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BBE/IEHUE

PH3HUKA U INIOSHAHHE MHPA

Hayxa pasi Becex. MHOro BexkoB JIJIMTCS NPOLECC MO3HAHUSA
OKpyakawiero mupa. Orpomusiid Tpya Obln 3aTpaydeH y4YeHRI-
MM, U HEMAJILIA TPyl NPEACTOUT 3aTPaTHThE KAMAOMY MOJOAO-
My YeJNOBeKY JJIH TOro, 4Tobhl yCBOUTH OCHOBBI COBPEMEHHON
Haykw, OHHM HY)XHBI HE TOJIBKO YYEHOMY M HHXKEHepy, HO U
pabouemy m TpakTopucty. Bece B Oonbureit 1 Donblieir mepe
noaM Ha pabore, Jla B ZjoMa, VOPaBJAAOT MalllMHAMU U MeXa-
Huamamu. Y100kl NOHATHL, KaK OHM padoTaioT, HYIHO 3HATH
3aKOHBI NIPHPOILI.

[Ipocreie merunnl. HaunBas ¢ pomjenus, Bce Mbl 3a ABa-
TPU TI'OJia YCBAMBAEM COJIMAHBIH Kypc (PHBMKH — TIPHUBLIKAEM
K IPOCTHIM BeIlaM M ABJIeHWAM BOKpYr Hac. Taxk, mur yaHaem,
YTO KaMeHBb BCErfa malaeT BHU3 HA 3eMJII0, YTO €CTh TBepakie
OpEeAMeThbl, 0 KOTOPbIE MOXHO YUIMOHMTBLCS, YTO OrOHb MOMKET
o0<euys M T. 1.

Opuako, KaKk HY BAMHBI NoA0DHBIE 3HAHWA, HAKAIJIMBAE-
MbIe peDeHKOM ¥ B3POCJIBIM YeJIOBEKOM, OHY ellle He obpasyiT
HayKy. JTO YACTHBIE IIPaBuJia, Kacawlluecs OTAENbHBIX SABJIe-
HuM. OHM roBOpPAT HAM O TOM, YTO OPOM30OMIET B OOBIUHBIX
VCIJIOBHSAX, HO HE€ OTBEYAKT HA BOIPOC: MOYEMY T WJIHM HHEIE
cobblTHA BOODILE NPOMCXOAAT ¥ HE MOI'YT JU 3TH cODBITHS He
HacTynuTn, coBceM? OHM Tak:Ke He [IO3BOJSIOT NPEJCKA3ATh,
YTO NPOU30MAeT NPHU APYTUX YCIOBUAX.

Jlrogsm HeobOXoAMMO IOHATH OKPYIKAIIIHMH MHUpP, YTOOBI
MCHOJIL30BaTh €ro 3aKOHBI JUIA OoOJerdYeHWsd Tpyna, yayulle-
HHAA YCIOBHW »KHU3HH.

IlpeoGpasosanme mupa. MimMenHo pasBuTie HayK O OpPHUPO-
e a0 B PYKH 4YeJIOBEeKa COBPEMEHHYI TeXHHUKY, U 3TO npu-
BEJIO K NpeobpasoBaHuIo oKpyakawilero Hac mupa. OcHOBHYIO
pPoOaL ceirpana (pua3uKa — Baj)XXHeHlIad HayKa, u3ydalounasa ca-
MBie rTyDOKHEe 3aKOHbLI MPHPOALI.

DPusuka cocrasnseT (pyHIAMEHT TJaBHEHIIHX Halpasie-
HUH TexHUKH. CTpouTensHas TeXHUKA, 'MJIPOTEXHUKA, TeIUio-
TeXHHUKa, 3JIEKTPOTeXHKKAa 1 9HEepPreTHKa, paiuoaleKTPOHHKA,
CBETOTEXHWKA, OTPOMHAA YACTh BOEHHOI TEXHHUKM BLIPOCHH
Ha ocHoBe (usnku. Braropaps cosHaTENBHOMY MCHOJIBL30BA-
HHUI0 3aKOHOB (DM3MKHN TeXHHKa U3 ODNacTH cJyHalHBIX HAXO-
JOK BBIILJIA HA OIAPOKYIO JOPOTY IEJNeHANPABIEHHOI'O pasBH-
THUS.

OrkpriBasg 3aKOHBI TPUPOABLI, COPATAHHBIE NOJ TIOKPOBOM
OeckoHeyHO MHOr00Opa3HOro MUpa ABJEHNH, YEJIOBEK HAYUMJI-
¢S IPUMEHSATHh MX [JsA CBOMX UeJieil, co3jaBaThb TO, Yero HU-
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Koryia He 0610 B caMoll npipoje. Beino u3obpereno pagno, Mo-
CTPOEHBI TPOMAJHbIe 3JIEKTPUYECKHMe MAIUHHBI, OCBOOOXKAEHA
BHYTPUSAIEPHAS 3HEPIUH; YeJOBEK BHIIIE] B KOCMHUeCKOe HPo-
CTPaHCTBO.

Du3uka w apyrve Hayku. Pusuxae — 3mo nayka, 3aHlL-
MAIOWARCA UIYHUeHUeM OCHOBONONAZAIWUX W 8Mecme
¢ mem Haubonee obujux ceolucms OKpYIcarouezo HAC
mamepuanvrnozo mupa. [losromy nousTua Ghusukm U ee 3a-
KOHBI JIEXKAT B OCHOBE JIO0Or0 pasfesia ecTecTBO3HAHMUS.

B macTtosiniee speMsa PU3MKa 04€HL TECHO CBA3aHAa ¢ ACTPO-
HOMHEN, reojiorneil, XxuMmmuei, buonoruen U JApyrumMu ecTecT-
BeHHBIMM Haykamu. OHa MHOroe obDBACHHAET B 3THX HayKax,
NpejiocTaBisieT UM MOIHBIC METOAbI MCCIEeNOBAHUS.

Hayunsiit merop. Hakumu e nyramu aoOniBaeTcs Hayd-
Hag ucrrHa? Heckospko coTeH JieT Has3az Ovliy BhipaboTaHbI
OCHOBbLI (puanyeckoro wmerosa wuccnegosaaus. OH COCTOHT
B CJ€AVIOIIeM: ONMUPAACE HA ONLIT, OTHICKUBAKT KOJNWYeCTBEeH-
Hele (hopMyJHpyeMbIe MATEMATHUUECKH) 3aK0OHBI TIPUPOABI; OT-
KPBIThIE 38KOHBI MPOBEPHAKTCHA NPAKTHKOH.

PDusnyecKue BeJHUMHBI U HX H3vepenwne. HMccrnenopanme
SBIeHUN HauuHaeTcd ¢ ux Habmogenaus. Ho ansa toro urobnl
NOHATH ¥ ONMCATH OPOMCXOAAINEe CODBITHA, YVYeHBle BBOAAT
Hensi pAx pnanyecKUX BeIUMUYUH, TAKUX KaK CKOpPOCTh, CUIA,
AaBJieHWe, TeMlepaTypa, 3JeKTpHHUeCKHI 3apAj W MHOTrHue
apyrue. Kaxcpoil BenuuuHe HAJO JAaTh TOUYHOE OIpelesieHHe,
B KOTOPOM VKAasbIBAeTCH, KaK 9Ty BeJWYWHY MOMKHO H3Me-
PHThL, Kak MNpPOBeCTH HeoDXONMMBINH AJA TAKOrO H3MEepeHUHHA
OIIBIT.

Yamge scero B onpejeieHuax (PUanyeCKUX BEIUYWH ITPOCTO
YTOYHAKT U OPHAAKT KOJUYECTBEHHYVID (JOpMYy TOMY, YTO He-
HOCPEACTBEHHO BOCHPUHMMAETCH HAIlMMH OpraHaMu 4yBCTB.
Tax BBOAAT NOHATHSA CHJIEBI, TeMIlepaTyphkl U T. A. EcTb, Ko-
HEYHO, BeJINYHMHBI, KOTOPbLIE HE BOCIPHHUMAKITCH HENOCpeucT-
BEHHO HAIIWMHW OPraHaM¥ YyBCTB (HAaNpHMep, 3JeKTPHYeCcKHii
dapsan). Ho oHH BhIpa)kawTcs yepes Apylrue BeIMUYMHEI, HA KO-
TOpBLIE OpPraHbl YYBCTB HeloBeKa pearupylor. Tak, anexTpuye-
CKHUH 3aps] onpejiefiseTcsa 10 CUIaM B3aUMOJIEHMCTBUSA MEeXIy
3apAXKEeHHbIMH Tenamu.

Ceasu mexay duznuecKHMH BeawunHaMH. YT06R M3 Ha-
OnmwoaeHnii 3a (PU3MHYECKMMH ABJIEHMAMH cAenaTh oblijue Bbi-
BO/JIbI, HAWTH NPUYWHBLI 3THUX ABJIEHWH, cJeayeT YCTAHOBUTH
KOJMHUYECTBEHHBIe 3aBHCHMOCTH MEXAY PA3NUYHBIMK (HBHYe-
CKMMH BeauyYwnHamu. A aToro HeobXoamumMo crenmuanbHO Ua-
MEHATHh YCJIOBHUA, B KOTOPBIX NpoTeKaeT nanHoe sBaeHne. Ot
HEeNIOCPeACTBeHHOro HabJoieHusl 3a ABJIeHUMEM HALO NepeidTH
K (PU3MYECKOMY 3HKCIEepPHUMEHTY.

Eecny mensioTcs BCE YCNOBUA Cpa’y, TO TPYAHO VIOBUTH
rarkue-sinbo 3saxkonomepHoctu. [lostomy, nposoass dQusnye-
CKUM DKCIEPUMEHT, CTPEeMATCH MpociielUTh 3aBUCHMOCTEL AaH-
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HOM BeIHMYMHBI OT XapakTepa H3IMEeHEHHdA KaXJoro u3 yeJo-
BUH B oTAaenesHocTH. HanpuMep, nasienne rasa 3aBUCHUT OT ero
Macchl, ob’beMa W TeMneparypbl. YUTOOBI MCCHEAOBATH 3TY 34-
BUCUMMOCTH, HAJNO CHAYAJIA M3VUHTH, KAK BINAET HA JABJIEHIE
HaMeHeHHe of0bemMa, Korjia TeMIepaTypa H Macca oCTalTCs He-
M3MEeHHBIMH. 3aTeM HYYKHO INpPOCIeINnTh, KaK JaBleHue 3aBH-
CUT OT TEMIEPATYPSH! NPHU MOCTOAHHOM o0beme, U T. .

Teopun. M3yuass KOJMUYECTBEHHBIE CBA3U MEKAY OTHAENb-
HBIMM BeJIMYMHAMHWA, MOYXHO BBIABMTHL YaCTHBLIE 3AaKOHOMEpPHO-
cti. Ha ocHOBe TaKMX 3aKOHOMEPHOCTEH pa3BuBalOT TEOPHIO
spaenmnii. Teopus noJKHa OOBIACHATL YaCTHLIE 3aKOHOMEPHO-
cTH ¢ ob0miei’ TOUKM 3IpEeHUA.

Teopusa nozponsier He TOJNbKO OOBACHATL YiXKe Habmo-
JaBIIHecs HABJEHHSA, HO W [IpelicKkaspiBaTk HOBble, Tak,
II. . MenzesieeB iHa OCHOBE OTKPBLITOINO MM NEPUOAWYECKOTO
3aKOHA MpEeJICKAa3ayl CyL[eCTBOBAHHE HECKONBKHX XHMHUUYECKHX
ANIeMEHTOB, KOTOPhI€ B TO BpeMs He OblIM M3BeCTHBI. AHTJIINL-
ckust  Gusuk Jx. MakceBenn npeAckasan CylecTBOBaHUE
AJEKTPOMArHUTHBIX BOJIH ¥ T, .

3aKoHbl NMPHPOJBLI M 3AKOHBI, ONMpeNeNsgolHe KHU3IHE 00-
mecTsa. Jliobble MaMeHeHUA B IPHPOAE TIOAYUHHAKTCH ONpe-
JleJIeHHBIM 3aKkoHam, [IBHIKeHMe TeJsl ONHCBhIBACTCHA IUdKOHAMU
MEXAHUKU, PACHIPOCTPAHEHUE CBETA 3aKOHAMM ONTHUKM U T. [.
Paznuuue 23aKOHOB HOPUPOAEI ¥, HANPHUMEp, 3aKOHOB, OIpEe-
JeNsSUIUX HU3HB 00111ecTBa, COCTOMT Mpe’)K/ie BCero B TOM,
YTO 3aKOHBI NPHUPOABLI He M300peTarmTcH NWAbBMH, 4 OTKpPbIBa-
IOTCH B IIPOLECCe HCCHeloBaHUa OKpyiKaomero mupa. Ecau
«ODIIECTBEHHBIE» 3AKOHEI MOT'YT OBITE HAPYINIEHB WJIH OTMeHe-
Hbl, TO HAPYIUWATE WJIH OTMEHUTH 34aKOHEBI NIPHUPOABI HE MOIKeT
HHUKTO!



MEXAHHKA

§1 9TO TAKOE MEXAHHUKA

Brigesinm cpe/l BeJMKOT0 MHOMECTBA TPOIECCOB, TMPOUC-
XOOANIWX B NPMpoJie, KPyT #ABJIEHUH, KOTOpPbLIE H3yuaeT Mexa-
HHKA.

Ilepsoe, uro Opocaercs B rrnasa npu HabOAeHUN OKpYKa-
OIIero HAC MIpa, — 3T0O €ro U3MeHYMBOCTHL. MUp He ABIAeT-
¢Sl 3ACTBIBLIUM, cTaTHYHBIM. 3MeHeHUs B HOeM BeCEMA PAa3HO-
obpasuel. Ilo ecnmm cnpocuTs Bac, KAaKHe HN3MEHEHHS Bbl
zamevuaeTe 'alle BCero, TO OTBET, HOKainyii, Oyaner ogHO3HaY-
HBIM: MEHAETCH NoJoM¥KeHue npeameroB (Wi Tejg, KaKk ToBO-
PAT (PM3UKH) OTHOCHTEJIBHO 3eMJH M OTHOCHTEJBHO JIPYT JApYy-
ra ¢ Teuyenuem ppemesun. Bexur gu cofaka WIH MUYHTCH
aBTOMOOHNL —— ¢ HHMH [IPOMCXOAHT OAMH M TOT K€ Ipomecc:
HX [0J0MedHe OTHOCHUTENLHO 3eMNIN MeHSIeTCH ¢ TeYeHUeM
Bpemenut, OHn nepememnialorcsi. To ke camoe NPOMCXOAHT
C JIMCTBAMMK [E€PEeBBEB B BETPEHVIO MOTOAY, MAJai0lUMM KaT-
JNAMH JOAA, IBIBYLIMU B HebDe obnakamm,

Koneuno, He n100ble M3MEHEHHS COCTOSIT B IlepeMelleHHH
ren. Tak, Hanpumep, NpU OXJAKIEHUH BOJAa 3aMep3aer, Ipe-
Bpaiasck B Jgea. Ho nanbonee wacTo BCTPEUAKIIMECs BOKDYTD
HAC H3MEeHEeHUA — 3TO H3MEeHeHHs ITONOMKEeHWIT TeJl OTHOCH-
TeJlBHO APYT APYra.

Hamenenne noJjiodeHnsa Tesa uil 4acTell Teaa B TPOCTpan-
CTBE OTHOCHTEJILHO APVI'MX TeJ ¢ TeYeHUeM BpeMeHH HA3BIBa-
eTCA MeXaAWvYeCKHM /[IBHIKeHHeM,

Onpenenenne MeXaHHMYECKOTO ABHYKEHUA BBITIAAUT IIPO-
cTO, HO TipocToTa 3Tta obMaHumsa. [lpourwre omnpenenenwne
ele pas U NoayMaiTe, BCe JIH CJI0BA BAM ACHBI: NPOCMPAHCIT-
60, GpemA, omuocumenvio opyeux mea. Ckopee Bcero, 3TH
cnoBa TpebyrT NMOACHEHMUA.

IlpocrpaucTeo M Bpems. [lpocTtpaseTeo 1 BpeMs — Hanbo-
Jnee obime NoHATHA (PH3NKU H... HANMeHee sicHble. Ucuepnnl-
BAKOIIMX CBEJAEHUN O NPOCTPAHCTBE U BPEMEHIT MBI HE HMEeM.
Ho » Te peaynbTarsl, KOTOPhIE [HONYYEHBLI CET'OJIHA, U3JIOMUTH
B CAMOM Ha4ase uayueHis (Pu3nky HeBO3MOXKHO.

Ha nepBbiX nopax HaM BMOJHE OOCTATOYHO YMEThH H3Me-
PHATE PAacCTOSHHME MeM Y ABYMA TOUYKAMM HNPOCTPAHCTBA € 11O-
MOILLIO JIMHEHKH ¥ MHTEpPBAJlbl BPEeMEHH € MOMOINbLI0 YACOB.
JInHelika 1 uachl — BajrkHeEHIIME NpUCNOCODNeHHA IIF HM3Me-
peHnii B MexaHuKe, fa ¥ B OurTy. C pacCcTOAHUSIMU U UHTEpBa-
JaM¥ BpPeMEeHW [HPUXOAHTCA HMETh HeJI0 [IPH H3yYeHHH Beex
HIKOJNBHEIX YVUeOHBIX TMpeiMeTos.
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«...0THOCHTENBLHO ApYruXx Tes». Ecnu 57a yacTs onpepene-
HUS MeXaHMYeCKOoro ABMKeHHHA YCKOJIb3HYJa OT Balllero BHM-
MaHHHA, TO Bhl PUCKYETEe HE INOHATHL camMoro rnasHoro. Tak, Ha-
IpHMep, B KY€ BATOHA HA CTONUKe nexut sbnoxko. Bo Bpems
OTHpaBJieHMA 1oes3fia ABYX Habnwparenen {(nmaccaxxupa d Nnpo-
BOXKAIOILEro) mpocaT OTBETUTHL HaA BoNpoc: sOJOKO OBHMMKeTCH
UM HeT?

Ka)xxaeiii mabnmoparens oleHUBAeT NOJOXKeHHe AO0J0OKa 1o
orHoueHu0 K cebe. Ilaccarkup BuauT, 4to SO610K0 HAXOAUTCH
H& paccTosiHUM 1 M OoT Hero U 2T0 pPacCTOAHHE COXPAHAETCH
¢ TeyeHreM BpemeHH. IlpoBosraroinuii Ha neppoHe BHAMT, KAK
C TeYeHHeM BpPeMeHM PACCTOSHHE OT Hero 7o AdJoKa yBeluyn-
BAETCH.

ITaccaxup orBedaer, 4ToO AOJOKO HE COBePIIAET MeXaHWYE-
CKOTO JBMIKEHHA — OHO HEIOJABHUYKHO; TPOBOMXAaKIMH I'0BO-
pUT, YTO SAOJIOKO JBHIKETCH.

Htax, O0HO ¥ TO JKe TejN0 ONHOBPEMEHHO JIBHIKETCH W He
neuercsa., Boamoxxkuo i taroe? CorsacHo onpeleneHHI0 Me-
XaHHUYECKOID ABHEHUS BCE TAK M €CTh.

Mexannka — HaykKa o0 00X 3aKOHAX IBHIMKEHHS TeJ.
MexaHuuyecKUM [IBMIKEHHEM HAa3bIBAETCA IepeMeNnleHue Tell
WM 4YacTell Tell B NPOCTPAHCTBE OTHOCUTEJILHO JIpYyT Apyra
C TeYEeHHEeM BPeMeHH.

§ 2 RJACCHYECKAA MEXAHHRA HbBHOTOHA
H TPAHHUIIBI EE ITPUMEHHMOCTH

3aKoHEI MEXaHUKH ObInu CPOPMYIUPOBAHBI BENIHKUM AHI-
auiickum yueHbiMm M. HeriorTownom. Ha morunsHOM naurte
B BecrMuucTepckom abbarctse B JloHJI0HE BhiCcE4YeHb! 3HaMe-
HaTelbLHbIe CJIOBa:

3pecs TIOKOUTCH

Cap Hcaaxk Hwbiorol,

KoTopeiit moutu OOXECTBEHHOM CHMJIOH CBOEro yMa
Brniepeoie o0bsacHuR

C nomMoIb0 CBOEro MaTeMaTH4YeCcKOro Merona
JIBMKenna ¥ (pOpMEI IJIAHET,

ITyTn komeT, npuAMBLEL ¥ OTJIMBbLI OKeaHAa.

O nepsBRIi HCCenoBan pasHoobpasue CBETOBBIX JydeH
H npouncrekarmline oTcioAa 0CODEHHOCTH IBETOB,
KoTopsix 0 TOro BpeMeHUW HUKTO JaXe He MNoJo3peBasl.
ITpuneyxkHBIM, OPOHUIATEBLHBIM U BEPHBIH HCTOJIKOBATETh
Ilpupoak:, apesnocteii m CBaumjensnoro Ilncanus.

OH nmpocyaBunl — B CBOEM yuyeHMH Beemoryiiero Tsopna.
Tpebyemywo Esanrenuem mnpocrory OH [JOKas3an CcBOen
KHIHLIO.



Mcaax HeloTOH

(1642—1727) — rermanbHoi  SHIMMMCKMIA  (DM3WK M
MBTEMAaTHK, OfMH M3 BENHUYAHLLMX YUEHBIX B HCTOPHH
venosevecTsa.

ChopmynrupoBan OCHOBHBIE 3aKOHBI W NOHATHA MEXa-
HMKH WM OTKPbIN 33KOH BCEMWPHOro TaroTewus. OH
paspaboran TalKe Teopuilo ABuMeHHs HebecHbix Ten
1 Bnepebie 0B BLACHHMN NPOMCXOMOEHHE NPUITMBOB M OT-
nweoe B okeave. B ontvke HeloToH OvKpein seneHve
pasnomenus Genoro ceera Ha ugerta, obwbmcHun Mx
npomucxomaenue v gp. Pazpaboras merton maremarm-
HECKOro MCCNepoBann NPUPOAL!, MOBMMAN Ha BCE NO-
cnegytollee paszeutHe OrIuKK.

IlyceTs cvepTHBIE paayIOTCA, YTO B UX Cpeje
dKuiio Takoe yKpameHue 4eslOBeYecKoro poja.
Ponunca 25 pexabpsa 1642 r.

¥Ymep 20 mapra 1727 r.

Ha npors:xeHuH MHOMMX JieT yueHbie Ohiin yBepeHbl, 4TO
eAMHCTBEHHBIMI OCHOBHBIMY (QyHIAMEHTATLHBEIMN) 3aKOHAMA
NPUPOALI SBIAKTCA 3aKOHbI MexanukH HeioTora. Bee Gorar-
CTBO ¥ MHOroofOpasmue MUpa CUNTANH Pe3yJibTaToM pasjiu4yui
B ABHXKE€HMHM [NEePBHUHLIX YaCTHL, Claramlinmux sce tena Bee-
neHHoi. OfHAKO TIpPOCTaA MeXaHWYeCcKas KapTHHa MHUpa OKa-
3a7ack HeNpaBWUJILHOH.

Ilpu nccnenoBaHmnM 3JIeKTPOMATHUTHBIX #BJIeHAH OBLIO H0-
Ka3aHO, YTO OHU He NOAYNHAITCA 3akoHam Herorouna. [Ipyroin
BEJTMKMIT aHrnmiickuy (pusur — Jx. MakcBensi OoTKpbLI HO-
BBIFM THUI (DYHAAMEHTANBHEIX 3aKOHOB, JT0 3aKOHBI IIOBEEHUA
3JIEKTPOMATHUTHOTO NOJIfA, HecBoAMMbIe K 3aKkoHaM HeroToHAa.

BEeino BBISCHEHO Takke, 4TO 3akoHbl HbOTOHA, KAK ¥ JI0-
Oble ApyrHe 3aKOHBI NPUPOALI, He ABIAKTCA abCONMIOTHO TOY-
HBEIMH.

OHu XOpOoIlI0 ONMCHEIBAIOT ABMMKeHWe OONBIIWX TeJs, ecyu
WX CKOPOCTHE Maja T0 CPABHEHHID CO CKOPOCTHIO CBETA.

Mexanuka, ocHOBaHHas HA s3akoHax HbOTOHA, HasLIBaeT-
CA KAACCURECKOI MEeXUHUKOILL.

JIJifi MUKPOCKOUMYECKUX YacTUL] CIIPaBeJJINBhLI, KAaK IIpa-
BUJIO, 3aKOHBI KBAHTOBOU MexanuKu. [Ipn HBHMIKEHUAX CO CKO-
pocTAMH, ONM3KUMH K CKODOCTH CBeTa, Tesla oDHapyI XKHUBaIOT
CBOMCTBaA, O CYLIECTBOBaHUM KOTOpEIX HbloTOH He nopmozpe-
BaJl.

Oxpyxaompe Hac TeJla JIBUIKYTCS CPaBHUTENbLHO MeJJIeH-
Ho. Iloaromy ux aBMIKeHUSA NoAYMHHIOTCS 3akoHaMm HeloToHa.
Taxum obpazom, oO6acTE TPUMEHEHHA KJIACCHYECKOW MeXaHH-
KN oueHb obmupHa. U B 317011 00nacTH uenoBeuecTBO BCerpa
Oyner nONbB30BATLCA AJIs ONMCaHUA N0O0T0 ABHIKEHMS Tesa
zaxonammn HeoTona.



KNHEMATHEKA

IF'masal KHHEMATHKA TOYUKH

ITo xapaxTepy peuiaeMbIX 3afiay MeXaHWKY Je-
NAT HAa KUHeMAMUKY A JuHamMuKy.

B kxuHeMaTHKe M3yualT IBUIKEHMUH TeJ, He pac-
CMaTpHUBAas NPHYHH, ONPEeAENAIIIHE 3TH ABHKEHHUA.

§3 NBHKEHHE TOYMEKH H TEJA

ITpucrynuM K W3VYIEHWI0 MEXaHNYecKoro ABMMKeHus. Ye-
JIOBEYECTBY [10HAaA0DUJI0CE OKONO [ABYX TBHICAY JIET, 4TOOBI
BCTAThb HA BEPHBIM NYyTh, KOTOPBIH 38BEPIIWJICHA OTKPLITHEM
38KOHOB MEXAHUYECKOro [BHIKEHUWA.

IMTonwiTkn apeBHEX (punocodor OOBEACHNTE NPHUUYHUHBI OBH-
SKEHHMSA, B TOM YHUCIE ¥ MEXaHHYeCKoro, ObLIN MJI00M YHCTON
thauTasum. l[logobHo Tomy, paccyxpanu OHM, KaK YTOMIIEH-
HbIH NYTHHK YCKOPAET IIarn no Mepe npHbOImXeHHuA K [oMYy,
Nafamniuil KaMeHb HAaYWHaeT ABUIaThCH Bee DbicTpee u ObicT-
pee, npubiMIKaACchk K Mmarepu-zemye. [[BHIKeHNA MXHUBEIX Oopra-
HH3MORB, HAIPUMED KOIIKH, Kas3ajuchk B TE€ BpeMeHa ropasio
DoJiee NpPOCTHBIMUA W MOHATHBIMM, 4Y€M NajeHne KamusA. Beruom,
npagjlia, ¥ reEHalNibHBIe o3apeHmuda. Tak, rpeuecKkmuil Qunocod
Anaxcarop rosopui, 4ro JiyHa, ecnu 66l He ABUIranach, Viana
Opl Ha 3eMui, Kak 1ajlaeT KaMeHb M3 IMpaiiu.

OnHaKo NOANHHHOE PA3BHTHE HAYKN 0 MEXaHHYECKOM JBU-
MEHUM HAYaJ0oCh C TPYIOB BENWKOr0 MTANBAHCKOrO (puauka
I'. Tamunes. OH nepBBIM IMOHFAJ, YTO JJIS OTKPBITUS 38KOHOB
MEXaHHMYEeCKOro JIBMKeHHHA HYYHO CHa4Yala HAYYUTBCH OIIH-
CBIBATH JABUIKEHHe KoaudecTBeHHO (Martemartudecku). Henwbss
OrNpaHHMYMBATBCH TIPOCTHEIM HADJIOJEHHeM 3a JIBHIKYIHMUCS
TeNaM¥u; HYKHO CTABUTH ONBITEI JIIA TOTO, YTOOB! BHIACHUTS,
0 KaKHM IIPABHIAM OPOMCXOJIUT JBHIKEHUE,

KunemMaTuka — 3T0O pas/iell MEXaHHMKHM, H3y4YawlIMH Cmo-
cobbl ONMMCAHMNA IBHIKEHHH H CBA3L MEHAY BEeJIMUHHAMM, Xa-
PAKTEPUIYIOIIMMI 3TH JBHIKEHM.

Onueats ABUMIKEHME Teja — 370 3HAYMUT VKasarTh criocobd
olnpenesieHUs ero NoJIo¥eHud B NPOCTPAHCTBE B JIDD0OI MOMEHT
BpPEeMEeHH.

Yixke HA NEepBBIil B3rJsAj 3a7a49a ONHMCAHMA Ka)<eTcs O4YeHb
cnoKHOM. B camoM jsiene, B3rnsHATe Ha KJIyOsmecsa objaka,
KONBIIIYLIHECSH JIMCThA Ha BeTKe aepesa. Ilpencraesre cebe, Ka-
KOe CJIOYMHOE JBUIKeHHe COBEePIIaInT MOPIITHU ABTOMODMIIsST, Mya-
1erocs 1o mocce. Kak e npucTynuTh K OITUCAHNI) JBUIKEHWNS ?
Camoe npoetoe (a HaAYMHATDL BCerjga Jy4dile ¢ ITPoCToro) — 8TO
HAYYUTHCHA ONMCBIBATH ABMKeHHe TOYKH. llog TOUKOM MOXHO
NOHUMATL, HAOPUMEp, MAJEHBKVI0 OTMETKY, HAHECEeHHYI Ha
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OB VIIIUHCH npeamer — GyrboneHBIM
msa4g (puc. 1.1), kKoneco TpakTopa U T. 1.
Ecii MBI OyzieM 3HaTh, KakK TIPOMCXOLHT
JABHIKeHHEe KamJIoi TaxkoH TOYKH (Kaykao-
ro O4YeHb MAaJIeHBKOTO VYacTKa) Tesa, TO
MBI ByieM 3HATh, KAK OIBMIKETCH BCe TeNo.

Ho Brauane He HaJN0 rHATHCHA 3a ocobo
TOYHBIM ONMCaHMeM JABMKeHund. [lasaiite
MPpUMEeM 3a TOUYKY OYeHb MaJleHbKHI npe-
Puc. 1.1 MeT — MAJIEHBKHU TI0 CPaABHEHHIO C TeM

paccToOfAHMEM, KOTOpPOe OH [IPOXOJHT.
Hanpumep, xorza BHL rosopuTe, 9T0 npoferkasi Ha IpHKaX
10 kM, TO HUKTO He CTAHET YTOYHSITH, KAKAA WMEHHO Y&8CTh Ba-
oiero TeJyia npeopoJiena paccrosinue B 10 KM, X0T# Bl OTHIOAB
He Touka. B JaHHOM ciydyae 910 He MMeeT CKOJNBKO-HHOYIb
CVIIIECTBEHHOrO 3HAYCHNS.

JTO oueHb Ba)xkHBIM MomenT. Korga Mbl nbiTaeMcs OIHCATDH
COOBITHHA, TPOUCXOAAIIHNE B MUPe, TO BCerga NpUXoauTcs IPH-
deraTe K pasHOro poJa VipOLUeHHMAM AeHCTBHTeNLHOCTH, T. €.
K MOjiesiM peanbHBIX ABIeHMN. He mmeer cMmbicsa npereHno-
BaTh Ha abCONMIOTHYK TOYHOCTH ONMcaHusA. Bo-TlepBbIX, OHA
NpaKkTHYeCKH He HY2KHa, a BO-BTOPbLIX, BCE€ PABHO OHA HENO-
CTHXXKHMMA BO BCEH TOJITHOTE.

B pmannHeiniuem, Korjga Mbl OyZieM roBOpUTE O JABUMEHMH
Tena, To 6yeM UMeTh B BUAY, YTO VCJIOBHH €r0 [BUKEHHSA Ta-
KOBBI, 9YTO €r0o MOJKHO CUYMTAThL TOYKOM.

IBuiceHne TeJi, KOTOPhLIE MBI MOXKeM CYHTATE TOUYKAMHA —
repBas MOJIENb ABHIKEHHs PEaNbHBIX Tell.

§ 4 IHOJOKEHHE TOYKH B INPOCTPAHCTBE

Yrobbl pemmuTe 3amady O ABHIKEHUH Teja, NpPehe BCero
HaO0 yMeThb ONpenensiTh, W, 4TO OAHO H TO JKe, 3aJaBAaThb,
IMoJoMeHe ero B npocrpadcTBe. Kax ke onpeaessiroT I10JI0-
JKEeHHe TOYKM?

Habnropan 3a m00bIM TEJIOM, MBI 3aMedaeM, YTO ero moJo-
JKeHue B OIMH M TOT € MOMEeHT BPeMeHW OTHOCHUTEJhHO Pas-
JTHYHBIX TeJ pasdnrudo., Hanpumep, KocmudecKu#l rwopabiib,
3alyIeHHblil ¢ KocMmoapoma BaiikoHyp, 3aHMMAeT CoBepliIeH-
HO pas/inyHble [MOJNOMKEeHUA oTHocHTenbHo 3emnun, JIyHer n
Conana. ITostomy B JaHHOM ciyuae 00s3aTelbHO HAJL0 YKa-
3aTh (PuiuvecKoe meao, OMHOCUMENBHO KOMOpozo 3adaemcs
nojaoMeHue O0aHH020 Mena uau xwe oamnmoit moukxku, Takoe
TEeJIO HASBIBAIOT TEJOM OTCHYeTA.

Teno orcyera MOMKHO BeIOpATE TPOHU3BOALHO. UM moxer
OBITE KOCMOAPOM, CAMOJIET, B KOTOPOM MBI JETHUM, KOCMUYe-
cKuil kKopabnk, demus, Conmie, 3Be3nsl U T. 4. Ho oTHOcu-



TeNBHO PA3JHUYHBLIX TOUEK TeJa 0OTCYeTa nodokenne mwboro
APYroro Tena MAM TOYKH TOmxe pasnayuxo. Ecnmn, HanpuMep, 3a
TEJIO OTCYEeTA HPUHATL SeMJIK, TO IMOJOMKeHUe CIYTHHKA 3eM-
JIH OTHOCHTEeIIEHO MDERBH 6YI{ET HHEBIM, HeXxelH OTHOCHTeIhL-
1o Kocmonpoma Baiikoryp. CTporo roBopsa, MBI IOJMKHBI YKa-
3aTh, OTHOCHUTEJIBHO KaKoll TOYKH BBIOPAHHONO TeJNa OTCHeTa
3ajiaercs NoNOIKeHWe JaHHOH TOYKW WJIT Tesja.

Ecnwm teno orcuera BuiOpano, TO OTHOCHTENBLHO HEro 1oJio-
JKEHNEe TOUYKH MOMHO 3aZlaTh C TIOMOIINBIO KoopduHnamnm unu pd-
Juyc-eexmopa. Bpibop cHCTEMBI OTCUETA H CHCTEMBI KOUDH-
HAT J0oJDKeH ObiTh pasymibiM, YTobObl OTIHCAHWE [BHIKEHILA
TeJNa BBIPIANEN0 JOCTATOUYHO MPOCTO, HO B TO K€ BpPeMs Mhl
MOrJii OBl OTBETUTH Ha BCE BOOPOCHI 3agaduil.

PacemorpumM aTH gBa cniocoba 3azaHus NOJNOMEHNA TOYKH.

3ajlaHMe HOJOKEeHMA TOYKM € NOMOLILI0 Koopjauuar. M3
Kypca MaATeMATHKH BBl 3HAETE, 4YTO I[HOJOMKEHHe TOYKU Ha
MJIOCKOCTU MOXKHO 3aJlaThk C TIOMOIUBIO JIBYX YICEJ, KOTOPBIE
HA3BIBAKTCH KOOpAMHaATAMM 270 TOMKM. Ilns sroro, Kaxk mas-
BECTHO, MOYKHO HA IJIOCKOCTH ITPOBECTH JiBE Nepecekalllinecs
B3aUMHO DEepHeHONKYIApHBIE ocH, Hanpumep ocu OX u OY.
Touky unepeceueHWA ocel HA3LEIBAKT HAYAJAOM KOOPAHHAT,
a CAMH OCH — KOOPJAMHATHBIMM OCSIMM.

Kooppunarer Touxku M, (puc. 1.2) paBubl x, =2, y, =4;
KuoOpAuHATHEI TOYKH M, paBHbBI X, =—2,5, Y, =~3,9.

[Monoxxenune Toukn M B NpPOCTPAHCTBE OTHOCHTENBHO TeJAa
OTCYETA MOXKHO 3aJJaTh C TIOMOUILI0 TPeX KoOpAuHAT. YTOOHI
2TO cjieiaTk, HeoOXOAMMO uepe3d BbLIOPAHHYIO TOYKY Teja OT-
cuerTa MpoBeCTH TPHM B3AMMHO NeprneHauMKynspHble ocu 0X,
0OY, OZ. B nony4yeHHOH cHCTEME KOOPAWHAT IMOJOIKEHHEe TOoY-
K#u OyIeT onpelensiThCA TPEMA KOOpIMHATAMM X, Y, 2.

Ecny uieno X moJoXHUTeNabLHO, TO OTPE30K OTKJIAALIBASTCSH
B NOJOKUTEJIbHOM Hanpasienun ocn OX (puc. 1.3) (x = OA).
Ecinu xe uncao x oTpMIAaTeNIbHO, TO OTPE30K OTKJALBIBAETCH
B OoTpuuaTesnsHoM Hanpasneauun ocu OX. Mz KoHua aToro or-
PE3RA OPOBOAAT IIPAMY, napajuenbHyio ocu OY, m Ha atToM
NPAMONH OTKJAABIBAIOT OTPe30K 0T ocu OX, cOOTBETCTBYOLLIHT
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74 yueny y (y = AB) — B NOJNOMKNUTENb-
HOM HanpasieHuu ocu Y, ecman
JHCID L NoJoXHHTEeNBEHO, H B OTDH-
nareapHoM Hanpaenenmu ocu 0OY,
eCJIH YHCH0 I OTPUIIATENRHO,

Hamnee n3 Toukm B appyroro or-
pe3ka OPOBOZAT TPSAMYIO, napaJ-
JensHy ocu OZ. Ha stoii npamoi
0T KOOpAMHATHON naockocern X0OY
OTKJIAABIBAIOT OTPE30K, COOTBETCT-
X BYWOLIWII uncay z. Hanopasnenwue,
Puc. 1.4 B KOTOPOM OTKJIaZLIBAIOT ITOT OT-

PE30K, ONPeNenAT TaK Ke, KaK U
B IpeAbIAYVIOUX CIyYasx.

KoHer, TpeThero oTpe3xa ¥ ecTh Ta TOYKA, ITOJOIKEeHHEe KO-
TOPOM 3aaeTcsi KOOPAMHATAMH X, Y, 2.

Yrobs! onperenTh KOOPAKMHATE! JAHHON TOYKH, HeoOxomu-
MO OpOBECTH B oOpaTHOM TOC/NEe[0BATENILHOCTH Te Olepanuu,
KOTOPEIE MLl OCYINECTBNANH, HAXOAHA TOJIOKEHHE 3TOH TOYKH
0 ee KOOPAMHATAM,

3ajaHue MOJIOIKEeHHA TOYKH C IOMOLILIO pajHyCc-BeKTOopa.
Ionoxkerne TOUKY MOXKHO 347IaTh HE TOJIBKO € MIOMOIIBI KOOP-
JOUHAT, HO ¥ ¢ TIOMOUIBI paguyc-BeKTOpa. Paamyc-BexTop —
3TO HallpaBJeHHLIH OTPEe30K, [IPOBEACHHLIH M3 HAYANA KOOPAH-
HAT B IAHHYIO TOYKY. N

Pagmyc-BekTop npuHATO 0003HauaTe OyKBON r. IlsimHa pa-
JHyC-BeKTOpa, WIH, Y4TO OJHO U TO e, ero Moaviab (puc. 1.4),
€CTh PACCTOSIHUE OT HAYANA KOOPAWMHAT A0 Touxku M.

Honomenwe TouKky OyzeT onpenesieHO € NOMOILLLI pajguyc-
BEKTOpPa TOJBKO B TOM CJiyyae, €CJIM M3BECTHLI ero MOIyJb
(AnuHa) ¥ HanpasJieHHMEe B INPOCTPAHCTBE. JIHMIIL NPH 3TOM
VCJIOBHH MBI OyZleM 3HATH, B KAKOM HAIpPABIEHUM OT HAYA-
Jla KOOPAWHAT CcJeAyeT OTJN0MKUTHL OTPe30K AJMHOM r, 4TOoOh
OLpefeNuTh MOJNOMEeHHe TOYKH.

Mrak, nonoeHue TOUKHM B NMPOCTPAHCTBE ONPeaeIfAeTCs ee
KOOPAMHATAMH HJH ee pajnyc-BEeKTOPOM.

Moayns m HanpasrieHue JoOOro BEKTOpa HAXOOAT IO €ro
NPOeKIMUsAM HA OCU KoopauHaT. YTobbl MOBEATH, KAK 3TO JIeja-
eTCH, BHayaje HeoDX0AMMO OTBETHTH HA BOIPOC: 4TO MOHMMA-
0T OJ NpOeKIHel BeKTopa Ha 0Chb?

Uzobpasnm kakyio-nubo oce (pue. 1.5), manpumep ock OX.

Onyverum ma Hadana A u xKoHIA B BexTopa a neprnesauKky-
napsl Ha ock OX.
Touku A, m B, ecTk IPOEKIMH, COOTBETCTBEHHO, Ha4aJa

2

~Y

H KOHI& BEKTOpa d Ha 3Ty O0Ch.

1Ipoeknueit BeKTOpPa d Ha KaKyW-JHOO OCh HA3BIBAETCH
AJuHa oTpeska A,B, Me)xay NpoeKuMsMM Hadala ¥ KOHIA
BEKTOPA HA 3Ty OChb, B3ATAHA CO 3HAKOM «+» HIIM «—».
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IIpoexknnw BexkTOpa Mul Oynem obo-
3HAYATE TOH e OYyKBOH, 4YTO M BEK- ;
TOP, HO, BO-TIePBbIX, be3 cTpenku Han ! :
Hel M, BO-BTOPbIX, C MHAEKCOM BHU3Y, | |
VHa3slBAKINKM, Ha KaKyl0 OCk Npoe- i Jl.~ -
uupyercsa BekTop. Tak, a, m a, — po- 0O B, A X

€KUM BEKTOPAa ¢ HA OCH KOODOMHAT o ¢
OX n OY.

CorniacHo onpeferenUK) TPOEKILIHHA
BEKTOPA HA OCh MOMHO 3alMCaTh:

a
B
a,=+|A,B,| A/:

ITpoexnnsa BexTOpa Ha OCh Open- :
crapyisier coboil anredpauvecKyio Be- .
auurHy. OHa BEIpa)KaeTcs B TeX e () A, B, X
eIMHUIIAX, YTO U MOAYJIL BEKTOPA.

YenoBumesa  CUHTATh HOpoeKiui  Puc 1.6
BEKTOpa Ha OCb NOJIORHUTENBEHOU, eCJH
OT MNPOEKIMHM HA4Yajga BEeKTOPa K NPOEKIHH e€ro KOHUA Hal0
MJTH B MNOJIOMKHATEIHLHOM HANPABJISHWM OCH Tpoeknuii. B npo-
THBHOM cayuyae (cMm. puc. 1.5) oHA cynTaeTcs OTPULLATENIHLHOH.

Wz pucyrkor 1.5 u 1.6 Herpy/iHO VBHAETH, YTO HPOEKIIUA
BEKTOpPa Ha oChk ODyZeT NnoJjiosKuTe/ibHOM, KOrJa BEKTOP COCTAB-
JIAeT OCTPLIN YTOJ ¢ HANpaBIeHWEeM OCH NpOeKIuil, 1 OTpHLIa-
TeIBHOM, KOTJla BEKTOP COCTABJISET ¢ HAIIpaBJIeHUEeM OCH IIpo-
€KMW TYOOH Yyroa.

IonoyeHne TOYKH B IIpoCTpaHCcTBe MOMHO 3allaBaThb C IIO-
MOIIBEK) KOOPOHHAT HJAM pagHyCc-BEeRTOpAa, COelHHHARILIEero Ha-
qaao KOoOpaHMHaT H TOYRY.

1. Y70 Ha3zwiBaeTcs Tenom orcyera!l
' 2. Kawnmiu cnocobamm MOWHO 33[jaTh NMONOEHWE TOUYHM!
3. Kax 3afaior nonomesnme TOUKM B NPOCTPAHCTES € NOMOLLLID HOOpP-

AwuHat!

4. Yro HAILIBACTCH PAMYC-BEKTOPOM!

5. Yro HaszbiBAETCR NPOEKUMEH BEKTOpa Ha OCb!

6. Yemy pasHa npoexUMA BEKTOPa Ha OChb, €CNM BEHTOR Hanpasned
TaK ME, HaK M OCb NPpoeKuHM!

7. Hemy paBHa NpoeKUWs BEXKTOPAa Ha OCb, €CNM BEKTOP Hanpasned
NPOTHBONOMNOMHO OCH NPOeKLMM!

8. Hemy paBHa NpoOEKUMA BEKTOPA Ha NEPNeHOMKYNAPHYIO K HEeMY
ock!

§ 5 CITOCOBBI OITHCAHHA IBHKEHHIA.
CHCTEMA OTCHETA

Ecisiv Teso MOKHO CYMTATE TOUYKOH, TO OJMH ONMCAHHSA ero
JBHIKEHUSA HYMHO HAVIHUTHCH PACCUHUTHIBATHL [MOJOXKEHWEe TOY-
KM B M000H MOMEHT BPpeMEeHH OTHOCHTEJIBHO BLIOpPAHHOIO Tena
OTCUeTAa.

13



Y CvulecTByeT HeCKOJIbKO criocoboB

OHUCaHWH, WJIH, YTO OJHO U TO e,

M 3ajiaHus, JIBIDKeHUsE Toukn. Pac-

/—T\\—/ CMOTPHMM JIBA M3 HUX, KOTOPEIE HAW-
| bosee 4aCTO NPHMMEHAIOTCH.

—= - Koopimuarseni cnocob. Byaem

2 i X zapaBaTh TONOMKEHHME TOUKH ¢ T10-

=ttt Mok KoopauHaT (pue. 1.7). Ecenn

TOYKAa JIBHXKETCH, TO €€ KOOPAWHATEI

Puc. 1.7 M3MEHAKTCH C TEUYeHUEM BpPEMEHM.

Tax Kak KoOOpJMHATHEI TOYKW 3aBH-

CHAT OT BPEMEHH, TO MOXKHO CKa34Th, 4TO OHU SABJAAIOTCH (PYHK-

nuAMKA BpeMeHH. MaTteMaTudecKH 3TO NPHMHSTO 3ailMCBIBATH

B BHUJie

VA

[:r = x (),
y=yt), (1.1)
lz = 2 t);

Ypasaenus (1.1) HABEIBAIOT KHHEMATHYECKHMMH ypPaBHEHHM-
AMH [ABHIEHMSA TOYKM, 3ANMCAHHBIMH B KOOPAWHATHOH (op-
me. Ecau oHHM M3BECTHBRI, TO AJIA KajiK/ior0 MOMEHTA BpEeMEHH
MBI CMOKEM pacCHMTaTh KOOP/AMHATHI TOYKH, a CJeA0BaTellb-
HO, ¥ €e NOJIOXKEeHUe OTHOCHUTEJIEHO BBIOPAHHOIG TeJia oTcYeTa.
Bun ypassenmit (1.1) nn8 KaM[010 KOHKPETHOI'O ABHMKEHUSA
Oyzer BIOJHE ONpexesieHHBIM,

JIMHMs, 110 KOTOPOH ABMMKETCSA TOYKA B POCTPAHCTBE, Ha-
3pIBAETCH TPaeKTOpPHe.

B szaBucumocTy oT (hOpMbl TPAEKTOPHHN BCE NBHIKEHHS TOY-
KU DeNATCA Ha NPpAMOMMHEHHLIE U KpuBoauHelinble, Ecim Tpa-
€eKTOpHeN ABIAETCH NpAMAas JHHUA, IBHIXEHNEe TOYKY HA3hIBa-
eTCH NPAMOJUHEUHBIM, & €CIH KPHUBAH — KPUBOJUHEILHBLM.

BexTopubii cnoco0. llonoxkenne TOUKH MOMXHO 3a18Th, KaK
M3BECTHO, U € NOMOIBI pazuyc-BeKkTopa. IIpu asumxenuu ma-
TePUANBHOH TOYKHW PaHyC-BEKTOD, ONPENeNsSOuiUi ee I1oJio-
JEeHVe, ¢ TeYeHHNEM BPEMEHH uaMeHseTcs (noBopauyuBaeTcs M
MeHseT NauHy; puc. 1.8), T. e. spngercs QYHKIIMEN BpeMeHH:

r=r(1). (1.2)

TMocnegree ypaBHenue ecThb 3a-
KOH JIBUM{EHWHA TOYKH, 3AITHMCAHHBIN
B BekTopHOM Qropme. Ecnim 0H u3Be-
CTeH, TO MbI MOXKeM Anas jnwoboro mo-
MeHTa BPEMEeHM PacCUYUTATE Pajuyc-
BEKTOP TOHUKM, A 3HAYMUT, Omnpeje-
nuTh ee nonoxenuwe. Taxum obpa-
30M, 3ailaHue TPeX CKaJIAPHBIX ypas-
HeAuit (1.1) pasHOCHMIBHO 3&/IAHHIO
OMHOI'O BEeKTOPHOTO ypaBHeHusA (1.2).




Crcerema orcuera. [lsnxxenne nwoboro 1ena ectb ABHKEHNe
OTHOCHTENBLHOE. ITO 3HAYMUT, YTO JABHIKEHHE JAHHOIO TeJla MO-
#HeT ObITh COBEPIISHHO PaA3JHMYHBIM M0 OTHOIIEHHMIO K JpPyrim
TeJaM.

Tak, ecnu ans wabaogarTessi, Haxojsijerocs Ha nanyoe
MABIBYIEro Tennaoxoha, Kaxkou-Hubyaep nexaopmit Ha HeR
npeaMer HenoJiBH»KeH, JAng Habmwopartens, HAXOAALErocs Ha
bepery, OH IBUIKeTCS.

B OeaBerpeHHYI0 NOroay KamJdy [JOMAA HIAJaT OTHOCH-
TEJHbHO 3€EMJHM (10 BEPTUKANBHBEIM JMHMAM. Ho oTHOCHMTENBHO
BaroHa, ABMMKYILErocs pasBHOMEPHO M NPAMOJKMHENHO, 9TH Xe
KAaILy ABHMXKYTCH 110 HPSAMBIM, HAKJIOHHBLIM K Beprukaau. Eciau
Kaxkoe-anbo Tesio HaXoAUTCHA B IOKOE 110 OTHOLLIEeHWIO K 3emMe,
TO OHO ABMiKercs no ortHomenunioo Kk Conany. Taxkum obpasom,
M3yuas JIBHKEeHMe MHTEepecylollero Hac Teja, Mbl 00A3aTeNLHO
JOJKHBEI VKA&3aTh, OTHOCHTEJLHO KAKONQ Tesa 3TO ABMIKeHHe
paccMaTpUBAeTCH.

Tesno, OTHOCHMTENLHO KOTOPOI0 PACCMATPHBAETCH [IBHIKE-
HHUEe, Has3blBaeTCs TeJNoM O0TCYeTra.

Yrobs! paccuyHTaTh NOJMOKeHHe TOYKH (Tesa) OTHOCUTEeNLHO
BLIOpaHHOIO Telia oTcYyeTra B 3aBUCHMMOCTHM OT BpeMeHu, HaJ0
HE TONLKO CBA34aThH € HUM CHCTEMY KOOPJAMHAT, HO M CYMEThH
HaMepnTh Bpems. Bpemsa namepsioT ¢ nomoiibio Yacos. CoBpe-
MEeHHbIE YaChl — 3TO CJOXKHLIE ycTpoicrBa. OHM ITO3BOJISAIOT
U3MEPATE BPEMA B CEKYHAAX C TOYHOCTBK 0 TPHUHANIATOTO
3HaKa nocne sanaAToi. EcTecTBeHHO, HU OJHM MeXaHHUMEecKHne
4achl TAKON ToOUYHOCTH obecneuuTs He mMoryT. Tak, camMbie TOY-
Hbie B MHpe MeXaHM4YecKHe uachkl, nudepdbnar KOTOPLIX MEI
MOKEeM KaXKAbIH JIeHb BHIAETh HA TeJlesKpaHe, B JecHATh ThICAY
pas MeHee TOYHEI, 4yeM l'oCyZapCTBEHHBIM 3TAJIOH BpPEeMeHH.
Ecnu pranoHHble 4Yachkl HE KOPPEKTHpPOBaTh, TO Ha OAHY Ce-
KYyHAY OoHu y0eryr MM OTCTAHYT 3a TpucTta Thicsiy Jser. Ilo-
HATHO, 4YTO B OBITY HeT HeODXOAMMOCTH HN3MEPATH BPeMsA
¢ oueHb Oonbiol TouHOCTHIO. HO ans pmauuecKkmux uccnezno-
BAHWIT, KOCMOHABTUKW, TeOe3WH, PaJHOACTPOHOMHUM, YIIPaB-
JIEHUH BOSAVILUHBIM TPAHCIOPTOM BLICOKAH TOYHOCTHL B HM3Me-
pEHUH BpeMeHH npocTo Heobxonuma. OT TOYHOCTH M3MepeHus
BpEMEHH 3aBHUCHT TOYHOCTH, C KOTOPOM MEI CYMeeM paccyu-
TATH MOJIOJKEHHE TeJla B KaKoMH-

aube MOMEHT BpeMeHH. T Y
CoBokynHOCTL TEna orTcuera, | : °

CBA3AHHOM ¢ HHMM CHCTEMBI KO- Eﬂ m ;

OPJAWHAT M YACOB HA3LIBAIOT CHC- ol

Py

TemouM orcuera. Ha pucynxe 1.9
[IOKA3aHA CUCTEeMa oTcYeTa, Bbl-
OpaHHAA N8 PACCMOTPEHUS T0OJe- Z
T4 OpomesHoro msaua., B pannom

cJiyydae TenoOM oOTCcHeTa ABASIETCH

A0M, OCHM KOOPDAWHAT BEOpPAHBEL Puc. 1.9
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TaK, 4TO MAY JIeTUT B nnockoctu XOY, niusa onpepenesus spe-
MeHH Depercsa CeKyHoMep.

KHHEPMELTH‘IECEHE YPaBHeHHHA IBHCHIA, GAllMMCAHHBIE B KO-
OP/IMHATHOI HIIHM BEKTOPHOH (opMe, MO3BOJAIOT OIPENeSHThb
MOJIOMEHNE TOYKH B 00 MOMEHT BPeMeHH.

§ 6 TEPEMEIIEHUE

Ilyete B KaKOH-TO MOMEHT BPEeMeHH JIBIMIKVYIIEeCs Teyo
(Toura) 3anumaer nonoxkenwe M, (puc. 1.10, a). Kax waiiTu
ero TIoJIO}KEeHUEe CIYCTH HEKOTOPBIH NOPOMeXXYVTOK BpPeMeHH
IIOCJIe 3TOT0 MOMEHTAa?

Honyerum, H3BECTHO, YTO TEA0 HAXOAUTCH HA paccTosHuM [
OTHOCHTENBHO CBOETO HAYAIBHOUO nojoyxkenus. CMoxem nH MBI
B O3TOM CJIydae O/JHO3HAYHO OIPENEIUTE HOBOE ITOJIOMEeHUe
Tena? OueBMAHO, HET, NOCKONLKY €CTh DeCuUCc/IeHHOe MHO-
MEeCTBO TOYEK, KOTOphie yJaleHbl OT TOYKHM M, Ha paccros-
Hue [. UTobb! 0/1HOBHAYHO ONpeaesnTh HOBOE IOJIOMKEeHHe Tena,
HAaJZI0 elile 3HATh, B KAKOM HAaTIpaBJeHHH OT Toukm M, crmeayer
OTNOMHATh OTPE30K OJNMHON [.

Takum oOpasoMm, €C/il HU3BECTHO TNOJIOMKeHHue Tela B Ka-
KON-TO MOMEHT BPEMEHH, TO HAHTHU ero HOBoe MOJIOYKeHHe MOHK-
HO ¢ IOMOLILIO HANIPABJIEHHOTO OTPE3Ka ONMpefAeneH ol NJIUHBI,

M. . KOTOPBIH cCleayeT OTINOMKHTL OT Ha-

\ YATBHOIO NONOXKeHus Tena. HKoxen

o 9TOr0 OTpe3Ka w Oyjaer 3alaBaTbk HO-

M, - BO€ nojoykeHue Ttena (puc. 1.10, 6).

4 M, HanpasmeHHBIIT 0Tpe3ok, NOpoBe-

L OeHHBI W3 HAYANBHOIO IOJOXKEHUSHA

[ Ce TEeJNa B ero KOHeYHOe I10JI0OXeHue, Ha-

i 3BIBAETCA BEKTOPOM I[IepeMeIneHHsA
MJIM IIPOCTO MepeMelfeHHeM TeJa.

a) 6) IlockonbKy nepemMeleHne — Be-

JUYMHA BEKTOPHAHA, TO MNepeMelle-

HUe, NoKasanHoe Ha pucyuke 1.10, 6,

—_—

MOM¥HO oDo3nHauuTe M, M, .

[Torkaxkem, uWTO NOpHU BEKTOPHOM
crnocobe 3ajlaHuA ABUIKEHHUNA TEpeMe-
IHeHHe MOMHO PpAaCCMATPHBATHL Kak
H3MEeHeHHe paAuyCc-BeKTopa HIBHXKY-
merocs Teda.

=
[lycts paauyc-BeKTOp 1, 3ajaer
[MOJIO¥EeHUe Tejla B MOMEHT Bpeme-

HU ¢, a pajuyc-BEKTOD I, r-r:ﬁfiio-
mMeHT BpeMeHH £, (puc. 1.11). Hrods!
Puc. 1.141 HAWTH U3MEHEHNE paljvyc-BeKTOpa, 34
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NPOMEIKYTOK BPEMeHH At =1t, - t,, HanO H3 KOHE'HOro ero

3HAYEHWUSA rz BLIUECThE HAYAIBHOE 3IHAUEHHE r,. W3 pucys-
ka 1.11 BuaHO, YUTO NepeMelleHMe, COBEpIIEeHHOe TenoM 3a
MNPOMEXYTOK BpeMeHH Al, eCTh U3MEHEeHHEe €TI0 PAAUYC-BEKTO-
pa 3a 370 BpeM#HA. Cﬂe,rzﬂn&?eﬂbﬂm, obo3HAYME M3MeHeHue pa-

ANYC-BEKTOPA depes m MOKHO 3AIMUCATH: Ar = r,— r,.
Moayne 1iepeMeleHUss MOeT OBITE He paBeH NJIHHE NyTH,

npouaerHoro Touko¥, Hanpmmep, ma pucyHke 1.11 gnusa

JIVHuM, coeauHsoleil Touku M, u M, bonbile moayis nepe-

mMelnenus: § > |Ar |. IlyTe paBeH nepeMenieHHI0 TOJBKO B CJIy-
yae NPAMOJIHHEHHOTO OJHOHANPABICHHONO JABUIKEHMSHA.

[Tepememnienue Tena |Ar|-— BexTop, AJMHA IYTH — CKa-

r|<s.

1. Y7o HalLIBAETCA NEpPeMmeLeHHem TOYKK!

2. B Kakom cnyvae MmOAynbk NEPeMellleHHs TOYKM 33 HAKOE-TO BPeMN
paBeH MyTH, NMPOHOEHHOMY €10 32 TO e Bpems!

JIAP,

. CKOPOCTH PABHOMEPHOIO
§ MPSIMOJMHEAHOTO JBUIKEHNA

Ha ypoxax (pu3MKH BBl JOBOJBHO NOAPOOHO M3y4anu pas-
HOMepHOe ABMikenue. Kak BaM H3BeCTHO, JABMIKEHHE TeJa
(TouyKu) Ha3BLIBAETCHA PABHOMEPHbIM, €CJIH OHO 3a Nrodble paB-
HbIe NMPOMEKYTKN BpPeMeHH IMPOXOMT OIMHAKOBLIE ITyTH.

PapHOMépHOe IBHIKEHHME MOXKEeT OBIThH KaK KPUBOJUHEH-
HbIM, TAK M [IpAMOJHUHEHHBIM. PaBHOMEpHOEe NpAMOJIMNHEHHOE
ABHIKEeHUEe — caMblil mpocToi Bup ABmxKeHusi. C Hero Mbl #
HAaYHeM H3y9YeHHe J[BHIKEHHUH# B KUHEMaTHUKe.

Barkroil BeIMYMHOM, XapaKTepU3yKOIlell ABUMKeHHEe Tena,
ABJSETCH €r0 CKOpPOoCTh. HEKOTOpOE NpPeACTABIIEHHE 0 CKOPOCTH
KaXXJIbIi U3 HAC HMEeJT B 0 Hauasa usydeHusa Guanku. Yepena-
Xa MepeMeniaeTcss ¢ MAJOM CKOPOCTHBIO, YENOBEK IBHMKEeTCH
¢ Oonpineil CKOPOCTHIO, aBToMOONIbL ABMIKeTCH OnicTpee ueno-
BeKa, a camoJieT — enie OwpicTpee. Camol DOMBIION CKOPOCTH
OTHOCHTEJIBHO 3eMIN YeJIOBEeK AOCTHUTaeT ¢ [IOMOIIbI0 KOoCcMuYe-
CKMX pakKer.

HecmoTpsa HA TO 4YTO CI0OBO «CKOPOCTH» NABHO CTANO ANH
HAC OPHMBBIYHBEIM, ONPEAENINTh CTPOro, 4YTO (e TAKOe CKOPOCThL
HEePABHOMEPHOTO ABHIMKEeHHsS Tena, He Tak npocto. lopasno
IHMQLLE BBIACHWTD, YTO MMOHUMAOT IMOA CKOPOCTBI) paBHOMED-
rolbdi hpﬂmnw 500 IBUIMKEHHS.

FBinaeXaH I cEMaTpHBAIOT CKOPOCTE KAK BEKTOPHVH Be-
Fwny‘; A 570 U3 agaeT, YTO CKOPOCTEL MOYXHO CYMTATH H3BECT-

= a8
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Y4 HOM (3aaaHHOIl) AMILL B TOM ejiy4dae,
eCJIM M3BeCTHL! ee MOAYJb N HAOpPaRB-

JIeHe.
*\ M Haaum onpeaeneHue CKOPOCTH
s PaAaBHOMEPHOTO OPAMOJIIHEHHOrO JIBH-
F(ty+Ar) xenust rouku. Ilyers reno, ABHIA-
oL~ . JiCb PaBHOMEPHO M 1IPAMOJIMHEIHHO
/ X B TeYeHHe IPOMEXYTKa BpeMeHH Al,
Z

NepexoguT U3 nonoxeunsa M, B no-
noxmenuwe M, (pwe. 1.12), coBepmius

Puc. 1.12 -
npu arom nepemerniesue Ar. [lopne-

UM nepemerenue Ar Ha NpoMeIxyToK BpemMeHu Af, B TedeHHE
KOTOPOTO 9TO MepeMeNnleHne ITPON30uLno. B pesyasTaTe MoJiy-
yum BexkTOp. (IIpm genenuu BeKTOpa HA YHCJO HOAYYaeM BEK-
TOP.) 3TOT BEKTOP HAZKIBAIOT CKOPOCTHH) PABHOMEPHOIO 1ps-

MOJIMHEMHONO ABMIKEeHus TOYKM u o0003HauawT OYKBOM U.
CnepoBarenbHO, MOXKHO 3anHCATH:

s Ar
P, (1.3)

CropocThl0 PAaRHOMEPHOIO NPAMOINHHEHHOro JIBMIKEHMs
TesJa HA3LIBAETCA BEJIHYMHA, paBHAN OTHOLIEHWIO €ro nepe-
MEIeHNs K MNPOMEIKYTKY BPEMEHH, B Te€UYeHHe KOTOPOro 5TO
rnepeMerneHne Mpou30LILIIo.

Tax kKax NpPoMexXyTOK BpemeHH Al — BeJHUYMHA ITONOMH-

TenbHad, TO CKOpOCTE U HallpaBJIeHA TaK e, KaK W lIepenMe-

medmne Ar.
BBISCHUM CMBICJI MOAYJSA CKOPOCTH
_|ar|
At °

-

Mogyinn nepemeinenus |Ar | ects paccrosinue, npoiiaeHHoe
TeJIoOM 3a BpeMs Af, A Tak Kak TeJjio JBHIKETCH paBHOMEPHO,
TO MOAYJIb OTHOUIEHUHA, 8 3HAYUT, ¥ MOAYJbL CKOPOCTHU U, €CTh
BeJIMYMHA, YUCJEHHO PaBHAS PacCTOSHUIO, NPOHAEHHOMY Te-
JIOM 34 €AUHMILY BpPeMeHH.

Takum obpaszom, ecsin CKOPOCTH PABHOMEPHOI'O IPAMOJIM-

HEWHOIo JABUMIKEHUS Tesa 3aJlaHa Ka8HK BEeKTOD, TO MElI 3HaeM
€ro nepemMellieHe 3a e HHHIY BpeMeHH.
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§8 YPABHEHUWE PABHOMEPHOI'O
IMPAMOJHUMHENHOIO JIBUMKEHUSA

IMonyuum ypaBHeHNEe PABHOMEPHOI0 NMPSAMOJHMHEHHOIo JABU-
HeEeHUHA TOYKH. ,HJIH JTOTO BOCHOOJAB3VEMCH OoImpenesieHiieM CHO-
POCTH.

Ilyers papunyc-BeKTOp F,, 3ajaeT I0JIOMKCHUE TOYKH B HAa-
YanbHbLIA MOMEHT BpeMeHH [, & pajinyc-BeKTop r — B MOMEHT
Bpemenu t. Torma At =1+ — ¢, Ar=r— Fm ¥ BBIDAKEHHEe JJIf
F =7y
t—ty
Ecnn wayaneHbBIlT MOMEHT BpeMeHn {, UPMHSATH pPaBHBIM

CKROPOCTH NPWHHNMAET BUJ U =

HYJIIC, TO s
Ed - r“,
V= g
t
OTcroma
r=ry,+ vt (1.4)

Tlocnenree ypaBHeHHMEe W €CTh YPaABHEHHE PaBHOMEPHOIO
OPAMOJIMHEHHOIO JBMIKEHUS TOYKH, 3alIMCaHHOE B BEKTOPHOM
thopme. OHO MTO3BOJIAET HAKUTH PAIUYC-BEKTOP TOYKH ITPH 3TOM
ABH2KEeHMU B J000H MOMEHT BpeMeHW, eclIH HM3BeCTHB! CKO-
POCTh TOYKH U PANUyC-BEKTOD, 34JalOU(Mil ee II0JIOMeHue
B HAYAJNBHBIM MOMEHT BpPEeMeHH.

BmecTo BekTOpHOro ypassHesmns (1.4) MoykHO 3anucaTes TpH
SKBHBAJEHTHEIX €My VPaBHEHHMH B IIPOEKIMAX Ha OCH KOOp-

nuHat. Pamuyc-BeKTOp r ABIAETCA CYMMONI JIBYX BEKTOPOB:
paguyc-BeKTOpa r, u BeKkTopa Lt. CinegoBaTesNibHO, NPOCKIIHMM

paguyc-BeKTOpa " Ha OCH EKOOPAHMHAT NOJIHHLBI ORITE PABHEI
cyMmmMme HpﬂERllHﬁ ITHX JIBYX BEKTOPOB Ha Te e OCH.
B]::IﬁEDEM OCH EKOOpIHHaT Tak, y10obB! TENO ABHUIaJlOChb 110

Kako-mubo ocu, HanpuMep 1o ocu OX. Torpa BeKTOpEL I'y ¥ U
6yayT coctaBiasitk ¢ ocamMu OY wu OZ unpsmoii yron. Ilo-
3TOMY HUX IMPOEKIMH HA 3TW OCH PABHBLI HYJIO. A 3HAYUT, PaB-
Hbl HYJIKO B JIOO0OM MOMEHT BPEMEHH W MPOEKILMHU PAJHyC-BeK-

Topa r Ha ocu OY n OZ. Taxk Kak MpoeKIIuM pajiMyc-BeKTopa
HA KOOpPAWHATHBIE OCH PaBHbBI KOOPJAMHATAM €ro KOHIA, TO
r,=XHr, =X, llosaromy B npoekiuax Ha och OX ypaBHeHue
(1.4) moyxHO 3anvcaTtTh B BUJIE

X =2, ¥+ U1, (1.5)

Ypasuenue (1.5) ecTh ypaBHeHHe PABHOMEPHOIO HPAMOJIN-
HEeTHOIO ABHIKEHNA TOYKM, 3ANHCAHHOE B KOOPAMHATHOH Qop-
me. OHO moaBoNIAET HAWTHM KOODAMHATY X TeJa IPW 3TOM OABH-



eHUM B nwboit MOMEeHT BpeMeHM,
ecJil M3BECTHBI HPOEKI[UA ero CKOpo-
cTH Ha ock Ox M ero HadalbHasdg KO-
OpAMHATa X

ITyTs 8, TpoiiieHHBIH TOYKOM NMPH
ABUeHUH BAoJIb ocn OX (puc. 1.13),
paBeH MOJIVJII0O USMEHEHUA ee KOOpAH-
HaThI: § = |x, — x,|. Ero mo»xHOo Haii-

Puc. 1.13 TH, 3HAs MOALYJb CKOpocTw v = |v,|:

ls=|v,lt=vt.|  (1.6)

OrMeTumM, WTO, CTPOTC TOBOPSHA, PABHOMEPHOI'O HIPAMOJIK-
HeIfHOTrO JBHIKeHMUs He cyluecrTByer. ABToMobunb HA 1mIocce
HUKOTJAa He efgeT abdCoMTHO NpAMO, HeDOMBIINEe OTKJOHEHUSA
B TY NJW MHYIO CTOPOHY OT NpAMOi Beerpa uMmerorcss. M saage-
HME CKOpPOCTH cjlerka usmeHsetrcs. HesnaunrtenbHasm HEPOB-
HOCTE IIOCCe, MOPBIB BETPa, YYTh-4yTh DOJbIIee Ha)aTue HA
Mejasb rasa v JApyrde OpyUUYrHBI BEI3LIBAIOT HefoJIbILINE HU3Me-
HeHus cKopocTi. Ho npubiammxeHHO Ha NPOTSAKEHANH HE CJHII-
KOM OONBUION0 NPOMEXKYyTKa BPEMEHW ABHIKEeHHe aBTOMOoDMIIfA
MOHO CYMTATH PABHOMEPHBIM U OPAMOJHHEHMHBIM € JOCTa-
TOYHOH JAJA NPaKTHYeCKHX IeJel TouHocThio. TakoBO oJHO
H3 YIPOLUEHUH JAeNcTBUTENILHOCTH, No3Boaswilee Oes 6onn-
IIHX VCWUIIMII OIUCLIBATE MHOI'ME IBHIKEHNA.

I'pajpyyueckoe npejcraBieHHe PaBHOMEpPHOro INpAMOJIMHEH-
Horo apumenus. [lonyyeHsble pe3yabTATEI MOYKHO N300pa3nTh
HATJISAHO ¢ nOMOIIBI0 rpadurkoB. OcobenHo npoct rpapui 3a-
BUCUMOCTH TIPOEKIIMH CKOPOCTH OT
Bpemenn (puc. 1.14). 3ro npsamas,
napauensHas ocy Bpemenu. Ilno-
mans npamoyronsauka OABC, za-
LITPMXOBaHHAA HaA PUCYHKE, paBHAa
H3MEHEeHUK) KOODAMHATHEI TOYKH 3a
Bpems f. Bens cropona OA ects v,
a cropona OC — BpeMs ABusxkeHus t,
noatTomy Ax = v, t.

Ha pucynxke 1.15 npusBeneHsl
NpuMepsl TpadMKOB 3aBHCHMOCTH
KOOPAMHATEL OT BpPeMeHM IJIS Tpex
pPa3IMuYHBIX CJIYy4YaeB pPaBHOMEPHOro
npaMonuHeHoro asuxenus. Ilps-
masi [ cooTBeTcTBYeT cay4yaw x, =0,
v,y > 0; npamas 2 — cnyuao x,< 0,
v,,>0, a mnpasmas 3 — cayuaw
x,>0, v,<0. ¥Yron nHaknoHa 0o,
npsiMmoil 2 Gonblue, YeM yroJ HaxJo-
Ha O, TIpaMoil 1. 3a OJMH U TOT Ke
Puc. 1.15 MPOMEeKYyTOK BpeMeHH {, TOUKAa, ABH-

Ux‘
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MYILIAACH CO CKOPOCTbIO U.,, IPOXoauT GoNbllee pacTosiHue,
yeM IMpPM JABHXKEHMH €e CO CKOPOCThHIO U,,. BOo BTOpOM ciyuae
cKopocTes v, Bonbiue, yem B nepBoM. CropocTs onpenensier
VTOJI HAKJIOHA npAMoi K ocH t. OueBUIHO, CKOPOCTH U, YMCJIEH-
HO paBHa TaHreHcy yraa . B cnyuae 3 oy, < 0, gBrixenue npo-
HCXOJHUT B CTOPOHY, TPOTHBONONOMHEYIO ocH OX.

IMonyueno ypaBHEHNE NPAMOJHUHEHHOTO PAaABHOMEPHOTO
nBuzxkeHus Tourku. M'paduku sasucuMmocTd v, (1) B x () nosso-
JIAIOT JIETKO MPOAHAJNHU3WPOBATE M CPABHHTH [IBHMKECHHA.

1. Kax 3anuceiBaeTcA B BEHTOPHOW (DOpPME YPaBHEHHWE PaBHOMED-
‘? HOrO NPRMONHMHEHHOTO ABHMEHHA TOYHM!
P 1. Kaxk 3anuceBaeTca B HoOopAMHATHOH hopme YypasHeHHe paBHO-

MEPHOMO NPAMONMHEHHOrO ABMMEHHA TOUYKH, €CNM OHA ABMIMETCRH:
no ocH Oy! no ocH Ozt

! INPHMEPBI PEHIEHHA 3AJAY

1. Onpenenvte MOAYJL H HanpabJIeHHEe CKOPOCTH TOYKH, €CJIH
IOpH paBHOMEpPHOM JIBHXEHHH BJIOQJIE OCH (X ee HOOpDIAMHATA 3a Bpe-
MA {; =4 ¢ UBMEHHNIACh OT X; =0 M JI0 Xp = —3 M.

Pemeunue. Moayne U HanpaBJeHHe BEKTOPA MOMHO Hali-
TH 110 €ro NPOoeKIINAM HA OCHM KOOpPAMHAT. TaK KaK TO4YKa IBH-
JKETCH PaBHOMEDHO, TO IMPOEKINI ee CKOopocTu Ha ock 00X
HalieMm 1o ¢opmy.ae

Xy — X3 -3—-5
v, = ——1 U, =——M/c=-2 M/C.
£ 4

OTpunaTeNbHBIH 3HAK TPOEKIHH CKOPOCTH O3HAYAET, YTO
CKOPOCTh TOYKH HANPAaBJIEHA OPOTHBOMOJOMKHO IIOJIOHCH-
TesbHOMY Hanpasgenunioo ocu OX. Moayns cxkopocTd pasBeH
v=|v,|=|-2 m/c|=2 m/c.

2. Hs nyaxros A u B, paccrosinue Mexay Koropeimm I = 20 KM,
O[HOBPEMEHHO HAYAJM [ABUIAaTLCA HABCTpeYyy ApPYr ApPyry paBHOMED-
HO [0 MIpAMOMY iDocce aBa asromobuns. Cropocts NepBoroe aBToMo-
6uns v, = 50 km/u, a cropocTek BTOpOro aepromodnns v, = 60 km/4.
Onpeneninte nonoxenue asromobuieil OTHOCHTENLHO TIYHKTA A
coyera spemsa = 0,5 u nocne HaYana ABHIKEHUA M paccrosiHue [
MexIy ABTOMOOMNAMH B 3TOT MOMEHT

spemvenn. Onpepenure nyirm §; M S, D A Y% U BC

OpOHAEHHBIE KaXMIBIM aBTOMODUNIEM 34 {i?—"*— — %

Bpemsa L, |leto »[
Pemenue. [Ipuvmem nyerT A L

38 HAYANO KOOPAMHAT M HAITPABHUM
KOOPAHHATHYVIO ock OX B CTOPOHY Puc. 1.1é
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nyaxTa B (puc. 1.16). JIBukenue apromobuneii Oyaer onuck-
BaTHCA YPaAaBHEHHAMMU

X, =Xy 0t Xg= Xg + UL

Taxk KaK NepBBIM ABTOMOOMJ L ABMIKETCH B IMOJOMKNTEIbL-
HOM HanpasjeHuu ocu OX, a BTOpPO — B OTPHLATENILHOM,
TO UV, = Uy, Uy, =—U,. B cooTBeTCTBUR € BRIDOPOM Hauyalla KO-
opauHaTt X, = 0, x,, = [,. [losTomy cnycTsi Bpems 1

x, = vt =050 Km/qa - 0,0 u= 25 Km;
X, =1y — vyt =20 km — 60 xm/u - 0,5 u =—-10 Km.

ITepsriili aBToMODWMIIEL OyzieT HAXOOWUTHCA B ToqKe C 1na pac-
CTOSAHWMH 25 KM OT IIYHKTa A crnpasa, a BTopoii — B Touxe D Ha
paccrostauu 10 kM cnesa. Paccrosupe mMexzny aBroMobmiiaMu
Oyzer paBHO MOAYJIIO PA3HOCTH WX KoopauHar: [ =|x, —x, |=
=|-10 ¥m — 25 kM| = 35 kM. IlpoiiseEHEble NYTH paBHBI:

8, =u,t; — 00 km/u - 0,5 1w = 25 KM,
8, = Uyt, = 60 KM/9 - 0,5 u = 30 KM.

YIIPAGKHEHMHE 1

1. Touka aBMKeTCA PaBHOMEPHO M NPAMOJHMHCIIHO NPOTHBOIO-
JIOKHO TOJIOKATENRHOMY HanpapineHuww ocit OX. B nauanesHbrii mo-
MEHT BpeMeHH TOUKa WMesia KOOPAMHATY X, = 12 m. Onpenennre Ko-
oparHaTyY TOUKM cnycersa 6 ¢ or Hauana oTcueTa BpeMenH, eciiu
MOAYINL €e CKOpPOCTH pareH v = 3 m/c. Hemy paseH nyThb, HPOiieH-
X mé HbLIH TOYKOI 38 3TO BpeMA?

2. Ha pucyrke 1.17 nsobpasken rpa-
(DMK 3aBHCHMMOCTH KOOPAMHATEL OT Bpe-
MEeHM IS TOYKH, IBMIKVINEHCH BIOJE
ocu OX. OnmHinuTe ABHMKEHNEe TOYKH B
nHTEepBanax sBpemenu or 0 go 3¢, or 3
no 7euwor 7 po 9 c. Toerpoiite rpadm-
KU J08 MOAYIAS W IIPOeKIHM CKOPOCTH
B 3aBucumMmocTn or Bpemenn. Haueprure
Puc. 1.17 rpa(hMK 3aBMCUMOCTH IYTH OT BPEMEHnH.

4_

§9 MIHOBEHHAS CKOPOCThL

Hu ogHO Teno He ABUIKETCH BCEe BPEMS € MOCTOAHHON CKO-
pocteio. Tporasick ¢ Mecta, aBToMOOMIIbL HAUWHAET JIBUTATHCS
Bce beicTpee u OricTpee. HexoTopoe spemsi OH MOXKeT JIBHTATH-
CH paBHOMEPHO HJIH TIOYTH pPAaBHOMEeDHO, HO pPaHO HJIH NO3THO
3aMeanfeT ABHMKEHHe M ocraHaBnusaercs. Ilpu arom on npo-
XOAMT pasJiMyHbie pacCTOAHHUA 38 OAHH M Te Xe HHTEePBAJIBI
BpEMEHU, T. €. JIBUIKETCH HEPABHOMEDHO.
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Hepasnomeproe [BHMKeHHEe MO-
eT OBITh Kak IMpPAMOJMHEHHBLIM, TaK
M KPHMBOJIHHEHHLIM.

Y1066l TOJMHOCTBIO ONHCATH He-
PaBHOMEDHOE ABMXKEHUE TOYKH, HaZ0
3HATH €€ TMOJIOMEeHNe W CKOPOCTh
B KaMIbiii mMomeHT Bpemenn. CKo-
PoOCTH B JAHHBIH MOMEHT BpeMeHH
HAa3BIBAETCA MIHOBEHHOM CKOpPOCTBIO. Z

Yr1o e NOHUMAIOT 10Ji MI'HOBEH-
HOH CKOpPOCTBIO? Puc. 1.18

Ilyers TOuKa, ABUrasich HEPaBHO-

MEpPHO ¥ KPHBOJHMHEHHO, B HEKOTOPbIH MOMEHT BpeMeHn 1
sanumaer nogoxkenue M (puc. 1.18). Ilo npoimecTBun Bpeme-
HU Af, OT 3TOr0 MOMEHTa TO4YKAa 3alimeT noJoxxkeHue M,, co-

— —
BepinHE nepemenienue Ar,. llogenus BeKTOp Ar, H& IPOMeENKy-
TOK BpemeHH Af,, HajleM CHKOPOCTH TAKOI0 PABHOMEDPHOTO
NPAMOIHHEHHONO [ABHIXEHN#A, ¢ KOTOpoM monkHa Oblna Obl
ABUTraThCH TOUKa, uToObl 3a Bpems Al moractTb U3 TIOJIOXMe-
HHA M B nonoxenme M,. 3Ty CKOPOCTH HA3LIBAIOT CpeaHeM
CKOPOCTHIO ItepeMelleHUaA ToYKM 3a Bpemsa Af,. O6ozuaune ee
> - Ar,

yepes v, 3anMIIeM: U, = a_tr'

Halingem cpeaHue CHKOPOCTH 38 BCE MeHbIIME H MeHbIIHe
[IPOMEMYTKH BPEMEHH:

- .‘.‘1.“‘2 -» &ra
D, 2 =T 'Uc = ==
P27 At P2 Aty

IIpn yMeHBIIEHNH MPOMEKYTKA BpeMeHH Al nepemelieHus
TOYKH YMEHBLILIAKTCH MO MOAYJIIO W MEHSAKTCHA 10 HAIpaBJIe-
Hu0. COOTBETCTBEHHO 3TOMY, CPeIHHE CKOPOCTH TAKXKEe MeHH-
IOTCS KaK M0 MOAYJ TAK M HaAnpasjleHHo. Ho mo mepe npu-
ONMMKEHUNA MPOMEXRYTKA BpeMeHM Al K HYJIIO cpefHHe CKOpO-
CTH BCE MEHBIIE M MeHbile OyAYT OTIHYATHECH APYTr OT Apyra.
A 23710 0O3HauaeT, YTO IPH CTPEMJEHUHM ITPOMEMKYTKa Bpeme-

Ar
HE Al K HVIK OTHOLIEHNEe ¥ CTPEMUTCH K OlpeneeHHOMY

BEKTOPY KaK K CBOEMY Npe/lenbHOMY 3HayeHU. B mMexanuke
TAKVK BeJIMYMHY Ha3BLIBAKT CKOPOCTHI TOYKHW B JA&HHBLIA MO-
MEHT BPEMEHH, WM [IPOCTO MIHOBEHHOM CKOpPOCThIO, 1 0603Ha-

AT U.
MruoBeHHan CROPOCTL TOUKH €CTh BEJITUYHHA, PABHAH IIpe-

Jeny OTHOILIEeHWA nepemelleHus Ar K NTPOMEMXyTHKY Bpeme-
HH Ai, B TeueHHe KOTOPOro 3T0 Hepemellenue I[IpoM30IuIo,
[IpH CTPeMJIeHHMH npoMelxyTra Af K HYJIIO.

BrisicHNM Tenephb, KAK HAINPAaBJEeH BEKTOD MIHOBEHHOMW CKO-
poctui. B nioboil TouKe TpaeKTOPHMM BEKTOP MTHOBEHHOH CKO-
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poCTH HanpasJieH TaK, Kak B npeaene,
TP CTPEMJIEHHMH HPOMEeIKYTKAa BpeMe-
HH Al K HYJK, HaOopaBJIeHa CpejHASA
CKOPOCTL NMepeMeIleHnsi. ITa CpelHAs
CKOPOCTE HAalpapjeHa TakK, KaK Ha-

.
IIPABJIeH BeKTOp IepeMelleHnusa Ar.
M3 pucyuxka 1.18 Bugso, uwrto npu
YMEHBIIEHUH [POMEXYTKa BpeMeHM

Puc. 1.19 At BekTOp Ar, yMeHLIIAH CBOXO JJIHUHY,
O/IHOBPEMEHHOQ IOBOpaduBaeTcsa, HUem

KOpOYe CTAHOBUTCH BeKTOp Ar, Tem OjHiKe OH K KacaTeJIbHOH,
[MPOBENEHHOH K TpPaeKTOPUMHM B JAaHHON Touke M.

CrnemoBaTeslbHO, MrHOBEHHAd CKOPOCTh HANpagJIeHa [0
KacaTelbHOM K TpaexkTopum (cm. pue. 1.18).

B uwacTHOCTH, CROPOCTE TOYKH, JBHIKVIIEHCH 110 OKPYIKHO-
CTH, HarnpapJjieHa M0 KACATEJIbHOW K 3TOH OKpy:KHOCTH. B aTOM
HeTpyiHo vhepursesa. Ecnm ManeHeKHe YACTHUYKM OT/EJIHIOTCH
OT Bpaldawinerocs NUCKa, TO OHM JeTHIT 110 KacaTeJabHOH, Tak
KaK WMelOT B MOMEHT OTPhIBA CKOPOCTH, PABHYI) CKOPOCTH TO-
YeK HA OKDYIKHOCTH AUCKa. BoT nouyemy rpsasb H3-IIOJ KOJEC
OVECYIOLeH aBTOMAalIHUHEL JIETUT 10 KACATEJIBHOM K OKPYXKHO-
¢t KoJec (puc. 1.19).

IToMuMO cpegHed CKOPOCTH TIepeMereHust, s Onucanus
JABHYKEHMS Yallle NoJIbaYIoTCHA Cpe/iHell IyTeBO CKOPOCTERIO U, .
Jra CpefHAs CKOPOCTL ONpeNeNseTcss OTHOIIEeHWeM INYTH
K ODPOMEXXYTKY BPEMeHH, 338 KOTOPBIH 3TOT 1NyTh IPOHIEH:

8 -
U._-p-,:?' (ll’)

Korpa Mmer roBopuM, uTo nyThk 01 Mockssl o Cauxr-Ilerep-
Oypra moe3n mnpoiies co cxopocThio 80 KM/4y, MBI HMeeM
B BHIY UMEHHO CPEAHIOK NYTEBYI CKOPOCTHb JBUXKEHUS I10es-
oa MeXXIay aTHMH ropogamu, Mojayib cpefHed CKOpPOCTH mepe-
MEeIeHHA npu 31ToM OyaeT MeHbINe CPeAHEeM ITYTeBOH CKOopo-

ctu, Tak Kak S > |Ar|.

[lonaTne MrHOBEHHOW CKOPOCTH — OJHO M3 OCHOBHBIX IO-
HATHH KWHEMATHKW. JTO NOHATHE OTHOCHUTCH K Touke. Iloarto-
MY B JaJibHelllleM, rOBOPA O CKOPOCTH JIBHIKEeHWs Tesa, KOTo-
poe HeNIb3A CYWTATh TOYKOM, Mbl MOJKEM I'OBOPHTL O CKOPOCTH
KaKOH-HUDYIL ero TOUKH.

f)

Yro Ha3bBAETCA CPEeAHEH CHOPOCTHLIO NEepeMelleHHn!

Yro raHoe MIHOBEHHaR CHOPOCTH!

Kax vanpaBnexa MrHOBEHHAR CHOPOCTE B JAHHOH TONKE TpaeKTOpMM!
Touna ABHIHETCR MO NKPHBONMHERHOH TPAGKTOPMM TaK, YTO MOofyns
€€ CKOPOCTH He M3meHReTcH. O3HavyaeT nM 370, YTO CKOPOCTh TOM-
KM NOCTORHHAa!

5. Yro rakoe cpepHsan nyresas CKOPOCTh!

-l ol
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§ 10 CJOKEHHE CKOPOCTEH

H}’C*]'h 10 peKe ILAbLIBET MOTOpHa#H JIOgKAa M HAM HM3BeCTHa

€e CKOpPOCTh Uy OTHOCUTEJIbHO BO/JibI, TOYHEE, OTHOCHTEJbHO CH-
creMbl orcyera K|, NBUKYIIEHCs BMECTE € BOJOM.

Taxkyio encremMy oTcueTa MOMKHO CBf3aTh, HAIpHUMeEp, ¢ MH-
YOM, BBIIABIIUM W3 JIOAKH W n.ﬂhmvmnm 0 TeUYeHHK. Kciau

H3BEeCTHa €Ie M CKOPOCTHh TeYeHHMH PEeHH U OTHOCHUTEJIBHO CHC-
TeMbl OTcueTa K. 23 CBA3aHHOH ¢ 58[}&[‘01\!, T. €. CKOPOCTE CHCTE-
MBI oTcuera K 1 OTHOCHTENIhHO CHCTeMBI OTCHeTa K 23 TO MOXHO

ONpPeIeNTUTEL CKOPOCTE JIOAKH U, oTHOCUTeNBEHO Gepera (puc. 1.20).
3a TTPOMEeKYTOK BpeMeHH Al mepeMelleHHs JIONKH B MsA4Ya

OTHOCHTENEHO Oepera paBHBI ﬂ;z u Ar (pme. 1.20), a nepemere-

HUE JIOZKH OTHOCHMTENLHO MA4Ya pPaBHO ﬂ}:,, N3 pucynxa 1.21
BHUJTHO, UTO + i P
ﬁr}] e ﬁrl 'I" ﬂr. [1!8)

Pasgenus sesyro ¥ npaesyrwo dactu ypasaenus (1.8) ma At,
MNONYYUM

AT,  Ar N Ar
At At At

YuareM TakKKe, YT0 OTHOLIEHHMS EPEMEIEeHUH K WHTEPBAaJy
BpeMeHU paBHBI ckopoctam. Iloatomy

Uy =0, + D. (1.9)

CropocTH CKJIaABIBAKTCH NeOMETPHYECKH, KaKk | BCe Jpy-
I'Me BEKTOPbI.

Mger mOAYVYAIN ITPOCTOR M 3aMedaTe/bHBIH DE3VJILTAT, KO-
TOPBI HA3ZBIBAETCH 3AKOHOM CALOHCEHUA CKOpPOCMell: ecau
meno G68UNCeMCcA OMHOCUIMENLbHO HEKOMOPOI cucmembl

omcuema K, co ckopocmvio v, u cama cucmema om-
cuema K, dsuxcemca omunocumensio 0pyzol cucmemot

Yod Y[*

i

Puc. 1.20 Puc. 1.21
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omcyema K cO ﬂcopocmbm v, mo cKopocmb mena om-
HOCUMENbBHO BFHUPOIL cucmembl Gﬂlﬂ‘tﬂmﬂ pasra zeo-

Mempuueemﬂu cymme ckopocmelti v, U v. BAKOH CIOKEHUHA
CKOPOCTEH CHOpaBeJIHB W [IJIf HEPABHOMEPHOro [ABHIKEHUSH.
B stom cnyvuae cKJajAblBAIOTCH MIHOBEHHBIE CKODOCTH.

Kax u nwboe BexkTopHOe vpaBHeHue, ypasHenue (1.9) npen-
cTaBasieT cobD0 KOMIAKTHYI) 3allMCh CKaJNAPHBIX VPaBHEHUI,
B JIJAHHOM Cliyuae — JUIsl CNOMeHWd MpoeKiiil ckopocTell nBu-
FMEHNA Ha ILIOCKOCTH:

Il

Up, = Uy, + U,

Uy, = Uy, + U,.

Ilpoexkiinu CKOpoOCTEH CKJAABIBAIOTCH anrebpanyeckn.

(1.10)

3aKOH CJIOKeHHS CKOPOCTEHl I03BOJISET OIPeJe/IATE CKO-
pOCTh Tena OTHOCHTENILHO PA3HBIX CUCTEM OTCYETa, IBHIKY-
IIUXCH OTHOCUTENLHO JIPYT Opyra.

! | NPUMEPbI PENIEHUS 3AIAY

1. IIsa noespa ABMIKYTCHE paBHOMEpHO Apyr 3a apyrom, Cko-
poctes mnepsoro paeHa B0 km/4, a ckopocTs BTOporo — 60 xkm/ /4.
OnpepeniiTe CKOPOCTL BTOPOroO noesfia OTHOCHUTENbLHO MEepBOro.

Pemenune, O603HAYMM CHOPOCTL IEPBOIO MOE3Oa OTHO-
CUTENbHO 3eMJiM Yepes v,, 4 CKOPOCTh BTOPOro Moe3ga — ue-

pea v,. Torpga cornacHo 3aKoHY CJO-

3 >xeHus ckopocreit (1.9)
- |

Uy Uy = Uy + Uy,
o, T -,
= rie v, — UCKOMas CKOPOCTh BTOPOTO
= [0e3[a OTHOCHTEeNbHO IepBoro. Ot-
X  crwona
Puc. 1.22 U-:! . UE —=Dye

IJTO CNO¥KEeHUe CHKOpOCTeH NOACHAETCH Ha pHcyHKe 1.22,
M3 pucyHka BMAHO, 4YTO CKOPOCTH BTOPOrO TO€3[a OTHOCH-
TeJbHO NEePBOrO HANPABJIEHA B CTOPOHY, TPOTHBOIOJIOMHYIO
HaMPaBJIeHUIO JIBUIKeHUS TIOe3/I0B, U BTOPOU Noe3y YAaANAeTCs
or nepsoro. Ilpoexkmua crkopoctu v; Ha ock OX pasHa:

Uy, = Uy — b, =—20 KM /4,
2. Cxopocts Teuenus pexn v = 1,5 m/c. Onpenenure MOAYIbL CKO-

pOCTH U, KATEpa OTHOCHTENBHO BOJLI, €CITH KaTep ABHIKeTCH TepleH-
AMKYAHPHO K bepery C€o CHOPOCThIO Uy = 2 M/C OTHOCHMTENBEHO HEero.
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Pemenne. COrnacHo 3aK0HY CIO- s s
wenus cxopocreii (1.9)

- =

> -
Uy =y + . K - .
2 D, Uy U
Orcwaa CKOpOCTh KaTepa OTHOCH- .
TeJLHO BOJALI

0, =0, — L.
& ——
BEKTGD]‘IQE CIIOZKEHHE CKOpPOCTeH v Puc. 1.23

1 U, IMoKa3auo Ha pucyHke 1.23.
Taxk Kak [MONYYEHHBIH TPEYrOMbBHUK CKOpPOCTEH IpPAMO-
VronbHbIi, TO v, = 2,0 M/C.

YIIPATKHEIIHE 2

1. JlBa apTroMoOMJIA ABHKYTCHA PABHOMEPHO IO II0CCEe HABCTpeuy
npyr apyry. Mouayiu ux ckopocreil papael 36 kxm/4 u 20 m/c. Onpe-
aendre EHO[J(}ETL nmepeoro HBTHLIDEHJIH OTHOCHTEINBRHO BTODOTOC B BTO-
poro — OTHOCHTENBHO MMEPBOro.

2. Tlo AByM napanjiefibHBIM KeJJe3HOJ0POIKHBIM IIYTAM HaBCTpe-
1y APYr APyIY paBHOMEPHO ABMMKYTCH [ABA OOC3Oa CO CKOPOCTAMH
T2 kv/n o 102 gm/u, JlnwnHa nepsoro moesaa 900 M, BTOpOTO —
110 v, B revenne KaKoro BpeMeHM OAMH 110e3/1 Npoijer MuUMo apy-
roro?

§ 11 Y¥CROPEHHE

I[Ipu aABHIKEHHN TeJ HX CKOPOCTH O0OBIYHO MEeH#TCH aKubo
o MOAYJ0, Jrb0 10 HATpaBIeHHIO, JHOO0 Ke OJHOBPEMEHHO
KaK Mo MOAVJK, TAK M [10 HAIPABJIEHUWIO.

Taw, cropocTs MaindbLl, CKONBIAIIEH IO JbAY, VMEHBIIaeT-
cs C Te'leHNeM BPEeMeHH JI0 NOJHOH ee ocTaHOBKK. Ecny B3ATH
B PYKI KaMeHb H PasiaTh OAJNBLILI, TO IPH DaNeHUH KaAMHS
ero cKopocTk nocrenedHo Hapacraer (pmrc. 1.24). CxkopocTs
JIIODOH TOYKM OKPYIKHOCTH TOMWIBHOIO Kpyra IpH Heus-
MEHHOM 4HCJIe 0DOPOTOB B €IHHUI]Y BPEMEHH MEHAeTCHA TOJb-
KO N0 HanpasJeHWI), O0CTABAfACh MOCTOAHHONU [0 MOAYJIIO
(puc. 1.25). Ecan 6pocnTh KaMeHB MO VIVIOM K TOPH30HTY,
T0 €ro CKopocTs Oyer MeHATHCHR M 10 MOJVJIKO, U IO Hanpas-
JEHIK).

HameneHe CKOPOCTH TENa MOYKeT MPOUCXOIUTL KaK OUYeHb
OwplcTpo (ZBIOKEHME UYMW B KaHalle CTBOJAa NpPH BhICTpEJie M3
BUHTOBKI), TAK M CPABHHTENBHO MeAJeHHO (IBMIKeHHE 110e3/1a
IIpM ero otnpasjgedHnu). YTobbl ymMeTh HaXOAMUTbh CHKOPOCTb
B 100011 MOMEHT BpeMeHH, HeoDXonuMo BBECTH BENIHUYMHY, Xa-
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=
-
=h

S
=

Y2 0 X
Prc. 1.24 Puc. 1.25 Puc. 1.26

PAKTEPUIVIOIYIO OBICTPOTY M3MEHEHHH CKOPOCTU. JTY BEJIH-
UMHY HA3BIBAIOT YCKOpPEeHHeM. YCKOpeHHe — ellje OJHa BaM-
Hellnas (pusHMuecKad BeJIMYMHA.

PacemoTrpumMm coiyuall KPUBONMHHEHWHOTO M HepaBHOMEPHOI'O
ABMIKEHUA TouKku. B 8ToM cliyuyae ee CKODPOCTB C TEYEHUEM
BpeMEeHH H3MEeHSeTCs Kak II0 MOAVJIK, TAK U [0 HAOpPaBJe-
HNK. IlyeTe B HEKOTOPBIA MOMEHT BpeMeHM [ TOYKAa 3aHuMaeT

nonoxxeare M U umeer ckopocTh v. Ilo nmpoiuecTBuM mpome-
JKYTKA BpeMeHu M, TOuKa 3almer nonosxkeHue M, m OGynper

UMeTh CKOPOCTh ul (puc. 1.26). YUrobwl HHHTH U3MEHeHMe CKO-
POCTH 38 Bpems At, Hajmo ua BEKTOPA u1 BhLIYECTH BEKTOP v.
.ﬁ = ul v. Berunranue BEKTOPa U MOXKHO IIPOU3BECTH IIYTEM
Epuﬁﬂﬂﬂ&nnﬂ K BEKTOpY u, BEKTOpa (—v):

—- - - 4 —
Av, =v, —v=p, + (V).
Cornacuo npanm.ny CJIOIKEHUS BEeKTOPOB, BEKTOD H3MeHe-
HUST CKOPOCTH f_‘su, HATPABJIEH M3 HAYa/a BeKTopa u, B KOHeI,

BEKTOPA (—u) KaK 3TO NOKa3aHo Ha pucyHke 1.27.

Ilopenrve BeKTOP .ﬁvl Ha MPOMeYyTOK BpemeHM Atl,, mony-
YUM BEKTOP, HAllPaBJIEHHBIN TAK e, KAK W BEKTOP HU3MeHe-

HUS CKOPOCTH Av,. 3TOT BEKTOp

Y.
! HashlBAOT CpellHMM YCKODEeHH-

ci

M

€M TOUKM 3a NPOMEIKYTOK Bpe-

-
MEHK At,. OBo3HauYUMB €ro we-
pea arp,, 3aruILemM:
B, N
* 33”]
a. ., = .
D cpl At
— -
0 X HailleM Teneps cpenHUe
Puc. 1.27 VCKODEHHA TOUKW 38 BCE MEHD-



ITME H MEHBIIHE TTPOMEeXYTKHN Bpe- Ya
MEHH:

S ﬂ” 9
a - 2 = — »
= At
IlpM yMeHBIUEHHM [IPOMEIKYTKA

BpemMenun Af BeKTOp AUV yMeHbIAa-
eTCH M0 MOAYJII U MeHAeTcHA Mo Ha-
npasnenu (puc. 1.28). Coorserct- 0 X
BEHHO CpefHHWe VCKOpPEHHA TaKike Puc. 1.28

MEHHAIOTCH 10 MOAVJK W HallpaBJe-

HUK. Ho nipu cTpeMiieHHMH NpPOMEKYTHKa BpeMeHH Al K HYJIH
OTHOILUEHME M3MEHEeHUH CKOPOCTH K M3MEHEeHUID BpeMeHM cTpe-
MHTCHA K ONpeAesIeHHOMY BeKTOPY KaK K CBOEeMY NpelebEHOMY
gHaueHN. B MexaHNKe 3Ty BeJNYWHY HA3bIBAKOT YCKOPEHHEM
TOYKHW B JAHHBLIH MOMEHT BPEMEHH, WIH MPOCTO YCKOPEHHueM,

1 0003HaAYaIT a.
¥exopeHseM TeJIa HasbIBaeTCs Opejesi OTHOLUeHUs Huame-

HEHUA CKOPOCTH AU % NPOMEIKYTKY BpeMeHM Al, B TeYEHHE KO-
TOPOTO 23TO H3MEHEHHe I[TPOM30LLI0, NOpHM cTpemiaeHuu Al
K HYJIO.

YCKOpeHVe HalpaBJIeHO TaK, KaK B IIpejene, nIpy crpeme-
HUM [IPOMEIKYTKA BpemeHy Al K HYJIO, HApaBJieH BEKTOp Ha3-

MeHeHus cKopocTi Av, B ornnume oT HanpaBneHNs CKOPOCTH,
HaIIpaBJIeHUE BEKTOpPa VCKOpPeHHs Helnba3sl onpeleluThb, 3Has
TPAEKTOPHIO TOYKH M HAMNPABJIEHUE ABUIKEHNSA TOYKH [10 TPAa-
ekTopuu., B mansHeiiiueM HA IMPOCTBIX NpUMEpax MLl YBHIMM,
KAK MOKHO ONPEJENHUTh HANPABIEHHME VCKOPEHUS Tena Ipu
NpAMOJMHENHOM H KpHBOJHHeHHOM apuxeHusx. [loxka xe
HA/J0 3aloOMHHThL, 4YTO TIPH JIAHHOM HaNpaBJIeHUH CKOPOCTH
VCKODPEeHWEe MOXKeT MMeThH Jioloe HanpapleHUe,

MoryT BOBHUKHYTHL BONPOCBI: BeJllb MOXKET CYIIecCTBOBATh
IBHIKEHME ¢ nepeMeHHbIM yexkopenuem? He canenver nu BBecTH
BEJIMHMHY, XapaKTepHU3yIoIYI0 OBICTPOTY H3MeHEHHS YCKOpe-
Husi? KoHeYyHO, TAKYVIO BEJUYMHY BBECTH MOXKHO, HO ODBIYHO
B 3TOM HeT HeoOXoAMMOCTH.

Ipu ABUIKEHHH CKOPOCTH Tej, KaK NpPaBujio, H3MeHAeTCH.
SHATHL OBICTPOTY €€ W3MEeHEeHUusl 0 BpPEeMeHeM, T. €. 3HATh
YCKOpeHre HeoOXO0/AMMO IS BBIYMCJIEHHA CKOPOCTH M OIpeje-
JIEHHUS TIOJIOMEHUNA TEeNA.

. 1. YHro raxoe ycHopenue!
2. Kypa HanpasneHo YyCKOpPeHHe nNpd MNPAMONMHERHOM [QBEHMIKEHMM
Yena, ecnM MO[Ynb ero CHoOpPOCTH yeenwuwBaercs! ymeHswaercs!
3. Moxer nM Teno MMEeTe YCHKOPeHMe, BCNM €50 CHOPOCTh pPaBHa
Hymo!
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§ 12 EJUHHUIIA YCKOPEHMUSA

JiBMsKeHMe € YCKOpPEHUEeM MOXKHO pasfle/iuTh HAa JIBa BUJA:
OBHIKEHWE C TMOCTOAHHbLIM YCKOpPEHHeM, KOrjia MoAyib M Ha-
NpaBjieHue BEKTOPA YCKODEHHS He MEHHAIOTCA €O BPEeMEeHEM,
¥ JIBHIKEHHE C lIePpEeMeHHBIM YCKOPEHHEeM, KOTr/la YCKOpeHHe CO
BpeMEHEM MEeHSETCH.

JlBmyKeHre ¢ MOCTOAHHBIM YCKOPEHHEM siBJIsieTca Haubosee
IIPOCTHLIM JIBH3KE€HHEM C NMepeMeHHOW CKOopocThio. MoxkHo npnu-
OIMKEeHHO CUHTATH, YTO C HNOCTOSHHBIM YCKOPEHUEM JBHIKET-
ca asToOyc (MM moess) Npy OTNPaBJIeHUM B NYThL WM IIPHU TOP-
MOMEHHWH, CKOJB3fIasa no Jbay uaba u 1. 1. Mn1 Oyaem
U3YYaATH B OCHOBHOM JABHYEHME C IOCTOSHHEIM YCKOpeHHeM.

Ecnu yckopeHHe Tena MOCTOSIHHO, TO OTHOIIEHHe HW3MEeHe-
HUS CKOPOCTH K MHTEPBaJly BPEMEHH, 3a KOTOPOe 3TO H3MEeHe-
HUE TIpoM30l1iL1o, OyAeT OJJHMM M TeM 3Ke Iias Jiboro nHTepBa-
na Bpemenu. Ilosromy, o00o3Hauus uepes Al HeKOTOPLIH

OPOMBBOJILHBIM NPOMEXKYTOK BpeMeHH, a deped Av — usMeHe-
HUEe CKOPOCTH 34 23TOT NPOMEeXVTOK, MOMHO 3aluCaTh:

Av
At °

Tak Kaxk NpomMexxyTox BpeMeHM Af — BelIMYMHA IMOJOMKH-
TeNbHafg, TO U3 3TOH (opMyJibl cleayer, YTO eC/I YCKOpeHue
TOYKH € TEe4YeHHWEeM BPEeMeHH He H3MeHsieTcs, TO OHO Halpas-
JIEHO TaK e, KaK B BEeKTOpP HM3MeHeHMA cKopocTH. Taxkum
obpasomM, ecnm yCKOpeHHe MOCTOSHHO, TO €ro MOXXHO HCTOJ-
KOBaTh KAK M3MEeHeHHe CKODOCTH B eIWHHIY BpeMeHH. JTO
II03BOJIAET YCTAHOBUTH E€QWHUIIBI MOAYJIA YCKOPEHHS W €ero
IIPOEKLIMIA.

3anuineM BHIPAXKeHWe AJIS MOAYJAS YCKOPeHUS:

-

a = (1.11)

Orciona cnepyer, 4T0 MOGYNb YCKOPEHUR YUCACHHO DAGEH eduU-
HUuYe, ecll 3¢ eOUHULY 8peMent MOOYJIbL 6EKNOPA UZMEHEHUS
CKOPOCMU U3MEHACINCA HA POUHUYY.

Ecnu BpeMs H3MepeHO B CEKYHI&X, & CKOPOCTB — B MeT-
pax B CEKVHAY, TO 1 enmHuna yckopenus = 1 m/c?, 1. e. yCKO-
pEHUEe BhIPAIKAETCH B METPAX HA CEKVHJY B KBaJpaTe.

Ecan ycxkopeHHe TOUYKM TIOCTOSHHO W €ro MoAVJiek paBeH,
HanpuMep, 2 M/c?, To 310 03HAYAeT, 4TO 3a 1 ¢ MOJYJib BEKTO-
pa M3MeHeHWs CKOPOCTH yBeaudYHBaeTcdA Ha 2 m/c.

IIpsMosiuHeiiHOe ABHXKEHMEe C NOCTOAHHBIM YCKODPeHHeM,
IIpH KOTOPOM MOAVJib CKOPOCTH YBEJWYUWBAETCH, Ha3blBaeTCH
PABHOYCKOPEHHbIM JIBHIKEHMEM, a MPAMOJIMHEHHOE JIBUIKeHne
C NOCTOFAHHBIM YCKOPEHHMEeM, NPH KOTOPOM MOYJib CKOPOCTH
YVMEHBIIAETCS, HASLIBAETCHA pPaBHO3AMEAJIECHHBIM.

30



[MouaTHe YCKOpPEHWA, KaK ¥ MOHATHE CKOPOCTH, ABJIACTCH
OJINMM M3 OCHOBHBIX NMOHATUH KuHeMmaTuku. Ecnu Teno mMox-
HO CUMTATH TOYKOM, TO MBI FOBOpHMM 00 yexopenun Tena. Ecan
ke opmMoil 1 pasMepaMH Tena npenedpeus HeNb3d, TO YCKO-
peHMs pasfIMuHbBIX TOUEK Tejla MOTryT OTJIMYaThCH.

1. B KaWoMm cnyyae YCKOPEHWE Tena CYMTAeTCR MOCTOAHHLIM!
‘? 2. Kypa HanpasneHo YCHOPEHME TENAa NPH €0 pPaBHOYCHOPEHHOM
® ABMIKEHWH Tenal! NpH PaBHO3IAMEANEHHOM ABHMCHMH!

3. B HauMX efHHMLAX HIMEPRETCA MOAYNL yCHOPEeHMnA!

§ 13 CROPOCTD TIPH JBUIKEHHH
C IMMOCTOAHHLBIM YCKOPEHHEM

BrisicHUM 3aBHCHMOCTH CKOPOCTH TOYKHW OT BpEeMEHH IIpH
ee JIBMIKEeHHH ¢ NOCTOSTHHBIM YCKOpeHueM. Jl1s 5Toro Bocnosb-
ayeMmcs (hopMyIoi

&' o Av
At
-
Iycrn un — CKOPOCTh TOYKH B HAYAJIBHbLIH MOMEHT BpeMe-

HHA tﬂ' a EJ — & (‘HODDCT]:- B HERDTDDLI_H MOMEHT BpemeHH [,

Torna At =1t —t,, AU =U — vﬂ, u (Qopmyna [Js YCKOPEeHHHA
NpUMeT BHJL

Ecnu navadbHBI MOMEHT BpeMeHW {, NPUHATHL PaBHLIM
HYJ0, TO NOJYYHUM

> . o - i-r’ﬂ
a=—-".
Orcrona
0 = U, + at. (1.12)

Bexropunomy ypasrenuio (1.12) coorsercTByiOT B cly4ae
ABMJKEHUsT Ha I[JIOCKOCTH JiBa CKANAPHBIX YPABHEHHA LNIHA
MPOEeKIHii CKOPOCTH Ha KoopamnHaTHBIe ocu X U Y:

U, = Uy, + a,t,
u; = uu; +a,l. (1.18)

Kax BujiuM, UpPH JIBHIKEHHH C MOCTOAHHBIM YCKOpPeHHeM
CKOPOCTE CO BpPeMEeHeM MeHAeTCA 0 JHHeHOMY 3aKOHY.
Hrak, jnsa onpeneneHnsd CKOPOCTH B [IPOU3BOJNBLHBIM MO-

MEHT BpeMeHH HaJl0 3HaTh HAYAJIBHYIO CKOPOCTDL Uy H YCKODE-
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N
2 HMe a. HadalbHyl0 CKOpPOCTh HYX-
HO W3MEpPHUThL. Y CKOPEHHe, KaAK Mbl

VBUAUM B JalibHeilleM, onpenens-

! eTcs HOeHCTBUEM HA [IaAHHOE TeJo

1 JOPYTHX TeJl B MOMKeT ObLITh BhIYHC-

! nedo. HauanbHan CKOPOCTEH 3aBH-

S, CUT HE OT TOro, Kak JAeHlCTBYIOT Ha
0 5 t,c [naHHOE TeJI0O Opyrue Teja B pPEac-
CcMATPUBaeMbiii MOMEHT BpeMeHH,

3 a OT TOro, UTO HOPOMCXOANIIO ¢ Te-

Puc. 1.29 JIOM B NpeAlIecTBYIOIIMe MOMEHThI

Bpemernu. Hanpumep, HavyanbHasd

CKOPOCTH [aJarniero KaMHA 3aBUCHT OT TOI'O, BBIIYCTHIIU €0
M3 PYVK WM e OpocUNH, COBEPILUUB HEKOTOPOEe YCHIIHue.

Ycropenue e, Ha000poT, HE 3aBHCHT OT TOTO, UTO IPOHC-
XOOWJIO C TEJIOM B NpeAbIAyIIiMe MOMEHTEI, & 3aBUCUT JIMIIIL OT
NeHMCTBHA Ha HEero APYrux TeNl B JaHHBII MOMEHT BPEMeEHH.

3aBUCUMOCTL TIPOEKIHMM CKOPOCTHM OT BpPEMEHHM MOXHO
1300pasuThs HAITIAOHO ¢ MOMOILBIO rpaduka.

