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I'taBa 3

PABOTA 1N 9HEPI'UA

B sro0it rnase BBOJATCA BaKHENNIe MOHATUA MEXaHUKNA — pa60Ta " Heprud — u yCraHaBJId-

BalOoTCdA 3aKOHOMEPHOCTH, KOTOPLIM OHU ITOJYMHAIOTCAA.

3.1 Pabora cuabl. MoriHoctb. Kuaerndeckasi SHeprus

B sToMm Kypce MBI cTapaeMmcsi WILTIOCTPUPOBAThH (pU3ndecKne Mpob/ieMbl Ha IMPOCTBIX ObITO-
BBIX IpuMepax. Takoil Moaxo pasyMeH W Ha CTaJUH OIpPeIe/eHuil (PU3NIECKNX BEJNYINH.
[Ipuaumasich 3a U3yvueHUe OUepeHOrO pasjesa (UMK, BCET/Ia MOJIE3HO 33/ [yMAThCs, KAKIe
3/1€Cb BOSHUKAIOT HOBBLIC IIOHATUA, 3a9€M OHU HY2KHbBI 1, HE B IIOCJIC/IHIOIO OY€pe/Ib — II0YCMY
OHM MMEHHO TaK Ha3bIBAIOTCH.

Pabora — 310 c/1oBO, O/iM3KOEe KazkJIoMy. B kuTefickoM cMmbIce Mbl ITOHHMaeM pabo-
Ty Kak, HaIpUMep, HOJHITHE KAKUX-TO Tszkecreil. MoKHO mpeacTaBUTh cebe MOCTPOIKY
nupamuibl Xeorca. Korjga moTpedHOCTH B TaKO# JIeTeTbHOCTU IIPEBBICUIN BO3MOYKHOCTU
JeJI0BEKa, JIIOIN HAaYa Il IpUPYyIaTh KUBOTHBIX. Ceifdac MpakKTUIeCKHd BCIO PabOTy BMECTO
HAC BBIIOJIHAIOT MeXaHU3Mbl. Pasymeercs, ¢usnka He MOT/Ia MPOWTH MUMO TAKOH BarKHOI
CTOPOHBI Y€JIOBEYECKO aKTUBHOCTH.

[Tepeiinem x onpeenennsam. Paboroit cuibl [ Ha myTn L Ha3bIBaeTcs: POU3BEJIEHNE
A=F- L. (3.1)

DTO BBIPAyKEHME XOPOIIO COTIACYeTCsl ¢ OBITOBBIM MOHATHEM «(u3ndeckoii» padorsl. Ecan
MBI XOTUM TIOJIHATH I'PY3 Ha YeTBEPTHIN 3TaxK, pabora OyJer, pazymeeTrcd, O0JbIe, YeM Ipu
nojbeMe Ha BTopoit. Jlamee, KaxK il TOHUMAET, 9TO O0JIee TAXKEJIbI T'Py3 HECTU TPYJIHEe.
Pazymuo mraruTh rpy3dnkaM 3a MpOM3BeJeHIe KUIOIPAMMOB (MJIM TOHH), Ha METPbI MO/Ib-
ema. TouHee, pasMepHOCTb pabOTBHI — HBIOTOH-MeTp = KOyJIb (/[ B cucreme CU) mim
quna-cm = spr (CI'C).

B 1o xe BpeMs cyObeKTHBHOE OIIyIIeHre paboThl MOXKET OTKJIOHATHCS OT ITOTO OIpe-

nenennd. ['opaszo jerde nogHATH 110 JiecTHUIE JABa rpy3a B 40 Kr 1mo odepen, yem 80 Kr 3a
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36 I'maBa 3. PABOTA 1 SHEPI'UIS

onun npueM. ['py3 B 160 Kr BooOIIEe Bps JIM KTO BO3bMETCHA HOCUTDH B OJMHOYKY, U TOJIHKO
IITAHTUCTBI TIOJIHUMAIOT TAKOW BeC Ha KOPOTKoe BpeMs. Iy desioBeka BOCHPHUATHE 3aTpa-
YEeHHON PabOTHI HEJIMHEIHO — KaK B OTHOIIIEHUN PA3BUBAEMON CUJIBI, TAK ¥ IYTH (yCTAJIOCTD).
Cxopee cMbICT paboThl He (PUBHOTOTHIECKH, a IKOHOMUIeCKuil. Ecan m3Bmedb u3 maxThbl
BJIBOE OOJIBITIE YIJI, TO U MOJIYUYATDh 3& HEr0 MOXKHO BjIBOe OoJibIie. Pabora, ciiejioBaTe/bHO,
JaeT HEKWil MOJIE3HBIN MPOLYKT: €ro KOJUIECTBO IIPOCTO MPOMOPIHOHAILHO pabore.

Ecmu cuna wa mytn L nepemenHasi, HY»KHO Pa3/e/JUTh BECh IMyTh HA MaJjble YIACTKA

Ax ¥ IpOCYMMHUPOBaTH:
L

A:ZFJ--ij:/F-dx. (3.2)
0

Ecim noctpouth rpaduk 3aBHCHMOCTH CHJIBI OT KOODPJMHATHI, JIETKO BUJIETH, YTO paboTa

OIpeJIeINTCsI, KaK II0Ma/ b KpUBOInHeiHOH Tparerun (puc. 3.1).
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Puc. 3.1. Puc. 3.2.

