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OBIHIUE METOAUYECKHUE YKA3AHUA

N3ydeHnne kypca (PU3MKU CTYAEHTOM 3a04HOTO (aKyJIbTe€Ta COCTOUT U3 CaMo-
CTOATENbHON paboThl C y4eOHBIMU MOCOOUSMH B TEUEHUE CEMECTpa, BBINOJHEHUS
KOHTPOJBHBIX pabOT B CPOKH, MPEAYCMOTPEHHBIE TPA(QUKOM BBITIOJHEHUS KOHTPOJIb-
HBIX paboT, a TaK)Ke BBIMIOJIHEHMSI JTa0OPATOPHBIX padOT B TeueHue ceccuu. OOmmmit
KOHTPOJIb HaJ] YCBOEHUEM Y4EOHOT0 MaTepuasa OCYIECTBISIETCS B TEUEHUE CECCUU B
(dbopme 3amuThl KOHTPOJIBHBIX paboT, OTYETA MO JTAaOOPAaTOPHBIM padoTaM, CayM dK-
3aMeHa.

Yka3zaHusl K caMOCTOATEIbHOI padoTe ¢ y4eOHbIMHU NOCOOMAMHU

M3y4aTh Kypc cHCTEeMaTHYeCKH B T€UEHHE BCero ydeOHOro mpoiiecca. M3yde-
HUE (QU3MKH B CXKaThle CPOKM TEpe] IK3aMEHOM HE JacT TIIyOOKHX M TPOYHBIX
3HAHUMU.

Bri6paB kakoe-nmm60 yueOHOe mocodue B Ka4eCTBE OCHOBHOTO, CIEAYET MOJb-
30BaThCs UM MPHU M3YYCHUHU BCero Matepuana (4acTd, pasiena). 3aMeHa OJHOTrO TO-
coOusi APYruM B TIPOIIECCE M3YUYCHHS] MOXKET MPHUBECTH K yTpaTe JIOTUIECKOW CBSI3U
MEXTy OTIeIbHBIMU BolpocaMu. Eciii ocHOBHOE TIocoOue He JaeT TMOTHOTO MIIH SiC-
HOTO OTBETa Ha HEKOTOPHIE BOIMPOCHI MPOTPaMMbI, HEOOXOAMMO O0pamaThCs K ApPY-
MM Y4eOHBIM MTOCOOUSM.

[Tpu ureHnn y4eOHOTO MOCOOMS HEOOXOIUMO COCTaBISTH KOHCIIEKT, B KOTO-
pPOM CIIeTyeT 3alUChIBaTh OMPEICICHIsI OCHOBHBIX MOHITHH, ((U3NYECKUX BETUYUH H
WX CIWHUIl U3MEPEHUs, 3aKOHBI U (OPMYIIbI, UX BBIpAXKAIOIINE, JEaTh YePTeKU H
pelaTth THMOBBIE 3aaauu. [lpu pemeHun 3a1a4 HEOOXOAMMO MOJIB30BaThCs Mexy-
HapoaHoi cucremoi eaunuil (CH).

CamocTosiTenbHas paboTa 1Mo M3y4YeHHI0 (GU3UKU TPeOyeT CHCTEeMAaTHUECKOTO
KoHTpouis. [loaToMy mociie u3ydeHus: ouepeTHOTO pasjiena cleAyeT CTABUTh BOIIPOCHI
M0 TEKCTY W OTBEYATh Ha HUX, ONMUPAsICh Ha pabodyI0 MPOrpaMMy 1O Kypcy PU3UKH.

Jlist CTyIeHTa-3a09HAKAa OYCHb BaYKHO MPOCTYIIaTh KypC JEKIHUN, BOCIIONH30-
BaThCSl OYHBIMU KOHCYJBTAIIUSIMU TIpeToaBaTelieii, a Tak)Ke 3a/1aBaTh BOIPOCHI Tpe-
MOJIaBaTeNSIM 110 Kypcy (DM3WKH B TUCHbMEHHOM BHUJIE M IPOBOANTH aHAHM3 OTBETOB.

YKka3zaHus K pelieHMIo 32124

[Ipu pemenun 3a1ay He0OXOIUMO:
- yKa3aThb OCHOBHBIE 3aKOHBI U (POPMYJIbI, Ha KOTOPBIX Oa3upyercs pelieHue, u
JaTh CIIOBECHYIO (DOPMYIUPOBKY 3TUX 3aKOHOB;
- pa3bscHUTH OyKkBeHHbIe 0003HaueHus ¢opmyn. Eciau npu pemieHuun 3agad npu-
MeHseTcs GopMmyna, He SBISIOMIAsICS MAaTeMaTHUYECKUM BBIPAXKEHHEM KaKOro-JIH0o
(bur3MYeCcKOro 3aKOHa UK ONpeeeHUs] KaKOH-HUOYAb (DU3NUECKON BEIMYUHBI, TO €€
CJIEyET BBIBECTH;
- AaKKypaTHO C IIOMOILBIO YEPTEKHBIX IIPUHAJICKHOCTEU BBIIIOJIHATH YEPTEXK, I10-
SCHAIOLMN COJIEp)KAHUE 3274,
- COIIPOBO’KJATh PELICHUE 3a1a4M KPAaTKUMH, HO UCUEPIIBIBAIOIIUMU ITIOSICHEHUSMU,
- TOJY4YWTh pEUICHUE 3a/aud B OOIEeM BHUE, T.€. MOJYYUTh KOHEUHYIO (HOpMyTy,



BBIPAYKAIOIIYI0O HICKOMYIO BEJIMYMHY B OYKBEHHBIX 0003HAYEHUAX BEJIMYMH, 33]1aH-

HBIX B yCJI0BUU 3a7a4u. [Ipu Takom croco0e BeIUUCICHNUE TPOMEKYTOUHBIX BETUINH

HE MPOU3BOJUTCS;

- MPOBEPUTH PA3MEPHOCTH MOJIYUCHHOTO PE3yJIbTATa;

- TIOJCTaBUTh B KOHEUHYIO (DOPMYITY YUCIIOBBIC 3HAUCHUSI BETUYUH, BHIPAXKEHHbBIC B

eqununax MexayHapoaHoi cuctembl enunni] CHU. HecoOmtonenue storo mpasuia

MIPUBOJIUT K HEBEPHOMY pPE3YJIbTATY.

- OIICHUTH O BO3MOKHOCTH MPABAONO00HOCTh MOJIYUYEHHOTI'O YUCIEHHOT'O0 OTBETA.
YMeHue pemaTth 3aa4u MpUOOpPETaeTCs JIUTEIbHBIMU U CUCTEMATHYCCKUMHU

ynpaxHeHUsIMH. YTOOBI HAYYUTHCS pelIaTh 3aJa4d U MOJATOTOBUTHCS K BBITIOJTHEHUIO

KOHTPOJIbHOM paboThI, CIEAYyeT MOocie U3yYeHUsI 0YePETHOTO pas3jiesa yueOHKa BHU-

MaTeJIbHO pa3o0paTh MPUBEJECHHbBIE B HACTOAIIEM KOMILUIEKCE MMPUMEPHI pellieHus TU-

MOBBIX 3aJ1a4.

Yka3zaHusi K 0pOPMIICHUIO U BHINIOJTHEHUI0 KOHTPOJIbHBIX padoT
K BBIMOJTHEHUIO KOHTPOJBHOW pabOThl CTYACHT MNPUCTYHAET TOJIBKO TOCIe
M3y4YEeHUs1 TEOPETUYECKOTrO0 MaTepuallia, BHUMATEIbHOIO O3HAKOMIIEHUs C IIpUMeEpa-
MH, IOMEILLEHHbIMU B TaHHOM KOMILJIEKCE.
ITpu opopmneHNH KOHTPOIBHBIX pabOT HEOOXOAUMO 3HATH CIIEAYIOLIEE:
1. KouTponbsHbie paOOThl BBIMOJIHSAIOTCS B OOBIYHOM IIKOJIBHOW TETpaju, Ha
00J10KKEe KOTOPOH MPUBOJATCS CBEACHUS 110 00pas3LLy:

Crynent 3aounoro ¢akynsreta BI'YHP
rpynna /00101-24 Aunnpeiiuuk B. B.
Anpec: r. Opiua, yi. Mupa, 4-1.
Kontponbsnas pabora Nel no dusuke

2. TekcThl yCIOBHI KaXKIOM 3a/laydl MepenuchbiBalOTCH MOJHOCTHIO C HOBOM
cTpaHulbl. J[J11 3aMeyaHnii IpenogaBaTess OCTaBIAIOTCS HOJI.

3. B xkoHTpOBbHOIN paboTe CTYACHT JOJDKEH PElIUTh JIeCATh 3a7ad TOro Bapu-
aHTa, HOMEp KOTOPOIo COBIAJAET ¢ nocieaneil uudpoit ero mudpa. Homepa 3anay,
KOTOpbIE CTYJIEHT JOJDKEH BKJIIOYUTH B CBOIO KOHTPOJIbHYIO pabOTy, ONpenesstoTCs
1o TabyiMiaM BapuanToB (cM. ctp. 71).

4. B koHIie paboThl yKa3bIBaeTCs, KAKUMH y4€OHBIMU MOCOOUSIMU MOJIH30BAII-
Csl CTYJICHT.

5. Ecniu xoHTponbHas paboTa MpU peleH3UPOBAHMM HE JTONYIIEHA K 3aluTe,
HEOOXOIUMO MPEACTaBUTh €€ Ha MOBTOPHYIO PELIEH3UIO C HCIPABICHHBIMU pellie-
HUSIMU T€X 3a71a4, B KOTOPBIX OBLIN JOMYIIEHbI OMHUOKH.



COJIEP KAHUE PABOYEN ITIPOTPAMMBI KYPCA

OH3HYECKHE OCHOBBI KTACCHYECKOH MEXAHUKH

Kunemaruka matepuanbHON TOUkU. Mexanudeckoe nBuxeHue. CHCTEMBI OT-
cyeta. Tpaekropus, nepemenieHne u myTb. CkopocTe U yckopenue. HopmanbHoe u
TaHTCHLIMAJIBHOE YCKOpeHUs. BpamarenbHoe ABUKEHUE. YTIIOBas CKOPOCTh U YIJIO-
BO€ ycKopeHHe. CBs3b MEXKy JTUHEWHBIMU U YIJIOBBIMM KMHEMAaTUYECKUMH XapaKTe-
PUCTUKAMU JBUKECHUS.

Junamuka. 3akonsl HproroHa. MHepumnanbHbele cucteMmsl orcyera. Cuna, mac-
ca. Imnynbc. 3akoH coxpaHeHus umiyibca. [IpeodpazoBanus ['anunes. Mexanuye-
CKUW MpUHIUI OTHOcUTENbHOCTH. Pabota cunbl. MomHocTs. Kunetnueckas suep-
rus. llorenumanpHas sHeprus. CBA3b MEXKIY CHIONM M MOTEHUHAIBHOW SHEPIrUEH.
['pagueHT ckansapHo GyHKIMHU KOOPAMHAT. 3aKOH COXpPAaHEHUSI MEXaHUYECKON HEp-
run. [lonstue o mosie cuin. ['paBuranmoHHoe mosie. HanpsKEHHOCTh M IOTEHLHAI
IPaBUTALMOHHOTO ITOJIS.

JlnHamuka tBepaoro teina. MomeHTt cuibl. MoMeHT umiynbsca. LleHTp unep-
uu (Macc) TBepaoro Tena. MOMEHT MHepIHU. PacueT MOMEHTa MHEPIMH TBEPIBIX
Tes. OCHOBHOM 3aKOH JUHAMMKHU BPAIIATEILHOTO ABUKEHUS. KuHeTnueckas sHeprus
BpALIAOLIETOoCs Tea. 3aKOH COXPaHEHUSI MOMEHTA UMITYJIbCa.

Mexanudeckue rapMoHuyeckue kosiebaHus. OCHOBHbBIE XapaKTEPUCTHKU KO-
nebaHuil: aMIuTyaa, ¢asa, 4acTora, nepuoja. 3aBUCUMOCTH OT BPEMEHHU CMEIICHHUS,
CKOPOCTH, YCKOPEHHUSI IIPU FapMOHMYECKHX KOJeOaHHsIX W uX rpaduku. J(uHamuka
rapMOHUYECKUX KosieOanuil. ['apmonnueckuii ocuwuisitop. Maremarnyeckud u gu-
3uueckuii MasTHUKU. KuneTndeckas, NOTEHIMANbHAS U MOJTHAS SHEPrusi KojJeOaHuM.
BekTopHoe mnpencraBinenue kosneOanuii. CliokeHHME TapMOHMUYECKUX KOJeOaHMil.
buenus. 3atyxaromue kojnebanus. Beinyxxaennblie konebanus. Pesonanc.

Bonnosble nporiecchl. [IponoiapHbie M ONEpeuHble BOJHBI. Y paBHEHUE Oery-
el BOJIHBL. JJIMHA BOJHBI, BOJHOBOE 4ucio. BomHoBoe ypaBHenue. dazoBas u
rpynnoBas ckopoctu. MHTepdepentus BoiaH. Ctosiure BOJIHBI. DHEpTUs BOJIHbI. Bek-
TOp YMOBa.

MOJIEKY/IAPHAA ®U3UKA H TEPMO/IHUHAMHKA

TepMoauHamuueckue ImapamMeTrpbl. PaBHOBECHBIE COCTOSIHUSL W IIPOLIECCHI.
YpaBHEHUS] MOJEKYJISIPHO-KMHETUUECKON TEOPUM UACANbHBIX ra3oB. CpeaHssi KuHe-
THYeCcKasi Heprus Mojekyid. YUucio cremneHeit cBoOOAbl. 3aKOH paBHOMEPHOTO pac-
MpejieICHUs] SHEPTUU IO CTENEHSIM CBOOOJBI MOJICKYJ. BHYyTpeHHssI HEprusi ujie-
anpHOTO Ta3a. Pabora cui naBieHus ra3a Ipu U3MEHEHUU ero oorema. KonudecTBo
TeroThl. TermmoemkocTh. IlepBoe Hauvano tepmoaumHamuku. [IpuMeHeHue nepBoro
Hayajia TepMOJAMHAMUKH K n3omnpoueccaM. Knaccuueckast Teopusi TEIIOEMKOCTEH.

3akoH MakcBenna Ajisi pacupeaeseHusl MOJIEKYJ UACaJbHOrO ra3a mo CKopo-
CTSIM W DHEPrusM TEIUIOBOT'O JBMKEHUsS. bapomerpuueckas ¢opmyna. Pacnpenene-
Hue boiapiMana.

OoOpaTtumbie U HeoOpaTuMbIe mpoiiecchl. Kpyrosoii nporecc (1uki). TermaoBbie
JIBUTaTENMN U XonoAauiabHble MamnHbl. [{ukn Kapuo u ero KIIJ[ qis uaeansHoro rasa.



BTOpOC Ha4daJlI0O TCPMOJIWHAMMUKH. 9HTpOHI/I$I. 9HTpOHI/I$I naACaJIbHOI'O TIasa. Cratn-
CTHYCCKOC TOJIKOBAHUEC BTOPOTO HAYAJId TCPMOINHAMUKHU.

OCHOBHBIE OBO3HAYEHMUA
Bexmop 0603Ha4eH OYKBOi CO CTpeNKoii: I . DTa e OyKBa, HO 6€3 CTPEIKH
0003HaYaeT MOOJYb BeKTOpa: . Moy BEKTOpa Takke MOKET OBITHh 0003HAYCH KaK
|t |. TIpoexuus BexTopa [ Ha och (Hanmpumep, OX) 0603HAUEHA GYKBOH C HHIEKCOM,
yKa3bIBAIOIINM Ha3BaHHUE OCH: .

f 1 r 1
CkanspHnoe npouseedenue BEKTOpoB & u b odo3nadeno: (a,b).

f 1 r 1
Bexmopnoe npoussedenue BextopoB a u b o6o3naueno: [a,b].
Cpeonee 3nayenue BeNMIMHBI 0G03HAUCHO yIIOBLIME CKOOKamMu: (U ).

Ilpupawenue BETWYUHBI, T.€. Pa3HOCTh MEXAY €€ KOHCYHBIM M HaYaJIbHBIM
3HaYEeHUSIMHU, 0003HaueHo cuMBojioM A: AU=U, — U;.

Jlugppepenyuan (6eckoHEUHO Majoe npHpalieHue) o003HaueH
cumBosiom d: dU.

Onemenmapnoe 3nayenue BEIUYHHBI (OCCKOHEUHO Majoe KOJIMYECTBO) 000-
3HAYEHO CUMBOJIOM 0. 0A, 0Q.

df

IIpouszsoonas o BpeMeHH OT HekoTopoi ¢yHkiuu f 0003HaUeHa Kak o W
t

TOYKOM, cTOSIIIEH Ha (DYHKITUEH! f
Yacmnas npoussoonass (PYHKIMH HECKOJBKHX IEPEMEHHBIX (Hampumep,

f = f(X,y,2)) o HexkoTOpOI NepeMeHHo# ( HampuMep, 1Mo X) 0003HaYCHA KaK ﬂ_
X

Jliist 0003HaueHUs1 pa3MEPHOCTU U €AMHUIIBI KaKOW-TM00 PU3NUECKON BEIHYU-
HbI F mprMeHeHbl KBajpaTHbie CKOOKU: [F].

BBEJIEHUE
QDusuka — Hayka o0 Haubonee 00WUX CBOUCMEAX U (OPMAX OBUNCEHUA
Mamepuu.
Mamepus — punocodckas kareropus s 0003HAYCHUST 00BEKTUBHOMN peabHO-
CTH, KOTOpasi JaHa YEJIOBEKY B €ro OIIYIICHUSIX, CYIIECTBYsI HE3aBUCUMO OT HUX.
Bunbl cymecTBOBaHUS MaTepUU:
—  geujecmeo — aTOMBbI, MOJIEKYJIbI U BCE COCTOSIIIIME U3 HUX TEJA;
— noae (pusznyeckoe) — 0COOBIN BUI MAaTEPUH, CBA3BIBAIOIINI YaCTHIIbI BEIIECTBA B
€JMHBIE CUCTEMBbI U TMEpealoIINil ¢ KOHEYHON CKOPOCTHIO JIEMCTBUE OJTHUX YACTHI]
Ha JIpyrue.
Marepuss MOXET CYIIECTBOBATh TOJIBKO B HEIPEPHIBHOM JBIKCHUU. /[Gudice-
HueMm Mamepuu Ha3bIBaIOT JIIOObIE €€ U3MEHEHHSI B IPOCTPAHCTBE U BPEMEHH.
Dopmbl 08udCeHUsT Mamepuu. MEXaHUYecKasl, TeIIoBasi, AJIEKTpOMarHUTHas,
snepHas u T. 1. Kak npaBuio, u3ydeHuto Kaxaou u3 GopM IBUKEHHUS MAaTEPUH T10-
CBSIIICH OIpe/eTICHHbIN pa3ien GU3NKH.




Qusuyeckas GequyuHa — XapaKTEPUCTUKA OOBEKTa WM SIBJICHHUS MPUPOJbI, B
KOTOPOM MOTYEPKUBACTCSI HHTEPECYIOIIAsi HAC B IAHHOM Cly4ae 0COOECHHOCThH TOTO
00bEKTa WIH SIBJICHUS MPUPOJIBI, U AACTCS CIOCOO ONpeeNeHUs YUCIECHHOI0 3HaYe-
HUS 3TON XapaKTEPUCTUKHU.

Qusuyeckuti 3aKk0H — 00BEKTUBHO CYIIECTBYIOIIEE COOTHOIIECHUE MEXAy (hu-
3UYECKUMH BEJIMYMHAMU, BBISABICHHOE M3 OMNBITA W CHPABEIJIMBOE I OOJIBIIOTO
Kpyra siBJICHUMU.

Ocnoenasa 3a0aua _puzuku COCTOUT B BbIIBJIeHHE O0IIUX 3aKOHOB JIBHIKe-
HMSI MATEPHH, HA OCHOBE KOTOPBIX MOKHO NMpeCcKa3aTh cOCTOAHUE PU3NUeCKOi
CHUCTEeMBbI B JII000ii MOMEHT BPEMEHH.

®U3NYECKHUE OCHOBBI KJIACCHYECKOM MEXAHUKN

Mexanuxa — pa3aen GU3NKU, U3YYarONIUH MPOCTCHIYI0 GOPMY TBHIKEHUS Ma-
TEPUH — MEXaHUIECCKOEC JIBFIKCHHE.

Mexanuueckoe O0sudicenue — W3MEHCHHE TTOJOKEHHUS Teja WIM €ro YacTel B
MIPOCTPAHCTBE OTHOCHUTEIBHO JIPYTHUX TEJI BO BPEMEHH.

Mamepuanvnas mouxa (vacmuya) — 3T0 TEJI0, pa3MepaMH KOTOPOTO B YCIIOBH-
SIX JTAHHOMW 3a/1aul MOYKHO ITPeHEOpeyb.

JIro60€e MPOTHKECHHOE TEJIO WIIM CUCTEMY TaKHUX TEJI MOXKHO pacCMaTpPUBATh Kak
cucmemy MamepuaibHulX Moyex.

Cucmema men — 3TO COBOKYITHOCTb Te€JI, BRIOpaHHAs JIJIs HCCIICIOBAaHUS B JaH-
HOU 3a/1aye.

Abcontomno meepooe meno — 3To Teno, AehopMaleid KOTOpOoro B yCIOBUSIX
JAHHOM 3a1a91 MOYKHO MTPEHEOpEYb.

Ocnognas 3a0aua MexaHuxu — BBISABICHUE OOIIMX 3aKOHOB M 3aKOHOMEPHO-
CTCH MEXaHWYECKOTO JABMKCHUS, HA OCHOBE KOTOPBIX MOXKHO TIPEICKa3aTh XapaKTep
JBM)KCHUST MEXaHUYECKOW CHCTEMbI U OMPEICIIUTh €€ COCTOsHUE (yKa3aTh IMOJIOXKe-
HHUC B MPOCTPAHCTBE M CKOPOCTh BCEX €€ YaCTHIl) B JII000H MOMEHT BpEMEHHU.

MexaHWKy B 3aBHCHMOCTH OT TOT'O MHTEPECYIOT HAC WJIM HET NMPHYHUHBI U3Me-
HEHUS JBIIKEHUS Tela, YCIOBHO JCIST HA JIBa pa3jena:

— xunemamurxa (popMajabHast 4aCTh MEXaHUKH) — pa3zesl MEXaHUKH, H3yYaro-
U MEXaHUYECKOEe JBMKCHHUE Tell O€3 ydeTa NMPUYHMH, 00YCIOBUBIIUX JTaHHOE JIBH-
KCHUE.

— Ounamuxka (MPUYMHHAS YaCTh MEXaHHUKH) — pa3esl MEXaHUKH, H3ydaroIIui
MEXaHUYECKOE JBUKCHUE C YYETOM IPHYHH, OOYCIOBUBIIUX 3TO JBWXKCHHE. YacTh
JTUHAMUKH, U3YYaIONIyI0 YCIIOBUS PAaBHOBECHS, Ha3bIBAIOT CIAMUKOI.

JIBMOKEHUE TBEPJIOTO Teia, MPU KOTOPOM JIF00asi mpsiMasi, )KeCTKO CBsS3aHHAs C
OTUM TEJIOM, JIBHKETCS IMapajuIeIbHO caMOi ceOe, Ha3bIBACTCS NOCHYNAMelbHbIM.
[Tpu mocTymaTeIbHOM JBH)KCHHUH TEJIO HE U3MEHSIET CBOIO OPUEHTAIIMIO B TIPOCTPAH-
CTBE.

BpawamenvHvim 08udiceHuem 8oKpye ocu Ha3bIBAIOT TAaKOE BUKEHUE TBEPIO-
ro Tella, IPU KOTOPOM BCE €r0 TOYKH OIMUCHIBAIOT OKPYKHOCTH, IJIOCKOCTH KOTOPBIX
napayieIbHBl MEXy COOOW M MEPICHANKYJISIPHBI HETIOBIKHON TPSIMOM, COAepIKa-
IICH IICHTPHI TAHHBIX OKPY)KHOCTEH. DTy IPSIMYIO Ha3bIBAIOT OCbIO 8PAUCHUSL.



Kunemamuka

MexaHnueckoe IBUKEHHUE OTHOCHUTENIBbHO. DTO YTBEPXKIEHUE OTpa)xaeT TOT
¢bakT, YTO MHOTHE XapaKTEPUCTHUKU JBHIKCHHUS OJHOIO M TOTO e Teja (TpaeKTopws,
yTh, TIEPEMEIICHHE, CKOPOCTh M T. JI.) MOTYT Pa3jIM4yaThCsl B 3aBUCUMOCTH OT TOTO,
10 OTHOIICHHUIO K KAaKOMY TeJIy paccMaTpuBaeTcs JaHHoe JABKeHue. [loatomy, mpe-
KJEe YeM MPUCTYIATh K ONMUCAHUIO JBWIKEHHS JAHHOTO Tejia, HE0OOXOAUMO BHIOpATh
cucmemy omciema — COBOKYITHOCTh TeJla OTCYETa, )KECTKO CBS3aHHYIO C HUM CHCTe-
My KOOpJWHAT W OTCUMTHIBAIONIME BpeMs 4achkl. Kak mpaBuiio, cUCTEMY KOOpAWHAT
BBIOMPAIOT B BUJIE JEKAPTOBOM MPSMOYTOJIBHONU CUCTEMBI.

[TonoxeHre 4acTUIHI B IPOCTPAHCTBE OJHO3HAUHO y
MOXHO 3aJ1aTh CIETYIONMMH CTIOCOOAMH: Ve

— KOOpOUHAMHLIM, T. €. yKa3aHUEeM 3-X KOOpIH- -
Hat (X, Y, 2) (puc. 1);

— BEKMOPHBIM, T. €. C TIOMOIIBIO paouyc-eeKmopa
r, MIPOBEJICHHOT'O U3 Hayajga CUCTEMbl KOOPAUHAT B TOY- j

—

KY HaXO0XJICHUA YaCTULIBIL. A X
IIpoexuuu paguyc-BEKTOpa 4YacTUIbl HA KOOPIHU- Z 2% W] K

HATHBIE OCH SBIISIOTCS OJHOMMEHHBIMU KOOPIHMHATAMU 7

JTOM YaCTUILIBI: Puc. 1

n=x r,=y, r,=z2.
Pannyc-BeKTOp 4acTHUIIBI MOXKHO BBIPA3HTh Yepe3 €€ KOOPAMHATHI (IIPOCKIHH
paanycC-BCKTOpPA Ha KOOpIII/IHaTH?Ie OCI/II) CJICIIIYIOH_II/HIVI 06pa30M:
Fr=XX +yxj+zx.
Monyib paguyc-BEKTOpa YaCTHUIIBI CBSI3aH C €€ KOOPJAUHATAMH:

r={yxt+y +27°.
BCU[X =[r] =1m.

HpI/I ABHKCHHNH 4aCTHUIBI OTHOCHUTCIIBHO HaHHOﬁ CUCTCMBI OTCUCTA €€ KOOpAH-
HAThl U paanuyC-BEKTOP U3MCHAKOTCA CO BPCMCHCM. 3aBHCHUMOCTH KOOpAWHAT 4YaCTU-
ObI UJIN €€ PpAaUYC-BCKTOPA OT BPCMCHU HA3BIBANOT KUHEMAMUYECKUM 3AKOHOM IBU-
JKCHUA.

X = X(t)
y=y()
z=2(t) y
Tpaexmopus — BooOpakaemasi HeIpepbIBHAS JTUHUSA,
KOTOPYIO OIIMCBIBACT ABWIKYIIAACA YaCTHUIA IIO OTHOIIC- Dr
HUIO K JaHHOM cucteMe otcuera. [lo ¢opme TpaexkTopuu 2
MEXaHNYCCKOC IABHUKCHUC ObIBaeT I’lp}ZMOJluHeleblM u Kpu-
gonunelnvim (JaCTHBIM CIIy4aeM KpHUBOJHMHEHHOro asmwke- O Prc. 2 X
HcC.
HUA ABJIACTCA ABUXKCHUC 110 OKpY)KHOCTI/I).

Ilymob S — paccTOsIHHE, OTCYMTAHHOE BJOJIb TPACKTOPUH, MEXKIY HaYaIbHBIM H
KOHCYHBIM MoJioxkeHreM yacTuiibl (puc. 2). B CU [s] = 1 m.

WITH r=r(t).

—




3MeHeHre MoJIOKEHUsI YaCTUIbl B JIAHHOM CHCTEME OTCUeTa 32 HEKOTOPBIN
MIPOMEKYTOK BpEMEHU XapakTepu3yeTcs BEKTOPOM MepeMENICHHUS.
Ilepemewenue DI —3T0 BEKTOp, IPOBEICHHBII U3 HAYAIBHOTO 1 MOJIOKEHHS YaCTH-
16l B €€ KOHCUHOE 2 TOJI0KEHHUE (CM. pHuc. 2).

Ecnu Fl u FZ — paanyc-BEKTOPhl HAYAIILHOTO U KOHEYHOI'O MOJIOKEHUSI YaCTH-

ObI COOTBETCTBCHHO, TO BCKTOP €€ HepelMeI;HeHII/IH PaBCH
Dr=r,-r1,.
B o0uiem cinyyae MOysib BEKTOpa NEPEMEIICHUS YaCTUIIbI HE PABEH MPOMIeH-
HOMY CIO ITYTH 34 OIII/IH " TOT K€ IIPOMCIKYTOK BPCMCHHU.
Ckopocmb u — BEKTOpHAas (pu3nyeckas BeJIMYMUHA, XapaKTepHU3ylomas ObIcTpo-
Ty ABUKCHUA U paBHAA HpOI/ISBOIIHOI/I paanyCc-BCKTOpaA I10 BPCMCHU .

5o gim 2 2O
Dmg(])Dtd

BCH[u]=1wlc.
BekTop ckopoctu (ero 4acto Ha3bIBAalOT MIHOBEHHOW CKOPOCTBIO) B KaXKIOU
TOYKEC TPACKTOPHUH HaHpaBJICH 10 KacaTeJIbHOHN K HEU B CTOPOHY ABUIKCHUA.
Bekrop ckopoctu U MOXHO BBIPA3UTh Yepe3 ero npoekuuu U , U , U, Ha KO-
OpPAUHATHBIC OCH CIEAYIOLIUM 06pa30M
u =u, ><1 +U, X j +U, ><k
HpOCKI_II/II/I BCKTOpa CKOPOCTHU YACTHUIBI HAa KOOPAMHATHBLIC OCHU PABHBI IIPOU3-
BOJHBIM OJHOMMCHHBIX €€ KOOPpAWHAT I10 BpeMeHI/I:
dx dy dz
u,=—, u,=—, u,=—.
dt dt dt
MOIIy.HB CKOPOCTH YaCTHUIIBI CBA3AaH C €TI0 IPOCKIUAMHU Ha KOOPAUHATHBIC OCH .
— 2 2 2
u=uZ+u’+u’

IlyTe S, IpONICHHBIN YaCTULEN 3a IIPOMEKYTOK BpeMeHU OT {, 10 t, MOXHO
BBIYUCIIUTH 110 hopmyIie

S:téy(t) dt,

rae U(t) —3aBuCcUMOCTh MOAYIIS CKOPOCTH YaCTHUIIBI OT BPEMEHH.

Vckopenue @ — BeKTOpHas (U3MUecKas BEIMUYMHA, XapaKTePH3YIOIIAs H3Me-
HCHUC BeKTOpa CKOpOCTI/I CcO BpeMeHeM nu paBHaH HepBOﬁ HpOI/ISBOIIHOﬁ CKOpOCTI/I 10
BpeMeHI/I NJIn BTOpOﬁ HpOI/I?)BOIIHOﬁ paIII/IyC-BeKTOpa I10 BpeMeHI/IZ

r dd r d3f i
a=-—= HNJIn a= =™,

dt dt?

B CU [a] = 1 m/c>
BCKTOp YCKOPCHUA Ia MOJXHO BBIPA3UTH YCPEC3 €TI0 IPOCKIHNH ax, a\/, az Ha

KOOPANHATHBLIC OCHU CJIICAYIOIIUM O6pa30M
r
a=a, ><1 +a, x j +a, ><k
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HpOCKI_II/II/I BCKTOPA YCKOPCHUA 9aCTUILIbI HA KOOPANWHATHBIC OCHU PABHBI IIPOU3-
BOJHBIM OJHOMMCHHBIX HpO@KHI/Iﬁ €€ CKOpPOCTH 110 BPCMCHH.

_dux _duy _duz

a =—* a=—7>  a=—2=*.
dt dt dt

MOIIy.HB YCKOPCHUS CBA3AH C €ro NPOCKIUAMHA HA KOOPAMHATHBIC OCH TaK.

a=,a;+a +a.

HpI/I KpHBOHHHeﬁHOM ABUIKCHHUU BCKTOP CKOPOCTU U3MCHACTCA 11O HAIIpaBJIC-
HHUIO U MOXKCT U3MCHATHCA 110 MOIYIIHO. B ciydac IIOCKOM TPACKTOPHUHU ABUKCHUS
BCKTOP YCKOPCHU:A KaK XaPAKTCPHUCTHUKY U3MCHCHUS CKOPOCTHU MOKHO IMPCACTABUTDL B
BHJIC IBYX COCTABJIAIOIIHX.

é’ = é'n + ét '
rac é‘n — BCKTOp HOpMaJIBHOI‘O YCKOpCHI/IH, ét — BCKTOp

TAaHTCHIUAJIBHOT'O YCKOPCHUSI.
1
BCKTOp HOPMAJIBHOT'O YCKOPCHHA an XapaKTepu-

3yeT W3MEHEHHE HaIpaBICHUS BEKTOpa CKOPOCTH CO
BPEMEHEM U HAIIPaBJICH O PAJANYCY K LEHTPY KPUBU3HBI
tpaekropuu (T. O, puc. 3) B KaKA0H ee Touke. MoIyib

HOPMAaJIbHOTO YCKOPEHUS PaBEH
2=
rae U —MOayJib CKOpoCcTH, R —paanyc KpuBU3HBI TPAEKTOPHH.
BekTop TaHTeHIIMAIbHOTO YCKOPEHHUS ét XapaKTepU3yeT U3MEHEHUE MOAYJIS
|

CKOpPOCTHU CO BPCMCHCM. BCKTOP é[ --U, ecau MOAYJIb CKOPOCTU CO BPCMCHEM YBC-
JINUUBACTCA, H é[ - _d B CJIyqae YMCHBHJeHI/IH MOIIYJUI CKOpOCTI/I. MOIIy.HB TaH-
I'CHIIUAJIbBHOI'O YCKOpeHI/IH paBeHZ
|r = d|u'| _|du
dt dt

Mopaynb YCKOpPEHHUSI a BBIpAXKaeTcsl Yepe3 HOPMaJIbHOE U TaHTEHIIMAJIbHOE YC-
KOPEHHE CIIETYIOIIMM 00pa3oM:

a=,a’+a’.

ITonoxeHue JaCTHUIbI HAa OKPYKXHOCTH, IIO KOTOpOﬁ

OHa MOBWIKCTCSA, OJHO3HAYHO OIPCACIIACTCA C IMOMOUIbBIO

yena nogopoma | — yria MeXIy painyc-BeKTOpoM [ yac-

THUIBI, TIPOBEJACHHBIM M3 IICHTPA OKPYXHOCTH, M BbIOpaH-

HbeIM HarpasienueM (oceio OX) (puc. 4). B CU [¢] = 1 pan.
BekTopbl, HampaBiieHHE KOTOPBIX CBS3bIBACTCS C Ha- Puc. 4

NPAaBJICHUEM BpAILCHUS, HA3bIBAIOTCS HCE8008EKMOpaMU,

WIN aKCUATbHBIMU 6EKMOPAMU.

—_—

Venosoe nepemewenue D] — 1nceBIoOBEeKTOp, MOAYIIb KOTOPOTO PaBEeH Pa3HO-
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CTH YTJIOB MIOBOPOTA YACTHUIIBI KOHCYHOTO ¥ HAYAJILHOTO TIOJI0KCHUS:
Dj =j 2° J 1
a HaIlPaBJICHHUE CBSA3aHO C HAMPABJICHUEM BPAIICHUS W
YACTUIIBI MPABUIIOM MPABOro BUHTA (IpaBUiIOM Oy- Dj
paBuuWKa, WM PABUIIOM IpaBoi pyku) (puc.5). ;
IIpasuno npagoco euHma. €cIu PYKOATKY w Di 1
BHHTA C IPaBOM pe3p00ii BpaliaTh M0 HAMPABICHUIO 0 y
BpAIlICHUST YaCTUIbI, TO HAIMpPABICHUE IOCTYyIIa-
TEJILHOTO JIBMDKCHUSI BUHTA COBIAJICT C HaIpaBlie-

Puc. 5
HUEM YTJIOBOTO nepeMemeHI/m Dj

Yenosas ckopocme W — MICEBJIOBEKTOP, XapaKTepU3yIOUi OBICTPOTY U Ha-
MIpaBJICHUE BPAILICHUS, PAaBHbBIN

B CU [w] = 1pag/c=1c"
Ecnu yacTriia paBHOMEPHO ABHIKETCS IO OKPYKHOCTH, T. €. = CONSt, Toraa
2p
w=2pn =—,
g T

rjae N —dgacrora BpaH_IeHI/IH T- TEPHOJ] BPAILICHHS. BCU[v]=1Tmu, [T]=1c.
Venosoe yckopenue € (wiu b) — IICEBIOBEKTOP, XapaKTEePHU3YIOIIUH N3MEHe-
HHE YTIIOBOM CKOPOCTH CO BPEMEHEM U PaBHBII

r .. Dvxr/ dv5
e=lim—=—
D@0 Dt dt

B CU [¢] = 1 pan/c’.

Ecnu co BpeMeHeM MOAY/Ib YIJIOBOH CKOPOCTH YBENMUUBACTCA, TO é-- V{I;
€CIIH CO BpEMEHEM MOJYJIb YIIIOBOM CKOPOCTH YMEHBIIACTCS, TO e-"w.

IIpy ABMKEHUM YACTHIIBI 10 OKPYKHOCTH pa- z
auycoM R Bokpyr HemoaBrkHOM ocu OZ THHEHHbIE U dj
YIIIOBBIE XapaKTEPUCTUKU JBMIKCHHS YaCTHUIBI CBsI3a-

HBI MEKY COOOM CIIEAYIONIMMH COOTHOIIEHUSMHU:

w 1
- CBA3b JIMHCHUHOI'O IICPCMCHICHUA ar ¢ YTJIOBBIM

HepeMemeHI/IeM a

dr —[dj , ] df|=dj x>sing, |df|=dj xR,
rme [ —pammyc- BEKTOP YACTHIIBI, (| — YToJ Mexk/1y
PaJNyc-BEKTOPOM [ M OCHIO BpAIICHNs Oz (puc. 6);
- CBH?)B JIMHEHHOM CKOpPOCTH U C erIOBOI/I CKOpO- O

CTBIO W.
o )
=W,f], u=wosrising, u=w:R; Puic. 6

o o 1 5.

- CBS3b TAHI'C€HIIMAJIBLHON COCTABIIAIONIEH &, BEKTOpA JMHEUHOI'O YCKOPEHHS C YIjI0-
1

BBIM YCKOPEHHUEM € !
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1 _ 1 1 I - o I _ .
a =le,r], a|=ex>sing, [a|=exR;
o o | o &
- CBiA3b HOpMaJIBHOI/I COCTaBJIAOIIICU an JIMHCHUHOTI' O YCKOpeHI/IH C yFJIOBOI/I u JIu-

HEMHOU CKOPOCTBIO:
2

y=[d],  a =L =wiR.
R

n

o o 1
3axon crnoocenus CKopocmeu (FCZJZMJZ@@@CKMM): CKOpPOCTb U YacCTHUIbl OTHOCH-
o o I
TCJIbHO HCIIOABUKHON CUCTCMbI OTCUCTA paBHA BCKTOPHOU CYMMC CKOPOCTHU U/ qac-
1

THUIBI OTHOCUTCIIBHO HOIIBI/I)I(HOP'I CUCTCMBI OTCUCTA H CKOPOCTH V MMOCTYIIAaTCIbHOI'O
JABHKCHUA HOIIBI/I)I(HOP'I CUCTCMBI OTHOCHUTCIIBHO HeHOHBHX(HOﬁ:

I I !
u=u’+V.

HMunamuka

| 3axon Hviomona (3axon unepyuu). CymiecTByeT Takas CHCTeMa OTCuYéTa, OT-
HOCHUTEIIBHO KOTOPOM BCAKOE TEJO, HA KOTOPOE HE IEMCTBYIOT APYrUe TeJa, COXpaHs-
€T COCTOSHHUE TOKOS WJIA PABHOMEPHOI'O MPSIMOJIMHEWHOTO JIBUYKECHUS, IMOKA JEUCT-
BHUE CO CTOPOHBI APYTUX TEJ HE U3MEHUT 3TO COCTOSIHUE. Takas cucTeMa Ha3bIBaCTCs
WHEPUHUAILHOM.

N3 3akoHa croKeHUs CKOPOCTEH cieayer, 4to jrobas cucrema oTcyeTa, JABHU-
KYIAsiCd PaBHOMEPHO W MPSIMOJIMHEWHO OTHOCHUTEJIBHO 3aJaHHOM HWHEPLHUAIbHON
CHUCTEMBI OTCYETA, SABJISECTCS WHEPLIMATBHOM.