Ecnu mavanbHasi CKOPOCTE paBHa HYJIO, TO rpapuk 3aBu-
CHMOCTH ITPOEKIIMH CKOPOCTH Ha OoChb X OT BpeMeHH MMeeT BH/
OpPAMONM, BEIXOAAIEH U3 Havana KoopanHat. Ha pucysare 1.29
npejcTaBied 3TOT rpauMK B Bule npamMoil I ana cinyyas
a, > 0. Ilo aromy rpadmury MOKHO HallTH NDPOEKIHID YCKOpe-
HHUA Ha 0Cb X:

v, 30m/c
{ '_-.—-—-—; ai._— —
Se

% t

Yem Gonbmie a,, TeM OOJBIIAE YTOJ ¢ C OChIO BPpeMEHH COCTAB-
nsgeT rpahuK I[IPOeKIlMy CKOpoCTH. Takasi 3aBUCHMOCTE CKOPO-
CTU OT BpeMeHH HaOawpaercs IpH IMaJieHuH Teja, NOKOHBIIIe-
rocsi B HayaJbHBI MOMEHT BpPEMEHM, C HEKOTOPOM BEICOTHI
WIH NpH JBUKEHUH ABTOMODHMIH, TPOTAKINErocs ¢ MeCcTa.

Ecnu HayanepHas CKOPOCTE OTIHYHA OT HYJIS U TEJIO JBUMKeT-
ca ¢ DONMBIINM YCKOPeHHeM, TO rpaduK 3aBHCHMMOCTH MPOEK-
K1 CKOPOCTH OT BpeMeHN uMeeT BuJ npsaMoil 2 (cMm. pue. 1.29).

B cnyvyae oTpHnaTenbsHOro ycKopeHus (paBHO3aMeNJIeHHOe
IBHKEHHE) ¢ TOH Ke HAYAIBHOW CKOPOCTHK TpadHK 3aBHCH-
MOCTH U, OT BpeMeHH umeeT BuA npsmoin 3. OOparum BHHMA-
HHUE Ha TO, YTO TAK KAK VIJEL 0, U O MO0 MOAYJIO PaBHBI, TO
PaBHB! 10 MOAYJIO TPOEKIMM YCKOPeHUA: |a.,| = a4/

=6 m/c?

Mgbl Bay4YHIHCh, TakuM o00pa3oM, HaAXOAUTL CKOPOCTH Ma-
TEPUANBHON TOYKM IPH JBUIKEHHM € TOCTOHHHBLIM YCKOpe-
HUEeM.
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§14 JIBHXKEHHE C ITOCTOAHHBIM YCKOPEHHEM

Teneps nonyunum ypaBHEHUS, KOTOPbIE NO3BOJAKT paccum-
THIBATH [JH 3TON0 ABHIKEHHHA NONOKEeHHue TOYKM B JIobHoi Mo-
MEHT BpPEeMEeHH.

HonyctyM, ABHIKEHHE C NOCTOAHHEIM YCKOPEHHMEM COBep-
IIaeTCcsH B OJIHOM TJIOCKOCTH, IyCTh 3T0 OygeT miaockocts XOY,
Ecnu BeKTOp HAYANBLHONH CKOPOCTH U BEKTOD VCKOPEHMSA HE Jie-
AT HAa OOHOW NpAMOI, TO TOYKa Oyaer ABMI'aThCHA 110 KPUBOM
nuHuK. CrenoBaTesIEHO, B 3TOM Cliyyae ¢ TeYeHHEM BPeMeHU
OynyT nsMeHATHECA oDe ee KoopowHATHEL X M Yy, ObosHaYyuM de-
pes x; U 1, KOOpAMHATHI B HAYAJBHBIK MOMEHT BpPeMEeHH
to=0, a 4epe3 x u y KoopAHHATEI B MOMeHT Bpemenu ¢. Torga
3a BpeMs At =t — {, = { UBMEHEHHMA KOOpANHAT OYAYT pPABHEI

Ax=x—x, 1 Ay =Yy — ¥Y,.
Orcroaa
X =X, + Ax,
Yy =Y+ Ay.

SHAYUT, 151 HAXOMKICHUSA MOJOMEHUA TOYKH B JI060H MoO-
MEHT BpPeMeHH HA/I0 3HATH ee HAYAJIbHbIe KOOPIHUHATEI 1 YMETb
HAXOAWUTh U3MEeHEeHHUd KOOpAHHAT Ax ¥ Ay 3a BpeMA ABHIKEHWA.

B cnyyae gBuKeHHS, IIPY KOTOPOM IIPOEKIIMA CKOPOCTH H3-
meHseTca co Bpemerem (puc. 1.30), senuumuny Ax, 3a Bpems f,
MOXKHO HaWTH cjeaywinum obpaszom. U3 § 8 mel 3Haem, uTo
IpH PaBHOMEPHOM [BMIKEHUH H3Me-
HEeHHe KOOPAMHATHI TOYKH 3a BpeMs
At MOMHO oOlpenenuTh Ha rpaduxe
daBucuMocTH U, (I) Do nuoomazm
npsimoyrojseEnka. Ha pucynake 1.30 Uep |
nnuHa orpesxka OC uncneHHO paBHA
BpeMEeHH [BMiKeHus. Paspenum ero A
Ha MaJible mHTepBaJasl Al, B mpeze-

JaX KOTOPhIX IIPOEKLHI0 CHOPOCTH
MOMKHO CHMTATH [IOCTOAHHONU U PAaB- o
HOH ee cpenHemy 3HaueHuw. Pac-
cMoTpuMm  uHTepBan Af,. Torga Puc. 1.30

Ax; = v, ,At,, ¥ COOTBETCTBEHHO ILJIO-

Has SAMTPUXOBAHHOTC NPAMOYTOJBHUKA YHCJIEHHO paBHAa
U3MEHEHNI0 KOOPAMHATE! TOYKHU 3a Bpems At,. Cymma Bcex Ta-
KUX Iuioniazeil YucneHHo paBHA N3MEeHEHHID KOOPAMHATHI TOY-
KW 3a Bpems {. Yem meHbile wHTepBan Af, Tem To4uHee Oyper
pesyaerar. Ilpu crpeminenuu At K HYNAW NIOUEAL (DHUIYPBI
ABCO byner cTpeMHTBECH K U3MEHEHUWI0 KOOPOMHATHI Tena Ax.

B coiyuae paBHOYCKOPEHHOI'O NBUMKEHUSA HIMEHEHHE KOop-
AMHATEI Tesa Ax YMCJIeHHO paBHO momapn tTpanenuu ABCO.
sl ocHoBaunit OA u BC 3Toil Tpanenuu YHMCI€HHO PABHBI
NPOEKIIUAM HAYANLHON M KOHEYHOMI CKOpoCTei, a JAJIMHA BhI-
cotel OC — BpeMeHM IBHIKEHHSH.

(1.14)
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IMo dopmyne jana naoLiaan TPaendy HMeeM

D +0v
M — 0x x ]
2
YuyuTeIBafg, 4TO U, = Uy, + a,t, noaydaem
Uy, tUg, ta a,t?

Mui paceMoTpenu cayuan, Korjga v, > 0 u a, > 0. Ho nony-
yeHHas (popMyna cupaBeainuBa M TOrAa, Korjga OAHa U3 3THUX
BEeJIMYWH OTpMIaTe]bHAa MM Korja ofe OHH OTpPHIATENbHEI.

H3meHeHue KOOPAUHATHE! Ay MOMKHO HANTH TAKHM XK€ CIHO-
coboM, ¥ OHO UMEeT AHAJOIUYHBIN BHUJ

a,t?
2 -
IlopecraBuR HalleHHBIE 3HAUEHUH M3MEHEHUS KOOPAMHAT
Ax u Ay B ¢popmynel (1.14), nonyyuM BBIPDAXKEHHUHA IJIH KOOP-
JHUHAT OPH ABHUIKEHUH C NOCTOAHHEIM YCKOpeHHeM Kak (PyHK-

OHM BpeMeHH (MX HasbIBAKT KUHEMATHYECKHMH ypaBHEHUSA-
MH [OBHIKEHUSA):

Ay = v, t +

2

ax
x=x0+u{,xt+T,

2
ayt

(1.15)

It GopMynbl NPHMEHMMbI AJA ONHCAHAA KAK ITPAMOJIH-
HEeMHOr'0, TaK U KPUBOJMHENHOTO ABHUMKEHUSA TOUYKMu. BarHO
JAHIL, YTO0BI yCKOpeHue ObLJIO NMOCTOAHHBIM.

OOLIYHO B YCJOBUSAX 3aJa4¥ JAIOTCA 3HAYeHUd (MOAVJIIH)
crkopocteir u yckopeHuid. [lostromy ypobuee, wanpumep,
npy ABMIKEHUH TOYKH 1O OCH OX HCIoNB30BaThH YpPaBHEHUE

a‘t s
x=xpt ot ~5 + TAE Vg M @ — MOJIyJTH HAYAILHOH CKOPOCTH

M YVCKOPEeHUH.
OueBHIHO, UTO B 3TOM ypaBHEHHMH 3HaK «+» Depercs Torna,
KOT/la HANPABJIEHUA CKOPOCTH U, H YCKOPEHHUH a4 COBHIAJAIOT
¢ HanpasinenumeM ocu OX, 3HaK «—» — KOr'na OHH HaIlpase-
Hbl B IPOTHBONOJOMHYIO CTOPOHY.
ITpu asukeHun TouKM B mockoctw XOY aBym ypaBHeHH-
Am (1.15) cooTBeTcTBYET OOHO BEKTOPHOE YPABHEHHE

> - - i 'E
= 1o+ Oyl +P-;__ (1.16)

Obparure BHHMaHHE Ha TO, YTO ¢ nomonbio hopmyn (1.15)
¥ (1.16) MOxHO HANTH TOJBKO MNOJIOMEHHEe ABHIKVILEHCcH Tou-
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KH B 000 MoMeHT BpemeHH. JlJif HaAXOMKIEHHA NYTH HeoD-
xogumo Gosiee mnoApodHO HCCHIEAIOBATH TPAEKTOPHIO, ONpeme-
JIMTh TOYKH, B KOTOPBIX, BO3MOXKHO, IPOM30IILI0 W3MEHEHUE
HAITDABIEHUS [NBHIKEHUH,

IlonyuyenHble ypaBHEHHSA, COBMECTHO ¢ (QOpMYJaMH IJf
npoeKkuuii ckopoctr (1.13), nossonsioT pemaTts J0OyI0 3azia-
4y O ABHIKEHHH C IIOCTOAHHBIM YCKOpPEHHEeM.

! INPUMEPLI PEHIEHHUA 3AJTAY

1. VaapoM KmIOINKM XOKKelHOW maibe coobIouIM CKOPOCTH
vy = 20 m/c. Yepesa Bpems t =2 ¢ cxopocTh maibel, jABMIRymeiica
NpAMOJHHENHHO, cTana pasHa 16 m/c. Onpegenure yCKOpeHHe NIAN-
6rI, cuMTasA ero NMOCTOAHHBIM.

Pemenue. BriGepem ocu Koop-
NUHAT TaK, 4TOOBl ABHIKeHUe IaObl
IIPOMCXOAUIIO BAOJAL KaKoH-HUOYAL 0 X
KOOPAMHATHOM OCH, HAIIPUMED BAOJb

Puc. 1.31
ocu OX. 3a NONOMKUTENIBHOE HAIIDAB-
nerne oc OX npuMeM Hanpap/ieHNe BEKTOpa HAYAILHON CKO-
poctu (puc. 1.31). U3 onpepeneHus yCKOpPEHUS CIeOAVeT:

v—-v, 16m/c—20wm/c
a. = —
* t 2c¢

3HAK «—» B KOHEYHOM pe3yJBTaATe 03HaYaeT, UYTO BeKTOp
VCKOPEeHUs HaIpaBjieH B CTOPOHY, MPOTHBOIIOJOMHYIO TONO-
FHUTeJIbHOMY HanpapiaeHHuio oc OX. Moavip ke yCKOpPeHUusd
paBeH a = |a_ | =-2 m/c? = 2 m/c.

= -2 Mm/c.

2. IlepexpriTHe MexJy MEPBBIM H BTOPLIM STAXKAMH 3AaHMA
THGT OPOXOAMSI CO CKOPOCTEIO Uy =4 m/c. Jlanee oH noaHUMAasCH
¢ NOCTOSIHHEIM YCKOpeHHeM a = 2 M/c?, HanpasleHHLEIM BHH3. Yepes
Bpem#a #;, = 2 ¢ nmudT ocTaHOBHIICA. Bricora h KayKAOro araya pas-
Ha 4 M. Ha xaxoit BeicoTe H, cunTas OT m0Jia NEepPBOTO 9TAKE, OCTA-
HoBHJICA Judr?

Pemenne. CoBMecTuM HAYAJIO KOOPJIMHEAT ¢ [I0JOM IEp-
BOI'O 9Ta’ka M HAIIPABMM O/|HY M3 KOODAMHATHBIX OCEH, Hanpu-
mep ock OY, BepTHKajlbHO BBEPX. Tak Kak ycKOpeHHe JHdTa

MOCTOAHHO, TO €ro ABMIKEHHE 6yJeT OMUCEIBATHECH KHUHEMAaTH-
a,t®

2

IIpu BRIOpaHHEIX HAYAJIE KOOPDAUHAT U IIOJOMUTEILHOM Ha-

npasnenun ocu OY y, = h, vy, =v, a,=-a, y = H. Ilostomy

a 2 . 2
H:h+unt—%; H=4M+4M/c-2(:—-2m/c2 i =8 M.

HYeCKHM YPABHEHHMEM Y = Y, + Uyt +
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z“ YIIPASKHEHHE 3

1. Teno geykercs Baosis KoopjauHaTHO# ocu OX. Hanpasnenus
Ha4YaJbHOH CKOPOCTH M YCKOPEHMS COBMAJAKT C NOJOMHATEIEHEIM
HANpaBJieHWeM OCH, 8 HX MOAYNAHM paBHEI Uy =4 M/c, a =2 m/c2,
Onpepenure CKOPOCTE 4Yepe3 4 ¢ OT HaYasa OTCYeTa BPEMEHH.

2. B Touke ¢ KoopaMHATOH Xxp;=10M Te10 UMeNO0 CKOPOCTH
vg = 20 M/c, HANIPABJIEHHYIO NPOTUBOMOJIOKHO MOJOMKHUTENBLHOMY HAa-
npasnenuio ocu OX. YekopeHne Tena HANPABIEHO MPOTHBOIOJIOMHO
BEKTOPY HAYAJNIBLHOH CKOPOCTH, & ero Moayib pased 10 m/c?. Onpepe-
JIMTE KOOPAMHATY Tela B MOMeHTH! Bpemenu 1, 2, 3, 4 ¢ or Hauana
oTCYeTa.

3. IlBa MOTOLMKANCTA BHIE3XKAIOT OJHOBPEMEHHO M3 ABYX NYHK-
TOB HABCTPeuy ApYyT Apyry. OnuH U3 HUX COVCKAETCH PAaBHOYCKODPEH-
HO C ropbl, HMes HAYAIBHYIO CKOpPOCTE 36 KM/49 1 yekopenue 2 m/c2,
Jpyroii pasHO3aMeJIeHHO NONHHUMAETCHA B Iopy € HaYANBHON CKOpO-
cThio 72 KM/49 M € TeM 3Ke no Mmoaynw yekopenuem. Ilepsorauansnoe
paccTofiHue Mexxay Moronukaucramu paeHo 300 m. Yepea cKOABKO
BpeMeHH OHHM BeTpersTesa?

§15 CBOBOINHOE TAJEHME TEJ

PaccmorpuM Tenepb OfHO YacTO BCTPeYalolleecHd ABHIKe-
HHE C IIOCTOAHHBIM YCKOPEHHEeM, KOTOPOe HaskIiBaeTcs ¢BObOOM-
HBIM I8JeHHEeM TeJl. 3T0 ABHKEHWE ONBITHLBIM MYTeM W3y4aJ
BEJIUKUN UTANBAHCKUNA yueHbl 'anumneo lanuieid.

Kaxpgerii 13 Hac Habnronas, YTo NPy NDAJeHHH Tejia Ha JeM-
JII0 U3 COCTOAHMS TOKOS OHO YBEJIMUHMBAET CBOK CKOPOCTH,
T. €. ABHIKETCH C YCKOpeHueM. ITO yCKOpeHHe coolbijaer emy
semHoit map. lHonroe BpemMsi cumTaay, 4TO 3eMis coobiaer
PasHbLIM TeJaM pasiiudyHble ycKopeHus. [IpocTeie Habmonesus

Fanwneo Tanunen

(1564—1642) — penuKmii UTaNLAHCKKMK M3MK M AcTPO-
HOM, BNEpP8bIE NPUMEHMBLLMI IKCNEPHMEHTANBHBIN Me-
TOR MCCnegoBaHuwA B Hayke. [anunen oTHpbin npuHLMN
OTHOCMTENLHOCTH, BBEN MNOHATHE HHEePLWW, mMccnegoBan
3aKOHbl NafeHWs Ten M OBMMEHWS Ten NO HAKMNOHHOM
MNOCKOCTH, NPEANOMMI NPHMMEHATL MaATHHMK ONR M3me-
peHun spemenu. Bnepeoie 8 wcTopuM Yenosevecrsa
€ NOMOLLBIC H3rOTOBNEHHON WM 3puTensHoW Tpybel lNa-
nunen oTKpsin ropel Ha Jlyne, criythuku FKOnurepa, 3ses-
pHoe crpoerwe Mneydoro [lytw, nstHa wa ConHue,
basul Benepnol.

Fanunen passun 3anpeLleHHoe B TE BPEMEHA LLEPKOBLIO
yuenve KonepHuka o permenvn 3emnm, 3a wto s 1633 r.
Bbifl OCYIGEH PMMCHKMM Hatonu4eckmm cynom. [Mpu-
rosop 6ein ormerneH BatukaHom 350 net cnycrs.
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KaKk Oyaro moarTBepikaamwT aro. Hanpwu-
Mep, NTUYLE [epo WJIN JucT Oymaru nana-
0T ropasjo mejuieHHee, yeM KaMeHb. Bor
rnoyemy co spemMesH Apuctorens (rpe-
JeCcKoro ydeHoro, yuemero B IV B. 1o
H. 3.) CUMTAJIOCLE He3sIOJIeMBIM MHeEHHe,
JTO  yCKOpeHue, coobuiaemoe 3emuien
Teny, TeMm Oorbile, WeM THIKeNlee Tesno.

Tonsko I'anunerw B koHue XVI B. yaa-
JJOCh ONBITHBIM ITyTEM JOKa3aThk, 4YTO
B JAEHCTBHTENBHOCTH 3TO He Tak. Hyx-
HO VHYWUTBLIBATH COIIPOTHBIEHHE BO3OYyXAa,
MNMeHHO OHO HMCKAaMaeT KapTHHY CcB0ODOA-
HOT'O TMaJIEeHUA TeJ, KOTOPYIO MOXXHO OBLIIO
oul HabmOAATE B OTCYTCTBHE 3€MHOW ar-
Mmocdepsl.

Habmonas mnageHue pasiudHbIX TeJ
(nymeunoe AAPO, MyIIKeTHas MyJisS B T. I.)
co 3HameHutToi sHakJdoHuoi IlnzanHckon o

- uc, 1.32
pamtan  (pue. 1.82), TI'amuneit moxaszan,
UTO 3€MHOH 1Iap coobllaeT BCceM TeJiaM OJIHO ¥ TO JKe YCKOope-
Hue. Bee Tena HOCTUTaMM TIOBEPXHOCTH SeMIIM NPMMEPHO 3a
OIHO U TO e Bpems.

Ocobernro npoct u ybenuTesneH OnbiT, INPOBEJAEHHBIN BIep-
Bele Herorornom (puc. 1.33). B creknsuHyo TpybOKy nomelna-
IOT pasJuYHbIe MpeaMeThbl: ApoOMHKH, KYCOYKM NpoOKH, my-
HMIMHKK M T. . Eciu nepeBepHyTh TPyORYy Tar, uToOBl 3TH
npeaMeTsl MOTJIM NaAaTh, TO ObICTpee Bcero ynajer ApoOMHKA,
3a Hell — Kycod4eK npobGKW ©, HAKOHEl], MJIAaBHO ONYCTHTCH
nymuaka. Ho ecam BhikayaTs 13 TpyOKH BO3OVX, TO MBI YBH-
AWM, YTO BCE TPH TeJa VIAAYT OJHOBPEMEHHO. 3HAYMUT, JIBH-
YKeHHe NMYyIIMHKY 3a/Iep’KUBaJI0Ch paHee CONPOTHURBJIEHUEM BO3-
AVXa, KOTOpoe B MeHBIIeH CTeleHW CKa3biBaJoCch HA
IOBHIKEHWHM, HarmpuMep, nmpobxku. Korga »xe Ha 3TH Tena jaeucr-
BYeT TONLKO IMpUTsKeHue K 3emJie, TO BCe OHU ITaflaioT ¢ OX-
HNM M TE€M YK€ YyCKOpeHHeM.

KoxHeuHo, Ha OCHOBaHUM JAHHOIO
ONBITA e€[e HeJIb3fA yTBepXJartb, 4TO
YCKOpeHHe BCeX Ten MNoj HAeUCcTBUeM
OPUTHKEHHA 3eMJIM CTPOre OAVWHAaKOBO.
Ho u Gonee To4YHBIE OHBITHI, IMPOBEJ/IEH-
Hble ¢ MMDOMOLIBI CAMOM COBeplLIeHHOH
COBPEMEHHOH 3KCIEPHUMEHTANIBHON TexX-
HUKH, TAT Te e Pe3yJIBTATHI.

Ecau conporuBieHrie Bo3gyXa OTCYT-
cTRyeT, TO BO/IM3H IMOBEPXHOCTH 3eMJIH
VCKOpeHue najlaiolillero Teja NnocTOSHHO.
JroT ¢dakT BrepBbie O6bLI  YCTAHOBJIEH et
I'. Tanuneem. J[BuixeHue Teja TONBKO  Puc. 1.33
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NojA BAWAHUEM INMPUTHMKEHUSA ero Kk 3emie Ha3bIBalT c¢B06OI-
HBIM TIaIeHHeM.

CooTBeTCTBEHHO 3TOMY, M VCKODPEHWe, coobijaemMoe 3emeit
BCEM TeJIaM, HASZLIBAIOT YCKOPEHHEM CBOOOOHOro mNajieHMS.
Ono Bcerga HaANpaBJIeHO BEePTHKAJIBHO BHU3. Ero npunsaTo obo-

—_

3HAYATE £.

Crobontoe nagesne — 310 He 00A3aTENBHO NBHKEHNUE BHMI,
Ecnu HavajlbHAA CKOPOCTH HANpaBIeHA BBepPX, TO TeNO IIpH
cBoOOAHOM IAAEHHMM HEKOTOpOe BpeMs Oyaer JeTeTh BBEpPX,
YMEHBIIAA CBOI CKOPOCTh, U JHIIOL 3aTeM HAYHET IAJaTh.

YerkopeHue cBOOOAHOrO MAJAEHHS HU3MEHAETCH B 3aBHCUMO-
CTH OT reorpamuyecKoil MIUPOTHI MECTa HA TIOBEPXHOCTH 3eMJIH
¥ OT BBICOTHI TeJIa HaJ 3emMJiell, TouHee, OT PACCTOAHMA [0 IeH-
Tpa 3demsan. Ha mupore MockBeI H3MepeHUSA JaiOT CJIEIVIO-
Iijee 3HAUEHUE YCKOpeHHus cBoboHOTO nageHusa: g = 9,82 m/c?,
Boobuge e HA NOBEPXHOCTH 3eMNUH £ MEeHAEeTCHA B Ipeaesax
or 9,78 m/c?® Ha skearope no 9,83 m/c? Ha nosaroce.

Ecnu nopHATECA Ha 1 KM Hag ypOBHEM MOP#, TO yCKOpe-
HHe cBofo/iHOro najeHus ymMeHbIuTces npumepso Ha 0,00032
CBOero 3HadeHufs B ganHoM MecTe 3emnu. Ha Beicore 100 KM
HAJZ DOJIIOCOM 3eMJH OHO NpHMepHO pasHO 9,53 m/c2.

Ilpn nageHun Tes B BO3AYXE HA UX JBUMEHHWE BIHUAET CO-

NpoTUBNeHHue Boz3ayxa. [loartomy ycKopeHme Tesi He pPaBHO g£.
Ho xorga gBHIKYTCH CpaBHUTEJBHO MACCHBHBIE TeJia ¢ HeboJb-
LHIAMH CKOPOCTAMHM (KaMeHb, COOPTHUBHOE SIAPO M T. 4.), CO-
IPOTHBJIEHHUE BO3yXa BJAHAET HAa UX IBHIKEHHE HE3HAYHTEIL-
HO. B aTOoM cnyuae gBHIKeHUE TeN MOMKHO PACCMATPHBATE KaK
ceobopHOe najgeHne. Jlumes npy OONBIIKMX CKOPOCTHAX (CHapPHL,
IyJjd U T. 4.) COOPOTHUBIIEHHE BO3AYXa CTAHOBHUTCH CYIIIECTBEH-
HbIM. s nerkux Ten THNa ONyIMIHHKH CONPOTHUBJIEHHE BO3AY-
Xa CYIIECTBEHHO ¥ TIPHU MAJIBIX CKOPOCTHAX.

CeobomHOe mafieHHe — JBHIKEHUE Tesa I0J AeiicTBUeM
CHJIBI NPUTHMKEHUA K 3emJe.

ABUKEHHE C NOCTOAHHLIM YCKOPEHUEM

§16  CROBOJHOrO ITAJEHIS

Ilpu wmayyenun csoBomHOro najieHusi Tel Mbl Dyaem pac-
CMaTPHBATH TOJBKO TAKUE ABUIKEHUS, NPU KOTODEIX YCKOpe-
HUe cBODOAHOro mnaneHWsi MOCTOAHHO, T. €. COMPOTHBJIEHUE
BO3/lyXa MOXXHO He YYUTLIBATH.

ITU ABUIKEHUS OyAYyT ONMHMCBIBATHECHA M3BECTHBLIMM HAM KH-
HeMaTHuecK¥MMH ypaBHeHusamu (1.13) u (1.15).

IIBHeHrne ¢ NOCTOAHHBIM YCKOPEHHEM MOXKeT OBITh Kak
NPpAMOJIMHEMHBIM, TaK W KpuBoJuHeHHBIM. Korma HauajgbHas
CKOPOCTb TOYKH PABHA HYJIO MJIHM 3Ke HAIpPaBJIeHa BAONbL TOM
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YKe NMpPAMOH, 4TO U YCKOpeHHe, TO TOY- Yi v vi
Ka JIBHIKETCH TNPAMOJHHEHHO BI0Jh
2TOM npamo#. EcnM HaYanbHASA CKO- ~
POCTh ¥ YCKOpPEHKE He HallpasJIeHBl 110
OZIHO¥M IIPAMOMH, TOYKS HBHIKETCH KpH-
BOJIMHEHHO, ,

Ycexopenue cBOOOAHOrO IaJeHUA D=0
HaNpaBJeHo BepTHKaasHO BHH3. [lo- . - -
9TOMY TEJIO NBHIKETCH MPAMOJIMHEIHO, & g g
€CJIM ero HadYaJbHafdA CKODPOCTh DaBHA
HYJII0O HJIM HalpasJieHa BAOJIb BepPTH-
kanu (puc. 1.84). B nporusHoM chny-
yae TPAaeKTOpHA Tejsa Oyaer KpHBOJHM- 77
HEeMHOH. Puc. 1.34

C /asMixkeHHEeM TeJ, IOJNYYHMBILINX
HAaUaNlbHYI0 CKOPOCTH IO YTJIOM K vy,
VCKOPEHHIO CBOOOJHOTO MAAeHNAA, TTPH-
XOAUTCA BCTPEUATHCH [JIOBOJIBHO YacTo.
HanpumMep: cHapsl, BBITYIIEHHLINA 110/
YIJIOM K TIOPHM3OHTY; SIpPO, KOTOpoOe Bo
TOJKHYJI CIHOPTCMEH.

Haiigem tpaexTopuio Tena, ©Opo-
11IEHHOTO IO/ YIJIOM K POPM30HTY, NIPpHU o
VCJIOBHM, UTO HA BCEM ITyTH €ro ABU- O(f
JKEeHUS YCKopeHHe cBoOomHOro naje-
HUA ocTaerca TocTosHHBIM. [lycts u3 4
Touxki O OpOHIEHC TeJI0 ¢ HadyaJbHOM

-

=Y

CKOPOCTBIO ED MOJi yrjioM O K TOPU3OH- p.. 43§
1y (puc. 1.35). Bribepem OCH KOOPAH-

HAT TaK, YTOOEI BEKTOPBI uﬁ " g OBLIIM PacIIOJIOXKeHbl B KaKOH-
b0 KOOPAMHATHOH MJIOCKOCTH, HATpUMep B nnockoetd XOY.
Oce OX HampaBUM TODH30HTAJBHO, 8 0cb OY — BepPTHKAaJIBHO
BBepx. Hauano xkoopauHat seibepeM B TOUuKe OpocaHHS.

Tak Kak yckopeHue ¢BOOOAHOTO INaJeHHUf C TeYeHUEeM Bpe-
MeHH He MEeHAeTCsH, TO JIBMIKeHHe Tejla B IaHHOM CJydae, Kak
1 Jiro0oe NBHIKEHUE C [MOCTOSHHBIM YCKOPEHUEM, MOMKHO OIIHU-
CaThk YPaABHEHUAMU

tﬂ

X = Xg + Vgt +“§2 , (1.17)
aytz

Y = Yo+ Vgt + 5 (1.18)

IIpu BeIOpamHOM Hauane xoopauHat x, =0 u y, = 0. IIpo-
EKLMI0 BEKTOpa Ha Kakyo-1ubo OCh MOXHO BBIDA3SHUTL Yepes
MOAYJIb BEKTOPa M KOCHMHYC yIrJjia, KOTODBIH 3TOT BEKTOD 0bpa-
3yeT ¢ MOJIOMKHTELHEIM HanpaBieHueMm ocu. A3 pucyuka 1.35
BHJIHO, YTO Uy, = U, COS O, Uy, = U, cos (90° — a) = vy, sin q,
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a,=0 n a,=—g. Ilosromy ypasrenus (1.17) i (1.18) momxuo
3anucaTh B BHJe

X = v, cos o - t, (1.19)
: gt?
Y=0gsma-t—-—]-. (1.20)

s nmocTpoeHUs TPAEKTOPUHA Tena MOMKHO HAWTH M3 ypas-
rerud (1.19) u (1.20) sHaveHNa KOOPJAMHAT X M I ANSA pas3ind-
HbIX MOMEHTOB BPEMEHM, a 3aTeM N0 KOOPAHMHATAM MOCTPONTE
TOYKH H COEJUHUTL UX IIJABHOH JHUHWEH.

Oanako yanoOHee HaiTH ypaBHeHHe TPAEKTOPHWH, T. €. 3aBHU-
CUMOCTE Y OT X. YT00bl NONYyYHTL 9TO YpaBHEHME, HYIKHO UCK-
JIOYUTh BpeMA U3 ypaBHenu# (1.19) u (1.20).

X
W3 ypaBuenus (1.19) umeem ¢ = ot CrnenoBaTensHO,
0

vy 8in o gx®
Ug cos 0. 20% cos® o

g
2vg cos? o

£
2vé cos? o

y = bx? + cx. (1.21)

U3 kypca anrebOpsl M3BECTHO, 4YTO rpaduxoMm (QYHKIHHA
(1.21) sBnsiercs napabona, 0ck CHMMETPHM KOTOpOM — mnpA-
masd, napayineissas ocy Y. [TlockonbKy B fanHoMm cayuae b < 0,
TO BeTBH napabonkl HanpasieHsl BHu3, Ha pucynke 1.36 u306-
pakeHa napabona ana ciayuas b=-0,2m! u ¢=1,6. Hrax,
Mbl JIOKasaJjiy, 4YTO eCJH YCKOpeHue cBODONHOIO majeHus Iio-
CTOSIHHO, TO TeJyo, DPOLIeHHOe NOJA yrJioM K IOPHU30HTY, JIBH-
sercsa no napabone.

Tenepes BHISICHUM, KaKoil OyIeT TpaeKTOpUSA TeJia, ecJH ero
HAYaJlbHAS CKOPOCTL HaNpaBJieHa IOPM30HTAIBHO.

X%,

y=x =xtgo-—

Brepem ofosnHauenusi: tg do=c u — = b. Torna

Yi

b
1
=
=
I
| i

|

o |
|

(-
T

Whka=———=la=md-

S
W

D=

-]

oo

<Y

[ |
¥

T
=

Puc. 1.36 Puc. 1.37



U3 pucyaka 1.36 suaHO, 4TO, HAa-
yUHAA ¢ TOr0 MOMEHTAa, KOorja CHO-
POCTH TEJIA TOPUIOHTAJIBHA, OHO JIBH-
weTca 1o BerBu napabonel. Cnepno-
BaTeNbHO, Joboe Teno, OpomeHHOE
TOPH3OHTAJIEHO, Oyzer ABHIraThCHa 1O
OAHOW U3 BeTBeil napabosbl, BepIIMHA
KOTOpPOH HAaX0JMTCH B TOYKe Dpoca-
vusa (pue. 1.37). Puc. 1.38

HarnsijHoe npejcraBlieHHe O Tpa-
eKTOpHH Tesa, OPOINeHHOI0 TOPHU3OHTAJBHO MJIA TOJ YIrjoMm
K TPOPH30HTY, MOJIKHO IIONYYNTE HAa TIPOCTOM  OMNBLITE
(puc. 1.88). Tak Kak Ka)kIas 4acTHLA BOJKI JBMIKETCA IO Ta-
paboiie, To eTpyM Bojbl umeroT hopmy napabosisi. B aTtom sner-
KO y0enwuThCs, MOCTABHUB 3a CTPyell SKpaH C¢ 3apaHee BbIUep-
yeHHoM napabonoii. Ilpu omnpepeneHHON CKOPOCTH HCTEYeHUA
BOIBI CTpyA DyaeT pacrnojiaraThbCsi BJOJIb BhEIYEPUYEHHOH napa-
DOJIBL.

Me! nonyuunu (GOpMYJbl, TMO3BOJIAIHE OIpefenuTs Io-
JOoKeHue Tena, OpOlLIeHHOro 110Ji YyIJioOM K IOPHM3OHTY M [BH-
JKYIIErocs moj JAeHCTBHEM CHJIBl THIKECTH B J000H MOMEHT
BpEMeHH.

!_, INPUMEPHBHI PEIHNIEHUSA 3AIAY

1. C Gankona u3 Toukn O Gpocuay MAY BEPTHKAJILHO BBEPX
CO CKOPOCTBIO Vg = 9 m/c. OnpenennTe NoNoKeHWEe MAYA OTHOCHTE Ib-
HO Touyk¥ O M ero CKOpoCTh chnycTsi Bpemsi £, =2 ¢ OT

mMomeHTa Opocanmusa. ConpoTuBieHye BOIAVXA He YUWNThI- Y
BakiTE. T
Pemenue. IlocKONbKY CONPOTHBIEHHE BO3OY- Bo
Xa HE V4YWUThIBAeTCHA, TO ABHIKEHHE MAYa MOMNIHO
cYHuTaThL CcBODOAHBIM TgAeHMeM. B JAaEHOM cliyuae 0
g

b -
BEeKTOPEL U, ¥ g JieskaT Ha opgHOWU mupsamoii. Crepo-
BaTeNbHO, MfAY OyzaeT ABUTATHCH BJIOJL TOM ke npa- M
moit, Ilpumem 3a Bauwano xoopauuat Touky O Opo-
CAHUS MAYA, OCk Y HAIpPaABMM BEePTHKAJLHO BBEpX U
(puc. 1.39). Torzga asmxkenue msaua Oyner ONUCEHI-
BATHLCH KUHEMATHYECKHWM ypaBHEHHEeM Puc. 1.39

aytz
Y =Y,+ vyt + 5

Tak Kak Y,=0, vy, =V, ¥ a,=—§, TO Y =Vl ———



B momenT Bpemenu f, = 2 ¢
M 2

9.8 2 4

=gM g5 _ c =
y—gc 2c 5 1,6 m.

Yrobe! OnpefesmnTsh MOAYJE U HAIIPpABJIEHHE BEKTOpa CKO-
e

OoCTH U, HaNIeM ero MOPOeKIINI0 Ha och Y no GopmMmyse
P 1

U, = Ug, + a,t. Ilpy BHIOpaHHOM HanpaBjieHUM OCH Y IIOCTIeN-

HIOIO (QOpMYJIly MOXKHO 3amucaTth Tak: v, = v, — gf. IloaTomy
M M M o M __ M
UIHZQF_Q’BE:Z_.z U:_IO,G ;-’ lUlyJ— L’] — 10,6? g ].1 c.

OrpunlaTebHBIH 3HAK MPOEKIMY CKOPOCTH O3HA4YaeT, 4TO B
KOHIIE BTOPOM CEKYHbI CKOPOCTE MfiYA HAIPABJIEHA MPOTUBO-
IOJIOMHO MNOJIOMNHUTEIEHOMY HATIDABIeHHIO OCH Y, T. €. BHHU3.

2. U3 Tourku A 6polueH TOPM3OHTANBHO IIAPUK €O CKOPOCTHIO
vg = 8 m/c. OnpeenuTe NOJOKEHNE IMIADHUKA OTHOCHTEIbHO TOYKH O
uepes £t = 1,5 ¢ or mauana ero asukeHusa. Touxu A u O HaxXoARTCH
HA OJHOW BEpTHKAIM HA PACCTOREHUH 5 M Apyr ot apyra. ConpoTus-
JIeHHeM BO3AyXa MOXHO npeHebpeub.

Permienue. Boibepem ocn KoopauHar Tax, uTofbl BEKTO-

PBI Uy, U £ JIEKAJIU B OAHOU KOOPAMHATHOI I1JIOCKOCTHU, HANPH-
Mep B mmockocT XOY. Taxk kakK cONpPOTHBJIEHHE BO3AyXa
He YUYMTEIBAETCHA M HAaYaJbHad CHKOPOCTHL LIAPUKA HaIpaBJIeHA
TOPU3OHTAJIBHO, TO OH CGyaer pnsuratbecs B ILTIocKocTH XOY
no napabose, BepIIMHA KOTOPOM HAXOAMTCH B TOUKe Opoca-
Hus. llockonsKYy HaZo HAWTHU IOJOMKEHUe IIAPHKA OTHOCH-

TeJBHO TOYKY (J, TO 3a HAUAJIO KOOPAUHAT

Y Bo3bMeM 3Ty TouKy. Ock OX manpasum
_ TOPM30HTaNnbLHO, 0ochk QY — BepTHKAJBLHO

A Vg BBEpX (pumc. 1.40).

- 9TOM CJIy4Yae [ABMIXKEeHUE [[apHKa

5 x1 Oy/ieT OIMCHIBATBCA KHWHEMATHYECKUMHM

X VDaBHEHHAMU .
a t?

X

Y e Ml 2 g
ay£2
Puc. 1.40 Y=Y+ gl + 2

IIpu capenansoM BEIOOpE Hauaaa Koop-
AvMHAr W Hanpasienunii oced OX um OY mumeem: x,=0,
y':': ]OA', UUI: Ung UOHZO' GI:'D, ﬂy:*—g.
2

t
IToatomy x = vy, y =|OA | - _é_f_é__ Cnyecrs Bpemsa £, = 1,5 ¢

KOODAWHATE] 1Hapuka OyayT paBHBIL

x,=8:1,86c=12mMm, y,=5m- =~ —6 m.

42



YIPAGHEHHE 4

1. Kamens, ynas c o6peiBA, OOCTHUr IMOBEPXHOCTH BOABI 4Yepes
2 ¢. Yemy paBHa BricoTa 00peiBa? OnpegennuTe MOAYJIL KOHEYHOH
CKOPOCTH KAMHS.

2. Kamens GpoimesH ropMsoHTANLHO €0 cKopocThbi 20 m/cC C BEI-
cotel 10 M oTHOCHTenbHO 3emau. OnpenenwTe BpeMsA MoJieTa, Aajb-
HOCTh TIOJIETA M CKOPOCTH KAMHS B MOMEHT TaNeHHA Ha 3eMJIio.

3. Msu GpoimeH ¢ moBepXHOCTH 3emny moj yriom 45° K ropMaoH-
Ty co ckopocrsio 20 m/ec. Onpenenure HAHOONBINYIO BRICOTY NMOLLEMA,
NATBHOCTE ITOJIeTA, CKOPOCTh B HAMBLICUIENH TOYKe TPAEKTOPHH, CKO-
pocTh ¥ KOOPAMHATHI MAUA Heped 2 ¢ MOoCJe HAYajna JABHIKEHNA.

PABHOMEPHOE ABHKEHHE TOYKH

$17 110 OKPY3;KHOCTH

IBuKeHHe Tesa 110 OKPYHHOCTH UM JIVIe OKPYIKHOCTH JI0-
BOMBLHO YaCTO BCTPEYaeTcsi B nmpHpoae U rtexHuke. Ilpubnusu-
TEJILHO [0 OKPYKHOCTH JBUIKeTcH JIyHa BOKpyr 3eMiH; Kaix-
nag TOUKA 3€MHOH NOBEPXHOCTH ABMXKETCH II0 OKPYIKHOCTH
BOKPYI' 3¢ MHOM OCH; AYIM OKPY3KHOCTH OIMCBIBAIOT PA3JIMYUHBIE
TOYKM CAMOJIETA BO BPeMSA BUpa)xa, aBTOMOOW/IS NIPH 110BOPO-
Te, 110e3/la Ha 3aKpyrJieHnn gopord # 1. a. [losromy sHakomcT-
BO € TAKHMM ABHIKeHHeM uMeeT O0JIbIIIOE 3HAUYEHHE.

PaccMoTpuM PaBHOMEPHOE ABMIKEHHE TeJia 10 OKPYIKHOCTH,
JTO TAKOe JABUXeHHe, TPHU KOTOPOM CKOPOCTh U YCKOPEHHEe He
MEHAKOTCH IO MOAYJIIO, 4 HBMEHHAIOTCH JIMILE 10 HAaIPaBJIEHHIO.

Haiigem Mopaysis H HANpaBeHHE BEKTOpa YCKOPEHHSs IIpH
PaBHOMEPHOM JIBUIKEHMH TOYKH TIC OKPYsKHOCTH pagumycom K.
Ilyers TOuKa B MOMEHT BpeMeHH [ 3aHHMaeT noJsoxKenwe M,
a yepes uHTEepBan BpemMeHH Al — nomoxxenue M, (puc. 1.41).

O6o3HauuM ee CKOpPOCTE B MoJioxkeHMH M uepes U, & B TOJIOKE-
Huu M, yepes 5,. IIpy paBHOMEPHOM IBHIKEHHH U = ;. 1TOOH!
HaMTH W3MeHeHHWe CKOPOCTH Av 3a
BpeMsi Al, HAHO H3 BEKTOpAa El BhI-

- b
YyecTh BeKTOP v. Pazzenus BexTop Av
HAa TOPOMEXYTOK BpemeHH Atf, 1ogay-
YUM CpeliHee YCKOPEHHe TO4YKH 38
3TOT IPOMEIKYTOK BpeMeHMU:

_ &0
T AL
IIpu crpemiaesun wuWHTepBana At K
HYJIK0D BEKTOpP CpemgHero YVYCKOpPeHHUA  Puc. 1.41

a
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CTPEMUTCH B Ipejiesie K OlNpelleIeHHOMY BeKTOpPY, HA3LIBAEMO-
MY BEKTOPOM MI'HOBeHHOro yckopeHus (cm. § 11).
CHayana HaljgeM MOJAYJL MIHOBEHHOro yckopenmus. s

3TOr0 MpPOBEAeM BEeKTOD [epeMelleHus Ar ¥ paccMOTpUM Tpe-
yronbHUKA OMM, u M, AB. 911 TpeyrolbHUKK NOAoDHBI KakK

paBHOOe/IpEHHBIE ¢ paBHbLIMM yrjaamu npu BepiumHax. Cne-
|Av|  |Ar]
=t

Paznenus JIeBYIO U IIPABYK YACTH 3TOI0 PABEHCTBA Ha IIPO-
MEeMYyTOK BpeMeHH Afl, monyuum

JAoBaTe€JbLHO,

1 |av] _|ar] 1
v At At R’
— 85| o |47
Av U Ar
AR At (1.22)
Ho & >
|Av| |Ar|
At~ Yo A T Ve

B mnpepene, T. €. Npy CTPEMJEHHM IIPOMEKYTKa BpeMeHM At

Av
K HYJI0, MOAYJb BEKTOpa [_ﬁ_t_i OynmeT He yeM MHBIM, K&K MOZIY-

—
JIeM YCKOPeHUs | a | To4KHu B MOMEHT BpeMeHu {, & MOAYNb BEK-

Ar
TOpAa A Oyner npencraBnATe cobOM MOAYJIB BEKTOpPA MIHO-

BeHHOM cxopoctu |v|. Toraa pasenctso (1.22) npumer BUX

2

s
a="2. (1.23)

Tak kak v ¥ R DOCTOsIHHBI, TO MOAYJIb BEKTOPA YCKOpPEHUSH
Npy PaBHOMEDPHOM ABHIKEHHHM TOYKM 110 OKPYHHOCTH OCTAETCH
BCE BpeMs HEM3MEHHBIM,

Haiinem Tenmepr HanpasneHue ycKopeHMs a. Bexkrop ycko-

PEHMA HANPAaBJieH TAK, KAK HANpasJieH BeKTop Av B npejpese
Npy CTPpeMJIeHUH NPOMEXYTKA BpemMeHH At K Hymo. V3 pucyH-
k& 1.41 BuAHO, YTO pHM CTpEeMJIEHMM MHTepBaya Af K HYJIO
Touka M, npubamxaercA K Touke M M yron ¢ cTpeMuTcH
K Hymo. Cnegoparensro, yron BM, A crpemurces & 90°. Takum

ofpasoM, yron Mexay BeKTOpOM Av B pajiMycoM OKPYIKHOCTH
cTpemMuTcs K Hynw. CresoBaTesibHO B nipenesie BeKTOP MrHO-
BEHHOT'O0 YCHKOPEHWA HANPaBJieH K LEHTPY okpyvikuoctu. Ilo-
3TOMY VCKOPEHHEe TOUYKH IIPHA ee PABHOMEPHOM J[BHXKeHWUH I0o
OKPYIKHOCTH HA3BIBAIT HEHTPOCTPEeMMTEILHLIM,
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Tax Kagk B HOpolecce JBUMKEHHUHA TOYKH II0 OKPVIHHOCTH
YCKOpPEeHMe BCe BpeMsi HAIPABJEHO [0 paguycy K HeHTPY, TO
OHO HElpepbIBHO M3MeHseTcs Mo Hanpasneauo, CregoBaTenb-
HO, PABHOMEPHOE [IBIYKEHHNE TOYKM MO OKPYIKHOCTH SABISETCH
JIBU3KEHHEM C NepeMeHHBIM YCKOPEeHHEM M NepeMeHHOM CKOpo-
cTh0. OTMEeTHM, 9T0 MOJYJIHA CKOPOCTH W YVCKOPEHUSA [PH 3TOM
OCTRIOTCH MOCTOAHHBIMN.

1. Touxa ABMHETCH pPaBHOMEPHO No OMpymHocTH. MNMocrosHHa nu ee
CHOpOCTh!

2. TNMoCTONHHO MM YCHOPEHHE NPH PABHOMEPHOM ABMMEHHM TOUYKH NO
OKPYMWHOCTH!

3. Kypa manpasneHo yCKOpeHMe KOHLa CTpenkM vacos!

I'nasa 1. KPATKHE HUTOI'H

Onucate IBHMyKeHHEe TeJla — 3TO IHAYMT ONHCATh JIBMIKe-
HPe BCEX ero To4Yek, T. €. yKasaTh cnocob, mo3BOAAIOIHMHE pac-
CUMTHIBATH IOJIOIKEHNE KaXKJI0H TOYKH Tena B JiroDOH MOMEHT
BpPeMeHH.

ITonox»eHWe TOYKH OTHOCHUTEJBHO BhIOPpaHHOTO Teja OTCYe-
Ta MOYKHO 38JlaTh C NOMOILbI0 KOOPAHHAT X, Y, 2 MM pajuyc-

S
BEKTOpa I.
IIlpy paBHOMEPHOM HPAMOJMHENHOM ABIMKEHHH TOYKH CO

CKOPOCTBIO U paguyc-BeKTop B a100011 MOMEHT BpeMeHU t BBI-
yucasercs 1o gopmyne

r=r“+'-.}t,

rie r, — Pajuyc-BeKTOp, 3a8Aa0M[uil IOJ0XKeHWe TOYKM B Ha-
yanbHBIH MOMeEHT BpemeHu {, = 0.

Ecnayu Touka ABMIKETCH BIOAbL KaKoH-JIMD0 KOOpAHHATHOH
OCH, TO CO BPpEMEHEM H3MEeHSEeTCH TOJNLKO OJHA €e KOOpAWHATA.
B ciydyae paBHOMEPHOIO IBHMKEeHUs BAOJL oc OX KoopauHAaTa
X TOYKHM B Jii0D0l MOMeHT BpeMeHM I HAXOAWTCH mo (hopmyie

x=x,+ v,lt.

B aToii dhopmyne X, — KOOPAWHATA TOYKH B HAYalbHBIH MO-
MeHT BpeMeHH ¢, = 0, a v, — npoeKuus cKopocTH Ha ock OX.

Y1obel onucats HEpaBHOMEPHOE [ABHMXKeHHMe TOUKH, HaIo
yMeTh PACCUUTHIBATE €€ CKOPOCThH B JIX000I MOMEHT BPEMEHH.
Ilnsi 3TOrO BBOAST BEJIMYWMHY, XAPaKTEePU3YHOMIYI0 OBICTPOTY
H3MEHEeHUA CHKOPOCTH, T. €. YCKOpeHHe.

Ecnmu yckopeHMe TOYKM TIOCTOAHHO, T. €. MOAYJIbL M Ha-
[paB/IieHWe ero He MeHATCH CO BpeMeHEeM, TO OHO oIpenesf-
eTca 1o gopmyJie .
~_ Ao
. - At?
rae Av — U3MeHeHue CKOPOCTH 3a ITPOMEeXYTOK BpeMeHu Al.
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H]}H ABHAHEHHH C NOCTOHAHHbLIM YCKOpEHHEM CKOpPOCTHL TO4Y-

KU U M pajuyC-BEeKTOD I, ONDPEAeNAIHMiA ee ITOJOXKeHue,
B J000H MOMEHT BpeMeHH BBIYHCJSAIOTCHA 1o ¢opmysiam

v=u, + at,
r=r,+ gt + —,

- -
rae rp 1 Uy — PagMyC-BeKTOD M CKOPOCTh TOYKH B HAYAJBLHBIHN
MOMeHT BpemMeHu I, = 0.
IIBHKeHHe € NOCTOAHHLIM VCKOPEHHEM MOMKeT OLITh Kak
NPAMOJIMHENHBIM, T&K ¥ KpHUBOJHHeHHbIM. Korza HavanbHas
CKOPOCTh TOYKM PaBHA HYJIO WK Ke HanpasJieHa BIOJNL TOH
dKe NMpAMOit, YTO M YCKOPEeHHe, TO TOUKA ABHIKETCH NPAMOJIH-
HEHWHO BJOJbL 3TOU TPAMOIA.
Ecnu xe HayalbHAA CKOPOCTH M YCKOPEHHME He HallpaBJie-
HBl BAOJBb OJHOM NIPAMOI, TOYUKA ABHMKETCA KPHBOJIHHEHHO,.
IIpruyeM KpMBOJIMHEHHOE ABHUIKEHIE C ITOCTOSHHBIM YCKODPEHH-
€M BCerja NPOMCXOAUT B TOH ILJIOCKOCTH, B KOTOPOH HAXONAT-
CH BEKTOPLI YCKOPEHUA M HAYAJIBHOM CKOPOCTH TOYKH.
B cnyyae KpUBONHMHEHHOrO [JBHUIKEHHA TOUKHM C IHOCTOSAH-
HBEIM YCKOPEHHEM B ILIOCKOCTA XOY npoexkuvd v, u v, ee CKO-
pocta Ha ocM OX n OY ¥ ee KOODIAWHATHI X H I B M060i1 MO-
MEeHT BpEMeHU ! OnpeaesfioT 1o Gopmysiam
IIE
2 9

a,t?
2

B stux dopmynax xg, Y, — KOOPAMHATHI TOYKH B HAYAIh-
HBEIH MOMEHT BpeMeHHM i, = 0; v,,, Uy, — NPOeKIHH HAaYATBHOM
CKopocTH Ha ocn OX u OY a,, a, — NPOoeKIuH YCKOPDeHUS Ha
T€ e OCH.

IIpn paBHOMEPHOM [BHIKEHHH II0 OKPVHKHOCTH CKOPOCTH
H YCKOPEHHE TOYKH HE MEHHAITCH 110 moayiawo. B nmboir mo-
MEHT BpPEeMEHH CKOPOCTHL HaNnpasJieHA 110 KacaTelnbHOM K
OKPYKHOCTH, & YCKOpPeHHe — K €€ LIeHTPY. B srom chnyuae
CBA3b MEKIY MOAYJIEM YCKOPEHHH d TOUKH, MOIYJIEM ee CKO-
POCTH U M pPagHycoM OKpPVIKHOCTH R Bripakaerca Gpopmyiioi

UV, =VUy, +a.l, X=X+ Uyt +

V,= Vg, T q,l, Y=Y+ Uyl +

a= Y

"
PaBHOMepHOe NBHIKEHUE TOUKH IT0 OKPYIKHOCTH SBIAETCH
JBUMEHUECM C NEPEMEHHbIM YCKOPEHUEM, TAK KAK YCKOpPEHHE

HEIIPEPBIBHO M3MEHAETCHA 110 HAIPABJIEHUIO.
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I'naga 2 KHHEMATHKA TBEPAOI'O TEJIA

Bcee npenbinyinue naparpadgsl OblJIH MOCBAILIEHBL
OONHUCAHNIO ABMeHus Touku., O asumixesun JIwHOro
TeJia MOXHO CYIHTh IO IBUXEHWUI) BCEX ero ToO4Yex
(06 aTOM roBOpHJIOCHL B CAMOM HauaJsie paszena «Kn-
HEMATHKAa» ).

NBUMKEHHWE TEJ.

§18  JOCTYIIATEJIbHOE IBHW;KEHUE

Onucanue OBMIKEHHA TeJla CYHUTAETCH IMOJHBIM JIMIIb TOraa,
KOI'Zla M3BECTHO, KAK JIBHXKeTCH KaykJad ero To4YKa.

MbI MHOrO BHHMaHMHA V/EJIHMJIH OMNCAHWIO ABHIKEHHUSA TO4Y-
Ku. UMeHHO A8 TOUYKM BBOAATCH NOHATHA KOOPAMHAT, CKO-
pocTH, YCKOpeHus, Tpaexktopuu. B ofuem cnydyae 3apaua
ONMUCAHWS NBMIKEHUA Tea sABasgercHa cnoxHou. OcobesHo oHAa
CJIO’KHAa, €CJIM TeJia 3aMeTHO AehopMHpVIOTCHA B IIpolecce JABu-
seauna. Ilpoige onmucares nBUMKeHUE Telia, B3AMMHOE PAacllioJio-
JKEeHHEe YacTedl KOoToporo He mamensiercsi, Takoe Tesio HA3LIBA-
ercs abcomrorHo TBepabiM. Ha camom aesne abcosiioTHO TBep-
obix Tes Her. Ho B Tex cryyasix, KOrza peajibHble Tena IpH
OBMKEeHMH Maiio nedopMHDYIOTCH, HX MOXXHO paAcCMATpHMBATH
kark abconwtTHO TBepakie. (Eme oxHa abcerpakTHam ™mMoOpgenb,
BBOAMMASA IIPH paccMOTpeHMHM ABMKeHUA.) OnHako B OBUIKE-
Hue abCoJIIOTHO TBEpHIOro Teya B obijeM caydyae OKas3bIBAETCH
pecbMa cJaokHbIM. Jlwoboe chnoxuHoe JABHMIKeHHe a0CONMITHO
TBEPAOIO TeJia MOXHO NPEeICTABUTL KAK CYMMY ABYX He3aBHCH-
MBIX ABHIKEHWI: NOCTYHATEJhHOIO M BPAalIATENbLHOIO.

TlocrynarensHoe neumenune. Camoe IMpocToe ABUIKEHUE
TBEPULIX TeJl — NOCmynamenvHoe.

IlocrynaTeibHBIM HAa3bLIBAETCS TAKOE ABMIKEHUE TBepAoro
Tejla, IpPM KOoTopoMm Jii060il OTpesoK, COeAuHANHHA lbie
ABE TOYKH Tesa, OCTAeTCH NapannenbHbIM caMmoMy cebe.

IIpym nocTynaTeIbHOM ABMXXEHMHK BCe TOYKHM TeJia COBeplia-
0T OJMHAKOBEIE IepeMelleHns, ONNCEIBAT OJAMHAKOBbIE Tpa-
eKTOPHH, TPOXOAAT OAMHAKOBLIE NYTH, UMEIOT B KaXXJbIH MO-
MEHT BpeMeHH PaABHBIE CKOPOCTH M yeKopeHusi, [Tokakem 3T0.

Ilyere Teno nsBuixercs mnoctynatensHo (puc. 2.1). Coenn-
HUM JBE ero npousBojibHble TOYKM B n A orpeaxkomMm. Paccros-
sue | AB| He u3MeHAeTCHA, TaKk Kak Teso abcoroTHO TBepaoe.
Ilpu nmocrynarenbHOM — JIBUIMKEHUH
OCTAKTCA TMOCTOAHHBIMM MOAVJIL U B

Hanpasiaenne BekTopa AB. Benencr- !
BHE 3TOr0 TPAEKTOpPHH Todek B u A ‘

OMHAKOBBI, TAK KAaK OHH MOryT .

OBITE MOJIHOCTBIO COBMEIlLeHb! IapaJi- A
—

JIeNLHBIM II€PEeHOCOM Ha BekTop AB. Puc. 2.4
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Corsnacso pucyHKY 2.1 nepemeiie-
HUA ToueK A M B OQHHAKOBBI H CO-
BePIIAIOTCH 3a OHO H TO e BpeMH.
CnepoBaTenbHo, TOYKM A u B nmMmeror
OAWHAKOBHLIE CKOPOCTH M YCKOPEHHS.

CoBepriieHHO OYEBMIHO, YTO JIA
OIIMCaHMHA [IOCTYNATEJIBHOIO [BHMKe-
HHUA TBEpIOro Teja JIOCTATOYHO OIH-
CATH ABMM{EHUEe KaKoii-M1ubo ongHOH ero
TOYKH. JIWins mpM mDoCTynaTeNsEHOM
NBHIKEHMHW MOXHO TOBOPHTH O CKOPO-
CTH H ycKopenun Tena. Ilpm mobom
APYroM [ABHJ)KEHHH TeJia €ero TO4YKH
HUMEIOT pPas3/IMYHBIE CKOPOCTH YU YCKOPEHUS, M TePMHHBI «CKO-
POCTL TeJia» H <«YCKOPEeHMEe Tena» NS He NOCTYHATEJILHOTO
OBHIKEHUSA TePHAIT CMBICI.

Ilpvepro nocTynaTeNnbHO ABMIKYTCH SINHUK IMHCBMEHHOTO
CTOJIa, NOPLIHM ABUraTess aBToMobWJisi OTHOCUTENBHO LIUINH]I-
pOB, BaroHbl HA NPAMOJHHEHHOM VYAaCTKE JKeNe3HOH JIOpOorH,
pe3el] TOKAPHOr0 CTaHKA OTHOCHTENLHO cTaHWHBI, [[BHIKeHHE
nejasiM BesocHnena uiu Kabuesl Koneca 0003peHHA B mapKax
(puc. 2.2, 2.3) — Taxike nNpUMephl NOCTYIATENILHONO IBVIKEHUSA.

JIJIH OIMHCAHHA MMOCTYIATENBHOIO IBHMEHUHA TBEPAOro Tena
AOCTaTO4YHO HaImMCaThe ypaBHEeHHE OBHH{€HHUHA OHOH H3 €ro
TOYEK.

1. B Kakom cny4ae Teno MOMHO CYMTaTe abcomortHo Teepfbim!

2. Y70 HA3RMAETCA MOCTYNATENbHBLIM ABMKEHHEM!

3. Mpusegmre NPHMEpPL! NOCTYNATENEHOIO [ABHMEHMA, HE YNOMSHY-
Thie B TEKCTE MHMIM.

BPAIIATEJBHOE JIBHXKEHHE TBEPAOTO
§ 19 TEJA. YIJIOBAA U JUHEHHAA CKOPOCTH
BPAINIEHUA

BpaujatenbHoe HABHIKEHHE BOKDPYD HEMOABMIKHOM 0OCH —
eule OAMH YACTHBIN cjayydal ABHIKEHMs TBepAOro Teja.
BpauwjamenvHuim deurcernuem meepdozo mesa 60KpY2 Heno-

JdeuncHOL ocu HA3BIBAPTCH TAKOe ero ABHUXeHnHe, TIpH KOTOpOM
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BCEe TOYKH TeJIa ONUCBLIBAKT OKPVMKHO- O,
CTH, LEHTPEl KOTOPBLIX HAaAXOAATCH HAa d:
OJIHOHW NpAMOI, HA3REIBAEMOH OCBIO Bpa- l
[IeHHA, NOpM JTOM ILJIOCKOCTH, KOTO-
PEIM NPUHAAJIEKAT ITH OKPYHCHOCTH,
MEePHeHARKYIAPHLEL  OCU  BpauieHus
(puc. 2.4).

B TexHHMKe TAKON BHJ OBUIKEHHUH
BCTPEUYAETCA OYEHb YACTO: HAIPMEp,
BpAallleHUe BaJIOB JIBUTraTesed ¥ reHepa-
TOpPOB, TYPOHH M HIpONe/iepoB caMose-
TOB.

¥Yraosaa ckopocrsb. Kaxggas Todka
Bpalaoleroca BOKPYI OCU Tela, NMpo-
XonAamen uyepes ToOUKy O, ABMIKETCH  Puc. 1.4
M0 OKPYI3KHOCTHM, U pa3/uuHbIe TOYKH
NpoXoasaT 3a BpeMs Af pasHble NyTH.

Tark, AA, > BB,, noatomy MOAYJIb CKO-
pocT TOouKHU A Dosbuie, 4yeM v Toukn B
(puc. 2.5). Ho paguychl OKpyKHOCTEH
MOBOpPaYMBAIOTCA 3a BpeMs Al Ha OJMH
M TOT e yroJ A@. ¥roa ¢ — yroj Mex-

ay oceio OX u paguyc-BeKTOpPOM I,
ONPENeNAIIIAM IMOJIOKEHHE TOoYKu A
(cm. puc. 2.D).

IIyere Teno BpamjaeTcsi paBHOMED-
HO, T. €. 3a Jobble paBHbIE IPOMEMYT-
K¥ BpeMeHH [oBopaynBaeTcs Ha oau- PHc. 2.5
HAKOBBIE VIJibl. DBBICTPOTA BpallleHUA
TeJIa 3aBMCUT OT YIJla MOBOPOTa pajuyc-BeKTOpa, ONpeeNsio-
IIIero TOMOKEeHHe OOHOW HU3 TOYeK TBepAOro Tejla 3a JaH-
HBIM TIPOMEIKYTOK BpEMEHM; OHA XapaKTepu3yeTcs Y2J080il
ckopocmbro. Hanpumep, ecay OJIHO TeJI0 3a Kam/AyH CeKyH-
Iy IoBopauMBaeTcsi Ha yron n/2, a gpyroe — Ha yrox n/4,
TO MBI TOBOPMM, 4YTO MepBOe Teno BpamaeTcs 6sicTpee BTOPOro
B 2 pasa.

¥Y¥TIOBOM CKOPOCTBIO TeJia NPH pPaBHOMEPHOM BpallleHMM
Has3bIBAETCH BeJWUYWHA, PaBHAHA OTHOIIEHHMID yrJjia NOBOPOTA
Tesa A K NpoMeKyTKY BpeMeHu Af, 3a KOTOPBIH 3TOT TIOBO-
poOT NpOM3oLIen.

Bygem of6o3HauaTh YIJIOBYIO CKOPOCTH DeYecKoi OyKBOH
(omera). Torga no onpepeneHur0

Ap
= T 2r
®=— (2.1)
VrnoBasi CKOPOCThL BBIPAXKAETCHA B DaAMAHAX B CEKYHAY

(pazn/c).
Hanpumep, yriosasi CKOPOCTH BPAILEHHUS 3eMIM BOKPYTD
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ocn pasaa 0,0000727 pag/c, a TOYMIABHONO AHCKA — OKOJO
140 pap/c’.

YriioBy10 CKOPOCTHL MOXHO BBEIDA3HTHL 4Yepe3 4acTOTy Bpa-
IMeHMd, T. €. YHCao noaHbix oboporoe 3a 1 c. Ecam reno
coBepmiaer v (rpeuveckasi 6GyxkBa «Hio») oboporos 3a 1 ¢, TO
BpeMs ofiHoro obopora paBHO 1/V cekKyHI. ITO BpeMs Ha3bi-
BAIOT MNepHoaoM BpaimeHus ¥ obosHauaior Oyvkeoit 7. Takum
o6pa3oM, CBA3EL MEKY YACTOTOH U NEePHOAOM BPallleHUA MOK-
HO OpeJICTABHTHL B BHAE:

Ilonsomy obopory Tena coorBercTByeT yroan A¢ = 2xn. Ilo-
sTomy cornacHo ¢dopmyne (2.1)

= — = 2nv. (2.2)

Ecsiu npu pasHOMepHOM BpAaIlleHWH YIJIOBASA CKODPOCTH W3-
BECTHA ¥ B HAYAJNBHBIII MOMeHT BpeMeHHU i, = () yroJs moBopoTa
¢, = 0, TO yron moBopoTta Tena 3a BpeMsi { COIVIACHO ypaBHe-
Huw (2.1) paseH:

¢ = wt.

Ecmun ¢, # 0, T0 ¢ — ¢, = ©t, niu ¢ = @, + wi.

YrioBaa CKOPOCTH IPUHMMAET 10JIOKHATEeIbHbIE 3HaYEHUHA,
€CAM YI'OJl MEeKAY paiuyc-BEKTOPOM, OIPENeJISIONIAM ITI0JI0-
JKeHUue O/IHOU M3 TOUCK TBEpAoro Tesna, u ochio OX ysenudm-
BAeTCA, M OTPHUIATEJNIbHBLIE, KOI'Jla OH YMEHBIIACeTCH.

Tem caMbIM MBI MOJKEM OIHCATH ITOJIOMKEHHE TOYEeK Bpallla-
IOIerocs Tejga B JIl000M MOMEHT BpeMeHH.

Casaas Mewxay JTHHEHHOM H yIJIOBOH cKopocTAMH. CKoOpocTh
TOUKHW, ABHIKYIIENCH [10 OKPYIKHOCTH, YACTO HA3BIBAIOT JH-
HEeHHOM CKOPOCTBEIO, 4T00BI NONUYEPKHYTEL €€ OTJIHYHe OT VIJIo-
BOM CKOPOCTH.

Mer yixe orMedasiy, 4TO IIPY BPALleHUH TBEPAOrO TEJIA Pas-
Hbl€ ero TOYKH HWMEKT HeOJHHAKOBBLIE JTUHEWHBbIe CKOPOCTH,
HO YIJIOBasg CKOPOCTH VIS BCeX TOYEK OAHUHAKOBA.

Mexxay NHHEHHON CKOPOCTHIO JII0O0H TOYKH BpaIainero-
CA TeJla U ero YrJioBO¥M CKOPOCTBIO CYI[ECTBYET CBA3b. ¥ CTAHO-
BuUM ee. Touka, nexamasi HA OKPYXKHOCTH paauycom R, 3a
oauH obopor upoijaer nyrts 2nR. IMockombsKy BpemMsi OHOTO
obopoTa Tena ects nepuog 7', TO MOAYJIb JUHEHHON CKOPOCTH
TOMKH MOXKHO HaWTH TakK:

2nR

T

D= — 2nRv. (2.3)

: Hanomaum, 4ro paiuas papeH LEeHTPANBHOMY YIJY, ONHPARLLEMYCH
H& Ayry, pnuHa Xotopoil paBna paguycey oxpy:aOoeTR, 1 paz = 5717487,
B paguanHoil Mepe yroJi paseH OTHOIIEHHK JUIMHBI AYTH OKPYIKHOCTH K £e

i
paguycy: ¢ = —.
&
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Tax Kak o = 21V, TO ) B
lv=0R. (2.4)

3 sroii hopMmysibl BUIHO, 9TO, Y€M JIAJIBIIE PACIONOIKeHa
TOYKA TeJla OT OCH BpallleHusd, TeM Donblle ee JuHeHHas CKO-
poctre. s Touek semHOro sksaropa v =463 m/c, a pns TO-
yerk Ha mmpore Caukt-Iletepbypra v = 233 m/c. Ha nosmocax
3emau v = 0.

Moaysib VCKOPEHHS TOUYKH TeJsa, JABHIKYIeHcA paBHOMEp-
HO II0 OKPY>KHOCTH, MOKHO BBIPa3HUTh dYepel3 YIJIOBYIO CKO-
POCTEL Tella U paguyC OKPYXHOCTH:

v R
a=-, v=o0R.
R’

CrnepoBaTelibHO,
2
i
a=—=0°R=1ro. (2.5)
R
Yem pasbeine PACIONIOKEHA TOYKA TBEpPJOro Tejia OT OCHM Bpa-

HieHusd, TeM OoJIbBIlIee IO MOAYJIO YCKOpEHUEe OHAa MMeerT.

NTaK, MbI HAVYHUINWCH OJHOCTHIO OITMCBIBATH JIBUXKEHHE
aBCoNIOTHO TBEPHAOTO Teja, BPAIAIIIErocsi pPaBHOMEPHO BO-
KPyr HelOoJBHIKHOIT OCH, TaK KakK, MOJIL3YAcCk QopMyaaMu
0=, 0, v=nkR, a=0R, MOXXeM HaXOAUTL IIOJIOXKEHUE,
MOAYJIM CKOPOCTH M YCKOpeHUd Jioboil TOUYKH Tejla B HpPOHUS3-

>

BOJIBHEIMX MOMEHT BpeMeEeHH. SHaeM Mbl U HanpaepjaeHvda U 41 Q,
a Taxkxe GhopMy TPaeKTOpHil TOYeK.
YTo HaszmiBaeTcs OChbIO BpalleHMs TBepAoro tenal
? Yro Takoe yrnosas cHoOpocrts!

L 3. Bo CKONbLKO pa3 YrnoBas CKOPOCThE MMHYTHOH CTpPersiKM 4acoB
Gonuiue YrnoBOH CHOPOCTH YaCOBOM CTpenkm!

NN o=

! IMPUMEP PEIHIEHHMA 3AJAYUAN

Ilea mKuBa coefHeHbl PEMEHHOH nepenadeii, nepenawineil Bpa-
LeHNe OT OJHOTO MIKMBa K JApyromy. Beaymuii mxkWs Bpaijaer-
ca ¢ uactroroit vy = 3000 ob/MuH, BegOMBIN IIKHB ¢ YacToToH
vy = 600 06/mun. Begomelit nkue umeer puamerp D, = 500 mMm, Ka-
Koi guamerp D, y Beaymgero mxusa?

Penienune. Beayinuil mKHUB BpaljaeTcs ¢ yIJoBOM CKO-
pocTeI0 O, = 2MV,, & BEJOMBIH — CO CKOPOCTBIO @, = 2WV,.
CropocTh DPHBOAHOTO PEMHS paBHA JIWHEHHOH CKOPOCTH TO-
YeK OKPYXXHOCTEH TOro ¥ Apyroro mkusa: v = R, = 0,R,.
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Orcroma

CrnenoBaTensHO, MCKOMBINT JHaAMETD
vy, 500 -600

D =D, v, = 3000 =100 mm.

1. Jlunmeiinas cxopocTs nepuepuiiHbIX TOYEK IMINGOBAILHOTO
KAMHSA He JIoNXHA npeBpinars 95 m/c. Oupenennte Hapnbosikinee [10-
NyCTHMOE YKcJIo 060POTOB B MHHYTY AnA gucka auamerpoMm 30 cMm.

2. Jlnuaa MusyTHON cTpenku uwacoB Ha Cracckoili 6amue Moc-
koBckoro Kpemnsa 3,5 m. Onpenenure Monyib M MdMeHeHHe HalpaB-
JIeHUA JIMHEHHOH CKOPOCTH KOHIA CTPeJKH 4deped Kamabie 15 MmuH
B TedyeHHe Yaca.

I'nmaBa 2. KPATKHE HUTOI'M

U3 Bcex ABUIMIEHHWI TBepAOro TEJia CAMBIMHU IIPOCTHIMH fB-
JAITCA IIOCTYIaTeNnbhHOE M BpallaTeJkHOe.

Ilpu nocrymaTelbHOM ABMXXEHWHM BCE TOUYKH TeJjla NBHIKYT-
CH OJMHAKOBO, T. €. NMEIT paBHBIE CKOPOCTH, YCKOPEHUH, CO-
BEPINAKT ONMHAKOBEIE lepeMelleHHUs, ONUCLIBAIOT OOWHaKO-
Bble TPAEKTOPHN H NPOXONAT paBHBIe nyTH. lloaromy nuinse
OpH TAKOM [ABHIKEHHU HMMEIOT TOYHBIH CMbLICH INOHATHA «CKO-
pOCThL TeJla» M «yYCKOpeHue Tejas. Ins onucaHus nocTyiia-
TEJNLHOIO ABUIKEHUSA TeJla AOCTATOYHO IIPOCHIeNHUThL 3a [ABHIKe-
HHEeM OJHOM H3 ero To4eK.

Ilpn BpanjaTensHOM ABMIKEHWM BCe TOYKH TeJIa OMHCHIBA-
0T OKPYIKHOCTH, HEHTPLI KOTOPhIX HAXOAATCH HA OJHOH M TOU
JKe HeIOABWMIKHON NpAMON, HAa3hIBaeMOM OCBK BpAIleHHSA.

¥YrnoBasg CKOPOCTH () IMPH PABHOMEPHOM BpAallleHMW Tesa
BBIYHMCAHAETCH 10 opMye o = %, rae Ap — yroJi moBOpoTa
Tena 3a Bpemsa At, Mexay nepmoaom BpailjeHus Tesna 1T M 4dac-
TOTON BpAallleHUA V MMEeTcH 3aBMCHUMOCTL. BbIpaskeHus s
YIJIOBOH CKOPOCTH Yepes neproj M HacToTy BpalljeHUs OUINYyT
2m
T

ITonosxeHue ToO4YeK TeJjia NPH ero BpPamleHHH MOXHO HAaWTH
110 yray HOBOPOTa (P, KOTOPBLIM TIPH PABHOMEPHOM BpAaIleHUH
Tena paseH @ = @, * ot.

B BHIEe ) = = 2TV.
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Hns 1100011 TOYKH TBEPAOrO Teja CBS3h MEMKAY ee JHMHEeH-
HOH CKOPOCTBLIO U, €ro VIVIOBOH CKOpPOCTBIO 0 M paamycom R
OKPYKHOCTH, 110 KOTOPOH ABHMKETCH TOYKa, BhIpaxkaercs (op-
MYJ0oH U = (H.

Bocniones3oBaBIUINCE CBA3LI0 MEMXAY JIMHEWHOH W YIJIOBOMH
CHOPOCTSAMHM, MOMKHO BBIPA3UTH MOAYIL YCKOPEHHS TOYKH,
JBHIKYIEHCA PaBHOMEPHO IO OKPYKHOCTH, Y€pe3 yIJoBYIO

o
CKOPOCTH TeJla ¥ Pafiiyc OKPYXKHOCTH: @ = —- = ®w? R = vo.

TAHAMHAKA

I'masa3 SAKOHBI MEXAHHMKHW HbBIOTOHA

3aKoHAM MEXAHHMKH TMMOTUYWHAIOTCA JIBHMIKEHUSA
BCEX OKpyxkawmux Hac Ten. Ilns Toro urobel oT-
KPBITh 3TH 3aK0HBI, HEHTOHY He noTpeboBamich Ka-
Kue-nubo cnoxHbie npubopet. JloctaTouHbIiMKM OKa-
3anuch MpocThie onbIThI. ['NaBHAs 3aada COCTOSIA
B TOM, YTOOEI B OrpOMHOM pasHOOOpasuH ABMIKEHU
TeJl YBUAETH TO CYLIECTBEHHOe, YTO OllpelnessierT Xa-
paKTep ABIIKEHHH Kayaoro TeJd.

§20 OCHOBHOE ¥TBEPHJIEHHE MEXAHHRH

3aKOHBI MEXAaHWKHM, KAK U BCE OCHOBHBIE 3aKOHEI (DH3UKH,
HMEIT TOYHYI KoJmuecTBeHHYIO (hopmy. Ho BHayane Mbl
mocrapaeMcs KadecTBeHHO cQOpPMYJMpPOBaTh OCHOBHOE YTBEp-
HAeHUe MexaHWKH. Tar Oyzer mporle yJOBHTH TJIABHOE CO-
Jepxanve mexanuku Heiotona. Ilocne aToro nepeiiieMm K Ko-
AHYECTBEHHON (DOPMYJIMPOBKE 3aKOHOB MEXAHHKMU.

Beifop cucremsl orcyera. Mul yixe 3HaeM, uTo moboe gBuU-
JKEeHHe CJIelyeT PaccMATPUBATH IO OTHOIIEHHIO K OIpeesieH-
HOW CcUCTEME OTCUeTa,

B kmHemaTHKe, T. €. IPpH ONHUCAHWHN ABUIKeHUHR 0e3 pac-
CMOTpPEeHMA IPHYMH €ro HW3MeHeHHsi, BCeé CHCTeMBbI OTCYeTa
paBHOnpaBHLl. Bribop onpepenesHHOl cHCTEMBLI oTcYeTa MJis
penreHns TOM WM WHOM 3a/i84H JIUKTYeTCH CcoobpaskeHuaMHA
uesrecoobpasnocty H yaobcrBa. Tak, NpH CTLIKOBKE KOCMHUYe-
CKUX KopabJsied ynobHO paccMaTpuBaTh JABMIKEHHE OJHOI0 M3
HUX OTHOCHTENBLHO JIPYIoro, a He OTHOCHTE/BHO 3eMJIH.

B riaBHOM paszene MeXaHUKH — JuHAMUKEe — paccMar-
PHUBAKTCH 83AUMOOCILCMBUS MEJ, ABJIAIOLIVECSH IPUUMHON M3-
MEeHEeHH$ JBMMEHWS ITUX TeJl, T. €. UBMEHEHHs] X CKOPOCTEeH.

Bonpoc o sbifope cHCTEMBL OTCYETA B JHHAMMKE HE HBJIHA-
ercss npocreiM. Bribepem BHauae cUCTEMY OTCYETa, CBHA3AH-

53



HVIO C 3eMHBIM 11apoM. IIBumixenme Tesi BONMM3N TMOBEPXHOCTH
Bemnu GyzemM paccMaTpUBaTh OTHOCHTENBHO camMoi 3eMJu.

Yro BeI3BIBaeT yckopeHue ten? Ecnm Teso, nemamniee Ha
IIOJIy MJIM Ha CTOJIe, HAYWHAET ABUIATHCH, TO BCEra 110 cocef-
cTBY MOXHO ODHapy:XuTh MNpeiMeT, KOTODEIM TOJKAaeT 3TO
TeJI0, TAHET WIH JeMCTBYET HA HEero Ha paccTosHMHN (HanpH-
Mep, MarsuT Ha xene3ubiii wap). HoauaTe sag 3emueit Ka-
MeHb He OCTAaeTCs BHCEeTh B BO3Ayxe, a nazaer. Hago apymarts,
YTO WMEHHO NeHCTBHEe deMJIU IPHUBOANT K 9TOMY.

Besa coBoxkynHoOCTE MOomo0HBIX (haKTOB IN'OBOPHUT O TOM, YTO
u3meHeHue ckopocmu mena (a 3Havum, Ycxopenue)
écezda e6uvi3vieaemcs e6o03delicmeuesm HA HE20 KaKuwx-
aubo dpyzux men. Ita hpasa COLEPIKUT IIABHOE YTBepM e~
Hue MexaHMKHW HbpOTOHAa B BbIpa)kaeT NPUHYUN NPUYLUHHO-
cmu 6 mexaHuke.

MosxeT oKas3aThbCAd M TAK, YTO TEJNO IIOKOUTCH WUIH JIBUIKET-

-

cA paBHOMEPHO U IPAMOJIMHEITHO, T, €. 6ea ycxopenus (a = 0),
XOTSA HAa HEero W JAeMCTBYKT APYrue Tena.

Ha cTosne JsexxuT KHWra, ee YCKOPeHHE PABHO HYJII0, XOTH

HeCTBHE CO CTOPOHEI APYrux Ten Hanuio. Ha xHury neicrey-
0T ODPpUTAMNeHne 3eMJIi ¥ CTOJI, He AUl el najaTh BHHU3.
B atom cayuae roBOpaT, 4TO AeWCTBHS YPaBHOBENIMBAIOT (MK
KOMIIEHCHDYVIOT) Apyvr apyra. Ho KHura HUKOrZa He [pIJeT
B JABHIKEHHE, He HOJIVUUT YCKOpPeHne, ecJivi Ha Hee He IOoJelCcT-
BOBATH PYKOH, CHIILHOM CTpyell BO3AyXa WIH elle KaKuM-HH-
fyae crniocoboMm. CropocTh Tena Hukoz0a He MEHSAeTCs, eCiiy
Ha Hero HUYTO He JelCTBYeT.

IlepeuncanuTe SKCNEepHMEHTANBHBIE JAOKA3ATENLCTBA TOrO,
YTO H3MEeHEHVEe CKOPOCTH OJIHOIO TeJia BCerjga BLISLIBAETCH JIei-
CTBHEM Ha HEero JPYrux TeJ, HeT HHKAKON BO3MOMKHOCTH. ITH
JOKa3aTeIbLCTBA BBl MOXKeTe HaOJw0JaTh Ha KaMaoM mary.

PdyrbomueT yaapua no MA4Yy. Yaapui — 3HaAyMT, ero Hora
OKazaJia onpefesieHHoe AeiicTBHe Ha MAY, U CKOPOCThH MSAYA YBe-
IHYMUIack. A BOT Kakoe jaeicTBHe nossosigeTr yyrdonucTty ObICT-
po ycrpeMHThCH K BoporaMm npoTuBHMKA? OnpHOrO xenaHus
amech Maso. byas BMecTo (yTOONBLHOTO IONA MieabHO Iiaj-
KWl Jnefl, a Ha Horax QyrdomucTta BMecTo OyTC € mmmamMu —
TAMOYKH C IJafKoi NOAOLIBOH, 3T0 €My He yaajochk bOvl. Il
TOTO 4YTOOBLI OE’KaTh C YCKOPEHHEeM, HYMKHO VIHPATLCH HOPAMU
B 3emurio. Eciii HOrg OyAyT CKOJIB3NTh, BBl HUKY/1a He yOexxuTe.
3HaUNT, TOJBKO TPEHHE O 3eMJI0, IENCTBHE CO CTOPOHBLI 3€M-
nu Ha Horu (pyrboIucTa NO3BOJISET eMy, [Ja M BCceM HaM, IIPH
fere 1 xonpbe U3MEHATH CBOK CKOPOCTh. TOYHO Tak e, YTOOLI
OCTAHOBHUTHLCH C pasbery, HAJ0O YIIMPaAThCsi HONaMH B 3€MJIIO.

JIx000i1 yenoBek, name He 3HAKOMBIN ¢ (HDHU3WMKOH, MOHUMA-
€T, YTO 3aCTABUTE KaK0-Iubo npegMeT H3AMEeHHUTE MOOYJIE UIIHA
HalnpasJieHUe CKOpPOCTH MOJKHO, TOJNBKO OKasap Ha Hero omipe-
JeJieHHOe BO3AeHCcTBHe. YYeHUKH D KJjacca, MOHSIOI[HEe 11aidy
BO JBOPE, BO3MOXHO, HE 3HAKOT 3aKOoHOB Mexanwky HeioroHa.
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Puc. 3.1

Ho mnocrynawoT OHM NDpaBHUJIBHO: OHU CTApPawTCA, yiapada
KJOIIKOM 1o mianbe, Tak M3MeHWUTH ABMUIKeHHe 1ai0bl, YTOOBI
OHA CKOJIb3WJIa K BOPOTAM TPOTHBHHKA HWJIH K MNapTHEPY IO
KOMaH/1e, HaXOAAIIEMYCH B BRINOJAHOM IoJioxxeHHH (puc. 3.1).

I BUAKEeHHE ¢ MOCTOAHHON CcKopocThio. OHaKO HE cJeayeT
AYMAaTh, 4T0 OCHOBHOE VTBEPHJEHVNEe MEeXaHHKHU COBEPIINEHHO
OUEBHMIHO ¥ VACHUTL €ro HUYEro He CTOMT.

Ecnam nieiicTBMM CO CTOPOHBLI APYrHX TeJd HA HaHHOE TeJ0
HEeT, TO COTJIACHO OCHOBHOMY YTBEP:KIEHHIO MEXAHHKHM YCKO-
peHMe Tejila PABHO HYJIO, T. €. TeJO OyaeT TOKOMTHCA HJIH
ABUTATHCHA C MOCTOSHHOH CKOPOCTEIO.

IToT paKT coBceM He SABIAETCH CAMO COO0I pA3VMEIoIIHM-
ca. IHowmapobuncs renunt 'anmanes u HeiotTona, utobsl ero
oco3HaTh. HeloTOHY BCiien 3a Manuneem vianoch OKOHUYATEb-
HO pas3BeATh OAHO U3 ruaybouaiinmx 3abny:xIeHMil deJyoBede-
CTBA O 3aKOHAX JABMIKEHUS TeJl,

Hauyunasa ¢ Bennkoro apesserpeueckoro ¢puaocoda Apucro-
TeJIA, Ha NPOTAMKEHMHU IIOYTH IABa/IIAaTH BEKOB Bce OBLIMN yOerK-
JeHBbl, YTO ABHMKEeHHE Tella ¢ MOCTOAHHOM CKOPOCTHIO HYK/IAeT-
CA IJIs CBOErO MNOJAJEPIKAHUA B AEWCTBUAX, IIPOM3BOAHMMBIX HA
TEJI0O U3BHE, T. €. B HeKOTOpoi akTuBHON npuyuHe. Cumranu,
yTOo 063 TaKOH NOAAepsKKM Teso 00fA3aTeNbHO OCTAHOBUTCH.

IT0, Kalzayoch, HAXOAWT MOATBEPIJEHHEe B HAIlleM IIOBce-
OHEBHOM onkiTe. Hanpumep, aBTOMOOHIL ¢ BBIKJIIOUEHHBIM JBU-
raTeyieM OCTAHABJIWUBAETCS W HA COBEPIIEHHO INOPHU30HTAJILHOM
nopore. To e camMoe MOKHO CKas3aTh O BeJIOCHIIene, JIOAKEe M
TEILIoX0/ie HA BOAe M JIHOObIX APYIrUX ABMIKVIIIMXCA Tenax. Bor
HoYeMy Jlajke B HAIlle BpeMA MOYKHO BCTPETHUTH JIIOJIEN, KOTOPHIE
CMOTPHAT Ha [ABHIKEHHE TakK e, KaK cMoTpes ApHCTOTelb.

B sneficTBHTENBEHOCTH JKe ce0600H0e mesio, KOTOPoe He B3au-
MOJEHCTBYeT ¢ APYIHME TeJlaMH, ABUIKEeTCHA BCeryia ¢ nmocToOsH-
HOIl CKOPOCTHK) WJIM HaxoIuTcs B nioxoe. Tonwko jeiicTBHe co
CTOPOHBI APYIrOro TeJjia CrnocofHO H3MEHUTE €r0 CKOPOCTh. Jleii-
CTBOBATL HA TEJO, Y4TOOLI MOAJEPIATE €TI0 CKOPOCTh INOCTOAH-
HOM, HYKHO JIHIOBL DOTOMY, YTO B OORLIYHBIX VCIOBHAX BCErja
CYILLeCTBYET CONPOTHMBIEHHE IBHMIKEHHK) CO CTOPOHBI 3€MJIH,
BO3z1yxXa UM Boasl. Ecoim Ol He OGBLIO 3TOrNO CONPOTHBIEHHA,
TO CEOPOCTE aBTOMODHIJIA HA NMOpH30OHTAJBHOM HIOCCE M IIPpH BbBI-
KJIWYEeHHOM JBHTaTeJie ocTaBaJiack ObI IMOCTOHHHOIM.
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HuepuuansHblie ¥ HeHHepPIHAJbHBIE cHcTeMBbl oTcyeTa. [lo
CHX [IOp CHCTeMY OTCYETa MbI CBA3BIBaNM ¢ 3emJeil, T. €. pac-
CMaTPUBAJH JIBUIKEHHEe OTHOCHUTeNBHO 3emnu. B cucreme o1-
cyeTa, CBASAHHON € 3eMJieil, YCKOpeHue TeJia olpeaelisercs
TONBKO JeicTBMeM Ha Hero apyrux ten. Ilonobueie cucremsl
OTCYeTa HA3LIBAIOT HHEPUMANBHBIMH.

OnHaKo B IPYVIruX CUCTEMAX OTCYETA MOXKET OKasaThCH, YTO
TEJI0 MMEeT YCKOPEeHHMe Jaske B TOM cJyudae, KOrjga Ha Hero
Jpyrue Tena He NeiCTBYIOT.

B kauecTBe nmpumepa paccMOTPHM CHCTEMY OTCYeTa, CBA-
3aHHYI0 ¢ aBTobycom. Ilpu paBHOMepHOM ABH>KeHHH aBTODycCa
MACCa*KHAP MOXKET He JePKATLCH 3a NOpYy4YeHb, JAefCcTBHE CO CTO-
poHBI aBTobyca KOMIIeHCHPYeTCH B3aHMOZEeHCTBHEM C 3eMIei.,
IIpu pe3axkoM TOPMOXKEHHH aBToDyca CTOsII[He B [IPOX0Jie nacca-
JKUPBl MaJaloT BIepel, NOJIVYaAd YCKOPEeHHUEe OTHOCHUTEJBHO CTe-
HOK aBTobyca (puc. 3.2). OpHako 2T0 yCKOpeHHME He BbI3BaHO
KarkuMu-Iinb00 HOBBRIMH BO3AEHCTBHAME CO CTOPOHBI 3eMJH
uJiM aBToOyca HenmocpeACTBeHHO HA maccaykuposB. OTHOCHTEID-
HO 3SeMJIM JaccaXMphbl COXPaHSAT CBOIO ITOCTOSHHYIO CKO-
pOCTB, HO ABTOOYC HAYHMHAET ABUI'aThCH C YCKOPEeHUEeM, U mac-
CaxXupbl OTHOCHUTENILHO HEro TaKiKe OBHIKYTCH C YCKOPEHHEM.
OnHaKo 3TO YCKOPEHHE He CBA3aHO CO B3aMMOJeMCTBHEM 11acca-
HKHUPOB ¢ KAKMMHU-JIHOO TejlaMH, OHO NOABJAETCH BCJAEJACTBHE
TOr'0, YTO [ABUYEHHEe MX PACCMATPUBAETCHA OTHOCHUTENLHO Tesa
orcuera (aBTobyca), ABHMIKYILErocsi ¢ YCKOPEeHHEeM.

Taxum obpasoM, Korga Ha IACCAMKUDA HE NEHCTBYIOT JAPY-
rve Tena, OH He [NoJy4aeT VCKOpeHUe B cCUCTeMe OTCYeTa, CBH-
3aHHOU ¢ 3emJell, HO OTHOCHTENBHO CHCTEMEI OTCUYeTa, CBA-
3aHHOH cO cTeHKamu aprtobyca, IBUMIKVILErocsi 3aMensIeHHO,
rnaccaXup MMeeT YCKOpeHHe, HaIllpaBJIeHHOe BIepes.

To ke caMoe MOJNYYHUTCH, €CJId CBA3ATH CHUCTEMY OTCYeTa
¢ Bpamajpouleicsa Kapycenbio. OTHOCHTENBEHO Kapycenan 6o
npegMeT, Haxoasuiica Ha 3emie, OyAeT ONHMCHIBATL OKPY-
HOCTb, T. €. OyZeT ABUraThbCA C YCKOPEHHEeM, XOTH HHKaKHUX
BHEIUHMX ZefCTBHII, BBI3BIBAIOIIMX 3TO YCKOpeHue, ob0Hapy-
HUTh HEeJb3A.

Ecin OTHOCHUTENBHO KakKoM-HMOYAbL CHCTEMBI OTCYETa TeJlo
JBHIKETCHA C YCKOpeHVeM, Heé BhLI3BaHHBLIM JIEMCTBHMEM HAa HEro
ADPYIHX TeJ, TO TAKYK CHCTEMY HAIBIBAKT HEMHEPIHAJNBHOM.
Tak, HeuHepUMAJBLHBIMH SABJIAKTCH CHUCTEMBI OTCYETa, CBS-
3aHHBIEe ¢ aBTOOyCOM, ABMIKYLIMMCSH IO OTHOLIEHWK K 3eMe
C VCKOpPEHHEM, UM ¢ BPALAIILENca Kapycesblo.




B HeHHeEPILIMAJIBHBIX CHCTEMAaX OTCcHeTa OCHOBHOE IOJOXHe-
HHEe MeXaHHMKH 0 TOM, 4YTO YCKOpEeHMHEe TeJla BhI3bIBAETCH ﬂEﬁCT-
BHEM Ha Hero aApyrux TeJy, He BBINOJIHAETCH.

BBesieHo odeHb BadHOE IOHATHE — HMHepHUaJbLHAas CHCTe-
mMa orcuetra. B manmpHeNmeMm aBHIKEeHME Ten MBI Oyzaem pac-
CMaTPHUBATH TOJBKO B WHEPIHAJNLHBIX CHCTEMaX OTCYeTa.

1. B Yem COCTOWT OCHOBHOE yTBepWaAeHWe mexanwkn! MNoareepawte
ero NPHMEPaMH, HE YNOMRHYTBIMH B TEKCTE,
2. TNpH KaKHX YCNOBMAX TENO MABHMETCR C NOCTORHHOM CKOPOCTHIO!

§ 21 MATEPHAJIbBHAS TOYEA

BoasmuTte nuceT rotHo# 6ymarn 1 nonopockTe ero. O Hay-
HET MEIJIEHHO ONYCKATHLCH, CJEerKa pacKadyuBafch M3 CTOPOHBI
B cTOpoHy. Ecau TOT »Ke JIMCT CKOMKAaTh, TO OH OyzeTr nazaTtek
Ge3 packaumBaHusi u ropaszno Osicrpee. OObIKHOBEHHBIH BOJI-
YOK, COCTOAIINE U3 AUCKa, HACAMEHHOIO HA TOHKYVIO NAJIOYKY,
criocobeH KpysKUThCA, He maziafg HaboK, MOKa CKOPOCTEL Bpamie-
HIIA BeJIMKa. 3acTaBMTh Ke BecTH cebsa nmomobHmIM obpasom
AHUCK ¥ MaJOYKY II0 OTAeJBHOCTH ITPOCTO HEBO3ZMOMLHO.

C momollbl NOHOOHBIX NPOCTHIX HAONKWAEHHMH HETPYIHO
yOeIUTECH, YUTO ABHKEHHE TeJ CUJLHO 3aBHCHT OT UX pa3Me-
poB 1 ¢opm. Hem croxxkHee ¢qopma Tesjia, TEM CJOXKHEe ero
aBuikeHne. TpyaHo NosToOMy HaAeATLCA HaAWTH KaKkue-To 00-
IIIHe 3aKOHBb! IBHXXEHHUA, KOTOpPhIe ObIIN OBl HEeNoCpeACTBeHHO
cOpaBeiJIuBL]l AJISA TeJ HPOU3BOJNBHON (DOPMEL.

OcHoBHBIE¢ 3aKOHBI MeXaumMKH HbIOTOHA OTHOCATCH He K
NPOM3BONBHBIM TejiaM, a K TouKe, oblajaiilied MaccoH, —
MaTepHMaJdbHOM TOYKe.

Ho Touek, obnagaoiimx Maccoi, B npupoje Het. B ueM e
TOTAa CMBICJI 3TOTO MOHATHA? BO MHOrMX ciaydyasx pasMepsl B
¢opMa Tesa He OKA3LIBAIT CKOIBKO-HHOYVAL CYILEeCTBEHHOro
BJIWAHUA HA XapakKTep MeXaHUYeCKOro NBHIKeHHS.

BorT B aTHX cnoy4asx MBI ¥ MOMEM PACCMATPUBATE TEJO
KaK mMamepuanbHyio movky, T. e. CHUTaTh, 4TO OHO obyianaer
Maccoi, HO He UMeeT IeOMeTpPHYeCKEHX pPasMepoB.

IMpuyeM OHO M TO 3Ke TEJIO B OJHHX CAYHAAX MOMKHO CUH-
TATH MaTepHa/JIbHON TOYKOH, a B Apyrux Her. Bee 3aBucHT oT
VCIoBUi, NpPH KOTOPLIX I[POACXOJMUT IBH}KEHHWEe TeJia, ¥ OT
TOro, 94T0 UMMEHHO Bac WHTepecyeTr. Hanpumep, npn ucchaeno-
BaHuu opbuTanbHOro ABHMKeHMA ruaHer Bokpyr ConHia xak
niaaneTel, Tak ¥ ConHie MOMXHO CYMTATHD MATEPHMANTLHBIMNA
TouKaMi. [esno B TOM, 9TO PACCTOSIHHE MEKAYV HEMH MHOTO
Goseine mx coBCTBEHHBIX pPA3ZMEPOB, & INPH BTUX YCJIOBHSIX
B3auMO/JIeMCTBHEe MeJy TeJaMM He 3aBHCHUT OT (POpMBI TeJl.
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Ho Ha OgBMXKeHHE MCHKYCCTBEHHBIX CIYTHMKOB 3demiu dopma
Halley IJIAHETH! YVi3e OKa3blBAeT 3aMeTHOe BJIHUSHUE.

Eme oans BaykHBIN npumep. IIpu mocrynaTenbHOM ABHMKe-
HHH TBEPXOro TeJya, HanpuMmep KybOukra, COCKaNb3bIBAIOIIETD
C JOCKM, BCE 4HacTH KyOHMKa ABMIKYTCH COBEPILIEHHO OJWHAaKO-
Bo. KyOHMK BIIOJIHE MOXKHO PACCMATPHBATE KAK TOYKY C MAC-
coti, paBHOH Macce Kybuka. Ho ecny Tor ske KyOMK Bpalnaer-
cfA, CYUTATHE €ero TOYKOM HeNb3s: ero yactu Oyayr HMeTh
CYIIIECTBEHHO Pas3jInUHBIE CKOPOCTH.

Kak OpiTh B TeX MHOINOYMCJIEHHBIX CIAy4YasixX, KOrjga TeJyo
HeJIL3A CIYUTATh MaATePHaIbHOMH TOUKO0H? BeIXOJ ecTh, ¥ OH CO-
BCEM HecJIOKeH. Teslo MOKHO MBICIEHHO PasfesiuTh HA CTOJb
MaJIble 3JIEMEHTEI, YTO KaMIbIH W3 HUX JONYCTHMO CUYUTATH
MaTepHUaJLHOM TOYKOH.

B mexanuke Jw06oe TeJ0 MOMKHO paccMaTpuBaTh KaK COBO-
KYIIHOCTE BOJLIION0 YHCIaA MATEPHANBHBIX TOYEK., SHad 3aKO-
Hbl IBUMEHWAA TOYKH, MBI B NPHHIOMIIE pacriojiaraéM MeTo0M
OIINCAHNA ABHYKEHNA MPOM3BOJILHOIO TeJa.

1. Y710 Ha3bIBAETCA MaTEPHMANbHOM TOUKOM!
‘) 2. MarepuanbHbiX TOYEK B NPHPOJE HET. 3a4eMm YKEe Mbl MCNIONbIYem
® 31O noHsATHe!?
3. MOMHO NM CYMTaTL MAaTEepHaNkHOH TOUKOH Kameb, BpoilueHHBIM
esepx!

§ 22 ITEPBBINT 3AKOH HBHOTOHA

IlepBbIil 3aKOH MEXaHWKM, WJIH 3aKOH WHEPIHH, KAaK ero
YacTO HAa3BIBAIOT, ObLI, IO CyIecTBy, ycranonyeH eige Iaau-
aeeMm. Ho obigyio dopmynuposry aToro 3arkona aan HeoToH
M BEKJIOYWJI 3TOT 3aKOH B YHCJIO OCHOBHBIX 3aKOHOB MEeXaHUKH.

JABu:kerne cBoOOAHOro Tena. 3aKOH HWHEPIINH OTHOCHTCHA K
CaMOMY HOPOCTOMY CHAYYaI0 JIBMMKEHUS — JIBHMIKEHMIO TeNiad, KO-
TOPOE He B3auMOJIeHiCTBYeT ¢ APYIHMH TenaMu. Takue Tesjia Mbl
OyzeM HasuIBaThE CE80600HbLMU menamu. OTBeTHTH HA BOIPOC,
KaK Ke JBHIKYTCH CBODOINHBIE Teja, He 00painasack K ONbITY,
HeNb3A. OMHAKO HelTh3A MOCTABUTE HHU OHOI0 OIIBITA, KOTODLIH
OBl B 4MCTOM BHE TIOKa34JI, KAK JBHMKETCH HU ¢ YeM He B3auMO-
OelicTBYIOIee TeJlo, 7Tak Kak Takux Ten Her. Kak e 6v1Th?

Hmeerca nuuis ogus BeIXOZA. Hano moMecTUTh TeJO B yCJ0O-
BHH, IPHA KOTOPBIX BJIMSHWE BHELIHMX B3AMMOIEHCTBHI MOMK-
HO JleslaTh BCe MEHBIIIMM W MEHLITUM, W HabmiopaThb, K dyemy
210 Beger. MoikHO, Hanpumep, HabAWOIATE 3a [IBHIKEHHEM
rNnagKoro KaMHS Ha MNOPUM3OHTAIBHOM NOBEPXHOCTH, IIOCJE TOro
KakK eMy coobmesHa HekoTopasa ckopocTh. (IIputaxenne kaMHus
K 3eMJile KOMIIEHCHPYETCH JeiiCTBHeM IMOBEPXHOCTH, Ha KOTO-
PYIO OH ONIMPpAaeTCs; HA CKOPOCTE €ro ABUIKEHNS! BIIMAET TOJBKO
Tpesue.) Ilpu srom merxko obnapykuTh, uro uem Oomnee rman-
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KOH SBIIAETCH MOBEPXHOCTHL, TEM MeJieHHee DyaeT YMeHbIIATh-
cs CKOpocThk KaMHs. Ha rmagxkom sibly KaMeHb CKOJB3HUT BEChH-
Ma J0JT0, He MeHSsA 3aMeTHO ckopocTs. Ha ocHoBe nogobHBIX
HaO/IIoileHNiT MOXKHO CcHeNaTh BhIBOA: ecjy Obl IMOBEPXHOCTH
ObLIa UAeaNnbHO TJIAAKOM, TO NPH OTCYTCTBMH CONPOTHBJIEHUSA
BO3/yXa (B BaKyyMe) KaMeHb COBCceM He MeH#AJ Obl CBOeH CKO-
pocTH. UMeHHO ¥ TakoMy BBIBOAY Ipuinen Brepsble anunei.

HerpyaHo saMeTuThb, 4T0, KOTJla YCKOPEHHE TeJid OTJIMIHO
OT HyJsi, O0OHapyyXHBaeTcs BO3JEHCTBHE HA Hero JpYyrux Tel.

Orcropa MOKHO NPHITH K BHIBOAY, 4TO TE€]0, AOCTATOYHO
VAAIEHHOe OT APYVIUX TeJl U 110 3TOH NpHYWHEe He B3aUMOAeCT-
BYIII[EE C HUMH, DyueT ABUraThCs ¢ NOCTOAHHOH CKOPOCTBIO.

3aKOH MHEPIHH U OTHOCHTEJILHOCTEL OBHiKeHud. JIBrokeHue
OTHOCHTEJLHO, ¥ MMEeT CMBICJ MOBOPUTE JIMILIE O ABUMKEHUH
TeJla 110 OTHOILEHHIO K CHCTEeMe OTCYeTa, CBA3AHHOW ¢ APYTrHMHU
Tenamu. IlosToMy cpasy e BO3HUKAaeT BOIIPOC: OBMIKETCH JIM
C MOCTOSHHOM CKOPOCTHEIO N1060e cBODOAHOE Tello 10 OTHOILIEHHIO
K Jirobomy apyromy teny? Orser OVieT, KOHEYHO, OTPHAIIATENb-
HeiM. Tar, ecsid 1o OTHOIIEHHK K 3emie CcBOOOMHOE Teno IBH-
METCH PABHOMEPHO 1 IPAMOJMHENHO, TO 110 OTHOIIEHHUIO K Bpa-
IAOIIelica Kapyceau TeJio 3aBeloOMO TaK ABUTaThcH He Oyzer.

dopmyauposka nepsoro saxkona Herorona. Taxyrm obpa-
30M, HabOJiOAeHMsA 34 JIBUMKEHNEM TeJ ¥ pasMbIIIUJIEeHUd O Xa-
pakTepe aToro ABMIKEHUS INPUBOAAT HAC K 3aKJIUYEHUIO O TOM,
yTo cBODOJHEBEIE TeNna ABHIKYTCH C ITOCTOSHHOM CKOPOCTBIO IIO
OTHONIEHWIO K ONpeAe/IeHHBEIM TeJIaM W CBA3AHHEIM C HUMHM CH-
cTeMaM OTCuYeTa, HAIIDHMEp [0 oTHolleHn K 3emie. B atom
COCTOMUT I'IABHOE cozepxtanue 3akoHa nHepuuu. IlosTomy nep-
8uill 3aKOH Junamuru MoxeT ObITeE CQOPMYJIHPOBaAH TaK:

Cywecmeyrom cucmemblL. omcecviema, Ha3vleaemble UHED-
YUAABHBILMU, OTNMHOCUMELbHO KOMOPbLX Meno 0suicem-
CA NPAMONUHEUHO U PA6HOMEPHO, eCiU Ha He20 He Jel-
cmeyrom dpyzue mena uau deiucmeue Imux men CKOM-
NeHCUPOBAHO.

JroT B3aKOH, C OAHOH CTOPOHBI, COIEPIKHUT onpedencHue
WHepIUAIbHOM cucreMbl orcdera. C apyrodl cTopoHsl, OH CO-
Dep:uT ymeeprxcderue (KOTOpPOe C TOH UM MHON CTENEeHbIO
TOYHOCTH MOJXKHO IPOBEPHUTH Ha OIBITE) O TOM, YTO WHEPIH-
a7bHBIE CHCTEMBI OTCUETA CYUIeCTBYIOT B JIEHCTBUTENBHOCTH.
IlepBriii 3ak0H MEeXaHUKM CTABMT B ocofoe, TpUBHUJIETrHPOBaH-
HOE [10JIO}KEeHHEe HMHepIIHATbLHEIE CHCTEMEBI OTCYeTa.

Ilpumepsl MHEepHMANBHBIX CcHcTeM oTcdera, Kak ycraHo-
BUTEL, YTO JJAHHAA CHCTEMa OTCUeTa ABJIAETCH UHEPLHMAJIBHOI?
ITO0 MOMKHO CHeNaTh TOJNBKO € IIOMOIBI0 ONbLIT2, KOTOPBIA
NOATBEPIKAAET, 4YTO ¢ DONMBIIOH TOYHOCTHIO CHCTEMY OTCUETa,
CBA3aHHYIO ¢ 3emJiell (reclieHTPHYECKYIO CHCTEeMY OTCYeTa),
MOXKHO CUMTATh HHepruansHou (puc. 3.3). Ho erporo umep-
HHaJBHOM OH&a, KaK 00 aToMm OyaeT paccKasaHO I03/Hee, He
ABJISIETCH.

59



Puc. 3.3 Puc. 3.4

C ropaszzgo 6onbinelt TOYHOCTHI) MOYKHO CUYMTATD MHEPIIHAb-
HOM CHCTEMY OTCYeTa, B KOTOPOH HAYAJI0 KOOPAHMHAT COBME-
iieHo ¢ neaTpoM CosHna, a KOoOpAHMHAaTHBIE OCH HallpaBJieHbI
K HENOABMIKHBLIM 3Be3flaM. JTY CHCTEeMY OTCUYETA HA3BIBAKOT
renvoleHTpudeckon (puc. 3.4).

Ilepsrri 3axon He0TOHA NO3BOJAET JaTh CTPOTOE OIpENE-
JIeHUE WHEePUHAJLHBIM CHCTEMaM OTCYEeTA.

- 1. Kaxoe yrsepigeHne COnEepHTICA B NeEpBEOM 3aKoHe Heiotomwa!
‘? 2. Haxas cucTema OTCHeTa HA3LIBAaeTCA MHepUManuHOM!
® 3. Kaxym oBpazom MOMWHO YCTBHOBMTh, HTO [JAaHHER CHCTEMA OTCHeTa
ABNSETCH MHepPLMansHOW!

§ 23 CHJA

OcHOBHOEe VTBEpIKIEHHE MeXaHUWKH COCTOHUT B TOM, YTO
YCKOPEHUSA TeJ1 OINpeJendoTea AeliCTBUSMHE WX JIPYI Ha Jpyra.

KonndecTBeHHYIO Mepy AeiCTBHUSA TeJN APYr HA APYTa, B pe-
3YyNBTATE KOTOPOI'O Teja MONydalT YCKOPEHHMS WM MCIbITHI-
BawT Aedopmaiiio, HA3LIBAKT B MEXAHUKE CHJOH. JTO TIOKA
€lle Ka4yeCTBEeHHOe, HeJOCTATOUYHOe [JIA TAaKOi TOYHOW HAYVKH,
KaK (pu3mnka, onpeneneHue. Bregs ero, Mbl pacu4JieHUJIH I'JIAB-
HOE€ YTBEPXJieHHEe MEXaHHKH Ha IBa:

1) yckopeHHs Tesl BRISHIBAIOTCA CHUJIAMU;

2) cunnl 0OYCIOBIEHBl HEHCTBHAMM Ha [JaHHOE Teso ApPY-
MX Ten.

IlonsTre cunsl oTHOCHTCA K AByM Teanam. C camoro Haugana
HYMHO OTUETIHBO ITpelCTaBUTE cede, 4ToO MMOHATHE CUNElI OTHO-
CHTCA MMEeHHO K ABYM TeJlaM, a He K olHOoMYy. Bcerma mMoMHO
YKasaThb TeJIO, Ha KOTopoe AeliCTByeT CUNa, H TEeJIO, CO CTOPOHLI
KOTOpOTO OHAa AelicTByeT. Tak, cuja THIKECTH JeHCeTByeT Ha
KaMeHb CO CTOPOHLI 3eMJIM, & HA [IapHK, DONBEIIeHHBIN HAa
OpY¥WHEe, HeHCTByeT CHJla YIIPYTOCTH CO CTOPOHBI IPY>XHHBIL.

Cuna umeer Hanpasnenwe. Tak, cHIa yOpyrocTu pacTaHY-
TOU MPYXUHBI AeHCTBYeT BAOAL ee ocu. CHia TpeHUd OCTAHAB-
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JAWBAeT CKOJB3HILYVIO 110 JBAY LIaiby M HanpaBlieHA IIPOTHUB
CKOPOCTH ee JIBUIKEeHHHA.

Cuna — sexmopHas esuvuna.

Cpasaenue cum. 1715 KOMHYECTBEHHOT'O ONPEJIeJIEHUA CHUJIIBI
MBI JIOJKHBI YMETH €€ M3MepATh. 10JBKO IPH 3TOM YCJIOBHH
MO{HO TOBOPHUTH O CHJIE KAk 00 onpefeneHHOW (HU3WYECKON
BeJINUYHHE,

Ho Benn neiicTBHA HA JAaHHOE TEJIO MOTYT OBITH CAMBIMH pas-
HooOpasueiMu. HYT0 00I1Lero, xkasanock Obl, MeXIy CHJIOH TIPH-
TAeHus 3eman K ComHIy B cumoii, KOTOopas, NpeogosieBas Tsi-
roTeHue, 3acTaBisieT OBUTaThcs paxkery? HMimm mMexzay sTHMH
ABYMSA CHJIAMH H CHJIOH, CXKHMAKINEH MAY B pyKe, ollpejuesse-
MOH coxpalleHueM Myckysn? Beih OHH COBEpHIEeHHO pPasJiMdyHBI
mo cBoeit npupoze! MoxHO JIM rOBOPHUTHL O HUX KaK O YEM-TO
dusugecKku poacTBeHHOM? MOMKHO JIM CpaBHHBATH HUX?

Korna uenoBek He MOMeT NOLHATE THAMKENYH Belllb, OH Io-
BopuT: «He xBataer cun». IIpm aTOM, B CYIIIHOCTH, IMPOHUCXO-
OUT CPaBHEHUE IBYX COBEPIUEHHO PA3HBIX TO CBOeH NpHpone
CHJT — MYCKVJIBHOUM CHJIBI ¥ CHJIBI, C KOTOPOH 3eMif IIpUTATU-
BaeT aToT npeaMer. Ho eciim Bbl NOAHANM THIKENBIH IpeaMerT
W IEPKUTE ero Ha Becy, TO HUUYTO He MellaeT BAM YTBEDXKIaThb,
4YTO CHJa, OJeHCTBYIOIIAs Ha TeJI0 CO CTOPOHBI BAIOMX PYK, IO
MOJAYJK pPaBHA CUJIe THMXECTH. JTO YTBEpIKIeHue, 110 CyIllecT-
BY, H SIBJISieTCH OIpejeJleHHeM PaBeHCTBA CHJI B MeXaHUKe.

Hee cunvl He3aBUCUMO OM UX NPUPOOIBL CHULMAIOMCA
pasibiMu U NPONLULEONONONCHO HANPABNEHHBLMU, €ClU
ux Oo0HO8peMeHHoe delicmeue Ha Meno He Mensem €20
ckopocmu (1. e. He coobmaer Teny YCKOpeHue).

ITO oIpejnesieEVe NO3BOJISET W3MEPATE CHJIEI, €CJIH OAHY
3 HUX IPHHATH 38 €IWUHUIY H3MEpeHUH.

