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BBEJAEHUE

[Tpukazom MunucrepctBa npocsemienust Poccuiickoit @eneparuu ot 12 aBrycra
2022 1. Ne 732 BHecenbl uaMeHenus B ['maBy Il denepanbHOro rocynapcTBEHHOTO
o0pa3oBaTenpbHOr0 CTaHaapra cpeaHero obmero odpazoanus (nanee — OI'OC COO),
YTBEP)KIEHHOTO TMpUKa3oM MWUHHUCTEpCcTBa o00pa3oBaHuMs U Haykd Poccuiickoit
®enepanyu ot 17 mas 2012 r. Ne 413 [1]. Mi3MeHeHUs1 KOCHYJIMCh B TOM YHCIIE U
TpeOOBaHMII K TPEAMETHBIM pe3yJbTaTaM OCBOCHHS MPOrpaMMbl MO (GU3HKE. ITH
TpeOOBaHUsI OMPEEISIIOT 0a30BbIA 00BEM COACPIKAHUS CPETHETO 00IIero 00pa30BaHUS
no ydeOHoMy mnpeamery «Du3MKa», KOTOPbIA MOXKET OCBaWBaThCs Ha 0a30BOM H
yrIyOJIE€HHOM YPOBHSIX.

CornacHo (enepanbHOl 00pa3oBaTeNbHOW MpOrpaMMe CpPEJHEro OOUIEro
obopazoBanusi (manee — @OOII COQO) [2], oOpa3oBareinbHas oOpraHu3anus,
OCYIIECTBIIAIONIAsT 00Pa30BaTENbHYIO JAEATEILHOCTD MO MPOrpaMMaM CPEHEr0 OOIIEro
o0pa3oBaHus, CaMOCTOSITENIbBHO  pa3padaTblBa€T OCHOBHYIO  00pa3oBaTENIbHYIO
nporpammy COO (manee — OOIT COO) B coorBercTtBUn ¢ ®PI'OC COO u ®OIT COO.
[Ipenmertnbie pe3ynbrarhl ocBoeHus ¢usuku B pamkax OOIl COO, cormacao ®I'OC
COQ, nomxHbI OBITh OPUEHTUPOBAHBI:

IIpU OCBOEHUU (PU3MKU HA 0A30BOM YpOBHE — Ha 00€eclieyeHUue MPEUMYIECTBEHHO
o01reo0pa3zoBaTeNbHON U OOIIEKYILTYPHON MOATOTOBKY;

Opyd OCBOCHUM (U3UKM Ha YIrIIyOJIGHHOM YpPOBHE — MPEUMYILECTBEHHO
Ha TMOATOTOBKY K TMOCJEAYIOIEMY MpOPECCHOHAIbHOMY OOpa30BaHMIO, PA3BUTHE
WHJIUBUAYATbHBIX CIIOCOOHOCTEH OOydJaromuxcsi myTeM Oojiee TIyOOKOro, 4eM 3TO
npenycMaTpuBaeTcsi 0a30BbIM KypCOM, OCBOCHHSI OCHOB HaYK, CUCTEMATUYECKUX 3HAHU I
Y CIIOCOOOB JIEHCTBU.

[Ipenmetnbie pe3ynbTaThl ocBoeHHS ¢u3uku B pamkax OOIl COO momxHBI
obecrneunBaTh BO3MOXXHOCTD JaJbHEHUIIIEro YCHEMIHOrO MPOPECCHOHATBHOIO 00yUeHUs
U 1po(hecCHOHANbHON EATEIbHOCTH.

N3ydyenune ¢Qusukn Ha yriyOJEHHOM YPOBHE PEKOMEHIYETCS Il KJIaccoB
€CTECTBEHHO-HAYYHOI'0, TEXHOJIOTHYECKOr 0 Ipoduiiel. YTiryOaeHHOe u3ydeHune (pu3uku
JIOJDKHO 00€CreynBaTh LEJICHANPABICHHYIO MOATOTOBKY OOYyYaronuxcs K Y4acTHUIO
B IIPOEKTHOM U UCCIIE0BATENBCKOMN JAESITEIbHOCTU B YKa3aHHBIX TPO(QUIBHBIX 00JIACTSX,
B oJIMMIHaAax no ¢pusmuke, Kk caade EI'D mo maHHOMY MpeaMeTy C IENbI0 MPOI0JDKEHUS

o0pa3oBaHUsl B BBICHIMX Y4YEOHBIX 3aBEACHHSIX IO MAaTeMAaTHYE€CKUM, (U3MUECKUM,



€CTECTBEHHO-HAYYHBbIM,  TEXHHUYECKUM, HWHXEHEPHO-PU3UUYECKUM, HHKCHEPHBIM
CHELUUATBHOCTAM, a TAaKXe€ IO POy CIEHHAIBHOCTEHN, CBA3aHHBIX C COBPEMEHHBIMU
UH(OPMAITMOHHBIMU TEXHOJIOTHUSIMH.

CornacHo (denepanbHoOi paboueil mporpamme ((usmka, yriryOoJeHHBI yPOBEHb)
st 10-11  kimaccoB  oOpa3zoBarenbHbIX —opranuzanui  (mamee — OPII COO)
PEKOMEHIyeTCs OTBOJAWUTHh Ha u3yueHue ¢uzuku 340 yacoB 3a JBa rojma oOy4deHUS:
o 5 yacoB B Hezemo B 10 m 11 kimaccax [3]. B kaxaom kiacce npeaycMOTPEH pe3epB
y4eOHOI0 BpPEMEHH, OTBOJMMBIA Ha BapUATUBHYIO YacTh IPOTPaMMBbl, COJIEpKaHUE
KOTOpPOI CaMOCTOATENbHO (POPMHUPYETCS y4aCTHUKaAMU 00pa30BaTeNIbHbIX OTHOIICHH.
Kpome Toro, B 11 kiacce BwimeneHo 15 4acoB Ha cucTeMaTHU3alMIO M 000OIICHHUE
MPEIMETHOTO COJAEPXKAHUS U OMbITA JIEATEIbHOCTH, NMPUOOPETEHHOrO MPU HU3yYEHUU

kypca ¢puszuku 10—11 xmaccos.



JOINOJIHUTEJIBHBIE TPEBOBAHUA K ITPEJMETHBIM PE3YJIBbTATAM
OCBOEHUA ®U3UKU IIPU U3YUYEHUU IPEJIMETA
HA YI'JIYBJIEHHOM YPOBHE

Corimacao PI'OoC COO,

Ha yrayOJIEHHOM ypOBHE JIOJDKHO OBITh 00€CIEYEeHO OCBOEHHE OOYy4arolMMHUCS Kypca

B pe3ynbrare wu3yueHuss B 10 kiacce ¢uUKH

¢bu3uky Ha 0a30BOM YpPOBHE, a TAK)KE BBIITOJTHCHHUE PsI/ia JTOMOJHUTEILHBIX TPeOOBaHUH
K MPEAMETHBIM pe3yibTaTaM OCBOSHUS Kypca (hHU3HKH.

OTH AONOTHUTENbHBIE TPEOOBAHUS MPECTABICHBI B TIPAaBOM CTOJOIIEe Ta0IHIIbI 1.
B neBoM ctonOrie amst ynoOcTBa mpecTaBieHbl TPeOOBaHUS K IPEIMETHBIM PE3yJIbTaTaM
OCBOEHUS Kypca (pu3uku Ha 6a30BoM ypoBHE. B Tabmuiie oTpakeHbl TOIBKO TPeOOBaHMS,
OTHOCsIIHECS K n3ydeHuto pusuku B 10 Kmacce.

Tabnuya 1

Tpebosanus Kk npedmemuvim
Pe3VIbmamam 0C80eHuUs Kypca usuxu
(npu uzyuenuu Ha 6a3080m yposHe)

1. ChopMUpOBAHHOCTH IIPEACTABICHUI

0 PO U MecTe (PUBUKHU B COBPEMEHHOM

HAay4YHOU KapTUHE MUpa,

0 cucteMooOpa3zyrolei poiu GU3NKu

B Pa3BUTHH €CTECTBEHHBIX HAYK, TEXHUKU
Y COBPEMEHHBIX TEXHOJIOTHM, O BKJIaJ1e
POCCUICKHUX U 3apyOekKHBIX YUEHbIX -
(U3MKOB B pa3BUTHE HAYKH; IOHUMaHUE
(u3NYECKON CYIIHOCTH HA0JII01aeMBbIX
ABJICHU MUKPOMHUpPA, MaKpOMHpPa U
Meramupa; NIOHUMaHHUE POJIi aCTPOHOMUU
B [IPAKTUYECKOH JAESITEIIbHOCTH YeJIOBEKA
U JaJIbHEWIIEM Hay4HO-TEXHHUYECKOM
pa3BUTUHU, POJIU (DU3UKU

B (hOpMHUpPOBAHUH KPYro3opa

1 (DYHKIMOHAIBHON IPaMOTHOCTH

Hononrnumenvhvie mpebosanus
K NpeoMemHbIM Pe3yibmamam
0C80eHUsL KypCa (u3uKu
(npu uzyuenuu Ha yenyoieHHOM YPosHe)

1. ChopMUpOBAHHOCTH ITOHUMAHUS POJIU

(bU3UKH B SKOHOMHYECKOM,
TEXHOJIOTUYECKOM, COLMAJIbHON U
ATUYECKOU cdhepax IesaTeIbHOCTH
YeJI0BEKa; POJIK U MecTa (PU3UKHU

B COBPEMEHHOM HAYYHOM KapTUHE MUpa



Tpebosanus Kk npedmemuvim
Pe3VIbmamam 0C80eHUs Kypca usuxu
(npu uzyuenuu Ha 6a3080m yposHe)

YCJIOBCKA JJIA PCHICHUA TPAKTHUICCKUX
3aaa4d

2. ChopMHUPOBAHHOCTH VMEHUI

pPacCiio3HaBaTb d)I/IBI/I‘-IeCKI/Ie ABJICHUA

(potiecchl) U OOBSICHATH UX HAa OCHOBE
M3YYEHHBIX 3aKOHOB: PaBHOMEPHOE U
PaBHOYCKOPEHHOE MPSMOJIUHEHHOE
JIBKEHUE, CBOOOIHOE TMaJIeHUE Tel,
JBUKEHUE TI0 OKPY>KHOCTH, UHEPIIHS,
B3auMozeicTBue Te, Tuddy3us,
OpOYHOBCKOE JIBU’KEHUE, CTPOCHUE
YKUJIKOCTEN U TBEPABIX TEJ, U3MECHEHUE
o0beMa Tel MpU HarpeBAHUH
(OXJTaKIEHUH ), TETJIOBOE PABHOBECHE,
UCIapeHue, KOHIeHcalus, IJIaBJieHue,
KpUCTAJUIU3AIUsl, KUTIEHUE, BIIaXKHOCTh
BO3/yXa, CBSA3b CPEAHEN KUHETUUECKOU
AHEPIUU TEIJIOBOI'0 ABUKEHUS MOJICKYII
¢ aOCOJTIOTHOM TeMIIepaTypou,
MOBBIIIEHUE JABJICHUS Ta3a IIPU €ro
HarpeBaHUU B 3aKPBITOM COCYJIE, CBS3b
MEXK]ly MapaMeTpaMu COCTOSIHUSA rasza
B U30MPOIECCaX; AIEKTpU3aAIU Tel,
B3aUMOJICHCTBUE 3aps0B, HArPEBaHUE
MIPOBOJIHUKA C TOKOM

3. Binajenue 0CHOBOIIOJIArarOIIIUMUA

(bI/I3I/IIICCKI/IMI/I OOHATUAMU U

BEJIMYMHAMU, XAPAKTEPUIYIOIIUMHU

dbu3uYeckre mporecchl (CBSI3aHHBIMU

C MEXaHUYCCKUM ABUXXCHHUEM,

Honoanumenvhvie mpebosanus
K NpeoMemHbIM pe3yibmamam
0C80eHUsl Kypca (u3uKu
(npu uzyuenuu Ha yenyoieHHOM YposHe)

2. ChopMHUDPOBAHHOCTH CUCTEMBI 3HAHUM

o d)I/IBI/I‘—IeCI(I/IX 3aKOHOMCPHOCTAX,

3aKOHAaX, TEOPUAX, JECUCTBYIOIINX

Ha YPOBHSIX MUKPOMHPA, MAKPOMUPA U
Meramupa, MpeacTaBIeHUu 0 BCEOOIIEM
xapakrepe (pU3NIeCKuX 3aKOHOB;
MPEJICTABICHUN O CTPYKTYpEe MOCTPOCHUS
¢bu3nuecKoi TEOpUH, YTO MO3BOJIUT
0CO3HATh POJIb (PyHIaMEHTATIBHBIX
3aKOHOB U MPUHIIUIIOB B COBPEMEHHBIX
MPEACTaBICHUAX O MPUPOJIE, TOHATh
TPAHUIBI IPUMEHUMOCTH TEOPUH,
BO3MOKHOCTU UX MMPUMEHEHUS

JUISl OMTMCAHUS €CTECTBEHHOHAYIHBIX

SABJICHUM U TIPOLIECCOB

3. ChopMHUPOBAHHOCTH VMEHUSI

pa3an4daTrb yCJIOBUA MPUMCHHUMOCTH

Mo (DU3NYECKUX TSI M IIPOLIECCOB

( SIBICHUU ): HHEpHHAJIbHAsA CUCTEMA

0TCUCTAa, MaTCpuaibHasd TOYKaA,



Tpebosanus Kk npedmemuvim
Pe3VIbmamam 0C80eHUs Kypca usuxu
(npu uzyuenuu Ha 6a3080m yposHe)

B3aHMMOJICHCTBUEM TE€JI, aTOMHO-
MOJIEKYJIIPHBIM CTPOEHUEM BEILIECTBA,
TETUIOBBIMU MPOLECCAMU; ICKTPUUECKUM

MOJIEM, FIEKTPUUECKUM TOKOM )

4, Biagenue 3aKOHOMEPHOCTSIMU,

3aKOHaMHM 1 TCOPHUAMHU (BaKOH

BceMupHoro tsarorenus, I, I u III 3akonbI
HrproTOHA, 3aKOH COXpaHEHUs
MEXaHUYECKOU YHEPTHUH, 3aKOH
COXPAHEHMS UMITYJIbCa, TPUHIIMI
CYNEpHO3ULUU CUJI, MPUHLIUIT
PaBHOMPABHOCTU MHEPIUATBHBIX CUCTEM
OTCUYETA; MOJIEKYJIIPHO-KMHETUYECKAs
TEOpHS CTPOCHUS BEILIECTBA, TA30BbIE
3aKOHBI, IIEPBBIN 3aKOH TEPMOJAVHAMUKHY;
3aKOH COXPAHEHHUsI JIEKTPUIECKOTO
3apsiaa, 3akoH KynoHa, 3akoH Oma aiis
ydacTka 1enu, 3akoH OMa Ju1sl TOJTHOM
ANEKTPUYECKON LIETH, 3aKOH J[7KOyIs—
JleHna, 3aKOH COXpaHEHUS YHEPTUN )

5. YMmenne YUYUTHIBATH I'PAHUIIBI

IOIPUMCHCHUA N3YICHHBIX d)I/I3I/I‘-IeCKI/IX

MOJIETIEH: MaTeprualibHasl TOUKaA,
HWHEepIMalibHAsl CUCTEMA OTCYETa,
uJeaabHbIN Ta3; MOJIEIN CTPOEHUSI Ta30B,

KUIKOCTEN U TBEPIBIX TEJI, TOUCYHBIN

Honoanumenvhvie mpebosanus
K NpeoMemHbIM pe3yibmamam
0C80eHUsl Kypca (u3uKu
(npu uzyuenuu Ha yenyoieHHOM YposHe)

PaBHOYCKOPEHHOE BUKEHHE, CBOOOTHOE
najzieHue, adCONIIOTHO yrpyrast
nedopMmariusi, aDCOIIOTHO YIPYroe U
a0COJIFOTHO HEYNPYTro€ CTOJKHOBEHUSI,
MOJIEJIEHN Ta3a, KUJAKOCTH U TBEPIAOIO
(KpUCTATIMYECKOr0) Tela, UAECATIBbHOTO
rasa, TOU€YHbIN 3apsiji, OTHOPOIHOE
AJEKTPUYECKOE TOJIe

4. ChopMHUpOBAHHOCTH VMEHUSI

00BACHATHL OCOOCHHOCTH IIPOTCKAHUA

(bI/ISI/ILIGCKI/IX SIBIICHUI: MEXaHUYECKOE

JBUKEHHE, TEIIOBOE ABM)KEHUE YaCTHULL
BEILIECTBA, TEIJIOBOE paBHOBECHE,
OpOYHOBCKO€ JIBH>KEHHE, TUPPy3us,
UCTiapeHune, KUTMeHNe U KOHACHCaIIu,
IUTaBJICHUE U KPUCTAITH3AIHS,
HaINpaBJIEHHOCTh TeIUIONepeaayH,
AIIEKTPU3ALIUU Tel,
HKBUIOTEHIMAILHOCTH ITOBEPXHOCTH

3ApPsKCHHOI'O ITPOBOAHUKA

5. ChopMupOBaHHOCTH VMEHMI

IPUMEHSTH 3aKOHBI KJJACCHYECCKOMN

MCXAaHUKH, MOJ'IGKVJ'DIDHOﬁ d)I/I3I/IKI/I n

TCPMOANHAMHUKH, DJICKTPOANHAMUKN

JUIA aHAJIN3a U O0BSICHEHUS SIBJICHUN

MHUKPOMHPA, MAKpOMHUPA U MEraMupa,



Tpebosanus Kk npedmemuvim
Pe3VIbmamam 0C80eHUs Kypca usuxu
(npu uzyuenuu Ha 6a3080m yposHe)

AIEKTPUUYECKUN 3apsAJl IPU PELLIEHUN

bu3znuecKux 3ana4y

Honoanumenvhvie mpebosanus
K NpeoMemHbIM pe3yibmamam
0C80eHUsl Kypca (u3uKu
(npu uzyuenuu Ha yenyoieHHOM YposHe)

paznuyaTh YCJaoBUSs (IpaHUIIbI, 00IaCTH)
IPUMEHUMOCTH (PU3NYECKHUX 3aKOHOB,
NOHUMAaTh BCEOOIUI XapakTep

(G yHIaMEHTAIbHBIX 3aKOHOB (3aKOH
COXpaHEHUsS] MEXaHUYECKOW SHEPTUH,
3aKOH COXpaHEHHUS UMITYJIbCa, 3aKOH
BCEMUPHOTO TITOTEHUS, EPBBIM 3aKOH
TEPMOJNHAMHUKH, 3aKOH COXPAHEHUS
AIEKTPUUYECKOIO 3aps/ia, 3aKOH
COXpaHEHMS IHEPTUU) U OTPAHUYEHHOCTh
MCIOJIb30BAHMS YACTHBIX 3aKOHOB;
AHAIM3UPOBATH (PU3NYECKUE MPOLIECCHI,
UCIIOJIb3Ysl OCHOBHBIE MTOJIOXKEHUS,
3aKOHBI U 3aKOHOMEPHOCTH:
OTHOCUTEIBHOCTh MEXaHUYECKOTO
JBYOKEHUS, (POPMYIIbI KWHEMATUKU
PaBHOYCKOPEHHOTO JIBUKEHUS,
npeoOpa3oBaHus ["anues A CKOPOCTH
U IIepeMelleHns, TpU 3akoHa HbloTOHa,
OPUHIIMI OTHOCUTENIBbHOCTH ["anuies,
3aKOH BCEMHUPHOI'O TATOTEHHMSI, 3AKOHBI
COXpaHEHUsI UMITYJIbCA U MEXaHUYECKOM
SHEPruu, CBA3b PAOOTHI CUJIBI

C U3MEHEHHEM MEXaHWUYECKON SHEPIUH,
YCIIOBUSI paBHOBECHS TBEPAOIO TENA;
CBSI3b JIABJICHUS UJI€AJIBbHOIO ras3a

CO CpeIHEN KMHETUYECKON DHEprueu
TEIJIOBOIO JBUYKEHUS U KOHLIEHTpaluen
€ro MOJIEKYJI, CBSI3b TEMIIEPATYPBI

BEIIECTBA CO CPEAHEN KUHETUYECKOU



Tpebosanus Kk npedmemuvim
Pe3VIbmamam 0C80eHUs Kypca usuxu
(npu uzyuenuu Ha 6a3080m yposHe)

6. BrageHne oCHOBHBIMHM METOJAMM

HAY4YHOI'O IMO3HAHUA, HCII0Jb3YCMBIMHU

B (hU3MKe: MPOBOIUTH MPSIMBIE U
KOCBEHHBIE U3MepEeHUs (PU3NIECKUX

BEJIMYWH, BRIOMPAst ONTHMAIBHBIA CITOCO0
U3MEPEHMSI U UCTIONb3YS U3BECTHBIC
METO/IbI OILICHKH MOTPEIIHOCTEH
WU3MEPEHUH, ITPOBOIUTH UCCIIEIOBAHUE
3aBUCUMOCTEN (DU3MUECKUX BEITUYUH

C MCTIOJIb30BAHUEM TIPSIMBIX H3MEPEHUH,
OOBSICHITH MOTYYCHHBIC PE3YNIbTATHI,
UCTIONB3Ys PU3UUECKUE TEOPUHU, 3aKOHBI
Y TIOHATHSA, U IeJIaTh BBIBOJIBI,
co0roaaTh mpaBuiia 6€30MacHOro Tpyaa
IpU MPOBEACHUH UCCIIETOBAHUIM

B paMKax y4eOHOTro SKCIIEpUMEHTa

Honoanumenvhvie mpebosanus
K NpeoMemHbIM pe3yibmamam
0C80eHUsl Kypca (u3uKu
(npu uzyuenuu Ha yenyoieHHOM YposHe)

SHEpruen ero YacTHll, CBS3b 1aBJICHUS
UJICATBHOTO Ta3a ¢ KOHIIEHTpauuen
MOJIEKYJI M €T0 TEMIIepaTypoH,
ypaBHeHue MeHneneeBa—Kianelipona,
NEPBBINA 3aKOH TEPMOAMHAMUKH, 3aKOH
COXPAHEHHS SHEPTHH B TEIJIOBBIX
npolieccax; 3aKOH COXpPaHEHUs
3IEKTPUUYECKOro 3apsaa, 3akoH Kyiona,
NOTEHLIHAILHOCTh 3JIEKTPOCTATHYECKOTO
1OJIs, TPUHIUI CYIIEPHO3ULIUN
3JIEKTPUYECKUX MoJiel, 3akoHa KynoHna;
3akoHbI OMa JJ1s1 yJacTKa e U

JUIS1 3aMKHYTOM DJIEKTPUYECKOMN LIETIH,
3akoH J[>koyns—JIeHna

6. ChopMUPOBAHHOCTH YMEHUI

HCCJIICAOBATh U aHAJIM3UPOBATH

pa3HOOODA3HBIE (hU3NUECKUE SIBJIICHUS U

CBOMCTBa OOBEKTOB, TPOBOJIUTH

CaMOCTOATEIIbHBIE UCCIIEOBAHUS

B peabHbBIX U Ja0OPaTOPHBIX YCIOBHUSIX,
YUTaTh U AHAIU3UPOBATH
XapaKTEPUCTUKHU IPUOOPOB U YCTPOMCTB,
OOBSACHATH MPUHLIUIIBI UX PAOOTHI;
BJIaJICHHE YMEHUAMH CaMOCTOSITEIbHO
(bopMynHpoBaTh LETb UCCIEAOBAHUS
(mpoekTa), BBIIBUTaTh TUIIOTE3bI

Ha OCHOBE 3HAHMS OCHOBOMOJIAratolIuX
(u3nYeCKUX 3aKOHOMEPHOCTEN U
3aKOHOB, IPOBEPSTH UX

OKCIICPUMCHTAJIbHBIMHA CPCACTBAMU,
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Tpebosanus Kk npedmemuvim
Pe3VIbmamam 0C80eHUs Kypca usuxu
(npu uzyuenuu Ha 6a3080m yposHe)

1 yueOHO-UCCIIeI0BATENbCKOM
NETEILHOCTH C UCIIOJIB30BAHUEM
U (DPOBBIX U3MEPUTEIBHBIX YCTPONCTB

1 1a00paTOpPHOTr0 000PYI0BAHHUS

7. ChopMHUPOBAHHOCTh YMEHHUS DEIIATH

PACUYETHBIC 33Ja4M C SIBHO 3aJlaHHOU

(bI/ISPI‘ICCKOﬁ MOACJIBIO, UCIIOJIB3Ys

bu3nyuecKkre 3aKOHbI U MPUHIIUIIB;

Ha OCHOBE aHaJIM3a YCJIOBUS 33/1a4U
BBIOMpATh (PU3NUECKYIO MOJIETTD,
BBIICTIATH (PH3UYECKUE BETUIMHBI U
dbopmyIibl, HEOOXOAUMBIE J1JIS €€
peleHusi, MPOBOAUTH PACUEThI U
OLIEHUBATh PEaJbHOCThH TTOTYICHHOTO
3Ha4YeHUS (PU3NICCKON BEJIMUUHBI,
pelaTh Ka4eCTBEHHBIC 3a/1a4H,
BBICTpanBasi JIOTUYECKH
HEMPOTHUBOPEUUBYIO LIEMOYKY
paccyKJIeHUM ¢ ONIOPON HA U3yYEHHBIE
3aKOHBI, 3aKOHOMEPHOCTH U (PU3HUECKUE

ABJICHUA

Honoanumenvhvie mpebosanus
K NpeoMemHbIM pe3yibmamam
0C80eHUsl Kypca (u3uKu
(npu uzyuenuu Ha yenyoieHHOM YposHe)

MJIAaHUPOBATh U MPOBOAUTH (DU3UUYECKUE
AKCIEPUMEHTHI, OMMUCHIBAThH U
aQHAJIM3UPOBATH MOJYYEHHYIO

P BBITIOJIHEHUH IKCIIEPUMEHTA
uH(popMaIuio, ONpeaesiaTh
JIOCTOBEPHOCTD MOJIYyYEHHOTO pe3yibTaTa

7. ChopMHUPOBAHHOCTh VMEHHUS PEIIATH

pPACUYETHBIC 33Ja4M C SIBHO 3aJJaHHOM U

HCSBHO 33JIaHHOM d)HSH‘{CCKOﬁ MOJCIBIO.

HA OCHOBAaHWHU aHAJIN3a YCIOBUS
BbIOMpAThH (HU3NUECKHE MOJICIIH,
OTBEUaIoIINe TPEOOBAHUIM 3a]1auH,
PUMEHSTH (DOPMYIIBI, 3aKOHBI,
3aKOHOMEPHOCTH M TTOCTYJIAThI
(bU3HIECKUX TEOpUH MTPH UCTIOIBb30BaHUHU
MaTEMaTHIECKUX METOJIOB PEIICHUS
3aJ1a4, IPOBOJIUTH PACUYCThl HA OCHOBAHHH
UMEIOIINXCS JaHHBIX, aHATM3UPOBATH
PE3yNbTAThl U KOPPEKTUPOBATH METO/IbI
PENICHHSI C YIETOM MOTYyIEHHBIX
PE3yNbTATOB; peliaTh KaYeCTBEHHBIC
3a/1auu, TPEOYIOIINE TPUMEHEHHS 3HAHU N
U3 Pa3HBIX Pa3/IeIoB MIKOJIBLHOTO Kypca
(bU3HKH, a TAKKE UHTETPAIIUN 3SHAHUH

U3 IPYTUX MPEIMETOB
€CTECTBEHHOHAYYHOT'O I[UKJIA:
BBICTPanBaTh JIOTHYECKYIO IETIOYKY
pPacCyXJI€HUH C ONOPON HA U3YUYEHHBIE
3aKOHBI, 3aKOHOMEPHOCTHU U (pu3udecKue

SABJICHHA
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Tpebosanus Kk npedmemuvim
Pe3VIbmamam 0C80eHUs Kypca usuxu
(npu uzyuenuu Ha 6a3080m yposHe)

8. ChopMHUPOBAHHOCTH VMEHUS

OPUMCHATH MOJIYIYCHHBIC 3HAHU A

I 00BICHEHHS YCJIOBUM NPOTECKAHUS

(bI/IBI/I‘IeCKI/IX SIBICHUN B IIPUPOAC U

JUISL IPUHSITHUS IPAKTUICCKUX PEIICHUM

Honoanumenvhvie mpebosanus
K NpeoMemHbIM pe3yibmamam
0C80eHUsl Kypca (u3uKu
(npu uzyuenuu Ha yenyoieHHOM YposHe)

8. ChopMHUPOBAHHOCTHh YMEHUI

AHAJIIM3HUPOBATHh U OLICHWBATH

OCJIEJICTBUS OBITOBOM U

IPOU3BOACTBCHHON ACATCILHOCTH

qeJI0BEKA, CBI3AHHOMN C (hU3nUYEeCKUMU

B IIOBCEAHEBHOM >KU3HU JIJISI obOecIieueHus

0€301acHOCTH MPHU 0OpaIEHUH

¢ OBITOBBIMH MTPUOOPAMU U
TEXHUYECKUMHU YCTPONCTBAMH,
COXpaHEHUS 37I0POBbs 1 COOIIOICHUS
HOPM DKOJIOTHYECKOTO TTOBEICHUS

B OKpPYKAIOLIEH cpefie; MOHUMaHue
HEOOXOJIMMOCTH IPUMEHEHUS
JOCTUKEHUU (PUBUKU U TEXHOJIOTUMN
JUTS PaIriiOHAIBHOTO
MPUPOIOTIOTH30BAHUS

9. ChopMupOBaHHOCTH COOCTBEHHOM

INO3UITNH T10 OTHOIICHHUIO K d)H3H‘ICCKOﬁ

noponeccamMu, C HOSI/IHI/Iﬁ 9KOJIOTHYECKOMN

0€3011acCHOCTH; MTPEICTaBICHUN

0 pPallMOHAJILHOM MPUPOIOIIOIb30BaHUN,
a TAaK)K€ pa3yMHOM MCIOJIb30BAHUH
JNOCTHKEHUN HAYKH U TEXHOJIOTUU

JUISL TalTbHEMIIErO pa3BUTHUSA

YeJIOBEUECKOT0 00IIIeCTBa

9. OBnageHre pa3zInYHbIMHU CIIOCO0aAMM

paboTHI ¢ H(MhoOpMaIMe GU3nYeCcKOro

I/IHd)ODMa[II/II/I, I10JIY4a€MOM M3 Pa3HbIX

UCTOYHHUKOB, YMEHUI HCIIOJIb30BATh
U (POBBIE TEXHOJOTHH JIJIs TIOMCKA,
CTPYKTYPHUPOBaHUs, UHTEPIPETALNN U
IIpe/ICTaBJICHUs YU€OHON U HAyYHO-
NOMYJISIPHOM MH(OpMaAUK; pa3BUTHE
YMEHUN KPUTHYECKOTO aHAIN3a
noJjiyuaeMoi uHpopmaru

10. OBJ'I&I[GHI/IC YMCHUAMHNU Da6OTaTB

B I'pYIIIC C BBHIMMOJHCHUEM PA3JINYHBIX

COLIMATIBHBIX POJIEH, TIIAHUPOBATH PaboTy

IPYIIIbL, PAIIMOHATILHO PACTIPEACIISTh

cCoACpXKaHUA C UCITOJIb30BAHHUEM

COBPEMCHHBIX I/IHd)ODMaI_[I/IOHHBIX

TEXHOJIOTUH, PA3BUTUE YMEHUU
KPUTHYECKOTO aHAIN3a U OLICHKU
JOCTOBEPHOCTH TOIy4aeMOU

uH(pOpMaLIH

10. OBnageHne opraiu3alliOHHBIMHU U

ITO3HABATCJIbHBIMH YMCHUSIMU

CaMOCTOATCIIHbHOT'O HDI/IOGDCTCHI/IH HOBBIX

3HAHUM B IIPOIECCE BBINOJIHCHUS

12



Tpebosanus Kk npedmemuvim
Pe3VIbmamam 0C80eHUs Kypca usuxu
(npu uzyuenuu Ha 6a3080m yposHe)

ACATCIIbHOCTD B HCCTAHAAPTHBIX
CUTyalluidaXx, aICKBATHO OLICHUBATh BKJIA[]

KaXXJ0T0 U3 YHaCTHHUKOB I'PYIIIIbI

Honoanumenvhvie mpebosanus
K NpeoMemHbIM pe3yibmamam
0C80eHUsl Kypca (u3uKu
(npu uzyuenuu Ha yenyoieHHOM YposHe)

IPOEKTHBIX ¥ Y4eOHO-

HUCCIIENOBATENLCKUX PA0OOT, VMEHUSIMU

Da6OTaTB B I'PYIIIC C BBHIITOJJHCHUEM

B pEIICHUE pacCMaTprUBaeMOl MPOOJEMbl  Pa3IUYHBIX COLUAIBLHBIX POJICH,

IUTAHUPOBATH PaOOTY T'PYIIIIHI,
palMOHAIBHO PaclpeaesTh
JEeSITENbHOCTh B HECTaHIapPTHBIX
CUTYyalUsIX, aJIeKBATHO OLICHUBATh BKJIA]]
KaKJIOT0 U3 YYaCTHUKOB IPYIIIBI

B pELIEHUE pacCMaTPUBAEMOM MTPOOIEMbI

11. OBnanenue (chopMHUPOBAHHOCTH 11. ChopMupoBaHHOCTH MOTUBAIIUU

MIPEACTaBICHUN) MPaBUJIAMH 3aITUCH K Oymymiei npodeccuoHaIbHOU

dbuzmyeckux Gopmyn penbepHo- JNEATENbHOCTH M0 CHENUATBHOCTSM

TOYEYHOM CUCTEMBI 0003HAUECHUH (bM3UKO-TEXHUYECKOTO IIPODMIS

JI. bpaiins (s ciensix u c1aboBUASIIIINX

o0y4Jarommxcs)

AHnanmu3 Tabmuibl 1 TMOKa3bIBAET, YTO MOXHO BBIJCIUTH CIEAYIOIINE OCHOBHBIC
OTJIMYUTENIbHbIE OCOOEHHOCTH Tpollecca u3ydyeHus (U3MKU Ha YriayOJeHHOM YpOBHE
(10 cpaBHEHMIO C €€ U3YUYCHHEM Ha 0a30BOM ypPOBHE):

1) pacmmpeHue MpeIMETHOTO COIePKaHMsI YIeOHOTO IMPEIMETA;

2) Ka4yecTBEHHO 0o0jiee BBICOKHMH YPOBEHb OCBOCHHUS COJCPKAHUS Y4eOHOTO
npenMera, 0ojee MIMUPOKUN CIEKTP YMEHUW U HaBBIKOB ((pa3bl, 3aJar0lIHe aKICHTHI
COOTBETCTBYIOIINX OTJIMYUTEIBHBIX OCOOCHHOCTEH, BBIJCICHBI B Tabymie | myrem
MOTYEPKUBAHMS).

OO0si3aTenbHOE TMPEIMETHOE CcojepKaHue YydyeOHoro mnpenmera «Dusnkay
(8 coorBerctBuu ¢ PI'OC COOQO) B CTPYKTYpUPOBAHHOM BHJIE€ IIPENICTABICHO
B Hacrosuee Bpems B OPII COO [3]. B ®PII COO, kpome mpouero, peKOMEHI0BAHO
pacnpesielieHre y4eOHBIX YacOB MO0 TEMATHUYECKUM paszesiaM Kypca U peKOMEHIyeMast

MOCJIEIOBATEIbHOCTh M3YUEHHUsI TEM U paziesioB ydebnoro mpenmera. B ®PIT COO
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OTpa)XEHbI TUIAHUPYEMBIE PE3YIIBTATHl OCBOEHUA Kypca (PU3MKHU HA YriIyOJIe€HHOM YpPOBHE
Ha YypoBHE cpenHero oOmero ooOpazoBanuga. OPII COO Ttakxke BKIIOYACT:
pacripesieJICHHbIE 10 ToAaM 00 yueHus IJIaHUPyEMbI€ IPEIMETHBIE PE3YIIbTaThl OCBO EHUS
Kypca u3MKd, coiepkaHue ydeOHoro mpeamera «®Ddwuzukay, TeMaTHUECKOe
TJIAHUPOBAHUE C YKAa3aHUEM KOJIMYECTBA YaCOB, PEKOMEHIYEMOTO JIs1 U3YUEHHUSI KaXKI0M
TEMBbI; JTaeT XapaKTePUCTUKY Y4yeOHOW AESITENbHOCTH OOYYAIOIIMXCS, peatn3yeMoil
IIPU U3YYEHUU ITUX TEM.

CpaBHEHHE TeMaTUYECKOro IUlaHupoBaHus, npexacraBieHHoro B OPII COO,
C AHAJOTUYHBIM TEMaTHYECKUM IIJIAHUPOBAHUEM, IPEACTAaBICHHBIM B (enepaabHon
paboueil mporpamme cpeaHero oOmiero oOpa3oBanus (¢puswka, 0a30BBIA YPOBEHB),
NO3BOJISIET BBIIEIUTh HauOoyiee Ba)KHBIE JIONOJHEHHMSI K OCHOBHOMY COJEP)KaHUIO
oOpa3oBaHuss 1o ydeOHOMY mpeamery «®dDusnka» Ha YpPOBHE CpPEeIHEro OOLIEro
oOpa3oBaHus. OTH JOMOJHEHHUS CBeAeHBbI B Tabnuiy 2. B Hell yka3zaHbl Ha3BaHUS
teMarnyeckux OnokoB (B coorBercTBUM ¢ DPII COQ), mocne KOTOPBIX B KPYIJIBIX
CKOOKax JaHO KOJIMYECTBO aKaJIEMUYECKHUX YacoB, JOMOJHUTENIBHO BbIIEISEMBIX
Ha M3y4yeHUE JAHHOTO OJIOKa IpU OCBOCHMM (PHU3UKU Ha YriayOJIEeHHOM YpOBHE
(o cpaBHEHUIO ¢ OA30BBIM YPOBHEM ).

Tabnuya 2

PA3JIEJI 2. MEXAHUKA
Temamuueckuii 610k « Kunemamuxay (5 4)
[Ipsimast u oOpaTHas 3aa4M MEXaHUKHU
Pannyc-BeKkTop MaTepuaibHON TOYKH, €r0 MPOSKIIMK Ha OCH CUCTEMBI KOOpAMHAT

3aBUCHUMOCTh KOOpAHHAT, CKOPOCTH, YCKOPCHHUSA U ITYTH MaTepHaHBHOfI TOYKH

OT BpEMEHU

JIBukeHue Tena, OpOIIEHHOTO MO/ YTIIOM K TOPU30HTY

KacarenpHoe (TaHreHIMaabHOE) U MOJIHOE YCKOPEHHE MaTepuaibHON TOUKH
Temamuueckuti 610k « {unamuxay (5 49)

HeunepuuaibHble CUCTEMBI OTCYETA (ONpeeIeHUE, TPUMEPHI)

DKBHUBAJIEHTHOCTh TPABUTALlHOHHON Y NHEPTHOM MACCHI

3aBUCHUMOCTh YCKOPCHUA CBO6OI[HOFO MagACHUA OT BBICOTHI HaAd ITIOBECPXHOCTBIO

MJIAHETHI ¥ OT TeorpauIeCcKOi MUPOTHI

JIBrkeHre HeOECHBIX TeJl U UX CIYTHUKOB, 3aKOHBI Kerutepa
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Bec TCJa, ABHKYIICTIOCA C YCKOPCHUCM

3aBUCHUMOCTD CHJIbI COIIPOTHUBJIICHUA B JKUJIKOCTHU U I'a3€ OT CKOPOCTHU OTHOCHUTCIIBHOI'O

JIBHOKCHUS
Temamuueckuu 610k « Cmamuxa meepooco mena» (3 4)

CroxeHue cul, IPUII0KEHHBIX K TBEPJIOMY TEITY
LlenTp TspxECTH TENIA

VYcroitunBoe, HeyCTOWYNBOE, 0€3pa3TMIHOE PABHOBECHE
Temamuueckuii 610k «3axonsl coxpanenus 8 mexarnuxey (4 4)

HGHTp MacCC CUCTCMBbI MATCPHUAJIbHBIX TOYCK. TeopeMa O IBMKCHUM LICHTpPA MaCC

MomMmeHT HMITYJIbCa MaTepHaHBHOﬁ TOYKH. HpeﬂCTaBﬂeHI/IC 0 COXpaHCHUHU MOMCHTA
HMITYJIbCAa B HCHTPAJIBbHBIX ITOJIAX

Pabora cuiiel Ha MajioM ¥ KOHEUHOM TepemereHuu. [ padpuueckoe mpencraBieHue
paboOThI CHUJIBI

[loTeHunampHAast IHEPTHSL TENA B OHOPOJAHOM I'PAaBUTALIMOHHOM I10JIE
[loTeHumanbHas 3HEPrys B OJIE OJJHOPOJIHOTO 11apa (BHYTPH U BHE I1apa)
BTropas kocMudeckast CKOpocTb. TpeTbsi KOCMUYECKAst CKOPOCTh

VYpaBHeHnue bepHym 1151 UI€ATbHOM KUJKOCTH KaK CJIEICTBUE 3aKOHA COXPAHEHUS
MEXaHUYECKOU IHEPIuun

PA3JEJI 3. MOJIEKYJIAPHAA ®U3UKA U TEPMOJANHAMHUKA

Temamuueckuii 610k « Tepmoounamuka. Tennosvie mawunsry (10 9)

3ajaHue BHEIIHUX YCIOBUH JJI1 TEPMOJNHAMHUYECKON CUCTEMBI. BHemHue u
BHYTPEHHUE MapaMeTpsl. [lapamerpsl TEpMOIMHAMUYECKOW CUCTEMBI KaK CPEHNE

SHA4YCHUS BCIIMYHUH, OIMMCBIBAIOIINX €€ HaA MUKPOCKOIIMYCCKOM YPOBHC

Hy.l'ICBO@ Ha4vaJI0 TCPMOJINHAMUKHU. CaMOHpOI/ISBOJ'IBHaﬂ peirakcanus
TepMO,HHHaMH‘{GCKOfI CUCTEMBI K TCIIJIOBOMY PABHOBCCHUIO

Mogenb uaeanbHOro ra3a B TEpPMOAUHAMUKE — CUCTEMA YPABHEHU: ypaBHEHUE
MenneneeBa—Knaneiipona u BelpakKeHUE sl BHYTPEHHEN SHEPTUU. Y CIIOBUE
MIPUMEHUMOCTH 3TON MOJIEININ: HU3Kask KOHLIEHTPAIUs YaCTHUIl, BBICOKHE TEMIIEpaTypbl

KBa3zucraTnueckue U HECTaTUUECKHE IMPOLECChI

Temonepenaya Kak cnocod N3MEHEHHsI BHYTPEHHEN YHEPTrUY TEPMOJMHAMUYECKO I
CUCTEMBI 0€3 COBEPILIEHUS pabOThI

TermmoeMkocTs Tena. MossipHas TENI0EMKOCTh

15



BTopoii 3aK0H TEPMOJINHAMUKH JJIsI PABHOBECHBIX IPOLECCOB: Yepe3 3aJaHHOE
PaBHOBECHOE COCTOSHUE TEPMOJIUHAMUYECKOW CUCTEMBI ITPOXOAUT €AUHCTBEHHAs
anguabara

Bropoii 3ak0oH TepMOAMHAMUKH IS HEPABHOBECHBIX MPOIIECCOB: HEBO3ZMOXKHO
nepeaaTh TEIJIOTY OT 0oJiee X0JIOAHOro Teja K 0ojiee HarpeToMy 0€3 KOMITIeHCaIluu
(bopmymuposka P. Knaysuyca)

Temamuueckuii 610k « Aepecammuvie cCOCMOAHUSL eUeCmEa.
Daszosvie nepexoovty (9 1)
Hacpimmennbie 1 HeHachIeHHbIe Taphl. KauecTBeHHas 3aBUCHMOCTD TJIOTHOCTH U

JABJICHUS HACBIIIEHHOTO TIapa OT TEMIIEPATYPhI, UX HE3aBUCUMOCTh OT 00beMa
HACBILLIEHHOT 0 1apa

Jledopmanust TBepaoro Tena. Pactsokenue u cxatue. Casur. Moayns FOwrra. [penen
ynpyrux aedopmanuii. TernaoBoe pacimiupeHue KUJKOCTEN U TBEPABIX Tel, 00BEMHOE
Y JIMHEMHOE

AHrapMOHHU3M TEIUIOBBIX KOJICOAHMI YaCTHUIl BEIIECTBA KaK MPUYMNHA TEIJIOBOTO
pacIIMpeHus Te (Ha KaueCTBEHHOM YPOBHE)

[ToBepxHocTHOE HaTsKeHHE. KoapPuumeHT moBepXHOCTHOrO HATSHKEHUS

Kanumiapasle siBnenus. JlapneHne o MCKpUBICHHOW MOBEPXHOCTHIO KUIKOCTH
PA3JEJI 4. DJEKTPOJINHAMMUKA

Temamuueckuu 610k «Inexmpuueckoe noney (14 1)

[TpoGubIit 3apsia. JInHUY HATPSHKEHHOCTH AICKTPUYECKOro mojisi. OqHOpoIHOe
DIEKTPUYECKOE T10JIE

HOTGHHI/IEUIBHOCTI) QJICKTPOCTATUICCKOI'O ITO0JIA. Pa3nocth INOTCHINAJIOB 1
HaIIps>KCHUC. HOTGHHI’I&JIBH&H OHCPrusAg 3apsaga B 3JICKTPOCTATUYUCCKOM II0JIC

CBs13b HANIPSXKEHHOCTH TOJIS JUISl Pa3HOCTH MOTEHIIMAIIOB JIJISl AJICKTPOCTATHYECKOTO
1oJtst (Kak OJTHOPOJTHOTO, TaK U HEOJHOPOIHOTO)

[Tone paBHOMEPHO 3apsiKeHHOM cdepbl. [losie paBHOMEPHO 3apsKEHHOTO IO 00bEMY
mapa. [lone paBHOMEpPHO 3aps>KEHHOM O€CKOHEYHOM MIOCKOCTH. KapTHHBI TMHUN

HaIIps’KCHHOCTH 3TUX MoJIeH U SKBHUIIOTCHIMAJIbHBIX HOBerHOCTCﬁ

HapaJ'IHCJ'IBHOG COCANHCHNEC KOHACHCATOPOB. ITocienoBarennrHOE COCAMHCHUC
KOHICHCATOPOB

JIBr>KeHre 3apsKEHHOM YaCTUIIBI B OJTHOPOJHOM DJIEKTPUYECKOM I10JIe
Temamuueckuu 610k «llocmosinublil 21ekmpuyeckuti moxy (12 u)
Pacuet pa3BeTBneHHBIX nekTprueckux nemnei. [Ipasuna Kupxroda
KonaencaTop B 11€11 MOCTOSHHOTO TOKa
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Temamuueckuu 610Kk « Toku 6 paznuunsix cpedaxy (6 1)
DnekTpudecKast IpoBOUMOCTh PA3IMUHbBIX BEIIECTB

3aKOHBI dJapaz[eﬂ AJIA SJICKTPOJIn3a

C 1 cents16ps 2023 roga oOpazoBareiabHble OpraHU3alld HAUMHAIOT Pealli3aluio
oonopnenHoro @®I'OC COO. OpnHako, CyllecTByIIIee Y4eOHO-METOAUYECKOE
oOecrieueHre Kypca (GU3MKH JIMOO BOBCE HE COJEPKUT, JTUOO COIASPXKUT JIMIIIbL YacTh
dakTHueckoro - Marepuana,  HeOOXOAMMOrOo  YUYMTEN0 s IpernojaBaHus
JIOTIOJIHUTENBHBIX TeM ydyeOHoro npeamera «Du3nka», NpeACTaBIECHHbIX B Ta0nuue 2.
OTO MOXET BbI3BaTb 3aTPyAHEHUs T1pu  (HOPMUPOBAHUU Yy  OOYyYarOIIMXCS
COOTBETCTBYIOIIUX 3HAHWUU, YMEHUH, MPEICTABICHUN B COOTBETCTBUH C TPEOOBAHUSIMHU
obnosnernoro ®I'OC COO.

