOPMAIbHOM 4,
KOMITOHEHTaMH (CM. pHC. 1 | 2), CIIEyeT, UTO CBA3b MEXKY MOLYJIIMU BEKTOPOB V, V,, 3, U g UMEET

a, g(v,cosay,)

BUI ﬁ:—.TorI{a a, = '
v g \/Vg_Z(VoSin OLo)gt"'(gt)z

3 HO,Z[O6I/I$I PaCCMOTPCHHBIX BBIIIC TPECYTOJIBHUKOB CJICAYCT, UTO CBA3b MCKIAY MOAYIISIMU

- = - — V a L2
BEKTOpPOB V, Vy, d, ¥ g ONpeaCsICTCs COOTHOIICHUEM — =" U3 sr010 BBIPpAKCHUSI MOKXEM HAUTH
v g
MOJYJb a. :
L e (Vosina, —gt)g
v 2 : 2°
\/vo —2(Vysin o, )gt+(gt)

Jlig Haxo)KAeHNs paAnyca KpUBU3HBI TPAEKTOPUH B TOUYKE, B KOTOPOM YacTHIlA OKa3ajach ye-
2
pe3 20 ¢ mocie Hauana ABMKEHHsI, BOCIIOJIb3YEMCsl BEIDAKEHUEM a,, = R OTkyna nosydaem, 4to

%

V2 Vv (vg—z(vosin ao)gt+(gt)2)
R = —= =
a, 9g(v,cosay) g(v,cos a)

[ToacraBuB uKcIeHHBIE 3HAUEHUS, OyIeM UMeTh, 4To R & 16,2 kM.

OtBer: v = 385,5 M/c, a.=23,3°, an = 9,2 M/c?,
ar = 3,98 m/c?, R =16,2 km

12. CxopocTh 4acTHUIlbl, HAYaBIIEH JABMKEHHE U3 Hadajla KOOPAWHAT, U3MEHSETCS CO BPEMEHEM IO
— e 2= o
3aKOHY V = (A— Bt) i +Ct J. HaiiTu sxcTpemanbHOE 3HaY€HHE KOOPAMHATHI X = X| U COOTBETCTBYIO-

IYIO X| KOOPIHHATY Y1, €CITH A=6m/c;B=2wm/c*aC=3wm/c.
Hano Pewenue
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V=(A-Bt)i +Ct?j| Koopaunarax mpuHEMaeT 5KCTPEMAIbHOE 3HAYCHUE B TOT MOMCHT BPEMEHH t1, KO-
dx dx

X|t=0 =Xo=0 71 MPOU3BOAHAS E =0. Tak kak a =V,,TO V ( ) 0. IIpoeknur CKOpOCTH
y|t=o =Yo=0 YaCTHUIIbI HA OCh X HAWJEM, CPAaBHHUB BhIPAKECHUS
A=6Mm/c V=V,i+V,j uV=(A-Bt)i+Ct’]
B =2 m/c? A
C=3wm/c Bunnwm, uro v ,= A —Bt. JIng momenTa Bpemenu t| umeem A—Bt, =0=t; = B
Xy =7 I

OJICTaBUB 3Ha4YcHHUS A W B, moiydnM, 4T0 KOOpAMHATA X TPUMET 3KCTPEeMaIbHOE
Y1 —? 3HaueHwue npu t; =3c.

Haiiném BbIpaskeHMs U1 BPEMEHHBIX 3aBUCUMOCTEH KOOPJAUHAT X U Y.

dx
Tak kak s =V,, TO dx =v,dt. WNHTterpupys J1€Byr0 U MPaBy YaCTU 3TOIO YPAaBHEHHUS, OJIYYUM

X t
j - j vt
HO,I[CTaBI/IB BBIp@KECHUE I V, , OyieM UMeTh

t
j (A-Bt dt—At—?t

VYuuteiBas, 4To X = X OpH t= t|, HOJIYYUM, YTO
B
2

ITo m3BeCTHRIM 3HAYCHUSIM A, Bn tl BBIYUCIIACM SKCTPEMAJIBHOC 3HAYCHHUEC KOOPANHATEI X, KOTOPOC

OKa3bIBACTCs PABHBIM X{ = 9 M.

Taxk xak d—y =V,,TO d =V dt Wnterpupys ies U IipaB qacTHu 3TOro ABHCHUS, ITOJTYUYHUM
dt — Yyo» y Yy . p py YIO p y}O Yp H yII

y t
j dy = _[ vydt
y,=0 t,=0

CpaBHHMB BBIpaXeHUS V = VX? +Vy] u V=_(A- Bt)T +CtTj NPUXOIUM K BBIBOAY O TOM, YTO
2
vy = Ct-.
HOI[CTaBI/IB BBIpa)KeHI/IC JJIsL Vy B HOIILIHTCFpaHBHOC BBIpa)KeHI/Ie, 6y,ueM HUMCTh
t
C
y= j Ct?dt ==t°
t,=0 3
C.3

VYUuThIBas, 4TO y = y1 IpH t= t1, OyaeM UMeTh Y; = §tl' [Moxcrasus 3Hauenus C u t;, momy4um, 4to

OtBet: X; =9 ™m; ¥, =27 m

13. MarepuaiibHast TOUKa JBUXKETCA TaK, UTO €€ paAnyC-BEKTOP U3MEHSETCSI C TEYEHHMEM BPEMEHH 110
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saxony T =At’i —Bt* . Haiftu yron Mexiy BeKTOpaMu CKOPOCTH H yCKOPCHHS B MOMEHT BPEMEHH

t=2c,ecmu A=10wm/c,aB=4wm/c

Hano Pewenue
F=At3i — Bt4] PaccmotpumM aBa criocoba pereHus 3Toi 3a1a4m.
t=2c Crnoco6 1.
A=10wm/c CkanspHOe NPOM3BEIeHIE BEKTOPOB CKOPOCTH V U YCKOPEHHS d PaBHO:
B =4 m/c? (v,a) =|V|-[a]-cose , rae o — yron Mesky BEKTOpaM# CKOPOCTH U yCKOPEHHSL. Y un-
o-—?
(V,3) =v,a, +Vv,a,, [V|=4Vi+Ve u [d]=,/a; +a’ cosa 6
ThiBas, uto (V,d) =V,a, +V,ay, [V| =4V} +V§ u [d]=,/a, +aj , s CoSa Oynem
FIMETb!
Vya, +Vya, Vi, +V,a, o
COS 0 = ——————F—— => 0L = arcCos . Haiiném npoeKIuu CKopoCcTH 1 YCKO-
\/vx+vy-\/ax+ay \/v§+vf,-\/a)2(+a§

peHust Ha KOOpAMHATHBIE ocu X 1 y. CpaBHuBast Bbpaxkernst T =Xi +Yj u F=Ai —Bt* |, npuxomum

K BBIBOJIY O TOM, 4TO X = At3; y= —Bt*, Torna
v, :d—X:EAt3 =3At%; v, _dy_ d
dt dt dt  dt
dv
a = Ve _ E(?,Atz) =6AL a,=—) = —E(4Bt3) =-12Bt?.
dt dt dt dt
[MoacTaBuB BeIPaXKEHMs I IPOEKIMI CKOPOCTU U YCKOPEHUSI, OyIeEM HMETh

3At% - 6AL + (—4Bt3)(—123t2)
o= arccos =
JOA2t* +16B2tS - \/36A%t2 +144B2t*
~ 3A% 1 8B%t*
JIA2? 116B%t? -\ A2 + 4B%2

3uas 3HaueHus A, B 1 t, OKOHUATENLHO MOTyduM, uTo o ~11,2° .

Bt* = -4Bt®:

HpeI/IMYH_IeCTBO 9TOro crnocoba peHICHUS 3aKIIFOYACTCA B TOM, YTO OH JICTKO O606H_[aeTC$I Ha
TpéXMepHBIﬁ CJ'Iy‘IS.fI, KOTJa TCJIO ABUIKETCA HE B IIJIOCKOCTH, a4 B IIPOCTPAHCTBC:
Vydy +Vyay +V,a,

oL =alrccos > > > > > >
\/vx +Vy+V) .\/aX +ay +a;
Cooco0 2.

Haxonum Tak, KaKk 5TO II0Ka3aHO BBIIIE, IPOCKIUN HA KOOPAWHATHBIC OCH CKOpOCTH V,,Vy U

yCKOpeHust @y, . OnpezensieM yroi o, KOTOpbIii 00pasyeT BEKTOP CKOPOCTH € OXHOM W3 KOOP/H-

HAaTHBIX OCEH, HalIpUMeEp, C OCBIO X:

v v 4Bt
tgo, = —L = o, =arctg—L = arctg| — = arct (——)
goy = —F = oy =arctg g( 3At2J 9 -3

X X

IToncraBuB 3Hauenus A, B u t, monydum, 4T0 O ~ —46,8°.
AHaJOTHUYHO OTpesesisieM yroi O, , KOTOPBIA 00pa3yeT BEKTOP YCKOPEHUs C TO K€ KOOpAMHATHOM

OCBIO, YTO U B CIy4ae ¢ BEKTOPOM CKOPOCTH (T.€. C OCBIO X):
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a a 12Bt? 2Bt
tgo, = —L = o, =arctg—L = arctg| -——— |=arctg| —— |.
go, 3 2 ga g 6AL g( Aj

X X
BbluKclieHns TI0Ka3bIBAIOT, YTO oL, ~—58°. Yron Mmesxmy BekTopamu V u @ OyleT TOrja paseH
o=, —oy|~11,2°,

Pemenue 3aaun CymmecTBEHHO YIIPOIIACTCS, €CIIM OJJHA U3 MMPOCKIIUA YCKOPEHUS Ha KOOP/IH-
HaTHBIE OCH paBHA HYIO. [IycTh, HarpuMep, paBHA HYIIIO IPOSKITUS YCKOPEHHUS Ha OCh X. DTO O3Ha-
YaeT, YTO MOJIHOE YCKOPEHUE HAMpaBIICHO BAOJIb OCH Y. Torma yroi Mexay BEeKTOpaMu CKOPOCTH H
YCKOPEHHMSI paBEH YTy, KOTOPBI COCTaBISIET BEKTOP CKOPOCTHU C MOJIOKUTEIbHBIM (IIpH ay > 0) miu
C OTPHLIATENBHBIM (TIpH ay < () HAIPaBIECHUEM OCH Y.

Ortser: 11,2°
METOIUYECKHUE YKA3AHUSA K PEHIEHUIO

TECTOB 1 3A1AY 110 TEME
"KUHEMATHUKA IBUKEHUS TBEPJOI'O TEJA"

1. Tuck BpaiaeTcsi BOKpYr BEpTUKAIbHONW OCH PABHOYCKOPEHHO ITPOTUB YAaCOBON CTPEIKHU. YKAKUTE
HaIpPaBJIECHUE BEKTOPA YIIIOBOTO YCKOPEHHS.
a)l 06)2 B3 rn4
Hampasnenue BekTopa yriioBoi CKOPOCTH CBA3aHO C HAIIPABJICHUEM Bpallie-
HUs IIPABUJIOM IIPABOTO BUHTA, ITIO3TOMY IIPH BPALICHUU JMCKA IIPOTUB 4aCo-
BOH CTPEJIKM HAIPaBJIEHUE BEKTOPA YINIOBOW CKOPOCTH COBIIAJAET C HAIpPaB-
nenueM 3. IIpu yCcKOpEHHOM ABM)KEHUH, BEKTOP YITIOBOI'O YCKOPEHHS COBIIA-
JIaeT [0 HAMPaBJICHUIO C BEKTOPOM YIJIOBOM CKOPOCTH M TaK)KE€ OPUEHTUPOBAH B HAIPABJICHUH 3.
OrtserT: B

Ommemum, yumo eciu Ovl 8pawjerue Ovll0 3aMe0IeHHbIM, 6EKIMOPbL Y2060l CKOPOCMU U Y2108020
YcKopeHus ObLIu Obl NPOMUBONOTIONHCHDL.
2. Touka M nBHXETCS IO OKPY’KHOCTHU € ITOCTOSIHHBIM TaHT€HIIMAJIIBHBIM yCKOpeHueM. Ecinu npoek-
111 TAHTCHIIMAJIBHOTO YCKOPEHUS Ha HAIIPaBJIEHUE CKOPOCTH MOJIOKUTEIBbHA, TO BEJIMYMHA HOPMaJIb-
HOT'O YCKOPEHHS ...

1) yBenuuuBaercs  2) yMeHbIIAeTcs

3) He u3meHsieTcsl  4) MpaBUIIbHBINA OTBET OTCYTCTBYET

2
\Y
HopmanbsHoe yckopeHue onpenesstor no popmyne a, = R IIpu aBMXKEHUU IO OKPYKHOCTH pa-

nnyc R = const. Ecniu mpoexiust TaHTeHIIMAaTFHOTO YCKOPEHHUS Ha HAMPaBIEHUE CKOPOCTHU MOTO0XKH-
TeJIbHA, TO CKOPOCTh BO3PACTAET MO BeNu4rHe. [[pUXoanuM K BBIBONY, UTO C TEUEHUEM BPEMEHU BEIH-
YHHA HOPMaJIbHOTO YCKOPEHUS YBETUIHBACTCS.

Ortser: 1

3. MarepuanbHas Todka M JBHIKETCS TI0 OKPYKHOCTH €O CKOpOCThi0 V. Ha puc.1 mokasan rpaduk
3aBHCUMOCTH Vi OT BPEMEHH (T — IMHUYHBIA BEKTOP MOJOKHUTEIBHOTO HAPABJICHHS, V, — IPOCK-

s V Ha 3TO HampasieHue). Ha puc.2 ykaxkute HanpaBlIeHHE YCKOPEHUSI TOYKM M B MOMEHT Bpe-
MEHH {tj.
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M
V.oa . s
(.
L —
Puc. 1 a)4 0)3 B)I1 12

[TonHOE YCKOpEeHHe MPEACTABMM KaK CyMMY TaHI€HIMAIBHOTO d, M HOPMAIBHOIO &, YCKOpe-
Huii: =3, +4,.

2
\'
Bennunna HOpManbHOTO YCKOpEHUS onpeensercs no popmyne a, = e U3 puc. 1 cnenyer, uro

B MOMCHT BpEMCHU tl CKOPOCTh HE paBHa HYIIIO, 4 U3 pUC. 2 BUJUM, UTO paJuyC KpUBU3HBI TPACKTO-

PUHU UMECT NMOCTOAHHOC KOHCYHOC 3HAUCHUC. 9T0 O3Ha4YacT, 4TO BCIMYNHA HOPMAJIBHOTO YCKOPCHUS
OTJIIMYHA OT HYIJIA. HOpMaJ'ILHOG YCKOPCHUC BCCTrla HAIIPABJIICHO IO paAUYCY K HCHTPY OKPYXKXHOCTH,
T.C. €0 HAIIPABJIICHUC COBIIAJACT C HAIIPABJICHUCM 3.

CKOPOCTB JBMIKEHHSI MATEPHAILHON TOYKU M paBHa V = V- T, T.e. BEKTOP CKOPOCTH OPUEHTUPO-

. dv
BaH B HampasiieHuu 1. M3 puc. 1 cnenyer, 4To B MOMEHT BpeMeHHU 1; CKOpOCTb pacTéT (E >0),

o dv.
3HAYUT TAHI'CHLHUAJIBHOC y'CKOpeHI/Ie aT = E‘C OTJIIMYHO OT Hy'J'DI nu HanpaBneHo TaK K€ KaK U CKO-

POCTB B HalpaBjieHuu 1.
OmnpenernseM HanpaBIeHHUE MIOJTHOTO YCKOPEHHUS B 3aJaHHBII MOMEHT BPEMEHH I10 NTpaBUITY Napal-

JiejiorpamMmmas

Bunum, 4to nosHoe yCKkOpeHHEe B MOMEHT BpeMEHH 1) HalpaBeHO B HApaBiIeHUH 2.
OtBer: T
dv

Ommemum, umo 6 momenm epemenu t, ckopocmo ymenvuwaemces ( E <0), u maneenyuanvroe
YCKOpeHue OmIUYHO Om HYJIsL U NPOMUBONONONHCHO HANPABIeHUIO CKopocmu. B amom ciyuae nonnoe

dv
YCKOpeHue Hanpasnieno 6 Hanpagienuu 4. B momenm epemenu ty ckopocme nocmosuna ( E =0),
NO2MOMY MAHSEHYUATILHOE YCKOPEHUEe PAGHO HYIII0 U HANPABLeHUe NOIHO20 YCKOPEHUs COBNAdaem ¢

HanpaeleHuem YyeHmpocmpemumeilbhoco YCKOPeHUA, nm.e. C HanpaejleHuem 3.

4. MarepuasibHasi TOYKa JABUKETCS MO OKPYKHOCTU paanycoM R = 0,2 M ¢ TOCTOSTHHBIM YIJIOBBIM
yckopenueM € = 1,5 paa/c’. Onpenenuts yepes t = 0,5 ¢ mociae Hayana eé ABMKEHHS U3 COCTOSHHS
TIOKOS: @) TIOJTHOE YCKOpPEHHUE a; 0) HOPMAIbHOE YCKOPEHHUE an; B) TAHTCHIIMAIBHOE YCKOPEHHE ar; T)
YIJIOBYIO CKOPOCTh ®; 1) TMHEHHYIO CKOPOCTbD V.
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Hano Pewenue
®,=0 YCTaHOBUM CBSI3b MEX]Y YITIOBOH CKOPOCTHIO U YIIIOBBIM YCKOPEHHEM IPH JBU-
R=02wM KCHUH MaTepPUATBHON TOUKH MO0 OKPYKHOCTH C MIOCTOSHHBIM YTIIOBBIM YCKOPEHHUEM.
&= 1,5 pan/c’ £=d—m:>d(o=adt.
t=0,5¢ dt
a—2a,—? HuTerpupyem mnpaByro U JIEBYIO 4aCTH yPaBHEHUS:
ar—20—? < L
v_9 I do=¢ I dt.

=0 t,=0

OTMeTuM, 4TO yIIIOBOE YCKOPEHUE € BBIHECEHO 3a 3HAK MHTErpajla Kak MOCTOSHHAs BEJIMYMHA.
@y =
Torma o =1,5-0,5 = 0,75 (pan/c).
JIuHeiliHast CKOPOCTh V CBsSI3aHA C YINIOBOW CKOPOCTBIO BhIpaxkeHHeM v =® R = ¢ t R, moatomy v =
1,5-0,5-0,2 =0,15 (m/c).
HopmanbHoe (IeHTpOoCTpeMUTENbHOE) YCKOPEHUE PABHO:
an=0’R=et*Rua,=1,5>0,5%0,2=0,1125~ 0,11 (m/c?).
CBs13b TAHTE€HIIMATILHOTO M YITIOBOTO YCKOPEHUN OMUCHIBACTCS CICIYIOIIUM BBIPAXKEHHEM
a: = ¢ R, mosromy ar = 1,5-0,2 = 0,3 (m/c?)
Haiiném nonHoe yckopenue MarepuaibHON TOYKHU:

a:\/af +a3 :\/SZRZ +e'*R? = eRy1+ "

a=15-0,2-41+1,5%-0,5* ~0,32 (m/c?)

o = 0,75 pan/c; v=0,15 m/c
5. MarepuanbpHas TOYKa JBUXKETCS M0 OKPYKHOCTH, paguyc KoTopoi paBeH R = 3 M. B HekoTophIii
MOMEHT BPEMEHH HOPMaJIbHOE YCKOPEHHE TOUKM JOCTUTaeT 3HaYeHHs an = 12 M/c%, a yron Mexmy

8t|g =>o-0=¢g(t-0),Te.0=¢t.

Otset: a = 0,32 M/c?; a, = 0,11 m/c?; a. = 0,3 m/c?;

BEKTOPaMH IOJIHOTO U HOPMAaJIbHOTO YCKOPEHUI cTaHOBUTCS paBHBIM o = 30°. Halitn Monynu cko-
POCTH ¥ TaHT€HLIMAJIBHOIO YCKOPEHUS TOYKH /ISl ’TOIO0 MOMEHTA BPEMEHH.
/ano Pewenue

R=3m N3BecTHO, 4TO HOPMAJIBHOE YCKOPEHUE CBA3AHO C JINHEWHOU CKOPOCTBIO CIIEAYIOIIHUM

an= 12 M/c* | BBIpaXkeHHEM
a=30°

2
a, 2%. Torna v =a,R u v=+12-3=6 w/c.