Jlo cux 1mop MblI canTasm, 9To cuja F' HampaieHa BoJb nepeMerniennd L . OdeBuiHO,
YTO EPEHOCUTH TSKEJIBII PIOK3aK 110 TOPU30HTAIBHOI (0CODEHHO 110 POBHOII) jlopore Jierde,
JeM IOJHUMAaTh ero Ha TaKoe Ke paccTosdHue. Ternepb Mbl MOXKEM CKa3aTb, UTO TOPU30H-
TaJIbHOE TIepeMelieHne TpedyeT MeHbleir paborbl. Ho B 0boux ciyvasx cuja, ¢ KOTOPOil MbI
JleiicTByeM Ha Ipy3, paBHa ero Becy. OTindaioTcs HalpaB/eHusd nepemerenuii. Pasymnao mgo-

[LyCTUTH, YTO UI'PAET POJIb B OCHOBHOM IIPOEKIUsS CHJIbI Fj, Ha HAIpaBJIeHUE [epeMeleHnsl:
A=F,-L=FLcosa, (3.3)

e « — yroa Mexay F' u L. V3 Broporo BblpazkeHus BUJINUM, 9YTO PAOOTY MOXKHO 3aIlUCATD
n Kak F' - Lp, TO ecTb MPOU3BEJCHUE CHJIbI Ha IPOEKITUIO MEePEeMeIeHns] Ha HallpaBJICHHIE
CHJIBL.

B obmewm ciyuae, ecum BekTopsl F' u L HampaB/ieHBI TO-PA3HOMY, Pa3JIOKUM HUX 110

OCAM. TpI/I KOMIIOHCHTBI CUJIbI pa6OTaIOT B CBOUX HallpaBJICHUAX:

A=F, - Ax+F,-Ay+F, - Az, (3.4)
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Moxkuo och = BBIOpaTh BHOJL mnepemertennsa. Torma Ay = Az =0, Az =L nu A =
Fp - L. Wnun, Beibupast ocb  BHOJL cuibl, moayaum A = F - Lp. Mbl yKe 3HaeMm, 9TO
JIBa TIOCJICIHUX BBIPAsKEHUsI OJIMHAKOBBI M paBHBbI Takxke F'L cosa. Menee odeBuIHO, ITO
npu JIIOOBIX HampaBiieHusx oceil (3.4) mact Tor »Ke caMmblil pe3ysibrar. [lokaxkem 310 st
BEKTOPOB, PACIIOJIOKEHHBIX B IIockocTH 2y (puc. 3.2). Eciim L mmeer yroi ¢ ¢ ocbio &,

a F wanpasiena 1oy yriiom (3 K 91oit ocu, To u3 (3.4) mosrydnm:
A=F, - Ax+F, -Ay=Fcosf-Lcosyp+ Fsinf3- Lsing = FL-cos(8 — ).

Yron ( — @) —9T0 U €CTh YIOJI (¢ MEXKJLy BEKTOPaMU.
[IpousBejieHre BYyX BEKTOPOB, BbIUMCIsIEMOe PO mpaBmiaM (3.3, 3.4), Ha3bIBAETCS UX
CKaJISPHBIM IIPOU3BEJIEHUEM: U3 JIBYX BEKTOPOB IOJIydaeTcs CKaJjsp, T.e. IPOCTO YHUCJIO

— HHUKY/la He HallpaBJIcHHasd pa6OTa. Kopoqe €€ 3alliChIBAaIOT TaK:
A=(F-L). (3.5)

SaMeTHM, ITO CKaIApHOE IPOU3BeIeHre 0003HAYAIOT, 3aK/II0Uasd BEKTOpa B KPYTJIble CKOO-
ku. KBasipaTneie 0603HaMaloT COBCEM JpPyroe — BEKTOPHOE IIPOU3Be/ICHNE, ¢ KOTOPBIM MBI
IO3HAKOMUMCH T1032KeE.

HeszaBucumocTh paboThl OT IIOBOPOTOB CHUCTEMbI KOODJIMHAT Ha3bIBAIOT KOpOUe MHBA-
PHUAHTHOCTBIO (OT JIATHHCKOrO invariantis — memsmensrormuiics). VHBapnanTHOCTL — 9TO
BazKHOE CBOMCTBO CKaJIAPHON BEJIMYNHDL.

KOHG“IHO, He Jrobast KOIVI6I/IH8,L[I/IH KOMIIOHEHT JABYX BCEKTOPOB JaCT MHBAPUAHTHYIO BEJIUYINHY.

Hanpumep, Boipakenue:
S:Fx~Asc2—|—Fy~Ay2+Fz-A22,

KaK JIETKO y6e,ZLI/ITbCEI7 MEHAETCs IIPU ITIOBOPOTaX CUCTEMbI KOOPDJAWHAT (,ILOCT&TO‘IHO B34ATb CUJIy U 1Ie-
peMelnienne, HalpaBIeHHbIE BJIOJb OCH T, a 3aT€M PAaCcCMOTPETh IOBOPOTHI oceil x, y). B gactHOCTH,
3HavYeHue S MOXKHO OOPATHTH B HYJIb. BeIUYIUHBI, KOTOPBIE TaK JIEI'KO U3MEHUTH U JayKe yHUITO-
JKUATh, HE MOT'YT UMETh Kakoro-anbo 3Hadenus. 1o Boipaxkenuto 9. [llpenunarepa, B Takoil BeuvInHe
HeT HU CMBICJIA, HU wHTepeca. [loaTomMy-To B pU3MKe HE UCIOIB3YIOTCA «KOHCTPYKITUUY, ITOJI00HBIC
S. A Bor pabora A mpum moBOpoTe oceil He mM3MeHsIeTcss. He3aBucuMocTh paboThl OT HAPABJICHUST
oceil He TOJILKO yI0OHA, HO 1 HeoOXoauMma)!