Ipunyun omnocumenvhocmu I anunes: B TFOOBIX UHEPLUHUAIBHBIX CUCTEMAX OT-
CYé€Ta BCE MEXaHWUYECKUE SIBJICHUS NIPU OJHUX U TEX K€ YCIOBUSIX MPOTEKAIOT OJMHA-
KOBO, T.€. BO BCEX MHEPUHUAIBHBIX CUCTEMAX OTCYETA 3aKOHBI MEXaHUKHA UMEIOT OJIU-
HaKOBYIO (popmy.

N3 onbiTa U3BECTHO, UTO B MHEPUUAIBHOW CHUCTEME OTCUYETA U3MEHEHUE JIBU-
XKeHus Tena u (Wiam) ero aedopmaris MPOUCXOIUT B PE3yNIbTaTe B3aUMOICHCTBHUS
3TOro Teja ¢ APYTHMU TeIIaMH.

Cuna F — BexTopHas (u3MyecKkas BEIWUYMHA, XapaKTepU3ylollas MeXaHuye-
CKO€ B3aMMOJICICTBHE TEN U SIBISAIOMIASACA KOJTUYECTBEHHON MEPOM IEUCTBUS OJTHOTO
Tena Ha aApyroe. KonmnuecTBeHHOE ompeniesieHre CHIbl OyIeT NpuBeAeHO Hibke BO ||
3akone Herorona. B CU [F]=1 H.

Cuita TIOJTHOCTBEO OTpeIeicHa, €CITU 3a/IaHbl: e¢ MOAYJb (BeIMYKMHA), HATPaB-
JIEHUE, a TaKXKXE TOUKA IPHUIJIOKEHHUS STOW CHUJIBI.

[Ipsimasi, BOOJIb KOTOPOM HampaBlieHa CUila, Ha3bIBACTCS JIUHUEl OelCmBUs CU-
aivl. JIns1 aGCONIOTHO TBEPJIOTO TeJia MEePEeHOC ACHCTBUS CUIIbI BJOJIb JIMHUU €€ JeHCT-
BUSI B IIPEZENAX 3TOrO TEJa HE BIUSET HA PE3YJIbTAT AEUCTBUS 3TOW CHJIBI.

NHepTHOCTh — MOHATHE, CBSI3aHHOE C MIPEICTABICHUEM O TOM, HACKOJBKO TPY/-
HO U3MEHHTh COCTOSIHUE, B TAHHOM CIIy4ae MEXaHUYECKOE, TOIO UM UHOTO TENa.

CBOICTBO TeJla COXPaHITh CBOK CKOPOCTh («HEKEJIAHUE» U3MEHSITh CKOPOCTh)
Ha3bIBAIOT uHepmHocmbvio. Macca M (unepmuas) — ckansgpHasi Gu3ndecKasi BeIHIH-
Ha, SBJISIONIASCS KOJIMYECTBEHHON Mepoii nHepTHOCTH Tena. B CU [m] = 1 kr.
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B HBIOTOHOBCKOM MEXaHHMKE CUUTACTCS, UTO:
- Macca Tejla He 3aBHCHUT OT COCTOSIHHUS €0 JIBHKCHHSI (CKOPOCTH);
- Macca SIBISIeTCS adoumueHol BEJIMYUHOW, T. €. Macca CHCTEMbI paBHA CyMMeE
Macc BCEX TeJl, BXOAIINX B 3Ty CHCTEMY:

m=m +m, +K+m =4 m.
i=1

3akon coxpanenus maccyl: Macca H30JIMPOBAHHOW CUCTEMBI (B KOTOPOH OTCYT-
CTBYET OOMEH BEIIIECTBOM C BHEIIIHEH CPEJIOii) OCTACTCS BETMYMHOMN MOCTOSHHON TIPH
JOOBIX MpoLieccax, MPOUCXOSAIIUX B 3TON CUCTEME.

Llenmp macc cucmemvr N wacmuy — 310 Touka C, KOOPAUHATHI KOTOPOH BBI-
YUCJISIOTCS IO popMyTiaM

&=M&+%&+K+%&, wzmm+%w+K+mw,
m +m, +K+m, m +m, +K+m,
— rnlzl +m222 +K+mnzn

© m+m+K+m,

rae m, X, Y., Z —Macca ¥ KOOPIUHATHI COOTBETCTBEHHO I-i YaCTHUIIBI.

y4

CKOpOCmb L;eHmpa macc cucmemsl N HaCTHUIj paBHa
1 1 1
J _rnlul+m2u2+K+mnun
‘ m, +m, +Km, ’

1 C o
Tac m ,Ui —Macca U CKOpPOCTh COOTBETCTBCHHO |- YaCTHIIbI.

AHanoru4yHo ONPCACIIANOTCA YeHmp macc meiaa 1 CKopoCcmb yeHmpa macc me-
Ja.

e

I'

(‘)rr u
V)

ﬁ

1 1 v

m m v

rize m= C\j’ dV —MaccaTena,lr u U — INIOTHOCTH U CKOPOCTH MAJIOTO 3JICMCHTA dV
V)

TCJIA COOTBCTCTBCHHO.

1
HMI’lyJZbC yacmuysl P — BEKTOpHas (1)I/ISI/I‘IeCKa$I BCIIMYNHA, ABJIAIOIIAsACA KO-

JUYECTBEHHOW MEpPOH MEXaHMYECKOTO JBIIKCHHS JTaHHONW MaTepHalbHOW TOYKH M
paBHas IPOM3BECHUIO MAcChl TON MaTepUaIbHON TOYKH Ha €€ CKOPOCTh:
p=mu .

B CHU [p] =1krwm/c =1H-c.

Umnynoc cucmemst N yuacmuy PaBeH BEKTOPHOW CyMME MMITYJICOB (OTHOCH-
TEJIBHO OJTHOW M TOM e CHCTEMBbI OTCUETa) BCEX YaCTHUI[ 3TOH CHCTEMBI:

r r r r g r
p=p, +tp,+tK+p, =a b
i=1

VIMIyibC CHCTEMBI paBEeH MPOM3BEACHUIO MacChl M BCEil CHCTEMBI Ha CKOPOCTh

u ABIDKEHNA &€ IEHTPA Mace, T. €. PABCH HMITYILCY ICHTPA Mace 9TON CHUCTEMBI:

p pc_mu
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Il 3axon Hvromona: B uHEpUUANBHBIX CUCTEMAX OTCYETa OBICTPOTA U3MEHEHUS
MMITYJIbCA YaCTHUIbI paBHA BEKTOPHOM CYMME BCEX CHJI, JACHUCTBYIOUIUMX Ha ATy
4acTULY:

WJIM TIPOU3BEJICHUE MACChI YAaCTHUIbI HA €€ YCKOPEHUE PaBHO BEKTOPHOW CYMME BCEX
CHUJI, IEUCTBYIOIIMX HA Ty YACTHUILY:

Marematuueckoe BoipakeHue || 3akona HproToHa Ha3bIBAIOT OCHOBHBIM Yypas-
HeHuem OUHAMUKU MAmMepualbHou MouKy WU YPAGHeHUeM OBUIICEHUST MAmepuaisb-
HOU MOYKU.

[l 3axon Hvtomona: cwiibl, ¢ KOTOPBIMH JBE YaCTHUIIBI B3aUMOACHCTBYIOT APYT
C IPyrOM, PaBHBI MO MOAYJIO, TPOTHUBOIOJIOKHBI TI0 HAMPABIICHUIO U JICKAT Ha M-
MOM, COEIUHSIOIEN 3TH YaCTHILIBI.

! :
I:12 == I:21-
ITo OTHOIIEHHIO K CUCTEME CHJIBI JENIATCSI Ha 6HeulHue — CHIbI B3aUMOJICHCT-
BUSI TEJI CUCTEMBI C JIPYTUMHU TeJIaMH, HE BXOSUIMMU B JAHHYIO CUCTEMY; U 6HYM-
peHHUue — CHUIIbI, C KOTOPBIMH B3aMMOJICUCTBYIOT MEXIY COOOM Tena, BXOMSIIUE B
CUCTEMY.
N3 |1l 3axona HerotoHa cienyer, 4to B J1000M MEXaHUYECKOU CHUCTEME BEK-
TOpHAasi CyMMa BCEX BHYTPEHHHUX CHUJI paBHA HYIIIO.
3axon uszmenenuss UMNYIbCA CUCMeMbl. B UHEPIHAIBHBIX CHUCTEMax OTCYETa
M3MEHEHHUE MMITYJIbCa CUCTEMbI B €IMHUILY BPEMEHH PaBHO BEKTOPHOH CymMMe BcCex
BHEIIIHUX CUJI, IEHCTBYIOIINX HA JIAHHYIO CUCTEMY
db_g Lo
da =

I I I r dUC
TaK KaK I/IMHy.HBC CUCTCMBI p = pC = muc nu a.c =

y, TO 3dKOH 08UICEH U

L;eHmpa mdacce MexaHI/IqCCKOIﬁ CUCTCMBI HOCTOHHHOﬁ MacCChl UMCCT BU]I.
do. _d, r._ r 8T ..
dt o Me) = Ma =a k™
TaKI/IM 06pa30M, L;eHmp macc MexaHulleCKOTj cucmemsl OeuofcemC}Z Kaxk mame-
PUATbHASL MOYKA MACCOUL, PAGHOL Macce CUCMeMbl, Ha KOmopylo oelicmseyem cuid,
pa@HCl}Z GeKmOPHOTZ Cy]l/l]l/le 6CEX BHEWHUX CUJ, l’lpu]lODf(,’eHHblx K amoﬁ cucmeme.
Ecnm cuctema MarepuanbHBIX TOUEK MpECTaBIseT cOO0M TBEPIOE TENO, IBU-

Xynmieecsa NoCTynareJabHO, TO YCKOPCHHUE TCJIa paBHO YCKOPCHUIO €0 LICHTpa Macc:
1 1

a=a.,
1 v " u 1
T. K. CKOPOCTb Ui KaXJI0M |-U TOYKHM TECJIa paBHA CKOPOCTH €ro LCHTpa Macce UC y T.C.
1 1
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3aMKHyma}Z cucmema — CUCTEMA, HA KOTOpYIO HC IICﬁCTBYIOT BHCIIIHUC CHJIBI.
I[JISI 3aMKHYTOI7I CUCTCMBI USMCHCHHUC €C I/IMHyJIbca BO BpeMeHI/I paBHO Hy.IIIOZ
dp I
at
HpI/I 9TOM I/IMHyJIBCBI paBJII/I‘{HBIX qaCTeﬁ CUCTCMBI MOFYT N3MCHATHCA, HpI/I‘IeM M-
Hy.IIBC BCCI71 BaMKHYTOﬁ CUCTCMBI 6YIICT 0CTaBaATbCd HCU3MCHHBIM, UTO U ABJIACTCSA
COAEpIKaHUEM 3aKOHA COXpPaHEHUS UMITYyIIbCA.
3CZKOH COXpCZHeHu}Z uMI’llebCClZ I/IMHy.HBC 3aMKHYTOI7I CUCTCMBI COXpaHHeTCH BO
BpeMeHI/IZ

r
, Torma p=const.

n
p=4 P (t)=cons.
i=1
3aKOH COXpaHeHI/IH I/IMHy.HB(:a ABJIISICTCA OJHHUM H3 ®YHHaMeHTwBHBIX HpI/IHL[I/IHOB
(1)I/ISI/IKI/I " CBJ3aH C TAKUM CBOﬁCTBOM HpOCTpaHCTBa, KaK OIIHOpO)IHOCTB.
ECJH/I CUCTcMa HeSaMKHYTa, HO CYMMa BCCX BHCIHIHUX CHJI, HeﬁCTBYIOHlHX Ha
r

n I
o] [V

3Ty CUCTEMY, paBHa Hyio, T.e. g F™" =0, To umMnynsc Takoil cucTeMbl COXpaHs-
i=1

€TCs BO BpeMeHI/IZ
r d&r —
p=a p (t) =const.
i=1
ECJII/I CUcCcrema HeSaMKHYTa, HO CYMMa HpoeKI_II/Iﬁ BCCX BHCHIHHUX CHII, IICﬁCT-

BYIOIIUX Ha 3Ty CHCTEMY, Ha HEKoTopyi och (Hampumep OX) paBHa HYJIO, T.C.
n I r

o] [V
a R} =0, To npoekuus uMmyabca TaKOH CHCTEMbI Ha 3Ty OCb COXPAHSETCS BO

i=1
BpeMeHI/I:

n

P, =a P(t) =const.
i=1
3CZKOH GceMT/lpHOZO mAacomeHus. JHO6BIC JABC 4aCTHULIbI B3aHMOIIeﬁCTBy10T BJIOJIb

COCIII/IHHIOH_IeI‘/JI Ux HpHMOﬁ C CcujJiamMmu HpI/ITH)KeHI/ISI, MOIIy.HB Ka)I(IIOﬁ 3 KOTOpBIX
HpHMO HpOHOpHI/IOHaﬂeH HpOI/ISBeIIeHI/IIO MacCC I3THUX YaCTULl U O6paTHO HpOHOpHI/IO'
HAJICH KBAJIpaTy PacCTOsHUS I Mexay HuMuU (puc.7):

F12=F21=G@, m,_ Fy F, M
r
rae G=6,67-1O_11 H-mYkr? — rpaBUTALIMOHHAS T
Puc.7

MOCTOSIHHAS.
['paBUTAIIMOHHOE B3aMMOJIEMCTBUE MEXKIY JBYMS T€IaMH OIHMCHIBAETCS JaH-

HOM (hOopMYJIOH el1lle B IBYX CICAYIONIUX CIyYasix:

1) pacmpeneneHue Macc BO B3aUMOJICHCT-

m ! ! m,
BYIOIIMX TeslaX CHEepUueckr CHMMETPUYHO Foy Fi
. ~—L \ 7
(puc. 8); Y
2) OOHO M3 TElT MMEeT OECKOHEYHO MaJlble =3
WcC.

pa3Mepbl 10 CPaBHEHHUIO CO BTOPBIM, pac-
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IpeiesieHne Macc B KOTOpOM cepruueckn cuMMeTpuuHo. [Tpu aToMm My m M, — mac-
CBI B3aUMOJICHCTBYIOIIMX TE, @ I — PAaCCTOSHUE MEXIY UX I[ICHTPAMHU.

['paBUTAlIMOHHOE B3aMMOJICHCTBHE OCYIIECTBISETCS IMOCPEICTBOM 2pasuma-
YUOHHO20 NOJS, ICTOYHUKOM KOTOPOTO SIBJISICTCS epasumayuonnas macca (Koaude-
CTBCHHAss Mepa IPaBUTAIIMOHHBIX CBOMCTB Tena). [IpomopunoHaIbHOCTh HHEPIIMOH-
HOM M TPAaBUTAIIMOHHOHN Macc MPOBEPEHA Ha OMBITE C OTHOCUTEIBLHOMN MOTPEITHOCTHIO
no 1072, TIpomopuHOHANBHOCTS HHEPTHOI M IPAaBUTALHOHHON MACCHI IIPOSIBISIETCSI
B TOM, YTO CBOOOJHOE TAJCHUE BCEX TCJI B JJAHHOW TOYKE I'PABUTAI[MOHHOTO ITOJISI
(rmoJist TATOTEHMUS) MPOUCXOIUT C OJMHAKOBBIM YCKOPEHHUEM, Ha3bIBAEMBIM YCKOPEHU-
em c60600H020 nadenus .

~ 1 ~ ~

Cunou msorcecmu Mg, ACUCTBYIOLICH Ha

TEJI0O Maccou M, HAa3bIBAIOT T'COMCTPHUYCCKYIO
1

CYMMY CHJIbI T'PABUTAIUOHHOI'O TATOTCHUSA F

msae !

JNEUCTBYIOIIEH HAa 3TO TEJIO CO CTOPOHBI 3eMIIU
(rutaHeTsl), W LEHTPOOCIKHOM CHIIBI HMHEPIHH
1

F

yo.un
CHCTEMBI OTCYETa, CBA3aHHOW C y4acTBYIOIICH B
CYyTOUYHOM  BpamieHur 3emuieli  (MIaHETOM)

(puc. 9):

00yCIIOBIEHHOM  HEMHEPLHUAIbHOCTHIO

mg=F,, +F

yo.un "

[TockonbKy BOJIM3M TOBEPXHOCTH 3eMJIU
(mmanetst) Fys., <<F., TO B OOJBIINHCTBE CITy-
1

MpeHeOperaloT U CYUTAIOT Puc.9

' 1
mg=F,_..
Toraa Monynb yckopeHus CBOOOAHOIO MaJACHUS WIH MOJYJb HANPAHCEHHOCU
IPaBUTAI[HOHHOTO MOJIS BOJIU3K nosepxnocmu 3emau (nianemst) paBeH

GM
950 =g
rne M —wmacca 3emiu (ruaHeTsl), R — paanyc 3emin (TutaHeThl).
Ecnu teno maxomutcst Ha BbicoTe h Hax moBepXHOCThIO 3emiu (IIAHETHI), TO
YCKOPEHUE CBOOOIHOTO MAJCHHS WM MOIYJb HANPSHKEHHOCTH TPABUTAIIOHHOTO
1oJIst 3aBUCHT OT h:

qacs Fuﬁ_uﬂ

~GM _ GM R?
BT T(Reny P (RN
rac r — paCCTOSIHI/Ie oT I_ICHTpa 36MJII/I (HJIaHeTBI) A0 TEJa, h — paCCTOSIHI/Ie OT IIO-
BEPXHOCTH 3eMJTH (ITAHETHI) JI0 Tea.

Jledhopmayus TBEpAOTO TEIa — UBMEHEHHUE €r0 TeOMETPUIECKON (POpMBI U pas3-
MepoB. [Ipu nedopmaru Tena MPOUCXOAUT CMEIEHUE ero JacTull (aToMoB, MoJie-
Ky.]l) n3 HOJIO)KeHI/If/'I paBHOBCCI/IH, quy HpCHHTCTByIOT CHUJIBI BBaHMOHCﬁCTBHH MC)I(IIy
yaCcTUllaMH. TaKI/IM 06pa30M, MC)I(IIy COHpI/IKacaIOH_II/IMI/ICSI CJIOAMHU IIC(i)OpMI/IpOBaH-
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HOTO Tella, a TAK)Ke B MECTe KOHTaKTa Je(hOPMUPOBAHHOTO TeJia C TE€JIOM, BBHI3bIBAIO-
muM AeGopMaIiio, BOSHUKAIOT CUIbl yNpy2ocmu, OTHOCSIIHECS K 3JIEKTPOMAarHuUT-
HOMY THITY ()YHIaMEHTAIbHBIX B3aUMOJICHCTBHIA.

JHedbopmatiyiio Ha3bIBAIOT AOCONIOMHO YNpy2ou, €Clv TOCIIe PeKpalieHus aei-
CTBHSI BBI3BABIIMX €€ BHEIIHUX CHJI TEJO MOJHOCTHIO BOCCTAHABIMBAET IMEPBOHA-
JanbHBIC pa3Mephl U Popmy.

[To xapakTepy cMeIIEHUS MOJICKYJSPHBIX CJIOEB B JAC(POPMUPOBAHHOM TEIE
BBIJICJISIIOT CIIEIYIOIINE 6U0bl Oehopmayuu. pacTsokenue (CkaTtue), CIBUT, KpyUYeHHE,
n3ruo.

Orpanuyumcsi pacCMOTpEeHHUEM a0COIIOTHO YNPYrou aedopMaiii pacTsKeHUs
(cxatus) cTeprkHs (MPYKUHBI).

KosimyecTBeHHON XapakTepuCTHKOW JedopMmariii  pacTsokeHus  (cxaTus)
CTepKHs (IPYIKUHBI) SIBISICTCA 6eKmOop Oeopmayuu

DI=1-1,, |

1
rae |, —BexTop, HampaBIeHHBIH BAOIL CTEPXKHS (IPYKUHBL), AT

MOJIyJIb KOTOPOT'O paBeH JIMHE CTepHs (MPYKHHBI) B HEJle- | Dl
dbopmupoBannom cocrosiauu (puc.10); 1 — Bekrop, Hampas-

4 A TOTT000000
JICHHBIN BJIOJb CTEPKHS (IPYXKHHBI), MOAYJIb KOTOPOIO pa- : ;
BEH JUIMHE CTepkHs (HIpYXHHBI) B 1ehOPMHUPOBAHHOM CO- I 3l
CTOSIHUU. ﬂ-’mmm\—

Mooynw abcontommuoti depopmayuu

—. Puc. 10
DI = || |o|-

3akon ['yka (abcomommno ynpyeas 0eghopmayust pacmsdicenuss Uil CoHcamusl):
CWJIa yNPYTrOCTH, BO3HUKAIOIIAS MIPU a0COIIOTHO yHpyroi negopmManuu Tena, Ipsmo
MIPOTOPIIMOHANIbHA MOAYJI0 U MPOTHUBOIIOJIOKHA HAIPaBIEHUIO BEKTOPY jaedopma-
07058

; :
F., =- k>XDlI,
rne K — xoaddunment ynpyroctu (wim ko3hOUIUMEHT )KECTKOCTH, YIIPYTOCTh), 3HA-
YEHUE KOTOPOTO 3aBUCHT KaK OT YNPYIMX CBOMCTB BEIECTBA TEJa, TAK M OT FEOMET-
puueckux pasmepos 3toro Tena. B CU [K]=1 H/wm.

Hpu pacrsxenun (ckaTUU) OJTHOPOIHOTO CTEPIKHS BIIOJB €0 OCH IMOJ EHCT-
1
BueM cunn F, u F, (puc. 11), npuiiosxeHHBIX K MPOTHBOIOIOKHBIM TOPIIAM CTEPIKHS,
BO3HUKAIOT YIIPYTHUE CUIIbI, C KOTOPBIMH KaK-

Jasi 4aCTh CTEP’KHA JEUCTBYET HA Ty 4YacTh, C |':2 |: . |: , |':
o ynp. ynp. 1

KOTOpPpOU OHA T'PAHUYUT. Haan/IMep, YyacThr a

CTep KHsI JIEHCTBYET Ha €ro 4acth D ¢ cuioi b a

1

F

ynp.2

a 4acTb D cTepcHs NEHCTBYET Ha €ro Puc. 11

1
yacTh @ ¢ cunoid F, . Takue e cuiibl IEHCTBYIOT B JIFOOOM MONIEPEYHOM CEUEHUH S

CTEPKHSL.
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Mexanuueckoe nanpsocenue S — (U3NUYECKas BEIMUYMHA, XapaKTepU3YyIOIIas
cocTosiHue 1e(OpMUPOBAHHOIO BAOJb CBOCH OCH CTEP)KHS U paBHAsl CUJIE YIPYTOCTH
F)npy IPUXOAANIEHCS HA €IUHMILY TUIOIAIU TIOIIEPEYHOIO CEYEHHUS STOr0 CTEPKHS

F

s =—2-

Tac S - momaab IOIMCPCHHOTO CCUCHUS CTCPIKHA. B paccMaTpuBacMOM CJIydac
1

F., " S, nosromy HanpsbkeHue HasbiBaroT Hopmarvhbim. B CU [o]=11]a.

OmuocumenvHas Odegopmayuss € — CKasipHass (uznueckas BeEJIUMYHMHA, SIB-
JISIOIIAsICSL MEpOH e opMaIiiK ¥ paBHas OTHOIICHHIO abcomoTHO# aedopmaru DI
k giuHe |, ctepyxHs B HenehOpMUPOBAHHOM COCTOSIHUM

_ Dl
I 0

3axon I'yka (abcontomno ynpyeas oeghopmayusi pacmsxiceHusi uiu CoHcamust).
HaIpsDKeHWE ¢ ynpyro AeOpMUPOBAHHOTO Teja MPSMO MPOMOPIMOHATILHO €r0 OT-
HOCHUTEJIbHOU AedopMallii &:

s =Ek’e,
rae E —mooynw FOHea, 3HaueHNE KOTOPOTO 3aBUCUT TOJBKO OT YIPYTUX CBOMCTB Be-
mectBa ganHoro tena. B CU [E] = 1 11a.

Tpenuem Ha3bIBAETCS B3aMMOJICHCTBUE MEXAY Pa3IMUHBIMU COMPUKACAIOIIN-
MHUCSI TeJIaMH, TMPEMNSATCTBYIOIICE WX OTHOCUTEIBbHOMY JBIKCHHIO WJIU €ro
BO3HUKHOBEHHIO.

Cuna mpeHnus — KOTUYECTBEHHAsI XapaKTEPUCTUKA TPEHUsI, KOTOpasi OTHOCUTCS
K DJICKTPOMarHUTHOMY TUTY (DyHJIaMEeHTaIbHBIX B3auMoaeicTBuil. CUIIbI TPEHUS Ha-
IPaBJICHBI IO KacaTeIbHOM K TPyIUMCs (COMMPHKACAIOIIMMCS) TTOBEPXHOCTSM.

Tpenue noxoss — TpeHUE, BO3HHUKAIOIIEE MPU OTCYTCTBUU OTHOCUTEIHLHOIO
JBIDKCHMSI COTPUKACAIOIMIMXCS Tel U NPEMATCTBYIOIEE BO3HUKHOBEHHUIO 3TOTO
JIBHOKEHHUS.

Cuna mpeHus noKos F — CUJIa TPCHHU:, IPCIATCTBYIOIAAd BOSHUKHOBCHHIO

mp .0
ABWIKCHUS OOHOI'O TCJa IO IMOBCPXHOCTU APYIOIO. MOIIy.HB CUJIbI TPCHHUA ITOKOA MO-
JKCT IPUHUMATD 3HAYCHUSA OT O A0 MAaKCUMAJIBHOTO 3HAYUCHUSA CHJIbI TPCHUA ITOKOA

Fmax.

mp.0 "

OLF, ,EF™

mp.0 mp.0 ?

rae  F,o5 =m N, uo—xodpdunuent tpenns mokos, N — MOTynb CHIIBI HOPMaIb-

HOW PEaKUHM OINOPHI, JEUCTBYIOLIEU HA TEJIO CO CTOPOHBI TOBEPXHOCTH IEPIEHIUKY-
JIAPHO K HEU.

Tpenue cxonvoicenuss — TPEHUE, BOSHUKAIOILEE IIPU OTHOCUTEIIBHOM JIBUKECHUU
COIIPUKACAIOIIUXCS TEJI.

Cuna mpeHusl CKOJIbIHCEHUA F — CWJIa TpCHUs, BO3HUKAIOIIAA IIPU OTHOCH-

mp
TCJIBbHOM ABWKCHUUN COIIPHUKACAIOMINXCA TCJI U HPCITCTBYHOIIAA 3TOMY JIBHIKCHHIO.
CI/IJIa TPCHUA CKOJIBKCHHA, HeﬁCTBYIOHlaH Ha TCJIO CO CTOPOHBI IMTOBCPXHOCTH, BCCT A
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HaIpaBJI€HA IIPOTUB CKOPOCTHU JIBUKEHMS 3TOr'0 TeJla OTHOCUTENIBHO JAHHOU MOBEPX-
HOCTH, a € MOJYJIb IPAKTUYCCKH HE 3aBUCUT OT CKOPOCTH M paBeH (M0 sMIupuye-
cKoMy 3akoHy AMoHTOoHA-KyroHa):

F,, =N,
rae (4 — kKodhUIMEHT TpeHUs CKobXeHus:, N — MOylib CHJIbl HOpMAJIbHOM peak-
UM OIOPBHI, NEUCTBYIOLIEH HA TEJIO CO CTOPOHBI ITOBEPXHOCTH IEPIEHAUKYIISIPHO K
Hel. IIpu ManbIX cKopocTax My » IT.

Ha puc. 12 uzoOpaxkeHa 3aBUCUMOCTb MOJAYJISI CHIIBI TPEHUSI OT MOJYJISI CHJIbI
F, mnOpuioxkeHHOHW K IepBOHAYAIBHO -
MOKOSILIEMYCSI Ha HEKOTOpPOM MOBEpX- P

HOCTHU TCJIIYy BHOOJIb HOBerHOCTI/I CcO- Fmax
mp.0

npukocHoBenus. Ilpy FE£F 0  Temo

mp.0
emé OyJeT HaXOIUThCS B MOKOE OTHO-
CUTEJIHLHO TTOBEPXHOCTH M MOJIYJIb CHJIBI
TPEHUs] TIOKOSI OMpEENsieTCs] U3 YCJo-
BUsI paBHOBecHs 3Toro Tena. [Ipenens-

HBII crydaif, korna F=F,7) coorser- noKol CKObIICeHUe |

max =
CTBYCT HE TOJBKO COCTOSHHIO IOKOS, Of Fmp.o £ FmpO F’"P H N

HO MW Ha4aldy IABWXCHHUA TCJIa IIO IIO- Puc

Bepxuoctu. [Ipu F> F " Temo Gyner

mp.0
ABUT'ATHCA 110 MOBCPXHOCTU U MOAYJIb CUJIbI TPCHUA CKOJIBKCHUA PABCH F =n N J

mp

Paboma u 3nepzusn

Onepeus W — ckansipHast pu3udecKkasi BeJIMUNHA, SBISIONMIASICS YHUBEPCATBHOM
KOJIMYECTBEHHOUN MEpOM pa3uuHbIX ()OPM JIBIKECHUS U B3aUMOJCHCTBHS MAaTEPHUHU.

B CU[W] =1 [Ix.

Mexanuueckas snepeuss W — sHEprusi MEXaHUYECKOTO JBIKCHHS U B3aMMO-
JEUCTBUS.

W3menenue nBwkenus u (wim) aedopmarms Teina B MHEPIUAIBHONW CHCTEME
OTCUeTa MPOUCXOJUT B PE3YyJIbTAaTe CHIIOBOTO B3aUMOJECHCTBUS ATOTO TeJa C IPYTUMHU
tenamu. [Ipu 3TOM, Kak paBUiIo, MPOUCXOIUT MEPEXO ] OJHOTO BUJIa SHEPTUU B JIPY-
roii. JIjs XxapaKTepUCTHKH TIpoIecca Mepexo/ia YHEPTUU U3 OJHOTO BHUA B npyron u
€ro KOJIMYECTBEHHOTO OIMWCAHMS BBOJIUTCS CKaJIIpHasi GhuU3u-
YyecKasi BeJIMYuHa — paboma cuivl.

QﬂeMeHmapﬂou pabomoti dA cubl F Ha manoM me-
pemenennn Of Ha3bIBaeTCs CKAISIPHOE MPOU3BEICHUE BEK-
1

dor F

Topa cuibl F u BCKITOp? dr: : ' Puc.13
dA=(F,dr)=F|dr |cosa =F, |dr |,

rJie & — Yroj Mexay BeKTopoM ciiisl F 1 Bektopom df , F. = F cosa — mpoekius

r

1
BeKTOpa cuibl F Ha HampaBieHue seMeHTapHoro nepememienus dr (puc. 13).
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B CH [A] = 1 [Tx. |

Tak kak Ha Ka)XJIOM MaJIOM y4acTKE TPACKTOPUHU TOUKH MPUIIOKCHHS CHIIbI F

|dr |=ds,
rae |df |- Moxynb aneMeHTapHOTO HepeMelnenus, 0S — aneMeHTapHas JUIMHA TYTH,
TO BBIpKEHUE JIJIS 3JICMEHTApHOM PabOThl MOXKHO MPEJICTABHUT B BUJIC
dA=F, ds.

PaGoma A cumyi F Ha koHeuHoM y4acTke L TpaeKTOpHH TOYKU TPUIIOKCHUS

ATOU CUJIbI PaBHA .
A= F.df)= ¢F, ds. F
(L) (L)

M3 reoMeTpHyYecKoro CMbICIA OIpEIeICH-
HOT'0 MHTErpajia CJIeAyeT, uTo paboTa 4 CUIIbI YHC-
JICHHO paBHa IUIOLIAIX KPUBOJIMHENHON TpaneLmy,
oOpa3oBanHO# Tpadpukom ¢yskmmu F, (S), ockio

abcuucc (OS) ¥ MPSIMBIMH, COOTBETCTBYIOIIUMU 0
npezenam uHTterpupoanus (puc. 14).

Mownocms P — cxansipHas pusudeckas Be-
JMYMHA, XapaKTePHU3YIoIlas CKOPOCTh COBEPIICHUs pabOThl U YUCICHHO paBHAas OT-
HOIIICHUIO dJIeMEeHTapHOH padoThl A K ManoMy MpoMEKyTKY Bpemenu dt, B Teue-
HHUE KOTOPOT'o 3Ta paboTa COBEPIACTC:
dA_of dro_(Ir

& o= (F.d),
d é& dtg
rae dA — pabota cuiisl F Ha Manom nepemerernn df , U — MCHOBEHHAS CKOPOCTb
ToukH npuokenus cuisl. B CU [P] = 1 Br.

Puc. 14

k o
Kunemuueckas IdHepcusl W yacmuybl — 9aCTb MCXAaHUYICCKON SHCPIUH, 3aBU-
ciamias OT CKOPOCTU ABHUIKCHUA ITOU YaCTHULIBI.

raec M-—macca yactuubl, U — MOAYJIb €€ CKOPOCTH, p-— MOAYJIb UMITYJIbCA YaCTUIIBI.
Kunemuueckas IdHepcusl Wk MexXaHu4ecKkoll cucmembl paBHa CYMMC KHUHCTHU-
YCCKHUX 3Heerﬁ BCEX YacCTEH 3TON CUCTEMBI. TaK, JJId CUCTEMBI N YaCTHUIL
WK = én. m_u'z
22
Tac m u ui —MacCa 1 MOAYJIb CKOPOCTHU COOTBCTCTBCHHO I-i1 HJaCTHUIIBI.

Teopema 06 uzmeHneHUU KUHeMuyecKou dHepuu. N3MEHEHHE KHUHETHYECKOU
seprun DW"* wactunsl paBHO anreGpamdeckoil cymMe paboT A Bcex cuil, AeicT-
BYIOIIMX HA 3Ty YaCTHILY:

DWH =W, - WS = A,
3MeHeHne KuHeTHueckoi sHeprum DWY mexanuueckoii cucmemvi paBHO
anredpanuecko cymme padboTel A BCEX BHEIIHMX CHJI, IEUCTBYIOIIMX HA CUCTe-

BHEUlH
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My, 1 paboThl 4 BCEX BHYTPEHHHUX CHJI B3aUMOJICUCTBUA

DW* =W, - W' =A,,, +A,,,.

Koncepsamusnoii na3piBaeTcs cuiia, paboTa KOTOPOH HE 3aBUCHUT OT (OpMBI
TPaeKTOPHUH, TI0 KOTOPOH JABUKETCSA TOUKA MPHUIOKECHHS ITOU CUJIbI, a ONpEAesieTCs
HayaJbHBIM U KOHEUHBIM IOJIOKEHUEM JTaHHOW To4Yku. PaboTa KoHCEepBaTUBHOU CH-
JIbI TIPH IBHOKEHUHU YaCTHUIIBI 10 3aMKHYTOHM TpaeKTopuu (IIpH BO3BPAIICHUH YaCTHIIbI
B HAYaJIbHOE MOJIOKEHKE) BCET1a paBHA HYJIIO.

KoHcepBaTUBHBIMU SIBJISIIOTCSI CHJIBI, ICMCTBYIOIIME HA YACTHUI[BI CO CTOPOHBI
OJTHOPOJTHOTO CTAallMOHAPHOTO MOJIA U LEHTPAJIBLHOIO cTaloHapHoro mnois. K ko-
CCPBATHUBHBIM CHJIaM OTHOCSITCS. CHJIa TATOTEHHUs (CHJia TSHKECTH); CHIIa YIIPYTOCTH,
BO3HUKAIOIIAs PU a0COJIIOTHO YIPYrou nedopMaiivu; cuiia, 1edCTBYIOMas Ha 3apsij
CO CTOPOHBI 3JIEKTPOCTATHYECKOTO MOJIS.

K nexoncepsamusnvim cunam OTHOCSTCSI CUIIbI TPEHUSI CKOJIBKEHUS, CUJIbI CO-
MIPOTHUBJICHUS, CUJIbI, BOBHUKAIOIIUE TIPH HEYNpYyroi aAedopmanuu, u T. 1.

[lone, paboTa cui KOTOPOTO HE 3aBUCUT OT (POPMBI TPACKTOPUM YACTHUIIBI, a
oIpeJeNsieTCs] €€ HaYaJIbHbIM U KOHEYHBIM MOJIO)KEHHEM, Ha3bIBAIOT CIMAYUOHAPHBIM
nomenyuanbHuim noneM. Ilockonbky paboTa CUJ CTallMOHAPHOTO MOTEHIIMAIBHOIO
MoJIsl, JCUCTBYIOIIMX HA YACTHILY, ONpPEENsAeTCs €€ HauyadbHbIM U KOHEYHBIM T10JIO-

6HYmMp

KEHHUEM W HE 3aBUCHUT OT (DOPMBI TPACKTOPUHU ITON YACTHIIHI, 2
TO KaXJO0H TOYKE TAaKOro MOJisI MOXXHO OJIHO3HAYHO IOCTa- U

o o 2
BUTH B COOTBETCTBUE 3HAUEHHE HEKOTOPOM CKAIAPHON (HyHK- A,

un U(X, Y, Z) Tak, 4T0 pa3HOCTh 3HAYCHUH 3TOM QYHKIMH B

Toukax 1 m 2 Oyner paBHa paboTe CUJI TOJIS MPHU TIepeMe-

IICHUH YacTUIBI U3 TOYKH 1 B Touky 2 (puc. 15): U,
Ul-U2=A&2. Puc. 15

Omnpenenennyio TakuMm obpasom pyukuo U(X, Y, Z) Ha3bIBAIOT nOMeEHYUAIb-
HOU 5Hepeueti 9acTUIlbl. M3 maHHOTO omnpeneneHus noTeHuansHoi sHepruu U cre-
JyeT, 4TO ATa BEJIWYMHA OIpejesieHa ¢ TOYHOCThIO 0 PUOaBICHUS MPOU3BOIBLHON
MOCTOSTHHOM, YacTo oOo3Hadaemoin kak Ugp. OObuHO BhIOMpaeTcst Touka (WM ypo-
BeHb), KoTopoi cootBeTcTBYEeT Ug = 0, 1 3Hauenus U(X, Y, Z) Bo BceX APYruX TOYKaX
OTCUUTHIBAIOT 110 OTHOIICHUIO K HEMY.

N3 ompenenenuss MOTEHIMAIBHOM IHEPTUHM CIEAYET, YTO paboma KOHcepsa-
MUBHBIX CUTL, O0CUCMBYIOUWUX HA YACUYY, PAGHA YObLIU NOMEHYUAIbHOU dHepeuu
SMOU Yacmuybl.

A*=-DU =U, - U,.

C653b KOHCEpBAMUBHOU CUbl ¢ NOMEHYUANbHOU dHepeuel. KOHCEpBaTUBHAs
cuJia paBHA I'PAJAUCHTY MOTESHIIMATBHON YHEPTUU ¢ OOpPaTHBIM 3HAKOM:

Fr=-gradU =.@u ><jr+'"U a2
S Ty T g

[MoTteniuansHyto suepruto U takke obo3nagaror WP,

Tomenyuanvnas suepeuss WP dacTuiiel Maccoir My B rPaBUTAIIMOHHOM IIOJIE
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HEMOJABM)KHOW  YacTUI[BI Maccoil M, Ha paccTosHUM [ OT Hee, eCIH
W, =WP(r ® ¥)=0, Oyxner paBHa

we . Gmm
r

TIomenyuanvnas suepeuss WP yupyroit nedopmaruu cxatust (pacTsHKSHH)
cTepkHs (MPY)KUHBI) JKECTKOCTHIO K:

kx?
WP=-",
2

rae X — abcomoTHast gedopManuu cTepxHs (npyxunsl). [Ipn 3ToM momaraercs, 94To
W, =W?(x=0)=0.

Mexanuueckoti snepeueti W uacmuysi, HaXOIAIIEHCS B CTAllMIOHAPHOM IOTEH-
IIMaTBHOM TOJIe, HAa3BIBAIOT CYMMY ee KuHeTHueckoi W u morenmmanbHoit WP
SHEPrUHu:

W =W*+W".

Cmoponnumy Ha3bIBAIOT CUIIbI, JEHCTBYIOININE HA HAXOASIIYIOCS B CTallMOHAP-
HOM IOTEHIMaJIbHOM I10JI€ YaCTHILY, HO HE SBIISIOIIUECS CHJIAMH 3TOTO MOJIS.

3akon usmMeHeHUus: MexamudecKou 3Hepeuu 4acmuybl. U3MEHEHUE MEXaHUYe-
ckoit sHeprun DW yacTuiisl npu ee nepexozie U3 0JJHOrO MEXaHUYECKOTO COCTOSIHUS
B Ipyroe paBHo pabote A" Bcex CTOPOHHMX CHJI, ICHCTBYIOIIHUX HA ATY YaCTHILY:

DW =W, - W, = A",

3akon coxpaneHus Mexanu4ecKkou IHepeul 4acmuysl. €CIIM Ha YaCTHUILy, HAXO-
ASIIYIOCS. B CTALIMOHAPHOM IOTEHIIMAJIbHOM II0JIe, HE AEHCTBYIOT CTOPOHHHE CHUIIBI
WINM CyMMapHas paboTa 3THX CHJI B T€YEHHE HEKOTOPOro BPEMEHHU paBHA HYIIIO, TO
MEXaHWYecKash SHEpPrus JaHHOM 4YacTUIBl OCTAETCS IOCTOSHHOW B TEYEHUE HTOTO
BPEMCHHU:

W =W*(t) +WP (t) = const .