B paCCManI/IBaCMHﬁ MOMCHT BPEMCHH MaTcpualibHasd TOYKa OKa3aJlaCb B HCKOTOpOﬁ TOYKE

OKPYXHOCTH. TanreHuaisHOE YCKOPCHHUEC HAIIPABJICHO I10 KacaTreabHOHU K OKPY>XHO- o
CTH B ATOHU TOYKE, a4 HCHTPOCTPEMHUTCIIbBHOC YCKOPCHHUEC — 10 HOpMAJIH K Heﬁ, KakK 9TO

o)

IOKAa3aHO Ha pUCYHKC. HpI/I 9TOM YT'OJI MCKAY BEKTOpAMHU ITOJTHOTO au HEHTPOCTPC-

MHTEJIBHOTO d, YCKOPEHHH COIIacHO YCIIoBHIO 3amaun paseH 30°. U3 pucyHka

BHUJIHO, 4TO a; = an'tg 0, IOATOMY

B3

ar=12-?z6,93(M/02).

OtBer: v = 6 M/c; a; = 6,93 m/c?
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6. TBépoe Teno BpamaeTcs BOKPYT HEMOABIKHON OCH IT0 3akoHYy (0 = At — Bt3. Haitru cpenHee

3HAYEHUE YIIIOBOW CKOPOCTH 3a MPOMEKYTOK BpeMEHHM OT t1 = 0 10 OCTaHOBKH Tena, eciu A = 6
pan/c, a B =0,89 pan/c’.

ano
¢=At-Bt>
A =6 pan/c

B = 0,89 paw/c’

(@) =7

Pewenue
Cpennee 3Ha4eHHE YITIOBOM CKOPOCTH PaBHO

<w>=%= (P(ti):;P(tl) .
2 1

W3 BeIpakeHUs a7 BPEMEHHOW 3aBUCUMOCTH YIJla TOBOPOTa BHJHO, YTO
o(t)=0.

Haiiném MoMeHT BpeMeHHU t2, B KOTOPBIM TENO OCTAHOBWIOCH. JlJisl 3TOr0 yutém,

4TO B 9TOT MOMCHT BPEMCHU YITIOBAS CKOPOCTH TCJIa CTAHOBUTCA paBHOﬁ HYIIIO. Torma

dp d 3 2
=t dt( )

A-3Bt;=0=>1,= /?

A
(o) - )=0() _ A\/:B
t2

_BA\/T

3B\3B _2A
\/K 37
3B

[ToncTaBuB A = 6 pan/c, momy4num <co> =4 pan/c.

Ortgert: 4 pan/c

7. Koneco pannycom R =20 cm BpaiiaeTcst BOKpYT HENOJABUKHON OCH, IEPIIEHIUKYIISIPHOM €ro MI0C-

KOCTH U HpOXO,Z[HIlIGfI qgepe3 €ro LNCHTP TaK, YTO 3aBUCUMOCTDL YIJIa IMOBOPOTA paJnyCa KojieCa OT

BpeMeHH 3a1aéTcs ypaBHeHueM ¢ = A +Bt+ Ct*, re A = 2 pan, B = 4 pan/c, C = 0,1 pan/c’. Onpe-

ACIUTE OJId TOYCK Ha O60,I[e KOJIECa HOPMAJIbHOC YCKOPCHUC an B MOMCHT BPEMCHU t =2 ¢ U TaHTCH-

MUAJIBHOC YCKOPCHHUC A JIA 9TOIO K€ MOMCHTA BPEMCHU.

/ano
R=02wm
0 =A + Bt+Ct3
A =2pan
B =4 pan/c
C=0,1 paxy/ ¢
t=2c
an—?a;—?

Pewienue
HaiinéM BpeMeHHYI0 3aBUCUMOCTb YITIOBOM CKOPOCTH KOJIeCa:

0=92_p 3ce.
dt

VYuureiBaewm, 4TO an = ©’R. 3Has BBIpakeHHe s

YIJIOBOM CKOpPOCTH,

2
OyzneMm UMeTsh a, = (B + 3Ct2) R.
[ToncTaBuB YKCIIEHHbBIE 3HAUCHHUS, TOTYYUM

an= (4+3-0,1-4)°0,2~5,41 (m/c?).

Haitném BpeMeHHY10 3aBUCUMOCTD YIJIOBOTO YCKOPEHUS:

s=d—®=6Ct.
dt

Torna a. = eR = 6CtR = 6-0,1-2-0,2 = 0,24 (m/c?).

OtBeT: an = 5,41 mM/c?; a. = 0,24 m/c?
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8. HopmanbHOE ycKOpeHHE 4acTUllbl, IBUKYLIEICS 110 OKPYKHOCTH paguycoM R =2 M, uzmensercs
110 3aKoHy an = At*, Tne A = 8 m/c®. Haiftu: a) myTh, npoiiieHHbII yacTHIeH 3a T = 3 ¢ mociIe Hayana

JBUKCHHUS;, 0) TAHTCHIIMAILHOE U MTOJTHOE YCKOPSHHSI B KOHIIE STOTO YJaCTKa IMYTH.

Hano Peuwienue
R=2wm Momynb CKOPOCTH — 3TO MPOU3BOHAS OT MPOUICHHOTO MYTH 10 BPEMEHHU, TTOATOMY
an = At ds
" 6 V=— = dS=v-dt.
A=8wm/c dt
t=3c¢ Otkyna noiydaem
S-? S T T
- [ ds= [ vdt; s={vdt.
S,=0 7,=0 0
ar—?

BI/I,I[I/IM, YTO IJId HaXOXACHUA HpOﬁZ[CHHOI‘O IIyTn HCO6XO,Z[I/IMO 3HAaTb, KaK CKOPOCTb
3aBUCUT OT BPCMCHHM. BpeMCHHYIO 3aBUCUMOCTb CKOPOCTHU MOXXHO HaﬁTH, 3Hasd, KaK 3aBUCHUT OT BpPC-

MEHH HOPMAJIBHOE yCKOpeHue. JleMCTBUTEIBHO,
2

8y == = v=\a,R =VARt' =" JAR.

HOI{CTaBI/IM BBIPAKCHUC IAJId CKOPOCTHU B MHTEIpal, onpe)lenmomnﬁ IyTb, U IMOJTy4YUM:

T T 3
S= J-\/Athdt - JAR j t2dt = VAR % .
0 0

3
OKOHYATEITLHO JIIst IPOMIEHHOTO ITyTH OyIeM UMETh: S =+/8-2 % =36 (Mm).

TaHreHIHaIbHOE YCKOPEHUE XapaKTEpU3YET CKOPOCTh U3MEHEHHSI MOAYIISI CKOPOCTH, IIO3TOMY

ar:i—\::%(tz AR):Zt\/ﬁ;

a,=2-3\8-2 =24 (w/c?).
3Haf[ TAHICHOHUAJIBHOC 1 HOPMAJIbHOC YCKOPCHUS IJI ITOJTHOTO YCKOPCHHA 6YI[€M UMCTHb

a=yfa?+a2 = VAPAR + A%®

Beruncnus, monyunm a ~ 648,4 (M/ cz) .

OtBer: S =36 M; a = 648,4 M/c?; a; = 24 m/c?

9. Touka ABMKETCS IO OKPY)KHOCTHU TaK, YTO 3aBUCUMOCTh MPOMJIEHHOIO €10 MyTH OT BPEMEHU OIH-
ceiBaeTcs ypaBHeHHeM S = At+ Bt?, rie A = 1 m/c, B =23 m/c?.Uepes t; = 2 ¢ mocle Hauasa JBUKEHHS

HOPMAJIbHOC YCKOPCHHUEC TOYKHU CTAJI0O paBHBIM an1 =2 M/ Cz. Ol'IpCI[CJ'II/ITe MOMCHT BpPCMCHH, B KOTO-

pLIﬁ MOAYJIN HOPMAJIbHOTO U TAHTCHIIMAJIBHOT'O yCKOpeHHf/'I 6y,[IYT PaBHBI.

Hano Pewenue
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S =At+ Bt V2
A=1wmlc Hainém 3aBHCMMOCTH OT BPEMEHHM HOPMajbHOIoO dp = R U TaHICHIHAIEHOTO
B =3 wm/c? dv
ti1=2c¢ a, = pr YCKOpeHH. [[Jst 3TOro Moy4rM BEIpayKECHHE [Tl CKOPOCTH JIBHXKCHHUS TOUKH:
a, =2wm/c?

v=§=E(At+ Bt*) = A+2Bt.
a,=4a, dt  dt

d

t—7? Torma a, = o (A+2Bt) =2B . Yro0sl HaiiTH HOPMaJIbHOE YCKOPEHHE, MpeIBapu-

TCJIBHO HaﬁﬂéM paanyc OKpPYy>KHOCTH, I10 KOTOpOﬁ ABYIKETCA MaT€prajibHasA TOYKaA:

. = [ve] _ (A+28t)° Lo (AT 28t,)°
! R R apy,

(A+2Bt)’a,
Ortcrofia CIIeyet, 410 8y = ———————5—
(A+2Bt,))
U3 ycnoBus a, =4, , Oynem UMeTh

(A+28Bt)a, _ .
(A+2Bt;)°

2
2B( A+ 2Bt
J (A+28L)°
an
Torma t = !

2B
[ToncraBuB AaHHBIE, MPUBEIEHHBIE B YCIOBUH 33aJa4M, OIYYUM, uTo t = 3,59 C

Otsert: 3,59 ¢

10. Touka nBUXKETCS 1O Ayre OKPYKHOCTH paauyca R =2 m. E€ ckopocTh 3aBUCUT OT IPOHIECHHOTO

IIyTH 110 3aKOHY V = A\/§ , Tae A —nocrosiHHas. HaliTh yrois1 Mexy BEKTOpaMH MOJIHOIO YCKOPEHUS

1 CKOPOCTH YacTHLIbI B TOT MOMEHT BPEMEHH, KOT/Ia YacTUlla IPOHAET MyTh S, paBHBINA 3 M.

Hano Pewienue
= a
V= AJg I3 IpHBeAEHHOTO PHCYHKA ciiemyert, uto @ = arctg—"_ Hop-
R=2wm a;
S=3wm . v: A%
MaJIbHO€ YCKOpEHHEe paBHO d, = — = ——
o—7? yCKop p "R R

[Ipy HaXOXAEHUU TAHTCHLIUATBHOTO YCKOPEHUS YUTEM, YTO PO ICHHBIN
MyTh — 3TO (PYHKIHSA BpeMEHHU. DTO Aa€T BO3MOKHOCTh MPEJCTABUTh CKOPOCTh KaK CIOXKHYIO (QYHK-

dv .
U0 V= V[S(t)] Y POU3BOIHYIO ot HaxOJHWTh KaK MPOU3BOIHYIO OT CIOKHONU (DYHKIIUH:

2 2
2, == 8\ [s()] =T B A yoANS A%

dt  dt dS dt 2s 2Js 2
AZS 2S

a 2
= arctg — = arct = arctg —.
) ga g RAZ g R

T
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Q= arctg? ~71,6°.

OtseT: 71,6°
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METOINYECKHUE YKA3AHUSA K PEHIEHUTIO
TECTOB U 3AJJAY 110 TEME
"TUHAMHMKA MATEPUAJIBHON TOYKH
N CUCTEMBI MATEPUAJIBHBIX TOYEK"
1. MatepuanbHasi TOUKa JBUKETCSI BBEPX 10 yYacTKy Ayrd. BennuuHa e€ CKOpoCTH M3MEHSETCS BO
BpPEMEHH TakK, Kak 3TO Moka3aHo Ha rpaduke 3aBucumoctu V(t). Kyma
HAaINpaBJI€HA PE3YIBTUPYIOLIAS BCEX CUJI, AEUCTBYIOIIUX HA MATEPH-
QIBHYIO TOYKY B MOMEHT BpeMeHH {3?
a)l 0)2 B3 14 b ottt t
B cootBercTBUM €O BTOpBIM 3aKOHOM HBIOTOHA, KOTOPBIN B IAHHOM CJIy4ae 3allvIleM B BUAE

—

F=ma, pesyasTupyromas BCeX CUIl, IeHCTBYIOMIMX HA MaTePHAlbHYIO TOYKY, HAIIPABJIE€HA TaK XK€,

KaK 1 BEKTOP IMOJIHOI'O YCKOPCHUS. ITonHoe YCKOPCHHUEC PABHO BeKTOpHOﬁ CYMMC TaHI'CHIIUAJIBHOI'O U
HOPMAJIBHOT'O YCKOPCHHﬁ. Haiiném HalpaBJICHUS KaXX10I'0 U3 3THUX YCKOpeHHﬁ, a 3aTcM, CJIO0KHB HX
110 IpaBUJIy TPEYrojJbHHUKA WUJIN 110 MIPaBUITy IIapaJuIejiorpamMma, OIpeACIIMM HaIlpaBJICHUEC ITOJHOT'O
YCKOpPCHHA. HOpMaJ'ILHOC YCKOPCHUEC HAIIPABJICHO K LCHTPY AYT'H, I10 KOTOpOﬁ ABMIKCTCA TOYKaA, T.C.
B HaIIpaBJICHUH 3. Tak kxaK B MOMEHT BpCMCHHU t3 CKOPOCTb YMCHBINACTCA, TAHI'CHIIHAJIbBHOC YCKOPC-
HHUC HAIIPaBJICHO B CTOPOHY IMPOTHUBOIIOJIOXHYKO CKOPOCTH, T.C. B HAIIPABJICHUU 1. Torpga momHoe
YCKOPCHHUC HAIIPABJICHO B HAIIPABJICHHUU 2. B sTom ke HaIlpaBJICHUHU HeﬁCTByeT Ha MaTCpPUAIIbHYIO
TOYKY U PE3YyJIbTUPYIOIIAsA CHUJIA.

Ortser: 0
2. Cucrtema COCTOUT U3 TPEX LIApoOB ¢ MaccamMu m; = | K, my = 2 KI, m3 = 3 KI, KOTOpbIE
JNBUKYTCS Tak, Kak MMOKa3aHO Ha pUCYHKe. Ecin ckopocTH mapoB paBHBI Vi
vi =3 wM/c, v, =2 M/c, v3 = | M/c, TO BeTUYMHA CKOPOCTH IIEHTPa Macc ITOM I"l
CUCTEMBI B M/C paBHa ... my v,
—_—T )
a)2/3 06)4 B)53 1)10 O[ 1y ¢ My X
Panumyc-BekTop 1IeHTpa Macc CUCTEMBI ompeenseTcs mo Gopmymne l*
i=3 V3
m;T,
2 i=1

o= =
2. m,
i=1
Haiiném koopauHaTsl HEHTpa MacC CUCTEMBI:
i=3 i=3
Z m; X; Z m;yi
_ =l . _ =l
T i=3 > Ye= T3 :
2m 2m
i=1 i=1
IIpoekuust BEKTOpa CKOPOCTH LIEHTpa MacC JaHHOM CUCTEMBI Ha OCh X paBHa
i=3
dx;
LT
dt

dx, =
Vex = dtc = |_1i=3

Xe

MyVyq + MyVyp + M3Vys
ml + m2 + m3




W3 pucyHka BUAHO, 4TO V,;3 =V,3=0,a V,, =V, . Torna v =
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m,V,

——< ¢  TloxcraBuB YHUCJIEH-
m; +m, +mg

2M
HbIC 3HAYCHHUS, TTOJIYYUM, 4TO V, = v AHAJIOTHYHO HAXOIUM IPOCKIMIO BEKTOPa CKOPOCTH IIEH-

Tpa Macc HaHHOﬁ CHUCTEMEBI Ha OCb y:

i=3

S dy;
i
Y dt fm my +m, + My
i

VYuuteiBaeM, 4to V,, =V;; V,, =0; Vy3 =—V3, HO3TOMY

Vey

_ MV —MgVy

yl— y2—

. IloncraBuB YnCIICHHBIC 3HAYCHHUS, MOTY4YNM, 4TO Vo, = 0. Bennunny ckopoctn

m; +m, +Mmy

O e 2 2 2(m
LICHTpa Macc HalEM 110 popmyie Vg = [V, + Vo, =V, =—| —|.

OtBeT: a

3. Teno maccoit m = 1 Kr IBMXKETCA TakK, YTO 3aBUCHMOCTb KOOPJIMHATHI X TeJia OT BPEMEHHU OIUCHI-
BAETCS YPABHEHUEM x=A-sin(ot),Tne A=3M,0=n ¢ . Haiitu MOZYJIb CUJIBI, JEUCTBYIOLIEN
Ha Testo B MoMmeHT Bpemenn t=0,25c.

Hano Pewienue
m=1kr Tak kak Macca Tela C TEYCHHEM BPEMEHU HE H3MEHSETCs, BTOpoil 3akoH HproToHa
X = A-sin(wt) = dv I - Lo -
A=3M MOYHO 3arucarb B hpopme F= ma . Yurém, uro F=1F +]F ,av=iv,+jv,. Torna
el
t-025c | Fo=mi
=V, C X dt .
y=0 dx
z=0 VYuutsiBas, 4to V, = a = 0A- COS((Dt) ,a
‘ﬁ‘ -? dv 2 .
d_tx =-0°A-sin(ot), momysaem, uro
F,=-ma’A-sin(ot).
dy dz
Ilo yenosuro y = 0 m z = 0, mosromy Vy = at =0 u v,= pre =0. Drto o3Hadaer, 4YTO

a,=a,=0=F, =F, =0. Orcioza crentyer, uto F = —mw?A-sin (mt)T )

= . . (T .
‘F‘ = mw?®A-sin (ot)= Me?A -sin (Zj . IloncraBuB npuBeIEHHBIE B YCIOBUM 3a/1a4ui 3HAYEHUS M, O,

A u t, nonyuum

|F|=1-3,14%-3-0,707 ~ 20,91 (H).
Ortsert: 20,91 H

4. MarepunanpHas TOYKa MacCOU 3 KT IBHJKETCA TAK, YTO €€ paJNyC-BEKTOP U3MEHSIETCS C TEYEHHEM
Bpemenn 1o 3axony T =t*(A—Bt)i+Ct], e A = 5 m/c?, B = 1 m/c’, C = 4 m/c. Haiitit mostyms

CHJIBI, ICCTBYIOIIEH HA TEJI0, Yepe3 MOJITOPHI CEKYHIBI ITOCTIE Havaja JABUKCHUSI.
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Pewenue
B cooTtBercTBUM cO BTOphIM 3aKOHOM HbroTOHA F=ma. Haiiném YCKOpEHUE
Teja, YUUTHIBAs, YTO, KAK BUJHO U3 BRIPAXKECHUS I BpEMEHHOW 3aBUCUMOCTH
paanyc-BeKTopa, X = At>—Bt3, a y=Ct. Torna

vy =2At-3Bt* v, =C;
ay =2A-6Bt,a, =0.

ano

F=t*(A-Bt)i+Ct]
m =3 Kr
t=1,5¢
A =5wm/c?
B=1w/?
C=4wm/c
-

HMMETh:

B koopnunatHOW (opmMe BbIpakeHHE S CHIJIBI 3alMIIeM B BUJE

F= Fxf + Fy] =m axi +m ay]. [ToncTaBuB BBIpaXECHHS ISl ax U ay, OyIeM

F=2m(A-3Bt)i,
F=2-3(5-3-1-15)i =3i.

Taxkum 006pazom, MOy Ib CUJIBI B MOMEHT BpeMeHu t = 1,5 ¢ pased 3 H. Ommemum, umo 6 smom

MOMEHRM 6PEMEHU OHA HAnpaesjlena 6 NoJONCUMENIbHOM HanpasjieHuu ocu x.

OtBet: 3 H

5. B MomeHT t = 0 yacTHIIa Maccoif 3 KT HAXOAMIACh B Ha4aJle KOOPJMHAT U UMeNa CKOpocTh V, = Al

, e A = 2 m/c. B 3TOT MOMEHT Ha Heé Hauana JeicTBOBATh cuia F = (B+ Ct)] ,tne B=3H,C

=0,6 H/c. Haiitu paccrosiHie YaCTHIIBI OT Hadasia KOOPIWHAT B MOMECHT BpeMeHH t1 = 3 C.

/ano
F=(B+Ct)]
v, =Ai
m=3 Kr
t1=3c¢
A=2wm/c
B=3H
C=0,6H/c
Xo=Y,=0
J—i

ATOTO YpaBHEHUS

Pewienue
PaccrosiHue yacTuiibl OT Hayaaa KOOpJAWHAT Npu t; = 3 ¢ paBHO MOAYNIO €€ paguyc-

BEKTOpA, OTPE/IENIEHHOTO B ITOT MOMEHT BpeMenH, T.e. [ =|f|= \/XZ(tl) +y? (t) .