KOIV[HOHGHTBI BEKTOpa HE MHBAPUAHTHbLI, 1 ITO3TOMY OT/IC/JIbHO B3dTasl KOMIIOHECHTa HE COCTaB-
JIIeT 3aKOHYCHHOW dusndeckoil Besmunubl. [Ipu moBopoTe oceil Bce OHU UBMEHAIOTCS, OJIHA WJIN
Jlayke JIBe M3 HUX MOTYT 00paTUThCs B HY/Ib. Ho Torma Bo3pacTeT OCTaBIasICs KOMITIOHEHTA; BEKTOD
B IIEJIOM HUKAKUM TIOBOPOTOM HEJb3sI CIeaTh HYJIEeBbIM. [[0THOCTHIO BEKTOp 3a/1a€TCsI BCEMU Tpe-
Me (Ha IIJIOCKOCTU — ,ZLByMSI) KOMIIOHEHTaMMU. BaMeTI/Il\/I7 qTOo .HIO6OMy BEKTOPY MO2KHO COIIOCTaBHUTBH

WHBApUAHT — CKaJIsIpHOE IIPOW3Be/eHne BeKTopa Ha cebst. Hampumep,
(F-F)=F.+F; +F}=F".

D10 MonpoCTy KBaIpaT JINHLI BeKTopa (Teopema [Iudaropa), He3aBUCHMOCTH KOTOPOTO OT HAIIPAB-

JIEHUsI OCell OYeBUJIHA.
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[IpaBunbHOE pU3MIECKOe ypaBHEHNE JOJXKHO UMETh B 00EMX JacTIX BEJIUIAHBI OTHOI reoMeT-
puaeckoit ipuposel. Hanpumep, F = ma — ¢ 9T0ii TOYKN 3peHus IPABUJIBHOE ypaBHEHHE (BEKTOD
paBeH BeKTOpY ). IIpu JII0OBIX M3MEHEHUSAX CUCTEMBI KOODIMHAT OHO He HapyImuTcs. Ecm ke rue-to
IPUPABHUBAIOTCSI KOMIIOHEHTa BEKTOpa U cKassAp, gomyctuM (F-F') = ma, , 70 Takoe ypaBHEHHE He
MOXKeT OBITH BepHbIM. Jlaxke eciin B OJIHON cucTeMe KOOPIWHAT PABEHCTBO CJIYYalHO BBITOJHUTCS,
B JIpYyTroil OHO HEIIPEeMEeHHO HapyIIUTCs, TaK KaK CJIeBa CTOUT MHBAPUAHT, a ciipaBa — HeT. Tem OoJee
HEJIb3d NPUPABHUBATL CKaJIAP U BEKTOP — OJHa BeJIMYINHa HE MOXKET PaBHATLCA TPEM.

U3 dopmya (3.4) u (3.5) BugHO, 9TO paboTa MOXKET ObITH HYJIEBOM IIPHU TEPIEH UK YIIAP-
meix F' w L. Ecim yron mexxkay F' w L Tymnoii, B 9aCTHOCTH — KOTJIa CHJIa HAITPaBJIEHA
[IPOTUB TepeMelienus, To padbora Oyaer orpunarenbnoii. [lonoxkurensuas pabora moryda-
€TCs, KOIJa yroJl MezKJ/y CUJION U IIepeMeleHueM OCTPBIA.

Bce ke 1enoBek 1oJ1 Tpy30M ycTaeT U Ha TOPU30HTAJILHON jopore. CeKper 3/1eCh B CIO-
cobe mepeBuzKenns. lemnexoy Ha KaXKJIOM Iare cjierka MPHUIIOJIHIMAET PIOK3aK (U caMoro
cebs1) u 3aTpaduBaer pabory. K coxkasennio, Ipu ommycKaHun 3ra paboTa He KOMIIEHCHDYETCsT
OpraHu3My, XOTsd B CpeJ/iieM padoTa CHUJIbI, C KOTOPOH MBI YJIE€PKUBAEM I'Dy3, Hy/IeBasl.

Pabora, npousBojinMast B €IMHUILy BPEMEHU, HA3BIBAETCH MOIIHOCTHIO:

AA dA

Eciau cuna F jefictByer Ha jaBmkyntytocs dactuiyy, 1o AA = FAx, N =AA/At=F -
Az /At = F-v. Eciu Bektopbl F' 1 v MMeOT pa3Hble HAIIPABICHNUS, Oy IUTCsT CKAJISIPHOE

IIPOU3BE/ICHUC!

N=(F-v).

Hanpumep, eciin Te10 paBHOMEPHO BpaIaeTcs 10 OKPYKHOCTH Ha HUTH, CUJIa HATIZKEHUSI
F uepuenaukyisgpHa v , u paboTa, a ¢ Hell ¥ MOIIHOCTh, pa3BUBaeMasi CHJION HATIKEHUS,
HyJIeBast.

Pasmepnocts momtroctu B CU — Bart: 1 Br = JIx/c; B CI'C — spr/c.

Yrto m3MeHsgeTcss B OKPYZKAIOIMIEM MHUPE OT TOTO, Y4TO MPOU3BeJeHa HeKoTopas pabora’?
CuauaJia pazbepem npocreiimmii Bapuant. Ha uTo pacxomyercs pabora B OTCYTCTBHE BCAKUX
JIDYTUX CUJI, KOIJIa TOJBLKO MbI NPUKJIaAbIBaeM K Tesy cuiy F 7 Ilpumepno Takoii ciydait
OyJIeT, eCII TEeJIO TOJKATH 110 [JIQIKOMY JIb/LY.

ITycTh Testo Maccel m pasronsgercsa cuioii F. Ckopocrb Tesa
v =1+ Ft/m, xoopmunara x = vt + Ft*/2m .