Iomenyuanvnas snepeus 3aumooericmeus 0syx wacmuy. IlycTs 1Be 4acTHIIbI
1 1 2 B3auMOJENCTBYIOT MEXAY c000il ToJbKO ¢ cunamu F u F,, HanpaBieHHBIMU
BAOJIb NPSIMOM, NPOXOJSIIEH 4epe3 JaHHbIE YacTUIBl, MOIYIM KOTOPBIX 3aBUCST
JIAIIB OT PACCTOSHUS MEXIY STUMH YacTHIAMH (LeHTpaIbHBIMU cuiaMu). Torma He-
3aBUCHMO OT CHUCTEMbI OTcYeTa anreOpandeckas cymma padoT Aqp 3TOH mapsl cuil
B3aUMOJEUCTBUSA MOXKET OBITh IpPEICTaBlI€Ha KaK YyObUIb HEKOTOPOH CKaJspHOIl
bynxuun W), 3aBucsIneil npu JaHHOM XapakTepe B3auMOJCHCTBHS TOJBKO OT pac-
CTOSIHUSL MEX/1y YaCTUIIAMU!

— P
A&,z - DVV12 .
DOYHKIHIO V\/lg HA3bIBAOT MOTEHLMAJIBHON SHEPTUEH B3aUMOICUCTBUS IBYX YaCTHLI.

HOmeHT/ﬂ/laJleCl}Z JHepcusl g3aumooeticmeusi cucmemsvt N yacmuy. Ecmu MCXKIY
qacTuaamMu CUCTCMBI HeﬁCTBYIOT OJIHU JIMIIb OCHTPAJIbHBIC CUJIbI (BaBI/ICHH_II/IC TOJBKO
OT PACCTOAHUA MCKAY YdCTUIAMU U HAIIPABJICHHBIC BIOJIb HpHMOﬁ, HpOXOIIHH.ICfI qce-
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pe3 3TU 4YacTHlbl), TO anredpanueckas cymma padot Ay, BCEX ITHX BHYTPEHHHX
CHWJI TIPU TIEPEXO/I€ CUCTEMBI YaCTHI] U3 OJHOTO MOJ0XKeHus 1 B Apyroe 2 MOKeT OBbITh

IpeJCTaBieHa Kak yObUIb HEKOTOpoW ckamspHod ¢yukiun W 3aBUCALLEH

63.61ymp !
TOJIBKO OT PACIIOJNOXKCHUA 9aCTULl CUCTCMbI OTHOCHUTCIIBHO APYT pryra:
— p — p p
A, =-DW =W W

63. 6HYMp 63.61nymp.1 - 63.6Hymp .2 *
OTy (GYHKIUIO HA3bIBAIOT HOMEHYUAbHOU JHepauell 83aumooeticmeus Cucmembl
yacmuy (coOCmMBEEeHHOU NOMEHYUATLHOU IHEPSUET CUCNEMbL).

HOTCHLII/IaJIBHYIO OHCPIruro WP BSaHMOHeﬁCTBHH CHUCTCMBI N YaCTUL] MOXK-

63. 6HYMP
HO BBIYHUCJIIUTH I1O (1)OpMyJIe
we =l 4we
6z.6nymp  ~ a ij
2 i,j=l
it

rae W} — noTeHImanbHas SHEPIHs B3aUMOASHCTBYS i-if 1 j-if yacTHIl cHCTeMBL.

HOmeHT/ﬂ/laJlea}Z JHepcusl WP cucmembsl N yacmuy 60 BHEUIHEM CIMAYUOHAD-

6HeulH

HOM NOMEHYUAIbHOM nojie — 3TO CyMMa IMMOTCHIHUAJIbHBIX 3Hepr1/1ﬁ BCCX HaCTHUL CHUC-
TEMbI BO BHCITHEM CTallMOHAPHOM IIOTCHIIMAJIBHOM I10JIC.

n
P =23 p
W@Hemu - a W@Hemn.i ’
i=1
rac WGIE)EWH.i — HOTCHIHUAJIbHAA SHCPTUA BO BHCIIHCM CTAIIMOHAPHOM IOTCHIMAJIbBHOM

oJie i-il YaCTULIBI.

THonnas mexanuueckas suepeuss W cucmemvr N B3aUMOJICHCTBYIOIIUX MEXIY
co0O0M YacTHIl, HAXOIAIIMXCS BO BHEIIHEM CTAI[AOHAPHOM IOTEHI[HAIBHOM TIIOJIE,
paBHa

W=W"“+WP  +WP

63.6HYMpP eHeun !

2
n
k- & My
rme W'=g —— — KMHETUYECKAast SHEPTHs CUCTEMBI, Te M U U, —Macca
i=1 2
CKOPOCTh COOTBETCTBEHHO I-1 YaCTHUIIBI;
1¢
p 4 p .
by = aW?' — norenuuanbHas S5HEprus B3aMMOJACHCTBHS YaCTHI] CHCTE-
i,j=1
it
MbI MEXKy c0o00# (COOCTBEHHAs IOTEHIIHATbHAS YHEPIHSI
cuctemsl), e W} — TOTeHIMANbHAS SHEPIUs B3aHMO-
JACHCTBHS 1-il M |-¥ YaCTHII CUCTEMBI;
n
[J— p
P o =—aW) = — moTeHIMandbHAs SHEPrusl CHCTEMBI BO BHEIIHEM CTaIlHo-

HapHOM NOTCHIOHUAJIBHOM IIOJIC, TIOC w?P — IIOTCHI M-

GHeWwH i
aJllbHasE DHEPrUsi BO BHEIIHEM CTAIl[MOHAPHOM IOTEHIIU-
AJIbHOM TI0JI€ 1-i YaCTHIIBI.
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3akon uzmeHeHus NoAHOU MexaHUYecKoll 9HepaUuu cucmemsvl. U3MCHCHHUE I10JI-
HOM MEXaHMYECKOM OHCPTUHN DW cucremsbl qaCTul, HAXOOAIMUXCsA BO BHCIIIHEM CTa-

[IMOHAPHOM IMMOTEHIIMAIBLHOM I0JIe, pABHO cyMMe paboThl A’ 7" BceX BHEIIHHUX CTO-

6HeuH

POHHMX CHJI M paboThl A, " BHYTPEHHUX HEKOHCEPBATHBHBIX CHII

DW =W2 - VV1 = A@C’"OPOH + A:exouc .

HeuiH Hymp

3axon COXpAHEeHUA NOJIHOU MEeXAHUYECKOll 9Hepauu cucmemsl yacmuy. IoJHasi
MCXaHHNYCCKasd SHCPIuA CUCTCMbI YaCTUL, HAXOAIIMUXCSA BO BHCITHEM CTAITMOHAPHOM
IMOTCHIOHUAJIBHOM II0JIC, Ha KOTOPYIO HC IICﬁCTBYIOT BHCITHUC CTOPOHHUC CUJIBI U OT-
CYTCTBYIOT BHYTPCHHHUC HCKOHCCPBATUBHLIC CHIIbI, COXPAHACTCA C TCUCHUCM
BpPCMCHU.

W =W @) +WP  (t)+WP" (t)=const.

3. GHYMp HeulH
3akoH COXpPAaHCHHUA DHCPIUHN ABJISACTCA OOAHUM U3 ®YHH8MCHTMBHBIX IMPpUHIOUIIOB (1)1/1-
3UKH U CBSI3aH C TAKMM CBOMCTBOM BPCMCHH, KaK OTHOPOAHOCTD.

Jlunamuka epawiamenbHO20 08UIHCCHUS
JIst XapaKTepUCTUKY BHEITHETO JNEWCTBHUS Ha TEJO, MPUBOAIIETO K U3MEHE-
HUIO €T0 BpaIllaTeIbHOTO IBMYKEHUS, BBOJUTCS MIOHATUE MOMEHMA CUTIDL.
Momenmom cunvi omnocumensho nekomopou mouxu O Ha3bIBaCTCS BEKTOPHAsI
BennunHa M , paBHas BEKTOPHOMY MPOU3BCACHUIO PA/IHyCa-BEKTOPA [, IPOBEICH-
HOTO U3 TOUkd O B TOUKY IPWJIOKEHHS CUJIbI F , M BEKTOpa 3TOM CUIIBI:

) ,
B CU [M]=1 Hx»1. ,
VI3 1aHHOTO ONpPE/EIICHNUS CIIe/yeT: M
- Bektop M MCPICHINKYISIPCH  IIOCKOCTH, COZACpXKa- e y II:
e BEKTOPBI r u F.Eciu cuurarh, 4ro Ha puc. 16. BEK- X/ w

1
Topel I u F Jexar B miockoctu XOY, To Bektop M ma-

pannenen ocu Oz Puc. 16

- Hal:IpaBJICHI/Ie BCKTOpa |\I/| CBsI3daHO C KpaTqaﬁmHM HOBOpOTOM BCKTOpa I' K BEK-
Topy F npasurom npasozco 6UHMA: BPAICHUE MPABOrO BUHTA 110 KpaTyauiemMy Io-
BOpPOTY BEKTOpa [ K BEKTOPY .F 00OyCJIaBIMBAET IMOCTYyNaTeIbHOE IEPEMEIECHUE
BHUHTA B HaHpaBJIeHI/II/I BCKTOpa .M . HOCKOJIBKy HaHpaBJICHI/Ie BCKTOpa M CBsI3daHO C
HaHpaBJIeHI/IeM BpaH_IeHI/IH I! K F , TO OH ABJIACTCA HCCBIIOBCKTOpOM;
- MOIIy.IIB MOMCHTA CHUJIBL paBeHZ

M=Frsha,
rae a —yroJ Mexay BEeKTOpamMu [ II: .

r g r '

Eciu cuna F =g F, To MomeHT M 3TOil CUIBI OTHOCHUTENIBHO HEKOTOPOU
i=1
Touku O paBeH
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r & r
M=4M,,
i=1

1 1
Tac Mi — MOMCHT KaX(HOﬁ CHJIbI Fi OTHOCHTEJIbHO TOYKHU O.

Momenmom umnynvca wacmuyst omuocumensho nexomopo mouxu O Ha3blBa-

CTCSl BEKTOHAS BETHYHHA L , pPaBHasi BEKTOPHOMY MPOU3BEACHUIO pajJnyca-BeKTOpa
, TIPOBE/ICHHOTO M3 TOYKH O B MECTO HAaXOXKJCHHUS 3TOM YAaCTHIIbI, © BEKTOpa €¢
MMITyJTbca P
L=[r, pl=[r, md],

re Mu U —Macca M CKOPOCTb YaCTUIBI COOTBETCTBEHHO.
B CU [L] = 1 krw/c.

V3 naHHOrO OnpeneneHus Cleayer:

- BEKTOp. L MEPTICHAUKYIAPEH TIOCKOCTH, colepxKamen g
BekTophl [ W P. Eciu cumraTs, 4to Ha pHC. 17 BekTOpHI

Puc. 17

[ u P aexaT B wiockoct XOY, TO BEKTOP L napasuiesieH
ocu Oz
1
- HampaBJICHHE BeKTOpa L CBsI3aHO C HANPABJIICHHEM BPAICHHS YaCTHI[BI BOKPYT

Touku O npasuiom npasoco 6uHma. BPAIICHHUC IIPpaBOrO BHUHTA IIO HAIIPaBJICHHUIO
Bpall€HUA YaCTUIbI O6YCJIaBJII/IBaeT MMOCTYMATCIIbHOC TICPCMCIICHHUC BHWHTA B Ha-
1 1

HpaBJIeHI/II/I BCKTOpa |_ . BCKTOp |_ SIBJIIACTCS HCCBIIOBCKTOpOM.
- MOIIy.IIB MOMCHTA I/IMHy.Ilbca paBCH
L=prsina=mursna,

r€ & —Yyroia Mexnay Bekropamu I U p.

1
HuddepenurpoBanue Mo BpeMEHH MOMEHTa UMITylbca L dYacTHilbl OTHOCH-
1

. dp & I
TENBHO Henoosudicrou Touku O ¢ yaetoM — =g F (no |l 3axony Hetorona) mpu-
i=1
BOJIUT K CIIEZIYOIIEMy COOTHOIJ_ICHI/IIO

dL edr ru erdpu ér ¢ u S r1 ¢.r
d 8 PH SrdtH gy =alf.rlam.

=1 i=1 i=1

-

I'AC TAKKC YUYTCHO, YTO ITOCKOJIbKY a =u (TO‘{Ka o0 HCHOIIBI/I)KHa) COBITaacT I1O Ha-

1 1
IIPABJICHUIO C BEKTOPOM P =MU , TO BEKTOPHOC MPOU3BCIACHNUEC KOJUIMHCAPHBIX BCK-

yd l AY
édr IBu B
Do =
8dt " H
TaKI/IM 06pa30M, HpOI/ISBOIIHaH I10 BpCMCHI/I MOMCHTAa I/IMHy.Hbca qyacTulbl OT-
HOCHUTCIIBHO HCKOTOpOﬁ TOYKU O paBHa BCKTOpHOﬁ CYMMC MOMCHTOB BCCX CHJI, Heﬁ-
CTBYIOH_II/IX Ha 3Ty I'IaCTI/II_Iy, OTHOCHUTCIIBHO 3TOI>1 JK€ TOUYKU.
1

d & r

—=aM,.

dt i=1

I[aHHoe COOTHOIICHHUC HA3BIBACTCA YPAGHEHUEM MOMEHIMOE.

TOPOB PaBHO HYJIIO, T.€.
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1
MOMeHm uMnlebCCl L cucmemsl N yacmuy OmHOCUMeEIbHO HeKOmOPOIJ mou4-
KU paBeH
r-a&r & r
o] o]
L=a L =4l mu],
i=1 i=1
' [ I . .
rac Li = [ri , mui] — MOMCHT I/IMHyJIbca OTHOCHUTCIBHO JAHHOU TOYKHU |- YaCTHIIHI.

3akon uzmenenuss momenma umnyiocd MexaHuyecKkoll cucmemvl. B IMPpONU3BOJIb-
HOH HHepHHaHBHOﬁ CUCTCMC OTCHUCTA IIPOU3BOJHAA 110 BPCMCHU MOMCHTA HUMITYJIbCA
MEXaHUYECKOM CHUCTEMbI OTHOCHUTEIILHO HCKOTOpOﬁ TOYKH pdaBHa CyMMC MOMCHTOB
BCCX 6HEUHUX CUII, IICﬁCTBYIOH.IHX HaI 9Ty CUCTEMY OTHOCHUTCIIBHO TOM K€ TOYKHU.

dL —_— on GHEULH
d =
ECJH/I CUCTCMa 3AMKHyma, TOr1a UISMCHCHHUEC €€ MOMCHTA I/IMHy.Hbca CO BpeMe-
1

r I
HEM PaBHO HYIIIO: o =0, T1.e. L=const. [Ipx 5TOM MOMEHTHI UMITyJIbCA PA3THY-

HBIX YaCTE€W CHUCTEMBI MOT'YT U3MCHATHCA, HO TaK, YTO MOMCHT HUMIIYJIbCA Bcel cuc-
TEMBI 6YIICT HEU3MEHHBIM. B 3TOM cocTout COACPKAHUC 3aKOHA COXpPAHCHUA MOMCH-
Ta UMITYJIbCA.

3axon COXPAHEHUA MOMeHmMA qu/ll’ly]leCl: MOMCHT HMIIYJIbCa SaMKHYTOﬁ CHUC-
TEMBI TCJI OTHOCUTCIIBHO JIIO60ﬁ TOYKHU B HpOI/IBBOHBHOﬁ PIHepI_IPIaJIBHOﬁ CUCTEMCEC OT-
CUCTa COXPAHIACTCA C TCUCHUCM BpeMeHI/IZ

{_ or
=a L. (t) = const .
i=1

3aKoH COXpaHCHUA MOMCHTA HMIIYJIbCAa ABJIICTCA OOHUM H3 Q)YHHaMCHTaJIBHBIX
IMPUHOUIIOB (1)I/ISI/IKI/I U CBSI3aH C TAKUM CBONCTBOM MMPOCTPAHCTBA, KaK U30TPOITHOCTD.

Ecnu cucrema HC3aMKHYTAa, HO CYMMapHBIﬁ MOMCHT BCC€X BHCIIIHHX CHJI OTHO-
r r

n
[V [V o
CUTEJIbHO HEKOTOPOM HENOJBIKHON TOUKM paBeH Hymwo, T.e. g M. =0, to Mo-
i=1
MEHT WMITYJIbCa 3TOW CHCTEMbl OTHOCHUTEIBHO JaHHOW TOYKH CO BpEMEHEM
COXpaHsEeTC:

r r AW
L=a L (t) =const.

Qo-

i=1
ECJII/I CUCTCMAa HeSaMKHYTa, HO CYMMa HpO@KI_II/Iﬁ MOMCHTOB BCCX BHCIITHHUX CHUIJI

n
o]
Ha Kakyro-mu6o ock (Hampumep Oz) paBHa Hymo, T.e. g M. =0, To mpoexuus
i=1
MOMEHTAa UMITyJIbCa CUCTEMBI Ha 3Ty OCh COXPAHACTCS C TCUCHHUEM BPEMEHHU:
n
[e]
L,=a L,(t) =const.
i=1
Momenmom cunvt omuocumenvro nenodsudxcrol ocu OZ Ha3bIBACTCS CKAJSP-
1

Hasda BCIIMYHMHA MZ; paBHasA MPOCKIMU HA 3Ty OChb BCKTOpAa MOMCHTA M cuibl OTHOCH-
TCJIIBHO TOYKH O, HpI/IHaIIJIe)KaH_Ieﬁ HaHHOﬁ OCH.
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. <]i]

Momernmom umnyibca OnNMHOCUMeENIbHO Henoosudicho ocu OZ Ha3bIBaeTCsA CKa-
1

np.0z .

JEIpHadg BCINYMUHA LZ; paBHasA MPOCKIHU HA 3TY OCb BCKTOpAa MOMCHTA HMIIYJIbCA L
OTHOCHUTCIIBHO TOUYKH O, HpI/IHaIIJIC)KaH_Ieﬁ HaHHOﬁ OCH.

I
Lz = [L]np.Oz )

[Ipu BpallleHUM YaCTHIBI BOKPYT HEMOABHIKHOW OCH MOMEHM UMNYAbCA YAC-

MUYbl OMHOCUMENbHO OCU BPALYEHUs. PABEH
L~=mor,

rzie M — Macca 4acTUIlbl, 0 — €€ CKOPOCTh, I — paJnyC OK-
PYXKHOCTH, IUIOCKOCTh KOTOpPOW MEPIEHAMKYISIPHA OCH
(puc. 18). YuutsiBas, 40 © = @f, T€ @ — yIIOBas CKO-
POCTb YACTHUI[B, 4 TAKXKE HAIPABICHUS BEKTOPOB L 1 W
MOMEHM UMNYIbCA YACMUYbLI OMHOCUMETLHO HEeKOMOpPOU
ocu paBeH

L, = mrlw,
T7ie W, — IPOEKITUS YIIIOBOM CKOPOCTH Ha JTaHHYIO OCh.

Momenm umnyibca omHOCUMENbHO HEKOMOPOU ocu cucmemsl N uacmuy,
BPAIAIONIUXCS BOKPYT 3TOH OCH C OJJHOW U TOU K€ YIJIOBOW CKOPOCTHIO, TIPOSKIIUS
KOTOPOI Ha JaHHYIO OCh pPaBHA 7, PaBEH

n n
Lz =é. rnriz\Nz =Wzé. rnri2 ’
i=1 i=1
rae M u ;| —Macca ¥ pacCTOSHHE J0 OCH BPAIICHUS COOTBETCTBCHHO I-1 YaCTHIIBI.
Bennuuny |, paBHyt0
n
1=a mr’,
i=1
HA3bIBAIOT MOMEHMOM UHepyuu cucmemsl N yacmuy OMHOCUMENbHO 3MOU OCU.
BCH [I]=1 kr%1°. Torma MOMEHT HMMI1YJIbCA OTHOCUTEIBHO HEKOTOPON OCH CUCTEMBI
N 9acTull, BpaIIalOIINXCsl BOKPYT 3TOW OCH C OJHOW M TOH K€ YIJIOBOH CKOPOCTHIO,
MIPOEKIIMS KOTOPO Ha JAaHHYIO OCh paBHA @, MOXKHO TPEJICTABUTH B BUJIE
L, =1lw,.

Momenmom unepyuu meepooeo mena omuocumenvHo Hexomopou ocu OOC

(puc. 19) Ha3bIBAIOT BETMUUHY
n n
| =limg Dmr?=limQ r,rDV,,

n® ¥ i=1 n® ¥ i=1
rne Dm — macca i-it yactuinpl, OMHON M3 TeX, Ha KOTOPbBIE Ha KO-
TOpbIe MbICIIEHHO pa3outo Temo (1< i < n); r; — paccTosHHE OT
ATOM YaCTHIIBI 10 BBHIOpaHHOW ocH; AV, — aJleMeHTapHbIl 00beM, B
KOTOPOM cOcCpenoTodeHa macca AMy; p; — IJIOTHOCTH BEIECTBA B
OKPECTHOCTH paccMaTpuBaeMon Touku Tena (Am = piAV,).

Momenm unepyuu meepoozco mena OMHOCUMENbHO HENnoo- O
BUIICHOU OCU MOKHO BBIUYHCIUTD CIETYIONIUM 00pa3oM: Puc. 19
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| = ¢y%dm= ¢y*r dv,
(m) V)

Tac dmu dV — Macca 1 00bEM COOTBETCTBEHHO MAJIOr0 dJIEMEHTA TeJa, I — paccTos-
HHUE OT DJIEMEHTa Tejla J0 JaHHOM OoCH, ' — IJIOTHOCTH BCUICCTBA B 3TOM DJICMCHTC

(dm=p-dV).

MOMEHT UHEPIIMU TBEPJOTO TEJIa 3aBUCUT OT PACIPEAECICHHS €r0 MacChl OTHO-
CUTEJILHO BBIOPAHHOM OCH, T.€. OT MacChl TeJla, €ro reoMeTpuueckoil Gopmbl U pas-

MCPOB, a TAKKC OT B3AUMHOT'O PACIIOJIOKCHHA OCU U NAHHOI'O TCJIA.

Teopema lllmetinepa. MOMEHT UHEepUUHU | Tena OTHOCHUTEIBHO O O
MIPOU3BOJILHON HETIOJBUKHON OCH paBeH CyMM€ MOMEHTa UHEPIuH ¢
ATOTO TeJla OTHOCUTENbHO OCH, MapajuleIbHON JaHHOW U MPOXOsuiei Ce
yepe3 LUEHTP Macc ATOro Teia, U MPOU3BEAEHUSI MacChl M JaHHOTO Te-
Ja Ha KBaJpaT PaCCTOSHUSA a MeXAy 3TuMu ocsimu (puc. 20): a
| =1, +ma’.
Puc. 20
Tabmuma 1
MoMeHTBI HHEPIIUHA HEKOTOPHIX OJTHOPOIHBIX TEJ
Pacnoaoxenne ocu MomeHT
OnxHopoaHoe Tes10
OTHOCHUTEJIBHO TeJia HHEPIUN
Tonkoe xonvyo [Ipoxoaut yepes ueHTp Macce
Maccol mu paguycom R KOJIbI[a MEePIIEHIUKYISPHO | =mR?
€ro MI0CKOCTU
Tlonviti monxocmerHwIU YUTUHOD CoBniajiaeT ¢ oChlo | = mR?
Maccol mu paguycom R HUAJTUHIpA c
CniowHot ouck [TpoxoauT yepes LEeHTp Macc 1
Maccoil mu paguycom R JMCKa TEPIEHIUKYIISIPHO €T0 l. ==mR?
MJI0CKOCTHU
CnaowHroti ouck [TpoxoauT yepe3 HEeHTp Macc 1
Maccoii mu paguycom R JIMCKA U JISKUT B €r0 l. ==mR?
MJI0CKOCTHU
CniowHot yunurop CoBniaziaeT ¢ oChlo | = 1 MR?
Maccol Mmu paguycom R LWJIAHAPA c 9
IIpsamoti moukuti cmepoicens [TpoxoauT yepes LEeHTp Macc 1
Maccoit mu auHoi | CTEPKHS TIEPIEHIUKYIISIPHO lo =—ml?
K HEMY 12
Touxocmenuasn cghepa [Ipoxoaut yepes ueHTp Macce | = E MR?
Maccoii mu paguycom R chepbl ¢ 3
Llap [Ipoxoaut yepes ueHTp Macce | = Z MR’
Maccol mu paguycom R miapa ¢ g
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HpII/I BpalllCHUN TBEPAOI'O TCJIa BOKPYT H@I’ZOOGM.WCHOIJ ocu OZ C yrHOBOﬁ CKO-

POCTBIO W MMpOCKIMA MOMCHTA UMITYJIbCA 3TOTO TCJIa HA JdHHYIO OChb PdBHA
L, =1lw,,

rac | — MOMCHT MHCPIIUU 3TOI'0 TCJIda OTHOCHUTCIIBHO HaHHOﬁ ocu, W,— MMpocKUusa yr-
JIOBOM ckopocTH Ha och Oz

[Ipu BpaieHuu TBEPAOTO Teja, 00JIAAIONIEr0 OCEBOM CHMMETpPHUEH, BOKPYT
HeHOIIBH}I(HOﬁ ocu cummempuu mejia U ocu, napaﬂﬂeﬂbHOﬁ ocu cummempuu mena,
C yrHOBOﬁ CKOpPOCTBIO VIV MOMCHT I/IMHyIJIbca 9TOTO TCJIa PpaBCH

L=1w,
rac | — MOMCHT I/IHepI_II/II/I ATOTO TCJIA OTHOCUTCIIBHO HaHHOﬁ OCHU.

OcHosHoe ypasHeHue OUHAMUKU 8PAUAMENbHO20 OBUNCEHUS MBepo020 meid
gokpye nekomopoti ocu OZ:

I sz — én. M gHew
- iz ’
dt i=1
rac I — MOMCHT I/IHepI_II/II/I TCJIA OTHOCUTCIBHO HaHHOﬁ oCH, wz; — HpoeKI_II/IH yFJIOBOP'I

6Heul

n
o)
CKOpOCTH T€JIa Ha 3Ty OCh, A Miz

i=1

= CYMMapHBIﬁ MOMCHT BCCX BHCIIHHX CHJII OT-

HocuTelnpHOo ocu Oz

1
Onemenmapnas paboma dA cunbl F mpu BpamaTeaIbHOM JBUKCHHUA OTHOCH-
TEJIbHO HEMOJBM)KHOM OCH paBHa

I —_—
dA=(M,dj )=M,dj ,
1 1 —
rae M —moment cunel F, dj — smemenrapHoe yrioBoe nepemenienne, M — mpo-
1
CKI M BCKTOpa MOMCHTA CHUJIbBI HA HaHpaBJIeHI/Ie W.
1
Paboma A cunel F nipu noBopote Tena Ha KOHeuHsld yron D] =] , -], or-
HOCUTCIIBHO HeHOIIBI/I)I(HOﬁ ocu paBHa
r .\ 2
— \ H — N\ H
A= aM,d )— oM, d ,
(o) i
1 1 —
rae M —moment cunel F, dj — asmemeHrtapHoe yrioBoe nepemenienne, M — mpo-

1
CKIIMsA BEKTOpa MOMCHTA CHUJIbI HAa HAIIpaBJICHUC W .

Kunemuueckas OHepeus TClla, Bpallaromierocsa OTHOCHUTCIIBHO HeHOIIBI/I)I(HOﬁ
OCH C yrHOBOﬁ CKOPOCTBIO W, paBHa

Tac | — MoMeHT HHCPIUU TCJIa OTHOCUTCIIbHO HaHHOﬁ OCH.
Kunernueckas OHCPIUA TCJIa IMPHU IIJIOCKOM IBUIKCHUU (JIBI/I)KeHI/II/I, IIpu KOTO-
POM BCC TOYKH TCJIa ABWKYTCA B NAPAJUICIIBHBIX IINIOCKOCTAX, HNCPICHIUKYIIAPHBIX

OCH BpAIllCHHUsI) paBHA
2 2
2 2
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rome m — macca Teia, UC — CKOPOCTb ABMIXCHUA €T0 LICHTpaA MACC, IC — MOMCHT

WHEPLUH TEJIa OTHOCUTEIBHO OCH, IPOXOJAIIEH Yepe3 ero HeHTp Macc, W — yIJIoBast
CKOPOCTb BpallleHUs TeJla BOKPYT ATOU OCH.

Tab6aua 2
CornocTaBlIeHHE OCHOBHBIX BEJIMYWH U YPaBHCHUM, OTIMCHIBAIOIITUX
JIBUKCHUE MaTEPHUAJIBHON TOYKH M BpalaTeIbHOS TBHKECHUE
TBEPAOTO TeJla BOKPYT HEMOABUKHOU OCH

XapakTepucruka J{BuKeHue BpamarenbHoe nBuxke-
BeJIMYUHbI WIN MaTepuaJbHO HHE TBEP/J0ro TeJia Bo-
Ha3BaHHWe YPaBHEHUS TOUYKH KPYI HeNOJABHKHOI 0CH
XapakTepucTuka Panuyc-Bekrop Yron nosopota
TI0JI0KEHHUS r J
XapakTepucTuka [lepemenienue VYrnoBoe nepemenieHue
M3MEHEHUS TOJIOKECHHUS Dr DJ—
XapakTepucTuKa CxkopocThb VYrioBas CKOpoCTh
OBICTPOTHI U3MEHEHUS r_ dr v a’
TIOJIOKEHHS CO BDEMEHEM u= dt W= ot
XapaKTepruCTHKa Yckopenue YTr0Bo€ yCKOpEeHUE
M3MEHEHHS] CKOPOCTH r_ du r_ dw
CO BPEMEHEM Tt €= dt
XapakTepucTuka Macca MomeHT uHepuuu
WHEPTHBIX CBOMCTB K m I
W3MEHEHUIO ABUKEHUS
[IpuunHa U3MeHeHUs Cuna MomeHT cuiibl
JBUKEHUS F |\;| - [F , |£]
KonuuectBennas Mepa Nmnynbe MomeHT umnyibca
TBUKEHUS (ecyn och BpalcHUS 5B-
pb=mu JISCTCSL OCBIO CUMMETPHH)
L=1w
VpaBHEHUE JBIKEHUS dp _ Ig d. T
dt dt M
PaGora cubr = d' r)= ~ ro—.\ Je _
A (L)F,dr (E)jZSdS A= (\{M’dj )= d\/lwdl
(D) i1
Kunernueckas sHeprus W = mLZ e M
2 2
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Mexanuueckue Konebanus

Konebanus — 3T0 TPOLECCHI JBIKEHUS WU W3MEHEHHUS COCTOSIHHS, TIOBTO-
pSIOIIHECS B TOM MM HHON CTETICHW BO BPEMECHHU.

Konebamenvhas cucmema — 3710 pusnyeckasi cuctrema, B KOTOpoii Bce (Wit He-
KOTOPbIC) BEIMYUHBI, ONPECIISAIONINE €€ COCTOSHUE, M3MCHSIOTCS HE MOHOTOHHO, a
NPETEPIEeBAIOT MIEPEMEHHBIC YBEINICHUS H YMEHBIIICHUS.

[lo ¢usnyeckoil mpupose kKoineOGaHus OBIBAIOT: MEXaHUYECKHE, dJIEKTpoMar-
HUTHBIE, PJICKTPOMEXaHUUYECKUE, TepMOIuHAMUuIeckre U T.1. Konebanus pasmuuHon
¢dusnveckoil mpupoasl 001aJaI0T OOUTHOCTHIO 3aKOHOMEPHOCTEH U cBOMCTB. [10o3TO-
My 4acTo J00bIe KojeOaTebHbIe CUCTEMbl Ha3bIBAIOT OCYULIAMOPAMU.

[To xapakTepy BHEUTHETO BO3ACHCTBHS KOJICOAHUS ENSITCS Ha:

- c80000HbIe (cObCmM6EeHHble) — KONCOaHUs, BO3HUKAIOIINE B PE3yJIbTaTe KPaTKO-
BPEMEHHOI'0 BHEIIHEro Bo30yxeHus. B cBoio ouepeap paznnyaioT CBOOOJHBIE He3a-
Tyxaromue KojeOaHus 1 cBOOOIHBIE 3aTyXaloIKe KoJeOaHus;

- bIHYdHCOeHHble — KOJIeOaHus, IPU KOTOPBIX JAJIS MOJACP KaHUS HE3aTyXaroluX KO-
neGaHuil K CUCTeME HeTPEPHIBHO WIIH NIEPHOANYECKU TTOABOIUTCS SHEPTHUS OT BHEII-
HEro UCTOYHUKA. B 3aBUCHMMOCTH OT crocoba mojaepkaHus He3aTyXaloumx Koneba-
HUI pa3nuyaloT: BBIHY)KJIEHHBIC KOJICOAHUS TMOJ JCWCTBUEM MEPHUOJUICCKON CHIIBI,
aBTOKOJICOaHNs, TapaMeTpHIECKUe KOIeOaHus U T. 1.

ITo mpomexyTkaM BpEeMEHH, Yepe3 KOTOpbIe COCTOSHUE KojeOaTeabHOU cuc-
TEMBI IOBTOPSIETCS, KOJCOAHUS IENSITCS Ha IEPUOIUYECKUE M HETIEPHOJUICCKHE.

Ilepuoouueckumu Ha3bIBAIOT KoJeOaHUsS, MPU KOTOPBIX COCTOSHUE Koyieha-
TEBHON CHCTEMBI MIOBTOPSIETCSl Yepe3 OJMHAKOBBIC MPOMEXYTKH BPEMEHH, T.€. 3Ha-
YEHHS BCEX BEIIMYWH, ONMPEACTSIONINX COCTOSHUE KOJeOaTeTbHOW CHCTEMBI, MIOBTO-
PSIIOTCS Yepe3 paBHbBIC TIPOMEKYTKH BPEMEHH.

Ilepuoo T xonebaHuli — MPOMEKYTOK BpEMEHH, B TEYCHHUE KOTOPOro KoJieba-
TeJIbHAsl CHCTEMa COBEPILAET OJHO MOJHOE KojeOaHHe, T.€. MPUXOIUT B HayaIbHOE
COCTOSIHUE!

roo
N
raie Dt — npomMexyTok BpemeHH, 3a KOTOPBIN KoJjiebaTelbHasi CUCTeMa COBEpIIuia
N monnsix konebannii. B CU[T] = 1c.
Yacmoma N xonebaHUN — 4KUCIIO KOJIeOAHUH, COBEPIIAEMBIX KOJIeOATeIBHOM

CHCTEMOU B eIMHUILY BpeMeHH (3a 1 cekyHy):
N 1
n=—=2=-,
Dt T
BCU[n]=1Tm.
Huknuueckasn (kpyeoeas) wacmoma @ KojaeOaHH — YKCIIO KOJeOaHUM, coBep-
IIaeMBIX KOJIeOaTeIbHON CUCTEMOM 32 20 eIUHMII BpeMeHHU (32 2P CeKyH):

2p
w=2pn =,
T

B CU [w] = 1 panlc.
[Ipu meproAMYECKUX KOJIeOAHMIX IS BCEX BEIHYHH, ONMPEAEISIOMINX COCTOS-
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HHUE KOJIeOATeTbHON CHCTEMBI, JIOJDKHO BBITTOJIHATHCS YCIOBHE
B(t,)=B(t, +T).

CaMBbIM MPOCTHIMU TEPHOAMYCCKUMH KOJICOAHUSIMH SIBISIFOTCS 2APMOHUULECKUE
Konebanus — KoeOaHus, IPH KOTOPBIX BEJMYMHBI, ONPEICISIONINE COCTOSTHHE KOJIe-
0aTeNbHOM CUCTEMBI, 3aBUCAT OT BPEMEHH [0 TAPMOHUYECKOMY 3aKOHY, T. €. 1O 3a-
KOHY CHHYCA WM KOCHHYCA.

Tapmonuueckuti ocyunnamop — xoaeOaTeIbHAs CUCTEMa, COBEPIIAIOIIAsl CBO-
OomHBIC TapMOHMYeCKHe KojieOaHus. [IpocTeHMMu NpuUMepamMu  JTMHEHHOTO
(uMeroIIero OJIHy CTeNeHb CBOOOIbI) TAPMOHUYECKOTO OCIIHIUIATOPA B MEXaHHUKE SIB-
JSIFOTCSL TIPYKUHHBIA, MATEMAaTUYCCKU U (DU3HMUYCCKUI MASTHUK MPH MajbIX OTKIIO-
HCHHSX OT COCTOSTHUSI YCTOHYHMBOTO PAaBHOBECHSI.

HecmoTpst Ha paznnume (U3NYECKONH MPUPOJBI KOJIeOATeIbHBIX MPOIECCOB,
NPOMCXO/SIINX B Pa3HBIX KOJCOATEIILHBIX CHCTEMaX, 3aKOHbBI JIB)KCHHS U JHHAMU-
YEeCKHUE YPaBHEHHsI JIFOOBIX TAPMOHUYECKHUX KOJICOAHUH MMEIOT OJUHAKOBBIN B, a
caMH KOJieOaTeIbHbIE CHCTEMbl OO0JIQJAIOT CICAYIOINIMMU OIMHAKOBBIMU OTIMYH-
TEJIbHBIMU CBOWCTBAMH
1. Hamuyue COCTOSIHUS yCTOWYMBOTO PABHOBECHSI.

2. B nro0bIX Ipyrux BO3MOXKHBIX COCTOSIHUSAX KOJIEOATEIbHON CUCTEMBI BO3ZHUKAIOT
YCJIOBUS, TIPU KOTOPBIX KojeOaTelbHasi CHCTEMa CTPEMUTCSI BO3BPATUTHCS B CO-
CTOSTHHE YCTOMYMBOTO PaBHOBECHUS. DTU YCJOBHS OOYCIOBICHBI HAJMYUEM TaK
Ha3bIBAEMOM Keazuynpyzoti cunvl. Keasuynpyeas cuna —3T0 CHia WU aHAJIOTHY-
Hasl el BeJIMYMHA, 3aBUCUMOCTh KOTOPOH OT CMEIIEHHsI X KOJeOaTeIbHOW CHCTe-
MBI OTHOCHTEJIHHO MOJIOKEHHSI PABHOBECHS IMEET TAKOM K€ BUJI, YTO M CHJIA YII-
pyroctu  F_=- kx (k — ko3ddunment ynpyroctu), T. €. KBa3uynpyras cuia

X
BCEr/ia MpsSIMO TMPOTOPIIMOHATBHA CMEIICHHUIO KOJIeOaTeIbHON CUCTEMBI OT TOJIO-
KCHUS PABHOBECHS W HAIIPABJICHA IMPOTHUBOTIOIO0KHO 3TOMY CMEIICHUIO.

3. Hanwume WMHEPTHOCTH, KOTOpas HE TMO3BOJISET KOJeOATENbHON CHCTEME, BBIBE-
JICHHOW M3 COCTOSIHUSI PaBHOBECHsS, OCTAHOBUTHCS B ATOM TIOJIOKCHHH, a 00Yy-
CJIaBITUBACT €€ OTKIOHEHHUE B MPOTHBOIIOJIOKHYIO CTOPOHY.

Ecnu paBHOAEHCTBYIOMAs BCEX CHJI, IEHCTBYIOIIUX HA OTBEJACHHYIO OT IOJIO-
KCHUSI paBHOBECHsI KOJICOATECIBbHYIO CUCTEMY, SIBJISICTCS KBa3HyNpPYrod CHIION, TO B
npoeKkiuy Ha Hampapienue cmenieHus (ock OX) cornacHo |l 3akony Heiotona ypas-
HEHUE JBUKCHUS MOXKHO 3aIHCaTh B BUIC

ma, = - kX,

OTKyJa a, +Ex=0.

qu/ITBIBaH, YTO IMPOCKIH YCKOPCHHUS — 3TO BTOpasA IPOU3BOIHAS CMCIICHUS X
KoJ1e0aTeJIbHOW CHCTEMBI OT ITOJI0KEHHUS PaBHOBECHA 110 BPCMCHU

2
ax=d )2(=8&,
dt

" BBeIs 0003HAUECHIE
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W = 1S ,
m

MOJIyduM  ClIeayrolnee OomHopoaHoe auddepeHIaibHoe YpaBHCHHE BTOPOTO
HOpH}IKa:

&+w'x=0,
KOTOPOE HAa3bIBACTCSl OUHAMUYECKUM YPABHEeHUEeM CB0D0OHbIX He3amyXanwux 2ap-
MOHUYECKUX KO]Z€6CZHT/H/7.