Hamepenue cuJji. SHAYUT, JJIS UBMEPEHWs CHJI HAJO PACIIO-
NaraThk 3TANOHOM EIHHUILI CHJILI,

-
B xkayecrse 9TalOHA eAWHUILI CUIbl Bhibepem cuny F,
€ KOTOpOH HEKOTOpas olpeneneHHas (9TalnoHHaA) IIPYHHUHA
Oopy GUKCHPOBAHHOM pacTHMKEeHUU Ax JeHCTBYET HA IIPHKpEIl-
JleHHOEe K Hel Teno (puc. 3.5). Cuna ynpyrocTyl IpyuHEI Ha-
npasjieHa BJIOJL OCH NPYXHWHEI.
Yeraposum crnocod cpaBHEHHS CHJI C 3TAJIOHHOM CHJION.
Mgl yixe TOBOPHMJIM, YTO JBE CHJIBI CUYWTAIOTCH pPaBHLIMUA
¥ IPOTHBOMNOJOXKHBIMM IO HANPABAEHUIO, €CJIM IPH OLHOBpE-
MEHHOM [IeHCTBUM OHHM He CcooDIIaioT
Teny yckopenme. CnenosartesbHo, uU3- Ax

.___.-1.__!.-..
|

3TAJIOHHOM Ccuje fo ¥ HAIpaBjeHA B :
IIPOTHUBOIOIOMKHYI0O CTOPOHY, €CIu .
TIOJ] BO3AENCTBUEM 3THX CHWIL TEeJIO HEe T/ iz 7z

nonyuaeT yckopeaue (cM. puc. 3.5).
[Ipuuem cuna F, moxxer Obrrb n1060H  Puc. 3.5

MepsaemMasn cumia F 1 paBHa no MoayJro . : ﬁ] f‘
|

1

2

61



IPHUPOJIBLI: CHJIOH YHOPYroCTH IIPYMHKH-
HbI, CHJION TpPeHUA H T. [.
IIpu percTBMM OO OMHOMY HAaIpaB-

JIEHUI0 IBYX CHJI F:“ (pmc. 3.6) ux pe-
ayaeTUpyouians cuna pasHa 2F,. Ilo-

aTOMY Mamepsiemasi cuna F,, manpas-
Puc. 3.6 JIEHHAA B NPOTHBONOJOMHYIO CTOPOHY,

10 MOAYIIO TakKe paBHa 2F,, eciu
BCE TPH CHJIBI, AE€HCTBYS OJHOBPEMEHHO HA TeJso, He coobIaoT
eMy VCKOpeHHe.

Taxum obpasom, pacnosaras aTaJlOHOM CMJIBI, Mbl MOKeM
M3MepATh CHILI, KpaTHbIE 3Tajdony. 15 aToro K reny, Ha Ko-
TOpOe AEUCTBYET HU3MepAeMasa CHJIa, ITPUKJIAABIBAIOT B CTOPO-
HY, ODPDOTHBONOJOXHYI) €€ HaNpaBJIeHHUID, TAKOE KOJHYECTBO
STAJIOHHBIX CHJI, YTODBI TeJO HE IMOJYYHIIO YCKOPeHWe, M Moj-
CUHUTHIBAIOT UYMCJIO 3TAJOHHEIX cHJ. EcTecTBeHHO, YTO IIpH
3TOM OIMTHOKa B M3MEepeHHH IMPOM3BOJLHOH CHJBI OyaeT Takoi

e, KaK ¥ B U3MEepeHHH aTrajoHHol cunsl F,. Bribpas aranon-
HYIO CHJIY JIOCTATOYHO MAJOH, MOMHO B INPHHIIMIIE IIPOHU3BO-
OHTH M3MepeHUus ¢ TpebyeMol TOYHOCTHIO.

AdunamomeTp. Ha npakTHke gns8 usMepeHUdA CUJI IPUMEHSA-
T puHamomerp (puc. 3.7). HMcenonssoBanme jpuHamomerpa
OCHOBAHO Ha TOM, 4YTO YJAJHHEHHE MNDPYHUHBI MIPAMO
NPONOPLMOHANBHO IIPUJIOIKEHHON K Hell cune. IToaro-
My IO [AJIAHE NPYXHHBEI MOXXHO CYJHUTh O 3HAYEHWH
CHJIBI.

O cuaax B mexauuke. Ham ere npejacTouT B Jajlb-
HeHIIeM JOBOJIbHO 0BCTOATE NIbHBLIN pa3roBOp O CHJIaX.
Iloka e orpaHHYHMCH HECKOJBKUMH 3aMeYaHUAMH.

B mMexaHuKe He paccMaTpUBaeTCH OpPHPOHA TexX
ANy MHBIX cui. He penamoTcs NMONBITKM BBIACHUTD,
BCJEACTBUE KAKWUX (PH3NUYECKHX IIPOIECCOB MOABJISA-
FOTCH T€ WJIM UHBIE CUNBI. JTO 3ajada JIpYIrux paspe-
J0B (pHU3uKH,

B MexaHMKe Ba)XHO JIHIOL 3HATh, IIPU KAaKHUX
VCJIOBMAX BO3HHUKAKOT CHMJIbI ¥ KAKOBBI MX MOAYJH H
HalpaBJeHUd, T. €. 3HATH, KaK CMJILl 3aBUCAT OT pac-
CTOAHUN MEMKAY TeNaMH ¥ OT CKOPOCTEeH HMX IBHIKe-
HuA. A 3HATE MOAYJIH CHJI, ONPENeN AT, KOrZla ¥ KakK
Puc.3.7  OHM [EUCTBYIOT, MOXKHO, HE BHUKAS B MPHUPOAY CWJI,

a Mk pacnojaraf cnocobaMM MX M3MepeHHs.

B mMexaHuKe B NepPBYIO Ouepe/ib HMEKT eN0 ¢ TPeMs THIIA-
MU CHJI: I'PABUTANHMOHHBIMY CHJIAMM, CHJIAMH VIIPYTIOCTH H CH-
namMud TpeHusA. Moayiu M HanpaBIeHUS ITUX CHJI onpejeiisi-
IOTCA OOBITHLIM NyTeM. BamEO, 4YTO BCe pacCMATPUBAEMEIE
B MEXaHMKe CHUJIEl 3aBMCAT JHUOO TOJBKO OT PACCTOAHUH MeX-
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AV TeJAMH HMIHM OT PaclioJIOM¥eHHs JacTel tena (rpaBuTanms
U VOPYIocTh), JAuUb0 TOJNBKO OT OTHOCHTENBHBIX CKOPOCTEH

(Tpenne).

1. Nakre onpepeneHude cHnbl.
‘? 2. Kawwe pEe CMNbi CYMTAIOTCA B MEXaHWKE pPaBHbimM!
® 3. Kax cHnagbiBalorca CHnbl, GERCTRYIOWMe Ha teno!

§ 24 CBfA3b MEX/Y YCKOPEHHMEM H CHJIOH

ITocne Toro Kak Mbl HAYYHUJINCh H3MEPHATH CUIIY M 3HaeM,
KaK ONpeleNAaTh YCKOPEeHWe, MOXKHO OTBETHTHL Ha I'JIaBHBIM BO-
IpOC: KaK 3aBMCHUT YCKOPEHHE TeJa OT JeUCTBYIOILHX Ha Hero
cun?

IJKCIIEPUMEHTAJIBHOE OllpeielieHne 3aBHCUMOCTH YCKOpe-
HMA OT CHJIbl. YCTAHOBHUTL Ha OIbITE CBA3L MEXJY YCKODPEeHH-
eM M cuUJIoi ¢ abCcoOTHOHR TOYHOCTHIO HeNb3s, TAK KakK Joboe
M3MEPEeHHEe JaeT TONBKO NpubnuanTebHOe 3HaUeHUe U3Mepae-
Mo BennuuHEI. Ho moagMeTHTh XapaKTep 3aBUCHUMOCTH YCKO-
pEHHA OT CUJIbI MOYKHO € MOMOIIBI) HECHOMKHBIX OIBITOB. ¥IKe
npocTeie HADIIONEHUS NOKA3bLIBAKT, YTO, WeM OoJibllle CUIA,
TeM ObICTpEe MEHAETCHA CKOPOCTh Tena, T. €. boJibille ero ycKo-
penne. EcTecTBEHHO HNPEAIONOMXKHUTh, YTO YCKOPEeHHe IpAMO
[IPONOPIIUOHANBHO CHJI€. YCKOpPEHUE, KOHEYHO, MOMKEeT 3aBH-
ceTh OT CUJBI ¥ ropas3ae fonee cnoXHEIM 00paszoM, HO cHavasa
Ha/10 NMOCMOTPEeThL, HE CIIPABEIJIMBO JIX CaMoe MpocToe npeano-
JoeHue.

IMponie BCero H3y4HWUTh NOCTyIaATENbHOE ABUIKEHHE TeJa,
HaIIpMep MeTaJLTH4YecKoro Opycka, Tak Kak TOJIBKO TIPH IIo-
CTYHATEJBHOM [IBHUIKEHUH YCKOPEHHE BCEX TO4YeK OJNHAKOBO
M MBI MOXEM TOBOPUTH 00 OrnpefeleHHOM YCKOPEHHH Tela
B meaom. OQHAKO B 3TOM CJiy4Yae CHJIa TPEHHA O CTOJ JOBOJb-
HO BeJIMKA W, I'NIABHOE, €e TPYAHO TOYHO uMamepuTh. [losTomy
BO3BMEM VCTAHOBJIEHHYIO Ha PEJbChI TEJIeIKKY C JIETKUMU KO-
necamu. Torpa cuna Tperus OyaeT CpaBHUTENHHO HEBEJIUKA,
a Macco¥ KoJieC MOKHO npeHeOpeub IO CpaBHEHHIO C Maccou
Tenexxn (puc. 3.8).

IlycTs Ha TenexKy AeilcTBYeT NOCTOAHHAas CUJla CO CTOPO-
Hb! HUTH, K KOHIlY KOTOpPOH NpHKpenneH rpys. Moayns cuiibl
N3MEepPAeTCH NMPYKUHHLBIM JUHAMOMETPOM. ITa CHJIA ITOCTOMH-

=="———..______‘__—:_——\—__\__: — = _""--...,__-;-‘-_-._,_‘_"-._,___'_".
—— . —_ --—-?-..__,;-u:---.__ g e
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H&, HO HE paBHAa [MPH JBMIXXEHUM CHJIE THAXKeCTH, JNeHCTRYVIOIeT
HAa noABelleHHbIH rpy3. ViamepuTh yCKOopeHHe TeJeXXKH Hero-
CpeJICTBEHHO, Olpenejisd MaMeHEeHHEe e€ CHOPOCTH 3a MAJIBIH
HHTepBAJI BPpeMeéHH, BECbEMA 3aTPVIHHTEJLHO. Ho ero moxHO
OLIEHUTh, U3MEepHaA BpPeMsd, 3aTpauyuBaAeMOe TeJIeXKKOM Ha Ipo-
XOXKAeHHe OyTH §.

an.IIHGIIHI‘EH, 4TO IIpH ,IIEI';I{:THHH NOCTOAHHON CHUJMBI YCKO~
pPeHHE TOXEe NOCTOAHHO, TaK KaK OHO OJMHO3IHAYHO Oonpeneis-
eTcH CHJIOM, MOYXHO MCIONB30BATH KMHEMaTHYecKue (hopMyibl
7l PaBHOYCKOpPeHHOro apmxeHus. Ilpu HauvanpHOHM CKOpO-
CTH, PABHOW HVJIO,

at?
8= = Xp="5
roe X, M X, — HAYANBHAH ¥ KOHEYHAsl KOOPAMHATHI TeJja.

OT1cropa
_2s
a= 2

(3.1)
ToaTenbHbBIE UBMEDEHHS MOAVJIEH CHUJl ¥ YCKOPEHHI! moKa-
3BIBAIOT NPAMYI0 MPOMNOPOIHOHANBHOCTL MEMAY HUMH: a ~ F.

-

BexTops! @ ¥ F HanpaBJeHBl NO OJHOM NPAMOI B ONHY M TV
JKe CTOPOHY.

Ecau Ha TeNo OHOBPEMEHHO AEHCTBYIOT HECKOJBKO CHJI,
TO YCKOpeHHe Tesa Oyaer mporopiiHoOHAJNBEHO FreoMeTPHYeCKOH
cymmyie Beex 3TuX cui. Muaue rosops, ecmm:

F=F, +F,+..+F, (3.2)

—

TO a ~ F.
ITO MOJIOXEHHe HHOTAa Ha3biBAKT NMPHHIMIIOM CYIepIo-
auuMHu (Hanoenusi) cui. OTmMeTuMm, YTO AeHCTBUE KarJIOu
CHJIbI He 3ABHCHT OT HAJNHWYWUA APYIUX CHJI.

Y71o Takoe mHepumn? Wrak, coryacHo Mexa-
755:--5-{/_45 Huke HpOTOHA cuna OJHO3HAYHO OIpPENeJiseT
YCKOPEeHUe Teja, HO He ero CKOpoCTh. ITO HYMKHO
O4YeHb OTUETJIHBO 1npeacrapiasaTs cebe. Cuna onpe-
JleNfeT He CKOPOCTh, 4 TO, KaK OBICTPO OHA MeH#-
| ercsa. IloaTomy MOKOSAIeecs TeJo npuobperaer
3aMeTHYK) CHKOPOCTH IOA NeWCTBHEM CHIbl JIHIb

0. 38 HEKOTOPbIN1 HHTEPBAJI BPeMeHM.
YCcKOpeHHEe BO3HUKAaET Cpasy, ONHOBPEMEHHO
1 C HAYAJOM JIeliCTBUS CHUIIBI, HO CKODOCTHL Hapacra-
eT nocreneHHo. Jlayke odeds Gosbllas cujia He B

COCTOAHHWH COOOLIMTE TeJly Cpady 3HAYHUTEe/NbHYIO
cKopocTk, Ilasa atoro Hy»xHO BpemA. UrTobel octa-

HOBUTBH TEJ0, ONAThH-TAKH HYMHO, YT00BI TOPMO3S-
Ijas cuia, Kaxk Onl oHa HU OBLIIA BeJIMKAa, AeHCTBO-
BAJIA HEKOTOpPOEe BpeMs.
Hmenno ati )aKkTel UMEOT B BHAY, KOIjia ro-
Puc. 3.9 BOPAT, 4TO Tena unepmust. llpuBeneMm npumMepsl



[POCTBIX ONBITOB, B KOTOPLIX O4€HbL OTHETJIMBO IMMPOABJIAETCH
UHEePTHOCTL Tell.

1. Ha pucyrxe 3.9 nsobpakeH MacCHUBHBIA mrap, mojBe-
HIeHHBIH HA TOHKON HUTH. BHH3y K HIapy 1NpMBH3aHa TOYHO Ta-
Kasf ke HUTb. Ecny MeIeHHO TAHYTh 3a HHUIKHIOIO HUTHL, TO,
KaK U cIeOyeT 0XKH/IAaTh, [IOPBETCH BEPXHAS HUTh: Bellb HA Hee
AEHCTBYIOT M IIAP CBOEH TAYKECThIO, M CHJIa, C KOTOPOM MBI TH-
HeM map BHHM3. OIHAKO ecJid 38 HIMKHIOK HUTHE OU€Hb OBICTPO
IepHYTh, TO ODOPBETCHA MMEHHO OHA, YTO Ha MepBBIN B3TJIAL A0-
BOJIBHO CTPAHHO.

Ho aro nerxko obbsicEuTh. Korzga Mel TAHEM 3a HUTh Me-
JIeHHO, TO INAp TOCTEINeHHO ONMYyCK&AETCH, pPacTAruBas Bepx-
HIOK HUTHL A0 TeX [op, noka oHa He obopeercs. [Ipu OsicTpoM
peiBKe ¢ OoJibilloll CHUJION paspeiBaeTcs HMUMKHAA HUTH. Ilap
noaydaeT OONBIIOE YCKOPEHHE, HO CKOPOCTB €ro He ycliesaeT
VBEIHUYHUTHLCHA CKOJBKO-HUOYAL 3HAYMTENLHO 3a TOT MANbIi
MPpOMEIKYTOK BpPEMeHH, B TedeHWe KOTOPOro HUMXKHAA HUTH
CHJILHO pacTAruBaeTca u o0OpbiBaeTcH.
BepxHsasa HUTH II03TOMY MAaJjo pPacTH-
ruBaeTCA W OCTAeTCH IIeJIOH.

2. UurepeceHn onOeIT € DJIMHHOM
MajJKo#, MOABEINeHHON Ha DyMa){HBIX
Konbiax (puc. 3.10). Ecou peako yza-
PHTEL TI0 TTANKEe }EJIe3HbIM CTePIKHEM,
TO TAJIKA JloMaeTcs, a OyMaKHble KO-
JIBIIA OCTAOTCH HEBPEeIWMBIMH. ITOT
OIBIT BhI OOBACHUTE camu,

3. Haxowmel, camblii, I1OXKAJIY,
ahdexTHRIA OnbiT. Ecau BeiICTpEnUTE  Puc. 3.10
B [IYCTOM II1AaCTMACCOBBLIN COCYH, Myns
OCTaBHUT B CTEHKAaX NPaABHJbHBIE OTBEPCTUH, HO COCYJl OCTAHEeT-
cs LenabiM. ECIH e BLICTPEINTEh B TAKOUW Ke cocy/l, 3aloJIHeH-
HBIM BOAOH, TO COCYJl PA30PBETCHA HA MEJIKKE YyacTH. JTo obbsc-
HAETCS TeM, Y4TO BOJa MalockKumaemMa U HeOOJNbIIOe HM3MeHe-
HHe ee 00BEMA NMPHUBOAWT K PE3KOMY BO3PACTAHUIO NABJICHHUSA.
Korpa nyns odens ObICTPO BXOJAUT B BOAY, NPOOUB CTEHKY CO-
cyza, nasjieHHe pesko Bospacrtaer. M3-3a mHepTHOCTH BOJLL €€
VPOBeHb He YCIeBaeT MOBBICUTLCH, M BO3pOCIee JaBjieHue paas-
pLIBAET COCYJ, Ha YacTH.

3aKkoHpl MEXaHHMKHM ¥ mnoBceaHerHbI oneiT. OcHoBHOE
VTBEDIKIeHNE MEeXaHWKH JOCTATOYHO HAIJSAAHO U HECJOMKHO.
Beab MBI ¢ pOXKASHUS MUBEM B MUpe TeJl, IBUXeHHe KOTOPhIX
NOAMMHAECTCH 3aKkoHaM Mexanmkm HeioToHa.

Ho unuorzna sce e npuobpereHHbIE M3 JKU3HEHHOTO ONbITA
npeAcTaABJIeHA MOTyT nojasectu. Tak, CAHIIKOM CHJIBLHO YKO-
peHfAeTCs IpeAcTaBIeHHe 0 TOM, 4YTO CKOpPOCTh TeJia Oyaro Obl
BCer/la HaAlIpABIE€HA B TY K€ CTOPOHY, KyJZia HATIDABJIEHA HIPWJIO-
MenHad K Hemy cuja. Ha camom »ke zmene ato He Taxk. Hanpu-
Mep, NPH ABMIKEHHN Tesa, OpPOIIeHHOro I110J MPOM3BOJIbHbLIM

)
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VIJIOM K TOPHU30HTY, CHJIA THIKECTHW HarnpasJieHa BHNI3, U CKO-
poCTh, KacaTeIbHafA K TPAEeKTOPMH, 00pa3yeT ¢ CHJIOW HEKOTO-
pPbiil YI'0JI, KOTOPEIM B IIpOLEcce IoJieTa TeJila H3MEHHAETCH.
Cunia ABageTCHd NPHYMHOH BO3HUKHOBEHHS HE CKOPOCTH,
a yekopenus tena. C HanpasJieHMEM CHJIbI COBIIaJaeT BO BCEX
ciiyuasx HaANpaBJieHWE YCKOPEHHUfA, HO He CKOPOCTH.

VeraHosseH raaBHbIE Ansa amHaMuiy (PaKT: yeKoOpeHue Te-
Jia TIPAMO OPONOPLHOHANLHO JAEHCTBYHOILIENH Ha HEro ciie.

_ 1. Kax ces3zano ycxkopense Tena ¢ cHnom!

') 1. Yvo vanoe wnHepuua! lMpueepure nNpumepbl, AeMOHCTPMPpYOUHE

p-4 WHEPLMIO Ten, He yHalaHHbie B TeHCTe.

3. B waumx cnyyasx HanpasneHse CKOPOCTH COBNAaeT C HanpaBsneHH-
em CHNbil

§ 25 BTOPOH 3AKOH HBIOTOHA. MACCA

Hrak, yeKOpeHME JAHHOTO TEJA ONpeNenseTcs AeHCTBYIO-
11lei1 Ha Hero CUJIOH 1 CBOICTBAMM CAMOI0O TeJia.

SABHCHT JIH yCKOpeHHe Tea oT uX ¢BoiicTB? OO6paTtuM BHH-
MaHHe Ha CJAeAVIOIee BajrKHOE€ 00CTOATEeNLCTBO.

Kaxxawiit yenoBek 0Ge3 TpyJa 3a HECKOJIBKO CEKVHI pasro-
HUT Nerkyo dalinapry A0 60NbIIOI CKOPOCTH, HO CAeNaTh TO
e caMoe ¢ THIKeJIO HArPYXXeHHOH JI0iKoi oH Dyner He B co-
croaHuu. Mnu ewne npumep. Crour ornycTHTs TETHBY JIVKA,
KaK JiIeTKafa cTpesa B JO0JIN CeKyHAb! Habeper OOJBLILVIO CKO-
pocTb. A nonpobyiiTe BMECTO CTpPesibl B3fTh KYCOK BOIOIPO-
BonHoU TpybOwi. TOT e JMYK CMOIKeT JIMINL efiBa-elBa CABU-
HYTH ero ¢ MecTa.

ITH IIPUMEPHI TOBOPAT O TOM, YTO MOJAYJEL VCKOPeHUS Tena
3aBHCUT HE€ TOJbBKO OT OKas3bIBAeMOI'0 Ha HEero BO3JeHCcTBUA
(7. e. OT cuabl), HO U OT CBOMCTB camoro Tema. Orcona cueny-
eT, YTO HeoDXOoIMMO BBECTH BEJIHUYHUHY, KOTOPASA XapaKTepuao-
BaJsa Obl criocobHOCTL TOIO UMM UHOTO TEJNa MEeHSTH CBOIO CKO-
POCTE NMOJ BAUAHMEM ONPEAEeSIeHHON CHbl., Takas BeaHyHHa
M BBOAUTCHA B MeXaHuKe. 910 — macca Tena. HYem Oonbrie
Macca TeJsia, TeM MeHbILe MOoJIVIAeMOe TeJOM YCKOpeHUe npu
JEeMCTBMH HA Hero 3afaHHOM CHJIEIL.

Macca. Ilpamas nponopiiMOHANLHOCTE MEXIAV MOAVJIAMH
VCKOPEHHH W CHJIBl O3HAYAET, YTO OTHOMIEHHE MOJYJIA CHJIbI
K MOAVJIO YCKOPEHUS SABJAETCH IMOCTOAHHOM BeJWYMHOI, He
3aBUCHIIECH OT CHJBI:

F
— = ¢const.
o

Harpykass TenesXKy JAOCTATOUMHO THIMENBIMHM THPAMK B
OIMMMCAHHOM paHee onbiTe (cM. puc. 3.8), Jerko 3aMeTHTsh,
9T0, 4yeMm Oojbile rMph Ha HEH HAXOAUTCHA, TEM MeEIJIeHHee
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oHa Oymer HabupaTh CKOpPOCTh, TEM MEHLIIE €€ VCKOPEHHE.
o F
IoaToMy ANs HATPYKEHHOH TeJIeIKKH OTHOITeHHe e Boneine,

yem O HeHarpy»keHHOH. JTO KaK pas ¥ 03Ha4yaeT, YTO VCKO-
peHHe 3aBMCHUT HE€ TOJILKO OT CHJibl, HO M OT CBOMCTB CamoOro
Tesa.

Bennuuny F/a, paBEHYI OTHOIIEHUK) MOAVIA CHIbLI K MO-
AVJIK0 VCKOPEeHWs, HAa3bliBalwT macco (ToyHee, HHEPTHOH Mac-
COl) Tena.

Macca — ocHOBHas JMHaMH4YeCKas XapaKTepHCTHKAa TeJja,
KOJNMYECTBEHHAA Mepa ero HMHEepTHOCTH, T. e. CcnocobHocTH
Tesia NMpUoOpeTaTh ONpeneNIeHHOe YCKOPeHHe M0J HeHCTBHEM
cunel. Yem Donbuie Mmacca tena, Tem Oosblie ero MHEPTHOCTD,
TE€M CJIO?KHEE BBIBECTH TEJI0 M3 MepPBOHAYAJIBHOIC COCTOAHWA,
T. €. 3acCTaBUTbh €ro ABHUIarbcs, WM, HaAo0OPOT, OCTAHOBHUTH
ero JBHMIKEHUE.

Bropoit 3axkon Huiorona. Beeas nomsitTue maccur, copmy-
NUpyeM OKOHYATENbHO émopoi 3axon Hwvromoha:

Ycxkopenue mena npamo nponopyuonaibHO Cule,
delicmeywowell Ha Hezo, u 06pamHo NPONOPYUOHANLbHO
ez0 macce: a = i‘

m

Ita opmMysia BhIpamaerT OJMH M3 caMbIX (YHAAMEHTAJb-
HEIX 38KOHOB ITPUPOJBI, KOTOPOMY C VAUBUTENLHON TOYHOCTHIO
NOAYUHAETCH JBUXKEHME KaK rpoMajHbIX HeDecHBIX TeJ, TakK
¥ MelbYaiinmux necdMHoK. C MoMOolIbIo 3TOro 3aKOHE8 MOMHO
paccuMTaTh [ABHIXKEHHEe TOPIIHA B LWJAMHADe aBTOMOOHAA H
CIOXKHEHIIINe TPaeKTOPUH KOCMHYecKMX Kopaliei.

Jlns perreHus 3ajiad Mbl OOBIYHO NOJIB3yeMCH Apyroil ¢op-
MYJIHpOBKOiI BTOporo 3akona HbroTona.

ITpouasedenue maccvt menad HaA YCKOPEHUE PASHO
cymme deucmasyrouux Ha Mmeno cun:

- -

ma=F,+F,+F,+.... (3.3)

VBepeHHOCTL B CITPABEAJHMBOCTH BTOporo saxkona HewroHa
BEITEKAET HE CTOJIBKO U3 OTAENBHBIX ONLITOB, HA OCHOBAHWUH
KOTODLIX yIaeTcs nogoMTH K (OpMyJIMpPOBKE 3TOro 3aKOHA,
CKOJBKO M3 TOr0, YTO BCE BRITEKAIOIHMEe W3 HEero ciaejJcTBUA,
NpoBEPAEMbIE KAK CHEelMANBLHBIMM ONbLITAMH, TAK W BCeil de-
JIOBEYECKON NPaKTHKOH, OKA3EIBAIOTCH MPABHUJIbLHLIMH.

3aMeTHM, 4YTO ecJiM HA TeJo He NeUCTBYIOT CHNBI M WX

—
cymma pasHa Hynw (F = 0), To oTHOCHTENBHO HHEPIIHANLHOU

cucTeMsl orcdera a = 0 u, cienosarensHo, v = const. OpHaKO
3TO He O03HAYAET, YTO NepBbiii 3aKoH HBIOTOHA €CTh CIeAcTBHE
BTOporo. Ilepenii 3akon HpoTOHa ycTaHABIMBAET CYILIECTBO-
BaHue WHEePUHAJTbHBIX CHCTEM OTCYeTa, a MMEeHHO TAKHUX Cuc-
TeM, B KOTODPHIX cHpasenjus BTOpPoil 3akoH HeioToHA.
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Hamepenune maccnl. Mcnons3ys sropoif sakon Herorona,
MOMKHO OIpeAeuTh Maccy Tejia, M3MEPHB HEe3aBMCHMO CHJY
M YCKOpeHHe:

= &= (3.4)

Ilpaspa, Ha NpakTUKe ropasao ToYHee U yaoOHee U3MepATh
Maccy HHade, ¢ IMOMOIL[bIK BECOB.

Eciin mamepuTs MACChI My, M, Mg, ... HECKOJIBKUX TeJ,
a 3aTeéM COeJMHHTEH BCE 5TH TeJa BMECTe W M3MepPHTh MAaccy m
OJHOIO 0OBEAMHEHHOrO Tejla, TO OyAeT BLINMOJHATHCH OpOCToe
COOTHOIUEHWE: M = m,; + My, + My + ... .

Cnpaseanmso n obpaTHOE: ec/u pasgenuTs TeJNo Ha YacTH,
TO CYMMAa MAaCcC 3THX 4YacTei OyaeT paBHa Macce TeJia o pasjie-
JIeHUA.

ChopmynupoBaE OCHOBHOM 38KOH JMHAMHKM — BTOPOI 3a-

- e
koH Hewtora (ma = F). Ero Hy)>XHO NOMHUTL M IOHHMMATH
CMBICH BCe€X TpeX BeJHYWH, BXOAAMNIMX B 3TOT 3aKOH.

1. Yvo rakoe wHepTHOCTL Tena! [lakre onpejenenHqe maccbi.
2. MOMHO nM YTEEpPWATh, NTO NEepBhiH 3aKoH HeloToHa ABNReTCR
cnepcTeMém BTOpoOro!

3. Cnpaeegmve N4 BETOPOH 3aKoH HeloTOHa A9 NPOM3BONBHOrNO Tena
HOM TOMBKO AN MATEPMANBHOM TO4YKH!

4. MNMpm KBKMX YCNOBMAX MBTEPHANLHAA TOYKA [BMMETCA PABHOMEPHO
H NPAMONMHEHHO!

5. Kawwe ycnosmws meobxommmel gna roro, 4yrobel Teno ABMranock
C NMOCTONAHHLIM YCHOpeHMeMm!

§ 26 TPETHN 3AKOH HBIHOTOHA

B Tperrem sakone Hriororna dopmymnupyercss ogHO obiee
CBOMCTBO BCEX CHJI, PACCMATPHBAEMBIX B MeXaHuKe: Jloboe
JeliCTBYE TeJs APyl Ha APYyra HOCUT XapPAKTED e3zaumodeiicm-
eusi. ITO 03HAUAET, YTO eCcNU Tejo A geiicTByer Ha Tejo B,
TO B Teno B pgeiicTByeT Ha Teso A.
Baaumopeiictere Tel. IIpyMepoB B3aMMOIEHCTBHSA Tell U CO-
o0LOeHUA MMM APYr ApYTry YCKOPEeHHE MOXKHO NPHBECTH CKOJIb
yrogaao mHOro. Kornma BeI, HAXOAACh B OOHON JIoAKe, HAYHeTe 34
BEPEBKY MNOATATHBATE APYIYIO
JIOJIKY, TO W Bala Jioaxa obs-
3aTeibHO OyzeT [ABUraThCH
sriepen, (puc. 3.11). JleficrBys
Ha [PYTVIO JIOAKY, Bbl BbI3bIBa-
eTe ee JleicTBMEe Ha JIOOKY,
B KOTOPOHl HaXOAUTECH,

- Ecyu BuI viapuTe HOIoOMH 110

Puc. 3.1 GHyTOONLHOMY MAYY WIH TOJIK-



HeTe I[JIEYOM TORapuilla, TO OLyTuTe obparHoe [elcTBUE HA
HOI'y MJin nneyo. Bee 810 — nposiBieHUsA 3aK0HA B3auMoIeiicT-
BUA Te.

INeiicTBHA TN APYr HA APYra HOCAT XapaKkTep B3auMOAeiicT-
BHUA He TOJIBKO IMPH HeNocpeICcTBeHHOM KoHTakTe Tes. [lono-
FMUTE HA THNAAKWN CTOJ [BA CHJABHBIX MATHUTA pPasHOMMEH-
HBIMH TIOJIKCaMM HABCTPEYY APYT APYry, M Bbl TYT e obHapy-
JKHTE, YTO OHM HAYHYT /IBHTaThLCA HABCTPeYy APYT ADYTY.

HUsmenerusi cropocTeil o0boMX B3aMMOJEHCTBYIOIIUX TeJ
aerko HabwaloTCs UL B TeX CAYYAAX, KOrga MacChl 9THX
TeJI MaJ0 OTAMYAKTCH APyr ot aApyra. Eciau ke B3aauMoaeHcT-
BYIOII[HE TeJjla SHAYHTELHO PA3JHYAIOTCH MO Macce, 3aMEeTHoe
YCKOpeHMEe MOoJy4daeT TOJBKO TO U3 HUX, KOTOpPOoe HMeeT MeHb-
myo Maccy., Tak, opu majeHMd KaMHS Mbl BUJIUM, YTO Ka-
MeHb C YCKOpEeHHeM JABUIKeTCA, HO YCKOpeHue 3eMiu (a Belb
KaMeHb TOXe npuTArueaer J3emnio!) nmpakTudecku obuapy-
MUTh HeJb3si, TAK KaK OHO OYeHb MAaJo.

Cunsl B3auMOOeHCTBMSA JBYX TeJl. BBIACHMM C NOMOIIBIO
onslTa, KAK CBA3AHB MexAy coboii CcuJibl B3aUMOAelCTBUA
IIBYX TeJl.

BozsMeM HOCTATOYHO CHJIBHBIA MarHuT M JKeJesHsiid b6py-
COK, YCTAHOBMM WX Ha KATKH IJIf YMEHBLIICHHUS TPEHUS O CTOJ
(puc. 3.12). K xoHnam mMarsura u OpycKa NpUKpennM ojUHa-
KOBLIE NPYM¥HWHEI, 3aKperyieHHble APYI'HMMM KOHLIAMM Ha CTO-
ae. MarautT u OpyCcoOK NPHUTAHYTCS APYI K JPYrY U DACTAHYT
npyKuHbl. OOBIT TOKa3bIBAET, YTO K MOMEHTY IpeKpalieHus
JBUKEHHUSA NPYKHAHBl PACTAHYTHI COBEPIIEHHO OJMHAKOBO. ITO
O3HaudaeTr, 4TO Ha 00a Tesa CcO CTOPOHB! HNPYMUH JeHCTBYIOT
O/IMHAKOBbLIE 10 MOV H INPOTHBOIOJOM{HBIE 110 HalpasJe-
HHIO CHJIbI:

F,=-F,. (3.5)

Tax Kag mMarEuT noxouTcsi, To cuna F » PpaBHA 110 MOOVJIH
—

A NPOTHBOIOIOMHA O HanpapneHuwo cune F,, ¢ KOTOPOH Ha
Hero jemcreyer Opycok:

F,=-F,. (3.6)

Touso TaK 3Ke paBHBI 10 MOAYJSAM W MNPOTHBOMNOJIOHHE] 10
HAIMPABICHHI) CHJIBI, AOEHMCTBYIOIIHe HAa OpyCOK €O CTODPOHBI
MArHUTE W IIPYHHLI:

F,=-F, (3.7)

Puc. 3.12
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OTrcona cnejgyer, 9T0 CHABI, C KOTOPBEIMH B3aHMOAEHCTBY-
0T MAHUT ¥ OpPYCOK, PABHEI IO MOAYIAM U ODPOTHBOTOMOMHDBI
I10 HANPABJIEHUWIO:

F,=-F, (3.8)

Tpernii 3akon Herworowa. Ha ocuHoBe nmogoOHBIX ONBITOB
MO3KHO chopmynupoBaTs mpemui 3axon Huromona:

Cunwi, ¢ komopwimu mena deicmeyiom odpyz Ha Opy-
2a, paenusb. O MOGYNAM U HRANPAEAECHB. O OOHOWL NpPAR-
MOU 6 NPOMUEOTLONONICHBLE CTNOPOHBL.

Ecnu Ha Teno A co croponbl Tena B peiicreyer cuna F
(puc. 3.13), To ogHOBpEeMEHHO Ha Teno B co ctopous!r Tena A
»>

Oyner meicTBOBaTh cunia Fg, npumuem
A B e =

- 4_0 F,=-F, (3.9)
F,

Henonssya Bropod 3akoH Heiotona,

Puc. 3.13 paBeHcTBO (3.6) MoXHO 3anycaThs Tak:
m,a, =—m.,a,. (3.10)
Orcona cienyer, 4To
a I
—L = 2 - const, (3.11)
@ m,

.

+ “
T. €. OTHOIIIEHHE MOJAYJell YCKOpPeHMH ¢, ¥ @, B3aNMOAEHCTBY-
IOUIUX APYT ¢ APpYyrom Ten obpaTHO NPONoOpIMOHANBHO MX Mac-
cam.

Cunel B3aMMOAEHCTBHAS JIBYX TeNl — CHIbI 0AHOH (husmue-
CKOM NpUpoAbl, BpeMs MX AeHCTBHS OAMHAKOBO, HO OHMU NpPH-
JOXeHBb!l K Pa3HBIM TeJaM, CIeJIOBATEJbHO JielicTBUEe MepBOro
TeJIa Ha BTOPOE He MOXKeT ObITh CKOMIIEHCHPOBAHO JEHMCTBHEM
BTOPOT'O TeJla Ha IepBoe.

=3 1. MNpasuneHa N4 cnegyloLlas 3anMch TpeTbhero 3akoHa Huiovowa:

| 9 a) Fia=Fp 6) |Fyyl=|Fyl?
ol 1. lNowapas TAHET Tenery, a TENera AeHCTBYET Ha Nowafds € TaKoM e
Nno MOAYMO CHNOKH, HANPABNEHHOH B MPOTHBONIONOMHYIO CTOPOHY.
Novemy we nowags Beser Tenery. a ve Haobopor!

EAWHHUIIBI MACCHI W CHJIBL.

827  [JOHATHE O CHCTEME EJMHUII

OcHoBHBIE W TPOM3IBOAHBIC EAMHUIL! (PM3MYECKUX BeJIM-
yHH. B KuHeMaTHKEé MBI NOJL3OBAJUCH JIBYMS OCHOBHBIMI
husHyecKUMHE BeTMUUHaAMU — NJOWHON M Bpemenem. s enm-
HHI| 3TUX BEJIHAYMH YCTAHOBJEHbI COOTBETCTBYIOILME 3TAJIOHBI,
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CpaBHEHMEM C KOTOPBLIMH ornpepensioTcs Jobas AMHHA U JIO-
Ooif wHTepBasn BpeMmeHH. EaMHUDeN ANNHBL SBASETCA METp,
a eIWHUILEH BpemeHU — ceKyHua. Bee agpyrue KuHemarTudie-
CKMe BeJIMUYMHLI He MMEelOT 3TAIOHOB eANHuWIl. EAMHHIIL TAKUX
BENTHYMH HAa3BIBAIOTCH NPOH3BOAHBIMKM., (CBA3b NPOM3BOAHBIX
eIMHUL C eAUHHNIIAMN OCHOBHBIX BeJIMYHH B KHHEMAaTHKE BEI-
TEKaeT M3 CaMHX OonpefeseHuil NMPOU3BOJAHBIX BEJIHYHH,

IIpu nepexose K NUHAMWKE MBI JIOJYHBI BBECTH €I1le OHY
OCHOBHVIO €IMHUILY M YCTAHOBHUTEL ee 3TayioH. [leno B ToMm, uT0
BTOPOI 3aKoH HbI0TOHA COAEpsKUT ABE HOBbIE, AMHAMUWYECKHE
BeIMYMHBI — CHAy ¥ maccy. Hu oiHy M3 3TUX BeJIMUWH HEJb-
351 BRIPA3UTH TONBLKO 4Yepe3d KUHEMATHUYECKUE BEIUYMHEI.

C paBHBIM NpaBoM MOXXHO CHHTATH OCHOBHOU BEJIMYHHOM
Kak cuny, Tak u maccy. BeiOpaB s e AHHWIL] OJ(HON M3 3TUX
BEJIMYMH 3TAJIOH, NMOJYYAIOT eIHHWNY A APYTOoil, UCHONIb3yH
BTOpOM 3akoH HuioroHa. COOTBETCTBEHHO 3TOMY MOJYYAOTCH
JlBe padJINdHbie CUCTEeMEl €JUHWIIL,

BBoas MoOHATHE CUJIBLI, MBI FTOBOPUJIM O TOM, YTO B KA4YECTBE
ATAJIOHA CHJIbI MOXHO B3ATH NPYMUHY, PACTAHYTYIO ollpele-
neHHbIM obpasdom. OHAKO NTPaKTHYECKH TAKOM 3TAJOH CHIIbL
HeynobeH, TaK Kak, BO-TEPBLIX, TPYAHO H3roTOBHTHL JABE TPY-
dKUHBI C COBEPIUEHHO OJHMHAKOBEIMH CBOHCTBAMH, a BO-BTO-
pBIX, VIIpYIr¥e CBONCTBA NPYUH MOTYT HECKONBKO U3MEHATh-
Ccsl ¢ TEYEHHEM BPEMEHH H B 34BHCHMOCTH OT OKPYHaWI[uX
YCJIOBHH, HAIpPMMEP OT TeMnepaTtypel. JIyume B KauecTse egu-
HUIBI CHJBI B3ATh CHJIY, C KOTOPOH 3eMJA NPHTACHMBaeT K
cebe onpepeNeHHYIO 3TAIOHHYIO THPIO.

Me:mxnyHapoasHan cucrema enmnaul,. Ho B HacTosAniee Bpems
HauboJee MIMpPOKOo B (PU3NKe U TEXHUKE NPMMeHAeTCH cucTeMa
eIMHMUI], B KOTOPOI B KauecTBe OCHOBHOM Be/IHUMWHEBI B3fTa He
cuna, a macca. EAMHHIIA Ke CHJIbl YCTAHABJIMB&AETCHA Ha OCHO-
Be BTOpOro sakoHa HeioToHA.

B Mexayraponuoi cucreme enununi, (CH) 3a egmamuny mac-
Cbl — OfMH KuJorpaMm (1 Kr) — mpuHATA Macca 3TAJOHHOHU
rup¥ M3 CILIaBa ILJIATHMHBI U UPKWAMS, KOTOpas XPaHUTCH
B Mexxnyuapoarom Giopo mep u Becos B Cespe, 6siu3 Ilapuska.
Tounbie KONIMHK 3TOM I'MPH MMETCR BO BcexX crpasax. llpu-
6nmxenHo mMaccy 1 Kr umeer Bona obsemMoM 1 71 [py KOMHAar-
HOU Temnoepatype. Jlerko ocyiiecrsMMble cocoObBl CpaBHEHUSA
moboill Macchl € MACCOM 3TANIOHA NyTEeM B3BelllMBaHMA Mbi pac-
CMOTPUM IO3OHee,

3a eguHuIly cuabl B MexayHApOOHON CcHCTeMe eHHUI]
OpHHUMAaeTes Cuiaa, Kotopas coobuwaer tTeny maccod 1 Kr
yeropenue 1 m/c?.

Jra eIUHWIA HA3LIBAETCH HblomonoMm (coKpallueHHoe obo-
saaauenune — H). Haumenopanue HBHOTOHA:

1H=1xr-1mwm/c
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1. Yem OTIMNEIOTCA OCHOBHBIE efMHMLIE! HIMepeHHA (DMIHYeCHHX Be-
NHYHH OT NPOM3BOAHLIX efkHm!

2. Epmesia KaMOMH BenMYMHBI — CHNBI HNM MacCsl — sanserca B CH
oCcHoEHOM!

HMHEPIITUAJIBHBIE CHCTEMBI OTCYETA
§ 28 H IIPUHIIHUII OTHOCHTEJILHOCTH
B MEXAHHEKE

3aK0HBI MEeXAHUKHM CHpABEAJIMBBE]I B HHEPIMAJBHLIX CHCTe-
max orcyetra. Kakue cucTeMbl OTCYeTAa MOYKHO CUHTATH HHEp-
HMalbHBIMH?

Huepunajsisie M HEeHMHepOHAJBbHBIE CHCTEMBI OTCYeTA.
Jlerko moHATHL, 4TO J100asg cHcTeMa OTCUeTa, KOTOPad IBUMKET-
CS PABHOMEPHO ¥ IIPAMOJIMHEMHO OTHOCUTEJBHO JAHHON MHep-
MUATBHON CHCTEMEI OTCUETA, TAKIKE SBJIAETCH MHEPIIHMAJTBHONM,
B camom jene, ecliy TEJO OTHOCHTENBHO ONpelesleHHOM HHep-
LHATBHOM CHCTEMEI OTCYeTa JABMIKETCHA C HOCTOAHHOHM CKOPO-

-5

CThIO Uy, TO IO OTHOILIEHHIO K CHCTEME OTCHETa, KOTOopas caMa

—
IOBHIKETCA CO CKOPOCTBIO U, 3TO TEJIO COIJIACHO 3aKOHY CJIOKe-
HHUA CKOpocTel OyneT NBUTaThCcsA ¢ HEKOTOPOW HOBOI, HO Tak-

e TOCTOAHHOM CKOPOCTBIO U,.
Ycrkopenue Teyia B 00eMX cHCTEMEX OTCYETA PABHO HYJIIO.
Hanpotus, mwobas cucteMa OTCYeTa, ABHIYINAACA C YCKO-
PEHHEM OTHOCHUTEJIBHO MHEPLMAIBHON CHCTEMEI OTCHeTa, yie

Oyner HEHHE{JH,HEUH:HDH. JIeHcTBHTEJIbHU ecau UI = const,
a CKOpOCTh U M3MEHSEeTCH, TO CCKOPOCTE I.?E Takxe Oyner me-

HATHCHA C TeYeHHEM BDEMEHH: Ua = ut + 0.

CnepmoBaTenbHO, XapakTep [OBWMKEHHS Tejla OyIgeT HaMe-
HATHCH NPU Iepexoje OT OAHOM CHCTEeMBI OTCYeTa K JApPVIou.

Tax xak cucTeMy OTCYeTa, CBA3AHHYIO ¢ 3eMJiel, MOHO
MpUONIHIKEeHHO pacCMATPUBATE KAK MHEpPNHAJIbHYIO, TO M CHC-
TeMBI OTCUeTa, CBA3aHHBIE C ITOE3I0M, OBVIKYIIHMCH C ITIOCTO-
AHHOW CKOPOCTBIO, WK ¢ KopabueMm, MNLIBYIIHM 10 NIPAMOM
C HEM3MEeHHON CKOpPOCTBI0, TaKKe OyayT uHepumanbHeIMu. Ho
KaK TOJNBKO 110e3]] HaYHeT YBeJHYUBaTh CBOI CKOPOCTh, CBf-
3aHHaAs ¢ HUM CHCTEMAa oTcYeTa nepecraHeT ObITh WHEPIIHAb-
HOM. SaKOH WHEepIUHH H BTOpoil 3akoH HbloToHA nepecTaHyT
BEITIOJIHATHCH, €CJIM PACCMATPHUBATE JBUIKEHWUE 110 OTHOLIEHWO
K TAKUM CHCTEMAaM.

lNeonenTpuyeckas cUCTeMa OTCYETA MHEPIMAJbHA JIMIIL
npubdamniceHHo. B 1elicTBUTENHHOCTH IeOLeHTPUYeCcKas CUCTe-
Ma He #BJAfeTcs CcTporo mHepuuanesHou. Haubosiee Onuzka
K HHepUMaJbHOH cucTeMa oTcyeTa, cBasaHHasa ¢ ConHieMm
¥ HENOJABM>KHEIMH 3IBe3laMH. 3eMJIA Xe ABHUIKEeTCHA [0 OTHO-
LIEHUI0 K 3TOH cucTeMme orTcuera ¢ yekopenuem. Bo-mepswix,
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OHA BpamnaeTcss BOKPYIr CBOEi OCH M, BO-BTOPBIX, ABHIKETCS 110
3aMKHYTONH opbure Bokpyr Comnnia.

YckopeHune, 00ycloOBIeHHOe OOpameHueM 3eMJH BOKPYr
Conuna, oueHs Malo, TAK KaK BeJWK Nepuos obpalnenus
(roag). 3uaunrensHo bDosbine (npumepHo B 6 pas) yckopeHue,
BO3HHUKAKIIEe H3-3a BpallleHus 3eMJIEM BOKDYP OCH € IIepHo-
agom T = 24 1. Ho » ono Hesenuko. Ha nosepxsocTu demnn
Y 3KBaTOpa, I'Zle 3T0 yCeKopeHue HauboJislllee, OHO pPaBHO:

2
2P — | 27 ~ 2
a=w R—(?] R = 0,035 m/c?,
T. €. cocTaBnsget Bcero 0,35% ot yckoperEus cBoOoHOrO naje-
Husa g = 9.8 m/c?. IMeHHO 1oaTOMY CHCTEMY OTCUYETa, CBSI3aH-
HYIO ¢ 3eMmieil, MOXHO NpubOIHIXKEeHHO paccMaTpMBATE Kak
MHepIHaJIbHYIO.

JlokasaTenscTBO BpalieHHs Jdemun. OiHAKO CYILECTBYIOT
SIBJIEHUS, KOTOPLIE HENb3A O0BACHUTE, €C/IHU CYUTATH I'eOLEeHT-
PHYECKYI0 CHCTEMY OTCUYeTa MHepuuansHoi. I HUM oTHOCHUTCH
BpPAIlleHNe OTHOCUTEJBHO 3eMIH ILIOCKOCTH KonebaHnuili MasT-
HMKa B 3HAMeHMTOM OomnbITe PVYKO, JOKA3BIBAIOIIEM BpaIleHHE
3emiu.

Pacemorpum KosefaHua MaATHUKA B IeJIMOLEHTPHYECKOM
MHepIHAJIBPHON cucreMe orcuera. Jlns Oonplueil HarnmamHO-
CTH ¥ OPOCTOTHI OyIEeM CYUTATH, YTO ONBIT HPOBOAUTCH HA I10-
Jnioce.

IIycTs B HAYAIBHBIM MOMEHT MASTHMK OTKJIOHAIOT OT T0JIO-
JKEeHUA paBHOBecu#. [[eHCTBYOIHEe HA MAATHHUK CUJa OPUTH-

e 3
KeHusa K 3emue F ¥ cuna yoOpyrocTH mogBeca MasTHUKa T
JeaT B TOW e BepTHKaJibHOW ImockocTH (puc. 3.14). Co-
IJIACHO BTOpOoMY 3akoHY HbioToOHA yeKOpeHHe MasTHHKA COBIIa-

=
naeT 1o HanpapJeHUI ¢ paBHoJelcTByoed cunod F u mosro-
MY JIEXKHT B TOM e BEPTHKAaJbHOH IJOCKOCTH. A 3TO 3HAYHT,
YTO ¢ TEYEeHWEM BPEMEHHU ILIOCKOCTh
KoJie0aHMH MAATHHKA B MHEPIMAJILHON
cucTeMe OTCYEeTA JOJIMHA OCTABATLCH
Heu3MeHHOoM. TaxK ¥ NMPOUCXOJIUT B re-
nuoneHTpUUecKon cucTeme. OnpmEako
cucTeMa O0TCYeTa, CBA3ZAHHAA C 3eM-
Jey, He HABJIAeTCA HHEPIHaJIbHOH,
¥ OTHOCHTEJIEHO Hee IJIOCKOCTH KOJie-
DaHuil MAATHUKA ODOBOPAYMBAETCSH
BCJIEICTBHE BpalleHusa 3emnu. H1obbl %
aT0 OOHAPYHUTH, HEOOXOAHUMO IOJ/BEC F
CHOEJIATE TAKHMM, 4YTOOBI TpeHME B HeEM e
ObLO0 Mano, a caM MaaATHUK — JOCTa-
TOYHO MaccuBHBIM, HMHauye TpeHHe B
Io/iBECe 3aCTABUT ILIOCKOCTHE Koneba-
HUMI CJIeJOBATE 38 BPallleHUeM 3eMJIH. Puc. 3.14
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CmMmeneHre 1IoCKOCTH KoNeDaHni MafgTHHKA OTHOCHTEJIbHO
3eMI¥ CTAHOBHTCH 3aMETHBIM ViK€ Yepe3 HEeCKOJBKO MHHVT.
Ha cpeanux mmmporax Kosebanua MaaTHUKA OyayT BBITIANETH
HECKOJIbKO CJIOJKHee, HO CYTh ABJEHHs He uaMmeHuTcs. Boep-
Bhle Takoil onbiT 6B npouaseseH K. Pyxko B 1850 r. B Ila-
puKe.

PapHOMepHOe NPAMOJMHEHHOE [IBHIKEHHMEe He BJIWAeT Ha
MexaHndyeckne mporecchl. 'agnneil nmepeeiM ob6paTu BHMMaA-
HHEe HAa TO, YTO pPaBHOMEpHOE IPSAMOJHMHEeHHOe IBHMKEeHHe II0
OTHOUIEHMK) K 3eMJIE COBEPITEeHHO He CKA3RIBAeTCH HA Teye-
HUH BCEX MeXaHWYeCKHUX HABJIEHHM,

HomyeTuM, BBl HAXOOUTECHE B KaWOTe Kopabsisa unu B BaroHe
1nmoeaja, JABHKYVILIEerocs niasHo, 6e3 Toauxkos. Bel moxere crio-
KOMHO MrpaTh B DaIMHHTOH WM DMHI-IIOHT, K&K ¥ HAa 3eMIe.
Msa4 unu BoJsian OyaeT 1Mo OTHOIIeHUIO K CTEeHAM M TIOJNy nepe-
MEIATHCH TOYHO TAK e, KaK M 10 OTHOIIEHHI K 3eMJie IIpH
Uurpe B OOBIYHBIX ycsioBHAX. Eciim He mocMoTpeTs B OKHO, TO
C VBEPEHHOCTHEIO HEJIL3A CKABATDH, YTO K€ MPOMCXOIMT C I0e3-
[IOM: NBHIKETCHA OH HJIM CTOMT.

Ecnu B ABMKYILEMCA € ODOCTOSAHHON CHOPOCTBIO BArOHE
M3y4YaTh NajleHHe Tes, KoJaebaHus MAATHHKA U Apyrue sBJe-
HNUf, TO peayJbTaThl OYAVT TOYHO TAKMMH Ke, KaAK WU IIPH HC-
cleOBAHUM 3TUX ABJIeHUN Ha 3emue. Koraa coBpeMeHHBIN pe-
AKTHBHBIM CamMoJIeT JETHT co0 ckKopocTeio okono 1000 km/4g,
B ero cajioHe He IJPOMCXOJAHNT HHYero, 4YTO INO3BOJAJNO Okl
OLIYVTHTL 3TV OrPOMHYIO CKOpocTh. Bel MoOKeTe ecTh, CIAaTh,
WUIrpaThb B [MIAXMAaThl, YYBCTBYA ceba KaK Joma.

JIniue npM peskoM TOPMOMKEHMM [0e3fa HYMKHO NPHUJIATATh
NONOTHUTENIbHBIE YCUIUA, YTODRI yeTOATH Ha Horax. Ilpu Gonb-
miofl OoJiTaHKe caMoJieTa HMIM KadKe napoxoja Ha 6oJibluoi
BOJIHE 00 HIpe ¢ MAYOM He MoKeT ObiTh 1 peun. Bee npeamverst
NPUXOAUTCH 3aKperifaTh, 4To0bl OHM OCTABAJIMCE Ha CBOUX Me-
cTax.

INpuauun orHocurensHocT. Ha ocHOBaHUM nopobOHBIX Ha-
OnoneHnit MOXHO chOpPMYJIUPOBATE OOWH W3 caMbIX dyHAa-
MEeHTAJIBHbIX 3AKOHOB IPUPOJLl — NPUHYUNL OMHOCUMENLL-
HOoCMU:

Bce mexanuueckue npoyeccos. npomexarom odunHaKoso
B0 8CEX UHEPUUANBHBLX cucmemax omcyemaa.

JTO YTBEPMKIAEHWEe W3BECTHO KaK NPHHIMI OTHOCHTEJbHO-
cTd B MexaHuke. Ero eile HaspIBaOT NPUHIIMIIOM OTHOCHTENb-
Hoctu Ianmnes.

He wvy»XHO AyMaTh, YTO BLINOJHEHHE OPUHIANA OTHOCH-
TEJBHOCTH O3HAYAET TOJHVI0 TOXKAECTBEHHOCTE [BUKEHHUA
O[HOTO M TOTO K€ TeJjla OTHOCHTEeILHO PA3JHUYHBIX HHEPIHUAIb-
HBIX CHCTeM oTcueTa. ToMAecTBeHHB! JIMIIL 38aKOHBI JUHAMMK-
KH. 38aKOHBI JIBUYKE€HUSA TeJl ONpPe/leiAl0TCH He TOJBKO 3aKOHAa-
MM JUHAMWKH, HO ¥ HaYaJIbHBIMH CKOPOCTAMM ¥ HAYAJIbHBIMH
KOOpAMHATAMU Tesl. A HayalbHEIE CKOPOCTH M HAYAIBHBIE KO-
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Puc. 3.15 Puc. 3.16

OPAMHATEI AAaHHOTO TEJIA OTHOCHUTENIBHO PA3HBIX CHCTeM OTCYe-
TA PA3JIUYHBI.

Tak, kamens OyaeT magaTs OTBECHO, €CJH €ro HavaJibHas
CKOpPOCTb Pa&BHA HYJIKO [0 OTHOLIeHW0 K deMie. B paBHOMepHO
JABHMIKYIIIEMCH IMOe3/le KaMeHb Takke Oy/er najars OTBECHO 110
OTHOIIEHHIO K CTEHAM BarcHa, ecJiv HaYaJbHAA CKOPOCTH KaM-
HA M0 OTHOIMEHHO K rmoes3ay pasHa Hyni0. Ho, ¢ Touku 3peHns
Habnwparens Ha 3eMmne, KaMeHb, NAaJal0OO[H OTBECHO B I10-
esne, Oyger aBuratbecsa 1o napaboge (pue. 3.15, 3.16). leno
B TOM, YTO HavyallbHas CKOPOCTHL KaMHA 10 OTHOIIEHHH K CHC-
TeMEe OTCYEeTAa, CBA3AHHON ¢ 3eMJell, OTJIMYHa OT HYJIA U paBHAa
CKOPOCTH TOe3ja.

OTKpeITHEe OPHHIKUINA OTHOCHTENLHOCTH — OJHO M3 BEJIH-
yaifliMX JIOCTHKeHHH desoBedecKoro pasyma. OHO okaszanoch
BO3MOXHBIM JIMILIL IOCHIE€ TOI'0, Kak JIAM I[OHANW, YTO HHU
3emansn, Hu ConHIE He ABIAKTCH LeHTpoM BeenenHoM.

v
! : IIPUMEPHI PENLIEHHUA 3AAY

IlosHakoMUMCH € 3azavaMy, JOJIA pPeIUeHMA KOTODhIX He
HY3XHO 3HATH KAK 3aBHCHAT CHJIbl OT PACCTOAHMMN MEKJY B3au-
MOHEHCTRBYIOIINME TejaMu (MJM YacTaMH OJAHOIO Tejaa) ¥ OT
X cKopocTell. EnuHCTBEeHHOE, YTO HAM OTpebyeTcs, — 370
BhIDAXKEHWEe LIS CHJILI THAKecTH BOJIM3M MOBEPXHOCTH 3eMJIH:
“»

F_=mg.
1. K uenTpy ogHopojHOoro mapnka maccoin m = 0,2 r npunoxe-

=
Ha cuna F =1,5 H. Onpegenure monyne » HanpaBinenne cunws F,,
KOTOPYK HeoDXoANMO NPHJOMHTE K LEeHTDPY WapHKa, DTOMHMO
=i

cunsl F, urobsl 1WapUK JIBHIaJICA C©

VCKOpeHNeM d = H M/c¢%, HanpasJieH- F

HEIM TAK e, KaK 1 cujaa F (puc. 3.17).
Pemenune. Ha mapurk peiict- :

0

cusia F,. TlocKONbKY MOAYNb ¥ HaA-  Puc. 3.17

BYHOT OB€ CHIIBLI: CHJA F n uckomas
-
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npasjgeHue cuiel F HEH3BECTHEI, MOHO n300pasuTs HA pPH-
CYHKE CHAYAJIA TOJLKO cnﬂy F ((:M. puc. 3.17). Cnr.nacno BTO-

—

poMy 3aKOHY HbH}TDHﬂ ma - F 4+ Fl. Orcrona F, = ma — F.
Tax KaK BEKTOPHI ma w Fs n0boit MOMEHT BPEMEeHU JOJHKHDI

GbiTh PACIIONIOKEHBI HA OAHOH MPAMOM, TO U CHIIA F,, ABNAACH
UX PA3HOCTBLI), PACIOJIOMKEHa HA TOW e NpPAMOIL.
Takum oOpasoMm, MCKOMAas CHJIa MOMKET OBITB HANpasBJe-

Ha gubo Tak e, xak cuna F, nubo OpPOTHBOIONOIKHO €H.
e

Yrobsl ompenendTs MOAYJAL H HANMpaBjeHue cuiel F,, Haii-
JeM ee IPOeKHHUI0 Ha ock X, HAIpPaBJeHue KOTOPOH COBIAaja-
=

er ¢ cnnou F. YVuuteBas, uro F,=F u a,= a, Bblpa)eHue

-
Ans cuibl F, B IpoeKOHAX HAa OCb X MOXXHO 34MKUCATH B BHJIE
F,,=ma - F.
IIpoananusupyeM nocienHee Beipakenue. Ecam ma > F,
-

to F,, >0, 7. e. cuna F, sanpaBnena Tak e, Kak U och X.
Ecim xxe ma < F, To F,, <0, 1. e. cuna F, sanpasneHa npoTu-
BOIMOJIOXKHO HanpaBiaeHuo ocu X. Jlna paccmMaTpUBaeMoro
cay4as

F,=02-5H-1,6 H=-0,6 H.

CnenoBarensHo, cuna F| HanpaB/ieHa MPOTUBONONOMHO ocu X
(puc. 3.18).

2. B peaynsTaTe MOMYUEHHOrO TONMYKA GPYCOK HAYasl CKOJb3HTH
BBEPX OO HAKJOHHOH NyockocTH M3 Touky O ¢ HaAYanbHOM CKOPO-
CTEI0 Uy = 4,4 m/c. Onpesennrte nonoxenue OpyeKa OTHOCHTENLHO

ToukH () Yepe3d NPOMEXYTOK BpPeMeHH

F t, =2 c Tocse HAYala €ro ABMIKeHUH,

ec/I YroJi HaKJIOHA [JOCKOCTH K ropu-
soaTy (= 30". TpeHve He VUHUTHIBATE.

Pemenune. Ilockonery Tpebyer-
s HAUTH NoJoM¥eHne 6pycKa OTHOCH-
TEeJIBHO TOYKH (), HaualJi0 KOOpJHMHAT
BodbMeM B 9T0# Touke, Ocks X Hampa-
BHM BJOJHL HAKJOHHOW [IJIOCKOCTH
BHHM3, & 0Cb Y — MEpHeHAHKYJIAPHO
9TOU TIOCKOCTH BBepx (puc. 3.19).
I[Ipu neukerun Gpyeka HA Hero aei-

—
CTBYHT OBE CHJILBI. CHJIA THMeCcTH mg

M cuna peakuuu onopst N, HakKJIOH-
HOH TIJIOCKOCTH, NEePHNeHAHKYISpPHAS
nocaegHen. ITy CUJTY WHOIJIA Has3biBa-
T CHJIOM HOpMAaJbHOHW peaknnu. OHa
BCET/Ia NEepneHIMKYJIADHa MNOBepPXHO-
Puc. 3.19 CTH, TIO KOTOPOH JABUIKETCH Teso.




Cornacuso Bropomy 3axkony Hrelorona ma = mg + N,. Tak kak
Ha OpycoK AeHCTBVIOT NOCTOSHHBIE CHJBI, TO BOOJE OCH X
oH OyzmeT IBHraThCd € INOCTOSHHBIM yecKopeHueMm. CnenoBaTenb-
HO, YTODBI onpeaenuTs NOJNOMKeHHe DpycKa OTHOCHUTENLHO TO4-
Kyt O, MOXHO BOCHOJL30BATECHA KMHEMATUUECKUM YPABHEHUEM

2
a.t

2

ITpu cuenannoM BeIDOpe HapaBaeHUA ocu X ¥ HAYaaa KO-
opauHar umeem: x, =0 1 v,, =—v,. IIpoexku0 yCKOpEeHUsA a,
Ha ock X Haligem no propomy 3akony Hreiotosa. [lnsa pac-
cMaTpuBaemMoro caydaa ma,=mg, + N,.. VYuureBasi, 4TO
mg, =mg sin ¢« u N, = 0, nonyuum a, = £ sin . Taxum obpa-
30M,

X = Xg+ Uyt +

gt? sino
=5 9
98-4
2-2

X =—vgt+

M=1 M.

x,=—44-2m+

3. Hea Tena maccamm my =101 1 my = 15 r cBABAHBI HepacTH-
KAMON M HeBecOMON HUTLIO, NEPEKMHYTON 4Yepe3 HeBecOoMblH 60K,
VCTAHOBJEHHBIM HA HAKJOHHOH mockoctw (puce. 3.20). Ilnockocers
obpasyer ¢ ropusoHToM yron o = 30°. Onpegenure ycxkopenue, ¢ Ko-
TOpRIM OyAYyT ABHIraThCH 3TH Tena. TpeHHeM npeHebpeds.

Pemenue. [lpeanonomxum, 4To Teno maccoil m, mnepe-
TsiruBaeT. BbiOepeM ocH KOODAMHAT TaK, KakK TOKasaHo
Ha pucyeEke 3.21. B npoekumnax Ha ocm X, u X ypaBHe-
HUA JBMIKEHMSA Tesa 3anuumyress B Buae: m,a=mg-—T,,
mea =T, — m,g sin o. Cunel HaTAMKEHUA HUTH paBHBI, T. K.
HUTbL ¥ OJI0K HeBecOMBl. CJIOXKUB JleBble U NPaBLIe YacTH ypas-

m, —m, sing
L% g = 0,98 m/c?. Tak xkakx a >0,
TO ABUIKEHWE TeJ NMPOMCXOAUT B BRIOpaHHOM HANDABJICHHH.

HEeHHUI, NONY4YUM a =

4. Asromobuns maccoln m = 1000 kr aBmxeTcs €O CKOPOCTHIO
v =36 KM/Y4 TI0 BRIDYKJOMY MOCTY, MMEWIIeMy paguyCc KDUBUIHBL
R =50 m. C kakoit cunoif F pasut asroMobunbs Ha MOCT B ero ce-

X

Puc. 3.20
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peanne? C Kaxoil MHHUMANBHOH CKOPO-
CTHIO U,,,,, AOJKEeH ABUTATHCH ABTOMOGHIL
BJA TOro, 4yrobsl B BEpXHEH TOYKE OH Ie-
PECTASI OKa3LIBATL JABJEeHHWE HAa MOCT?

Peurenue. Cunel, neicreymonme
Ha aBpToMOoOMNL BIOJIL paamyca MocC-
Ta, u300pakeHsl Ha pucyHke 3.22:

mg — cuna  TixectH; N — cuna

HOpManbsHOH peakuuy wmocta. Ilo

TpeTheMy 3axkoHY HuooToHa nckomasn
-

chuya aaBineHusa F paBHa 1O MOIVJIIO

Y x cune peaknuu mocta N. Ilpu nBu-
JHEHHM TeJla 110 OKPVYIKHOCTH Bee-
Puc. 3.12 rfia HANDABJIAEM OOHY W3 oceil Ko-
OPOMHAT OT TeJNa K UeHTpY okpyxkHocTH. CorjlacHO BTOPOMY
3aKkoHY HbBHOTOHA HLEHTPOCTPEMUTELHOE YCKOPEHHME aBTOMO-
Ouiisi onpenensieTcd CYyMMOIl CHJI, JEeMCTBYIOLMX HA Hero
BAOJEL pajguyca OKPYIKHOCTHM, [0 KOTOPOH OH JABUMETCH:
mv‘/R=mg— N.
Orcroma F=N=m (g — v?*/R)="7,8 kH. Cuna pasnenus
Ha MOCT CTAHET paBHOW Hymw nopu mvs, /R=mg, Tak 4To
Unin = 80 kM/u. TIpn ckopocTH, mpeBbllIaKINER U, , ABTOMO-
OuIbL OTOPBETCH OT IOBEPXHOCTH MOCTA.

! YIIPAYKHEHUE 6

1. K uentpy mapa npunosena cuna F (puc. 3.23).
Kyna nanpasneso yckoperne mapa? B kakom Hanpas-

F
JeHUM JBHIKETCH wap?
2. Ha puHaMoMeTpe ONYCKalT N0 BEPTHKAIHN

rpys mMaccoil 3 Kr Tak, 4YTO €ro CKOPOCThL 38 2 ¢ u3aMe-
"HaeTcH ot 2 o 8 m/c. OnpepenuTe noxkaszanue auHa-  Puc. 3.23
MOMeTpaA.

3. Ha nony mudra Haxoaures resno maccor 50 kr. Judt noguu-
MaeTCH TaK, HMTO 38 3 C ero CKOpoCTeE HMaMmeHsercAa or B aoc 2 m/c.
Onpepennre cUNy AGBNEeHMA TeJia Ha noJ nudra.

4. Tennopos HA PMOPUIOHTANEHOM YYACTKe MyTH anuncil 600 m
pasBuBaeT noctTosHHYW cuany Taru 147 kH. Cropoers moesna soapac-
TaeT 1npy atoM ot 36 go 54 km/4. Onpegenure cuiay CONPOTHBJIEHUSA
ABUKEHHEO, CUMTasR ¢ nocroaHHoi. Macca noeapa 1000 T.

8. MWecrkuit crepieds LMUHON | M ¢ TPUKPENJIEHHBIM K HEMY
mapukom maccoit 100 r spawjaeTcsi paBHOMEpPHO B BEPTHKANLHOH
raockoerd. Onpejesyre MoAyib U HaOpPaRAeHHUE CMIBI, ¢ KOTOPOH
CTepXeHb JAelcTBYeT Ha HIAPHK B BepXHEH TOYKEe, NPpH CKOPOCTHX
mapuxa 2 Mm/c 1 4 M/c.
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6. Jlpa rpysa maccamu 2 Kr u 4 Kr, CBA3aHHBbIE HEPaCTAMKHMOI
HHTBK), NOAHUMAKT N0 BepTurkanum cuigod 84 H, npunoxeHHoM
¥ nepeomy rpyay. Oupegenure yCKOpEHHE, ¢ KOTOPBIM ABUIKYTCH
rpy3bl, ¥ CHUIY HATHXEHWUA HHTH.

I'nasa 3. KPATEKHE HTOI'H

OcHOBY KIACCHYECKOI MeXaHMKH COCTABJISKOT TPWU 3AKOHA,
oTkpeiThie HeoOTOHOM fiiA TeJ, pazMepaMi KOTOPBIX MOMKHO
npeHebpeyb (A8 MaTepHANBHEIX TOYEK). JTH 3aKOHBI CIpa-
BeJIJINBE] HEIOCPEACTBEHHO IIPH PACCMOTPEHHH JIBMIKEHHA OT-
HOCHTEJIbHO MHEPLHANBHEIX CHCTEM OTCYEeTA.

Ileperiii 3akoH HploTOHa yTBeEp)XAaeT, YTO CVIECTBYIOT
CHCTEMEl OTCYETA, HA3BIBAEMBLIE WHEPIIMANBHBIMHA, OTHOCH-
TEABHO KOTOPBLIX TeJa, AOCTATOYHO yJaleHHEIe OT BCEX Jpy-
rux TeJ, ABIKYTCA PAaBHOMEPHO W NPAMOJIMHEHNHO.

Cornacso sropomy 3aKkony HeoToHa nmpomaBeneHune Macehbl
TeJa Ha ero YyCKOpeHHe paBHO CYMME [AEeiCTBYIOUIMX HAa Teso
cHII: e & - =

ma=F, +F;+ ... =F.

Tpernit 3akoH HboOTOHa r/IacyT: CHJIBI, C KOTOPLIMH TeJia
AEHCTBYIOT APYT HA ApPyra, PaBHbI N0 MOAYJIIO M HANPABJIEHBI
[0 OIHOYW NPAMOIl B IPOTHBONOJOMHEIE CTOPOHBI.

DyHAaAMEHTaJbHOe 3HaAYeHHe NJ8 (PM3MKH MMeeT OPUHLIMIT
oTHocuTenbHOCTH. lIpMHOMNO OTHOCHUTENBHOCTU B MeXaHHKe
o1 yeranosneH lanuneem. CorsacHo 3ToMy NOPUHIMITY BCe
MEeXaHHYECKHEe ABJIEHUS NPOTEeKaloT OANHAKOBO BO BCEX HHEp-
IHAJBHBIX CHCTEMaxX OTCYeTa IIPM OAMHAKOBBIX HAYaJbHBIX
YCJIOBHAX.

l'nasad4d CHJIBI B MEXAHHUKE

B riiase 2 MBI BBeJIM NOHATHE CHUJBI KAK KOJIH-
YeCTBEHHOM Mephl OeHCTBHA OAHOIO Teja Ha ApV-
roe. B aToil rsaBe Mbl paAacCMOTPMM, KaKHe CHIIbI
BCTPEYAKTCHA B MEXaHUKe, ueM ONpefessiorcs Hx
3HAYEHWH,

§29 CHJIBI B ITPHPOJIE

BrisicaMM cHauasa, MHOIO JIM BHAOB CHJI CyLIECTBYEeT B
IpHUpoae.

Ha unepsbiii Barnajg ka)KeTcs, YTO Mbl B3AJINCH 3a HeENo-
CHIIBHYK) U HEpa3pelivMylo 3ajavdy: Tesl Ha 3eMJie U BHe ee
OeckoHeuHoe MHOMecTBO. OHM B3aUMOAEHCTBYIOT IMO-PaszHOMY.
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Tax, HamTpuMep, KAMeHBb NafaeT HA 3eMJK; 3JEeKTPOBO3 TAHET
noess; Hora (QyrbonucTa yaapseTr Mo MA4Yy; [NoTepras O Mex
200HHUTOBAA NAJOYKA INPHTATHBAET JNerkue OyMaKKu, MarHur
NPUTATHUBAET JKeJe3HbLIE ONWJIKHK; NMPOBOAHUK ¢ TOKOM MOBOpa-
YUBaeT CTPEJKY KomIaca; Baaumogeiicreyior Jlyaa u Semns,
a BMecTe OHM BaammomeicTByHOT ¢ CosrHIleM; B3auMOAEHCTBY-
FOT 3Be3Jbl U 3Be3/iHble cucTeMbl U T. A. [Togobusim npumepam
HeT KoHila. Iloxoxke, 4To B Mpupojie CyllecTByeT DecKoHeuYHoe
MHOMKecTBO BaauMoaercrsuii (cun)? OxassiBaercsa, Her!

Yerpipe THNa cua. B Oesrpannusnbix npocropax Bceenes-
HOii, HA Halllel niaaHeTe, B JiOOOM BelIeCTBe, B JXHUBBLIX Opra-
HM3MAX, B ATOMaX, B ATOMHBIX SApax M B MHUpPEe 3JeMeHTap-
HBIX YACTHUI[ MBI BCTPEUYaeMCH C ITPOABIEHHEM BCero JIMIIb
4eThipeX THUIIOB CHJI! IPABUTAIMOHHBIX, 3JEKTPOMATHWTHBIX,
CHUJIBHBIX (AOepHBIX) U cnadbix.

I'pasumayuoHHble CuUAbl, UNA CWIbl BCEMHUPHOTO TATOTE-
HUSA, JeUCTBYIOT MEXXJAY BCEMH TejlaM¥ — BCe Tesa IIPUTATU-
BalOTCA Apyr K apyry. Ho 3T0 npuTsKeHHe CYUIeCTBEeHHO
OOBIYHO JMINB TOI/IA, KOrjia XOoTs ObI OJHO U3 B3aMMOJEICTBY-
OLIUX TeJl TAK e BeJIMKO0, Kak 3emad mnu JlyHa. Huaue atu
CMJIBI CTOJNIHE MAJIBI, YTO MMH MOXHO 1peuebpeds.

INEeKMPOMAZHUMHBLE CUJAbI NeHCTBYIOT MeXJy 4dacTHIla-
MM, HMEIIUMH 3JIeKTpudYeckue 3apsabl, Cdepa ux geiicTBU#H
ocobernro obmupHa U pasHoobpa3sa. B aromax, MoOJIeKy/iax,
TBEPAbIX, JKUAKHX K razoobfpasHbIX TeJiax, »KXHBBLIX OpraHma-
MaX MMEHHO 3JIEKTPOMArHMTHBIE CHJIbI SABISAKTCH I'JI&BHBIMH,
Benuka uX posib B aToMax.

OGnacTs geiicTBUA f0€pHbIX cul 0YeHb orpannvena. OHu
3aMETHBEI TOJNBLKO BHYTPH ATOMHEBEIX fjep (T. e. HA pacCTOAHH-
ax nopagka 1012 cm). Vike Ha pacCcTOAHHAX MeXIy YacTHIA-
mu nopaaxka 10 Y cm (B ThICAYY pa3 MeHBLIINX pasMepoB 8TOo-
mMa — 10 ° cv) OHM He HDpPOABAAIOTCH COBCEM.

Cnrabule 83aumodeiicmeus NPoABIAKTCA Ha eIle MeHbLIINX
paccrosHUAX, nopsaaka 10 ' em. OHM BHIZRIBAKT B3aUMHEBIE
IIpeBpallleHrns 3JIeMEeHTADHbIX YACTHI[, ONPeAesIsiioT paJluoaK-
THBHBII pacnajg sfep, peaxkiiud TepMOosiiepHOro CUHTe3a.

HpepHble cunbl — campbie MOIIHEBEIE B npupoae. Ecnu uH-
TeHCHBHOCTL SJIePHLIX CHJI IIPHHATHL 38 €IUHHIY, TO WHTEH-
CHMBHOCTB 3JIeKTPOMarHNTHLIX cuJ coctasuTr 1074, rpasuranm-
oHHBIX — 10 %, ecnabeix BaanmmopeiicTeuit — 10 16,

CuncHble (agepHbie) v cnabble B3aUMOJeCTBUA TPOABIIA-
IOTCHA HA TAKUX MAaJbIX PACCTOAHMAX, KOI'jla 3aKOHbBl MeXaHH-
k¥ HrlooroHa, a ¢ HUMU BMeCTe W TOHATHE MeXaHWYecKoii
CHJIBI TEPHAIT CMBLICI.

B mexanuke mbl Gy/ieM paceMaTPUBATL TOJILKO I'DABHTAIIN-
OHHBIE M 3JIEKTPOMATHUTHRIE B3aUMOAEHCTBUA.

Cunel B mexanuke. B Mexamure O0OBIYHO HMEOT JeJI0
C TPEMA BHUOAMM CHJI — CHJIAMM THIOTEHWSH, CUJIAMU YIIPYro-
CTH H CHJIAMH TPEeHHA.



Cuner yOpyroctT ¥ TPeHHMH HMET 3JeKTPOMArHUTHYIO
npupoay. Mbl He Oynem 3jeck OOBACHATE ITPOMUCXOKJIEHUE
ATHMX CHUJI, C MOMOILBLIO OILITOB MOXHO OyaeT BBIACHHUTL YCJIO-
BUSH, TIPH KOTOPBIX BOSHHKAKT 3TH CHJIbl, H BHIPA3HUTH HX KO-
JAUYECTBEHHO.

B npupone CylecTBYIOT 4YeThipe THIIA B3aNMOIEHCTBMUA.
B MexaHVKe M3y4YaOTCH IPDABHTAIMOHHBIE CHUILI ¥ JBE PA3HO-
BHIHOCTH 3JIEKTPOMATHUTHLIX CUJI — CHJIBI YIIPYTOCTH M CHJIBI
TPEeHHS.

Ppa BHTAIIHOHHLIC CHJIbLI

§ 30 CHJIbI BCEMHPHOI'O TATOTEHHS

B rnase 1 nmoapobHO roBOpHMJIOCHL O TOM, YTO 3€MHOW miap
coobIIjaeT BCEeM TeJaM y TMOBEPXHOCTH 3eMJIH OHO M TO 2Ke
VCKOpeHne — yCcKopeHHe cBoboaHoro najgeHnsa. Ho eciim zeM-
HOHM map coolmiaeT Tejly YCKOpeHMe, TO COIJIACHO BTOPOMY 3a-
koHy HbioToHa OH JelcTBYeT HAa TEJNO ¢ HEKOTOPOH CHJIOM. ITY
CHJY HasblBaT cuioM Tawecru. CHauana Hailgem sTy CUITY,
a 3aTeM ¥ pacCMOTPHM CHJIY BCEMHPHOrO TAI'OTEHHH.

Yekoperne 10 MOAVIIH ONpeaenseTcs M3 BTOPOro 3aKOHA
HzsoTora:

==
m

B ofmem cay4yae OHO 3aBMCHT OT CHJIBI, JIeHCTBYIOIIEH Ha
TeJNo, ¥ ero Maccel. Tak Kak yCKOpeHHe CcBODONHOTO MaJeHus
HE 3ABUCHUT OT MACCHI, TO FACHO, YTO CWUJIa THMKECTH JI0JKHA
OBITE ITPOITOPIIMOHATBEHA MAacce:

e

F = mg, (4.1)

rje g — MNOCTOAHHAH JJIsi BCEX Ten BenwuyuHa. Torpa, noa-
CTABJIAS 3TO BhIpa)KeHMe IS CHJIbl THMKECTH BO BTOPOH 38KOH
Huorosa, nmony4aeM AJIA BCeX Ten: d = %B_' = g, 4TO HAXOAUT-
€A B IIOJTHOM COTJIACUHM € OTIBITOM.

Hy>XHO TOJBKO NMOMHMTH, YUTO CHJIA THXKECTH, NeHCTBYIO-
ojas Ha JanHoe Tejio BOMM3KM 3eMiIu, MOMKeT CHUTATBECH ITOCTO-
SIHHOIT JIMILB H&A ONpeAesIeHHOH IIHpPOTe V NOBEPXHOCTH 3eM-
nu., Ecam Teno NMogHATL MM NEpeHecTH B MecTo ¢ JApyrou
HIHPOTOM, TO YCKOpeHHe cBOBOHOrNO NajleHus, a clleJoOBaTeNb-
HO, M CUJla TAMECTH HU3MeHATCH.

Ha ocuHoBe dopmynnl F = mg MOXKHO YKasaTh MPOCTOH U
NpakTHYecKu yAoOHbLIM MeToJ] M3MepeHusi Macc Tea NyTem

81



CpaBHEHHUs MAacCChl [JAHHOTO TeJa C
ATATOHOM eMHUILBEI Maccel. OTHOLUE-
HEEe MACC [ABYX TEN PABHO OTHOILEHWH
CHJ THKeCTH, JeHCTBYIONINX HA Teja:

m, F, (4.2)

—— —

my, F

I9T0 3HAYHUT, YTO MACCH! TEJ OJHHAKO-
BBI, €CJM OJMHAKOBHEI JIeHCTBYIOLIHE
HA HUX cUIBI TsXecTH. Ha aToM ocHo-
BAHO OINpeAesIeHNe Macce MnyreM B3Be-
HIHBAHHA HA NPYXHUHHBIX HIH Dbl-
yarKkHbIX Becax. llobusasich Toro, 4ro-
6Bl cuna AAaBJAeHHMS TeJNla HA YAIOKY BECcOB, paBHAH CIUe
THIKECTH, IPHUIOMHEHHON K TeJyy, Oblna ypaBHOBellleHA CHJIION
JaBJIEHNA M'Hpb Ha JAPYILYIO YAILUKY BECOB, PABHOWM CHJIe TsKe-
CTH, NPHJIOMKEHHON K MHPHAM, MBI TEM CAMBLIM Onpejle/ifieM MAac-
cy Tena.

Cuna Bcemuproro tarorenmsi. Heioron Oblnl mepBbiM, KTO
CTPOTO AOK&3aJ1, UTO NPUYMHA, BhI3BIBAIOLAS NaJieHUe KaMH#
Ha 3emJi0, ABMKeHNe JIYHBI BOKPYT 3eMIH H ILJIAHET BOKPYT
Connua, ogHa M Ta Ke. 3170 cuUia TANOTEeHUsA, JeHCTBYIONas
Mexay JobeiMu Tenamm BeeneHHOM.

Bor xoi paccyieHnil, NIpHUBeJIeHHLIX B TJIABHOM €ro Tpyae
«MaTtemaTuueckue Hauana HarypanbHoil dmnocohumns: «Bpo-
[IeHHLIH Ha 3eMJI0 KaMeHbB OTKJOHHUTCH MO AeHCTBHeM TH-
JKECTH OT NPAMOJHMHENHOro NyTH M, ONKWCaB KPUBYIO TPAEKTO-
puI0, ynazer HaxKoHelnl Ha Jemnw. Ecnu ero ©Opocuts
c DosblIEHd CKOpPOCTBIO, TO OH yrnamgeT nanbine» (puc. 4.1).
ITpomomxas atu paccy:aenus, Hel0oTOH NpUXOAHT K BbIBOLY,
4yTO ecay Obl He CONPOTHUBJIEHHE BO3LAYXa, TO TPAEKTOPHUA KaM-
Hsi, OPOLIEHHOrO ¢ BLICOKOM ropsl ¢ OnpefesyieHHON CKOPOCThIO,
MorJyia OBl ¢cTaThL TAKOH, 4TO OH BoODOLIe HUKOTIa He nocTUur Ol
HNOBEPXHOCTH J3eMJiM, a ABurancs Obl BOKPYr Hee 1000HO
TOMY, KaK I[JIaHEeThl OIWCHLIBAXT B HebDecHOM DpOCTpPaHCTBE
cBOM OpOHTLI.

Celiuac HAM CTANO HACTOMLKO MPHUBEIYHBIM [ARHIKEHUE
CNNYTHUKOB BOKPYI 3eMJH, Y4TO pPaszbACHATE Mbicab HeOTOHA
nogpobHee HeT HEOOXOAWMMOCTH.

HUrak, no maennio HeloToHa, asnikenne JIyHel BOKpyr 3em-
JY M aBuskerue nnaHet BOKpyr Consana — 31o Tome ceoboj-
HOe najieHne, KOTOpoe AJIMTCs, He NMpeKpallasch, MRITHAD/ALL
get. IlpuunHOE Takoro najesus (MaeT 1y pedb JAeHCTBUTE)IBHO
0 najileHns oDbIYHOro KAMHSA HA 3eMJII0 WIH O ABMMKEHHW I1Jia-
HeT 10 UX opbuTaM) CAYKHT CcUia TATOTEeHHA.

Kak m Bcem apyrum Tenam, 3eMNsi AOJIPKHA COODLIATH
Jlye yckopenue, He 3aBucsilee oT macces! JIvabel. Tpaekropus
ABukeHns JlyHbl XOpoino M3BeCcTHd, T. €. HEBECTHO I0JIOMKe-
Hue Jlynw orHocuTensro 3emin B 1000l MOMEHT BpeMeHH.
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ITo aTUM OaHHBIM HETPYHHO YHCTO KHMHEMATUYECKH OIllpene-
auTE ee yckopenne. OHo okaseiBaeTcsa npumepHo B 3600 (607?)
pas MeHblle, YeM YCKOpeHHme CBODOAHOTro majeHu#d y MOBepX-
HocTH 3emuaun. PaccrosHue o JlyHel npubOIH3HTENBbHO pPaBHO
60 zemupiM paguycam. OTciofia MOXXHO CHeNaTh Ba)XHEUILHH
BBIBOJI: YCKOpPE€HHe, KOTopoe coobmaer Tenam CUJIa NPUTSHAXMKe-
Hud K 3emJie, yOsiBaeT 0OpaTHO NMPONOPIMOHAJIBHO KBAApPaTy
PacCTOAHMSA [0 LEeHTpa 3eMJin:

o
a=—-
rz
rge ¢, — HeKOTophlM KoadPHMUMEeHT OpONOpPIHOHANIEHOCTH,

ONMHAKOBBIN JJIA BCEX TeJl.

HcenenoBanye NBUIKEHWA TIJIAHET HNOKA3aJI0, YTO 3TO ABH-
JKEeHue BhI3BaAHO cunoil nputsenusi K Conmuny. Henonbays
TiaTelnesEHLIE¢ MHOTOJNETHHEe HHﬁJIIDJIEHHH JaTCKoro acTpoHoMa
T. Bpare, U. Kennep ycraHoBusl KHHEeMaTHYECKHE 3aKO-
HB!I ABMMKeHHus miaaHeT. U3 atux 3arkonos HeroToH Hales, 4ro
Conune coobuiaeT BceM nJlaHeTaM YcKopeHme, obpaTHO Opo-
NMOPHIMOHAJTBHOE KBaIPaTy PaCCTOHHHA OT ILJaHeT 0 CDJIHLLH:

a=-2, (4.3)
r

ITocrosuuan Cp ONVMHAKOBA OJid BCeX ILJIIaHeT, HO Heé COBIIa-
IaeT ¢ HNOCTOAHHOH ¢, JAJIA YCKOpeHHH, coolimaemMoro Ttejnam
3eMHBIM LIAPOM.

M3 npuBeleHHLIX MAAHHBIX BBITEKAET BLIBOJ O TOM, 4YTO
cHJla TATOTeHUs B oboux cayuasx (npursikeHue K 3emje M
Connny) coobinaer BCceM TenaM YCKOPeHHe, He 3aBHCHLIEee OT
MAacCChl 3TUX TeJl, U yObIBaeT 06paTHO IPOHOPLUHOHAIBLHO KBaj-
paTy PacCTOAHUA MEMXJIy HUMH.

§ 31 3AKOH BCEMHPHOIO TATOTEHHA

MoHO JHIUL [OOraZibIBATECH O BONHEHHH, OXBATHUBIIIEM
HreroToHA, KOrza oOH NMpHINeJI K BEIHKOMY pPe3yJbTaTy: OjJiHa H
TA e NPHMYMHA BBI3BIBAET SABJIPHHUS TOPasSHUTEJIBHO ITHPOKOro
AuanasoHa — OT nageHEus OpoHIeHHOTO KaMHA Ha 3eMJi 0
OBUIKEHHS OIPOMHBLIX KOCMHYECKMX Teld. HLIOTOH Hamen a1y
NPUUYMHY ¥ CMOI TOYHO BBIPA3UTH €€ B BHIE OAHOM (hopmy-
Jbl — 38KOHA BCEMUPHOI'O TATOTEHHHA.

Tak Kaxk cuJa BCEMHPHOIN0 TATOTEHMA cooldlliaeT BCceM Te-
JIaM OJIHO M TO Y€ VCKOpPeHUe He3aBHCHMO OT MX MACCHl, TO OHA
MOJIKHA OBITE NPONOPLMOHANBHA MACCE TOI'O TeJla, HA KOTOpoe
AeiCcTBYeT:

= (4.4)
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Ho mockonbKy, Hanpumep, 3emis aedcrsyer Ha JIyRy
¢ CHJIOH, NponopIHoHansHoM macce JIyenl, To n Jlyna mo Tpe-
TheMY 3aKOHY HbIOTOHA OKHA AEMCTBOBATH HA 3eMJIIO C TOM
ke ennoii. [Ipuuem ara cuiia Doy HA OLITH NPONOPIUOHANLHA
macce demau. Ecim cniia TATOTEHHA ABIAETCHA NECTBUTEILHO
VHHUBEPCANBLHOM, TO CO CTOPOHEI JAHHOIO Teja Ha Jiboe Apy-
roe Teyo AOMKHA AeHCTBOBATH CHJIA, NPONOPLHOHABEHAA MAac-
ce artoro apyroro tena. CreoBaTenbHO, CHIIA BCEMHUPHOTO TH-
FOTEHUSA JOJXHA OBITE NTPONOPIIHOHAJILHA TTPOH3BEIEHUI0 MAace
B3apMOAeHcTBYIOIMUX Tes. Orcroma BeITEKAeT (OPMYJIHMPOBKA
30KOHA BCEMUPHOZ0 MAZOMEHUSN:

Cuna e3aumnozo npumsaicenus 08Yx men NPamo
NPONOPYUOHANBHA NPOUIEE0EHUID MACC IMUX men u 06-
Pamio NPONOPYLOHAALHA KEa0pamy pPacCmMOAHUSL MeElHC-
dy numu:

F= G%{_{’{—"‘%. (4.5)

Koa(ypunueHT nponopuuoHaabHOCTH (G HA3EIBAETCH I'DABM-
TALMOHHOH TOCTOAHHOM.

paBuTaiOHHAA MMOCTOAHHAR YHMCJIEHHO PaBHA CUJIEe IIPH-
TAMEHUS MEeMIY JABYMS MATEPHANIBHBIMH TOYKAMM MACCOH
1 Kr Kam/as, ecny paccTosHEEe Mexay HIMH pasHo 1 m. Bens
npu m;=m,=1xr u R=1 v nonyuaem G = F (4ucJIeHHO).

HyxHo uMeTs B BHAY, UTO 3aKOH BCEMHPHOI'O TATOTE€HMS
(4.5) kax BceoDUIMH 3AKOH cHpaBefJIUB AJIH MATEPHAIBHBIX

ToueK. Ilpu aToM cnibl rpaBUTAIMOH-
a2 e Mz gom B3AMMOAENCTBU S HalpaBJeHb!
9 -fF" 1;:,' o 0JIb JIMHWH, COSIHHAIOIIEH 3TH TOY-

1 2 k¥ (puc. 4.2). Ilopobrsoro popa cuibl
Puc. 4.2 HAa3LIBRIOTCHA YCHMPAAbHBIMU.
MoKHO TTOKa3aTh, YTO OJHOPOAHbIE
Tesia, umerire GopMy apa (nake ecsM WX HeNb3H CUNTATH
MaTePUaAIBHBIMHE TOYKAMIM), TAKMKE B3AWMOAEHCTBYIOT ¢ CHJIOH,
onpepensieMoit opmynoit (4.5). B arom cnyuae R — paccrosi-
HHe Mexay ueHTpamu wwapos. Cribl BBANMHOIO NPUTHIKEHNSA
JleyKaT Ha NpAMOU, NPOoXoasilei yepes neHTph! mapoB. (Takue
CUWIbl ¥ Ha3bIBAIOTCA IleHTpasbHbiMu.) Tena, nazesne KOTOPBIX
Ha 3eMJII0 MBI OOBIYHO paccMaTpMBaeM, UMelT pa3Mephkl, MHO-
o MeHbpIIve, YeMm zeMHOH paauyc (R = 6400 km). Takwne Tena
MO2XHO, HE3aBHCHMO OT UX (POPMEI, pacCMaTPUBATHL KaK MaTe-
pHasibHble TOUKH U ONPENeNATh CHIIY WX NPUTHAMKEeHHA K 3emule
¢ NoMOuIbI0 3aKkoHa (4.5), mMmes B BHAY, 9TO R ecTh paccTosHue
OT A8HHOTO TeNa M0 LUeHTpa 3eMIIu.

Ounpenenenue rpaBHTaIHOHHON NMOcTOoAHHOM. Temeps BHI-
SICHUM, KaK MOXKHO HaTH rpaBHUTANMOHHYIC HNOCTOAHHYIO.
Ilpesxpe Becero aamerrm, 4To G MMEET OIIPE/IEJIEHHOE HAMMEHO-
BaHHe. JT0 0DYCIOBJIEHO TEM, YTO €AHHUILLI (M COOTBETCTBEH-
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HO HAHMMEHOBAHMS) BCEX BEJWYMH, BXOASAIIMX B 3aKOH BCe-
MHPHOT'O TATOTEHHS, ViKe ObLIM yCTAaHOBJIEHBI paHee. SaKOH
e TATOTEHHA JIAeT HOBYI) CBHA3bh MEX/y H3BECTHbLIMM BeJIMYU-
HAMM C ONpEeAeJeHHBEIMH HAWUMEHOBAHHUAMH efuHNI. MMeHHO
mO3TOMY KO03((PHIIMEHT OKa3blBAaeTCHA HMMEHOBAHHOL BeJHYH-
poii. Ilonssysaces dopmysoll 3aKoHa BCEMHPHOIO TATOTEHHA,
Jerko HaTy HAWMEHOBAHHUE €IMHHIIbI I'DABUTAIIMOHHON I10-
crostaaoir 8 CHU: H - m?/kr? = m3/(kr - ¢?).

Jlnst KoJTMYgecTBEHHOTO onpenelieEus G HYy»{HO He3aBHUCUMO
onpeienTh BCE BEJHMYMHBI, BXOAMAILHE B 3aKOH BCEMHPHOTO
THrOTeHHA: 06e MAaCChl, CHJIY M PACCTOSHHE MEMK[y Tejamu.
Hcoonk3osaTh [0nA  3TOro AacTpoHOMHYeCKHe HabmogeHHsA
HEeNb3sI, TAK Kak onpenenuTsh macchkl rnnaser, ConHiia, na u
3eMan, MOXHO JIWNIL HA OCHOBE CaMoOro 3aKOH& BCEMMPHO-
TO TATOTEHWHA, €CIH B3HAYEHME IPaBUTALMOHHOM MNOCTOAHHOU
uzsecTHo. ONbIT Jo/mKeH OBITH NPOBENEH Ha 3eMJe ¢ TejlaMu,
MACCHEI KOTOPBIX MOXHO W3MEDHTL HA Becax.

TpyaHOCTHE COCTOHT B TOM, YTO I'PAaBHTAIMOHHBLIE CHJIBI
Mexy TellaMy HeDOJBIIMX Macc KpaliHe maibl. MMeHnHO 1o
3TOM NpUUYMHE MBI HE 3aMedYaeM NPUTHMKeHMe Hallero Tena
K OKPYAaIUM IpeaMeTAM M B3auMHOe NPUTHIKEHMe IIpejl-
METOB APYr K IPYry, XOTH TPaBUTAIUOHHEIE CUJIBlI — CAMBIE
YHUBepCaJIbHBIE U3 BCEX CHJ B npupoje. /IBa uesoBexka Macca-
M 1o 60 Kr Ha paccTosiaum 1 M ApyT OT APYTra NPUTATUBAIOT-
cs ¢ cuoi Becero aumb nopsaaxka 109 H. Tlostomy pnsa mame-
peHus TPABHTAIIMOHHON TOCTOAHHONH HYMHBI JOCTaATOYHO
TOHKHE OIbITHI.

Brniepsuie rpaBuTanMoHHAas INOCTOSSHHas Obl1a W3MepeHa
aurmuiicknm ¢usuxoMm [ Kasesgumem B 1798 r. ¢ mno-
MOIBI0 npubopa, HA3KIBAEMOI'0 KPYTHILHBIMHE Becamu., Cxema
KPVTHJIBHBIX BECOB TIOKasaHa Ha pHcyHKe 4.3. Ha toukon
VIIPpYTO#A HUTH HOABEIIeHO JIeTKOoe KOPOMBICIIO ¢ ABYMSA OJNHA-
KOBBIMM IPY3MKAMH HA KOHIIAX. PAJOM HenojaBMIKHO 3aKpern-
JeHbI [IBa THAMeNbIX Hiapa. MeXay rpy3auraMy M HENOABUMKHbBI -
MM IIapaM# AeHCTBYIOT cunbl TaArorenus. [log sauaamem stHux
CUJI KOPOMBICJIO IIOBOpadYMBaETCHA W 3a-
KpyumBaeT HUTH. [0 yriy 3akpyduBa-
HHA MOXXHO OUPEACNHUTL CHIY IPUTH-
siceaua. Jlnsg 3TOrO0 HYXHO TOJBKO
3HATH VIIpyrue csoicTBa HATH. Macch
TeJ] M3BeCTHBI, & pPacCTOAHUE MemXAy
HEeHTPaMH B3aUMOJEHCTBYIOIIUX TeJI /‘30’
MOKHO HENMOCPEeNCTBEHHO H3MEPHUTHh. '00/

N3 stux onbBITOB OBLNIO TMONMYYEHO -
CJIeIVIOIIee 3IHAYEHME JUIA I'paBUTAlM-
OHHOIl MOCTOAHHONI:

G =6,67-101" H - m*/Kr?
Jluine B TOM cJiyuae, Korja B3auMo-
NeHCTBYIOT TeJjd OrpoMHBLIX Mace (MJIM  Puc. 4.3
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Mo KpaiiHed Mepe Macca ofHOro M3 TeJ O4HeHb BeJIMKa), CHJa
TATOTEeHHA gocTuraeTr Donbiuoi sennuubbl. Hanpumep, 3emns
v JIyHa NpUTATHBAOTCA APYTr K Apyry ¢ cunon F = 2 - 102" H,

3aBUMCHMOCTH YCKOPEeHHMs CBODOITHOIO MajIeHNUs Tell OT reo-
rpaduyeckoii urHporsl. OnHa M3 NPUYMH YBENIUYEHMS YCKO-
pesusi cBODOAHOrO NMaJeHUA NIPH MEepPeMenieiuy TOUKH, I'le Ha-
XONUTCH TeJIO, OT JKBATOpa K MOJKCAM, COCTOHT B TOM, YTO
3eMHOI IIap HEeCKOJILKO CILTIOCHYT Y IIOJIIOCOB U PacCTOSHUE
OT LEeHTpa 3eMJIH [0 ee NOBEPXHOCTH Y TOJIIOCOB MeHbllle, YeM
Ha axkpatope. llpyroi, Oonee cyulecTBeHHONM NPHYWHOH ABJIHA-
erTcsi BpallleHHe 3eMJIH.

PaBeHCTBO MHEPTHOM M TrpaBHTamuoHHOU Mmace. CaMbiM
MOpasUTEeNILHBIM CBOMCTBOM I'PDABUTAUMOHHBEIX CHJI SIBIAETCH
TO, 4TO OHH CO0ODLI|a10T BCeM TeJjiaM, He3aBHCHMO OT MX Macc,
0/IHO ¥ TO ke yckopeHue. Yro Owbi BR cxaszain o (gyrbonm-
cTe, Viap KOTOPOTO OJMHAKOBO yCKOpsa 6bl OOBIKHOBEHHBIH
KOMaHbIl MAY U AByXnyuosyio rupio? Kaxpabii ckaxer, 9T0
3TO HEeBO3MOXKHO. A BOT 3eMJIAl HBJIAETCH UMEHHO TAKUM «He-
00biKHOBeHHBIM (hyTHONMCTOM» € TOH TOJBKO pa3HNIElH, YTO
leiCTBHE €€ HA Tella He HOCHUT XapakTepa KpaTKOBPEeMeHHOI'o
yiapa, a IpoJoJIzKAeTCA HelpPephIBHO MHUIJIHADALL JieT.

HeoObIKHOBEHHOE CBOMCTBO MPABMTAIIMOHHEIX CHUJI, KAK MBI
ViK€ TOBOPHUIM, ODBACHSETCHA TeM, YTO 3TH CHUJBI PONOPIHO-
HAJNBHBI MaccaM 0DOMX B3aMMOAEHCTBYIOIHAX Ten. ParT aToT
HE MOKET He BLIBLIBATL YAMBIEHUHA, €CJIM HAJ HUM XOpPOlleHb-
KO 3agyMaTbcfa. Begp mMacca Tesa, KOTOpPas BXOAUT BO BTOPOM
sakoH Herwmowa, onpegensier MHEpPTHLIE CBOIicTBa Tena, T. €.
ero cnocobHOCTE npuHobperTars ONpeleleHHOe YCHKOPeHHe I0J|
JeHMCTBHEeM JaHHOW CHJIbl. JTY MacCcy eCTeCTBEeHHO HA3BaTh
uHepmMoit maccoit 1 ob6O3HAYUTE Yepes m,.

KRazsanoce Obl, KAKOe OTHOILUEHMEe OHA MOMeT HMeTh K CIIO-
cOBHOCTH TeJ NpPUTATUBATL Apyr apyra? Maccy, onpenensio-
IV CHNOCODHOCTEL TeJl IPHTATUBATHCH APYI K JIpYry, clenyer
HA3BaTh 2pasumMayuoOHHol Maccou m,.

H3 mexarsmkun HeroToHa coBceM He cinelyeT, 4TO MHEpTHas
W I'PABUTAIMOHHAS MACCh! OJIMHAKOBLI, T. €. 4YTO

m,=m.. (4.6)

PapencTBo (4.6) aBnsercs HenocpeACTBEHHBIM CHEACTBHEM
u3 onbkiTa. OHO O3HAYAET, YTO MOXXHO IN'OBOPHUTH NPOCTO O MAC-
ce Teja KaK O KOJIMYECTBEHHOM Mepe KaK MHEePTHBIX, TAK U
IPABMTAILMOHHBIX €I0 CBOJMCTB.

3aKOH BCEMHPHOI'O TATOTEHWS ABIASTCHA OOHUM U3 CAMBIX
YVHUBEpCAJbLHBLIX 3aKOHOB npupoabl. OH cnpaBeasine Jiisa Jio-
OBIX TeJ, obnagamIinux MACCOM.
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§ 32 HEPBAJd RKOCMHYECKAA CKOPOCTDb

BrupenuM CKOPOCTB, KOTOPYK HAA0 COODI[UTE MCKYCCT-
BEHHOMY CIYTHHUKY 3eMJIH, 4T0o0b! OH JABUIascH IO KPYroBoil
opbuTe Ha BeicoTe h Ham 3eMiei.

Ha OonplIuxX BBICOTAX BO3AYX CHUIIBHO Pa3peXeH W OKa-
3bIBAET HE3HAYUMTEJIbHOE COITPOTHBJEHUEe ABHIKVIIHMCH B HEM
renam. IlosToMy MOKHO CUMTATB, YTO HA CIYTHMK JIeHCTBY-

€T TONBKO rpaBUTANMOHHAA cuaa F,
HalpaBJIeHHas K IEeHTpy JeMiau 5

(puc. 4.4).
Hq BTOpOMY 3akoHy HewoToHa N

<

ma = F. \
LlenTpocTpeMUTENBHOE YCKOPEHHWE
COYTHMKA  ONPeAeNAeTCs dopmyoi

a= » THE h — BBICOTA COVTHHEA

L'
R+h
Haa noesepxHOCTBIO 3emau. Cuna ke,

JIEHCTBYIOLIAS HA COYTHUK, COINACHO Puc. 4.4
3aKOHY BCEMHPHOIO TATOTEHWSHA OIpe-
. M
nenserca gopmynoit F =G ———, rae M — macca 3eMnu.
(R +h)
IlogcraBus 3Havyenus F ¥ a B ypaBHeHMe IJif BTOpPOroO 3a-
rKoHa HeoTona, nonydmm

_muv? mM

—

R+h T~ (R+h)?’

Orcrona
GM

R+h°

(4.7)

M3 nonyuenno# (popMyJibI CHEAVeT, YTO CKOPOCTH CIIYTHUKA
3@BMCHT OT €ro pacCTOSAHHA OT TOBEPXHOCTH 3eMIM: YeM 0olb-
Ile 3TO PACCTOSIHWE, TeM C MeHbIlIel CKOpoCcThio oH OyneT aBn-
raThCH 110 Kpyrosoil opbute. IlpumevarensHo TO, 4TO 3Ta CKO-
POCTE HE 3aBMCHT OT MAaCChl CNyTHHMKA. SHAYWUT, CIOYVTHUKOM
3eMII MOMKET CTAThL Jiioboe Tesno, ecnu eMy coobmuThL onpeae-
JIeHHYI0 cKopocTh. B wactroctu, npu A =2000 km =2 - 10% m
cropocTek v = 6900 m/c.

MuHuManbHas CKOPOCTh, KOTOPYIO HAaAo coobujures Teny
Ha TMOBEepPXHOCTH 3eMiaHu, YyToObl OHO CTANO COYTHUKOM 3eMJIH,
ABHIKYILMMCA N0 KPYroBou opbute, HasbIiBaeTCH HEepBOM KOC-
MHYECKOH CKOPOCTHIO.

Ilepsy0 KOCMHYECKYI CKOPOCTE Uy, MOMHO HaAUTH 1no (dop-
myne (4.7), ecnu npunsats h = 0:

m:JG%L (4.8)
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Ioacrasue B (popmyay (4.8) spauenme G 4 3HAYEHUA BEJIU-
yud M v R ans 3eMay, MOMHO BBIYVICJIUTE MEPBYID KOCMHYe-
CKVIO CKODOCTH JUJIsI CIIYTHHUKa SeMJIM:

v, = 8 Km/c.

Ecan Takyio CKOpPOCTH COOOHIUTL TeJly B TOPH30HTAJNBHOM
HATPaBJIeHUH V MOBEPXHOCTH SeMJIM, TO IIPHM OTCYTCTBHUM art-
Mocdepsl OHO CTaHeT MCKYCCTBeHHBIM CIYTHHUKOM 3emiu, 00-
pamapInMca BOKDYT Hee N0 KpPyropoi opbure.

Taryo CKOpPOCTh CIYTHHUKEM CmocobOHEI coolIaTh TOMBKO
LOCTATOYHO MOIIHBIE KOCMHWYECKHe paxkeThl. B HacTosIee Bpe-
M#A BOKpYr 3emuin 00pargarOTCH ThICAYH UCKYCCTBEHHBIX CITYT-
HHKOB,

JIroboe Teo MoKeT CTaTh HCKYCCTBEHHBIM COYTHUKOM APY-
roro Tena (mnaseTsl), €c/i¥ COODIUTE €My HeoODXOAUMYI CKO-

POCTh.

§ 33 CUHJA TAXECTHA U BEC. HEBECOMOCTD

W3 paBeHCTBA YCKOpPEHWII, coobImaeMbrx 3emieil BceM Te-
JIaM, BEITEKAET BO3MOMKHOCTH [OHBJIEHUA COCTOAHWUH HEBECO-
MOCTH TIPH CBODOJHOM T&JeHHUU Tesl.

IIpepcragum cebe B3MbiBalolil Beepx camorner. OH ¥ Ha-
XONAIMHECH B HEM JIIOAM W IIpeIMeThl UMeWT OOHY U Ty Xe
ckopocTh. Ecnn 6b1 B HEKOTOPBIMT MOMEHT B3aMMOJIEHCTBHE ca-
MOJIETa ¢ BO3NYXOM ITPEKPATHIIOCH, TO OH ¢aM, JIIJU U BCe
npeaMeTbl BHYTPH Hero Hadanan Obl cBOOOJHO najarh, ABHIa-
SICh C OJIHUM M TE€M K€ YCKOPEHMeM, HAlIPABJIEHHBIM K IeHTPY
3emin., X aeuxkenre npoucxoanso Okl 110 OAMHAKOBBIM TIapa-
oonam (puc. 4.5).

Bot npu aTOM 1 HACTYIIAET COCTOSHME HEBeCOMOCTH: ITafaeT
nuaoT B KabuHe, ¢ TeM Ke YCKOpeHHeM [ajJaloT CTeHbl, TIOJ
u norTonox Kabusel. B peayvineTaTe yenoBek OyaeT cBOOOAHO

NapuThL HAJ [IOJIOM, He OKa3bleas das-

e JeHUS HA OKpY:Kawllue IIpegMeThl.

’ \ MHOrOKpaTHO NpPOAEJEBIBAIH OIBI-

\ Thl, B KOTOPBIX CO3JABAJOCH COCTOfA-

% \ HUe HeBecomocTH. Hanmpumep, camo-

; \ JeT pasroHsercs W, HaA4YMHAs C

p \ HEKOTOpPOro  MOMEHTa, [BHIKeTCH

p \ cTporo o mnapaboJse, TOM, KoOTOpas
, \ Opita OBl B OTCYTCTBHE BO3AyXa.
= B kabmee upum stomM HaOmwpawTCH
- T—_ i HeOOBIKHOBEHHBIC FBJIEHUH: MAATHHEK

7 3amMmEpaeT B OTKIIOHEHHOM II0JI0»Ke-

Puc. 4.5 HMM, BbLILJECHYTafd M3 CTAKAHA BOAA




GonbnioN cdeputeCcKol Kamieil NoBHUCaeT B BO3OVXE H PALOM C
Hell 3acThIBAIOT, OYATO MOABELIEHHLIE HA HEBHAHMBIX HUTHX,
BCE OCTANBHEIE TPeAMeThl He3aBHCHUMO OT MX Macchl 1 JOPMBL.

To e camoe NpPoHUCXoANT ¥ B KabMHE KOCMHYECKOIO KO-
pabnsi npn aBuKeHnu ero mno opbure. Ha Dosbuioil BricOTE
HaJl 3emiiell IIOYTH HeT BO3AyXa, TAK 4TO HE HAZ0 ero Colpo-
TUBJIEHME KOMIeHcHpoBaTe pabotoil geurateneit. Ila u ooner
IJIUTCH HE MHHYTY, 8 MHOTHE CYTKH.

Haxonen,, But 6e3 ocoboro Tpyzna MoMXKeTe camMu TPHBECTU
CBOE TEeJI0 B COCTOAHHE HeBecoMocTH. i 3TOro NOCTATOYHO
HOANPLITHYTE. B TeueHune HeGONMBIIONO MPOMEXYTKA BPEMEHH,
OKa Ha Ballle TeJI0 NeHCTBYET TOJBKO CHUJIa TAXKEeCTH, BhI Oyie-
T€ HAXOAHUTHECH B COCTOSHUMN HEBECOMOCTY COBEPHIEHHO TAK JKe,
KAK KOCMOHABTEI B KOCMWYeCKOM Kopab.ue.

Tenepp mocMOTPHM BHUMATEJBHO, HeM CHJIA THMKECTH OT-
JuYaeTcs OT Beca, U NMOYeMy Bec Teja 1upH ceoboiiHoM naje-
HWUM HCYe3aeT, B TO BpeM§ KaK AeHCTBYIOIAS Ha Hero cuia
THAMKECTH OCTaeTcH.

Custoit TsKeeTH HA3EIBAIOT CHUIY, C KOTOPON 3eMJisl IpHTH-
rHBAET TEJO, HAXOIAIeecs Ha ee NOBEePXHOCTH HWJIH BOMU3N
aTOol nosepxsocTH. Ilon Becom xe B (huaMKe OOBIYHO TIOHM-
MAaT HeUYTO COBceM HMHOe. Becom Tesia HasbIBRAOT CHITY, C KO-
TOPO¥M 3TO TeJI0 HEeHCTBYET HA TIOPU30HTAJBHYIO OIOPY WJN
pacTsruBaer nojisec. Bec He sBngeTcs cUNoOil KAKOI-TO Ccrieli-
hprvecKol TPUPOAbl. ITO HABBAHHE IPHCBOEHO YACTHOMY CJIV-
YA TPOSBJEHUS CUJIbl YIPYTOCTH.