Takxum 00pa3oM, 3a7a4a CBOIUTCS K HAXO0XKICHUIO 3HAUCHU KOOPAMHAT YaCTHIIHI B

MOMEHT BpemenHu t=t,;. 3anumem BTopoii 3akoH Hbpl0TOHA B MPOEKIIMU Ha OCh X:
F. =ma,.
I:X

Torna aX ZH. 3 BBIPpAXKCHUA I CUJIBI BUIAUM, YTO FX: 0, CJIICOOBATCIIbHO

V
a, =0. Tak xak a, =—=

= dv, =a, dt. MHTerpupys JeBy0 U MpPaByl YacTH

V(1) t
dv, = _[ax dt u yuursisas, uro a, =0, momyunm V, —A =0, T.e. npoekIus
Vi (to)=A 0

CKOPOCTH YacTHIIbI HA OCh X HE 3aBHCUT OT BPEMEHU M paBHA HadyaJbHOM ckopocT: V, =A . Ompe-

ACIIUM 3aBUCUMOCTDH OT BpCMCHU KOOPAUHATHI X YaCTUIIBI.

dx

v, = pm = dx = v, dt. Marerpupyem 3T0 BBIpaKeHHE:

t=t,

X t=t,
[ dx= [ vidt=>x(t)=A [ dt=At, m x(t)=6m.

X,=0 t=0

t=0

[lepexoanm K HAXOXKJIEHUIO KOOPIUHATHI Y.
3anuieM BTOpo# 3akoH Hel0TOHA B MPOEKLIMH Ha OCh Y:

Fy=may:>ay=

F B+ Ct

2 U3 BBIPXCHHUSI 111 CHIIBI BUAMM, YTO Fy =B+Ct=> ay = . Tak kax
m m
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dv
a =—y:>dvy =a,dt. Vurerpupyem JeBylo M IpaByl) 4acTH  3TOTO  ypaBHCHHUs

Yo dt

Wl t B ct . B. C
I dVy = _[ay dt . IToxcTaBuB BHIpAKEHUE IS ay , HOIyInM V,, = Ejdt + Ejtdt =—t+ 2—t2
0 0

v, (1,)=0 0 m m

. Onpez[eJmM 3aBUCUMOCTB OT BpEMCHHU KOOPAUHATEI Y YaCTHUIIbI.

d
vy = &y =>dy= Vydt . UHTerpupyeM 3To BhIpakKeHUE
y(t,) t=t,
I dy = _[ v, dt
y,=0 t=0
" 1IOJIY4acM 3HAYCHUC KOOPAHUHATEI Y B MOMCHT BPCMCHU t1:
t=t, t=t, 2 3
B C Bt; Ct
yt)=— [ tdt+—= [ Pdt=—2+=L ny(t;)=54n
m.JZ, 2m 7 2m  6m

[ToncraBus 3HaueHus X(t1) ¥ y(t1) B BBIpaKeHHE I PACCTOSHMS YACTUIIBI OT Havaaa KOOpIu-
mar (= «/Xz(tl) +y? (t) , Gymem umers (= 8,07 M
Otger: 8,07 M

6. B momenT Bpemenu t = () Ha MaTepHAJIBHYIO TOYKY MACCOM M = | KT, HAXOAMBIIYIOCS B COCTOSIHUU
MIOKOs, Hayaja JEWCTBOBATh CHJIA, MW3MEHAMOIIASACS C TEYEHHWEM BPEMEHH IO 3aKOHY
F=Ae" + BeCt] ,tae A =3 kr-m/c?, B=4 krm/c?, C=0,1 ¢\
Haittu myTh, IPOWICHHBIN YaCTULIEH 32 IEPBBIE TP CEKYH/IbI IIOCIIE HAaJalla JBHKCHMSL.

Hano Pewenue

F=Ae"i +Be®j | 13 cpaBHeHus BRIpaKeHHIt
E_ ARCtT cti
Vox =Voy =0 F=Ae~1+Be™]
m=1kr = - R R
to=0 F=ma,i+ma,j
t1=3c¢ CJIEZIyET, 4TO
A =3 krm/c? A B
B =4 kr-m/c? Ay = EeCt » 8y = EeCt‘
C=0,1c" dv
S_9 Tak kak a, =—2=, to dv, =a,dt. Uarerpupys, MOIy4nM 3aKOH M3MEHEHHUS BO

BPEMCHH NNPOCKIUU CKOPOCTHU HA OCh X:

v dv, = j adtnv =2 j eCtdt=ieCt‘t =i(em—1)
X X X mt=0

0
v, (t,)=0 t,=0 mC mC
AHAJIOTMYHO NOJTy4aeM, 4TO
B
v, = —(eCt 1)
mC

[IpoiineHHslii TyTh paBeH

t=t,

S= | vdt,
t,=0

e V= Vi +V, = —‘AerBZ(eCt —1).

mC
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OxoHYaTeabHO 6yz[eM HUMETh!

+B

( ot _ )dtz_w(ecti_l)__wt

mC? mc

[ToacTaBuB npuBEeNEHHBIE B YCJIOBUY 3a/1a4u 3HaueHust m, A, B, C u t1, noixyuum, uro S = 24,9 m

OrtBert: 24,9 M

7. Bpycok Maccoil m = 2 KI HQUMHAET JIBUTaThCS BBEPX M0 HAKIOHHOM MJIOCKOCTH, COCTABIISIONICH

yron oo = 30° ¢ ropuzonToM. K 6pycky npunoxena cuia F = 24 H, HanpaBieHHast BIOJIb HAKJIOHHOM

wiockocTH BBepX. Koaddurment rpenus Mensercs no 3akony p = p, sin (bx), rme p, =0,1; b=m/9

pan/m. Halitu ckopocTh Opycka mocie Toro, Kak OH IMpouIeT myTh 3 MeTpa.

Hano Pewenue

F=24H
m =2 Kr

0 =0,1
b =n/9 pag/m
S=3m
a=30°
v—2 3anuieM ypaBHEHHE JIBUKEHHsI OpyCcKa B IPOEKIIMU Ha OCh X, HAIPaBJICHUE KOTO-

pOif COBMAAET ¢ HATIPaBIEHHEM CHIIBI F :
F-mgsina—F, .., =ma.
YuréMm, 1o F oy = UN =, sinbxmgcosa .

dv dvdx dv
PaccMOTPHM CKOPOCTh KaK CIOKHYIO (DYHKIHMIO V= v[x(t)] , TOTIA a=— =

=V—.
dt dx dt  dx
[ToncTaBuB BbIpa)KeHUs! ISl CUJIbI TPEHUS M YCKOPEHMSI B YpaBHEHUE JABU)KEHUS OpycKa, U pa3/iesuB

JIEBYIO M TIPABYIO YaCTH ATOTO YpaBHEHUS HA Maccy Opycka, OyaemM UMETh:
E—gsin(x—p. sin bxgcosa:vd—v.
m ° dx
[IpounTerpupyeM JeByI0 4acTh 3TOT0 YpaBHEHHUS 110 KOOPAMHATE X, a MPABYIO MO CKOPOCTH:

I:S S S v
— | dx—gsina|dx—p,gcosa|sinbxdx=|vdv.
] mssnef o wacosefsnbrox={

%S—g Ssinoc+@cosbx|S

0

Torma v= \/2[%8— gSsina.+ @(cos(bS) —l)} .

[ToncTaBuB HaHHbBIE, MPUBEAEHHBIE B YCIOBUU 33J]a4H, MMOIYYHM, 9TO V = 6,29 m/C.

Ortser: 6,29 M/c
8. MoTopHas 51o/1ka ABUTANACh IO 03€PY, UMEs B HAYaJIbHBIM MOMEHT BPEMEHU CKOPOCTh V, =4 M/C.
Haiitu ckopocth €€ nBmxenus yepe3 T = 20 ¢ nociie BBIKIOYEHUS ABUTATENs, €CIIU CHJIa COMPOTHB-
JICHHs IBMKCHHUIO JIOJKU IIPONOPLIMOHANIbHA KBaJpaTy cKopocTH: F, = —rv?, re r = 2 kr/m. Macca

ok m = 150 kr.



/ano
F,=—rv2
to=20
vV, =4 m/c
m = 150 kr
1=20c
r=2 Kr/™m

v —?

HHC

" 11oJIydyacm
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Pewenue
3arn/1meM ypaBHeHHe JOBUXXCHUA JIOAKHU ITOCJIC BBIKJIFOUCHU S IBUT'ATCIIS B HpOGKL[I/II/I

Ha HallpaBJICHHUC IBUKCHUA:

dv
F=m—.
dt
[ToacTaBUB BbhIpaXXE€HUE JIJI1 CUJIBI COTPOTUBIICHUS, TOTYUUM:
2 dv
—rve=m—.
dt
dt 1ldv
PaznenuB nepeMenHsie v U t, OyZieM UMETh - = _F?' Huterpupyem 310 ypaBHe-

[Tocne npeobpazoBanuii OyeM UMETh

1§ 1¢dv
Ha--2{%
m0 rvoV
U T Vy—V
m r{ vi, m  rvv,
ve MV
TV, +Mm

[ToncTaBuB UCXOqHBIC JaHHBIE, MOIYYUM, 4TO V = 1,94 M/c.

OtBeT: 1,94 M/c

9. HarpyxeHHas mieGHeM >kele3HOI0poKHas miardopma ¢ HadalbHOW Maccod M, =5 T HauMHaeT

JBAKEHUE U3 COCTOSHUS ITOKOSI ITOJT A€MCTBUEM ITOCTOSHHON TOPU30HTAIIbHON CHJIBI F =300 H.
[[leGenb BhICHINAETCS Yepe3 OTBEPCTUE B JHE IIIATPOPMBI TaK, YTO CKOPOCTh YMEHBILIEHUS €€ MacChl

paBHa
JIBKEHUS.
Hano
to=20
m, = 5000 kr
vV, =0
F=300H
=15 xr/c
t=180c
v—7?

p = 15 xr/c. Onpenenuts CKOPOCTh MIaTGOPMBI Uepe3 3 MUHYTHI MOCIIE Hayaia

Pewtenue
3anuinem ypaBHeHHe Meriepckoro
mdv - dm_ -
T =F+ E U, ,rael, —Ha4aabHasi CKOPOCTh BBICHINAIOLIETOCA EOH OTHOCH-

. m
TEJIbHO IJIaT(OPMBI, KOTOpasi MPUHUMAETCSI paBHOU HYIIO, [ = rre CKOpOCTb

YMEHBIIIEHUsI Macchl iarGopmel ¢ medbHeMm. CIpoeKTHpyeM 3TO ypaBHEHHE Ha
HaIpaBJICHUE JBIKEHUS TIaTHOPMBI, Macca KOTOPOW C TEYCHHEM BPEMEHH H3MeE-

HSIETCS 10 3aKOHY m(t) =m,—pt:

d d
m(t)d_\t/= F wm (mo —p,t)d—\t/= F.

F
Paznenss nepemennsie v u t, nonyuum ———dt = dv . [IpouHTerpupyem qanHoe ypaBHEHHE:

0

iLdt=‘\‘/‘dv. (1)

o Mo —ut
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T
.« F
IIpuBeném unTerpan I ———dt k TabauuHOMY BUAY. J[J1st 3TOrO BOCIOIB3yeMCsl METOZIOM 3aMEHBI
m, —ut
0 0
nepeMeHHOH. PaccMOoTpuM onuH U3 BapuMaHTOB 3TOro Meroza. Beeném obo3HaueHue Z=m,—put.
Haiiném nmpou3BoaHy0 OT HOBOM IIEPEMEHHOM Z 110 CTAPOH NIEPEMEHHOM t:
dz
—_— _u .
dt

dz
Torna dz = —udt nm dt = —— . 3ameHuM B HHTETpase NepeMEHHYIO t Ha IEPEMEHHYIO Z, He 3a0bIBast
1}

U3MEHUTD Ipesensl narerpuposanust (mpu t=0z,=m,,anpu t=1 Z=my—pt):

T m,—ut

J‘Ldt=_E E=_Efn220_ut=_ffnu_

o Mo —ut Bon 2 H ° M my
Boszppamasics k ypaBHeHuto (1), monyunm

V= F m—"To
o My—ut
ITocne nmoacTaHOBKM UCXOIHBIX JIaHHBIX OyleM UMETh
V= 300 (n 5000 =15,53m/c.

15 5000-15-180
OtseT: 15,53 m/c

10. IIpsamoyronbHbI OpyCOK Maccoi m = 4 KT U JUTHHOU £ = 8 M, IBIKYIIHUICS TIO TIAKOU
MIOBEPXHOCTH CO CKOPOCTBIO V, =3 M/C, HaNpaBJIeHHOHN BIIEBO, NOMA/IAeT HA MIEPOXOBATHIN y4acTOK

¢ koapdunuentom tpenus p = 0,2. Haiitu myTh, IpoiAEHHBIHN JIEBBIM KOHIIOM OpycKa IO LIepOoXOoBa-
TOM MOBEPXHOCTH IO OCTAHOBKH.

Hano Peuwienue

Vv, =3 M/c 3anmiem BTopoit 3akoH Hel0TOHA B POCKITMY HA HAIPABJICHHE JBMKEHUS OpycKa:

- dv
v=0 m/c ‘ Fp =—M—— (3HaK MMHyC O3HAYaeT, 4TO C
m =4 kr L N dt
L=8M O S TEUYEHHEM BpEMEHU CKOPOCTh MO ACHCTBHEM
n=0,2 rd CHUJIBI TPEHUS YMEHBIIAETCH).

’ =0.2 =0 R

S_9 H H Yurém, 4TO cuiia TPEHHUS 3aBUCHUT OT PaccTo-

SHUS X, U3MEPSIEMOT0 OT HaJyalla MIepPOXOBAaTOr0 y4acTKa J0 MOJIOXKEHHUSI, KOTOPOE
3aHUMAET B JIAaHHBIII MOMEHT BPEMEHHU JIEBBI KOHEI Opycka. JleicTBUTENbHO, ecii OpYCOK emié He
TIOTIAJT Ha IIEPOXOBATHIN y4acToK (X = (), TO CHjIa TpEHUS paBHA HYJIIO, €CJIH K€ BECh OPYCOK HAXOIUTCS

Ha IIEpOXOBaToM yuactke (X = ), To FTp =umg. B ciyqae 0< X< { cuna TpeHUsT U3MEHSETCS T10

3aKOHY

mg
FTp =u7x.

Ckopocts  OymeM  paccMarpuBaTh  Kak — CIOXKHYIO  (DYHKIUIO V=V[X(t)], IIOATOMY
dv_dvdx dv

dv
— =——=—1V. llogcTaBuB BbIpa)KCHUs IS CUJIbl TPEHUS U IMPOU3BOJHOM —— B YpPaBHEHHUE
dt dx dt dx dt

JBIDKEHUS OpycKa, OyJieM UMETh:
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mg
(

X = md—vv:> vdv=—ugxdx.
dx (

il
Nuterpupys, nomy4num

v=0 S 2 2
I vdv = —ugIXdX —_Yo_ —pgs— :
v, ¢ 0 2 '

V4
S=v_ |—.
*Vng

Vcnonb3yst JaHHbBIe, TPUBEAEHHBIC B YCIOBUH 3a/1a4H, OyJIeM UMETh, 4TO S = 6 M.

0

Torna

Otger: 6 M
11. B cocyjie ¢ )KMIKOCTbIO HAUMHAET JIBUIaThCsl BEPTUKAJIBHO BHU3 LIAPUK PaAUYCOM I = 1 MM; ero
IJIOTHOCTh paBHA p1 =10,5-10° kr/m>, mnoTHOCTH s)HAKOCTH p2 = 1,5-10% /™. JIunamu-
4eCcKUi KOA((UIUEHT BA3KOCTHU JKUJIKOCTU PaBEH n = 0,4 ITa-c. Haiitu ckopocTh 11apuka B
MOMEHT BPEMEHHU t=0,01c.
/ano Pewenue
r=10"3wm Ha mapux neficTByIOT HamnpaBieHHasi BEPTUKAJIbHO BHU3 CUJIA TAXKECTH
- 103 3 4 4
p1=10,5 1? Kr/ 1;4 G=—nr’pg, (=nr’p, =V, p, =M — Macca WAapHKa) H HAPABICHHBIC BEPTH-
p2=1,5-10" kr/m 3 3
n=0,41Ilac 4 4
KaJIbHO BBEPX BBITAJKUBatoUIas cwia (cuina Apxumena) Fn = —nmr'p,g u cuna
t=0,01c 3
v—7? comporuBieHust Crokca F, = 6mnrv. 3anumem ypaBHeHUE TBUKCHUS IIAPUKA:

4 g—ﬂnr3 g—6m v=m¥
3 P1 3 P2 n qt

OTO0 ypaBHEHUE COACPKUT JIBE IEPEMEHHBIE BETMYUHBI — CKOPOCTh V U BpeMs t. [IpeoOpa3yem ypas-
HEHUE TaK, YTOObI OJJHA NEPEMEHHAsl HaXoIuIach B OJHOW YacTU ypaBHEHUs (HAaIpuMep, clieBa OT
3HaKa paBeHCTBA), a Apyrasi — B Ipyroi 4acTH (T.e. CIpaBa):

dt dv
m 4 '
gnrg(pl—pz)g—ﬁnn v
1¢,. ¢ dv
Wurterpupyem - I dt= U, TTOJIB3YSICh METOJIOM 3aMEHBI IEpEMEHHOH, I10-

4
0 0 gnrs(Pl_Pz)g— 6rnrv

JTydaeM:
4 3
t 1 3 (P —p2) 9
—= In . [ocnie mpeobpazoBaHus ITOTO BEIpAKEHUS OyIEM UMETh:
m 6mnr 4_23 5
3nr(pl—pz)9— Tnrv
2 _ 9
vo 2 pi=pa)al  Tarp,
I
Brrunciiennst mokas3pIBarOT, UTO MPHU 3aJaHHBIX YCIOBHUSIX v=0,041 m/c.

Ortsert: 0,041 M/c
12. Onpenenuts CUITy TPAaBUTAIMOHHOTO B3aUMOJICHCTBUSI TOHKOT'O OTHOPOJTHOTO CTEPKHS Macco m =
5 kr u guHoi £ = 0,4 M 1 MatepualibHOU TOUKK Maccod M =10 kr, eciu oHa pacnoyiokeHa Ha OCH
cTep>kHs Ha paccTossHUM a = 0,1 M OT OJIMIKAKIIIETO eTro KOHIIA.
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ano Pewenue

m=>5 Kr J £ LN

M =10 kr

¢=0.4 m oM

=04 M
’ - dX- i X A -

a=0,1m am

G =6,67-10""H -m?/xr?
OuyeBuIHO, UTO JUIs PEIICHHS 3a/1a4l HE0OX0IUMO BOCIIOIB30BaAThHCS 3aKOHOM

F-?
BCEMHUPHOIO TATOTEHHUS, B COOTBETCTBUU C KOTOPBIM JIB€ MarepuaibHbIC

TOYKH B3aUMOJEHUCTBYIOT JIPYT C IPYIOM C CUJIOW, MPSAMO IPONOPLMOHAIBLHON IIPOU3BEICHUIO MacC
3THX TOYEK M 00paTHO MPOMOPLUOHATBHOMN KBaIpaTy pacCTOSIHUA MeXIy HUMHU. Eciu paccmarpusa-
eTcs Cilydail B3aMMOACHCTBUS MPOTSHKEHHBIX TEN, MX Pa30MBAIOT HA 3JI€MEHTapHBIE MACCHI, KAKIYIO
M3 KOTOPBIX MOXXHO IMPUHATH 34 MAaTCPUAJIBHYIO TOUYKY.
B nanHoOli 3amaue pazaenuM CTEp)KeHb HAa YYaCTKU JUTMHOW dX, Macca KaKJIoro U3 KOTOPBIX
paBHa
dm = %dx ,

m
rac 7 — Macca CAMHUIBI JJIMHBI CTCPIKHA. CornacHo 3aKOHY BCCMUPHOT'O TATOTCHUS CHUJIa B3aUMO-

JEUCTBUSL MAaTepHAIbHOM TOYKM Maccod M M Haxomdmerocs OT Heé Ha PACCTOSHUM X y4acTKa

cTepxHS Maccoit dm, Oyner paBHa:

M dm M m dx
7 =G o2

dF=G 5
X [ X

HHTerpupyst 3To BeIpaXkeHue, HAEM CHITy B3aMMOJEHCTBHSI BCETO CTEPXKHS C MaTepUaIbHON TOUKOU

(+a (+a
F= Gm d—)z( = m(—ij =G mM ! =G mM .IloxcraBuB 3HaueHuss m, M, a
/ X 14 X ), ¢ (a(l+a) a((+a)
u {, OJy4uMm, 4TO
F=6,67-10" __ 510 6,67-107° (H)
0,1-(0,4+0,1)

Orger: 6,67-10°% H
13. HaiiTi cuiry TpaBUTaIMOHHOTO B3aNMOJIEHCTBHS TOHKOTO OTHOPOIHOTO TTOMYKObIA MACCOH 4 KT
¥ PINYCOM 2 M C TIOMEIIEHHBIM B IIEHTP €0 KPUBH3HBI OJHOPOIHBIM MaJIeHBKHM IIAPHKOM MAaccoit
M =0,5 xr.