ECJII/I ypaBHeHI/Ie JABUKCHUA HeKOTOpOﬁ CUCTCMBI HpI/IBOIII/ITCH K BI/I)Iy

&+w x=0,
TO JAHHOC IBHWIKCHHC NPCACTABIIACT C060ﬁ CBO6OIIHBIC HEC3aTyXaromue rapMOoOHnNYC-
CKHUC KOHe6aHI/IH, HMUKIINYCCKasa 4aCcToTa W0 KOTOpBIX paBHa KBaIIpaTHOMy KOpHIO Hn3

Koa(uirieHTa npu X B ypaBHEHUH JIBHKCHHUS.

2
[Tockonbky 3HaueHHe W, (a ciemoBaTenbHO, U Mepuoma I, = P A YaCTOTHI
W
0

W
no =2—0) IMOJTHOCTBIO OIIPCACIIACTCA XaPAKTCPUCTUKAMU CAMOU KoyeOaTeJIbHOU CHC-

TEMBI, TO W, Ha3bIBAIOT COOCMBEHHOU YUKAULECKOU YaACMOMOu.

PemenneM nrHaMUYECKOTO yYpaBHEHHS CBOOOIHBIX HE3aTYXalOMIMX TapMOHU-
YEeCKUX KoJicOaHuil siBiisieTCsl rapMoHuueckas GyHkius X(t) cMeIeHus: OTHOCUTEILHO
MOJIOKEHUSI PaBHOBECHsI OT BPEMEHH, Ha3bIBAeMasi KUHEeMAMUYeCKUM YpasHeHUuem
(3axonom) c60600HBIX He3aMYXAIOWUX 2APMOHULECKUX KOLeOAHUIL:

X(t) = Acos(w,t +a,)
w  X(t) = Asin(wt +af),
rae A —amniumyoa cmeujenuss — MAaKCUMaIbHOE CMEIeHUE KOoleOaTeIbHON crcTe-
MBI OT mosiokeHust paBHoBecus, | (t)=w,t+a, — ¢asa xonebanmii, 8 CU
[¢] = 1pan, a, —wuauanrvnaa gpaza —3HaueHue Ga3pl B HAYAIBHBI MOMEHT BPEMEHH
(to=0), 1e. a,=] (0).

[Tpu mocnenyromeM U3JI0KEHUN MaTepuaia OyJeM mojiarath, 4To KHHEMaTH-
YeCcKOe ypaBHEHHE CBOOOIHBIX HE3aTYXaIOIIUX KoJIeOaHUN BBIpAKaeTCs C MOMOIIBIO
(byHKUIMU KOCHUHYCA!

X(t) = Acos(w,t +a,) .

Torna 3aBHCHUMOCTB TPOCKIIMU CKOPOCTH HAa 0ch OX KonedaTeabHOW CUCTEMBI

oT BpeMeHu U (t) Tpu cBOOOAHBIX HE3aTYXAMOUIMX TaPMOHUYECKUX KOJICOAHUSIX

HUMCCT BU
dx : :
u, (t) =a =- Aw,sin(w,t +a ) =- A, sin(w,t +a,),

rae A, =W,A —auniumyoa ckopocmu — MaKCUMaJabHOE 3HAYEHUE MOAYJIL CKOPOCTH
K0JI€0aTeIbHON CUCTEMBI.

3aBUCUMOCTH TIPOCKITMU YCKOpeHHS Ha och OX KoJie0aTeIbHOW CHCTEMBI OT
BpeMeHH &, (t) mpu cBOOOAHBIX HE3aTYXAIOMIMX TAPMOHHYECKUX KOJICOAHUSIX UMEET



BUJT

du
a (t)=—2==- Aw cos(w,t +a,) =- AW, cosw.t +a,)=- A cosw,t+a,),

dt

— —\py2
rne A =W, A, =WJA — amnaumyoa yckopenusi — MAKCUMAJIbHOE 3HAUYEHHE MOIYJIS

YCKOPEHUS KoJieOaTeIbHOW CUCTEMBI.
3aBUCUMOCTH MPOEKIIMU Ha 0Ch OX CHIIBI yHpyroctu (KBa3HyHpyroi CHIIbI) OT
BpeMeHI/I HpI/I CBO6OIIHBIX He?;aTYXaIOH_II/IX I‘apMOHI/I‘IeCKI/IX KOJIe6aHI/I$IX HNMCECT BU]T
F, (t) =- kx(t) =- kKAcos(w,t +a,) =- F_, cos(w,t +a,),
rae F., =KA —MakcuMaipHOE 3HaUCHHE CHIIBI YIPYTOCTH (KBa3UyNPYyTOd CHIIBI).

Lpysicunnoii maasmuux — uaeadbHas KojieOaTelbHasl CUCTEMA, COCTOsIIas U3
TeJla, PaCCMAaTPUBAEMOr0 B BHUJIE MATEPHUAJIbHOU TOYKH, 3AKPEIUIEHHOTO HAa OJHOM
KOHIIE JIETKOU MPYKUHBI, IPYrod KOHEL KOTOPOM HEMOJIBUKEH B HEKOTOPOW MHEPLIU-
aJIbHOM CHCTEME OTCUeTa.

[Teproa ManbIx KoseOaHU# MPYKMHHOTO MasTHUKA (KaK BEpTUKAJILHOIO, TaK U
TOPU30HTAJILHOI0) PaBEeH

T,=2p % ,
rae M — macca tena, K — ko3 UIUEHT ypyrocTy Mpy»KUHBI.

Mamemamuueckuii maamuux — UaealbHas KojeOaTelbHas CHCTEMa, COCTOS-
11ast U3 JISTKON HePaCTsDKUMOW HUTH, OJIMH KOHEI[ KOTOpoi (pukcupoBaH (TOYKa MO-
BeCa), a Ha JPYroM €€ KOHIIE 3aKpEIUICHO TEeJ0, paccMaTpUBAacMOE B BHJE MaTCpH-
aJIbHOM TOYKH.

[lepron ManbIx KojeOaHUN MaTeMaTUYECKOro MasiTHUKA, COBEPIIAIONIETO KO-
nebaHus TOJIBKO MOJ JACHCTBUEM CHIIBI TSKECTH U CWIbl HATSXKEHUS HUTH, MPUYEM
TOYKa MOJIBECa MasTHUKA HaXOJUTCS B MOKOE OTHOCUTEIBHO MHEPLUAIBLHON CUCTe-
MbI OTCYETa, paBEH

T,=2p . |—,
g
rne | — pouBa HUTH MasTHUHKA, J— yCKopeHHue CcBOOOIHOTO
IMaaCHUsA.
Dusuueckuli. MasmHUK — nacaJbHas KOJIe6aTeJIBHaSI

crcTeMa B BHE aOCOIIOTHO TBEPAOIO Teja, HACA)KEHHOrO Ha
TOPHU30HTAIBHYI0 HEMOABIKHYIO OTHOCHUTEIBLHO HEKOTOPOM
WHEPLHAIbHONW CHCTEMBI OTCUeTa och (0Ch MOjBeca), HE Mpo-
XOMAIICH Yepe3 HEHTP THKECTH 3Toro teia. Cuia TpeHus B
ocu niozaseca (Oz, puc. 21) Tena oTCyTCTBYET.

[Mepuon Manbix KoieOaHuii (U3NYECKOrO MasTHHKA
paBeH

Tac | — MomeHT HHECPOHH TBEPAOro T€jIa OTHOCHUTECIIBHO OCH IIOJABECA, M — Macca
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TBEPIOTO Tela, §— yCKopeHHue cBoboxHoro manenus, |. —paccrosnue Mexmy meH-
TpoM TsKecTH (LIEHTPOM Macc) TBEPJOro Tejla M OChIO o/ Beca.

HpI/I CBO6OIIHBIX HEC3aTyXaroHHUX TapMOHUYCCKUX KOJIEOAHUSIX OHCPIrUA W xo-
nebaTesbHOM CUCTEMBI, paBHas B JIFOOOW MOMEHT BPEMEHH CyMME 3HAUE€HUN KUHETH-
veckoit W* n motenrmanbHoit WP sHepruif, coriacHo 3aKk0oHy COXpaHEHHs SHEPTHH,
OCTaeTcs IMOCTOSIHHOMN C TEUEHUEM BpeMCHI/I:

W =W¥(t) + WP (t) = congt.

3HaueHusT KUHETUYECKOU U HOT@HHH&HBHOﬁ OHCPIUHU U3MCHAIOTCSA CO BpEMC-

HEM 110 CJICAYIOIIUM 3daKOHAM COOTBCTCTBCHHO.

Wk(t) - mux(t) = rn:h

sin®(w,t +a,) =W~ sin’(w,t +a,),

2
2
kx2(t) KA
WP (t) = 2( ) - cos’ (Wt +a,) =W?, cos’(w,t +a,),
MmA’
rac WrTI:ax = T — MaKCHUMaJIbHOE 3HAUEHHE KUHETUUYECKOM 3HepFI/II/I;
p kA2 ~
Wmax = 7 — MAKCHMAJIbBHOC 3HAYUCHUC IMOTCHIUAJIBHON SHCPTHUU.

YuureiBas CBSI3b MCKAY aMIUIUTYdaMH CKOPOCTH Ah 1 CMCIICHUA A:
A =WA,
a TaK)Xe BbIpa)K€HHWE COOCTBEHHOM HMKIMYECKOW YacTOTHI uepe3 Maccy M u Kod(d-
¢dunment ynpyroctu K:

JIETKO J10Ka3aTh PaBEHCTBO MAKCUMAJIbHBIX 3HAUYCHUN KMHETUYECKOW U MOTECHUIUAIb-
HOU DHEPIUH:

— —\\/P
max 2 2 2 max *

DHeprus Ko0yie0aTeIbHOM CHUCTEMBI PaBHA KaXXJOMYy M3 MaKCUMaJIbHBIX 3HaYe-

HUM KWUHETUYECKOW WU MOTEHIIMAIIBHONU SHEPTUH
W =Wn'fax =WP, .

C yueroM 3TOro, a TakXe TPUTOHOMETPHUYECKUX (opMyn mpeoOpa3zoBaHUs
KBaJIpaTOB CHMHYCa U KOCHUHYCA, 3aBUCUMOCTH 3HAYEHUN KUHETUYECKOW U MOTCHIU-
aJIbHO YHEPrUU OT BPEMEHU MPUHUMAKOT CIIEAYIOIINN BUL:

WX (1) =%vv[1- cos(2w,t +2a,)],

WP (t) = %w[1+ cos(2w,t +2a,)].

N3 5TUX BBIpa)KEHUM CIEAYET, YTO 3HAUYCHUS] KUHETUYECKON U MOTEHIIMAIBHOM dHEP-
TMUA B OTJEJIBHOCTH HE OCTAKOTCS MOCTOSHHBIMM, & U3MEHSIOTCA MO TAPMOHUYECKUM
3aKOHaM C yJBOCHHOW LUKIMYECKON 4acTOTON 2W,.
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Ha puc. 22 npencrasinensl rpaduku

X
a)
3aBHCHMOCTH OT BPEMEHHU: A 5
a) CMeIeHus 0 \_/ T
X(t) = A cos(w,t); Ux 6)
A
0) TIPOCKIUU CKOPOCTH 0 T/2 T
u,(t) =- A sin(w,t); W 5
. w
B) KHHETUYECKOM SHEPIUH :
W"(t)z%W[l— cos(2w,t)]; Wap-foee )
0 £ T
I) NOTEHIMAILHON SHEPTUM WP /2
W @
WP(t) = %W[1+ cos(2w,t)].
V% | WY A .\ B4 § 2)
0 t
-VZ T

Puc. 22

MOJIEKYJIAPHAA ®PU3UKA U TEPMOANHAMUKA

CornacHo OCHOBHbIM NONONHCEHUAM MOJLEKVIAPHO-KUHEMUYECKOU meopuu, BCe
BEILIECTBA COCTOSIT M3 aTOMOB M MOJICKYJI, HAXOMSIINXCS B HEMPEPHIBHOM XaoTHYe-
CKOM JIBWXKCHUU (mennosas ¢hopma osudicenuss mamepuir), MEKIAy KOTOPBIMHU CyIIe-
CTBYIOT CHJIbI B3aUMOJICHCTBHUSA (MPUTSIKCHUS U OTTAJIKHUBAHUS), 3aBUCSAIINE OT pac-
CTOSTHHSI MEXTy HUMU.

Monexynapuas ¢uszuxa u mepmoounamuxka — pazaenbl GU3UKHA, U3ydarollue
TEIJIOBYIO OPMY JABMIKCHUS MATCPHH.

Makpocucmema — 3TO CUCTEMa, COCTOSAIIAs] U3 OTPOMHOI0 YHMCIia 4acTuil (Mo-
JICKYJI, aTOMOB H JIp.).

COBOKYITHOCTh OIPOMHOTO MHO>KECTBA YaCTHIl, UX JBUKCHUE W B3aMMOJICHCT-
BHC TIPUBOJAT K TOSBJICHUIO Y MaKpPOCHCTEM NPHUHIMITHAIBHO HOBBIX KAadeCTB H
CBOMCTB, KOTOPBIMH HE MOXET 00JiaaTh KaXkK/Jas 4acTUlla B OTAEIbHOCTH, XapaKTe-
PU3YEMBIX TaKUMH (PU3NICCKUMHU BEIMYMHAMU, KaK TeMIIepaTypa, JaBJICHHUE, yICib-
HbIH 00beM (MX ompejeseHus OyAyT MPUBEACHBI HIDKE), KO3puiueHr auddys3uu,
TEIJIONPOBOTHOCTD, BI3KOCTH U JIP.

MuxpococmosiHue — 3TO COCTOSIHME MaKpPOCHCTEMbI, KOTOPOE 3aJaeTCsl yKa3a-
HHEM €€ MUKPOIIapaMeTPOB — KOOPJAMHAT U MMITYJIbCOB (CKOPOCTEH) KaXI0i JacTH-
IIbI 3TOM CHCTEMBI.
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Maxkpococmosnue — 3T0 COCTOSTHUE MaKPOCHCTEMBI, 33JaHHOE 3HAYCHISIMHU €€
MakponapamMeTpoB (KOTOpbIC €Ille HA3bIBAIOT TEPMOJUHAMUYCCKHUMH IapamMeTpamu
WIN TTapaMeTPaMU COCTOSIHHS), KOTOPbIE B OOJIBIIIMHCTBE CIIy4aeB MOXKHO HETOCPE/I-
CTBEHHO M3MEpUTh mpubdopamu. K HUM OTHOCATCS TeMmeparypa, IaBlIeHHE, 00beM,
TUIOTHOCTh, KOHIICHTPAIIHS U JIP.

[TosiBieHNE B OTPOMHON COBOKYITHOCTH COCTAaBJISIONINX MaKpPOCHUCTEMY YaCTHIL
KauyeCTBEHHO HOBBIX KaK CBOMCTB caMOi CHCTEMBI, TaK U 3aKOHOMEPHOCTEH B TOBE-
JCHUH YaCTHI] 00yCIaBIMBACT MPUMEHEHHUE JBYX B3aWMHO JIOMOJHSIONIUX METOIOB
U3YYCHHUSI MAaKPOCHCTEM — TEPMOJUHAMHYECKOTO U CTATUCTHIECKOTO.

Tepmoounamuueckuti Memood — METOJI U3YUYCHHsI MAKPOCUCTEM Ha OCHOBE HM-
NUPUYECKU TIOTYYCHHBIX 3aKOHOB (Ha4ai), ¢ MOMOIIBI0 KOTOPOTO YCTaHABIMBAKOTCS
KOJIMYECTBEHHBIE COOTHOIIECHUSX MEXKIY MaKpomapaMeTpaMH dTUX CHCTeM 0e3 pac-
CMOTPEHHS UX BHYTPEHHETO CTPOCHHUSI.

Cmamucmuueckuti Memoo — METOJI U3yUEHHUsI MAKPOCUCTEM Ha OCHOBE UX MO-
JEIBHOTO MPEACTABICHUS KaK COBOKYITHOCTH OOJBIIIOTO YMCIa YACTHI] B OOBSICHEHUS
TEPMOAMHAMHYECKUX 3aKOHOMEPHOCTEH KaK pe3ysibTaTa uX OOIIeTo ACHCTBUS.

TepMonuHaMUYECKUI U CTATUCTUYECKUI METOABI H3yUYEHHUS] MAKPOCUCTEM J10-
MOJHSIOT APYT Apyra. TepMoanHaMUYeCKHil METO/I XapaKTepU3yeTcs CBOECH OOIIHO-
CThIO M TIO3BOJISICT M3y4yaTh SBJICHUSA 0€3 MOJECIBHBIX NMPEACTABICHUNA 00 MX BHYT-
peHHel cTpykType. CTaTUCTUYECKH K€ METO/T TT03BOJISICT MOHATh CYTh SIBJICHHM, yC-
TAHOBHUTH CBSI3b TOBEJICHUS M CBOWCTB MAKpPOCHCTEMBI B IIEJIOM C IOBEJCHHUEM H
CBOWMCTBaMH OTHETHHBIX YacCTHUIl. X KOMOMHUPOBAHHOE MPUMEHEHHE CIIOCOOCTBYET
HanOoJsee 3 (PEeKTUBHOMY PELICHUIO TOM HIJIM MHON HAy4YHOU MPOOJIEMBI.

Tepmoounamuueckas cucmema — COBOKYITHOCTh pacCMaTPHUBaEMbIX MaKPOCHC-
TeM (MaKpOCKOIMUYECKUX Tel), KOTOPhIE MOT'YT OOMEHHMBATHCS YHEPIUEH U BEIIECT-
BOM KakK JPYT C APYTrOM, TaK U C BHEIIHEH CPEIOi.

Tepmoounamuuecxkue napamempwi (WA napamempsvt cocmosinusi) — Guznde-
CKHE BEJTMYMHBI, C TIOMOIIBIO KOTOPBIX MOKHO OIKCATh COCTOSTHUE MAKpPOCHCTEMBI.
TepmonnHaMudeckue mapaMeTphbl B OOJIBIIMHCTBE CITy4aeB MOYKHO HETIOCPEICTBEHHO
U3MEPUTHh C TMOMOIIBI0 MPUOOPOB. B KadecTBe TEpMOIMHAMHYECKHX MapaMeTpOB
OOBIYHO BEIOMPAIOT TEMIIEPATYPY, JABICHUE U yICIbHBIN 00HEM.

Yoenvnuiti 06vem V. — puznueckasi BeIUUrMHa, oOpaTHas INIOTHOCTH I :

1
V==
r
B CHU [v] = 1 M%xr. Ecnu Teno mMaccoil MOKHOPOXHO, T.e. [ =CONSt Mo BeeMy ero

obbemy V, TO

V
V=—.
m
Haenenue p — pusndeckas BeNUYMHA, paBHAs OTHOIICHHIO MOaynsi cwibl dF, ,
JCHCTBYIOIICH HA MaJIblii DJIEMEHT IMOBEPXHOCTH 10 HOPMAaJIM K HEH, K muromaau dS

3TOT'0 2JICMCHTA IOBCPXHOCTU .
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dF

S ds’
B CU [p] = 1 I1a. Ecnm HOopMaibHO AelcTBYyIomas cuia F, paBHOMepHO pacmpene-

JICHA I10 MOBCPXHOCTH IIJIOHTAABIO S , TO 1aBJICHUE P pPaBHO

_F
p=-2.

~

Temnepamypa T — ¢u3znueckas BeJIMUYUHA, XapaKTEPU3YIOILas COCTOSIHUE Tep-
MOJMHAMHUYECKOI'0 PAaBHOBECUSI MAKPOCUCTEMBI U SIBJISIOIIASACS MEPON UHTEHCUBHO-
CTHU TEIUIOBOTO JBUXEHHUSI MOJIEKYJI 3TOU CUCTEMBI.

Tepmoounamuueckoe pagrosecue (COCTOSIHUE pagHO8ecusi) — COCTOSIHUE Tep-
MOJVUHAMHWUYECKON CUCTEMBI, B KOTOPOE OHA CaMOIIPOU3BOJIBHO IEPEXOIUT Yepe3 He-
KOTOpBIM IIPOMEKYTOK BPEMEHHU, U KOTOPOE XaApAKTEPU3YETCs] IOCTOSHCTBOM BO
BPEMEHHM TEPMOJMHAMUYECKUX NapaMeTpoB. Temmeparypa — €IUHCTBEHHBIN TEPMO-
JVHAMUYECKUNA IIapaMmeTp, KOTOPbIM OJWHAKOB ISl BCEX 4YacTEeld H30JMPOBAHHOU
TEPMOJIMHAMHUYECKOW CUCTEMbI, HAXOIALIEHCS B COCTOSSHUM TEPMOIMHAMUYECKOIO
paBHOBecus. V3MeHeHre 3HaYCHUN TEPMOIMHAMUUYECKUX IMapamMeTpOB MAKPOCHUCTE-
MBI, HaxXOJAILIEHCS B COCTOSSHUM PABHOBECHS, BO3MOXHO TOJBKO NHPH H3MEHEHUU
BHEIIHUX YCJIOBUU. M3071upo6annoii HAa3bIBAETCS TEPMOJWHAMUYECKAS CUCTEMA, B
KOTOpPOM OTCYTCTBYET OOMEH SHEPruei U BEeIeCTBOM C BHEUTHEHN Cpeloi.

B CU temneparypa usmepsieTcss 1o aOCONIOTHOW TEPMOJIMHAMHYECKON IIKaje
(wmm mkane KenpBuna), rpamyupoBanHoil B kenbBuHax (K). Ilena nenenust abco-
JOTHOM 1IKamel ¥ mkaibl Llenscus ogunakosa. Temnepatypa T no mkane KenbBuHa
u temneparypa t o mkane Llenbcust cBs3aHbl pABEHCTBOM:

T =t+273,15.

Ommnocumenvnas amomuas macca A BeuecTBa — 0e3pazMepHas GpuznyecKas
BEJIMUMHA, PaBHAsl OTHOIIEHUIO MaccChl M, aToMma K o Macchl My, aroma M30TOoMa

yriepoza C:
A= 0

(12) my,

OTHOCHUTEIBHBIE ATOMHBIE MAacChl XUMHUYECKUX BJIEMEHTOB IpuBeacHbl B Ile-
PUOIMYECKON cucTemMe Xxumuueckux anemeHnToB 1. . Menneneena.
Ommnocumenvnasn monexkyasapuas macca M, BemectBa — Oe3pazMepHas (pusu-

4YCCKad BCIIMYMHA, paBHAs OTHOIICHUIO MAaCChI n’b MOJICKYJIBI K E MacCcCHhI moc aromMa

12~ .
uzorona yriaepoja C:

My

M ) me

1 monb — 3TO Takoe KOJHMYECTBO BC€OICCTBA, B KOTOPOM COICPKHUTCA CTOJIBKO
KC 4aCTHI1l (aTOMOB, MOJICKYJ WJIN OPYTIUX CTPYKTYPHBIX CJII/IHI/II_[), CKOJIBKO aTOMOB
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conepsxures B 0,012 kr uzortona yriaepozna C.

ITo onpenenenuto B 1 moe j1:000ro BemecTBa COAEPKUTCS OJMHAKOBOE YUCIIO
YacTHIl, Ha3bIBaeMoe yuciom Asocaopo Np:

N, =6,02X10% momnb .
Konuuecmso seujecmea (4uciao Mosiel B JaHHON MOPIIMHU BEIIECTBA) — 3TO OT-
HomeHue yuciaa N Momekys, cofepkamuxcsi B JaHHOW MOPIMU BEIIECTBa, K IMOCTO-
sHHOM ABoTaapo Na:

B CHU [n] =1 moib.

Monsipnas macca M BeniecTBa — 3TO Macca OJTHOTO MOJIS JAHHOTO BEIIECTBA.
B CU [M] = 1 kr/mou1b.

Mossipuast macca M BemecTBa paBHa:
OTHOIICHUIO MACChI M 3TOrO BEIIECTBA K COACPKALMIEMYCS B HEM YHCITy N MOJICH:

M= m;
n

IPOU3BEICHUIO MACCHI T}, OHOW MOJICKYIbI (MM aToMa) Ha 9ucino ABoragpo Na:

M =mN,;
HpOI/ISBeIIeHI/IIO OTHOCI/ITCJIBHOﬁ MOJICKYJISIpHOfI MAacCCBhI |\/|r BC€IICCTBA HA MHOXUTCIIb

10 *kr/MoB:
M =M, x10°° kr/moib.
Konyenmpayus N MOJEKYJI — 3TO YHCIO MOJICKYJI B €IMHHUIIE 00beMa:

N
n=—,
\Y
rae N —guciio Mojekyi, coaepkariuxcs B oobeme V. BCU [n] =1 M
HoeanvHulil 2az — puznyeckas MoJeib, B KOTOPOUA:
1) coOcTBeHHBIH 00bEM MOJICKYJ ra3a MpeHeOpeKMMO Mall TI0 CPAaBHEHUIO C 00be-
MOM COCY/ia, B KOTOPOM HAaXOJHUTCS ITOT Ta3;
2) MeXIy MOJICKYJIaMH ra3a OTCYTCTBYET CHJIOBOE B3aUMO/ICHCTBUE HA PACCTOSIHUY;
3) CTOJKHOBEHHMS MOJICKYJ T'a3a MEXIY COOOH M CO CTCHKaMH COCyJa, B KOTOPOM
OHHU HaXOMSTCSI, HOCAT XapakTep aOCOMIOTHO YIIPYTUX yIapOB.
OmBIT IOKA3bIBAET, YTO B COCTOSIHMH TEPMOJMHAMUYECKOTO PABHOBECHS Tapa-
MeTphI cocTostHus (00beM V, naBieHue P U TeMieparypa 1) MaKpOCUCTEMbI HAXOIAT-
csl B QyHKIIMOHAIBHON 3aBUCUMOCTH, KOTOpasi Ha3bIBACTCS YPABHEHUEM COCMOAHUSL

f (p, V, T)=0.
I[JISI AJAHHOI'O KOJHMYECTBA HIACAJIBHOI'O rasd, HaxoAAECrocsa B COCTOSAHUHN
TCpMOI[I/IHaMI/I‘IeCKOI‘O paBHOBCCI/IH, ypaBHCHI/IeM COCTOsHUA SIBJISICTCA

ypasHenue Menoeneesa-Knanetipona, CBSI3bIBaoIIee JaBjieHne P rasza, ero oobem V
u Temneparypy T :

pV =n RT W pV=MRT,
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rae N — KOJIMYECTBO BelecTBa (IMCiIo Mojei), M —Maccarasa, M —ero mMomsipHast
macca, R =8,31 /Ix/(monb-K) — yauBepcanbHas ra3oBast IOCTOSIHHAS.

VpaBHEHHE COCTOSIHHS HICATBHOTO ra3a TaKKe MOXHO 3aIMCaTh B CIEAYIO-
[IEM BUJIE:

p=nkT,
rjae N — KOHIEHTpalus MOJIEKYl1 Ta3za, | — ero aOcoiioTHas TeMIeparypa,
R )
k=—=138x107% JIx/K —mocrosunas bonbnmana.

A
3axon ﬂaﬂmeHCl: JaBJICHHE P CMECH XMMHYECCKHU HE BSaHMOHCﬁCTBYIOMHX

HUACAJIBHBIX I'a30B PABHO CYMMC ITapUHaJIbHbBIX JIaBJICHI/Iﬁ pi BCEX I'a30B ATOM CMECH.

3
p=p, tp,+tK+p,=a p.
i=1

Ilapyuanvnoe Oasnenue NAHHOTO KOMIIOHEHTa I'a30BOMl CMeCH, 3aHUMAIOIIEH
o0beM V npu Temreparype T, —3TO JaBiIeHUE, KOTOPOE OKa3bIBal ObI ATOT ra3 B OT-
CYTCTBHE OCTAJIbHBIX KOMIIOHEHTOB CMECH B TOM K€ OOBeME€ W TNpH TOH Ke
TeMreparype.

Tepmoounamuueckuii npoyecc — NEPexol TEPMOJMHAMHUYECKOW CUCTEMBI U3
OJIHOT'O COCTOSIHHS B JIPYTOE€.

TepMmoauHaMuveckuii MPOLECC Ha3bIBaeTCs Keazucmamuueckum (pasHnogec-
HbIM), €CIIA BHEIIHHUE YCIOBHS MEHSIOTCS TaK MEIJICHHO, YTO B JIFOOOH MOMEHT Bpe-
MEHH CUCTEMY MOXXHO CUUTATh PABHOBECHOM.

TepMoguHaMuyecKkuil MPOIECC HA3BIBACTCS 0OpamumbiM, €CIU MPU U3MEHe-
HUU BHEUTHUX YCJIOBUU B OOPATHOM MOPSIAKE CUCTEMA IIPOXOJAUT B OOPATHOM MOPSII-
K€ T€ YK€ COCTOSIHUSA, YTO U B MPSIMOM Mpoliecce. B mpoTuBHOM cityyae mporiecc Ha-
3pIBacTCsl HeoOpamumvim. OOpaTUMBIMM MOTYT OBITh TOJBKO PaBHOBECHBIE
MPOLIECCHI.

PaBHOBecHOE cocTosiHuE (PU3UYECKH OJHOPOAHON M M30TPOMHON MaKpocucTe-
MBI TIOJTHOCTBIO OIPEISIsACTCs 3aJaHiueM ABYX mapaMeTpoB (Hampumep oobemMoM V u
JaBJICHUEM [), a TpeTHii mapameTp (Temneparypa T) MOXKeT ObITh HalIeH U3 ypaBHE-
HUs cocTosiHuA. [ToaTOMY cocTOsTHUE CUCTEMBbI TpaUiIecKu MOKHO U300pa3UTh TOY-
KOW Ha KOOPJWHATHOMW IJIOCKOCTHU, MO OCSIM KOTOPOH OTKJIAJBIBAIOTCS 3HAUYCHUS Tla-
pameTpoB coctosiHus. Ha miockoctu VP (KoTopyro ele Ha3biBaloT VP-auarpamMmoi)
1o ocu adciucc (rOPU30HTAIIBHOW OCH) OTKJIABIBAOTCS 3HaueHHs oObeMa V, a 1o
ocu opAuHAT (BEpPTHKAIBbHOM OCH) — 3HaueHHs AaBieHus P. Kpome mimockoctu Vp
MOJIB3YIOTCS TJIOCKOCTBIO TP, miiockocthio TV u np. Ilpu mporekanuu B cucteme
PaBHOBECHOTO Mpolecca TOYKa, N300pakarolasi €e COCTOSHHUE, OMUCHIBAET HA TUIOC-
KOCTU HEIPEPBIBHYIO JIMHUIO. TakuMm 00pa3oM, paBHOBECHBIEC IPOIIECCHI M300paxka-
I0TCSI HEMIPEPBHIBHBIMU JIMHUSIMK. HampaBieHue npoiiecca yka3blBaeTcsi CTPEJIKO.

H3zonpoyeccamu Ha3bIBAlOT PABHOBECHBIE TEPMOJIMHAMUYECKHE TMPOLECCHI,
MPOTEKAIOIINE B UJICAIbBHOM ra3e ¢ HEU3MEHHBIM KOJIMYECTBOM BEIIECTBA MPHU (DUK-
CUPOBaHHOM (IIOCTOSTHHOM) 3HAYCHHH OJHOIO M3 IMapaMeTpOB COCTOSHHS (TeMmIepa-
TYpbI, JaBJICHUS WK 00beMa).
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H3omepmuueckuu TPOLECC — PABHOBECHBIM TEPMOJMHAMUYECKHUI MpoLece,
MPOTEKAIOMIMIA B JAHHOM KOJIMYECTBE HJCAIBHOTO Ta3a MOpU MOCTOSHHOU
TeMIeparype.

Hzomepmuueckuii 3axkon (3axon boins-Mapuomma): 1 JaHHOTO KOJIAYECTBA
WJICTBHOTO Ta3a MpU MOCTOSIHHOM TeMIlepaType MPOU3BEICHUE AaBICHHUS P ra3a Ha

ero o0wseM V ocTaercsi HEM3MEHHBIM:
pV = const (mpm n =const u T =const).
H3omepma — HeTipepbIBHASI JIMHUS, KO-
topyto Ha miockoctu VP (Tp, TV u ap.) onu-
ChIBa€T TOYKA, H300pa)karolias COCTOSHHE
MakpocHucTeMbl ((DU3MYECKH OJHOPOJHON H
H30TPOITHOM), COBEPIIAIOICH H30TepMUYE-
ckuii mpouecc. Ha mmockoctu Vp  (Vp-
aUarpaMme) M30TepMa MPEACTaBIseT COOOM
runiepbony (puc. 23). Jlns mroObIX TOUEK,
NPHUHAUICKAIIMX OJHOM H30TepMe (Hampu-
Mep, 1 u 2), TOJDKHO BBIOJHATHCS CIEIYIO-
1Ie€ PaBEHCTBO:

PV = PV,

Yem BhIiie (UKCHpPOBAHHAS TeMIepaTypa
MIPY U30TEPMHUUYECKOM MPOIECCE, TEM AANbIIE OT KOOPAUHATHBIX OCEM HA IUIOCKOCTH
Vp pacnionaraercs COOTBETCTBYIOIIAs U30TEpPMa.

H306apubiii iporiecc — paBHOBECHBIM TEPMOJAMHAMUYECKHUHN TpoIlecC, MpoTe-
KaloIlMil B JAHHOM KOJIMYECTBE UJICATIBLHOIO Ta3a MPHU MOCTOSSHHOM JaBJICHUHU.

Hzo06apnvui 3axon (3axon Ieti-/lloccaka): A JaHHOTO KOJUYECTBA HJICaTbHO-
ro Tra3a npu MOCTOSIHHOM JIaBJICHUH OTHOIlIeHUEe o0beMa V ra3a K ero temmeparype T
OCTaeTCs HEU3MEHHBIM

Puc. 23

\Y
T = const (mpu n =const u p=const).

Hz06apa — HenpepbiBHAS JIMHUSA, KOTOpyIo Ha tutockoctu 1V (Vp, Tp u ap.)
OMHUCHIBAET TOYKa, H300pa-

KaroIasi COCTOSTHUE MaKpOCHC- P> P P

TeMbl ((PU3UYCCKU OTHOPOTHOM

U M30TPOITHOM), COBEPIIAIOIICH P

n300apHbIi mpouecc. Ha mioc-

koctt TV  (TV-muarpamme) Py

n3o0apa MpeacTaBiseT coOoi

PSAMYI0, TPOJOJDKEHUE KOTO-

poli NPOXOAUT dYepe3 Hayaao 0 V

koopauHat (puc. 24, a)), a Ha a) Puic. 24 6)
mwiockoctn VP (ma  Vp-

auarpaMmme) — IpsAMYI0, MeprneHauKysipayo ocu Op (puc. 24, 6)). Jlns mo0bix To-
YeK, MPUHAJICKAIINX OHOW n300ape (Hanpumep, 1 u 2), BHIOIHICTCS CIEAYIOIICe
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PaBEHCTBO:

Uem Bbille (PUKCHUPOBAHHOE 3HAYCHHUE IABJICHHS TPU HU300apHOM TIpoliecce, TeM
MEHBIII€ YT'0JI HAKJIOHA COOTBETCTBYIoMIEH n300apsl k ocu OT Ha mmockoctu TV.
H30x0pHblil IPOLIECC — PABHOBECHBI TEPMOAMHAMUYECKUNA MNPOIECC, MPOTe-
Karolui B TAHHOM KOJIMYECTBE UJ€aJIbHOI0 ra3a Mpu MOCTOSTHHOM 00beMe.
H3zoxopnviil 3axon (3axon [llapas): Ay JTaHHOTO KOJIMYECTBA MCATLHOTO ra3a
MIPU MOCTOSSHHOM 00beMe OTHOIIICHUE JIaBJIICHUS P ra3a K ero remrmeparype | ocraer-
Cs HEU3MEHHBIM:

P - const (mpu n =const u V =const).

Hzoxopa — wHenpepbIBHAS p
JMHKS, KOTOPYIO Ha IUIOCKOCTH
Tp (Vp, TV u np.) omuceiBaet
TOUYKa, HM300pa)karomias COCTOs-
HUE MaKpPOCUCTeMbI ((U3HUSCKU
OJTHOPOJHOM W  HM30TPOITHO¥),
COBEPIIAOIIECH U30XOPHBIN ITPO-

V, >V, P

necc. Ha mmockoctu Tp  (Tp-
ArarpaMMme) M30Xopa MpesCTaB-
JseT Cco0OM TpsAMYIO, TPOAO-
KCHHE KOTOPOH MPOXOIUT Yepes Puc. 25
Havajao koopauHat (puc. 25, a)), a Ha mockoctu VP (Ha Vp-auarpamme) — npsMyro,
nepreHaukyisipayto ocu OV (puc. 25, 0)). st m00bIX TOYESK, MPUHAIICKAIUX O]
HOU n3oxope (Hampumep, 1 u 2), BBITOIHATCS CIEAYIONIEEe PABEHCTBO!

PP
Tl T2
Yem BbIlIe (UKCHPOBAHHOE 3HAUY€HHE OOBbEMa rasa Mpu U30XOPHOM Ipoliecce, TeEM
MEHBIII€ YT'0JI HAKJIOHA COOTBETCTBYIOMIEH n30x0ophl K ocu OT Ha mutockocTu TP.
C Touku 3peHUsT MOJICKYJISIPHO-KUHETHYECKON TEOPUHU JaBJIeHUE Ta3a Ha CTCH-
KM COCY/1a, B KOTOPOM OH 3aKJIIOUEH, €CTh Pe3yJIbTaT COBOKYIHOI'O JAEHCTBUS MHOXeE-
CTBa MOJIEKYJI Ta3a Ha CTEHKH COCY/a, OKa3bIBAEMOTO IPHU MX COyIapeHusix. Ypas-
HEHUE, CBS3bIBAIOIIEE MAaKpOIapaMeTp JIaBJIeHUe P UJeaJbHOr0 ra3a, HaxXoIAIerocs
B TEPMOJAMHAMUYECKOM PaBHOBECUH, U CPEHIOI KUHETHYECKYIO SHEPIHUIO IMOCTYyIIa-

0 V2V1 V
0)

k
TCJIBHOI'O ABUXCHMUA <W > €TI0 MOIJICKYJ, HAa3bIBAKOT OCHOBHbIM YPABHEHUEM KUHE-

nocm

Mmu4ecKou meopuu UOeailbHo2o 2asda.
2
- k
p - § n<Wnocm> !

rae N —KOHIECHTpalys MOJICKYII Ia3a.
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k )
CpCJIHHH KHMHCTUYCCKAA SHCPTUA MOCTYINATCIIBHOTO JABHIKCHUA <W > OJHOH

nocm

MOJICKYJIBI I'a3a paBHaA

) =)

nocm - 2

o 2
Tac mo — MacCCa OJHOU MOJICKYJIhI, <U > — CpCAHCC 3HAYCHHUC KBaApaTa CKOPOCTH

MOJIEKYJ Ta3a.

B n11000#1 MakpoCKOTIMYECKOH crCcTeMe, HaXOASIIEHcs B TEPMOAMHAMUYECKOM
PaBHOBECHHU, CKOPOCTH OTAEIbHBIX MOJEKYJ B 000 MOMEHT BPEMEHH HEOIMHAKO-
Bbl. [13-3a CTOJKHOBEHHUI MOJEKYJ UX CKOPOCTH XAaOTHYECKH MEHSIOTCS, OJHAKO B
PABHOBECHOM COCTOSIHUM yCTaHABIIMBAETCSA CTALlMOHAPHOE PACIPENEIEHUE MOJIEKYII
10 CKOPOCTSIM, He 3aBHcsiiee oT BpeMeHH. Uncao dN Mosekysn, MOIyIu CKOPOCTEi
KOTOPBIX 3aKIIOYEHBI B HHTEpBasie OT U 10 U + dU , MOXKHO NIPE/ICTAaBUTh B BHJIE

dN = N-F(v) do,

rae N — o01iiee ynciio MoJIeKy a1 MakpocucTeMbl, F(U ) — GyHKIus pacnpeseieHus mo
aOCOJIIOTHBIM 3HAYEHHSIM CKOpocTell Mojekyn. Bua stoil dyHkuuu ObuUT HailneH
JIx. K. MakcBemioM u Ha3bIBaeTCsl 3aKOHOM pacnpedenenus Maxceenna no mooynio

cKOpocmeu MoJeK) .

ﬁ

gm0
F(u)_4p§2ka5

2

mu 0

2KT 4

rac mo — Macca OJHOH MOJICKYIJIbI, K — mocrostHHas BOJIBI_IMaHa, T — abcomroTHas

u? expg

Temneparypa MakpocucteMbl. Torna cpeonum snauenuem (f) semmunus f = f(v)

HaA3bIBAKOT
¥
(f)=0f U)F(u)du.
0

I'padpuru pynxiun F(u ), coot-
F(u)

BETCTBYIOIIIME PA3IMYHBIM TEMIIEpary-
pam T, u T,, npuBeneHsl Ha puc. 26.

C noMomiplo QPyHKIUMU pacrpenesieHus
F(u) MOXHO paccuMTaTh XapaKTEPHBIC

CKOPOCTHU MOJICKYJI, K KOTOPBIM OTHO-
CATCH.