Bec peiicTByeT HeENoCpeACTBEHHO Ha YalIKy MIPYMKUHHBLIX
BECOB M PACTArMBaeT NPYIKUHY; IO AeMCTBUEeM 3TOI CHIIbl 110-
BOPauYMBaETCA KOPOMEICJIO PBMAXHbIX BecoB. [foacHum cka-
3aHHOE IIPOCTHIM MPUMEPOM.

Ilyerts Teno A HaXOmWTCA Ha TOPHM30HTAJbHOM omnope B
(puc. 4.6), xoTopoii MOMKeT CHYUTEL dYaimka secos. Cuny Ts-

—

HecTH oﬁosnaqnm yepeaz F, a cusly NAaBJIEHHUA Tena Ha OTopy
(Bec) — uepes Fl. Mn,i:r,ynh CWJIBbl PEaKIHH ONOPEI Fd paBeH
MOAVJIIO0 Beca F,. Cuna F , HallpaBsJieHa B CTOPOHY, MPOTHBOIIO-

JoxkHy0 Becy F,. Cuna pearunum omo-
PbI IIPMJIOYKEHA HEe K omope, a X HaXonda- A
IeMYyCsa HA Hel Tey.

B 1o Bpemsi kaxk cuna Ttsectu F
obycnoBnena EdMDﬂEHETBHPM TEena c

3emneil, Bec F HOABIAETCA B PE3yJib-
TaTe€ COBCEM [APYyroro B3aHMOJeHCTBHA:
B3aumojelictBus Tena A u omopsl B.
ITosromy Bec obnanaer ocobenHoCTAMH,
CYLIECTBEHHO OTINUYAIOIUMH €ro oT
cunel TAmecTH. BarxHeiimedl ocobeHHO-
CTBIO BECA SIBNAETCH TO, YTO €ro 3Haue-
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HUe 3aBUCHT OT YCKOPEHUHA, C KOTOPBIM JIBHM)XKeTcAa onopa. [lpu
NMepeHeceHn TeJ ¢ MoJIIca HA 3KBATOP HX BeC H3MEeHHAeTCH,
TaK KaK BCJAEACTBHE CYTOYHOI'0 BpalleHHusA 3eMJIM BeChl C TEJIOM
UMEIOT Ha 9KBATOpe LeHTpocTpeMuTensHoe yekopenue. [lo Bro-
pOMY 3aKOHY HMDTOHa ILJIA Teja, HAXOAALIErocA HA SKBaTope,
a3
RE
paBHas Becy Tesa. Orcioga

N, =

umeem mo?R =G S — ', Tme N, — cuna peaknu¥ ONophI,

Ha noJsooce Bec Tena paBeH cwie TaAroredun., OueBmzaHo,
UTO HA MoJwce Bec tesa bBosabiue, yem Ha sksatope. OcrtaHo-
BuMcA Ha Gonee mpoctoMm cnyuae. [IycTs Teno HaxoauTces Ha
HAlIKe NMPYXMHHBIX BECOB B nndre, ABMIKYINEMCS C YCKOPe-

— 3
auem a. CornacHo BTOpOMY 3aKoHy HrioTona ma=F + Fz, rue
m — Macca Teja.

Koopnuratavio oce OY cHuHeremb! oTcueTa, CBA3AHHOH C
3emJiiel, HallpaBUM BEPTHKANBHO BHH3. 3aNnuilieM ypaBHEHHEe
ABUIKEHWUA TeJIa B MPOEKIUM Ha 3Ty och: ma, =F, + F, . Ecin
YCHOPEHHE HANpPaBJIeHO BHU3, TO, BBIDAXKAA IIPOEKIIUU BEKTO-
poB depes uX wmoaynu, nonyudaem ma=F - F,. Taxk kKak
F,=F,, to ma=F — F,. Orciona fcHo, 4uto nuws opu a =0
BEC paBeH CHJIe, C KOTOpPOH TeNno NPUTATHBAETCA K JSeMie
(Fy=F). Econa#0, 0o F\=F — ma=m (g — a). Bec Tena 3a-
BHCHUT OT YCKOPEHHUHA, ¢ KOTOPBIM NBHKETCH Ofopa, | NoABJe-
HHE 3TOr0 YCKOPEHMA SKBHBAJIEHTHO H3MEHEHHWI) YCKODeHWHA
csobopHoro nagenus. Ecnu, Hanpumep, audTt nagaer c¢soboj-
HO, T.e. a=g, 10 F,=m (g - g)=0.

Hacrymnienue y TeJ1 COCTOSHUS HEBECOMOCTH O3HAYAET, YTO
TeJja He JaBAT HA ONOpy M, CJe/IOBATENbLHO, HA HHX HE JeMCT-
BYET CHJIa peaKllMH ONOpbl, OHM JBHIKYTCH TOJBLKO I10J AeHCT-
BHEM CHJIBI NPHTHMXKEHHA K 3eMJie.

1. Cnpasegnue nM 38KOH BCEMMPHOTO TRIOTEHWS JiNRA Ten NpPoOHIBONL-
‘) HOMW (hopmbil

® KakMe cHnbl HaskiBalT LeHTPansHbimm!

: . Kaxoa (bH3IHYECHHH CMBICN FPABHTALUMOHHON NOCTORMHOM!

HTo HazsiBaoT COCTORHMEM HEBECOMOCTM!

Y10 Ha3zsiBaeTCR Becom tenal

Byaer my NapawioTiCT BO BPEeMA NPLDKKA HAXOQHTLCR B COCTORHMH
HeBeCcOMOTTH!
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Cunsr yupyrocts

§ 34 AEDPOPMAILIHA H CHJIBI ¥TTPYTOCTH

CuHapl THAroTennug AeHCTBYIOT Mexxay Teaamu Bcerga. He
HVHO 3a00TUTLCH O TOM, YTODBLI IIPUBECTH 3TH CUJBI B JEHMCT-
BHE, U HeT BO3MOMHOCTY UX YHHUTOMHThH, HX MOXHO TOJLKO
CKOMITEHCHPOBATHL. A BOT CILJILI YIIPYTIOCTH BOIHUKAIOT [TPH Jie-
opManui TEN W UMCYUE3a0T, KOrga OHA OpeKpallaeTcH.

ITop degpopmayueit nmoHuMaoT H3MeHeHue obkbemMa WM
(hopmbr Tena.

Ins Toro uyTobel pasnuyHbIe TeJa NN YacTH OJHOTO U TOTO
IKE TesJa B3aUMOAEHMCTBOBAJIM MOCPENCTBOM CHJI VODPYIOCTH,
HeoOX0o/AMMO ONpefelieHHOe YCNOBMe: Tela AOJI3KHbI ObITh He-
(hOpMHUPOBAHLL.

CHnbl yOpyrocTy BO3HUKAIOT TOMABKO NpH Ae)OpMamuu
TeJ. SHAYEHHA CHJI YIIPYrocTH OOBIYHO ONpeiedsnTcH 3HaYe-
HUAMH 3THX AedopMariiii.

Hns roro 4Tobbl pe3MHOBLIN UTHYP WIW NIPY>KKUHA AelCTBO-
Ba/I € HEKOTOpOill CcHUJIOM HA BAILUM DPYKH, 3TH TeJa HYMXHO
[IPEABAPHTENLHO PACTAHYTH, T. €. gehopmuposats (puc. 4.7).
Yrobwl ynpyras cerka Daryra noubpocuna akpobara, ee HYMX-
HO OpefBaputTenbHo nporayTe (puce. 4.8). Taxkoit nporub
BOZHUKAET NPH IPbiXKKe Ha CeTKY ¢ HEeKOoTOpoW BuicOTHI. 1Ipn
HCUYE3HOBEHMH JlehopMalMi OJHOBPEMEHHO HMCYE3alT M CHJIIbI
YIPYTOCTH.

IIpy noubiTKe M3MeHMTH 00beM WM (HOPMY TBEPABIX TeN
BO3HHKAaOT CHJBlI VIIPYTIoCTH, NPENATCTBYIOUMe nedopMalnun.

HRuaxoern QopMy He COXpaHAKT. Bbl MOMXKeTe NepenuTsb
BOALY M3 rpapuHa B cTaKaH, ¥ 3TO He
BEIBOBET TOABJIEHUN CHJ YOPYTOCTH,

IlonpobyiiTe cxars MHHUIAKOCTH XOTH
OBl BHYTPH BEIOCHTEIHOTO HACOCA HJIH
npocro 8 byrhinke. Cuna yrnpyrocrm He
3aMenaInT crKasarbcH. TouHO Tar xe
CHJIA YIPYIOCTH HOARJIHAETCH 11IpH CHa-
THHI B HACOCE BO3JYXH.

Hrak, cunbkl ynpyroetu BO3HMKAaIOT
BCErZd NpPH IONBLITKE H3MEHUTH 00'beMm
M (opmy TBEpAOro Tena, nNpM Mame-
HeHHI 00beMa HAKOCTH, & TAKKEe npn
CHATHH rA3Aa.
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= Hedgopmanmus  Tela  BO3HHKAET
W—.. NUINELE B TOM cCJay4Yae, KOrjga pasimd-
T Hble ©HacTH TeJla COoBepllawT paa-
| AuuHBIe nepemeilenus. Hanpumep,
Puc. 4.9 KOTAAa Bbl pacTATHBaeTe pPe3MHOBLIN
LIHYP, PAa3JIMYHbIe YacTH LIIHYpa nepe-
MEINEaI0TCH Ha pasjiMyHble paccToAHus. Bojsille Bcero cmena-

IOTCH Kpas, a cepelMHa BooDIe ocTaeTcs Ha MecTe.
PaccMoTpuM NpY’KHMHY, HAXOOALYIOCH HA WAEANTbHO IJaj-

-

KoM ctTose. Iloa melicTBuem BHelnHel cuabl F' npyrxknHa, obna-
naplas Maccoi, OKasblBaeTCs pacTAHYTOH HeoAMHAKOBO TIO
nnvHe. Bonbire 6yayT pacTAHYTHI T€ Y4YacTKH, KOTOpPble pac-

NOJIOXKeHB! OJINIKe K MecTy, e npuioxena cuna F (puc. 4.9).
Bens 3nech cuna ynpyrocTH KpaliHero npaBoro y4acTka IIpy-
JKMHBEI JOJIKHA COODIOHATE yCKOPEHHEe BCeU CHCTeMe: Tely U
MIPY:KHHE, a CHIla VIIPYrocTu BOJIM3W IPOTHBOIOJOMKHOTO (Je-
BOro) KOHIA cooflljaeT TO JKe caMoe YCKOpPEeHHe JHIObL Tewy.
Ecnu maccoit mpy:XUHB MOMXHO npeHebGpeus (T. e. ecau oHA
MaJa IO CpaBHEHWIO C Maccoil Tena), TO AedopMalusa BcexX
VYacTKOB TNpPY»KHUHBI OyaeT oamHakoBa. ToYHO Tak e npu
TOPMO¥¥eHUH OBICTPO ABUIKYILNErocs Teja ¢ MOMOILLbI0O CHIIbI,
IPUIOKEHHON K OJHOMY M3 YYACTKOB IIOBEPXHOCTH TEJa, BO3-
HMKawT pedopManum ¥ cHlIa ynpyrocru. Tak, nmpu nane-
HMM M#A4Ya Ha NOJI HMXXHHE VYACTKH MSYA NMPH CTOJKHOBEHHMH
C JKEeCTKMM I[10JIOM Pe3K0 TOPMO3ATCH, a BEpPXHHEe B IEepPBBLIH
MOMEHT NpPDOOOJIXAKT N0 HHEPIHHM ABHIraThCH BIIEepen. B pe-
3VJABTATE M#AY CIUIIOIIMBAETCH M BO3SHMKAKOT CHIBl YIOPYIo-
CTH, OCTaHaBJMBawiIiue Beck mad. [lowsTHO, YyTOo nedopma-
IUA W CHUABI yopyrocta Oyayt 60AbIIHMMH B HHIKHEH YacTu
MAYa,

B ornnumpe oT CcHMA TANOTEHMA, AEHCTBYIOLLMX MEXIy Te-
JJaMHA Bcerja, AJs BOZHUKHOBEHHS CHJ yIPYrocTH Heobxonu-
MO ONpejeNieHHOe YCJAOBHE: Tesja NOJXHEI ObIThk AeopMUDO-
BaHBI.

§ 35 3AKOH TI'YKA

I[Ipn mansix gepopManufAax CBA3L CHUIB YIPYTOCTH TeJa
¢ ero aedopmaumneir npocta. OHa OGbLIA OTKPBITA KCIIEPHMEH-
TANBHO aHIMHHCKHMM (pusuxom Pobeprom I'ykom, coBpemMeHHH-
KoM HeoToHA.

Vnpyzolu naswiBaercs pedopMailis, IpH KOTOPOMH TEIO BOC-
CTEHABJMWBAET CBOH MEPBOHAYANBLHBIE pazmepsl 1 GopMy, Kak
TOJIBKO MpeKpalgaeTcss AeHCTBHEe CHJIILI, BbIZBABLUEU 3Ty Je-
hopmallio.
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3arkor I'yrka nnsa ynpyroit pedop-
Mallu¥ pPacTHAMEHHUA HEeTPYAHO YycCTa-
HOBHTB, Habnwgas pacrsiKeHue pe-
3MHOBOrO IIIHYpa IOJ AeHCTBHEM
MIPHIOMEHHOH K ero KOHILY CHJIBI,

Ilyers pAsMHA 1IHYpPA © MOJABe-
IUEHHON K HeMy dHalllkoil pasHa [
(puc. 4.10, a). Koopaunatayio oce X
HAINIPDABUM B0JB LIHYPa BEPTHKAIE-
HO BHU3. Havano orcuera Buibepem Ha
VPOBHE HMIKHEro KOHIla HIHYypa, Korga
OH HaXOAUTCH B HAYaJIbLHOM COCTOH- ! ”

Hvu. Ilop peiicTBHEM IIPHIIOMKEHHOMN X0 YF
K IOHYPY CWJIBI, PaABHOM Becy 4Yalll-
KM C HaXONALIMMHCA Ha Hell I'Upb- a) 6)

KaMH, ero JJIMHa CTaHeT paBHO [,

a KOOPAWMHATA HMXKHEro KOHIa LiHy- Pwc 4.10

pa npumMeTr sHadenue x (pmc. 4.10, 6).

Ilpm aToM cHia YyOPYyrocTH pPacTAHYTOrO ILIHYPa YPABHOBEILW-

BaeT CUNY THMECTH, AEHCTBYIOUIYIO HA YAaIOKy C IHPBKaMM.
ObosrauyM yaJauHeHMe IIHypa yeped Al:

Al=1-1;=x. (4.9)

Mensigs 4uCn0 rUpeK, MOMKHO 3aMETHTh, YTO CHJA yOpy-
roCTH NPAMO NPONOPLHOHANLHA W3MEHEeHWI0 JIMHBLI IIHYPAa.
B stom u cocrout 3akorn I'yka. O Gopmyaupyercs Tak:

Ilpu ynpyzoui degpopmayuu pacmarxenun (Uiuw cixica-
musa) yonuHenue mena npPpamo NPoOnoOPYUULOHANLLHO NPU-
JOHCEHHOU Ccune.

3akoH I'vKa 3anucBIBAIOT CJeOVIOIIUM 00pas3om:

F=Fk|Al|=F]|x| (4.10)

KoaddpriiueHT OPOnopriHoHalibHOCTH £ Ha3LIBAKT KO3(h-
(PHITHeHTOM YTIPYTOCTH WJIH JKeCTKOCThIO. YUUWThIBasd, 4TO KO-
OpAMHATA X U MPOLKIHSA CHJIBI VIIPYTOCTH Je(hOPMHUPOBAHHOTO
Tena F, Ha och X MMEIOT NMPOTHBOIOJIOIKHBIE 3HAKH, MOMHO
TaKe 3anucaThb:

F_=-kx. (4.11)

X

ITa 3aKOHOMEPHOCTH XOPOILIO BBITIOJHAETCH TOJLKO HpH
VOPYrux aedOpManmAaXx, IpPH KOTOPBIX VAJHHEHHe X TeJa
Mano. OHa Habmwoaaercs Npu PacTHAIKEHHUHM CTepP¥HeM U3 crTa-
J¥, YYryHa, ajJiOMHUHNHA U IPYIUX TBEPALIX VIIPYTHX Temn, 3a-
Kony I'vka nogumuHsiercsa Takike aedopMalus yIpyroi npy-
KUHBI.

Ha pucynxke 4.11 moxasaHa 3aBUCHMOCTL MOAVIS CHJIbI
yupyroct ae(popMHpPOBAHHOIO TeJia OT 3HadYeHus ero abco-
JoTHOU pedopmanuu | x|, a Ha pucyHke 4.12 — 3aBHCUMOCTL
Npoeknuu Ccuibl ynpyroctu F, Toro ke Tena or Xx.
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Puc. 4.11 Puc. 4.12

3akoH I'yka Xopollo BhINOJHSAETCA TOJBKO NPpH YVIOPYTHX
neopManMaAX, IpH KOTOpbix x mano. lIpu nansHeiuiem yse-
IUdYeHUn AedopMany HM3MEHeHHe [IJUHLI Teja IepecTaer
OBITH NPAMO ITPONOPLMOHANBLHLIM NMPUJIOKEHHOH CHJIe, a Npu
oueHb OONBINUX fedOopMAallMAX TEJI0 paspyliaeTcs.

1. NpM KaKom YCNOBMM NOMBNSIOTCA CHAbI YAPYrocTh?
‘? 2. Ob6usicHuTE, NOMEMY NPMMEHEHKE PECCOP YMEHLLUAST TPACKY aB-
® Tomobuns.

3. Npu KaKmx ycnoessix BeiNonHReTcA 3axod lNywa!

Cuasr Tpenusn

§ 36 POJIb CHJI TPEHHA

Eille oilMH BMJ CHJ, C KOTOPBIMH WMEKT JeJi0 B MEXaHH-
Ke, — 3TO CHMJIbl TPEHHHA. ITH CHJIbI AeHCTBYIOT BAOJIb MOBEPX-
HOCTH TeJl TIPH WX HEIOCPEeNCTBEHHOM COMPUKOCHOBEHUH.

Cunbl TpeHMA BO BCEX CAVYASX NPENSATCTEYVIOT OTHOCUTENb-
HOMY JBIJKEHHI cOonpHKacawmuxcs tey. [Ip HeKoTOphIX
VCIOBHUAX CHUJIBI TPEeHHUSA [AEJAal0T 3TO ABHI)KEeHUEe HeBO3MOIK-
HbIM. OIHAKO CHUNBI TPEHUS He TONBKO TOPMO3AT [BMIMKEHUe
Ten. B paje nmpakTHYeCKH BaX{HbIX CJIY4YaeB JBMIKeHHe Tena
He MOTJI0 OBl BOZHUKHYTHL 0e3 [eHCTBUSA CHUNI TPEHMA.

3HadYeHUEe CUJI TPEeHUs MOXKHO TpOoCcjeAuTh Ha IpuMepe

—=
nBumyinerocsa apromobuns (puc. 4.13). Cuna rtpenus F,, nei-
CTBYIOILIAHA CO CTOPOHBI MOBEPXHOCTH 3€MJIH Ha BEJOMBIE KOJe-

ca, M CHUJa CONPOTHUBIEHUN BO3JAyXa

F, uwanpapjieHbl Ha3aJ ¥ CHOCODHEI
TOJIBKO  3aTOPMO3WTH  JIBHIKEHHeE,
EavHceTBEeHHOH BHelIHel cusofi, cro-
coBHOM YBE/HUYUTH CKOPOCTH ABTOMO-

6unsi, ABIAeTCA cuna TpeHus F,
NeMCTBYIOLIAsA HA BeAylue Kojeca.




Ecnit 6b1 He ObLTO 3TOH cunbl, aBToMobuns Oykcosan Ow1 HA
MecTe, HeECMOTPA Ha BPAalleHHe BeAVIIHX KOJec.

Towno Taxk »e cina TpeHUA, AEMCTBYIOLAA HA CTYIHHA HOT,
coobriaeT HalnemMy Teny yckopexnue, neobxoazumoe ansa Toro,
yToObLl HAYATH JBMIKEHWEe MW OCTAHOBUTHLCH.

Pabora apurartesis, NpUBOAAINEro BO BpalljeHHEe Beayilue
KOJIeca, W YCHJIUA MBI HOI BRIBEIBAKOT NOSBJIEHUE CUJI Tpe-
HUS.

IlpeusitcTBY s NPOCKANBL3LIBAHMIO, CHJIA TPEHUHA COBEpILIAeT
IMOJIC3HOE [eJo, YCKOPHSs MaluuHey uian Hame coberBeHHOE
Teno. Ho 6e3 yeunnsa co CTOPOHbLI ABUIaTENA HJIM MBIIIL HOT
VBEJIHUYOHHE CKOPOCTU 3a CUeT CHUJIbl TPEHUA HEeBO3MOMHIHO.

Takum obpasoM, ¢ 0OAHOMH CTOPOHBI, HY}KHO IIPUHUMATE BCe
Mepbl K YVMEHBILIEHHIO CHJ TPeHUA, NPenATCTBYIOUHX JBHIKe-
HUIO, CMa3blBafd TPYLIMECH YACTH ABUraTesis M npHUjaBas mMa-
muuHe (popmy, IIpH KOTOPOH COONPOTHBJIEHHE BO3[AyXa MHWHH-
ManesHO, & € JAPYrod CTOPOHBl, NNPUXOAMTCH YBEJIWYUBATH
rnoJjiesHoe TpeHue, rocelnas, K nNpuMepy, A0pory necKkoM B ro-
Jonen.

Cunpl TpeHUs 3aBUCHT OT COCTOHHNMS TPYIIHXCH TBEDALIX
NOBEPXHOCTEH, a4 NPH ABHMEHHH TBEePAOTrO TeJNa B BOLE WIH
BO3/IyX€ — OT OTHOCHTEJILHOH CKOPOCTH JABHUMKEHUHA, OT pasme-
poB 1 (hOopMBbI 3TOTO TeJA.

Tpeuie — spneHue, CONMPOBOXKAAIOILEE HAC Be3/e U MOBCIO-
Ay. B ojuux cinyyasix oHO 10JIE3HO, M MBI BCAYECKM cTapa-
eMCH ero ypemuunTbk. B ApyrHxX — BpeaHO, ¥ MBI BeleM ¢ HHUM
bopuOy.

1. Nocmortpure sokpyr cebs. BuamTe NM Bl NONE3HOe leHCTBME CHN
Tpekual

3avem Ha rybGxax TMcHoB M nnockorybues paenaoT Haceuxm!

. Ans yero Ha aBTOMOOHNEHBEIX LUHHAX AEenaOT penbedHbIH PUCYHOK

(nporexTop)!

CH.JbI TPEHHS MEMRY
§37 COINPHEKACAIOINIMMHCH INNOBEPXHOCTAMMH
TBEPJ/IbIX TEJ]

CHauaya Mbl OCTAHOBUMCSH HA TAK Ha3blBAEMOM CYXOM Tpe-
HUM, T. €. TPEHUH MEeHAY TOBEPXHOCTAMY CONPHKACAIIIHXCH
TBepALIX TeJ,

Tpenue norosn. ITonpobyiiTe cABHHYTH MaNbIleM JIEHKAIIYIO
Ha ctone TosicTtyio KHUTY. KHUra Oyier ocraBaThCd Ha MECTe
N0 Tex nop, HOK&a JIeHCTBYOIAA Ha Hee cHJia He JIOCTHUTHeT
onpepeneHHoOro aHadeHus. WarT 3TOT COBEPUIEHHO NPHBBLIY-
Hbili, HO, PCJTH BAYMATHCH, JOCTATOYHO CTPAHHEIN W HEIIOHAT-
HEBIIA.
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F Beas uro 970 3HaunT? BB nprmnoicn-
— JIM K KHHIe HEeKOTOPYVK CHNYy, HAIpas-

‘F’.‘ NEHHYIO, CKaj)KeM, BJAOJbL NOBEPXHOCTH
™ cTONa, A KHHUra OCTaeTCA B ITI0KOe.
Puc. 4.14 CrnenmoBaTeslbHO, MeKIV KHHMIOH M I10-

BEPXHOCTBLIO CTOJIa BO3HHKaeT CHAIa, Ha-
npaBJieHHad IMPOTHB TOH CHJIBI, ¢ KOTOpOIl Bbl AeiicTByeTe Ha
KHUI'Y, H B TOYHOCTH paBHaf el no moayiaiw. Brl ¢ bonkiuei cu-
JIOM TOJIKaeTe KHUI'Y, HO OHA NOo-NpeXXHeMy OCTaeTCH Ha MecTe,

—=

3HauuT, ¥ cusa F TpeHus HacTONBKO Ke BO3pacTaerT.

Cuny TpeHus, AeHCTBYIOLIVIO MEXAY ABYMS TejamMu, He-
MOABMKHBIMH OTHOCHTENBLHO OPYr APYra, HAa3bIBAKT CHJIOH
TPEHMA NMOKOA.

>
Ecnu na teno peiicreyer cuna F, napajnenbHasi OBepPXHO-
CTH, HA KOTOPOIl OHO HAXOJAMTCH M TeJ0O NPH 3TOM OCTAETCA He-
MOABHMM¥HBIM, TO 3TO O3HAYAET, YTO HA HEro JIEHUCTBYeT CUIa Tpe-
HEAA NOKoA F, paBHAA N0 MOJAYJIIO M HAIIDABJIEHHAA B IIPOTHBO-

NOJIOMKHYIO cTOpoHY cune F (puc. 4.14). CneposarenbHO, cUa
TPeHWUs TIOKOA OIpefenfAeTcA AeHCTBYIOIel Ha Hero CHJIoH

— —

I

Huadye roBops, Korja yCKOPEHME Tena pPaBHO HYII0, Cuia
TPEeHHs paBHa TO MOAYJIO M MNPOTHBOIMNOJOXXHA MO Hampaslie-
HUIO TOI cuJie, KOTOpasi HApAAY C TPeHUeM JeHcTByeT Ha Teno
IapajieylbHO IMOBEPXHOCTH €ro CONPHKOCHOBEHHHA ¢ IPYIHUM Te-
oM. Ecnm mapannenbHO 9TOM MNOBEPXHOCTH APYrHe CHAJbl HE
AefCcTBYIOT, TO TPeHHe NoKosi OyaeT paBHO HYJIIO.

Haunbonsimee 3aavenye CHIIBI TPEHUAA, TPH KOTOPOM CKOJIbL-
JKEHME elle He HACTYITAeT, HA3LIBAeTCHA MaKCHMAaJbLHOMH CHIION
TPeHUs NOKOoA. Eciu nelcTByOIaa HA MOKOAIIEeeCcs TeJo CUIa
X0TsA OBl HEMHOI'O NPEBLICHT MAKCHMMAJBHYIO CUJY TPEHMSH I10-
KOfi, TO TEeJI0 HAYHET CKOJL3UTh.

Jlnsa onpeseneHua MaKCHMaJbHOM CHJILl TPEHHA TMOKOA Cy-
IL[eCTBYET BeChbMa MpOCTOM, HO He O4YeHb TOUHEIN KOJUUYECTBEH-
HbIM 3aKoH. Harpyaum 6pycok rupein (puc. 4.19) Toro »<e Beca,

-

4To 1 cam bpycok. Ilpn arom cuna F,, ¢ KoTopoit Opycox aencr-
BYET Ha CTOJ TEePNEeHANKYJISPHO NOBEePXHOCTH CTOJA, YBEJIH-

ynTcA B 2 pasa. Ho cuna F, cornacuo

bR, TpeTheMy 3axkodHy HbloToHa pasHa no
o MOAYJI) M INPOTHBONOJOMHA IO Ha-
F NPABJEHUK CHIe HOPMalbHOH peak-

L = Y]
-z 1 vy onops! N,, peicraywolneit Ha 6py-
P E COK €O CTOpPOHEI ctona. CrenoBaTesb-
™ -
HO, ¥ cuna N, yeenuuuTcsa B 2 pa3sa.
Ecnu Mbl Terreps CHOBA U3MEPHM MaK-
Puc. 4.15 CUMAJBHYIO CHJIY TPEHUs MOKOA, TO
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YBHUJIUM, HTO OHa YVBeJIHUYMIaChk BO CTOJIBKO pa3, BO CKOJIBKO pas3
=

yBenuuunacek cuna N,, T. e. B 2 pasa.

Harpymxasa OpyCcOK pas/UYHBIMH THPAMH H M3MEpHA Ka-
ABIM pa3 MakCUMANLHYK) CHIY TPEHHMS NOKOHA, MbI ybeammces
B TOM, UYTO MAKCUMANLbLHOE 3HAYEHUE MOJYNA CUNBL mpe-
HUA TLOKOA NPONOPYUOHALLHO MOOYAF0 CULBL HOPMALb-
HOU peaxyuu onopsvi. ITOT 3aK0OH BlEpBbLIe YCTAHOBHI JKC-
MmepuMeHTaNnbHO (hpaHnysckull ¢gusuxk Kynosn.

Ecnu oboanaunTs MOAYIH MAKCHMAJBLHOM CHJILI TPEHHSA
noKos 4yepes F TO MOMXHO 3AITHCATH:

F‘rp-:uﬂxc = ”F2? (4‘12}

rae | — roa@PUIIHeHT OPONOPIHOHANLHOCTH, Ha3bBIBAEMbI
koadhdunueHToM TpeHusa noxod. KosdduOHeHT TpeHHs Xa-
paxTepundyeT obe TpylujHecs NOBEPXHOCTH M 3aBUCHUT HE TOJb-
KO OT MaTepuana 9THX IOBEPXHOCTEeH, HO M OT KAYecTBa MX
obpaborkn. KoshduinumeaT TpeHHS ONpeieasierca JIKCIepH-
MEHTAJILHO.

Or nnomany CONMPHMKOCHOBEHHMA TeJl MaAKCHMAaJbHAfA CHJA
TPEHUA NOKOA He 3aBMcHT. Ecnu monoxurek OPYCOK HA MeHb-
Uty rpass, to F_ ... He H3MEHHTCSH.

Curna TpeHHUSA TOKOA MEHAETCS B IIpeAeiaX OT HYJIs [0
MaKCUMAJIBLHOrO 3HAYEHUA, PABHOrO UF,. 3a CYET 4ero MOKeT
MPOMCXOAUTE U3MEHEHHE CHIIbl TPeHudA?

Heno 3pecs BoT B yeMm. Ilpu meiicTBMH HA TeJI0 HEKOTOPO#

Tp.-MAKC?

il
cunel F oHO cierka (HesaMeTHO 1A rJjiasa) CMeLlaeTcs, M 3TO
cMeNeHHe TIPOAOJIKAeTCA N0 TeX I[0p, [N0Ka MHKPOCKOIHYe-
CKHe IIIePOXOBATOCTH IIOBEPXHOCTEH He pacIIOJIOMATCH OTHOCH-
TeJbHO APYT APYyra Tak, 4To, 3alell/IAfAch OJHA 3a JApyryio, OHH

e

NPUBEAYT K NMOABJEHWIO CHNIbi, YPABHOBELIMBawIeid cuny F.
S

Ilpn yBenmuennu cuabl F Teno ONATH YyTh-9yTh CABMHETCH
TAK, YTO MeJbYaillife HEepPOBHOCTM IIOBEPXHOCTEH IIO-MHOMY
OyayT LennsThcH APYT 3a Apyra, M CHJia TPEHUs BO3PacTeT.
W nmuwe npu F > F_ . HY DX KAKOM B3aHMHOM DACIIOJIOXNKe-
HMM IIEePOXOBATOCTEN MOBEPXHOCTH CHJIA TPEHHS HE B COCTOSA-

HUH YpaBHOBECUTHL cuay F, ¥ HaYHETCH CKOJBIKEHUE.

ITpn xonnbe 1 Dere Ha MONOIUBEI HOI' IEHCTBYET CILJIA Tpe-
HHUA MOKOS, €CJIU TOJLKO HOT'M HE CKOJIB3AT. Takasa e cuJa
AeMCTBYeT Ha Beayviiue KoJeca asromobuns. Ha Begombele Ko-
Jjleca TakiKe JeHCTBYEeT CHJIa TPEeHHMSA TOKOfA, HO VIKEe TOPMO3f-
[jasi JABHIKEHMEe, IIPpUYeM 3Ta CHJIA SHAYUTEIBHO MeHBIIe
CUJIBI, ZEMCTBYIOILEN Ha Beayinue Koneca (MHAYe aBTOMOOHJIIB
He cMor Obl TPOHYTBCH C MeCTa).

B nmaBHee BpeMsi, KOrJa He OYE€HB XOPOIUQ NPEACTABJAIN
cefe cnocoOOHOCTE CHJIBI TPEHMSA TOKOSA NMPUHHMMATE PA3JIMUHBIE
3HAYEHUHA, COMHEBAJIHCh, YTO TIAPOBO3 CMOXKET eXaTk 1o IJaj-
KuM penscaMm. Jlymanu, 4To TpeHHEe, TOPMO3AIEe BeJOMBIe KO-
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Foob neca, OyaeT paBHO CHJIe TPEHHUSA, AEHCT-
BYIOIIe Ha Beayuue xoneca. IIpemna-
J rajgy [gake J[Jenarth Beayiiue Kojeca
3y6uaThiMU U NPOKJIAALIBATL JJIA HHUX

crieHajibHBle 3ybuaThie pesbehl.

Tpenue croawkennn. llpy ckonb-
0 MEHUHM CHJIa TPEeHUA 3aBUCHUT HE TOJIb-

KO OT COCTOAHHS TPYIIUXCH MOBEPXHO-
Prc. 4.16 creit, HO U OT OTHOCHUTENbHOH CKOPOCTHU

JBHMIKEHHMA TeJ, OPHYEeM 23Ta 3aBHCH-
MOCTB OT CKOPOCTH SBJIAETCH HAOBOJNLHO ClOXHOK. OnbeIT noxa-
3bIBAGT, YTO YacTO (XOTHA ¥ He Beeraa) B caMOM HAa4alle CKOJb-
JKeHHUS, KOTJa OTHOCHMTE/BLHas CKOPOCTH €llje MaJja, CHJIa Tpe-
HHSA CTAHOBUTCH HECKOJBKO MEHbINEe MAKCHMAaIbHOH CHIbI
TpeHus NnokoA. JIuiae 3atTeM, 0 Mepe yBeJNUYEeHHsl CKOPOCTH,
OHA pacTeT U HAYHMHAeT HpeBocxomanTb F. ...

Bel, BeposaTHO, 3aMedaNH, Y4TO THMKEJLIH INpegMeT, HanpH-
Mep HAIMK, TPYAHO CABHUHYTHL C MECTa, & IMOTOM ABHUIATH €rO0
CTAHOBUTCH Jerye. ITO KaK pa3 ¥ o0bACHAETCA VMEHBIIIEHHEM
CHJIBI TPEHHMA NPH TOABJIEHHHM CKOJBLXKEHHUS ¢ MaJoil CKOpo-
CThIO.

S3aBHCUMOCTL MOAVASA CHIEI TPEHHS CKONBXXEHHS OT MOIY-
JIfi OTHOCHTEJILHOII CKOPOCTH TeJl NoKazaHa Ha pucyHke 4.16.
Ilpn He caumIKoM DONMBUIMX OTHOCUMTENBHBIX CKOPOCTSX IBH-
SJKeHHH CHJIa TPeHHA CKONBMEHNA MAJIO OTJIHYaeTcHd OT MaKcH-
MaJbHOW CHJIbl TpeHHuA nokos. Ilosromy npubiuiKeHHO MOMK-
HO CUYMTATH €€ IMOCTOAHHOI ¥ PaBHOI MaKCHUMAJBHOMH CHJIe
TPEHUHA TIOKOA:

=y

F‘rp - F‘l‘p.!dﬂ.h’l;‘ = uN'

Baxxuas ocobeHHOCTE CHIBI TPEHUST CKOJBLMEHHUA COCTOUT
B TOM, 4MTO OHA BCErja HaIpaBJeHa IPOTHBOIMIOJIOMHO OTHOCH-
TENBHON CKOPOCTH COIMPHKACAIOIIHUXCSH TeJ.

Cuny TpeHHsA CKOJBMKEHWS MOMHO YMEHBIIMTH BO MHOTO
pas ¢ MOMOIIbLI0 CMA3KKM — Yallle BCero TOHKOIO CJIOS JKHIKO-
cTH (OOBIYHO TOrO MJIH MHOrO COpPTa MHHEPAJLHOIO Macna) —
MEeXAY TPYLIMMUCH NOBEPXHOCTAMH. TpeHHe MeXXIy CIOAMH
SKHUAKOCTH, NPUJIETaIIMMHA K TBEPALIM IIOBEPXHOCTAM, 3Ha-
YUTEJIbHO MEHBIE, YeM MEeIKAY CYXHMH nmoBepxHocTami. Hu
OJlHA COBpeMeHHas MAILIMHA, HAITpUMEp ABHUTATEeNh aBTOMOOH-
Jifl WM TPpakKTopa, He MoxeT paborars Oe3 cmasku. Cneuynanb-
Hafd CHCTeMa CMa3KH NpeaycMaTpUBAeTCs NP KOHCTPYHUPOBA-
HUU BCEX MAIIWH.

Cuna TpeHMHA 3aBUCHUT OT OTHOCHTENBLHOM CKOPOCTH JIBM-

WeHusA Tesi. B 2TOM ee riaBHOe OTJAHYME OT CHJI TATNOTEHHSA
W YIPYrocTH, 3aBHCHAIMX TONEKO OT PACCTOAHWIA.
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§ 38 CHJIbI COITPOTHUBJEHHSA 1IPH IBHMKEHHH
TBEPJBIX TEJI B dXHIAKOCTAX H TA3AX

IIpu aBUXKEeHUH TBEpPAOTO Tena B KUAKOCTH UK rase Ha
Hero OeuCcTBYeT CHNa COIPOTHBRIEHMUS cpelbl. JTa CUJIa Ha-
IPABJIEHA MPOTHB CKOPOCTH TeJIa OTHOCHUTENBHO Cpellbl U TOP-
MO3HUT OBHKEHHE.

T'nasnas ocobeHHOCTE CHIIBI CONPOTHBIEHHA COCTOMT B TOM,
YTO OHA NOABINAETCH TOJNBKO NPH HANWYUH OTHOCHTEJIBHOTO
JIBMIKEHHUSA TeJla W OKpyxKawineil epegnsi. Cua TpeHis HNOKOHA
B JXHIKOCTSAX M rasax MNOJIHOCTBIO OTCYTCTBYET.

3T0 NPUBOJUT K TOMY, YTO VCHUIMEM PYK MOXXHO CABUHYTEH
TSMKEJIoe TeJio, HanpuMep InaBalinylo Oap:ky, B TO BpeMs
KaK CABHHYTH C MECTa, CKa)kem, Hoes3j] yCUJIHeM PYK IPOCTO
HEBO3MOXHO.

Hnu eme Gonee npocroii upumep. llnasaroniuil gepeBdAH-
HbI¥ OpYyCOK cpasdy e MpuHIeT B ABMIKeHMHe, eCIH Ha Hero
cilerka noayTtek. A nonpobyiiTe caBu- 7
HYTE TOT JXe OpyCcORK cTpyell BO3nyxa, |
eCJI OH JIeXHMT Ha CTOoJe.

Moayas cusnbl conpotuBnesns F_ 3a-
BMCHT OT pasMepoB, (hopMbl M COCTOHA-
HHA [IOBEPXHOCTU Teja, CBOMCTEB CpeJbl
(xuIKoOCTH MM TAa3a), B KOTOpPOM TeJjo
ABHXKETCH, U, HAKOHEIL], OT OTHOCHTE b- ¢
HOI CKOPOCTH JIBUIKEHUS TeJNa U cpeibli. Puc. 4.17

IlpyuMepHBIN XapakTep 3aBHCHUMOCTH
MOJIVJIA CHJIBI COIIPOTHBJIEHUA OT MOAYJISA OTHOCHUTENbHOMH CKO-
pocTH Tesna nokaszadn Ha pucyHke 4.17. Ilpm orHOCHTENBHOH
CKOPOCTH, PaBHOH HYJIIO, CHJa CONMPOTHBIIEHUA He HelCcTBYyeT
Ha Teno (F,=0). C yBenuuyenuem OTHOCHUTEJILHOH CHKOPOCTH
CHJIa COIPOTHRJIEHUs CHAYAJIA pacTeT MeAJIEHHO, a 3aTeM Bce
oricTpee ¥ ObicTpee. [Ipy ManbIX CKOPOCTAX ABHMKEHUH CHJILY
COIIPOTHBJEHHA MOYHO CUYWUTATh NPAMO NPONOPLMOHAILHOU
CKOpPOCTH JIBMIKEHHSA TeJa OTHOCMTENILHO CpeAbl:

F, = kv, (4.13)

roe k;, — xoaHUL¥EHT CONPOTHUBICHUA, 3aBHCALIMI OT
(opmbl, pasMepoB, COCTOSHMA MNOBEPXHOCTHU TeJla M CBOHCTB
cpenbl — €€ BA3SKOCTH. BeruucnuTs Koadpunuent k, TeoperTu-
YeCcKH OJH TeN CKOJBKO-HHOYAbL CHOMXKHON (PopMbI HE INpe]-
CTABJIAETCH BO3MOMHBIM, €ro ONpPefAendlOT ONBITHBLIM IIYTEM.
ITpu GoNBIINX CKOPOCTAX OTHOCUTENBHOIO ABUMEHHUS CHIA
COMMPOTHUBIIEHUS NPOINOPIHOHAJILHA KBagpaTy CKODPOCTH:

ey

F_ = Ek,0?, (4.14)
rge k, — koa(PUIMEHT CONPOTHBIEHWUS, OTJIIMYHBLIH OT k.
Kaxasa u3 ¢opmyn — (4.13) wim (4.14) — roaurcs ans

HCOOJIL30BAHKMSA B KOHKDETHOM Cly4yae, OIpelesieTcs ONbLIT-
HBIM TIVTEM.
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OcHOBHEIME OCODEHHOCTAMM CHIJIBL! COMPOTHBJIEHWUS, AEHCT-
BYIOIIIell Ha Teno, ABIAKTCA: 1) OoTCYyTCTBHE CHIBLI TPEHUHA
IIOKOfA; 2) 3aBHCHMOCTh OT OTHOCHTENLHOM CKOPOCTH [OBH-
IKEeHHUHA.

NpM HaKMX YCNOBMAX NOKBNAIOTCH CHNAbLI TpeHMs!

Or yero 3asHCRT MOJYNL M HanpaeneHude Cunbl TpeHus nowos!
B MaMMx npepenax MOMET MIMEHATLCH CHMNA TPeHMs NOHOoSR!
Kaxan cuna coobujaey ycxopeswe astomobumo wnM vennoeosy!
MoMer nH CHNa TPeHMS CHOMNBMEHMA YBenHYMTh CHOPOCTh Tenal
B Yem COCTOMT rMABHOE OTNHYME CHAbl CONPOTHBNEHMA B MWHOKO-
CTRX M Fa33ax OT CHNBI TPEHHMS MEMAY ABYMS TBEPALIMH TENAaMM!

7. NpueepHTe NpHMEpPbI NONE3HONO H BPEOHOro JEeHCTEMA CMN Tpe-
HMA BCEX BMJOB.

O B

IITPUMEPBI PEINEHHUA 3ATAY

Ilpu pemieBuMM 3a7a4Y HA MATepHMas JAHHOM IJIABhI KCIIOJIb-
3YIOTCSH Te e I[MPUEMbl, YTO ¥ IPH PEIIeHUN 38184 JHHAMAKH
NPAMOJMHEHHOIO ABHIKEHNS H IBHIXEHHA 10 OKPVIXHOCTH.
Paznuupe COCTOMT JMILL B TOM, YTO TEHEPh MCOOJL3YVIOTCH
3HAHMSA O BABHCUMOCTH CHUJI OT PACCTOSHUH MEXAY TeJaMH
(M yacTAMM OJHOTO TeJia) B OT MX CKOPOCTeid.

1. Ilpu noMouy NPYXUHHOrO AHHAMOMETPA HOAHHMAKT C YCKO-
peHueM a = 2,5 m/c?, HATPABIEHHEBIM BBEpX, I'py3 Maccoil m = 2 Kr.
Onpezsenure MOAVNEL YANMHEHKSH NPYKUHBI AIUHAMOMETPA, €CIIH ee
wecTrocTh & = 1000 H/mM.

Pemenue. Cornacro 3akoHy ['VKa, BrIpamamlneMy
=2

CBA3L MEXJy MOIYVJIeM BHenrHeil cuisl F, BRIZRIBAKOIIEH pac-
TAMEHWE IPVIKUHEI, U €€ VIJIHHEeHNEM WMe-

F
em F = kAl Orciona Al = e
st HaxoIeHus cuikl F BOCIIONB3yeMCHA
BTOPBIM 3aKoHoM HwioToHa. Ha rpys, kpome

Yi

CUJTRI THXKECTH mg AelCTEYeT CHJia yIpyro-
CTH NTPYXXWHEI, paBHasi 110 moayaw F 1 Ha-
IHpaBJieHHAasT BepTHMKAILHO BBepx. CormacsHo

.- - —-
BTOpOMY 3aKkoHyY HbioTtoHa ma = F + mg.
Hanopasum oce OY BepTHMKaJbHO BBEPX
TaK, 4YTOOBI NPy KHUHA OBLIa pacronoskeHa
1 BlONE 3TOM ocH (puc. 4.18). B npoeknuu Ha
ock OY BTOpoil 3akoH HboOTOHa MOMKHO 3a-
" oucaTs B Bune ma, = F, + mg..
0¢ Ymg Tak xRax a,= ?1, g:: = Hggyﬂ F,=F, To
Puc. 4.18 F=ma+mg=m(a+ g).
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Cn €10BATEJIEHO,

m(a + g)
A= 22,
k
2Hr(2,51':-+9,8'%]
Al = 5 = C 7=25-.-10%2m=2,5cm.
3 &
10° =

2. B pesynpTaTe MOJMYYEHHOrO TONMYKA KHUPIWY HAYAJ CKOMLIUTH
BHH3 [10 HENOABMIKHOI JieHTe KOHBelepa, PpaclONOMKeHHOH TIoj
yiom ¢ = 30° K ropusonransHoil naockocru. Onpeienure MOAYNb
¥ HanpapJeHHEe YCKOPeHWA KHpIu4Ya, ecinu xoahOHIHeHT TPeHHSH
CKONbIKEeHHA KUPNUYa o0 JIeHTY KoHBeliepa | = 0,6.

Pemeunne. HanpaBum ock OX BAONB HAKJIOHHOH JIEHTHI
KOHBeHepa BHHE3, a ock OY nepneHauKyAspHO JeHTe KOHBellepa
Beepx (puc. 4.19). Taxk kak KuUpnuu ABMIKeTcs BAOAL ocw OX,
TO €ro YCKOPeHHue MOKeT ObITh HAMPABJIEHO TOJIBKO BAOJE 3TOM
ocu BHM3 Jinbo BeBepx. Ilo Bropomy sakory HeioToHa

ma=mg+N+F,_. (4.15)
3amumem ypaBHenne (4.15) B npoexknuax Ba ocu OX u OY:
ma, = mgsin o — F_,, (4.16)

0=N—-mgcos a.

Moaysis cHILI TPEHHA CKOJNBXEHUSA BHIPDA3uM ueped Koad-
¢GHUIMEeHT TPeHUsT | ¥ MOJAYJbL CHJILI HOPMAJNBLHOH pPeakKIuu
onopel N:

F. =uN =pumgcos a.. (4.17) o

s

IMopcraBuB BeIpaxenue (4.17) B
yvpasaenune (4.16), monyuum

ma, = mg sin o — pmg cos o.
OKoHYATENEHO
a=g(sino—pcos o). (4.18)

s dopmyner (4.18) cneayer, uTo

NPOEKIIKA YCKOPEeHHMs KUDPIHWYA HA  Puc 4.19
ock OX wmoxeT OBITE NOJNIOHHATEb-
HOIi, OTPHUATEJILHON B PABHOM HYJIO: €CJIM Sin ¢ > | cos O, TO
a, > 0 (BexTOp YyCKOPEHUS HalpaBJeH BAOJIb JEeHTHl KOHBelepa
BHM3); ecJi sin o = |l cos ¢, To @, = 0 (kupnuy auxerTcs Hes
VCKOpeHu#); HaKOHEl], ecnu sin a < | cos o, To a, < 0 (BexTop
VCKOPEHUSs] HalpasJieH BJl0JIb JIEHThl KOHBeWepa BBepx).

Ina cnyuas, pacemarpuBaeMoro B 3ajave, a, =—0,2 m/c?.
CrienoBaTe/IbHO, YCKOPEHHE KHPIHYA HAIPABJIEHO BIAOJL JIEH-
Tl KOHBeHepa BBEPX M MOAVJE 2TOr0 YCHKOPEHHS paBeH
a=0,2 Mm/c4



YIIPASKHEHHE 7

1. Pagunyc Jlyssr R, npuMepHo B 3,7 pasa MeHbIIe, 4€M Pajnyc
3emmm R, a macca Jlyust m B 81 pas mednine maccsl 3eman M. Onpe-
feIuTe YCKOPeHue CBODOMHOrO MAa/IeHUs TeJl Ha NoBepXHocTH JIyHbI?

2. TIpw 6elcTpOM TOPMOMEHMH ABTOMODHIIL Ha4all JBMTATBCH IO
rOPH3OHTAJBHOM Aopore 030M (3aTOPMOMXKeHHBIe HoOJieca He Bpailila-
IOTCH, 8 CKOJIB3AT no gopore). C KAKUM YCHOPEHWEM TIPH 3TOM JBH-
seres aBToMOOHMNIE M Yepe3 CKOJBKO BpeMEHM OT HAYAMA TOpPMO-
JKeHHA aBTOMODUIL OCTAHOBUTCHA, €CJIM €ro Ha4YallbHas CKOPOCTh
vg = 20 m/c, a KoahpuHeHT TpeHUA Konec o mopory W = 0,87

3. Tpys maccoii 97 Kr nepemeuial0T paBHOMEPHO MO TOPW30H-
TANBHOH TMOBEPXHOCTH C TMOMOLIbK BepeBKH, obpasymomieii yrom 30°
¢ ropusonroM. OnpenenuTe CHIY HATHAMKEHUN BEePEeBKH, eClH Koad-
(et Tperust pasexn 0,2.

I'nmasa 4. KPATKHE HTOI'H

B mexaHuKe NpeMMVINECTBEeHHO BCTPeYaloTCs TPH BHAA
CHJI: CHJIbl THANOTEHMSH, CUNBl YIIPYTOCTH M CHJIBI TPEHMH.

CHiibl TATOTEHMA MEIKAY ABYMSA TOYEUYHBIMH TeJlaMH Macca-
MH m, 1 Mm,, HAXONAIUMHUCH Ha pacceTtodauu R apyr ot apyra,
OTIPEIeJIHIOTCH 3aKOHOM BCEMHPHOI'O TATOTEHWS:

mymz2
R2

rne G =6,67 - 10" H - M*/Kr? — rpaBuTallMOHHAA [MOCTOAHHAHA.
I'nmaseass ocobeHHOCTHL CHJI TAINOTEHHS B TOM, 4YTO NAHHOE
TeJ0 coobljaer BCEM APYrdM TENaM OAMHAKOBBLIE YCKOPEHHS.
Cuner yopyrocTy MosSBAAKTCH NPH yIOpyroi nedopManuu
ten. Cornacno sakony I'vka npu pactsxenuy (Miu ciaTHHR)
MX yAJIuHeHHe Al DponopiyMoOHAJNBHO HPUIOKEHHOH cuie F.

F = RAL.

Cuiier TpeHMSA B OTJIMYME OT CUJI TATOTEHUSA U YIIPYTOCTH 3a-
BHCHT OT CKOPOCTH ABWIKEHWS TeJI OTHOCHTEJLHO APYr ADVTa.

Mesry CONPUKACAIOI[MMHCH TBEPALIMHU TeJaMH, MOKOS-
IIHEMHCH OTHOCHTEJNBHO APYT ApPyra, HeHCTBYeT CHJIa TPeHHS
noxosa. Ova 1mo MoAynio paBHaA TOH CHIe, KOTOpas HapHaAy
C CHJION TPeHWd NEeHUCTBYET Ha Tella BA0JL IIOBEPXHOCTH HX CO-
NpHKOCHOBeHUs. MakcuManbHoOe 3HAYEHHE MO/AYJIA CHJIBI Tpe-
HUA IIOKOS PABHO:

F=G

F = U,

rp.sake

rae | — wxoadupuuueHnT tpeaus; N — MOAVIB CHIBI HOPMAL-
HOH PEeaKIHH CO CTOPOHEI OTOPEI.
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Cuna TpeHHS IPH CKOJIBIKEHWM TBEDAbLIX TeJd NPUMEpPHO
paBHA MAKCHMAJBHOM CHJIE TPEHHA IOKOS.

IIpy Me[JIeHHOM [ABHMIKEHHMH TeJa B JKHJKOCTH WM rase
CHJIa CONMPOTHBJIEHUS Cpeabl I[IPONOPLHOHAJIBHA CKOPOCTH,
a8 mpu OBICTPOM ABUMIKEHMH — KBaJpaTy CHKOPOCTH.

3AKOHbI COXPAHEHHUSA
B MEXAHHURE

Kakywo 06l cucTeMy B3anmMOZAEHCTBYIOLIMX TEJ MBI HH pac-
cmarpuBanu, 0Oyns T0 Conmeusas cHCeTEMA MWW CTAIKH-
BawInecs OMIBAPAHBIE MAPHl, KOOPJAHHAaTHI M CKOPOCTH Te
HEINpPepbIBHO U3MEHATCH ¢ TeueHuem BpeMenu. B arom, paay-
MeeTCsi, HET HUYEero HEeOMMHUJaHHOTO.

3amMeuaTeNnbHBIM SBJISETCHA TO, YTO Y CHCTEMEI TeJN, Ha KO-
TOPYIO He JeHCTBYIOT BHEITHHE CHJIHI (TAKYIO CHCTEMY Ha3bIBa-
I0T M30JIMPOBAHHOI), MMeeTCH PAN BeJIMYWH, 3aBHCAINIHX OT
KOODAMHAT M CKOPOCTEH BCeX TeJl CUCTEMbI, KOTOPHIE ITPH JIBH-
JKEeHUM TeJl He U3MEHSAIOTCHA CO BpeMeHeM. TaKMMH COXPaHA-
INMMHCH BEMUUWHAMHE SBISAKTCA HMIOYALC (MIH KOJTUYECTBO
OBVKEHMNS), MEeXaHWYecKas OHepPrus ¥ MOMEeHT HWMIIyJibea
(MM MOMEHT KOJIMYecTBa ABHIKeHH#). Bce OHH NOAYMHAIOTCH
COOTBETCTBYIOIIUM 3aKOHAM COXpaHeHusi. B IIKONBLHOM Kypce
GU3MKK TIPH U3YYeHUH MEXAHHMKH PacCMaTpHBalTCH TOJBKO
B 3aKOHA COXPAHEHHHA: 3aKOH COXPaHEeHUA MMIyJbCa M 3a-
KOH COXpPaHEeHHS MeXaHUYeCKOH SHepruH.

Ponb 3aKOHOB COXpaHEeHUHA B MEXaHHKe M B IPpyTuX pasje-
Jax (PH3MKH OrpOMHA.

Bo-nepgbtx, OHY NO3BONAIT CPABHUTEJbLHO IIPOCTHIM TIV-
TeM, HE paccMarpuBasi JAeHCTBYIOLIHMEe HA TeJjla CWUJibi, pPelnaTh
pPAI OPaKTHYECKH BaXHBIX 3aZlad. SaKOHbLI COXPaHeHH#A [10-
3BOJIAIOT IO IIEPBOHAYAJLHOMY COCTOAHHI CUCTEMEI, He 3Haf
noapobHOCTEeH B3aMMOJAEHCTBUA TeJ, ONPEACNIHThL €€ KOHeYHOe
COCTOAHME, HANpHMep, 3Hafg CKOPOCTH TeJI JI0 B3auMoAeucT-
BH, ONpENeHTh CKOPOCTH 3THX TeJl T0oCJe B3auMOAeNCTBHA,
Bo-emopwetx, ¥ 9T0 TINAaBHOE, OTKPHITHIE B MeXAHUKE 3aKOHBI
COXpAHEHHH MI'paloT B NPHPOAE OIPOMHYIO PO/b, NAJEKO BhI-
XOAAILNYIO 33 pAMKYW caMoil MexaHukHd. [lake B Tex yCJIOBHHAX,
KOrZa 3aK0Hbl MeXaHuKn HpOTOHA NPUMEHHTh HeJb3#d, 3aKO0-
Hbl COXPaHeHHHA HMIYJIbCa, SHEPTUU M MOMEHTA MMIIYJIbCa He
TepAT 3HaYeHusa. OHYM NPUMEHMMBI Kak K TenaM OObIYHBIX
pasMepoB, TAK M K KOCMHYECKUM TejlaM ¥ IJIeMeHTAPHBIM 4a-
crunaM. UMeHHO BceobIIHOCTL 3aK0HOB COXPaHEeHMs, UX NPH-
MEHUMOCTh KO BCEM SIBJICHMSM MPHPOJbLI, & HEe TOJIBKO K MeXa-
HUYECKHEM JeIAeT 3TH 3aKOHbI CTOJL 3HAYWTEbHBIMM.
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Fmasa 5 3AKOH COXPAHEHHA UMIIYJIBCA

HMITIYJIBC MATEPHAJIBHON TOYKH.
§39 IPYIrAfl ®OPMYJHPOBKA BTOPOI'O
3AKOHA HBHOTOHA

Brenem HOBYH (ZM3NUECKYIO BEIHYUHY — HMITYJLC MaTe-
puansHOM TOUKH. [lagum Apyrymo (QopMyJaHpOBKY BTOPOro 3a-
kona HeroToHa. L &

Bropo#i 3akoH HeproroHa ma = F MOMHO 38NMHCATE B MHOM
dopme, koTopass npuseseHa caMmuMm HbooToHOM B ero raasHom
Tpyae «MaTemMaTuueckne Hayajla HaATYPaJIbHOH (uirocodums».

Ecimm #a Teno (MaTepuanbHy0 TOYKY) J€HCTBYeT HOCTOAHHAH
CHJld, TO TMOCTOSHHBIM OYZET M YCKOpEHME Tena d = U_zgtﬁ,
rje v, 1 v, — HavYanbHOEe ¥ KOHEYHOEe 3HAYEeHUA CKOPOCTH TeJia.

IlopcTaBMB 370 3HAYEHWE YCKOPEHWsi BO BTOPOH B3aKOH
HpioTroHa, nmonyumum

m(5,-3,) _
At =25

mv, — muv, = FA. (5.1)

B srom ypaBHeEMHW NOABJIAETCS HOBafg (DU3HMYECKAS BEJIU-
YMHA — MMOYJILC TeJsa.

HMnyascom Tena (MaTepHasIbHOM TOYKH) HA3BLIBAETCH Be-
JHYYHA, PABHAH NPOM3BEAeHMIO MACCHL TeJIa Ha €r0 CKOPOCTh.

Ob6osHaumB MMIYNbLC (€T0 TAKIKe HA3BIBAIOT MHOIA KOJIH-

—
YeCTBOM JIBMIKEHIA) OYKBOH p, noaydum

p = mo. (5.2)

N3 dopmyner (5.2) BUAHO, 9TO UMNYALC — BEKMOPHAR Ge-
auvuna. Tak kak m >0, TO UMOYIBC HMEET TAKOe e Ha-
npaBJieHne, KaK ¥ CKOpocThk (puc. 5.1).

ObosnauuM uepes p, = my; MMOYJIBLC TeNd B HAYAILHEIN

HITH

MOMEHT BpEMEeHU, 8 depes pz = mu » — €r0 NMIYJIEC B KOHey-

HBIM MoMeHT Bpemenu. Toraa p y — Ap ecTh H3MeHeHHe
MMIIyJILca TeJia 3a sBpemsa Af. TEHEph ypaBHeHHe (5.1) moskHO
3anucaTh Tak:

.

Ap = FAt. | (5.3)

| R~

p
=~

m(5
Puc. 5.1 BexTopoB Ap n F cosnajator. Cormnac-
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Ho dopmyne (5.3) MBMeHeHHe MMNYIb-
ca Tena (MarepMaJIEHOH TOYKM) HOpPO-
NOPLHMOHAJNBHO NPHJIOMKEHHOH K Hemy
cHJie H MMeeT TaKoe ke HalpaslieHue,
KaK U cHJAa.

HWUmenno Tak ObLn BriepBnie chopmy-
JUpOBaH BTOpou 3akoH HeloTOHA.

IIpouasesieHue cUNbLl HA BpPeMH ee
NEeHCTBHS HA3BIBAIOT HMIIYJBCOM CHIIBI.
[103TOMY MOKHO CKa3aTh, YTO udmeHe- PHe. 5.2
HUE UMNYNBCA MENA PAGHO UWMNYb-
cy Odeiicmeyroweil Ha Hezo cuniblt. YpasHenue (5.3) moxa-
3BIBAET, 4YTO OAMHAKOBHIE M3MEHEHHS HMIIYJIbCa MOryT OBITH
MoJiyueHbl B pe3yJsbTarte JAeiicTBMs DONBILION CHMJBLI B TeYeHHe
MaJor0 HHTEpBAJIa BPEMEHH WIM MAJION CHJbl 38 DOJBLIOH
NPOMEIKYTOK BpPEMEHU.

Empnauna umnynabca He uMeeT ocobOro Ha3BaHWA, & ee
HAMMEHOBaHHE IMOJyYaeTcs M3 ONpefesIeHUsA 3TOH BeJIUYMHBI

(cm. dopmyny (5.2)):
1 en. mmnyneca =1 kr- 1 m/c =1 Kr - M/c.

Insa HaxoMMAeHHA HMITYJbCA TeNa, KOTOpPOoe HeNb3s CYHU-
TATHL MATEPHANBHONH TOYKOH, MNOCTYIAIOT TAK: MBICIEHHO pas-
OMBAKOT TEJNO HA OTHEeNBLHBIE MaJibie 3JiIeMeHThl (MaTepHanbHble
TOYKH), HAXOAAT UMIIYJIbCHl MNOJIYYEHHBIX 3JIeMEHTOB, a MMOTOM
CYMMMPYIOT WX Kak BexTopsl. MMnynesc Tena paseH cyMme
MMIIYALCOB €ro OTAeNbHBIX 3JIEeMEeHTOB.

NMmnyaee Tena MoXeT ObITh PaBeH HYJK Aaxe B TOM CJIY-
yae, KOrJla OHO JIBMaKeTcH. IlpuMepoM MOKeT CIYKHTE BpAa-
IMAIMUIACA BOKPYI' HENOJABHIKHON OCH OJHOPOLHBIA JAHCK.
IleiicTBUTENBLHO, JIBA AMAMETPAJBHO HNPOTHBOIOJIOMHBIX, PaB-
HBIX 10 Macce ajiemeHTa A u B uMe0T OfUHAKOBLIE 110 MOAY-
Jiio cropocty (puc, 5.2). CnenosatTensHo, NX UMIOYJILCHI PaB-

- —

HBI 110 MOJAYJIO, HO IMPOTHBOIOJIOKHO HANpPaBJIEHBL: P, = —P,,

noaromy p, + p,=0. Taxkue papseHCcTBa CHpaBefJNHBLl [OA5
JI00BIX JIBYX [OHAMETPAJSIBHO IPOTHBOMNOJIOMHBEIX 3JE€MEHTOB
AMCKA.

Bropoit sakon HeioTona moxkeT OBITE 3anmcaH B MMITYJIbC-
HOH (hopMe: MBMEHEHHe MMIYJILCa TeJa PaBHO UMMNYJILCY Ael-
CTBYIOILIEH HA HEro CHJILI.

1. Touxa QEHMETCH PABHOMEPHO NO OKPYWHOCTH. HameHReTCR nu ee
HMNynbc!

2. Kak onpepensercs Mmnynec tenal

3. Asromobuns Tporaercs ¢ mecra. Kyaa HanpasneH BeKTOp HIMeHe-
HHA MMNynbcal

4. Xowwernas wanba CHONLIMT NPAMONHHEMHO W 3amepnexHo. Kyaa
HANpaBneH BEeHTOP H3IMEHEHHN MMmNnynbca!
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§ 40 3AKOH COXPAHEHHA HMIIYJIBCA

3aK0OH COXPaHEHMA MMIIYJILCA ABJAETCHA CJIEeNCTBHEM BTO-
poro ¥ TpeThkero 3axkoHos HeroTOHAE.

Ilns mpocToThl OylleM cYUTaTh, YTO CUCTEMAa COCTOHUT BCEro
M3 ABYX TeJ. ITO MOryT ObLITE [Be 3Be3/Abl, ABA OUNBAPAHBIX
IIapa WA ABa APYTHX TeJa.

Cunbl, BOBHHKAIOIINE B pe3ybTaTe B3aMMOJeHCTBUA Tend,
NMPUHAAJEeXAllero cCucTeMe, C TejlOM, He [MPHHALJIeMNaliM eH,
HA3BIBAIOTCH BHEIUHMMH cuiaMu. Eciu paccMaTpuBaTh CHCTE-

MY, COCTOSALIYVIO U3 ABYX OHILAPIHBLIX
****** Sie HIapoB, TO CHJIA B3aMMOJEHCTBUA Ila-
1 27 POB € KpaeM CTOJia NPy yaape O Hero,

1
F.4
\
{ | CHJa TPEHUS LIApa O MOBEPXHOCTH CTO-
i // ma — pmemmme cunut. Ilyers na resa
- CHCTeMBI IeHCTBYIOT BHEIHNE CHIILI F,

Puc. 5.3 " F 2e
CuJibl, BOBHHKAKWIIHE B PE3VJILTATE

B3AMMOJIEHCTBUA TeJ, NPUHAANEKAIUX CHCTEME, HA3BIBAKOT-
ca BHyTpeHHuMM cuiaamu. OGoanauum MX uepes FL2 u F,

(puc. 5.3). ITo Tperremy 3akoHy HeloToHa F L2 = -qu - OTcrona
clenyeT, YTO CYyMMA BHYTPEHHMX CHWJI BCErJa PABHA HYJIO:

FI.E ¥ j;".rz. y = 0. (5.4)

BenegcTBHe neHCTBHA CHJI HA TeJia CHCTEMbl UX HMNYJIbChI
uaMenAwTcA. Ecniu B3aMMozencTBHe paccMaTpHMBaeTCH 38 Ma-
NI [IPOMEXXYTOK BpeMeHH Af, TO AJS TeJ CHCTeMBI MOXHO
3anucaTth BTOPOH 3axkoH HeoOTOHA B BHjE

551 = (F, + F, ;)At,
Ap, = (F; + F, ,)At.
CnoxuB 9TH paBeHCTBA, MOJYYUM
Ap, + Ap, = (F, + F,)At. (5.5)

B nesoir wacTy paseHcrsBa (5.5) cToMT cymMMa M3MEeHEeHHM
UMITYJILCOB BCEX TeJl CUCTEMBI, T. €. H3MEHEHHe MMITYJILCa ca-
MO cHCcTeMBl (IO MMIOVJILCOM CHMCTEeMBbI MBI ByaeM MOHHMMATH
reoMeTpUYeCKy CYMMY MMIIYJIBCOB BCEX TEJ CHCTEMBEI):

AP,y = APy + A (5.6)

YuureiBaa paBeHcTso (5.5), MmoxxHO pasencrso (5.6) zanm-
CATH TaK:

&EUHL‘I = (‘“F.;l + I;H) ‘ﬁti ﬂEﬂ:wnt' == F‘&t! (5‘7)

rage F — reoMeTpudYecKas CYMMa BCEeX BHEIIHMX CHJI, AeHCTBY-
OILUX HAa TeJa CHUCTEMbI.
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Mgb1 goxasanu BeCbM& BajX(HO€ NOJIOXKeHHe: HMIYJIbC CHC-
TEMBI T€JI MOryT M3MEeHHTh TOJIBKO BHEIIHHEe CHJIbI, NMpHYeM

M3MEHEeHHE MMIYJbca cHcTeMbl Ap, .. COBNAXAET IO HAIpPaB-
JICHHI0 ¢ CYMMaPHOM BHeIIHeH cujoM. BHYTpeHHHWEe CHJIBLI MU3-
MEeHSAIOT MMIYJLCHI OTHENBHBIX TeJl CHCTeMBbl, HO HM3MEeHHTH
CYMMAPHLIH MMIYJBC CHCTEMbI OHHM HE MOTYT.

YpapuHeHnue (5.7) cupaseyinBO )18 JI0O0Oro UHTEpBalla Bpe-
MeHu Al, ecau cyMMa BHENIHHX CHJI OCTaeTcd IIOCTOAHHOM.

W3 ypasrenns (5.7) BpITeKaeT 3aKOH COXPAHEHUA UMIIVJIb-
ca. Ecnu BHenIHHe CHJIbI HAa CHCTEMY He AEHCTBYIOT WIH WX

cyMMa paBHa HyJ0, TO0 Ap = 0 ¥ MMOyJIbC CHCTEMBI OCTAeTCH
HEeU3MEHHBIM, HJIH, KAK IOBOPST, COXpAHSETCS:

. e -5
Peyer = M40, + My, = const. (5.8)

3aKOH coxpaHeHun umnynbeca GOPMYJIUDPYETCA TaK:
ecnu cymma 6HewHUX CUNl PpA8HA HYAIO, ThO UMNYAbC
cucmemb. men coxpanaemcs. MHavue ropops, B 3TOM CIy-
yae TeJa MOryT TONLKO OOMEHHMBATHLCH HMIYJILCAMM, CYMMAap-
HOE K€ 3HAYeHHEe HMIYJECA HEe U3IMEeHSAeTCH.

HMnynec, oueBHMAHO, COXpPaHAETCS B M30JIMPOBAaHHOM CHC-
TeMe TeJl, TAK KaK B 3TOH CHUCTeMe Ha Teja Booblle He nelcr-
BYIOT BHeluHHe cunbl. Ho obnacTte npuMeneHEUs 3aKOHA COXPa-
HEHUS HMIIYJbCa I[IHUpe: ecJd jaKe Ha Telna CHCTeMbl
IOEeMCTBYIOT BHEIIHHME CWMJIbI, HO HX CYMMAa paBHa HYMIW (T. e.
CHCTEMA HABIHETCH 3AMKHYMOIil), TO UMNYJILC CHCTEMBI BCE
PABHO COXPaHHAETCH.

IlonyueHHEIN pe3yneTaT COPaBEeNJIUB ANA CUCTEMBI, COOEp-
JKaleldl NpoOM3BOJBHOE YHCIO TeJ:

m,v, + Myys + Ma; + ... = MU + Mol, + My + oo, (5.9)
- - —+
rae v, Uy, Uy ... — CKOPOCTH T€Jl B HAUAJIbHbIN MOMEHT Bpe-
MeHM; U;, U,, Uy, ... — CHOPOCTH Tel B KOHEYHBIH MOMEHT.

Tak Kak HMIYJLBC — BEKTOpPHas BeJW4YHHA, TO YypaBHe-
Hue (5.9) npexacraBiasier cob0l KOMIAKTHYIO 3aluch Tpex
ypPaBHEHUH ANA OPOEKIUH MMIYJLCOB CHCTEMBLI HAa OCH KOOp-
OUHAT.

Ecnu cymMma BHELUHMX CHJI He PABHA HYJIK, HO CYMMa Mpo-
eKIHMil CHJI H8 KaKOe-TO HAMPaBJIEHHEe PaBHA HYNK, TO MPOEK-
OHA CYMMAPHOIo MMIOYJILCA CHCTEMBbI Ha 3TO HAIpaBJieHUe He
MeHseTca. Haopumep, cucremy Ten Ha 3emuie wiad B6IU3M no-
BEPXHOCTH 3eMIH HeJb3d CYMTATh HM30JMPOBAHHOM, TAK Kak
Ha TeJjia OeHCTBYeT BHEIIHAH cuja — cHia TamKectu. OgHako
BAOJIb TOPM30HTAJILHOI'O HampaBJEHMS CHUJIa THXKECTH He ael-
CTBYET M CYMMa MpPOeKLHH MMIYJILCOB TEJ Ha 3TO HAIpaBJe-
Hue ODyIeT OCTABATHCH HEHM3MEHHON, eclu gelcTBUEM CHII Tpe-
HUA MOXXHO NpeHeOpedb.
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B uzonupoBaHHOW CHCTEME TeJd HMIIYJIBC CHUCTEMBI COXpa-
HsaeTcAa. TakiKe OH MOXKET COXPAHATHECHA B Clydae, eciu cyMMa
BHEINHHX CHJ, OeHCTBYHIMX HA CHCTEMY, PABHA HVJIK.

1. ChopmynupyHre 3aKOH COXpaHEHMS MMNYNLCA,

2. B HamMmX CAYHARX MOMHO NPHMEHATL 3AKOH COXPaHeHHMN Hmnynbcal

3. B newaumi Ha rnagkom crone Opycor nonagaer nyns, nevsllas
ropusoHTansHo. MoYemy ANR HaXOMAEHHRA CKOPOCTH Bpycka C ny-
ned MOMHO NPHMEHATE 3AHOH COXPAHEHME MMNYNLCA, XOTA Ha
6pyCcOK M NYNIO AeHCTBYIOT BHELLHME CHMbL: CHNA THMECTH, HOP-
MansHas cuna peasyMd crona!l

§ 41 PEAKTHBHOE JIBUKEHHE

Boneioe 3HakdeHue 38KOH COXpPaHEHHS HMIIYJibCa HMeeT
IS UCCNeNOBAHUA PeaKkTUBHOIO aAsmikenus. Ilog peak THBHEIM
JBHMKEHHWEeM TMOHMMAawT ABUXEHHEe Teljla, BO3SHWKAalIlee IpH
OT[leIEeHVH HEKOTOPOM ero 4YacTH C ONpe/leJIeHHOI CKOPOCTBIO
OTHOCHTEJNBHO HEro, HallpuMep IpH HCTEYEHMH IIPOAVKTOB
CropaHus M3 CONNA PeaKTUBHOTO JIeTATENBHOIO Aariapara.
IIpy sTom nosBAseTCA TaK Ha3blBaeMas peakTHBRHAH CHJA,
TOJKAKIIAA TeJo.

Habnonars peakTUBHOE ABHIKEHHE MOYKHO O4YEHBb IIPOCTO.
Hanyitre neTckmii pe3mHOBLIM IAPMK M oTnyverure ero. Illa-
PUK cTpeMuTeNnkhHO nojsieTuT (puc. 5.4). IBumkeHue, npasia,
Oyner KpaTKOBpeMeHHBIM. PeaKTHBHAaA CHJIA AeHCTBYeT JIMIIb
IO TeX 1op, NOKa MPOA0JIMAETCH UCTEYEHHE BO3IyXa. [ 1asHas
OCODEHHOCTb PEAKTHMBHON CHJIbI B TOM, YTO OH& BO3HHUKAET
B pe3yJbTATe B3aMMOJEHCTBUSA dYacTed cucTeMbl 03 Kakoro-
Jub0 B3AMMOIEICTBUA C BHEIIHNMHE TenaMH. B HalleM npuMme-
pe HmapuK JIETUT 34 CHYeT B3aUMOJEHCTBUHA € BRITEKAKINeN M3
Hero crpyei Bosayxa. Cuna ke, coobmaonas yCKOpeHHe Ie-
[IexoAy Ha 3emie, Mapoxofly HA BOJE WM BHHTOBOMY CaMO-
JeTy B BO3AYyXe, BOZHMKAET TOJALKO 3a CYeT B3auMOJIeHCTBUA
ATHUX TEeN ¢ 3eMJeii, BOJOH HJIH BO3AYXOM.

PeaxTuBHBIe nBuratenu. B HacTosiniee BpemMs B CBA3M
C OCBOEHHEM KOCMHYECKOI'O IMPOCTPaHCTBA MOJIYYHIIH IITHPOKOE

pacrpocTpaHeEne peakTUBHBIE [IBU-
. rareau. llpuMeHsOTCA OHH Takxe
F B METEOPOJIOTMYECKUX U BOEHHEIX Da-
KeTaxX pasiMyHOro pajmyca penceT-
BUA. Bce coBpeMeHHBIE CKOPOCTHBIE
CaMOJIeThl OCHALLEeHBl PEAaKTHBHBIMH

: ABHUI'aTeNnAMMA.
| =
: j B KocMuYecKOM NpoCTPaHCTBe UC-
Y
A MoJib30BaTh Kakue-nuboO aApyrue JBM-
raTen, KpoOMe pPeaKTUBHEIX, HEeBO3-
Puc. 5.4 MOXHO, TaKk KaK TaM HeT OHopkl
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(TBepmoii, MXMHMAKOW WIAH ras’oodpas- Kamepa cropasms
HOI1), OTTAJKWUBAACH OT KOTOPOH KOC-

MHUYEeCKHH Kopabne mor Owl nonydars

yexkopenue. IlpuMmenenue ke peakTHB- =% \

HBIX ABMIraTesied B CAMOJIETAX B paKe- —

Tax, He BBLIXOAALIMX 32 Npeiesbl ar- PR

mocdepbl, CBA3aHO € TeM, YTO MMEHHO

peaKTHBHEIE JIBUFATENW  CNOCODHBI

obecnneunThs HEOOXOAMMYIK) CKOPOCTE  TorsMBHLIE Comnto
IIoJIeTa. CTEPKHU

PeakTuUBHBIE ABUIaTe M JEJIATCH
HA J[BA OCHOBHBIX KJAcca: pakeTHble Puc 5.5
¥ BO3AVIIHO-DEAKTUBHLIE,

B pakeTHBIX ABHraTessX ropiouee 1 HeoOXOAUMBIN N €ro
rOPEHNs OKMCJIMTEJIb HAXOAATCHA HENOCPEeACTBEHHO BHYTPH
ABUTATENS WU B ero TornauBHbIX bakax. Ha pucyake 5.5 mo-
KAa3aHa CXeMa pPaKeTHOrc ABUTIaTeJii HA TBepAOM TOILIHEE,

ITopox wman kaxkoe-n1ubo Apyroe TONJIWBO, COAeprKallee H
roprouee, ¥ OKHCJIATEJ]b, IOMEIIAKT BHYTPbh KaMephl cropa-
Hua asuratens. Ilpu cropasum TomnnmBa o6pasyioTcA raael,
UMeEHIHe OYeHb BRICOKYIO TeMIIEPpATYPY M OKasblBAKIIIHE AaB-
JIeHHe Ha CTeHKM KaMepbl. I'a3kl BEIDRIBAIOTCH U3 COILJIA pakKe-
ThI ¢ BOJBINIOH CKOPOCTHIO, B PE3YJILTATE Y€ro, B COOTBETCTBUH
C 38aKOHOM COXPAHEHUS HMIIYJILCA, paKeTa npuobperaer CKO-
pOCThL B INPOTUBONOJOMHOM HanpapneEnH. UMnynasc cucremnl
pakera — NPOAYKTHI CrOpaHMs OCTaeTcd pPaBHBIM HyNw0. Tak
KaK Macca pakeTbl YMEHbIIAeTCs, TO Jarke INPH NOCTOSHHOM
CKOPOCTH UCTEYEeHHA MA30B ee CKOpoCTh Dyer yBenuumuBaThLCH,
NOCTENEeHHO JIOCTHragd MaKCHMAJIBHOIO 3HAYEHUA.

CyrxkeHue kKamepbl cropaHus (corJja) OIpHMBOZMT K yBeJM-
YEeHHIO CKOPOCTH HCTeYeHUs INPOAYKTOB CrOpaHMUs, TAK Kak
yepes MeHbIllee MolepeyHoe ceyeHne B eIMHHUIY BPpeMeHH JI0J1-
YKeH MPOHTH rad ToM e Macchl, YTO ¥ 4yepea Dosiblilee rornepey-
Hoe cedeHUe, [IBmixenue paxeTbl —
3TO MpHMEp ABMIKEHMA TeJjla ¢ Iepe-
MeHHOH Maccoii. [lns pacuetra ee CKo-
POCTH MCHOJBL3YKT He BTOpPO 3aKOH
HrioToHa, a 3aKOH COXPAHEHUA UM-
IyJIbCA.

IIppMeHAIOTCH TAKIKEe PaKeTHBIe
JABUraTenu, paboramwiiige Ha XXHIKOM
TONHUBe. B XUOKOCTHO-PEAKTHUERHLIX
asuratenax (KP]I]) B kauecTBe ropio-
Yero MOXKHO HCIONB30BATh KEPOCHH,
OeH3uH, CTIHPT, aHWIHWH, »XHUJIKHUE BO-
Aopoa ¥ Ap., 4 B KAUecTBe OKHUCIAHUTEe- c Kamepa
7151, HEODXOAMMOro A TOPeHHs, — DAY cropanus
WMUAKHUH KHCJIOPOJ, A30THYK KHCJIIO-

TY, MUAKUH (PTOp, NepeKuch BOAOPO- Puc. 5.6

OrucianrTens

-
=
——
=
F
-
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na v ap. I'opiouee ¥ OKMCIMTENE XPAHATCA OTHENLHO B CIe-
NUANBHBIX 0aKax ¥ ¢ NOMOLULI) HACOCOB MOJAIOTCH B KAMEDY
cropanusd, rjae remMnepatrypa nossimaerca 10 3000 °C, a nasne-
Hue — g0 50 atM (puc. 5.6). B ocransHOM nBuraTess paboraer
TAK K€, KAK U ABUIATeJIb HA TBEPAOM TOILIHBE.

HHKUIKOCTHO-PEAKTUBHBIE NBHUIMATENH HWCINONAB3YVIOTCA JANH
3a1yCKa KOCMHYEeCKHMX Kopabneii.

BoapyiuiHo-peakKTUBHBIE [ABUTATENW B HACTOSAIlee BpeMs
IIPUMEHSIOT IJIaBHBIM obpasoMm B camonerax. OCHOBHOe HMX OT-
JMYHe OT PAKEeTHBLIX ABHUIaTesiell COCTOMT B TOM, 4YTO OKMCIIH-
TeJeM JJIA FOPeHUs TOIJIMBA CIYIKHUT KHCJIOPOX BO3AYyXAa, MO-
CTYMAIIIEr0 BHYTPL ABHUTATENHA M3 ATMOc(hEepH.

PeakTHBHBIMH ABHIaTeJIAMH OCHAIEHBI He TOJIBKO paKe-
Thl, HO ¥ OOJBLIAA YACTHb COBpEMEHHBIX CaMOJIETOB.

¥YCIIEXH B OCBOEHMH KOCMHYECKOTO

§42  POCTPAHCTBA

OcHOBEI TeOpHN PeaKTUBHOTO ABUTATENA U HAYYHOE JOKa3a-
TEJIBCTBO BO3MOXKHOCTH IMOJIETOB B MEXIJIAHETHOM OPOCTPAaH-
crBe OblLIIM BHepBhle BBICKa3aHBl M pas3paboTaHBl pPYCCKHUM
yueHeliMm K. 9. luonkoBckum B pabore «Mccnenopanme
MHPOBLIX IPOCTPAHCTB PEaKTHUBHLIMHU npubopamu».

K. 3. [lnonkoBcKOMY NPHUHALMEKUT TaKIKe HIes ITpuMe-
HEeHWSA MHOroOCTyneH4daTbiXx paker. OraenbHble CTYIIEHH, H3 KO-
TOPBIX COCTABJIEHA paKera, cHabXKawTcA CODCTBEHHBIMH IBH-
raTeJAMHM M 3anacom TonumBa. Ilo mepe cropasusi TONIMBA
KajrXJIas ouepelHas CTYIeHb OTHeJIAeTCH
ot paretsl. IlosToMy B nanbHeWileM HA
YCKOpeHHe KOPIyCa 3TOH CTYIIeHW H ee
OBUTATENA TOIUTMBO HE PAacXOAVeTCH.

Hnes 1{MONKOBCKOIO O COOPYIKEHHH
OoJsBLION CTAHLMM-COYTHHKA Ha opbure
BOKPYTI 3eMJIiH, ¢ KOTOpoil OyayT crapTo-
BaThk paxeTsl K apyrum miuaHeram Con-
HeYHOM CHCTEeMEI, €ll[e He OCVIlLecTBJIe-
Ha, HO HeT COMHEHHs B TOM, YTO PAHO
Puc. 5.7 WM IO3AHO Takas craHuusa Oyper co-

3aaHa.

Hame## crpare npuHaIJIEx HUT BeNHMKad YeCTh 3amycKa
4 oxkTaAbpa 1957 r. nepBOro MCKYCCTBEHHOIO CIYTHHKA 3eMIu
(puc. 5.7). Tawixke pBnepBrle B Hamel cTpaHe 12 anpesas
1961 r. Owlnl OCYLIECTBNIEH NOJET KOCMHYECKOro Kopabns
¢ kocmoHaBTOM 1O, A. Tarapuusim Ha Gopry.

ITOT M Jpyrue noJsersl OBIJIM COBEPIUIEHBI HA PpaKeTax,
CKOHCTPYHPOBAHHBIX OTEYEeCTBEHHEBEIMM YVYEHBIMH U MH>KeHepa-
My non pykoBoacrBom C. II. Koponera.
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Liwonkosckmui KoHcrantuH Igyapposmy

(1857—1935) — pycckui y4eust v nsobperarens 8 ob-
nacTy aaponuuammu, PakeToauMHaMMKKH, TEeOopHM ca-
monera M .ﬂ,upHH{ﬂ&ﬂﬂ; OCHOBONONOMHWK CDEFIEMEHHUI:
KocmoHaeThen, On ﬂEpﬂhlﬁ NoKa3an BoO3IMOMHOCTE O0-
CTHMEHMRE HOCMHHECHMX CHDPDCTE;! H BbICK33an wWoeww
CO3[aHHA OKONO3EMHEIX CTaHLHM.

Kopones Cepren MNasnosmy

(1906—1966) — coserckmi yueHbii, KOHCTPYKTOP pa-
KETHO-KOCMM4ECKMK cMCTem. HayuHbie u rexHu4eckwe
waeu Hoponesa nony4unu LWMpOKOE NpUmeseHwe B pa-
KETHOMN h KoCMH4eCKoM TexHnke. [Nog ero pykosoacTeom
co3aganbl mHorwe BannucTHyeckue M reoduanyeckve pa-
KETbl, PAKETLI-HOCUTENYM M MMNOTHPYEMBIE KOCMHYECKHe
wopabrnvu «Bocrok» u «Bocxogn», Ha KOTOpBIX BNEpebie
B WMCTOPMM COBEPLUEHLI KOCMWYECKMH NMONET 4Yenopeka
M BbIXOE, YENoBeKa B KOCMHHYECKOE MpPOCTRaHCTEO.

Farapun FOpui Anexceerwy

(1934—1968) — neTyMK-KOCMOHABT, NEepSsbin Yenosekx,
COBepLUMBLUMIA NONEeT B Kocmoc. Bnepevie 8 mupe 12 an-
pena 1961 r. on coseplimn NOMNET B KOCMOC Ha KOCMH-
yecKom Kopabne-cnytHuke «Boctokn, obnetes 3emnon
wap 2a 1 49 48 mun,

Bonbiiol BKJAAL B NCC/ieIOBAHUE KOCMHYECKOr0o mMpocTpaH-
CTBa BHECJM TAKIKe aMepMKaHCKHe yUeHble, HH>KeHephl U acT-
poHaBTel. [IBa aMepMKAaHCKMX ACTPOHABTA K3 3SKMUMOAXKa KOC-
MugecKoro xopabna <«Anomios-11» — H. ApMcTpoHT H
Q. 0Onnppunu — 20 mona 1969 r. BnepBeie COBEPLUKIIM ITOCA]-
Ky Ha Jlyny. Ha kocmuueckom Tesne CoslHEUHON CHCTEMbI Yeno-
BEKOM OBLJIM CAeJiaHbl NepBBIE ILUATH.

C BBIXOOOM HEJIOBEKA B KOCMOC He TOJBKO OTKPBIJIHCE BO3-
MOXKHOCTHM MCCIe[OBaHHUA APYIHUX ILNaHeT, HO U OpefcTasu-
JIUCh TIOHCTHHe (aHTACTHUYECKHE BO3MOXKHOCTH M3Yy4YEeHUSA
NPUPOIHEIX ABJEHHH M pecypcoB 3emJiy, 0 KOTOPhIX MOXKHO
ObLIO TONBKO MedTaThb. BO3ZHHMKJIIO KOCMH4YeCKOe MNPHPOAOBe-
nenve. Panbure obmaa Kapra 3eMJyid COCTaBAAJACh IO Kpy-
MHIIAM, KaK MO3ai4yHOe IaHHO. Teneps CHMMKH ¢ OpPOMTEI,
OXBaThIBAKIIME MHUJIJHOHB KBaJAPATHBIX KHJIOMETPOB, I103BO-
JAKT BeIODUpaTes AJA McCTegoBaHMs Haubosee MHTEpecHbIe
VUACTKH 3€MHOW IMOBEePXHOCTH, SKOHOMA TEM CAMBIM CHIIbI
U CpeiCTBA.
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H3 xocMmoca nyulle pas3inyalTcesa KPYITHBIE MeoioruyecKue
CTPYKTYPBI: IUIATHI, MIyOMHHBIE pPasjioMbl 3@MHOH KOpbl —
mecTa HauboJiee BepOATHOTO 3ajleraHMA MNOJEe3HBIX HCKOIlae-
MBIX. U3 ROCMOCA VIAJIOCHE OOHADPYIKHTE HOBBIM THI Ie0JIOrHYe-
ckux obpasoBaHWil — KOJIbLEBbIE CTPYKTYPhI, N0A00HbIE Kpa-
repam Jlyasr 1 Mapca.

Ceityac Ha opOMTANBHBIX KOMILIEKCcax paspaboTaHbl TEXHO-
JIOTHH TONYYeHUS MaTepHasioB, KOTOPhIE HEeJNb3s HM3rOTOBHUTH
Ha 3emie, & MOMKHO TOJIBKO B COCTORHUM MJINTENbHOH HEBECo-
MocTH B KocMoce. CTOMMOCTE 3TUX MaTepuasioB (CBepX4YHCTHIe
MOHOKPHMCTAJNIbl ¥ Ap.) OM3Ka K 3arpataM Ha 3allyCK KOCMM-
YeCKHX Aannaparos.

Opﬁl!T&J'IhHhIE arirapaTsl B HACTOALEE BPpeMA HCIOOJNbL3VHOT-
CA HE€ TONBKO IJIHA HAYUYHEIX HCCJIeJOBAHHH KOCMHYECKOro IIpo-
CTpaHCTBa, HO U IJH 6HDHDI’H‘1EEI{HX, MEeIHIIMHCKHUX HCCJIeno-
B&H'Hﬁ, MOJIYVUHeHHUA HOBBIX MaTEpHAaJIOB.

1. MoXer nu napycHas NoAMa NPHBOAMTECH B ABHIMEHME € NOMOLYLIO
KOMNPeCcopa, YCTaHOBNEHHOID HA HEeH, eCNM CYPYH BO3fyXa Ha-
npasnexa xa napyca! Yro npomaokger, ecny notox soanyxa Gyaer
Hanpasned MMmo napycon!

MomeT nNu paxeTa [BMrareCa B nycrore!

Kax so3HMKaer peakrusHas cunal

OcemuHorn H KapaxKaThilsl NEpPemelialoTcs €O CKOPOCTRIO [O
60 um /Y, nepuopgmueckH seibpacbisan sGupaemyo B cebr soay.
Mo KaKoMy NPHHLMNY NEePeMeLlaroTcs 3TH MHBOTHbIe!

i . e

INPUMEPLI PEHNIEHHUA 3AJAY

3aKOH COXPaHEHUA MMIIYJbCA IenecoofpasHO NMPHUMeHATH
JJIA pellueHnA TeX 3a/lad, B KOTOPLIX TpedyeTcs onpeaeiuThb
CKOPOCTH, 4 HE CUJIY WU YCKOPeHHe.

Hnsa pelenus 3a/1auM HYKHO 3AUUCATH 9TOT 32KOH B BEK-

T{JDHGH thopme: m u, + m‘_;u2 + s =M u, + m£u¢ + oeey THE Ul,
Uz M T. . — CKOPOCTH TeJ CUCTEMbLI 10 B3aHMOAEHCTBHA, a ul.
Uy, U T. . — HUX CKOPOCTH II0CJI€ B3aUMOIEeHCTBHA.

ITocne aToro BeKTOPHOE VpaBHEHHME 3ANUCLIBACTCH B ITPOEK-
IMUAX HA OCU BhIDpaHHOM cHCTeMEI KOOPAMHAT. Beibop Hanpas-
JIEHHS Ocell AuKTyeTcs yaodcrBoM pelueHusa zagauu. Ecwm,
Hanmpumep, Bce TeJla ABUXKYTCA BAOJB OAHOH NPSAMOM, TO KO-
OPAMHATHYIO OCh LeJecoo0pa3HO HANpaBMThL BAOJL 3TOW TIpH-
MOH.

Ilpu peleHMM HEKOTOPBIX 387849 MPHUXOAMTCH MCIIONbL30-
BATHh JONOJHHUTENbHO YPaABHEHUHA KHHEMaTHKMH.
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1. Ilpa mapa, maccel kKoToprx m; = 0,5 kr u m, = 0,2 kr, aABU-
KYTCHA 110 TIAAKOH FOPHU3OHTANBHON IOBEPXHOCTH HABCTpEYY OpYyr
APYTY co cKopocTAMH vy = 1 M/c ¥ vy, =4 m/c. Onpegenute UX CKO-
POCTh ¥ HOCJIe HeHTPaJdbHOTo abCoJIITHO Heylnpyroro yaapa.

AbGconomuo Heynpyzum yoapom HasbIBAETCS B3auMoOAeii-
CTBHE TeJI, IIocJie KOTOpOoro Tena ABUIKYTCH ¢ OAHMHAKOBBIMH
CKOPOCTSHAMH.

Pemrenne. Ocey OX sHanpasum BJOJb JUHUH, NPOXOMAA-
e 4Yepes LEeHTPbl JABMXKYIIMXCA MIapoB IO HaNpaBJIE€HHIO

CKOPOCTH U,

IMocnre abconOTHO HeYIPYrore yjaapa mapsl ABHKYTCH
C OAHOH H TOH 3Ke CKopocTh v,.. Taxk kKak Bjaosb ocu OX
BHEITHHE CHUJbI HE JeHcTBYIOT (TpeHus HeT), TO CYyMMAa OpPOeK-
Uil UMIOYNBCOB HA 3TY OCh COXpaHAeTcd (CyMMa IMpPOeKIIHiA
HMITYyJIECOB 00OMX IHAPOB N0 yiapa paBHA NpOoeKIiuu 0O0Iero
MMITYJIBCA CHCTEMBI NOCJIe yaapa):

m vy, + Mgy, = (M + my) v,.
Tak rak vy, =U,, 8 Uy, =—U,, TO

a0y — Ma .
m|+m2

[locne ypapa mapel 6yayT ABUTATHLCA B OTPUIATEILHOM Ha-
npasneauu ocu OX co ckopocteio 0,4 m/c.

2. ,uﬂﬂ MNaCTHINHHOBBIX IIapHKa, OTHOUIEHHEe MACC KOTOPDRX
m2/m1 = 4, nocJje coyjapeHrd CHHILIHCE W CTAJIH JABHIaTeCH IO

MIAAKOH FOPM3OHTANBLHON NOBEPXHOCTH CO CKOPOCTHIO u (puc. 5.8,
By ceepxy). Onpepenute cKOPOCTh JETKOT0 II8PHKA JIO0 COYAapeHus,
ec/M OH JiBMTAasicsa B 3 pasa GricTpee Tske-
noro (v, = 3v;), & HANPABJNEHUA ABUKEHUA
[IAPUKOE OBINMKM B3aWMHO NepHeHHKYIsap-
Hel. TpeuneMm npexebpeus.

Pemenue. Tak Kaxk CKOpoOCTH

b )

v, H U, MIAPUKOB B3aUMHO TepPHeHIH-
KYJAPHBLI, TO OCH NPAMOYTIOJLHOM CHC-
TeMBl KOOpAWMHAT yA0OHO HaAIpaBUTH
napajgiesibHO 3THM CKOPOCTHAM.
CornacrHo 3aKOHY COXPaHEHMA WM- -
ayasca uMeeM O X

3anuuieM 3TO ypaBHeHWe B Npoexnusx Ha ocu OX u QOY,
NpoBe/leHHBIE TAK, KAK IOKA3aHO Ha pUcyHKe 5.8:
m,v,, + Myv,, = (M, + my) u,,
m,vy, + My, = (m, + my,) u,.
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Tar KaK vy, = v, Uy, =0, v, =0, v, =V, TO

my, _ 3 v Mmale _ 4
= 4

L e uw, = e Vae
* my+m, 5 ¥ my+my; 5 °

MoayJjis CKOPOCTH u paBeH:

— % 352 =
u—1/ux+uy = U,.

Urax, v, = u, ciaefoBaTesibHO, U; = 3U.

YTIPAGKHEHHUE 8

1. HenoasuxkHeiil Barod maccoil 2 - 10* kr cuennsgercs ¢ niar-
tpopmoit maccoit 3 - 10? kr. Jlo coenkm nnarGopMma HMeNna CKO-
poers 1 M/c. Yemy paBHE& CKOPOCTE BATOHA M NIaT(hOPMEl Iocie HX
cuenku?

2. Ha nnor macco# i 100 kr, umerowuii ckopoers 1 Mm/¢, Hanpas-
JeHHVI0 Boab Bepera, npeiraeT yesnosexk Maccoit 50 Kr co cKoOpocThio
1,5 m/c nepnerauryasapao Oepery. Kakoi Oyzmer ofmas cKOpoOCTh
J10Ta ¥ YeJgoBexa?

3. Byzer n¥ yBENUYHBATLCA CKOPOCTH PAKEThI, €CJM CKOPOCTh
WCTEYEHUHA PE30B OTHOCUTE/BHO PAKETR MEHBIIE CKOPOCTH CAMOH pa-
KeThl ¥ BEITEKAKIIHNE M3 CONJa raskl JeTAT BCJIel 38 pAaKeToH?

4. OxoTHUK cTpensieT ¢ Jierkoili HanysHoil Jogkun. Kakyio cko-
pocTe npuobpereT Jofka B MOMEHT BRICTPEJIA, €CJIM MACCa OXOTHHKA
70 kr, macca gpobu 35 r ¥ cpegRsas HayalbHAA CKOPOCTER APOoDMHOK
paBHa 320 m/c? Creon pyKBS BO BpeMs BeICTpesa obOpasyer ¢ ropu-
goHTOM yron 60°.

I'masa 5. KPATKHE HUTOTH
H3 BTOporo m tpersero 3akoHoB HBOTOHA BLITEKaET BaK-
HOE CJEICTBHE — 3aKOH COXPAHEHUS UMIVJIbLCA.
HmMirynee Tesla Maccod m, HMEIEero CKOpocTh U, PABEH:
p = muv.
HUmMmnysibe cHCTEMBI TeJT PABEH TMeOMETPHYECKOH CyMMe HM-

IMyJIECOB BCEX TeJl, BXOJAILMX B CHCTEMY.
B 3aMKHYTOH cUcTeMe TeJl HMIOYJbC CHCTEeMEI COXPaHSAETCH.
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I'maa 6 3AKOH COXPAHEHHWSA S9HEPIUH

JHeprus — camas BaXKHAA COXPAHAIIIAACH Be-
JUYUHA HE TOJBKO B MEXaHHKEe. JHEPrusi TEeCHO
ceBAsaHa ¢ paboroit. Mel HAauHeM ¢ waydenus pabo-
ThI CHJIBI.

§ 43 PABOTA CHJIBI

Bce Hamy eeHEeBHbIE NeiCTBUA CBOOATCA K TOMY, 4YTO
MbI C HOMOIILIO MBIIIL NTHOO IPUBOJUM B ABMIKEHUE OKPYKa-
OLIMe Tela U NoAJepi<uBaeM 3TO ABHIKeHHe, Jubo e ocTa-
HaBJHBaEM JBHMVIIHECH Tena.

ITHMH TeJIAMH ABJIAIOTCA OpyiMsa Tpyaa (MOJOTOK, pY4YKa,
1uja), B MIrpax — MsAYHM, maibsl, maxmaTHbie hurypsl. Ha
NPOU3BOJICTBE U B CEJILCKOM XO3AHCTBE JIOAH TaKKe NPHBO-
OAT B ABMiKeHWe opyaus Tpyaa. IlpaBaa, B HacTosimee BpeMs
posab paboyero Bce Oosbine ¥ OONbINE CBOAMTCH K YVIIPABJIECHHIO
mexaHuamamu. Ho B mo6oit mammmee MOKHO 00HapyXuUTh I10-
Aobye mpoCcThIX OPYAMHE PYYHOro Tpyaa. B miBeliHOH MalnHKe
UMeeTCs WIJia, pesel TOKapHoro craHka nonoben pybasky,
KOBILl 3KCKaBATOpPAa 3aMeH#eT JIOHmaTy.

HABurarenn. IlpumMenesne MalllMH BO MHOI'O pa3 yVBEJIWYM-
BaeT MNPOM3BOAUTE/ILHOCTE TPpyJAa Onaroaaps wCHONB30BAHHUIO
B HMX IBHraTeJieii.

Hasgnauenue nwboro ABuratesis B TOM, 4TOOBI NPHUBOAUTDH
Tena B ABHIKEHHE U MNOAAEPXHBATL 3TO ABHIEHWE, HeCMOTpH
HA TOPMOMEeHHE KaK 00bIYHBIM TPEHHEM, TAK U «pabouumM» Co-
IIPOTHBJIEHUEM (pesel [0JIMKeH He IMPOCTO CKOJB3UTE II0 Me-
TAJLTY, 8, Bpe3asiCb B Hero, CHUMaTh CTPYIKKY; IIYT JOJIKEeH
B3PBIXJIATE 3eMJII0 U T. A.). IIpm 3ToM Ha ABHIKyILleecsH Teso
JIOJIZKHA AeHCTBOBATE CO CTOPOHBI ABATATEJIA CHUJI&A, TOYKA MPH-
JIOJKeHMA KOTOPOM NEpPEeMENaeTcd BMECTe C TeJIOM.

BeiToBOE npeacrasieHue o pabGore. Korpa uenoper (uim
KaKoH-1nbDo ABUraTens) eHCTBYET C ONpeAe/eHHOM CHIIOH Ha
OBUKYIEeeCH Tesa0, TO MLl TOBOPMM, YTO OH coBepuiaeT paboTty.
310 OBITOBOE MpeAcTasjieHue 0 paboTe JIerja0 B OCHOBY (hopMH-
POBAHUSA OJHOI'O M3 BAXKHEUIIMX MOHATHUI MeXaHUKHM — I[IOHA-
THA paboTbl cHUabI.

PabGora coBepmaeTcss B NMPHUPOJie BCErja, Korjga Ha KaxKoe-
nubo Teno B HANPABJIEHWH €ro JABMXEHHUA WK NPOTHB HEro
AelicTByeT cuna (MM HECKOJLKO CHJI) CO CTOPOHEI APYIOro
Tena (Apyrux tesi). Tak, cuja TAroTeHus coBepmaer paborty
Opy NaJeHUN Kanenbs JOXKASA WM KamHsa ¢ obOpeiBa. OgHoBpe-
MEHHO cOBepuawT paboTy v cHIBI TPEHHA, AeHCTBYIONINE HA
najarliMe KanjM WM Ha KaMeHB €O cTopoHBI Bo3ayxa. Co-
BepiuaeT paboTy U cuiia yIpyrocTu, KOTAa PACTIPAMJIAETCH CO-
THYTOe BeTPOM IepeBo.
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Onpenenenune paborel. Bropo#t zakon HeioroHa B (popme

i =
Ap = FAt mnoaBoJsiser onNpefesiuTb, KaK MeHAeTCA CKOPOCTh
TeJaa U MO MOAVIIID ¥ HAIIPDABJIEHWIO, €CJH HA HEro B TeYeHHe

Bpemenut Af nedcrByer cuna F.
Bo MHOrMX cnyJasx Ba)XHO YMETh BBIYHCHATH U3MEHeHNe

CKOPOCTH IO MOIYJIK, €CJIH IIPH IepeMellleHd TeJia Ha ﬁl"' HAa

Hero peiicteyer cuna F. BoageilcTBMA Ha Tena CuJi, MPUBOMSA-
IUX K M3MEHEHHI0O MOAYJIA MX CKOPOCTH, XAPAKTepH3YIOTCH
BEeJMYMHOM, 3aBHCHALIEH KaK OT CWJI, TAK M OT NepeMeleHnH
TeJy. 3Ty BEJMYMHY B MEXaHHKe W HA3LIBAIOT paboToM CHIIBI.

B of6uiem coiyuae npu IBHIKEHHWM TBEPAOTO TeNa NepeMelLe-
HUS ero pasHbIX TOMEK Pas3/IMYHBI, HO IIpH onpejieneHuu pabo-

THI CHJIBI MBI TIOA Ar MOHMMaeM repeMereHne ee TOYKH IIpu-
noxxeHus. llpym mocTynaTeslbHOM [ABIODKEHWM TBEpAOTO TeJa
IepeMelleHe BCeX ero TOYeK COBIafaeT ¢ IepeMereHueM
TOYKH IPHUIIOKEHUA CHUJbI,

Cuna, mneprneHZHKYIAPHAA CKOpPOCTH (a CJeJoBATeNbHO,

U nepeMenieHnio Ar), U3MeHAeT CKOPOCTh TOJIBKO IO Halpas-
nenuo, Ho He no moayaxo. (Ilpy paBHOMEPHOM [ABHMEHHMH
M0 OKPYIXHOCTH YCKODEHHe TeJsd,
= - a clIenoBaTeNLHO, W JeHCTBYIOLLAA
E f} HA HEero cujaa MNeprne’HauKyIspHBI

¥ CKOPOCTH.)
; Hamenenne CKOpPOCTH N0 MOJAYJIKO
AF = BO3MOXKHO JIMIIIL B TOM CJiydae, KO-
raa NpoeKIlHsA CUNBl Ha Hanpaslie-
v HIe nepeMelleHuss tena F. ornuuHa
Puc. 6.1 or Hynasa. MmMmenHO 3sTa mnpoeKnusA
oupeessieT AeicTBHE CHJBI, H3Me-
HAOLEeH cropoeTs Tena no Mmopya. Ona coBepmiaer paGoTy.
IToaromy paborTy MOMKHO paccCMaATPUBATH KaK [IPOH3BEAEHME

npoexuum F, Ha Moaynb nepeMeileHHs ]ﬁ?l (puc, 6.1):
A=F_|Ar) (6.1)

Ecnmu yron Mexay CHJIOM W IepeMenieHneM 0003HauYMTh
yepeaz o, T0 F,= F cos «. CneposatrensHo, pabora paBHa:

= - -
]

A =F |Ar| cos o. (6.2)

Pabora cunel paBHA NMPOM3BEIEHMIO MOAYNEH CHJIBI M Ie-
pPeMeleHUA TOYKH MPUJIOKEHUA CHIIBI M KOCHHYCa yIjia MeJk-
Oy HAMM.

@opmyna (6.1) cipasennuea B TOM cJiydae, KOrjla cuJja Io-
CTOSIHHA M YIepeMeIlleHHe TeJla TIPOMCXOAHT BAOJNb IPHAMOH.
B cnyuae KpUBOJHHEIHOIl TpaeKTOPMH M INEPEMEeHHOH CHJIbI
MBI pasfensieM TPaeKTOPHK HA Malbie OTPE3KH, KOTOphIe

116



MOYHO CYUTATL [IPAMOJHHEHMHBIMH, 4 CHJIY HA HHUX IIOCTOSH-
HOM.

Pabora, B OT/iMuMe OT CHNBbl U NepeMellleHUHA, ABJIIAETCH He
BEKTOPHOH, a CKaANApHOU BenuymHOM. OHa MoxeT ObITH MOJO-
SKUTENBHOM, OTPMIIATEJIbHOM HJIM PaBHOM HYJIO.

3uak paboTel onpejiesifgeTcs 3HAKOM KOCHHYCA YIJla Memxay
cuyioi 1 nepemeiennem. Ecom a < 909, To A > 0, Tak Kak Ko-
CHMHYC OCTPLIX YrioB nojaoxurenen. [Ipm o > 90° pabora orpm-
HaTenbHa, TAK KAK KOCHUHYC TYNbIX YIJIOB orpunateneH, llpm
o = 90° (cuyna nepneHZMKyJsSpHa OepeMmelneHnio) pabora He
coepuiaeTcsa. Tak, CHMla THXKeCTH He coBepiuaeT paboty npu
NepeMenieHuu Teya no rOpu30HTaNbHON niockocTH. [Ipu aBu-
JKeHWH CITYTHHUKA 10 KPYIoBOif opbrTe cuila TArOTeHUs TaAKKe
He coBepmaer paborty.

Ecnun Ha Teno pedicTByeT HECKOJNBKO CHJI, TO HPOEKIMUA pe-
3YNLTUPYIONIEH CHIbLI HA TEepeMelleHHUe PaBHA CYMMeE ITPOeK-
UK OTAeNbHBLIX CHJI:

FF':FI.F' +F2r+ vea @
IMosromy nnsi paboTsl pe3yabTHPYIOIEH CHUIBI IIOJVYaeM

A=F, |Ar|+ F, |Ar|+ ...= A, + A, +....  (6.3)

Hrak, ecnm Ha Teno elcTByeT HECKOJbBKO CHJI, TO MOJHAHA
pabora (cymma pabot Bcex cui) paBHa pabore pesyinbTHPYIO-
el CHIIbI.

CoeepiuenHyio cuioii pabory MOXKHO npeacTasuTh rpadu-
yecku. Ilosacaum 3710, u300pasuMB HA PHUCYHKE 3aBMCHUMOCTB
ITPOEKIIHKM CHJIbl OT KOOPJAMHATHI TeJla NIPH ero ABHWMKEeHWM IIo
IPsAMOI.

IlycTs Teno pBumrercsa Baoabs ocu OX (pume. 6.2), Torga

Fcoso.=F,, |Ar|=Ax.
Jns paboTsl CHJIBLI MTONYYaeM

A = F |Ar| cos o = F,Ax.

OueBnHO, YTO IJOmaAbL npaAMo- O
VIOJIBHMKA, 34lUTPUXOBAHHOIO HA pH-
cyike 6.3, umcneHHo paBHa pabote Puc. 6.2
IpyU IepeMeleHuy Tena H3 TO4YKM
¢ KOOPAMHATOH X; B TOYKY C KOOPAH-
HaTON X,.

Exnuauna patorel. Epunnny pado- F 4
Thl MOYXHO YCTE@HOBHTH C MNOMOIIBI)
ocHOoBHO# Gopmyansl (6.2). Ecan npn
IepeMeLLeHMH Tesla Ha eJUHULY -
Hbl Ha HEro AeHCcTByeT CHUJia, MOAYJL
KOTOPOH paBeH eAUHUIE, U HApaB-
JleHHe CHJBl COBIanaeT ¢ Halpaple-
HueMm nepemeuniesus (a = 0), To 1 pa-

e
r{ bF;

-
|
2

_-‘,’_L_h
X

LK

"/ x
Ax
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6ora O6yner paBHa eguuuiie. B MesxxagynaponHoil cucreMe egu-
gur (CH) pabora uamepsercsi B Jproynax (obosnauaerca xx):

1Mx=1H:-1m=1H-mMm.

Hrak, mwoyas — 310 pabota, coeputaemas cunoi 1 H ua
nepeMenieHHH 1 M, eciin HATIPABJICHMHA CHWIbI H NepeMelleHHdA
COBINIANAIOT.

YacTo HCIOAB3YHT KPaTHYKR eguHuLy paboThl — KHJIO-
JIKOYJIb:

1 gl = 1000 .

—>

ITpuBenero onpejesesue paboThl cuabl F 1upm nepeme-
H[eHMH TeJia Ha Ar, COCTaBISIOUIEM YToJ (. ¢ HATpaBIeHHEM
cunel: A =F |Ar| cos «.

1. [Hadre onpepenexne paborel B mexanmxe.

2. Momer nm comepiars pabory cuna TpewMs nowos!

3. Bcerpa nu Ccxna TPEHHA CKONLMWEeHMS COBSPILAST OTPMUATEeNbMYIO
pabory!

4. B waxmx epmumyax samepserca pabora?

§ 44 MOIITHOCTD

OueHnb YaCTO BAXKHO 3HATh HE TOMBKO pabory, HO ¥ BpeMH,
B T€YeHHe KOTOpPOro oxHa npousaseaeHa. [loaromy Hago BBEeCTH
elle ONHY BEJHWYHHY — MOLLIHOCTL.

Pabora moxxeT OBITHL coBeplieHa Kak 3a ODONBIIONM mpoMe-
MKYTOK BpeME€HHM, TaK M 3a oueHb mansuiil. Ha npaktunke, ogHa-
KO, ganexko He 0Oe3pasinydeHO, OBICTPO WUAWM MEIJEHHO MOXKeT
OpiTE mpomasenena pabora. Bpemenem, B TeUYeHUE KOTOPOIO
copepuiaeTcsa pabora, OUpPeAensoT NPOH3BOAUTEBHOCTH JIHO-
boro pBuratrens. Ouens Donpilyio padboTy MOXKET COBEPIIUTHL
M KPOLUEYHLIN 3JIEKTPOMOTOPYMEK, HO AJA 3TOr0 noHampoburcs
mHOro BpemenHu. Iloromy Bapsay ¢ paboToil BBOOAT BEIHYHHY,
XapaKTepu3yrwly ObICTPOTY, ¢ KOTOPOH OHA IIPOM3BONUT-
CH, — MOILHOCTE.

MomHoOCTE HA3BIBAKT OTHOLIEeHHE paboThl A K MHTEDPBA-
Jy BpemMeHH Af, 3a KOTOpBIi 3Ta pabora coseplieHa:

_ A
N =5 (6.4)
NupivMu crioBaMu, MOLIHOCTH YHMCIIEHHO paBHa pabote, co-
BEPIUIEHHON B €IUHMIY BPEMEHMN.
IMogcerasnsas 8 Gopmyny (6.4) smecTo paborer A ee BrIpa-
enue (6.2), monyuum
Ar
N = J!*"]—‘EEJ cos o. = Fv cos «. (6.5)



Takum ofpaszoM, MONIHOCTH, PABHA ITPOM3BENEHHI0 MOAYJIA
BEKTOpAa CHUIbl HA MOAYJE BEKTOPA CKOPOCTH H Ha KOCHHYC
yrjia Meyay HANPaBJIeHUsMH 3THX BEKTOPOB.

