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Caaiin 1.

Peub cerogus noiiner o6 ypaBaenusix. ['eapux ['epir (1857-1894) rosopuur:
“YpaBHeHUs1 yMHEeE T€X, KTO UX BbIBeN . B kHHUTe «MexaHuka CIIOIIHON Cpeab»,
KOTOPYIO sI Hamucad JJisi MeXMara W KOTopas TOJIHA YpPaBHEHHUSIMHU, TOXKE
npuBOAUTCS 3Ta (¢paza. MOXKHO TPUBECTH MacCy IPUMEPOB Ha 3Ty TEMY.
Hanpumep, B3opBasin aToMHYI0 00MOY, Kak OyAeT 3aTyxaTh yjaapHas BojiHa? OHa
Oyner 3aTyxaTth N0 3akoHy 7 B ctemeHu 2/5. J[ns 5TOro He HYKHO HHUKAKUX
CYNEPCIIOKHBIX CUCTEM ypaBHEeHM. MTak, kK TeMe Halllero 3ace/ilanusl.

Caaiig 2.

Bo-nepBbiXx, Ha YeM OCHOBBIBAIOTCSI pacyueThl JIBUKEHUS BO3AyXa B
aTMocdepe? IT0 ypaBHEHUS TUAPOJUHAMUKH. A UMEHHO, YpaBHEHUE COXPAHCHHUSI
Macchl, WJIM HEpPa3pbIBHOCTH, KOTOpPOE €CTh BO Bcex ydeOHukax. [lorowm,
yYpaBHEHUSI JBIKEHHWSA, COXPAHEHUS HMITYJbCa, WM BTOpoW 3akoH HeroToHa:

dv
MaccCa 4aCTUlbI BO3ayXad, YMHOKCHHAA Ha YCKOPCHHUC z ) paBHa CYMMG BCCX CHII,

KOTOpbIE Ha Hee nelcTByrOT. Kakue cuibl nercTByror? Cuiia TSKECTH, IPaJIueHT
naBieHus, TypOysneHTHoe TpeHue u KopuonucoBa cuna. U, HakoHel, ypaBHEHHE
IIPUTOKA TEIUIA - TEMIEpAaTypa MEHSAETCSA 3a CYET IPUTOKA TeIUla. 3a CYET Yero
BO3HHUKAET nputok  Ttemna?  Bo-mepBbix, Omaromaps  TypOyJE€HTHOMH
TEIUIONPOBOAHOCTH, BO-BTOPBIX, BCJIEJICTBUE IOIJIOIIECHUS/BBIICICHUS JTyYUCTON
sHepruu. 710 Bce BXoauT B Q. TaMm ecTs emie TpeTbe craraeMoe — BhIACIAETCS WIN
NOTJIONIAaeTCA Temio MNpu (A30BBIX MEpexojlax - HUCMApEHUH, KOHJEHCAIlUH,
3aMep3aHuM, OTTamBaHuu. [, HaKOHel, €CTh e€lle YpPaBHEHHE COCTOSIHUSA
COBEpLIEHHOIO rasa. ['a3 Ha3pIBaéM COBEpPLIECHHBIM, €CIM OH NOJYMHSETCSA
ypaBHeHHIO MenneneeBa-Knanenpona. MlHorga ero Ha3plBarOT WICAIBHBIM T'a30M,
HO B COBPEMEHHBIX yYEOHMKaX IO TMAPOJMHAMHKE UACATbHBIM ra30M Ha3bIBAIOT
HeBsi3kue cpebl. OcoOble CBOMCTBA COBEPIICHHOTO Ta3a BBIMOJHAIOTCS, KOIna
JABJICHUE WJIU IJIOTHOCTh HE OYEHb BEJIMKU - JUIs BO3]lyXa 3TO nopsaka 1o S50 wim
60 oyeHb TO4HO BhIMONHSAETCSA. [Ipn OOABIIMX AaBIEHUSIX HEOOXOJIUMO BBOAMTH
NONPaBKH, 3TO CBSA3aHO €IIIE€ U C TEMIIEPATYPOH.

Caaipn 3.

Bo3gyx coctouT w3 CcyxoM dYactu W Biard. Bopxa, KOTOpas MOXKET
IPUCYTCTBOBATh B BHUJE BOJASHOIO TMapa, Kameilb WIM KpHUCTAIOB (o0OJaka,
TyMaHBI, OCAaJKH — JIOXJb, CHeEr). MaccoBoe cojep)KaHue BIark Majo — 3TO
JIECSIThIE OJIA MPOLIEHTA, HO, TEM HE MEHEE, Bjara UrpacT CyleCTBEHHYIO POJIb B
TeroBoM Oamance. llpm pacderax MOXKHO TpeHEOPEYh TOPU3OHTAIHHBIM

1
OTOT TEKCT He peJaKTUPOBaAsICA AOKNALUYMKOM.



JIBMKCHHEM ITapOBOM U KalleJIbHOW BIIard OTHOCUTENBHO BO3/yXa, IOTOMY YTO OHA
NIEPEHOCUTCSI B OCHOBHOM KOHBEKTHBHO. HO B BepTHKaIbHOM HaIpaBICHUU 3TU
OTHOCHUTEIIbHBIC IBUKCHHS MOTYT OBITh CYIIICCTBCHHBI.

Wtak, MOXKHO CUMTaTh, YTO TOPU3OHTAIBHAS CKOPOCTh ABUKEHUS BOJSTHOTO
mapa COBIAJAET CO CKOPOCTBIO JBMKCHHS CYXOro BO3/yXa, a B BEPTUKAIHLHOM
HampaBieHU HeT. COOTBETCTBYIONIYIO OTHOCUTEIBHYIO CKOPOCTH CJEIYET
YYUTHIBATh, TIOTOMY YTO €CTh CHUJIBI TsDKecTH. Jlanmee ypaBHEHHE COXpaHEHUS
Macchl mapa u TypOyneHTHOW muddy3uu. OTHOCHUTEIbHAS CKOPOCTh IMMapOBOM
BJIaTW TIPOIIOPIIMOHATFHA TPAJUECHTY KOHIICHTPAIIUU 3TOW BIIard. JTO ypaBHEHUE
mupPy3um duka. To ke camoe s kanenb. [ Karens ocakIeHUEe ONpeIessaeTcs
adpOAMHAMUYCCKIMHU CHJIAMH: CKOPOCTh OCEJIaHUs KaIleJb OTHOCUTEIILHO BO3IyXa
OTIPEIEIACTCS CUIION TSHKECTH U adPOAMHAMUYCCKAM COTIPOTUBIICHUEM.

