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INOACHUTEJIBHAS 3AIIMCKA

Jucuumnnuza “O06mas Gusuka” 4uTaercs B yHUBEpCUTETaxX AJid CHelualbHOCTe (u-

suueckoro npoduis (010700) Ha npotspkeHun 6 cemectpoB. Kaxawlid paszgen mpo-

IpaMMBbl, KaK MPaBUIIO, YUTAET OTIEIbHBIN JIEKTOp, OAHAKO 00IIHE TPEOOBAaHUS K BbI-

HOJIHEHUIO NPOrpaMMbl ONPENEISAIOTCS CTaHAApTaMU U SIBJISIOTCS €IMHBIM U 00s3a-

TEIbHBIMU JJI1 BCEX YHUBEPCUTETOB.

Henb n3yuenuss aucuuiuinabl "O6mas ¢Gusuka" COCTOUT B TOM, YTOOBI MIPEJCTABUTH

bU3UYECKYI0 TeOpHUI0 Kak 00001eHre HAaOII0IeHUH, MPAKTUYECKOTO OIbITa U IKCIIe-

pumeHTa. dPu3znueckas TeOpUs BHIPAXKAET CBSI3U MEX]Yy (PU3NUECKUMU SIBICHUSIMU U

BEeJIMYMHAMU B Maremarudeckoil gopme. Ilosromy kypc obuiel (pu3nMKu uMeeT Ba

acrekra:

» OH JOJDKEH O3HAKOMMTbH CTYACHTa C OCHOBHBIMU METO/IaMU HaOJIOICHHUS, U3MEpe-
HUSl U SKCIIEPUMEHTUPOBAHUSA, a TAKXKE COMPOBOXKIATHCS HEOOXOIUMBIMHU (HU3H-
YECKUMH JEMOHCTpALUsIMU U JIaDOpaTOPHBIMU paboTamMHu B 00IIeM (U3HYECKOM
PaKTUKYME;

» KypC HE CBOJUTCS JIMIIb K IKCIIEPUMEHTAJIBHOMY aCIIEKTY, a JOJDKEH IPEIOCTaB-
JSTh cOO00HM (PU3MUECKYIO TEOPHUIO B aI€KBATHOM MaTeMaTH4eckoil opme, 4TOOBI
HAy4YUTbh CTYJEHTA UCIIOJIb30BAaTh TEOPETUUECKNE 3HAHUS JIUIS PELICHUS IPaKTHYe-
CKHX 3a/1a4 KaK B 00JIacTH (PU3HKH, TaK U HA MEKJIUCUMUIUIMHAPHBIX TpaHuLax (hu-
3UKH C IpYTUMH o0siacTssMu 3HaHUU. [1o3ToMy Kypc noKeH ObITh U3JI0KEH Ha CO-
OTBETCTBYIOLIEM MAaTE€MaTUYE€CKOM YPOBHE U C JOCTATOYHOM IIMPOTOM, MO3BOJIS-
IOLIEeH YeTKO 0003HAYUTh 3TU MEKIUCIUTUIMHAPHBIE TPAHUIIBI.

JIist TOoCTHKEHUS YKa3aHHBIX Leeil He0OX0AUMO:

» COOOILIUTH CTYJCHTY OCHOBHBIC NMPUHIIMIBI U 3aKOHBI (PU3UKH M X MaTeMaTHue-
CKO€ BBIPAKEHHUE;

» O3HAaKOMHTb €r0 C OCHOBHBIMHU (DU3UYECKUMHM SIBICHUSMH, METOJAMU MX HAOJIO-

JIEHUSI U DKCINEPUMEHTAIBHOTO HCCIEAOBaHUs, C IIaBHBIMU METOJAMH TOYHOI'O

U3MEpPEHUs] PU3MYECKUX BEJIMYHH, C METOAaMHU OOpaOOTKHU U aHaIKM3a PE3yJIbTaTOB

HKCIIEPUMEHTA, C OCHOBHBIMHU (PM3MUECKMMH MPUOOpaMH, C NPOCTEUILIUMU METO-

JaMu ucnosb3oBanusg OBM mi1st 00paboTKuU pe3ysibTaToB SKCIIEPUMEHTA,

chOopMUpPOBaTh Yy CTYAEHTA HaBbIKU SKCIIEPUMEHTAIbHOMN paboThI,

03HAKOMHTH €r0 C OCHOBHBIMH MPUHIUIIAMHA aBTOMATU3alMK (PU3HUUYECKOTO IKCIIe-

pUMEHTA, HAYYUTh MPABUIIBHO BBIPAXKaTh (PU3MUECKHUE UJIEU, KOJIMYECTBEHHO (op-

MYJIMPOBATh U peliaTh (U3NYECKUe 3aJ1auu, OLUEHUBATH MOPSIAKU GU3MUECKUX Be-

JUYUH;

» JlaTh CTYJIEHTY SICHOE IPEACTaBIECHUE O TpaHUIAX MPUMEHUMOCTH (U3NYECKUX
MOJICJIEH U TUIIOTE3;

» Pa3BUTh Yy HETO JII0OO03HATEIILHOCTh U UHTEPEC K U3YyUEHUIO (DU3HKY;

» J5aTh CTYJIEHTY NMOHUMaHWE BAXHEHMILMX 3TAllOB HWCTOPUU Pa3BUTUSA (PU3UKHU, €€
bun0cohCKUX U METOIOIOTHYECKUX TTPOOIIEM.

B pesynbrate u3yuenus aucuumiuHel "O6mas ¢pusnka" cTyIeHT AOKEH YMETh:
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» TPaBUIBHO COOTHOCHUTH COJIEp>KaHUE KOHKPETHBIX 3a71a4 C OOIIMMH 3aKOHAMU (u-
3UKH, () (PEKTUBHO MPUMEHSTH OOIIUE 3aKOHBI (PUUKU IS PEICHUS KOHKPETHBIX
3a/7a4 B 00J1acTH (PU3UKU U HA MEXIUCIUIUIMHAPHBIX TPaHUIAX (PU3UKU C APYTH-
MM 00JIaCTSIMH 3HAHMI;

> TI0JIb30BaThCS OCHOBHBIMH (PU3MYECKUMHU TMPUOOpaMH, CTAaBUTh M peliaTh Ipo-
CTEHIINE dKCIepUMEHTAIbHBIC 3a7a4l, 00padaThIBaTh, aHATM3UPOBATh U OLICHU-
BaTh MOJYYEHHBIE PE3YIIbTATHI;

» CTPOMUTH U UCMOJIb30BATh JIJIs1 U3YUYECHUS STUX MOJENEH JOCTYMHBIM €My MaTeMaTH-
YECKH amnmapar, BKI04Yas METOIbl BBIYUCIUTEIbHOW MAaTEMATHUKU;

> WCIOJIB30BaTh MPHU paboTe CIPaBOYHYIO W YUEOHYIO JTUTEPATYPY; HAXOIUTH JIPY-
rve HeoOXO0IMMbIe UCTOYHUKY UH(OpMalMK U paboTaTh C HUMH.

[Iporpamma MokeT OBITH BBITIOJHEHA JIUIIb TIPU MOJTHOM U 1I€J1€CO00Pa3HOM UCHOJIb-

30BaHUM JIEKIIHMH, 1a00OPATOPHBIX 3aHATUN M BPEMEHHU JUIsI CAMOCTOSITEIbHOM PabOTHhI

ctyneHToB. [lman kypca nekuui omnpeaensercs jgekropoMm. Kype momxeH npexncras-

JSTH OO0 €TUHOE JIOTMYECKH CBA3aHHOE M3JI0KEHHE OCHOBHOTO (PYHJIaMEHTAJIbHO-

ro Marepuajnga mporpammbl. JTOT MaTepHUall JOJKEH OBbIThb M3J0KEH Ha JIEKIUSIX C

MOJIHBIM 3KCIIEPUMEHTATBHBIM U MATEMATHYECKUM OOOCHOBAaHUEM M JJOCTATOYHO II0-

JTpOoOHO.

C ocTanpHBIM MaTepuajgoM CTYAEHT JOJDKEH OBITh O3HAKOMJIEH Ha Kaue€CTBEHHOM

ONMCATEIbHOM WIH J1aK€ MOHATUWHO-TEPMHUHOJIIOTHYECKOM YPOBHE.

[Iporpammoii npenycMatpuBaeTcsi MPOBECHUE JBYX KOHTPOJBHBIX padoT, a Takxke 1

KOJUIOKBHYMA.

COIAEPKAHUE JUCIHHUIIJINHbI

Conep:xxanue cTaHaapra

[TpoctpanctBo U Bpems. Kunematuka matepuanbHoi Touku. [IpeodpasoBanus
lanunes. JlunaMuka mMaTepuaabHONW TOYKHU. 3aKOHBI cOXpaHeHHsl. OCHOBBI ClIEUAIIb-
HOM TEOpHM OTHOCHUTENIIBHOCTH. HemHepuuanbHble cucTeMbl oTcuera. KuHemarnka
a0CoNOTHO TBepAoro tena. JluHamuka aObcontoTHO TBepaoro tena. KonebarembHoe
nBrkeHue. JlepopMalii U HaNpsKeHUsI B TBEPJIbIX Teax. MexaHuKa KUJIKOCTe! U
ra3oB. BOJIHBI B CIUTOIIHOW CPEAE U 3JIEMEHTHI aKyCTUKH.

JEKIIMOHHBIA KYPC
Yucso yacoB (ayauTopHbIix/cam. padora - 54 / 29)

Yucso yacoB (ayauTopHbIx/cam. padora - 54 / 29)

Kunemartuka (4 /2)

Cucremsl koopauHar. [loHaTHE BpeMEHH.
[IpocTpancTBO M reomerpus. ['eomerpus u onbIT. CucTEMBI KOOpAUHAT. Bek-
TOPHBIE U KOOPJIUHATHBIE METObI onucanus. [Ipeodbpa3oBanue KOOPAUHAT U MPOEK-



A BEKTOPOB.
[Tepunoanyeckue nporecchl. CHHXpOHU3AIUA YacOB.

Kunemarnka matepuanbHON TOUYKM U TBEPAOTO TENA.

CriocoObl onucaHus ABMXKEHUS MaTepHalibHOM Touku. Onucanue nepemerie-
HUs, CKOPOCTH M YCKOPEHUSI MATEPUATIbHON TOUYKM B BEKTOPHOM U KOOPJAMHATHOM
¢dopme. HopmanbHOE U TaHT€HIIMAIBHOE YCKOPEHUSI.

Bekrtop yrimoBo# ckopoctu. BEKTOp 3eMEeHTapHOro yrioBOro MepeMemeHusl.
YrnoBoe yCKOpeHHe.

Crenenu cBoOOABI TBEPAOTO Tena. Pa3noxkeHnne qBUKEHUS TBEPJIOTO Tejaa Ha
claraeMple JBUKEHHS.

OcHoBbl JuHamMuku (10 /5)

JlnHaMuKa MaTepruaIbHOM TOYKH.

[IepBslii 1 BTOpOU 3ak0oHBI Hht0TOHA. Macca kak Mepa nHEpTHOCTH. CHUIIbI U
B3aUMOJICHCTBU.

Tpernii 3akoH Herotona. MHTEpnipeTanus tperbero 3akoHa HerotoHa npu
3JIEKTPOMAarHUTHOM B3aUMOJEHCTBUY ABHKYIIUXCS 3apsia0B.

Hekoropsle 3a1aun TUHAMUKHU.

CocrosiHue MarepuanbHO Toukd. OCHOBHAA 3a7a4a JUHAMUKHU.

JIBHU>KeHrE Tell B OJHOPOJHOM I10JIE TSKECTH. J|BUKEHUE B BA3KOU Cpelie.
JIBrkeHue B 37€eKTpOMarHuTHbIX noJisax. Cuna Jlopenua. YpaBHeHUEe IBUKEHUS 3a-
psaa B 3J€KTpOMarHUTHOM moiie. OnpeeneHue OTHOLIEHUS e/m.

JlvHaMuKa TeJl IEPpEMEHHON MaccChl.
PeaktuBHoe nuxxenue. HepensituBuctckoe ypaBHeHue aBmxkeHus1. @opmyna [uo-
KOBCKOTO. CTyleHuaTas pakera. XapakKTepucTUYeCKasi CKOpOCTb.

OCHOBHBIE CBEJICHHS O PEISTUBUCTCKOM CIIy4yae JBH>KEHUS TEJl IEPEMEHHOMN
macchl. O01as XxapakTepUCTUKa BO3MOKHOCTEN PEaKTUBHBIX JABUTATENECH JIJIs1 KOCMU-
YECKUX I10JIETOB.

JIBUKEeHUE CUCTEMBI MaTEPUAIbHBIX TOYEK.
Cucrema marepuanbHbIX To4YeK. LleHTp macc. Imnyiibe cucTeMbl MaTEpHAIBHBIX TO-
yek. Cuia, JeMCTBYIONIAs HA CUCTEMY MATEPUAIBHBIX TOUEK. Y PABHEHHUE ABUKECHHUS
CHUCTEMBI MaTEPUAIBHBIX TOUEK. 3a1a4da 1Byx Ten. [IpuBenennas macca.
N3onmpoBanHas cuctemMa. 3aKOH COXPaHEHUS UMITYJIbCa JUIsl U30JIMPOBAHHOM
CUCTEMBI. 3aKOHBI COXPAHEHMS ISl OTAEIBbHBIX MTPOEKIUN nMItyJibea. [I[pumenenne
3aKOHA COXPaHEHUs UMITYJIbCa.

MowmeHT umnynbca

MoOMEHT cWiIbl U MOMEHT UMITYJIbCA OTHOCUTEIIBHO HEIOABUKHOTO HAYaJIa.
MOMEHT UMITyJIbCa CUCTEMBI MATEPUATIBHBIX TOUYEK.

YpaBHEHHE MOMEHTOB ISl CACTEMBI MAaTEPUAIIBHBIX TOYEK. 3aKOH COXPAHEHUS
MOMEHTA UMITyJIbCA. 3AKOHBI COXPAHEHUS ISl OTAENBHBIX MPOECKINA MOMEHTA M-
IyJIbCa.

YpaBHEHNE MOMEHTOB OTHOCUTEIIBHO JBMKYLIErOCS Havasaa v JBHKYLIEHCS



OCH.

3akoHbI coxpaHnenus (4 /2)

Pa6ora u osueprus. PabGora cwimbl. Kunernueckass sHeprus. Kunermdeckas
DHEPrus B pa3iIMuHbIX cucremax orcuera. Teopema Kenura. [loTeHnManbable CHIIBI U
ux pabota. [loTeHnManbHas SHEPTUS U €€ HOPMUPOBKA. CBA3b MEXAY CUIOW U TO-
TEHLMAIbHOM SHEpruei. 3aKOH coXpaHeHUs YHepruu. [loTeHnanbHble KPUBBIE.
CTOJIKHOBEHHUS.

OnpeneneHre MOHITUS CTOJIKHOBEHUA. 3aKOHBI COXPAHEHUSI MPHU CTOJIKHOBE-
HUSIX. 3aKOH COXPAaHCHUSI MMIYJIbCA. 3AKOH COXPAHECHUS SHEPTUU. YIPYTHE U HEY-
npyrue cTojIKHOBeHMs. CucteMa IieHTpa Macc. BHyTpeHHsIsi SHeprus. 3aMmeaJIeHUe
HEUTPOHOB KAaK MPUMEP YIPYroro CTOIKHOBECHUSA. PU3NYECKNE MPUMEPHI HEYITPYTHUX
CTOJIKHOBCHUH.

3aKOHBI COXPAHEHUS.

CopnepxaHre 3aKOHOB COXPAHEHHUS. Y PaBHECHUS IBUKECHUS U 3aKOHBI COXPaHe-
HUs. MaTeMaTu4ecKkoe COAEPKaHNE MEXAaHUUECKHUX 3aKOHOB COXPAaHEHUS.
3aKOHBI COXPAHEHUSI 1 CUMMETPUH TIPOCTPAHCTBA U BpemeHu. OO01ue uaen o00CHO-
BAaHUS 3AKOHOB COXPaHEHHUSI UMITYJIbCa, MOMEHTA UMITYJIbCA U SHEPTHUU COOTBETCTBEH-
HO OJTHOPOJHOCTBIO IPOCTPAHCTBA, €M0 U30TPONTHOCTHIO M OTHOPOJHOCTHIO BPEMEHH.

HeunepuuanabHble cucTeMbl oTcueTa (6/3).

Ornpenenenre HeMHEPUUAIBbHBIX cucTeM. HenHepunaibHble CUCTEMBI OTCYE-
Ta, IBUXKYIIUECS NPSAMOJIMHEWNHO NIOCTYNIaTeNIbHO. Bolpaxkenue s cun uaepuuu. He-
BECOMOCTb.

HeunepumnaneHsie Bpamaronmecs cucteMsl orcuera. KopuoancoBo yckope-
Hue. CHIbI HHEPIUH BO BPALIAIOLICHCA CUCTEME KOOPIMHAT.

HeuneprnmanbHasi cucteMa KOOpJIMHAT, CBA3aHHAS C TOBEPXHOCTHIO 3eMiih. MasiTHUK
®dyxo. [IprimBel.

3aKOHbBI COXpaHEHHUs B HEMHEPLHAIbHBIX cUcTeMax. Bpems u mpocTpaHCTBO B
HEMHEPUHAIBHBIX cucTeMax orcueta. Cuibl nHepunu. O pearbHOCTH CYIIECTBOBAHUS
CUJI HHEPLUH.

I'paBuTaninonHasa u uHeptHas macchl. [IpuHuun sxBuBaneHTHOCTU. KpacHoe
cMmenieHue. OCHOBHBIE MpeCTaBIEHU 001Iel Teopuu oTHOCUTENbHOCTU. Hepocra-
TOYHOCTh KJIACCUYECKOW TEOPUHU TATOTESHUS JJIsl OOBSICHEHUS IBUKCHUS TICPUTEIIHS
Mepkypust 1 OTKIOHEHUS JIydel cBeTa B noJie Tsarorenus CosHna.

JAunamuka TBepaoro reJa (8/6).

Cucrema ypaBHEHUM JABMKEHHUS TBEPJIOrO TeJa U €€ 3aMKHYTOCTb.
MOMEHT CWJIbl U MOMEHT UMITYJIbCA OTHOCUTEIBHO OCU. MOMEHT uHepuuu. Boruuc-
JICHME MOMEHTA MHEPIIMH OTHOCUTENILHO OcH. Teopema [ 'toiirenca-IlIteinepa.

Kunernueckast sHeprusi IBUKEHUS TBEPIOro Tena. Kunetnueckas sneprus
BpAILICHUS.

[Tmockoe nBMXEHHE TBEPAOrO Tela M OCOOCHHOCTH €TI0 TUHAMUKHU. MasTHHUK
MakcBenna. JIBu>KeHHE TBEPIOTO TeNa, 3aKPETUIEHHOTO B TOUKe. MTHOBEHHAs OCh



BpanieHusi. CBoOOHbIE OCU. Y CTOMYUBOCTD IBUKEHUSI OTHOCUTEIHLHO CBOOOHOM
OCH.

[TonsTre o TeH30pe MHEPUMU. [ TaBHBIE OCU TEH30pa MHEPLIMU, IJIaBHBIE MO-
MEHTBI HHEPIIMHU U UX (PU3NUECKUN CMBIC]T.

I'upockonbl. CB0OOIHASI M BBIHYKICHHAS MpeIieccrs rupockomna. I 'upockonu-
YECKHUE CHUJIBI.

JIBu:keHnune B moJie Tarorenus (4/2).

OCHOBHBIE 3aKOHBI JBMKEHUS IJIAHET U KOMET. 3aK0H TsaroreHus HproToHa.
DHeprus rpaBUTAlMOHHOTO B3aUMOJEHUCTBUS. B3anmMonecTBre Ten KOHEYHBIX pas-
MEPOB.

['paBuTarnmonHas sHeprus mapooodpa3zHoro tena. ['paBUTallMOHHBIN pajnyc.
dunutHOe U nHPUHUTHOE ABIKeHUE. [lepBast, BTopasi, TpeThsi KOCMHYECKast CKOPO-
CTH.

Kouaebarenbnoe npukenue (4/2).

I"apmonunueckue konedanusi, ypasuenue. [Ipyxunnbiii, Gpuzndeckuii, MaTema-
TUYECKUM U KpyTUIbHBIN MasTHUKH. [{uddepennmanbaoe ypaBaenue. CoOCTBEHHbBIE
KoseOanus. Posib HayanbHBIX YCIOBUN. DHEPrus KojeOaHuM, ypaBHEHHE SHEPTUU.
OO6opoTHsIif MasTHUK. Teopema [ roiirenca.

[Ipencrapienue kojaebaHu B KOMIUIEKCHOU (popme.

3aryxanue konebanwuii. Jlorapudpmudeckuii nekpement 3atyxanus. Ciryqait
OOJIBIIIOTO TPEHUS.

Jdedopmannu u Hanps2KeHUs1 B TBepAbIX Tesiax (6/3).

[Tonsitue cromHo# cpenbl. Jlegopmanus cruiomHeix cpefl. TeH3op Mexanuye-
CKHX HanpsbkeHuid. OqHOpoHAs U HEOAHOPOAHAs AedopMaluu. YIpyras U 0cTaTod-
Has (ruiactuueckas) nedopmanuu. KonndecTBeHHash XapakTepUCTHKA AedopMaliuii,
3akoH ['yka, moaynb FOura. Koaddunuent Ilyaccona. 3aBucumocts nedopmariuit ot
HaIIPSDKEHUH, IIPEen YIPYTOCTH.

OnHOOCHOE pacTSHKEHUE U CKATHE, BCECTOPOHHEE U OJTHOCTOPOHHEE CKATHE U
pactspkenue. [Ipocroit cnsur. M3rub u kpydenue. DHeprus ynpyrux aepopManui.

MexaHuka ;kuaKocrTeii u razon (6/3).

CBolicTBa JXKMAKOCTEH U ra3oB. 3aKOHBI TUAPOCTATUKU. CTallMOHAPHOE TCYEHUE
xuakoctend. TpyOku Toka, ypaBHeHUE Hepa3pbIiBHOCTU. [lomHas sHeprus noroka. 3a-
koH bepuymnu. Jlunamudeckoe gasienue. Kpurepuit Bo3MOXXKHOCTH MPEHEOPEKEHUS
CKMMAEMOCThI0. TedeHune )KUAKOoCTH o TpyOaM. BszkocTs xkuakoctu. JlamuHapHoe
u TypOynenTHoe Teuenus. Yucno Pelinonbaca. 3akon [lyaseiinsa. O0Texkanue ten
XKUIKOCTBIO U razoM. [Torpannynslii cioil. OTpbIB MOTOKA U 00pa30BaHUE BUXPEH.
JloGoBoe compoTuBieHne U ToabeMHas cuia. D dext Marnyca.

PacnpocTpanenue BO3MyIIeHUH B YIPYrux cpeaax (2/1).

CKOpOCTh pacmpoCTpaHEHUs] BO3MYIIEHUH B YIPYrux cpenax. BomHbel B
CTepKHE, HEOTPaHUYEHHON cpeje, B CTpyHe, B razax. [IpojosbHble U MOnepeyHbie
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BOJIHBI. YpaBHEHHE OeryIel BOJHbI. 'apMOHHYECKHUE BOJIHBI.

KPATKUA KOHCMEKT NEKLUUA

1. KuHemaTuka

Cucremsl koopauHat. [lonsiTue BpemeHu.

[IpocTpancTBO M reomerpus. I'eomerpust u onbIT. CuctemMbl KoopauHaT. Bek-
TOPHBIE U KOOPAMHATHBIE METO/IbI onucanud. [IpeoOpazoBanre KOOpAUHAT U MPOEK-
U1 BEKTOPOB.

[Tepnoanueckue npoueccsbl. CUHXPOHU3ALMS YACOB.

KunemaTuka MaTteprajibHONH TOYKH M TBEPAOIO TeJa.

CriocoObl onucaHUs JBWKEHUS MaTepuaabHOM Touku. OmnucaHue nepemerie-
HUsl, CKOPOCTH M YCKOPEHHMS MATEPUAIBHOM TOYKH B BEKTOPHOM M KOOPIWHATHOM
¢opme. HopmanbHOE U TaHT€HIIMAIBHOE YCKOPEHUSI.

BekTop yrioBoit ckopoctu. BekTop 31€MEHTapHOro YrjioBOrO MEPEMEIICHUS.
YTrinoBoe yCKOpeHHe.

Crenenu cBoOOIBI TBEpJOTO Tena. Pa3nokeHue ABMKEHUS TBEPAOro Tena Ha
claraeMple ABUKCHHS.

Ilpeomem mexanuku. Kunemamuka u ounamuxa. Knaccuueckana mexanuka.
Keanmoeasa mexanuka. Peramueucmcekan mexanuka.

IIpeaverom u3yuyeHusi GU3MKHU SIBISIETCS MaTepusi, KOTOpask SBIAETCS O0bEK-
TUBHOU PEAJbHOCTBIO, CYIIECTBYIOIIEH HE3aBUCUMO OT HAC; IO3HAECTCA OpraHaMu
YyBCTB, HAaXOJMTCS B HENPEPHIBHOM JBMXEHUU. DOpMbI CYLIECTBOBAaHUSA B MpPO-
CTPAHCTBE U BPEMEHU: BEILIECTBO U IOJIE.

[Tox nBrXeHUEM OHUMAIOT BCSIKOE M3MEHEHHE BOOOIIE U BBIICIISIOT CIIETYIOIIHe
HauOoJsiee obmre (opMbl ABMKEHUSI MaTepun: (PU3MUECKYI0, XUMUYECKYI0, OMOJIOTH-
4ecKyro U o0mecTBeHHy0. CaMoil pocToii 13 HUX sBiIsSeTCs Gu3nueckas popma IBU-
KCHHSI MAaTePUH.

®du3nka Kak HayKa M3ydaeT MpOCTEUIIne U BMECTEe C TeM Haubosiee o0mue 3a-
KOHOMEPHOCTH SIBJICHUH MPUPOJIbI, CBOMCTBA M CTPOSCHUE MAaTePUH, U 3aKOHBI €& JBU-
xeHus. B dusnueckoit hopMe IBUKEHUS MAaTEpUX TTPUHSATO BBIACIATH MEXaHHUECKYIO,
TETJIOBYIO, AIIEKTPOMATrHUTHYIO W KBAaHTOBO-MEXaHHUYECKYIO0 (opMbl aBmkeHUsA. Kypc
¢bu3uky pa3OMBaAIOT Ha CICAYIONIUE Pa3felibl — MEXaHWKa, MOJIEKYJIsIpHas (U3nUKa U
TEPMOJMHAMUKA, HIEKTPOMarHeTU3M, KBAHTOBAasI MEXaHHUKA, (PU3UKa KOHJICHCHPOBAH-
HOTO COCTOSIHWSI, (DM3MKa aTOMHOTO SIZIpa U DJIEMEHTAPHBIX YACTHIL.

®dusuka sABISIETCS OCHOBOM BCEX €CTECTBEHHBIX HAYK (HalpuUMeEp, XUMUHU, Ono-
JOTHH, Teorpaduu, aCTPOHOMHUU | T.1.), TaK KaK Qu3nyueckas Gpopma ABIKEHUS MaTe-
pHUH BXOIUT B OoJjiee ClIoXKHbIE (JOPMBI ABM)KEHHSI KaKk UX cocTaBHas 4acThb. [Ipu 3Tom
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B HACTOSIIME BPeMsI HET YETKOH TPaHUIIBl MEXTy (PH3UKON M €CTECTBEHHBIMH HayKaMH,
TIOCKOJIKY COBpPEMEHHbBIE (PU3NYECKHUE METO/BI MUCCIICIOBAHUS IIIMPOKO BHEAPSIOTCS B
HUX ¥ BO3HHUKAIOT COOTBETCTBEHHO TaKHE JHUCIHUILINHBI, KaKk GU3HYECKas XUMHUs, OUO-
¢buzuka, reodpusuka, acTpopusnka u T.1.

du3nka — HayKa IKcNepuMeHTaNbHasA. Bes uctopus pa3Butus GU3MKA MTOKa-
3BIBACT, YTO HOBBIC MJICH M 3aKOHBI SBJISIOTCS CIACACTBUEM OIBITa, SKCIIEpUMEHTa. B
OCHOBE KaXJOTo pazjena Kypca Gu3mku jiexaT GyHIaMEHTAIbHbBIE 3aKOHBI (PU3UKH,
KOTOpBIE
HE BBIBOJIATCS TEOPETUUCCKH, OHH SBJISIOTCS 0000IIEHNEM ONBITHBIX (haKTOB.

B ¢usuke peanusyercsi, B OCHOBHOM, CIEIYIOIIas CXeMa IMO3HAHUS, U3YUCHHS
SIBIICHUY TPUPOJIbL: 1) HaOMIOIeHNEe KaKoTo-T00 HOBOTO SIBJICHUS B MIPHUPOJIE, TIPOBE-
JICHUE OTMBITOB — MHOTOKPATHOTO BOCIPOM3BEACHUS JAHHOTO SIBIICHUSI B KOHTPOJIMPYE-
MBIX YCIIOBUSX; 2) OOBSICHEHUS PE3yIhTATOB OIBITOB C TIOMOIILIO PA3IMYHBIX THIIO-
T€3, MO3BOJISAIONINX TEOPETUUECKU OOBSICHUTH 3aKOHOMEPHOCTU MPOTEKAHUSI ATOTO SIB-
JeHus:; 3) moclie SKCIEPUMEHTAIBHOM MPOBEPKU TUIOTE3a 100 oTOpachiBaeTcs, 1100
CTAaHOBUTCSI 3aKOHOM, TTO3BOJISIOIINM OTHUCATh JAHHYIO 00JIACTh SIBIEHUW M MOJICKa-
3aTh HOBBIC SIBJICHUS, HOBBIC 3aKOHOMEPHOCTH. JTH TMPEACKa3aHUs MPOBEPSIOTCS Ha
OTIBITE, ¥ CXE€Ma MO3HAHUS peaTu3yeTcsi Ha 0oJiee BRICOKOM yPOBHE.

3akoHbl  (GUBUKM  TOPEACTABISIOT  COOOM  KOJMYECTBEHHBIE  COOT-
HOIIICHUS 1 (POPMYIUPYIOTCS HA MATEMAaTUYECKOM SI3BIKE.

Pa3zButue ¢u3Mku CTUMYyNIHpYET pa3BUTHE MaTeMaTuKd. V3yueHue KBaHTOBO-
MEXaHUYEeCKON (OpMbl ABUKEHUS MaTepuu, (PU3HKKA aTOMHOTO sipa U 3JIE€MEHTap-
HBIX YaCTHI], paHHUX ATanoB pa3BuTUs BcenenHol TpeOyloT pa3pabOTKK HOBBIX IO-
HATHM U METOJOB B MATEMATHUKE.

Du3uueckue modenu: mamepuaibHas mouka (vacmuya), cucmema mame-
PUATBHBIX MOYEK, ADCOTIOMHO MEéPpooe meno, cnaouinaa cpeoa. Ilpocmpancmeo
u epems.

MarepuajibHasi TOYKa (M.T.) — TEJIO, pa3MepaMu KOTOPOTO MOXKHO MpPEHE-
Opeub B yCIOBUSX JAHHOTO JABUKEHUS.

AGCOJIIOTHO TBepaoe TeJIo (a. T. T) - 3TO a0CONIOTHO HEJAePOPMHUPYEMOE TEJI0
WIH TEJI0, PACCTOSTHUE MEXTY JBYMS JTIOOBIMUA TOYKAMHU KOTOPOTO OCTAETCS TOCTOSH-
HBIM ITPH €T0 JIBIKESHUH.

CniiomHas cpeaa — eIMHasi CUCTEMa, CBOMCTBA KOTOPOM B KaXJ0M TOUKE OH-
HAKOBEI.

IIpocTpancTBO M BpeMs. B kinaccnyeckoil MEXaHUKE MPOCTPAHCTBO CUUTAIOT
OJHOPOJHBIM, OJJHO3HAYHBIM, U30TPOIIHBIM, TPEXMEPHBIM, IMOJUYMNHSIOIIMCS IT€OMET-
puu EBknuna. BpeMs- 0o1HOPOIHO, OTHO3HAYHO, U30TPOITHO, OTHOMEPHO.
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Kunemamuueckoe onucanue 0eusiceHus.

HO)I MCXaHNYCCKUM ABHKCHUCM ITOHHUMAIOT U3MCHCHHUEC C TCUHCHUCM BPCMCHU
B3aMMHOTO ITOJOKCHHUA TCJ B IIPOCTPAHCTBC.

IMocTynarenbHOe IBUAKEHHE — ITO TAKOE JIBUXKEHHE, IPU KOTOPOM JTt00ast mpsi-
Masi, TPOBEICHHAs B TeJle, epeMeniaeTcs napaieIbHO caMoii cebe.

BpamareabHoe 1BM:KeHHE BOKPYT HEMOABHKHOM OCH — 3TO TaKO€ JIBUKCHUE,
IIPY KOTOPOM BCE€ TOUYKHU TeJIa JABMIKYTCS MO OKPY>KHOCTSIM, IIEHTPbl KOTOPBIX JIEKAT
Ha OJHOM MPSAMOM, Ha3bIBAEMOM OCHIO BpallleHHs (OHa MOYKET HAXOJIUThCS BHE Tea).

Cucrema orcuera (C.0.) - BKIIOUaeT B ce0s TEIO OTCUETa, CBA3AHHYIO C HUM
CUCTEMY KOOPJHUHAT U MPUOOP (Yachl) JIsl UI3MEPEHUS BPEMCHH.

TETIO
OTCHeTa

Y

JInHMIO, IO KOTOPOM ABUXKETCS TEIO, HA3BIBAIOT TPACKTOPHEH IBUKCHUS.
[TonoxeHue Tenna B MPOCTPAHCTBE MOKHO 3aJaTh JIMOO C IOMOILBIO KOOPAMHAT (X,Y,Z),
aM00 C MOMOUIBI0 pPaaMyC-BeKTOpa 7 , MPOBEACHHOIO M3 Haydaja KOOpAUHAT B
paccMaTpuBaeMyro TOUKy (st Touek 1 u 2 Ha puc.l  3To BEeKTOpHI 7, U F ),

Fzilxt jOy+ kiz

r7€ BEKTOpA i, j,k - 3TO €AMHUYHBIE OPTHI, YKA3bIBAIOIINE HAIPABICHUS OCEN

00X, 0Y, 0OZ, Xx,)y,z - TpOoeKIHH BEKTOpa F Ha KOOPJIWHATHBIE OCH.
BekTop S, COEqMHSAIONMI HAYaIbHOE U KOHEUYHOE T10JI0KeHHe Tena (Touku 1 u 2 Ha

—

puc.l), Ha3piBaloT nepemMemenuemM. OH CBsA3aH C paguyc-BEeKTOpamMH 7/, U 7 WU cje-
JYIOIMM PABEHCTBOM:

—
—

S=r-r,
Mopyne BekTOpa nepeMeleHds MEHbIIE WM PaBeH IYTH - PAcCTOSHHIO,
IPOMIEHHOMY TEJIOM II0 TPAEKTOPUU. DTH BEJIMYMHBI COBIAJAIOT I10 MOJYJIIO B CIIydac

HpHMOHHHGﬁHOFO JABUKCHMUSI.
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CKOPOCmb U yCKopenue. Hopmajlbuoe U KacameijlibHoe YyCKOperue.

> E:': ?F.- - T~
vl —a} - £ l\'
. Vo Ez|
2 - | 1| =
'LFE S TJE
d

Cpennsisi nyreBasi CKOPOCTb V¢, - CKAISIpHAS (Pu3nyeckasi BeTUIMHa, paBHas
OTHOIIICHUIO MMYTH, MPOUJEHHOTO TEJIOM 3a BpeMsl /, K 3TOMY BPEMEHH ¢

ot MrHoBeHHas1 CKOPOCTb - CKO-
POCTB TeJa B JAHHOU TOYKE TPAEKTOPHH,

paBHas epBOU MPOU3BOJHOM OT PAJANYC-BEKTOPA 7 IO BPEMEHH £.
__dr
v —
dt
MrHoBeHHOe yCKOpeHHMe - ObICTPOTa M3MEHEHHSI CKOPOCTH, YCKOPEHHUE B
JAHHOW TOYKE TPAEKTOPUH, PABHOE NIEPBOM MPOU3BOJHON OT CKOPOCTH 10 BPEMEHMU

WJIM BTOPOU MPOU3BOJHOU OT pauyC-BEKTOPA IO BPEMEHH ¢

v dF
a-—_

dt dt’

[Tpoeknuro BEKTOpa YCKOPEHHS ¢ Ha HAIlPaBJICHWE KacaTeIbHOUW K TPAeKTOPHH
Ha3bIBAIOT KacaTelbHBIM (TaHI€HIMAIbHLIM) YCKOPEHMEM d,, a Ha HalpaBJICHHE,

IEPIEHUKYIAPHOE K KAcaTENbHOM - HOPMAlbHLIM yCKOpeHueM d, . [lomyquts dop-
MYJIbI JJIsl YCKOPEHUN @, Y @, MOXKHO, €CITU BBIIOJIHUTH JOMOIHUTEILHOE MMOCTPOCHUE.
J1j1s1 3TOro BO3bMEM Ha TPAECKTOPUU JBE OJIM3KO PACIIONIOKEHHbIE TOUKU | U 2, pazje-
JICHHbIE UHTEPBAJIOM BpeMEHH At , IepeHeceM NapajieIbHO caMoMy ceOe BEKTOp v 2 U
OTJIOKUM Ha HEM OTPE30K, PaBHBINA MO MOAYJIIO BEKTOPY v » . Toraa BekTop Av MOX-
HO MPEJICTABUTh B BUAEC CYMMBI IBYX BEKTOPOB Av = Ay, +Av;,.

Tak xak yriel o 1 3 ctpemsitest coorBeTcTBeHHO K 0° 11 90°, TO Bektop Av, Oyzaer
HarpaBJIEH 10 KacaTeJIbHOM K TPAGKTOPUU U OyJET XapaKTepu30BaTh N3MEHEHNUE YUCIIO-
BOI'O 3HAUYEHHUS CKOPOCTH, a BEKTOp Av, OyAeT NepneHAUKYJSIpEH K BEKTOpY V; U Oy-
JIET XapaKTepU30BaTh U3MEHEHHE CKOPOCTH IO HAIIPaBJICHHUIO.

C = = . _dr v
Satan a4 =—-0oa,=
dt R

ANy
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‘ifl 1 v].
| 2 ST
Ei ,.f Vo AT
Iy E

A
R
O

r€ - V YUCJIEHHOE 3HAYEHHUE CKOPOCTH; R - paanyc KPUBU3HBI TPAEKTO-
PMH B JAHHOM €€ TOYKE, OH PAaBEH PAINYCy OKPYKHOCTH R, BIMCAHHOW B MaJIbIi
YYacCTOK TPAeKTOpUX BOJIU3U 3TOM TOUKH (pHUC.2,B).

TanreHuMalIbHOE YCKOpPEHUE XapaKTEepU3yeT W3MEHEHUE CKOPOCTH Teja
Mo BeIMYMHE (10 MOAYJI0 CKOPOCTH), @ HOPMaJbHOE YCKOPEHHUE - [0 HaIlpaBlie-
HUIO.

Jleusicenue mouku no OKpysHcHocmu. Y2n068aa ckopocms u y2io6oe yckope-
Hue. Bekmop yz2noeoit ckopocmu u y2i106020 ycKopenusi.

[TycTh M.T. IBHIKETCSI CO CKOPOCTBIO V TI0 OKPYKHOCTH pajnyca 7* BOKPYT
HETIOIBUKHOM ocH BpamieHus. I1pu nosopote Ha yron df | paguyc-BeKTop 7

a.
3 43
=
s
— -
a 0

HOJYYHT MIpHUpaIeHue dr .
BekTop dr mHanpaBlieH 10 KacaTeabHOU K OKPY>KHOCTH.

BeKTOpOM 3/1eMEeHTAPHOr0 YIJIOBOrO IepeMemnenusi df HasbBaeTCs
BEKTOP, HaIlPaBJIEHHE KOTOPOrO CBS3aHO C HAIPABICHHEM BPAIICHHs IPABHIOM
IpaBoro OypaB4MKa, MOCTYNATEIbHOE JABMKEHHE OypaBUrKa ONpe/essieT HarpaBJie-
Hue BekTopa df .

YrioBasi CKOPOCTh () XapaKTEepU3yeT OBICTPOTY BPAIICHHS M.T., paBHAs
TIIEPBOI IIPOM3BOIHOM OT BEKTOPA YIIIOBOIO IEpeMEIEHUs dff 1o BpeMEHH ¢:

g

dt
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HanpasiieHust BEKTOpa yI0BOM CKOPOCTU () M BEKTOPA 3JIEMEHTAPHOIO yT-
JI0BOTO dff mepeMeleHus COBIaIaroT.

BeKTop YIJIOBOI'0 YCKOpPE€HUsA 3 XapakTepus3yeT 6510Tp0Ty W3MCHEHUS YTI-
JIOBOM CKOPOCTH U paBE€H HepBoﬁ HpomBonHoﬁ oT ermBoﬁ CKOpPOCTH W TI0 Bpe-
MEHHU [:

dw

g2

dt

B cnyudae yCKOpeHHOro BpalleHUsl HalpaBJiCHUs BEKTOPOB ¢ U () COBIIA-
JAI0T, JUIsl 3aMEJIJIEHHOTO BPAILEHUS - HAapaBJi€Hbl B MPOTHUBOMOJI0XKHBIE CTOPO-
HBI.

Jlnst onucaHusi BpallaTeIbHOTO JIBUXKEHMS TElla UCIOJIb3YIOT 4acTOTy 00-
paleHus N, onpeAeieMyr0 KaK 4uciao 000pOTOB, COBEPILIAEMbIX TEJIOM 32 €IMHU-
1y BpeMeHH, 1 nepuoj odopamenusi T kak BpeMs oHOro0 mnosHoro oobopota. Cripa-
BEJIUBBI CIIEAyIOUIE (DOPMYJIbI B3aUMOCBSI3H:

:E;T:ﬂ ;

t v

n

Dopmynvt 63aUMOCEA3U TUHEHHBIX U Y2T108bIX XAPAKMEPUCMUK NPU 8DPa-
WamenbHOM OBUIICEHUU

v=|0:F]; a =0’R; a =¢IR;
rae R — paguyc OKpy»KHOCTH.

Pewienue ocnoenoil 3a0auu Kunemamuku.

Dopmynvl 0115 paouyc-6eKmopa r u 6eKmopa cKopocmu v

OcHOBHOII 3a/1a4eil KHHEMATUKU SIBJISIETCS] OTPEIETICHUE COCTOSIHUS M.T. (€€
paanyc-BEKTOpa ¥ U CKOPOCTH V) B IPOU3BOJIBHBI MOMEHT BpeMeHHU £. {11 aToro
HEOOXO0JIMMO, 33/1aTh, BO-TIEPBBIX, HAYAJILHBIE YCIOBUS - PAJNYC-BEKTOp Fy U CKO-
POCTh vy B HaYaJIbHbII MOMEHT BPEMEHHU ! = fy U, BO-BTOPBIX, 3aBUCUMOCTb YCKO-
peHust @ oT BpeMeHu f. Toraa, uCnosib3ysl MOHATHS MHTErpajla MOYKHO 3aIlHiCaTh
CJIEYIOIIME BBIPAKEHUSA:

V= jaDdH Vs FE J'deH ,
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PaccmoTpuM KOHKpETHBINM BUJ YPABHEHUM IJI1 HEKOTOPBIX YACTHBIX CIy4acB
JNBVKEHUH M.T.
1. PaBHOnepeMeHHOe ABMKEHHE M.T. - 3TO ABUKEHHUE M.T. C ITOCTOSH-
HbIM ycKopeHueM (@ = const). Ecnmu B HauagbHBII MOMEHT BpPEMEHHU f) PaBHBIM
HYJIFO CKOPOCTb PaBHA vy , & Ay C-BEKTOP ¥ IOTYUUM:

2
va=alttv,; r-= ar_y v, Utt 7,
2

2. PaBHonepeMeHHOe NPSIMOJINHEIHOe IBUWKeHue (a,=0, a = a,) Oyaer
HAOJTIOAThCS B TEX CIyYasx, KOT/Ia BEKTOPHl YCKOPEHUS @ W HAYaJIbHOW CKOPOCTH Vy
OymyT mubO0 MapasuieNIbHBI APYT K JAPYyTy, OO0 HampaBlIeHbl B MPOTUBOMOIOXKHBIE
CTOPOHBI, JTMOO BEKTOP v,y OyZIeT paBeH HyIIO: vy =0. B 9THX ciTydasix mpoeKIys ypaB-
HEeHui Ha ock O.X, HaMPaBJICHHYIO BJIOJb IMHUH JBMKCHUS TeJa, IPUBOJIUT K CIIETY-
IOIIUM BBIPKCHUSM:

2
vz all; x:ﬂ.

2

Ha puc. npuseneHs! rpaduki 3aBUCUMOCTU OT BPEMEHU / MPOEKLUUI Ha OCh
OX ckopocTH, NIEPEMELIEHUS U PAIUYC-BEKTOPA B CIy4ae, €CIM Vg U Xy PAaBHBI
HYJIO U TIPM  33JaHHBIX HAYaJIbHbIX 3HAYECHHUAX Vo U X .

& Vi & =
Lo e
I
| T vD:{- |
Z 7 |
A, A, ' »
0 t t Y t1 £ 0 ty t

Kak BugHO U3 pucyHKa, TUIoaam noj rpadhukamMu 1 Mo3BOJISIOT HAUTH
B OIPEJEICHHBIII MOMEHT BPEMEHHU #; 3HAYEHUSI CKOPOCTH U MEPEMEILECHHUS], a YTJIbI
HAKJIOHa o M f§ - BEIIMYMHY KacaTelIbHOM K TpadukaM, KOTOpbIE OMPEACISIOT

IIPOEKIMU YCKOPEHUS, CKOPOCTU B 3TOT MOMEHT BPEMEHU /.
2. PaBHOMepHOe ABMKEHHE M.T. II0 OKPY’KHOCTH paanyca R B INIOCKOCTH
XOY (Hauano KOOpAMHATHBIX OCEH HAXOJUTCS B LICHTPE OKPYKHOCTH, ).