IlorsiTHEe MOIIJHOCTH BBOJMTCH JIJIs OLlIeHKH paboThl 3a equ-
HUIlYy BPEMEHH, COBEPLIAEMOH KaKuUM-nubo MexanusMoMm (Haco-
COM, NON'LEMHBIM KPaHOM, MOTOPOM MAIIWHBI U T. A.). IToaTo-

o

my B thopmynax (6.4) u (6.5) mon F Bcerpa nojpasyMeBaeTcs
CHJIA THIH.
B CH moninocTs Berpaskaerca B saTTax (Br). MowHoeTs
pasHa 1 Br, ecam pabora 1 II»x cosepinaercs za 1 c.
Hapsuny ¢ BarroMm wucnonb3yiorcsa Oonee KpymHbie (Kpart-
HbIE€) eIUHUILI MOIIIHOCTH:

1 rBr (rekrtosatt) = 100 Br,
1 xBr (kunosart) = 1000 Br,
1 MBr (merasart) = 1 000 000 Br.

MUII[HDETL MO HO [NOBBICHTE KdK 3a CHeT YBeJIHYeHHHA ,[I,Eﬁ-
CTBYKIIIMX CHJI, TAK H 34 cUYeT YBEJIHYCHHHA CHOPOCTH JABHIKe-
HHH.

§ 45 JHEPTHSA

Ecnu cuerema Tesr MOXKeT COBEPIINTE pPaboTy, TO MLl I'OBO-
pUM, YTO OHa ODJajaeT sHeprHuei.

Jnsi coseplienuss paborsl HEOOXOAMMO, YTOOBI Ha JBUIKY-
lleecH Teno AeWCTBOBANA Ta WJIH WHAaA cuia. TeruioBble OBH-
ratesn ofecneuyMBaKT AelicTBHE CHJIBlI IO TeX Iop, IMOKA He
KOHYMTCH TONJWBO, a 3JIEeKTPOJBUTATENL — JI0 TeX Iop, IIOKAa
K HeMy noABOZUTcA TOK. OpHAKO 3TH JABHUTraTe/IH NpeAcTABJIS-
I0T c0o00ii CNOMHBIE CHMCTEMBI 1 B MEXaHWKE He H3y4YarTCH.

PaccMoTpuM mpocThie CHCTEMBI IBHIKVIIMXCH TeJl, B3auMO-
OeHCTBYIOINX Mexxay cobol nmocpefcTBOM CHJ TATOTEHHHA U
CHOCOOHBIX B TOI WM mHOM Mepe medopmuposBaTbes. (IIpy-
JKMHA MJIM Pe3VHOBLIM mrayp AedopMHDPYVIOTCA 3HAYHUTENHHO,
a4 KaMeHb, IepeBO, MEeTall — CTOJb MaJo, 4To uxX pedopma-
ouAMH 00BIYHO MOMHO npeHebpeus.) Byaem cuwrare, 4To HU-
KaKUX XUMWYeCKHX NpeBpalleEri Tes He NPOMCXOOHUT WM YTO
B CHCTEME HeT 3apfAyKeHHBIX TeJ H 2JeKTpHYecKuX ToKkoB. Tor-
aa Jerko obDHapyI»XHTh, 4YTO NOTHATEIE HAJ 3eMJIel rpyssl,
a TaKJ}Ke YCTPOHCTBA, UMEIIIVE CIKATHIE PYIKXHHEI, CIOCOOHEI
JNIeICTBOBATH HA JBHIKYIIeeCHA TeJIO H COBepLIATE paboTy JidIn
B TeYeHHe OlpenesleHHOro IPOMEXKYyTKa BpeMeHH., PaHo Him
NO3AHO IPYXWHA PACIPAMHATCH, & 'PYy3 ONYCTHUTCH Ha 3€MJIIO
M CUJIklI IepecTaHyT coBepinaTk pabory.

Cosepwernue pabomest He npoxodum 0na cucmemvl mea Oec-
caedno. PacemMoTpumM, HAOpUMED, YaChl ¢ NPYIKHUHHLIM 3aBO-
nom. IIpm 3aBOme 4aACOB COCTOSIHHE CHCTeMBbl (4YACOBOTO MexXa-
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HHM3Ma) MEHAeTCs TAK, Y4TO OHa npuobperaeTr criocODHOCTE CO-
BepuIaTh paboTy B TedyeHHe AnuTeNbHOro BpeMeHH. IIpy»kuua
NOAJEPUBAET JABUMKEHHE BCEX KOJeC, CTPeJIOK ¥ MaATHHKA,
HWCIIBITHIBAIOLIUX CONPOTHBIEHHE ABMIKEHWIO, BBIZBAHHOE Tpe-
Hnem. Ilo mepe xozna 4acoB ¢noCODHOCTE HNPYXKHMHBI COBEPIUATH
pabory nocteneHHo yrpauuBaercs. CocTosHHe NPYKHHEI Me-
HAETCH.

ITopobrbiM 0OpazoM MNpH coOBepIneHUH paboThl MeHAETCH
COCTOSTHHE CHATOrO I'a3a M CKOPOCTeH ABMIKYIIMXCH TeJsl.

JHeprus xapakTepHayeT cnocobHOCTE TeJa (MM CHCTeMbI
TEJ) coBepuiaTe pabory.

Cogpepinafd MexaHUYECKYH padboTry, Teno Miau CcHCTeMAa Tedl
IIEPEXOAAT M3 OJJHOI'O COCTOAHUSA B IPYroe, B KOTOPOM HX 3HEP-
rua MuHEUMAadbHA. ['py3 onyckaercsi, NPyXHUHA paclpsaMmis-
eTcH, JBMIKYIIEecA TeJo ocTaHaBnuBaercd. Ilpu coBepiueHHH
paboTrl 3HEprus nocTenesHo pacxoayercs. Ins Toro 4Tober cu-
cTeMa OnATh npuobpena crocobHOCTL coBepuiaTk paboty, HANO
U3MEHUTh €€ COCTOAHHEe:! YBeJIWYWUTH CKOPOCTH TeJl, NOAHHATH
Tena BBEpX WM gedopmHposBaTh. s 3TOTO BHEUIHHWE CHJIIbLI
JOJI3XHBI COBEPIIMTBL HAJA CHCTEMOM NOJOMHUTENBHYI0 paboTy.

JHeprus B MEXaHUKe — BeJIMYWHA, ONpeernseMad COCTOA-
HHEM CHCTEMBI — IIOJIOJEHHEM Tell U UX CKOPOCTSAMH; H3Me-
HEHME 3HEPI'HMM IIPH Iepexojie CUCTeMbl M3 OJJHOTO COCTOAHMWS
B Apyroe paBHO pabore BHELIHMX CHIIL.

KHHETHYECKASH 9HEPI'HA

§46 . EE M3MEHEHHE

B MexaHnKe COCTOSHME CHCTEMB! ONPEAEeNAeTCH TTOJIOMEeHN-
emM Ten U uX cxkopoctsMu. CHayalla BRISSCHUM, KAK JHEPrus
TeJI 3aBHCHUT OT X CKOPOCTEH.

IMoacunraem pabory NOCTOAHHOW CHJIBI F JIeHCTBYOLIIeH
Ha Teso (MaTepualbHyK TOYKY) Maccoil /m IpH ero NpAMOJIH-
HeiiHOM aBMikKeHuu. lIlyeTe HamnpasjieHHe CHJIBI COBI&AAET
C HamnparJieHHeM CKOPOCTH Tena. B aTom cay4yae HanpaBieHUHA

BEKTOpPa MNepeMelleHHss Ar H BeKTOpPa CHJIBI COBHENAIOT
(puc. 6.4). Ilostomy pabota cunel F paBuHa:

A=F|Ar|.

By Uy Bribepem KOOPAMHATHYIO OCH OX

F . F TaK, 9TOOBl BEKTOPHI F, u., l,:2 u Ar
<) »——{»—» ObUIK HaNpPaBJ€eHELl B CTOPOHY II0JIO-
0 "—— X KUTeNBHOrO HANPABIEHHA 3TOH OCH.
ar Torpa Ar, = Ax, u ¢Gopmyay Aas pa-

BOTHl MOXKHO 3alMCaATh TaK:
Puc. 6.4 A = FAx. (6.6)

120



CornacHo Bropomy s3axkoHy HeroTona
F = ma. (6.7)

Tak Kayx TOYK& ABMUIKETCHA C NOCTOAHHBIM YCKODEHHEeM, TO
U3MEeHEeHHEe ee KoopAuHaThl AX NpM nepexole M3 Ha4YaldbHOIro
NOJOIKEHMA B KOHEYHOE MOXKHO HAWTH 10 M3BECTHOM HaM M3
KHHeMaTuKu (popMyne

- 2 _ 2
at? L3 — U
Ax=v.t + = 6.8
! 2 2a (6.8)

rjue
v, = v, + at.

IlopcraBnsaa ¢opmyny (6.8) B dopmyay (6.6), monyuum
2 2 2 2
Uy — D ne muv
A=ma—=2—32="2__"_1, 6.9
2a ] 2 (6.9)
MoxHO nokasath, 4To Gopmyna (6.9), BeIBeeHHas ans
CAYyYaA NMPAMOJIMHEHHOrO JBUIKEHHA TeNna, Ha KOTopoe HeicT-
BYeT INOCTOAHHAH CHJIa, CIIPABEJINBA H B TeX caydasix, Korga
H&a TeJIO AeHCTBYET MepeMEeHHAA CHJIA U OHO JBHIKETCH IT0 KPH-
BOJIMHEMHOM TPaeKTOPHH.
Taxum obpasom, paboTa CHIBI IPH NEePEMEINeHHH TeJa U3
HaYaJbHOIO NMOJIOYKEeHHWH B KOHEYHOEe PaBHA H3MEeHeHWIO BeJiu-

muo?
YUHEI .
2
p2 .
Benuuuna 5~ MpeAcTaBiser coboil aHeprui, KOoTOpVIO

o
UMeeT TeJIo, ABHIKYIIeecd CO CKOPOCThIO U. ITY 3HEPrui Ha-
3BIBAIOT KMHETHYeCcKOH (OT rpevyecKoro cloBa «KHHEMa» —
IBHIKEHUE).

Kax ByuapM, KMHeTHYeCcKad JHeprus Tesjla paBHa NOJIOBUMHE
IIPOM3BEJEHHUA MACCH! TeJla Ha KBaJIPAT ero CKOPOCTH.

bynem obosHauaTe KMHETHYECKYIO aHepruio byksoi E:

g o= (6.10)

JHeprus H3Mepsercs, B TeX e eINHuIax, 4ro u pabora.
VYuureiBasgs paseHcTBo (6.10), moxuo ypaBuHenue (6.9) zanu-
CATHL TaK:

A=E_,-E_,=AE,. (6.11)

Pasencteo (6.11) BeIpaskaer TeopeMy 06 MBMeHEeHMH KHUHEe-
THYECKOH SHepruu: H3MEeHeHHE€ KHHEeTHYeCKOH 3HepruH Teja
(MaTepHanbHOH TOYKH) 334 HEKOTOPHIH NMPOMEXYTOK BPeMeHH
paBHO paboTe, COBepLIeHHOH 3a TO e BpeM#Aa CHJIOH, JeHCTBY-
el Ha teno. Eciu Ha Teno geliCTBYeT HECKOJIBKO CHJI, TO
U3MEHEeHWEe ero KHHeTHYEeCKOH HHepruu paBpHo cyMmme pabor
BCEX CHMJ, JeHCTBYIIIHUX Ha Teno.
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KunaeTuuecKkas SHEPrHSA TeJI 3aBUCHT TOJIBKO OT X MACC H
ckopocteil. Kak Mb1 yBUAUM manblue, NOAHAA MEXAHUYECKAR
aHepzus cucmembl 3aBUCUT OT CKOPOCTEH Tesl M PACCTOSHMUUI
Mexxay HuM#, Jna 7oro 4robel BEIYHCIWMTE TY YaCTh 3HEPIHH,
KOTOpasi 38BUCHUT OT PACCTORSHMH MeJy TelaMu, HYKHO
NpeliBaAPHUTEJNBHO PacCMOTPeTh Bompoc 0 paboTe cHIIbl TAMKECTH
U CHJIBI YVIIPYTOCTH.

IBuacylieecs TeJio obagaeT KMHETHYECKOH 3Heprueii. 9ta
aHeprus paBHa pabore, KOTOpPYIO HALO COBEPLUIMTE, YTOOBI yBe-
JUYUTh CKOPOCTE TeJa OT HYJH /[0 3HaYeHuH U.

1. Kax BuirnsgMT rpagmi H3IMEeHEeHHMA HHHETHUYECHOH 3SHEePrMM Tena
? B 3aBMCHMMOCTH OT MOayns erc chopoctu! Haueprure ero.
o 2. Hauywo pabory comeplunna cuna, QEeHCTBYIOLIAR HA TENO, BCNM Ha-

NPasnNeHMe ero CHOPOCTH KMIMEHMAOCh Ha NPOTHBEONIONOMHOE,
a mopyne ee ocranca 6e3 wimeHexmn!

3. Tpm vena maccamu my, M; M IM; MMEIOT CKOPOCTH V4, V; H V,, Ha-
npaenexHbie NOA YTNOM APYM K APYTY. 3anviuMTe BnipaMenne ANy
HMHETHYECKOH 3HEPIMM CHMCTEMbl 3THK Tpex Ten,

4. 3aBMCHT MM KHHETHYECHAR HeprMs Tena or Beibopa cHCTemsl OT-
cyeral

§ 47 PABOTA CHUJIBI TAMECTH

Briuncium paboTy, MCHOJIBE3YH B 9TOT pas3 HE BTOPOH 3aKOH
HrioToHa, 8 SBHOE BhIpaXKeHUe [JiH CHJ B3aUMOJeHCTBHUA MeX-
Ay TenaMy B 3aBHCHMOCTH OT PACCTOAHHN Me¥XAY HUMH. ITO
[O3BOJIUT HaM BBeCTH [OHATHE I[OTEHUHUANLHOM JHEPruy —
9HEepPruM, 3aBHCAINEN He OT CKOPOCTeM Tell, @ OT pacCTOSHHM
MEXAY Tesamu (MM OT PACCTOAHHM MEKIAY YACTAMHM OJHOIO
U TOTO Ke Tena),

Belupcnum cuagana pabory CHIBI THIKECTH HPH NaJeHUH
Tena (HANpPHMED, KAMHS) BEPTHKAJILHO BHH3. B HaualbLHBIM
MOMEHT BpPeMeHM TeN0 HaXO0/MJIOCh Ha BeicoTe h, HajJ noBepx-
HOCTHIO 3€MJIM, & B KOHEYHBLIII MOMEHT BPEMEHU — HAa BBICO-

te h, (puc. 6.5). Moayse nepememienus Tena |Ar|= h, — h,.
HampaBneHusa BEKTOPOB CUNBI TsxKecTw F, ¥ nepemeire-

HUA Ar coBniagaroT. Cornacuo onpenenenuntw pabotnl (eM. dop-
myay (6.2)) umeem

A=F, |Ar|cos 0° = mg (h, - b)) = (6.12)
= mgh] - mghz-

H\?CTB TEHEPI: TEeJIO ﬁ[.}O-CHJIH BEPTHKAJIBHO BBEPDX H3 TOYUKH,
pﬁEl’IUﬂﬂHEHHGH FHa BLITCOTE h HaJl NOBEPXHOCTLHO BEMJIH,

M OHO Jocturao BeicoTel h, (puc. 6.6). BexTops! F u Ar
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Ere— :(“‘\2
B
F,

hl hﬂ hl‘_
AR
ﬁ?}. ! ' €31
ho hy _ ha
' VF
Puc. 6.5 Puc. 6.6 Puc. 6.7

HanpaBJeHkl B MPOTHBOMNON0XHbIe CTOPOHBI, & MOAYJb IlepeMe-
uesns |Ar| = h, — h,. PaboTy cHIBl TSXKECTH 3alMILEM TaK:

A =F, |Ar| cos 180° = mg (h, — h,) (1) =

= mgh, — mgh.,. (6.13)

Ecsn e Teno nepeMeliaeTcsa no NpaMod Tak, 4TO HAIpaB-
JieHHe TepeMellleHHUs COCTABIS#eT YroJ O ¢ HalpaBjeHHeM
cunsl Tsxkecety (puc. 6.7), To pabora cuibl THIKECTH paBHAa:

A =F, |Ar| cos o = mg | BC| cos .

HNa mnpsamoyroneHOoro TtpeyronsEuka BCD Bugso, 4YTO
| BC| cos .= BD = h, — h,. CnegoBarensHo,

A = mg (h, — h,) = mgh, — mgh,. (6.14)

D@opmyasl (6.12), (6.13), (6.14) gaoT BOZMOKHOCTL ITOJAMe-
THTH BAXXHYIO 3aKOHOMepHoCTh. lIpn npaMonnHeHHOM JBHMKe-
HUY Tena paboTa CHUIEBI THYKECTHW B KajXXJ/IOM CJ/iy4yae paBHa pas-
HOCTH OBYX 3HAUeHWH BEeJIMYHWHBI, 3aBUCANIEH OT MOJOMXKEHHWH
TeJla B HAYAJBHBIII M KOHEYHbIA MOMEHTBHI BpeMEHM. DTH I10-
JIOOKeHUSA ONpeAeNnAioTcsa BoicoTaMu i, u h, Tena Hajg MOBEpPX-
HOCTbLIO SeM.JIH.

Bonee Toro, pabora CHABI TAMXKECTH [IPH NepeMeleHuN TeJa
MACCOI /M U3 OJHOIO NOJIOMKEHUS B JIPYyIoe He 3aBHCHT OT (Hop-
MBI TPaeKTOpPHH, MO KOTOPOHW ABMIKETCH Teno. lelcTBHTENb-
HO, €CJIM Teno nepemeinaercs Bponas KpuBoi BC (puc. 6.8), To,
Ope/icTaBHUB 3Ty KPHBYK B BHE CTYNE€HYaTOH JIMHEHH, COCTOH-
el M3 BEPTHKAJBHBIX ¥ TOPHU30HTAJBHBIX YYACTKOB MAJON
OJIWHBI, VBUAUM, 4YTO HA TOPUIOHTAJNBHBIX yuacTKax pabota
CHJIBI THIKECTH paBHa HYJI0, TAK KAK CHJA MNeprneHAUKYIApPHA
nepeMeIleHnn, a cymma paboT Ha BePTUKANBHBIX YYACTKAX
paBHa paloTe, KOTOPYK COBepIuMia Okl CUNIa TAMKECTH TIPH I1e-
peMeIIeHUH TeJa M0 BEPTHUKANBHOMY OTpPe3ry AnunHou h, — h,.
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Puc. 6.8 Puc. 6.9

Takum obGpasom, pabora nmpu nepemMenieHnu BAONbL KpuBoil BC
paBHA:
A = mgh, — mgh,. (6.15)

Ilpy aBMIKeHMM Tejla MO 3aMKHYTOH TpaexkTopuu pabota
CHMJIBI THIKECTH paBHA Hyaw. B camomMm pgene, nycTh Tejo ABM-
JKeTcd mo 3aMKHyTomMy KOHTYpy BCDMB (puc. 6.9). Ha yua-
crkax BC u DM cuna Tsixectu F_ coBepiiaer paboTsl, paBHLIE
no abCoNMITHONH BeJIMUKMHE, HO HPOTUBOIOJOXKHBIE [10 3HAKY.
CymmMa atux pabor pasua Hynio. CnenoBaTeslbHO, PABHA HYJIIO
¥ paboTa CUIbI TAMECTH Ha BCeM 3aMKHYTOM KOHTYPE.

Cunel, obnagaronpe TAKUMHA CBOHCTBAMU, HA3LIBAIOT KOH-
CepBATHBHBIMM.

Hrar, pabora cuibl THMECTH HEe 3aBHCHT 0T (hOpMb! Tpaek-
TOPHH TeJja; OHa QIpeleNfeTcHd JININ: HAYAIBHBIM W KOHEeY-
HbIM HoJsioxkeHuamu Tena. Ilpu nepemelnesuyn Tena 0o 3aaMKHY-
TOH TpaeKTOpHHu paboTa CHNBl THAMECTH paBHA HYJIO.

§ 48 PABOTA CWJIbI ¥1IIPYTOCTH

ITopobHO CcHye TAMKECTH, CHJIE YOPYIrOCTH TOME HBJIAETCH
KOHcepBaTHBHOH. YT0oDBI yOEeguTbCca B 3TOM, BBIYMCJIHM pa-
60Ty, KOTOPYIO COBEpIIaeT NPYXXHUHA IPH [epeMeIleEnH Ipy3a.

Ha pucyHke 6.10, a nokasana 1npy»uHa, y KOTOpo# OJuH
KOHEeL] 3aKperJieH HeNOABMUIKHO, 8 K IPYroMy KOHLY IIpHKpPeI-
neH map. Ecnoy npyuHa pacTsHYTa, TO OHA AeHCTBYeT Ha 1uap

¥:
¢ cunoit F, (puc. 6.10, 6), HanpaBneHHON K MOJOMKEHHK) pPaB-
HOBECUA [apa, B KOTOPOM IpYyXXWHA He nedopmuposana. Ha-
YyaJlbHOE YJJIMHEHWE NpYyxXuHbl paBHO Al,. Beramcium paboty
CHUJIBI YIIPYTOCTH NPH [IepPeMeIleHUH 11apa M3 TOYKH ¢ KOOpAH-
HATOH X, B TOYKY € KOOpAMHATOK X,. U3 pucyHka 6.10, 8 Busa-
HO, YTO MOAYJb IepeMelleHnA paBeH:

|Ar| = x, — x, = Al, — AL, (6.16)
rjpe Al, — KOHeuHoOe YIJIMHEHUE MPYHUHLL.
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Bruuciaute pabory cunel ynpyro-
ct o ¢dopmyne (6.2) Henwn3sn, Tax
KakK 3Ta ¢opmyja crupaBeniuBa JHUIIb
IJIsl IOCTOAHHOW CHIJIBI, 8 CHUJIA yOpy-
rocTH MpH H3MeHeHHH pgedopMaluy
NPYXHUHBL HE OCTAaeTCH MNOCTOSHHOMN.
Onsa BeryucjaeHus paborbl CUJIbL YIIPpY-
rOCTH BOCMoOJb3yemcs rpadHuKoM 3a-
BMCHMOCTH MOAYJIA CHIBl YIOPYTroCTH
OT KoOpAHHAaTHI mapa (puc. 6.11).

B § 43 MBI nokasajii, 4TO HPH IO-
CTOAHHOM 3HAYEHHH NPOEKIMH CHIIHI
HA NepeMelleHne TOYKH HPUJIOXKEHUS
cHIibl ee pabora moxxer ObITH Ompene-
neHa o rpaguky saBucumocTH F,
OT X ¥ uTO 3Ta paboTa YUCIeHHO paABHA
naoniaayn npamovroabHukKa. Ilpu npo- Fi
M3BONBHON 3aBucumoctu F, ot x, pas-
OuBas nmepeMeleHHe Ha Malble OTPe3-
KU, B [Ipeesax KamKJAoro M3 KOTOpPBIX
CHJIY MOXKHO CYUHTATE [OCTOSHHOM,
yBuauM, uto pabora Oyaer yMcIeHHO
paBHa ILJIOLIaaM TpalernHuH.

B mamem npumepe pabora CHIEI
YIDPYTrOCTH HA NepeMelleHHN TOYKH ee

npuioxenus |Ar| = x, — X, YHCJEHHO PABHA IJIOL[aAu TpAare-
ouu BCDM. CnenoBaTesibHO,

F, + F, F + F,
L 2

Cornacuo saxony I'vka F, = kAl, u F, = kAL,. TlogcTraBnsas
3TH BbBIpAXXeHHA IJig cua B ypaBHeHuMe (6.17) m yuwuThIBaSH,

uto |AF| = Al, — Al,, ToMyYUM

Puc. 6.11

A= (x, — x,) = |AF . (6.17)

k(AL — (AL)?
4 _ Rl + kAl (Al - AL) = [(Al)? - (AL) ]‘
2 2
HNnu oxOHYATEJILHO

_ k(AL)?  k(AL)?
T2 2

Mgu1 paceMOTpeNH CoIy4ai, KOrga HAaNpaBJeHUs CHJBI YOPY-
rocTH M nepemenieHus Ttena cosnaganu: Al, > Al,, A > 0. Ho
MOX<HO Ob1110 OBI Ha¥TH paboTy CUIBl YIPYIOCTH, KOTLA €e Ha-
NNpaBJeHNe NIPOTUBOTIOJOMHO TepeMeIeHUI0 TeNna I COCTAB-
JAEeT C HAM NPOM3BOJIBHLIM YIoJi, A TAKMKEe NpH IepeMELIEeHHN
TeNa BAOJIbE KPUBOH NPOM3BOJIbLHOM (DODPMEL,

Bo Bcex aTux coydasx OBMIKEHHS TeJyia NOoA AeCTBUEM
CHUJIBI YIIPYTOCTH MBI NPUILTH OBl K TOH ke dopmyne nnsa pa-

A (6.18)
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6ote! (6.18). Pabora cun ynpyrocTi 3aBHCHUT JIMIIL OT JAedop-
Maruit npy:xuHel Al; 1 Al, B HAYAJIBEHOM M KOHEYHOM COCTOSfA-
HUAX.

Takum obpaszom, pabora cHibl yNpyrocTHd He 3aBUCUT OT
(opMBl TPAGKTOPHMH H, TAK M€ KAK M CHJa THXECTH, cHuna
YOPYTOCTH SABJIAETCH KOHCEPBATHBHOMN.

1. Yemy pasxa pabora cMNbi YyNPYroCTH NPH NEpeMelleHHd Tena no

¢ 3AMKHYTOH TPaeKTOpHM!
2. Kakme cunbl HA3ZLIBAKOT KOHCEPBATHBHBIMM!

§49 TOTEHIUAJIBHAA 9HEPTHHA

Hcnonssyst BTopoy 3axon HeoToHa, MEl nokasand (cMm. § 46),
4TO B CHIy4Yae ABMKyIerocs tTena pabora cuin no0b0H nprpob!
MO3KeT ObITh MpEeJCTaBJeHA B BHJAE DPAZHOCTH [BYX 3HAYEHHH
HEKOTOPO# BeJIMYMHLI, 3aBHUCHAIIEH OT CKOpPOCTHM TeJia, — pas-
HOCTH MEXly 3HAaYeHMAMH KHHEeTHYEeCKOH 3HepraM Tejna B Ko-
HEUHBLIH ¥ HAYANBHBLIT MOMEHTHl BPEMEHH:

mv:  mol

2 2

Ecnn e cuinbl B3aUMOACHCTBHSA MEMJIY TeaaMu ABISIOTCH
KOHCEPBATHBHbLIMM, TO, MCIOJIbB3ys SABHBIE BLIPAMKEHUHA IJIA
cmJi, MbelI ToKasanu (em. § 47 u 48), uro pabory TaKMx CHI
MOMKHO TAKIKe NPeACTABUTL B BHJAE PA3HOCTH JIBYX 3IHAYMEHUM
HEKOTOPOH BeJIMYMHLI, 3aBUCALIEH OT B3aUMHOTO PacOojioXKe-
HUA Ten (MM YacTed OZHOTO Tesa):

A= = AE, . (6.19)

A =mgh, — mgh, (Ana cUNBl THMKECTH),

EALE kALY
A= 21 - 22 (mnss cuiBl YOPYyrocTn).

(6.20)

3neck BoicOThI i, ¥ h, OIpeAessAIOT B3AaMMHOE PacloJIoiKe-
Hue Tena u 3emu, a youuaenus Al, u Al, — BzanMHoe pacro-
NOMEeHUe BUTKOB Ae(hOPMMPOBAHHON NPVIKHWHEI (MM 3HAYEHUSA
nedopManuii Apyroro yompyroro tenua).

BenuuuHy, paBHYKO IPOM3BEAEHNI MAacchl TeJia /m Ha yCKO-
pesue cBoOoJHOrO nMajeHNs £ W Ha BeicoTy h Tena mHaz no-
BEPXHOCTBK 3eMJIH, HA3BIBAKT TMNOTEHIMANBHOM 3HeprHei
B3aMMOJEHCTBHA Teja M 3emMiaH (0T JaTHHCKOIO CJIOBa «I10-
TEHIMA» — [OJIOMKEHHNEe, BO3MOMHOCTE).

Yenosumes o003HaUaThL TOTEHIMANBHYI0 3SHepruw Oyk-
Bon E :

E, = mgh.| (6.21)
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Besmunny, paBHYIO MONOBUHE NPOU3BEIeHUS KoahdUIneH-
Ta ynpyroctu k Tena Ha KBajapar nedopmauuu Al, HasbIBAIOT
NOTEHIMAJIBHOM 3Hepruel ynpyro aedopMHpPOBAHHOID TeJia:

E

_R(A? |

=2 (6.22)

.

B obonx cayuasax DOTEHIHANBHAS JHEPrus ornpejeisercs
PACIOJIOKEHHEeM TeJl CHCTeMbl MM YacTeld OAHOro TeJa OTHO-
CHUTENLHO IAPYr Ipyra.

BBensa moHATHE MNOTEHIIMAJIEHON 3HEPIHH, MbLI MOJIYYAEM
BO3MOXYXHOCTh BBIpA3UTH pabory mo0BIX KOHCEPBATHBHBIX CHJI
gepe3 U3MeHeHHe MNoTeHLuanbHOH sHepruu. Ilog masmenenn-
€M BEeJIMYHHEBI IOHKUMAKOT PA3HOCTh MEXKIY €e KOHeUYHbLIM M Ha-
YaJbHbIM 3HAYEHWAMH, noatomy AE =FE ,— E ..

Cnenosarennsto, oba ypasHenusn (6.20) MoxcHO szamucaThb

TaK:
A= Elll = EnE e (Euz = Eul] = ..{LE", (6'23}

oTRyaa AE_ = -A.

H3menenue NOTEHIMANBHON 3SHEPTWH Tella paBHO pabore
KOHCEePBATHBHON CHJIEI, B3ATOM ¢ OOPaATHBLIM 3HAKOM.

Jra (popMmyna nos3BoJaseT gaThk 00iee omnpeneseHue IMOTEeH-
LIHATBHON SHEPruu.

ITorenuuanbHoOl sHepruel cucTeMbl HA3BIBAETCH 3aBHCHA-
1as o7 INOJOXKEeHUS Tesl BeNWYHHA, U3MeHeHHe KOTOpoi npH
[epexofe CHCTeMBI U3 HAa4YaJIbHOTO COCTOMIHUSA B KOHEYHOE pas-
HO paboTe BHYTPEHHHX KOHCEPBATUBHBIX CWJI CHCTEMB!, B3f-
TOM € MNPOTHBONOJOIKHBIM 3HAKOM.

3HaK «—» B (opmyne (6.23) He osHauaeT, uyTo pabora KOH-
CEpPBATHBHBIX CHUJ Beerja orpunarenbHa. OH o3HaYaeT JHIIb,
YTO U3MEHEeHHe MOTEeHIMaJbHON 3Hepruu u pabora cun B cHc-
TeEME BCerja MMeKT MNPOTHBOIIOJIOMHLIE 3HAKH.

Hanpumep, npy nageHuu KaMHs Ha 3eMI0 €10 IMOTeHIH-
anbHas sHeprus ybwiBaer (AE, < 0), HO cHJIa THAMKECTH COBep-
maeT nonoXxurenbryio patory (A > 0). ChenoparensHo, A u
AFE  uMewnT NpOTHUBONONOKHBIE 3HAKH B COOTBETCTBHH C thop-
mynoi (6.23).

Hynesoit yposeHbs noTeHmanbHol 3Hepruu. CornacHo
ypasHeHnio (6.23) pabora KOHCEPBATHUBHBIX CUJI B3aWMOENCT-
BUSA Olpefenser He camMy NOTEHIMANbHYIO 3HEPruio, a ee u3-
MeHeHHe.

Ilockonsky pabora onpenensieT IUINL U3MEeHEeHWE MOTEHIH-
AJIEHOU DHEPruH, TO TOJBKO U3MEHEHHEe SHEPruM B MeXAaHUKEe
umeeT puandeckuil embics, I[1osToMy MOKHO NPOM3BOJIBHO 6bi-
Opamb COCTOAHHE CHCTeMbl, B KOTOPOM €€ IOTeHIHAILHANA
JHEepPruf cuumaemcsa PaBHOM HYNI. JTOMY COCTOSHHIO COOT-
BETCTBYET HYJEBOH ypOBEeHb MOTeHUHalbHOM asHepruu. Hmn
OHO ABJIEHHE B NPUPOAE HIIM TEXHUKE He OlpeAessieTcs 3Ha-
YeHHeM CaMod NOTeHIMaNkHOW sHeprMu. BakHa umes pas-
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HOCTHh 3HAYEHWH MOTeHIHMaJILHOW 3HepruM B KOHE4YHOM M Ha-
YaJdbHOM COCTOSHHAX CHMCTEMbI TeJl.

BriGop HYyJIeBOrO YPOBHS I[POMU3BOAMTCH TO-pasHOMY H
JIUKTYeTCH HCKJIWYUTENLHO coobparkenusimu yaodcTBa, T. e.
IPOCTOTOH B3almNCH YPaBHEHWH, BBIPDAMKAIOILEr0 3aKOH coOXpa-
HEHUHA SHEPruu,

OOBRIYHO B KAYECTBE COCTOSHHUA C HYJIEBOH MOTEHIMAJILHON
aHeprueil BRIOUPAIOT COCTOAHUE CHCTEMB! € MHHHMAJILHOM
aneprueil. Torpga noTeHUMaNbHAA JHEPIHUs BCerza IOJIOXKU-
TeNBHA WM PaBHA HYIIIO.

HUrak, moTeHLHAaJbHASA SHEPrusi CHCTEMEBI «Teso — 3eM-
Jf» — BeJIUYMHA, 3aBUCHILAR OT IIOJOMEHHs Teja OTHOCH-
TeJIBHO 3eMJIM, paBHas paboTe KOHCEePBATUBHONI CHUJIIBI IIPH Ile-
peMelleHUM Teja M3 TOYKH, TjJe OHO HaxXOOWuTCH, B TOYKY,
COOTBETCTBYIOLIYIO HYJEBOMY VPOBHIO TOTEHLMAJNBHOW 3HEp-
My CHCTEMBI.

Y npyKUHB NOTEHIHAJNLHAS SHEPruda MHMHUMAJbHA B OT-
cyTcTBHE Ae(OpPMALlMH, 8 Y CUCTEeMbl «KaMeHb — JeMJA» —
KOrja KAMEeHb JIeXKHUT Ha MoBepXHOoCTH 3emnu. [losaTomy B nep-
k (Al)?

2
K JAHHBIM BBRIDAXKEHHMAM MOMHO nobaBuTh JIOOYI0 MOCTOSAH-
HYIO Bennqnnyzc, U 3TO HUYero He uaMeHuT. MOXKHO cuuTaTh,
9TO Eu = —k {3” +C, E" = mgh + C.

Ecnan Bo BTOpOM cayuae nonoxxuts C =-mgh,, 10 3to Oy-
JeT O3HAYATH, YTO 3a HYJIEBOM YPOBEHBL DHEPIHH CHCTEMBbI «Ka-
MeHb — J3eMJs» PUHATA SHEPrusf, COOTBETCTBYIOIIAH II0JIO-
JKEeHHWI0 KaMHSA Ha BeICOTE A, HAJ MOBEPXHOCTHI SEeMJIH.

HzonupoBaHHas CHCTEMA TeNl CTPEMHTCH K COCTOSIHHIO,
B KOTOPOM €€ TOTEeHIWNAJIEHAsA 3HePrud MHUHHMAJIbHA.

Ecin He ypep:kuBaTh TeJ0, TO OHO NIajZaeT HA 3eMJIK
(h = 0); eciy OTIIYCTHTE PACTAHYTYIO HJIH CXKATYIO NTPYIKUHY,
TO OHA BepHeTcsa B HenedopmuposaHHoe cocrosinue (Al = 0).

BOM ciayuyae E_ = » & BO BTOpoM cayuae E_= mgh. Ho

Ecnu cuibl 3aBHCAT TOJBKO OT PACCTORHUN MeXIy TejlaMu
CUCTEMBI, TO paboTa 3TUX CHJI He 38BHUCHT OT (DOPMEI TPAEKTO-
puHn. [losromy paboTy MOKHO ITpeACTABHTEL KAK PA3HOCTEL 3HA-
YyeHH HeKoTopo¥ GYHKINU, HA3LIBAEMON IOTEHIMAILHOM
9Hepruel, B KOHEYHOM M HAYAJIBLHOM COCTOSHHAX CHUCTEMBEI.
3HAYEHHUE TOTEHIHANBHON SHEPrUM CUCTEMBI 38BMCHUT OT Xa-
paxkTepa AeHCTBYIOUIMX CHJ, ¥ JJIS ero onpepeneHns Heobxo-
AVMMO YKa3aTh HYJEBOH YPOBEHL OTCYETA.

1. B uyem COCTOMT CXOACTBO HHHETHHECKOW IHEPIHM TER& € NOTEHLM-
anbHoM!

2. B yem COCTOMT PAINMHHHE MEMY HMHETHYECKOH IMEPIrHeH M NoTeH-
LuMansHom!

3. Mower nu noTediMansHanr veprin Gbite oTpHuaTensHom!
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3ARKOH COXPAHEHMSA 9HEPI'HH

§50 B MEXAHHKE

B wusonmposBaHHOW cHCcTeMe TeJl TMOJIOXKUTeNnbLHasa paboTa
BHYTPEHHHX CHWJI VBEJIHUNBAET KHWHETUYECKYI0 OSHEPruiK u
yMeHbIIaeT noreHnuansHyw, OrpunarensHas pabora, Hapo-
THUB, YBEJIMYMBEET IOTEHUHAJLHYI0 JHEPrii H yMeHbIIAeT
KuHeTHYecKyw. MMenHo Onaropgaps 8TOMY BBITIOJIHSETCH 3a-
KOH COXPaHeHHWA IHepruu,

CHOBa o0paTuMes H HPOCTOM cHCTeMe TeJl, COCTOsIUel u3
3EMHOIO IIAPA ¥ NOAHATOrO Haja 3emiieil Tena, HAllpUMep KaMHs.

Kamens nmapaer nojg AedcTBHEM cHabl TAMecTH. CHIy co-
OPOTHUBJIEHNS BO3AyXa yV4duTbiBaTh He Oyaem. Pabora, cosep-
[aemMas CHJION THIKEeCTH TIPW lNepeMelleHuN KaMHA M3 OLHOU
TOUKH B APYIVIO, PABHA HaMeHeHHI0 (VBeJIMYeHNI0) KHHeTHYe-
CKOH 9HEpruM KaMHS:

A=AE,. (6.24)

B 10 e BpemMsi 31a pafoTa paBHA YMEHBIIEHUI IHOTEHLIH-
ANBHOH 3HEepPruH:

A=-AFE_. (6.25)

PaGora cmael BCEMHPHOTO TATOTEHHH, AEHCTBYIOLEH co
CTOPOHBI KAMHHA Ha 3eMJII0, NpakTH4YecKy paBHa Hymwo. W3-3a
OosBIIOI MAcCChl 3eMJIH ee NepeMelleHueM B U3MEeHEeHHEM CKO-
pocT Mo¥HO mpeHebpeub. Tak Kak B (opmynax (6.24) u
(6.25) neBrle HacTM OJIMHAKOBLI, TO PABHbLI M NpaBble YacTH:

AE, =—-AE,. (6.26)

H n
PagencrBo (6.26) oznauaer, 4WTO yBe/lIW4YeHWe KHHeTHHE-
CKOH 3Hepruy CHMCTEMbI PABHO VOBIJIN €€ NMOTeHUMANBEHOH 3Hep-
ruM (nnyu Haobopor). OTciona BEITEKaeT, 4TO

AE, + AE_ =0,

A(E, +E)=0. (6.27)

HzmenenHe cyMMBI KHHETHYECKOH ¥ NOTEHIHAJIBHOW 3HEP-
rdid CHUCTEMBI PaBHO HYJIO.

Bennuuny FE, paBHyI0 cyMMe KHHETHYECKOW W TIOTEHIH-
ATBHON SHEPrui CHCTEMbl, HAS3LIBAIOT MeXaAHWYeCcKOM 3Hep-
rHeH CHCTEeMBbi:

HIH

E=E,+E,. (6.28)

Taxk kax U3aMeHEHHe [OJHOH IHEePruyu CUCTeMbl B paccMar-
PUBAEMOM CJy4Yae coraacHo vpaBHeHUI (6.27) paBeO HYIO,
TO 3HEPrus OCTAETCH INOCTOAHHOM:

E =E_+ E_= const. (6.29)

Taxkum obpasom, 6 U3OIUPOBAHHOL cucmeme, 8 Komo-
poil delicmayrom KOHCePEaAMmMUEHbIE CUNLbL, MEXAHULECKAR
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IHepzun coxpanaemcs. B aToM cocTouMT 3aKOH coxpame-
HUA MEXAHUYECKOI 3Hepzull. JHePrud He CcO3aeTcs M He
VHHYTOMKAeTCA, a TOJBKO NpeBpailaercd U3 OgHON (POPMBI B
JAPYIVE): U3 KMHETHYEeCKOH B MOTEHIHANbHYK ¥ Haobopor.
YuuTniBag, UTO B paccMaTpnBaeMOM KOHKPETHOM cJyuae

e
E.=mgh n E_ = —_—, MOMHO 3aKOH COXpaHeHHs MeXaHIue-

C[{ﬂf{ SHEPIrHM ﬂﬂnﬂiﬂ'rb TAaK:
”";’“ + mgh = const, (6.30)
HIH F 5
m;] +mgh, = m;’z +mgh,.

JTO ypaBHEHHE [MO3BOJIfAET OYEHBb MNPOCTO HAWUTH CKOPOCTH
KaMHHA v, Ha a100oi BeIicoTe h, HaJ 3eMJiel, ecI U3BECTHA Ha-
YanbHafd CKOPOCTh U, KAMHSA HA WCXOIHOH BbicoTe A,.

3aKOH COXpaHeHWuA MeXaHHdeckoM sHeprum (6.29) nerxo
obobimaeTcs Ha cnydail nw0boro yucna Ten ¥ JwbbiXx KOHCepBa-
THBHBIX CUJ B3aumojeicTtsus mexay HumH. llog E. HysHO
NOHUMATE CYMMY KHUHHETHYECKUX 3Hepruil Bcex Tes, a Toj
E, — NoJHy NOTEHIHANBHY) SHEPrHK) CHCTEMEI.

Jnsa cuereMs:, cocToAIell M3 TeJla Maccoii M M NPYYKUHEL,
3aKOH COXpaHeHHUs MexXaHMYeCKOH 3HEepPruy UMeeT BU[

mo? k(A2
53 T3

= const. (6.31)

IlonHaa MexaHUYeCKasl SHEepPrusi CUCTEMbl PABHA CYMME €€
KHHETHYECKOH M TIOTeHIHaNbHOU 2Hepruii. B usosmupoBaHHOM
cucTeMe, B KOTOPOM MHeHCTBYKT TOJBKO KOHCEDBATHBHLIE
CHJIbLI, MeXaHU4YeCKada SHeprus COXPaHAeTCH.

1. Y7o Ha3ILIBAETCA NOMNHOH MEXAHMYECHOW IHEPIHEH CHCTEeMBbI!

? 1, MOMET NH COXPAHATLCA MEXAHHYECHER IHEPTMA CHCTEMbI, HA KO-
TOPYIO QEHCTBYIOT BHEWHHe CHNbi!

3. Teno napaer ¢ Bsicovel H Hap nosepxHocTeio 3emnu. Mocrpokre
fPpadHKH 3ABHCHMOCTH MOTEHUMANMEHOM, KHHEeTHMECKOM W NONHOM
3HEPrHH CHCTEMBbI «Teno — 3emns» OT BbiCOTW h Tena.

YMEHBUIIEHHE MEXAHHYECKOH 3HEPru

851 CHCTEMBI NOJ AEHCTBHEM CHJ TPEHHS

Paccmorpum BnuAHHE CHA TPEHUH HA U3MEHCHHE MEXaHU-
YeCKOM 3HepruM CHCTeMBbI.

Eciu B usonMpoBaHHOH cUCTEME CUJILI TPEHUSA COBEPIIAIOT
paboTy npu ABUIKEHWH TeJl OTHOCHTENLHO APYr Apyra, TO ee
MEXaHHUYECKana JHeprus He coxpaHserca. B aTtom Jjerko yoe-
AWUTHCH, TOJNKHYB KHMI'Y, Jexxalyio Ha crone. H3-3a neiicteusn
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CHUJTBI TPEHMH KHHUra no4yTu cpasdy octaHaBnuBaeTcsi. Coobien-
Has € MexaHuyeckas sHeprus ucuesaet. Cuya TpeHns cosep-
HiaeT OTpUilaTeNbLHYl paboTy M YMEeHbINaeT KHHEeTHYECKYH
svepruo. Ho noreuiianbHuasg saHeprus Npy 3TOM He YBeNWUYH-
paercs. IloaToMy nonHas mMexaHudeckas oHeprus yb6uiBaer.
Kunetnueckas sHeprusa He NpeBpailaeTcs B MoTeHIHaJIbHYIO,

Cunsl Tpenus HekoncepBaTuBHbL. OTiingne cm TPeHUsA OT
KOHCEePBATUBHBIX CHJI CTAHOBHTCH OCOOEHHO HATJIAMHBIM, €CJTH
paccmMoTpeTh paboTy Tex n Apyrux na saMmEHyTom nyrTu. Pabo-
TA CHJIBI THIKECTH, HAUpuMep, H& 3aMKHYTOM MyTH Bcerja
paBHa HyJ0. OHa NoMoXuUTeNnbHA NPH ODaJeHUH TeJja ¢ BbICO-
TeI h W oTpUllATENBLHA [P IO'beMe Ha Ty e BrlcoTy. Pabora
e CUJbl CONMpPOTUBIEHMS BO3AYXA OTPHUIATENBHA KAK TpH
MnoA’b€Me TeJia BBepPX, TAK W NpH ABMMKeHuu ero BHU3. Iloaro-
MY Ha 3aMKHYTOM MNYTH OHA O0OA3ATENBLHO Melbille HYNIHA,

Orpuniatensras pabora cusl TPEHUS YMEHBLIAET KUHETHYe-
CKVIO 3HEPrui) TeJl OPU UX ABHIKEHHUU, HO IMPU 3TOM IMOTeHL-
aJ/lbHAf# SHEPrHf CUCTEMBI «TeJ0 — 3eMJIfi» MOXKET He H3Me-
HATHCHA, HANpUMEp, NPU ABHMMKEHHH TeJia 110 IOPM30HTaANbLHONH
MOBEPXHOCTH, B peayiibTaTe MeXaHUYeCKas 3HepPrus cUCTemMbl
yObiBaer.

B n10b6oit cucreme, cocrosiileil 113 OoNbIUMX MaKpPOCKOITHYEe-
CKMX Ten, aeicrByroT cuinbl Tpenusi. CnenosaTenibHO, jgae
B U30JINPOBAHHOH CHCTEME ABMMKVIIMXCH Tesl MexXxaHHueckas
sHeprusa obsizatenbuo ybmisaeT. IlocrenevHo 3aTyxaiwT KoJe-
DaHMA MAATHMKA, OCTAHABJINUBACTCH MALIMHA C BBIKJIOYEHHbLIM
OBUTATEJIEM H T. M.

Ho ybniBanHe MeXaHM4YECKOM 3HepI'id He O3Ha4daer, 4To 3Ta
sHeprus ucueszaer beccnenHo. B neilcTBUTENBEHOCTH TPOHCXOAHUT
MePexon 3HePruy U3 Mexanuueckoil popmul B gpyrue. ODBIYHO
rnpu paGore CUJI TPPHHA NPOMCXOJIUT HAIPDEBAHUE TEJ, WK, KAK
roBOPAT, YBe/IMuUeHUe UX BHYTpeHHell sHepruun. Harpesanmne
Npu AEHCTBUH CUNT TPEHUA Jierko obuapyxkuTth. lns sroro, Ha-
Nnpy¥Mep, AOCTATOYHO 3HEPrudHO MoTepeTh MoHeTY 0 ctoJ. C no-
BEILLIEHWEM TEMIePaTypPhl, KaK M3BECTHO U3 Kypca (PH3MKH
8 KJyacca, MOBHIIIAETCH KUHETHYeCKaA 9Heprus TenJsjoBoro JABu-
MMEeHUSA MOJeKyn unu aromoB. CreloBaTeslbHO, TPH NEHCTBUM
CHJI TPEHUS KMHeTHYeCcKas sHeprMs Telsia NpeBpallaeTcds B KU-
HETHYECKVIO 9HEPTHI0 XA0THYHO ABMIKVILMUXCH MOJEKYII.

B aBurarensix BHYTPEHHEro cropaHuf, NapoBeIX TypOuHAaX,
BJIEKTPOABUTATENAX M T, I. MEXaHUYECKAs 3JIHepPrus, Haobo-
poOT, TIOHBJISETCH 3a CYeT YOBITH 3HEPTruM JApyrux gopm: xu-
MHYECKOH, 3JIeKTPUYecKoi 1 T. /.

Bo Bcex npoileccax, HNpoucXoAsilinx B lpUHpoje, Kagk W
B co3aaBaeMblx npubopax, VCTROHCTBAX BCErjia BhIUITOJHAETCH
3aKOH COXPAHEHIA M HPeBPALeHHMHA 3HePrun: sHeprusi He Mc-
ye3aeT M He MMOsABJAeTCA BHOBb, OHA MOMET TONBKO IlepenTH
M3 OOHOrO BMJAa B JAPYroM,

131



1. B Kauux cny4asx meXaHWYecKas IHepruf cucTembl coxpanserca!
Mouemy cuna TpeHMs ARNAETCHA HeHOHCepBaTMBHOM!

Bo 4T0 nepexoaMT MEXaHWYECKas IHEPIHA B CHCTEME, B KOTOPOM
AEHCTBYIOT CHIBI TPEeHHNA!

w N

o —

INPHMEPDBI PEHIEHHUA 3AJ1IAY

Ilp nOpuMeHeHMHM 3aKOHA COXpaHeHHd MeXaHn4dYecKoH
JHepPruy AJf pelleHUHd 3aad HaZo Npexi{lie BCero BbBIACHHUTD,
KaKoe COCTOfiHUe CHCTeMbl 1eJiecoobpasHo CYUTATL HAYAJb-
HbIM, & KAKOe — KOHEYHbIM, 3aT€éM 3AalWUCATH BEIpaXKeHue AJHA
HAYAJNBHOM 3HEPruy CHCTEMBI U HPHPABHATE €I'0 BbIPAXKEHHIO
Ans KoHeuHo#. Ilpy sanmuen noTeHOUANBEHOH SHEPrHH HAJO0
NnpeABapUuTeJbHO BBIOPATL HYJIEBOH YPOBEHL OTCYETA HNOTEHIL M-
AJIbHOW PHEPruM CHCTEeMBI,

1. Teno nmoagHMMAaeTCs BEPTHKANLHO BBepPX MO AefiCTBMEM CHJIBI
F=10 H. B vauanpHeIil MOMEHT BPeMEeHU TEJ0 HAXOAMJIIOCh Ha BbI-
core, paBHOH 1 M, or nmoBepxHocTH 3emiiu, Onpegenure NONoMEEeHHE

Teaa B TOT MOMEHT, Koraa cuna F cosepruuia pa-
Y bory, pasayio 100 Jx.

Pemenne. Bribepem Hauamo Koopau-
HaTHOK ocu OY Ha noBepxHOCTH 3eMiu,
yr Torpa nHauanessEas KoopauHaTa Tena Yy, =1 m

(puc. 6.12). Korma cuna F coBepuiuT pa-
00Ty, TO TOJOMKEHHE Tela OTHOCHTEeIBHO
Semun OyzeTr onpemensiTeCAd KOOPAWHATON Y,

e
e

3HAYEeHWe KOTOPOH HaiijieM U3 (POpMYJbl IS
Yof paborel A = F Ay =F, (y — y,). Otciona
A
Yy=Y,+ F -
Y
O
77z, Tak kak F,=F (cm. pue. 6.12), To
Puc. 6.12 y=yn+é; y=11 m.

F

2. HegedopmupoBaHEYIO NPY:KUHY pacTarusaior Ha Al = 10 cm.
Onpenenute pabory pedopMHpPYOWENR NPYKUHY CUNbI, €CAH JIA
pacTaXeHus Npy»uHLI Ha Al;=1cm Tpebyeirca cuna Fyo=2 H,
Yemy paBHa padora CHikl YOPYIOCTH NPYKHHBL?

Pemenwne. AGComoTHBIE YIIHHEHHUs IPYKUHBLI BhIpa-
aum B epuHunax CH: Al; = 0,01 m, Al = 0,1 m. Haiinem xect-
KocTh mpy»uubl. W3 saxkona I'yxa F, = kEAl, cnenyer:

F, U

kz—ﬂ}-‘;.
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Pabora BHeInHell CWJikl papHa:
k(A F, (Al)*
2 Al, 2 °
A =1 Jlx.
Hanpasiienne cuisl YIPYrocTH NMPOTHEBONOJNOMHO HAIpas-

JeHHI0 BHelllHell aeopMHDPYIOMEH CHJIBI, & 0 MOAYJII 3TH
cusbl paBHBI, noatomy A, =-A, A =-1 Jx.

A=

3. Ha uwurim anuroi [ BucuT rpys. Ha xKaxkyio BeicoTy Heobxoau-
MO NOAHATH I'PY3, OTKIOHAA HHTH OT BEPTHKANH, 4TOOB! NpH ABHKE-
HUK rpysa BHEH3 0e3 HaYaNpHOH CKOPOCTH B MOMEHT NPOXOXKIEHHA
NOM0KeHWS PABHOBECHS CHII8 HATHMEHUA HUTH NMPeBRIIIANA B 2 pasa
CHAV THIKECTH, AeifCTBYIONIVIO HA rpya?

Pemenue., Ilpy npoxomaeHHHd HHTH 4Yepe3 BepPTHKAIb-

T

HOE TOJIOMEHHEe HA TPy3 JeHCTRYIOT cHia HATAMKeHUus HuTH T
-

M CcHia TsKecTH mg, Jexaniie Ha o
onuoit npaMoi (puc. 6.13). ITosromy Y4 M

VCKOpEHHEe a Ipys3a SABASETCH LeHTPOo- \
CTPEMUTENLHBIM M HAIPABIEHO Bep- .
THKaIbHO BBEPX. \

ITo Bropomy 3akony HeiwoToHa: \

ma=T+ mg. \

1
damunieM 3TOT 3aKOH B IIPOEK- a >
uun Ha oce OY (em. pwue. 6.13): v 2 ..f"“'-'}.q

5 i

T — mg=ma, roe a="—. Yuurs- . E«.=0
{ 0] mg
Bad, qT0 T=2mg, NONYYuM 757
mg=ma, v°=gl
Puc. 6.13

Ina onpemenenus kA NpUMeHHM
38KOH COXpaHeHUA MeXaHMYeCcKOu
AHEPruH, CYUTafg, YTO0 B TIOJNOMEHHH 2 HOTeHIHaJbHas 3Hep-
MU CUCTEMBI «Teno — 3eMis» pasHa Hynw. Torga B monoxe-
M 1 cHcTeMa MMeeT NMOTEHIHANbHYIO sHepruiw: E = mgh,
rie A — BBICOT& TeJIa OTHOCUTENHLHO HYJIeBOrO ypoBHA. B 1mo-
JO¥eHNH 2 TeJlo 00NazaeT JHMIb KHUHEeTUYECKOR JHeprueu

muy=

E, = 5

ITo 3akoHy COXpaHPHUS  MEXAHUYECKON  3Hepruu:

2
= mgh, v*=2gh.

muy
2

YuursiBas, uro v’ = gl, nonyunum 2gh = gl, orkyna h = ;
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YHPASKHEHHE 9

1. Kaxkan pafora Oyaer cosepmena, ecam ciuua, paBuasa 3 H,
noguumer rpya secom 1 H va Bmicoty 5 M7

2. I'pya maccoit 97 Kr nepeMelaOT ¢ NMOMOIbI BEPEBKH C TIOCTO-
AHHOH CKOPOCTHIO [0 NOPH3OHTANBHOMN NOBEPXHOCTH. YIoj Mexay Be-
peBKO# ¥ aTol nosepxHocrbo paseH 30°. KoadupuitnenT TpeHus paseH
0,2. Onopeaennre paboTy cUNLl HATAXKEHHSA BepeBKY Ha iyt 100 m,

3. C xaxoii cxkopocTeio ABHTancs Baron maccoit 20 000 kr no
FOPHBOHTANLHOMY HOVTH, €CNU NPH yIape O INperpaay Ka)(aasa Ipy-
wuHa bydepa cxanacek Ha 10 em? MasecTHO, uTO ANs CIKATHA TIPY-
sknHsl 6yvdepa na 1 cm Tpebyerca cuna 10 000 H. Baron umeer apa
6yepa.

4. Asromobunb, umewunuii maccy 1T, Tporaercs ¢ mecra M,
JABUTafick paBHOYCKOpeHHO, npoxoauT nyTek 20 m 3a Bpema 2 c. Ka-
KV MOIIHOCTE TIPH 3TOM pPa3BHBAET JBMraTeslb aBToMobHIA?

9. Teno 6Gpoulero BepTHMKANLHO BBEPX €0 cKopocrsio 4,9 m/c.
Ha kakoil BeICOTE MOTEHIHANLHAA M KHHETHUYECKAsS JHEepPrHH CHCTe-
Mbl «TEJ0 — 3eMJf» CTAHYT OJHHAKOBBIMH?Y

I'masa 6. KPATKHE HTOI'H

IMocrostanas cuna F nipn npaMoJIMHeiiHOM NepeMellleHnH
Tena Ha Ar cosepuiaetr paborty

A =F |Ar| cos o,

rae o — yroa Memxay BekTopamu F u Ar.
Benuuuny, paBHy OTHOUIEHHIO paboTel K TPOMEYTKY
BpeMeHH, 3a KOTOpbiH 3Ta padora coBeplieHa, HA3LIBAKT

MOIITHOCTHBIO: A

sz?.

NamererVe KWHETHYECKOH 3HEPruu Tella PABRHO CYMME pa-
6oT BCex cmy, IeMCTBYIOIIHUX Ha Teno (TeopeMa 00 M3MEeHEHHH
KMHETHYECKOH aHepruu):

AE, = A.
Ecmm CHIHI, HEﬁCTBYIDHlHE B HBUJIH]'JGBEHHDﬁ CHCTEME, KOH-

CeEPBATHBHLI, TO paﬁn*ra ITHX CHJI PpABHA H3MEHEHHIO TMOTeHI M-
albHOH OHEPIrMH CHCTeéMBI, BAHTOMY C UPOTHBOMNMOJIOXHBIM 3HAa-

KOM:
A - _“AEII'

I[loTeHniMaNbHAA 3HEPrusd CUCTEMBI, COCTOsIIEH U3 Semim
¥ Tena, MOAHATOro Haj 3emieil Ha HeGONbIIYI® BRICOTY, OMpe-
nengercs (popmysiodt K = mgh, rne h — BeicoTa Tena Haj 110-
BEPXHOCThIO 3eMJIu.
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IloTeHnuanbHafa SHEPryusa yopyro ae)opMHpPOBAHHOIO Tena
paBHa: kAl
o 2 ?
rpe kB — woaypuuuenTt ynpyroctu; Al — uaMeHeHHe JIMHEH-
HbIX pasMepoB TeJia.

TTorernuanbHafd SHEPrHUS CHCTEMbI ONPENeNAeTCs ¢ TOYHO-
CTBIO A0 IMPOU3BOJIBHOI TMOCTOAHHOW, 3aBUCHILEH OT BbIDOpa
HYJIEBOI'O YPOBHA OTCHETa 3HEepPrHuu.

B msonuposaHHO# cuCcTeMe, B KOTOPOH JeHCTBYIOT TOJBKO
KOHCEepBATHMBHbIE CWJIbl, [OJIHAA MexXaHHYEeCKas IPHEPrusA co-
xpausiercsa: E = E_+ FE = const.

Kuneruueckas sHeprus 3aBUCHT OT CKOPOCTEH TeNn U BHI-
Dopa cHMcTeMBl OTCYeTAa, 8 NOTeHIHAJIBHAA — OT PACCTOAHUU
MEXJIy HEMHM 1 BpRIDOpa HYJEBOr0 VPOBHH OTCYeTa 3HEPryuM.

E

CTATHEA

- - PABHOBECHE
AABA 4 ABCOJIFOTHO TBEPOBIX TEJ

§ 52 PABHOBECHE TEJ

Ecnn Teso NOKOUTCS, TO I'OBOPAT, YTO 3TO TEJO HAXOAUTCH
B paBHOBECHUU, 3IaHUsA, MOCThI, DANKKH BMeCTe ¢ OIlopaMu, 4ac-
TH MAILWH, KHHUI'a HA CTOJIe ¥ MHOTHE JIPVIrue Tesa HOKOATCH,
HECMOTPS Ha TO YTO K HHUM CO CTOPOHLI JAPYTHX TeJ NpUJoXe-
Hbl CMJIbl. 3ajlada M3VUYeHHUS YCJIOBHH DABHOBECHUA TeN UMeerT
fonpInOe TMPAKTHYECKOE 3IHAYEHUEe [JI8 MalluHOCTPOeHUSA,
CTPOUTENIBHOIO nena, npubopoctpoeHus W apyrux obnacreit
TeXxHUKHU. Bece peanbuble Tena roa BJIMAHHEM MPHJIOMKEHHBIX
K HUM CHJI M3MEHSIOT CBOK (hOopMY U pasMephbl, HJIA, K&K I'0-
BOpPAT, Aedopmupyorcs. Bemnuubsa pnegopmaliu 3aBUCHT OT
pasiIMYHbIX YCJOBHUIi: MaTepuana Tena, ero (opmbl, MPUIO-
WEHHBIX K Hemy cui. Jedopmaumn moryT Ovith DoNbIInMM,
U TOIAE HX JIErKo 3aMeTHTh, HallpuMep pacTfayeHHne Pe3HHO-
BOI'O UIHYpa, M3rnd TOHKOH MEeTANNIWYeCKOW JIMHEUKH U T. I.
Manbie pedpopMaliuy MOXKHO OOHAPYHUTHL [PU TIOMOIILH CIie-
NuaTbHBIX NpHubopos.

Ecnn peficTBMsA CHUN BRISBIBAKT 3HauUWTelibHble Aedopma-
MU Teja, TO GaKTHYeCKH [ocJie TIPUIOKEHUA CHUJl Mbl Dyem
MMEeTh AeJI0 ¢ TesioM, obsamaiuM HOBBIMH FeOMeTpHYEeCKH-
MR pasmepamu 1 (opmoii. U wvymxHO Dyser onpenensith ycJo-
BUSA PABHOBECHA 3TOT0 HOBOTO Ae(pOpMHUPOBaAHHOIO TeJa. TaKo-
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ro poma 3axauyy, CBA3aHHBIE € pacyeToMm aedopmanmii Teu,
00BIMHO BechbMa CIOHHEL.

Bo MHOrmx cay4asx, KOTOPbIE BCTPEYAKOTCA HA NPaKTHKE,
nehopManMH TeJl TPY UX PaBHOBECHH He3dHAUMTENbLHBI. B arux
crygasax JedopMalMAMU MOXKHO npeHebpeYybh M BeCcTH pacuyer
TaK, KaKk ecsii Owl Tesia Obiiv HeZe)OPMHDYVEMBIMH, T. €. abcCo-
Jwomuo meepdotmu. Uayuus ycnoBus paBHoBecusi abCONIOTHO
TBEPAOrO TeJsNa, Mbl HAHAEM YCJIOBHS PABHOBECHS pEaNibHBIX
TeJ B TeX Cay4Yasx, Korjga ux aedopMaliiy MOMHO He YYHTEI-
BATh.

Paspgen mMexaHMKH, B KOTOPOM H3YYAKTCH YCIOBHS PABHO-
Becus abCONIOTHO TBEPALIX TeJ, HA3LIBACTCHA CTATHKOM.

B cTaTuke yUuTEIBAKOTCH pasMepsl u hopMa Ten, a Bce pac-
cMaTpUBaeMuIe Tesa cuuTarwTesa abconwTHo TBepabiMi. CtaTn-
Ka — YaCTHBIH cay4Yai JMHAMMWKHK, TAK KaK INOKOH Tesy, Korjga
Ha HUX JOeHCTBYIOT CHIBI, €CTh YACTHBIN CIVYAH IBHIKEHUSA

.
(v=0).

HNedopmanuu, NpPoOMCXOAAINEe B TeJle, YYHUTLIBAKTCH B
NPYKJAAHBIX pasjienaXx MexXaHuku (Teopus yopyrocTH, COmpo-
TUBJIeHHe martepuanos). B nannueiitnem gnsa KparkocTd abco-
JIIOTHO TBepAoe TeJo OyAeM HasbLIBaAThL MEepouiMm neaorm, U
NPOCTO MeJAOM.

BeiscHUM BHaYane ¢ noMouibio 3akoHoB HeloToHa, npu Ka-
KOM yCIoBUH Jwboe Teno Oyaer HAXOAUTLCH B pPABHOBECHH.
C aroii Lesibi0 pa3obbeM MBICIEHHO BCE TEIO HAa OOJBIITOE YHCIO
MaJbIX 3JIEMEHTOB, KaXXJbIil M3 KOTOPLIX MOXHO pPacCMATpH-
BaTh Kak MarepHasibHyo Touky. Hekoropsie sneMeHTHE H300-
paxkeHbl Ha pucyHire 7.1, Kak oObIuHO, HA30BEM CHJIBI, JI€HCT-
BYIIIHE Ha TEeJIO CO CTOPOHL! APYIMX Tes, BHeIIHUMM, a CHIBI,
C KOTOPBIMHM B3aMMOAEHCTBVIOT 3JIEMEHTHI CaAMOrQ Teja, —

BHyTpeHHuUMU. Tak, cuna F, , — aro cuna, gelicTByoluas Ha

-
anemeHT I co cropoHsl anemMenTa 2, Cuna ke F, | neficTByeT Ha
aneMeHT 2 €O CTOPOHEI anemen*ra 1. 3”[‘0 BH_W peHHHE CHJIBL;

K HHUM OTHOCHATCHl TAKIKe CHJILI F, y U F3 - JI""d g U FﬁI 2
Ha kaxawiit anemeHT B nﬁmem caTydae MOeT AeNCTBOBATH

HECKOJbLKO BHelwuHux cuia, Ilox Fl, FE, F3 nT. 4. Oynem noHu-
MaTh TeoMEeTPHYECKYK) CYMMY BCEX
BHELIHUX CHJI, IIPUJIOMEHHbLIX COOT-
BETCTBEHHO K anemeHTam I, 2, 3, ....

= > —

Touno Tak ke uepes F, F;, F;u 1. n.
0003HAYHM TeOMeTPHUYEeCKYI0 CyMMy
BHYTPEHHHUX CHJI, [IPHNOMKEHHBIX K
anementam [, 2, 3, ... COOTBETCTBEHHO
(2111 CHNIBl HE NOKA3aHBI HA PHUCYHKE).

Ecnwn Teio HaxoguTes B MOKOE, TO

/ VCHOPeHHWe Ka)K0ro 3JeMeHTa PaBHO

Puc. 7.1 uynio. Ilosromy cornacHo BTopoMy 3a-
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kony Hsrorora Oyaer papHa HYJIO U reoMeTpudeckas cyMma
BCEX CHJI, JeHCTRYIOINX Ha nioboit anemenrt, CnenosaTessbHO,
MO HO 3alTMCATh;

F,+F;=0, F,+F,=0, F,+ F,=0. (7.1)

Hrar, pns paBHoBecHs Tesa HeoOXOAUMO W JOCTATO4YHO,
g100BEl reoMeTpUYeCcKas CyMMa BceX CHUJ (BHEIIHMX W BHYT-
PEeHHHX), JIeMCTBYIOLIAX HA KaKIblil 3JeMeHT 3TOro Tena,
ObLIA PaBHA HYJIIO.

MMEPBOE YCJIOBHE PABHOBECHHA

$53  TBEPHOIO TEJA

B npensigyniem naparpade Mbl II0Kasaan, 4TO paBHOBecHE
Tena onpelesserTcd BCeMH APMCTBYIOI[MME HA 3TO TEJIO CHJa-
MU: BHENIHUMH W BHYTPEHHHMH,

BBIACHUM, KaKHM YCJIOBHAM JIOJI3KHBI VIOBJIETBOPHATL BHEII-
HUe CHJIbl, OPHJIOMKEHHBLIE K TBEPAOMY TeJy, YTOOB OHO HAXO-
munock B papHopecuu. Jliis atoro cnoxkum ypaBHeHus (7.1):

(F,+Fy+ Fy+...)+(Fl+ F,+ F,+..)=0.

B mepseix ckofKax sTOr0 paBeHCTBA 3anucaHa BEeKTOpHAas
CYMMA BCEX BHEIIHMX CHJI, TPUJIOMEHHBIX K TeJsly, & BO BTO-
PBIX — BEKTOpPHasdg CyMMa BCeX BHYTPEHHHMX CHJI, NeHCTBYIO-
IMX Ha 3JeMeHThl aToro Tena. Ho, Kak U3BECTHO, BEKTOPHAaHA
CyMMa BCEX BHYTPEHHMX CHJI CHCTeMBI paBHa HYJIO, TAK Kak
COTJIACHO TpeThemy 3axkoHy HbroToHa J060H BHYTPEeHHEH CHIe
COOTBOTCTBYET CHUJIA, paBHasf €i 110 MOAYJI0 U NPOTHUBOIOJOM -
Has 1Mo Hanpapiernuto. [losToMy B JeBoil YacTH NOCJIEIHETrO
paBeHCTBA OCTAHETCHA TOJBKO reoMeTpUuecKas CyMMma BHell-
HUX CHJI, MPHJIOXKEHHBIX K TeJy:

— - e
F,+F,+F;+...=0, (7.2)

Tonyuennoe ycnosue paBHOBecusi (7.2) aBnsercsa HeoOXo-
AUMBIM WU JOCTATOYHBIM /LI PABHOBECHA MaATEPHAJIBHON TOYKH.

B cny4yae abcoJIIOTHO TBEpPAOTO TeJla 3TO YCJIOBUE HASLIBAIOT
IepBbIM YCJIOBHEM €ro paBHoBecus. OHO aBaserca Heobxoau-
MBIM, HO He SBISEeTCA AOCTATOYHBIM.

Urak, ecau TBEpHOe TeN0 HaXOAWTCH B PABHOBECUM, TO
reoMeTpHYecKas cyMMa BHEIIHHX CHJI, NIPHJIOIKEHHBIX K HEeMY,
paBHA HYJIO,

TIoCKONBKY K OAHHM 3JIEMEHTAM TeJia MOXKeT OBITH IpHUio-
JKEeHO HEeCKOJLKO BHEITHWX CHJI, & HA ApYI'He 3JeMeHThl BHell-
HHe CHJAbI MOTYT ¥ HE JeNCTBOBaTb, TO YHCJIO BCEX BHELIHMX
cil HeoOss3aTeNIbHO HOJNMKHO OBITH PABHO 4YMCJY BCeX 3JIeMeH-
ToB (cm. puc. 7.1).

Ecim cymMa BHEIIHHX CHJ paBHa HYJO, TO paBHa HYJIO KU
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cyMMa IIPOeKLMII 3TUX CUJI HA OCM KoopauHaTt. B uacTHOCTH,
NJIA OpoeKiunil BHeIHuX ciy Ha ock OX MOIKHO 3aHCATH:

F,,+F, +F,, +...=0. (7.8)

Taxkwue e ypaBHEeHHS MOXHO 3anvcaThk M JJA DPOEKI[HH
cus Ha ocu OY u OZ.

Ha ocHOBe YCJIIOBHHA pPaBHOBECHSA J0boro snemeHTa TeJia,
BEIBEIEHO TIEPBOE YCJIOBME PABHOBECHSA TBEPOOIO TeJa.

§ 54 BTOPOE ¥CJIOBHE PABHOBECHSHA
TBEP/IOT'O TEJIA

PaBeHCTBO HYJNI0O CyMMBl BHENTHWX CHJI, J€HCTBYION[HX HA
TBepAoe TeJio, HeoOXoIuMOo /LI ero paBHOBECHS, HO HeIoCTa-
TouHo. B srom nerro ybennteesa. Ilpunoxure K gocke, Jneka-
e Ha CTojie, B PA3NMHUYHKLIX TOYKAX JIBe PABHBLIE N0 MOJYJIIO
A ITPOTHBOMOJIOM¥HO HATpPABJIEHHBIE CHJIBI TAK, KAK [MOKA3AHO

> —
Ha pucynke 7.2. Cymma smux cun pasHa mymo: F + (-F) = 0.
Ho nocka, Tem He menee, OyneT nosopaumBaThes. TOUHO TaK
e JIBe OQMHAKOBBIE IO MOAYJK ¥ HPOTHBOIIOJOMHO HANpas-
JIEHHBIE CUJIBl [TOBOPAYMBAIOT PYJIL BEJIOCHINENA WM aBTOMOOH-
s (puc. 7.3). Iloyemy Tak mpomcxo-
ouT, MOHATE HETPyAHO. Beas Jswboe
TEI0 HAXOJWUTCH B PABHOBECHH, KOIa
cyMMa BCeX CHJ, AeACTBVIOUINX HAa
KA OB ero 3JIeMeHT, PABHA HYJIIO.
Ho ecsin cymma BHEIIHMX CHJI pPaBHA
HYJIK), TO CyMMa BCeX CHJI, TPWJIO-
MEeHHBIX K KarJ0My 3JeMeHTy TeJa,
MoOKeT ObITh He paBHa HyJ10. B atom
ciaydae Teno He OyaeT HaXOAHUTECH
B paBHOBecHH., B paccMOTpeHHBIX
Puc. 7.2 OpuMepax JOCKA W PYJIb IIOTOMY M He
HaXO[ATCA B PABHOBECHH, UTO CyMMa
BCEX CHJI, NEMCTBYIOINHUX HAa OTAeb-
Hble 3JIeMEeHTHl 9THX TeJ, He paBHA
HYJLIO,

BoisicHuM, Kakoe JKe elge ycJio-
BU€ AJIA BHENIHMX CHJ, KpoMe pa-
BEHCTBA HYJIO WX CYMMEI, JOJHO
BBEITIOJIHATLCH, YT0OBLI TBepaoe Teso
HAXOQWJIOCH B paBHOBecH#. Jlns aTo-
ro BOCIHONB3VEMCSI TEOPEMOI 00 n3-
MEHEHHHN KHHETHYEeCKONH SHeprumu.

Haiipem, wmanpumep, ycaoBue
Puc. 7.3 PaBHOBECHS CTEPIKHS, IIaPHUPHO

F
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ocu B Touke O (puc. 7.4). 310 npocroe
YCTpPOMCTBO, K&K BaM MW3BeCTHO u3 B
Kypca (pusuky 7 Kjaacca, NpeacTaBIs- I*;',‘ = '
et coboit peiuar. llyere ¥ pwiuary By F
UPHJIOKEHb! MEPUeHUKYNAPHO CTep- o 4 4

HIO cunet F, u F,. B uacraocru, ato
MOT'YyT OBLITE CHJIBI HATAMKEHWA HHTEH, K KOHIAM KOTOPBIX

JaKpellJJeHHOI'C Ha FDpHﬁGHTHHhHUﬁ Tf"a
O

Ay
npukpenJsedsl rpyssl. Kpome cun F, u F,, Ha pbiyar geicTBy-
>

eT HalpaBJeHHasd BEePTHMKaJIbHO BBepxX cuJja peakuun F., co
CTOPOHBI OcH puiuara. [Ipy paBHOBecHH pblYara CyMma BCeX

- e -
Tpex cua pasHa mymwo: F, + F, + Fy; =0,
Boiupenum pabory, KOTOPYIO COBEPINAIOT BHEIIHHE CHJIBI
MMPHA TOBOPOTE PHIYATA HA OYeHBb Manklil yroia o. Touxku npuo-
— -

skeHus cun F, u F, npoiiayr nymu 8, = BB, u 8, = CC, (,f_r,ym
BB, n CC, npn MaJibIX yrJjax (. MOHO GIIHTHTI: NPAMOJMHEH-

HeIMM oTpeaxkamu). Pabora A, = Fs, cunl F | MOJIOMUTeNbHA,
IoTOMY 4TO TOYkKa B nepemeulaercs 1o HalpaBJeHHIO neiceT-
S

BUs CWJIBL, a pabora A, =-F,s, cunn F, orpunarensHa, 1o-
CKOJIbKY Touka C OBMIKETCA B CTOPOHY, ITPOTWBOIOJIOKHYIO
—

-
HanpaBnesnio cuibsl F,. Cuna F, paborsl He coBepmiaer, TAK
KAaK TOYKa ee MPUJIOKeHUS He NepeMelaeTcs.

IlpoiigenHbIe TIYyTH §, ¥ §, MOXXHO BbIPA3UTH YEpes3 yroj mno-
BopﬂTa pbiuara o, HEMEPE‘HH&IH B paauasax: §, = 0 |BO| "

3; =a |CO|.
YUHUTBIBAA 3TO, NEPENUIIEM BBIPAXKEHNA Oaa paboTel Tak:
A, = F,o0. | BO|
| ’ 7.4

Pagnyest BO 1 CO ayr oKpy»HOCTEH, OMWCBIBAEMBIX TOY-
- —3

KaMu npuaoxkesusa cun F, u F,, ABAAIOTCH NEeprNeHIWKYJIA-
pPaM¥, ONVIIEeHHBIMH M3 OCH BpalleHWs Ha JIMHUHM JeHCTBUS
3THX CHJI.

KpaTuaiiuiee paccrosHHe OT OCH BpPALleHUA [0 JUHUH AeH-
CTBUSA CWJIBI HaA3LIBAKT IJIEYOM CHJIBI.

Bynem o0003HauUaTh IJIeY0  CHIIBL OykBoit d. T{)I‘,I[El

|BO|=d, — nnewo cunst F,, a |CO|=d, — nnewo cmrnt F,.
Ipu srom Beipaskenus (7.4) NpAMyT BHJ

A, = F,ud,,

A, =-F,uod,. (7.9)

U3 dhopmyn (7.5) BHAHO, 9TO IPH 3aJaHHOM yrJjie MOBOPOTA
resa (crep:xusa) pabora Ka)IoH NPHUJIOMKEHHON K 3TOMY Teny
CHJILI PABHA MPOM3BEJIEHHMIO MOIAVJISi CHILI HA IIJIeY0 B3ATOMY
CO 3HAKOM «+» HWIH «—». JTO NPOH3BeAcHHe OyIeM HA3LIBATL
MOMEHTOM CHIIBI.
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MoMeHTOM CHIbI OTHOCHMTEJBHO OCH BpalleHnd TeJd Ha-
3bIBAETCHA OPOH3BEAEHHE MOIOVJIA CHJIBlI HA ee ILjeYo. MomenT
CHJIbI MOKEeT ObITh MNOJOMKHTEAbHEIM HIH OTpHIaTEe)IEBHLIM.

-
MowmenT cunbl F obozHaunm OykBoir M:

| M =+ Fd.

BygemM cuuTaTh MOMEHT CHJIBI F NOJAONUMENbHbIM, ECIH
OHA CTPEMHTCH TIOBEPHYTR TeNo INPOTHB JACOBOJ CTPEJKH,
¥ OMPUYamenbHblM, eCu 1o qacoBoit erpenke. Torga MOMEHT

CHJIBI F pases M, = F,d, (cm. puc. 7.4), 4 MOMEHT CUJIbI F
paBeH M s =—Fyd,. CJIE,IIGBETEJIbHU, Bhipaxenus (7.9) ans pa-
DOTBEI MOJKHO OepenucaTb B BUIE

Al = M]ﬂ,
Az == ME{I, (?46)
a ToNIHYI0 pabory BHENIHMX CHJ BEIPA3uTh (GOPMYIOIi:
A=A +A,=M, + M) o. (7.7)

Korga Teno npuXoAuT B [IBHIKEHHEe, €r0 KHUHeTHYecKas
sHeprus ypenuuHBaeTcA. JiA yBeNMMYeHHH KHHETHYECKOH
SHEPIHM BHEIIIHNEe CHJIBLI JOJHLI COBepluuTL pabory. Cornac-
HO ypaBHeHHK (7.7) Herynenas pabora mozxeT ObITH COBEpIIie-
Ha JIUIOL B TOM CJy4ae, ecJld CYMMapHBIM MOMEHT BHELIHMX
cHMJI OTJIMYeH OT HyJs. Ecim ke cyMMapHbIil MOMEHT BHELI-
HUX CWJI, HEeHCTBYIOUIMX Ha TeJO, PABEH HYJIK, TO pabora He
COBEpPIAeTCA B KMHEeTHYeCcKas SHepru# Tesa He yBeJHuHnBaeT-
cA (ocTaeTcsi pABHOW HYJIIO), CHEeJIOBATENBHO, TEJNO HE ITPUXO-
OUT B aBIeHHe. PaBencTBO

M, +M,=0 (7.8)

M eCTh BTOPOE YCJI0BHe, HeobXoaumoe 1NJisl PABHOBECHS TBEPAO-
ro Tena.

I[Ipy paBHOBECHH TBEPJIOIr0O Teja CyMMAa MOMEHTOB BCEX
BHEINHUX CHJI, JEeHCTBYIONIHX HA HEro OTHOCHMTEJbLHO JNO0H
ocH, pasHa Hymw. Wrak, B ciayuyae NIpoOM3BOJIBHOIO YHCIA
BHEIIHUX CHJI YCJOBHSA pPaBHOBeCHUH aOCONIOTHO TBepjoro tena
cJaeyIolHe:

F‘l+ﬁ2+ﬁﬂ+...:n1

M,+M,+M,+...=0. (7.9)

Ecnu ke Teno He abCconoOTHO TBEPAOE, TO MOM AeHCTEHEM
MPUJIOKEHHBIX K HEMY BHEIIIHMX CHJ OHO MOKeT U He OCTa-
BATHLCH B PaBHOBECHH, XOTH CYMMAa BHEIUHMX CHJI U CYMMA MX
MOMEHTOB OTHOCHTENBHO N000H ocH paBHa HYJIK. JTO IPOMC-
XOAUT MOTOMY, 4YTO OO AEeHCTBHEM BHEIIHHWX CUJI TEJIO MOIKET
Ae(hOpPMUPOBATHECH M CYMMa BCEX CHJI, JIEHCTBYIOLIMX HA Kar-
AbIH €ro aJIeMeHT, B 3TOM cJiydyae He OyaeT paBHa HYJH.
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HprioxumM, HaITpuMep, K KOHIIAM PEe3WHOBOTO LIHYpa JABe
CHUJIBI, PABHBIE 10 MOAYJI M HallpaBJeHHBIE BIOJB HIHYDA B
ITPOTHROIIONOMEBIE cTOpoHKI. Tloj neficTBHeM aTHX CHJ IIHYP
He OyjeT HaxOJWUTLCS B paBHOBecHH (IITHYP pacTArUBaeTcH),
XOTHA CYMMAa BHEILIHHUX CHJI paBHA HYJIO ¥ HYJIH PaBHA CyMMA
NX MOMEHTOB OTHOCHTEJNBHO OCH, NPOXOAfAlleil uepesd 0byio
TOYKY MIHYpPA.

Venosud (7.9) apasiores HeoOXOAUMBIMHE M JOCTATOYHBIMH
71 paBHOBecHs TBephoro Tena. Ecnu OHU BBIOTONHAKOTCH, TO
TBEPJOE TEJO HAaXOAWMTCHA B PABHOBECHH, TaK KaK CyMMa CHII,
AeCTBYIONMX HAa KaXABIH 3JeMeHT 3TOTO TeJsa, PaBHa HYJIO.

: 1. Y7o HA3ILIBAEGTCH MOMEHTOM CMIbI!
1. Kakwe ycnosms HeoOXxoAMMbBE M JOCTATOYHEI ANS PABHOBECHA TBEP-
poro rena!

! IIPUMEPHI PEIIIEHUST 3ATTAY

IIpw pemeHny 3aj1ay CTATHMKH HaZ0 HUCIIONB3OBATE YCJIOBUSA
pasHosecus (7.9). ITlpuuyeM 0T BEKTOPHONO ypaBHEHHSA IJIA
CYMMLI CHJI CJIeiyeT IepelTH K IIPOeKIUAM CHJI Ha KOOpPJH-
HaTHBIe ocu. MHOrma yomobHee peniath 3aavy, HCIOJIb3VA Deo-
MeTpUYEeCKOe NMPaBHJIO CNIOXReHus BeKTOpoB. Ilpu pasHoBecun
MHOTOYTOJBHUK CHJI JOJMEeH OLIThL 3aMKHYTBHIM, TAK KAK CYyM-
Ma cuil paBHa Ry (momobHbelii npumep OyleT paccMOTpeH
HUKE).

ITpn 3ammcH AJisi NpaBuJia MOMEHTOB CHJI HAHNO NOAYyMATh,
KaK BbLIOpaTh OChb, UTODBI IJI€UM CHJ Oonpefensiyiuchk Haubomee
IIPOCTO ¥ B CYMMe MOMEHTOB CHJI COAEPIRATIOCH MEHEILlIe cJiara-
eMBIX.

B 3amauyax 4acTo roBOPHMTCH O CTEPMHHX, KOTODbIe CKpel-
JfTCeH 1mapaupHo. Ilpu sTOM uMMeeTcsi B BUAY, WTO TPEHUE
B HIAPHHUPE OTCYTCTBYET.

1. I'pya sucur HA ABYX Tpocax (pwue. 7.5, a). ¥Yron ACB pa-
ren 120°. Cnna rsasecTH, Aedersyouiass Ha rTpys, paBHa 600 H.
Onpenenurte cuasl HaTfmxeHus tpocos AC u CB.

Pemenune. Cunsl HaTsM#EHUs TpPOCOB 0003HAUMM Uepes
— —-
7, u T,. 3TH cHabl HallpaBJjieHbl BIOJb TPOCOB OT Toukm C
(puc. 7.5, 6). Kpome atux cui, Ha Toury C gelicreyer cuna F,

e
pasHas cuine raxectu mg. Touxka C HAXOAUTCA B PABHOBECUM.
CnepoBaTesnBHO, CyMMa CHJ, JAeHCTBYIOI[MX HA Hee, paBHA
HY.JH0: e = N
T, +T,+mg=0.
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ST il A e

A ; };1
Tll 0RTy,
=] i -
120 60° T,
e - — -— -
i‘, 0 X
Ix
mg
a) H)
Puc. 7.5

Ocu koopamHaT BhRIOEpEM TAK, KAK MOKA38HO HA PUCYHKE
7.5, 6. Ilpy paBHOBecMm cyMMa NpOEKIMI BCeX CHJI HAa OCH
KOOPOWHAT paBHa HYJIN:

T +T,,+ mg =0,

T, +7T, +mg, =0,
NI

T,—- T, cos 60°=0,

T, cos 30° -~ mg = 0.
Orcropa

__mg
T, = 2 =690 H,

T,=T, cos 60" = 345 H.

2. Jlseps mioka AQ, KOTOpas MOKET TOBOPAYMBATLCSH B ILAPHH-
pe O Ge3 Tpenus, YIEPHUBAETCH B N'OPHU3OHTANBHOM [OJIOIKEHUH Be-
peskoit (prc. 7.6, a). Onpegennre HaTAMKEeHWe BEPEBKU M CHITY PeAK-
(UM 1IapHUpa, ecJin BepeBka ob0pasyer ¢ Japepbio yroa o = 60°.
JIBeps o)\HOpOJHA, W Ha Hee jellcTeyer cuina Taxxecrn 300 H.

Pemenne. Ha jBepr /n0Ka [OeHCTBYIOT TPH  CHIIEI

=
(puc. 7.6, 6): cuna TaAMKeCTH Mg, UPUIOHKEHHAS K CepelrnHe
neepu B Touke D, cuna HartsiKenusi T CO CTOpPOHLI BEPEBKH

Y
U cuna peaxknuu N €O CTOPOHBI LIApPHHpA.

Bribepem ocu KoOOpAMHAT TaK, KAK MOKA3aHO Ha PUCYH-
ke 7.6, 0. TlockoapKy IBepb HAXOAMTCS B PABHOBECHH, TO
CyMM& MOMEHTOB BCeX CWJ OTHOCHTEJHFHO, HATIPDUMEp, HIAPHH-
pa paBHA HYJIO:

M,+M+ M, =0.
Spece M,, M, M, — momenTsl CHJI 'f;, Fu N.
Haiinem nneun atux cmn, obosnaums |AO|=1. Torpa
OD =1/2 — uneqyo cuisl nr.é, CO = AO sin o = [ sin g — nJe-

g0 cunbl T. llnevo ennm N paBHO HYJ10, TAK KAK OHA PHJIO-
HeHa B mapHUpe.
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Prc. 7.6 &)

SHauuT
M,=-Tlsin o, M= mg-;—, M, = 0.

Teneps samuiueM MPABHIIO MOMEHTOB CHJI, YYUTBLIBAs 3HA-
KH 3THX MOMEHTOB:

-Tisin{x+mg;~— +0=0.

Orcona HAXOOUM CHIY HaATSXEeHHs BEPEBKIU:
1

Ilnsa HAXOMKASHMSE CUJILI PEAKIINK ITaPHMPA BOCNOJIL3YyeMCH
IMEPBBLIM YCJIOBNEM PABHOBECHS:

— - -
mg+ T+ N=0.
3anvmeM 5TO BEKTOPHOE YPABHEHHE B IIPOEKOHNAX HA KO-

OpAHHATHEIE OCH.
T,+N_.+mg, =0,

Ty+Ny+mgyTO,

HIIH
N,=Tcosw,
N,=mg - T sin u=%¥g-.
Orcrona
N, =86,5 H;
N,=150 H.

Moxayse cuibl N paBeH:

N =JN?+N%; N=1173 H.

Haiinem yroJ, Koropkiii o6pasyer cuna N ¢ KOOpAMHATHOH
ocwvro OY:

N
(:05[3:]5}, B = 30°.
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4 YTIPASKHEHHE 10

1. Jlns sanycka nnaHepa MPUMEHSIOT Pe3MHOBHIN KaHat. Onpe-
AlenMTe CUAy, ¢ KOTOpOH 1uagep neficTByer Ha KaHaT, B TOT MOMEHT,
KOT/la J[iBe NOJIOBMHBLI KAHATA COCTABISAIOT Mexay coboit yron 90°,
a Kaxnaasi w3 HUx pacrsauyra cunoii 500 H.

2. K xoHIly pYKOATKY TraeuHoOro KJawdYa anunoit 20 M npuiose-
Ha cuna 50 H mop yrnom 607 no orHOIIEHMHI0 K PYKOATKE KJIHOYH.
Oopenesirre MOMEHT 9TOM CHIIbL.

3. Yenosek, oTKpLIBAR ABepsL, NpukiaanBaer cmiay 4 H, koro-
pasg HanpaeiaeHa nmojg yraom 60° K niockocTn ABepH B MOPU3OHTANL-
HOM Hanpasjienuu. MomenT cunbl pases 3,5 H - m. Onpenenute pac-
CTOSTHHE OT PYYKHU A0 OCH BPAINEHHA JBEpPH.

4. Tpyba maccoii 14 gr memxuT Ha semae. Kakyio cuny Hajo npn-
JIOMHUTE K OJHOMY M3 KOHIOB Tpybel, uTobm ero cmerka npHOon-
HATH?

5. Ha Tpaneuuy cugmt rumeacT maccoii 60 kr. O pacrnonoen
Ha paccToAHWY !/, ee WHE], CYUTAS OT OAHOrO U3 ee KoHuos, Onpe-
AEJIHNTE HATHAREeHIIe TPDOCOB, Ha KOTODLIX NNOJBEII€HA TpanellH.

I'masa 7. KPATKHE HTOT'H

B craTtuke paccMaTpmBalOTCHs YCJIOBUS paBHoBecus abco-
JIIOTHO TBEpPABIX TeJy, T. €. TeJ, jJeopMaiui KOTOpbIX paBHBI
Hym10. AOCOMIOTHO TBEpHAOE TEJO HAXOAWTCS B PaBHOBECHH,
ecnu cymma AefCTBYIONIUX HA HEro BHEUIHWX CHJI paBHAa

mymo: F, + F, + ... = 0. Kpome TOro, cyMMa MOMEHTOB BHEIII-
HUX cuUlI pasBra mymwo: M, + M, +...=0.

MomMeHTOM CHJIbl HA3BIBAETCH MPOU3BEIEHHE MOUYJIH CHMJIIB]
Ha nyevo. [lnewom cunsr Ha3BEIBARTCA KpaTyaiilliee paccTosHUe
OT OCH BpAaIleHUH [0 JTWHUHK feilcTBus cuasl. Moayns MoMeH-
Ta cusbl paseH: |M | = Fd.

MomMeHT CHIIBI IOJNOMKHUTENEeH, €ClIi B OTCYTCTBHUE IPYrux
CHJI OHa BBISBIBAET MOBOPOT TeJla [MPOTHEB YACORBOH CTPENTKH,
H OTpHLOATEeJIeH — €eCJIM 10 YacOBOM CTpeJIKe.



MOJIERY JIAPHASA ®OU3SHUKA.
TEII/JIOBBIE ABJIEHHUHA

§ 55 HNOYEMY TEIIJIOBBIE ABJIEHWS
M3YUYAKTCH B MOJIEKYJIAPHOH ®HU3HKE?

Hamum oOulee npegcrapieHye 0 3HAYEHUM W CMEICHE TOrOo,
q9TO BBEI Celiyac HadvHeTe H3yuaThb.

Magkpockonuueckue Tesia. Mu1 JxuBeM B MUpe MaAKpOCKOIIH-
yecKux Tejl. Hamre Teno — 3710 TOXKe MAaKpPOCKOIIHYECKOe Teo.

B (usnKe MaxKpoOCKOIHYECKHMMH TeJlaMK HasbliBaIOTCH
OonbIIME Tesia, COCTOALIME M3 OIPOMHOIO 4YHesa monekyn. [Nas
B DannmoHe, BOJa B CTaKkaHe, NEeCUWMHKA, KaMeHb, CTAJIBHOH
CTEepP¥EeHb, 3¢MHOM I[I1ap — BCe 3TO NpPUMephl MaKpOCKONN4de-
cKux Ten (puc. 7.7).

Mexanuka n MexaHudeckoe apmkenne. B mexauunke Hero-
TOHA UMET LEN0 ¢ MeXaHUYeCKUM J8UuMeHUeM MAKPOCKONU-
YECKHUX MEN — NEPEeMEUEHUEM OOHUX mMesl OMHOCUTNEeNbHO
dpyzux 6 npocmpaHcmee ¢ MmeveHuem epemeHu.

Mexanuka uaydaer NBHIKEHHEe TeJl, HO OHA He B COCTOSAHHHN
00 BACHUTE, NOYEMY CYHIECTBYIOT TBEpAkie, KHUIAKUE M rasoob-
pasHbie TeJla M [oYeMy 2TH Tela MOryT NepexouuTh U3 OLHOro
cocTOAHWUA B npyroe. McecnenoBanmne BHYTPEHHHX CBOHCTB TeJ
HE€ BXOJMT B 3ajlauy MEXaHMKH.

B MexanuKe roBOpAT 0 CUNaX KaK O IIPHYMHAX U3MEHEeHUs
CKOpoOcCTell TeJi, HO IPHPOoJia 3THUX CHJI, UX ITPOHCXOIKIEeHHe He
BeIicHAKTCA. OcTaeTcHs HENOHATHBIM, NOYEMY MIPH CIXKATHH
TeJI IOABJIAKTCH CHJIIBI VIIPYTOCTH, NOYeMY BOBHHKAET TPEeHHe.
Ha mnorue, oueHs MHOI'ME BONPOCH! Mexanuka HbioToHa oTBe-
TOB He Jaer.

Bce 3o xopoimo noauman cam Heoron., EMy npuHagnexar
3HaMeHaTeJIbHBIe ¢JioBa: «§f He 3HA, YeM # KaKych MHPY;
MHE caMOMy KajKeTcs, YITO A OBLI TOJNBKO MAJIBYNKOM, HIPai-
1M Ha Depery MOpsi M pasBJeKAIOIMMCH TeM, Y4TO OT BpeMme-
HI 0 BpeMeHHM HaxoauJ Oonee raajKkue KaMyIlIKK unau Oosee
KPacUBYK PAKOBUHY, ueM OOBIKHOBEHHO, B TO Bpems Kak Be-
JUKHN OKeaH MCTHHBI JeXaJs Tepelo MHOW COBEepLIeHHO He-
pasrajlaHHbIM » .

Puc. 7.7
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Temnossie asienns. llociie MexaHUYeCKOIo JBHIKEHHUS ca-
MBbl€ 3a8METHEBIE ABJIEHWUS CBA3AHBI C HAIDEBAHVEM MM OXJIa3-
IeHHWeM TeJ, ¢ U3MEeHeHHeM WX TeMIepaTypbki. 9TH ABJIEHWHA
HAa3BIBAIOTCH MEnJA08bIMIUL.

MexaHn4decKoe ABHIKEHHE HE BRIZLIBAST B Tele KaKux-aubo
CYIIECTBEHHBIX M3MEeHeHUI, ecii He NPOMCXoauT KatTacrpodu-
YeCKHUX CTOJIKHOBeHMi. Ho HarpeBaHue HIIH OXJIaxAeHHe Tesa
cnocobHO M3MEHUTHL €ro Ao HeyszHaBaemocTu. CunbprHO Harpes
NPO3paYHYIO, HO BCE e BHUMMVYIO BOJY, Mbl IpPEeBPaTUM ee
B HeBUAMMBIN nap. CunpHOEe oxjarkKieHue MPEBPATHT BOJY
B KYCOK Jbnia. Ecimm BAyMaThCsi, TO 9TH ABIEHUA 3arajodHbl
¥ AOCTOMHBI uaymianeHusa. He yauBasieMcs Mbl MOTOMY, YTO
NMPHUBBIKJINW K HUM C JETCTEA,

Hano saiiTi 3aKOHBI, KOTOPBIE MOTJIH OBl OOBACHUTE M3Me-
HEHUSA B TeJlax, KOI'Jla caM¥ TeJia HelNOABMM(HEI 1 KOI'la ¢ TO4Y-
KH 3peHus MeXaHUKH ¢ HUMU He NPOUCXOOHUT HUYero. 3TH 3a-
KOHBEI OIIMCBIBAIOT OCOOBIA BHJI JIBHIKEHHA MATEPUH — MENnJo-
80€¢ OJsuMeHue, IPUCYIIEE BCEM MAKPOCKOIHYECKHM TelaM
HEe3aBHUCUMO OT TOT'Q, NepeMelaloTcd OHHU B TIPOCTPAHCTBE HJIH
HeT.

TennoBoe nBuikeHHe MONeKya. Bece Tens cocrosiT W3 ato-
MOB M MoJieKyJs. TennoBnie SIBINeHHS ITPOMCXOAAT BHYTPH
TEJ M BCELEeJIO ONpeAeNsioTca ABUMKEHNEeM 3TuX vacTur. JIpm-
JEeHUEe ATOMOB 1 MOJEKYJ MaJi0 HAIIOMHWHAET J/JABHXEeHUe CO-
Daky wunu aBroMoOuysi. ATOMBI M MOJIEKVJIBI BEIECTBA CO-
BepiiawT OeCHoOpAfoYHOE [OBHIKEHHE, B KOTOPOM TPYIHO
YCMOTpeTh clieflbl Kakoro-junbo nopsjaxa W peryjaspHoOCTH.
BecriopsyiouHoe [OBUIKEHHE MONEKYJl HAa3bIBAOT MenJa08biM
dauxceruem.

JBrskenune MoneKys DecnopAOoYHO H3-34 TOro, YTO HHCJIIO
uX B TeJaX, KOTOpbIe HAaC OKPYyIiKaT, HeoDO3pHMMO BEIUKO.
Kaxxpas monerysna GecnpecTanHO MEHAeT CBOI0 CKOPOCThL MpPH
CTOJIKHOBEHHSHX € APYrHIMH MOJIeKyJaaMu. B pesyanTaTe ee
TPAaeKTOPHMA OKAa3bIBAETCSH YPE3BhIYAITHO 3anyTaHHOH, JBHIKe-
HUE — XAO0THWYHEBIM, HecpaBHeHHO Oonee XaoTHYHBLIM, YeM
IBU}KEHHE MYPaBbE€B B PA30PEHHOM MYypaBeiHHKe.

BecniopsiouHoe ABHUIKEeHNEe ONPOMHOIO 4Yycja MOJIEKYJ Ka-
YeCTBEHHO OTJHWYAETCH OT YHNOPHJOYEHHOND MeXaHH4decKoro
nepemelnenns ren, Oso npeacrasngeT coboil ocoObiil BuJ JIBU-
MEeHUA MaTepuH co cBoMMu ocobbimu cBolicTBaMB. 006 arux
CBOMCTBaxX M MNOHJIET pPeYb B JaJibHeiilem,

3HayeHHe TeILIOBBIX ABJeHni. [IpuBerunbii obaMK Hamieil
ILIAHeThl CYLIECTBYET M MOKET CVYIMEeCTBOBATH TOJLBKO B JO-
BOJILHO Y3KOM HHTepBaJle TeMmneparyp. Eciu 61 Temueparypa
npesricuaa 100 °C, To Ba 3emue upn 06biyHOM aTMOC(hepHOM
AaBiaeHuH He Obl1o OB pex, MOpEeH W OKeaHOB, He OblTo Obl
BOJibl BooOIe. Besa Bojia npespaTunack Ob1 B nap. A npy nonx-
FHEeHUM TeMIepaTyphl HA HECKOJNLBKO AECATKOB IPALVCOB OKea-
HEI NPeBpaTHIHACh GBI B POMAJHEIE JIEIHUKH.
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Ilaxxe uaMeHeHue Temneparyps Jiaime Ha 20—30 °C nopwu
CMEeHe BpPEMeH rojla MeHAeT HA CPeJlHUX HIMPOTAX BeCh ODJIMK
MJaHeThbl.

C HacrynieHueM BECHbLI HAYMHAETCH Npody:xiueHne Ipupo-
aer. Jleca oeBapTCsd JUCTBOM, HAYMWHAKT 3€JICHETh Jyra. 3u-
MO Ke Ku3HbL pacrennit agamupaer. Tonerslil cyoil cHera no-
KPBLIBAET IOBEPXHOCTh 3€MJIH.

Emre Domee y3xkume HHTEPBAJIBI TEMIEPATYP He0OXOoauMbl
IS HOAJEPIAHNA KM3HM TEIJIOKPOBHBIX XMBOTHBIX. TeMile-
parypa MBOTHBIX ¥ YeJIOBeKa MOAJlepKHUBaeTCA BHYTPEHHH-
MK MeXaHU3MAMM TEePMOPEeryJfilny Ha CTPOro olnpeneleHHOM
vpoBHe. llocraTouHo TeMnepaType MOBBICUTHCH HA HECKOJBKO
MeCATHIX Tpajyca, KAaK MBI yiKe 4yBCTByeM cebsi Hes/lOpOBBI-
mu. aMeHeHne ke TemnepaTypkl H8 HECKONBKO I'PAyCOB Be-
neT K rubenu opranusamoB. [1oaToMy HeyAUBUTENBHO, UTO Tell-
JIOBBIE SBJIEHHS ITPUBJICKAN BHUMAHWE JIIOAel ¢ ApeBHeHIInX
BpeMeH. YMenue Ao0eiBATh M IOANEPIKUBATH ONOHB C/I€Nalo
YEJIOBEKA OTHOCHTENIbHO HEe3aBMCHMBIM OT KojgeDaHHil TeMmIe-
PATYPB! OKPYIKamIieil cpearl. 9TC OLIJIO OJHUM W3 Beaudai-
IIUNX M3o0peTeHn# 4YesIOBeveCcTBa.

HNameHenue TeMIIepaTyphbl OKA3bIBAET BAHMSHHE HA BCE CBOM-
cTtBa Tesi. Tak, MpH HArpeBaHUM MIH OXJAMIAEHUM HM3MEHSI0T-
¢S pasMepbl TBEPABIX TeJ 1 00'LeMBI KHAKOCTEH. SHAUNTENBHO
MEHSITCH MEXAHWYECKHe CBOMCTBA TeJl, HAIPUMED YIpyrocTk.
Kycox pesauHoBol TpyOKM yueneer, eC/iv YAAPUTE 10 HEMY MO-
moTKoM. Ho npH oxXijaxkjieHun o TeMmiepatypsl Hmxe —100 °C
pe3rHa CTAHOBHUTCHA XPYNKOM, KAK CTEKJIO, M OT JIerKoro yaapa
pesuHOBas Tpybka paszbusBaerTcss Ha MeNKHe KycourH. Jlnms
MocJjie HATPeBAHKWA Pe3rHa BHOBH oDpeTaeT CBOM YIIPYI'HMe CBOIl-
CcTBA.

KpoMme MexaHHMYeCKHX CBOMCTB, NIPH M3MEHEHMH TeMIepa-
TYPbl MEHSIOTCS ¥ JApyrHe CBOMCTBA TeJ, HAIIpHMEp COIPOTUB-
JEHNEe 3MeKTPHYeCKOMY TOKY, MarHMTHBIE CBONMCTBa W Ap. Tak,
ec/iM CHJILHO HATPETH MOCTOAHHBIN MATHUT, TO OH I€pecTaHer
OPUTATHBATE JKeJIe3HbIE TIPeMeTHI.

Bcee nepeurciieHHBEIE BBINTE M MHOTHE JpDyrUe TelJiOBble fB-
JeHus MOAUMHAITCH olpelesieHHbIM 3akoHam. OTKpbiTHE 3a-
KOHOB TeILJIOBBIX ABJIEHUII NO3BOJSET ¢ MAKCHMMANBHON MNOJIb-
30if NpUMEHATL 9TH HBJIEHUA Ha NpaKTHKe N B TeXHUKE.
CoBpeMeHHbI€ TEILIOBBIE JIBUTATENH, VCTAHOBEW JIS CHMMKe-
HHUSA Ia3oBR, XOJNOMHJIBHEIE GIIIAPATE 1 MHOrHE JIPYIruUe yCTPOou-
CTBA KOHCTPYHPVIOT HA OCHOBE 3TUX 3aKOHOB.

MonexynsipHo-kuHeTHyeckas Teopua. Eme dunocodsl
APEBHOCTH AOTAABLIBAINCE O TOM, YTO TEIUIOTa — 3TO BHJ BHYT-
peruero asmxenus. Ho ronsro 8 XVIII B. Hauana pa3suBaTh-
CH IOCTeNOBATeNILHAS MONCKYAAPHO-KUHEMUYeCKAA Meopus.

Bonemoii BKAaA B PASBHTHE MOJIEKYJISPHO-KWHETUYeCKOH
Teopun o1 cienan M. B. JlomousocoBBI M. OH paccmarpu-
BaJl TEIJIOTY KaK BpallaTesbHOoe JIBMIKeHUe YacTHI, TeJa.
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Nomownocos Muxamn Bacunsesuy

(1711—1765) — BenuKuWi4 PYCcCHsit  yyeHblH, 3IHUMKNO-
negmncT, no3T w obujecTBeHHb OEATENb, OCHOBATEMNbL
MockoBcHOro yHUBEpCUTETA, HOCAILEro ero mma. [lyus-
KuH Ha3san M. B. JlomoHocoea «nepebim PYCCHMM YHM-
BepcwTeTom». M. B. JlomoHocoey npuHannear ebiaa-
HLmeCcA TRYObRI MO (H3MKe, XUMKHM, TORHOMY Oeny
u metannypris. OH pa3sun MOoneKynapHO-KHHETHYECKYIO
TeOpMIO TennoTei, B ero paborax npegsocxmLLEHbl 38KO-
Hbl COXpaHeHMa maccst W aHeprin. M. B. Jlomorocos co-
3pan (PyHOAMEHTansHbIe TPYAbl NO WCTOPMM PYCCHOro
HapoQa, OH REMAETCH OCHOBOMONOMHMKOM COBPEMEHHOH
PYCCKOW TPaMMATHHM.

Ilesp MONEKYNAPHO-KUHETHYECKOH Teopun — obObscHeHHe
CBOMCTB MaKPOCKOIMMYECKHX TeJ M TeIUIOBBIX ITPOLEeCcCOB, OPO-
HCXOAMAIIMX B HUX, HA OCHOBe NpejCcTaBJeHH O TOM, 4YTO BCE
TEJNA COCTOAT M3 OTAENbHBIX, OECOOPANOYHO ABUIKYLIMXCSH
YACTHIL.

. g OCHOBBI MOJIEKY JISIPHO-
JaBA S pPUHETHYECKOH TEOPHH

OCHOBHBIE ITOJIOYKEHHUA
§ 56 MOJIEKYJISAPHO-KMHETHYECKON TEOPHH.
PASMEPBI MOJIERY/JI]

Monekyabl OUeHb MAJIbI, HO MOCMOTPHTE, KaK ITPOCTO Ole-
HUTL UX pasMepbl ¥ Maccy. JocraTouHo oziHOro HabiwogeHUsd
1 napbl HECJIOMHBIX pacueToB. [lpaBaa, HAIO eije AOAYMATLCH
O TOr0, KaK 3TO CHeNaTh.

B ocHOBE MONERYNIAPHO-KHHETHYECKOH TEOPWH CTPOCHUS
BEIIeCTRA JIEHAT TPHM VTREePKIEHUA: BElUleCTBO COCTOMT M3 ya-
CTHIL; 9TH YACTHULI GeCnopaaouYHo JBHIKYTCH; YaCTHLBI B3aM-
MOaeHCTBYHOT aApyr ¢ npyrom. Kaskjoe yTBepikiieHHe CTPOro
JOKA32HO C MOMOMIIBI0 OITBITOB.

CroiicTBa M nosejieHlie Bcex 6e3 UCKIIYMEeHHA Tes OT UH(Y-
30pMH A0 3ZBe3bl ONpeJensiiorTcs JIBUIKEeHUeM B3auMopeiicT-
BYIOIIHX JIPYr € JpPYTOM YACTHIL: MOJEKYJI, aTOMOB WIH elle
bonee maneix 0Opa3’OBaHWII — 3JIEMEHTAPHBIX YaCTHII.

Ouenxa paamepos moseryn. [[Jis 10N1HOW YBEpPEHHOCTH B
CYILIECTBOBAHUM MOJIEKYJ HANO ONpeleNHTh UX pasMephl.

Ilpome Becero aro caenars, HabmMOmas pPacIIBIBAHHE Ka-
NeJibKW MacJia, HallpaMep OJIMBKOBOI0O, IO IMOBEPXHOCTH BOIOLI.
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Puc. 8.1 Puc. 8.2

Macno HUKOra He 3aiiMeT BCH [OBEPXHOCTh, €CJIU COCY], Be-
auk (puc. 8.1). Henp3a 3acTaBuTh KaneasKy obmemom 1 mm?
pACILIBITLCA TaK, YTODBI OHA 3aHANA OAOILIAAE HNOBEPXHOCTH
Bosiee 0,6 Mm% MoKHO HPEANONOKHThB, YTO TIPH pPacTeKaHNH
MACJIa M0 MAKCHMAIBHON ILIOLIAAK OHO 0Opasyer cJoi TOJIin-
HOM BCEro JIMillk B OOHY MOJIEKVIY — «MOHOMOJIEKYJISPHBIHN
cinoii». Tommuay 2TOr0 CNOSA HETPY/AHO OTpEeAesIMTL U TEM Ca-
MBEIM OOEHHUTHL pasMepbl MOJIEKYJbl OJIMBKOBOIO MAacsa.

Obsem V cnoss macaa paBeH NPOUSBENEHHUIO €ro MJIOmaan
noeepxHocTn S Ha Tommuy d chnos, T.e. V = 8d. Cieposa-
TeNbLHO, pasMep MOJIEKVJB! OJHBKOBOI'O MAaclia paBeH:

0,001 cm?

d= 2NN 7. 107 G
6000 cm? o

ITepeunciisTh celiyac BCEBO3MOIKHBIE CITOCOOB! OKA3ATENb-
CTBA CYILIECTBOBAHMS ATOMOB H MOJEKYJ HeT HeoOXOIMMOCTH.
Cospemensnbie TpUOOPEI MO3BOJAOT BUIETH U300parkeHus OT-
IleJIBHBIX aToMoB ¥ mMosexkys. Ha pucyake 8.2 nokasasa
mMuKpohoTorpaus MOBepXHOCTH KpPeMHHEeBOM IMJIaCTHHEI, IIe
Oyropxu — 3TO OTHENBHBIE ATOMBI KpeMHHA. [loo6HBIe H300-
paxkeHUs BrHiepsble Hay4Ymnucs noJsiyuars B8 1981 r. ¢ nomo-
b0 He O0OBYHBLIX ONTHUYECKUX, A CH0MKHBIX TYHHEIBHBIX
MUKPOCKOIIOB,

Pasmeps! MOJERyn, B TOM 4YHCIE M OJHBKOBOIO Macna,
boneioe pasmepoB aromos. [lmameTp mr000ro atoMa NpuMepHO
pasen 10 ® em. 3Ty pasMepsl Tak MAaJbl, YTO UX TPyJAHO cebe
npeicTaBuTh. B Takux cny'dasx nmpuberarT K mOMOIH CpPas-
HeHNA.

Bor oaso 3 HuxX. Ecny nansipl C3KATE B KYJAK U YBEJIH-
YHTE ero A0 pasMepoB 3eMHOro whiapa, TO aToM NpH TOM XXe
VBEJIMYEHUHM CTAHET pasMepoM ¢ KYJIak.

