10-11 kaacchbl, MOATOTOBKA K T€OPETHYECKOMY TYPY
0JIUMIIUA/IBI LIKOJIBHUKOB «PobodecT» mo pusznke

Teopernueckuii 0030p k 3anATHIO Ne 3 (BTOpoe 3ansiTue 1is 10-11 kiaaccos).

Tema: «CHJIbl, PABHOBECHE U IBUKEHUE».

CocrosHue ABWIKCHUA  TCJI  MOKCT H3MCHUTLCA TOJBKO B TOM ClIydac, CCJIU TCla
B33HMOHCﬁCTByIOT. B OTCYTCTBHC BSaHMOHeﬁCTBHH T€JIa NPOABIIIIOT HHEPTHOCTH, TO €CTb
COXPAHAKT COCTOAHHUEC MABUXKXCHHS HCHU3MCHHBIM. Z[J'IH OIMMCAaHUS JTHX SBJICHUA B MEXaHHKE
BBOJATCA CICAYIOIIHNC CI)I/ISI/I‘ICCKI/IG BCJIMYHHBI:

Macca — KOJHMYECTBEHHAs XapakTepUCTUKA HMHCPTHOCTH  TECJA, CKaJsipHas  BCIIMYHHA,
OIIMChIBaromias CIIOCOOHOCTH Tejia COXPAaHATH CBOC COCTOAHUC IBUKCHHA.
Cuiia — KoJM4YecTBEHHAas XapaKTCpUCTHKA B3aHMO,Z[eI>'ICTBH$I TEJI; BCEKTOpPHasa BCIWYMHA,

OIMCBIBAIOIAs MHTEHCUBHOCTD U HAIIPaBJICHUE BO3ICHCTBUS.

BaxxHo NoOHMMaTh, YTO 3TH ONpPEAEICHMs NPUOOPETAIOT KOHKPETHBI CMBICI TOJIBKO IOCIE
BBEJICHUS 3aKOHOB MEXaHUKM (3akOoHOB HbrOTOHA) M yKa3aHMsI MPOLENYpPhl HW3MEPEHUN 3TUX
(Gu3nUecKrux BEIUYHMH (3TO, KOHEUHO K€, OTHOCUTCSA K JH000H (pu3ndeckoil BeluyuHe: ONnpeaesiuTh
€e — 9TO B IEPBYIO Oouepelb ykasaTb crocod ee maMmepenus!). Hanpumep, nzmepeHue maccbl Mbl
IPOM3BOJUM IIYyTEM CpPaBHEHHMs C <«OTaJOHHBIM O0Opa3loM» Ha OCHOBAaHUHM BTOPOrO 3aKOHA
Hprorona: nmomemas 3TajloH M UCCIENYEMOE TEIO B YCIOBHS, II€ HA HUX JEHUCTBYIOT OJMHAKOBBIC
CHJIBI, MBI U3MEPSIEM OTHOLIEHHE X YCKOPEHUH (BCIOMHUTE OMBIT C BPALLICHUEM CBSI3aHHBIX TEJ).

T111€40 CHJIBI — PACCTOSHUE OT OCH BPALIEHHS JI0 JIMHUH JeHcTBUS cutbl (Ha pucynke: || ).

If +

MoMmeHT cuJjIbl — ITPOU3BEACHNE BETMUMHBI CHJIBI Ha €€ TUIeYO, B3SITOe CO 3HaKOM + (-), ecilu cuia
BPAIIIAET TEJNO BOKPYT OCH B MOJNOKHUTENEHOM (OTpuiatensiom) Hanpasiennn: M =+| F ||

Ilepeiinem Temepp K pacCMOTPEHHMIO OCHOBHBIX 3aKOHOB, CBS3BIBAIOLIMX B3aWMOJEHUCTBHA U
JIBUKECHHE.
OCHOBHBIE YPAaBHEHHsI CTATHMKH — YCJIOBHS PAaBHOBECHS TEJ IO OTHOLIEHUIO K MHEPLHMAIBHBIM
cucremMaMm orcuera. HaxoxnaeHue Tena B MOKOE (B COCMOAHUU MEXAHUYECKO20 PABHOBECUS) C
HEOOXO/MMOCTBIO TpeOyeT, 4TOObl BIMSHME HAa HEro BCeX BHEIIHUX BO3JEHCTBUH ObLIO
ckomneHcupoBaHo. [loaToMy HeoOXoaAMMbIE YCIOBHUS PaBHOBECHUS Tela B MHEPLUAIbHOU cHCTeMe
OTCUYETa UMEIOT BU/I:

(1) weHTp Macc Tena MOKOUTCS TOJBKO B TOM Cllydae, €CI CyMMa BHEITHUX CHJI, ICHCTBYIOLIMX

=0 (2);

(2) BpamarenapHOE IBHKEHHE Teda OTCYTCTBYET TOJIBKO B TOM Cllydae, €CIi CyMMa MOMEHTOB
=0 (2).