Breipasum Bpemsi ¢ depe3 CKOpOCTb v B 9TOT MOMeHT: ¢ = m(v — vg)/F u mojcraBuM B

BBIpazKeHue Jijisi paborol Fu :

m(v —vp)? _ m(v — vg)(v + o)
2 2

A=Fx=uvym(v—1g) +



3.1. Pabora cubl. Momaocts. Kunernieckast SHEprust 39

B nocnennee Boipazkenune He BXoadaT Hu F', Hu . BuamMm, 9T0 ecoin TOJILKO F' M T TaKOBBI,

9TO TEJIO PA3rOHSETCS OT vy JO ¥, TO paboTa, MPOU3BEJICHHAS HaJl TEJIOM,

m(v —wo)(v+vg)  mu?  mug

A= =
2 2 2

DTO 3HAYUT, UTO POBHO Ha BEJIUIUHY [IPOU3BEICHHON PabOTHI BO3POC/IA BETUINHA

K=-— (3.6)

Ha3blBaeMasd KMHETUYECKOU 3Heprueil tesna. Takoe HazBaHuWe TOXKe He B3STO C ITOTOJIKA.
MpbI Ha3bIBaeM SHEPIUYHBIM YeJIOBEKA, CIIOCOOHOIO IMPEoIoIeBATh CONpoTuBenne. TouHo
TaK 2Ke 3allac KWHEeTUYeCKOW SHEPrUu ONpPeJIesisdeT, HaupuMep, ryouny npoOUBaHUS IIyJIH,
JIBIZKYIIEHCS B Cpejie ¢ COIPOTUBIICHNEM (TO €CTh & IPH JIAHHOW F' — crjie COPOTUBIICHNS).
JeiicTBuTesibHO, IpupaBHuBag Hepruio K pabore, KOTOPYIO CIOCOOHO COBEPIIUTDH TEJIO,

IIOJIYYUM:

va va

—=Fx, x= SF

Takum 0OpazoM, MOCTABIEHHBINH TOJIBKO UTO BOIPOC — «IIPABUJIBHBIN ; HA HET'O NUMEETCS
BIIOJTHE pa3yMHbIil oTBeT. [leiicTBuTE/IbHO, O paboTe MOXKHO TOBOPUTH, YTO OHA IIPOU3BEJICHA
HE 3ps: OHA PACXOJLYeTCsl HA YBEJIMYEHUE SHEPIun (KHHETUIECKON B JIAHHOM CJIyUae; JPyTuX
BUJIOB MBI TIOK& HE 3HAEM ).

Cuna F — 1o cymecTBy cymMMa BCeX BHEITHUX CHJI. Takum ob6pa3om, cymma padboT CHII,
JIERCTBYIOMNUX HA TEJI0, PABHA U3MEHEHWIO KMHETUIECKON SHEPIUH TeJIa.

3aMeTnM, UTO M3MEHEHNe KUHETHIECKOl dHEPIuU CUCTEMbI B3amMOJICHCTBYIONNX Tel
He paBHO paboTe BHEITHUX CUJI. BHyTpeHHHe CHIIbI TaK:Ke MOTYT U3MEHATh KMHETHIECKYIO
SHEPTHUIO cucTeMbl. [lycThb, Hampumep, 3aMKHyTasi CHCTEMa COCTOUT U3 JIBYX MPUTATUBAIO-
muxcs Jpyr K japyry Tei. OueBnyno, oba Tejna mpu cOMKEeHuN OyJIyT YBEJIHMYHBATEH CBOIO
KUHETUYECKYIO SHEPIUIO U B OTCYTCTBUE BHEIIHUX CHI.

Pabora cuibl m Kunermdeckasl SHEPrusi IBHO 3aBUCAT OT CUCTEMbBI OTCUeTa. JTO BeJIET
K mapajiokcaMm. Harmpumep, 1eloBeK JaBUT Ha CTEHKY BaroHa, PAaBHOMEPHO JIBUTAIOIIETOCS
CO CKOPOCTBIO ¥ OTHOCHUTEJbHO 3eMJi, ¢ cujoit F'. B cucreme Barona padbora mHyJieBas
(Her mepemertenust), a B J1abOPATOPHOI cucTeMe 4YesioBek 3a BpeMs At cosepiaer pabory
F - vAt. (ITonyaaercs, aro 3apaboToK TPy3UUKa JIOJIKEH 3aBUCETh OT CUCTeMbl oTcYeTa.) B
JIECTBUTEIHLHOCTH B MHEPIUAILHON J1a00paTOpHOi cucTeMe oTcdeTa 9e/IoBeK, JAeficTBys Ha
CTEHKY BaroHa ¢ cujioit F' | He numeer yckoperus. CienoBaTebHO, CyMMa CUJI, JeHCTBYIONAs
Ha Hero, paBHa HYJH0. To ecTb, 1e/I0BeK, YTOObI He OTTOJIKHYTHCSI OT CTEHKH, JO/IZKEH Ha ITO-
TO onmparhbed. CKaxKeM, CHJia TPEeHHs, JefCTBYIONas Ha IMOJIOIIBLI €r0 DOTHHOK, paBHA 110
BeJIMYMHE W ITPOTUBOIIOJIOZKHA 110 HAIIPABJIEHUIO CUJIE, ¢ KOTOPOIl OH JaBUT Ha cTeHKY. Torja
CcyMMa CIJI, JIefiCTBYIOIAs Ha TYe/I0BEeKA, paBHA HYJII0. SJHAYUT U MOJIHAs paboTa Tak:Ke PaBHA

HYJIIO B JII000M MHEPIMAJIBLHON CUCTeMe OTCYeTa.
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Jlpyroii mapa oKc: Teo BpallaeTcs Ha HUTH 110 OKPY?KHOCTH C ITOCTOSTHHON CKOPOCTBIO
V. Cua HaTsSKeHUs HUTU HEPIEHIUKY/IsIpHA IepeMeleHnio, n ee pabota HyJeBas. Ho B
cucTeMe, UMeIOIell CKOpocTh V' B IJIOCKOCTH BpallleHus, KHHETUIECKast SHEPrus Tesa Ie-
puommiaeckn Mengerca or 0 mo 2mV?. Kak s1o Bozmozxkno? IlompobyiiTe pazobparhes ca-

MOCTOATEJIBHO.