Crnenyer OTMETUTh, YTO HauOOJEe CYHIECTBEHHBIM JOMOJIHEHHEM K OCHOBHBIM
BUJIaM JIEATEIILHOCTH O0YYarolmuXcsl Py M3y4eHUU (PU3MKHU Ha YIiIyOJIEHHOM YPOBHE
ABIIIETCA PEUICHUE PACUETHBIX 337a4 C HESIBHO 33JaHHOW (PM3MYECKOW MOJEIbIO.
[Ipu 5TOM OrpaHUYEHHBII 00BEM METOAUYECKOr0 MOCOOUS HE TTO3BOJISIET B MTOJIHOM Mepe
U C HEOOXOAUMOH CTENEeHbI0 MOJPOOHO OCBETUTH BCE BOIMPOCHI U TEMBI, KOTOPHIMU
JIOTIOTHEH YIIIYOJICHHBIN KypC (PU3UKHU TTO CPAaBHEHUIO C 0Aa30BbBIM.

B cB3M c ykazaHHBIMM OOCTOSITENILCTBAMU OBLJIO PEUICHO OTrPaHUYUTHCS
paccMOTpeHHEM B TOCOOUMH psiJia TPYAHBIX TEM, OTHOCSILIUXCS K pa3zaenaM «MexaHukay
u  «MonekynsapHas ~ ¢u3Mka M TepMOAMHAMMKa».  Marepuan  paszena
«DNEeKTPOAMHAMUKA) PEIIEHO HE 3aTparuBarh, MMOCKOJIbKY OH HM3y4aercss B 10 kmacce
JIMIIb YaCTUYHO. B CBSI3U C 3TUM PacCMOTpPEHHE TEM JTaHHOTO pasjiena OyIeT BHIHECEHO
B OTJAEIbHOE METOAMYECKOe Mocolue, Hapsay ¢ TeMamu pasznenoB «KoneGanus u
BOJIHBD», «OCHOBBI CIIEIIUAIBHON TE€OPUHU OTHOCUTENHHOCTH» U «KBaHTOBas pu3nkay.

Martepuan nocobust opopmiieH B BUJE MOATOTOBIECHHBIX ONBITHBIMU YYUTEISIMU
¢u3nKK craTeil, B OCHOBY KOTOPBIX JIET MPAKTUUECKUN OMBIT MPENOJIaBaHUsl aBTOPaMHU
cooTBeTcTByIOIMX TeM B 10 kiacce oOmieoOpa3oBaTeabHOM HIKOJBL. B Hanmucanuu
CTaTed TakXe MPUHSIN y4acTHE IMPENoAaBaTeIN BhICHIEH MIKOIBI ¢ OOJBIIMM ONBITOM
padoThl CO MIKOJbHUKAMHU, MMEIOIIMMHU BBICOKYI0 MOTHBAIMIO K M3YYEHUIO (PU3UKH.
Kaxnass craths, mpenBapsiemMass KpaTKMMH METOJMYECKUMHU YKa3aHUSMH, COJACPKHUT
TEOPETUUYECKUN MaTepuaj Mo COOTBETCTBYIOIIEH TeMe, MPUMEPHI 337au C PEeLIECHUSIMH,
NpUMEPHI JOMAlIHUX 3aJaHHM, a TakKe CIUCOK JMTEPaTyphl (MPEUMYILECTBEHHO —

B BHJIE CCHUJIOK Ha DJICKTPOHHBIE BEepCcHUM cTaTell B xkypHaie «KBaHT»), KOTOpas MOXKET
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OBITH TIOJIE3HA YUUTENIO Ui 00Jiee TIOJTHOTO PACKPBITHS TEMbI, a YUCHUKY — JUIsl OoJiee
riiyOOKOro TMOHMMAaHMS HW3ydaeMoro marepuaia. Paszymeercs, chopmynupoBaHHbBIE
B JIaHHOM METOJMYECKOM MOCOOMH PEKOMEHJIAlUU YYHUTENIO0 CIIEJyeT BOCIPUHUMATD
TBOPYECKH, COOTHOCS UX C (PaKTUUECKUMHU NOTPEOHOCTAMH y4eOHOTO MpoLecca.

B mocoOue Bonum cieayromnme cTaTbu:

«Bec Tema, ABMXKYIIErocd C YCKOPEHHEM», «YCTOMYMBOE, HEYCTOMYHBOE,
0e3pa3IMuHOe paBHOBecHUE», «YpaBHeHUE bepHymIum s HIeaTbHOM KUIKOCTH
(B. T. Kopuee u I'. /1. Kopreesa npu yuactuu A. A. SIKyTsI);

«Ornpezenenre KWHEMAaTUYECKUX BETMYMH C MOMOIIBIO TpaduKoBy, «/[BrkeHue
Tena, OpOIIEHHOIO MOJ| YrioM K TOpu3oHTY», «lloTeHuuanbHas >HEprusi B IMOJIE
OJTHOPOJIHOT'O MACCHUBHOTO Miapa. JIBukeHuMe HEOECHBIX Tel W HX CIYTHUKOB.
Kocmuueckne ckopoctu. 3akoHbsl Kemnepay, «lleHTp Macc-cucTeéMbl MaTepuaibHBIX
To4eK. Teopema 0 ABMIKEHUHU LIEHTPA Maccy, K MOMEHT UMITyJIbCa MaTEPUATILHON TOUYKHU.
CoxpaHeHue MOMEHTa HMMIIyJbca B IeHTpaidbHbIX mossix» (J. B. IlognecHwii npu
ydactuu E. [I. Koueprunoii);

«TennoemkocTs Tena. MomnsipHas teroemkocts» (T. B. Caymkuna npu ydyactuu
A. A. SIkyThl);

«BTopoii 3akoH TepMoaMHAMUKH», «HachIieHHbIE M HEHACHIIICHHBIE TapbI»,
«IloBepxHOCTHOE HaTsKEHHE», «JlaBieHME 1107 MCKPUBJIEHHOW IIOBEPXHOCTHIO
xunkoctu. Kammuispasie sisnenus» (K. M. [utukosa nipu yuactuu A. A. SIkyThr).

Hymepauust popmyn U pUCYHKOB B HOCOOMHM SIBIIsSIETCSl CKBO3HOM. CCBhUTKM Be3ze
JIaHbI HA CIIMCOK JIUTEPATYPbl, TIPUBEICHHBIN B KOHIIE TOCOOUSI.

[Ipu ocBoenuu yuebHoro npeamera «dusuka» Ha yriayoJIeHHOM YPOBHE OOJbIIOE
BHUMAaHHE HEOOXOIUMO YIENATh PEIICHHUIO 3a/ad Pa3JIMYHOTO YPOBHS CIOXKHOCTH.
MHOXeCTBO TaKUX 3a71a4 MOKHO HalTH B cOopHHKax [10—12] (BbICOKHUI 1 MOBBIIICHHBIH
YPOBHH CJIOXKHOCTH) U [13—-26] (onuMIMaaHbii YPOBEHB CIOXKHOCTH). MHOTHE 3a/1auu
B YKa3aHHBIX COOpPHUKAX CHAOXKEHBI PEHICHUSMHU WM YKA3aHUSIMU K HUM, YTO JaeT
BO3MOXXHOCTh PEKOMEHJOBAaTh JIaHHBIE IOCOOMSI [JIsl CaMOCTOSITENBHOM palOoThI

00 y4Jaromuxcsi.
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METONYECKHUE PEKOMEHJIAIIUA
IO U3YYEHUIO U3BPAHHBIX TEM PA3JEJIA «<MEXAHHUKA»

Kunemamuka

Onpez[e.nenne KHHECMATHY€CKHUX BCJINYHUH C IOMOIIBIO rpa(])mmB

3adauu, npu pewienuu Komopuvix mpedyemcs onpedenums paziuyHvle QusuiecKue
BEUYUHBI C UCNONb308AHUEM 2paduros, uacmo ecmpeuaromcs 6 sapuanmax EID u
onumMnuaouvix 3adaunusx. Huowce peuvb notidem o epaghuueckom npedcmasieHuu
KUHeMAmUyeckux Xapakmepucmux MexXaHuuecko20 OBUMNCEHUS, MAKUX Kaxk Hnyms,
CKOPOCMb U YCKOPEHUe.

B PII COO paccmampusaemvie 80NPOCHI 6X00AM 8 MeMAMuideckuil 0a0K
«Kunemamuka», na uzyuenue xomopozo omeooumcsa 10 u. Pexomenoyem yuumeinto
nOCBAMUMb OAHHOU meme MUHUMym 1 u.

PaGotast ¢ rpadmkom, HamO yMETh HE TOJBKO CYUTBHIBATH C HETO 3HAYCHUS
GU3NYECKUX BEIMYMH B HYKHBIX TOYKaxX, HO M B Cilydae HEOOXOIMMOCTH MPOBOJIUTH
KacaTellbHbIe K TpaduKy B O3TUX TOYKax. YTJIOBOW KOI(PPUIIMEHT KacaTeabHOMH,
NPOBEACHHONH K rpaduky QGYHKIIMA B HEKOTOPOH €ro TOYKE, YHCICHHO paBeH
MIPOM3BOIHON (PYHKIIMU B ITOM TOYKE. DTO MO3BOJIIET, HAIPUMEP, HAXOJAUTh CKOPOCTb,
uMest rpauK 3aBUCUMOCTH TIPOMICHHOTO ITYTH OT BPEMEHH, TaK KaK CKOPOCTh (a TOUHee,
MOy b BEKTOpPA CKOPOCTH) €CThb HE€ YTO MHOE, KaK MPOW3BOJHAS MyTH MO BPEMEHHU.
[Tpu ompeaesieHUH MyTH, IPOUICHHOTO TEJIOM, MBI IPHOETacM K HaX0XICHUIO IIIOIaIN
o1 Tpad)KOM 3aBHCHUMOCTH CKOPOCTH OT BPEMEHH, IIPOBOJAS TEM CaMbIM IPOLEIYPY
MHTErPUPOBAHKS IPaPUIECKUM METOIOM?,

Pexomenayem Ha ypoke pazobparb mpumepbl Ne 1-4. Ha Ham B3rmsia, nmpuMepsl
Ne 5-7 UMeOT MOBBIMICHHYIO CIOXHOCTh. X CTOMT peKOMEHIOBATh OOYyYarOIIMMCH,
MPOXOSIIUM JONOTHUTEIBHYIO TIOATOTOBKY K OJMMITHAaM IIKOJFHUKOB IO (DH3HKE,
B KayeCTBE [OMAIIHETrO 3aJaHHsl C MOCIEAYIONIMM pa30opoM pelmeHuH B paMKax
BHEYPOUHOU EATEITHHOCTH.

Crnemyer OTMETHTh, YTO HABBIKH, MPHOOPETEHHBIC MpU paboTe ¢ rpaduraMu
3aBUCUMOCTEH KMHEMATHYECKHUX BCIMYMH, HECOMHCHHO, HMPUTOASATCS NPH H3ydECHUHU

NOCIEAYIOINUX pa3aenoB Kypca ¢pusuku. Paboras ¢ rpadukamu, Kak yxe oTMEUaaocCh,

! Ecim Ha rpadmke n306paxkeHa 3aBUCHMOCTh KOOPAMHATHI OT BpeMeHH X(t), TO yrioBoii ko3hduiment
KacareJIbHOMH, IPOBEICHHON K TpadiKy (PYHKIIMH B HEKOTOPOH €r0 TOYKE, YHCIICHHO PaBEH MPOCKIIMH CKOPOCTH
v, (t) B COOTBETCTBYIOUIMK MOMEHT BpEMEHH. AHAJIOTMYHO TIUIONIAJh MO/ TpadHuKOM 3aBUCUMOCTH U, (t)
YHUCIICHHO PaBHA M3MEHEHNIO0 KOOPIMHATHI X.
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Mbl MOXEM TPOBOAMTH MpoUeAypbl rpaduueckoro aAudpepeHUnpoBaHus U
uHTerpupoBanus. [loHumManue CymHOCTH U (PU3MUECKOTO CMbICIA COOTBETCTBYIOIIHUX
MaTeMaTUYECKUX ONEPALUid, a TAKXKE BJIAJICHUE YKa3aHHBIMU HABBIKAMH BAJKHO B CBSI3U
C T€M, YTO MHOTHE (PU3MUECKHE BETMUNHBI BBOASTCS B PACCMOTPEHUE, KaK MPOU3BOIHBIE
WA UHTErpaibl IPyrux QyHKIHMH.

IIpumep 1. Ha pucynke 1 npeacraieH rpaguk 3aBUCUMOCTH MOJYJISL ¥ CKOPOCTH
Tema or BpemeHu t. Haiigute nyTh, NPOWAECHHBIA OSTUM TEJIOM 3a II€PBbIC

T = 150 c ot Hauana ero IBWXEHHUSI, U CPEAHIOI0 CKOPOCTh K MOMEHTY BPEMEHH .

v, M/C v, M/C
' o
P -
20 20
y 4 yd
/ J/
/ /
/ /
10 ; 10
/
/ ‘,
J /
"4 7
0 50 100 150 200 t,c 0 50 100 150 200 t,c
Puc. 1 Puc. 2

Pemienue. [IyTh, npoiiicHHBIN TEJIOM K MOMEHTY BpeMEHHU T, MPOMOPIMOHAJICH
TToIa Iy oA rpadukom 3aBucuMocta V(t) B uaTepBaie Bpemenu 0 < t < T (mwomaau
3aKpalieHHo obsactu Ha puc. 2). ObpariaeM BHUMaHUE, YTO UMEHHO MTPOITOPIIMOHATICH,
a He paeH! Ilpuyem KOdPOUIMEHT STOM MNPOMOPIUOHATBFHOCTH — pa3MepHas
¢usnyeckas BETUYMHA, TMO3BOJIAIONIAS BBIYUCICHHYIO OYKBaJIbHO (T€OMETPHUUYECKH)
IUTOIIAh O] TPAQHUKOM MEPEBECTH B HEOOXOIUMBIE €AMHUIIBI — €IUHULIBI H3MEPEHUS

NyTH, T. €. B METPBI.
1
Ha ocHoBanum »TOro BBIYHCIUM MyTh 1o ¢dopmyne: S =~ (N; + ENZ) -+ S1, THE

N; = 141 — uucno uenevix, a N, = 20 — 4MCIO HELENbIX KIETOUYEK B 3aKpAIICHHOU
obnactu; S; = 10 M — 1yTh, COOTBETCTBYIOIIMM IUIOMIATXA OIHOM IIEJIOM KJIIETOUYKH.

TakuM 00pa3oM, BEIYUCIISIEM MYTh U HAXOJUM CPEIHIOI0 CKOPOCTh:
S =~ 1510 m; vcp=———cz 10 m/c.
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IIpumep 2. Ha pucynke 3 mnpeacTaBieH rpaduk 3aBUCUMOCTH NyTH S,

MPOMIAECHHOIO TEJIOM, OT BpeMeHu t. Halaute MrHOBEHHYIO M CPEHIOK0 CKOPOCTH

JBUKEHHS] B MOMEHT BpeMeHnu T = 15 c.

S, M S M
T —
200 200

/ /|
[
/ / :

L I=150m |
100 / 100 / :
/ / |
/ / |
/ / I

70 4 O N
/ = '/' \ :
"‘/ /"/ T =15 1
~ — L,
0 5 10 15 20 t,c 0 5 10 15 20 t,c

Puc. 3 Puc. 4

Pemienune. MrHOBEHHas CKOpPOCTb vV B JI000OM MOMEHT BpPEMEHH paBHA
MPOM3BOJHOM MYTH MO BPEMEHU U, CIIEIOBATEIbHO, PaBHA YII0BOMY KO3((UIIMEHTY
KacaTeJIbHOM, MpOBeJAcHHONW K rpaduky 3aBucuMoctH S(f) B 3TOT MOMEHT BpEMEHH.
[IpoBenem kacarenbHyr0 K rpaduky B TOYKE, COOTBETCTBYIOLIEH MOMEHTY BpPEMEHHU
T =15 ¢, u onpeieTuM HEOOXOAUMBIC BEIMYHHBI, 0003HaYeHHbIC OykBamu | u T (puc. 4).

C ux IIOMOIIbIO BBIYMCIIUM MCKOMYIO MI'HOBCHHYIO CKOPOCTD:

dS | 150m
VS TiT asc oM
Jls cpeHe CKOPOCTH UMEEM:
S(T) 200wm
Vep = T = 15c ~ 13,3 Mm/c.

IIpumep 3. Teno aBmxercs npsmonuHeitHo. Ha pucynke 5 mpencrasieH rpaduk
3aBUCMMOCTH MOJYJS UV CKOpPOCTH Tena oT BpemeHu t. Haiinure yckopeHue Tena
B MOMeHT Bpemernu T = 150 c.

Pemenue. Yckopenue a B 1it000i MOMEHT BPEMEHH PAaBHO MPOU3BOIHON CKOPOCTH
0 BpPEMEHH M, CIEJOBATEIbHO, PABHO YIJIOBOMY KO3(PPUIUEHTY KacaTelbHOM,
npoBeficHHONW K Tpaduky 3aBucuMocTH V(t) B 3TOT MOMEHT BpemeHHu. [IpoBenem
KacaTeJIbHYI0 K TpaduKy B TOUKE, COOTBETCTBYIOIIeH MomeHTy BpemeHu T = 150 c,
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U ONpeJIeIMM HEOO0XO0IUMbIC BEJIMUNHBI, 0003HaUYeHHbIe OykBaMu U 1 T (cM. puc. 5). C ux

TIOMOIIIbIO BBIYUCIIUM HCKOMOE YCKOpEHHE:
dv. u 10mM/c

a=—=—=—"=6,7cM/c?
dt T 150 ¢ /
v, Mm/C v
e fpm—
{08 I 990 [ S S A R
7 7
/1] |
N | / ; L
: UZlOM/C : Ul_vz T
/ | | Bl
| |
|
104 T O CARBRRRANARRRS
v | X |
/-~ =150¢ S0 i
! E
/ i l
/ | |
0 50 100 150 200 t,c 0 So S
Puc. 5 Puc. 6

Ipumep 4. ABTOMOOMIIb JBMXKETCSI IO POBHOM mpsiMoil nopore. Ha pucynke 6
npencraBiieH (pparmMeHT rpaduka 3aBUCUMOCTH  MOAYJS UV CKOPOCTH JIBMIKCHUS
aBTOMOOWJISI OT MPOMJIEHHOr0 MM NyTH S. B HEKOTOphII MOMEHT BpEMEHH, KOorja
IPOIIECHHBII MyTh paBHsSETCA So, 3HAUEHHE CKOPOCTH COCTaBIAET V4, a KacaTebHas,
NpoBeCHHAas K TpaduKy B COOTBETCTBYIOLIEH TOYKE, MEPECEKaeT OChb ¥ B TOUKE
C opauHaTOW V,. Halimute yckopeHue aBTOMOOWJI B yKa3aHHBIH MOMEHT BPEMEHH.
Benuuuns! v4, v, 1 So CUUTATh U3BECTHHIMHU.

Pemienne.  Ilepeiinem B BBIpOXEHMM  JUII  MOAYJIA  YCKOPEHUSA
oT qupdepeHupoBaHus O BpeMeHHU K JudpepeHInpOBaHUIO 10 NPOMACHHOMY NYTH:
dv dv dS dv
dt  dS dt dS
(3mech mose3HO OOpaTUTh BHUMAaHUE OOYYarOIIMXCS Ha TOT (PakT, 4TO ¢ OECKOHEYHO

a = D.

MaJIbIMH MPHPANICHUAMUNU CKOPOCTH, BPEMCHHU HW IIYTHM MOXKXHO o6pau1aTb(:51 KakK
C aJ'IFe6paI/I‘-IeCKHMH BCIIMYWMHAMH, T. €. HAa HHX MOXHO [JCIUTbL M YMHOXKATb, a
MOJIY4aromuecs Ipru 5TOM OTHOHICHHA IBYX OCCKOHEYHO MaJIbIX BEITUYHNH IpCaACTaBIIAIOT

cO00¥ COOTBETCTBYIOIINE TIPOU3BOJIHBIE. )
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dv
BXOI[;IHIaSI B TIOCIECOHEC BBIPAXKCHHUEC IIPOU3BOIHAA g paBHa YIriIOBOMY

KO3 GUIUCHTY KacaTelbHOM, IMPOBEACHHON K rpaduKy 3aBUCHMOCTH V(S) B 3a1aHHOM

Touke Sy. OHa HAXOIUTCA TEOMETPUUECKH U3 PUCYHKA O:
dv v, —v,

as So
C y4eToM 3TOro OKOHYATEJIbHO UMEEM:
dv (v — V)1
a v(Sy) = ——.

~ds S,

IIpumep 5. Ha pucynke 7 npeacrapiieH pparMeHT rpaduka 3aBUCUMOCTU CPEAHEN
CKOPOCTH JIBUKEHHUS aBTOMOOMIIS Vg, OT BpeMenu t. B HekoTopbiii MoMeHT BpemenH to
3HaYEHUE CPEAHEH CKOpOCTH coctammser v; = 20 M/C, a KacaTenbHas, IPOBEICHHAs
K TpaduKy B COOTBETCTBYIOLIEW TOYKE, MEPECEKAET OCh Vg, B TOYKE C OPAMHATOH
v, = 10 m/C. Halizure MIHOBEHHYIO CKOPOCTH MIBFIKEHUS aBTOMOOWISI B MOMEHT

BpemeHu fo.

as

Pemenne. Vckomasi cKOpoCTh paBHa MPOU3BOJHON MYTH MO BPEMEHU: U = =

[IpuHuMas BO BHUMAHHE, YTO S = Vg, *t M, CIEAOBATENBHO, dS = dvy, *t + v, - dt,

C Y4ETOM PUCYHKA /, OKOHYATEIHLHO UMEEM:

_ dvcp _ vl - vz _ _
V= "ttt vy =—FT""t +v; =2v; —v, =30M/cC
dt to
Vep 7 Vep 7
A A -
" -
171'_________'""""; » i1 TTIT 025
74 | |
7 d | /’l |
/’ | / |
IR |
‘ : r vl_vz | r 171_172
|
| |
| |
IJ '/
S A nu i Ammymnma 0 CS s ARy n
\ 1 \ 1
t | S |
0 | 0 |
| |
| |
| |
| |
| |
l '.
0 o t 0 So S
Puc. 7 Puc. 8
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IIpumep 6. Ha pucynke 8 npejcrasieH pparmeHT rpaduka 3aBUCUMOCTH CpeIHEN

CKOPOCTHU IBUIKCHUA aBTOMOOMJIA vcp oT HpOﬁﬂCHHOFO UM IIYTH S.B HGKOTOpBIﬁ MOMCHT

BPEMEHHU, KOIJa MpONACHHBIA IyTh pPaBHAETCA So, 3HAUYEHHUE CPEJHEH CKOpOCTU
coctaBisieT v, = 20 M/C, a KacaTenbHasl, IPOBEJIEHHAs K TpaUKy B COOTBETCTBYIOIIEH

TOUKE, TIEPECEKAET OCh VU, B TOUKE C opauHaTon v, = 10 m/C. Haiimure MrHOBEHHYIO

p
CKOpPOCTb IBUKEHHS aBTOMOOUJISI B YKa3aHHBI MOMEHT BPEMEHH.

Pemienne. B BbIpaKeHMM 111 MIHOBEHHOM CKOPOCTH UV, IIOJIYYEHHOM
B TpeAblaylieM Ipumepe, mnepeiinem oT auddepeHuupoBaHUs IO BpPEMEHH
K 1u(depeHIUPOBAHHUIO 110 MPOMACHHOMY TyTH:
dvg, dS dve S

dve,
"t + =—c 5ttt v, = V:—+ U
dt P ds dt P ds Vey P

v =
p

dv,
BI;IpaH(a}I OTCI0Ja HICKOMYIO CKOPOCTh U Haxoasd IPOHU3BOJHYIO d—;p u3 Fpa(l)I/IKa,

OKOHYAaTCIbHO NMCCM.

2
(% v v
v = de = L =L =40 m/c.
(W S 1 UiV 50 v
as v, So (41

cp
B 3akmroyeHune paccMOTpUM €Il€ OJWH NPUMEP, COCTABICHHBIA AaBTOPOM

10 MOTHUBaM M3BECTHOH 3aJIa4u.
ITpumep 7. Mypageii cTapTyeT ¢ HadaIlbHOM CKOPOCTBIO Vg = 2 CM/C U JIBUIKETCS
M0 HEKOTOPOW TPAEKTOpPUHU. 3a KaKOoe BpeMsi T MypaBed MPOUAET MEPBbIl METP CBOETO
nytn (§ = 1 M), ecnmu B mponecce ABUKEHUS MOJYJb €ro CKOPOCTH VU 3aBUCHUT
Vo

— . TIe k=1m1?

OT IIPOIICHHOT0 IMYTH X MO 3aKOHY: V(X) =
Pemenne. KoHEYHO jx€ XOpONIO 3HAIONIMKA MATEMAaTHKY CTapIIEKIACCHHUK,

dx
Ha OCHOBAHHH OIIPCACICHUA CKOPOCTH (v = E) H YCJIIOBHA 3aJa4H, COCTAaBUT HCCIIOXKHOC

dx v
,I[I/I(I)(bepeHHHaJILHOC YpaBHCHHUE: VU = E = 1+(I)c’ pa3aciur B HEM IICPEMCHHBEIC!
X

(1 + kx)dx = V,dt, npouHTErpUpyeT U HAUJET HCKOMOE BpeM i

S

. kS?
j(1+kx)dx=Jv0dt - S+T=vor;
0 0

S kS
T=—<1+—)= 75 c.
Vo 2

24



Ho kak ke oOydamommumcsi peluTh
MOCTABJICHHYIO 33Jlady B TOM Cjy4ae, eclid
OHM HE 3HAKOMBI Ha JIOCTATOYHO BBICOKOM
ypoBHe ¢  nuddepeHirpoBaHUEeM |
uHTerpupoBanuemM? W Tyr Ha noMOIIb

MPUXOJIUT TpaPuK 3aBUCUMOCTH BEJIMYMHBI
o 1 o
OOpaTHOW CKOpPOCTH — OT TIPOHIEHHOTO

nytu X! /leno B ToM, 4TO IJIOMIalb MOJ 3TUM
rpadukoM mponopruoHaibHa(!) Bpemenu t,
3aTpayeHHOMY Ha MPOXOXKICHUE
COOTBETCTBYIOIIIETO y4acTKa TpPaeKTOPHUU
(puc. 9). [onesno IPEII0KUTh
OOYYJaIOIIMMCSI CaMOCTOSITEITHHO pa3o0paThe,
OYEMYy 3TO TaK.

B  ycrnoBusx — Hamiero — mpumepa
O JBUXEHUU MYpaBbsi COOTBETCTBYIOIIHIA
rpaduxk mnpencraBieH Ha pucynke 10.
Hckomoe Bpemsi NBIKEHUS MypaBbs Oyner

3aKparieHHor Ha pucyHke. OHO paBHO
1 ( 1 1+4+kS )

Vo Vo

JlomaiHee 3aganue

3agaua 1. Ha pucynke vy, m/C

moKazaHa 3aBHCHUMOCTh U, (t) -
MIPOEKILIUH CKOPOCTH V,, MaTEPUATIBHOM
TOYKHA Ha ocb OX oT BpeMeHu t mpu
PAaBHOYCKOPEHHOM JIBUKCHUH.
Halinure npoekuuio a, yCKOpeHus Ha
3Ty OCb, a TaKXe€ W3MEHEHHUE
KOODAMHATBI X TOYKU 32 BTOPYIO

CEKYHIY JIBYDKEHUS. (Ortser:

QL
=

~

[

dx
Puc. 9

o -

=y

Puc. 10

IMpONoOpHorOHAJIBbHO IIJIOIAaAu TpaIrlCuuu,

S kS
:—<1 +—) ==75c.
Vo 2
40 <
207
0 1 2 3 4 t,C

a, = —5,0M/c?; Ax =32,5Mm.)
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3agaua 2. Mypageii ['oma Topomnuicst ycrnerb B pOAHOM MypaBEeMHHK 10 3aKara
conHua. OH JBUTAJICS TaK, YTO MOJYJIb €T0 YCKOPEHUs a ObLI 00paTHO MPONOPLMOHATIEH
MOJIYJII0 €r0 CKOPOCTH V B KaXIbIi MOMEHT BpeMeHu: a = k/v, rne k — u3BecTHas

MOCTOSTHHAS BEIMYMHA. 3a Kakoe BpeMs t [ 'o1ia yBeMUIUT CBOIO CKOPOCTh OT V4 JI0 Vy?

2_ 1,2
(OtBer: t = 22 11)
2k
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I[BI/I)KeHI/le TeJIa, 6p0HIeHHOFO moa yrjioMm K ropm3oHTy

Bonpocul, ceazannvie ¢ osudxcenuem mena, 6pOUEHHO20 NOO YeloM K 20PU3OHNLY,
exooam 6 memamuueckuil 010k «Kunemamuxa» paszodena «Mexanukay», Ha u3zyueHue
komopozo omgooumcs 10 u. Cuumaem yenecooopasHviM OAHHLIM ONPOCAM YOEIUMb He
MeHee 3 4, OONOAHAS MeopemudecKoe U3N0diceHue pazoopom npumepos peuleHus 3a0ay.
3aoauu na 0sudiceHue mena, OpouULeHHO20 NOO Y2lIOM K 20pU30OHMY, YACMO 6CMPeUaromcs
Ha EI'D no ¢usuke, a maxowce Ha ¢pusuueckux onumnuadax pasznozo ypogHs. Omu
cocmasnaom OOIbWYI0 4acme 3a0ay, mpebyrwux paccmompenus pagHoyCKOPEeHHO20
O08UIICEHUS.

H3noorcenue mamepuana cneoyem Hayams ¢ HANOMUHAHUSL O MAKUX NOHAMUSIX, KAK
«pPaouyc-6eKmop» U «3aKOH OBUNCEHUS) MAMEPUATbHOU MOYKU. 3amem HYHCHO YOeaums
BHUMAHUE 3aNUCU 6 BEKMOPHOM 6Ude 3AKOHO8 PABHOYCKOPEHHO20 —OBUINCEHUS]
(3asucumocmam paouyca-6eKmopa u CKOpocmu moyku Om epemMeHu), a maxdice 3anucu
9MUX Jice 3AKOHO8 8 KOOPOUHAMHOU ¢hopme (3a8UCUMOCMAM KOOPOUHAM U NPOEKyuUil
ckopocmeii moyku om epemenu). Ilocne smoeo modxcHo nepeumu coOCMEEHHO
K paccmMompenuio 08UdceHus meia, OpouleHH020 no0 Y2i0M K 20PU3OHNT).

B BbIOpanHO#l cucTteMe oTcueTa TMOJOkKEeHUE Terna M (MarepuaabHOM TOUYKH)
B HEKOTOPBIA MOMEHT BPEMEHHU t MOYKHO 3a/1aTh PaIUyCOM-BEKTOPOM 7 (t) — BEKTOPOM,
MIPOBEJICHHBIM U3 Hadana koopauHat O B Ty TOUKY ITPOCTPAHCTBA, B KOTOPOH HAXOAUTCS
Hallle TeJIO B PacCMaTpUBAEMbIii MOMEHT BpeMeHH (cM. puc. 11, Ha KOTOpoM MOKa3aHa
CHUTYaI[Hs, KOTJa TeJIO JABMKETCs B HeKoTopol tockoctu XQY).

[Tpoekmyu paanyca-BeKTopa 7(t) va
Ha koopauHaTHbie ocu OX u OY ecTh HE YTO UHOE, Mpaekmopuz——— pp

KaK COOTBETCTBYIOIIME KoopawHatel X(t) u y(t) y(@t) t———————————-

Hamrero Tena (MarepuanbHOH Touku M). Takum 7(t)

€€ KOOpAWMHATHl M, HAOOOPOT, MO W3BECTHBIM

|
|

|

|

. |

o0pa3om, 3Hasi painyC-BEKTOP TOYKH, MOXKHO HAUTH |
|

|

|

1

KOOpAMHATaM MOYHO IOCTPOHUTH PaJHyC-BEKTOP. 0 () ¥
[loatomy o0a cmnocoba omucaHWsl JBUXKEHUS — Puc. 11
BEKTOPDHBIM W  KOOPAWHATHBIA —  SIBJISIFOTCS
PaBHOCHJIbHBIMHU.

3aKOHOM JBW)KEHMS TOYKM HA3bIBAIOT 3aBUCUMOCTh €€ paJuyca-BeKTopa

OT BpeMeHM: T = 7(t) WM DKBUBAJIEHTHYIO €l CHCTEMY TPEX CKAISPHBIX BBIPAKEHUI,
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KOTOPBIE ONHUCHIBAIOT 3aBUCUMOCTH KOOPAMHAT TOYKHA OT BpeMmeHM. l[lpu nBmxeHuun
B HEKOTOPOH IIJIOCKOCTH ATO OYAYyT JIBa ypaBHEHUS:
{x = x(t),
y =y(t).
Jns onucaHus NPSIMOJIMHEMHOTO ABMKEHUS JOCTATOYHO OJHOW KOOPAWHATHI,
a B o0meM ciiydae IPOCTPAHCTBEHHOI'O JBHKEHUS TMPUIIETCS BBOJIUTH TPETHIO
KOOPJWHATY Z U, COOTBETCTBEHHO, 3alMChIBATh TPEThe ypaBHeHUE: Z = z(t).
HamomHuMm Takke, 4TO KMHEMATHUYECKUMHU XAPAKTEPUCTUKAMHU MEXAHUYECKOTO
JIBMDKEHUS TOYKH SBJIAIOTCA €€ CKOPOCTh U U YCKOPEHHE d.
COrnacHO OINPENENEHUI0, CKOPOCTBI0 U TOYKM HA3BIBAIOT IIPOU3BOAHYIO €€

pamuyca-BekTopa 7 (t) 1o BpeMeHH:

rac d'l_‘) — OCCKOHEUHO MaJioe IMEePpEMCUICHUC, COBCPIICHHOC TOYKOM 32 OECKOHESYHO MaJIBIH

IPOMEXKYTOK BpeMeHH dt, a 7 — NPUHATOE B (H3UKE O00O3HAYECHUE MPOU3BOMHOM
10 BPEMEHHU.

AHAJIOrMYHO BBOIUTCA M YCKOPEHHME @ KakK Mpou3BogHas ckopoctH U(t)

TI0 BPEMEHH UM BTOpas IPOM3BOAHAS T paxuyca-BekTopa 7 (t):

a(t) =——=v=r
dt ’
rne dv — OECKOHEYHO Majloe M3MEHEHHE CKOPOCTH TOYKM, IPOM3OLIEILIEE

3a IPOMEXYTOK BpeMeHH dt.

[lepexoast Kk paBHOYCKOPEHHOMY JBHKEHHUIO, T. €. K JBUKEHHUIO C MOCTOSHHBIM
YCKOPEHUEM, OTMETUM, YTO €CJIM BEKTOPHI HAYaJbHOW CKOPOCTH Uy M YCKOPEHHS d
KOJUTMHEapHble (MapajulelibHbl JIPYr JIPYry), TO TPAEKTOPHUS [BHXKEHUS Tena OyaeT
npsiMoit muHuel. B olmiem ciydae Tpaektopueid OyJeT Iiockas KpuBas — mapaboda.
I[Ipu 5TOM JBMIKEHHE TIPOM3OUIET B INIOCKOCTH, 3a1aBAEMOI BEKTOpaMU Uy U d.

BuIpaKeHusl, ONPENENAIOIINE PagUuyCc-BEKTOP T TOYKH U €€ CKOPOCTb U
IIPU paBHOYCKOPEHHOM JIBUYKEHUU, B CITy4ae €ro BEKTOPHOI O OMHCAHUS UMEIOT BUJI;

72
R(t) = 7y + Dot + 2, )
v(t) = vy + dt.

CootHomienus (1) MOTyT OBITh TIOTYYEHBI U3 OMPEICTICHUN CKOPOCTH M YCKOPEHUS

IyTeM HMHTErPUPOBAHUSA C Y4ETOM IOCTOSHCTBA Uy M d. B camoM jene, HCIOb3ys

OIpE/IeNICHUE YCKOPEHUS, UMEEM:
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v(t) t
S o db=d-dt - j dﬁz&-Jdt S B = By + dt.

o 0

v
ar -

AHAJIOTHYHO HAXOAUM M 3aBUCHMOCTh DPaJMyCa-BeKTOpa 7 OT BpPEMEHU

IIPU PABHOYCKOPEHHOM JIBUKCHHH
7(t) t

d7
= B() = o+t~ dif = (5 + ) dt —>j d?=f(ﬁo+&t)-dt 5
Ty 0
- - - d)tz
- r(t)=r0+v0t+7.

31€ech Ty — paauyc-BEKTOP TOYKH B HAYaIbHBI MOMEHT BpeMenu t = 0.
B coorBercTBuM ¢ (1) ypaBHEHMs, ONUCBHIBAIOIINE 3aBUCHUMOCTH OT BPEMEHHU
KOOPAMHAT U IPOEKIHI CKOPOCTEN paBHOYCKOPEHO JIBHKYIIEUCS TOUKHU, UIMEIOT BUJ:
a,t?
x(t) = xg + Vo, t + ~

2
a,t

y(t) = yo + voyt +~—; 2)
Ve (t) = gy + ayt,
vy, (t) = vyy + ayt.

31ech X U Yy — KOOPAUHATHI TOYKU B HAYaJIbHbIM MOMEHT BpeMeHu t = 0.

[IpumepoM paBHOYCKOPEHHOI'O JBHKEHUS MOXET CIY)KHTh [BH)KECHHE Tea,
OpOILIEHHOTO TOJ| YIJIOM K TOpPH30HTY, KOHEYHO K€, €Clid NpeHeOpeub CUJIoN
COIPOTHUBIICHHSI BO3/1yXa, & TAKXKE CUUTATh CHIIY TSKECTH, JIEHCTBYIOIIYIO Ha TEJO,
MIOCTOSIHHOM Kak IO MOAYJI, Tak M IO HanpasieHuto. llocnenHee nomyunieHue
IIPAaBOMEPHO, €CJIM HAadaJlbHAasi CKOPOCTh TEJla HAMHOIO MEHBIUIE MEPBOM KOCMUYECKOU
CKOpPOCTH, KOTOpas Jisi 3eMJIu MPUMEPHO paBHa 8 kM/C. B 3TOM ciyyae ABuxKeHUE Tena
MOXHO CYUTAaTh PAaBHOYCKOPEHHBIM M IPOUCXOASIIUM C YCKOPEHHUEM, pPaBHBIM
YCKOPEHHIO CBOOOIHOrO HafeHus § BOIM3U MOBEPXHOCTH 3EMIIH.

[Ipy paccMOTpeHHH CIEAYIOINIMX MPUMEPOB OYyIeM CUUTATh ABMKYLIMECS Teja
MaTepHaIbHBIMUA TOYKaMH, COITPOTHUBIIEHUEM BO3/1yXa OyJeM MpeHeOperaTb, YCKOPEHHUE
CBOOOJHOTO MajJieHus1 g Oy/ieM CUUTATh MOCTOSSHHBIM U U3BECTHBIM.

Ipumep 1. Kamens Gpocuiu ¢ rOpu30HTAILHOIO Y4acTKa MOBEPXHOCTH 3€MIIH
C HaYaJIbHOM CKOPOCTBIO U, IO YIJIOM O K TOpu3oHTY (puc. 12). Haiimute BpeMs T
nmojieTa KaMHA JO0 MOMEHTa NaJeHUs Ha 3€MIII0, JaJbHOCTh [ TojeTa KaMHf,
MaKCHMaJbHYIO BBICOTY h €ro moabeMmMa, a TakKkKe MOAYJIb vV €ro CKOpPOCTH

HCIOCPEJACTBECHHO Mepe/ MaJCHUEM Ha 3EMIIIO.
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Pemenue. Beenem cucremy koopaunar X0Y, kak rmokazaHo Ha pucyHke 12.

Y A
Vo COS O
/,—""C ‘\:\ A
Vo 4, g h
a
v _
(0] X'
l -
- > ’[]
Puc. 12
Torna:
Xo=Y0=0,

Vox = Vg COS O, Vp, = VpSsin aq,
a, =0, a, =—dg.
C yuerom 3TOro ypaBHeHus (2) MpUMYT BUI:
[ x(t) = vycos a-t,
gt

y(t) = vysin a -t ——;

2 (3)

v, (t) = vy cos a,

\ 1), (t) = vpsin a— gt.

Eciu T — Bpems mojiera KaMHsI, TO B MOMEHT BPEMEHH t = T KOOpJMHATa Y KaMHs
CTaHOBUTCS PaBHOM HYJIIO, a KOOpJWHATA X NMPUHUMACT 3HAUYCHHE, PAaBHOC MCKOMOM
JaJIbHOCTH To1eTa [.

C y4eToMm 3TOro MPUXOIUM K CHCTEME YpaBHEHUM:

72

y(T) = vy sin O('T—T=0,

x(t)=1l=vycos a-T.

OTCIOI[a HaXOauM BpEMs I10JICTA T.

2V, sin
T =
g
¥ MICKOMYIO JaJTbHOCTH ToJieTa L
2vysin a w3 sin 2a
l=vycos a- = :

g g

3aMeTuM, 4TO MpU 3aJ]aHHOW HAYaJbHOM CKOPOCTH Uy MaKCUMaJlbHas JTaJbHOCTh

MoJIeTa JIOCTUTaeTcs TpH yriae o = 45° (mpu TakoM 3HAYCHUHM YIJia o BeIMYMHA Sin 2«
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MPUHUMAET MAaKCUMAaJIbHO BO3MOXKHOE 3HAUEHME, PAaBHOE €IUHUIIE). 3/1eCh CIEIyeT
o0paTuTh BHUMAHHME Ha TO, YTO pedb UJET O OPOCAaHUM KaMHS C MOBEPXHOCTH 3EMIIH.
[lpu OpocaHuu KaMHS C HEKOTOPOH BBICOTBI, HAaIpuUMep C OamHu (CM. mpuMep 2),
MaKCHUMaJlbHas JAIbHOCTH TI0JieTa OyJeT JOCTUTaThCs yxKe nipu yrie a < 45°!

3Has BpeMs T, Ha OCHOBAaHHH JIBYX ITOCJCAHUX YPaBHEHUMN CUCTEeMBI (3) HETPYIHO
HAWTH TPOEKLUHM CKOPOCTH Uy W Vy Tellda HEMOCPEACTBEHHO MEPEN €ro MaJeHHEM
Ha 3eMJIFO, ¥ paCCUMTATh Ha OCHOBAaHWH TeopeMbl [ Indaropa nckoMbIii MOITYIIb CKOPOCTH V-

v, (T) = vy cos a,
2V, sin «

v, (T) = vy sin @ — gt = v, sin a—g-T=—vosm a;

v= |vi+vi= J(Uo cos a)z + (—vo sin a)z = \/vg(sinz a + cos? a) = v,.

MBI MOMy4MIIM, YTO MOAYJIb CKOPOCTH MPU MAJCHUM KaMHS B TOUHOCTH PaBEH
MOJYJIIO €r0 HavyaJlbHOM CKOPOCTH Ipu Opocanuu. K aTomy pesynbTary jerde npuuTH
gyepe3 3aKOH COXPAHEHUS MEXaHMYECKON dHEPruu — TOrJia OH OyJeT IMPOCTO OYCBHJICH.
OnHako Ha HA4YaJIbHOM dTale M3y4eHUsS JAHHOW TEMbl MOJIE3HO MOYIPaKHATHCA U
C KHHEMaTHYeCKUMH (hOpMYyJIaMH.