Caaiin 4.

D10 HambOosiee oO0Omass mnocraHoBka. OHa pgomkHa OBITH JONOJHEHA
ypaBHEHUEM JJISI BEPTUKAIBHOTO TEIIOBOTO MoToka Q. 3/1ech HY)KHO yYHUTHIBATH
TypOyJICHTHYIO TEIUIONPOBOJHOCTh M TIOTOKHM JIyducToW SHepruu. CoyiHeuHas
KOPOTKOBOJIHOBASI pajiHiaIiysl c1ado MorjiaonaeTcss atMochepoi, a JIIMHHOBOJIHOBAs
panuaIys moryoIaeTcss ¥ 36MHOM MOBEPXHOCTBIO, U aTMOChepoit (B TOM YuciIe U
YIJIEKMCIIBIM Ta30M, M BOJSHBIM IApOM, W MPOYMMH HMAPHUKOBBIMHU TazaMu). [lyis
WHTEHCUBHOCTU MCHApEHHs TaKkKe HEOO0XOAUMO 3a7aTh COOTBETCTBYIOIIEE
ypaBHEHHUE.

Caaiin 5.

OOpatute BHUMaHHE: €CTh 3 TOXXICCTBCHHBIC (DOPMBI 3aIUCH YpaBHEHUS
npuToKa Teruia. [lepBoe: mpupOCT BHYTPEHHEH SHEPTHH OMPEACISCTCS MPUTOKOM
Terja M TUTFOC paboTa CWJI JMaBJICHHWS HA C)KATHE WM paclIMpeHre rasza. ITo
HasbIBaeTcs paboToil BHyTpeHHNX ciil. O paboTe BA3KUX BHYTPEHHHUX CHJI HUYETO
3/1eCh HE THUIIEM, IIOTOMY YTO OHA B aTMOC(HEPHBIX MPOIeccaX HUYTOKHO MaJa.
D10 camas pacupocTpaHeHHas (opMa ypaBHEHUS MIPUTOKA TETLIaA.

Ho nyist coBepiieHHOT0 Ta3a MOKHO HalMCaTh U TaK: K3MEHEHUE TUIOTHOCTH
OTpeseNsAeTCs W3MEHEHUEM JIaBIICHWUS W TPUTOKOM TeIia, T.€. €CIH TEIUIo
MOJIXOJTUT, TO TMPHU IOCTOSTHHOM JaBJICHUU Ta3 pacIIUpsieTcs. DTO B TOYHOCTH
TIOJTy4aeTCsl TOXKJACCTBEHHBIM MPE0oOpa30BaHUEM.

Ecth u TpeThst Gopma ypaBHEHHS MPUTOKA TEIJIa, TOXKE SKBHBAJICHTHAsS
NPEIBIIYIIAM: 3/1eCh UCTIONB3YETCS TEIJIOEMKOCTh TIPU MTOCTOSTHHOM JIaBJICHHH.
Caaipn 6.

Bbynem paccmarpuBaTh 3/1€Ch Tak HAa3bIBAEMbIC KIIMMATHYECKUE, ITOTOHBIE,
METeOpoJoTHYeCKne  MacimrTadbl.  BBemem  criemyronue — OrpaHUYEHUS.
XapakTepHble BpeMeHa U3MEHECHHS TTapaMeTpoB — 0oJiee HECKOIBKUX MHUHYT, T.€.
> 102 ¢, ¥ TONBKO Takue. I OpU30HTaIBHBIE CKOPOCTH, O KOTOPBIX HOMIET Pedb, —
JeCATKA METpOB B cekyHay (9, 10, 20), Ho He OoJiee. BepTukajibHbIE CKOPOCTH —
MEHBIIIE HECKOJIBKUX METPOB B ceKyHAy. OTCIo/a, uMes XapakTepHbIe BpEMEHa U
CKOPOCTH, MOKHO BBIUYMCIUTH M XapaKTEPHBIC TPOCTPAHCTBEHHBIE MACIITAOBI TSI
U3MEHEHHS ITHX MEPEMEHHBIX: MOpsaAKa KM u Oosiee. MI3MeHeHne mapamMeTpoB 1o
BEPTHUKAJIN — COTHU METPOB U OoJiee.



EcTh, KOHEUHO, U HSKCTpeMalibHble MacIITaObl, B KOTOPHIX BpEMEHa —
CEeKYHJbl U MEHbIIE, TOPU30HTAIbHBIE CKOPOCTH — COTHH METPOB B CEKYHIY, a
BEPTUKAJIbHBIE CKOPOCTH MOTYT OBITH JAECSATKA METpPOB B cekyHay. OTtcrona
COOTBETCTBYIOIIME MacHITaOHbIe MapaMeTphl 0 TOPU3OHTAIN — COTHU METPOB, a
no Beptukanu - 100 m. Takue curyanuu He BXOAST B MPEAMET HAIIETO
PacCMOTpPEHHUsI CETOHS. DTO, HAaNpuUMep, TaidyHbl. [|J1si HUX HY>KHO TTUcaTh 0oJiee
NOJIHYIO cucTeMy ypaBHeHud. OHa He Oyner kBasucrtatndeckoi. Takum oOpasom,
ypaBHEHUS, O KOTOPBIX TOWJIET peub B MPE3CHTAINH, HEe BCceraa roasarca. Ho onu
TONATCS JJIS TUTOBBIX, «TJIAJKUX» U3MEHEHHUH TMOTOJbI, a TAKXKe JJIT U3MEHEHUN
KJTIMaTa.

OreHKM TTPOU3BOAHBIX, KOTOPHIE BXOJAT B OTH YpaBHEHUS, NEIAIOTCS TaK:
XapakTepHass CKOPOCTb JENUTCS Ha XapaKTepHOEe BpeMs, IMpPU KOTOpOM 3Ta
CKOPOCTb MEHSIETCH.

Caaiin 7.