Jlist  Takoro JABMKEHHMSI TaHI€HIHAIBLHOE
YCKOPEHHUE @, PABHO HYJIIO, & 3aBUCUMOCTb HOP-
> MaJIbHOTO YCKOPEHUS @, OT BPEMEHH ! ONPEIEIIs-

FH

LT o == .

Ak ercs (hopMyJION:
i : %
R

17



KoHTpoJsibHBIE BOIPOCHI

S|
TO TaKO€ BEKTOpP mepemenieHus? Beerna nm ero Moayiab paBeH IMyTH, IPOWUIECH-
HOMY TOUKOM? Kak BBIUHCINTH MyTh, IPOWICHHBIM TOUKON IPU KPUBOJIUHENHOM
JIBYDKEHUU?

K
aKOBa CBSI3b MEXY JMHEHHBIMU U YTJIOBBIMH CKOPOCTSIMH M YCKOPEHUSMHA?

I1
PU KaKUX YCJIOBHSX CPEAHSISI CKOPOCTh MaTe€pHalIbHOM TOUKHU MPUOIM3UTENBHO
paBHa MTHOBEHHOM?

M
0KET JIM TEJIO IPU PABHOMEPHOM JBMKEHHH UMETh OTIMYHOE OT HYJIA YCKOpe-
Hue? [Ipu kakom ycinoBun?

K
aKo¥ (PM3MYECKU CMBICT UIMEET HOpMaibHOE yckopeHue? TaHreHmaipHoe?

I1

pU KaKOM JBH>KEHUU BEKTOP YCKOPEHUs MapalijieiieH CKOpOoCcTU? AHTUNapasie-
nen? Ilepnenaukysipen?

2. OCHOBbI AUHAMUKU

JIuHaMKKa MaTepuaJIbHOU TOYKH.
IlepBblii 1 BTOpO# 3ak0oHBI HptoTOHA. Macca kak Mepa HHEpTHOCTH. Cuilbl
Y B3aUMOJICHCTBHS.
Tperuii 3akoH Herorona. MHtepnperanus tperbero 3akoHa Herorona npu
IEKTPOMArHUTHOM B3aUMOJCHCTBUM JBUKYLIUXCS 3apsi0B.

HexoTopsblie 3a1aun AMHAMUKH.

Coctosinue MarepuaibHO Toukd. OCHOBHAA 3a/1a4ya JTMHAMUKH.

JIBM>KEHUE TEN B OAHOPOJHOM I0JIE TSXKECTH. J[BUKEHUE B BA3KOU Cpelie.

JIBi>keHUE B 3JEKTpOMAarHUTHBIX nosisix. Cuna Jlopenna. YpaBHeHUe JBU-
KEHUS 3apsAJia B AJIEKTPOMArHUTHOM Mosie. OnpeeneHrue OTHOIIEHUs e/m.

JAnHaMuKa TeJ1 IepeMeHHON MaccChl.

PeaxtuBHOE nBmxkenne. HepemaruBnucrckoe ypaBHeHne aBvxeHus. Gopmy-
na [{uonkosckoro. CTyneHyaTas pakera. XapaKTepUCTUUYECKask CKOPOCTb.

OCHOBHBIE CBEJICHUA O PEIIITUBUCTCKOM CIIy4ae JIBUKECHUS TEJI IEPEMEHHOU
Macchl. O011as XxapakTepuCcTUKa BO3MOXKHOCTEM peaKTUBHBIX JIBUTaTeeH il KOC-
MHUYECKHUX TOJIETOB.

JIBUKeHNE CHCTEeMbl MATEPUAIBHBIX TOYEK.

Cucrema MarepuanbHbIX To4ek. LleHTp macc. Mmmynbsc cucteMsl Matepu-
anbHbIX Touek. Cuiia, IEMCTBYIOIAs HA CUCTEMY MATEPHUAJIbHBIX TOYEK. Y paBHE-
HUE€ JBUKEHUS CUCTEMbl MAaTepHAIbHBIX TOYEK. 3ajada IByX Teil. [lpuBeneHHas
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Mmacca.

N3onupoBanHas cucrema. 3aKOH COXPAaHEHUs UMIYJIbCA Il U30JMPOBAH-
HOM cUCTEeMbl. 3aKOHBl COXPAHEHUs IJisi OTACJbHBIX MpoeKuuid ummyJsibca. [Ipu-
MEHEHHE 3aKOHA COXPAHEHUS UMITYJIbCA.

MoMeHT uMnyJibca

MOMEHT CHJIBI © MOMEHT MMITYJIbCA OTHOCUTEIBHO HEMOJBUKHOIO Hayaa.
MoOMEHT UMITyJIbCa CUCTEMBI MATEPUAIBHBIX TOYEK.

YpaBHEHHUE MOMEHTOB JJISI CHCTEMbI MAaTEpHUATBHBIX TOUEK. 3AKOH COXpaHe-
HUS MOMEHTA UMITYJIbCa. 3aKOHBI COXPAHEHUS ISl OTAENbHBIX NPOCKIN MOMEHTA
MMITYJIbCA.

YpaBHEHHNE MOMEHTOB OTHOCUTEIIBHO JBUXKYIIETOCS Havyala U ABWXKYILIECUCS
OCH.

Ocnoenasn 3a0aua ounamuxu. Illonamue cocmoanusn ¢ Knaccuueckou mexa-
Huke. Ypaeuenue osusicenus.

KunemaTuka YCTAaHAaBJIMBACT 3aKOHbI ABUKCHUA MaTepHaJIBHOﬁ TOYKH,
HO HC YKa3bIBACT IIPUYHWHBI, BbI3BABIIHUC 3TO ABHIXCHHC, A TaKIKC (bﬁKTOpLI,
BJIIMAIOIIMC HAa BapUalliK KHHCMATHYCCKHUX IIApaMCTPOB  ABHIKCHUA.

PaccmarpuBas MexaHMYeCcKOE€ B3aMMOJCHMCTBUE JaHHOIO TeJa C APYyTUMU
TeJIaMU, PUBOJSIIECE K U3MEHEHHUIO COCTOSIHUS TeJa, U3MEHEHUIO €r0 CKOPOCTH, T.€.
K BO3HUKHOBEHHUIO YCKOPEHUSI, MOKHO 3alMCaTh YPABHEHUE JIBMXKEHUA Tela. IJTO
Y €CTh OCHOBHAs 3aJ1a4ya IUHAMUKH.

Macca u umny.ibcC. FpaHlll(bl RpUMeHuUmMoOcCmu KiaccuueckKkozo cnocoba onuca-
HUA OBUICCHUSA uacmuu.

Bce Tena u3MEHSII0OT CBOIO CKOPOCTh HE MTHOBEHHO, a MOCTENEHHO MPU UX
B3aUMOJICUCTBHUHU ¢ APYyruMU TesamMu. CIoCOOHOCTh Tella COXPaHSATh CBOE€ COCTOSTHUE
Ha3bIBAETCS HHEPTHOCTHI. KOJIMYECTBEHHON XapaKTEepUCTUKON MHEPTHOCTH Tena
ABJISICTCS €70 Macca m.

BenuunHa, paBHas IPOU3BEICHUIO MAcChl TeJla Ha €r0 CKOPOCTh, XapaKTe-
PH3YIOIIAs KOJMYECTBO JBHKEHUS Tejla Ha3bIBACTCS HMITYJIHLCOM TeJjia P .
P=mly
WMITyibC BeIMYMHA BEKTOPHAs, HAIIPaBJICHUE BEKTOPA UMITYJIbCA COBITA/1a-
€T C HAIPaBJICHUEM BEKTOPa CKOPOCTH.

Krnaccuueckuii crmoco0 oOmnmucaHusi COCTOSHHS Tejla MOXXHO NPUMEHSTh
TOJIBKO B CIIy4ae, €CIU TEJIO IBUKETCA C MaJIbIMU CKopocTamu. Kputepuem maro-
CTH CKOPOCTH SIBJISIETCS BBITIOJIHEHUE YCIIOBHS: V « C, C- CKOPOCTh CBETa B BAKyy-
Me€.
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Coepemennasa mpaxkmoeka 3axonoe Hvtomona. Ilepeviit 3axon Hotomona u
HOHAmMUE UHEPUUATbHOU CUCHEMbL OMCUEmA.

B ocHOBe Kkiaccuueckoil MeExXaHMKU ABHIKCHHA M.T. JICXKAT TPpH 3aKOHa
HI)IOTOHa, OHH HC JOKA3bIBAIOTCs, OHU SABJIAIOTCA O606IH€HI/IGM OIIBITHBIX (baKTOB.

IlepBblii 3akoH Hbl0TOHA: TEIO MOKOUTCS WIH ABUXKETCS PAaBHOMEPHO U
MPSMOJIMHEWHO, €CJIM Ha HEro He ACHUCTBYIOT APYTHE TeJla WM HUX JCHUCTBUE
CKOMIIEHCUPOBAHO.

OxaspIBaeTcs, YTO MepBbIM 3aKOH HBIOTOHA BBINOJIHSAETCS HE BO BCEX CH-
cremax orcueta. Eciau BeiOpaTth C.O., CBSI3aHHYIO C MOE3/10M, JBHXKYIIUMCS paB-
HOMEPHO M IPSIMOJMHENHO, TO IIAPHUK, JIEKAIIMA Ha TJIaJKOM TOPU3OHTAIIBHOM CTO-
Je B KyIle BaroHa, OyZeT MOKOUTHCS, T.K. JEHCTBYIOIIKME HAa HErO CHJIbI TSXKECTH U
HOPMAaJbHOM PEAKIMU ONOPbI KOMIIEHCUPYIOT Apyr napyra. OIHAKO, €CIu MOE3.
OyZAeT IBUTAThCS C YCKOPEHUEM, TO 0€3 BUIUMBIX MIPUYHMH IAPUK HAYHET ABUTAThCS
OTHOCHTENBHO 10€3/1a, T.e. mpuodpeteT yckopeHue. [loatomy cpenu Bcex CO. BbI-
JenaioT nHepuuaiabHble cuctemsl orcuera (MCO) kak C.O., B KOTOPBIX BBITIOJIHS-
€TCsI IEPBbIM 3aKOH HBI0TOHA M COOTBETCTBEHHO BTOPOM M TPETUM 3aKOHBI HbrOTO-
Ha.

Hau6onee 6muskoit k UCO moxHO cuntath C.O., cBsizanHyo ¢ ConHIEM.
s MHOTHX (DU3WYECKHX SBIICHUH CUCTEMY OTCUETa, CBI3aHHYIO C 3eMJIeH, TaKkxke
MoxHO cuutath MCO. B Teopernueckom mane MCO cymiecTByeT OECKOHEUHOE
MHO>KECTBO, BCE OHU JIBXKYTCSI pABHOMEPHO M MPSMOJIMHEHHO, T.€. 0€3 yCKOPEeHMUS,
WY TIOKOSITCS.

Bmopoii 3akon Hetomona kak ypasnenue osusicenusn. Cuna Kak npou3eoonas
umnynvca. Buowt cun é mexanuxe.

JI1st OOITHOCTH pacCyXIEHUM MEXaHUUECKOEe B3aUMOJICHCTBHE Teja C JIpy-
TUMH TEJIAMH ONMCBIBAIOT MOHATUEM CHJIbI F, KOTOpasi ONpeessieTcsa Kak BEKTOp-
Has ¢u3MyUecKas BETUYMHA, XapaKTEpHU3YIOIIas MEXaHUYECKOE B3aUMOJICHCTBUE
JTAHHOTO Teja ¢ APYTUMU TeJlaMH, IPUBOASAIICE K ero jaegopMaliii Wik K BO3HUK-
HOBEHMIO YCKOPECHMUSI.

Bsenenne cuinbl F mo3BOJISET KOIUUECTBEHHO ONUCATh TAKUE B3aUMOJICH-
CTBUSI ¥ BBISIBUTHh B HUX HanOoJiee BaxHbIe 0COOEHHOCTH. C y4EeTOM 3TOro O B3aMO-
JIEUCTBUA

Cuna sBISETCS KOJUYECTBEHHOW XAPAKTEPUCTUKOW COOTBETCTBYIOIIETO
BHJa B3aUMOJCUCTBUS. B mpupone CymecTByeT 4YeTblpe BHJIA B3aUMOACHCTBUS:
CUJIbHOE; cJiadoe; TPaBUTAIMOHHOE M AJICKTPOMArHuTHoe. B MexaHuke mposiB-
JIIFOTCS TOJIBKO CHJIBI TPABUTALMOHHOTO M AJIEKTPOMArHUTHOTO B3aUMO/ICHCTBHUSL.

FpaBI/ITaHI/IOHHOG BBaHMOHGﬁCTBI/IG BBIPAKACTCA 3dKOHOM BCCMHUPHOTO Ti-
roTCHUA:
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F=gl Mg

r r
HpOfIBHCHHCM 9TOI0 BBaHMOﬂCﬁCTBHH Ha 3eMiie SABJISICTCS CyYIICCTBOBAHHUC
CHJIBI TAXKCECTHU.

b

F=mlg; g-yckopeHne CBOOOTHOTO MaJCHHUS;

U cuna, ¢ KOTOpOU TENO IEUCTBYET HA ONOPY WIIM MTOJBEC, - BEC TEA:
P=m(gt a)
DJIEKTPOMarHuTHOE B3aMMOJICHCTBUE BbhIpakaeTcs 3akoHoM Kyrona:
1 [ r
oL 4 Q
e, r* r’

B mexanuke 3T0 B3auMOJEHCTBUE OOBSICHSET CYIIECTBOBAHHUE CUJI YIPYTo-
CTHU U CUJI TPCHHUSL.

Tpenue ObIBaeT CyXUM M BSI3KUM, B IIEPBOM CIIydae Cujia TPEHUS MPOIOPIIH-
OHaJIbHA CUJIE HOPMAJILHOTO JIaBjieHUs: N (IpONOPIMOHATBHON CUJIE TSKECTH), BO
BTOPOM — CKOPOCTH JIBHKEHHUS Tella V.

=W ON; F, =0 0vum F, =0 v’ ana caydas GonbIMX CKOPOCTEH.

Cuna ynpyrocTH MporopIroHaIbHa BETHYHHE IeOpMaIHu:
F, = klx

Bropoii 3akoH HbI0TOHA KOJIMYECTBEHHO ONMUCHIBAET MEXAHUYECKOE B3a-
UMOJICHICTBHE TeJ, CBS3bIBAasI MEXKy COOOH JCHCTBYIOIIYIO Ha TEJIO CHIIy C U3Me-
HEHHUEM ero ummyJsibca. CorjiacHO 3TOMY 3aKOHY 1ep8as Npou3800HAsE OM UMNYb-
ca P mena TO épeMeHu ! paeHa 6eKMOPHOU CyMMe CUll, OelcmeEyIouux Ha
meio:

|

_.

‘ L

N
(L

dopmyia Mo3BOJISIET paccCMaTPUBATh JBUKEHUE, TPU KOTOPOM Macca Tenia
MOXKET U3MEHATHCS (PEAKTUBHOE JIBUKEHUE).

Ecnu macca tena He 3aBUCUT OT BPEMEHH, TO TOT1a BBIPAKEHUE MOXKHO 3a-
MHACaTh, BBOAS B HEFO YCKOPECHUE TEIA:

U copMyHpoBaTh BTOPOii 3ak0H HbI0TOHA clieyommM 00pa3oM: npoussedenue
Maccvl mena Ha e2o YyCKOpeHue pasHo 6eKMOPHOU CyMMe CUl, OeUCmeyiouux Ha
mero.

[TosmyyeHHble ypaBHEHUS MO3BOJISIIOT MIPH 33JaHUM HavaJbHBIX YCIIOBHU (pa-
JINYC-BEKTOPA ¥y U UMITYJIbCA Py TEA IIPU ! = fy) U CWJI, JEUCTBYIOIIUX Ha TEJIO, pe-
LIUTh OCHOBHYIO 3a7a4y MEXaHUKU M.T.: OIIUCATh €€ MEXaHUYECKOE BUJKECHUE, T.€.
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OJTHO3HAYHO ONPEJEIUTh COCTOSHHUE M.T. (€€ PaInyC-BEKTOP ¥ U UMITYJbC p) B MO-
CJIETYIOIINE MOMEHTBI BPEMEHH f (CXeMa PELIeHHs 3a]a4 IPUBEICHA Ha PUC. ).

t=t|:|

—

> > VpapHeRme BTOPOTO >
1o, Py zaroHa HeroToma

W

bk

Ty

Tpemuu 3axon Horomona.
Tpernit 3akoH Hbpl0TOHA yCTaHABIMBAET JONOIHUTEIBHBIE CBS3U MEXIY
CWJIaMH, BO3HUKAIOUUMU MPU B3aUMOJEHCTBUM, U OOJIEryaeT peuieHue 3a1auu o
MEXaHUYECKOM JIBH>)KECHUU TEIl.

Coenacro smomy 3aKOHy cuibl, OeiUcmeayrouue Melicoy 08yMsa meidam U, pasHol
nO MOOYIIO U NPOMUBONOTIONCHBL NO HANPABGILEHUIO, 1eHCam Ha OOHOU NPAMOU,
uMerom 00HY NPUpooy.

—

E2:F21

3
a1 .,
T

oy

alh’

B 3akmouenue OTMCTHUM, YTO, XOTsA 3aaa4a OIITMCaHUuA MEXAHUYCCKOI'O JIBUKC-
HUs TCJI peHIacTCsa Ha OCHOBC 3aKOHOB HBIOTOHa, €C IMPpaKTUUCCKas pcain3alusa COo-
IMpsZKEHA C OOJIBIITMMU CIIOKHOCTSIMH. TaK, B 4YaCTHOCTH, BO MHOI'MX CJIy4asXx HC yJa-
€TCA YCTaHOBUTBL BCC CHIJIBL, ﬂeﬁCTBYIOHlHC Ha TCJIO0, a IJI1 U3BECTHBIX CHJI YCTAHO-
BUTb HUX 3aBUCUMOCTL OT KOOpAWHAT WM BPECMCHMU. K TOMY K€ 3aga4a O ABHMIKCHHUH
TPEX U 0oJiee TeJI He UMEET TOYHOTO PpEIICHUS.

Buympennue u enewtnue cunwl. llenmp macc (wenmp unepyuu).

Ecnu paccmarpuBaTh CUCTEMY MaT€pHUAIbHBIX TOYEK, T.€. COBOKYITHOCTH
M.T., KOTOpbI€ B3aUMOJICUCTBYIOT TOJIBKO MEXKIy COOOM M OMUCHIBAIOTCS OOIIUMU
3aKOHOMEPHOCTSIMU, TO BCE CHUJIbI MOXHO Pa3JeIUTh Ha: BHEIIHUE (JEUCTBYIOT CO
CTOPOHBI T€Jl, HE BXOSIIMX B CUCTEMY) U BHYTPEHHUE (JIEHCTBYIOT BHYTPH CHUCTE-
MbI). J{71s1 onmucaHusl IOBEIEHUSI CUCTEMBI M.T. BBEJIEM IMOHSITHE LHEHTPa MAacc CH-
CTEeMBI.

HCHTpOM MacCC CUCTEMbI HAa3bIBACTCA TOYKA ITPOCTPAHCTBA, IIOJIOXKECHHUC KOTO-
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poii oTHOCUTENBHO Kakoi-1160 MCO omnpeensieTcs: paanyc-BeKTOPOM
N

y m, r,

1—

m

IJ1€ m - CyMMa Macc Tell (MaTepuajgbHbIX TOUYEK) CUCTEMBI; 7; - PaJNyC-BEK-
TOp i- ro Tena (M.T.) CUCTEMBI.

Ecnu nomecTuTh B IEHTp Macc TEJI0 B BUJE MaTepUAIbHOM TOYKH MacChl 11,
TO OHO OYJIET ABUTATHCS CO CKOPOCTHIO V., PABHOM

dﬂ 1 | dar
g2 o gl 0FH= =y m 0%
ve dt m a’tﬁz i rﬁ mzl "

Ecnu moacraButh MoJlydeHHOE BBIpaK€HUE BO BTOPOM 3aKOH HproToHa mo-
Jy4YUM 3aKOH JABHMKEHUS IEHTPA MaccC:

dvc _ ZN F,
dt ’

IlenTp Macc cucTeMbl - 3TO TOYKA NPOCTPAHCTBA, K KOTOPOM IPHIIOKEHBI
BC€ CHUIBI, BBI3BIBAIONINE IO OTHCIIBHOCTH IIOCTYNATCIILHOE IBMIKEHUE CUCTEMBI.
[TosTomMy mocTymnarenbHOE IBUKEHUE CHUCTEMBI MOKHO MOJIEIMPOBATH JIBUKEHUEM
TeJla B BUJIE M.T. MAacChl 7 , TOMEIIEHHOTO B IIEHTPE MAacC CUCTEMBI. JTOT NpHUEM
SIBJIIETCS YIOOHBIM TIPU U3YUYEHUH TaKOTO JIBUYKEHUSI CUCTEMBI.

Ecnu cucrema siBisieTcsl 3aMKHYTOM WJIM BHELIHHWE CUJIbI, AJEHCTBYIOIINE Ha
Hee, KOMIICHCUPYIOT JAPYT JIpyra, TO €€ IIEHTp Macc OyJeT JBUTaThCsl PABHOMEPHO U
NPSIMOJIMHENHO WK NTOKOUThCA. [1loaTomy B UCO, cBsi3aHHON C HUM, MIPOILIE OIHU-
caTh ABMKCHHUE TE€J CUCTEMBI.

BBeneHHOe BEINIE TOHATHE IIEHTPAa MAacC CHUCTEMBI BKIIOYACT B ceOs Kak
YaCTHBIN CITydall MOHSTHUS ILIEHTpa Macc U sl aOCOIMIOTHO TBepAOro Tena. [leiicTBu-
TEIBHO a.T.T. MOKHO pa30OUTh Ha Majblie 00beMbl dV U MpencTaBUTh B BUJE COBO-
KYITHOCTH M.T., MEXJy KOTOPBIMHU JEHCTBYIOT BHYTpeHHHE CWiIbl. OTauuueM s
a.T.T. SBJSACTCS TOT (PAKT, YTO PACCTOSHUS MEKIY M.T. DTOTO TeJla OCTAIOTCS CO
BpeMeHEeM Heu3MeHHBIMH. Pa3zmepsl 00beMOB d} (M.T.) HY»KHO BBIOMPATh TaKUMH,
YTOOBI MOYKHO OBLIIO ITPEHEOPEYb TUCKPETHHIM (ATOMHBIM) CTPOSHHUEM BEIIIECTBA, T.C.
9TH 00BEMBI JIOJDKHBI COJIEP)KATh TOCTATOYHOE KOJIMYECTBO OJMHAKOBBIX IO CBOM-
CTBaM aTOMOB.

IleHTp Macc a.T.T. COBINAJAET C €ro LEHTPOM TSKECTH, HO sIBIsieTcs Oosee
OOIIMM TOHSTHEM, CHPABEJVIUBBIM U B OTCYTCTBHE BHEIIHUX I'PAaBUTALIMOHHBIX IO-
neil. [TomoxxeHue eHTpa Macc a.T.T. MOKHO HAalTH SKCIIEPUMEHTAIBHO, ONpPeIeisis
MIOJIOXKEHUE €r0 LEHTPa TSHKECTH.
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Hmnynsc cucmemvt mamepuanbHvlx moyex. 3aKoH COXPaAHeHUs UMNYTIbCA
KaK (pynoamenmanvHwlil 3aKOH RPUPOObL.

PaccmoTpum cucremy, cocrosinyto u3 N tei (Ha puc.6 g NpoCTOTHl IPUBEICHA
CUCTEMa U3 TPeX TEeJ - M.T).

Ha xaxoe teno cucteMbl IEUCTBYIOT BHEWIHUE cuibl F, (i = 1,.., N) co

CTOPOHBI HE BXOJSAIIUX B 9Ty CUCTEMY Ted (M.T.), U BHyTpeHHHE cwibl [, (i, k =

l,..., N) co CTOpOHBI APYTHX T€J CHUCTEMbl. BHYTpEHHUE CHJIBI CUCTEMBI CBSI3aHbI
MEX Ty COOOM TPEeThUM 3aKOHOM HBI0TOHA, T.€. MMOMapHO PaBHBHI.

Ji= T
3anumem YPaBHCHUA BTOPOTO 3dKOHA HrroTona JJIA BCEX TCJI CUCTCMBI U
34TCM CJIOKUM 3THU YPABHCHUA !

dP, _ - dr, 7 ar,
d_;:E+Zﬁk;7;:Fz+Zﬁk; ............... ; dtN:FNl Zka

BekrtopHasi cymma BceX BHYTPEHHUX CHJI PaBHA HYJIIO U IIO3TOMY BEKTOp-
Hasi CyMMa MMITYJIbCOB T€Jl CUCTEMBI PaBHA CyMME BHEIIHUX CWJI, ICUCTBYIOIMX HA
CUCTEMY.

I/ITaK, COINIACHO BCKTOPHAA CYMMa UMITYJIBCOB TCJI CUCTCMBI (I/IJII/I HMITYJIBC
CI/ICTeMI)I) HU3MCHACTCA 3a CUCT I[GﬁCTBI/I?I BHCIIHHUX CHJI.

Ecnu B3sTh 3aMKHYTYI0 CHCTEMY, T.€. CUCTEMY, HA KOTOPYIO HE JIEUCTBY-
10T BHemHue cwuibl (F,. = (), TO TOrJa BBINOJIHAETCS 3aKOH COXPAHEHHS] MM-
NYJbCA: GEKMOPHAS CYMMA UMNYIbCO8 MEN 3AMKHYMOU CUCTEeMbl OCAemcs no-

—

CMOSIHHOU UU umnyibcC ])c uenmpa macc S’ClMKHyI’I’lOLZ cucmemvl ocmaemcs no-
CMOSHHBIM.
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PeasibHO BBIIEINTH 3aMKHYTYIO0 CUCTEMY 1OCTaTOYHO TpyaHO. Ho u B He3a-
MKHYTBIX CUCTEMAX B Ps/I€ CIIy4acB MOYKHO HMCIOJIb30BATh 3AKOH COXPAaHEHUS HM-
nynbca. [lepeancnum ux.

1. BHemiHue CWJIbI KOMIIEHCHPYIOT ApPYr apyra. Hampumep, nBa tena, 1Bu-
KYIIUECs 10 TJIAJIKON TOPU30HTAIBLHON MOBEPXHOCTU (OTCYTCTBYIOT CHIIBI TPEHUS)
HaBCTpeuy JIpyT APYry. B 3TOM ciydae BHEHMIHHUE CHIIBI - CUJIbI TSDKECTH: Mg, Mg,
HOPMAJIBHBIE CUJIBI PEAKLIUUA ONOPbI KOMIIEHCUPYIOT APYT APYTa, & BOSHUKAOLINE TIPU
CTOJIKHOBEHUM T€J1 BHYTPEHHUE CWJIbI, CUIIbI JiepopMaIiuu, He MOTYT U3MEHUTh UM-
ITyJIbC CUCTEMBL.

2. BHemH#e CWJIbI He KOMIIEHCUPYIOT JAPYT APYyra, HO UX MPOEKIUA HA Ka-
KYI0-J1M00 0Ch 0CTAaeTC PABHOM HYJII0. XOTS UMITYJIbC CUCTEMbI U3MEHSIETCS, HO
€ro MpOEKIMs Ha 3Ty OCh coxpansiercs. [I[pumepomM Takod CUCTEMBI SBJISETCS CH-
cTeMa, COCTOsINas U3 JABYX TEJI, OTHO U3 KOTOPBIX JBMIKETCS 110 TJIAJIKOM ITOBEPX-
HOCTH, a JPYyroe MajacT BEPTHKAIbHO BHU3 CO CKOPOCTHIO M HCHBITHIBAET a0CO-
JIIOTHO HEYNPYrO€ CTOJIKHOBEHHUE C MEPBBIM TEJIOM. B pe3ynbTaTe 3TOr0 OHU JIBU-
’KYTCSl C OJJMHAKOBOM CKOPOCTBIO, 00pa3ys eAMHOE 1IEJIO0e.

¥
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~ A -
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3. BHemIHHe CHJIbI 3HAYMTEJIbHO MEHbIIE 10 MOAYJII0 BHYTPEHHHUX CHJI, [1eii-
CTBYIOIIIMX MeXKAY TeJIJaMHU B cucTeMe. JTO HaOII01aeTcs PU CUIIbHBIX KpaT-
KOBPEMEHHBIX B3aMMOJICUCTBUSX: YJIap, BBICTPEIN, pa3pbIB cCHapsaa U T.1. B atux
CITy4asiX U3MEHEHHE UMITYJIbCA KaKIO0Ir0 TeJa CUCTEMBI, B OCHOBHOM, OIIPENEISIETCS
BHYTPEHHUMU CUJIAMHU CUCTEMBI.

Teépooe meno 6 mexanuke.

Momenm umnyijibca epauniarouiecoca meiid.
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MomeHTOM MMITYJIbCa L M.T. Macchl m, JIBIDKYIIENCS CO CKOPOCTBIO V OT-
HOCHUTEJLHO OCH BpAIllCHHS, HA3bIBAIOT BEKTOP, OMPEAeIIsIEeMbIi 110 (hopmyIie

—

L= IF;PJ = [F:mﬁ]; L= r P Usina
re P - UMIIYJIbC M.T.;
F - paanyc-BEKTOp, COCIUHSIONINN M.T. C OChIO BPAICHHUS W TICPIICHIH-

KYJISIPHBIM K 3TOU OCH.

HamnpasiieH BeKTop MOMEHTa MMITYJIbCa IO MPABUILYy BEKTOPHOI'O IIPOU3BEC-
HUs (110 OCH BpallieHusi). BeKTopbl, HalIpaBJIEHHbIE IO OCHU BpPAIIEHUS] HA3bIBAIOTCS
IICEBJOBEKTOPAMU WUJIA AKCUATIbHBIMU BEKTOPAMMU.

Momenm cuel.
[TycTh K MaTepHanbHON TOYKE MacChl m MPUIIOKEHA CHiIa F ; €€ COCTaB-
JSIOIAsl B IUIOCKOCTH, MEPIEHAUKYISIPHON K OCH BpallleHusi, 0003HaUeHa KaK

FL.

MOMEHTOM CHIIBI [ OTHOCHTEIBHO OCH BpAllE€HHs Ha3bIBAIOT BEKTOP,
onpenenseMbiil GOpMyJIIOi:

M=|fF|s  M=r0FGsina; M=Fld
IJIe 7 - 3TO BEKTOP, NPOBEACHHBIN OT OCH BpalleHus K M.T. (puc.9, och Bpa-
HIEHUS TPOXOJUT uepe3 TouKy O NepneHIUKyIJISIpHO K BEKTOpY); d = r-sino. - mJjie-

Y0 CHJIBI - Kp&T‘-IElfIHIGC pPacCTOAHUC OT JIMHHUHU HCﬁCTBHH CHUJIBI 1O OCH BPALICHUA,
BCKTOPp MOMCHTA CUJIbI HAIIPABJICH BAOJIbL OCHU BPAIllCHMA.
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Bup ceepxy Bux chboky

Momenm unepyuu meépoozo mena.

MoOMEHT uHepIuH a.T.T. SIBJISIETCS MEPO MHEPILIMH Tella MPU €ro BpalllaTellb-
HOM JiBHKeHUU. OH 3aBUCUT HE TOJIBKO OT MAacChl 71, HO M OT €€ PaCIpeeICHHs OT-
HOCHUTEJIBHO OCH BpalICHUS.

OOBIYHO MOMEHT MHEPIIMHU TEJa pacCMaTPUBAIOT OTHOCUTEIBHO OCEH, MpoXo-
JIIIMX Yepe3 ero HeHTp TsxkecTH. [loaTomy, mpexie BCero, BBIICHUM, KaK MOXHO
HAWTH ero JUisl MPOU3BOJIBHOIO Tena. i 3TOro BOCHob3yeMCsl CIeyIOIIMM CBOM-
CTBOM LIEHTpPA TSHKECTH TeJa: Yepe3 HEro MpOXOJSIT OCH BpallleHUs, OTHOCUTEIHHO
KOTOPBIX BEKTOpHAsi CyMMa MOMEHTOB CHJI TSDKECTH, IEHCTBYIONIMX Ha pa3HbIe Ya-
CTH TeJa, paBHa HYJIIO.

PaccmoTpum B kadecTBe MpuMepa CIUIONIHON OJHOPOAHBIN HMUIUHAP. bynem
MOJIBEIINBATh IWJIMHIP 32 pa3Hble TOUKH, JIeXKAIME HAa €ro MOBEPXHOCTH, U TPOBO-
JUTh Yepe3 HUX BepTUKaJIbHbIC TUHUM. Torga B TOUKE MX MepeceueHus: OyaeT Ha-
XOAUTHCS LEHTP THKECTU IWIMHIpPA (OHAa 0003HAYEHA YTOJIIIEHHON TOYKON BHYTpU
UIMHIPA). Takyro METOIUKY MOXHO IPUMEHSTH U JUIS TPOU3BOJIBHOTO TeTa.

Beanunna 1 , HazblIBacMasd MOMEHTOM HHEPHHUHA M.T. OTHOCHTEJIBbHO OCH
Bpall€eHUsA, ONPCACIIACTCA COOTHOIICHHUCM !

I=m0R’
B ciydae ogHOpPOAHOTO Tena MOMEHT WHEPITUU OTHOCUTEILHO OCH BpAIlCHUS
MOXHO OTIPEICIIUTH 10 hopMYyJIe:
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I=p 0r*dV
Vv

rac p — IJIOTHOCTh BCIICCTBA.

[Tpusenem GopMyIibl U1 MOMEHTOB UHEPIHHK [ TeN MPaBUIBHON reoMeTpuye-
CKOM (hOpPMBI OTHOCHUTENIBHO OcH BpamieHuss OO0;, MpOoXosiiel 4yepe3 uX MEeHTP
TSKECTH.

1. Cru1o1HoM OTHOPOAHBIM TUCK (WA UWIUHAP) MACChI m, paauyca R
1
= —mR’

2. OxHOpPOAHBIN WIAP MAacChl m U paauyca R

& sz2
5

4. ToHKHMii OTHOPOIHBIN CTEPKEHb MACChl 71 U JITTUHBI [

= Lmlz
12

JIns pacyera MOMEHTa MHEPUUM TeJla OTHOCUTENIBHO MPOU3BOJIBHON OCH
BpaIIeHUsI MOXKHO BOCIIOJIb30BaThes popmyiioii Teopemsl Ll Teiinepa

1=1y+ma’,

rae I, Ip- MOMEHTBhI MHEPLIMM Tella MacChl M OTHOCUTENIBHO OCH, MPOXOJIs-
Ui yepe3 UeHTp Macc Tena (1;) u napauienbHoil el mpou3BoIbHOM ocH (/), OTCTO-
SIIEH HA PACCTOSIHUM d.

[Tokaxkem cripaBeTUBOCTh TeopeMbl 1lITeliHepa Ha mpuMepe Tena, COCTOs-
IIETO U3 IByX M.T. MaCChI 7; U M,, CKPEIUIEHHBIX HEBECOMBIM CTepkHeM . [Tomoxe-
HUE LIEHTpa TSHKECTH Takoro tena (Touka () HaiieM, MPUPaBHIB HYJI0 BEKTOPHYIO
CYMMY MOMEHTOB CHJI TSDKECTH, JCHCTBYIONIMX Ha M.T. | M 2, OTHOCHUTEIHLHO OCH
BpallleHus1, poxoadieil yepe3 Touky O (OCh BpallleHUs MEePIEeHIUKYIIIpHA TUIOCKO-
CTH YepTekKa)

Puc.12

mgr, = m,gr,
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CornacHO omnpeAeNeHUu0 MOMEHTBI MHEPLUHU Ul JTAHHOTO Tejda OTHOCH-
TEJNBHO OCeH BpaIeHus, mpoxoasanmx yepe3 Touku O (1) u O' (I' ), 3anumnyTcs Ta-
KUM 00pa3zoM:

— 2 _ 2
I =mr m,r,

1 _ 2
I = ml(rl tr 2)
Haiinem teneps I' mo teopeme lllteiiHepa M COMOCTaBUM C HaIlKMCaHHBIM
BBIIIIE BhIpaKeHUE 1151 1"

I 2 2 2 2
I'= mr myr, t (ml ¥ mz)r2 - ml(rl 1 7’2)
YTO U TpeOOBAIOCH MOKA3aTh.

Ypasenenue ounamuxu spawarowecoca mena.
Ecnu Ha M.T. AeMCTByeT MOMEHT CHWJI, TO MPOUCXOIUT BpalIEHUE BOKPYT
OCH, OTHOCUTEJIBHO KOTOPOM cO3/aH MOMEHT BpauieHus. [Ipu stom M.T. Oyner
UMETh MOMEHT HMITyJIbCa, HAMPABICHHBIA BIOJb TOW ke ocH. Ilo aHamoruu co
BTOPBIM 3aKOHOM HBIOTOHA MOXXHO 3amUCaTh:
dL _ M
—=M wm §=—;
dt 1
JIBe GopMBbI 3aIIMCH OCHOBHOT'O 3aKOHA TMHAMUKH BpALIaTEIbHOTO JABHXKE-
HUSL.

3aKOH JMHAMUKH BPALIATEIbHOTO ABUKEHUS [JIACUT: CKOPOCMb U3MEHEHUS.
MOMEHMA UMNYIbCA PABHA MOMEHNY BHEWHUX CUJL, OeUCMBYIOWUX HA Mamepu-
anvryio mouxy. [{pyras (opMyJIupoBKa 3TOT0 3aKOHA: y21080€e YCKOpeHue mMame-
PUATILHOL MOYKU NPAMO NPONOPYUOHATILHO MOMEHN) GHEUIHUX CUIL U 0OPAMHO-
NPONOPYUOHATILHO MOMEHNY UHEPYUL.

3aKoH COXpaHeHuUs1 MOMeHma umnyrsibca

Paccmotpum cuctemy, cocTosIyto u3 N B3anMOIEHCTBYOIINX MEXITY COO0M
MaTepualbHbIX TOUYEK, BPAIIAIOIIMNXCSI BOKPYT KaKOH-JIMOO OCH. 3amuiueM Ajsl Kaxa0i
M.T. OCHOBHO€ YPaBHEHHE JUHAMUKH BpallaTeIbHOTO JBUKEHUS, BBIACISASA OTIEIBHO
MOMEHTBI BHEIIHUX M ¥ BHYTpeHHUX M, CUIL.

IIpocymmupyeM ypaBHEHHs IO BCEM M.T. CHCTEMBI, BBEJEM MOMEHT HM-
IyJbCa L CUCTEMBI M YYTEM UTO COIJIACHO TPETheMY 3aKOHY HbIOTOHA BEKTOpHAs CyM-
Ma MOMEHTOB BHYTPEHHHUX CHJI, ICMCTBYIOIINX HA M.T., OTHOCUTEIBHO OCH BpAILCHHS,
paBHa HYIJIIO.



W3 Gpopmynisl ciieqyeT 3aKOH COXpaAHEHHS] MOMEHTA UMITYJIbCa, COTJIACHO KO-
TOPOMY MOMEHT HMITYJIbCa 3aMKHYTOW CHCTEMBI OCTAa€TCS TOCTOSHHBIM OTHOCH-
TEIBHO JII0O00H OCH BpaILLEHUS

—

L=const wma L= ]0w = const
rjae I; , w3 - MOMEHT HHEPIIMH M YTJIOBast CKOPOCTh BPAIICHUS i- i M.T. CHCTEMBI.

[Ipu BpamaTenbHOM JIBH>KEHHH, KaK U MIPU MOCTYIATeIbHOM, 00Ias Macca Tell
3aMKHYTOM CHUCTEMBbI OCTAETCA MTOCTOSHHOM, HO MPH BPAIIATEIbHOM JBUXECHUU BHYT-
PEHHUE CUJIbI MOTYT U3MEHUTh PACIPENEIEHUE MACChl OTHOCUTEIBHO OCH BpAILICHUS,
T.€. MOMEHTBI HHEPIIUM TEJI CUCTEMBI. JTO MIPU HEU3MEHHOM MOMEHTE UMITYJIbCA 3aM-
KHYTOM CHCTEMBI IPUBOJUT K U3MEHEHHUIO YITIOBOW CKOPOCTH BPAICHUS BXOISALIMX B
HEE Tel.

[IpuBenem psl IpUMEPOB, MOATBEPKIAIOIMINX ITO SBJICHUE. Y YTEM, UTO BO BCEX
ATUX MPUMEPAX MOMEHTHl BHEIIHUX CHJI (CHJIbI TSKECTH, PEAKIMH OMOPbI) OTHOCHU-
TEJIbHO BEPTUKAIIBHOM OCH BPAILIEHUS PABHBI HYJIIO U IO3TOMY MOMEHT UMITYJIbCA CHU-
CTEMBI OCTAETCs TOCTOSIHHBIM.

Ipumep 1. Ilpu nepexoae yenoBeka (M.T.) MacChl M, B LIEHTP IaTGOpMBI (OJHO-
POHBIN TUCK paamyca R) Macchl m; YIIIOBas CKOPOCTh BPAICHUS TUTaTHOPMBI YBEITUYIH -
BaeTcsl.

IIpumep 2. [Ipu Bpamiennn GUrypuCTKH U3MEHEHHUE IOJIOKEHUS €€ PyK MPUBOAUT
K U3MEHEHHUIO MOMEHTa MHepLUUU (PUTYPUCTKH OTHOCUTEIBHO BEPTUKAIBHON OCH Bpa-
IICHUS U COOTBETCTBEHHO K U3MEHEHMIO YIVIOBOW CKOPOCTH €€ BpPaLCHHUS.

Ecnu ¢urypucTtka nprxumaer pyKd K Telly, TO T€M CaMblM OHa YMEHBIIAET
CBOW MOMEHT uHepuuH (/><[;) U yBeJIMUMUBAET YyTIOBYIO CKOPOCTh BpaIICHUS.

IIpumep 3. Cxkambs KykoBckoro. YenoBek CTOUT Ha ckaMbe (MX OOLIMNA MOMEHT
MHEPIMU OTHOCUTEIBHO OCH BpalleHus paBeH l;) u
JIEPKUT B pyKax Kosieco (€ro MOMeHT uHepuuu ),
CIIOCOOHOE BpallaThCsi BOKPYT BEPTUKAIBHOM OCH,
Z COBIAJAIONIEH C OChIO BpalleHUs CKaMmbH (pHC.
1.20). YenoBek NpHBOAMT BO BpAILlEHHE KOJIECO C
YIJIOBOM CKOPOCTBIO . Torga OH cO CKambel Ha-
YHET BPAIAThCA B MPOTHUBONOJIOKHYIO CTOPOHY C
YTJIOBOH CKOPOCTBIO O,
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pOHHUH TCII CUCTCMBI HC U3MCHAIOTCA, HO BHYTPCHHHNC CHUJIBI COBCPIIAIOT pa60Ty 10
N3MCHCHHIO yrHOBOﬁ CKOpPOCTH BpalICHUA BXOAIINX B CUCTCMY TCII.

T'upockonwi

[Ton rupockonoM MOHUMAIOT OBICTPO BpallalolIeecss CUMMETPUYHOE TBEPIOE
TEJ0, OCh BpaIlleHUs KOTOPOTO (OCh CHMMETPUU) MOXKET MPOU3BOJIHLHO U3MEHSTH CBOE
MOJIOKEHHUE B TIpocTpaHcTBe. Hampumep, rupockonamMu SBJISIIOTCS IETCKUM BOJUOK U
MACCUBHBIN JHUCK, 3aKPEIUICHHBIA TakK, 4TOOBl OH MOT CBOOOJHO BpamiaThCs BOKPYT
TPEX B3aMMHO MEPHEHINKYISIPHBIX oceit A4, BBy u CC, .

[IpumeHsieMble B TEXHUKE THPOCKOMBI OOBIYHO SIBJISIIOTCS YPABHOBEIICHHBIMU,
T.€. UX IEHTPHI TKECTU COBIAJAIOT C IIEHTPOM mojBeca (Touka O) U MOITOMY MO-
MEHTBI CUJI TSHKECTH, JISUCTBYIONIUX HA HUX OTHOCUTEILHO JIFOOON OCH BpallleHHUs], paB-
HbI HYJIFO. B 3TOM cilyyae rupOCKOIl MOKHO pacCMaTpUBaTh KAK 3aMKHYTYIO CUCTEMY,
JUJ11 KOTOPOU BBITIOJHSIETCS 3AKOH COXPAHEHUSI MOMEHTA UMITYJIbCA.