OTMeTHUM, 9TO B TMOCJIETHEM COOTHOIICHHMH MOMEHT CHJIBI PACCMAaTPHUBAETCS Kak ajnreOpandeckas
BEJIMYMHA, B COOTBETCTBUU C MIPUBEJICHHBIM BBIIIE OOBIYHBIM «IITKOJBHBIMY OMpeneieHneM. BaxHo
MOHUMATh, YTO, XOTS MOMEHT 3a/JIaHHOW CHJIBI 3aBHCHUT OT BBIOOpA TOYKH (OCH), OTHOCHUTEIHHO

KOTOPOH OH BBIYMCISIETCS, pa3Hble (JOpMBI 3anucH (2) 0Ka3bIBalOTCS COBEPIIEHHO SKBUBAJICHTHBHI B
cucTeMme ypaBHeHMH, BKIrodaromux (1)! 3To o3HayaeT, 4To TOUKY Hayana oTcyera (0Ch BpallleHus)

Ha TeJI0, paBHA HYJIIO: ZFK

Heul

BHEIIHUX CHJI paBHA HYJTIO: Z M

8Heul



MOKHO BBIOMpaTh MPOU3BOJBHO, HCXOAS W3 YHAOOCTBa BbluMcIeHHH. Brpouem, ecnu Terno
JEHCTBUTENIFHO BPAIIAETCsl BOKPYT HEKOTOPOMl 3aKpereHHOH OCH B NPOCTPAHCTBE, TO OOBIYHO
yoOHee BCEro CYMTaTh MOMEHTHI BHEIIHUX CHUJI UMEHHO OTHOCHTEIBHO 3TOI OCH, TaK KaK Toraa B
(2) HE BXOJIUT MOMEHT CHJIBI PEAKIIMU ITON OCH (OHA UMEET HYJIEBOE ILJIEUO).

Jns mpaBUIIBHOTO COCTAaBJIEHUS YPABHEHUN PAaBHOBECHS BaXKHO YETKO YMETh OMNPENEHATH IS
KOKIOW M3 CWJI, AEUCTBYIOUIMX Ha TEJNO, TPU €€ XapaKTEPUCTHKHU: BeJMYHMHY, HalpaBjeHUHe U
TOYKY NpUHIOKeHHMs. BenuuuHa w© HampaBiieHHE paBHOJACHCTBYIOIIEH HECKOJIBKUX CHII
ONpPENEIACTC BEKTOPHOM CYMMOM OJTHX CHJI, a4 TO4YKa IIPWIOKEHUS PABHOICHUCTBYIOLIECH
OTIpe/ieNiIeTCsl U3 YCIOBUS, YTOObI €€ MOMEHT PaBHSJICS CyMM€ MOMEHTOB 3TuX cui. CoctaBuM
«peecTp» CHUJI, BCTPEYAKOLIUXCS B 3a/1a4aX MEXAHUKU:

Cuna tsxkecTu (TATOTEHMs])) — TOSIBIISIETCA BCJIEACTBUE T'PABUTAIMOHHOTO B3aUMOJICHCTBUS, B
KOTOPOM YYacTBYIOT BCE€ MaTepuajbHble Tena. B «TpamunumoHHON» (popme 3aKOH BCEMHPHOTO
TATOTeHUs: «Bce mena npumseusarom opye opyea ¢ Cuiou, nponopyUoOHAaIbHOU NPOUIBEOCHUIO UX
macc u obpamuo NPONOPYUOHATLHOU KEAOpAamy pAacCMmOSHUSA MexcOy HUMU» OH TPUMEHHM K

MAaTCPUAJIbHBIM TOYKaM: CHUJIa F12 , C KOTOpOfI TodedyHOE Teo 1 HeﬁCTByeT Ha TOYCYHOC TCIIO 2,

| Fip |:Gml—nz]21 wm B =—Gml—r22~f‘12 (3mecp [, =T, —1)
o o
CI/IJIa FpaBI/ITaHI/IOHHOFO HpI/ITSDI(eHI/ISI HpOTfDKeHHI)IX TCII OHpeI[eJIﬂeTCﬂ KakK CyMMa CHUJI
HpI/ITSI)KeHI/Iﬁ Hap MaTepI/IaJILHLIX TOYCK, U3 KOTOpBIX OHH COCTOJT. B6HI/I3H HOBerHOCTI/I TCJ1a
OOJIBIIMX pa3MEpOB (HAMpPUMEpP, 3€MJIHM) I0J€ CHJI TSHKECTH MOXHO CUHTATh OJHOPOJHBIM H

= GM
BBIYUCIITE CHIy Tshkectd mno ¢opmyne F=mg (¢ z?), I7ie HampaBJeHHE BEKTOpa

YCKOpEHUsI CBOOOJHOTO TMaJieHHsT — STO HAMpaBieHHE BEPTUKANU. TOYKON MPUIIOKEHUS CHUJIBI
TSHKECTU (LIEHTPOM TSKECTH) B 3TOM CIIydae sIBJISETCS IEHTP Macc Tea.