1) Haubonee eeposimnas cKopocmb 0
U _ — CKOpPOCTh, KOTOPOH COOTBETCTBY-

H.6

€T MakCUMyM (DYHKIIUU pacrpeercHus Puc. 26

F(u) (puc.26). 3HaueHHE ITOW CKOPOCTH ONPEACISICTCS W3 YCIOBHS au =0,
u

OTKyHa CJICaAyCT, 4TO



2KT _\/ZRT
m, M

rae M, — macca OXHOI MoJeKynsl, T — abcomoTHas Temneparypa, K — mocrosHaas

BOJIBI_IMaHa, R - YHUBCPCAJIbHAA Ta30Bas IMOCTOAHHAA, M — MOJIpHasA Macca. B pa-
BCHCTBC YUTCHO, 4YTO

2) Cpeonss (unu cpeonsis apugpmemuyeckas) cKkopocmo <u> — CpeJHee 0 BCEM MO-
JIeKyJIaM 3HaYCHUE MOJIYJISI CKOPOCTH, OTIPEIEISIeMOE U3 YCIIOBHS:
¥
’ 8KT 8RT
)=y F(u)du = = )
0 P M p M

3) Cpeonsin kadpamuynas cKOPOCHb Vs — CKOPOCTH, 3HAYCHUE KOTOPOU BBHIYHMCIIS-
eTcs Kak

2
rac <U > — CPCAHCC 3HAYCHUC KBAapaTa CKOPOCTH MOJICKYJ I'a3d, KOTOPOC HAXOJAHUTCA

U3 yCIIOBUS.
3kT _3RT
)= oy Fpau =T =
TOrga
O [3KT \/3RT
K8 rno M b

C YUCTOM OIIPCACICHUS Uy, BBIPAKCHUC I CpCIIHCfI KUHETHUYECKOM OHCPTUHU
IIOCTVYIIATCJIBbHOT'O ABHUKCHU A OIIHOﬁ MOJICKYJIbI MOXHO IIPEACTABUTDL B BUIC

W)= my(U®) _muZ _m kT _3,
A 2 " 2m 2

Yucno cmeneneu c60600bl — 3TO KOJIUUECTBO HE3ABUCUMBIX MMCPCMCHHBIX (KO'
OpIII/IHaT), C MOMOIIBIO KOTOPBIX MOKHO OAHO3HAYHO 3a4aTh IMOJOKCHHUC MCXAHUYC-
CKOM CHCTEMBI B IPOCTPaHCTBe. UNCIIO CTENEHEH CBOOOIBI TAKKE PABHO YHCITY HE3a-
BHUCHUMBIX IIBI/I)KeHI/H‘/’I, KOTOPBIC MOKET COBCPIIATD MCXAHNYCCKAA CUCTCMA.

[TosoXeHre MaTEpHANBLHON TOYKU B IMPOCTPAHCTBE MOIHOCTBIO ONPENEIAETCS
C IMOMOIIIBIO 3 HE3aBHUCHUMBIX KOOpAWHAT (HaHpI/IMep X, y nu Z), CJICOI0OBATCIIbHO, MATC-
puajibHasA TOYKa UMCCT TPHU CTCIICHU CBO6OHBI. Tak xak oonoamomuas MOJICKYJIa ra3a
B OOJIBIIIMHCTBE 3a1a49 MOXKCT paCCMATPUBATLCA KaK MATCpHUAJIbHAA TOYKA, TO €C YHUC-
JI0 cTeneHell cBOOOIBI PABHO TPEM:

oOHoam » 3
ﬂ@yxamOMHCl}Z aHcecmkas MOJICKYJIa (C HCU3MCHHBIM OTHOCHUTCIBbHBIM PACCTOA-
HHUCM MCXKIY aTOMaMH MOJICKYJIBI) rasa UMCCT TPHU MOCTYNATCIIbHBIC CTCIICHU CB00O-
Abl, OJHO3HAYHO OIPCACIIAOINC B IIPOCTPAHCTBC ITOJIOKCHUC NCHTPA MACC 9TOU MO-
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JIEKyJbl, U €lle JBE gpawjameibHble CTEIIEHU CBOOOJIbI, TaK KaK MOXET COBEpIIATh
BpallleHHE BOKPYI [BYX B3aMMHO MEPIEHAUKYISPHBIX OCEH, MPOXOIAIINX 4Yepe3
LIEHTP Macc 3TOM MOJIEKYJbl. BpanieHneM AByXaTOMHOW MOJIEKYJIBI BOKPYT TPEThEN
OCH, TIPOXOJSIIIEH Yepe3 LIEHTPhl €e aTOMOB, MOXKHO TpeHeOpeub. Takum oOpa3om,
JIByXaTOMHasl KECTKas MOJIEKYyJIa UMEET MATh CTETIEHEeH CBOOObI:
.Oeyxam. = inocm + iepau,; = 3+ 2 = 5
acecm
Ecnu nByxaToMHasi MoOJieKyna yrpyras, T.€. BO3MOXKHbBI KOJeOaHUsS €€ aTOMOB
OTHOCUTEJBHO LEHTPA Macc, TO B YHCIO CTENEeHEel CBOOOMBI 3TON MOJEKYJbl HAI0
100aBUTH €11Ie OJIHY CTENEHb CBOOOIbI — K0.1IebamenbHyio, CBI3aHHYIO C PACCTOSIHUEM
MeXIy atToMaMu. MOJIEeKyJIbl, COCTOAIIME U3 TPEX UK 00Jiee aTOMOB C JKECTKOU CBsI-
3b10, UMEIOT IIECTh CTENEeHeN CBOOOABI: TPU NOCTyNATENbHbIE U TPHU BpalllaTeIbHBIE.
3axkon o pasHom pacnpedeneHuu cpeoHeu dHepeuu no CMmeneHaMm c80000bl
bonvymana: B COCTOSHHMM TEIJIOBOIO PABHOBECHUS Ha KAXKIYIO CTENEHb CBOOOIbBI

(kpoMe KosieOaTeabHON) MOJEKYJIbl MPUXOIUTCS B CPEAHEM OJMHAKOBAas dHEPIHf,

1
paBHaA E KT . Ha KOJIe6aTeJIBHYIO CTCIICHDb CBO6OJIBI MMPpUXOOUTCA B CPCOAHCM DHCPIUA

1
ZXE KT (CYMMa PaBHBIX CPCAHHUX 3HAYCHUN KHMHCTUYCCKOU U NNOTCHIUAJIBHOH 3HECP-

ruii). DTOT 3aKOH IMOJyYeH HAa OCHOBE KJIACCHYCCKHMX MPEJICTABICHUI O XapakTepe
JBUKEHUSI MOJIEKYJI, IO3TOMY OH CHpPaBeIJIMB TOI/1a, KOT/la KBaHTOBbIE A ()eKThl He-
CYIIECTBEHHBI (B 00J1aCTH KOMHATHBIX TEMIIEPATYP).

W3 3ak0Ha 0 paBHOM pachpee’eHU CPeIHEeN IHEPTUu MO CTETEHIM CBOOOIbI
CJIENIyeT, YTO CPEHSS dSHEPTHs <W> TEIJIOBOTO JIB)KEHUS MOJIEKYJIbI paBHA

<W>=i—2kT,

riue yuciao | =I +i + 23 Yucsio | COBIAIAET C YKUCIIOM CTEIEHER CBO-

nocm epauy Koneb *

6OIIBI TOJIBKO IJII MOJICKYII C YKECTKOM CBS3bIO MCKAY UX aTOMaMU.
CpeJIHSIH OHCPIUA <W> TCILJIOBOT'O ABUKXCHMUA HBYXaTOMHOﬁ JKECTKOM MOJICKY-

JIBI MOJKET OBITh NpcaAcTaBjICHa B BUJC

W) = (W) + (W)

nocm epauy

nocm

i 3
rae <Wk > = % KT = 2 KT  — cpenusisi KHHETHYECKAst SHEPTHUS NOCMYNAMENbHO20

ABUIKCHUS MOJICKYJIbI,

i6 a 2
<V\/6;aw> = pzu’ KT =EkT =KT — cpenHss KHHETHUYECKas SHEPIUS SpPAAMENbHO2O

JBH>KEHUS MOJIEKYJIBI.

C TOUYKM 3peHHs] MOJEKYJISIPHO-KUHETUYECKOU TEOpUU 8HympenHss dHnepaus U
PaBHOBECHOI MAKPOCHUCTEMBI COCTOUT U3 CYMMapHON KHHETUYECKOM SHEPTUU TEILIO-
BOI'O JIBUKECHHSI BCEX €€ MOJIEKYJ U MX MOTEHIMAIbHOW SHEPTUM B3aUMOICHUCTBUS.
BuyTpeHHss1 sHeprus sIBISETCA BEIWYMHON aNIWTUBHOM, T.€. BHYTPEHHSSI SHEPTHUs
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MaKpOCHUCTEMBI paBHAa CYMME BHYTPEHHHMX SHEPTHIA BCEX YaCTCH 3TON CUCTEMBI.
CornacHO MOJEKYJISIPHO-KUHETHYECKUM TPECTABICHUSIM GHYMPEHHss dHep-
euss U uoeanvrnozo eaza BKIIOYAET B ¢€0sl SHEPTUU TEIUIOBOTO JBMXKEHUSI BCEX MOJIe-
KYJI 9TOTO Ta3a, T.e.
U = N XW),
rie N =N,n —uucino monexyn raza, N, —uucno ABoragpo, N — KOJIMYECTBO Be-
IIECTBA, COJIEPKAIIETOCs B ra3e;

i
<W> = 5 KT — cpennsist sHeprusi MoJieKyJibl ra3za, K — nocrosinnas bonbimana, T —

a0COJIIOTHAsI TeMIIepaTypa, | — YMCII0 CTeNeHe CBOOO I MOJICKYJIBI (KECTKOH).
VuaureiBas, uto N, *k = R — yHuBepcanbHas ra3oBas MOCTOSHHAs, BBIPaXKe-

HUC IJI4 BHYTpeHHeﬁ 3HepI‘I/II/I NJICAJIBHOTI'O I'a3a MOXXHO 3aIIuCaTh B BUAC
[ I m
U=—nRT=——RT,
2 2 M

rae m— macca raza, M — ero momsipHas macca. [IpyHuMas Bo BHUMaHH€E ypaBHEHHE
MenneneeBa-Knaneitpona pV =n RT , BHyTpeHHssl SHEPTUs UI€aJIbHOTO T'a3a paBHa

|
U=—npV,
2IO

re P — JaBjieHUE ra3a, V — 3aHUMaeMbIii UM 00BhEM.
DnemenrtapHoe npupaiienne dU BHyTpeHHEH SHEPrUuM HIealbHOIO Ta3a:

du = nRdT.
2

W3menenue (npupalieHre) BHYTPEHHEH YHEPrHU UICATBLHOTO Tra3a MpH mepe-
xone u3 cocrosiuus 1 (mpu temmnepartype Ti, AaBieHun P; U 00beMe Vi) B COCTOSTHHE
2 (mpu Temnepatype T, maBieHuu Py u o0beMe Vo):

I I
DU =U, - U, = nR(T,- T)=_(pY, - PV)).

[lpu MOBBIIIICHUH TEMIIEPATYpPHI Ta3a MpHpaIleHHe ero BHYTPEHHEH SHepruu
DU >0, npu nonmwxkennu temneparypsl — DU <O0. Ecou T, =T, o DU =0.

BHyTpeHHss1 S5HEprusi MAaKpOCUCTEMBI 3aBUCUT TOJIBKO OT TEPMOJIUHAMHYECKO-
IO COCTOSIHUS 3TOM cucTeMbl. BHyTpeHHSsIs1 SJHEprusl ABJISIETCS OJHO3HAYHON (DYHKIIH-
el COCTOSIHHSA TEPMOJAMHAMHYECKOW CHCTEMbl U HE 3aBUCUT OT clocoba mepexoja
ATOW CUCTEMBI B JAHHOE COCTOSIHHE.

Konuuecmeo meniomer Q (mennoma)— sHeprus, nepelaHHas MaKpOCHUCTEME
IIyTeM TEIUI0O0OMEHA, T.€. B pe3yJIbTaTe Ipolecca Nepejaul 3 HEPTUU OT OJITHOTO Tella
apyromy 6e3 copepuieHus: padbotel. KonmnuectBo terminorsel Q — BennuuHa anredpau-
yeckKasi, T.€. YCIOBUJIUCH, YTO €CJIM CUCTEMa IoJay4yaeT TeioTy, To Q > 0O; ecnu Ten-
nota otBoguTcs oT cuctembl, To Q < 0. KonuuectBo Ternotsl Q siBisieTcss QyHKINU-
€il mporecca, T.€. €¢ 3Ha4eHHE 3aBUCUT OT THIIA IPOIEcca, B X0J1€ KOTOPOro Makpo-
CUCTEMa JIOCTHUIJIa JaHHOI'O cOCTOssHUA. [1oaToOMy 31eMeHTapHOE KOJIMYECTBO TEILIO-
ThI IPUHATO 0003HauaTh 0Q.
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Onemenmapnas paboma OA cun naBiaeHus rasa npu mMainoM m3meHeHun dV
ero oobemMa paBHa
dA = pdVv ,
r7ie P — JaBlieHUE rasa.
Paboty A cun gaBneHus ra3a npu KOHEYHOM M3MEHEHHMH ero oobema oT V, 110

V, MOXHO BBIUUCIIUTH KaK
\2
A= dp(V) av,
Vl
rae p(V) —3aBUCHMOCTD JaBIICHHS ra3a OT ero 00bemMa B JaHHOM MPOILIECcCe.
W3 reoMmeTpuuecKoro cMbIcia ONpeeIeHHOro HHTerpajia ciaeayer, yTo padbora
A cui 1aBleHMs raza YKCICHHO paBHA (C TOYHOCTHIO
710 3HaKa) IJIOMIAAX KPUBOJIMHEHHON Tparennu, 00- P V)
pa3oBaHHON Ha TUIOCKOCTU VP rpadukoM (QyHKIIMU
p(V), oceto abcruce (OV) u npsIMBIMH, COOTBETCT-

BYIOIIIMMH TIpeiesiaM uHTerpupoBanus (puc. 27).
[Tockonbky Bua pynkuuu P = pP(V) 3aBUCHUT

OT THIA MPOLECCa, B XOAE KOTOPOrO H3MEHSETCS  (
o0BeM rasza, To paboTa, coBeplaemasi CHIAMH JaB-
JIeHWsI Ta3a, 3aBUCUT OT Tuma mporecca. [loatomy
paboTa A cul aBJIeHUS Ta3a siBisieTcs PYHKIMEH mporecca.

PaGora A cun maBneHUs Trasza SBISETCA anreOpanmyecKoll BETUYMHON: €CIn
o0beM raza yBenuumBaercs , To 4 > 0; ecnu o0beM raza ymensinaercs, 10 A < 0.
Ecmn V, =V, 0 4 =0.

AHaM3 OrpOMHOTO YHCia IKCTIEPUMEHTAIBHBIX (DAKTOB MOKA3bIBACT, YTO W3-
MEHCHHE BHYTPECHHEH HEPTrUU MaKPOCHCTEMBI C PUKCHUPOBAHHBIM 3HAUYCHUEM KOJIH-
yecTBa BemiecTBa (N = CONSt ) BO3MOXKHO MPH COOOIIEHUH STOM CHCTEME HEKOTOPOIo
KoJIn4ecTBa TeruioThl Q u (MiK) coBepieHUH paboThl A CHIIaMU JIaBJICHUS JaHHOU
cucteMsl. [Ipu aToM pazHocth Q — A  He 3aBHCHUT OT THIIA MTPOIIECCa, a €€ 3HAYCHHE
OJTHO3HAYHO OTPEACISACTCS TEPMOIMHAMHYECKUMH IMapaMeTpaMy HA4aJIbHOTO U KO-
HEYHOTO COCTOSIHUN MaKpOCHCTEMBI. DTOT (aKT Ha3bIBaeTcs | Hauanom mepmoouna-
MUKU, KOTOPOE SBIISICTCS OAHUM M3 (YHIaMEHTATbHBIX 3aKOHOB (PM3UKH H TPECTaB-
JseT co0oi Mo CcyTH OOOOIIECHHBIH Ha COBOKYMHOCTh MEXaHHUYECKHUX U TEIUIOBBIX
MIPOIIECCOB 3aKOH COXPAHECHHSI SHEPTUH.

[ToaTomy oObr4HO | Hauano mepmoounamuxu GOPMYIUPYIOT B BHUAEC 3aKOHA
COXpaHEHHS SHEPTUU. KOJMYECTBO TETIOTH Q, mepeganHoe MakpocucTeMe ¢ (PUKCH-
pPOBaHHBIM 3HAYCHHEM KOJIMYECTBa BemiecTBa (N = CONSt), UICT Ha MpHpAIlCHUE ce
BHyTpeHHel sHeprun DU u Ha coBepuienue padbotsl A cuiiaMu AaBieHUS 3TOH CHC-
TEMBI.

Q=DU +A.

Marematuueckoe Belpaxenue | nauana mepmoounamuxku B nuddepeHunansb-
HOH popMe (U1 SIeMEHTapHOTO TEPMOJUHAMUYECKOTO TIPOIIECCca) HMEET BUJT
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dQ =dU +dA wm  dQ=dU + pdV .

Tennoemxocmoio C TCJIa HA3bIBACTCA CKaJIApHAA @HBHH@CK&H BCIIMYMWHA,

mena

paBHAA OTHOIICHHIO 3JICMCHTAPHOI'O KOJIMYCCTBA TCIIIIOTHI dQ, COO6H_ICHHOI‘O TCIYy, K

COOTBCTCTBYIOICMY IIPpUPAIICHHIO dT ero TCMIICPATYpPbl B IdHHOM TCPpMOIWHAMMU-
YECKOM IIpoLeCcCe.

Cmerza - d_Q "

- dT

B CH [Cpend] = LITx/K.
Monapuaa mennoemxocms C  — TEIJIOEMKOCTh OJHOTO MOJIA BEIIECTBA
(n =1 moun):
C 1
C - mena - __ dQ .
n n dT

B CU [C] = 1]1x/(moa5-K)
[Mockonbky dQ sBnsieTcs GyHKIMEH nporecca, To TerioeMkocts C,  Tena u

mena

MOJIpHasA TCIIIIOCMKOCTD C TaxKe SBISIOTCS d)VHKI_II/IHMI/I IIponeccca.
Oco6oe 3HaueHNEe UMCIOT MOJIAPHBIC TCINIOEMKOCTH JJISI IBYX IIPOLICCCOB.

I +2
MIPU IOCTOSTHHOM AaBjeHun C o C = T R,

p

IpU NOCTOSTHHOM 00beMe C,, : C, R.

i
2
Ipumenenue | nauana mepmoOUHAMUKY K UZORPOYECCAM

1. Uzomepmuueckuii npoyecc (N =const u T =const).

N3menenue Buytpenneii sueprun DU =0.
3aBHCUMOCTH JaBIICHUS P raza oT ero oobema V uMeeT BU/I

nRT
p(V) = v
ITosTomy pabota 4 cuil faBieHuUs raza Npyu U3MEHEHUH ero oobema ot V, 1o V, Oy-
IeT paBHA
Va Va
A= ggdv =n RTC\)(i/l =n RT Invt2 =n RT(InV, - InV)) =n RTIn%.
A A ! 1

KonunuectBo temnotel Q, mepepaHHoe razy Mmpu HU30TEPMHUYECKOM MPOILECCE,
UJET TOJIbKO Ha COBEpIIIEHUE padOThl A CHJIaMM JIaBJICHUS ATOTO Tra3a:

Q=A.
2. Uz06apnwiii npoyecc (n =const u  p=const).
N3menenne BuyTpeHHel sHepruu DU raza mpu mepexone u3 coctosHusi 1 B
COCTOSIHUE 2:

DU =-n RDT =~ pDV .
2 2

PaboTa 4 cun naBneHus rasa npu U3MEHEHHHU €ro oovema ot V, 1o V, Oyner
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paBHa
v, V.

A= pdV =pgV = pV KZ =p(V,-V,)=pDbV =nRT, - NRT, =n RDT .
\A \A -
CpaBHuBas BeIpaxkeHUs AJisi paboThl A ¥ U3MeHeHus1 BHyTpeHHeu sneprun DU raza
Ipu I/1306apHOM mponecce, nmojaydacm CICcayromee COOTHOIIICHHUC.

DU =L A.
2

KonuuectBo Temnotel Q, mepeaaHHoe ra3y mpu H300apHOM IIpolecce, HAET Ha
npupaiieare BuyTperneii sueprun DU rasza u Ha coBepienue padboTsl A €ro cHaaMu
JaBICHHS

i | +2 | +2
Q=DU + A=§n RDT +n RDT =Tn RDT =T pDV .

3. Uzoxopuwiii npoyecc (N =const u V =const).

N3menenne BHyTpenneil sneprum DU rasa mpu nepexome u3 coctosiHus 1 B
COCTOSIHUE 2:

DU =-n RDT =-VDp.
2 2

Pabora A4 cun naBnenus raza: A =0.
KonudectBo Terorel Q, mepemaHHOE rasy MpU U30XOPHOM IIpoliecce, HIeT
TOJIBKO Ha MpupaiieHne BHyTpeHHel sneprun DU rasza:
Q=DU.
4. Aouabamuueckuii npoyecc — TEPMOJUHAMUYECKHUN MPOIECC, MTPOTEKAIOIINI
B JIaHHOM MakpocucTeMe 0e3 TermiooomMeHa ¢ BHemHel cpeqoit, T.e. Q =0. Vpasne-

HUe pad6HOBECHO20 aouabamu4ecko2o npoyecca, MpoTCKAIWICTO B UACAJIBHOM TIa3c,
(ypaBHCHI/Ie HyaCCOHa) CBA3BIBACT MAPAMETPLI €0 COCTOAHUA U UMCCT BU]L

pV?¢ = const,
rie § =— = —— — mokasareib agunabatel (aguadaThyeckas MOCTOSHHAS WM KO-

spdurment [lyaccona). YpaBHeHHE aanadaTHUYECKOrO IMPOIECca MOXHO TpejcTa-
BUTH B IPYTUX MMapaMeTpax, HallpuMep:
TV = const . P

[TockonbKy 1o onpeaenenuto g > 1, To u3 aToro ypas-
HEHUS CIEAyeT, YTO TPU PABHOBECHOM aInadaTHYECKOM
pacIIMpEeHUU ra3 OXJak/1aeTcs, a NP paBHOBECHOM ajuada-
TUYECKOM C)KaTHH — HarPeBaeTCl.

Aouabama (puc. 28, xpuBas 1) Ha KOOPJAMHATHOM 0
TIOCKOCTH VP HIET Kpyde u30TepMbl (puc. 28, kpubas 2). Puc. 28 V

[Tockonbky npu aanadbatuueckoM mpouecce Q =0, To-

ra B COOTBETCTBMM C | HayaJioM TepMOJMHAMUKHU, paboTa CUJ AABJIECHUS ras3a co-
BEpIIaeTCs 3a CYET YObLIU €ro BHYTPEHHEH SHEpruu:

=-DU.
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Il Hayamo TepMOAMHAMHMKHM — 3aKOH, 3alpelarolluii HEKOTOPbIC TEPMOIHHA-
MHUYECKHE MPOIIECCHI, HE HAPYIIAOIINE 3aKOH COXPAaHCHHS YHEPTHH, T.€. OH MO3BOJIS-
eT yCTaHABJIMBATH HAMPABJICHUE MPOIECCOB, KOTOPHIE MOTYT MPOMCXOANUThH B JICHCT-
BUTEIHHOCTH.

Il nauano mepmoounamuxu (popmynuposka P. Kmaysuyca, 1850 r.): HeBo3-
MOYEH TPOIIECC, EAMHCTBEHHBIM KOHEUHBIM PE3yJIbTaATOM KOTOPOTO OBLIT ObI IEPEeXo/1
TEIUIOTHI OT MEHEEe HarpeToro Telia K Tely 00Jee HarpeToMy.

Il nauano mepmoounamuxu (hopmynupoBka ¥Y.Tomcona (Kenbpuna), 1851 r.):
HEBO3MOYKHBI KPYTOBBIE MPOIIECChI, IMHCTBCHHBIM M KOHEYHBIM PE3yIbTaTOM KOTO-
pbIX ObLTO OBI MPEBpAICHUE BCETO TOIYUYESHHOTO TEIIa IETUKOM B paboTy.

Tennosoti osucameny (Mawiuna) — MEPUOANYECKU JCHCTBYIOIEE YCTPOUCTRO,
npeoOpasyroliee TEeIJIOTy B MEXaHHYECKYylo paboty. JItoOo# TeroBoi IBUTATENb
pabotaet mo kpyrosomy mnporeccy (mukny) (puc. 29). OCHOBHBIEC YacTH TEILIOBOTO
JBUraTelsl: Harpesarens, pabodee Teno (ras wim

Apyroe BEIIECTBO) M XOJOAWIBHHMK. Haxomsch B )
HavyaJgbHOM cocTosHuM 1, ra3 (pabGouee Teno) ot
HarpeBares IoJIy4aeT HEKOTOPOEe KOJIMUYECTBO Te-
wioThl Q) U MEPEXOIUT B COCTOSIHHE 2 110 KPUBO Q,

a. Ilpu 3TOM Ta3 pacmupsercs, U €ro CUIbl AaBje-
HUSL COBEPIIAIOT MOJOXKUTEIbHYIO padoTy A;. Tlo
| Hawamy TepMOAMHAMUKH

Ql =U 2° Ul + A& 0
3areM ra3 BO3BpallaeTCs B MCXOIHOE COCTOSHHE Puc. 29
o kpuBoi 2b1. [Tpu 3TOM CHJIBI JaBJICHHS ra3a COBEPIIAIOT OTPUIIATECIIbHYIO PadoTy
Ay, abcoroTHas BEJITMYMHA KOTOPO OblTa ObI MeHbINE A;. B Xoze aToro mpomecca ras
OTIAET XOJOIMWIBHUKY KosmdecTBO TemnoTel Q, < 0, xotopoe coriacHo | Hauamy

TEPMOIMHAMHMKHU:
Qz = U1 -U ot Az
Pabora A, KOTOpYIO COBEpPILAIOT CHJIBI JaBJICHHUs ra3a 3a 1ukia 1a2bl, paBHa

A=A+A=Q-U,-U)+Q,- U,-U,)=Q +Q,=Q - [Q,].

KIIJ[ mennogoco osucamenss h — xapakrepuctuka 3¢ PpEeKTUBHOCTH ero pado-
ThI, paBHasl OTHOIIICHUIO PaOOThI A CHJI JaBJCHUS raza 3a MUK K KOJUYECTBY TETUIO-
ThI Q1, TTOTJIOIIAEMOMY TIPH STOM Ta30M:

— A — Ql - |Q2|
Q, Q,
KII/I yacto BbIpaxaercs B IPOLICHTAX:
h =A ><lOO%=Ql_—‘Q2‘><lOO%.
Q h
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Huxn Kapno — MUKIAYECKUN OOpATUMBIN MPOIECC, COCTOSIIHIA U3 IBYX H30-
TepM U nByX anuadar (puc. 30):
1® 2 — ra3 umzorepmuuecku (T, =const) P
pacimpsieTcs, mojyJast OT HarpeBa-
TENSl C TEMIIEpaTypol Tp KoJIHye-
CTBO TeIIOThl Q,;

2® 3 —ra3, U30JIMpPOBaHHBIA OT HarpeBa-
TeNs, aanabaTHYECKH pacCIIHpseT-
cs, MPH DTOM TeMIeparypa rasa
yMEHbBIIAETCs 10 To;

3® 4 — ra3 mzorepmuuecku (T, =const) 0 v

C)KMMaeETCsI, OThaaBas XOJIOAWIbHH- Puc. 30
Ky ¢ Temneparypoil T, konuuecTBo TemnoTel Q, <0;

4® 1 — ra3, U30JMPOBAHHBIA OT XOJIOJWIBHUKA, aaqua0aTHYCCKH COKUMACTCS, MPHU
ATOM TeMIIepaTypa ra3a yBeIuduBaeTcs 10 1.
TemnoByro Maiuny, padoTtariryro mo nukiy KapHo, Ha3bIBalOT uoeaibHblM menio-
8blM OgucameiemM, Wi uoeaibHou meniosol mawuroi KapHo.
Teopema Kapno:
1) KII/I oOpaTiMbIX TEIUIOBBIX ABUTaTescH, paboTaromux o mukiny KapHo, 3aBucut
TOJIBKO OT TeMImepaTyp 11 HarpeBatTessi U [, XOJIOIUIbHUKA, U HE 3aBUCHUT HU OT YCT-
poiicTBa ABUTATENIS, HU OT PoJia pab0vero BellecTna:
h = Tl B Tz .
K )
Tl
2) KIIJ] nroboro TemoBoro ABUrareis He MoxkeT npesbimarts KIT/I TerioBoro aBu-

rarens, padorarouiero no nukiay KapHo B ToM ke HHTepBaje TeMIeparyp:
hEh,.

52



INPUMEPBI PEHIEHUSA 3AJAY

Ipumep 1. qaCTI/IL[a JBHIKETCS TaK, YTO €€ CKOPOCTh N3MEHSACTCS CO BPEMEHEM
1o 3akony U (t) =t? X - 3t ><j + 25 (m/c), rme t — Bpemst B cekyHax. B HayambHBbIH
MOMEHT BpeMeHH top = O yacTuia Haxoaunach B Touke ¢ koopauHatamu (1 m; O; 0).
Haiitu: 1) 3aBUCMMOCTB OT BPEMEHH MOJIYJISI CKOPOCTH YACTHIIBI; 2) 3aBUCUMOCTH OT
BPEMCHH BEKTOPa YCKOPEHHUS U MOJYJIsA YCKOpeHHs; 3) KHHEMaTHYCCKUIl 3aKOH JBH-
’KeHHs JacTullpl; 4) paanyc-BeKTop B MoMeHT Bpemenu {;=1,0 C; 5) Mmoayns mepeme-

IICHUS YacTHLbI 3a Bpems Dt =t - t;.
Jlano: Pewenue:
1 (v
d (t) =t? 9 - 3t Xj + 25K (mlc) dusryecKkas CUCTEMA COCTOMT U3 OJHOW YacTH-
_ _ o bl, CKOPOCTH KOTOPOil HU3MEHSETCS CO BPEMEHEM II
(=0, X=1mM, yg=z=0 | bl CKOPOCTE Ko ozp(; 3MEEACTCA CO BPEMEHEM II0
t,;=1,0cC 3akoHy  U(t) =t - 3t %] +2>xK (m/c).
1) u(t) =7 Tak Kak BEKTOP CKOPOCTH U YaCTHIIbI CBS3aH C
2) a(t), a(t) —? €ro MpOeKIHsIMU U, U, , U, Ha KOOPIHHATHbIC OCH
' r ) ! '
3) r(t) =7 U=u X +u xj+u, Xk,
1
4) r(t) -7 TO 3aBUCHUMOCTH OT BPEMEHH NPOEKIMI BEKTOpa
5 Dr -? CKOPOCTH JIaHHOM YacTHIBI Ha KOOPJAWHATHBIE OCH

u, (t) =t? (ule),

HUMCIOT BHU

u,(t) =-3t (mlc), u, =2 (mlc).

1) MOIIYJIB CKOpPOCTH Y9aCTHUIBI CBsA3dH C €0 IMPOCKIOUAMU HA KOOPAHHATHBIC

ocu Kak U =\/uf +u§ +Uz2

THUIBI OT BpEMCHHU NUMCCT BUJI

TOrJa UCKOMad 3aBUCUMOCTb MOAYJII CKOPOCTHU YacC-

u(t) =vt* +9t* +4 (m/c).

2) BeKTop yCKOpeHHs A MOKHO BBIPA3MTh Uepe3 ero MpoeKIuy a,, a, a, Ha

KOOPAWHATHBIC OCHU CJIICAYIOIIUM 06pa30M:

r ! | '
a=a, ¥ +a, xj+a, xX.
1

r

W3 onpeneneHus BEKTOpa yCKOPEHUs a = P CJIE/IyeT, 4TO MPOEKIUU BEKTOpa

YCKOPCHUA YaCTUIBbI HA KOOPAMHATHBIC OCH pPABHBI IMPOHU3BOJHBIM OJHOMMCHHBIX

MPOEKIUI €€ CKOPOCTH MO BPEMEHHU:

VuursiBag, uto U (t) =t* (m/c), u,(t)=-3t (m/c), u,=2 (mlc),

_dux _duy _duz
a, = , =—, a = .
dt dt dt

HaUJEeM MPOEK-

o ax, ay, az BCKTOPA YCKOPCHUA YaCTUIbI HA KOOPAHWHATHBIC OCH.

du,
a, =
dt

=2t (m/cd),

3D, a =Mz

a = Uy_
dt ot

y

Torna 3aBUCHUMOCTDb OT BpECMCHH BCKTOPA YCKOPCHUA YaCTHIBI UMCCT BU]L
1

a(t) =2t ¥ - 3% (wlcd).
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Moaynb yCKOPEHMSI CBsi3aH C €ro MPOCKUHMSIMH Ha KOOPAWHATHBIE OCH KakK
a=,a’+ aj +a%, Toraa MoIyJib YCKOPEHUsI YaCTHIIBI 3aBHCHUT OT BPEMEHH:

a(t) =v4t> +9 (m/cd).
3) KunemaTtrueckuii 3aKOH JIBHYKCHHUS YaCTHIBI — 3TO 3aBUCUMOCTb OT BpEeMe-
HH ee paguyca-BekTopa I (t). Tak Kak paguyc-BeKTOp ABIKYIICHCS YaCTHIIBI MOXKHO
BBIPA3UTh Yepe3 €€ KoOpaAuHAThl (IIPOCKIMK paanyca-BEeKTOpa Ha KOOPIAWHATHBIC
ocu) Kak I (t) = X(t)>‘il + y(t) Xi +2(t) K , TO IIJISl OTBETa Ha BOMPOC 3aJ1a4 HE0O0XO-
JMMO HaWTH 3aBHCHMOCTH OT BpeMeHu koopauHat  X(t), y(t), z(t) wactummel. U3

b

OIIPCACIICHUA BEKTOPa CKOPOCTH U = CICAYCT, UYTO IMPOCKIUHU BCKTOPA CKOPOCTHU

YaCTHUIBI HA KOOPAWHATHBIC OCHU PABHBI IPOU3BOJHBIM €€ OAHOMMCHHLIX KOOPpAWHAT
I10 BpCMCHH.

Tak kak U, (t) =t* (m/c) n u, = %, TO TOJy4YaeM, uTo

% =t?

dt
VMHOKHB JIEBYIO U IPABYIO YacTh 3TOT0 ypaBHeHuUs Ha dt, umeem

dx =tdt.

[TonydyeHHoe ypaBHEHHE sBiseTcs MU epeHIInaIbHbIM YpaBHEHHEM C pa3JciicH-
HBIMH TIEPEMEHHBIMH, PEIIEHHE KOTOPOTO IMOJY4YaroT HHTEIPUPOBAHHEM JIEBOM M
IPaBOM YaCcTH PaBEHCTBA: X = (‘jzdt :

t3
X=§+Cl.

HOCKOJIBKy HUHTCI'paJibl HCOIIPCACICHHBIC, TO IIOJIYYCHHOC BBIPAKCHUC COACPIKUT

KOHCTAHTY C 1, 3HAUYCHUC KOTOpOﬁ HaﬁHeM 13 Ha4YaJIbHBIX YCHOBHﬁ:
3

t
%= tG

nojcTaBysisg 3HaueHust Xo= 1M u tp= 0, momyyaem C;=1 M. Torma 3aBUCUMOCTH OT

BpeMeHH KoOopauHaThl X(t) YacTHIIBI KIMEET BH/T
3

X(t) = % +1(u).
AHaJIOrMuHO HaieM 3aBUCUMOCTD OT Bpemenu Y(t) u z(t).
_dy - dy _
Tak kak uy—a u  u,(t)=-3t(mlc), o i
dy =-3tdt,
C\}jy - d_ 3t) dt ’



2

3t
y=—7+C2.

Tak kak mpu tp= 0 koopnunata Yp= 0, 10 C,= 0. Torma 3aBUCHMOCTBH OT Bpe-

MeHHU KoopauHaThl Y(t) YaCTHIIBI UMECT BH/T y(t) =- > (m).
Tak kak uz=% u  u,=2(mlk), TO %=2,
dt dt
dz = 2dt,
OHz = oRdt,
z=2t+C,.

Tak kak npu to= 0 koopaunara Zp=0, To (3= 0. Torma 3aBUCHUMOCTb OT Bpe-
MEHH KOOpAUHATHI Z(t) 4aCTHIIBI HMEET BH/T
z(t) =2t (m).
OmnpenenuB 3aBUCUMOCTH 0T BpeMmeHnu koopaunat — X(t), y(t), z(t) uacrtuipml,
3aIUIleM KHHEMAaTHYeCKUI 3aKOH €€ JIBH)KCHUS:

3 sl 8 2 r r
rr(t)zg%ﬂgxi : %xj + 21K (a).
(4]

4) I[JISI HaXOXICHUA PaINyC-BCKTOpA YaCTHULbI B OHpCIICJICHHBIﬁ MOMCHT BpcC-
MCHH tl I10aACTaBUM B KWHEMaTUYCCKUI 3aKOH ABHKCHUSA YaCTHUI Bl 3HAYCHUC t]_: 1,0 C.

3 2 8 2 r r 3 o 8 2
rr(tl)zg%ﬂgxi : 3t—21><j +2tlxk=§%+1§xi 34
1] 4]

r r
Xj + 24K (m).
[IpoBenst BBIUUCIEHUS, TOJTy4YaeM
r(t) 4r 3T ZIE ()
r ==l -—=]+ M).
V=305 ]
5) Tlo ompesienenuto BeKTop Mepememienns DI wacTuusl 3a Bpems Dt =t - t,
1 1 1 r ! ! !
paser Dr =r(t)-r(t,). Tax xak [I(t))=X%X +Y,X%] +2Z X, To c y4eroMm Ha-

YaJbHBIX YCIOBUH X = 1 M H Yo=Z= 0 panmyc-BeKTOp YaCTHIEI B HAYATBHBIN
MOMEHT BPEMEHH paBeH f (t,) = 1i (M). Torma BEKTOp MEepPEeMELICHHS COCTABIISCT

r r r1r r r
Dr—ill—§1+2k ].I—}i—§1+2k
3 3
a ero MOJlyJib paBeH

Dr = §+ +4 6,36 =25 (m).

Otser: 1) u(t) =+/t* + 9t + 4 (m/c);
2) a(t)=2t N - 3%} (m/c?), a(t)=+/4t2 +9 (m/cd);

3 M 8 2 r r
3) rr(t)zg%ﬂgxi - %xj + 2t XK (m);
a
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) rr(tl>=§ir- gjr+2|5 ();
5) Dr=25 (u).

Ipumep 2. OnHOPOIHBIN AUCK Maccoll M u paxuycoMm R Bpamiaercs BOKPYT
HEIMOJBUKHOWU OCH, TPOXOALIEH Yepe3 UEHTP AMCKA NEPHEHAUKYISPHO €ro ITOCKO-
CTH C YTIJIOBOM CKOPOCThIO Wp . K 0001y nHcKa MPUIIOKUIN KacaTellbHYIO0 CUJTY, TIOJT
NENCTBHEM KOTOPOM JMCK Hayall OCTaHABIMBATHLCS. B Kakoii MOMEHT BpeMeHu t  1o-
CJie HavaJla JEeUCTBUS CUJIbI JUCK OCTAaHOBWIICS, €CIM MOJYJb CHIbI 3aBUCUT OT Bpe-

2
MeHHU kKak F =at , TJI€ @ — HEKOTOpasd IOJIOKHUTECIIbHAA IIOCTOSAHHAA.

Jano: Pewenue:

m dusnyeckas CUCTEMa COCTOUT U3 BPAIIAIOIIETOCs OJHOPO/I-
R HOT'O JTUCKA, Ha KOTOPBIN JCHCTBYIOT CHJIa F , CWJIa TSDKECTH
=0, Wo My U cuaa peakiuy N ocn (puc. 31). ITockosbKy TEHTP
F =at®, rre a =const | yacc JUCKA HETOBUKCH, TO

i mh+ R+ F =0,

t -7 3amuiieM OCHOBHOE YpaBHCHHE TUHAMHUKH BPalIaTEIbHOTO

ABWIKCHUS OUCKA BOKPYI HCHOIIBI/I}I(HOﬁ ocu OZ, COBIIagaro-
o o o 1
ICH IO HAIIPABJICHUIO C BEKTOPOM HAYAJIbHOU YITIOBOU CKOPOCTHU WO:

dw
Z —
I _M2+Mmgz+MNz’ (1)
2
mR
rae = (2) 2 :
2 Wel N
— MOMEHT UHEPIUMU JHUCKAa OTHOCUTEIIHHO
OCH, MPOXOJAIICH Yepe3 ero MEeHTp MepIeH- \) O
JTUKYJISIPHO TUIOCKOCTH Jaucka (cMm. Tadu. 1);
Wz — TMPOEKIIUS YTIIOBOM CKOPOCTH JHCKa Ha mg II:
och Oz, M, — MoMeHT ciibl F OTHOCHUTENIBLHO I\I/I
ocu Oz, M 1 My ; — MOMEHT CHJIBI TSIKE-
¥& Nz ' Puc.31

1
CTH Mg ¥ MOMEHT CWIbI peakiiuu ocu N oT-
HocuTeabHO ocu OZ coorBeTcTBeHHO. [lockombky Touka O SBISETCS TOYKOW MPHIIO-
1 1
keHus cuil Mg u N, To

M, =M, =0. 3)

mg z
CoOracHO OMpPE/CIICHNI0 MOMEHTA CHIIBL BEKTOP M HaIpaBJICH MPOTUBOIIO-
noxHo ocu Oz, Torga MOMeHT cuiibl F oTHOcHTensHO ocu OZ paBeH
: M~ -Frsing,
rjae [ — paanyc-BEKTOp TOYKH IPHIOKCHHUS CHIbl F; f — yros Mexnay BeKropamu
 m F. Tak Kak MOMyJIb pajHyca-BEeKTOpa paBeH paaumycy aucka =R, yrox
£ =90° a Moyl CHIBI 3aBHCHT OT BpeMeHH Kak F =at?, To MOMeHT ciwisl F o1-
HOCUTENBHO ock OZ B 3aBUCUMOCTH OT BPEMEHU UMEET BH]T
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M, =- Rat?. (4)

[Toactasum Beipaxenus (2), (3) u (4) B ypaBaenue (1):
mR’ dw,
2 dt

HCpCHI/IH_IeM IMOJTYYCHHOC YPABHCHHUC B BHUIC III/I(b(l)epeHI_II/IaHBHOI’O YPaBHCHHA
C pa3acCICHHBIMHA IICPCMCHHBIMH

=- Rat?, (5)

dw, =- 2 2t
MR

WuTerpupys JIeByI0 U MPaBYIO YaCTh ATOTO YPaBHEHUS
J N 2a .
Ow, = o ==t
e MRg
MOJIYYUM

w=- -2 pyc. 6)
3MR

[TocTosiHHyO MHTerpupoBanus C HailieM W3 HayaJdbHBIX YCIOBWIl: B Hayalb-
HBI MOMeHT BpeMeHH to= 0 yrmoBas ckopocTs aucka W, (t,) =w,. IloxcraBmss

9TH 3HAYCHUS B BeIpakeHue (6), moryunm

w,=- -2 0+C,
3mMR
OTKyZa C=w,.
IMoncrasnsst B (6) 3HaueHne nocrossHHONH C =W, , HAXOAUM 3aBHCUMOCTb IIPO-
EKLMH YIJIOBOM CKOPOCTH BPALICHH JUCKA OT BPEMEHHU:

W, (t) 2w, - ~2t°. (7)
m

B MoMeHT t OCTAaHOBKM JMCKa €ro yrjioBas CKOPOCTh paBHA HYJO, T.C.
w,({t)=0, rtorma m3 (7) umeem

O=w, - A s
m

N3 storo YPpaBHCHHA BBIPA3UM MOMCHT OCTAHOBKH JIUCKA.

