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§ 1. UTo v xax nsyuyaet PpU3MKa

1. duauka — HayKa O npeEpoie. Kax paM Xopomo H3BECTHO,
HMaUKa — OAHA H3 HAYK O NPHpOAe, HAH, KAK TOBOPAT, OfHA B3 ecTe-
CTBEHHBIX HaYK. J[[pYIMMH ecTeCTECHHB MY HAYKaMH ABJAKTCA aCTPO-
HOMUSK, BHUOJOTHA, XHMHA, reorpadus.

@usuxa HavuaerT gusudvecKue ABAEHUSA: MEXaHHYSCKHNe, TeITo-
BHIE, 2JEKTPOMATHHTHEIS, CBeTOBEe H Ap. K QusHUecKHM ABICHHAM
OTHOCATCH ABHMKEHHE MOJeKYJ, PAANHYHEIX MAIUHWH ¥ MeXAHH3MOB,
IJIAaHeT ¥ HX CHYTHHKOB, HArPEBAHHE M OXJIAXKACHUE Tel, [IJIABJICHNE,
KPUCTATANBANAA H ODapoofpasosaHie, UBMEHEeHHEe OPHEHTAIlHH Mar-
HHTHOM CTPeNKH BOIM3A MPOBOJHHKE, IO KOTOPOMY HAET dJICKTPHHYe-
cxHit TOK, poT03dderT, PAXUHOAKTABEEIN PACTIAL H MEOTHE ADYIHe. Bo
RCEX DTHX ABJEHHSIX VYACTBVIOT MATEPHATbHEE 00BEKThl HIHM 06heK-
TH OKPYXAIIETO HAC MATEPHAILHOIO MHEPA,

Mamepus — 6ce mo, +mo cyuecmayem pearbio, Hesaaucu-
MO O HAC, HAUWLUX OPZAHNS8 LYBCME, Mo, Ymo Mbl MOMEM 80C-
APUHLUMAMB € NOMOULIO OPZAHOE HYECME HenocpedcmeerHo
LAY UCNOABIYA RPUBODLL.

B nacroAmee RpemMs M3BeCTHEI JBd BUAa MATEDHH! BEIISCTBO H 10-
jge. K BeImecTBeHEOMY BHAY MAaTepVH OTHOCATCA ATOMBI, MOJEKYJIHL,
OKpYRaKIliHe HAC Teld, ACTPOROMATECKHe 00 BeKTHI. C IMOJEeBBIM BH-
JOM MATEPHM BBl yiKe TOMe 3HARKOMEI — 3TO IDaBUTALNCOHHOE, BJIEK-
TPUAYECKOE, MATHUTHOR, SIEKTDOMArHETHOE [I0JId.

Kpome sBaenuit ¢guauka maydaer fuauieckue ceolicmeq mare-
PHANLHEIX O0BEKTOB, TAKHE KAK TENIONPOBOJHOCTE, JJIEKTPONDPOBOA-
HOCTEh, VOPYTOCTSs, TPOYHOCTE N T. II.
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ITomumo pu3NYeCKUX ABIECHUMA, CYIIECTBYIOT XUMHYECKHe, 610I0-
ruyecKmue, aCTpOHOMHYECKHe sABIeHUA. Hampumep, pocT pacTeHui
IpeAcTaBisieT co00i GMoJOrnYecKoe ABJIeHUEe, IPeBPallleHHe BellecTB
IIpU XMMHUYECKHX peakluAX — Xumudeckoe. [Ipu aTom oObsACHeHHe
TOr'0, MOYeMy IIPOMCXOJUT Ta UJIM UHAA XUMHUUYECKasi peaKkIius, JeMUT
B o0sacTi (pU3MKHM; POCT PaCTEHUH IPOMCXOAUT BIarogaps TaKUM IIpo-
neccam, Kak Aud@dys3usa u BcackiBaHNe, MEXAHU3M KOTOPBIX UMeeT (pu-
3uvyecKyoo mnpupony. Takum obpasom, (pusnueckume, XUMHUUYECKHE H
fuosoruueckue ABJIEHUS TAK K€, KAK M HAYKU GU3NKA, XUMUA, GHO-
JIOTHH, TeCHO cBA3aHbl. OcOBeHHO CUJIBHO ¢ (DUBHKOH CBA3aHa ACTPOHO-
MU#, KOTOpasa uaydaer HeOecHbIe 00BbEeKTHI (IJIAHETHl, UX CIYTHUKH,
3Be3/ibl, TAJIAKTHUKH U I1ID.) ¥ HUCIIOJb3YeT IPU 9TOM (pU3UUYECKUe MeTo-
JABI MCCJIEJOBAHHUA 1 3aKOHEI,

BelaensoT Tpu CTPYKTYDHBIX YPOBHS MaTepuu: MHKPOMHD (aTo-
MBbl, 3JIeMeHTapHBIe YaCTHILI, THIHYHBIE PasMepbl KOTOPBIX MEHbIIIe
wnu paBEbI 10710 M), makpomup (o Mostexya 10 Tes CosHEUHOM cucTe-
MbI), MeramMup (TunuyHbie pasmeps! 1022 ).

®Du3NKa M3ydYaeT CBOHCTBA 00BbeKTOB M (DM3MYECKHE SBJICHUI, npo-
HCXOAAIMe ¢ 00beKTaMH MHUKPOMMPA, MAKPOMHPA M MeraMupa.

2. Hay4yHsle MeTOIbI MO3HAHUA OKPYIKAIOIIEr0 mupa. BosxHu-
KaeT BOIPOC, Kak (pU3HKa I0oJIyyaeT 3HAHUA O IPUPOoJe, KAaK OHA U3Y-
YaeT MaTepHaJbHBIM MUD.

IIpeacraBinerns o MarepuajbHOM MHpEe, O MPOUCXOAAINUX B HEM
ABJICHHAX U O CBOMCTBaX 00'EKTOB MATEPMAJbHOTO MHUPA CKJIaJbIBAa-
oTcd B npounecce nHabnwdenus. Tak, nHabnwonas nagesue te, laau-
Jiell npITajicad HallTH 3aKOHOMEPHOCTH 3TOTO ABMXeHusA; Hablwopasa co-
KpalleHue JIaKH JATYLUIKN [IPU KaCaHUM ee MeTa/VIMYeCKUMHU Npej-
mMeTamu, I'anbBaHM NbITAJNCA HANTH OIPUYMHY 9TOrO ABIeHUA. UMeHHO
HeJlaHue 00bACHUTL IPUUMHY HAGJI0JaeMOro SABJIEHHUSA, HAWTH 3aKO0-
HOMEPHOCTH, KOTOPBLIM OHO NOAYMHAETCA, NOOYKJaeT YYeHbIX BBIABH-
raTh 2unomesbvt, T. e. NPEANOTOKEHUA O IPUPOJEe ABJIEHUA, NJIH O €T0
[IPUYMHAX, WX O 3aKOHAaX, 110 KOTOPBIM OHO ITPOMCXO/LHUT.

ITocne Toro Kak BBIABHHYTA I'MIOTE3a, VYEHBIH MOKET IPOABH-
raThbCd B NO3HAHUU AByMdA NIYTAMH. B nepBomM ciyuyae OH MOKeT mocTa-
BUTH SKCIIEPUMEHT U C €ro IOMOIIbIO IPOBEPUTE runoressl. Te U3 HUX,
KOTOpbI€ IOATBEPAATCHA, IPUHUMAIOTCA, & Te, KOTOPbIE He ITOATBEeP/ AT -
CH, ABJIAIOTCH JIOMKHBIMHU U 0TOpAachIBAIOTCH. 3aTeM, €CJIN 3TO BO3MOMK-
HO, TUTIOTe3a I0JIy4aeT TeopeTudecKoe MOATBEPKAeHNe NPU 00bsACHe-
HHUH Pe3yJbTATOB 3KCIIEPUMEHTA.

4



Bo BTOpoM cvHae YUEHBIH CTPOUT MOGERb 00BEKTA HJIH HABJEHUA,
EBIIBUTALT THIIOTESY, BLIMONHAET TEOPETHUYECKOE UCCIRIOBRAHAE MOJE-
J¥ ¥ OPOBOAHUT JKCHOEPHMEHT ¢ LEeJbic NOZTBEPMACHAS CIpPABEdIE-
BOCTH THOOTE3Bl U NPABKABHOCTH IOCTPOHEON Mogens. OxoHvaTEb-
HOE JAKMIOYEeHHUE O TOM, UTC TOAYUeHHEIE BBIBOOEI BEDHBI, LI03BOJIALT
CIEJATHL BOSMOMHBIME HX IPAMEHeHHe B IPAKTAKE.

H3 opuseaeRHERIX paccy:xgeHui ciaeayeT, YTO IKCOEPUMEHT H Te-
OpeTHYECKHH aHAIN3 {TeopHusd), ARJAACHE METOZAMH NO3HaHHA OKpPY-
MAIOIMErc MEP&, BLICTYNAIOT B eguHCTBe, I[ponecc No3EaHnA HaYwHA-
eTCA ¢ Hal/JI0JeHHH H MMEeHH0 HeCOOTBETCTRIe HabIIoaaeMOTro CI0XKHB-
ureficAa CHCTEMeE 3HAHWIH, NPOTHBOpEYHE MeXY ViKe HW3BEeCTHbIM H
OKCIEPHMEHTANLHEIMA (PAKTAMH, KOTOPHIE He MOT'YT OBITE 0OBACHEHAR
¢ DOMOHIBI) CYIIECTBYIOUUX 3aK0HOB H TEOPHH, IPHBOAUT K ROSHHKHO-
BEHHIO HOBOTO 3HAHMA. B aroM coyyae sKCOepPUMOHT SBJAETCA HCTOUY-
HIKOM HAIIUWX 3Haruil 06 oxpyxatomeM Mupe. C Apyroi ¢ropoHhsl, HA
04HO0 SHAHHE He MOeT CUHTATHCH HCTHHHBIM /G TeX II0D, TIOKa O0HO HE
OyaeT DOATBEP:KAEHO COOTBETCTEYIONIUMHE OKCIePUMeHTATbHEIMH JAH-
HBIMH ¥ He HAHJET CBOEr0 MPaKTHYECKOTC NpAMeHeBRA. B 3ToM cMbIc-
Je JKCTICPUMEHT ABJSETCS KPUTEPHEM UCTHHHOCTH HAIIHUX 3HAHMH.

TaxuM o6pasoM, IKCREPUMEHTIL ABAACHLCA UCMOLHUKOM 3HA-
HUS U KpUMepUuem UCMUHHOCMU NOLYUEHNbBLY JHAHUL.

EcTecTBeHHD, YTO 3KCIIEPHMERTANLHEE (PAKTH IPEACTABIAIOT CO-
Bolt OlME M 371eMCHTOB CHCTEME] SHAHHY O Opupoje. Bosee mMOTHBIMH
9TH BHAHMA MOTYT CTAThb TOAbKO LPU CO3AENM TEOPNA ANS HX 0DBAC-
Heuud. Tak, TPeANOIOREHNE 0 TOM, YTO BeIlfeCTBa COCTOAT K3 TaCTHIL,
HAXQUSMAXCH B HCIIPEPHBHOM Xa0THUECKOM ABUMEHHH, OCTABANOCH
THIIQTE30H ¥ HmocJe TOTD, KAaK ObLTH NOCTABJACHK SKCTCPHMEHTEL, KOC-
BEHHBIM 00pAa30M /I0KA3KIRAIOINHE ero CHpaBeJAUBoCT,, H muins nocre
CO37AKAA KJIACCHIECKONH CTATHCTHYECKON TEOPUH OHO OIPEBPATHIIOCE B
HayuHOe 3HaHHE,

Bonpockl 418 CaMOMNpPoOBEpPKA

1. Yro nayuaeT puanka?

2. MpuBeg¥Te NPUMEPE] (DEGHYLCKHEX SBICHUI M GUIHIECKHX CROHCTS T,
3. IoxaxuTe, 4T PHIHYLCKHUE SAX0HE] HMEIOT MeCTO B GHOTOTHYECKIEX
M XMMUUECKHX SBAEHHAX.

4, Kagopa mormka npouecea EayyHoro noaranes? Ilponanrocrpuapyitre
¢e HA IpMMEepe.

5. Kaxora poar skcnepumenTa B noauadHu? [Togcanre aa npuMepe.

6. Kaxopa posit Teopul B noseasdy? MogeanTe Ha npumMepe.

7. Y710 Takoe runoresa? IIpHBeaAKNTe IPEMEPD! HAYUHLIX THIIOTER.

]



§ 2. Dusnyeckme 3aKoHbI U TEOPUN

1. ®usnueckne 3aKoHbl JI1060e husnueckoe sBJIeHNE XapaKTe-
pHu3yeTrcsa He OJHOM, a HeCKOJBKUMH (puandyecKuMu Beanuusaamu. Tak,
MexXaHW4YeCKoe /BM)KeHHe XapaKTepH3yeTcs IepeMeIleHueM, BpeMme-
HEM, CKOPOCTBbIO, YCKOPEHHEeM; IIPOXOKAeHHUE 10 YYACTKY LIENU BJIEKT-
PHYECKOI'o TOKa — HalpAXeHUeM, CUJION TOKa U CONpPOTHBIEeHUEeM. Be-
JIMYUHBI, XapaKTepU3yoniue TO UK UHOe ABJIeHUe, OKA3hIBAIOTCA CBA-
3aHHBIMH Jpyr ¢ apyroMm. Hampumep, cuiaa TOKa Ha y4YacTKe LeOH
NIPAMO IPONOPIUOHAIbHA HAIIPAKEHNAIO Ha KOHIIAX 9TOr0 yYacTKa u 00-
PaTHO NPONOPIMOHAJIBHA €0 COIIPOTHUBIIEHUIO; CKOPOCThL IIPH PaBHOYC-
KOPEHHOM JBM)KE€HUHU JIMHEHNHO 3aBUCHUT OT BpemeHHU. CBA3L MEXKAY Be-
JUYMHAMH, XapaKTepU3YIOIIUMHU ABJIE€HUe HJIM CBOMCTBA Tejla, MOMKET
OBITH YCTAHOBJIEHA YKCIEPHUMEHTANBHO MJIH TeopeTH4YecKu. Eciu cBsA3b
MeKAy BeJIMYMHAMU HOCHT YCTOHYHMBEIM XapakTep, T. €. IOBTOPAETCHA B
9KCIePUMEHTaX, TO ee Ha3bIBAlOT (DU3MYECKHMM 3aKOHOM.

BawMm ysxe usBecTHBI 3aKoHBI HhloTOHA, ApxuMeza (apXuMe0Ba CH-
na), Ilackansa, I'yka, Oma u ap. Hexoropsle pusnuecKkue 3aKOHBI AB-
JAIOTCA YACTHBIMH, T. €. OHM ONUCHIBAIOT OIIPeJleJIeHHBIN KPYr sBJe-
Huit. Hanpumep, 3akoH OMa OTHOCHTCS K IIOCTOSSHHOMY 3JIEKTpUYe-
CKOMY TOKRY; 3akony Ilackansa nomuuHsieTcsa mnepegadya JAaBJIEHUS,
IPOM3BOAMMOrO Ha KHMAKOCTh MM ras3. [[pyrue 3aKoHBI HOCAT Gojee
o0LIMi XapaKkTep, OHM OTHOCATCA K IeJIOMY pasfeny MUSUKH U OMUCHI-
BalOT OOJIBIIONI KPYyr ABJIEHUI ONpeleseHHON (GU3UUYECKOH IPUPOIBI.
Hanpumep, 3akoHsl HbI0TOHA ONMCHIBAIOT Pa3/IHUYHbIE BU/LI MEXaHU-
YeCKOI'o ABHUKEeHUA U B3aUMOAEUCTBUA TeJ.

PdusnyecKue 3aKOHBI MMEIOT OIpe/e/IeHHbIe I'PDAHUILI IIPHUMEHHU-
moctu. Tak, 3akoHsl HeI0TOHA NPUMEHHUMBI K MAKPOCKOIIHYECKUM Te-
JlaM, KOTOPbI€ MOXXHO CYMUTATH MATEDHAJIbHBIMHA TOYKAMHM, ABUIKYIIH-
MHUCA B HMHEPIHMAJbHBIX CHCTEMAX OTCYETA CO CKOPOCTAMH, MHOI'O
MEeHBIIMMH CKOPOCTH cBeTa; 3aK0oH Oma Ans ydyacTKa Ieny He BhIIOJ-
HAETCA IIPH BBICOKMX TeMIepaTrypax; 3aKoH Apxumeja MOJYYeH AIA
HEeCIKUMAaeMO# KHUAKOCTH, IJIOTHOCTh KOTOPOH He M3MEHSeTCs C IJy-
OMHO MOTPYIKEeHUs.

CymecTByioT u eme 6osiee ofiue 3aKOHBI, HAIIPUMED 3aKOHBI CO-
XpaHeHUd 9HePruu, UMIYJibca, 3JeKTPUYECKOro 3apsajga. 3aKoH coxpa-
HEHUHA SHEPruM CIpPaBelJIUB He TOJBKO A (PH3UYECKUX HPOIECCOB,
HO 4 AJIA XUMHUYECKHUX U OMOJIOTHYECKNX, a 3aKOH COXPaHEeHUA 3apsaja
IIPUMEHUM He TOJIBKO B 3JIEKTPUYECTBE, HO U B AJepHO# usuke. OTH
3aKOHBI TaK)Xe MMEIOT I'DAHUILB IPUMEHHMOCTH, B YAaCTHOCTH OHH
CIIpaBeJJIMBEI JJIA 3aMKHYTHIX CHCTEM.
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Kax y:xe ropopriock, HEKOTOPbIE 3AK0HEI IOJYHEHE 3KCIePHUMeH-
TalbHO, HanpHMep sakoHbl Ilackansa, Apxemena, Oma u ap. 3akxon
COXPaHEHHA JHEPruy TAKKe ABJASTCH pegynbTaToM ofobmenua 6onasn-
LLOTO YUCIa AKCOePHMEHRTAIBHEIX daxToR. Jpyrue aakoHLl IpeJcTABIA-
0T COBOH PeayIbTAT TeopeTHuecKuX mocrpoenuit. HampuMep, anrawii-
cxnit pusur Hucelime Maxcaenn (1831—1879), acnonesyda Mojens
rasa, TEOPETAYECKH TMONYIMJ 3AKOH, ONMCLIBRIOIIUY XapakTep ABHME-
HAA MOJEKYJ T'a30B (pacnpefefenne MOJIEKYJ ra3a 0 CKODOCTAM), HA-
YHTEABHO TO3)Ke 3TOT 3aR0H OLLT MOATBEDIKIEH 2KCHEPHMEHTANBHO,

2. dusnuyeckne Teopun. B nponecce IOZHAHEA BAXKHO HE TOMb-
KO YCTAHOBHTL 3aKOHK, HO ¥ OOBACHATH, OPUIKHHEL ABJEHNA, 34eCh HA
OOMOINL OPUXOTUT Teopus. HMesHO TeopHs, TEOPeTHYECKHE 3HAHMA
TMO3BOAAIOT DTBETHTH Ha Bonpoc: «Ilouemy?s» Tax, y4eHLIM JaBHO GbI-
JIO U3BECTHO, UTO TENa CHHUMAKTCHA, IPUYIEM radsl CHIbhHee, YeM XKHI-
KOCTH, HO TOJBKG MOJEeKVIAPHO-KAHETHYECKAdA TEeOPHA CTDOEHHS
BOIECTEA HO3BONUIA 00 BACHHTE, TOYEMY 2TO IPOUCKOANT. JTA KE Te-
OpHA H TEOPNA MeKTPHUYLCKMX M MATHUTHEIX ABAEHUH (JIEeKTPOAUHA-
MHKA) IT03ROANIH 00BACHUTE OPUPOIY TPEEHA K YUPYTOCTH,

Teopus MOZROJALT HE TOJBKO 00LACHATL SIBJIEHUA ¥ CBOUCTHA Be-
OecTBa, HO W MpeAcKAARIBATE UX. Hanpmmep, 3Hanke MOJeKYIApP-
HO-KUHETHYeCKOH TeOPHK CTPOEHHA BEIEeCTBA, BAMARNA NpHMeceil Ha
THEPLOCTE, OPOYHOCTS, TEILIONPOBOAHOCTE TBEPABIX TEJ AALT BOSMOMX-
HOCTL DOJYYATE MATEPHAJE C 38KaHHbIMH CBOHCTBEMH,

PusuuecKan TEOPHA — 3TO IAMKHYTAd cHCTeMA TMOHATHH, NpHANHA-
OB M 38K0HOB, MO3BOJANINHX AOCTATOYHO NOJHO ONMMUCEIBATE OIIpe-
JeJICHHBIH KPYT ABJIEHHH.

Hanpumep, MOJEKYAAPHO-KHEETHUSCKAA TeOpHA 00bACHAST ARNE-
HHA, IPEPOAA KOTOPELIX CBA3AHA €O CTPOSHHNEM BeIMeCTRA.

B ¢uapueckoll HayKe MOMKHO BHACIUTL YeThipe QyHAAMEHTANE-
HEIE TEOPHH: KJAACCHYECKYID MEXAHHKY, MOJEKYIAPHEO-RHHETHISCK VIO
TEOPHKK, ANMEKTPOLMHAMHKY H KBaHTOBYK Teopuw. Kamiaa w3 sTux
TEOpHH BRIOYaeT B ceda uacTHble TeopHH. HanpuMep, B saexTpoanna-
MUKY BXOJAT TEOPHUA NPOBOAMMOCTH, TEOPHA INMEKTPOMATHHTHON HH-
IVKIIHIE, 3K TPOCTATHES U AN,

Bee Teopu — # $yHASMEETANBHBIE, H YACTHHE HMEICT OAUHAKO-
BVIO CTPYKTYPY. OHH COCTOAT M3 OCHOBAHUSR, A0pua, caedemauil n
wrmepnpemayuu (puc. 1). OcHOBaHME BRAIOYAET IKCIEPHMEHTAL-
Hole (PAKTHE, MOJIETH TeX o0BeKTOB, ANA KOTOPLIX CTPDOMTCHA TeopHA,
(pHU3HIeCKHe BeTHUNARL, HAPO BRAIOYAET NOCTYNATEH H NPHKIHKIL, 3a-
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Crpyrrypa dhusmyeckoi Teopuu

OcHosaHue Hdpo Caedcmeusn
dMnupuyecKkuii 6asuc Cucrema 3aKOHOB Ob6bacHeHHe (DaKTOB
WU neannsupoBaHHBIH ITocTynarsr IIpakTHueckoe
00BeKT ¥ TIPAHIMITBL TIpUMeHeHue
Cucrema BeTM4UH dyHaaMeHTAIbHBIE IIpeackasanue HOBOrO
ITpouenypel H3MepeHHA MMOCTOSIHHEIE

| [ =

Hnmepnpemauux: HCTOJKOBaHHE OCHOBHBIX IIOHATHHA M 3aK0HOB,
OCMBICJIEHHE TDAHMI IPHMEeHHMOCTH

Puc. 1

KOHbI UBMEHEHUA COCTOSHHUA M3y4aeMbIX O0'bEKTOB M 3aKOHBI COXpa-
HeHHudA, (pusuyeckue mnocrosHable. CleicTBUS MPEACTABASIOT 000
IpUMeHEeHNe OCHOBHBLIX 3aKOHOB /IS OOBACHEHHUA SKCIEPUMEHTAJb-
HbIX ()aKTOB, IIOJIyYeHUE BHIBOJOB M MX SKCIEPHMEHTAIbHYIO IIPOBED-
Ky, IPaKTUYeCKOe IpUMeHeHue Teopun. MHTeprpeTanusa mpeamnojara-
€T YCTaHOBJIEHHE I'PaHUI] IPUMEHHUMOCTH TEOPUH.

BOI'IpOCbI A5 CaMOonpoBepkKn

1. Yro naseiBaooT (pusnueckum saxonom? [Ipuseaure npumeps! pusu-
YyecKUX 3aK0HOB. KeM M KaK OHU OBLIH YCTAHOBJIEHEI?

2. IlpuBeuTe NPUMEDHI PPAHUI] IPUMEHUMOCTH (DU3MUECKUX 3aKOHOB,
3. KakoBa pons reopun B nosuanuu? Ilpuseaure npuMepsl QyHAaMeH-
TaJbHBIX ¥ YacTHLIX TeopHit. Kakue apnenusa oHyu 00bsacHAIOT?

4. Ilpusegure npumepsl GU3NYECKUX ABJIEHUH U CBOHCTB TeJ, KOTOPHIE
O0BACHAITCA C NOMOIILIO MOJEKYIAPHO-KHHETHYECKOH TEOPHUH CTPO-
eHH A BellleCTBa, 3JIEKTPOHHON TEOPHUH, KIACCHYECKON MeXaHUKH,

§ 3. ®usunyeckas KapTMHa Mmpa

1. 9Boaronua (usuveckoir kapruasl mupa. C camoro 3aposx-
JleHudA HayK yYeHble CTPEeMUJIHNCh OOBEeINHUTH HAYUYHbIE 3HAHUSA B OII-
penesieHHYI0 cucteMy. ODOOLIEHHYI0O M CHCTEMATH3WPOBAHHYIO COBO-
KYIHOCTh (PM3NYECKUX 3HAHUUA 00 OKPYIKAIOIeM MHUDe Ha3blBaloT (hu-
3MYEeCKON KapTHHON MHpa.
dusuueckas KapTUHA MHPA — 3TO, 10 CYHIECTBY, UAealbHASA MO-
JleJ1b IPAPOABI, BKJIOYaasa B cebsa oblue NOHATHA, THIIOTe3bl ¥ IPUH-
IUANBl PUBHKH U XapaKTepU3yIolllas oNpeaeIeHHBIH aTal ee pa3BUTHA.
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K xouny XVII B. pusuueckasa KapTHHA MHUpPa, KOTOpasd HasBa-
Ha MeXaHMUYeCKO#, caoKuiIach 6arogapa paboraM UTajlbaHCKOTO y4e-
Horo I'anuneo I'anunesa (1564—1642) u anramiicKkoro (Quauka
Hcaaxa Heromona (1643—1727). B Heit maTepus npejacrabiifiach
TOJIBKO B BUJIE BEI[eCTBA, NPOCTPAHCTBO U BPpeMsA CUMTAIHUCH abCOJIIOT-
HBIMU, JBUXKEHHMEe MOHUMAJIOCh KaK HM3MeHeHHe II0OJIOJKeHHUs Teja B
IPOCTPAHCTBE, & BCE B3aMMOJAEHCTBUA CBOAUJIMCH K I'DAaBUTAIlHOHHO-
my. ExuncrBenHO# usBecTHOM Teopueil k Koumy XVII B. Ob11a KiIaccu-
yeckaa MexaHuka HeroToHa.

B aro e BpeMs 3apOAMJIACh U JJEKTPOJAMHAMHYeCKas KapTHUHA
MHpa, KOTOpas OKOHUaTeJabHO ciaoskuiack B KoHme XIX — nHavane
XX B. BuacTHOCTH, OBLJIM OTKPBITH TaKHe ABJIEHUHA, KaK dJIeKTpoMar-
HUTHAasg MHAYKIUA, MATHUTHOE 10Jie TOKa M JIpP., KOTOpble He MOTJIH
OBITHh 00'BACHEHBI C MO3UIMHI KJIACCHUYECKON MeXaHUKH.

Marepus Tenepb IpeACTaBIANACh HE TOJbKO B BUJE Bel(ecTBa, HO
¥ B BHJIe 3JIeKTPOMATHUTHOIO II0JI8, IPOCTPAHCTBO M1 BpeMA CUNTAINCH
OTHOCUTEJbHBIMH U CBA3AHHBIMU MeKAY cO0O0M; ABUKeHUEe — He TOJb-
KO IepeMelleHHe B IPOCTPAHCTBE BEleCTBEHHBIX 00bEKTOB, HO U pac-
npocTpaHeHUWe 3JIeKTPOMArHUTHOrO IIOJfA; B3auMoOJelcTBMe — rpa-
BUTAIIMOHHOE U dJIeKTpoMarsuTHoe. K aToMy BpeMeHH OBLIH y)Ke u3-
BeCTHBI TpH (PyHAAMeHTAJIbHBIE TEOPHUM: KJacCHYeCKas MeXaHUKa,
MOJIeKyAApHasaA Teopus (KiIaccuuecKas CTATHCTHYECKasd TeopHusd) H
KJlaccuuyecKas aJIeKTPOAUHAMUKA.

BmecTe B TeM, B koHIle XIX — nauane XX B. OblIM OOHApPYKeHBI
TaKkue dKCIepUMeHTalbHbIe (DaKThl, KOTOPBIE B paMKaXxX 3JIEKTPOAUHA-
MUYeCKOil KADTHHBI MUDPAa He HaxXoauau o6bsicHeHuA. B yacTHOCTH, 00-
Hapy’KeHO CYIeCTBOBaHHE JUHEHYATHIX CIIEKTPOB, ABJIeHUe (oT0dd-
dexTa. Ot U Apyrue GAKTH MOJYYUAM CBOe OOBACHEHUWE B KBaH-
TOBO-TIOJIEBOM KapTHHE MHpPa, IOCTPOEHHWEe KOTOPOH IPOAOJIKaeTcsH
U ceryac.

B KBaHTOBO-II0JIEBOM KapTHHE MUpPa MaTepUs CYIIeCTBYeT B BHJE
BeIllecTBa M I0JIdA, 9TH JBa BUAAa MaTePHU CBA3AHBI MKy coboil u Mo-
IyT I[peBpamarTsesi APYr B JApyra: HampuMep, NPH CTOJKHOBEHHUH
3JIEKTPOHA ¥ MO3UTPOHA obpasyiorcsa ABa (hoToHa, T.e. dJIEKTpoMar-
HUATHOE 110JIe; ABHI}KEeHHe IMOHMMaeTcs KaK M3MeHeHHe COCTOSAHUSA He
TOJIBKO MaKPOCKONUYECKUX 00BEKTOB, HO U MUKPOOOBEKTOB; IIOMUMO
ABYX M3BECTHBIX B 3JEeKTPOJAUHAMUYECKON KapTHHE MHpPa B3auMOJei-
CTBHH CYIIIECTBYIOT €Ille JBa: CUIbHOe (depHoe) U cradoe, OTBETCTBEH-
Hble 3a UBMEHEeHUe COCTOAHUA IPHU AJePHBIX PeaKIuAX; IIPOCTPAHCTBO
U BpeMs CBS3aHbI MeKAY co00i u ¢ MaTepHuei.
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®UIUYECKAS KAPTUHA MPIPA—I

e il v A

Hcxonuble punocodecrne Duzuyeckue CaAsu Mexay
HJIed U NIpeJiCTaBJIeHUA TEOpHUH TeOPUAMHU

Marepusa | IBuxenue ITpurDUD IIpurnNn
COOTBETCTBHA CHMMETDHH
ITpocTpancTBO Bzaumo- ITpurnun IIpuanUD
H BpeM#A neﬁc‘rsne OJONMOJHHUTEJIBHOCTH IIPUYMHHOCTH
Puc. 2

[TomuMo Tpex Ha3BaHHBIX BhIIIE (DYHAAMEHTAJIBHEIX TEODPHIi, pas-
paboTaHbl KBAHTOBbIE TEOPHH: KBAHTOBASA MEXaHUKA, KBAHTOBASA dJIeK-
TPOAMHAMHKA U KBAHTOBAA TEOPUSA ITOJIA.

2. Crpykrypa dusuueckoit KapTuHbl mupa. Ousnyeckas Kap-
TUHA MUDPa MMeeT OIpe/leJIeHHYIO CTPYKTYPY. B Hee BXOAAT mpeacTasJie-
HUA 0 MaTepHuH, IPOCTPAHCTBE M BPEMEHHU, ABHIKEHUM U B3aUMOJEMCT-
BUH, a Takxe pusndeckue reopun. Kpome Toro, husmueckas KapTuHa
Mupa BKJIIOYaeT IPUHIUIILI, BIPAXKaloliue CBA3U MeXAY (husudecKu-
MU TeopuAMH (puc. 2). K oTMM npWHOMIIAM OTHOCHTCS, HalpUMep,
npuryun coomeemcmaeus. CyniHoCTs €ero B TOM, YTO KaKaas cTapas
TEOPHA BXOAUT B Gosee oOIy:0 HOBYIO TEOPHIO KaK ee YacTHbIHM, IIpe-
AenbHBIM caydail. Tak, Kiaccuyeckas MEXaHHUKA ABJIAETCA IIPeJebHBIM
ciay4yaeM Gosee ofieil TeoOpuu — CIEIMAaJbHON TEOPHH OTHOCHTEJIbHOC-
TH; FeOMeTPUYECKas ONTHKA — IpeJleJbHbIM CIy4aeM BOJHOBOM H T, II.

BaXHO NOHATH, YTO IPEACTABIEHUS O MATEPUH, IPOCTPAHCTBE U
BpeMeHH, JBHKEeHUU U B3aUMOAEHCTBUH, KOTOPEIE ABJIAIOTCA O0IeHa-
YYHBIMH, (QUIOCOPCKUMU KaTeropuAMH, CKJAALIBAIOTCA B (usuye-
CKOH HayKe U MEHAIOTCA B COOTBETCTBUH C €€ Pa3BUTHEM.

Bonpock! gna camonpoBepku

1. Yro HaseiBawT (UaHYeckoi KapruHON Mupa? Kaxme pusmueckue
KapTHHBI MUPa CYIIeCTBOBAIH B HCTOPHH QU3NYECKON HAYKHT

2. KakoBa cTpyKTypa Quan4yecKoi KapTUHEI Mupa?

3. Kax M3MeHsIMCh NIPEACTABJIEHNS O MaTePUH, ABMIKEHUM M B3aMMO-
JlefiCTBMY 11O Mepe dBOMIONUH (PpH3UYeCKOH KapTHHEI Mupa?
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KJIACCMYHECKAA MEXAHMKA

Oxpy:xaoiiuii Hac MUp MaTepuasieH. J[BuxeHne — 3TO C110co6
cymiecrsoBanusa matepun. Haubosee mpocTo MoxHO HabaogaTh Mexa-
HUYEeCKOe JBM/KeHHe — H3MeHeHHe I0JIOKeHHS TejJa B IPOCTPaHCT-
Be, NPOMCXOJsAIlee ¢ TedeHueMm BpeMeHH. Kak BaM yKe U3BECTHO,
U3yYeHHeM MeXaHMYEeCKOro ABYMIKEHUA 3aHUMaeTcsa Takou pasjes du-
3HUKH, KaK MeXaHHUKa.

Kanaccuueckass MexaHumka, uiu MexaHuka HploTona, crana mep-
BOM M3 CYLIECTBYIOINUX CerojHa (pyHIaMeHTANbHLIX (PU3HYECKHX Te-
opuil He CJy4aiHO: KPYT sABJIEHUM, ONUCHIBAEMBIX €10, CBA3aH C 00beK-
TaMHM, KOTOpPBIe AOCTYIHBI HaOIOAEHUIO YeJoBeKOM paxke 0e3 mpu-
MEHeHUs CIenHuaJbHbIX mnpubopoB. B crapmeil mxoge Bbl ONATH
BO3BpalllaeTech K U3y4eHH0 MexaHUKU. OfHaKO 3a7aya, KOTOpas CToO-
UT Iepes BaMu ceifuac, HECKOJbKO WHAsA, ueM 1pexae. Bam npeacrour
Heé TOJbKO IIOBTOPHUTH Yy>Ke M3BECTHBIe 3aKOHBI, HO TaKe II03HAKO-
MHUTBLCHA ¢ HOBBIMH SABJEHHUAMH U HAYYMUTHCA OMMUCHIBATHL UX. U elne BbI
NOJIIKHBEI TIOCTAPATHCA YBUAETH KJIACCHYECKYIO MEXaHMKY KakK CTpOii-
HYIO CHCTeMy aMInupudecKkux GpaxToB (OCHOBaHHE), 3aKOHOB U NIPUHIU-
noB (AApP0) ¥ UX CJIEACTBUI — CHCTEMY, KOTOpasd M IpeACTaBJIAET CO-
00i1 0HY U3 (QYyHAaMEHTAJbHBIX (PU3UYECKUX TEOPHH.

Ilo HACTOAIEro BPEMEHM 3aKOHBI KJACCHYECKOW MeXaHMKH IIpH-
MEHSAITCS IIPA KOHCTPYMPOBAHHMM MallMH ¥ MEXaHM3MOB, pacdere
TPaeKTOpPH IIoJieTa CHApAA0B, KOCMHUYECKHUX allapaToB, a TaKike B
JIPYrux cepax AesATeJlbHOCTH YeJIOBeKa.

Knaccuueckasa MexaHMKa, nOg00HO APYrHM (DU3UYECKHM TeOpH-
AM, MMeeT OIpejesleHHble I'DaHUIBI NPUMEHHUMOCTH. 3aKOHBI KJac-
CHUYeCKOW MeXaHMKHM BBINOJHAKIOTCHA IS MAKDPOCKONUYECKUX 00BeK-
TOB, CKOPOCTH KOTOPBIX CYI[eCTBEHHO MeHbIe CKOPOCTH CBeTa
c=38-108m/c.
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OcHOBaAHME KNaCCHUECKOMN
MEeXaHMKH

Karx eam ymce uszsecmmo, HuiomoH chopmyrupogan
mpu 3akona unanuru. Ilpu ux gopmyaruposke on onu-
PANCA HA 3HALUMELbRbLE amnupuieckull 6aauc (ocHo-
éanue) — pes3yabmamvi, NOAyLeHHbie 8 x0de Habaode-
RUll, SKCREPUMERMNAE U MEOPEINMULCCKUX Uccredosanull
Panuneem, Keniepom u mumozumu Opyzumu yuersLMu,
a maxxce 8 x00¢ COOCMBEHHBIX FKCNEPUMEHMOE.