[Ipu pemenun nOAOOHBIX 3aJad MOJE3HO BBECTU Oe3pa3MepHbIE
nepeMeHHble. J[Is BceX KOMIBIOTEPHBIX pacueToB JIIOOBIX 3amad  Bcerna
BBITIUCHIBAIOTCS MacmITadbl. DTH MaciiTadbl ObUIM OroBOpeHbI BhImie. OTCrona
HaxoJuM Oe3pa3MepHbIe IEPEeMEHHBIC: BpeMs — CEKyHa JIEJTUTCS Ha XapaKTepHOE
BpEMs; TPOCTPAHCTBO — METPHI JACNSTCS HA XapaKTePHBIM MPOCTPAaHCTBEHHBIN
maciTad. CoOTBETCTBEHHO HaXOUM XapaKTepHbIE Oe3pa3MepHbIE CKOPOCTHU: caMa
CKOpOCTh (M/C) AENUTCS Ha XapakTepHbId MacmTadb. Takum crocoOoMm B 3agady
BBOAUTCS Oe3pa3MepHasi CKOPOCTb.

Yro Takoe xapaktepHbiii MmaciTab? Eciu xapakTepHoe BpeMsi — MUHYTBI, TO
XapaKTEPHYI0 CKOPOCTb YMHOKa€M Ha MHUHYTbl M TMOJy4aeM XapaKTepHbIN
MacmTad mpoctpaHcTBa. byneM cuurtath, 4TO XapakTEpHBbIA MaciiTald JJIMHBI B
npoOiemMe — 3TO paccTosiHue Oojiee KM 1o ropu3oHTy. Eciam Gosee kM, TO 3TO
noaxoaut. Eciu MmeHee kM (MOpsAKa COTHM METPOB), TO I AaJbHEUIIHUX
pacCyXJIeHU He€ TOJXOJUT, MOCKOJbKY NOTpedyeT O0oJiee MOJHONH CHCTEMbI
ypaBHeHMI. B MatemaTuke 6e3pa3smepHbie BeIMUUHBI 4acTo o0o3HavaroTes O(1) —
3TO 3HAYUT BeNW4HHA nopsaaka eauHuibl. 910 He 0.1 umu 0.01. Moxet ObiTh 0.8
unu 1.5, vHo HEe 100.

. dUx
Ilpueedem npumep. PacCMOTPUM YCKOPEHHE IO OCH X! Tk O6e3pazmepum

%4
TOPHU30HTAJIBHYO CKOPOCTb M IIOACIMM €€ Ha XapaKTCpHOC BpPCMA. ﬂ. Tak
T

dvy
onpenensiercss 0e3pa3MepHOE YCKOpPEHHE d—: U Macmrad TOPH30HTAIBHOTO

YCKOpEeHUsSI Aj,-. AHAJIOTMYHBIE ONEPALMM MOKHO BBINOJIHUTh B OTHOLUIEHUU
cuibl Kopuonnca. Cuna Kopuomnuca f€°" paBHsieTcst yriioBoil CKOpOCTH BpaleHUsI
3emid, YMHOXXEHHOW Ha  XapakTEpHYH  CKopocTh  TedueHus. /[larnee,
o0e3pa3MepuBaeM CKOPOCTh TEUEHUS U YITIOBYIO CKOpocTh (). CKOpPOCTh T€UEHUS
3/1eCh MOPSAJKA JECITKA METPOB B CEK. XapaKTEPHbIN MacIlITad KOPUOJIHMCOBBIX CHII
paBHSETCS: MacIITad CKOPOCTEN TEUEHUsI YMHOXKHUTH Ha ().

Caaiin 8. Takum oOpa3oM, y Hac B ypaBHEHUU OyAyT Oe3pa3mMepHbIe
CKOpocTH, Oe3pa3MepHble YCKOPEHHSI U MaciuTadbl yckopeHuid. Macmrabd
YCKOPEHHII B TOPU30HTAJIBHOM HAIPaBICHUM — TOPU3OHTAIbHAsA CKOPOCTH Vi,



JIEUTh HA XapaKTEPHOE BpeMsl T, WJIM KBaJpaT CKOPOCTHU 10 FTOPU3OHTY JEIUTh Ha
Lpor, MOTOMY UTO T OAHOBPEMEHHO paBHsAETCS Ly, AenuTh HaA V... KopromucoBo
YCKOpEeHHE Kak MacmTad paBHO 2{), yMHOKEHHOE Ha TOPU30HTAIbHYIO CKOPOCThH
Vhor (TOpH30HTANIBHAS CKOPOCTH TOPa3o OOJbIle, YeM BepTHKaIbHAs1). MaciiTad
YCKOPEHHSI 110 TOPU30HTAIN MeHbiie, veM 1071 M/c?, 10 BepTHKaIH MEHBIIE, 4eM
1072 m/c®, a KOpPHOIHCOBO ycKOperue Menbire, dem 1073 m/c’. OueBHgHO, UTO
MacmTabbl BCEX 3TUX YCKOPEHUU - KOPUOJKMCOBO, TIO FOPU3OHTY U BEPTUKAIU -
ONpENENSIIOTCA B KaxAoW 3anade cBou. Ho MBI 31ech cerojHs paccMmarpuBaeM
Takhe IMpolecchl B aTMocdepe, B KOTOPHIX XapaKTEpHbIE BpeMeHa MOopsaKa
MUHYTBI U 0oJiee, XapaKTepHbIE CKOPOCTU MO ropu3oHTy 10 M/c U MeHee, a Mo
BepTUKaau — 1 M/c MeTp u MeHee. TakuM 00pa3om, JiBa MaciiTaba o BpeMeHU U
[0 CKOPOCTH MO3BOJISIIOT ONPEAETUTh MacIuTad yCKOPEHUH, KOTOPhIE €CTh B ATOM
3ajaye.