[lepetineM Tenmephr K HaXOXKJICHHI0O MaKCHUMaJbHOM BBICOTHI TOgbeMa h.
O0603HaunM yepe3 T, BpeMs JBHKCHUS 10 HAUBBICIICH TOYKH. Torma B MOMEHT BpeMEHHU

t = T; KaMeHb JIETUT FOPU30HTANBHO U, CIEN0BATENbHO, Vy,(T1) = 0. Takum obpasom,
IPUXOANM K YPaBHEHUIO:
VoSin a — gt =0
Y HaxOIMM BpeMsI T
VoSiIna T
T = T = R
[TpuHrMas Bo BHUMaHHUE, 4TO Y (T;) = h, HAXOAUM HCKOMYIO BBICOTY:

" _ gt?  visin? a
= vysin a1y — = :

B 3aBeprieHne paccMOTpeHUsI MpUMeEpa BBIMUIIEM TMOJTYy4eHHbIE (OPMYIIbI,

KOTOPBIC 9aCTO UCITIOJBb3YIOTCA AJIA PCIICHU A 3aja4.
2v, sin a v§ sin 2a v§sin? a
T=———— |l==———; h=—r——
g g 29
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IIpumep 2. Kamens OpocaroT ¢ OanrHu BBICOTON hy ¢ HaYaJIbHOU CKOPOCTHIO V.

HaﬁﬂI/ITe BpEMs T I10JICTA KaMHA 10 MOMCHTA ITaJICHUA Ha TOPU3OHTAJIbHYIO ITIOBEPXHOCTD

3CMIJIN. HOI[ KaKuM YI'JIOM (& K TOPHU30HTY HaJ0 6pOCI/ITI> KaMCHBb, YTOOBI JaJIbHOCTB €TI0

noJieta Obljia MaKCUMalbHOM? YeMy paBHA 3Ta MaKCUMalIbHAs JATBHOCTD MOJIeTa KaMHs?

Ylk

l
Puc. 13 v

Pemenue. Beenem cucremy koopaunat X0Y, kak nmokazano Ha pucynke 13. Toraa

X0 =0, Yo = hy,
Vox = Uy COS @, Vyy, = Vg Sin a,
a, =0, a, = —g.
C yuerom 3TOr0 ypaBHeHus (2) MpUMYT BUI:

( x(t) = vycos a-t,
. gt
y(t) = hy + vy sin a-t—T;

v, (t) = vy cos a,

. ,(t) =vysin a — gt.

(4)

Ecmu 7t — BpCMs ITOJICTA KaMH:, TO B MOMCHT BPCMCHU t=rt KOOpJuHAaTa y KaMH:

CTaHOBHUTCsA paBHOI?I HYIII0, a KOOpAMHATa X INPUHHUMACT 3HAYCHUC, PABHOC OAJIBHOCTHU

rosiera L.

Takum 00pazoM, MPUXOAUM K CUCTEME YPaBHEHHIA:

. gr’
hy + vy sin a-T—T=0,

l=vycos a-t.

Pemrast momydeHHOE KBalpaTHOE YpaBHEHHE, HAXOAUM BPEMS IOJIETA T

. . 2

Vo Sin VU, Sin a 2h

r= 20E ("—) M
g g g

()
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Bropoii kopeHb KBaJpaTHOrO ypaBHEHHS Mbl OTOPOCHIIM, MOCKOJBbKY OH JlaeT
otpuniateabHoe BpeMms mnonera. ([lonesHo moaymMaTh, MOXKHO JIM TPUAATH 3TOMY
OTOPOIICHHOMY KOPHIO (PU3NYCCKHIA CMBICIT. )

Jns manmeHOCTH TI071€Ta [ MIMeeM:

2
Vo Sin a Vo Sin a 2h,
l=vycos a1t =vygcosa| ——— + [|———— ] +—|. (6)
g g g

AHanmu3 TIOJIYYCHHOTO BBIPDQKECHHS HAa HAIWYUE MaKCHUMyMa METOJIaMH
MaTEeMaTHYeCKOTO aHaIM3a JOCTAaTOYHO CIOXKEH W, TJIaBHOE, HE MHTEPECEH, TaK Kak
npeBpaliaeT 3a/1a4y B CKy4HOE yIpaxHeHHe 1o mareMatuke. [loaTomy moctynum nHadge.
[IpennonoxxuM, 4TO HaM HaJ0 OPOCUTH KaMeHb Ha paccTossaue [. CrpammBaeTcs:

MoJT KaKuM YTJIOM ¢ €ro Hajgo OpocaTh, eclii HavallbHas CKOpOCTh paBHa v,? Torxa,

UCKIIIOYash M3 CHCTEMbl ypaBHeHHH (5) BpeMs T, MOXXHO NPUHTH K KBaJIpaTHOMY

YPaBHEHHIO OTHOCHTENBHO tg « (MOJIE3HO MPEATIOKUTHh OOYUAIOIIMMCSI CAaMOCTOSTEIEHO

IPOBECTH COOTBETCTBYIONINE MPEOOPA30BAHHUSL):
20§ 2vgh
tg?a——tg @ ————
gl gl

JlanHoe ypaBHEHHE Oy/IeT UMETh JICUCTBUTEIILHOE PEIICHUE MPU YCIOBUH, YTO €r0

+1=0. 7)

JAUCKPUMHUHAHT HCOTPHULATCIICH. Takum O6p330M, MMPpUXOAUM K HCPABCHCTBY:
vy  2vihg
gZ l2 glz
13 KOTOPOr'o IOJy4aeM HEPaBEHCTBO JUIS AaJbHOCTH ToeTa [:
2
Vo 4/ V5 + 2ghg
= s .
g
T[lonyueHHbI pe3ysIbTaT UMeeT MPOCTOl (U3MUECKUI CMBICI, TaK KaK OYEBHIHO,

—12>0,

YTO MPHU 3aJaHHON HAaYaIbHON CKOPOCTH KaMEHb HENb3s OPOCUThH CKOJIb YT'OJHO JIaJIeKOo.
Takum 006pa3zoM, MaKCUMaJIbHO BO3MOXKHASI JJaJIbHOCTD ITOJIETa KaMHs, KaK 3TO CIeAyeT
Y3 TIOCJIETHETO HEPABEHCTBA, OMPEAEISACTCS BEIPAXKCHUEM
Vo V5 + 2ghg

7 .
N3 ypaBHeHus (/) Terepb HETPYAHO HAWTH TaHT€HC UCKOMOTO yria . [Tockoabky

lmax -

JUCKPUMUHAHT 3TOTO YPaBHEHUS PaBEH HYIO (U3 TOTO YCIOBUS MBI UCKAIH L, ), TO:

Vo Vo

- a=arctg
JvE +2ghg Jve +2ghg

tg a =

33



Jnst monmydeHus: TaHHOTO pe3yJibTaTa Mbl 00OLULIHCH 0e3 nuddepeHnnpoBaHusl.
Tem He MeHee HaM MPHUIIIIOCH MPOBECTU 3HAUYUTENbHbBIE BhIuKciieHus. OKa3bIBaeTCs, 4YTO
TOT >K€ PE3yJbTaT MOXHO TOpa3/lo MPOIIe MOJYYUTh JIPYTUM CIIOCOOOM, B OCHOBY
KOTOPOTO TOJOKEH TaK Ha3bIBAEMbIH «TCOMETPUUYECKUNA METOI» PACCMOTPEHUS
JIBDKEHUS TeJia, OPOLIEHHOTO MO/ YTIIOM K TOPH30HTY.

Kak yxe oTmedasnoch, MaJbHOCTH IMOJETa KaMHS MOXKET OBITH BBIp@KCHA 4epe3
HavyaJbHYI CKOPOCTh V(, YTOJl OpOCaHMs & U BpeMs ToJjieTa T 1o ¢popmysie:

l=vycos a-T.
Kpome sToro 3amernm, 4To KOHEYHAss CKOPOCTh KaMHS U HE 3aBUCUT OT yrja

OpocaHus @ ¥ ONIPENEISAETCS BHIPAKCHUEM:

v = fvg + 2ghs,,.

[locnennuii pe3yiabTaT MOXHO TMONYYUTh, TPUMEHSS 3aKOH COXpPaHEHUs
MEXaHUYECKOU SHEPTUH, JTUOO0 ¢ MTOMOIIBIO (HOPMYITT KHHEMAaTHKH.

B coorBercTBun ¢ (1) 171 BEKTOpa KOHEUHOM CKOPOCTH U UMEEM:

U =17, + gT.

Bocrnonb3yemcsi mpaBUiioM TpPeyrojbHUKA ISl CIOKCHHS
BEKTOPOB U, Uy u gt (puc. 14). Ha stomM pucynke uepes f3
0003HaUeH YroJi, o0pa3yeMblii BEKTOPOM KOHEYHOH CKOPOCTH
KaMHS U ¢ BEKTOPOM €T0 HAa4aJIbHOM CKOPOCTH V.

Bripasum Temnepp miomaab 3TOro TpeyroibHUKa (Ha30BEeM
€ro «TPEeYroJIbHUKOM CKOpocCTei») nByMs criocobamu. C onHOM

CTOPOHEI, IUIOINaAb paBHA IIOJOBHHC IIPOU3BCACHUA OJIMHBI

OCHOBAaHUs Ha BCIIMYHUHY OHymeHHOﬁ Ha HCI'O BBICOTHI, a C ,HPYTOﬁ

CTOPOHBI — ITOJIOBUHC ITPOU3BCACHUS MJIMH ABYX CTOPOH HAa CUHYC

yriia Mexxay HUMU. B pe3ynbrare Mbl IPUXOIUM K YpaBHEHUIO:

1 1
—+gT VyC0S & ==V, V-sin f,
2 2
U3 KOTOPOTO MOXKHO BBIPa3UTh JAIBHOCTH MoJieTa | = v COS a * T 4epe3 BETUUHHEI V),
vu f:
V¥ |
[ = —"-sin L.
g
B nonydeHHOM BBIpaXE€HUU TOJIBKO yroil [§ MOXKET 3aBUCETh OT yriia OpocaHus a

(ocTanbHbIE BEIMYMHBI B ATOW Qopmylie sBIsAOTCS KOHcTaHTamu). Ilpu B = 90°
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¢yHKIMA Sin f OpUHMMAaeT MaKCUMajbHOE 3HAa4YeHHE, paBHOE enuHuie. [loatomy
CTAaHOBHUTCSI OYEBHJHBIM, YTO JUISI JOCTHMIKEHUS MAaKCUMAaJbHOM JAJIBHOCTH IIOJIETa
KaMeHb Haao Opocarh MOJ TaKMM YIJIOM (, YTOOBI BEKTOP KOHEYHOM CKOPOCTH U
OKa3aJics MEPIEHIUKYIIIPHBIM BEKTOPY HaYaIbHON CKOPOCTH V!
C y4eToM CKa3aHHOTO MOXKHO CIE€NaTh BBIBOJ, YTO «TPEYIOJBHHUK CKOPOCTEH»
ABIIIETCA MPSMOYTOJIbHBIM, U U3 pUCYHKA 14 HAWTH UCKOMBIN Yo a:
% % Vo

0 0
tg @ =— — «a=arctg — = arctg :
v v Vs + 2ghg

B cnydae, eciiu kaMmeHb OpocaroT ¢ moBepxHocTH 3emid (hg = 0), MbI IPUXOAUM

(8)

K pe3yJbTaTy, HOJYyYeHHOMY MPH pacCMOTPEHUH npumepa 1:
a = arctg 1 = 45°.

N3 Beipaxkenus (8) BuaHO, uTo 1pu hg > 0 yron a < 45°, tak kak tg a < 1.

B pazobpanHoM nprMepe Mbl TO3HAKOMUJIM YUTATEIS TOIBKO C OHUM MTPUMEPOM
INPUMEHEHUS TaK Ha3blBAEMOr0 TE€OMETPUUYECKOT0 METO/Ja K PELICHUIO 33134
O JBMKEHHMM Tejia, OpPOLIEHHOIO MOJ YIJIOM K TOPU30HTY, Tl€ B OCHOBY pEIICHMS
OBUIO TIOJOXKEHO PACCMOTPEHHE «TPEYroJibHHKa ckopoctei». Hapsny ¢ stum
MOXKHO pPaccMaTpuBaTh «TPEYrOJbHUK TEPEMEIICHHI» — MO3HAKOMHUTHCS C TaKUM
CTIIOCOOOM peIIeHHsI 337a4 MOKHO, U3y4UB MYyOJMKAIIMU U3 CIIMCKAa PEKOMEHI0OBAaHHOU
JUTEpaTypbl K JaHHOM CTaTbe, B KOTOPBIX Pa300paH LETbIA psAJl MHTEPECHBIX 3ajad

OQUIMCTUKH.

JlomainHee 3aganue

3agaya 1. Ilog kakuMm yriaoM « K TOPHU3OHTY Haa0 OpOCHTH KaMEHb
C TOPU30HTAIBHOM TOBEPXHOCTHU 3€MJIH, UTOOBI JAILHOCTD €T0 M10JIETA 0KA3aJ1aCh PaBHOU
MakcuMajbHOU BeicoTe moabema? (OTBeT: a = arctg 4 = 76°.)

3agaya 2. KameHb BBINYCKAalOT W3 POraTkM C HEKOTOPOW  BBICOTHI
HaJ TOPU30HTAJbHOW MOBEPXHOCTHIO 3E€MJIM TaK, YTOObI JTOCTUYh MaKCHUMalbHOU
JIanbHOCTH mojera. HawambHas cKopocTh KaMHs Uy = 30M/cC, a €ro CKOpoCTh
HETTOCPEICTBEHHO Tiepe MajacHueM Ha 3emmio v = 40M/c. Haiinute Bpems momera

KaMHs. Y CKOpEeHHE CBOOOJHOrO mHameHus npumure paBHbIM g = 10 m/c?. (Otser:

t=Jvéi+v?/g=>5c)
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Bagaya 3*!. Kamenp OpocaroT cBepXy BHH3 CO CKIOHA TOpBI, MMEHOLIEH
MOCTOSIHHBIN YroJl HaKJIoHa [ K TOpu3oHTY. [log KakuM yriioM & K MOBEPXHOCTH TOPBI

HaJ0 OpocaTh KaMeHb, YTOOBI JAIBHOCTH €ro Iojiera Oblia MakcuMaiabHoU? (OTBeET:

B
5 )

a =45°+
3agaua 4*. Kamenb OpollleH ¢ BEpTUKAIBbHON OAalllHM TaK, YTO AAJIbHOCTh €ro
nojieta MakcuMmalibHa. HaliguTe Bpemsi mojieta KamHs, €CIM TOYKa MafeHUs KaMHs

Ha TOPU3OHTAJIBbHYIO ITOBCPXHOCTL 3€MJIM OTCTOUT OT TOYKH 6pocaHH51 Ha pacCTOAHHNHU

S = 80 M. YckopeHue cBOGOIHOrO MajeHus npumuTe pasHbM g = 10 M/c?. (Otser:

25
t—\/%—élc.)

3agaya 5*. C kakoil MHMHHMMaJIbHOMW CKOPOCTBIO VU, WU TMOJ KAaKUM YIJIOM &
K TOPU30HTY HEOOXOIMMO OpOCHUTh KaME€Hb C TOPHU30HTAJIBHON MOBEPXHOCTH 3EMJIH,
4TOOBI OH CMOTI IEPENIeTETh Yepe3 TOHKYI0 BEPTUKAIBHYIO CT€HY BbIcoTOM h? Touka

6p003HI/ISI KaMH: HaXOoJUTCA Ha PacCTOAHHNHA l oT CTCHBEI. (OTB CT.

Vo :\/g(h_l_,/hz_l_lz), tg a:h+\/?2+lz'-)

Jlureparypa

1. Iloonecuwuii J[. B., Anexcanopos J]. A. O ABWKEHHH Tela, OPOIICHHOTO
noj yrjioM K ropusonty // Ilorennman. — 2010. — Ne 1,

2. Konosanos A. A. I'eoMeTprudeckue e IPU PEIICHUH OaTMCTHIECKHX 3a1a4 //
[Torenmmai. — 2013. — Ne 1.

3. Mapmemvsinosa T. FO. Kak He Obith Mazwmioi // Keant. — 2018. — Ne 7. —
C. 37-41. — URL.: http://kvant.mccme.ru/pdf/2018/2018-07.pdf.

! 3amaum, oTMEUEHHBIE 3HAKOM *, HMEIOT MOBBIIIEHHYIO CTENEHD CIOKHOCTH U PEKOMEHIYIOTCS
IUIst 00yYarolmuxcsi, MPOXOASIIMX JIOMOJHUTEIbHYIO TMOJArOTOBKY K YYacTHIO B OJUMIIHaAax
HIKOJILHUKOB IO (PU3HUKE.
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HMunamuka

Bec TeJa, ABHKYIIET0CH ¢ YCKOP CHUEM

Qu3uueckas 6erUYUHA «BeC» U3YYAEMCs 8 MeMaAmuyeckom oaoke «JuHamurar.
Ilpaxmuxa nokasvlieaem, ymo odyuaOwuecss Mo2ym UCNbImMbleams pso 3ampyOHeHUll,
CBA3AHHLIX C OMUM nouamuem. LIKonbHuKu 00801bHO Yacmo nymarom 6ec ¢ MAaccol,
CUUMAIOm 8ec CKaIApHOU OU3UYECKOU 8eTUUUHOU, XOMS 8€C — IO CUA, M. €. BeKMOPHAS
Qusuueckas eeruyuUHa, HeNPABUILHO YKA3bIBAIOM MOYKY NPUTIOHCEHUS IMOLL CULL, TUOO
OMOIHCOECMBIAIOM 8€C C CUNOU MANCECU UTU C CULOU peaKkyuu onopul. B ceasu ¢ smum
Ha YpOKe PeKOMEeHOYemcs npedcoe 6ce20 aKKYPAmHO CHOPMYIUpPoeams onpeoeieHue
geca, aKyeHmupys GHUMAHUE HA GEKMOPHOM Xapakmepe 3Mmou 6eIUdUHbl, U
NPOOEMOHCMPUPOBAMb OMAUYUE 6eca Om CUNbl MANCECMU U CUTbl  pPeaKyuu,
0eucmeyowux Ha YCKOPEeHHO 08UICYUeecs: meio.

B pa3auuHBIX JHUTEpAaTYpHBIX HMCTOYHUKAX JIOBOJIBHO YacTO BCTPEYAETCS
IIyTaHMIIA, CBSI3aHHAs C IMOHATHUEM «Bec». Hamprmep, B HEKOEH HaydHO-IIONYJISIPHOMN
3aMETKE O BEIIECTBE HEUTPOHHOW 3BE37bl TOBOPUTCH: «ITO camas IUIOTHass Qopma
MaTEepUU: YalHAs J0JHCKA ee gewecmea eecum okono 1 mapo moun». B mpogyKkToBOM
Mara3uHe BaM B3BELIMBAIOT TOBAP M PE3yJbTaT HA3bIBAIOT B KHWJIOrpammax. Yacro
rOBOPAT O Bece Tena Ha JlyHe wiM O HEBECOMOCTH B KOCMOCE, HO IIPH 3TOM JaxKe
B DU3MYECKOM SHIMKIONESIUYECKOM clioBape [4] ToBOpHUTCS, 4TO «BeC — YHCICHHAsI
BEIMYMHA CUJIbl TSXKECTH, ACHCTBYIOIIAas Ha TEJO, Haxojsuleecs BOJIM3U 3eMHOU
IIOBEPXHOCTU». B CBs3U C 3TOM ITyTaHULIEH MOTYT BO3HUKATh Pa3HbIE HEA0PAa3yMEHMUS.

Bocrnonb3yemcst  yrBepKAeHUsIMU, cPoOpMynupoBaHHbIMH B Dusnyeckoi
SHIUKIONEANH [5].

«Bec — cuma, ¢ koropoil 5o0oe Telo, Haxondlleecs B IMOJE CUl TSHKECTH
(kak mMpaBWJIO, CO3/1aBAEMOM KakMM-THOO HEOECHBIM TEJIOM, Hampumep 3emJiel,
ConHueMm u T. 1.), IEHCTBYET HA ONOPY WM IOJBEC, MPEMATCTBYIOUIYI0 CBOOOJHOMY
naJieHuIo Tena. B yacTHoM citydae, koraa ornopa (IoABec) HOKOUTCS WM paBHOMEPHO U
NPSIMOJIMHEWHO JABUKETCSI OTHOCUTENILHO KaKOW-TMOO MHEPIUATbHON CHCTEMBI OTCUETA,
BEC TeJa M0 BEJIMYMHE U HAMPABICHUIO COBIAAET C CUIION TSKECTH.

«Bec ¥ cuna TSKECTH NPUIOKEHBI K Pa3sHbIM OOBEKTaM (BeC — K OIOpe WU
MO/ABECY, CUJA TSHKECTH — K TelIy) U UMEIOT pa3IudyHyro (U3UYECKYI0 MPUPOIY
(COOTBETCTBEHHO, BEC — YIPYrylo, T. €. MO CYIECTBY 3JIEKTPOMArHUTHYIO, a CHUJa

TSDKECTH — TPABUTALIMOHHYIO)».
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«B obmiem ciydae IBUXKEHHUS OMOPHI (ITOABECA) WIIM CaMOTO Tella ¢ YCKOPEHUEM
OTHOCUTEJIbHO MHEPLHUAIBHOW CHCTEMBI OTCUETAa BEC MEPECTAET COBNANATh C CHUJIOU
TSIKECTH.

B mkonsHoM yueOHuke ¢usuku (B. A. KaceanoB «®Pusuka. 10 xiacc,
yIayOJeHHBIM YpOBEHBY») pa3MyHbIe BO3MOXHBIE CIy4yad PAacCMOTPEHBI B pasjielie
«IIpumenenne 3akoHOB HpIOTOHa» oTHENBHO OT onpenaencHuss Beca. [lpu 3TOM
I YCKOPEHHOT'O JBMIKEHUSI TOBOPUTCS O CHJIE PEaKIMyd OMOpbl TaMm, TJIe
noJipa3yMeBaeTcs BeC Teja, ABMXKYLIErocs ¢ yckopeHueM. [lone3Ho npu paccmMoTpeHuun
ATOr0 Marepuaia eue pa3 4YeTko OOCYIUTh OINpEAesIeHHE Beca W CHIIbI TSIKECTH,
BOCIIOJIb30BaBIINCh, HAIIPUMED, TPUBEICHHBIMU BbIIIIE HOPMATUBHBIMU OIPEACICHUSIMHU
u3 «Pu3nueckor >HUMKIONEAUNY. Takxke peKoOMeHAYyeTcsi 00paTUThCA K Marepualy,
U3JI0KECHHOMY B ocobuu [8].

PaccMoTpuM psii  mpuUMEpOB, WLTIOCTPUPYIOIIMX OMNpPENETIEHUE Beca Ted,
JBIXKYIIUXCSL C YCKOPEHUEM OTHOCUTENILHO MHEPIUATILHONW CUCTEMBI OTCUETA.

IIpumep 1. ABTOMOOWIBL PA3rOHSETCS HAa TOPU30HTAIBHOM Y4YacTKE JOpPOTH
C yckopeHueM a = 2,5 m/c?. Onpeenure BeC CUASLIErO B KPECe Maccaxupa Maccoi
m = 60 Kr Bo BpeMs pasroHa. Y cKopeHue cBOOOIHOro maaeHus paBHo 9,8 m/c?.

Pemenne. Ha maccaxkupa IelCTBYIOT CHJIA TSKECTH N

—

mg coO CTOPOHBI 3emMiam W cuiaa peakuuu N

lm

CO CTOpOHBI Kpecna. Ha cuaeHbe HAEUCTBYIOT BeC

—

naccaxupa P, MoIyiab KOTOpOro paBeH (MO TpEeTbemMy

=

3akoHy HbroTOHA) MOIy0 chiibl peakiuu (cMm. puc. 15).

—

Cuny peakuum pas3ioXuM Ha cocTapistomue: Ny

R
(ypaBHOBemmBaeT cmiy Tsbkectd) W N, (cooOrmaer

TOPU30HTAIILHOE YCKOPEHUE IMACCAKUPY):

{NB =mg,
N. = ma

Puc. 15

= N =.(mg)?+ (ma)?

=m,/g? + a’.
Mosyns Beca paBeH MOJYIIO CUJIBI PEAKITUH:
P=N=m/g?+a?=60-,9,82+2,52 =607 H.
Bexkrop P cocrassier ¢ BEPTUKAJBIO YIOJl @ = arctg 3 ~ 14°.
IIpumep 2. ABTOMOOWIIb IBUKETCSA CO CKOPOCTBIO ¥V = 36 KM/Y TIO BBITYKJIOMY
mocty.  Ompexenute  BeCc  CHASAMIETO B Kpeclie  MacCaXwpa  Macco
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m = 60 Kr B MOMEHT, KOrJia aBTOMOOMJIb HAXOJUTCSA B BEPXHEH Touke MocTa. Pamnyc
KPUBHU3HBI MOCTA B 3TOM TOUKe paBeH R = 60 M. Y ckopeHue cBOOOTHOTO MaICHUSI PABHO
9,8 m/c2.

Pemenne. Ha maccaxxupa AeiCTBYIOT culla TSHXKECTH Mg U CHIIA -

—

peakiu N co CTOpOHBI cuaeHbsi (puc. 16). DTH CHIIBI COOOIIAIOT

MacCaXupy  LEHTPOCTPEMUTEIIBHOE YCKOPEHUE a, = v?/R, l

S

HAaIPABJIEHHOE BHU3, K LICHTPY KPUBU3HBI MOCTa. [I0 BTOpOomMy 3aKOHY

Herorouna

)

ma, = mg — N.

mg
Cuila peaklpu paBHa 110 MOAYI0 Becy. OTcroza: g

v? 102 Puc. 16
P=N=mg—man=m<g—ﬁ>=60-<9,8—E)=448H.

Jlomamnee 3aganue

3agaya. ABTOMOOUIIb JBHXKETCS CO CKOPOCTHIO 36 KM/4 IO BOTHYTOMY MOCTY.
Onpenennure Bec CUIAIIETO B Kpecie Maccaxkupa Maccod 60 Kr B MOMEHT, Korja
aBTOMOOMJIb HAXOJAUTCS B HIDKHEW TOouke MocTa. Pamuyc KpuBU3HBI MOCTa B 9TOM TOUYKE

pasen 60 M. Yckopenue cBoOoaHOro najenus pasHo 9,8 m/c?. (Otser: 688 H.)
Jlureparypa

1. ITuxun C. HeBecomocTsb... B aBTomoomite? // Ksaut. — 1997. — Ne 3. — C. 34. —
URL.: http://kvant.mccme.ru/pdf/1997/03/kv0397pikin.pdf.
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Cmamuka meepoozo mena
YcroitunBoe, HeyCTOMYMBOE, 0e3pa3jInuHOe PABHOBECHE

Ha uzyuenue memamuueckozo onoxa « Cmamuxa meepooeo mena» ¢ PII COO
omeooumcsa 5 u. CHauana peKomeHOyemcs 68eCmu NOHAMUS — YCMOUYUBOZO,
HeyCcmouuugo20 u 0e3pasiuiHo20 pPAGHOBECUsl MEXAHUUECKOU CUCmeMbl, a MaKice
paccmompems  YCI08Usi ycmoudugocmu. 3amem, Npu peuleHuu 3a0ay, BCAKUU pa3
credyem obpawjams GHUMAHUE HA Xapakmep paeHogecus, m. e. 00CyicOeHue
YCMOUYUBOCIU OOJIHCHO NPOXOOUMDb Yepe3 8CI0 meM).

HcTopudecku ydeHHE 0 MEXaHMUYECKOM PAaBHOBECHM BO3HHUKIIO TOpa3fo paHbIIe
HAYKH O IBIKEHUHU TeJl — HEKOTOPBIE 33/1a4U O PABHOBECUY MEXaHUYECKUX KOHCTPYKITHI
paccMaTpUBAIMCh JIPEBHUMH YYEHBIMH M CTPOUTEISIMH YyXe€ 3a 2—3 THICSYCIIeTHUS
JI0 TIOSIBJICHUS KJIacCMYeCKOW nuHamMuku. He yrac wuHTEpec K J3TOH TeMe W
B mocieaymoonme Beka. Hampumep, cpeau 3amedaTesIbHBIX «IIEAEBPOB PAaBHOBECHS
MOXHO OTMETHUTh, «MOCT JleoHapao-na-Bunum» — mpu xemaHuM JIHOOOM IMIKOJIbHUK
MO>KET BOCIIPOM3BECTH ATO COOPYKEHHUE, COOPaAB €ro U3 OJJMHAKOBBIX MaI04YeK 0€3 KaKuX -
6o kpemnenuii (puc. 17)%

[Tomr MexaHWYECKUM paBHOBECHEM ITOHMMAETCS TaKOE€ COCTOSHHE ITOKOS
MEXaHMYECKOM CHCTEMBI, B KOTOpPOM OJHH BHCIIHWEC BO3JICHCTBHS Ha Hee
KOMIICHCUPYIOTCSL IpyruMu (WM OTCYTCTBYIOT). Ilpu »TOM TroBOpSAT, YTO cHCTeMa
HAXOJUTCS B TTOJIOKECHUU PABHOBECHSI.

W3ydeHne  MEXaHMYECKOTO  PaBHOBECHS
W YCJIOBUM €ro BO3HUKHOBEHHUS IPOMCXOJUT
B paMKax paszjiejia MEXaHWKH, KOTOPHI Ha3bIBACTCS
ctaTukoi. OJIHUM U3 BOKHEUIIINX BOIIPOCOB CTATHUKH
SBJISICTCS TTOMCK YCIOBUH  ycmouuugocmu
pasHogecuss MexaHudeckod cucrtembl. Hanbonee
MIPOCTHIC pe3yIbTaThI TIOJTYJarOTCS pH
pacCMOTpPEHUU YCJIOBUW paBHOBecUsS aOCOIIOTHO
TBEPJOIO TeJa, T. €. TAKOTO TeJa, PACCTOSTHUE MEXKITY

ABYM: JIIOOBIMHA  TOYKaMU KOTOPOro COXpaHsACTCsA

HCU3MCHHBIM.

Puc. 17

! UnmrocTparms u3 ku.: Muxaiinos b. I1. Jleonapso na Bunuu apxurextop. — M.: ['oc. H3/1-Bo TUTEpaTyphl
10 CTPOUTENBCTBY U apXUTeKType, 1952. — 79 c.
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Ecnmu alcomoTHO TBepaoe Telo HemHo2o (CTpPOrO TOBOps, OECKOHEYHO Malio)
CMECTHUThH U3 MOJIOKEHHS PABHOBECHS M 3aTE€M MPEOCTABUTH CaMOMY ceOe, TO BO3MOXKHBI
TPU CIEIYIONIMX BapHaHTa JalIbHEUINEro pa3BUTHs coObiTui (Ha puc. 18 u puc. 19
MOKAa3aHbl pPa3HbIE€ HCXOJHBIE COCTOSIHUS PaBHOBECHsI, MPOWJLIIOCTPUPOBAHHBIC TPHU
MIOMOIIY ITapYKa ¥ BPAIIAIOIErocss Ha TOPU30HTAIBLHOM OCH TIPSIMOYT'OJILHOTO OpYCKa).

1. Teno mox melicTBHEM BHEIIHMX CHJI BEPHETCS B MOJIOKEHUE paBHOBeCHs. Takoe
MOJIOXKEHHUE Ha3bIBaeTcst ycmouuusvim (puc. 18, a u 19, a).

2. Teno ocraHercs B HOBOM IIOJIOKEHHWH, B KOTOPOE €r0 CMECTHIIM. DTO —
bespaznuunoe pasrnosecue (puc. 18, 6 u 19, 6).

3. Teno Oyzner eme cuibHEE OTKJIOHATHCS OT TOJOXKEHHS PaBHOBECHUA. DTO —

Heycmouuueoe pasrnogecue (puc. 18, 6 u 19, 6).

a) 0) B)
Puc. 18. [lonoxxeHue mapuka B COCTOSHUM PaBHOBECHUS: a — IIAPUK B JIYHKE;
6 — apyK Ha MIOCKOCTH; 8 — IIAPUK Ha TOPKE

O+

Ol
a) 5) B)

Puc. 19. OgHOpoaHBII OpYCOK, TOABEIICHHBI HAa TOPU30HTAIBHOU ocu O:
@ — OCh CBEpPXY; 6 — OCh MPOXOIUT Yepe3 UEHTP TAKECTU; 8 — OCh CHU3Y

Ecmn paccmoTpers paBHOBECHE I Cilydasi, KOTJAa CHUJIbl MOTYT JEHCTBOBATH HE
TOJBKO B OJIHOM MJIOCKOCTH, HO Y B Pa3HbIX HANPABJIECHUSIX B MPOCTPAHCTBE, TO MOXKET
OKa3aThCsl, YTO XAPAKTEP PAaBHOBECHS MPU CMEIIEHUH B Pa3HBIX HAMPABJICHUSIX OKAXKETCS
paznuuabM. Ha pucynke 20 n3o00pakeH Mapuk, JICXKAIIHK B TJIAJKOW TOPU30HTAILHON
TpyOe. JIJis Hero yCTOWYMBBIM SIBJISIETCSI PABHOBECHUE MPU CMEIIEHUU B TUIOCKOCTH YZ,

663paSHI/I‘—IHBIM — IIPpHU CMCUICHUHU BAO0JIb OCH X.
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Y Y
Puc. 20 Puc. 21

[Iycth Temepp B TOM k€ TpyOe HAXOAUTCS TOHKAas Majoyka, pPacroJIOKEHHAs

B 1ockoctu YZ (puc. 21). PaBHOBecHe 3TOH MajJ04YKK IPU CMEIICHUH B IUIOCKOCTH YZ
(O6e3 oTpbiBa OT CTEHOK TpPYOBI) siBNIsieTca HeycroWuuBbiM. [Ipu 3TOM paBHOBecHe
NajJ0YKU TPU CMEHICHUH BIIOJIb OCU X YCTOMYMBO TOJBKO MPU CTPOTO OMPEICICHHOM
MOJIOKEHUH TTAJIOUKH B TPYOE.

VYcnoBuss paBHOBecusi aOCONIOTHO TBEPAOrO Tela CJIEAYIOT U3 TEOpPEMbI
O JBIDKEHUU LIEHTpa MAacC M M3 ypaBHEHHUS MOMEHTOB. [[7si TOro 4toObl abCOJIIOTHO
TBEpPJO€ TEJIO HAXOAWJIOCh B PABHOBECHUM, HEOOXOIUMO, YTOOBI OJTHOBPEMEHHO ObLIH
paBHBI HYMO: 1) cyMMa BceX BHEUTHHX CHJI, PHJIOKEHHBIX K TEy; 2) CyMMa MOMEHTOB
BCEX BHEIIHHMX CHUJI, IPUIIOKEHHBIX K TEITY.

OTMeTHM, YTO OTH YCJIOBUS PABHOBECHs SIBJSIFOTCS HEOOXOIMMBIMH, HO HE
JOCTATOYHBIMHU, TIOCKOJIbKY TIEPBOE YCIOBHE TOMYCKAaeT paBHOMEPHOE MPSIMOJIMHEHHOE
JBKEHHUE LIEHTpa Macc Teja, a BTOPOE — MO3BOJISIET TEJLYy paBHOMEPHO BPAILIAThCS.

Kpome Toro, ecnu Bce MPUIIOKEHHBIE K TeJly BHELIHUE CUJIbI JIEKAT B OJHOMN
IUIOCKOCTH, TO HEOOXOIMMO TpeOOBaTh paBEHCTBA HYIIO CYMMbl MOMEHTOB 3THUX CHII
OTHOCUTEIBHO OCH, KOTOPas MEPHEeHIMKYISIPHA YKa3aHHOU TNIOCKOCTH. JIeTKO T0Ka3aTh,
YTO 3Ta OCb MOXET OBbITh 000 (MOXHO TMOPYYUTh OOYYAIOIIMMCA B KadecTBE
YIPAXXHEHHS] CAaMOCTOSITEIBHO TIPOBECTH 3TO JI0KA3aTEIbCTBO).

Taxxe MOXHO J0Ka3aTh CIEAYIOLIEE YTBEPKIACHUE: YCMOUYUBOM)Y PABHOBECUIO
MEeXaHU4ecKou CUucmembl, HaX0OAUWEUCs 8 NOJle KOHCEPBAMUBHBIX CUJL, COOMBEmCmeyem
MUHUMYM ee NOMEHYUATbHOU IHEPRULL.

Cornacno PII COOQO, 3ak0oH coxpaHEeHNs MEXaHUYECKON YJHEPTUH PACCMATPUBAETCS
nocye pazaena «Cratuka TBepaoro tena». OgHako, yueHuku 10 kiacca yxe 3HAKOMBbI
C TIOHSITHEM «MEXaHWUYECKash DHEPrus» U CO CBS3BI0 MEXKIYy H3MEHEHHUEM HSHEPruu

u paboroil cuibl. [loaTOMYy TONIE3HO MPU PACCMOTPEHHH YCTOWYMBOCTH PaBHOBECHS
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CHUCTCMBI IIOKAa3aTb (HYCTB 1 HC COBCCM MAaTCMAaTHYCCKHU CTpOFO) CBA3b MCIKIAY HpOGKHHeﬁ
Fx KOHCGpBaTHBHOP'I CUJIbl Ha HCKOTOPYIO OCb X u HOTCHIII/IEU'IBHOﬁ 3Hepmeﬁ

_ dUl'IOT
Fx -_ W .
Y,z = const

C noMoribio 3Toi (OpMyIIBI MOKHO TTOKa3aTh, YTO €CIU MOTCHIMAIbHAS YPHEPT S
B TIOJIOXKEHUH PAaBHOBECUS MHUHUMAaJbHA, TO MPU CMEIICHUU Tella U3 ATOTO MOJOKEHUS
BO3HMKAET BO3Bpaliaronias cujia, T. €. paBHOBecHe ycToWumBoe. Hamportus, ecnu
MOTCHIINAJIbHASL YHEPTUS B MOJIOKCHUU PAaBHOBECHUS MaKCHMaJlbHA, TO MPU CMEIICHUH
TeJa U3 ATOTO MOJI0KEHUS BO3HUKACT CUJIA, CIIIe JaJbIIIe YBOASIIAS TEJIO OT MOJOKEHUS
paBHOBECHS.

PaccmoTpum npumep 3amayuu 00 MCCIETOBAHUH YCTOMYUBOCTH PABHOBECHSI.

Ipumep 1. OnHopoaHas [OOCKAa HAXOIUTCA B MPSIMOM JBYTPaHHOM yrJjie
C TJIAJKUMHU CTEHKaMHU. DTOT JBYTrpaHHBIM yrojl HAKJIOHEH MOJ YIJIOM O K TOPHU30HTY
(puc. 22, a). JIBmwxeHrue JOCKH BO3MOXHO TOJBKO B IUIOCKOCTH PHUCYHKa 0€3 OTphIBa
OT cTeHOK. Haiinure mpu moMoIu moCTPOEHUs MOJIOKEHUE paBHOBecUs Jocku. Kakum

Oy/eT 9TO paBHOBECHE — YCTOMYMBBIM U HEYCTONYHBBIM?

c

=
—
\
RS

Puc. 22

Pemenne. [1oCKOIBKY CTEHKH ABYTPAHHOI'O YTJIA TIIAJAKUE, TPEHUE OTCYTCTBYET.
Ha nocky HOEWCTBYIOT cuia TSXKECTH Mg W JABE CUJIbl peakuuu CcTeHOK N; u N,
HaIpaBJICHHBIC TIEPIICHAUKYISIPHO TpaHsaM yria (cM. puc. 22, a). Bce 3Tu cuitbl Jiexat
B OJHOM TMIJIOCKOCTH, MPU 3TOM JIMHUM JeUCcTBUS clil Ny 1 N, mepecekaroTcsi B HEKOTOPOr
touke O. IIpeamnonoxum, 9To JOCKa HAXOAUTCS B PAaBHOBECHH. Tak Kak B IMOJOXKEHUHU
paBHOBECHSI CyMMa MOMEHTOB TpPEX VYKa3aHHBIX CHJ OTHOCHUTEJIBHO JIHOOOW ocH,
MePHEHIUKYJIIPHOM IIIOCKOCTU PUCYHKA, T0/DKHA OBITh paBHA HYJIIO, TO JIMHUS IEUCTBUS

CUJIBI TSDKECTH TOXKE 0053aTeIbHO MPOXOIUT uepe3 Touky O.
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JlokazaHHOE YTBEPKJICHHE SBIISICTCS YACTHBIM CITy4aeM TaK Ha3bIBAEMOM T€OpEMbI
0 TPEX CUJIAX: eciu abCoNOMHO meepooe Mmeio Hax00Umcs 8 NoJIONCEHUU PaHOBeCUs
noo oelicmauem MoJibKo mpex CUl, JUHUU OeUCmEUs IMUX CUll NePecekamcs ¢ 00HOU
mouke.

[Iponomkum paccmorpenue npumepa. [lonoxeHue JOCKH B paBHOBECUHM MOXKHO
HaWTH IMPHU ITOMOIIH TTocTpoeHwusI (puc. 22, 6). [IpoBeneM BepTHKaIbL Yepe3 BEpUINHY yria
(9TO MMHUS NEHCTBUS CUITBI TSHDKECTH) M OTJIOKMM Ha HEeW OTPE30K, PaBHBIN JUTMHE JTOCKH.
N3 koHIIa 3TOro OTpe3Ka OMYyCTUM MEPIEeHAMKYISpPhl Ha TpaHu yria. [lomydurcs
PSIMOYTOJIbHUK, 00pa30BaHHbBINA CTOPOHAMM YTJIa U OTJIOXKEHHBIMU MEPIECHIUKYIISIPAMH.
Opna nuaroHalls B HEM — BEpTUKallb, BTOpas JIMAaroHalb — TMOJOXEHUE JOCKH
B PaBHOBECHHU.

B ycroiturBoM MOJI0KEHUH paBHOBECHS TOTEHIIMATIbHAS YHEPTUs MUHUMAJIbHA, a
B HEYCTOMYMBOM — MakcuMaibHa. JIJ1s1 BEISICHEHHS XapaKTepa paBHOBECHSI PACCMOTPUM,
KaK U3MEHSIETCS BBICOTA IIEHTPA TSHKECTH JOCKHU TIPH CKOJIBKEHUH €€ KOHIOB TI0 TPaHIM
yria. L{leHTp TskecTu JoCKU OyAET JBUTATHCS 10 IYT€ OKPYKHOCTH € paIiyCOM, PaBHBIM
MOJIOBUHE JUIMHBI JOCKHM (MOXHO TPEAJIOKUTh OOyJaromuMces J0Ka3aTh 3TO
yrBepkaeHue). [1oCKoIbKY B MOJ0KEHUN PAaBHOBECHS LIEHTP TAKECTU IOCKU HAXOAUTCS
Ha BEPTUKAJIU, TOTEHIIUAJIbHASI DHEPTUS JOCKU B 3TOM IMOJIOKEHUH MaKCUMaJIbHa, T. €. €€
ITOJIOKEHNE HEYCTOMYHBO.

J{7st TeJ1, MOKOSIIIUXCS B OJTHOPOTHOM TT0JIE€ CHITBI TSDKECTH U UMEIOIINX C80000HYI0
NOBEPXHOCMb  ONOpPbl, BBOIWUTCA TMOHATUE cmeneHb ycmouuueocmu. (CTeneHb
YCTOWYUBOCTH OIPEACIACTCS MAKCUMATbHBIM YIJIOM, Ha KOTOPBIA HY)KHO OTKJIOHUTH
TEJIO OT TOJIOKEHHUS PABHOBECHS, YTOOBI TEJIO MOTEPSIIO YCTOMYMBOCTH M YIIAJio
(mepeBepHYJIOCH).

Ha pucynke 23, a u300pakeH OJHOPOHBIN ITUIMHAP, MTOKOSAIINICS HA HIKHEM

OCHOBaHHMHU B COCTOSHHNU YCTOP'I‘{HBOFO PaBHOBCCHAL. Ecnu oTKI0HUTH MUWJINHIAP

OT BEpPTHUKAIM Ha HEOONbIIOW yroi (puc. 23, 6), TO MOMEHT CHJIbI TSKECTH 17} Ooyner
CTPEMHTHCSI BEPHYTH TelO B wHcxomaHoe mojioxkenune (I — rtuiedo »TOM  cHuhl).
Ha pucynke 23, ¢ mnokasaH ciydail, Korjga UWIMHJpP IEpEBEIEH B COCTOSHHUE
HEYCTOWYMBOIO PAaBHOBECHUS, MpPHU ITOM YroJl OTKJIOHEHHs IMJIMHApPAa OT HCXOIHOIO
NOJIOKEHUSI KaK pa3 M ONpelessieT CTENeHb YCTOWYMBOCTU. YCIIOBUS PaBHOBECHS
B IOJIOKEHUH, TIOKa3aHHOM Ha pPUCYHKE 23, @ BBIIOJHEHbI, HO Majeillee OTKIOHEHHE
MWIMHAPA OT JITaHHOTO TOJIOKEHHsS B OJHY WJM B JAPYryl0 CTOPOHY HpUBENET OO

K BO3BpAIIEHUIO Tela 4Yepe3 MPOMEKYTOUHOE MojiokeHue (puc. 23, 6) B HCXOIHOE
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cocrosiHue (puc. 23, a), 1100 k majeHuro tena (puc. 23, 2). B nocnennem cirydae muJIMHIP
JSKET Ha OOKOBYIO TTOBEPXHOCTh U 3aiMET HOBOE TMOJIOKEHHUE YCTOMYHMBOIO PABHOBECHS.
[Tone3Ho o0OCyAUTh C OOy4YaIOIIMMHCS, KaK H3MEHSAETCA IOTCHIIMAIbHAS JHEPIus
WIMHApPA MPH TEPEeX0/e U3 HCXOMHOT0 COCTOSHHS (CcM. puc. 23, a) B COCTOSHHUE,

MOKa3aHHOE Ha PUCYHKe 23, 2.

N e e

Puc. 23

PaccMOTpeHHBIII TIpUMEP WJUIKOCTPUPYET  CIEAYIOLIEE
YTBEPKIAEHUE (E€ro TAKKE MOXKHO JI0Ka3aTh): aOCOIIOMHO MEepooe
meno, umerwujee C80OOOHYI0 NOBEPXHOCMb ONOpbvl, Oyoem
HAX00UMbCS 8 PAGHOBECUU 8 OOHOPOOHOM NOJIe CUbl MANCECU
00 mex nop, NOKa JUHUU OeUCMBUSL NPUTONCEHHOU K IMOMY MeLy
cunvl msaxcecmu 0Oyoem HNpoxXooumv uepe3 NOBEPXHOCMb €20
Onopul.