B amoit zaaee peub noilifem 06 OCHOBMbLIX NOHAMUAX,
BCAULUNAX U MOOCAAX KAACCUNECHOL MeXAHUKL.

§ 4. U3 ncropun ctraHoBneHns
KnaccMYecKon MexaHMKU

1. [lepBEIe NpPeXCTABNCHMA 0 MeXAHNYSCKOM JBHKCHMEH.
IIpeacraBaeHNE O MEXAHUYECKOM ARMMEHHH, €ro XapaKTepe M OpPH-
9HHAX MHOTOKDATHO H3MCHANOCE HA NPOTAMKEHHH MCTOPUH Yea0Bede-
cTBa. Brepsrie aTH mpeAcTaBlIeHUA GLITH CHCTEeMATH3HPOEAHBL B aH-
THUHOCTH. YUeHUEe ¢ MUPOZIAHMH, O ABMIKEHHM Tej, M3JA0MKeHHOe
ApesHETpedeckum duiocohpom Apucmomenem (384322 no H. 3.)
B TpaxTaTax ¢«PusuKar, «MexaHUKa» H ApP., FOCIOACTBOBANO B HAVKE
na opoTaxkeERN 15 Beror! OqHa M3 NpUYMH TAKOTO JONTOJIETHS B TOM,
ITO BhIBOARI, CAIeJIaHABIE ADHCTOTEIeM HA OCHOBE HAGAMASHMI 1 IIpoC-
THIX PACCYM/AEHUH, BIOJHE COOTBETCTBOBANM OGBILEHHLIM IPEACTABIIE-
HUAM MIOAEeHA D MeXaHH'eCcKOM ABH:KeHNH. Tak, HAIPHME]D, COTIACHO
NPEeACTARIEHUAM APHCTOTE.H, TEJI0 IBMKETCHA OO0 TeX IIop, IOKa ero
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TOJKAKT, M OCTaHABJIHUBaeTcCH,
KOrJla ero IepecTalT TOJKaTh;
yeM TsxKenee Teno (dem GoJiblie
ero macca), TeM ObICTpee OHO J10JI-
JKHO majgaTts Ha 3demo. OueBuj-
HO, 4YTO W HAII COBPEeME€HHHK,
IIJIOX0 3HAKOMBIM € OCHOBaMH
(u3uKH, BIIOJHE MOJKET pase-
JIATh 3TU B3TVIAIBL,

2. Cucremsr mupa. [Ipex-
cTaBJeHNe O ABWIKEHHUU (hopMH-
pPOBAJIOCh HA OCHOBE HabJIIOAeHU
3a JBUJKEHHEM He TOJbKO TeJ Ha
nmoBepxHOCTH (Wam BOIM3HU IIO-
BEePXHOCTH) 3eMJu, HO U HeDec-
HBIX TeJ — nuanet, JIyas:, Cons- Puc. 3
ma u 3Be3f. A ob6bAcHeHUA
IBUKEeHUA HeOeCHBIX TeJl fpeBHerpeueckuit yuenslit Knaeduu ITmo-
nemetl (I1 B.) B TpakTaTe «Beslukoe maTeMaTU4eCKoe MOCTPOEHUE ACT-
poromuu B XIII KHHrax» HM3JIOKHJ MPEACTABJIEHUA O reoLeHTpHYe-
cKoii (oT rped. geo — 3emuidA) cucreme mupa. CorjiacHO npeCTaBJIeHH-
am IMronemesn, Jlyna, naarers: u CosHie obpalainck BOKPYTr 3eMIu
110 KpyrossiMm opouram (puc. 3). Cucrema mupa Iltosemes npocyuecr-
BOBaJIa BILIOTH Ao cepeaunbl X VI B., Korga monsckuit yuensiii Huxo-
naii Koneprur (1473—1543) 060cHOBAT reIMOLEHTPHYECKYIO (OT
rpeu. helios — connue) cueremy mupa (puc. 4, a). Osa parTuyecKu
OTBEYaeT U COBPEMEHHOMY COCTOSHMIO HayKu: B neHTpe CoTHEYHOM
cucremsl HaxoauTcs ConHIle, ¥ BOKPYT HEro 1mo opouram obpaimiamorcsa
miaHeTsl (puc. 4, 0).

Cucrema Mupa, mnpeajokeHHas KomepHUKOM, J0Jrue rojibl He
IPpUHUMAJIACh €r0 COBDEMEHHUKAaMM, IOCKOJbKY IMPOTHBOpEUYNIa aH-
THYHBIM NPEJCTABJICHHUAM O JBH)KEHHH, KOTOpble OBbLIM NPU3HAHBI
1nepkoBbi0. Takum o6pasoM, IMOJy4asoch, 4T0 KonmepHUK mOKyIIauics
HA ZOTMAThl KATOJMYEeCKOH IepKBH, MMeBIIell B cpefiHeBeKoBoi EBpo-
Ile OrPOMHYIO BJacTh. ¥ TOIBKO paboTel HeMelKoro yuenoro Hozanna
Kennepa (1571—1630), chopmymupoBaBIIero Ha OCHOBe aCTPOHOMHU-
yecKHUX HAOJIOAeHUH 3aKOHBI, KOTOPBIM NOAYMHAETCHA ABHMKEHUE ILIa-
HeT, CTaJM pellaloliM apr'yMeHTOM B 10Jib3y yuyeHusa KomepHuka.

3. Hayunsie meroasl Tlammaes u Heioroma. MccienoBanus
lanuneo N'anuiiess 03HAMEHOBAJIM HOBBIH 9Tall B Pa3BHTHH IIpeJicTaBJIe-
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Puc. 4

Huil 0 MexanugeckoM AsuKennu, Ho, uTo eme Boxee Basxno, Manuneit
CHITPAN PEINAIOINYIO POJIb B CTAHOBAEHUHN COBDEMeHHOM HayJHOH MeTo-
FOJOTHH: YMEHHO OH BBeJl B HAYKY TaKHWe METOXbLI MO3HAHMHA, KAK MO-
AeNHPOBAHHWE, MBICIEHHBIH OJKCTTEPHMEHT M HSKCOCPHMEHT HATYDHBIN.
Mo mMuesn MHOTHX y4eHnIX Taaniell ABIAETCS YUECHBIM, B8JIOIKMEB-
LIMM OCHOBHI COBPEMEHHOM DH3NKNA.

T'anunero yaanock oNpoBeprayTh yieHHe APHCTOTENT 0 ARMIKEHMH
Tesn. IIpoBeas psaj SKCIEPHMEHTOE (B TOM WHCIE MBICASHEAIX), OH,
B 4ACTHOCTH, CHOPMYNIHPOBAT NPHHOUI MHEPUMHY H 3aKOHOMEDHOCTH
PABHOYCKODEHHOrO ABHKEHHS Tex. lanuiaedl U3y4ma M yCTAHOBHJ 3a-
KOHOMEDHOCTE CBODOZHOrO MafeHUA, XOTA X HE CYMeJ TOYHO Ompene-
JUTh 3HAYEHHNE YCKODEeHAUA ¢BODOAHOTO NAJeHUA: BOePBIE 3T0 VIAIOCH
CAeNnaTs roJIagiAcKoMy yuenoMy Xpucmuany Iolzency (1629—
1695) B 1673 r.

Haumnas paGoTy Hax pykonuckw «MaTeMaTEYECKHe HAMANS HATY-
pansHO# (unaocopur», HeoToH npeciefoBant oZHY OCHOBHYIO Hesb:
00OCHOBATL M 3alMCATH MATEMATHYECKM 34KOH BCEMHMDHOIO THATOTE-
HuA. [Ian eroro HeloToH nprMenna paapaloTaAHEBIN MM HAy4YHEBIH Me-
TOA HCCAEAOBAHASA. JTOT METOA BKANYAJ] 3TANBI, KOTOPHIE caM Hilo-
TOH ONACHIBAJA HPHMEPHO TaK:

— W3YYHUTH OOEITHEIE (PAKTERI, DEEVIARTATH HADNKIEHMIH;

— HA OCHOBE aHANH3a 3THEX (PAKTOB BRBECTH 00N[He NPHUHIHIE —
IOCTYJIATH;
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— HCHOABL3YA 3TH [MOCTYJNATEI, NDKABATE, NMOMeMY HMEHHO TAKHM
0fpa3oM TpPOTEKRT HADNiOjaeMble ABJIEHHA.

[IpumMeHcHME TAKOrO MeETOAa ¥ Io3BoaMao HeioTony cosgarhb
cTpoiiHyI0 BEAYUHYIO TEODEHIO,

Bonpock! Ana CaMonpoBEpKu

1. KagoBbl OCHOBHEIE NPEeACTABACHEA APHCTOTENA O MEXARWUECROM
gaukeHnan? Tloyexy aTH TpegcTaplenid rocioACTEOBANIM B HAYKE B TE-
YeHUe HeCKONhKAX BEKORT

2. Ilogemy [amnnes yacTe HA3HBAKT OCHOBAaTeIeM CoBpeMeHHOH du-
aHKH?

3. B uem cocTolT HayuEui Merol Hootoma?

§ 5. OCHOBHbIE NOHATUA KNaccUyeckon MexaHNKn

1. Magpockonngeckne Teaa. OOBEKTH, KOTOPEIE JOCTYIIHEL
HAa6II0ZEeHNI0 YeJ0BEKOM faxe (es IPAMEHeHN cnelHaNbHbIX Opubo-
DPOB, HAaSHIBAIOT MAKPOCKONHYecKUMH. B HacTosmee apeMsa JHAIAB0H
06 BEeKTOR, HMEIOIIHX MaKpOCKOIMUYeCKHE PABMEDE], YBEJHYHICA: K HX
YHACAY OTHOCAT Hake HeBHAMMEIE YRJIOBEKY TeA, ABUKEeHHE KOTOPBIX
TOAYHHALTCA 3aKOHAM KJACCHYECKOH MEXAaHHKH, YCJIOBHO CIHTAKT,
4To HMKHEW rpaEHmei MAXpPOMUDA ABAKIOTCA Teaa, pasMepsl KATO-
prix me Meneme 1078 m, Takum 06pasoM, MaKPOCKONKISCKAME TeJA-
MH MOKHO CUIHTATh KAK KOCMHYEeCKHe 00BbEeKThl — 3BESIRI, IIAHETEI
¥ Ap., TAK H TeXa, OKPY;KAlIiEe YejJOoBeXKa Ha 3eMJe, — JAepeBbd,
KaMHH, YKABOTHEIX, & TAKYKE DeCUNHKY, DBIITHHKA 0 T. X.

2. IpocTpaBeTno M Bpema. Habnozaa 3a ABHReHAEM DA3IHY-
HBIX Tell — DaJeHHeM KaMHJA CO CKEJHL, OOJEeTOM CTpeJbl, BEIOyIieH-
HOHM 3 JVKa, IapCEMCM TR, GeroM XKBBOTHOTO, TOUEHNEM PeKH, —
JIONU CTAJH PACCYKIATL 0 TAKHX KaTeropnAX, KAK HPOCTPAHCTBO M
BpeMA. DTH NOHATHA, HECMOTDPA HA KAXKYINYIOCA MX IPOLCTOTY, OTHO-
CATCA K THCJIY caoxuelimmx ¢maocodckux Kateropwit. B Kiaccuve-
CKOIl MeXaHHKe, COraaceo noHnmMaHu®w HpOTOHa, TPUHATO CYNTATE,
UTO APOCHPAHCMEO — «IIYCTOe BMECTUANMIE» Tel — OFGHOPOOHO M
uszomponto (T. €. ero ¢BO#CTBA GAUHAKOBH BO BCEX TOYKAX H 110 BCeM
HampaBJeHHAM), & épeMsa 0GHOPOOHG: OHO PABHOMEDHO TedYeT B OJ-
HOM HAIIPABJICHKHE — OT IPONLIOro K Dyaymemy.

3. Teao orcuera u cmerema oTcueTa. M3 onpefiefleEHAS MeXa-
HHYECKOT0 JBHKEHHA CAELYRT, 9T0 FOBOPUTH 0 JBHKEHHH MAH TMOKOe
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TeJIa MOXKHO JIMIIb TOJIBKO OTHOCUTEJBHO KaKOro-J1ubo Apyroro rejaa —
Tesa orcuera. oA onucaHuA ABUIKEHHA Teja, T. €. OIpeesIeHNus ero
IIOJIOXKEeHUSA B IPOCTPAHCTBE, HEOOXOAMMO C TEJOM OTCUETA CBA3ATh
CHCTEMY KOODOAHWHAT. ‘Iar.u;e BCeT0 MCIIOJIb3YIOT IeKapTOBY CUCTEMY KO-
OpPAMHAT, B KOTOPOI IOJIO’KEHUEe TOUYKHM B TPOCTPAHCTBE 3aJaeTcs Tpe-
MA (Ha MJIOCKOCTH — JABYMs) KOOPAMHATAMH,

ITockonbKY ABUMKEHUE TPOUCXOAUT BO BDEMEHM, TO IIPU ONHUCAHUU
ABM)KEHUA HeoOX0AUMO MCII0JIL30BaTh NpUOOD AJiA U3MEpPEeHUs BpeMe-
HH (yacsel). Takum o6pasom,

TeJI0O 0TCYeTa, CBA3aHHANA ¢ HUM CHCTeMa KOOPAMHAT M 4Yachl COCTAB-
JA0T CHCTEeMy oTcueTa (puc. 5).

B saBucumocTu oT BbIOOpa TOM MM WHOM cHCTEMBI oTcYeTa (Tena
oTcuyeTa) pacCMaTPUBAEMOE TEJIO B OJHO U TO YK€ BPeMs MOXKET II0OKO-
UTHCA UM ABUTATHCA. [10 3TOM MpHUUYMHE rOBOPAT 00 OTHOCHTEJILHOCTH
MeXaHHMYecKoro aBMikeHHs. Hanpumep, maccakmup MoXKeT IMOKOHUTHLCS
OTHOCHTEJILHO cucTeMbl orcuera X' O’Y’, cBA3aHHOM ¢ BArOHOM I10e3/a,
B KOTOpPOM OH efieT (puc. 6), 1 B TO Ke BpeMsA BMeCTe C IIOe3A0M JBH-
raTbCda OTHOCHTEJbHO cucTeMbl oTcuetra X OY, cBA3aHHOI ¢ 3eMeil.

4. IlpamoimHeilHOe M KPHMBOJHMHeHHoe aABMkeHue. Hamowm-
HHUM, 4YTO MpaexKmopusi — 3mo JAUHUA, 6001b KOMOPOU NPOUCXO-
Jdum oOsudxcernue mena. B szaBucumoctH OT (GOPMEI TPaEKTOPHH,
JBHKEHUEe MOKeT ObITh NPAMOJHHEHHBIM UM KPHBOJHHeHbIM. Ha-
npuMep, JU@T, TOAHUMAACH UJIU ONYCKasACh B IIaxXTe, ABUIKETCH MpH-
MOJMHENHO, a4 XOKKEeHCT Ha BUpaKe — KPUBOJIMHeHHO. YacTHBIH ciy-
4yail KPUBOJHMHEHHOIO IBUKEHUA — JABHIKEHHE 110 OKPYKHOCTH.

OTHOCHUTEJIBHOCTE MEXaHUYECKOI'0 ABHXEHHUA NPOABJIAETCA 1 B TOM,
YTO TPAEeKTOPUM OJHOI'O M TOTO K€ Tejla B PasHBLIX CHCTEeMAax OTcuYeTra
MOryT oTim4aTheda. Hanpumep, TpamBail, IpAMOJIUHEHHO JBUKYIITHI-
cs HA HEKOTOPOM y4YacTKe IIYTH OTHOCHUTEJIbHO 3eMJIH, B TO 3Ke BpeMs
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COBepIIaeT CHOKHOe KPUBOJUHEeiHOe ABMKeHHe OTHOCHTeabHO ComlH-
na BMecre ¢ 3emJleil, ofpamaiomnieiici BOKDYr Hero M Bpamiaiomiencs
BOKPYT cobcTBeHHOM ocu. Emie oanH npuMep: TpaeKToOpUel ABUKeHUA
HUINOINeJA KoJieca OTHOCHUTEJIBHO BeJjIocHuIlefa ABJAETCA OKPYMKHOCTH
(puc. 7), a OTHOCUTEIHHO 3eMJIU — KpUBad, HadblBaeMas YuK.10udou.

IIpoaenaem oneIT. Y CTAHOBUM AMCK Ha TOPU3OHTAJIBHOM OCH M VK-
penuM rOpU30HTANBHO JHUHEHKY TaKUM 00pas3oM, YTOOBI ee BEPXHAA
rpaHb IPOXOAMJIA Yepe3 OCh BpalleHusA AucKa. PaBHOMepHO Bpaias
IUCK, OyJeM IepeMelaTh KyCOueK MeJja 1o JMHeHKe OT LeHTpa AUCKa
K ero kpaiw (puc. 8). IIpu aTom Mes OTHOCUTEJIBHO CUCTEMBI OTCUYeTa,
cBA3aHHOMU ¢ 3emuieil, OyzeT ABUTraTHCA IPAMOJUHENHO. B TO Ke BpeMs
B CHCTeMe OTCYeTa, CBA3aHHON ¢ BpallaloluMcs JUCKOM, TPAeKTOPH-
el IBMKeHHUs Meja Oyaer cnupasb, KOTOPYI MOJKHO YyBHUETh, IIO-
CKOJIBKY MeJI OCTaBJIAET CJIe]l Ha IOBePXHOCTH AUCKA.

Bonpockl 4na camMonpoBepKu

1. Kakue Tesia OTHOCAT K MAKPOCKOMHYECKHAM?

2. KakoBBI IpeACTABICHNA KJIACCHYECKON MeXaHMKH O IPOCTPAHCTBE U
BpeMeHu?

3. YUro Ha3BIBAIOT TEJOM OTCUeTa, CHcTeMOoi oTcyera?

4. Yro Ha3LIBAIOT TPAEKTOpHE# ABHKeHNA Tesa?

5. JlokaKuTe, UTO TPAEKTOPHS [ BUKEHHA TeJa OTHOCHTEJIbHA.

6. KakuM MoskeT OBbITH ABHIKEeHHE B 3aBUCHUMOCTH OT (hOpMBbI TPAeKTO-
pun?

§ 6. MyTb n NnepemeLLeHne

1. KusemaTHyecKHe XapaKkTepHCTHKHM ABMkeHusda. [locraTou-
HO 4YacTO NPY pellleHUH NPaKTHUYEeCKHUX 3ajad ObIBaeT BaKHO y3HATH,
B KaKoe MMEeHHO BpeMdA TO WJIM MHOE TEeJIO OKaXeTcsa B TOM MM HWHOMU
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TOYKe npocTpaHcTsa. IIpu aToM He uMeeT 3HAYEHUS, KAKUE IPUYMHBI
3aCTaBJIAIOT TEJIO ABUTaThCA UMEHHO TaKuUM oOpasom. Hanpumep, nac-
Ca’XHUp XOJKEH UMeTh HH(MOPMAIIUIO O TOM, B KAKOe BpeMs OTIIPaBUTCH
ero aBTobyc ¥ B Kakoe BpeMs OH npubyaeT B NyHKT Ha3HadYeHus. Boau-
TeJIb 9TOr0 aBTOOyca JO/IKeH PACCUUTATh U MOJAePKHBATH CKOPOCTH
ABH)KEHHUA 10 MapImpyTy, 4To0bl HEe HAPpYUIUTh rpaduk ABMKeHuA. Hu
BOJMTENIO, HU MACCAKHUPY B 9TOM CJIydae He Ba)KHO, KaKue CHJIBI TOJI-
KaloT aBTodyc BIepes o Tpacce, 3aCTABJIAIOT COBEPIIATEH TOBOPOTHI Ha
nepekpectkax u T. A. Ux 6yayr MHTEpecoBaTh TOJLKO KHHEMaTHUe-
CKHe XapaKTePUCTUKHU IABHKEHUA — IIyTh, IePeMelleHHe, CKOPOCTh
u T. 1. KnEeMaTHyecKUMuU OHU HA3BIBAIOTCA MOTOMY, YTO UCIOJIb3YIOT-
cA B KUHEMaTHKe,

Kunematuka (or rpeu. kinema — asmikeHue) — pasaea MexaHH-
KH, KOTODBIH, ONMCHIBAS JBHKeHHe, He H3ydyaeT NPHYHH, BBI3HI-
BAIOIIHX ero.

2. Ilyts u nepememenue. Kax Bul y:xe 3Haere, nyms — 3mo
paccmosHue, npoitdennoe meaom 60oab mpaexmopuu. Eciau us-
BeCTHBI HaYaJbHbIe KOOPAUHATH Tena (Xq; Yo)

U OPOMJEeHHBIN UM NyTh [, HO HEM3BECTHA Tpa-
eKTOPHA ABHIKEHHSA, TO OIPEIEeNHUTh IOJOXKe-
_______ HHe 3TOr0 Tesa B OO0 MOMEHT BPEeMEHU He-
Yo \ \ / BO3MO:KHO. Tpaekropumu Tena moryr OBITH ca-

: i MBIMH DPa3HOOOpPasHBIMU, W, MPOHAA ONUH U
TOT K€ IIyTh, TEJO MOKeT 0KasaTbCcA B JI000it
TOYKe, YAAJeHHOH OT HadvaJIbHOH, He jajee
) % x 4eMm Ha paccrosrue [ (puc. 9). C gpyroii cropo-
HBI, IIepeMelasch U3 TOYKU A (Xy; Y,) B TOUKY
B (x; y), Tes0 MOKeT IPONTH COBEPIIEHHO
pasuble nyTH ly, 1y, I3 1 7. x. (puc. 10), HO ero
KOHEYHOe II0JIOXKEeHUEe IIPU dTOM OyIeT OJHUM
u teM xe. IloaToMy aBHIKEHHe XapaKTepuay-
IOT C IOMOIIBIO (QMBUYECKON BeIMYUHEI, HA3HI-
BaeMOU IepeMeIeHneM.,

Y

IlepemenmieEne — BeKTOpP, COIMHSIONIMH HA-
YaJibHOE M KOHEYHOe IO0JIOKEeHHA TeJa.

o R S e Hanpumep, MOXHO IOWTH B INKOJY IeIl-
’ KOM, & MOYKHO OTIIPABHTHLCA HA aBTOOYCEe UM Ha
Puc. 10 aBTomobuse. IlyTtu, npoiifieHHEBIe B KaKAOM M3



ATHX CJIy4aeB, BEPOSITHEE BCEro, OKaKyTcA pasHbIMU. B TO ke BpeMdA me-
peMelleHHe IOTY4YaeTcs OAHO U TO Ke: HauaJlbHOe IIOJIOJKeHHe IIKOJIbHH-
Ka PACIIONIOKEHO Y /IBEPH €ro JoMa, a KOHeUHOe — Y JBepeil IIKOJbI.

B ciyuae, Korja ABHKeHHe HAUMHAETCA U 3aKaHYNBAETCA B OHOM
M TOMH 2Ke TOuKe, IepeMellleHe OKa3blBaeTCA PaBHBIM HYJIIO, B TO Bpe-
M#A KaK DpOHIeHHBIN NyTh HYJII0 He paBeH. Tak, BBIXOAS YTPOM U3 J0-
Ma, MIKOJBHUK MAET B IIKOJY, TAM OH HePeXOAUT U3 KabuHera B Kabu-
HeT, B CTOJIOBYI0, B CIIOPTHBHBIH 3&J U T. /., & 3aT€M IOCJIe YPOKOB BO3-
Bpamiaerca Aomoii. M XOTs IIKONbHMUKOM B TeUeHHe AH#A IPOHJIeH
IOCTATOYHO OOJBINONH MYTH, €ro INepeMelleHne IPpH 3TOM PaBHO HYJIIO:
IBUIKEHUEe 3aKOHUYMJIOCH B TOM e TOYKe, B KAKOW 0HO HAYaJIO0Ch.

Kak BuzHO u3 pucyHka 10, mpoeknusa nepeMelleHus Tejla Ha OCh
KOODAMHAT paBHA PA3HOCTH €T0 KOHeYHOH M HayaJbHOU KOOPAUHAT:

Sy = y e y{]‘
3. Pacuer nmepeMemeHHs X KOOpPAMHAT. BCIOMHUM, 4TO B 3a-

BHCHMMOCTH OT XapakTepa H3MeHEHHs CKOPOCTH Teja MeXaHWYeCcKoe
ABYMKEHME MOXKeT ObITh PABHOMEDHBIM UJIM HEPDABHOMEDHBIM.

PaBHOMEDHBIM HA3bIBAIOT IBHIKeHHME, TP KOTODOM TeJIO 3a Jio0bIe
paBHbIe POMEKYTKH BPEMEHM COBeplIaeT OJAHHAKOBbIe NepeMelleHuns.

Ecsnu Xe TeJo 3a paBHbIe IIPOMEXYTKHM BPEeMeHH COBepIlIaeT pas-
Hble IlepeMelleHus, TO IBUKeHue AB/sAeTcsa HepaBHoMepHbIM. Hauto-
Jiee IIPOCTHIM CAy4YaeM HePpaBHOMEDHOI'O ABUIKEHUA ABJIACTCA PAaBHOYC-
KOPEHHOe JIBHKeHue.

PaBHOYCKOpPEHHBIM HA3BIBAIOT ABUKEHHE, IIPH KOTOPOM CKOPOCTH Te-
Ja 3a Jro0ble paBHBbIE NPOMEXKYTKH BPeMeHH M3MEeHAeTCs Ha OAHY H
Ty Ke BeJHMYUHY.

Kax BaM u3BecTHO, (popMyJia A pacyeTa NnepeMelleHus IPUA pas-
HOYCKOPEHHOM ABH)KEHWUU MMeeT BU/:

-+ ) - 4 -.2_
o=bgt+ 5 (2)

rie U, — HauaJabHasA CKOPOCTH TeJa, a4 — YCKOpeHue TeJia.

HaiigeM OPOEKIMIO BeKTopa mepemenienus s Ha ock OX (cm.
puc. 10). U3 Beipakenus (2) caeayer, 4To NIpOeKINUdA S, paBHA:

—

8, = gt + . (3)
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O6paTuM BHUMaHUe, YTO JIeBbIe YACTH BhIpa-
xenuin (1) u (3) paBubl. CnegoBaTesrbHO, paBHBI
M UX TIpaBEIe YaCTH!

" a1tz
X — X5 =10,,t+ e
8 v
% % X W3 nonyyeHHOro paBeHCTBA BHIPA3UM KOOD-
Puce. 11 AMHATY X U IOJYy4YUM (POPMYJIy AJA pacdyeTa Ko-

OpAMHATHI TeJIa 4Yepe3 BpeMd { IIocj]e Hadaja
asukeHus. Takyio 3aBUCHMOCTE HA3BIBAIOT ypaBHEHUEM JBHIKCHU.
a, t?
x =xy+ vyt + ”T (4)
AHAJIOrIYHO MOXKHO [IOJIYYUTh BEIPAKEHHE /IS KOOPAMHATEI y:

a,t?

HawnGosee npocro ucrnons3oBats Gopmyny (4) npm mpaAMOJMHEH-
HOM JBHMJKEHHH, KOIJla eCTh BO3MOXHOCTb HANPaBUTh OCh X BIOJb
BeKTOopa nepemeriesus (puc. 11).

B cnyuae, Korga Teso ABUKeTCH PABHOMEPHO IPSMOJIMHENHO, ero
yCKopeHHe a paBHO HyJ10. [TomcraBiss aro sHayenue B dopmyay (3)
U yYUTBIBafA, YTO CKOPOCTH HE UBMEHAETCH, T.e. U = U, IoJydaeMm
(GopmMysny AN pacueTa NPOEKIHMH IePEeMeIeHUs P PABHOMEPHOM
OPAMOJHHEHNHOM ABHUIKEHHUH:

8, =uv.t.

Bonpocbkl ana camonposepkm

1. Yro raxoe kuHemaruka? Kakme BaM M3BeCTHBI KMHEMATHUYECKHE Xa-
PaKTEePUCTHKH?

2. Yro HassiBaloT nepeMemenuem? Moxer au nepeMeIleHne 0Ka3aThCsd
DPaBHBIM HYJIIO, €CJIM OYTh HYJIO He paBeH? B KaKMX ciay4asx aTo Ipouc-
xoauT?

3. Kax paccunraTs nepememieHue npy paBHOMEDHOM; HepaBHOMEDHOM
ABHXKEeHUHU?

§ 7. CkopocTb

1. CkopocTh paBHOMEPHOT0 NPAMOJIHHEHHOTo ABMKeHua. Han-
GoJiee POCTO MOXKHO C(HOPMYJIUPOBATH OIpejeseHue CKOPOCTH Tesa
[IpY PAaBHOMEPHOM IIPAMOJIMHEHHOM JBUKEHUH.
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Cxopocers paBHOMEPHOIO NPAMOJHMHEHHOIO IBHKEHHA — BeKTOpHAasA

-+
(pu3uyecKas BeJMYHHA, PABHAA OTHOIIEHHIO IIepeMeIleHHs § KO Bpe-
meHHu {, B Te4eHHEe KOTOPOr0 OHO NMPOM3O0MLIO.

1%

-+
U=

EauHEAIa CKOPOCTH PaBHA OTHOINEHWIO €IWHUILL] IlepeMelleHud K
equaune spemenu. B CU — ato memp 8 cexyndy (m/c). B npaktuue-
CKUX IleJIAX, HAIIPHUMep Ha TPAaHCIIOPTe, Y4acTO HCIOJb3VIOT BHECHC-
TEeMHYIO eJJUHUIY CKOPOCTHA — KuJaomemp 8 uac (Km/4).

I'pauK 3aBUCHMOCTH MPOEKIIUNA CKOPOCTHA OT BpeMeH! IIPHU paBHO-
MEepHOM IIPAMOJIMHEHHOM JIBMIKEeHHU HpeACTaBjifgeT co00H npAMYyIO,
napaJjuieJibHyo0 ocu Bpemennu (puc. 12). U3 aroro rpapuxa MOKHO y3-
HATh 3HAYEHHE NMPOEKIIMM IepeMelleHNA, COBEPIIeHHOI0 3a BpeMsd f:
OHO YHCJEeHHO PABHO ILIOIIAJAN IPAMOYTIOJIbHUKA, OTPAHUYEHHOTO OCHA-
MM KOODPAHMHAT, rpa@MKOM ¥ IepHeHAUKYIAPOM, BOCCTABJIEHHBIM K
rpadury u3 To4ku . CTOPOHBI 3TOr0 NPAMOYTIOJBHUKA PaBHBI, COOT-
BETCTBEHHO, ITPOEKIUM CKOPOCTH U, ¥ BpEMeHH #, a UX NPOU3BeJeHHe

JaeT 3HauyeHHUe IIPOeKIUHU ITepeMelleHusd.,

2. Cpegusas ckopocth. [Ipy HepaBHOMEepPHOM JABMIKEHHUH TeJia
topmysra ckopocT npuobpeTaeT MHOM (PU3UYECKHUI CMBICJI: OHA SABJIA-
eTcs opMyJIoil cpeaHe CKOPOCTH ii,_,p.

i —
V™=

L -1

IIpu pemeHuM OOJBIIMHCTBA NPAKTUYECKUX 3aJa4 ONHUCHIBATH
JIBUKEHUE C IIOMOIIBIO 3TOM BeJUYKMHBI Heyao0Ho. Hanpumep, Berduc-
JIeHHAA MO0 3TOM (hopmyJie cpefHsSsA CKOPOCTh COBPEMEHHOI'0 BOEHHOI'0
caMoJieTa-ucTpeduTeN s OKa3bIBaeTCA PABHON HYJIIO, IIOCKOJbKY PaBHO
HYJII0 ero mmepemMelnieHue: ucrpebuTesb HaAUMHAET U 3aKaHYUBaeT JABU-
JKeHHe B OHOM U TOM ’Ke TOYKe Ha aspoapoMe. B To ke Bpems B moJieTe
npuboOpel 3TOro camojiera (PUKCUPYIOT 3Ha4YeHUs CKOPOCTH, COCTaB-
JAOIIHAE HECKOJIBKO ThICAY KUJIOMETPOB B 4ac.

B nmpaxkTuuyecKux uenAx ypobOHee IpuMe-
HATH BEJUUUHY, HAa3bIBAEMYIO CpeaHeH myTe- “x

BOH CKOPOCTBIO (MJIH Hallle — IIPOCTO CpeaHei t =
CKOPOCTHIO) U,p ¥ PaBHYIO OTHOIIEHHIO BCETO Vx|
IIPOM/IEHHOTO TeJoM NyTH [ KO BceMy 3aTpa- 8, ' o,
YeHHOMY Ha 9TO BpeMeHH. 'y
i E‘ 0 t i
L S - Pue. 12
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OpHAaKO U cpefiHAA MyTeBas CKOPOCTH HE JaeT TOYHOIO NpecTaBie-
HUA O JBUKEHHUM TeJia 10 TpaeKkTopuu. Tak, TeJo B OTAeNbHbLIE IpOMe-
JKYTKHM BPEMEHH MOJKET ABHUTaThCS CO CKOPOCTHIO MeHbIIeH WX 60Jb-
mieii, YeM 3HaYeHHWe U, HJIHM Ja’ke OCTAHABJIMBATHCA Ha HEKOTOpOe

Bpemsa. Hanpumep, eciu aBrobyc npoexan 200 KM u3 OHOr0 ropojia B
Apyroii 3a 4 4, To CpeAHAA CKOPOCTH €ro ABHKEHUA PaBHA:

_ 200 x¥m

Vep 44

= 50 KMm/4.

OnHaKO BO BpeMsa ABMXKEHHUSA CKOPOCThL aBTobyca morJya ObITh pas-
HOoi 50 KM/4 JMIIb B HEKOTOpPHIE MOMEHTHI BpeMeHH. Tak, HauuHasA
JBU)KEeHVe, BOJUTE/b YBEJIUYUBAJ CKOPOCThH OT HYJA A0 HEKOTOpPOro
3HAYeHUd, IOAbedad K OCTAaHOBKE, OH YMeHbIIaJ CKOPOCTh, & Ha OC-
TaHOBKE KaKoe-TO BpeMs aBTo0yC CTOsAJ, He ABUI'afACh.

3. MrHOBeHHas CKOpOCTh. BbI yike 3HaeTe, 4TO €CJIM TEJIO JBU-
JKeTcsa HepaBHOMEPHO, TO B KajsKJA0H TOYKe TPAGKTOPHU 3HAYEHUS ero
ckopocTH pasHble. CKOpPOCTH Tesla B JAHHOW TOYKE TPAeKTOPUU WJIH B
JaHHBIII MOMEHT BpeMeHU Ha3bIBAIOT MTHOBEHHOM CKOPOCTBHIO.

Yro6b! MOHATH GU3NYECKUH CMBICJ MI'HOBEHHOM CKOPOCTH, IIPOBe-
JieM OIBIT. ¥ CTAHOBUM HANIPABJIAIOIIYIO PEHKY II0J YIVIOM K FOPU30HTY
TaKUM 00pa3om, 4YTOOBI ¢ Hee CKaTblBajgachk Kaperka (puc. 13), B 60Ko-
BYIO IIOBEPXHOCTh KOTOPOM BMOHTHPOBaH MarsuT. Ha peiike ycraHo-
BUM JiBa JaTYMKa, COeJMHEHHble C CEKYHJOMEpPOM: IepBblii Oyxaer
BKJIIOUATh CEKYHAOMEp, KOT/Zla MUMO 3TOr0 JaTYMKAa IIPOXOAUT KaperT-
Ka, a 3aMbIKaHHe BTOPOTO AaT4YMKa OCTaHaBJIUBaeT c4eT BpemMeHu. Or-
METHM Ha peiKe NPOMU3BOJIBHYI0 TOUKY
A, uepe3 KOTOPYIO IIPOXOAHUT KapeTka
(cm. pme. 13). HsmepuB paccrosiaue
MeXJAy AaTYUKaMU U pasjgeuB ero Ha
BpeMdA IBUMKEHUA KapeTKH MeX Iy HUMU,
IIOJIYYUM 3HauYeHHe CpeJHeil CKODPOCTH
TeJIa Ha BHIJEJIeHHOM VUaCTKe.

Byaem mnocienoBaTelbHO YMEHBIIATH
paccTosHNE MEXKAY JaTYUKaMu. Beramce-
JIA€MBIE B Ka)XJIOM OIIbITe 3HAYEHUA Cpej-
Hell CKOpOCTH cHaYasa 6yAyT OTIMYAThC.,
OnxHako, HAYMHAA ¢ HEKOTOPOI'O0 PaccTos-
HUA MeXJAy AaTYHKaMH, 3Ha4eHUe cpef-
Hell CKODOCTH HM3MEHATBhCS IlepecTaHerT.
Ho ecnm cpeaHsis CKOpPOCTh Ha YYacTKe




TPaeKTOPHUH He U3MEHAEeTCs, 3HAYHUT, JBHIKeHHe
Ha 9TOM YYacTKe MOXKHO CYHUTaTh DaBHOMEp-
BeIM. TakuMm obpasom,

MTHOBEHHASl CKOPOCTh — BeKTOpHas (uamye-
cKad BeJHYMHA, PABHAA OTHOIIEHHMIO MAaJOro
nepeMemieHnss AS§ K MaloMy HOPOMENKYTKY
BpeMenH Af, 3a KOTOpOe 3TO NepeMelieHue
IIPOM30IILIO.

Puc. 14

OTMeTHM, YTO IepeMeleHue AS HOJIKHO
6BITH HACTOJBKO MAJBIM, YTOOBI HA HEM He OBLIO 3aMeTHO U3MEeHEeHHUud
CKOPOCTH: TOJBKO B 3TOM CJIydyae MOKHO CYMTATh, UYTO CPeJHAA CKO-
POCTh Ha 3TOM IIepeMellleHHH — 3TO MI'HOBEHHasd CKOPOCTbh B awboit u3
ero Touex, HaipuMep B Touke A.