B cBs3u ¢ 3TUM 31€Ch BO3HHMKAKOT Malible MapameTpbl. KpoMe yckopeHuw,
KOTOpBIE 3/IeCh HAlMCaHbI, €CTh €lle YCKOpeHHe cBoboaHoro magenus g = 9,81
M/c?. TI09TOMy MO’KEM BBECTH Majbie MapaMeTphl: OTHOLICHHE & BEPTUKAIBHOTO,
TOPU30HTAJIBLHOTO M KOPUOJIKMCOBA YCKOpeHUM K ¢. Mbl BUIUM, 4TO mapameTp €
cOOTBETCTBEHHO MeHbIne, deM 107, 10° u 10™. SIcHo, uTo ycKOpeHHs, KOTOpble
MBI PACCMATPUBAEM M KOTOPHIE BXOJSIT B YPABHEHUE COXPAHEHUSI UMITYJIbCa, T.C.
BO BTOPOM 3aKOH HbIOTOHA, MHOTO MEHBIIIE, YEM YCKOPEHUE CUJIBI TSDKECTH. 31ECh
OyIyT pacCCMOTPEHBI TOJIBKO TaKHE 3aJ1auu, MPOOJIeMbI, MPOIECCH (M TOIBKO ATH!).
Ecin yckopenue nopsiaka g, To 3TO HE TOAUTCS Ui JaJIbHEUIINX BBIKIAIOK. [Tpu
pacyeTax MOrojbl BCE UCIOIB3YIOT 3TO MPEIONIOKEHUE, €CIIU HE PACCUUTHIBATH
Oypu, mtopmMa U T.1. Mbl paccMaTpuBaeM JBWKEHUE BO3AyXa KaK HJEaIbHOTO
raza. XoTs MOTOM MOKHO Y4€CTh U BIUSHUE TYPOYJECHTHBIX BS3KUX HAIPSKEHUH.
OTO HENPUHIUITUAIIBHO.

Caaiin 9.

g
[ToaTomMy ypaBHEHMSI UMITyJIbca OyIyT 3alUCaHbl CIEIYIOIIUM 00pazoM: £

€CTh Macca P, T.€. INIOTHOCTh BO31yXa, YMHOXXHUTh Ha XapaKTEPHbIC YCKOPEHHUS
] d
O(Bennuuna mopsaka A). AHaAJIOTHYHO IS £ . A nnd a—i 310 ecth [1 +

O(BenmuunHa mopsaka A)], MOTOMY 4YTO MO BEPTHKAIU JIEHCTBYET BEPTHKAILHOE
YCKOpEHHE { — MPOSIBJIEHUE CUJIBI TSKECTH.

['pasueHTBl AaBICHUS 110 TOPU3OHTAIN, OTHECEHHBIC K (, MaJibl (TIOPSIIKA €).
A mno Beptukaiu - nopsaka 1. OTcroma cienyer, 4TO AaBI€HUE B TOYKE Z

o o 00
OJHO3HAYHO KdK B IIKOJIbBHOU T'HMAPOCTATUKE ONPCACIIACTCA MACCOU I'a3a fZ ... HAJ

TOYKON Z (MHTErpajoM OT IUIOTHOCTH Haj TOYKOH Z). BMECTO o MOYKHO CTaBUTh
xoneunoe H > 0, moToMy 4TO OCHOBHAsI Macca BO3/IyXa COCPEI0TOUCHA 110 BHICOTE
710 HECKOJIBKUX JECITKOB KM.

OOpatuM BHHMAaHHE, 4YTO B ypaBHeHMH HBIOTOHA [IsI BEpPTHKAIBHON
cocraBistonel (Macca Ha YCKOPEHHE 10 BEPTHUKAIHN) CKOPOCTh vV, mponana. Kak
TOT/Ia PAacCUMUTATh BEPTHKAIbHYIO CKOpOCTh? Ee yke M3 ypaBHEHHS JIBUKCHUS



HUMITYJIbCA TI0 BEPTUKAIM HE OINpeeauib. Mbl MpeHeOperin BCeMU YCKOPEHHUSIMU.
CKOpOCTh v, HHYTOXKHO BJIMSIET HA pacipeeicHue JaBIeHuUs.
Caainnr 10-11.

OOpatuM BHUMaHUE, YTO BEPTUKAIBHBIE TIOTOKH WHOT/A CYIICCTBEHHBI, a
MHOTJA HET.
Caaip 12.

Kak eme MOXXHO ompenenuTh BEPTHKAIbHYIO CKOpocTh? BepTukanbHas
CKOPOCTbH €llle BXOJAUT B YpaBHEHHE HEPa3phIBHOCTH. MI3MeHeHne MIOTHOCTH Ta3a

o ov
ompenensaeTcs auBepreHuueit V. OTcoga Mbl €€ U BBIpa3uM, IEPEHECEM a—ZZ B

JICBYIO YaCTh YPaBHEHHUS W TMOJYYUM, YTO MPOU3BOJHAS BEPTHKAIHLHOW CKOPOCTH
M0 BEPTUKAIN OMPEICISICTCS TOPU30OHTAIBLHON JTUBEPreHITMEN W U3MEHEHHEM
IUIOTHOCTH. JTO TOYHOE YypaBHEHUE, KOTOpOE CJIeAyeT W3 ypaBHEHUS
HEePa3pBhIBHOCTHU (OHO K€ ypaBHEHHE COXpaHeHHs Macchl). Ero OepeM 3a OCHOBY.
Caaiig 13.

JlanHO€ YypaBHEHHE WCIOJIb3yeTCcs B OKeaHojoruu. Ho B okeaHosoruw
MOKa3aHO, YTO M3MEHEHHE IUIOTHOCTH BOJABI MPHU KPYIMTHOMACIITAOHBIX TEUCHUIX
(IecATKH KM W T.JI.) TIPOUCXOJUT 3a CYET M3MCHCHHS JIaBJICHUS, COJICHOCTH H
TeMIiepaTypbl. Eciii cienaTh Bce OIEHKH, TO MOYKHO TTOKa3aTh, KaK OHU MEHSIFOTCS

BO BPpCMCHHM. B okeaHoIOrMM Ha OCHOBE MacIITAOHOI'O aHAIM3a ITOKa3bIBACTCs, UTO

ov

d P av
d—f MHOTO MEHBIIIE Ka)KJI0r0 M3 CllaraeMbIX a_il’ I =X, Y, z. [loaToMy B OKkeaHe a_z -
z

KaKk B Cllydya€ KBa3MHEC)KUMAEMOW Cpellbl, XOTA BCE TEYEHUS B OKEaHe
ONPENENAITCA 3aBUCUMOCTBIO IUIOTHOCTH OT TEMMEpPATyphbl, COJICHOCTH U
JaBJIeHUs. A B ypaBHEHMM HEPa3pbIBHOCTH 3TO HECYIIECTBEHHO. IJTO -
npubamkeHue byccunecka, OHO MUPOKO UCTIOTIB3YETCSI.

Caaiig 14.