YUncno monerysn. Ilpuw ouenn manbix pasMepax MOJEKYJ
YMCJA0 MX B J000M MaKpOCKOIMYecKoM Tese orpomHo. Iloa-
CUMTAEM NPHMMEpPHOE YHMCJA0 MOJIEKYJ B KaIlle BOALI Macco# 1 r
U, ClIefoBaTeNbLHo, obbemom 1 cm®,

HuamMeTrp MoJieKyJbl BOJAbLI paBeH npumepso 3 - 10°F em.
Cunras, 4TO KaXKIaa MOJEKYJA BOAB! NIPH MJOTHOH YIIAKOBEKE
moJiekysa daunmaer obbem (3 - 107 em)?, MmoskHO HallTH YKCTIO
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MOJIEKYJI B KaIiune, pasjgenus obsem kamiu (1 cw®) va obbem,
NPHUXOAAIIHMIICHE Ha OAHY MOJEKYJY:

1cem® _
- (3-10°%)° em?® Sl 105

IIpu KamA0M BAOXE BBl 3aXBATHLIBAETE CTOJBKO MOJEKYJ,
Y710 ecay OBl BCEe OHU MOCJIE BRIJIOX8 PABHOMEPHO PACIIpeaesiy-
auck B armocdepe 3emMan, TO KarKABIA MHUTENb ILIAHETHI ITPH
B/lOX€ TOJY4YHJ Obl ABe-TPH MOJIEKYJIbl, NOOLIBaBIINE B BAIIIMX
JErKHX.

Paamepsi atoma mansl: D= 10 % cm = 10 19 m,
O Tpex OCHOBHBIX IIOJIOMEHHAX MOJEKVJIAPHO-KMHeTHYe-
CKOH TeopuM pedb OyaeT MATH HEOJAHOKPATHO.

7 1. Kawme uamepeHms Haflo npowussectH, 4Tobbl oueHMTs pazmepsl
) MONEKYNE! ONHBKOBOro macnal

: 2. Ecnm Obl aTOM YBENWYMACA A0 PAIMEPOB MAKOBOIO 3IEPHLILIKA
(0.1 mm), TO pazmepoB KAKOTO TENa NPH TOM e YBenu4eHuM fo-
ctHrno 6sl 3epHLiLKO!

3. MNepeuncnHre HIBECTHLIE BAM [IOKA3ATENLCTEA CYLECTEOBAHHA MO-
NEeKyn, He YNOMAHYTLIE B TEHCTE.

§ 57 MACCA MOJEKY.L.
KOJHYECTBO BEHNIECTBA

Maccsl aTOMOB ¥ MOJIEKYJT PasJiMyalTes 3HaunTenbHo. Ka-
KHMMHU BeJIUYUHAMHU HUX yaobHo xapakTepusoBats? Kax onmpene-
JIUTH YMCJI0 ATOMOB B JIHOOOM MaKpPOCKONMHUYECKOM Tejie?

Macca moJgexkyasl BOAbL. Maccel OTAEIBHBIX MOJEKYJI
¥ aToMOB oveHb Manbl. Hanpumep, B 1 I BOABI COJEPIKUTCSH
3,7 - 10?2 monexyn. CrnefoBatTenbHO, Macca ONHON MOJIEKVJIBI
Boae! (H,0) paBna:

ir ’
mnﬁzn = W ~ 2,7+ 10" p, {81)

Maccy TAakKoro e nopsaika MMET MOJIEKVJIIbl APVIHX Be-
IeCTB, HCKJIOYAH OTPOMHBIE MOJEKYJbLI OpraHN4YecKyuX Be-
UIeCTB; Hanpumep, 6eJKM MMET MACCy, B COTHHM TBICHAY pa3s
bonblryo, yeM mMacea OTAeNbHBLIX aTomMoB. Ho Bce paBHO HX
MacChl B MAKPOCKONMYECKHUX Maciitabax (rpamMmMax H KHIIO-
rpaMMax) Ype3BbIYaiiHO MaJibl.

OrHocuTensHas MoJieKkyJspHasi macca. Tak Kak mMaccsl
MOJIEKYJT O4Y€Hb MAaJbl, yA0OHO HMCTIONL30BATH B pacdeTax He
abconroTHBIE 3HaUEHMA Macc, a oTHocurTelbHble. [lo mexuy-
HAPOOHOMY COTJIALIEHUK) MACChl BCEX ATOMOB M MOJEKYJ CpaB-

1
HHUBAKOT C i-2— MacChkl aTOMa yriaepoja (Tax HasblBaemasn yrie-
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pomHasi IIKana aroMHeiX wmacc)!. OTHOCHTeTBLHOM MoJeKy-
JAAPHOM (MAM ATOMHOM) MaccoM BemectBa M, Ha3sIBAIOT
OTHOILUEHHe MAaCChl MOJEKyJabl (MIH atoMa) m, AAHHOTO Belle-

1
CTBad K 1“2— MACCHI aToMa yrJjepoja Mge:

M, = Tﬁ* (8.2)
'lzmnc

OTHOCUTE/ILHBEIE ATOMHBIE MACCHI BCEX XWUMHWYECKHX 3Jie-
MEHTOB TOYHO M3IMEepeHBI.

CraanpiBag OTHOCHTENBHBLIE ATOMHBIE MACChl 3/1€MEHTOB,
BXO/IAIIIMX B COCTAB MOJIEKYJIbl BeIeCTBA, MOXHO BBIYMCIIUTH
OTHOCUTEJILHYI) MOJEKYJSPHYI0 Maccy Bemectsa. Haopumep,
OTHOCHTENILHAA MOJIeKYJsipHas macca yruexkuchaoro rasa CO,
npubmmxkeHHo paBHa 44, TAK KaK OTHOCHUTEJILHAS ATOMHAH
mMacca yriepoja TouyHo paBHa 12, a Kuciopojaa npumepsHo 16:
12+ 2 - 16 =44.

KommuuecTBo BemecTsa W noctoawnan Asoraapo. Koauve-
cmeo eeuwecmea Haubosiee ecrTecTBeHHO ObLIO OBl M3MEPSATH
YHCJIOM MOJEKYJ unE atomMoB B Tene. Ho uwmciio monexyJ
B JIIOOOM MAKPOCKONUYECKOM TesJe TAaK BenuKo, YT0 B pacue-
TaxX MCHONbL3YIOT He abconMoTHOe YMCII0 MOJEKYJ, & OTHOCH-
TEeJILHOEe WX YHCJIO,

B MexayHapoHOI cUcTeMe eIMHUIL KOJMYeCcTBO BelllecTBa
BEIPAXKAKT B MO4Ax, OAMH MOIB — 3TO KOJMYECTBO BEIECT-
Ba, B KOTOPOM COAEPHHUTCH CTOJILKO e MOJEeKYJI MM aTOMOB,
CKOJIBKO ATOMOB COJlep»KUTCH B yraepoze macco# 0,012 xr.

3HayuT, B 1 Monb snoboro BelecTBa COJIePIKUTCH OJHO H
TO YK€ YUCJIO ATOMOB WJIH MOJIEKYJ. ITO YHMCI0 aToMoB 0b03Ha-
yaoT N, ¥ Ha3LIBAOT NOCMOAHHOU A602a0po B 4eCThb MTAJIb-
aHckoro yuesoro (XIX B.).

Ins onpepeneHus MOCTOAHHOKM ABOrajipo Hajijo HAMTH Mac-
Ccy ofHOro aroma yrueposa. llpubnvikennas oueHKa Macchl Mo-
aeT ObITL IPOH3BEeAeHA TaK, KaK 9T0 ObIJIO CAEJIAHO BhILIE JJIA
MACCHI MOJIEKVYJIBI BOJbl (HanboJsiee TOYHBIE METO/bLI OCHOBAHBI
HA OTKJIOHEHHH IYYKOB MOHOB 3JIeKTPOMATHHTHBIM IOJEM).

Ina maccel aroma  yrjgepoja  UM3MepeHUs  HAIOT:
mye = 1,995 - 10-2¢ kr,

Ilocrosinryo Asoraapo N, MOHO OTNpefenuTs, pPasjieling

1
CpaBHeHHE ATOMOB M MOJEKYJI € —1~2- MACCHEI ATOMA yriepoga Oe1L0 npMHEA-
1

T0 B 1961 r. nasnan npuduna Takoro BelOopa COCTOMT B TOM, HTO yriaepol
BXOAMT B OCPOMHOE HHCTO PASNNYHLIX XMMHYCCKHX coenmuuermi. Muowurens

I'__IE BEEJEH ANH TOr0, Y1obEl OTHOCHTENBHEIE MACCK! aTOMOB DEIIN DNU3IKK K Le-

JAbIN HHCJM.
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Maccy yrinepojia, B3ATOro B KoJMuecTse 0o4HOro MoJid, Ha Mac-

¢y OQHOIO arToMa yrjepoza:
=0,012 K& 1 ~ 0,012 K& 1

MOJIE Mg mose 1,995 .10 2% kr

= 6,02 - 10%® moas 1.

‘N, = 6,02 - 10% moub . (8.3)

HanmenoBanue mosb' yrasblBaeT Ha To, 4To N, — 4YMCHO
aromoB B 1 mone srwboro seujecrpa. Ecni, HanpuMep, KOJIH-
ttecTEn BEILleCTBa V = 2,5 Monb, TO 4YWUCJO MOJEKyJl B TeJje

=vN, =1,5 - 10%. Orcozga BUIHO, 94TO KOJIHUYECTEBO BELIECT-
Ba PaBHO OTHOWIEHHIO YHCia MoJeryn N B JaHHOM TeJie K no-
cToAHON ABoraapo IN,, T. e. K YHeay moJiekya B 1 mosis Be-
HecTsa:

(8.4)

OrpomHoe 4YnCIOBOe 3HAYEHHe TOCTOAHHOM ABOrajipo mno-
Ka3bIBAeT, HACKOJLKO MAaJbl MHKPOCKONWYeCKHe MmaciuTabbl
110 cpaBHEHHK ¢ MakKpocKonuuyeckumu. Teno, obnagaioliee Ko-
JNYeCcTBOM BellecTBa 1 Monb, MMEeT NPHMBBIYMHBIC ONA HAC
MAKPOCKOMUYECKHEe pasMepbl M MACCY NOPSHA/Ka HECKOJBKHX
JeCATKOB IPaMMOB.

Monsipsast macca. Hapsaay ¢ OTHOCHTENBHON MOJEKYIAP-
HOIT maccod M, B (DM3MKe B XMMHWHKH LIHUPOKO MCHNOJAL3YIOT I10-
HATHE MOoaAapHaa macca. Moaapuoit maccou M BemecrBa Ha-
3BIBAIOT MECCY BellecTBa, B3IATOrO B KoauyecTBe 1 MOJb.

CorsacHo TAKOMY ONpeeIeHHK MOJFApHAs Macca BellecT-
Ba paBHa TPOH3IBEJEHHIO MacChl MOJIEKYJIBI Ha ITOCTOAHHYIO
ABoragpo:

| M = m,N,. (8.5)

Macca m ax000ro KoJWYecTBa BELEeCTBA PaBHA NPOH3Beje-
HMIO Macchl OJJHOI MOJIEKYJIBI Ha YHMCIO MOJEKYJ B Tele:

m = mgN. (8.6)
3amenus N, u N B dopmyse (8.4) ux BhIparKeHHUAMHU U3
opmya (8.5) u (8.6), nonyuum
m

\" = —. 807

Koau4yecTBo BelleCTBA PaBHO OTHOIIEHHIO MACCHI BEIIECT-

Ba K ero moaapnoi macce. ImMenHo Takoe onpefienenme KoJH-
YeCcTBa BellecTBa JaeTcsi B yueOHMKe XMMWH.

Yucno monekyn adi0boro KoJiM4ecTBa BellecTBa MACCOMH m M

MONAPHON Maccoit M cornacHo opmynam (8.4) u (8.7) pasno:

N =vN, =N, %} (8.8)
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Popmynsl (8.2), (8.4) n (8.5) nawr onpeieleHUA HOBBIM
(husuyecKuM BeNMMUMHaM, TAKUM, KaK OTHOCHTENIBHAS MoJe-
KYJSipHas mMacca, KOJMWYEeCTBO BellecTBa W MOJIAPHAX Macca.
BreiBecTH UX HeNb3ifd, UX HANO0 MPOCTO 3anoMHHTL., OcTalbHbIE
opmynel, Hanpumep (8.7) u (8.8), MokHO BbIBECTH.

sy

= Yemy pasHa OTHOCHTENbHA® MONEKYNSPHas macca sogst!
‘7 . CxonbKOo moOnexkyn B [BYX MORSX BOfbi!
® 3. MomHO NK floKa3ars, 4T0 MONAPHAH Macca M CBR3aHa C OTHOCH-
TeNLHOM MONEKYNAPHOH MACCOH COOTHOLLEHHEM

M=10 *M kr - mons !
(B poxazarenscTee HAAO MCNONL30BaTL thopmynsi (B.5), (8.2), a vax-
WE IHAYEHMA MACCHI AaTOMA YINEepoa H NOCTONHHOW ABOrajpo.)

[ ]

§ 58 BPOYHOBCEKOE ABUKEHHE

Cejiyac BBl NO3HAKOMMTECE C CAMBIM OYE€BHIHBIM JOKAa3a-
TEJILCTBOM TeTJIOBOTO IBHIKEHHUS MOJIeKYyN (BTOpOe OCHOBHOE
IOJIOXMEeHUEe MOJEKYIIAPHO-KMHeTHYecKoi Teopun). Obasatens-
HO nocTapaiiTech MOCMOTPETh B MHMKPOCKON YW VBHAETH, Kak
ABHMCYTCS TaK HasbiBaeMbie OPOYHOBCKHME YaCcTHIEL.

Panee Bhl y3Hanu, yro Takoe dug@ysun, T. €. IepeMenIn-
BAHHE TrasoB, XXHUIKOCTEH M TBepAbIX TeJ NP UX HerocpeacT-
BeHHOM KOHTAKTe. ITO SBJIEHME MOXXHO 00bsicHUTE Oecriopsi-
NOYHBIM ABHXXEHHEM MOJIEKYJ H TPOHHKHOBEHHEM MOJIEKYJI
OJHOTQ BEILeCTBa B [IPOCTPAHCTBO MEXK/1Y MOJIEKYJIAMH Ipyro-
IO BellecTBa. JTHM MOXKHC O0bACHUTHL, HAanpuMep, ToT QarT,
urT0 00'BEM CMECcH BOALI M CIHPTA MeHbIIe 00LeMa cocTaBIfI0-
HMX ee KoMnoHeHTOB. Ho camoe ouyeBHIHOE MNOKA3ATENLCTBO
ABHMEHUA MOJEKYJI MOXXHO OOJIYYWUTh, HAOMIOOaA B MHKPO-
CKOIl MeJb4¥aiilliye, B3BEIIEHHbLIE B BOJE YACTHILI KAKOoro-aubo
TBEPAOro BEIeCTBA. ITH YACTHILI COBepIIaT becniopsanouyHoe
ABUMEHHEe, KOTOPOe HAa3LIBAKT OPOYHOBCKUM.

bpoyHoBCKOe OBHKEHHE — 9TO TEIJIOBOE NBWIKEHHE B3Be-
INEHHBbIX B JXUAKOCTH (MJIM rase) yacTuil.

Habnronenue GpoyHOBCKOrO ABMiKeHWA. AHrnuiickuil 00-
taiuk P. Bpoyn (1773 —1858) Bnepsuie Habawopan aro sB-
nedue B 1827 r., pacemaTpuBas B MHKDPOCKOI B3IBELIEHHBIE B
BoJZie criopbl nuaysHa. Iloaxxe oH paceMaTpmMBan ¥ Apyrue Mmed-
KHe YACTHILI, B TOM YHCJI€ YACTHUYKH KaMHA W3 erMneTcKux
nupamug. Ceityac gns Habnronennsa OPOYHOBCKOrO ABHMIKEHUH
UCIIOJIB3YIOT YaCTHYKHU KPacK¥W TYMMHUTYT, KOTOpasi HepacTBoO-
puMa B Bojie. ITH YACTHYKM COBEPLUAIT DecropsiiodHoe ABH-
skenue. CaMbIiM MOPA3UTENILHBIM M HENPUBLIYHBIM JIJIH HAC AB-
JAETCHA TO, YTO ITO ABMIKEHHEe HUKOI/la He npexkpaitaerca. Mol
Belb NPUBBIKJK K TOMY, 4YTO JOO0Oe ABHIKYIIEECH Tejno paHo
MJIM NO3/HO OCTAHABIMBAETCA. DBpoOyH BHadYane ayMmasl, HuTo
CTOPLI NJAAYHA NPOABISIOT MPHU3HAKW XHU3IHU.
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BpoyHOBCKOe ABH}KeHHe — TeILTOBOe ABUIKEHHe, U OHO He
moxKeT npexkpatutrhes. C yBeanueHyeM TeMiIepaTyphl MHTEH-
cuBHOCTH ero pacretr. Ha pucyake 8.3 npusejieHa cxema JBU-
weuns OpoyHoBeKMX uwacTuil. Ilonoxxenus wacruin, orme-
YeHHBIE TOYKAaMM, ONpelleyleHbl Uepe3 pPABHBIE NPOMEXKYTKH
BpeMen — 30 c. 9TH TOUKH COeMHEHBI MIPAMBIMK JTUHUAMH.
B AeficTBHTENBHOCTH TPAEKTOPHMSA YaCTHUI, I'opasfo CJoKHee.

BpoyHoBCKOe ABHIKEeHHe MOMHO HabnopaTs u B rase. Ero
COBEPIIAKT B3BEILEHHLIE B BO3AYVXE YaCTHUIbl NILLIH HIH
AbIMA.

KpacouHo onmmceiBaeT OpOYHOBCKOE [BUMEHHEe HeMelLKUH
dusuk P. llons (1884—1976): «Hemuorue sisjieHus crnocos-
Hbl TaK yBJeub Habiwogarensi, kak OpOyHOBCKOe OBHIKEHUE,
3sect HabmoAaTe N0 NO3BONACTCA 3arNfgHyThH 38 KYJAUCKD TOTO,
YTO coBepmaercsa B npupoge. [lepen HUM OTKpPBIBAETCS HOBBIIM
MHD — OEe30CTAHOBOYHAS CYTOJIOKA OrPOMHOIO YHCIIA YacTHIL.
BricTpo 1poneTarT B 1oJie 3peHns MUKPOCKOTa MenkYailive
YACTHUILLI, TIOYTH MIHOBEHHO MEHSif HalpaBlieHHe [IBHIKEeHUHA.
Mepnennee DpoABUTarTCa Dojlee KPYIIHbIE YAaCTH1Lbl, HO ¥ OHU
MMOCTOSHHO MEHSAIOT HalpaBleHue ABu>kKeHHA. Boseiuwe yac-
THUIlEI NTPAKTHYECKH TOJNKYTCH Ha Mecrte. WX BHICTYNEI ABHO
MOKAa3bIBAIOT BpallleHME YacTMUI[ BOKPYr CBOel OCH, KOTOopas
IOCTOSIHHO MEHSeT HalpaBJeHHe B npoctpaHceTBe. Hurpe Her
M cnena cucrembl way nopsizka. ['ocnojgcTBO clenoro cay-
yasg — BOT KakKoe CMIbHOE, MoJlaBnsiollee BIeYaTIeHUe Ipo-
U3BOJAUT 3TA KApTHHAa Ha HabmwopaTens».

B macTosiee Bpems HoHATHE OPOYHOBCKOE OB8UNEHUE V-
nonbayerca B Gonee mmpoxkom cmbicne. Hampumep, 6poyHOB-
CKHM [ABH}XEHUEM FABIAETCHA APOMAHUE CTPEJIOK YYBCTBUTE Ib-
HBIX M3MEpUTEeNbHBIX NPHOOPOB, KOTOpPOE NMPOMCXOMMT H3-34
TEIJIOBOIO ABMIKEHMSA ATOMOB geTaneil npubopoB ¥ OKpyxKaw-
e cpeasl.
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ObbacHenne OPOYHOBCKOTO JIBMIKe-
Hug, O0bsacHATL ODPOYHOBCKOE [IBHIKE-
HIIe MOXXHO TOJNIBKO HA OCHOBE MOJIEKY-
JAPHO-KHHEeTUYecKon Teopun. Ilpuvu-
Ha OpOYHOBCKO20 OBUNCHUA YACMUYbL
3AKANACMCA 8 MoM, Ymo ydapst mo-
JACKYN HUudKocmu 0 Hacmuyly He Kom-
nencupyom opye dpyza. Ha pucys-
Ke 8.4 cxemaTHyecKH TMOKA3aHO I10JIO-
KeHue 0/iHOi OpOYHOBCKOH 9aCTHIBI U
OmpKauMx K Hedl monexys. Ilpu Gec-
NOPAJCYHOM ABMIKEHUHN MOJEKYJ nepe-
AaBaemble MMH OpPOYHOBCKOH WACTHILIE p.. g4
WUMIYJIBCEI, HATIpUMEp CJieBa W CIipaea,

HeouHaKosbl. IToaTOMY OTIHMYHA OT HYJAA PE3YIbTHDYIOAS
CHJIA AaBJEeHUS MOJEKVYJ MKHIKOCTH Ha OPOYHOBCKYIO YACTHILY.
I9Ta cHUla U BhI3LIBAET U3MEHEHHEe ABMIKeHMA YacTUIlbI.

Cpenree faBneHHe WMEET ONpEeJIEHHOE 3HaAYeHME Kak
B rase, Tak 1 B muarocTid. Ho Becerza npoucxonsaT He3HAYM-
TeJILHEIE CAYYAHHLIE OTKJIOHEHHSI OT 3TOrc CpeJHero 3Haye-
HuA, YeM MeHBIle MJ0IaAb NOBEPXHOCTH TeNna, TeEM 3aMeTHee
OTHOCHUTENBbHLIE HM3MEHEHHUS CHJIBLI [JaBJIeHHAH, AeHCTBYIOLEH
Ha JaHHYIO Jjoiaab. Tak, HanpuMep, ecny IIoINajgKa uMeeT
pasmep TOPAAKA HECKOJBKHX IHAMETDOBR MOJIEKVIEI, TO Oek-
CTBYIOIIAA HA Hee CUuJla JaBJieHMs MeHAeTcHA cKadkoobpasHo
OT HYJIA A0 HEKOTOPOro 3HAYEeHHA INPH MONagaHUH MOJEeKYJIbI
B OTY IUIOLLAAKY.

MonerynsapHO-KHHETHYECKAA Teopusa OpPOYHOBCKOTO IBHUYXKe-
Hus Obia cosmana B 1905 r. A, 9iinmreiinom (1879—1955).

ITocTpoenne Teopuy OpPOYHOBCKOI'O ABHIYKEHMA M €€ JKcCIle-
pHMeHTalbHOEe [OOATBEPIKAeHue (PPAHIY3CKHM (PH3HKOM
W, ITleppeHOM ORUHYATENBHO 3aBEpPLUMJIA ODELY MOJIEKY-
JAPHO-KMHETHYECKOH TEOpPHH.

Onpitel Heppena. Upes ouwitos Ileppesa coctouT B cneny-
FOILeM.

HaBecTHO, 4T0 KOHLEHTPALUMA MOJEKYJ rasa B arMmocthepe
VMeHBLIIAETCHA ¢ BbIcOTON. Ecny OBl He OBIIO TEnoBOro nBmuxe-
HUS, TO BCe MOJEKVJbl yiaau Obpl Ha SeMui0 U atMmocdepa uc-
yeana Obi. OpHarko ecnm Obl He ObLNO NpUTHIKEHUs K 3emJe,
TO 38 CYeT TEeIIOBOIo ABMMKEHHMS MOJIEKYJNbl NoOKHAaNn Obl
3eMJI0, TAK KAaK a3 cllocobeH K HeOrPAHUYEHHOMY pacIumpe-
HU10. B peayasTare AeMCTBUSA 3THUX NMPOTHBOIONOMHBIX (DAKTO-
POB YCTAHABJMBAETCH ONPENeIeHHOE PACITpele/IeHUe MOJIeKYJ
110 BBICOTE, O YE€M CKA34HO BEILIE, T. €. KOHILEHTPaLusa MoJje-
KYJI JOBOJBHO OBICTPO yMeHbLIaeTcH ¢ Bbhicoroi. [lpuyem, uem
bonpLIe Macca MOJIEKY., TeM ObicTpee ¢ BLICOTOH ybObiBaeT UX
KOHIEHTPAaIIHHA.

BpoyHoBCcKME uwacTHIbl YYACTBYIOT B TEINJIOBOM ABHMIKEHHH,
Tark kak MX B3aUMOJEeHCTBHE MPeHeOpeM Mo Majo, TO COBO-
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KYIHOCTb 3THX YAacTHI] B ra3e WiIH KUAKOCTH MOHO paccMmar-
PHUBATE KaK HJeasibHblH Tra3 M3 OYeHb THMKENBIX MOJIeKYJ.
Crep0BaTENHHO, KOHLEHTpanua OpPOYHOBCKHMX YacTHI, B rase
UK MUAKOCTU B MOJIe THIKecTH 3eMM J0JKHA VOBIBATH IO
TOMY K€ 3aKOHY, YTO ¥ KOHUEHTpalUs MOJIEKYJ] rasa. 3akoH
3TOT M3BECTeH.

TleppeH ¢ NOMOLLBK MUKPOCKONa DOJILIIOrO YBENNYeHHA U
Manol rayouHbBl onsA 3peHus (Manoi rayOuHBI pe3xocTH) Ha-
ba1an OPOYHOBCKHE YACTHILI B O4€HE TOHKHX CJIOAX MKHUIKO-
ctu. lloacuuThiBada KOHLUEHTPALMIO YACTHIL, HA Pa3HbLIX BLICO-
Tax, OH HAalleJ, YTO 3Ta KOHIEeHTpanusa yOLIBAET ¢ BRICOTOH 1O
TOMY K€ 3aKOHY, 4TO M KOHIEHTpalus Molekys rasza. Ormnu-
yye B TOM, YUTO 3a c4eT OONbIIoM MacChkl BPOYHOBCKHMX 4YacTHIL
yOBIBAHME NPOMCXOAMT O4YEeHE OBICTPO.

Bonee toro, nogcuer 6pOyHOBCKHUX YacTHI[ HA Pas3HLIX BhI-
cotax noasonun l[leppeny onpeme/inTh MOCTOSHHYIO ABOrajipo
COBEPILEHHO HOBLIM METOAOM. J3Ha4YeHHe ITOH ITOCTOAHHON
COBIIAJIO C HM3BECTHBIM.

Bce artu pakThl CBHIETENBCTBYIOT O NPABUJIBHOCTYU TEOPHH
OPOVHOBCKOI'O ABMIKEHUHA M, COOTBETCTBEHHO, O TOM, 4YTO Opoy-
HOBCKWE YACTHIIEI VYACTBYIOT B TEILTOBOM JIBUIKEHHU MOJEKYJl.

Bl wHarnsaarno ybepuiancs B CYIIECTBOBAHHMH TEIJIOBOIO
IBUMEHWUA; VBUIETH, KAK NPOHUCXONMT OeCTIOPANOYHOE [BUMKEe-
Hue. Monekynbl aBHMIKYTCH elije Oonee OecriopAgO4YHO, 4YeM
OpOyHOBCKME 4HaCTHILbI.

§ 59 CWJbl BBAMMOJIEUCTBUA MOJIEKYJI

Monexkyasl B3auMoJAeHCTBYIOT aApyr ¢ apyrom. Bea aroro
B3aMMONEHMCTBHA He OBILnO OBl HU TBEPABLIX, HU MHAKHX TEJ.

Ilokasars CYLIECTBOBAHHE 3HAUMTENbHBIX CWUJI B3aUMOJIEH-
CTBHA MeX/JAY aTOMaMH WM MOJIeKynaMu Hecs03xHo. Iloopo-
byHTe-Ka cJoOMaTh TOJCTYIO nanky! A Bejlb OHA COCTOMT M3 MO-
aexyn. Ho ogum cusnbt npumsaixenus He MOTyT ODECHIedMTh
CYIIeCTBOBAHUS YCTOWYHBEIX 00pazoBanuii U3 aTOMOB U MoOJie-
Kyn. Ha oyeHp ManbIX PACCTOAHUAX MEXIY MOJeKyaaMmu obsa-
3aTeNbHO JEMCTBYIOT cuabl ommaJjkusarus. biaaropapsa sTo-
MY MOJIEKYJIBI HEe IIDOHUKAKIT APYTD B ApPyra i KyCKH BelleCcTBa
HUKOTJIA HEe CIKUMaKTCs J0 paA3ZMepoB MNOpsjiKa pasMepoB OJi-
HOU MOJIEKYJIBL.

Kak BosuMkaer Biaumojiedcreue mojsexyi. Monerkyna —
3TO CJIOMKHAR CHCTEMAa, COCTOAMAf H3 OTHCJBHBIX 3apfAMXeH-
HbIX HACTHIL: 3JIEKTPOHOB U ATOMHKIX fHlep. XOTH B LENI0M MO-
JIEKYJIBI 3JIeKTPUYECKM HEHTpPaJ/ibHEl, TéM He MeHee Mexay
HUMM Ha MAJLIX PpACCTOAHUSIX JEWCTBYIOT 3HAYUTEJIbLHEIE
SNEKTPUYECKHE CHIBLI: NMPOUCXOAUT B3AUMOASHCTBHE 3NeKTPO-
HOB W ATOMHbLIX fi/IEpP COCeNHWX MOJEKVII.
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Ecny MOJIeKYJ bl HAXOAATCH HA PACCTOSHUAX, MPEBbLIILAIO-
IIMX UX pasmMepbl B HECKOJIBKO pas, TO CHJILI B3aAMMOJIeiICTBHUA
OPAKTHYECKH He CKasbBalTcdA. CUNbl MeXIy 3JIeKTPHYeCKH
HEMTPaANLHBIMY MOJIEKYIIAMH SIBJASIOTCH KOPOTKOIeiiCTBYIO-
HIMMH.

Ha paccTosHMAX, TPeBBIIAKINHX 2—3 JUaMerpa mMmoJe-
KYJI, AeWCTBYIOT cuiibl nputrs:keHus. [To mMepe ymeHBbIUeHus
PACCTOSAHMA MEXIV MOJEKVIAMHU CHJIA UX B3aWMHOTO TPUTH-
JHEeHUSA CHa4aJsa VBeJHWdMBAeTCH, HO OJIHOBPEMEHHO YBeJIHYMBA-
eTcs M cuia oTrrankunBanms. [Ipu onpepeneHHOM pPACCTOAHUH
CHUJIa NPHUTHYKEHHWA CTAHOBUTCA PaBHOII CHJe OTTAJKHBAHHA.
ITO paccTOsiHNE CUHTASTCH PaBHEIM JHAMETDY MOJICKVIILL.

Ilpn panvHeiinmleM YMEHBIIEHWW PaCCTOAHWS 3JEKTPOHHBIE
000JIOUKM aTOMOB HAYMHAKT MePEeKPHIBATLCH M OLICTPO VBEJIM-
YUBAETCH CHJI& OTTATKUBAaHNA.

ATomMbl M MOJEHKYJBI COCTOAT H3 JJIeKTPHYECKHW 3apAxeH-
HBIX YaCTHII. Bﬂarﬂﬂﬂpﬂ AeHCTBHIO ANMeKTPpHYEeCKHMX CHJI HA
MAaJIbIX PAaCCTOAHHAX CHJIBI INPDHTHMXEHHH Oomnbilie cun oTTAN-
KHBaHHMA.

1. Nouemy fAsa caHHUOBLIX BPYCcHa € TRAAKWMH SHCTBIMM CPE3amK
CNMNAIOTCH, eCNH MX NPHKaTs APYr K apyry!
1. NMouemy ABa HYCOHKA MENA NPOYHO HE COEAMHRAIOTCH, ECNH MX NPH-
Mars Apyr K apyry!?

CTPOEHHE I'AS0O0OBPA3HbLIX, dHJIKHX

§60 Y TBEPABIX TEJ

MoneKynapHO-KHHETHYECKaA TeOpMHA JAeT BO3MOMKHOCTE
IIOHATH, [OYEeMY BELeCTBO MOKEeT HaXOAUThCH B rasoobpas-
HOM, JXKHAKOM HW TBEPAOM COCTOAHHNAX.

I'azer. B razax paccrosiHne MesxAy aToOMaMH HJIKE MOJIEKY-
JJAMH B CpeZiHeM BO MHOTO pas Dosbllle pa3dMepoB caMHuX MOoJie-
KyJa (puc. 8.5). Hanpumep, npu ar-

MocthepHOM JiaBrneHMM obbeM cocya y T G’ﬂ" ,«\

B JIECATKM THICHY Pa3 IpeBbillaeT i 7 o

obbeM HaAXOIANINXCS B HeM MoJe- T O - A

K Q Qs N

yJi. -4 e

T'agel Jerkc cxuMapTcHA, OpH - 0" ™~

ATOM YMEHLLIAETCH cpejHee PacCcTos- ~o 5_'-_;—:,

HHEe My Monexyinamu, HO (opma g **~-..,h°

MOJIEKYJIBI He naMensetca (puc. 8.6). = | s
Monekynsl ¢ OrpOMHBIMH CKO- _‘“\ g" Q ;

POCTAMM — COTHM METPOB B CEKYH- o ° \'r

Ay — ABHMIKYTCH B IIPOCTPAHCTEE. L
Crankunasicbh, OHH OTCKAKHMBAIOT Puc.B.5
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Puc. B.& Puc. 8.7

APYr OT Apyra B pasHbleé CTOPOHEI NMOA00HO OHMALAPAHBIM IIa-
paMm. Cnabeie cHJIbI NPUTHXKEHUA MOJEKYJ raza He CrnoCobOHBI
yaep:arb UX Apyr Boane apyra. Ilosromy zaser mozym Heo
epanuyenHo pacwupamsci. OHu He coxpamnsiom Hu Qopmsl,
HU o0sema.

MHuozouucaernHble ydapuvl MONEKYL 0 CMEeHKU cocyda cos-
darom Odasnenue zasa.

JKunroeru. Monekynbl KUJKOCTH PACHOJOMKEHB! MOYTH
BIJIOTHYIO APYr K Apyry (puc. 8.7), noaToMy MoOJIeKyJia uUJI-
KOCTH Bener cebsa wHAaue, yeM MOJIeKYJa raza. B skHAKocTHX
CYIeCTBYET TAK HA3bIBAE€MbIir GJMMKHUI1 MOPAJOK, T. €. YIOo-
PAAOYEHHOE PACHONIOMKEHUe MOJIEKYJl COXPAHAETCH Ha pAacCTOA-
HUAX, PABHBLIX HECKOJNBKMM MOJIEKYApHbIM AunamMeTpaMm. Mo-
JeKyna wxoJsebJsiercsi OKOJIO CBOEro IMoJIOXKeHHS paBHOBECHHA,
CTallKUBAACH C COCENHUMH MOJieKynamu. Jluius BpeMsa OT Bpe-
MEHM OHA COBEPIUAET OYepPeHOH «IIPbIZKOK», NONaias B HOBOE
NONOYKEeHHe paBHOBecHsi. B 3TOM NONOXKEeHHWHM PaBHOBECHH
CHJIA OTTAJIKUBAHHSA paBHA CHUJI€ IIPMTHAMKEHMSH, T. €. CyMMap-
Hasd CMJIa B3aMMOJEHCTBHA MOJEKYJbl paBHa HyJaH. Bpems
ocednoll MMUsHU MOJEKYJBl BOJbI, T. €. BpeM#A ee KonebaHuil
OKOJIO OIHOTO ONPEeAeNIEeHHOIO INOJIOMEHUS paBHOBeCHs [IpH
KOMHATHOH TeMmneparype, paBHo B cpeasem 10 ' c. Bpems e
onHoro kKonebanus 3aHauutensHo Menbire (10 2—10 ' ).
C nosbllIeHHEM TEeMIEPATYpPbl BpPeMSf OCEIJION IKM3HM MOJie-
KVJI YMEeHbIIaeTCs.

XapaxkTep MOJMEKYAAPHOTO ABUMKEHHA B MUJNKOCTAX, Blep-
BblE YCTAHOBJNEHHBI coBerckum duzuxkom fA. U. Ppenke-
NeM, [O3BOJIAET MOHATH OCHOBHLIE CBOHCTBA KHAKOCTEH.

Dpexnens Skos Mnemy

(1894—1952) — coBerckuii hH3MK-TEOPETUK, BHEC-
LUMM IHSYMTErNbHBLIM BKNAag B Cambie pasnuuHbie obnac-
v hramku. 5. M. (DpeHKens — aBTOpP COBpPEMEHHOM
TEOPMH ¥MMAKOTO COCTORHMA BeulecTsa. Mm 3anoenn)
OCHOBbI TEOPHM (heppomarHeTmima. Llnpoxo nisecr-
et pabore S, M. Dperkens no armocgeprHomy
INEKTPHHETTBY M TPOMCXOMAEHHIO MATHWTHOrC nons
3emnu. [epeas HONUUECTBEHHAN TEOPHA DENEHUR
agep ypawa cospana 5. M. Mpennenem.
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MosiekyJibl JKUIKOCTH HAXOAATCH He-
NnocpeacTBEeHHO Apyr Boane apyra. llpw
VMEHEBLICHHMH (.!'ﬁ']:EMH CHIbI OTTanKyBa-
HHA CTAHOBATCA O4Ye€Hb BEJUKH. ITHM
U O0BACHHETCH MAAAA CHUMACMOCTNY
Heudkocmeit.

Kax wuspecTHO, wudkocmu mexywu,
T. €. He coxpansiom caoell (hopmot. O6n-
ACHHUTL 3ITO MOMKHO TaxK. BHemrnas cuia
3aMeTHO He MeHSHeT 4YMCJa [IePecKOKOB
MOJIeKY B cekyHAay. Ho nmepeckokH Mo-  Puc. 8.8
JeKyJ U3 OJHOr0 0CeaJoro noJIOIKeHHs
B Jipyroe NnpoMcxoasiT NpeuMyneCcTBeHHO B HanpaBJIeHUH Ieil-
CTBHSA BHelIHel cuibl (puc. 8.8). Bor noueMy »KUJKOCTh TEYET
H upHHnMaeT (gopmMmy cocyaa.

Teeparsie Tena. AToMBI NI MOJIEKYJIbl TBEPAKIX TeJ, B OT-
JUYHUe OT aTOMOB M MOJEKYJ XMUAKOCTeH, KonebanTea oKOJo
onpenesleHHbIX nojnoxesud pasHoBecusi. Ilo 210it npuuyuHe
TBEPALIE TeNa COXPAHAKIM He MoabKo o0seM, HO U (Popmy.
IMoTennuansHas SHEPrus B3aUMOAEHCTBUS MOJIEKYJ TBEPAOro
TeJIA CYHIeCTBEHHO DOJiblile MX KHHETHYeCKOI aHEepruu.

EcTe €lle oJlHO BarKHOe pasjiuuyue Mexay KHIKOCTAMH M
TEEPABIMH TeaaMu. JHAKOCTE MOKHO CPABHUTEL C TOJINONH IIO-
Aen, rae orTaesibHble HHAWBUAYYMbI DeCTIOKOMHO TOAKYTCH HA
MecTe, a TBeEpOoe Teno nogobHo CTpoii-
HOI1 KOTOpTE TeX e MHAHNBUAVYMOB, KO-
TOPLIE XOTH U HE CTOAT IO CTOHKe CMHD-

HO, HO BBIJIEP)KUBAIOT wMexay coboi /?\

B cpejHeM onpepeneHHble paccTOAHHA.

Eenn coeguHMTE LEHTPBHI  HOJOMKEHWH

PABHOBECHUSA ATOMOB MJIM HOHOB TBEPIOTO \ﬁiv

TeJa, TO OONYYUTCA NPaBHIBHAaA IIpO- ,As.__)&__‘
CTPAHCTBEHHasl peuleTka, Has3eslBaeMasd = =
Kpucmaaauyeckou,

Ha pucynkax 8.9 n 8.10 nzobparxxenn:
KpHCTAJLJIMUeCKe pelleTKH NOoBapeHHOoI  Puc. 8.9

Puc. 8.10
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CONMH M anMasa. BHyTpeHHHI NOPAAOK B pacnoyiodKeHun arTo-
MOB KPHCTAJJIOB INPHBOJANT K NpaBHNIbLHLIM BHEIIHHUM eoMer-
pHuYecKHM (popMaM.

Ha pucynre 8.11 nokaszaHbl #KYTCKWE aaMAa3bl.

¥ rasza paccrosiHme [ Mexxay MoJieKyJaMud MHOro Oonbiie
pasMepoB MOJIEKYJ Iyt [ >> 1.

Y sxupxkocTeil ¥ Tepabix Ten [ = r,. Monekynbl HHUAKOCTH
pacnoyioyeHbl B Decriopsike ¥ BpeMs OT BPpeMeHU NepecKakH-
BAIOT U3 OJIHOTO OCeAJIOr0 MONOMKEeHHA B [Apyroe,

Y KpHcTANINYeCKHMX TBEPABIX TeJ MOJEKYJbI (M1 aTOMBI)
PACIOJIOMKEHbI CTPOr0 YNOPAA0NMEeHHO.

_ 1. a3 cnocoben K HeOrpaHMYEeHHOMY PacliHpenmo. NMovemy cyuject-
_ eyer armocchepa y 3emnm!
1. Yem OTNHMAIOTCH TRAEKTOPHM OBMMEHHS MONEKYN Fa3a, MHOAKOCTH
H Teepporo Tena! Hapucynre npumepHble TPAaeKTOPHH MONEKyn
BELLECTB, HAXOQRMACH B ITHX COCTORHMAX.

HJAEAJBHBIH I'A3 B MOJIEKYJISAPHO-

§61  LHHETHMYECKON TEOPHHU

KauecrBenHoe 00bACHEHWE OCHOBHBIX CBOMCTB BeIlecTBa
HA OCHOBE MOJIEKVJAPHO-KMHETUYECKOII TeopuN He SABISAeTCH
ocobeHHO cnoXKHBIM. OJHAKO TEOPHHA, YCTAHABIUBAKNIIAA KO-
JMYeCTBEHHbBIE CBA3H MEMXIY H3MepseMbIMM Ha ONbLITe BeJH-
yuHaAMHU (JaBneHueM, TEMIEpPaTyVpou ¥ J1p.) ¥ cBoiicTBaMu ca-
MHX MOJIEKYJI, UX YHCJIOM W CKOPOCTHIO IBMXXEHWHA, BechbMa
CJIOXKHA.

Hpoeansuerii raz. ¥V raza npy oObIYHBIX JaBJIeHHUAX pPaccTo-
AHVE MEXIY MOJIEKYJIaMHM BO MHOIO pas NpeBhILIAET UX pas-
mepb!. B 3T7OM ciryuae cunel B3aMMONEHCTBUA MOJIEKYJ NpPeHe-
DpexXuMO Manbl ¥ KHHETHYeCKAasl SHEepPrUs MOJEKYJT MHOro
OonbIle MOTEHIMAJNBHON 3Heprum BaamMopeiicTeua. Monery-
JibI Tas3a MOMHO pPacCMaTpHMBaTh KaK MaTepualbHbLIE TOYKH
UM OYeHb MaJIeHLKHe TBeplble mapuxku. Bmecto peansHozo
2a3Q, MERLY MOJIEKYJIAMH KOTOPOro AeHCTBYIOT CJIOMKHBIE
CHJIBl B3aWMOJIEVICTBHA, Mbl Oyaem paccMaTpuBaTE €ro Mo-
denb — udeanbMblll zda.

HaeannHbill Ta3a — 570 ras, B3auMOJCHCTBHE MEXKAY Mone-
KyJaMu Kotoporo npeHebpexxumo mano. EcrecrBeHHo, mnpu
CTOJIKHOBEHNH MOJIeKYJN HIASaNbHOI'0 Tasda Ha HUX JAelCTBYeT
CHJIa OTTANKUBAHMA. TaK KaK MOJEKYJEl raza Mbl MOXEM CO-
MJIACHO MOJEeNH CYHTATh MaTepHalbHbIMYM TOYKaMM, TO pasme-
paMi MOJIeKYJ MBI npeHeOperaem, cumTtasi, 4To 00BEM, KOTO-
Phi OHH 3aHMMAIOT, ropa3no MeHbine o0bema cocyaa.

HanomMrum, ute B (PU3HUECKOIT MOAENHU NPHHHUMAKT BO
BHUMAHHKE JIMLIL T€ CBOMCTBA PealibHOM CHUCTEeMbLI, Y4YeT KOTO-
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PBEIX COBEpLIeHHO Heobxoaum panas Py
o0'BACHEHUNA HCCJIelYeMBIX BaKOHO-
MEPHOCTEH MOBEAEHHA 3TOM CHCTEMBI., Py AMAn v oasns s
Hu oxna wmoaens He MOMKET nepe-
naThk Bce cBOMcTBa cucreMel. Ceifuac
HaM NPeACTOUT PelliNnTh JOBOJNBHO Y3- 0
KVIO 3a1a4y;: BEIYMCJIHTE ¢ MOMOILBIO
MOJIEKYJIAPHO-KAHETUYECKON Teopun  Puc. B.12

JAaBJIEeHUE UIeaJIbHOIO ras3a Ha CTEeHKH

cocyza. Ins 3TOM 3agayuy MojeNlb WAEAIBLHOIO rasa OKasbiBa-
eTCH BIIOJIHE YAOBJEeTBOpUTeNnbHON. OHA MPUBOAUT K pPE3yJib-
TATAM, KOTODBIE IOATBEPXIAAKTCH OMNBITOM.

JlaBienHe rasa B MOJEKYJAPHO-KMHETHYECKOH TeOpHH.
IlycTs ra3 HaxoauTes B 3aKPBITOM cocyze. MaHoMeTp NOKas3bl-
BaeT JaBJieHue rasa p,. Kak BO3HHMKaeT 3TO AaBlieHne?

Kaxnasi Monexkyna rasa, yoapsiick O CT€HKY, B TeYeHHe
MAaJIOTO IPOMEXVYTKA BPeMeHH JAeHCTBYET Ha Hee ¢ HeKOTOpoi
cusoit. B peaynsTaTe 6ecriopAIOYHBIX YAAPOB 0 CTEHKY JaBJie-
HHe OLICTPO MEeHSeTCH CO BpeMEHeM [IPMMEpPHO TaK, KaK IOoKa-
3aHO Ha pucyHke 8.12. OpHako nelicTBHA, BRIZBAHHBIE VIapa-
MM OTZEJBHBIX MOJIEKYJI, HACTOJNBLKO cnabbl, 4TO MaHOMETPOM
OHM He pervcTpupyiorcd. MaHomeTp GHKCHDPYET CPeIHIOKW IO
BpEMEHH CHJIY, NeHCTBYIOIIVIO HA Kar VIO €ANHWUILY [JI0LIA0N
IIOBEPXHOCTH €ro 4YyBCTBUTEJILHOI'O 3JleMeHTa — MeMOpaHEIL.
HecMmoTps Ha HebonpIINe M3MEeHEHUSA JaBJIeHWHA, CPe/lHee 3Ha-
YeHUEe JaBJIeHUS P, NPaKTHYECKH OKAa3bIBAeTCH BIIOJIHE Omnpe-
JleJIeHHOH BeJIMYMHOM, TaK KakK yZapoB O CTEHKY OYeHb MHOrO,
8 Macchl MOJIEKYJI OM€Hb MAJIbI.

~9

HpeansHel# raz — MogeNns peasjbHOro rasa. CormacHo 3ToH
MOJeJId MOJIEKYJIBI Tada MOXHO pacCMaTpHUBaTL KaK MaTepH-
AJTBHBIE TOYKH, B3AUMONENCTBHE KOTOPLIX IMIPOUCXOAUT TOJNBKO
nopyu ux cTonkHoBeHUM. CTANIKHBARCHE CO CTEHKOM, MOJEKYJIIBI
rasa OKasbLIBAIOT Ha Hee JaBJieHHe.

1. Yem npenebperaor, HOTfla pPeansHuii a3 PacCMATPHBAIOT KaK
HeansHbix!

2. a3 oxa3lsiBaeT JaBNeHHMEe Ha CTeHKM COCYNA. A JABMT NM OfiHH CNOK
raza sa pgpyro#!

§ 62 CPEJIHEE 3HAYEHHUWE KBAJIPATA
CKOPOCTH MOJIERYJ

Jlisi BeIUMCIIEHUS CPeIHero naBlieHus HAAO 3HATH Cpea-
HIOI0 CKOPOCTH MoOJiekyJl (TOYHee, Cpe/lHee 3HaY€HHe KBazparTa
CKOPOCTH). 3TO He MNpOCTOH BONpOC. Bbl NMPUBBIKIM K TOMY,
YTO CKOPOCTE MMeeT Kaxzaa dacTuna. Cpennsas ke CKOPOCTb
MOJIEKYJ1 BaBHUCUT OT [ABHUIKEHHUS BCeX YACTHIL.
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Cpennne snadenusi. C camMoro Hauana HYKHO OTKas3aTbCsA
OT NMONBITOK ITPOCIEANTE 3a ABHYKEHHEeM BCeX MOJIEKYI, U3 KO-
TOPBIX COCTOMT Tas. UX CIHIIKOM MHON0, M JIBUKYTCH OHH
O4YeHb CJIOMHO, HaM ¥ He HYIKHO 3HATH, KAK [IBUIKETCH KaiXK-
nas MoJjiexyaa. Mel 10K HEI BLIACHHTE, K KAKOMY pPe3yJIbTaTy
NPUBOIAT ABMIKEHHWE BCEX MOJEKYJ raasa.

XapakTep JIBMJKeHHS BCceil COBOKYIIHOCTH MOJIEKYJI Tasa
n3BecTeH n3 oneita. Monekyisl ydyacTByioT B Decrnops/iouHoM
(TertmoBoM) NBUIKEHHH., JTO O03HAYdeT, UYTO CKOPOCTH Ji0boi
MOJIEKVJIBI MOKeT OKasaThbCs Kak oueHb OonblIoi, Tak #
oveHbs majgoli. Hanpasnenune ABHIKeHUs MoJiekyJ GecnpecraH-
HO MEHHeTCH INpH UX CTOJKHOBEHHAX APYT € APYILOM.

CropoeTH OTAENbHBIX MOJIEKYJ MOryT GBITE J0OBIMK, OOHA-
KO cpedHee 3HauyeHUe MOAYJIA 9THX CKOPOCTEH BIIOJTHE OTIpele-
neHHoe, ToYHO TaK Ke poCT YVYEHMHKOB B KJIACCE HEOIHHAKOB,
HO €ro CpelHee 3HAUEHHE — OINpPEeAe/IeHHOe Yucao. YTobsl 310
YHCJIO HAWTH, HAJI0 CJO0XKHUTE POCT OTAEbHBIX YIeHHUKOB U pas-
IeIuTh 3TV CYMMY Ha YHCI0 VYalllUXCH.

Cpennee 3nauenue KBajipaTa ckopoctH. B pnansHeiiniem
HAM TOHaA0BMTCs cCpejiHee 3JHAUEHWE HE CaMoil CKOpOCTH,
a kBajgpata cxopocTH. OT 3TOi BeNWYHHBI 3aBHCHT CpPETHASA
KMHETHUYECKAS SHEPrusi MOJIeKyJl. A cpefHsis KHUHeTHYecKas
aHEPrusd MOJEKyJ, KaKk Mbl Beckope ybenumcs, uMeeT oyeHb Go-
JILIIIOE 3HAYEHMEe BO BCEH MONEKVISAPHO-KHHeTHUECKOH TeOpPHUH.

ObosHauuM MOAVIHM CHKOPOCTEH OTHAeNIbHBIX MOJIEKYJ rasa
YEPEe3 Uy, Uy Uyy --.y Uy CpeiHee 3HAYEHHE KBAAPATA CKOPOCTH
olpeAeIFeT s CAeAyiomen GopMyIoii:

2 2 2 2
S UI+UE+U3 +"'+UN

o* = N \ (8.9)
rjmne N — uucno MOJERKYJI B T'A30C.
Ho gkBagpat moayias nboro BeKTOPa PABEH CYMME KBajgpa-

TOB ero MnmpoeKumi Ha ocu Koopaudar OX, OY, OZ', Iloaromy
vt = v + vi + vi (8.10)

Cpenrue sHAYEHUA BENMYMH VY, LI ¥ U7 MOMKHO ONIPE/ENHTh

¢ moMoIe (hopmyn, monobHEX (hopmyne (8.9). Mexay cpea-

HUM 3HaYeHUeMm v? u CpeHMMH SHAYEHIHAMH KEBajJjpaToB IIPO-
EeKITHI CYILOEeCTBYEeT Taroe e COOTHOIIeHHe, KaK COOTHOIIeHHe

(8.10):

v? =02 +02 + 0. (8.11)

JleHCTRUTENBHO, JUIS KAXMA0H MONeKVIbl CIIPaBeAJIMBO Pa-
BeHCTBO (8.10). Crnoxus TaKkue papeHCTBA /sl OTIEJbHBIX MO-
JeKYJ B pasnenus obe YacTH NOJIVIeHHOIO VPABHEHHA Ha YHC-
no monexkya N, mbl npugem K copmyae (8.11).

1
W3 xypea mMexaHmKH MHIBECTHO, YTO TPH JBIDKEHHW Ha (JI0OCKOCTH
v* = vZ + v}, opmyna (8.10) npeacraaser co6oi 0HOBIIEHHE STOTO BEIPaNKE-
HHUA HA COVUAH OBHMHEHNS B OPOCTPAHCTRE.
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Beumaunuel Taxk kax maunpassieHus Tpex ocein OX, OY
v OZ senencrsue DECIOPAIOYHOTO ABMKEHUA MOJIEKYJ PABHO-
IIpaBHbl, CpPelHUe 3HAYEHUS KBAJIPATOB MPOEKINH CKOPOCTH
paBHBLI APVI APVIY:

v =02 +0% +o2. (8.12)

BuanTe, n3 xaoca BBIMINBIBAET ONpeAe/ieHHAd 3aKOHOMED-
HOCTE. CMOram 6wl BeL 970 coobGpasuTs camMu?
YVunreBas cootHomenue (8.12), moacrasum B (Qopmyny

(8.11) v¥ BmectO [Ji u v?. Torga pnsi cpeiHero KBaJpaTa Tpo-
€KIIUH CKOPOCTH MOJIYHUM:

-—-l_

e = 3 V% (8.13)

. 1
T. €. CpeAHY KBaJpaT NpoeKiy CKOpPOCTH DaBeH 5 CpegHero

3 1
KBaapaTa CcaMOH CKOpPDOCTH. MuoxxvTens ‘5 INNOABJAHAETCH BCJEI-

CTBHE TPEeXMEPHOCTH ITPOCTPAHCTEA M COOTBETCTBEHHO CYILECT-
BOBAHHSA TpPeX NHpoeKLMi y Jboro sBexTopa.

CropocT#l MOJIEKYJ DecnopanouYHO MEeHHTCH, HO CPefHHUH
KBAJIPAT CKOPOCTH BIIOJIHE ONpejlesieHHas BemnIHHAa.

T 1. Bcerga nu paBHONpPaBHbI CPEHME 3IHAYEHMA NMPOEKLUMM CHOPOCTH
‘? ABMMEHUS Mmonexyn!

- 2. Yemy paBHO CpefiHee IHAYEHME NPOEHLIMH CKOPOCTH MONEHYN Ha

: ocs OX1

OCHOBHOE YPABHEHHE MOJIEKYJIAPHO-

§63  KUHETHYECKOH TEOPHM T'A30B

I[TpueTynaemM K BBIBOAY OCHOBHOTO YPABHEHMA MOJIEKYJIAD-
HO-KHHETHYECKOoM Teopuu ra3oB. B a1omM ypaBHEeHHM yCTaHAB-
JIMBAeTCs 3aBHUCHMOCTh AABJIEHUA rasda OT CpeaHell KuHeTude-
CKOI 3Heprun ero monexkyi. Ilocie BBIBOZ@ 87T0r0 ypaBHEHUS
B XIX B. ¥ sKCHepUMeHTANBHOTO JOKA3aTeNLCTBA ero clipaBej-
JUBOCTH HAYAJIOCH ORICTpOE PasBUTHE KOJMWYECTBEHHOU Teo-
PHH, NPOAOJKAILIEECH [0 CeroAHSIIINNI JeHb.

HoxasarensCTBO HOYTH J10060ro yTBep»KAcHUA B (hu3MKe,
BBEIBOJ, JIIODOro ypasHeHMH MOTYT OBITE OpoOAeNaHbl ¢ pasnud-
HOM CTEINEHBK CTPOrOCTH M yOeANTEeNTEHOCTH: O4YeHb YIPOIIeH-
HO, DoJjiee MJIH MEHee CTPOTO WIH KE € IMOJHOH CTPOroCcThIO,
NOCTYIHOH COBPEMEeHHOH HayKe.

Crporuil BBIBOJI YPABHEHHHA MOJIEKYISAPHO-KMHETHYECKON
TEOPHH I'asos AOBWIbHO crnoxkeH. [losTomy MBI orpanudynmMcsH
CHUJIBHO YIPOIGeHHBIM, CXeMaTH4YHBLIM BLIBOJOM YypPaBHEHHA.
HecmoTpsa Ha Bee YNPOIUEHUS, Pe3ayabTaT NMOJIVUHUTCH BEePHEIN,
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Y) Brisoa ocHOBHOrO ypasueaus. Boi-
YUCJAMM AaBJeHue rasa Ha creHxky CD
cocyna ABCD nnomaneio S, nepresH-
IUKYIAAPHYK) KoopawmHaTHONH ocu OX
(puc. 8.13).

[Tp11 yzape MOJNEKYJIBI O CTEHKY
ee UMITYJIIBC NU3MEHHETCH:
o Ap, =m, (v, — Uy, ). Tark Kark MOAyJIb

CKOPOCTH MOJIEKYJI IIpM yaape He Me-
Puc. 8.13 HsieTess, To Ap = 2myv,.. CornaceHo

BTOpOMY 3aKOHY HBIOTOHA M3MEeHEeHHE
HMIIYVJILCA MOJIEKYJIBI PABHO MMIOVIBCY TOAEMCTBOBABIIEH HA
Hee CHJIBI CO CTOPOHEI CTEHKH COCY/a, 8 COIVIACHO TPEeTLEMY
3aK0OHY HBIOTOHA TAKOB K€ M0 MOAYJII0 WMIIYJLC CIIBI, C KO-
TOPO# MOJIEKyJa IofeHcTBOBasia Ha cTeHKy. CiepoBaTensHO,
B pPe3yJILTATE Yy/lapa MOJIeKYJbl HA CTEHKY MOJAeHCTBOBAJIA
cula, MMITyJbC KoTopoil pasen 2m, |v, |.

Monexkys MHOro, ¥ KaiJ/Iaf ¥3 HUX lepelaeT CTeHKE IIpH
CTOJIKHOBEHMH TaKOl K€ HMIIyJIbC. 34 CeKYHAY OHH Tepena-
OyT CTEeHKe mMnyiasc 2m, |v.| Z, rne Z — 4meno cTONKHOBe-
HHH BCEX MOJIEKYJI €O CTeHKOH 3a aTo Bpemsa. Yucno Z, oue-
BH/IHO, TIPAMO OPONOPIIHOHAJNLHO KOHIEHTPALMN MOJIEKYJI,
T. €. HUCaY MOJIeKys B enunulle o6bema. Kpome Toro, uucio Z
[IPONOPIMOHANIBHO cKOpocTH monexkys |v. |. Yem Gonerme sra
CKOpPOCTh, TeM OoJibllle MONEKYN 3a CEeKYHAY YCIeeT CTOJIK-
HYTBCHA CO cTeHKON. Ecny OBl MOJIEKYIIbI «CTOSJIM HA MECTe»,
TO CTONKHOBEHUI MX CO CTEHKOW He ObLno Obl coBcem. Kpome
TOr'0, YUCJO CTOMKHOBEHHWU MOJIEKYJI CO CTeHKOM ITPOIOPIIHO-
HAJMBHO ILIODIANHM TMOBEPXHOCTH CTeHKH S: Z ~ n qu| S. Hano
eile y4ecTe, 4YTO B CpelHeM TOJBLKO TIOJIOBHHA BCEX MOJe-
KYyJI IBHXKETCHA K cTeHKe. J[pyras mojioBHHA ABMIKETCHA B 00-
PaTHYK CTOPOHY. SHAYHWT, YHCIO VAAPOB MOJIEKYJ O CTEHKY
3a spemst 1 ¢ Z =,—3~ n|v,| 8 u nonsell uMOyaLC, TEepeNAHHEIH
creHke 3a 1 ¢, paseH:
2m, (v, | Z = mgnovss.

A

Cornacro Bropomy s3axkony HpOTOHA M3MEHEHNE UMIIYJILCA
Jwboro Tejla 3a eIMHWILY BPEeMEHM DPABHO AEMCTBYIONEH Ha
gero cune: F = mynu2sS.

YureM, 9TO He BCE MOJIEKYJIBI UMEIOT OHHO B TO JKe 3Haye-
HUe KBaZpaTa CKOPOCTH V2. B AeiiCTBHTENLHOCTH CPeNHAA 3a
CEKYHJY CHJIA, NeWCTBYIOIad HA CTEHKY, NPONOPIMOHAIbLHA

He v?, a cpeaHemy KBazpary ckopoctu v2: F = mynv?S. Tax

KaK corjacHo (opmyae (8.13) v2 = 12, toF = 1nmﬁ;:-58, Ta-

3 3
KuM 06pasoM, faBiIeHHE Tasa Ha CTEHKY COCY/[a PABHO:
F 1 —

S 3
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ITO U ecTh OCHOBHOE YPaABHEHHE MOJEKYJISPHO-KUHEeTHGe-
CKOH TEOpHH rasosB.

Dopmyna (8.14) craspiBaeT MAKPOCKOITHYECKYIO BEJWUNHY —
JaBlIeHue, KOTOpoe MoxKeT ObITh W3MEepeHO MaHOMeTpoM, —
¢ MUKPOCKOTIMYeCKHMHW BEJIMUHHAMH, X8PaKTEepPH3VIOIUMH MO-
JEKYJIBI: UX MACCOi, CKOPOCTHH) XAaOTUYHOIO ABHIKEHUHA.

CBA3EL JaBJIeHHA CO cpeaHel KMHEeTHYeCcKOH JHeprien mMo-

nexkyyn. Ecim udepes E 0003HATHTE CPeNHIOI KHHETHYECKYIO
=T

= mg0
SHEPIrHI0 IMOCTYNaTeJIbHOTO ABHMKEHWUS MoJieKysbl E = “2 "
10 ypaBHenue (8.14) moKHO 3anmcaTb B BHJIE
2 —
[P*E”E' (8.15)

Hasnenue udeanvbnozo z2a3a npPonoOpylLoHaibHO NPO-
U36E0CHUI0O KOHYEeHMpayul MONLEKYL U cpedHell KuHe-
Mmu4ecKkol 3JHepzuu NOCMYyNAMenvHoz0 06uMeHus Mmo-
NEKY L.

B rnase 9 nokakeM, 4TO CPelHAA KMHETHYECKAR JHEPIrHs
MOJIEKYJI CBfi3aHA TaK)XXe M C TeMIepaTypoi rasa.

Ham ypanoch BRIMHCINTE AaBJIeHHEe HAeallbHOrO rasa Ha
CTEHKH COCyaa.

Oxo 3aBmCHT OT KOHUeHTpauuw mojnexkyn. Kpome Toro,
¥ 3T0 IJIaBHOE, JaBJIeHHe rasza TPONOPIHOHAJIBHO CpejiHel KH-
HETHYECKOH SHEepPruy MOJIeKyJl.

1. Movemy monexyna npx COyAapeHHM €O CTEHKOHW ASHCTBYEeT Ha Hee
C CMNOM, MPONOPLIMOHANGHON CKOPOCTH, 3 pasneHMe NPonopuMo-
HanNbHO KBAApPaTy CKOPOCTH MoneKynst!

1. MNMoyemy H HaK B OCHOBHOM YPABHEHHH MONEKYNAPHO-HHHETHYE-

CKOH TEOPHH NOABNAETCH MHOMMWTENL ;!

3. Kak cpefHAfA KMHETHYECKAN HEePIHMA MONEKYN 3aBHCHMT OT HOMLIeH-
TPauUMKM Fa3a M ero AaBneHHs Ha CTeHkn cocypal

! | IIPUMEPHI PEUIEHMSI BAIAY

Ilpn pemennn Gonbmel 4WacTH 3a4a4d TJIaBbl & HYKHO
VMEeTh OIPEeNeNATh MOJSApPHBIE Macchl BeujecTB. Ilnsa atoro mno
M3BeCcTHBIM u3 Tabnnuel MeHzaeneeBa OTHOCHUTENLHLIM ATOM-
HBIM MACCAM HAA0 OUpPefesiuThE OTHOCHTENBHYIO MOJEKYIApP-
HyI0 Maccy, a8 BaTeM #W MOJAPHY Maccy 1o GdopmyJe
M =103 M, xr/mons, rne M — monsipuasi macca, M, — or-
HOCHTEJIbHASI MOJIEKYJIAPHAA MACCca.
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Bo muEOrnx sagagax tpebyercs no M3BeCTHOM Macce Tena m
onpeaeNnuTs KONAYECTBO BellecTBa V HIHM YHCIIO MOJeKYII

T
(aromor) N B Hem. Jlnsa aToro nenoinb3yTesa QOpMYJibl V= —

M
m
u N = M N, . lHocrosuuyw Asorajipo N, vano nomuuTh. Mac-
i
CBI OT/IEJIBHBIX MOJIEKYJI ONIpenensioTca no hopMmyne m, = N
A

B HeKOTOpBIX 3ajladaX Maccy BeleCTBA HYIKHO BLIDASUTH Ye-
pe3 ero mIOTHOCTE P U obsem V.

B psaje 3ajaqy MCHoONbL3yeTCH OCHOBHUE YPaBHEHHE MOJeKY-
NSPEO-KHHeTHYecKoll Teopun B (opme (8.14) unm (8.15).

1. Ounpepenure MOASPHYK MACCY BOIEL

Pemenune. OrbHocurennpHas aToMHasi Macca Bogopona
paBaa 1,00797, a kucnopona 15,9994, Xumuueckasn dopmyna
Boas! — H,0. CneposarenbHo, OTHOCUTEILHAA MOJIEKYJISpHAS
MAacca BOJAbl DABHA:

M,=2-1,00797 + 15,9994 = 18,01534 = 18.
Monsipuasg macca BOJABI
M =10 - 18 gr/monb = 0,018 kr/mousb.

2. Oﬂ'pEJIEJIHTE KOJHMYECTBO BELIECTBEE H MHOIAO MOJERYJ, COnep-
HAIHMXCH B VINEeKHCAOM T'ade maccomn 1 kr.

Pemennme. Tak Kak MonsgpHas Macca YIJIEKUCIOro rasa
M = 0,044 gr/mMoJib, TO KOMHWYECTBO BelllecTBa

=M - 1 KT + MOJIb
M 0,044 KT

Yucmo monexkyn N = % N, =23-6,02-10%=1,4-10%,

= 23 MOJib.

v

3. IMnorHoeTs rasa B Oa/uloHe AJNIEKTPHYECKON  JIAMIIH
p=0,9 xr/m?* Ilpw ropeHHd naMULl JaBJeHHE B Hell BO3POCJIO
cp,=8-10*IIa o p, = 1,1 - 109 [1Ia. Ha ckONbKO yBEIHUHIACEH ITPH
3TOM CPeIHAA CKOPOCTH MOJIEKYN rasa?

Pemeunwne., Ilponssenernne maccel m, OAHOW MOJIEKYJIE]
Ha KOHLEHTPAaLWID MOJeKyJs (4HUCJ0 MOJIEKYJl B euHuLe o0be-
Ma) paBHO MACCE MOJIEKYJ, 3aKJIOYEHHBIX B efnHULe obnhema,
T. €. JTUIOTHOCTH rasza p = myn. CnenopaTenbHO, OCHOBHOE
VPaBHEHHEe MOIeKYIapHO-KuHeTHnYeCKol Teopun (8.14) mox-
HO 3amHcark B BUle

_l®
p_s‘ ’

54—E,=E(JP_?—JE) ~ 90 m/c.

Tloaromy
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YIPAGKHEHHE 11

1. Kakyw mromaas MOXeT 3aHAThE KAarJisfs OJMBKOBOIO Macka
obsemom 0,02 cm® npH pactisbIBAHUM €€ H& NOBEPXHOCTH BOJLIT

2. OnpegenuTe MONApHBIE MAcChl BOAOPOAa W TEJHA,

3. Bo CKONLKO pas YHUCcNo aTOMOB B yraepone maccoir 12 xr npe-
BREIITAET YHCIIO0 MOJEKY] B KHchopoae maccoi 16 kr?

4. KaxoBo KoJHU4YecTBO BelecTsa (B MONSAX), COHEPIKAILETrOCH
B Bojie maccoi 1 r?

5. Mousipuas macca asora pasua (0,028 gr/mons. Yemy pasHa
Macca MOJEKVkl asora?

6. Onpepenure uuceno aromoB B8 menu obsemom 1 m?, Moaspras
macca menn M = 0,0635 kr/mons, ee nuotrHocts p = 9000 wr/m?.

7. Ilnoraoers ammaza 3500 xr/m?, Kaxoii ofeem saiimyr 10%2
ATOMOE 3TOro Beuiectsa?

8. Iloxg kakuMm JaBJeHHEeM HaXOAUTCH ras B COocyle, ecin
cpefHHil KBaJIpaT cxopocTH ero mosexysn v? = 10° m?/c?, konmen-
Tpanus Monekyn n =23 10% m¥, wmacca KamxAoOil MOJNEKYJIBI
my=5-10"26 gr?

9. B ronbe obwemom 1,2 n comepsxurea 3 - 1022 atromos resnms.
Yemy paBHa CpelHAA KHHeTHUYECKad sHeprus Kamjaoro atroma? Jlas-
nenue raza B xonte 10° Ila.

10. BriuncawTe cpemHHME KBAAPAT CKOPOCTH ABUMKEHMS MOJEKYJI
rasa, eciaE ero macca m=06 kr, ofrem V=49 u jasnesne
p = 200 rlla.

I'nasa 8. KPATRKHE HTOI'H

CornactHo OCHOBHBLIM IMOJIOXKEHMAM MOJEKYJIAPHO-KHUHETH-
YeCcKOH TeopuH BCe Tela COCTOAT U3 MOJEeKyJ (MM aTomMoB);
MEMKJIY MOJIEKYJIaMM Ha MaJiblX PpacCcTOAHUAX (CpaBHUMBIX
C pasMepaMu MOJIEKYJI) AeNCTBYIOT CHJIbl OTTAJIKMBAHWHA, 8 HA
OONBINTUX — CHJIBI IPUTHMCHK] MOJEKYJBl VIACTBYIOT B X40-
THYHOM TEIIJIOBOM JIBHXKEHHMN,

Macchl MOJIEKYJ1 MaJibl, & YACJIO UX B Donpmnx (MaxkpoCKo-
NUYecKnx) Tenax orpomHo. Iloatomy BMecTo abCONOTHBIX
3HAUEHUN MACC MOJEKYJ ¥ MX KOJUYecTBa B MaKpPOCKOTHYEe-
CKHMX TeJIaX HCIOJb3YVIOT OTHOCHTEJbHBIE BEJIHUYHHEL.

OTHOCHTENBHOH MOJIEKVIAPHOM (MM aTOMHOM) MacCOoH Ha-

1
3bIBAKOT OTHOILI€HHE MacChkl MOJIEKYJIbI (HJ’IH B'I‘DME] 38 ‘i‘2“ Mac-

chl aroma yriepona M, = {”1’;;’”1“{1 A

KonugecTBO BelecTBa BHIPAXKAKT B Monsax. Mouas —

KOJHYECTBO BEIECTBa, CONEPIRAlee CTONBKO e MOJIeKYJ,
CKOJIBKO COIepPyKHTCH aTOMOB B yriaepozae maccon 0,012 xr.
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YHeJ10 MOJIeKYJI B MOJIe BelllecTBa HasbiBAeTCH IMOCTOSHHOM
1
Apor + N, =6-.-10% A
agpo A ——
KonuuecTBO BelecTBE pPABHO OTHOLIEHWK) YHCIE MOJe-

Kysn N B Tene K NOCTOAHHON ABOTagpo: v = —j{rN—
AYA

MonsapHOH MaccOM HasbIBaeTCHd MACCA BellecTsBa, B3ATOTO
B KOnu4uecTBe OAHOro mossa: M = myN,.

B razax paccrosiHue MexJIy MOJeKyJaMu MHoro Oonbine
pasMepoB MoOJeKyJl. B HAKOCTAX U TBEpPAbIX TENAX MOJIEKY-
JIbI (MJIA aTOMBI) HAXOAATCH HENOCPEeACTBEHHO APYT BO3Je Ipy-
ra. B TBEpABIX TeNIaX OHHM DACIIOJIOMKEHBI 8 CMPOZOM NOPAOKE
M COBEpPIIAIOT KOJMEeOAHUS OKONO TIOJIOXKEHHUH pPaBHOBECHA.
B MUAKOCTAX MOJIEKYJbl PACHONOMKEHBl HeynopadoYeHHO u
BPeMA OT BPeMEeHM COBEpIUAIT NepeckorKu U3 OJHOro MoJoxKe-
HHUSl PaBHOBECHSA B Jpyroe.

B MoseKynifAipHO-KMHETHUYECKOM TeOpUH udeaibHbiM TA30M
HasLIBAIOT T'ad, COCTOAILIMI U3 MOJIEKYJ, HE B3aUMOIAEHCTBYIO-
IUX APYr ¢ APYroM M MMELINX HYJeBble pasMephl.

CornacHo 0OCHOBHOMY YPABHEHHIO MOJIEKYJIADPHO-KUHETHYe-
CKOH TeOpHH ZlaBJI€HHE ra3a HpoNopIHOHANBHO IIPOM3BENEHHIO
KOHIIEHTPALMHM MOJIEKY)l Ha CPeAHIK KHMHETHYECKYIO 3Hep-

'O MNoCTYNDATESJIBHOINO JABHMEHHHA MOJIEKYJI: P = ‘3: HE y TJIEe
2
muo
E = :
2

7 g TEMIEPATYPA. SHEPTHS
7483 Y mRIIJIOBOrO ABUIKEHHUSA MOJIEKYJI

B aToii rsiaBe Bl y3HaeTe HEYTO HOBoe O huanye-
CKOM BeIMYKMHEe, KOTOPYVIO KAMUILIN JIeHb VIIOMHHAT
B CBOJAKAaX NOrogbi, T. €. O TeMIeparype, & TaKiKe
O TOM, Kak OHa CTPOro HaAYy4YHO olpelenserTcH B (hu-
3¥Ke, KaKOB ee MCTHHHBIA (HU3MYEeCcKHUH CMBICJ.

§64 TEMIIEPATYPA H TEIIJIOBOE PABHOBECHE

TepmomeTpaMu TOJAB3YIOTCH BCE, A 4TO OHU H3IMEPHIOT?
Koneuno, remnepartypy! Oanaxko 3to eunle He orser. YTo 03Ha-
JawT ciosa: «f mamepun temnepatypy Tena»? Yto s npu
arom ysHan? YTo MMeHHO xXapakTepH3yeT TeMmneparypa? 3To
BCE HEe TaK TPOCTO, KaK MOXKeT INOKal3aThCA HA TepBhIii
B3TJIA.
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Maxpockonuueckne napamerpsi. A onuMcanus mnpoiec-
COB B rasax H [IPYruxX MaxKpOCKOIHYECKHX TeJlaX HeT Heobxo-
IVMMOCTH BCe BpeMsA 00pamaThes K MOJEeKYJIAPHO-KUHeTHYEe-
ckoi Teopun. IlosBeseHHe MAKPOCKONWYECKHUX TeJI, B YACTHO-
CTH Tras30B, MOMHO OXAPAKTEPHU30BATE HEMHOIHM YHCJIOM
(PU3NYECKHX BeJIMYMH, OTHOCAIMUXCHA HEe K OTAeNLHLIM MOJie-
KyJiaM, CJaraliplillM Tena, a4 KO BCeM MOJeKyJjiaM B LeJoM.
K uucny takux BenuuumH oTHOcsTeH obbem V, naBnenue p,
TeMneparypa f.

Tak, ras JauHOM MacChl BCer/ja 3aHUMaeT HEeKOTOPLIH 00b-
€M, MMeeT OlpejesieHHLIe IaBneHue B Temneparypy. Obtnem
H AaBJIeHHe MPeACcTABAAIT cob0il MeXaHuYeCKHe BeJIMUYMNHEI,
KOTOpbIe IIOMOTaI0T OIMMChIBATL COCTOSHHE rasa. TeMmneparypa
B MEXaHHKe He paccMaTpPHBAETCH, TAK KAK OHA XapaKTepHuay-
eT BHYTDEHHee COCTOAHUWE Tena.

BenuunHel, XapaKTepH3YIOII[He COCTOAHNE MAKPOCKONMHYEe-
ckux Ten Oea yuera ux Mosexkynsipaoro crpoesus (V, p, t),
HA3BLIBAKT MaKPOCKONMHYeCKHMM napamerpamu. OgHako mMak-
POCKOTIHYECKHe mnapaMeTpbl He HCUYepHnsIBanTCHE 00beMoM,
JAaBIAEHHEM H TeMIepaTypoH.

Hanpumep, nna onvcaHdfs COCTOAHMA CMeCH MA30B HYXHO
ele 3HATH KOHIEHTPAIMM OTAeNbHLIX KOMMIOHEeHTOB. O0bLiu-
HBIM aTMoc(hepHBIM BO3AYX HpencTaBnsger coboil cMech razos.

Xononausle ¥ ropaune Tena. LleHTpalbHOE MeCTO BO BCeM
VYEHHH O TEIJIOBBIX ABJIEHUAX IaHHUMAaeT INOHATUE memnepa-
mypa. Bece MBI XOpouo 3HaeM pasyinyve MeM Ay XOJIOHHBIMY
U ropsiavmy TesiaMy. Ha omynes Mel onpezenseM, KaKoe TeJo
HarpeTo CUJbHee, 1 'OBOPHM, YTO 3TO Tejo uMeeT Gosee BbICO-
Ky Temnoepatypy. Takunm oOpasom, memnepamypa xapakTe-
pHU3yeT CTeleHb HArpeTocTH Tesa (X0noAHOe, TeIrJoe, ropsf-
uee). Ilna ee usmepeHus Owln cosduad npubop, HazbiBaeMbli
mepmomempom. B ero ycTrpoMcTBe HCHNOJIBL30OBAHO CBOWCTBO
TeJl U3MEHATH 00BbeM MpPH HATPEeBAHWH MK OXJIAMKIEHUMN.

Tennosoe paBHoBecue. [lna uaMepenns TeMnepaTypsl Tena
JeJIOBeKa HYYKHO MNOJEPKaTh MEIMIIMHCKUI TepMOMEeTDp IO
MBIIIKOW 5—8 MuH. 34 3T0 BpeMsi PTYTh B TepMOMeTpe Harpe-
BAETCH U YPOBeHb ee noseiuiaercd. Ilo gnmune cronbuka prymu
MOKHO OTpeJieJIATh TeMIepaTypy. TepMOMeTp HUKOrAa He I10-
KaXKeT TeMIOEePATYDY TeJla cpasy e mocie Toro, Kak oH co-
npukKocHyJica ¢ HuM. Heobxoumo HeKoTOpoe BpeMs /18 TOro,
yToOBLl TEMIepaTyphl TeNa M TepMOMeTpa BEIDOBHANHCL H
MExAY TeJlaM¥u YCTAHOBWUJIOCH MenJosoe pasHosecue, NMpu Ko-
TOPOM TeMIepaTypa IepecTaeT U3MeHATLCH.

TennoBoe paBHOBECHE C TEYEHWEM BPEMEHHM YCTAHABJIWBA-
eTcs MeX Iy JIO0BIMM TelaMi, MMeI[MMH PA3JIMYHYI) TeMIe-
paTypy. BpockTe B CTAKaH € BOJOM KYCO4YEK JbJa H 3aKpOM-
T€ CTAKAH NJOTHOH KpbIIKOi. Jlea HauHeT nuaBUThLCS, 4 BOAR
oxnaxjgarbca. Koraa nen pacraer, Bojila HAYHET HATPEBAThHCHA:
IocJie TOro Kak OHA NPHMMET TeMIIePaTypPy OKPYIKAKLIEro BO3-
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AyXa, HUKAKUX M3MEeHeHHHN BHYTPH CTAKAHA C BOJAOH IIPOMUCXO0-
IUTh He Oyner.

M3 s7ux ¥ noloOHBIX MM IIPOCTHIX BaOMIOJIeHHWH MOMKHO
caesiaTk BBIBOJ O CYIECTBOBAHWHW OUEeHB Ba)XHOTO 00Imero
CBOWCTBA TEIIOBLIX ABneHM. Jlioboe MaxpocKoIIMYeCcKoe TeJIo
MM I'pylina MAaKpPOCKONUYECKHMX Tes NpH HeM3MeHHbIX BHeLl-
HMX YCIOBHAX CAMOIMPOM3BOJILHO NEePEXOAUT B COCTOAHHUE Tell-
JIOBOT'O PABHOBECHS.

TennopsiM paBHOBECHEM Ha3LIBAIOT TAKOE COCTOAHHE Tell,
IIpH KOTOPOM BCEé MaKpPOCKOIHYECKHE NapaMeTpbl CKONbL Vo[-
HO JOJITO OCTaI0TCH HEM3MEHHBIMH. JTO O3HAYAET, YTO B CHCTe-
Me He MeHsomcea ofseM u dasnenue, He NMTPOUCKXOIHUT TEILnood-
MEH, OTCYTCTBYIOT B3aliMHLBI€ IIpeBpaleHHs radoB, XMHIKO-
cTer, TBepJbIX TeNl U T. A. B uacTHoCcTH, He MeHAeTcH 00beM
cron0MKa PTYTH B TepMOMETpe, T. €. meMnepamypa CACTeMBI
ocmaemcs nocmosHHOu.

Ho mukpocKonuyecKye 1Mponecchkl BHYTPH Tena HE NMpeKpa-
MIAIOTCA ¥ IPH TENJOBOM pPaBHOBECHH: MEHAITCH MOJIOMKEHUS
MOJIEKYJI, UX CKOPOCTH IIPH CTOJIKHOBEHHAX.

Temneparypa. CucremMa MaKpOCKONIHMYECKHX TeJ MOMKeET
HAXOAWTHLCHA B PABNMYHBLIX COCTOAHMIX. B KaxaoM M3 3THX CO-
CTOSHHMI TeMIeparypa UMeeT CBoe, CTPOro ompeAeeHHOe 3Ha-
yenne. [Ipyrue (pusanyecKHe BeJUMYUHBI B COCTOSHHUHM TEILIOBO-
ro paBHOBECHSH CHCTEMBI MOI'YT HMeTh pas3Hbie 3Ha4dYeHus,
KOTOpHIE C TeYeHHeM BpeMeHH He MeHswores. Tak, sanpumep,
o0beMBl padMMYHBIX YACTEeH CHUCTEMbB! ¥ JABJIEHHSA BHYTPU HHUX
[IpH HAIWYUW TBEPABIX MNEPeropofoK MOryT OBITE pasHBIMH.
Ecny BbI BHeceTe ¢ YIMIBLI MAY, HATIOMHEHHBIN CIKATBIM BO3-
AYXOM, TO CIYCTS HEKOTOpoe BpeMs TeMieparypa BOo3ayxa
B MAYE W KOMHaTe BRIpOBHAeTcH. [JaBleHHe 3Ke BO3yxa B
MsAYe BCce paBHO Oyner Oonbllle KOMHATHOTO.

Temmepatrypa XapakTepH3yeT COCTOSIHME TellJlOBOro pPas-
HOBECHH CHCTEeMbI TeJi: BCe TeJa CHCTeMbl, HAXONALHeCcH aApyr
C APYromM B TeIlJIOBOM PABHOBECHH, HMEIOT OOHY H TY Ke TeM-
neparypy.

Ilpu oguHAKOBBIX TeMIlepaTypax ABYX TEJ MeyKAy HUMH He
NMPOHUCXONUT Tennoobmerna. Ecin e TemMriepaTyphl Tl pasimyg-
Hbl, TO OPU YCTAHOBRJIIEHHH MEMXJY HMMHW TEIJIOBON0 KOHTAKTA
Oyvzer npoucxoiauThk obveH sHepruei. Ilpm srom Teno ¢ 60Ib-
el reMmiepatrypoi 6yzeTr oTgaBaTh SHEPrHIO TEJY ¢ MEHbIlel
reMuepaTypoi. PazsocTs TeMmniepatyp TeJ YKasbIBAET HATIIPAB-
JeHWe TernnoobMeHa Mexay HHMH.

Hamepenne remneparypsol. Tepmomerpsl. s uamepenus
TEMIIEPATYPBI MOXXHO BOCIONB30BATHCH HM3MeHeHueMm Jrboil
MaKpPOCKONMHUYECKOH BEJIHYHMHBI B 38BHCHMOCTH OT TeMIepa-
Typbi: o0bema, [aBleHU#HA, 3JNeKTPUUYECKOr'0 CONpPOTHBRJIEHUS
M T. a.

Yarre Bcero Ha NPaKTHKE WMCIOJBAYIOT 38BUCHMMOCTb 0fbe-
Ma HHAKOCTH (PTYTH MK cOMpPTAa) oT TeMmuepaTtyphkl. Ilpu rpa-
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Puc. 9.1

IVHPOBKE TepMmoMerpa obsluHO 3a Hauano orcyera (0) npusn-
MaT TeMNOepaTypy Talomero Jbad; BTOPOM NOCTOSAHHON
Touxkoi (100) cumnTarT TeMmneparypy KHMIIEHNS BOIbI ITPU HOP-
MasibHOM aTtmochepHoM masigeHMM (mkana lenscus). Ulxkany
mexxzy Touxkamy 0 m 100 gensT wa 100 paBHBIX yacTeill, HA3LI-
BaeMbeIX rpagycamu (puc. 9.1). [lepemernenne crondbuxra »xupn-
KOCTH H& OJHO JeJieHne COOTBEeTCTBYET HM3IMEHEHHI) TeMIiepa-
Typel Ha 1 °C,

Taxk Kaxk pas/uYHbIe XHAKOCTH PacIIHupHIOTCH IIPpH Harpe-
BAHMHM HEOJMHAKOBO, TO YCTAHOBJ/IeHHas TakuM obpasom IIKa-
na oyper 10 HeKOTOPON CTeneHH 3aBHCETh OT CBOMCTB AaHHOH
RUAKOCTH, paccrosuus Ha mxanre mexay 0 u 100 °C dyayr
pasnu4aebl. [logromy rpagycel (paccTossHHe MeAY IABYMSA CO-
CeIHUMH OTMETKaMM) CIHPTOBOrO M PTYTHONO TepMOMETPOB
OvayT pasHbIMH.

Kakoe »e BeiecTBO BRIOpaTh A4 TOro, 4Tobbl uabaBUTHCH
OT 9TOH 3aBUCHMOCTHY

Beiio 3amMeueHO, UYTO B OTIHYUE OT MHHUJAKOCTEH BCe paspe-
MEeHHBIE PA3BI — BOJOPO/, Tenuil, KHCIOPOA — PAcCliupAOmcs
npu Hazpesanuu o00uHaKoso U 0JUHAKOB0 MEHAWM c80€ 0as-
JleHue npu usmenHenuu memnepamypet. 1lo aToll npuYnHEe B
du3uKe NI YCTAHOBIEHUA pPalMOHAJNBHON TEeMIEepaTypHO
HIKAJIB] UCHNONL3YIOT U3MEHeHNE HaBJICHUA ONpPeeseHHOTO KO-
JIMYEeCTBa PaspesKeHHOr0 Ta3a MpH MoCTOSHHOM o0beMe UM nua-
MeHeHue obkema rasa npu MNOCTOSHHOM JAaBieHHMH. Takyio
MIKAJTY MHOT/a HA3bIBAKT UACANbHOU 243060l WKALOU memne-
pamyp. [Ipn ee yerasoBineHun ynaerca n3baBuThCa ellle ot OJ-
HOro CYUIeCTBEHHOrO Hepocrarka mransl llenbcus — npous-
BOJBHOCTH BEIOOpA Hayana orcyera, T. €. HYJIeBOIl TeMIepary-
pel. Beak 3a Hawano orcdeTra BMECTO TeMIEPATYpPhl TAAHWHA
JNBIA € TEM e VCIeXOM MOKHO ObLno Obl B3ATH TeMIepaTypy
KHIEHUHA BOJbI,

Ce¥iyac Mbl ogpoOHO paccMOTPHM, KaK MOXHO HCIOIB30-
BATEH Fa3bl JIJIA OIpPEele/IeHNUsl TeMIlepaTyphbl.

He B nepsnlil pa3d BAM NPHILIOCH CTOKHYTHCS ¢ pacCKasom
0 TOM, KaK yCTpPOeH TepMOMeTp H Kak oOH jeurctrsyer. Ho mo-
SIBRJIOCE M HEYTO HOBOE — Bhl [MO3HAKOMHJIINCE € TErJIOBBIM
pPABHOBECHEM, XOTH MMEJHM ¢ HUM JIeJIo MHOKecTBO pas. Tem-
nepaTypa TO3BOJNSET OTAWYATE OJHO COCTOAHUE TEILIOBOTO
PaBHOBECHH OT APYTroro. 9To He O4YeHb HATJIANHO, HO OYeHb
BaKHO s puanku. PasroBop o TeMIeparype elle AaJieKo He
3aBepLIeH.
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1. Kaxwe senuudHbl XapaKTepH3yIoT COCTORHMA MAKPOCHOMMYECHHX
renl

2. Kaxomsi oTnHYMTENEHLIE NPHIHaMM COCTORHWIH TENNOBOTO PpasHOBE-
cunl

3. Habmopans nv Ebl NPMMEPbl YCTAHOENEHWMS TENNOBOrO pasHOBE-
CHA Ten, OHPYMAWMX Bac B NOBCEQHEBHON MHiH3HM!

4. B wem npeumyuwecTBo WCNOMNL3OBAHHA Pa3peMeHHbiX Tasos Ans

H3IMepeHus Temneparypsi!
5. HKax 3aBMCMT MHTEHCHMBHOCTE TENNooOMeHa memay RBYMA Tenamm

OT Pa3’HOCTH MX Temneparyp!

§65 OIIPEAEJIEHHE TEMIIEPATYPBHI

IIpn TennmoBOM pPABHOBECHM CPENHAS KWHETHYECKAas SHep-
rus IOCTYIATEJILHOIO ABMIKEHMS MOJEKYJl BCEX I'a30B O/[MHA-
KoBa. B aTomM BBl CcKOpO ybeauTech.

Cpennsasn KMHETHYECKAs 3HEPrusi MOJEKYJ ras3a mpH Tem-
JIOBOM paBHOBeCcHHM. BosbMeM cocyjl, pasfiefiIeHHbIH I1010J1am
MepPeropoiKoil, NpoBoAsimei Temio. B ofHy moJIOBHHY cocyza
IMIOMECTHM KMCIOPOJ, a4 B APYIVIO — BOZOPOM, HUMEIOIHE pas-
HyH Temmneparypy. CnycTsi HEKOTOpoe BpeMs rassl OyayT
MMETh OAWHAKOBYIO TeMIEpATYpy, HE 3aBHCHINYVK) OT poja
rasa, T. €. OyOyT HaXxoguThCH B COCTOSHHUM TEILJIOBOIO pPaBHO-
Becus. lns onpegeneHUA TeMIepaTypbl BhIACHUM, Kakasa u-
3MUYecKas BeJIMYMHA B MOJIEKYJIADHO-KUHETHYECKOH TeopHH
obsaaeT TAKMM K€ CBOHCTBOM.

a3 kypca dusuku 7 Kjaacca M3BECTHO, YTO, YeM OwpicTpee
ABMIKYTCH MOJEKYJIBI, TeM BbIlle Temueparypa rena. [lpu Ha-
IPEBAHMM I'a3a B 3aMKHYTOM COCYAE NaBleHHe ra3a BO3pacTaer.
CorsiacHO K€ OCHOBHOMY YPABHEHWIO MOJIEKYJIAPHO-KHHeTH4Ye-
CcKoM Teopuu (8.15) gaBneHue rasa p NpAMO NPONOPIIHOHAIBHO
cpeHell KUHeTHWYEeCKON SHEPruM HOCTYNAaTeNbHOrO JBHIKEHHS

2 —
MOJIERKYJ: p = 3 nE. Ilpn TennoBoM paBHOBECUH, €CIH HABIe-

HUEe rasa JaHHOH MacChl B erco ooeeM (GPMKCHUpPOBaHLI, CPEeIHASA
KHHeTHYeCKasa 3Heprus MOJIEKYJI rasa HOJIKHA WMEeTh CTPOro
olpefeneHHOe 3HaYeHue, KaKk H TeMIlepaTypa.

MoxHO TpenrnoyNoxuThL, YTO NpU MenI060M pPABHOBECUL
UMEHHO CPeOHUE KUHEemMUYeCKUe IHePUUL MONEKYN 8CeX 24308
odurarxoest, KoHeuHO, 3TO MOKa TOJNBKO Ipennojyioxkenue. Ero
HYMHO 3KCIHEPHMEHTA/IbHO IPOBEPHUTh. [IpaKTHYECKH TaKYIO
MIPOBEPKY MPOU3BECTH HENOCPeACTBEHHO HEBO3MOMKHO, TaK
KaK M3MEPDHUThH CPeNHIOK KHHETHYEeCKYI0 SHEPrui) MOJIEKYJ
O4YeHb TpyAaHO. HO ¢ TOMOIUBI0 OCHOBHOTO YPaBHEHMS MOJIEKY-
JNAPHO-KHHETHIECKON TEOPHM e MOXKHO BLIPA3UMTH HYepes Mak-
POCKONIAYECKHe [1apaMeTphl.
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N
Tar kak KOHIEHTPAIINA MOJIEKYJI Irasa n =

*i:;'., TO M3 ypaB-

€ —

Heausa (8.15) nmonyuyaem p = %LTE’ HIH

v .25
p'ﬂ}‘ = § 3 {9.1)
Hasnenne p u obbem V HaMepdarOTCs HENOCPEACTBEHHO.
Yucno monekysn N MOXKHO OnpejesnuTh, 3Hasg Maccy rasa m,
nocrossuuyw Asoraapo N, m monspuyio maccy M. Cornacho
dopmyne (8.8)

m
N=.—ﬂ? A

Ecnu kuHeTHyecKasi sHeprust £ nelicTBUTENBHO OOHMHAKOBA

IS BCEX Ta30B B COCTOAHHH TEILJIOBOIO pPaBHOBeCHH, TO H Be-
JUYUHA p AOJDKHA ObITh TOME OJMHAKOBOM JiJIi BCEX Ias3oB.
TonbKO OINBIT MOMKET NOATBEPANTL WJIH ONPOBEPTHYTH AaHHOEe
IpeanoioKeHue.

I'assl B COCTOSHMM TeIUIOBOr0 paBHOBecHs, ONBIT MOXHO
OCYI[ecTBHTE TAK. BO3bEMEM HECKOJBKO COCYJIOB, 3aII0JIHeH-
HBbIX PpasJIMdHBIMHM rasamMd, HalpHMep BOJOPOAOM, rejiueM
n xkucjopopom. Cocynsl HMeT onpefeneHHbie 00beMBl U
cHabGeHbl MaHOMeTPaMH. JTO NO3BOJHAET M3MEePHTh AaBJ/IeHHe
B KaxJioM cocyme. Maccel ra3oB M3BECTHEI, TEM CAMLIM HM3Be-
CTHO 9MCJIO MOJIEKYJI B KamJJioM cocyle.

IIpuBesem rassl B COCTOsIHME TEIJIOBOrO paBHoBecu#. Jlns
STOI'0 IIOMEeCTHMM HMX B TAKINUH Jes M NOJOMAEM, I[IOKa He
YCTAHOBHUTCSH TEIJIOBOE PaBHOBECHE W JiaBIIeHUE Ia3oB Iepecra-
HeT meusiThea (puc. 9.2). Ilocise 2TOr0 MOMHO YTBEDMKIATE,
9TO BCe raskl MMelT onmHaxkoByw Temneparypy 0 °C. Ilasme-
HHUA rasoB p, HX nﬁ'ber;mr V' u umcio monexkysn N pasiudHBL.

Haiigem OTHOINEHHE ansa sopopona. Ecam, K mpumepy, BO-

N
JOPOA, KOJHUYEeCTBO BEUIeCTBA KOTOpOro pasHo 1 mouas, 3aHu-
maeT obbem Vy, = 0,1 m?, 1o npu temnepatrype 0 °C pasnenue
OKA3EIBAETCH PABHBIM Py, = 2,265 - 10 ITa. Orcrona

Puy Vi,  2,265-10*-0,1H- m*

= 3,76 - 102! [k, (9.2)

N, 6,02 - 102 M2

Puc. 9.2




Takoe »e 3HaYeHWE OTHOLICHUS IMPOH3BE/IEHUA NaBJIEHHSA
raza Ha ero obbeM K 9HCIIY MOJIEKVJI TIONYVYaeTcsa K [JIfA BCexX
APYTUX Pas3oB IPH TeMnepaType Tamimero Jjgsga. O6osHaumm
aTo oTHOmeHue uepes O, Torpa

Pn, VHE _ Phe Vie _ Po, Vﬂz
Nug Nye No,

=0,. (9.3)

Taxum o6pasoM, Hallle OPEeAIOoJIOKEeHUEe OKa3aliock Bep-
HBIM,

Ilpasna, cooTHowenue (9.3) ne sirngercs abCcoJIIOTHO TOU-
HbiM, [Ip¥ maBneHHWAX B COTHH aTM{J{'.Q)ep,I;{nma rassl CTAHO-

P
BATCH BeCcbMa ILJIOTHBIMH, OTHOIIIEHHE F nepecTaeT OBITE

CTPOro OHpejesieHHbIM, HE 3aBHCHAIIMM OT 3aHMMaeMBbIX rasa-
mu 06bemMoB. OHO sbtnosnsemcs 0aa 2a3o08, K0z20a Ux MOWCHO
cuumame udeanbHuvlMU.

Ecnn ke cocynsl ¢ rasaMy NOMECTUTH B KHUNAIIYID BOOY
Op¥ HOPMAJIBHOM aTMOC(HepHOM IaBIE€HUH, TO VIIOMAHYTOE OT-
HOIIeHMEe Mo-npexxHemy OyieT OHNM B TeM e AJIA BCeX ra-
308, HO Oonblie, yem npeabiayinee. Kax noxassiBaer OIBIT,

V
E;—J- =0, = 5,14 - 102! . (9.4)

Onpepenenne Ttemmneparypsl. MokHo, crneaoBaTenbHo,
VTBEPKAATE, YTO BenuumHa O pacTeT ¢ HNOBBIILIEHHEM TeMIle-
parypii. Bonee toro, © HHM OT 4ero, KpoMe TeMIepaTyphbl, He
3apucuT. Benb Jinis MAeaslbHBIX ras3oB © He 3aBMCHT HM OT
pojaa raza, HA OT ero odkeMa HIHu JIABJIEHHHA, 4 TAKIKe 0T Y-
Jia 4acTull B cocyze M (opMbl caMOro cocyaa. JTOT OIBITHBIM
darT MO3BOJASET PacCMATPHUBATL BeIHUHHY € KaK ecTecTBeH-
HYI0 Mepy TeMIepaTrypbl, ONpeIenaeMylo Uepes Apyrue MaKkpo-
CKONMYECKHe IapaMeTpsl rasza. B npuximne mo»kHo 6s110 ObI
CYMTATEL TEMIEPaATYpPoOH M caMy Benwuunay © U u3MepaATh TeM-
IEPATYPY B SHEPreTHUYECKHX euHuIax — mxoynax. OxHako,
BO-TIEPBLIX, 9TO HEYAOOHO A NPAaKTHYECKOr0 UCHO/IE30BAHNSA
(remneparype 100 °C coorsercrBoBasia OBl OueHb Maas BeJIH-
ynHa — nopaaka 102" I[3x), a BO-BTOPLIX, W 3TO TIJaBHOeE,
VaKe JABHO NPUHAMO blpalcams memnepamypy 6 epadycax.

Mgl Hanne cnocod moJyyaTh 3HaYeHUs TeMIepaTypbl, He
3aBUCAIMEe OT CBOICTB ras3oB, KOTOpPbIe NPH 3TOM HCHOOJIB3Y-
oresi. Iloka dro Temmeparypy Mbl BhIPA3SHJIM B 3HepreTH4e-
CKUX €IMHUIAX.

1. Ha KaxKom OCHOBaHMM MOMHO NPpefnonarars CyLecTeoBanMe CBRIM
MEMWY TEMNEepPaTypol H KHHETHHYECKOH 3HeprMed monexyn!

2. Kax cBazansl obbem, [aBNeHHe M HMCNO MONEKYN PazfM4YHbIX ra-
30B B COCTORHMM TENNOBOro pasmosecun!
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ABCOJIIOTHAA TEMIIEPATYPA.
§ 66 TEMIIEPATYPA — MEPA CPEJIHEH
KHUHETHYECKON 3HEPI'HH MOJIEKYJ

He Bce B Mupe oTHOcHUTeNBHO. Tak, cymecrByer abconior-
HBIA HYJIb TeMOepaTypel. EcTh 1 aGcosoTHas mKana Temnepa-
Typ. Celiuac Bol yaHaere 00 3ToM, a Taxki)ke O TOM, KAKOBa TO4-
Hafd CBA3L MEKJIY TEMOEPATYPONl ¥ cpelHell KHHeTHYeCKOH
SHeprueil MoJleKyil.

BmecTo Temmneparypel ©, BEIpajaeMol B JHEPreTHYECKHX
eIHMHHIIAX, BBEIeM TeMIIEPaTyPy, BRIPAMKAEMYIO B IIPMBBEIYHbBIX
JIJIA Hac rpajaycax.

Byaem cuuTaTh BeJUYHHY O TpAMO MIPONOPIMOHANLHOW
remneparype T, uaMepsieMoil B rpajycax:

© = kT, (9.5)

rae kB — roapduipesT nponopuroHarssEocT. Onpejenennas
paserctBoM (9.5) remneparypa HasniBaeTcs abcomrorHOolt. Ta-
KOe HasBaHWe, KaKk MEI Cefvyac yBHAUM, MMEeT AOCTATOYHEIE
OCHOBaHHH.
YunteiBaa onpepenerue (9.5), nonyuum
pVv
= kT. (9.6)

TIo aroit hopMyae BBOJUTCA TeMIepaTypHas mkana (B rpa-
Jycax), He 3aBHCAMIAH OT BellecTBa, WUCIOJb3YyeMOro IJf H3-
MEpPEHUHA TeMIeparTypsl.

AbGcomoTHLIN HYJB TeMrepatTypbi. Temneparypa, omnpene-
ansemas Qopmyaoii (9.6), oueBngEO, He MOXeT OLITh OTpHIla-
TeJLHON, TAK KAK BCEe BEJINYUHBLI, CTOSLIHE B JIEBOH dYacTH
aTol (opMyNBI, 3aBeoMO NONeKUTeNbHBLI. ClenoBaTenkLHO,
HAaVUMEHBIIUM BO3MOMKHBIM 3HAYEHWeM TeMmIepatypet T sBIsA-
erca sHavenue T =0, ecniun pmaBnesue p wam obsem V paBHEI
HYJTIO.

Ipepenbuyo TeMIIEpPaTyYPy, IPH KOTOPOI AaBjeHue NAeallb-
HOro raza obpaniaercs B HYJb UpH (UECHPOBAHHOM 00bLeme
UNY 1IpU KOTOpol ofrbeM HAeaLHOI'O rasa CTPeMUTCA K HYIK
NMpH HEM3MEHHOM [aBJieHMH, HasbiBalOT a0COMIOTHBIM HYJIem
TeMIIEPATYPBI. ITO caMaA HHU3Kafa TeMIilepaTypa B NpUupojae, Ta
«HaubonbIIaag WM MOCJENHAS CTENeHb XOJIoga», CYyHIecTBOBa-
HHE KOTOopo# rnpejickasniBan JIOMOHOCOB.

AbcomoTHana mKana TeMreparyp. AHTITHICKHAY YYeHBIN
Y. Kenssun (1824—1907) BBen abcoMoOTHY IIKAany TeM-
neparyp. Hynesasa Temneparypa no abcomioTHOH mrane (ee
Hasviealom makxe wwanoii Kenvsuna) coorBercrsyer abco-
JIOTHOMY HYJIO, a Hamjas eIHHHIA TeMOepATYPHRI 110 2TOM
InKajle papHa rpangycy mo myane [lenwcus.

Examauna abconotraonn tmemneparypsr B CHM naspiBaetes
Keavsunom (obosuauaercs Oyksoit K).
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bomeuyman fMogemr

(1844—1906) — Benukui4 aBCTPHHCKWM DM3MK, OfMH
M3 OCHOBOTOMOMHHKOB MONEKYNAPHO-KMHETHHECKOH
Teopur. B tpypax bonsumana monekynapHo-KuHeTH-
HYECHaA TEOpPMA BNEPSBLIE NPEACTana Kak NOrvYecKw
CTPOWHARA, noOcCnepoBarentHas MHIMYecKan TEeOopHA.
Bonbuman mHOTro caenan pns passuTHa 1 NONYNAPU3a-
UMk TEeOopuM 3NEeKTpomarHkwTHoro nons Maxceenna.
Bopew nc Hatype, oH CTpacTHO otcTamsan Heobxoam-
MOCTE MONEKYNAPHOIO MCTONKOBaHMA TEMNNOBLIX ABME-
HHH W NpuHAN Ha cebn ocHoeHyro TAecTs Gopbbsbl
€ y4EeHBIMM, OTPMUABLLIMMK CYLLECTBOBAHHE MONEKyn.

Ilocroauuas bBoasumana. Onpemenum  Koathdummenr k
B (hopmyne (9.6) rak, urobel onquH kKensBuH (1 K) 6p11 pasen
rpagycy no mkane Lensceusa (1 °C).

Me: sanaem snaveHus Beauuwmbbl © npu 0 °C u 100 °C (cm.

dopmynst (9.2) u (9.4)).
O6osnaunm abconorryio remneparypy upu 0 °C uepes T,
a npun 100 °C uepes T,. Torga cormacuo qopmyne (9.5)

emu - 9{: =k (T, -T),),
OO0 —©y=Fk - 100 K = (5,14 — 3,76) - 102 JIx.

Orcropa

_514-376 _ ., JIx _ _ia
k= 100 10 = 1,38 - 10 #? /K.
KRoahduunenT
k=1,38 102 JI:x/K (9.7)

HaselBaeTcd nocrosHHoH bBoasumana B uecers JI. Boawu-
MaH&a, OAHOTO M3 OCHOBaTeslel MOJEKYIfAPHO-KHHEeTHUYEeCKOH
TEOPUU rasoB.

ITocmoannas Borvymana cessvieaem memnepamypy ©
6 IHepezemuveckux eduHuyax ¢ memnepamypoi T 6 Kenveu-
Hax. 310 oxHA N3 HauboJiee BAXKHBIX MOCTOSHHEIX B MOJIEKY-
JNAPHO-KHHEeTHYECKOH TEOPUH.

Ceass abcomorHOoM mKanel ¥ mKanasl Henscus. 3Hadg 1o-
croaEHyI0 BonbiiMana, MOIKHO HalTH 3HayeHHUe abCoOIIOTHOTO
HyJH 110 wkange [enevcusa. [nsa aroro HaligeMm cHayajia 3Haye-
HHe abco/oTHOM TemmepaTypsbl, coorTBercTByIoniee 0 °C.

Tak KaK  npu 0°C RT,;=38,76-102 Jlxx, ToO

= 370107 o ar3 k.
1,38 - 10 %

Opun kenwsBUMH u opuH rpagyc mrans! Llenscns cosnapga-
oT. Iloaromy mioboe snagenwme abconwoTHON Temnepatrypbl T
byner ma 273 rpajyca Bbillle COOTBETCTBYIOLIEH TeMIepaTy-
pet t mo llenncuio:

T (K)=1 (°C) + 273 (°C). (9.8)
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Ho mamenenue abcolOTHOU TeM- Ixana [xana
nmeparypbl AT paBHO HW3MEeHEHWK KennsuHa Lenscus
Temnieparypel o imxase [lemscna B

Ha pucyske 9.3 nnsa cpaBHeHHUA =
n3o0paskeHbl abconloTHAA IOKajaIa

100°C

u wmkana Ilenwcua. AbGcosnoTHOMY 273K 0C
HYJII0 COOTBETCTBYET TeMiieparypa
t =-273 “C.

Orvernm BaskHeHInwi (axT: ab-
COJIFOTHBIN HYJIbL TeMIepaTyphl HeJo-
cTuRuM!

TemnepaTypa — Mepa cpenHeu
KMHETHYECKOH 3Heprud MOJeKyJl.
N3 ocHOBHOrO ypaBHEHHA MOJIe-
KYJIAPHO-KHHETHYECKOM TeOpMM B —————-—-——————=
dopme (9.1) 1 onpepenenus Temne- Puc. 9.3
patypse! (9.6) BrITEeKaeT BajKHelIIee
creficTBHE: alcoJiomHas memnepamypa ecms mMepa cpedmeil
KUHeMUYeCcKoil aHnepzuu 06UuMeHUss MONCKYT.

Jloxkaxem aTo.

pV 2% PV
- =%2F u “-=kT onunaxo-
N 3 N
BEI. SHH'{HT, AJOJIHHBbI OBITH PABHBI ¥ HX I[IpaBbBI€ YaCTH. Orcro-
I8 BBITEKAeT CBA3L MEIKJY CpelHell KUHeTHYeCKOH SHepruein

nocTynaTeqIbHOTO JABHIKEHHHA MOJIEKYJLI H TE‘M]IEDHTprf’I:

JleBble uacTu ypaBHEHHH

Ezng. (9.9)

CpedHan KuHemu“wecKkasa IHepZUs Xaomu+iHozo no-
cmynamensHozo J6uieHUR MONEKYL 2a3a NPONOPYUO-
nHanvHa abconrwomnoll memnepamype. Yem Beillie TeMIle-
paTypa, Tem OblcTpee ABHIKYTCH MOJeKynbl. Takum obpasom,
BRI/IBUHYTAS PaHee N0oralKa O CBA3M TeMIepaTyphl CO cpeaHeil
CKOPOCTBI0 MOJEKYJI MOJyYnJia HajlerkHoe obocHOBaHHE.

CootHomenue (9.9) Mexay TemMnepaTypoil M CcpeaHeH Ku-
HeTHYECKOH 3Heprueil MOCTYNATEeNbHOTI'O ABHMIKEHUS MOJIEKYJ
VCTAHOBJIEHO JUIA HAeaNbHBIX razos. OnHako 0HO OKa3kIBaeTcs
CIIpaBefMBLIM IS MIOOBIX BEIIeCTB, V KOTOPEIX [IBHIKEHHE
ATOMOB MM MOJICKYJl NOAYMHSAETCH 3aKoHaM MexXaHWKHN Heio-
ToHa. OHO BEpHO ANH UAKOCTEH, a4 TAKMKe W I8 TBeplbiX
Tejl, re ATOMBI MOT'YT JHIIbL KonebaThCdA BO3JE MOJIOMEeHUH
PABHOBECHSA B y3/aX KPHCTAJJIHNYECKON pelleTKU.

[Tpu npubaykeEn TeMOeparypbl K abCoJIOTHOMY HYJIIO
SHEPrus TeIUIOBOrO JBHMEeHHA MOJEKYJ NMpuOInIKaeTcs K HYJIO.

3aBMCHMOCTE [J4BJEHHMS rasa 0T KOHLUEHTpPalMM ero moJie-

KyJ ¥ TeMIepaTypbl. ¥ UMThIBaH, 9TO v =M H3 dhopmyuisi (9.6)
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IMOJYYUM BEIPDAXKEHHE, NTOKA3LIBAKIIee 3aBUCHMOCTEL NaBJIEHUS
rasa 0T KOHIEHTPallMHd MOJEKYJ M TEMIIEpPaTyphI:

p = nkT. (9.10)

H3 ¢dopmyns! (9.10) BeiTeRaeT, 94TO TPV OAMHAKOBBLIX JaB-
JICHMAX U TeMNepaTypax KOHIEHTPalWA MOJEeKYJ y BCeX IasoB
OHA ¥ Ta JKe.

Orciopa cneanyer 3axon A60zadpo, U3BECTHBIM BAM W3
Kypca XMMHN: 8 pasHblx 0o6semax 2308 npu 00uUHAKO-
8bLx memnepamypax u daenenunax codepracumen oduna-
KO60€ “YUCNLO MONLEKYIL.

CymecrByer MHHUMAJIBHAA TEeMIIepaTypa, IPH KOTOPOH
JdaBleHne WJIH 00BeM HAealbHOro rasa obpamjaercs B HYJb.
10 abCcoMOTHEIN HYJib TeMiiepaTypbl: —273 °C. ¥Vaobuo orcuu-
TEIBaThL Temieparypy ot abcomtorHoro Hynsa. Tak crpoumrtes
abcosiroTHaA LIKAna TeMIepaTyp.

Cpenssasi KNHETUYECKAHA IHEPTUS NOCTYIATENBHOIO JBHIKE-
HUHA MOJIEKYJI IPAMO UPONOPIHOHATEHA abCco/i0THOH TeMIiepa-

TYpe.

1. Yemy paseH abcomoOTHLIH HYNM: TEMNEpPaTYPsl No wxane LlenscHal

2. HKawve npeummyujecTsa wmeet abconiotHan wkKana TemMneparyp no
CpaBHeHHO co wxanoM Llenbcua!l

3. Kaxor cuanveckms CMmbiCh NocTosHHOR bonbuymana! MowHO nu ee
onpefenMTLs TeopeTHyeckM, He obpalasce K 3xcnepHmenTy!

4. Kax 3asMcuT OT Temneparypsl CPeAHNR KHHETHYECKAR SHEPTHS NOo-
CTYNATENBLHONO [ABMMEHMS MmoOnexyn rasa!

5. MNovemy KOHUEHTPAUMA MONEKYN BCEX TA30B OfiHA M Ta WE NpM
OfMHAKOBLIX [ABMEHMAX M Temneparypax!

6. Kak 3aBMCHT CpefHsin NMHETHYECHAR 3IHEPTHS NOCTYNaTensHoro
ABMHHEHHA MOMNEKYN OT MX MacChi!

§ 67 HU3MEPEHHE CKOPOCTEH MOJIERKYJ TA3SA

3Haf# TeMIepaTypy, HeTPYAHO BLEIMHCIHTEL CPEAHION KHHE-
THYECKYIO 9HEePruio Mosexkyn rasa. [locie s1oro nerko serumc-
JUTh ¥ CPEJHIOK CKOPOCTH MOJEKYNBI. A MOMHO JIM 3TV CEKO-
pocrs uamMepuTh? Benb mostekyinbl Tar malnsi!