V6eauMcsa B TOM, 9YTO MI'HOBEHHasl CKOPOCTB B KaJ0i TOYKe Tpa-
eKTOPHH HAIpaBJeHa 10 KacaTeJbHO# K Heit. [l1sa sToro BeIOEpeM Ipo-
HM3BOJIBHYIO TOUKY M TpPaeKTOpUH, & TaKkKe TOUKH A U B, neskamiue
Ha TPaeKTOPUM HA MAJBIX PACCTOAHUAX II0 00e CTOPOHBI OT TOUKH
M (puc. 14). Kak caeayer u3 onpeneneHus MI'HOBEHHOM CKOPOCTH, €e
HanpaBJIeHHe COBIAJAaeT C HalpaBJIeHWEM MAaJoro IepeMeIleHus AS.
IMocnexoBaTensHO cOmuxkan Touku A u B, OyneM moay4aTh BCe MEeHb-
Iue BEKTODHI AS;, AS,, AS; U T. 4., MapajieibHble APYT ApPyry. Hem

As
6amKe Touku A U B, TeM ToOYHee OTHOLIEHUE Y Oy/eT COOTBETCTBO-

BaTh BEKTOPY MI'HOBeHHOU ckopoctu. Takum o6pa3oM, BEKTOP MI'HO-
BEHHOI CKOPOCTH B TOuKe M HampaBJeH IO KacaTeJbHOH K TPaeKTo-
pHH.

M3 kypca anre6psl ¥ HayaJ aHaI13a BaM U3BECTHO IOHATHE IIpe/je-
na pyaxknuu. Vicmonbays aTo MOHATHE, MOXKHO 3allMCaTh BhIpakKeHne
IJIsi MTHOBEHHOM CKOPOCTH

_\l oAt'

MaremMaTHueCKH 3alHMcaHHOE BhIpa*XeHue COOTBEeTCTByeT TOMY,
YTO MI'HOBEHHAasa CKOPOCTh — 3TO NPOM3BOAHAA nepeMelleHud 10 Bpe-
MeHH

0 = §'(t).

Hawu60see IpocTO MOMXKHO BBIYMC/INTH MI'HOBEHHYIO CKOPOCTD B CJIY-
yae pABHOYCKOPEHHOTO ABUKEHNA.

23



Borpoch! A9 camMonpoBepKn

1. Kax BEIUHCNA€TCA CKODOCTE PABHOMEDHOIO IPAMONFHEHHOTO IBIKE-
Bna?

2. Y0 HASLIBAIOT CPEAHEH CKOPOCTRIO; cpeaHeit TyTeBoi CKOpoCeThIo?

3. Yro masLIBAIOT MrHOBeHHON ckopoceThio? Kak oHa HanparRneHa B nipo-
H3BOALEQH TOUKe TpaekTOpHM T

§ 8. YckopeHue

1. ¥cxopeHHe npu pPaBHOYCKODEHHOM ABHMeHMH. Kasuplii
Habmogan, Kax ABTOMOBHIN CTOAT Ha IepeKPecTKe K0por, A0KHAAACH
PaspemaKnInero CNrHana caetTopopa. Kax Toabko 3aropaeres aejeHbli
cBeT, HanboJee HETCPNETUBHIH H3 BOJAKTR/EH PESKO TPOraeTcd ¢ Mec-
Ta. [Ipyroi BoguTens HaUHHACT ARMIKEHHNe ILIABHO, B pezyasTaTte 06a
8RTOMOBILIA MOTYT PA3OTHATELCA SO OMHOH M TOH Ke CKOPUCTH, HO IIep-
BBl M3 HHEX NOCTUraeT HeoOX0AMMOIL CKOpoCcTH Buictpee. B aToM cay-
4ae NPUHATO F'OBOPHTL, YTO DB aBTOMOOHIL, BAGHUPAS CKOPOCTD,
ABATaNCA ¢ OOJIBIIHM YCKODEHUEM, YeM BTODOIi,

Tarum 00pasoM, yCKOpeHHE XapaxTepHayeT OLICTDOTY H3MeHeHHs
cKOPOoCTH. MCXOAH H3 BTOT0, MOXHO 3aIHCATh POPMYJIY VCKOPEHHES 1O
aHaJIOTHH ¢ popmynoil ckopoeTH.

Yexoperue — BeKTOpPHaAA (huaMyecKas BeJMUHMHA, DABHAA OTHOIIE-
HHI0 WIMEHeHHH CKOPOUTH AU Ko Bpemenu Af, 3a KOoTOpoe IIpoOM30-
INJI0 3TO HAMeHeHHE.
. 4
g=48 _""%
At At

9ra HOpMYNa MO3BOJAET PACCUMTATL CpeIHEe veropenne, Ecan
DacCMaTPHBATE MAJbI¥ NDPOMEMYTOK BPEeMEHH, TO PACYETEI OO JTOMH
OpMYyNe AaT MIHOBEHHOE yCKOpeHHe. B cilydyae paBHOVCKODEHHOIO
ABIKEHHA CpeflHee U MI'HOBEHHOE YCKODEHMA paBHbl. B JanbHelimeM
MBI OyZeM PACCMATDHBATE TOJRKQ ABHIKEHHE ¢ MOCTOAHEBIM VCEQpe-
HHEeM.

B CH exununa yckopenus — memp na cekyndy & xeadpame
(m/c?).

Ecnu nemoas3osaTs anmapaT MATEMATUHECKOTO AHATH3A, POPMYIY
YCROPEHU A CJIeJYeT HEPEINCATEL B BUAE:

- Ay
= lim =,
4= M
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YTO XapaKTepuadyeT YCKOpeHUe KaK IPOM3BOAHYIO CKOPOCTH IIO Bpe-
MEHH: -
a="v'(t).

U3 dopmynasl s pacueTa YCKOPEHHMSA TeJjla MOXKXHO BBIPa3UTh
3HaUeHHEe CKOPOCTH B MOMEHT, KOIZa C HadaJja JBH)KeHHsd IIPOILIO
BpeMm4 L. R )

v = v, + alt.

B nonyuyenHOM BbIpakeHuu At =t — t;, 1 €CJid BpeM#A OTCYUTHIBA-

ercs ¢ MOMEHTa, KOrjia Hagajuoch JBuxkenue, 1o t, = 0. Torga dopmyna

JUIA pacdyeTa CKOPOCTH uepes BpeMsd ¢ mocJie Havaja JBUKEeHUsA IPUHHU-
MaeTr BUJ: R st
v = ¥, + dt.

2. I'pacux crkopoctu u dopmyna nepememenund. [Ipu npsamo-
JIMHeHOM JABUKeHUH, ecau HanpasaeHue ocu OX napaJjieIbHO Iepe-
MeIlleHUIO TeJia, GopMyJia CKOPOCTH AJIA NPOeKI Ui OyeT UMeTs BU:

Uy = Ugy +a,l.

I'padpuk 3aBHCHMMOCTH CKOPOCTH OT BPEMEHH, COOTBETCTBYIOIIMI
2TOMY YPaBHEHMIO, IIpeJicTaBiasAeT co00i NPAMYIO, IIOCKOJbKY 9TO JIH-
HeliHasa 3asucuMocTh. Ha pucyHke 15 npuBeseH rpa@uk 3aBUCHMOCTH
v,(t) nna caydasi, Korja 3Ha4eHUd NPOeKI Uil Ha4aJbHO! CKOPOCTH H

YCKOpPEeHUA MOJOKUTeNbHBI. Ilo aHaaoruu co ciaydaeM PaBHOMEDPHOTI'O
IPAMOJIMHEAHOTO JABHIKEHHUA JIOTHUHO NPEAIOJI0¥XUTh, YTO IPOEKIUA
nepeMeleHus, COBePIIeHHOro TeJIOM 3a BpeMd ¢, OyzieT paBHA ILIOLIa-
au Urypsl, orpaHNYeHHON rpaduKoM, OCAMHU KOOPAMHAT U IIepIeH/ 1~
KYJApOM, BOCCTABJEHHBIM K rpad@uky u3 Touku t. B 1anHom ciydae
aTa urypa — Tpanemnus.

JIlna poxasaTesbCTBa ITOrO IPEANOJIOKEHUA PacCMOTPUM MaJibii
oTpe3ok BpeMeHu At BHyTpu npomexkyTra Ot. Uem menbie Af, TeMm
foabIlle OCHOBAHWMA YTBEpKAaTh, UTO 3a 3TO BpeMdA CKOPOCTh Teja He
U3MeHseTcA (BCIIOMHUM OIpefieleHHe MIHO-

BeHHOU ckopoctu). IloaTomy 3a Bpemsa At aBu- Vs /
JKeHUe MOJKHO CYUTATh PABHOMEPHBIM, U 3HAa- P

yeHUe MPOEKIUU IepeMeleHns PaBHbIM ILIO- v
MaA¥ COOTBETCTBYIOIIET0 NPAMOYTOJbHHUKA. Vox
ITocKoaBKY MJOINAAb paccMaTpUBaeMOM Tpa-
IMeIlMd paBHA CyMMe IUIomiajei aTUX IPAMO-
YrOJbHUKOB, TO 3Ha4YeHHe IIPOeKIMH IepeMe- =
IeHUs TaKKe paBHO 9To# miommaau. M3 xyp- Puc. 15
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Ca reOMeTPHUY U3BECTHO, 9TO OJ0INALL TPATIENAY DARHA MPOUIRETEHHIO
TIOMYCYVMMEBL €€ OCHOBAHMI H BRICOTEI. B mamrem cirydae OCHORARHNS
PAaBHBI Uy, ¥ (Vg + a,t), a BeicoTa ¢, CiegoBarTe/bHO,

1
8:~ 3 vy, T Uy, T a i),

HIH OKOHYATENbHO Noay4yaeM GopMyny Ansa pacdera TIPOeKTITHH Iepe-
MemeHNA IIDHI DABHOYCKOPDEHHOM OBMKEeHIH .

a,tl
2

3. JIuneiinaa cxopocts, Ilepuon. IlenTpocTpeMHTEILRGE Ye-
ropende. Hamomaum, 9T0 ecid Te10 PASTrOHALTCA WJIH TODMOIHAT, IBU-
rafgch N0 OPAMOIl, TO BEKTOPHl YCKODEHHA W CKOPOCTH HAlpaBJACHBI
BAOJNB 3TOH NpaMoil. Ecay ke BEKTOPHI CKODOCTH H YCKOPEHHMA Ha-
OpaBJaeHEl O] ¥YTAOM APYT K APYTY, TO 9TO 0AHAYAET, YTO CKOPOCTh H3-
MeHART HANDABJ/IEHHE: TEJIO IMOBOPAYUBAET, T. €. ABMIKETCH KPWUBOJIH-
Heitno. Hanfonee mpoersiM caydaeM KPHBOJHHERHONO ABMIKCHIMS AB-
IAETCA DPABHOMEDHOE BHKEHHE MO0 OKPYMHOCTH. Tar ABMIEYTCH,
HaopuMep, CKaMeBKH Ha BpANIAIOUIeHCA ¢ NOCTOAHEON CKOPOCTLIO Ka-
pycenu win 6eryT gpeccHpoBaHHBIE MEABOTHEIE BAGAL GOPTHKE HPKO-
B0 apeHbl.

MrHOBEHHYIO CKOPOCTE, C KOTOPOH TEJIO ABHXKETCA 00 OKPY>KHOCTH,
Ha3LIBAaIOT JIHEeHBOoN eKopocThio. [IpH paBHOMEPHOM [IBUIKEHMH 110 OK-
PY:EHOCTH MOIZYJIb NHHeHHON CKOPOCTH U OCTAeTCA HeH3MeHHbIM. [lo
TOH IPHYHHEE KaEALIH 060DOT TEJIO coBepIaeT 34 ONHO U TO e BDEMA,
HaskEaeMoe nepuoxom obpamenun T, YTo6Ll paccuuTaT: mepuoa ob-
pameHa, caegyeTr OyTh [, IPOXOAUMBIN TeJOM 38 OSUH NOAHLIE 060-
POT, PABAEAHTL HA AHHEHHYIO CKOPOCTh. [ToCcKONBKY 3TOT MyTh paBeH
JAKHE OKPYKHOCTH, II0 KOTOPOH ABHKETCS TEN0, TO IePHOL PABEeH:

r=l_2tR

12 v

8

= Vg, + 2.

x

rae I = 2xR — anuHEAa OKpykHocTH, R — ee pa-
auayce.
ITpy paBHOMEDHOM JBHAKEHHH IO OKPYKHOC-
TH HATOPABICHUE JAHEHHOH CKOPOCTH HEenpepbiB-
v HO msmensercA. IIpm aToM B Kaxzgoilt Touxe
OKPYKHOCTH YCKODEHRME HANIPABAEHO BIOJBL Da-
AHyCA OKDYXXHOCTH K e¢ nearpy (puc. 16). Uz
Puc. 16 Kypca (H3HMKK OCHOBHOH IHKOJK BAM Y>Ke W3-
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BECTHO, 4YTO TaKOe YCKOPEeHHe Ha3bIBaloT
LIEeHTPOCTPEMHUTeNbHBIM Q, ., U €ro MOAYJIb
MOKHO PacCuUMTaTh, 3HaA pPajuyc OKPYKHOC-
T4 R 1 MOAyJb INHEHHOM CKOPOCTH V.

e
a . ==,
u.c R
JI1060e KPUBOJMHEHHOE NBUIKEHUE MOMK-
HO C JOCTATOYHOM CTENeHbI0 TOYHOCTH IIpej-
CTABUTh KaK J[ABWIKEHHE II0 OKPYKHOCTAM

pasubeix paguycoB (puc. 17). IlosTromy dop-

MYJIy HeHTPOCTPEMHUTEJBLHOI0 YCKOPEHUA MOYKHO IPUMEHATE B cllydae
J11060r0 KPUBOJIHUHEHHOTO JBUIKEHUA ¢ MOCTOAHHOMN 0 MOAYJIIO CKOPO-
CTBIO, NOJICTABJIAA B Hee 3HAUeHHe pajuyca, COOTBETCTBYIOINee KDPHU-

BH3He TOr'o UJIM HHOTI'O Yy4acCTKa TPaeKTOPDHH.

Bonpockl Ana camonposepkm

1. YTo Ha3LIBAIOT YCKOpeHHeM?

2. Kak BBIYHCIAETCA YCKOPEHUE IPH PABHOYCKOPEHHOM JABMYKEeHHN ?

3. Kax BrRIUMCINTE HIepeMelleHHe NPH PaABHOYCKOPEHHOM ABHMIKEHHH,
MCnoabL3ydA rpapuk ckopocTu?

4. Kak cBA3aHbI IeHTPOCTPEMUTEIEHOE VCKOPEHHe, IHHelHaA CKOPOCTh
M pagnyc TPAaeKTOPHUM NIPH PABHOMEPHOM JBHKEHHHM TeJa 110 OKPYHHOC-
T™H?

YnpaxHeHue 1

1. AsToM06M/IB COBepIIaeT pasBoOpOT, pagzuyc kKortoporo 5 M. Haipure
MOJYJIb IepeMeIeHuss aBToMo0MIA, KOT1a OH COBepIIHJI IIOJIOBHHY pas-
BOPOTA; 3aBEPIINJ PA3BOPOT.

2. CkopocTh MaTePHAJILHON TOUKY MBMEHAETCS 110 3aK0HY U = 41 (M/c).
3anumiuTe ypaBHeHHe ABMKeHUA x = x(t), ecau B Hayange OBUKEHUSA
KOOPAMHATA TOUYKH ObL1a X5 = 5 M.

3. IIpu 5KCTPEHHOM TOPMOYKE€HHH ABTOMODOHIL, IBUTABIINHCA CO CKOPO-
cteio 60 KM/4, OCTAHOBHJICH Yeped 3 ¢ mmocie Hauyasua Topmoskenus. Ka-
KOif TODMO3HOI ITyTH OH IIpomen?

4. Cuuras paguyc 3eMHoOro mapa paBHeIM 6400 KM, BEIUHCINTE JTHHEH-
HYI0 CKOPOCTH M IEHTPOCTPEMHTEJbHOE YCKODEHHEe TOYKH 3€MHOMH
MMOBEPXHOCTH, pacnoyoxkenHoi B Cankr-IlerepOypre, reorpaduueckasn
mupoTa Kotoporo 60°.
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§ 9. InHamMuyeckne XxapakTepucTuKu
ABUXeHUN

1. KuaemaTHKa M aueamuka. KHHeMaTHEA ONHCHIBACT JRH-
JKeHre, OTHAKO He JaeT HH(POPMALHH 0 IPHINHAX, eT0 BRIILIBAIOIINX.
Jraamuxa (or rpeu. dynamikos — cannabi®, MOMBEIH) ABAAETCH O4-
HHM N3 Pa3jei0B MEXAHRAKH,

JAARAMHKA M3YyYaeT TEMKEHHE MAKPOCKONMHUYECKAX TeJ, PacCMaTpH-
Bas NPHYMNBI DA3IHIESIX BHAOE ABHIKeHU.

JdA 2TOr0 OPUXOAHTCA DACCMATDHBATL B3aMMOJACHCTBHE MEMLy
TEJIAMH, 9TO BEIBHIBAET HCOOXOANMOCTE, HAPAAY ¢ KHHEMaTHIeCK MU
XapaKTEePHECTHRAMH JARMIKEHUA, HCMOIb30BATS AMHAMHYECKHE XapPaK-
TEPHCTHKH, OCHOBHMBIMM M3 KOTODBIX SABIAIOTCA MAacca, CHJa, HM-
IYJILC.

2. Macca. YenoBex, Kax OPABHIO, CTRMKHBACTCA ¢ TEPMAHOM
«Macca», copepiasg DoKynkHd. Ha yrakoskax MHOTHX TOBapOB YKa3a-
Ha HX Macca B KHJIOIDAMMAX WAM rDAMMAX, IPHYEM Yallle BCEro 4eMm
KpyOHee YOaKoBKa, TeMm Ooabllle ee mMacca. CTOMMOCTE ToBapa TOMEe
MOXM(ET 3ARMCETE OT ero Macehi, Tak, HanpuMep, deM GoJbIIe BBl IOKY-
naere a60K, TeM GoJibilie UX Macca, 4 3HAUHT, OoabLIIeii 6yxeT H cTo-
UMOCTh NOKYNEH. Taxum o0pasoMmM, Macca MOKET BOCOPUHHMATLCSA
KaK HEKad MepPa KOJIHUecTBa BElecTBa. VIMEHHO TAKOE DOHEMAHHE
macehl caoskunock B Hayke K XVII B. u cymecTryeT B HacTOAIEE Bpe-
MH E MOJIEKYJIAPDHEOH QHIHKEC.

B knaccnueckoil MexaHWKE, ¢ OAHOH CTOPOHE, MACCA Xapakine-
puayem uHepmrubvie c8oiicmea med, T, €, ABAAETCA Mepoil HHepT-
HOCTH Tesi. OIBIT TTOKA3BIBAET, YT 3aIPYKEHHBIN BeIaMy, THIKeILIH,
MACCHBHBII 4eMOaH Ha KONECHKAX TPYAHEee COBAHYTE ¢ MECTa, HeMie-
au nyeroii. M 1pu NONETKE OCTAHOBUTE ABMIKVINHECA TAMEIEIH IeMo-
AaH K HeMYy HeoOXO0ZHMO OPHIOKHTE Goaboiee VCHAKE, YeM IS OCTa-
HOBKH JIETKOT0 IeMOAHA.

C Apyroiit CTOPOHEL, MACCA XAPAKMEPUIYEM ZPRBUMALLLOHEbLE
C80UCMBA Mmei, m, €. C6olicmea, C8A3AHHbE ¢ mazomeruem. Bur
3HaeTe, UTO CKJA3Z THKECTH, JeHCTBYIIlad Ha TeJlo, 3aBHCUT OT ero
macceel. Hamprumep, mopuumartes yeMogaH, IPeOSOIeBaA CHIY TAMECTH,
ropaiao jerde, Korga OH MYCT, HeiKeJHM Korda OH 3amolHeH. OOLITH
NOKA3BIBAKOT, YT0 UHEPMHOAA MACCA Mead 6 MOYHOCMU PABHU
€z0 ZPasumayuoHROolL Macce.
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B xaaccuveckoll Mexanuxe macca addumuena (or nar. additio —
NpubaBlIeAne); MACCA CUCHEMb. MEA PABHA CYMMe MACC Men,
COCMABAANULUX IMY cLucmMmeMy).

3. Cuna. Karmiquitca no ¢qyT6olLHOMY DOAI0 MAY B KOHLE
KOHIOB OCT&HOBRHTCA. IIpHuMAGH OCTAHOBKK CTAHET JHOO TpeHue
o Tpasy, mH00 yAap o Hory GyTOoNNCTa HIN CTOHKY BOpoT, Aubo geii-
CTRHE €O CTOPOHLI KaKoro-Tubo Apyroro teaa. Heilemeue o0HD20
meana Ha Opyzoe xaparkmepulyem @UIULECKAA BeRUMURE —
CHIA.

Cuna — BeJIMYMHA BeKTOPHAA. Pe3YALTAT KEMCTBUA CHILI 38BHCHT
OT ee HanpasaeHua 1 Modyas. Tax, B 3aBHCHMOCTH OT HAIPABJICHHA,
B KOTOPOM JIGKOMOTHE HOTAHeT BAFCHE!, OHY HAYHYT ABMIKEHHE B TY
WM APYTYIO CTOpoHYy, YeM Goasiine MOLYAL CHILI, IPAICKEHHOHA K Ba-
roHaM, TeM ObIcTpee oHM GyayT pasronaTses. B CH eguEnna cuasl —
rowmorn (H).

PesyapraT geficTBHA CUJIB OMpeAEaSeTCA M MOUYKOL €€ npuio-
acernusn. llpogenaeM onwit. [locTapnM BePTHRATLHO AepeBAHHLIN Opy-
COE HA CTOJ ¥ HeCHJILHO HagaruMm Ha Opycox mansneM. B nepeoM cay-
qae mafiew, caelyeT NIPHIOKHTS V OCHOBAHMA Opycka (puc. 18, @), a Bo
BTOPOM — V BepXHei rpanu (puc. 18, 6).

PesyasraT neifcTBMA CHUJABI B 3THX ABYX caydaax OyaeT pasHEIM:
B epBOM cayyae G6PYCOK CARAHETCA C MeCTa, 4 BC BTOPOM — OIPOKH-
HETCA.

Bam m3BeCTHO, 9TO CHALI, AeHCTBYVIOIIAE HA Tel0, HMEIOT Pa3Hylo
npupoay. Ha ypoxax ¢GABHMKM Bbl MOZHAKOMEANRChE ¢ PA3JINYHLIMHA BH-
JAMH CHJ M HAYYHINCE UX PACCYHTHIBATL. TaK, HANDHAMEDP, CHJA TH-
Y(eCTH PABHA IIPOHMBBEJeHHI0 MACCH TeJIa ¥ YCKROPeHHH ¢cBOGORHOIC Na-
Jenua: F__, = mg.

dHaueHNe CHALI YOPYroCTH, BOAHHMKAIO-
medn npe IedopMATHH, BLIYHCIAAETCS KAk
OPOM3BCACHHE YAIHHEEUS £ U XKEeCTKOCTH X1
Fopp = ~hx. 3uar ¢muMHyC»> B QopMyae 03HA-
Y@aeT, YTO CHJA YIOPYTOCTM M YAJNUHEHHE Ha-
IpaRJIeHbl B IRPOTHBOIMOIOHHBIS CTOPOHEBL.

Cuna TpeHMSA CKOJBKEHHA TPAMO TIPO-
TOPIHORATLHA CUIE PeaKnus onopei: F =
= N, rae | — rkosphHEIEEHET TPEHAA.

IToeckoasKY cHNa ApadeTcsa Mepoil peHcT-
BHA OJHOTO TeJa Ha Ipyroe, To, F'OBOpS O Ael-

3}
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CTBHM CHJIBI, BCerja MOHO yKasaThb TEJO, CO CTOPOHBEI KOTOPOTO 3Ta
cuna geucrsyer. Hanpumep, cTpena, BeInyIeHHAS U3 JIYKa, HAYHHAET
ABUKEHHE IIOJ AeHCTBHEM CHJIbl YIIPYTOCTH HATAHYTON TETHBHI, a aB-
TOMOOHJIb OCTAHABIMBAETCA IPU TOPMOXKEHUH IIOX AeHCTBUEM CHJIBI
TPeHUs, NeHCTBYIOIIeH CO CTOPOHBI JOPOKHOTO nojoTHa. OfHAKO, KaK
Bbl yOeAuTeCh HECKOJBKO II037K€e, ONPEAeJeHHO yKa3aTh, CO CTOPOHBI
KaKoro TeJja IeMCTByeT Ta UM UHAS CHJIa, MOYKHO JIMIIb IIPH PACCMOT-
PeHUHU ABHXKEHUA B UHEPUUAJLbHBLX cucmemax omecuemad.

4. HMmyase Tesia ¥ MMIyJabe cuibl. ECu 0 KUPpIUYHYIO CTeHY
YAapATCA ABUIKYIIMECH C OJMHAKOBBIMHM CKOPOCTAMH (yTOOJIBHBIN
MAY U IOYIIeYHOEe S/p0, TO Pe3yJbTaThl 9THX YAApOB OYAYT PasHBIMH.
PasubiMu OyAYT U pe3yabTaThl yAapa o mperpajay AByX CHADAMOB, OANH
U3 KOTOPBIX IOAJIeTaeT K Hel co ckopocrsio 30 M/c, a Apyroit — co
CKOpOCThIO 3 M/c. B mepBoM ciryuae cHapsaa MOKeT IPoGUTH Iperpaay,
a BO BTOPOM cJIeTKa ee 1eopMHUpPOBaTh. 18 OonucaHusd IOJO0OHBIX AB-
JIeHMH MCIOJB3YIOT [IOHATHE UMIIYJIBC TeJja.

Bawm ussecTHO, uTO

HMITYJIBCOM TeJia Ha3bIBAKT BEeKTOPHYIO q)H-?pH‘le(‘.RYIO BeJHYHHY,
PaBHYI0 IIPOM3BEJEHHI0 MAacChl TeJia H ero CKOpPOCTH.

Takum o6pasoM, UMIYJbC CTOAMIEr0 Y HEePPOHA MHOTIOTOHHOTO
9JIEKTPOBO3a GyfeT MeHbIlle UMIYAbca ABUMKYIIErocs BAOJbL IEepPOHAa
BeJIOCHIIe/Ia, IIOCKOJbKY CKOPOCTh 3JI€KTPOBO3a M €r0 UMITYJIBC PABHBI
Hy10. Ho ecsiu as1leKTpPOBO3 HAUHET ABUTaTHCSA BJ0JIb IEPPOHA C TOMH Ke
CKOPOCTBIO, YTO M BEJOCHIE], TO €ro MMIYJIbC OYAET BO CTOJBKO 3Ke
pa3 MpeBBIIIATh UMIIYJIbC BEJIOCUIIEea, BO CKOJBKO Pad OTJIMYAIOTCH UX
MAacCChI.

B CHU eguamma umnyJsca Te-
jJa — KuJaozpamm-memp 8 ce-
KyHdy (Kr-m/c).

OneIThl IIOKa3bIBAIOT, UTO pe-
3yJbTAT NEHCTBUS CHJBl 3aBUCHUT
OT BpeMeHH ee HelictBusa. Pac-
cmorpuMm oneiT. IlogBecmm rupro
Ha TOHKOH HuTH (puc. 19, a). CHu-
3y IpUBAMKEM K rupe BTOPYIO Ta-
KYIO ’Ke HUTh. Pe3Ko iepHeM 3a KO-
Hell HUKHeH HUTH, OHA IIPU 3TOM
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HOPBETCH, & THPA OcTaHeTca BuceTs (puc. 19, §). Ecny xe MeaneHno
TAHYTE 34 KOHeN HIKEEH HUuTH, TO 060pBREeTCs BePXHAA HUTL, K I'UPA
ynaner (puc. 19, 6). B paccCMOTPeEHBIX ONEITAX PA3IHYANOCE BDEMSA, B
Te4eHHe KOTOPOro ciJa qeicTBoBaia Ba rupio.

HMnyascoM CHIKI HAARIRANT BEKTOPHYIO (JH3HMYECKYI0 BeJHYNHY,
P2BHYI0 NpPOM3BEeEHI0 CHNLI F m BpemeHH Af, B TedeHHe KOTOPOTO
3TA CHJIA OKAILIBAEST JeHCcTBHE Ha Teao: FAL.

B nepeoM PACCMOTPEHHOM ONEITE HMIIYJABC CELIbI OB HEAOCTATOUY-
HO fGonkImAM, ITO00R NDHBECTH I'MPX B JBHKeHHe, IOCKONLKY CHJIa
IelicTBOBAJNA KPATKOBPEMEHHO,

B CU egpHHL@ HMIYIBCA CHABI — Hblomor-cexkynda (H- ¢).

BOI'IpOCbI 0N\ caMonpoBepkH

1. Kexue cpoficTsa Tesna xapaKTepuayeT Macca?

2. Y10 MOEHMAINT IO ALIATHRHOCTEE MACCEI?

3. Yro xapaxTepuayer cuiaa?

4, Uto HashIBRIOT AMITYJIBCOM TeNA; MMIIYJIECOM CHJIsI?

YnpaxHeHwe 2

1. Co CTOPOHEL KAKOro Tella AeHCTBYET CHA2, IPOJBUCAIOINAA IIORIA
BNepes II0 BOAHON fopaxke?

2, Kakyio cHJIY B rOpPM3OHTANBHOM HATIPABIEHNM HROGXOAMMO HpHIO-
JHUTE, YTOOR CARMHYTE CTOAIIAH HA FOPH3OHTANLHOM IIONY ANUK MAac-
coit 20 Kr, ecan KoaddHITEHT TPEREUA MEXAY AMIKOM ¥ nojox 0,52

3. Ha CKOJIBKO CAMTHMETROE PACTSHeTCH MpyKuHa xecTrocThio 100 H/M,
ecNy K Hel NOXBECHTH TEDIO Maccoit 200 r?

4, C xaxol CHROPOCTBI0 JOMIKEH eXATE MOTOMUKM, TTOOR Bro MMITYILC
6LLT PABEH MMNYIBCY JIErKOBOro ABTOMOOHANA, ABARYINETOCA CO CKOPO-
eTrio B0 kM/a? Macea motonuria 350 xr, macca apromobuna 1,05 .

§ 10. UpeanusnupoBaHHbIe 06BLEKTHI

1. Mogenu. JIo6oe ABJIeEEe NPAPOAB YPE3BRIMARHO MHOFO-
rparHo. YTo6H ero N3y4YuTh M ONMCATH, B HAYKE IPHMEHAIOT HACAJH-
BUPOBAHEBIE 00beKTh — Moaenu. HaeanusHpoBaHHEIH OOBEKT OTJIH-
YaeTcs OT PEANBLHOTD TeM, YTO OTPAKAeT TOJBKO €T0 [VIABHLIE, OCHOB-
Hble, CVIIECTBEHELIE B JAHHBIX YCAOBHAX CBOHCTBA M HE OTPAXKAET
HecymecrBennse, HanpuMep, 4acTo cUNTAIOT, HTO 3€MJIA MMEET LUA-
poobpassyw dopmy (puc. 20, a), XoTa yKe ZOCTATOUHO JABHO H3BECT-
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HO, YTO 36MHOW IIAp HECKOJBKO CILIIOCHYT V IIO-
miocoB (puc. 20, 6). Kpome TOro, Ha nmoBepXHOCTHU
3eMIM ecTh BHICOKHE T'OPHBIE CHCTEMBI, a TaKiKe
HU3MEHHOCTH, 4YTO emie 0oJblle oTau4YaeT Gopmy
3emMuu OoT 11apoodpasHoii. OMHAKO MOKHO HCII0JIb-
30BaTh IapooOPasHYI0 MOJeb 3eMJIH IIPU pelre-
HUHM TAaKUX 3aJad4, B KOTOPHIX (popMa IJIaHEeThbl He
OKasbiBaeT CYIIIeCTBeHHOI'0 BJMAHHA HAa paccMmar-
pUBaeMbie MPOIECChl U ABJICHUM,

Mopgenu IO3BOJAIOT MOJAYYATh HAYUYHYIO WH-
(bopmanuio o0 peasbHBIX (HU3UUECKUX OO0BEKTax
U sBJIEHHMAX, HO B TO JKe BpeMA MOJEJHA MOTYT
CYIIEeCTBEHHO OTJHYATHCHA OT 3TUX 00beKTOB. Du-
3UYeCKHe 3aKOHBI U (DU3UYEeCKUe TEeOPHUH, OIUCHI-
Basd UJieaau3upoBaHHbIe 00BEKTHI U B3AUMOJEHCT-
BUA MeXJAY HHUMH, JalOT BO3MOKHOCTH PAacIpo-
CTPaHATH IIOJy4YaeMble BBIBOJLI Ha peaJibHbIe
00beKThI 1 ABJNeHUA. HO UMEHHO 110 3TOH IPUYHNHE
IIPUXOJUTCA P'OBOPUTH O TPAHUIIAX IPUMEHHUMOCTH
TOr0 HJIH MHOTO 3aKOHAa, TOH UJIK HHOM TEOPHH.

B Kiaccuueckoil MexaHUKe MCHOJIb3YeTCA IeNblil pAX HAeaJnsu-
POBaHHBIX 00beKTOB. HekoTophle M3 HUX BaM yKe 3HAKOMBI, HATIPH-
Mep MaTepuaJbHAA TOYKA.

2. MarepuanbHaa Touka. OnuceiBasg MeXaHUUYECKOe IBUIKE-
HUe TeJla, YKasblBAlOT ero IOJIOKeHHWe B IIPOCTPAHCTBE B PA3JHYHBIE
MOMEHTHI BpeMeHU. OfHAKO /110060e MAaKPOCKONMYECKOe TeJ0 MMEeeT
pasMepsl — JUIHMHY, BBICOTY, IIMPHUHY — U 3aHUMAaeT B IIPOCTPAHCTBE
HEKOTOPHI 00beM. Takum o6pasom, BosHUKaeT npobaeMa: KOOPAHHA-
THI KAKOH U3 0ECKOHEYHOr0 MHOKECTBA TOYEK, COCTABJIAIONUX ABHIKY-
mjeecsd Teso, Heobxoaumo orcaexuBars? Haubonee mpocroe pemenue
9TON mpobsieMbl faeT MCIOJL30BAHME MOJENH, Ha3blBAEMOW MaTepH-
aJBHON TOYKOM.

MarepuaibHas TOUKa — MaKPOCKONUYECKOE TeJI0, pa3MepaMu KOTO-
POro NpM pelleHuH JaHHOH 3a/JaYd MOKHO NpeHedpeys.

[TonaTue «mMaTepuaJbHAs TOYKA» OTANYAETCA OT IOHATHA «TOYU-
Ka», IPUMEeHAEeMOro B FreOMeTPUU: MaTepHaIbHasdA TOYKA, B OTJIUYHE OT
TOYKHU reOMEeTPHUYECKOH, UMeeT Maccy.

Teso MmoxkHO paccMaTpUBaTh KAK MaTepUANbHYIO TOUKY B 3a4a4ax,
CBABAHHBIX C [OCTyNaTeJbHBIM JABMKeHMeM Ten. Ilpu nocmyna-
MenbHOM OBUNCHUU 6Ce MOUKU mena 08UNYmCea 00UHAKOBO.
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ITocTynarenbHOE ABH}KEHHE COBEpPILAIOT, HAIIPUMED,
NOpLIeHb B IUJUHAPE ABUTaTeNsA BHYTPEHHEro cropa-
HuA (puc. 21), n1udThH B 3aHUAX U IIaXTaxX, KAOMHKH
arrpaknuoHoB «Koseco obGospeHus», Kyme B jKejes-
HOJIOPOYKHBIX BaroHax Ha NPSAMOJHUHEHHBIX yYacTKax
TPAeKTOPHHU.

Tesi0o MOKHO IPUHUMATE 38 MATePHUAIBHYIO TOYKY
IIPH pellleHUH 3a7a4, B KOTOPBIX NPoildeHHbLil nymb
cyujecmeenHHo Ooabule COOCMBEHHLLX PA3IMEPOs
mena. Tak, onuceiBasg reorpauyecKkue OTKDPBITHA
Konymba, Marennasma m JApyrux MopeliaBaTejiei, Puc. 21
MOYKHO YKasblBATh HMX MAapIIpyThl Ha raodyce uiau
kKapre, npuauMasn «Canra-Mapumo» u Apyrue Kopabiu 3a MaTepHasb-
HBI€ TOYKU. BaM M3BECTHO, YTO B KA4YeCTBEe MATePHAaJbHBIX TOYEK MO-
TyT pacCMaTpPUBAThCA M TaKHe Tejla THTAHTCKHX pasMepoB, Kak CouH-
Ile ¥ IJIaHeThI, eCJIM B 3a/layax (DUIypUPYIOT PACCTOSHUA MEKAY 9TH-
MM TeJaMH HJIU paccMaTpHBaeTcd ABHIXKEeHHe, COBeplliaeMOoe MMHU B
TeyeHHue JIUTEeJbHOro BpeMeHu (puc. 22).