CuJia ynpyrocTu — npoTuBoiecTByeT Aedopmanuu ynpyrux Tei (T.e. BCerja HampaBiieHa IPOTUB
nedopmarun). [lpu manbix gegopmanusax cuiia YOpyrocTd MPOMOPIHOHATbHA WX BEITUYHHE X'

F=-kx. Koadpdpumuenr sxecrkoct K  aus ympyroro Teina IMOCTOSHHOIO — CEYEHHS
S
IPOTIOPIIMOHAJICH BEIMYNHE CEUCHHUsI M 0OPAaTHO MPOIOPIMOHANICH JUTHHE Tena: K = E-T (3mechb

E — monyns FOHra, sBastomuiicss XapakTepUCTUKOM BEIIeCTBa Tea).
Cuina JaBjeHHsl SKHAKOCTH WJM Tra3a — Ha DJIEMEHT [OBEPXHOCTH IUIOMAAbI0 S,
OTPAaHWYHUBAOIIMK 00bEM IKUAKOCTH WM Ta3a, OHW OKa3bIBAlOT JaBJIEHHWE C CHUJIOH,

HEePICHANKYISIPHON dreMenHTy noBepxHoctd |F |=p-S. JlaBnenne P xapaktepusyeT COCTOSIHHE
Bentecta. st MaeaTbHON XKUAKOCTH JaBJIeHHE Ha IIyOuHe N 1oj MOBEPXHOCTHIO, JaBieHHE Ha
KOTOpYI0 paBHO [,, Haxomutrca 1o Qopmyne P=p,+,p0. JlaBneHue wujpeanbHOro rasa

ONPEAENAETCA €ro KOHLEHTPAUHUE U TEMIIEpATypOll B COOTBETCTBUM C OCHOBHBIM YpPAaBHEHHEM
MOJIEKYJISIPHO-KMHETUYECKON TEOPUH.

ApxuMeI0Ba CHJIa — B COOTBETCTBUU C 3aKOHOM ApXHMEAA «Ha TEJIO0, MOTPYKEHHOE B KHJIKOCTb
WM Ta3, JICWCTBYET BBITAJKUBAIONIAS CHJIA, paBHAs IO BEJIMYMHE BECY MKUJKOCTH WJIM Ta3a B

—

obbeme morpyxenHod wactu tena»: F,=-p, V.,

J. Ora cuma Ha caMOM Jenie SIBJISIETCS
PaBHOJICMCTBYIOIIEH BCEX CHUJI JABJIEHUA, NEUCTBYIOIIMX HA MOBEPXHOCTH Tena. Cuna Apxumena
NPUJIOKEHA K TOUKE, KOTOpasi COBMAJIAET € IIEHTPOM Macc KHJKOCTH B 00beMe NOrpy>KEHHON 4acTH
Tena («IEHTpY IJIaBy4yeCTH»), W HaNpaBlieHa IO KpaTyailieMmy pacCTOSHUIO K CBOOOJHOM
MOBEPXHOCTH KUJAKOCTH (MEPIEHAMKYISIPHO JUHHUSIM TOCTOSHHOIO JIABJIEHUS), T.. OOBIYHO —
BEPTUKAJIBHO BBEPX.

Oco0yro poib B 3a/lauax CTaTUKU UIPAIOT CHJIbI peakuuM. X oTimuuTenbHas depTa COCTOUT B
TOM, YTO UX BEJIIMYMHA, HANPABJICHUE M TOYKA IMPHUIOKEHUS MOTYT U3MEHATHCA NMPU U3MEHEHUH
IPOYMX CHJI, IEHCTBYIOHIMX Ha Tejo. OOBIYHO MMEHHO 3TH CHJIbI 00eCleurBalOT paBHOBECHE, TO
€CTh UX XapaKTEePUCTUKHU B JAHHBIX YCJIOBMSIX OINpPENESIOTCS MMEHHO U3 ypaBHeHui (1,2). Eciu
XapaKkTePUCTUKH CUJI pEeakUMM HE MOTYT I[PUHATH 3HAYCHUS, OIpEACiieMble YCIOBUAMH
paBHOBECHSI, TO pPaBHOBECHE HapyllaeTcd — TeJNO MPUXOAUT B JBHKeHHE. CHIIbI peakMu O0OBIYHO



MMEIOT 3JIEKTPOMAarHUTHYIO MPUPOAY — OTO PABHOJAEHUCTBYIOIIHE CHJI MEXMOJIEKYJISPHBIX
B3auMoieiicTBUNA. OOBIYHO MBI IMEEM JIEJIO CO CIICAYIOIIMMHU CHIIAMH PEaKIHH:

Cuiibl peaknuu onop u noasecos. Cujia HOPMAJILHOI peakiuu TBepoi onopel N HampasiieHa
«HAPYXKY» NEPIEHAUKYIAPHO  IOBEPXHOCTH  OHOpBI, B TOYHOCTH  YypaBHOBEIIUBAsd
NEPIECHIUKYIAPHYIO OMOpPE COCTABIISIIONIYIO BHelIHel cuibl. Cuina peakiuu obpamiaercs B HOJb
pU OTPBIBE TeJia OT onopsl. CHJIa HATSIKEHHUsI HEPaCTsHKUMOTO T0/[Beca | HampaBJieHA M0 JUHUU

MoJiBeca, B TOYHOCTH YPaBHOBEIINBAsI IPOAOJIbHYIO (PAaCTSITMBAIOIIYI0 TOJBEC) COCTABIISIONIYIO
BHelIHel cuibl. Cuila HaTsHKeHHs oOpalaeTcs B HOJb IIPH MPOBUCAHUHU TOJIBECA.