3.2 IlorennuajibHag 3HePTrusl B I10JI€ CUJI

Mb! Busien, 9T0 paboTa MOYKET IPUHOCHTE B BUJE PE3Y/IbTaTa MO0JIC3HbIe IIePeMEeIIeHU T
B cJlydae IOoJ/beMa UX IIPOTUB CUJIBI TazKecTH. PaccMoTpuM Oosiee 0OIIyIO TOCTAaHOBKY, KOTIa
TeJI0 HAXOJIUTCS B HEKOTOPOM CHJIOBOM IIOJIE.

ITon momeMm cumy mojgpasyMeBaeTcd CHJIA, 3aJaHHad B KayKJOH TOYKe IPOCTPAHCTBA!
F = F(r) wmu F(x) npu upsamosmaeiinom jsuzkenun. B moje TsizkecTr BOJIM3U 3eMHOI
nosepxuoctu F' = mg, To ectb cuna nocrognna. Ho, Boobme roBops, cuia BIOTHE MOXKET
OBITH U ITEPEMEHHOM.

[Iycrs BMecTe ¢ cuoit F' | xapakrepusytoreii mojie (Kopode — IPOCTO TOJIeM) JIeHCTBYeT
elle BHeIHsAs «Hamay cuiaa  f . Mbl yzKe 3HaeM, 910

va va

(f+ F)Azx = AK = T—TO wm fAr = —FAx + AK .
Maer Beeryia moxkem 1mojioopats  f tak, uro AK & 0, TO ecTh KMHETHYECKAsl SHEPIUs HE
Mensercst (it 9Toro JAokHO ObITh  f ~ —F). Kyna ke B s5TOM Ccitydae moiimer pabora
Harreil BHEITHEH CHIbI?

Ecnu onpeenTh MOTEHIIMAJIBHYIO SHEPTUIO Tak, 9To0bl ee n3meHernne AU ObLIO
paBao AU = —FAx, To MBI CMOXKEM CKa3aTh, YTO HAIIa padoTa, TO eCTh paboTa CUuabl [,

He IporaJja, a Mepelnia B U3MeHeHe TOTeHINATbHON SHEPIUn:
AA = fAx=—-FAz =AU .

BmecTo Toro, aTobbl BesiKmit pa3 paccyxKJaaTh O JIBYX CHJIaX, HMOYTH YPaBHOBENINBAIOIIIX
JpYyT JApyra, Jjis KPaTKOCTH UCIOJIBL3YETCS UMEHHO MOCJe/IHeE PABEHCTBO, TO €CTh MOTEHITN-

aJIbHagd HePrud OolIpeJe/deTcd 9epe3 CUJIy F:
AU = —FAz . (3.7)

OJIHAKO TIPU 3TOM YacTo 3abbIBAIOT, OTKYJIa pousoiien 3Hak Munyc B (3.7). Ou nossusics
UMEHHO [TOTOMY, UTO MOTEHITHAIBHYIO SHEPTUIO Te/1a U3MEHsIeM Mbl, Tpujiaras cuiy f = —F'.
JlomycTum, B T0JI€ TSXKECTU MBI TIOJHIMAEM TeJIO MacChl M Ha BbICOTY h . MbI mpukaib-
BaeM cuIy f = mg, HAIpaBJIEHHYIO BBEPX. 3aTpadeHnas namu pabora fh = mgh mnonaoxu-
tenbHa. [loTennnanbaast sHeprus Bospactaer Ha mgh . Pabota ke mossg oyiaer —mgh , Tak
KaK CIJIa TI2KECTU HalpaBjieHa BHN3. UTOOBI MOJyINTh U3MEHEHNE TTOTeHINAIbHON SHeprun,

Ha 10 OpaTh paboTy 1o ¢ obpaTHbIM 3HaKOM. He 3abbiBaiiTe 3HAK MUHYC!
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Tak ke Kak W KHHETHUYECKAasl dHEPTHsd, MOTEHIIMAIbHAsl SHEPIUd IPeJCcTaBIdgeT coOoit
HEKOTOPBIH pe3epB padboTsl. [lomaaToe Tes10, omycKasch, MOXKET PUBOJIUTD B JIBUKEHHE JPY-
rue Tejia U CoOBEpIIaTh padboTy.

[Ipu nmepemenHoit cuyie HajlO0 pa3dUThH IepeMelIeHre Ha MaJible YIaCTKHU, B IIpejiesiax Ko-

TOPLIX CHJIQ 6y,ILeT IIpaKTN4IeCKU HOCTOSITHHOIA:

2

U(zy) —U(zy) = — /Fdx : (3.8)

xr1

Bajas 3uavenne U B OJHON TOYKE, MOXKHO COIacCHO (3.8) OIpeJe/INTh MOTEHIUAbHYTO
SHEPTHIO BO Bcex JIpyrux. To ecTh, MOTEHIUAIbHAsT SHEPIUs OIPEIEISeTCsl ¢ TOYHOCTBIO J10
MOCTOSTHHOIA.