Ecnu packpyTuth AUCK BOKPYT OCU AAx ¢ OOJBIION YIIIOBOM CKOPOCTHIO @, TO
BO3ZHHUKAIOIIWKA IPU ’TOM MOMEHT UMIYyJibca L, HanpaBI€HHBIA BOJb OCH BpAICHUS
AA; (puc.10,6), Oymer coxpaHsATh CBOE MOJOKEHUE B MPOCTPAHCTBE U COOTBETCTBEHHO
COXpaHsSieT CBO€ HANpPaBJIEHUE W OCh BpauleHus. Tak, Hampumep, IpH MOBOPOTE
IIOJICTaBKH, Ha KOTOPOW YKPEIUIEH TMPOCKOIL, B Ty WIH UHYIO CTOPOHY, IIOJIOXKEHUE OCU
AA; ocTaHETCS HEM3MEHHBIM H3-32 TOTO, YTO MOMEHT BHEIIHMX CHUJI OTHOCHTEIILHO
oceit BpatieHus OyeT paBeH HyJIO.
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Oxka3bIBaeTcs, 4TO HaIpaBiieHuEe OcU AA4; MPaKTUYECKU HE U3MEHUTCS U MPHU Kpat-
KOBPEMEHHBIX BHEIIHUX BO3JICUCTBUSX, IPU KOTOPBIX MOMEHT BHEIIHUX CUJI OTHOCH-
TEIHHO KaKOW-TNOO0 ocu OyneT OTAWYHBIM OT HyJs. [lycTh Ha THPOCKOI B TEYCHUE
MaJjioro MpOMEKyTKa BpeMEHHU ¢ OyeT IeCTBOBATh CHJIA TSDKECTH mg, MPUI0KEHHAs
Ha paccrossHuu r oT Touku O (puc.10,0). OHa co37aCT MOMEHT CHJIbI, HalpaBJICHHbIN
BJIOJIb OCU BB, 1 COrIacHO 3aKOHA BPAlIaTEIbHOTO ABUKECHUS MPUBEJET K MPUpAIIE-
HUIO BEKTOPA MOMEHTA uMiItyjbca AL. Beneacrtsue 3Toro och BpalleHUs U3MEHHUT CBOE
IIOJIOKEHUE B IIPOCTPAHCTBE M YCTAHOBUTCS BJOJb HOBOI'O HAIIPABICHUsI BEKTOpA
L+AL. N3-3a manoro BpeMeHU JACHCTBUS BHEITHEN CUIJIbI U OOJIBIIIOTO MOJIYJISl BEKTO-
pa HanpaBiieHHE 0CU AA4; B IPOCTPAHCTBE MPAKTUYECKU HE U3MEHUTCSL.

OTOT (paKT: coxpaHEeHUs EPBOHAYAILHOIO HAIPaBJICHUSI OCHU BpallleHUs] TUPO-
CKOIIa TIPH JIFOOBIX €ro MepeMelieHUsIX U CIIy4ailHbIX KPaTKOBPEMEHHBIX BO3/IEHCTBUSIX
UCIIOJIb3YETCSI B PA3IMUHBIX HAaBUTALIMOHHBIX MPUOOpPax, B KOTOPBIX (PUKCHUpYETCs
OMNpeJIEJIEHHOE HAIlpaBJI€HUE OCU BPAILEHHs B IPOCTPAHCTBE (BEPTUKAIBHOE HAIpaB-
JICHUE, HAIpaBJCHUE Ha CEBEPHBINA reorpauueckuii moaoc 3eMiu U T..1.), OTHOCHU-
TEJIBHO KOTOPOTO 3aT€M U OIpEeNEeNsIeTCsl HalpaBlieHUe JBUKEHUs 00BbEKTa U, 0 Mepe
HEOOXOJMMOCTH, KOPPEKTUPYETCS €T0 KYpC ¥ MECTOMOJIOKEHUE.

Ecii BHENIHSISI cujia OyIeT IeHCTBOBATh MOCTOSIHHO, TO TOTJa IIOBOPOT OCU
AA; OyaeT mpouCXOIUTh BCIE 32 IOBOPOTOM BEeKTOpa L, U TUpOCKoM OyJeT Bpa-
aTh-Csl BOKPYT OCH C YTIIOBOM CKOPOCTHIO, TOBOPST, OH Oy/IET COBEPIIATH Mpe-
L[ECCHIO.

Kaxymasicst Ha nepBbId B3IJIs1 BO3MOXXHOCTb IOBOPOTA TUPOCKONIA BOKPYT OCH
BB, o eCTBUEM CUJIBI g OIIPOBEPTaeTCsl OCHOBHBIM YPAaBHEHUEM JIMHAMUKU Bpa-
IATEJIHOTO JIBUKEHUHU.

[Ipu BUHTOBOI Hape3Kke CTBONA PYXKbsl WM OPYIusl Takoe JBUXKeHUe (Tperec-
CHUIO) COBEpIUAET IyJsl UM CHAPAJl BOKPYT OCH BPAILICHUS], HAITPABICHHOMN B KaXK/bIii
MOMEHT BPEMEHHU MO CKOPOCTH MX JBUXKEHHUS, T.€. MO KAacaTebHOM K TPaeKTOPHH.
DTO yBEJIMYMBAET JAIILHOCTh U YCTOMYMBOCTH MOJIETA MyJU U CHapsAa, CIOCOOCTBYET
MOTIAJIAHUIO UX B II€JTb JIOOOBOW YaCThIO, YBEJTMUMBAET TOYHOCTh MOMNAIaHUs BBUIY OT-
CYTCTBUS KyBBIPKaHUS IMyJIM U CHapsia MPU UX MOJIeTe.

KonTpoJibHBbIE BONIPOCHI

1. K
aKkoi (pU3MYECKU CMBICT UMEET Macca?
2. O

MUIIATE JUHAMUYECKUM OMBIT, 10 KOTOPOMY MOKHO OMPEACIINTh, KAKOE U3 JABYX TEl
uMeeT OOJIBIIYIO MaccCy.

3. q
TO Takoe cuiia? Kak ee MoxkHO oxapakTepu3oBath? Kak usmepsercs cuna?
4. 3

AIMIIUTE 3aKOHBI JEUCTBUS OCHOBHBIX CHJI: YIIPYTOCTH, CYXOrO TPEHUS, BA3KOIO Tpe-
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HUsl, TpaBuTaMoHHOM, KyioHna, JIopeHna.

5. K
aKOM CMBICII UMEET BBEJICHUE MTPUBEAECHHON MACChI?

6. K
aKue mapaMeTpbl ONPEICIISIIOT COCTOSIHUE MaTepUAIbHOM TOUKU?

7. K

aK 3aMUChIBACTCS] YPAaBHEHUE JBUKCHUS 11 HEKOTOPOU MaTepHalbHON TOYKU CUCTE-
MbI? Kak 3anuchIiBaeTCsl ypaBHEHHE ABUKEHHUS JJIsl LIEHTpa Macc?

8. K
aK pelIaeTcsi BOIPOC C MPOU3BOJIbHBIMU KOHCTAHTAMU MPU UHTETPUPOBAHUU ypaABHE-
HUH OBIDKCHUST?

9. K
aKk OyJeT JBUTaThCs IIEHTP MacC OCKOJIKOB IOCIIE B3pbIBa CHapsaa B Bo3ayxe? OTBer
o0ocHyiiTe. Maccoil ra30B U CONMPOTUBICHUEM BO3AyXa MPEeHEOpEYb.

10. IT
epeUYnCIuTE OCOOEHHOCTHU ABUKEHUS LIEHTPA MACC 3aMKHYTOW CUCTEMBI.
11. 4

€My paBeH UMIYJIbC TeJla B cucTeMe 1eHTpa mMacc? O6ocHyiTe oTBeT. Kak BiusieT oT-

HOCHUTEJIbHOE JIBUYKEHUE TEJ HAa UMITYJIbC CUCTEMBI?

12. B
KaKOM CJIy4yae IpH MOTEpPE TEJIOM MAacChl BO3HUKAET pEeaKkTUBHasA cuja? 3anmuiiure

BBIpAKEHUE JIJIsI PEAKTUBHOU CHIIBI.

13. O

MUIIUTE OMbITHI, 0OOCHOBBIBAIOIINE HEOOXOAMMOCTH BBEJICHUS TMOHATHS MOMEHTa

cuibl. MOMeHTa UMITYJIbCA.

14. B
KAKUX CIIy4asiX MOMEHT HEHYJIEBOM CWibl paBeH Hynt0? MOMEHT MMITyJibca paBeH
HYJI0?

15. H

dA30BUTC IIPHUYMHBI U3MCHCHHNA MOMCHTA HMIIYJIbCA MaTepHaﬂbHOﬁ TOYKH OTHOCH-
TCJIIBHO HCIIOJABHKHOI'O Ha4dajia. I[BI/I)KYH_[CFOCH HayvaJjia.

16. 4
TO TaKOE€ COOCTBEHHBIM MOMEHT HMITYJIbCa CUCTEMbI MaTCPHUAJIbHBIX touek? Kak cBs-
3aH COOCTBEHHBIM MOMEHT HMITYyJIbCa CUCTCMBI C MOMCHTOM HMITYJIbCA OTHOCUTCIIbHO
ITPOU3BOJILHOI'O Ha4alia.

17. I1
PUBEAUTEC HECKOJIBKO IIPUMEPOB 3aKOHA COXPAaHCHUSA MOMCHTA UMITYJIbCA.

3. 3aKOHbl COXpPaHeHUA

Pabora u 3Heprus
Pabora cunbl. Kunernueckast sneprusi. Kunerndeckasi 3Heprusi B pa3iM4HbIX
cuctemax orcuera. Teopema Kenura. [loTennnansubie cuibl U ux pabora. [lotenHiu-
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ajbHas HEPTUsl U €€ HOpMHUPOBKA. CBSI3b MEXKAY CHIIOW U MOTEHIIUAIBHOW YHEPTHUEH.
3aKkoH coxpaHeHHs dHepruu. [loTeHInanIbHbIE KPUBBIE.

CTOoJIKHOBEHMUSI.

Onpenenenre NOHATHUS CTOJKHOBEHUSA. 3aKOHBI COXPAHEHUS MPU CTOJIKHOBE-
HUSIX. 3aKOH COXPaHCHUSI MMIYJIbCA. 3AKOH COXPAHECHHUS SHEPTUHU. YIPYTHE U HEy-
Mpyrue CTOJKHOBEHHUs. Cucrema 1eHTpa macc. BHyTpeHHss sHeprus. 3aMeaJieHue
HEUTPOHOB KAK MPUMEP YIPYTOro CTOIKHOBEHUA. PU3HUECKHUE TPUMEPBI HEYIPYTUX
CTOJIKHOBEHUH.

3aKoHBI COXpaHeHUsI.

ConepxaHue 3aKOHOB COXPAHEHUA. Y PaBHEHUS ABUKEHHS U 3aKOHBI COXpaHe-
HUsl. MaTeMaTu4ecKoe COAEPKAHNE MEXAHUUECKUX 3aKOHOB COXPaHEHUS.

3aKOHBI COXPAHEHUS U CUMMETPUU IIPOCTPAaHCTBA U BpeMenu. O0mue uaen oo-
OCHOBaHUS 3aKOHOB COXPaHECHUSI UMIYJIbCA, MOMEHTA UMITYJIbCA U YIHEPTUU COOTBET-
CTBEHHO OJHOPOJHOCTBIO ITPOCTPAHCTBA, €r0 HU30TPONHOCTHI0 M OJHOPOIHOCTHIO
BPEMEHH.

Paooma cunvi. Kunemuueckan snepzus mena.
Teopema o Kunemuueckou IHepeuu

[Tox anementapHoit pabotoit dA, coBepmiaemoil cuiiod F Ha 3lIeMEHTapHOM
NepeMENICHUH ds, Ha3bIBAIOT BEINYMHY, PABHYIO CKAIISIPHOMY MPOU3BEICHUIO

dA = Fds=Fdscosa = Fs dl,

1€ YToJl ¢ - yroJl MeXIy BeKTopamu cuibl F 1 iepementieHuem; ds — Moayiib
BEKTOpA AJIEMEHTAPHOTO MEePEMEICHUS WX AIEeMEHTapHbBIN My Th dl
MPOUJIECHHON TOUYKOW MPUIIOKEHUS CHUJIBI.

Pabota cuibl Ha KOHEUHOM TIEPEMEICHUH paBHA CyMME dJIEMEHTApHBIX PadoT:

A:J‘dA:J‘FdT

— ‘ pT
T RGN (2)
| 7 2
G el e "
'\_Y_) d.é; ——
e y [
g
o &

Ecnu cuna nocrosinna (F=const), To ee paboTa Ha NPSIMOJIMHEWMHOM YYacTKe JTMHbBI
3aMUIIETCS CIEAYIOIIMM 00pa3oM:

A=F cos a.
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Pabora critbl MOXKET OBITH TTOJIOKUTEIIBHOM, OTPUIIATSIIFHON MIN PAaBHOW HYJIIO
B 3aBHCHMOCTH OT BBIOOpA CHUCTEMBI OTCUETAa U OPUEHTAIIMU BEKTOPOB CHJIBI U TIEepe-
MEIICHUS.

UtoObl BBECTH MOHATHE O KMHETHYECKOUW dHEepruu W Tena, 3amuiieM 3JIeMeH-
TapHYI0 paboTy dA cuiibl F' B Ipyrom BUJE:

peb. - dA = m @ 04l = m Dvdv
dt  dt dt

Torna nns paboTel cuitbl F, mepeBOsIIEH TEI0 U3 COCTOSHUS |

B COCTOSIHHE 2 MOYKHO 3aIlHiCaTh:

v2 2 2
A= ImDvdv= mv, M

h 2 2
W3 mosydeHHo# (GopMyIibl ciieyeT, 9To paboTa CHIIbl paBHA Pa3HOCTH JIBYX
BEJIMYMH, OMPEICISIFONINX HaYallbHOE M KOHEYHOE COCTOSTHUS Tema. [Ipu aToM ycimoBwus
nepexojia U3 COCTOSHUS | B COCTOSTHHE 2 HE OKa3bIBAIOT BIMSHHUE HA 3alIMICAaHHOE BBIpa-

KCHUC.

[ToaTOMy MOKHO BBECTH (DYHKITHUIO COCTOSIHHUS T€ja, €r0 KHHETHYECKYIO DHEP-
ruto W, KaK BEJIMYMHY, XapaKTEPU3YIOIIYI0 CIOCOOHOCTh Tella COBepIIaTh paboTy 3a
CYeT U3MCHEHHS CKOPOCTH €T0 JIBIDKEHUS M PABHYIO

2
my
W= T + const

B 3TOM BBIpaXkeHUH MOCTOSHHYIO BBIOUPAIOT, MPEAIOIOKUB, YTO TIPU HYJIEBOU
CKOPOCTH JIBM)KCHUS TeJla €r0 KUHETUYECKasi YHEPTHsl paBHA HYJIIO.

Kunernueckasi sHeprus Tej He 3aBUCHUT OT TOr0, Kak Obula IOCTUTHYTA JIaHHas
CKOPOCTb, OHA SBJIAETCS (PYHKIMEH COCTOSIHUS Teja, MOJ0KUTEIbHON BETMYMHOM, 3a-
BUCALIECH OT BEIOOpA CUCTEMBI OTCUETA.

Brenenne W, nmo3posisieT chopMyIupoBaTh TEOPEMY O KHHETUUECKON SHEPTHUH,
COTJIaCHO KOTOPO# anredpanueckas cymma pabOT BCeX CHII, JEHCTBYIONIUX Ha TEIO,
paBHa IPUPALICHUIO KHHETUYECKOW SHEPTUHU TEJIa:

AWk:AA
Orta TCOPCMA IMUPOKO HCIIOJIB3YCTCA IJIA aHaJIn3a BBaHMOHGﬁCTBHH TCJI HEC

TOJIBKO B MEXaHUKE, HO U B APYIUX pa3fenax Kypca (GU3NKU, TAKUX KaK 3JIEKTPOCTa-
TUKa, IOCTOSIHHBINA TOK, 3JIEKTPOMAarHeTH3M, KojieO0aHus U BOJIHBI U T.JI.
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Homenuuaﬂbuaﬂ JHeplun 63auM00eﬁcmeylomux meui.
Teopema o nomeuuua.rlbuoﬁ IHepiuu

[Ton moreHuManbHOM 3Hepruend W, B3anMOIENCTBYIOIIMX TEJ WM YaCTEN OTHO-
ro TeJla IOHUMAIOT BEJIUYMHY, XapaKTePU3YIOIIYI0 UX CIIOCOOHOCTh COBEpIIaTh pabo-
Ty 3a CUET U3MEHEHHUS B3aMMHOT'O PACITOJIOKEHHUSI TEN WIK YacTei OHOro tena. [loreH-
IAAIbHASA SHEPTHsSl B OJMHAKOBOM CTENEHU XAPAKTEPU3YET BCE B3aAMMOJCHCTBYIOIINE
TeJla WK UX 4acTu. [Ipu 3TOM Mexly HUMH JEHCTBYIOT KOHCEPBATHBHbIEC CHJIbIL, pa-
boma >mux cun He 3a8UCUmM OM MPAEKMOPUU OBUNCEHUSL M, HO ONPeOeislemcsl UX Ha-
YANIbHBIMU U KOHEYHBIMU NOJONCEHUSMU.

[loTeHumanbHple B3aUMOJIEHCTBUS IPUHATO OOBIYHO ONUCHIBATH BBEJIEHUEM CH-
JIOBOTO I10JIS, @ UMEHHO, CYUTAETCS, YTO OAHO TEJIO B3aUMOJAECUCTBYET B MECTE CBOETO
PacIoJIOKEHHUS C CUJIOBBIM MOJIEM, CO3JJaHHBIM JIPYTHMMH TeslaMu. Takoi moaxos yA00HO
UCTIONIb30BaTh B TOM Clly4yae, KOT/ia JBM)KEHHE OJHOTO Tela (Hampumep, IepBoro) ciado
BJIMSIET HA JBWOXKEHUE JPYTOro Tena (BToporo). Torga MOXHO CYUTATh, YTO TIEPBOE TEJIO
HaXOJMUTCS B MOTEHIMAIBHOM I10JI€, CO3JaHHOM BTOPBIM TEJIOM, U IIOTEHIIUAIbHYIO

SHEPrUI0 UX B3aUMOJCUCTBHS MPUNKUCATH IEPBOMY Tely. Tak, HanmpuMmep, rOBO-
pPAT O MOTEHLMAJIBLHOW SHEPrMU TEJa B MOJIE TATOTCHUS 3€MJIM, O MOTCHUUAIbHOU
SHEPruM 3apsjaa B dJEKTpUUeckoM mosie u T.4. [Ipu sTomM nBuxkeHue Tena (3apsja)
c1abo BIUSIET HA CUJIOBOE T0JIE, B KOTOPOM OHO JIBHKETCSl. BCIOMHUM, 4TO 0OBIYHO
TOBOPSAT: TEJIO MaJaeT Ha 3eMIIt0, a HE 3eMJIs TIaJaeT Ha TeJlo. DTUM CaMbIM OTMeYa-
I0T TOT ()aKT, 4TO JIBUXKEHHUE Tejla MPAKTUYECKH HE HU3MEHSIET IMOJIOKEHUE 3eMIIU.
[IpumepamMu KOHCEPBATUBHBIX CHJI B MEXAHUKE SABJISIOTCA CWIbl TATOTCHUS U YII-
pPYroCTH, a HEKOHCEPBATUBHBIX CHUJ - CUJIbl TPEHHUS, COMPOTUBIICHUS, TATH, CUIIbl XHU-
MHYECKHUX PEaKINi, BOBHUKAIOIINUX IPU PA3pbIBE CHApsAAA, IIPU BBICTPEIE U T.J.
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Ha3BaHue «KOHCEpBAaTUBHBIE» CUJIBI CBA3AHO C TEM, YTO IOJIHAs MEXAHUYECKas
sHeprusi Wy, cucTeMsl Tell, B3aUMOJCHCTBYIOIUX MEXTy CO00M MOCPEACTBOM TOJIBKO
KOHCEpBAaTUBHBIX CUJ, COXpaHsieTcs. PaboTa KOHCEpBATUBHBIX CHJI HE 3aBUCUT OT
dopMbI TyTH, a 3aBUCUT OT HAYaJbHOTO M KOHEYHOTO MOJIOKEeHHs Touku. Paborta
KOHCEPBAaTUBHBIX CWJI 110 3aMKHYTOMY ITyTH paBHa HyJII0. Takue CUIbI Ha3bIBAIOT €11
NOTEHIHAIBHBIMY, & IOJE KOHCEPBATUBHBIX CUJ SIBIIIETCSA TAKKE IMOTECHIMAIbHBIM
IIOJIEM.

BoiBenem opmyJibl sl MOTEHUUATBHBIX SHEPTUA B3aUMOACUCTBUS TEIl, MEX-
Iy KOTOPBIMM JIEMCTBYIOT CWJIBI TATOTEHUS U CUJIBI YIIPYTOCTH.

1. IloTeHUAJILHAS JHEPrUsA Teja B MoJie TAroTeHus 3emMin. MexIy Telom
(M.T.) Maccbl m 1 3emiel (OMHOPOAHBIN 1Iap paauyca Rz) Macchl Mz IeUCTBYET
CHUJIa TSATOTEHUS:

|
I
|
|
Ay, |
R L K
o
(5 X2 X x
d 7]
F= oMM,

Paccuntaem paboty A, CUIIBI TATOTEHUS MPH MEPEXO0/Ie Tesia U3 TOYKH | B TOU-
Ky 2, HaXOJIAIIUXCSI COOTBETCTBEHHO HA PACCTOSIHUSIX 71 U 7', OT LIEHTpa 3eMIIH:

1 1 nor

4, = [Fdr= G M, g - GmMEl— l%
R

N3 popmynsl cremyer, uTo paboTa CHIBI TATOTEHUS OMPEACIseTCs] YObIIbIO Be-
JIMYWH, 3aBUCAINX TOJIBKO OT HAYAJIBHOIO M KOHEYHOI'O ITOJIOKEHHS Tejaa U 3eMIIH.
3HAYUT, CUJIBI TATOTEHMS SIBJISIIOTCS KOHCEPBATUBHBIMU CUJIAMH, a CaMU ATH BEJIMYU-
HBI MPEACTABISIIOT COOOM MOTEHIIUATBHBIE SHEPTUH TPABUTAIMOHHOTO B3aUMOACHCTBUS
Tena U 3eMIIH:



W= GmM3

» + const

[lorenumaneHas 3Heprust W, onpenensercs ¢ TOYHOCTBIO 10 ITOCTOSIHHOM BEJIU-
YHHBI;, €€ HYJIeBOW ypOBEeHb oTcueTa W, BbIOMpaeTcs Mpou3BOJIBHO /I yI00CTBa pe-
LIEHUSI KOHKPETHBIX 3aad.

2. IToreHuManbHasA JHEPrus ynpyrogegopMHupoOBaHHOIO TeJAa.
PaccmotpuM paboTy CHIIBI YIIPYTOCTH IPU CKATHH MPYKUHBI U3 COCTOSIHUS 1
10 coctosiHust 2 (puc.140) ¢ KoopAMHATAMH X; U X2 COOTBETCTBEHHO:

2 2 2
Ay, = [ hox Dl = k’;z - %

N3 cooTHOIIEHUS CleNyeT, YTO CUjla yIPYTOCTH ABJISIETCSI KOHCEPBATUBHOU CH-

JIOH.

O606mas GopMynbl, MOKHO CHOPMYIHPOBATH TeOpeMy 0 NMOTEHUHAJbLHOWH
JHEPruM: paboTa KOHCEPBATUBHBIX CHJI, IEHCTBYIOIIUX MEXIY TEIaMH WM YacTsIMU
OJIHOTO TeJla paBHa YObUIM UX B3aMMHOM MOTEHIMAIBHONU SHEPTHH.

Jlist Tena, IBUKEHHE KOTOPOTO €J1ado BIUSET HA JIBHXKEHHUE APYroro Tena, co3-
JAIOLIET0 CHJIOBOE I0JIE, TeOpeMy 0 MOTEHUHMAJbHONH IHEPIruu MOXKHO c(HOopMyIn-
pOBaTh TaK: paboma KOHCEPBAMUBHbLIX CUJL, OEUCMBYIOWUX HA Melo, pasHa YOuliu no-
MEHYUANIbHOU dHEep2UU mea 8 noJie SMmux Cull.

Mexanuueckasn IHEpeUusA cucmembavl mell.
3akon COXPAaHEeHUA MeXaHUuuecKou IHepcuu

IHosiHOM MexaHM4YeCKOM dHeprue W cucreMsl Te Ha3bIBAIOT CYMMY KHUHETHU-
YECKOW SHEPTHH TEJl U MOTEHIMAIBHOW SHEPIUU UX B3aUMOJICHCTBHS:

W: Wk+ VV;).

Kak yxxe ormedasioch, A 3aMKHYTON CUCTEMBI U3 (pakTa HEyHUUYTOKUMOCTHU
JBUYKEHHSI MaTEPUM CIIPABEJIJIMB 3aKOH COXPaHEHMS BCEX BUJIOB DHEPrUi (MeXaHUYe-
CKOM, TETJIOBOM, SJIEKTPOMArHUTHOM, SIAEPHOM U T.1.)

W+ Wmen}l + Wgﬂ + VV;Z() +... = COnSt .

B Takoii cucteme MexaHUYECKas SHEPTHS MOXKET M3MEHSATHCS 3a CYET pabOThI
HEKOHCEPBATUBHBIX CHJI: OHU TIEPEBOMIAT €€ B IPYTUC BUJBI SHEPTHH (MEXaHWYECKasI
SHEPTHs] YMEHBIAETCS, IPOUCXOJNUT €€ JUCCUTIAIINS, PacCesHue), H, Ha00OpOT, Ipy-
TUE BUJIbl SHEPTUU MEPEXOAAT B MEXAaHUYECKYIO IHEPTHIO (OHA BO3PACTAET).

Cpenn Bcex HEKOHCEPBAaTUBHBIX CHJI BBIICISIOT AUCCHIIATHUBHBIEC CHJIBI - 3TO
CHUJIbl, KOTOPBIE MPUBOJAT K YMEHBIICHUIO MEXaHUYECKON 3HEPrun cucteMmsl. K HuM,
HaIpUMep, OTHOCAT CHIIBI TPEHUS U CONTPOTUBIEHUS. Tak, HarpuMep, MapyuK, KaTAIn-
Cs 10 TOPU3OHTAIBHOM MOBEPXHOCTH, C TCUCHUEM BPEMEHM OCTAaHABJIMBACTCS H3-3a



TOTO, YTO padOTa CUJIBI TPEHUS MEPEBOJUT YACTh €r0 MEXaHUYECKON SHEPTUH B TEILIO-
BYIO 3HEPIHIO.

Ecau xe B 3aMKHYTOﬁ CHUCTCMC IIGﬁCTBYIOT TOJIBKO KOHCCPBATHBHBIC CUJIBI (Ta-
Kasg CUCTCMa Ha3bIBACTCA 3aMKHYTOﬁ KOHcepBaTHBHOﬁ CHCTEMOH - 3.K.C), TO TOIrJa B
HEH BBINOJHACTCSA 3aKOH COXpaHEeHUA MeXaHHu4YeCKOH IHEPIUum, KOTOpBIﬁ T'JIaCHUT.
MeEXAHUYeCKaA IHepcus 3aM1<HymozZ KOHC@p@GWlMGHOIZ cucmembvl ocnaenicia noCmaosiH-
Hou.

W = const

Ecnu Takasg cucrema, MEXIy TelaMHU KOTOPOM AEHCTBYIOT TOJBKO KOHCEPBA-
THUBHBIE CUJIbI, HAXOJMUTCS BO BHEIIHEM IOJIE KOHCEPBAaTUBHBIX CHJI (OTKPBITAasi KOH-
CepBaTHBHAs CUCTEMA - 0.K.C), TO U JJIsl HE€ BBIMOIHAETCS 3aKOH COXPAHEHHS MeXa-
HUYECKOW IHEPIUn

W = const

DTO CBA3aHO C TEM, YTO, MOTEHIIMAIbHAS SHEPTUS CUCTEMBI ABJISETCS CyM-
MOW TIOIAPHBIX MOTCHIUAIBHBIX SHEPTUM B3aUMOJICMCTBUH TEJ APYT C APYTrOM HE-
3aBUCHUMO OT TOT'O BXOJIAT 3TH T€JIa B COCTAaB CUCTEMBI WK HET, U IO3TOMY TEOPE-
Ma O MOTEHIMAJILHON SHEPTUM OyJIeT CIIpaBe/yIMBa U B TOM ClTydae.

Dopmyna cea3u nomeHyuaibHou Inepzuu W,u

KoHcepeamugHou cuawl F

Mexy KOHCEPBATUBHOW CHWIION [k, AEUCTBYIOLIEHM MEXIY TEJIaMH, U TOTEHIU-
aJbHOW DHEPIrUEH UX B3aUMOAECUCTBUS W, CylIECTBYET B3aUMOCBS3b, KOTOPYIO MOXKHO
MOJIYYUTh MX BBIPOXKEHUS JI DJIEMEHTapHOU pa0OThl KOHCEPBATUBHOW CHUJIBI BIOJIb
MIPOU3BOJILHOTO HAIPaBJICHUS dF:

dA = F 0dF

noacraBuM 3TO COOTHOIMICHHUEC B TCOPEMY O HOTGHHH&HBHOﬁ OHCPIruv U MOJIYy4YHUM
cdieayromec COOTHOMICHUC:!

dA= Fd7 = -dWw,

[Tpoekuy CHIIBI F na KOOpAMHATHBIE OCHM MOXHO NPEICTABUTHL B
BUJIE:
~ aw - dw ~ dw
F =-—2%; Fo=-—+; F=-—" wum
dx dy Z



N aw . dw. __ dw . .

F ‘H 2 + ij+ pDkHI/IJII/I F:-gradDWp;
dx

e i,;

dy dz
.k - eMMHUYHBIC OPTHI OCEW KOOPIAHMHAT.

—

B nanmpaBneHuu rpaavdeHTa MOTEHIIMAIBHON SHEPTrUU CHWJIa B JAHHOW TOYKE
MPOCTPAHCTBA YOBIBAET.

HTak, cormacHo MoJy4eHHOMY BBIPAKCHHIO KOHCEPBAaTHUBHAs CHIIA, IEHCTBYIO-
1ast MeXKIy TeTaMH, B K&KJI0W TOYKE MPOCTPAHCTBA paBHA MO MOIYJIIO U TIPOTUBOTIO-
JIOKHA TI0 HAIPaBJICHUIO TPATUCHTY MOTEHIIMAIBHON SHEPTUH B3aUMOICHCTBUS STUX
Tell.

[TpoBepum nomyueHHYIO POPMYITY JUIS MOJISI TATOTSHUS 3EMIIH.

& grad H@

ot

W, =mgoh = mgz,

F= -%(Wp): -%(mgz)= -mg



Homenuuaﬂbuble Kpueote

OO6cyauM KpaTKo 3HaUYEHUE 3alMCaHHBIX BhIie (hopmyin. B kBaHTOBOW MexaHHUKE
NIPU U3yUYEHUH JABMKEHUS YaCTHI] MAJION Macchl (MUKPOUYACTHI]) BMECTO JIEHCTBYIOIIUX
Ha HUX CWJI 33Jal0T MOTECHIUAIbHYI 3HEPTUI0 YaCTHI] BO BHEIIHEM MOTEHUMAIBHOM
noJie (TOBOPAT, 33Jal0T BUJ MTOTEHIIUAILHOTO TIOJIs1), B KOTOPOM OHM JBMXyTCs. 'pa-
(UK 3aBUCHMOCTH TOTEHIIUAILHON YHEPTUU YACTHIIBI OT KOOPJAMHAT HA3bIBAIOT MOTEH-
HHMAJIbHON KPpUBOU. VCrionp30BaHue BBIPAKEHUH I TOTEHUMAIBHON YHEPTUM U B3a-
VMMOCBSI3U IOTEHIMAJIbHOM 3HEPTUU U CUJIBI TIO3BOJISIET HA OCHOBE 3aJaHHOI0 BHJIA T10-
TCHIIUAIBHOM KPUBOM M3y4daTh XapakKTep JBUKCHUSA W B3aUMOJICHMCTBHUS YaCTHUIl U TEM
caMbIM TIpeJIaraTh MOJEIN OOBSICHEHHSI Pa3IMUHbIX (PU3UYECKUX CBOMCTB BEIIECTB.

B kaudectBe npumepa npuBe/ieHa NOTEHLIMAIbHAS KPUBasi B3aUMOJICHCTBUS IBYX
4yacTull (MOJIEKYJI) B 3aBUCUMOCTH OT PACCTOSIHUS MEXKIY HUMH - OJHA YacTHLIA 3a-
KperuieHa B Havase ocu 2 (r=0) u cuutaeTcsi HENOIBHKHOM, a Apyrasl - Ha PaCCTOSHHUH F
OT HEe.

Torma nmpoeknust pe3yIbTHPYIOIIEH CHIIBI Ha OCh 7 B KAKOW-THO0 TOUKe ocH OyaeT
paBHA TAaHT'€HCY YIJIa HAKJIOHA KacaTelbHOU K rpaduky Wp(r); Fi, = -tga.

B nepBom ciyuae (puc.) noiaHas MexaHU4eCKasi SHEPrysl YaCTUIIbI SBIISIETCS 0-
JIO)KUTENILHOM, YTO COOTBETCTBYET JBUKEHHUIO YAaCTHUIIbI B peaibHbIX razax. Kak BugHO
U3 pUC. JBUKEHUE YaCTUIIbI OyAET MOCTyHaTeIbHBIM OT OJIHOTO CTOJIKHOBEHUS JI0 JpPY-
roro. Ha paccrosiHusix r > r . IeHCTBYIOLIAsl HA YaCTUIy pe3yJbTHPYIOLIas cuia Oyaer
CUJION MpUTSDKEHUs (¥ = ry, Fi=-tga, < 0),anpu r <r .- CUION OTTAIIKUBAHUS

(r =r., Fy =-tga,>0). Ilpu r = r , MEXaHUYECKAsI PHEPIUS YACTHULIBI OyACT
paBHa €€ MOTeHUUATbHON YHEPIHH, T.€. KHHETUYECKasi SHEPTUs YaCTULIbI OOpaIlaeTcs B
HOJIb U YaCTHIIA UCTIBITHIBACT CTOJIKHOBEHHE C JAPYTrOM YacTULIeH, B pe3yJIbTaTe Yero oHa
MEHSIET HaIlpaBJIEHUE CBOETO JBMKEHUS. ['0BOpAT, 4acTuIla HaJETaeT HA MOTEHIUAIIb-
HBIM Oapbep M OTpa)kaeTcsi, OTCKaKMBaeT OT Hero. Takoe JBU)KEHHE HA3bIBAETCS UH-
(UHHUTHBIM.

Bo BTOpOM cityuae nojHas MEXaHUYECKas YIHEPTUs YaCTHUIlbl OTpUIIATEIIbHA, U,



KaK CIIEyeT W3 PHUC., B KUAKOCTAX U TBEPAbIX TeJlaX YacTULA COBEpIIAET Koiyeha-
TEJIbHOE JIBIJKCHHE B OIPAHUMYEHHOM 00JIACTH MPOCTPAHCTBA (7,<r<r,;), B MOTEHIIU-
aJIbHOM sIME, CO3/IaHHOM B3aMMOJIEUCTBUEM yacTHll. PacctosiHue ¥ = r . COOTBETCTBYET
MOJIOKEHUIO YCTOMYMBOTO paBHOBECHS! (ITOTEHIIMAIbHASL SHEPIHs YaCTHIIbI OyJeT Hau-
MeHbIel). J[BrKeHre 4acTuIlbl BJOJb OCH ¥ OT F'=F, 3a CUET CUJI OTTAJIKUBaHUS OyJeT
YCKOpeHHBIM (F}, = -tga > 0), OHO NEPEXOAUT B 3aMEIJIEHHOE JIBUKECHHE TIPU ¥ > F
3a CUET CHWJI NpUTSHKEHUs. ToukaM r=r, U r=r; COOTBETCTBYIOT TOUKU MOBOPOTA B JBHU-
KEHUU YaCcTHIIBL. Takoe JBMKEHNE Ha3bIBACTCS (PMHUTHBIM.

[Ipu yBenmueHuu TeMrneparypbl KUAKOCTUA WM TBEPIOTOo Teja MOoIHas MeXaHuye-
CKasi SHEPIys YaCTULIbI BO3PACTAET, aMIUIUTY/Ia €€ KoJeOaHUI yBETMUMBAETCS U 3a CUET
HECUMMETPUYHOCTH MOTCHIIMATLHON KPUBOM MPOUCXOIUT TEIJIOBOE PACIIMPEHUE KU/
KOCTEH U TBEPABIX TEI.

3amaBasi pa3IMuHbIE BUJBI MOTEHIIUAIBHBIX KPUBBIX, HAIIPUMED, IS JIEKTPO-
HOB B TBEPAOM T€Jl€, MOKHO MPUITH K XOPOIIO U3BECTHBIM MOJIETSIM ONUCAHUS dJIeK-
TPOHHOI'O ra3a - MOJIeJb CBOOOHBIX 3JEKTPOHOB, MPUOIMKEHHSI CUIIBHOW U C1a0oi
CBSI3M, KOTOpbIE MIMPOKO HCIOIB3YIOTCA JJIsi OOBSICHEHUS! Pa3IMYHBIX CBOWCTB Be-
IIECTB.

Ilpumenenue 3aKkoH06 COXpaneHUn UMRYIbCA U MEXAHUYECKOU IHEPUU
K ananuzy abcoaommuo ynpy2o020 u HEynpy2020 CMOJIKHOBEHUT

Kak yxe oTMeuanoch paHee, 3aKOHbI COXPAaHEHHUS MO3BOJISIOT MOJYyUYUTh BaXK-
HY10 UH(OPMAIMIO O B3aUMOJICHCTBUU TeJl 0€3 IETaIbHOTO PEIIeHHsS] BTOPOro 3aKOHA
Hprorona. PaccmoTpum psifi BaXKHBIX 1Sl IPAKTUKW PUMEPOB.
1. AOCOJIIOTHO HEYNPYIMid yaap - 3TO yAap, B Pe3yJbTaTe KOTOPOro Tena Imo-
cJie CoyaapeHus IBIKYTCS BMecTe Kak eauHoe uesoe. [lycTs nBrkyieecs
CO CKOpPOCTBIO V; TEJIO MAaCChl M; CTAIIKUBAETCS C ABUKYILIUMCSA CO CKOpO-
CTBIO V; TEJIOM MAcCChl /1, B PE3YJIbTATE YEro UX CKOPOCTh OKA3bIBAETCS PaB-
HOM u. Eciu 3TH Tena oOpas3yrloT 3aMKHYTYIO CUCTEMY, TO JIJIi HEE MOXHO
3amucaTh 3aKOH COXPAHEHHS UMITYJIbCA:

my, + m,v, = (m1 t mz) 7]
13 KOTOPOT'O CIIEAYET, YTO CKOPOCTh U TEJl Iocie yaapa OyJeT paBHa:

my, t+ m,y
T/l: 171 272
m t m,

[Ipn TakoM yaape BO3HUKAIOT HEKOHCEPBATHBHBIE CHJIBI (CHIIBI COIPOTHBIIE-
HUS1), KOTOpPbIE MEPEBOAAT YaCTh MEXaHUYECKON AHEPTUH COYAAPAIOIINXCS TN B TeM-
JIOBYIO DHEPIHIO:



2 2
my, + m,v, - m, + m, Oy? + Q;
2 2 2

rae Q - TemioBas SHEeprus WiK 000N Apyroi BU BHYTPEHHEN SHEPTHUU.

2. AOCOJIIOTHO YNIPYITMi HEHTPAJbHBIA yaap - 3TO yJap, IpU KOTOPOM MOMHU-
MO 3aKOHA COXPAHEHHSI MUMITYJIbCA, BBIIOJIHACTCA TAKXKE U 3aKOH COXPAHEHHSI MEXa-
HU4YecKou aHeprun. [Ipu TakoM ynape aedhopManuu T, BO3HUKAIOIINE B MOMEHT CO-
yIapeHHusi, MOCIe CTOJKHOBEHHUSI MOJHOCThbIO Hcue3aroT. [Ipu neHTpalibHOM yaape
TeJIa 40 ¥ MOCJIE COYJAapEeHUs JIBUKYTCS IO OJJHOM MPSMOM.
[Tycth aBmKyIIeecs B0k ocd OX CO CKOPOCTBIO V; TE€JIO MAacChl M1, CTAJIKU-
BAETCA C JIBUXKYIIUMCS BJ0JIb OCH OX CO CKOPOCTBIO ¥, TEJIOM MAccChl m1, (T€jia MOTYT
JIBUTAThCSl HABCTpEUY JAPYT APYTY WIM OAHO TEJIO JAOTOHSAET APYroe). 3amuiieM s
3aMKHYTOM CHCTEMBI, COCTOSIIEN U3 IBYX TEJI, 3aKOHbI COXPAHEHHS UMITYJIbCA U ME-
XaHUYECKOM SHEPTUM:

my, t m,y,=m

mlvl_l_mZVZ: 11+ 2772

2 2 2 2

¥hap

I

I
I
I

PaccMOTpyM psJT BayKHBIX JIsl IPAKTUKK YaCTHBIX CIIy4aeB.
IMpumep 1. /IBa Tena oaMHAKOBOM MAcChl (m, = mi), TBWKYIIHECS BIOJIL OCH
OX co cKOpoCTSIMH v; U V2 (V > V) HABCTPEUy APYT APYTY U UCHBITHIBAIOT YIPYroe
coyJapeHue, B pe3yJbTaTe KOTOPOro MPOUCXOJUT OOMEH CKOPOCTSIMHU: CKOPOCTh Tep-
BOTO TEJIa 32 OJIHO COYJapEHUe CHU3UTCS 10 HYJISL: U, = 0.

B spepHbIX peakTopax HEOOXOAUMO MPOBOAUTH I(P(HEKTUBHOE YMEHBIIIEHUE CKO-
POCTH HENTPOHOB, BOHUKAIOIMX IIPU PEAKIMAX JAEIEHHs, OT CKOpocTel mopsaka 10’
M/C JI0 CKOPOCTEH, COOTBETCTBYIOIINX CKOPOCTH UX TEIIOBOTO JBMXKECHUS TIPU TEMIIEpPa-
type T=300 K («3-10° m/c). Kak ciemyer u3 pacCMOTPEHHOTO PUMEPA, JUIS 3TOTO He-
00XOJIMMO 3aCTaBUTh HEUTPOHBI UCIIBITHIBATH COYJIAPEHUS C OJM3KUMH 1O Macce aro-
MaMH BOJIOPOA, BXOASIIMMHU B cocTaB Bojbl H,O (CKOpOCTh aTOMOB BOAOPOJa MOXKHO



CUMTATh MIPAKTUYECKN PABHOM HYJIIO [0 CPABHEHHIO CO CKOPOCTBIO HEUTPOHOB). OTHAKO
n3-3a 0OJIBIIOW MOTEPU HEUTPOHOB, CBSI3AHHBIX C MPOTEKAHUEM MPHU TAKUX CTOJKHOBE-
HUSX peakuuil 00pa30BaHUsl aTOMOB TSDKEIOTO BOAOPOAA, UCHOJB3YIOT B KAUeCTBE 3a-
Meuutens Tsokenyto Boay (D.0). Ilpu stom TpeOyercs nopsimka 10 cTonkHOBEHUM
JUTsl TpeOyeMoro 3aMeJIJIEeHUs] CKOPOCTH HEUTPOHOB.

IIpumep 2. Teno maccel m; ABUXKYLIEECS CO CKOPOCTHIO V ;, YIPYTO yAapseTcs
O HEMOJIBUYKHOE TEeJ0, Macca KOTOPOro CYIIECTBEHHO Ooubiie (v.=0, m; » m;). [locne
CTOJIKHOBEHHSI MEpPBOE TeJIO0 OyJIeT ABUraTbCsi B OOpATHOM HAIIPAaBIIEHUU C TOW K€ IO
MOJTyJII0O CKOPOCTBIO, a BTOPOE TENO MPAKTUYECKH OCTAHETCS HEMOJBIDKHBIM. Takoe
CTOJIKHOBEHHE MIPOUCXOJIUT MPH JIOOOBOM yJIape MOJIEKYJIbI O CTeHKY cocynaa. [Ipu atom
MoJieKynia ynpyro (0e3 moTepu CKOpOCTH) OTCKAKMBAET OOpaTHO, a CTEHKAa OCTAeTCs
NPAaKTUYECKU HETOABUKHOWU. Pe3ynbTaThl TaKOTO CTOJIKHOBEHHUS! MOJIEKYJbI CO CTEH-
KOM COCyJla HCTOJIb3YIOTCS IIPU BBIBOJIE OCHOBHOT'O YPABHEHUSI MOJIEKYJISIPHO-KUHETH-
YECKOW TeOpHuU JJIs TaBJICHUS UACaTIHHOIO Ta3a.

KOHTpOJILHLIe BOIIPOCHI

1. q
TO Takoe paboTa MOCTOSHHOW CHJIbI?
2. K

aK BbIYMCIISIETCS paboTa B MPOU3BOJILHOM ciiydae? Kakoi cMbICH UMEeT 3JeMeHTap-
Hast pabora? Unrerpan?

3. B
YeM pa3Inure MEXKIy MOHATUSIMU YHEPTUU U PabOThI?
4. K

aKUMHU TPEBPAIICHUSIMU SHEPTUU COIMPOBOXKIAEeTCsl paboTa KOHCEPBATUBHBIX CHII?
JuccunaTuBHBIX CHJT?

3. K
aKasi 4aCTb KUHETUYECKOM SHEPIUU MCIBITHIBAET NPEBPAIICHUS IIPU yJape IBYX Tel?
Kakue 310 npeBpalieHus npu ynpyromM u Heynpyrom yjaape?

6. I1
OYeMy KMHETHYECKas dHEprusl LIEHTpa mMacc NpH yaape (yopyromM M HEynpyrom) He
U3MEHseTCs?

7. K
aK BBIPA3UTh KMHETHYECKYIO DHEPIUI0 OTHOCHUTEJIBHOTO JIBW)KEHHUS JIBYX TEJ 4epe3
CKOPOCTb OTHOCUTEIBHOIO IBUKEHUS?

8. P
ab0TON KakMX CHJI ONpeNeNsieTcs U3MEHEHUE BHYTPEHHEW HSHEPruu BCEU CUCTEMBI?
[ToreHnmManbHOM Y3HEPTUM cUCTEMBI? [10JTHONM MEXaHUYECKOW SJHEPTUHA CUCTEMBI?

9. C
dbopmyHpyHTE YCIOBUSI U3MEHEHUSI MEXaHUUYECKON IHEpruu cucteMbl. CoXpaHEeHHS
MEXaHUYECKON SHEPTUU CUCTEMBI.

10. H



€00X0/IUMO JIM YCIIOBUE 3aMKHYTOCTH CUCTEMBI JJIs1 BHIIOJIHEHUS 3aKOHA COXPAHEHHUS
sHepruu? JlocTaTouHO JIM 3TOTO yClIOBUA?