CpenHsia CKOPOCTH TENJIOBOrO ABMZKeHHN MOJEKyJ. Ypas-
Hernue (9.9) naer BO3MOMKHOCTL HAlTH cpeaHuil KBaJpaT CKO-
pocTH nBMdKeHus Monexkynel. IlogcrasuB B 3T0 ypaBHEeHHE
= mgyv?

E = 5 » MOJIyIHM BHIpArkeHUe /ISl CPeHEro KBAJPATA CKO-

ot =3k
Mo

(9.11)
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KsagpaTHBIil KOpeHb M3 3TOil Be- A
JTUYWHBL] HAa3bIBAETCH CpeaHed KBaj-

PATHYHON CHKOPOCTHIO: z
G= (2O (9.12)
My B

Beraucnasa no ¢popmyne (9.12) cko-
poCTh MOJIEKYJI, HanpuMep aszoTta npu  Pwc. 9.4
t =0 °C, monyumm v = 500 m/ec. Mo-

JIEKYJb! BOAOPOAA TIPH TOH e TeMIepaType HMerT CPeaHION
cropocth U = 1800 m/c.

Korpa snepssie ObLIM MOJYYEHEI 3TH YHcaa (BTopas I0JIo-
uHa XIX B.), MmHOrne ¢pmankm 6eLu omresiomnedsl. CropocTH
MOJIEKYJI rasa 110 pacdeTaMm Oorazaiuchk 0oJblle, 4eM CKOPOCTH
apruiepuiicknx cHapanos! Ha aTom ocHOBaHMM BhICKa3BIBaIH
Iaske COMHEHHS B CIIPaBeAJMBOCTH KHMHETHYECKOM TeOpHH.
Benrs M3BeCcTHO, UTO 3allaX¥ PacipoCTPaHAITCH AOBOJBHO Mel-
JIeHHO: HYIKHO BpeMs IOpsAKa AeCATKOB CeKYHJ, Y4TOOB! 3anax
IAYXO0B, IMPOJMTHIX B OJHOM yIJIy KOMHATHI, pPACITPOCTPAHUJICH
JI0 Apyroro yrja. 910 HeTPYyAHO 00bACHUTE. V3-3a CcTONMKHOBE-
HHUA MOJIEKYJI TPAEeKTOPHS KaMIOH MOJEeKYILl IpeACTABIAET
coboil sanyTaEHyYIO JJOMaHyo JuHuio (puc. 9.4). Bonbiiue cko-
POCTH MOJIEKYJla MMeeT Ha NPAMOJHMHEHHLIX OTpe3Kax JIoMa-
Hoi. Ilepemenienne 3Ke MOJIEKYJIbI B KAKOM-7TH00 HanpaBJIeHHUH
B CpeJiHeM HEBEJHKO JIajke 3a BpeMs NOpsaJKa HeCKOJbKHX MH-
HyT. BoT 1 nomyuaeTrcs, 4TO NpH lepeMeleHud MOJeKyIbl U3
TOUKW A B TOUKY B npoiijileHHBIH €10 TyTh: OKa3biBaeTcH ropas-
0 bosemie paccrosHus AB.

OKCIIepMMEHTANIBHOE ONpeelieHHe CKOPOCTeH MOJIeRyl.
OneIThel 110 ONpEAeSIEeHHIO CKOPOCTEe MOMNEKYyJ AOKa3aly CIpa-
BenuBocTh (opmyasl (9.12), Opun m3 onsiToB ObLI NIpenJO-
sen u ocyulectBaed O. lllTteprom B 1920 1.

IMpubop IllTepHa coCTOUT M3 IBYX KOAKCHAJbHLIX LIMJIMHJA-
poB A u B, 3ecTKO CBA3aHHBIX APYr ¢ apyrom (pue. 9.5, a).
IuanEApsEl MOTYT BPallaThCs € MOCTOSHHON yrJOBOH CKOPO-
¢Thi0. BAoab ocH MaAJNOro HUNUHIpa HaATAHYTAa TOHKAaf IJaTH-
Hopasi mpososiouka C, nokpeiTas cnoem cepebpa. [To nposo-
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JIOYKe MPONyCKalT JJeKTpudecKu# Tok. B creHke 3TOro
LWIHHAPa uMeeTcs y3kada ujenb O, Bosjyx w3 nHINHADOB OT-
rkavaH. [lunusaap B HAXOOUTCS IPH KOMHATHON TeMIiepaType.

Brauane npubop menoaBmxeH. [Ipu mpoxoxaeHuH TOKa 10
HUTH CcJOM cepebpa ucnapsieTcsi M BHYTPEHHMM LMJIWHJADP 3a-
NOJHAETCH Ta3oM M3 aTomMoB cepebpa. Hexoropble aToMbl po-
JetaioT yepes menb O U, JOCTUTHYB BHYTPEHHEIH IMOBEPXHOCTH
nunuHapa B, ocamparoTcs Ha Heil. B peaynerare npsiMo mnpo-
TUB 11eJix obpasyercs vaxas nojocka D cepebpa (puc. 9.5, 6).

3ateM IHJIHMHAPHEI OPUBOOAT BO BpamjeHue ¢ GoJIbIIHM YMc-

Jom oboporoB n B cekyHay (mo 1500 %). Ternepp 32 BpeMs £,

HeobxouMoe aToMy s MPOXOXKIEHWUS MYTH, PABHOTO Pa3HO-
CTH PaguyCcoB IHIHHAPOB Ry — R,, IWJIHHADPL! IIOBEPHYTCA HA
HEKOTOpBIH yron ¢. B peaynbratTe aToMbl, ABHMKYIIHECHA C HO-
CTOSSHHOM CKOPOCTHIO, NOMAJAIOT HA BHYTPEHHIOK MOBEPXHOCTE
OONBIIIOrO UIHMHAPA He IpamMo nporus wenu O (puc. 9.5, 8),
a Ha HEKOTOPOM pPacCTOAHUH § OT KOHIA Paguyca, IpPoOXojdAlie-
ro depes cepeanHy uienn (pmc. 9.5, 2): Bejp aToMbl IBMIKYTCH
OPAMOJIMHENHO.

Ecnu wepes vy 0603HaUYMTE MOOYJIBL CKOPOCTH BpAaleHUSA
TOYEK HNOBEPXHOCTH BHEIIHEro IHJWHApPAa, TO

s = vyt = 2nnRL. (9.13)

B jnelicTBUTENBHOCTH He BCE aTOMLI cepebpa mMeT OgHY U
TY e CKOpocTh. Iloaromy paccTosiHMA § IJIA PA3JIMYHBIX aTO-
MoB OyayT HecKOabKO oriimyatked. Ilox s cnegyer noHUMATH
PACCTOSIHHEe MeMXKJy Y4acTkaMm Ha nomockax D m D' ¢ Hau-
boJblreil KoOHIleHTpanuel aToMOB cepebpa. 3ToMy paceTos-
HUI0 OyZieT COOTBETCTBOBATH CPENHAA CKOPOCTH ATOMOB, KOTO-
pass paBHa:

g=28"Ra

1

TlopcraBnsia B a1y hopmysy 3HaYueHHWe BpeMeH# { M3 BhIpa-
sweausa (9.13), nonyuyum

S Rg.

Suan n, R, u Ry ¥ uaMepss cpejiHee CMELeHHe IOJOCKY ce-
pebpa, Bhi3BaHHOE BpalleHueMm mpubopa, MOMKHO HAWTH cpeja-
HIOK) CKODOCTH aTOMOB cepebpa.

Mopaynu ckKopocTeil, onpelesleHHEIE U3 OILITA, COBIAHAOT
C TeOpeTHYeCKHM 3JHa4YeHWeM cpellHell KBaapaTHYIHOH CKOpO-
CTH. ITO CJHYXHT SKCOEPHEMEHTANBHBIM JOKA3ATeNILCTBOM
copasegyiuBocTH Gopmynsl (9.12), a cneposatensHO, H (hop-
Myasl (9.9), cornacHO KOTOpOH CpefHAA KMHETUYecKasa sHep-
THA MOJEKYJbL IPAMO OPONOPLHOHANBHA a0CONMIOTHOM TeMIle-

partype.
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CpesHue CKOPOCTH MOJEKYJI MPEBBIIIAIT CKOPOCTE 3ByHA
¥ JOCTHIal0T COTEH MEeTPOB B CEKYHIY. JTH CKOPOCTH yja-
J0Ch U3aMepuTh Osarosaps TOMy, 4TO Ma8KPOCKOOMYECKHM Te-
aam (mmauHapam B onbirax IllTepHa) MOMXKHO COODIUTE CTOJB
CONBIOYH) CKOPOCTH, Y4TO 38 BpeMs IpOJieTa MOJEeKYN Mex Iy
IMIWHADAMH OHY NOBOPAYMBAIOTCH HA 3aMETHEIN yrod.

1. Touemy TONUMHA CNOS NONOCKK cepebpa Ha NOBEPXHOCTH BHeLW-
HEro BPAaLiaOIErocH uHnHHOpPa B onuite LlrepHa neopmHakosa
NoO LUMPHHE NONOCKM!

2. Kak M3meHMTCs CpefiHfs KBafipaTHYHaR CKOPOCTL ABMMEHHA Mone-
KYN NpH YBenwyeHMn temnepatypsl 8 4 pasal

3. Kawwe monexynsi 8 armocthepe aBHyTcs ObicTpee: MOnexyni
A30Ta MNKM MONeKynbl KMchopopa!l

NPUMEPHI PEHNIEHHST 3AO0AY

IMpu peuieHuy 3ajad 5TOHW IIaBbkl UCNONBL3yeTCcH Gopmyna
(9.6), ompenensromas abCOJNIOTHYO Temmoepatypy, (Gopmysa
(9.9), cBs3bIBaKOINAA JHEPrHK 0ecnopdAfOoYHOIO JABHXKEeHMUH
¢ Temnepatypoi, u tdopmyna (9.12) gns cpemHeil KBagpaTuy-
HOM cKopocTy moseryrn. Hexkoropele 3agaum yiobHO pelnartsb,
ucnonbayva popmyay (9.10). IIns pacuyeToB HAXO 3HATE 3Ha4e-
HHe nocToaHHOU Boasimmana (9.7).

1. Yemy pasHO OTHOIMIEHNE NPOU3BEAeHNSA AaBAEHHA rasa Ha ero
of’bEM K YMCJIY MOJIEKYJ NpH Temmepatype t = 300 °C?

Pemenne. Cornacuo dopmyne (9.6) pV/N =kT, vne
E=1,38:10% JI)x/K — nocrosunas Boasumana. Tark wak
abcosrorHas Temnepatypa T =t + 273 = 573 (K), To pV/N =
=1,38 - 102 IIxx/K - 573 K = 7,9 - 102! Jx.

2. OnpefenuTe CpeNHIOH KBAAPATHYHYIO CKOPOCTH MOJEKYJIbI
rasza nipu 0 °C. Monspaas macca rasa M = 0,019 kr/mons.

Pemenue. Cpeguas KBaJpaTHYHAS CHOPOCTE MOJIEKY.JI
Beruncagercd no gopmyne (9.12). YVuureisas, aro my, = M /N,
n T=273 K, nonydum

_ [BRT _ [BRN,T _ [3-188-10 %.6,02-10%-278 m _ o m
“Nm, VM 0,019 c ¢’

3. HexoTopoe KOJHUECTBO BOAOPOAA HAXOAHNTCH HPH TeMIepary-
pe T, = 200 K » pgasnenun p, = 400 Ila. I'az varpesaior n0o Temuepa-
1Typel T, =10 000 K, npu kxoTopoit MOJEKYJEl BOZOpOAa TPAKTHYE-
CKM TOJHOCTBEI) PpacHagaiTca Ha atombi. Onpefenwre 3HadeHue
JaBJieHMs1 rasa p, npu remueparype T,, ecnm ero ofwem m macca
ocranmck 6e3 M3MeHeHHS.
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Pemeunue. Cornacuo ¢opmyne (9.10) nasnenme rasa
npu temneparype T, pasHo: p, = n,kRT;, r'one n, — KOHUEHTpAa-
IIMA MOJIEKYJI BOJIOPOAA&.

IIpn pacitenyieHu MOJIEKYJ BOIOPOAAa HA ATOMEI YHCIIO
YACTHI[ B COCylle yBenmumsBaetTcs B 2 pasa. CinepnoBaTesibHO,
KOHIIEHTpAalMA aTOMOB BOJOpOAa paBHa: n, = 2n,. [laBnenmne
ATOMAPHOTO BOAOPOA& p, = n.kT, = 2n,kT..

PazgenuB nodJIeHHO BTOpOe YPABHEHWE HA IEPBOE, MOIY-

qHM

P, =P Z—T%:?— = 40 klla.
i

YIIPAKHEHHE 12

1. Kaxoe srauenue uMena Onl nocroauHas BonbuMmana, ecsy 6ol
eanHULa Temneparypel B CH — wrennBuH — Obiyia paBuHa He 1 °C,
a 2 °C?

2. CoBpeMeHHbIe BAKYYMHLIE HACOCH! TTO3BOJHIOT MOHHMKATE JlaB-
geame po 1,3 - 10710 [1a (102 mm p7. e1.). CKOALKO MOJEKYJ rasa
copepxuTcss B 1 cM® npw yKasaHHOM JlABJeHWH H TeMOepaTrype
27 7CG?

3. Cpemnsisa KBaJpaTHYHAS CKOPOCTh MOJEKYJikl rasa, Haxols-
mierocs nupu Temneparype 100 °C, pasua 540 m/c. Onpenenure mac-
CY MOJIEKYJIEL.

4. Ha CKONBKO IPOLEHTOB VBEJIHYHMBEETCA CPEeAHAs KBajparTud-
Hasd CKOPOCTh MOJIEKYJ BOJbl B HAalllell KPOBM MPH MOBLIILNEHWH TEeM-
neparypsl or 37 go 40 °C?

I'nasa 9. KPATKHE HTOI'H

BryTpeHHee cOCTOAHNE MAKPOCKOIIMYECKHUX TeJl olnpenens-
€TCH MaKpOCKONHYeCKMMH NapaMerpamu. K ux uucny, B yacTt-
HOCTHU, OTHOCATCH: JiaBieHue, obwvem, Temueparypa. Temmepa-
Typa H#BJAEeTCH Mepoll WHTEeHCHBHOCTH TerlJIOBOre JABUMKEHUS
MOJIEKYJI ¥ XapaKTepuayeT COCTOSHME TEeIUIOBOI0 PaBHOBECHSA
CHCTEMbl MAKPOCKOINUYECKUX TeJl,

TemirepaTtypy 00bIMTHO M3MepsoT TepmomerpoMm. B mwobom
TEPMOMETPE WMCHONb3YeTCH HU3MEeHEeHUE KaKoro-mubdbo mMaxpo-
CHKOIIMYECKOr0 napameTpa B 3aBUCHUMOCTH OT TeMIlepaTyphbl.

B otnuumMe OT KUAKOCTEH M TBEPABIX TEJ BCE I'asdhkl, KOTO-
phbie MOX{HO CUHMTATE UWIEANLHBIMM, MPU HADEBAHWK OIAMHAKO-
BbIM 00pasoM MeHfAKT O00beM OpH NOCTOAHHOM AABJIEHUUN HJIHA
MEHSAKT JaBJ/ieHUe 1Py NocTosHHOM obbeme,

Ilo aToit npyYMHEe AN YCTAHOBJIEHUA TEMIIEPATYPHOMN LIKa-
Jbl YAODHO MCHOJIL30BATE radbl (rasoBasi UIKANA TEMIEpaTyp).
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OnniT 110KA3BIBAET, 4TO OTHomeHue pV/N npu TenyioBoM
PABHOBECUM OJMHAKOBO JIJIA BCEX paspereHHBIX TasoB M 3a-
BHCUT TOJALKO oT Temmneparypsbl. IlTostoMy oHO mMokeT OBITE
UCIIONB30BAHO NS onpeneneHus abconoTrON Temnepatypsbl T
no dopmyne

pV/N = RT,

rne B=1,38 - 102 JI)x/K — nocrosnaas Bomsumana. AbGco-
nwTeas Temnepatrypa T (K) =1t (°C) + 273 (°C), rne ¢ — mem-
neparypa no mgane lLlenbcema, MurmmanbHOR TeMIiiepatype
COOTBETCTBYET HYJE M0 abcoMoTHOH mKane. ExyHuna Temme-
parvpel B CHU — wenbBuH.

Cpeaussa KHHETUYECKAs] SHEPIUs JBUIKEHUH MOJeKYJI IIPH-
MO IIPONOPIMOHAJILHA a0COJIIOTHOI TeMueparype:

E=2
E =3 kT.

CDEHHHH KBaJApaTHdHasa CKOPOCTh MOJIEKYJ Iada BEIMHCIIH-

ercAa 1o gopmyne
3T

mg

D =

n cocrasiaser npu 0 “C HeCKOIBKO COTEH MEeTPOB B CEKYHAY.

YPABHEHHE COCTOSAHMA
I'mapa 10 UJIEAJIBHOT'O T A3A.
I'ASOBBIE 3AKOHDI

B s710#1 rnaBe Bl HE BCTPETHTE NMPHHIMIINAIBHO
HOBLIX CBeNeHHH O raszax. Peus moiizer o clneacTBu-
X, KOTOPBIE MOXHO M3BIeYb M3 IOHATHA TeMIepa-
TYPEI U APVIUX MaKPOCKOIIMYECKHMX IapaMeTpoB.
OcHOBHOE ypaBHEHHE MOJEKYIAPHO-KHHeTHYeCKOH
TEOPHUH TrasoB BILMOTHYIO MpHOMM3NIIO HAcC K ycTa-
HOBJIEHUIO CBHA3EH MeXJy STHMH HapaMeTpamMH.

§ 68 YPABHEHHE COCTOSIHHSI
HOAEAJBHOI'O IM'A3A

CocTofgHne 1asa JAAHHOH Macchl XapakTepuayercs TpeMs
MAKPOCKOIIMYECKHMMH NapamMeTpaMH: JaBieHuem p, oosemom V
u Temneparypoil T. Ceituac MBI HaiigeM MeXXAy HHUMH CBASH,
a 3arTeM IOCMOTPHM, AJA 4Yero 3Ta CBA3b HYXKHA.

YpasHeune cocrosuua. Mel JleTalbHO paccMOTpeNH IIOBE-
NeHKUe HNAeANbHOIO I'asda ¢ TOYKH 3peHHUs MOJeKYNSpHO-KHHe-
TUYECKOH TeopuH. Dreijia onpejesieHa 3aBUCHMOCTL [aBJieHUHA
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rasa OT KOHIEHTPAIMM €ero MOJIeKyJa M TemmoepaTrypsl (cm.
dopmyny 9.10). Ha ocHOBe 3T0¥ 38BUCMMOCTH MOMHO IIOJY-
YNTh VPABHEHWE, CBA3BIBAIOILEE BCE TPH MaAKPOCKONHWYECKHUX
napamerpa p, V u T, xapakTepu3ywule COCTOiHNEe NOCTaTO49-
HO pasperkeHHOr0 ras’a JaHHOI Macckl, 3TO ypaBHeHUE HAa3bl-
BAIOT YPAGHEHUEM COCMOAHUA udeanibH0z0 2a3d.

ITopcTaBum B ypaBHeHue p = nkT BobipameHue AJisg KOHUEH-
TpanMy MOJIEKV.J rasa. YuuTeisas dopmyay (8.8), koHueHTpa-
M0 Ta3a MOXKHO 3alicaTh Tak:

N 1 m
=0 = ey Wi (10.1)
rage N, — nocrosHHas AsBoraapo; m — Macca rasa; M — ero
MOJIIpHas Macca.
IMocne nmopcranoeky opmynnt (10.1) B Beipaxkenue (9.10)
ovaem HMeTh

pV = %kNﬁ i (10.2)

Ilpoussenenue mocrosHHol Bonbiumana B ¥ NoOCTOAHHON
Aroragpo N, HaA3BLIBAIOT YHHBEPCAJbHOH (MOJAPHOI) ra3oBoOM
nocroaHHOM M 0bo3HauawT OykeBOM R

R=FEN,=1,38 - 10 % JIlxx/K - 6,02 - 10%2 1/monnb =
= 8,31 x/(monb - K). (10.3)
IMopcraBnsasn B ypaBHenue (10.2) smecto AN, vHuBepcansb-

HYIO I'a30BYI0 NOCTOSSHHY R, 1ony4dum ypaeHeHnue cocnios-
HUA ANf AOeANIEHOI'O rasa MpPOM3BOJIBHOM MACCHD:

_m
pv = - RT. (10.4)

EnwrncrBeHHanA BeJIMUYHHA B 3TOM YVPaBHEHHWHW, 3aBHCANIANA
OT pojia rasa, — 3TO €ro MOJsipHasi Macca.

W3 ypasHenus cOCMOAHUA BBEITEKAET CBA3H MEXXKAYy AaBJe-
HuemM, o0bEeMOM M TeMneparTypoi HIeaJbHOI'0 rasa, KOTODbIH
MOKeT HaXOOHThCH B JABYX JIHOOBIX COCTOSHMAX.

Ecin wapexcom 1 obo3HauwThs napamMeTpni, OTHOCHAILHECH
K MepBOMY COCTOSAHWK, & MHAEKCOM 2 — napaMeTpbl, OTHOCH-
[IMECH KO BTOPOMY COCTOSSHHIO, TO COIJIACHO YPaBHEHUWH)
(10.4) nns rasa AaHHOW MACCHI

Vi om P:Ve m
7, Mt " T, TmE

IIpaBeie yacTu 3THX YpaBHEHHI OAMHAKOBBI, CIENOBATEIb-
HO, JOJI’KHBI ObITE PABHBI M MX JIEBhI€ YaCTH:

pVy _ pVy

T, T, = const. (10.5)
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MeHpenees [lmurpun MBasoBmy

(1834—1907) — senuKkmit PyCCKMM Y4EHbIH, cO3aa-
TEenb NEPHOOMYECKON CHCTEMB! 3NIEMEHTOB — OfAHOFO
W3 camblx rnybokmx obobuienwi B Hayke. [1. M. Men-
Aeneesy NPWHAANEMar pariHeduwe paborel no reo-
PHH rasoe, B3avMmHbiM MPpEeBpaLEeHHAM Fa2308 K HKUO-
KocTel (OTKPLITHE KPMTUHECKOW TEMNEPAaTypsl, Bhilue
KOTOPOH ra3 Hemnb3n NPespaTHTe B MMAKOCTL). Mepe-
posou obwecreenHsin pestens, [. M. Mengenees
MHOTO CAENan ANA PazBuTHA MPOM3BOAMTENBHLIX CHN
PocciH, WCMONb30OBaHWS MONE3HbIX MCKONAEeMbiX M
PasBUTHA XMMMWNECKOrO NPOM3BOACTEA.

Vpaenernue cocrmosnus B dopme (10.5) HaszwiBaeTcs ypas-
nHenuem Kraneiipona' u npepcraBnsier cobol ogHy u3 (hopm
3AIKMCH VPABHEHWUA COCTOSHMUSA.

Vpaenenue coecmosnun B hpopme (10.4) 6s1n0 BriepBBIie I10-
JydeHO BenHMKHM pycckunm yuyeHsIiM JI. M. Mennenee BRI M.
Ero vaswsiBaioT ypasHeHnem Menjeneesa — Kianeiiposna.

Jlan wero HykHO ypasHenue cocrosuua’? He Ttonsxo upe-
aneHBI ra3, HO ¥ Ja00as peanbHasi CHCTEMa — a3, JKHI-
KOCTB, TBEpP/IOE TeJI0 — XapaKTepH3yeTcs CBOMM yPaBHEHUEM
cocrosHusa. Ho TONBKO 3TH ypaBHEHMS HAMHOIO CIIOYKHee, UeM
vpaBHenue Mengeneesa — Kianeiipora ans uaeaibHOro ([o-
CTATOYHO PA3PEIKEeHHOI'0) rasa.

3HaTe ypasHeHHe COCTOAHHSA HeoOXOJAMMO NpH MCCJeoBa-
HHH TenyjoBbiX ABjaeHny. OHO NO3BONAET MOJMHOCTBLIO WX 4Yac-
THYHO OTBETHTHL CPas3y Ha TPH IPYIIibl PA3JIMYHEIX BOILPOCOB.

1. ¥YpaepHeHHe COCTOSHNHA IO3BOJAET ONpPeNeJIUTHL OJHY H3
BEJIMYMH, XAPAaKTePHU3YIOIUX COCTOSIHWE, HaIlpUMep TeMIlepa-
TYPY, €CJI1 H3BECTHEI JIBe APYTHEe BeJIHIHHBl. JTO W HCIIOJIb3Y-
I0OT B TEPMOMETpPax.

2. 3HasA ypaABHEHHE COCTOSHUS, MOXXHO CKAa3aTh, K&K NpO-
TEeKalT B CHCTeMe PasJIMuHbIe HPOLEecchl MPU OlpeResieHHbIX
BHEIIIHUX YCJOBHAX: HAIpUMep, Kak OyZeT MeHATHLCH aBJie-
HUE I'a3a, eCJH VBEeJINYHUBATE ero o0beM 1P HEM3MEHHOH TeM-
neparype, H T. . JTOMY IIOCBALIEH CJeAyIOIQHK naparpad.

3. Haxonen, 3Has ypasHEeHHMe COCTOSHMS, MOXKHO ompee-
JIUThH, KAK MEHSeTCA COCTOAHHE CHCTeMEl, eCJIM OHa COoBeplia-
er paboTy MW HONYYaeT TEeIIOTY OT OKpyxKawiux ten. 00
3TOM IoigeT peub B KOHIle paszjena «MoJeKkynapHas (husanka.
TennoBblie sIBIEHAA».

YpasHeHMe COCTOAHHS He HAA0 BLIBOJWTE KayObIW pas,
ero Ha40 3arlOMHHTL. Hennoxo 6w1s10 661 MIOMHHTEL H 3HAYEHUE
VHHBEpPCANBEHOM raszonoi nocroanHoi: R = 8,31 I /(Mmons - K).

I'B. Knanefipor (1799 —1864) — dpanuysckuii GHamux, B TedeHHe
10 ner paGotan B Poconu.
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1. Yro HaskiBalOT ypasHEeHWeM COCTORHMRA!

1. Kakan dopma ypaBHeHHSN COCTOSHMR cofiepwmt Gonbwe widop-
malmu: ypaeHeuwwe KnanedpoHna wnM ypasHeHwe Me#fieneesa —
Knanewpona!

3. Mouemy rasopas NOCTOsSHHAR A HAILIBAETCH YHMBEPCANLHOM!

§69 TA3OBBIE 3AKOHBI

C nmoMoInb0 YPaBHEHWA COCTOHHUSA MJICATTBHOIO Ta3d MOXK-
HO HCCIe0BaTh IIPOLEecChl, B KOTOPLIX Macca rasa ¥ OAMH
M3 TpexX MapaMeTpoB — JaBleHne, o’beM UK TeMoepaTypa —
oCTATCA HeuaMeHHBIMH. KommyecTBeHHEIE 3aBUCHMOCTH ME-
Ay ABYMSl napaMeTpaMiy rasa npu (PUKCUPOBAHHOM 3HAYEHHWU
TPETHETO HA3BIBAKOT 2Q306bIMU 3AKOHAMU,

ITpoueccsl, npoTeKamwiiiye 1MpPYM HEUMBMEHHOM 3HAUEHHH O]I-
HOTO M3 NapaMeTpOB, HA3LIBAKT uionpoueccamu (0T TPeYECKOo-
ro cioBa «H30C» — paBHBIM). IlpaBpa, B AeHCTBHTENLHOCTH
HM OJIMH IIpollecc He MOIKeT IpoTeKaTh ITPHU CTPoro (MKECHpOo-
BAHHOM 3HAUEeHUH Karoro-nubo nmapamerpa. Beerpa umewTcs
Te WX WHBIE BO3NENCTBUS, HAPYIlaoljie MOCTOAHCTBO TeMIIe-
paTyphl, gaBnenus uau obwema. Jlnme B mabopaTopHbIX YCIO-
BUAX VAAETCHA NOAAEPKHBATE MNOCTOAHCTBO TOTO WIW WHOTO
napaMeTpa € BBICOKOI TOYHOCTHIO, HO B JEWCTBYIOILMX TeX-
HAYEeCKHUX YCTPOUCTBAX H B OPUPOME 5TO NPAKTHYECKH HEOCy-
mecTBuMo. Vzonpomecc — 370 WIeanu3upoBagHas MOJIeNb pe-
anbHOI'0 MpoLecca, KOTOpasa TONbKO NpulNmiKeHHO oTpa)kaer
JeHMCTBUTENBHOCTE.

Hzorepmuueckuii nmpouece. [Iporece naMeHenns cOCTOAHUSA
CHUCTEMbl MAKPOCKONMUYECKUX Ten (mepmModuHaMUuYeCcKoil cuc-
membl) TP TIOCTOAHHOI TeMIepaType HasbiBAT M30TepMHye-
ceuM. Jlns noppepskanus TeMmnepaTypbl ras’a MocTosiHHOH He-
00xomuMO, 94TODORI 0OH MOI' OOMEeBEHMBATHECH TEIINOTOH ¢ OOMBLILOI
cucremoil — repmocraToMm. Muage npy cokaruy wnm paciippe-
HVHY TeMmnepaTtypa rasa 6yzer mensaThesa. TepMocTaToM MOMKET
CAYHUTH aTMOC(hepHbL BO3YX, €C/Ii TeMIepaATYPa €ro 3aMer-
HO HEe MEHSEeTCHA Ha NPOTSXXEeHWH BCEero NpoIeccd.

CornacHo ypaBHEHWIO COCTOSHHA HieanbHoro rasa (10.4)
B Jir0OOM COCTOSHUM ¢ HEHM3MEHHOW TeMIepaTypoil IIpouaBee-
HUE JaBJIEeHWS TI'A3a HA ero ob’beM OCTAeTCH MOCTOAHHEIM:

pV =const opu T = const. (10.6)

Hna za3a dannoill maccst npu NOCMOAHHOI memre-
pamype npouisedenue daéreHun za3a na e2o obsem no-
CMOAHNO.

ITOT 3AKOH SKCHEPHMEHTANBHO OBLI OTKPBIT aHTVIMHCKUM
vaeHbIM P. Bounnem (1627—1691) wu mHeckonsko mnoaxe
dhpapuy3cknM yuedsiMm 3. Mapuorrom (1620—1684). Ilo-
8TOMY OH HOCHT HassaHue 3akona boina — Mapuomma.

3akoH Bornsa — MapuorTa crnpasesynvis ODBIYHO JNA JIEO-
OBIX rA30B, & TAKIKE W JUIs WX CMECeii, HAlIPUMep /i BO3[AyXAa.



Jlunre npy JAaBIEHUAX, B HECKOJLKO CO- P |
TeH pas Oonemmmx armocepHOrO, OT-
KJOHEHNA OT ATOr0 3aKOHA CTAHOBATCH
CYILIeCTBeHHBIMH.

SaBHCHMOCTD JaBJeHUA raza oT 00%b-
eMa IIpy [oCTOAHHON TeMIiepaType rpa-
dgmuecky M300paXkawT KPHUBOH, KOTO-
Py Ha3bBawT uaorepmoi. WMaotepma
raza usobpaxkaer obpaTHO MPONOPILHO-
HANBHYIO 3aBUCUMOCTE Mexnay pasne- 0
aueM ¥ obremom. KpuByr Takoro poua
B MATEMATHKE HAJBIBAKT TUIEpPDOJIoH
(puc. 10.1),

PagnuuabiM MOCTOAHHBIM TEMIEPATYPAM COOTBETCTBYIOT
pasnuuHbie ua3oTepmbi. [Ipy nosslllleHMM TeMIIEpaTyphbl rasa
aaBjieHue corjacHo ypasHenuw cocrosinus (10.4) yesenmumsa-
ercs, ecnu V = const. Tloaromy wsoTepMa, COOTBETCTBYIOLLAH
bosee BRICOKOH Temnepatype T,, JI€KHUT BbBIIIE U30TEPMEI, CO-
OTBeTCTBYIIOIIel Oonee HU3KOH Temnepatype T, (cm. puc. 10,1).

Jlnst Toro 4robbl NpoIlece ITPOHCXOAWJI MPH IOCTOAHHOM
TeMIEPaATypPe, CXKaTHe MM paclIMpeHHe rasa JOJIXKHO IMpOHC-
X0uTh oYeHb MemnenHo. lleno B TOM, 4YTO, Hanpumep, IpH
CKATUM I'ad HarpeBaeTcs, TAK KAK [IPHW ABUIKEHHWH IMOPINHHA B
cocyie CKOPOCTE MOJEKYJ [Mocie VAAPOB O MOplieHb YBeJIUIH-
BaeTCH, a CHeloBaTeNnbHO, VBEeJIWYWBAETCA W TeMmreparypa
raza. UMenHO nDO3TOMY /IS peanusalluy HM30TepMHYeCKOoro
Ipolecca Hajjo Toche HeboJbmIoro cMemeHus NMOPLIHA HOJO0-
WOaTh, KOTJla TeMIepaTypa rasa B COCYJe ONfATh CTAHET PaB-
HOU TeMuepaType OKDPVIKAIOIEero BO3AyXa.

Kpome 3t1oro, orMeTmM, uTo MpH OBICTPOM CIRATHH HABJIEHUE
1107 TIOPILIHEM Cpady CTaHOBHTCH Oosbine, YeM BO BCEM COCYeE.
Ecny sHaueHHsa JaBJEHUS W TEMIEPATYPbl B PassiMYHBIX TOY-
Kax ofrbemMa paseble, TO B 9TOM CJy4Yae ra3 HaXoAUTcH B HepaB-
HOBECHOM COCTOSHKU ¥ Mbl HE MOXKEM HasBaTh 3HAaUYEHUS TeM-
TIepaTyphbl ¥ JABJIeHUdA, ONpe/e/foliue B JaHHBIM MOMEHT CO-
crossHUE cueTembl. Eciim cucremy npefiocTaBHTE camon cebe, TO
TEMIIEPATYPA ¥ AaBJIeHHE TIOCTEeNeHHO BLIDABHUBAKTCH, CHCTe-
MAa TIPUXOAUT B PABHOBECHOE cocTosiHue. PagHo8ecHoe cocmos-
HUe — 3TO COCTOsIHMEe, NMPH KOTOPOM TeMIlepaTypa U JaBleHUe
BO BCex Tourax ofbeMa oAwHAKOBEI. llapaMeTphl COCTOSIHHSA
raza MoryT OLITEH OUIpeZEeNeHk], eClIH OH HAXOAUTCH B PABHOBEC-
HOM cocTosiEnuu. Ilponece, IpY KOTOPOM BCE IPOMEMYTOYHBIE
COCTOSIHMS TA38 ABIAIOTCH PABHOBECHBIMM, HA3LIBAIOT PABHO-
eecHbim npoyeccom. OUeBUIHO, WTO Ha TPa(PHKAX 3aBHCHMOCTH
OAHOTO IapaMeTpa OT APYroro Mbl MOXKeM H300parkaTs TOJIbKO
PABHOBECHBIE TTPOIIECCEI.

HzobGapusiit npouece. [Tponecc nuameHeHnsa COCTOAHWA Tep-
MOAMHAMHYECKOH CHCTEMBI IPH ITOCTOAHHOM JABJIEHMH HAJHI-
BAIOT H3obapHeIM (0T rpedeckKoro crnosa <«dbapoc» — Bec).

Puc. 10.1
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Cornacuo ypasHeHHO (10.4) B nmobom cocTOAHUM rasa ¢ He-
M3MEeHHLIM JIaBJIeHUeM OTHOoIlleHHe ofbeMa rasa K ero TeMiepa-
Type ocTaeTcs NOCTOAHHBIM:

-;7 = const mpu p = const. (10.7)
HAna 2aza dannoi maccovl npu nocmosunom dasne-
HUU OMHOUEHUEe 00Bema Kk memnepamype nocnmosHHo.
JTOT 3aKOH ObLT yCTAHORBJIEH 3KcIepuMmenTaasro B 1802 r.
¢pannysckuMm yuesbiMm K, I'eii-Jlwoccakom (1778—1850)
1 HOCHT HasBaHue 3axkona Ieid-Jlrocca-

Vi
ka. Cornaceo ypasHeEHO (10.7) o6mem
rasa OpH NOCTOAHHOM [aBIeHWH IIPO-

Py> Py Py MOPLHOHANIEH TeMIepaType:

/ V=const-T. (10.8)
Py JTa 3aBUCHMOCTEL rpauuYecKn m300-

‘_,f'*__/ payKaeTrcs nNpsamMoi, KOTOpasa Ha3LIBAeTCA
e —»  uaobapou (puc. 10.2). PazapiMm nasneHn-
0 T  aM COOTBETCTBYIOT pasHble W300apHL.
Puc. 10.2 C pocroM naBierHus obObeM rasa mpM mno-
CTOSTHHOH TeMIEpaType COIJIAcHO 3aKOo-
Hy Boitna — Mapuorra ymessiuaercs. Iloaromy mzobapa, co-
OTBETCTBYIOIAA OoOJiee BBICOKOMY HABJEHHWIO P,, JIEIKHT HHMKE
n3obapel, COOTBETCTBYIONIEH OoJiee HMBKOMY [ABJIEHUIO P,.

B obnacTtn HM3KHMX TeMIepatyp Bce mzobapel udeanvrozo
rasa cxousitcsa B Touke T = 0. Ho 310 He o3HauaeTr, YTO 0bbeMm
peansHozo rasa obpaujaeTcss B HyJib. Bce rasnl IpH CHJIBHOM
OXJIAMKAEHUN HNPeBpAaIlalOTCA B JKHIAKOCTH, 8 K IKHIKOCTAM
ypaBHenue cocroauus (10.4) menpumenunmo. UMeHHO 1103TO-
MY, HAYHMHAA C HEKOTOPOro 3HAYEHMS TEMIepaTyphbl, 3aBUCH-
MocTh oObema OT TeMmeparypbl HOPOBOAMTCHA HA Trpaduke
LITPUXOBON JiMHMel., B AefCTBUTENIBHOCTH TaKHUX 3HAYEHHNA
TEMOEPAaTYPEl ¥ JIaBJIEHUA Y BelecTBa B razoobpasHoM cocTo-
AHUH OBLITH HE MOXMKEeT.

HNaobapHeIM MOXHO CYMTATEH pacIliMpeHHe rasa IIpH HArpe-
BAHHM €r'0 B UIHH/PE ¢ NMOABUIXHBIM IIOPIIHEM, €CJId BHEeIl-
Hee JaBJjieHHe NocTosfsHHO. llocToAHCTRBO AaBNeHUA B IIMJIKH/pPe
obecrnieuuBaeTCcHs aTMOC(EPHBIM JaBJeHHeM Ha BHEIIHIOK Io-
BEPXHOCTH IOPLIHS.

H3zoxopusnit npouece. IIpoiece uameHeHNnA COCTOAHUS Tep-
MOOHHAMHWYECKON CHCTeMB! 1IPU [IOCTOAHHOM O0BeMe HasbLIBa-
IOT M3OXOPHBIM (OT IpeYecKoro cJIOBa <«XOpeMas» — BMECTH-
MOCTE).

Uz ypasuenus cocrosuns (10.4) spiTekaer, 4To B J0obom
COCTOSHHHN ra3a ¢ HeM3MEeHHBIM 00B€MOM OTHOIIeHWEe nasiie-
HUA lasa K ero TeMIeparype OCTAeTCHS MNOCTOSHHBIMS

;} = const npn V = const. (10.9)
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HAna zaza dannHoil maccst OmHoO- Pl

uleHue dasnenHus ¥ memnepamype Vi
nocmosanHo, ecaiu o0bvem He MEeHA- Vi<V, -
emcs. &
JTOT rasoBbiil 3aKOH OBLI YCTAHOB- /
ged B 1787 r. ¢pannysckum (pH3NKOM 3

H. lTapnem (1746—1823) u HOCHUT ’ .
HaspaHne 3axona IHlapasa. Cornacuo L’z:.—"
ypasHenuio (10.9) maBnenue rasza npu 4
HOCTOSIHHOM OO'beMe TMpONOpHHOHAaNRHO O
TEMIIEpaType. Puc. 10.3

p = const - T. (10.10)

OTa 3aBUCHMOCTh H300pasKaeTcs NPAMOI, HA3bBIBAEMOH
usoxopou (puc. 10.3). Pazgapim o6beMaMm COOTBETCTBYIOT Das-
Hele u3oxophl. C pocToM o6BeMa rasa Npu MNOCTOSHHOW TeM-
repaType NaBJIeHHWe ero corjiacHo 3akony Boitna — MapuorTa
nagaer. IToaTomy m30xopa, COOTBETCTBYOLan Gonnuiemy 00B-
emy V,, JI€KUT HUMKE MB0XO0PEI, COOTBETCTBYIOIIEH MeHbIIeMy
obwemy V,.

B coorBercTeuu ¢ ypaBHenueM (10.10) Bce mM30xOpHl Mae-
aTBHOro rasza HaduHawTca B Touke T = 0. 3nauuT, nasneHUe
HIeAaTBHOrO rasza npM aObCOJIOTHOM HYyJle PABHO HYJIHO.

YBemnueHne DaBIeHHHA rasza B Ji0O0M cocyzie MM B 3JIEKT-
PHYECKOHM JaMIIOUKe NPV HATPEeBaHUM MOMHO CHUTATHL H30-
XOpHBIM npoteccoMm. M30XxopHbIH Mponect MCIOJIb3yeTCA B Ia-
30BBLIX TEPMOMETpAaX IMOCTOAHHOro obbema.

-

-

I'azoBble 3aKOHBI — YACTHLIN CJIy4all ypaBHEHUs COCTOS-
HUA WOEAJNbHOO rasa, OQWMH U3 ITaPpAMETPOB KOTOPOTO OCTaeT-
CH ITOCTOSHHBIM.

1. Bl Hagynu wiewm. Npu 31oM ¥ obbem M faaneHme BO3AYXa Y Bac
B8O PTY ysenmumearoTca. Haxk 310 cornacosars € 3aKoHOom Boing —
Mapuorra!

2. Kan MOMHO OCYLLECTBHTE HIOTEPMMYECHMH, n3obapHuii M HIOXOP-
MBI Npoueccsl!

3. Kaxoe cocrosHme cHcTembl (ras’a) CYNTaeTCs paBHOBECHBIM!

4. Kax xavecreeHHO ODBACHMTE razosbie 3AKOHLI HA OCHOBE MORNENY-
NAPHO-KWHETHYECKON TeopmM!

MPUMEPHI PENNIEHUS 3ATTAY

IIpy pemenuM 3agay 1o JaHHOM TeMe HAJA0 YeTKO Ipef-
CTABAATE cefe HAYANBHOE COCTOSHME CHCTEMBI M KaKOH Mmpo-
Hecc rnepeso/IiT ee B KoHeYHoe cocToaHme, OnHa M3 TUIINYHBIX
3a1a9 H& WCTOJIL30BAHNE YPABHEHHA COCTOSIHHS WAEalibHOI'o
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rasza: TpebyeTcsa onupeesuTh HapAMETPhl CHCTEMEl B KOHEYHOM
COCTOSHMH II0 M3BECTHBIM MAKPOCKOMUYECKHM IIapaMeTpam
B €€ HAYa/bHOM COCTOSHWH.

Ecnu npmt nepexofie rasa M3 HAYANRHOIO COCTOAHHA B KO-
HeYHOe O/IUH U3 IapaMeTpoB He MeHAeTCs, TO PadyMHO UCIIOJb-
30BaTh OAMH K3 razoBeix zakoHoB (10.6), (10.7) mnu (10.9).

Ecnu MeHs0OTCA BCe TpH mapaMeTpa, TO HAJ0 WCIOJB30-
BaThk ypaBHeHHe coctoanusA (10.4) nam (10.5).

Bo muorux g3ajsaudax tpebyercs nocTpoeHue rpaduMKos,
Huzobpamamnux pasHoro poga upoueccekl. Ilnsg aToro Hy»KHO
3HaTh 3aBHCHMOCTH HapaMeTpoB APYT OT ApPYra, KoTopas B 00-
[eM caydyae AaeTcd YpPaBHEHHEM COCTOSHUSA, & B YACTHBIX —
rasoOBBIMY 3aKOHAMH,

1. Bamnor BmectHMocTe0 V,; = 0,02 M3, copepmamuii BosmIyX
nox papneHueMm p; =4 - 10° [Ia, coeguusaoT ¢ HanIOHOM BMECTH-
mocThio V, = 0,06 M®, us xKortoporo BO3myX BBIKauan. Onpegenure
llaBjieHNe p, KOTOpO€ YCTAHOBHTCH B cocynax. Temmepatypa mocTo-
AHHA,

Pemenue, Bognyx u3 nepsoro OajlioHa saiiMer Bech
npepocraBnesHbeiil emy obwem V), + V,. Tlo saxkony Boiins —
MapnoTra

pVi=p((V, + V).

OTEEGJIB. HCKOMOE OaBJIE€HHE:

- pVy e 5
p_V,+V2_1U [1a.

2. IlnoTHOCTHL BO3AyXa P HPHM HOPMANLHBIX VCAOBMAX (TeMiepa-
Typa i;=0°C u armochepnoe gasnenme p,= 101 325 Ila) pasna
1,29 kr/m®. OnpenenuTe cpeaHIONw MOJApPHYIO Macey M Bosayxa.

Pemenne. VpassEeHUe COCTOAHUA UIEANBLHOTO Ta3a NpPH
m
HOPMAaJbHBIX VYCHIOBHAX wumeer Bup p,V, = M RT,. 3necs

R=8,31 [lzx/(Mmone - K) u Ty =0°C+ 273 °C = 273 K. Orcrona

RT, RT
M=T""0 Pottte _ggog KI'/MOJIb.
PoVo Po

3. TMocrpoirre m30bapkl ANA BOJOPOAA MACCOI 2 T' TPM HOPMAJb-
HOM aTMoc(EepHOM JaBJ/leHUH p, B ocax p, 1; p, V; V, T.

Pemenne. Ha rpapurax zasucumoct p or ' u p or V
usobapa mpejacraBiaseT cofoil NpAMYIO, NapallelbHyI0 Jaubo

ocu T, mubo ocu V (puc. 10.4, a u 6). Tak gag V = Efmf-f T, 10
0
rpapuroM sasucumocTyu V or T aBusiercsi npsaMasi, Npoxojs-
Imas yepes HadaJio orcyera. YuurThiBas, uyro m = 0,002 kr,
M = 0,002 kr/mons, R = 8,31 Ix/(mons - K) u p, = 10° I1a,
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Pi P Vi

810" m®
10°MMa} ————  10°MIal- I

-/ 100K _

a) 6) B)
Puc. 10.4

mR __ = M
MOXKHO 3anucats V = BT, rue B = ~ 8-.10° —. B yacrt-
Mpq K

voer, upy T =100 K V=8 - 107 Mm% I'padbmk sasucumoctTu
V or T noxkasan ma pucyeke 10.4, s.

!é Y¥TIPAGKHEIIHNE 13

1. Komnpeccop, ofecniedusaioniuii paboty oT60HHBIX MOJIOTKOR,
3acaceiBaeT na armMocheps Boaayx obbemom V = 100 n B 1 ¢. Crons-
Ko oTholHBIX MOJOTHKOB MoeT paboTaTk OT 3TOrQ KoMIpeccopa,
ecay ANA Kamaoro MoJoTKa Heobxoaumo obecrneuuTs nojadyy BO3-
ayxa oosemom V, = 100 em® B 1 ¢ mpu gasnenuu p = 5 MIIa? Armo-
ctheproe pasaenue p, = 100 xlla.

2. IlocrpoiiTe HaoTepMbl Ans Bogopoma maccoit 2r npu 0 °C
B Koopgauratax p, V; V, T n p, T.

3. Onpegpenure TeMnepaTypy rasa, HaAXOAALErOCH B B38KPBITOM
cocyne, €cam aasnernme raga ysenuuusaercsi Ha 0,4% or nepsona-
UANBHOTO AaBlieHus upu Harpesannm Ha 1 K.

4. Yemy pasen ofbeM WIEANBLHOIO rasa B KOJHMUYECTBE OJHOrO
MOJIR IIPH HOPMAaJBbHBIX YCIAOBHAX?

5. Onpepenure Maccy BO3yXa B KJacce, I'ie Bbl 3aHMMAETECH,
npi Temuepatype 20 °C w sOopMaabHOM aTtTMmoc(epHOM AaBleHUH.
Monsiprys) mMaccy Bosayxa npuesaTs pasHoi 0,029 kr/mMons.

6. B 6annone sMecrumocthio 0,03 M* maxomuTes raz noj gas-
negwem 1,35 - 10% [la npm Temmeparype 455 °C. HKaxoit ob6wem
3gEUMAN OB 4TOT raz upyM HOPMAJBHEIX yenoBHEX (f, = 0 °C,
p =101 325 Ila)?

7. Bricora mmxa Jlenmua ua Ilamupe paBua 7134 M. Armo-
cthepHoe paBnedue Ha 9T0H BeicoTe paBHo 3,8 - 10! [1a. OnpenemmTe
MAOTHOCTE BO3JMYXa Ha BeprimHe nmika npu temmneparype 0 °C, ecm
IUIOTHOCTH BOBAYXaA [IPH HOpMaJbHEIX yeiaosusax 1,29 kr/md.
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Vi 8. Ha pucymxe 10.5 pau rpadux us-
2 MEeHEeHUS COCTOSHHNS HASANBHOINC rasa B KO-

opgurarax V, T. [IpeacraseTe 3TOT IIpornecc

HA rpathuxkax B koopguHaTtax p, V m p, T.
Y 9. BuipasuTe cpeHIOK KBaAPATHIHVIO
CKOPOCTh MOJIEKYJIbl Yepe3d YHUBEPCAb-
1 3 HYI) Tras’oBYI0 TOCTOAHHYIO W MOJSDHYIO
o Macey.

10. Tlpu nepexoze raza onpeneleHHON
MACCHI M3 OJHOI'C COCTOSIHMA B IPYIoe €ero
Puc. 10.5 MABJIeHHE YMEeHBIIAeTCH, 4 TeMIIepATYPa yBe-

JuunBaerca. Kax mamensercs ero obnem?

I'nasa 10. KPATKHE HTOTH

Mexxny TepMOAMHAMHYECKMMH NapaMeTpaMH CYIIECTBYET
CBA3b, NOKA3AHHAA YPABHEHWEM COCTOAHHA., Bce aocTaTowHO
pa3peKeHHbIe radpl (UX MOMHO CYHUTATH HIeaThHBIMH ra3aMu)
NOgYUHAKTCHE ypaBHenMio Menpeneea — Kinaneipona:

= 38
pV—MRT,

rae p — paBnenue; V — obwem; m — macca rasa; M — mo-
asipaas wMacca; R = 8,31 nc/(mons - K) — yHuBepcanbHas
rasoBasi nocrosinHas; 7 — abconTHAs TeMIepaTypa.

YpaBHeHWe COCTOSHUA COAEPIKHT B cebe B KAYECTBE YACT-
HBIX CIYy4YaeB Ias3oBble 3aKOHBI, CBA3BLIBAIOIIME H3MEHEHUE
ABYX TEPMOAMHAMHWYECKHX TapaMeTpOB NP HEUM3MEHHOM 3Ha-
YeHUN TPETHEro.

Jlsisi rasza JaHHOW MAacCehl:

a) npu T = const pV = const (3akon Boins — Mapuorra);

6) npu p = const —E— = const (3axkoH Ieii-Jloccaka);

B) upm V = const ~¥:= const (zakon llapns).

. ; BSAMMHBIE NIPEBPANIEHHS
saBa 1L sKMIKOCTEN WM TA30B

MoseKyNISIDHO-KHHETHYECKaA TeOPUA MO3BONAET
HEe TOJBKO NOHATL, NOYEMY BEIeCTBO MOKEeT Haxo-
OUTLCH B ra3oo00pasHoOM, MHUAKOM B TBEpPIOM COCTO-
AHHUAX, HO M 00BACHHUTE TIIPOLECC HNEPexona BelecT-
Ba M3 O0HOIO COCTOHHHSA B Apyroe.
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§ 70 HACBIINIEHHBIN [IAP

HpeanbHblil ras Hejlb3s NPEeBPaTUTh B MUAKOCTb. B xunj-
KOCTh IpeBpamiaeTcs peanbHBIN Ta3. Kaxk ato npoucxoput?
Yem ras orsnmgaercs otr napa?

Henapenuve M KOHOeHcauM#a. XOpOLIO 3aKPBITHIA (DIaKOH
¢ AVXaM#¥ MOYKEeT CTOSATh OYeHb J[OJr0, M KOJMYECTBO AYXOB
B HeM He uamMeHuTcs. Ecnu ke dakoH ocTaBUTh OTKPBITHIM,
TO, B3IJAHYB Ha HEro 4Yepes3 JOCTATOYHO IPOJIOJIXKHUTEJILHOE
BpeMs, Bbl YBHIAWUTE, YTO IKUIKOCTH B HeM HeT. JHKHIKOCTb,
B KOTOpPOiIl paACTBOPEHBI APOMATHYECKHE BEIeCTBa, HCIapH-
nacs. ['opasdno GeicTpee ucnapseTcsi (BBICAIXAET) JIYHA Ha ac-
(hanbTe, 0cODEHHO ecJM BBICOKA& TeMIepaTypa BO3JyXa U JIVer
BeTep. ITH ABJIEHHS MOXHO O0BACHUTH TAK.

Monekyabl dHIKOCTH ABHKYTCH BecrmopsagodHo. YeM Boile
TEMITEPATYPA MHAKOCTH, TeM OOJbNOIe KHHETHYeCKAS 3HEprHas
mosexys. Cpepnee 3HauyeHHe KMHETHYECKON SHEPIruy MOJIEKYJ
MpH 3aJaHHOU TEeMIEpPATYDE HMeeT OnpeleNeHHoe 3IHAUYEHHE,
Ho y Ka)Kzoil MONEKyJibl KUHETHHYeCKas DJHEePrus B JIAHHLIH
MOMEHT MOXKEeT OKA3aThCH KAK MeHblle, Tak u Oonblile cpef-
Heili. B Kakoi-10 MOMEHT KHHETHUYECKAS SHEPrus OTOesIbHbIX
MOJICKYJI MOYKeT CTAThL HACTOJBKO DONBIIOI, Y4TO OHM OKAIKYT-
Cs CIIOCODHBIMY BbLIETETh W3 KUAKOCTH, NPEOA0NeB CHJILL IIPHU-
THXEHHUA OCTANbHBIX MoJeKyJ. [Iponecc nmpespanienuMs 3ujl-
KOCTH B Hap HaswiBaeTcs mcemapenueM. [Ipu stom npouecce
YHCJI0 MOIEKYJI, NOKHIAKIINX MHAKOCTE 3a OonpeleneHHBIN
NPOMEIKYTOK BpeMeHH, DoJibliie uuciaa MOJIEKYJI BO3IBpaLai-
MINXCH.

BeutereBmias MoJieKyJia NpHHHMAaeT y4dacTHe B Oecrniopsi-
JAOYHOM TEILJIOBOM OBHIKEHHHW rasza. BecnopsaiouHO ABUTafiCh,
OHA MOIKeT HaBCcerga yIANHUTBCH OT NOBEPXHOCTH KHIAKOCTH,
HAXOMAIEHCH B OTKPBITOM COCYZle, HO MOKeT U BepHYTLCH
CHOBa B JXHUAKOCTHL. Ilpolecc mpeBpalnieHusa napa B KUAKOCTh
HA3BIBAETCH KOHIEHCAI[UeH.

Ecny noTok BO3AyXa Haj cOCcygoM YHOCHT ¢ coboil obpaso-
BaBILIMECH Mapsl MHAKOCTH, TO KHIAKOCTE Mcnapsiercs 6nict-
pee, TaKk KakK y MOJIEKYJIbI ITapa YMEHBIIaeTCH BO3MOMKHOCTH
BHOBb BEPHYTBHCH B XXHJIKOCTL. léM BbIIIe TeMIlepaTypa »W-
KOCTH, TeM DoJibIlee 4YMCI0 MOJIEKYJ MMeeT AOCTATOYHYIO JJfA
BBLIETA U3 IHHUIAKOCTH KHUHETHUYECKYHK) BHEPTHI0, TeM OmicTpee
uaeT McrnapeHue.

ITpy ucnapeMu KUAKOCTL NMOKUAAaKT OoJiee OBICTPHIE MO-
JIeKYJIBI, MO3TOMY CpefHAA KHHeTH4YeCKad 3Heprusi MOJIeKVJI
HUAKOCTH YMEHBIIAETCHA, JTO O03HAYAET, UTO MPOMCXOANT MO-
HHIKEHNE TeMIeparyphl UaxkocTH. CMOYHMB PYKY KaKOI-HH-
bynp OnIcTpo McnapsmwoleHcs XUAKocThw (Hanmpumep, OeH-
3WHOM MJIM AalleTOHOM), BBl TYT € INOYYBCTBYeTe CHJIILHOE
oOXJaXKIeHue cMoYeHHoro wmecta. OxnamkieHHe 2Toro Mecta
VCHIHTCS, €CJAH Ha PYKY HOAVTh.
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Ilporiece ucnapeHus 1MpoMcXoAUT CO CBODOAHON ITOBEPXHO-
CTU FUAKOCTM.

Ecnn IHIIHTE KHUAKOCTh BOBMOKHOCTH HCITAaPATBECH, TO OX-
naxaeHue ee DyseT NPoOMCXOaUThL ropasao MeanesHee. Benom-
HUTe, KaK JOJIro ocThiBaeT MUpHLIH cyn. Cnoil »xupa Ha ero
IMOBEPXHOCTH MeLIaeT BBIXOAY OBICTPLIX MOJMEKYJ BOABL. HUnI-
KOCTH IMOYTHU HE HMCIapsercsH, M ee TeMnepaTtypa najnaer Mej-
nenHo (caMm KHUP Hcnapsiercs KpaiiHe MeIJleHHO, TaK KakK ero
bonbive MoJieKyael Dosiee MpoOYHO ClLEeIJIeHk! APYT C APYroMm,
ueM MOJIEKYJlbl BOABI).

Hacwunennsi nap. EciW cocyl ¢ »MHIKOCTHI IJIOTHO 3a-
KPbITh, TO CHAYana KOJHYECTBO MMUAKOCTH YMEHBIIUTCH, a 3a-
Tem OyAeT ocTaBaThCA nocTosHHbIM. Ilpy HemameHHOH TeMme-
paType CHCTEeMa YXWUAKOCTh — Map MPUAET B COCTOAHHE TeIio-
BOIO paBHOBeCHA M DyJeT HaXOJUMTHLCH B HEM CKONb YTOAHO
nonro. OAHOBPEMEHHO € IIPOIECcCOM HCIAapPEeHHs MNPOMCXOLUT
M KOoHZeHcalusa, 00a nmpouecca B cpefHeM KOMIOEHCHDPYIOT APYT
npyra.

B nepBbiii MOMEHT, TIOCJI€ TOTO KAK MMHIKOCTh HANBIOT B CO-
CVZi ¥ 3aKpOIOT €ro, »KUJAKOCTE OYAeT ucoapAThCA U NJOTHOCTH
napa Hajg Hell Oyaer yBenuuusBarbes. OaHaAKO OAHOBpPEMEHHO
¢ 3TuM OyZerT pacTy W YHCIO MOJEKYJ, BO3BpanlawIMXCcH
B XUJKOCTE., Yem Gonbiie NIOTHOCTH napa, TeMm Dosbluee 4yuc-
J0 €ro MOJIeKYJI BO3BPAIaeTCHs B MKUJKOCTh. B peayiabTaTte
B 3aKPBITOM COCY/ie T1pM IOCTOSHHOU TeMIlepaType YCTaHOBHUT-
ca duHmamuveckoe (NOABUNHOE) pasHOBecUe MEMIKAY MKHIKO-
CTLI0 M IApOM, T. €. YHMCHAO MOJNeKYJ, NOKHUIAKIIHX [TOBEePX-
HOCTHh MHJAKOCTH 38 HEKOTOPLIN INMPOMEKYTOK BpemeHH, byuer
PABHO B CPeIHEM 4YHCJIY MOJIEKVJ [1Apa, BO3BPATHBIINXCH 34
TO ¥€ BpeMsA B XHAKOCTb. IlnA BOAbLI MpYM KOMHATHOH TeMmIe-
patype 23to uucno npubnauanrtensHo pasHo 1092 momekyna aa
Bpems, pasHoe 1 ¢ (Ba 1 em® rmomaay nosepxHoceTH). I[1ap, na-
XOLAAIIUICA B IMHAMHYECKOM PABHOBECUM CO CBOEH JKHIKO-
CTBHI0, HA3BIBAKT HACBIU[EHHBIM MapoM. ITO ONpellesIeHne IoI-
YEepPKMBAET, YTO B JaHHOM ob’beMe NpH AAHHOH TeMIlepaTtype He
MOXKeT HaXOAMThCA OoJblllee KonudecTBO napa. Ecnu Boaayx
13 cOCYAa € MMUIKOCTBIO NPelBADUTENEHO OTKAYAH, TO HAJl MO-
BEPXHOCTBI0 JKHAKOCTH OyZeT HaxXoAUTHCH TOJBKO €€ Hachl-
LeHHBIH 1ap.

NaBnenune macekileHHoro mapa. Hro Oyuaer mpoMcxoamMTh
C HacChIL[EHHbLIM N&POM, €CJIH YMEHBLIINUTH 3aHHMAEMBIH HM
obbem? Hanpumep, ecim cokuMaTh Oap, HAXOAALNUNICA B pas-
HOBECHH C MHJKOCTHIO B IUWIHHADPE OO NOPIIHEM, TIOAAEPHCH-
BAS TEMIEPATYDPY COAEPKHUMOro IHIAHHADPA NMOCTOAHHONM,

IIpu cokaTuK napa pasHOBecue HauyHeT HapyiuaThesa. ILnor-
HOCTHL NAapa B [NEepPBbIH MOMEHT HEMHOI'0 YBEJMUYMNTCH, W U3 rasa
B XUIKOCTb HAYHET MepexoauTs D0JbIIee YHCI0 MOJIeKYJI, YeM
M3 MKUAKOCTH B ras. Begb uMcno MONeKyJl, NOKHAAKUIMX KU -
KOCTE B eJUHHUITY BPeMEeHH, 3aBMCUT TOJILKO OT TeMIIepartyphl,
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U CXKaTHe napa 3To unello He medsier. [Iponece npojgoskaercs
IO TeX 1op, NOKA BHOBL He VCTAHOBHUTCH NMHAMHYECKOE PABHO-
BeCHe H IIJOTHOCTD IIapa, a 3HaYHT, H KOHUeHTPallla ero MoJie-
KVJl He TPUMYT OpPeHUX cBouX aHauenuil. CregosaTenbHo,
KOHUCHMPAUUA MONCKYA MHACLIWEHHOZO0 napa npu nocmosiH:
HOU memnepamype He sasucum om ezo ob0semda.

Tak xak AaBleHue NpolOpPUMOHANBHO KOHLUEHTpauun Mo-
aexyn (p = nkT), To u3 aToro onpeaeneHns cieayer, 4ro das-
ACHUE HACLIWPHMHOZO Napd HE 3déucum ont 3aHUMaemozo um
obsemd.

Hasiienye p, . napa, OpM KOTOPOM JKMIKOCTb HAXO/IMTCH
B paBHOBECHMH €O CBOUM I1apoM, Ha3LIBAIT JaBJIeHHEM HACHI-
HEHHOTO mapa.

IIpu cxxaTuy HACBIIIEHHOro TMapa Bce OOJBLINAA YACTH €ro
NEPeXoMT B MUAKOe cocTOsHuE, HMAKOCTh JAHHOK Macchl 3a-
HUMAaeT MEeHbIIWH 06beM, YeM 1map TOH e maccesl. B peayabTta-
Te o0beM nmapa 1npM HEM3MEHHOH ero IJoTHOCTH YMEeHbLIAeTCHA.

OrMerum eiwte oauH BaxBbIH (hakr. OuesHaHO, TA30BLIE 34-
KOHBI JIJIA HACBII]EHHOTO Napa HecHpaBedJHBRI (TipE Jobom
obbemMe 1IpU NOCTOAHHOM TeMmIlepaType JlaBlieHue HaCbILeHHO-
ro mapa OlHHAKO0BO). B T0 ke BpeMsA COCTOAHHE HACHIIEHHOTO
napa JIoCTaTO4YHO TOMHO OlMCHIBaeTCH ypaBHeHUem Menpgenee-
pa — KnanelipoHa.

Henacoimenasiit nap. Ecim map nocTeneHHO CIKMMAEIOT,
a NpeBpaLleHie ero B JXHAKOCTE He IMPOMCXOANT, TO TAKOHW Tap
HA3BIBAKT HeHachlleHHbIM. [Ipn onpenenennom obweme nap
CTAHOBMTCA HACBILUIEHHBIM, M [IPM JajibHeHILeM ero CXaTuu
IIPOMCXOMT NPEBPAIEHNE €0 B MUAKOCTh. B 3ToM cnyuae Haj
HMAKOCTRIO yiKe DylieT HaxoJMTLCH HACBHIIEHHBIH nap.

Opnako nap npeBpallaeTcs B XHUAKOCTL He 1pum n10boi
Temnepatype. Eciu TeMmmeparypa BhILIe HEKOTOPOro 3Haue-
HUSA, TO, KaK Obl Mbl HU COKMMAJIM I'a3, OH HUKOra He npespa-
THTCA B HUAKOCTE. MakcumaneHas TemnepaTypa, NPH KOTO-
PON N&p erle MOXKEeT NPeBPaTHThCH B HHUAKOCTH, HA3biBABTCH
KPHTHYECKOH TeMIepaTypou.

CocrTosiHMe BellecTBa IPM TeMIIepaType Bbiilie KPUTHYEeCKON
HA3BIBAETCH [rasdoM; TIpH TeMIIepaType HHXe KPUTUYEeCKOH,
KOrjia v Tiapa ecTh BO3MOXHOCTL ITPEBPATUTHLCH B XXHUJAKOCTh, —
napom.

Kaxxpomy BemecTBy COOTBETCTBYET CBOS KpHUTHYECKAas
tremueparypa, y rexua T, =4 K, y asora T, , = 126 K.

H
CBOICTBA HACBILLIEHHOIO ¥ HEHACBILEHHOTO llapa Pa3/TH4YHBI.

1. MNouemy B wapy cobaxa esicosbiBaeT w3bin!

1. Novyemy panneHMe HACKILIEHHOrO NAPAa HE JABHCHT OT ero obnemal

3. Npmeegwre NpMMEPBI OMHAMHYECKOTO PABHOBECHN, NOAOBHOTo M-
HAMMWHECHOMY PABHOBECHIO HACLILEHHOrO Napa H MMAKOCTH.
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.y SABHCHMOCTb JIABJEHHS HACBHIIIEHHOTO
§ [IAPA OT TEMIIEPATYPHL. KMIIEHUE

Hunxoers He ToNbKO Uenapsercs. Ilpu HekoTopon TemMne-
parype oHa KHIIHT.

3aBHCHMOCTS JIaBJIEHHH HACBIIEHHOTO Mapa OT Temiepa-
Typbl. COCTOsIHME HACKLIIIEHHOI'O rapa, Kak NOoKa3biBae€T ONBIT
(MBI roBopunu o6 aToM B npenbiayineM naparpadge), npubnau-
JHEHHO OIMChLIBAeTCs ypaBHEHUEM COCTOSIHUA HeasIbHOIo rasa
(10.4), a ero gaBieHue onpejaesnsercs GOpMyJIOH

P, = nkT. (11.1)

C pocTom TemMuepaTypsl faBiieEne pacrter. Tak Kak daene-
HUu€e HAacblWeHHoz0 napa He 3asucum om o0sema, mo, caedo-
8amMenbHO, OHO 3a8UCUM MOABKO OM Mmemnepamypsl.

Oanako zasucumocTs p, . oT T, HalIeHHas 3IKCIEpPUMEH-
TANBHO, HE ABJIAETCHA NPAMO MNPONOPLMOHANBHOM, KaKk V Mje-
aNTBHOrO Ta3a NpH NOCTOAHHOM obbeme. C yBeTMYEHUEM TeM-
neparyphbl JaBjleHHEe peasyibHOro HACLIIIIEHHOro Iiapa pacTeT
OnicTpee, YyeM JaBjieHHe upeanbHoro rasa (puc. 11.1, yuacTor
KpuBoM AB). 9TO0 CTAHOBUTCA OYEBHIHBIM, €CJHM HPOBECTH
H30X0phl HOEAJIBHONO rasa depes Todkd A u B (lurpuxosbie
npameie). [Mouemy arc npoucxoguT?

I[Ipy HarpeBaHHM MWMJAKOCTH B 3aKPBITOM COCY/J€ €YacTb
JKHMAKOCTH IpeBpaijaercs B nap. B peayawsTaTte corsacHo ¢op-
myine (11.1) dasrenue HacvluyeHHO20 napa pacmem He moJib
KO 8caedcmeue NOBblUWeHUS memnepamypbl ¥udKocmu, HO U
écnedecmeue YeeauweHuns KOoHyenmpayuu modexyn (naomo-
cmu) napa. B oCHOBHOM yBeJiM4yeHHE AaBJI€HWUSA NPH IOBLLIIIE-
HUH TEMIOEPATYphbl ONpefessercd UMEeHHO YBeJIMYeHHEeM KOH-
neHTpauun, I'nasHoe pasnuuue B NMOBeIeHUHN HICAJILHOIO rasa
¥ HACBILLEHHOTO IIapa COCTOMT B TOM, YTO NpPM H3MEeHEHHH
TeMOepaTypbl Iapa B 3aKpbiTOM cocyjle (MM npy U3MeHeHHH
o0beMa IIpH NOCTOAHHOMU TeMIlepaType) MeHsieTcs Macca 1apa.
HuaKocTer YaCTHYHO TPEBpallaeTcd B map, WJIH, HAIPOTHE,
map 4yacTu4HO KOoHzeHcupvercs. C HiealbHEIM ra3doM HUYEro
noA0bHOrO He NMPOMCXOAHNT.

Korga Bcs XMAKOCTH MCIAPUTCH, HAp HIPH AalbHeiillem
HATpeBaHUM IepecTaHeT ObITHh HACBLIIEHHBLIM M €ro gaBleHHe

npu nocrosHHoM 06weMe OyneT Bo3pa-
P CTATH NPAMO HPOIOPIMOHAJNBHO abco-
' JOTHOHK Temneparype (cm. puce. 11.1,
yuyacTox kpusoit BC).

Kunenue. Ilo wmepe yBenuueHus
TEeMIEpaTypbl MHJIKOCTH HWHTEHCHUB-
HOCTh HCHapesusi ypesnnaupaercs. Ha-
KOHELl, MHIKOCTE HAYWHAET KUIEThb.
0 [Ipu KuneHuu no Bcemy obbeMy »KWJI-
Puc. 11.1 KocTy obpasywTcs OBICTPO pacrtyiiue
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NY3BIPhKH ITapa, KOTOPBIE BCILTBLIBAIOT HA IMOBEPXHOCTEL. Temme-
paTypa KUOeHUA MHIKOCTH OCTAETCH MOCTOAHHOI., JTO NMpoMc-
XOJAKT MOTOMY, YTO BCA NOABOAMMASA K JXKUAKOCTH 3Heprus pac-
XoJiyeTcs Ha npeppailesue ee B nap. [Ipn Kakux ycJloBUAX Ha-
YyHHAeTCsH KuneHwe?

B xuaxkocTH Bcerzia NpHCYTCTBYEOT PACTBOPEHHBLIE Taidbl,
BBIZENAKINMECS Ha JHe M CTeHKaX Ccocyla, a TaKiKe Ha Bi3Be-
IIEHHBIX B KHAKOCTH MNBIJIMHKAX, KOTOPhIe ABJAITCH LEHTPA-
MU napoobpaszosanus. Ilapel skuaKOCTH, HaXOAALMECH BHYTPH
Ny3bIPEKOB, ABNAITCH HacklleHHBIMM, C yvBeIUUYeHHUEM TeMIe-
PaTyphl JaBJIeHWe HACBHILIEHHBIX [1aPOB BO3PAaCcTaeT U Ny3bIPbKY
yBenHuYMnBawTesa B pasmepax. Iloj geficrBueM BoITAIKMBAKOLLCH
CUJIbI OHHM BCIJBIBAIOT BBEPX. Ecnu BepXHHe CJIOM IKHIKOCTH
umerT 6oJiee HUSKYI TEMIIEPATYPY, TO B 9THX CJIOAX ITPOMCXO-
OUT KOHIEHCAIINA mapa B ny3sIpbKax, llaBieHue CTpeMHUTEIBHO
MajgaeT, ¥ NMYy3bIPhKH 3aXJIONBIBAIOTCHA. 3axJioHbiBAHME [1pOMC-
XOOUT HACTOJBKO OBICTPO, YTO CTEHKH IY3bIPbKa, CTANKHBA-
§ICh, MPOM3BOAAT HEYTO BpoAe B3pbiBa. MHOXECTBO TAKHX MHK-
POB3PBIBOB CO3jlaeT xapakTepHbiil myMm. Korpa »kuakocTs Jo-
CTATOYHO IpPOrpeercsH, My3bIPhKH IEPeCTAHYT 3aXJIONBIBATHCS
H BCILNBIBYT Ha MOBEPXHOCTb. JHHAKOoCTh 3akunuT. Ilonabdiio-
HaiiTe BHHUMATENLHO 3a YaHMKOM Ha nnuTte. Bl obuapyixure,
YTO MEepel 3aKHUIMMaHWeM OH NOYTH MepecTaeT IIyMeThb.

S3aBMCHMOCTS JIABJIEHUS HACKHILIEHHOrO Iapa oT TeMieparTy-
pbl OOBACHSAET, IOYEMY TEMIIEPATYPA KMUIIEHUSA MKHIAKOCTH 3a-
BHCHUT OT JaBJIeHUS HaA ee NoBepXHoCThL. l1lyasipexk napa moker
pPacTH, KOrja AaBJeHHEe HACBIILEeHHOI'o napa BHYTPHM HEro He-
MHOI'O MPeBOCXOAMT JABJEHHE B MHUIKOCTH, KOTOPOE CKJaJlhI-
BAETCH W3 JIaBlIeHHS BO3YXa HA TIOBEPXHOCTH MHIKOCTH
(BHELIHEE AAaBJIEHHME) U IUAPOCTATHYECKOro NaBJeHus cTosda
HHEOKOCTH.

O6paTuM BHHUMAHME HA TO, YTO HCHApPEHHEe XKUIKOCTH IIpo-
VCXOAHUT TIpM TeMIepatrypax, MeHBIINX TeMIepaTypbkl KHIlle-
HUS, ¥ TOJBKO C TIOBEPXHOCTH KUJAKOCTH, ITPH KUNEeHUH obpa-
30BAHME MNapa NPOUCXOAUT II0 BCEMY
00BEEMY MHIKOCTH.

Kunesue HauuHaeTcs TPH TeMIlepa-
TYpEe, NIPY KOTOPOH JABJIEHHE HACBILEH-
HOT'O 1Tapa B NY3bIPLKAX CPABHMBAETCH C
AaBlieHMeM B HHMJIKOCTH,

Yem Gonbiue 6HeULHee OaBaeHUe, mem
eviwe memnepamypa kunenun. Tak,
B IIAPOBCM KOTJIe IpPY HABJEHUMN, JI0CTH-
raromem 1,6 - 10° ITa, Boga He KUOUT
u npu rtemneparype 200 °C. B wmenu-
IUHCKUX VYPeKIEHUSAX B I'epMeTHuYe-
CKH 3aKpPBITBIX COCYJaxX — &BTOKJIaBax
(puc. 11.2) kuneHue BOABI TaKKe Npo-
HCXOOHMT IPH NNOBBIINEHHOM OJAaBJIEHIIH.
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IMosromy TeMniepaTypa KHTIeHUHA XK1
kKocTu 3gauurTensso sBweie 100 °C,
ABTOKJIABE! IPHUMEHHAIOT IJIA CTepH-
JU3ANHAH XUPYPruyeckNX MHCTPYMEeH-
i TOB W JiP.
e H wnaobopor, ymeHbvlwan 6HEUWIHEE
— dasaeHue, Mbt mMeM CaAMbLM NOHUNCA-
em memnepamypy xunenus. OTkaun-
BAA HACOCOM BO3JVX M NAapbl BOJbI
M3 KOJOBI, MOXKHO 3acTaBUTh BOLY
KHMIEeTh IIPM KOMHATHON TeMIlepaTy-
pe (puc. 11.3). IIpu nogveme B Topel
armochepHOe [JaBJieHHEe YMeHbIIaer-
cf, IMO3TOMY YMEHLILAeTCH TeMmIlepa-
Typa KuneHusa. Ha Boicore 7134 m
ﬂﬁ% (muk Jlenuna wva Ilamupe) paBnenwne
npHOTHKEHHO PABHO 4 -10'TIla
(300 mm pr. cT.). Boma KuHODMT Tam
Puc. 11.3 npumepHo npua 70 °C. CBapuTh MACO
B 3TUX YCJIOBHAX HEBO3MOKHO.
¥ raxnoii MUAKOCTH CBOA TeMIIepaTypa KUNeHus, KoTopas
3ABUCUT OT AABJEHMS €€ HACBILeHHOoro napa. Yem ewviwe das-
JACHUE HACBIWEHHOZ0 NaApa, mem HUNEe memnepamypa Kurne-
HUA HMUAKOCTH, TAK KAK IIPH MEHBIIMX TeMIepaTypax aaeBne-
HHE HACBIIIEHHOr0 NApa CTAHOBUTCH PaABHBIM aTmocepHomy.
Hanpumep, npu temneparype kunenusi 100 °C nasnenmne Ha-
chIleHHbIX napoB Boakl paBuo 101 325 Ila (760 mm pr. c71.),
a napoB ptyta — Beero gk 117 Tla (0,88 mm pr. er.). Kunur
pTyTh NpK Temneparype 397 “C npu HOpManbHOM JAaBJIeHHH.

H‘EH,&HU{‘TB dJaKHIaeTr, HKoOorjga JaBJIeHHWE e€ HACLIIEeHHOro
napa CTaHOBUTCH DA&BHO AaBJNEHHIK BHYTPH XHIKOCTH.

N 1. Noyemy Temnepartypa HHNEHHR BO3PACTAET C YEENHYEHHEM [aBNEe-

) Hun!
? 2. MNouemy ANR HHNEHHA CYULECTBEHHO NOBLILLEHHE [ABNEHMA HACKI-
: WEHHOTO Napa B Ny3sipLHax, & He NOBLILeHHE AABNeHKA HMmeloLle-
rocs B MMX Boafyxal
3. Kam 3acrammre 3BKMNeTs MMAKOCTE, oxnawaas cocyp! (Bonpoc
3TOT HEeNnPOCTOM.)

§ 72 BJAAMHOCTD BO3J/IYXA

Boaa sanumaer oxkono 70,8% moBepxHOCTH 3eMHOro mapa.
JKusrnie opramnsmer cogepxat ot 00 xo 99,7% eoxael. O6pasHo
roBOp#, ¥KHUBbIE OPraHU3Mbl — 3T0 oAyUIeBAeHHas Bojsa. B ar-
mochepe HaxonuTes okoso 13—15 Teic. KM® BOAKI B BUAE Ka-
neJib, KPUCTAJLJIOB CHEra W BOJASTHOTO napa. ArmocgepHblid BO-
AAHOW IMap BJHAET HA IOroly ¥ KJIMMAT 3eMJH.
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Bonsinont nap B armocdepe. Boasnoit nap s Bosayxe, He-
CMOTPA Hid OrpOMHBIE [MOBEPXHOCTH OKEAHOB, MOpPEH, 03ep
1 pPeK, JIAJIeKO He BCeria sipnsercs HacbiuleHHbIM. [Tepemerie-
HHE BO3JIYVIHHBLIX MACC PUBOAUT K TOMY, 4TO B OJHHX MecTax
Hallel nJjaHeThl B JaHHBIIT MOMEHT ucrapeHme Bojabl npeoba-
IaeT HaJ KOHAeHcamued, a B apyrux, sHaobopor, nmpeobnagaer
KoHJleHcanms. Ho B Bo3yxe npakTUYecKy BCerjla UMeeTcs He-
KOTOPOE€ KOJHYEeCTBO BOAAHOIO NMapa.

Copepacanue BOASHOI'O TaApa B BO3JAVXe, T. e. ero BJa)x-
HOCTb, MOXHO XApPaKTEePH30BaTh HECKOJBKHUMW BEJIUUYMHAMH.

IlnoTHOCTHL BOASTHOTO NApa B BO3AVXe HasbiBaeTca abco-
JHOTHOH BJAAKHOCTHLI. ADBCONOTHAA BAAMKHOCTL U3IMEPHETCH,
cleloBATENLHO, B KHJOrpaMmax Ha meTp Kybuueckui (kr/m®).

Iapuuansnoe pasBiaeHue BOAAHOro mapa. ArmocdepHBIH
BO3AYX npencrapasgerT coboii eMech pazjiMyHbIX Fa30B W BOJAA-
Horo napa. Kaxaeii U3 rasaoB BHOCAT CBOM BKJIaZl B cyMMap-
HOEe [OaBJleHHe, [MPOU3BOAMMOE BO3[IYXOM HA HaXOHNALMecsH
B HeMm Tena. Jlapnenue, KoToOpoe NpoMaBoAM Okl BOJASHON nap,
ecsi OB Bce OCTAJLHBIE Fadbl OTCYTCTBOBAH, HA3LIBAKT Oap-
LHAJBHBIM JlaBJeHHeM Bojsuoro napa. Ilapuvansroe jpasne-
HUE BOJAHOIO Mapa NPUHHMAKT 3a OIMH U3 ToKasaTesneu
BIAXHOCTH BO3AyXa. Ero BRIpa)XaT B eQNHULAX JaBle-
HUA — MACKAJAX WM MUIJIWMeTpax pTyTHoro crojaba.

ArmochepHoe JaBlieHHe OnpeaenseTca CYMMOH Napiiaib-
HBIX /IABJICHHI1 KOMIIOHeHT CYXoro sBo3ayxa (Kuclopona, a3oTa
¥ T. J.) ¥ BOAAHOIO 1apa.

OrTHOoCHTEeNLHAA BAAKHOCTL. [0 NapuMaIbHOMY JAaBJIEHUAIO
BOAAHOTO napa 1 abCcoNTHOH BJAMKHOCTH €Il¢ HeNbL3A CYIUTH
0 TOM, HACKOJIBKO BOJAAHOI Hap B JaHHbLIX YCJIOBUAX BIM30K
K HACBINIEHWK. A MMEHHO OT 2TOr0 3aBHCHT WHTEHCHBHOCTD
HCHAPEeHHA BOJLI U NOTEPs BIATH )XHBBIMMY opranuamamu. Bor
NoOYeMy BBOAAT BEJAMYHHY, MOKA3LIBAKIIYIO, HACKOJILKO BONA-
HOW (ap OpH¥ JaHHOW TeMllepaType OJIM30K K HaChIIEeHWID, —
OMHOCUMENbHYK BAANHOCT b,

OTHOCHTENBHOH BIAKHOCTHIO BO3/IyXa HaB3LIBAKOT OTHOLUIE-
HUie TaprHajibHOIO AABJIEHUSA P BOASAHOIO Iapa, Ccoaep:xalie-
rocs B BO3/IYXE MPW JAAHHON TeMIeparype, K AaBIeHWIO P, .
HACKILIEHHOTO Napa NPH TOH e TeMiepaType, BEIPa)XeHHOE
B IPOUEHTAX:

¢ =—2 .100%. (11.2)

H-N

OTtHOCUTENBHAS BIAXKHOCTE BO3AYVXa OOLIYHO MeEHbIe
100'%.

Ienxpomerp. BrnajHoeTs BO3yxXa HM3IMEPAOT € IMOMOLLBIO
crieMaNibHeIX npubopos. Mul pacckakem 00 OJHOM U3 HHUX —
ncuxpomenipe.

[TcuxpomeTp coecTouT H3 ABYX TepmomeTpoB (pwe. 11.4).
PezepByap oiHOrO M3 HUX OCTAETCHA CYXUM, M OH IIOKA3LIBAeT
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TeMIiepaTrypy Bosayxa. Pesepsyap apyroro
OKPYVK€eH MNOJIOCKON TKAHHW, KOHEIl KOTOPOM
onyuieH B Boay. Bozma wucnapserca, u 6aa-
rogapsi 3ToMy TepMOMeTp oxJaxkiaaercs. dHem
DoNbIIEe OTHOCHUTENBHAN  BJAXHOCTb, TEM
MEHEee MHTeHCHMBHO HUJAeT McOnapeHWe H TeMile-
parvpa, HnoKasbiBaeMas TepMOMeTpOM, OKpV-
JHEHHBIM BJAKHOM THAHBK, ONMIKe K TeMmre-
paType cyxoro TepMoMeTpa.

IIpn oTHOCUTENLHOIl BNAXKHOCTH, DABHON
100% , Bopa BooOII[e He OyIeT HCOAPATHCHA H
noKasauus o0OHMX TEPpMOMETpPOB OyAyT OJHHA-
KoBbi. Ilo pasHoOCTH TeMnepaTyp 3TUX TepMoO-
METPOB ¢ [IOMOIBK CIEUaJdbHBIX Tabmuig
MOXKHO OIPENeJUTh BJarXHOCTh BO3AYXA.

3nauyenme BaaknocTu. OT BIaxHOCTH 3a-
BHCHT HMHTEHCHBHOCTL MCIIAPEHWHA BJATH C [10-
BEPXHOCTH KOXKH 4dYeJIoBeKa. A ucmapeHHe
Prc. 11.4 BIarm umeer GONBINOE 3HAYEHHE AJA NOAAEp-

MAHUA TEeMOEPATypbl Tela [NOCTOAHHOM.
B xkocvmuueckux kopabiiax noasep:;kuBaerca HanbOosee Oiaro-
NpHUATHAA AJIS YeJOBEKa OTHOCHTENbLHaSs BJIAXKHOCTHL BO3JyXa
(40—60%).

Ouens BAXXHO 3HATH BJIAMKHOCTH B METEOPOJIO'MH — B CRBSA-
3M ¢ ONpelcKaszaHueM norojisl. XoTs OTHOCHTEJLHOE KOJHYeCT-
BO BOAAHOIO Iapa B arMocdepe CpaBHUTEJNBHO HEeBeJIUKO (OKO-
no 1%), ponek ero B arMociepHbBIX SABJEHUAX 3HAYNTEJILHA.
Kounzencanus BOAAHOrO mapa npusoauT K ofpasosaruio obna-
KOB ¥ TIOCNeAVIoNleMYy BbeInaaeHuio ocankos. Ilpu atom Buige-
nsierca Oonbinoe kKonudecTBO Tenmnothl. U Haobopor, ucnape-
HHE BOJbl COIIPOBOXKAAETCS [OTJIOLEHWEM TeILNOThI.

B Trankom, KOHOUTEPCKOM H APYTrHX IPOM3BOJACTBAX JIJIA
HOPMAaJLHOTO Te4YeHHH MNpolecca HeobxoauMa omnpeneneHHAas
BJIAKHOCTB,

XpaHeHHe NPOU3BEAEHHII NCKYCCTBA U KHHUT TpebyeTr mox-
Nep>KaHusa BJAMHOCTM BO3JlyXa Ha HeoOX0JAMMOM VpOBHE.
Ilosromy B Mysesx HA CTEHAX BBl MONKETEe BHAETH ICHXPO-
MeTPhbl.

BaxxHo 3HAaTH He abCONIOTHOE KOJHWYECTBO BOASHOIO napa
B armoc(epe, a oTHocuTeNbHOe. OTHOCUTENBHYIO BIAYKHOCTH
H3MepsAIOT MCUXPOMETPOM,

1. Yro Ha3eMaETCR OTHOCHYENLHONW BRAMHOCTLIO BO3AYyXal

1. Onpefensercs Nk Pa3HOCTh NOKAZAHMH TEPMOMETPOR NCHXPOMET-
Pa TONBEKO OTHOCHTENbHON BNAMHOCTLIO MM, KPOME TOTO, 3aBHCHMT
OT HOHCTRPYKUMH npubopal
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INPHMEPLI PEINNIEHHA 3AJIAY

Ilpu periieHMH 3a7ad HAAO WMETE B BHIY, 4YTO JaBJjieHye
U IJIOTHOCTE HACHIIEHHOI'O Iapa He 3aBUCAT 0T ero obmema,
A 3aBMCHAT TOJIBKO OT TeMIIepATYpPhl. ¥YPABHEHWEe COCTOAHUA
WIealbLHOro raza nNpubImKeHHO NTPUMEeHUMO M JUIA OMUCAHWUS
HachlIeHHOro nmapa. Ho ompu ¢)kaTvu uaM HArpeBaHWM HACKI-
IEHHOrO Iapa ero Macca He OCTAeTCH IIOCTOAHHOM.

1. BakpuiTeiil cocyn obsemom V, = 0,5 m® comepxcur Bomy mac-
coit m=10,5 kr. Cocyn Harpenu no temmepatrypol t = 147 °C. Ha-
CKOJIBKO Clle[yeT HaMeHuTh 06beM cocya, HTOOBI B HEM COAEpPIKAJICA
TOJILKO HAcChIEeHHbIH nap? JlaBieHne HACHILIEHHOIO napa p, , HIpH
Temnepatype t = 147 °C pasuo 4,7 - 10° Ila.

Pemeunne. HacelimeHHb nap 1npu jiaBjiedHuu p, , 3aHU-
maeT obbeM, paBHEIHA

v="8 09
Py.oM
rne M = 0,018 kxr/mone — monspHas macca Bogel. O0vem
cocyaa V, >V, a 3apauuT, nap He ABJHETCH HACHIIEHHEIM. [lna
Toro 9tobel map cTan HACBILEHHBLIM, 00bBeM cocyna cienyer
YMEHBIIHUTE Ha

AV:VI—V=V,-"‘—R%

H. N

=0,3 M3,

2. OTHocuTenbHASE BAAXKHOCTE BO3NYXAa B 3aKPBITOM COCYAE
npu Temnepatype t, =5 "C paBra ¢, =84%, a npu TeMmnepatrype
t, = 22 °C paBHa (, = 30% . Bo CKOJIBKO pas AaBlieHMe HACHILIEHHOIO
napa BOARI OpH Temnepatrype i, Bossiie, yem npum Temnepatype ;7?7

Pemenue. JlaBnenre BOAAHOrO napa B COCYyAe 0OpH

= i = =tk
T,=278 K pasno: p, = 100%
CHIIeHHOTO napa npu Ttemrneparype T,. [Ipu remmneparype
T, =295 K nassnenue

Py 1 TAE P, . — NABIEHHE Ha-

P2
P:& - 100% pn. nz*
Tax xaxk obbemM nocrosHeH, To 10 3akony lllapns
P _ b
P2 T

OTcrona

Py.n2 zlP] :&:3
Py P2 T]
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YIIPAKHOEHHE 14

1. Kax Oyzer MeHATLCH TeMIEPATYPa KHUINEHWA BOABI, €CJIH CO-
CyZl ¢ BOAOH CHYCKATHL B rayboKyw maxrty?

2. Yemy paBHa IIIOTHOCTH HAPA B OV3LIPHKAX, HOOHHMAKOIHMXCH
K IMOBEPXHOCTH BOJBI, KWUNAIEH TpH arMociepHOM HaBITeHHu?

3. Ha vauine mopocuT XoJMoaHbll oceHHME A0oAb. B komuaTe
pasBeInaHo BeICTHpAHHOE Desike. Brhicoxwer nu Genwe ObicTpee, ecny
OTKPEITE (hOPTOYKY?

4. Tipu 7remneparype t = 20 °C oTHOCHTENBHASA BIAXHOCTE B
rkomuare (¢, = 20% . Onpegenure Maccy BOABI, KOTOPYIO HYHHO MCHA&-
PUTH JIJIf yBeNWYeHHUHA BIAAKHOCTH A0 (@, = 50% , ecnn obbeM KOMHATEI
V =40 m?, IlnoTHOCTs HACHIUEHHOTO Tapa BOAbl NMPH TeMIepaType
t =20 °C paBsa p, ,=1,73 - 10% gr/m3,

lnasa 11. KPATKHE HTOI'H

Mexay »KHJKOCTBIO M NAPOM, HaAXOAHILMUMCH Haj Heil, MO-
JKeT CYIeCTBOBATL AUMHAMIYECKOE paBHOBECHe, HPH KOTOPOM
qUCJIO MOJEKYJI, MOKUAAOIINX KHAKOCTE 34 HEKOTOpDOe Bpe-
M#i, PABHO YMCJY MOJIEKYJI, BO3BPALLIAIOIMXCH U3 1apa B uj-
KOCTH 3a To e Bpems#. [lap, HAXOAALIMICA B AHWHAMHYECKOM
PABHOBECHH CO CBOE JKHMAKOCTBHIO, HA3BLIBAIOT HACBIIEHHLIM.
JlaBneHue HACBILEHHOTO Iapa He 3aBHCUT 07T obbemMa w onpe-
JeJifieTCs TOJbKO TeMIlepaTypo.

HlnakocTs KMIOUT IPYU TeMneparype, Npy KOTOPOH aaBie-
HHEe HACBILEHHONO Napa B NY3IBIPAKAX CTAHOBUTCH DPABHEIM
OAaBJIeHHWIO B JKUAKOCTH. Yem Oonbllle BHELIHee JaBJieHue, TeM
BBILLIE TeMIIEpaTypa KWIIeHIS.

ATmocdepHBIH BO3AYX IpeacrapaseT coboil cMmecs pasnwd-
HBIX rasoR u BozasiHoro napa. Copep:ranue BOASHOIO Iapa
B BO3NyXe, T. €, BHAXKHOCTE BO3AYXA, XapaKTepUayT PAIoM
BeJIMYUH: A0CONOTHOI ¥ OTHOCUTEJIEHON BJIAMHOCTEIO, TIAPLIM-
anbHBIM JaBneHueM. [laBnenue, KOTOpoe ONpOH3BOANA OBl BO-
JAAHOK mnap, ecny Obl BCe OCTANBLHLIE Fa3bl OTCYTCTROBAJIM,
HA3BIBAOT NapHHaAIBHBIM JIaBJAeHHeM BoAAHOTro napa. OrHocH-
TeJBHON BJANHOCTHIO BO3JIYXA HA3BIBAKOT BHIPAMEHHOE B ITPO-
IIEHTaX OTHOIIeHHe TAaAPHHAJBHOr0 AABIA€HWHA BOOAHOTO ITapa,
COJICP3KALlerocs B BO3JyXe NpH JaHHOH TeMIeparype, K [aB-
JIEeHHI0 HACKLILNIEHHOI0 BOIAHOIO NMapa OpH TOH Ke TeMOepaTty-
pe. Bossinoe 3aHavenne MMeeT 3HAHHME BJAMHOCTH B MeTeopo-
JIOTMY JAJA TPeACKa3aHuH Torojibl.
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I'nmasa 12 TBEPJBIE TEJIA

Mgs1 KuMBEM Ha IOBEePXHOCTH TBEPAOro Tejpa —
3eMHOro 1Iapa, B JoMax, NOCTPOEHHBIX M3 TBEPJAbIX
Ten. Hame Teno, xors ov0 B cogep:xuT 65% Boaw
(moar — 80% ), Toke cuwmTanT TeEepabiM. Opyaus
TPYOa CcAeNaHbl U3 TBEepAbIX TeJl. 3HATH CBOMCTBA
TBEPABIX TeJI HeoOXoaumo.

§ 73 KPHUCTAJJIHYECKHE TEJA

TBepable Tena COXPaHSKT HE TOJBKO CBOH 00beM, Kak
JKUMKOCTH, HO B dopmy. OHM HAXOZATCA TPEeMMYIIECTBEHHO
B KPHUCTAJLJIMYECKOM COCTOSHWH.

Kpucmaanvt — 310 TBEpAbe TENA, ATOMB WJIH MOJEKYJIIEI
KOTOPBIX 3aHWMAaIOT OHpeAe/ieHHbIe, YIOPHAAOUYeHHBIE 1OJIoMKe-
HUA B HOpocTpaHcTBe. IloaToOMYy KPHCTANIBI HMEKT ILIOCKHE
rpanu. Hanpumep, KpynuHka oOLIYHOM NOBAPEHHOI CONH HMe-
eT IJIOCKHE I'paHM, COCTABIAWIIHE JpYyr ¢ APYyroM OpsMbie
yrasl (puc, 12.1). 3T0 MOMKHO 3aMETHTH, PACCMATPHBAaS COJIb
C IOMOILLIO JIVIIBl, A KaK reoMeTpuUuecKH npaBusibHa dopma
cueskuEKH! B Hell TakiKke oTpajkeHa reOMeTpUYECKas IPaBUilh-
HOCTHL BHYTPEHHEro CTPOeHWA KpPHCTANJIHMYEeCKOro TRBEPOoTo
Tena — apaa (puc. 12.2).

Auunzorponusa KpucTtayjnoB. ONHAKO NPABHIIBHAA BHEIUHAH
¢dopMa He eIMHCTBEHHOE U AK€ He CaAMOe TJIABHOe CJIe[CTBHEe
VIIOPAAOYEHHOTO CTPOSHHA KpUCTALIa. [naBHOEe — 3TO 3aA6U-
cuMocmb QuUIUNeCcKUX ceolicme Kpucmaana om 6wui0panHozo
68 Kpucmaane HanpaeaeHus.

Ilpexne Bcero GpocaeTcss B rnasa pasimy-
HAas MexaHHdYecKas IMMPOYHOCTE KPHCTAJIIOB
Mo pasHbiM HanpaBineHusaM. Hanpumep,
KYCOK CHIOAbl JIETKO PHACCJAUBAETCH B Of-
HOM W3 HAalpabBJeHHMHd Ha TOHKHEe INJACTHHKH
(puc. 12.3), HO pasopBaTh €ro B HAIpaBJe-
HUU, MNEPHNeHAUKVIAPHOM I[IJACTHHKAM, TO-
pasjio TpyiaHee. Tak e nerko pacc/lanBaeTcs
B OJHOM HANPaBie€HWH KpHCTann rpaduTa.
Korjga BeI nuilleTe KapaHAaliloMm, Takoe pac-

Puc. 12.1

CJoeHHe IIpOHCXOJHUT HelpepseIBHO H TOHKHe

Puc. 12.2




cioy rpacdhuTa ocTalTcd Ha Oymare.
3TO NPOHCXOOUT MOTOMY, YTO KPHCTAJ-
JIYecKas peilueTKka rpapura HUMeeT
crnoueTyio crpykrypy. Cnou obpasopa-
HbI PSJIOM HMAPAJLJIENIEHBIX CEeTOK, COCTO-
AIUX U3 ATOMOB yriepoga (puc. 12.4).
ATOMBI pacroyaralOTci B BepIUMHaX
NPABUILHBEIX [IECTUYTOABHUKOB. Pac-
CTOAHME MEMKAY CJAOAMM CPaBHUTEIBHO
BEJIMKO — HNpuMEepHOo B 2 pasza bonbille,
yeM JUTMHA CTOPOHBI MIECTUYTONBEHHUKA,
II03TOMY CBSA3HM MEXJY CJI0AMH MeHee
IIPOYHBI, Y€M CBA3H BHYTDHM HHX.

Muorue KpHCTaLnbl MNO-PasHoOMYy
NPOBOAAT TEILIO U 3JNEKTPUYECKHIH TOK
B pa3IMYHEIX HanpaBneHnsax. Or Ha-
IPaBJAEHUSA 3aBUCAT ¢ OITHYECKHE
CBOMCTBA KpUCTANIOB. TaK, KPHUCTAJLI
KBaplla IIO-Pa3sHOMY IIPeJIOMJIAEeT CBeT
B 3aBUCHMOCTH OT HAIDPABJICHUS I1aJa-
IOIIUX Ha HEero Jy4em.

3aBHUCHMOCTE (DU3MYECKMX CBOMCTB
OT HAUPABJEHWA BHYTPH KPHCTAJLIA
HA3BIBAIOT AHH30TpomMen. Bce Kpmuc-
TANNNYeCKHe TeJla AaHWU30TPOIHEL.

MoHOKpHCTANNEI M NOJHKPHCTAI-
abi. Kpucrannuyeckyrw  CTPYKTYPY
UMET MeTannabl. HMMeHHO MeTannl
IPEeUMYILeCTBEeHHO MCIIONh3YIOTCH B Ha-
cTosilee BpeMs AJISA M3IOTOBJIEHUS OpPY-
OW Tpyia, PasjiudHbIX MallliH ¥ MeXa-
HU3MOB.

Ecnu B3ATH CpaBENTENBHO OOJIBIION
KYCOK MeTaJlJla, TO HAa TIepPBbl B3IJISJ
ero KpUCTAIHYECKOE CTPOEHHE HUKAK
He ITPOABJSETCA HHM BO BHELIHEM BHje
3TOr0 KVYCKa, HU B ero (GusHyecKux
cBoicTBax. Merannikl B OOBIMHOM COCTO-
AHWUH He ODHaApPVYHKHBAKT AHHU30TPONHH,

Heno 3geck B TOM, 4YTO OOLIYMHO METAJLT COCTOMT U3 OrpoM-
HOI'0O KOJIMYeCTBa CPOCLIMXCH APYD ¢ APYIOM MAJEHBKHX KPIHC-
TaIMUKOB, [log MEKpPOCKOIIOM WM Jajke ¢ MOMOIIBIO JIVIIBI WX
HeTPYAHO PaccMOTpeTh, 0CODEHHO HA CBE}KeM HM3JIOMe MeTAJLIa
(puc. 12.5). CpoiicTBa KarxKJoro KpHCTAJLINKA 3aBUCAT OT Ha-
NpaB/eHNHd, HO KPUCTAJLINKYH OPHEHTHPOBAHBI 10 OTHOLUIEHHIO
APyT K Apyry OecriopsgouHo. B peayarrate B o0seMe, 3HAYNUTE-
JIBHO IpeBBIIIAIoIEeM 00beM OTAeNIbHBIX KPHCTAJLIMKOB, BCE
HalnpaBJeHUA BHYTPHM META/JIOB PABHOUpPABHBI M CBOMCTBA Me-
TANJOB OJMHAKOBBI II0 BCEM HAIpPABIEHUSM.
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Treppoe Teno, cocrosimiee U3 DONBIIONO YKUCHTa MAJIEHBKUX
KPHUCTAILIHKOB, HA3BIBAKT noaukpucmanauveckum. Omuaoqd-
Hble KPHUCTANILI HA3bIBAIOT MOHOKPUCMAAIAMU.

Cobuonast 6onsiine NpeaocTOPOIHOCTH, MOMKHO BRIPACTHUTD
MeTANNIMYeCKH I KpuCTaAn 00JBIOUX pasMepoBR — MOHOKPHC-
TaJLJI.

B OOBI9HEIX yCHOBNAX NOMMKPHCTALIHYECKOE Telo obpasy-
€TCH B Pe3yJIbTATe TOr0, YTO HAYMABIIMHCH POCT MHOIMX KpHC-
TAJIIOB NPOAOJDKAeTCH A0 TeX I0p, NOKA OHH He IIPHXOIAT
B COINTPMKOCHOBEHHE JDPYr ¢ APYroM, oDpasys eguHOe TeJo.

K nmomukpucTan/iaM OTHOCATCH He TONbKO MmeTawibl. Ky-
COK caxapa, Hanpumep, TAKKe UMeeT MOJHKPUCTAIIHYECKYIO

CTPYVETYPY.

BonsmmHCTBO KpUCTANLIMYECKMX TeJl — MOJHKPHCTAJIIE,
TAK KaK OHM COCTOAT U3 MHOMECTBa CPOCIIMXCH KPHUCTAJLIOB.
OnuHOUHBIE KPHCTAABI — MOHOKPHCTAJIBI HMEKT IIPaBMIIb-
HYI0 reoMeTpHYecKy (popMy, M HUX CBOHCTBa pas/iMYHBI 1O
pasHBIM HanpapjgeHusM (aHW30TPOIMsi).

e 1. Bce nM xpMcTannuyeckwe Tena aHM3OTPONHLI!

? 1. [pesecnHa aHM30TpPONHA. ABNRETCS NM OHA KPHCTaNNMHYECHMM Te-

) nom!

3. MNpueepyte nNpHmepbl MOHOKPHCTANNMMECKMX M NONMKPHCTanNMye-
CKMX Tefi, He YNOMSHYTbLIX B TEKCTE.

§74 AMOP®HBIE TEJIA

He Bce TBepabie Tena — KpucTannbl., CylecTByeT MHOMKe-
ctBo amophHBIX! Ten. YeM OHM OTJIHYAIOTCH OT KPHCTALIOB?

¥ amMopdHBIX TeJ HeT CTPOroro mopsjiKa B PACIIONOIKEHUH
aromoB. Tonbko GmmKaillime aTOMbI-COCEIM PACHOJIAT&I0TCH
B HeKoTopoMm nopsake. Ho crporoili moBTOpSEeMOCTH IO BCEM
HAIpaBJAeHUAM OJHOTO ¥ TOIO e 3JIeMEeHTa CTPYKTVYPhbl, KOTO-
pasg XapakTepHa JIS KPMCTAIJIOB, B aMOp(HBIX Tejgax HeT.

ITo pacniono»eHu aTOMOB M ITO0 UX NOBEJEHUK aMopdHbIe
TeJa AHAJNOIMYHBLI MHUIKOCTAM.

YacTo OMHO M TO K€ BEIeCTBO MOMET HaXOIUThCH Kak
B KPHCTAJNIMYECKOM, TaKk ¥ B amopthHOM coctosiEum. Hanpu-
mep, kBapi Si0, MoxeT GLITh KAK B KPUCTAIJIMYECKOM, TaK M
B amopdHOi dopme (kpemuesem). Kpucrammmueckyio dopmy
KBAapIa CXeMaTu4YeCcKH MOXKHO MpeJCTaBUTL B BHJIE PEIIeTKH
M3 TIPABUJIBHBIX HIeCTHYTonpHUKOB (puc. 12.6, a). Avophrasn
CTPYKTYPa KBapla TaK)ke WMeeT BHWJ peleTKHd, HO Henpa-
BunbHOM Gopmel. Hapsaay ¢ mectuyroibHUKaMM B Hell BCTpe-
YaTCHA NATH- U ceMuyronbHukn (puc. 12.6, 6).

1
Ot rpeweckorce «mopes — (POpMA M HACTHIBI ¢8», MMELIel cMbica
OTPHIANIIH.

205



Puc. 12.6 a 6

CpolictBa amophusix Ten. Bece amopdHbie Tena u3oTpon-
Hbl, T. €. UX (pU3HYeCKUEe CBOHCTBA OOMHAKOBBLI 110 BCEM Ha-
npasjedsnaM. K amophHBIM TenaM OTHOCATCHA CTeKJIO, CMOJia,
KaHu(onb, caxapHblil JefeHeln N Jap.

ITpm BHEIIHMX BO3/IEHCTBAAX aMOp(hHBIEe Tena o0HapyKHBa-
HOT OJHOBpPEMEHHO VIIpYrHe CBOHCTBa, M10/100HO TBEpAbiM Te-
JiaM, ¥ TeKy4YeCThb, nogobHo xuakoctu. Tak, npm KparxKoBpe-
MEeHHBIX BO3aeHcTBMAX (yaapax) oHM BenyT cebs Kak TBRepAble
Tenda W [IPU CHJILHOM yAape packaisiBanTes Ha Kyveku. Ho npn
OY€Hb NPOAOIIKATENBHOM BO3JEHCTBHH aMOpP(hHEIE Tejia TeKYT.
B 3ToM BEI MOXeTe yOeIMTECS CaMU, eclly 3anaceTech TepreHH-
em. IIpocnenure 3a KYCKOM CMOJIBI, KOTODBIHA JICUT HA TBEp-
noi nmoepxHoceTH. IlocTenenHo cmona No HeM pacrexkaercs, H,
yeM BbILLE TeMIIepaTypa CcMoJikl, TeMm OuicTpee 370 NPOUCXOANT.

ATOMBI MJIH MOJIEKYIIEI aMOP(VHBIX TeJsl, IMOA0OHO MOJEKY-
JIaM JKHJAKOCTHM, HMET ONpeje/leHHOe BPeMH «0CelNoil HHU3-
HI» — BpeMf KoJeDaAHHME OKOJIO NOJIoMeHusa pasHosecusi. Ho
B OTAHYHE OT JKHUAKOCTEeH 3T0O BpeMsi ¥ HUX BecbMa BEJIMKO.

Tar, nus Bapa npu t = 20 “C Bpems «ocenoi »MHU3HU» MIPK-
mepro 0,1 ¢. B srom orHomeHnu amopdHbie Tena OAM3KH K
KPHCTAIUIMUYECKHM, TAK KAK INepecKoKH aToMOB U3 OLHOr0 MoJio-
JKEHNA PABHOBECHUSA B JIPYTO€ HPOUCKOAT CPABHUTENLHO PEAKO.

AMophHBIe Tena TpHM HUBKHX TeMreparypax I10 CBOMM
CBOMCTBAM HAIMOMHWHAKT TBEPAbIe TeJa. TeKy49eCcTsH) OHHM IO4-
TH He 00J8A810T, HO [0 Mepe MOBLIILEHMS TeMIIEepPATVPbI HO-
CTENEeHHO PAa3MArdapTes W WX CBoHcTBa Bee Donee m Gosee
npuOIHIKAXTCH K CBOMCTBAM JMXWJKOCTEH. ITO IPOHUCXOLHT
MIOTOMY, 4YTO € POCTOM TeMiepaTrypbl MOCTENeHHO y4YamaiTcs
NepecKoOKY aTOMOB M3 OJHOI'O LOJIOMNKEHNS PABHOBECHS B JIPV-
roe. OnpedeseHHolt memnepamypsbl NAA6JA€HUA ¥ BMOPHHBIX
TeJ, B OTJIUYME OT KPUCTAIJIMYECKHX, HeT.

sHEunxkue kpucrannsl. B npupose BeTpeualoTes BelllecTBa,
obynajamolye OAHOBPEMEHHO OCHOBHBIME CBOHCTBAMM KpHC-
TANNA U KMUIKOCTH, & MMEHHO 8HUIOTPOIHEH M TeKYYeCThIo.
Taxkoe cocTOAHWE BENECTBA HAZBIBACTCA MUJKOKPUCMALLUYE-
ckum. HMIKUMH KPMCTAINJAMH ABIAOTCH B OCHOBHOM OpPra-
HYECKHEe BellecTBa, MOJEKYIkl KOTOPBIX HMEIT [AJHHHYIO
HUTeBUAHYKO Gopmy unu PopMy INOCKHX NIACTHH,
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Paccevmorpum Haubomnee 1mpocToll cnyyai, Korjga KHUAKWH
KpHCTAJLI 00pasyercs HUTEeBMIHBIMHA MOJEKYJaaMH., 3TH MOJe-
KVJBI PACIOJIOKEHB! MapajuiesibHO APYI ApyTry, olHaKo Gecro-
PANOYHO CABHHYTHI, T. €. NOPSZOK, B OTJNYHE OT OOBIMHBIX
KPHCTAJLIOB, CVILECTBYET TONBKO B OJHOM HANDPABICHWH.

IIpy TenJIOBOM ABHIXKEHHWM LEHTPHI 3THX MOJEKYJ JBHIKYT-
Cs XA0THYECKH, OJAHAKO OPHMEeHTALUA MOJIEKYJ He H3MEeHAeT A,
¥ OHM OCTAXTCHA napasnenbHbsl camum cebe. Crporas opuen-
TAaMA MOJIEKYJ CyllecTByeT He BO BceM obbeme KpucTasd,
a B Hebonpmmmx obnacTax, HA3EIBaeMbIX JoMeHamu. Ha rpanu-
Ile JOMEHOB MPOHCXOAWT MNPETOMJIEHHe H OTpajkeHHe CBeTH,
O3TOMY JKHMAKHE KPUCTAJUIBLI Hemnpoapaunwl. OpaHako B cloe
MMHAKOTO KpHCTAJIIA, NOMEI[EHHOM MEeXAy IABVMA TOHKUMH
IJlacTuHaAM#, paccroaaus memxay Koropeimd 0,01—0,1 MM,
¢ mapajgnensHeIMU yrayoneruamu 10—100 Bm, BCe Mosexy-
Ael OyayT napajiienbHbl W KPUCTAJLT CTAHET IpPO3pauHBIM.
Ecnu Ha KaKMe-TO yHacTKH MHAAKON0 KPMCTAaJJIa MMOJaTh 3JeK-
TPHYECKOEe HAINPAIKEHHE, TO XHAKOKPHCTAANHYECKOE COCTOS-
HYEe HapyHiaeTcs. JOTH YYaCTKM CTAHOBATCH HENPO3PAYHBIMH
¥ HAYMHAKT CBETHUTHCSH, 4 YYaCcTKM 6es HanpsKeHus oCTanTcs
TEMHBIMH. OTO SBJI€HHE HCNOJB3YeTCHA MPH CO3JIaHUM HUWJ-
KOKPHCTANNHYECKUX SKPAHOB TeneBU30poB. Hy»HO oOTMe-
THTh, YTO CAM 3KPaH COCTOHUT M3 OIPOMHOIQ YMCIA 3JTeMEeHTOB
M 2JIEKTPOHHASA CXeMa YIpaBjeHUA TAKHMM 3KPaHoM 4Ype3Bbl-
YallHO CJIOMHA.

duszukra TBEpAOro rena. YesnoseuecTBO BCerja HUCITOJAL30BA-
10 1 OyaeT UCHnoJab3oBaTh TBepanie Tena. Ho ecoin panbine ¢ghwu-
3MKAa TBEPAOTO TeJIa OTCTABANA OT PA3BUTHA TEXHOJIOIHH, OCHO-
BAHHOM Ha HeENOCpeICTBEHHOM ONLITEe, TO TEeHeph NOJOXKeHUe
H3MEeHHJIOCh. TeopeTHYeCK e UCCIeJOBAENS NPUBOLAT K CO3Ia-
HUIO TBEPJBIX TEJ, CBOWCTBA KOTOPBIX COBEPILIEHHO HeOOLIUHEI.