OTCyTCTBl/Ie BbIJICJICHHOI'O HYJIA HOTeHL[I/Ia.HbHOfI QHEPIur NIpuBOAUT K HCOJHO3HATHOCTHU
BenauHbl U . DTOT IPOU3BOJI MOXKET BBI3BATH HEKOTOpoe OecriokoiicTBo. Ho 3amerum, 9aro
Bcerjia TpedyoTea pazHocTtu U B JIByX TOYKaX, HE 3aBUCAINIE OT BbIOOpa Hadaja OTCUeTa
U . PaCCManI/IBaH ITaJieHue KaMHs Ha I10JI, MO2KHO €r'0 IIOTCHIUAJIbHYIO SHEPTUIO0 U3MEPATDH
OT ITOJIO2KCHM S Ha II0JIY, a MO2KHO — OT IIOTOJIKa NJIX OT ITIOBEPXHOCTU BeM.HI/I. I/I JazKe OT JHa
MapI/IaHCKOfI BIIaJIWHDBI. CKOpOCTb Yaapa KaMH¢ O IIOJI IIOJIYIUTCA BO BCEX CJIydadX OJHa U Ta
2ke. [IponsBoiibHag MTOCTOAHHAS (I/IHI/I JIOKAJIN3AINA HYJId MOTEHITNATILHON aHepmH) BBIOMpAa-
ercs 3 coobpazkeHuit yaoocTBa. Kunerndeckasi yKe SHEPrus UMeeT BIIOJIHE OIpeIeIeHHbIi
HYJIb IIpU HEIIOABHUZKHOM TeJIC.

[Ipu mecoBnaieHny HalpaBJIeHuil cuabl F' 1 aj1eMeHTapHOro nepeMeIeHust B IpoCcTpaH-

CTBE
T2

Ulry) — Ulry) = — / (Fdr) . (3.9)
T
ITpu sTOM JI306OIA IIyTh UHTEIPUPOBAHKA 101 Vi
JKeH JlaBaTh OJIMH U TOT Ke pe3yabrar (puc. 3.3). -A
[Tosig, B KOTOPBIX 3TO IIOIYYACTCsl, HA3LIBAIOT- C
(631 I(()Hce1)]321']:'I/I]3H]':>IMI/I7 nJinm HOTeHHI/IaHbeI-

mu. Ecim xe pa3Hble IIYTH U3 Oﬂ,HOﬁ TOYKHU B APY-

I'yIO JIAIOT pa3Hble 3HadeHus padoThl cuibl F' | To B
IIOHATUEC HOTeHL[I/Ia.HbHOI';I QHEPI'ur B TaKOM IIOJIC HE A
nMeeT cMmblcia. lloTennmanbHas sHEPrus JI0KHA ! -
3aBUCETH TOJBKO OT IOJIOYKEHUsI B IPOCTPAHCTBE. X
B sToM cmbIcie roBOpAT O 1OJIE MOTEHITUAILHOM b

uc. 3.3.

SHEPIUN (CKAIAPHOM, B OTJIMINE OT MOJIsI CHJIBI).
Ecim no mo6oMy 3aMKHYyTOMY KOHTYPY paboTa IOJIs paBHA HYJIO, TO TaKOEe IIOJIE IIO-
TeHIMAJBHO (IIPU3HAK MOTEHIMAJBLHOCTH 1oJst). JleficTBuTebHo, GepeM B 9TOM IOJe JiBa

pasmmaabix myta (1 u 2) u3 roukn B B Trouky C (puc. 3.3). Ecau npoiitu myts 1 u3 B B C, a
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3aTeM BEPHYTHCH 1O MYyTH 2 Ha3a/l, MOJyInM 3aMKHYTBIH KOHTYD. [losmmas pabora mo memy
paBHA pPasHOCTH padOT Mo MyTdaM | W 2, TaK KakK [epeMelleHns Mo 2 U3MeHWIu 3HakK. Pas
paboTa 1Mo 3aMKHYTOMY KOHTYPY HYyJIEBas, CJIeI0BATEIbHO PAOOTHI MO MyTAM 1 U 2 PABHBI.
Hamnpumep, cuita Tpennss HeKOHCEpBATUBHA, TaK KaK OHA BCETJIa HAIpABJICHA ITPOTUB TIe-
pemerienus. [lo 3amMmknyToMy KoHTYpy padora OyiaeT nenysneBad. «llorennuanbuoil sueprun
Tpenus» He cymecTsyeT. Cuta TszKecTn KoHcepBaTuBHa. MOXKHO MOJHATH TEJIO BBEPX, & 3a-
TeM IePEeHeCTH ero B CTOPOHY, WM HA0OOpoT — pabdoTa oT 3Toro He 3aBucut. CyliecTByeT

IoTeHInaabHas Hepruss mgh .

IIpumepot.
1. ITpu nedpopmarum pyKUHBI )KECTKOCTU Kk Ha BEJIMYUHY & BO3HUKAET YIIpyras CUJIa,
onpeiensitomasicss 3akonoM ['yka: F' = —kx . Ilpu usmenenun pedopmaiuu or x; J0 T,
U3MEHEHHe TMOTEHITUAIBLHON SHEPTUH BbIPA3UTCs (DOPMYJIOIL:
x2

kx? | kx? ka2
1 B

U(%)—U(ﬁﬁl):—/(—kx)dagZT =35

xr1

EctecTBenno BbIOpATH MOTEHIMAIBHYIO SHEPIUIO PABHOM HYJIIO IIPU HEPACTIAHYTOM TPy KUHE,

to ectb U(0) = 0. Torga jyrst moTeHImanbHol sHeprun 1eOpMUPOBAHHO TIPYKIHBI IMEEM:

DTO BBIpaykKeHue IMOYTH Bcerja HanboJiee y100Hoe.
2. Heioronosckoe nosie tarorenus. [Iycts M — macca 3emmu. [Tomectnm nagasno koopaunar
B 1eHTp 3emum. 3aberast HEMHOTO Briepest (310 Oymer obcyKIaThest B 1. 6), IpUMeM, 9TO

cuta, JIeficTByIOMAas Ha TEJIO MACCHl 1M CO CTOPOHBI 3eMJIH, ONpe/iesdeTcs (hopMyJIoil:

GMm
L
3
,

rje T — paJmyc-BeKTOp Tesa. Beegem Masoe nepemenienue Ar, HAIPaBICHHOE BIAOJbL PaIy-
yca. (ITomepednnle mepemernenus He Jai0T BKJIaJa B paboTy, OTKy/a U CIe/yeT MOTeHIa b-
HOCTBb TPABUTAIIOHHOTO T10J1s1 ). VI3MeHeHne ToTeHnnabHON SHEPIUd DY [IePEMEITeHIN Tea
U3 TOYKHM, OTCTOSIICH OT IEHTPa Ha 77, B TOUKY, OTCTOAILYIO Ha T, BBIPA3UTCS (POPMYJIOi:

GMm GMm |" 1 1
—|dr=——+ | =GMm | — — —

2
T T - T D)

U(T2)—U(7’1)=—]2

T1

V100HO NPUHATH, YTOOBI Ha OOJIBINX PACCTOAHUAX IMOTEHITUAIbHAS SHEPTHU CTPEMUIIACH K

aymo: U(oo) = 0. Torga mmeenm:
Ulr)=—. (3.10)

DTO cTaHIAPTHBIA BBHIOOD HYJIS IMOTEHIIMAJILHON SHEPIHH IS 3a/a9, CBSI3aHHBIX C KOCMH-

YeCKUMHU IIOJICTAMU B IIOJIe TATOTEHUd SeMyu. Ecan ke paccMaTpuBaThb TeJIO, BCE BpeEM:d
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ocTatoreecss BOJU3U MOBEPXHOCTU 3€MJIM, pa3yMHO JOTOBOPUTHCSH, YTOOBI IMOTEHITHAIbHAS
sHeprusg obparaniacs B HyIb Ha nosepxuoctu 3emsn: U(R) = 0, rme R — paguyc 3emun.
DTO JacT JIpyroe BhIPayKeHue MOTEeHIINAIbHON SHEPIUN:

WﬂzGMm(%—%). (3.11)

Pasymeercst, dopmysnst (3.10) u (3.11) npumenumbl ToibKO BHe 3emun, npu r > R. Ha
puc. 3.4 970 HUKHSASI U BEPXHsld KPUBasd; OHU OTJMYaroTcs Ha nocroguuyo GMm/R. Oba
rpaduka, KOHEUHO, JTajyT ofuHakoBele pasHoctu U(rg) — U(ry) Mexiy JTHOObIMU JIBYMSI
TOYKAMIU.

[Iycrs = R+ h, tiae h — BbIcOTa HAJI HOBEPXHOCTHIO 3emiin. V3 (3.11) umeem:
1 1 GMm
E_R+h>:Rm+m

[Ipu masbix BeicoTax ( h < R) B 3HAMEHA- Uk

D

wm:GMm(

Tese MOXKHO Tpenebpeds  h, u Torna U(h) =~  prm

(GMm/R?)-h.Ho GMm/R? —3t0 npocto cu- G 3

Jla, ¢ KOTOPO# 3eM/isi IPUTATHBAET TEJIO MACChHI

m Ha IIOBEPXHOCTHU, TO €CTb Mg . Oxonuaresn-

HOo moaydaem: U(h) = mgh, aro cormacyer-

cd € TIOJIyYEeHHBIM panee BbipazkenueM. Ha puc.

3.4 sTa 3aBUCUMOCTDH — IpdAMas, KaCaTeJIbHad K Mm

-G

(3.11) BOIM3M TOBEPXHOCTH 3eMIIH. N

[To Tperbemy 3akony Hbiorona, Temo Takzxke

Puc. 3.4.

npuTsruBaeT 3emitro. [losroMmy He coBcem Kop-
PEKTHO TOBOPUTH, uT0 mgh mmu ke (3.10) — a0 sHeprus resa. [IpaBuibaee caurarh, 9T0
OHa He sBJSeTCd COOCTBEHHOCTHIO HU TeJia, HU 3EMJIN; 9TO SHEPIUsl UX B3aUMOJCHCTBUS U
NPUHAIEKUT UM COBMeCTHO. BooOIie rnmoTeHnuaibuas SHePrusi B3auMOJICHCTBHSA TeJl He Jie-
JIITCST MEKJTY TeJlaMu, a MPUHAJJIEKUT B3auMoIeficTByomuM 1apam. Hamnpumep, mmycTs aBa
Tesa NPUTATUBAIOTCS JIPYT K JAPYTy C MOTEeHInaAbHO# sHeprueii B3anmoyeiicteust U . [Tome-
IaeM Takoe Ke TPeThe TeJIO TaK, IYTO Teja 00pa3yioT PaBHOCTOPOHHU TPeyroJabHuK. Beero
UMeeTcsd TPHU Haphl TeJ, U SHeprusd craner papHoit 3U . Ecin ObI MBI CHUTAIH, YTO KarKJI0€
tesio umeer 2U 10 guciy cocepeit, To noayunan 66 60U u ommubmch ObI B JiBa pasa.

st npsimostHeiiHoro jBuzkeHus u3 (3.7) HENoCPeICTBEHHO CJIE/yeT BBIPAYKEHHE CHJIbI

qgepes3 IoTeHInaJJIbHYyIO S9HEPI'UIO:

dUu
F=-" (3.12)
dx
Jlj1st TOro, 9To0BI MOIYYNThH BhIPAsKeHus [/ KOMIIOHEHT BEKTOPa, CHJIBI B IIPOCTPAHCTBE, I10-
CTYIIMM CJIeLYIOIIIM 00Pa30M: CABUHEMCS M3 TOUKN Ha, AL, COXpaHss y U 2z HOCTOSHHBIMIA;
rorja, B upezeae upu Az — 0 HOJIyduM JJIst KOMIOHEHTBI CHJIbI

ou

F,=—2"
ox

(3.13)
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«Kpyrnast» 6yka 0 B (3.13) — 3HAK Tak HA3BIBAEMON YACTHOM IPOU3BOJHOIN, MOIYEPKU-
Batonwit, aro npu guddepenimposanun Gyukiuu U(x,y, z) 10 NepeMeHHON Z oCTaJbHbIe
ApryMeHThI (Y U Z) CYUTAIOTCS TIOCTOSHHBIMU.

