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Two things are infinite: the universe and
human stupidity, and I'm not sure about
the universe.

Albert Einstein

1. Inemenmot meopuu. 3aKoOHbvl COXPAHEHUA

1.1. Beeoenue

3aKoHBI COXpaHEHUsT — (PyHIAMEHTAJILHBIE 3aKOHBI IPUPOBL. B pamkax
MEXaHUKU B 001IeM Kypce (QU3UKU M3Y4alOTCs TPU 3aKOHA COXPAHEHUS: UM-
yJbca (WM KOJTUYECTBA JBUKECHHUS ), MOMEHTa UMITYJIbca (MM MOMEHTa KOJIu-
YeCTBa JIBIKCHHSI) U MOJIHOW (CyMMapHOW KMHETUYECKON M MOTCHIMAIBHOMN)
MEXaHUYECKOM 3Hepruu. B coorBeTcTBuu ¢ Teopemor Immu Hérep, npeacras-
nenHoit B 1918 roxy Ha cemunape ['€ TTUHIEHCKOTO MaTeMaTU4ecKoro ooIie-
CTBa, OHU SIBJISIIOTCS CIICICTBUSIMU, BBITEKAIOIIMMHU M3 HEMPEPHIBHBIX CUMMET-
puit QyHIaMEHTaIbHBIX (U3MUECKUX BEJIMYMH, ONPEACISIONMX JIUHAMUKY
M30JIMPOBAHHBIX MEXAHUYECKUX CHUCTEM.

JI71st MEXaHU4YeCKOM CUCTEMbI, CBOOOIHOM OT BHEIIHUX BO3JICUCTBHI, TO
€CTh U30JIMPOBAHHOW, pACCMATPUBAEMON B PAMKaX HbIOTOHOBCKON MEXAHUKH,
VHBAapUAHTHOCTh JEHCTBUUA OTHOCUTENIBHO ITPOM3BOJIBHBIX CIBUIOB B MPO-
CTPAHCTBE 03HAYAET COXPAHECHUE MTOJTHOTIO UMITYJIbCca. Bce TOUKM M30TPOIHOTO
IIPOCTPAHCTBA PABHOIIPABHBI, U CIBUT CUCTEMBI OTCUETA B 3TOM IIPOCTPAHCTBE
HE MPUBOJIUT K UBMEHEHUIO (DU3NYECKUX 3aKOHOB NPUPObl. IHBIMU clO0BaMHu,
IIEPEHOC CUCTEMBI OTCYETA U3 OJTHOU TOYKHU B APYTYIO HE IIPUBOJUT K U3MEHE-
HHUIO T€OMETPUYECKOM CyMMBI BEKTOPOB HMMIIyJbCa TEI MEXAHMUYECKOW CH-
creMmbl. MHBapuMaHTHOCTP MEXAHMYECKON CUCTEMBI OTHOCUTEJIBHO BpALICHUMN
MPUBOAUT K 3aKOHY COXPAHEHUS] MOMEHTA UMITyJIbca. IHBapUaHTHOCTh OTHO-
CUTEJILHO CIIBUTA BO BPEMEHM MPUBOJUT K 3aKOHY COXPAHEHHUS MOJIHOW MeXa-
HUYECKOW SHEPTHUU.

3aKOHBI COXpaHEHUS, pacCCMaTpHUBaeMble B MEXaHHUKE, UMEIOT BCEOOTHI
xapaktep. OHM PUMEHUMBI HE TOJIBKO K MEXaHUYECKUM SIBIICHUSIM, HO U KO
BCEM SIBJICHUSIM MPUPO/IbI, B YACTHOCTH OHHU COOJTFOZIAIOTCS B PEIISITUBUCTCKOMN
00JIaCTH ¥ B MUPE JIEMEHTAPHBIX YACTHI]. 3aKOHBI COXPAHECHUS HE 3aBHUCST OT
NPUPOABI U XapakTepa ACHCTBYIOMUX CUI. [103TOMY C MX MOMOIIBIO MOMXKHO
JIETIaTh PsiJl BAXKHBIX 3aKJIFOUEHUN O MOBEICHUN MEXAHUYECKUX CHUCTEM JIAXKE B

TEX ClIy4dasdXx, KOrja CHUJIbl OCTAIOTCSA HCU3BCCTHBIMU.
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1.2. 3aKkoHbl u3MeHeHUn U COXPAHEeHUA UMNYbCA

Mexannueckas CHCTEMA — 3TO COBOKYITHOCTb TEJI, BBIJICJIICHHBIX JIJISL pac-
cMoTpenus. Tena cuctemMbl MOTYT B3aUMOJIEHCTBOBATh KaK MEXIY COOOM, Tak
Y C TE€JIAMU, HE BXOISIIIMMHU B CUCTEMY. B COOTBETCTBUY C 3TUM CHIIBL, IEUCTBY-
IolMe HA O0BEKThl MEXaHWYECKON CHUCTEMBI, MOXKHO TOJIpa3/eIUuTh Ha BHYT-
PECHHUE U BHEIIHHUE.

BHyTpeHHUMU Ha3bIBAIOT CHUJIBI, C KOTOPBIMU TEJIA CUCTEMBI IEUCTBYIOT
JIpYyT Ha Apyra, BHEIIHUMHU — CUJIbI, OOYCJIOBJICHHBIE BO3JCHCTBUEM TEJ, HE
NPUHAJIEKAIIUX CUCTEME.

Mexanuyeckasd cucrema, Ha KOTOPYHO HE JIEMCTBYIOT BHEIIHUE CHIIBI,
Ha3bIBAETCAd 3aMKHYTON WM H30JHMPOBAaHHON. Ha mpakTuke 3aMKHYTBIMH
TAKXK€ CUHUTAIOT CHCTEMBI, B KOTOPBIX CYMMApHOE€ JEWCTBUE BHEIIHUX CHII
CKOMITEHCUPOBAHO WJIM CUJIBI B3aUMOJCHCTBUS BHYTPU CUCTEMBI BO MHOTO Pa3
00JIbI1I€ BHEIITHUX.

3anumeM BTOpoil 3akoH HeroToHa

F-
dt
rae F — paBHonericTBytomias cuia, dp — aeMeHTapHOe H3MEHEHHE UMITYJIbCa
3a Bpems dt.

e

BHYTp
E,

/
/7
4 \
—puyTp / rByTP
K, "7 i
= BHYT]P — BHYT]
F £y 3
= BHECIII = BHEII
k K
Puc. 1

Ha puc. 1 noka3an npumep MEXaHUYECKON CUCTEMBI, COCTOSIIEN U3 TPEX
MAaTEpUAIBHBIX TOYEK, KOTOPBIE B3aUMOAECHUCTBYIOT APYT C APYTOM BHYTPH CH-
CTEMBI U C BHEITHUMHU TEJIaMU WX CUJIOBBIMU ITOJISIMU. B yacTHOCTH, HA MaTe-

pUaIbHYI0 TOUYKY | M3BHE AEMCTBYET CyMMapHas pPaBHOACHCTBYrOLIas cuia

= BHEI — BHYTD = BHYTp
™", a co croponsl Touek 2 u 3 — BHyTpennue cuibl 7" u YT,
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Paccmotpum cucteMy, coctosimnyto u3 N MarepuanbHbix Touek. Ha kax-
Ayt I-10 MaTepualbHyI0 TOYKY, COTJIACHO BTOpOMY 3akoHy HproToHa, Oyner
JIEUCTBOBAThH CHJIA:

ddp F BHeELI + Z F BHyTp
k¢|

rae F™" — paBHOmelcTBYyOIIas BHEIIHSAS CHJIA, JEHCTBYIOIIAs Ha i-10 MaTe-

puaneHyo Touky; " —BHYTpeHHss cuila, AeHCTBYIONIAs Ha I-10 MaTepHallb-

HYIO TOYKY CO CTOPOHBI K-if TOUKH.

CYMMI/IPYH 00e yacTu YPaBHCHUA 110 BCCM TOYKaAM, I10JIy4acM
N

dpl BHCIIT BH
Z ; E>e + ZZ P

i=1 k=1
k=i

CorylacHO TpeTbeMy 3akoHY HBIOTOHA, BHYTpPEHHHME CHJIbI B3aUMOJIEH-
ctBUsl 1-i 1 K-1f TOYEK paBHBI 0 MOAYJIIO U MPOTHUBOIIOJIOKHEI IO HAIPaBIIe-

HHUIO:

CrenoBaTenbHO, CymMmMa

N N
DD R =0,
1

i=1 k
k

0

Takum 00pa3oMm, CKOpPOCTh M3MEHEHHMS TOJIHOTO UMITYyJibca MEXaHU4Ye-
CKOM CHCTEMbI paBHAa CyMME PAaBHOJEWCTBYIOIIMX BHEIIHUX CHJI, JEHUCTBYIO-

WX Ha TEJIa DTOW CUCTEMEI.

ap
dt

N —
BHeI
2R
i=1

N
rae dp = Z dp, — cyMMapHBIif UMITYJIbC MEXaHUYECKOW CHCTEMBI.
i1

[ToMHOHB MOJIYYCHHOE COOTHOIICHKE Ha BpeMs dt, 3amuiineM 3aKoH 13-

MCHCHHA UMITYJIbCA MEXaHMYECKOM CUCTEMBI .

N3MeHeHne KoJinuecTBa IBUKEHUS (MMITYJIbCa) MEXaHUYECKOU CUCTEMBI
PaBHO F'€OMETPUYECKON CYMME UMITYJIbCOB PABHOAECHUCTBYIOIINX BHEIITHUX CUI,
JNEUCTBYIOIIUX HA TEJA 3TOW CUCTEMBI:

r) — Z BHeI.Hdt (1)

=z
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rae F*"dt, — uMmmynse paBHOAEHCTBYIONIEH BHEIIHUX CUJI, ACHCTBYIOIIEH Ha

I-10 MaTepHabHYIO TOYKY B TeYCHHE BpeMeHH dt;.

Ecnu cucrema 3amMKHyTa, TO €CTh BHELIHHWE CUJIbI HE BO3JACHUCTBYIOT HA
TeIa MEXaHHMYECKOM CHCTEMBI, TO TIpaBas YacTh cooTHomeHus (1) paBHa HyITIO.
COOTBETCTBEHHO M3MEHEHHE MMITyJibca AP paBHO HYIIIO, M MbI TIOJIyYaeM 3a-

KOH COXpaHCHHUA UMITYJIbCA.

CyMMapHBIif UMITYJIbC 3aMKHYTOUW (M30JIMPOBAHHON) CUCTEMBI MaTEpH-

QJIbHBIX TOYCK €CTh BEJIMYMHA IOCTOSIHHAS .
N

p=) P, =const. (2)
i=1

3aKOH COXpaHEHUS UMIYJIbCA MOXKET MPUMEHSTHCS M JIJI1 HEU30JIUPO-
BaHHBIX MEXaHUYECKUX CUCTEM B CIECAYIOIIUX CITyqasx:

1) ecau AeiCTBHE BHEIIHUX CHII B pacCMaTpHUBAaeMBbIil [TEPHOJ BPEMEHU
CKOMITEHCUPOBAHO U UX PABHOACHUCTBYIONIAsl paBHA HYJIIO;

2) TIpH 3alKMCH Ha HaIlpaBJICHHUS, AJI1 KOTOPBIX MPOCKIUS PaBHOACHCTBY-
OILIEN BHEIIHUX CUJI PaBHA HYJIIO;

3) B ciyuae eciid M3MCHCHHE UMITYJIbCA, BBI3bIBAEMbIC JCHCTBHEM BHEIII-
HUX CWJI B paccMaTpUBaeMblid IEPUO BPEMEHU, TPEHEOPEKUTEIHHO MAJIO TIO
CpPaBHEHMIO ¢ COOCTBEHHBIMH MMITYJIbCAMHU TEJI, MIPUHAJICKAIUX MEXaHUUe-
CKOM cucTeme,

B ocHOBe 3akOHa COXpaHEHHUS WMMYJbCA JIE)KUT HU30TPOIHOCTH (OJIHO-
POJHOCTB) MPOCTPAHCTBA, TO €CTh OJIMHAKOBOCTH CBOMCTB MPOCTPAHCTBA BO
BCeX ToUuKax. [lapanienbHbIi IEPEHOC 3aMKHYTOM CUCTEMBI U3 OJHOTO MECTA B
npyroe 6e3 U3MEHEHUSI B3aUMHOTO PACIIOIO0KEHUS U CKOPOCTEH YacTUI] HE W3-
MEHSIET MEXaHUYECKUX CBOMCTB CUCTEMBI. [IoBegeHNEe CUCTEMbI HA HOBOM Me-
cTe OyJIeT TaKUM K€, KAKUM OHO OBbLIIO Ha MPEKHEM MECTE.

PaccMoTpum mipusioxkeHne 3aKOHA COXPAHEHUSI MMITYJIbCA K ONMCAHUIO
MOBEICHUA [IEHTPAa MACC MEXAHUYECKON CUCTEMBI.

B ogHOpOaHOM T0OJI€ TSTOTEHHUSI LIEHTP MACC MEXAHWYECKOW CHUCTEMBI
COBIIAJACT ¢ €€ IIEHTPOM TshKecTH. Paguyc-BekTop 1ieHTpa mace I, 1000l cu-

CTEMBbI MaTE€pUAJIbHBIX TOUYEK (PUC. 2) MOXKHO OTPEIeUTh, 3Hast Maccy M; U pa-

IUYC-BEKTOp I Ka)KI0¥ MaTepUAIbHON TOYKHA Ha OCHOBE COOTHOLLICHHUS

l N
r=—>mr, 3
c m; 11 ( )



Puc. 2

N
rome m= Z m, — o0111as Macca CUCTEMBI MaTepHaJIbHBIX TOYCK.
i=1

[MponuddepennnpoBaB BeipakeHue (3) MO BPEMEHH, OMPEACIUM CKO-
POCTh JBUKEHUS IIEHTPa MacC Kak

1 N
U, :Hzl:mil)i.

Ecnu ckopocTh LIeHTpa Macc paBHa HYJIIO, TO TOBOPSAT, UTO CUCTEMA KaK
€IUHOE LIEJI0€ TOKOUTCA. 3HasA CKOPOCTh LIEHTPA MACC, MOYKHO OINPEIETUTh UM-
IIyJIbC LIEHTPa Macc:

N
P, =B =mv,.
i=1

Taxkum 00pa3om, 3aK0OH H3MEHEHHUS UMITYJIhCa MOYKHO 3aITMCaTh CIIEIYIO-
UM 00pa3om:

dv ~
m—c =y Fren, 4

[TonydeHHOE COOTHOLICHHE SBISETCA YPaBHEHUEM JBUKEHHUS LIEHTpA
Macc. CorjiacHO 3TOMY ypaBHEHHIO, IIEHTP Macc JI000W MeXaHMYeCKOM CH-
CTEMBbI IBUKETCA TaK, KaK €CJIM Obl BCSI Macca CUCTEMBbI Oblla COCPEIOTOUYEHA B
ATOM TOYKE U K Hel ObUTH OBbI TPUIIOKEHBI BCE BHENTHUE CHITBI. [Ipr 3TOM yCKO-
PEHHE LIEHTPA MAacC HE 3aBUCUT OT TOYEK NPHUIIOKEHHS BHEILIHUX CHUJI.
JIns 3aMKHYTOM MEXaHMYECKON CUCTEMBI
dv, _
dt

a 3HAYUT, MoJydaeM e oHy GOpMyIHPOBKY 3aKOHA COXPAHEHUSI UMITYJIbCA.
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Jns 3aMKHYTOM (M30JIMPOBAHHOM) MEXAHUUYECKON CHCTEMBI CKOPOCTH
LEHTPa MACC €CTh BEJIMYMHA ITOCTOSIHHAS:
U, =const. (5)

[Ipu 3TOM UMITyJIBCHI OTAEIBHBIX YaCTENH CUCTEMBI MOTYT H3MEHATHCS CO
BpEMEHEM, HO MPUPAILEHUE UMITYJIbCAa OJJHOM YacTHU BCEr/ia paBHO YOBLUIU UM-
MyJIbCa OCTABLIEKCS YacTH. [[pyrumMu c10BaMu, OTJICJIbHBIE YaCTH U30JIMPOBAH-
HOM CHCTEMBI MOTYT TOJILKO 0OMEHUBATHCS UMITYJIbCaAMHU.

1.3. Peaxkmuenoe osuricerue

PeakTuBHOE ABMKEHUE OCHOBAHO HA TpeTheM 3akoHe HproTOHA, B COOT-
BETCTBUH C KOTOPBIM '"CHJIa JEHMCTBUS PaBHA IO MOAYJIO U MPOTHUBOIIOIOKHA
10 HAMPABJICHUIO CWJIE TPOTUBOJECUCTBHS", U 3AKOHE COXPAHEHUS UMITYJIbCA.
Hamnpumep, ropsiurie raspl, BBIPBIBAsICh U3 COIUIA PAKEThl, 00pa3yoT CUILy JeH-
ctBud. Cuna peakuuu, ACUCTBYIOLas B NPOTHUBOIOJIOKHOM HAIPaBIICHUH,
Ha3bIBaeTCs cWIon Taru ;. DTa cuna u odecrneunBaeT yCKOPEHUE PAKETHI.

ITycTh HauanmpHas Macca pakeTbl paBHa M, a €€ HadallbHast CKOPOCTh — L.
Yepes HekoTopoe Bpems dt Macca pakeThl yMEHbIIACTCS HAa BeTMuuHy dm B pe-
3yJbTaTe CrOpaHusl TOIUIMBA M BBIOPOCA MPOJYKTOB CTOPAHUSI CO CKOPOCTHIO
UCTEYEHMS ra3oB U B HAIPaBJIECHUM, POTHBOIMNOJOKHOM €€ NBHKEHUIO. DTO
MPUBOJUT K POCTY CKOPOCTH PaKeThl Ha BeanuuHy dv.

[IppuMeHUM 3aKOH COXpaHEHHUs MMITyJbCa K CHCTEME 'pakera + IOTOK
ra3za". Bo3pMEM 3a OCHOBY HI€AJTM3UPOBAHHYIO MOJIENb U Oy/€M CUUTATh CH-
CTeMY 3aMKHYTOH. B Takom ciydae u3MeHeHHs CyMMapHOIO UMITyJibca He Oy-
net. To ecth

dp, +dp, =0. (6)
H3MeHeHne UMITyJIbca paKeThbl PABHO
dp, =d(mv)=mdv + vdm. (7)
W3meHeHnune ummyJiibca 0TOpachIBa€MbIX Ta30B PABHO
dp, =—(v+u)dm. (8)

3HaK «KMHUHYC» MOSIBJIIETCS 3a CUET TOTO, YTO r'a3bl IBUXKYTCS B IPOTHBO-
OJIOXKHYIO CTOPOHY OT HAIPABJIECHHUS ABWKCHHS PAKETHI.
[Moacrasnsas cootnomenus (7) u (8) B (6), momyyaem
mdv +vdm—(6+0)dm=0.
PackpbiBaeM CKOOKH M yIIPOIIA€M BBIPAKEHNE
mdv = ddm. 9)



Paznenus Ha dt moydaem
do _dm
Mm—=u——-.
dt dt
BrIpaxxeHue, 3anMcaHHOE CJIEBa, SIBISETCS CUIION TATH F; pakeTsl. A BbI-
pa)keHue clipaBa sIBJISICTCS IPOU3BEIEHUEM BEKTOPA CKOPOCTH UCTEUEHMSI Ta30B
U u ckopocTu pacxoza torumsa dm/dt.

Taxkum oOpa3om, cuia TATH IPOMOPIIMOHATFHA CKOPOCTH UCTCUCHHS Ta-
30B M CKOPOCTH pacxoa (CropaHus) TOIJIMBA:

IfT =Uu d_m (10)
dt

Cootnomrenne (10) monyumnio Ha3BaHHE YpaBHCHHUS PEaKTHBHOIO JBU-
»keHus. Ei€ pa3 CTOUT OTMETUTh, UTO IAHHOE YPABHEHUE OMHUCHIBACT UJICaIH-
3UPOBAHHBIN CTy4yail U HE YUYUTHIBAET JEUCTBUE CUJIBI TSDKECTH U adPOJIMHAMHU-
YECKOM CHIIBI.

Yuér neficTBus BHEMHUX cuil Moaudunupyer cootHomenue (10) mo
ypaBHeHUsI Memépckoro (ypaBHEHHUE ISl MaTepUalbHONM TOYKM NEPEMEHHOM
Macchl, 1897 ron):

d b)
dt

rae F — paBHOnEHCTBYIOIIAsA BCEX CTOPOHHUX CHIL

=F +F, (11)

B tom xe 1897 rony Koncrantun DayapaoBuu [{nonkoBckuid, B3sB 3a
OCHOBY cooTHomeHue (9) A «UIeaTbHBIX)» YCIOBHH, MTOJIyYWIT YPaBHEHHE pe-
AKTUBHOTO JIBHKCHUSI.

[Tpoerupyem cootHomrenne (9) Ha HampaBiCHHE IBHKCHHS PAKEThI U
paznensieM epeMeHHbBIE!

HNHuTterpupyem cieBa 1o CKOPOCTH B Mpe/esiax OT Ha4aJIbHOW CKOPOCTH

Lo 10 TEKYIIEH L U CIIPaBa M0 MAcCe PAKETHI OT HAYaJIbHOM Mg 10 TEKYIIEH M:

Jdu——u d_m

u|° =—u-In m|m
Vo Mo

u—oo:—u-(lnm—lnmo):uln(%)
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Jl1g pakeTbl Maccoi M,, IMEIOIEN Ha OOpTy 3amac TOIIMBA Maccou My
U CTapTYIOIIEH U3 COCTOSIHUS MIOKOS, IPUHUMAs HauaJIbHYI0 CKOPOCTb PaBHOM

Hymo (Vg = 0), moy4yaem

u:uln(%):uln Mp* M, ) (12)
m m
r7e Mo — IOJIHAs HadajabHasi Macca PakeTbl BMECTE C 3a1aCOM TOIUINBA.
®opmyna (12), nonyuennas [{nomkoBckuM, ompenenseT CKOpOCTh pa-
KEThl B 32aBUCHMOCTH OT U3MEHEHHS €€ MacChl 0 Mepe cropanus Tomimsa. C
IIOMOIIBIO 3TOM (HOPMYJIBI MOXKHO TpyOO OILIEHUTH 3arac TOIUIMBA, HEOOXOU-
MBIU JUISl JOCTHKEHUSI PAKETOW OINPENEIEHHON CKOPOCTH B MACAIBHBIX YCIIO-
BHSX BaKyyMa M OTCYTCTBHSI TPaBUTALMOHHBIX IOJICH.
Kpome Toro, hopmyna (12) mo3BosiseT OleHUTh MAKCHMATbHO BO3MOXK-

Has CKOPOCTBh PAKCTLI IIPU BI)Ipa6OTKC BCETO 3ariaca TOIUIUBA.

v =uln| 1+ 1 |, (13)

mp

1.4. 3axonvt uzmenenusn u COXPDAHEHUA MOMeHma umnyjibca

PaccMoTpuM BMKEHHE HEKOTOPOM MaTepualbHON TOUKH A, 00sanaro-
el UMMIYJbCOM [, MOJOKEHUE KOTOPOHM OTHOCUTEIBLHO HEKOTOPOM HEMOo-

JTBIKHOU TOukH O BRIOpAaHHOW MHEPITMAIBLHON CHCTEMBI OTCUETa 3a/1aéTCs pa-

nycoM-BekTopoM T (puc. 3,a). Torna BekTop L, paBHEIH BEKTOPHOMY HpOH3-

BEJICHUIO BEKTOPOB P U I, Ha3pIBA€TCSI MOMEHTOM UMITYJIbCA YacTHUIIbI 4 OT-
HOCHUTENIBLHO TOUKH O:

L=[r,p]. (14)

Hamnpasnenue BekTopa L OmpeNeseTcsl Mo MpaBUily MPaBOro BUHTA:

€CJIM BpalllaTh MPaBblii BUHT TAaKUM 00pa3oM, 4TOOBI €T0 ABMYKCHHE COBIANIO C
HaMpaBJICHUEM BpAIICHUS] MATEPUAILHON TOUYKH, TO TOCTYIATEIIbHOE MEpeEMe-

—

IICHHUE OCTPHUsS BUHTA YKa)KET HaIlpaBJIeHUE BekTopa L .
Monayne BekTOpa L paBeH
L=prsingp=pl,
e @ — Yroj Mexay Bekropamu I u P, a | =rsine — miedo Bekropa P OTHO-

cuTeibHO Touku O.
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Puc. 3

C TeueHuem BPECMCHHN MOMCHT HUMITYJIbCa MOXKET U3MCHATHCA. CKOpOCTB

HN3MCHCHUS OIIPCACIIAACTCA KaK

d. [dF .| [. dp
a_19r 514 r 2P| 15
dt [dt p}[ dt} (15)

[Tockosbky Touka O HenoaBIXkHa, TO Bektop dr/dt paBen ckopocTu Ma-

TE€pUATBbHOU TOUKH U, T.€.

dr
—, P |=]|v,p|=0. 16
[ i p} [5. P] (16)
J1st BBIOpaHHOM MaTepuaIbHOM TOYKHM MO BTOpOoMY 3aKkoHy HbroToHa
dp =
L =F, 17
m (17)

rae F — paBHOmEICTBYIOIIAS BCEX CHIL.
CaenosatenbHo, popmyia (15) ¢ yuérom (16) u (17) Oymer uMeTh BHJ

‘Z—Ez[r,ﬁ]. (18)

BCJ’II/I‘II/IHa, CTOAIIAs B npaBoﬁ JaCTHU 3TOTO YPaBHCHUA, HA3bIBACTCA MO-

MeHTOM cwiibl F otHOcuTenpHO TOouku O:

M =[rF|. (19)
Moaynp 3T0ro MOMEHTa ONpeAEsAeTCs KaK
M = Frsing = Fl, (20)

rae | = rsing — miewo cunbt F otHOCHTembHO ToukH O (prc.3,6).