¢ =3/3mF\>W0 _
2a
OtseT: t =3‘/m.
2a
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IIpumep 3. Ha paBHOMEPHO ABMKYLIEHCS JKEE3HOOPOKHON M1aTdopme xe-
CTKO 3aKpeIUICHO OpYIUe, U3 KOTOPOTO MPOU3BEICH BBICTPEN B CTOPOHY, MTPOTHUBOIIO-
JIOXKHYIO JBIDKEHUIO matdopmbl. OnpeneanTh CKOpoCTh miIaTgopMbl 1O BBICTpENa,
€CITU TIOCJIe BBICTpENia €¢ CKOPOCTh ctana paBHoi 9,0 M/c, a cHapsi BBIJIETAET CO CKO-
pocteio 100,0 m/c mox yrmom 30° K TOPH30HTY OTHOCHTENBHO IUIaThopMbl. Macca
matdopmel ¢ opyauem 950 kr, macca cHapsiga S0 kr.

Jano: Pewenue:

m, = 950 kr dusnyeckas CUCTEMa COCTOMT M3 JIBYX TEJ: TUIAT(GOPMEI C OpPYIUEM
mp = 50 kr Maccoi My U CHapsiia Maccoi M.

u,= 9,0 m/c B nepBom cocTostHuM (110 BBICTpEIa) UMITYJIbC ['31 CHCTEMBI OTHOCH-
u= 100,0 M/c | TenbHO 3eMJIH OBLIT paBeH

a =30° P = (Mm+m)d, (1)
u—"? e U — CKOPOCTb OTHOCHUTEIIPHO 3e€MJIU IIATGOPMBI C OPYAHEM U

CHapsI0M J10 BeIcTpena (puc. 32).
Bo BTOpoM cocTosiEnH (ITOCIIEe BBICTPENa) HMITYIbC P, CHCTEMbI OTHOCHTEIBHO 3EM-

I CTaJl PABHBIM . . (m, +m,)u

P, =My, +mu,, (2 0O X
rae U, — CKOPOCTh OTHOCHTENBHO 3eMIIH TIAThOPMBI C :
OPY/IEM IIOCIIC BHICTPENa; ) 2\ mu,
U,— CKOPOCTh OTHOCHTEIBHO 3EMIIM CHapsaa MOCIe 0 X
BBICTpEIIA. Puc. 32

o 1
CornacHo 3dKOHY CJIOKCHHA CKOPOCTEHU CKOPOCTH U2

CHapsiia OTHOCUTENIbHO 3€MJIM paBHA T'€OMETPUUYECKOU
L]
CyMME€ CKOPOCTH U CHapsiia OTHOCUTENIbHO IIaT(OpPMBbI
1
U CKOpocTH U, IarGopMbl OTHOCUTENIBHO 3E€MIIU

(puc. 33):
X u, =u+u,. (3)
Puc. 33 HOIICTaBI/IB BBIDAKCHUE (3) B ypaBHEHHE (2), momyuum
P, =My, +m, (U +u,) = mu, +mu +my,. (4)

Cucrema «mnatdopma+cHapsa» HE3aMKHYTa, HO CyMMa IMpOEKIUNA BCex
BHEIIHUX CHJI (CHJI TSDKECTH U CHJIBI PEaKIMU OTIOPHI), JCUCTBYIONIUX HA ITY CHUCTE-
My, Ha ock OX (puc. 32) paBHa HYJII0, a CHJIa TPEHUS IPEHEOPESIKUMO Maja, Clie0Ba-
TEJIBHO, MPOEKIUS UMITYJIbCA TaHHOM CUCTEMBI Ha ocb OX coxpaHsieTcs:

Pux = Pac ()
rae P, — mpoekmus Ha ock OX HMITy/Ibca P, CHCTEMBI 10 BBICTPENa; P,, — IPOCK-
st Ha och OX HMITylTbCa P, CHCTEMBI [OCIIE BHICTPEIIa.

CrpoektupoBaB Beipakenus (1) u (4) Ha ocs OX, moaydnum
=(m+m)u, (6)
=mu, - mu cosa +myu,. (7)

VYpaBuenus (6) u (7) mogcraBuM B paBeHCTBO (5):
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(M +m,)u =my, - m,ucosa +mu,.

Bripakast ckopoCcTh TIaTQOPMBI 10 BBICTpEia, MOJIy4YuM

4 = (M+m)u, - mu cosa
m +m,

HOIICTaBJISISI YUCJIOBBIC 3HAYCHUA, BHIYUCIIUM CKOPOCTb HJIaT(I)OpMBI J0 BBICTpEJIA.

u-=

OTtBerT:

(950 + 50) 9,0 - 50x100,0 >£

=4,7 (m/c).
950 +50

u= (m, +m,)u, - mucosa _ 4,7 mlc.

m +m,

IIpumep 4. B uentpe ckambu KykoBckoro maccoir 15 xr u paaumycom 1 w,
BpAIIAIONICHCS ¢ YIIIO0BOH CKOpPOCThIO 1,5 pan/c, CTOUT YeloBeK M EPIKUT Ha BBITS-
HYTBIX pyKax JBe rupu no 1 kr kaxxnaas. PaccTosiHue OT KaXkJ10l TUpH 10 OCH Bparlie-

HUA cocTaBiseT 85 cMm.

C xaxko# yrioBOW CKOPOCTBIO HaYHET BpallaThCs CKAMbs, €C-

JIM YEJIOBEK COKMET PYKHU TaK, YTO PACCTOSHUE OT Ka)XJOW TMPU JO OCH BpallCHUs
cta”eT paBHbIM 30 cM? CuuTaTh, YTO MOMEHT MHEPLIMH YETOBEKA OTHOCUTEIHHO OCH
BpalleHus IPeHeOPeKMMO Mall.

Jlano:
m.= 15 kr

R=1wm

w,=1,5 pan/c
m,=m,=m=1xr
rn=85cm=0,85m
r,=30cm=0,30m

W, -?

Pewenue:

Cxambst JKyKOBCKOT'O TIpeICTaBIIsI€T COOO0M OHOPOTHBIM
JIMCK, KOTOPBIM MOXET CBOOOJHO BpamiaThCsl BOKPYT HEMOJ-
BIDKHOUM BEPTUKAIBHOW OCH, TPOXOSIIIEH Yepe3 EHTP AUCKa
MEePIEHAUKYJISIPHO €ro MIOCKOCTH. MOMEHT MHEPUHUHU CKaMbU
OTHOCHTEJIBHO 3TOW OcH paBeH (cM. Tadi. 1):

IIIR2
=< 1
C 2 ( )

dusznueckas cucTeMa COCTOUT M3 CKaMbH C YEJIOBEKOM U

ABYX THUPb. Ilo YCIIOBUIO MOMCHT MHCPIUU YCIIOBCKA OTHOCH-

TCJIBbHO OCHU BpalICHUA

HBIMH TOYKaMH U, T.K.
Bpaienus (puc. 34), TO MOMEHT HHEPIHH

PaBEH HYIIIO, T.C. |q =0. FI/IpI/I MOXHO CUHUTAThb MATCpHUAIIb-
OHHM HAXOAATCSI Ha OJHOM M TOM XC€ PACCTOSHHUHU I 10 OCHU

FI/IpB OTHOCHUTCIIBHO 3TOI7I oCHu paBCH
—_ 2 2 2
[, =m,r +m,r°=2mr-, (2)

rae I — pacCrostHuE OT KaX(HOﬁ r'upu 10 oCH
BpaliCHHAA. HOCKOJIBKy MOMCHT HHCPUHH |
BCEU CHUCTEMBI OTHOCHUTEIBHO OCHU BpaliCHUA
PaBCH CYMMC MOMCHTOB HHCPIIUHU BCCX TCJI
CHUCTEMbI OTHOCHUTEIBHO ATOM KE ocH, C yue-

toMm (1) u (2) umeem
2

C

| =1 +|2=chR +2mr

, _ MR*+4mr?
’ 2
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MomeHT HHCPIHHUU CUCTCMbI OTHOCHUTCIIBHO OCHU BpPAIICHUA B IICPBOM COCTOA-

HHU (Ka)KIIaH Irupsga HaXOAUTCS Ha PaCCTOAHUU rl oT OCI/I) PaBCH

m,R? , _MR*+4mr?
I, = 5 +2mr° = >

TaK KaK B HepBOM cnyqae CKaMBH nu FI/IpI/I BpaH_IaIOTCH OTHOCHUTCIIBHO OCH C
OIII/IHaKOBOI/I erIOBOI/I CKOpOCTBIO W —W W (pI/IC 34) TOTr1da MOMCHT I/IMl'IyJIbca
CHUCTEMBbI OTHOCUTENBHO ocu OZ 6yneT paBeH

2 2
m R +4mr
—_ . 4 oaerl.
le - |1W1 - 2 M’l' (3)

Bo BTOPOM COCTOAHHU (Ka)KIIaH rupsga HAaXOAUTCA Ha PACCTOAHUU r2 OT OCH

BpaH_ICHI/IH) MOMCHT MHCPIHHUH CUCTCMbI OTHOCHUTCIILBHO OCHU BpPpAalICHUS PABCH

mR2+2 - m.R? +4m r;}

I
2
2 2
a HOCKOJIBKy CKaMBSI u I‘I/IpI/I BpalraroTCss OTHOCHUTCIIBHO OCHU C OIII/IHaKOBOI/I erIOBOI/I
CKOpPOCTBIO Wc W _WZ’ TOr1a MOMCHT HUMITYJIbCA LZZ CUCTCMBI OTHOCHUTCIIBHO OCH

Oz 6ynet paBeH:

2 2
mR" +4mr
- — ¢ e 2
L, =1w,= W, . (4)
2
Tak kak MOMEHTHI BHEHIHUX CHJ (CHJI TSOKECTH W PEAKIMU OMOpHI), JIEHCT-
BYIOIIIUX HA CHCTEMY OTHOCHTEIBHO OCH BparieHusi Oz, paBHBI HYJIHO, TO MOMCHT
UMITYJIbCA CUCTEMbI OTHOCHUTEIIBHO 3TOW OCH COXPaHSIETCS:
L, =L,,. (5)
[ToactaBum B (5) Beipaskenus (3) u (4):
m.R* +4m r? m R? + 4mr;
W, = W,
2 2
OTKYJIa YIJIOBasi CKOPOCTh W, BBIpaXKaeTcs Kak

2 2
m.R" +4m,r;
W, =W, x—* <
2 1 2 2
m.R"+4mr,
HOIICTaBJISISI YUCJIOBBIC 3HAYCHUA, BHIYUCIIUM YITIOBYHO CKOPOCTH WZZ

15x1° + 4 x1>0,85°

= =17 (pan/c).
LS e v an0z0r - (Paale)
mR2+4mr

O : = =17 /

TBET: W, =W, X m RE + 4m 12 =17 pan/c.
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IIpumep 5. [locne BepTUKATBLHOIO 3allyCcKa ¢ MOBEPXHOCTU 3€MJIM U BBIKIIIO-
YEHUSI JBUTATENS] CKOPOCTh PAKETHI HA BBICOTE 1,5:10° M paBHa 6 km/c. Ha kakoii BbI-
COTE HaJ| MOBEPXHOCTHIO 3eMJTH CKOPOCTh PaKeThl YMEHBIIUTCS 10 2 KM/C TIPH yCJI0-
BHUHM, YTO HA PAKETYy JIEUCTBYET TOJBKO CHJIA TATOTEHHUS CO CTOPOHBI 3eMJIH, a Macca
paKeThl OCTaeTCs MOCTOAHHOM? Macca 3eMiu 1 ee paanyc U3BECTHBI.

Jlano: Pewenue:

h;= 1,5'106M Mexanunueckasi sHepruss W pakeTsl, HaXOJsIIEHCs] B rpaBUTa-
D1 = 6-10° m/c | MOHHOM TIOJIE 3eMiIi, KOTOpOe SIBJISACTCS MOTCHIIUATBHBIM, CKIIabI-
vy =210 m/c | Baetcst u3 kuneTueckoit WX u morenmmansroii WP SHEPI Uil

h, - ? W= W + WP, (1)

Kunernueckas sHeprusi pakeTsl Maccoi M, IBUXKYIIEHUCS CO CKOPO-

2
mu
cThio v, paBHa W =T. (2)
h m u,
[ToreHumManbHasgs 3HEpPrusi pakeTsl B rpa- > —>>
BUTAIIMOHHOM II0JIC 3emiu: rl r2 r
GMm GMm
WP=- =" BNC) Puc. 35
r R+h :

rae G=6,67-10"" m%/(kr-c®) — rpaBuTannonHas nocrosiHHas (cM. «OCHOBHBIC (U3H-
Yeckre KOHCTAaHTHI M BenuumHbl»), M = 5,98:10* kr — macca 3emmn, r=R+h — pac-
CTOSTHHE OT LIEHTpa 3eMJId J0 pakeThl, R = 6,37-10° M — paauyc 3emin, h — BeicoTa
paKeThl HaJl IIOBEPXHOCTHIO 3EMIIH.

Ha Bricote h; (puc. 35) pakera o0namaer cKOpocThio v1, Toraa corjacHo (1) ¢
yuetoM (2) u (3) ee Mexannueckas sHeprust Wy paBHa

2
/= m; GMm. ()
2 R+h
Ha BricoTe h, pakera o0nagaer CKOPOCTBIO vy, TOrJA €€ MeXaHuueckas dHeprus Wh
2
mu; GMm
paBHa ), =—=2- : (5)
2 R+h,

[TockoabKy Ha paKkeTy JAEWCTBYET TOJBKO CHIIA TATOTCHHS CO CTOPOHBI 3eMJIH,
SIBIIIOMIASCS KOHCEPBATHBHOW CHJION, TO COTJIACHO 3aKOHY COXPaHCHHSI YHEPIHH Me-
XaHWUeCKast SHePTUs pakeThl He m3mensietes, T.e. W, =W,, a c yuerom (4) u (5):

mi; GMm_nmuZ GMm
2 R+h 2 R+h’
BbIpasuB 13 1aHHOTO YpaBHEHHS HCKOMYIO BBICOTY hp, momyunm
_ 2GM (R+ h,
7 26M - U7 - uf)(R+h)
[TpousBeeM BBIUNCICHHUS:
h = 26,67 X0 ™ »5,98 x10* (6,37 X10° + 1,5 x10°)
2 26,67 X0 %5,98x10% - (3640° - 4x10°) x(6,37 X0° +1,5%0°)
~ 5,13-10° (m).

- 6,37X10°=
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2GM (R+h,

= . - R~5,13-10° (m).
2GM - (u; - u;)(R+h)

Otget: h,

Ipumep 6. OaMH KOHEI] TOHKOTO OJHOPOJHOTO CTEepKHs umHOW | *kecTko
3aKperyieH Ha MOBEPXHOCTU OJHOPOJHOIO IIapa Tak, YTO LUEHTPhl MAcc CTEPXKHS U
mapa, a TaKkKe TOYKa KpeIUIEHUsS HaxoJATCs Ha OJHOM mpsMol. Maccel mapa u
CTEp>KHS paBHbI, a paJnyc mapa B 4 pa3a MeHbILIE AJTUHBI cTepkHA. OnpenenuTs me-
PHOJT MaJIbIX KOJICOaHUI 3TOM CUCTEMBI OTHOCUTENIBHO TOPU30HTAIIBHON OCH, MPOXO-
Asuell MeprneHUuKYISIPHO CTEPXKHIO Yepe3 TOUKY, YAAJICHHYIO Ha YETBEPTh JIJIMHBI
CTEpPKHS OT €ro CBOOOAHOTO KOHIIA.

Jano: Pewenue:
| Cucrema «aap+cTep:KeHb» MpeACTaBIseT co00i pu3nuecKuii ma-
M, =M, | ATHUK, IEPUOJ MAJIBIX KOJIeOaHNH KOTOPOIO ONPENENIeTCsl BBIPAKEHHUEM

|
=21 T=2p ——, (1)
4 mgl.
| =l rae | — MOMEHT MHEepIMH CHCTEMbl OTHOCUTENIBHO OCH MOJABECA, MpO-
1 )
4 xoAduieil yepe3 Touky mojaBeca T. O MEPHEHAUKYISIPHO CTEPKHIO
T-7% uc. 36), m —macca cucreMsl, | . —paccrossHre oT LIEHTPA TIKECTH CHUC-
Cc
TEMBI 10 OCH mojiBeca. Macca CUCTEMBI
m=m +m, =2m,. 2) 1,
MomeHT uHepuuu | cUCTEMBI OTHOCUTENIBHO OCH II0JBECa OW..... 40
paBeH CyMM€ MOMEHTOB MHepuuil crepkHsa |, u mapa |,0THO- h
CUTEJIBHO 3TOU OCH: G Y
I =1,+1,. (3) 3,/
Huns Haxoxnenus |, um |, Bocmomb3yemcs TeopeMoi C | Ve
s . —_ 2
[Ireiinepa: [, =1, +ma, 4)
—_ 2
I, =1, +maZ, (5) Ay,
m1*
rie lg, =—— — MOMEHT HMHEpPLUM CTEP>KHS OTHOCHUTEIBHO y
12
ocH, mpoxojsieit yepe3 ero neHtp macc (1. Ci) HmEepHCHIUKY- Puc. 36

asipHO ctepxHIo (puc. 36);

=—-l,=—- —=— — pacCToAHUC MCKAY OCBHO IIOABECA H H&pEUIJICJIBHOﬁ el

1
2 2 4
OChI0, poxojsieit yuepes 1. Cy;
2m,R? .

e, = A /% MOMEHT MHEPLIMH IIapa OTHOCUTEIBLHO OCH, TPOXOJISIIECH Yepe3 ero
1ieHTp Macc (1. Cy);

3 _1 3l -
a, =R+ " = 2 + ") =1 - paccTosiHHe MEKIy OCHIO IMOJBECa M MapauIeIbHON ¢k
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|
ochI0, mpoxosiei yepe3 T. C, (o ycnosuio R = 2 ). C y4eroMm 3TOTO U pPaBEHCTBA

Macc CTepKHs M mapa M, = M, Beipaxkenus (4) u (5) npuHUMAIOT BUJL

2 2 2
Ilzmll +mll _/ml . ()
12 16 48
2m,R? , _2ml? , _4Im1? _ 41ml?
I, = +ml°=—=—+ml° = = . 7
=5 T Tege 40 40 0

[Toacrasus (6) u (7) B (3), HAXO UM MOMEHT MHEPIIMH CHCTEMbI OTHOCHTEIBHO
OCH TIOfIBECA:

2 2 2
| = ml N 4lm1” _ 281Im)| . ®)
48 40 240

Tak kak OCHTP TAXKCCTH U HCHTP MACC CUCTCMBI COBIIAAAIOT, TO PACCTOAHUC ac

OT OCHTpPA TAKCCTU CHUCTCMBI OO OCHU IIOABCCA PABHO KOOPAHWHATC yC HCHTpa MacCcC
cucteMsl. CornacHo OIIPCACJICHUIO LICHTPA MAaCcC CUCTCMBI.

!
Ly

| oy MYitmY, _ma+ma, _a+a,_s Sl ©

7 m+m, 2m, 2 2 8

[Teproa MabiX KojeOaHUH CHCTEMBI MTOJIYYHM, IMOACTaBUB BhIpakeHus (2), (8)
1 (9) B hopmymy (1):

2
T=2p 281m 1 =8 -2 2811 .
240x2m, xg >l 3009
Oteer: T=2p ﬂ .
3009

Ipumep 7. Yactuna maccoit 10 r coBepiaer kosnebanus Baoiab ocu OX 1o 3a-

9P

koHy X(t) = O,2C088?t9g (M). OnpeeuTh Mepro] KoJeOaHUH YaCTHIBI U YHEPTHIO

ee kosieOanuii. Halitu B MomeHT BpemeHu 0,4 ¢ mpoeKIuio BEKTOpa CKOPOCTH U MPO-
EKLHUIO YIIPYTOW CHUJIBI.

Jlano: Pewenue:

m= 10t = 107 kr 3aKOH JIBM)KEHMSI YAaCTHUIIbl, COBEPIIAIONIEH rapMo-
_ ap .o HUYeCKHue Kojebanus Baojb ocu OX, UMeeT BU/T

X(t) = O,2C0$g?tg (M) X(t) = Acos(w,t +a,) .

t;= 0,4 ¢ CpaBHUBas 3TOTO YpaBHEHHE C 3aJlaHHBIM 3aKOHOM

HT-7 JIBUKEHMS, TIOJIy4aeM, YTO aMIUIUTY/1a CMEIIEHUS paBHA

2) W-7? A= 0,2 ™,

3u,(t) -7 coOCTBEHHAs] NMKJIMYECKas 4acToTa KOJIeOaHHMH COCTaB-

4) F,(t) -2 et
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w, =— paxulc,
6
a HayanbHas (aza xonedanuii ap= 0.
1) Ilepuoxa xonebanuii T HaljeM U3 €ro CBS3U C COOCTBEHHON IUKIMYCCKON

4acTOTOH wog.

2) DHeprus konebanuit W yacThilbl paBHa MaKCUMaJIbHOMY 3HAYCHHUIO TOTCH-

o p .
nuansHou 3Heprun W - -
2

W:an’axzk—A,
2

rie K — koadGunmeHt ynpyrocru.
Koaddunuent ynpyroctu K, macca gactuiiel M u cCOOCTBEHHAs! IIUKIMYESCKAS
4acTOTa CBA3aHbl COOTHOUIEHUEM

I B ,
m
OTKYIa k = MN§ , TOTAa SHCPTUA KOHe6aHI/Iﬁ anCTI/IHBI paBHa
mw; A?
2

HOIICTaBI/IM YHUCJIOBBIC 3HAUCHUA U BBIYUCIIHUM.
-2 2

102 %2552 50,04
236

3) 3aBucumocth U, (t) mpoekmuu Ha och OX CKOPOCTH YacCTHIBI OT BPEMEHH

W =

~1,37-10"2 (JIx) = 1,37 (m/1x).

HaﬁHeM KaK IIPOMU3BOJHYIO CMCIICHUS X II0 BPCMCHH.

u,(t) =% =- Aw,sin(w,t),

TOTr1da B MOMCHT BpCMCHI/I tl HpO@KLII/IH BCKTOpa CKOpOCTI/I paBHa
u,(t)=- Aw,sin(w,t,).
HOJICTaBI/IM YU CJIOBBIC 3HAUCHUSA U BHIUUCIINM.

u (t)=-02x> 5p><8|na5—p>0,49=— P ainP = 2222 (.45 (wle).
€6 5 6 3 6%

4) 3aBI/ICI/IMOCTB npoekiuu Ha ock OX cuibl yripyroct Fy(t) ot Bpemenu mpu
rapMOHUYECKUX KOJIEOAHUSAX UMEET BU/T

F (t) =-kx(t) =- kA cosw,t) =- mw. A cos(w,t),
TOrJa B MOMCHT BPCMCHH t]_ MMpOoCKIus CUJIbI YIIPYTI'OCTHU paBHA
F (t)=-mw; A cos(w,t,).

HOIICTaBI/IM YUCJIOBBIC 3HAYCHUS U BBIYUCIIUM.



2 2 2.2 2 g
FL)=-107 2P 502xc08P 50402 20 P" (P o SN0 G141
30 e6 o 36 3 36 2
~ —6,85:10°° (H)= - 6,85 (MH).
2p mw; A?
Omer: 1)T=-S=24c¢;  2) W=—"—=137mllx;
WO

3)u,(t)=- Aw,sin(w,t,)=-0,45m/c; 4) F (t,)=-mw. A cos(w,t,)=—6,85 mH.

Ipumep 8. Azor (N,) HaxoAUTCS B PAaBHOBECHOM COCTOSIHUH, MPHU KOTOPOM
CpellHssl KUHETUYeCKas HEePrusl MOCTYNAaTEeIbHOr0 ABUKEHUS OJHONU €ro MOJEKYIb
cocrasmsier 6,21-10%" Jix. Onpeenuts: 1) CPEHIOI KHHETHYECKYIO YHEPTUIO BpPa-
IATEILHOTO JIBMYKEHHSI MOJICKYJIbI; 2) CPEIHION SHEPTHIO TEILUIOBOTO JBUKCHUS MO-
JICKYJIbI; 3) CPETHIO KBAIPATUYHYIO CKOPOCTh MOJICKYJIbl. MOJIeKyIIa )KeCTKasl.
Jano: Pewenue:
=5 CoracHo 3aKOHY O PaBHOM pacHpeieJICHUU cpeaHei
<V\/n'zcm>: 6,21-10%" Jlx | PHEPTHHU IO CTENCHSIM CBOOOIBI B COCTOSHUM TEILIOBOTO

paBHOBECHS Ha KAXKIYIO CTENEHb CBOOOIbI MOJIEKYJIbI MPU-

1) <Wk > _? XOJIUTCS B CPEIHEM OJIMHAKOBasi dHeprus, paBHas  KT/2,
epawy
) (W _ 2 rae K — moctosiunas bonpumana, 7 — abGconroTHas
) (W) -7 Temreparypa ras3a. /[Ijis 1ByXaTOMHON MOJIEKYJBI C JKECT-
du, —? KOW CBSI3bI0 MEXJY aToMaMH OOIee YHMCIO CTeIeHEeH
cBOOOABI | = 5, M3 HUX YKCIIO cTeneHel CBOOOBI MOCTY-
[aTeNbHOTO ABWKEHHMA |, =3 W YHCIO CTENEeHeHl BpaIlaTeIbHOTO JBIKCHUS
|l gpar= 2
Torma cpemHsii KHHETHYECKAsh DSHEPrUsl IMOCTYMATEIBHOTO  JABMIKCHHUS
: Ko\ _3 .
MOJIEKYJIBI: <Wnocm> = poan KT =—KT ; (1)
2 2
CpeHSISI KHHETHUECKAsi SJHEPTUs BPAIIATEIIbHOTO IBUKCHHUS MOJICKYJIbI:
i 2
(W, ) =2 KT = SKT =KT ; 2
pay
2 2
CPEHSISI SHEPT sl TETIOBOTO JIBHYKCHHS MOJICKYJIbI
i 5
(W) =—KT ==KkT . (3)
2 2
2<Wn|f)cm>
U3 ypaBHenus (1) Beipazum KT = —3 (4)

", IOJACTABHUB B YPABHCHHUC (2), IMOJIYYUM BBIPAXKCHUC IJIA cpenHeﬁ KUHETHUYECKOM
SHCPIruM BpaliaTeIbHOIO ABUKXCHH S MOJICKYIJIbI.

o= V)

epauy 3

HOJICTaBI/IM YUCJIOBBIC 3HAYCHUA .
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<Wk > _ 256,210 %

epauy

=4,14-10% (JIx).

[MoncraBus (4) B ypaBHeHue (3), MONIy4YUM BhIpOXKEHHUE JJISI CPEHEH DHEPTUU
TEIJIOBOTO JIB>)KEHUS MOJIEKYJIbI:

k k
5.2 W)

W= T
HOIICTaBI/IM YUCJIOBBIC 3HAYCHU A .
-21
(W) = 2202140 _10,35102 (J1x).

Cpennsis KBaapaTU4YHasi CKOPOCTb U , MOJIEKYJIBI Maccoi My ras3a, HaxoJsuie-
rocsi mpu Temmeparype 7, paBHa

u = [T (5)
m,
Maccy My OHON MOJIEKYJIBl MOKHO BBIPAa3HTh Yepe3 MOJSIPHYI Maccy M 3Toro
M
rasa: m, = N (6)

A
rae Na= 6,02-1023 MOJIb + — IOCTOSTHHAS ABorajpo.

B «OcHOBHBIX (U3MYECKUX KOHCTAHTaX W BCIMYMHAX» HAXOJUM 3HAUYCHHE
mossipHoii Macchl M aszora (N2) (M paBHa MpPOM3BEACHUIO OTHOCHTEIBLHOM MOJICKY-
nspHoit Macchl M, = 2:14 = 28 asora Ha MHoxkwuTens 10°° kr/Mon):

M = 28-10° kr/mous.

[ToactasuB B (5) Beipakenus (6) u (4), BeIpakeHue I CPeAHEH KBaapaTHy-

HOM CKOPOCTH MOJICKYJIbI IIPUMET BHI:

B NS X )

HOJICTaBI/IM YHUCJIOBBIC 3HAUCHUI .
) \/ 26,0207 56,2140 2
“ 2840°

=517 (mlc).

k
Orser: 1) (W, )= M = 4,14.10 JIx;

k
2) (W)= w = 10,35-10* JIx;
k
u, = W = 517 mlc.
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Ipumep 9. UneanbHblii TBYXaTOMHBIA (C KECTKOM CBSI3bI0) Ta3 HAXOIUTCS
noxa nasinenueM P = 100 kIla, 3anumas npu 3Tom 06bem Vi = 100 1. Hax rasom mo-
CJIE0BATEIILHO MPOBOJAT CIEAYIOLIME ITPOLECCHl: 1® 2 — U30TEPMHUUYECKOE CKATUE

V 4
1o oowvema V, = El; 2® 3 — u3obapHOE yBenuueHue oobema 10 V,; = gvl; 3® 4-

M30XOpHOE TMOHMXEHHUE naBieHus no P, =3 p,. Ha Vp-auarpamme usobpasuts rpa-

¢uk mporecca 1® 2® 3® 4. Onpeaenuts B X0A€ BCero mporecca: 1) u3MeHeHHe
BHYTpPEHHEH dHEpruu raza; 2) padOTy CHII JaBlICHUS raza; 3) KOJIWYECTBO TEILIOTHI,
[epeJaHHOEe IIPA 3TOM rasy.

Jlano: Pewenue:
=5 duznyeckas cuctemMa MpeACcTaBiIseT coOoil uaeab-
p.1= 100 kITa = 10° ITa | bl AByXaTOMHBIH Ta3 (Ka)kaas ABYXaTOMHAs JKECTKas MO-
— _ 3 . . .
Vi=1001=0,1m JCKyJla UMEET YHCJIO CTeneHeil cBoboabl | = 5), KoTopbIi
\A MOCIIEI0OBATEIHHO TOJBEPTACTCS N30TEPMHUECKOMY CHKATHIO
T2= Tl, V2 = —
5 (1® 2), uzobapuomy pacuupenuio (2® 3) U U30XOPHOMY

4 YMEHBIIICHHUIO AaBjeHus (3® 4).
P3= P2, V, =EV1 Ha Vp-guarpamme (puc. 37) u3o0paxceHbl TpaduKu
3THX MpoIeccoB. wu3orepma (1® 2), m3obapa (2® 3) u

Va=V; p,=3p us3oxopa (3® 4).

1) DU - 7 Bripazum naBiieHne Pp ra3za B COCTOSIHUU 2 uepe3 JAaB-
2) A- 7 nenue P; B coctossHuu 1. Tak kak nporecc 1® 2 U30TepMHU-
3) Q-7 4yeckuit, To PV, = p,V,, oTKyna
P, = Pt =5m, @
V2
N3menenue BHyTpeHHel sHepruu DU wume- )
JIBHOTO Ta3a HE 3aBUCHUT OT THIA Tpolecca, mo-  P; 1 r 3

CKOJIbKY BHYTPEHHSISI SHEPrus siBisieTcsl (PyHKIHeH
cocrosiHust. IloaTOMy UW3MEHEHHE BHYTPEHHEU
PHEPIUU rasa B Xoje mnpouecca 1® 2® 3® 4 Oy- P, 1
JeT PaBHO

i [
DU=EnR(T4'T1)=E(n RT4-I’1RT1), (2) Py t----

raie N — KOJIM4YecTBO BemlecTBa rasza, I, m T, —

TeMmIeparypa rasda B cOCTOSHHU 4 (KOHEUHOM) MU
1 (Hava’abHOM) COOTBETCTBEHHO, R — yHHBepcab- Puc. 37
Hasl ra30Basl MOCTOSTHHAS.
[Tapametpsl Ta3a B coctosiHusx 4 u 1 cBs3aHbl ypaBHeHHEM MeH/eneeBa-
Kitaneitpona:
pv,=nRT, wu pV,=nRT,
TOT/Ia BhIpakeHue (2) MOXHO 3amucaTth TaK:

|
DU = E ( p4V4 - plvl) .
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4
VuuteiBas, uto P, =3P, u Va=V, = gvl, IUI1 U3MEHEHUS BHYTPEHHEHN dHEp-

run DU rasa B xoze nponecca 1® 2® 3® 4 noiayyaeM cieayrollee BhIpaKeHue:
i 4 i 7pV, i
DU = §(3p1 xgvl - plvl) = Ex% = 10 p1V1- (3)
OnemenTapHas pabora A cui AaBicHHS Ta3a MPU MajioM HM3MEHCHUH €ro
oobema dV paBHa

dA= pdVv, (4)
Toraa paboty A cuil IaBJjeHUs ra3a MNP KOHEYHOM W3MEHEHHHU ero oobema ot V, 110

V, MOXHO BBIUUCIIUTH KaK
\2
A= dp(v) av, (5)
Vl
rie p=p(V) —3aBUCHMOCThH JaBICHUS] ra3a oT ero oobema. [TockoabKy Buj (yHK-
i P = P(V) 3aBUCHT OT THIA Mpoliecca, B X0i¢ KOTOPOro U3MEHIETCS 00beM rasa,
TO paboTa, coBepilaemas ra3om, Takke 3aBUCHUT OT TuIra npoiecca. [loatomy padorty
A cun naBieHus rasza B xojie mnpoiecca 1® 2® 3® 4 HeoOXOJIUMO MPEACTaBUTH B
BUJIC anreOpanyeckol CyMMBbI paboT, COBEpIIAEMbIX CHJIAMHU JIaBJICHUS ra3a B Kax-
JIOM OTJIENBHOM IIpouecce: A, — IIpU U30TEPMUYECKOM cxatuu, A, — Ipu uzodap-

HOM pacuMpeHuu, A,, — IIp1 H30XOPHOM IIpoIiecce:
A=A, T At A, (6)
Bun pyakiun p = p(V) B KaXKa0M OTACIBHOM IMPOIECCE MOXKHO MOJYUUTh U3
ypaBHeHus1 MeHneneeBa-Knanelipona:
pV =n RT.
[pu uzorepmuueckom mnpoiecce 1—2 (KoIn4ecTBO BelecTBa raza N = CONst u

ero temmeparypa T; = CONSt) 3aBHCHUMOCTh JIaBJCHHS P ra3a oT ero oobema V mMeer
BU/T

Toraa pabora A, CWI JaBlIeHUs ra3a Mpu ero U30TEPMUUYECKOM CXKAaTHH OT 0oObema
V, no o6vema V, Oyner paBHa

v, Va
A, = Rl gy =n RTlc‘)O\'/l =n RT,InV[" =n RT,(nV, - InV,) =n RTlln%.
Vi \ 1

V,
VuauteiBasg, uto PV, =N RT, n V, = El, 0JIy4aem

V. 1
A&z = p1Vl|nV2= plvllngz_ p1V1In5. (7)
1

[Ipu wu3o6apHom mporecce 2—3 JaBICHHE Tras3a OCTACTCS TMOCTOSITHHBIM
P2 = const, mostomy paboTta A,, CuI AaBJIEHUS Ta3a IpHU €ro N300apHOM pacIIMpPEeHUN
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oT oobeMa V, 10 oOvema V, Oyner paBHa
V3

A23 = C\)pz dv = pz(vs - Vz) = p2V3 - pzvz-

\Z

4

C yuertom Beipaxenus (1) p, =5p,, a Taxke ycrnoBus 3anayn V, =\% u V,= gvl

MoJIy4aeM A.=5 plé;aed'l - ﬁg: 3pV,. (8)
éd 5g¢g

[Ipu n30xopHOM mporecce 3® 4 00beM rasa He U3MEHSIETCs, TOATOMY PabOThI
CHWJIBI JIaBJICHUS T'a3a HE COBEPILIAIOT:

A, =0. 9)

[Moacrasmss Beipaxkenus (7), (8) u (9) B Beipakenue (3), Haiigem padoTy A cui
JaBJICHU ra3a B XoJie nporecca 1® 2® 3® 4:

A=-pV,In5+3pV, = pV,(- In5+3). (10)

CornacHo | Havyany TepMOAMHAMHUKHN KOJIMYECTBO TEIUIOTHI Q, mepenaHHoe Ta-

3y B mporecce 1® 2® 3® 4, paBHO CyMMe U3MEHEHHs BHYTpeHHeu sHepruun DU
rasa ¥ paboTel A, COBepIIaeMOii €ro CHJIaMH JIaBJICHHUS 3TOM TpoIiecce:
Q=DU +A.
YuureiBas Beipakenus (3) u (10), koaudectBo TemioTel Q, mepenaHHoe ra3y
B Mpoiiecce 1® 2® 3® 4, OyAeT paBHO
Q= Z__g plvl + plvl(' In5+ 3) = plvlgﬁl_g
[Moacrasmss B (3), (10) u (11) yuciioBbie 3HAUYCHUS, TOJydacM

DU = 71—;5 x10° >0,1= 3,5>10* (1) = 35 (k]Ik) ,

- In5+3%, (11)
(4]

A=10°x01X- In5+3)=10" X- 1,6 + 3) =1,4 40" (Jx) =14 (x/[x),

Q=10°x01 1—’:- In5+32=10° X35- 1,6 +3) = 49X.0* (J) = 49 (x]T) .
e (]
Orser: 1) DU =71—(;' pV, =35kx; 2) A=pV,(- In5+3)=14kx ;
3) Q= plvlég—xl— |n5+39=49KI[)K.
e10 o]
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Ipumep 10. UneanpHbiil ra3 coBepuiaeT 1uka Kapuo. Onpenenurs Temmnepa-
TYpy XOJOIWIBHUKA, €CIIU TemIeparypa HarpeBatens paBHa 608 K, a xommyecTBo
TEIJIOTHI, MOJABOAUMOE K Ta3y 3a 1uki, B 1,9 paza Gombie paboThl, cOBepIlIaeMoi
IIPY 3TOM CHJIAMH JIaBJICHUS ra3a.

Jlano: Pewenue:
T,= 608 K dusnueckas cucTemMa IMpeCcTaBlIsIeT cOO0N HealbHbIN a3, Cco-
Ql —n=19 Bepiaromui ukin Kapxo, K_II:II[ _1|<_0T0p0r_(|3 paBeH
h=-—1_-2=1--2, (1)
Tl Tl
T,-7? rae T, u T, —Temneparypa HarpeBarTess U XOJI0JUIbHUKA COOTBETCT-
BEHHO.