Hano Pewenue
M=0,5xkr VA
R=2wm .
m =4 kxr dF

G = 6,67 10"""H -m?*/xr?

F-?

o) 4

Tak Kak pacCTOSTHUE MEXY TOJIYKOJIBIIOM M MarepraibHON TOYKOM M CpaBHUMO ¢ pa3zMepamu
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IIOJIyKOJIBLIA, €70 B JAHHOM Cllydae HEJb3sl PACCMaTpUBATh KaK MaTepUaabHyl0 TOouKy. IIpeacraBum
MOJTYKOJIBIIO COCTOSIIIMM M3 Y4acTKOB JyinHOU df, Macca Kax10ro U3 KOTOPBIX paBHA
dm=-""dr .
R

Takue yyacTku (OMH U3 KOTOPBIX IIOKA3aH HA PUCYHKE) MOXKHO CUMTATh MaTepUaIbHbIMU TOY-

kamu. Tak kak d€ = Rda, o dm = nﬂR Rdo. = " do. Torna Momysb CHIIBI B3aUMOJICHCTBUSI MaTePH-
T
anbHBIX ToYeK M u dm OyneT paBeH:
gF=gMdm_gMmy,
R R m

OOparum BHUMaHUE HA TO, YTO CHJIBI B3AaUMOICHCTBHS MaTepraibHON TOUKH M 1 pacrionoKeH-
HBIX B Pa3JIMYHBIX MECTaX MOJIYKOJIbIla AJIEMEHTApHbIX Macc dm OyyT OTIMYaThCs 110 HAIIPABJIECHUIO
(Ha puc. n3o0pakeHa cuiia, JEHCTBYIOLIasl Ha OJUH U3 YYaCTKOB IOJIYKOJIbIIA CO CTOPOHBI MaTepu-
anbHOM Touku M). JIJisi HaAXOXKIAEHUST MOl CHIIBI B3aMMOJICHCTBHUSI MOTYKOJIbIIA ¢ MaTepHAIbHON
TOYKOHM B TAKOM CJIy4ae ONPENEISIIOT MIPOEKIUH 3TOM CHIIBI HA KOOPAUHATHBIE OCH X U Y. /[ aToro
3aMyIIEM BhIpaKEHUS JJIs IPOEKLIUid Ha och X U 'y cuJbl dF:

dF, =dFsina = Gﬂzmsin odat,
R m

dFy =G Mzmcomdoc-
R

T
WHurerpupys, nomnyyaem, 4ro
M mp . mM T 2GmM
F,=G—-—|sinadoa=G——(-cosa)| =———;

T

M =0.

Fy — G?-EICOSOCCIOL = Gm—'\g(sin OL)
T

0 nR

0

Orcrona cnenyer, 4To

2GmM
2 2
&Ja+5=5=7rr.

F_26ﬁ740“u405
314-4

=2,12.10"(H)

Ortser: 2,12:10°"' H
14. CoenuHEHHBIE HEBECOMOM U HEPACTSHKMMON HUTHIO Yepe3 HEBECOMBIH OJIOK Tela MaccaMu mj =
0,3 xr u mz = 0,4 xr HaxoAATCs B TUQTE, IBUKYILIEMCS BBEPX C YCKOpEHUEM a = 2
M/c?. OnpesienuTe CUITy HaTSKEHUS HUTH, €CITH KOd(Q(QUIMEHT TPEHUs MEXY Te-

JIOM MacCcOM mi ¥ MOBEPXHOCTBIO, IT0 KOTOPOH OHO ABMXKETCS, paBeH 0,2.

ano Pewienue
m; =0,3 xr
my = 0,4 kr
a=2wm/c?
p=0,2

T-7?
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=11
et
A
}
b

PH2
CI/ICTeMy OTCUETa CBSKEM C JII/I(bTOM. Tak xak oH JBHIKETCA YCKOPEHHO, OTa CUCTEMA orcuéra 6YI[6T

HEMHEpLUaIbHOM. 13 mNOKa3aHHBIX Ha PHUCYHKE BEIMYMH OTMeTUM cieayroommme: G; =m,g,

G, =m,J, @] — yCKOpeHHE JBHKEHUS NIEPBOTO TN, N3MEPEHHOE B BHIOPAHHON HEHMHEPIUAIbHOI

cucteMe oTcuéTa, d, — YCKOPCHHUE JABMIKCHUS BTOPOTO Tella, M3MEPEHHOE B ATOH e CUCTEMe OTCUYETa

Y paBHOE 10 MOJYJTIO YCKOPSHHUIO JIBHYKCHHUS TIEPBOTO Tea ( |§’l| = |§'2| =a’), F,; =—m,@ — cuna unep-

MM, JelCcTBYyOmas Ha nepsoe teno, F, =-Mm,a — cuia uHepuuy, aeiicTByrolas Ha BTOPOE TeJIO.

Jlpyrue cuibl THEPLUUU OTCYTCTBYIOT, TaK Kak JU(T U Tena ¢ MaccaMu mip ¥ my ABUXKYTCS IIOCTYyIa-
TENBHO.
3anuiueM ypaBHEHUS JBHKCHMS TEJla MacCOM M) B IPOEKUMIX Ha KOOPAMHATHBIE OCU X U Y,

YUYMTBIBas, 4TO CUJIa MHEepLUMU F,, HampapieHa B IOJ0KUTEIbHOM HAIPaBIEHUU OCU Y U €€ IPOEKIHsI
Ha 3Ty OCb paBHa Mya:
x:T-E,=ma’; (1)
y: mg+ma-N=0 = N=m,(g+a).
Torma F,, =uN =pm, (g + a) . [loncTaBuB BbIpakeHUE JUIsl CUIIbI TpEHUS B ypaBHeHue (1), mo-
JTyYUM
T-pmy(g+a)=ma’ ()
3anuieM ypaBHEHUS JIBUKECHHUS Tella MacCOM My B IMPOEKIMY HA KOOPIUHATHYIO OCb Y.
y:myg+mya—T=mya’ (3)
Pa3nenuB neByro 1 npaBylo YacTH ypaBHEHUS (2) COOTBETCTBEHHO Ha JIEBYIO U MPaBYIO YacTU
ypaBHeHUs (3), TOTYyUUM
T-um,(g+a) _m
m,g+ma-T m,

[Tocne anrebpanueckux npeodpazoBanuii Oy1eM UMETh:

T mm, (g+a)(p+1) T 0,3:0,4-(10+2)-(0,2+1) _2,47(H)
m; +m, 0,3+0,4

Otset: 2,47 H
15. K BpamaromeMycsi FOpU30HTAIBHOMY JUCKY Ha PaCCTOSIHUU R1 = 0,4 M oT ocu BpaiieHus
IIPUBS3aHO C TOMOLIBIO JETKOM HepacTskuMon HUTH uHou £ = 1,41 M Tesio Maccoii mi, pazmMepaMu
KOTOPOTO MOXKHO TipeHeOpeub. [Ipu Bpamennn HUTh oOpasyet yroi o, = 45° ¢ BepTukaibio. Ha kakom
paccrostHuM R2 OT ocu BpallieHus AuCcKa MOXKET yep KaThCcsl HEOOJIbIIIOE TEJI0 MAacCOM my2, MOJIOKEH-
HOE Ha JTUCK, eci k03(hPULIMEHT TpeHus Tea O MOBepXHOCTh aucka p = 0,17
Jano Pewienue



Ri=04wm
t=141m
o=45°
u=0,1

Ry —?
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Onucanue noBeneHus: Ten OyAeM MPOBOAUTH B HEMHEPIHAIBHON CHUCTEME OT-
cu€Ta, CBSI3aHHOM C BpalllalOIIUMCS TUCKOM. B 310l cucteme o0a Tena MmokosTcs, mo-
9TOMY CYMMBI CHUJI B33HMOI[€I>1CTBHSI " CUJI HHCPLIUH, ﬂCﬁCTBYIOHlHX Ha KaXXa0€ U3 HUX,
OyayT paBHBI HYIIIO.

_ O
ALN2 \A
- E
b2 I w2
éj\r N

Jlnist Tena Maccoit my B MPOEKIKU Ha OCh X OyJIeM UMETh:

x: Tysinou—Eg =0 (1)

IlenTpobOerxHas cuiia MHEPLMH ONPEEIIAETCS U3 BBIPAXKECHMUS:

Fi =Mo’R) =mo’ (R, +a)=me” (R, +(sina).

Torna u3 (1) nomyuum

Tysin a=m;0° (R +(sina) 2)
B npoekiun Ha ochb y AJIs TeTla MACCOM M| MOYKEM 3aIHCcaTh
y: Tircosa—-G;= 0, 3)
rie G;=m,g.
IToncraBuB Belpaxkenue g G, B (3) momyunm:
T,-coso. =myg 4)
Paznenum (2) Ha (4):
o M’ (Ry+¢-sina) _ o (Ry+(sina) .
mg g
Taxk kak o = 45°, To tg o = 1, cregoBareasHO
P R— 5)
(Ry+(-sina)
AHaJOTMYHO PaCCMOTPHUM CHUJIbI, IEUCTBYIOIIME Ha TeIo Maccod mz. B mpoekuuu Ha och x Oynem
UMETH
X: Fgo— sz =0 =>F4 = Fsza (6)
rie Fgo = mzoozR2 — IEeHTpoOeXHasi CcHujla WHEpIHUH, NeHCTBYIOIas Ha TeJI0 Maccod Mm,,

F 2= “NZ — MaKCUMAaJIbHOC 3HAYCHHUE CUJIbI TPCHUA IOKOA IJI 3TOr0 TCIa. HO)ICTaBI/IB BBIPpAXKCHUA

P

JUIS CUJIbl MHEPLIMU U CUJIBI TPeHHUS B (6), MOTy4yuM

uN, = m,w’R,. (7)

B IMPOCKIHMHU HA OCh Y 3allUIIICM

Y:N;, =G, =0= N, =m,g . (8)

[ToncranoBka (8) B (7) mO3BOJISIET MOTYYUTh BBIPAXKEHHE JIJIS1 MICKOMOTO PACCTOSHUS

Hg
R,=2%.
2 (02
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C yuérom (5) okoHUYATEIIbHO OyZIeM UMETh

ITocne IIOACTAaHOBKH YHCJICHHBIX 3H3,‘-I€HHﬁ, MoJIy4Yum

R, =0,1- 0,4+1,41-g :0,14(M).
Ortsert: 0,14 M

16. Ha BHyTpeHHEI MOBEPXHOCTH BPAIAIOIIETOCS BOKPYT BEPTUKAJIBHON OCH KOHYCa C yIJIOM IPH
BEPILMHBI HAXOAUTCA HEOOJbIIOE

BepmmHe 200 = 60° Ha BBICOTE h = 5 M oT NP
teno. Koapduument tpenns mexay Tenom u IIOBEPXHOCTHIO KOHYCA PaBEH [ =
0,25. HailTu  MHUHUMaJIbHYIO  YIJIOBYIO CKOpPOCTb ( BpalleHUs KOHYycCa
BOKPYT BEpTUKAIbHOW OCH, IIPH KOTOPOH TEJO Oy/IeT HEeMOIBUKHO OTHOCUTEIBHO
KOHYCA. |
Hano Pewenue zla h

20 = 60°

h=5wm
u=0,25
o-—"7?

3anmauy yaoOHO pelarh BO BpallalolIeicss HeMHEPIUAIbHON cUCTeMe OTCUéTa, CBA3aHHOM C
koHycoM. CHJTBI, IEHCTBYIOIIUE HA TEJIO, MOKa3aHbl HA PUCYHKE.
PaccmarpuBaeM MOMEHT BPEMEHH, HEMOCPEACTBEHHO MPEILIECTBYIONINI Havaly JBUKEHUS

TeJa M0 BHYTPEHHEN MOBEPXHOCTH KOHYCA, KOTZA €r0 CKOPOCTh U YCKOPEHHE PaBHBI HYIIIO, a CHJIA
TPEHHUs IPEACTABNAET co0oki cniy Tpenust nokost =N, rne N — moxynb cuitbl HopManbHOM pe-
aKIUM OMOpPHI. YUUTHIBAEM, UTO B JAHHOW CHUCTEME OTCUETA Ha TEJIO JACHCTBYET LIEHTPOOeKHas chila
unepuun F g =m- ®?-h-tga, rae h-tgo — paccrosHme OT Tenma 10 OCH BPAIICHHS.

Jlig nepexoza K CKaJsipHBIM COOTHOIIEHUAM BBEEM OCU KOOPJAUHAT X U Y. 3alUILIEM ypaBHe-

HUA NBUKCHHS TCJIa B IPOCKIUAX Ha 3TH OCHU, HC 3a6BIBa$I, 4TO €TI0 YCKOPCHUC B JTaHHOM HCHUHCPIU-
aJIbHOM CHCTEME paBHO HYIIIO:

X: —N-COS(x+FTp-Sinoc+m-032-h-tgoc:0 WITH
m(ozh-tgoc = Ncoso—puNsina (1)
y:Nsina +F, coso—mg =0 um
mg = Nsina +pNcoso ()

Pa3nenuB sieByro U npaByto 4acTu ypaBHEHHUA (1) COOTBETCTBEHHO HA JIEBYIO U MPABYIO YaCTH ypaB-
HeHus (2), monydnm

mo’h-tga  N(cosa—psina)
mg  N(sina+pcosa)

. [Tocne mpeobpazoBanuii Oyaem nMeTh

g-(coso—p-sina)
h-tga-(sina+p-cosa)

HOI[CTaHOBKa YHMCJICHHBIX 3HAYCHUM BEITUUYMH ITO3BOJISCT MOJIYYUTh CICAYIOMICC 3HAYCHUC yFJIOBOﬁ
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CKOpPOCTH BpalllcHUs KOHyCa

9,81-(0,866-0,25-0,5
o= ( ) =1,88 pan/c
5.0,577-(0,5+0,25-0,866)

Ortgert: 1,88 pan/c
17. Onpenenuth nonepeunoe cMenienre Al cHapsiaa, BBITYIICHHOTO CO CKOpocThio v = 800 m/c B
IUIOCKOCTH MEpHJUaHa MO TOPU3O0HTAJIBHOMY HAaIpaBieHHIO, 3a mepBbie 0,5 CEeKyHJBI MOCIE BBI-
cTpena. BeicTpen npousBenéH B CEBEPHOM NOJyIIApUM 3eMJIM Ha MHUpoTe @ = 56°. B MOMEHT BbI-
CTpelna OpyIMHHBINA CTBOJ ObUT HampaBiieH Ha ceBep. CHIly CONMPOTUBIICHUS BO3/1yXa HE yYUTHIBATH,
U COCTABIISIOLIYIO CKOPOCTH CHApsI/a B IFIOCKOCTH MEPUMAHA V CUUTATh OCTOSHHOM.

Hano Pewenue
t=05c 3amaqy OyzeM peraTh BO Bpalllarolelicss HOMHEePIIHAIBHON CHCTEME 0TCUETa, CBSI-
® = 56° 3aHHOM ¢ 3emuiéii. [lonepeunoe cMmelieHne cHapsia MOXET ObITh BBI3BAHO TOJBKO JCH-

v =800 M/c | CTBUEM CHIIBI, KOTOPas COCTABJISACT OTINYHBIH OT HYJIS YIOJI C IVIOCKOCTBIO MEPU/INAHa, B
KOTOPOM JIEKUT BEKTOpP HadaJIbHON ckopocTu v. B BeIOpaHHON cu-

creMe OTcyéra TakoM cwiol gaBisierca cwia Kopuosuca
F. =2m [\7, (73] . Kak BuiHO U3 mpuBenéHHOTO BRIpaXKeHus, cuiia Kopronmca nep-

NCHIUKY/SIPHA TUIOCKOCTH MEpHIHaHa, B KOTOPOH Jiekar BeKTopsl V u ®. Eé

MOAYJIb paBeH F. =2mvV o Sine . Yiosas cKOpocTh 3eMIIM ® MOKET OBITH OIIpe-
VALY X ¢ p p

2
JiesieHa 1o popmysne o = ?n , Tre nepuon Bpauienus 3emiu T = 24-3600 ¢ = 86400

c. Cuna Kopuonuca coob1aer CHapsy yCKOpEeHHe, MOIY/Ib KOTOPOTO paBeH

azi:ﬂsin(p. (1)
m T

Ananu3 BelpaxkeHus (1) moka3pIBaeT, YTO TaK Kak M0 YCJIOBHIO 33/1a4M V = const, TO U YCKOpPEHHE
TaK)K€ BEJIMYMHA [TOCTOSIHHAs. JTO O3HAYaeT, YTO ABM)KEHUE CHAps/la B HAIIPABIICHUH, TIEPIICHANKY-
JISIPHOM IIOCKOCTH MEpUINaHa, SIBISETCSI PpaBHOYCKOPEHHBIM, IIO3TOMY IonepedHoe cmenenue Al

MOKHO ONpEEIUTh o Gopmyre
at?
Al= Voct+7 , rae vor = 0.

vt’ _2-3,14-800-0,5

27 )
T Al = sin AL
ora ¢ H 86400

.0,829~ 0,012 (m)

Otset: 0,012 M
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METOAUYECKUE YKA3ZAHUSA K PELHIEHUTIO
TECTOB U 3AJIAY 11O TEME
"ITUHAMUKA BPAIIATEJIBHOI'O
JBUKEHUA TBEPIOTI'O TEJIA"
1. luck HauMHAET BPALIATHCS U3 COCTOSIHUS MOKOS TIOJ] JEHCTBHEM MOMEHTA CUJl, TpaduK BPEMEH-

M, HOW 3aBHCHMOCTH KOTOPOTO MPEJICTABJICH Ha PUCYHKE. YKaXHUTe Tpaduk,
MPAaBUWJIBHO OTPAXAOIINI 3aBUCUMOCTD YIJIOBOW CKOPOCTH JUCKa OT Bpe-
MEHH.

4 g
t Lot
"y :.t
2) f k 6) h b
M & 0 &
B) t; t, ot r) t; t, 1

3anuineM ypaBHEHHE MOMEHTOB B IIPOEKIMU Ha OCh BpAIIeHUs, TPeoOpa3yeM U IPOUHTETPH-
pyeM ero:

9L M=dL = Mdt:
dt

L t
jdL:jMdt, (1)

L 0

o
r7ie BEpXHUI Ipeaes uHTerpupoBanus L = L(t) — MOMEHT HMITYJIbCA JUCKA B HEKOTOPBIA MOMEHT
BpeMeHH 1.

Beraucium unTerpan (1) st nByx uaTepBanioB BpeMenn: 0<t<t, u t; <t<t,, coorBeTcTBY-
FOIINX PA3JIUYHON 3aBUCUMOCTH MOMEHTA CHJIBI OT BPEMEHH.

Hauném ¢ naTepBana spemern 0<t<t;. 13 rpaduka 3aBucumoctu M =M (t), BHJIUM, YTO
B 3TOM BpeMmeHHOM uHTepBasie M = const, mostomy u3 (1) moayqaem

L-L,=Mt.
Haiiném 3HaueHne MOMEHTA MMITYJIbca B Ha4aabHBIH MOMEHT BpeMeHu t=0. YVurém mis

9TOIr'0, YTO MOMCHT UMITYJIbCa CBA3aH C erIOBOfI CKOPOCTBIO BpalllCHUs TCJIa COOTHOICHUCM BU1a

L=Jo=L,=Jo,.
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ITo ycioBuro 3a7a4u "IUCK HAYMHAET BPAIATHCA U3 COCTOAHUSA MOKos", 3HaunT ®, =0=L_ =0.
s 0 (o]

L M
[Tonywaem, uro B unTepBajie Bpemenn 0<t<t; L(t) = Mt, u yroBas CKOpocTh ® = 37 = Tt -

HEHHO YBEIMYMBAETCS C POCTOM BPEMEHH. DTOT PE3YNbTAT COOTBETCTBYET Ha4aIbHBIM Y4acTKaM rpa-
¢uKoB a) U T).
3anumeM uHrterpain (1) mis natepBana Bpemenu t) <t <t,:
L t
[ dL=[Mmat
Lol tl
N3 rpaduxka 3aBucumoctu M =M (t), BUJIUM, 4TO B 3TOM mMHTepBaie Bpemenu M =0, mo-
sTomy u3 (1) nomyyaem
L-L,=0,
rae L — 3HaueHne MOMEHTa UMITYJIbCa B IIPOU3BOJIbHBIA MOMEHT BPEMEHH, IPUHAJIEKAILUNA HHTEP-
Baily oT t1 10 t2; Ly, = Mt; — 3HaueHue MoMeHTa UMITy/IbCca B MOMEHT BpeMeHH ti. Torna L(t) =Mt
, T.. B uHTepBaJiec BpeMeHu t; <t<t, MOMEHT MMIyIbCa UMEET IIOCTOSIHHOE 3HAYCHUE, CIIEL0Ba-

TCJIBHO U YIJIOBaA CKOPOCTb B 3TOM MHTCPBAJIC BPEMCHU IMPUHUMACT ITOCTOSIHHOC 3HAYCHHUEC, PABHOC

M
o=—1t,.
71

Wrak, 10 MOMEHTa BpeMeHH 1; yIioBas CKOpPOCTb JINHEWHO pacTET, a 3aTeM, JOCTUTHYB 3Ha-

YeHHS O = 7 t;, ocTaércst MOCTOSIHHOM. DTOT pe3yinbTaT COOTBETCTBYET TOJBKO TpaduKy a).