Takum oOpa3om, ypaBHernue (18) MoxHO 3anmucarh Kak
. -
— =M. 21
™ (21)
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MoMeHT nmnyJibca IPOU3BOJIBHOIO TBEPAOIO TENA MOKHO PacCMAaTpH-
BaTh KaK BEKTOPHYIO CyMMY MOMEHTOB UMITYJIbCOB €T0 OTACIIbHBIX YaCTHUILL:

L=>"L. (22)
[Mpomuddepernmpyem (22) mo BpeMeHH:
dL dL,
dt “~dt

13 popmyiel (21) cnemyer, 4To 3Ta MPOU3BOIHAS PaBHA MOMEHTY BCEX
CHWJI, NEHCTBYIONIMX Ha I-f0 yacThily. B o0meM ciydae STOT MOMEHT PaBeH
CyMME MOMEHTOB BHYTPEHHUX M BHEIIHUX cuj. Tornaa

Z_IE - Z M iwtynip + Z M i@lteum’

rae ZMf”y"’p — CyMMapHbIi MOMEHT BC€X BHYTPEHHUX CHJI OTHOCHUTEIBHO

touku O, ZMf”e“’” — CYMMAapHBbIii MOMEHT BCEX BHEIIHUX CHUJI OTHOCUTEIBHO

3TOM K€ TOUKHU.

BHyTpeHHME CUIIBI — 3TO CHJIbI B3aUMOJIEHCTBUS MEXKIY YACTUILIAMU JIaH-
HOU cuctemsl. [1o TpeTbeMy 3akoHy HbIOTOHA 3TH CUJIBI IOMAPHO OJIMHAKOBBI
10 MOJTIYJIIO, TPOTUBOTMOJIOKHBI 110 HAIIPABJICHUIO U JIEkKaT HA OJHOM MPSMOM,
T.€. UMEIOT OJJMHAKOBOE M1e40. [[03TOMy MOMEHTBI CHJI KX 01 MMapbl B3aUMO-
NEeUCTBUS pPaBHBI IO MOJTYJIFO M IPOTUBOTMOJIOKHBI 110 HAMPABJICHUIO U, 3HAUUT,
CyMMAapHbI MOMEHT BCEX BHYTPEHHHUX CUJI BCET/la paBeH HyI0. Toraa nocie-
HEe ypaBHEHHE OyJIeT UMETh BU/T

. -
= =M , 23
dt 6HEeUH ( )
rae I\ﬂgmw = Z I\7|f”e'”” — CyMMapHbIii MOMEHT BCEX BHEIIHHUX CHJI.
[TpounTerpupoBas BeipakeHue (23), MOTyIUM
L, t t
[dC=[M,,,dt wm L -0 =[M,,,dt, (24)
L 0 0

rae Lo u Ly — HayaJibHOE M KOHEYHOE 3HAYEHHS] MOMEHTa UMITYJIbCa COOTBET-
CTBEHHO.

BennuuHa B ipaBoii yacT ypaBHeHuUs (24) Ha3bIBaCTCS UMITYJIBCOM CYM-
MapHOI'0O MOMEHTA BCEX BHEIIHUX CHIL

W13 nosydeHHoro ypaBHeHUs (24) ciemyer, 4TO MOMEHT UMITyJIbCca Tejia

WJIM CUCTEMBI TEJI COXPAHSETCS, T.€. Er0 U3MEHEHUE PABHO HYJIIO (LK -L,= O)
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IpH JIOOBIX B3aMMOJECHCTBHUIX BHYTPH JAHHOW CHUCTEMBI, €CIH UMITYJIbC CyM-
MapHOTO MOMEHTA BCEX BHEIIHUX CHJI PABEH HYJ0. JTO BO3MOXHO JUIIb B
IBYX CITydasx:

1) ecm cyMMapHBIii MOMEHT BCEX BHEIIIHUX CHJI PABEH HYJIIO;

2) ecii Ma IPOMEXKyTOK BpemerH dt neiictsust Momenta cun (dt — 0).

Takum 06pa3om, 3aKOH U3MEHEHHSI MOMEHTA UMITYJIbCa MOKHO chopmy-
JMPOBATh CIEAYIOIINUM 00pa3oMm:

W3MEHEHNE MOMEHTAa UMITYJIbCA MEXAHUYECKOM CHCTEMBI TEJI OTHOCH-
TEJIbHO HEKOTOPOH TOYKHU PABHO T'€OMETPUUYECKON CYMME MOMEHTOB MMITYJIb-
COB BCEX BHEIIHUX CHJI OTHOCUTEIIBHO 3TOM € TOUKH, IOMHOXEHHBIX Ha BPEMS
UX JEHUCTBUI.

dL =" M, (25)

3aKoH COXpaHCHHs MOMCEHTa HUMIIYJIbCA.

B 3aMKHYTOM CHCTEME TE€Jl CYMMAapHbIA MOMEHT UMITYJIbCA OCTAETCS IO-

CTOSHHBIM:
L = const. (26)

[Ipu BpamarenpHOM ABUKEHUHU TEJa BCE €r0 TOUKH JBUXKYTCS B Mapaji-
JIETIBHBIX TJIOCKOCTSIX Y OMHUCBHIBAIOT OKPY>KHOCTH, LIEHTPBI KOTOPBIX JICKAT HA
OJIHOW MPSAMOW, MEPHNEHIUKYJAPHON K IJIOCKOCTSAM 3THX OKPY>XHOCTEil. JTa
IpsIMasi HA3bIBAETCS OCbIO 6PAULEHUSL.

MoOMEHTOM UMITyJIbCA OTHOCUTEIBHO HEMOABUKHOM OCHU Z HA3bIBACTCS

BenuuMHa L,, paBHasg npoekuuu BekTopa L Ha 3Ty ocb. AHAaJIOTMYHO BBOJIUTCS

ITOHATHUC Mz MOMCHTA CHJIbI OTHOCHUTCIIbBHO OCH BpalICHUSA KaK IIPOCKINA BCK-

Topa M Ha 3Ty OCb.
3anucaB ypaBHeHue (23) B MPOSKIHUAX HA OCh Z, TIOTYYUM
dLZ —

dt - erewnZ "

(27)

Ecnu ri — paccTosiHME OT OCH BpaIlll€HUs 10 MaTEpUAIbHONU TOYKH, TO MO-

MEHT UMITYJIbCA MATEPUATIbHON TOYKH OTHOCUTEIIBHO OCH BpalICHUS Z PaBEH
I—iZ = r-ipSin(P: r|pl
TaK KaK yroj MeXIy BEKTOPOM I. ¥ BEKTOpoM P paseH 90°.
YyuteiBas, UT0 P =ML = M, TOJIy4YaeM
2
L, =mr o, (28)

rae mj - Mmacca MaTepHaHLHOﬁ TOYKH,; O — €€ YIJIOBas CKOPOCTh.
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Torna MoMeHT uMIynbca TBEPAOTO TeNIa OTHOCUTEIBHO OCU BPAILEHUS Z
— — 2\ ey =
L =YL, =2 mr)o=lo, (29)
rae | = Zmi [’ — MOMEHT MHEPIUHU TBEPIOTO TENa OTHOCHTEIBHO OCH Z.

MoMeHT uHepuuu SIBASETCS MEPOM MHEPTHOCTU TEJIA IIPU BpAILATEIIb-
HOM JIBWJKECHUHU. J[JI1 CUCTEMBI MAaTEpUAIbHBIX TOUYEK MOMEHT UHEPLIUH OIpe-
nemnsiercs o popmyiie

n

2

I :Zmiri '
i=1

rie M; — Macca I-ii MaTepuanbHON TOYKH; Ij — PACCTOSHUE OT MaTepUaIbHOM
TOYKHU JI0 OCH BpAIICHUSI.

JI1s1 BBIYKMCIIEHUS MOMEHTA UHEPLUHU MPOTSHKEHHOTO TeNa INIOTHOCTHIO P
ero pa3OMBaIOT Ha 3JeMeHTapHbIe 00bEMBI V Maccoit dM U MOMEHT UHEPIMH
Tesa ONPEACIIAIOT MyTEM UHTETPUPOBAHUS 110 BCEMY O0BEMY:

I :Irzdm = Iprzdv .
m \
[MoacraBum (29) B ypaBHeHre MmomenToB (27). Eciu | = const, To

M =l—=Ig, (30)

snewnZ dt

®
TIe €= P MO/1yJIb YTJIOBOTO YCKOPEHHUSI.

VYpasuenwe (30) Ha3pIBaeTCS OCHOBHBIM 3aKOHOM JIUHAMUKHU BpaIaTelIhb-
HOT'O JIBUKEHUS TBEPAOTO TENA.

1.5. Paboma cunwvt u mownocmso

Cuita BO3JEHCTBYET Ha MaTEpUaAIbHYIO0 TOUKY. B pesynbprare nercTBust
CHWJIBI TOUKA IepemMeniaeTcs. B kauecTBe XapakTepUCTUKHU 3TOTO MPolLiecca BBO-
JTUTCS] TIOHSITHE PA0OTHI CHITHI.

[Ipu nepemenieHnu Tejia Mo AHCTBUEM MOCTOSIHHON CUJIBI paboTa — 3TO

—

CKaJIsipHas BEJIMYMHA, paBHAs CKAJIIPHOMY ITPOU3BEACHUIO BEKTOpa CHilbl F Ha
BEKTOD NepeMeIeHust Ar :
A=FAF = FArcose,
rZie () — YToJl MEX]ly HallpaBJICHUSIMU BEKTOPOB CHJIbI U IEPEMEIICHUS.
Jlnst onpenenenust pabOThI IO MEpEMENISHUIO Tela o1 ACHCTBUEM Tepe-
MEHHOT'0 BEKTOPA CHUJIbI BBOAST MOHATHE 3JIE€MEHTAPHOU pabOThl, paBHOM CKa-
JSIPHOMY TIPOM3BEICHUIO BEKTOPA CUJIBI Ha dJIEMEHTapHOe nepemenicaue dr :
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dA = Fdr = Fdr cose. (31)

O0o03HauuB IMPOCKIUIO CHUJIBI HA HAIIPABJICHHUC BCKTOpA IICPCMCIICHUA

kak F =Fcos¢ (puc. 4,a), mepenuiieM BbIpaXEHHE VIS IEMEHTApHOU pa-

OOTHI B BHJIE
dA=Fadr.
Torna monHast paboTta nmpu NepeMeeHUH Teaa U3 TOYKU 1 B TOUKy 2 Mo-
XeT OBbITh ompeiesicHa MyTEM WHTETPUPOBaHUs (CYMMHUPOBaHUs) Bcex e€ aie-
MEHTAPHBIX COCTABIIOMUX (puc. 4,0):

2 2
A=[dA=[Fdr.
1 1

Puc. 4

JJis BpalateapbHOro ABMKCHHS Tenna cooTHomeHue (31) MOKHO MOIH-
¢durnmpoBaTh. BekTop snemMeHTapHOrO MepeMerieHus Tejia Ipu MOBOPOTe Ha
3JIEMEHTAPHBIN yroj d¢ paBeH BEKTOPHOMY IIPOU3BEJICHHUIO yIila TOBOPOTA U
paanyca-BeKTopa, MPOBEAEHHOTO OT IIEHTpa BpalleHUs K TOYKE, B KOTOPOM
HaxoauTcs Teao. To ecTh

dr =[de,r].

[Moacrasiss ato B (31), momydaem

dA=F[d§,r].

[IpeoOpazyem 3ammcanHOE, BOCIIOIH30BABIINCH CBOMCTBOM CMEIIAHHOTO
MIPOU3BEACHUS BEKTOPOB a - [5 C] = [6, é] b:

dA=|T,F |dg
3ameHsis MOTyYeHHOE BEKTOPHOE MPOM3BEICHNE HA MOMEHT CHJIBI B CO-

OTBeTCTBUHU ¢ cooTHoIIeHHeM (19), monydyaem
dA = Md@. (32)
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dopmyna (32) 3amaét snmeMeHTapHYIO padOTy 10 MTOBOPOTY TeJia Ha dJie-
MCHTApHBIH yroi d¢ OTHOCHUTEILHO HEKOTOPOH TOYKH O] JCHCTBHEM MO-
MeHTa M IPUIOKEHHOM K 3TOMY TEIy CHJIbI, ONPEAEIIEeMOro OTHOCUTEIBHO
TOU K€ TOUYKH.

B xauecTBe XapaKTEPUCTUKH CKOPOCTH COBEPIICHUSI paOOTHI BBOJST MO-
HSITUE MOIIHOCTH. MTHOBEHHAs! MOILITHOCTh — 3TO CKaJIsipHas (hu3nvecKast Beiau-
YMHA, YUCIICHHO PaBHAsI MTHOBEHHON CKOPOCTH COBEPIICHHS paOOTHI:

L
dt
[ToncraBnsist B omnpejeieHue MOIMHOCTH (opMyiy 3JeMEHTapHOM pa-

(33)

OOTBI, TIOJy4aeM COOTHOIIICHUE JJISl ONPECICHUSI MOITHOCTH KaK CKaJISIPHOE
IPOM3BEACHNE BEKTOPOB CHIIBI I MTHOBEHHOM CKOPOCTH:
-dr -
N =FE=FU=FUCOS(|), (34)

I1€ ¢ — yTOJl MEXAy HalpaBJICHUAMH BEKTOPOB CHJIBI U CKOPOCTH.

1.6. Koucepeamuenbte U OuccunamueHbvle CUbl

KpoMe KOHTaKkTHBIX B3aUMOJECHCTBHI, BOZHUKAIOIINX MEXKYy CONpPHKA-
CalOIIMMUCS TeJaMHU, B MPUPOJIE CYIIECTBYIOT B3aUMOJICHCTBUS MEXIY yaa-
JEHHBIMU JIpYT OT Jpyra tenamu. [Ipumepamu 3TOro SIBISIOTCS B3aUMOMACH-
ctBus Mexay CoiHIEM M TUIaHETaMH, IUIAaHETaMU W UX CIyTHUKAaMU, TJIaHe-
TaMH U MOJHATHIM HaJl UX MOBEPXHOCTHIO TEIaMHU, B3aUMOJECHUCTBUE MEKIY
Ha’JIEeKTPU30BaHHBIMU TesiamMu. [10100HbIE B3aUMOJICHCTBUS OCYIIECTBIISIOTCS
MOCPEACTBOM (PU3MUECKUX TIOJICH, KOTOPBIC MPEICTABISAIOT CO00H 0CO0YIO
dbopmy matepuu. Tena co3ar0T B OKpYKarolleM UX MPOCTPAHCTBE 0C000E CO-
CTOSIHME, Ha3bIBAEMOE CHJIOBBIM TOJIEM. DTO TI0JIe TPOSBIIAET ceOsl B yIaIEH-
HOM JICUCTBUM CHJI Ha Apyrue tena. Hanpumep, B rpaBUTAIMOHHOM MOJIE, CO-
3maBaeMoM 3eMJIEH, Ha TeJI0 MacCOr M B KaXI0M TOUKE MPOCTPAHCTBA BOIM3H
MMOBEPXHOCTHU 3€MJIM ICUCTBYET cCUjla myg.

Ecnu Ha Ten0 B HEKOTOPOM MPOCTPAHCTBE ACHCTBYIOT CUIIbI CO CTOPOHBI
JPYTUX TEJ, TO TOBOPAT, YTO JAHHOE TEJIO HaXOAUTCS B moJjie cuibl. Eciu mose
CUJIbI HE M3MEHSIETCS CO BPEMEHEM, TO OHO HAa3bIBA€TCS CTallMOHAapHBIM. Pa-
00Ta, KOTOPYIO COBEPIIAIOT CUJIOBBIE IO MO TEPEMENIEHUI0 MaTepruaibHON
TOYKH WM TeJla U3 OJHOW TOYKH MPOCTPAHCTBA B APYTYI0, B 00IIEM ciiydae
3aBUCHUT OT MMYTHU MEXKYy 3TUMHU ToukaMu. OHAKO CYIIECTBYIOT CUIIOBBIE MOJIs,
paboTa B KOTOPBHIX HE 3aBUCUT OT MyTH, a ONPEALISIETCS] TOJKO HaYyaIbHBIM H
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KOHEYHBIM TOJIOKEHUSMH Tella B IpocTpaHcTBe. 1o TakuX CHIT HAa3bIBAIOTCS
MOTEHIIMATbHBIMHU WJIM KOHCEPBATUBHBIMHM, KaK, BIIPOYEM, M CAaMH CHJIBI, JICH-
CTBYIOIIIHME B 3THUX NOJAX. K TakuM cHilaM B MEXaHHUKE OTHOCSTCS CHJIa TPaBU-
TAIIMOHHOTO TPUTSDKEHUS, TPOU3BO/IHAS OT He€ CHIIA TSDKECTH U CHJIa YIPYTOM
nedopMarvm.

Takum 00pa3oM, MOTCHIMATBHBIMH WA KOHCEPBATUBHBIMHU CHJIAMH
HA3BIBAIOTCSA CHJIBI, JUIAI KOTOPBIX padoTa IO MEepEeMEIICHHIO MaTepHaTbHON
TOYKH U3 OJHOTO TOJIOKCHHUS B IPYroe HE 3aBUCUT HHU OT TPACKTOPHH JBHIKE-
HUS, HA OT CKOPOCTH IEPEMEIIICHHS, a ONPEIeISICTCS TOJBKO HadaIbHBIM B KO-
HEYHBIM ITOJI0KEHUEM 3TOW MaTepHAIbHOW TOYKH.

CrencTBHEM TaKOTO ONPEACICHUS MOTCHIIMAIBHBIX CHJT IBJISICTCS CIICITY-
foree yrBepkaeHue. Pabora moreHIMaNbHbIX chil Fy,ye IO THOOOMY 3aMKHY-
TOMY KOHTYpY L paBHa HyIIO:

F _dr=0. (35)

KOHC
L

OpnHako CTOUT OTMETUTh, YTO 0OpaTHOE YTBEPKICHHUE HE BCET/a SIBJISI-
€TCsl BEpHBIM. T0 €CTh HENb3sl yTBEPKIATh, YTO €CJIM padoTa CUJIbI paBHA HYJIIO,
TO 3Ta CHUJIA ABJISETCA MOTEHIHAIbHOW. Hanpumep, npu 1BM>KEHUU Tena 1o mo-
BEPXHOCTU paboTa CHJIbI HOPMAJILHOM pPEaKIUU OMOPhI TOXKE OOpalaercs B
HYJIb, TAK KaK YroJl MEKJly BEKTOPOM CHJIBI PEAKIIMU OMOPHI U BEKTOPOM Iepe-
MEILICHUS B JTI0O0M MOMEHT BPEMEHH Takoro ABuxkeHus paBeH 90 rpamycos. Ho
ATO HE 03HAYaeT, YTO CHJIA HOPMAJIBHOW PEaKIUU OMOPbI SBJISIETCS MOTEHIIH-
aNbHOU (KOHCEPBATUBHOM).

OcoObIM ciTydaeM KOHCEPBATUBHBIX CHJI SIBIISIFOTCS LIEHTPAIbHBIEC CHIIBI.
OTU CUJIBI 3aBUCST TOJIBKO OT PACCTOSTHUSL MEXYy B3aUMOJEHCTBYIOLIUMU Te-
JJaMH ¥ HaIlpaBJICHbI BAOJIb NPSIMOM, TPOXOISALIEH Yepe3 UX CUIIOBBIE LICHTPHI.
K HMM OTHOCSITCSI, B YaCTHOCTHU, CHJIbI IPABUTAIMU U KYJIOHOBCKOIO B3aUMO-
JEUCTBHS.

JIt00y10 LIEHTpaIbHYIO CUITy MOXKHO NMPEJACTAaBUTh B BHUE (YHKIHH OT
PacCTOSIHUS 10 CUJIOBOTO LIEHTpa

F=F(r).

[lpu >TOM 3JEMEHTapHYH pPabOTy 3TOW CHIIBI Ha mepeMenieHuu dr

MOYKHO OMPEICIUTh KaK
dA=Fdr =F(r)dr.
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Tornma paboTta 3To¥ CHIJIbI HA TPOU3BOJIBLHOM ITYTH OT TOYKHU 1 J10 TOUKH 2
paBHa

fa
A:fF(r)dr. (36)
h

Bripaxkenue (36) 3aBucHT ToJIbKO OT BHa GyHKIMH F(r) 1 oT 3HaUeHMI
HAYaJIBHOTO 1 U KOHEYHOTO Iy PACCTOSIHMI OT CHUJIOBOTO IIEHTpPA /10 OOBEKTa
BO3JICUCTBHS, HO HE OT IIyTH, 10 KOTOPOMY NEPEMEILAIOT OOBEKTHI.

Jpyroii Kj1acc cui — 3TO TaK Ha3bIBa€MbI€ IUCCUTIATUBHBIC CUJIbL. K HUM
OTHOCSITCSI CHJIa TPEHHS, CHJIa CONPOTHBJICHUS CPEIbl M APYTUe MOI0OHBIC
CHJIBI.

JIrobas quccunaTuBHAA cujia SBIsETCA (PYHKIMEH CKOPOCTH

F=—k(v)y, (37)
rie k(v) — mosokuTeIbHBINH K03(DOUITUCHT, 3aBUCSIINNA OT CKOPOCTH.

3HaK MUHYC B COOTHOIICHNH (37) yKa3bIBaeT Ha TO, YTO JUCCUTIATHBHBIC
CHUJIBI BCETJa HAIIpaBJIEHbI IPOTUB BEKTOPA CKOPOCTH, TO €CTh IPOTHUB HAIIPaB-
JICHUSI IBUKEHUS Tea.

B 3aBucuMocCTH OT BBIOOpaA CHUCTEMBI OTCUETA paboTa TAKUX CHJI MOXKET
OBITH KaK MOJIOKUTEILHOM, TaK U oTpuliaTesibHOW. OHaKO cyMMapHas paboTa
BCEX BHYTPEHHUX AUCCUIIATUBHBIX CUJI BCETJ]a OTPULIATEIbHA BHE 3AaBUCUMOCTH
OT CHUCTEMBI OTCYETA!

A <0,

ouc

1.7. Duepzusn

[TonsiTust HEpruu U PabOTHI MIMPOKO HCTOIB3YIOTCS B MOBCEIHEBHOMN
KU3HU. DTU MOHITHUS TECHO CBSI3aHBI APYT ¢ Apyrom. PabGota coBepiaercs 3a
cu€T 3araca dHepruu, U, HA0OOPOT, coBepIas paboTy, MOKHO YBEITUYHUTH 3a1ac
SHEPruu B KakoM-1100 yctpoiicTBe. Hanpumep, coBepiuast paboTy nmpu 3aBoje
4acoB, MbI CO3/1aEM 3amac YHEPrUU B NPYKUHE, 32 CUET KOTOPOTO 3aTEM UAYT
Yachl.

DHeprus SBIsIeTCS 001ei KOJTMYECTBEHHOM MEPOii BUKEHUS 1 B3aUMO-
JNEUCTBUS BCEX BUJIOB MAaTEPUU. DHEPIUsl HE UCUE3AET U HE BO3ZHUKAET U3 HU-
Yero; OHa MOXET JIMIIh MEePEeXOauTh U3 ofaHou (opmel B apyryro. [lonsarue
SHEPTUM CBSI3BIBAET BOCIMHO BCE SIBIICHUS TPUPOIBI.
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B cooTBeTcTBUU C paznuUHBIMU (JOpMaMU IBIKEHUSI MATEpUU paccMart-
PHUBAIOT PA3JIMYHBIE BUJBI SHEPTHH: MEXaHUYECKYH0, BHYTPEHHIOIO, 3JIEKTPO-
MarHuTHYIO, AJIEPHYIO U Ap. MexaHuueckasi SHeprusl MoApa3aessieTcs Ha KuHe-
TUYECKYIO U TOTCHIUAIBHYIO.

Kunernueckasi 3HEprusi WM SHEPTHS IBH>KEHUS ONPEAEISIETCSl MaccaMu
U CKOPOCTSIMH PaCCMaTPUBAEMBIX TEIl.

[ToTeHanbHast SHEPTUs WIM SHEPrUs MOJOKEHUS 3aBUCHUT OT B3aUM-
HOTO PacIoyIOKEeHUs (0T KOH(UTypalu) B3aUMOAECHCTBYIOLIUX IPYT C IPYTOM
Tell.

1.7.1. Kunemuueckasa ynepzus noCmynameibHo20 08UNCEHUs

[IycTh MaTepuanabHasg TOYKa MAaccoll M MepeMeniaeTcs nojl IeUCTBUEM
cuibl F. DneMeHnTapHas paboTa, coBepiiiaemasi 3TO CUJION Ha JIEMEHTapHOM
nepemerneHuy dr B COOTBETCTBUHM ¢ onpeesenuem (31),

dA=Fdr.
3anumeM BTOpoil 3akoH HeroToHa

F=m d—U
dt
[ToxcraBum ero B hopmyiry paboThbl

dA= md—Udr = mgdU: mudv.
dt dt

Brecéwm BripaxkeHue cnpasa noji 3Hak auddepeHimana QyHKIuu
2
mo
dA=d| —
2
U TIOJTy4UM, 4TO paboTa paBHA MPUPAIICHUIO HEKOTOPOW BETUYMHBI, KOTOPAs
HOCHUT Ha3BaHHE KHHETUICCKON SHEPTHH MOCTYNATEIHHOTO JIBHKCHHUS

2
E ="V (39)
2
B Takom ciydae anemeHTapHas paboTa paBHa dJIeMEHTapHOMY ITpupariie-
HHUIO KHHETUYECKON DHEPIUU:
dA=dE,.
HNuterpupys, nonydaem
A=AE =E_,-E_. (39)
Pabora, coBepraeMasi moj JAeHCTBHEM BHEIIHEW CHIIBI, TIPU MOCTYyMa-
TEJIbHOM JBH)KEHUH TeJIa PABHA U3MEHECHUIO €T0 KHHETUYECKON YHEPTUU.