B kauecTBe elie 0MHONW WIUTIOCTPALMH 3TOIO YTBEPKICHUS

MOXHO rnpuBecTd npuMmep lluzanckoit Gamau (puc. 24). Jlunus

CC' nelicTBUS TPWIOKEHHOW K HEM CHIJIBI TSHKECTH MPOXOAUT

cOooky ot mnentpa O ocHoOBaHus (yHIAMEHTa, HO HE BBIXOIUT
3a MmpeJesbl 3Toro ocHoBaHus. [loaTomy OariHs, HECMOTPSI Ha CBOI HAKJIOH, HE MaJIaeT.
JIOTIOTHUTENBHO PEKOMEHAYETCS 03HAKOMUTHCS ¢ MaTepPHajIoM I10 TaHHOH TeMme,

U3JI0KEHHBIM B TIocoou# [8].

Jlomalmnee 3aganue
3amauya 1. CpaBHUTE CTENEHb YCTOWYMBOCTH ISl YETHIPEX PA3HBIX IMOJIOKEHUN
kuprnya ¢ pazmepamu 15 x 30 x 60 cm (cM. puc.). Yroa HakI0OHA BO BCEX CIIydasix a) —T)
oTcunuThiBaeTcs OoT ropum3oHTanu. (OtBet: a) 90°— a, rme arctg a = 0,5; 6) a, rae
arctg a = 0,5; B) a, rae arctg o = 0,5; 1) a, rae arctg a. = 0,25.)
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3anaua 2. JleTckas urpymika HEBAIAIIKA MPEACTABISIET COO0W (PUTYPY BBICOTOU
h=21 cm u maccoi M =300 r ¢ CHMMETPHUYHBIM PACHPEICICHHEM MAaCChI
OTHOCHUTENILHO reoMeTpudeckort ocu cummerpun KD (cM. puc.). [ToBepXHOCTh HUXKHEH
YacTH WIPYIIKUA TMPEACTaBsieT coboi yacTh cdepbl paauycoM R =6 cm. Eciu
HEBAJLAIIKY TIOCTaBUTh Ha IIIEPOXOBATYI0 IUIOCKYI0 TIOBEPXHOCTh, HAKJIOHCHHYIO
nox yriioM a = 30° K rOpu30HTY, TO HEBAISIIKA 3aliMET YCTOWYMBOE IOJOXKEHUE
paBHOBECHS, TP KOTOPOoM ee ock KD oTkioHsieTcss oT BepTukanmu Ha yron 8 = 45°.
Kakyio HavMeHbIIIyr0 Maccy IUIaCTWJIMHA HAJ0 TMPUKPENUTh K BepxHed Touke K

HEBAJISIIKU, YTOOBI UTPYIIIKA MOTEPSIIa YCTOMYMBOCTH HA TOPU30HTATBHON TOBEPXHOCTH

MRsin a
m 5 85 F.)

crona? (OTBeT: m =
Jlureparypa
Bapnamos A. PaBHOBECcME MEXAHMYECKOW CHUCTEMBI M METOJ BHUPTYaJbHBIX

nepemenicnnii // Kant. — 1989. — Ne 1. — C. 45-47. — URL.:

http://kvant.mccme.ru/1989/01/ravnovesie _mehanicheskoj_siste.htm.

46


http://kvant.mccme.ru/1989/01/ravnovesie_mehanicheskoj_siste.htm

3aKkonvt COXpAHEHUA 6 MEXAHUKE
IMorenumanbHasi JHEPIrud B I10J1€ OAHOPOIAHOI0 MACCUBHOI'O 1IIapa.
,)IBI/[)KeHI/Ie HeOeCHBIX TeJI U UX CIIYTHHUKOB.

Kocmuueckue ckopoctu. 3akonnl Kemiepa

B PII COO 6onpocul «/[sudicenue nebecHvlx men u ux Cnymuukosy, « Kocmuueckue
ckopocmuy u «3axkonvl Kennepay 6xnmoueHvl 6 memamudeckuul 010K «{uHamuxay.
Oonako ona 0Oonee NOAHO20 NOHUMAHUS OAHHOU MeMbl 00YYAIOUWUMCH  MAKHCe
HOMPeOYIOMCs 3HAHUS MAmepuana u3 memamuiecko2o 61oka «3aKOoHvl COXpaHeHUs
6 mexanukey. I[loomomy cuumaem yenecoobpasHviM GblOEIUMb OAHHblE BONPOCH
8 OomoenvHblll yueOuviti MOOyIb. Ilpunumas 6o eHumauue, umo Ha 6ecb pasoel
«Mexanuxa» omeooumcs 35 u, exmouas 10 u na onox «Huuamuxay u 10 u na 610k
«3aKomvl coxpaneHus 8 MEXaHUuKe», BONPOCAM, CEA3AHHBIM C 0BUIICEHUEM HeDeCHbIX mell,
pexomendyem nocesimums om 2 00 3 u.

H3znoorcenue mamepuana pekomeHoyemces Hauamo ¢ 3aNUCU BbIPANCEHUN OISl CUIIbL,
oeticmsyrowell Ha MamepuaibHyr0 Mmouky 8 pasumayuoOHHOM noje 0OHOPOOHO20 Wapa
(6Hympu u 6He wapa), a makdxce GuIPAdNCEHUs OJisl NOMEHYUATbHOU IHEepeUU
mMamepuanvhot moyku 6 smom none. llocne smoeo crnedyem paccmompemsv 3a0ayy
0 O0BUIICEHUU MAMepUualbHoU MoOYKU 8 SpAGUMAYUOHHOM NOJe NIAHembl, CUUMmAds ee
HEeNnoOBUIICHLIM ~ OOHOPOOHbIM — WAPOM, NOJYYUMb  BbIPANCEHUSI  ONs  KPY20BOll
u napabonuyeckou ckopocmetl (4aCMHbIMU CIYHAAMU KOMOPBIX SGISIOMC Nepeas u
8MOpPast KOCMUYECKAask CKOpOCHb), 0amb HOHAMUE 0 MPembell KOCMUYECKOU CKOPOCHIU.

3asepwums  usnodcenue  mamepuana - ciedyem — Gopmyauposkamu,  a
1O BO3MOJICHOCIU U OOKA3AMENbCMBAMU, NYCMb 0AdCe 8 YACMHbIX CIYYasaX, 3aKOHO8
Kennepa. Obszamenvro myscHo nokazams, umo emopou 3axon Kennepa ecmv npsamoe
ceocmsue 3aKOHA COXPAHEHUS MOMEHMA UMNYIbca. JJokazamenbcmeo dce mpemvpe2o

3axona Kennepa mooicno npounmocmpuposams 0Jisi Kpy2o8blx opoum niaHem.

1. Cuna, gelicTByIOIIasi HA MATEPUATIBLHYI0 TOYKY B IPABUTAIMOHHOM I0JIe
OTHOPOJHOI0 IAPA, U MOTEeHI[HATbHAS YHEPTUM TeJIa B ITOM I0Jie

1.1. Cuna, neicTByromias Ha HEOOJbIIOE TENO (MaTEepPUATBHYIO TOUKY),
HaXOSAMIYIOCS B TPaBUTAIMOHHOM IIOJIE OJHOPOJTHOTO Iapa W PaCIOIOKEHHYIO BHE

ATOTO I1apa, MOXKET ObITh HaliJieHa o popmyiie:

Mm
F = Gr—z’ 9)
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H-m?
Kr2

reG =~ 6,67+ 10711 — IpaBHTALMOHHAS IOCTOSHHAS, M — Macca Tena, M — macca

miapa, ¥ — paccTOsIHUE OT Teja JI0 LeHTpa mapa. Cleayer OTMETHTh, YTO 3Ta Gopmyna

BBIBOJIUTCSI M3 3aKOHA BCEMHUPHOrO TATOTEHHWS, M OHA CIpPABEIIMBA, €CIU T = R

(R — paguyc mapa; puc. 25).
PaccmarpuBas HeEkOTOpYrO

IUIAHETY  MAaccou M KaK

T

OIHOPOAHBIM MIap paauycom R,
HETPYAHO MOJYYUTh 3aBUCUMOCTD

YCKOPEHHsI CBOOOHOTO TaJCHMUS

gmt OT BBICOTHI TOoAbeMa h Puc. 25
Ha/T IOBEPXHOCTHIO TUIAHETHI.
CornmacHo BTOpoMmy 3akoHy HbIOTOHa, HCKOMOE YyCcKOpeHue OyaeT paBHO

OTHOIICHUIO CUJIbI TATI'OTCHHUA K MAaCCC€ IMMaaaromicro Teia. Takum O6p330M, HMECM:
2 2

_F_GM_G M —GM<R)— (R)
I =T 2T " Rz "R2 \R+n) TI R+n)
M
3aech Mbl yuiu, 4To G =7 = g — YCKopenue CBOOOJTHOTO TIAJICHUS y TTIOBEPXHOCTH

IUTAHETBHI.
Tenepp paccmorpum ciydait, korna v < R. IIpencraBum

cebe, UTO B mIape MpOACNiaH TOHKUM TPSIMOW KaHaj, WY ——

BILTOTH /10 ero 1ieHTpa (puc. 26). [lomecTuM B 3TOT KaHall HaIlle

TEJIO0 HA PACCTOSHMM 7 OT LEHTpa IIapa, Kak I[1OKa3aHo

Ha PUCYHKE, U HAWJEM CHIIy, IEUCTBYIOUIYIO Ha TEJO, U €ro

IIOTEHIIUATIBHYIO SHEPIHUIO. Puc. 26
PacueTsl MOKa3bIBalOT, YTO CHJIbI TATOTEHUS, IEUCTBYIOIINE HA TEJIO CO CTOPOHBI

yacTel 1mapa, yJajJeHHbIX OT €ro HEHTPAa Ha PACCTOSHHUS, OONbIINE YeM 7 (Ha PUCYHKE

cBeTJIast 00JIaCTh), B3AMMHO KOMIIEHCUPYIOTCS (3TO MOXKHO JTIOKa3aTh C TOMOIIBIO 3aKOHA

BCEMUPHOTO  TATOTEHUS M cooOpaxeHuil  cummerpun). Takum  oOpazom,

pe3yJabTUPYIOIIAs CUIIa, IEHCTBYIOIIAs Ha HALLE TEJIO, OyIeT PaBHATHCS CyMMAapHOU cUjie

TATOTEHUS, KOTOPAsi AECUCTBYET TOJBKO CO CTOPOHBI 3aTEMHEHHOM Ha PUCYHKE YacTH
mapa. 9Ta 4acTh SBJISIETCS IAPOM palycoM T U uMeeT maccy M, = ’r M.

C y4eToM 3TOro U B COOTBETCTBUU ¢ (hopMyitoi (9) MpUXoauM K BEIPAKCHHIO TSI
CWJIBI TSATOTEHUS, NEUCTBYIONIEH Ha HAIlle TEJO CO CTOPOHBI Iapa MpPHU YCJIOBHUH, YTO
r < R:
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M,.m GMm T T
rz " gz TR

C yd4eToM 3TOro HETPYAHO MOJYYUTh BBIPAKEHHUE JJIsl YCKOPEHHS CBOOOJHOIO

F=G

najieHus gp; Tella, KOTOpOe HAaxXOAUTCS B IMaxTe Ha TIyonHe h (OTHOCHTEIHHO
MOBEPXHOCTH IJIAHETHI), CYUTAs MO-TIPEKHEMY IUIaHETy OJTHOPOIHBIM IIapoM Maccoit M
U paguycoM R:
F T h
I == Q'E—g'<1—§>-
1.2. BelpaxxeHue uid TNOTCHIHATbHOM DSHEPrUM  Tela, HaXOIAILIETrocs
B TPAaBUTALMOHHOM II0JI€ OJHOPOJHOTO IIapa, MOXKET ObITh TMOJY4EeHO IyTeM
BBIUMCJICHUS PabOThl, KOTOPYIO COBEpIIAECT CHUJia TATOTEHHs NpPU TMEpPEeMELICHUH Tela
U3 JAaHHOT'O TIOJIOXKEHHMSI B MTOJIOKEHUE C HYJIEBOU MOTEHIIMAIBHOM 3HEPrUeil (0 KOTOpOM
W3HAYaIbHO JIOTOBAPUBAIOTCS). 3/1€Ch TIOTPEOYIOTCS HABBIKM MHTETPUPOBAHHS.
Ecnu 3a nosnoxeHue ¢ HyJIeBOM MOTEHIMAIBHON dHEpPruel NpuHATh OECKOHEUHO
yIAJEHHYIO OT LIapa TOYKY (IIpU 3TOM TpaBUTALMOHHAs CHJIa TaKK€ paBHA HYIIO), TO

AJIs1 DHCPruu TCjla Ha YAAJICHUHU T OT HCHTpPA IIapa B CUTyalluu, Korjga r > R, IMOJIy4acM:

r r Mm Mm
Ep(r)z—jF(r)dr=—fGr—2dr=—GT. (10)
T T

3HaK «—» Mepe] NePBbIM HHTETPAIOM HEOOXOIUM MTOTOMY, YTO CHJIA TIPUTSIKEHUS
K [Iapy COBEpIIAET OTPULIATETIHHYIO paboTy MpH yAaJCHUH Teja OT Iapa.

BosHuKaeT BOMpOC: a Kak e ObITh ¢ M3BECTHOM (opmynoii E, = mgh? Jleno
B TOM, UYTO (PM3UYECKUN CMBICI UMEET HE CaMO 3HAUYE€HUE MOTEHIUAIbHOM PHEpPru, a
JMILb €€ U3MEHEHHUE.

JlaBariTe HalIeM Pa3HOCTh MEXKIY MOTCHIMAILHOW SHEprueu Ej, Hamiero Tera,
HaXOMSIIErocss Ha HEKoTopod BbicoTe h (h <K R) OT TOBEpXHOCTH MIapa,
¥ TIOTEHLIUAIbHON dHEepruen Ep; 5TOro Tena, HaXOMAWIEroCs Ha MOBEPXHOCTH MLIapa.
Hcnionb3ys popmyny (10), momyanm:

Mm ( Mm) o M R

E

2 — Epy = —G——r — (=G —— h-

R+h R R? R+h

R
MHoXuTENH 727, IDAKTHYECKH PABEH EIMHUIIE IIPU YCIIOBUH, UTO h < R. Imenno

~ mgh.

MPY 3TOM YCJIOBHM, KOTJa TPABUTALIMOHHOE MOJIE IIapa MOXKHO CUUTATh OJHOPOIHBIM,
v npumensercs ¢opmyna E, = mgh. Ilpy 5TOM INOTEHUMaNbHAas DHEPrUs Telna,

HaxXoIAmerocda Ha IIOBCPXHOCTH IIapa, mmojJaractcsa TOKIACCTBCHHO paBHOﬁ HYJIIO.
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Paccmotrpum Tenepp curyanuio, korga r < R. Bynem mno-mpexHeMmy moJaraTh
HYJIEBOM TOTEHIHMAJIBLHYIO SHEPIHI0 Tella B OCCKOHEYHO YAaJIEHHOM OT Iapa TOYKeE.
[loTeHunanbHass HSHEPrusi MpPU STOM TAKKE MIIETCS IyTEM BBIYUCICHUS PaOOThI
(C MOMOIIBI0O UHTETPUPOBAHUS), HO TEMEPh HYKHO YYUTHIBATH, YTO CHUJIA TATOTCHUS

IIO-pa3HOMY 3aBHCHUT OT 1" BHYTPH Y BHE LIApa.

(0] R oo
Mm dr 3 mg
Ep(r)z—jF(T)drz—fG?rdr—j GMmﬁ:_Eng_l_ﬁ.r )
r T R

I/ITaK, JJIs1 HOTCHHH&HBHOﬁ 9HCPIruu TCjia B 'paBUTAIIMOHHOM I10JIC OAHOPOIHOIO

apa uMeeM cieyromiue Boipaxenus BHyTpu (r < R) u Bue (r = R) mapa:

3 mg
—Eng+ﬁ-r2, (r <R);
Em=1 %, . (11)
—GT = —ng : ?; (T' = R)

IIpu r = R nonydeHHbIE BBIPAXKEHHUS, Pa3yMEETCs, Jal0T OAMHAKOBBIN PE3yJIbTar.

Ipumep 1. [IpencraBum cebe Hamry 3eMill0 KaK OJHOPOJHBIA TBEPHABIM MIap,
BHYTPU KOTOPOI'0 HET HHMKAKOM pacKajieHHOW marMbl. BooOpas3um, 4TO CKBO3b Hallly
IUTAHETY 4Yepe3 €€ LEHTP NPOXOAUT mpsimas maxrta. C Kakod CKOPOCTBIO VU MPOJIETUT
yepe3 LEeHTp 3eMJIM MaJeHbKHII KaMEHb MAaccol m, yHaBIIWWA B 3Ty WIAXTY, €CIH €ro
OTIYCTUTh Y TOBEPXHOCTH 3emyin Oe3 HauanbHOW ckopoctu? Pamuyc 3emsmn R u
YCKOpEHHE CBOOOJIHOTrO MaJCHUs g Y €€ TOBEPXHOCTH CUYUTANTE M3BECTHBIMU. TpeHrem
1 BpallleHueM 3eMJIH ITpeHeOpeyb.

Pemienne. IlomHasgs MexaHnueckas 5JHEPrus KaMHsA CKIAJIBIBAETCS W3  €T0
IIOTEHIMAJIbHOM M KUHETUYECKOM J3HEprui. B OTCyTCTBHME CWII TpeHHsl 3Ta 3HEPrusd
u3MeHsAThesl He Oyner. Takum oOpa3om, MPUMEHSS 3aKOH COXPAaHEHUS MEXaHUYEeCKOU
HHEPTUU C Y4ETOM MEePBOro U3 cooTHoueHui (11), mpuxoaum K ypaBHEHHIO:

mg 3 muv?

3
—mgR+—2-R? = —mgR + ——
2 MIR+5p ;g MgR+—

OTKYJla ¥ HAXOJIUM UCKOMYIO CKOPOCTb:

v = JgR

3aMeTHUM, 4TO CKOPOCTh V, KAK U CIEAOBAIO OXKWJATh, HE 3aBUCUT OT MACChl M
tena. Kak Oyner mokasaHo HMXE, 9Ta CKOPOCTh OKKETCS PABHOM MEPBOM KOCMUYECKOM

CKOPOCTH.
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2. KocMuYecKkue CKOpPOCTH

2.1. PaccMoTpuM clieAyromyto 3a1auy O JABMKEHUU MaJIEHBKOI'O Tejla Maccoil m
B TPABUTAIMOHHOM II0JI€ HEMOABHXKHOM IUIAaHEThI Maccod M um pammycom R. Ilycte
B HA4YaJIbHBI MOMEHT TEJIO HAXOAWTCS Ha YIAJCHUU 1" OT IICHTpa IIaHeThl (1 > R) u eMy
COOOIIIal0T HAYaJIbHYI0 CKOPOCTh U B HAaIlPaBJICHUH, MEPIECHANKYIISIPHOM paIuaIbHOMY
HarnpasiieHuto (puc. 27). TpeOyercs onpenenuTs, Mo Kakoi TPaeKTOPUU OYyIET IBUTATHCS
TEJIO.

B paccmarpuBaemoii cutyanuu npu v # 0 TpaeKTopusi JBUKEHHUS MOXET OBITh
AIUTUTICOM, MapadoJio WM runepoosIoil B 3aBUCUMOCTU OT TOT0, KaKOW 3HAK MMEET
MIOJIHASI MeXaHu4ecKas sHeprus E Tena, paBHas CyMMe €ro KHHETUYECKOM dHepruu Ey u

MOTEHIUANBHON dHepruu E:

Puc. 27

Ilpu ompuyamenvrom 3HaueHUU NOJIHOU MEXAHUYECKOU 3SHepeuu meid, m. e.
npu E < 0, eco 0susicenue npoucxooum no sniunmudeckoi opoume.

Takoe ABHIJKCHUC IIPOUCXOIUT IIPU CKOPOCTAX, YAOBJIICTBOPAIOIIINX HCPABCHCTBY:

M
v< |2G—.
r
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B yacTHOM citydae 35IIMIc MOXKET MPeCTaBIsITh COOON OKPYKHOCTb PaJHyCOM T
CKOpOCTh v, C KOTOPOM TENO ABHKETCS IO OKPYKHOCTH BOKPYI IUIAHETHI, HA3BIBAIOT

KpyroBsou v,,. Ee HeTpyIHO HaliTH U3 BTOpOro 3akoHa HrroToHa B paccMaTpuBacMoOn
Kp

CUTYyAaLUU:

Ve mM M R
m-E=G—g = v = G7=,/gR-j; (12)

Ecnu Tteno 3amyiieHO Ha KPYroByH OpOMTY BOJU3M TMOBEPXHOCTU IJIAHETHI
(. e. r = R), TO HEOOXOIUMYIO JUIS TAKOTO JBU)KCHHUS KPYTOBYIO CKOPOCTH HAa3bIBAIOT

MEPBOMl KOCMUYECKOW CKOpOCThIO. B cooTBeTcTBUM ¢ (12), miist mepBol KOCMHYECKOMH

/ M
v, = GE=@. (13)

Ecmu npur = R ckopocTh Teia OyJIeT MEHbIe MEepBOMl KOCMHUYECKOW, TO OHO

CKOpPOCTH UV UMECM.

HEMIPEMEHHO YIaJaeT Ha IuiaHeTy. IloaTomy 4acTto mepBoM KOCMHYECKOM CKOPOCTBIO
Ha3bIBAIOT MHHUMAJIBHO BO3MOXHYKO CKOPOCTb, NPH KOTOPOM TEIO CTAaHOBUTCA
CIYTHUKOM IUIAHETBI, €CJIU CTAPTYET C €€ OBEPXHOCTH.

Kozoa nonnas mexanuueckas snepeusi mena pasua nynio (E = 0), eco dguoicenue
npoUCXooum no napadoIudecKol mpaekmopuu.

B Takoii cuTyanuu Teny XBaTaeT 3arnaca HadaJlbHOM KMHETUYECKOW SHEPIU, YTOOBI

npeoaoOJICTh MNPUTHKCHUC IJIAHCTHI M, YJICTCB «HaA 6€CKOH6‘IHOCTB», TaM OCTaHOBHUTHCA.

HavaibHyro CKOpPOCTh U NPH TAaKOM JIBHKEHMH HA3bIBAKOT MApPabOMYECKON Vy,,. Ee
HETPYIHO HAUTH U3 3aKOHA COXPAHEHNsI MEXaHUYECKOW DHEPIUU:
2
MViap Mm M R
-G =0 = v,= [26—=,29R"- |—. 14
2 r nap r 9 r ( )

3aMeTHM, 9TO IapaboIHIecKast CKOPOCTh B V2 pa3 GoJIbIIe KPYTOBOil CKOPOCTH:
Vnap = V2V,
EciiM Telo CTapTyeT ¢ MOBEPXHOCTH IUIAHETHl (I = R), TO MmapaboIMdecKyro

CKOpPOCTh Ha3bIBAIOT BTOPOW KOCMHYECKOH CKOpocThio. B coorBercTBuM ¢ (13) m (14)

JUTA BTOPOM KOCMUYECKOW CKOPOCTH V5, UMEEM:

M
v, = ZGE =.29gR = V2v;,.
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BTopas KocMUYecKasi CKOPOCTh IPECTABIAET COO0M MUHUMAIBHYIO HauyaJlbHYIO
CKOPOCTb, IPH KOTOPOH TEJIO, CTApTysd C IIOBEPXHOCTH ILIAHETHI, B COCTOSHHU
IPEOJI0NETh NPHUTSKEHNE TUIAHETHI U yJIETETh «Ha OECKOHEYHOCTHY. IIpn 3ToM, BooOIIE
roBOps, HE Ba)KHO, B KAKOM HampaBJIeHHU cTapTyeT Teno. OHO BCE PAaBHO YJIETHT
«Ha OECKOHEUHOCTb» U B IIPEJIeNie, T. €. 4epe3 04eHb OOJIBIIOE BPEMS, TaM OCTAHOBUTCS.

Ha 3emne (R =~ 6400 kM, g ~ 9,8 m/c?):

Ve = 7,9KM/C; v,4.. = 11,2KkM/cC.

Koeoa nonmas mexanuueckas suepeus mena nonoxcumenvua (E > 0), eco
08udICeHIUe NPOUCXOOUM NO 2UNepOOIULecKol Mpaekmopuu.

Takoe IBMKEHHE MPOUCXOAUT MPU CKOPOCTAX, YIOBIETBOPSIONINX HEPABEHCTBY:
M
v> |26—.
r

OmnucaHHbIE CUTYallMd CXeMAaTUYHO U300paXeHbI HA PUCYHKE 27.

IIpumep 2. Haiinure nepByr0 U BTOPYIHO KOCMHYECKYIO CKOPOCTH IIa IUIAHETE,
IUIOTHOCTh KOTOPOH B 4 pa3za 0oJible CpeHEel MIOTHOCTU 3eMJIU, a paJuyc — B 3 pasa
MEHBIIIE 36MHOTO.

Pemenne. BrlpazuMm nepByr0 KOCMHUYECKYKO CKOPOCTh Yepe3 IUIOTHOCTH P

IJIAHETHI U €€ paauyc R:

’ M , (4/3)TR3p ’4
vy = GE— GT_ §T[G R \/B

IIpuauMass BO BHUMaHue, 9T0 R = R3.,/3, a p = 4P3ey, BHIPAKAEM IIEPBYIO

KOCMHYCCKYIO CKOPOCTD Ha INIAHETC YCPE3 aHAJIOTUYHYIO Ha 3emie:

v, = §v1 3en ~ D3 KM/C.

U0 ke KacaeTcs BTOPOi KOCMUYECKO# CKOPOCTH, TO OHA BCera B /2 pa3 Gombie
IIEPBOM KOCMHUYECKOM:

v, =V2v; = 7,4xM/c.

2.2. Tenepb neperiieM K BOIPOCY O TPETbel KOCMUYECKONH CKOPOCTH.

Tperbeil KOCMHYECKOM CKOPOCTBIO V3 Ha 3€MJIE HA3bIBAIOT MUHHUMAJIbHYIO
CKOpOCTb, PU KOTOPOH TEJI0, IPEO00JIeBasi HE TOJIBKO MPUTSHKeHHUE 3eMiH, HO U CoiHIIa,
MOJKET yneTreTh U NMOKUHYTh CONHEYHYI0 cucTteMy. MUHMMallbHOE 3HAYeHHE TPEThe
KOCMHYECKOM CKOPOCTH JIOCTUTaeTCsl, €CIIM TEJIO CTapTyeT ¢ 3eMJIM B HalpaBICHHUU

opOutanbHOro aBuxkeHus 3emuid BOKpYyr CosHila (IOCKOJIbKY B 3TOM Cllydae CTapToBas
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CKOPOCTh T€Jla OTHOCUTEIBHO 3eMJIM CKJIQJBIBACTCSI CO CKOPOCTHIO OpPOUTAIBLHOTO
JBWKCHUS 3eMIIN).

JIBr>keHue 3emMiu o OpOUTE B IMEPBOM MPUOIMKEHUH MOYKHO CUMTATh KPYTOBBIM
U TPOXOMIAIIMM CO CKOPOCTBIO Vo = 29,8 kM/c. JInst TOro 4ToOBI TENO MOKHHYIIO
CoyIHEeUHYIO CUCTEMY TMPH CTapTe C 3€MHON OPOUTHI, EMY HAJI0 COOOIUTH OTHOCUTEIHHO
CoJtHIIa CKOPOCTh U = \/fvo ~ 42,1 kM/c.

ToyHOE  BBIUMCICHHME  TPETbEU  KOCMHUYECKOM  CKOPOCTH  CONPSKEHO
C  MaTeMaTUYECKUMH  TPYAHOCTSMH,  IOCKOJIbKY  HEOOXOAMMO  YYHUTHIBATh
B3aMMOJICHCTBUE HE JBYX, a Tpex Ten: Hamero tena, 3emiau u Connua. OpHako
JUTS OLICHKH 3TOM BEJIMYMHBI CHAYaJla MOXKHO ITpeHeOpeus B3auMoeiicTBueM ¢ ConHiieM,
MOKa TeJNO «OOpeTcs» € 3eMHBIM IMPUTSKEHUEM, & YYECTh €ro Mmocjie TOro, Kak Teiao
MOKUHET «30HY BIUSHUS 3EMIIH.

[IycTh U — CKOPOCTH Tella OTHOCHUTENIHLHO 3€MJIM, MOCHe yXOAa U3 «30HbI €€

BIINSHUS). Toma Ha OCHOBAHHMHM H3JIOKCHHBIX PaHCC C006pa)I(GHI/Iﬁ MIpUuxXoaumM

K YPaBHCHUIO: vo +u=v= \/Zvo, OTKYyJa BbIpaxacM CKOPOCTb u.
u=(V2-1)v,.
3aHI/ICI)IBaH 3dKOH COXpPAaHCHHA MEXaHUYECKOUI OHCpIrun Jid ABHKCHHSA TCJa
B «BOHEC BJIIUAHUI» 3eMHI/I, IMPpUXOIUM K YPaBHCHHIO:
mv3 mM  mu?
2 YR T
C Y4C€TOM NPEAbIAYIICTO OKOHYATCIIbHO UMCCM !

2
vy = \/(\/E— 1) v§+vs = 16,7kM/c,

, M
r7e BBeAeHO 0003HaueHue v, = [2G rin Vygey = 11,2 KM /c.

3. 3akonbl Kemiepa

B pesynbrate mnurTenbHOM OOpabOOTKM MHOTOJIETHUX HAOMIOACHUN JaTCKOTO
acrpoHoMa Tuxo bpare (1546—1601) nemerkuii yuensiii Moranu Kerutep (1571-1630)
YCTaHOBUJI TPH 3aKOHa ABM>KEHHS TiaHeT CoyiHeuHOM cuctembl. [lepBhie /1Ba 3aKOHa
obutn onyosmkoBaHbl Kerutepom B 1609 1., mocneanuii (Tpetuit) — B 1619 r. 3akoHbI
Kennepa, kak ormevaer [[. B. CuByxuH, ecrectBeHHbIM nyTem npusenn WM. HproToHa
K OTKPBITHIO 3aKOHA BCEMUPHOTO TATOTEHHs. PaccMoTpruM Kaxablil n3 3akoHOB Kerutepa.

3.1. Ilepsoiii 3akon Kennepa ytBepxkaaer, uto kaocoas niavema ConHeuHOU

cucmembl O8UNCEMCsL NO ILIUNCY, 8 0OHOM U3 PoKycos komopozo Haxooumces Connye.
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OcTaBuM 3TOT 3aKOH 0e3 TeopeTuyeckoro o0ocHoBanus. [IpuBenem 31ech JUIb
HEKOTOPbIC MATEMAaTHUUECKHE CBEICHUS 00 JUTUIICE, SBIISIIOIIEMCS, HapsIy ¢ mapadosioit

U runepOosioN, KpUBOM BTOPOr0 MOpPsAKA. YPaBHEHHUE DIUIMIICA MOXKHO MPEICTaBUTH

(&) +(

I[Ipy a>b Ha KOOPAMHATHOMN

B BUJIC.

mwiockoctu XOY amnunc u3o0paxaeTcs
3aMKHYTOM  KpUBOM, KaK IIOKa3aHO

Ha pucyHke 28. IIpu sTom otpezok A4,

JUIMHA KOTOPOTrO paBHa 2d, HAa3bIBAECTCS
OOJIBIIION OCBHIO BJUIMIICA, a OTPe30K BB,

JUTAHOM 2b — ero Majion ocero. Y 3JummIca

ecTb 1Ba Qokyca Fy u F,, nexaiyie Ha ero Puc. 28
00bIION ocu W CUMMETPUYHO
pacToJIO’KeHHBIE OTHOCUTENIbHO Hadana koopauHat O. [Ipu 3ToM cymMa paccTosHui 14
u l, oT hokycoB 110 000 TOUKH D »iturica ocTaeTcs MOCTOSIHHOM U paBHOU 24
I, +1, = 2a.

[Tocneausis popmyna MOXKET CIIY>KUTh OIPEICIICHUEM DIUTUTICA.

Ecnu touka D coBnagaer ¢ OAHOM M3 TOUEK MEPECEUEHUs AIUIMICA C €r0 MaJIOn
OCbI0, T. €. C TOUKOM By uiu ¢ Toukou B,, 10 [; = [, = a. C yueTom 3TOro Ha OCHOBaHUU
TeopeMbl [ludaropa HETpyIHO BBIpa3UTh (POKYCHOE PACCTOSHUE C DJUIMICA, PABHOE
mumHe otpe3ka OF; (umm otpeska OF,):

¢ == p2.
OTMeTHM TaKXe, YTO FKCICHTPUCUTETOM € JJUIMIICA HA3bIBAIOT OTHOIIEHUE €r0

(OKYCHOT'0 pacCTOSIHUS € K JUTMHE OOJIBIIION MOJIyoCH a:

[Ipy a = b »smounc mpeaAcTaBIsIeT CO00H OKPYKHOCTh paamycoM R = a.
OKpy)XHOCTb HE 00JIaJaeT HSKCUEHTPUCUTETOM, T. €. €€ OSKCIEHTPUCHUTET PABEH
Hymo. [lo3TOMy SKCIEHTPUCUTET TOKa3bIBAE€T CTENEHb OTKJIOHEHUS SJUIMICA

OT OKPY’KHOCTH.
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Ecan II'TaHCTAa, ABUIaACH
IO JJIIHUIICY BOKPYI COJIH]_Ia,

HMCECT CKOPOCTH, HAIIPABJIICHHYIO

Tepueenuii Anocenutl

MEPIEHANKYJIIPHO HAIPABJICHUIO
Ha CBETWIO, W 3Ta CKOpPOCThb

OoJpllle  KPYroBOM  CKOPOCTHU

Al JaHHOro  yaAaJICHHsA, TO

Puc. 29

ConHie HaXOOUTCSI B OJIMKHEM

K MaHeTe (OKyce DdJUIMICA, a TMOJOXKEHUE IUIAaHEThl HA3bIBACTCS IEPUTEITUEM.
B nporuBHom cnyuae CoJiHile HAaXOAMTCS B JalbHEM OT IUIAHETHI (DOKyce 3iumIica, a
MOJIOYKECHHUE IIJIAHEThl Ha3bIBaeTCs amoreideM wid ademuem (puc. 29). OTMeTuM, 4TO
€CJIM peyb UJET O ABMKEHUU JIYHBI WM UCKYCCTBEHHBIX CITYTHUKOB BOKPYT 3€MJIU, TO
COOTBETCTBYIOIIME TOUYKH HA3bIBAIOT MIEPUTECEM U alloreeM.

3.2. Bropoii 3akon Kemiepa yTBepKIaeT, 4YTO paouyc-6eKmop NjidHemsl,
nposedennviti om Coanya, «3amemaemy pagHvie NIOWAOU 30 PABGHbIE NPOMENCYMKU
8peMeHU.

Beenem cexmopuanvuyro ckopocms O, Kak OTHOIICHWE Mayod ruromanud dsS,
«3aMETEHHOI» PaInyCOM-BEKTOPOM, K MAJIOMY MPOMEXYTKY BpeMeHH dt, 32 KOTOPHIi

oTa IIomaab OblIa «3aMETEHaY.

dS
S dt’
Torma BTopoit 3akon Kemmepa MoxxHO mepedpa3upoBaTh, YTBEpKIasi, YTO

o

osudicenue naavemvl 6okpye Coanya npoucxooum ¢ NOCHMOAHHOU CEKMOPUATbHOU
CKOPOCMbIO.
Iloxkaxxem, uyrto BTOpOM 3akoH Kemnepa

N
ABJBICTCA IIpAMBIM CJIICACTBHUCM 3aKOHa ¢ v-dt

COXpaHEHHUsI MOMEHTa wumiIyibca. Ilycte m —
njianema
Macca IUIaHEThl, & ¥V — €€ CKOPOCTh B MOMEHT,
nokazanubli Ha pucynke 30. Torma 3a mablii
MPOMEXKYTOK BpeMeHU dt TUTaHeTa CMeIlaeTcs
Ha paccTosHuE U * dt, U, CIeI0OBATEIbHO, pagnyc-
BEKTOp «3amemaemy Tomanb dS TpeyroibHHKA,

3aKpalleHHOr0 Ha paccMaTpUBAEMOM PUCYHKE:

1
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Takum 06pa30M, JJIA CGKTOpHaﬂbHOﬁ CKOPOCTH O UMECM:

ds 1

=E=§hv.

HpI/IHI/IMaﬂ BO BHHMMAaHHC BbIPAXKCHUC JIsI MOMCHTA HMITYJIbCa L mnnaHeTsI:

o)

L = p-h = mvh, a Tak)ke y4uTbIBas €ro COXpaHEHUE TMPH JIBIKEHUU B IEHTPAIHLHOM

CHUJIOBOM II0JIC, ITPUXOJHUM U K COXPAHCHHIO CeKTOpHaHBHOﬁ CKOpOCTH:

“ L=t~ const
0'—2 U—Zm—COHS.

3.2. Tpetnii 3axkoH Kemepa riaacut, 4To kgadpamsl nepuo0os oopaweHuli nianem
OMHOCAMCSA KAK KYObl OONbWUX NOLYOCeU DJLMUNIMUYECKUX OpOum, no KOmopulM OHU
osuacymes gokpye Coanya. IHbIMU CJI0BaMU YTBEPXKAAETCS, UTO OMHOUICHUE KBAOPAMA
nepuoda T x Ky6y O60onbwiou noayocu opoumsl @ ecmov GeIUYUHA NOCMOAHHAA OJIsL 8CEX

naanem CONHEUHOU CUCmeMbl.
TZ
— = const.
a
YOenumMcs B 3TOM B 4acTHOM cCllydae, KOIJa IUIaHeTa JBHXKETCS MO KPYroBOM
opoute paguycom 1. Ilycte M — macca ComHlla, m — Macca IJIaHeThl, a U — €€ CKOPOCTb.
Torga corinacHo BTOpoMy 3akoHY HbIOTOHA ¢ ydyeToM 3aKOHa BCEMUPHOIO TATOTCHUS
MPUXOJUM K YPaBHEHUIO:
v? mM
m—=G 2 -
T T
OTcroa MOXKHO BBIPA3UTh CKOPOCTh V, KOTOpas €CTh HE 4YTO MHOE, KaK paHee

MoJTydeHHast Kpyroasi CKopocTh (12), u Haittu nepuos oOparnieHus T

_ 2mr 5 r3
~ v oM
Herpynno 3ameruts, 4T0
T?  4m? I
r3  GM’ (1)

BeipaxxeHnue, crosiee B mpaBoii 4actu ypaBHeHus (15), He 3aBHCHT HU OT MacChl
M IJIAHEThI, HA OT paJinyca 7 ee KpyroBoi opOUTHI, @ 3HAUUT, IPUHUMAET OJTHO U TO K€
3Ha4YEHUE 111 BCeX MIaHeT COTHEYHOU CUCTEMBI.
TakuM 00pa3oMm Mbl AoKa3anu TpeTuid 3akoH Kemiepa mpu ABMXKEHUU IJIAHET
10 KPYrOBBIM OpOUTaM:
T2
—3 = const.
T
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OOmmii cnyvail, Korga IUIAHEThl JBHWXKYTCS MO DJIUIMOTHYECKUM OpOUTaM,
paccmotrpeH, Hampumep, B [6, ri. VII]. [ng smnuntudeckux opOUT ¢ OOJIBIION
MOJTYOCHIO @ BBIBOAUTCS aHAIIOTMYHOE COOTHOIIICHUE!

T? A4n?
a® GM
OTmeTnM, 4TO BBIIIE ObUTH CPOPMYITHPOBAHBI 3aKOHBI Kemepa mpuMeHUTebHO

(16)

Kk Conneunoil cucteme. OYEBHIIHO, YTO 3TH 3aKOHBI CIPABEIJIMBBI WU I APYTUX
IUIAHETHBIX CUCTEM, T'JI€ BOKPYI HEMOABUKHOW MACCUBHOM 3BE3[bl JIBHXKYTCS CBOHU
IUTAHETBHI.
Taxke OTMETHM, YTO peajbHO JIBW)KEHHUE IUIAHETHI IIPOUCXOAUT BOKPYI LIEHTpA
MacC CUCTEMBI «3BE€3/1a — IIJIAHETa», U CaMa 3B€37a TAKKe IBUXKETCS BOKPYT 3TOr0 LIEHTpa
Macc. YdYeT 3Toro mpuBOJIUT K momnpaBke B (opmyie (16). Bmecto maccer M 3Be3nbl
B HEH JIOJDKHA CTOSATh CyMMapHasi Macca 3Be3/bl U IUIaHETHl, T. €. M + m:
T? 4m?
a3 G(M+m) a7
Hns Conneunoit cucremsl, korga m << M, 3Ta nonpaska HecymecTBeHHa. O1HaKO
€CJIM Macca M IUIAHETBI COM3MEpUMa C MaccoM 3Be3abl M, Kak, HalpuMep, B CUCTEME
«JIBOMHAS 3BE3]1a», TO C JIAHHOM MOIMPABKON HEOOXOIUMO CUUTATHCS !
Ipumep 3. VcKycCTBEHHBIH CHYTHUK 3€MIM ABMXKETCS MO DJUIUNITUYECKOU

opoute. Haiinure ayivHy OONBIION MOTYOCH @ 3TOW OpOUTHI, €CIIM CKOPOCTh CIyTHUKA

B mepuree v; = 8 kM/c, a B amoree v, = 2 kM/c. Pagumyc 3emmu R = 6400 km,
yCKOpEHHE CBOOOJHOrO MajIeHus y ee moBepxHoctu g = 10 mM/c2.

Pemrenue. [Iycts m — macca cnyTHUKa, 7y U T — YIQAICHUS CITYTHHUKA OT LIEHTpa

gR?
3eMiIH B [IEPUTEE U alloree COOTBETCTBEHHO, a M — Macca 3emiu (M = )l

IIpyn nBMKEHUHM CIyTHUKA COXPAHSIOTCS €r0 MOMEHT MMITYJIbCA OTHOCHUTEIBHO
LIEHTpa 3€MJIH, a TaK)KE €ro IOJIHAasg MexaHudeckas 3Heprus. [IpupaBHUBas MOMEHTBI
MMITYJIbCa CITyTHUKA B [IEPUTEE U alloree U Jeast TO )Ke CaMoe € €r0 SJHEPruen, IpuxoauM
K CUCTEME YPaBHEHUN:

muviry = muv,ry,

mv? mM mv: mM

2 r 2 7

Pemas nx, HaxoauM:
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2gR? 2gR?

= T
! U1(U1+v2)’ ?

B v, (v +v3) .

[IpuHuMas BO BHUMaHUeE, 4To 1y + 17, = 2a, OKOHYATEIIHHO HMEEM:
gR?
V10U,

= 25600 kM.

a =

Ipumep 4. Kocmuueckuii KopaOiab ABUKETCS BOKPYT
MJIAHETHl TI0 KPYroBOW OpOUTE painycoM T, COBEpIas OIUH
o0opot 3a BpeMst T. B HekoTOpoil Touke A KpPaTKOBPEMEHHO
BKJIIOYAIOT TOPMO3HBIE JBUTATENM, W KOpaldllb MEepexoauT
Ha OJUIMINITHYECKYI0 OpOUTY, KacarlIylocs IOBEPXHOCTH

wiaHetsl (cM. puc. 31). CkonbKO BpeMeHU t JBUXKETCS

KOCMHYECKUM KOpabiib OT TOYKM A J10 TOYKHA KacaHWs

Puc. 31

c rmiaHerou? Paguyc mmaHetsl R. ComnpoTuBIEHHUEM
aTMoc(epbl TUIaHEThI IPEeHEeOPeYb.

Pemenne. [lepuoa ABuxkeHUs MO SJIITMOTHYECKON OpOUTE, HA KOTOPYIO MEPEXOIUT
CIYTHHUK IOCJIE TOPMOKEHHUs, B J1Ba pa3a Oosblle MCKOMOro BpeMeHu t. IlpuHumas

BO BHMMAaHHE, YTO JJIMHA OOJIBIIION OCH DIUTUITHYECKON OpOUTHI paBHA cymMMe R U T,

R+r
HaXO/IUM IIOJIYOChb 0p6I/ITBI a = T CocraBisgeM YPaBHCHUC Ha OCHOBAHHU TPCTHETO

3akoHa Kemepa:

T2 (2t)?
TRy

OTKYJ1a NIOJIy4aeM OKOHYATEIbHBIA PE3ybTar:

)

Ilpumep 5. JIBe 3Be31bl ¢ MaccaMu My U M, OOpa3ylOT JBOWHYIO 3BE3IHYIO

- T.

r

CUCTEMY C HEM3MEHHBIM PacCTOSTHUEM MEXy 3Be3iamu 1. Halimure nepuoj oOpaiieHus
3B€3J1 BOKPYT X OOLIEro IIeHTpa mMacc.

Pemenne. HetpynHo moOHSITH, 4TO MEpUO OOpallleHUs] 3BE€3]] OTHOCUTEILHO UX
o0IIero IMeHTpa Macc €cTh HE€ YTO WHOE, KaK IMepuoj OOpalieHHs OJHON 3BE3JIbl
OTHOCHUTENBHO Apyroi. Bocmosnb3yemcs TpethuM 3akoHoM Kerutepa B dopme (17) u

HAMJEM UCKOMBIN MEPUO;:
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T? 47? T r3
—_— = = - .
r3  G(my+m,) & G(my +m,)

Koneuno e, 3Ty 3agauyy MOXHO pemiartb U B CHCTEME OTCYETA, CBA3AHHOU
C IEHTpOM Macc 3Be3l. [IpuMeHss ompenesieHue [EHTpa MacC, UCHOJIb3ysl PAaBEHCTBO
MOJIYJIC UMITYJIbCOB 3B€3]] U 3alMChIBas BTOPOU 3aKOH HbIOTOHA 1Sl KaXKI0M W3 3BE3/I,
MOYHO IIPUUTH K CUCTEME YPABHEHUN:

mry =myty, 1M +1, =71, myv,y = MyVy;

myv? mym, myv? mym, 2nr,  2mry

-2, G2, T="--
o r T r v, v,

Peinast ee, MBI IPHIEM K paHee MONYdeHHOMY pe3yibTary 1 nepuozaa T, HO 3TO

noTpebyeT JOBOJBHO KpPONOTIMBOTO Tpyda. B To ke BpeMs, KaK Mbl YOEIHIINCH,

PUMEHEHUE TPEThETo 3aKoHa Keriepa nmo3BossieT cpa3y HalTH UCKOMBIM NEpHOA !