OtBeT: a
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2. HaiiTu MOMEHT UHEPLIUU TOHKOT'O CTEPKHA AIUMHON { =2 M ¥ Maccoil m = 5 KT OTHOCUTEIBHO OCH,

npoxoasuiel yepes koHel crepaxHs O u cocTapistoueil co crep:xkHeM yrou o = 30°. CTepaxeHb Heo1-

2
X
HOPOACH U €r0 IIJIOTHOCTb U3MCHACTCA II0 3aKOHY P =P, (?j , TOC Py — const., a X — pacCTOsAHHUCE,

M3MEPSIEMOE BJIOJIb CTEPKHS OT ToukH O.

Hano Pewienue
L=2wM ZA
m=35Kr

Brljienum Ha cTepsKHe Majiblii y9acToK JuinHOM dX u Maccoit dM , HaXOIAIIKMIACS HA paccTo-
ssHUM X oT Touku O. Maccy 3Toro ydactka npeicTaBuM Kak

2
dm = p(x)dV = p(x)Sdx = p, (%j Sdx,

rjie S — oAb MOMEPEYHOro ceueHus crepkus, dV =Sdx — 00béM yuyacTka umHoN dX . MoMeHT

uHepin J Oyrem onpenenste o Gpopmyne J = _[ r’dm , TIIE I — pPacCTOSTHUE OT YJacTKa CTEP>KHS Mac-
m

coit dm 710 ocH Z, OTHOCUTEITFHO KOTOPOM OMpEIEsieTCss MOMEHT nHepiuu. U3 pucyHka BUIHO, YTO

9TO PACCTOAHUE MOKHO MPEACTAaBUTH B BUAC = x-sina.. Ioxcrasus BBIpakeHUs it T 1 dm B op-

MyJy AJis onpeAeneHus J, OyneM umeTh

(

¢ 2 ‘ 5
J =J‘(x2 sin? oc)po(xj Sdx =S'Z—§-Sin2 ajx4dx =S'z—‘2’s.in2 OLX? .IloncraBuB BEpXHHUI U HUXKHHUH IIpe-
0 0

v

0
ACJIbl MHTCTPHUPOBAHUA, ITOTTYUUM

3
J:%sinza. (1)

Tak kak 3HaUCHUSA S H Py B YCJIOBHUHU 3ada4u OTCYTCTBYIOT, HaliIéM UX CBA3b C MacCou CTCPIKHA,

KOTOpasa U3BCCTHA:
14 ( 2 )
m:Ip(x)dV:JpOX—Zde:pO—SC:pOS€:3m.
] 270 3

3amenuB p,S¢ B hopmyre (1) ma 3M, Gymem UMETh

_3me?

J sin .

TlojcTaBUB MCXOHBIE JAHHBIE, TOTyUnM, 4To J = 3 (Kr'M?).

OtBeT: 3 Kr"M?
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3. Jlerans B popme aucka paguycom R = 0,2 M 1 TomIuHON h=2-10" M umeeT mecTh 0OTBEpCTHiL
paguycom 1, = 0,02 M. LlenTpsl \, / OTBEPCTUM HAXOASATCSA HA PaBHBIX
pacCTOAHMAX APYT OT Apyra Ha >Y T (> OKpPY)KHOCTH paauycoM r = 10 cmM,
MPOBEIEHHON U3 LEHTPA JUCKA. N 2 \ Haittu MOMEHT uHepLUU AeTanu
OTHOCUTEIIbHO ocu o, — {é T \_' - (‘D‘} -jtZrU npoxoAsuiet uepe3 e€ LEHTP
MePHEHIUKYISPHO K v = miockocty aeranu. IliotHOCTH
Marepuaia, M3  KOTOpOIo @ - ’@ M3TOTOBIIEHA JieTanb, paBHa  10*
Kr/M>. '
Hano Pewienue
R=02wu Brrurcnenne MOMEHTOB WHEPIIMHA HEKOTOPBIX TeJl, UMEIOIINX CIIOKHYIO (OpMY, MOKHO
h=0,002 M CYLIECTBEHHO YIIPOCTUTh, €CIIU €CTh BO3MOKHOCTB ITPEICTABUTh UX KAK COBOKYITHOCTb
r0=0,02 M JIPYTUX TEJ, MOMEHTHI MHEPIIMU KOTOPBIX M3BECTHBI WJIU JIETKO ompenaensercs. Bos-
r=0,1m MOXXHOCTB TaKOTO YIPOIICHUS 33aa4l OOBACHSIETCS TeM, YTO MOMEHT MHEpLIUHU 001a-
p=10000 kr/m3 | 71T CBOWCTBOM aJJJUTHBHOCTH: MOMEHT MHEPIIMU Tella CIIOXKHOH (hOPMBI OTHOCH-
T_9 TEJIbHO HEKOTOPOW OCHU PaBEH CyMME MOMEHTOB MHEPLIUHU TEJl, €T0 COCTABIISAIOLIUX, OT-

HOCHUTEJIBHO TOM € OCU. B TaHHOI1 3a1au€ CBOMCTBO aAIMTUBHOCTH UCIIOIB3YIOT Clie-
ayromuM o0pa3oM. [leTanb NpeAcTaBisioT Kak CIUIOIIHOM AUCK paauycoM R, u3 koToporo ygaistor
MECTb OAWMHAKOBBIX OWCKOB painyCaMH To. Torna MOMCHT MHCPpUHUU J J€TaJIi OTHOCHUTECIIbHO OCH O
OyleT paBeH MOMEHTY HHEPIIUH J| CILTONIHOTO JUCKA PAINyCcOM R OTHOCHTEIBHO 3TOH OCH 32 BBIYE-
TOM IIE€CTH MOMCHTOB MHCPUIHU J2 AUCKOB pagnycCaMH Io, BBIYMCIICHHBIX OoTHOCUTENLHOI ocu O:

J=1J,-6J,. (1)

[Tomyuum hopmymy, ¢ TOMOIIBIO KOTOPOIl IO U3BECTHBIM Macce m U paanycy R moxHo pac-

o CUMTATh MOMEHT HMHEPLUUU TOHKOI'O CIUIOIIHOTO OJHOPOAHOTO

MPSIMOTO KPYrOBOTO LUJIMHAPA (IUCKA) OTHOCUTEIBHO OCH, TIEp-
MIEHIMKYJIIPHON OCHOBAHUIO U MTPOXO/sIIel uepes ero ueHtp. s

3TOTO BBIJAEIUM B JMCKE KOJIBIIO PAINYCOM T, TONIMHON dr 1 Mac-
coit dm=pdV =ph2nrdr, rae h — Bricora konbua, dS=2xrdr —
IUIOMA/b €ro MoBepXHOCTH. Tak Kak KaX1as TOUKa BBIIEIEHHOTO
KOJIBIIA OTCTOMT OT OCH Ha OJIHO U TO JKE PACCTOSHHUE T, ETO MOMEHT
HMHepLuuu OyIeT paBeH

dJ; = r’dm = 2rphrdr.

[IpounTerprpoBas 310 BeIpakeHue 1o 1 oT 0 10 R, momydnM 1u1st MOMEHTa MHEPLIMK TUCKA

R 2 R4
Ji = 21tphj redr =pnh7. (2)
0

Ecnu éenuuuna niomuocmu mamepuana P, uz KOmopo2o u320mosien Ouck, u e2o mounyuna h ne

uzgecmusvl, a macca 3aoawa, gopmyny (2) npeobpaszyiom, yuumsleds, 4mo Macca OUCKA pasHA
2

m=pV =pnRh. Tocoa momenm unepyuu cniowno2o 0OHOPOOHO20 OUCKA ONPedelsiom no hop-

mR?
myne ), =

MOMEHT UHEPIIUK JTUCKA PAZUYCOM [, U Maccoil M’ OTHOCHTEHLHO 3aIaHHOMN B YCIIOBUHM 3a-

nauun ocu O ompeznenuM ¢ nomouisio TeopeMsl Ltelinepa, cortacHO KOTOPO MOMEHT UHEPLIMH Ma-
JIOTO JUCKA OTHOCHUTENBHO ocu O, MpOoXoAsIIel uepes HEeHTp O0JIBIIOro AUCKa paBeH CyMME MOMEHTa
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I/IHepI_[I/H/I MaJIOro JuCkKa OTHOCHUTCIIBHO OCH, HpOXOl[}IH_[eI‘/'I HapaJIJIeJIbHO ocu O qepe:’. €ro LIeHTp Macec,
n HpOI/I3BeI[eHI/I$I MacCChl MAJIOTO IWCKA Ha KBaI[paT paCCTOHHHH r Me)KI[y OCiIAMU.
' prhr? 2

r
J, _T"er'r2 =T°+pnhr02r2 = prhr? %—H’Z

[ToncraBus B hopmymy (1) Beipaskenust miist J1 u Jo, OyneM uMeThb

j_ prhR* r2

_PTh pa_gpp2 E+r2

2 2 2

—6prhry| 2 +r
2
o 2
ITocne Beruncienuii momyunm, uyto J =~ 0,049 kr-m”°.
Otger: 0,049 kr-m?

4. OnpenenuTh MOMEHT HHEPITUH TOHKOTO OJJHOPOIHOTO KoJibila Maccoi 20 T u paguycoM 1 M OTHO-
cureabHo ocu O, KacareabHOH K OOKOBOM IMOBEPXHOCTH KOJIbIIA M JICKAIIEH B €0 INIOCKOCTH.

ano Pewenue
m = 0,02 kr
R=1wm
Jo—? |

o} 0]

CHauasa Haii1éM MOMEHT HHEpIMHU KoibIila oTHOocuTenbHO ocu O'O’ | mpoxossiiieit yepe3 ero 1eHTp,
o opmyre
Jy :jrzdm, (1)

e F=RsSino — paccrosiHie OT BBIIEIEHHOTO dIIEMEHTAPHOrO yyacTka Kosbiia dm no ocu O'0O’;
dm =Ad( =ARdo — macca smementapHoro y4actka konbia auuHoi 00 = Rdol, A — auHeitHas mioT-
HOCTh Marepuaia, u3 KOTOPOTO H3TOTOBJICHO KOJIBIIO.

Ecnu 06vémnasn nnomuocms mena p YUCIeHHO PABHA MACCe eOUHUYbL €20 00bEéMA, Mo JTuHel-
HAsl NIOMHOCMb A YUCTIEHHO PABHA MAcce eOUHUYbL e20 OUHbL. Imy Xapakmepucmuxy yOOOHO uc-
NONb306aMb, €CU, Hanpumep, MOoIWUHA U 8bICOMA MeLd MAbl NO CPABHEHUIO C €20 OIUHOU, KAK IO
U umeem mMecmo 8 ciyude MmoHKo20 KObyd.
[ToncraBum Beipakenus s r v dm B (1):

2n 2n
Jo = [ R%sin® ado = AR [ sin® audor (2)
0 0

UToOb! BEIYUCIUTH ITOT HHTETPAJI, BOCIIONB3yeMCs (OopMYIoi
2 1-cos2a

sin“a =
2
2 2 . 2
K al”™ sin2al™”
Torna Ism adoa=—| - =
0 20 4 0
—
=n -0

[ToncTaBuB noyuyeHHOE 3HAYEHHE OMPEEIEHHOTO HHTErpaia, OyaieM UMETh
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Jy =AR%r. (3)

Tak xak JMHEWHas JI0THOCTH B YCIIOBUU 33J]auy HE 3a/1aHa, BBIPA3UM €€ uepe3 Maccy Koublia, KOTo-
past U3BeCTHA

M=% 27R = h =

2nR
[Tocne moacTaHOBKY BRIPpAXEHUS TSI IMHEWHOMN TUIOTHOCTH B (3) MOTy4Yum
] mR3t  mR?
o = =
2R 2

Jliia onpeniesnieHdss MOMEHTa HHEPIUU TOHKOTO KOJIbIIa OTHOCUTEIHHO ocu O BOCHONIB3yeMcs Teope-
moi llTelinepa:

2
3, =3y +mR2 =R Rz = 3R,
2 2
Ilocne BBIUKCIICHUN HMeeM
_3 _ 2
30_5-0,02-1_0,03(@-1\4 ).

Otser: 0,03 xr-m?
5. OnpeneauTs MOMEHT UHEPIIUHU CIUIONIHOTO OJHOPOAHOTO KPYIJIOrO MPSMOTO KOHYyCa Maccoi m =
5 KT 4 painycoM OCHOBaHUSI R =2 M OTHOCHUTEIIBHO €ro OCH CUMMETPHH Z.
Hano Pewienue

m=5kr
R=2wm

Breigenum Ha BoicoTe h ToHKHI Auck BeicoToit dh u paanycom ocHoBaHus 1. Ero MOMEHT nHepIuu

1 1
dJ, :Edm-rz :Epnr4dh, (1)

e dm=pdV =pSdh =prr?dh, p — 06bEMHAs IIOTHOCTE MATEPHANA, U3 KOTOPOTO U3TOTOBICH KO-
HYC.
Jnist BBIYMCIICHNS MOMEHTA HHEPIIMH KOHYca HaIEM CBSA3b MEXy BBICOTOM U paanycoM Konyca. 13
nono6ust TpeyronbHukoB AOAE n ABCE umeem:
H-h
r

H
=
JuddepeHunpys 3To BeIpaXeHUE, MOTyIUM

dh=——dr. )

T|x
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3uax «—» ykasvieaem na mo, 4mo ¢ pocmom h paouyc r ymeHbuiaemcs.

1 H
Torna, moncrasus (2) B (1), nonydnm, uro dJ, = —Epnr4 Edr . UHTErpHrpyem 3T0 BhIpakeHHE

0 4
J, = 1npﬂjr4dr:1npR H.
RR

=73 25 ®

Tak xak p u H He U3BECTHBI, BBIpa3uM MX 4epe3 MAcCy KOHyCa m, Ui 4eTrO HAUAEM CBS3b MEKIY

BeauyuHamu m,p, H

dm = pdV = prrdh = mpr? (_ger , TOOTOMY

0 3 2
M= —npﬂfrzdr _p HR” _ mpHR™

R2 3R 3

Torna
pHR? =3m. (4)
[MoxcraBuB (4) B (3), moay4WM, YTO MOMEHT HHEPLUHH KOHYCa OTHOCHTEIILHO OCH Z pPaBeH
J, = 3 mR?.
10
[Tocne moaCTaHOBKY YHMCIICHHBIX 3HAYCHUH BEIUYMH M U R, Oyaem uMeTh
3.5.2°
J, = =6 kr-m>.
10

OtBer: 6 Kr'M?

6. Cuma F=Ai+ Bt] +Ct3k NPUIOKEHA K TOYKE, PaJnyC-BEKTOP KOTOpOH I = Dt%i + E] +Ltk.

[punsts A =5H; B=3 H/c; C=0,5 H/c*; D=2 m/c*; E=3 m; L = 1 M/c. HaiiTu B MOMEHT BpeMeHH
t =2 ¢ MOMEHT CHJIbI OTHOCUTEIHFHO Hadyala KOOPAMHAT ¥ MOJY/b BEKTOPA MOMEHTA CHUJIBL.

Hano Pewienue
EoAj+ Bt] Ltk COIIaCHO OMPE/ICTCHHI0 MOMEHT CHIIEI M OTHOCHTEIIBHO Hadaia KOOP/IH-
- P _ | Har paBeH BEKTOPHOMY MPOM3BEICHHIO PaTUyC-BEKTOPAa TOYKU MPHIIOKE-
F=DUI+EJ+LK | yug e va BEKTOP CHJIbI. YUUTBIBAEM, UTO
A=>SH F=Xi +yj+zk,
B=3H/c . .
C=0,5H/c} F=FKi+Fj+Fk.
D =2 wm/c? Torna
E=3u PioRTOT K
L=1Twlc M:[?,IE]:X y z|=|Dt® E Lt|
t=2c¢ 2
M _2M-_2 Fe Fy F, Bt Ct

A
M :(E-Ct3—Bt.Lt)T-+(A- Lt - Dt? -Ct3)]-+(Dt2-Bt—A-E)R.Ho;I-

CTaBUB YKCIICHHBIC 3HaueHUst, moydum M =—-22- J+33-k.

Monymb 3TOro BEKTOpa paBeH

M = [M2+ M2 + M2 =0+222 +33% ~39,7 (H-m).
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Ortser: 39,7 H'Mm
7. Teno maccoit m = 0,2 Kr OpOILIEHO C HEKOTOPOI BBICOTHI B TOPU30HTAJIBHOM HAIPABIEHUH CO CKO-
pocThio Vo = 10 M/c. Haiftu Momynbs mpupamieHuss MOMEHTa UMITYIIbCa Tela OTHOCHTEIHHO TOUKH
Opocanus 3a iepBbie t = 3 ¢ qBKeHus. CONPOTUBICHNUEM BO3/yXa IpeHEOpeyb.

Hano Pewenue
m=0,2 Kkr 10 X
Vo= 10 M/c —
t=3c¢ YI- ;O: l_g
g =10 m/c? \7y\r_ _____ Vi
AL —? T a
Yy

[Ipupaiienue BeKTopa MOMEHTa UMITYJIbCa TeJIa OTHOCUTEIBHO TOUKH Opocanus O paBHO
AL=L- L0 . (1)
Hatiném Lo u L. YaureiBaem, 4To IBMKEHHE TPOUCXOIUT B TUTOCKOCTH XOV, mostomy z =z, = 0, p;

= pzo = 0. ITo ycnosuro 3anaun Py, = 0. Torna

i ]k
L, =[%.P,]=|0 0 0]=0, ()
Pxo Pyo P
i j k
L=[r.p]=|x y O=L=(x-py-y-pi)k. (3)
Px Py O
U3 (1) u (2) caenyer, uto AL =L :>‘A E‘ = L. Torna u3 (3)
AL=L=(x-py~y-Py)- 4

ConpoTuBIIEHHE BO3/1yXa HE YYUTBHIBAETCS, TOATOMY BAOJb OCH X TEJIO JIBUKETCA PAaBHOMEPHO CO
CKOPOCTBIO V,, @ IO OCH Y — PaBHOYCKOPEHHO C YCKOPEHUEM, PaBHBIM YCKOPEHHIO CBOOOHOTO Ia-

nenus g. O4eBUIHO, YTO

{2
X=Vt;py=mv, =mv,y= 97; py, =mv, =mgt. [loncraBus 9Tu BeIpaxkeHus B (4), Oynem UMeTh

2 2
ALz(vot-mgt—%mvoj:%.

Y4auThIBas UCXOOHEIE JaHHBIC, TTOJYUYHUM

AL :M =90(KF-M2).
2
Ortser: 90 kr-M?
8. OnHOPOHBIN MIMHAPHUYECKHM Bad Maccoil m = 12 kr u pagnycom R = 0,03 M Bpamaercs ¢ 4a-
ctoToil v =15 00/c. B MoMeHT t = () K TOBEpXHOCTH Bajia MPUKaJIH TOPMO3HYIO KOJIOAKY ¢ cuitoii F =
10 H. Koa¢punment tpenus: kojaoaku o Bai p = 0,314. Haiitu Bpems, 3a KOTOpO€ BaJl
OCTAHOBHUTCH.

ano Pewenue
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m= 12 xr Jlnst pelieHust 3a7a4d BOCHOJIB3YEMCSI OCHOBHBIM 3aKOHOM BpalllaTE€IbHOIO
R=0,03m JBUKEHUSI TBEPAOIO Teja (B HAIEM CIy4yae — Bajia) BOKPYT HEMOABHKHOM OCH Z:
v =15 00/c J,e=M,, (1)
F=10H )
rie J, — MOMEHT MHEpLUM Baja Z A OTHOCUTENbHO ocu z; M, -
n=0,314 .
: MOMEHT CHJIBI TPEHUS - _ OTHOCHUTEJIBHO JTOM € OCH.
t—? AM d
™ 0]
[TonctaBuB B (1) BbIpaXkeHHE AJIs ‘CD YIJIOBOTO YCKOPEHUSl € = ~ar
(3HaK MHHYC YKa3blBae€T Ha TO, 4YTO C TEUYECHUEM ¥G, BPEMEHM yIIOBas  CKOPOCTE,
COIJIaCHO YCIIOBUIO 3aJauy, JIOJDKHA YMEHBIIAThCS), Oy/IeM UMETh
do
J,| —— [=M, umm
dt
JZ
dt=——%--do (2)
MZ
[IpounTerpupyem ypaBHeHHE (2)
t »=0
JZ
Jdt = —M— J' do
0 Z o=,
U TIOJTyYUM
J
t=—2o 3)
O .
M

mR?
Tak xak M, = pF-R, J, = — ®, = 2nv u3 (3) Oynem uMeThb

. mR%-2nv  mRny

4
2uFR uF ¥
[ToncraBnsem uncneHHbIE 3HAYCHUSI BEJIMUMH, BXOMSAIIHNX B hopmyiy (4), 1 mosrydaem:
0,314-10
OTBeT: 5,4 ¢

9. B MmoMeHT BpeMeHH t, = 0 Ha MOKOMBLIMICS OHOPOAHBIN TUCK Maccod m = 3 KT U paauycom R =
1,5 M HauMHaeT NeHCTBOBATh CUJIA, MOMEHT KOTOPOH OTHOCHUTEIHLHO HEMOJIBMKHOW OCH BpallleHHs
JIMCKa, TIEPIICHIUKYISIPHOM €ro MJIOCKOCTU U MPOXOIAIIEH Yepe3 €ro UEHTP MACC, UBMEHSETCS I10

3aKkoHy M = At, rie A =4 H-m/c®. Ha xakoii yroJ (B paj) HOBEpHETCS IUCK 3a BpeMs t =2 ¢?