OZHO U TO 2Ke TeJI0 B HEKOTOPHIX CHTYAIlUAX MOMKHO CYUTATH MaTe-
pHAJbHON TOYKOM, & B HEKOTOPbIX — HeJab3dA. Tak, OlleHUBasA IIePUOL
obpaienus 3emun BOKpyr CosHIa, HALIY IJIAHETY MOYKHO NIPHHATH 3a
MaTepHaJbHYIO TOYKY, a IIPH BLEIYKMCJIEHUM PACCTOAHUM, TPOXOJUMBIX
BepxHe# Toukoii OcTaHKUHCKOI OamHEu (puc. 23) BeiaeacTBHe Bpalie-
HUA 3eMJIH BOKDYT CBOE# OCH, 9TOr0 JiejlaTh HeJb3A. [[pyroit npumep:
aBTOMOOMJIb IIPH JABUXKEHUH 10 CKOPOCTHOM Tpacce, COeIMHAIONIeH 1Ba
ropojia, MOXKHO CUHTATh MaTepHanbHOH Toukoi. Ho eciim aBToMOGHIB
rmomajiaeT B aBapMI0 M paccMaTpHBaeTcA gedopMalua ero KysoBa, TO
MOJeJ b MaTepHalbHOM TOUKM HeIpPMMEHHMAa: B TAKOi 3ajade CTAHO-
BATCA CYIIECTBEHHBIMHU IepeMellleHie U B3aUMOJAEHCTBHUE OTAEJbHBIX
JacTeyd Koprnyca aBTOMOOHIA.

33



IIpu pemrerun GOJBIIHUHCTBA 3aja4, TOBOPA O
ABM)KEHUM TeJia, MBI paccMaTpuBagu u Oyjaem
paccMaTpHWBaTh B JaJibHEHINeM ABUXKeHHe Mare-
PHaJIbHOU TOYKH,

3. A6comoTHo ynpyroe Teno. BcnoMHUM
ONBIT IO TIPAAYMPOBKE IIKaJIbl JHHAMOMeETpa.
K npy»xkuHe, BepXHUII KOHEI[ KOTOPO#l 3aKpeILieH,
a K HIJKHEMY KOHIy IDHKpeILUIeHa CTpeaKa, IIo-
IBEeCUM cHauasa oguH rpys maccoit 100 r, a 3aTem
Puec. 23 JIBa, TPH, YeThIpe TAKUX JKe Ipys3a, KaxKIbld pa3
oTMeuas IOJIOYKEHUe CTPeJIKH Ha mxajie. Pesynb-
TaThl 3TOro ombiTa (puc. 24) u MOAOOHBIX €My IIOKa3bIBalOT, YTO BO3HH-
KarIas B IPYKUHE CHJIa YIPYTOCTH NPAMO IPONOPIMOHANIBHA YAJIMHE-
HUIO Npy»kuHbl. OfHAKO 3Ta 3aKOHOMEPHOCTH NPOABJIAETCA JIUIIb IIPU
VAJAHEHUSAX, He3HAUUTEIbHBIX [10 CDABHEHHIO C JJIMHOM CaMOM NpYKu-
Hbl. ONBIT TOKA3bIBAET, YTO, €CJIU IPYKUHY CHJIBHO PACTAHYTh, OHA YiKe
He IPUMET NepBOHAYAILHOM (OPMBI IIOC/Ie CHATHSA BHEITHEro BO3Jeicr-
BHA: B 9TOM CJIy4ae TOBODPAT, YTO IpH AedopManuy NponIeH npejae.
yopyrocti. Ho npu pemresnu paga 3azad yao0HO U BIIOJIHE AOMYCTHMO
CYMUTATH, YTO HUKAKOIO IIpejesia YIPYyroCTH He CYIIecTByeT, U CUJa yII-
PYTOCTH OCTaeTCs IPAMO IPOMNOPIMOHAILHON YAJWHEHUIO NMpH J06oi
nedopmanun. Takoe Tes10 Ha3bIBAIOT a0COJMIOTHO YIIPYTHM TEJIOM.

ADCONMIOTHO ynpyroe TeJio — MOJeJb, KOTOPasA IMO3BOJAET CyIIecT-
BEHHO YIIDOCTUTH pellleHHe 3ajad, CBA3aHHBIX, HAIIpUMep, C PaccMoT-
pEeHHEM COyAapeHHH TeJl.

4. A6comoTHo TBepaoe Teyo. Ec-
au ObI B pacCMOTPEHHOM ONbITE C IIpy-
JKAHOM K Hell IOABECHJIM TIpy3 Maccoi
He 100 r, a 1 r, npy:xkuHa TOKe AedOPMHU-
posasnace 6v1. Ho pedpopmanua sra Oblia
OBl KpaliHe He3HAYUTEJbHOU, He3aMeTHOM
Ha raas. TouHO Tak e HEBO3MOYKHO 3a-
METUTH Ae(OopMaIHi0 KPBIIIKU IapThl 0K
IelicTBHEM JieKallleil Ha HeW KHUTU WU
II0JIOTHA JIOPOTH TOJ BecoM 00JIbIIerpy3Ho-
ro asromodbuna. B curyanuax, Korga ge-
dopmanusa Tesa mMoj AeHCTBUEM BHeIIHeH
CHUJIBI KpaliHe MaJja, MOMXHO CUMTaTh, YTO
nedopMaIusa OTCYTCTBYeT BOBCe U, TeM ca-
MBIM, IIEpeiTH OT PACCMOTPEHUA pPeasIbHO-
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ro (pu3uyYecKoOro TejJa K pPacCMOTPEHHMIO ero MOJeJau — a0CoJIIOTHO
TBEpIOro reja.

AOGCOMIOTHO TBEPABIM HAa3BIBAXT TEJO, KOTOPOE IPH JIOOBIX BO3ei-
CTBHAX Ha Hero coxpanser ¢opmy u pasmMepsl.

K paccMoTpeHHBIM B aTOM naparpade ¥ K IpyI'EM MOJAeNAM, KOTO-
phble UCII0Jb3YIOTCA B KJIACCHYECKOM MeXaHUKe, Mbl OyZIeM ITOCTOSSHHO
obpaimarscs.

Bonpockl Ans camonposepku

1. Yro obmiero Mex 1y peanbHBIM O00BEKTOM M €ro MOJeJNbI0, YeM OHH
pasnuuarmTca?

2. IToueMy npHMeHeHHe MoJeJieil BIMAET HA IPAHHIB] NPUMEHHMOCTH
(hu3MYeCKUX 3aKOHOB U TEOPHIi?

3. UeM MaTepHaIbHAA TOYKA OTJIHYAETCA OT reoMeTpUYeckoi? B kakux
cay4yasax MOXKHO IPUMEHATEL MOJIeTh MaTepPHaJbHOM TOUKHn?

4. Yro Taxoe abCOMIOTHO yIpyroe Teso; abCOMI0OTHO TBEpAoe Teso?

§ 11. OcHOBaHMe KNnaccu4eckom MexaHuKku

1. Omerrel Tamunesa. Bel yixe 3HaeTe, UTO IpeJCTaBJIEHUA O
MEeXaHUYeCKOM ABMIKEHUH ObLJIM CHCTEMaTH3UPOBAHBI B AaHTUYHOCTH,
1 ydyeHue ApPHCTOTEJNA IOCIOACTBOBAJO B HAyKe Ha NPOTAKEHUH MHO-
rux croneruii. Uranbaackuii yuessidt ['anuieil mo3HaKOMUJICA C TPY-
namMu ApPHCTOTeJIA B IOHOCTH U YCOMHUJICA B CIIPaBeJIMBOCTH BBIBOJIOB,

I'anuneo I'anuneiu (1564—1642) — Boijamomuiica
HTAJBAHCKNI (PU3UK U ACTPOHOM, OCHOBATEb COBPEMEH-
HOI 3KcIepuMeHTaIbHOH puanku. ChopMyInpoBas npuH-
IUN OTHOCHTEJABHOCTH; HMCCJeZoBak cBOOOJHOe majeHue
TeJ; YCTAHOBMJI MPUHIWIN WHEPIUH; OTKPBLLI 3aKOH CJIO-
JKeHUA JBHIKEHHI; IOCTPOUJI IePBYIO 3PUTEJNbHYIO TPYOY,
C MOMOILIBI0 KOTOPOI OTKPBLI ropsl Ha JIyHe, MATHA HAa
Conuue, cnyrauku HOnurepa, gokasan, 4dro MiaedHsbIit
IYTh COCTOUT U3 MHOKECTBA 3Be3/l. ACTDOHOMHYECKHE HC-
cnefioBaHuA Iaimies CTAMHM OSKCIHEPUMEHTAJIBHBIM IIOJ-
rTBepicaerneM yuenus Komepruka. CKOHCTPYHMpOBAJ
MHMKPOCKOTII, TEPMOCKOII, THAPOCTATHYECKHE Bechl; Impef-
JIOKWJI IPUMEHATh MAATHUK JIJIA U3MEPeHUs BpeMeHH.
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Puc. 25

clIeJaHHBIX BeJMKHUM (QuiocodomMm, na Apucrorend, Kak U AJA APY-
TUX YYeHBIX aHTUYHOCTH, OBLT XapaKTepeH HMOAXOJA K HM3yUeHHUI0 NpH-
poAbl, KOTOPBIH MOXXHO Ha3BaTh CO3€pllaTe/bHBIM, YMO3PHUTEJIbHBIM.
T'anuness aTo He ycrpamBajio: eMy TpeGoBasuCh (PAKTHI, JOKa3BIBAIO-
I[1e BEPHOCTH BBIBOJAOB. IlonyueHnio aTuxX (paKTOB OH HOCBATHJ BCHO
CBOIO KH3Hb.

B wactHOCTH, anuneit uayuan ceodboaHoe nagenue tes. OH mpeamo-
JIOKHJI, a 3aTeM CyMeJ YCTAHOBUTH, UTO IaJeHHe Pas3HBIX TeJ C pas-
JINYHOHM CKOPOCTHIO 00YCJIOBIEHO CONPOTUBICHHEM BO3AyXa, a4 HE pas-
HOCTBIO MacC Mafamiiuax Tej (Kak mpeamoJsaraj ApPHCTOTeNb): CKO-
pocTh CBOOOJAHOrO A ieHUs He 3aBUCHT OT MaccChl TeJia.

IIpe:xae Bcero, IN'asmusel mpoBe MBICJIEHHBIN 3KCIEPUMEHT, NOKAa-
3BIBAIOIIUH NPABUJIBHOCTH €ro NPEANOI0KEeHUsS «OT OOPaTHOIo»: CO-
IJIACHO YYeHHUI0 ApHCTOTeN s, CKOPOCTU HNaJeHUs TpPeX OJHOBPEMEHHO
OTIIYII€HHBIX COBEPIIEHHO OAMHAKOBBIX KaMHeH OVAYT OJMHAKOBBLI
(puc. 25, a). Ecnu e oTIyCTUTH 5TH KaMHU, IIPeABAPUTEIBHO COeIH-
HUB /IBa U3 HUX HEBEeCOMOII 1enbio (puc. 25, 6), TO Ha Pe3yJILTAT 3TO He
MOBJIUAET: CKOPOCTH ONAThL-TAKM OyAYT oamHaKoBbl. Ho BO BTOpOM
OIIbITE ITAJAIOT He TPH TeJla OJMHAKOBOM Macchl, a Ba, IpUYeM Macca
OJHOIr0O M3 3TUX Tes B 2 pasa Ooiblle, yeM Macca
Broporo. Takum ob6pasom, NpPOTUBOpeUYHE, IIOJY-
YeHHOE B X0/ie MBICJIEHHOI'0 3KCIIePUMEeHTa, CBU/ie-
TeJbCTBOBAJO B II0JB3Y IIpeanonoxenua ['anunesn.

He orpaEnuymuBasgch MBICIEHHBIMH JKCIEpHU-
MeHTamMu, 'ajuieil mpoBOAMJI HATYPHBIE OMBITHI,
cOpaceiBasA IIapbl ¢ HEKOTOPOTO BO3BBIMIEHHUA (CO-
raacHo Jerenae, ¢ Ilnsanckoi 6amuamn). OObITE MO-
KasaJii, YTO He3aBHCHMO OT MacChl OJHOBPEMEHHO
OTHOVIINeHHBIE C OHHHaROBOI.:I BBICOTHI IIapbl JOCTH-
rajy TOBEPXHOCTH 3eMJIM TaKiKe OIHOBPEMEeHHO
(puc. 26).

lanuneit OpeanoJoXKuJI, YTO IIapbl IIagaroT
PaBHOYCKOPEHHO, HO 9TOT (haKT HEBO3MOKHO OBIJIO




0) - 8)
Pue. 27

0KAa3aTh Ha OIBITe, IOCKOJbKY MPHIIJIOCH Obl OTMEYATh IMOJIOMKEeHUA
OBICTPO MAAAOIMX IAPOB Yepes JOCTATOUYHO MaJible IPOMEKYTKHU Bpe-
menu, a B XVI B. enje He ObLJI0 TOYHBIX TPUOOPOB, ITO3BOJIAIOIIAX OCY-
IIeCTBJIATL NOA0OHBIe u3mepeHus. [loaromy Tlammieit ucciexoBal
KauyeHHe IIapoB II0 HAKJIOHHOMY JePEeBAHHOMY Kejo0y, TeM CaMbIM
3aMeJJIUB UX IafeHue, U NOKasaj, YTO ABUKEHUe IIapoB PABHOYCKO-
pernoe. Popmysa Jua pacueTa IyTH IPM PAaBHOYCKOPEHHOM JBHIKe-
HuM Ge3 HayaJ bHOM CKOpOCTM S = at?/2 Oblia BIEpBble IOJydYeHa
nmeHHO ['anmuneem.

AHanu3upys pe3yabTaThl CBOUX dKCIIepUMEeHTOB, ['anuiei 060cHO-
BaJI MPHHIMII MHEPIHH, npuberas AJsA 3TOr0 K CAEAYIOLUINM paccyxie-
HHUAM: ONBITHI TOKA3BIBAIOT, YTO, ABUIaACh 110 HAKJIOHHOM! IIJIOCKOCTH
BHHM3, TeJIo ycKopsaercda (puc. 27, a), 1pu ABUKEHUU BBEPX — 3aMe[-
nsiercs (puc. 27, 6). A eciu 6eCKOHeYHAasA IIJIOCKOCTH HE UMeeT HaKJIO-
Ha, TO B TAKOM CJIyuae HeT NPUYMHBI, KOTOPas MOXKeT 3aCTaBUTh JBH-
JKyleecsa IO Hell TeJO YCKOPUThCA WIM 3aMennuTbes (puc. 27, 8).
Takum obpasom,

B OTCYTCTBHE BHEIIHero BO3/eHCTBUA TeJI0 HAXOOUTCA B COCTOSAHHH
PaBHOMEpPHOTO npﬂmonuneﬁnoro ABUKeHHA HJIH IMOKOA.

Tanuiaeil uay4yasa aKyCTHKy, KojebaHus MaATHUKOB, a B 1609 r.
IIOCTPOMJI TeJIECKON ¥ HaGII0/al ¢ ero noMoIsio JIyHy u niaserst, oT-
kpel1 cnyrEuku CarypHa, yBujen Ha ConHie naTHa. ITH Habirone-
HUA, B YACTHOCTH, 3acTaBuiu ['anmnuies OKOHYATETbHO NPUHATH I'eJIH0-
IeHTpuYecKyio cucremy KonepHuka.

2. AcrpoHoMuueckne HabGmroneHus. IIonbBITKY IPOBEPUTH CO-
CTOATENLHOCTh cucTeMbl Mupa KomepHHKa ¢ IOMOIIbIO aCTPOHOMUYE-
CKUX HabaofeHui IpeAnpuHNMAaINCh He TonbKo I'annieeM, HO U APY-
rumu yyenbiMu B XVI u wagane XVII B. Tak, garckuii acrposom Tu-
xo Bpaze (1546—1601) B TeyeHMe MHOTHX JIeT IIPOBOAMJ TOYHBIE
U3MEepEeHHA NOJIOKeHUH U IepeMeleHuil ninaner Ha Hebe. PeayabraTsl
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CBOEro KpoIMoTJMBOIO Tpy/Aa OH OTpasuJl B 00’beMHBIX Tabaunax, KoTo-
PBIMH BIIOCJEACTBMM BOCHIOJIb30BAJICA €ro YYeHHMK U IIOCJIeOBATEJNb
Kenusep. MononHuB paHHble Bpare pesyibraraMu COOCTBEHHBIX Ha-
O6monenuit, Kensep smnupuuecku (M3 HabJOAeHUI) YCTAHOBUJ TPU
3aKOHa, MO0 KOTOPBIM NPOUCXOAUT ABHIKE€HHE IIJIAaHET M APYTHX TeJs
CoJIHeUHOM CUCTEMBI.

IIpexne yem chopmynuposars 3akousl Kenepa, Heo6X0aQuMo 10-
3HAKOMHTBCA C TaKo# (purypoit, Kak aanunc. Ha niockoi mocke 3a-
KpeIuM KOHILI HUTH (HaIpuMep, ¢ IIOMOIIbI0 KAHIENAPCKUX KHOMIOK)
M, HATATHBAsA HUTh KapaHJalloOM, Ha4YepTHM Ha J0CKe 3aMKHYTYIO
KpUBYIO (puc. 28). MBI IOJIYyIUM 3JLIHIIC.

JJUIMIICOM Ha3bIBAIOT IeOMETPUYECKOe MECTO TOYeK, CyMMa pac-
CTOAHHU OT KaXIO0H M3 KOTOPBIX [0 ABYX JaHHBIX TOYEK — (DOKYCOB
aJuIunca — oauHaKkoBa. Ha pucyHke o6osHauensl: O — HEHTP BJLIMII-
ca, F; u F, — ero doxycsl. Yem 6ausxe APYr K APYry PACIOJIOMKEHBI

oxycel sanunca, TeM oH OamxKe 1o opMe K oKpy:xHocTH. Ecaum oba
(oxyca HaXogATCA B OAHOM TOYKE, TO 3JIJIHIIC IIPEBPALIIAETCA B OKPY K-
HOCTbD.

IlepBeiit 3akon Kemnepa:

Kamaada U3 niaaser ConHeyHOH CHCTeMbI JABHIKETCH IO JJLIHICY,
B o1HOM M3 (poxycoB KoToporo Haxoxurcsa Couanue.

Bropoii sakor Kemepa:

paauyc, coenuasiommii nenTp CosHua ¢ nmiaHeroil, 3a paBHbIe IpO-
MeKYTKHM BpPpeMeHM ONHMChIBAeT paBHBIe ILIomanu (puc. 29).

Tpernit sakon Kemnepa:
KBaJpaThl NMepHoaoB oOpameHusa miaaHer Bokpyr CoaHma orHOCATCHA
APYT K APYTY KaK KyObl CPeIHHX paccTosHui 3THX 1maHer ot CosHia.
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TaxkaMm o0pasoM, eCAaH OepHois] ObpallleHHs KarHXx-AHbo AByX
nnaseT paBEel T, u T, a UX cpegHHe pacCTOAHUA OT CONHIIA COCTAB-
JAIOT, COOTBETCTBRHHO, R, n R,, T0 TpeTHi 3akoH Kemsepa MOKHO 32-
IHCATE B BHAe:

T _ R_f
T} RY

Chopmyauposas Tpa saroHa, Kennep ne mor gate uM 00bACHERUE!
0H He 3HAJ NPHYHEY, N0 KOTOPOo# ABM:KeERE HeOeCHBIX Ten NoJuHHA-
eTcd MMENHO TAKHMM 3AKOHAM.

B aTtom naparpade OpHBeACHE JHUIME OTACILHEIE IPHMEDEI, IIOKa-
spisatomue, uTo K XVII B. B x0¢ OIpoBedeHMA dKCUEPHMEHTOB U CHE-
IHAJBHO OPTAHA30BAEHLIX HAOTIOJeHUR, B TEOPETHYECKUX HCCIe]0Ba-
HUAX M B OPAKTHYECKON AEATENHLHOCTH OBLIC BBRIABAEHO MHOMKECTEQ
TaKHX PaxToB, KOTOPLIE HE MOIJIH NOAYYHTE OOBACHRHME HA OCHOBE
CAOMKURITMXEA K TOMY BpeMEHH TEODETHYECKHX NpPeAcTaBIeHHH. ITH
$aKTH ¥ BRIBOXLI, DONYIEeHHLIC B pedyabrTare oOelToR [Namenes, nHa-
6mopenuit Bpare n Kensepa, a Taxs:ke onmTOB 1 HalMOAeHHH Apyrux
V9eHLIX COCTABUIN aMnupuveckull 6asuc, 5a oCHOBE XKOToporo Huo-
TOROM 51718 MOCTPOEHA IEDBAA (MH3IVYECKad TEOPHA — KJIaCCHUeCKAS
MeXAHUKA.

Bonpockl ANs CaMONPOBEeRKU

1. B geM cocTOAN MEICICHHEE pxemepnameHT Tanuned, DIOKaIbBAIOIH,
YTO CROPOCTE CROGOJHO TAMAIOIIErD TEMA HE SABMCUT OT erg MACCHI?

2. Kak#e HaTYDHEIC SKCOCPHMEHTEL ['afmnell HOCTARUA JMH MSYUEHHS
SaKOHOMEPHOCTEl cBoboAnorO Nagenua?

8. B uenm cocrouT oprauRn nuepriu laxunes? Kax Tanwunei ero obo-
CHOBLIBAJ?

4, Chopuyaupyiite 3argoHsl Kennepa.

5. Mouemy mMoxEO ckazaTh, uro pabors: laxwnes, Kemaepa H MHOTUX
IPYTHX V9eHHWX COCTABAAKT SMIMpRIecKuil 6asnuc KraccyecKoil nexa-
HHKK?

YnpaxHeHue 3

1. 3a CKONBEO 38MHHX CYTOK A€aaeT LUoJHBIH 06opoT BOKpyr CoxHuA
Benepa, ecnu ee cpexnee paccrognre or Conrna cocrapnsaer 108,2 mm
M, a cpeHee pacerosaee 3eman or Connna 149,6 Mman xm?

2. Kaxoro cpeqnee pacetoanue or K0murepa ao Connua, ecayt rox Ha
IOnaTepe annrea 11,86 semecre roga?
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OcHOBHOe B rnase

1. CrpyKTypa KJIacCHYeCKOil MeXaHUuKHU.

| OcHoBaHHe KJIaCcCHYECKON MeXaHUKH

B e

OCHOBHEIE TTOHATHA WneanusupoBaHHbIe
M BeJIMYNHBI 00'BbEKTHI-MO/IETH

OMnupuyeckue GakThl,
[I0JIYyYEeHHBIE B pe3yJibTaTe
ONBITOB B HAOJIOAeHU

2. OcHoBHBIE TOHATHA (Tab. 1).

Tabauna 1

ITonamue ‘ Onpedenenue

_ - ——
| Mexaunueckoe | MaMeHeHMe HOJIOMKEHHS Tela B MPOCTPAHCTBE OTHOCHTENb-
| IBH)KEHHe | HO APYTUX TeJl, IPOUCXOAsIIlee ¢ TeUeHHEeM BpeMeHH

| Cucrema orcuera ‘ Teno oTcueTa, CBA3AHHAA ¢ HUM CHCTeMa KOOPJAHMHAT U Yackl
|

TpaexkTopusa JInHuA, BAOJL KOTOPOIl IPOUCXOAUT JBHKEHHE Tesa i

3. OcHOBHBIE BeauunHbI (Taba. 2).

Tabauua 2
iBeauuuua Odosna- | Edu- Onpedenenue Dopmyra |
| YeHue Huua p PR
! IIyrs 1 M Paccroanue, mnpoiizeHHoe Te- | l= Vept
|

JIOM BAOJIb TPAEKTOPHH

ITepemenge- | s M | Bekrop, COeAMHAIOLMA HAUaIb-

PR

HHUe ’ | HOe M KOHeuHoe TooxKenus te- | 5~ Yot + 5
1a

S ! e — -]
| CkopocTs U M/c  BekropHas (usMueckas Beau- S8
paBHOMED- 4YMHA, paBHAasd OTHOIIEHWIO Iie- | B
HOTO NIPAMO- ' | peMemeHus $ KO BpeMEeHH £, B
JuHeHHOro | ' ;Teqenne KOTOpPOro OHO IIpO-

| IBUZKEeHHA [ H30L1TI0
|
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OkxoHuaHue maba. 2

= | O6osna-| Edu-
Beauvuna ; . Onpedenerue Dopmyara
| weHue | Huua | |
| . | ) |
Cpegusasn Ve | M/C BenuuuHa, paBHASA OTHOIIEHHIO 8 1
| e = -
CKOPOCTH i ‘ BCEro IPONWAEHHOTO TEJOM Iy- | 7
‘ TH KO BCEMY 3aTPayeHHOMY Ha
3TO BpeMeHH

MrroBeH- v ' M/c | BekTopHas ()usuuecKas BeJH- . A3
HAs  CKO- 4uHA, pABHAA OTHOIIEHHIO Ma- s
pocTh | | JIOro TiepeMeIeHusa As K MaJio-

| My HPOMEXYTKY BpeMeHH At,
38 KOTOpOe 3TO TepeMelleHHe |
‘ T POM30IILI0 |
= | | —— | =
Yckopenue ! a | wm/c? | BekropHas Qusmueckas Beam- . _ AU _
1 i | ‘ 4MHA, PABHAA OTHOLIEHHUIO U3- = A }
| | MEHeHHS CKOpPOoCTH Av KO Bpe- . %
, U=y
: | MeHHM At, 3a KOTOpOe IIPOM30WI- | = ——
i JIO 3TO U3MeHeHHe ‘
Macca ! m kr | Mepa MHEDPTHBIX CBOMCTB Tea
i ¥ OJHOBPEMEHHO MEepa ero rpa- | |
| BUTAIMOHHBIX (CBA3SAHHBIX C |
| TATOTEHNEeM) CBOMCTB ' I
Cuna F i H ‘ BexropHasd BeIMuHMHA, Mepa
JeicTBAA OQHOIO Tejla Ha pyroe
= - z = [ - - |

Hmnynase | p Kr*M/c i BexTopHas (pusuyeckas BeJH- p=muv '

Tesa | | YMHA, paBHAA npousne,neamo‘ ‘
{ |
| MAacchl TeJIa ¥ ero CKOpocTHu !

HUmnynsc H-:c | BexkTopHasa (huauyecKas BeJH- FAt |
CHJIBI | unHA, paBHAA NPOMU3BEAEHHIO

| ; | cHJIBI M BPEMEHH ee JeHCTBHA
4. OcHoBHBIe Mogenu (Tabma. 3).
Tabauua 3
: R Qem i Yeanosus ]
Modenv } Onpedeanernue !

i [ npernebpezaiom | npuMeHeHus
MarepuanpHasa | Makpockonuueckoe = Pasmepamu | Pasmeps! Tenia Majbl |
TOYKA TeJIo, pa3MepaMHu Ko- | Tesa ‘ 110 CPaBHEHHUIO C IIe-

TOpOro IIpH pelle- | PeMemleHMeM MM
HUHY JaHHOH 3aja4yy | | Temo aBHIKeTcA IO- |
MO3KHO IIpeHe6peyb | erymarensno '
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Oxonvanue maban. 2

Yem . 1

Modenw Onpedenenue Yeaoeus
npenelpezaiom npuMeHeHua

AbBconoTHO Teno, B koropom CymecrsoBanu- edopManuu HesHa-

YIpyroe Tejao npu J00bIX gedop- eMm mpezpena yi- | 4HTeNbHBI

MamuAX CHJa VIOPY- pPYrocTH
TOCTH IHIPAMO IIPO-
NOPLHMOHANBHA V-

JIMHEHHIO
AGcomoTHO Teno, xoropoe mpu [edopmanmeit = [edopmanum HezHa-
TBepAoe TeJIo J00BIX BO3AeHCTBA- NpPH BHEIIHEM 4HTEJIbHBI [0 CpAaB-
AX HA Hero COXpPaHA- BO3JeHCTBHH HEHHIO ¢ paszMepaMu
eT ¢opMy M pasme- TeJsa .
pBI

5. 3aKOHBI, IOJIYYEeHHbIE KAK Pe3yJIbTaT 9KCIIePUMEeHTa (9MIH-
pUYecKHe 3aKO0HBI) (Tabu. 4).

Ta6auna 4

OMnupuieckuil 3aKou Dopmyauposka

IIpuanun uaepnuu 'anunes B orcyrcTBue BHEIIHEro Bo3AeHCTBUA TeJNIO Ha-
XOJUTCA B COCTOAHUM PABHOMEPHOI'O IIPAMOJIH-
HEWHOTO JBUKeHUA HIIH IOKOA

ITepseiii 3axon Kenepa Kaxpaa ma nnaser ColHEYHO# CHUCTEMBI IBM-
JKeTCA MO 3JIJIMICY, B OJHOM M3 (DOKYCOB KOTO-
poro Baxoaurca Conune

Bropoit 3akon Kenepa Paauyc, coequnsaomuit nearp ConHna ¢ niaage-
TOH, 34 paBHbLIE MPOMEKYTKU BDEeMeHH OIHCHI-
BaeT paBHBIE IJIOMIALH

Tpernii sakoH Kenuepa KsaapaTts! nepuooB o6paleHus NJaHeT BOKPYT
ConHna orHocATCA JAPYr K APYry Kak KyO6sl
CDeIHMX paccTOoAHHUIT aTux naaxer or ConHua



AApPO KNacCcHYeCcKoOM
MEeXaHMKH

3axoHb. HviomoHna, a maxice 3aKOHbL. COXPAHEHUA, A6~
aswuwuecs (pyndamenmaibHblMUu 3aKOHAMU eCmecmaeo-
3HAHUA, U pAO NPUHUUNOE (npexcde 6cezo, NPUHUUN
He3asucumocmu Oelicmeus Cun) Cocmasaaom adpo
KAACCUYECKOU MEeXaHUuUKU.

§ 12. «MaremaTunyeckme Havyana
HaTypanbHou ¢punocopummn» HoloToHa

1. Ilpumenenue HayyHoro merona HbproToHOM. AHIIHICKHUN
¢usuk HpOTOH, KAK ¥ HEKOTOpBIE APYyTHe y4YeHble — ero IpejamiecT-
BeHHUKHU M COBDEMEHHUKH, — IIPEJNPUHAJ INONBITKY AaTh 00bsCHE-
HUe MHOTOYMCJIEHHBIX DPa3pO3HEHHBIX (PAKTOB, NMOJNYYEHHBIX B XOJe
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Heaax Horomon (1643—1727) — Brigaonuiica aHTJIHHA-
CKMH VUYeHBIH, cO3JaTeab KjacCHYeCKOR (GHU3MKH, 4YiIeH
Jlongorckoro Koposaesckoro obmectBa u Ilapmakckoit
AkageMHUH HAVK.

HaBecren ceoumu paboramu B o0JacTy MeXaHMKH, MaTe-
MaTHUKH, ONTHUKH, acTPOHOMHM. C(OPMYJIHDPOBAJT OCHOB-
HbIe 3aKOHBI ¥ TOHATHA KJIACCHYECKOM MeXaHHKH; OT-
KPBLJI 3aKOH BCEMUPHOTO TATOTEHUA; paspaborall TeOpHIO
ABUKEeHHA HeOeCHBIX TeJI; NPH IOMOIIM TpPeXIpPaHHOI
CTEKJIAHHON NpPU3Mbl Pas3oKuy Oesblil CBeT B CHEKTD;
00BACHUI NMPOUCXOKAeHHEe IIBETOB; CKOHCTPYMpPOBAaJ Te-
JecKom-pedexTop.



oneITOB U HabmwoZenuil., OcHOBARIM 3aKOHOM, C TIOMOINBIC KOTODPOTO
MOMKHO OBEIZI0 O0BACHUTEL 5TA AKTH, HBIOTOH CUMTAN 3aKOH BCEMMP-
HOro TATOTEENS. Kax BH yke 3HaeTce, 060CHOBAEHE 5TOro 3aK0HA, €ro
GopMynnpoBKa ¥ MaTEMATHIECCKAA 3ANKCE CTANTH OCHOBHLIMHE e TAMH
cozfaEnda TpyAa «MarevarudyecKHe Hagala HATYpPATLHOR (unoco-
[izaie

ITocne M3yYeBHA M AHAJIHMAR OOLITHREIX MAKTOB M PEIYALTATOR Ha-
oaogenuil HeloTOH, cllegys CBOEMY METOAY, BRIBEN ofimue MoCTYIATEI,
KOTOPBIE CEerofHH B NAMATH O BEJHKOM YIEHOM HA3LIBAIOT 3AKOHAMN
muaamMuH HewoTona.

2, Ilepssrit saxon Heroroma. B KadecTse ImepBoro mocryJiara
HrioToH Ha3Ba IPUHIKA HHepLAd, chHOpPMYIHPOBaNELIH [anrieeM, He-
CHONBKO YTOUHHWE ero. B uacTHocTH, Tanmrei, 8 ornuuue ot HiioToHa,
OTHOCHIT K IBMXKCHUID H0 UHEPIIMH CIydail paBHOMEPHOI'O ABUIKEHMS II0
OKDYXHOCTH. llonparkyu B GoOPMYAHPOBKY 3a8KOHA BHOCHAHCh H OOCHE
Hrorona. Haubonee BadkHOM M3 HAX ABJAETCA DOMNPABKA O TOM, YTO
IPHHLWAI RHEPIHMH BEINOJIHAETCA TONBKO B UHEPLUAAbHBLX CHCTEMAX
orcuera. C yaeroM 2Toro nepestit sakon Hurorowa GopMyaHpyeTca Tak:

CYIMECTEYHT CHCTeMBL OTCYETd, OTHOCHTEJBHO KOTOPBIX TEJlO B OT-
CYTCTEHE BHOIMIHE'O BOINEHCTERHA COXpaHnAeT CBOoe COCTOMHHE PABHO-
MEpHOTO HpﬂMOJIHHEﬁHOI‘O ABHEeHHAS HJIH IMOKOA.

Taxrue cucTeMbl OTCYETA HAILIBAIOT HHepUHAANEHEIMHE. [TepBEIil 3a-
koH HBI0TOHA ellle HA3BIBAIOT 3aK0HOM HHEEDIIMH.

B 0niTy BOSHEKAIOT CHATYAILHH, KOTA TENO B OTCYTCTRHE BHEMIHETO
BO3/IGHCTBHA HAUMHAET ABHTAThCH YCKOPeHHO. TpPajHiHOHHLIE TIpH-
mep MoXODHOTO ABJNeHHUs: — majieHHe BlIepeX CTOAUIETO B apTobyce mace-
CANHDA IPHU PEIKOM TODMOKeHHM. Ilaccasknp, NUKOMBIIHHCA Jo Ha-
Yana TOPMOMXEHaRA OTHOCHTENbHO CHCTeMB]l OTCUETA, CBASAHHOMN ¢ aBTO-
6ycoM, B MOMEHT TOPMOMKEHAA HAYHHAET YCKOPEHHO ABUraTheA. IlpH
9TOM HEJb3A YKa3aTh TENO, MoA AeHCTEBHeM KOTOPOrC MACCAMXKID MEHHA-
€T CKOPOCTh OTHOCHUTENLHO aBToOyea. OoEAKO HUYEro HapajOKCAJIbHO-
TO B 9TOM ABJIEHHM HET: NPOCTO B JAHHOM CJHYYae DACCMATPHBAETCHA
ABHIKeHHe NACCAXHPA OTHOCHTENbLHO aBTofyca, KOTOPHIHE mpU TOPMO-
JKEeHWUH ABUXKETCHA YCKODEeHHC OTHOCHTEAbHO 3eMad. CHcTeMa oTedera,
CBASAHHAA ¢ aBTOOYCOM, ARJAETCA HeMHepuHaidsHOH. Bean pacecmor-
pPeTh TO e ABJIEHHE OTHOCHTENLHO CHCTEMEl OTCYET&, CBASAHHOH C
3eMael, MoxHO Habxozats gefiersne meproro 3akoHa HeloToRa: npu
TOPMOKEHHH IacCaKUP IalaeT, TAK KaK, CONIACHO 3AKOHY MHEPIUH,
IPOAOJIMKAeT ABHIATHCA OTHOCHTENLHO 3€MJH, DOCKOJILKY HET CUJEI,
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3acTaBJAIIedA ero ocTaHoBUTheA. Cucremy a)
oTcyera, CBSI3aHHYI0 C¢ 3emJeil, B JaHHOM
cJydae MOKHO CUMTATh HHEPIUMAJIbHOM.

IIpogesaeM ONBIT. YKPEIUM Ha IITaTUBE
KaneJbHHUIlY ¥ IIOCTABUM Ha OCHOBaHHE IITAa-
THBA MEH3YPKY TakuM o0pasom, 4ToOBI BoJa ;. a =20
M3 KalleJIbHUIBI 11aJ1ajia NpsAMOo B Hee. Byzem :
nepeMeniaTh IITATHB, YCTAHOBUB ero Ha Te-
JIe’KKe, II0 T'OPM3OHTAJBHON ITOBEPXHOCTH
crona. B caydyae paBHOMEDPHOIO ABHIKEHHUSA
Tenexku (puc. 30, @) kanuu OyayT noNaxaTh
B MEH3YPKY TaK ’Ke, KaK ecJu Obl TeJleXKKa
noxkousach. IIpH yCKOPEHHOM [ BUKEHUH Te-
nexxu (puc. 30, 6) xanJu U3 KaneJabHUIBI B
MeH3ypKy He momaayTt. Takum obpasom, B
[IepBOM cJiydae CHCTeMYy OTcueTa, CBA3aHHYIO
C TeJIeKKOM, MOJKHO CYUTATh MHEpIHalb-
HOIi, a BO BTOPOM — HeT.