11.

aKOBa CBSI3b MEXY CHUJION U MOTEHIUAIIBHON YHEPTUEH?

12.

aKMe 3aKJIIOYEHUS O XApaKTepe IBHIKECHMS MOYKHO CHENaTh U3 aHAIM3a [TOTCHIMAJb-
HBIX KPUBBIX?

13.

KQKUTE HA NMOTEHIIMAIbHOW KPUBOM TOUYKM YCTOWYMBOI'O U HEYCTOMYMBOI'O PaBHOBE-
cust. OTBeT 00OCHYHTE.

4. HeMHepLIVIa.ﬂbele CUCTemMbl oTCc4eTa.

OnpeﬂeneHHe HCHUHCPLHHAJIBHBIX CHUCTCM. HeI/IHepI_[I/IaJ'IBHBIe CHUCTCMBI OTCYCTA,
ABUXKYHIHUCCA HpHMOHHHGﬁHO IMOCTYIIATCJILHO. BLIpa}KeHI/IG AJIs1 CUJI HHCPLIUH. Hesge-

COMOCTB.

HeunepuuanbHble Bpaljaromuecs cucTeMsl oTcyeTa. KopuosmcoBo yckope-

Hue. CHJibl HTHEPLIMY BO BPALLAIOIIECHCS CUCTEME KOOPAMHAT.

HeI/IHepHI/IaJ'H)HaSI CUCTECMa KOOpAHWHAT, CBA3dHHASA C ITOBCPXHOCTBIO 3emiu.

Masatauk ®yko. [Ipuiusel.

3aKOHbBI COXpaHEHUS! B HEMHEPUHAIBHBIX CUCTeMaX. Bpemsi u mpocTpaHCTBO B
HEMHEpUHAIbHBIX cucTemax otrcyera. Cuibl nHepuuu. O pearbHOCTH CyIIECTBOBA-

HHA CUJI HHCPLHUH.

['paBuTaniionHass U uHepTHass macchl. [IpuHuMn skBUBaneHTHOCTH. KpacHoe
cmenieHue. OCHOBHBIE NPEICTaBICHHs OOLIEH Teopur OTHOcUTENbHOCTH. Hemocra-
TOYHOCTb KJIACCUYECKON TEOPUU TIATOTEHUS NIl OOBSICHEHUS! JBUXKECHUS NEPUTENUs

Mepkypus ¥ OTKIOHEHUS JIy4el cBeTa B noJie TAroreHus: ConHua.

Onucanue osuiicenus mesi 6 HeuHepuuaIbHLIX cucmemax omcuema (HUCO

PaccmotpuMm nBe cucrembl otcueta K u K, cucteMa K ' IBHOKETCS OTHOCH-

TeIbHO cucTeMbl K ¢ yckopeHueM a, . Cucrema K siBisiercs nHepunainbHou. [Tomox

Hue TOYkd O OTHOCUTENBHO TOUkH O ONpeesieTcs paauyc-BeKTopoM R, , ¥ — moJio-
kKeHHne Touku B cucteme K ', R — monoxenune Touku B cucteme K. Ilycts oTHOCH-
tenbHO MCO mnox nevictBueM cun F, TENO IBUKETCA C YCKOPEHUEM @q5. 1 OTAA IS

nonokeHus Touku B UCO nosyuum:

— —

R=R 7,
€CJIM TAaHHOE BBIpaKeHHE MpoandHepeHIMpPOBaTh MOTYYUM:

dR _dR, dr -
— = 0 t — 501051 vaGC - vnep * VOTH9

dt dt dt

|

TJI€ Vage » Vneps Vorn COOTBETCTBEHHO abcomtotHast (B ICO), mepeHocHas (CKO-
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pocts HUCO otHocuTensHo MCO) u otHocutTensHas (otHocuTensHo HUCO) cko-
POCTH JIBFDKCHHS TOUYKH. 3aIvIeM BTOPOH 3aKoH Hpl0TOHA ¢ y4eToM TOro, 4To

a.=ada _+ta a_=a,-

abc nep OTH , nep 0y Vnep 0

1l
<

ITOJTYyYUM:

ma,, = F- ma,
Md, - AIMEET CMBICI CHITBI, KOTOPAst TIOSBIISIETCS TOJIBKO B CIy4ae YCKOPEHHOTO
IBU>KECHHS CHCTEMBI OTCYeTa. JIaHHYI0 CHILy IPUHATO HA3BIBATH CUJIOW MHEPLIVH:

— —

F=-ma; ma,=F+F

0° OTH "

Cusl nHEpIMH 00JIaAI0T CIEAYIOIIUMU CBONCTBAMU:

1. ABnsAr0TCsS PUKTUBHBIMU, T.K. HCTOUHHKA CUJI MHEPIIMHU HE CYIIECTBY-
eT. He mogunnstoTcs BropoMy 3akony HeroToHa.

2. 3aBUCST OT CBOMCTB CUCTEMBI U HE SIBJISIIOTCS HHBAPUAHTHBIMHU, T.H.
M3MEHSIOTCA npu niepexoie u3 ogaor CO B apyryio.

3. SBASIOTCS BHEIIHUMU IO OTHOIICHHIO K JTF000M ABMXKYIIEHCS CUCTE-
Me.

Eciu cwiibl, IEHCTBYIOIIME HA TeJO paBHbI Hymo , TO 1 B HUCO, otHOCH-
TEJILHO KOTOPOH TeJ0 OyAeT HENOABM)KHO, CyMMa CHJI C YYETOM CHJIbI MHEPLIUH, TAKAKE
OyzleT paBHa HyJIIO B COOTBETCTBUHU CO BTOPbIM 3akoHOM Herorona. IIpuBenem mnpu-
MeEp: Ha INIAJKOM IIOJIy TEJIEKKU HAaXOAUTCS IIAPUK, IPUBSA3AaHHBIA K npyxuHe. [Ipu
TIBIDKEHUU TEJIEKKH C YCKOPEHUEM @y Ha MIapHK OyneT NeHCTBOBATh CHIIA yIIPYTOCTH
Fy, xotopast coo011aeT eMy yCKOpeHue ay . B coorBerctBUM BTOpOMY 3akoHY Hbto-
TOHA, 3aIMCAaHHOT0 OTHOCUTENBHO HenoarxHoU MCO:

N +mg + Fy=ma

N a, N.

ﬁy —_— F

| |
O v O O v O

mg mg
a 7]

B HUCO, cBsi3aHHO# C TENEkKKOH, OTHOCUTEIHHO KOTOPOHM Iapuk OyAeT He-
MOJIBIKEH, CyMMa CHJI, IEWCTBYIOIIMX Ha IIapUK, OyAET Takk e paBHA HYJIO B CO-
OTBETCTBUU C OCHOBHBIM 3aKOHOM JTMHAMUKHU:

N+ mg + Fy+Fu=0

Takum obpazom, 86edeHue cuil uHepyuu NO380Jisen ONUCLIBAMb 08UNCEHUEe Mel,



kak 8 UCO, max u ¢ HUCO no oOHum u mem s#ce ypagHeHUusmMm OUHAMUKU.

JIro6oe cioxHOe ABMKEHHE MOXKHO MPEJCTaBUTh B BUJIE CYMMBI MTOCTYIATEIb-
HOT'O ¥ BPAILIATEJIBHOTO ABUXEHUS. [103TOMY EPEHOCHYIO CKOPOCTh MOXKHO MPECTa-
BUTH 4epe3 (popMyITy B3aMMOCBSI3U MEX]Ty JIMHEHHOM U YTIIOBOM CKOPOCTHIO.
Ecnu cucrema 0OTHOBPEMEHHO JIBUXKETCSA MOCTYIATENIBHO U BPAIIAETCS C HEKO-
TOPOH YIJIOBOM CKOPOCTHIO @, TO IEPEHOCHAS] CKOPOCTh MOXKET OBITh OIIpEJIeeHa 110
CJIEIYIOLEMY COOTHOIIEHUIO:

va6c - VOTH 1 [w ;r

[Ipomud pepenmpoBaB 370 COOTHOIIEHUE TTOTYUUM:

QY

o F i, t|0E Y e, - o

- _ _'>-_. - -2
rae d,., - lw ,I’J t 7. 00" mepeHOCHOE YCKOPEHHE 3aBUCHT TOJIBKO OT JIBUKE-

HUA CUCTCMBI,

—

Aoy = 2[07 ;VOTH] - Ha3bIBAaCTCAd KOPHOJHUCOBBIM YCKOPEHUEM WM YCKOPEHHEM

Kopuonuca. [lpuunHoi BO3HUKHOBEHUSI KOPHOJIUCOBA YCKOPEHUS SIBIISIETCS M3MEHE-
HHE TMEPEHOCHOMW CKOPOCTH B PA3JIMYHBIX TOYKAX BPAIAIOIICHCS CUCTEMBI. Takum
o0Opa3zoM MOkHO chopmyaupoBaTh Teopemy Kopuomnuca : abcoomuoe yckopernue 6
HCO cxnaovieaemcs uz nepeHocHo020, OMHOCUMENbHO20 U KOPUOIUCOBA YCKOPEHU.

Bropoii 3akon HetoToHa OyeT uMeTh BUA:

F = mw 2’75 Ha3bIBAETCS LIEHTPOOEIKHON CUJION MHEPIUU WU IIEHTPOOESKHOM
cusion. [Jenmpobedicnas cuna nanpasieHa om ocu 8PAWEeHUsE O PaAOUYCy.

Ota cuia 3aBUCUT OT yriioBoi ckopoctH BpauieHust HUCO u ot paccrosiHus 10
ocu BpaueHus. C MposBJICHUEM CHJI MHEPLMU MOXKHO BCTPETUTCSI MPU TOPMOXKEHUU
WIA YCKOPEHHUH MOE€3/]1a U MPHU €ro JBMKEHUHM Ha MTOBOPOTE - B 3TUX CIyYasX MMOA ACH-
CTBUEM CHJI HHEPLIMH [TACCAXKUPBI OTKJIOHSIOTCS BIIEPEN, Ha3aJ UM B CTOPOHY, UX MPH-
YKUMAET K CIMHKE CUACHUS WM OHU OTKJIOHsI0TCA OT Hee. U3 (opMyiibl crenyer, 4to
LHEHTPOOEKHBIE CUJIbI MOTYT JJOCTUTaTh OOJNBIIMX 3HAYEHHUH, YTO IIMPOKO UCIOIb3YeTCs
B LICHTPOOEKHBIX MPUOOPAX M YCTAHOBKAX, TAKMX KaK HACOCHI, CENapaTophl, IEHTPUPY-
i 4 T.4. LlenTpoOexHbie CHiibl HEOOXOAUMO YUYHUTHIBATH MPU MPOEKTUPOBAHUU (TYp-
OMH, AJIEKTpPOABHUraTelNeil, BUHTOB CaMmoOJeTOB U T.1.). Hebonbmas pazbanaHcHUpoBKa,
CMEUICHUE [IEHTPA TSHKECTH OT OCH BPAIIEHUS] MOXKET MPUBECTH K OOJBIINM Harpy3Kam



Ha MOALIMITHUKY, HA OCh BPALIEHMs, BCIECACTBUE YETO BO3MOKHO OBICTPOE M3HAIIMBA-
HUE W Pa3pylLIEHHE Takux yCTpoHMcTB. [IpuBenem eme oguH npuMmep Cuiibl MHEPLIHU.
Oxa3bIBaeTcs, YTO OTHOCUTEIBHO BPALIAIOLIENCS CUCTEMBI OTCUETA MOSBISAETCS JOIOJI-
HUTEJIbHAS CHJIA, CUJIA MHEPLIAX, KOTOPas IMOJTy4riIa Ha3BaHue cuiiel Kopuomnuca

Ha 3emne 3toT 3pdekt, 00yCIOBIECHHBI €€ CYyTOYHBIM BpAlllEHUEM, 3aKIIO-
YaeTcsi B TOM, YTO CBOOOJHO Majarolee Telo OTKIOHseTcs B CeBepHOM MONIyIapHu
BIIpaBo, a B KOHOM - BJIEBO OT HampaBiIeHUs JBIKEHHs. BcnencTBue memieHHOro
BpalieHus: 3eMJIM 3TU OTKJIOHEHHS SBJSIIOTCA MasbIMH. OHH CTAHOBSATCSI 3aMETHBIMU
IpU JUTUTEIIEHOM JIBWKCHHWU - HAIPUMEp, MPOUCXOIUT 00Jiee CHMIIBHOE MOIMBIBAHHE
npaBeix O6eperoB B CeBepHOM MOMyIIApUU U JIEBBIX OeperoB B HOxHOM mosymiapuu
PEK, TeKYIIUX B MEPUAMOHATFHOM HAIPABIICHUN.

B 3akmodyenue sroro maparpada caenaeM psifi 3aMEYaHW OTHOCHUTEBHO CHIT
MHEPLIH:

1. H€O6XOI[I/IMO IIOMHUTB, YTO CHJIbI MHCPIUN ABJIAIOTCA BHCIIHHMHU II0 OTHO-
mennio Kk HACO wu IIOOTOMY B HHX HC BBIIIOJIHAIOTCA 3aKOHBbI COXPAaHCHHA MC-
XaHUYECKOMU OHEPIruu, UMITyJIbCa 1 MOMCHTA UMITYJIbCA.

2. Cwty MHEpIMH TaKKe, KaK M CHJIBI TATOTEHUSI COOOIAIOT TEIaM HEe3aBUCHUMO
OT MX MAacChl OJIMHAKOBBIC YCKOpeHHUs. [lodToMydenoBeKy, HaxoadmeMycs B JUQTe,
HEJIB3sI Pa3IMYATh TTOYEMY OH JIaBUT Ha €T TOJ: MO0 JU(T HEMOABIKEH U HAXOUT-
CSl BO BHEIITHEM TI0JIC TATOTEHUS, JIMOO JTU(PT HAXOIUTCS B TOJIC CHJI MHEPIUHU (JIBH-
JKETCSI PABHOYCKOPEHHO) B OTCYTCTBUH BHEIITHETO TPABUTAIIMOHHOTO TIOJISL. DTO TO3BO-
W10 DUHINTEHHY c(hOpMyTUpOBaTh TPUHIIMIT SKBUBAJICHTHOCTH, COTJIACHO KOTOPOMY
10JI€ TATOTEHUE B HEOOMBINON 001aCTH MPOCTPAHCTBA M BPEMEHH 110 CBOEMY TPOsIBIIC-
HUIO TOXJIECTBEHHO YCKOPEHHON CHCTeMe OTcYeTa. DTOT MPUHITUI, TOKa3aHHBIN JKC-
MEPUMEHTAIBHO C OOJBIIION TOYHOCTHIO, JIET B OCHOBY CO3/[aHUs OOIIeH TEOpUU OTHO-
cutenbHOCTH (A.DuHIITEHH, 1915- 16 1T.).

KoHTpoJsbHBIE BONIPOCHI
l.
akoi cMmbicit umeet BBeaeHue cui uaepuuu B HUCO? Yto MokHO cka3zaTh 00 UCTOU-
HUKAX CHJI MHEPIIMH?
2.
epeurciauTe CUJbl MHEpUUU B mocrynarensHo ABwxkylelicas HUCO. Bo Bpamato-
mericst HUCO. Kak nanpasiena cuia Kopuonuca?

K

IT

3. q

TO Takoe nepeHocHas ckopocth? IlepeHocHoe yckopenue?

B kakux cucremax cymecTBYHOT NEPEHOCHAsA CKOPOCTh U NIEPEHOCHOE YcKopeHue? B
KaKUX CUCTEMaX CYLIECTBYIOT CHJIbl MHEPIUHU ?

4.

aK MPOSIBJISIOT ce0sl CUITbI MHEPLIUU HA 3emIie?

5.

aKOBBI IPUYUHBI IPUITUBHBIX CHJT?

6.

K

K



oueMy JlyHa m ConHue, CWIBHO OTJIMYAsICh MO MAacce, CO3Jal0T OJIU3KUE IO CHUIIe
npuIMBHBIE 3PHEKTHI?

7. K
aK 00OBsCHUTh BOZHUKHOBEHHE HEBECOMOCTH NPU CBOOOAHOM IMaJI€HUU B UHEPLIMAIIb-
HOHU W ITaJaronieil cucreMax orcyera?

8. K

ak Ha M1C3 MOXHO c03/1aTh UCKYCCTBEHHYIO TSKECTh?

5. IluHamMmuKa TBepAaoro Tena.

Cucrtema ypaBHEHHI ABUKEHHUS TBEPJIOTO TEJa U €€ 3aMKHYTOCTb.

MOMEHT cuiibl ¥ MOMEHT HUMIIYJIbCA OTHOCUTEIBHO OCH. MOMEHT HMHEpPIUH.
Brruncnenne MOMEHTa HHEPIUHM OTHOCUTENIBHO Ocu. Teopema [toirenca-1lIreitnepa.

Kunernueckass 3Heprust ABHXKEHUSI TBEPAOro Tena. KuHeTudeckas 3HEprus
BpAILICHUS.

[1nockoe nBM>XEHUE TBEPAOTO Tella U OCOOCHHOCTH €r0 JMHAMUKH. MasTHUK
MakcBenna. J[BUKeHHUE TBEPAOTO TEJA, 3aKPEIJIEHHOTO B TOYKE. MTHOBEHHAs OCh
BpamieHusi. CBOOOTHBIE OCU. YCTONYHMBOCTH IBMIKEHUS OTHOCHUTEIHLHO CBOOOJHOU
OCH.

[Tonsitue o0 TeH30pe MHEpUUH. [ TaBHBIE OCH TEH30pa WHEPIIUU, TTIABHBIE MO-
MEHTBI UHEPIIMU U UX (U3NYECKUN CMBIC]T.

['mpockonbl. CBOOOIHASA M BBIHYXAEHHAs Ipeleccusi rupockona. I'upockonu-
YECKUE CUJIBL.

Oouwee osusricenue meepoozo mena.
Ilnockoe osusicenue mena.

[1nockoe nBMXKEHUE - KOTAa BCE TOYKU ABUXKYTCS [[/B OTHOU MIOCKOCTH.
Paccmotpum aeuxenue npsimoit AB. HoBoe nosioxkenue 4; B, .

A E ;"1_1

P S i B iR s e
I
B

I
I
I
|
I
|
|

Coenunum T0uku A u A;, B u B, , x cepeaune oTpe3koB AA; u BB, BOCCTaHOBUM
MEePICHANKYJISIPBI, ITU NEPHEHIUKYISAPHI nepecekyTcs: B Touke 0. Torna Touku A4 u
A;, B u B, 0Ka3bIBalOTCA PaBHOYAAJIECHHBIMU OT TOYKU (J. DTO 3HAYUT, UYTO MPS-
My10 AB MOHO MOBEPHYT OTHOCUTENbHO TOUKU O, Tak 4TOOBI T. A coBmajna ¢ T. A;.



MoO>HO MOKa3aTh,4YTO U JJIsl TOYEK B U B; MOXHO ONpOJeNaTh Ty K€ ONEpaIuto, T.€.
IpU TUIOCKOM JBWIKEHUU TEJIO W3 OJHOTO IOJOKEHHS B JI0O00E IPYroe MOXKHO
MIEPEBECTH C TTIOMOIIBIO OJTHOTO MTOBOPOTA BOKPYT HEKOTOPOU OCH.

DTOT pe3ynbTaT MOAYUYEeH ISl OTHOTO YacTHOTro ciydasi. OHaKo 3TO MOJIOoXKe-
HUE MO>XHO 00OOUIUTE.

Teopema Ditnepa: meepooe meno, umeroujee 00Hy HENOOBUICHYIO MOYKY, MO-
orcem ObiMb NepesedeHo U3 NPOU3BOJILHO20 NOJIONCEHUsT 8 Opy2oe NPOU3BOIbHOE NO-
JIOJICeHUe nymem no8oOpPoOma BOKpye HEeKOMOPOU OCU, NpoXodsujell uepe3 Smy Heno-
OBUIICHYIO MOUKY.

[TycTh MO MIOCKOCTH KATUTCSA LIUITUHIP.

A- HEenmoABMKHAS TOUYKA, Yepe3 KOTOPYIO MPOXOJAUT MTHOBEHHAS OCh Bpallle-
HMH.
R=R,+7; v=|a:R]
LII/IJ'II/IHI[p KAaTUTCA 663 CKOJIBJKCHUA
= |a5(R, + F|= 9, ¢ @7

V) — ckopocTh OCH HWJIMHAPA.

Ecnyu nunuHap ABUKETCS C MPOCKAIb3bIBAHHEM, TOUKA A HE JICKUT Ha MO-
BEPXHOCTH.

Vo>wR)— ycaoBHE CKOJBXEHHS, V; — CKOPOCTh CKOJIbKCHUS.

MrHaoBeHHas 0Cb, NPOXOAAIIas yepe3 ToUKy O IBUKETCS IMOCTYNATENIbHO.

JIBrKeHUe Teaa MOKHO Pa3jIOKUTh HA ITOCTYNATENIBHOE U BpallaTesIbHOE. JTO
MOJKHO c/ieJIaTh O€CUMCIEHHBIM YHCIOM CITOCOOOB.

a) UMCTBIi MOBOPOT BOKPYT TOUKH A.

0) IlocTynarenbHOE NBMIKEHHE BCETO Tea CO CKOPOCTHIO V' IUIIOC IOBOPOT
BOKPYT T. D, KOTOpast MOXKET HAXOAUTHCA 1€ YTOJIHO.

Ecnu Teno OBHXKETCA MOCTYNATENIBHO BMECTE C LIECHTPOM MacC M BpalllaeTcs
BOKPYT OCH, IIPOXOALIEH Yyepe3 LIEHTP Macc, TO €ro KHHETUYECKast SJHEPTUs

2

2 2
K:Kc+KBp;K:va+Icw I/IJII/IK:IAC()
2 2 2



2. Temo ckaTeIBaeTCsl C HAKJIOHHOM IIJIOCKOCTH.

G =—|mg+ N+ F)

TP

1
m

= (i 01,4 M,

HJIK B IIPOCKIHUAX HAa OCU KOOPAHWHAT

OX: a*= l(mgsina +0- FTP)
m

0Y: 0= l(- mgcosq + N+ O) ; N = mgcosa
m

1
OZ: € = ]—(O+ 0+ RFTP),- I =mp

c

Ecnu Bemonusiercst ycnosue F,,< uN TO TE€JIO CKaTbIBAETCs 0€3 CKOJIbXKECHUS U
pElICHUE YPABHEHUU TPUBOJUT K CIECAYIOIIEMY PE3YJIbTATy
_ gsind
TR
2
P u
Ecmu F,, >uN, To Oyner HaOJII0IaThCAd CKOIBKEHHE, W Yrod o ONpenciaseTcs
p 9
W3 YCIIOBUA:

1+

180 >l %1+ R—ZE
p

u

4. JIroboe TBepAoe Telo UMeeT 6 crerneHel cBoOObI: 3 OCTYNaTeNbHBIX U 3
BpaIaTeIbHBIX. 3aKOH JIBF)KCHHS MOKHO 3aMHCcaTh B CIEIYIONIEM BHIE:



HE

;
B o0miem ciydyae kakyioe ypaBHEHHE €CTh CyMMa TpeX ypaBHeHwHi. Teno Bpa-
maetrca Bokpyr ocu OQO'. Cucrema KoopAMHAT CBsI3aHa ¢ TOUKou O.
CKOpOoCTh MOKHO OIpPEIETUTD
v, = laf;ﬁi‘; p, = R sina
a) BennunHa cKOpOCTH U ee HalpaBJIeHUE HE 3aBUCST OT BbiOOpa Touku O.
0) BekTop & MOKHO pasnoxurh Ha asa 0, [ @,- T.e. Bpamenue BOKpyr ocu

OO MOXHO TIpEACTaBUTh KaK BpaIleHUE BOKPYT ABYX B3aMMHO MEPIEHIUKYISAPHBIX
OCeEH.

V= |@R = (@R |+ @R =5, + 5

i i2

B) Ecm Touka B Tese JBHXKETCS MOCTYyNATEIbHO IO KPYry, TO 3TO MOXKHO
MPEJCTaBUTh KaK JBU)KEHUE TeJla BOKPYT Bpalarouencs cucteMmsl otcuera X'V'Z"

Honamue o men3zope unepyuu
PaccmoTpum BpalieHue Tesna BOKpYT ocu Z.

ML, = Am[Fsv;
BeKTOp MOMEHTA UMITYJIECA HE TapajielieH BEKTOPY YITI0BOM CKOPOCTH.

Kaxnas komnoneHnTa Bektopa L ecTh KOMOMHAIUS TPEX KOMIIOHEHT BEKTO-
pa w.

C yueToM TOrO, 4TO
v |@E] L=y am[Fsasr]l; 7= xie yie 2

3anmueM KOMITIOHCHTBI BCKTOpa MOMCHTA I/IMHyJ]Bca
L=1Tw0w Y0 *+1.0

X) y Xz z

L=71w +1 0w +10w

yxoox woy yz oz

y
L=1Tw +1 0 +10,

V4

KoadhdurmeHnTsl B JaHHBIX BBIPAKEHUSIX €CTh MOMEHTHI UHEPUWH [y, [,y L.



OTHOCHUTEIBHO OCEN KOOPAUHAT.
COBOKYITHOCTh JIEBSITU BEJIMYMH SIBJISIETCS TEH30POM MHEPLUU Tela OTHOCH -
TeJIbHO TOYKHU O.

XX Xy Xz
x yy yz

zx zy zz

Tenzopom maszvigaemcs YNOpsAOOYEHHAS COBOKYNHOCMb 0e8AmuU KOMNOHEHM,
3a0annas 6 Kaxcoou cucmeme xoopounam. Ilpu nosopome KoOpOuUHamuwIX oceil
MU KOMNOHEHMbl NPeoOPA3yIOMCs KAk NPoUu38edeHUsi KOMNOHEHM 08YX 6eKMOPO8.

TeH30p MHEpLMU CUMMETPHUYEH, T. €.

Ii/' - I./'i

Tenzop uHepLMK 3aBUCUT OT BbIOOpa Havajla KOOPJAMHAT U HAMPABIICHUS OCEH.

Ina ecakoco m.m., éne 3asucumocmu om evioopa mouxku O, cywecmeyom
MpU 63AUMHO NEPNEeHOUKVIAPHbIE OCU, OJisl KOMOPbLIX HEOUA2OHANbHblE dJIeMEeHNbl
obpawjaromces 6 HOb.  DMu OCU HA3LIBAIOMCSL 2IABHLIMU OCAMU MEH30PA UHEPYULU.

JI1si CHMMETPUYHOTO TEJIa 3TO MOJIOKEHUE BBIMOIHAETCS JUIsl OCEH CUMMET-
pUU ONPOXOASUIUX YEPE3 LIEHTP CUMMETPUU. MOMEHTHI HHEPIIUUA OTHOCUTEIBHO ATUX
OCeil Ha3bIBAIOTCSI COOCTBEHHBIMH.

['eomeTpuyeckuii cMpIci TeH30pa MHepuuu. Ecnu yepe3 Touky O mpoBOIUTH

1
OTPE3KU pajguycom 7 = ﬁ , TO TEOMETPUYECKUM MECTOM ATHX TOYEK OYyIEeT HEKO-

TOpas NOBEPXHOCTh C YYETOM HANPABICHUN OPTOB MOJIYYUM:

x* oyt oz
~—+ =—+ == 1 -»smumncoun, rae
a b ¢

1 1

a= —. b= — -

1
JL LT

Ce0000H0e Osuiicenue meepoozo mena.

JlBuxenue tena Oyner CBOOOAHBIM, €CIIM HA HEro He NEHCTBYIOT cuiibl F= 0,
OTCIOJIa CJIENYET, YTO LIEHTP MAcC JBUKETCS C IIOCTOSIHHON CKOPOCTBIO MJIM IIOKOUT-
csa V.= const.

Ecnu ipy TOM Testo nMeeT BO3MOKHOCTh BPAIlaThCsl, TO BPALLICHUE HA3bIBACT-
cs 9UCTEIM M = ().

Kunernueckast sJHEprus © MOMEHT UMITYJIbCA IIPHA 3TOM OCTAIOTCS IMOCTOSHHBI-
MHU.

Ecnu teno Bpamaercs 0JHOBPEMEHHO BOKPYT HECKOJIBKHUX OCEH, TO IIPOUCXO-
IUT clokeHue BpauieHui. Hanpumep: 1i100yc MOKHO YCTaHOBUTH Ha BPAILIAIOIIYIO-
csl IaT(OpPMy U 3aCTaBUTh €r0 BPAILATHCA BOKPYT COOCTBEHHOM OCH, TOI/1a 3TO Bpa-



HICHUE 3KBUBAJICHTHO BPALICHUIO BOKPYT TPETHEN OCH, BAOJIb KOTOPOW M HAIPABJIEH
PE3YJIbTUPYIOLINI BEKTOP ().
W=w 1+,
vz o7+ a7

JUTst JTF000M TOYKHU HA OCH BPAIICHUS.

B o6miem citygae Bce ocH MOTYT MEpPeceKaThbCcsl BHE Teja, €U CBA3aTh C 3TOU
Toukoi O CHCTeMY OTCYETa, TO MOJYyYHM CIEAYIONIYI0 cXxeMmy Bpaienus. [Ipu 3tom
MOYKHO 3aMETHUTb, UTO

1.YrnoBast CKOpocTh @ BpallleHHsI TeJla HEMPAaBUIbHOW OPMBI MEHSETCS U 110
HaIIPaBJICHUIO U 110 BEJIUYHHE, OTHOCUTEIBHO TEIA U B IPOCTPAHCTBE.

2. L MeHsSeT OpHEHTAIMI0 OTHOCUTEIBHO TE€Ja, HO COXPAHSAET ITOCTOSIHCTBO B
IIPOCTPAHCTBE.

3.Kunernueckas 3Heprusi COXpaHsIeTCs.

4.YcroitunBoe BpalieHue OyJeT OTHOCHUTEIbHO OCH, MOMEHT MHEPLUU OTHO-
CUTEJIBHO KOTOPOW MAaKCUMAJIEH WA MUHUMAJIEH [ max W 1 mip..

4. Eciii MOMEHT MHEPLUUHU OJIMHAKOB OTHOCUTENBHO ABYX L IIaBHBIX OCEH, TO
OTHOCHUTEJIHO BCEX  OCEM, JeKaluX B 3TOM MJIOCKOCTU OH OyIeT OJIMHAKOB.

Buinysrcoennan npeuyeccus cupockona
l'upockonom Hazvieaemcs cumMmMempuyHoe OMHOCUMENbHO OCU BPAUjeHUs
meso (OUCK, Yunurop, wap), bvicmpo epaujarueecs 0Kpye c8oeti OCU.

Ecnu MOMEHTBI MHEPIIMY OJIMHAKOBBI OTHOCUTENIBHO JIBYX OCE€il — CHMMETpHY-
HBIN BOJYOK.

DT0 03Ha4aeT, YTo och £ ,L , NOIDKHEI JIeKAaTh B OJHOM IUIOCKOCTH, T.C.,L
COXpaHseT OPUEHTAIIUIO B MPOCTpAHCTBE. [IpakTudecku Tpu CTENEHU CBOOOIBI THPO-
CKOITy oOecreunBaeT KapJaHOBbII T0IBEC.

Takum oOpa3oMm, ABUKEHHWE CHUMMETPUYHOTO BOJYKA MOXKHO MPE/ICTABHUTH
KaK BpaIllcHUE TeJIa BOKPYT OCH CHMMETPHH M MPEIIECCHH  3TOH OCH BOKPYT BEKTOpa
L, HarpaBiieHWE KOTOPOTO HE M3MEHSETCS B MPOCTPAHCTBE. MTHOBEHHAs! OCh Bpallie-



HES TAKKE TIPELeCCHpyeT BOKpyT Bektopa L. @, @ U = const.

Kunemuueckasn JIHepcun spauiarouiecoca a.m.m.
CooTHollIeHHE A1 TCJIa, COBCPIIAIOIICTO BPpaIIaTCIIbHOC ABHMKCHHUC MOJKHO ITOJTY-
YHUTH aHAJJOI'MYHBIM 06p8.30M. B utore IMOJYyYHM CJICOAYHOIICC COOTHOIICHHC!

2

[
, - —— 1t const
2

KonTpoJibHBbIE BONPOCHI

1. K
aKou (pM3MYECKUH CMBICT UMEET MOMEHT MHepIUU? ONUIINTE ONBITHI, MO3BOJISIIO-
II1ME€ CPABHUTh MOMEHTBI HHEPLIMU JABYX TEIL.

2. K
aK MOXHO M3MEHUTb MOMEHT MHEPIUHU Teja 0e3 N3MEHEHHS €ro MacChl?

3. K
aK M3MEHUTCS MOMEHT MHEPLMU TeJla MPU MApaJUIeIbHOM IIEPEHOCE OCU Bpallle-
Hus? [[ns kakoil U3 mapajyienbHbIX OCEM MOMEHT MHEPLUHUH MMEET MUHUMAJIbHOE
3HauYeHue?

4. q
TO Takoe TeH30p uHepuuu? Kakoil CMbICI HMEIOT JUaroHajdbHbIE KOMIIOHEHTHI
TE€H30pa UHEPUUU?

5. K
aKyI0 B3aMMHYIO OPUEHTAIINIO UMEIOT BekTopa Wu L B obmem ciydae? B ciyuae,
KOTJ]a BEKTOP G HANpPAaBJIEH BIOJIb OAHOUN U3 IIIaBHBIX OCEH?

6. K
aK HaIpaBJICHBI TJIABHBIE OCH TEH30pa MHEPUUH I NPSIMOYTOJIBHOTO Mapauielie-
nunena? Ky6a? [llapa?

7. K
aK IpyA NIOMOIIHA KOMIIOHEHT T€H30pa MHEPLUU B IJIaBHBIX OCAX ONPEICIUTh MO-
MEHT MHEPLUU OTHOCHUTEIBHO IPOU3BOJIBHO 3aJaHHOU Och?

8. K
akoBa (popMysa KMHETHMYECKOM 3HEepruu Bpaiaronierocs tena? Kaxk BBIYUCIUTH
KMHETHYECKYI0 SJHEPTHUIO KaTsAulerocs Kojeca?

9. C
ONOCTaBbTE€ OCHOBHBIC YPABHEHHUSI JUHAMUKH IMTOCTYIIATEIBHOIO M BPAILATEIBHOIO
JIBIDKCHUA. YKa)KUTE aHAJIOTHH.

10. IT
0 KaKOM TPAEKTOPUU MEPEMENIAETCS HEHTP MAcC U30JIMPOBAHHOIO TBEPAOIO Tema?
[Touemy?



11.
dbopMynupyiiTe o0IIHe 3aKOHOMEPHOCTH BpalIaTeIbHOTO JBUKEHUSI CBOOOIHO-
ro Telja B CIIyJasix:
a) TEJIO HEeTPaBUILHON (DOPMBI;
0) CHMMETPUYECKHI BOJTHOK;
B) IIApOBOM BOITYOK
12.
OBSICHUTE MPEIECCCHIO BOTUKA.

6. [1BM>KXeHue B norne TAroTeHus.

OCHOBHBIE 3aKOHBI JABMKECHUS IUIAHET M KOMET. 3aKOH TAroteHus HproToHa.
DHeprus rpaBUTAMOHHOTO B3aUMOJCHCTBUA. B3auMOAENCTBUE TEN KOHEUHBIX pa3-
MEpOB.

['paBuTalIMOHHAS 3HEPrUs WAPOOOPa3HOTO Tena. [ paBUTalMOHHBIN paauyc.

®dunutHOE U MHPUHUTHOE IBUKeHue. [lepBas, BTopas, TpeTbs KOCMHYECKas
CKOPOCTH.

Tacomenue.

5ﬁ

1.Bce Tema uUCHBITHIBAIOT ACHUCTBHE CHIJ TATOTCHHUS. 3a-
KOH TSTOTEHHS ObUT ycTaHOBJIEH HpIOTOHOM:

Medcoy oeyms meramu maccamu m; U m; BO3HUKANOM CUIbL 83AUM-
HO20 NPUMANCEHUS, HANPABIIeHHble OM 00HO20 meld K 0py2oMy U NPONOPYUOHATb-
Hble NPOU3BEOEHUI0 MACC dMUX Mell U 0OPpAmHO NPONOPYUOHATbHbIE K8AOpAmy pac-
CMOSAHUSL MeNCOY HUMLU.

Fzg™M g’
r r
G-nIOCTOSIHHAA TATOTEHHUS WJI TPABUTALIMOHHAS ITOCTOSTHHASL.

[IposiBiIeHHEM CHII TATOTEHUSI Ha 3emiie sIBJIsieTcsl Hanuuue Beca Ten. Cuta
TATOTEHUA Tea U 3eMiIM - cliia Beca. Cuity TaroteHus onpenennsi Kapenaum ¢ no-
MOIIbIO KPYTHJIBHBIX BECOB.

Bonu3u Mmacc m momerniaeM CBUHIIOBBIE IIAPhI TOpa31o 0oJibIneit Mmacchl M.
[Tox meicTBMEM CUIT TATOTEHUS HUTHh 3aKpy4yuBajach JI0 TE€X IOp, MOKa MO-
MEHT CHUJI TATOTEHHUS MEXKIY IIapaMu HE YPAaBHOBEIIMBAJICS MOMEHTOM KpPYUYCHUS
HUTH.
N3 3Tux onbITOB ObLTa onpeneneHa G

G=6,65 107" m*/kr ¢*

C



3akoH ObL1 BbIBeIeH HbIOTOHOM Ha OCHOBE HAOJI0IEHUs 32 JBUKEHUEM JIyHBI
BOKPYT 3€MJIH.

2.3axonbl Kemiepa (3 3akoHa)

Jlnst ABMKEHUS TUIaHeT ObUTH yCTaHOBJIEHBI HA OCHOBAaHWM MHOTOJIETHHX Ha-
omonennit garckoro acrpoHoma Tuxo bpare. Onu GopmMupyroTcst cieayommum o0-
pazom:

1. Kaoxcoas nranema 08udicemcs no 3J71MUNCY, 8 0OHOM U3 (OKYCO8
komopoeo naxooumcs Connye.

2. Paouyc-eexmop nianemvl 6 pashvie pemeHa Onuchléaen pasHule
naowaou.

3. Ksaopamsi nepuooos oopawjenusi pasiuyHulx nianem 60Kpye

Connya omuocamcest, Kaxk Kyool O0IbUUX NOJLYOCell INIUNCO8 OPOUM.
2 3
1T _a

TR
I, a
N3 neporo 3akoHa Kemuepa cinegyer, 4To cuia, 3aCTaBISOMIAs TEJIO ABUTATh-
cst o opoute, HanpaieHa k CoJHILy.
Ecnu opOuta kpyrosas
2NMR mv2
a=2R; T=—; F= —
1 R
Yckopenue:
. Y
a, = - 0] 2R = - FR
Torma Tperuii 3akoH Keriepa MOXHO 3anucarh:
R3
— = K - nocrosinHas Kerurepa

(3TO OTHOIIEHUE MOCTOAHHO Ji BceX MiaHeT COJIHEUHOU CHUCTEMBI).

_4n°Km

Torma ag= R



4m *Km

Cuna, neiicTByIOIIas HA MJIAHETY paBHA F = - e

Koapdunment 47 K - ogMHAKOB JJIS BCEX IUIAHET U HE MOXKET 3aBUCETh OT
Macchl IUIAHETHI, HO ATa BEJIMYMHA JI0JKHA OBITh TponoplroHaibHa Macce CoHIa.

Mm
K~M; F~—;
WA
= mm, 1 .
F = G—2 (— - cuna TArTOTEHUS B COJTHEYHOM CUCTEME.
r r
3
a GM
Torna K=—:= .
T an

3akonsl Kerepa sBastoTca NpUONMKEHHBIMH, T. K .OHA HE YUYHUTHIBAIOT JEii-
CTBHE IUIAHET APYT HA JIpyTa.

2.Tak KaKk CHibl TATOTEHMSI 3aBUCIT OT B3aMMHOI'O PACIIOJIOKEHUS TE€J, TO CH-
CTeMa JOJKHA 00J1aJaTh NOTEHIMAIBHON YHEPTUEH.

il

@f‘ 'JEL/J;:;' L e .
o= Sm—
iy

PaccmoTpum B3auMonenCTBUE IBYX TEJ, MACCAMU m; W My .

5 mm, _
Mesx /1y Tenamu JeHCTBYeT Cuila TAroTeHus: - G —==7
r
Pa6oTa 3TOM CHIIBI HA OTpE3KE (S :
- mm, . = m,m m,m
dA= FdS = - G (7.45) = -G pas cosa =G gy
r r r
[IpoUHTErpUPOBAB 3TO BHIPAKEHHE, TIOTYUHM:
" mm m.m
Az [dd= G- g
) r r

2 1
C nmpyroii ctopoHsl paboTa onpeaenseTcs YObUIbIO MMOTSHIIMATBHON dYHEPTHH:

mm,

U -U-=-4=G1"%-G

r,

] Y.

2
Takum oOpaszom, ajis CWJI TpaBUTALMU MOTEHIUAIbHAS KpuBas OyAeT UMETh
BU/I.




Ecan MNpCAIOJOKNUTh, YTO TCJIa — OTO ABA HIapa, TO rjp H 72g— COOTBECTCTBCH-
HO paanycChl IapOB U TOrAa:

U, = -G

Tio T T

Coocmeennasn 2pagumayuonHHas IHEPUsL.
OnpenenuM B3auMOJIEUCTBUE ABYX ToYeK Tena Am; u Amy , a 3aT€M IPOCYM-
MHUpYEM JJIsl BCEX TOYEK TeJia, MOTYyUYnuM cnezlyromee COOTHOIIEHUE:
AmAm,
W= —GZ Z
itk

Kosdduiment "2 o0yclioBiieH TeM, 4TO Kanc;[y}o Mapy Macc YYHUTHIBAEM JBA
paza. Jlubdepennman sHepTUn paBeH:

aw = -G~

1 3m’
, B pe3yJbTaTe MHTETPUPOBAHUS MOTyduM: W = - EGET

CoOcTBeHHas SHEPTUsl OJTHOPOJIHOTO TeJla
3 m’
W=-=-G—
5 R

I[BI/DKCHI/IG B I'PaBUTAOUMOHHOM II0JIC MOJKHO OIIMCATh BTOPBIM 3aKOHOM Hgro-
TOHA.

9Heprm{ ABHJKYIICTOCA TCJIa CKIAAbIBACTCA H3 HOTeHHHaHBHOﬁ N KHMHCTHUYC-
CKOﬁ, IIO3TOMY MOZKHO 3aIIUCATh:

Mm mv
E =-G—+ 0
0

r 2

L

MowmeHnt ummynbca L= mv,r = const; v, = —

mr

mv: L[
2 2mr’

Torna moxHas SHeprus ABMKEHUS TUTAHETHI IO opOuTe B 3anade Keruiepa:

Mm mv, , L

r 2 2mr
V.EF

=-G

Torz:a Bq)(I)GKTI/IBHa}I OQHEPIUA ONpeaAciICTCA COOTHOICHHUCM



Mm L
il

r 2mr’

W =-G ;
Ecnu Teno nBmkeTcs 1Mo IUINICY, TO IBIKEHUE - GUHUTHO (B OTpaHUYCHHON
obsactu mpocTpaHcTBa). OgHaKo Tena (KOMEThI) MOTYT JIBUTAThCs MO TUIIEpOoInye-

CKUM U NapabOoJNYECKUM TPACKTOPUSIM - JIBUKEHHE UHPUHUTHO.
Haiinem ycioBue GUHUTHOCTH U MHPUHUTHOCTHU ABUKECHUS.

PaccMoTpum rpaduueckoe pemieHue 3anadu, AJiS 3TOTO0 MOCTPOUM Tpaduk
JIBUKEHUS TeJa B T0JIe ¢ MOTeHI[ManbHOM sHeprueit U(r).
E>00 cU ¢ undpunutHOE
E<0 0 AB [ A'B'r.e. nnanera coBepiaer apuxenue B obmactu ABB'A'-
(UHUTHOE, TPACKTOPHUSI - SIIIUIIC
Ecnu E<0 - snnunc- aBukeHue GUHUTHOE;
E> (0 — runep6oia — uHGUHUTHOE;
E= 0 - napabona - "HQUHUTHOE .
Ecnau nelictByeT cuna oTtajikuBanusi £ > (), TO ABMIKEHHE TUINIEPOOIMYECKOE
T.K. ipu » — 0 U(r) oOpaiiaercst B HOMb.
S
[Tpu runepOOIMYECKOM JBIKCHHUH MPUXOJNUT B 00 C KOHEYHOU CKOPOCTHIO V'
00, PY MapabOINIECKOM JBUIKEHUU C HYJIEBOW CKOPOCTHIO.
E=0, noncraBuM B ypaBHEHUE

Mm my’ 2GM
0=-G——+ —; vV, = ;

7, 2 r,
I'AC 7p — HAYAJIbHOC 3HAYCHUC paJinyca 7.

JIBrmKeHHe 1o Kpyry

v_k =a - F = G—. vy = G_ = Vi
9 €71.MaccCol 2 9 k .
7, , r, N2

Pacuet opOUTHI TJIaHETHI MOKHO BBITIOJTHUTH HA OCHOBE 3aKOHOB COXPaHCHHUS
MOMEHTA UMITYJIbca 1 SHEepTuH. Eciin 06003HAYUTH OOJIBIIYIO MTOTYyOCh OPOUTHI @, Ma-



Y10 — b, TO MOITYyYUM:

Mm a )
a=-G—; b=20 . |—; =
E Vo ©°°

rae E — nonnas sHeprus, S- IJIOIaJb CEKTOpa OpOUTHI, O- CEKTOpHalIbHas
CKOPOCTb IIJIAHETHI.