Hano Pewienue
M = At3 Tak kak qUCK BpalaeTcsi BOKPYT HETIOABMIKHON OCH, €r0 JIBM)KCHHE OMUCHIBA-
A =4 Hwm/c €TCsl ypaBHEHUEM
m =3 Kr M=Je, (1)
R=1,5m TJIE € — YITIOBOE YCKOPEHUE INCKA, a J — MOMEHT €r0 HHEPIIMH OTHOCUTEIIHHO OCH
t=2c¢ BpaIlCHUsI, PABHBIM B TAHHOM CITy4ae
¢—? - mR?

2
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d d
YuuTeiBas, 4To € = d_(: , ypaBHenue (1) 3anumrem B Bujge M =J d_cto . [Ipeobpa3ys, momyunm

dm=¥dt. @)

m
[oxcrasisis B (2) BolpaxkeHns it MoMenta cui M = At® u mMomenTa uHeprun J = — Oynem

HUMETH
2At
do= dt. 3
=y 3)
HuTterpupyem ypaBaenue (3)
At*
do= tdt = o= . (4
I R? I  2mR? )
3Hast 3aBUCUMOCTH yTJIOBOM CKOPOCTH OT BPEMEHHU (4), HAXOJMM YTOJI IOBOPOTA O:
d(p At?
= dp=0dt=>dp= dt.
a ? = omR?
WHTerpupyst 310 BbIpaKe€HUE, OJIyYUM
t 4
d t"dt,
! * 2mR2 I
At®
=— . 5
= TomR? ©)
[ToacTaBUB YHCIICHHBIC 3HAUCHUS BEJIMUWH, BXOMISIIMX B BeIpaXeHue (5), OyneM uMeTh
_ 42 9pam
MEETERT- e

Otser: 1,9 pan
10. OgHOpoaHBIH Auck Maccoi m = 10 kr 1 paauycom R = 1 M MoxeT Bpamarbcst 63 TpeHUs: BOKPYT
HENOJBUKHON BEPTUKAIBHON OCH Z, IEPIEHIUKYIIPHON TNIOCKOCTH AMCKA U MPOXOASILEH YEPE3 €r0
reOMETPUYECKUN LIEHTP. B HayalbHbBIII MOMEHT BPEMEHU Ha MOKOAILIUICS JUCK HAaYMHAET JEHCTBO-
Barh cuwia F = Bt, nexaias B MJI0CKOCTH JMCKa W HalpaBleHHAs 10 KacaTelbHOW K ero OOKOBOM
noBepxHocTu. [TocrosHnyto B npunsate pasHoit 9 H/c. Haiitu Bpems, 3a KoTOpoe AHCK MOBEPHETCS

Ha yron @ = 8,1 pan.

ano Pewenue

F = Bt 3anuiieM OCHOBHOM 3aKOH JMHAMMKHU BPalllaTeIbHOTO ABUKEHUS TBEPAOTO Tea
m= 10 xr OTHOCHUTEJIbHO HEIMOJIBHXKHON OCH Z

R=1wm J,e=M,, (1)
B=9H/c mR?2

¢ =38,1 pax rae J, = — MOMEHT MHEPLUHU JAUCKA OTHOCUTEIBHO OCH €r0 CUMMETPUH Z,

b
_9 . .
t=: MPOXOJSIICH Yepe3 TeOMETPUUECKUI IIEHTP MEPIEeHIUKYISIPHO K €ro IUIOCKOCTH;

M, = FR = BtR — momenT cunsl F otHOCHTENBHO OCH Z.

ITo onpeneneHuo yrinoBoe yCKOpeHHE PaBHO



48

do
e=—. 2
at ()
N3 (1) u (2) monyuaem
do_M, _2F 28t 5
dt J, mR mR’
[IpounTerpuposas (3), Hail1EM 3aBUCHUMOCTH YITIOBOM CKOPOCTU OT BPEMEHH:
® t 2
2B Bt
[ do="Zftdt=0=—x (4)
mR m
=0 0
UtoObl HATH BpEMEHHYIO 3aBUCUMOCTD yTIIa IOBOPOTA JAUCKA, YUTEM, UTO
oozd—(p:>d(p:03dt. (5)
dt
[Ipu unrerpupoBanuu (5) Bocnonb3yemcs BelpaxkeHueM (4):
@ t t 3
B B
Id(p = I(Ddt == —Itzdt _ Bt .
0 0 MR+ 3mR
f R
Torga t=3 3mT(P . [loncraBuB ncxonHbIe JaHHBIC, TOTYYUM, 4TO t = 3 C.
OteT: 3 C

11. OnuH KOHEIl BUCSIIEH BEPTHUKAIBLHO TOHKOM, HEBECOMOW M HEPACTSHKUMOW HUTU 3aKPETUICH Ha

MOTOJIKE,  IPYTOM MIIOTHO HAMOTAH Ha CIUTIOIIHOW OAHOPOIHBIN TOHKUN TUCK Maccoit 6 KT. B MomeHT

BpeMeHH to= 0 AUCK HauMHAeT majiath. OnpenenuTs MOIYIb CUIIbl HATSKEHUS HUTH.
Hano Pewienue

m =6 Kr JIucK y4acTBYET B CJIIOKHOM JIBUKEHUH, KOTOPOE€ MOXKHO HPEACTABUTH

KaK CYIEpIO3UIHUIO MTOCTYNATEIbHOIO IBUKEHUS BAOJIb OCH y U Bpalie-

HHA BOKPYT OCH €TI0 CUMMCTPUH. 3armmeM YpaBHCHHSA 3TUX I[BI/I)KCHI/IfI.

B cooTtBeTcTBHU CO BTOPbBIM 3aKOHOM HBIOTOHa, 3alMMCAHHBIM B IIPOCKIUN HaA OCHb Y,
MOCTYNnarcJIbHOC ABMKCHUC ONIMCHIBACTCA YPAaBHCHUCM

mg—T=ma (1)

Tak xak HUTH HEBECOMaA, YPAaBHCHUC BpallaTCIIbHOTO ABUKCHHA 6YI[CT HUMETH BU]
M =Je (2)
VYUTBIBas, YTO MOMEHT CHIIBI TSDKECTH OTHOCHTENIBHO OCH CHMMETPHH JJUCKA PaBeH HYIII0, MOMEHT

cwibl HaTshkeHnss M =TR | MOMEHT WHEpIMH OHOPOTHOTO JHUCKA OTHOCHUTEIHHO OCH CUMMETPUH
2

mR a
J= > U YIJIOBO€ YCKOPEHUE MOXKHO IPEACTABUTh KaK € = E , YpPaBHEHHE (2) 3aMUIIEM B BUIC
2
mR* a
TR = =,
2 R
[Tocne anrebpanueckux npeodpazoBaHuil UMeeM
ma
T= 7 —> Mma= 2T (3)

[ToncraBum (3) B (1):

mg—T=2T:>T:%.



49

HOHCTaBI/IB B 3TO BBIPAXKCHUC 3HAYCHHUA MACChl U YCKOPCHUA CBO6OI[HOI‘O naacHus1, KOTOpOC

IPUHUMAEM PABHBIM 10 m/c?, momyunm, uto T =20(H).

Otset: 20 H
12. Ha ctynenyarslii Baii, paguycsl koroporo R = 0,4 m u r = 0,2 M HaMOTaHBbl B IPOTHUBO-
II0JIO’KHBIX HalpaBJICHUSX HUTH, HATPYKEHHbIE OIMHAKOBBIMU MaccaMu m = 2 KI. MOMEHT HHEpLMH
Balla OTHOCUTEJIBHO ero ocu cummMeTpun J = 3-1072 kr-m?. Maccoii Huteil u TpeHueM B ocu G1oKa
npenedpeus. Haiiti yckopenus rpy3os 1 u 2.

Hano Pewenue
R=04m B 510l 3aaue paccMarpuBaeTcs IBUKEHUE TPEX TEIl: IBYX I'PY30B MacCOM m, U CTy-
r=02m neHyaroro Baia. [Ipm 3TOM rpy3bl OBHXKYTCS IMOCTYyIa- L
m =2 Kr TEIbHO M WX JBH)KEHUE OIUCBHIBAETCS BTOPBIM 3aKOHOM
A
J=3-102kr-m? | HploToHa, a Ball BpallaeTcsi BOKPYT HEMOABUKHOM OCH, U / <\ S
ai—2a -7 €ro JIBI)KCHHUE MPOUCXOAUT B COOTBETCTBHHM C OCHOBHBIM 2R ° ) 2r
Y
3aKOHOM BpallleHUs! TBEPAOIO Teja. 3anuchblBa€M COOTBET- v \ -V
CTBYIOLIIUE YPABHEHMUS: o AT
YIOOIHME yp T ar) 1T,
G - T, = may; 11 -
¢ ™
T,— G = ma,; ¢ l
M = Je. D A iG
GY &
Y4auteiBaeM, 4TO
G=mg, (1)
MOMEHT CHUJI HAaTSKEHUS, IEHCTBYIOIUX CO CTOPOHBI HUTEH Ha Ball,
M=TR-T,r, (2)
a YIII0BO€ YCKOpEHHUE Bajla B OTCYTCTBUU MPOCKAIb3bIBAaHUS HUTEH
a a
g=—=-2 3)
R r

r
Kak cnenyer u3 coornomenus (3) a, =a; R’ TOT/IA YPABHEHUS JBUKEHUS TEJ IPUMYT BHJT

mg—T; = may;

a,r

T,— mg = m——;
2 g R
a

TR-T,r=J-2.
1 2 R

Pemaem sty cuctemy ypaBHEHHH U MOIy4aeM

rr
mg(R-r)=a, mR+mE+E

Torma yckopeHue mepBoro rpysa OyaeT paBHO
~ mgR(R-r)
Y mRZemr? 4y’
2.9,81-0,4-0,2 2
= =3,65(m/c
2.0,4%+2.0,2°+0,03 (/ )

1
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_ar
ds R ;
a2=3,65‘%=1,82 (m/<?).

:

OtBer: a1 = 3,65 m/c%; a2 = 1,82 m/c?
13. Ha ogHOpOHBIN 1UCK MAacCOM M = 2 KI' ¥ paInyCOM R =2 M, KOTOpBII MOXKET BpaIllaTbCst
BOKpYT ropu30oHTalIbHOK ocu O 06e3 TpeHwus, IIIOTHO HaMOTaHa TOHKask HUTh JuInHOW L =3 M u Maccoit
my = 0,5 k. B MoMeHT BpeMeHHu t, = 0 Ha HUTh HaYMHAET JieiicTBOBaTh cuiia F = 5 H, HanpaBnennas
M0 KacareJdbHOW K OOKOBOM MOBEPXHOCTH JMCKAa BEPTHKAJIbHO BHU3. HaiiTu yrnoBoe yckopeHue
JIMICKa B TOT MOMEHT BpPEMEHH, KOT/ia ¢ Hero Oyaer cBucarh yacTb HUTH AinuHo# £ = 1 M. [Ipockanb3bi-
BaHUE HUTH OTHOCUTEJIBHO AUCKA OTCYTCTBYET.

/ano Pewenue

my =2 Kr AHanu3upys XapakTep JBUKEHUS JUCKA M HUTH, OTMEYAEM, YTO CBUCAIO-
ms = 0,5 Kkr M y4aCTOK HUTH JBMIKETCS MOCTYIATENBHO, a JUCK BMECTE ¢ HAMOTAHHOM Ha
R=2wm HETO OCTABLIEHCS YaCThIO HUTH BPAIIAETCS BOKPYT HEMOABMKHON ocu. [Ipu Bpa-
F=5H IEHHUH JIUCKA HUTh CMATHIBAETCS C HETO. DTO MPUBOAUT K U3MEHEHHUIO MOMEHTA
L=3wm vHepuuu J, Tena, 00pa3oBaHHOIrO AMCKOM M HAMOTAHHOM Ha HEro HUThIO. Takoe
t=1m JIBIOKEHHE MOYKET OBITH OMKMCAHO YPABHEHUEM BHIA

e—"? dI—o _

dt _Moa (1)

rae Lo — MOMEHT umnynbca JUCKa U HUTH OTHOCUTENBHO ocu O, a M, — MOMEHT JeHCTBYIOIIMX Ha
HUX CUJI, OTHOCUTEIBHO TOH KE OCH.

Haiiném MOMEHT cuil, 1EHCTBYIOIIMX HA CUCTEMY, OTHOCUTENIBHO ocu O. YUTéM, 4TO Ha IUCK
C HAMOTAHHOM HAa HETO HUTHIO CO CTOPOHBI CBUCAIOIIEH €€ YaCTH JEUCTBYET CUJIA TSKECTH, MOMEHT
KOTOPOU OTHOCHUTENIBHO OCH BpalieHus O 1ucka paBeH

_myl

M, = —2-gR,
0=

m m o
rac TZ — MaccCa €AMHUIBI IJIMHBI HUTH, TZK — Macca CBUCAOUICTO C IUCKAa Y4aCTKa HUTHU NJIMHOU

£. Kpome Toro B TOM ke HanpaBJIEeHUH Ha AUCK C HUTBIO IEUCTBYET cuiia F, MOMEHT KOTOpPO OTHO-

cutenbHO ocu O onpenensieTcs BbIpaxKeHHEM
M{ =FR.
Pesynbrupyrommii MOMEHT Toraa OyzeT paBeH
m, (
_ ' " _ 2
MO—MO+M0—R[T9+FJ. )
[Tepeiiném k onpeneneHn0 MOMEHTa UMITYJIbCAa CUCTEMBI "TUCK+HUTB'", YUUTHIBAs, YTO JUCK

1 4acTb HUTHU JIUHON L — £ yyacTBYIOT BO BpalllaTeJIbHOM JBUKEHUU C YIIIOBOM CKOPOCTHIO ®, a
4aCTh HUTH JJIMHOMN { JBMIKETCS MOCTYIMATEIHLHO CO CKOPOCThIO V = 0R .

L, =J0(o+mT2€Rv, 3)

m,R? .\ m,(L— ()R?
2 L

rae J, = — MOMEHT UHEPLIUH CUCTEMBI, COCTOSIEH U3 TUCKAa U HAMOTAaHHOM Ha
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HETO HUTH.

ITocne noncraHoBkU BelpaxkeHust i J, B (3) Oyaem umerhb

2  AD2 )
Loz(mlR L My(L-OR J(’H Myl o _

2 L

Urto6bl BOCIIONB30BaThCsl ypaBHeHUEM (1), HailiéM IpOU3BOIHYIO [0 BpEMEHH OT MOMEHTA UMITYJIbCa
L .

0-

dh:(ﬁ+m2jR2d—®:(ﬂ+m2jR28. 4)
dt 2 dt 2

IToncrasus (2) u (4) B (1), Oynem umeth

(ﬂ+m2ija= R(ﬂﬁg+ Fj:s: 2(m,fg+LF) |
2 L (my+2m,)LR

3Has YMCleHHble 3HAYeHHs BeIMYUH my, my, L, {, F u R, monyunm, uto €~ 2,2 pan/c.

OTseT: 2,2 paﬂ/c2
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TEOPETUYECKHWIA MATEPUAJI 1S
CAMOCTOATEJBHOTI'O U3YYEHUA

MATEMATHYECKAS OBPABOTKA
OKCHEPUMEHTAJIBHBIX TAHHBIX
2.1. AGCOJIIOTHASI U OTHOCUTEJIbHAS MOTPEIHOCTH
pe3yJabTaroB u3mMepenusi. Buabl morpemnocreil usMmepeHust

N3mepenneM Ha3bIBalOT ACHCTBHS MO HAXOXACHUIO YUCICHHBIX 3HAYCHUN Kakou-1mubo ¢pusu-
YeCKOW BEIMUMHBI B IPUHATHIX €IUHUIIAX U3MEPEHHUSI.

[To cocoOy monydeHus pe3yibTara pa3indaroT MpsiMble U KOCBEeHHbIE u3mepenus. [Ipu nps-
MbIX U3MEPEHUSX JIEHCTBUS TI0 HAXOXKICHHUIO 3HAYCHUIN (PU3NYECKON BEIIMYUHBI CBOJSATCS K UCIOIIb-
30BaHUIO COOTBETCTBYIOIIETO MPUOOpa, MO3BOJISIONIETO OCYIIIECTBUTH CPAaBHEHUE U3MEPSEMOI BEJIH-
YHHBI C 3TAJIOHHBIM €€ 3HaueHueM. [Ipu npsMbIX U3MepeHHsIX 3HaueHHue U3MEepsieMON BETHUUHBI T10-
JTy4aroT HEMOCPEACTBEHHO MO IIKaJlie U3MepHUTeNnbHOro npudopa. [Ipu koceennvix u3mepeHusx 3Ha-
yeHne (PU3NYECKON BETUUMHBI BHIYUCISIOT 110 HEKOTOPOU (popmylie, CBA3BIBAIOLICH UCKOMYIO BEIH-
YUHY C BEJIMYMHAMU, 3HAYCHHS KOTOPHIX OMpeAeNieHbl MPIMbIMU H3MepeHusaMu. Hampumep, 00bEM
napasuiesienunea HaxoaaT MePeMHOKEHUEM JUTMHBI, IIUPUHBI U BHICOTHI, 3HAYEHHS] KOTOPBIX MOIY-
YaroT NMPU NPSIMbIX U3MEPEHHSIX.

OnBIT MOKA3bIBAET, UTO HUKAKOE U3MEPEHUE HEIb3s BHIMOIHUTH a0COIIOTHO TOYHO, PE3YIbTaT
J000T0 N3MEPEHHSI BCET/Ia COACPKUT HEKOTOPYIO MOTPEITHOCTD.

[TorpemHocTs U3MEPEHHS — 3TO OTKIIOHEHHE Pe3yabTaTa U3MEPEHHI X OT UCTHHHOTO (1eHCTBU-

TEJILHOT'0) 3HAYEHUS X, M3MEPIEMON BEITMYNHBI.

Paznuuaror aOCOMIOTHYIO U OTHOCUTENIBHYIO TOTPETHOCTH U3MEPEHUH.
Abconromnan nozpewinocms — 370 MOAYIb PA3HOCTH MEXAY U3MEPEHHBIM U UCTHUHHBIM 3Ha-

YeHUSIMH (PU3NYECKON BEIMYUHBI, TO €CTh AX = |X - X0| .

Omnocumenvnasn nozpeuwinocmbsp — 3TO OTHOICHUC a0COTIOTHOU NOrp€IrHOCTU K UICTUHHOMY
3HA4YCHUIO H3M€p$[€MOI7[ BCJIIMYHUHBI UJIK K BEJIMYHUHC, HpI/IHI/IMaeMOﬁ 3a HCTUHHOC 3HA4YCHHC!
AX

d=—.
X

o
Yacto OTHOCUTETBHYIO MOTPEIIHOCTh BBIPAXkKAIOT B MPOIIEHTAX:
0= AX -100% .
XO

B 3aBucumocTtu ot Xapakrepa nposiBJIeHHs], IPUUYUH BO3SHUKHOBEHHS, BO3SMOXKHOCTEH yCTpaHe-
HUSA ¥ y4€Ta pa3InyaroT CUCTEMaTUYeCKHE U CllydaiiHble MOTPEIIHOCTH, a TaKXkKe rpyOble MOTrperHo-
CTH (IIPOMaxH).