Amnajiornano JJIgd OCTaJIbHBIX KOMIIOHEHT BEKTOPa CHUJIbI UMEEeM

ou ou
F,=-"", F=-2""
Y oy’ 0z
TOFZLa HOJIHBINA BEKTOP CHJIbI MO2KHO 3alliCaTb B BH/IC:
ou  .0U ou
F=—-—(t—+j—+k— | =-VU. 3.14
(z Ox T3 dy - 0z ) (3.14)

Bnech i, j, k — eauHuIHbIE BEKTOPDI 110 OcsM. 3HauoK V (Habsa) cuMBOJIMYecKr 0603HA~
JaeT MPOIEyPY BBITUC/ICHUsI, CTOAINIYI0 B CKOOKAaX. DTO K€ BhIpAyKEHIE HA3BIBAETCS «T'Pa-

quenT U» 1 3alUCBIBACTCS €Ie OJIHUM CIIOCOOOM:
gradU = —VU .

,B;JIH HBIOTOHOBCKOI'O ITOTeHIIMaJ/Ia I10JId TATOTeHUd, PaCCMOTPEHHOI'O BLIIIIE,

GMm GMm
Ur) =~ T T2 a2 1 212
r (22 4+ y% + 2?)
YacrHas Tpou3BoJIHALd 10 T :
oU o 2 2 2\—1/2
— =—-GMm - @ty +27) = —GMm - (—=1/2) - (2> + 3> + 22732 . 22,
Ox Ox
[IpeobpazoBbiBast, MOJIYIUM KOMIIOHEHTY CHJIBI IO OCU X :
oU x
F,=———=—-GMm - — .
ox m 73
TTosnaga cuia
. . k
F=—GMm (i +5% + k) = —GMm EEIVERE g 2
r r r r r

MpbI mostyamin, Kak U CJIe0BaJIO, 3aKOH BCEMUPHOT'O TATOTEHUS.

[TorennuanbHas SHEPrust 9acTo yJao0Hee CUIIbl, MOCKOJIbKY dbyHkius U(r) — ckauasap, u,
TeM He MeHee, TI0JTHOCTBIO OIPeJIessieT CUIIOBOE MoJIe (OHA BeJIMINHA BMECTO TPEX KOMIIOHEHT
CHJIBI).

B obmem ciaydae paboTa BHENIHUX CUJ U3MEHACT M KMHETUYECKYIO, U MOTEHIIUATBHYIO
suepruto. Cymma FE = U + K Ha3blBaeTcs MOJIHOM SHeprueil (MHOTA TOJHON MeXaHmIe-

ckoit). Torja pabora BHEIIHUX CUJI paBHA W3MEHEHWIO [IOJTHON SHEPIuu:
AA =AU + AK = AFE . (3.15)

IIpumep. Ilycts Temo maccoit m = 1 kr noguumator cuyioir F' = 30 H na BhicOTy h =1

M. YCKOpeHHe Cuilbl TszkecTH ¢ OyzaeM cumtarh pasHbiM 10 M/c?. Pabora cuibl F' Ha 1yTu
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h pasua F'h = 30 [Ix. DTta padbora HaeT Ha YBEJIUUEHUE SHEPIUM, KOTOpPas CKJIa/IbIBACTCs
U3 TOTEHIMAIBHOI SHeprun B3anmMoeiicTBus resa ¢ 3emeit ( mgh —mg -0 = 10 /) u
KuHeTnueckoii sueprun mov?/2 . TlpupaBnusag paboTy BHENIHel CHJIbI M3MEHEHHIO TOJTHOM
MeXaHnuecKoil sueprun, noayuum: mv®/2+mgh = Fh, otkyna K = mv?/2 = 20 JIxx. Mb
MOZKeM Telephb HafiTu CKOpocThb Tesa Ha Bhicote 1 M: v = /2K /m = /40 =~ 6,3 m/c. Teno
YCKOPSAETCs, TaK KakK cujaa F OoJIbIne CHIbl TszKecTr. 10 Ke 3HAadYeHHe CKOPOCTH MOXKHO
TOJTYTh, Haiis yekopenne tera a = (F —mg)/m = 20 m/c ; Torma v = v/2ah.

Jtst 11000# cuCTeMBbI TeJT TOJIHAST SHEPTUsT OIPEeIsieTCsl KaK CyMMa BUJIOB SHEPIHH:
HAJIO CJIOKUTh KHHETHIECKNEe SHEPTUN BCEX TeJT U MOTEHIINAIbHBIE SHEPIUH B3aNMO,IeIiCTBUST
BCEX Tap.

Eciu pabora BHEITHUX CHJI MTOJIOXKUATE/IbHA, SHEPTHA CUCTEMBI pacTeT. Eciu ke pabora
OTPUIIATEIbHA, SHEPIUs YMEHbIAeTcsl. B 9TOM ciiydae TOBODSIT, 9TO CHCTEMa COBEPIIAET
MOJIOKUTETbHY0 PAOOTY HAJT TeJIAMHU, ¢ KOTOPBIME OHA B3aMMOJIEICTBYET, 3a CUeT 3aIaceHHOil

B Hell SHepruu.