=

R

Cuia TpeHusi — cuiia, MPOTUBOACHCTBYIONIAs OTHOCUTEIBHOMY IBMIKCHHIO COMPUKACAIOIIUXCS
MOBEpXHOCTEN Tel. DTa CHila BOSHMKAET Kak Oyiarofaps MEXaHHYECKOMY «3alCIUICHUI0» MEIKUX
HEPOBHOCTEW TPYLIUXCS MMOBEPXHOCTEH, Tak M Ojarojaps ACHCTBHIO CHJI MPUTSHKCHUS MEXKIY
MOJIEKYJIaMH Tel («CHUJl MOJIEKYJSIpHOro cuUeIuieHus»). KoHeuHo, Ha camoMm Jeie Mexnay
OPWKAaTPIMU TeJlaMUd BO3HHMKAaeT €IWHas CHJa B3aUMOJCHCTBHUS, KOTOPYIO TIPU OINHUCAHUU

pe3yJIbTaTOB 3TOT0 B3aMMOJICUCTBHS OKa3aJloch YIOOHO pasiensth Ha HopMaibHyro (N) u
KacarenbHyio ( F ) o OTHOWEHNIO K TOBEPXHOCTH CONPUKOCHOBEHHS KOMITOHEHTBI.

,Z[JI?I CyxXo2co mpeHus pas3indaroT Ciiydau TPCHUA IIOKOS U TPCHUSA CKOJIbKCHHUA: TCIIO ITIOKOUTCH, ITOKa
Cujla TPCHUSA B TOYHOCTH YPABHOBCHIMBACT COCTABJIANOLIYIO BHEIITHEH CHJIBI BOJIb TPpYLIHUXCHA
HOBCpXHOCTGI\/'I. HpI/I OTOM BCJIMYHWHA CHUJIbI TPECHUA HEC IMPEBOCXOJUT HEKOTOPOroO MAaKCHMMAJIbHOI'O
3HAYCHHU, KOTOPOC 3aBUCUT OT BCJIHWYHUHBI CHIIBL HOpM&J’IBHOfI pCaknuu TIOBCPXHOCTHU:

lfmp =—|f|| N lfmp |<Fnax=4N (- xoopduument tpenus). Korma BHEIIHSS CHila IPEBOCXOAUT

3TO MaKCHUMaJIbHOE 3HAYEHHE, TeJI0 HAUNHAET CKOJIb3UTh.
TepMHHOM «CWJIa TpPEHHUS» WHOT/IAa HA3bIBAIOT W CHJIY CONPOTHBJIEHUS KUIKOH WU
ra3oo0pasHoii cpeabl. OTa cuja, Kak U CHJIa CyXOro TPeHHUs, IEPEBOAUT MEXAHHUECKYIO SHEPTHUI0
TEJ B HEMEXaHWYecKyro (Gopmy (darie Bcero — B Terio). Ho cmima conmpoTHBIEHHS HE SIBISETCS
CHJIOM peaklMu — OHa He JeHCTBYeT Ha Tena, MOKOSIIUEecss OTHOCUTENbHO cpenibl. B 3aBucumMocTi
OT pa3MepoB Tena, €ro (OpMbI M CKOPOCTH, BEIMYMHA OSTOHW CHJIBI MOXKET OBITH OO
IPONOPLHOHATIBHA CKOPOCTH (Masible pa3mepsl, oOTekaemas (popma, HeOObIINE CKOPOCTH), OO0
NPOTIOPIIMOHATIbHA KBaJApaTy CKOpPOCTH (OOJdbIIue pa3Mepbl, yrioBatas ¢opma, BBICOKHE
CKOpocTH). B mepBoM cityyae 3Ty CHITy Ha3bIBAIOT «CHJIOW BS3KOI'O TPEHHS», BO BTOPOM — «CHJIOH
71000BOT'O COMTPOTUBIICHUSI.

OTmeTuM, 4TO IPU PaCCMOTPEHHH B3aUMOJICHCTBYIOIUX TeJl, B COOTBETCTBUU C TPETHUM 3aKOHOM
HrroToHa, BCe Crulbl 00S3aTENBHO TOSBISIIOTCS «IMapaMm». €Clu Teno | AeicTByeT Ha Tenmo 2 ¢

—

cunot F,, To BTopoe Teno IeHCTBYeT Ha MEepBOE C CUIION TOM ke MPUPOAbI (IPaBUTAIIMOHHOM,

3IIEKTPOMArHUTHOM, CUJION HOPMaIbHOM peakIiu, TPEHHs U T.J.) If21 = —Iflz. Ecnu y aTux Ten ectsb
JBa, TpU WU OoJiee MEXaHU3MOB B3aWMOJEWUCTBUSA, TMOSBHUTCS CTOJBKO XK€ «map» cui. BaxHo
MOHUMAaTbh, YTO 3TH CUJIbI MPUIOKEHBI K Pa3HBIM TellaM (TO €CTh CHJIBI M3 OJHOM Mapbl HE MOTYT
BXOJIUTh, HAIIPUMED, B OJTHO YCIIOBUE PAaBHOBECUS JJIsi KAKOTO-THMOO0 U3 TNl CUCTEMBI).