JlomaniHee 3a1aHue
3amaya 1. Onenure w™accy ConHia, e€cld paanyc OpOUTHI  3eMin
r ~ 1,5-10% KM, a HPONOIKUTENLHOCTh 3eMHOr0 roja cocrapiger T =~ 3,14 -107c.

2T

1 2 3 30
(Otser: M, ZE(?) r3 ~ 2103 kr.)

3apava 2. CnyTHHK, UCTIOJB3YEMbI B CUCTEME TEJIECBSI3H, 3alyIIeH B IIJIOCKOCTH
36MHOI'0 3KBAaTOpa TaK, UTO BCE BPEMSI HAXOAUTCS B 3€HUTE IJIsl OJHOM M TOU K€ TOUKHU
3eMHOro mapa. Haiigute paguyc r opOuThl 3Toro cnyrHuka. Pagmyc 3emun R,

MPOJIOJKUTENBHOCT CYTOK Ha 3emiie T U YyCKOpEHHUE CBOOOJHOrO MNaJeHUA y €€

. 3, R2T?
MOBEPXHOCTH g cunTaiTe m3BecTHhIMU. (OTBET: 1 = g4n2 ~ 42000 kM.)

3agauya 3. Kakyoo CKOpocTh HEOOXOAMMO COOOIIUTH TETy HEOOJBIIIONW MAaccChl,

HAXOJIIEMycsT B IIGHTPE OJHOPOMHOrO cepuyeckoro acrepomjga maccon M wu

paguycoM R, 4TOOBI 3TO TeNO Yepe3 paJualbHYIO IIaXTy B acTEpPOHIEC YJIETEIIO
M
OeckoHeuyHO aaneko ot Hero? (Oteer: v = 3G E')

3anaua 4. Kakoli crama Obl IPOJOJDKUTEIILHOCTh 3€MHOT'O TO/a, €Cciii Obl Macca
3emin cpaBHslach ¢ Maccoil CoHIla, a pacCTOSTHUE MEXAY HUMHU OCTaJlIOCh Obl
npexaum? (Oteer: T = 0,7 roaa.)

3amaya 5*. McKycCTBEHHBI CHOYTHUK 3€MJIM BpPAIAETCS MO AUIMNTHYECKON

opOure. Haligure nepuos oOparieHus CHyTHUKA, a TAK)KE CKOPOCTh CITYTHHKA ¥ B TOUKaX
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MepeceueHrs DdJUIMIICA C €ro MaJioil OChbl0, €CITU CKOPOCTH CIyTHHUKAa B TOYKaxX
MepeceueHUs UTUICa ¢ OONBIION OChIO pPaBHHI V; = 8 KM/C u v, = 2 kM/c. Paguyc

3emimn R = 6400 kM, ycKopeHHE CBOOOJHOTO TAJCHUS y €€ I[OBEPXHOCTHU
2mgR?

g =10 m/c?. (Otger: T = oz 119; v =+/v;v, = 4 kM/cC.)
1v2
3agaya 6*. Kamenbp cB0OOOJHO mMamaeT Ha 3eMJIIO C BBICOTHI h, paBHOU ee
pamuycy R. Ckonbko BpeMeHH t OymeT NMpOUCXOIUTh TaJeHHWE KaMHS, W C KaKou

CKOPOCTBIO ¥V OH JOCTUTHET mnoBepxHocTH 3emiu? Pamumyc 3emmm R = 6400 kM,

YCKOpPEHHE CBOOOJHOTrO TmajgeHMss y ee mnosepxHoctw g = 10m/c?.  (Ortser:

t=(1+§)\/§ z34MI/IH;U=\/g_Rz8KM/C.)

Jluteparypa

1. Benonyuxun B. E. 3akonsl Kemnepa u mkonbHast ¢usuka // Kant. — 1986. —
Ne 2.—-C.49-51. — URL:
http://kvant.mccme.ru/1986/02/zakony_keplera_i_shkolnaya_fiz.htm.

2. Jluwesckuui B. orann Kernep // Ksant. — 1978. — Ne 6. — C. 21-27.
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HeHTp MacCC CUCTEMbI MaTEPHUAJIBHBLIX TOYCK.

TeopeMa 0 IBH/KCHUH EHTPaAa Macce

Bonpocwi, céazannbvle ¢ noHamuem «yeHmp Macc», 6Xo05um 8 memamudeckuti 610K
«3akomvl coxpaneHuss 8 mMexanukey, Ha usyyeHue komopozo omeooumcs 10 y. Cuumaem
YenecooopasHvIM OaHHBLIM Bonpocam yoenums om I 0o 2 u, 0onoaHss meopemuieckoe
uznodxcenue pazoopom npumepos peuienus 3adad. Hawames npu smom  crnedyem
C onpeoenieHUst NONOHCEHUS YEHMPA MACC, NOCle 4e20 paccMompems 60NpoCyl 0 CKOPOCU
OBUIHCEHUS YEHMPA MACC U ee C8A3U C UMNYIbCOM MEXAHUYECKOU CUCIEMbL, 4 3AKOHUUMb —
PopmMyIUpoBKoLL U 00KA3AMENbCMBEOM MeopemMbl 0 OBUNICEHUU YEeHMPA MACC.

[leHTpOoM Macc CHCTEMBI MaTepHalbHBIX TOYEK HAa3bIBAIOT TOUYKY, paauyc-

BEKTOP 7~ KOTOPOii onpeensercs 1o Gopmyle:
1 N
= i, (18)
m
i=1

rac N — gucio MaTCpUAJIbHBIX TOYCK B CUCTEME, T; — Macca I-i TOYKH, a 77')1' — €C paauyc-

BEKTOp; M = ZIiV: | M; — CyMMapHasi Macca CHCTCMBL.

IToCKONBKY MPOEKIHMSI paguyca-BeKTOpa 7 TOYKM HA KOOPAMHATHYIO OCh
(mampumep, OX) ecThb HU YTO UHOE, KaK KOOpJIMHATA X 3TOM TOYKH, TO JJIsl KOOPIUHATHI

X. LIEHTPa MacC UMEEM:

1 N
X, = %Z m;Xx;. (19)
1=

IIpumep 1. Tpu ManeHbKUX MacCCHUBHBIX

mapyuka MaccamMd M, 2m u 3M pacmoI0KEHBI 2m 3m

Ha OJIHOM TIPSIMOi1, KaK [OKa3aHO HA PUCYHKe 32. O L 7777777 Q- L 777777 O

Paccrosnue L Mexnay cOocemHHMMHU IIapuKamu « > > ¥

u3BecTHO. Ha kakoM paccTositHUU X, OT IIapuKa : : ——

M HaXOAUTCA LIEHTP MACC 3TOM CUCTEMBI? © . 2k
Puc. 32

Pemenue. HannpaBum KOOpAMHATHYIO OCh
OX mnapayienbHO MPSIMOM, BIOJb KOTOPOM PACHOJIONKEHBI HAIlM IIAPUKHA, COBMECTHUB
Hayajgo KOOPAMHAT C TOJOXEeHHeM Imapuka M (puc. 32). O603HaUYMM Ha 3TOM OCH
KOOPJIWHATHI KaXJI0ro W3 IapukoB. Torma, Ha ocHoBanuu Gopmynsl (19), Haxomum

HCKOMYIO BCIIMYNHY:!
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_m-O+2m-L+3m-2L_4L
e = m+2m+ 3m 3

Ecau MBI nmeeMm JCJI0 HE C CHUCTEMOH MaTCPUAJIbHBIX TOYCK, a C IMPOTAKCHHBIM

TEJIOM, TO €r0 BCETJIa MOXXHO MBICIICHHO pa30UTh Ha OUYCHb MAJICHBKHE YaCTH W, CAUTAS
KXY U3 3THX 4acTEeld MaTE€pUaIbHOW TOYKOM, BOCIOJIB30BAThCS BBILIEU3IIOKEHHBIM
ompeneneareMm (18). Pacuersl mOKa3bpIBalOT, YTO IIEHTP MacC T€OMETPUUYECKHU
MPABWIIBHBIX OJTHOPOJHBIX TEJl HAXOJIUTCSA B WX ICHTPAX CUMMETpUH. Tak, HampuMmep,
IIEHTP MacC OJHOPOJHOTO CTEP)KHS HAXOJIUTCA B CEPEIWHE CTEPXKHS, IIEHTP Macc
OJTHOPOTHOTO IIapa — B IIEHTPE I1apa u T. 1.

CrnenyeTr UMETh B BUZY, UTO LIEHTP MACC U LEHTP TSHKECTH — 3TO Pa3HbIC MOHATHUSA,
OJTHAKO B OJTHOPOJAHOM TOJI€ TSXKECTHU LIEHTP Macc U LIEHTP TsKeCTH coBnaaaroT. [lonezno
MIPETIOKUTH 00YJarONIUMCS JOKa3aTh 3TOT (haKT, OCHOBBIBASICH HA ONPEACIICHUH IICHTPA
MacC M OIpEAeNICHUH LEHTpa TsHKeCTH (KOTOpoe HEOoOXOIMMO IMpeaBapUTEIbHO
aKKypaTHO C(POpMYJIUPOBATH).

BrIpasuM Tenepb CKOPOCTh U, ABUIKEHHUS LEHTPA MACC CUCTEMBI YEPE3 CKOPOCTH
U; IBWKEHHS MAaTEpHAIbHBIX TOYEK, BXOIANIMX B PACCMATPUBAEMYIO CHCTEMY.
[IpyauMas BO BHHUMAaHHME, YTO CKOPOCTh IBWIKEHUS MaTepUaIbHOW TOYKH paBHA
NPOM3BOIHON TI0 BPEMEHHU €€ paauyca-BekTopa, u auddeperuupys ypaBuenue (18),

HpI/IXOI[I/IM K I/ICKOMOMy BBIpa)KeHI/HO:
1_7)C = — z miﬁi. (20)

Ho cymMma B mpaBoif yactu JaHHOW (OpPMYJBI — 3TO HE YTO MHOE, KaK MMITYJIbC BCEU

—

cucteMbl P, (10 ONpenencHHI0O OH PaBeH BEKTOPHOH CyMME HMMITYJIbCOB BCEX

MaTepUabHBIX TOYCK, BXOJSIIUX B COCTAB CUCTEMBI: Fyyer = 2.0 4 m;v;).

Takum 00pazom, 3Has UMIIYJIbC CUCTEMBl MATEPUATBHBIX TOYEK, MOXXHO HANTH
CKOpPOCTh JIBHJKEHHsSI €€ LieHTpa macc. Y1 Hao0OpoT, 3Hasi CKOPOCTh JBUYKEHHS LIEHTpa

MacCC CUCTEMBI, HCTPYAHO HaAWTHU €€ HMITYJIBC:

—

Feser = mﬁc' (21)

Crnenyer NMONYEPKHYTb, YTO UMNYALC CUCHEMbl MAMEPUATbHbIX MOYEK PAGEeH
NPOU3BEOEHUI0 MACCHL 8CEU CUCMEMbL HA CKOPOCHb O8UdCEHUS ee yenmpa macc!

IIpumep 2. /IBe cBUHIIOBBIE IPOOMHKHN MaccaMu 14 U M, ABUKYTCSA BO B3aUMHO

HEPICHINKYJIIPHBIX HAIIPABICHUIX CO CKOPOCTAMHU V; U V, COOTBETCTBEHHO (puc. 33).
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C kakon CKOPOCTBIO M B KAKOM HaIlPAaBJICHUMW IICPEMCIIACTCA TCHTP MaAcCC

paccMaTpuBaeMOM CUCTEMBI?

. 4 i

. O

Uy X(M) |

mqv !

ml 1Y1 k,((\«'\ i

U, ¢ mav; i

m; . > >
Puc. 33 Puc. 34

Pemenne. [Tepenumem ais Hairero npuMepa cootnorienue (20):
(my + my)v, = myv; + myv,.
Bocnons3yeMcs paBuiIoM MapajieorpaMma Ipu CIOKEHHH BEKTOPOB M4 Uy U
m, v, (puc. 34). Torma ¢ moMomp0 TeopeMbl Iludaropa MONKHO BBIYHUCIMTL MOMIYJIb

HCKOMOM CKOPOCTH:

_ \/(m1171)2 + (Mm,v,)?
my +m, '

Ve

3aMeTUM, YTO CKOPOCTh V. HAmpaBjeHa II0[ TaKUM YIIOM (P K HAlpaBJIEHHIO

JIBWKEHUS BTOPOH APOOMHKHU, YTO

N myvy
g P= myvy
Q)
Ipumep 3. OgHOpOAHBIN IMap MAacCO M ABUKETCS CO \ 3

CKOPOCTBIO U, BPaIlasich IPU 3TOM € YIII0BOM CKOPOCTBIO (W BOKPYT

—

OCH, TPOXOJIsAIIeH uepes ero neHTp (puc. 35). Halinure ummynsc P
Puc. 35
nrapa.
Pemrenue. [Ins HaxoxIeHUS MCKOMOIO MMITYJIbCA HAJO 3HATh Maccy mapa m,
CKOPOCTh €ro LEHTPa U, M BOCIONbL30BaThCs Gopmysnoii (21). Kakosa npu sToM Oymer
yII0Basi CKOPOCTh (® BpAIICHUS I1apa, He MMeeT HuKakoro 3HadeHus! Takum obOpa3om,

HUMCCM.

—

P = mv.

MOXHO TPEAIOKUTh OOYUYAIONIMMCS OOBSCHUTH, TIOYEMY BpaIIaTEIbHOES
JBUKEHHE 1Iapa He JaeT HUKAKOTO BKJIAa B €0 UMITYJIbC.

[lepexomuM Temepb K TEOpPEME O MABWKEHMM LIEHTpa Macc. JTa Teopema
YTBEPIKIAET, YTO YEHMpP MACC CUCMEMbl MAMepUabHbiX MOYeK OBUICEMCs KaK
MamepuanbHas mouka, Macca KOmopol pasHa CYMMapHol macce 6ceii cucmemvi M
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(m = Zf': 1 M;), noo deticmeuem cunvl F, pasnoii pasnodeiicmeyioweti 6cex HeUHUX
- N - - o
cun, npunodicennoix k cucmeme (F = ¥°_ | F;, rne F; — BHemwHsAs cuna, JeHCTBYIOMAs

Ha MaTepUaIbHYI0 TOYKY C HOMepoM 1). VIHbIMH cloBaMu, YCKOpEHHE IIEHTpa Macc

CHCTEMBI B JTFOOOM MOMEHT BPCMCHHU HAXOAWUTCA B COOTBCTCTBHUH CO BTOPBIM 3aKOHOM

HproToHa Kak OTHOLIEHHE PAaBHOJACWCTBYIOIIEH BHEIIHUX CUII F K Macce CUCTEMBbI M:

&C == a (22)

Jns  nokaszarenbcTBa JaHHOM Teopembl mpoauddepeHurpyeM 10 BpeMEHU
cootHoienue (20). IlpuHumast BO BHUMaHHUE, YTO MPOU3BOJHAS CKOPOCTH MO BPEMEHU

€CTb YCKOPEHUE, JUIsl YCKOPEHUS JBHKEHUS LIEHTPA MacC CUCTEMBI UMEEM:

1 N
C_l)c = Ezl mic_il-. (23)
i=

3aMeTI/IM, 49TO B COOTBCTCTBHUH CO BTOPBIM 3aKOHOM HrroToHa:

mic_il- = F_)i + ﬁil + F_>i2 i ﬁiN'

3/ech MBI y4Id, YTO Ha MATCPHAIBLHYIO TOYKY C HOMEPOM I, KpoMe CyMMBbI F;

S
BHCITHUX CWJI, JCUCTBYIOT M BHYTpeHHUE cwibl Fj, (k # i) cO CTOpOHBI Ipyrux
MaTepHAIbHBIX TOYEK CUCTEMBI.

[loncraBnast mocieaHee BbIpaKEHUWE B COOTHOIIEHHE (23) W NIPOU3BOJISA

CYMMHUpPOBaHHUE, 3aMe4YaeM, UTO BHYTPEHHUE CHJIbI COKPAIAIOTCS OJiaroaps TpeTbeMy
3akony Herotona (Fj, = —F,; — Fj + Fy; = 0!), a B unucnoutene apodu ocraercs

TOJIBKO CyMMa BHEIIHHUX CHII F = Zé\': . Fi, 9TO 1 J0Ka3bIBACT HALLY TEOPEMY.

Crnenyer OTMETUTh, YTO U3MEHUTh UMITYJIbC LIEHTPA MACC CUCTEMBI (PaBHO KakK U
CKOPOCTh €r0 JIBJKEHHS) MOT'YT TOJIbKO BHEIIHHME CUJIbl. BHYTpeHHUE CUITbI, KaKOi Obl
IPUPOJBI OHW HU OBLIM, HUKAK HE BIUAIOT Ha ABM)KEHUE IIEHTpa macc. Tak, Hampumep,
LEHTP MacCc CHCTEMBI OCKOJKOB, OOpa3OBaBIIMXCS B PE3yJbTATE€ pa3pbiBa CHapsAA,
JIBUTABILIErOCs IO 0ATTMCTUYECKON TPAeKTOPUH, IPOJLOJKUT CBOE ABMXKEHUE IO TOM e
caMOil TpaeKTOpUH, MO KOTOPOM JABUTACA OBl CHapsii B OTCYTCTBHE pa3pbiBa
(pa3zymeercs, eciaum HET CONPOTHBICHHS BO3AyXa). Tak Oyaer MpoaoKaThCs
JI0 T€X TOp, MOKa OJMH W3 OCKOJIKOB HE ymajeTr Ha 3emunro. Ilociie 3Toro Kpome Cuiibl
TSYKECTH Ha CHCTEMY OCKOJKOB HAayHET [EHCTBOBAaTh CHJIA pEAKIUU 3E€MHOMU

MOBEPXHOCTH.
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Ipumep 4. [Mlapux macco m, CKOJB3SANIUN MO TJIaJAKOW TOPU3OHTAIBHOU
IIOBEPXHOCTH CO CKOPOCTBIO vV, 3a€3KAeT Ha HE3aKPEIUICHHYK0 TOpPKYy maccon M,
HOKOSIIITYIOCS. B HAayaJIbHBIE MOMEHT Ha 3Toi moBepxHoctu (puc. 36). Illapuk, He
MPEO0JIEB TOPKY, ChepKaeT ¢ Hee. HalinuTe Bpemsi T mpeObIBaHUS IIapuKa Ha TOPKE,

€CJIM 32 ATO BPEMsI FOpPKa CMEIIAETCsl Ha pacCTOSHUE S BJIOJIb TIOBEPXHOCTH.

ed¥) -

A
\4

Puc. 36
Pemenne. Bocrnonmb3dyemcss TeopeMorW O IABMIKEHHUM LIEHTpa Macc. IIoCKonbKy
B TOPU30HTAJILHOM HANpPABJICHUM HAa CUCTEMY «IIAPUK + TOPKa» BHEIIHHUE CHJIBI HE
JEUCTBYIOT (MOBEPXHOCTh I1ajKas, T. €. TPEHUE O HEE€ OTCYTCTBYET), TO L[EHTP Macc

CHCTEMBI B 3TOM HAIIPABJICHUH JBHIKETCS C TIOCTOSHHON CKOPOCTHIO
muy,

v, = ——
¢ m+M

¥ 32 ICKOMOE BPEMsI CMEII[AETCS HA PACCTOSHUE

mv,t

S =v.T=
[IpyHumass BO BHHMMaHHE, YTO B3aMMHOE PAaCIOJIOKEHUE IIapuka W TOPKHU
3a BpeMsi T HE MEHSIeTCA, MPUXOJNM K BBIBOAY, UYTO HaliJICHHas BEJIIMYMHA S, paBHA
M3BECTHOMY CMEUIEHUIO S TOpKH, T. €. S, = S. C yueTrom 3Toro:
S M
T=—-(1+ —].
Vo m
B 3akioueHue paccMOTpUM IIpUMeEpP 3aJa4M, KOTOpasi U3SIIIHO PelIaeTcsi UMEHHO
C IOMOIIIbIO MPUMEHEHUS TEOPEMBI O JIBHXKEHUU LIEHTPa Macc.

Ilpumep S. /IBa mManeHbKMX OJMHAKOBBIX KOMKA IUIACTHIIMHA y
Vo

g ‘

OpocaroT OJHOBPEMEHHO HAaBCTpedy APYr APYTY C OAMHAKOBBIMU
10 MOJTYJIIO CKOPOCTSIMH, KaK MoKa3zaHo Ha pucyHke 37. [lepBbIit komok |
OpocaroT ¢ MOBEPXHOCTH 3€MJIM, a BTOPOM — ¢ BbICOTHI h = 10 m. d |n
N3BeCTHO, UTO KOMKH CTAJIIKMBAIOTCS B BO31yXxe. C KakOM CKOPOCTHIO :
V TNOMIETUT K 3eMJe KOMOK IUIaCTUJIIMHA, 0Opa30BaBIIUNCA

npu aOCOMIOTHO HEYNPYroM yAape ABYX MEepBOHAuUalIbHBIX KOMKOB? m

Yckopenne cBobomnoro magenuss g = 10 M/c?. ConporuieHuem

BO3/lyXa MPeHeOpeyb. Puc. 37
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Pemenne. /I Havana oTBIEYEMCs OT LEHTPA MACC U TEOPEMBI O €TI0 IBUKEHUHU.
3aMeTuM, 4TO HaM HE JjaHa HadaJlbHasi CKOPOCTh ABMKEHHS KaXJ0Tr0 U3 KOMKOB, TOJIBKO
MOAPa3yMeBAETCs, YTO OHA TAKOBA, UTO CTOJKHOBEHHUE IPOUCXOAUT B Bo3ayxe. Eciu
peliaTh 3Ty 3a/1a4y «B J00», TO MPUAETCS BBECTU ATy HaYaIbHYIO CKOPOCTh Vj. 3aTeM
3anucaTh BBIPAXKEHUS ISl KOOPAUHAT KOMKOB U, IPUPABHSAB KOOPAUHATHI, HAUTH MOMEHT
BPEMEHU, KOTAa npou3onieT yaap. Ilociae yero Hautu BBICOTY, HA KOTOPOW IPOU30UIET
coyJapeHue, ¢ MOMOIIbI0 KHHEMAaTH4YeCKUX (OpMyJl HAWTU CKOPOCTHU Tepes, yAapoM, a
3aTeM Tocie Hero (M0 3aKOHY COXpaHEHHUs MUMITYJbCa), U JIMIIh MIOTOM paccMaTpuBaTh
mosier o0pa3oBaBIIECrOCS KOMKa C HaWJIEHHOW BBICOTHI M C HAWJACHHOM HadallbHOU
CKOpOCThI0. OTHUM CJIOBOM, MPEICTOUT MPOJIETIaTh KPOIIOTIUBBINA MYTh...

Bcero atoro MoxxHo m30exaTh, €CJIM BOCIOJIb30BATHCS TEOPEMOM O JBUXKEHUU
LIEHTpa Macc, KOrja OTBET MOXKHO MOJYYHUTh IMPAKTHUYECKU «B yMe». B camom nerne,
MOCKOJIbKY KOMKH OJMHAKOBBIE, TO B HAYaJbHbII MOMEHT IIEHTP MacC CHUCTEMBbI
HAXOJUTCs Ha BbicoTe hy = h/2. KpoMe TOro, HadajJbHbI UMITYJILC CUCTEMBbI PAaBEH
HYJIIO, & CJIEA0BATENbHO, PABHA HYIIO U HadYaJlbHAasi CKOPOCTh JBHKEHMS LIEHTPA Macc.
[Ipu 5TOM LIEHTP Macc ABUKETCS KaK TEJIO MacCOM 2m MoA AEHCTBUEM CUIIbI 2mg, T. €.
UMEET YCKOpEHHUe a = ¢. JIBr>KeHHe LeHTpa Macc, TAKUM 00pa3oM, MPEACTABIIAET COOOM
HE 4TO MHOE, KaKk cBOOOHOE najeHue. CKOPOCTh JBMKEHUS IEHTPA MacC ¥ IIPU MOAJIETE
K 3eMJI€ HETPYJIHO HAWTH OO0 1o (GopMynamM KHHEMATUKH, JTUOO BOCHOJIb30BABIIUCH
3aKOHOM COXPaHEHUS SJHEPTUMU:

v =,/2ghy =/gh=10 M/c.
OTMeTHM, YTO YCIOBUE MOCIEIHETO MIPUMEPA MOXKHO JIETKO BapbUPOBATH, 3a7aBast

pa3Hble Macchl KOMKOB, HallpUMEpP M W 2mM, a TaKKE pPa3HbIe HAa4YaJIbHbIE CKOPOCTH,
Harnpumep 3V U V. ITO HEMAJIOBAXKHO MIPU COCTABJICHUH TPOBEPOUYHBIX U KOHTPOJIbHBIX
pabot. B mogoOHbBIX ciyyasix HaJl0 Ha OCHOBAHUU BBIIIEU3TI0KEHHOTO aKKYPaTHO HalTH
HAYaJIbHYIO BBICOTY h pAacCIOJIOKEHHSI IEHTpa MacC CHUCTEMbl W €ro HaydajibHYIO

CKOPOCTD V. CKOpOCTI) KOMKa IIpHU IMaJCHUH Ha 3CMJII0 B OTOM CIIYy4adC paCCUUTBIBACTCA

o popmyne: v = /vs + 2ghy .

I[OMalllHee 3aJlaHHE

3agaua 1. Tpu MaJeHBKHX MaCCHBHBIX m 3m 2m
IapuKa MaccaMu M, 3M 1 2M pacrnonoKeHbl Ha Q) o O
OJHOM MPsIMOM, Kak IIOKa3aHO Ha PHUCYHKE. L L 2L J

Paccrosinue L u3zBectHo. Ha kakom paccrosiHuu )
. 3
X. OT IaprKa M HAXOAUTCS IIEHTP Macc 3to cuctembi? (OTBeT: X, = EL')
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33[[21‘13 2. Yenosek Maccou m nepexoauT ¢ OJHOI'0 KOHIIa JOCKH, nemameﬁ Ha
FJIa,Z[KOﬁ FOpHSOHTaJIBHOI;'I IIOBCPXHOCTH JibJ4d, Ha HPYFOﬁ €€ KOHCL. Ha kaxkoe
pacCTOAHHC S mo JbAY CMCCTUTCA IIpH 3TOM JOCKa, CCIM €C MaccCa M, a JJIMHa L?

B HavabHBIM MOMEHT YEJIOBEK U JOCKA IMMOKOMJIUCH. TpeHHUEM JTIOCKH O JIe]l IpeHeOpeYb.

(OtBer: S = ——1.)
m+M

3agaua 3. JIBa MaJeHbKUX KOMKa IIJIACTUJIMHA MaccaMud M U m (i)

2m  OpocalOT  OJHOBPEMEHHO  HAaBCTpedy  Jpyr  ApPYyry
CO CKOPOCTSIMH 2V U V), KaK IMIOKa3aHo Ha pucyHke. [IepBbIit KOMOK |
OpocaroT ¢ MOBEPXHOCTH 3€MJIM, @ BTOPOH — C BBICOTHI h = 7,5 M. lﬁ h
M3BeCTHO, YTO KOMKH CTaJKUBarOTCa B Bozayxe. C  Kakoi ‘

2v
CKOpPOCTBIO VvV  HOOMJICTUT K 3€MJI€ KOMOK IUIaCTHJIMHA, ng "

oOpa3oBaBIIMICA TpH aOCOMIOTHO HEYNPYroM yaape JBYX

IEpBOHAYAILHEIX ~ KOMKOB?  YCKOpeHHMe cBobGomHoro mageHus g = 10 m/c?.

ComnpoTuBIieHHEM BO3/1yXa MpeHeopeub. (OTBeT: v = E gh =10 m/c))

3agaua 4*. YenoBek Maccoil M MepexoquT ¢ HOCAa Ha KOPMY JIOJIKH, UMEIOIIEH
mny L u maccy M. Ha kakoe paccrosiHue S B utore cmecturcs joaka? Moayib CHIIbl
CONpOTHUBIICHUS F, NEHUCTBYIOLIEW Ha JIOAKY CO CTOPOHBI BOJBI, MNPONOPLUUOHAIECH
MOAYI0 ckopocTH JoAku vV (F = kv) W HE 3aBHCHT OT MECTa HaXOXJICHHS 4eloBeKa
Ha Heil. (Otset: S = 0.)

3agauya 5*. Ha nHe MasieHbKOW 3amasiHHOM MpOOMPKH, MOJABEUICHHOW HA HUTH
BEePTUKAILHO HAJl CTOJOM, CHAWT MyXa, Macca KOTOpOH paBHa Macce MPOOUPKH.
Paccrostare oT 1HA MPOOUPKH J0 TIOBEPXHOCTH cToja paBHO anuHe | mpodupku. Huth
NEPEXKUTAIOT, U 32 BpeMsl MaJIeHHs MPOOUPKHU MyXa MEPEIeTaeT CO AHA B CAMbIi BEpXHUN
KoHel[ mpobupku. Omnpenenure BpeMs t, MO HCTEYEHUH KOTOPOTO HIDKHUN KOHEIl

IpOOHMPKU CTYKHETCA O CTON. YCKOpeHue cBOOOAHOro mnaaeHus g. CornpoTUBICHUEM
L
BO3JlyXa JIBIKEHHIO MPOOHpKHU nipeHeOpeun. (OTBeT: t = \E )

Jlureparypa

1. Yepnoyyan A. Y. Yto takoe nentp macc // Kant. — 1988. — Ne 3. — C. 39-41. —
URL.: http://kvant.mccme.ru/1988/03/chto_takoe centr_mass.htm.

2. Yepnoyyan A. Y. 3anaun Ha nentp macc // KBant. —1996. — Ne 2. — C. 43-45. —
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3. Kopnees B. T. Lleutp macc // Tlorentman. — 2009. — Ne 2. — C. 14-20. — URL.:
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MoMmeHT uMITyJIbCAa MAaTePHATBLHOU TOYKH.

CoxpaHeHne MOMEHTA UMITYJIbCa B ICHTPAJIBHBIX MMOJIAX

Bonpocvl,  céazaHmbie ¢ noHamuemM — «MOMEHM — UMRYIbCAY,  6X005m
6 memamuyeckuti 610K «3aKOHbl COXPAHEHUsI 8 MeXaHuKe», HA U3yueHue Komopo2o
omeooumcsi 10 u. Cuumaem yenecoobpasHviM OaHHLIM 6onpocam yoeaumsv [ u.
Hznoocenue mamepuana ciredyem Hauams ¢ ONpeodeleHUs: MOMEHMA UMNYIbCA
MamepuanbHot moyku. 3amem ciedyem 06Ccyoumn, 8cie0cmaue ue2o MOMeHmM UMNYIbCa
Modcem  UBMEHAmMbCA, U nepeumu K 3aKOHY COXPAHEeHUs. MOMEHMA UMNYIbCd,
8 YACMHOCIMU NPU OBUNCEHUU 8 YEHMPATIbHOM NoJle.

Ctporo roBopsi, BEKTOpHas (¢uznyecKas

—

BEJIMYMHA «MOMeHm umnyivca L MaTepualibHOU
TOYKM OTHOCUTEIIBHO HEKOTOPOM HEMOABHKHOMN
TOYKHU O» BBOJIUTCS KaK  BEKTOPHOE
IPOM3BEICHUE PAIMyCa-BEKTOpA T 3TOM TOYKU
(mpoBemeHHOro M3 Toukd () Ha €€ HUMITYJIbC

p =mv (m — macca TOYKH, U — €€ CKOPOCTb):

7 - —
L =[r, p]. Bekropuas ¢usudeckass BeIMYUHA

«momenm cunvl My TakkKe CTpOro BBOJIUTCS KAk ’ Puc. 38

-

BEKTOPHOE IIPOM3BEICHUE pPaJMyCa-BEKTOpa T MaTe€pUalbHOM TOUKM Ha cuiay F),
o . — - -

JEUCTBYIOLIYIO Ha Hee: M = [r, F ] IIpn 3TOM MOMEHTOM HMMITyJbca L, 1 MOMEHTOM

cuiibl M, OTHOCUTEIIBHO HEKOTOpOW ocu OZ, mpoxonsuien dyepe3 Touky O, Ha3bIBalOT

MPOEKLIUU BEKTOPOB LuM na 3Ty OChb COOTBETCTBEHHO. Benmnunnel L, u M, ABistOTCA
ckansgpHbIMH (0oj1ee moapoOHo — cM. [6, ria. V] u [7, ri. 5]).

OnHako mnpH NEPBOHAYAIILHOM 3HAKOMCTBE C TIIOHATHEM «MOMEHT CHJIIbD)
OTHOCUTEIIbHO HEKOTOPOM OCH €ro BBOAST KaK MPOU3BEACHUE MOIYJs Cwibl F Ha ee
mwiedo d. HamoMHUM, 9TO TUIEYOM CHIIBI HA3bIBAIOT KpaTdauIliee pacCTOSHHE OT OCH
no JmHUU neictBus cwibl (puc. 38). IIpy 3TOM MOMEHT CHIIBI TPEICTaBIISICTCS
anreOpanyecko BEIUYUHOM, T. €. MOMEHTBI CHWJI, CTPEMSIIUXCS MOBEPHYTh TEJO
«I0 YacOBOW CTPEJIKE» U «IIPOTUB YAaCOBOW CTPEJIKW», OTIMYAKOTCA 3HAKAMMU:
M =+ F-d, rae, mo JOTOBOPEHHOCTH, 3HAK «—» CTABHUTCSA, €CIH CHJIAa CTPEMHTCS
MOBEPHYTH TEJIO MO YaCOBOM CTPEJIKE, a 3HAK «+» — eciu MpOTUB. MOXKHO OBUIO OB

JIOTOBOPUTHCSI TIO 3HAKaM U «HaoOopoT». Benb peub uuer (pakTuyecku O MPOEKUUU

—

BEKTOPHOW BENMMYMHBI M Ha OCh, IMPOXOJAIIYI0 4epe3 Touky O mepneHAuKyJISIpHO
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IJIOCKOCTA pHCYyHKa. [lpu 3TOM 3HAK «+t» WM «—» aBTOMATHUYECKU TOSBUTCS
B 3aBUCUMOCTHU OT TOT'0, KaK MbI HAIIPaBUM OCh: «Ha Hacy WM «OT Hac».

AHaJOrMYHO TMOCTYMAlOT W C MOMEHTOM HMIyJbCa MaTEpUAIbHOW TOYKHU
OTHOCHUTEIBHO HEKOTOPOI OCH MPH MEPBOHAYATILHOM BBEJACHUU 3TOTO MOHSTHSI, TOHUMAst
1I0J] HUM MPOU3BEACHUE MOYJIS UMITYJIbca p = mv Ha «wiedo» | (cM. puc. 38), cuuras
3Ty BEJIMYMHY TaK)Ke aireopandeckou, T. e.:

L=+mv-|
IJI€ 3HAKU «+» WM «—» CTaBATCS, KaK U B BBIPAXKEHUH ISl MOMEHTA CUJIbI, IO TOM Ke
JIOTOBOPEHHOCTH.

[To100HO TOMY KaK M3MEHEHHUE UMITYJIbCa TEJIa IPOUCXOIUT IIPU IEHCTBUU HA HETO
PE3yIbTUPYIOMICH (OTIIMYHON OT HYJIs1) BHEIIHEW CUJIbI, U3MEHEHHE MOMEHTAa UMITYJIbCca
CBSI3aHO C HAJMYMEM HEHYJIEBOIO PEe3yJIbTUPYIOIIEr0 MOMEHTa BHEIIHUX cuil. Eciu
pE3yJIbTUPYIOIAsk BHELIHSS CUJIa, AEHCTBYIONIAs HA TEJNO, paBHA HYJIIO, TO UMITYJIbC TEJA
IIPU €ro IBUKEHUH He OyZIeT U3MEHATHCS, T. €. OyIeT COXpaHAThCA. AHATOIMYHO OOCTOUT

ACJI0 1 ¢ MOMCHTOM HUMITYJIbCA.

-

Momenm umnynoca L mena omuocumenvHo HeKOmMoOpoU HenoosudxcHou moyku O

—

ocmaemcsi NOCMOSIHHBIM, €Cliu CYMMApHuIU MOMeHm eHewHux cuin M omunocumenvHo
9MOU MOYKU PABeH HYJIO.

JlaHHOE YTBEp)KJICHHE, KOTOPOE HAa3bIBACTCS 3aKOHOM W3MEHEHHS MOMEHTA
UMITYJIbCA, CIPABEIJIMBO U B TOM Cllydae, €CJId pedyb HJIET O MOMEHTE HMITYJbCa
OTHOCHUTEIILHO OCH.

Momenm umnynvca L, mena omuocumenbHo HeKomopou ocu Z, npoxoosueli yepes
HenoosudicHyto mouxy O, ocmaemcsi NOCMOSHHBIM, eCllU CYMMAPHLLUL MOMEHM BHEeUHUX
cun M, omuocumenbHo 2moti 0CU pager HyJio.

OOparuMcs Tenepb K paCCMOTPEHUIO IBYKCHHS YaCTHIIBI (MATEPHAILHON TOYKH)
B TaK Ha3bIBAEMOM «IICHTPAJIHLHOM TIOJIE», T. €. B TaKOM CHJIOBOM IIOJie, B KOTOPOM
Ha 4acTUIly (MpHu JIFOOOM €€ MOJIOKEHUH ) CO CTOPOHBI ATOTO MOJISA ACHCTBYET CUIIa, JIMHUS
JIENCTBUS KOTOPOM BCET/Ia MPOXOAUT Yepe3 OJIHY U Ty e TOUKY, HA3bIBAEMYIO CHUIIOBBIM
[EHTPOM MOJIsI. DTa CUJla MOXKET ObITh KaK CHUJION MPUTSHKEHUS K CHJIOBOMY IIEHTPY, TaK
Y CWJION OTTAJKUBAHUS OT HETO.

Ilpu Osudcenuu uacmuyvl 6 UYEHMPAILHOM NoOle ee MOMEHM UMNYIbCa
OMHOCUMENbHO CUL0BO20 YEeHmpa OCMAemcs NOCMOSHHbIM B CUILY TOTO, YTO MOMEHT
CHWJIBI, ICUCTBYIOIIEH HA YaCTUIY, PABEH HYIIIO:

L = mvl = const.
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B camowm nene, rae Obl yacTHIla HU HAXOAWIIACH,
wieyo d cuibl M, CIEI0BaTEeIbHO, €€ MOMEHT M
PaBHAKOTCA HYJIO, IIOCKOJBKY JHMHUS JEHUCTBHS
CHJIBI BCETJa TMPOXOIUT depe3 CuinoBoil meHtp O
(puc. 39).

SpkumMu  mpuMepamMu LEHTPaJbHBIX IOJIEU
ABJISIIOTCS, HAIIPUMED, KYJOHOBCKOE I10JIE TOYEYHOT O
3apsga M, KOHEYHO K€, TpPaBUTALMOHHOE II0JIE
OJTHOPOJHOI'0O MAaCCUBHOI0 111apa.

IlepeiineM K mnpuMepaMm pelIeHUs 3aaad,
PEKOMEHYEeMBIM ISl pa30opa Ha ypOKe.

Ilpumep 1. ManeHpkuil mMIapuK Maccou m,

NpUBSI3aHHBIA K HUTH, MpojieTol uepe3 orBepctue O
B IVIAJAKOM TOPU30HTAJIbHOM CTOJIE, JBHXKETCS

pPaBHOMEPHO CO CKOPOCTBIO Vg TIO OKPYXHOCTH

Ha pacCTOSHUM T, OT oTBepctus (puc. 40). !

B HEKOTOpBII MOMEHT HWTh HAYHUHAIOT OYEHb
MEIJICHHO BBITSATMBATh 4epe3 oTeepcrue. Kakyro Puc. 40

CKOpPOCTh Vv OyleT HMMEeTh IapuK B TOT MOMEHT, KOrjga OH OyaeT HaXOJIUThCS
Ha pacctossHMM 1 OT orBepctusi? Kakyro paboTy mpu 5TOM NPUIIETCS COBEPIIUTH,

BBITITHUBASI HUTH?

Pemenune. /[BrxeHue mapuka (akTUUECKH MPOUCXOJIUT B LEHTPAIbHOM IOJIE
NEePEeMEHHOW CUJIbl HATSXKEHUST HHUTH, CHJIOBOM LIEHTP KOTOPOTO COBIAJIaeT
c orBepctueM O B cTojie (cuja TPEeHHUsS! OTCYTCTBYET, a CUJia TSDKECTH, JACHCTBYIOIIAsS

Ha IIapUK, KOMIIEHCUPYETCS CHIION HOpMaJbHOM PEaKI[MU MOBEPXHOCTH CTOJIA).

Takum o6pa30M, MOXHO BOCIIOJIb30BATHCA 3dKOHOM COXPAHCHHA MOMCHTA

HUMITYJIbCA, 3aMACaTh YPAaBHEHUE MVyTy = MVUT U HAUTH HCKOMYIO CKOPOCTh:
To

V= _170.
r

CoBepmraemyro paboOTy MO BBITATUBAHWIO HUTH HETPYAHO TENEph HaWTH

HpI/I IIOMOIIIN TeOpeMBI (0] KI/IHCTI/I“ICCKOi;I 3HeprI/H/I:
2 2 2 2
mv?  mv§  muv§ [T
A= = (—) —1|.

2 2 2 I\r
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IIpumep 2. Ha oueHp OONBIIOM pacCTOSHUU OT 3€MJIM METEOPUTHI, JIETALINE
B IApAJUICJIBHOM IIOTOKE, MMEIOT OTHOCHUTEIBHO 3€MJIM CKOPOCTh Vy. Ilpm Kakmx
NPUIEILHBIX paccTosHUsAX O wmereoputhl ymanyr Ha 3emumo? Pammyc 3emmm R,
YCKOpPEHHUE CBOOOIHOTrO MaJeHUs Y NOBEPXHOCTH 3eMin g. ConpoTuBiIeHHE aTMOC(hepBI
HE Y4YUThIBaTh. [IpUIENbHBIM Ha3bIBAIOT PACCTOSIHUE OT LEHTpa 3eMJid A0 IPSIMOM,
110 KOTOPOU JBUTANICS Obl METEOPUT B OTCYTCTBHUE 3€MHOT'O TSTOTEHUS.

Pemenne. PaccMOTpuM  «KpPUTHYECKYIO» CHUTYallMIO, KOTJA TPaeKTOpHS
METeopuTa Kacaercsi moBepxHocTh 3emu (puc. 41), u HaieM COOTBETCTBYIOLIHI

MPUIIENIbHBIN TTapameTp d.

Puc. 41
[Ipn nBWKEeHUHM MeTeopuTa OYAET COXPaHSAThCA €ro MOMEHT HMMIYJbCca
OTHOCUTEJILHO LIEHTPa 3EMJIU, MOCKOJIbKY I'PaBUTAIMOHHOE T0JI€ 3€MJIM MOYKHO CUUTATh
IEHTPATBLHBIM. Takke Oy/eT COXpaHAThCA MOJTHAs MEXaHWYECKas dHEPTUs METECOPHUTa,
paBHasi CyMM€ €r0 KHHETUYECKON SHEPrUU U MOTEHIMAJIbHOW SHEPTUH B IOJIE 3€MHOTO
Tarotenusi. Takum oOpa3oM, MPUXOIUM K CHCTEME YPaBHEHUI:
mvd mv: —mM

mvodo =va, T= 5 —GT

31ecb m — Macca METEOpUTa, ¥V — CKOPOCTh METEOPUTAa B MOMEHT KacaHUs ¢ 3eMiIeid,

M — macca 3emiu, G — IrpaBUTAllMOHHAsS TIOCTOSHHASL.
[IpyHuMas BO BHUMAaHUE BBIPAXKEHHE I YCKOPEHUsS CBOOOAHOrO NaJCHUS
M .
y IIOBEpXHOCTU 3eMi g = G 70 OTY CUCTEMY yPaBHEHUH MOKHO NPUBECTHU K BUILY:

vody = VR, v =v? —2gR.
Otcrona:
29R
40

[Ipu d < d MmeTeopuThl ynaayT Ha 3eMITIO.
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Jlomamnee 3aganue

3agaua 1. Manenbkuil mapuk Maccoil m, MPUKPEIJICHHBIM K HUTH, MPOJCTOU
yepe3 orBepctie O B TWIaAKOM TOPHU3OHTAIBHOM CTOJIE, JBIDKETCS PaBHOMEPHO
CO CKOPOCTBIO U, IO OKPYKHOCTH BOKpYr orBepctusi (cMm. puc. 40 k mpumepy 1).
B HEKOTOPBII MOMEHT HUTh HAUMHAIOT MEJICHHO «TPABUTHY, BBIITYCKas 4Yepe3 OTBEPCTUE
Y YBEJIMYMBAsI TEM CaMbIM JUIMHY €€ TOPU30HTAIILHOM 4acTU Ha crose. Kakyro ckopocTh

v OyIer UMETh IIAPUK B TOT MOMEHT, KOTJa IJIMHA HUTHU Ha CTOJIe yBenuuuTces Ha 20 %7
(OtBet: v = gvo.)

Bagaua 2. Ha oueHb OONBIIOM pPacCTOSHUM OT IUIAHETHI METEOPUT JIETEN
C IpHIEeTbHBIM paccTostHueM d = 5R (R — M3BeCTHBIN pajMyc IUIAHETHI) C HEKOTOPOM
CKopocThi0. UeMy paBHa 3Ta CKOPOCTb V,, €CIM OH MPOJETE] Ha MHUHUMAIbHOM

PACCTOAHUU OT LOCHTpA INNIAHCTHI, PABHOM ABYM CC pa,ZII/chaM? YCKOpeHI/Ie CBO6OI[HOFO

NaJICHUs] y TOBEPXHOCTH IUIaHEThI g. ATMocdepa y miuaHersl orcyrcTByeT. (OTBeT:

v0=\/%.)