Ilpomaxu — 310 OIMOOUHBIE U3MEPEHM S, KOTOPbIE Yallle BCETO BBI3bIBAIOTCS HEUCIIPABHOCTHIO
pruOOpPOB, HEBHUMATEILHOCTHIO UM HEOPEKHOCTHIO IKCIiepuMeHTaropa. [lpomaxu cienyer BbIsB-
JSTh ¥ IpU 00pabOTKe pe3ylbTaTOB U3MEPEHHUI HE YUUTHIBATh.

Cucmemamuyeckue nozpeuwiHocmu BbI3bIBAIOTCS IPUUMHAMU, JEHCTBYIOIIMMH YIOPSAI0UYECH-
HBIM 00pa3oM. DTHU MOTPELIHOCTH, KaK MPaBUIIO, COXPAHSIOT BEIMYUHY U 3HAK, JTMOO 3aKOHOMEPHO
M3MEHSIOTCS. TPU MHOTOKPAaTHOM MOBTOPEHUH M3MepeHuid. CucteMarndeckre MorpenHocTd MOTYT
ObITH OOYCIIOBJIEHBI HETOYHOCTHIO HMCIOB3YEMON M3MEPUTEIBHOM alaparypbl, HECOBEPIIEHCTBOM
HCIIOJIB3yeMOT0 METO/a M3MEPEHUM, TUIOXOW HACTPOMKOW HM3MEPHUTEIIBHBIX MPHUOOPOB, BIUSHUEM
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OKpyKarolel cpenpl. CUCTEMaTHYeCKUE MOTPEIIHOCTH MOYKHO BBISIBUTH, YUECTh U CBECTU K MUHU-
MyMY IpOBEpKOW MPUOOPOB, MUCIIOIB30BAaHUEM 00Jiee TOUHBIX CPEICTB M3MEPEHHs, TPABUIBHOW MX
YCTAHOBKOM Y HACTPOMKOM, KPUTUYECKUM aHAIIM30M MCIIOJIb3YEMOI0 METOAA UCCIIEI0OBaHus, IIPOBE-
JICHWEM M3MEPEHUH 110 aJbTepPHATHBHBIM METOAMKaM. TakuMm 00pa3oM, CUCTEeMAaTUYeCKUe MOrpeml-
HOCTH B IIPUHIUIIE MOKHO CUATATh YCTPAHUMBIMH.

Cnyuaitnvle nozpewtnocmu — 3T0 TIOTPEIIHOCTH, U3MEHSIOIINE HEMPeICKa3yeMbIM 00pa3oM
CBOIO BEJINYMHY U 3HAK OT ONBITA K OTBITY IIPH U3MEPEHUSX, BHITOJTHEHHBIX OIMHAKOBBIM 00pa3oM 1
IpH, Ka3aJoCh Obl, OMMHAKOBBIX YCIOBUAX. Ciy4yaifHble MOTPEIIHOCTH 3aBUCAT OT OOJIBIIOTO YUCIIa
HEKOHTPOJIUPYEMBIX MIPUYNH, COYETAIOLINXCS PA3TMUHBIM U CITy4aliHBIM 00pa3oM.

CayuaiiHble IOIPEIIHOCTH SIBJIIIOTCS. HEYCTPAHUMBIMH, HO MOXHO OLIEHUTh UX BEJIMUUHY C I10-

MOIIBIO METOI0OB TEOPUH BEPOSITHOCTH, KOTOPast ONEPUPYET CO CIIyYaHHBIMU BEIMYMHAMMU.

2.2. OueHka BeJIMYUHBI CIY4aiiHOM MOTrPEeIIHOCTH NPSAMBIX H3MepPeHH i

[Tyctb ObUIO IPOBEACHO N MPSIMBIX M3MEPEHUN HEKOTOPOM (PM3UYECKON BEIMYUHBI X U OBLI
IIOJIY4YEH pAl €€ 3HAUCHUH: X1, X2,..., Xn.

B Teopun BeposTHOCTEH MMOKa3aHO, YTO HAWJIYYIIEH OLIEHKOM UCTUHHOIO 3HAYEHUS! U3Mepsie-
MO BENTUYHHBI SBIIsIeTcs €€ cpeqHee apupmerndeckoe 3HadeHue. Cpennee apudmernyeckoe 3HaUe-

HHC HSMGpHeMOﬁ BCJIIMYMHBI <X> (ero 4aCTO Ha3bIBAOT MAaTCMAaTHYCCKUM O)I(I/I,Z[aHI/IeM) OIIPCACIIAOT

o gopmyre:

(x)= 2

n

V3mepeHHble 3HaYeHUS Xi B OOJbIIEH WM MEHbLIEH CTENEHH PacCesiHbl OTHOCUTENBHO CPEe-

Hero apupMeTrueckoro 3HaueHus. Hanbonee ynorpeduTtenbHoM Mepoid, XapaKTepu3yoeil cTeneHb
paccesiHus BETMUUHBI X, ABJISIETCS oucnepcusa. Jluciepcuio onpeaessoT no popmyie

i(xi ‘<X>)2

D= i=1
n-1

Bennunny S, =+D = Ha3bIBAIOT CPEOHUM KEAOPAMUYHBIM OMKIOHEHUEM.

I[J'ISI OLICHKU TOYHOCTHU OIPCACICHUA CPECAHCTO 3HAYCHUSA <X> HCIOJIB3YIOT BCIIMYHNHY, HA3bIBA-

EMYIO CPeOHUM KEAOPAMUYHBIM OMKIOHEHUEM CPeOHeZ0 3HAYeHUsA VI CIAHOAPMHBIM OMKJ10-
HeHuem cpeoHezo, KOTOPYIO BBIUUCIISIIOT 10 (hopMmyrie

Urak, nelicTBUe HeNpeacKa3zyeMbIX (GakTOpPOB MPUBOIUT K TOMY, YTO PE3YJAbTAThl MPSMBIX U3-
MepeHu (PU3MUECKON BEIIMYMHBI B OOJIBIICH WM MEHBIIEH CTENIEHU OTINYAIOTCS OT HCTHHHOTO €&
3HAYEHHUS, T.€. ONMPEACIAIOTCA C HEKOTOPOU MOrpelIHOCThi0. BenmnunHy norpenHoctd 0003HavaoT
Kak AX U Ipu BBIIOJHEHUH JTaOOPAaTOPHBIX pabOT B Kypce GU3MKU MPUHUMAIOT PAaBHOM AX = S<X> .
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[Ipu 3amucu pesynbrara U3MEpeHH HEOOXOAUMO BETHUYHUHY MOTPEIIHOCTH AX OKPYIIUTH 10
MepBOM 3HAYAIIEH UQPHI, €CTM OHA OTIIMYHA OT SUHUIIBL, ¥ 10 BTOPOH udpskl, eciu nepBasi paBHa
enuHUIe. 3HAYAIIMMH [U(PPaMU YUCIIa Ha3bIBAIOT BCE ero HU(MPBI, KpoMe HYyJIEH CTOSIIINX JIeBee Tep-
BOH, OTJIMYHOW OT HYJISI TU(DPBHIL.

Cpennee 3HaYeHUE U3MEPSEMOM BEIUYMHBI OKPYIIISIIOT O TOTO K€ pa3psjia, YTO U IMOrpell-
HOCTb. Ecnm orOpackiBaemas uudpa paBHa 5, TO nocieAHIO0 HUGPyY YKcia HEe U3MEHSIOT, €ClIU OHA
YeTHAasl, U YBEIMYMBAIOT HA €IUHUILY, €CJIU OHA HedeTHast. OKOHYaTeNbHbIN pe3yJbTaT PSMbIX U3Me-
pEHUI BETMYUHBI X 3alIUCHIBAIOT B BUJE:

X =(X)+AX.

2.3. OnpeneieHne MOrPeNIHOCTH KOCBEHHbIX U3MepPeHuil

B KOCBEHHBIX M3MepeHUsIX olpenaesseMas BeIMUYMHA BBIYUCISETCS MO pe3yibTaraM MpsSMbIX
W3MEPEHUI APYTruX BEIMYUH, OT KOTOPHIX OHA 3aBHCUT, C TOMOIIBIO (hOPMYI WIIH APYTUX AITOPHUT-
MOB, MOJIYY€HHBIX TEOPETUUECKUM ITYTEM.

Ecnu sxcriepuMeHThl IPOBOASTCS B UICHTUYHBIX YCIOBUAX, TO U3MEPEHUS HA3bIBAIOT PAGHO-
mounvimu. Eciu yclioBus, B KOTOPBIX BBIMIOMHSIOTCS MPSIMbIe U3MEPEHUS, U3MEHSIOTCS, TO TaKue
W3MEpEHUS Ha3bIBAIOT HEPAGHOMOUHBIMU.

MeTtoauka OI[eHKH KOCBEHHBIX MOTPEIIHOCTEN B ClIydasix paBHOTOUHBIX U HEPABHOTOUHBIX U3-
MEpEeHU pa3InyHa.

[TycTh HEOOXOAMMO OMPEENUTh YUCICHHOE 3HaUeHue (hru3nueckoil BenuuuHsl F, nu3meputs Ko-
TOPYIO NPSAMBIMH METO/IaMU HEBO3MOXKHO, HO M3BECTHO, KaK OHA 3aBHCHUT OT BEITMYHMHBI X, 3HAYCHHE
KOTOPOU MOKHO MOJIYYUTh IPH MPSMBIX PABHOTOUHBIX U3MEPEHUSIX.

Haunyumiee npubnmxeHne K HICTHHHOMY 3HaYeHHIO BeTMYUHBI F momyyarot, eciu B (hyHKITHO-
HaJIbHYIO 3aBUCUMOCTh F = f (x) moacrapnsitor cpeanee apuMeTHueCKoe BEIHMUUHEI X, T.€.
HanuJ1y4diee HpI/I6J'II/I)KeHI/Ie K HICTUHHOMY 3HAQYCHUTO BCIIMYNHBL F paBHO

(F)=1((x))-

OneHrM abCOMIOTHYIO TTOrpemHOCTh AF KOCBEHHOTO M3MepeHHs Benn4IuHbl F, koTopast 00y-
CIIOBJICHA TEM, YTO HCTUHHOE 3HAYCHUS X JISKUT BHYTPH UHTEPBAJIA C TPAHUTIAMH <X> + AX . I1o aroii
npu4YrHE a0COMOTHAsS norpemrHocTh AF BenmuunHbl F nipeacrasisier coboit mpuparienne GyHKIuu
f(X) npu nmpupaiieHuy apryMmeHTa X Ha BEeJIMYMHY a0COJIOTHOM MOrpenrHocTd AX €ero U3MepeHusl.

[Tpu mainbix 3HaYeHHIX AX mpuparienne AF MOXXHO BBIpa3UTh MPUOIMKEHHBIM PABEHCTBOM

e 4(fe9)

dx X=(x)

rae npou3BoHast 1o x ot pynkuuu F = f(x) Gepercs B Touke X = <X> .

Ilox oTHOCUTEIBbHOM NOrpCHOCTBEI0 KOCBCHHOI'O U3MCPCHHUSA BCIIMYUHBL F 6y,[[eM IIOHHUMAaThb
OTHOIIICHHE a0COIIOTHOM NOrpCuIHOCTH AF K CpeAHEMY CTATUCTHYCCKOMY e€ 3HAUYCHUIO

(F)=f((x)), Te.

HIJIN
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1
f(x) dx

AX.
x=(x)
VYuyuTeiBaeM, 4TO

d%ﬁn(f(x)%%%.

Toraa BeIpakeHue JUISI OTHOCUTEIBHOM MOTPEITHOCTH MPUOOPETAET BUT

dx | ) '

[lepeiiném K ciyuaro, korna BenuuuHa F sBrseTcst pyHKIMEH HECKONBKUX MEPEMEHHBIX, T.€.

€

3aBUCHUT OT HECKOJIbKUX BEJIUYUH X, Y, Z, t, ..., p. [Ipu 5TOM pyHKIIMOHATBEHAS 3aBUCUMOCTD UCCIIETY-

€MOM BEIMYMHBI F:f(X,y,Z,t,...,p) OT BEJUYUH X, Y, Z, t, ..., P, 3HAUEHUS KOTOPBIX MOT'YT OBITH

MU3MEPEHBI B XO/I€ NPSMBIX PABHOTOYHBIX U3MEPEHHM, [T0JIAraeTCsl U3BECTHOM.
Hawnnyumum npubnukeHneM K HICTUHHOMY 3Ha4€HMIO Hen3BecTHOH F, kak mokasaHo B mare-

MaTHYECKOW CTAaTHCTHKE, SBIISICTCS BEIMYMHA, oNpeesisseMas o hopmye

(F) =1 ({).(v).(2).(t), --(P))
e <X><y> : <Z> : <t> <p> — cpenHue apudMeTnyecKrue 3HaueHus BEJIUYUH X, Y, Z, t, ..., P, KOTOpbIE

ObUIN TOJTYYEHBI B pe3y/bTaTe MPSIMbIX U3MEPEHHI 110 METOIUKE, PACCMOTPEHHOH BbIILIE.

ITocne BbIUMCICHUS TPUOIMKEHHOTO 3HAYEHUsI MCKOMOH BennuuHbl F HE0OX0MMMO OLIEHUTH
MOTPEIIHOCTH MOJIYYEHHOIO Pe3yIbTara.

Hcxonum U3 NpeAronokeHus 0 TOM, 4YTO pe3yabTaThl U3BMEPEHUN KaX10M U3 BEINYMH X, Y, Z, t,
..., p HE 3aBUCAT OT 3HAYEHUN OCTaJbHBIX BEJIMUYUH, 4, 3HAUUT, U NTOTPEIIHOCTH U3MEPEHMS ITHX Be-
JIMYUH HE 3aBUCAT APYT OT Jpyra, HO3TOMY KXyl YacTHYIO MOTPEHIHOCTh (BKJIAaA B OOILIYIO IMO-
I'PEIIHOCTb OHOM U3 UCXOHBIX BETUYHUH X, Z, t, ..., P) MOXKHO HaXOAMTh, [T0J1arasi HOrpeIHOCTH BCeX
JPYTUX BEJINYUH PAaBHBIMU HYI10. OTCIOZIA CIIEYET, UTO:

1) kaxaast yaCcTHasi HOTPEIIHOCTh HAXOAUTCS MO MPABUITY HAXOXKJICHHSI TOTPELTHOCTH U3Mepe-
HUS BEJIMUUHBI, ABIISAOLIEHcs (GyHKIMEH TOIBKO OHOM MepeMeHHOMH;

2) npeanoaokeHre 00 OTCYTCTBUM MOTPEIIHOCTEHN y IPYTUX apIyMEHTOB, COOTBETCTBYET MPE-
MOJIOXKEHUIO 00 MX MOCTOSIHCTBE, MOTOMY MPH HAaXOXIEHUH YaCTHOM MOTPELIHOCTH MO0 HEKOTOPOH
BEJIMYMHE CIIEYET ONPENEIATh YACTHYIO IPOU3BOIHYIO 110 3TON BEJIINYUHE:

AR, < 2., P) AX
oxX x=(X),y=(¥),....p=(p)

AFy — M Ay,
oy X=(x),y=(¥).-.P=(p)

aF, = 2fYe.P) AP.
op x=(x),y=(y),-.p=(p)

YactHas npou3BoaHas (PyHKIIMU HECKOJIBKUX MEPEMEHHBIX MPEICTaBIsIeT OO0 OOBIKHOBEH-
HYIO MPOU3BOJIHYIO (PYHKIIMH OIHOM MepeMeHHON MpH (PUKCUPOBAHHOM 3HAUYEHUU JAPYTHX MEPEMEH-
HBIX:
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of(x,y,z,t,p) g
oX

of(x,y,z,t,p) _t

5 (X,¥,2,t,p), t1e y,z,t,p = const

y(X,¥,2,t,p), e X,2,t,p = const

of(x,y,z,t,p) g
op

YacTHbie IIPOU3BOAHBIC BBIYUCIIAIOT II0 (bOpMYJ'IaM H IIpaBUJiaM BBIYUCIICHUS HpOHSBO,I[HOI;'I

Ié(x,y,z,t,p) ,TIe X,Y,z,t =const

(GYHKIMH OHOM MepeMEeHHON, CUUTAas MPU ITOM JIPYTHe MIePEeMEHHbIC KOHCTAaHTaMH.

AoOcomotHas norpemHocTh AF Benwunnbl F=f (X, Y,Z,t,..., p)) MOJKET OBITh BBIUMCIIEHA, KaK

9TO MOKA3aHO B MaTeMaTH4eCKOM CTAaTUCTHKC, I10 Q)opMyne:

AF:\/(AFX)Z +(AF)) #oe+ (AR, )

NN
of \2 of \
AF = [_j N (Ap) |
X x=(x),....p=(p) op X=(X),....p=(p)
of  of
rae = % — 3HaYeHNs YaCTHBIX Mpou3BonHbX Pyrkumn f(X,y,z,t,..., p) 10 TIEPEMEHHBIM X, Y,

Z, t, ..., p COOTBETCTBEHHO. J{JIl BBIYMCIIEHUS STUX 3HAUEHUI B BBIPA)XKEHUS, MTOJIyYE€HHbIE TIpU UG-
depennpoannu pyakmun F=f (X, Y,Z,t,..., p) , IOJICTaBJIAIOT CPEHUE apUPMETUUECKHIE apTyMEH-

TOB 3TOM PYyHKILIMH, O YEM HAIOMUHAIOT HUYKHUE UHJEKCHI Y TPOU3BOAHBIX.

Ecnu HexoTopas BenmuuuHa, BXonsuias B GopMyay AJis onpeaeneHus Benndunsl F, B JTaHHOM
OTIBITE HE U3MEPSETCS, a B ONMCAHUU JIA0OPAaTOPHOI pabOThI UM Ha JIAOOPATOPHON YCTaHOBKE MPH-
BEJICHO TOJIBKO €€ YHCIEHHOE 3HAYEHHUE, TO IOTPEIIHOCTD 3TOM BEJIMYMHBI IPUHUMAETCSI PABHOU I10-
JIOBUHE €MHUIIBI TIOCIEIHETO pa3psia Yucia, KOTOPhIM 3aaHO0 3HaYE€HHE ITON BEJIMYUHBI.

PaCCMOTpI/IM MCTOAUKY OHNPCACTICHUA TOrpCIIHOCTU KOCBCHHBIX I/ISMGPCHI/II\/'I BCIIMYHHBI

F=f (X, Y,Z,t,..., p) IIPU HEPABHOTOYHBIX MU3MEPEHMSX, KOTJIA YCIOBUS SKCIIEPUMEHTA U3MEHSFOTCS.

Hampumep, B maboparopHoii padore Ne 9 nipu onpeieIeHUH yCKOPEHUsI CBOOOTHOTO TaJCHUS TIepH-
OIbI KOJIEOaHUI (1)I/ISI/I‘ICCK01"O MasATHUKA USMCPAIOT IJId pa3InYHbIX MHOJIOKEHUIT TOYKU I1oaBeca, B
nabopatopHoii padbote Ne 15 npu uzmeperHnn kodhUIMeHTa BI3KOCTH BOIHOTO pacTBOpa ITUIEpHHA
WCTIONB3YIOT MIAPUKHU Pa3IMIHOTO pa3zMepa.

[Ipy HEpaBHOTOUHBIX KOCBCHHBIX M3MEPEHUSAX CpEIHEe 3HAYCHHWE W aOCOFOTHYIO TOTPEIl-

HOCTDB BBIYUCIIAIOT aHAJIOTHYHO CIIYy4Yaro MPAMBIX I/IBMepeHI/Iﬁ, a UMCHHO:

- cHavasia Haxomar 3Hadenus F =T (X, y:,z,t:,...,p; ) ;
| | | | | 1

1 n
- lajiee OTPECIIAIOT CpelHee 3HAUCHUE <F> = —Z F;
n«
i=1
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- 3aTCM BBIYUCIIAIOT CPECAHCC KBAAPATUIHOC OTKIIOHCHUC CPCAHCTO 3HAYCHUA S<F> =

;
- OTIPENIENSIIOT MOTPEUTHOCTh KOCBEHHBIX HEPAaBHOTOUHBIX H3MEpeHUi 1o popmyne AF = S<F> .

PGSYHBTaT KOCBCHHBIX I/ISMCpCHI/Iﬁ 3aIIMChIBAOT B BUJIC:
F=(F)+AF,

rac AF — aGconroTHas IOrp€IIHOCTb U3MCPEHUSA BECIIUYNHBI F.
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2.4. IIpaBuia nocrpoenus rpagukos

Jlnst mpencTaBieHus pe3yabTaToB H3MEPEHH B HAIVIIHOW (OopMe U ISl YIPOILEHHS MpoIie-
TYpbI COMTOCTABICHUS TEOPETHUECKUX M IKCIIEPUMEHTAIBHBIX 3aBUCUMOCTEH (PU3MUECKUX BETUUYNH
OT MapaMeTpPOB, ONPENENAIONUX UX 3HaYeHUE, CTPoAT rpaduku. IIpu UX MOCTPOECHUH CIEAYET BBI-
MOJHATD CIEAYIOIINE TpaBUIIa;

1. IIpexe Bcero HEOOXOMMO OMPEACTUTD, KaKas IepeMEHHAsl BEJTMUMHA SIBIISETCS apTyMeH-
TOM, a Kakasi (yHKIMEW 3TOro apryMeHTa. 3Ha4eHusl apryMeHTa OTKJIAbIBAIOT IO TOPH30HTAIbHON
ocu (ocu abcuucc), 3HaYeHUs] QYHKIUY — I10 BEPTUKAILHON OcH (OCH OpAMHAT).