1d
MHorue nonararor, 4To 1Ji1 aTMoc(epbl BeInINHA —d—i MaJla, HO ATO HE TaK.
p

Ona TOro e MNopsAjaKa, 4TO W BTOPOE CllaraéMoe, HUCXOJsd M3 MaclTaboB, O
KOTOPBIX 1A pedb paHee. M3 ypaBHEHHs NPUTOKA TEmsa: U3MEHEHHUE TUIOTHOCTU

d
onpecaAcisICTCA U3MCHCHUCM IABJICHUS W IIPUTOKOM TCILJIA. HOBTOMy MOXHO d_lt)

BbIPAa3nuTh U3 CIACAYIONICTO COOTHOIICHUS:

d
pdt ypdt vyp . OTO MO3BOJSAET MOJIYYUTh BbIPAKEHUE JITISI %-

v o o
3HaueHue B_Z OonpEAcCIACTCA TOPU30OHTAIIBHON AWUBCPIrCHIUECN, U3MCHCHNEM
z

JaBJICHUS U IPUTOKOM TeIia. SICHO, 4TO €ciii K BO3JYyXY IOJABECTHU TEIUIO, TO OH
pacmpsieTcss OpU  MOCTOSIHHOM  JaBi€HMM. T.e. HW3MEHEHUE IIJIOTHOCTU
ONpENENsAeTCS HE TOJbKO HM3MEHEHUEM JAaBJIEHUS, HO M MPUTOKOM Teria. Mebl
yMeeM BBIYHCIIATE Q W3 3aKOHA TEIIOMPOBOJHOCTH, KMHETHKY HCIAPEHHS M
KOHJICHCAlMU C 3aXBaTOM PaJUallOHHON SHEPIHH.

[TonuepkHeM emie pas, 4TO B paccMaTpPUBAEMOM KJIacce 3a1ad JaBJICHHE B
KOKJOM TOYKE OIpeNesieTcs Maccoil raza HajJ 3TOW TOYKOW. A W3 ypaBHEHHS



COCTOSIHUSI CcOoBepuleHHOro rasza p = RpT. Takum o0pa3oM Temmeparypa
HaXOIMUTCS U3 TUIPOCTATUYECKOrO 3aKOHA.
Caaiin 15.

Hanowmuio, 4tro cyOcTaHIIMOHaIbHAs MNPOU3BOJHAS — Pa3HOCTh MEXIY
3HAYCHUEM [IEPEMEHHOM, 32 KOTOPOM CIEOUM, B CABUHYBIIEWCS TOYKM U €€
3HAYCHUEM B MCXOJHOM TOUKE, NiesieHHad Ha At, ipu At — 0.

[To3xe Oyzner moka3aHO, YTO NEPBBIE JIBE TOPU3OHTAIBHBIE IPOU3BOIHBIE
[IEpEeHOCa JAABJICHUS MEHBIIIE TPEThEN, BEPTUKAIIbHON:

op op op
Uxaﬁ' Uya < UZE

PaccMmoTpuM, Kak onpeaeseTcs yacTHas IpOU3BOHas AaBieHus. JlaBieHue

€CTh Macca BO3/lyXa B TOUKE Z HaJl TOUYKOU Z:

H
p=gf pdz
Z

Mpbl OepemM YacTHyIO MNpou3BOAHYIO OT P. Torma mjis Takoro HWHTErpaiga c
(UKCUPOBAHHBIMU TPAHUIAMU YACTHYIO MPOU3BOAHYIO IO BPEMEHU MOXKHO

0
BHCCTH 1I0J 3HAK HWHTCIrpala. A rpaavi€HT JdaBJICHUA B_IZ? OonpeaAcIACTCA 110

THAPOCTATHKE KaK — gp. Torna ucxoHOe ypaBHEHHE MPUMET BU/L:

dp _ (HOp s
— =9/, 5;dz' — gpv, (**).

5}
I[anee, YaCTHaA IPOU3BOIHAA 6_[: IMOoJl 3HAKOM HMHTCTpAJIa OIIPCACIICTCA N3

YPaBHEHUSI HEPA3pPBIBHOCTU AuBepreHuuend pv. IlepBele nBa ciaraeMbIx MOJ
3HAKOM UHTerpana (BBIIEICHO KpacHbIM) B BBIPAKEHHU MBI OCTaBHUM 0e€3
u3MeHeHui. VHTerpan ot TpeThero ciaraeMoro (BBbIAEIEHO cuHUM) Oepercs. OH
paBeH gpv,. 3aMETHM, YTO TOYHO TAKOE K€ CJIAaraéMoe BXOAUT CO 3HAKOM MUHYC B

d
(**). Orcroma cieayeT, 4TO CyOCTaHIMOHAbHAS IPOU3BOJIHAS JIABJICHUS d—’; B

o o H
COOTBCTCTBYIOIIICH YaCTULC BO3AyXa KAKABIN pa3 OIPCACIIACTCA NHTCTPAJIOM fz

o(pvy) | 3(pvy)
dx dy

TUAPOCTATUKH, T.€. KOIJa JAaBJIEHUE ONpENEseTcs TOYKOM Maccol rasa Haju

COOTBETCTBYIOIIEH YaCTULIEH, 3TO TOUHOE YPABHEHHE.

Caaiin 16.

B yuebnuke [Ix. XonToHa cyOCcTaHIIMOHANIbHAS TMPOU3BOAHAS 3allCaHa KaK

oT FOpHBOHT&J’IBHOﬁ AUBCPIrCHINU IMOTOKAa MaCChI ( ) B YCIIOBUAX

dp

dt

C TOYKH 3pC€HHUA OCHOBHBLIX 3daKOHOB (I)I/IBI/IKI/I. O6paTI/IM BHUMAHHEC, YTO OOJDKHO
dp dp

) op
OBITh. ol E-H]Z 3 XOATOH COXpaHWUJI BTOPOE cllaraéMoe W BBIOPOCHII
VA

op
YaCTHYIO MPOM3BOJHYIO MO BPEMEHH, YTO HEBEPHO, MOCKOJNBKY BETMYMHA —- HE

= —gpv,. DTO NMPUHIUTIHATHHAS OIMOKA ¥ C MATEMATUICCKON TOUKH 3PEHUS U

HOJIb. Takast e MOTPeIHoCTh ecTh U B padote I'. M. Mapuyka. OH TOXe cuuTai,

dp
qTo aKyCTI/IKa HC JOJIKHA BJIMATH HA HOFOI[y " TOXC BLIKI/IHyJ'I E OTC}OI[a cnez[yeT



o(pv d(pv d(pv o
(g x) + (ayy ) + (gzz) = 0, U3 KOTOPOro M3MEHECHHE BEPTUKAIBHOU

CKOPOCTM HE 3aBUCUT HHM OT KAKUX TEIUIOT U OIPEIETSAETCS TOJBKO MOJISIMU
CKOPOCTEM.

ypaBHEHHUE:

d 9 d
DT0 - cymiecTBeHHas omuoOka. Beap MOMKHO OBITh d—’; = a—’;+ v, a_Z’ T.€.