20

1.7.2. Kunemuueckan snepzus epauiamesibHo20 08UINCEHUA

[TycTs Teno, o0nanariiee MOMEHTOM UHEPLIMH | OTHOCUTENBHO HEKOTO-
pO¥i TOYKH, BpallaeTcs OTHOCUTENIBHO HeE Moj JAecTBUEM MOMEHTa cuiibl M.
OnemeHTapHas paboTa, CoBeplIaeMas 3TOM CHUJIOW IIPU ITOBOPOTE HA DIIEMEH-
TapHbIi yron d¢@ B COOTBETCTBHH C cOOTHOIIeHHEM (32), paBHa

dA=Mde.
3anuiieM OCHOBHOM 3aKOH JMHAMUKHU BpamateabHoro apmkeHus (30)
M =199
dt
Y TIOJICTABUM €T0 B MEPBYIO (HOPMYITY JJIsl SJI€MEHTApHON pabOThI
dA=1 d—(Dd(p: I d—(Pdco: lodo.
dt
Brecém BripaxkeHue cupasa noj AuddepeHunan GyHKIuu
|
dA=d| —
2

9] 2
Y MOJY4YUM, 4TO paboTa paBHa MPUPAIICHUIO BEIUYUHBI, paBHOU |® / 2, KOTO-
past HOCUT Ha3BaHWE KNHETUYECKON SHEPTUH BPAIATEIbHOTO JBUKEHHUS
|’
E =—. (40)
2
PaboTa npu BpaimareabHOM JBHKCHUU Tella, TaK K€, KaK U MpU MOCTY-
NaTeJIbHOM JIBUKEHUH, PABHA U3MEHECHUIO KHUHETUYECKON SHEPIUn
A=AE =E_,-E_.
Kunernueckas sneprust o0jagaeT CBONCTBOM alTUTUBHOCTH. KuHeTnue-
CKasl SHEPTUSl MEXAHWYECKOW CUCTEMbI paBHA CYMME KMHETHYECKUX DIHEPrUi

EK = Z Ex,i

U ABJISICTCA B 06H_ICM ciIy4dac CyMMOﬁ KHMHCTHYCCKUX 3H€pl"I/If/'I IMOCTYIIaTCIbHOTO

BCEX €€ COCTABJISIOIINX:

Y BpalaTeIbHOrO JBUXKEHUN.

JIBr>keHHE MEXaHUYECKOM CUCTEMBI yIO0OHO pacCMaTpUBaTh B CUCTEME
koopauHaT Kénura, Hadasio oTcyéra KOTOPOM COBIAIAET C IEHTPOM MaccC Me-
xaHn4deckou cucteMbl. KoopaunaTtHas cuctema Kénura yrnpomiaer pacuér mosi-
HOM KUHETHUYEeCKOM 3Heprun. OnpesieuB CKOPOCTh V¢ NOCTYNMATEIBHOTO JIBU-

KEHUSl LIEHTpa Macc, CyMMapHbIi MOMEHT MHEpPUUHU Jsc MEXaHWYECKOM CH-
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CTEMBbI OTHOCUTEJIBHO €€ LIEHTPa Macc U YIIOBYIO CKOPOCTh BpallIEHUsI ® B CO-
OTBETCTBUU ¢ Teopemoii KEHnra, HailTH MOTHYI0 KHHETUYECKYIO YIHEPTHUIO Teja
WJIM CUCTEMBI TEI B CJIOKHOM JBUKEHUM KAaK CYMMY SHEPIHU CUCTEMBI B IO-
CTYNaTeIbHOM JBU)KEHUU U DHEPTUU CUCTEMBI BO BpallaTeJIbHOM JIBUKEHUU
OTHOCUTEJIBHO LIEHTPa Macc:

2 2
SRS Jyc®

2 2

(41)

1.7.3. Céa3b cunbl u nOmeHYUAIbHOIU IHEPZUU

B3anmopeiicTBIe YaCTHIIBI C OKPY>KAIOIIUMHU TeJIaMU MOXHO OIHCHIBATh
JABYMsI CHOCOOAMM: C TOMOIIBIO CHJI MJIHM C TIOMOIIIbIO TOTEHLINATbHON 3HEPTUH.
I1epBbl1ii criocob o6manaet Oobllel OOIIHOCTHIO, TAK KaK TPUMEHUM U K TAKUM
CHJIaM, JJIsl KOTOPBIX HEJNb3s BBECTU MOTEHIMAIBHYIO 3HEPTUIO (Hanmpumep, K
cunaM Tpenus). BTopoit cnoco0 cyiecTBEeHHBIM 00pa3oM yHpoIlaeT aHaIu3
CUCTEM, HO MPH 3TOM OIpPaHUYEH O00JACThbIO JEUCTBUS MOTEHLUAIbHBIX (KOH-
CCPBATHBHBIX) CHIIL.

[TpencraBum cebe cralMOHApHOE MOJI€ MOTEHIHAIbHBIX cuil. [Ipumem
Mpon3BOJIBHYIO TOuKy O 3a Hadyamo oTcyéra M ompeaenuM paboTy, coBepIae-
MYIO CHJIaMHU TIO0JIsI IPU IBUYKEHUW MaTepuaIbHONW TOUKHM U3 Hayayia OTCYETa B
MPOM3BOJIBHYIO TOUKY. Tak Kak paboTa OyJeT ompeaensiThCsl TONBKO MOJI0XKe-
HUEM KOHEYHOM TOYKH, TO €CTh €€ PajinyCOM-BEKTOPOM I, TO MOXHO BBECTH
ckaysipHyto ¢pyHkimo E,(r) Takyro, 4to B cootBeTcTBHH C (36)

A :IF(r)dr:En(r).

®dynkuuo E,(r) Ha3pBalOT MOTEHIMATBHON SHEPrUeii MaTepHalbHOM
TOYKH B I10JI€ TIOTEHIUAIBHBIX CHUIL.

Haiiném pa®oTy moTEeHIMANbHBIX CHII TPU MEPEMELIEHUN MaTEPUATIbLHON
TOUYKH U3 MOJI0KEHUS 1 B TOJIOKEHHE 2, 3aaBACMBbIX paJilyCaMU-BEKTOpaMH [

u I, COOTBETCTBEHHO. Tak Kak paboTa He 3aBUCHUT OT IIyTH, TO BbIOEPEM IyTh,

NPOXOJIAINHUI uepe3 Hauasio oTcuéTa (Touky (), MOTEHIMAaI B KOTOPOM PUMEM
paBHbIM HYyJI0. PaboTa OyneTr paBHa

A,= A&—o + Ab—z

i, ¢ yuétom A , =-A, ,,

A,=A,-A_ =jF(r)dr—IzF(r)dr =E,-E,.
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To ecthb
A,= _( E.,— Enl) =-AE,.
Takum oOpa3zom, paboTa 1o MOTEHITUAIBLHBIX CUJI paBHA YOBIIN MOTCH-
IHATbHOW SHEPTUM:
A=-AE . (42)
B coorBercTBUHM ¢ (42) sieMeHTapHYIO0 pa0dOTy MOTCHIMAIbHBIX CHII

MOKHO ONPEIETUTh KaK YObUIb 3JIEMEHTAPHON MOTEHIUATBHON SHEPTHH

dA=—dE,. (43)
[TpupaBHsieM BeipaxkeHus (31) u (43):
F.dr=—dE,,

rne «— dE,» paBHO yObLIM MOTEHIMAILHON SHEPTHU B HATPABICHHH BEKTOPA
nepeMelneHus dr.
Bripa3zum cuny:
dE
F=——r. (44)
dr

HepeMemeHHe MO>KHO B3SITh B JJIOOOM HaIlpaBJICHUH, B YaCTHOCTHU BJOJIb

KOOpANHATHBIX oceu I[GK&pTOBOﬁ CHCTCMBI KOOpAHHAT.

fo B p_ & p_
ox 7 oy 0z

Toraa B BEKTOPHOM BHUJIE

OX oy 0z

B 1853 roay Yunbsm ['aMuIbTOH IS MaTeMaTHYECKOTO BBIPAKEHUS

F=Fi+Fj+Fk=-

o 0 . .
CYMMBbI YaCTHBIX TIPOU3BOJIHBIX — +— +— BBEN auddepeHImanbHbli ore-

oXx oy oz
paTop, 0003HaYUB €ro CUMBOJIOM MepeBEPHYTOM HA 90 rpayCcoOB MPOTUB Yaco-

BOM CTpPEJIKU I'PeUeCKOi OYKBBI JI€TbTa (<1) . B mocnenytonmx padborax apyrux
YYEHBIX CUMBOJI OBLT TIEPEBEPHYT CTPEIIKOM BHH3 (V) U U3-32 CBOCH (POpMBI

MOJTYYIJT Ha3BaHHE «HaOmay. A caM orepaTop mpuoOpEn Ha3BaHUs omeparopa
["amunbTOHA, oneparopa HabIa U raMuiibTOHUaHa. To ecTh

o 0 0
V=—+—+—.
oX oy oz

B Hamrem ciydae B onepatop ['amuiibToHa 100aBIIsIIOTCSA OpPTHI 1, J, K

JIEKapTOBOM CHCTEMBI KOOPAMHAT, TTpeo0pa3ys ero B BEKTOpHbBIN nuddepeHIu-
aJIBHBIN OTIepaTop BHIA
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— a g a - a e
V=—i+—]+—Kk.
ox oy~ oz
Beipakenue (45), onpenensroiiee CBsA3b BEKTOpa CHIIBI U TIOTCHITHATb-
HOU OHCPIUuH, 3alIMCAHHOC 4YCpPEC3 OIICPaTop FaMI/IJII)TOHa, IMPUHHUMACT OoJtee

KOMITAKTHBIN BU/I:

F=-VE,. (46)
[IpumeHeHne BEKTOPHOIO U PepeHIHaIbHOIO orepaTopa K CKaJsp-
HOMY TIOJIIO TIpeoOpa3yeT ero B BeKTopHoe. Takum oOpa3oMm, TOMHOXKas B CO-
oTHoIIeHNH (46) BekTOp HaOa Ha MOTCHIMAILHYIO YHEPTHIO CHIIOBOTO TIOJIA,
MBI MOJIY4YaeM BEKTOpP CHJIbI, ONPENEISIONINM HapaBICHHOE CUIIOBOE BO3/EH-
CTBHE Ha TeJla B 3TOM CHJIOBOM TIOJI€, MJIM TaK Ha3bIBAEMbIN T'PaUCHT MOTEH-

[IUAJIbHOM 3HEprun
F=—gradE,. (47)

Coornorrenue (47) onpenenser CBs3b BEKTOPA CHIIbI M MMOTCHIIMAIBLHOM
SHEPIHU.

1.7.4. Ilomenuyuanvnas 3Hepecus meaa 6 HNnojle CUlbl
2PASUMAUUOHHO20 83AUMOOCUCHBUA

CornacHo 3aKOHY BCEMHPHOTO TSITOTEHUSA, CUJIa TPABUTALIMOHHOTO MPH-
TSDKEHUS Tell MaccamMu M 1 M, HaXOIAIUXCsl HA PACCTOSIHUM I IPYT OT Jpyra,
10 MOAYJIIO paBHA

Mm _

F Z—Gr—zer,

rae € — opT paauyca-BeKTopa I, HalpaBJICHHOTO OT [IEHTpa Macc Tella, co3/ia-
IOIIET0 TPABUTALIMOHHOE TI0JI€, K IIEHTPY Mace Tejia, HCIIBITHIBAIOIIEr0 CHII0BOE
BO3/ICHCTBHE. 3HAK MUHYC yKa3bIBa€T HA TO, YTO HAITPABIICHHSI BEKTOPA CHJIBI U
paanyc-BeKTOpa MPOTUBOIOIOKHBI.
CootHorienue (44) nepenuiieM B BUJC
Mm

r2

HNHTEerpupyem moiay4eHHOE BbIPAKEHUE:

E,(r) :J'ngr :GMmJ'% = MM const.

r

dE, =—-Fdr=G dr.
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OmnpenenuM TMOCTOSHHYIO WHTETPUPOBAHUS, MPHHSIB MOTECHUIUATBHYIO
HHEPIUI0 IPAaBUTAIIMOHHOTO B3aUMOJICHCTBUS HAa PACCTOSIHUU, PaBHOM OecKo-
HEYHOCTH, 3a HyJb. [loncraBuM B popmyity 3HaueHue I, paBHOE OECKOHEYHO-

CTH (oo), U TIPUPABHSIIEM PHEPIHUIO K HYJIIO:

E,(r —>oo):—Gm+const:O:>const:0.
o0

Torz:a 3aBUCHUMOCTD HOTCHHH&J’IBHOﬁ OHCPIUU I'PAaBUTALIMOHHOI'O B3adHU-

MOHeﬁCTBHH OT paCCTOAAHHA A0 CUJIOBOI'O HCHTPA IPUHHUMACT BU/T

E,()--6"T"

1.7.5. Ilomenyuanvnan 3nHepecus mejia 6 nojae Cujbl
masdcecmu

Ha Teno maccoi m B moJie CHIIBI TSKECTH JEUCTBYET CUJIA, HAIIPABJICHHAS

K LIEHTPY 3TOT0 OJIA:
F =mg,

rjae g — yCKopeHue cBOOOAHOTO MaJICHNUS.

CootHorieHue (44) nepenuiieM B BUJC

dE, =—Fdh =mgdh,

rne h — BeicoTa, OTCUMTBIBacMas MO0 OCH WHEPUUAIBHOW CHUCTEMBI OTCUETA,
HaIPaBJICHHOW OT CHJIOBOTO LIEHTPA MO TSHKECTH.

HHTerpupyem noxydeHHOE BbIpayKeHUeE J1s1 001aCcTH C MOCTOSIHHBIM 3HA-
4eHueM MQ:

E,(h)= jmgdh = mgjdh = mgh + const.

OnpenenuM MOCTOSHHYI0 WHTETPUPOBAHUS, MPHUHSAB MOTECHIHAIbHYIO
SHEPIHUIO Ha HYJICBOM BBICOTE 3a HyJIb. [logcTaBumM B popmyiy 3HaueHue h = 0
Y TIPUPABHIEM DHEPTHUIO K HYJIIO:

E,(h=0)=mg-0+const=0=> const =0.

Tor)1a 3aBUCUMOCTD HOTCHL[I/IaHBHOﬁ 9HCPIruu B IOJIC CUJIBI TAXKCCTHU OT

BBICOThI h IIPUHUMACT BUJ
E, (h)=mgh. (48)

[TockoJsibKy HYJIEBON YypOBEHb MOTEHIMAIBLHONW PHEPTUM MOXKHO BBIOH-
pPaThb IIPOU3BOJIBHO, IMOTCHOMUAJIbHAA SHCPIUA MOXKCT 6BITB KaK ITOJIOXKHUTCIIb-
HOW, TaK U OTPULIATEIIbHON BEJIIMYUHOU.
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1.7.6. Ilomenyuanvnan 3nepeus ynpyzo 0ehopmupoeannozo
mena

PaccMmoTpum BapuaHT ympyroit aedopManny pacTsHKCHUS WA CHKATHS

Ha MpuMepe NpykuHbl. [Ipu pacTsHDKEeHUM HA BEIMYMHY X HA MPYXUHY JCH-
CTBYET BO3BpallaloLIas cujia yrnpyroctu

L

rie K — ko3¢ huImeHT )ECTKOCTH PY>KUHBI.

ynp

CoorHorrenue (44) nepenuiieM B BUIC
dE, =-F,, dx=kxdx.

HHTeTpupyeM MOTYyYeHHOE BEIPAKCHHE
2
E,(x)= jkxdx = k_[xdx =kx7+const.

OnpenenuM MOCTOSHHYI0 UHTETPUPOBAHUS, MPHUHSAB MOTECHIMAIBHYIO
SHEPTUI0 HeZehOPMUPOBAHHOM MTPYKUHBI 32 HYJb. [loacTaBuM B hopmyity 3Ha-

yerne X = 0 ¥ mpupaBHsAEM SHEPTHIO K HYJIIO:
2

+ const = const =0.

E,(x=0)=

Torna 3aBUCMMOCTh MOTEHIUATIBHOW HEPTUM yIpyro aepopMupoBaH-
HOTO TeJia OT BEJIMYHHBI JIepopMariiu X IPUHUMACT BU]T
kXZ
E,(X)=—.
2
1.8. 3akon uzmenenusa u coxpaneHus NOJIHOU MEXAHUUECKOU
IHepzuu

Ha teno, Haxoasuieecs: B CTAIMOHAPHOM MOJIE, IOMUMO MTOTEHIIMATIbHBIX
cUI Froren MOTYT JCHCTBOBATh W HEMOTCHITUATBHBIE CHIIBI Fyenoren. 1OTIA pPE-
3yJBTUPYIOIIAsl BCEX CUJI OyJIeT paBHA

F-F +F

TOTECH HEMNOoTeH "

PaGota sTtux cwi uaér Ha mpuparieHue KHHETUYECKON YHEPTUH Telia

dEK = dA‘IOTeH + dA{eHOTeH'

[TockonbKy paboTa MOTSHIMAIBHBIX CHJI COBEPINASTCS 3a CUYET YOBLUTH
HNOTEHIHANbHOM 3Hepruu (43)
dA‘lOTCH = _dEn’
MoJTydaeM

d(E, +E,)=dA,

€roTeH "
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Bemnunny E_+ E, Ha3pIBaloOT MOJIHOM MEXAHWYECKOW DHEPTUEH Tela:
E=E +E, (49)
W3 nByx mocinenHMX yPaBHEHUM CJIEHyeT, Y4TO JJIEMEHTapHas padora
BCEX HEMOTEHIMANLHBIX CHJI, AEHCTBYIOUIMX HA TEIO, PABHA 3JIEMEHTAPHOMY
NPHUPALICHUIO ITOJTHOW MEXaHUYECKOM DHEPIUH TeENa:
A grore = AE-

N36aBmnssice oT auddepeHnanos, 3aMUCbIBAEM 3aKOH U3MEHEHHUS TOJI-
HOW MEXaHUYECKOW SHEPTHH CHCTEMBI.

M3MeHeHne MOJHONM MEXaHWYECKOM SHEPruu CUCTEMbl PaBHO padoTe
BCEX HEIOTCHIMAJIbHBIX CHII:

AE = E2 - El = A\;cex HETIOTEH. CHIt ? (50)

rac E2 — IIOJIHAaA KOHCYHAs MCXAaHHUYCCKas SHEPIUA CUCTCMEIL, E1 — IIOJIHasa

HavaJIbHas MCXaHHYCCKasd SOHCPIUA CUCTCMBI.

[Ipu paBeHCcTBE HYJIO pabOTHI BCEX HEMOTEHIMAIBHBIX CHJI IOJIy4aeM 3a-
KOH COXPaHEHUS MTOJIHOM MEXaHUYECKOW SHEPIHH CHUCTEMBI.

[TosHas MexaHUYecKasi SJHEPTUsI CUCTEMBI HE U3MEHAETCS, €Clu padoTa
BCEX HENOTEHIMAIBHBIX CHJI B OTOM CUCTEME PABHA HYJIIO:
E=E +E, =const. (51)
Cremyer OTMETUTD, YTO U3MEHEHHUE SHEPTUH HE 03HAYAET €€ NCUE3HOBE-
HUe. DHEPrus HE NCUYE3AET U HE MOSBISAETCS BHOBb, OHA MOKET TOJBKO MEPEX0-
IUTh U3 OJTHOM (DOPMBI B IPYTYIO MM OOMEHMBATHCSA MEX]Yy OTIEIbHBIMU Ya-
cTsimu Matepud. [locnennee oTHOCUTCS U K TeM (PU3HUECKUM SIBJICHUSIM, Ha KO-
Topble 3ak0HBI Hpr0TOHA HE pacnpocTpasstorcs. Hanpumep, pabora HENOTEH-
LIMAJIbHOM CUJIbI TPEHMS CKOJIBKEHHUs IPU IBUKEHUU TeJla 110 TOPU30HTAIBHON
MOBEPXHOCTH YMEHBIIAET MOJIHYI0 MEXaHUUECKYIO SHEPTHIO Tela, mpeolpasyst
€€ BO BHYTPEHHIOIO SJHEPTHIO TN, TOBEPXHOCTH, IO KOTOPOH TEIO IBUKETCH,
U OKpYalolllel cpeibl, KOHTAaKTUPYIOIIEH ¢ 3TUMU 0ObEKTaMHU.

1.9. Ilpumepwvt ucnonv3oeanusa 3aKOH06 U3IMEHEHUA
U COXPAHEeHUsA UMNYIbCA U NOJTHOU MEXAHUUECKOU IHepIUU
1.9.1. Ilpamoii uenmpanvHvlii AOCOIOMHO HEYRPY2UIL YOap

JIBa mapa maccamu My ¥ My, ABMXKYLIUECS CO CKOPOCTSIMHU V1 U L2, CTaJl-
KUBAIOTCA. Y Jlap NpsIMOM HEHTPaJIbHBIN a0COMOTHO Heynpyruil. Onpenenurhb
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CKOPOCTh U IIAPOB IMOCJE CTOJIKHOBEHHS W BEJIWYMHY U3MEHEHUS MOJHOU Me-
XaHn4eckoi suepruu AE B mpernonoxeHuu, 4To NMOTEHIMaIbHas SHEPTUs IpU
yJape 0CTa€TCss HEU3MEHHOM.

Bapuant 1. O0a mapa 10 CTOJIKHOBEHUS JBWXXYTCS HABCTpEdy JpYT
npyry. JJomycTuM, HadallbHBIA UMITYJILC TIEPBOTO IIapa OOJIbIIIE UMITYJIbCA BTO-
poro.

E
\ A2
Acl
9
|
AV
¢ 3
3
T

Puc. 5

3anuiieM 3aKOH COXPaHEHHUS UMITYJIbCa B IPOSKIIMH HA TOPU30HTATBHY IO
och X (puc. 5):
mu, —M,v, =(m,+m,)u.
Bbipa3um CKOPOCTH MIAPOB MOCIIE COYIapeHHS
§ 2 M =m0,
m, + m,
CyMMapHas KHHETHYECKasi SHEPTHsI 10 COyIapeHHUs apOB paBHA

2 2
E - my, + m,v, _

CymMmapHas KHHeTHYecKasi JHEPTHs MOCIie COyAapeHust
2
£ _ (m1 +m, )u
K2 — .
2

IToncraBum ckopoctb UB E,,:

_m+m, 1 Mo ~Mmu, 2 _ (mlul)2 +(myv, )2 —2mm,v,v,

2 m, +m, 2(m,+m,)

EKZ

Ornpenenum U3MEHEeHUE MOJTHON MexaHnyeckou sHeprun AE:

AE-E. _E - (mlul)2 +(m202)2 —2mmuL, [ mu; . m,v3 _
f2o 2(m, +m,) 2 2

m,m, (Ug + 012 + 21)102) _ m,m, (02 + 01)2
2(m, +m,) -~ 2(m+m,)
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3HaK MHHYC YKa3bIB4A€T HA TO, YTO IIOJHAA MCXaHHWYCCKas SHCPIruda CHU-
CTEMBI CHIIKAETCS 3a CUET €€ YaCTMYHOIO Hp606p330BaHI/ISI BO BHYTPCHHIOIO

SHEPTHUIO.
Pesyinbrar:
muv, —M,v, .
- CKOpPOCTb LIAPOB MOCHE COyAapeHus: U = ———=—=;
m, +m,

2
mm, (v, +v,)
2(m,+m,)

- U3MEHEHUE MTOJIHOM KMHETHYECKOW sHeprun: AE =—

CDOpMYJIy W3MEHEHHUS MOJHOM KUHETUYECKOM OHCPIUuU MOJKHO IICPCIIN-
CaTb KaK IIPOU3BCACHHC HpHBCI[éHHOﬁ MacCChbI IapOB L Ha KBaApaT OTHOCUTCIIb-

HOUW CKOPOCTH IIAPOB JIO COYTAPEHUS L omy, MIOCTEHHOE HA JIBA:

- . mm, .
ae p=—=—=—Hu?v, =U,—V,.
m, +m,

BapI/IaHT 2. H_[apBI A0 CTOJIKHOBCHHUA ABMIKYTCA COHAIIPABJIICHHO C pa3-
HBIMH CKOPOCTAMMU.

0
yci
©
Y&
J
3
3
Y:l

Puc. 6

3amnuiireM 3aKOH COXPaHEHHUS UMITYJIbCa B IIPOEKIMK Ha TOPH3OHTATBHY O
ochk X (puc. 6):

mu, + Mo, = (M, +m,)u.
BrIpazuM cKOpOCTH IIapOB TIOCIIC COYIApPCHUS
4 = Moy + My,
m, +m,
CymMmmapHasi KHHETUYECKAsi SHEPTHSI 10 COYAApECHUS IapOB paBHA
2 2
E - mv; n m,v,
K1~ '
2 2
CyMmmapHasi KHHETHYECKAsi SHEPTHUS MOCIIE COYNapEeHUS



ITogcraBum ckopocts U B E,:

2
_m+m, | mu, +m,,

_ (mlol)2 + (szz )2 +2mm,v,v,

E
m, +m, 2(m, +m,)

OnpenenuM U3MEHEHUE MOTHON MexaHnuueckon sHepruu AE:

AE-E _E - (mlol)2 +(m202)2 +2mmuL, [ mu; . m, L3 _
e 2(m, +m,) 2 2

mm, (Ug + 012 - 20102) _ mm, (02 B l)1)2
2(m,+m,) 2(m, +m,)

3HaK MUHYC YKa3bIBa€T HA TO, YTO MOJIHAS MEXAHWYECKasi SHEPIrUsl CU-
CTEMBbI CHM)KAETCs 32 CUET €€ YaCTUYHOro MpeoOpa3oBaHUs BO BHYTPEHHIOIO

SHEPTHUIO.
Pesynbrar:
mu, + m,v, .
- CKOPOCTH IIAPOB IOCIIE COyIapeHus: U = ————=—=;
m, +m,

2
mlmz(Uz _Ul)
2(m,+m,)

DopMyJly U3MECHEHHUS TTOJHOWM KUHETUUYECKOW SHEPTHUU MOKHO IEPEIH-

- UI3MEHEHUE MTOJTHOW KMHETHUeCKOM sHeprun: AE = —

CaTb KaK IIPOU3BCACHHC HpHBCI[éHHOfI MacCChbI IapOB L Ha KBaApaT OTHOCUTCIIb-

HOM CKOPOCTH IIAPOB JI0 COYAAPEHUS Uymy NMOJICTIEHHOE HA JIBA!
2

AE — Moomn
2

e e MMy oo
ne p=——=— u v, =V, —L,.
m, +m,

1.9.2. Ilpamoii uenmpanvHwvlii A6COIOMHO YRPYZULL yOap

JIBa miapa MmaccaMu M1 ¥ My, IBMKYIIUECS CO CKOPOCTSMH L1 U L2, CTAJI-
KHBAIOTCS. YJap TPsIMOU IEHTpaiIbHBIA a0COMIOTHO ynpyruil. Onpenaenurthb
CKOpPOCTH U; U Uy IIAPOB MOCJE CTOJKHOBEHUS. [loTeHIIManbHast SHEPTUs NIpU
yJape 0CTa€TCss HEU3MEHHOM.
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Bapuant 1. O0a mapa 10 CTOJKHOBEHHUSI IBUXKYTCA HABCTpEUy JPYT
apyry. JlonmycTuM, HadaabHBINA UMITYJIbC IIEPBOTO MIapa O0IbILE UMITYJIbCA BTO-
poro.