3anaua 3*. [lo BHyTpeHHEN TOBEPXHOCTH KOHUYECKOM
BOPOHKH, CTOSIIEA Ha CTOJIE BEPTUKAIBHO, CKOJIB3UT
0e3 TpeHus MajeHbKuW Mmapuk (cM. puc.). B HauanmbHBIN
MOMEHT IIAPUK HaXOAWJICA Ha BBHICOTE Ry Haa CTOJIOM, a €ro
CKOpPOCTh Uy OblJIa HAIIpaBJIeHa TOPU3OHTaILHO. Haiinure v,
€CIIM M3BECTHO, YTO MPU JAJbHEHIIEM JIBUXKECHHUM IIAPUK
MOTHUMAETCSI HaJ CTOJIOM JIO BBICOTHI h, a 3aTeéM HAuYMHAET

OITYCKAaTbCsl. Haﬁ,HHTe TaKXeE CKOpPOCTH v Iapuka

B YKa3aHHOM HaWBBICIIIEM ITOJIOKCHUM. YCKOpeHI/Ie

CBOOO/IHOIO MA/IEHUSI PaBHO .
2gh? 2gh
(OtBer: vy = |-°—; p= [-L0)
h+h, h+h,

Jlureparypa
COopuuk 3amau mo oomemy kypcy ¢wusukun. B 5 kn. Ku. I: Mexanuka /
C. IL Crpenxos u np.; mox pexa. U. A. Skosinesa. — M.: ®usmariut; Jlanb, 2006. — 240 c.
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YpaBHenue bepHy/In 1JI MIeATbHON JKUIKOCTH

Ypasnenue  bepnynnu  0na  uodeanvHou  JHCUOKOCMU — PACCMAMPUBAEMCA
68 memamuieckom O10Ke «3aKOHbl COXpaHeHusi 6 mexanukey. sKuoxocmu u 2asvl
CYWecmeeHHo  omaudaromcs opye om  opyea, 3mo  00YCl0GNeHO  O0NbUlOU
corcumaemocmoio 2azo8. Ho npu ckopocmsx, 3HauumenvHo MeHbUUX CKOPOCMU 38VKd
8 2a3ax, UX OBUICEHUE MOIHCE MONHCHO PACCMAMPUBANb KAK OBUNCEHUE MATIOCHCUMAEMBIX
aorcuoxkocmeti. Kpye coomeememsyrowux sgnenus paccmampusaemcs 8 pasoeie usuxu,
Komopulii Hazvleaemcs « I uopoasapoournamuray .

Yuumueieasn oepanuuennocms epemenu, u3yueHUu0 OBUNCEHUL HCUOKOCHU MOHCEM
OvImb 0meedeHo 00 2 u.

Cnedyem coenamv aKkyeHm HA MOOeU UOEANbHOU HEeCHCUMAEMOL HCUOKOCMU U
02panuyeHusIM npu ee NPUMeHeHUU.

Pazmen  ¢um3ukm 0  ABWKCHWM ~ KUJAKOCTEHM W Tra3oB  Ha3bIBACTCS
«['mapoaspoanaamukay. B pamkax 3Toro pasnuena >KHIKOCTH U Ta3bl MPEICTaBISIOTCS
KaK CIUIOIIHBIE CPEJIBI, T. €. X MOJIKYJIIpHAs CTPYKTYpa HE IPUHUMAETCS BO BHUMaHUE.
B HauOoniee mpocToM ciiydae pacCMOTPEHHE BEAETCS B paMKaxX MOJETH UOeanbHOU
JHCUOKOCMU — ITO Takas BooOpakaemasi >KHJIKOCTb, BA3KOCTh KOTOpPOW paBHA HYIIIO,
T. €. OTCYTCTBYIOT CHJIbI TPEHUS MEXIY DJIEMEHTAMH >KUJIKOCTU U MEXIY KHIKOCTHIO
¥ CcTeHKaMu cocyzal. 3aKOHBI TUAPOAdPOAUHAMMKU SBISIOTCA CIEACTBUSMH 3aKOHOB
coxpaHeHus (TIpU ONpPEACIICHHBIX YCIOBUSAX — W3MEHEHUS) MAacChl, HMITyJIbca W
MEXaHUYECKOW SHEPTHH JKUIKOCTH.

[lycte wuneanpHass coxuMaemas S>KUAKOCTh CHayaja TEYeT C MOCTOSHHOU
CKOPOCTBIO V4 10 TpYOE € MIIOIIAIbI0 MOMEPEYHOro ceueHus Sy, a 3aTeM TpyOa cyxKaercs,
U IUIOWIAJb €€ IONEPEYHOI0 CEYEHMs] CTAaHOBUTCA paBHOU Sp. Ilpm 3TOM, MOCKOJIBKY
KUIKOCTH CO)KMUMaeMasi, TO P U3MEHEHUH CEYEHUS TPYObI MIJIOTHOCTH KUIKOCTA MOXKET
U3MEHSTHCS — IIYCTh OHA MEHSIETCS OT Py J10 Po. CoriacHo 3aKOHY COXpaHEHUs! Macchl,
B €/IMHUILY BPEMEHH Yepe3 TOMEePeUHOe CEUCHNE KaXI0i TPyObl MPOTEKaeT O/IHA U Ta JKe
Macca XuaKocTu. [1o3ToMy MOXKHO 3anucarh:

P1V151 = P2V, S;.
DTO COOTHOIIEHUE HA3BIBACTCS YPAGHEHUEM HEPA3PLIBHOCU MedeHUs. UOedlbHOU

AHCUOKOCU.

! Ha camom fene B MpHpPOAE CYIIECTBYET >KHAKOCTb, IIPH TEUEHHM KOTOPOH HAGIIONACTCS SBICHHE
CBEPXTECKYUECTH, T. €. OTCYTCTBHS BS3KOCTH — 3TO KHIKHH TeNuid TpH Temreparypax, OJIM3Kux
K a0COJIIOTHOMY HYJIIO.
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Ecimn xuakocTe Hec)knuMaeMmas, T. €. €€ IUIOTHOCTb IOCTOSIHHA (P = P3), TO
MOXXHO TIEPEHTH K YCIOBHIO OJWHAKOBOCTH OOBEMOB JKHUIKOCTH, MPOTEKAIOIINX
B €IMHUILY BPEMEHH Yepe3 Pa3HbIe MOMEPEUHbIE CEUCHUS TPYOBI:

vS = const.

J171s Ta30B 9TO YCIOBHE MOKHO MPUOIMKEHHO IPUMEHSATD MIPH CKOPOCTH TEUCHUS
rasa, HAMHOTO MEHbIIIEH CKOPOCTH 3BYKa B rase.

[Ipeanonoxum, 4To KUJIKOCTh TEYET B HEKOTOPOU TpyOe, IIIoNaab MornepeyHoro
CEUCHHUs KOTOPOW W3MEHSETCS IUUIaBHO, M CIIOM JKUIKOCTH TIpH TEUCHHH HE
nepeMennBaroTcs. Takoe TeueHUe JKUIAKOCTH Ha3bIBACTCsl JIaMUHApHBIM (OT JIaT.
lamina — nactunka). [{1g Takoro Te4e€HUs MOKHO BBECTH MTOHSTHSI IMHUM TOKA U TPyOKH
TOKA JKUIKOCTH.

Jlunuu moka — 3TO JUHHUH, KacaTelbHbIE K KOTOPHIM B KaKJOM TOYKE MOTOKa
KHUJKOCTH COBMAJAIOT C BEKTOPOM CKOPOCTH BOOOpaKaeMOW «YACTHIIBD >KHJIKOCTH,
KOTOpasi «HaXOJUTCS» B PAacCMaTPUBAEMON TOUYKE >KUIKOCTH. BaXHO OTMETHUTH, YTO
JVMHUHA TOKa HE MOTYT IMepeceKaThCsl APYr C IPYroM — B MPOTHUBHOM CIIy4ae B TOYKE
NepeceveHns IMHUN TOKa COOTBETCTBYIOMIAS «9aCTULIA» JKUIKOCTH XapaKTEPHU30Ballach
Obl cpa3y JOByMsI pa3HBIMH BEKTOpPaMH CKOpPOCTH, YTO HEBO3MOXHO. I[loaTomy
npyu JJAaMUHAPHOM TEUEHHWH MOXXHO BBIJCIUTH HEKOTOPHIH 3aMKHYTBIA KOHTYp, Yepe3
KOKIYI0 TOYKY KOTOPOrO MPOXOASAT JUHUM TOKAa — B PE3yJbTaTe 3TOr0 MOJIY4YHUTCS
mpyoka moka. «CTeHKU» 3Tol TpyOKkH OyayT oOpa3oBaHbl CEMEHCTBOM JIMHUN TOKa,
IPOXOASIINX 4Yepe3 BbIOpaHHBIA KOHTYp. llpum nmamMuHApHOM TEYEHHM >KUIKOCTH €€
JBUKEHHE BHYTPU TPYOKH TOKA aHAJIOTMYHO ABMYKCHUIO KUIKOCTH IO HACTOALIEH Tpyoe.

Cmayuonapnoe meuenue — 3T0 TAKOE TEYEHUE KUIKOCTH, KApTUHA KOTOPOrO HE
MEHSIETCsI: TPYOKHM TOKa COXPAHAIOTCS HEM3MEHHBIMHU, JUIA KaXKI0W TOYKU MPOCTPAHCTRA,
yepe3 KOTOPYIO T€UET KUAKOCTh, MOKHO YKa3aTh IOCTOSTHHYIO CKOPOCTb, C KOTOPOM 3Ty
TOUYKY MPOXOJAST «4aCTULIBD) )KUJIKOCTH.

PaccmoTpuMm  cTanpioHapHOE  TeueHHUE

C)KUMAEMOMN HJICAJIbHOM KUJIKOCTH, TEKYIIEH

:
o TpyOKe TOKa B OJHOPOJIHOM IIOJIE CHJIBI 7 51““ <
TSOKECTH g «CBepXy BHHU3» (YCIOBHO) — Am e, e R »
Cc ypoBHsS h; Ha ypoBeHb h, < h;, npuuem ‘"“n-.f_’?"____ ’
HAa BEPXHEM YPOBHE JaBJCHHE IKUIKOCTH Arth
paBHO p;, a Ha HIDKHEM YPOBHE JaBJICHHE

Puc. 42

paBHO p,. IlycTh CKOpPOCTh  KHUIKOCTH
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B «BEpXHEM» CEUEHUU S; TPYOKHU TOKA paBHA Uy, a B KHIDKHEM) CEUCHHUH S, TPYOKH TOKa
paBHa v, (puc. 42).

ITycth 3a Mmanoe BpeMst At )KUJIKOCTh, 3aKIFOUEHHAS] MEXKY CEUYCHUAMU S U S5,
HEMHOI'0 CMECTHJIACH B/IOJIb TPYOKH TOKa (YKa3aHHbIE CEYEHUS EPEMECTUIINCH B HOBBIE
nostoxenust S; u S,). Pabora, KOTOPYIO COBEPIIMIIN CHIIBI AaBJICHHS IPU TEPEMEIICHUH
paccMaTpuBaeMoro o0bema >KHIKOCTH, paBHa

A = pS1v1 At — p,S,v,AL.

[TockoNbKY KUAKOCTH UJ€ATbHAS, TO, COIJIACHO 3aKOHY U3MEHEHU Sl MEXaHUYEeCKOM
sHepruu, A = AE, + AE,, 1. e. paboTa cuJ JaBJIEHUS MNPUBOJUT K H3MEHEHHIO
MEXaHUYECKOM SHEPTUH paCCMaTPUBAEMOr0 00beMa KUIKOCTH.

Tak Kkak TedyeHHE KUAKOCTH CTalMOHApHOE, TO MEXaHU4YecKass >SHeprus,
3alaceHHas B TOM YacTU paccMaTpUBAEMOro 00bEMa, KOTOpas 3aKIFOU€HAa MEXAY
CeueHMsIMUA S, U S,, He MeHsercs. 1109TOMy M3MEHEHHE SHEPIUd PacCMaTpUBaEeMOTrO
o0beMa CBA3aHO C TEM, 4YTO Majblid BJEMEHT >KHIKOCTH, 3aKIIOUEHHBIA MEXIy
CEUEHMSIMU Sy U S;, «IEPEMECTHIICS», 3aHSIB MECTO Majoro 3JIEMEHTA, 3aKIF0YCHHOTO
MEXIy ceueHUusIMU S, U S;. [Ipr 5TOM U3 CTAIIMOHAPHOCTH TEUCHHUS KUIAKOCTH CIIEYET,
YTO Macca 3TOro 3JIeMeHTa paBHa Am = pS;v1At = p,S,v,At.

M3MeHeHne NOTEHIUMAIBHON 3HEPrUd paccMaTpUBacMOro MAaJlOro 3JEMEHTa
AKHUIKOCTH PAaBHO

AE, = Amg(h, — hy) = gAt(p2Sav2h, — p1S1v1hy).

IIpupareHre KUHETUYECKOW SHEPTUM ITOTO DJIEMEHTA

vi vi) At

AE, = Am 5 27 (9252172 P151V13)-

OTH ypaBHEHHS] MOKHO NIEPENHCATH B CIEAYIOIIEM BUJIE:
At
P151V1At — P2 S, v At = o (P2S2v3 — p1S1v3) + gAt(p,S,v,hy — p1S1v1hy)
nim
p.At p2At
plsllet + TSlvl + plgslvlhlAt —_ p252v2At + 2 52172 + ngSZUthAt

Hcnonb3yst 3anmucaHHOE BbIIIE COOTHOLIEHHME Am = pyS;vAt = p,S,V,At,

HaAWUJIEM:

2 2
P1 P2
P gn =242 4 g
p1+2+g1 ot tahe

76



B urore nonyuyeHo ypasnenue beprynnu:
p v

5+7 + gh = const,

KOTOpOE SIBJISIETCSl CIEACTBHUEM 3aKOHA M3MEHEHUs MeXaHu4yeckKou sHepruu. Crenyer
oOpaTuTh BHUMAHUE Ha CIENYIOLUE O0CTOSTENbCTBA:

1) ypaBHEHHE MOTY4EHO JIsi CTAIIMOHAPHOTO JIAMUHAPHOT'O TEYCHUS UICaTbHOM
KUJKOCTH,

2) ypaBHEHUE CIIPABEUINBO U JJIsl COKUMAEMOM JKUIKOCTH;

3) ecnM KHIKOCTh HEC)KMMaeMmas, T. €. P = Pz = P, TO ypPaBHEHHE MOXKHO

NnepenucaThb B CICAYIOIICM BU/IC:
vZ

p+ pT + pgh = const’,

IpUYeM KOHCTAHTa B MNPABOM YacTH YpaBHEHHUSA OJHA M Ta K€ JUIsl BCEX JIMHHUM TOKa
B KUJKOCTH (3TO CIPABEJIMBO TOJIBKO JJI1 TEUEHUS KUIKOCTH B OTCYTCTBUE BUXPEN).

B monydyeHHOM ypaBHEHHMM BEJIMYHMHA P HA3bIBAETCSl CTAaTUYECKHUM JaBJICHHEM,
pv?/2 — 5TO NMHAMUYECKOE [aBleHHE (KMHETUYECKas DSHEPrus €IMHHMIIBI 00beMa
JBUKYIIEWCS KUJIKOCTH), BEJIMYMHY Pgh WHOrJa Ha3bIBalOT BECOBHIM JaBJICHUEM
(?TO MOTEHIMAJIbHAS PHEPTUS €AUHULIBI 00bEMA KUJKOCTH ).

PekoMmeHnyeTcss paccMOTpeTh Ha YpOKE NPUMEPHl NPUMEHEHHUS YpaBHEHUS
bepHysn B TEXHUKE M UCIIOJIb30BAHUS ATOTO YpaBHEHUS AJisi OOBSICHEHUS pa3IMYHbIX
¢buznyeckux siBieHUM. JlJIs 3TOr0 MOMXHO BOCIOJIB30BAaThCS MPAKTUYECKU JHOOBIM
cOOpPHUKOM KayeCTBEHHBIX BOIIPOCOB M 3a/1a4 1O (hU3HKE.

Taxke HYXHO OOCYIUTh CO IIKOJIbHHUKAMU BOMPOC O TOM, KaK HM3MEHHUTCS
ypaBHEHUE BepHymIM Npu TEYEHHH JKHUJIKOCTH MO TOPU3OHTAIBHOW TpyOe. B 3TOM
CJIy4ae HY>KHO UCKJIFOYUTh NOTEHIHAIbHYIO SHEPTHIO 3JIEMEHTA )KUJKOCTH, U YpaBHEHUE
IIPUMET CIEAYIOIUN BU!

12

+ —— = const.
Pt

W3 Hero cineayer, 4To B y4acTKax TPyObl C MEHBIIIMMU

CEUECHMSIMU, B KOTOPBIX KUJKOCTh T€UET ObICTpEE, TaBICHUE J | | | i L

MEHBIIIE, YEM B IIMPOKHX YYaCTKaX, B KOTOPBIX TEUCHHE
— — -

MEJUIEHHOE. DTO MOKHO OOHapyXuTbh, HaOIIOAasi ypOBHU —

KHUAKOCTU B BCPTHKAJIbHBIX MAaHOMCTPHYCCKHX pr61<ax, Puc. 43

KOTOpBIMM ~ cHaOkeHa Tpyba. B  TpyOke, xkoropas
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YCTaHOBJICHA HAa yYaCTKE TPYOBI C MEHBIITUM CEUCHHEM, YPOBCHB OKA3bIBACTCS HIKE, UEM
B TpyOKe, YCTAaHOBJICHHOW Ha yJacTKe ¢ OONbIIMM cedueHueM (puc. 43).

OOpaTtuM BHUMAaHHE, YTO JJIi TOYHOTO W MPAaBWILHOTO (DOPMUPOBAHUS TTOHSITHUH,
JUIT TIOHMMAaHHUS OTPAHUYEHUM MOJENEH pPAacCMaTpUBAEMbIX SIBJICHUM, HE CIEAYET
MOJIb30BaThCs 3akoHaMu (opManbHO. [loaTOMy, paccMarpuBas Ha ypOKe 3aaadd,
JUTSL pelieHus KOTOPhIX HEOOXOIMMO MPUMEHSTh ypaBHeHHE bepHysnau, HEo0X0auMo
BHUMATEILHO MTPOTOBOPUTH, OOCYIUTh KaXIYIO IETab B YCIOBUY 3a7auu. [Ipu permennn
BCEX 3aJla4y KUJKOCTh Oy/IeM CUHMTAaTh HACATLHONH W HEC)KMMACMOW, a €¢ TCUCHHE —
CTAIlMOHAPHBIM.

IIpumep 1. Onpenenure pa3HOCTh JaBJIeHUN Ap B IIMPOKOM U B Y3KOM y4acTKaX
rOpU30HTAIbHONH TpYyObl (puc. 44). JluameTpbl NONEPEeYHBIX CEUYSCHUH YKa3aHHBIX
y4acTKkoB Tpyosl d; =9 cM u d, = 6 cMm. TedeHue BojabI MO TPyOE CTaIMOHAPHOE,
B IIMPOKOM dYaCTH BOAA TEYET CO CKOpPOCThI0 v; = 6 w™/c. ILmOTHOCTH BOIBI
p = 1000 kr/m®. 1

Pemenue. Hcnonp3yem YpaBHEHUE
HEpa3pbIBHOCTHU HEC)KUMAEMOM JKUJIKOCTH: o v
1 2
di| — —_— |d
Td? md3 1 2
v =v
1y > 4
ai
Orcrona v, = 14 PrL
2 Y
IToncraBuM BbIpa)keHUE IS CKOPOCTH U, Puc. 44

B ypaBHeHHE bepHyumM ¢ ydeToM TOTo, 4TO TpyOa rOpr30HTAIbHAS:

p p( di
p1+§v12=p2+z V1d_%
Orcrona
vZ [ rd\*
Ap = py —p, = oL (—1) —1|~73-10*Ia.
2 \\d,

IIpumep 2. B HEMOABMKHBIN MTUPOKUM COCY/] HAJIUTA )KUIKOCTbD JI0 BHICOTHI h Ha
nHOM cocyna. C Kakoil CKOpOCTbIO OYIET BBITEKaTh >KHJIKOCTb 4epe3 HeOOJbIIoe
OTBEPCTUE B CTEHKE COCYyJa, MPOAEIaHHOE y camoro aHa? ATMocdepHoe [aBlieHUE
PaBHO Py.

Pemenne. IlockonbKky OTBepcTHE HEOOJNBIIOE, a COCYH IIUPOKHM, YpPOBEHBb

KUIKOCTHU B COCYAC OITYCKACTCH IMPH €€ BLITCKAHNH OYCHb MCIJICHHO. HOBTOMY JaBJICHHUC
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y IHa COCYJIa OCTAETCs MPAKTUYECKU HEM3MEHHBIM, OHO CKJIaJIbIBAETCS U3 aTMOC(HEPHOTO
JaBJICHUS U TUAPOCTATUYECKOrO JABJICHUS )KUIKOCTH:
P = Po + pgh.
Kunernueckoil sHEprueil TOHKOTO BEPXHETO CJIOS KUJIKOCTH (IMHAMHYECKUM
JABJICHUEM) TaKXke MOXHO mpeHeOpeub. [loaTomy ypaBHenue bepHymu

ML paCcCMaTpuBacMOro cliydasd 3allMICTCA TaK:
172

p
Po + Pgh = po +—-

Otcrofa nosryyaeM UCKOMYIO CKOPOCTh BBITEKAHUS KUJKOCTH U3 OTBEPCTHSL:
v =,/2gh.

910 — ¢opmyna Toppuuennu s CKOPOCTU CTPYH, BBITEKAIOUIEH U3 cocyna.
HcTeyeHne mPOUCXOIUT C TAKOW K€ CKOPOCTHIO, KOTOPYIO HMMENIO OBl CBOOOIHO
Ma/1a011Iee C BBICOTHI A TEIO.

JlanHblii ~ pe3ynbTaT  MOJIHOCTBIO  COOTBETCTBYET  3aKOHY  COXPAaHEHHUS
MEXaHUYECKOU YHEPIUH, IOCKOJIbKY JIAaBJICHUE HaJl TOBEPXHOCTHIO KHUJAKOCTH U BHEILIHEE
JIaBJICHUE Ha BBITEKAIOLYIO CTPYIO OJJMHAKOBBI (PaBHBI aTMOC(HEPHOMY JIaBICHUIO).

[TomuepkHEM pa3HUILy MEXAY PACCMOTPEHNUEM NIOBEACHUS ITOKOSALIENCS )KUIKOCTH
(rugpocTaTuka) W IBHOKYHIEHCS SKMAKOCTH (TMApoauHaMuKa). s 3Toro 3amagum
BOMNPOC: KAKYI0 PEaKTHUBHYIO CHIIy OYyAEeT CO3[aBaTh BBITEKAIOLIAs U3 COCyAa CTPYs
B YCIIOBUSIX JaHHOM 3afaun? Kazanoch Obl, CUJIbI AaBIEHUS KUIKOCTHA HA CTEHKHU COCya
(Ha ypoBHE OTBEpPCTHS) YPaBHOBEIIEHBI CO BCEX CTOPOH 32 MCKIIOYEHUEM Yy4acTKa,
PacroJIOKEHHOT'0 TOYHO HAPOTUB OTBEPCTHUS, U3 KOTOPOTO BBITEKAET JKUJKOCTh. M MbI
MOXXEM OIIMOOYHO MPEANoNOKUTh, YTO 3Ta «HEYpPaBHOBEUICHHas» CHJIA, paBHas
MPOU3BENEHUIO THAPOCTATUUECKOTrO IaBJIEHUs pgh Ha Tuiomaab S OTBEPCTHUS, U CO3JIAeT
PEaKTUBHYIO CUITY, IEUCTBYIOIIYIO HAa COCY/I.

Ha camom gene sto He Tak. Ilpyn AuHaMHYeCKOM pacCMOTPEHHUM JIEUCTBYIOIIYIO

Ha COCyd PCAKTHBHYIO CHUIIY CJICAYCT IIPUPABHATH H3MCHCHHUIO 3a CAMHHIY BPCMCHU
o AP
HMITYJIbCa KHUIKOCTH, YHCCCHHOM H3 COCYIa IIPW BBITCKAHUU CTPYH: F = E (SIIGCL

UMIYJIbC 0003HaYeH O0JbIION OYKBOUM P, TOCKOJIBKY MaJIeHbKasi OyKBa P YK€ «3aHSTa
J1s1 0003HAYCHUS JTABIICHUS ).

ITycth 3a Masioe BpeMsi At U3 OTBEPCTHUS BBITEKAET KUJAKOCTh Maccoid Am. Torna

AP Am-v SvAt - v

T. €. B 2 pa3a 0oJibllie, 4eM Ka)KeTCsl Ha MepBbINA B3IIIsI !
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[Tocne pemieHust 3TUX 3a7a4d MOJIE3HO OOCYAUTH BOMPOC O TOM, YEM peajibHas
JKUJIKOCTh OTJIMYAETCA OT WACAIBHOM, M KaK 3TO CKaXETCS HA TEYEHUU KUJKOCTH.
N3-3a orpaHn4eHHOCTH BPEMEHH, Ha YPOKAX 3TOT BOMPOC JETATHHO OOCYAUTH BPS JId
BO3MOkHO. Ho 117151 1I0003HATENbHBIX MIKOJFHUKOB CPAaBHEHUE MOBEJCHUS PEAIbHON U
UJeaTbHOM KUJKOCTEU MOTJIO ObI CTaTh TEMOM MPOCKTHOM HCCIEI0BATEILCKON paOOTHI.

JIONOJHUTENIbHO PEKOMEHIYETCS O3HAKOMUTBCS C MAaTepUajoM MO JaHHOW TeMe,
U3JI0KEHHBIM B TIocoOuH [8].

JlomalHee 3aganue

3anaua 1. J/[Be BepTUKAIIbHbIE MAHOMETPUUECKHUE
TpyOKM YCTaHOBJIGHBI Ha TOPU3OHTaJIbHOM Tpyoe | [ ¥ 7
MEPEMEHHOI0 CEUEHHUs] B MeCTax, TrJe IUIomaan

MOMEePEeYHOro ceyeHust TpyObl paBHbl S; U S,. Ilo TpyOe

TeUeT BOjAa IUIOTHOCTHIO p. Haiimure oO0beM BOABI,

MPOTEKAIOIINN B E€IWHUIY BPEMEHU YEPE3 CEUYEHHE - —m & ——

TpyOBl, €CIM PA3HOCTb YPOBHEH B MAaHOMETPHUYECKUX

)

3agaua 2. TpyOoka Iluto — cmenuambHOE "

2gAh

TpyOkax paBHa Ah. (OtBet: Q = pS; S, 2 g7
2 1

U3MEPUTEIBHOE MPUCTIOCOOJIEHNE — YCTaHOBJIEHA HA OCU 4\
TpyOBI Ta30MpPOBOJA, TJIOMAAh BHYTPEHHETO CEUYCHHS —>

KoTopoil paBHa S. IlpeneOperas C:kxMMaeMOCTbIO Tas3a,
Haiiiute o0beM rasa, MPOXOJAIIEr0 4Yepe3 CeYeHHUe I Ah

TpyObl B €IMHHUILy BPEMEHHU, €CIH Pa3HOCTh YpPOBHEH

KUJIKOCTH B MaHOMeTpe paBHa Ah, a TIJIOTHOCTH

. N
KMJIKOCTH U ra3a paBHbI COOTBETCTBEHHO P U p. (OTBeT:
Q=S5 [*9%)
p
3agauya 3. Ha ropu3oHTaIbHOM CTOJIE CTOWT IMMPOKWN IMIMHIPHYECKUN COCY/T
BbIcOTOM h = 50 cMm, HanomHeHHBIN BooM. HaliuTre, Ha kakolt BeIcOoTe h OT JIHA cocya
CIIEIyeT cleNiaTh HEeOOJIbIIOE OTBEPCTHE B CTEHKE COCYJa, YTOOBI CTPys U3 HEro Ouia
B MOBEPXHOCTh CTOJA HA MAaKCUMaJIbHOM pacCTOAHUU OT cocyna? YUemy paBHO 3TO
MaKCUMaJIbHOE PaCCTOSHUE Ly oy ? (OTBET: hy = 25 cM; L. = h).
Jlureparypa
benxun U. K. 3axon bepuymmu // Ksant. — 1984, — Ne 5. — C. 33-34. — URL:
http://kvant.mccme.ru/1984/05/zakon_bernulli.htm.
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METOINYECKHUE PEKOMEHIAILINUHA ITO U3YYEHNIO U3BPAHHBIX
TEM PA3AEJIA «<MOJIEKYJISIPHASA ®U3UKA U TEPMOJNHAMUKA)>

Tepmoounamuka. Tennosvie mawiunol

TemmoeMmkocTh Te1a. MosIsIpHAsi TEMJI0EMKOCTh

Bonpocwl, césazanHble ¢ NOHAMUAMU «MENJI0eMKOCMb mena» U «MOJAPHAA
menioemMKocmsby, 6xo0am 6 memamudeckuil 010k « Tepmoounamuxa. Tennogvle
MAWUHbLY, HA U3ydeHue komopozo omeooumcsa 20 4. JlanHblm 8onpocam yenecoobpazHo
yoenums om 2 00 4 u, 0ONoOHAA Mmeopemudeckoe U3NodiCeHue pazoopom npumepos
peutenus 3a0a4. Hauamo npu smom credyem ¢ onpeoenenuss NOHAMUsL MenjioemKocmu
mena, nocie 4e2o paccmMompems 80Npoc O MenjioemMKoOCmuU 8 pPAa3IUdHbIX npoyeccax,
YCMAHOBUMb  C63b  MeNHCOY MENN0eMKOCMAMU NPU  NOCMOAHHOM  OAGNeHUU U
HOCMOSIHHOM 00beMe, a 3aKOHYUMb peuleHuem 3a0ai 0 HAX0MHCOeHUU MmenioemMKocmu
8 npoyecce pasiUdHbIMU Memooamu (aHarumudeckum u epaguueckum). O3HaKoMumocs
Ha Oonee 2nyboKOM YpOosHe ¢ meopemudecKum Mamepuaiom, OMHOCAWUMCI K pazoeny
«Monexynapnas guzuxa u mepmoOUHAMUKAY, MOICHO npu nomowu yueonuka [9].

Tennoemxocmoio Cre,, TENA, HAXOASMIETOCS B  JKUJIKOM, TBEPIAOM HIIH
ra3000pa3HOM COCTOSIHUM, Ha3bIBAETCSI OTHOIICHHE OECKOHEYHO MAalloTO KOJIMYEeCTBa
TErI0Thl 8@, TOJYYEHHOTO 3THM TEJIOM, K COOTBETCTBYIOIIEMY HW3MEHEHHUIO €ro

temnepatypsl dT':

6Q

CTeJIa - d_T

Ennnuneit namepenus ternoemkoctu sisiercs J[x/K.
Hapsiny ¢ mNOHSATHEM TEIIOEMKOCTH TeJia HUCIOIb3YETCS TMOHITUS )OeNbHOU
menJioemkocmu — TeIIOEMKOCTH €NMHMIILI MacChl M BEIIECTBA:
_ CTena _ iS_Q
~m  mdT’

KOTOpas U3MCpsICTCA B K
KT -

AHaJOrMYHBIM 06p330M BBOOAUTCA IIOHATHC MO]Z}ZpHOIZ menjioemKkocmu  —
TCIVIOCMKOCTH €AUHUILIBI KOJUYCCTBA BCIICCTBA V.

Crena _ 180Q

C = = ——,
\Y vdT

KOTOpas U3MCpPsICTCA B K"
MOJIb -

[Tockonbky V = m/|, rae L — MOJIsIpHast Macca BelecTBa, To C = [c.
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Heo0xomuMo moTuepkHyTh BaXKHYI0O OCOOCHHOCTD MOHSTHUSI TEIUIOEMKOCTH — 3Ta
BEJIMYMHA HE sABIIsIeTCA DYHKIMEH cocTosiHUS. TermmoeMKoCTh XapakTepusyeT mpolece,
B XO0JIE€ KOTOPOrO TEJIO M3 COCTOSIHHUS C TeMmmeparypod T TepexoIuT B COCTOSTHUE
c temmeparypoit T + dT. IlodTomy, 3Has TEIUIOEMKOCTh BEIIECTBA B JIAHHOM
TEPMOJAMHAMHUYECKOM TMPOIIECCE, JIETKO BBIYUCIUTH TMOJYYEHHOE (OTIaHHOE) TEIOM
KOJMYECTBO TeIJIOThl. (OCOOEHHO MPOCTO ATO CcAelaTh B TeX Ciydasx, Korja
TEIJIOEMKOCTh MOCTOSIHHA, HO OY€Hb YacTO TEIJIOEMKOCTb 3aBUCUT OT TEMIIEpaTyphl U
oT o0beMa Tera.

Taxoke cienyer OTMETUTh, YTO TEMIOEMKOCTh, B 3aBUCUMOCTH OT ITPOLIECCa, MOYKET
npuHUMaTh J00oe 3HaueHue: —oo < C < +oo. OTpunareiabHas TeMIOEMKOCTh
COOTBETCTBYET CIIy4ar0, KOIJla TeJNO MOJy4aeT OT BHEIIHEr0 HCTOYHHUKA HEKOTOpOe
KOJIM4ecTBO TerIoThl (8Q > 0), HO Temmeparypa Tena mpu 3toM ymenbiaercs (dT < 0).
[Tone3no mnpeAoKuTh OOYYaIOMIUMCSl MPUIYMaTh MOPUMEP TEPMOAMHAMUYECKOTO
mpoiiecca, B XOJI€ KOTOPOTrO  BEIIECTBO  XapaKTepU3yeTcs  OTpHUIATEIbHON
TEIJIOEMKOCTBIO.

J{nst perieHus 3a/1a4 4acTo UCTIONB3YIOTCS POPMYJIBI ISl MOJISIPHO M TETIIOEMKOCTH
UJICAUTHHOTO Ta3a B M30XOPHUYECKOM M M300apUyYecKOM TMpoleccax (Tak Ha3bIBaeMbIe

TEMIOEMKOCTH TIPH MOCTOSHHOM 00beMe Cyy M MOCTOSAHHOM aBieHuu Cp). CBa3b MEXITY

ATUMU TEIUIOEMKOCTSMHU YCTaHABJIMBAECTCA ypaBHEeHUEM Maliepa:

C, = Cy +R.
[Tycth ra3 COCTOMT W3 MOJEKYJ, HMEIOMMX | CcTeneHed  CcBOOOJbBI
(st ogHOATOMHOTO Ta3a | = 3, s AByxaromHoro — I = 5). Torma
[ i+2
CV=§R, CpZCV-I_R:TRl

rae R — yauBepcaibHas ra3oBasi HOCTOSIHHAS.

[Ipu uzorepmuueckoM mpouecce (T = const) K Texy MOABOAUTCS TEIIOTA, HO €ro
TeMIlepaTypa HE H3MEHSETCS, CIICOBATEIbHO, TEIUIOEMKOCTh B OTOM TIpOIECcCe
O0eckoHeuHO Benuka: Cp — +0o. Eciu e Teno ydacTBYeT B mpoliecce 0e3 TermioooMeHa
C OKpyXkaromeh cpenodt (aanabatudecKuil Mporecc), TO, COTJIacHO ONpPEACTICHUIO
TeroeMkocTH, Cy = 0.

Kak yxe oTMmeuanoch, B HEKOTOPBIX IIpoOIecCaX TEIIOEMKOCTh OCTaeTCs
MOCTOSSHHOM — TakKWe TMPOIECChl HA3BIBAIOT  NOAUMPONUYEecKUMU. Y PaBHEHUE

NOJMTPOITMYECKOTO0 Tpoiiecca umeet Bul: pV™ = const, rae n — nokasareis MOJUTPOIIBL.

c-Cp
DTOT MmoKa3aTesab PaBeH N =

oo Tae C — TETI0EMKOCTh B JJAHHOM IpOIIECCE.
4
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[lepeuuncneHHbIe BhIIIE YETHIPE U30MPOIIECCa, KOTOPbI€ OOBIYHO U3YYalOT B Kypce

IIKOJIbHOM (1)I/ISI/IKI/I, SABJBIFOTCS  HTOJIUTPOIIMYCCKHUMH: B  H30XOPUYCCKOM IIPOHCCCEC
V = const u n = £oo; B uzobapuueckoM p = const u n = 0; B U30TEPMUUECKOM

C
n = 1;BagnabaTHUYECKOM N = C—p = v. llocineaHss1 BeIMYrMHA Ha3bIBACTCA IMMOKAa3aTeIeM
|4

annabatel. M3 npuBeneHnbix Boime popmyit st Cp, v Cy HAEATBHOIO Ta3a CIIENYET, YTO
i+2 o
Y =—— B 4actHoctH, mns8 BO3ayXa, KOTOPBIM MPEUMYIIECTBEHHO COCTOUT
l

. 7
U3 IBYXaTOMHBIX MOJIEKYJI a30Ta U KHCIOpoAa, [ = Suy = = 1,4.

OTMGTI/IM, 4YTO, 3HasA IIOKA3aTCjib IIOJUTPOIIBI N KW IIOKA3aTClIb aI[I/Ia6aTBI Y

HACaJIbHOI'O ra3a, MOXXHO HaWTH TEIJIOEMKOCTh ra3a B JaHHOM IIPOLIECCEC:

PaccMoTprM IpuMepsl UCTIOIB30BAHNUE TOHATHS TEINIOEMKOCTH MI€aJIbHOIO ra3a
JUISL PELLICHUS 3a/1a4.

IIpumep 1. AcTpoHaBTHI, UCCIEAYs ra3 B aTMOC(EpPEe OTKPHITOW UMU IUIAHETHI,
Harpenu mnopuuto 3Toro raza maccod m = 200 r ma AT = 60 K — nepsswiii pa3
IPU TOCTOSTHHOM JaBJICHHH, a BO BTOPOM pa3 — IMpH MOCTOSTHHOM oO0beme. Oka3anoch,
YTO B MPOLECCE HArpeBaHUsl NMPHU MOCTOSHHOM JaBJICHUHM TPeOyeTcsl MOJABECTH K Ta3y
Ha AQ =1 xJIx TemioTel OoJbllle, YEM B MPOIECCE HArpeBaHUs IMPU MOCTOSHHOM
oobeme. HalinguTe CpenHIOI MOJSPHYIO MacCy HCCIENyeMOoro ras3a, CUHUTas ero
UJ1CATIbHBIM.

Pemenue. Jlannas 3a1a4a 4acTo BhI3BIBAET 3aTPYIHEHUS Y 00YJAIOMIUXCS, TaK KaK
HUKAKWE XapaKTEPUCTUKH paccMaTpUBAaEMOro rasa Heu3BecTHbl. OpHako, OHa
JIOCTaTOYHO IIPOCTO PEIIAeTCs ¢ UCII0JIb30BaHNEM YpaBHEHM Maiiepa 1 IepBoro Hayaa
TEPMOJINHAMUKHU.

Bocrnione3yeMmcst  OnpenesieHueM MOJSPHOM TEIJIOEMKOCTH JUIA  OIpEACIICHUs
KOJINYECTBA TEIIOTHI, EPEJAHHOIO MOPLUHUHU ra3za (B KOJMYECTBE V MOJEH), B KaxI0M
U3 paccMaTpuBaeMbIx ciydaeB: @, = C, VAT u Qy = CyVAT.

IToaTomy

m
AQ = Q, — Qy = (C, — Cy)VAT = R—AT.

u
MRAT

AQ

Otcroga p = ~ 0,1 Kr/M0Jb.
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Hpumep 2. Brruuciure MOJIAPHYIO
TEIJIOEMKOCTh ~ OAHOATOMHOI'O  HMJEalbHOrO  rasa
B Imporecce 1-2, B KOTOpOM JaBJI€HHE P MPSIMO
MPOMOPIIMOHATILHO 00BeMY V.

Pemenue. 3anuiieM ypaBHEHHE 3aJaHHOTO

nporiecca: p = oV, rie o — HeKOTopas MOJIOKUTEIbHAs

KOHCTaHTa, M BOCIOJIb3yeMCSl €ro rpapuyecKuM

npezacrasicHueM (puc. 45). byaem cyurtarth, YTO
v = 1 Mob.

[Tpu coobmieHnn razy HEKOTOPOTO KOJUYECTBA TEMJIOTHI MPOUCXOIUT MEPEXO]
rasa u3 paBHOBECHOI'O COCTOSIHUS | B pyroe paBHOBECHOE cocTossHUE 2. Bocnonb3yeMces
NEPBBIM HaYajIoOM TepMOAHMHAMUKH. [TonydeHHOE ra30M KOJUYECTBO TEILIOTHI YACTUYHO
IOILIUIO HAa U3MEHEHHE BHYTPEHHEH 3HEpPIrUu raza U 4aCTUYHO — Ha COBEPILICHUE Ia30oM

paOOThI MPOTUB BHEUTHUX CHJI:
AQ =AU+ A=Cy(T, —Ty) + A4,

rne T, u T; — KOHEUHas ¥ HadaJlbHas TeMIIepaTypsl ra3a B 3TOM mpoiiecce. Pabora raza

MIPOTOPIIMOHAIBbHA TUTOMIaAu PUTypsI o rpagukom Ha pV -nuarpamme:

+ V, =V Vo—piVi R(T,—T 1
A=(I91 pz)z(z 1)=P2 22p1 1_ (22 1)=§RAT.

[Ipu ympomeHuu H3TOro  BbIpaXEHUsS OBUIO  HCIOJIB30BAHO  PABEHCTBO
piVo = p,V;, KoTOpOE cienyeT u3 Toro, uto p~V. C yaeTom BeIpaKeHUs TSl paboThI A,

MIOJIy4aeM:

20 =y +5) (T~ To).

. AQ R
Ilo onpenenenuio MoispHOU TeryoeMkoctu: C = i Cy + 2 (HamOMHHM, YTO

3R
MBI IpuHsUd vV = 1 MoJb). [ns omHoaToMHoro raza Cy = — > Io3TOMY C = 2R.

OTOT OTBET MOXHO TOpa3lo ObICTpee U TMpOUIE MOJY4YUTh, HCIOIb3YS

n-y o .
cootHomenue C = Cy m— HeiicTBuTenbHO, B JaHHOM chydyae [ =3 (ra3
n —

. iR _ 3R i+2 5
OJIHOATOMHBIN), mo3ToMy Cyy = — = - TloKasatens aauadaTel y = — = » ToKazarens

nonutponsl n = —1, otkyna C = 2.
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Ipumep 3. OguH MoJb renus pacHIMpsieTcss B TMPOILECCE, OMUCBIBAEMOM
ypaBHeHHeM p2V = const, cosepmag npu 5ToM pabory A. Temmeparypa rasa
B MCXOJJHOM COCTOsIHMU paBHa T4 . Onpenenure MOJSIPHYIO TEIUIOEMKOCTh C Tra3a B 3TOM
MpoLEecCe U KOHEUHYIO TeMInepaTrypy rasza 1.

Pemenue. IIpeoOpasyem ypaBHEHHE TMpolecca, IIEperucaB €ro B BHUJE:

pV1/? = const’. CnenoBaTenbHo, IPOLECC TTOMNTPOITHYECKHUH, 1 TOKa3aTelb HOTHTPOIIBI

1 3R 5

paBeH n = . C yuerom Toro, uro Cy, = — Y =, IpUMenss (bopMyily, CBS3BIBAIOIIYIO
7

MOKa3aTelb MOJIMTPOIIBI U TEMIOEMKOCTh B JAHHOM TIpolecce, nojaydyum: C = ER'

Hcnonszyem mnepBoe Havyano tepMoguHamuku: AQ = AU + A. ITlockonbky
MOJIIpHAasi TEIUIOEMKOCTh B JaHHOM Iporecce moctosHHa, 10 AQ = C(T, — Ty).
[Mostomy C(T, — Ty) = Cy (T, — T;) + A, otkyna

A

T, =T, + =T +—.
2 1 1 IR

C_CV

JlomanHee 3a1aHue

3apaua 1. B HekoTopoMm TemioBoM mpoiiecce 00beM I 0IHOaTOMHOI0 UEaTBbHOTO
rasa 3aBHCHT OT abCONFOTHOM Temmeparypel T 1o 3akory V = aT~%/2 rme a —
M3BECTHAs TOCTOSHHAs BeanuuHA. Haliute MONpHYIO TEIIOEMKOCTh ra3a B 3TOM
nporecce. (Otset: C = —R.)

3apava 2. ['enuii B KOJIMYECTBE V MOJICH CKMMAIOT B MPOIECCE C MOCTOSHHOM
TEIJIOEMKOCThIO. OT ra3a OTBEIM HEKOTOPOE KOJUYECTBO TEIUIOTHI, M TEMIIEPATypa ra3a
B pe3yiprare yBeanuuiachk Ha AT. Oxa3alioch, YTO KOJMYECTBO OTBEIEHHOW OT rasa
TEIUIOThl U W3MEHEHUE BHYTPEHHEW JHEPruM rasa paBHbl 10 Moxaysro. Omnpenenure

MOJEPHYIO TCINIOCMKOCTD I'CJIMA B 3TOM IIPOLICCCE. I'IGMy paBHa pa60Ta, COBCPHICHHAA

ra3om B 3ToM miporiecce? (OtBer: C = — ER ; A =-3VRAT.)