3amMeTuMm, 4TO, CTPOTO TOBOPS, HET HH OJI-
HOW CHCTeMBI OTCUETa, CBA3AHHOI C peajb-
HBIM TeJOM, KOTOPYIO MOXKHO ObLIO OBI CUH-
TaTh MHepnuaabHOM. WHepuuanbpHas CHCTe-
Ma oTcyera — 9TO HAeaJU3UPOBAHHOE
nousaTue. OMHAKO BO MHOTUX pealbHBIX CH-
TyanusaX MOKHO C AOCTATOYHOM TOYHOCTBHIO
CUMTATh WHEPIMaJbHOIl cHucTeMy OTCYera, Pue. 30
CBA3AHHYIO C 3eMJiel, MOCKOJbKY YCKODEH-
HOe ABWJKeHHe 3eMJIM He OKa3blBaeT CYIIeCTBEHHOTO BJIUAHUA HA MHO-
rue MexaHUYecKue SBJeHHUs, IPOUCXOAAINe BOJIM3HU ee IIOBEPXHOCTH.
IIpu HeoOXOoAMMOCTH OoJiee TOUHBIX PACYETOB B Ka4eCTBe WHepPIUaJlb-
HBIX PacCMaTPHUBAIOTCA CHCTEMBI OTCUeTa, CBSA3aHHBIE C Y/JaJeHHBIMU
oT 3emuiu HeOecHBIMH Teagamu — CoJIHIIEM U 3Be3laMu.

3. Bropoii 3akon Heplorona. Bel yike 3HaeTe, 4TO B XO/ie OIbI-

TOB C IIApOM M HAKJIOHHOM IJI0CKOCTBIO ['anuiieit yCTaHOBHI, YTO IIOJ
JefcTBMEeM IOCTOSHHOM CHJbI TEJIO JBUKETCS PaBHOYCKODEHHO. Ecau
Tanuneii 0600IMJI 3TOT BBIBOJ [JIA CJydas CBOOOJHOTO NMajeHus, TO
Hpi0TOH, NpOAHAJM3UPOBAB ellle M JPYyrHe ONBLITHBIE (DaKTHI, CHesall
foJiee mupoKoe 0600IIeHNe U TOCTYIUPOBAJI, YTO

yCKOpeHHe, IpuodperaemMoe TeJoM, IPAMO IMPOMOPIHOHAIBLHO JeHCT-
BYIOIeii HA HEro cuJe M 00paTHO NMPOIMOPIMOHAJIBLHO Macce TeJa.
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ITOT MOCTYJIAT HA3LIBAIOT BTOPHIM 3a-
xoHoMm HploToHa u MaTeMaTHYeCKH 3alu-
CHIBAIOT TaK:

| -’=i

P "
Bropoii 3akon HelooToHa nHOrga 3anu-
Pue. 31 CHIBAIOT ¥ B TAKOM BHJeE:

ma=F.
4. Tpernii 3axon Hsiorona. Cpoit Tperuit mocrynar HeioToH
cthopMysIMpOBAJ TAK:

JMEeHCTBMIO BCEerJa eCTh PABHOE M IIPOTHBOIOJOKHOE IPOTHBOXEHCT-
BHe: B3aMMHBbIe IeHCTBHA ABYX TeJ APYTr HA Apyra Meskay co6oil pas-
HbI M HanpaBJeHbl B NPOTHBOIIOJOHEIE CTOPOHBI.

I'oBopsa o paBeHCTBe cuJl 10 TpeTheMy 3akoHy HbioToHa, Heo6xoa1-
MO YTOYHHUTH, YTO CHJIBI:

— JMeHCTBYIOT BOJIb OJHOM IIPAMOIi;

— HAMeIOT OJMHAKOBYIO IPUPOAY.

MareMaTnyecKas 3anuch TpeThero sakoHa Hpl0TOHA TaKOBAa:

j;l = _ﬁz.

HelicTBue 3aKOHa MOYKHO HaGJIIOZATh Ja’ke B CAMBIX NPOCTBIX CH-
Tyanuax, HampuMep, KOorja KHUra JIeKUT Ha CTOJIe: KHUra JAaBUT Ha I0-
BEPXHOCTH CTOJIA CBOMM BECOM BEPTUKAJILHO BHH3, & CTOJ JeHCTByeT Ha
KHUTY CHJIOH YNIPYroCcTH B IIPOTMBOIOJIOXHOM HampasjeHuH (puc. 31).
HeiicTBHe 3aKOHA MOXXHO HabII0AaTh U B 60Jiee CA0MKHBIX CUTYAIUAX.

5. 3aKoH BceMHMpHOro TAroTeHHsA. COryIacHO 3aKOHY BCEMMUp-
HOTO TATOTEHUSA,

BCe Tesa BO BcenenmHoli mMpHTATMBAIOTCH APYT K APYrY € CHJIOM, MpsA-
MO NPONOPUHOHAIBHOH NMPOM3BEJeHHI0 MX Macc ¥ 06paTHO IPOMOp-
IMOHAJBHOH KBAJPaTy PACCTOAHHA MEJKAY HUMH.

mym
F = G —113-2-,—2.

9TOT 3aKOH BIepBBIe 000CHOBAJ, CHOPMYJIHMPOBAJ ¥ 3aIHCcaJl MaTe-
maTtudecku HpioroH. OTKpBITHE 3aKOHA BCEMUPHOI'O TATOTEHUS IO3BO-
U0 O6BACHUTE MHOKECTBO SMIMPHUYECKUX (DAKTOB, HAKOILIEHHBIX B
X0Jie aCTPOHOMMWYeCKHUX Habumonenuit. OqHaxko uMeEHO HBI0TOH cyMmeu
IIOHATH M IOKAa3aTh, YTO MHOI'Me MeXaHU4YeCKUe SABJIEHUA, IPOUCXO -
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e B KOCMUYECKOM IIPOCTPAHCTBE U Ha 3emie,
00'bACHAIOTCA JeMCTBUEM OJHUX U TeX e CUJI —
CHJI TATOTeHUS, HA3BIBAEMBIX IPaBUTAIMOHHBI-
MH cuiaamMu. VIMeHHO rpaBUTanMOHHBIE CHJIBI
sacrasaaiT JIyHy obpamiarbcsi BOKPYTr 3eMJlH,
a 3emuio — BoKpyr ComHna. U aTu ke CHJIbI IPH-
BOJAT K MMaJIEHUI0 HA IIOBEPXHOCTH 3eMJIM CHaps-
Ia, BBINTYIIEHHOT0 U3 IIYIIKH, NN MAYa, oA0po-
IIIEHHOT'0 BBEPX.

3uauenne kKoabduuuenra (G, Ha3bIBAeMOro
2pasumMayuUoOHHOl NOCMOAHHOIL, BiepBble ObLIO dKCIEPUMEHTAbHO
onpezeneno B 1798 r. anrsimiickum pusuxom I'enpu Kasenduwem
(1731—1810). B pansueiimem suaueHue G ObLIO ompezeneHo Gojee
TOYHO, ¥ CETO/IHSA 'PABUTALIMOHHYIO IOCTOSHHYIO CUMTAIOT PABHOMN

G =6,67259-10"11 H-m2/kr2.

6. Yckopenue cBobGomgsoro majgenus. Bam Xopomio m3BecTHa
(opmyna, KoTopas I03BOJIAET BRIYUCIUTE CHIY TAMKECTHU:

F =mg.

Ee MOXXHO IMOJIYYUTh U3 3aKOHA BCEMUPHOIO TATOTEHUA.

PaccmoTpuM caydail B3auMojeicTBUA 3eMJIH U Teja Maccou mi,
HaxoAsAIerocsa Ha ee mosepxHocTu (puc. 32), 0603HaYUB Maccy ¥ pagu-
yc 3emun, coorBeTcTBeHHO, M, u R;. B paccMaTpuBaeMoi CHTyaIruu
paccTosHUe MeXAy TeJaMu OyAeT paBHO paauycy 3eMJu, ¥ I03TOMY:

_— (1)

MOKHO 3aIMCaTh aHAJOTUYHBIE (DOPMYJIBI AJA APYTUX TeJ, HAXO-
NAIMUXCA HA TIOBEPXHOCTH 3€MJIM, MACChl KOTOPBIX Mg, ..., Ml

Mgm, Mgzm,
e 7 2
o Fi= G 2)

Kak BHAHO, BO BCeX aTUX (opMmysax (puUrypupyer mpousBeleHHe
rpaBUTAIMOHHOM IMOCTOSHHOM M Macchl 3eMJH, JeJeHHOe Ha KBajapaT

M
paguyca 3eMJIn GR—: . ITocKOJIBKY BCe BEJIUUYHUHEI, BXOAAIINE B 3TO BBI-
3

paskeHue, IMOCTOAHHBI, TO M CAMO 3TO BhIDasKeHHe TaK)Ke PaBHO HEKO-
TOopoit mocrossHHOM. O603HaYUM ee g:

F,=G

_aMs
g=G 4. (3)
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Taxum obpasom, ecsu nepenucaTsh (HOPMYJIBI
(1) n (2) ¢ yueToM Taxkoro 0603HAYEHUS, TO IOIY-
4yuM (popmMyay AJA pacdera rpPaBUTAIIMOHHOM CH-
JIbl, JeMCTBYIOILIEH CO CTOPOHBI 3eMJIM Ha Jo0oe
TeJ0 Maccoil m, HaXxoAdAIleecs Ha ee IIOBEPXHOCTH,
T. €. GOpMyJIy IJIf pacdyeTa CUJIbI TAMXKECTH:

F = mg.
Beruucaum sHaueHME YCKOPEHUs CBOOOIHOIO
Puc. 33 majieHud, mnojcraBuB B Gopmyny (3) 3HaYeHUS
maccel 3emun M, = 6+ 1024 kr u cpeanero pajau-

yca 3eman R;=6,4+106 m:

g=6,67-10nHx’ 6107  ggH _ggu
Kr? (6,4+106 m)2 KT c?

Ha HekoTOpOIt BBICOTE 2 HaJ MOBEPXHOCTHIO 3eMJIU YCKOPEHHE CBO-
GofHOTO Na/leHUsA UMeeT MEeHbIIIee 3HaAUeHUe. DTO U IOHATHO: YBEJIUYH-
BaeTCA PaccTossHUe OT IeHTpa 3eMJHu 10 HeHTpa Tesa (puc. 33). ®op-
Mmyna (3) npuHAMaeT HHOM BH:

g = G _1\4_3_ .
(Rg + h)2

OpHako Nnpu pemeHuM 3aja4, B KOTOPBIX BBICOTA /2 HAMHOI'O MEHb-
IIe paguyca 3eMJIu, 3HAYEeHUE g CUUTAIOT IOCTOAHHBIM.

Ilockonpky Bemua He mapooGpasHa, TO 3HaUYeHHe ee paguyca,
a cjefloBaTeJIbHO, ¥ YCKOPEeHUsA CBOOONHOTO MajJeHUs pasjinyaeTrcd Ha
pasHbIX muporax. OJHAKO 9TH Pa3IN4YMs HEBEJUKH, U IIPU pElIeHUN
OOJIBIIMHCTBA 3a/]aU UX HE YUUTHIBAIOT.

@opmyia (3) m03BOJSIET BEIYUCIUThL 3HAUCHUA YCKOPeHU cBo6O -
HOTO NafieHus He TOJbKO BOJH3H 3eMJIH, HO U BOJM3H APYTrUX IJIaHeT.
Hnsa aToro B hopmMyTy creayeT MOACTABIAATH COOTBETCTBYIOIIME 3HAYE-
HHUA Macc 9TUX IJIAHET ¥ UX PaJUuyCoB.

Bonpocbl Ang camonpoepku

1. B uem mpuHIHUNIHAIBHOE OTJIMYHE NepBOro 3akoHa HploToHa (3akoHa
WHepIUH) OT IPUHINNA HHepIuu, chopmyanposarsoro [annireem?

2. Cpopmynupyitre Bropoii 3akon HeioToHa; TpeTuii 3akon HeoToHA.
3. B ueM cOCTOUT 3aKOH BCEMUPHOTO TATOTeHNA?

4. Kak, McnoJb3ys 3aKOH BCEMHPHOTO TATOTEHWSA, BBIYMCIHMTH 3HAYe-
HHE YCKOPeHUs CBOGOJHOrO najfieHuaA BOJIU3H IOBEPXHOCTH 3eMJIn; ApY-
THX IJ1aHeT?
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YnpaxHeHve 4

1. KakoBO yAIMHEHHe MeTalJIHYecKOoro TPOCca MKeCTKOCThIo 125 kH/m,
eciIH TIpH OYKCHPOBKe JIErKOBOH aBTOMOOHIL Maccoi 1 T IBUKeTCA ¢ yC-
xoperuem 0,5 m/c??

2. OnpenenuTe 3HaUYeHHe YCKOPEHUA CBOOOJAHOrO majeHudA BOIM3H TIO-
sepxHocTu JIyHBI, cunTas ee Maccy pasHoit My = 7,35+ 1019 T, a gua-
merp Dy = 3500 Km.

3. Bo CKOJIBKO pa3d M Kak M3MeHHUTCA CHJIa TAMKECTH, neycTBYIOIAas Ha
TeJ10, eCJIM €ro MOJHATE ¢ MOBEPXHOCTH 3eMJIU Ha BEICOTY, PaBHYIO ABYM
paguycam Seman?

4. CKaTHBIINCH ¢ TOPKH HA CHEroKaTe, MaJb4MK npoexan 12,5 M mo ro-
PHU30HTAJIBHON CHEXXHOM! IJIOLIa/IKe 34 5 ¢, KaxkoBnl cujia TPEHHUA H KO-
ad@dUIMeHT TpeHHs JBIJK CHErokaTra O CHer, ecjaH Macca Maab4iiKa
BMecTe co cHerokarom coctasiaser 50 kr?

§ 13. MpUHUMNbI KNACCU4eCKON MEeXaHWUKK

1. IIpuBIMN He3aBMCHMOCTH JAeHCTBHA CHJ. FAApo Kiaccuye-
CKOM MEXaHHKM, HApAAY C TpeMs 3aKOHAMH AMHAMWMKH, COCTABIAET
pax npuanunos. OHU CIOyXKaT AJAA YTOYHEHHSA OCHOBHBIX 3aKOHOB M
IOKAa3bIBAIOT, KAKUM 00pa3oM 3TH 3aKOHBI CJIeflyeT NIPUMEeHATh B TOM
WJIA WHOM cJydae.

OIHUM M3 OCHOBHBIX IIPMHIIMIIOB KJacCHUYeCcKON MeXaHUKHU ABJIA-
eTCA MPUHIAI HE3aBHCHMOCTH XeHCTBHA CHJ MY NPUHIKI CyNepIo-
aunuum (OT JIaT. super — CBepx, Haj u positio — nosaoxenue). Cornac-
HO 9TOMY NPUHIUAILY,

ec/IM Ha TeJO0 OJHOBPEMEeHHO NAeHMCTBYIOT HECKOJBKO CHJI, TO Kamaasd
M3 HHX coobmiaeT Teay Takoe ke yCKOpeHHMe, KaKoe OHa coobiara
0561, ecau OBl JeiiCTBOBAJA OXHA.

Pesyabsrar OJHOBPEMEHHOI'0 JeMCTBUA HECKOJbKHX
CHJI HA TeJIO MOYKHO IMOJIVUHTh, UCTIONIL3Y A MOHATHE PaB-
HOleMCTBYIONIEH CUJIBL.

PaBHOJEHCTBYIONIAS CHJIA DaBHA BeKTODHOM CymMme
CHJI, OJHOBPEMEHHO JAeHCTBYIOIHUX Ha TeJo.

Hanpumep, rpys MasTHMKa HACTEHHBIX YacosB B
KpaiHel TOYKe CBOe# TPAaeKTOPUH HaXOAUTCH IOA Jei-
CTBHEM, TI0 MEHBIIe# Mepe, ABYX CHJ — CHJIbI TAMXKECTH
U CHJIBI YIPYTOCTH cTepskHsA (puc. 34). PaBHOzAekCTBYIO-
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masa 3THX CHJI 3aCTaBJAET IPy3 HAaUaTh ABUIKE-
HHE B CTOPOHY IIOJIOXKeHuA paBHOBecuA. Or pas-
HOJeHMCTBYIOIeH CHJIbl OyZer 3aBUCeTh M TO,
KTO M3 y4acTBYIOIUX B Oopsbe 3a mau pyTHo-
JIHCTOB, OAHOBPEMEHHO YAApAIIUX 110 MAYY
C IIPOTHUBOIIOJIOKHBIX CTOPDOH, BBEIMI'DAET eqH-
HOGOpCTBO: MAY GyAeT ABMraThCs B TOM Ha-
IIpaBJIeHMH, B KOTOPOM ero OyZeT TOJKAaTh
Oospmad 1mo MoAyJiro cuia (puc. 35).

B peanpHBIX cuTyanusix Ha m060e Teso Bcerma NefiCTBYIOT He-
CKOJIBKO CHJI. ITO HEOOXOAMMO MMETh B BUAY, (DOPMYIHDPYA 3aKOHBI
HroroHa.

Tax, Bo BTopom 3akone Hpl0TOHA peub UAeT UMEHHO O paBHOJEHCT-
BYIOILlEii CHUJIe, U MaTeMaTHYeCKH 3TOT 3aKOH TOUHEe 3aIIicaTh CIenyIo-
muM obpasom:

ma = ﬁ,
raeR=F, + f’z + ... + F, — paBHOJeiCTByIOIas BCEX CHJI, NefCTBYIO-
IIUX Ha TeJIo.
C ucrnonp3oBaHMeM MaTeMaTHYECKOro 0603HAYeHUS CYMMBI X BTO-
poii 3akoH Hbi0ToHA 3anuChIBaeTCA CaeAYIOMMUM 06pa3oM:
n —
ma= XL F,
i=1
e n — YHUCJIO CUJI, AeHCTBYIOIMX Ha TeJIo.

IlorsaTre paBHOAEHCTBYIOMEH CHIIBI TTO3BOIAET YTOYHHUTE (hopmy-
JIMPOBKY IepBoro 3akoHa Heiorona. [lesio B TOM, YTO peasbHBIX CHUTY-
aluii, KOr/ja Ha TeJI0O He OKa3bIBAJIOCh ObI BO3JeiCTBHE, He CYILIECTBY-
er. IloaTomMy nonATHE U30AUPOBAHHOE MeNO0 — meano, Ha Komopoe
He oKa3vlieaemcsa 6HeulHee 8030elicmeue, — 3To ele OJHa MOLENb
KJIACCHYeCKOU MeXxaHUKU. OHAKO TeJO MOKHO CIMTATH M30JHPOBAH-
HBIM, €CJIM PABHOJAEHCTBYIOIIAA NeHCTBYIONIUX Ha HEro CHJI paBHA HY-
0. C yyeToM aT0ro nepsulii 3akoH Hel0TOHA MOMKHO ¢hOpPMYyJIHPOBATH
TakuM obpasom:

CYIIeCTBYIOT CHCTEeMBI OTCYETa, OTHOCHTEIbHO KOTOPHIX TeJIO COXpa-
HAET COCTOAHHE PABHOMEPHOI0 MPAMOJHHEHHOI0 IBUKEeHHA UM II0-
KOs, eC/IM PaBHOJIEHCTBYIONIAA CHJI, JeHCTBYIOIMX Ha 3TO TeJo, PaB-
Ha HYJIO.

PaccmoTpum paBHOMEpHOe MPAMOJMHEHHOE ABHIKEHHE CAMOJIETA.
Ha camozer neficTByror uersipe cuasl (puc. 36, a): cuaa TAMKECTH,
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noa’beMHAaA CUJa, CHJIa TACM M CHUJa CO-
MPOTHUBJIEHUA BO3AyxXa. BeKTopHas cyM-
Ma 9THX CHJI, T.e. PaBHOAeHCTByIOIad
cuJjia, paBHA HYJIIO: TOPUBOHTAJIBHO U BEP-
TUKAJbHO HAIpaBJIeHHBIE CHJIBI IOIAPHO
KOMIEHCHUDPYIOT APYT Apyra, a 3Ha4yMT, CO-
rJIacHO mepBoMy 3akoHy HblooToHa, Teso
He OyzeT u3MeHATH CKOPOCTh. 6)

s Toro urobbl caMoJieT yBeJIUUYHJI a
CKOPOCTHh, NUWJIOT YBEJIUYUBAET CUJY TH- £ E——
I'M, ¥ CHJIa COIIPOTHUBJIEHUS BO3AyXa Iepe- ﬁﬁ&»m Frarn
craer ee KoMmIieHcuposartek (puc. 36, 0). T:m:ﬁ
B rakoifi curTyanuu paBHOJEHCTBYIOIASA '
yKe He paBHA HYJIIO, ¥ CAMOJIET JABHKET-
¢S YCKOPEHHO. Puc. 36

2. IIpyHUMI OTHOCHTEJNHHOCTH.
BaXHBIM NPUHIMIIOM KJIACCUYECKOW MEXaHWKHU SABIAETCA IIPHHIIUI
OTHOCHTEJBHOCTH. ITOT MPUHIUI ObII BrepBeie chopmynupoBaH I'a-
JIUJIeeM, IIO3TOMY €ro MOYXHO OTHECTH K OCHOBaHUWIO Teopuu. OgHAKO
BAXKHOCTB 3TOT0 IIPUHIIUAIIA ITO3BOJIAET BKJIIOYHATL €r0 B AP0 KJIACCH-
YeCKOH MeXaHUKH.

Yr10o0bl MOHATH CYTh NOPUHIIANA OTHOCHTEJBHOCTH, OOpaTHUMCA K
mpeaioKeHHOMY [anuiieeM MBICJIEHHOMY OJKcHepuMeHTy. lanuieit
Ipejiaraj mpe/CTaBUTh IPOCTOPHOE NoMelleHue 6e3 OKOH noj naixydoit
Kopabus. IToka Kopabib CTOMT HENOABHMIKHO, MOXKHO Hab/I04aTh, KakK
MIPOUCXOAAT PA3JHUYHbIE MeXaHWUYeCKue ABJIEHUA: KakK JeTalT MYXH,
KakK IJIaBalT PBIOKM B akBapuyMe, KaK KamaeT BOAA M3 IIOJBEIIEHHOT0
cocyZia B CTOAIIMM ITOJ HUM APYroi cocy. 3aTeM cieayeT HabIoAaTh Te
JKe ABJIEHUS, KOra KopalJup ABHIKETCS PABHOMEPHO U NPAMOJUHENHO.
Bo Bcex mabimofnaeMuIX sSIBJIEHHSAX KaK B ciydae IIOKOA, TaK U B caydae
PaBHOMEPHOI'0 NPAMOJIUHEHHOTO ABUIKEeHN s, corjacHo [anuner, HeBO3-
MOXKHO OyeT 00OHapyKUTh HUKaKuX pasiuuuii. [ToaTomy HE 10 0OgHOMY
U3 9TUX ABJEHUN HeJb3s YCTAHOBUTH, ABUMKETCA Kopabab UK HeT.

Taxum o6pasom,

BCe MEeXaHHYEeCKHE fABJEeHHA INPOTEeKalT OJHHAKOBO BO BCeX HHEpPIH-
aJIBHBIX CHCTeMaX OTcCYeTa INPH OJMHAKOBBIX HAYaJbHBIX YCIOBHAX.

B 3TOM COCTOMT IPHUHIIMI OTHOCHUTEJIBHOCTH, YACTO Ha3bIBae€MBIN
NPHHIMIIOM OTHOCcHTeJdbHOCTH I'ajnuiaes. BoociencTBUU NPpUHOUI OT-
HOCHUTEJLHOCTH ObLI 0000mIeH HeMelnKUM (U3UKOM Ansvbepmom
Junwmeurnom (1879—1955) Ha Bce ABIEHUA IIPUPOJLI.
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Bonpocs! gna camonposepku

1. B ueM coCTOUT NPUHIINI HE3aBHCUMOCTH AeHCTBUA Cui?

2. Yro HasbIBaOT paBHOAENCTBYIONEH cHI0i?

3. O xakoit cuse uaeT peus Bo BTopoM 3akone Hriorona? ITouemy?

4. Kaxoe Tesro Ha3sIBaoOT u3onuposanueiM? B KakoM cayyae peasbHOe
TeJIO MO HO CUMTATH H30JIMPOBAHHBIM ?

5. B ueM coctouT npuHIUN OTHOCHTeNnbHOCTH [amunes?

YnpaxHeHue 5

1. Tagas ¢ BeicOTEI 5 M, Teno maccoit 100 r |
pasroHsAeTrcsa a0 ckopoctu 5 M/c. Kakosa cuma ]a\ o B (’IK
CONPOTHBIEHUSA BO3ayxa? T
2. KakoBo yckopenue GpycKa, CKOJIb3AIIEro Mo :
HAKJOHHOHN IJIOCKOCTH, €CJIH €€ YIroJ HAKJIOHA A
cocrasasger 30°, a KoaPUIMEHT TPeHUA PABEH =
0,15?

3. Kakyio cuiry HeoOX0oAMMO IPUIIOKUTE K AIIH- Puec. 37

Ky maccoil 30 kr, yToOBl pABHOMEPHO BTAI[UTh

€ro BBepX II0 HAKJOHHON NIOCKOCTH, COCTABIAKIINEHl ¢ TOPH30OHTOM
yroa 30°? Koadduuuent TpeHns cuutarsh pasasiM 0,5,

4. BeluHCINTE CHIY YIPYTOCTH, BOZHUKAWIYIO B Ka’KJAOM U3 TPOCOB
A n B, ynep:xupawomux Gouaps (puc. 37), eciim maceca donapsa 1,414 kr,
a yroJ o cocrasjser 45°.

§ 14. 3aKOoH coxpaHeHUus UMnynbca

1. U3menenue wumnyiasca. VameHeHwe MMIyJbca Tejla WU
CHCTEMbI TeJl PABHO CyMMe MMIIYJIbCOB CUJI, JeHCTBYIOLUIUX HA 3TO TEJIO
HUJIA CUCTEMY TeJ.

p; — b, = FAt. (1)
3anucaB B 9TOM BbIPa’Ke€HUU UMITYJIbChI B BU/Ie IIPOU3BEJeHUH Mac-
Cbl Ha COOTBETCTBYIOIIHE CKOPOCTH, ITPOM3BEJeM MaTeMaTHdecKue
npeobpasoBarus. [loryuum
At
Av =
m— =F,
At

|
‘:jé

m
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OAHAKO II0 ONpeesIeHuI0 d = %’ , & 3HAYHUT, IIPOoJeaB MaTeMaTH-
yecKue mpeoOpasoBaHUs, MOMKHO IepelTH K 3alMCH BTOPOTO 3aKOHA
HeioTona: =

ma =F.

BecnnoMHEM, 4TO IpPHBEAEHHOE ONpefie/ieHUe YCKOPeHus B o0ineM
cJiyyae CIOpaBeAJMBO TOJBKO IIPH PACCMOTPEHHHM MAaJIOr0 M3MeHeHUd
CKOpPOCTH 3a MaJIbIii IPOMEXKYTOK BpeMeHH. A BepHa Ju (popmyna (1),
eCJIM IIPOMEKYTOK BPEMEHH MaJIbiM CYUTATh Heslb3sA? ITOCKONBRY JIIO-
60if MPpOME)KYTOK BpeMEeHM MOXKHO pPa30duTh Ha MHOXECTBO MaJIbIX MH-
TEPBAJIOB W 3aTeM IIPOM3BECTH CYMMHUDOBAHWE HU3MEeHEHUH HMIyJibca
3a KasKJbli U3 3TUX UHTEPBAJIOB BpeMeHH, To (hopmya (1) okaspiBaer-
¢S BEDHOM HE3aBUCHUMO OT 3HAYEHU A IPOMEXKYTKa BPeMeHH.

IIpon III0CTPUPOBATH 3TO MOYKHO C IIOMOIIBIO yKe U3BECTHOIO BaM
OImbITa C THpeil m AByMs HuUTAMHU (cM. puc. 19, a). Ecau peprars 3a
HU)KHIOIO HUTHh PE3KO, TO BpeMs JeHCTBUA CHJIBI OyJeT MaJabIM U UM-
IyJabca CUJIbl OyAeT He AOCTATOYHO JJIA CYIIeCTBEHHOI'O M3MEHeHUS
uMnyJbca rupu (cM. puc. 19, 6). Ecin ke 3a HUKHIOIO HUTbh TAHYTH
Me/IJIEHHO, TO BpeMs AeHCTBHUA CUJIBI yBeJIU4YHMBaeTCs, a 3HA4YHUT, yBe-
JIAYABAETCA U ee UMIYJbC. B aTOM ciiyyae MMIYJIbBC CUJIbl MOKET Cy-
LIeCTBEHHO U3MEHUTh UMITYJIbC TUPH (cM. puc. 19, 8).

IIposegem onbiT. Ha crakad Noa0oKMM KapTOHHYIO IJIACTHHKY,
a ceepxy moHery (puc. 38, a). Eciiu kapToHKY MeAJIeHHO CABUIraTh, TO
MoHeTa OyzmeT caBUraThcsa BMecte ¢ Heil. Ho ecim pe3kum ygapoM BbI-
OuTh KAPTOHKY, TO MOHETa yIajeT B cTa-
kaH (puc. 38, 6). O6bACHUTHL ATOT ONBIT
TaK)Ke MOYKHO, IPUMEeHsAs TeopeMy 00 u3-
MeHeHMHM uMnyiabca. Korga KapToHKa
IBMI)KETCS MeIJIeHHO, BpeMs JAeiCcTBHUA
CHJIBI TPDEHUSA Ha MOHETY JOCTATOYHO JJIs
U3MEHEeHUS UMIIYJIbCa MOHETHI, 1 MOHEeTa
MIPUXOAUT B ABUYKEHHUE BMECTe C KapTOH-
Koii. Eciiu 2Xe KapTOHKa pe3Ko BbIOUBaer-
cdA, TO BpeMmda .L(GﬁC'I‘BKH CHJIBI TPEHH A OKAa-
3pIBAaETCA KpallHe MaJIbiM, M HMIYJibca
CHJIBI HEJOCTATOYHO [OJIS TOro, 4YTOOLI
CABHUHYTH MOHETKY: OHa OCTaeTcA Ha Mec-
Te. Ho mocJie TOoro kaxk KapToHKa BeIOUTA,
JIMLIEeHHadA OIOpbl MOHeTa IajaeT B CTa-
KaH.
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2. 3aK0oH coxpaHeHHMs MMIIyJbca. HanmoMHUM, YTO NpH B3aU-
MOZENUCTBHUH ABYX TeJ H3MEHEHUEe MMIIYJIbCa IePBOTO Tesa PABHO MM-
NIyJIBCY CHJIBI, AeHCTBYIOIeH Ha HEr'0 CO CTOPOHBI BTOPOT'O TeJa:

Aﬁl = ﬁzAtz’
OTKyJa -
= Apy
F2 - A_t.z .

AHaJIOTMYHOE BEIPaXKeHUe MOKHO 3alUCATH IJIA CUJIBI Fi:
& Ap
Fl = ﬁ a
Teneps HEoOXoaMMO yuecTh ABa obGcTOATENBCTBA. BO-IEpPBBIX, CO-
rJIacHoO TpeTbeMy 3akony Heiorora, F| = —F,, noatromy

Aby _ Ay
At, Aty ’

Bo-BTOpBIX, BpeMs AeiCTBHUA TeJ APYr Ha Apyra OJHO M TO Ke,
T. e. At, = At, = At, a 3Ha4wur,

Ap, _ Apy
At At '’
YMHOXUB 0be yacTu paBeHCTBA Ha At, HOJIVIHM:
IIepenuiemM 3T0 paBeHCTBO, YYUTHIBASA, YTO U3MEHEeHHEe UMIYJIbCa
TeJla PABHO PA3HOCTH ero UMIYJILCOB IIOCJIE U 10 B3AUMO,IeHCTBHA:

—_ =4 =» =» -+
Ap; = Py~ Poy = MUy — MV,
- — — - -
Apy = Py — Pog = MUy — MyVgy.
Torma monyuum:
MyVy — MyVgy = —(M40; — MmVy,).

Teneps cobepeM UMIYILCHI TeJI, KOTOPLIMU OHH 06181811 10 B3aH-
MOJIeiCTBU A, B JIEBOI 4aCTH PAaBEHCTBA, a NPpUOOPETeHHBIE IOCJe B3au-
MOJIeCTBUA — B IIPaBOM:

- > - -
m Uy, + myVy, = myv; + myv,. (2)

HMHYJI]:C KaXaoro ms3 BG&HMOAEﬁCTBymHIHX TeJl UBMeHHJICA, Of-
HaKO BEKTOPHAafA CyMMa UX UMIIYJbCOB OCTAJIaCh HEU3MEeHHOI.
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PaccMoTpeHHad cUCTeMA COCTOANIA U3 a) .
aByx Tes. OZHAKO MOJy4eHHBIE BBIBOJBI
cIIpaBelJIuBBEI U B 0o0IIeM ciaydae, KoOrja
cucTeMa COCTOMT W3 JII000OT0 Yucsa Tesa U
ABJIAETCA 3aMKHYTOM: Tesa, COCTABJISAIO- ‘ JJJJJ )
e TaKyl CUCTEeMY, B3aUMOAEHCTBYIOT
MeXIy coboll M He B3aUMOAEHCTBYIOT 6)
¢ IPYTMMH TeJIaMHu.

PasenerBo (2) HaA3BIBAIOT 3aKOHOM
COXpaHEHHUSI MMIIYJIbCa.

¢

BekTopHas cymMmMa HMIYJbCOB TeJj, CO-
CTABJAIOIIHX 3aMKHYTYH CHCTEeMy, OC-
TaeTcd NOCTOAHHOM IIPHM JO0OBIX B3aH-
MOJEMCTBHUAX 3THX TeJl MexKIy co0oM.

IIIIJ

/
// ¥ [

6)
\\ \\

ITpouyTIOCTPUPOBATE 3aKOH COXpaHe-
HUSA UMITYJbCa MOJKHO C IIOMOINbBIO yCTa- _ '
HOBKH, COCTOAIIEH U3 HECKOJBKUX OJUHA- b JJJJ
KOBBIX IIapOB, IOJBEIIEHHBIX TAKUM 00- Puc. 39
pasoM, 4YTO MX LEHTPH! JIeXKAT Ha OJHOM
npamoi (puc. 39, a). Ecau orBecTi B CTOPOHY KPailHMIA JIeBBIH mIap u
OTIIYCTHUTBH €ro, TO OH IIPH yAape nepeaacT CBOM MMIYJIbC BTOPOMY LIapy,
BTOPOH — TPETHEMY M Tak jajee. B peaysabrare MOKHO HabI0AaTh, 4TO
OTCKOYMT TOJBKO OJMH IIap — TOT, YTO BUCHUT C IPOTHBOIIOJIOXKHOM CTO-
POHBI IIENIOYKH IIAapOB, a BCE OCTAJIbHBbIE IIapbl OCTAaHYTCA Ha MecTe
(puc. 39, 6). Takum obpasom, UMIyJIbC, NOTEePAHHBII NPHU yjAape Iep-
BBIM IIAPOM, OBLJ IIepefiaH MocJeJHEMY HIapy, CYMMAapPHBIN e UMITYJIbC
CHCTEMBbl HE U3MEHWJCA. AHAJOTMYHBIM 00pa3oM MOXXHO OTKJIOHHUTHL B
CTOPOHY ¥ OTIIYCTHUTH He OJWH, a HECKOJIbKO IapoB. Torjga mociae yaapa
¢ IIPOTHBOIIOJIOKHOM CTOPOHBI B JBHKEHHE NPHAET CTOJIBKO Ke 1I1apoB
(puc. 39, 8).

3aKOH COXpaHEHHS HMIyJbca — 9TO (DYHAAMEHTAJbHBIA 3aKOH
TIPHUPOABI.

A

Bonpock! Ans caMmonpoBepku

1. Yemy paBHO H3MEHEHHE UMITYJILCA TeJla, Ha KoTopoe AeicTByeT cuna?
2. [IpuseguTe NOpUMEpP ONLITA, NOATBEPKAAIONIEro, UYTO H3MEHEHHEe
UMITYyJIbCA TeJIA 3aBUCHAT OT BPEMEHM JeHCTBUA CHJIBI.

3. ChopmyaupyiiTe 3aK0OH COXPaHEHUA HMIIYJIbCa.

4. Kakyio cucTeMy TeJl Ha3blBalOT 3aMKHYTOM?
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YnpaxHeHue 6

1. lo xKaKoii CKOPOCTH MaJbUMK PA3TOHHT CTOANIME HA CHEr'Y CaHKH,
npukaaneiBasg cuny 10 H B reuenne 0,5 ¢? Macca canok 2,5 kr, geiicr-
BHEM CHJIbl TPEHUA NpeHeOpedb.

2. Baron maccoit 25 T, gBurasick co ckopoctsio 0,4 M/c, HaATOHSET BTO-
poii TaKoi e BAroH, ABMKYIIMcA co ckopoceTsio 0,2 M/c. KakoBa cko-
POCTE BATOHOB IOCJIE CIIBITK.PI?

3. ITyns maccoit 10 r, gBurascs co ckopocrsio 1000 M/c, monaznaer B He-
MOABMKHYIO MeTa/llIn4ecKylo OaHKY ¢ IeCKOM M 3acTpeBaeT B Heil. C Ka-
KOH CKOPOCTBIO HaYHET JBH»KeHHe GaHKa ¢ NyJieil BHYTPH, ecJIu ee Mac-
cal kr?

4. Tlpn paspsiBe cHapsaa maccoit 20 KT TPH 0CKOJIKA pasjeTeJuch B To-
PHBOHTAJIBHON MIocKocTH, Macca oHOro U3 Hux 8 Kr, a ckopocts 40 M/c.
Bropoit ockosok Maccoii 6 Kr moseresn nepneHAUKYASPHO MEPBOMY CO
ckopocThio 50 M/ e. C KaKoif MO0 MOAYIIIO CKOPOCTHIO MOJIETE] TPETHI oc-
KOJIOK?

§ 15. 3aKoH coxpaHeHUsi MexaHU4eCcKon SHeprum

1. Mexanuueckas paGora. Bam mnpeacTouT NO3HAKOMHUTHCSH
C OZTHOM M3 TeopeM AMHAMHKH, I 4ero HeobXoAuMO BCIIOMHUTH TaKue
BeJIMYUHBI, KAK MeXaHu4YecKkasa padora 1 MexaHN4YecKas JHeprusd.