U‘><

Puc. 7

3amnuiieM 3aKOH COXPaHEHHUS UMITYJIbCa B IIPOEKIMK Ha TOPH30HTAIbHY O
ochk X (puc. 7):

muv, —M,v, =mu, +MmM,u,.
3anumeM 3aKOH COXPAHEHUS MTOJTHOM MEXaHUYECKOW SHEPTUU
2 2 2 2
rnlUl + mZUZ — mlul + m2u2
2 2 2 2

Cokparmias B 3aKOHE COXpPaHEHHS SHEPTUM IBOMKHU B 3HAMEHATEIAX, TO-

JIy4aeM CUCTEMY YPaBHEHHMM:
m,v, —Mm,v, =mMu, +m,u,,
2 2 2 2
m,u; + ML, = MU, +m,u;.
[leperpynnupyem ypaBHEHUS, 00b€IUHUB CllaraeéMble C Maccoil My B Jie-
BOM 4acCTH, a C Maccor My B MPaBOM:

m, (v, =) =m,(u, +v,),

m, (vf ~uf ) =m, (u; - v}).

Pa3j105kUM pa3HOCTh KBaJAPAaTOB BO BTOPOM COOTHOILEHHH T10 M3BECTHOM
dopmyne: a’ —b’ = (a—b)(a+b) u pasgennm Bropoe ypaBHeHHe Ha IepBoe.
Macchl COKpaIarTCs, U MBI II0JIy4aeM COOTHOIIEHUE [T CKOPOCTEMN

v, +U, =U, —v,.
BbIpasum CKOPOCTH BTOPOTO II1apa Mociie COyAapeHuUs
U, =v, + U, +v,. (52)
[ToacraBiiss €€ B IEpBOE YPaBHEHHE CHCTEMBI, 3aITUCHIBAEM
m (v, —u)=m, (v, +u, +2v,).

HaxoauM CKOpOCTh IEPBOTO IIapa MoCje COyIapeHHst
(m,—m,)v, —2m,v,

m, +m, '

u, =
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[TocraBnsas B ¢popmyiry (52), mpuBoaum e€ K 00IIEeMy 3HAMEHATEIIO U
OTIpeIeNIsieM CKOPOCTh BTOPOTO IIapa Mociie COyI1apeHus:
_(m—m,)v, +2my,

u, = :
m, +m,

Pesyinbrar:

(ml — mz)01 —2m,v,
- CKOpOCTB HCpBOFO Iuapa I10CJIC COYI[apeHI/IH: Ul = ,
m, +m,

(m,—m,)v, +2my,
- CKOPOCTb BTOPOTO I1apa Mociie coyiapeHus: U, = :

m, +m,

N3 nonyueHHbIX GpopmyIl ciaeayer:

1) nmpu oMHAKOBBIX Maccax IapoB (M; = My = M) mojydaeM U; = —Ly U
U2 = L1, TO €CTh IIPH NMPSAMOM LIEHTPATHHOM a0COJIFOTHO YIPYTOM yAape MIapoB
C paBHBIMH MaccaMi OOMEHHUBAIOTCS CKOPOCTSIMH,

2) eciii Macca BTOPOTO mapa 0oJIbIie Macchl IepBoro (My < My), TO Ipo-
EKIUSI CKOPOCTH NEPBOTO IIapa MOCJIE COYJIapEHUs] CTAaHOBHUTCS OTPULATEIb-
HOM, TO €CTh OH MEHSIET HaMpaBJICHUE ABUKECHHS HA IPOTHUBOIOJIOKHOE.

BapI/IaHT 2. ]_HapI)I A0 CTOJIKHOBCHUA ABHUKYTCSA B OAHOM HAIIPABJICHHUHU.

®
I

y =

Puc. 8

3anuiieM 3aKOH COXPaHEHHUS UMITYJIbCa B IIPOCKIIMK Ha FTOPU30HTAIbHY O
och X (puc. 8):
mv, + m,v, =mu, + m,u,.

3anuiieM 3aKOH COXPaHEHUs MOJTHON MEXaHUYECKOW SHEPTUU:

2 2 2 2
mv, n mv, _ mu n myu,

2 2 2 2

COKpaIHaH B 3aKOHC COXPAaHCHUS SHCPIUur I[BOﬁKPI B 3HAMCHATCJIIX, I10-

JIy4aeM CUCTEMY YPaBHEHUM:
m,v, + m,v, =MmMu, + mM,u,,
2 2 2 2
mu; + ML, =Mmu; +Mm,u,.
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[leperpynnupyeM ypaBHEHUS, OOBEAMHUB CIIAra€MbI€ C MAaCCOM My B Jie-
BOM 4aCTH, a C MacCCO My B IIPaBOM:

ml(Ul _ul) = mz(uz _Uz)’
m, (vf U7 ) =m, (u; —v}).

Pa31105xuM pa3HOCTh KBaJPaTOB BO BTOPOM COOTHOILICHHH TI0 H3BECTHON
dopmyne: a® —b* = (a— b)(a + b) U pa3ieluM BTOPOE BBIPAXKEHHE Ha TIEPBOE.
Maccsl cokpamaroTes, ¥ Mbl IOJTlydaeM COOTHOIICHUE JUTSI CKOPOCTEH:

v, +U, =U, +V,.
BbIpazuM CKOPOCTH BTOPOTO IIapa Mocie COyaapeHHs
U, =v,+U —,. (53)
[ToacraBnss e€ B mepBoe ypaBHEHHE CHCTEMBI, 3aITUCHIBACM:
m (v, -4 )=m, (v, +u, —2v,).
HaxoaumM cKopoCcTh MEPBOTO HIapa Mocie COyJapeHHs:
_2m,, + (m,—m,)v,

ul
m, +m,

[MoxcraBnss B popmyay (53), npuBoaum e€ K 00IIeMy 3HAMCHATEITIO U
OTIpeieNsieM CKOPOCTh BTOPOTO IIapa Mociie CoOyJapeHus:
_2my, —(m —m,)v,
m, +m,

U,

Pesynprar:

2m,v, +(m, —m, v,
- CKOpOCTb IIEPBOTO 11apa MOCJE COyAapeHus: U, = ;
m, +m,

2m, —(m, —m, v,
- CKOPOCTb BTOPOTO 1Iapa IIOCJIE COyAapeHus: U, = :
m, +m,
Eciim mp =my=m, T0o U1 = L2 ¥ U2 = V1, TO €CTh IIAPbl PABHOM MacCoOu
IIpU IPSIMOM IIEHTPAILHOM a0COTIOTHO YIIPYTOM yaape 0OMEHUBAIOTCSI CKOPO-

CTsIMMU.

1.9.3. Ilenmpanvhotit abcoromuo Heynpyzuii yoap noo y2iom

JIBa miapa maccaMu M1 ¥ My, IBMXKYIIUECS CO CKOPOCTSAMHM L1 U L2, CTaJI-
KUBaOTCs (puc. 9). Yros Mexy BeKTOpaMH HadaJdbHBIX CKOPOCTEH B MOMEHT
COyJapeHusl paBeH (. Yap IEeHTPaJbHBIM a0COMOTHO Heynpyruid. Omnpene-
JIUTh CKOPOCTH U IIAPOB MOCJE CTOJIKHOBEHHS U BEJIMYMHY U3MEHEHUS MOJHOU
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MEXaHUYECKOM 9HCPIrun AE B MMPCAIOJOKCHNN, YTO IMOTCHIUAIIbHAA SHCPIUs

IIPU yIape OCTAETCS HEM3MEHHOM.

3anuinem 3aKOH COXpaHEHUS UMITyJIbCa B BEKTOPHOU (hopme:
M0, + M0, =(m, +m,)u
C yué€ToM TeopeMbl KOCHHYCOB M3 TPEYTOJIbHUKA UMITYJILCOB (puc. 9) B
CKaJISIPHOM BHJIE MOJTydaeM:

[(m, +m, u] (mu,)” +(mv,)” +2mm,u,, cose.
BrIpa3uM CKOPOCTH IIAPOB MOCIIE COYAapPEHHUS:

\/(mlul)z +(m,v,)° +2mm,v,v, cos @

u=
m, +m,
U,
\ S - 7
= >’<)f = >

TpeyzonvHuk UMnY16CO8

Puc. 9

CyMmapHasi KHHETUYECKAs DHEPTHSI 10 COYNAPEHHMS 11apOB paBHA

2
E rnlul mzoz
K1 = :
2 2
KuneTndeckas sHeprus Hocje coyaapeHus

(m, +m,)u’

E. =
K2 2

IToncraBum ckopocts UB E,,:

_ (mu,)” +(m,,)” + 2mm,u,v, cose

E -
ke 2(m, +m,)
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OnpenenuMm M3MEHEHUE MOJHON MeXaHndeckon sHeprun AE:

(mu,)’ +(mu,)" + 2mm,uv,co80  (mu2  m,u2
AE=E. . —E. =% . 11TV, L, L AL L/
ke T 2(m, +m,) 2 2

m,m, (012 + V3 — 2V,0, COS (p)

2(m,+m,)
3HaK MHHYC YKa3bIB4A€T HA TO, YTO ITIOJHAA MCXaHHWYCCKas SHCPIruda CHU-

CTEMBI CHM)KAETCs 32 CUET €€ YaCTUYHOro NMpeoOpa3oBaHHs BO BHYTPEHHIOIO
SHEPTHUIO.

Pesynbrar:
- CKOPOCTb 1IapPOB MOCJIE COYIapECHHUS:

U \/(m101)2 + (m202 )2 +2mm,v,0, COSQ
m, +m, ’

- U3MEHECHUE TTOJTHOM KUHETUYECKON YSHEPTUU:

_mm, (012 + 03 — 20,0, COS (p)

AE =
2(m, +m,)

CDOpMYJIy W3MEHEHHUS MOJHOM KUHETUYECKOM OHCPIUuU MOJKHO IICPCIIN-
CaTb KaK IIPOU3BCACHHC HpHBCI[éHHOfI MacCChbI IapOB L Ha KBaApaT OTHOCUTCIIb-

HOUW CKOPOCTH IIIAPOB JIO COYTAPEHUS Loy, MIOJACTIEHHOE HA JIBA:
2

AE — Moomn
2

m,m . L
e p=—=—="— u v, =V,—U,.
m, +m,

1.9.4. Heuenmpanvnoe adbcoommuo ynpyzoe coyoapenue 08yx
uwapos, 00UH U3 KOMoOPvIX NOKOUJICA

[Tap maccoit My, IBMKYILIUICS CO CKOPOCTBIO L, CTATKUBAETCS C IMMOKOSI-
uMcest mapom Maccod My (puc.10). Yroa Mexay BeKTopaMu CKOPOCTEH I1apoB
nociie abCOJIIOTHO YIIPYTOoro HEMPSIMOTO COyAapeHusl paBeH . OnpeneauTb co-
OTHOILLIEHUSI MEXIYy YIJIOM pa3i€Ta IapoB ( U UX CKOPOCTSAMH Ui U Uy Tocie
coyaapeHnus. [loreHumanpHas sHeprus nNpu yaape ocTaéress HEU3MEHHOM.

3anuiieM 3aKOH COXpaHEHUsI UMITYJIbca B BEKTOPHOU popme:
mu =mU, + m,u,.
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m2 mz

Lap nokoumcs —
mu, N\
~
~
~
~
B P N
»
v/
Y mvy
/
/
— /
m-U,
Puc. 10

C y4€TOoM T€OpEMBI KOCUHYCOB U3 PUCYHKA B CKaJIPHOM BUJE MOJy4aeM
2 2 2
(mu)” =(mu,)” +(m,u,)” +2mm,u,u, cos .
3anumeM 3aKOH COXPAaHEHUS MTOJTHON MEXaHUYECKOW DHEPIUU

mo’ _ mu;  mu,
2 2 2

Cokpalas B 3aKOHE COXPaHECHUSI SHEPTUU JIBOMKHU B 3HAMEHATEIAX, TO-

Jy4aeM CUCTEMY YPaBHECHHM:
2 2 2
(mu)" =(mu,)” +(m,u,)” +2mm,u,u, coso,
mu’ =mu’ +m,u?.
[leperpynnupyem ypaBHEHUs, 00bETUHUB CllaraeéMble C Maccoi My B Jie-
BOM YacCTH, a CJaraeéMple C MacCoM My OCTaBUB B IIPABOM:
2(,.2 2 2
m? (v* —u7)=(m,u,)” +2mm,u,u, cose,
2 2 2
m, (v® —uf ) =m,u;.
[TonenuMm nepBoe ypaBHEHHE Ha BTOPOE:

— 2 ul
m, =m, +2m,—1cos¢.

2
Haiiném nckomoe COOTHOIIIEHNE, BRIPA3UB KOCUHYC YTJIa pa3yiéTa mapos:
-m, u

ml
cosp=—1—2

=2, 54
2m, U, (4)
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W3 dopmyier (54) cinemyeT, 9To IPH HEIEHTPAITEHOM a0COIIOTHO YIIPY-
r'OM CTOJIKHOBEHHH JIBYX IIIAPOB OJIMHAKOBOM Maccoi (M = My), OJTMH U3 KOTO-
PBIX TIOKOWJICS, YTOJI UX pasiiéra paBeH 90 rpaaycoB U HE 3aBUCUT HH OT BEJIH-
YIHBI HAYAJILHOTO UMITYJIbCa P = M1V HAJIETAOIIETO Mapa, HU OT YIJIa Y MeXKIY
HAIPaBJICHUEM 3TOTO MMITYJIbCa W MPSAMOM, COSAMHSIONICH IIEHTPHI IMapoB B
MOMEHT y1apa.
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2. Jlabopamopmuwiit npakmuxkym
Jlabopamopnas paboma 1-17

OIIPE/IEJIEHUHE MOMEHTOB HHEPIIHH TEJ
C lIOMOIIIBIO MAATHUKA MAKCBEJL'IA

Ilenv pabomwl: SKCTIEPUMEHTAILHOE OIPEEIICHUE MOMEHTOB WHEPIUU
CMEHHBIX KOJIEI] C IIOMOIILI0 MasiTHHKAa MakcBera.

Ilpuobopsr u npunaonercnocmu’. yCTaHOBKAa C MasTHUKOM Makcpemia
®IIM-03, Habop CMEHHBIX KOJIEIl.

Inemernmot meopuu u Mmemoo IKcCnepumenma

MexaHudeckasi SHEPTHsl CUCTEMbl — CyMMa KUHETUYECKOW U MOTEHLHU-
anbHOU ’Hepruid. Korna B cucrteMe 1eMCTBYIOT TOIBKO KOHCEPBATUBHBIE CUJIBI,
TO €€ MEXaHWYEeCKasl SJHEPrusi HE U3MEHSIETCSl CO BpeMeHeM. Takum o0pa3om,
BBIIIOJIHAETCS 3aKOH COXPaHEHUSI MEXAHUYECKOW SHEPTHH.

Mastauk MakcBeiia HarisiiHO IEMOHCTPUPYET 3aKOH COXPAHEHUS Me-
XaHUYECKOM SHEPTUU U, KPOME TOr'0, C €T0 NOMOIIBIO MOKHO OIPEIEIUTh MO-
MEHT uHepluu Teina. M3o06paxenue masiTHuka MakcBesia nokazano Ha puc. 11.
Ha BepTtukanbsHoii cToiike 1 ocHOBaHMS 2 KpensTcs iBa KpOHIITEHA. BepxHuii
KPOHIITEHH 3 CHAOXEH DIIEKTPOMArHUTOM 4 M yCTPONCTBOM PETYIHPOBKH 5
ouduspHoro mojaseca 6. MasTHUK MpeACTaBISIET COOOM TUCK 7, 3aKpEIIEH-
HBI Ha cTEepKHE 8, OBEIICHHOM Ha OndmispHoM mojBece. Ha nucke MoryT
KpPENuThCS CMEHHBIE KOJTbIla 9.

Ha nmxuem kponmreiine 10 3akperién ¢porosrnekrpudeckuii qarauk 11.
KponireitH obecieunBaeT BO3MOKHOCTh MEPEMEIICHUS JaTYMKa BJIOJIb BEp-
TUKAJIbHOU cToiiku. Ha cTolike 1 HaHeceHa MumMeTpoBas mmkana 12, mo ko-
Topoit onpenensercs xon h MasTHuKa. DPOTONATYMK BBIIAET JICKTPHUSCKHE
CUTHaJIBI Ha MUJUTHCEeKYHIoMep 13. OcHOBaHHME PacoyiOKEHO Ha YETHIPEX pe-
I'YJIMPOBOYHBIX onopax 14, mo3BOJSIOIMX yCTaHABIMBAThH CTOMKY 1 B BepTu-
KaJIbHOE TI0JIOXKEHHE.

MastHuk MakcBemia pabotaert no cienytorieit cxeme. Hutu oudusip-
HOTO MOJBECA TIIATEIbHO, BUTOK K BUTKY, HAMATBIBAIOTCS HA CTEPKEHB (OT €ro
KOHLIOB K JUCKY). C HOMOIIBIO 3JIEKTPOMAarHUTOB MasiTHUK CO CMEHHBIMU KOJIb-
naMu (PUKCHUPYETCsl B BEPXHEM MCXOAHOM MoJiokeHuH. [loTeHnumanbHas sHep-
rusi MagTHUKa MakcuMalibHa. KuHetnueckasi paBHa HyJo. [lociie Haxatus

kHonku ITYCK u oTkIroueHus QJICKTPOMArouTa MajgdTHUK HAYUHACT ABUIaThCA
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BHU3, UCIIBITHIBASA BO3JICHCTBUE CUJIbI TSIKECTU U CHJI HATsKeHUs HUTell. Pea-
JU3yeTcs mpeoOpa3zoBaHue 3aMacEHHOW MOTEHIIMAIbLHOM PHEPrUu B CyMMmap-
HYIO0 KUHETUYECKYIO SHEPTHUIO MOCTYNATEIbHOTO ABUKEHHS BHU3 U BpallaTeib-
HOT'O BOKPYT OCH CTEPXKHSI.

T‘-E?'— 4

\
Pt I~

3 5\“1

/“PJLT

i3
BPLALC \\
| N \[
5 Y >~ [\

Puc. 11

B Hm>xkHEN TOUKE NoABECA BPAILIEHUE MPOIOIKAETCS 110 HHEpUUH. B aTOM
MOJIOXKEHUH TTOTEHIIMAJIbHAS DHEPTUS MasiTHUKA 00paIaeTcs B HyJib, a KHHETH-
yecKas I0CTUTraeT MakcumyMa. HuTh Teneps y ke HamMaThIBAETCS HA CTEPIKEHD,
U MasiTHUK Ha4YMHAET MOJIBEM BBEPX, COMPOBOKAAEMBIN K0JIeOATEIbHBIM JIBU-
KCHUEM MAasITHUKAa B TOPU30HTAJIbHOM HAmNpaBlIeHUU. J[OCTUTHYB BEpXHEU
TOYKHM CBOETO MOABbEMA, MAATHUK CHOBA HAYMHAET OINYCKAThCS, peaanusys HO-
BbI IMKJI. BU3yaqbHO HUKIWYECKUAN XapaKTep ABMKECHUS YCTPOMCTBA MOXOXK
Ha paboTy MPY>XKMHHOTO MasiTHUKA. [l03TOMY OHO M TIOJIy4nJI0 Ha3BaHUE MasIT-
HrKa Makcsesa. X0Tsl, CTpOro rOBOPs, TAKOBBIM HE SIBJISIETCS.
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JIBmkenne MasTHUKa MakcBeiia BKIIFOYaeT B ¢e0sl TpH CTaJMH: CITYCK,
yaap v mogbeM. Ha pucynke 12 cxemaTuyecku MpeCTaBlIeHbl BpEMEHHBIE 3a-
BUCHMMOCTH MPOEKIHNI CKOPOCTH L U YCKOPEHHS OCH MASITHUKA & HA BEPTUKAJIb-
HYIO HAIPaBJICHHYIO BHU3 OCh MHEPIIMATIBLHOW CUCTEMBI OTCUETA, a TAKKE MO-
TyJis CvITbl HaTsokeHus HuTed 2T. B uaTepBane Bpemenu ot 0 1o t; Habmoqa-
€TCsl paBHOMEPHBIH CITYCK, CONPOBOKIAEMbIN JIMHEHHBIM POCTOM CKOPOCTH OT
0 1o vi. B unTepBane Bpemenu ot t; 1o tr peanmusyerca yaap. [Ipu atom cko-
pPOCTh MasATHUKA MEHSET HAIPABJICHUE HAa MPOTUBOIMOJIOKHOE, CHUXKASL CBOE
3HAYEHHME 10 MOAYJIIO IO BEJIMYUHBI L. [IpoeKirsi yCKOpeHus: MPOBaIMBACTCS
B 00JIaCTh OTPUIIATENILHBIX 3HAUCHHM, a CUJIa HATSKEHUSI HUTEU M3MEHSETCA
3epKajJbHO YCKOPEHHIO M Ha OOJIBIIICH YaCTH JIAHHOTO MHTEpBajia BpEeMEHHU Ipe-
BBILIAET 3HAYEHHUE CUJIbI TSKECTH, NEUCTBYIONIEH Ha MasiTHUK. Ha mocnennem,
TPEThEM JTalle JBUKCHHUS MasTHUKA B MHTEpBaje BpeMeHHU oT t; 10 t3 ocy-
LIECTBJISICTCS €T0 MOIbEM, COITPOBOKIAEMBIN TUHEMHBIM CHUKEHUEM CKOPOCTH

710 HYJIAL.
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Cnyck Vnap [Tonsém
N AN
o e ‘I
I\ | I
\ '
|
O T T o
til riz L t
Vsi——————————— T I
|| I
§ :
. |
0 | -
] I
| V| |
|| I
274 R |
Il I
If \l I
mgl-——— — —— —— — — N — F—
I |
0 i L



40

Cuibl, IEHCTBYIONIME Ha MasiTHUK, MOTYT OBITh YCIIOBHO Pa3/iefieHbl Ha
CUJIBI JJIUTEILHOTO ACUCTBUS (MPU CITyCKE U MOIBEME) U CUIIBI KPATKOBPEMEH-
HOTrO JiecTBUA (yaap). Y aap MasiTHUKA B HIDKHEH TOYKE OTIMYAETCs OT yaapa
TeJa MPU CBOOOIHOM €T0 MaJIEHUU Ha TOPU30HTAIBHO PACIIONI0KEHHOE MPEsIT-
cTBHE. B mocieHeM ciiydyae KHHETUYECKast SHEPTHs NAJAOIIETO Tela Ha Mep-
BOM CTaJuM yJapa MOJTHOCTBIO MEPEXOAUT B MOTEHIUAIBHYIO SHEPTHUIO YIIPY-
roii neopmaiini. B mpoTHBOMONIOKHOCTE TOMY TPH yaape MasiTHUKa Makc-
BeJUIa B TIOTEHIIMAJIBHYIO SHEPTUIO YIPYroi AegopMaiuu HUTEH 1o Ooblien
YaCTU NEPEXOIUT TOJIBKO KUHETUYECKAS SJHEPTUS TOCTYNATEIBHOTO IBUKEHUS.
KuneTtnueckas 3HEprusi BpalaTeJIbHOIO JBUKEHUS, COCTABIISIIOLIAS B MOMEHT,
HEIMOCPEICTBEHHO MPEIIIECTBYIOMUN yaapy, OOJIbIIYI0 YaCTh OT MOJIHON Me-
XaHUYECKOW DHEPTUU CUCTEMBI, IPAKTUYECKU HE U3MEHACTCA.

e a T

S

q?"a,\”

mg

Puc. 13

JIBroKeHre MasgTHMKA IIPOUCXOIUT IOJ NEUCTBUEM IBYX CHJI: CHJIBI Tsi-
xect MJ U cwiibl HaTspkeHust HuTel 2T . Cuia TSKeCTH ICUCTBYET CTPOTO B

BEPTUKAIILHOM HaripaBieHuu. [103ToMy ycToitunBoe 0€3 packauuBaHuUs IBUXKE-

HHUC MAaATHHUKA BO3MOKHO TOJIBKO B TOM CJIy4ac, CCJIM U CHUJIa HATAKCHUA HUTEH
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TaK)Ke HalpaBjIeHa BEpTHKAIBHO (puc. 13,a). B mpoTHBHOM ciTy4ae npu OTKIIO-
HEHUU HUTEU OT BEPTUKAIBHOU IIOCKOCTH HAJMYUE TOPU3OHTAIBHOM COCTaB-
JISTFOTIIECH CHITBI IIPUBOUT K BOSHUKHOBEHHIO JTIOTIOJHATEIBHBIX KOJIEOAHUMH, TT0-
JNOOHBIX KOJIEOAHUSIM MaTEMaTHUYECKOTO MAsiTHUKA C IIEPEMEHHBIM MEPUOOM B
CBSI3U C U3MECHECHHEM JIJTMHBI HUTEH B TIPOIIECCE BEPTUKAITBHOTO BIKSHUS Ma-
arHuka MakcBemia. Takoe siBleHHe HaOMoAaeTcss BO BpeMs MoabEMa, Korjaa
pU yJIape B HWKHEH TOUYKE HUTH BBIXOASAT W3 BEPTUKAIBHOW IIJIOCKOCTH
(puc. 13,6 u 6) U MasATHHK, IMOAHMMA’Ch BBEPX, KOJCOJIETCS B IOMEPCUHOM
HANpPaBJICHUU C YTJIOBOW aMIUIMTYIOW MOPSAKA Pmax. 1103TOMY B JaHHOU pa-
00Te u3MepeHne BPEMEHHU JBMKEHUS MaITHUKA, UCTIOJIB3YEMOE JIJIsl OTIpeiesie-
HUS MOMEHTa WHEPITUU CMEHHBIX KOJIEIl, OCYIIECTBISETCS TOJBKO HA CTaJIUN
CIyCcKa MasiTHUKa MakcBesjia U He BKJIIOYAET CTaIUIO yapa.
D Breném o003HavYeHUs
l (puc. 14): m; — Macca CTepXHS ¢
HAaCaXEHHBIM Ha HETO TUCKOM; My —
Macca CMEHHOro Kousbla; d — aua-
MeTp ctepxkHs; D1, D, — BHyTpeHHuUi
g)_% U BHELIHWI JHMaMETPhl CMEHHBIX KO-
(O ner; |1 — MOMEHT MHEPIIMH CTEPIKHSI C
JTUCKOM OTHOCHUTEIBHO OCH, TPOXO-
JAIIEH 4epe3 LUEHTP MHEPLIUU MasiT-
HUKA NEPIICHIUKYIISIPHO K TUIOCKOCTH
nucka; | — MOMEHT WHEpIMU CMEH-
Prc. 14 HOTO KOJIbIIa OTHOCHUTEIILHO TOW e

ocu; My =M+M, — cyMMapHas Macca MasTHMKA CO CMEHHBIM KOJILLOM,
I+ =1+ |, — cymMmmapHBIli MOMEHT MHEPIIMM MasATHHKA CO CMEHHBIM KOJBLIOM

otHOcHuTensHO ocH O.