HTtak, «ob1mas cxemay pemieHus 3a1a4y CTaTHKH:

Ilar 0: IlepeuncnuTth (Tydile BCero — M300pa3uTh Ha CXEMAaTHYECKOM PHCYHKE) Bee CHIIbI,
JENCTBYIOIIME Ha KaXKJI0€ U3 TEJl paCCMaTPUBAEMON CUCTEMBI.



Iar 1: Beiopare CO u CK, ob6ecneunBaromue Harnbosee mpoCTyro 3aMuch YCIOBUM paBHOBecHs. B
YaCTHOCTH, OOBIYHO BBITOJHO HAMPABIATH KOOPAMHATHBIE OCU [0 HAMPABICHUSIM JCUCTBUS
OOJIBITMHCTBA CHJI, @ Hayajlo KOOPJAWHAT — TaKUM oOpa3oM, YTOOBI Kak MOXKHO OOJbIle
«HEYHOOHBIX» (C TOYKH 3PEHHUs OTBETAa HAa IOCTABJICHHBI BONPOC) CHJI MMEIH HYJIEBOE IIJICUO
OTHOCHUTEIIbHO 3TOr0 Hayana KoopAuHat. Toraa 3Ty cuiibl HE BOMAYT B ypaBHEHHE, CIEAYIOIIee U3
ycnoBus (2).

Ilar 2: 3anucatp ycnoBus paHoBecus (1) u (ecnu HyxHO) (2).

Ilar 3: 3amucare 4yepe3 Te ke BEIWYMHBI 33JJaHHYIO B YCJIOBHH JOTOJHUTEIHLHO HH()OPMAIIHIO
(reoMeTpUYeCKHUe COOTHOIICHHUS, COOTHOIIICHHS CHJI).

lar 4: 13 3anucaHHbIX COOTHOIICHUN BBIPA3UTh HCKOMYIO BEJIMUHUHY.

Ecnu paBHOBecue HapylieHO, TO BMECTO HM3YYCHHS YCJIOBHH paBHOBECHS HaM HEOOXOIMMO
aHATM3UPOBATh XapakTep IBIKEHUS, CBS3aHHBIM C B3auMoOJAEHCTBHEM Tei. Takum oOpaszom, oOT
3a/1ady CTaTHMKW MBI MEPEXOJUM K 3ajayaM AHMHAMHMKHU: HAXOXXJECHHUE 3aKOHA JBWIKEHHUS TEN IO
3aJIaHHBIM cwiiaM (TpsiMasi 3ajjauya) U HaxXOXKJICHHE CWJI MO 3aKOHY JBM)KEHUs (0OpaTHas 3ajiaya).
Jlns nBYOKCHHMST MaTEpHAIbHOW TOYKH M IOCTYIMATEIBHOTO JIBMKEHUS TBEPIOTO Tejla ATH 3aJaqH
petarTcs C UCIOIb30BAHUEM YPAaBHEHUH JIBIKECHMS, CICAYIOUIMX U3 BTOpOro 3akoHa HeroToHa: B
WHEPLUAJIBbHOW CHUCTEME OTCUeTa YCKOpPEHHUE Tella OMpeleNsieTcs PaBHOIACHCTBYIONIEH BHEIIHUX

CHUJI, IPUJIIOKCHHBIX K 3TOMY TCIIY: mé:Zme . HpOH.[C BCCTO pCIIATh TAKHC YPAaBHCHUSA IIPU

JBWKEHUM TeJa MOJ JEHCTBUEM IOCTOSHHBIX CHUJl — TOrJa M3 3TOTO0 YPaBHEHUS HAXOAMTCS
IIOCTOSIHHOE YCKOPEHME, UTO MO3BOJISIET CPa3y 3alMcaTh 3aKOH JBUKCHUS.