2. Ha KOOpIMHATHBIX OCSIX TPa(UKOB JOJDKHBI OBITh YKa3aHbI 0003HAUEHHSI OTKJIAJAbIBAEMBIX
BEJIMYMH U €IUHUIBI UX u3MepeHuid. [Ipu 3ToM och abcuucc MOANKCHIBAIOT CIIpaBa BHHU3Y, a OCh
OpJAMHAT — CJIEBa BBEPXY, C YKa3aHUEM Ha3BaHMS WM CHMBOJIA OTKJIAbIBAEMOM 110 OCH BEJTMYUHBI, a
qyepe3 3arsITyi0 — eIUHHIBI €€ u3MepeHus. Ecu Mo ocu mpuXOauTCs OTKIIAIbIBaTh MHOTO3HAYHBIC
YHCIIa, MHOXKHUTEIb, YKA3bIBAIOIIUI TTOPSIIOK YHCIIA, TPUBOJIAT IIPHU 3aITUCH 0003HAUEHUS (PH3NIECKON
BEJIMYUHBI, COOTBETCTBYIOLIEH JJTAHHOU OCH.

KoopauHaTs! 3KCIIepUMEHTATBHBIX TOYEK HA OCSIX HE IMOKAa3bIBAIOT, M BHIHOCHBIE JIMHUH, OTIpe-
JETSIONINE 3TH KOOPAUHATHI, HE TIPOBOJISAT.

3. OGacTs, BBIICTICHHAS JIJIS TOCTPOCHUS TpadrKa, TOHKHA ObITh HCIIOIb30BaHA B MAKCHMAJTh-
HOW CTENeHHU, IOITOMY, BO-TIEPBHIX, HAYAJI0 KOOPAWHAT MOXKET HE COBIA/IATh C HYJICBHIMHU 3HAYCHH-
SIMU BEJIMYHH, BO-BTOPBIX, MacITad BEIOMPAIOT TaK, YTOOBI TpadiiK 3aHMMAJ BCIO TIOBEPXHOCTH, OT-
BEJICHHYIO JUUIsl €T0 M300paKEeHUS U, B-TPETHHX, MACIITA0BI 110 0OOEHM OCSIM BBHIOMPAIOT HE3aBUCHUMO
ApyT OT Apyra.

J1J1s1 BBITTOJTHEHHSI OTHX YCJIOBUHN MPEXkK/IE BCETO ONMPEICISIOT 10 JaHHBIM, TPUBEIAEHHBIM B CO-
OTBETCTBYIOIIEH TaOJHUIIE, TPeIeTbl U3MEHEHHS apryMeHTa U pyHKIuH. VX HauMeHbIee 1 Hanbob-
1Iee 3HauYeHHsI OOBIYHO OMPEACIISIOT MHTEPBAIIBI 3HAYEHUH, KOTOPHIE OTKJIAIBIBAIOT IO OCSIM KOOP-
auHAT. B ciydyae TMHEHHBIX MIKaT YUCIOBOM MaciITad OOBIYHO BHIOMPAIOT B BUJIE PAaBHOOTCTOSIIINX

10 3HAYEHHMIO YHCell TaK, YTOObI coceaHue 3HaueHus ormmyanuck va 10", 2-10" wm 5-10", roe n —
M060€ LeI0€e MONOKUTENLHOE WM OTPULIATEIHLHOE YHCIIO.

4. MaciTaOHble JIeJIeHUs Ha KOOPIMHATHBIX OCAX CleyeT HAHOCHThH PaBHOMEPHO (B CIydae
JIMHEHHOH MIKaJIbl) BIOIb Beel JUIMHBI Kaxkaoi ocu. ITo ocu abenucce mupbl YMCIOBOTO MaciuTaba
NHUIIYT 0O/ PUCKAMH, TI0 OCU OPAUHAT — CJIEBA OT PUCOK.

Eciu B OJHUX OCSAX CTPOST Pa3IMUHbIE 3aBUCHMOCTH, TIOJIy4eHHbIE, HAIPUMED, IPH Pa3HbIX
YCIOBHUAX HKCIIEPUMEHTA, TO TOYKU TAKUX 3aBHCHMOCTEH ClelyeT OTMeYarh Pa3sHbIMU 3HAYKAMU
(kBazpaTaMu, KPYKKaMH, KDECTHKAMH H T.I1.).

5. Ha Tex ydacTkax rpa(uka, Tjie BO3MOKHBI TAKME OCOOEHHOCTH, KaK Pe3KOe M3MEHEHHUE KPH-
BU3HBI, MAKCUMYM, MUHUMYM, TIeperu6 u Jp., cleayeT OpaTh GOIBIIYIO IYCTOTY SKCHEPUMEHTAb-
HBIX Touek. UTOOBI He IPOMYCTUTh TaKHe 0COOEHHOCTH, TpadUK CleayeT CTPOUThH HEOCPEICTBEHHO
BO BpeMs DKCIEPUMEHTA.
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6. Ecii coemuHUTD BCe SKCIIEPUMEHTAbHBIE TOUKH OTPE3KaMH MPSMOiA, TO Ha rpaduKe Mmory-
YUTCS JIOMAHas! JINHUS, KOTOpast He UIMEET HUYEro 00IIero ¢ HCTUHHON (PU3NYECKOM 3aBHCUMOCTBIO.

Fpa(bHK OKCIICPUMCHTAJILHBIX JAHHBIX CJICAYCT MPOBOAUTL HC 110 TOYKAM, 4 MCKJY HUMU TaK, YTOOBI

YHUCIIO TOYEK HAJ W MOJ rpadukoM ObUIO MPHUOIM3UTETHHO OMMHAKOBO. OOBIYHO PEKOMEHTYeTCs
MI0JIb30BATHCS 3PUTEIBHBIM OIIYIIEHHEM PABEHCTBA HYJIIO CYMMBI MOJIOXKHUTEIBHBIX U OTPUIIATEINIb-
HBIX OTKJIOHEHHH TOYEK OT MPOBOIUMON KpuBoii. Eciin n3BecTHO MaremMaTuyeckoe onucanue Haoro-

HaeMOﬁ 3aBUCUMOCTH, TO rpa(bmc, 10 BO3BMOJXXHOCTH, OJOJIKCH €MY COOTBCTCTBOBATD. OTKIIOHCHHS

N

C -5 3 3-8 0008 0% 0-0% ¢ 8-0-08 ¢ 01 ——

0 500 1000 1500 2000 2500 E k3B

AKCIIEPUMEHTAIBHBIX JAHHBIX OT TEOPETHUYECKON KPUBOIl 00YCIOBIIEHBI TEM, YTO PE3YJbTaThl U3Me-
PEHUIT MOTyYat0T ¢ HEKOTOPOU MOTPEIIHOCTBIO.
[Ipu mocTpoeHUH TEOPETUYECKON 3aBUCMOCTH KPUBYIO CTPOST Ha rpaduke TakuM o0pa3om,

YyTOOBI OHA IJIABHO IMpoxoauja 110 BCEM pacyYETHBIM TOYKaM. ITO Tpe6OBaHI/Ie 06YCJ'IOBJ'IGHO TEM, UTO

TCOPCTUYUCCKUEC 3HAUCHUA KOOPANHAT TOYCK MOT'YT OBITh BEIYUCIICHEI CKOJIb YroaHo TO4YHO.

5.5. Onucanue IBHKEHUS] B HEMHEPUHUAJbHBIX CHCTEMAaX 0TCYéTa

Heunepyuanvroii cucmemotii omcuéma Ha3vl8arom cucmemy, 08UNCYUWYIOCS YCKOPEHHO OMHO-
CUMENbHO UHEPYUATLHOU.

B HenHepuumanbHbIX cHCTEMax 3akOHbI HbIOTOHA HE BBIMONHAIOTCA. J[€MCTBUTENBHO, B HE-
WHEPIHATbHON CUCTEME OTCUETA MOKHO YCKOPUTH TEJIO U3MEHEHUEM COCTOSIHUSA  JIBHOKEHUS HTOU
cucteMbl oTcuéra. UToObl yOenuThCsl B 3TOM, PACCMOTPUM 3aKOH ITPe0Opa3oBaHusl YCKOPEHUH MpU
MEePEX0Je OT HEMHEPUUAIbHON K MHEPIIMATIbHON CUCTEME OTCUETA.

[IpenBapuTebHO MOTYUYUM KAACCUYECKYIO MEOPeMY CAOMHCEHUA CKOpOocmell TSl Ciiyvas, KO-
IJla OJTHAa CHCTEMAa OTCYETA JBIIKETCS MPOU3BOILHBIM 00pa30M OTHOCUTEIHHO JIPYTrOd CUCTEMBI, SIB-
JIAIOUIENCS HHEPIIUATIbHOM.

[Tycte K — 3TO cuctema oTcuéra ¢ Ha4asioM KoopAauHaT B Touke O, KOTOPYIO Oy/ieM yCIOBHO
cuMTaTh HemoABUKHOU, a K’ —3T0 cucrtema orcuéra ¢ HayanoMm KoopauHaT B Touke O', koTopas J1BH-

KETCsl IPOU3BOIbHBIM 00pa3oM oTHOcHUTeNbHO cucTembl K. B kitaccuueckoil MexaHUKe npernosiara-
€TCsl, YTO PACCTOSIHUSA U MPOMEKYTKH BPEMEHHM HE M3MEHSIOTCS IIPU NEPEXOJE OT OJHON CHUCTEMBI
orcuéra K npyrou. JBmxkeHune cuctemsl orcuera K’ orHocuTensHo K MOXHO paccmarpuBarh Kak

CyMMY JIBYX JBHKEHHH MMOoCTynarcJIbHOTO CO CKOPOCTHIO \70 touku O' u BpallarCJIbHOI'O BOKPYT

ATOH TOYKH C YITIOBOH CKOPOCTHIO €.
3HadyeHuUs Paauyc-BeKTOPOB I ¥ I’ HPOM3BOILHON MaTepHanbHON TOUKM A B CHCTEMAX OT-
cuéra K u K' cBs3aHEI COOTHOLICHUEM
=T +T,

rae I, — paauyc-Bekrop Touku O', U3MepeHHbIH B cucTeMe oTcuéra K.
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CxopocTb Touku A B HENOABMXKHOU cucTeMe oTcu€Ta K Ha3bIBAIOT adCcoilomuoil ckopocmuio.

Omna paBHa
_dr dr, dr
=% A0 (5.11)
dt  dt dt
WA, YYUTbIBAsA, YTO
F=xT+yj+2K, (5.12)

e X', y', z' — nekaprosbl koopauHarel Touk A, a i, |, K' —opTel ocelt koopaunar B cucteme orcuera

K’, Beipakenue (5.11) MmoxkHO TIpeoOpa3oBarh K BUILY

i I K’ X -, dy'-, dz'-
V=V, + x'd—+ y'd—J+z'd— + & |'+dlj'+d—k' , (5.13)
dt dt dt dt dt dt
_ i , ,
rae VO :E — CKOPOCTB NOCTYNATCIIbHOTO ABUXXCHUA CUCTEMbBI OTCUCTA K’ oTHOCUTEIILHO CUCTEMEI

K.
Opter 1/, ', K" cucremsr orcuéra K’ MoryT nsmensrtscs B cucteme orcuéra K Tommbko Benes-
crBue Bpamenus cuctemsl K’ Bokpyr Touku O’ ¢ ymioBoit ckopocTbio € . IIpou3BOHbIE [0 BpEMEHH

ot BektopoB ', |/, K' paBHBEI MMHEHHBIM CKOPOCTSAM KOHIIOB STUX BEKTOPOB IPH BPALIEHUH CHCTEMEI

dr

K'’, mostomy mo ananoruu ¢ popmysoi V= p = [6) F] HMeEEM
di r~ 217 df = 517 dk' s -,
E:[Q,l}, E:[Q,J], E:[Q,k] (514)
Torna
rd? rd]’ ' dR' 1 A "~ K Y| A +
X E+y E+Z E_[Q'(X r+vy) +zk)]_[Q,r:|. (5.15)
., OX'- dy'- dZ' -, .
OueBuaHO, YTO V' = E I+ EJ + E kK" —»a10 CKOPOCTbh TOUKH A B JIBUKYILIEHUCS CUCTEME

orcuéta K', Ha3piBaemasi omuocumenwvnoui ckopocmoio touku A. C ydetom (5.14) nmpeobpazyem
dbopmyny (5.13) x BuaY
V=V, +[ Q7 [+V, (5.16)

e vV, +[Q,F’] — nepenochan ckopocmy Touku A. [lepenocnas ckopocms pasna ckopocmu mou

mouxu cucmemol K', uepez komopyio npoxooum mouka A 6 paccmampusaemvlii MOMEHM 8pEeMEHU.

Taxum oOpazom, abcontomuasn ckopocms mouku A pagua cymme eé omnocumenvbHou u nepe-
HOCHOU CKOpoCmel.

Ecnu cucrema orcuéra K’ He Bpamaercs, To u3 (5.16) momyuuMm Kaaccuueckyro meopemy cio-
JHcenus ckopocmeii

V=V, +V (5.17)

Ckopocms mamepuanbHOll MOYKU 6 HENOOBUIICHOIL CUCIEMe OMCUEMA PAGHA €€ CKOPOCMU
6 NOOBUIICHOIL cuCHmeMe OMCUEéma, C10MHCEHHOI CO CKOPOCMbIO NOCHYRAMENbHO20 08UNCCHUA NO-
OBUIICHOTL CUCIEMbL OMCYEMA OMHOCUMEIbHO HENOOBUIICHOIL.

AHaJOTUYHO MONTYYar0T (GOpMYIBI TPeoOpa3oBaHusl YCKOPEHUN TPU TIEPEX0/ie OT OMUCAHUS
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nBIOKeHHUST TOUkd A B cucteMe orcuéra K’ k ommcanuro e€ asrxeHus B cucreMe orcuéra K. Yera-
HOBJICHO, YTO ycKopeHue Touku A B cucrteMe K, koTopoe Oynem Ha3bIBaTh a0COII0OMHbIM, PABHO:
Loy .
a=a +a,+a,, (5.18)

2,1 2., 21
L, dx'- dvy'- d°Z -, . ,
= J+ k' — aT0 yckopenue Touku A B cucteme orcuéra K', HazpiBaemoe om-
dt>  dt®* © dt?

v,
+
dt | dt

dQ
_,r

HOCUMENbHbIM YCKOpeHUem; &, = +[Q[Q,F’:|] — 9TO MEpPeHOCHOe YyCKopeHue

TOYKU A, paBHOE ycKOpeHHUIo B cucteMe orcuéra K Toil Touku cucremsl orcuéra K’, uepes xoropyro

NPOXOJUT TOYKA A B pacCMaTpHBAaEMblii MOMEHT BPEMEHH; 8, = Z[Q, \7’] HA3bIBAIOT KOPUOIUCOBHIM

yckopenuem. VItak, adcontomuoe yckopenue mamepuanbHoii moyKu pagHo 6eKMOPHOI cymme eé
OMHOCUMENbHO20, REPEHOCHO20 U KOPUOUCO8A YCKOPEHUL.

[TonyunM OCHOBHOM 3aKOH JMHAMHKH MaTepHAIBbHOM TOYKHM B HEMHEPIMAIBHBIX CHCTEMax
oTcuéra, VISl 9eT0 BOCIIONIb3YEeMCs BEIPOKEHHEM a =3, +a, +a , CBA3BIBAIOIIIUM a0COIIFOTHOE U OT-
HOCHTEJIHOE YCKOPEHHSI MaTepUaIbHOM TOUKHU. JIOMHOKHM JIEBYIO M IIPaBYyIO YacTH 3TOTO BBIpaXe-
HUS Ha Maccy MaTepHaIbHOM TOUKH

ma = md, + ma, +ma’ (5.19)
Tak kak cucrema orcuéra K mHeprmaibHa, B COOTBETCTBHU CO BTOPBIM 3akOHOM HproToHa
umeem, uto Ma=F, e F= Z IEJ- — pE3yJIBTHPYIONIAs BCEX CHJI B3aUMOACHCTBYSL, TIPHIIOKEHHBIX K
]
MaTepHaIbHOM TOUKe. DTO MO3BOJISET 3aMUCATh OCHOGHOE YPAGHEHUE OUHAMUKY OBUNCEHUA Mane-
PUANILHOT MOYKU 8 HEUHEPUUANBHOIL CLICHeMe OMCcYéma B CICIYIOIEM BH/E:
ma’ = F—ma, — md, (5.20)
Ero MoXHO IIpHBECTH K BHY, aHAIOTHYHOMY IO (hopme BropoMy 3akoHy HproToHa:
ma’'=F+F, +F, (5.21)

dv, dQ SR Ny .
at -m E, r —m[Q I:Q, r :I:I HAa3bIBAIOT NEePEHOCHOU Cuiou unepuuu, a

rie F,=-md, =-m

F =—mé, = —Zm[ﬂ , \7’] — KOpUOUCo60il CUN0U UHEPYUU .
ITocnenHuii uieH B BBIPaXKEHHUH JUTS IEPEHOCHOM CHIIbl nHepIuu F g =—m [Q [Q : ?']] Ha3bl-

BalOT UeHmpooexicuou cunoit unepyuu. Creayer IOMHUTH, YTO CHIJIBI UHEPLUU OOYCIOBIIEHBI HE
B3aMMOJICHCTBUEM TEJI, a YCKOPEHHBIM JIBUKEHUEM CUCTEMBI OTCUETA, B KOTOPOIl OHU TIPOSIBIISIFOTCSL.
OHHU CyIIECTBYIOT TOJBKO JIsl HAOIIOIaTeNs, HAXOAAIIETOCs B JAHHOW HEMHEPIIHAIBHON CUCTEME OT-
cuéra.

[TycTh MarepuaabHas TOYKa JBUKETCS CO CKOPOCTBIO V' M YCKOpEHHEM &' B HEMHEpPIHAb-

HOM cHUCTeMe, CBSI3aHHOM ¢ 3eMiIéii. DTa CHCTEMa BpaIaeTCst ¢ MOCTOSHHOM YITIOBO# CKOpOCThiO L2

. - v
BOKpPYT OCH, IICPEMCIIAOMICHUCA ITOCTYIIATCIIBHO C YCKOPCHHUEM an = d_to OTHOCHUTCIIbHO MHCPIHUAJIb-

HOM cucTeMbl oTcuéra. Tak Kak yIoBass CKOPOCTb BpAaLIEHHs 3€MJIM IOCTOSIHHA, BBIPa)KEHUE

dQ
m| —, T’ |=0. OcHOBHOE ypaBHEHHE JUHAMUKYU B HEHHEPIMAIBHON CHCTEME OTCUETA, CBSI3aHHOM

dt
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¢ 3emJI€l, TPUHUMAET BUJT

mé’:ﬁ—man+m92ﬁ+2m[v',fz], (5.22)

rae F — pesynbTHpyroias cui B3auMOACHCTBHS, ICHCTBYIONIMX HA MaTepuaabHyIO TOUuky, R — pa-
JINyC-BEKTOP, NMEPHEHIUKYISIPHBINA K OCH BpallleHUs 3eMJIM U XapaKTepU3YIOIIUN MOJI0KEHNEe MaTe-

pHaHBHOﬁ TOYKH OTHOCHUTEILHO 3TOM OCH, mQZR - HCHTpO6e}KHaH CHJIa UHEPpIMHK, HAIIpaBJICHHAA
OT OCH Bpalll€HUA NEPICHAUKYIIAPHO K Heﬁ, v - CKOPOCTbh ABUKCHUA MaTepHaHBHOfI TOYKHU OTHOCH-

TEJIbHO 3eMIIH; Zm[V',Q] — cuna Kopuonuca, neprneHauKkyisipHas MIOCKOCTH, B KOTOPOIl Jiexar

BEKTOpP CKOPOCTH MaTepuaIbHONU TOYKU M BEKTOP YIJIOBOM CKOPOCTH BpALEHUS 3eMIIH.
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[Tpu cocTaBieHNU BapUaHTOB JOMAILTHUX 33aHUH HCIIONB3YIOTCS UCTOUHUKH, TPUBEIEHHBIE B OMO-
arorpauuecKkoM CIUCKE.
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