HamaTpiBasi HUTH MOJBeca Ha CTEPKE€Hb, MOXKHO IMOJHATH MAasTHUK B
BEpXHEe MOJI0XKEHUE A0 AekTpoMarHuta (puc. 11). 3a Hadano orcyéra BO3b-
MEM TOUKY, COBIaJaroNIyto ¢ (otogaTunkoM. PacctosHue ot poTonaTumka 1o
HIDKHETO Kpasi CMEHHOTO KOJIBIIA, 3aKPETUIEHHOTO Ha AJIEKTpOMaruure, 0003Ha-
yuM kak h. Korma mMasTHHK HaXOIUTCS B BEPXHEM IOJIOKEHHHU, OH 00Jamaet
IIOTECHIIMAJIbHOW dHEPTUEn

E, =m.gh. (55)
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[Ipn packpy4nBaHUU U OITyCKAHUHU MAasiTHUKA IPOUCXOAUT NEPEXO] MO-
TEHILUAJIbHON YHEPTUU B KUHETUYECKYI0. DHEPrUsl MAsITHUKA B HYXKHEM I10JIO0-
KEHUH ONPEACISIETCS TOJIBKO KHHETUUECKOM YJHEPTHUEN, KOTOPYIO MOKHO 3aIIH-

CaTb B BUJC
2 2
g =T Lo (56)
2 2

r'ac v — CKOPOCTDb MMOCTYIIATCIIBbHOTO ABUKCHUA LNCHTPA MHCPINHN MAATHHUKA B
MOMCHT BPCMCHU, COOTBeTCTBYIOH_[I/Iﬁ MEPECCUCHN IO HU)KHUM KpacM CMCHHOI'O
KOJIblla JIMHHNH (bOTOI[aTqHKa; @ — yrjoBasa CKOPOCTb BpalICHUA MAjATHHUKA B
9TOT XK€ MOMCHT BPCMCHU.

B cooTBeTCTBUYU € 3aKOHOM COXpPAaHEHHUS SHEPTUH

2 2
mo” o

megh=——+ 57
gh = (57)

Bocmoib30BaBIINCh COOTHOIICHHEM L = ®d/2 , momydnm:
ngh:&JFZIz (58)

L? 2 d?
Eciu MasTHHK OIyCTHIICA Ha paccTostHue h 3a Bpems t, To U3 KHHEMaTH-
YECKUX ypaBHeHHﬁ, 3aIlIMCAHHBIX OJIsA Cﬂyqaﬂ paBHOYCKOpeHHOFO JABUXKCHUA,

CIEAYET, YTO

4h?
Uz = '[_2 . (59)
[Moacrasnsas (59) B (58), onpenensieM cyMMapHbI MOMEHT HHEPITUH Ma-
SATHUKA!
m.d? ( gt
=—=—| =1 60
4 (2h (0)

HOCKOJIBKy MOMCHTBI HHCPILIUHW CUCTEMBI TCJI IIOAYUHAIOTCA IIPaBUITY all-

IUTUBHOCTH, T. €. |y =1+1,, TO OKOHYaTETPHO MOMEHT MHEPLUUU CMEHHOTO

KOJIbIIA

_md®fgt®

5 . (61)

®opmyny (61) MOXKHO MOJYYUTh TaKXKe, UCIOJIB3Ys 3aKOH JIBUKCHHS
LIEHTPa MacC U OCHOBHOW 3aKOH JUHAMUKHU BPALIATEILHOTO JIBUKCHUS:

m.a=m.g - 2T,

62
2T9=|28, (52
2
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rac T — cuna HaTsSDKEHUS ImoaBccCa,; € — yriloBoC¢ yCKOPCHUEC MasITHUKA, d — YCKO-

pEeHuEe IIEHTPa MacC MasTHUKA (a =ed/ 2).

Pemrast cucremy (62) oTHOCHTENBHO |3, IOTyUYaeMm:

m.d*( g
=0 (3 g, 63
-ne(s ) .
BrIpa3uB yckopeHHe a uepe3 npoiiiéHHoe paccTosHue h u Bpems t:
2h

t?
nojictaBuB ero B (63) 1 BOCIIOIB30BABIIKCH TPUHIMITOM aTATHBHOCTH MOMCH-
TOB MHEPIUH, ITOJIYIUM BhIpakeHue s |, conamaromee ¢ (61).
Takum oOpazom, uzMepsist BpeMsi t POXOKACHUSA MasiTHUKOM PacCTOs-
Hus N ¥ 3Hass MOMEHT MHEPIMK MasTHUKA |1, MOYKHO HATH MOMEHT HHEPLHUH |

CMCHHOI'O KOJIbIIA.

Ilopsaook evinonenus padoomot

1. YOenutech B BepTUKAIBLHOM TOJIOkKEHUH cToMku 1 (puc. 11) u mpu
HEO0OXOIUMOCTH TPOU3BEANTE PETYIHPOBKY IMOJIOKEHUS OCHOBAHHS C MTOMO-
IIbIO PETYIUPOBOYHBIX O10p 14.

2. 3akpenuTe Ha JUCKe 7 MasTHHUKA OJHO U3 CMEHHBIX KoJell 9.

3. IIpocneauTte, 4TOOBI CTEPIKEHD 8 HAXOAMIICS B TOPU30HTAIHLHOM IT0JIO-
xeHuH. JJoOOUThCSI TOTO0 MOKHO C TIOMOIIBIO YCTPOMCTBA PETYyIMPOBKU S OU-
bunspHOTO MOBECA 6.

4. YcranoBure kpoumrteitH 10 ¢ dotomatunkom 11 B HibkHEN yacTu
IIKaJIbl MAJUIMMETPOBOM JIMHEUKHN TaKUM 00pa3oM, YTOObI JUCK C 3aKpPETLIEH-
HBIM Ha HEM KOJIBIIOM TNPHU JABUKEHUU MPOXOJIUI MOCEPEANHE paboyero okHa
doTomaTunka U He yAAPSIICS O KPOHIITEHH B HUKHEM TTOJIOKEHHH.

5. Haxxmure kHonky CETD, pacnoyioxkeHHY0 Ha JIMIIEBON MaHENIN 3JIeK-
TpoHHOTO Os10Ka. [Ipu 3TOM M0MKeH 3aropeThes HU(POBON MHAUKATOP MUILITHU-
cexkyHnomepa. [Iporpeiite ycTaHOBKY B TedeHHE 2 — 3 MUHYT.

6. Bpamias masTHUK, paBHOMEPHO HaMaThIBaiiTe 00€ HUTH Ha CTEPKECHb
BUTOK K BUTKY OT Kpast CTEpKHs K HeHTpy (puc. 15). [ToaHsSB MasTHHUK B BepX-
Hee TOJIOKEHHUE, 3a(pUKCUPYITE €Tro ¢ MOMOIIBIO SJICKTPOMArHuToB. B 3aduk-
CUPOBAHHOM IOJIOKEHUU HUTH JOJHKHBI OBITH CJIETKA OCJIa0JICHBI.

7. 3anuIuTe 3HAYCHHUs BEJIUYMHBI N X01a MasTHHKA, MacChl MasTHHKA
Makcemia 6e3 yuéra CMEHHBIX KOJIeIl M1, MOMEHTA UHEPITUU CTEPKHS C JTUC-
koM |1 1 3anecute B Tab0a. 1 Maccy My CMEHHOTO KOJIbLIA.
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Puc. 15

Ipumeuanue. Bennunna h onpexpessiercss Kak pacCTOSHUE OT HUKHETO
Kpasi CMEHHOTO KOJIbLIA, HAXO/SILIETOCS B BEPXHEM MOJIOKEHUH, 10 TNIOCKOCTH
HIDKHETO KpoHIITeWHa ((hoTogaTunka). 3HaU€HUsI Macchl M; U MOMEHTa UHEp-
uuu |1 mpuBeneHbl Ha YCTaHOBKE.

8. Haxxmute na xuonky CbPOC.

9. Haxxmute knonky ITYCK, npu 3TOM 35eKTpOMarHuThl 00ecToYnBa-
I0TCS, MasiITHUK HAYMHAET PacKpy4dUBaThCs, MUJUIMCEKYHIOMEpP HAauMHAET OT-
C4€T BPEMEHH, 2 B MOMEHT IE€PECEUCHHS] MasSTHUKOM ONTHYECKOW ocu (HOTO-
JaTyuKa cu€T BpeMEeHHU Npekpaiiaercs (MasTHUK MakcBesia Ipy 3TOM MPOoJI0JI-
AT COBEPIIATh KOJEOAHMUS).

10. ITpoBenute 10 u3mepenuii nHTepBasia Bpemenu t. Pe3ynbrarsl 3aHe-
cute B Tao. 1.

Tabmua 1
BennunHa xo1a MasiTHUKA: h =
Macca MasTHHKa 6€3 CMEHHOTO KOJIbIIa: My =
MoMeHT HHepIuH MasTHUKA 6e3 CMEeHHOTO KoJbla: |1 =
My, k& | Ne ombiTa 1 2 10 (t), ¢
t,c
t,c

t,c




TaThl 3aHecurTe B Ta0J. 1.
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11. IloBTOpUTE M3MEPEHUS ISl IBYX JIPYTUX CMEHHBIX KoJjel. Pe3ynb-

12. JIns kaxxaon U3 mpoBEAEHHBIX CEpUl U3MEPEHUN BpeMeHU t BhIYHC-

JIUTC CPCAHCC 3HAUCHUC <t> .

13. Bo3bMuUTE MITAHTEHIMPKYJIb. 3AMUIIUTE €ro 1eHy aenenus C u mpo-

U3BEIUTE MATh 3aMepoB nuamerpa d cTepkHs 8 B 001acTsX, HA KOTOPBIE MPO-

HN3BOIMJIaCh HAMOTKA HHUTH IIOJBCCA. P€3YJII>T3TI>I 3aHEeCUTE B Ta0OII. 2.

14. Ilpou3Benure mATh 3aMEPOB BHEHIHEro auamerpa Di nucka 7 mipu

Pa3JIUYHBIX €TI0 ITOJIOKCHUAX. P€3YJII)T8,TI>I 3aHecuTe B Ta0JI. 2.

15. HameB Ha Auck 7 OAHO M3 CMEHHBIX KOJeI 9, MpOu3BEIUTE MAThH 3a-

MCPOB BHCHIHCTO AUAMCTpPa D2 9TOTI'0 KOJIbLIA IIPHU PA3JINYHBIX CTO ITIOJIOKCHUAX.

Pesynbrate 3anecuTe B TaOII. 2.

Tabmuia 2
[lena nenenust mranreHUpKys: C = MM

Ne | doaen | ((d)=d,) | Dyawn | ((D))=Dy;)" | Dz s | ((D,)- Dy, )
1
2
3
4
5

(d) | S((d)-d )| (D) | S(D)-Dy) (D) | X({D,)-D,

16. 3anonHuTe TabI. 2, pacCUUTAB CPEIHUE 3HAYCHUSI U3MEPECHHBIX Be-

JINYNH <d>, <D1>, <D2>, KBaJIpaThl UX OTKJIOHEHUW OT CPEIHHUX 3HAYCHUU U

CYMMELI KBaAPaTOB UX OTKJIOHCHUH.

17. OuenuTe NOrpeuIHOCTh JUaMETPa CTEPHKHSA:

a) pacCUMTaNUTE BEJIMUNHY CUCTEMATHUYECKON COCTABJISIONICH MOTPEIITHO-

CTH U3MepeHuit it noBepuTenbHon BepositHocT P =0,95 o dopmyre

rac C- CHa JCICHUA IITAaHI CHIIUPKYJIA,
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0) paccuuTaiiTe BEIUYHUHY CITyYaifHOW COCTABJISIOINICH OTPEITHOCTH
1

Acy =1, m2(<d>—di)z,

i=1

rae N = 5 — yucio usMepenuit; tc = 2,776 — koapdunuent CThI0I€HTA, B3SATHIN

U3 Tabnuibl K03()PHUIMEHTOB TpU YUCIIe U3MEPEHU N =5 U ToBepUTEIHLHON

BepostHocTH P =0,95; Z((d)—di)z— CyMMa KBaJpaTOB OTKJIIOHCHHH JHa-
i=1

MeTpa CTepKHs, B3sTas U3 Tadl. 2;

B) OIICHHUTE 3HAYCHHE a0COIFOTHOM IMOTPEIIHOCTH KaK CpeTHEKBaIpaTHy-
HYIO CYMMY €€ CUCTEMATUYECKOU U CIIy4YalHOW COCTaBJISFOIIAX

2 2
Ad = «/AC +Ag,.
18. OneHnTE MOTPENITHOCTH BHEITHETO JUAMETPA TUCKA:

a) pacCUMTanTe BEIMUUHY CITy4alHON COCTABJIAIONICH MOTPEITHOCTH
1

Acy =1, mZ(<D1>— DL,-)Z,

i=1
n
2
rac Z(<Dl>_ Dl,i) — CYMMa KBaApaTOB OTKJIOHCHHH BHCHIHCTO AWAMCTpa
i=1

JIACKa, B3ATas U3 Taom. 2;

0) olleHUTE 3HAYCHHE a0COTIOTHOM MOTPEITHOCTH

AD, =+[AZ + A2,

19. OneHuTe MOTrPEITHOCTH BHEIIHETO AUAMETpa ChbEMHBIX KOJICIL;

a) pacCuMTaiTe BEIMYMHY CIIy9aliHON COCTABJIAIOIICH MOTPEITHOCTH

1

Agy =t, WZ(<D2>— DZ’[)Z,

i=1

n
2
rae E (<D2>— Dz,i) — CyMMa KBaJpaTOB OTKJIOHEHUN BHEIIHEro JuaMeTpa
=

CMEHHOI0 KOJblla, B3sATas 13 Ta0. 2;

0) olleHUTE 3HAYCHUE a0COTIOTHOMN MOTPEITHOCTH

AD, =A% + A%, .

20. 3anuiurTe noJiy4YeHHbIEe PE3YIbTaThl B BUJIE:

d=(d)+Ad [mn], P=0,95
D, =(D,)+ AD, [mm], P=0,95
D, =(D, )+ AD, [mm], P=0,95
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21. Beruucnute MOMEHTHI MHEPLIMU CMEHHBIX KoJel | masTHuka Makc-
Beyuta o opmyne (61). [t kaxxaoro U3 KoJjer pacuyéT MPOU3BOIUTCS OIUH
pa3 Mo CPEeTHUM 3HAYECHHSIM. Y CKOPEHHE CBOOOIHOTO NaJeHUs § PUHATH PaB-
eiM 9,8145 M/

22. OueHuTe MOTPEeIIHOCTY MOMEHTOB UHEPIUH IS KaXJI0r0 U3 CMEH-
HBIX KOJIELl!

a) pacCUMTANUTE BEIMYMHY CUCTEMATHUYECKON COCTABIISIONICH MOTPEIIHO-
CTH BPEMEHHU /IS J0BepUTENbHOM BeposiTHOCTH P =0,95 no opmyine

C

A =11.—,
¢ 2

rae C — neHa neneHus MUJUTHCEKYHIOMEpa, paBHas [ICHE JEJICHUS €T0 MOCIe -
HETOo paspsna,
0) paccuuTaiiTe BEIUYHUHY CITyYaiiHOM COCTABJISIOIICH MOTPEITHOCTH

1 : 2
Acy =1, mZ(@‘W :

i=1

rae N = 10 — yncno u3MepeHuit; <t> — cpenHee apuMeTnyecKoe 3HaUCHHUE Bpe-

MEHH, B35TO€ U3 TabJ. 1 A1 COOTBETCTBYIOIIETO CMEHHOTO KOJblIa; i — 3Haue-
HUE BPEMEHHU B I-M u3MepeHun; tc = 2,262 — koapdunment CThoeHTa, B3STHIH
u3 TabnuIel Ko3hGUIMeHToB npu uncie u3mepernit N = 10 u noBepuTenbHON
BepositHocTu P = 0,95;

B) OLIEHUTE 3HAUY€HHE a0COTIOTHON NOTPELIHOCTH

At =A%+ A2 ;
I') 3aNUIIUTE Pe3ybTarT B Bujae. t= <t> + At (c), P=0,95;

J1) OIIEHUTE a0COJIOTHBIE MOTPEITHOCTY MOMEHTOB MHEPIIMHA CMEHHBIX
KOJIeIl [0 YIPOILEHHOU opmyie:

2 2 2 )

Am Ad At Ah
Al =(1+1 2 — — Al
(1+1) il> +<d> +<t> +(h)+ 1

rae Amy =11-(C,,+C,,)/2=11-10"° k2 — abcomoTHas IOIPEIHOCTb CYM-

MapHOﬁ MacCChI mz = m:L + m2 , onpeacirsieMas Kak CyMmMa CUCTCMAaTHYCCKHUX T10-

IPEIIHOCTEH CllaraeéMbIX YacTeil My u M, (B manHoi padore Cmy = Cpp =1 2);

Ah=11-C, /2=0,55-10" m — aGcomoTHas IOrPEHOCTh BHICOTHI N MpH 11eHe

nenenus mkansl Cp = 1 mm; Al; — aGconroTHast MOTPEeNTHOCT, MOMEHTA HHEP-
MY MasiTHUKa 0€3 CMEHHBIX KoJiell (yKa3aHa Ha YCTaHOBKE);
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C) OLICHUTC a0COJIFOTHBIE IOrp€mHOCT MOMCHTOB MHCPHOUN CMCHHBIX
KOJICH, ITOAC/INB 3HAYCHHNS UX a0COJIFOTHBIX HOFpGIHHOCTeﬁ Ha ¢caMH MOMCHTbBI

WHEPIUH:
Al
S, =—.
I
23. 3anuiuTe pe3ysbTaThl B BUjE Tao. 3.
Tabmuma 3
Macca kombIia, KT MOMEHT WHEPIIMH SKCTIEPUMEHTATLHBIN

| =1+Al[ke-2?|, 8,=..% P=0,95

IKCn

1., =1xAl ke M |, 5,=..%, P=0,95

| =1+Al|ke M|, 5,=..%, P=0,95

IKCn

24. Paccuuraiite TCOPCTUUCCKHUC 3HAYCHUA MOMCHTOB HHCPIHH CMCH-
HBIX KOJIEI] OTHOCUTEJILHO OCH BpallleHus 1o ¢hopmyJie
m
_ 2 2 2
- (D} +D3).

Teop

25. Jlns KaXkJI0TO M3 CMEHHBIX KOJIEI OIEHUTE TOTPEITHOCTh MOMEHTOB
UHEpLHUU:
a) OLICHUTE 3HaUY€HHE a0COTIOTHOM MOTPEIIHOCTH B COOTBETCTBUH € (POP-

MYyJION

amy )", (AD, +4D, )"

AI = I ’
m D} + D’

Teop | Teop
z

0) olleHUTE 3HAYCHUE OTHOCUTEIHHOM MOTPEITHOCTH
Al

5 _ meop

meop I
meop

26. 3anuiuTe pe3ybTaThl B BUE TaoIl. 4.

Tabmuma 4
Macca koibna, Kr MOMEHT HHEPIUHU SKCIIEPUMEHTATbHBIN

_ 2] _ 0 _

Imeop = Imwp iAlmwp ke M |, Slmwp =...%, P=0,95
_ s 2] _ 0 _

Lcop = Vneop T Ay | K- M |, 8, =..%, P=0,95
_ s 2] _ 0 _

Lcop = Vneop T Ay | K- M |, 8, =..%, P=0,95
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27. 3anoHUTE UTOTOBYIO TalJ. 5 pe3yabTaToB.
Taomuna 5

2 2

M2, ke lsxeny KM lveop, KM

28. ChopmynupyiiTe BBIBOJ O IIPOJIeIaHHON paboTe, OTpa3uB B HEM &cCe
noyYeHHble PE3YTbTAThI.

Koumprbele eonpocol

1. ChopmynupyiTe 3aKOH COXpaHEHUSI MEXaHUYECKOW SHEPTUU.

2. Yt0 Takoe MOMEHT UHEPLIMHA MATEPUATIbHON TOYKH, Tena?

3. Uto npencrapisieT coboi MasTHUK MakcBesia?

4. IToueMy IIpu U3MEPEHNN BPEMEHM JIBH)KCHHMS MasTHHKa MakcBesuia
HEJIb3s IOMYCKaTh €r0 PaCKauYMBaHUE B TOPU30HTAIBHOM MIIOCKOCTH.

5. Yto Takoe yrioBas U JIMHEWHas: CKOPOCTH, YTIIOBOE U JIMHEWHOE YCKO-
penns? KakoBa ux B3aUMOCBSI3b?

6. IlomyuuTe coOoTHOILIEHUE JJIs1 KHHETUYECKOM SHEPTUH BpalatoIIerocs
Tena.

7. CchopmynupyiiTe OCHOBHOM 3aKOH JUHAMMKH BpallaTeIbHOTO JIBUXKE-
HUSL.

8. BriBenute hopMyity AJis onpesieseHuss MOMEHTa HHEPLMH IUCKa, OT-
HOCHUTEJIBHO OCH BPALLEHUS, TPOXOASILIEH Yepe3 LIEHTP Macc.

9. BeiBeaute GopMyIibl ISl ONPEEIICHNS MOMEHTa MHEPLUHU KOJIbLA U
TOHKOTO KOJibIla (00pyyYa) OTHOCUTEIBHO OCH BpAIICHUS, MPOXOIAIeH uepes
LEHTpP Macc.
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Jlabopamopnas paboma 1-18

H3YYEHHUE YIIPYTOI'O H HEYIIPYT OI' O
YIAAPOB LIIAPOB

Lenv pabompt: i3yueHne 3aKOHOB COXPAHEHHS UMITYJIbCa U MEXaHMYECKOM
SHEPIHH Ha MIPUMEPE YIAPHOTO B3aMMOICHCTBHS IBYX IIaAPOB; OIIPEeICHUE CPE/I-
Hel cUiIbI yaapa, KoddduipieHTa BOCCTAaHOBIICHHS CKOPOCTH U HEPTUM JieopMa-
1012058 11E1010):

Ilpuboper u npunaonercHocmu’ yCTaHOBKA IS U3Y4YEHHS YIIPYTOro U He-
yrpyroro yaapoB mapos GITM-08.

Inemernmot meopuu u Mmemoo IKCnepumenma

Y1apoM uiav COyJIapeHUEM HA3bIBACTCS CTOJKHOBEHHUE IBYX WM HE-
CKOJIBKMX T€JI, IIPU KOTOPOM HX B3aUMOJCHCTBUE JUIUTCA OYEHb KOPOTKOE
Bpems. [Ipu 3TOM UX KHHETHYECKast SHEPTHUS MOJTHOCTHIO WJIM YaCTUYHO Tepe-
XOJIUT B MOTEHIIMAJIBHYIO SHEPTHIO JIepopMaliii U BO BHYTPEHHIOI HEPTHIO
TeJ. Y BEJIMYEHUE BHYTPEHHEN SHEPTUU TEIT COMMPOBOKIACTCS MOBBIIIEHUEM UX
TEeMIIEPaTyphl.

Mepoii MEXaHMYECKOrO B3aUMOJCHCTBUS TENI MPU yAape BMECTO yaap-

—

HOM cuiibl F city’XUT €€ UMIyJbC 32 BpeMs yaapa, T.€. BEJIMYUHA

Fdt=(F)t, (64)

o(—...—r

—>

rae <F> — Cpeanss CuJla yaapa, t— BpEMsI yIapHOT'O B3aUMO/ICCTBUSI.