Ho wHoOrpa onHMX ypaBHEHMH ABMKEHMUH OKa3bIBA€TCS HEJOCTATOYHO. DTO IMPOUCXOIUT, €CIIU
JBHKEHHE OJHOTI'O WJIM HECKOJIBKUX TeJ IMOJYMHEHO HEKOTOPHIM OTPaHUYECHMSIM — HallpUMeEp, Teia
MOTYT JABUTaThCS MO HAMPABJISIOUINM, WIH MOTYT OBITh COCIMHEHBI HUTHIO. Takue orpaHuyueHus
Ha3bIBAOT KuHemamuuyeckumu ceazamu. VX maremaTudeckas 3anuch I103BOJIIET IOJY4YUTh
COOTHOUIEHUSI MEXAY KOOpJAMHATAMHU, CKOPOCTSMH U YCKOPEHUSAMH T€Il — VPAGHeHUs
KuHemamuyeckou ceéa3u. SICHO, 4YTO OOBIYHO CYIIECTBYeT peanbHas (QHU3MUecKas MpUINHA,
NPUBOAAIIAS K BOSBHUKHOBEHUIO CBsI3H. Kak mpaBuiio, BHIIIOJIHEHUE OTPAHUYEHUM, HAKIIaIbIBAEMBbIX
CBSI3IMH, OOECIIEUMBACTCS JCHCTBUEM CUl peakyuu — CWUJ HATSHKCHUS HUTEH, CUJT HOPMaTbHOU
peakuuMu TBEPABIX Tel U Ccui TpeHud. [lodTomy mpu peuieHun 3amad, B KOTOPBIX BO3HUKAIOT
yYpaBHEHUS KHUHEMATHYECKOM CBsI3M, Ba)XKHO oOpalaTh BHUMaHHE Ha JBa oOcTosATenbCcTBa. Bo-
MEPBBIX, KOJIMYECTBO HE3aBUCUMBIX YPaBHEHHH CBS3U JOJDKHO OBITH PAaBHO KOJIHYECTBY CHII
peakiuy, IEHUCTBYIOIIMX B CHUCTEME. J[eIo0 B TOM, 4YTO CWJIBl PEAKIUM HE HMMEKT 3aJJaHHBIX
3HaUEHUH — OHU MPUHUMAIOT KaK pa3 Te€ 3HaUCHUs, KOTOpble 00eCeUNBAIOT ABHKEHHUS CO CBS3SIMHU.
IIoaTOMy OHM SBJISIFOTCS HEW3BECTHBIMM BEJIMYMHAMM HapsQy C YCKOPEHHMSIMH Tell BJOJIb
KOOpAMHATHBIX oced. KonmudecTBO ke HE3aBUCHUMBIX VPAGHEHUU OBUINCEHUs, CIEAYIOIUX U3
BTOPOro 3akoHa HBIOTOHA, OYEBHIHO PaBHO YHUCIY JTHUX yCKOpeHuH. IloaTOoMy 11 momydeHus
MOJIHOM CUCTEMBl YpPaBHEHHH K ypaBHEHUSM JBIDKEHUS HEOOXOAMMO M00aBUTH MO YpaBHEHHIO
CBSI3M HA KaXAYIO CWIYy peakuuu. Bo-BTOPBIX, 11 MHOTMX CHJI PEAKLUHU CYILIECTBYIOT «IIPEIEIIbI
BO3MOXXHOCTEW», MPU BBIXOJIE 32 KOTOPHIE CHUJIA PEAKIIUU YKEe HEe MOXKET 00EeCIIeUUTh BBITOJIHEHUE
OTPAaHMYEHUM CBS3M, M CBA3b «pa3pyliaeTcs» - HUTH IPOBUCAIOT, Tela HAYWHAIOT
nehOopMUPOBATHCS WIIH MPOCKANIb3BIBATh U TaK Jajiee.

[lepeuncnum Hanbosee 4acTo BCTpEUArOIIMEcs B 3aJadyax BUJbI CBA3EH ¢ yKazaHHEM MPEesioB HX
CYyILLIECTBOBAHUS.

KecTkmii cTepKeHb:

Ecnu tena coequHEHbI )KECTKUM CTEPKHEM, TO PACCTOSHUE MEXKAY HUMU OCTAETCS HEU3MEHHBIM, a
IIPOEKIIMN CKOPOCTEW M YCKOPEHUH Ha HaIlpaBJIEHUE CTEPXKHA COBIajaroT. Ecim paccmaTpuBaeTcs
BpallaTelibHOE JBM)XEHHE, TO COBMAJAIOT YIJIOBBIE CKOPOCTH M YIJIOBbIE yCKOpeHus Ten. Cuia
peakiuu, obecrneunBaromas CB3b — cula ynpy2ocmu CTepiHs. AOCOIIOTHO KECTKHI CTep)KEeHb
BBIICP)KUBAET JIIOOYIO BHEIIHIOI HArpysky, He nedopMupysch. PeallbHble CTPEKHU HMEIOT
npeiebHble 3HAYEHUS] Harpy3KH, BbIlIE KOTOPHIX OHM HauMHaioT aedopmupoBatbesa. Ecnu takoit
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npeaci B 3a4a4c 3aiaH, TO YCJIOBHUE CYIICCTBOBAHUA CBA3H ‘Fynp

Hepacrsizkumast HUTh:



B naHHOM cllydae, moOKa HHTh HATsSHYTa, OHAa CO3JaeT OTPAaHUYCHHUS, BO MHOTOM CXOXKHE C
MOPEIBIIYIIAM CIIy9aeM: PAcCTOSHUE MEXKIY CBS3aHHBIMU TellaMHd OCTAeTCsl HEU3MEHHBIM, a
MPOSKIIMA CKOPOCTEH M YCKOPEHWH Ha HaANpaBlICHUE HUTH COBMAAOT. OTIIMYUS ke COCTOSIT B
CIIETYIOIIEM: BO-TICPBBIX, HUTh MOXET CBOOOIHO W3ruMOatbcs (BOKpYr Oyioka, Oanmkd W T.1.),
OCTaBasICh HATSAHYTOMH; BO-BTOPBIX, HUTh HE MOXKET «CIKUMATBLCS» - MPH YMEHBIICHHH PACCTOSHUS
MEXIy Tenamu OHa mnpoBucaeT. Cwia peakiMu — Cuid HAMsNCeHuss Humu, W YCJIOBUEM

CYILIECTBOBaHUS CBsi3u siBisiercst BobimonHenue tpeboBanms O<T T . Tlpu T =0 uute

nposucaer, a nupu 1 =T,

- peercss. OOBIYHO PAcCMATPUBAIOTCS TOJBKO «HAEaTIbHbBIEY» (TO €CTh
HEBECOMbIE U HEpACTSDKUMbIE) HUTH, MEPEKUHYTbIE 4Yepe3 «uieaiabHbley» (HenehopMHUpyeMble
riaakue) OanKu WM «UjaealbHble» (HeBecOMble, Bpamaromue 0e3 TpeHust U Kpyrible) Oioku. B
ITUX CIy4asX CHJIa HATSHKCHWsI HUTU OJIMHAKOBA BO BCEX €€ TOYKaX.

ConpuKOCHOBeHME KECTKUX MOBEPXHOCTEN TeJl:

B srom cnywae, moka nedopmanusMHU MOBEPXHOCTEH MOXKHO TpeHeOperatb, W IMOKa Tela He
OTPBIBAIOTCSL OPYr OT ApPYra, MX CMEILEHUS B HANPABICHUM, NEPIECHIUKYJIIPHOM IIOBEPXHOCTH
COIPUKOCHOBEHMSI, 1OJKHBI ObITh paBHBI. [103TOMY paBHBI U MPOEKIUU CKOPOCTEN M YCKOpEHUI
TEeJI Ha COOTBETCTBYIOINYIO Oocb. OOecreunBaeT BHIMOIHEHUE YPAaBHEHUH CBSA3U CUld HOPMANbHOU

peakyuu, xotopas nomwkHa yaosierBopsth TpeboBanmio O<N <N .. IIpu N =0 npoucxoaut
oTpelB Tex JApyr or apyra, a mpu N =N . - [OBEPXHOCTH HAYNHAIOT CYIIECTBEHHO

ne(hOpMUPOBATHCA.

OTcyTcTBHE MPOCKATB3bBIBAHUS COMPUKACAIOIINXCS TEJ:

9T10T BUJ CBA3M MOXCT BO3HUKATHL KaK JOINOJIHCHUC K MPCAbIAYHICMY, CCIIM MCKIAY
CONPHUKACAIOMIMMHUCS TETaMHU CYIIECTBYET cuia mpeHus, CIocoOHas 00eCneYnTh OTCYTCTBHE
npocKayib3biBaHust. Toraa Tena BOOOINEe HE U3MEHSIOT CBOETO OTHOCHTEIBLHOTO TMOJOKEHUS — MX

CKOPOCTH M YCKOPEHHS COBIAIAIOT. Y CIIOBUE CYIIICCTBOBAHUS CBS3H: ‘Fmp‘ < an;)ax =uN.

OTMeTuM, YTO B «ILIKOJIBHBIX)» 3a/1a4ax OOBIYHO PACCMATPUBAIOTCS CUCTEMBI, B KOTOPBIX AEHCTBYET
He Oojee OJIHOM - JBYX CBSI3€H, NpPUYEM CBSI3aHHBIE TejJa COBEPLIAIOT HNPAMOJIHHeHbIE
ABUKEHHMs. B 3TOM cilyyae Mony4eHHe YpaBHEHMsI CBSI3U, JOIOJHSIOIIETO YPaBHEHUS ABU)KCHHUS,
BO3MOXKHO II0 CJIEIYIOIIEH CXeMe: HalO0 3a1aTh «IIPOU3BOJIBHBIE» MAJIbIC CMEIIEHHUS BCEX TEIl I10
BCEM KOOpJHMHATaM, KpOME OJHOM (ecnu B cucTeMe JCHCTBYIOT JIBE€ CBSI3U, TO KPOME JIBYX) M
MPEOJIOKUTD, YTO CBSI3b «paboTaeT» (HUTh HE NMPOBHUCAET, TEIA HE OTPBIBAIOTCS APYT OT Apyra u
T.4.). Torga MOXXHO HaWTH OOYCIOBJIEHHYIO CBSI3bI0 BEIUYMHY 3TOrO IMOCIEIHEro CMELICHHMS,
KOTOpas OyZeT 3amMcaHa 4epe3 «3aJaHHble». SICHO, 4TO U3 3TOr0 COOTHOUIEHUSI MOXKHO IOJIyYUTh
(dopMyily, BBIpaXKarOLIyl0 CBSI3b CKOPOCTEH Ted, a U3 Hee — (OpMYIy, BBIPAKAIOIIYIO CBS3b
YCKOpEeHHUH. JTa nocieansst opMmyiia U eCTb YpaBHEHUE CBSA3H, KOTOPOE HAlO0 100aBUTh K CUCTEME
YPaBHEHUU JBUKEHUS JUIs MIOJy4YEHUs OTBETA.