O coBepmeHMN MeXaHHYECKON PabOTHI MOKHO TOBOPUTH B TOM CJIY-
Jae, KOrja TeJO IepeMellaeTcd MO AeHCTBUEM HEKOTOPOM CHJIBL.
IIpuuem cuia He 006A3aTeIbHO AOMKHA CIIOCOOCTBOBATH II€pEeMeIeHHI0
TeJIa: OHA MOXKeT NpenATCTBOBATHL ero nepememniesuo. Hanpumep, me-
peaBuras TymMOy ¢ OHOro MecTa Ha APyroe, 4eJOBeK COBepIaeT Haj
Heit pabory. Bo BpeMa ABHKeHHUS IOJ AeidcTBYeT Ha TyMOy, HO TpeHHe
O IIOJI IPenATCTBYeT ABUKeHu0. IlocKoNbKy aeiicTBHe OJHOrO TeJjia Ha
JApyroe xapaxkTepuayeTca CHJIOH, TO Yallle BCEro NOBOPAT O MeXaHHYe-
CKOM paboTe, coBepinaemoii Kakoii-1ubo cunoi. Tak, B paccMOTPEHHOM
npumepe HajJ TymM00i coBepiiaioT paboTy ABe CHJIbI: OJHA M3 HUX Jei-
CTBYET CO CTOPOHBI YeJI0BeKa, Apyras — cO CTOPOHHI noJia (puc. 40).

Mexannueckas pabora A paBHA NPOM3BEIEHHIO MOJIyJIeil BEKTOPOB CH-
ab1 F u nepeMemnenus § u KOCHHYyCA yria o MeKIy THMH BeKTODAMH.

A = Fscos a.

Eciu BeKTOPBI CHJIBI M IEPEMEIeHNs COCTABJIAIT OCTPBIA YroJ
(puc. 41, a), To paboTa NOJOKUTENbHA, IOCKOJbKY 3HAYEHNE KOCHHY-
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6) F._<0 X @) F.=0 X
Pue. 40 Puc. 41

ca OCTPOro yrja IOJOMKUTeJ bHO. Takyio CHUTyamui MOYKHO Habmo-
IaTh, HaIpuMep, NIpu OYKCHPOBKe KaTepoM napamJaHepa (puc. 42).
B aTom caydae cuia crmocoGCcTBYeT ABUIKEHHIO Tena. Ecau BeKTOpSBI cH-
JIbI U TepeMeleHus obpasyior Tymnoi yroa (puc. 41, 6), To pabora or-
pHUIlaTeJibHA: CHJIa NPENATCTBYeT ABMIKEHHUIO Tena. Tak, HanmpuMmep,
co0aKOBO/ IIbITAETCA IOMEIIATH U3JIMIIHE Pe3BOMY HHTOMILY CIAHIIKOM
onicTpo Oexxarh (puc. 43). Pabora He coBepiiaeTcss CUJION, MepHeHIN-
KYyJIAPHOU nepeMenieHuo (puc. 41, 8): KOCHHYC OPAMOr0 yrja paBeH
HYJIIO, a 3HAYUT, paBHA HYJI10 U pabora. Haubosbmiee 1o Moaysao 3Ha-
YeHHe MeXaHM4YeCKOH paboThl moayuaeTcs B TeX caydadx, KOrja cuiaa
coHamnpasJieHa nepemernesuo (o = 0, cos 0 = 1) uiau npoTuBOHANpPAaB-
agena emy (o0 = 180°, cos 180° = —1).

Enmanna mexaaudeckoii paborel B CU — dacoyas ([x).

1Ix=1H * M.

Pabora B 1 JIox coBepimaerca cuaoit 1 H npu nepemeinenuu Tesia
Ha 1l M.

2. Mexauunyeckas dHeprusa. PaccMOTpUM CUTYAIIHIO, KOTJIA Ha
MOKOSAIIeecs TeJlo AelicTByeT HeKoTopada cuia (puc. 44). CkopocTs, KO-
TOPYIO IpuoOpeTeT TesIo uepes BpeMd ¢, ¥ IlepeMellleHue, COBepPIIeHHOe
3a 9TO BpeMsdA, MOXKHO pacCYHUTAThL II0 M3BECTHBIM BaM (opmysam:
v=atus=at?/2,

Pue. 43
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a . Bripasum u3 ¢GopMyabl CKOPOCTH BpeMs
Sadetaps t = v/a 1 MoACTaBUM 3TO BhIpa)keHue B (op-
; Myay nepememenus. ITonyuum

Puc. 44 =5 T 22 2a (1)

8 a(vy _av? _v?
2)
BocnonbzosaBmiuces BeipakeHueMm (1) u
BTOPBIM 3aKOHOM HbioTOHA, BRIYMCIUM paboTy CHJIBI IO PA3TOHY Teja
JI0 CKOPOCTH V.
v? muv?
A—Fs—ma-z—a—T. (2)

B pesyansbraTe paboThl, COBEpINEHHOI CUJIOM IPU pasroHe Teja, 0HO
npuobpesio HEKOTOPYI0 CKOPOCTH, M TEeIeph CaAMO MOMKET COBEpPIIHTH
pabory. Tak, Hampumep, JABMIKYIIUICA TOBApPHBI BaroH MOXKeT,
CTOJIKHYBIINUCH C APYTI'MM BArOHOM, IIDUBECTH €ro B ABUKEHUE.

O Tene, KOoTOpOE CIIOCOOHO COBEPUIUTH MEeXaHUUYECKy pabory, ro-
BOPAT, UYTO OHO objamaer MexaHudecKoi aHeprueii. Takum obGpasom,
BEeJIMYHUHY, CTOANIYIO B IPaBO# 4acTH BbIpaykeHusa (2), Ha3LIBAIOT Me-
XaHUYECKOH DHeprue.

CymiecTByer ABa BUAa MEXAHHYECKOM dHEPTHH — KUHEMUYecKas
u nomenyuaavras. Kunemuueckoll saHepzuell obaradaem awboe
dsudcyuweeca meno. Kusernueckas sHeprus reJa:

2
_mv
E = —r
rjie m — Macca Teja, a U — MOJYJIb CKOPOCTH.
ITomenyuanvHoll 3Hepzuell obaadalom ni0Oble é3aumodeil-
cmeywujue meaa. Tax, sHeprusa B3auMoJeiCTBUA Tejla Maccoil m u
3eMJIu COCTaBIALT

E = mgh.

rae h — BBICOTAa TeJia HaJ 3eMJIei.
Yamie roBopsAT, 4TO BCJEACTBUE NPUTAKEHHUSA K 3eMJie, TeJO Mac-
coit m Ha BeIcOTe i oDnafaer noTeHUMAaJIbHOM aHepruen E = mgh.
ITon yomapaMu majarpoIiero ¢ BICOTHI MOTOKA BOABI BpAaIlaloTCs JIO-
macTH TYpOMH Ha I'MAPO3JTEKTPOCTAHIIUAX. Bosbmias cocynbKa, ynas-
11as B OTTEIeNdb ¢ KPBIIIY 10Ma, MOYKeT OCTaBUThL BMATUHY HA Heyau-
HO IIPUIIAPKOBAHHOM aBTOMOOMJIE,
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ITpu pacueTe MOTEHIMAJBHON dHEPIUH TeJja, NOAHATOTO HaJ 3eM-
JIel, HeoOX0AMMO BeIOpaTh YPOBE€Hb, OT KOTOPOrO OTCUUTHIBAETCHA BBI-
cora. Tak, HanpuMep, Je)kamjas Ha CTOJe KHUra MOXKeT ynacTh Ha
II0JI, IO9TOMY OHa 006J1aJaeT HEeKOTOPOil MOTEeHINAIbHOM dHeprue or-
HocuTensHO nosa. Ho B TO ke camoe BpeMA KHHUra He ob6JiajjaeT IOTeH-
IIMaJbHOMN 3HEePTrueil OTHOCUTEILHO ITOBEPXHOCTH CTOJIA.

Viopyro cixartas WM PacTAHYTasds INPYKUHA KECTKOCTBIO kB NpH
yaauHeHUH Ax o6sajaeT moTeHnuaabHON 9Hepruei

2
E,= 2%,

Tak, Op¥ BBICTPEJie U3 JeTCKOI'0 UIPYILIEeYHOro IUCTOJeTa ciKaTas
NpY’KUHA, pa3KUMasach, coBepmaeT paboTy Haj MyJabKOi, coobmas en
KHHETHYECKYIO 9Heprun. JHeprus AeGOPMHPOBAHHON NPy KHHBI HC-
noab3yeTcs, HAIPUMEp, ¥ B MeXaHMYEeCKUX dHacax, Ije 3aKpy4yeHHasd
cnupasbHasd NMPYKUHA, IOCTENEeHHO PACKPYUYHBasACh, IPUBOAUT B ABH-
JKeHHe 4acoBOM MeXaHU3M.

W3 BeipaxkeHuda (3) caeayer, 4TO eIMHULLI 9HEPTUH Te XKe, YTO U
enquHnIsl paborsl. B CU aneprus usmepsaerca B dxcoynax (Jx).

3. Teopema 00 M3MeHeHHM KHHeTHYeCKOH sHeprum. IlycTs Ha
TeJI0, ABMKYIIEeCH CO CKOPOCTHIO Uy, MozielicTBoBasa cuia F. Teso Beien-

CTBHE 3TOr0 NpUoOPEesIo CKOPOCTh U. Beraucaus pabory cuirsl F, OJTyduM
A=mU2_ ol
2 2"

Taxkum o6pasoM, paboTa CHJIBI, IPUJIOKEHHON K Tely, UAeT Ha U3-
MeHeHHe ero KHHeTHUYeCKOM aHepruu. B aToM coCTOUT CMBICII OHON U3
0BIIMX TeopeM AMHAMHUKH — TeopeMbl 00 M3MeHEeHHH KHHEeTHUYeCKOH
JHepruH. JTa TeopeMa BepHa JJis 3aMKHYTOI cucTembl TeJ. Ilockoms-
Ky Ha peajibHBIE TeJla ¥ Ha CUCTEeMBbI TeJl OJHOBPEeMEHHO JIeHCTBYIOT He-
CKOJIbKO CHJI, TO TeopeMy 00BI9YHO (DOpMYJIUPYIOT B Oosiee obiieM BUe,
NpUMeHAA MPUHIUI HE3aBUCUMOCTH JeHCTBUA CHJII:

H3MEeHeHHe KHHeTHYECKOH JHEPrHM Tejla MJIH CHCTeMBbI TeJ IPH JIo-
60oM nepeMeleHMM PAaBHO paboTe pPaBHOAEHCTBYIONEH BCeX CHUI,
,EIEﬁCTBYIOIIIHX Ha TeJI0O HJIHM CHCTeMYy Ha 3TOM IepeMelleHHH.

r}xeATJ = Rscos 0.

PaccMoTpuM, HampuMep, NOaZieHHe Teja IIOJ JelCTBUEeM CHJIBI
tsakecTd. Ecau Teno Maccoit m cHu3uiock Ha Ak, To pabora, co-
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BepIIeHHAA IIPA 3TOM CHJIOA THIKECTH, PaB-
Ha!
Ap = Fscos o. = mgAh.

Ha pucysnke 45 moxasaHBbl TPH BO3MOK-
Hble TPAEKTOPUH TeJia, IIPH ABHIKEHHUHU 110 KO-
TOPBIM paboTa CHUJIBI TSAMKECTH OJHA U Ta Ke: B

Puc. 45 (opmyie nasa pacuera paboThl CUJIbI TAMKECTH
(urypupyer TOJHBKO U3MEeHEHHUEe BHICOTHI AA.
Cunbl, pabora KOTOPBIX HE 3aBUCHUT OT (op-
MBI TPAEKTOPHH, 110 KOTOPOH JABHIKETCS TEJIO, & OIpPeesigeTcs TOJbKO
HAYaJbHbIM U KOHEYHBIM IIOJIOKEHUAMH Tejla, Ha3bIBAIOT IOTEHIIH-
adpHBIMH cuiaamu. Takum o6pasoM, cuyia THKECTH — IIPUMeEpP IIOTeH-
nuanabHOM cuibl. CHCTeMBI TeJ, B KOTOPBIX A€HCTBYIOT TOJBKO IIOTEH-
IAaJbHbIe CUJIbl, — KOHCEePBATHBHbIE CHCTEMBI.
4. 3aK0OH cOXpaHeHHMs IOJHOW MexXaHWdecKou sHepruu., Co-
IJIaCHO TeopeMe 00 M3MeHEeHMU KMHEeTHYecKOH sHeprum, pabora CHIBI
TAMKECTU HaJ NaJalolUM TeJIOM paBHA U3MEHEHMIO €r0 KUHEeTHYEeCKOn
SHEPI'uu:

E ,—E,  =mgAh. (3)

OGpaTuM BHUMaHMeE, YTO IIPU HaJleHHU HA PACCTOAHHH AR ITOTEHIIH-
aJbHasA 3HEePrus Tejla YMEeHbIIWJIaChk, u eciau Ah = h, — h, TO U3MeHe-

HHe NOTeHIMAaJbHON 3HEPIUH COCTABUT:
E ,—-E ,=mghy,— mgh, = mgAh. (4)

IIpaBble yacTu BeipaykeHuii (3) u (4) paBHBI, a 3HAYHUT, PABHBI U UX
JIeBbIE YaCTHU:
EK2 = EKI = En2 T Enl'

Taxkum o0b6pasoM, M3MeHeHHe KUHETHUYECKOH 9HEpruM Teja PaBHO
M3MEHEHHUI0 ero MoTeHnuajJbHOH sHepruu. IIpuuem noreHHmMaIbHASA
SHEpPrus yMeHbIIMJAch (BBICOTA TeJla HAJ 3eMJied YMeHBIIAJAach), a
KHUHeTH4YeCcKas 9HePrus yBeJUUUIach (Tak Kak NpH NaJeHUU CKOPOCTh
Tesja yBeJauduBasachk). [loaToMy nosHas MexaHMYecKasa 9HEPTUsA Tesa
ocTanach MOCTOAHHOM.

MosxkHO 0000IIATE IIONYYeHHLIN BBIBOJA: OH BEPEH IJIsi JIOOBIX Tell,
COCTaBJIAIINUX 3aMKHYTYIO KOHCEPBATHUBHYIO cucTemMy. Takum o6pasom,

II0OJIHAsA MeXaHH4YeCKasda JHeprus 38MRHYT0l"{ EOHCBDB&THBHOf{ CHCTe-
MBI TeJ OCTAaeTCsd HeM3MeHHOM.

E =E, + E = const.
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9TO yTBEP)KAEHNEe Ha3bIBAIOT 3aKOHOM CO-
XpaHEeHUs IOJHOH MeXaHMYeCKON JHepruu.
Ero Mo3XHO IIPOMJLIIOCTPUPOBATHL C IOMOIIBIO
IOBOJBHO INPOCTOrO ombiTa. Ha 1iratuse,
YCTAHOBJIEHHOM Ha TeJIe)KKe, YKpenuM He-
NOABMXKHEBINA Osok. OAMH KOHEI[, HUTH, IIe-
pEeKuHyTOM dYepes3 O0JIOK, HaMOTaeM Ha OChb
KoJjieca TeJeXKKH, a K JIpyromMy KOHIY
noasecuM rpys (puc. 46). ITox geitcrBueM cu-
Bl TAMeCTH Trpy3 OyaeT OImycKaTbecs, €ero
DOTeHIHMaAbHaA sHeprus ymenbiuurcd. [Ipu
9TOM HHUTH 34CTABUT KOJIeCO BpallaThCa U

Puc. 46

TeJleXKKa NIPAJEeT B IBHKeHUue, npuodperas KHHETUYECKYIO 9HePIHio.
3aK0H COXpaHeHHsA IMOJHOM MeXaHW4YeCcKOi 3Hepruu, Kak ¥ 3aKOH
COXp&HeHHH HMIIYJII:C&, OTHOCHUTCH K QJYHJIaMEHT&JIthIM 3aKoHaMm

IPUPOABI.

Bonpockl Ans caMonpoBepKu

1. B xakoM ciayuae coBepmiaercs Mexanuueckas pabora? IIpusenute

IIPHUMEepHI.

2. Kakue Tena 001a1a10T KUHETHYECKOM aHeprueii; MoTeHIHaIbHOo?
3. ChopmynupyiiTe TeopeMy 06 n3MEeHEHHH KUHETUYECKOH SHEPruu.

4. Kakue cuJibl Ha3blBalOT MOTEHIIUAILHEIMHU?
5, ChopMyTUpYIiTe 3aKOH COXPAHEHHS NOJHOI MeXaHWUeCKOl JHePruH.

YnpaxHeHwe 7

1. Kakyio paGoTy COBepIIMT 4UeJOBEK, PABHOMEDHO NepeaBurasa TymOy
mo moay Ha 2 M, ecau macca TymObl 50 Kr, a Koa(@dHUIHEHT TPeHHSA
0,02?

2. Kaxymo paboTy NpUXOIUTCSA COBEPIIATL XO3AUHY, YAep:KUBaa cobaky
Ha gaopoxke anuHoit 10 M (cm. puc. 43)? Cunrars, 4To cobaka HaTATH-
BaeT MOBOAOK ¢ cuyoit 30 H, a yrosa, KOTOPBINA COCTABAAET HATAHYTBIH
TIOBOJIOK € rOpU3oHTAaNBI0, 60°7

3. Kakyio HauaJlbHYIO CKOPOCTH HYMKHO COOOIHUTEL MAYy, Opocas ero
BHH3 C HEKOTOPOH BBICOTHI /2, 9TOOBI MAY IOCJAe yAapa O I0JI MOAHANICA
Ha BBICOTY B 2 pasa 6oasuiyio?

4. Kaxyio ckopocTh puodpereT MapuK Maccoit 2,5 r, Belieras U3 CTBO-
JIa IeTCKOro IPYXHUHHOIO IUCTOJIeTa, eCJU Iepesi BRICTPEJIOM IPYXKUHY
secTrocThIo 800 H/M cixanu Ha 5 em?

5. Kakyio paboTy coBeplmaer Maab4uK Maccoil 50 Kr, mogHMMasAcCh 10
KaHaTy Ha BBICOTY 3 M?
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)

iiFenl OcHoOBHO®e B rnase

1. CocTaB siipa KJ1aCCUYECKOM MeXaHUKH.

Anpo knaccuyeckoi MeXaHUKHA —I

3aKOHLI
IIpuaIANL ANA CHIT
3aKO0HEI CYNIepIO3UIIHH, TATOTeHUS, 3aKoHBI Teopema
HBIOTOHB OTHOCHTEJIBHOCTH VIPYIrocTH, COXpaHeHHA AHHaAaMHKH
H Ip. TpeHns

2. 3axonbs! HeioroHa (Tabi. 5).

Tabauma 5
Mamemamuyeckasn
3aron Dopmyruposra
3anuco
Ilepsehiit 3akor =~ CyIIecTBYIOT CHCTEMEI OTCYETA, OT-
HsioToHA HOCHTEJIBHO KOTOPBIX TEJO cOXpa-
HAET COCTOSAHHE pPAaBHOMEpPHOI0
OPAMOJUHEHHOr0 ABMMKEHUA HIHU
IOKOs, €eCJH PpPABHOAEHCTBYIOIIAS
CHJI, AEMCTBYIOIIMX HA 3TO TeJo, |
paBHA HYJIIO ;

Bropoii sakor | Vckopenue, mnpuobperaemoe Te- 3 R
Heiorona JIOM, NPAMO [IPOMOPIHOHAIBHO a=
JeHCTBYIOIIEH Ha Hero cujae u ob-

DPATHO NPONOPIHOHANLHO Macce Te-

aa
Tpernit 3akoH  [leiicTBHI0 Bcerja ecTh paBHOE M | F,=-F,
HroTona IIPOTHBOIOJIOMHOE NPOTHBOAEHCT-

BHe: B3aMMHELIE JeHCTBHA ABYX Teka

APYr Ha Apyra Me:Xay co0o# paBHBI |
H HanpaspJieHbl B NPOTHBOIOJIOH- |
HEIE CTOPOHEI |
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3. [IpUHIUIILI KJIacCUYecKoi MmexaHuku (Tab. 6).

Tabauna 6

Ipuryun Dopmyauposxa

Eciu Ha TeJ10 OAHOBPEMEHHO JeHCTBYIOT HECKOJIb-
KO CHJI, TO KakJad M3 HHX coobmiaeT Tely Takoe
3¥e VCKOpeHHe, Kakoe oHa coobmiana Obl, eci Obl
JelicTBOBAJIA OOHA

HeszaBucuMocTH AelCTBUA
cHJI (CYyIepIno3uIIHM)

OTHOCHTE/IBHOCTH Bee MexaHMuecKHe ABJeHUA OIPOTEKAIOT OJUHAKO-
BO BO BCeX MHEPIHANBHBIX CHCTEMAaX OTCYeTa IIPpH

OJHMHAKOBBIX HAYAJIBHBIX YCIOBHUAX

4. Cunml (Taba. 7).

Tab6auua 7
Cuana ITpu kaxkux ycaosuax 603HUKaAEmM Dopmyaa
Tarorenus, Bcee Tena Bo BcenenHoit mpurarusaioTcs mym,
TAMECTH ADPYT K APYTY € CHJI0#, IPAMO IIPONOPIHO- i Rz '
HaJIbHOH MPOM3BEACHHUIO X Macc modpatT- p  _ . g
HO TIpPONOPIMOHAJNBLHOII KBajapaTy pac- T
CTOSAHUA MEeXAY HUMH
Yupyrocru IIpu nedopmanuu Tena nop Aeiicrsuem F, = -kAx
BHEIIHEH CHJIBI BHYTDH HEro BO3HHUKAeT
cuia, NpenATcTByoIas AedopmManuu
Tpenusa IIpu OTHOCHTENBHOM IEpeMEIleHUH ABYX va =uN
TeJ ¢ CONPHKACAIONIMMHUCA TOBEPXHOCTH-
MH (IIpH IONBITKE TAKOI'O lepeMeleHus)
BOSHHMKAET CHJIa, NPelATCTBYIOIIas 3To-
MY IlepeMelleHHI0
5. Teopema guHaMukKu (Tabu. 8).
Tabauna 8
Mamemamuieckas
Teopema PopMYAUPOBKA
3anuce
06 wusmenenuu HameHenue KuHeTnyeckoil smeprun E -E ,=A,
KHHETHYeCcKOoH’ TeJa MJIM CHCTEMBI Tes paBHO pabore rpe A, = Rscos a
9HEepruu PaBHOJEMCTBYIONIEH BCeX CHII, JeiicT-

BYKWOIIHX Ha TeJ0 HMJH CHCTEeMYy Ha
9TOM NNepeMelleHHnH
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6. 3axoHbI coxpaHenus (Tabu. 9).

Tabanua 9
Mamemamuueckasn
3akoH Dopmyruposka
3anuch
Coxpanenns BexTopHaA CyMMa HMITYJIbCOB TeN, CO- = M, Uy + Mylgy =
HMIIYJIbCAa CTABAAKIIAX 3aMKHYTYIO CHCTEMY, = mlgl + mzﬁz

ocTaeTcd MOCTOAHHOW TIPH JIOOBIX
B3aUMO/JEeHCTBHAX STUX TeJ MeXIY CO-

Boit
Coxpanenus Ilonnas mexaHuuecKkas oHeprus saM- FE =E + E_ = const
MTOJTHOM KHYTOH# KOHCepBATHBHOM CHCTEMBI TeJ |

MEeXaHH4YecKOM ocTaeTcsa HeM3MeHHOH |
JHEePruu



CnefCTBMA KNacCHYECKOMN
MEeXaHUuKH

ObfsacHumenvias U npedexaszamenrvnan PUHKULU me-
opuu HewmoHna npossuaucs yxe 8 XVII a., wozda 3na-
YeHUE YCHOPDEHUA JIYHbL, PACCHUTNAHNKOE C NOMOULLIO Q-
xonog dJunamuwuy Huiomona, co68nano ¢ €20 3HaYenueM,
PACCYUMARNKDIM RO Pezyibmiamam ulmepenuit, npoge-
JeHHbLX 8 X00e acmpoHoMiULLecKUX rabrwdenuil, 3amem
acmpornoms. Adamc u Jleaepre, UCNOZLIYA IAKOH BCE-
MUPHOZO MAZOMEHUA, SbILUCAULU NOJLONCCHUE Heu3-
secmuoit cwe Ha mom momenm nranemer Coanevwnoii
cucmemsl, KOMaopaa aAULRA Ha opbumy Ypana. Imy
naianemy Hazsaauw Henmynom. A 8 1798 2. aneauviickuii
yienstit Kasenduuw 8 anabopamopuu 3KCREPUMERMAALRO
nodmeepdun 3aKoH 6CeMUPHOZO MAZOMEHUA.

§ 16. HeGecHan mexaHunka

1. JIruskenne comyTHHKOB. Klaccryeckasa MeXaRHKA ITO3BOMH-

JI& PACCIHTATE ABMIKEHHE HeOeCHLIX Tea. ITO NPHBeJaO X OYPHOMY pas-
puTtuic B XVIII B. pefecnoi MeXaHHKH — Pasgena ACTPOHOMHH, KOTO-
PBIH HayyaeT gsuKenue HeDeCHEIX TRJ HA UCHOBE NIPMMEHeHH S JAK0HY
BCEeMHPHOr0 THroTeHuMA. PACCMOTPHM B KavecTBe IPHMEDa NpPHMEHe-
HUE 3TOTC 3aKOHA K Pacyery JBHAKEeHUA CIYTHUKA BOKDYT ILIAHETH,
CrnyTHHEK 10[ JeHCTBHEeM CHUJILL THIOTEHKS OyAeT Bee BpeMA IaJATh
H& IJAHeTY H B TO jKe BpeMSA NPOJBHIaThCs BIepe] 10 CBOeH TpaeKTo-
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puu. IIpu aTOM, IOCKOJBKY IJIaHETa
uMeet popmy 1miapa, ee IOBEPXHOCTH
OyaeT Bce BpeMsA HECKOJBKO yja-
JAThCA OT cuyTHHUKA (puc. 47). Ilpn
OIlpeJeJIeHHOM 3HAYeHHH CKOPOCTH
CIIYTHUK MOJKET BpaujaTbCid BOKPYT
[JIaHeThl IO KPYyroBoil opbure. ITy
CKOPOCTH HA3bIBAIOT KPYrOBOM CKO-
POCTBIO.
Puc. 47 ITonyuum opmyny Ajas pacuera
KPYTOBO# CKOPOCTH Uy .
ITockonbKY B JAHHOM cjayuyae ILJIAHETY U ee CIIYTHHUK MOXXHO pac-
cMaTpPUBaTh KaK M30JUPOBAHHYIO CHCTEMY, TO HA CIYTHUK JelCTByeT
TOJIBKO CHJIA TATOTEHHUSA CO CTOPOHBI IIJIaHETHI, KOTOpasa paBHA:

_ ~Mm
F=G23,

rage M — macca ILIaHeTHI, M — Macca CIyTHUKA, a R — paccrosHue
OT LIeHTpa IJIAHEeThI A0 COYTHHUKA.
M3 Broporo 3akoHa HpiOTOHa BHIDAa3UM YCKOpPeHHEe CIYTHUKA H
IIOJCTABUM B MOJIYUEeHHOE BhIPAYKeHHWe 3HAYEeHUEe CHUJIBI:
M
— (1)

a=—=0G=.
m R?

ITocKONBKY CIYTHUK ABUMKETCA 110 OKPYHOCTH, TO OTO YCKOPEeHUe
[IEHTPOCTPEMHUTEJIbHOE, & 3HAYHUT, OHO PaBHO OTHOIIEHHMIO KBajpara
JUHEHHOHN CKOPOCTH K pajuycy (paccTOAHHIO OT LleHTpa NJaaHeThl A0
CIIYTHHUKA):

_ Y
Aue = 7 - (2)

IIpupaBHseM npaBsle 4acTu BeIpakeHui (1) 1 (2) u BeIpasuM CKO-

pOCTh, C KOTOPO! AOJIKEH ABUraThCA CIYTHUK, 4TOOBI opbura Obliaa

KPYTOBO#, T. €. KDYrOBYIO CKOPOCTb:

M _ vd
Cr~ R
OTKyAa
M
D= |G- 3)
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IMonyuas dopmyny (3), MBI He YUUTHI-
BaJI¥, U4TO CIIYTHUK ABUIKETCA HA HEKOTO-
poit BeIcoTe h HaJ IMOBEPXHOCTHIO ILIaHe-
Tel. Ecoim ke y4yecTh 9TOT hakT, T0 GopmMy-
Jia JIJis pacyeTa KpPyroBoil cKOpocTH Oyjer

HUMeTb BU:
_ [ M
o= VORT R

2. IlapaGoauyeckas u rumepdo-
JAuYecKasa cKopoctH. B ciyuae, korja
CKOpPOCTb CIIyTHHKa OOJibllle KpPYyroBoOit
U > Uy, COYTHAK GyAeT ABUraThCH IO 3JI-
JUTICY, B OJHOM U3 (POKYCOB KOTOPOTO HAa-
XOAUTCA ILeHTp naaHeTsl (puc. 48). Yem
0oJibIlle CKOPOCThH CIIYTHHKA, TeM O00Jb-
mumM OygeT paccTOAHUE OT HEero A0 IJIaHeThl.

OfHAKO eC/M CKOPOCTh CIYTHHKA JOCTUIHET OIpejesIeHHOro 3Ha-
YeHHUS, HA3BIBAEMOr0 MapaboJHYecKOH CKOPOCTBIO U, TO CIYTHHUK

NPeKpaTUT ABUIKEHHE IO 3aMKHYTOH TPaeKTOPHM: CHJIa TATOTEHHUSA
IIJIAHEeTHI yKe He CMOJKeT «yAepKUBaTh» CIYTHUK, U OH NOKHMHET ILjIa-
HeTY, ABUTafAcCh 1o napabouie.

Ecau »Xe CKOpPOCTH CIIyTHHMKA INPEBBICUT 3Ha4YeHHe Iapabosude-
CKOM CKOPOCTH, TO OH OyZeT yAaJAThCA OT IJIaHeThl 1o rumepbosuye-
ckoit opbure. Takyio CKOpPOCTH Ha3bLIBAIOT I'HIIEPOOJIHYECKOH CKOPO-
cThi0 U,. Ilapabonuueckas u runepbonyecKas CKOPOCTH TakK Ke, KaK

M Kpyrosas, ONpeAeNAIOTCA Maccoil IJIaHeThl M PacCTOAHUEM OT ee
IIEHTPA 0 COYTHHUKA.

3. 3akonsl Kemaepa. PaccMoTpeHHBIe NpUMEDHI ABUKEHHA
CIIYTHUKA MJLIIOCTPUPYIOT, KaK KJacCcuYeCKasd MeXaHHKa aaeT 00bsacC-
HeHUe nepsoro sakoHa Kensepa.

IInanersr CoTHEYHOM CUCTEMBI, ABJIAACH CBOeOOPA3HBIMH CIIYTHH-
kamu CoJsiHIIA, ABMIKYTCA BOKDPYT HEro IO 3JIJIMITHYECKHM opburam.
ITockonbpKy hopMa OpOUTHI OnpeesigeTCsA CKOPOCThIO ABHKEHUA ILIa-
HeThbl, TO O4EBHAHO, 4TO CKOPOCTb R&}K,E[Oﬁ I1J1aHeThl MEeéHbIlIIEe, 4YeM 3HAa-
yeHHe napaboIMYecKOl CKOPOCTH, COOTBEeTCTBYONIEH Macce ConHIa U
PacCTOAHMIO OT HEro 0 AaHHOM IJIaHeThl. B IPOTHBHOM ciiydae IjaHe-
Thl He yaepxkuBanauchk 661 CosHIleM Ha opbduTax. B TO ke BpeMsA CKo-
pOCTh KaXJ0# mJaHeThbl 0oJibllle, YeM B3HA4Y€HHEe COOTBETCTBYIOLIe
KPYTOBOM CKOPOCTH.

Puc. 48
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Teopus HrioToHA 1TO3BOJIsET HE TOJNBKO AATh 00BACHEHUE IIEPBOIO
saxoHa Kemepa, HO 1 06001IUTE €ro.

JIboe meno nod deiicmeuem Culbl MAZOMEHUA OBUNECMCA
no o0HOU U3 Mmpex KpusblLx: aaauncy, napabone uau zunepboe.
ITpu dsuncenHuu mesa no 3AAUNCY 6 OOHOM U3 €20 POKYCO8 Ha-
xodumcsa Opyzoe meno, coO CMOPOHbL KOMOpPozo u Odeucmeyem
cuna mazomeHus.

IlepBriit 3akon Kemnaepa, chopmyaupoBaHHBIM TakuMm obGpasowm,
II03BOJIAET ONMCHIBATEL HE TOJNILKO JBUKeHHE IIJIaHeT, HO U APYTHX TeJ,
ABHIKYIIHUXCA IIOJ AeHCTBUEM CHJI THAIOTEeHH .

Onyckasa MaTeMaTUYeCKHe PacuyeThbl, IPOUJLIICTPUPYEM 00BACHE-
Hue BToporo 3akoHa Kennepa. Ecau 0b1 m1aHeTHI ABUTAJIHUCH 110 KPYTO-
BBEIM TPAeKTOPHUAM, TO X JHUHEHHbIe CKOPOCTH onpeaensaauch Ol hop-
mysoi (3). ITockonbky opbura niaaneTsr — synunc 1 CorHne HaXoAUT-
cA B OJHOM U3 ero (pOKYycoB, TO paccroaHue oT CoJsHIIA [0 MJIaHETHI
IIOCTOAHHO M3MeHAerca. Ho, Kak BaM H3BECTHO, JII000e KPUBOJIUHEH-
HOe JBU:KeHHEe, B TOM YHCJIe U JBHUMKEHHEe 110 JJIJIUICY, MOMKHO C JocTa-
TOYHOM TOYHOCTBHIO IPEACTABUTHL KAK ABUMKEHHE IO OKPYKHOCTAM pas-
HBIX paguycoB. Takum obpasom, uem manbpine myadHera or CosHIa Ha
cBOeil opOuTe, TeM MEHBIIIe ee JIMHeilHasa ckopocTh (puc. 49). A aro
3HQUYHT, 4YTO IJIaHeTa, HaxoAsAach Oumke K ComHIY, 32 HEKOTOPBIH IIpo-
MEXYTOK BPEMEeHH IMPOXOAUT OOJbIIUHN NYTh, YeM NYTh, IPOHAEHHBIN
3a TAKOH JKe IIPOMEeXYTOK BpPeMeHHU, Korja IJaHeTa HaXOAUTCH HAajlb-
me ot CosHila. O9TO W OIpelesisieT PABEHCTBO ILJIONHIaJeH, OIIUCHIBAe-
MBIX PAAWyCOM IIJIAHETHI 3a PABHBIE IIPOMEXYTKHU BPEeMeHH.

Tperui#t 3axoH Kensepa MOXHO BBIBECTH, CUHTAsfA, UTO IJIAHETHI
IBUIKYTCS 110 KPYTOBBIM opOuTaM (T0 mpubaAnKeHue He OUYeHb rpyooe,
IIOCKOJIbKY opOuThl maner CoTHEYHOHM CHCTEMbI MaJo OTJINYAITCA OT
OKPYKHOCTEeM).

3anuieM JUHEHHYI0 CKOPOCTh IJIAHETHl KaK OTHOLIEHWE AJIUHBI
OKPY’KHOCTHU ee OpOUTHI K IepuoAy oOpamesuns:

_ I _2nR
D= T -—T .
s N e - N
R, Mg 57 \I"l
. 7\ Ry ]
Uy !2 . . it
Puc. 49
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IHockoapRy DIAHETA ABHIKETCS N0 OKPYXHOCTH, TO HOJTYYEeHHOE
OTHOMIEHME PABHO 3HAYEHHIO KPYroBOi CKOPOCTH:

2nkk f M
=+ =./Cx

rne M — macca ComAna.
W3 3Toro paReHcTBA DONYYAEM:

ang: _ M
7z ~OF-
HIH
R3 oM’

472
3Hayenue Jpodin ¥ ECTh BEAHYHMHA IOCTOSHHAA, CJAEI0BATENALHO,
OTHOIUeHMe TIeproxa ofpamenus B KBagpaTe ¥ paccrogHuic ot Connna

B Kybe 0INHAKOBO AJ7 JI060H NJaaHeTE, T. €,

T{ _ 7T}

R} RY’
HIH

T _ R}

T} R

4. Orkpurae Hentyma u Ilnyroma. Jo cepeament XIX B, nau-
6oaee ynanennoi or CosELA maaHerol cyHTacda ¥paH. OfHAKO acT-
POHOMHBYeCKHe HAGMIONEENA IIOKA3RIBAH, YTO ¥ PaH ABHIKETCHA C HEKO-
TOPBLIMEA OTKJIOHEHUAMH OT TOH OpOUTHI, KOTOPYIO PACCUMTHIBAIK AJHA
HEro Ha OCHOBE 33aKOHOB KJACCHYECKON MeXaHWKM. ARTIafickHE acT-
posom Jacon Kayw Adame (1819—1892) u dpaBOyacKui acTpo-
HOM Y pben Kan HKoae JTeaepuve (1811 —1877) seaaBUCHMO DYT
OT ApYTa MPEJICJ0MHIE, UTO 38 ¥ PAHOM HaX0AHUTCA ellle oAHa NJIaHe-
T4, TATOTEHWE KOTOPOH H OXA3HIBACT BAMAHME HA JBMIKeHHe YpaHa.
Tax B 1846 r. Ha ocHOBe 3AKO0HA BCEMHPHOI'O TAMOTEHHA OBITIM PACCYH-
TaHKE KOODAHHATHL NPEANONAracMoi [IaHeTsl, U KOT4a HaBelld B yKa-
3AHHYIO TOYKY TEJECKOIl, TaM AeHCTBUTENLEC 0DHADPY)KHJIHM ILIaHeTY.
Ee masranu HenTyHoM.