Ecnu umnynece 3a Bpems { ynapa n3meHsieTcss Ha KOHEUHYIO BEJIMUUHY

A(MV), To U3 BTOPOrO 3aKOHA AMHAMUKH CIELYeT, 4TO
(F)t=A(mv). (65)
W3mepsist BpeMsi yIapHOTO B3aUMO/JICHCTBHS, MOKHO Ha OcHOBaHMH (65)

ONPENENIUTh CPEJIHIOK CHITY yaapa <F> o popmyie

<F> _ m,Av, _ m,Av,
t t

rae Mp 1 My — MacChl B3aUMOJICUCTBYIOIIUX TeN; Av; U ALy — U3MEHEHUS UX

, (66)

CKOPOCTEM IIpHU yIape.

Cy1ecTBYIOT Ba MPEICIbHBIX BUJIA YJapa: adcol0mHo ynpyuil u ao-
cosilomno Heynpyzuil. A6coilomHuo ynpyzum Ha3bpIBaeTCs TAKOW ynap, pH KO-
TOPOM MEXaHWYECKasi JHEPTHUS TeJl He MEePEXOIUT B APyTHE, HEMEXaHHUIECKHE,
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BUJIbI 3HEepruu. [Ipu TakoMm yaape KMHETHYECKask SHEPrus MePeXOqUT MOJIHO-
CTBIO B MOTEHIMAIBHYIO SHEPTUIO yIpyroi aedopmaiuu. 3aTeM Tejaa BO3Bpa-
[IAIOTCS K MEepPBOHAYANBHON (opMe, OTTaIKuBast ApyT Apyra. B urore moren-
[uaabHasl PHEPrusl YIpyrou neopmanuu CHOBa MEPEXOJUT B KHHETUUYECKYIO
U TeJla pa3JIeTarTCs CO CKOPOCTAMM, BETMYMHA U HAITPaBJIEHUE KOTOPBIX OIpe-
NENSAIOTCS 3aKOHAMHM COXPAHEHUSI UMITYJIbCAa U DHEPTUU. DTU 3aKOHBI MOYKHO
chopMyIIMpPOBATh TaK: MOJTHBINA UMITYJIbC U MOJHASI MEXaHUYECKasi SHEPTUs 3a-
MKHYTOW CUCTEMBI OCTAIOTCA HEM3MEHHBIMU. CHCTEMa Ha3bIBAETCS 3aMKHYTOM,
€CJIM OHA HE OTHAET CBOEH DHEPTUM U HE MOJIy4aeT €€ U3BHE.

Abconwomno Heynpyzuil yaap XapakTEepHU3yeTCsl TEM, YTO MOTEHLINAAIIb-
Has dHeprus AepopMalud He Bo3HUKaeT. KuHeTnueckas 3Heprus Teil MOJHO-
CTBIO WJIM YAaCTUYHO IPEBpAIIAECTCS BO BHYTPEHHIOKO 3Hepruro. Ilocie yaapa
CTOJIKHYBILIKECS Tela JU00 JABUXKYTCA C OJUHAKOBOM CKOPOCTHIO, JTHOO MOKO-
arcs. [Ipyu TakoM yzape BBITOJIHSIETCS JIMIIb 3aKOH COXPAaHEHUS UMITyJIbca. 3a-
KOH COXpaHEHUSI MEXaHUYECKOUW SHEepPruu He co0toaeTcs (00iblasi 4acTh KH-
HETUYECKOM SHEPIUH TEJl NEPEXOAUT MPU ITOM B TEILIO).
[Ipu n3yyeHuun CTOJIKHOBEHUS IBYX

—

n L, o
TCJ1 06BIqHO pacCMaTpuBarOT IIPAMOHN LOCH-

TpPaJbHBIN yap. Y TOUHUM MOHATHS «IIPsi-
MOW» U «LEHTPAJIbHBIN» MPUMEHUTEIBHO
n Kynapy.
U, OO6mass HOpMalib NN K TIOBEPXHO-
CTM coynapsiroruxcst ten (puc. 16) B
Puc. 16 TOYKE A UX CONPUKOCHOBEHHUSI HA3bIBACTCS

JuHUel yoapa. Y 1ap Ha3bIBACTCI HPAMbBIM, €CIIH CKOPOCTH U, U U, LEHTPOB

macc C1 u C, coynapsromuxcs Tell nepes yaapoM napajuieabHbl JUHUH yAapa.
B npoTtuBHOM ciydae ynap HasbiBaeTcsa kocwvim (puc. 16). Yaap naswsiBaetcs
YeHmpanbHbIM, €CIIU NIPU YJape LEHTPbl MAaCC COYAAPSIOLINXCS TET JIeKaT Ha
JMHUYU yJapa.

Puc. 17
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B kauecTBe nprumepa pacCMOTPUM LIEHTPAJIbHBIA yaap ABYyX maposB. Ta-
KOHM y/ap MOXKET MPOU30MTH, eclin: 1) Iapsl IBMXKYTCS HaBCTpEUy JIPYT APYTyY
(puc. 17,a) u 2) oauH U3 mMapoB AOTOHSET Apyroi (puc. 17,6).
bynem cuurtarh, 4To maphl 00pa3ylOT 3aMKHYTYIO CHUCTEMY WIIM 4YTO
BHEILIHWE CUJIbI, IPUJIOKEHHBIE K [IapaM, ypaBHOBEIIMBAIOT ApyT Apyra. Toraa
Ha OCHOBAHUU 3aKOHOB COXPaHEHUSI UMITYJIbCa M SHEPTUHU B Cllydae aOCOIIOTHO
YOPYTOro yjaapa mapoB OyJeM UMETh
M0, + My, = My, +m,U,, (67)

2 2 2 2
mo, | ML, _Mmu, = MU, ’ (68)

2 2 2 2
rae My 1 M — Maccel MIapos; U;, L, U U, U, — UX CKOPOCTH 10 U MOCIIE B3au-

MOJECUCTBUSI.
U3 ypasuennii (67) u (68) Haxomaum ckopoct mapos U, u U, mocie

CTOJIKHOBCHUA !

0 - (ml—m2)61+2m262’ (69)
m, +m,

- (m,—m,)0, +2my,
2 = : (70)
m, +m,

Mpg1 paccMoTpenu KpaitHui citydail — abCOMI0THO yIpyTHil yuap. B nei-
CTBUTEJIBHOCTH KUHETHUYECKasl 3HEPrUsl TeJl NOCJE COYAapEeHHs] CTaHOBUTCS
MEHbIIIE UX MEePBOHAYAIBHOW SHEPTUU HA BETUUUHY

AE, == __(y, —v,(1-K?), (72)
2(m,+m,)
rne Kc — Tak HasbiBaeMblii K03(pPUIIMEHT BOCCTAHOBICHUS CKOPOCTH. JTa
4acTh MEXaHMYECKON (KHHETUYECKOM) SJHEPTUU TeN NpHU yAape npeodpaszyercs
B UX BHYTPEHHIOIO YHEPTHUIO.

Koadduruent Boccranosnenus: K. omnpezensercs OTHOIICHHEM abco-

JIOTHBIX 3HAYEHUI OTHOCUTENIBHBIX CKOPOCTEH TEJ MOCie U 10 yaapa, T.€.

|y, -y

Kg = (72)

]
‘02 - 01‘
M 3aBUCUT OT (DM3MUECKMX CBOMCTB MaTepHana, GOpPMbI M MacC COyAapsio-

IIUXCS TEIL.
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IIpumeuanue. B obmem cinyuae (kocoit yaap, puc. 16) koaddurment
BOCCTAHOBJICHHSI CKOPOCTH OIpeesieTcs mo ¢popmyie
i ‘UZn - u1n‘
KC - ‘UZn - Uln"
TJI€ L1n, L2n, Ui ¥ Uzp — IPOEKIIMK CKOPOCTEH IBYX TEJ Ha JIMHUIO yAapa 10
IIOCJIE UX B3aAUMOJICUCTBUS.

HWTak, eciu nmpu yaapHOM B3aUMOJICHCTBUH MTOTEPH KHHETHYECKOH SHEP-
run Het, T.e. Kc =1, To ynap Ha3wpiBaeTcsi aOCONIOTHO YIPYTHM, COOTBET-
ctBeHHO 1pH K¢ = 0 — aGCOTIOTHO HEYIPYTUM.

«[loTepro» KMHETUYECKOH PHEPTUU MpHU aOCOIIOTHO HEYIPYTOM ynape
MO>KHO HaiTH 110 popmyute (71), monoxus B Heit K¢ = 0, WM HEOCPECTBEHHO
C TMOMOIIBIO 3aKOHOB COXPAaHEHHS MMITYJIbCa M MOJIHOW MEXaHWYECKOW dHep-
T'HH, IPUMECHHB UX K YKa3aHHOMY BHJTy B3aHMMO/ICHCTBHUSL:

ML, +mM,0, =(m, +m,)d, (73)
MU, + mpo} _ (M +m, )u’ +AE (74)
2 2 2 <

N3 cootHomenus (74) BbpakaeM U3MEHCHHE KUHETHYCCKOW SHEPTUU
KaK pa3HOCTb CyMMapHOW KMHETHYECKOW SHEPTUU IIAPOB JI0 U ITOCJE CTOJIKHO-
BEHUS:

2
_ m1U12 n mzoé (ml + m2)u
2 2 2 '
BrIpa3uB u3 3aKoHa coOXpaHeHHS UMITyIbca (73) CKOpOCTh IIapoB MOCIIE

AE (75)

CTOJIKHOBEHHS M T1oicTaBUB ¢€ B (75), Mociie HECIOXKHBIX PeoOpa30BaHu MMo-

JIyYUM

2
AE = MMy (0= 0,)" (76)
Com+m, 2
Ecnu HavyanbHas CKOPOCTh BTOPOTO IIapa JO CTOJKHOBEHUS PaBHA HYJIIO

(v2 = 0), To cootHomienus (75) u (76) MPUHUMAIOT BUI:

2 m u2
AEK — mlul _ (ml + 2) (77)
2 2
41
2
AE =T MO (78)
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3KCHepI/lMeHTaJILHaH 4acTb

Pabora BbINOJIHSAETCS Ha CHELMAIU3UPOBAHHON yCTaHOBKE, IPUBEIEH-
HOI1 Ha puc. 18. YcraHoBka npeacTaBisieT co00i HaCTOMBHBIN TPUOOP, BBHITIONI-
HEHHBI Ha €AMHOM OCHOBaHMHU | ¢ perymupyembiMu onopamu 3. Ha Bepru-
KaJIbHOM CTOMKE 2 3aKpEIICHbl BEpXHUH 5 1 HUKHUM 6 KpoHITeitHbl. Ha Bepx-
HEM KPOHILITEHHE HAXOAUTCS BUHTOBOM MEXaHU3M 7 U3MEHEHHUs MEKLEHTPO-
BOT'O PAaCCTOSIHUS IIAPOB, MPUBOJAUMBIN B ABI)KEHUE PYUKON 8 1 UKCHUPYEMBIii

ramkou 9.

16

, — /
| . | ; / /
30/ 29/ 28/ 311 \27 3 1 4

Puc. 18

Masrauk sieBpiil 10 u MmasgTHUK npaBelid 11 cocTOAT U3 METAINIMYECKOTO

CO CIELMAaJIbHON HAKIIAAKOM JUI HEYIIPYroro yaapa mapa 12 ¢ Hounycom 13,
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3aKpEeIIEHHOTO ¢ IOMOIIIbIO Kprouka 14, TpaBepchl 15 u TokoBeaymmx Oudu-
JISIPHBIX NTOJIBECOB Ha mTaHre 16. Jljig yMeHbLICHUS TPpeHUs OMUIISIPHBIN 1O1-
BEC KPEIMUTCA Ha IITAHre C MOMOILBIO MPU3MEHHBIX orop 17. C momMoIbpio BUH-
TOBOT'O MEXaHU3Ma 7 OCYILIECTBISETCS M3MEHEHUE MEXKIIEHTPOBOIO PacCTOsI-
HUS 32 CUET NEPEMEILIECHMS IITAHTH JEBOI0 MASITHUKA, YTO HUCIIOJIb3YETCS MPH
YCTaHOBKE LIapOB Pa3HOI0 JUaMeTpa.

Ha Hm>kHEM KpOHIUTEHE 3aKperuieHbl jgeBad 18 u mpaBas 19 mkasl,
KaKIas U3 KOTOPBIX MOXET IEpEMENIaThCsl B ONPEAEIEHHBIX Npenenax Io
IUITUTE KPOHIITEHHA MPU YCTAaHOBKE HOHMYyca mapa Ha 0 u (uKcupoBaThCs B
BbIOPAaHHOM MOJIOKEHUH C MOMOINBIO BUHTOB. [IpaBas mikama ciayXuT ISt
onpeneneHus yria OpocaHus M YIJIOB OTCKOKA MPaBOro Iapa, JieBas — Ui
OIIPENEIICHNs YIIIOB OTCKOKA JIEBOIO IIapa. YTIUIbl OTCKOKA IIAapOB OIPEAEIIs-
FOTCSI TTOCJIE UX IIEPBOTO COYJIApPEHU.

Ha npaBoii mkane KpenuTcst 3JIEKTpoMarduT 20 ¢ peryJampyeMbIM yCu-
nveM. PerynupoBka yCHiIns OCYyIIECTBISIETCS BUHTOM 2 1. DIEKTPOMArHuT Mo-
KET TepeMentaTbesl BAOIb HIKaIbl U (PUKCUPOBATHCS railkoil 22 B BBIOpaHHOM
nojoxeHnu. KoHCTpykius KpoHIITEHA 23 KpEIUIEHUs HJIEKTPOMarHuTa
IIpeAyCMaTPUBAET TAKKE BO3ZMOXKHOCTD €TI0 IIEPEMEILIEHU 110 BEPTUKAJIU BJIOJIb
CTepkHSA 24 ¥ BOKPYT HETO. DIIEKTPOMATHUT CIIYKUT I YAEpKaHUS IPABOTO
1apa B BBIOpAaHHOM IOJIO’KEHUH.

budunspHslii oaBec CHaAOXKEH 3aKUMHBIM YCTPOMCTBOM 25, ¢ TIOMO-
IIbI0 KOTOPOTO OCYILECTBIISAIOTCS PETYIUPOBKA U (pUKcalysi BBIOpaHHOM JUTHHBI
HUTHU nojiBeca. Kaxaplil map cHaOXkEH ycTpOMCTBOM BUHT-raiika 26, mocpen-
CTBOM KOTOPOTO MOHO B HEOOBIINX npezenax (5-8 MM) MEHAThH MOJIOKEHUE
1iapa o BEPTUKAIU 32 CYET U3MEHEHUS MOJIOKEHUS Kprouka 14.

Ha o6miem ocHoBanuuM 1 KpenmuTcsi MUKpOCEKyHIoOMep (u3HuecKuil 4,
[IpeAHA3HAYECHHBIN U1 3aMepa BPEMEHU COYIapEHUsl METAJUINYECKUX IapOB U
st muTanus snektpomarnuta 20. Ha nepenHei maHeam MUKpPOCEKyHIOMeEpa
Haxoaarcs kHonku CETD 27, CBPOC 28, ITYCK 29, unaukaTopHasi maHelb
Bpemenu 30 u curHanbHas yamnouka [IEPEITOJIHEHUWE 31. Bxkmrodenue
JJIEKTPOMArHuTa MPOUCXOIUT OJHOBPEMEHHO C HAXKATUEM KHOIIKM BKIIFOYEHUS
cetu 27. HaxxaTrem KHOIKH Mycka 29 ocyliecTBiIseTcsi 00eCTOUMBAHUE DIIEK-
TpoMarauta. MukpocekyHaoMep (pUKCUpPYeT BpeMs TOJIbKO OJHOTO (IIEPBOTO)
COYIapEHHS.

B pabore ucnonp3yroTcs METaNIMYeCKUE IIapbl, U3TOTOBJICHHBIE U3

CTalu M OpOH3bI, UCHBITHIBAIOIINE MPU CTOJIKHOBEHHWU HE BIIOJIHE YIPYTUH
yAap.
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[TpaBsiii map (I1) oTBoaUTCS B KpaitHee mpaBoe MOJIOKEHUE A Ha YOIl Ol
(puc. 19,a), dukcupyercsa snekrpomaruutoMm 20 (puc. 18) u ocBobokIaeTCA
nipu Haxkatuu kHoniku [TY CK. JIeBslii, n3HayanpHO nokouBiuiics, map (JI) mo-
CcJie COyJapeHus OTKIIOHsIETCs OT BepTukaiid OO; 10 KpalHEro JIEBOro MoJioxke-
HUS B, COOTBETCTBYIONIETO yIiTy o (puc. 19,6).

O, O O, O
£

A B :

T o " o
Jes. mxama ¢ ¢ [Tp. mkamna Jles. mxama @ ¢ ITp. mkana
a o
Puc. 19

Maccsl mapoB NpUMEPHO paBHbBI, MO3TOMY IMpaBblil 1m1ap, OyJb OH He-
MHOTO TSKEJIEE WJIH JIETYEe JIEBOT0, MOCIIE IIEPBOTO CTOJIKHOBEHUS HE U3MEHSIET
HampaBJIEeHUE CBOETO JABMKEHMUSI, IPOJIOJIXKAs! ABUTATHCS BJIEBO, U OTKJIOHSIETCS
ot Beptukaimm OO; (puc. 19,6) Ha HEKOTOPBIN YTOJI Ol19, KOTOPBIN, IO CYTH, SB-
JSETCS YIJIOM «OTCKOKa» IpaBoro mapa. OgHako U3MEPUTh 3HAYEHUE 3TOTO
yTJia 1o JIEBOM LIKaJie Helb34 (ITOJyYUM HEBEPHBIN OTCUET yria), 1o IpaBoi —
HEBO3MOYHO (HE TO HANpaBJICHUE).

OOONTH ATY TPYAHOCTH MOKHO, €CJIU JIEBBIN LIAp MOCIIE IEPBOTO OTCKOKA
OCTaHOBHUTH (CKaxkeM, pykoi) B mojoxenuu B (puc. 20,a). Torma yroa «ort-
CKOKa» IMPaBOro MIapa 0.1 MOYKHO OINPENENHUTh U MO MPaBOM LIKaje, U3MEPUB
HaYaJIbHYIO aMIUTUTY1y €ro KojaeOaHuit

Ay = Olyg ¥ Oy
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Wrak, noguepkHEM emeé pa3, 4To yrol «KOTCKOKa» Ol1 IIPAaBOro IIapa onpe-
JEJSIETCsl HAYaJIbHOW aMILUIATYA0M €ro KoJeOaHuil, U3MEPEHHOM MTOCIIe IEPBOTO
OTCKOKa JIEBOTO 1Iapa U yJIEpP>KaHUs €ro B IOJIOKEHUU B.

0, O O 0

PukcupoBaThb
H3meputsb yroa

JIeBBIN Iap
B ISl TIPABOTO
mapa
17 SYRER, i_/1
T o " o
Jes. mxana @ © [Ip. mkana Jles. mxkama @ O [Ip. mkana
a o
Puc. 20

B ciydae npoBeneHuUs1 3KCIIEpUMEHTA € peajau3alueil Heynpyroro B3au-
MoericTBus mapoB (puc. 20,0) yroiu o, onpeaeasieMbIid M0 MaKCUMaIbHOMY OT-
KJIOHEHHMIO JIEBOT0 11apa oT BepTUKaIn OO, HENOCPEICTBEHHO TOCIE UX COyAa-
peHUs, MO3BOJIAET HANTH BHICOTY MOJAbEMA 00OMX IIAPOB U, CIEAOBATENBHO,
OIIEHUTH UX MOJHYI0 MEXaHUYECKYI0 SHEPTHIO.

[IpyHLMO IEeCTBUSL YCTAHOBKM OCHOBAH HAa M3YYE€HUU yJiapa KaK COBO-
KYITHOCTU SIBJICHHH, BOSHUKAIOIIUX MPU KPATKOBPEMEHHOM B3aWMOJICHCTBUU
TEeJ, HAa TIPUMEpPEe COYIapeHHs BYX IIAPOB, 3aKPEIUIEHHBIX Ha OUQPUIISTPHBIX
NO/ABECAX.

Ecmu mosiokeHue SKCIEPUMEHTAIIBHOM YCTAaHOBKH OTPETYJIHMPOBAHO
JOJDKHBIM 00pa3oM, TO TMPH COYJAPEHUM IIAPOB UX MMITYJIbChl HAINPABIICHBI
MEPIIECHIUKYJISIPHO K CUJIOBBIM JIMHUAM T0JIs TskecTH. Clie1oBaTesbHO, B MO-
MEHT yJ1apa MPOEKIIMY BHEIIHUX CHUJI, ICUCTBYIOIIMX HA PACCMATPUBAEMYIO Me-
XaHUYECKYI0 CHUCTEMY, pPaBHbI HyJt0. Torjaa MPUMEHHUTEIBHO K COYJapsio-
IIUMCS II1apaM, OJMH U3 KOTOPBIX (JIEBBIN) N3HAYAIBHO MMOKOUJICS, MOXHO 3a-

IMUCAaTb 3aKOH COXPAaHCHHA HMMITYJIbCA B IPOCKIOHWH HA T'OPU3OHTAIILHYIO OCb
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MHEPLUHAAIBHONU CUCTEMBI OTCYETA, CBA3AHHOM C 3€MJIEM Y HAIIPABJIECHHOU B CTO-
POHY Ha4aJIbHOTO JIBHKEHHUS IIPABOI0 1Iapa, B CIEAYIOLIEM BUJIE!
JUIs YIIPYTOro yaapa

mu, =mu, +Mm,u,, (79)
17151 aOCONIOTHO HEYIIPYTOTO yaapa
mlolz(ml"'mz)u' (80)

rie M; — Macca IpaBoro mapa; M, — Macca JIEBOTO 11apa; v, — CKOPOCTh IIpa-
BOIO IIapa 10 yaapa; U, u U, — CKOpPOCTH LIApOB IOCIE yIpyroro yaapa; U —

o0111ast CKOPOCTh IIAPOB MOcie a0COIIOTHO HEYIIPYTOTo yaapa.

0, O O
LLLLL L VI IS4
[
- B
@) v [7 | QD@ \
/ | \ / \
" "
Jles. mkana 9 O [Tp. mkana Jes. mkana 9 O [Ip. mkana
a o

Puc. 21

CkopocTh TpaBoro mapa B MOMEHT yJlapa O JIEBbIM MOXKHO OMPEAECIUTh
Ha OCHOBE 3HAYEHMs €ro yria MepBOHAYalIbHOTO OTKJIOHEHHUS Og. B mpoiecce
JBMOKEHUS 11apa u3 Touku A (puc. 21,a) B Touky B (puc. 21,6) Ha HEro MoryT
NEeWCTBOBATh TOJBKO JBE HEMOTCHIMAIbHBIE CHJIBI: CHJIA COMPOTHUBIICHUS
cpeasbl (Bo3yxa) U cuja HaTsKeHUs HUTH. CONPOTUBJIIEHUEM CPEAbl MBI TIpe-
HeOperaem ¢ y4éToM peabHON TOYHOCTH HAIIMX U3MEPEHUH, MAJIbIX 3HAUCHU N
CKOPOCTEH JBIKEHHUS IIApPOB, MX Macchl U (opmbl. PaboTa cuibl HaTSHKEHUS
HUTHU B IPOLIECCE ABMKEHUSI 11apa OKa3bIBACTCS TOXKE PaAaBHOM HYIIIO, TaK KaK B
MpoIiecce IBKEHUS B 000 MOMEHT BPEMEHHU HaIpaBJICHHE BEKTOpPA Iepe-
MEIIEeHUSI IEPIICHINKYJISIPHO K BEKTOPY CHJIbI HATSDKEHUsST HUTH. Takum oOpa-
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30M, pa60Ta BCCX HCIIOTCHIOMAJIbHBIX CHUJI paBHA HYJIO, U Mbl MOJKEM IJIA OIIPC-
JACIICHUA HCKOMOM CKOPOCTH 3aIIUCaThb 3aKOH COXpPAaHCHUA SHCPIUU, IIPUPABHAIB
Ha4aJIbHYIO NOTCHIHAJIBbHYIO SHECPTHUIO IIapa B TOYKC A K ero KMHETUYECKOM
OHCPIruU IOCTYyNaTCIIbHOI'O ABHMKCHUS B TOUYKC B:

m,gh, =%- (81)

[Ipu onrcaHnny IBUKEHHMS [Iapa BBUY OTHOCUTEIBHOW MAJIOCTH €T0 Ia-
OapUTHBIX pPa3MEPOB IO OTHOLIECHUIO K JJIMHE IMOABECA MBI UCTIOIB3YEM MOJIEITH
MaTepUAIIBHON TOYKH U, CIEJOBATEIBHO, B COOTHOILIEHUN HE YYUTHIBAEM KUHE-
TUYECKYIO PHEPTUIO BpalIaTEIbHOrO JBMKEHUA. KOHKPETHO sl TaHHOM 3KC-
NEPUMEHTAIBHON YCTAHOBKM TaKOM MOJXOJ SBIISIETCA ONpaBaaHHbIM. Hanpu-
Mep, IS CTaIbHOTO Trapa Maccor 112 r mpu mmae moaseca | = 0,47 M nodst
KWHETUYECKOW HHEpPrus BpauaTelbHOro aBrxeHus He npesbimaet 0,11 % ot
BEJINYMHBI [TOJTHOM KHHETUYECKON SHEPIUH.