IIpn pemenun 3amad JMHAMHUKA KPHUBOJHMHEHHOrO0 ABMKEHHMS JCHCTBYIOIIME HA TEJIO CHJIBI
yI1oOHO pa3jgoXkHUTh Ha KacaTeNbHYI0O M HOPMAIbHYIO ([0 OTHOLIEHHIO K TPaeKTOPHH)

COCTaBJIAOIIHUC. HpI/I OTOM Kaxaasd HW3 OTHX KOMIIOHCHT CHJI CO34ac€T COOTBETCTBYIOIIYIO
2

\
. 3 = 3 3 = ! . [ —_— [
KOMITOHEHTY YCKOpPEHHs (KacaTelbHYI0 M IIEHTPOCTPEMHUTENbHYI0): d =4, .+ &, =V €t R €
(3mece R - pagmyc KpUBH3HBI TPaeKTOpPUM B 3aJaHHON Touke). B wacTHocTH, ecnu

pe3ynbTUpPYIOLIAs CUiIa, ACHCTBYIOLAs HAa TEJIO B PAacCMAaTpUBAEMOW 3ajaye, NMEepHEHIUKYISIpPHA
CKOPOCTH, TO y TAKOT'O T€JIa €CTh TOJIBKO LIEHTPOCTPEMUTENIbHASI KOMIIOHEHTa YCKOPEHUS, U MOAYJIb
CKOpPOCTH Tella He MeHseTcsa (CKOPOCTh U3MEHsETCs TOJBKO 10 HampasieHuto). Ecnu u BenmuunHa
TOW CHJIbI HE OyJOeT MEHATbCA, TO, KaK BHJIHO U3 (GOpPMyIbl Uil LEHTPOCTPEMUTEIHHOTO
YCKOpEHHs1, OyJeT 0CTaBaThCsl HEM3MEHHBIM U pajinyc KPUBHU3HBI TPAEKTOPUH, TO €CTh TEJO OyneT
coBeplIaTh PAaBHOMEPHOE BpallleHHWE IO OKPYKHOCTH. Jlis aHaim3a JABMXKEHUS B TOJOOHBIX
ciydasix  OOBIYHO JNOCTAaTOYHO HCXOAWTb W3 OJHOIO ypPaBHEHHUSA  JABWUXKCHUSA I
V2
LIEHTPOCTPEMUTEIILHON KOMIIOHEHTBI YCKOPEHHUS: mE =F.

((061_1_18.5{ CXCMa» PCIICHUA 3aa41 TUHAMHUKU:



Ilar 0: Ilepeuncnuth (dydiie BCEro — M300pa3UTh HA CXEMAaTHYECKOM PHUCYHKE) BC€ CHUJIBI,
JIEHCTBYIOIME HA KAK0€ U3 TEJI pACCMAaTPUBAEMON CUCTEMBI.

Iar 1: Beiopars CO u CK, obOecrieunBaroniyie Handoyiee MpoCcTyIo 3aMich YPaBHEHUM JBUKEHUS.
B wactHOCTH, OOBIYHO BBITOAHO HAIMPABIATH KOOPIMHATHBIE OCH IO HAINpPABICHHUAM JCHCTBUS
OOJIBIIMHCTBA CHJI WJIH 110 HANPABJICHUIO MPSAMOJIUHEWHBIX ABMXKEHUHN Tell.

Hlar 2: 3anucaTh ypaBHEHHS JBH)KCHUS TEJ CUCTEMBI.

Ilar 3: 3anucate (eciu 3TO HEOOXOIUMO, TO €CTh €CJIM B CUCTEME IMPUCYTCTBYIOT CBSI3U, aHATU3
KOTOPBIX HEOOXOIUM JIJIsl TTOJTyYSHHsI OTBETA) YPaBHEHUS CBS3€H Uil yCKOPEHUH Tel.

Ilar 4: 3anucate 4yepe3 Te ke BEIWYMHBI 33JJaHHYIO B YCJIOBUU JIOMOJHUTEIBHO HMH(POPMAIUIO
(reoMeTpHUECKHE COOTHOIICHHUS, COOTHOLICHHS CUJI, THPOPMAIIMIO O BPEMEHHBIX HHTEpBAJIaX ).
Hlar 5: V3 3anucaHHBIX COOTHOIIEHHWH BBIPA3UTh MCKOMYIO BEIUYMHY HEMOCPEACTBEHHO JHOO
(ecu BOmpoOC MpeJroiaraeT UCCaeI0BaHuE MOJYYEHHOTO JABMKCHHS) U3 3aKOHOB JIBHXKEHUS Tell,
OTBEUAIOLUX HAlJICHHBIM YCKOPEHMSIM.