3agaua 3*. 3aKkpbIThIN [UJIMHIPUUECKUN COCY/I pa3/ielieH w

Ha JBE 4Y4aCTH CBOOOJHO IepeMemaromumces mnopiHem, [ (0000007

MPUKPEIUIEHHBIM C TOMOIIBIO YINPYrod MPYKHUHBI K JIEBOMY
TOpIY cocyaa. B 1eBoil 4acTu cocyaa — BaKyyMm, B MPABOW — UACATIbHBIA OJTHOATOMHBIN
ra3. Haiiaurte MONSPHYIO TEIUIOEMKOCTh Ta3a, HaxOMSIIErocs B TaKUX YCIOBUSX.
HenedopmupoBaHHOe COCTOSIHUE NPYKUHBI COOTBETCTBYET IOJOKEHHUIO TOPIIHS

y mpaBoro topiia cocyaa. (Otsetr: C = 2R.)
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Bropoii 3aK0H TepMOAUHAMHUKHU

Bonpocam, céa3annubim co 6mopuim 3aKOHOM MEPMOOUHAMUKU OIS PABHOBECHBIX U
HepPAagHOBECHbIX NPOYeccos, pekomenoyemcs yoerums 2 4. Hauams npu smom credyem
C ompeoeleHus aouabamuiecko2o npoyecca U 6vbl800A YPABGHEHUs aouadamol
0111 pasHosecHo20 aoduabamuvecko2o npoyecca. llocne smoeo Hysx#cHO 006CyOums
Pa3nuyUus mMexHcoy oopamumviMu U HeoOpamuMvlMu Npoyeccamu, y0eius GHUMAHUE
KA4eCMBEeHHbIM U KOJUYECNBEHHbIM NPUMEPAM. 3aKOHYUMb U3N0NCEHUe Mamepuand
yenecooopasHo hopMynUPoOBKoL 8MOPO20 3aKOHA MEPMOOUHAMUKU U OOCYHCOEHUEM €20
@usuueckoeo cmulcia.

IIponecc, NTPOUCXOMAIIMKA B  TEIUIOM30JMPOBAHHOW CUCTEME, Ha3bIBAKOT
aouabamuueckum (WM aouabamnwvim). Ilpyu ammabarmueckom mporecce AQ =0 u
MI03TOMY, COTJIACHO TIEPBOMY 3aKOHY TEPMOJIUHAMUKHU, N3MEHEHUE BHYTPEHHEH YHEPTUU
CHCTEMBI IIPOUCXOIUT TOJIBHKO 32 CYET COBEPIICHHS BHEITHUMU CHJIAMHU PaOOTHI:

AU = Agyew cun-

JIuHus, COOTBETCTBYIOIIAsT Ha KakoM-THOO Trpaduke (Hampumep, Ha rpaduke

3aBHUCHUMOCTU JIaBlieHUS p OT oObeMa V') ammabaThdeckoMy IMpOIECCYy, Ha3bIBACTCS

anmabaroii. B kauectBe mnpumepa Ha pV-mmarpamme ‘
Aouabama

[

nokasaHa anguabata i1 uaeaibHOro rasza (puc. 46).
AnunabaTta o0s3aTeNbHO MJIET Kpyde u30TepMmbl. Beab mpu

a,JII/Ia6aTI/I‘IeCKOM IMpoHecCce AaBJICHUC ra3a yMCHLIIACTCA HE
Hzomepma

<

TOJIBKO 3a CUeT YBCIIMYCHUA O6L€Ma, KakK Impn

U30TEPMUYECKOM IIPOLIECCE, HO M 3a CUET YMEHbBIICHUS N
TEMIIEPATYPHI rasa. 0 Puc. 46 4

[TpuBenemM BBIBOA ypasHeHus aduadbamuyecko2o npoyecca sl UAEAIbHOTO rasa.
IlepBblil 3aKOH TEPMOJMHAMUKU B aauabaTUYECKOM IMpOLIECCe, 3alMCaHHbIM A IBYX
OJIM3KUX COCTOSIHUM, OTIMYAIOLIUXCS MO0 TeMIlepaType U 00beMy Ha Mable BETUYHHBI
dT u dV, umeer Bux

0Q =dU + 84 = CyvdT + pdV =0,

rae Cy — MoIspHas TEIIOEMKOCTh ra3a Ipu NOCTOSHHOM o0beme. Mcronb3ys ypaBHEHUE

COCTOSIHUS uaeanbHoro raza pV = vRT, umeem:

C dT+RdV—0
Vor v o

Bcmomaum dopmynny mis mpou3BOAHOM JorapudMuueckord (PyHKIIUH, a TakxKe

dbopMyy UISI CYMMBI JIOTapu(MOB:

87



d 1
a(1nx)=;, Ina+1Inb =Inab.

C y4eToM 3THX (OpMYJI IPOMHTErPUPYEM TTOTYdEHHOE BHIIIE YPABHEHHE!
In(TvVR) = const.

Otcrona nonydaem TCVVR = const, umm, uckmouas T
Cy+R
pV & = pVY = const.

Koa¢pdumment y = (Cy + R)/Cy = C,/Cy HaspiBaeTca MOKasaTeNeM aguadarhl.
Buano, uro amuabaTuyecKuid MpoIecc SIBISETCS MOJUTPONUYECKUM C TOKa3aTesieM
MTOJIUTPOIIBI, PABHBIM TTOKa3aTeI0 auadaThl.

Ilpumep 1. VMneanbHblld OHOATOMHBIM Ta3, 3aHUMAIONIUMN TPU JNABICHUU P4
o0beM I/}, HaUMHAET MEIJICHHO aJnabaTUYECKH paciiupsaTbes 10 oobema V,. Haiinure
paboty A, COBEpIIECHHYIO ra30M B 3TOM IIPOLIECCE.

Pemenune. CoriacHo mepBOMY 3aKOHY TEPMOJMHAMHKHU I aanabaTUyecKoro
3
nponecca A = —AU = —EVRAT, rne AT =T, —T,. U3 ypaBHeHus MeHeneeBa—

o p1V: DLV
Kunaneiipona cieayer, uto T; = %;Tz = %.
\% A%

Ilnst omHoatomMHOro Tasza Yy =>5/3. 3amumeM ypaBHCHHE aaualaThl

5/3
2

L p VP = pyV =2 (%) 0
I OJHOATOMHOro rasa: p V"~ = p, , 4 3HAYUT, P, = Py m . IloacraBmnss

JTAHHBIE COOTHOIIEHUS B (DOPMYIy JIJIsl K3BMEHEHUS! BHYTPEHHEW SHEPTUH, MOTyYaeM:
5/3 2/3

3/ 3 v,
a=-a=-3(n(y) -pn)=zmn(1-(7)

[lepBblii 3aKOH TEPMOJMHAMUKYU HE YCTAHABIIMBAET OrPAaHUYECHHI Ha BO3MOXKHbIE
HaIpaBJICHHUs MPOTEKaHUsI TEPMOJUHAMHUYECKUX TporeccoB. OaHAKO, KaK MOKAa3bIBAeT
OIBIT, MHOTHE TPOIECChl MNPUHIMIHAILHO MOTYT IMPOTEKATh TOJBKO B OJHOM
HampaBiieHUM. Takue  Tpolecchl  Ha3blBalOTCA  Heobpamumvimu. Hampuwmep,
IpU TEIUIOBOM KOHTAaKTe JBYX TEJ C Pa3HOM TeMmmepaTypoil TEemjIoBOM IMOTOK BCerjaa
HaIpaBJIeH OT 00Jiee HArpeToro Teia kK 0osnee XxonogHomy. CaMopor3BOIbHBIN MTPOLIECC
nepeaady KoJIMYecTBa TEIJIOTHI OT TeJla C HU3KOM TeMIIepaTypoH K Telry ¢ 00Jiee BRICOKOM
TeMIlepaTypoil HuKorja He HaOmopaaercs. CregoBaTenbHO, MpoLEecC TEIIooOMeHa
3a KOHEUYHOE BpeMs MPU KOHEUHOW PA3HOCTU TEMIIEpATyp MEXAYy TelaMu SIBISETCS
HEOOPATUMBIM.

Obpamumbimu Ha3bIBAIOT MPOLIECCH] IEPEXO0/IA CUCTEMBI U3 OJTHOTO PABHOBECHOT'O

COCTOSIHUS B APYrO€, KOTOPhIE MOKHO MPOBECTU B OOpATHOM HANpaBIECHUU YEpe3 TY JKe
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IIOCJICIOBATENBHOCTD ITPOMEKYTOUHBIX PABHOBECHBIX COCTOsSHHMU. Ilpm sTom cama
CUCTEMA M OKpYXKAIOLIWE TeJla BO3BPAIIAIOTCS K MCXOMHOMY cocTosiHHUIO. [Iponeccsl,
B XOJI¢ KOTOPBIX CUCTEMa BCE BPEMs OCTAECTCS B COCTOSIHUM PAaBHOBECHS, HA3bIBAIOTCS
keasucmamuyeckumu. Boob1ie roBopsi, He Bce KBa3UCTaTUUECKHE TPOIIECCH O0OPaTUMBI,
HO BCce 00paTHMBbIE MPOLIECCHI TOJKHBI TPOUCXOJUTh KBa3UCTaTUUECKHU.

Pabota 1 noiBeIeHHOE KOJIMYECTBO TEIJIOTHI CYIIECTBEHHO 3aBUCAT OT CIIOCOOOB
nepeBojla CUCTEMBbI M3 HAaYaJdbHOTO COCTOSIHUSA B KOHeuHoe. bonee Toro, m3o0pa3uTh
MpOLIECC HArJIAIHO, HampuMep B BUAE rpaduka 3aBUCUMOCTH JaBJIEHUS OT 00beMa
CUCTEMBI, U BBIYMCIUTH PabOTy MO HM3BECTHBIM (opmynaaMm (JIMOO KakK BEJIUYUHY,
IPONOPLMOHAIBHYIO IJIOUIANA IO/ TpapUKOM Ha p-AuarpaMMme) BO3MOXKHO TOJIBKO
JJ1s1 0OpaTUMBIX ITPOLIECCOB.

Eciun pabouee Teno TEMIOBOM MalIMHBI MPUBOAUTCA B KOHTAKT C TEIJIOBBIM
pe3epByapoM, TeMIIEpaTypa KOTOPOro B MPOLECCE TEMIO00OMEHA 0CTaeTCsl HEM3MEHHOM,
TO €AMHCTBEHHBIM OOpPAaTUMBIM MPOLECCOM OyJeT U30TEPMUUYECKUN KBa3UCTATUYECKUMN
npolecc, MPOTEKAUN IpU OECKOHEUHO MaJIoW pa3HUILE TEMIIEpaTyp pabouero Tena u
pesepByapa.

[Ipy HanuuuM JABYX TEIUIOBBIX PE3EPBYapoOB C pa3HbIMH TEMIIEpaTypaMmu
00paTUMbIM 00pa3oM MOKHO MPOBECTHU MPOLIECCHl HA BYX MU30TEPMHUUYECKUX ydacTKax.
[Tockonbky anuadaTuyecKuil MpoIecc TaKKe MOYKHO MTPOBOIUTH B 000X HAlpaBICHUAX
(amnabatuyeckoe cCxaTMe MW aauMadaTUYECKOEe paclIUpeHue), TO IUKINYECKUH
(3aMKHYTBII) TpoLIecC, COCTOSIIMI U3 IBYX M30TE€pM M JIBYX anuabar (uukn Kapho),
SBJISIETCSI €IMHCTBEHHBIM OOPATHMBIM KPYTOBBIM IPOLECCOM, IPU KOTOpPOM pabouee
TEJI0 IPUBOAMUTCS B TEIUIOBOM KOHTAKT TOJBKO C ABYMsI TEIUIOBBIMU PE3EPBYAPAMH.

[Tponieccsl npeBpaleHus: MEXaHUYECKON paboThl BO BHYTPEHHIOIO 3HEPTHUIO Tela
SBJISIIOTCS HEOOPAaTUMBIMM HM3-3a HAJMYMS TPEHUs, IpoleccoB AUPPy3un B razax u
KUAKOCTSX, IPOLIECCOB NEPEMEIINBAHMS Ta3a IIPU HAJIMYMKM HAYaJIbHOM PAa3HOCTH
JaBieHu U T. 1. Bce peanbHbIe poriecchl HEOOPATUMBbI, HO OHH MOTYT CKOJIb YTOJHO
NpUOIMAKATECSA K 00paTUMBIM IPOLECCaM, KOTOPBIE SIBISIOTCS UAcAIM3alMeN pealbHbIX
IIPOLIECCOB.

PaccMoTpuM penieHne HEKOTOPBIX 3a1a4 0 HEOOPATUMBIX MPOLECCaX.

IIpumep 2. CriycTst HEKOTOPOE BpEMS MOCIE BKIIIOUECHUS HATPEBATEIS B KOMHATE
yCTaHOBHWJIaCh OoJiee BbICOKas Temneparypa. Kak M3MeHusIach BHYTPEHHSISI SHEPrus
BO3/lyXa, CoAiepKauierocs B komHate? Benencrterie HerepMeTUyHOCTH JaBJICHUE BO31yXa

B KOMHATC COXPaHACTCA PaBHLIM HAPYKHOMY.
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Pemenne. I[JIH peUICHUA 3aJda4u 6y,[[€M CUHNTAaTb, 4YTO HA4YAJIbHOC M KOHCYHOC
COCTOAHHA BO3AYyXa B KOMHATC PABHOBCCHBIC, XOTA CaM ITPOICCC HAI'pEBa U HE ABJIACTCA
06paTI/IMI>IM. BHYTpeHHHH OHCPIrud BO3Jyxa, MacCca KOTOPOro paBHa m, MOJIsipHas Macca

1 1 Temneparypa T, ecTb
U=C o T
= v—1.
1l
YpaBHEHHE COCTOAHUSA BO31yXa UMEET BUA:

VmRT
pV = —RT.
U

Ecnu naBnenue p u 00beM V BO3yXa B KOMHATE HE MEHSIOTCS, TO OYEBUIHO, YTO
COXPAHSIETCS] HEM3MEHHBIM IPOU3BEIEHNE MAcChl BO3/lyXa Ha €ro TeMreparypy. A 3to,
B CBOIO OY€EPE/b, 03HAYAET, UYTO BHYTPEHHSSI SHEPTUU BO3AyXa, OCTAIOLIErOCs B KOMHATE,
MOCTOSIHHA M HE 3aBHCHUT OT €ro Temmneparypsl. [IoOHATHO, YTO 3TO MPOUCXOIUT MOTOMY,
YTO YaCTh HArPETOr0 BO3AyXa BBIXOAUT U3 KOMHATHI HAPYKY.

IIpumep 3. B BepTUKAIBHO CTOAIIEM LWIMHJPE MO MTOPIIHEM 3aIIEPT UACAIbHBINA
ra3. Hapyxaoe naBnenue paBHO aTMOcpepHOMY po. Eciau Ha nmopiieHs nocTaBUTh THPIO,
Macca KOTOpOW paBHa Macce MOPIIHS, TO YEPE3 HEKOTOPOE BpeMsl 00BbEM, 3aHUMAEMBbII
ra3om, yMeHbIaetcs B 1,5 pa3a. Kakoe HauanbHOe gaBieHue 0b110 B mrunHaApe? CTeHKH
UUJIMHAPA TPOBOAST TEIJIOTY.

Pemenne. [Ipu ckaukooOpa3HOM (T. €. OBICTPOM) YBEITMYEHUH HArPy3KH MPOIIECC
CKaThsl ra3a He OyleT KBa3HCTaTMYeCKuM, T. €. Oyner HeoOparumbiM. Eciu TpeHue
MOPIIHS O CTEHKHU Majo, TO BOSHUKHYT KOJieOaHusl MOPIIHA. DHEPrusi 3TUX KojeOaHui
OyZeT mOCTENEeHHO YMEHbBINATHCS — YaCTUYHO PACCEUBATHCS B BUJIE TEIIOTHI, YXOASILEH
4yepe3 CTeHKU LWIMHAPA, @ YaCTUYHO NEPENaBaThCid MOJEKYJIAM HApYKHOT'O BO3JyXa
IIPHU UX COYAAPEHUSX C TOPUIHEM.

B Hamem ciiydae NOHSTHO, YTO HAayaJbHOE W KOHEYHOE COCTOSIHUA Trasa
B IWIMHApPE OYAYyT XapaKTepU30BaThCs OJHOM M TOM K€ TEMIIepaTypou, OJHAKO caM
npouecc mnepexoia He OyaerT u3oTepMuueckuM. He mnpuBiekas JOMONTHHUTENbHBIX
YCIIOBH, HEBO3MOXKHO, HampuMep, HalTH padoTy, COBEPUICHHYIO BHEIIHUMH CUJIaMU
HaJ| Ta30M B LIWJIMHJIPE.

IIyctp mopiieHb M3-3a TOrO, YTO y HEro €CTh Macca, CO3JAeT JABICHUE Py.
JI71s1 HauanbHOTrO0 M KOHEYHOTO COCTOSTHUM UMEEM:

(po + p)V1 = (po + 2p)Vs>.
[To ycnoBuro V; = 1,5V,. Orcroma HaxoguMm, 4TO P = py. Takum oOpazom,

HaYaJIbHOE JABJICHUE B IIWJIMHPE ObLIO PaBHO 2Dy.
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Bmopoii 3akon mepmoounamuxu yka3blBaeT HAIPABJICHUE MTPOTEKAHHUS BO3MOKHBIX
HHEPreTUYECKUX MPEBPALICHUA W TEM CaMbIM BBIPAXAET HEOOPATUMOCTH MPOLIECCOB
B riprpojie. OH ObLI YCTaHOBJIEH ITyTEM HEMOCPEICTBEHHOI0 0000IIEHU S ONIBITHBIX (DAKTOB.
Ectb HEeckombKO (OpPMYITUPOBOK BTOPOTO 3aKOHA TEPMOIMHAMHUKH, KOTOPBIE, HECMOTPS
Ha BHEIIHEE PA3INYME, BHIPAKAIOT B CYIIHOCTH OAHO U TO KE U MO3TOMY PABHOLCHHHBI.
Hemenxuit yuensii P. Krnaysuyc cdopmynupoBasi 5TOT 3aKOH TakK: HEB03MOJCHO
nepegecmu meniomy om 6ojnee X0J00HOU cucmembl K Oojee 2opsadeli npu omcymcmeuu
O0OHOBPEMEHHBIX USMEHEHULL 8 0DeUX CUCMEMAX U OKPYHCAIOWUX MeNax.

371ech KOHCTAaTHPYETCS ONBITHBIA (DAKT ONpeAesNeHHONM HampaBIEHHOCTH
TEerUIonepeaaun: TErIoTa cama co0oi MepexoqUT BCEera OT rOPSYUX TeJl K XOIOIHBIM.
[IpaBna, B XONOAWIBHBIX YCTAHOBKAX OCYIIECTBIISIETCS TEILIONEPENada OT XOJIOJHOIO
Tena K OoJee ropsyeMy, HO 3Ta Mepeaavya CBi3aHa ¢ U3MEHEHUSMHU B JPYIHX Teax:
JaNbHENIIee OXJIaKIEHUEe MEHEe HArpeToro Teia JOCTHraeTcs 3a CYET COBEPILICHHUS
pabOThl BHEIIHUMU CUJIAMHU.

Hpyras ¢dopMynupoBKa BTOpPOrO 3aKOHAa TEPMOAMHAMUKH  MPUHAJJICKUT
aHrimiickoMy ydeHomy Y. KenbBUHY: Hego3ModiCcHO — ocywjecmums  maxou
nepuooudecKuli npoyecc, eOUHCMEEHHbIM Pe3yIbMamom KOmopo2o Ovlio Ovl Noay4eHue
pabomul 3a cuem menjioml, 834Mot 0M 00HO020 UCTMOYHUKA.

31eCch YTBEPKIAECTCA, YTO HEBO3MOXHO OCYIIECTBUTh TaKOW UUKINYECKUN
MPOLIECC, B XOJIe KOTOPOTO coBepliaercst padora 3a cuer oTdopa TEIUIOThl OT OJIHOTO
€MHCTBEHHOr0 TeJjia (HarpemaTess) 0e3 mepenadyd Kakoro-in0o KOJIMYECTBA TEIIOTHI
IpYyroMy Teny (XOJIOAWILHUKY). MOXHO chOpMyaupoBaTh JAaHHOE YTBEPXKIACHUE WU
WHAaYe — HEBO3MOXXEH TEIUIOBOM JBUTATENb, KOI(PQPHUIIMEHT TMOJC3HOTO JACHCTBUS
koroporo (KIIJI) paBen 100%. Takoli TrUMOTETUYECKUU JIBUraTellb Ha3bIBACTCS
«BEUHBIM JBUTATENIEM BTOpOro poaa». Ecam Okl OH cCymiecTBoBaja, TO OH OBl
JeicTBOBa 0e3 HapylleHUs 3aKOHAa COXpaHEHUs PHEpruu (Kak «BEYHBIN JBUTaTENb
MEpPBOro pojJia», KOTOPbIM Takke HeocymecTBuM). OpHako, Kak Mbl BUIUM,
CYILIECTBOBAHWE BEYHOrO JIBUTATENsI BTOPOrO poja 3ampeuiacTcsi BTOPHIM 3aKOHOM
TEPMOAUHAMUKH.

MoXHO a0Ka3aTh, 4TO (QOPMYIUPOBKH 3TOrO 3aKOHA, JaHHble TOMCOHOM U
KenbBUHOM, SBJISIFOTCS 9KBUBAJICHTHBIMU.

JlomamHee 3a1anue

3anaua 1. Kakue u3 nepeuncieHHbIX HUKE MPOILIECCOB SIBISIIOTCS HEOOPATUMBIMU:
1) muddys3us; 2) ObicTpoe pacIHIMpeHHE Tra3a B MYCTOTY, 3) OBICTpOe C)KaThe

B agrabarndeckoit odomouke? (OTBET: BCe TPH Mpoliecca HEOOPATHMBI. )
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3agaya 2. VpeanmpHBII JIBYXaTOMHBIM Ta3 TOJABEPracTcs MEIJICHHOMY
annabaTUYecKoOMy CXKaTHI0, B PE3yJbTaTe KOTOPOro: a) 0oO0beM ra3a yMEHbIIAETCS
B n=10 pa3; 0) pmaBneHue raza Bo3pactaeT B n = 10pa3 mo CpaBHEHHUIO
C mepBoHauyanbHbIM. HauanbHas Temmeparypa ra3za B KaKJIOM U3 3THUX OIBITOB paBHA
T, = 300 K, Onpenenute temneparypy raza T B KoOHIIE Kaxjaoro mpoiecca. (OTBeT:
a)T; = 754K;0)T; = 579K)

3amaua 3. Moaenb ITHEBMATUYECKOIO MOJIOTKA P4

paboraer OT pesepByapa CO CXKaTbIM BO3LYXOM. p. .
Brauane Bo3myx W3 pesepByapa € HEKOTOPBIM

JaBJICHUEM p; W TemIieparypor T; 3aloiHsAeT 4acTb

oobema V; pabouero muiIMHApPa MOJOTKA (CM. pHC.).

A

P,
3areM 5Ta HOpUMS BO3AyXa CoBepiiaer pabory,

1
:
1 oy
anuabaTHiecKn — paclmpssicb 10 atMOC(hepHOro % V.oV
1 2

JaBIICHUsI P,. B pe3ynprare ra3 B MWIMHAPE 3aHUMAET

OonpImii 00beM V, u mpuobOperaer MeHblyto Temieparypy T,. Ha mocnennem srare,
npu oOpaTHOM XOJ€ TMOPIIHS, 9Ta >K€ TMOPIHS BO3JyXa BBITECHAETCA U3 pabdoyero
LHUJIMH]Ipa MIPU MOCTOSSHHOM JIaBJICHUU P, U Temneparype T,. 3areM IUKII OBTOPSETCS.
Haitnute paboTy, coBepiriaeMyro 3a TakOW ITUKI MOJIOTKOM, €CIM Pacxoj] BO3yXa

32 KaXIblil IUKJI paBeH OJIHOMY MOJII0, a pa3HOCTh Temmneparyp T; u T, paBHa AT.
(Otset: A = C,AT = ZRAT)

3agaua 4. Onun MOJIb UACAIBLHOIO ph
OTHOATOMHOI'O Ta3a W3 HAYaJIbHOIO COCTOSHHS |
c Ttemneparypoi T; = 100K, pacmupssace uyepes
TypOMHY B IyCTOM COCYZA, COBEpIIA€T HEKOTOPYIO
paboTy M NEpeXOJUT B COCTOSAHHME 2. DTOT MIpOLECC 3

MPOUCXOUT 0€3 MoABOJAA JIMOO OTBOJIA TEIUIOTHL. 3aTEM

ra3 CKHMalwT B Iporecce 2-3 Tpu JHHEHHON 2

3aBHUCHUMOCTU JaBjieHUsT OoT oObeMa U, Hakoner, O V
no m3oxope 3—1 Bo3BpamaT B HCXOAHOE cocTosHue (cM. puc.). Haiigute pabory,
COBEPIICHHYIO Ta30M TpU paclIMpeHuHu uepe3 TypOuHy B mpouecce 1-2, ecnu

B npoiieccax 2—3—1 k ra3zy ObUIO MOABECHO CYMMapHOE KOJIMYECTBO TEIUIOTH Q = 72 JIxk.

N3pectro, uto Ty, = T3 u V, = 2V;. (OTBeT: A15 = %Q + gRTl ~ 625 JIx.)
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3agaya 5*. OauH MOJb Tenus U3 HAYaIbHOIO COCTOSHUS C TeMIepaTypou
T = 300K pacmupsiercs B aauabaTHYecKOM IIPOLECCE TaK, YTO OTHOCHUTEIbHBIE
u3MeHeHus nasienus Ap/p, oovema AV /V u temneparypsl raza AT /T mansl. Haiinure

paboTy A, COBEpIICHHYIO Ta30M, €CJIM OTHOCHUTEJIbHOE HW3MEHEHUE €ro JaBJICHUS

Ap/p = —1/120. (A = —%RT% ~ 12,5 JIx.)

Jlureparypa

Llleponoe A. O6paTuMBbie B HECOOPATUMBIE IIPOLIECCHI B TepMoauHamuke // Keant. —
1993. — Ne 5. — C. 73-78. — URL.:

http://kvant.mccme.ru/1993/05/obratimye_i_neobratimye_proces.htm.
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Azpezamuble cocmosanusA eeuiecmea. dDazosvie nepexodw

HaCblll_[eHHble H HEHACBIIIICHHBIC MTAapPbI

Bonpocul, ceazanmvie ¢ nOHAMUAMU HACHIWYEHHBIX U HEHACLIWEHHbIX Napos,
6xo0am 6 memamudeckui 010K «Aepecammuvie cocmosnua eewecmsea. Dasogvle
nepexoouvl», Ha uzyuenue komopoeo omeooumcsa 14 u. Cuumaem yenecoobpazuvim
OAHHBIM 8ONPOCAM YOenumv 2—3 4, OONOIHAA MeOpemuyecKoe UslodxiceHue pasoopom
npumepos pewenus s3aday. Hauams npu smom crnedyem c onpedenenuti ucnapeuus,
KOHOeHCAyuu, HACLIWEHHO20 U HeHacblujenno2o napa. Illocie 2moz2o  HYdCHO
paccmompems  3a8UCUMOCMb  0AGIEeHUS HACLIWEHHO20 Napa Om MeMnepamypvl u
U30mepMudecKoe Cocamue HeHACLIYEHHO20 napd, d 3a8epulims U3N0diCeHue y4ebHO20
mamepuana 6eeodenuemM NOHAMULU AOCONIOMHOU U OMHOCUMENbHOU  BIANCHOCTU,
a maxoice MOYKU POCH.

JIro60e BeecTBO P OMPEACICHHBIX YCIOBHUIX MOYKET HAXOUTHCS B Pa3JIMYHbIX
arperaTHbIX COCTOSHMSIX — TBEPAOM, JKUJIKOM M ra3000pa3HOM. DTH COCTOSIHUS 4acTO
Ha3pIBalOT (azamu BemiecTBa. OJHAKO, MOXKET OKa3aThCs, YTO JIaHHOE BELIECTBO,
HAaXOZSICh B TBEPOM arperaTHOM COCTOSIHUHM, UMEET IPU Pa3HbIX YCIOBUAX Pa3IMYHYIO
BHYTPEHHIOIO CTPYKTYPY — Pa3HbI TUIl KPUCTAJUIMYECKOM pelIeTKH. B aTOM ciydae
TOBOPAT O HAMYUHU PA3JIMYHBIX KPUCTALTMYECKUX MOAM(UKAUUN TBEpAOro Tena, U
Kakaas Takas MomudHKanus sSBISICTCS OTIeIbHOM daszoi. Takum oOpa3oM IOHSATHS
«arperaTHoe COCTOSIHHE BEUIeCTBay U «(a3a BelecTBa» He ABIISAIOTCI CHHOHUMAaMH!

[lepexon BemecTBa U3 0HOM (pa3bl B APYryro HazbiBaeTcs (ha30BbIM MEPEXOAOM.
[Tpumepamu (pa3oBBIX NEPEXOOB SBISIOTCS MCHAPEHHUE U KOHAEHCAlMsl, IUIaBICHUE U
KpUCTAJNIM3alis, BO3rOHKA (IIEpeX0oJ]] BELIECTBA M3 TBEPAOrO COCTOSHUSA Cpas3y
B Ta3oo0pa3Hoe) U oOparHas el JecyOnumanus, a TakKe IPEBPALEHUE OJHOU
KPUCTAJUINYECKON MOJU(UKALIUY TBEPJIOrO TeA B IPYTYIO.

Bce peanbHble rassl (KHCIOPOJ, a30T, BOJOPOA W T. 1.) IPH OIpPEAEICHHBIX
YCIIOBUAX CIOCOOHBI MPEBPAIIATHCS B KUAKOCTb. OAHAKO TaKO€ MPEBPAIEHUE MOXKET
IIPOMCXOJNUTh TOJIBKO IIpU TEMIEpAaTypax HUKE ONPEICICHHOW, TaK Ha3bIBAEMOMN
KPUTHYCCKO# TemMIiepaTypsl Ty,. Hanpumep, 11t BObI KpUTHYECKast TEMITEpaTypa paBHa
647,3 K, nns azora — 126 K, mns xucnopona — 154,3 K. Ecnu Temneparypa BemiecTBa
MPEBBIIIAET KPUTHUYECKYIO TEMIIEPATypy, TO HEIb3 CUUTATh, YTO BEUIECTBO HAXOJIUTCSA
B JKUJKOM WM B ra3000pa3HOM COCTOSIHUM — B 3TOM CIIy4ae T'OBOPST, YTO BEIIECTBO

HaXOAUTCA B CBEPXKPHUTUICCKOM COCTOSHHH.
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Ucnapenuem HaszpiBaeTcs  (Pa3oBbIA  MEpexoJ M3  KUJAKOIO  COCTOSTHUS
B razoo0pa3zHoe. C TOUKH 3peHHs] MOJIEKYJIIPHO-KUHETUYECKONW TEOPUH UCIIAPEHHE — 3TO
nporecc, MpU KOTOPOM C IOBEPXHOCTH KUAKOCTH BBUIETAIOT Hambosee ObICTpble
MOJIEKYJIbI, KHHETHYECKasl DHEPIUsl KOTOPBIX MPEBBINIACT ITOTEHIUAIBHYIO SHEPIUIO0 UX
B3aUMOZCHCTBUSL C  OCTAJIbHBIMM  MOJIEKYJIAMH  KUIAKOCTH.  Bbuler  Takux
BBICOKOOHEPIe€TUYECKUX MOJIEKYJI NMPUBOJHUT K YMEHBUIEHUIO CPEIHEN KUHETUYECKOU
HHEPTrUU OCTABIIMXCS MOJIEKYJ, T. €. K OXJAXIACHUIO KUJIKOCTH (€ClIM K KUAKOCTH HE
HOJIBOIUTCS TEIUIOTA OT OKPYXKAOLIUX TEN).

Komnoencayus — 310 nnpouecc, o0paTHblil npoueccy ucnapenus. [Ipu konaeHcaunu
MOJIEKYJIbI TIapa BO3BPAILAIOTCS B KUAKOCTb. B 3aKpBITOM COCYyAE KHIKOCTb U €€ Iap
MOTYT HaXOJUTBHCA B COCTOSIHUM AMHAMUYECKOTO PABHOBECHUS IPYr C IPYroM, KOrnaa
YUCJIO MOJIEKYJ, BBUICTAIOUIUX B E€IMHHILY BPEMEHU U3 KUIKOCTH, B CPEIHEM DPABHO
YUCITy MOJIEKYJ, BO3BPAIIAIOIINXCS B €IMHUILY BPEMEHM B JKUJIKOCTb U3 I1apa, T. €. KOraa
CKOPOCTH IIPOLIECCOB HCIIAPEHUS W KOHACHCALlMM OJIMHAKOBBL. Takyl CHCTEMY
Ha3bIBalOT AByXx(a3zHoil. [lap, Haxoxmsuiicss B pPaBHOBECHUU CO CBOEHU KUIKOCTHIO,
Ha3bIBAIOT HACLIUWEHHBIM.

Cpennee 4uCIO MOJIEKYJ, BBUICTAIONUMX C C€AWHUIBI IIOMAMU IIOBEPXHOCTU
JKAJKOCTH 32 OJHY CEKYHIY, 3aBHUCUT OT TEMIIEparypbl KUAKOCTH. CpenHee 4ucio
MOJIEKYJI, BO3BpallalONIMXCAd 3a OAHY CEKyHIy M3 Ilapa B JKHUJIKOCTb, 3aBHCHUT
OT KOHLEHTPAUK MOJIEKYN Hapa U OT CPEAHEH CKOPOCTH MX TEMJIOBOrO JBHUKECHMS,
KOTOpasi ompexaeinserca temieparypod mnapa. Otcroga ciaenyer, 4To Jid JaHHOIO
BEILIECTBA KOHLIEHTPALMsI MOJIEKYJI Iapa IpM PAaBHOBECUM KUIAKOCTH M €€ Mapa
ONpPENENAETCS WX PAaBHOBECHOM TEMIIEpATypOU. Y CTAaHOBIEHUE JIMHAMHUYECKOIO
paBHOBECUS MEXAY NPOLECCAMHM HCIAPEHHUs W KOHJACHCAlMM MpPHU ITOBBIIICHUU
TEMIIepaTypbl MPOUCXOIUT NpH O0JIee BHICOKOW KOHLEHTPALMK MOJEKYI napa. Tak kak
JlaBJICHUE Ta3a (1mapa) ONpenessieTcsl €ro KOHIEHTpalue U TeMIepaTypor, TO MOXKHO
CHEJIaTh BBIBOJ: JABJIECHUE NIapa JTaHHOTO BEIIECTBA 3aBUCUT TOJIKO OT €r0 TEMIIEPATYPhI
U HE 3aBUCHUT OT 00beMa.

[Ipn HarpeBaHUM XUIKOCTH C IApOM B 3aKPBITOM COCYI€ YacTb >KUIAKOCTH
npesparaercs B nap. C pocToM TeMIiepaTypsl YBEIUUUBACTCS CKOPOCTh UCHIAPEHUS, U
paBHOBECHE MEXIY KUIAKOCTBIO M MapoM Hapymaercs. KoHLEHTpauuss MOJEKyJ, a
CJIEOBATENBHO, U INIOTHOCTH I1apa BO3PACTAIOT. Tak ImpOJOIDKaeTcs IO TeX Iop, MOKa
IJIOTHOCTH I1apa HE YBEJIMYMUTCS HACTOJIBKO, YTO IPOLIECC KOHAECHCALMU YPaBHOBECUT

nponccC HCIApCHUA. B pe3yiabTaTre COIrjiaCHO OCHOBHOMY YPAaBHCHHUIO MOJICKYJIAPHO-
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KuHeTndyecko Teopuu (p = nkT) naBieHHWE HACBIIIEHHOIO Iapa pacTeT HE TOJIBKO
BCJIEJICTBUE TOBBILLIEHUSI TEMIIEPATypbl, HO U BCJIEJCTBUE YBEIUYECHUSI KOHUEHTPALUU
MoJIeKyN (TIOTHOCTH) mapa. IIpy 3TOM TraBHYIO poJib B YBEIMYEHUU J1aBJICHUS
HACBIIIEHHOI'0 NIapa UrpaeT POCT KOHIEHTPALMU MOJIEKYJ Mapa, a He MOBBILIEHUE €ro
TEMIEPaTypHl.

OCHOBHOE  OTIMYHME B  TOBEJACHUHU Y
UJICaTbHOTO Ta3a U HACHIIIEHHOTO Mapa COCTOUT
B TOM, YTO MPH U3MEHEHUHU TeMIepaTypbl mapa
B 3aKPBITOM cOCy/ie (WM PU U3MEHEHUU 00beMa
napa Mpu MOCTOSHHOW TeMIlepaType) MeHseTcs

Mmacca napa. JKnakocTb 4aCTU4YHO IPEBPAILAETCS

B IMap WIM, HANpPOTUB, TMap YacCTUIHO
koHgeHcupyeTcsi. C HieaqbHbIM Ta30M HHUYETO Puc. 47
noso6Horo He mpoucxoautT. Hampumep, ecnu HauaTh HarpeBaTh HACHIIMICHHBIA Tap,
HaXOJUBIITUICA B JUHAMUYECKOM pPABHOBECHH CO CBOSH IKHUIKOCTHIO (COCTOSHUE
A Ha puc. 47, To CHavyana JaBJICHHUE Tapa OyJeT BO3pacTaTh HEIMHEHHO (yuaacTok AB)
U3-3a yBeJIMYEHUs Macchl mapa. Korna Best ®KUIKOCTh UCTIAPUTCS, Map MPU JalbHEHIIeM
HarpeBaHUM TMEPECTaHET ObITh HACKHIIICHHBIM, U €r0 JIaBJICHUE MPH MTOCTOSHHOM 00beMe
OyzmeT Bo3pacTaTh MPSIMO MPOMOPIIMOHATBHO a0COMIOTHON TeMIepaType B COOTBETCTBUU
¢ 3akonoM Illapss (yuactox BC).

Ecau MCAJICHHO HN30TCPMHUYCCKHU CXXHMMAThb

P

HEHACBIIEHHbIA Tap npu T < TKp, TO €ro JaBJICHHUE d HCUOKOCTTD
Oynmer Bo3pactarh (yuacTok ab na puc. 48), moka He .

HACBIUfEHHbIU
CTaHET PaBHBIM JIABJICHUIO HACBHIIIEHHOTO Tapa. /nap
[Ipu panpHelIeM yMEHbIIEHUN 00bEMa Ha THE COCya 5
oOpa3yeTcst KUIKOCTh, M MPH KaxJAOM IOJOKEHUU
nopirHs ~ OyzeT  CYHIECTBOBaTh  JIMHAMHYECKOE da
paBHOBECHE MEXIY JKUIKOCTHIO M €€ HACBILICHHBIM -

, Puc. 48
napoMm. C ymeHbIlIeHMEM 00bema Bce OOMblas 4acTh

napa OylneT KOHJIEHCHUPOBATHCS, a €ro JaBJCHUE MpU ITOM OyIeT OCTaBaThCs
HEM3MCHHBIM (TOPU30HTAIbHBIN yuacTok bC Ha nzorepme). Korma Bech map npeBpaTuTCs
B )KMIKOCTb, IABJICHUE HAYHET PE3KO BO3pACTATh MPU JAIbHEHIIIEM YMEHbBIIICHUN 00heMa

BCJICAICTBHE MAJIOW CYKMMAEMOCTH JKUIKOCTH (ydacTok cd).
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Ipumep 1. B 3amkayToM cocyne oobemoM V = 1 M3 Haxonarcs Boma Maccoi
m = 12 r u HackleHHBIN nap. [I10THOCTH 1 1aBieHHE Napa Mpy JaHHOW TeMIEepaType
pPaBHBl COOTBETCTBEHHO P = 8- 1073 kr/M® w p =11 «klIla. Kakoe naBnenue
YCTAaHOBHUTCS TIpH yBeNMW4YeHWH oO0bema B k = 5 pas? CuuTtaiiTe, 4TO TeMmrepaTypa
P YBETTMYCHUH 00BhEMa HE U3MEHSIETCS.

Pemrenue. B cocyne mepBOHAYaIbHO COAEPKAJICA HACBILICHHBIN Iap Maccou
m; =pV = 8-1073 kr (00beMOM, 3aHMMaeMbIM BOJIOi, MOKHO IpeHeOpeus). O6mas
Macca BOABI M mapa Obuia paBHa m +my; = 2+ 1072 kr. Jlna HaceleHus: o0bema,
paBHoro kV, Heobxomum map Maccoil m, = pkV = km; = 4-107%kr. Tak Kak

m+my <m,, TO MOCJIe YyBEIMYEHHUS OO0bEMa Map CTaHET HEHACBHIIIEHHBIM. Ero

m+m “
IJIOTHOCTH OVIIeT paBHA p; = ——. JaBJieHWe Tapa Mpy JAaHHOW TeMIIepaType MpsSMo
1 kv

IIPOIIOPHIHUOHAJIBHO IIJIOTHOCTH. HOSTOMy

_ppy _p(m+my)
P1 0 okV

Ipumep 2. B 3akpeitom cocyge oObemom Vi = 0,5M3 maxomurcs Boma

= 550 Ia.

maccoit m = 0,5 kr. Cocyn Harpenu g0 Temnepatypsl t = 147 °C. Ha kakyro BeTUYuHY
AV cnenyeT U3MEHUTh 00BEM COCYJa, YTOOBI B HEM COACPIKAJICSA TOJIBKO HACHIIICHHBIN
nap? JlaBaeHue HacChIEHHOro mapa npu temneparype t = 147°C paBHO
po = 4,7-10° Ia.
Pemenne. HaceilienHslii ap npu JaBjieHUHU Py 3aHUMAeT 00beM
mRT

Pol
rie 4 = 0,018 kr/mosib — MomsipHas macca Boael. O0bsem cocyaa V; >V, mostomy

V= ~ 0,2 M3,

rap B UICXOJJHOM COCTOSIHUU HE SIBJISIETCS] HACKIIIEHHBIM. UTOOBI ap cTasi HACHIILIEHHBIM,
o0BEM cocyza clieIyeT U3MEHUTh Ha

AV =V -V, =—0,3 M3,
T. €. yMeHbIINTH Ha 0,3 M3,

BaxHOl M 4YacTO MCHOIB3yeMOM Ha TMPAKTUKE XApAKTEPUCTUKOM BO3IyXa,
COIEpKaIIero BOASHBIE Mapbl, SBISETCS  GlajcHocmb. B KadecTBe  Takou
XapaKTePUCTUKN MOXKET OBITh MPHUHSTA TUIOTHOCTH BOASHOTO Tapa P, COAEPXKAIIerocs
B BO3/yX€. DTy BEJIMYMHY HA3bIBAIOT AOCOMOMHOU 6IAXCHOCMbIO U U3-32 €€ MAJOCTH
BBIPQXKAIOT B I'paMMax Ha KyOM4ecKuil MeTp. AOCONIOTHAS BIAKHOCTh, TAKUM 00pa3zoM,

IIOKA3bIBAET, CKOJILKO IPAMMOB BOJSHOIO napa copepsxkutes B 1 M3 Bozayxa. ITockonbky
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B COOTBETCTBHM C ypaBHeHHMEM MenneneeBa—KianeiipoHa MmIOTHOCTh BOJASHOIO IMapa
OpsIMO TIPOIMOPIIMOHATIFHA €r0 JaBICHUIO, TO HMHOTAA aOCOJIOTHOM BIIAXKHOCTHIO
Ha3bIBAIOT MApUUaIbHOE [ABJICHUE COJEPMKAIIErocsl B BO3AyXE Iapa — IPU TAKOM
MOJIX0J1e A0COJIIOTHYIO BJIAYKHOCTh MOXKHO U3MeEpsTh B Kl]a.

OmuocumenbHoU 61a%#CHOCHbIO BO3AYXA (P HA3bIBAIOT BEIPAXKEHHOE B MIPOLIEHTAX
OTHOLIEHHUE MApUHAIBHOTO [ABJICHHUS P BOMASIHOTO Tapa, COAEP Kallerocs B BO3AYyXE

MIPU JIAaHHOU TeMIepaType, K IaBJICHHUIO Py, HACHIIIIEHHOTO Iapa Py TO JKe TeMIiepaType:

0="2100%= 2 -100%.

Pu Pu
3nech p — abCOMOTHAS BIAKHOCTH, a P, — IUIOTHOCTh HACHIIIIEHHOTO BOASHOTO

rapa nIpy JaHHOW TemIepaType.
[Ipn oxJaXJAEHUM BIAXKHOIO BO3AYyXa IIPU IIOCTOSIHHOM [aBJIEHUH €T0
OTHOCHUTEJIbHAS BIAKHOCTh MOBBIIIAETCS, TaK KaK YeM HIKE TeMIleparypa, TeM OJrKe
IapUUaJbHOE JABJICHHWE I1apa B BO3AYyXE K JABJICHUIO HACBIIIEHHOrO Iapa. B KoHIe
KOHIIOB I[P HEKOTOPOU TEMIEPATYpPE Nap CTAHOBUTCS HACBHIICHHBIM.
Ilycte  mpu  Temmeparype t;
napuyagbHOe JaBJIIEHUE BOISHOIO IIapa p,

paBHO p;. CocTosHME Tmapa MpU BTOM P
1

n300pasutrcs Ha rpapuke TOUYKOH A

(puc. 49). Ecimm oxmaauth  BO3AYX

J10 TeMIIepaTypsl t,- Ipu p; = const, To map

0 ! 1, 1

.
CTAaHET HACBIIIEHHBIM W €ro COCTOSHUE
Puc. 49

n3zo0pasutcs Toukoit B. Temmeparypa ¢,

70 KOTOPOW JTOJDKEH OXJIaJUTHhCS BO3AYX, YTOOBI HAXOMAAIIMMHCS B HEM BOJASHOW Map
JOCTUT COCTOSIHHSA HACBIIIEHWS (IpU JaHHOM BJIAXKHOCTH BO3[yXa M HEU3MEHHOM
JIABJICHUH ), HA3bIBAETCS MOUKOU POCHL.