Hauanbhyto BeicoTy B TOUKe A (puc. 21,a) MOKHO ONIPEICITUTh KaK

h, =1(1-cosa,)

WIH C Y4ETOM TPUTOHOMETPUUYECKOTO TOKIecTBa COS20=1—2sin’ o —
. (o
h, = 2lsin| =2 |. (82)
2

[MoacraBnsas cootnomenue (82) B (81) m cokpamas Maccy, moxy4aem
GopmMyITy 115 OnpeiesIeHUsT CKOPOCTH TPABOTO IIapa mepes] yaapoMm:

v, =2/gl sin(%). (83)

AHanoruyHo nosnydaem (OpMyJibl IS OLEHKU HaudajdbHBIX CKOpPOCTEH
JNBWKEHUS IIAPOB MOCIIE YIIPYTOro U HEYNIPYIOro yIapoB:

u, = 2\/ﬁsin %) (84)
u, = 2,/gl sin %j (85)

u= 2\/asin %J (86)

rae | — paccrosHue or TOUKM mojBeca 10 LEHTPA TSHKECTU MIAPOB; Olp U Olp —

YIJIbI OTCKOKA COOTBETCTBYIOIINX IIAPOB MPU YIIPYTOM YIape; Ol — YTrOJl OTKJIIO-
HEHUS LIEHTpa Macc MIAapoB NpHU HeynpyroMm yzaape. JlimHa nmoaseca mapos

| =470 + 10 MM. Maccsl 11apoB B rpaMMax yKa3aHbl Ha CaMHX Iapax.
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HOI[FOTOBKa YCTAHOBKH K paﬁoTe

[Ipu moAroTOBKE YCTAaHOBKH K paboTe MpojesiaiiTe cieayrolue onepa-
LU,

1. Pacnionoxkute yCTaHOBKY Ha JIaDOpAaTOPHOM CTOJIE U JOOEHUTeCh yCTOM-
YUBOI'O TOJIOKEHUS €€ OCHOBAHMUSA C MOMOIIBIO PETYJMPOBOYHBIX OIOP, HC-
MO0JIb3YsI B KAYECTBE OTBECa OM(PUIISIPHBIE TI0/IBECHl MAITHUKOB.

2. Pyukoii 8 ycTaHOBUTE HEOOXOIMMOE MEKLEHTPOBOE PACCTOSHUE,
mapbl PU 3TOM JOJDKHBI CJIETKa KacaTbCsa APYT Apyra.

3. C nomomibto noasecoB 10 u 11 ycTraHOBHTE IIApBI B TAKOE MOJIOKEHUE,
YTOOBI UX HOHUYCHI 13 HaXOAUINCH B OJJTHOW BEPTUKAIBHOM MJIOCKOCTH CO LIKa-
namu 18 u 19, mpu 3TOM pUCKH Ha IIapax, HAXOIAIINXCS B COCTOSIHUU TTOKOS,
JOJKHBI ObITh Ha OJIHOM YPOBHE.

4. YcTaHoBUTE MOJOKEHUE deKTpoMaruuta 20 mo BbICOTE TaKUM 00pa-
30M, 4TOOBI €0 OCh COBIIaJalla C pUCKOM MOJABEAEHHOTO K HEMY ITPaBoOro Liapa
1 yroJ Opocanus o, mapa (puc. 19) iexain B mpenenax 10-15°.

5. BkirouuTe B CETh IIHYP MUTaHUS MUKPOCEKYHAOMeEpa 4.

6. Haxxmure kHonky CETDb, pacnonoxeHHyr0 Ha JIUIEBOUN MAHEIN MHUK-
POCEKYHIOMEpa, IIPU 3TOM JOJIKHBI 3arOPEThCS JaMIOYKU HU(GPOBON MHAMKA-
UM,

7. OTKJIOHUTE MPaBbIi IIAp A0 CONMPUKOCHOBEHHUSI C AIEKTPOMATHUTOM,
IIPU ATOM JOJDKHO IIPOU30MTH «3aJIMIIAHUEY IIaAPa.

8. Haxxmute Ha kHonky CBPOC, ipu hTOM Ha JlaMrodykax nu@poBoi HH-
JTUKAUU JOJDKHBI 3arOPETHCS HYJIU.

9. Haxxmute Ha kHonky IIYCK, mpu 3TOM J071%KeH 00ECTOUNTHCS JICK-
TPOMArHUT, MPOU30MAET yAap IIApOB, U HA HU(PPOBOM MHAMKATOPE MUKpOCE-
KyHJIOMepa JTOJDKHO 3a(UKCUPOBATHCSA BpeMs coyaapeHus (mammouka ITEPE-
[TOJIHEHUE ropeTh HE AOKHA). Yap JOJKEH ObITh NPSIMBIM U LEHTPalb-
HBIM, T.€. TPAEKTOPUU OTCKOKAa IIAPOB JOJLKHBI HAXOAMUTHCS B OJHOW BEPTH-
KQJIbHOM IJIOCKOCTH.

Ilopaook evinoanenus padomul

1. OnpeaenuTe U 3anMuIIdTe B OTYET mepes] Tada. 6 yroa OpocaHus mpa-
BOTO I1apa Olg, MACCHI IAPOB My ¥ My, IJTHHY HUTH |, IeHy IeIeHus yrioMepHoM
mkaisl Cy ¥ IIEHY JIeJICHUsT MUKpocekyHaomepa Ct.

2. OTKJIOHUTE TIPABBIN MIAP JI0 COMMPUKOCHOBEHUS C DIEKTPOMArHUTOM.

3. st oOHyneHust MUKpocekyHaoMepa HaxmuTe Ha kHonky CBPOC.
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4. YOenuBIIKUCh B TOM, YTO JIEBBIM IIAP HAXOJIUTCA B COCTOSIHUM MOKOS,
Haxxmute Ha KHonKy [IYCK.

5. Ilocne ynpyroro coyaapeHus IapoB 3allMIINTE OKa3aHUs MUKpPOCe-
KyHJioMepa B Tad1. 6.

6. [ToBTOopuTE TIM. 2-4 U ONpeAenuTe MO JIEBOM IIKalle yToJl OTCKOKa Jie-
BOTO 11apa o. Pe3ynpraT 3anummure B TadI. 6.

7. IloBTopuTe mnm. 2-4 u onpeneauTe MO MPaBOM MIKAJIE€ YroJl OTCKOKa
IPaBOro I1apa B COOTBETCTBUHU C METOJUKOM, MOJAPOOHO ONMMCAHHOMN B HKCIIE-
PUMEHTAJIBLHOM YaCTH TaHHOU JT1abopaTtopHoii paboThl. To ecTh mocie coymape-
HUS ILIapOB PYKOH MoiMaiTe U 3apUKCUPYNUTE B OTKIIOHEHHOM IOJIOKEHUU Jie-
BbIM map. [1o mpaBoy mkane u3MepbTE YroJl MAKCUMAJIBHOTO OTKJIOHEHUS TIpa-
Boro mapa o1 (puc. 20,a), NPHONM3UTENHPHO pPAaBHBI HCKOMOMY YTy
o1. Pesynprar 3anumure B Ta0II. 6.

8. U3mepenwus o nm. 5-7 mpojaenaiTe eme yeTsipe pasa.

9. 3anonnure Tabs. 6, paccynTaB cpeAHUE 3HAUCHUS U3MEPEHHBIX BEJIU-

YUH <t>, <Otl> ) <(12> , KBaApaTbl UX OTKIIOHCHUH OT CPCAHNX SHAYCHUHU U CYMMBI

KBaJpaToB UX OTKJIOHCHMH.

Tabauia 6
VYron 6pocanus MpaBoro mapa: oo =
Macca npaBoro mapa: my =
Macca nesoro mapa: mp =
JmmHa Huth noaBeca mapos: | =470 + 10 v
[lena nenenust yrinomepHot mkaibl: Co =
Ilena nenenust MukpocekyHaomepa: Ci =

No | t, mxc ((t)—ti)z aq, ° (<a1>_a1,i)2 oo, ° (<0°2>_az,i)2

g WM

<t> Z(<t>_ti)2 <a1> Z(<a1>_a1,i)2 <O°2> Z(<a2>_a2,i)2
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10. OmeHrTe MOTPENIHOCTH MPSMBIX U3MEPEHHUA BPEMEHU COYAApCHUS
1apoB:

a) pacCUMTANUTE BEIMYMHY CUCTEMATHUYECKON COCTABIISIONICH MOTPEIIHO-
CTH I JoBepuTesbHOM BepositHocTd P = 0,95 no popmyie

C
A =11-—L:
¢ 2

0) paccuuTaiiTe 3HaYeHHE a0COTIOTHOMN MOTPEITHOCTH:

1 : 2
Acy =1, mZ(@‘W :

i=1
rae tc = 2,776 — xkoapdunment CTbrofieHTa, B3AThIN U3 TaOIHIIbl KO PuIieH-
TOB TIPU YHUCJIE M3MEpeHUH N =5 u moeputenbHON BepostHOocTH P = 0,95;
n
~ 2 ~
N =5 — 4Kcino u3MepeHui; Z((t) —ti) — CyMMa KBaJpaToB OTKJIOHEHUHU Bpe-
i=1
MEHH COYyJIapeHM, B3sITasi U3 COOTBETCTBYIOLIEH rpadsl Tadi1. 6;
B) OIICHUTE 3HAYCHUE a0COFOTHOM TIOTPEIIHOCTH ONPE/ICIICHISI BpEMEHU

At=JA2 + A2, ;

F) OOCHUTC OTHOCHUTCIIbHYIO ITIOI'PCINHOCTD KAK OTHOIICHUC 3HAYCHU A ao-

COyJapEHUi:

COJIFOTHOM MOTPEUTHOCTH K CpeTHEN BETMUMHE!
At

o)

11. AHQJIOTHYHO OIICHUTE MOTPEHTHOCTH MPSIMBIX U3MEPEHUH yIiia Opo-

S, =

CaHUs MPABOTO 1Iapa M YIJIOB MOCIEAYONIETO OTCKOKA IIapOB!
a) pacCUMTAlTE BETUYMHY CUCTEMATHYECKOM COCTABJISIONIEH MOTPEIIHO-
cTu 110 hopmyie
C..
5
0) Ha OCHOBE CHCTEMAaTUYCCKON MOTPEIIHOCTH OICHUTE 3HAYCHUE a0Co-

A, =11

JIOTHOW M OTHOCUTENIHHON MOTPENTHOCTEH yIiia OpocaHust MpaBoro mapa:
Ao,
Qg

Aoy=A. =38 ,=

B) pacCUMTaiTe 3HAYCHUE a0COFOTHOM MOTPEIIHOCTH YTJIa OTCKOKA pa-
BOTO IIIapa:

1 L 2
Acy =1, mz«aﬁ‘%) :

i=1
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I') OIICHWTE 3HAYCHHE aOCOJIOTHONM M OTHOCHTEIHLHOW IOTPEITHOCTEH

yIJja OTCKOKa IIpaBoro 1apa.
Aa, |

(o)

1) paccuMTaiTe 3HaYeHNE a0COMIOTHON MOTPEITHOCTH YIJla OTCKOKA Jie-

Ao, = AL + AL, =8, =

BOroO 1mapa.

1 4 2,
Acy =1, m§(<az>_a2,i) :

€) OleHHWTE 3HaueHHWe aOCONIOTHOW M OTHOCHUTEILHOW IOTPEITHOCTEH

yIJla OTCKOKa JIEBOTO 1Iapa:
Aa,

(o)

12. 3anuiiuTe MOJyYeHHbIC PE3yJIbTAThl B BUJIC:

t=(t)xAt[c], 8 =..%, P=0,95

o, =0, tAay, [2pad], 8., =..%, P=0,95

o, =a, £ Ao, [gpao], 8, =..%, P=0,95

o, =a, +Aa, [gpad], §,,=..%, P=0,95

13. TIo dopmymnam (83), (84) u (85) mpousBenure pacuérbl CKOPOCTEH

IapoB JI0 ¥ TIOCJIE yapa, MPUHSB YCKOPEHHE CBOOOIHOTO MaJeHHs § PaBHBIM

9,8145 ml/c?.
14. O1uieHUTE OTHOCUTENIBHBIE TTOTPEITHOCTA CKOPOCTEH MIapOB:
a) paccuuTalTe OTHOCUTEIBHYIO MOTPEIIHOCTh JJIUHBI OU(PHIAPHOTO

Aa, =+JAL + AL, =8 ,=

noaBe€Ca Kak OTHOIIEHUEC 3HAUYCHUS €TI0 a0COJIFOTHOM IIOTrpC€IIHOCTHU K €TI0 AJIMHC
Al
|

0) OTHOCHUTENIbHBIC MOTPEITHOCTH CKOPOCTEH MIapOB L1, Us U Uz OIIEHUTE

o,

Ha OCHOBE€ COOTHOIICHHA, ITOACTABHB B HCTO 3HAUYCHUA OTHOCUTCIBHBIX II0-

I'PEIIHOCTEN COOTBETCTBYIOIINX YTJIOB:

1 2
8Uluﬂu wi (ESIJ + 621’ '

IIpumeyanue. B nociienHEM COOTHONIEHHM 3HAYEHUE OTHOCUTEIIBHOMU

NOTPENIHOCTH CUHYCA MOJOBUHHOTO yIJia SSin(a/Z) MPUPABHEHO K OTHOCHUTEIIb-
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HOW HOTPENIHOCTH CaMOro yria 0, ¢ y4€TOM MaJlOCTU CAMHX YIJIOB, MaKCHU-

MaJbHOE 3HAYEHUE KOTOPBIX, NMEIEHHOE IOIO0JIaM, HE TMPEBBIINIACT 3HAYCHUS
7,5 rpanyca. B TakoMm cioydae
Ao Ao
8sin(m/z) = 2tg(0(,/2) ~ o = Sa'

15. IToMHOHB OTHOCUTEIbHBIE OTPEMIHOCTU CKOPOCTEN O

Ha uUX

vluu ui
CpeIHHE 3HAaYeHUS L1, U1 ¥ U2 COOTBETCTBEHHO, ONPEACIINTE aOCOMIOTHBIC TIO0-
TPEITHOCTH CKOPOCTEH M 3alUIITUTE TIOTyICHHBIE PE3yJIbTATHl B BUIE!

v, =V, Ay, [M/c], §,=..%, P=0,95

u, =u, £Au, [m/c], 8,=..%, P=0,95

u, =U, +Au, [x/c], 8,=..%, P=0,95

16. HaiiguTe MMITYJI5CHI IIAPOB JIO U TIOCJIE yAapa, IOMHOYKUB MacChl CO-
OTBETCTBYIOIIUX IIAPOB HA UX CKOPOCTH:

Po =My, Pp=Mmu;, P, =mu,.
17. OneHuTte MOTrPEITHOCTH ONPEICTISHUS] UMITYJIHCOB:
a) paccuuTanTe aOCOJIFOTHBIE CUCTEMATUYECKUE U OTHOCUTEIBHBIE IO-

IpeMIHOCTH I MAcCC JICBOTI'O U IIPAaBOro HiapoB I10 COOTHOMICHUAM.

C Am Am
Am:l,l - :>8m1: ' 8m2 = ]
2 m, m,
rae Cn = 11— TOYHOCTH B ONPENIeTICHIUH MACCHI;
6) OLCHUTEC OTHOCUTCIIBbHEBIC HOFpeHIHOCTI/I I/IMHyJIBCOB, IIOJACTaBUB 3HA-

YCHUA OTHOCUTCIBbHBIX HOFpeHJHOCTefI COOTBCTCTBYIOIIUX MACC U CKOpOCTCﬁ:

_ , 2 2 .
8pi - 6mi + 8\.)1qu ui

B) OLICHUTE aOCOJFOTHBIC MOTPEHIHOCTH OMPEICICHUsS] UMITYJIbCOB IIa-
POB, IOMHOKHB 3HAYEHUSI COOTBETCTBYIOIIMX MMITYJIbCOB HA MX OTHOCHTEb-
HbIE TOTPEIITHOCTH:

Ap; = p; 'Spi-

18. 3anumiunre 3HAYEHHS UMITYJIbCA TIPABOTO IIapa Mepesl yIapoM U HM-
IyJIbCOB OOOMX MIAPOB MOCIIE yIapa B BHIE:

Po = Py £ AP, [k2-m/c], 8,,=..%, P=0,95

=P+ Ap, [ke-m/c], 8,=..%, P=0,95

P, =P, £ Ap, [ke-m/c], 8,=..%, P=0,95



65

19. [IpousBeanTe MPOBEPKY 3aKOHA COXPAHEHHUS UMITyJbca. i 3TOro
CJIO’KUTE MOZYJIM UMITYJIbCOB IIAPOB IOCE yAapa P = p, + P,, OLEHUTE adbco-

JIOTHYIO HNOTPEHNIHOCTh CYMMApHOIO UMIyibca AP =Ap, +Ap, W 3aluIINATe

[I0JIy4Y€HHBIE JaHHBIE B BUAE P, = P, = Ap, [Ke - mf c]

HMmynibe cUCTEMBI 10 yaapa Po = Py T AP, [Ke - mf c]

Nmiynee cucTeMsl Iociie yaapa p=pxAp [K2 . Jl/l/ c]

ChopmynupyiiTe 1 3aIUIINTE BEIBOJ O BBITIOJHEHUU 3aKOHA COXPAHEHUS
HMITYJIbCA.

20. TTo popmymam (66), (72) u (71) npousBeaute pacuéThl CPEIHEH CHITBI
yaapa Jjst nepBoro F1 u Broporo mapoB F2, ko3¢ duiirieHTa BOCCTaHOBICHUS
ckopocTH Kc M U3MEHEHUs KuHeTudeckor sHepruu AE, ¢ yuérom Toro, uto
CKOPOCTB JICBOTO IIapa nepen yaapom pasHa 0 (v, =0).

21. OuleHrTe NOTPEITHOCTH HANICHHBIX BEJTMYHH:

a) pacch/ITaﬁTe OTHOCHUTCJIBHBIC IIOI'PCIHIHOCTH 110 COOTHOIICHUAM

2
AU, + Av

Opy = 6§11+8t2+ —— |,
L —U;

AU, +Av, )’
u, + Av

Op, = 8r2n2+6t2+ ——2,
L, —U,

2
6Kc _ {M) +(501)2,

u, —u,

2

2
5 (Aml/mf+Am2/m§J (26, )+ 2AK _
AE, — vl 2 ’
) ]/m1+1/m2 Kc(l_KC)
6) IMOMHOKHUB 3HAYCHUA COOTBCTCTBYIOIIUX BCIIMYHNH HAd UX OTHOCUTCIIb-
HBIC ITIOIPCHIHOCTH, OIMPCACIINTEC a0COJIIOTHEIE MMOrpCIIHOCTH

AR, =F -8, AF,=F,-8.,, AK, =K. -8, , A(AE,)=AE, 3, .
22. 3anuiuTe noJyuYeHHbIe Pe3yJIbTaThl B BUJE

F=F tAFR [H], Or, =...%, P=0,95

F,=F,£AF,[H], §.,=..%, P=0,95

Ke=Kc £AK., 8 =..%, P=0,95

AE, = AE, £ A(AE,) [ oc), 8, =..%, P=0,95
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23. CpaBHUTE 3HAYCHUS MOTyUYeHHBIX cui F1 u Fy, chopmynupyiite u 3a-
nuInTe BeIBOJ O BhinoiaHeHuu |11 3akona HeroTona.

24. HanmenbTe Ha METAJUTMYECKHUE IMAPHI HAKIAIAKUA JJII HEYIPYToro
ynapa.

25. He u3mensis 3Ha4eHUE yriia OpocaHus MPaBoTo Imapa Olo, TOBTOPUTE
nn. 1-3 u onpenenuTe yroia 0TCKOKa JEBOTro mapa o (IIpyu CTOJIKHOBEHUU IIaphl
JOJDKHBI IPUIMITHY Th JPYT K APYTY B COOTBETCTBUU C puc. 20,0).

26. N3mepenus npojenanTe maTh pas. Pe3ynbraTtel usmMepeHuit 3aHecuTe

B Ta0J. /.
TabOmuna 7
Ne 1 2 3 4 5 (o)
o

((o) — )2
Z(<O°>_O°i)2

27. 3anonHuTe TabI. 7, paccUyUTaB CpeJHEe 3HAYCHUE yTiia <a>, KBaJ-

2
paThl €ro OTKJIOHEHUH OT CPEAHETO 3HAYECHMSI (<a> — ai) U CyMMY KBaJIpaToB

OTKJIOHCHMI Z((a} - )2 :

28. O1eHrTe TOTPEITHOCTD MPSIMOTO U3MEPEHUS yTiia o
a) paccuuTaTe 3HAYCHHUE CIYYaHOW COCTABJISIONICH MOTPEIIHOCTH 10

dbopmyie

1 L 2
Acy =1, mz«@‘“) :

i=1
~ 2 ~
rge n = 5 — uncno uzme CHUU, o) — O — CYMMa KBaApaToB OTKIOHCHHUN
i y

yria, B3atas u3 1abn. 7; tc = 2,776 — koadpunrent CthrofieHTa, B3SAThIN U3 Ta0-
JTUIBI KO3PPUIMEHTOB IPU YUCIIE U3MEPEHUM N = 5 U JOBEPUTETHLHOMN BEPOAT-
Hoctu P = 0,95;

0) B3sB U3 nyHkTa 10,a 3HaUYE€HHE CHUCTEMATHYECKOW COCTaBIISIOLIEH
Ac yriioB, OLIEHUTE 3HA4YeHHE AOCOJIOTHON M OTHOCUTEIBHOW IMOTPEIIHOCTH

yrija o 110 COOTHOIICHUSIM.

Aa=AL +AL, =8, =—;
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B) 3aMUIINTE MOJyUYEHHBIN PE3yNIbTaT B BUC

a=(a)*+Aa[epad], §,=..%, P=0,95

29. ITo dpopmyne (86) mpousseaute pacyér oOIIEH CKOPOCTH IIapoB U
nocJie HeyNpyroro yjaapa, B3siB yCKOpPEHHE CBOOOJHOTO MajeHUs § paBHBIM
9,8145 m/c2.

30. OtuleHuTE OTHOCUTENBHYIO TOTPEITHOCTh CKOPOCTH IIapoB U Ha Oc-
HOBE COOTHOIIICHUS, B3ATOTO U3 IMyHKTa 14,0:

2
5, = (ia,j +82,
2

riae 0, — OTHOCUTEINIbHAS CUCTEMATUYECKas IIOIPEIIHOCTD JIIMHBI OM(PHUIIPHOTO

MO/IBECA, pacCUUThIBacMas B IyHKTe 14,a.
31. YMHOXHUB OTHOCUTEJIBHYIO MOIPEUTHOCTh CKOPOCTH Ha €€ 3HaUEHUeE,
OIIpeIeNUTe a0COTIOTHYIO IOTPEHIHOCTh CKOPOCTH AU = U -, W 3alUIINTE I10-

JyYCHHBIH Pe3y/IbTaT B BUJIE:
u=uxAulm/c], §,=..% P=095
32. HaiiiuTe MMITyJIbC IIAPOB TOCIIE HEYNIPYTOro yaapa:
p=(m +m,)u.
33. OrneHUTE MOTPENTHOCTD OTPEICTICHUS UMITYJIbCA:

a) C yuéTOM JaHHBIX, TTOJYYECHHBIX B MyHKTE 16a, OIleHuTe OTHOCUTEIb-
HYIO TTOTPEIIHOCTh UMITYJIbCA IO COOTHOILICHUO

2
% = mZJArTn =t
1 2
0) orleHUTE aOCOIOTHYIO MOTPEITHOCT ONPEACICHHUS HMITYJIbCA IIIapOB
OMHO>XMB 3HAY€HHE UMITYJIbCa HA €r0 OTHOCUTENIbHYIO IIOTPEIIHOCTh
Ap=p-9d,.
34. 3anummTe 3HAYCHUE UMITYJIbCa IIAPOB MOCIE HEYIIPYToro coyaape-
HUS B BUJIC

pzpiAp[Kz-M/c], o, =..%, P=0,95

p T e
35. TlpousBenute cpaBHEHHWE 3HAYEHUW HMMITyJIbCa TPABOTO Iapa o0
yaapa Po, yKa3aHHOE B IyHKTE 18, 1 CyMMapHOro uMITyJbca MapoB MOCIIe He-
YIOPYToro COyAapeHus, MPEACTaBUB ITU JAaHHBIC B BUJIC TAOIHIIbI

NMmnysibe cuctemsl 10 yaapa Po = Py T AP, [K2 - mf c]

Nmmynbse cucTeMsl mociie yaapa p=pxAp [KZ . ]I/l/ c]
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ChopmynmupyiiTe 1 3aUIIATE BEIBOJ O BHITIOJHEHNWN 3aKOHA COXPAHCHHUS
VMITYJIbCA.

36. B3sB 3HaueHUE CKOPOCTH MPABOTO IIapa L1 0 yAapa U3 myHKTa 14 u
CKOPOCTH IIapoB IocIe yaapa U u3 nyHkra 31, mo ¢popmynam (77) u (78) mpo-
U3BE/IUTE PACUET IOTEPhY KMHETHUYECKOH 3Heprun AE, npu Heynpyrom coyia-
PCHUU 1IapOB.

37. O1eHUTE MOTPEUTHOCTh CIIOTEPU» KHHETUYCCKON SHEPTHH, TIOTYYCH-
Holi 1o (hopmyie (77):

a) HAMIUTE 3HAYCHHS YaCTHBIX MPOU3BOAHBIX AE,:

O(AE,) v?-u?
II0 Macce MPaBoro Iapa: = )

om, 2
_ 8(AEK) u?
10 MaccCe JICBOIo mapa. ——=———,
om, 2
0(AE,)
I10 CKOPOCTH IIPaBOro IIapa nepes yaapom: 8— =myv,,
Ul
o(AE,)
IIO CKOPOCTH HIAPOB IIOCJIC yaapa: T = —(m1 + mz)u ;

0) paccumTaiiTe 3HaUYCHHE aOCOIIOTHOW morpentHoctu AE,, mojacraBuB
MOJTyYEHHBIC 3HAYCHHS TTPOU3BOIHBIX M a0COIIOTHBIC MTOTPEIIHOCTH COOTBET-
CTBYIOIIUX BEJIMYMH B COOTHOIICHUE!