IMogofHpIM e ofpasoM B 1930 r. Hsilia OTKPLITA ellle OHA OJaHe-
ta — ILlnyronl.

1 24 asrycra 2006 r. CeHepansHaa accaMbiea MemyEHapoIHOTro ACTPOHOMHK-
tecroro cowaa (MAC), npoxoguruias 8 [Ipare, obunraneHo auiouaa ILryTod cra-
TYCA ILAAHETH], IPHIHCINE ero K MansM nnaseram ConHeuHoH CHUTEMBI,
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IIpo orkpsiTue Hentyna u IlnyroHa NIpUHATO rOBOPUTH, YTO 3TH
IL1aHEeThl OBIIM OTKPBITH «HA KOHYHKe mepa». JleficTBUTEeNLHO, B OT-
JUYHe OT APYTHUX IJIAHET, OTKPBITHIX B X0/[e aCTPOHOMUUYECKHUX HABJIIO0-
peHui#t, otkpeiTie Henryra u IlnyToHa GBLIO cAeaHO IMyTeM MaTeMa-
THYECKHX PAac4yeToB, BBINOJHEHHBIX HAa OCHOBE NMPUMEHEHHS 3aKOHOB
KJIACCHUYECKON MeXaHHUKH.

Bonpock! Ans camonposepku

1. Kakyio ckopocTs B HefeCHOM MeXaHHUKe Ha3bIBAIOT KPYrOBOI; mapa-
fonuueckoif; runepboanYecKon?

2. Kak sakousl Kennepa o0BACHAIOTCS 3aKOHAMM KJIACCHYeCKOH mMexa-
HUKH?

3. IloyeMy NpHHATO roBOPHUTh, uTO miaHeTsl Hentyd m Ilayron 6vlin
OTKPBITHI «HA KOHYMKe nepa»?

YnpaxHeHve 8

1. C Kakoil CKOPOCTBIO AOJIYKEH [BUIAThCA MCKYCCTBEHHBIH CIVTHHK
3emuu Ha BeicoTe 600 KM 1o Kpyroeoii opoute? Kakum G6yner ero nepu-
on obpamenun? Cpepruit paguyc 3emam cuuTath paBHeIM 6370 KM,
a maccy 6+ 102% kr.

2. PaccunTaiiTe cKopocTh ABHKeHHUA Mapca mo opbuTte Bokpyr Connna,
cuuTas 3Ty opbury Kpyrosoii. Paccroarme or Mapca ago Conrna
228 muH kM, macca Comnna 2+ 1027 r,

3. Bo ckoMBKO pas oTauuaoTcAd Kpyrosele ckopoctu CarypHa u 3emin,
ecau paccrosHue ot CarypHa no ConHna npubausurensHo B 9,53 pasa
Ooapie, yeM pacctosaHue oT 3emuan xo Coanna, a Mmacca 3eMJIH IpuMep-
HO B 95,3 pasa meHnsme Mmaccesl CarypHa?

§ 17. bBannucruka

1. BHyTpeHHsAA U BHeIIHAA OaJuIHCTHKA. B HCTODHUH €CTH MHO-
JKEeCTBO IIPHMEPOB, KOrjga peleHne npodieM MOBBIIIEHUsS 000POHOCIIO-
COOHOCTH rocyAapcTBa AaBaJi0 HOBBIM MMIYJBEC pa3BUTHIO Hayku. Of-
HUM U3 TAKHUX IPHMEDPOB MOXKET CAYXKHUTH NOABJIEeHHE 0AMIHCTHEKH (OT
rped. ballo — 6pocai) — HayKu 0 ABHIKEHUH CHapAAOB. Bamnucruka
3aposkjajiach B Te BpeMeHa, KOrja KaMeHHbIe sipa BeIOpachIBaIUCh Ha
BpajKeCcKue BOMCKa C IMOMOIIBIO IPOCTHIX MEeXaHHUUYECKHUX KaTamyJbT
(puc. 50). C noasneHueM nmymex 0aJJIMCTHKA pasjienjach Ha JBa pas-
nena. BHyTpeHHAs 0ajuTMCTHMKRA U3ydaeT JABUXKEHUe cHapaza (uau my-
JIX) BHYTPH CTBOJIA, 4 BHEIIHAA 0AJJIMCTHKA PACCMaTPUBaeT ABHIKeHUe
HEeyIIpaBAseMbIX CHAPAAOB II0CJIe UX BBLIETa U3 CTBOJIA.
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C mnosBJIeHUEM pakKeT TI'PaHHUIIBI
fpanaucTUKHA eme 0Oojsee paclIMpH-
Jauck. ViMeHHO OaslIMCTHYECKHE pac-
yeThl TPAEKTOPUH IIO3BOJIAIOT BBIBO-
IUTHh KOCMHUYECKHe allaparbl Ha Op-
OUTY BOKPYT 3e€MJIH, OTIPABJIATh UX K
Jlyne u k nuaHeram CosiHeYHOH CHC-
TeMBbI.

IIpu pacyerax TpaeKTOPHH IpoC-
TBIX AaPTU/UVIEPUMCKHUX CHApAAOB H
nyJb, & TAKXKE CJOKHEHIINX B TeXHHU- Pue. 50
YeCcKOM ILJIaHE KOCMHYECKHX ammnapa-

TOB COBpeMeHHad (a/TMCTUKA MPUMEHAeT 3aKOHBI KJIACCHUeCKOH Me-
XaHHUEKH.

2. JlBu:keHHe Tejia IMOJ AeMCTBHEM CHIBI TsaxecTH. PaccMor-
PUM CaMyio IPOCTYIO OaNIMCTHUECKYIO 3aauy: ABHKeHUe Tesa, KOTO-
poMy cOOOIIUIM HAYaAbHYIO CKOPOCTb, HAIPABJIEHHYIO IOJ YyIJOM O
K TOPHU30HTY. JTO MOXXeT ObITh, HaIpUMep, ABUIKEHHe fAJpa, BHINY-
IIeHHOTO U3 IIYIIKH,

Ilna yupouieHUs 3ajauyu He OyJeM YYHUTHIBATHE CONPOTHUBJIEHHE
Bo3gyxa. B TakoM ciydae Teso OyAeT ABUIaThCA IIO[ AeHCTBHEM
TOJMBKO CHMJBI TAMKecTH. IIOCKOJBKY JaJlbHOCTBH II0JIeTa Tejla HeBeJIH-
Ka [I0 CPaBHEHMIO C padMepaMy 3eMHOro mapa (CHapaj ZoCTUraer 1ejib
B IIpeZeiaX BUAMMOCTH), MOXKHO CYUTATDH 3eMJIIO IJIOCKOM.

U3z Broporo 3akoHa HpioToHa cieayer, 4To ycKopeHue Teja Gyaer
PaBHO YCKOPEHUIO CBOOOJHOTO IaleHus:

ma = mg,
OTKyZa
i=g.
IIpoeknusa yCKOpeHHs Ha OChb
OX (puc. 51) 6yner paBHa HYIIO,
Tak KaK TeJ0 B I'OPU30HTAJBHOM
HamnpasJeHuH OyJeT IBUTaThCA PaB-
HOMepHO. IIpu 3TOM KOOpAMHATA X
Oyzer MEeHATHCS 110 3aKOHY!

x = U, t,

A
X = vycos o L. (1) Puc. 51
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B To me BpeMA ABMIKEHWE [0 BePTUHKANM OYAeT YCKODEeHHEIM,
H ypaBHEHHeE A KOODAUHATH If UMEeT BH:

- gt?
Hau
. gte
y=y0+uosm0£*t—7. (2)

Henoapayd cucTeMy KHHeMaTHIeckux ypasuenwit (1) i (2), Mmox-
HO PaccyuTaTk PasJHYHEIE TapaMerphl MOJAeTa, HATPUMED BpeMA II0-
JeTa, MAKCHMAJILHYIO BRICOTY ¥ AaJNbHOCTh, Tak, BpeMs OOJeTa MOXK-
HO BRIYHCJIHTEL U3 ypaBHeHHA (2), YIUTHIBAS, YTO B MOMEHT IIaJcHHAS
Yy =0, B pemmMB NMOJyYMBLIeeCA KBAJPATHOE ypassemue. [IocKoanKy
3T0 YPARHEHHE HMeeT JBa KOPHA, TO, BEIYNCIAR HX, BLIGHDATOT TOTLKO
TOT, KOTOPAIHA He NPOTHBOPEYUT CMBICTY PHANUeCKON BEIMUMHEL «BpE-
Ms»: KOPEeHb HE MOKET OBITH OTpPHIATENLHEIM. IIoACTABHE DOJVYEH-
HEI PE3yNbTAT B ypaBHeHHe (1), MOKHO BRIUHCANTE KOHEUHYK) KOOD-
JAHHATY TeJa X, &4 3HAYAT, M JATBHOCTE IOJIETA.

Jlas roro 9To6sl yCTAHOBHTD, 00 KAKOH TPAeKTOPUHM ABUIKETCA Te-
JIO, BHIPAa3uM Bpems ¢ U3 ypaBHeHuA (1):

_  x
Vptos o

M IIOJCTABKM ero R ypapHerwue (2). [Toayuun:

vesin o g 2
— + - &
¥= % vgeos o 2véros? «
HITH
- g 2
== xé+tgo-x +y,.
¥ 2vieos? g Yo

IlonyuenHaa 3aBHCHMOCTE ¥ = f(x) MMeeT BUI;
y=ax?+bx+te,
TAe a4, b ¥ ¢ — NOCTOAHHbIe KoaddHIHeHTE], B HADIEM CIyYac paBHEIe:

a: ,b=tg0(;c=y0.

2pgeos? o

3 Kypca anrefpel BAM HM3BECTHO, YTO TpadhMKOM TaKol 3aBUCL-
MocTH faBIAeTcs mapabona. CremoBaTensHO, TpaeKTopHeH Tena, ABM-
XYIerocA Iog JeHCTBHEM TOMThKO CHJIBI TAMECTH, ABJALTCH [1apadosa,

72



IIpu peanbHBIX 0aNIMCTUYECKHX pacyerax <,
VUYUTBIBAIOT CONPOTHUBJIEHUE BO3AyXa ABUMKYILe- ' '
MyC#A Tejly, IOCKOJbKY NPU 3HAYUTEIbHBIX CKO-
POCTAX 3TO COIPOTHUBJIEHHE OKa3biBaeTCA BeChbMa
cymiecTBeHHBIM. Jlaxke s apTUIJIEPUHCKOrO
cHapAAa, UMEIOIero ClenualbHyio 00TeKaeMyo
(opMy, peasbHasA AaJbHOCTH IOJIETA MOMKET IIO-
JIYyYUTHCHA B 2—3 pasa MeHbIel, ueM pacCuuTaH-
Has 6e3 yueTa COIPOTHBJIEHUA BO3AYyXa.

Pemasa OGajnnucTudecKue 3afadyu A MerK-
KOHTUHEHTAJBLHBIX pakKeT, yiKe HeJb3d He y4uH-
THIBaTh IapoobpasHocTs 3emuu. TpaexkTopuei
OBMIKEHHMS TAKOW paKeThl, COIJIACHO IIepBOMY Puc. 52
sakony Kemnsepa, sABasfeTcA 3JJJIHIC, OAHH M3
(OKYCOB KOTOPOTO HAXOAUTCA B IIEHTPE 3eMHOro mapa (puc. 52).

3. Koemuueckue ckopocTH. [[BUiKeHNe KOCMAYECKHX annapa-
TOB IIPOMCXOJUT II0 TEM K€ 3aKOHaM, UTO M JBHUIKEHHEe eCTeCTBEHHBIX
HebeCcHBIX Tell.

Bawm ysKe H3BECTHO YCJIOBHE, IPH KOTOPOM TeJIO MOYKeT CTaTh CIIyT-
HUKOM 3eMJIM: CKOPOCTh TAKOro Teja JoJKHa ObITh He MeHbIle#, 4yeM
Kpyrosas. PaccuuTaeM KPyroByi CKODOCTb CIIyTHHKA 3eMJIH, CYUTaA
paccTosHHE MeXx/y 3eMJiell ¥ CIIyTHUKOM PaBHBIM CDeAHeMY paxuycy
3emnu Ry:

M
Ry’

[++]

v = |G

rae M, — macca 3emun. Takyio CKOPOCTbH Ha3bIBAIOT mepBOi KOCMH-

gyeckoit ckopocTsio. IlepBas KocMuuecKas CKOPOCTh A 3eMJIH IPH-
OJM3UTEeJIBHO PABHA:

«10-1'H-M2:1r 25 «1024
UI=J6,67 10" H-m?+xr2:5,08-10% kr _ 7 9,103 y/c = 7,9 km/c.

6,37-106 m
IMapaboauuecKyio CKOPOCThL HAZLIBAIOT BTOPOM KOCMHMYECKOH CKO-
poOCTBI0 V. 3HAUEHHE BTOPOH KOCMUYECKOH CKOPOCTH AJIs 3eMJIH
vy = 11,2 KM/ C.
Ecan CKOpPOCTH KOCMHYECKOTO anmapara v JIeKHUT B Ipejesnax
vy < U < Uy, TO TAKOM anmapar Gyaer ABUTATHCA 110 SJIIUITAYECKOH Op-
fure, B OgHOM u3 (POKYCOB KOTOPOH JIEKUT ILIEHTP 3€MHOI0 IIapa.
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Bonpmas 4acTh MCKYCCTBEHHBIX CIIYTHUKOB ABUIKETCA UMEHHO IO Ta-
KUM opburaM. I/ mMOSeTOB K APYIUM NJaHeTaM KOCMHUYecKHe arma-
paThl JOJIKHBI JBUTaThCA CO CKOPOCTAMH U > vy. Ha takoit ckopocTn

TeJIO CIOCOOHO BBIPBATHCA B KOCMHYECKOE IMPOCTPAHCTBO, IPEOI0JIeB
NPUTSKEHNe 3eMJIH.

Bonpockl Ana camonposepkm

1. Yro M3y4yaioT BHYTPEHHAA ¥ BHEIIHAA OaanaucTHra?

2. Kaxoii Oyzer TpaeKkTopus Teja, ABUMKYILETocA I0j AeHCTBHEM TOJb-
KO CHJIBI THXECTH, ecJIH apoodpa3HocThi0 3eMIH npeHedpeun?

3. Kakyio cKOpocTh HasbIBAIOT IepBOil KocMuyeckoit? YeMy npuMepHO
PaBHO ee 3HaAUYeHHe A8 3eMan?

4. KakoBs! J0KHEI OBITH CKOPOCTH MCKYCCTBEHHBIX CIIYTHUKOB 3eMJIH,
4T0OBI OHY ABUTAIHCH ITO OpOHUTE BOKPYT HaIeH niaseTs?

YnpaxHeHue 9

1. Ha xaxkyio BRICOTY HaJ CTANMOHOM TIOJHUMETCSA CUFHAJNBHAA paKera,
BBINYIIeHHasA 00JIebIIMKOM Hocae 3a0UTOoro roja, ecaiu paKeTHUIIA Obl-
Jia HanpasJjeHa nof yriaoMm 60° kK ropH3oHTY, a CKOPOCTh BELJIETA PAKeThl
40 m/c?

2. Manp4MK HA COPEBHOBAHMAX METHYJ TeHHHUCHBIH MAYHK IIOJ YTJIOM
45° k ropusonTy. Haubonsmas BbicoTa, KOTOPOM AOCTUTr MAYMK, 10 M.
Ha rakoe paccTosHue yAaJI0Ch METHYTE MAYHMK CIIOPTCMEHY?

3. HanpHOCTH IosTeTa 60M6BI, cOPONIEHHOMH ¢ FTOPU3OHTAIBHO JIETEBIIEro
co ckopocthio 150 M/c camosiera, oKasanachk PaBHOI BEICOTE IIOJIETA.
Onpepenure, ¢ KaKoii BEICOTHI cOHpocuan 6omOy.

4. TlepBeIit caMosIeT JeTUT MOPU3OHTANBHO €O cKopocThio 800 kM/u Ha
BBICOTE BJIBOe Dosbimeii, yeMm BTopoil. C Kakoif CKOPOCTRIO JOJIXKEH Jie-
TeTk BTOPO# camoieTr, 4ToObl AallbHOCTH monera Gomb, cOpOIIEHHBIX C
KaXJ0ro caMoJjieTa OKasaJach OANHAKOBOI?

5. Boiunceaure nepByio KOCMHYECKYIO CKOPOCTh [UIsi BeHepsl, uMeromreit
macey 4,9+ 1024 gr u pagnye 6200 kM.

§ 18. OcBoeHMne KkocmMmoca

1. PeakruBHOe aBHiKeHHe. ABTOMOOHMIL MOMKET MMOBOpPaYH-
BaTh, PA3rOHATHCA U TOPMO3UTh, IOCKOJBLKY €ro KoJjieca B3auMoOJeHCT-
BYIOT C JOPOYKHBIM IIOJIOTHOM. KpPBLJIbA ¥ Py caMoJieTa MOTYT OTTAJI-
KUBaThca OT Bo3AayxXa. OmHAKO B KOCMHYECKOM OE3BO3AYIIHOM IIPO-
CTpPaHCTBe HET BO3MOXKHOCTH HM3MEHATh CKOPOCTh, B3aHMMOAEHCTBYHA
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¢ kakoi-nmubo cpenoii. Ilo aToit mpuuu-
He JJsi KOCMUYECKHUX II0JIETOB MCIIOJb-
3YIOT PaKeThbl, KOTOpPhIEe COBEPIIAIOT pe-
AKTHUBHOE JIBHIKEHHE.

C peakKTUBHBIM JBHXKe€HHEM BBl J0-
CTATOYHO 4acTO CTaJIKHBaeTeCh B HHU3- Puc. 53
Hu. Tak, Hanpumep, AeiicTBHe OOBIKHOBEHHOM «BePTYIIKM» AJIA IOJIH-
BA Ta30HOB OCHOBAHO HA PeaKTUBHOM ABM)KeHUH. CTPYH BO/BI, BHIDBI-
Basich IO/ JaBJIeHUeM U3 TPYOOK ¢ 3arHYTHIMH KOHIAMM, 3aCTaBIAIOT
BpAIaThCA 3T TPYOKH B IPOTHBOIIOJIOKHYIO CTOPOHY (pHC. 53). Ipy-
roii IpUMep PEaKTHBHOTO JBHYKEHHsA: HAIIOJHEHHBIX BO3AYXOM U He
3aBSABaHHBII HAYBHON Pe3MHOBBIN IIADHUK, €CJIM ero OTIYCTUTh, OyaeT
coBepuIaTh ObICTpBIe GecropsazouHble ABMIKeHHA. [[Burarh ero Gyzer
BO3IYX, KOTOPBIN 10/ AaBJIeHHEM De3MHOBOHM O0OJIOYKHU BHLIETAeT M3
orsepctusi. TakuM o6pasoM, peakTHBHOE ABUYKEeHHEe BO3SHHKAeT 3a
CUeT TOro, YTO OT CHCTeMbl Tes OTAeNseTcs ¢ HeKOTOPO# CKOPOCTHIO
YacTh 3TOM CUCTEMBbI.

2. Pakersl. PaccMOTpUM YIIPOIIEHHYIO MOZENb paKkeTs! (puc. 54).

OHa COCTOMT M3 JBYX yacTeil — 060JI0YKH ¥ HaXOAAIIErocsA B Hed TOI-
nuBa. IIpu cropasEuy TOIIMBA BHYTPU 000109k 00pasyercs ras. IToT
ras ©MeeT OrpOMHBIe TEMIIEpaTypy U AaBjieHHe, IOITOMY OH ¢ 60MBIION
CKOPOCTBIO BHIPHIBAETCHA M3 CIEIMAJLHOTO OTBEPCTHS B 06070YKe —
COILJIA PAKeThl, OTTaJKNBaA 000JI0UKY B IPOTHUBOIIOJIOKHOM HalpaBJe-
HUH.

ITepes mosieToM pakeTa MOKOUTCS OTHOCHTENbHO 3€MJIH, U II03TO-
MY ee MMIIYJbC paBeH HyJi0. I[locse BblIeTa U3 06070UKHU ras mpuod-
peTaeT UMIYJIbC M U, & 000J0UKA — M5V ys. ECTH HE yUUTHIBATH A
CTBUE CHJILI TSAMXKECTH, TO 000JIOYKY M TOILJIMBO MOYKHO CUHTATH 3aMK-
HYTOH CHCTEMOH M NPUMEHHUTh 3aKOH COXPaHEHHA

HMIIyJIbCa:
0=mu, +myLu O6oouKa
OTKYJa CKOPOCTH 000JIOUKH
T ~TomauBo
06 m g r

W3 2TOr0 BBEIpaK€HUsi BUAHO, YTO CKOPOCTH 000- Césiiio
JIOYKHU OIpejesseTcss CKOPOCTBIO ra3a ¥ OTHOIIEHH-
eM Macchl rasa K macce o6osouku. Macca rasa pasHa
Macce Croparwlnero TolJauBa. Puc. 54
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Il ocymecTBIeHUA KOCMUYECKUX I10JIeTOB HEOOXOAMMO, UTOOBI
060JI09Ka paKeThl AOCTUTrajia OTPOMHBIX CKOPOCTeHl — He MEeHBIIHX
yeM IepBas KocMHuecKasa ckopocts. Iloaromy macca Tonsusa Ao HA
MPeBBIIAaTh Maccy 0o60JI0YKY B HECKOJIBKO Pas, a A0CTHYbL 3TOTO OYEeHb
TpyAHO. VIMeHHO B 000J/iI04Ke MOMEINATCs OpOMTAJBHBIE KOCMHYe-
CKMe anmaparsel, B KOTOPbIX MOT'YT HAXOAUTHCHA KOCMOHABTEI M CIIEI[H-
anbHad anmnaparypa. Kpome Toro, TOmjiuBO He CropaeT MTHOBEHHO M
BCJIEZICTBHE 3TOrO, BO-IIEPBBIX, Macca OOOJIOYKM YBEeJIMUYHBAETCS 3a
CUeT 3amacoB TOILJIMBA, BO-BTOPHIX, UMIYJbC BBLJIETAIOIEr0 M3 COILIA
rasa MeHblle paccyurTaHHoro. Ilpuxogurcs ydyuThIBATE U TOT (haxT,
YTO TOIJIMBO HEe MOKET ropeTh B 0e3BO3AYIIHOM IIPOCTPAHCTBE, M HEOO-
XOAMMO mIoMeIlaTh B ODOJIOYKY 3anachl OKHUCIAHUTENS — KHUCJIOPOJO-
uiau (propocosep:xalero BemjecrBa. He 3abygem ele, 4To Ha CTApTYIO-
LIYIO PaKeTy JeHdCcTBYeT cuia TskecTH. Takum ob6pasom, IJid HOCTHIKe-
HUA PaKeTO! NepBOM KOCMHYECKOH CKOPOCTH HeOOXOAUMO, YTOOBI Mac-
ca TOIIMBA IPEeBOCXOANJIa Maccy 000I0uKkM B JecATKH pas! Hanpumep,
pakeTa-HOCHTeNb «BocToK» mpu mosHO# macce 267 T Morsia MOAHATH
He Gosee 1,35 T mosesHoro rpysa. Pakera-Hocurens cepum «Coros»
IIPA CTAaPTOBOM Macce 0K0Ji0 310 T MOrJia HECTH MOJIe3HBIH I'PY3 Maccoi
no 7 1. CoBpeMeHHBIe MOIIIHBIE PAKETHI-HOCHUTEJIHN IMO3BOJIAIOT IMOJHHU-
MaThk Ha opbuty rpya maccoit 10 100 T, umess npu 3TOM CTAPTOBYIO Mac-
cy okoJio 2400 T.

3. H3 mcTopum KoCMOHABTHMKHM. Mes MCHONBb30BAHUA paKer
U1 KOCMHYECKHUX I0JeTOB IMIPHHAAJIEKHUT HAllleMy COOTeYeCTBEeHHUKY
K. 9. IlmonkoBckomy. Buepssie IlnonkoBckuit 06Hapoa0OBas 3TY HUIALIO
emte B 1883 r. 3arem B psAje HayYHBIX TPYAOB, HANMCAHHEIX ¢ 1896

Konemanmun Idyapdosun Huonxoecxui (1857—
1935) — poccuiickuil yyeHblii 1 usobperarenas B obracTu
a3pOAMHAMHKY, BO3AYVXOIJIABAHUA ¥ aBUAIIMHA, OCHOBOIIO-
JIOKHUK COBPEMEHHO KOCMOHABTHKHM M TEOPHU MeKILIa-
HeTHBIX coobineHuit. B peaynsraTe cBOMX HCCIIefOBaHUIT
caesIasl BBIBOJA O BO3MOXKHOCTH MCIOJB30BAHUA PEaKTHB-
HOT'O IBHXKEeHHHA OJA nepemem,eﬁﬂﬂ B KOCMHYECKOM npo-
cTpaHcTBe; pa3paboTajl cXeMbl Pa3JMUYHBIX PAaKeT, B TOM
YycJie IpeaHasHaYeHHbIX JJIA MeKIIAHeTHBIX My TelIecT-
BHIT; NPEAJIOKMI IPOEKT PAKeThbl C MHUAKOCTHBIM [JBUTrAa-
TejleM M 00OCHOBAJI TEOPHIO ee moJeTa; paspaboran Teo-
PHIO MHOTOCTYTIEHYAThIX paKeT.
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mo 1903 r., [InoMKOBCKMIT MBJI0KHUJ CBOIO TEOPUIO pe-
AKTUBHOI'O JABMIKEHUA W 000CHOBAJI peaJlbHYI0 BO3MOMK-
HOCTh TIPUMEHEHHA <«DPeaKTHUBHBIX IPUOOPOB» AJA
MeJKIIJIAHEeTHBIX II0JIeTOB.

PeanusoBats uaeu [[MOMKOBCKOIO O IoJjieTax B KocC-
MOC BIIePBbIE€ YAAJOCh KOJJIEKTHBY VYE€HBIX U UHIKeHe-
pos oz pykosozictsom C. IT. Koponesa. 4 okrabpa 1957 r.
Ha OKOJIO3€MHYI0 opOuTy OBLI BbIBEJEH IepPBhIM MCKYC-
cTBeHHBIN cnyTHuUK 3emuau. Kaxaslii rog 12 ampens B
Hameil crpade ormedaroT JleHb KOCMOHABTHUKH: B 9TOT
geHb B 1961 r. 65111 OCyLIleCTBJIEH NIePBBIN 110JIeT YeJIOBe-
ka B kocMoc. IlepsbiM KocMoHaBToM 3emun ctan FOpui
Anexceesuw I'azapun (1934—1968), KoTopbIi HA KOC-
MHU4YecKoM Kopabse «Boctok-1» (puc. 55) coBeplInI OANH
BATOK BOKpYTr 3emau 3a 1 u 48 muH. B mapre 1965 r.
Anexceii Apxunoeuw Jleonoé (p. 1934) Buepssie
BBIIIEJI B OTKPBITBIA KOCMOC M mpoBes 12 MHH Ha pac-
CTOSHUM 5 M OT KOCMHUYECKOro kKopabis, a B HIOJe
1969 r. amepukanckuii acrponasT Hua Apmcmponz
(p. 1930) nepBbIM CTYIHUJI Ha TOBEPXHOCTh JIyHBI.

CoBpeMeHHBIE KOCMOHABTHI He TOJbKO IPOBOAAT Ha-
yUHBIe dKCIIePUMEHThI, HO M peIllaioT 3ajadu IJA pas-
JMYHBIX OTpacjiell sKoHOMuKH. Hampumep, OHM HpO-
BOAAT (poTorpadupoBaHUe IIOBEPXHOCTH 3eMJH, YTO
HeoOXOAUMO A U3YUYEHUS TeKTOHUYECKUX CTPYKTYD,
oIpeZeJeHUsA NMePCHeKTUBHBIX AJsA A00bUM HeTH U rasza paioHOB, a
TaKKe AJi OOHOBJIEHUA IeoJIOTHYECKHX M IIOYBEHHBIX KapT, olpene-

Cepzeii ITaenoeuw Koponee (1907—1966) — Bbinaio-
IHiicA COBETCKHII VYEHBI M KOHCTPYKTOP, OCHOBOIIO-
JOKHUK TPAKTUYECKON KOCMOHABTHKH, akageMuk AH
CCCP. OcyiecTBasan obujee pyKOBOACTBO MEPBBIMH KOC-
MuYecKMMHu nporpamMMamu. ITox ero pyKOBOJACTBOM CO3-
JAHBI IepBLle B MUDPe MEeXKOHTHHEeHTallbHble 0aJJaucTH-
yecKHe paKeThl, pakersl-HocuTenn «Bocrok» m «Boc-
X0J[»; OCYIIECTBJIEHbI BAlyCK IIEPBOI0 HMCKYCCTBEHHOTO
CIyTHUKA 3eMJu, TepBBIH IToJeT 4YejoBeKa B KOCMOC,
NepBbIil BBIXOJ UeJOBEKA B KOCMHYECKOe MPOCTPAHCTBO,
mMoJIeTHl KOCMHMYeCKHMX anmapatoB K JIyHe M miaHeram
CotHeuHO# cUCTeMBbl.
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Puc. 56

JIeHUSA YHCTOTHI BOJ B BOJOEMax M OOHApYKeHHUs
ACTOYHUKOB I'DYHTOBBIX BOA M T. A. KOCMOHaBTHI
HU3y4JarT 06J1auHbIH IOKPOB 3eMJIH, IIOMOTasa TeM ca-
MBIM IOJIy4aTh MH(pOpManuio 06 obpasoBaHUM Taii-
(ysoB u nuka0HOB. Ha oxo/108eMHOI op6uTe mocTo-
AHHO paboraioT opbuTaNIbHBIE CTAHIIUM, HA KOTOPHIX
YJieHbl HAIlMOHANBHBIX M MEXAYHAPOAHBLIX JKUIMA-
’Kell MPOBOAAT IO HECKOJIbKO MECSLeB, CMEHAA APYT
Apyra.

OfHMM M3 NepClIeKTUBHBIX HANPABJIEHUN Pa3BHU-
THSA KOCMHYECKHUX II0JIeTOB ABJSETCA Mepexo/ Ha uc-
IIOJIb30BaAHWE MHOIOPa30BBIX KOCMHYECKHX ammapa-
ToB. Kopabiu MHOropasosoro ucnoss3osanus «Cneiic
OIaTTa» (puc. 56, a) 6b11u cosgansl B CIIIA, a «By-
paH» (puc. 56, 6) — B HamIei cTpaHe.

Hapsany ¢ nurorupyeMsiMu KopabasMu, B KOCMO-
HABTHKe IIPUMeHATCA U OecrnuyoTHeIe annapaTsl. C
IIOMOINBI0 ABTOMATHYECKMX KOCMHUYECKHX ammapa-
TOB VyAaJl0Ch HCCJIeN0BaTh IIOBEePXHOCTH JIVHBEI,
a rakyke Benepy, Mapc u apyrue ninaners: ConHeu-
HOM CHCTEeMBbl, UX CIYTHUKHU U APYIrHe KOCMHYECKUe
o0bexTnl. Cerogass Ha opOUTaX BOKPYr 3eMJH ABH-
JKYTCA COTHU CIHYTHUKOB, U KAXKABIA U3 HUX HMeeT
ompefleJleHHYIO «crnenuaansanuo». OQHY COYTHHKHA
ofecreyuBalOT Nepefady paguo- U TeJeBH3HOHHBIX
cursHajgos. Biarosgaps TakuM CIYTHHKaM JIOAAM Ha
Pa3HbIX KOHTHUHEHTAaX JOCTYHHBI JeCATKH TeJeBU3HU-
OHHBIX KaHAJIOB.

Opyrue COYyTHUKHM (QUKCHDPYIOT aTMochepHbIe
IIPOIIECCHI ¥ IepefalT MOJYYeHHYI0 WHGOpMAIUIO B
THAPOMETeOpOJIOTHYeCKue IeHTpPbl. ViMeHHO MeTeo-
CIYTHHUKH IIOMOTalOT YYEeHBIM COCTABJATH IIPOTHO3EI
noroziel. C MOMOIIBIO TPETHUX COYTHUKOB IOJYYaOT
(dororpacdun, HeobxXoauMEIe, HAIPUMED, AJA COCTAB-
JIeHUA TOYHBIX KapT, & TaKKe A pPas3BelbIBATeNb-

HBIX IeJIeil. ITO TOAbKO HeCKOJIBKO IPUMEPOB IIPUMEHEHUS COBPEMeH-
HBIX CIYTHUKOB. Takum o6pasom, coBpeMeHHAas KOCMOHABTHKA IIepe-
crajia OBITH TOJBKO OJHOM M3 OTpAcjell HAyKM U TEXHUKH, a CTaja emje
U BayKHOM OTPACJBI0 SKOHOMUKH,
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Bonpocel ons camonpoBepK

1. IloueMy /A7 HOJETOB B KOCMOC MOTYT MCIIOJIL30BATHCH TOJIBKO paKe-
te1? B uem 3aK/I049aeTcs NPUHIMI PEAKTUBHOTO ABUMKEHUs?

2. Kax paccuuTarh CKOPOCTh 060JOYKH PaKeTsl?

3. KakoBOo npuMepHOe COOTHOIIeHNE MeXy CTapTOBO# Maccoi paxkeTsl

¥ Maccoil mojesHoro rpysa?

4. KaxoBbl, Ha BaIl B3TJIAJ, OCHOBHBIE BEX! HA IIYTH OCBOEHMA KocMoca?

.g
@ OcHOBHOe® B rnase

1. CneacTBusa Kaaccuyeckoit mexanuku (ta6ia. 10).

Tadauua 10

Caedemeus

Ob6bAcCHeHHe AMIUPHUECKUX (DAKTOB M
3aKOHOB

IIpeackasaHme emie He OTKPBITHIX AB-
JIEHHH

IIpnMeHeHMe 3aKOHOB H NPUHIUIOB B
NPUKJIAJHBIX OTPAC/IAX HAYKH U B TeX-
| HUKe

ITpumepbwi

O6bacrenue saxkoHoB Kemnsepa. O0b-
AcHeHHWe HabII0aeMbIX JBHKEHUI He-
OecHBIX Tel

Orkpeitne Henryna. Orkperrue Ilmy-
TOHA

Passutue HebecHOM MexaHHKH. Pas-
BUTHe DannucTuku. PasBuTHEe KOCMO-
HABTHKH

2. Kocmuueckue ckopocty A 3emun (Tadua. 11).

Tab6auua 11

Hassanue | 3uauenue

| IlepBaa xocmuueckas | v; ~ 7,9 Km/c

Bropas kocmuueckas | vy = 11,2 km/c
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Xapaxmep deuxenus mena

MuHHEMATLHAA CKOPOCTE, HEOOXOAH-
Mas [IJif BLIXOJA Ha KPYTroByIio opbu-
Ty 3eMiu (KpyroBasd CKOPOCTh)

MuanMaiIbHAA CKOPOCTh, HEOOXOIH-
Masa Ang Toro, 4Yrobel NOKMHYTH
3emmio (mapabosuyecKas CKOPOCTh)



WUtorun paspgena

KJIACCUYECKASA MEXAHUKA

OcHOoBaHHE |OcHoBHBLE NOHAMUA U BENUYLUHBL
KJI&CCH‘IGCKOﬁ =MBX&HH‘!BCK09 ABHKEeHHe, Maxpocxonnqecxoe Teqlo, CHCTeMa
MeXaHWKH |oTcueTa — MHepHHAJIbHAS M HeHMHEpPIUAJIbHAA, KMHEMATHYe-

'cmae H JHHaAMHYeCKHe XapaKTepHUCTHKH OIBHKEeHHUA U Jp.

Hdeanusuposarmvie 06sekmsvl. — modeau
Marepuanbaas Touka, abCOMIOTHO YIPYroe Texo, aBCONIOTHO
TBEpJ0e TeJ0, H30JIMPOBAHHOE TEJI0, 3AMKHYTasd CUCTeMa TeJ

H ap.

drxcnepumenmanvHble Gakmosl u OaHHble HAONI00eHULL
IMpunnun uaepnun lamunes, sakons! Kemsepa, 3aK0OHBI YCKO- |
PEHHOT'O IBUIKEHU A, 3aK0HbI CBODOHOTO MaleH:uA U JIp. [

| :
| fAnpo |3axonbl Qunamuku Heiomona

KJIACCHYECKOH
MeXaHUKH ITpunyunot

CYNepHo3nuIUN, OTHOCHTEILHOCTH U JIP.

3axoHbl A cun
TATOTEHHS, YIIPYTOCTH, TPEHUSA

3aKOHbL COXPAHCHUA
HMIyJbca, IOJHON MeXaHUYecKoi sHeprun

Teopema dunamuru
006 H3MeHeHHH KMHEeTHYEeCKOil 9Hepruu

b— —_— i ] — B e——

|Ciegereus \ObsacHeHue IKCnepuMeHmMalbHblX PAKmos u 3aK0H08
|KJIaCCHYEeCKOH | .
| MEXaHUKH ITpedcrkaszanue ewe He OMKPbLMbLX ABJLEHUL

'OrxpeiTue HenryHa u IlnyToHa «Ha KOHYMKe mepa» M ap.