KOHTpO.]'lLHbIe BOIIPOCHI

1. C
KaKMM 3aKOHOM COXPaHEHUA CBA3aH 3aKOH uiomaneit Kennepa?

2. q
TO Takoe IeHTpoOexxHas sHeprusi? Kakol cMbici umeeT ee BBeleHHE B 3aade Ker-
nepa?

3. K

aK OINpEJEIUTh XapaKTep JABUKEHHS YaCTHULbI B MOJE TATOTEHUS MO €€ BHYTPEHHEN
sHeprun? Kak onpeneanTs MUHUMaIbHOE (MAaKCUMAIbHOE) PACCTOSIHUE YACTHULIBI OT
IIEHTpa TATOTCHUS?

4. Y
TO TaKo€ COOCTBEHHAsl TPaBUTAIIMOHHAs SHEPrHs Tela KOHEUHbIX pa3mepoB? Kak
OoHa Bbrumucisierca? YTo Takoe rpaBUTAIIMOHHBIN paguyc?

5. |
751 KaKUX TeJl CYUIECTBYET I'PABUTALIMOHHOE B3aMMOJEICTBHE: MAKpPOCKONMUYECKUX,
MUKPOCKONUYECKUX, ((0TOHOB? Kakue ombIThl I0Ka3bIBAIOT 3TO?

6. M
OKHO JIM DKCIEPUMEHTAIIbHO OTJIWYUTh TPABUTAIMOHHBIC CWJIbl OT CHJI UHEPIUU?
UT0 Takoe NPUHLKI YKBUBAJIEHTHOCTH?

7. KonebaTtenbHoe ABMXeHue.

["apmonnueckue konebanus, ypaBHeHnue. [lpyxunneiii, pusndyeckuii, Mmarema-
TUYECKUM U KPYTWIbHBINA MasTHUKU. [{uddepennmnanbaoe ypaBuenrue. CoOCTBEHHbBIC
KojeOaHus. Poyib HayaabHBIX YCIOBHA. DHEPrus KojeOaHui, ypaBHEHUE SHEPTUU.

Oo6opoTtHbIif MasTHUK. Teopema [ toiireHca.

[IpencraBnenue koieOaHUl B KOMIUIEKCHOHM (hopMme.

3aryxanue konebanuii. Jlorapudmmdeckuii nekpemeHT 3aryxanus. Cirydaid
OOJBIIOTO TPEHHUS.

I'apmonuueckue konebanusn. Ypasnenue 2apMoHudecKux Koaeoanuil.
Konebanuem Ha3bIBaeTCs IBIKEHUE WM MPOIECCHI MEPHUOIUIYECKH MTOBTOPSI-
IOIIUXCSI BO BPEMCHU 1.
[Tpumepsl: [BrkeHne MasTHHKA, KoJeOaHWE TOKA B MM | T.I.
duznueckas mpuUpoaa KoJeOaHUNW MOXKET OBITh Pa3IMYHON, OJHAKO 3aKOHBI
W3MEHCHHUS €€ XapaKTePUCTUK OYE€Hb IMOXO0XH, OHU OMNHUCHIBAKOTCS OJIUHAKOBBIMU



ypaBHEeHUSIMU. [103TOMY MOKHO MPUMEHUTH €UHBIA MOAXO0J K OMUCAHHIO KoJyieba-
HUU PA3JIAYHON NPUPOJIBI.

Konebanus nazwiearomes c60600HbIMU, eCiu OHU COBEPULAIOMCL 3A CUEM Nep-
BOHAYAILHO COOOWEHHOU dHepauu Npu NOCAeOyIouWeM OMCYMCmMeUul SHeUHUX 603-
oeticmauil Ha cucmemy. [IpocTeHIIUM BUIOM TaKUX KOJIEOAHUM SIBISIOTCS TapMOHU-
YecKue KoJiebaHusl, MPOUCXOISIINE TI0 3aKOHY Sin WIH COS.

["apMOHHYECKHE BEIMYMHBI OMMCHIBAIOTCS YPaBHEHHEM BH/IA:
S= Ax cos(wtt ¢)

I'ne 4 — ammaryna konebanwmit, (W + ¢ ) - pasa koneGanuii B MOMEHT BpeMe-
HH 1.

daza kosieOaHUI OmMpeaesieT 3HaUCHUE KOJICOIONIEHCsS BETMYMHBI B JaHHBIN
MOMEHT t. T.K. cos u3MeHsiercs B npeaenax ot +1 go -1, To S npyuHUMaeT 3HaYeHUE
oT +A4 no —A.

ITpoMeXXyTOK BpEMEHH, B TEYEHHE KOTOPOTO COBEPIIAETCS OJTHO MOJIHOE KOJIe-
OaHue, Ha3bIBACTCS MPOMEXKYTOK 7, TIpu 3ToM ¢haza mojydaeT mpupaiieHue 27m:

Wi+t T)+¢ = (wt+ ¢)t 2m

2m
T=""
W
[lepuon o6paren yactoTe KoyieOaHuil:

1

U
Cesa3p yactotel U m HHKHHHCCKOﬁ YaCTOThI:

W =2mu
Yactora uzmepsierca B ['epuax: [v] = 1 'y (B8 CH).

Beraucnum IMPOU3BOJHBIC OT BCIIMYNHLBI S:

@: AwSin(Wt+ ¢)= AwCos(wtt+ ¢ + l)
g -
f;;: Aw’Sin(wt+ ¢ )= Aw Cos(@t+ ¢ + 1)
ds d’s 9 i
Te. ah o KOJIEOJIFOTCS C TOM K€ 4YaCTOTOU .
dZS _ 2 - 2
Vo dtz__Aw cos(Wtt9)=-w"s

2

s
d2+w2S:O
t



Ot10 u ectb nuddepeHiaibLHOe ypaBHEHHE KOJIeOaHU, pelIeHueM JTaHHOTO
YpaBHEHUS SBIIACTCS TapMOHUYECKas (QyHKITHSL.

Mexanuueckue KonedamenvHvle CUCHEMbl
PaccMoTpuM MaTepuanbHYO0 TOYKY, COBEPILAIONIYIO KOJIEOAHUS BAOJL OCH
KOOPAMHAT X OKOJIO MIOJIOKEHHS paBHOBECHS (B HaUalie KOOPJUHAT):

x= Ax cos(wtt ¢)

CKOpOCTh U YCKOpPEHHE:

V= ax -Awsin(Wtt+ ¢ )= Aw cos(we+ ¢ + l)
Z’t 2
v

a=—=-Aw’cos(wWt+ ¢ )= Aw’cos(Wt+ ¢ + 1)

1) Cuna, aeiicTBytomasi Ha TOUYKY:

F=ma=-mw’x

T.0. F'= x ¥ HAaIPaBJIEHO IIPOTUBOIIOIO0KHO Ax .

2) Kunetudeckast sHeprus Tena (TOUKH):

2 2,,2
my

E =M oA G )

k
3) [loTteHumanbHas 3Hep121/1;1:

" " - me >x’

E, =-[Fdx= [~ mv *Acos(wt+ ¢ )dx = [~ mw *xdx :T
4) TlonHas MexaHuyecKas SHEprus: !

2,02 2,,2
E=E +E = mATw(sinz(wH §)+ cos’(Wt+¢))= mATa)

Creujenue ]L\
J\\ ¢

Copocms Ae {

Yera, Tl
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B

Hunem. 1 2
e m
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Hormeny, 1

2
mepaum 244 t
&

e

FapMOHMLleCKMM OCYUJIAIMOPOM HA3bleaenmcs cucnema, cosepuiarouiasid KoJie-
6CZHM}Z, onucsleaembsle YpaeHeHUem, euoa:



S+w’S=0
[IpumMepoM rapMOHMYECKOTO OCHMIIIATOPA SBISIOTCS MasiTHUKH, KOJieOaTesb-
HBI KOHTYD.
1. IpyXMHHBIA MasiITHUK — I'PY3 MacChl 7, TTOABCIICHHBIN HA aOCOTIOTHO YIPYToM
NPY>KMHE U COBEPILAIONIEH rapMOHMYECKHE KOJeOaHusl Mo IEUCTBUEM YIIPYrou
cuibl: F'=-kx, rine k — )XeCTKOCTb MPYKUHBI.

YpaBHeHHe JBHKCHUA MassiTHHKA:

X+ —x=0
m
Pemrenne— konebanne X = Acos(Wt+ ¢ ) ¢ wacToTOlM:

21

W = E ; T="—

m w
ITepuon KoIeOaHMiA: T=21 "
k

HaHHOC COOTHOHICHUEC CITPABCAJIMBO JIA MaJIbIX KojeOaHM.
2

HOTCHHI/IEUILHEUI OHCPIUA: Mn = 7

2. Pu3nyecKuil MAITHUK — 3TO TBEPAOE TEJIO, COBEPIIAIONIEE IO ACHCTBUEM
CHJIBI TSDKECTH KoJieOaHMs, BOKPYT HEMOJABMIKHONW TOPU30HTAIBHOW OCH, MPO-
XOIAIIEH Yepe3 TOUKY, HE COBITAIAIONLYIO C IEHTPOM MacC Tela.

HpI/I OTKJIOHCHHUHU €T0 U3 ITOJIOKCHHUA PABHOBCCHUA HA YIOJ 0 B
COOTBCTCTBHUHU C OCHOBHBIM 3dKOHOM BpalllaTCIbHOI'O ABHIKC-
HUA:

M = - mglspa = - mgla

/

- mgla = I
o'+ mgla =0

Wnu:
i m}gla _ 0

I'ne:

_ |mgl y

W = 7 IUKIIMYECKas 4acToTa KOJIeOaHUM.

Pemrenue ypaBHerus: 0 = 0 cos(Wz+ ¢ )



- & . .
Bemnuuna L = —— - HaspIBaeTcs MPUBCACHHOU AJINMHHOU (1)1/131/1%01(01“0 MasiaT-

m
HUKA.
2 Ji L
7 = — =21 |— 21 |=
w mlg g
OC ectb ' - Touka xayanuii. Touxn O u O' B3auMo3aMeHU-
MBI.

m, OJI-
BEIICHHON Ha HEPaCTSHKMMOM HEBECOMOM HUTH WM KOJIEONIONIEHcS Mol JIEUCTBUEM
CHUJIBI TSKECTH:
I=mr’= ml’

L
nepuoJ KoiebaHuii KOTOpOro COBHAAAET C IMEPUOJIOM KojeOaHuil JaHHOTO (pu3nye-
CKOT'O MasITHHUKA.

Jugpdhepenyuanvrnoe ypasnenue samyxaroujux Koiedanuii

HUS) TPOUCXOAUT YMEHbIIICHUE aMIUIUTYAbl Kojebanuil. Takue kojebaHusi Ha3bIBaA-
IOTCS 3aTyXaIOIMUMU. 3aKOH 3aTyXaloluX KoJIeOaHU onpeaensieTcsi CBOMCTBaMU KO-
nebarenbHON cucteMbl. Mbl OyJieM paccMaTpuBaTh JIMHEMHBIE CUCTEMBI, B KOTOPBIX
napaMeTpbl CUCTEMbI OCTAIOTCS MOCTOSIHHBIMU (k, m — JJIsl IPY>KUHHOTO MAasiTHUKA;
L, C — nna xonebarenbHOTO KOHTYpa). Pasnuunbie koneOaHusi JIMHEWHOW CUCTEMBI
ONKUCBIBAIOTCSA CXOJIHBIMU YPABHEHUSIMH.

2
df+ 5§+ w,S=0
dt dt

rae 0 - KO3 HUIMEHT 3aTyxXaHusl, W , - YacTOTa CBOOOIHBIX KOJeOaHUiA.
0 =0 — 5T0 cOOCTBEHHAs YaCTOTA KOJICOaHMI

S B BUJE:

IR DI PRI W OZET- 32 TPE

— I9TO AJIVNHA TAKOTrO MaTeMaATHUYECKOTO MaAsITHHUKA.



[Iponudpepenuupyem JaHHOE BBIpAXKEHUE U MOACTABUM B MCXOIHOE ypaBHE-

HHE, COKPATHB Ha e ', TIONy4nM:
. : ,
U+ 20U+ 0,°U= 0

2 2
Penienvie ypaBHEHHMS 3aBUCHT OT 3HadeHus (W, - 0 )
2 2 2
IMycts (W, -0°) >0, T.e. 0°<<w, (mManele 3aryxaromue). O6O3HAUUM

®’=w,-0%, Torma ypaBHeHMe mMeeT BUL:/+ w’U=0 , u U= Acos(wt+§ )

HaiineMm pelienre ypaBHEHHs 3aTyXarOMNUX KOJIEOAHMI:
S=Ae " cos(wt+¢,)

rjae S — KoJeoronasicss BeIMYnHa.
- aMIUTMTY/a 3aTyXakolKX KOJIeOaHuil.

A= Ae”

W = 6,28cex™"
9 = 00159

= It g=0,1cex”’

| f\\\j{\\/\“ﬂMMA“/

1 o
I = — - BpeMs peJakcalu (3a KOTOpoe aMIUIUTYyAa KoieOaHuii yMEeHb-

0

1aeTcs B € pas).
Crtporo roBopsi, 3aTyXarIue Kojie0aHus He SBJISIIOTCS EPUOANIECKH-

MM | TIOHSTHE TIEPUOJa IS HUX BBOJIUTCS YCIOBHO (JIMIIB B Cliydae W, >> 0

).
21

T:Z_n:—
W Jwi-0°

— -0t . o .
A - A Oe U3 3TOU 3aBUCHUMOCTHU HAUJICM OTHOILICHUE
aMIUIATY [ Y€pe3 NEPUOL;

AW
A+ T)

OTO OTHOILICHUE HA3BIBACTCS JACKPECMCHTOM 3aTyXaHUsA



A@)

= ln—~2— =
Benuunna f A+ T)

Ha3wiBaercs HOFapI/I(i)MI/I‘IeCKI/IM ACKPEMCHTOM.

rie N . -KOJIMYECTBO KOJICOAaHUI, COBEPIIAEMBIX 3a BpeMs pellakcaluu [ .
Bpewms penakcanuu — BpeMs B TEUEHUE KOTOPOTO aMIUIUTYAa U3MEHUTCS B € pas.
s XapakTepUCTUKHU KOJIeOATEIbHOM CUCTEMBI BBOJAST IMOHSITHE JOOPOTHO-

CTH:
T _no_w,
p © 0T,
T.x. 10OpPOTHOCTH TPOMOPITMOHANIBHA YHUCITY KOJIEOAHWW, COBEpIIAEMBIX 32
Bpems [ .
1. 3artyxaromue Koje0aHus MPY>KMHHOTO MasiTHUKA

Ecmu B cucreme, kpome £, = ~kx neiictByer cuna tpenus £, = ~rv= -rx |

TO YpaBHEHUE JIBKCHUSI UMEET BUJI:

mx = -kx- rx

. k. r
Umx + —x+ —x =0
m m

I- 2(5,T0r)1a(5:LI/I(;)O:\/E
m 2m m

T.o. ¥ +20x +w,x= 0- nupdepenruanpHoe ypaBHEHHE 3aTYXAIOMIUXKOJIE-
OaHMii IPY>KUHHOTO MAsITHHUKA.

Ero pemenne: X = Aoe_m COS(CL) r+ ¢ 0) , & 9aCTOTa:

2
k
W= .0 - #, 106poTHOCTB: Q = 1/7’%

IIpu pocte § pacTér u nepuos, u npu &, = 0 obparmaercs B 6€CKOHEYHOCTb.
[Tponecc nepectaéT OBITH MEPUOUUECCKUM.

Jugppepenyuanvroe ypagnenue 6bIHyHcOEHHBIX KONEOAHUIL.

Jlist Toro, 9TOOBI B peaibHOM KOJIeOATEhHOM CUCTEME MOYyYUTh HEe3aTyXaro-
e KosjaeOaHus, HeOOXOJAMMO KOMIIEHCUPOBATh MOTEPU JPHEPTUM, T.€. B CHUCTEME
JOJKHA JIEMCTBOBATh MEPUOANYECKAs BBIHYK/CHHAs CUIIa!

F=F coswt
I'ne F, - aMILUIUTYyAa U3MEHEHUs F
w - YaCcTOTa BHEIIHEN CUJIEI.

VY paBHEHHE NPYXKUHHOTO MAaATHUKA OYJI€T UMETh BU/I:



mxX = -kx-rx + F,coswt

.. : F
¥ +20x +w)x= —Lcoswt
m

Konebanus, eosnuxaroweii noo oeilicmeuem 6HewiHel NepuooudecKou Cuibl,
HA3bIBAIOMCSL BIHYHCOCHHBIMU.
O6006ménHoe ypaBHeHue (nuddepeHnmanbHoe) BEIHYKICHHBIX KOJICOaHUH.

2

d §+ 25d—S+ W.S= x,coswt
dt dt

wm S + 208 + 028 = x,coswt

. F,
rae X, B clydae MEXaHHYECKHX KOJIEOaHMIi paBeH: — .
m
YpaBHEHHE BBIHYKJICHHBIX KOJICOAHUN SABIISICTCS HEOTHOPOJHBIM JuddepeH-
[IUATHLHBIM YPAaBHCHHUEM.
Ero pemenue paBHO cymMMe OTHOPOAHOTO nU(PEepeHITNaTIbHOTO YPABHCHHS H
JaCTHOTO PEIICHUS HEOTHOPOIHOTO YPaBHCHHUS.

YacTHoe perieHne ABaseTcs QyHKIMEH:
S= Acos(wt-¢)

A= al)
HET Jwi-w?) 48’
_ 200
p = arctg———
W2 -w

0
OOGuiee penieHre OAHOPOIHOIO YPABHEHUSL:
S, = Ae" cos(wt+ ¢ ,)
JlaHHOE cllaraeMoe UrpaeT posib B HPOLECCE YCTAHOBJICHUS KONeOaHui, MoKa
xO
W, -w*)+40°%°
T.0., B YCTAaHOBUBIIUMCSI pPEXKUME, KOJeOaHUS MPOUCXOJAT C YacTOTOU W

BHEIITHEW CHJIBI M SIBIISTIOTCS] TAPMOHUYECKUME. AMIUTHTYIa U (Da3a Koiebanuii omnpe-
JIeJIsIeTCs YacTOTON W .

aMIIINTyla HC JOCTUIJIA 3HAUYCHUA A= \/

Pezonanc

PaccMoTpuM 3aBHCUMOCTh aMIUTMTYIbI A BBIHYXKICHHBIX KOJeOaHUW OT Ya-
CTOTHI W BBIHYXIAHOLIEN CUJIBL.

N3 penieHus ypaBHEHUsI BBIHYXKIACHHBIX KOJIEOAHHMI ClEqyeT, YTo A UMeEeT
MakcumyM. Halném 3Hauenne @ npu KOTOporh A NMPUHUMAET MAKCUMAJIbHOE 3Have-
HHUE, JJIs1 3TOTO BO3bMEM MPOU3BOAHYIO OT BBIPAKEHUS ISl AMIUIUTYIbI U IPUPABHSI-
€M €ro K HYJIIO.

Aw:O torma - 4. - 0w + 8 °w=0
JlaHHOE PaBEHCTBO CIIPaBEIMBO IpU w = 0

uapa w= + (=)0, - 0°, (6epéM TOIBKO «+»).



Henenue peskoco eo3pacmanusi amMnAUMyObl GbIHYHCOEHHbIX KOo1eOaHull

npu npubaudicenuu O x O, um (\Jo ;- 0° , Hasvieaemcs pe3oHancom.
2 2 ~
[pu 0 " << w,,0,, =0, Torma ais aMIUIMTYIbI IOTYYHM:
= —XO
pes3 2 2
20 \Jw, -0
YeM MEHbILE 0 , TEM BBILIE U MTPaBEE JIEKUT MAKCUMYM PE30HAHCHOM KpH-
BOM.
XO

R - CTaTHYCCKOEC OTKIIOHCHUC
0

KoHTpoJibHbIE BOIPOCHI

I. IT
EpPEUHCIINTE OCHOBHBIC TUITBI KoJieOanuii. B ueM nx oco6eHHOCTD?
2. 3

anUIINTEe YPaBHEHHS CBOOOJHBIX TapMOHUYECKHX KojeOaHui. Kakue KOHCTaHTHI
ONpENEA0TCS ycTpoilcTBOM cucteMbl? Kakue ycmoBusimu 3amycka? I[losgcHute Ha
npuMepe.
3. K
aK OMNpeNeNUTh aMIUTUTYAy U HadallbHYIO (pa3y kojeOaHuil dyepe3 HadajdbHbIE YCIIO-
BUS?
4. 3
anuIINTe ypaBHEHUE KojeOaHuil B KoMIUIeKCHOM (opme. Kakolt cMbicin umeer Mo-
IyJib U QPTYMEHT KOMIUIEKCHON aMIUTUTYAbI?
5. I1
pU KaKuX YCIOBUSIX KoJjiebaTelbHasl CUCTeMa CTaHOBHUTCS anmepuoaudeckout? Ilosic-
HUTE Ha TpaduKe 3aKOH JABUKEHUS allePUOIMUECKON CHCTEMBI.
6. K
aK OMpPEACNIUTh YaCTOTY MaJIbIX KOJI€OaHUI CUCTEMBI B OKPECTHOCTH TOUYKH PaBHOBE-
cus’?

Kak ucrnonb3yercsi ypaBHEHHE dHEPTUU IS pacyeTa 4acTOThl KoieOaHuil cu-
CTEMBI?
7. O
MUIITUTE TIPEBpalleHUe YHEPTUU B KojebaTtenbHol cucteme. Kak 3aBUCUT 3HEprUs OT
aMILTUTYAbI KOJIeOaHUI?

8. Decopmaumm n HanpsxKeHUs B TBepAbIX Tenax.

[Tonsitue crmomuo# cpennl. Jledpopmanus crutomHsix cpen. TeHzop mexaHu-
yecKkuXx HanpspkeHud. OHOpOHAsS U HEOJHOpOoAHAas AedopMaluu. YIpyras U octa-
TouHas (Tuiactudeckas) nedopmaruu. KonmnuecTBeHHas xapakTepuUCTHKA jaedopma-
i, 3axkoH ['yka, Mmoaynb FOura. Koadgdumuent Ilyaccona. 3aBucumocts nedopma-



WY OT HANPSLKEHUU, IPEe yIPYTrOCTH.
OnHOOCHOE PacTsKEHUE U CKATUE, BCECTOPOHHEE M OJJHOCTOPOHHEE CXKATUE U
pactsoxenue. [Ipocroit casur. M3rubd u kpyuenue. JHeprus ynpyrux aedpopmarui.

Jepopmayun u nanpasicenusn ¢ meepovix menax.

1. Mexanuka ynpyrux ten. Mexannueckoe HanpspkeHue. [lonstue o tensope

HaNpPsIKECHUU.

N3menenue Gopmel 1 00beMa TeNa MOJ ACHUCTBUEM MPUIIOKEHHBIX CHII, Ha3bIBa-
eTcs nedopMariuet.

CyuiecTByeT /Ba MpeleibHbIX cilydas AepopMaliu: ynpyras U MIacTHYecKas.
O0bpaboTka MeTauioB OblIa ObI HEBO3MOXHA 0€3 YIpYTrux AepopMaiuii.

B mexaHuke paccMaTpUBaIOT C TOUKU 3pEHUSI IEUCTBUS CUJI U OTIPEEICHUS 13-
MEHEHHI B TeJle C HOMOILBIO YIIPYTUX KOHCTAHT.

JUist upeanbHO YNPyTrHX Tel CYUIECTBYET OJHO3HAyHAs 3aBUCHMOCTb MEXKIY
JNEUCTBYIOLUIMMH CUJIaMU U 1€(pOpMaLIUSIMHU.

Takue Tena noApasaCaAr0TCA Ha U30TPOIIHBIC U aHU30TPOITHBIC.

PaccmoTpum mpousBosibHOE JIehOpMUPOBAHHOE TEJI0. MBICIEHHO pa3jie-
auM ero Ha Tpu yactu lu 2. Ceuenue AB, n — Hopmans k momaake dS.Teno 1 neit-
CTBYET Ha TEJIO 2 C HEKOTOPOU CHIIONW U HA00OPOT.

dF - ; - HampsbKeHUe, BO3HUKAIOIIEe B CeueHHH. BekTop -

ds
BCEr/la HAMPABIIEH HAPYXKY.

g

LR
o

g=0,1t0,

g Tena 2 0 -, (B IPOTUBOIOJIOXKHYIO CTOPOHY). Eciin BeIOpaTh cuctemy Koop-
auHaT XYZ, To OyJ1eM UMETh TP KOMIIOHEHTHI
0,=0,+0, +0

X nz

n — NEPBBIA UHAEKC YKa3bIBAET HA HAIIPABJIEHUE HOPMAJIH,
X — BTOPOM HAIPaBJICHUE OCH.

- TJTIOIIA/IU TPaHEH.



Torma cuiibl, AEMCTBYIOIIME B ATUX TPAHSIX

e — —— —_— —

F=0¢ 0S, F=0 0SS, F=0_[S..

y
Kpome cun gepopmanum Ha TelIO MOTYT JEHCTBOBaTb HEKOTOPbIE OOBEMHBIE
WJIM MaccoOBbIE CHJIbl (Hampumep, cuibl TsokecTH) f. Torna npu aBmkeHUH Tena uMe-
eM:

ma= f+a0 +0_ 0S +0_ 0S +0 [0S

n X X y y z z

Ecnu anement OABC ctsanyTh B TOuky AV— 0, Torna S— 0

S =8, S§,=80n,, S =S80,

- —_— — .

1) :'Uxa 0_:'0y9 g = -0

-x y 4 z

TOF}Ia B pE3YyJIbTAaTC NPECACIILHOIO IICPEX0aa:
0,0 . 0n ta On +a [n

Hampspkenue B kax a0 Touke 1ehOPMUPOBAHHOTO TeJla MOYKHO OXapaKTEPHU30-

R

0 . WIN ACBATHIO UX IIPOCKIUAMM:

yo z

BaTh TPEMS BEKTOPAMMU 0  , 0

0)

XX

g

Xy Xz
) 1)
1)

- TEH30p YNPYTUX HAIPSKECHUMN.

X pag yz

Q Q 9Q

g

X zy zz

OTOoT TCH30P ABJIACTCA CHMMCTPUYHBIM, T. €

0;=0, (@j=xyz)
Mo0>XHO TOKa3aTh, YTO CUCTEMY KOOPJMHAT MOKHO MOJI00paTh TaKUM 00pa3oM,
9TOOBI BCE HEAMArOHAIBHBIE 3JIEMEHTHI OOPATHIINCH B HOJIB!

B cuiy cummeTpuyHOCTH T€H30pa Takue OCH OyayT Ha3bIBaThCs ITIaBHBIMU.
2. PacTsizkeHHe M CKATHE CTEPKHS.
PaccmoTpum cTepkeHb KOTOPBIN IMOABEPTaeTCs PACTKEHHUIO U CKATHIO.

B P

g o JU1st paBHOBeCHs CTEPKHA B ceueHUH C Ha OCHOBAHUE
CTEpKHS JOJDKHA JNEMCTBOBATh cuia £ = F'. DTO cHila, ¢ KOTOPOM HWXKHSAS 4acTb
TSAHET BEPXHIOKO MJIM JABUT HA HEE.



Ecnu crepkeHp pacTAruBaeTcs, To:

F
T-= 5 MEXaHUYECKOE HANIPSIKECHUE.
Ecnu cxxnmaerces, To:
P-= F _ raBnenne.
S
P=-T

Ecau B IMCPBOHOYAJIBHOM COCTOAHHH AJIHMHA CTCPIKHA lo, TO ITOCIJIC I[e(l)OpMa-
O

[=1,+A1

AL
7 ¢ - OTHOCUTENBHOE YIUHECHNUE,

0

Al
A € - OTHOCHTENBHOE CXKaTHeE.

0
Jist neGonbiux nedopmanuit
T= ED¥, P E%

0 0

rae E - moayins FOHra.
Ecm [, =0l 10 T= E
T = Elt -3akon ['yka.
[Ipu pacTspkeHUM CTEpKHSI COBEpIIaeTcsl padoTa, ClieI0OBAaTEIbHO: BO3ZHUKAET
sHeprus aedopmaruu:

2
4- kﬂgl _ FgAl: U,
FOML_TOSWIL 1o o
2 2 1, 2
AV - o6beMHas INIOTHOCTh SHEPTUHU
UO@!Z?: lTDg = EL = T—
2 2 2F

Jlist manbix nedopmarninii moCTOSTHHBIE Tl He U3MEHSIETCS.

[IpuHUMO Cynepno3uiuu: €Ciii Ha TENO0 JCUCTBYET HECKOJIBKO CHII, TO pe-
3yJabTUpYIOIas Tegopmaius MOKET ObITh BBIUMCIICHA KaK CyMMa BcexX Jeopmariuid.



Eciu crepxenp nedpopmupyercs, TO €ro pasMepbl U3MEHSAETCS HE TOJIBKO B
HaIIpaBJICHUU JEHCTBYIOLIEH CUJIBL, HO M B IIONIEPEYHOM HalpasieHuu. Pactsokenne
— YMEHBIIICHHE, C)KATUE — YBEJIMYCHUE.

Torna

£, pie,

rae - MomxyInb momepedHoro cxaTtus — MoayJib [lyaccona ( ko3¢ huiueHT)
[Tponorapudmupyem BeipaxkeHue Jj1si 00bema:

InV=Innm + 2lna+ In/

[Ipoauddepenuupyem
V a
ol z 2A_a A—IDO
V a [
Jha_ bl
a /
Torna
(LIS l
)

1. E u } monHOCThIO OMMCHIBAIOT yHpyTHE NedopMaluu;



2. A = ¢l
[
3,676, e, E,
E u I Ha3pIBalOT U30TEPMUUYECKUMU MOIYJSIMH, T. K OHU XapaKTEPU3YIOT Jie-
dbopmaluu TN B MPEANOIOKEHUH, YTO UX TeMIIEpaTypa He U3MEHSIETCS.
Paccmotpum nedopmanuio napasienenunesa.

T
—_—

)._ ______ . s
£ / : X
AT i i

IIycTh ero pacTaruBaroT OAHOBPEMEHHO TPH CWIBL F,, F,, F. B Tpex HalpasJe-
HUSIX X, Y, Z.

Torzna B IPOTUBOIOJIOKHBIX TPAHAX BOSHUKAIOT Hanpsokenud 7, , 7, , T, .

Ecnm neiicTByeT TONBKO cuiia F,, TO peOpo X MOJYyYHUT IpHpPAIICHUE

bx L
X E
Ecau Tosbko cuna F, , To pedpo X MOJIydUT pUpaLCHUEe
hx T,
X E
Eclii TONbKO cuia F. , TO pebpo X MONYUUT IpHpaIeHHe
bx_ T
X E
Torna
T U .
£ = E - E(T .1t T.) - 0600mennbIii 3akoH ['yka
AHajg0rn4Ho,
N TS
* E E O °
T
e = =-ELrer)

BcecTopoHHEE CKATUE U PACTIHKEHHE.

Ilyctb Bce HanpsokeHust 7, , T, , T. OyAyT PaBHBIME M OTpHIATeIbHbIMA. Torna
Ha MapajuIeIeIuIe ] CO BCEX CTOPOH aeicTByeT napnenue P= -7, = -1, = T,

Torna



P
K - -
A 17 - K03((HUIIMEHT BCECTOPOHHETO CHKATHUS
V

K:3—E
(1-20)

1
HpHﬂ—*E K- o,

OZIHOCTOpOHHEE CIKATHE.
[IycTh CTep’KeHb CKMMAeTCsl BIIOJIb OCH X, €r0 Momepey-

~ o ) =
A
— \@\
HBIC pa3Mepr MCHATLCA HC MOFyT.
Torma
T
e 2 T T)
E E ’
e = b aT)=0
' E E ¢ :
T. |l
£.=—=-—(T +T)=0
°E E( ! y)
1- 4
Torna:
T 2u°
£ = X 1— _r
T
£ = Ex/
o
- 2u* - MOJYJIb OJJHOCTOPOHHETO PACTSHKEHUS.
1- 4

3. DHeprusi 1e)OpMUPOBAHHOTO TeJIA.
Jlist neopManvivi Tea HYXKHO COBEPIIUTH paboTy. B cBoro ouepens medop-

MUPOBAHHOE TEJIO 00JIaJaeT SHEPTUEH U CaMO MOXET COBepIIaTh paboTy. DTa IHEp-
r'vsi Ha3bIBaeTcs ynpyrou. Eciiu nporecc KBa3ucTaTuueCcKuil, TO KHHETUYECKAas IHep-
rus 1epopMalvii HE BO3HUKAET.

[Tpunoxkum k Teny pactsaruBaroiryto cuiy f(x) u Oynem ee yBenumuuBath oT =0

no f=F. Torna yymunenue x=0 u x=A/.



S(x) = klx- 3akon I'yka

Al iy 2
U:If(x)Ddx:IkaDdx:kD(gl) - FEM,
0 0

I'ne F koHeuHOE 3HaUY€HUE CUJIBI C APYTOM CTOPOHBI.

:%W@&ﬁﬂwﬁﬂ&)

T

EXZEX‘/J(TﬁTZ),
_Ty
gy_E_lJ(Tx.I-Tz)’

z

T
ez =-u(T.+T).
o HIAT)

[ToxcraBuM B MOJIy4€EHHOE COOTHOLICHUE U pa3feiuM Ha V, T. € 3alUIIEM BbIpa-
KEHUE JIJI1 00BEMHOMN INIOTHOCTH SHEPTHUU:

1
U= E(Tf FTAT -2 (T + TT+ TT)) (%)

4. a)/lepopmaumsi caiBUra.
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4 _ Bosbmem ky0 u npu-

JIOHMM K MPOTUBONONOXKHBIM rpansM AD u BC paBHbIC 110 BEIMYMHE, HO MPOTUBO-
MOJIO’KHO HAIpaBIIEHHBIE KacaTeNbHbIE CUJIBI T, IO/ JEHCTBUEM ITHX CHII KyO HaYHET
Bpamarhcs. YToObl yCTPaHUTh BPALICHUE HAJIO TIPUIIOKHTD €IIe JBE CUJIBI T B IIPOTHU-
BOIIOJIOXKHBIX HAIPABJICHUSAX, TOTJA BIOJb OJHOW JUaroHanu OynyT NIeHCTBOBATh
pacTATUBAIOIINE CHIIBL.

O6beM Tena He usMenuTcs. [loBepHeM Ky0 Tak, 4T00bI HOBOE OcHOBaHue A’ D/
COBIIAJIO CO cTapbiM AD.

Taxkum oOGpa3oM Bce clioum KyOa CMEIIAroTCsl B OJHOM HaIpaBJIeHUH OTHOCHU-
TeJIbHO ocHOBaHusi AD — nedopmarus casura.

Yrou y — mai, Toraa
1 =Gy



[ - KacaTeJIbHOE HAIPSHKEHUE,
G — MOyJIb C/IBUTA.
PaboTa Ha cuBur

4= %D{ OSTA x
Ax - cmemenue rpanu BC
S — Iomaae 3TOM rpaHu

Ax=aly
a — njuHa pedpa
A= lDr 0S Ualy = l[h‘ iy,
2 2

V — 00bem kyo0a,

A —
7 U - o0beMHast TNIOTHOCTh YHEPTUH.

U=-0O=—— (%)

S
A v o
I[CI/ICTBI/IG KaCaTCIIbHBIX HAIIPSKCHUUN B JUAI'OHAJIN AC

MOYKHO pacCMAaTpUBATh KaK COBOKYITHOCTh HANIPS)KEHUW U JABIICHUMU.
F — cuna, nelictByromas Ha yacte kyoa ACD

F= a1 Bsin45° + 1 Dcos45°) = ~20a® T (puc. npempLmyiyii)
S = +/2 0g® - WIOAak AMATOHATEHOTO CEUEHHS.

DTO 03HAYAET, YTO B CEUCHUU JICUCTBYET HANPSKEHHUE T. AHAIOTMYHO B CcEUe-
Huu BD Oyzer neiicTBoBaTh JaBieHHE T.

CaBUTr 5KBUBAJIEHTEH PACTSIKEHHIO TeJla B OJIHOM HANpPABICHUHM U CXKATHIO B
NEPHEHIUKYISIPHOM HAIPABIICHHUH.

N3 xy0Oa BeIpexxem napasuienenunen SPQR.

Tx:T9 T'y:_T: T'z:O

£.=0,¢6.t¢ =0

AV=0 (00beM HE U3MEHSIETCS)

Toraa u3 hbopmyibl 17151 IIOTHOCTH SHEPTUu (*):

CpaBHuM ¢ (**) u nomyunm



E

231+ )’
TOTrda MOJIYJIB OJIHOCTOPOHHCFO HaHpH)KCHI/IH
E=k+2G
3

k — MOJTyJTb BCECTOPOHHETO CKaTHSI.
0) Heonnopoanas nedpopmanusi Kpy4eHusl.

Ecnu oguH KOHEN MPOBONOKHU 3aKPENUTh, & KO BTOPOMY NPHIIOKHUTH KPY-
TAIIAE CUIIBI

M= [,

rac f— MOAYJIb KPYUYCHHA, 3aBUCUT OT Marcpuala U rcoMCTpUICCKUX

N

pa3MepoB.

PaccmoTpum nunuHapruyeckyro Tpyoky u onpenenum f .
r, | — mapaMmeTpsl TpyOKH,
dr — TONIIUHA CTEHKH.
[Tnomane ocaoBanus Tpyoku 2 Um [r Udr
MOMEHT CuJI B 3TOM CEYEHUU
M = 20n UrUdr T Ur
T — KacaTeJIbHOE HampsDKeHHE.
PaboTta ckpyunBanus
2
A=ty = M
2 20f

V= 20r Or/ Udr - oobeM TpyOKH.
OO0beMHas TUIOTHOCTh YHEPTUU:

A0 0dr T * 0r’ Odr _ m Or’t 2 Odr

20 020n Ur U Odr fu

Hedopmanuio ceyenus ABCD wmoxHO paccMarpuBaTh Kak CABUT. Torjaa
Haiijiem cBsa3b Mexay fu G

20r UG Or’ Udr

/= 7
Jlist TpyOKuM ¢ KOHEYHOM TOJIIIMHON
nlG, ,
=——(r -
SEog )

J171st IpoBOJIOKM pajuyca »
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N3rub Tak e Kak U KpydeHue SBIISICTCS] HEOTHOPOIHOM Aedhopmarineii.

13ru6 manoro snementa: muann AA’ , BB, NN’ MOkHO IpeICTaBUTh JyraMu
okpy»xHocreii B ienrpe O. ITpy 5TOM BHYTpH dJIEMEHTA CyIlecTByeT auHus NN/, ko-
Topas HE U3MEHUT CBOIO JIMHY npu nedopmanun. AA’ - cokpamaercsa, BB’ - ymm-
HSIETCSI.

R=R,+¢
[, = Ry - pmuana NN

[=RM =R, + % - wHa BB

A ¢
¢ = —— = — - oTHOCHUTeNbHAs Aehopmarius.

Onropa HaNps>KEHUH B U30THYTOM JIEMEHTE.
[Inomane 3eMeHTa Ha Ha pacCTOsIHUU &.

— =
=
|
dS = ylds
TJ€ y - JUIMHA 3JIEMEHTA.
¢

dM = dFD{ = dS DTD{ = Elk DdSD{ = EDR—DE dS - MOMEHT CHJI )Ie(l)opMa_
0
[IMH B CEYEHUH M30THYTON OAJIKH Ha PACCTOSHHUM & OT HYJIEBOU JIMHHU.

HNnTerpupyem:

_ B
M= [dM = —[¢°0dS

cm

- 2 o
1, = [¢"0dS - cratncTuyeckuit MOMEHT HHEPITMHU MTONIEPEYHOTO CeYEeHHs GaJl-



KH.

ds = y(¢)Ld¢
M - ICIH E
R
1
k = e KpUBH3HA JTUHUHU
Torma
M=k
M=1 UEk.
KoHTpoJibHbIE BOIPOCHI
1. I1
OUYeMY YINPYTUe€ CUJIbl CYUTAIOT MMOBEPXHOCTHBIMU cusiaMu? UTo 3T0 3HAUUT?
2. B

KAKOM CJy4yae JUisl ONHCAHUs YIPYTUX B3aUMOAECHCTBUI HCIOJB3YETCA BEKTOP
HanpspkeHun? TeH30p HanpsKEeHU?
3. K
aKOW CMBICI UMEIOT KOMIIOHEHTHI TeH30pa HanpsikeHui? Kakue u3 HUX ONMUCHIBAIOT
HOPMAaJIbHbIE HAINPSHKEHUS, 8 KaKhe- TAHT€HI[UaJIbHbIE?
4. 4
TO TaKO€ IJIaBHbIE OCU TEH30pa HampspkeHui? Kakue HanpsskeHusi CyIIeCTBYIOT B
TJIABHBIX OCAX?
5. C
037a10T Jii AedopMaIliio B HEKOTOPOM HaIpaBICHUU MOMEPEYHbIE K 3TOMY HaIlpaB-
JICHUIO HAMPSDKEHUS? 3aMHIINATE COOTBETCTBYIONTYIO (POPMYITY.

6. K
aKye HalpsKEHUs BO3SHUKAIOT IPU U3ruoe Oanku?

7. K
aKve HanpsOKEHUs BOHUKAIOT MPU PACTSHXKEHUU TIPYKUHBI, CKPYUYUBAHUU CTEPKHS?

8. I1
oueMy koaddunrent Ilyaccona [ He MmoxeT ObITh Oobie 0,57

9. IT

OYeMy IpHU OJHOCTOPOHHEM pACTSXKEHUHU cpefbl AeopMmalii MEHbLIe, YeM MpH
CBOOOJITHOM PACTSKEHUU CTEPIKHS?

9. MexaHuKa XnaKkocTtem m rasos.

CBoiicTBa XUAKOCTEH M ra30oB. 3aKOHbI rMApocTaTuku. CTallMOHApHOE Teue-
Hue xuakocted. TpyOku TOka, ypaBHEHUE Hepa3pbIBHOCTH. [losHas sHeprus moro-
ka. 3akoH bepnynnu. lunamudeckoe nasnenue. Kpurepuii BO3MOXKHOCTH MpeHeEOpe-
KEHUS C:KUMaeMocThio. TeueHnue xuikoctu no Tpydam. BsizkocTs sxuakocTu. Jlamu-
HapHoe U TypOyJsieHTHOe TeueHus. Uucno PeitHonbaca. 3akon Ilyaseitna. O0tekanue



T€J KUAKOCThIO W ra3oM. llorpannunsiii cioid. OTpbIB NOTOKA U 0Opa30BaHHUE BHU-
xpeit. JIJoboBoe conpoTuBiieHne U nogbeMHast cuia. D¢pdekr Marnyca.

Mexanuka >xcuoxkocmeit u 2a3oe.

1. Otnuune XUIKOCTEH U Ta30B OT TBEPJBIX TeJl: MPUHUMAIOT GOpMy cocyaa.
Monekynbl IBUKYTCS XaOoTHYECKH. B cocTossHMU paBHOBECHS! HE 00JIaJal0T yIpyro-
CTBIO (DOPMBL.

T.k. Takue Tena He oOnagaroT GOpMOM, TO B HUX HE MOT'YT BO3HHUKATh Kaca-
TEJIbHBIE HANPSKEHUS, & CYLIECTBYIOT TOJIBKO HOPMAJIbHBIE.

B cocrosiHun paBHOBECHS HaIPSKEHUE B )KUIKOCTH U Ta3e BCEra HOPMAIbHO K
IJIOIIA/IKE, HA KOTOPYIO OHO AEHCTBYET.

C 5101 TOUKM 3pEHUs K )KUAKOCTSIM U ra3aM MOXHO OTHECTH CPEU KOTOPBIX HE
BO3HMKAIOT KacaTEJIbHbIE HANIPSKEHHUS.

HopMmanpHy0 COCTaBISIONUIYIO HANPSIKEHUS MOKHO OIPEIEIUTh 4Yepe3 JiaBiie-
HUE.

d,=-Pn
B cucreme koopauHar X,y,z

—
—

G, =-Pi;0, =-Pj;0_ =-Pk

Pr=Pin_+ P jn + Pkn

y y z z
YMHOXHUM TIOCJIeI0BATEIBHO HA i, j,k , TOTYy4YHUM:
P= Px = P} = PZ

3akon Ilackansa: 6 cocmosHuu pagHo8ecusi HOpMAlbHble HaAnpsdiceHus (oase-
Hue P) ne 3asucum om opuenmayuu niowaoxu, Ha KOMoOpPYr OHO Oelicmeayemn.

Otnen MeXaHUKHM 3aHUMAIOIIUNACS U3YUYeHUEM JABWKEHUSI U PABHOBECHS YKUIKO-
CTE€U HA3bIBACTCS TMAPOANHAMHUKOM.

JInst u3ydeHus: CBOMCTB KUJKOCTH MOJb3YIOTCS MOAEIBI0 HECKUMAECMOU K-

KOCTH.
PaccMoTpuM 0HOPOIHYIO HEC)KUMAEMYHO KUJKOCTh!