Ilonyunte Taxkme Tena meroaom npobd u ommnbor ObIO OBI
HeBo3MOkHO. CoznaHmne TPaH3WCTOPOB, O KOTOPLIX IOUAET
pedYb B JajbHeNlIeM, — SAPKHK NpUMEp TOI0, KAK IMOHUMAHUE
CTPYKTYPBI TBEPABIX Te€J NPHMBEJO K PEeBOJIOIIMM BO BCeH pa-
IMOTEXHHUKE.

IMonyuenue MarTepuasoB € 3aJaHHEIMU MEXAaHHYECKHMMU,
MATHUTHBIMU, BDJEKTPHYECKHMMH M JAPYIHMM CBOHCTBEMH —
OlHO W3 OCHOBHBIX HANPABJIEHMM COBPEMEHHOHN (DH3NKH TBEp-
noro Tena. llpumepHO mnonoBMHA (DUB3UKOB Mupa paboTaioT
ceifac B 910l obnactu (pusmKU.

AmopdHbe Tena 3aHHMAKIT NPOMEKYTOUHOE I0JI0MHeHHne
MeNAY KPUCTANIMYECKMMH TBEDALIMH TeJAMH H MHIKOCTS-
MH. FIX aToMBl HUTH MOJIEKYJIbl PACTIONATAIOTCH B OTHOCHTE I b-
HOM nopsajake. [ToHuMaHne CTPYKTYPEI TBEPALIX Ten {KpHCTaJ-
JAYECKAX U aMOpP(HBIX) MNO3BOJISET CO3JABATE MATEPHAJLI
C 3a/laHHBIMH CBOWMCTBAMM.
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1. Hem ormuuaioTcR amopdHbie Tena oOT KpHCTannMYecHmx!

,: 1. MpueepyTe NpHMepbl amopdHbiX Ten.
¥ 3. Boswuxna nu Gui npodeccus crexnopyma, ecny 6ui crekno Gemno

HPMCTANNHYECHHM TenoMm, a8 He amophdHuiml

I'masa 12. KPATKHE HTOI'H

Teepible Tena NPeUMYIIeCTBEeHHO HAX0OAATCA B KPHUCTAJITH-
yeCKOM coctoAnuyM. Kpucraniabl aHU30TpOIHLBI; 3TO O3HaYaer,
uyT0 (PU3HUYECKHEe CBOMCTBA KPHUCTAJJIOB 3aBUCHAT OT BhIOpaHHO-
T0 HalpaBJIEeHMH.

¥V amophHBIX Tel, B OTJIMYNE OT KPHUCTAJJIOB, HET CTPOroro
Nop#HJIKa B pacnoyioxernun atomMoB. [Ipn HUBKHX TeMiiepaTypax
amopdHbBIe Tena Mo CBOMM CBOMCTBAM HANOMHHAIOT TBeEpAble
Tena, 4 TPHd BBICOKMX — T0H00HLI OYEeHb BA3SKUM JKHUJKOCTAM,

T'nasa 13 OCHOBBI TEPMOJJMHAMHUKH

TennoBble ABIEHUS MOXKHO ONMCHIBATH € MOMO-
MIBI0 BeNWYWUH (MaxkpoCKONMYECKHX apaMeTpos),
PErHCTPUPYEMBIX TAKUMH NIpubopaMy, Kak MaHO-
METP U TeEpMOMeTp. T npubopkl HEe pearupyoT Ha
BO3JIe¥ICTBHEe OTAeNbHBIX Monexkyn. Teopus Tenuo-
BBIX IIPOLIECCOB, B KOTOPOH HE YYMTHIBAETCS MOJIe-
KYJIfADHOE® CTPOeHHE Tesi, Ha3blBaeTCHs TEepMOAHHA-
MuKoil. Ee M1 OyzeM may4daTh B 3TOM riase.

§ 75 BHYTPEHHASA OHEPI'HA

TepmoamuamMmuka Opl1a coszjasa B cepeauHe XIX B. mocae
OTKPLITHS 3aKOHA COXpaHeHWs 3Hepruu. B ee ocHOBe JEKUT
MOHATHE 8HYymMperHsAs aHepeun. C Hero mel U HayHeM. IIpen-
BAPUTENLHO OCTAHOBHMCS HA BOIPOCE O TOM, KaKas CBA3bL CV-
I[ECTBYET MeXAY TePMOAMHAMMKON M MOJIEKYISPHO-KMHETH-
JeCKOH Teopueii,

TepMoguHaMHKa W CTAaTHCTHYeCKas mexammiea. llepsoit
HAYYHOIl TeopHel TemJIOBBIX MPOIECCOB Dbia HE MOJERYyNAp-
HO-KMHeTHYecKas Teopus, a tepmoamHamMuKka. OHa BO3HHKIA
Npy M3VYEHUH ONTUMAJNBLHBIX YCJIOBUU HCIIOJB30BAHUA TEILJIO-
Thl AJA coBepiueHus paboTel. JTO MPOM30LLIIO B CEpegHHEe
XIX B., 330/Ir0 A0 TOro, KaK MOJEKYNAPHO-KHHETHYeCKan
TEOPHA IOJIyYMJIa Bceoblijee npusHaHKe.

Celtgyac B HAYKe U TEXHHKE OPH U3YUYEHHMH TEIJIOBBEIX SBJE-
HHH MCOOAB3YVIOTCH KAK TEPMOAMHAMHMKA, TAK W MOJIEKYIAP-
HO-KNHeTHYecKas Teopus. B Teoperuyeckoll (pU3nKe MOJIEKY-
NAPHO-KWHETHYECKYI) TEOPHWIO HA3BIBAIOT CMAMUCIUYECKOl

208



Mexanuroii. TepMoguHAMUKA W CTATHCTUYECKAS MEXAHUKA
M3yUaT PA3NHYHLIMM METONAaMH OIHW M Te IKe SABJIEHHS M
B3AMMHO JIONOJIHAKT APYI OPVIa,

I'naeHoe codepicanue mepmoduHaMukKu cocmoum 8 06yx
OCHOBHBIX €€ 3AKOHAX, KACAWUXCA NOBCOCHUR IHep2UL. ITH
3aKOHBI YCTAHOBJAEHBI ONBITHBIM nyTeMm. OHU cnpaBennuBH
IJIfi BCEX BEIeCTB HE3aBHMCHUMO OT MX BHYTPEHHEr0 CTPOEHUA.

Crarucrnueckas mexanuka bonee roybokas v TouHas Hay-
Ka, YeM TepMOAMHAMHUKA, HO 1 Dojnee cinoxxuas., K Hell npube-
ra0T B TEX CIyYasX, KOrfla npocThieé COOTHOLIEeHUA TepMOiu-
HAMWKW OKAa3bIBAIOTCH HEJOCTATOYHBIMH A5 OO0bICHEHHS
HabnwopaeMbIX SABJIeHHH.

BHYTpeHHAN 3HEPIrHA B MOJIEKYIADPHO-KMHETHYECKOH Teo-
pun. B cepenune XIX B. Onljio nOoKazaHO, YTO HAPAY € MeXxa-
HAYECKOH 3HEPrueil MaKpOCKOoInYeCcKwe Tena o0namarnT emie
U 3Heprueil, 3aKJIIYEeHHON BHYTDH CAMHUX TeJl. ITA 6HYMpPEH-
HAA FHepzus BXOoANT B DanaHc sHepreTHYeCKHX IpeBpalleHui
B npupoje. [locne oTKphITHA BHYTPeHHEH aHepruu Ob1n cdop-
MYJIMPOBAH 3AKOH COXPAHEeHUR U NPeepauieHuUn IHepzuu.

YTto TaKOe BHYTPEHHSA SHEPrus?

Korpa cronp3Aaiias o abay inaiba ocTaHaBIHBaeTCH IOJ
OeMCTBHEeM CHJIbl TPEHHH, TO ee MexaHudeckas (KuHerHue-
CKasf) 3HEeprus He NPoCcTO ucuyesaer, a nepepaercs dbecnopsioy-
HO JABIDKVIIMMCH MOJIEKYJIAM JbJIA B mauosl. HepoBrOCTH 1M0-
BEPXHOCTEH TPVIIHXCHA Tell AehOpMHUDPYIOTCA NPH ABHIMKEHHUH,
¥ HHTEeHCMBHOCTEL DeCcrops/loMHOr0 ABUEHUA MOJIEKYJl BO3pa-
ctaeT. O0a Tena HArpeBawTCH, YTO ¥ O3HAYAET YBEJIHUUEHHE UX
BHYTPEHHEN 3HEPrum.

Hetpynro mabnwgate u oOpaTHBIM nepexoji BHYTPEHHEeH
3HEepruu B MexaHW4Yeckylo. Eciiy Harpesare BOAY B npobupke,
3aKpPBRITOM DpobKOi, TO BHYTPEHHAA SHEPrUA BOIbl 1 BHYTDEH-
HSifl 3HepPrus napa Ha4YHYT Bo3pacTtaTh. laBneHme mnapa yee-
JMYUTCH HACTONBKO, 4TO npobxa Oyaer BeiObuTa. KuHeTnue-
CKas oJHeprus nNpoOKM VyBeJIHYUTCA 3a CYeT BHYTpPEHHeH
aHepruu napa. Paciuupsisick, BOASIHOH nap copepiuaer paborty
1 oxJiaykaaeTcsi. Ero BHYTPeHHAS 3HEPTHA [PH 9TOM YMEHb-
IIIAeTCH.

C ToOuKM 3peHHA MOJEKYJAPHO-KMHETHYEeCKOM Teopnuu
BHYTDEHHAS JHEPIrus MAaKpPOCKOINHYECKOTo TeJjia paBHA CyMMe
KHMHETHYECKHX 3HEePruil 0ecrnopaioyHoro JABMIKEHH BCEX MO-
Jeryn (MM aTOMOB) TeJa H NOTEeHIMAJLHBIX 3HEPruy B3aM-
MOAEHCTBHA BCEX MOJICKYJI OAPYT ¢ ApYyroMm (HO He ¢ MoJieKyJa-
MH JPYIrHX TeJ).

BoiuycinuTs BHYTPEHHIOK SHEPruil Tena (MIH ee u3MeHe-
HYe), VIUTRIBAS ABUIKEHHE OTAeJNbHbIX MOJIEKYJ W UX II0JIO-
JKEeHUS OTHOCHMTENBHO APYI JApyra, OPaKTU4YeCKM HEeBOBMOMHO
M3-3a OUPOMHOT0 YHCJA MOJEKVJ B MAKPOCKOITUYECKHX TeNlax.
ITosToMy HeobxXoMMO yMeTH OITPEeAesiaATh 3HAUeHHe BHYTPeH-
Hell sHepruM (Man ee M3MEHEeHMHE) B 3aBUCHMOCTH OT MAaKpPOo-
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CKONHYECKHX MapaMeTpoB, KOTOPbLIE MOMHO HEMOCPENCTBEHHO
HU3MEpHUTh.

BuyTpeHHSIA 3JHEPrud MISAJBHOr0 OHOATOMHOTO rasa.
Hawubosnee npocT 1Mo CBOMM CBOMCTBAM OJIHOATOMHEIN Ta3, COCTO-
AU M3 OT/eJIbHBIX ATOMOB, a4 He MoJeKyJi. OHOaTOMHBLIMHA
ABISKOTCA WHEPTHBIE rasbl — I'eJiMii, HeOH, aprod ¥ ap. Beiuuc-
JUM BHYTPEHHIOK 3HEPrvi HISALHOTO OJHOATOMHOIO rasa.

Taxk Kax MOJIEKYJIBl UACANBHOTO I'a3a He B3aUuMOAESHCTBYIOT
IpYyr ¢ IPYroM, TO MX HNOTEHIMAJLHAA IHEPrUS PABHA HYJIIO.
Bcsas BHYTpPeHHAS JHEPrusi WIealibHOI'O Tas3a OIlpelesisiercs
KMHETHYeCKON 3Hepruer OecrnopajodyHOro OBMIKEHHA €ro mo-
JeKyII.

Insi BRIYMCYIEHUS BHYTPEHHEH BHEepPruy HAeaJbHOro OILHO-
ATOMHOI'O T'a3a MAacCOM /M HYKHO YMHOMKHWUTEH CPeIHIOK) KHHEeTH-
YeCKYI0 8HEepPruio OgHOrO aToMa Ha YMCJI0 aTOMOB . ¥ YMThIBaH,
yro kN, = R, nonyuum ¢dopMyay A8 BHYTPEHHEH B3HEPruu
HJiealbHOTO rasa:

_3m
U=3 4 BT. (13.1)

Bayrpennsaa 3Hepruf MAEaNBHOIO OJAHOATOMHOIO Trasa
NPpAMO IMPONOPIHOHAILHA ero alCoMITHOH TeMmIepaTtype.

Ona He 3aBHCHUT OT 0o0BEMA U JPYIHX MaKPOCKOIIHYECKNX
apaMeTpPoOB CHCTEMBI.

HameHeHne BHYTPEHHEH SHEPruM HOEANTBHOTO Ias3a pPaBHO

AU = % %R (T, — T,), T. e. onipepensAeTca TeMuepaTypaMy Ha-

YaJILHOTO U KOHEYHOI'0 COCTOSAHUH rasa ¥ He 3aBHCHT OT IIPO-
1ecca.

Ecnu wmpeaspHBIM ras cocTouT M3 Oonee CHNOKHBIX MoJie-
KYJI, YeM OJHOATOMHBIH, TO €ro BHYTPEHHSAA JHEpPrus TaKiKe
NPONOPIMOHANEHA abCONMITHOI TeMIleparype, HO Koadupuiiu-
eHT nponopunoHansrocTH Mexxny U u T ppyroii, ObbacHseT-
CH 2TO TeM, 4YTO CJIOMHbI€ MOJIEKYJIkI HE TOJIBKO O8UNYMCH
nocmynamenbHo, HO U epawjawomcs. BAEyTpeHHAS SHeprus
TAKHX IasoB paBHA CyMMe 9HEpPrHi MOCTYNAaTEeNbHOr0 U Bpa-
[IATEJTBHOTO IBUMKEHMN MOJIeKYJII.

3aBHCHUMOCTE BHYTPEHHEH JHEPruM OT MAKPOCKONHYECKHX
napaMeTpoB. MEI YCTAHOBWUJIM, YTO BHYTDEHHASA SHEPIUs He-
aJBHOrO rasa 3aBMCHT OT OJHOI'O NTapaMeTpa — TeMIIePATYPhI.
Ot o6beMa BEYTpPEHHAN SHEPrus HACAJLHOIO rasa He 3aBHCHT
OOTOMY, YTO TOTEHOHAJLHAS OJHEPrus B3aMMOIAEHCTBHA ero
MOJIEKYJI PABHA HYJ.

Y peanbHBIX rasoB, KHUAKOCTEN W TBepABLIX TeJl CPeJHASA
MOTeHUHANBHAA BHEPruf B3aUMOJIENCTBHH MOJEKYJ He pasHa
Hynw. IlpaBna, Anst ra3oB OHA MHOIO MeHbIlE CpeiHEH KHHe-
THYECKOH 3HEPIHy MOJEKYJ, HO NJIS TREPABIX M KHIKUX TeJl
CpaBHUMA C HEeM.
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Cpeansas NoTeHLMabHas SHEePrus B3aMMOACHCTBUH MOJe-
KYJT rasa 3aBMCHUT OT o0’beMa BellecTBa, TAK KaK I[IPH u3MeHe-
HIH 00beMa MEeHSETCH CpeJlHee PACCTOSAHUE Med(ly MOJeKyJia-
vy, CrnegoBaTeslbHO, SHYMPEHHAA IHEPZUA PEANbHO20 zasld
8 mepmodunamuke 6 obwen cayiae 3asucum, Hapady ¢ mem-
nepamypoit T, u om ob6zema V.

3HaueHnd MAKPOCKOIHYECKHX napaMeTrpoB (Temuepary-
pet T, obpema V u n1p.) OJHOBHAYHO OIIPENENSIOT COCTOAHHE
Ten. Iloaromy OHW OoOnmpenensitoT U BHYTPEHHIOK 3HEPI'HIO0 MaK-
POCKOIIMYECKMX TeJl.

Buyrpenusa sHeprua U MaKpOCKOIHMYECKHX TeJl OfHO-
3HAYHO OIpeJlesifAeTcs MapaMeTpaMi, XapaKTepHU3YIoIIMI co-
CTOSSHUE 3THX TeN: TeMHnepaTypod u obnemom.

B ocHOBe TepMOAMHAMMKH JIEIKHUT MOHATHE BHYTPEHHEH
PHEePruy. Jra SHepPrus 3ABHCUT OT MAKPOCKONHYeCKMX Mapa-
METpPOB: TeMmnepaTypsl u obbeMma.

BuyrpeHHsisi oHepras MAEANBHOrNO rasa npAMo IPonoprHo-
HanbHAa ero abCosoTHOW TeMneparype.

5 1. MpuBegure NPMMepPhl NPEBPAULEHMA MEXAHMYECKOM 3HEpPrHM BO
) BHYTPeHHIoI 4 oBpaTHo B TexHwKe M Guity.

e O7 KaKmx (PHIMMECKMX BENMNMH JABHCHT BHYTPEHHAR 3HEprvAa Tena!
Yemy paBHa BHYTPEHHAR JIHEPTHA MOE3NLHOro OfJHOATOMHOTO
rasal

ol o

§ 76 PABOTA B TEPMOINHAMMWKE

B peayianTaTe KAKHUX IIPOIECCOB MOXKET MEHSATHCH BHYT-
peHHsAA oHeprusa? Bel yiKe 3HaeTe, 9TO €CTh [IBa BHA TAKHX
nponeccos: coBepiieHue paborbkl ¥ Teruonepenada. Haunem
¢ paborer, HeMy oHa paBHa NpPH CATHH W PaACHIMPEHNH rasa
1 OAPpYyTruX Tesi?

PabGora B Mexauuke u TepmoanHavmuke. B mexanurxe pabo-
TA OHNpefeNsercs Kak Mporu3BeieHe MOAYIA CUTbl, MOV me-
PEMELIEHNA TOYKH €€ TPHUJIOMKEeHHUd M KOCHHYCA yIyla MeMxny
HuMu. [Ipu geiicTBuM CHJIBL HA JBHIKYLIeecs TeJjio pabora pas-
HAa N3MEHEHHIO er0 KHHeTHYeCKON 3Hepru#.

B mepmodunamurxe JBUIKEHHE Tejlla Kak [leJloro He pac-
CMATPUBAETCH, peYbh WIAET O TepeMeIneHuH YacTeill Makpo-
CKONUYPCKOTO Tena JAPYr OTHOCUTEeNIBRHO Jpyra. B peayantate
MOKeT MEHATLCA O0BeM Temna, & ero CKOpoCTh OCTAETCHA pas-
"ol Hymo. Pabora B TepMoO/iMHEMHKE ONpEeAesifgeTcsa TaK iKe,
KaK ¥ B MeXAHHMKE, HO OHA pABHA HE W3MEHEHWID KHHeTHYe-
CKOIl aHepruy Tesa, a N3MEeHEHHHK €0 BHYTpeHHell sHepruu.

Hamenenue BHYTpPeHHeH JHEPrHH MNpH coBepiieHWH pabo-
Tel. IloueMy 1py CHATHW UM paAcHIMpPEeHHH Tejla MEeHAETCH
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ero BHyTpeHHsa sHeprus Tena? Ilouemy, B yacTHOCTH, Harpe-
BAETCH BOZNVX NPH HAKAYMBAHUM BEJOCHUTIEIHOM IIMHBIT

IlpyunHa M3MEHEHUA TEMIIEPATYPhl Taza B IIPOILIECCe €ro
CHKATHSH COCTOWT B CHEAVIONIEM: NpU Ynpyzux coydapeHusax
MONCKYN 2030 € JBUMYUUMCA NOPULHEM USMEHACTCA UX KU-
Hemuveckas snepezun. Tak, npu ABMIKEHNH HABCTPedy MOJe-
KyJiaM ra3a TOpHIeHb BO BPEMS CTOJKHOBEHHIM IepefaeT UM
YACThL CBOEH MeXaHNYeCKOl SHepruu, B pe3y/ILTATEe 4Yero ras
Harpesaetrca. llopmess pgeucrByer mnonobHo @yrdomucty,
BCTpeyawllemMy Jaersiuit mad ygapom Horud. Hora coobujaer
MAYY CKOPOCTb, 3HAYMTENbHO BOJBINYIO TOH, KOTOPOH oH 06-
nanan mno vaapa.

W maobopor, ecnu ras paciiupsieTcs, TO II0CJIE CTOJKHOBE-
HHUHA C VAAASIIUMCSH OOPITHEM CKOPOCTH MOJIeKYJl YMeHbIIa-
TCH, B pe3ayabTaTe 4yero ras oxnakaaerca. Tax ke geiicTByeT
u dyrbonueTr, ANA TOro wTodbl YME@HLITHTE CKOPOCTE JIeTAIIe-
ro Ms4a WM OCTAHOBHTH €ro, — HoOra (pyrdosmcra ABUIKETCH
oT MfYa, Kak Obl yeTynas emy JOpory.

IIpu cxxarnm wim paciIUpeHHH MEHSETCHA W CPeaHsAs Io-
TeHIHa/JhHas DHEPruf B3aUMOJEHCTBHA WMOJIEKYJ, TaKk Kak
IIPpY 3TOM MEHSAEeTCH cpe/iHee pacCTOAHHE MEXIY MOJEeKYJIaMH.

Beraucnenne pabdorsl. Brrauc-
JuM paboTy B 3aBHCHMOCTH OT
u3MeHeHus oOmeMa Ha npHMepe
rasa B IMWIHHJAPE 1I0JA IIOPIIHEM
(puc. 13.1). IIpome Bcero BHauale

b
BBIYHCJIWUTE He pabotry cunsr F, neii-
CTBYIOIIIEH Ha ras cO0 CTOPOHHI
BHeIlHero Tena (mopuiHs), a pabo-
Ty, KOTOPYIO COBEpIIAaeT CWJia JaB-
JIeHUA rasa, AefiCTBYA HA IOpPINeHb

¢ cunoin F'. CorsiacHo TperseMy 3a-
_+

>
Koy Hgeiorora F =-F'. Moaynb
Puc. 13.1 CHJIBbl, AEWCTBYIOMIEH €O CTOPOHBI

raga Ha IopiueHb, pasen F' = pS,
rjie p — JAaBjieHHe rasa, a S — mIouagk NOBEPXHOCTH [IOp-
mHa., Ilyers raz pacmupsiercss u300apHO M HOOPIIEHb CMe-

g
inaeTcs B HaNOpapieHUM cunsl F' Ha Manoe paccTosiHHe
Ah = h, — h,. Tax rax paBieHuWe rasa NOCTOSSHHO, TO pabora
rasa pasHa:

A’'= F'Ah =pS (h, — h)) =p (Sh, — Sh)). (13.2)
ITy paboTy MOMHO BHIpasuTh dYepe3 HM3MeHeHue o6bema

raza. Hauaneuseiit ero obwsem V, = Sh,, a woreunwmit V, = Sh,.
IToaromy

A'=p (V- V,) = pAvV, (13.3)
rne AV=V, -V, — uamenenue ob6pemMa rasa.
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Ilpn paciuuMpeHrur ras coBepliaeTr
MONOXKUTENbHYIO paboTy, TAK Kak Ha-
IMpaBJeHHe CUJIBI M Halpas/leHue 1mnepe-
MEINEeHHUsA MOPIIHA COBIAIAOT.

Ecim ras coxmMaeTcs, TO (hopmyJia
(13.3) pnsa paboTel raza ocTAETCA CIIpa-
BepnuBoi. Ho rteneps V,<V,, m mno-
stomy A’ <0 (puc. 13.2).

Pabora A, cosepiiaeMas BHEIIHU-
MH TelaMH HajJ rasoM, OTJIUYaeTcHd
oT paboTel caMoro rasa A’ TOJbLKO 3HAa-

-
Kom: A =—-A’', Tak Kak cuna F, gedcrt-
BYIOIIAA HA Ta3, HanpasJieHA NPOTHB
.

Ah

Puc. 13.2

cunesl F’, a nepemMenieHue NMOPILUHA OCTAETCH TEM e CaMBbIM.
Ilosromy pabora BHEIIHUX CUJI, AeMCTBYIOIIUX HA ras, pasHa:

A=-A"=—pAV.| (18.4)

IIpu cxkatuum rasa, korgma AV =V, -V, <0, pabora BHewi-
Hell CHILI OKAa3BIBAGTCH IOJIOMUTENBHON. TaK W JOJDKHO
OBITH: NpPM CIKATHMH rasa HANOPABJIEHHSA CHILI W IIepeMeljeHns
TOYKH €€ TIPUIOXKEHNs COBIALAIOT.

Ecimn paBnenue He IOAJEPIKUBATH HNOCTOSHHBIM, TO IIPpH
pacilMpeHUY a3 TEePHAET YHEPrui) U MEepeliaeT ee OKPVIKalo-
OIUEM TejlaM: NOAHUMAIOIIeMyCcs NMOPIIHI0, BO3AVXY U T. /1. I'as
npy 3ToMm oxJgaxiuaercda. [Ipu cokatum rasa, HaobopoT, BHEIII-
HHE TeJla NepefaioT eMy SHEepPruio M ra3d HarpeBaeTcs.

Tl'eomerpuueckoe ucrogakosanve paborer. PaGore A’ rasa
AN cNydasd NOCTOAHHOIO AABJIEHUHA MOXKHO JIaTh IIPOCTOE reo-
MeTPUYEeCKOe HCTOJIKOBAHHE.

IlocTpoum rpahmk 3aBHCHMOCTH JaBJIEHHHA rasa OT 3aHM-
Mmaemoro um obwsema (puc. 13.3). 3peck muonia b NPAMOYTroJib-
HuKa abdc, orpasvyenHas rpadurom p, = const, oce0 V u oT-
peskamu ab u ¢d, paBHEIMH HaBJIEHUKD I'aza, YHCJIEHHO paBHa
patore (13.3):

A'=p, (V,-V))=|ab|-|ac|.

Pl PT
P, g
|
e

P, b P, g

a ¢ . i a ¢ =
0 W Vi V 0 Vi Vi V
Puc. 13.3 Puc. 13.4
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B of1iem ciydae JaBleHUE rasa He OCTAETCH HEHM3MEHHBIM,
Hanpumep, 1Mpu H30TePMHAYECKOM Mpolecce OHO yObiBaeT o00-
paTHO NMPONMOpPUMOHAJIBbHO 00bemy (puc. 13.4). B atom cayuae
A8 BEIYMCHeHUsi paboThl HYXHO pasfgenuTs oblijee NaMEeHeHWe
ob6'beMa Ha MAJIbie YACTH ¥ BRIYMCIHTH 3JI€MEHTapHbIe (Majbie)
paboThl, a 11I0TOM BCe MX CIO»KHUTh. Pabora rasa mo-npexHEeMy
YUCAEHHO paBHa IJ10igaaM (pUurypekl, OrpaHUYEeHHOH rpa(uxrom
zasucumoctTn p ot V, ockio V u orpeskamu ab u cd, paBHBEIMH
JIaBJIEHUHAM p,, P, B HAYAJILHOM ¥ KOHEYHOM COCTOSiHMSIX rasa.

PabGora BHeEIIHEH CWJIBI, W3MEHSOIIEH [IPH 0CTOAHHOM
nasnennu obbem rasa Ha AV, paBHa A =-pAV. PabGora rasa

(cunewr gaBneumsi taza) A'=-A =pAV, roe p — pasiieHue
rasa.
= 1. Moyemy rassl NpH OHaTWM HarpesaloTca!
‘) 2. TonoMMHTENBHYIO MW OTPHUATEN:EHYIO paboty coBeplialoT BHelw-
Hi HME CHILI MPM HIOTEPMMYECKOM Npouyecce, 3obpamenHom Ha pu-
cynwe 13.2}

§ 77 KOJHYECTBO TEIIJOTHI

N3aMeHHUTH BHYTPEHHIOWW DHEPrui) rasa B IMUJIHHIPE MOMK-
HO, HEe TOJIBKO coBepmias pabory, HO WM Harpepasi ras.

Ecin 3akpenuTts nopmess (puc. 13.5), 1o obbem rasa npu
HarpeBaHUM He MeHsiercs U pabora He cosepmaercs. Ho Tem-
nepaTypa rasa, a CJIenoBATENbHO, U ero BHYTPeHHAS dHeprus
BO3PACTAIOT.

Ilponecce nmepenayy SHEPrvMy OT OJIHOTO Tejia K Apyromy Oea
coBepiieHus paboTel HAIBIBAKT MENJI000MeHOM WIH MenJo-
nepedaueil.

KomuuecTBEHHYI0O MEDPY HM3MEHeHHsi BHYTPEHHEeH 3Heprum
Ipyu TengoodMeHe HAZBIBAKT KOJIMYECTBOM Temiorsl. onuue-
CTBOM TEILUIOTHhI HA3LIBAKOT TAKIKE HBHEPIHI0, KOTOPYIO TeJo OT-
JlaeT B Npouecce TernoobmMmeHa.

MonexkynsapHaa KapruHa TemoodmMeHa.
ITpu TennoobMeHe HA IPaHHLE MEKAY TelaMU
NPOMCXOAUT B3aMMOJeHCTBHE MEJJIeHHO JIBH-
IKVIIUXCHA MOJEKYJ XOJOAHOro Tesa ¢ OblcTpo
ABVOKVIOUMHCSH MOJNEKYJIaMH TOpsYero Tena.

o "o o B pesysnTaTe KMHETUYECKHE SHEPrUu# MOJIEKYI
W BEIPABHUBAIOTCH M CKOPOCTH MOJEKYJN XOJIOAHO-
ro TeJa YVBeJMYMBAKTCH, 4 TOPAYEero — VMeHb-
LIAKTCH.

IIpu TemnooGMene He NMPOWUCXOAUT NPEeBpa-
f - IMeHUs SHepruv wus ogHou (hopMBI B APYIYIO,
JaACTh BHYTPEHHEH HEePruy ropsyero Teja Ie-

Puc. 13.5 penaeTcs XOJIOJHOMY Teany.
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Koauyecrso TenoTel ¥ TennoeMKocTs. Bam yke usBecTHO,
YTO JUIA HATPeBAHHSA TeJa MAaccoil m OT TeMnepaTypsl £, 10 TeM-
neparyps! t, HeODXOAMMO Tepelars eMy KOJWYeCTBO TerJoThi:

Q@ =cm(t, - t,) =cmAt. (13.5)

Ilpn ocTeIBaHMM Teja ero KOHeYHa# TeMmiepaTtypa {, oka-
3pIBAETCS MEHBILE HAYANIbLHOW Temneparyps! {; U KOJWYECTBO
TEennoThl, OTAABAEMOE TEeJO0M, OTPHUIATEeJILHO,

Koahpuuuenr ¢ 8 gopmyne (13.5) HasmiBawT ydesbHol
MenioeMKOCINbK BEIECTBA. ¥ IeJbHAA TeINIOeMKOCTh — ITO
BEJHYHHA, YHCJIEHHO paBHaAsl KOJMYECTBY TEIJIOTHI, KOTOpoOe
NOJIyYaeT WK oT[aeT BeulecTBo maccor 1 Kr mpm MaMeHeHHH
ero temnepatypst Ha 1 K.

VaenbHasi TENJOEeMKOCTh 3aBUCHT HE TOJBKO OT CBOMCTB
BEIIeCTBa, HO U OT TOro, NPW KAKOM Mpollecce ocylllecTBIsAeT-
ca remyionepeaada. EcaM HarpeBaTh rasa MnpM nocTOsSHHOM JaB-
JIeHWH, TO OH OyAeT pacmmpATHECA U coBepmaTh patory. Ins
Harpesanusa rasa Ha 1 “C npy HOCTOAHHOM JiaBJIeHHH €My
HY?KHO NEepefaTsh OoJbIlee KONMYECTBO TEeINJOThI, YeM JJIA Ha-
rpeBaHus ero [pu NoCTOAHHOM o0BeMe, Korja ras oyaer ToJb-
KO HarpepaTbhCs.

JHugKue n TBEpABIE TeJla PACUIHMPAIOTCA IPH HArpeBaHWUN
HezHaunTenbHo. HMx yaenbHbIE TENJOEMKOCTH IPH IOCTOAH-
HOM oObemMe M IOCTOAHHOM JAAaBJIEHMH MAJI0 pasfiu4yaroTCH.

¥YnenlbHas Tenjaora napoodOpasosanmusna. lns nperpanienus
FKUAKOCTH B Map B mpolecce kunenns Heobxommma nepepaya
€M ONOpe/leJIeHHOT'0 KOJHYEeCTBA TeIJIOTHI. 'TemMneparypa XH-
KOCTH NPH KWNEeHHuN He mMmeHserTcid. llpeBpaiuesHme »uprocTH
B 18D NPH NOCTOSIHHOII TEMIEPATYPE HE BeleT K YBeJIUUYeHHIO
KMHETHYECKON SHepruy MOJIeKyJ, HO COINPOBOMKIAETCA VBeIn-
YeHWeM TMNOTeHLMANILHOW 3Hepruu ux Baanmmogelicreusa. Beab
CpeHEee pPacCCTOSHUE Mexy MoJdeKyaaMi rasza muoro Gosasmre,
yeM MeIy MOJeKyJaMH JHIKOCTH.

Benuunny, unicJieHHO PaBHYI0 KOJWYECTBY TENJIOTHl, HEOD-
XOAMMOMY JINIS TIPpeBpallleHusl 1P [IOCTOAHHOM TeMileparype
MUIAKOCTH Maccoi 1 Kr B nap, HASBLIBAKOT YAEJbHOH TemIOTOH
napoofpazoBanysa. ITy BennyuHy 0003HauaT OYKBOH r W
BRIPAKAT B JRKOyIAX Ha Kujgorpamm ([x/Kr).

Ouenb BeMMKa yaenbHasi TEIJIOTa NapooOpasoBAHUSA BOJIbI:
N0 = 2,206 - 10° Ilx/kr npn temiiepatype 100 °C. ¥ apyrux
WMHUAKOCTEH, Hanpumep y coupra, adMpa, pryTH, KEepocHHA,
yaensHas TeiuioTa napoobpasoBanns meHbmme B 3—10 pas,
YeM V BOJEI.

JInsg nNpeBpameHns FEUOKOCTH Maccoil m B map Tpebyercs
KOJIMYECTRO TeINIOThl, PaBHOEe:

Q, = rm. (13.6)

IIpn KoOHpAeHCANMWUM Mapa NPOMCXOAUT BHIZIEIEHHE TAKOI'O
Ke KoJaMuecTBa TenJoTHI:

Q. = -rm. (13.7)
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¥ mensHasi Tensora naasaenms. [Ipy nuasnesun Kpucras-
JMYECKOr'0 Teja BCH TMOZBOAMMAN K HEMY TenjoTa WJIeT Ha
yBeNUYeHHe NOTEeHIMANLHOH 3Heprum monexkyn. KunHernue-
CKas JHEepPruf MOJeKYyJ He MEeHAETCH, TAK KaK IUIaBJIeHHe
IPOVCXOAWNT MPHY NOCTOAHHOU TemIepaTtype.

BennunHy, YMCHAEHHO PaBHYK KOJHYECTBY TerJioTki, Heol-
XONMMOMY /IJIf NPEeBPALICHNA KPHCTANITMYECKOTO BelecTBa
maccou 1 Kr npm TemMmiieparype TJABJEHHA B KHIKOCTH, Ha-
3BIBAKOT YAEJBHOH TelJIoToH IJIaABJIEeHHA A.

IMpr kpucrajmUaaniy BemnlecTBa Maccoil 1 KI BeIeNsAeTCH
TOUHO TaKOe e KOJWYeCTBO TeIJoThi, KaKoe MNorJollaercs
NpHU MIaBJIeHHuH.

VpenbHas TemyoTa NAaBA€HUA JbJa JAOBOJLHO BeJIMKAa:
3,34 - 10° Jl»x/kr. «Ecnu Ob1 sen He obnagan Gonbiioi Tenio-
Toi mnaBnenus, — nucan P. Basak eme B XVIII B., — TO
TOTA& BECHOIl BCH Macca JbAa AoJKHa Owina Obl pacTasThb
B HECKOJIBKO MHHYT HJIHW CEeKVH/, TAK KaK TeIjoTa Helpephis-
HO nepepaetrcs abay u3 Bozjyxa. INocnencersus aToro 6u1n 66l
VKACHBI; Bellb M MPH CYUIECTBYIOLEM TOJOMKEHNH BO3HUKAIOT
fonbille HABOAHEHMS W CHIBHBIE TIOTOKH BOJABI IIPH TassHUH
GoNBIIMX MAacCC Jibjla HJIA CHEeras.

Ins Toro 4roObl paciyiaBUTh KPHCTAJIIMYECKOE TeJI0O Mac-
coii m, HeoOXOZMMO KOJNHYECTBO TeIJIOTHI, paBHOe:

Q. = Am. (13.8)

KonuyecTBO TEIIOTHI, BBIJEIAEMOE NPH KPHUCTAJIIM3AIHNNA
TeJa, paBHO:

Q“p = —‘lm. (13-9)

BHyTpeHHsisI OHEpPrasi Tejla MEHSeTCs [PH HArpeBaHUH H
oXJlaxAeHuy, IMpu mnapoobpaloBaHUM H KOHIOEHCAlUW, NpPH
IIaBJIeHUN U KpucTausanun. Bo Becex cayuasax Teny nepena-
eTCH WK OT Hero OTHUMAaeTCs HEKOTOPOe KOJIMYECTBO TeILIOThI.

1. Y10 Ha3BIBAIOT KOMWYECTEOM TEnnotkil

2. Or 4ero 3aBMCHT yAenbHas TennoemHocCTh BeujecTeal

3. Hrvo Ha3LIBAIOT YAENsHOM Tennorod napoobpazosaHmal

4. Yvo HazbiBaOT yAENsHOM TEennOTOM nnagneHMs!

5. B Haumx cnyy4asX KONMMYeCTBO TennoThl NONOMMTENLMAS BENHYMHA,
2 B HaKHMX CRy4anXx orpHuarensHas!

§78 MEPBBIN 3AKOH TEPMOAWHAMHKH

[leperiit 3aKOH TEPMOAMHAMHUKHN — 3TO 38KOH COXPAHEHUS
9HEePIruH, pacIpocTpaHeHHBIN Ha TennoBele asnenus, OH mo-
KA3LIBAET, OT KAKWX MPHYHUH 3aBUCHT H3MEHEHHEe BHYTpPeHHeMH
SHEepPryum.

3axkon coxpaneumn 3Heprum. K cepenune XIX B. MHOTrO-
YHCJEHHBIE ONBITHl JIOKAa3aJH, 4YT0 MEXAHUYeCKAR IHepzusA
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Hukozda He nponadaem Oeccnedno. Ilanaer, sanpuMep, MO-
JIOT Ha KYCOK CBHMHILA, ¥ CBMHEI] HAIMPEBAETCH BIIOJIHE OIpene-
JieHHBIM o0pasom. Cunbl TPEHUS TOPMO3AT TENa, KOTOPLIE MPH
3TOM Pas30rpeBaloTCsd.

Ha ocHoBaHMM MHOKecTBa NoAo0OHBIX HabawoneHuit u 06006-
LIeHUA ONBLITHBIX (haKTOB ObLNT CHOPMYyNTHPOBaH 3AKOH CcOXpda-
HeHUA IHepulL:

Inepzun 6 npupode He 803HUKAEM U3 HUYEZO U He
ucyesaem: KONAULeCmeo IHeP2ul HEUSMEHHO, OHA MOJLb-
Ko nepexodum u3 odHoU gopmel 6 Opyzyro.

3aK0H COXpaHeHUsA SHEPruy yrpaBJifieT BCeMU ARJIEHUAMH
NpUpoZLl ¥ CBA3bIBaeT MX BoeAuHO. OH Bcerga BBITOJHAETCSH
abCcoIFOTHO TOYWHO, HEM3BECTHO HH OJHOro cjydasi, Korga 0wl
3TOT BeJIMKWH 3aKOH HE BBIIIOJIHSJICH.

ITOT 3aKOH OBIJT OTKPBLIT B cepennre XIX B. HEMeIKUM y4e-
HbBIM, BpadyoM 1o obpasoBaumio P. Maijtepom (1814—1878),
anrnuiickum yuensM k. xoynem (1818—1889) n nony-
yuy HauboJiee TOYHYIO (POPMYJHPOBKY B TPYA&X HEMELKOTro
yaueHoro I'. Tensmronena (1821—1894).

ITepBhiii 3aKOH TEPMOAMHAMHKN. BSaKOH COXPAHEHUS |
IpeBpAalleHuA SHEepPruM, pPaclnpocTpaHeHHBIH HA TeIJIOBLIe fAB-
JIeHMA, HOCHUT Has3BaHME epe0zo 3aKOHA mepmoduHamuku.

B TepMoamHaMHMKeE paccMaTpHBAaKOTCHA TeJa, MOJIOMEeHHe
LEeHTPa THMIKECTH KOTOPHIX NpakKTUYecKH He MeHsaercs. Mexa-
HUYeCKas JHepPrus TaKuX TeJl OCTaeTcsl TOCTOSHHOI, HaMe-
HATHCHA MOXKET JIMIIL BHYTPEHHSA 3HEPrus Kajkaoro Tesa.

Jo cux mop MBI pPACCMATPMBAIH HOPOLECCEl, B KOTODLIX
BHYTPEHHAA 3HEpPIHsf CHCTeMbl M3MeHsnach b0 3a Cc4eT Co-
BepiueHus paborel, 1ub0 3a cueT TemIooOMEeHA ¢ OKPY AU -
MM TeJIaMH.

B obujem cayvae npu 1epexose CHCTEMBbl U3 OLHOTO COCTO-
AHHA B APYroe BHYTPeHHAA SHEPTHUA M3MEHAeTCH OJHOBPEMEeH-
HO KaK 3a cyeT cosepliieHus pabGoTei, TAK U 3a CHeT nepejauu
TennoTel. I[Tepavtil 3akon mepmodunamuru GopmMynupyer-
CHd HMEHHO JAJH TAKHX 0DIHUX CcIy4Yaesn:

Hamenenue enympennell anepzuu cucmemsl npu ne-
pexode ee u3 0dHO20 COCMOAHUA 6 OpYy20e pasHo cymme
pabombl EHEUWLHUX CUN U KONUYECmEd meniomst, nepe-
Jdanno020 cucmeme:

AU=A+Q. (13.10)

Ecnu cucreMa siBJISeTCH M30JIMPOBaHHOI, To pabora BHelll-
HHX cun paBHa Hynw (A =0) u cucrema He obOmeHuBaercs
TEIJIOTOM ¢ oKpysxawinumu ternamu (@ = 0). B stom cayuae
COrJIaCHO TIEPBOMY 3aKOHY TtepmogmHamuku AU =U, - U, =0,
wm U, =U,. BHympenHaa aHepzusa U30JupPOBaGHHOU cucme-
Mbl ocmaemca HeusmeHHolt (coxpansemcs).
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Yacro BMecto paboTel A BHEITHUX Ten HAJ CHCTEeMOM pac-
cmarpuBaiT pabory A’ cucTeMBl HaJl BHEITHHMH TejaMu. Y ui-
THIBa#g, YTO0 A’'=—A, nepBelil 3akoH TepMmoanHaMmieu (13.10)
MOXHO 3allMcaTh TakK:

Q=AU+ A", (13.11)

KonuuecTso Tennorel, nepejalnuoe cIcTeMe, IeT Ha uaMe-
HEHHEe ee BHYTpPEeHHeH sHeprMM ¢ Ha COBepPIIeHHE CHCTeMOl
paboThl HAX BHEUIHMMH TeJIAMH.

HeBoaMoKHOCTL CO3aHMA BeYHOro asurarednis. M3 nepsoro
38KOHA TEPMOJMHAMHUKH BbLITEKAET HEBOSMOMHOCTL CO3IaHUS
BEYHOI'O JBUTATENA — YCTPOMCTRa, CNIOCODHOTO COBepLIATE He-
orpaHuyeHHoe KoJudecTBOo paborel 6e3 3arpar ToOnJHBaA HIH
kagrux-aubo Apyrux matrepuanos. ECcnu K cUCTeMe He IoCTy-
naet TenJyo (@ = 0), Tro pabora A’ cornacuo ypasnenuio (13.11)
MoO:KeT OBITH COBepIlIeHA TOJBKO 3a c4YeT YOhLIM BHYTPEHHEe
oHeprun: A’ =-AU. llocne Toro Kaxk sanac 3HEPIHH OKaXeTcs
UcUepraHHbIM, ABUTraTesb nepecradeT paboraTthb.

Pabora m KONUYECTBO TEILIOTHI — XAPAKTEPHCTHKH IpO-
lecca U3MCHeHHA BHYTpPeHHeH sHeprum. B nannom cocToaHumn

cucTemMa Bcerpga obnazaer onpeneneH-

HOI BHYTPEHHEH 3HepruemM.
[I__ s Ho HennL3s rOBOPHUTE, 4TO B cUCTEME
COJIEPXKUTCH ONpeAe/IieHHOe KONUYeCTBO
TernnoTsl Man paborer. Kak pabora, Tak
U KONUYEeCTBO TEILIOTH ABJIHITCH Be-
JUYMHAMH, XapaKTepU3VIOIQUMH Us-
MEHEeHUe BHYMPEHHEU IHepzul cucTtTe-
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BuyTpenuss aHeprus cucTeMbl MO-
Ilepenasaemoe HKeT HIMEeHHThLCHE OAHMHAKOBO EKAK 3da
TEILIIO cYyeT coBeplueHMH cucremoili paboTsl,
TAK W 338 CYET NEPENady OKpPYIKAKIIAM
TeJaM KakKoro-nubo xosiHuecTBa Terl-
aotei. Hanpumep, HarpeTelid Ta3 B 14-
JUHAPe MOMKeT YMeHbUIMTDh CBOK 3Hep-
I'HIO OCThiBas, Des coseprienus padoThb!
(puc. 13.6). Ho on mMoxer uorepsith
TOYHO TAKOE e KONMIeCTBO 3HEPruu,
nepeMelias nopuelss, 0es orgauu Ten-
JOTHI OKpyxawnm renam. [las aroro
CTEHKU LUIAMHAPA ¥ DOPIUEHb JOJMHbI
OBITE TeroHenpoHnaembivmy (puc. 13.7).
B panpHeilineM HA OpPOTHXEHUH
BCEro Kypca (pM3MKH MBI OyaeM 3HAKO-
MHTBCH € APYIrUMH (POPMAMU IHEPIUH,
crnocobaMi UMX NpeRpalieHMA U nepe-
Puc. 13.7 nadu.

Puc. 13.6
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Sy

Tennonzonupyouijas
obonoura
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BHYTpeHHAH 9HEPIUA CHCTEMb] TeJI U3MEHAETCH IIPH COBEpP-
meHun paboTel U IpU Nepegaye KOJIWUYECTBA TEMJIOTH. B KaMm-
[OM COCTOAHHMM cucTeMa obnajaeTr onmpefleJIeHHON BHYTPEHHeEH
aHepruel. PabGora ¥ KOJMHYECTBO TeIJIOTHI HE COAepxaTcH
B Telle, A XapaKTepuayloT Ipolece M3IMeHEeHUS ero BHYTpeH-
HEeM BHEepPIruH,

= 1. Kax dopmynmpyeTcs NepsBbii 3aHoH TEPMOIMHAMHKK!
.y 1. B KaHOM CNy4ae HIMEHEHWE BHYTPEHHEeH 3IHEPIrMM oTpHMuaTensHo!
- 3. Noyemy MOMHO roBOpPMTL, 4TO cuctema obnagaer BHyTpeHHeH
IHEPIrMeH, HO Henb3W CKa3aTh, Yro oua cbnagaer 3anacom onpe-
AENEHHOr0 KONHYECTBa Tennove! WnH paborsi!

NPUMEHEHHE IIEPBOI'O 3AROHA
§ 79 TEPMOJUHAMHMEKH K PA3JIMYHBIM
INNPOUHECCAM

C noMombs0 MepBOro 3aK0OHA TEPMOJMHAMHMKH MOXHO Jie-
JIaTh BajXHbIe IAKJIIOUEHMSA O XapaKrTepe NpOTeKaKIIUX Opo-
veccop. PaceMoTpuM passiMyHbie [OPOLECChi, OPH KOTODLIX
OIHA U3 (PU3HYECKHUX BEJHYHWH OCTAETCA HEeM3MeHHO# (M3onpo-
[lecchl), HAIpUMEp cjay4ail, Korja cucrema IpeiacTaBiisieT co-
0011 MOeanbHLIM I'as.

Hzoxopueiit npouecc. Ilpu wmsoxoprnom nponecce obbem
rasza He MeHseTCH, U 1103ToMy pabora rasza passa Hymno. Uame-
HeHNe BHYTPEHHEeH 3Heprum rasa cornacHo ypaBHenmno (13.11)
PaBHO KOJIMYEeCTBY IiepelaHHON eMy TenJjoThbl:

AU = Q. (13.12)

Ecnu raa Harpesaetcs, To @ > 0 u AU > 0, ero BHyTpeHHASA
aHeprusi yeBenuuyupaercs. Ilpn oxnamxpenuu raza Q<0 mu
AU =U, - U, <0, nameHeHre BHYTpPeHHel 2HEPruy OTPHIA-
TEJILHO M BHYTPEHHAS SHEPrus ras3a YMeHLIIaeTcs.

H3orepmuueckuit npouece. [Ipu usorepMuyecKkoM ITpoliec-
ce (T =const) BHYTpeHHsuA BHeprus UAeanbHOro rasa (cm.
dopmyay (13.1)) ve meusiercsi. Cornacuo dopmyne (13.11) Bee
epejaHsoe rady KOoJHYeCTBO TENJOTHEl MIET HA COBEpIIeHWEe
paboThI:

Q=A". (18.13)

Ecnu ras nonyuaet Ternno (€ > 0), To o1 coBepiiaeT noJso-
uTenbHyio pabory (A’ > 0). Ecawm, Hanporus, ras orjaer
TEeIJI0O OKpyKawell cpene (tepmocrarty), 0 @ <0 m A' < 0.
Pabora e BHEIIHWX CHJ HajJ rasoM B [OCJE/JHeM cJydae Mo-
JOMHUTENbHA.

Haobapueiit npouwece. [Ipu uszobapHoM npoliiecce COrJacHo
dopmyne (13.11) nepeanaBaemoe raszy KOJMYECTBO TEIJIOTHI
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HOeT Ha M3MeEHEeHHE €ero HH}I’TPEHHEFI JHepruy ¥ Ha COoBepilue-
HIIE MM pﬂﬁOThl INpHY MNOCTOAHHOM HOaBJIeHMM!

Q =AU + A’ = AU + pAV,

AnunabaTHeid npouecc. PaccMoTpuM Tenepes IpoLecc, IIpo-
TEKAIIUI B cUCTEMEe, KOTOpad He O0OMeHHBaeTcs TerJiom
¢ okpyxapimumu tenamu. Ilponmecc B TennousonHpoBAHHOM
cucTeMe HasblBalT aaHabaTHbIM.

ITpu aguabaTHOM npouecce @ = 0 U corylacHO YpPaBHEHMIO
(13.10) uaMeHeHHe BHYTPEHHEH JHEePruM IPOMCXOAUT TOJBKO
3a cuer coBepuieHus paboThi:

AU = A. (13.14)

KoneuHo, Helb3d OKPYXUThH cHucTeMy ob0onouxkoi, abco-
JIOTHO He gonyckamwiei tennonepegauy. Ho B psjge cayuaeB
MOJKHO CYHTATE pPeasibHble NPOLecChl OYeHb DIIM3KUMHE K agua-
BaTHBRIM. s 9TOro OHM [JOJPKHBI IIPOTEKATE JOCTATOYHO
bebicTpOo, Tak, uToOB 3a BpemMs IMpoliecca He MNPOM30NLJI0 3a-
MEeTHOTO TernoobMeHa Mex/1y CHCTEeMOM M OKPYIKAKINUMU Te-
JaMH.

Cornacso ypapHennio (13.14) npu coBeplieHHH HAJ CUCTe-
MOM MNONOMXUTEeNBLHOH pabdoThl, HaApUMep MNpPH CXaTHW rasa,
€ro BHYTPEHHAA dHeprus yBeJIMUYMBaeTcs, YT0 03HayaeT IMOBbI-
lieHue TeMmieparypel rasa. M wHaobopor, npm paciinpeHuy
raza caM ras coBeplIaeT NOJOXHTeNLHYI pabory (A’'>0) u
ero BHYTPEHHAHA JHEPrusi YMEHbLIIAETCH — ras OXJIarKIaeTCH.

HarpesaHue Boaayxa npu ObICTPOM CIKATHHN HAIILIO IIPHAME-
Hedue B asuratenax [lusens. B oTuxX aBuratensx oTcyTCTBYeT
CHCTEMa 3aXXKUTaHHA roproyeii cmecH, HeoOxoauMmas Osa oObId-
HBIX KapbIOpaATOPHBIX MOBUTATEJIE BHYTPEHHETO CrOpaHus.

B nuiuBAp 3acackiBaeTCH He ToOplo4asi

Dopeynka cmecs, a armoctheprbiit Bo3ayx. K KoH-

Iy TaKTa CHATHUSA B UWJIHUHID C IIOMO-
L0 CHenuaJibHOM (POPCYHKH BIPHIC-
KuBaeTcs »xuakoe tormmmso (puc. 13.8).
K sTOMy MOMEHTY TeMIepaTypa BO3AyXa
TaAK BeJHMKAa, YTO Ioplouee BOCIIJIAMEHS-
erca. Jsurarenn [Qusens umMeroT 60b-
/ ; i Kos(p@UIMEeHT [OJIe3HOro Jeuct-
a4 O / BH#A, YeM 0ObIYHBEIE, HO O0JIee MacCHBHEI
: B CJIOKHBI B MBTOTOBJIEHHN H SKCIJIYya-
Tauuy. Bee Gosbluee KOJINMYECTBO aBTO-
mobnaen cHaO)kaercs aBurarensmu Jlu-
3ens, Dnaroaaps AelneBU3HE JU3EJILHOO

& 1 TOIJIMBA.
ITpu paboTe MOHIHBIX KOMIIPECCOPOR,
) CHUMAaKIIUX BO3OVX, TeMlepaTypa BO3-
AYyX8 HACTONBKO YBEeJNHYUBAETCH, 4YTO
Puc. 13.8 NPUXOAKHTCHA npuberats K CrenManlbsHOHN
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CHCTEME OXJIAXKIAEHUS IMINHApoB. AamabaTHoe oOXnarkaeHne
rasoB IIPH WX pacildpeHHUH HCIONB3VeTCs B MAIITWHAX [I#A
CHKMIYKEHUS TIalos,
OxnaskaeHue rasa npH aqnadbaTHoM pPACIIMPeHHH NPOMCXOIUT
B I'paHAMO3HBIX Macuitabax B armocdepe 3emnu. Harpersril
BO3/IYX NOJAHMMAETCH BBEepX W pacIiuupseTcs, TAK Kak armo-
cpepHOe JaBIeHHe NMajaeT ¢ YBeJMYeHHEeM BblCOThI. JTO PaCLIK-
peHie CONPOBOMKAACTCH 3HAYUTENLHEIM OXJiaxKaeanem. B peay-
JBTATE BOAAHBIE Mapbl KOHOEHCHPYIOTCHA M 00pa3yloT obaaka.
Tennoobmen B H30AHPOBaHHOK cucTeme. PacemorpumMm Tern-
Jn006MeH BHYTPH CHCTEMBI, COCTOSIIIEH M3 HECKOJbKHX TeJ,
HUMEIIHX IePBOHAYANBHO PA3NIHMYHEIE TeMnepaTypbi, HANPH-
MeEp TermnoobMeH MerxAY BONOHM B COCYIE W ONVILNEeHHLIM B BOLY
ropA4YHM JKeJe3HbIM LlapukoM. Byaem cuuTatTh, 4TO cUCTEMA
AOCTATOYHO M30JUPOBAHa OT OKPYIHAKIAX TEJ U €€ BHYTPEH-
HAA 3HEPrus He uameHseTcA (M3onmupopaHHas cuctema). Hu-
Kaxkoi paboTsl BHYTPH 310l cucTeMb! He cosepinaerca. Toraa
COrJIaCHO NEepBOMY 3aKOHY TepMOIHHAMHMKHN (CcM. ypaBHeHHE
(13.10)) mamenernue sHeprumn JirbOro Tena CUCTEMBI PABHO KO-
JUYECTBY TENJOThI, OTAAHHOH WK OOJYVYEHHOM 3THM TEJIOM
A0 HACTYIJIEHHS TeIUIOBOr0 PpaBHOBECHSA BHYTPM CHUCTEMBI:
AU, = @,. Crnaasisas nogobHbIe BhIpaMXeHUdA AJIA BCEX TEJ CU-
CTE€MEI ¥ YUWTBLIBAfA, YTO CYMMapHas BHYTPEHHHS B3HEPrusi He
mensiercsa (AU, + AU, + AU, + ... =0), nonyyum craeaymiiee
VPABHEHHE:
Q+Q,+Q;+...=0. (13.15)

3TO yPaBHEHHE HOCHT HA3BAHUE YPaBHEHHS TerJioBoro 6a-
nanca. 3aeck Q,, Q,, @, — KoOAHUeCTBA TEIJIOTHI, ITOJYYEH-
Hble WM OTHAaHHBIE TEJAMH. JOTH KOJHYECTBa TENJOTHI BBIPA-
warorces ¢opvmynoin (13.5) mnm dopmynamu (13.6)—(13.9),
ecqnH B rpolecce TellloobMeHa ONPOHUCXOAAT MpEeBpalleHus Be-
[iecTBa M3 MXUJAKOIo COCTOSHHWSA B rasoobpasHoe MJid TBEpoe
(v ke, HANMpoTHUB, 0DpasyeTcs HHUIKOCTh).

BuyrpeHHsia 3Heprus HACAIbLHOINO Tra3a HE HU3MEHSAETCH
TOJIBKO NPH H3oTepMHu4YecKoM npouecce. [Ipu m3oxoprnom ona
M3MEeHAeTCHA 34 cuUeT Tenjonepefauyy, a npy usobapHoMm IMIpo-
necce BHYTPEHHAHA SHEPIrus rasza U3MeHAeTCs Kak 3a CYeT Terl-
Jionepejady, TAK U 3a cueT corepiuenus paborei. B Tennounso-
JUPOBAHHONM CHCTEeMe MPOUCXOAUT amuabaTHBI DpOoIecc.
HNameHenue sHepruM cCUCTEMBI B 3TOM Ipoliecce paBHo pabore
BHELIHUX CHJIL.

— 1. B waxom cnyuae pabora raza Gonswie: NpM HIOTEPMHYECHKOM

‘ pacuwsmpenH o1 obwema V, no obwema V, unk npw niaobapHom

- pacuHpesnH oT obvema V, ao obrema V,!

2. Kak cnepgyer 3anmcaTh ypasHenwe vennosoro GanaHca ana M3onwW-
POBaHHOW CHCTYEMBI H3 TPeX Yen, Nepexofslied B pasHOBecHoe
coCTORHKHE!
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§ 80 HEOBPATHMOCTDL TIPOILECCOB B IPHPOJE

3aKOH COXPAHEHMSA IHEPIMHM YTBEPHJAeT, YT0 KOJIHUYECTBO
JHEpPruy npy JwbblX ee NpeBpaleHusHX ocTaeTcd Hen3MeH-
HEIM. Mexay TemM MHOTHe IpOIEeCChl, BIOJIHE AONYCTUMEIE
C TOYKH 3PeHMHA 3aKOHa COXPaHeHWS 3JIHEPruM, HUKOrAa He
OPOTEKAIOT B NEHCTBUTE/LHOCTH.

Ilpumepsn: HeoOpaTumbix npoineccosB. Harperwie Tena mo-
CTeNEeHHO OCTLIBAKOT, IepejaBas CBOW sHepruio bonee xonoa-
HBIM OKpyxKawmum tenam. O6paTHbIil npolece nepeaaymn Tern-
JIOTB! OT XOJIOJHOIrO TeNna K ropavYeMy He [POTHBODPEYUT
3AKOHY COXPAaHEHMS DHEPrud, eclM KOJHYECTBO TeILNOThI, OT-
NAaHHOE XOJIOAHBIM TEJIOM, PABHO KOJAMYECTBY TEIMJIOThI, MMOJY-
YEHHOMY TOpsidMM, HO TAaKOIl mpolecc caMonpoOHU3BOJILHO HH-
Korga He npovucxXouT.

Hpyrou npumep. Konebanms mMasTHHUKA, BEIBEJAEHHOIO M3
MOJIOXKeHUsT paBHOBecMs, sartyxatot (pue. 13.9; 1, 2, 3, 4 —
NocjAelOBaTeNbHBIE YONOXKEHNUA MafATHWUKa NpPH MaKCHMAJb-
HBIX OTKJIOHEHMSAX OT MNOJOXKeHNs pasHoBecHs ). 3a cuer pabo-
Thl CHJI TPEHUSA MEXaHHYECKAR IHEPI'MA MasiTHHUKa ybuiBaer,
a TeMneparypa MagsTHMKA ¥ OKpyXKawllero Bo3ayxa (a 3Ha-
UHT, ¥ UX BHYTPEHHAA dHEPrus) caerka nosblaercs. JHepre-
THYECKH JNONYCTHM H 0DpaTHbLIi HNponece, Koraa aMIiMTyaa
KonebaHuM MaATHHKa YBEJWUMBAETCH 3a CUeT OXNAXIeHUHA
camMoOro MasiTHUKa M OKpyxkamwpulei cpeasi. Ho Takoil npouecc
HUKorga He HaOnwopaercia. Mexanudeckasi sHeprusa CamMonpo-
H3BOJBLHO [IEePeXO/iUT BO BHYTPEHHIOKW, HO He Haobopor. [Tpu
3TOM 3HEepPrusA YHOOPANOYEHHOI'0 IBHMIKEHHA Tella KaK Lenoro
OpeBpailaeTcsa B 2HEPrui0 HeyHopaJ0UeHHOro TeIJioBOro ABH-
HKEeHUSA CHarailux ero MoJeKyJl.

Obmee zaxmoueHHe o HeoOPaAaTHMOCTH IPOLECCOB B MPH-
poae. [lepexon Temna OT ropa4dero Teaa K XOJMOAHOMY H Me-
XaHWYECKOH 3Hepruy BO BHYTPEHHIOK — 3TO NpuMepbl Haubo-
Jlee TUNHYHLIX HeoOpaTUMbIX npoueccos. Hucno nogobHbIX
MPHMEPOB MOXHO YBeJIHWYUBATL NPAKTHYECKH HEOrPAHHWUYEHHO.
Bce oHM roBOpAT O TOM, YTO MPOLECCHl B MPUPOAE HMMEKT
ONpe/leIEHHYI0 HAIIPaBJIeHHOCTh, HU-
KAK He OTPa){eHHYI B IEepBOM 3aKOHE
TepMOJMHaMuKW. Bee makpockonude
CKUue npoyeccol 68 npupode npomexa
om mosibko 6 odHom onpedeneHHom
Hanpaenenuu. B obparHoMm HanpasJie-
HHM OHH CaMONPOMU3BOJILHO TPOTEKATH
He moryr. Bee npoleccsl B Npupojie
HeOOpaTHMBI, W caMble TparudeckKue
-~ W3 HHWX — CTApeHUEe W CMepTh opra-

HU3MOB.
Tounan dopmMmyaupoBKa MNOHITHA
Puc. 13.9 neobparumoro wupouecca. Jlis npa-
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BUJILHOI'O MOHMMAHWH CYIIECTBA HeoDPATHMOCTH TIPOIIECCOB
HeOOX0/IMMO cAenaTh Cleayviollee yTouHeHue: HeobpaTuMbBIMK
HA3BIBAIOTCH TAKHE MNOPOLIeCChl, KOTOpPhIE MOTYT CaMOIPOU3-
BOJILHO MNPOTEKaTh JIMILb B OAHOM ONpeJesIeHHOM HalpasJlie-
HUK; B oDpaTHOM HANPABJIEHMH OHM MOTYT NPOTEKATH TOJBKO
NpY BHEIUIHEeM BoO3ZeHcTBMM. Tak, MOMKHO BHOBbL YBEJIHUYUTH
pasMax KonebaHmi MaATHHEKA, OOATOJNKHYB ero pykoi. Ho ato
yBeJHNYeHHe BOSHMKAeT He caMmo coboil, a CTAHOBHTCA BO3MOMK-
HBIM B pe3ynbTaTe 0oJiee CIOXHOI'O Npolecca, BKIKYAIoIero
ABMIKEHWE PYKH.

MatemaTHuyecKH HeoOpaTUMOCTh MeXaHNYeCKHUX MPOIeccoB
BhIPAXAETCH B TOM, 4YTO VPABHEHUS JIBHIXEHHMH MAKPOCKOIIH-
YeCKUX TeJ M3MeHHIOTCH ¢ M3MeHeHHueM 3Haka Bpemenu. OHu,
KaK FOBOPAT B TAKMX CJYUafAX, HE HHBADHAHTHBI NpH Opeosd-
pazoBaHuM { — —f. YCKOpPEHUEe He MEeHHeT 3HaKa NpH 3aMeHe
t — —t. Cuuel, 3aBUCAIME OT PACCTOAHHWHN, TaKHe He N3MeHsd-
0T 3HaKa. 3HAK NpH 3aMeHe { Ha —f MEHHETCH YV CKOPOCTH.
HWmenHO nmoaToMy NpH COBeplIeHHM pabdoTel CHUJIAMHM TPEHHA,
3aBUCHILMMH OT CKOPOCTH, KWHETUYECKAA DHEPrus Tejia Heol-
pPaTMMO TEepPexXoJNT BO BHVTPEHHIOK.

Kuno «xaobopor». Hdpkoii mintocrpaiideit HeobparuMocTH
ABJICHUHA B NPHPOJE CAYXKHUT NPOCMOTP KMHO(HUILMAa B obpar-
HOM Hanpasjaenuu. Hanpumep, npelxox B Boay Oyaer mnpu
3TOM BRINIHAETH chaeayviouium obpaszom. CrnokoiiHas Boja B
bacceiiHe HauuHaeT ODypPJNThH, NOABAHIOTCA HOI'M, CTPEMHUTEIb-
HO JIBHIKYII[MECH BBEPX, 4 3aTeéM ¥ BeCh HeIPANBIMUEK. IloBepx-
HOCTHL BOJIbI OwICTpO ycnoxkaupaercsi. IlocTeneHHO croOpocTh
HBIPDAJBIUKA YMEHBLIDACTCHA, W BOT YXK€ OH CIOKOWHO CTOWT
Ha BbimKe. To, 4To MBI BUAWM Ha 3KpaHe, MO0 OBl NPOMCXO-
AUTE B JIEHCTBHTENBHOCTH, ecnH Obl NPOLECChl MOXKHO OBLIO
obpaTUTh.

HesienmocTe npoMCXOAfINErco Ha 3KpaHe [POMCTEKaeT M3
TOT'0, YTO MBI NPUBBIKJIHM K OIpPeAeJIeHHOH HAIIPABIeHHOCTH
IPOLIeCCOB M HE COMHEBAEMCH B HEBO3MOXKHOCTH uUX oOpaTHOro
TeyeHHsA. A BeJlb TAKOM I1POLleCC, KAK BO3HECEHME HEIPHAJIbILN-
K& Ha BBIIIKY M3 BOJAbI, HE NPOTHBOPEYNT HU 3aKOHY COXpaHe-
HUS 3HEPrUuM, HU 3aKOHAM MEXAaHUKN, HU BOOOIEe KAKMM-JIH-
60 3akoHaM, KpOME 8mopozo 3aKoHa mepmoduHamuKu.

Bropoit 3akor TepMmogmHAMHWKH. BTOpoii 3aKOH TepMOaH-
HAMMKH VKa3bIBAET HAIPABJEHHE BO3MOMHBIX 3HEpreTuye-
CKHMX IpeBpauieHmii, T. €. HalpPaBJieHUEe OPOLECCOB, U TeM ca-
MBIM BhIipakaeT HeoOpaTMMOCThL HPOLIECCOB B NPHPO/e. ITOT
3aKo0H OBl YCTAHOBJIEH NYTEM HENoCpeacTBeHHoro obobuienusn
OIBITHBIX (haKTOB.

Ecte HeCKONMBKO OPMYJAUPOBOK BTOPOTO 3aKOHA, KOTOpHIE,
HECMOTPH Ha BHEIUHee pasJiHyue, BhIPAXKAKT, B CYIIHOCTH,
OOHO H TO #eé H NO3TOMY pPABHOIEHHBEI.

Hemenxmnii yuenslii P. Knayauye (1822—1888) cdop-
MYJMPOBAJ 9TOT 38KOH TAK: He603MONCHO nepesecmu mer-
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no om 6onee xonodnol cucmemuvt K bonee zopadelu npu
omcymemeuuw Opyzux OJHOEPEMEHHBLX W3MEHEHUU 6
obeux cucmemax uiu 6 OKPYNCAIOUUX MENAX.

3/1ecs KOHCTATHPYETCH ONBITHBLIN (DAKT onpejesieHHON Ha-
IPaBJeHHOCTH TemJonepefadu: TeIsio camMo coboM mepexonuT
BCErja OT ropAdYuXx Ten K xononHbiM. IlpaBna, B X0J0ARIBHEIX
YCTAHOBKAX OCYILECTBAAETCH TeILIonepesadya oOT XOJOHNHOTro
Tesia K Donee TensomMy, HO 3Ta Iepeaavda CBA3aHAa C JIPYTHMH
H3MEHEHUSAMH B OKPYaWIKX Tejax: oXJiarJeHue JA0oCTUra-
eTcsa 3a cuetr paboThi.

BaxHocTh 3TOro 3akoHa B TOM, 4YTO M3 HEro MOXXHO BBI-
BeCTH 3aKJIIOUEeHNe 0 HeoDpaTuMOCTH He TOJIBKO mpollecca Ter-
jonepejgayM, HO M OPYTHUX IpoleccoB B npupopae. Eciam 0wl
TEILIO B KAKUX-JIMOO caydasx MOIJIO CAMOIIPOM3BOJIBHO INepe-
AABATBCHA OT XOJOAHBIX TeN K TOPAYNM, TO 3TO NO3BOJHUI0 ObI
ciaenaTs oOpaTHUMbLIMH K JAPYI'HE ITPOIecesl.

Bece mnpouecchl CaMOOPOMU3BOJIBHO IPOTEKAIOT B OJHOM
onpeneneHHOM HanpaBieHnu. OHM HeoOparumbr, Tenno Bee-
rjja mepexoZiuT OT TOpPAYerc Teja K XOJIOMHOMY, a MeXaHH4e-
CKasl SHEPrusf MaKPOCKOIIMYECKHUX TeJl — BO BHYTPEHHIOK.

HanpaBneHue npoleccOB B NPUPOJIE VKA3LIBAGTCH BTOPLIM
3aKOHOM TepMOAHHAMHWKH.

1. Kaxwe npoijeccst Ha3bmaotrca Heobpatmmbimmu! Hasoemte Haubo-
| = nee THNW4YHbIe HeoBpaTHMblie NPOUEeCChl.

? Hax ¢opmMmynMpyercs BTOPOH 3aKOH TePMOAMHAMMKHI

Ecni 661 pexM NOTEKNH BCNATL, O3HaYano Gl 370, YTO HAPYLWAETCA
3aHOH COXPAHEeHMs 3Heprumi

lad
. 4

CTATHCTHUYECKROE UCTOJIKOBAHHE

581  HEOBPATHMMOCTH IIPOIIECCOB B IIPHPOJE

Bropoi 3aK0H TepMOZMHaAMMKH KOHcTaTUpyeT QaKT Heob-
PATHMOCTH IIPOLLECCOB B IIpHpOAe, HO He JaeT eMy HHKAKOro
obbACHeHnA., ITO 00BACHEHHE MOKeT OBITh ITOJIYYeHO HA OCHO-
BE€ MOJEKVIAPHO-KHHETHYECKOH TeOpHH.

IIporHBOpeune Mexay 00paTMMOCTBIO MUKPOIIPOLIECCOB M
HeoOpaTHMOCThI0O Maxponpouneccos. HeobOparmmocts Maxpo-
NpPOLEeCcCOB BHITNANUT NapajoKCcalbHOo, NMOTOMY UTO BCE MHKPO-
npouecckl obpaTuMbl BO BpeMeHU. Y paBHEHHS ABMIKEHUS OT-
OeNBHBIX MUKPOYACTHI], KaK KJlacCU4YecKkHe, TAK ¥ KBAaHTOBLIE,
obparvMil BO BpeMeHH, U100 HUKAKHUX CUJ TPEHHS, 3aBHUCHAIIIMX
OT CKOpocTH, He comepxxaTr. Cuna TpeHHA — 3TO MAGKpPOCKOMNH-
JecKNH s@exT 0T B3auMoAeHcTBUA OOJIBIIOrO Tesja ¢ OrpoM-
HbIM KOJHYECTBOM MOJEKYJI OKPVIKAKINEH cpelbl, ¥ MMOABJe-
HHE 3TOU CHMJIBI caMO HYyXKJAaeTcA B o0bacHenuun. Cunnl, nocpen-
CTBOM KOTOPBIX B3aUMOAEHMCTEYIOT MUKPOYaCTULBL (B NEPBYIO
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ouepenb 3TO IJIEKTPOMArHUTHEIE CHUILBI), BO BpeMeHH obpaTu-
MBI, ¥ paBHeHUs MakcBesna, ONHCHIBAKOIINE 3NeKTPOMAIHHUT-
Hble B3aMMoOJeiicTBUSs, HEe MEHSTCH NpU 3aMeHe BpeMeHH |
Ha —I.

Ecnu B3fATH IIPOCTEHINYIO MOJENb rasa — COBOKVIHOCTH
VIPYIHX ILIAPHKOB, TO raid B LeJoM Oyaer oOHapyXKuBaTb
ONpefeNneHHY0 HAlPABJIEeHHOCTh noBegeHusa. Hanpumep, 6yny-
YU CXKAT B IIOJIOBUHE COCYAa, OH HAUHET PACIIHPATHECHA H 3aii-
MeT Beck cocyn. CHOBa OH HE COXKMeETCH. Y DABHEHHUS e JIBH-
JHEeHUA KarKAOM MOJIeKYJbI-II&pMKa 00paTHMBI BO BpPEMEHH,
TAK KaK COLEp»KAaT TOJBKO CHJIBI, 3aBHCHIIME OT pPacCTOSHUI
¥ ITPOSBIAIONIMECH IPH CTONKHOBEHMH MOJEKYVJI.

Takum obpasoM, 3azaya COCTOMT HE TONLKO B OOBACHEOHHH
NPOUCXOXKIEeHUA HeoDpaTHMMOCTH, HO U B COTJIACOBAHHUM (akK-
T4 00paTHUMOCTH MHKPONPOLIECCOB C (baKTOM HeoOpaTHMOCTH
MAaK POIIPOIIeCCOB.

dacayra B HaXO0MKAEHHH OIPUHIUIIHAJIBHO IIPABUILHOIO
NOAX0[a K pernieHunio aToil mpobnembr npuHannexuT Bonsnma-
Hy. IIpaBga, HEKOTOpPBLIE ACHEKTHI MpobieMbl HEeOOPATHMOCTH
[0 CHX TOp HE NONYYHJIM MCYEepNBIBAIOIIEro peliueHns.

Hureitckuit npumep HeobparumocTs. IlpusBenem npocToik
FHHUTEHCKHI IIPHMEpP, MMEKI[HMH IpAMOe OTHOLIEHHWEe K pele-
HU0 npobiemsl HeobpaTumMocTH BoJblIMaHOM.

HlonyceruM, ¢ NOHEAeNBEHUKA BBl PEIUMIM HAYATHE HOBYIO
JKH3Hb, HenpeMeHHBIM VYCJIOBUEM 3TOro OOBIYHO SABISAETCH
WAeATBHBIN UAW ONMM3KHMHN K HOEANBHOMY IMOPHAOK HA IHCh-
MeHHOM cToJjie. Bl paccraBnsieTe BCe NpegMeThl ¥ KHATH Ha
CTPOro onpeleneHHbIE MECTa, ¥ YV BAC HA CTOJIe LAPUT COCTOSA-
HHMEe, KOTOPOE€ C IIOJHBIM IPABOM MOXKHO HA3BATH COCTOAHHEM
«IIOPATOK» .

Y10 nmponzoiigeT ¢ TeYEHWEM BPEMEHM, XOpPOMIIO HM3BECTHO.
Bl 3ab6biBaeTe CTABUTH NPEAMETHEl M KHUIH HA CTPOro Orpeae-
JIEHHbIE MeCTA, H HA CTOJie BOLADHEeTCHA cocTosHHe xaoca. He-
TPYAHO IIOHATH, C U4e€M 3TO C¢BA3aHO. COCTOSHMIO «IIOPHIOK»
OTBEY&ET TOJBKO OJHO OIpe/ieJIeHHOe PpAacCIOJIoXeHue Ipej-
METOB, & COCTOSHWIO ¢«XA0C» — HecpaBHHMO 0oJiblllee 4YHCJIO.
W Kax TonbpKO npeamerhl HAYHHAKOT 38HMMATH ITPOM3BOJILHEIE
[MOJIOXKEeHWHA, He KOHTDOJIMpyeMbie Ballleili BoJiell, Ha CToJje
camo coboil Bo3HMKaeT DOJiee BEPOATHOE COCTOSHME Xaoca, pe-
anuayemMoe ropaszo OONBINUM YMCJAOM BAPHAHTOB pacnpegene-
HUA IIpeAMETOB Ha CTOoJIe.

B npuHnune uMeHHO Takue cooDpar<eHuA DBIIM BHICKA3a-
HEI bobaMaHoOM s ODBACHEHHA HeoOpaTHMOCTH MakKpomnpo-
LIECCOB.

MuKpOCKONHYECKO€ M MaKPOCKOIHYeCcKOe COCTOSHMA.
IIpexkye Bcero HYXKHO pPasIHWYaTh MAKPOCKOMWUYECKOE M MMK-
POCKONMYECKOE COCTOSHHUS CHCTEMEI,

Maxkpockonuueckoe cOCTOAHME XapaKTepuayeTcsa HeMHO-
MM 4YHCJIOM TEpPMOJAMHAMMYECKHMX mnapaMeTpoB (gaBieHueMm,
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o0beMoM, TeMOepaTypol U ap.). UMenHo mMakpocKonmuuyecKkue
BEJIHYHMHDI, XapaKTepua3yllij¥e COCTOSSHHE CHCTEMLI B LIEJIOM,
MMEeT NpPaKTHYeCcKoe 3HAYeHHEe,

Muxpockonuxeckoe COCTOAHUE XapaKTepuayercs B obliem
cjy4yae 3ajlaHMeM KOOPAMHAT M CKOpocTeH (MM HMITVJIECOB)
BCEX YACTHIL], COCTABASKIIHX CHCTEMY (MaKpOCKONHYEeCKoe
TeJo). 3T0 HecpaBHeHHO 0OoJiee JeTanbHAA XapaKTEePHCTHKA
CHCTEMBbI, 3HAHUE KOTOpPOH COBceM He TpebDyercs JJiA OITHCA-
HHSA ITPOLIECCOB ¢ MAKPOCKONHYECKHMH Tejamu. Bojsee Toro,
3HAHHE MUKPOCOCTOSAHUA CHCTEeMEl (DAKTHYECKH HEHOCTHIKMUMO
M3-3a OPOMHOIO YHCJA YaCTHI[, CIATaloHn[nX ee.

B npuBeseHHOM BbIillIE KHUTEHMCKOM IIPHUMEpPe ¢ npeaMeTamMu
HAa CTOJIE MOJKHO BBECTH MOHATHE MHKPO- H MAKPOCOCTOSAHHUIL.
Muxpococmoarui o0TBeYaeT KaKoe-TO OAHO OupeaesIeHHOe
PacloyoKeHHe NPeIMEeTOB, & MAKPOCOCMOAHUIY — OLEHKA CHU-
TYALHH B IleJoM: DO «MOpANOK», JTUD0 «xXaoc». BrionHe oye-
BHIHO, YTO ONpedeseHHoe MaKpoCcocmostue moxem Golme pe-
ANUI0OBAHO 0ZPOMMHBIM YUCIOM PASAUYHBLX MUKPOCOCMOAHUIL.
Taxk, nepexos ogHON MOJIEKYJibl M3 AAaHHOH TOYKH NPOCTPAHCT-
Ba B JPYI'yI0 TOUYKY WJIH U3MEHEHHEe €e CKOPOCTH B pes3yJILTaTe
CTOJIKHOBEHHA H3MEHAEeT MHKPOCOCTOSHHE CHCTEMEI, HO, KO-
HEYHO, He MEeHSeT TEPMOJAMHAMHYECKHX NapaMeTpoB H, CJIeno-
BATE/IbHO, MaKpPOCOCTOSHMSA CHCTEMBI.

Teneps BBEIEM IHIIOTE3Y, HE CTOJL OUYEBHAHYIO, KAK TIpes-
ILIeCTBVIOIHE YTBEPIKIAEHUNA: 8C€ MUKPOCKONUYECKUE COCMORA-
HUR U30AUPOBUAHHOIL CUCMEMbl DABHOBEPOAMMbBL, HUL O0HO U3
HUX HE 8blOCNCHO, He 3AHUMAEM NPEeUuMYyLULecmaeeHHOZ0 NOJO:
HeHus. 3To npennojioiKenue PaKkTHYECKH 3KBHBAJIEHTHO TH-
noTe3e 0 XaOTHYHOM XApPAKTEepe TeIJIOBOro ABUIKEeHHS MoJie-
KVJI.

BepoarTnocrs cocroanuia. C TeyueHHeM BpeMeHH MHKPOCOC-
TOSIHWA HENPepbIBHO CMEHANT Apyr apyra. Bpemsa npeGsisa-
HMHA CHCTEeMbI B OIIpeAeIeHHOM MAaKPOCKOIIHYECKOM COCTOAHHUW
OPOTIOPHHMOHAJIBHO, OUYEBHIHO, YMCIY MUKPOCOCTOAHUH Z,, KO-
TOPhIE PEaM3yIT JdaHHoe cocrosinue. Ecam uyepesd Z obosHa-
YHUTh IMOJIHOE YHCI0 MHKPOCOCTOAHUII CUCTEMBI, TO BE€pPOHAT-
HOCTB cocTosHusA W MOMHO ompeaenuTh Tak:

Z
VA

BepoaTHOCTS MAKPOCKOOHYECKOr0 COCTOAHMA PABHA OTHO-
IHIEHHIO YHCJA MHKPOCOCTOSHHH, PeaJM3yroniMX MaKpococTo-
AHHE, K NOJIHOMY YHCIY BO3MOMKHBIX MHKPOCOCTOSHMIM.

Ilepexon cucrembl K HaunGonee BePOATHOMY COCTOSHMIO.
HYem Gonrie Z,, Tem Gonblie BEPOATHOCTHL JAHHOIO MaKpOCO-
CTOSHUA U TeMm Oonbliee BpeMs cHceTeMa OyaeT HaAXOLUTHCS
B aToM cocTosHuM. Takum obpas3om, 360A0UUR cucmembl NPoO-
ucxodum 6 HANPasieHuUU nepexoda om ManNOBePOAMMHbLLY CO-
CMOAHUL K cocmoaHuam Oonee seposmubiym. UMeHHO ¢ 3THM

W =
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CcBA3aHA HeOOPATHMOCTE TEYEHHS MAKPOCKOIMHYECKUX npolec-
COB, HECMOTPH HA 00paTMMOCTHL 3aKOHOB, YIOPAaBJIAIOLIUX [ABH-
MMeHueM oTAenabHBIX vacTul. O6paTHbli MpoLece He SBIAETCH
HEBO3MOXKHBIM, OH ITPOCTO ManoBepoaTeH. Tak Kak BCe MHMK-
POCOCTOSAHHSA PaBHOBEPOATHBI, TO B MPUHIIMIIE MOXKET BO3HUK-
HYTh MaKPOCOCTOSHHE, pPeajindyeMoe MAJIKIM YHCJIOM MHKPO-
COCTOAHHI, HO 3TO YPE3BRUANWHO peawxoe cobwvitue. Mbl He
JIONKHBI VIUBIATHCS, €C/H HUKorja He yBuguM ux. HaubGonee
BEPOSATHO COCTOSTHHE TeIJIOBOro paBHOBecusa. Emy orseuaer
HauboabIee YNcsio MUKPOCOCTOAHUIA.

Jlerko moHATH, MOYEMY MeXaHWYeCcKas 3HEeprus caMolnpo-
M3BOJLHO MMEepexXoiuT BO BHYTPeHHIOI. MexaHugyecKoe JIBHEe-
HUe CHCTeMBbl (HJIM Teja) — 3To YIOpANOUYeHHOe IABHMKeHUe,
KOrjila BCe 4YaCTH CHCTEMBbl NepeMellalTcs onpefeeHHbIM 00-
pasoM. YTHOp#HJOYEHHOMY [IBHIXEHHWIO OTBeyaeT Heboabimoe
YHCJIO MUKPOCOCTOSHMIT 110 CPaBHEHMIO ¢ DeCTIOPAAOYHBIM Tell-
JIOBBIM JiBH3KeHHeM. [1oaToMy MANOBEepPOATHOE COCTOSAHUE YIIO-
PAOOYEHHOTO MEeXaHWYeCKOro ABMIKeHus camo coboil mpesBpa-
miaeTca B Oecnopsao4YHOE TEeNJOBOe JIBHIKEeHHe, peanuayemoe
ropasfo 60JBIIMM YHCJIOM MHUKDOCOCTOSHWH.

Menee HArmAAeH NpPOLECC Nepexola TerjaoThl OT INopaAYero
Tesna K xohoaHoMy. Ho M 3mech CcyuiHOCTH HeobpaTuMoCTH
Ta yxe. B Havase TennmooOMeHa ecTh JiBe IPYNNbLl MOJIEKYJI: MO-
neKyael ¢ Honee BHICOKOW cpefHeHl KWHETUYeCKOW aHeprueu
y ropsidero Tejia U MOJIEKYJIbBl ¢ HH3KOW Ccpe/lHell KHHeTHue-
CKOM sHeprueil y xonopHoro. Ilpu ycTaHoBieHUH TeILJIOBOI'O
paBHOBECHSI B KOHIIE TTPOLECca BCe MOJIEKYJIbl OKAMYyTCH IIpH-
HALNEKANIMMHY K OJHOU rpyIlle MOJIEKYJI C OJHOM U TOU e
cpelHeil KMHEeTU4YecKoM aHepruei. BoJsiee ynopsanodYeHHOe CO-
CTOAHME C pasjesieHVeM MOJIEKYJI HA JBe Ipyllbl OepecTaeT
CY1LIECTBOBATh.

Hrax, HeobpaTHMMOCTh NPOLIECCOB CBA3aHA C TeM, 4TO He-
pPABHOBECHBIE MAKPOCKOIMUYECKHE COCTOSSHUA MAaJIOBEpPOSTHEI.
v cocTosHuA U0 BO3ZHHKAKT €CTeCTBEHHBIM ITYTEM B pe-
3ynpTaTe s3pomouun BeenenHoi, 1ub0 co3narTCA HCKYCCTBEH-
HO "esnoBeKoM. Hanmpumep, MBI nosyuyaeMm CUJIbLHO HepaBHOBEC-
HbIEe COCTOAHHA, HArpeBas pabodee TeJO TEINJIOBOTO IABUTATENH
IO TEeMIEepaTyp, Ha COTHH I'paJlyCcOB IPEBLIIIAKIINAX TeMIepa-
TYPY OKpYIKawlleil cpejsl.

Paciumpense rasa u3 yeThipex moJexyn. Pacemorpum npo-
CTOM MpPHUMEp, MO3BONAIONIMH BBIYMCIINTL BEPOATHOCTH pas3ivd-
HBIX COCTOSHUM W HATJSIIHO NOKA3bIBAIOLINH, KaK YBeJIMYeHHe
YKCNa YACTHI] B CHCTEME IIPUBOANT K TOMY, YTO IPOLECCHl CTa-
HOBHTCH HeoOpaTUMBIMH, HECMOTpPS Ha oOpaTMMOCTE ypaBHe-
HUH JBHIKEHUA MHKPOYaCTHIL.

IlyeTe B cocylie MMeeTCs a3, COCTOSIIHMM BCero JIMIIb M3
yeThIpex MOJIeKyJl. BHadasie Bce MOJEKYJbl HAXOAATCHA B Jie-
BOII MOJIOBHMHE COCY/[A, OT/eJeHHOH Neperopojroil or npasBoi
nonosuabl (puc. 13.10, a). Y6epem neperopoiky, ¥ ras Had-
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HET PaClIUPATHCSH, 3aHUMAA Bech cocyi. IToemoTpuM, K&KOBA
BEPOATHOCTh TOTO, MTO I'ad OMIATHL COXKMETCH, T. €. MOJIEKYJIIbI
cHOBa cobepyTca B OQHOHM IOJIOBHHE COCyna.

B namem npumepe MaxkpococToarMe Oyaer XapaKTepuso-
BATHCA YKA3aHHWEM YHCJIA MOJIEKYJ B OJHOI MOJOBHHE CcOCyla
6e30THOCHTENBHO K TOMY, KAKME HMEHHO MOJIeKYIbl 3/leCh Ha-
xoaaTcA. MUKDOCOCTOSIHHUSA 3aJal0TCHA pPachnpefieIeHHeM MoJie-
KVJI 0 TIOJIOBMHAM COCYJA ¢ YVKA32HMEeM TOro, KaKHe MMEHHO
MOJIEKYJIBI 3aHUMAIOT JAaHHYIO MONOBMHY cocyna. [Iporymepy-
eM MoJeKy el nudpamu 1, 2, 3, 4. Bosmoyxuel 16 pasiuyHBIX
MHKPOCOCTOMHME, BCe OHH HaoOparkeHbl Ha pucyaxke 13,10, a—o.

BeposaTHOCTH TOr0, WTO BCE MOJIEKVJIEI cODEPYTCA B JIEBOH
IOJIOBUHE COCVIA, PABHA:

W=
1— & — Jp?
Z 16
TAK KAK JAHHOMY MAKPOCOCTOSHUIO COOTBETCTBYET OJHO MUK-
pococTosHME M3 mosiHoro uMx yumciaa 16 (em. pue. 13.10, a, 6).
BeposTHOCTE K€e TOro, YTO MOJEKVJIbl PaclpefeaTcs IIo-
poBRYy, bymer B 6 pas Gonbiue:

6 3

_— e—— T ==

2716 8’
TAK K8K JAHHOMY MaKpOCOCTOSHUIO COOTBETCTBYeT 6 MUKpO-
COCTORHMM M3 noJsHoro mx ymcna 16 (em. pme. 13.10, 8).
BepoATHOCTE TOro, 4To B OAHOW IOJIOBHUHE COCYyla, HAIPH-
Mep JeBoM, OyaeT TpM MOJIEKYJIBI, & B JPYroil COOTBETCTBEHHO
OJHA& MoJleKyna, paBHa (cMm. puc. 13.10, s, 2):
4 1
W,=—=-.
3716 4
Bonpiuyio yacTe BpEMEeHH MOJEKYJIbI OVAYT pacrnpeeseHsl
B NMOJOBUHKAaX COCYJa MOPOBHY: aT0 Hambojiee BepOATHOE CO-
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crosiaue. Ho npumepno 2/,, uaTEpBana BpeMeHyu HabiaoaeHus
MOJEKYBl OyAyT 3aHUMATE OJAHY U3 ITOJOBMHOK cocyna. Ta-
KHMM 00pa3om, TpoLecc paCllMpeHMA ra3a B JAHHOM IIpuMepe
obpaTM M ras CHOBa CXKMMAaETCs uepe3 CpaBHHUTEJNLHO HeboMb-
IIOM MNPOMEKYTOK BpPeMEeHU.

HeoOpatumocThs paciiMpeHHsa rasa ¢ OOJBIIMM YHCIIOM
mosiekys. OnucanHasa Beille 00paTrMMOCTb BO3MOXHAa JIMIb
npu HebONBIIOM 4Yucle MoJeKya. Ecimu e 4MciIo MOJeKyJr
CTAHOBHUTCH OTPOMHBIM, TO PE3YJLTAT CYILIECTBEHHO HMHOM.

[ToapcunTaem BEpOATHOCTE TOTO, YTO MOJIEKYJBI BHOBE coDe-
pyTCA B OAHOM MOJOBHMHKE COCyIa TocJie paCUIMpeHMs, ecsiM
YKUCNO MOJIEKYJI TTPOM3BOJBEHO BEJIHKO.

Monekynel HAeaTbHOIO rasa ABUIKYTCH NPAKTUYECKN He3a-
BHCUMO Jipyr ot apyra. Ilns ogHol MoOJeKyJkl BEpPOATHOCTH
TOro, 4YTO OHA OKAa)<eTCH B JIeBOM MNOJIOBMHE COCYia, pPaBHA,

l - a
OoYeBHaHO, '2—. Taxosa e BEPOATHOCTE W IJIH APYIrOoH MOJIEKY-

JbI. 3TH CODBITHA He3aBHCHUMEI, H BEPOATHOCTL TOr'o, 4TO IIEp-

BaXd H BTOpaH MOJERYJIIBI OKaYVTCH B JIeBOH ITOJIOBHHE cocyaa,
1 1 _1

pABHA NPOM3BENEHH) BEPOATHOCTEH cobBITHIL: 578 = 4= Th

Hif Tpex MOJeKyJ BEepPOATHOCTE MX HaXOXK/JIEeHHUA B JIeBOU I10-
1 1

JIOBHHE COCyZa paBHAa PYE a AJif 4eTbIpex — P HmennO Ta-

Koe JHaueHHe BepOsTHOCTH MBI WM MOJYVUYMUIHM ODU JETAJIHHOM

PACCMOTDPEHUHM pacIipelieJIeHUA MOJIEKYJ IO COCYAY.

Ho ecoiin B3ATE peasibHOE YHNC/I0 MOJexkys rasa B 1 cv® npu
HOpManeHBIX vcrnoBusax (n =3 - 10"Y), 1o BeposTHOCTHL TOTO,
YTO MOJIEKYJB! cODepyTCA B OMHOM MOJIOBHHE cOCyza oDbeMoMm
1 cm?, 6yaeT coBeplIEHHO HHMYTOMHA:

1
28 .10!° <

Takum obpazom, TOJBKO HM3-3a DONBLOIOTO YMCAA MOJMEKYJN
B MaKpOCHCTEMAX TIPOHECChl B NPHMPOJie OKa3bIBAITCH ITPAKTH-
yecky HeobpaTumeimu. B npuAumne obparHbie mpoiecchkl BO3-
MOY{HBI, HO BEPOATHOCTb UX Onuaka K Hymo. He nmporusope-
KT, CTPOTO TOBOPA, 3aKOHAM MPUPOALI NpoLece, B pe3ybrare
KOTOPOro NpH CJAy4YaiHHOM JIBUXKEHHMM MOJEKYJ Bce OoHH cobe-
pPyTCst B OAHOI MOJIOBUHE KJjacca, a ydaliyecs B Apyroi nomjo-
BUHE KJjacca 3anoxHyTcsa. Ho peanbHO aTto cobOBITHE HMKOIILA
HE NPOMCXOAWJIO B NPONLIOM W He Tpousoijier B Oyayigem.
CnunimmkoM Mana BepoOATHOCTE NMOJOOHOrO cobriThdA, YTODBI OHO
Korga-mmbo CAy4MIoch 3a Bce BpeMs cyinecrsoBaHus Bceenen-
HOH B COBPEMEHHOM €€ COCTOAHHHM — OKOJIO HeCKOJBKHX MHJI-
JUAPAOB JieT.

I[lo npubnu3uTENRHEBIM OIEHKAM, 3Ta BEePOATHOCTL IIpH-
MEPHO TAKOIo JKe MNopAlKa, KaK ¥ BepPOATHOCTE TOro, ¥UTO
20 000 obesnsit, XaO0TU4YHO Y/JaApsAS 0 KNABULIAM NMHLIYLHINX
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MalIMHOK, HaneuaraioT 6e3 equnoil omubxu «Boitry 1 mup»
JI. H. Toncroro. B npuHLNIE 3TO BO3MOMHO, HO pPeanLHO HU-
KOrJa He NPOM30MIer.

Crpena Bpemenn. Bo Bcex npoiieccax cyLeCTBYET BLIJIE/eH-
HOe HampasJ/leHue, B KOTOPOM IIpOliecchl UAOYT caMH CoboM oT
fosnee yIIOpPAJAOYEHHOIO COCTOSTHHSA K MeHee yINOPHAIOYeHHOMY.
Yem Oosblie NOPSAJA0K B CUCTEME, TEM CIIOXKHEEe BOCCTAHOBHTH
ero us becniopsinka. HecpasaenHo mpoire pasburTs CTeKso, 4em
MSTOTOBATL HOBOE W BCTABHUTH e€ro B pamy. l'opasmo mpore
vOUTEL JKHMBOE CYLLUECTBO, YeM BO3BPATHUTH €T0 K IKU3HH, eCJId
3TO BOOOIE BO3MOMKHO. «Bor corropmn mManeHbKYIO0 ODyKamky.,
Eciu TEI ee paziaBuilb, OHa YMpeTs» — TAKOW smurpad mocra-
BUN amepuKaHCKMU Omoxumuk Cent [Iepepam K cBoeil KHHUrE
« BrosHepreTHKa» .

BeisenneHHOe HanpaBieHne BPEeMEHH — CMpeaa pemMeil, —
BOCIIPMHUMAEMOE HAMH, OYEBMUJ/IHO, CBSI34HO C HaIPAaBJIEHHO-
CTBIO TIPOLIECCOB B MUpe.

I'paanubl NpUMEeEMMOCTH BTOPOr0 3aKOHA TEPMOIMHAMH-
KH. BepoaTHOCTE 0OpaTHBIX NPOLIECCOB MEPEX0a OT PABHOBEC-
HbIX COCTOHHWUN K HEPABHOBECHBIM [IJII MAKPOCKONHWYECKHX
CHCTEM B HeJiIoM oYeHb Matga. Ho nia maneix obbeMoB, coaep-
HaUuMx HebONbIIOe YHCJI0 MOJIEKY], BEPOATHOCTE OTKJIOHEHUSA
OT PaBHOBECWH CTAHOBUTCH 3aMETHOM. TakKHe ciaydalHbIe OT-
KJIOHEHUSA CHUCTEMBI OT PABHOBECHS HASBIBAIOTCH (YK MYALLU-
amu. UmenHo payKTyalusaMy IJIOTHOCTH rasa B obsacTax 1o-
PAAKA JUTMHBI CBETOBOM BOJIHBI OOBACHAKOTCS paccesHne CBeTa
B arMocdepe 3emnn ¥ ronyboi nper Heba. PayKTyauuu as-
JIeHHUsA B MasjblX 00beMax o0bACHAIOT OPOVHOBCKOE JBUIKEeHHE.

Habuonernue GayrTyanum CHAVIKHT BasKHEHMIIUM JOKa3a-
TENbCTBOM OPABHJILHOCTH CO3aHHOH BoJabIMaHOM CTATHCTH-
9eCKOH TeopuM HeoOpaTHMOCTH MaKponpoleccoB. Bmopoil 3a-
KOH mMepMOJUHAMUKL BBINONHACMCA MOABKO 018 cucmem
C 0ZPOMHBIM wucaom wacmuy. B maneix obbeMax CTAHOBATCH
CYILeCTBeHHBIMH OTKJOHEHHUS OT 5TOr0 3aKOHA.

HeobparumocTE nmpoiieccos B MpUpoe CBA3aHA CO CTPeMIe-
HHMEM CHCTEeM K IlepexoJly B HauboJiee BEPOSATHOE COCTOSHNE,
KOTOPOMY OTBeudYaeT MaKCHMAaJbHbLIH Oecrnopsamox.

IIPUHITATT JIEUCTBUS TEILJIOBBIX
§ 82 JIBUTATEJIEU. KOSOOUIMEHT IIOJE3HOTO
JNENCTBUA (KIIA) TEILIOBBIX JABHIATEJIEN

3anacel BHYTPEHHEH SHepPrMM B 3eMHOHI Kope H OKeaHax
MOHO CUMTAaTh [IpakTHYeCKHu HeorpaunueHHbiMu. Ho nns pe-
lIeHNA NPaKTHYeCKUX 3ajlad paCIoJIaraTh 3allaCaMy SHEePruf
eule HepgocrarodyHo. Heobxommumo enie ymers 3a cHdeT 3HEPruu
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IIPHUBOAUTL B [ABHUIKEHME CTAHKH HAa (abpukax ¢ 3aBojax,
CpeiCTBa TPAHCNOPTA, TPAKTOpPHI M APYIrHe MAIOWHEI, BPAIIATH
POTOPEI TEHEPATOPOB 3JIEKTPHYECKOro TOKa ¥ T. 1. Yenoseue-
CTBY HYIKHBI J[BHUTATEJIM — ycTpoilicTBa, cnocobHEBIE COBEpP-
mwate pabory. Bonpmas dacte geurateneili Ha 3emne — 37O
menJoevle deuzamedau. Tenynoseie OBUAraTe I — 3TO YCTPOM-
CTBa, NPeBpAalaolHe BHYTPEHHIOK 3HEPryio TOIJinBa B MexXa-
HUYEeCKYIO.

IlpuHiMIBl JeHCTBMHA TeInoBbIX AsuraTeneit. Jlna Ttoro
yTOOBI ABUTATENIb COBEpLIAN pabory, Heobxoamma pasHOCTH
AasJieHUN 110 0fe CTOPOHBI MOPIHIHA JABMIaTeNs WM JIONacTeid
TypbuHbL. BO BCeX TEILNOBBIX aBMraTensix aTa PasHOCTb AaBiie-
HUH [IOCTHI'aeTCA 3a cUeT NOBRILIeHUSH TeMrepaTypkl pabodero
Tena (rasa) Ha COTHHM WM THICAYM [PAJyCOB II0 CPABHEHMIO
C TEMIIEPaATYpPOU OKpy:awuleil cpensl. Takoe nosbillIeHHe TEM-
IepaTypsl IIPOUCXOJNUT HNPH CropaHUM TOIIHBA.

OmHEAa 113 OCHOBHBIX HaCTEeH ABUraTeNs — COCYI, HAIOJHEH-
HBIMA rasom, ¢ TIOABHMKHBIM NopinaeM. Pabouum TesioMm y BCeX
TENJIOBBIX ABHUraTesell SABIAeTcH ras, KOTOPhIA coBepmaeT pa-
bory npm pacummpernun. O003HaumM HaYaJIBHYIO TEeMOEPATYPY
pabouero Tena (rasa) yepea T,, 9Ty TeMiepaTypy B MapOBBIX
TypOMHaX MM MalUIWHAX IOpHobpeTaeT Map B NapoBOM KOTJe.
B aBurartesiix BHYTPEHHErO CropaHMda U ras3oBbIX TypOuUHaX
IIOBLIIIIEHAE TEeMIEPATYPhI IMIPOMCXOAMT NPH CrOPpaHHM TOILIH-
B& BHYTPH camMoro asurarens. Temunepatrypy 71, Ha3bIBalOT
memnepamypoil Hazpesamens,

Poae xonoamanuuka. IIo mepe cosepruenusi paborsl ras
TePAET BJHEPrui0 M HEH30eXHO OXJaXKAAeTCHs A0 HEeKOTOpOH
TeMriepaTypsl 1T,, KOTOpad OGLIYHO HECKOJIBKO BBILIE TeMIIe-
PaTyphl OKpy:Kawineil cpefbl. Ee HasbIBalOT memnepamypoil
xonodunivHuKa. XONOAWJIBHUKOM sABNsAeTcsi aTMmochepa wuim
crierManbHble YCTPOHCTBA [ OXJAMIEHUA N KOHJEHCAITHH
orpaboTaHHOrO napa — KoHOeHcamopsi. B mocnemaeM ciyyae
TEMIIEpaTypa XOJOAMIBHUKE MOKeT ObIThE HEMHOI'O HUIKE TeM-
neparypsl armocdepsnl.

Taxum obpazom, B iBUTatTene pabouyee Tesno IpU pacuivpe-
HUHM HE MOXKeT OTAaTh BCIO CBOX BHYTPEHHIO 3HEPrHi0 HA CO-
BepiieHue pabotrel. HacTk TennoTel HenzlerkHO NepenaeTcs
XonoAMaBHUKY (aTtmocdepe) smecre ¢ orpaboTaHHBIM HAPOM
MJIH BBIXJIOIIHBIMM I'A38MM JBUTAaTEsleil BHYTPEHHEro cropa-
HMA U rasoBbiX TYPOHMH. 3Ta yacTe BHYTPEHHEH SHEPrHH Teps-
eTcH.

Tennoeoi aBuratTens coBepiiaer paboTy 3a cueT BHYTPEH-
Hel sHeprum pabouero rena. [IpuyeM B 3TOM IpOLECCe ITPOMC-
XOROUT Nepefaya TenNOThbl OT Hosee ropsyHx Tes (Harpesarte-
ns1) K Oosee XONOAHBIM (XONOAWUIBLHUKY).

IIpuHUMOHAaNBHAS CXEeMa TeIJIOBOIO ABUraTelsi Haobpare-
Ha Ha pucyHke 13.11.
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Pabouee Tesro pBurarens nosydyaeT OT HarpesaTess MOpH
CrOpPaHu¥ TOILIMBA KOJHUYECTBO TeIUIOTHI §,, coBeplraeT pa-
bory A’ m nepenaer XONOOWJIBHUKY KOJHYECTBO TeILJIOTHI
Q. < Q,.

Roapdmument mnosesnore peiicteua (KII/I) teniosoro
asurarens. HeBo3amMOXKHOCTE TIOJHOIO NPeBpaleHus BHYTPEH-
HeM sHepruu rasa B paboTy TersoBbIX jaBurarteseil obycJioBie-
Ha HeoDpaTHMOCTBIO nponeccoB B npupone. Ecau 6v1 Terwno
MOIJIO CaMOIIDOM3BOJIBHO BO3BPAUATBCH OT XOJOAUIBEHUKA
K HarpeBaTelx), TO BHYTPEHHAS 3Heprus morsa 6sl O6bITeE nodi-
HOCTBIO IIpeBpallleHa B NOAe3HYI paboTy ¢ noMousio nwodoro
TEILJIOBOT'O JIBHUTaTeNs.

HarpesaTtens
(remneparypa T,)

Pabtouee
Te0
OBUTATENH

OJNONMNITBHHE
(TemnepaTtypa

)

Puc. 13.11
1312



CornacHo 3aKOHY COXpaHeHHu# aHepruu paborta, cosepliae-
Mas JABHUTaTesjeM, paBHA:

A'=Q, ']Qzlr (13.17)

rae @, — KOJU4YeCcTBO TENJIOTHl, MOJYUYeHHOe OT HarpeBaTensd,
a ., — KONM4YeCTBO TEILIOThI, OTHAHHOE XOJOANJIBHUKY.
Koadpdpununentom noaessoro aeicreun (KII) renmosoro
ABMraTesisi HAa3bIBAKT OTHoOIIeHWe paborel A’, coBepmaeMoH
JIBUTATENeM, K KOJIWYeCTBY TEIJIOTH], IOJIYYEHHON 0T HArpeBa-
TeJIA:
A Q@] Q|
n= = == 1-— ==, (13.18)
Q| & @,

Tak KaK y BCeX JIBUTATEJEe HEeKOTOpOe KOJWYEeCTBO Ternso-
Thl TIepefaeTCH XONMCAUJIBHUKY, TO T < 1.

KI1ll TennoBoro aBWrarteliss IPONOPHHOHANEH PazHOCTH
TeMIOepaTyp Harpepatens W xomomuiabHuKa. Ilpu T, - T, =
JIBUTaTENh He moker paboraTts.

Maxcumanesnoe 3Havenme KIIJI TemioBsiXx aBHUraTtesiew.
3aKOHBI TEPMOAMHAMHUKHN [O03BOJAIOT BBIYMCIUTE MAKCHMAJb-
Ho soamoxkHbIM KIIJI Tennosoro jaeurartens, paborarinero
¢ HarpeBaTeJieM, HMEIOIUM TeMmuepatypy 71, ¥ XOJOAUJILHH-
KoM ¢ Temmepatrypoii 7,. BrnepBule 3T0 caenan (ppaHLy3cKHi
urkedep m yuesnenii Cagu Kapro (1796—1832) B Tpyne
«Paampininedus o ABUIKYIIEH CHJie OTHH M O MalllMHAaX, CIIO-
cobOHBIX pasBUBaTH 9Ty cuiy» (1824).

KapHo npuiyMan HAealbHYIO TeILIOBYIO MAILMHY C Healb-
HbIM TI'adoM B KauecTBe pabouero Tena. UpeanbHas TeroBasi
mamuHa Kapao paboraer no UKy, COCTOSALEMY H3 ABYX M30-
TepM ¥ AByX aauabar. CHayana cocyn ¢ rasom IMpUBOAAT B KOH-
TAKT C HarpeBaTeJieM, I'a3 M30TePMHYEeCKH PACIIHPAETCH, CO-
Bepuian MMOJOXUuTeabHYI0 pabory, npu temneparype 1,, npu
3TOM OH TMOJIy4YaeT KOJUYECTBO TEMJIOTH Q.

3aTeM COCYZl TeINIOM30JHPYIOT, Tra3d IPoJoJKaerT paciiu-
pAThCA yike anuabaTHo, 1IpU 3TOM €ro TeMneparypa MOHMMKa-
erca Ao Temnepatypbl xonopunbHuka 71,. Ilocne aToro ras
IIPUBOMAT B KOHTAKT € XOJNOAMABHUKOM, OIPH U30TePMHUYECKOM
CIATHHN OH OTHAET XOJIOAMNBHHMKY KOJHYeCcTBO TeIUloThl @,
cxuMasice no obbema V, <V,. 3arem cocys CHOBa TepPMOM30-
JAVUPYIOT, a3 cxkuMaercs aauabatHo no obrvema V|, m BosBpa-
LaeTCH B NMepBOHAYAJILHOE COCTOSHME.

Kapro nonyuun gna KIIIl artoit mauineel cieayioliee Bbi-
paxeHue:

i =~ v (13.19)

Kak u caenoBanio oxugars, KITI mamuasr KapHo npaMo
MPOLIOPIHOHATEH PAa3HOCTH ABCONIOTHBIX TeMIepaTyp Harpe-
BaTENs M XOJOJMJILHUKA.
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I'naBHOe 3HaYeHHE 3TOI (POPMYJIBI COCTOMT B TOM, YTO JIKO-
fan peanvHas mennoeas Mawuwna, pafomawuwias ¢ Hazpe-
eamenen, umewwum memnepamypy T,, u X0A00UNLHUKOM
¢ memnepamypoir T,, ne momcem umemv KII]], npeewviuiaio-
wuit KITIT udeanvHoit mennosoil Maullitbl.

Ql_lel < Tl*TE
@, T;

Dopmyaa (13.19) naet TeopeTHUecKHi npenes A8 MAKCH-
maneHOro snavennsa KIII rensnoBwix asurateneit. OHa noxa-
3BIBAET, UTO TEIUIOBOM [ABUTATeNk TeM ahdeKTnBHee, dYeM
BBIIIIE TeMOepaTypa HarpeBaTeNsi ¥ HHXKe TeMIOepaTrypa XoJo-
JAUMIBHAKA. JIMIOb HNpH TeMOeparType XOJOOHUJILHWKA, PaBHOH
abconoTHOMY Hyn0, 1) = 1.

Ho remneparypa XoJOAMJBHHKA NPAKTUYECKH HE MOMKeT
OBITH HHUME TEMIIEPATYPHI OKPYIKalomiero Bos3ayxa. [1oBblmaTo
TeMIeparypy HarpepaTensa moxuHO. OnHako jroboii maTepman
(TBepmoe Teno) obiagaeT OTPAHMYEHHOW TeNJOCTOHKOCTHIO,
UK KaponpodHocTeio. IIpu HarpeBaHuM OH NOCTENEHHO yTpa-
4UHBAET CBOW YNPYr¥Me CBOMCTBA, a IMPH AOCTATOYHO BBICOKOH
TeMIlepaType ILIaBUuTCH.

Ceifyac OCHOBHBIE YCUJIHA MHIKEHEPOB HAIIpaBJIEHBI HA MO-
seinesne KIII geurarteneil 3a cYeT yMEHBINTEHUA TPEHUA HX
yacTeil, noTeps TONJIUBA BCIEACTBHE ero HEeNOJHOIO CropaHus
u T. 8. Peansuabie BodMOIKHOCTH jts nopeimenusi KITI 3xech
Bee ewje ocraorces boneiuumu. Tar, A napoBoil TypOMHDLI Ha-
YaJbHble M KOHEYHBIEe TeMIepaTypsl napa IpHUMEPHO TaKOBBI:
T, =800 K u T,= 300 K. Ilpu stux remmepaTypax MaKCH-
MajbHOe 3HaYeHne Koa((pHuIueHTa MOJe3Horo AeiicTBUA PABHO!

7,

Nmax = _T?_ ~ 0,62, Nimaxe = 62% .
7

Heitcrsurensaoe ke sHavyenue KIIJI wma-za pasnuyHOoro
poia 3sHepreTHYeCcKuX 1oTeps npmonusuTenbHo pasHo 40%.
Maxcumaneubiit KIIIl — okono 44% — uMeroT paBuUrarey
Hugens.,

IMosrmuenue KIIIT TennoBwIix ABMraTeneil ¥ npubirixeHUe
€r0 K MaKCHMAaJIBbHO BO3MOMXHOMY — BajKHeEHIIas TexXHude-
CKas 3azaya.

Tennosele gBurartenu coBepuakoT pabory Gmarogapss pas-
HOCTH [aBJIEHHMH ra3a Ha HNOBEPXHOCTHX MOPHOIHE MJH Jiomna-
cTeidl TypOuHEI. T4 pAa3