B 10 xe Bpemsa KIIJ[ mr060ro nUKIMYECKOro mpoliecca Mmoka3bpIBaeT, Kakas J0J1s KO-
JUYECTBA TEIUIOTHI, TIOJBOJIUMOTO K razy 3a LUK, Mpeodpa3yercs B MEXaHUUECKYIO
pabory, T.e.
A Ql 3 ‘Qz

h=—= —| , (2)
Q Q
rae Q, — KOJIMYEeCTBO TEIJIOTHI, TOJABOAMMOE rasy 3a uuki, Q, — KoJIMyecTBo Temo-
TBI, OTBOJIUMOE OT Ta3a 3a muki, A=Q, - |Q2| — paboTa, coBepliaeMasi CUJIaMH J1aB-

JICHUS ra3a 3a [UKIL.
[MpupaBHsieM npaBbie YyacTu paBeHCTB (1) u (2):

T, A
1- —2="1
T Q
BbIpa3uMm u3 mojydeHHOro ypaBHEHHs TEMIEpPATypy XOJOIWIbHHMKA T,, yUYUThIBasd,
4TO Q =n:
A

T2=Tl§1— A% 15 1 —+—T Vi)
Qo

e n
HpOI/ISBCIIeM BBIYUCIICHUS .

T, =608x10 ! 2.

=608 % = 288 (K) .
19

Orser: T, =T, X"~ 1= 288K
n
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KOHTPOJIBHAS PABOTA Nel

Tabnuua pacnpeneneHus 3aaay N0 BapuaHTaM

Bapuant HOMEPA 3AJAY

101 111 122 131 (2141 (151 161 |1/71 181 (191

102 112 (122 132 (142 (152 (162 |1/2 182 192

103 113 (123 133 143 153 163 [1/3 183 193

104 114 (124 134 144 (154 (164 |1/4 184 (194

105 115 (125 (135 145 155 165 [1/5 (185 195

106 116 (126 136 146 156 166 (1/6 186 [196

10+ (117 (127 137 (47 (157 [167 177 (187 (197

108 118 (128 138 148 158 168 [1/8 188 [198

109 119 (129 139 149 159 169 [1/9 189 199

OO N UHAWN|F

110 120 (130 140 (150 (160 |1/0 (180 (190 [200

101 IIacmua JBHIKETCA TaK, UTO €€ CKOPOCTb U3MEHACTCS CO BPEMEHEM 110 3aKOHY
u(t) 3% 5 +t><] - 2% (m/c), rne t — Bpemst B cekyHIaX. B HavaabHBI MOMEHT
Bpemenn to= O vactuia Haxogmnack B Touke ¢ koopauHaramu (0; 1 wm; 0). Haiitu:
1) 3aBUCUMOCTH OT BPEMEHU MOJYJISI CKOPOCTH YaCTHUIIBI; 2) 3aBUCUMOCTH OT BpeMe-
HHU BEKTOpA YCKOPEHUS M MOJYJS YCKOpeHUs; 3) KHHEMAaTHYCCKUI 3aKOH JIBUKCHUS
qacTullpl; 4) paIII/ch-BeKTOp B MoMeHT BpeMenu 1,=1,0 C; 5) Moaynp nepemerieHus
gacTullel 3a Bpems Dt =t - t,.

102 IIacmua JIBIKETCS TaK, YTO €€ CKOPOCTH M3MEHACTCS CO BPEMEHEM M0 3aKOHY
u (t) =t +2><] C 12k (m/c), rne t — Bpemst B cekyHIaX. B HavaabHBI MOMEHT
Bpemenn tp= O uacTtuma Haxomwiaach B Touke ¢ koopauHatamu (0; O; 1 m). Haiitu:
1) 3aBUCUMOCTH OT BPEMEHU MOJYJISI CKOPOCTH YaCTHUIIbI; 2) 3aBUCUMOCTH OT BpeMe-
HU BEKTOpA YCKOPEHUS M MOJYJsSl YCKOpeHUsI; 3) KHHEMAaTUYCCKUI 3aKOH JIBUKCHUS
qacTullpl; 4) paIII/ch-BeKTOp B MoMeHT BpeMenH £,=1,0 C; 5) Moaynp nepemerieHus
yacTullel 3a Bpems Dt =t - t,.

103 IIacmua JABHIKETCA TaK, UTO €€ CKOPOCTh U3MEHACTCS CO BPEMEHEM 110 3aKOHY
u (t) =tx - 32 ><] +k (m/c), tne t — BpeMs B cekyHIax. B HayanbHBIE MOMEHT Bpe-
menu to= O vactuia Haxoamiack B Touke ¢ koopauHatamu (1 m; O; 0). Haiitu: 1) 3a-
BUCHMOCTh OT BPEMEHH MOJYJII CKOPOCTH YACTHIIBI, 2) 3aBUCHMOCTH OT BPEMCHH
BEKTOpA YCKOPCHHS U MOJAYJIS YCKOPEHHs; 3) KMHEMATHUSCKUN 3aKOH JIBUKCHHS
yacTuilbl; 4) paauyc-BeKTop B MoMeHT Bpemenu $=1,0 C; 5) Moaysp nepemenicHus
qacTulbl 3a Bpems Dt =t - t,.

104 qaCTI/IL[a JBIKETCS TaK, UTO €¢ CKOPOCTh U3MEHACTCS CO BPEMEHEM IO 3aKOHY
u (t) 5 +3t2 ><] -2tk (m/c), tme t — Bpemst B cekyHaax. B HayajabHBIH MOMEHT
Bpemenn tp= O uacTtuma Haxomwiaach B Touke ¢ koopauHatamu (O; 1 wm; 0). Haiitu:
1) 3aBUCUMOCTH OT BPEMEHU MOJYJISI CKOPOCTH YaCTHUIIBI; 2) 3aBUCUMOCTH OT BpeMe-
HU BEKTOpPA YCKOPEHUSI M MOJYJsSl YCKOpeHUsI; 3) KHHEMAaTHYCCKUI 3aKOH JIBUKCHUS
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yacTuilbl; 4) paauyc-BekTop B MoMeHT Bpemenu t;=1,0 C; 5) Moayib nepeMenieHus
qacTHlbl 3a Bpems Dt =t - t,.

105 IIacmua JABHIKETCA TaK, YTO €€ CKOPOCTb U3MEHACTCS CO BPEMEHEM 110 3aKOHY
u(t) 3 -t ><] +AXK (m/c), tme t — Bpemst B cekyHaax. B HayalbHBIH MOMEHT
Bpemenn tp= O uacTtuma Haxomwiaach B Touke ¢ koopauHatamu (0; O; 1 m). Haiitu:
1) 3aBUCUMOCTH OT BPEMEHU MOJYJISI CKOPOCTH YaCTHUIIBI; 2) 3aBUCUMOCTH OT BpeMe-
HHU BEKTOpa YCKOPEHUS M MOJYJS YCKOpeHUs; 3) KHHEMAaTHYCCKUI 3aKOH JIBUKCHUS
yacTuilbl; 4) paauyc-BeKTop B MoMeHT Bpemenu t;=1,0 C; 5) Moayib nepeMenieHus
qacTHLbl 3a Bpems Dt =t - t,.

106. qaCT{/IL[a JABHIKETCA TaK, UTO €€ CKOPOCTb U3MEHACTCS CO BPEMEHEM 110 3aKOHY
J(t) =4tX +3%j - t*Xk (m/c), Tme t — BpeMs B ceKyHAaX. B HauagbHBII MOMEHT
Bpemenn tp= O uacTtuma Haxomwiaach B Touke ¢ koopauHatamu (1 m; O; 0). Haiitu:
1) 3aBUCUMOCTH OT BPEMEHU MOJYJISI CKOPOCTH YaCTHUIIBI; 2) 3aBUCUMOCTH OT BpeMe-
HU BEKTOpa YCKOPEHUS M MOJYJSl YCKOpeHUsI; 3) KHHEMAaTHYCCKUI 3aKOH JIBUKCHUS
yacTuilbl; 4) paauyc-BeKTop B MoMeHT Bpemenu t;=1,0 C; 5) Moayib nepeMenieHus
qacTuLbl 3a Bpems Dt =t - t,.

107 IIacmua JBHIKETCA TaK, UTO €€ CKOPOCTb U3MEHACTCS CO BPEMEHEM 110 3aKOHY
u (t) 22 - 4><] FtxK (m/c), rme t — BpeMs B cekyHaax. B HavyaibHBI MOMEHT
Bpemenn to= O uacTtuma Haxomwiaach B Touke ¢ koopauHatamu (O; 1 wm; 0). Haiitu:
1) 3aBUCUMOCTH OT BPEMEHU MOJYJISI CKOPOCTH YaCTHUIIBI; 2) 3aBUCUMOCTH OT BpeMe-
HU BEKTOpA YCKOPEHUSI M MOJYJsSl YCKOpeHUsI; 3) KHHEMAaTHYCCKUI 3aKOH JIBUKCHHUS
yacTuilbl; 4) paauyc-BeKTop B MoMeHT Bpemenu t;=1,0 C; 5) Moayib nepeMenieHus
qacTHLbI 3a Bpems Dt =t - t,.

108 IIacmua JABHKETCA TaK, YTO €€ CKOPOCTh U3MEHACTCS CO BPEMEHEM 110 3aKOHY
u (t) 43H + 2 X] - 5%k (m/c), tme t — Bpemst B cekyHaax. B HayajabHBIH MOMEHT
Bpemenn tp= O uacTtuma Haxomwiaach B Touke ¢ koopauHatamu (0; O; 1 m). Haiitu:
1) 3aBUCUMOCTH OT BPEMEHU MOJYJISI CKOPOCTH YaCTHUIIBI; 2) 3aBUCUMOCTH OT BpeMe-
HU BEKTOpPa YCKOPEHUSI M MOJYJsSl YCKOpeHUsI; 3) KHHEMAaTHYCCKUI 3aKOH JIBUKCHUS
yacTuilbl; 4) paauyc-BeKTop B MoMeHT Bpemenu t;=1,0 C; 5) Moayib nepeMenieHus
qacTulbl 3a Bpems Dt =t - t,.

109 IIacmua JBHIKETCA TaK, YTO €€ CKOPOCTb U3MEHACTCS CO BPEMEHEM 110 3aKOHY
u (t) 2 - &7 ><] Ftok (m/c), tne t — BpeMs B cekyHaax. B HavajgbHBII MOMEHT
Bpemenn tp= O uacTtuma Haxomwiaach B Touke ¢ koopauHatamu (1 m; O; 0). Haiitu:
1) 3aBUCUMOCTH OT BPEMEHU MOJYJISI CKOPOCTH YaCTHUIIBI; 2) 3aBUCUMOCTH OT BpeMe-
HU BEKTOpA YCKOPEHUSI M MOJYJSl YCKOpeHUsI; 3) KHHEMAaTHYCCKUI 3aKOH JIBUKCHUS
yacTuilbl; 4) paauyc-BeKTop B MoMeHT Bpemenu t;=1,0 C; 5) Moayib nepeMenicHus
qacTulbl 3a Bpems Dt =t - t,.

110 IIacmua JABHIKETCA TaK, YTO €€ CKOPOCTb U3MEHACTCS CO BPEMEHEM 110 3aKOHY
u(t) =t? +3><] -2tk (m/c), rne t — Bpemst B cekyHIaX. B HavaabHBI MOMEHT
Bpemenu tp= 0 wactuna Haxomunack B Touke ¢ koopauHatamu (0; 1wm; 0). Haiitu:
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1) 3aBUCUMOCTH OT BPEMEHU MOJYJISI CKOPOCTH YaCTHUIIBI; 2) 3aBUCUMOCTH OT BpeMe-
HHU BEKTOpA YCKOPEHUS M MOJYJS YCKOpeHUs; 3) KHHEMAaTHYCCKUI 3aKOH JIBUKCHUS
yacTuilbl; 4) paauyc-BeKTop B MoMeHT Bpemenu t;=1,0 C; 5) Moaysb nepeMenicHus
qacTulbl 3a Bpems Dt =t - t,.

111. OgHopoaHbIH JUCK Maccod M U paanycoM R HaumHaeT BpamiaThCsi BOKPYT He-
MOJIBIXKHOU OCH, MPOXOJSINEH Yepe3 LEHTP AMCKA MEePIeHAUKYISIPHO €ro IJI0CKO-
CTH, MO/ JCHCTBUEM KacaTeIbHOU CHIIbI, MPUIIOKEHHON K 0001y Aucka. Moayib cu-
JbI 3ABHCHUT OT BpeMeHH Kak F =at®, rie a — HeKoTopas IONOKUTENbHAS HOCTOSH-
Has. HaliTu yrinoByr CKOPOCTh W1 JMCKa B MOMEHT BpeMEHU t; mocie Havana Jeu-
CTBUS CUJIBL.

112. MaxoBHK B BHJI€ OAHOPOJIHOIO KOJIblIa Maccoi Mu paanycoMm R ¢ HeBecoMbIMuU
CIUI[AMHU PACKPYTWIH J0 YIIOBOW CKOPOCTH Wy BOKPYT HEMOABUKHOM OCH, MPOXO-
Asuiel yepe3 UEHTP MaxOoBHKa MEpPHEHIUKYISIpHO ero riockoctu. K 0b6oay xonbia
MPWIOKHUIIM KacaTeNbHYIO CUILY, MOJ JI€UCTBHEM KOTOPON MaxOBHK Hayajl OCTaHaB-
nuBaThes. B kakoit MoMeHT BpeMeHu U mociie Hayasia JeHCTBUS CUJIbI MaXOBUK OC-
TAHOBWJICS, €CJIM MOJYJIb CHJIBI 3aBUCUT OT BpeMeHH kak F =at, roe a — Hekoropas
MOJIOKUTENIbHAS TIOCTOSTHHAS.

113. T'opu3oHTAIBHBIA OJAHOPOJHBIN CTEp>KEHb Maccod M W AIuHON ¢ HayWMHAEeT
BpallaThCcsi B TOPU30HTAIBHON TNIOCKOCTH OTHOCHUTENIbHO HEMOABHKHOW BEPTHUKANb-
HOM OcH, MpOXoJAIlel Yyepe3 OJUH U3 KOHIIOB CTEP KHS MO JEeHCTBUEM CUJIbI, MPU-
JIO’KEHHOM K JIPYrOMY €ro KOHIly MEepIeHAUKYISIPHO K CTepKHI0. MOoAysb CUIIbI 3a-
BUCUT OT BpeMeHU Kak F =at, rme a — HekoTopas monoxutenbHas MOCTOSHHAS.
Haiitu MOMeHT BpeMeHH 13, B KOTOPBIN yriaoBasi CKOPOCTh CTEPKHS paBHA Wj.

114. CrnomHo#M OAHOPOJHBIN BEPTUKAIBHBIA LHJIMHAP Maccod M u paaumycom R
BpallaeTcsi BOKPYr CBOEW HEMOJBHXKHOM OCH C YIIOBOM CKOpOCThIO Wo. K OGokoBOMA
MOBEPXHOCTH LUIUHAPA TPUIIOKHUIA TOPUZOHTAIbHYIO KacaTeIbHYIO CHITY, MO/ Aeil-
CTBHEM KOTOPOM OH Hayasl OCTaHaBIMBaThCS. B kakoit MOMeHT Bpemenu t mocie Ha-
yaJjia JeHCTBUSL CUJIBI IIMJIMHIP OCTAHOBUWJICS, €CJIM MOJYJIb CHJIbI 3aBUCUT OT BpeMe-
HU Kak F =at, rae a —HeKoTopas MOJI0KUTEIbHAs IOCTOSIHHASL.

115. MaxoBHK B BHJI€ OAHOPOJIHOIO KOJIblla Maccoi Mu paanycoMm R ¢ HeBecoMbIMuU
CIUIIAMU HAUMHAET BpalllaThCsl BOKPYT HEMOABMXKHON OCH, MPOXOAIIEH Yepe3 LIEHTP
MaxOBHKa MEPIEHIUKYJISPHO €ro IJIOCKOCTH, MOJ JEHCTBUEM KacaTeJbHOW CHIIBI,
TIPUJIOKEHHOM K 0601y MaX0oBHKa. MoJIylb CUIIBI 3aBUCHT OT BpeMeHH Kak F =at?,
re & — HEKOTopas MOJOXKUTEIbHAs MOoCcTOsiHHAA. HaliTh yrinoByto ckopocTh Wy Ma-
XOBHMKa B MOMEHT BpeMeHU 1; mocie Hayana IeMCTBHS CUIIBI.

116. T'opu3oHTAIBHBIA OJAHOPOJHBIN CTEp>KEHb Maccod M W AMuHOM ¢ HaYyMHAEeT
BpallaTbCcsi B TOPU3OHTAIBHON TUIOCKOCTH OTHOCHTENIbHO HEMOABMKHOW BEPTHUKAb-
HOM OCH, IPOXOJIAIIEH Yepe3 LEHTP CTEPHKHS MOJ JeUCTBUEM CHIIbI, IPUIIOKEHHON K
OJIHOMY U3 €r0 KOHIIOB MEPIEeHIUKYISPHO K CTePkKHIO. MOIylb CHJIbl 3aBUCUT OT
BpeMeHHu Kak F =at, roe a — HekoTopas nojoxkutenbHas nocrossHHas. Haiitu yrio-
BYIO CKOPOCTh Wj CTEpXHSI B MOMEHT BpeMeHHU t; rmocie Havana AeMCTBUS CUIIBI.
117. MaxoBHK B BHJI€ OAHOPOJIHOIO KOJIblIa Maccoi Mu paanycoMm R ¢ HeBecoMbIMuU
CIUI[AMU HAUMHAET BpalllaThCsl BOKPYT HEMOABMXKHOM OCH, MPOXOSIIEH Yepe3 LIEHTP
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MaxOBHKa MEPIECHANKYISIPHO €ro IJIOCKOCTH, MOJ JEHUCTBUEM KacaTeIhbHOW CHIIBI,
MIPUJIOKEHHOM K 0001y MaxoBuKa. MoJysib CHJIBI 3aBHCUT OT BpeMeHH kak F =at,
I7ic & — HEKOTOopas MOJOKHUTEeIbHAs MOCTOsiHHAs. HaiiTu MOMeHT BpeMmeHu 1, B Ko-
TOPBIN YIJIOBasi CKOPOCTh MaxOBUKa paBHA W;.

118. CrutonrHo#M OAHOPOHBIN BEPTUKAIBHBIA IWIMHAP Maccod M u paaunycoM R Ha-
YUHAET BpAIlaThCs BOKPYT CBOEH HEMOJABMIKHON OCH TOJ] JCHCTBUEM TOPU30HTAIb-
HOM KacaTeJIbHOW CWJIBI, MPUJIOKEHHON K OOKOBOM MOBEPXHOCTH MWIMHApPA. Moayib
CWJIbI 3aBUCHUT OT BpeMeHH kak F =at, rae a — HexoTopas MmoJIOKHUTENIbHAs OCTO-
sAHHas. Halitu yriioByro CKOpoCTh Wi LMJIMHAPA B MOMEHT BpeMeHH {; 1mocie Havana
JIEVICTBUS CUJIBI.

119. T'opuzoHTaIBHBIA OJAHOPOJHBIN CTEp>KEHb Maccod M W AIuHON ¢ HayMHAET
BpaliaThCs B TOPU30HTATIBLHON MJIOCKOCTH OTHOCHUTENIBHO HETOJIBUKHON BEPTUKAIb-
HOM OCH, MPOXOJSIIICH Yyepe3 IEHTP CTePIKHSI MO JeHCTBUEM CHIIBI, MPUIIOKEHHON K
OJIHOMY M3 €Tr0 KOHIIOB MEPNEHIUKYISIPHO K CTEPkKHIO. MOIyNb CUJIBI 3aBUCHUT OT
BpeMeHM Kak F =at, rme a — HekoTopas MOJIOKUTENIbHAS TocTosiHHAs. Haiitu Mo-
MEHT BpeMeHHU 3, B KOTOPBIN YIJIOBasi CKOPOCTh CTEPKHS paBHA Wi.

120. OnHOopoaHBINM UCK Maccoit M u paguycoM R Bpaiaercst BOKpYr HENOBHKHOM
OCH, TPOXOJSIIEH uepe3 LEeHTP AUCKA MEePHEHIUKYISIPHO €ro IIOCKOCTH C YTIOBOM
CKOpOCThIO Wy . K 000y nHcka MpUIIOKUIN KacaTelbHYIO CHILY, MO/ ACHCTBUEM KO-
TOPOM IUCK Hayajl OCTAHABJIMBATHCS. B Kakol MOMEHT BpeMeHu { mocie Havaia
JEUCTBUSL CUJIBI JTUCK OCTaHOBWJICS, €CJIIM MOJYJIb CUJIbI 3aBHUCHUT OT BPEMEHU Kak
F =at, rne a —HekoTopas NOJOKUTENbHAS TOCTOSIHHAS.

121. C tenexku, CBOOOJHO ABIKYIIEHCS TIO TOPU30HTATBLHON TMOBEPXHOCTH CO CKO-
pocteio 2,0 M/c, B CTOPOHY, IPOTHUBOITOIOXKHYIO IBUKCHHUIO TCJICIKKHU, MPHITaeT YeIIo-
BEK, MOCJIC Yero CKOPOCTh TEJICKKH CTAHOBUTCS paBHo 3,5 M/c. Haiitn Momyinb cko-
POCTHU YeJI0BEKAa OTHOCUTENLHO TEJIEKKH B MOMEHT OTpPhIBA OT HEe, €CJIM BEKTOP 3TOMN
CKOPOCTH cocTaBIsieT ¢ ropusontom yron 30°. Macca uenoBeka pasra 60 kr, Macca
TENEHKKH — 35 KT.

122. Ha >xene3HOAOPOKHOM MIaTdhopMe, paBHOMEPHO JBHKYIIECHCS CO CKOPOCTHIO
10,0 m/c, ecTKO 3aKperieHO OpYAHe, U3 KOTOPOTO MPOU3BECH BBICTPET B CTOPOHY
ee nBuwxkeHus. Onpenenutrb MOAYIb CKOPOCTH IUIAT(GOPMBI MOCIE BBICTPENA, €CIIH
HaIlpaBJICHHE €€ JIBIXKCHHMSI HEe M3MEHMUJIOCh, @ CHApAJl BBUIETAET CO CKOPOCTHIO
400,0 m/c otHOCHTEIBHO TaThopMsl ox yriaoM 60° k ropusonty. Macca miatdop-
MbI ¢ opyaueM 990 kr, macca cHapsina 10 kr.

123. C nonku, TbIBYIIEH paBHOMEPHO MO 03€py, OXOTHUK MPOU3BEI BBICTPEN IMPO-
THUB JIBWKCHHS JIOJIKH, TIOCJIE Yero ee CKOpocTh ctaja paBHou 1,0 m/c. OnpenenuTh
MOJTyJIb CKOPOCTH JIOJIKH JIO BBICTpEJIa, €CIU MyJis BhuieTaeT co ckopocThio 500,0 m/c
OTHOCHTEIIbHO JTOAKH mox yrioM 45° k ropusonty. Macca mymu 20 r, Macca JOKH C
oxotHukoM — 100 kr.

124. C tenexku, CBOOOJHO JIBIKYIIEHCS MO TOPU30HTATBLHON MOBEPXHOCTH CO CKO-
pocteio 4,0 M/c, B CTOPOHY, IPOTHUBOIOIOKHYIO €€ JABH)KCHHIO, IPHIraeT YeIOBEK.
Haiitu Moaynb CKOPOCTH TEJIEKKH MOCIIE MPBDKKA, €CIH CKOPOCTh Y€I0BEKa OTHOCH-
TEJILHO TEJICKKU B MOMEHT OTPBhIBA OT Hee paBHa 2,5 M/C U COCTABIIET C TOPU3OHTOM
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yron 30°. Macca 4enoBeka paBHa 65 kr, Macca Tenexkn 50 Kr.

125. Ha xene3HoA0pOKHOU IIaTdopMe, paBHOMEPHO IBHIKYIIEHCS CO CKOPOCTHIO
14,5 m/c, )ecTKO 3aKperieHO OpyAre, U3 KOTOPOTo MPOU3BECH BBICTPET B CTOPOHY
ee IBUKCHUS, TIOCJIe Yero CKOpocTh mardopMel crana paBaoit 12,0 m/c, a Hampag-
JICHWE €€ JABWKCHHUS He M3MEHWIOCh. ONpeaenuTh MOIYIb CKOPOCTH CHapsiia OTHO-
CUTENBHO IIaTGOPMBI, €CIIM BEKTOP TOW CKOPOCTH COCTABISIET C TOPU3OHTOM YTOJI
60°. Macca crapsina 15 kr, Macca miatdopMsl ¢ opyaueM 885 Kr.

126. C noaku, IBHXKYIIEHCS 110 03epy €O CKOpPOCcThio 2,0 M/C, OXOTHHUK MPOU3BEIT BbI-
CTpeJ IO HampaBJICHHUIO ee NBKEeHUS. OnpeaenuTh MOAYIb CKOPOCTH JIOJIKH IMOCIIE
BBICTpEJIa, €CJIM HAaIpaBJICHUE €€ JBM)KCHHS HE M3MECHHIOCH, a MYJs BBUIETAET CO
ckopoctbio 600,0 M/c oTHOCHTENBHO N0oaKH o yriom 30° k ropusonTy. Macca mymu
20 r, macca jJoaku ¢ oxorHukoM 110 kr.

127. C tenexxku, CBOOOAHO JBIIKYIICUCS TIO TOPH3OHTAJIBHONW TTOBEPXHOCTH, B CTO-
POHY, POTHUBOMOJIOKHYIO €€ JABM)KCHHIO, MPBITAaeT uenoBek. [locie 3Toro ckopocTh
TEJICKKH cTana paBHoi 5,0 M/c. OnipeeTuTh MOIYJIb CKOPOCTHU TEIICHKKH JI0 MPBIXKKA,
€CJIH CKOPOCTh YEJIOBEKa OTHOCHUTEIHHO TEJICKKH B MOMEHT OTPhIBA OT HEE paBHA
2,1 m/c u ¢ ropusonToM cocraBiser yron 30°. Macca denoBeka paBHa 70 Kr, Macca
TenexKu 45 Kr.

128. Ha xene3HOAOpOKHOW IMIaTdopMe, paBHOMEPHO IBMIKYIIEHCS CO CKOPOCTHIO
9,8 M/c, KECTKO 3aKpeIieHO OpYAKe, U3 KOTOPOro MPOU3BEIEH BBICTPEN B CTOPOHY,
MIPOTHBOIIOIOKHYIO €€ ABMKECHHIO, TIOCIIE Yer0 CKOPOCTh IIAaTGOPMBI CTajda paBHOU
14,1 m/c. OnpeaenuTh MOIYJb CKOPOCTU CHapsia OTHOCHUTEIBHO IUIATPOPMBI, €CIIU
BEKTOp JTOH CKOPOCTH COCTABISIET ¢ Topu3oHTOM yrou 45°. Macca cHapsina 25 K,
Mmacca matgopmsl ¢ opyauem 1000 kr.

129. C noaku, ABHXKYIIEHCS 110 03epy €O CKOpPOCThio 1,5 M/C, OXOTHUK MPOU3BEIT BbI-
CTpeN B CTOPOHY, MPOTHUBOIOJIOKHYIO €€ JBIKEHUIO, TIOCIE Yero CKOPOCTH JIOIKU
crajga paBHoit 1,7 M/c. Onpenenuth MOIYJIb CKOPOCTH IMYJM OTHOCHUTEIIBHO JIOAKH,
eCIIM BEKTOp DTOH CKOPOCTH cocTaBisieT ¢ ropusonToM yroa 30°. Macca mymu 35,
Macca JIOIKHU C OXOTHUKOM 95 Kr.

130. Ha paBHOMEpHO JBHKYILIECHUCS KEJIE3HOIOPOKHON TIaTPopMe KECTKO 3aKper-
JICHO OpYAME, U3 KOTOPOTO MPOU3BEICH BBHICTPE B CTOPOHY €€ JBIIKEHUS, MOCIIe Ye-
ro ckopocth miatdopmbl craia paBaoit 7,0 M/c. Ompenenuts MOIYIb CKOPOCTH
1aTOpMBI 10 BBICTpENa, €CIU HampaBlIeHUE €¢ JBIKEHUS HE W3MEHWIOCH, a CHa-
pSII BBLIETaeT co ckopocthio 250,0 M/c mox yrimom 60° K TOPU30HTY OTHOCHTEIBHO
matdopmbl. Macca matdopmel ¢ opyauem 1050 kr, macca cHapsina S0 kr.

131. B uentpe ckambu XKykoBckoro maccoit 10 kr u paauycom 1 M, Bpamaromeics ¢
yriioBorr ckopocthio 2,00 pan/c, CTOUT YENIOBEK M JEPKUT B pPyKaxX BEPTUKAIbHBIHN
CTepKEHb Maccoi 2 KT ¥ JITMHOW 3 M, PacIoIOKEHHBIN 10 OcH BpamieHus ckambu. C
KaKol YIJIOBOH CKOPOCTHIO HAYHET BpAIlaThCs CKAaMbs, €CIU YEJIOBEK IOBEPHET
CTepKCHb TaK, YTOOBI OH 3aHSJI TOPU30HTAIBHOE ToNokeHHe? CunuTaTh, 4TO HEHTP
MacC CTEp)KHS HAXOAWTCS HAa OCH BpAICHUS CKaMbH, a MOMEHT WHEPIUU YEIIOBEKa
OTHOCHTEIFHO OCH BpAIICHHsI MPEHEOPEIKIMO Mal.

132. Ha kpato ckambu JKykoBckoro maccoit 100 kr, Bpaiaroleicst ¢ yrioBoi CKo-
pocteio 1,5 pan/c, ctout yemosek maccoii 70 kr. C Kakol yriIoBOil CKOPOCTHIO Hay-
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HET BpalllaTbCsl CKaMbs, €CIIU YeJIOBEK MepenieT B ee HeHTp? MoMeHT uHepLuuu ye-
JIOBEKa PacCUMUTHIBATH KaK ISl MATepUATIbHON TOUYKHU.

133. B uentpe ckambu JKykoBckoro Maccoit 10 kr u paauycom 2 M, Bpalaroiieics ¢
yriioBoii ckopocThio 1,00 pan/c, cTOUT YellOBeK U ACPKUT B COTHYTHIX PYKax JIBE I'-
pu 1o 1 kr kaxnas. [lpu 3ToM rupu HaxoasTcss Ha ocH BpamieHus. C Kakoi yrioBoi
CKOPOCTBIO HAYHET BpallaThCsl CKaMbs, €CJIM YEJIOBEK BBITSHET PYKU TaK, YTO pac-
CTOSIHME OT KaXKIOW T'Mpu 10 ocu BpaileHust ctaHeT paBHbIM 80 cM? Cyutarh, 4TO
MOMEHT MHEPIIMU YEIOBEKa OTHOCUTEIHHO OCH BpalleHUsS TPEHEOPEKUMO Mall.

134. B uentpe ckambu JKyKoBCKOro Maccoit 5 kr u paguycoMm 1 M, Bpamaromencs ¢
YIJIOBOW CKOPOCTBIO 3,3 paji/c, CTOMT YEIIOBEK U JICPIKUT Ha BBITSHYTHIX BBEPX pPyKax
TOPU30HTAIBHO PACIOJIOKEHHOE KoJieco Maccol 2 kr u paguycoM 50 cm. C kakoit
YIJI0BOM CKOPOCTHIO HAUYHET BpaIlaThCsl CKaMbsl, €CJIM YEJTOBEK MOBEPHET KOJIECO TaK,
YTOOBI OHO 3aHSJI0 BEpPTUKAIBbHOE MOJoxeHne? CunuTaTh, 4YTO LIEHTP Macc Kojeca Ha-
XOJUTCSl HA OCH BpPAILIEHUS CKaMbH, @ MOMEHT MHEPLIMH YEJIOBEKA OTHOCUTEIBHO OCH
BpalleHs TPeHeOPEKMUMO Mall.

135. Ha kparo ckambu XKykoBckoro maccoit 80 Kr, Bpalaromeics: ¢ yriioBoi ckopo-
ctero 1,0 pan/c, crout yenoek. OnpeaeauTh MacCy YeJIOBEKa, €CIIU TPHU €Tro Mepexo-
Jic B LICHTP CKaMbHU YIJIOBasi CKOPOCTh €€ BpaIlCHUs yBeIu4Iuiach 10 2,5 paa/c. Mo-
MEHT MHEPIIMH YEJIOBEKa PACCUUTHIBATH KaK JIJIi MaTEPUAIbHON TOYKH.

136. B uentpe ckambu XKykoBckoro maccoit 10 kr u paguycom 2 M, Bpalaroiiecs ¢
YIJIOBOW CKOpOCThIO 1,5 pajn/c, CTOMT 4enOBEeK M JIEPKHUT Ha BBITSIHYTHIX PYKax JIBE
rupu no 1 xr kaxnasa. PaccTosHue oT KakI0il TMpU 10 OCU BpAILEHHUS COCTABIISACT
80 cMm. C kakoil yrioBol CKOpOCTHIO HAYHET BPAIllaThCsl CKaMbsl, €CIM YEJIOBEK CO-
KMET PYKH TakK, 4TO TUPU OKaXXYTCs Ha ocH BpamieHus? Cuurath, 4TO MOMEHT UHEP-
[[MU YeJIOBEKA OTHOCUTENIBHO OCH BPAILEHUS MPEHEOPEKUMO MaJl.

137. B uentpe ckambu JKykoBckoro Maccoit 10 kr u paauycom 1 M, Bpamaromeics ¢
yriioBor ckopocthio 2,0 pana/c, CTOUT YENOBEK U JACPKHUT B PyKaxX T'OPH30HTAIBLHO
PacIoIOKEHHBIN CTEpKeHb Maccoil 2 Kr u iuHoM 3 M. C Kakoi yTrioBOM CKOPOCTHIO
HAYHET BPAIAThCSl CKaMbsl, €CJIM YEJIOBEK MOBEPHET CTEPKEHb TaK, YTOObI OH 3aHSII
BEPTUKAILHOE TI0JI0KEHHE BAOJIb OCH BpalieHus1? CuuTaTh, 4YTO LEHTP MAcC CTEPKHS
HAXOJUTCS Ha OCHU BPAILEHUS CKaMbM, & MOMEHT MHEPIMH YeJIOBEKa OTHOCUTEIHHO
OCH BpalleHUs IPEHEOPEKUMO MaJl.

138. Ha kpato ckambu JKyKOBCKOTO, Bpaliaroleics ¢ yriioBoi ckopocteio 1,5 pan/c,
ctout yenoBek maccoi 80 kr. OnpeneanTb Maccy CKaMbH, €CIIH IIPHU TIEPEXO0/Ie Yelo-
BEKa B €€ ILICHTP yIJIOBask CKOPOCTh BpAICHUS yBeIU4miIach no 3,5 paa/c. MoMeHT
MHEPIMH YeJIOBEKa PACCUUTHIBATH KaK /ISl MATEPUAIbHON TOUKH.

139. B uentpe ckambu JKykoBckoro Maccoit 5 kr u paguycom 1 m, Bpamaromencs ¢
YIJIOBOW CKOPOCTBIO 2,5 paji/c, CTOMT YEIIOBEK U JICPIKUT Ha BBITSHYTHIX BBEPX pyKax
BEPTUKAJILHO PACIIOIOKEHHOE Kojieco maccoi 2 kr u paauycoMm 90 cm. C kakoit yr-
JIOBOW CKOPOCTBHIO HAYHET BPAIAThCA CKaMbs, €CJIM YEJIOBEK MOBEPHET KOJECO TakK,
YTOOBI OHO 3aHSJIO TOPU30HTAIbHOE MOJokeHue? CUUTaTh, YTO LEHTP Macc Kojeca
HAXOJUTCS Ha OCHU BPAILEHUS CKaMbM, & MOMEHT MHEPIMH YeJIOBEKa OTHOCUTEIHHO
OCH BpallEHUs TPEHEOPEKUMO MaJl.

140. B uentpe ckambu XKykoBckoro maccoi 100 kr, Bpamaromeics ¢ yrioBoi CKo-
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poctbio 3,3 pan/c, crout dyenoek Maccorr 60 kr. C kakol YriioBOH CKOPOCThIO Hay-
HET BpalllaThCsl CKaMbsl, €CIIU YENIOBEK MepeiaeT Ha ee Kpail? MOMEHT uHepuuu ye-
JIOBEKa PacCUMUTHIBATH KaK ISl MATepUaIbHON TOUYKHU.

141. Tlocne BepTUKAIBHOIO 3allyCKa C MOBEPXHOCTU 3€MJIM U BBIKJIIOUEHUS IBUTATE-
71 CKOPOCTh PaKEThl HAa BBICOTE 1,3:10° m paBHa 5,9 kM/c. OnpenenuTh CKOPOCTh pa-
KkeThl Ha BbIcoTe 3,5-10° M Hax moBepxHOCTBIO 3eMin. IIPHHSTH, UTO Ha paKeTy aecii-
CTBYET TOJIBKO CHJIA TATOTEHHS CO CTOPOHBI 3€MJIH, a Macca paKeThl OCTAETCS MOCTO-
AHHOW. Macca 3eMiu U ee paanyc U3BECTHBI.

142. Pakera ycTaHOBJIEHAa Ha TIOBEPXHOCTH 3€MJIM JJIsl 3allyCKa B BEPTHKAJIbLHOM Ha-
npasieHud. [Ipu kakoil CKOpoCTH, COOOIIEHHOW paKeTe MpH 3allyCKe, U BHIKIIIOUEHUH
nBuratess Ha Boicote 3,2-10° M Han MMOBEPXHOCTHIO 3eMJIM OHa OyJeT 001aaaTh CKO-
pocTbio, paBHO# 1,4 kM/c? [IpuHATB, YTO HA paKeTy NEHCTBYET TOJIBKO CHUJIA TATOTE-
HUSL CO CTOPOHBI 3eMJIM, @ Macca pakeThl OCTaeTcs MOCTOsTHHOM. Macca 3emin u ee
pajinyc U3BECTHBHI.

143. Tlocne BepTUKAIBHOIO 3aIlyCKa C MOBEPXHOCTU 3€MJIM U BBIKIIOUEHUS IBUTATE-
Js1 CKOPOCTh PaKeThl HAa HEKOTOPOH BhICOTE cocTaBisuia 5,9 km/c. Onpenenuts 3Ty
BBICOTY, €CJIM Ha BBICOTE 6,2:10° M Hap MMOBEPXHOCTHIO 3€MJIM CKOPOCTh PAKETHI CTa-
na paroit 0,5 km/c. [IpuHSTH, 4TO HA paKeTy NEHCTBYET TOJBKO CHJIA TATOTCHUS CO
CTOpPOHBI 3eMJIH, @ Macca PaKeThl OCTaeTCsl MOCTOSHHOM. Macca 3eMiu u ee paauyc
W3BECTHBI.

144. TIpu BepTUKAIBHOM 3alyCKe ¢ MOBEPXHOCTU 3EMIIH PAKETE COOOIIMIA CKOPOCTh
7,5 kM/c W BBIKIIOYHIM JBUTATeIb. ONPENEIUTh CKOPOCTh PAKEThl HAa BBICOTE
3,4-10° M Haz OBEPXHOCTHIO 3eMitd. IIPHHSTE, YTO Ha PaKeTy ACHCTBYET TOIBKO CH-
Ja TATOTEHUS CO CTOPOHBI 3eMJIM, a Macca pakeThl OocTaeTcs MOCTOsSHHOM. Macca
3eMJIM U €€ paguyc U3BECTHBI.

145. Tlocne BepTUKAIBHOIO 3aIlyCKa C MOBEPXHOCTU 3€MJIM U BBIKJIIOUEHUS IBUTATE-
IS CKOpOCTh pakeThl Ha Beicote 2,4-10° M pasHa 4,7 km/c. OnpeaennTh MaKCHMAIb-
HYIO BBICOTY MOJbEMA PaKEeThbl HAJl MOBEPXHOCTHIO 3eMiu. [IpuHATH, 4TO Ha pakeTy
JEHUCTBYET TOJBKO CHJIa TATOTEHUS CO CTOPOHBI 3eMIJIH, a Macca PaKeThl OCTAETCS MO-
CTOSIHHOM. Macca 3eMiid U ee paJnyC U3BECTHBI.

146. [Ipu BepTHKaJIBbHOM 3aIyCKE C MOBEPXHOCTH 3€MJIM U BBIKIIOUEHHUS JIBUTaTENs
MaKCHUMaJlbHasi BBICOTAa TOJb€Ma pAKEThl HAaJl MOBEPXHOCTHbIO 3€MJIM COCTaBWIIA
6-10° M. KakoBa GbL1a CKOPOCTH pakeTsl Ha BbicoTe 2,5-10° M? IIpuHsTH, 4TO Ha pa-
KETy JEHCTBYET TOJIbKO CHJIA TATOTEHHS CO CTOPOHBI 3€MJIH, @ Macca PaKeThl OCTAeT-
sl MOCTOSTHHOM. Macca 3eMilt U €€ paJinyC U3BECTHBI.

147. IIpu BepTUKAJIBHOM 3alyCKe ¢ MOBEPXHOCTU 3EMIIM PAKETe COOOIIMIA CKOPOCTh
6,9 kM/c ¥ BBIKIIOUMIM JBUTaTelb. Ha KakoW BBICOTE HAJl MOBEPXHOCTHIO 3eMilH
CKOPOCTh pakeThl OblIa paBHa 2,3 kM/c? [IpUHATE, YTO HA paKeTy JCHCTBYET TOIBKO
CWJIa TSATOTEHUSI CO CTOPOHBI 3eMJIM, a Macca pakeThl OCTaeTcs MOCTOosIHHOM. Macca
3eMJIM U €€ paguyc U3BECTHBI.