- p = const (IUIOTHOCTb KUJIKOCTH)
A Fﬁ,x Tﬁeno HaXOJIUTCA B MOJIE CHII TSKECTH
— Fo=mg
- JU1st paBHOBECHS B XKUAKOCTH JOJDKHA BO3HUKATh CHIIA, HAIIPAB-
— . JIEHHas BBEPX U MPOXOAUTH YEPE3 LIEHTP TSHKECTH Tea.
-3
o _ ~ =
AR E|= |Fo

(V)

[Ipu morpyX’eHuu B KUJIKOCTh TEJIO BBITECHSET HEKOTOPBIN
00beM, paBHBI 00beMy Tena, ciiefoBarensHo Fy, = M, &

Ha meno, noepysicennoe 6 stcuokocmn, co CMmopoHsl HCUOKOCMU OeUCm8yem Gbl-
MAnKUBAIOWAsl CUNA, PABHASL bLIMECHEHHOU HCUOKOCTIU.
Cunibl, IEMCTBYIONIME B KUJIKOCTH, MOXHO Pa3JeiUTh HA MAaccoBble (00bEM-



HbIE) U [IOBEPXHOCTHBIE.
MaccoBast ~ cuna  NpoNOpLUOHaIbHA dm W 00beMy  DJIEMEHTa

AV D f- o0beMHas INIOTHOCTh MACCOBBIX CHJI (CHJIa TSHKECTH, CUITbI HHEPLIMH )

f = pg - B Cily4ae CUIbI TSKECTH.
PaccMoTpyuM 351eMeHT (LMIMHAP) HEMOABUKHOMN SKUIKOCTH:

dx
P(x) E) lu} Px+dx) A

P(x+dx) = P+ dP

Torna
F =PS§S; F, , = (P+dP)S npoexuus cun Ha ochk X
dS(P(x) — P(x+dx))=0
P(x+ dv)- Py = dP= BPH i
Ddx D
F =fdV= fSdx
dP P s = "
fdx=dPU f = o S it ft fk
x
aP—,> aP - 0P - e
Torma — i+ —j+t —k=f wm
dx dy 0z
f = gradP
(OCHOBHOE ypaBHEHHUE TUAPOCTATUKH)
IIpumepl
; T 3T 3
YCTh HET MacCOBBIX CHJI, Tora f = 0 u ix dy 0z

~!

o)

Q.
s

0P
Torma —=-pg
0z

Z=const — JXKUJAKOCTb PABHOT'O JIaBJICHUSI.
P=-pgz+tec; P(0)=P,
Torna P=F - pgz

Ha Tenmo nmeicTByeT cuina MHEPLHH.

Cocya ¢ XKHAKOCTBIO MMOMECTUM Ha Bpalllarollyrocs 1miatdop-
My

F_=mw’r

11.0.




fu.6. - pwzr

P pw’r
dr
dP = pw *rdr

[IpouHTerprupyem mojrydeHHOE COOTHOLIECHHUE
A i
I dP = J' pw rdr
) 0
2

P-P = Pg 1’ w3 mpumepa 1:

1 0

pw 2_2
P(r,z)= P, - pgzt ———, T.€. 1aBJICHUE U3MEHSETCS HE TOJBKO B HaIpaBJe-
2

HHH I', HO U 110 BEPTHUKAIN

2.2
- W r
Ecmu P= Py, 10 pgz = L
2
w’r?
z= 5, » OTO O3HAMACT, WTO MOBEPXHOCTb XKUAKOCTH JOJDKHA MPHHUMAT
g

dbopmy mapabomonaa BpameHus (4aii B CTaKaHe).

2. Kunemaruka ;KMJIKOCTH.

Jnst onucanusi IBM>KEHUS KUAKOCTU HY>KHO ONPENEIUThH JIBU)KEHUE BCEX 4Ya-
ctull. OJIHaKO, €CIM paccMaTpuBaTh KUJIKOCTh KakK CIUIONIHYIO Cpely, TO MOXXHO
OMPEICIINTh KaK U3MEHSAETCS TEUCHHE KUJIKOCTU B KaXKJIOW TOYKE CYIIECTBYET JBa
criocoba:

1. cioco0 Ditnepa.

OrnpenenuTs Maccy KUJIKOCTH, MEPEHOCUMYIO IIOTOKOM.

2. cnioco06 Jlarpanka. C mOMOUIbI0 BEKTOPHOIO MOJIS.

B xax o1 Touke MpoCTpaHCTBA HAXOUTCS YaCTUIIA MACCOM M, KOTOpask UMEET
OTpeIeICHHOE /HanpaBneHHe BEKTOpPa CKOPOCTH V.

e

Yn
m(xi’y’Z)’V = f(x’yi’Z’t)
Ecnu coemMHUTh OHOW JIMHMEW BCE YaCTHUIIBI, UMEIOIINE OJMHAKOBYIO CKO-
POCTb, TO MOJYYUM JUHUIO MOKA.



B(t) v

Alty)

Kacamenvnas cosnaoaem c HanpaesjieHuem CKopocniu.

Ecnu niosie ckopocTen He U3MEHSIETCS C TCUEHUEM BPEMEHM, TO TEYCHUE HaA3bI-
BAETCA CMAYUOHAPHBIM WA YCMAHOBUBULUMCSL.

Ecmu BBIACIIUTH B TeKymeﬁ KUAKOCTH HpOHSBOHBHLIﬁ SaMKHYTBIﬁ KOHTYP Cmnu

gyepe3 KKy ero TOUKY MPOBECTH JIMHUM TOKA B ONPECICHHBI MOMEHT BPEMEHH,
TO TIOJIYYUM MmpyOK)y moKd.

C
PaccMoTpum TpyOKy TOKa, BRIPE3aHHYIO U3 MIPOCTPAHCTBA KUAKOCTH MPOU3-

BOJIBHBIM 00pa3zoM, U OTMPEEINM MacCy KUAKOCTH MPOXOIICH yepes3 moboe ceue-
HUE TPYOKHU TOKa

__JIBMKeHHE cTallMOHapHOE

OObeM KHUIKOCTH, MPOXOIAIINIA yepe3 ceueHue 3a Bpems dt

AV =08 VAt
S, 0Dkv
AV, AS v
At
e L< Torna macca KUJIKOCTH
Am=A40Vp = pvAS At

AS = A Sii
YA S = vA Scosq = vAS=yhS, = @ -[OTOK BEKTOPA CKOPOCTH
CornacHo 3aKOHY COXpPaHEHHSI MACCHI:
Am, = Am,
p lle Sl - p ZVZA SZ
pVvAS = const ypaBHeHHE HEPA3PHIBHOCTH
P, = P, - KUOKOCTb HECKUMAEMAS
vAS =vAS,
v S = const



4. PaccMOTpUM TE€UECHHUE WJICaTbHON JKUJIKOCTH B MOJIe KOHCEPBATUBHBIX CHII.
B moste cut TsoxecTH.

B ceuenun  coBepinaercs paborta

dA = PS.dl,
dA, = P,S,dl,
N
dd, = PdV,, d4, = PdV,
d
dVl = %’ dV2 = m,
P, P,

_ . dm, dm

aVAl-P1 , d4, = P, 2
P, Py
[TonHas 3HEprus, 3aTpadyeHHast Ha ATy pa60Ty (dml - dm2 = dm)
dA + dA, = dE
dE = Eﬂ- iEa’m
P, P,

dE
— = ¢ - DHeprusd Ha €IUHUILY MACCHL
dm
dE=(¢,- ¢,)dm
LA S
P, P,

A A
£t —=¢6,t —

P, P

—t ¢ = const - ypapaenune beprynnm.

p

Boonb 00Hotl u motl oce runuy moka npu CmayuoOHApHoOM medyeHuu UoealbHou
orcuokocmu eenuuuna € o ocmaemcs NOCMOAHHOL.

CrpaBeJIMBO U 71 CKUMAEMOM JKUIKOCTH.
& — DHEPIUs €AUHUIBI MACChI, CKJIaJbIBa€Mast U3 KHUHETUYECKOW Y MOTEHI[UAIb-

HOM B IIOJIE CUJI TIKECTU
2

v
- —+ oh
5 g

Torna ypaBHenue bepuymnu:



vZ

P
B t ght —= const= B - nocrosunas bepaymm

CoxpaHseT CBOE 3HAUCHHUE BI0JIb OJHOM M TOH e TPyOKH TOKa.
P —
1. Ecimv=0, 0 ght — = const t.e. B mocTOSHHA JUIS BCETO MOTOKA — YKH/I-

KOCTh B COCTOSTHUU PaBHOBECHS.
2. Ecnu TpyOKa pacmoyiokeHa TOPU30HTAIBLHO, HO UMEET MMEPEMEHHOE CeUCHUE.
h = const

™ V—+£= const
T A 2

3. Ecau CKOPOCTH B CCUCHUAX PA3JTNYIHBI

8Pz P Rz (- v)

[TomecTuM B MOTOK HEKOTOpoe oOTekaeMoe Temno. [lpu
ATOM JIMHUU TOKa OyayT pacXOJAUThCS.
Touka A, OT KOTOPOM PaCXOIATCS JIMHUU HA3BIBAETCSI KPUTUYECKOMU.
[Ipumenum ypaBHenue bepHymu k nunuu BA, nonyunm

2
\%
P+ - p
P, - 1aBlIeHUE B KPUTUYECKOM TOUKE.
P—mnHa 00, OTKyda TCUCT KUAKOCTb
P() - 9TO MAKCHUMAJIbHOC IAaBJICHUC, KOTOPOC MOXKCT UMCTb KUIAKOCTH B STOU

JIMHHUHU TOKaA.
2

o 14 o
Benuuuna cTrosimas CJICBa — IHOJHBIM HAIIop, pT - IMHAMHWUYCCKHUHN HIIN

CKOPOCTHOW HAamop, KOTOPbI B TUAPOJAMHAMUKE HA3bIBACTCS OUHAMUUECKUM
0asneHueM.

Jnst usMepeHus TMHAMUYECKOTO JJABJICHUS UCTIOIL3YIOT TpyOKy [luto.
JlaBneHue onpenensitoT BHICOTOM KUIKOCTH B TPYOKe.

[

HpI/IMep: HCTCUCHUC JXUIKOCTHU N3 OTBCPCTHUA.



3anuiiem ypaBHenue bepnysuim:

B 1. B ckopocth v = 0. /laBieHHEe MOXXHO CUHUTATh OJMHAKOBBIM PaBHBIM

atMochepHOMY, ToTHia V = /2gh - ckopocTh TeueHus xuakoctu. @opmyna Top-

pUYCIIIIN.
4. B PCAIBHBIX KUAKOCTAX IIOMHUMO HOPMAJIbHBIX BO3HHKAIOT M KaCaTCJib-

Al d @ HbIE HANPSKEHUSI, UX CYIIECTBOBAHUE OOYCIIOBICHO HAJIUYU-
€M CHJI BHYTPEHHETr0 TPEHUSI UJIU BA3KOCTH.
"47‘\ J:\L Paccmotpum nBe OeckoHeuHble TiacTuHku AB u C/].
\ AB noxontcs, CJ] IBUKETCA CO CKOPOCTBIO V.
= T Yro6wl C/] nBuraiachk paBHOMEPHO, K HEW HYKHO MpH-

JIOKUTH CHIIy F TIO HAIllPaBJICHHUIO JIBIDKEHUS, U TOYHO TaKyIO XK€ CHIy HYKHO
NPWIOKUTE K AB - F .
Bennuuna F ycTaHOBIIEHA SKCIIEPUMEHTANbHO HbI0TOHOM.

~ %
F=p85-=2
h
7 — KO3 HULIMEHT BA3KOCTH.
Ecnu aBmxyTcst 06e mi1acTUHBI
V,- Vv
F=n8S—+——
h
BriGepeMm cuctemMy otcuera.
V.=V
+ o F ()
—~ T v,=v. =0
T \& Onpenenum KacaTeNbHYIO CHITy Ha €IMHUILY TJIOIIAH.
y — HallpaBJ€HUE HOPMAJIU, X — HAIIPABJICHUE CUJIBL.
=
v
yx ay
dv,
3, ~ TPAIMEHT CKOPOCTH.
y

BHyTpeHHUM TpeHHEM WIIM BSI3KOCTHIO HA3BIBAETCSI BO3-
HUKHOBEHHME KAacaTENbHBIX CHJI MEXAY CIOSIMU JKHAKOCTU MpHU
UX OTHOCUTEIBLHOM CKOJIbKECHUHU.

Pacrnipeniesienne ckopocTei B IOTOKE.



JIBrKeHne KUIKOCTU B TpyOe.
PaccmoTpum cTarnioHapHOe TeYeHHE KUIKOCTH B TpyOe.

Ha OoKoByI0 MOBEPXHOCTH JIEHCTBYET KacaTelabHasI
cwia dF.

dF = 2mrn @dx
dr

Ha ocHoBanue numuHApa MOMUMO 3TOTO JIEHCTBY-
10T B TOM >K€ HAIlPABJICHUU 2 CUJIbI

dF, = mr’(P(x)- P(x+ dx))= _ché_de
X

[Ipu cTarmoHapHOM T€YEHUU CyMMa 3THX CUJI paBHA HYJIIO.

dv dP

_ = 7/'_

2 dr dx
dv

V(I/') — HC USMCHACTCA U —— HC UBMCHACTCS IIPpU UBMCHCHHH X.
r

dP ! _P-P
OTcroma ciemyer, 4To u T JIOJHKHA OBITH TIOCTOSIHHOW M PaBHOM o
[ — nHA TPYOBI.
B pe3synbrare
dv__PR-P
i
[Tocne mHTETpUPOBAHUS TIOTYUUM:

V:'MI"Z‘FC
41

[TocTosiHHAsT MHTETPUPOBAHMS OMPEICIAETCS U3 YCIOBHUS, YTO HA TPAHUIIES
TPyOBI CKOPOCTH JI0KHA OBITH paBHa HYJI0. Eciu paauyc Tpyost R, To v(R)=0

_A_P 2 _ 2
V(r)'4,,1(R )

CKOpOCTBh U3MEHSIETCS N0 NapadoIMYECKOMY 3aKOHY.

OnpenenuM pacxon JKUJIKOCTH, T.€. KOJUYECTBO KUIAKOCTH, MPOTEKAOIIEH
yepe3 ceueHue Tpyobl. [locTaBuM KOIbLEBYIO MIIOMIAIKY .

[ToTOK BEKTOpa CKOPOCTH Y€PE3 KOJIBLO

x d® = vdS,
@ dd, = A—P(R2 - r*)2nrdr
4l

IIponHTErpUpOBAB, NOIYyYaAEM:

nh P
D, = WR '~ popmyua ITyaseits



Pacxoo orcuokocmu nponopyuonanen paznocmu OasieHutl, uemeepmou
cmenenu paouyca mpyovl u 00pamHo nponopPYUOHALeH OuHe mpyovl U 8313KO0CMU
HCUOKOCMU.

®opmyna [lyaselins cipaBeyBa TOIBKO IS JaAMUHAPHOTO TEUCHMSI.

JlaMMHApHBIM Ha3bIBACTCS TCUCHHE, KOT/Ia BCE YACTHIIBI JBUKYTCS IO TIPSI-
MOJIMHEHHBIM TPACKTOPHSIM.

JIJis BBISICHEHHSI KaK JBUYKETCS TEJIO B MOTOKE KMJIKOCTH MCIIONB3YIOT I'€0-
METPHYECKH IMOJ00HBIC MOJEIHN, Pa3Mepbl KOTOPBIX MPOIMOPIUOHAIBHBI pa3Me-
paM UCClIeyeMbIX TEJl, @ CBOMCTBA ITOTOKOB CXO/IHBI.

[TapameTpsl peasIbHBIX CUCTEM YCTaHABJIMBAIOTCS ITyTEM TIepecUeTa.

F UV - paJiyC-BEKTOP U CKOPOCTh B MOJJOOHO PACIIOIOKCHHBIX TOUKAX.

| — xapakTepHbIif pa3mep,

Vy - XapaKTepHas CKOPOCTh MOTOKA.

Pl coxxMMaeMOCTh MM CKOPOCTH 3BYKa B Cpeie

T — XapaKTEePHOE BPEMsI, €CIIU TCUCHUE HE CTAIIMOHAPHO.

Vv, 7,0, 0,60 ,8,T - MeXIy STUMH BEJIMYMHAMH JOJDKHA OBITH OJHO3HAY-
Hasl, He3aBUCUMAas U Oe3pa3MepHasi KOMOUHAIUSA:

i v, [ _1 .
R = =, g, ero Pelinonbaca

N v

F = = _uucno ®pyna

— - gucio Maxa
c
- VOT
S = T yuciio Crpyxans

CornacHo npaBwily nogoOusi oAaHa W3 KOMOMHALMK sBisieTcss (pyHKIUER
OCTAJIBHBIX

== f(5.R,F,M.,S)
v, [

Ecium qyist nByX TedeHUH MATh M3 MIECTH KOMOWHAITUN COBMIAAIOT, TO H IIIe-
CThIE OYyAyT COBIIAIaTh.

Yucno Petinonvoca ecmv omuoweHue KUHEMu4eckol dHepeuu H#CUOKOCmu
K nomepe ee, 00yCilo81eHHOU pabomotl CUl 813KOCMU HA XAPAKMEPHOU ONUHE.

3 lpvjﬁ s Fxnvd; A= vl K. ob
2 4 0

OT0 3HAYUT, YTO uucno Peilinonvoca onpedensem ponb Uil UHepYuUU U 6:3-
kocmu. [Ipu 6bonbuux yucnax — cunbl UHepyuu, NPU MAaIblx — 653KOCMb.

Yucno @pyoa onpedensiem OmMHOUIEHUE KUHEMUUECKOU IHEPIUU HCUOKO-
cmu K npupawenuro ee, 00yClo81eHHOMY pabOmMOU CUlbl MANCECMU Ha Nymu,
pasHom xapakmepHot onune. Yem 6onvue uucno dpyoa, mem 6onvue 8rusHuUe
CUl UHePpYULU NO CPABHEHUIO C MAAHCECBIO.




Xapaktep T€UECHUsI ONPEAEIACTCS 3HAUCHUEM XapaKTepHbIX uncen. Jlamu-
HApHOE TEYEHHUE SIBJISIETCS PETYJISPHBIM.

m IIpyn maMuHapHOM TEYEHHMH 4MCIIO PeiiHoibIca mpUHUMAET
\ _\ 3Hauenue 10 1000 npu ABMXKEHUU 1O KPpyTioi TpyOe.

[Ipu GosbIIMX 3HAYEHUSIX CKOPOCTHU JBUKCHHUE TepecTaeT ObITh JIaMUHap-
HBIM, T.K. YaCTHUIIbI YK€ JBUKYTCS HE MO MPAMOJIMHENHBIM TPaeKTOpUsAM. B xu-
KOCTH BO3HHMKAIOT BUXPH U TEUEHUE CTAHOBUTCS TYPOYJIICHTHBIM.

[Tpoduib ckopocTu.

7. IHTEpECHBIM SIBJISIETCSI BOIIPOC O ABUYKEHHUH TEN B )KUAKOCTH HII Ta3e.
Cuny, NeMCTBYIOIIYIO CO CTOPOHBI KUJIKOCTU Ha TEJO, PA3JI0KUM Ha JIBE
COCTaBJISAIOIHE:

< >> B nHanpasienun noroka F, U NEpHeHAUKYISPHO F
F_ - 1000BOE COIPOTHBIICHHE.

- IOAbCEMHAJ CHUJIA.
.HO6OBOC COIMPOTUBJIICHUC MOKHO OO0BSACHUTH HAJTUYHEM Pa3HOCTHU OaBJIC-
HUM Ha MNEPECAHIOI0 U 3aHIOI0 ITIOBEPXHOCTDb U BA3KUX CUJI TPCHUS.

Ecnu TedyeHue crainmoHapHOE, TO pas-
HOCTH JIaBJICHUN HE BO3HUKAET, TOTJa JOOOBOTO COMPOTHUBICHHUS HE BO3HUKACT.
OTO yTBEPKJEHUE CIPABEIIUBO U MPU OTCYTCTBUU TPYOBI. ITO SIBJICHUE MOTYYH-
JI0 Ha3BaHUE napaookca /larambepa.
[Tapagokc JlamamGepa MOKHO OOBSCHUTH TE€M, YTO JIMHUU TOKA CUMMET-
pPUYHBI IO 00€ CTOPOHBI TeJA.
PaccmoTrpum ciydait, Korja Te4eHue NpepbIBHOE.
K Teny npukpenum 351aCTUYHYIO IEPETOPOJKY.
3a nmeperopoJIKoil TaBICHUE OCTAETCA MOCTOSHHBIM. B/10JIb TOBEpXHO-
¢t CDMN — cKkopOCTh JOJIKHA OBITh OCTOSIHHOM.
[Ipn 5ToM Ha HEKOTOPOW JMHUU OOTEKAEMOTro Teja MPOUCXOIUT OTPBLIB



TCUYCHHUA OT TECJaA.

Takux TeueHUI MOKHO npeaACTaBUTbh MHOKECTBO.

Bo3nukaer Pa3sHOCTb I[aBJIeHI/Iﬁ U TOSABIISICTCA JI000BOE COITPOTUBJICHHC.
HOBerHOCTI/I pa3pbiBa pacClIaadroTCa HA BUXPH.

KoHTpoJibHbIE BOIPOCHI
1. K
aKoBa OCOOCHHOCTbH YIPYTHX HAMPSKEHUU B KUIKOCTU IO CPABHEHUIO C TBEPJILIMHU
Tenamu’?
2. 4
eM 00YCJIOBJIEHO BO3HUKHOBEHHE CUiIbl Apxumena? Bo3Hukaer nu cuiia Apxumena B
HEBECOMOCTH?
3. K
aK U3MEHSETCS JaBJICHUE B )KUAKOCTU MPU BOZHUKHOBEHUU 00bEMHBIX cuil? O0bsic-
HUTE pacrpeielieHue JIaBjieHus 1o BbicoTe cocya. [lo paauycy npu BpaiieHuu co-

cyna.
4. |
TO TaKoe€ IoJje ckopocren? Kakoe nmosie Ha3bpIBAETCSA CTALIMOHAPHBIM?

5. |
TO Takoe JuHus Toka? TpyOka Toka?

6. K

aKOM CMBICII UMEET ypaBHEHUE HEpa3pbhIBHOCTU? Kak OHO 3aMMChIBACTCS JIsS CKUMA-
eMoi cpennl? st HeCKUMaeMoil cpebl?

7. K
akou cMmbIcl uMeeT ypaBHeHue bepuynu? [Ipu kakux yciIOBHUSIX OHO CIIPABEAJIUBO?

8.

Urto Takoe AuHaMuueckoe JaBiienre? Hapucyiite cxeMy yCcTpoucCTBa, O3BOJISIIOLIETO
M3MEPUTH PACXOM KHUJIKOCTH M0 TUHAMUYECKOMY JABIICHUIO.

9. q
TO TAaKO€ BS3BKOCTh *KUJKOCTU? [Ipy KakuX yCI0BUAX OHA MPOSBIISETCS ?
10. K

aKas BEJIMYMHA XapaKTEpPU3YeT OTHOCUTEIBHOE CKOJIbKEHUE CIIOEB >KUJIKOCTHU?
JlaiiTe onpeaeneHne rpaiueHTa CKOpOCTH.

11. K
aKoB (pu3nyeckuil cMbica KO3 GUITMEHTa BA3KOCTH?
12. 4

TO Takoe TypOyieHTHocTh? Ilpu Kakux yciaoBusiXx oHa Bo3HHMKaeT? Kakoil cMmbici
nMeer unciio PeiiHonbaca?

13. 0)
Obsicuute 3Pdext Marnyca. OObsICHUTE BO3HUKHOBEHHE MOJABEMHON CHJIBI KpbLIa
camoJieTa.

14. B
4yeM CcyThb napajaokca Jlamamobepa?



10. PacnpocTtpaHeHue BO3MYyLLEHUN B YNPYrnx cpegax

CKOpOoCTh pacnpoCTpaHEHUsT BO3MYLIEHMH B YIPYTHMX cpenax. BoaHbel B
CTEp)KHE, HEOTPAaHUYECHHOU Cpesie, B CTpyHE, B raszax. [IpofoibHbIE U IONEpEYHBIE
BOJIHBL. YpaBHeHUE Oeryiel BoiHbl. ['apMOHUYECKe BOJIHBI.

Bonnwn
Ecnmu B kakoil-nmubo ympyroi cpene Bo3HUKaeT Aedopmariusi, To oHa OyaeT
pacIpoCTpaHATHCS B CPEeie BO BCEX HAIpaBJICHUSAX. B 3TOM ciydae TOBOPST O BO3-
HUKHOBEHUU B TEJIC BOJIH.

Ecnu BosiHa pacnpocTpaHsieTcsi BO BCEX HAIPABJICHUSIX C
OJIMHAKOBOM CKOPOCTBIO, TO TaKas BOJIHA HA3bIBACTCS cghepureckoti, T.K. Ha OJUHa-
KOBOM PACCTOSIHUM OT MCTOYHHKA BCE YACTHUIIBI TEJIa COBEPILIAIOT OJMHAKOBOE JIBH-
JKCHHE.

['eomeTpuyeckoe MecTo TOYEK, KOTOpbIe KOJIEOIIOTCS B OITMHAKOBOM (ha3e Ha-
3BIBACTCS BOJIHOBOU NogepxHocmuio. I chepruueckoil BOJHBI 3Ta TOBEPXHOCTD SIB-
nsiercst chepuyeckoil. Ecnu BoiHa pacrpocTpaHseTcs B OJHOM HaIpaBJICHHH, OHA
HaszbIBaeTcs naockoi. [1mockas BoiHa UMEET NI0CKULL 80JIHOBOU (DPOHM.

Ecam gacTunipl Tena coBeparT KojeOaHus B HAMPaBICHUH PacIpPOCTPAHCHUS
BOJIHBI, TO TaKHE€ BOJIHBI HA3bIBAIOT MpO00obHbIMU. ECIN Y4acTUIBI KOJIEOIIOTCS B
HaIpaBJICHUU MEPIECHANKYJISIPHOM HAIPABICHUIO PACIIPOCTPAHEHUS BOJHBI, TO BOJI-
HbI Ha3bIBAIOTCSl HONEPEUHBIMUL.

[Ipu coBeplieHUH YaCTUIIAMU TAPMOHUYECKUX KOJIEOAHU BO3HUKAIOT TapMO-
HUYECKHUE BOJHBIL. YPABHEHHUE TJIOCKOM TapMOHHWYECKOM BOJIHBI MOKHO 3aIlMCaTh B
BHUJIC:

Y(x,t) = dcosa (- 1)= Acostws- 220,
0 v [

IJIe T — BPEeMs PacTpOCTPaHEHHUsS BOJHBI HA PACCTOSHUE X
V — CKOPOCTh PacIpOCTPAHEHHUS BOJIHBI.
PaccrosiHre Mexay aByMs TOUKaMH, KOTOpbIC KOJICOIIOTCS B OAHOU (ha3e Ha-
3BIBAETCS OJIUHOU BOJIHbL A.
=T,
T — nepuon BOJIHBL.



BosHBI, KOTOpBIE pacIpPOCTPAHSIIOTCS B YIPYTOM Cpelle Ha3bIBAIOTCS 3BYKOBBI-

MHU. 3BYKOBBI€ BOJIHBI BOZHHKAIOT B PE3yJIbTaTe U3MEHEHUS IIOTHOCTU CPEJbl B Me-
CTax BO3HMKHOBEHUs Jepopmaliuii ¢ OAHOBPEMEHHBIM CMEIIEHUEM UX OTHOCUTEIIb-
HO TIOJIOKEHMsI paBHOBecHs. [[03TOMYy MOXKHO CKa3aTh, UYTO B0IHOB0€ OBUMNCEHUE
npedcmasisiem cobou pacnpocmpanerue 8 NpoCmMpancmee U3MeHeHull NA0OMHOCIMU
yacmuy cpeovl Ul COCMOSHUSL OBUNCEHUS UX.

[Ipu pacnpocTpaHeHUU BOJIH HE MPOUCXOJUT MEPEHOC BEIIECTBA U3 OJHOM Ya-

CTH TIPOCTPAHCTBA B IPYTYI0, HO MIPOUCXOIUT IEPEHOC SHEPTHH, 3a CUET KOTOPO Ya-
CTHUIIBI CpeJIbl HAUMHAIOT COBEpIIaTh KosieOanus. [loaTomy 6onHos0e 0udicenue ces-
3aHO C NePEeHOCOM IHEPeUU 8 NPOCMPAHCMEE.

KoHTpoJibHBbIE BONPOCHI

1. 3
anuIIuTe ypaBHeHUE Oeryiied BoyiHbl. CpaBHUTE aMIUIMTYJy, 4acToTy U a3y pas-
JUYHBIX TOYEK.
2. K
aKoM CMBICIT UMeET BOJIHOBOE unciio? Yacrora? B yem ux ananorus?
3. q
TO Takoe ¢a3oBasi CKOPOCTh BOJHBI? OOBICHUTE KAaYECTBEHHO 3aBUCHMOCTH CKOPO-
CTH OT TUIOTHOCTH U YIIPYTOCTH CPEJIBI.
INPAKTUYECKUE 3AHATHUA (54 HAC)
No Tema 3ansaTusa NoNe 3agau 3ajgaHus Ha 0M, Yuc-
TEMBbI o [5], b-[6] [5] JI0 Ya-
COB
1 |Kummematmka  mocrtynma-|1.16 1.21 1.22 1.24|1.18 1.23 1.27 1.28 1.29 |8
TenpHOro # Bpamarensb-|1.26 1.30 1.33 1.44|1.351.36 1.371.391.40
HOTrO JBWKEHUs Marepu-|1.49 b1.32 1.431.471.48
aJbHOM TOYKHU.
2 |/Innamuka marepuanbHoit | 1.63 1.67 1.70 1.781.60 1.62 1.64 1.65 1.68 |6
TOYKH 1.86 1.89 191(1.741.811.821.871.90
1.101 1.93
3 |3akoHbI coxpanenus. |1.112 1.121 1.126(1.124 1.125 1.127 1.144 |6
CTOJIKHOBEHUS 1.137 1.142 1.171|1.1491.150 1.151 1.152

1.175 1.206

1.159 1.173 1.179 1.184
1.213




Koutpoabnasi pabora 1l |Temsl 1-3 2
JnHamuka BpamarensHo-|1.268 1.270 1.278(1.264 1.266 1.267 1.271 |8
ro ABwkeHus TBepaoro|1.282 1.292 1.304|1.276 1.280 1.281 1.291
Tena (1.260 1.266 1.272]1.297 1.305 1.310
1.275 1.293 nom.)

JIBmxkenue B mojie Tsrote- | 1.219 1.226 1.245|1.217 1.221 1.225 1.236 |4
HUS 1.249 1.247 1.250
Konebarenrnoe  nBuxke-|4.14 421 4.32 4.35(4.134.254.274.344.79 |4
HUE 4.59 4.62 4.77 4.80
KoutpoabHas pabora 2 | Temsbl 4-6 2
Heunepumansueie cucrte-|1.104 1.108 1.109(1.74 1.92 1.106 1.110 4
MbI OTCYETA 1.174 1.111
Hedopmanuu u nanpsixke-|1.315 1.318 1.324(1.314 1.317 1.320 1.325 |4
HUS B TBEPABIX TeJIax 1.325a 1.333 1.334 (1.321 1.327-ce-

MUHaPp.)
Mexannka xunkocrern u|1.339 1.344 1.346|1.338 1.342 1.345 1.350 |4
ra3oB 1.358 (1.352) (1.341 1.343 1.351

1.354 1.362)
3a4eTHOE 3aHSITHE 2
Hroro 54

CAMOCTOATEJIBHASA PABOTA CTYAEHTOB

CEMHHapam:

TeMblI - B COOTBETCTBHHM C TAOJIUIICH TPAKTUICCKUX 3aHITHIMA.
ConeprxaHue - B COOTBETCTBUM C MPOrPaMMON U KOHTPOJIbHBIMHU BOIIPOCA-

MHU.

2. BrimonHeHue 1OMalHUX 3aJaHUi - B COOTBETCTBUM C TaOJIULIEH.

3.

IIpaBu/ia BHINOJHEHUS JOMALIHUX 3aJaHUMN.

. I/I3yquHe TCOPCTHUICCKOI'oO MaTcpuraiia, IIOAroTOBKA K ITPAKTUYCCKHUM 3aHATHUAM U

1. JloMamHue 3aaHus BBITOJHSIOTCS CTYJIEHTAaMU B TETPAJSX I10 ITPAKTUYECKUM 3a-
HATHUSIM U 0QOPMIISIFOTCS Ha JTUCTaX A4 ¢ COOTBETCTBYIOUIUM TUTYJIbHBIM JTUCTOM.

2. Kaxnas 3amaga oopMIIsieTcst Ha OTZISIBHOM JIUCTE. 3a/1a4a I0JHKHA UMETh YCIIO-
BUE (TIOJHOE M KPATKOE), PElIeHre JOKHO UMETh KpaTkoe 0OOCHOBAHHWE, YEPTEX.
Yeprexxu TOMyCKAeTCs aKKypPaTHO BBITIONHATL OT pyKu. POPMYIIbI TOJKHBI OBITh 3a-
MUCaHbl YETKO U MPENEIbHO aKKypaTHO, CIEIyET YETKO BBIIEIATh UH/IEKCHI, BEKTOP-
HbIC BEJTUYHHBI.

Cpok cliau - He TO3Ke 2X HEAEIb M0CIE 3aBEPLICHUS H3yUEHUS TEMBI.

3. KonTpoibHbie paboThI Nel: temsr 1-3, 8 Henmens



No2: temp1 4-6. 13 Henmens

4. IToaroroBka K KOHTPOJBHBIM paboTaM - B OCHOBHOM COCTOMT B BBIIIOJHEHHUU JI0-
MalllHUX 33/1a4 U KPAaTKOro MOBTOPEHHUs. TeMbl - B COOTBETCTBUM C TaOIULEH
MIPAKTUYECKUX 3aHATUH.

IloaroroBka K KOJUIOKBUYMY.
KomnokBuym 8 Henens

5. TloaroroBka Kk sk3ameHy. JlJisi KOHTPOJISl MOHUMAHUS CJIEAYET BHUMATEIILHO U3Y-
YUTHh KOHTPOJIbHBIE BOIIPOCHL.

METOANYECKHUE PEKOMEHJAIINH 110 HOATI'OTOBKE K ITPAK-
TUYECKUM U CEMUHAPCKUM 3AHATUAM.

1. Jlns mOArOTOBKM K MPAKTHUYECKUM U CEMUHAPCKUM 3aHSTUSAM HCIOJIb3YHUTE
KOHCIIEKTBI JIEKINI, YYEOHUKU U y4eOHbIE TOCOOUs, yKa3aHHbIE B CIHCKE pe-
KOMEH]TyeMOUW OCHOBHOM U JOTIOJHUTEIBHOM JIUTEpaTypHI.

2. TlpounTaiiTe TeMmy 3aHATHS, BBIACIUTE T€ BOMPOCHI TEOPUH, KOTOPBIE MOAJIE-
&KaT 0OCYKJIEHUIO B Ay IUTOPHH.

3. IIpouTuTe KOHCHEKT JIEKIIMH, OCBEIIAIONIEH TAaHHYIO TEMY.

4. OTBeTHbTE HA BONPOCHI JJIsi cAaMONPOBepPKH. [Ipy BOSHUKHOBEHHH TPYIHO-
CTe C MOHMMAHHEM TEOPETHUYECKHX OCHOB M3y4yaeMOW TeMbl, 00paTUTECh K
y4eOHUKY WJIM MeToAudeckomy mocobuto. LlenecooOpa3Ho wucnonb3oBaTh B
X0Jie TOATOTOBKM YYEOHHMKH pa3HbIX aBTOPOB, TJ€ H3y4daeMblid BOMPOC
paccMaTpUBaeTCA C Pa3HbIX METOJUYECKUX MO3ZUIIUM.

5. Ilpu BBIMIOJIHEHWH MHAMBUAYAIbHBIX PACUETHO-TpadUUECKUX 3aJaHUN BHUMA-
TEJIBHO TPOCMOTPUTE pEIICHHE AHAJIOTMYHBIX 3a/lad, paccMaTpPUBAaEMbIX Ha
y4eOHBIX 3aHATUAX, OCMBICIUTE METObI U METOJUUYECKUE TPUEMBI, UCIIONIb3Ye-
MBI€ [IPU UX PELICHUU.

6. IlocrapaiiTech CaMOCTOSATENBLHO BOCIIPOM3BECTH pEUIEHUE 3TUX 3a4ad; IMpHU
BO3HMKHOBEHHH TPYIHOCTEH BEPHUTECH K TOMY MECTY B KOHCIIEKTE, KOTOPBIN
BbI3BAJI 3aTpyJIHEHHs. BHOBb MOBTOPHUTE 3Ty HpPOLEIYyPY — 10 TE€X MOp, MOKA
BOCITPOM3BEJICHUE HE CTAHET YBEPEHHBIM.

7. OCBOMB METOJMKY PELIECHUs JAaHHOTO Kjacca 3ajay, IPUCTYNalTe K PEIICHUIO
3a/la4y U3 MHAUMBHIyaIbHOro 3afaHus. IIpu 3ToM npuaepxuBaiitech clieqyro-
IIUX [PABUJL:

e 3anuuuTe KpaTKue yCJIOBUS; BBISICHUTE, YTO U3BECTHO U UTO TpedyeTcs
HAWUTH.

* (CpenaiiTe 4epTex, U300pa3uTe CXeMy WIH TpaduK, MOSCHIIONINN CYyTh
3a1a4HOU CUTYALUH;



« Brbigenure 00BEKTHI 3a/laud M BBISICHUTE MNPUPOJY MPOUCXOASIIUX C
HUMH U3MEHEHHH (TIPOo1IeCCOB). 3aNUIINUTE KIIOUEBbIE OTHOILICHUS, 3aK0-
HbI, OMUCHIBAIOININE JaHHOE (PU3NUYECKOE SIBJICHUE.

+ [lpuMenuTe 3TH OTHOULIEHUS K CUCTEME OOBEKTOB 3aJja4H, OJyYUTE Ma-
TEeMAaTUYECKYI0 MOJIeTb (PU3UYECKOM CUCTEeMBI (TIpoliecca), ONUCaHHON B
3a/laye: KaK MpaBuiio, 3TO CUCTEMa YpaBHEHUH, pellleHne KOTOPOM /aeT
OTBET Ha TpeOOBaHMS 3a/1aUH.

*  Odopmure akkypaTHO pelieHue 3aauu Ha Jucte popmara A4.

Ha npakTuyecKHX M CEMMHAPCKHMX 3aHATHAX I€JecC000pa3HO UMeTh NMPHU
ce0e KOHCIEKTHI JIEKIUil, YUeOHUKH U Y4eOHble OCO0OMS, B KOTOPHIX U3JI0-
’KEHa TEOpHUs U METOJMKA PEIICHUS 3a/1ay 10 JAHHOMY Y4eOHOMY KypCY.

METOAUYECKHE PEKOMEHJAALINUH 110 HIOAI'OTOBKE U BbI-
HOJTHEHHUIO JTABOPATOPHOI'O IIPAKTUKYMA.

JlaGopaTopHBIi TPAKTUKYM BBITIOJHIETCS 10 WHIWBHAyaIbHOMY Tpaduxy
Opurajiou, cocrosien u3 2-3 CTyJeHTOB.

CrnenyeT yuecTh, 4TO MOATOTOBKA K MPAKTHKYMY TpeOyeT HeMaJloro BpeMe-
HH, TIO3TOMY 11eJIeCO00pa3HO NJIAHMPOBATH ee 3apaHee!

s s dexTuBHONW MOATOTOBKU K JabopaTopHON paboTe mpuaepKuBaiTeCh
CIEAYIOIINX MPABUIL:

* BHuMaTEIBHO MPOYTHUTE OMUCAHHE PAOOTHI B METOJMYECKOM IMOCOOUU
10 J1abOpaTOPHOMY MPAKTUKYMY;

« Odopmute mA0JI0H O0THYETA TI0 JAHHON pabOTE B MHANBUIYAITHLHOM Jia-
6opaTopHoM xypHaie (cM. «Cxema odopMIIeHHs] OTYETa» B METOJI. YKa-
3aHMSIX K MPAKTUKYMY): YKOXHUTE Ha3BaHUeE, I1eJib paboThl, n300pa3ute
cxemy ycTaHoBKH. B myHkTe «Kparkasi Teopus»» OTBETHTE MUCbMEHHO HA
KOHTPOJIbHBIE BOMPOCHL. Jljis 3Toi pabOThl AKTHBHO HCHOJb3YHTe
KOHCIEKTHI JIEKIUi ¥ ydeOHble OCOOus.

« 3aroroBbTe (pOpMBI TAOJMI, B KOTOPHIX OyAYyT NIpPEACTaBICHBI pe-
3yJbTaThl U3MEPEHUN U pacueToB (MPUMEPHI TAOIUI JAIOTCS B METOJ.
nocooun)

[lepen BbIMOJIHEHHMEM SKCIIEPUMEHTA CTYJEHT JOJIKEH MPOTH codecenoBaHue
C IperojiaBaTesieM M MOJYy4YUTh JONMYCcK K padote. i momyyeHus Iomycka
CTYJCHT JOJKEH OTBETUTh Ha CJIEAYIOIIUE BOMIPOCHI:

« KakoBa neab 3xcnepuMeHTANbHOM 3a1aun? KakoBbl OCHOBBI TEOPUH
M3y4aeMoro SIBJICHUS, OCHOBHBIE TIOHATHS U (POPMYJIbI?

« KakoB npuHumun padoTbl 3KCHepUMEHTAJbHOI ycTaHoBku? Ilepe-
YUCJIUTE OCHOBHBIE ATaIlbl SKCIIEPUMEHTA.

[Tony4yuB AOIMYCK, BBITTOJIHUTE SKCIEPUMEHT C COOIIOJIEHUEM €r0 METOJIUKH U
MpaBWJI TEXHUKHU O€30MaCHOCTH (CM. B METOJ. MOCOOUM NMyHKT «BrimosHeHue
paboTe»). 3aHecuTe AaHHBIE U3MEPEHUM B TaONMIIBI Bamiero oryera. [Tpous-
BEJIMTE BBIYMCIICHUE MCKOMOIro mapamerpa (wid 3aBucumoctu). [Ipoussenure



CTaTUCTUYECKYI0 00paboTKy u3MepeHuil. B cioyuae rpaduueckoro npeacrasie-
HUSl PEe3yNbhTaTOB HCIOJNB3YWTE TOJIHKO MACHITAOHO-KOOPAMHATHYIO Oymary
dopmarom 150-200 mm>.

6. 3amuimure pe3yabTaT SKCIEPUMEHTAIBHOTO 3a/1aHus, YKaKUTe aOCOIIOTHYIO U
OTHOCHUTEIIbHYIO TIOTPEITHOCTh U3MEPEHUH, CAeTaiTe BBIBOIBI.

7. Jns moJiyuyeHHs 3a4eTa CTYACHT MPEACTABIACT MPENnoaaBarento o(opmieH-
HBI OTYET CO BCEMH HEOOXOJIMMBIMU pacueTaMH U 3allUINAeT €ro B X0Je IMo-
CJIEAYIONIETO coOeceI0BaHMs.

8. CiemyeT cBOeBpPeMEHHO C/1aBAaTh BbINOJHEHHbIE PadOThI: HE JIOMYCKAaeTCs
BBIMIOJIHEHUE CIIEAYIOLEH paboThl NMpU HAJIMYUU JBYX BBINOJIHEHHBIX, HO HE
CIAaHHBIX padoT!

ITPABUJIA
BBINOJTHEHUS (PU3MYECKOI0 NPAKTHKYMA

1. JIaBopaTOpHBIN MPAKTUKYM BBHITIOJHSAETCS 1O WHIAUBUIYAIBHOMY TpaduKy
Opurazioi, cocTosIIeH, Kak MpaBUio, U3 ABYX CTYJIEHTOB.

2. Ilepen BBIIOJIHEHHEM SKCIIEPUMEHTA CTYACHT JOJIKEH MPONTH cobeceoBa-
HUE C MpernoaBaTeeM U OMyYuTh JOMyCK K padoTe. [l momydeHus IomycKa ciie-
JyeT CaMOCTOSITEIbHO U3YYUTh U 3aKOHCTICKTUPOBATH:

-Teoputo n3yyaeMoro siBJIeHUs, OCHOBHBIE TOHSITHS, (POPMYJIBI.

-IIpunnun paGoThl yCTAaHOBKH, BBIBOJ] pabounx (GopmyI.

bonee moapobHO TpeGoBaHUS K MOJATOTOBKE OMPENEISIOTCS KOHTPOJbHBIMU
BOITPOCAMH.

3. Tlocie BBIOJHEHMS] SKCIEPUMEHTA CTYICHT JIOJDKEH MOJYYUTh OTMETKY
MpernoiaBaTesiss O BBHIOJHCHUH paboThl. be3 moammcu mpemomaBaTens pabota He
CUMTAeTCs BHITIOJIHEHHOWU. He pexomeHayercst pa3ouparh yCTAaHOBKY WM U3MEHSTh
ee mapaMeTpbl 0 MPOBEPKHU Pe3yabTaTOB npenoaaBarenaeM. OIHO U3MEpPEHHE CIIETy-
€T MPOBECTH B MPUCYTCTBUU MPEMOTABATEINSI.

4. JIns momy4eHus 3adeTa CTYJIEHT MPEACTaBIAET MPEnoaaBarento opopmiieH-
HBIN OTYeT co Bcemu pacuetamu. OdopmiieHre pe3yabTaToB pabOThl MPOU3BOIUTCS
B JIMYHOM J1abOpaTOpHOM JKypHajle CTyAeHTa. |’ padKu BBITIONHSIOTCS TOJIBKO Ha
MacIITabHO-KOOpAMHAHTHOM Oymare (MmmmumeTpoBke) popmarom 150x200 mm. Bee
pacyeThl JOJKHBI OBITh TIPEJICTABICHBI B TAOOPATOPHOM JKypHAJIE.

5. Ecnu cTyneHT He BBIOIHUI Ja00paTopHyIo padoTy, TO Ha CIAEAYIOLIEM 3a-
HATUM OH BBITIOJHSET clieayromyo mo rpaduky pabdory. IlponymieHHyro paboTy
MO>KHO BBITIOJIHATH B TEYCHHE CEMECTpPa Ha JICKYPHOM MPAKTUKYME, TIPEIBAPUTEITb-
HO MOJYYHMB JIONMYCK y MPEnoaaBaTes.

6. CnenyeT CBOEBPEMEHHO C/IaBaTh BBINOJHEHHBIE PaOOTHI: HE JOMYyCKaeTCs
BBITIOJIHEHHE CJIeAYIOIel paOoThl IPU HAJTMYUU JIBYX BBITIOJIHEHHBIX, HO HE 3aUTEH-
HBIX padoT.