HN3MCHCHHUC MACCHI I'a3a IO BCPTHUKAJIN ILIFOC YaCTHAs IPOHU3BOAHAA IIO BPCMCHHU.

dp
Toraa yuuTheiBas NpeablIyLIyIO OLEHKY P cilaraemMoe —gpv, COKpallaercs, Tak
dp
KaK CO 3HAKOM IIJIFOC TAKOE K€ CJIara€Mo€ BXOJHUT B P

o H
HOCMOTpI/IM Tenepb BCC OTO C (1)H3H‘-ICCKOI/I TOYKHU 3peHI/I$I. I/IHTeraJI fz
Vhor
C€CThb g'DL_(H - Z), Trac p - xapaKTepﬂoe 3HAa4YCHUEC IIJIOTHOCTH, Vhor
hor

XapakTepHas: TOPHU30HTAJIbHAsl CKOPOCTh, Ly, - XapakTepHbld Macmitad Mo
npoctpanctBy, (H —z) - BbIcOTa cTONOA HAX TOYKOW C BEPTUKAIBHON
KOOPJIHUHATOM Z. A 3TO BEJIMYMHA TOTO K€ MOPSAJIKA, YTO U gPV,.

Ilpuseoem npumep. PaccCMOTpUM THIPOCTATUYECKYIO 3aaady. [JomycTtum B
aTMocdepe ecTh TpyOa HEeOOJBIIOro TMaMeTpa, Paclo0KEHHAs] BEPTUKAIBHO OT
3eMHOM MOBEPXHOCTHU A0 00JIbILION BbICOTHI, Oosiee 40 kM. Besae B Tpyde ckopocTu
Uy W V), PaBHSIOTCS HyT0. CMOTPUM 32 YaCTHIEH, KOTOPAask MOXKET MEPEMEIIAThCS
BEPTUKAJILHO MPHU MOJBOE Teria K TpyOe. UacTuiia MoKeT MOgHATHCS BBEPX MPHU
TEIJIOBOM pacIIUpeHuu cToj0a. J[aBreHue B 9TOil yacTHIle OyIeT MEHSTHCS WU
HeTt? OHO He OymeT MEHSATbCsS, TaK KaK Macca Ta3a HajJ dTOM dacTulleld He
MEHSIETCSI, TOTOMY YTO HET HUKAKHX MPUTOKOB. A B COOTBETCTBHUU C XOJTOHOM
JaBJieHHE OyJIeT MEHSIThCS, U 3TO OIIHUOKa.

B mpormeccax, xorma BepTUKaIbHBIE CKOPOCTH HE 0OoJiee, 4eM METphl B
CEeKYH]ly, XapaKTepHbIE BpeMeHa HE MEHEe, YeM MUHYTHI, OyIeT KBa3UCTAaTUYECKOE
pacrnpenenenue aapieHus. OTMETHM, 4TO B 3TOM 3a/1aue UHEPIIMS HEeCYIIECTBEHHA.

Paccmompum emopoii eapuanm 3a0auu: HET TPyObl, TOXE BBIICIISIEM
yactuily. Ho Tenepb ecTh XapakTepHble TOPU3OHTAIBHBIE CKOPOCTH, U Macca Hal
YyacTullew OyaeT NnmepeMeHHOM, Tor1a JaBJIeHHe OyIeT MEHAThCS B COOTBETCTBUU C
BBIBEJICHHBIM 371€Ch TOYHBIM YPAaBHEHUEM. Y Ka3aHHOE YpPaBHEHUE JJISI H3MECHEHUS
JaBieHUss OyJeT aCHMIITOTHYECKH TOYHBIM. JTO 3HAYHUT, YTO paCIpeeiiCHUe
JABJICHHUSI CTPEMUTCS K MPEANUCAHHOMY 3THUM YPaBHEHHEM, €CIIM TapaMeTp €
GyxeM ycTpeMisiTh K Hyto. OH B peansHocTH mopsiaka 107, 107,

Caaiup 17.

Takum o0pa3om, B ypaBHEHHUE JIJIsI BEPTUKATILHON CKOPOCTH
ov, 0V, vy, 1 dp
=)
M — wu3MeHeHHe MacChl HaJ 4YaCTHIEH 3a CUET TOPU30HTAIBHBEIX JBIDKEHMH.
[lonyuyeHHOE ypaBHEHUE SIBIISIETCS ACUMIITOTHYECKH TOYHBIM JUJISI BEPTHKAJIBbHOU
CKOpPOCTH. DTO 3HAYMT, YTO BCE BEPTUKAIBHBIE YCKOPEHHSI CTPEMATCS K HYIIIO.
bosiee Toro, Bce yCKOpEHUs MaJIbl 110 CPAaBHEHUIO C CUJION TsKeCcTU. HamoMuHaewm,
YTO 3/1€Ch BBIOPOIIIEH TOPU30HTATBHBIN MTEPEHOC JTABIICHUS.

-1 d .
+ —yyp Q" nmozacTaBisieM BbIPAXKEHUE VIS d—’; = gM, rne



ov
a—z HEC ABJISICTCA JIOKAJIBHBIM.
z

OHo ompenensercs He TOJBKO BEIMYMHAMH B HAOJIOJaeMOW TOYKE, HO 1O BCEH
BBICOTE CTOJI0a. DTO M €CTh CKOPOCTh 3ByKa B OECKOHEYHOCTH.
Caaiin 18.