148. [Ipu BepTHKATBLHOM 3aIlyCKe C MOBEPXHOCTU 3€MJIM U BBIKIIFOUEHHUH JIBUTATENsS
MaKCUMaJlbHasi BBICOTa TOJb€Ma pAKEThl HaJl MOBEPXHOCTHhIO 3€MJIM COCTaBWIIA
5,7-10° M. Ha kaxoii BbICOTE Hax MMOBEPXHOCTHIO 3eMJIU CKOPOCTh PaKeThl ObLIa paB-
Ha 2,5 kM/c? [IpuHSsITH, 4TO HA paKeTy JCHCTBYET TOJIBKO CHJIA TATOTCHHS CO CTOPOHBI
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3eMiH, a Macca pakeThl OCTAeTCs NOCTOAHHOM. Macca 3eMin U ee paanyc U3BECTHBI.
149. Tlocne BepTUKAIBHOIO 3aIlyCKa C MOBEPXHOCTU 3€MJIM U BBIKJIIOUEHUS IBUTATE-
1151 CKOpOCTH pakeTs! Ha Bbicote 4,9-10° M paBua 1,1 kv/c. KakoBa Gbiia cKOPOCTH pa-
KkeTbl Ha BhicoTe 1,7-10° M Hap oBepxXHOCTHIO 3emuin? [IpuHATH, YTO HA pakeTy AcH-
CTBYET TOJIBKO CHJIa TATOTEHHS CO CTOPOHBI 3€MJIH, a Macca paKeThl OCTAETCS MOCTO-
AHHOM. Macca 3eMiu U ee paanyc U3BECTHBI.

150. [Ipu BepTUKAIBHOM 3ayCKe ¢ MOBEPXHOCTU 3EMIIM PAKETE COOOIIMIA CKOPOCTh
6,7 kxM/c U BBIKIIIOYMIN JBUTATEb. OTpEeTuTh MAKCUMAIBHYIO BBICOTY TOIbEMa
pakeThbl HaJ MOBEPXHOCTHIO 3eMiid. [IpuHATH, 4TO HA paKeTy JEeUCTBYET TOJIBKO Chja
TATOTEHUSI CO CTOPOHBI 3€MJIM, a Macca PakeTbl OCTaeTcs NOCTOSTHHOM. Macca 3emiu
U €€ paJinyC U3BECTHBI.

151. Ha xoHIIe TOHKOTO OJHOPOIHOTO CTEPXHS Maccod M, u mumHON | ykperen

rpy3uKk Maccoi m,. Onpenenuts nepuoa Maibix KoneOaHui 3TOM CUCTEMBI OTHOCH-

TEJIbHO TOPU30HTAIBHON OCH, IPOXOASIIEN MEPIEHINKYIIAPHO CTEPIKHIO YepE3 TOU-
Ky, YJaJ€HHYIO Ha YeTBEPTh JUIMHBI CTEP>KHS OT €ro CBOOOHOTO KOHIIA.

152. OguH KOHEeI TOHKOTO OJIHOPOJIHOTO CTEPKHS KECTKO 3aKpEIJICH Ha MOBEPXHO-
CTU OJHOPOJHOTO IIapa TakK, YTO LEHTPbI MACC CTEPXKHS U 1Iapa, a TAKKE TOUYKa Kpe-
IJIEHUS HAXOJATCS HA OAHOM NpsiMOoM. Maccel 11apa v CTEPKHS PaBHBI, a paJnyc 1ia-
pa B 4 pa3a MeHbIIe JIMHBI cTepxkHSI. Onpenenuts auHy | cTepikHs, eciu nepuo
MaJIbIX KOJeOaHUil 3TOM CHUCTEMbI OTHOCUTENIBHO TOPU30HTAILHON OCH, MPOXOASIIeH
NEPHEHAUKYJIIPHO CTEPKHIO Yepe3 ero CBOOOIHbIN KOHEL, paBeH .

153. Ha xoHIIe TOHKOTO OJHOPOIHOTO CTEPXHS Maccod M, u mmHON | ykperen

rpy3uKk Maccoi m,. Onpenenuts nepuoa Maibix KoneOaHui 3TOM CUCTEMBI OTHOCH-

TEJIHHO TOPU3OHTAJIBHOM OCH, MPOXOASIICH MEePHEeHAUKYISPHO CTEPKHIO Yepe3 €ro
CBOOOJTHBIN KOHEII.

154. OguH KOHEI TOHKOIO OJHOPOJIHOTO CTEP>KHS KECTKO 3aKperyieH Ha OOKOBOMU
MOBEPXHOCTH OJHOPOJIHOI'O TOHKOI'O JMCKA TaK, YTO LIEHTPhI MACC CTEPXKHS U JIMCKa,
a TaK)K€ TOYKAa KPEIJICHUs HAXOMASTCs Ha OAHOW mpsAMon. Macchl IuUCKa M CTEP>KHSA
paBHBI, a paauyc aucka B 4 pa3a MeHbIIE JJIMHBI cTepxHsA. OnpeneiauTs AIUHY
| crepxHs, eciin Tepuoj MaIbIX KOJIEOaHH STOW CHCTEMbI OTHOCHUTEIILHO MOPH30H-
TaJbHOM OCH, IPOXOASAIIEH NEPHEHANKYISIPHO U TUIOCKOCTU AUCKA, U CTEPKHIO Yepe3
€ro CBOOOIHBIN KOHEll, paBeH |.

155. ToHku#t OTHOPOAHBIN cTepKeHb Maccoii M, u mumHOK | Moxer cBoOOTHO Bpa-

IaThCSl OTHOCUTEIBHO TOPU3OHTAIBHOM OCH, NPOXOISAUIEH NEePIEeHIUKYISIPHO
CTEp>KHIO Yepe3 OAMH U3 ero KoHILoB. Ha paccrosiHuu, paBHOM TpeTH IJIUMHBI CTEPK-
Hsl, OT BTOPOI'O €ro KOHLQA, YKpEIUIEH TPy3uK Maccoll M,. Onpenenuts nepuoj ma-
JIBIX KOJIeOaHMI 3TOM CUCTEMBbl OTHOCUTENbHO YKa3aHHOM OCH.

156. Ha xoHIle TOHKOTO OJTHOPOJAHOIO CTEPKHS MAacCoil M, YKpEIUIeH Ipy3uK Maccoi
m,. Onpenenuth anuHy | cTepkHs, eciny meproa MaiblX KojJeOaHUH ITOM CHCTEMBI
OTHOCUTEIBHO TOPU3OHTAIBHON OCH, MPOXOAAIICH NMEePHEHAUKYISIPHO CTEPKHIO Ye-
pe3 TOYKY, YAQJICHHYIO Ha YETBEPTb JJUHBI CTEPXKHS OT €ro CBOOOJHOIO KOHIIA,
paBeH T.
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157. OnuH KOHEI TOHKOTO OJHOPOJHOTO CTep KHs JIMHON | jkecTko 3akperuieH Ha
MMOBEPXHOCTH OJHOPOJHOTO IIapa Tak, YTO IEHTPhl MAacC CTEPXKHS U IIapa, a TaKkxke
TOYKA KPEIUICHUSI HaXOJSATCS Ha OJHOM mpsiMoii. Macchel 1mapa M CTEep>KHS paBHBI, a
paauyc mapa B 4 paza MeHbIIE JUIMHBI CTepKHA. ONpeneNuTh Mepuoj; MajbiX KoJjie-
O0aHUM ATON CUCTEMBbl OTHOCUTEIHLHO TOPU3OHTAIHLHON OCH, MPOXOSIICH MepreHIu-
KYJISIPHO CTEPKHIO Yepe3 ero CBOOOAHBIN KOHELL.

158. Ha xoHIle TOHKOTO OJTHOPOJAHOI'O CTEPKHS MAacCoil M, YKpEIUIeH Ipy3uK Maccoi

mz . OHpCIICJII/ITB NJINHY | CTCPIKHA, CCIIN IICpUOa MaJIbIX KoJjeOaHMI 3TOM CUCTEMBI

OTHOCUTEIBHO TOPU3OHTAIBHON OCH, MPOXOAAIIEH NEePHEHAUKYISIPHO CTEPKHIO Ye-
pe3 ero cBOOOAHBIN KOHEI, paBeH .

159. OauH KOHEIl TOHKOTO OJHOPOIHOTO cTepikHs JnuHoi | jxecTko 3akperuieH Ha
OOKOBOM MOBEPXHOCTHU OJJHOPOAHOTO TOHKOI'O JIUCKA TaK, YTO LEHTPbl MACC CTEPKHS
U JIUCKA, a TaKKe TOYKA KPEIUICHUs] HaXOJATCA Ha OJHOUW mpsmoil. Macchl Aucka u
CTEp>KHS paBHbI, a paJANYC IMCKa B 4 pa3a MEHbILIE IJTUHBI CTepKHsA. Onpeaenurs mne-
PHOJT MaJIbIX KOJIEOaHUI 3TOM CUCTEMBI OTHOCUTENIBHO TOPU30HTAIIBHON OCH, MPOXO-
Asedl NepneHIuKyIIpHO U TUIOCKOCTH JKMCKA, U CTEP)KHIO Yepe3 ero CBOOOIHBIM
KOHEII.

160. ToHKMI OTHOPOJHBII CTEPKEHb MAaCCOM M, MOKET CBOOOJHO BPAILATHCSI OTHO-

CUTCJIBHO I‘OpHSOHT&HBHOﬁ OCH, HpOXOIISIH.ICfI NCPHNCHAUKYIIAPHO CTCPIKHIO UYCPC3
OIHNH U3 €T'0 KOHIIOB. Ha PacCTOAHNU, paBHOM TPETU IJIMHBI CTCPIKHA, OT BTOPOI'O
€TI0 KOHIIa YKPCIUICH T'PY3UK Maccou mz OHpCIICJII/ITB HJINHY | CTCPIKHA, CCIIU IIC-

PHOJ] MJIBIX KOJIEOAHHH 3TOM CHCTEMBI OTHOCUTENIHO YKa3aHHOW OCH paBeH 1.
161. Yactuma wmaccoit 10 r cosepmiaer konebanusi Broib ocu OX 1o 3aKoHY

9P

X(t) =0,058ing?t9 (M). OnpeaenuTh NeprUoa KoeOaHUN YaCTHIIBI U SHEPTUIO €e
e a

kosneOanuii. Haiiti B MoMeHT Bpemenu 0,2 ¢ MPOEKIHI0 BEKTOpPa CKOPOCTH U MPOCK-
LU0 YIIPYTOW CHUJIBI.
162. Yactuma wmaccoit 10 r cosepmiaer kosebanusi Broib ocu OX 1o 3aKoHY

a5

X(t) = 0,0SCOSg?tQ (M). OnpeaenuTh Mepruoa KoJeOaHW YaCTUIBI U YHEPTHIO €€
e (]

koseOanmii. Halitn B MoMeHT BpemeHH 0,2 ¢ MPOEKITNI0 BEKTOpa CKOPOCTH U TIPOESK-
LU0 YIIPYTOW CHUJIBI.
163. Yactuma maccoit 15 r coepmaer konebanuss BAojib ocu OX MO 3aKOHY

X(t) =01si naéOp 0

¢—t+ (M). OnpeznenuTs nmepuoj KojeOaHWH YacTHIBI M SHEPTHIO €€
e9 o

koneOanuii. Haittu B MoMeHT BpeMenu 0,15 ¢ mpoekiiuio BeKTopa CKOPOCTH U MPO-
EKLHUIO YIIPYTOU CHUJIBI.

164. Yactuma maccoit 15 r coBepmaer konebanuss BAojib ocu OX MO 3aKOHY

a0p 0

QT < (Mm). Onpenenuth nepuoa KojaeOaHWH YacTUIBI U SHEPTUIO ee
e (%)

koneOanuii. Haittu B MoMeHT BpeMenu 0,15 ¢ mpoekiiuio BeKTopa CKOPOCTH U MPO-

X(t) =0,1cos
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EKUHUIO YIIPYTOW CHUJIBI.
165. Yactuma maccoit 20 r coBepmaer konebaHuss BAojb ocu OX MO 3aKOHY

a5

X(t) =O,158ing?t9 (M). Ompenenutb nepros KojaeOaHWH YaCTHIBI U SHEPTHUIO €¢
e a

kosieOanmii. Halitn B MomMeHT BpemeHH 0,2 ¢ MPOCKIINI0 BEKTOpa CKOPOCTH U TIPOEK-
LUHIO YIIPYTOW CHUJIBI.
166. Yactuma maccoit 20 r coBepmaer konebaHuss BAojb ocu OX MO 3aKOHY

5P

X(t) =O,15C08g?t9 (M). OnpenenuTh Nepruoa KoeOaHU YaCTHIBI U SHEPTUIO €e
e (]

kosneOanuii. Haiiti B MoMeHT Bpemenu 0,2 ¢ MPOEKIHI0 BEKTOPAa CKOPOCTH U MPOCK-
LUHIO YIIPYTOW CHUJIBI.
167. Yactuma maccoil 25 r coBepmiaer kojiebaHusi Broib ocu OX 1o 3aKoHY

. &P .0 .
X(t) = O,lsng?pt+ (M). Onpenenuth nepro KoJeOaHU YaCTUIIBI M SHEPTHIO €€ KO-
e (]
nebanmii. Haiitu B MomeHT BpemeHu 0,5 ¢ IPOCKIIMIO BEKTOPa CKOPOCTH U TIPOCKIIHIO
YIPYTOW CUJIBL.

168. Yactuma Maccoit 25 r coBepmaer konebaHus BAojb ocu OX MO 3aKOHY

ap .0 y
g—p <~ (Mm). OnpenenuTh NEPUOa KOJCOAHWM YACTHUIBI U DHEPTUIO0 €
e3d g
koneOanuii. Halitu B MomeHT BpeMenu 0,5 ¢ poeKInio BEKTOpa CKOPOCTH U MPOESK-
LU0 YIIPYTOW CHUJIBI.

169. Yactuma maccoit 10 r coBepmaer konebanuss BAojib ocu OX MO 3aKOHY

5P

X(t) =O,158ing?t9 (M). Ompenenauth nepuos KojaeOaHWH YaCTHIBI U SHEPTHUIO €¢
e a

X(t) =0,1cos

kosneOanuii. Haiiti B MoMeHT Bpemenu 0,6 ¢ MpOeKIHi0 BEKTOpa CKOPOCTH U MPOCK-
LUHIO YIIPYTOW CHUJIBI.
170. Yactuma wmaccoit 10 r cosepmiaer kosebanusi Broib ocu OX 1o 3aKoHY

9P

X(t) =O,15C08g3t9 (M). OnpenenuTh NEprUoa KoeOaHUN YaCTHIIBI U SHEPTUIO €e
e (%]

koneOanuii. Halitu B MomeHT BpeMenu 0,6 ¢ IPOEKIMIO BEKTOpa CKOPOCTH U MPOCK-
LU0 YIIPYTOW CHUJIBI.

171. Kucnopon (O2) HaXOAUTCS B pABHOBECHOM COCTOSIHHH, IMPH KOTOPOM CPEIHSS
KHHETHUYECKasi SHEPTUsl BPAIIATeILHOTO JIBUKEHUS OJTHOWU €T0 MOJICKYJIbl COCTABIISIET
4,86-107%" JTx. OnpenenuTs: 1) CpeaHIor KHHETHYECKYIO SHEPTHIO TOCTYIATEIbHOTO
JBW)KCHUST MOJICKYJIbI; 2) CPEIHIO SHEPrui0 TEIUIOBOTO ABM)KCHHS MOJICKYJIBI;
3) Cpe/IHIO KBAIPATUYHYIO CKOPOCTh MOJICKYJIBI. MOJIEKYTy CYMTATh JKECTKOM.

172. Azot (N2) HaXOIUTCS B PAaBHOBECHOM COCTOSIHHM, IIPH KOTOPOM CPEIHsS dHEp-
TUs TEIJIOBOTO JABMIKEHUS OJIHOM €ro MOJIEKYJIbl COCTABIISET 12,45-10_21 JIx. Omnpe-
AeNUTh. 1) CPeIHIO KHHETHYECKYIO SHEPTHIO OCTYATEILHOTO ABHKCHHS MOJICKY-
JbI; 2) CPEIHIO KHHETHYECKYIO JHEPTHIO0 BPalllaTeIbHOTO JIBUKCHHS MOJICKYJIBI;
3) Cpe/IHIO KBaIPATUYHYIO CKOPOCTh MOJICKYJIBI. MOJIEKYTy CYMTATh JKECTKOM.
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173. Bonopon (H,) HaxoauTcs B paBHOBECHOM COCTOSIHUH, TIPU KOTOPOM CPEIHSS
KMHETUYECKAasi SHEPTUs BpallaTeIbHOTO JBMXKEHHS OJTHOM €r0 MOJIEKYJIbl COCTABIISIET
3,58-107%! [Ix. Onpenenuts: 1) CpeaHIOr KHHETHYECKYIO SHEPTHIO [TOCTYIATEIbHOTO
JABUKEHUS MOJICKYJIbI;, 2) CPEAHIO YHEPTHUI0 TEIUIOBOTO JIBMIKCHHUS MOJICKYIIBI;
3) cpeHIO KBAJAPATHYHYIO CKOPOCTH MOJICKYJbl. MOJICKYJIY CUMTATh JKECTKOM.
174. drop (F;) HaxoauTcss B paBHOBECHOM COCTOSIHHM, IIPH KOTOPOM CPEIHSS dHEp-
T'HsI TEIUIOBOTO ABWIKGHHMS OHON ero Molsekyibl coctasisier 13,15-107% Jix. Ormpe-
AemuTh: 1) CpeHIO KMHETHYECKYIO SHEPTHIO MOCTYNATSILHOTO IBUKCHUS MOJICKY-
JbI; 2) CPSIHIOK KHHETUYECKYI HEPTUI0 BPAIIATEIbHOTO JBIKEHHS MOJICKYJIBI,
3) Cpe/IHIO KBaIPATUYHYIO CKOPOCTh MOJICKYJIbI. MOJIEKYTy CYMTATh JKECTKOM.

175. Yrapusiii ra3 (CO) HaXOAUTCS B PABHOBECHOM COCTOSIHUH, ITPU KOTOPOM Cpe/I-
HSl KUHETUYEeCKasl SHEPrys BpallaTesIbHOrO ABWKEHHUS OJHOM €ro MOJIEKYJbl CO-
cramster 5381072 [ix. Onpenenuts: 1) CpeHIO KHHETHIECKYIO SHEPTHIO MIOCTY-
NaTeJIbHOTO JIBUKCHUS MOJICKYJIbI; 2) CPEIHIOK SHEPIHIO TEIUIOBOTO JABMIKECHUS MO-
JeKyJIbl; 3) CPEIHIO KBAIPATUYHYIO CKOPOCTh MOJICKYJIbI. MOJIEKYJy CUHUTATh JKe-
CTKOM.

176. Kucnopon (O,) HaX0IUTCSI B PABHOBECHOM COCTOSIHUH, TIPU KOTOPOM CPEIHSS
SHEpPrusi TEIUIOBOTO JBHKEHHS OHOI ero Mojekyisl coctapmser 13,80-107%% Ik
Omnpenenuth: 1) CpPemHIO KHHETHYCCKYIO SHEPTUI0 TMOCTYMATEIBHOTO JIBUKCHUS
MOJICKYJIbI; 2) CPEHIO KMHETHUECKYIO YHEPTUI0 BPaIIaTeIbHOIO JBUKCHUS MOJIC-
KyJIbl; 3) CPETHIOK KBAJAPATHUHYK) CKOPOCTh MOJICKYJIbI. MOJIEKYJly CUMTATh KECT-
KOM.

177. Azot (N2) HaXOIUTCS B PABHOBECHOM COCTOSIHHH, TIPH KOTOPOM CPEIIHSS KUHE-
TUYECKasl PHEPTrHUsl BpallaTeJIbHOTO JBUKEHUS OJHOW €ro MOJEKYJbl COCTaBIIS-
er 4,28:10°% JIx. Onpenenuts: 1) CPeaHIO0 KMHETHYCCKYIO SHEPTHIO TTOCTYIATEIb-
HOT'O JIBUKCHUSI MOJICKYJIbI; 2) CPEIHIOK YHEPTHIO TEIIJIOBOTO JABMXKCHUS MOJICKYJIBI;
3) cpeaHIO KBAJAPATHYHYIO CKOPOCTH MOJICKYJbl. MOJICKYIYy CUMTATh JKECTKOM.
178. Bonopon (H,) HaxoauTcs B paBHOBECHOM COCTOSTHHH, TIPU KOTOPOM CPEIHSS
SHEprus TEIIOBOTO ABUKEHUSA OJHOM €ro MOJIEKYJbl COCTABIISIET 9,15-10_21 k. Omn-
penenuth: 1) CPpeIHIOI KHHETHYECKYIO SHEPTHUIO MOCTYMATEIBHOTO JBH)KECHUS MOJIe-
KYJIbI; 2) CPEIHIO KHMHETUYCCKYIO YHEPTUIO0 BPAIIATEIILHOTO JBUKCHUS MOJICKYJIBI;
3) CpeHIO KBaIPATUYHYIO CKOPOCTh MOJICKYJIBI. MOJIEKYTy CYMTATh JKECTKOM.

179. ®top (F,) HaxomuTCsl B pABHOBECHOM COCTOSIHHH, TPH KOTOPOM CPEIIHSS KUHE-
TUYECKasl PHEPrUsl BpallaTeJIbHOTO JBUKEHHUS OJHOW €ro MOJEKYJbl COCTaBIIS-
er 4,56:10°% JIx. Onpenenuts: 1) CPeaHIO0 KMHETHYCCKYIO SHEPTHIO TIOCTYIATeIb-
HOT'O JIBUKCHUSI MOJICKYJIBI; 2) CPEIHIOK YHEPTHIO TEIJIOBOTO JABMXKCHUS MOJICKYJIBI;
3) cpeHIO KBAJAPATHYHYIO CKOPOCTH MOJICKYJbl. MOJICKYJIY CUMTATh JKECTKOM.
180. Yrapusriit ra3 (CO) HaXOAUTCS B PABHOBECHOM COCTOSIHUH, ITPU KOTOPOM Cpe/I-
HSISL SHEPIUS TEIIOBOTO IBHKEHMUS OHO €ro MoyeKkyibl coctapmser 11,75-107% k.
Omnpenenuth: 1) CpPemHIO KHHETHYCCKYIO SHEPTUI0 TMOCTYMATEIBHOTO JIBUKCHUS
MOJICKYJIbI; 2) CPEHIO KMHETHUECKYIO YHEPTUI0 BPAlIaTeIbHOTO JBUKCHUS MOJIC-
KyJIbl; 3) CPEIHIOK KBAJAPATHUHYK) CKOPOCTh MOJICKYJIbI. MOJIEKYJly CUMTATh KECT-
KOH.
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181. MaeanbHbIil 1BYXaTOMHBIN (C KECTKOM CBSI3bI0) ra3 HAXOAUTCS IOJI JTaBICHUEM
p1 = 80 kIla, 3anumas npu 3toM odbem Vi = 20 1. Hag razom mocienoBaTesibHO TIPO-
BOJAT CIEAYIOLIME MpoLecchl: 1® 2 — n3obapHoe pacmupenue 10 oovema V, =5V, ;

2® 3 — M30XOpPHOE YBEIMYEHUE NAaBJICHUA 10 P, =2P;; 3® 4 — U30TEpPMUYECKOE
ckarue no obowvema V, =3V,. Ha Vp-nuarpamme n3zo0pa3uts rpaduk mnpouecca

1® 2® 3® 4. OmnpeneauTh B XOie Bcero mporecca: 1) U3MEHEHHE BHYTPECHHEH
SHEPIruM Traza; 2) paboTy CHII JIaBlieHHUs rasza; 3) KOJHWYECTBO TEILIOTHI, IEPEIaHHOE
[IPHA 3TOM rasy.

182. VaeanbHbIil 1BYXaTOMHBIN (C )K€CTKOM CBSI3bI0) ra3 HAXOIUTCS IOJ TaBICHUEM
p. = 100 xIla, 3anumas npu 3ToM 00beM Vi = 50 1. Hax raszom mocnenoBaTelbHO
MPOBOJAT CIIEAYIOUIME MPOLECCh: 1® 2 — H30TePMUYECKOE CXKAaThe 0 00bema

V, = El; 2® 3 — u3obapHOe yBenndyeHue oobema 10 V, =2V,; 3® 4 — u30X0pHOE

IIOHWKEHUE aBJICHUS 10 P, = % . Ha Vp-nuarpamme n3o6pa3uth rpaduk mnpoiecca
1® 2® 3® 4. OmnpeneauTh B XOA€ BCero mporecca: 1) U3MEHEHHE BHYTPCHHEH
SHEPIruM raza; 2) paboTy CHJI JaBJICHHS raza; 3) KOJUYECTBO TCIUIOTHI, IEPEIaHHOE
[IPHA 3TOM rasy.

183. UaeanbHblil 1ByXaTOMHBIN (C )K€CTKOM CBSI3bI0) Ta3 HAXOAUTCS IOJI TaBICHUEM
p. = 200 kIla, 3anumas mipu 3Tom oo6bem Vi = 100 1. Hax razom mociienoBatenbHO

MPOBOJAT CIEAYIOIIME Mpolecchl: 1® 2 — U30XOpHOE MOHMKEHHE AAaBICHUS [0
V
P, =%; 2® 3 — u3obapHOe cxkaThe 10 oobema V, =€1 ; 3® 4 — uzoTepmuye-

V,
CKO€ paciupeHue 10 oorema V, = El Ha Vp-nuarpamme n306pa3uth rpaduk mpo-

mecca 1® 2® 3® 4. OnpeaenuTh B X0/€ BCero mporecca: 1) u3aMeHeHne BHYTPCH-
HEel sHepruM rasza; 2) paOOTy CHJI JaBJICHUS rasa; 3) KOJIMYCCTBO TEIUIOTHI, Mepe-
JIAHHOE TIPU STOM rasy.

184. VneanbHblil 1ByXaTOMHBIN (C K€CTKOM CBSI3bI0) ra3 HAXOIUTCS IOJI TaBICHUEM
p. = 100 kIla, 3anumas mpu 3ToM oObem Vi = 80 n1. Han razom mocnemoBatenbHO
IIPOBOJAT CIEAYIOIIME IPOLECCH: 1® 2 — U30XOPHOE YBEIWYECHUE JABIICHUS 0

V,
P, =2p,; 2® 3 — u3zobapHOEe cxaTHe 10 o0bema V, = El ; 3® 4 —u3orepmMuye-

CKO€ pacliMpeHue 10 oobema V, = ?1 . Ha Vp-nuarpamme n300pa3uth rpaduk mpo-

mnecca 1® 2® 3® 4. OnpeaenuTh B X0/€ BCero mporecca: 1) u3aMeHeHne BHYTPCH-
HEel sHepruu rasza; 2) paOboTy CHJI JaBlieHHS Ta3a; 3) KOJIUYECTBO TEILIOTHI, Mepe-
JTAHHOE TIPU ATOM Ta3zy.

185. MaeanbHblil 1ByXaTOMHBIN (C K€CTKOM CBSI3bI0) Ta3 HAXOAUTCS IOJ JTaBICHUEM
p. = 300 kIla, 3anumas mpu 3ToM oObem Vi = 60 1. Han razom mocnemoBatenbHO
MPOBOJIAT CIEAYIOLIKE MPOLecChl: 1® 2 — M30TEPMUUYECKOE pacliupeHue 10 00bema
V, =3V,; 2® 3 — uszobapHoe ymeHbuIeHHe o0beMa 1o V, =0,5V,; 3® 4 — wuso-
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XOpHOE YBEIWYEHUE aaBieHus no P, = p,. Ha Vp-nuarpamme uzoOpa3uth rpaduk

nporecca 1® 2® 3® 4. OnpeaenuTs B X0/ BCero mnpoiecca: 1) u3sMeHEHHE BHYT-
pEHHEH dHepruu rasa; 2) paboTy CWII IaBJCHHUsS raza; 3) KOJHMYECTBO TEIUIOTHI, Te-
pEeIaHHOE MPHU ITOM Ta3zy.

186. MaeanbHblil 1ByXaTOMHBIN (C KECTKOM CBSI3bI0) Ta3 HAXOIUTCS IOJI TaBICHUEM
p. = 150 kI1a, 3anumas mpu 3ToM oObem Vi = 40 n1. Hax razom mocnemoBatenbHO
MPOBOJIAT CIEAYIONIKE MPoLecChl: 1® 2 — M30TEPMUYECKOE pacliupeHue 10 00bema
V,=25V,; 2® 3 — u30XxopHOE MOHIXKEHUe naBneHus 10 P, =05p, (p,— gasie-

HHUE ra3a BO BTOPOM COCTOSIHMHM); 3® 4 — wu300apHOE yMEHBIICHHE 00beMa [0
V, =0,5V,. Ha Vp-guarpamme n3o0Opa3uth rpaduk npouecca 1® 2® 3® 4. Omnpe-

JICIINTH B XOJI¢ BCEro mporiecca: 1) u3MeHeHUue BHYTPEHHEH dHEeprun raza; 2) padoty
CHJI JIaBJICHHUS ra3a; 3) KOJUYECTBO TEIIOTHI, IEPEIaHHOE IPH 3TOM rasy.

187. VneanbHbIil 1BYXaTOMHBIN (C )KECTKOM CBSI3bI0) ra3 HAXOAUTCS IOJI TaBICHUEM
p. = 100 kIla, 3anumas mipu 3Tom oobem Vi = 500 1. Haxg razom mociienoBarenbHO
IIPOBOJAT CIEAYIOIIME IPOLECCH: 1® 2 — HU30XOPHOE YBEIWYECHUE JABJICHUS 0

V,
p, =4p,; 2® 3 — u3zobapHOe cxaTHe 10 o0bema V, = El ; 3® 4 —u3orepmMuye-

2V,
CKO€ pacumpeHue 10 oobema V, = ?1 . Ha Vp-nuarpamme nzo0pa3uth rpaduk mnpo-

mnecca 1® 2® 3® 4. OnpeaenuTh B X0/€ BCero mpoiecca: 1) u3aMeHeHne BHYTPCH-
HEell sHepruu rasza; 2) pa0boTy CHJI JaBlieHHsS ra3a; 3) KOJIHYECTBO TEILIOTHI, Mepe-
JTAaHHOE TIPU ATOM Ta3zy.

188. MaeanbHblil 1ByXaTOMHBIN (C )KECTKOM CBSI3bI0) Ta3 HAXOIUTCS IOJ JTaBICHUEM
p. = 80 klla, 3anumas npu 3Tom o0bem Vi = 50 1. Hax razom nocneaoBaTeabHO MPo-

V.
BOJAT CJIEYIONINE TIpoLecchl: 1® 2 — M30TepMHUYECKOe cxkaTue 10 oobema V, = El ;

2® 3 — n3obapHoe yBenmyeHue oobeMma 10 V; =2V,; 3® 4 — H30XOpHOE yBEIU-
4yeHue naBieHus g0 P, =5p,. Ha Vp-nuarpamme m3oOpasute rpaduk mnpouecca

1® 2® 3® 4. OmnpeneauTh B XOie BcCero mporecca: 1) U3MEHEHHE BHYTPECHHEH
SHEPruM raza; 2) paboTy CHJI JaBJICHHS raza; 3) KOJUYECTBO TCIUIOTHI, IEPEIaHHOE
[P 3TOM rasy.

189. MneanbHblil 1ByXaTOMHBIN (C )K€CTKOM CBSI3bI0) Ta3 HAXOIUTCS IOJ JTaBICHUEM
p. = 50 klla, 3anumas npu 3TomM 006bem Vi = 100 1. Hax razom mociienoBatenbHO
MPOBOJAT CIIEAYIOUIME MPOLECCh: 1® 2 — H30TEPMUYECKOE CXKAaTHE 0 00bema

V,
V, = Zl; 2® 3 — uzobapHOe pacmupenue 10 oobema V, =15V,; 3® 4 — wuzoxop-

HOE€ NMOHW)XEHUE JaBieHus 10 P, = 2p,. Ha Vp-nuarpamme nzo0pa3uts rpaduk npo-

mecca 1® 2® 3® 4. OnpeaenuTh B X0/€ BCero mporecca: 1) u3aMeHeHne BHYTPCH-
HEel SHepruu raza; 2) pa0boTy CHJI JaBleHHUS raza; 3) KOJIUYECTBO TEILIOTHI, Mepe-
JIAHHOE TIPU STOM rasy.

190. MaeanbHbIil 1BYXaTOMHBIN (C KECTKOM CBSI3bI0) Ta3 HAXOAUTCS IOJI TaBICHUEM
p. = 1500 kI1a, 3anumast mpu 3Tom oObeMm Vi = 40 1. Han razom mociienoBatenbHO
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IPOBOJAT CIEAYIOLIME Mpouecchl: 1® 2 — H30XOpHOE MOHMKEHHUE NaBICHUS 0

_ B :

p, = E; 2® 3 — uzobapHOe pacmmpenue a0 oovema V; =5V, ; 3® 4 — usorep-

Muyeckoe cxkarue 10 oorema V, =2V,. Ha Vp-nuarpamme nzobpazute rpapuk npo-

mecca 1® 2® 3® 4. OnpeaenuTh B X0/€ BCero mporecca: 1) u3aMeHeHne BHYTPCH-
HEH SHepruu raza; 2) paboTy CWI JaBJICHUs raza; 3) KOJIMYECTBO TEILJIOTHI, Tepe-
JAHHOE TPHU ATOM ra3y.

191. UneanbHbiii Ta3 coBepmiaeT nukia Kapuo. TemnepaTtypa HarpeBartens B 2,2 pa3a
MPEBBIIIAET TEMIIEpaTypy XoJoauiabHuKa. OnpenenauTs padoTy, COBEPIIAEMYIO CH-
JaMU JaBJICHUS Ta3a 3a UK, €CIIH MPU dTOM K HeMy moaBoauTcs 44 kJIk TeTIoTH.
192. neanbHbri ra3 coBepiraet 1ukia Kaprno. KoaudecTBo TEIUIOTHI, TOABOIUMOE K
ra3y 3a uuki, B 1,5 paza Oouibliie TEMI0ThI, OTBOJUMOM Ipu 3TOM OT rasa. Omnpene-
JUTH TEMIICPATYPY XOJOAMIbHHUKA, €CJIM TeMITepaTypa Harpesarels paBHa 450 K.
193. Uneanwubiii ra3 copepmiaet nukia Kapao, KITJI koroporo pasen 55 %. Onpene-
JUTH TEMIIEPATYPY XOJIOJAWIBHUKA, €Clii Temrepatypa HarpeBaress paBHa 600 K.
194. Uneanwubiii Ta3 copepmiaet nukia Kapao, KITJI koroporo pasen 70 %. Onpene-
JIUTh KOJIMYECTBO TEIIOTHI, OTIaBA€MOM Ta30M 3a LMKJ, €CJIU MPU 3TOM K HEMY TO/I-
BoauTcs 80 x/[>k TCITIOTHI.

195. Uneanbubiii ra3 coepuraeT nukia Kapuo. Temnepatypa narpeBatens B 1,8 paza
0OJIBIIIC TEMIIEPATYPHI XOJIOAMIbHUKA. ONpeaeanuTh KOJIHYECTBO TEILIOTHI, OT/IaBac-
MO¥ Ta30M 3a ITUKJI, €CJIH MPU 3TOM K HEMY TTOABOIUTCS 36 KJ[)K TETUTOTHI.

196. Uneanbubiii ra3 coBepmiaeT nukia Kapuo. TemnepaTtypa narpeBatens B 2,5 pa3a
0OJIBIIIE TEMITEpaTyphl XOJOAMIBbHUKA. ONpeIeTuTh KOJUYECTBO TEIIOTHI, ITOBO/IH-
MO€ K rasy 3a LMKJ, €ClId MPU 3TOM CHJIbI JIaBJICHUS Ta3a COBEpIIAlOT paboTy, paBs-
nyto 30 k/[x.

197. UneanbHbrit ra3 coBepiaet 1uki Kaprno. KoaudecTBo TEIIIOTHI, TOJABOIUMOE K
ra3y 3a uuki, B 1,4 paza Oosibliie TEIIOTHI, OTBOJUMOM Ipu 3TOM OT rasa. Omnpene-
JUTH TEMIICPATYPy HarpeBaTelIs, €Clii TeMIepaTypa xonoauibauka pasaa 290 K.
198. Uneanwubiii ra3 copepmiaet nukia Kapuo, KITJI koroporo pasen 60 %. Onpene-
JUTH TEMIIEPATYPy HarpeBaTelIs, €Clii TeMIiepaTypa Xonoauibauka pasaa 280 K.
199. Uneanwubiii ra3 copepmiaet nukia Kapuo, KITJI koroporo pasen 75 %. Onpene-
JUTh KOJIMYECTBO TEIIOTHI, TOJABOAMMOE K ra3y 3a IIUKJ, €CJIU IIPH 3TOM OT HETO OT-
BoguTcs 30 k/[>k TCIIOTHI.

200. Uneanbubliii Ta3 coBepiiaeT uki Kapno. Temmneparypa Harpesatens B 1,7 paza
0O0JIBIIIC TEMITEpPATypPhl XOJOAMIBbHUKA. ONpeIeTuTh KOJUYECTBO TEIIOTHI, ITOBO/IH-
MO€ K Ta3y 3a IUKJI, €CJIH MPHU 3TOM OT Hero oTBoauTCs 40 K/ TETUIOTHI.



OcHoBHbIE (pU3UUECKHE KOHCTAHTHI U BEJTMYMHBI
(OKpyrJICHHBIC 3HAUCHUS)

du3znyecKkas KOHCTAHTA (BeJIMYMHA) O06o3HaueHne 3HaueHue
YckopeHnne cBOOOTHOTO MaICHUS g 9,81 m/c?
Macca 3emiun M 5,98-10°* kr
Paguyc 3emiu (cpeiHee 3HaUCHHUE) R 6,37-10° m
I'paBuTAIIOHHAS TOCTOSTHHAS G 6,67-10"" m°/(kr-c?)
ITocTosinHast ABoraapo N, 6,02-1023 MOJIb -
YHuBepcanbHas ra30Bas MOCTOSTHHAS R 8,31 JIxx/(moib-K)
[Tocrossnuas Bonprimana k 1,38.10% Tx/K
DneMEeHTapHbBIN 3apsi e 1,60-10™ Kx
CKOpOCTh CBETa B BaKyyMe c 3-10° m/c
MonsipHas Macca Bojopoja My, 210" kr/monb
MounsipHas Macca reiaus \Y/ I 4-10° xr/moms
MomnsipHast Macca KUCIIopo/ia Mo, 32.10° kr/mounb
MounspHas Macca azora My, 2810 xr/momsb
MomnsipHast macca ¢ropa M, 38.10"° kr/mounb
MounsipHas Macca yrapHoro rasa Moo 28-10° kr/mounb
MomnsipHast Macca Bo3iyxa M 29-10° kr/monb
Macca 351eKTpoHa Me 9,1:10°" kr
DnexTpudeckas MoCcTosTHHas € 8,85-10° ®/m
MarnuTHast IOCTOSIHHAs m 4p-10" Tu/m

JIUTEPATYPA

1. Tpodpumona, T. H. Kypc ¢usuku./ T. H. Tpopumosa. — M. : Beicu. mikorna,
1985.

2. Jletnad, A. A. Kypc ¢usuku./ A. A. letnad, b. M. SBopckuii, JI. B. Mu-
KOBcKast. — M. : Beicmr. mkoma, 1973-1979. —T. 1.

3. Bucman, I'. A. Kypc obmieit ¢pusuku./ I'. A. 3ucman, O. M. Tonec. — M. : Hay-
ka, 1972-1974. - T. 1.

4. Cagenbes, U. U. Kypc dusuku./ U. U. Casenbe. — M. : Hayka, 1989. — T. 1.

5. Ueptos, A. I'. 3anaunuk no ¢usuke./ A. I'. Ueptos, A. A. BopoOseB. — M. :
Bercm. mkoia, 1981.

6. Uponos, U. E. 3agaun mo obmeii ¢pusuke./ U. E. Upogos. — M. : Hayka, 1988.

7. 3amanus k npakrnyeckuM 3ausatusm./ 1. U. Py6an [u ap.]. — Munck : Bei.
mk., 1989.

85



Cs. wran 2007, mo3. 63

YuyeOHoe u3anue

JopowmeBuu Mpuna JIeonnnosHa
Mopo3oB Brnangumup AnekceeBud

MEXAHUKA
MOJIEKYJISAPHAA ®U3UKA

N TEPMOJINHAMHUKA

Y4eOHO-METOINYECKUI KOMILIEKC
1o Kypcy «Pusuka»

IUI CTYAEHTOB Bcex cneunanbHocterd bI'Y P
3a04HON (POpMBI 00yUeHUs

Penaxrop T. I1. AHIpeliueHKO

Koppekrop

[Toanucano B nevaThb dopmar 60x84 1/16. bymara odcetnas.
I'apuurypa «Tanmce». [lewats puszorpaduueckasi. VY. neu. In.
Yy-uzn. 1. 4,7 Tupax 750 3k3. 3aka3 558
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