7. JJabopaTopHbIii TPAKTUKYM BBITIOJTHSAETCS B COOTBETCTBUU C TTocodueM: Jla-
OOpaTOpHBIN MPAKTUKYM 1O (hu3uke: MeToaudYecKne yKa3aHus JUIs CTYJIEHTOB CIie-
nanbHocTH 01.07.01 — «®usukay. 1.1. Mexanuka. Beim. 2./ Tloa. pen., A.A. Corpa,
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Cxema odopmiieHus1 oTueTa

JIABOPATOPHAS PABOTA Ne.X-XX.

HAMMEHOBAHMUME PABOTbI

OCHOBAbI TEOPHUN

(OTBeTHI Ha KOHTPOJIbHBIE BOIIPOCHI)

TABJIMI]A CPEJCTB U3MEPEHWH

HHUC

Haumenosa-

IIpenen wus-
MEpEeHUH

HUsA

Llena pgene-

HOCTB

ITorpem-

CXEMA YCTAHOBKH

PABOYUE ©OPMYJIBI

PE3YJIbTATBI UBMEPEHUU

PACYETHI




(cienyeT MpuBECTH BCE PACUETHI )

PE3YJIBTATHI 11 BHIBO/[bI



KAYECTBEHHBIE BOIIPOCBI

KunemaTuka

1. q
TO TaKO€ BEKTOp mnepemenieHus? Beerga nmu ero Moayiab paBeH IMyTH, IPOUICHHOMY
Toukoi? Kak BBIYMCIUTH MyTh, IPOUACHHBIN TOYKON MPU KPUBOJIMHEHHOM JIBHKE-
HUW?

2. K
aKOBa CBA3b MEK]y JIMHEMHBIMH U YTJIOBBIMU CKOPOCTSMH U YCKOPEHUAMU ?
3. I1

PHU KaKHMX YCIOBHUSX CPEAHSSI CKOPOCTh MaTEepUAIbHONW TOYKH MPUOIU3UTENBHO PaB-
Ha MITHOBEHHOM?

4. M
OKET JIM TEJIO MPU PAaBHOMEPHOM JBUKEHUU UMETh OTIMYHOE OT HYJIsl YCKOpEeHHue?
[Ipu kakoM ycnoBun?

5. K
aKo¥ (PM3MYECKUN CMBICT UMEET HopMajibHOE yckopeHue? TaHreHuaabHoe?
6. IT

PHU KaKkoM JIBUYKEHUU BEKTOpP YCKOPEHHS MapajlieleH CKOpocTu? AHTHUIapaieneH?
[lepniennukynsipen?

JAnnamuka
7. K
aKoy (pU3MYECKU CMBICT UMEET mMacca?
8. O

MUIITUTE JUHAMUYCCKUN OIBIT, IT0 KOTOPOMY MOYKHO OTIPEJICITUTh, KaKOe U3 IBYX
TEJ UMEET OOJIBIIYIO Maccy.

9. 4
TO Takoe cuia? Kak ee MoxkHO oxapaktepusoBaTh? Kak uzmepsiercs cuia?
10. 3

aNUIINTE 3aKOHbI IEWCTBUS OCHOBHBIX CHIJI: YIIPYTOCTH, CYXOrO TPEHUS, BI3KOTO
TpeHwus, rpaBuTanmontoi, Kynona, Jlopenia.

11. K
aKOM CMBICIT UMEET BBEJICHHE MPUBEACHHON MaCChl?

12. K
aKue rmapameTpbl ONMPEeIIIIOT COCTOSTHUE MaTepUaIbHOU TOUKN?

13. K

aK 3aMMChIBACTCS YPAaBHEHUE JBMKEHUS 11 HEKOTOPOM MaTepUalibHON TOUKH CH-
cteMbl? Kak 3anucbiBaeTcs ypaBHEHUE ABUKECHUS JUIsl IEHTPaA Macc?

14. K
aK pelaeTcsi BONPOC ¢ MPOU3BOJILHBIMU KOHCTAHTAMU MIPU UHTETPUPOBAHUU yPaB-
HEHUU IBYKEHUSA?



15.

aK OyJleT JBUTraThCsl LEHTP MAcc OCKOJIKOB MOCIIE B3pbIBA CHapsaa B Bo3ayxe? Ot-
BeT 00ocHy#Te. Maccoil ra3oB U CONPOTHUBIIEHHEM BO3yXa MpeHeOpeyb.

16.

epeUynCInTe 0COOCHHOCTH JABMKECHHUSI IICHTPA MacC 3aMKHYTON CUCTEMBI.

17.

€My paBEeH UMITYJIbC TeJia B cucTeme lieHTpa macc? O0ocHyiiTe oTBeT. Kak Biusier
OTHOCUTEJLHOE JIBUKEHUE TEJ Ha UMITYJILC CUCTEMBI?

18.

KaKoM clIy4ae Mpu MOoTepe TeJIOM MacChl BO3HUKAET peaKTHBHAs cuja? 3anuiimnTe
BBIPAKEHHE JIJIs1 PEAKTUBHOU CHJIBI.

19.

MUIIUTE OMbITHI, 000CHOBBIBAIOIINE HEOOXOAUMOCTh BBEJICHHUS MMOHATHSI MOMEHTA
cwibl. MOMeHTa UMITyJIbCa.

20.

KaKUX CIIy4assX MOMEHT HEHYJIEBOW CHJIbI paBeH HyJr0? MOMEHT UMITyJIbCa PaBEH
HYJI0?

21.

a30BUTE MPUYMHBI U3MEHEHUS MOMEHTA UMITYJIbCa MAaTEPUAIBHOU TOYKH OTHOCH-
TEJIbHO HEMOJABMKHOIO Havaja. J[BrKyuierocs Havyaia.

22.

TO TaKO€ COOCTBEHHBII MOMEHT MMITYJIbCa CUCTEMBI MaTepUaIbHbIX Touek? Kak
CBSI3aH COOCTBEHHBII MOMEHT UMITYJIbCA CUCTEMbI C MOMEHTOM MMITYJIbCa OTHOCH-
TEJIbHO MPOU3BOJBHOIO Hayaia.

23.

pPUBEIUTE HECKOJBKO IPUMEPOB 3aKOHA COXPAHEHUSI MOMEHTA UMITYJIbCa.

PabGora u 3Heprus

24.
TO Takoe paboTa NOCTOSHHOW CUJIbI?

25.

q

K

aK BbIUMCISETCS paboTa B MPOU3BOJBLHOM citydae? Kakoil CMbICT UMEET 3JIEMEHTap-

Has pabora? Unrterpan?

26.

4eM pa3INunue MEXKIy MOHITHSIMU YHEPTUU U PaObOTHI?
27.

aKMMH TPEBPALICHUSIMH SHEPIHH COIMPOBOXIAETCS padOoTa KOHCEPBATHBHBIX CHI?

JluccumnaTuBHBIX CU?
28.

B

K

K

aKasi 4acTb KMHETHUYECKOM OHCPIUU HCIIBITBIBACT IIPCBPAIICHHUA IIPpU YOAapC€ IBYX

ten? Kakue 3To npeBpallieHus npu yupyrom 1 HEyrpyrom yaape?



29. IT
OYEMy KMHETUYECKAasl SHEPIus LIEHTpa Macc NpH yaape (yopyroM U HEYNpyrom) He
U3MEHseTCs?

30. K
aK BBIPA3UTh KMHETHYECKYIO DHEPIUI0 OTHOCHUTEIBHOTO IBHXKEHUS IABYX TEJ 4epe3
CKOPOCTb OTHOCUTEIILHOTO IBUKEHUS?

31. P
ab0TOM KaKUX CUJI ONPEIENSIETCS U3BMEHEHUE BHYTPEHHEW SHEPIUM BCEH CUCTEMBbI?
[ToreHnmManbHOM dHEPTUM cUCTeMBbI? [10JIHONM MEXaHUYECKOW SJHEPTUHU CUCTEMBI?

32. C
bopMynupyiTE yCIOBHS M3MEHEHHS MEXaHWYECKOM sHepruu cuctembl. CoxpaHe-
HUSI MEXAHUYECKON SHEPTHH CHUCTEMBI.

33. H
€00X0MMO JIM YCJIOBHE 3aMKHYTOCTH CUCTEMBbI JJIsl BBIIIOJHEHUS 3aKOHAa COXpaHe-
HUs 3Heprun? JloCTaTOYHO JIM ATOTO yCIOBUSA?

34. K
aKOBa CBSI3b MEXKY CHUJION U MOTEHIMAIIBHON YHEPTHEH?
35. K

aK{e 3aKJIIOYCHHsSI O XapaKTepe ABMXKEHUS MOXKHO CAENATh U3 aHAJIN3a ITOTEHIUAIb-
HBIX KPUBBIX?

36. Y
KQKUTE HA MOTEHIMAIBHON KPUBOM TOUYKM YCTOMYMBOIO U HEYCTOMYMBOIO PaBHOBE-
cust. OTBeT 00OCHYHTE.

JAuHaMuKa TBEpAOro Teaa

37. K
aKoW (PU3NYECKHI CMBICT UMEET MOMEHT MHepuuu? ONUIIUTE OMBITHI, MO3BOJISIO-
1IM€ CPABHUTh MOMEHTHI HHEPLIUU ABYX TEI.

38. K
aK MOKHO U3MEHHUTh MOMEHT UHEPIIUU Tea 0€3 U3MEHEHUs €T0 MacChl?
39. K

aK U3MEHUTCA MOMEHT MHEPLUU TeJIa IPU MapajuIeIbHOM NEPEHOCE OCU BpPALCHUS?
JIis kKakoW M3 mapajuieIbHBIX 0CEM MOMEHT MHEPIMM MMEET MUHUMAIBHOE 3HA4de-
Hue?

40. Yy
TO Takoe TeH30p uHepuuu? Kakoi CMbICI UMEIOT THAaroHajlbHbIe KOMIIOHEHThI TCH-
30pa UHEpUHU?

41. K
aKyl0 B3aMMHYIO OPHUEHTAIMIO UMEIOT BeKTopa WU L B obimieM ciyyae? B ciyuyae,
KOTJ]a BEKTOP (W HANPABJIEH BIOJIb OAHON U3 IIIaBHBIX OCEN?

42. K
aK HaIlpaBJIEHBI IVIaBHBIE OCU T€H30Pa MHEPIUHU JI IPSIMOYTOJILHOTO TTapasjeenn-
nena? Kyo6a? lapa?



43. K
aK Mpu MOMOIIY KOMIOHEHT TEH30Pa MHEPIIMHU B TJIABHBIX OCSIX ONPEAETUTH MOMEHT
MHEPIIMHU OTHOCUTEIIBHO MPOU3BOILHO 3aJJaHHON OCH?

44. K
akoBa (opMyJia KHHETHYECKON dHEPTUu Bparmaronierocs Tena? Kak BRYUCIUTD K-
HETUYECKYIO SHEPTUI0 KaTAIIErocs Koyeca?

45. C
OMOCTaBbTE€ OCHOBHBIC YPAaBHEHUSI JUHAMHUKHU IOCTYINATEIBHOIO M BPaIlATEIHHOIO
NBIDKEHUA. YKa)KUTE aHAJIOTHUH.

46. 11
0 KaKko¥l TpaeKTOpUM MepeMelaeTcsl eHTP Macc M30JUPOBAHHOTO TBEPAOro Tema?
[Touemy?

47. C

bopmynHupyiTe 00IIMEe 3aKOHOMEPHOCTH BpallaTeIbHOTO JBHKEHUS CBOOOJIHOTO
Tea B CIIyJasix:

a) TeNo HeMPaBWIHHOU (POPMBI;

0) cUMMEeTpUYECKU BOJTYOK;

B) IAPOBOM BOTYOK
48. O
OBSICHUTE MPEIECCUIO BOJTUKA.

Tsarorenune
49, C
KaKMM 3aKOHOM COXPaHEHHs CBs3aH 3aKoH Iuiommaaeit Kemnepa?
50. q
TO TaKoe IeHTpoOexHas sHeprus? Kakoil cMbIClI mMeeT ee BBeJieHHe B 3amadue Kerr-
nepa?
51. K

aK OIPEICIIUTDh XAPAKTEp ABMIKCHMS YACTULBI B I10JI€ TATOTEHUS 10 €€ BHYTPEHHEN
sHeprun? Kak onpenenuts MUHUMaIbHOE (MAKCUMAJIBHOE) PACCTOSIHUE YaCTHIBI OT
IIEHTpa TATOTCHUs?

52. S|
TO Takoe COOCTBEHHas I'paBUTALlMOHHAs 3HEPrusi Teja KOHEUHbIX pa3mepo? Kax
OHa BbruMciseTca? UTo Takoe rpaBUTALIMOHHBIN paguyc?

53. |
71 KaKUX TEJ CYLIECTBYET TPaBUTALMOHHOE B3aUMOJECHCTBUE: MAKPOCKOIMYECKUX,
MUKpPOCKONUYECKUX, POoTOHOB? Kakne onbIThl JOKA3bIBAIOT 3TO?

54. M
OKHO JIM DKCIIEPUMEHTAIBHO OTJIMYUTH I'PABUTALMOHHBIE CHJIBI OT CHJI MHEPLIMH?
YT0 Takoe NPUHIHUII SKBUBAJICHTHOCTH?



HeI/IHeplII/IaJ]bele CHCTEMBI 0TCUETA

55. K
akou cMmbIcil umeeT BBeaeHue cui uHepuun B HUCO? Yto MoxHO ckazaTh 00 uc-
TOYHUKAX CUJI UHEPIUU?

56. IT
€PEUMCINTE CUIIBl MHEPIMU B mocrymnarenbHo aBuwxkyerics HUCO. Bo Bpamato-
merics HUCO. Kak nanpanena cuiia Kopuomuca?

57. q
TO TaKO€ MepeHocHasi ckopocTh? [lepeHocHoe yckopeHue?
58. B

KAaKUX CHCTEMaXxX CYIIECTBYIOT IIEPEHOCHAsI CKOPOCTh U MEPEHOCHOE ycKkopeHue? B
KaKUX CUCTeMaX CYUIECTBYIOT CHJIbl HHEPIUU ?

59. K
aK MPOSIBJISIIOT ce0sl CHIIbI UHEPIIMU Ha 3emiie?

60. K
aKOBBI MPUYUHBI PUIUBHBIX CHII?

61. I1

ouemy Jlyna u CouHIlE, CHJIBHO OTJIMYAasACh MO Macce, CO3Jal0T OJU3KHE IO CUJIe
npUIMBHBIE 3PPEKTHI?

62. K
aK OOBSICHUTh BO3HUKHOBEHHE HEBECOMOCTH MPH CBOOOTHOM IaJICHUU B WHEPIIU-
aJbHOM W Majarome cucreMax orcyera?

63. K
ak Ha IC3 MOKHO c03/1aTh UCKYCCTBEHHYIO TSKECTh?

Hedopmanuu TBepaOro Teaa

64. I1
OYeMy YIPYTHUe CHIbl CYUTAIOT NOBEPXHOCTHBIMU cHiIaMH? UTO 3TO 3HAUUT?
65. B

KaKOM CJly4ae I ONUCAHUsA YIPYTUX B3aUMOJAECHUCTBUN HCHOJIB3YETCS BEKTOP
HanpsixkeHui? TeH3op HanpsHKeHU?
66. K
aKOW CMBICII UMEIOT KOMIIOHEHThI TEH30pa HanpsikeHuil? Kakue u3 HUX OnMuChIBalOT
HOPMAaJIbHbIE HANPSXKEHUS, & KaKue- TAaHT€HI[UAIbHbIE?
67. 4
TO TAaKOE TJIaBHBIE OCH TE€H30pa HampspkeHni? Kakue HanpspKeHus: CylieCTBYIOT B
TJIaBHBIX OCSIX?
68. C
037ar0T Ju JehopMaIiio B HEKOTOPOM HaIPaBJICHUU MOIMEPEYHBIC K 3TOMY HalpaB-
JICHUIO HaMpspKeHUs? 3aluiliuTe COOTBETCTBYIONIYIO (OpMYJTY.

69. K
aKye HalpsHKEHUs BO3HUKAIOT IPU U3ruode Oamku?
70. K

AKWEC HAIIPSXKCHUA BO3HUKAIOT IIPU PACTSAXKCHUM ITPYKUHBI, CKPYUUBAHUHU CTCp}KHSI?



71. I1
ouemy ko3¢ uruent [lyaccona (4 He MoxeT ObITh Oobie 0,57

72. I1
OoueMy TIpU OJHOCTOPOHHEM DPACTSIKEHUHU Cpejbl JeGopMaiil MEHBIIE, YeM IpPHU
CBOOOJTHOM PACTSDKEHUM CTEPKHA?

MexaHuka )KHJIKOCTH U ra3a

73. K
aKoBa OCOOEHHOCTb YNPYTUX HAMPSHKEHUU B )KUJAKOCTU MO CPABHEHUIO C TBEPbIMU
TenaMu?

74. 4
eM 00yCIIOBJICHO BOSHMKHOBEHHE CHiIbl Apxumena? BosHukaer i cuina Apxumesna
B HEBECOMOCTHU?

75. K
aK U3MEHSIETCsI JaBJICHUE B KUJIKOCTH MPU BOBHUKHOBEHUU 00BEMHBIX cHil? OOBbsc-
HUTE pachpejesieHue AaBjeHus 1o BeicoTe cocyaa. [lo paanycy npu BpaieHuu co-

cyJa.
76. 4
TO TaKoe moJjie ckopocteit? Kakoe mnosie Ha3bIBaeTCs CTAllUOHAPHBIM?

77. 4
TO Takoe JuHus Toka? TpyOka Toka?

78. K

aKoOW CMBICII UMEET yYpaBHEHUE Hepa3pbhIiBHOCTU? Kak OHO 3amuchIBaeTcs JUisl CKU-
Maemou cpenbi? s Hec:)kuMaeMomn cpeibl?

79. K
aKkou cMbIcl nMeeT ypaBHeHue bepryinu? [Ipy kakux ycIOBHSIX OHO CIPABEMINBO?
80.

Uro Takoe nuHammuveckoe AasieHue? Hapucyiite cxeMy yCcTpoiCcTBa, MO3BOJISIOLIE-
0 U3MEPUTH PACXOJ )KUJKOCTH M0 TUHAMHUYECKOMY JABICHUIO.

81. q
TO TAKOE€ BA3KOCTH XUAKOCTH? IIpH KakUX yCIOBHUSX OHA IPOSBIISIETCS?
82. K

aKas BEJIMYMHA XAapaKTEPU3YET OTHOCHUTENIBHOE CKOJIB)KEHUE CIIOEB KUJIKOCTH?
JlaiiTe onpeneneHne rpagueHTa CKOpOCTH.

83. K
aKoB (pu3myeckuii cMbICT KOAhHUITMEHTA BA3KOCTH?
84. q

TO Takoe TypOyieHTHocTh? [lpu kakux ycioBusix oHa Bo3HukaeT? Kakoil cmbich
nMeet uncio Peitnonpaca?

85. O
obsicaute 3ddext Marnyca. OObICHUTE BO3HUKHOBEHHUE MOJBEMHOM CUJIBI Kpblia
camoJiera.



86. B
4yeM cyTh napajgokca Jlamambepa?

KoJsie0auus v BOJIHBI

87. I1
€pEeUMCINTE OCHOBHBIE TUIIBI KoJieOanuil. B ueM nux oco6eHHOCTh?
88. 3

anuIINTE YpaBHEHUS CBOOOJHBIX TapMOHHUYECKHX KosieOaHuil. Kakue KOHCTaHTBI
onpenensorcs ycrpoilctBom cucrteMbl? Kakue ycinoBusamu 3amycka? IlosicHure Ha
IpuMepe.

89. K
aK ONpeNeUTh aMIUIMTYly U HadallbHyI0 (pa3y KojeOaHUM yepe3 HayaldbHbIE YCIO-
BUS?

90. 3
anuIINTEe YpaBHEHHUE KoJieOaHUU B KOMILIEKCHON ¢opme. Kakoil cMbIci uMeeT Mo-
IyJIb X apTyMEHT KOMIIJIEKCHOW aMIUTATYAbI?

91. I1
PHU KakMX yCJIOBHUSX KoJyieOaTellbHasl cUCTeMa CTaHOBMUTCS anepuoanyeckoit? Ilosic-
HUTE Ha rpaduke 3aKOH JABMKEHUS allepUOIUYECKON CUCTEMBI.

92. K
aK ONpeNeNuTh YaCTOTy MajbIX KOJIEOAHUI CUCTEMbI B OKPECTHOCTH TOYKU PaBHO-
BECHSI?

93. K
aK WCIIOJIb3YETCsl YPaBHEHHE SHEPTUU JJI pacyeTa 4acTOThI KOJIeOaHUN CUCTEMBI?
94. 0)

MUIITUTE MPEBpaIeHUEe YHEPTUU B KojiebaTenpbHOU cucteMe. Kak 3aBUCUT dHEprus
OT aMILTUTYIbI KOJI€OaHM1?

95. 3
anuIIMTe ypaBHeHHUE Oeryied BoiHbl. CpaBHUTE aMIUIMTYAY, 4YacToTy U ¢a3y pas-
JIMYHBIX TOYEK.

96. K
aKOU CMBICJI UMeeT BoJIHOBOE unciio? Yacrora? B uem ux anagorusa?
97. q

TO Takoe (a3oBasi CKOPOCTb BOIHBI? OOBACHUTE KaUECTBEHHO 3aBUCUMOCTb CKOPO-
CTH OT IUIOTHOCTHU U YIPYTOCTH CPEBI.



IK3AMEHAIIMOHHBIE BOITPOCHI

1. O
MACAHUE MEPEMENIEHUS], CKOPOCTH U YCKOPEHUSI MAaT€pUAIbHOM TOYKH B BEKTOPHOM
u kKoopauHaTHOU (opme. CKOpocTh, cpeHssi U1 MrHOBeHHas. HopManbHOe U TaH-
re€HIMaJIbHOE YCKOPEHHSI.

2. B
€KTOp 3JIEMEHTAPHOr0 YIJIOBOrO NepeMelleHus. Bektop yrioBoil ckopocTu. Yrio-
BOE€ YCKOPEHHE.

3. C
TETEeHU CBOOO/IbI U 0000IIIEHHBIE KOOPANHATHI.
4. IT

epBbli 3akOH Hprorona. lHepunaneHbele cucteMbl oTcyera. Macca Kak Mepa UHEpT-
HocTU. BTopoii 3akon HptoroHa. Cuiibl ¥ B3aMMOICUCTBUS B IPUPOJIE.

5. T
petuii 3ak0H HpIOTOHA M 3aKOH COXpaHEHHs MMITyJbca. Tpernid 3akoH HproToHA M
KOHEYHAasi CKOPOCTh PACIPOCTPAHEHUS B3aUMOJAEHCTBUM.

6. C
OCTOsIHME MaTepualibHOW TOuku. OCHOBHAs 3agava quHamuku. [Ipumepst ([Buxke-
HUE B BSI3KOU cpeze. J[BrKeHre B 3IEKTPOMAarHUTHBIX MOJISIX. )

7. 14
HepIluanbHble cucteMbl oTcuera. [IpeodpazoBanus ["anunes. MHBapuaHTHOCTH 3aK0-
HOB (DU3HKHU.

8. P
€aKTMBHOE JBIKCHHUE. YPAaBHEHHE JIBUKEHUs Tella epeMeHHOU maccel. Dopmyna
[{nonkoBckoro. OCHOBHBIE CBEICHUS O PEIATUBUCTCKOM CIIy4yae BWKEHUS TeJ
IIEPEMEHHOMN MaCCHI.

9. C
ycTeMa MaTepuaibHbIX ToueK. LleHTp macc. UMmysbc cUCTEMBI MaTepUAIBHBIX TO-
yek. Cuna, IelCcTBYIOIas HA CUCTEMY MaTE€pUAIIbHBIX TOYEK. Y PaBHEHUE JIBHXKEHUS
CHUCTEMbI MATEPUAIbHBIX TOYEK.

10. 3
anada nByx rtei. IIpuBenennas macca.
11. K

WHETHYECKAasl PHEPrusi CUCTEMbl MAaTepHAIbHBIX TO4eK. KuHeTHueckas 3HEprus B

pa3nu4HbIX cucteMax orcuera. Teopema Kenura. KuHernueckas sHeprusi Bpaiie-

HUSL.

12. P
abora cuibl (MOCTOSIHHOM M mepeMeHHoi). [loTeHnmanbHble cUIbl U UX paboTa

(nmpumepsl). [Torennmansuas sueprus. [loTeHmanbHbIe KPUBBIE.

13. 3
AKOH COXPaHEHUs HUMITYJbCa JJISI U30JUPOBAHHOW CHUCTEMBI. 3aKOHBI COXPAaHEHUS

JUISL OTACJIBHBIX MPOCKIUN UMITYJIbCa. 3aKOH COXPAHEHUS SHEPrUuu. Y paBHEHUS JBU-

YKEHUS U 3aKOHBI COXPAHCHUA.



14. C
BSI3b MEXKJly CUJION ¥ TOTEHUUAIIBHOW SHEPTHUEM.

15. C
TOJIKHOBEHUS. 3aKOHBI COXPAHEHUs INPU CTOJKHOBEHHSX. 3aKOH COXPAHEHUS HM-
nyJibca. YOpyrue U Heynpyrue croikHoBeHus. Cucrema neHtpa macc. BHyTpeHHsA
SHEPIusl.

16. M
OMEHT CWJIBI U MOMEHT HMMITYJIbCA OTHOCUTEIBbHO HEMOJABUKHOIO Haudajga. MOMEHT
CUJIBI U MOMEHT UMILYJIbCA OTHOCHUTEIIBHO OCH. MOMEHT MMITyJibCa CUCTEMBI MaTe-
pHATbHBIX TOYEK.

17. Y
paBHEHME MOMEHTOB JIJII CUCTEMbl MAaT€pUANIBHBIX TO4YeK. MoMeHT mHepuuu. Bbi-
YHUCJIIEHWUE MOMEHTA UHEPLIMKA OTHOCUTENIBHO ocU. Teopema ['tonrenca-IlIrernnepa.

18. 3
aKOH COXpPaHEHUS MOMEHTA UMITYJIbCa. 3AKOHbI COXPAHEHHUsI ISl OTJAEIbHBIX MPOEK-
M MOMEHTA UMITYJIbCA.

19. Y
paBHEHME MOMEHTOB OTHOCUTEIBHO JBWKYILErOCs Hadaja U JBUKYLIEHCS OCH.
20. 3

AKOHBI COXPAaHECHUSI U CUMMETPHUM MPOCTPAHCTBA U BPEMEHU. MaTeMaTu4ecKoe co-
JIEpKaHUE MEXAHUUECKUX 3aKOHOB COXPAHEHHS.

21. C
MCTEMA YPAaBHEHUN BUKEHUS TBEPAOTO Teja U €€ 3aMKHYTOCTb.
22. I1

OHSATHE O TEH30p€ WMHEPUUH. [ JTaBHbIE OCHM TEH30pa WHEPIMHU, TJIABHBIE MOMEHTHI
WHEPUUU U UX PU3UYECKHUI CMBICI

23. K
WHETUYECKAas SHEpPrus JIBWXEHHS TBEpJOro tena. KuHernueckas 3HEpTruUsi Bpalie-
HUSL.

24. r
upockornbl. CBOOOHAsE U BBIHYKJACHHAsI MPELEcCHsl THPOCKoma. [ 'upockonuyeckue
CHJIBI.

25. I1
JIOCKOE JIBM)KEHHE TBEPAOrO Tejla U OCOOEHHOCTH €ro NMHaAMUKU. MasTHuk Makc-
BeJUIA. [[BMKEHME TBEPAOTO TEa, 3aKPEINICHHOTO B TOUKE. MTHOBEHHAs OCh Bpalle-
HHS.

26. O
CHOBHBIE 3aKOHBI JBM)KEHHUS IJIAaHET U KoMeT. CekTopuaibHasi CKOPOCTh U 3aKOH
COXPaHEHUsI MOMEHTA UMITyJIbca. 3aKOH TAroTeHus: HptoToHa. DHEprus rpaBUTalv-
OHHOI'O B3aUMOJICHCTBHSI.

27. I
PAaBUTAIMOHHOE B3aMMOJICMCTBUE TEJ KOHEYHBIX pa3MepoB. [ paBuTallMOHHAS SHEP-
rus mapooOpa3Horo Teja. [ paBUTaIlMOHHBINA pagnuyc.



28. ()
WHUTHOE U MHQUHUTHOE JBrxkeHue. [lapameTpsl opOut. KocMuueckas CKOpOCTH.

29. H
CHMHEPIIMATbHBIE CUCTEMBI OTCYETa, MBMKYIIUECS MPSIMOJIUHEHHO MOCTYMAaTeIbHO.
Bripaxxenue st cun unepuun. HeBecoMocTs.

30. H
eHHEpIIMaIbHBIC BpallalolIecs CHUCTeMBbl OoTcueTa. [lepeHocHOe U KOPHOIMCOBO
yckopenue. Cuitbl THEPIIUK BO BPAIIAIOIIEHCS CUCTEME KOOPINHAT.

31. H
eMHepIHaIbHAs CUCTeMa KOOPAUHAT, CBSI3aHHAsl C TOBEPXHOCThIO 3eMiu. MasTHUK
®yxko. [Ipunusel.

32. C
wibl uHepuuu. O peaNbHOCTH CYIIECTBOBAHMS CHJI MHEPIUHU. | paBUTAIlMOHHAS H
uHepTHass Macchl. [IpuHnun skBuBaneHTHOcTH. KpacHoe cmemenue. OCHOBHbIE
NIpeICTaBICHHsI O0IIel TEOPUU OTHOCUTEIILHOCTH.

33. r
apMOHUYECKHE KoyieOaHUsl, ypaBHEHUE. AMIUIUTYIa, YacTtoTa, ¢daza. [IpyKuHHbBIMH,
busnueckuil, MaTeMaTH4YeCKUA W KPYTWIbHBIN MasTHukH. [uddepennmanbaoe
ypaBHeHue. [IpencraBnenue koiebaHui B KOMIUIEKCHOM (opMme.

34. C
oOcTBeHHBIE KosieOaHus. Poilb HavanbHBIX YCIOBUH. DHEprusi KojlebaHui, ypaBHe-
HUE SHEPTUH.

35. O
OoopotHblii MaaTHUK. Teopema [ tolireHca.

36. 3
aTryxaHue kosnebanuil. Jlorapudpmuueckuit gekpeMeHt 3aryxanus. Ciayyail 00Jb110-
ro TPEHUS.

37. 4
npyrue HanpspkeHusl. TeH30p MEXaHMYECKUX HalpsHDKEHUH.

38. Y

npyras M ocrarouHas (miactuyeckas) aedopmanuu. KonudecTBeHHas XapakTepH-
ctuka aedopmanuii, 3akon ['yka, moayns FOura. Koadunuent Ilyaccona.

39. 0)
JTHOOCHOE PacTsKEHHUE U CKATHE, BCECTOPOHHEE U OJIHOCTOPOHHEE CHKATUE U pacTsi-
KEHUE.

40. IT
pOCTOM cABUT. DHEPrus yNnpyrux aepopmariui.

41. O
JTHOPOJHAsl U HeoAHOpoAHAas Aedopmaru. M3rub u kpyuyenue.

42. C
BOMCTBA XKUJKOCTEH U Ta30B. 3aKOHBI TUAPOCTATUKH.

43. C

TallMOHAPHOE TeUeHHE KUAKOoCcTeH. TpyOKku Toka, ypaBHEeHUE HepaspbiBHOCTH. [1o-



Has DHEPrus NoToka. 3aKoH bepHymnu. JluHamudeckoe naBiacHHUE.

44, B
SA3KOCTh JKUJAKOCTU. TeueHue xkuikoctu mno tpyodam. 3akoH Ilya3zeiins.

45. JI
aMuHapHoe U TypOysieHTHOe TeueHus. Yucno PeitHonbca.

46. o

OTeKaHue TeJ )XKUAKOCTU U razoM. [lorpannuneiii cioit. OTpeIB MOTOKA U 00pa3oBa-
HUE BUXPEH.

47. JI
000BO€ CONpOTUBJIEHUE U NToAbeMHas cuiia. Pabotel XKykosckoro. D¢ dext Marny-
ca.

48. K
pUTEPUI BO3MOXXHOCTH MPEHEOPEeKEeHUsT CKUMaeMOCThio. CKOpOCTh HMMITYJIbCA.
VY napubie BoaHbl. OOTEKaHUE Tell, ABUKYIIUXCS CO CBEPX3BYKOBOM CKOPOCTHIO.

49. C
KOPOCTb pAacCIpOCTPAHEHUSI BO3MYILIEHUH B YIIPYTUX cpeaax. BonaHbI B cTepxHE, He-
OTpaHUYEHHOM Ccpelie, B CTPYHE, B ra3zax. [IpoosibHbIE U TONIEPEYHBIE BOIHBI

50. Y
paBHeHue Oeryiei BoJaHbL. ["apMOHUYECKHe BOJIHEI.

IK3AMEHAIIHOHHBIE BH/IETBI

AMmI'Y
VYTBepkIeHO Ha 3aceTaHuM Kadeapsl Kadenmpa TudD
«__» 2006 r. @akynprer 1D
3aBenyromuii kadeapou Kype 1
YTBepxkaaro: Jncuumimaa MexaHuka.
BUJIET 1.

1. OnucaHue nepemMeneHus, CKOpoCTH U YCKOPEHUsI MaTEPUAIbHONM TOYKHA B BEK-
TOpHOU W KoopauHaTHOU (popme. CKOpocTh cpenHss U MrHoBeHHas. Hopmaib-
HO€ U TAHTE€HIIMAJIbHOE YCKOPEHHUE.

2. Ilnockoe nOBMKEHUE TBEPAOrO Tella U OCOOCHHOCTH €ro JUHAMUKHU. MasiTHUK
MakcBemna. J[Br>keHHe TBEPAOTO Tela, 3aKPEIUICHHOIO B TOYKE. MTrHOBEHHas
OCb BpallICHUS.

3. 3amaua.

BUJIET 2.



BekTop a5memMeHTapHOroO yrioBoro nepemenieHus. Bekrtop yrioBou cko-

pocTu. YTJIOBOE YCKOPEHHUE.

OCHOBHBIE 3aKOHBI JIBUKEHUSI TUIaHET U KoMmeT. CeKkTopuaibHasi CKOPOCTh U 3a-
KOH COXpaHEHUs MOMEHTA UMIYJIbca. 3aKOH TsaroteHus: HetoToHa. DHeprus rpa-
BUTAI[MOHHOT'O B3aNMO/ICHCTBUS.

3anaua.

BUJIET 3.

Crenenu cBo0O0AbI U 0000IIEHHBIE KOOPUHATHI.

['paBUTAalIMOHHOE B3aUMOJICHCTBUE TEJ KOHEUYHBIX pa3MepoB. ['paBUTaniMOHHAs
SHEPrus mapooOpa3zHoro Tena. ['paBUTallMOHHBIN pajnycC.

3agaua.

BUJIET 4.

[lepBrii 3akoH HbroroHa. MHepumaneHble cuctembl oTcuera. Macca kak mepa
uHepTHOCTU. BTopoii 3akoH HerotoHa. Cuiibl 1 B3aUMOAEHCTBUE B IPUPOJE.
[TapameTpsl opout. Kocmudeckue ckopoctu. ®UHUTHOE ¥ HEPUHUTHOE JBUKE-
HUE.

3angaua.

BUIJIET 5.

Tpernii 3ak0oH Hpr0TOHA 1 3aKOH COXpaHEHHUsI uMItyJibca. Tperuit 3akoH Heroto-
Ha M KOHEYHasi CKOPOCTh PaCIpOCTPAHEHUS B3aUMOICUCTBUMN.

HennepuuanbHble CHCTEMBI OTCUETA, ABWXKYIIMECSH IPAMOJMHEHHO ITOCTYyIa-
TeJIbHO. BeIpaxkenne mia cuil nHepuuu. HeBecomocCTs.

3anayva.

BUIJIET 6.

Cocrostnne  marepuasibHOM — Touku.  OCHOBHas  3ajada  JIMHAMUKHU.
[Tpumepsi(/IBukenue B BsA3KOM cpene. [BHkeHHE B AJIEKTPOMArHUTHBIX IIO-
JIAX).

HeunepuuanpHble Bpamarommecs cucremsl orcyera. [IlepeHocHoe U Kopuomu-
coBO yckopeHue. CHiibl HHEpLIMH BO BPAILAOLIEHCS CUCTEME KOOPAUHAT.
3amada.

BUJIET 7.



[S—

[Tonsitue o TeH3ope uHEepUU. [J1aBHBIE OCH TEH30pa MHEPIUH, TJIaB-

HbI€ MOMEHTBI HHEPLIUU U UX PUINUECKUN CMBICI.

["apMoHnyeckue KoneOaHusi, ypaBHEHUE. AMIUIMTYAa, YacToTa, ¢aza. [Ipyxun-
HBIM, (PU3NYECKUI, MAaTEMAaTUYCCKUA W KPYTWIbHBIM MasTHUKH. Juddepeniu-
aJIbHOE YpaBHEHUE.

3anayva.

BUJIET 8.

PeakTrBHOE NBHKEHUE. Y paBHEHUE JBUKEHUS TEJl IEpeMEHHOM Macchl. Dopmy-
na [nonkoBckoro. OCHOBHBIE CBEIEHUS O PEIITUBUCTCKOM CIIy4ae BHKCHHMSI
TEJI IEPEMEHHON MaCChI.
HewnnepuuanpHas cucteMa KOOPAMHAT, CBSI3aHHAS C IOBEPXHOCTHIO 3emud. Ma-
ATHUK DyKo. [IpunuBsL.
3anaua.

BUJIET 9

Cucrema matepuanbHbIX Touek. LleHTp Macc. IMImyibc cuCTeMBbl MaTepUaIbHBIX
touek. Cuia, AEHCTBYIOIIAs HA CUCTEMY MaTepUaJIbHBIX TOYEK. Y paBHEHHUE JBU-
YKEHUSI CUCTEMbl MaTePHATBHBIX TOUYEK.

Cuna unepuuu. O peanbHOCTU CYIECTBOBAHUS CUJI MHEpUUHU. ['paBUTAIIMOHHAS
U uHepTHas Maccel. IlpuHiun skBuBasieHTHOCTH. KpacHoe cmenienue. OCHOB-
HbIE TIPEACTABIICHHS 00IIe TEOPUH OTHOCUTEIHHOCTH.

3angaua.

BMWJIET 10.

3anaua aByx Tein. IlpuBenennas macca.

CoOcTBeHHbIe KojeOaHus. Ponp HayanbHBIX YCIOBHM. DHeprus KojeOaHUM,
ypaBHEHUE YHEPTHH.

3anmauva.

BWJIET 11.

Kunernueckas sHeprusi CUCTEMbl MaTepualnbHbIX ToOUeK. KnHeTnueckas 3Heprus
B pa3NMyHbIX cucTemax orcuera. Teopema Kenura. Kunernueckas sHeprusi Bpa-
LICHUSL.

Oo6opoTtHblii MasTHUK. Teopema I roiirenca.

3angaua.

BUWJIET 12.



[—

Pabota cunel (mocTossHHOW U nepeMeHHol) [loTeHInanbHbIe CHIIBI U UX

pabota (npumepsl). [lorenmansnas sueprus. [loreHunanbHble KpUBBIE.
3aryxanue kosieOanuid. Jlorapupmuueckuii nekpemeHt 3aryxaHus. Ciyuai
OOJIBIIIOTO TPEHUS.

3amava.
BWJIET 13.

3aKOH COXpaHEHUs UMITYJIbCa JJIsl U30JIMPOBAHHON CUCTEMBI. 3aKOH COXPaHEHUS
JUISL OTACIBHBIX MPOEKIMA MMIYJIbCa. 3aKOH COXPAHECHUS DHEPTUHU. YpaBHEHUE
JBIDKCHUS U 3aKOHBI COXPAHEHUS.

VYupyras u octatouHas (ractuueckas) nepopmaruu. KonmrmaecrBeHHas XxapakrTe-
puctuka nedopmariui, 3akon ['yka, moayns FOunra. Koaddunuent Ilyaccona.
3angaua.

BUJIET 14.

CBsI3b MEXY CUJION U MOTEHIIUAIBHOM SHEPTUEH.
Yrupyrue HanpsKeHUs.
3agaua.

BUWJIET 15.

CTOonkHOBEHHUs. 3aKOHBI COXPAHEHMS! MPH CTOJIKHOBEHHUSAX. 3aKOH COXPaHEHHS
UMITyJIbCa. YTIIPYTue U HEYNpyrue CTojJkHoBeHus. CucteMa 1eHTpa macc. BHy-
TPEHHSIS] SHEPTHUSL.

OAHOOCHOE paCTSKEHUE U CHKATHE, BCECTOPOHHEE M OJIHOCTOPOHEE CKaTHhe M
pacTsbKeHue.

3anaua.

BUJIET 16.

MOMEHT CUJIbI U MOMEHT UMITYJIbCa OTHOCHUTEIBHO HEIMOJBUKHOTO Havyana. Mo-
MEHT CWJIbI I MOMEHT HUMIIYJIbCa OTHOCUTEIIBHO OCH. MOMEHT UMILyJIbca U MO-
MEHT MaTepHUaIbHbIX TOUYEK.

[Ipoctoii caBur. DHeprus yrnpyrux aedopmMarimii.

3angaua.

BUWJIET 17.



1. YpaBHEHHE MOMEHTOB JUIsl CHUCTEMBl MaTEPHAIBHBIX TOYEK. MOMEHT
WHEpIUU. BbUnclieHne MOMEHTa WHEPIUU OTHOCUTENIbHO oOcHu. Teopema
['toiirenca-1lIreitnepa.

2. OnmHoponHas u HeogHOpoaHAs nedopmaruu. U3rub u kpydeHue.

3. 3anaya.

BUJIET 18.

1. YpaBHEHHE MOMEHTOB OTHOCUTEIIBHO JIBMXKYILETOCS Hauajia U JBUKYIIEHCS OCH.

2. T'mpockonsl. CBOOOAHAS U BBIHYKJIEHHAs Mpereccus: rupockona. ['mpockonuye-
CKHE CHIIBI.

3. 3anaua.

BUJIET 19.

1. Kunernueckas sHeprus ABUKEHUS TBEPAOTro Tena. Kunernueckas sHeprus Bpa-
IICHUS.

2. 3aKOH COXpaHECHHUS MOMEHTA MMITYyJIbCa. 3AKOHBI COXPAHEHMS ISl OTAECIbHBIX
MPOEKIU MOMEHTA UMITYJIbCA.

3. 3amauda.

BOIIPOCHI I'3K 110 PA3JAENY «MEXAHUKA»

1. OcHOBHBIE OHSTUSI KHHEMATUKHU:

a) MepeMeICHNUE U MyTh;

0) cpenHss U MTHOBEHHAs CKOPOCTh, €€ HalpaBJICHHE;

B) YCKOpEHHE, HOpMajbHas W TaHTCHIMAIbHASI COCTABIISAIONIAs, BHIBOA (op-
MYyJI 11 HOPMAJIbHOW U TAHT€HIIUAIbHON COCTABIISIOLIECH.

OcHoBHas 3ajaya KMHEMAaTUKU: MO 33JJaHHOMY 3aKOHY JBM)KCHHS P = i)
HalTH CKOPOCTh, YCKOPEHUE (BEKTOPHI), HOPMAIbHYIO U TaHTCHIIMAIBHYIO KOMIIO-
HEHTBl YCKOPEHHUsI, paInyC KPUBU3HBI TPACKTOPUU B 3aJIaHHOW TOUKE; ypaBHEHUE
TPaeKTOPHUH; yTh U NepEeMEICHUE 3a 3aJaHHBII MPOMEKYTOK BPEMEHHU.

VYrioBoe nepemelieHune, yriioBas CKOpOCTb, YIJIOBO€ yckopeHue. CBs3b Ju-
HEWHBIX U YTJIOBBIX XapaKTEPUCTUK JIBHKECHHUS.

2. IloHsTHE MHEPIIUMATIBHON CUCTEMBI OTCUeTa. 3aKOoH nHepuuu. Macca. Cuia.
Bunsl cun B mpupoge. Il 3akon Hetorona. 111 3akon HeroToHa.
OcHoBHas 3ajjaya JUHAMUKHU: COCTOSIHHE MATepUAIbHOM TOYKU, ypaBHEHUE



JNBWKCHUS; UHTETPUPOBAHNE YPAaBHEHWHN JBW)KCHUS;, HAYaJIbHBIC YCIIOBHS
KAaK Ha4aJbHOE COCTOSHUE CUCTEMBI.

[IprHIMD npuanHHOCTH B MexaHuke. [IpuHumn otHocurensHOCcTH [anunes u
PaBHOIIPAaBUE NHEPLHUAIBHBIX CUCTEM OTCYETA.

3. [loHsATHE CHUCTEMBI MaT€pUANIbHBIX TOYEK. BHYTpEHHHE U BHEIIHUE CHUJIBI.
[lentp macc cucremsl (onpenenenue). UMmynbc cuCTeMbl MaTepUAIbHBIX TOYEK U
€ro CBA3b C JIBMKEHUEM LIEHTpa Macc.

BriBon ypaBHeHUs ABMXkEHHS Uil LeHTpa macc. OCOOEHHOCTH ABUMKEHHS
LIEHTpa Macc.

JIabopaTopHas cucTema OTcYeTa M CUCTeMa LIEHTpa Macc.

Kunernueckass sHeprusi cUCTeMbl MaTepualibHbIX Touek. Teopema Kénura
(BBIBOM) U €€ MpUMEHEHHE K BpalaroneMycs teiny. Kunetuueckas 2Heprus Bpaiiie-
HUSI BOKPYT HETIOJIBU)KHON OCH.

4. IloHsiTHE MOMEHTA CUJIbI OTHOCUTEIBHO TOUKU W Oocu. [loHsITHE MOMEHTa
UMITYJIbCa MAaTePUATIbHON TOUKHA OTHOCUTEIBHO TOYKH U OCH.