IIpumep 3. B cocyne HaxoauTcsi BO3AYX, OTHOCHTENbHASI BIAKHOCTH KOTOPOTO
npu temneparype t; = 10°C paBHa @; = 60 %. Kaxoit Oynmer oTHOCHUTEILHAS
BJIAKHOCTD (P, TIOCJIE YMEHbILIEHUsI 00beMa cocya B n = 3 pa3a U HarpeBaHUsl CUCTEMBbI
no temmepatypbl  t, = 100 °C? II10OTHOCTH HACBHINIEHHBIX BOJSHBIX MapoB
pu Temreparype t; pasaa p = 9,4 - 1073 kr/m>,

Pemenne. [Ipu Temmneparype t; aOCOMIOTHAsE BIAXKHOCTh (O CKaTus) paBHA

p1 = @1p. Ilocne cxatust macca Biaru, MPUXOASAIIASICS HAa €IUHUILY O0beMa cocyra
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(He TOJBKO B BU/IE ITAPOB, HO U B BUJIE CKOHJICHCUPOBABIIIECICS KUKOCTH, €CIIH BO3HUKIIN
YCIIOBUS JIJIs1 KOHACHCAIMH), Oy/IeT paBHA
P, = n@.p ~ 1,69-1072 kr/m°.
ITpu temneparype T, = t, + 273 °C = 373 K naBneHue HACHIIICHHBIX BOISHBIX

MapoB PaBHO HOPMAaLHOMY aTMoc(hepHOMY JaBieHuIo py = 10° I1a, n UX MIOTHOCTH

HPo
P3 = RT2

rne L = 0,018 kr/Mosb. Tak kak p3; > p,, TO B cocyle OyIAeT HEHACHIIIICHHBIA IMap

058—

C OTHOCUTEJIbHON BJIAXKHOCTHIO
_ P2 _ n@.pRT;
P3 HPo
Ipumep 4. Ilpu kakoif MaKCUMaJIbHOW OTHOCUTEJILHON BJIAXKHOCTH 9y BO3AyXa

~ 2,9-107% = 2,9%.

B KOMHaTe OyTbUIKAa MOJIOKA, BBIHYTash U3 XOJOIWIbHHKA, HE OyIeT 3amoTeBarh?
Temneparypa B xonomwibHuke t; = +5°C, a B komHare t, = +25 °C. [laBneHue
HACBIIIEHHBIX MapoB BojbI mpu +5 °C paBHO p; = 866 Ila, a mpu +25 °C oHO paBHO
p, = 3192 Ila.

Pemenune. Bozne OyThlIKK TemMmeparypa BJIaXXHOTO BO3JyXa CTAHOBUTCSA PABHOM
t; = +5 °C. ByTbiiKa He 3a1I0TEBaeT, €CJIM OTHOCUTEIIHHAS BIAKHOCTH BO3/yXa MPH ITOU

temmneparype He npesbimaer 100%:

o = 100% < 100%.

P1
3aece pp = 2’;1 — IUIOTHOCTh HACBIIIEHHOTO BOASHOIO Iapa IMpu TEeMIEepaTrype
1
T, =t; +273°C= 278K, a p — aOcomioTHas BJIAXXHOCTh BO3IyXa B KOMHATe,

HC 3aBuCialIass OT TCMIICPATYPHI. HOSTOMy MaKCUMajbHasi aOCONIOTHAs BJIAKHOCTH

BO3[lyXa, IpU KOTOpOW OYThUIKA €II€ HE 3all0TE€BAET, paBHA Pg = Pq = %
1

CooTBercTByIOIIas ~ OTHOCHUTENbHAs  BJIAXKHOCTH  BO3AyXa IpU  TEMIepaType

T, = t, + 273 °C = 298 K 6yzer pasna @, = 22 100% = plf 100% ~ 29%.
211

Jlomalmnee 3aganue
3agaua 1. B 3akpsiTom cocyae oobemoM V = 1 1 HaxoasATCs BO3AYX U BOASHOU
nap npu temmeparype 100 °C. OtHocuTenbHas BIAKHOCTH Bo3ayxa @ = 25%.

Kaxkas macca BOISTHOI'O I1apa CKOHACHCUPYCTCs, CCIIN 00BeM H30TCPMHUICCKHU YMCHBIINTD
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B n =15 pa3? CuuTaiiTe U3BECTHBIMU HOpPMaJbHOE aTMOc(hepHOe AaBlIEHUE P, U

MOJIApHYIO Maccy Bojibl . (OTBeT: Am =~ T (ﬁ — %) ~ 0,03r.)

3agaua 2. wmHap 3anoidHWwiM  HEOOJNBIIUM  KOJIMYECTBOM  BOJIBI
npu temneparype t = 50 °C, 3aKkpbUIM IJIOTHO MOpIIHEM miuomaneio S = 10 cm? u
nepeBepHyin. [Ipy Kakoil MUHUMaJIBHOM Macce MOPIIHS M OH HAYHET OMYCKAThCSA BHU3
nox JeifcTBueM cunbl TskecTH? ATmochepHoe napienue p, = 10° Ila, nasnenue
HaCBIIIIEHHOTO BojasHOoro mapa mnpu t = 50°C paBHo p = 12303 [la. Tpenuem
npereOpeds. Macca Bojipl MaJia TIo CpaBHEHUIO ¢ Maccoi mopirHs. (OTBeT: m = 8,9 kr.)

3agaua 3. B 3manme 3uMol  HEOOXOMMMO TMOAATh Yepe3 CUCTEMY
koHauuuonuposanus 100 000 M3 Bo3ayxa Tak, 4yToObl OH UMen Temmneparypy 20 °C u
OTHOCUTENbHYIO BIaXKHOCTH 70%. Bo3myx 3abupaioT C ynuipbl, TA€ OH HUMEET
temneparypy — °C U OTHOCUTENbHYIO BIaXHOCTh 90%. JlaBieHue HaACHIIIEHHBIX
BO/sIHBIX 1mapoB npu —5°C pasHo 400 Ia, a mpu +20 °C onHo paBno 2,33 kIla. Ckoabko
BOJIbI HAJIO JIOTIOJIHUTENIBHO UCIIAPUTh B JIAHHBIA 00beM MogaBaemMoro Bozayxa? (OTBerT:
m = 916 Kr.)

3agaya 4. B cocyae HaxomWTCs HEHACHIMCHHBIM map. B mpomecce ero
M30TEPMUUYECKOTO CKaTUsl 00beM, 3aHMMaeMblid mapoM, yMeHbIaeTcs B B = 4 pasa, a

JaBIICHWE B COCyle Bo3pactaeT B o = 3 pasza. Haiigure pnomo mapa, KoTopas

o 1
CKOHJICHCHpOBajachk B 3ToM npoiiecce. (OtBer: 1 — iy )
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HOBerHOCTHOC HaTHAXKCHHUC

Bonpocvl,  ceazannvle ¢ nouamuem — «NOBEPXHOCMHOE  HAMIICEHUEY,
paccmampusaomcs 8 memamuieckom 0Ojoke «Aepecammuvie cOCmoAHUs Geujecmaa.
Dazosvie nepexodvl», Ha usyueHue Komopozco omeooumca 14 u. Cuumaem
YenecooOpasHviM  pacCMOMpPEHU0 OAHHLIX B0NPOCO8 Yyoerums 1 4, OONOJHA
meopemuyeckoe U3odiceHue pazoopom npumepos peutenus 3aoay. Hauamo npu smom
cnedyem ¢ KauecmeeHHO20 OOBACHEeHUsT NPUYUH B03HUKHOBEHUSI NOBEPXHOCHHO20
HAMADICEHUsl, NOCAe He20 HYNICHO paccMompems ONpoC O OONOJHUMENbHOU
HOMEHYUATIbHOU JHepaUUu  MOJEKY]l NOBEPXHOCMHO20 Cl0s U 0amb onpeodeieHue
K03 puyuenma  NOBEPXHOCMHO20 — HaAMAdNCEHUA.  3a8epuums  paccmMompeHue
HeobX00UMO 8b186000M POPMYIbL O CUTLL HOBEPXHOCMHO20 HAMANCEHUS.

CBoOOTHAsT TIOBEPXHOCTh KUIKOCTH 00J1aaeT MHTEPECHBIMHU CBOMCTBaMU. Jlemo
B TOM, YTO MOJIEKYJIbI, HAXOMSIIUECS B TOTPAHUYHOM CJIO€ >KHIKOCTH, B OTIHYHE
OT MOJICKYJI, HAXO/ISIIIIUXCS B TIIYOMHE KUIKOCTH, OKPYKCHBI IPYTUMHU MOJICKYJIaMHU TOU
e JKHJKOCTH HE €O BceX CTOpoH. CHIIBI MEKMOJCKYISPHOTO B3aMMOJICHUCTBHS,
JIEUCTBYIOIINE HA OJIHY U3 MOJIEKYJ BHYTPH JKHJIKOCTU CO CTOPOHBI COCEHUX MOJIEKY,
B CpeIHEM B3aUMHO CKOMIICHCHpPOBaHbI. Jlto0as MoJekyiga B TOTPAaHUYHOM CIIOE
NPUTIATUBACTCS  MOJIGKYJIaMU,  HAXOMSIIMMHUCS  BHYTPH  KUJKOCTH  (CHJIaMH,
JEUCTBYIONIMMH Ha JAHHYIO MOJICKYJTY KHJIKOCTH CO CTOPOHBI MOJIEKYJ Ta3a WK mapa,
MOXXHO TpeHeOpeub). B pesynbrare, kazanoch Obl, TOJDKHA MOSBIATHCS HEKOTOpAs HE
CKOMIICHCUPOBaHHAs CWJa, JEUCTBYIONIAs Ha MOJEKYJbl IMOBEPXHOCTHOTO CIIOSI U
HaIpaBJICHHAS BIITYOb JKUIKOCTH.

Ho Ha camoM jfiene Bce MOJIEKYJIbl, B TOM YHCIIE U MOJIEKYJIbl TOTPAHUYHOTO CJI0S,
HAXOJSTCS B COCTOSIHUM paBHOBecHs (BOOOIE TOBOpPS, JUHAMUYECKOrO, TaK Kak
MOJIEKYJIbl y4acCTBYIOT B TEIJIOBOM JABWXKEHHUH). [loaToMy yromsiHyTas BBIIIE CHIIa
B pe3yJIbTaTe OKa3bIBAE€TCS CKOMIIEHCUPOBaHHOMU. « BepxHue» MoJIeKy bl OTTaTKUBAIOTCS
OT ONMmXalMX K HUM MOJIEKYJI, HAXOJAIIMUXCS B HUIKEJIEKAIIEM MPUIOBEPXHOCTHOM
clioe, a K JIeKAllUM eIle T[Iy0oKe MOJIEKyJaM — MPUTATHBAIOTCSI. DTO MPUBOIUT
K «PacTsHKEHUIO» PAaBHOBECHOT O IIOBEPXHOCTHOTO CJIOST dKUJKOCTH, B KOTOPOM MOJICKYJIBI
OKa3bIBAIOTCS YIMAKOBAHHBIMU MEHEE IUJIOTHO 110 CpPaBHEHUIO C MOJIEKYJIaMH,
HaXOSAIITUMUCS B TITYOUMHE KUIKOCTH (TPUTIOBEPXHOCTHBINA CJIOM MOJIEKYJT OKa3bIBACTCS
0osiee «pBIXJIBIM», YeM HIDKenexamue ciaou). [lo 3Toil mpuuuHe g nepeMereHus
MOJICKYJIbI M3 00beMa JKHUJKOCTH Ha ee MOBEPXHOCTh HAJI0 COBEpIIaTh paboTy MpPOTHB

CWJI TPUTSKEHUSI K APYTMM MOJIEKyJiaM, HaXOASIIUMCS B OoJiee TIyOOKHX CIOfX.
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CrnenoBarenbHO,  MOJEKYJbI ~ MOBEPXHOCTHOI'O  CJIOS  O0JaJal0T  HEKOTOpOU
JOMOJHUTENIBHOM — MOTEHUMAIbHOW JHEpPrueld 1O CPaBHEHHID C  MOJIEKYJIAMH,
HaXOJSAUIMMUCSA BHYTPH KUIKOCTH. OJTY SHEPIHMI0 4acTO Ha3bIBAIOT IOBEPXHOCTHOMU
SHEPTUEMN.

YroObl mHEpeMEeCcTUTh HEKOTOPOE YHCIO MOJEKYJI W3 TIyOUHBI KUIKOCTH
Ha TOBEPXHOCTh (T. €. YBEJIMYUTh IUIONIaJb CBOOOJHOM MOBEPXHOCTH >KUIKOCTH),
BHEIIHUE  CUJIBI  JIOJDKHBI ~ COBEPIIUTH  MOJOXKUTENbHYIO  paboty  Adguem:
MIPOTTOPIIUOHATIFHYIO U3MEHEHUIO TUTOIIAAM TOBEpXHOCTH AS. DTa paboTa Kak pas v uJaeT
Ha YBEJIMUYEHHUE NOTEHIIUAIIbHON SHEPTUU MOJIEKYJI TOBEPXHOCTHOT'O CIIOSL.

ITo onpenenenuto koaghguyuenmom nogepxHocmmno20 HamMANCEHUsL G HCUOKOCMU
Ha3bIBACTCS BEJIMYMHA, YHUCIEHHO paBHas padoTe, KOTOPYIO HYKHO COBEpILUTH
KBa3UCTATUYECKU (OYEHb MEIUIEHHO) U M30TEPMHYECKH IJIsI TOrO, YTOOBI YBEIMYUTH

TIJIOIAIb CBOOOHOM MOBEPXHOCTH KUIKOCTH Ha €UHUILY:
A14BH€I.LI

AS
Enununedt u3MmepeHus Ko3(p@pUUMEHTa MMOBEPXHOCTHOro HarspkeHuss B CU

0o =

spisercs Jx/m? = H/m.

Takum  00pa3om, JIOMOJHUTENbHAS TMOTEHIUAIbHAS DJHEPIHs  MOJICKYII
MOBEPXHOCTHOT'O  CJIOSL  JKUJIKOCTH  MPOMOPIIMOHAIIbHA  TUIOMIAAM  CBOOOIHOMU
MOBEPXHOCTH. V3 MexaHWKM W3BECTHO, YTO PABHOBECHBIM COCTOSIHUSIM CHCTEMBI
COOTBETCTBYET MHHUMAIbHOE 3HAYEHUE €€ MOTEHIInaIbHOU sHeprun. OTcroAa Cleayer,
YTO CBOOOIHASI TOBEPXHOCTH KUAKOCTH CTPEMUTCS COKPATUTH CBOIO TUIomas. [1o aToi
MpUYrHE CBOOOAHAS KaIulsd KUAKOCTH TMpHUHUMAET (HopMy, OJIM3KYIO0 K IMIapooOpa3HOi
(cepuyuHOCTH HapylIaeTCst U3-3a JEHCTBUSI CHIIbI TSDKECTH).

Ipumep 1. Chepuueckyro Kamio pTYTH pagdycoM R pasznenunu Ha JBe
oMHaKOBble Karmum. Kakyio pa0oTy COBEpIIWIM TIPH OSTOM BHEIIHUE CHJIIBI?
[ToBepXHOCTHOE HATSKEHHUE PTYTH O.

Pemenune. Ilycte pamumychl MajeHbKHX Kalleib, IMOJTYYEHHBIX B pe3yjbTaTe
pazzaenenusi, paBHbl 7. Mickomasi pabota paBHa YBETUUYEHHUIO MOBEPXHOCTHOM SHEPIUU
xugkoct: A =0(S, —S;). 3mecs S; =4mR? u S, =2-4mr? - momwagu
MOBEPXHOCTEH OONBIIOW M MalbIX Kameiab. T.K. CyMMapHbIi 00BbEM Kameilb He

4 3 4 4 R
W3MEHMIICS, TO EnR =2 LT CraenoBaTenbpbHO 17 = V3 u

A =0(2-4mr? — 4nR?) = 4n6 (V2 - 1)R2
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Kak YiKC OTMCYAJIOCh, JKHAKOCTb CTPCMHUTCA
YMCHBIUIUTL IJIOIIAAb CBOEM CBO6OIIHOﬁ ITOBCPXHOCTH.
>KI/II[KOCTI> BCACT ceos TaK, KakK 6y,Z[TO 10 KacaTeIbHOU

K €€ IIOBEPXHOCTU JACHUCTBYIOT CHUJIbI, CTSTHUBAIOLINAE ITY Fy
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ITOBCPXHOCTD. OTHn CHJIBI Ha3bIBalOTCA cuiramu

nogepxnocmuoco namsadxcenus. llonyaum gopmyny s

CHUJIBI TMOBECPXHOCTHOI'O HATAKCHHUSA FH Ha IIpHUMCPEC

IPOBOJIOYHOM paMKU C IUICHKOW JKHAKOCTH. Ecnm Fon
B MBUIBHBIA PAacTBOP OIYCTUTL IIPOBOJIOYHYIO DaMKYy, |« 7 >
OlHA M3 CTOPOH KOTOPOW TNOABMYKHA, TO HAa HEHU

Puc. 50

obpasyercs TureHka xuakoct (puc. 50).

Cuiibl TOBEPXHOCTHOTO HATSKEHUSI CTPEMSTCA COKPATUTh MOBEPXHOCTh IICHKH.
s obecrieueHus: paBHOBECHS TOJABUKHON CTOPOHBI paMKU JIMHOM L K Hel HYXHO
NPWIOXKHUTh BHEWIHIOKW cuity F,, = 2F, (ko3@duuueHt 2 B dopmysne MNOSBUIICS
U3-3a2 TOrO, YTO Yy IUIGHKH €CTh 08¢ MOBEPXHOCTU, U BAOJIb KaXJOM NEHCTBYET Cuiia
MIOBEPXHOCTHOI'O HaTsKeHMs ). Eciy nmoaBuKHask CTOPOHA PAMKU OECKOHEYHO MEIJIEHHO
MEPEMECTUTCS Ha pacCTossHUE AX 110/ IEMCTBUEM ITOM BHEITHEW CUJIBI, TO OHA COBEPIITUT
pabory AAguey = FoulAx = 2FE,Ax = gAS, tne AS = 2LAx, w3MeHEHHE IUIOIIAIH
CBOOOHOM MOBEPXHOCTU 00EUX CTOPOH MBUIbHOM TUIEHKU. OTCIO1a TOJTydaeM:

E, = oL.

B obmem ciiyaae AF, = gAl, rne Al — nivHa Manoro 3JeMeHTa HEKOTOPOU JTMHUH,
JeXalend Ha MOBEPXHOCTH KUAKoCcTH. Cunna AF; HanpaBiieHa NEPIEHIUKYISIPHO 3TOMY
aneMmeHTy Al 1 1ecTByeT IO KacaTeJIbHOM K MOBEPXHOCTH.

IIpumep 2. CmaunBaeMblil BOJ0M KyOHK IJIaBaeT HAa MOBEPXHOCTH BOJBI TAK, YTO
€ro BEpXHssl I'paHb ropusoHTaibHa. PeOpo kyouka umeer jymmny a = 0,03 M. Ha kakyro
MaKCHUMAaJIbHYI0 BEJIMYMHY MOXKET BO3pacTU TIJyOWHAa MOTpYKEHHs KyOMKa B BOAY
U3-3a JEUCTBUSA CHJ TOBEPXHOCTHOro HarspkeHusi? KoadduumeHT moBepXHOCTHOrO
HaTshkeHus Boabl o = 0,072 H/m, ee mnotHOCTh 1 r/eMe.

Pemenne. Ilyctb x; — morpyxeHuss KyOMKa Maccoil m B OTCYTCTBHE CHII
MOBEPXHOCTHOI'O HATsKeHUsI. Torna ApxuMmenoBa cujia ypaBHOBEIIMBAET CUITY TSXKECTU
KyOuKa:

a’x;pg —mg = 0.
Cunmpl  TOBEPXHOCTHOIO  HATSDKEHUs  JIGWCTBYIOT — BIOJb  [IEPUMETPA

TOPU3OHTAIBHOTO Ce4YeHHss KyOuka. [yOuHa morpyxeHuss KyOMKa BO3pacTeT
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HA MaKCUMAIbHYIO BEJIMYUHY B TOM CJIydYae, €CIH CHJIbI IIOBEPXHOCTHOIO HATSKCHHS
OyIyT COHANpaBJEHBI C CUIOH TsbkecTH. Toraa ycloBHE paBHOBECHS Ul KyOHKa,
IIOrPYKEHHOT'0 Ha IITyOHHY X, OYJeT UMETh BUJ;
a’x,pg —mg — 4ac = 0.
BbrunTast u3 BTOporo ypaBHEHHS IEPBOE, MOTYIHM:

4o
Ax =x, —x; =——= 1 MM
pga

JlomainHee 3aganue

3agaua 1. Kakyro MHUHUManbHYI0 pabOTy HY)XHO COBEPIIUTH, YTOOBI BBIIYThH
MBUIbHBIA My3bIph auamerpoM 10 cM? KoadpduuueHT NmoBEepXHOCTHOIO HATSIKEHUS
MBLIBHOTO PacTBOPa CYMTATh paBHBIM 4 - 1072 H/m. (OtBet: A = 2,5 1073 M]Ix.)

3agaua 2. [IpenmnonoxuM, 4T0 BOCEMb MAJCHBKUX JTOXKJIEBBIX Karelb, Kaxiaas
paauycoMm R, BO BpeMs MaJieHHs] Ha 3eMJIIO CIMIUCH B OAHY Oosblnyto Karumo. Kakyro
paboTy MpU 3TOM COBEPIIMJIM CHUJIBI TIOBEpXHOCTHOro HatsbkeHusi? Koadduiment
IIOBEPXHOCTHOIO HATsKeHUs Boxbl paeH o. (Oteer: A = 16TR?%0.)

3agaua 3. OneHure, KaKyr0 MUHUMAJIbHYIO BEPTUKAJIHHO HAMPABICHHYIO CUITY F
HY)KHO TIPWIOXKUTH [JIi TOro, 4YTOObl OTOpPBaTh TOHKOE METATUYECKOE KOJIbIIO
OT TOPU3OHTAILHOM TIOBEPXHOCTH MBUIBHOIO pacTBopa C  KO3(P(UIIMEHTOM
IIOBEPXHOCTHOrO HaTskeHust 6 = 4 - 1072H/m, ecan amamerp konbna 15,6 cM, a ero
Macca 7,0 r. Kosblio conpukacaeTcs ¢ TOBEpXHOCTBIO pacTBOpa MO OKPYKHOCTH, cujia F
pacripeniesieHa BIoJb Kojblla paBHoMepHO. (OtBeT: F = 0,11 H.)

3agaua 4. Jlng  JKCIEepUMEHTANIBHOTO  ompeneieHuss  koddduimenta
MOBEPXHOCTHOIO HATSXKEHUS BOJbI ObLIa HCMOJIb30BaHA MUIIETKA C JUAMETPOM
BBIXOMHOTO oOTBepctus d = 2 MM. Boga cBOOOAHO Kamajga W3 MHIETKA, W TOCIE
3aBEpIIEHUS OMbITa 0KA3aJ10Ch, 4TO 40 OJMHAKOBBIX Karellb BOAbI UMEIOT OOIIYIO Maccy
m = 1,9 r. Onpenenure Mo 3TUM JaHHBIM KO3(G(UITUEHT MTOBEPXHOCTHOTO HATSIKCHUS
Boabl 0. (OtBet: 0 = 0,074 H/M™m.)

Jlureparypa
benxun . K. O cunax nmoBepXHOCTHOTro HatsokeHus // Kant. — 1983, — Ne 12, —
C. 27-28. — URL: http://kvant.mccme.ru/1983/12/0_silah_poverhnostnogo_natyazh.htm.
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JlaBjieHre moJ MCKPUBJICHHON MOBEPXHOCTHIO KUIKOCTH.

KaHHJIJISIprle ABJICHUA

Paccmompenuro  kanumnsipuvix  senenuti. U 0a6ieHusi No0  UCKPUBIEHHOL
NOBEPXHOCMbIO HCUOKOCMU peKomeHOyemcs yoerums 1—2 u. Hauamv npu smom cnedyem
Cc 00cyJxcOeHus 60npoca O NPUYUHe  NOSGIEHUs  U30bIMOYHO20  O0ABlIeHUs
npu  uckpueieHuu nogepxHocmu. Ilocne 3moco HYJHCHO paccmompems AGNEHUS
CMAYUBAHUS U HECMAYUBAHUS, A 3A8ePUIUMb U3YUEHUEe 8bl8000M (DOPMYIIbL O] BbICOMbL
NOOHAMUSL HCUOKOCMU 8 KaANUJLIApe.

HOI[ ,Z[GﬁCTBPICM CHJI IIOBEPXHOCTHOI'O HATSAXKCHUA B KaIlJIAX

!

o AaB1
KHUJKOCTH, BHYTPM  MBUIBHBIX  My3bIpell u  BooOmIe

o4 PICKpPIBJIGHHOﬁ IMOBCPXHOCTBIO  KHUIAKOCTH  BO3HHUKACT

uzbvimoynoe oaenenue Ap. Haitnem 3T0 M30BITOUHOE JaBIICHHE,

paccMOTpeB B KadyecTBe MpuMepa chepuyeckyro Karuio
panguycoM R. MBICIEHHO pa3pexeM €€ Ha JBE IOJOBHUHBI.

Ha KaXXAYIO U3 HUX I[CﬁCTBYIOT CHJIBI ITIOBCPXHOCTHOI'O HATAXKCHUA

-

E,, npuioxeHHble K rpaHuue paspe3a qjiuuHoil 2TR. Ilpu sTom

IIOJIOBMHA KAIlJIM HAXOJAUTCS B PABHOBECHH. CrnenoBaTelIbHO, CUJIBI Puc. 51

-

TIOBEPXHOCTHOI'O HATSKEHUS YPABHOBEIIMBAIOTCS CUIIOM M30BITOYHOrO AaBIEHUS Fyyp

JelicTByIOIIEel Ha IUIOMAAb IIONEpPEeYHOro CeueHus Karu, paBHyro TR? (puc. 51).
VY ciioBrue paBHOBECHS TTOJIOBUHBI KaIlJIM 3alIMCHIBACTCS B BUJIE:
Ap - mR? = ¢ - 2TR.

20
OTCIOI[a U30BITOYHOE AaBJICHHUEC BHYTPU KaIlJIk paBHO: Ap = ?

M306pITOUHOE NaBlieHUE BHYTPH MBUIBHOTO IMY3bIps B JIBa pa3a OoJjblle, 4em

BHYTPpH KaIllId, TaK KaK IIJICHKa HMMCCT ABC CBOGOI[HBIC ITOBCPXHOCTH (BHCIHHIOIO u

40
BHYTpeHHIOIO). HOBTOMy AJIs1 MBUIIBHOT'O ITY3BIPs Ap = ?

Ecan HCKPHUBJICHHAsA IMOBCPXHOCTb KHIAKOCTH HNHIMHIAPHUYICCKAA (pa,tuc

) (o)
OUJIMHIOpAa R), TO HW30BITOYHOE AaBJICHHC 1101 HCU PAaBHO Ap = E

[TpumeHeHne 3TUX IPOCTHIX (POPMYIT MO3BOJISET pelIaTh Psijl 3a/1a4.
IIpumep 1. /IBa MBUIBHBIX ITy3BIPS paInyCaMu R U T «CPOCIHCH» APYT C APYIOM.
Kakyto popmy mpumer mieHka, pasaenstomas 3Tu my3sipu? Kakue yriabsl oOpasyrorcs

MCIKAY ITOBCPXHOCTAMU Hy3blpeﬁ U IJICHKOM B MECTax MX COHpI/IKOCHOBeHI/IH?
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Pemenue. Ilycte R > r. JlaBieHune BHYTPU MBUIBHOI'O ITy3bIps paauycoMm R

40
0oJbIIIe aTMOCEPHOTO JaBICHUS HA BENMUYUHY Ap; = ~—» @ BHYTPH JIDYrOT0 My3bIPs —

40 o
OosblIe HA BeTUUUHY Ap, = — Ilockonpky Ap; < Ap,, TO pa3HOCTh ITUX NABICHUN

JOJDKHAa OBITH YPaBHOBCIICHA AJABJICHUEM HMCKPHBJIICHHOI'O y4acCTKa ITJICHKH, HaTHHyTOfI

40 40 40
MCIKAY ABYM:A ITY3BIPAMU. CJIe,Z[OBaTeJIbHO, ? + R_ = 7, rac Rx — paanyC KPHUBHU3HBI
X

ydJacTKa IUNIEHKU Mexay ny3sipsaMu. Orcrona R, = %.

PaccMoTpuM Maiblil 3JIEMEHT I'paHUIbl CONPUKOCHOBEHMS ITY3bIPEN U IUICHKH.
Tpu CUbI MOBEPXHOCTHOTO HATSKEHUs, JEMCTBYIOLIME HA TOT DJIEMEHT CO CTOPOHBI
MOBEPXHOCTEH My3bIPEH U MIICHKHU, PABHBI MEXKIY COOOM 110 MOAYJIIIO U YPaBHOBEIIUBAIOT
JIpyr apyra (MX BEKTOPHAs CyMMa paBHA HYI0). DTO BO3MOXXHO TOJIBKO B TOM CJy4Yae,
KOI'/Ia YIJIbl MKy BEKTOPAMH YKa3aHHBIX CHJI paBHbI 120°.

BOausu rpaHunbl  MEXIY
KUJKOCTBIO, TBEPABIM TEIOM U

ra3om dbopma CBOOOTHOM /" ] \ K /

IOBCPXHOCTH KHUAKOCTH 3aBUCHUT

B OCHOBHOM OT CHUJI B3aUMOJICHCTBUS 5
MOJIEKYJN KUJKOCTH C MOJIEKYJIaMH1 2) 5)
TBEPJOro Tena (B3auMOACHCTBHEM Puc. 52

C MOJIEKYJaMHM Tra3a WM [apa 4alle BCEro MOXXHO mpeHeOpeub). Ecmu cumbl
B3aMMOJICHCTBUS MOJIEKYJI >KHAKOCTH C MOJEKYJIaMH TBEPIOrO Tejla MEHbIIE CHUJl
B3aMMOJIEUCTBUSL MEXYy MOJIEKYJIaMHU CaMOW >KMJIKOCTH, TO YKUAKOCTb He cMavueaem
IIOBEPXHOCTh TBEPAOro Tejna. B 3TOM ciydyae MOBEPXHOCTh MKHUAKOCTU COCTABIISET
C MOBEPXHOCTHIO TBEPAOrO TE€a HEKOTOPBIM TYMOM yros O, xapaKTepHbIN Uil TaHHOU
napbl «KHAKOCTh — TBEpAOE Teno» (pUc. 52, a). Yron O Ha3bIBaeTCs KPaeBbIM YIJIOM.
Ecnu cunbsl B3aMMONEWCTBHS MEXAY MOJEKYyJIaMU >KHJIKOCTH M TBEPAOrO Teja
MPEBOCXOJAT CUJIbl B3aUMOJEHCTBUS MOJIEKYJ XKUIAKOCTH JAPYr C JAPYroM, TO KpaeBou
yroil 6 okaspIBaeTcs OCTpPbIM (pHC. 52, 6). B 3ToM ciydae TOBOPAT, YTO >KHJIKOCTH
cmadueaem TIOBEPXHOCTh TBepaoro tena. lIlpm momHoMm cmauuBanum 0 = 0°,
npu noJHOM HecMayuBanuu O = 180°. OTmeTuM, 4TO Yyroa 6 oTCUMUTHIBAETCS U3HYTPU
KUJKOCTH.

Ecnu momecTuTh Ha TOPU3OHTAIBHYIO MOBEPXHOCTh TBEPAOrO TEJNa MAaJEHBKYIO
KaIUTI0 KUJKOCTH, TO OHAa OyJneT Mo-pa3HOMY BECTH ceOsl B 3aBUCMMOCTH OT TOrO,

CMayuBaeT 3Ta KUAKOCTb JaHHOE TBEPAOE TEJIO WIM HE CMayuBaeT. B mepBoM cirydae
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KaIuls pacTeuercs 110 IMTOBEPXHOCTH TOHKUM CJIOEM, a BO BTOPOM — IIPUMET MPAKTUUECKU
chepuyeckyro hopmy.

CrnenyeTr UMeTh B BUY, UTO KOO(PPUIIMEHT MOBEPXHOCTHOTO HATSX)KEHUS O CUIIBHO
3aBHCHUT OT TEMIIEPATYPhI — [IPU YBEJIIMYEHUHU TEMIIEPATYpPhl OH YMEHbIIIAETCS, 00paIlasch
B HOJIb NPU KPUTHUECKOU Temmeparype (ITOCKOJIbKY TP ATOW TeMIlepaType uhcye3aer
IPaHUIA MEXKY )KUIKOCTBIO M €€ HACBIILIEHHBIM [1apOM).

IIpumep 2. B TOHKON TOPU3OHTAILHO PACTOJOKCHHOW ITMIJIMHIPUICCKOM
CTEKJITHHOM TpyOKe HAaXOIUTCS Karuisi: a) BOJbI; 0) pTyTu. UTO MPOU3OHAET C Karie,
€CII OJINH KOHELl TPYOKH MOA0TPETh, @ TEMIIEPATyPy BTOPOT0 KOHIIA OCTAaBUTh MPEKHEN ?
Boaa cMaunMBaeT 4MCTOE CTEKIIO, a PTYTh HE CMAYMBAET.

Pemenne. Ilockonbky KO3(pGUIMEHT NOBEPXHOCTHOTO HATSXKEHUS 3aBUCUT
OT TeMIlepaTyphl (YMEHBIIAETCS C €€ pOCTOM), IIPU HArpeBaHUU OJHOTO KOHIIA TPYOKH —
HaIpuMep, JIEBOTO — CUJIbI IOBEPXHOCTHOTO HATSHKEHUS CIIPaBa HAYHYT JOMUHUPOBATh.
IToaToMy BoOAsiHAsE Karuisl, KOTOpas CMAauMBAaeT CTEKJIO, ITOIOJ3ET BOPABO, a PTyTHas
Karuis, KOTopasi HE CMauuBaeT CTEKJIIO, MOIOI3€ET BIIEBO.

Takum o0Opa3om, >KUIKOCTh, CMauMBarolias TPpyoOKy, OyJeT JBUTaTbCs MO HEu
B HAINpaBJIEHUU OT HArpeToro KOoHIAa K xojomHoMy. [loaTomy Mokpas oOyBb Jydlie
COXHET, €CJIi €€ MOJOrPeBaTh U3HYTPU — TOT/Ia BoJa OYyAET JABUTATHCS B MOpPAX KOXKH,
U3 KOTOPOM M3roTOBJIEHA O0YBb, B CTOPOHY 0O0JI€€ XOJOIHOM BHEIIHEW MOBEPXHOCTH,
oTKyJa 0yneT 3p(HeKTUBHO UCTIAPSATHCA.

B cBs13u ¢ 3O 3aa4eii MoNe3HO NPEIIoKUTh 00yHaroIIMMCs TOIyMaTh, IOYEMY
MOKpBIE KUPIIUYU HEJIb35 CYLIUTH B IIEYH, IPESI KX CO BCEX CTOPOH, & HYXKHO MMOJIOTPEBATh
UX JIAIIb C OJHON CTOPOHBI.

Kanunnapuoimu — aeénenusmu  Ha3bIBalOT  MOABEM  WIIU .
OIYCKaHUE >KUJIKOCTU B TPYyOKaxX Majoro AMaMmerpa — Kamwmuispax. g
KupakocTu, cMauMBaroOlie KanWuUIAPhl, MOJHUMAKOTCA MO HUM, HE
CMAaYyMBAarOLIME — OITyCKAOTCS.

Ha pucynke 53 wu3o0paxeHa KanmwuisipHas TpyOka

paauycoMm 1, ONYHICHHAA HHWXHHUM KOHIOOM B CMaiMBarOllyIO

KUOKOCTh IIIOTHOCTBIO p. BerHI/If/'I KOHCI KallWJuIgdpa OTKPBIT.

E
[ToxbeM KUAKOCTH B KaNWLISPE NPOAOJDKAETCS IO TEX IOp, MOKa v
cuna TsokecTu F,, MEHCTByromas Ha CTONO >KUIKOCTH BBICOTON h
B KallWUIsIpe, HE CTaHET PAaBHOM 10 MOIYJIIO Pe3ybTUPYIOUmICH F, Puc. 53
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CUJI TTOBEPXHOCTHOTO HATSKEHMS, NEHCTBYIOMIMX BJOJb TPAHMILI CONPUKOCHOBEHHUS
JKUJIKOCTH C TIOBEPXHOCTBIO KATIUILIAPA:
E.=F, rtme FE =mg=phnrtg, F,=o0"2mrcosb.
Orcrona crnenyer:
2o0cos 9

~ pgr

20
[Tpu nmonnom cmauyuBanuu 6 = 0°cos 6 = 1. B atom ciyuae h = Py IIpu nonHOM

HecMaunBanun 0 = 180° cos 6 = —1 wu, cuemoBarenbHo, h < 0. VYpoBeHb
HECMAYUBAIOMIEH JKUIKOCTH B KaMWUIAPE OIYCKAeTCs HIDKE YPOBHS KHUIKOCTH,
B KOTOPYIO OMYIIEH KaImuIsIp.

DTy 3a7a4y MOKHO PEILIUTh U C TIOMOIIBIO0 (DOPMYIIbI, BRIpAXKAIOIIEH TaBJICHHE O]
WUCKPUBJICHHOW MOBEPXHOCTBIO JKMJIKOCTH. Pagnyc KpHBU3HBI IMOBEPXHOCTH JKHJIKOCTH
B Kamwuisipe paBeH R = r/cos 0. M30bITOUHOE NaBlieHUE, CBA3AHHOS C HCKPUBJICHUEM
MMOBEPXHOCTH JKUIAKOCTH, JOJDKHO YPaBHOBEIIMBATHCS THAPOCTATHYCCKUM JaBICHUEM

cTojioa JKUAKOCTU B KAITUJLIAPC!

20 B 20 cos 0

pgh=R— "

Otcrona mosrydaeTcs MpeKHUN OTBET 11 A.

IMpumep 3. Huxuuii KOHENl BEPTUKAILHON KaMWLIIPHONW TPYOKHU OMYITIEH B BOJY
IJIOTHOCTBIO P ¢ KOA((PUIIMEHTOM MOBEPXHOCTHOTO HaTshKeHMs 0. Kakoe KOoMM4ecTBO
TEIUIOTHI () BBIACIIUTCS MPU NOAHITUU KUAKOCTU N0 3ToMy Kanwuisipy? KpaeBoi yroa
MPUHATH PABHBIM HYIIIO (ITOJHOE CMAaYyMBaHUE).

Pemenne. JXuakocte mOgHUMAETCS cOracHO (opMmyse, MOJy4eHHOW BBILIE,

20
Ha BBICOTY h = py Macca cronba KUAKOCTH M = Tr2hp, Mo3TOMy NOTEHIHAIbHAS

SHEPIUs ATOTO CTOJI0A B MOJIE TATOTCHUS 3EMJIU:

__mgh _ 2mo®

P2 pg
HOCTOSIHHEUI 10 MOI[y.TIIO cHulia HOBCpXHOCTHOFO HATIAKCHUA COBepH_IaCT

MIPY MIOJHSATHUN YPOBHS KHUJKOCTH Ha BBICOTY h paboTy

4mo2

P9
Ha ysennuenne noreHuumanbHoi SHepruu Ey, AET TOJIBKO IOJ0BMHA 3TOM paboThL.

A=o0"2ntr-h =

CraenoBaTenbHO,
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2102

Q=A—-E, = 07

Ipumep 4. OTtkppiTyto ¢ 000MX KOHIIOB TOHKYIO [JIMHHYIO
BEPTUKAIBHYIO CTEKISIHHYIO KamWULIPHYIO TpyOKy, paauyc KaHamia
KOTOpoW 7 = 1 MM, 3aKpbUIM CHU3Y U HAMOJHWIIM BOAOWU. 3aTEM HWKHUU
KOHEIl TPYOKH OTKpPBUIM, TPU ITOM 4YacTh BOIBI BbUIMJIACH (puc. 54). \B/ Ml
[TnoTHOCTH BOABI P, KOI(PPHUIMEHT TOBEPXHOCTHOTO HATHKEHUS O, ;
cMauuBaHue nojHoe. KakoBa BbicoTa cTON0a OCTaBIICWCS B KammUIsIpe
BOJBI? i

Pemenue. Bec cTonba BoabI B MOCTAaBIEHHOW BEPTUKAILHO TPYOKe Puc. 54

YACPKUBACTCA 6Haroz{apﬂ HaJIMIHUIKIO CBCPXYy W CHHU3Y MCHHUCKOB

(Tax Ha3bIBAIOTCS] UICKPUBIICHHBIE YYACTKU [TOBEPXHOCTH JKUAKOCTH). [{aBneHue B Touke B
20
TOJL BEPXHUM MEHHCKOM: Py = Pg — —, TI€ Po — atmoc¢epHoe aasnenue. B Touxke H

Ha/l HIDKHUM MEHHCKOM JIaBJICHHE PaBHO: Py = P, + pgh, Tne h — uckomas BeICOTa

o 20
crojiba BOJBI. C APYrou CTOpOHEL, Py = Po + T

CnenoBaTenbHO,
20 20
Px =po+7=p3+pgh=po—7+ pgh.
Otcrona:
4o
h=——.
pgr

IIpumep 5. Mexnay nAByMs TOPU30HTaJIbHBIMH KBAJAPAaTHBIMU CTEKJISIHHBIMU
IUTACTUHKAMU HaXoAWTCA Tmpocioiika Bonabl Tommmuon d = 0,3 MmM. Kakyro cuimy
HEOO0XOAMMO MPHJIOKHUTh K IUIACTUHKAM MEPIEeHIUKYISIPHO UX MOBEPXHOCTSM, YTOObI
OTOpBaTh IUIACTUHKU Apyr oT apyra? JlnuHa cropoHbl miactTuHkM a = 10 cM,
KO>((HUIMEHT MOBEPXHOCTHOrO HATsHKEHUs Boabl o = 7,3+-1072H/M, cmauuBanme
IIOJIHOE.

Pemenne. qDOpMy HCKpHBHGHHOﬁ IMOBCPXHOCTH KUAKOCTH MCIKIY INIACTHHKaAMHU

o d
MOXHO CYUHHTATb DIUIHMHAPHUYCCKOM C PaanyCcoOM R = E HOBTOMY JaBJICHHUC

o 20
B JKHUJIKOCTH MEX]1y TUTACTUHAMU MEHbIIe aTMOC(HEPHOI0 Ha BETUUUHY Ap = i 9t10

03HAYaeT, YTO IUIACTHHKM HPHKAThl IPYr K Apyry cuioii F = ApS, roe S = a? —
TJIOIIAIb TUIACTUHKHU. YTOOBI OTOpBaTh OJIHY TUIACTUHKY OT APYTOid, UMEHHO ATy CUIIYy U

HYXHO IIPCOJ0JICTD. B pe3ysbTaTe, MMOACTABJIASA YUCIICHHBIC TaAHHBIC, HAXOJANM:
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F—ZG2 4,9 H
=_Ta"~49H

OI[H&KO, KaK OKa3bIBACTCA, HUUCTO HC CTOUT Pa3bCANMHUTD IIJIACTUHKH, OITYCTHB UX

B BOJly. MOKHO Takke OOJIErYuTh 3a/1auy, CABUTAsl UX JAPYT OTHOCUTEIILHO JIpyra.

Jlomalmnee 3aganue

3agaua 1. B BoAy IUIOTHOCTBIO P BEPTHKAIBHO OMYIIEH CTEKISHHBIN KallWJuLp,
CTEHKH KOTOPOTO MOJHOCThIO CMAuMBAIOTCA BOJOW. BHYTpH Kanusuisipa CTOJOMK BOABI
MOJHSIICA Ha BBICOTY h. ATMocdepHoe 1aBlieHrne paBHO P. Uemy paBHO JaBlIeHUE BOJbI
B KalMJUTSIpe HENOCPEACTBEHHO 1o MeHuckoM? (OTBet: p = py — pgh.)

3agaya 2. J[Ba MBUIBHBIX MY3bIpS pa3HBIX pPa3MEpPOB
COCMHEHBI TPYOKOMW, KOTOpasi mepekphiTa kpaHoMm. Kakoi u3 3Tux
y3bIpel OyIeT CAyBaThCsl, €CIIM OTKPBITh KpaH? (OTBET: MEHBIIIHIA. )

3agauya 3. YroObl Ma3p Jy4llle BOUTHIBAJIACh B CMA3aHHbIC JIBDKHBIE OOTUHKH, UX
HarpeBaloT. Kak HyXHO HarpeBaTb OOTHMHKM — CHapyku WM u3HyTpu? (OTBeT:
CHapy»XH.)

3apaya 4. HwkHuii KOHEI[ CTEKISIHHOM KaNmWUIAPHOM TPYOKH paauycoM
r = 0,05 cM ommymien B Bogy Ha miiyouHy h = 2 cm. Kakoe MuHMMalibHOE JaBlieHUE
HEOOXOJIMMO CO3/1aTh, YTOOBI BBIIYTh IMY3bIPEK BO3/yXa Yepe3 HIKHHUUA KOHEI 3TOU
TpyOku? IlnorHocts Bogsl p = 1 r/cM3, KOO()GHUIUEHT MOBEPXHOCTHOrO HATSKEHHS
Boabl 0 = 7,3 - 1072H /M, cmaunBanue nonHoe. (OtBer: Ap =~ 490 I1a.)

3agaua 5. )KuakocTe IJIOTHOCTBIO P, MOJHOCTBIO CMA4YMBAIOLIAs KaWJUIIPHYIO
TpYOKy, HOJHSIACh B HEW Ha BbICOTY h. Uemy paBHO JaBJ€HHE B KHUJAKOCTU BHYTPU

Kanuwuisipa Ha BbIcOTe h/4 OT MOBEPXHOCTH BOJbI? ATMOC(epHOE aBleHUE PaBHO P.

(OtBeT: p = pg — p‘z;h.

3agaya 6. B kamwuispHoil TpyOKe, OMNYIICHHOW BEPTUKAIBHO B BOIY
Ha TyOuny [, Boma moaHsiach Ha BBICOTY h. HmxHUIT KOHEI[ TpyOKM 3aKpbhIBaIOT,
BBIHIMAIOT €€ W3 BOJABI M CHOBa OTKpBIBaIOT. Ompenenure AIMHY L cTOnOuKa BOJBI,

octaBuieiics B Tpyoke. (OtBer: L = 2h,eciu l > h ,yomu L =1+ h,ecm | < h.)
Jlureparypa
byzoun A. U., Kpomos C. C. [IoBepXHOCTHOE HaTSHKCHUE U KaMJUIIPHbIC sIBJICHUS //

Ksant. — 1988. — Ne 4. — C. 56-61. — URL.: http://kvant.mccme.ru/1988/04/p56.htm.
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