A(AE, )= (%AMT +£wAmZT +£wmljz +£wm}2;

om om, oV, ou

B) MOJICTIUB a0COJIFOTHYO MOrpeHoCcTh AE, Ha €€ 3HaueHue, onpeiesIuTe
OTHOCHUTEILHYIO TTOTPEITHOCTD !
AAE,) | _A(E)
SAEK = : SAEK =
AE AE

K K

38. O11eHUTE MOTPEITHOCTh CIIOTEPU» KHHETUYCCKON SHEPTHH, Oy YCH-
Hoi 1o popmyie (78):

a) pacCUMTalTE OTHOCUTENIbHYIO MOTpeIHOCTh AE,:

Am,/m? +Am, /m? ) 2
8 — 1 1 2 2 28 :
AEg ( j7/m1+]7/m2 ] +( ul)
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0) moMHOXHB 3HaucHHE AE, Ha OTHOCUTEIBHYIO OTPEIIHOCTD, HANIUTE
a0COJIFOTHYIO MOTPEITHOCTh AE,:
A(AE,)=AE, -3,; .
39. 3anummmre nosydeHHbIe o Gopmyiam (77) u (78) «norepw» KuHe-

THYECKOM YJHEPTUH B BUJIE!
Coorromenne (77): AE, = AE, + A(AE, ) (o), 8, =..%, P=0,95

Coorromenne (78): AE, = AE, + A(AE, ) (o), 8, =..%, P=0,95

ConocTaBpTe NOJIy4EHHBIE PE3YJIBTATH M OTPA3UTE 3TO B BBIBOJIE.
40. ChopmynupyiTe U 3alUIINTE UTOTOBBII BBIBOJ O IPOCIIAHHON pa-
00Te, 0Tpa3uB B HEM BCE MPAKTUUECKH MOTYUEHHBIE PE3yJIbTATHI.

Bonpocwt u 3a0anusn ona camokoHmpoaa

1. Kakoe B3aumoelicTBre Te Ha3bIBaeTCs yaapoM? Kakue cyiecTByrOT
BHUJIBI YAAPHOTO B3aUMOJECHCTBHS?

2. ChopmynupyiTe 3aKOHbI COXPAHEHUS UMITYJIbCA U SHEPTUU U IpUME-
HUTE UX K yJapaM pa3jJInyHOTO BUA.

3. Uto Takoe npsiMoi IeHTpaIbHbIN ynap? JlaliTe onpeaencHue.

4. PaccunTaiTe CKOPOCTH TEJ, UCHBITABIINX MPAMOM LIEHTPAJIbHBIA yaap
pu a0COIIOTHO YIPYroM B3aMOJIEHCTBUU.

5. Haiinure «mmoTepro» KMHETUYECKOW SHEPIUH JABYX TEJl, UCIBITABLIINX
IPSIMOM IIEHTPAJIBHBIN yAap MpU aOCOTIOTHO HEYTIPYTOM B3aHMOICHCTBUH.

6. Uto Takoe koa¢duireHT BoccraHoBiaeHus: ckopoctu? Kak onpene-

JTUTH KOO (OUIIMEHT BOCCTAHOBIICHUSI KHHETHYECKOM SHEPTUH?
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Jlabopamopnan paooma 1-21

OIIPE/IEJIEHUE CKOPOCTH 1I1YIIH
C IIOMOIIIbIO KPYTH/IBHOI' O
BA/UTUCTHYECKOI'O MAATHHKA

I]en» padomot: U3ydyeHue 3aKOHOB COXPAaHEHNSI MOMEHTA UMITYJIbCA U SHEpP-
THH TIPYA HEYTIPYTOM COYJIAPEHUU U ONIPENETIEHHE CKOPOCTH MOJETA ITyJIH.
Ilpubopwvt u npunaonercnocmu’. naboparopsas ycranoska ®IIM-9.

Inemenmol meopuu u Memoo IKcnepumenma

B nanHoii paboTe ¢ MOMOILBIO KPYTUIBHOIO OaNIMCTUYECKOTO MAasiTHUKA
IIPOU3BOJIUTCS ONPENEIEHUE CKOPOCTH MOJETa myyn. 1lyns n MagTHUK cuuTa-
I0TCS1 @0COJIIOTHO TBEPABIMU TeTIaMU. A0COMI0MHO MmEépOobim Ha3bIBACTCS TEINO,
KOTOpO€ B YCIOBUSX JIaHHOM 3aJaud He Ae(OpMHpYETCs, T.€. PACCTOSHUE
MEX]Ty JIIOOBIMU €T0 TOUKaMH He u3Mmensietcs. [lyns, nonagas B MULeHb MasiT-
HHUKA, 3aCTPEBAET B HEW M 3aCTaBIIET MAATHUK COBEPIIATh KPYTUJIBHBIE KOJIE-
O0anus. U3mepsis nepuos kojaedaHui MasiTHUKA U YTOJl MAaKCUMAJIbHOTO OTKJIO-
HEHMSI, MOKHO OITPEAEIUTh CKOPOCTH MOJETA ITyJIH.

OO0mumii B MasiTHUKA NpezcTaBieH Ha puc. 22. OH BbINOIHEH B (hopme
TOPU30HTAIBHON KPECTOBUHBI C MUIIEHBIO, 3aKPENJIEHHON HA TOHKOW BEPTH-
KaJIbHOM ITPOBOJIOKE. [0 yaapa myiu B MULLIEHb HA MASITHUK JEHCTBYIOT BHEILI-
HUE CWJIBL: CHJIA HATSKEHUS ITPOBOJIOKM MOJBECA M CUJIA TSKECTU. DTH CUJIBI
YPAaBHOBEILIEHBI, © MOMEHT UX OTHOCHUTEJIBHO OCH BPALICHUS PABEH HYIIIO, TaK
KakK JINHUS JEUCTBUS 3TUX CUJI COBIAAAET € OChIO BpateHus. [locne yaapa mynu
B MUIIEHb MASITHUK IOBOPAYMBAETCS BOKPYT OCH BPALLIEHUS U ITPU 3TOM 3aKpy-
yuBaeT NpoBoyoKy. [Ipu nedopmarium kpyyeHus: IpOBOJOKH MOBECA HA MasIT-
HUK JIECTBYE€T MOMEHT CHJI CO CTOPOHBI IIPOBOJIOKM OTHOCHUTEIIBHO OCH Bpa-
menus. [lpu ynpyrux aedopManusx KpydyeHHs] MPOBOJIOKH 3TOT MOMEHT
MO>KHO OIpENEIUTh COTJIacHO 3aKkoHy ['yka no ¢popmyie

M =Ko, (87)
I @ — yroJI 3aKPyYHBaHHUS MPOBOJIOKH, PABHBIN YTy MOBOPOTA MasITHUKA; K —
KO3 (DULIMEHT yIpyrocTH MPOBOJIOKH.

Ilyns maccoyt M HEYNPYTO yAapsAETCs O MULIEHb HA PACCTOSIHUU I OT OCH
BpamieHus. Tak Kak BpeMs yjapa MyJd O MHUIIEHb MPEHEOPEKUMO Majo, TO
MOXKHO IpeHeOpeub AeMCTBMEM MOMEHTa CHJI, BOSHHMKAIOUIETO B IPOLECCEe
yJapa co CTOPOHBI MPOBOJIOKU TMOJBECA, U CUYUTATh CUCTEMY "MYJISI-MAsITHUK"

SaMKHYTOﬁ. CJ'IGI[OBaTeJ'ILHO, I A9TOM CUCTEMBI MOXKHO IIPUMCHUTL 3dKOHBbI
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COXpaHCHHSI.
3aKOH COXpaHCHHUS MOMEHTA UMITYJIbCa UMEET BU]T

mor = (1 +mr?)o, (88)

rae I — pacCTossHUE OT OCH BpAlICHHUS A0 TOYKHU MOMadaHUsA IIyJIH, Mol — MO-

MCHT HUMIIYJIbCA ITYJIM OTHOCHUTCJIIBHO OCH BpaAIlICHUA B MOMCHT BBaHMOHCﬁ-

CTBHUS €€ C MHIICHBIO MasaATHHUKA, (l + mrz) — MOMCHT MHCPIHUU MASATHHUKA U

ITyJIA OTHOCHUTEJIBHO OCH BPAILIEHUS; L — CKOPOCTh MOJIETA IYJIH 0 YAapa; o -
yIJI0Basi CKOPOCTh BpalleHUs MasiTHUKa B MOMEHT, KOTJla MyJisd MpeKpaTuia
CBOE JIBIJKEHUE OTHOCUTEJIBHO MasiTHUKA.

3aKOH COXpAaHEHUS SHEPTUU

= + AU, (89)

rae AU — yacTh MEXaHUYECKOW SHEPIHH, MOTEPSIHHOW B pe3yJbTaTe HEYIpy-
roro COyJapeHus IyJIM U MUILEHU MasiTHUKA.

[Tocne ymapa cucremy "myJiss-MasaTHUK' HENb3S1 CYATATh 3aMKHYTOM, TaK
KaK Ha MasATHHK IPU €r0 BpallleHMH HAaYMHAET JIEUCTBOBATH MOMEHT CHJIBI CO
CTOPOHBI IPOBOJIOKH, KOTOPBIM HEJb3sl npeHeoperatb. Ho mockosbky mocie
yJapa MasiTHUK B3aUMOJIEHCTBYET TOJIBKO C IPOBOJIOKOM NO/IBECA, & KUHETHYE-
CKasl DHEPIus MASTHUKA MOJIHOCTHIO MPEBPAIIAETCS B MOTECHIMAIBHYIO JHEP-
TUI0  ynpyro AeGOpMHUPOBAHHOM MPOBOJIOKM, TO CHUCTEMY ''MasT-
HUK — ITyJI — IPOBOJIOKA" TAaK)KE€ MOXKHO CUHATATh 3aMKHYTOW W JJIA HEE 3amu-

CaTb 3aKOH COXPaHCHUS B BU/IC

(I + mrz)o)2 ko?

2 27 (%0)
W3 ypaBuenus (90) BbipakaeM YIIIOBYIO CKOPOCTb
O=Q L
| +mr?

[Monyuyennyto dopmyny noxacrariseM B (88) u HaxX0aUM CKOPOCTH TIO-
J€TA MyJIN
0 (I + mrz)k

L= : (91)
mr

C yuétom mr® < | cootHomenue (91) 3anuceiBaeM B BUjE

ol YK/t (92)

v="-"—

mr
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[Tepuon konebanwii KPYTUILHOTO OATUCTHYECKOTO MasTHUKA

T=2m/|/7.

C y4€ToM 3TOr0 MojydaeM OKOHYATEIBHYIO (hOPMYITy JJIs pacuéTra CKO-
pOCTH IyJIN:
2nol
L= ¢ ,
mrT

(93)

rac | — MOMeHT HHECPIOHUU MAATHUKA, (O — MaKCHUMAaJILHBIN yroJ1 IIoBOpoTa Ma-
STHHKA ITIOCJIC IMOIIaAAaHMA ITYJIN, BLIp&)KCHHBH?I B pavaHax, T— ICpruoa KOJc-
OaHui MasATHHUKA, I' — paCCTOSIHHUEC OT OCH BPAIICHUA MAasITHUKA 10 LICHTPA
ITyJu, SaCTpHBmCﬁ B MUIIICHH,; M — Macca IIyJIH.

Onucanue 3KCI1€plLM€HmaJle0ﬁ ycmanoeKu

[TpuHIMn 1eiCcTBUS MasTHUKA OCHOBAH Ha 3aBHCUMOCTHU YHcia KoJieba-
HUI MasiTHHKA U yIJIa €ro OTKJIOHCHUS OT YIPYTUX CBOWCTB IMPOBOJIOKHU ITOJI-
BECa W CKOPOCTH MOJETa Myinu. MasTHUK IMPEICTaBiIseT cOO0M HACTOJIBHBIN
npubop (puc. 22).

HEPHO/ LI BPEMHA, C
i e | O [ e e | e |

CETh cron CbPOC

Puc. 22
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Ha BepTukabHON CTOIKE KpersTcs ABa KpoHIuTeHa 1 m 7. Mexay
BEPXHHMM U HUKHUM KPOHIITEMHAMH Ha CTAIbHOM MPOBOJIOKE 6 3aKPEIIEH MTOA-
BeC 3, MpeACTaBIAIONINI COO0N CTAIbHOM CTEPKEHb, [0 KOTOPOMY B TOPU30H-
TaJbHOM HaIIPaBJICHUU MIEPEMEILAIOTCS [1BA Ipy3a 2 paBHOM Maccel. Ha koHIax
CTEP>KHS HaXOASATCSA MUILIECHU CO mKanamu 11.

Mexny BEpXHUM U HHKHUM KpPOHIITEMHAMU PaCIIOIOKEH TPETUM KPOH-
LITENH, Ha KOTOPOM KPEMUTCS IyCKOBOE YCTPOUCTBO 9, MpeHA3HAYEHHOE IS
3aIycKa IyJu.

Kpaii mycKkoBOro yCTpOMCTBA U MOJABEC 3aKPHITHI IPO3PAYHBIM KOKYXOM
4, Ha BHYTPEHHEN CTOPOHE KOTOPOIO HAHECEHA IIKala, MPeIHa3HAYCHHAs IS
ONPENEIICHNS YTila OTKJIOHEHUS MAasiTHUKA TIOCJIE BBICTPEIIA.

®doTtornekTpuueckuil natuuk 10, pacrosoXeHHbIl CHU3y MOJBECA, BbI-
pabaThIBaeT ANEKTPUUYECKUN CUTHAJ, MOCTYyNAIOIUN HA MIUJTUCEKYHIOMED 8,
KOTOPBIN U3MEPSIET BPEMs U MOJICUMTHIBAET KOJMYECTBO KOJIeOaHMil moaBeca.
[Tocne Toro kak Oyner mpou3BEAEH BBICTPEN U MYJIsl 3aCTPSIHET B MULIEHU MO~
BECa, MAaATHUK HAUYHET COBEPILATh KPyTHIIbHBIE KoeOaHusi. OJTHOBPEMEHHO C
MTO/IBECOM COBEPIIAET KOJIEOAHUS U CTEPIKEHD S, 3aKPEIIEHHBIN Ha TPOBOJIOKE.
Bo Bpemst konebaHusl OH MEPECEKaeT CBETOBOM MOTOK B (DOTOINEKTPUUECKOM
JNATYUKE, OCIIE YETO CUTHAJI C JATYMKA IMOCTYIIAeT HA MUJUIUCEKYHIOMED.

Ilopaook eévinoanenus padomul

1. Bxmrounte MummncekyHaoMep HaxaB KHONKy CETD Ha nuneBoit na-
HeJM pubopa, U TaiTe eMy MPOrpeThes B TEUCHUE 2-3 MUHYT.

2. YcraHoBHUTE I'py3bl HAa MasiTHUKE Ha PACCTOSHUE, MPEABAPUTEIHHO
yKa3aHHOE MpernojiaBaresieM, U 3apuKkcupyiTe ux moyiokeHue BUHTaMu. [lo
Tab11. 8 onpeaenuTe 3HaYCHHE MOMEHTA MHEPIIUN MAasITHUKA U 3aITUIINTE €r0 B
OTYET.

3. Onpenenute LEHY JOEIEHUS LIKAIbl ONMPEACIICHUs yria OTKIOHEHUS
MasiTHUKa nociie Beictpena Co , ey Aenenus mkaisl muiienu Cr v ueny zae-
JIEHUs MKaIbl MUUTUCeKyHaoMepa Ci. 3anuiure 3TU JaHHbIe B Ta0. 9.

4. J1ist TOTO 4TOOBI MyJIsl PU TIOTIA/IaHUK B MUIIICHb 3aCTpEBaia B HEW,
pa3MATryuTE HAXOIAUIUICS HA MUIIIEHH TJIACTUIIUH.

5. IlomectuTe mysro B IyCKOBOE YCTPOMCTBO.

6. YOeauBmIuCh, 4TO MAsATHUK MOKOWUTCS, MPOU3BEAUTE BBICTPEN, IS
Yero IMocJjie B3BOJA IyCKOBOTO YCTPOMCTBA OJHY M3 MOABHXHBIX PYYEK OITy-
CTUTE BHU3 I10 YaCOBOU CTPEJIKE.
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Tabmamia 8

Paccrosaue ot ocu BpaiieHus 10
IIEHTpa Macc rpy30B, I, cM

MomeHT HHCPLIMU MAassTHHKA,

I, ke-m?,x1073

0,91

0,94

1,12

1,13

1,43

1,52

1,61

O oo N0 Bl WDN

1,65

7. Ilocie Imomnajaanus IyJii B MUIICHb OIIPCACINTC MaKCUMaJIbHBIN yroi

OTKJIOHCHHUA MAaATHHUKA ¢ U 3AIIMIINUTC ITIOJIYYCHHOC 3HAYCHHC B tadi. 9.

8. OTKJIOHWTE MasATHHUK Ha YTOJI (O, ONPEACIEHHBIN 10 1.7, U HAXMHUTE

kHonky CBPOC mumnmncexkynaomepa. Otnyctute MasatHUK. [locie toro kak

CYETYMK OTCUUTAET JAEBATH KoJjieOaHuii, HaxxmuTe Ha kHONKY CTOII. Mumu-

CCKYHOOMCP OTCUHHUTACT ACCATOC KoJieOaHHE ¥ aBTOMAaTHYECKH OCTaHOBUTCS.

9. 3anuiuTte oToOpakaeMoe Ha HKpaHe MIJUTUCEKyHIoMepa BpeMs t pe-

aJIM3aliM JIECITH ITOJHBIX KOJeOaHNi MasiTHHUKA B Ta01. 9.

Tabmmma 9

MowmeHT uHepuun MasTHUKaA: | =

[lena nenenust mkambl n3MepeHus yrios: Cy =

Lena nenenus mkansl MumieHu: C, =

[lena nemenust MuumHceKyHaomepa: Ci =

Ne ry—r) P,
/11 fao (< ) I) 2pao

(o)-0) | e | ((O-t)

10

Y(o)-0) | O | X(t-t)
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10. WU3mepbTe paccTosiHue I' OT OCH BpallleHHs A0 IEHTpa MOMaJaHus
MyJIM, UCIIOJIB3YS KAy, HAHECEHHYI0 Ha MuIileHd. Yucno 120° Hajg mkanon
03HAYaeT PacCTOSIHUE OT OCH BPAIICHHS B MHJUIUMETpaxX. 3alMIIATE 3TO pac-
cTostHue B TabII. 9.

11. IToBTopuTe MyHKTHI 5-10, mpousBes He MeHee 10 BBICTPENIOB B MU-
HICHb.

12. 3anomuauTe TabI. 9, paccunTaB cpeaHNE 3HAUYCHUS NU3MEPCHHBIX Be-

JIMYUH <r> ) <(|)> ) <t> , KBaApaThbl UX OTKJIOHCHHMH OT CPpCoHUX 3HAYCHUM U CYMMEBI

KBaJIpaTOB UX OTKJIIOHEHUM.

13. Haligute morpemHoCcTh NPsSIMOTO H3MEPEHUS PACCTOSHUS I

a) paccuuTaiiTe CUCTEMAaTUYECKYIO COCTABIISAIONLYIO TOIPEUTHOCTH U3Me-
peHust 1 1oBeputenbHor BeposatHocTu P =0,95 o dopmyie

C
A.=11-—*F,
2
rae Cr — 1ieHa JesieHus KAkl MUIICHH;
0) paccumTaiiTe CIIy9aliHYIO0 COCTABJISIONIYIO MOTPEITHOCTH OINpeeiie-
HUS PaCCTOSHUS

1 : 2
st )

i=1

L 2
rae N = 10 — gucio u3MepeHui; Z((r) . ) — CyMMa KBaJIpaTOB OTKJIOHEHUM
i=1

u3 1abm. 9; t. = 2,262 — xoapdurmerT CThI0eHTA, B3ATHIH U3 TaOIUIBI KOA(D-
¢unmenToB npu uuciae uaMmepeHuid N =10 u moBepuTENbHON BEPOSTHOCTU
P =0,95;

B) OLICHUTE 3HAYCHHE a0COIOTHOW MOTPEIIHOCTH PACCTOSIHUS KaK KO-
PEHb KBaJPAaTHBIA U3 CYMMbI KBAJIpaTOB €r0 CUCTEMATHUYECKON M CIy4anlHON

Ar =JAZ + AL,

F) OIICHUTC OTHOCHUTCIIbHYIO IMOTPCHITHOCTD KaK OTHOICHNUC 3HAUYCHU A ao-

COCTaBJIAIOIINX.

COJIFOTHOM IOTPELIHOCTU PACCTOSHHUS K €r0 CPEIHEMY 3HAYEHHUIO!
Ar

()

S
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14. HaliguTe MorpemHocTh NPsMOro U3MEPEHUS yriia OTKJIOHEHHS MasIT-
HUKA @:

a) pacCUMTalTe CUCTEMATHYECKYI0 COCTABIIIONIYIO MOIPEIIHOCTH U3MeE-
peHus 1S 1oBepuTeabHON BepoaTHocTH P =0,95 no ¢popmyie

rae Co — 11eHa JIeJIeHUs IIKaJIbl U3MEPEHHUS YTJIOB;
0) paccuuTaiiTe CIy4aiHyI COCTaBIISIOIIYIO TOTPEIIHOCTH OIpe/esie-
HUSI yIjia OTKJIOHEHUS! MasiTHUKA

1

Acy =1, mznl:«q)> N (pi)z :

s 2 o
rae N = 10 —yucio U3MEPEHUM, Z(((p> — O, ) — CyMMa KBaJIpaTOB OTKJIIOHCHUU
i=1

u3 1abm. 9; t; = 2,262 — xoadpurment CTpr0/ICHTA,
B) OIICHHUTE 3HAYCHHE a0COIOTHOM IMOTPEIIHOCTH yrila OTKIOHCHHUS Ma-

Ap=+JAZ + A% ;

F) OILICHUTC OTHOCI/ITCJ'IBHyIO HOFpGIHHOCTB
5 = Ae
. .
(9)

15. Haiinure morpenHocTb NpSAMOro U3MEPEHHUs BPEMEHU KOJIeOaHMi

STHHKA

MasiTHUKa t:
a) pacCYMTANTE CHCTEMATHYECKYIO COCTABIISIONIYIO MOTPEITHOCTH U3Me-
peHus it foBepuTenbHOU BepositHocT P =0,95 o dopmyre
c
2 ]
riae Ci— 1eHa JeeHHs] MIJLTHCEKYHIOMEDA;

A, =11

0) paccuuTaiiTe CIy4aiHYIO0 COCTABISIOIIYIO TOTPEIIHOCTH OIpe/esie-
HUS BpEMEHU KoJieOaHU MasiTHUKA

1 2
Acy =1, mZ(@‘W :

i=1

n 2
rae N = 10 — guciIo u3MepeHnii; t)—t ) —cymma KBapaToB OTKJIOHEHUMN
p i Yy p
i=1

n3 Tabi. 9; t; = 2,262 — xoappunmenT CThIOACHTA,;
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B) OLICHUTE 3HAYCHHE aOCOJIFOTHOW MOTPEUTHOCTH BPEMEHH KoJeOaHuit

At=JA2 + A%, ;

F) OLOCHUTC OTHOCUTCIIbHYIO ITOI'PCITHOCTD
At

t
16. 3anuiuTe MOTydYeHHbIE peSnyBZaTBI B BUJIE!
r=(ryxAr[mm], 8 =..%, P=0,95
Q= ((p)iA(p[epaa], 6(p =..%, P=0,95
t=(t)+At[c], 5,=..%, P=0,95

MasjaTHHKaA

O, =

17. Onpenenurte cpeAHU epruoa KojieOaHUN MasiTHUKA U €ro a0COJIIOT-
HYIO0 TOTPENIHOCTD 10 (hopMyiam:

1o aroAt 8y =38
N N

t?

rae N = 10 — yuciao koJjieOanuii.
18. 3amumuTe pe3yabTaT B BUJIE:
T=T=xAT [c], o, =..%, P=0,95

19. BbIuuciInuTe CPeHIO CKOPOCTh Mmoséra myiau L 1o gopmyne (93),
IpUHSIB Maccy M mynu paBHoit 2,0 + 0,1 r.

20. OueHnTe OTHOCUTENBHBIC MOTPEITHOCTH MACCHI ITyJIH Om ¥ MOMEHTA
WHEPIIMU CUCTEMBI O] KaK OTHOIIICHUE YKA3aHHBIX 3HAYEHUM aOCOJIOTHBIX TO-
FPEIHOCTEN K UX BEJIMYMHAM:

Am Al
=—1, 0, =—.
m I
21. OneHUTEe OTHOCUTEIBLHYIO U a0COFOTHYIO TTOTPEITHOCTH OIpeeIe-

)

m

HUSL CKOPOCTH IYJIH L MO (PopMyiam:

8, =80 +82+52+82+57, Av=0-5,.

22. CnenaiiTe BBIBOJ O MPOACIAaHHON paboTe ¢ yKa3aHUEM MOJyYEHHOTO
pe3yibTaTa, 3alMCaHHOTO B BHJIE L =L+ Av [M/ c], o, =..%, P=0,95.
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Bonpocwt u 3a0anua ona camokoHmpoaa

1. 3anummTe OCHOBHOE ypaBHEHUE AMHAMHUKU BpPAIIATEIHHOTO JBUXKE-
HUAI.

2. JlaiiTe onpeeneHre MOMEHTa MHEPIIUU TOYKU OTHOCUTEIILHO OCH Bpa-
IIEHUS.

3. JlaiiTe onpeienieHe MOMEHTA CHJIbI OTHOCUTEILHO TOYKH U OCH Bpa-
IIEHUS.

4. laiiTe onpenieIeHUE MOMEHTa UMITYJIbCa OTHOCUTEIBHO TOYKHU U OCU
BpaIlICHHUS.

5. BeiBeaute ¢opMyiy I KMHETUYECKOW SHEPIHM BPAIllalOIIETOCs
Tena.

6. ChopmynupyiiTe 3aK0OH COXpaHEHUS MOMEHTA UMITYJIbCa U 000CHYHTE
MIPUMEHUMOCTh 3aKOHA COXPAaHEHUSI MOMEHTA UMITyJIbca B JaHHOU padoTe.

7. BeiBeute pabouyro dopmyity (93) mis pacuéra CKOpOCTH MyJIH.
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