VYpaBHEeHHE MOMEHTOB Il MaTE€pPUAJIbHOW TOYKH, CUCTEMbl MaTE€pPUATIbHbBIX
Touek, abcontotHo TBepaoro Tena (ATT). OcHOBHOM 3aKOH JUHAMUKH BpaliaTeib-
Horo nBmwkeHus. MomeHnT nnepiuu ATT, ero cBoiicTBa u hpusmdeckuii cMbIci. Teo-
pema Illteiinepa.

5. Crenenn cBo6oabl ATT. Cucrema ypaBHenuii npmxenuss ATT. Bekrop yr-
JIOBOM CKOpPOCTH, BEKTOp MoMeHTa umnyJsibca ATT u CBA3b MEXKly HUMH.

Tenzop unepuu u ero ¢usnueckuid cmpicia. ['maBHeie ocu. Kunernueckas
9HEprus BpalleHUs TBEpAOro Tena. PacueT MoOMeHTa HMHEPUHMH OTHOCUTEIBHO
IIPOU3BOJIBHON OCH.

6. 3axonnl Kemnepa. Bropoii 3akon Kemepa u ero ¢usndeckuid cMbici. Bbl-
BOJ| 3aKOHA BCEMUPHOI'O TATOTEHUS.

DOHeprusi MarepuagbHON TOYKM B Moyie TspKecTH. [loTeHnumanbHas 3Heprus,
LEHTPOOE)KHasl SHEPTUs U d3PPEKTUBHAS SHEPTUs TATOTEHUS. Y paBHEHHUE SHEPTUU.

3anaua Kemnnepa (nocranoBka). [IpumeneHne ypaBHEeHUs SHEPTUU JIs1 AaHAJIU -
3a XapakTepa JABUKEHUS Teja B I0JIE TSKECTH.

7. BbIBOJI MOTEHIUAIILHOM SHEPTrUM T'PABUTAIMOHHOTO B3aUMOJEHUCTBUS ABYX
MaTepUaIbHbIX TOYEK.

DHeprus B3auMOAECHCTBUS CUCTEMbI MATEPUATIbHBIX TOUEK.

DHeprus B3auMOAECHCTBUS TE€J KOHEUHBIX Pa3MEpPOB.

CoOcTBeHHas TpaBUTAIIMOHHAS AHEPTUs IapoobOpas3Horo Tena (BeiBoa). ['pa-
BUTALlMOHHBIN PaJIAyC.

8. edopmanuu TBepAbIX Ten. TeHnzop aedopmariuu.
Hanpspkenus kak TOBEpXHOCTHBIE CHIIBI. BEKTOp HaNpspKEHUH Ha TUIOIIAJKE.
TeH30p HaNpsHKEHUN B TOUKE.



VYopyrue u Heynpyrue aedpopmanuu. HopmaibHble U KacaTelbHbIE
HanpsbkeHusi. Pactsbkenue crepxkus. Hatspkenue. 3akon ['yka, monyns FOura. U3-
MeHeHue nonepevHsix pazmepon. Koappuunent Ilyaccona.

O060061meHHbI# 3ak0H ['yKa.

9. HampsbkeHuss B KUAKOCTAX. 3akoH Toppuuemnn. OCHOBHOE ypaBHEHHE
TUAPOCTATUKU U €T0 IPUMEHEHHE.

CrammmonapHoe TeueHue xxuakoctu. CrocoObl onucanus Disepa u Jlarpanxa.
JIuauu TOKa, TpyOKHM TOKA. Y paBHEHUE HEPA3PBIBHOCTHU U €0 (PU3UUECKUN CMBICI.

NneanbHast )XUAKOCTh. JHEPrusi MOTOKA. YpaBHEHUE bepHyum U ero cienu-
CTBHUA: UBMEHEHUE JIaBJIEHUS B TpyO€ MEPEMEHHOIO CEUEHMS; TMHAMUYECKOE JaBiie-
HUE; PaCXOJOMEDPBI.

10. Bszkas xunkocts. KacarenbHble HanpsbkeHUa. ['paJleHT CKOPOCTH.
Cuibl BA3KOCTH.

Teuenne xuaKocTH 1Mo Tpydoam. Pacnpenenenue CKOpocTH Mo paauycy (Bbl-
Box). Pacxon xkunkoctu. 3akon Ilyazeiins. CneacTBusi: pacnpeselieHHe JIaBIICHUS
BJI0JIb TPYOBI.

VYpaBaenue HaBbe-CToKkca.

JlamunapHoe u TypOyieHTHoe TeueHus. [IpuyrHbBI BOSHUKHOBEHUS TYypOy-
JIEHTHOCTHU. 3aKoH noaoous. Yucno Pelinonbca.

KOHTPOJIb OCTATOYHbBIX 3HAHUH
Bapuanr 1

1.YacTtuna JBUKETCS B MOJOKUTEIBHOM HAIPaBJIEHUU OCH X TaK, 4TO €€ CKO-
POCTH MEHSETCS T10 3aKOHY V=aV/ X ,IJle @ — IIOJIOKXUTEIbHAs OCTOSHHAs. ViMes B
BU]y, YTO B MOMEHT ¢=() OHa HaXOJIUJIach B TOUKE x=(), HANTHU: a) 3aBUCUMOCTH OT
BPEMEHU CKOPOCTH M YCKOPEHHUS YaCTHUIIbI; 0) CPEHIOI CKOPOCTh YaCTHUIIbI 32 Bpe-
Msl, B TECUHEHHE KOTOPOTO OHA MPOUIET MEPBBIE § METPOB IYTH.

2 .Ha teno Maccel m, exaiiee Ha TJIaJKol TOPU30HTAITBHOM TNIOCKOCTH, B
MOMEHT ¢=() Hauaja JeHCTBOBAaTh CUJIa, 3aBUCAIIAsI OT BpeMEHU Kak F'=kt, rne k —
nocTosiHHas. HampaBiieHue 3Toil cuiibl Bce BpeMs cocTaBiisieT HailTu: a) CKopocTh
TeJa B MOMEHT OTPhIBA OT IJIOCKOCTH; 0) MyTh, MPONUIECHHBIN TEJIOM K 3TOMY MOMEH-
Ty.

3./IlBa TOPU30HTAIBHBIX JUCKA CBOOOIHO BPAIAIOTCSI BOKPYT BEPTUKAIBLHOMN
OCH, MPOXOSAIIEHN Yepe3 UX UEHTPbl. MOMEHTBI HHEPLUUHU AUCKOB OTHOCUTEIBHO
3TOM OCHU paBHBI /; U [, @ yTIIOBBIE CKOPOCTH — W) U ). [locne mageHust BepxHero
JTMCKA Ha HIDKHUM 00a JAKcKa 0arofaps TPEHUIO MKy HUIMHU Havyalld Yyepe3 HEeKO-
TOPOE BpPEMSI BpAIlIaThCsl KaK €IMHOE 11esioe. HailTu: a) yCTaHOBUBIILYIOCS YTIIOBYIO
CKOPOCTb BpAIIEHUS IUCKOB; 0) paboTy, KOTOPYIO COBEPIIMIIN IIPU ITOM CUJIBI Tpe-
HUSL.



4. JIocka c JIexalium Ha Heil OpyCKOM COBEPILAET TOPU30HTAIbHbBIE
rapMoHn4Yeckue konebanus ¢ amrmumryaoi a= 10 cm. Haittu koaddunmeHT TpeHus
MEX]Ty TOCKOHM B OpYCKOM, €ClIi MOCIEAHII HAYMHAET CKOJIB3UTD IO I0CKE, KOT1a
ee nepuo Konebanus meupie 7=1,0 c,

Bapuanr 2

1.Temo Opocunu fi MOBEPXHOCTH 3€MIIM MO/ YIJIOM @ K TOPU30HTY C Hayallb-
HOM CKOpOCThIO V. [IpeneOperas conpoTuBIEHUEM BO3/1yXa, HAUTH: a) BpeMsl JIBH-
XKeHus; 0) MAaKCUMAaJIbHYIO BBICOTY MOJAbEMA U TOPU30HTAIBHYIO JAJIbHOCTh MOJIETA;
IPU KaKOM 3HAYEHHUH yIiia @ OHU OyIyT paBHBI APYT IPYTY; B) ypaBHEHUE TPACKTO-
puu y(x), rAe y U 6—IepeMelIeHrs Teja 0 BEPTUKAIN U TOPU30HTAIN COOTBET-
CTBEHHO.

2 . Ha nokouBIIyIOCS 4aCTUILy Macchl m B MOMEHT /=() Ha4aJia IelCTBOBATH
CHUJIa, 3aBUCSAIIAs OT BPEMEHHU 110 3aKOHY F=bt(T-t), rie b—TMOCTOSHHBIN BEKTOD, T
—BpeMs, B TEUEHHE KOTOPOTo ACHCTBYET NaHHas cuiia. HaliTu: a) uMmyJibc yacTu-
1Bl IOCJIE OKOHYAHMS ICUCTBUS CUJIbL, O) Iy Th, MPOMICHHBIN YaCTULICH 32 BpeMs
JIEVUCTBUSI CUJIBL.

3./IBe OqMHAKOBBIE TENEKKH 112, Ha KaXJ0U U3. KOTOPBIX HAXOJIUTCS IO Ye-
JIOBEKY, IBHXKYTCSl 0€3 TpeHUs 10 MHEPLIMU HABCTpedy APYT APYTy MO Napaieib-
HbIM penbcaM. Korja Tenexku nopaBHSIIUCh, C KaXI0M U3 HUX Ha APYTyIo nepe-
IPBITHYJI YEJIOBEK B HAINIPaBJICHUH, NEPIEHANKYIISIPHOM K JIBXKEHHIO TeIexeK. B
pe3yJibTaTe Telie)kKa / OCTaHOBUJIACh, @ CKOPOCTH TeNekku 2 ctana v. Halitu nepBo-
HayaJlbHbIE CKOPOCTHU TEJIEKEK V| U V2, €CIIM Macca Kaxa0u Tesexku (0e3 uemoBeKa)
M, a Macca KaxxJoro 4eJIoBeKa .

4. Tery cOOOIIMIN HA MONOCE 3EMIIM CKOPOCTBD Vo, HAIIPABJIEHHYIO BEPTH-
KaJIbHO BBEpX. 3Has pajuyc 3eMJIM U YCKOpEeHHEe CBOOOIHOIO Ma/IeHHs Ha €€ MOo-
BEPXHOCTH, HAUTH BBICOTY, Ha KOTOPYIO MOAHUMETCS TeN0. COMPOTUBICHUEM BO3-
JyXa MpeHeopeyb.

Bapuant 3

1 .Benocuneguct eneT no Kpyriiol TOpU30HTAIIBHOW TUIOIIAJIKE paauyca R.
KoaddunmeHTt Tpenus 3aBUCUT TOJIBKO OT pacCTOSIHUSA # 10 1eHTpa O TIIOMAIK!
Kak k=ky(I—r/R), tne k) — nocrosinnas. Haittu pagunyc okpy>XHOCTH C LIEGHTPOM B
touke O, 10 KOTOPOM BEJIOCUMIEUCT MOXKET €XaTh C MAKCUMAaJIbHOUM CKopocThio. Ka-
KOBa 3Ta CKOPOCTH?

2 . KuneTrnueckas sHeprus 4aCTHUIIbI, IBUKYIIEHCS TI0 OKPY>KHOCTH pajuyca
R, 3aBUCHT OT NPOWEHHOrO IIyTH S 10 3aKOHY T=as’, Tjie a — 1nocrosnHas. Haiitn
MOJTyJIb CHJIbI, IEWCTBYIOIIECH HA YaCTHUIly, B 3aBUCUMOCTH OT S.

3.HexoTtopas nnanera maccel M nBuskercst BOKpyr CoHIa [0 3JUIHICY TaK,
YTO MUHUMAJIbHOE PACCTOsIHUE MEXKy Hel u COJIHIIEM PaBHO 7;, @ MAKCUMAJIbHOE
—r. Haiitu ¢ momonisto 3akoHoB Kemiepa nepuo oopanieHus ee Bokpyr ColiHila.



4.K HeBecOMOM NIPYKUHE NOJABECUIIN I'PY3UK, U OHA PACTAHYJIACh HA
x0=9,8 cMm. C KakuM neproioM OyIeT KoinebaThes TPy3UK, €ClIu €My J1aTh He-
OOJIBIION TOJYOK B BEPTUKAIBHOM HAIPABICHUU?

Bapuant 4

1 .B MoMeHT =0 yacTuila BbIlIIa U3 HaYaJIa KOOPAUHAT B MMOJOKUTEIHLHOM
HaIlpaBJICHUHU OCH X. Ee CKOpOCTh MEHSIETCS CO BpeMEHEM 110 3aKOHY V=V, (I—1/T),
rae Vo — HavalibHasi CKOPOCTh, MOJIYJIb KOTOpOit vy=10,0 cM/c, T=5,0 c. Haiitu: a)
KOOPJIMHATY X YaCTUIIBI B MOMEHTHI BpemeHu 6,0, 10 u 20 c¢; 6) MOMEHTHI BpEMEHH,
KOrJia yacTuila OyeT HaXoAuThcsl Ha pacctosHuu 10,0 cM OT Hauana KOOpAUHAT.

2 . Kunernueckas sHEeprus 4aCTHUIIbL, IBUKYIIEHCS IO OKPYKHOCTH pagnuyca
R, 3aBACUT OT NPOMIEHHOIO IYTH § 110 3aKOHY T =as’, rne a — nocTtosiHHas. Haiitu
MOZYJIb CHJIBI, JE€MCTBYIOIIEN HA YACTHUILy, B 3aBUCUMOCTH OT .

3.YenoBek Macchl m/ CTOUT HA KPar0 TOPU30HTAIIBHOTO OJJTHOPOJHOTO IUCKA
Macchl m2 U paguyca R, KOTOpbIA MOKET CBOOOIHO BpaIllaThCsl BOKPYT HEMOABUK-
HOM BEPTUKAJIBLHOM ' OCH, IPOXOAAIIEH Yepe3 ero HeHTp. B HEKOTOPBIA MOMEHT 4e-
JIOBEK Hayvajl IBUTATHCS MO KParo JUCKa, COBEPIIWII MIEPEMEIICHUE Ha Yrosl ¢ oTHO-
CUTENIbHO JUCKa U ocTtaHoBwWiICs. [IpeHeOperast pazMepamMu 4esioBeKa, HAUTH yrod,
Ha KOTOPBII MOBEPHYJICS JUCK K MOMEHTY OCTAHOBKHU Y€JIOBEKA.

4. ToHKHE HUTH HAMOTaHbI HAa KOHIIbI OJTHOPOHOTO CIUIONIHOTO HWJIMHAPA
Maccoit m. CBoOOHBIE KOHITBI HUTEH NMPUKPETUICHBI K MOTOJIKY. HaliTu yckopenue
a’ UIMHpA.

Bapwuant 5

1.YacTuua ABUKETCS M0 AyTre OKPYKHOCTH paauyca R 1o 3akony /=Asinw,
rae [ — cMelleHne U3 Ha4aJIbHOTO MOJI0KEHHS], OTCUUTHIBAEMOE BJOJIb IyTU, A U (W
— mocTostHHEIE. HaiiTi mojTHOe ycKOpeHye JacTHIIB! B TOUKax /=0 1 £A.

2 . [llapuk, MOJIBENICHHBIN HA HUTH, KAYA€TCSl B BEPTUKAJILHOM IIJIOCKOCTH TaK,
YTO €r0 YCKOPEHHUs B KPAWHEM U HHYKHEM IIOJIOKEHUAX PABHBI 110 MOAYJIO IPYyT
npyry. Haiitu yron € oTKJIOHEHHS HATH B KpaitHEM TIOJI0KEHUH.

3.Ha rimagkoii ropu30HTaNbHOM IIOCKOCTH HAXOAATCS JBE HEOOJIbIINE
maiobl ¢ MaccaMu m; U M, COEIMHEHHBIE MEX Ty COO0H HEBECOMOM MPY>KUHKOM.
[aitbaM cooO1MIN HaYaJIbHbIE CKOPOCTH V; U V5, HanpaBlieHHUsI KOTOPBIX B3aUMHO
NEPIICHIUKYJISIPHBI U JIEKAT B TOPU3OHTAIBHOM TNIOCKOCTU. HallThn MexaHn4YecKyo
SHEPIHUIO 3TOM CHUCTEMBI B CUCTEME €€ LIEHTPa MaccC.

4 .YacTtuua Maccel 7 HAXOINUTCSI B OJHOMEPHOM CHJIOBOM IIOJIE, TIIE €€ I0-
TeHIIMaJIbHAs SHEPTHUs 3aBUCUT OT KOOpauHaThl X Kak U(x)=a(l - cosbx), tne au b
— MOJIOKUTEIbHBIE NOCTOSIHHBIE. HaliT meproi MasbIx KoJeOaHU 4acTHIIbI OKOJIO
MOJIO’KEHUSI PABHOBECHS.



Bapuant 6

1. Touka qBUKETCS B INIOCKOCTH X) IO 3aKOHY X=Asinx, y=A (I—coswx), A
U (U— TIOJIOKUTENbHBIE TOCTOSIHHbIE. HaliTH: a) myTh §, MPOXOMMBIM TOUKOI 3a
BpeMsi T; 0) yrojl MeX1y CKOPOCTbIO U YCKOPEHHUEM TOYKH.

2 .HeGoup1moe Te51o myCcTiiiv CHU3Y BBEPX MO HAKIIOHHOW IIOCKOCTH, COCTaB-
nsroieit yron a=15° ¢ ropuzonrom. Haiiti K03p(UIMEHT TPEHUs, €CITH BPEMSI
noabeMa Teja oKa3anoch B /]=2,0 pa3a MEHbIIIE BPEMEHH CITyCKa.

3.Ha rimaakoi ropu30oHTaIbHOM IJIOCKOCTH JIEKUT JOCKA MACChl 771; U HA HEU
Opycok maccel m,. K OpycKy IpHIIOKWIA TOPU30HTAIBHYIO CUITY, YBEIUYUBAIOILY IO~
Cs CO BPEMEHEM f O 3aKOHY F'=at, rae a — noctosiHHas. Halitu 3aBucuMocTu ot ¢
YCKOPEHHH JOCKH a; ¥ OpyCKa @, €cliid KOdDPUIIUEHT TPEHHUS MEXIY JTOCKON U
OpyckoM paBeH k. 11300pa3uTe npuMepHbIe rpa)MKH 3TUX 3aBUCUMOCTEM.

4 .YacTtunua Macchl m IBUKETCA 10 OKPYKHOCTU paguyca R ¢ HOpMaJIbHbIM
YCKOPEHHEM, KOTOPOE MEHSETCS CO BPEMEHEM 10 3aKOHY @,=al’, e Q—II0CTOSH-
Has. HaliTh 3aBUCUMOCTB OT BPEMEHU MOIIIHOCTH BCEX CHII, JIEUCTBYIOIIMX HA 4Ya-
CTHUILY, a TAK)KE CPEAHEE 3HAUCHUE 3TOW MOIIHOCTH 32 IEPBBIE ! CEKYH/]I [I0CJIE HAaya-
J1a IBUOKEHUS.

KPUTEPUU OLIEHKHU 3HAHUM CTYJEHTOB

O ITonHoTa, CHCTEMHOCTD, OO000111eHHOCTh 3HAHU I
L[EHKa MIPOYHOCTh 3HAHUM
N3noxenne  MOJy4YEHHBIX Boeienenre  CylIeCTBEHHBIX

3HAHWM B YCTHOW, MNHCHbMEHHOU | IPU3HAKOB U3YYEHHOI'O C MOMOIIBIO

« | mu rpaguyeckoit popme, mosHOE, | oNepanuii aHalu3a U CUHTE3a; BbI-
5» B CHUCTEME, B COOTBETCTBUU C Tpe-| IBICHUE NPHUYUHHO-CIEACTBEHHBIX
OOBaHUSMU Y4EOHOU MporpaMMel;| cBsizeil; (OpMyJIUpPOBKa BBIBOJIOB U
JIOTYCKAIOTCSl  €IMHUYHBIE HeCy-| 00001IeHuii; cB0OOOIHOE ONEPUPOBa-
HIECTBEHHbIE OIIMOKH, CaMOCTOS-| HUE M3BECTHBIMU (paKTaMu U CBejie-
TEJIbHO MCHPABIISIEMBIE CTYACHTA-| HUSMH C UCIOJIb30BAHUEM CBEJICHMI
MHU. U3 IPYTHUX NPEIMETOB.

W3nokeHUEe  MOJTyYEHHBIX Breinenenue  CyImiecTBEHHBIX
3HAaHUM B YCTHOM, IMCBMEHHOM H| IPU3HAKOB U3YYEHHOI'O C ITOMOIIBIO
rpaduyeckoil (popme, MOJIHOE, B| ONEpalvii aHAJIM3a U CUHTE3a; BBISB-

« | cucteme, B COOTBETCTBUU C TPeOO- | TIEHUM MPUYUHHO-CIIEACTBEHHBIX
4y BaHUSIMU y4eOHOM MpOTrpaMMBbl;| CBs3eil; (HOpPMYJIHMPOBKAa BBIBOJIOB U
JIOTTYCKAIOTCSl OTJIEIbHBIE HECyIIle-| 0000IIeHn, B KOTOPBIX MOTYT OBITh
CTBEHHbIE OIIMOKHU, WCIpaBJisie-| OTJAeIbHbIE HECYIIECTBEHHbBIE OMINO-




MbI€ CTYACHTaMH IOCJE yKa3aHUs
IpenojaBaTelis Ha HUX.

KH; MOATBCPKACHUEC U3YYCHHOI'O H3-
BCCTHBIMH CbaKTaMI/I Hn CBCACHUIMMU.

3»

«

N3noxeHne - MOIy4YEeHHBIX
3HAHUM HEMOJIHOE, OJHAKO ATO HE
MPEMATCTBYET YCBOCHUIO TOCIEY-
IOIIEr0 MPOTPAMMHOI0 —MaTepura-
Ja; JOMYCKAITCS OTICIbHBIE CY-
IIECTBEHHBIE OIIMOKU, UCTIpaBJe-
HUE C TOMOIIBIO MPenoaaBaTesl.

3arpyAHEHUs MpPU BBINOJHE-
HUU CYIIECTBEHHBIX MPU3HAKOB U3Y-
YEeHHOr0, NPH BBISBICHUU MPUYHH-
HO-CJIEJICTBEHHBIX CBSI3€l U (QopMy-
JUPOBKE BBIBOJIOB.

2»

«

N3noxenue yuyeOHOTO MaTe-
puajga HEMoJHOe, O0eCCHCTEMHOE,
YTO TPEMATCTBYET YCBOCHHIO TIO-
cienytomieit yuebHoir uHbopma-
UM, CYIICCTBEHHBIC  OIINOKH,
HEUCIIPaBIsSEMbIC JaXe C IIOMO-
IO MTPEII0IaBATEIIS.

Beccucremuoe BBIJEIICHUE
CIIy4alHBIX TPHU3HAKOB HM3yYCHHOTO;
HECYMCHHUE IIPOM3BOIUTH IPOCTECH-
IMe Ollepali aHallu3a M CHHTE3a;
JeJiaTh 0000IIEHHS, BBIBOJIBI.

1»

«

IlonmHoe He3HaHHWE W HEIO-
HUMaHue y4eOHOTO MaTepuana
(CTYyIEHT HE MOXET OTBETUTb HU
Ha OJIMH MTOCTABJICHHBIN BOIIPOC).

3auer M IK3aMeH — UTOroBas arTecTanus no aucuuiinae. OneHka (3ader) mno
TUM BHJIaM KOHTPOJS CKIIQJbIBAETCA M3 TEKylIeH paboThl CTylIEHTa B CEMECTpE,
MPOMEKYTOUHOTO KOHTPOJISl, CAMOCTOSITEIbHOM pabOThI M OTBETE HA dK3aMeHe (3aue-
Te) (40% - MpOMEXYTOUHBIM KOHTPOJIb 3HAaHUM CTyAeHTOB, 60% - pe3yJabTaThl UTO-
rOBOTO 3adeTa (9K3aMeHa)).
Kadenpa umeer npaBo nepepacnpenenuts 3To cooTHomienue 10 10%.
IIpoMesKYTOYHBIN KOHTPOJb — OCYIIECTBISIETCS IBa pa3a B CEMECTP B BUIE
KOHTPOJIBHBIX TO4YeK. IIpemomaBarens mpoBepsieT 3HAHHUS CTYJEHTOB B BHUJIE
KOHTPOJIbHBIX pa0OT, TECTOB U Jp. MO OJIOKY N3YYSHHOU NTUCHUTUTAHBI. DUKCHUPYETCs
B )KypHajax yCleBaeMOCTH, HaXOIAIIMXCS B IeKaHaTaX.

Pe3ynbTaThl yUUTHIBAIOTCS MPHU JOMYCKE K CAAYE 3a4eTa WA SK3aMEHa.




NMPOrPAMMA-MUHUMYM
1. C

KOPOCTb U YCKOpeHHE. TaHreHIHaIIbHOE U HOpMaJibHOE yYcKOopeHus. OCHOBHAas 3a1a-
ya KHHEMAaTHKH.

2. C
wibl B ipupojie (3akoH Kynona; cunel JIopeHua u Ammnepa; Cuiibl CyXoro U BA3KOTro
(BHYTpEHHEI0) TPEHUST; 3aKOH BCEMUPHOTO TATOTCHHUS).

3. |
, II 1 III 3akonbsl Herorona. OcHOBHAs 3aj1a4a JUHAMHKHU.

4. T
copemMa 00 M3MEHEHUHN UMITYJIbca CUCTEMBI MaTepUalIbHBIX To4eK. LleHTp macc.

5. T

eopeMa 00 U3MEHEHWH MOMEHTA UMITYJIbca MaTepUaIbHON TOYKU. 3aKOH COXpaHe-
HUSI MOMEHTA UMIYJIbCA.

6. P
abota nepemeHHO# cuibl. [Tpumepsl. MOIHOCTS.

7. I1
OTEHIIMAaJIbHAs YPHEPTHsI MATEPUATBHON TOYKH B CUIIOBOM TIOJIE.

8. T
eopemMa 00 I3MEHEHUU KHHETUIECKOM SHEPTUU MaTepUaIbHOM TOUKH.

9. T

copcMa 00 M3MECHEHUHM MEXaHUYSCKOU OHCPIUn MaTepHaHBHOﬁ TOYKH. 3aKOH Ccoxpa-
HCHUSI MEXaHUYECKOM OHCPI'Un.

10. T
copcMa 00 M3MEHEHUH MOMEHTA HMITYJIbCa CUCTEMbI MATCPHUAJIbHBIX TOYCK.

11. Y
pPaBHEHHE BPAIIATEILHOTO ABUKEHHUS TBEPOTO TEJIa BOKPYT HETIOIBH)KHOU OCH.

12. M
oMeHT nHepuuu. Teopema ['torenca-llIrennepa.

13. I1
peneccus rupockorna.

14. r

apMoHHUYeckue konebanus: AuddepeHnanTbHOe ypaBHEHUE U 3aKOH JIBUXKEHUS.

15. I1
€pEeHOCHasI, IIEHTPOOEIKHAS M KOPHOIUCOBA CUIIbI UHEPIIUU.

16. B

EKTOP U TEH30p MEXaHUYECKOTO HAMPSIKCHHUS.

17. O
06006menHsIif 3akoH ['yka B quddepennuansaoi hopme.

18. XK

WJIKOCTHU: C)KMMaeMasi U HeC)KHMaeMas, uicajbHas U Bs3Kas. TedueHue cranuoHap-
HOe U HecTanmoHapHoe. [lose ckopocteit u TpyOka Toka.
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I[TPNJTIOXE-
HUE 1

BUIEO3AIINCH 110 PUSUKE
JleKIIHOHHBbIE IKCIIEPUMEHTHI 110 QPU3HKe

MEXAHHWKA
1. Jopoxka Ha Bo3aymiHOM noayke Kunemaruka

1.1 PaBHOMEpHOE NBHKEHUE. 0.04.15
-3aBUCUMOCTh KOOPAUHATHI OT BPEMEHH.
-3aBUCUMOCTb CKOPOCTU OT BPEMEHH.
-3aBUCUMOCTb YCKOPEHHUS OT BPEMEHH.

1.2 PaBHoyckopennoe aemxkenune  0.06.12
-3aBHCUMOCTb KOOPJUHATHI OT BPEMEHHU.
-3aBUCUMOCTb CKOPOCTU OT BPEMEHH.
-3aBUCUMOCTb YCKOPEHHUS OT BPEMEHH.

JlnHamuka
1.3 Bropoii 3akon HeroToHa. 0.09.25
-3aBUCUMOCTb YCKOPEHUSI OT CUJIBI.
-3aBUCUMOCTb YCKOPEHHUS OT MacCHhl.

1.4/IBr>xeHne IeHTpa Macc. 0.18.45

1.5M3mepenune yckopeHusi CBOOOAHOIO MaJICHHUS. 0.21.40

1.63aKOH COXpaHEHUS UMITYJIbCA. 0.24.40

1.73aKOH COXpaHEHUS] MEXaHUYECKON IHEPTUU. 0.28.10
Kunemaruka

2.0 Cnoxenue apuxenuit ( cnupaiib Apxumena ).0.31.10
3.0 Kunemaruka BpaiatenbHoro asmxenus (touwno ).  0.33.10

Jlnnamurka
4.0 Uneprus ten (JioMmaHue JOIMICYKH B OyMaKHBIX Kojibliax). 0.35.15
5.0 Hesecomocts. OnbiT JIroOumoBa. 0.36.45
6.0 Tpetnii 3akoH HproToHAa. 0.38.55
7.0 3aKOH COXpaHEHUsI MOMEHTA UMITYJIbCA.
Cxambs XKyKoBCKOTO. 0.41.10
8.0 OmbIT DyKo. 0.43.05

9.0 CBoOoanbIe KoJIeOaHus ( TapMOHUUYEcKHE U 3aTyxatomue ). 0.47.25

MEXAHUKA CIUIOIIHBIX CPE/]
1.0 Mozaenu O6erymux u CTOSYMX BOJIH. 0.50.00
2.0 Crosiuas 3BykoBasi BoiHa. Tpy6a PyGenca.  0.52.25
3.0 UnTepdepennus 38ykoBbix BoaH. [Ipubop Keunke. 0.54.15
4.0 CkopocCTb 3ByKa. YJIUTKa ¥ MOBa. 0.56.05
5.0 Ilepekauka BOJibI O] KYIIOJIOM Hacoca. 0.57.20



[MTPUJIOXEHUE 2
OBPABOTKA PE3YJIbTATOB U3MEPEHUI

1. OBPABOTKA ITPAMBIX MHOI' OKPATHbBIX U3MEPEHUU

MHorokpatHbie u3mMepeHus (1 = 4) Mo3BOJSIOT YMEHBIIIUTh BIUSHUE CITy4yai-
HBIX NOTPEUIHOCTEN U OLIEHUTh JOBEPUTEIBHYIO TPAHUILY STUX MOTPEIIHOCTEM.

3a pe3yapTaT MHOTOKPATHOTO M3MEPEHUs MPUHUMAETCS cpeHee apupMeTHu-
YECKOE U3 psifia 1 U3MEPEHUH

12 x +x,+..+x
<x>:7zxi= 1 2 n

(1)

Mepoii ciayyallHON TOTPEIIHOCTU CPeoHe20 aApu@dMemuieckozo SBISIETCS
cpeonekeaopamuytas NOTPEIIHOCTD Pe3yIbTaTa H3MEPEHUS

, (2)
rae Ax; = X; - <X> - a0CoI0THAs IOTPEIIHOCTD I-r0 u3Mepenus. Bennmunny Se<,-
HA3BIBAIOT TAKXKE CMAHOAPMHOL TIOTPEITHOCTHIO.

Hosepumenvnas epanuya TOTPENTHOCTH UL 3a0aHHOU Hadexcnocmu O BbI-
qucisiercs mo gpopmyJie

AX = tq’n S<x> (3)
rae lqn - kodpdunuent Croronenta. Koadpounuent CterofaeHTa 3aBUCUT OT TpeOy-
EMOM, HaJICXKHOCTH (JIOBEPUTEIIHHOW BEPOATHOCTH) (O W YKCIIa U3MEPCHHH /1. ¥ Ha-

XOJIUTCS [0 COOTBETCTBYIOIMM TabnuiaM. O0bruno nonaraior @ = (,95. Tabnuua
kod(ppunrenToB CThIOICHTA IPUBEJICHA B I1. 8. HACTOSIIECTO MPUITOKCHUS.
Cmanoapmuas TOTPENTHOCTh MOXKET PacCMaTPUBATHCS KaK JOBEpUTEIbHAS

rpanuna norpemnoctu (Ax = S<,-) npu ¢4, = 1. IIpu 3T0M HagexHocTs paBua 0,6-
0,7 B 3aBUCUMOCTH OT YKCJIa U3MEPECHUH.

2. MIHCTPYMEHTAJIPHBIE IIOI'PEIIIHOCTHU

NHcTpyMeHTANbHBIE TIOTPEITHOCTH - 3TO MOTPENIHOCTH, BHOCUMBIE H3MEPH-
TeIbHBIMH TIprOopamMu. OHU 3aBUCAT OT Kjlacca TOUHOCTH MPUMEHSIEMBIX IPHUOOPOB.
Kiacc TouHOCTH - 3TO MakCUMasbHasi TOTPENTHOCTh, BRIPAXKEHHAS B MPOIEHTAX OT

MOJTHOM BEIUYMHBI IIKAJIbI Xmax

_ Ax o
y = x—DlOOA) (4)

max

B psine mpuOOpoOB MOTPEIIHOCTh YKa3bIBACTCS B €T0 IMACIIOPTE WIIM Ha CaMOM
npubope. Ecnu morpemHocts mpubopa He ykazaHa, TO MPUOJIMKEHHO OHA OIleHUBa-
ercs kak 0,5-1 nenmenue mkambl Win 2-3 eIUHUIIBI TIOCIESIHETO pa3psiia MUPPOBOTO
npubdopa. OTHAKO B 3TOM ClIy4ae TOYHOCTh U3MEPEHUN HE MOXKET OBITh TapaHTUPO-
BaHa.

3. CYMMHUPOBAHUE [IOI'PELLIHOCTEH



Ecnu norpentHocts 00ycClOB/IEHa KaK U3MEPUTEIbHBIMU PUOOPAMH,
TaK U CIIy4allHbIMH MOTPEMIHOCTAMM, TO PE3YJIbTUPYIOIIAS TOIPEIIHOCTh HAXOIUTCS

CYyMMHpPOBaHHEM TorpemHocTH npudopa Ax,, W CTAaTUCTHYECKOH MOrPEIIHOCTH

Axcm

Ax = 1/ijp + Ax”, (5)

Ecnu oHa M3 COCTaBISAIOMIMX MOTPEIIHOCTEN XOTA Obl B 2,5-3 pa3a MeHbIIe
JPYTOM, TO MEHBIIIEH COCTABIISIFOIIEH MOKHO MTPEHEOPEUb.
4. OIIPE[EJIEHUE TTIOT'PELIHOCTH KOCBEHHBIX U3MEPEHUN

[Tycth uckomoe 3HaueHUE (PUINUECKON BETUUYMHBI W €CTh (DYHKIUS TPSIMBIX

U3MEPEHUI BEJIMYUH X , J U T.JI. C U3BECTHBIMU MOTPEIIHOCTAMU AX, Ay, ....
w=fx,y,...)

Tpebyercs onpenenanTs NOorpemHocTb AW BeTUYHHBI W, 00YCIIOBIEHHON BO3-
NENCTBUEM IOrpemHocTen Ax, Ay,....

Cayyaii oaHoii nepemennoii. Ipeanonaras Benmnuuny Ax Manoii, norpem-
HOCTb BEJIMYMHBI W MOKHO HalTH Kak oughgpepenyuan GyHKIHUU:

Aw = f, (x)[A x (6)

e f« (X) - npoussoaHas GyHKuuu f(X) 1o X.

Cay4ail HecKOJbKHX nepeMeHHbIX. CHaudana ONpENestoTCs YacTHBIE IIO-
IPELIHOCTH, O0YCIIOBIEHHBIE MOTPEMIHOCTAMM KaXA0r0 apryMeHTa B OTJEIbHOCTH.
[TpaBuno nuddepenupoBanus gaeT GopMyIbl

Mw, = (xy,..)[Ax

Mw, =1’ (x,y,...)[A Y, (7)
rae £ (X.Ys--.), fy (X.Y,...), ...- 4acTHbIE TIPOM3BOAHBIE QYyHKIMU W = f(X,), ...) 1O
TIEPEMEHHBIM X, V, U T. JI.
O/IHaKO HaM M3BECTHBI HE CAMHM TIOTPENIHOCTH, & MX NPEeOe/IbHble 3HAYEHHS.
[TosTOMy HEOOXOAMMO CyMMHPOBAThH HE CAMM YaCTHBIE MOTPENIHOCTH, a X KBaJpa-
THI (T€OMETPUYECKOE CYMMHPOBAHUE)

Aw = \/wa2+Awy2+Aw2 (8)

5. TOYHOCTH PACHYETOB

Ecnu yncno 3anuceiBaeTcs B BUAE JECATUUHON JpOOH, TO OJJHUM U3 UCTOYHU-
KOB ITOIPEIIHOCTEN BBIYMCICHUM ABIISETCA OKPYTJIEHHE Yucia. B kadyecTBe morpemni-
HOCTHU OKPYTJICHHs IPUHUMAETCS MOJOBUHA €IMHULIBI IIOCIEIHETO, YKa3aHHOTO I10-
CJIE OKPYTJICHHUs pe3yJIbTaTa.

Mepoit TOYHOCTH YKcia SBJISAETCS YUCIO 3HAYAIMX HUdp. 3HaYammMMu nud-
pamMu Ha3bIBAIOTCS BCE LIUPPBI, KPOME JIEBBIX HYJIEH (KOTOPBIE CIYKaT JUIsl yKa3aHUS
pa3psioB). iIMeHHO 4ncio 3HaYauX HUQP ONpeAenseT OTHOCUTEIbHYIO MOrpen-
HOCTb. [Ipumeps! onpeneneHnst MOorpemHoOCTER OKPYTIEHNSI HEKOTOPBIX YHCEIN MTPHU-
BEJICHBI B TA0II. 2




Tabnuna 1. [IpuMepbl TOrpenIHOCTEH OKPYTIICHNUS HEKOTOPBIX YUCEN.

Hpuep UncIio [Torpemnocts
3HaYammMx umop OKPYIJIEHHSI
3,1416 5 0,00005
3,14 3 0,005
0,1500 4 0,00005
0,015 2 0,0005
3 (uemoe) 00 0,000...0...

Yucno 3Havamux nudp B OIPOMEKYTOUHBIX pacyeTax AOJKHO ObITh HA €ld-
HUILy OOJbIle, 4YeM B pe3yjbTaTax U3MEpeHU. B mpOTHBHOM ciiyyae MOrpenrHocTb
pacueToB OyJeT CpaBHMMA C MOTPEIIHOCThIO U3MepeHuil. TabinyHble 1aHHbIE Cie-
IyeT Takke OpaTh ¢ JOCTATOYHBIM YHUCIIOM 3Havamux nudp (ecaum 3To0 BO3MOXKHO),
MO0 YUUTHIBATH MOTPEIIHOCTH OKPYTJIEHUS ITUX JAHHBIX.

6. 3AIIUCH PE3YJIBTATOB

Pe3ynbTaT n3MepeHus Npu pacyere CIeayeT 3alKucChiBaTh B BULE:

x = <x> +Ax, en. usm....

3HaueHue MOTPEIIHOCTH CIEAYET OKPYIJIATh M0 08X 3HAaYamux 1udp, eciu
nepBast SIBJISIETCS €MHUIIEH U 10 00HOU 3HaJallen U@ pbl BO BCEX OCTAIBHBIX CITy-
yasx. [[ns 3anucu M3MEpeHHOro 3Ha4eHWsl MOCIEIHEN 3amuchiBaeTcsl 1udpa TOro
JNECATUYHOTO pa3psia, KOTOPbIA COAEPKUT NOTPEIIHOCTb.

Tabauua 2. IlpumMepsl 3anvcu pe3ynibTarta.

[IpaBuiib- Hempa- Omn6ka:
HO: BHJIHHO:

1,2£0,2 1,244+ 0,2 Jlummane 1tudpel B 3HAYCHUH pe-

3yJbTara.

1,24+ 1,2438+ Jlummane 1tmdpsl B 3HAYECHHH T10-
0,03 0,0325 TPEIIHOCTH M Pe3yJIbTaTa..

1,244+ 1,244 I'py6oe okpyriieHre MOTrpenTHOCTH.
0,014 0,01

1,24 1,24 Mmuoxwutens 10" momkeH OBITH 00-
+0,03 +30107 LIUM.

7. TPAOUYECKUE METO/Ibl OBPAFOTKHU PE3YJIBTATOB

[Ipu 00paboTKe pe3yJbTaTOB MU3MEPEHMI YacTO MOJIB3YIOTCS rpaduuecKuMu
METOJJaMH, KOTOPBIE CITy>KaT JUIsl HATJIITHOTO M300paKeHUs MOJIyYeHHBIX pe3yibTa-
TOB, @ TAKXKE JJISl PA3IMYHBIX BBIUMCIUTENbHBIX onepanuii. [Ipu mocrpoenun rpadu-
KOB CJIETyeT MPUACPKUBATHCS CICAYIOIIUX MPABUI:

1. Haueptuth ocu rpaduka (CTpeiKu Ha OCSX CTaBUTH HE cienyeT). Beioparth
¥ HaHeCTH MacumTad 1Mo ocsM aOCIUCC U OPAMHAT TaK, YTOOBI rpaduK 3aHUMAJ IO
BO3MOXHOCTH BCIO MJI011a/1b. O003HAYUTH OCH U €IMHUILIBI U3MEPEHHUS.

2. Hanectu 3KcniepuMEHTalIbHBIC 3HAUYEHUS B BHUJE YETKUX KPY>KOUKOB JHa-
mMeTpoM 1-2 mMm. KoopauHaThl 3THX TOUEK Ha OCsIX rpaduka HE yKa3bIBAIOTCA.



3. I'paduk Mo TOYKaM JIOJKEH MPOXOAUTH IUIABHO, 0€3 pe3KUX HC-
KPUBJICHUN U M37I0MOB. Mexay Toukamu rpaduk JOHKEH MPOXOJIUTh TaK, YTOOBI
TOYKH paCMOJarajiuch 1o 00€ CTOpoHbl OT rpaduka Ha OJUHAKOBBIX PACCTOSHUSIX.

IT=234.

DyHEKITNAE, ¥V, S0,

3aronoeok rpachuka
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B - -porpaguk - 2 rpagui

Ock: Broporoc rpadpmxa

Puc. 1 Ilpumep noctpoenus rpaduka.

Buvtuucnenue y2noeozo korygppuyuenma npamoit y=A x+B:

1. BbiOpath ABE MPOU3BOJIBHBIE TOUKM HA OCH a0CUUCC X U X». TOUKH X1 U X>
JIOJDKHBI OTCTOSTH JPYr OT JAPYra HAd BO3MOJCHO OoabuieM paccmosHuu. Ilo

2paguxy MpOBECTU OTCUET COOTBETCTBYIOIIMX 3HAUEHUNH (PYHKLUHU V| U ).

2.YrnoBoi k03hduimenT HaxoauTces o hopmyiie:

A: yZ-yl
X T X

%)

3. Uto06nl k03P dULIMEHT UMeIT OnpeIeIeHHbIN (U3UUYECKUNA CMBICII, BEIMYUHBI

X U ) ClIeIyeT BbIpaxkaTh B OTHOW (PU3NYECKON CUCTEME €UHULL.
4.Tak kak 4MCIEHHBIA MacITad MO OCSAM BBIOMPAIOT, KaK MPABHUIIO, HEOJUHA-
KOBBIM, YTJIOBOW KOA(GUIIMEHT HE paBeH (a JHIIb MPONOPIIMOHANIEH) TAHTCHCY yTIJia
HakJIoOHa TpsiMoil. [losTomy yriioBoit kKo GUITMEHT HENb3 HAXOAUTh, U3MEPSIS YO
HAaKJIOHA MPSIMOM.

8. KOOOOHUIUEHTHI CTBIOJEHTA t 4y



Tabmauua 3. 3Hauenus ko3ppuurenToB CTbIOJEHTA.

Hanexuocts a

Yucno 0,5 0,6 0, 0, 0, 0
CTETEHEeHN 9 95 .98
CBOOOIBI
A
| 1 1 2, 3, 6, 1
,00 ,38 3 2,7 1,8
2 0 1 1, 1, 2, 4.3
,82 ,06 9
3 0 0 1, 1, 2, 32
oy ,98 4
4 0 0 1, 1, 2, 2.8
, 74 ,94 1
5 0 0 1, 1, 2, 2.6
713 ,92 0
6 0 0 I, 1, 1, 2,4
712 ,90 9
7 0 0 I, 1, 1, 2.4
71 90 9
8 0 0 1, 1, 1, 2,3
71 ,90 9
9 0 0 1, 1, 1, 2.3
,70 ,88 8
1 0 0 1, 1, 1, 2.1
4 ,69 ,87 8
1 0 0 1, 1, 1, 2.1
9 ,69 ,860 7
3 0 0 I, 1, 1, 2,0
9 ,68 ,85 7
00 0 0 I, 1, 1, 2,0
,67 ,84 6

IIpumeuanue: Yucno crenenei cBo6o bl f paBHO uucny rezasucumbix Bemnuun Ax; .

V3 1 3Ha4YeHUi NOrpenIHoCcTel TONBKO 71 - | 3HaueHwii OyayT HE3aBUCHMBIMHU, T.K.

sesmunnbl Ax cszanbl ypaBuenuem: YAx; = (). TloaToMy B JaHHOM Cilydae YUCIIO

crenenei cBo0o bl OyIET Ha eMHUILY MEHBIIE YnciIa u3Mepenuit: f = n - 1
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