[Toxoxee ypaBHEHHE ISl BEPTHKAIBHOU CKOpocTH ecTh y JlopeHua (1967).
OHO OTIUYAETCS OT MOJYYEHHOTO 3/1€Ch TOJILKO OJHUM CJIaraeéMbIM, BBIICICHHBIM

OOpartuM BHUMaHUE Ha TO, YTO YpaBHEHUE JJIs

M
KCIITBIM. PaCCMOTpI/IM OTHOIICHUC YKA3aHHOTI'O CJIaracMoro K _M N3 YPaBHCHUA
14

dp ap
HMITYyJIbCa aACUMIITOTHUYCCKU nonyqaeM: KaXXJJ0€ M3 clara€MbiX vV, 6_ nu Uy — B
x

dp
yuciautenae oueHuBaetcs Kak Vi 00 (Apor + Acor), TOCKOJIBKY w 4 3

ONpEeNeNseTcss Maccod, YMHOXEHHOM Ha XapakTepHble TOPHU30OHTAIBHBIE

M
ycKopeHus U yckopenue Kopuonmca. 3HameHaTenb ~y OLCHMBACTCS KaK CpeHss

Vhor

IJIOTHOCTH MO BBICOTE OT Z 0 H, yMHOXeHHas Ha ¥ Ha BBICOTY cTos0a (H - z),

hor
. M
ACJIUTh HA 3HAMCHATECJIb (Ha CJ'IaI/I,Z[C). HonyqaeM, qyTO Y_M €CTh BCJIIMYMHA HOpH,Z[Ka

Vhor

Lhor.
Caaipn 19.

Hcrnons3ys MOJydeHHBIE OLICHKHU, MBI ITOKA3aJId, YTO JAHHOE OTHOILIEHUE -b
nopsanxka O(M?), rae M — uncio Maxa.
Caaiin 20.

YuuteiBasg, 4ro Max €CTb OTHOILIEHHWE TOPU30HTAIBHOW CKOPOCTH K
CKOPOCTH 3ByKa, orieHuM M?Z. TomydaeM 3aBHCHMOCTB: €CIIM € MaJbl, TO H Maxu
MaJibl.

Caaiin 21.

av o
Takum  oGpazom, a—ZZ OIIpeleAeTCd  MOJISIMA  CKOPOCTEM  ILIIOC

JIONIOJIHUTEIbHBIMU MPOIIECCAMHU, CBSI3AHHBIMU C MPUTOKOM TEILIA, UCHAPEHUEM U
koHaeHcaruen. [lpuBenensr onenku s pexxuma: Vy,, mopsaka 10 m/c, Ly,
nopsizka 10° M, a xapaxteproe Bpemst 10 c.
Caaipn 22.

Takum oOpa3om, TONHAs cUCTeMa YpaBHEHWH s arMocdepbl ¢
BEPTUKAJIILHON KBAa3WUCTAaTUKOW BKIIOYAET B CeOs ypaBHEHHS, B KOTOPHIX CJEBa
CTOAT UACTHBIC IIPOM3BOIHBIC IO BpPEMEHH: I Temmeparypsl T, rie gM

OIIMCBIBACT U3MCHCHUC NABJICHUA 3a CHCT T'OPU30HTAIIBHOI'O IICPEHOCA MACCHI, JIA

v dv dp o
CKOpPOCTH 110 T'OPU3OHTAIN a_: n 6_: , AJI1 U3BMCHCHHUS OaBJICHUA a_th Ha HUXHEU

rpanune atmoceppl. K HMUM Hamo mpubaBUTH ypaBHEHUS, TNE CJE€Ba CTOST
YaCTHbIE TPOU3BO/IHBIE 110 BEPTUKAIIH.
Caaipn 23.

YnobHee U mOpaBUIbHEE  HUCMOJb30BaTh  TOXJJICCTBEHHYIHD  CHUCTEMY
YpaBHEHHM, B KOTOPOM ypaBHEHHUs 3allMCaHbl HE JUIs TeMmmepaTypbl 1, a s
IJIOTHOCTH P, T.€. M3MEHEHHE IUIOTHOCTH B (PUKCHUPOBAHHOW JIOKAJIBHOM TOYKE



onpenensiercss div V. Crnenyroniye aBa ypaBHEHHs] — TOPU30HTAJIbHBIE CKOPOCTH C
uHepuuei. [locnenqnue Tpu ypaBHEHUS - I BEJIMYMH, ONPEACIECHHBIX TOJIBKO
MPOU3BOJHBIMA MO BEPTUKAIM. [lamee ompenenuB MO MPOU3BOJHBIM BCE OTHU
BEJIMYMHBI, MOKHO BBIYUCIIHUTH JIaBJICHUE, IOTOMY YTO OHO OMpPEAEISETCS MacCOu,
U, 3aTeM, TEeMIIepaTypy — JdaBlieHue, aeneHnoe Ha pR. O0patuM BHUMaHUE, YTO B

op o op
KBa3uUCTAaTHUKE a OoNpCAcCIICTCA IIPOU3BOJHON MACChI Ira3a. AHaJ'IOFI/I‘IHO, 5

Caaiig 24.

HauanbHbple ycmoBUst HEOOXOIMMO 3a7aBaTh TOJBKO JJIA T€X BETWYWH, IS
KOTOPBIX B YpaBHEHHUSI BXOJST MPOU3BOJHBIC 110 BPEMEHHU: JJISI TEMIIEpaTypbl 7,
JUIS. TOPU30HTAJIBHBIX CKOPOCTEH M ISl JaBlieHWsl Ha rpaHuiie atMocdepsl. Ecnu
reoctpouyeckass Mojeib, TJ€ YCKOPEHHs, CBSI3aHHBIE C MPOU3BOAHBIMHU IO
TOPU30HTAIM BBIOPACHIBAIOTCS, OCTAIOTCS TOJBKO KOPHOJMCOBBI, TO HE HAJO
3a71aBaTh HaYAJIbHBIE YCIOBUSA JIJI1 TOPU30HTAIBHBIX CKOPOCTEH.

Caaiin 26.

3aaat0Tcs TaKKe TPAHUYHBIE YCIIOBUSL.
Caaiin 27.

Beengem mapamerp €. Torma BBOASATCS MacmiTaObl BCEX YCKOPEHHUU: Ay,
Avor, Acor 1 M2 Otciona CJIEAYET TeopeMa: YpaBHEHHUS ABJISIOTCA aCUMITOTUYECKHU
TOYHBIMH, €CJIM BCE MAJIbIE MTAPAMETPHI € CTPEMSITCS K HYJIIO.

Ho nmaxe B rasoBod IMHAMHKE WHOTAA IMPH HCMHOJB30BAHWHA YPABHEHUU
HEIMPEPHIBHOTO JIBIKCHUSI BO3HUKAIOT PEXUMBI 000CcTpeHns. OHU BO3HHKAIOT B
3a7la4ax TEIUIONPOBOJAHOCTH. DTO CBUAETEILCTBYET O TOM, YTO IMOroJa Tak
CKJIaJIBIBACTCS, YTO MHOTIa BOZHUKAIOT YCIIOBHS Il OypH.

Caaiin 28.
O6paTtuM BHMMaHH€ Ha TO, YTO TPAJUCHT JABJICHHUS OMpPEACIISICTCS

0
HM3MCHCHHEM II0 BBICOTC IPOM3BOAHBIX OT IUIOTHOCTH IIO X U Y, a HE CZ £ 910

cnenctue ruapocratuku. M B nuddepeHnranrbHOM omepaTope HET CKOPOCTH
3Byka C. TakuM 00pa3oM, eciii TupocTaTUKa Mo BepTukainu, To C ucue3aer u s
ypaBHEHUH TOPU30HTAIHHOTO JIBHKCHHSI.

Caaiin 30.

[TosicHuM, 9TO Takoe HEKOPPEKTHO TOCTABJICHHAs 3a/Jada. JTO O3HAYaeT,
€CJIM CTPOTO PEeIIaTh M JOMYyCKaTh BO3MYIIEHUS, TO Kakoe Obl Majioe BO3MYIIICHHE
HU 3aJaJId, HAIEeTCS JOCTaTOYHO KOPOTKAs BOJIHA, KOTOpPass MTHOBEHHO BBIPACTET
U pa3BaiuT pemieHue. OJHAKO HEKOPPEKTHO MOCTaBJIEHHBIE 3a/iauu pemaror. Ux
Peryasipu3upyIoT.

Ecnu 661 MBI petrany aHaIMTHYECKH, TO TMOTYYUIn Obl TOUHOE pernieHue. Ho
nepexoq K KOHEYHO-PA3HOCTHOM CXEME W YHCIEHHOMY PEIICHHIO Ccpasy
TCHEPUPYET KOPOTKOBOJHOBOE BO3MYIICHHE, pPa3BaJMBAIOIICE pEIICHUE Yepes3
HekoTopoe Bpems. I[loaTomy Bcerma HeoOXonum (QuUIBTp, WKW YHUCICHHAs
nuccunanua. Hampumep, korja Mbl pemiaeM 3aJadd  Ta30BOM  JIUHAMUKH,
BO3HHMKAET yJapHas BOJHA. A 3TO JIONOJIHUTEIbHBIE YPaBHEHUS K YpPaBHEHHSIM
DOuinepa. UToObI 00JIETYUTH, MBI BBOJUM TOpa3ao OOJBIIYIO BA3KOCTh raza, 4yeM Ha
caMoM JieJie, U TMOJdy4aeM yIAapHyl0 BOJHY Ha HECKOJBKO PAa3HOCTHBIX CETOK, HO
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3aTO HENPEPBIBHO pelIaeM 3agady. Mbl NOHMMAaeM, YTO 3aBbIIIAEM TOJILIHUHY
yAApHOW BOJIHBI, HO KOT/a TOJIIMHA HE BaXKHA, TO Mbl IIPUMEHSAEM TAKON MPUEM.
Tak ¥ 31€Cch Hy»KHA YUCJIEHHAs TUCCUTIALNS.

Caaiin 31.

[IpeacraBwTe, uTo pemaete nuddepeHIMaIbHOe ypaBHEHHE (IPEACTaBICHO
Ha CIIaiifie), W, €CIM T MHOTO MEHBIIE, YEM XapaKTEepPHOE BpeMs 3TOM 3ajiauu, TO
miar cyeTa Hy»HO OpaTh OY€Hb MEJIKUM, U YUCICHHOE pelleHue (KpacHas JTUHUS)
BBIWJIET HA 3Ty aCUMNTOTUKY. ECiu mar He MeJIKui, TO BbI ITOJIYYUTE pPa3BaJC€HHOE
peutenue (romqyoas uHUsA). YToOBI 3TO JTUKBUIUPOBATH, HAJO CUMUTATh, YTO U =
v*, UM BBECTH TICEBIOBIA3KOCTh, T0OABUB B YPaBHEHNUE COOTBETCTBYIOIIEE BSI3KOE
cnaraemoe. [locnenHee (3eneHblii MyHKTUP) 00€CTIEUMBAET HEBEPHOE pELICHUE B
HaYyaJIbHON 30HE, KOTOPOE AaJblIe OYJET BEPHBIM.

Caaiig 32.

['myneid MeTon, €ciii y4uThIBaThb WHEPLMIO MO BepTUKanu. MHepius 1o
BEPTUKAJIA B 3TUX IPOLIECCAX HE UTPAECT HUKAKOW POJIM C TOYHOCTBIO JI0 10%-107.
PaccMoTpuM Ha mpuMepe OmpenesieHus Beca MYXHU: B3BECUTh Telo 0e3 MyXH,
MOTOM TEJI0 C MYXOH, a MOTOM HaWTH Pa3HOCThb. DTO TIIYNO, MOTOMY YTO JJIsi
ONPEJECIICHUSI BECAa MYXH JIONOJHUTEIBHOE TEIO0 HE HYXKHO, OHO MEIIAET.
AHQJIOTUYHO TIIYNIO HAAESThCS MOBBICUTH TOUYHOCTHh IIPOTHO3a 3a CYET y4eTa CHII
10 BEPTUKAJIH.

Caaiin 34.

A B aKyCTHKE Bce€ MO-IpyroMy. B akycTHke NOpu BBICOKMX YacTOTax
yCKOpeHusi OyayT OOJbIle, YeM YCKOPEHHE CHJIbl TSKECTH, U YpPaBHEHHE IO
BEPTUKAIU TMPUHUMAET Apyro Buja. MoxkHO mNpeHeOpeyb CHJIOW TSHKECTH U
BTOPBIM CJIAra€MbIM B JIEBOM YaCTH YPABHEHMUSI.

Cnacu60 3a BHUMaHue!