IIpaxkmuueckoe npumeneHue
Hebecnas mexaHuka, 6a11ucTHKA, KOCMOHABTHKA U JIP.
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MOJNEKYJNIAPHAA ®PU3IUNKA

YesoBeka OKpy:kaT pasHooOpasHbie Tesa. BemecrBa, U3 KO-

TOPBIX 3TH TEJIA COCTOAT, MOTYT OBITH KAK €CTECTBEHHOTO, TAK U UCKYC-
CTBEHHOT'O IPOUCXOKJeHuA. PasBuTHe TeXHUKHU TpedyeT co3JaHusa HO-
BBIX BEIECTB C OIpPeAeJeHHBIMHM CBOHCTBAMM: 00JaJaI0IIUX MAaJou
IIJIOTHOCTHIO, HO BBICOKOM NPOYHOCTHIO; MAJIOH TeNJIOIPOBOAHOCTHIO
WM GOJIBITION TBEPAOCTHIO U T. II. BJIMATH Ha CBOMCTBA BEIECTBA, U3Me-
HATH UX, CO3/1aBaTh BellecTBa, 06iagalolue onpeieIeHHBIMYA CBOMCTBA-
MH, CTAJI0 BO3MOYKHBIM IIOCJIE TOI'0, KaK OBLJIO M3YUYEHO MX CTPOEHHE U
CO3aHa MOJIEKYJIAPHO-KUHETUYECKAA TeOPUA CTPOEHHSA BeIlecTBa.

Ilpu coobireHUH TesaM HEKOTOPOT0 KOJHUYECTBA TEIJIOTHI HX CO-
CTOAHHE U3MEeHAeTCA: OHU HarpeBaloTCs, U3 TBEPAOrO COCTOSHUSA MO-
I'yT HepelTH B XKUAKOE, U3 KHUJIKOr0 — B raszoobpasuoe. IIpu arom us-
MeHAeTCcA BHYTPeHHAA sHeprus rTeja. OQHAKO MOHATH, ITOYEMY U Kak
U3MEeHAEeTCA BHYTPEHHAA dHEPIUA TeJ NPH COODIIEHNH UM HEeKOTOPOTro
KOJIMYeCcTBa TeIJIOThI, MOXKHO, TOJBKO 3HAA BHYTPEHHee CTPOEHUE Be-
IecTRa.

B kypce ¢Gu3MKH OCHOBHOM IIKOJILI Bbl M3Y4YaJHW OCHOBBI MOJIEKY-
JAPHON (DUBMKHU U MMeeTe ONpejieJIeHHbIe IIPEeJCTABJIeHUs O CTPOEHUH
BelecTBa. B aHHOI ryiaBe aTH MpeACTaBJIeHUSA OYAYT PaACIINPEHbI.

CHayana BBl pPaCCMOTPHUTE OCHOBHBIE IIOJIOKEHHS MOJIEKYJISAD-
HO-KHHETHYEeCKON TeOPUH CTPOEHHUA BEIeCTBAa, 3aTeM OCHOBHBIE ITOHA-
THSA U 3aKOHBI TePMOAUHAMHUKH (pasgena (puauKu, B KOTOPOM M3yya-
I0TCA TEeNJIOBBIE ABJIEHUA), IIOCJE Yero 3TH 3HAHUS NPUMEHUTe K aHa-
JIN3Y CBOMCTB Ia30B, YKUJAKOCTEH M TBEPABIX TeJI.
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OcHoOoBbLI
MONEeKYNAPHO-KMHETHY@CKON
TEOPMHM CTPOSHMHSA BelllecTBa

Bevr xopowo sHaeme, rHackoarko obwupen radcc Qu-
SUHLCHUX SHBJACHULL 3MO0 1 MexgRUYecKUe AAeHUS,
U Menaosvle, U AAEKMPOMAZHUMHbBIE, U Cc8enitoébie. Bui
docmamouHo 0emanbHO UIYLUAU MEXAHUYECKUES AGAE-
HUR U NOHUMZEme, M0 Ul MEXARULECKO20 JBUNERUA,
uamenernue xoopdurams: mena u ciopocmu ezo dsuxice-
HUA 3a6ucam om xapaxmepa eésaumodelicmeus danwno-
20 meaa ¢ opyaumu i OGBACHANOMCA KAACCUHECHOIL Me-
xanuxoil.

I pu usyveruu mexarRUYECKUX AGAEHUL He paccaampu-
BAIOM SHYMPENHEE CMPOEHUE CBUNYUUXCA U 63AUMO-
deticmeyyux men, QUKCUPYIONT AUULL USMEHEHU? UX
COCMOAHUA € MeveHueM apemeni. Bo acex mennosnix
AGACHUAX NPOUCXOOUM U3MEHEHUE COCMOAHUA UCCae-
Oyembix med, HO UX NOAOKEHUE 8 RPOCMPAHCMEe 0C-
MAEMCA NPeNCHUM.

Boszrurxawom eonpocst, novemy npu coollenHuu meny
HEKXOMmOpoz0 KOAUYECEA MENAOMblL €20 meMnepamypa
gospacmaem, nowemy npu onpedererHbLY YCLOBURX
meaepdoe meno npeapausaemces 6 mudxocme, a wHud-
KOCImb — &8 243, NOYeMYy MEeRd Npu HAZPpesarnuii pPACtilu-
paiomcea, a npu oxaamdeHuu crumawmcs. Omeemumo
Ha amu U Opyzue nOFGOOHbLIE BOMPOCHL, ODBACHUME HA-
Ondaembie A8AeHUA MONCHO MOALKO RA OCHO8E 3HAHUIL
0 CMPOeHUL eLiecmad.
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§ 19. Makpockonunyeckasa cucrema
N XapaKTepUCTUKN ee COCTOAHUSA

1. Makpockonuueckas cucrema. Jloboe Teno — TBepAoe,
HUAKOe, ra3000pas3Hoe — COCTOUT M3 OIPOMHOIO 4YMCJa YacTHIl, KOTO-
pble HaXxoAATCA B HENPepbIBHOM, XA0THYECKOM ABUKEHUH U B3aHMO-
JeHCTBYIOT Mex Ay coboii.

Tena, cocroame U3 OUeHb OOJBINOTO YHUCIA YACTHUI[: ATOMOB, MO-
JIEKYJ, HOHOB, HA3bIBAIOT MaKPOCKONHYECKHMH TeJaMH HJIH MaKpo-
CKOMMYeCKMMH cucremMaMu. [IpuMepaMy MaKpOCKONHYECKHX CHCTEM
MOT'YT CJAYXHTh r'ad B 0a/lI0He, *KUAKOCTh B COCYyAe, TBepaoe TeJo.

Pasgen (pusuKH, B KOTOPOM H3y4alOT (pu3HMYecKHe CBOHCTBA MakK-
POCKOIHYECKHUX TeJs (MAaKPOCKOIMYECKHX CHCTEM) B PasJIMIHBIX arpe-
raTHbIX COCTOAHUAX HA OCHOBE PACCMOTPEHUA UX BHYTPEHHero (MoJje-
KYJAPHOIr0) CTPOEHUSA, HA3LIBAIOT MOJIEKYJISIPHONH (PHM3HKOII.

2. CocrossHMe MaKpOCKONMHYECKOH cucremsl. HanmoMHuM, 4TO
B MeXaHHKe 00beKTOM, H3MEHEeHHe COCTOSAHHA KOTOPOTO HCCIeayeTcH,
ABJAETCA MeXaHHUecKasd cucTeMa (MaTepuaJbHad TOUYKA MJIM BeCcbMa
HebosblIoe UX uucao). CocToaHne MeXaHUUYECKOH CHUCTEeMBI XapakTe-
pusyeTcdA napaMeTpaMH COCTOAHHA, K KOTOPBIM OTHOCATCA KOOpPAHHA-
Ta ¥ UMITysabC. [Ipu n3MeHeHU N COCTOAHUS CUCTEMBI IapAMETPhI U3Me-
HAOTCA. VIX 3HaueHHe B JIIOOOH MOMEHT BPpeMeHHU MOYKHO OJHO3HAYHO
OIpejieINTh, €CJIM M3BECTHBI MapaMeTphl Ha4aJIbHOTO COCTOSAHHUA CHC-
TeMbl U 3aKOH HMX H3MeHeHHUs (KHHeMaTHUeCcKHe ypPaBHEHHUS IBHIKe-
Hu#A, 3akoubsl HeloToHAa).

TenysoBble sIBJIEHUA TaK)Ke CBA3aHLI C M3MEHEHUEM COCTOSHUA
MaKpocKonuueckux tes. Hanmpumep, eciiu mocTaBuTh HA BKJINYEHHYIO
IJIMTY COCYJ C BOJOH, TO COCTOSHHE CHUCTEMBI «COCYA—BOJAa» HAUHET
UBMEHATHCA: Yepe3 HEKOTOpOoe BpeMdA COCYA M BOJAA HArperwTcd, HUX
obbembl yBesnnyarca. Ecau 6bICTpO c)KaTh ras B UJIHHAPE, TO €ro co-
CTOSHME TOXKe UBMEHUTCA: 00beM raza yMeHbUIUTCA U OH Harpeercs.

W3 paccMOTpPeHHBIX IPUMEPOB BHHO, YTO COCTOSSHHE MaKPOCKOIIH-
YeCKOM CHCTeMBbI TaK Ke, KaK U MeXaHM4ecKOoi, XxapaKTepHu3yeTcs OIl-
pejieJIeHHBIMY napaMeTpaMy. TakuMu nmapaMeTpaMy ABJIAIOTCA 00beM,
JaBjeHue, TeMrneparypa. OHH XapaKTepHU3yIOT COCTOAHUE MaKPOCKO-
NIUYEeCKOM CUCTEeMBI KaK LeJIOr0, IM03TOMY MX HA3LIBAIOT MAKPOCKOIIH-
YeCKHMH IapaMeTpPaMH COCTOAHHA CHCTEMBbI.

BwmecTe ¢ TeM BaM M3BECTHO, YTO TEMIIePATypPa MaKpPOCKOIIHYECKOM
CHCTEeMbI CBS3aHa CO CKOPOCTHIO JABUYKEHUS ee MOJIEKYJI: 4yeM 0oJbIie
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CKOPOCTH JBHIKEHHA MOJEKYJ, TeM Bhllre Temueparypa. Co CKOPOCTLIO
ABHPKEHHHA MOJEKYJ CBASAHO M SAaRJeHUe PA3a HA CTEHKU cocyAa; 0Ho
TAKKE 3ABHCHT OT MACCH Moderya. Takum o6paszoM, 3HaYEHUS MaKDO-
CKOMMUYECKHX TIAPAMETPOB CBASAHEI ¢ XapaKTePHCTHKAMH YACTHII, CO-
CTARIADIINX MAKPOCKOIHYECKYH) CHCTEMY.

3. MeToam H3YUeHHMA MAKPOCKODHYICCKHX CHCTeM. [BuKenye
H B3aHMoJefCTBHe MATEPHAJIBHBIX TOYEK B MEeXaHMKe ONMUCHIBAEeTCA
3axoHaMu Helorora. [[BviKenne KA 0 0TAeNLHOR YACTHILH BelLlecT-
Ba: B rase obpeMom 1 M3 npH HOpMANBHBIX YCAOBHAX COLEPIKHTCA
1028 MoMeryn, 4 B TAKOM ke 06HeMe TRePALIX U ATKUX Tl — MOps-
ka 102 monexyn npubAHaHTENLHO MOXHO ONMCATE ¢ MOMOIILIO 3AKO-
HoB HBI0TOHR, OAHAKO, YYECTh Bee B3aMMOREHCTEHA, B KOTOPEIX Y4acT-
BYET JAHHAA YACTHIIA, TPAKTHYECKN HeBOaMOXkHO. IloaToMy coctos-
HHe KaKZOH YaCTHIIEI MAKPOCKOMUYECKON CHCTEMB! B TOT HJINX MHOM
MOMEHT BpeMEeHH CAYYaiHO: cAYyIARHE ee [IOJOKEeRne, 3HaYeHNe ¥ Ha-
npasjeHHe cxopocTn. ClefOBATENLHO, HCIOJL3OBATE AJS AHATU3A
MAaXPOCKOOHYECKHX CHCTEM TOT METOM, KOTOPLI HCOO0AL30BAJICA B Me-
XAHWKE, He IIPEACTARTACTCA BOSMOMKHEIM.

B ocHOBE MOJEKYIAPHOH QU3HKHE JesKaT JBe TeOpHHU: TePMOAUHA-
MHEKa ¥ MOJIEKYJIADHO-KHHETHUECKAH TEOPHA CTPOSHIA BEIeCTRA. JTH
TEOPHAA HCMOXLIVIOT PASHEIE, HO B3AMMHO XONOMHSIOMHE APYT ApYTa
METOAL! ONKHCAHUSA TENAOBLIX TANEHUN B TeNJ0BEIX CBOMCTB Tesd M Be-
HIECTB: TEPMOTMHAMHYCCKNH H CTATHCTHUECKHI.

OnucaHHe COCTOAHHA M CBOMCTB MaKPOCKONMYECKOH CHCTEMEI ¢
HOMOINBI0 MAKPOCKONHIECKHMX IAPaMeTPoR, KOTOPEIE YACTO HASLIBAT
TePMOHEAMHYECKHMH, ABJIAETCA 3a/jadeil TEPMOANHAMHYECKOTO Me-
roga. OH ODMpaeTcs HA JaHHbie HAGNIOAEHUI M ONBITOR M OITHCHIBAET
ABJEHUA YU CBOMCTBA MaKpPOCKONMMYECKUX CHCTEM, CBA3aHHLIE ¢ IIpe-
BpallleHHeM 3HepPriH, He paccMaTpuBas UX BHyTpPeHHee CTPOeHMHe.

ITocKONBKY CBOMCTBA MAKDPOCKONMYECKOU CHCTEMb! 3aBHCAT OT €€
BHYTPEHHETO CTPOEHHA, XaPAKTEpa IJBMJKEHHS H B3auMoZeHcTBHA
BXOOALIMX B HEE YACTHI, HCNOJIb30BAHME JHINb TEPMOSHHAMHYECKOTD
MeTOofAa He MO3BOJIAET 5TH CBOHCTBA OOBACHHTS,

Ilpu HCMOMBL3OBAHMHM CTATHCTHYECKOTO MeTola MCXOAAT U3 TOTO,
YTO BCE BEMIECTBA COCTOAT WO HENPEPLIBHO XAOTHYECKH ABHIKYIIUXCA
yacTun. IIpH 5TOM MOZEJIHDYIOT BHYTPEHHEE CTPOSHHE BelllecTBa M
IpeJCKA3EIBAIOT CBOMCTBA CHCTEMBI, BBITEKAIOLIME U3 IOCTPOEHHOH
Mofe K, MaTeMaTHIEeCKYH OCHOBY CTATHCTHYECKOTO METOJa COCTaB-
JSIET TEOPHA BEPOATHEOCTH.
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¥®e IroBOpPHJIOCE, UTO COCTOMHHREe JIODOH 4YacTHNBL, Bxopauieil B
MAKPOCKONHYeCKYIO CHCTEMY, B TAHHBIH MOMEHT BPpeMeHH CHY4aiiHO.
OpHaxKo OHO M@XeT ORITE IOpPeAcKasaHo ¢ OIpeAe]IeHHOH RepOATHO-
CThRH).

Ilpu MemoAb3AOBAHUH CTATHCTHYLCKOTD MeTOJa OMHCAHWA CBOHCTR
MAKPOCKOTTUYECKRHUX CHCTEM ONepHPYIOT CPeTHHMH BHAUCHIAMHU BeJIH -
yuH. Tax, xapaKkTepH3YA KOHHEHTPAIHI0 MOJIEKYJ B cocyhe, HMeT B
BHIY Cpeluee UHCJIC YacTHI, B eIHHHIE 00beMa. YCTaHABIABAA CBASL
MEKNY TeMIEPATYPOH Tela H CKOPOCTBIO IBMIKEHHSA €r'0 MOJEKYJ,
YYHTEIBAKT CPETHION CKOPDOCTH, CPEAHKIOI KHHETHYLCKYH) DHEPTHIO
IBMIKCHUSA YACTHI.

To, 9T0 coCTOTHNE HACTHI] MAKPOCKOTHUECKOH CUCTEMEI B OTIpEJe-
JeHHEIE€ MOMEHTHI BpEMeHH HOCHT cCAVUaiHLIN XapakTep, He O3HAYALT,
YTO HX JBMKEHHIEe He NOZUHEAETCA HHKAKHM 38KO0HaM. B oTaHdHe oT
3AKOHGB JUHAMHKH, OHO ONHCBIBAETCA 3aKOHAMH, HA3BIBAEMbAIMU CTA-
THCTHYRCKHMH.

Tak, X0T# CKOPOCTH ¥ SHEPriH YACTHI, B HEKOTOPBIH MOMEHT Bpe-
MEHN DARJIHYHBI U CAYYAHHBI, UMEET MeCTO BIIGJHE OIPEAeIeHHOE pac-
npegeieHne YACTHIT IO CKRAPOCTAM M SHEPruAM: v GOJBITHHCTRA Yac-
THI 3HaUEeHHE CKOPOCTH OAM3K0 K HEKOTOPOMY 3HAUEHHD, HASLIBACMO-
My Haubosee sepoamubim, BayKHO, UTO CTATHCTHYECKHE 3aKOHLI
CTUPAREAIHERN AJA CHCTEM, COCTOHILINX K3 BOJBIUION0 YHCAA XAOTH'e-
CKH ABMKYITMXCH UACTHIL.

Craeayer 3aMeTHUTh, YTO CTATHCTAYECKHUA MeTO]l BIECPBEEe GBI HC-
HDONBIORAH AJ5 ONMHACAHKA TEIIJOBBLIX ABACHUM. B HacTOAUEe BpeMsA OH
OPHEMEHACTCS NIPH HIYUSHUW DHITOKTPHUECKHX W MATHAUTHRIX CROHCTE
ra3oe, JKMAKOCTeH B TBepJALiX TeN, B aTOMHOH U AXepHOH DH3UKe, IPH
o0'bHCHEeHHY PACHPOCTPAHEEHA JJIEKTPOMATHHTHBIX BOoAH HT. O. [lo
RBIDAKEHHK DIHOTO M3 KPYHOHeHINNX HeMeIKHX (PHEHKOB-TEODETH-
koB, Marca Bopra (1832—1970), «corpeMeHHaR (PH3VKA IONHO-
CTBHIO OTTUPACTCS HA CTATHCTHYECKYIO OCHORY » .

Bonpocs! 4ns camonpoBepkiA

1. Kaxue cHCTEMED HESHIBAIOT MaKpocKolkdeckuMHA? [IpHBefnTE TpH-
MEDLIL.

2. YeM oTaRdaeTe MAKPOCKOMKYECKad CHCTEMA 0T MEXAHHUYECKOH?

3. Tlodeny HeEB ONHCATD CBOHCTRA MAKPOCKOIMYECKOH CHCTEMEBI, WC-
mosIbay A aaKoHEl HeoToHS?

4. Yro 9836IRAKT MAKOCKONUYECKIMH NapaMeTpaNMH COCTOSHAA MAK-
pOCKONHYecKOH cucrempli? TIpUBRAUTE IPHMEDSI.
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5. B uem CYLUIHOCTE TEPMOJHHAMHYECKOI0O ¥ CTATHCTHYECKOIO0 MeTOZOB
OIMCAHUSA COCTOAHUA U CBOHCTB MaKpPOCKOIIHYeCKHX cucrem?

6. KakuMu 3HaueHWAMH BeJHUYHH MONB3YHTCA NPH CTATHCTHYECKOM
OIMCAHUY CBOMCTB MAKPOCKOIIHYEeCKHX cucrem?

§ 20. AToMbI 1 MOJIeKYyJbl, UX XapaKTePUCTUKN

1. OcHOBHBIE TOJOKEHHA MOJEKYJIAPHO-KMHETHYECKOH Te-
opuH. B 0CHOBe MOJIEKYIAPHO-KMHETUYECKOH TEOPUHU CTPOEHUA Belle-
CTBA JIEIKUT HECKOJIbKO IIOJIOXKEHHU I, C KOTOPBIMH BHI YK€ 3HAKOMBI U3
Kypca GU3NKUA ¥ XMMUUA OCHOBHOM IIKOJIBI.

1. Bce sewyecmea cocmoam u3 wacmuy (mMonexkyn, amomos,
UOHO08), MeHdy KOomopviMu ecmb npomedxcymrxu. Moneryra —
MeJpbUYayIIasg YaCTUIlA BellecTBa, COXPaHAKINAdA ero XHMHUYeCcKue
cBO¥icCTBA.

Kak BBl 3HaeTe, CyHIeCTBYIOT IIPOCTHIE U CJIOMKHBIE BellleCTBA.

2. Yacmuuyb. sewecmea HaAxo0amca 6 HENpepvL.eHOM Xa-
omuyuecKkom O8UNEHUU.

3. Yacmuuyb. sewecmea ezaumodeiicmayiom mexndy coboii:
Mmexncly Humu Odeiicmeylom Cusbl NPUMANCHUSL U OMMALKUBA-
HUAL.

OTH IOJIOKEeHUA ABIAOTCA 0000meHneM OOJBIIOTO YHCJA JKCIe-
pUMeHTaJbHBIX (haKkTOB. PaccMoTpuM UX JeTalibHEe.

2. OKkcnepuMeHTaJbHbIE 000CHOBAHHMSA CYIIECTBOBAHMA MOJIe-
KyJ u aromoB. Uaes aToMuCTHYECKOro CTPOEHUA BellecTBa Obljia BI-
ckasaHa B V B. [0 H. 3. ipeBHerpedeckumu unocodpamu Jeexunnom
(V B. 1o H. 2.) u Jemoxpumom (460—370 no H. 3.). SHAUUTEILHBIN

Muxaun Bacunvesuw Jlomonocos (1711—1765) —
BBIAAIOIINIACA POCCHMCKHMI ydeHbIH, uyneH IlerepOypr-
CKOH akaseMuu Hayk. MapecreH cBouMH paboraMu B 06-
JACTH CDHBHKH, XMMHH, ACTPOHOMHH, T'OPDHOT'O 1eja, Me-
TAANYPrUuy H Jp. JKCIePpHMMEeHTAJIBHO [OKAa3aJ B3aKOoH
COXpaHeHHs MAacchl BeIecTBa; CHOPMYJIHPOBAN 3aKOH
COXpaHeHUA MATEPUH M JIBMIKEHHUA; BHEC CYIIECTBEHHBII
BRJIAJ B CTAHOBJEHHE MOHeRYﬂHpHO-RHHeTHHECKOﬁ Teo-
PHMM CTPOEHMA BelllecTBa; paszpadoTan Teopuio armocdep-
HOTO 3JIEKTPHYECTBA ¥ TEOPHUIO I[BETOB; CKOHCTPYHMPOBAJ
neabli pajg pusuveckux npubopos.




BKJIaJ B pa3BUTHe VUEHHUs O CTPOEHHH BellleCTBA BHEC poOC-
cuiickuii yuensiit M. B. Jlomonocos. OH cuurTai, 4To BCE Te-
JIa COCTOSAT M3 «3JIEeMEHTOB» (2TOMOB) — HAMMEHBIITUX HeJle-
JIAMBIX 4yacTHIl. B cBOIO ouyepe/b, «3JIeMEHThI» BXOAAT B CO-
ctaB GoJiee KPYIHBIX YACTHI] — «KOPIYCKYJI» (MOJEKYJI).

KocBeHHOE 10Kas3aTeJabCcTBO TOTO, YTO BCE BellecTBa CO-
CTOAT U3 MOJIEKYJI, OBLIO MOJYYeHO AHTJIMHCKUM XUMHUKOM
Houconom Janemonom (1766—1844). B 1803 r. on ycra- a) 0)
HOBMJI 3aKOH KPDATHBIX OTHOIIEHMH, CYTh KOTOPOI'O CBOJUT-  p,. 57
cA K caenyiomeMy. Ecin Kakoi-aubo ajeMeHT A BCTYIIAeT B
peaxkuuio ¢ aneMeHToM B 1 00pasyer HeCKOJbKO PAa3JIUYHBIX COeIUHe-
Hu# C, D u T. A., TO IPH IIOCTOAHHON Macce sjieMeHTa A MaccChl dJje-
meHTa B B coequnenusax C, D u T, 1. OYAYT OTHOCUTLCA APYT K APYTY
KakK IieJible Yuca.

Hanpumep, a3oT ¥ KHCJIOPOA MOI'YT 00pa3oBbIBATH CJAEAYIOIIHE CO-
equnenus: N,O, NO, N,O4, NO,, N;O;. B Hux Ha paBHbIe Macchl a30Ta

IIPUXOJATCA MAacChl KHCJIOPOJa, KOTOPble OTHOCATCA APYT K APYTY Kak
1:2:3:4:5. O6BACHUTE 3TO MOYKHO TeM, YTO Mpu o6pasoBaHUM CO-
eIUHEHU# 2 aToMa a30Ta IpUCcoeJuHAIOT K cebe 1, 2, 3, 4 nunu 5 atomoB
KHCJIOPOoJA.

JIpyruM KOCBEHHBIM MOJTBEPyKJAeHUEM MePBOro IIOJOKEeHUA MoJje-
KYJAPHO-KMHETUYECKOH TEeOpPHUM CTPOEHHUsA BellecTBa ABJIAeTCA IUD-
¢y3usa, a TakKe pe3yJbTaT OObITA I10 CMEIIMBAHHMIO BOALI M CHHUPTa
(puc. 57). JIIUHHEYIO Y3KYIO CTEKJAHHYIO TPYOKY Z0 cepeuHbI 3a110JI-
HUM BOJOH M CBepXy HaJbeM cuupT (puc. 57, a). Eciu mepememars
JKUIKOCTH, TO 00beM CMeCH OKayKeTcs MeHbIle CYMMbI IepBOHAYAb-
HBIX 00beMOB BOABI W crnupra (puc. 57, 6). 9TO MOXKHO OOBACHHUTH
JHUIIb T€M, YTO MOJIEKYJIbI CIHPTaA NPOHUKAIOT B IPOMEXKYTKH MEXAY
MOJIEKYJIAMH BOAbI, & MOJIEKYJIbl BOABI — B IIPOMEXKYTKH MEXKIY MOJIe-
KyJIaMH CIIMPTAa.

B Hacrosuiee BpeMsa KPYIIHbIE MOJIEKYJbl OPraHUYECKUX COeJuHe-
HUH MOXKHO Habui0JaTh HENMOCPeACTBEHHO C IIOMOIIBIO 3J€KTPOHHOTIO
UM MOHHOTO MHKpocKkomna. Ceiluac y»ke HU Yy KOI'O He BBI3BIBA€T COMHe-
HHUH TO, YTO BCE BEIIECTBA COCTOAT M3 MOJIEKYJ 1 aTOMOB.

3. Pazamepsr moaerys. OneHHUTH pasMepbl MOJEKYJ MOMHO
¢ IOMOIIBIO CJIEAVIOIIEro OIbiTa. EC/IU B IIMPOKHUH CTEKJISAHHBIA COCY/I
HAJIHUTh BOAY U KAIIHYTH HA €e MMOBEPXHOCTh KAIlJII0 OJIMBKOBOTO MacJja,
TO KAIlJIA PacTedeTcs IO IIOBEPXHOCTH BOALI U 00pasyeTr IJIEHKY, TOJI-
HIMHA KOTOpOH OyaeT paBHa AMaMeTPy OAHOH MOJEKYJLl (MOHOMO-
JIeKYJIAPHBIH caoit) (puc. 58). B aToM onbiTe 00'beM KaIlJIM MAacJa ObIJI
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paser V = 0,9+ 1079 M3, nnmomans maesxku S =
= 0,55 m2. ToamuHa NJAEHKH, T. €. AUAMeTP
MOJIEK VJIBI

=E= . _9
d=z=16-10" m.

ATOMBI BCeX XHMHYECKHUX JJIEMEHTOB
UMeIoT pasMepsl ogHoro nopsaka (10710 m).
[Ipocreiinine MOJIEKYJIbl, COCTOAIHE U3 He-
CKOJIBKMX aTOMOB, MMEIOT pasMephbl, CPaBHU-
Mble ¢ pasMepaMu aroma, — nopagxka 10710 m.
Pasmeps! MOJIeKYJI OpraHMYecKUX COeJUHEeHUH
1079 M, a KpynHBIE MOJEKYJbl OGEJIKOBBIX CO-
eauHeHUH mocTuraioT pasmepo 1078—1077 m.
Haubosbiue pazMepbl UMeeT MOJIEKYJa JHU-
3oxcupubonykienHoBoil kucsotel ([JHK) kie-
TOK MJIeKonurawinux. Tak, y uejioBeka BbI-
ranyrasa mosekysna [ITHK (puc. 59) umeer pas-
Mepsl nopaaka 1,5—3,2 cm.

s Toro 4yro6b! NIpeCTaBUTh, HACKOJIbKO
MaJabl MOJIEKYJIBI, IPEANOJIOMKUAM, YTO pa3me-
pel Bcex Ten ysenuuuau B 108 pas. Toraa mo-
JIeKyJia cTaHeT BHJHA, T. €. OHa OyaeT UMeTh
auamerp 0,1 MM, necyMHKa NIpPeBpPaTUTCA B CTOMETPOBYIO CKaJly,
a cpeXHUH pocT uenoBeka Oyger paBeH 1700 kM.

4. Macca wmoaexkya. Kak Bbl yyKe 3HaeTe, Macca MOJIEKYJ]
oueHb Mana. Hampumep, macca MOJEKYJIbl KHUCJIOPOJAa COCTaBIAET
5,3 + 10726 xr, mosneKkyssl Bogopoaa — 3,3 * 10727 kr.

IIpu pacuerax 4acTo MOJb3VIOTCA MOHATHEM OTHOCHTEJbHOH MO-
JeKyaapHoM Maccsl. M3 Kypca XMMHUM BaM M3BECTHO, YTO

Puc. 58

OTHOCHTEJbHOH MOJEeKyJIAPHOH Maccoil BemecTBa M HaA3BIBAIOT Be-
JUYMHY, PABHYI0 OTHOIIEHHIO MACCHI MOJIEKYJbl M, AaHHOIO Belle-

cTBa K !/,, Maccel aToMa yraepoma m.

mg

M, = -

13 Moc
5. Koanuecrso Bemecrsa. [Ipu cpaBHeHUM Macc TeJs, COCTOSA-
IAX U3 BEIIeCTB, XMMUUYECKUI COCTAB KOTOPbIX OAMHAKOB, BBIBOJ 00
UX COOTHOIIEHUH MOJKHO CleJlaTh Ha OCHOBAHWM CPaBHEHUA YHCJa CO-
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JeprKaliuXcsA B HUX MOJIEKYJ UJIH aTOMOB. [leficTBUTeILHO, €CJIHA Mac-
ca OZHOrO >xeJyie3Horo Tesa B 10 pas 60sbI1e Macchl APYroro »Ke1e3Horo
TeJia, TO 3TO 3HAYUT, YTO B IIePBOM TeJie cofepkuTtcs B 10 pas Goabine
aTOMOB »KeJie3a, 4eM BO BTOpoM. Eciiu cpaBHMBaATH Macchl TeJs, COCTOA-
IMAX M3 Pa3HBIX BEIleCTB, TO 10 3HAUEHUAM UX MACCHI CJIeJIaTh BBEIBOJL O
COOTHOIIEHWH YHCJIa MOJIEKYJ Y)Ke HeJIb3fd, IMOCKOJbKY Macca MoJe-
KYJ M aTOMOB Pa3/IMYHBIX BellecTB HeOJUHAKOBa. B uyacrtHOCcTH, 1 KI
CBHMHIIA U 1 KI jKeJsie3a cofiepKaT pasHoe YUCJI0 AaTOMOB.

Bosaukaer HeoOXOAUMOCTH BBeJEHUS BeJUUMHBI, ITO3BOJAIOIIEH
XapaKTepu30BaTh Maccy TeJ, COCTOAINX M3 PA3HBIX BEINecTB, 10 YHC-
Jy colepsKamguxcda B HUX MoJiekyJs. Takxoit ¢pusmueckod BeJIHYUHOH
ABJAETCA KOJHYECTBO BelllecTBa,

Koanyecrsom BemecTBa V Ha3bIBAIOT BeJMYMHY, PABHYIO OTHOIIe-
HMIO YHCJIAa MOJIEKYJ uiau atomoB N B JaHHOM Teje K unmciay N, aro-
mos B 0,012 kr yraepoaa.

3Has KOJIMYeCTBO BelllecTBa U yucio moiaexkyna B 0,012 xr yriepo-
8, MOYKHO OIIPEIeJIUTh YHUCJIO MOJIEKYJI B Teie. EquHuneln Kojugectna
BeI[eCTBa ABJSAETCH MO.Lb.

OauH MOJIE — KOJIMYECTBO BEIecTBa, COo/leprKallee CTOJBKO MOJIe-
KyJI (aTOMOB), CKOJIBKO aToMOB cogepxkutca B 0,012 kr yriepoaa 1§C.

Ecan B3ATH aNIOMUHUI KOJMYECTBOM BeN[eCTBa 3 MOJb, TO 3TO 03-
HayYaeT, YTO YHUCJIO MOJEKYJ B JaHHOM KOJIMYeCTBe BelllecTBa B 3 pasa
Oosabine, yem B 0,012 kr yraepoaa.

6. Moansipaaa macca. [y XapaKTepUCTUKU MAaCChl MOJEKYJI

BBOJAT IIOHATHE MOJIAPHON MAacchl.

MonspHo# Maccoi Ha3hIBAIOT MACCy KOJHYECTBA BelecTBa 1 MOJb.
Moussipayio mMaccy HaXOmAT, YMHOXKas OTHOCUTENbHYIO MOJEKY-
nsapHyio maccy M, Ha 1072 kr/mMons:
M=M,-1073.

Hanpuwmep, mMonapHas macca Boasl pasHa 18+1073 xr/mons, mmo-
CKOJIBKY ee OTHOCHTeJIbHAA MOJIeKyJIsipHas Macca pasHa 12 + 16 = 18.
3Has MOJAPHYI0 Maccy M BelecTBa ¥ KOJHMYECTBO BEIIECTBA V, MOXK-
HO OIIPEeAeJIUTH MAccy M BellecTBa:

m = Mv.
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7. Konnenrpauus wmoJaekya. Ilocrosmras Asoraapo. Ilo-
CKOJIBKY MOJIEKYJIbl MMEIOT MaJible pa3Mephl, UX YUCJIO B JIIOOOM MaK-
POCKOIIMYECKOM TeJie 0YeHb BEJINKO.

Yucso MOJIEKYJ B eIuHUIEe 00beMa HAa3bIBAIOT KOHIEHTpalHei.
KoHueHTpanusa n BeryuciseTcs 1o ¢gopmyie
n=1gz,
rae N — umuciao MoJeKkyJa B Teje, V — ero o6bem.
KoHneHTpanuo MOJEKYJ B Tejle TaKiKe MOKHO ONpeAesuTh, 3Had
IJIOTHOCTH BEIeCTBA P M Maccy MOJIEKYJbl 3TOro BemiecTsa m,. Ilo-

m
CKOJIBKY p = 37, T/le /M — Macca Tesia, u m = myN, T0

myN
p = T = mon.

Orcrona
n=-+,
mg
Eciu niorHocTs Boasl p = 1000 kr/m3, a Macca MOJIEKYJIBI BOJBI
mq = 3+10726 kr, TO KOHIEHTPAIMA MOJIEKYJ BOJBI PABHA:

e 1000 KP/Ma — g 29 -3
n m 0,3 104° M,

I[InoTHOCTH ra3oB CYILIECTBEHHO MeHbINE, YeM IJIOTHOCTBL KHJ-
KocTel, MO9TOMY M KOHIIEHTPALUA MOJEKYJ ra3oB MeHbIe, YeM KOH-
IeHTPanusa MOJeKysa »Kuakoctu. Tak, ecam IJIOTHOCTh BOAOPOJA
9.1072 xr/m3, macca mosexkyJsl Bogopoaa 3,3 * 10727 kr, To KOHIEHT-
panus MOJIEKYJ Bogopoja pasHa 2,68 « 10%° M3, Konuenrpauus moue-
KyJ JI000T0 rasa npuM HOPMAJBHBIX YCJIOBUAX (HOPMaJIbHOM aTMO-
chepHOoM paBnenun u remneparype 0 °C) ogmHakoBa M paBHa IpuBe-
JEeHHOMY AJIsi BOJAOPO/Ja 3HAYEHHIO. JTO YHUCJIO HA3bIBAIOT MOCTOAHHOM
Jlommunara: L = 2,68+ 10%% m~3,

Y1068l mpeacTaBuTh cebe, HACKOJIBKO BEJIHUKO 3TO YHCJO, IMPeAIo-
JIOKHMM, YTO B BO3AYIIHOM IIape CAeJalyu HaCTOJbKO TOHKHUH IIPOKOJI,
4TO 3a KaXKAYyI0 CeKyHAY uyepesd Hero mpoxoauT 10 monexyn. B arom
cJay4ae AJA TOro, 94To0bl BBIIIJIH BCe MOJEKYJbl, norpedyerca 30 mua-
JIMAapAOB JIeT.

W3 onpenenenus MoJiA caeayeT, 9To 1 MoJib J060r0 BeIecTBa Co-
AEPKUT OAUHAKOBOE YMCJIO MOJIEKYJ (aTOMOB). DTO YHCJIO HA3bIBAIOT
MOCTOSATHHOM ABOraapo.
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Tlocroarman Aporagpo N, — UHMCI0 MOMEKYN ILIH ATOMOB B KOJIH-
yecrse Bemectsd 1 mMoab.

[TockonBKY B ONHOM MoJle J1000T0 BeIIeCTRA COASDIKHTC OIHHAKO-
BOE YHCJIC MOJAEKYJ, TO IDH 0ZHHAKOBRIX YCJIoBHAX 1 Moan groboro ra-
34 3aHHMIET OJMHAKOBEIH 00neMm.

O6beM, 3aHUMaeMbiif TIPH HOPMAABHOM ATMOCHEPHOM XABJCHHH
A100BIM ra30M KOJHEYECTEOM BelecTBa 1 Moan, panen 0,0224 M3,

CymecTBYyeT HECKOALKO CIOCOBOR ONpeneJenuss MOCTOAAROR ABO-
raapo. PaccMOTPHM OAKH u3 aux. Eeau yrrepony KonmgecTROM Bemle-
crBa 1 MoaE coorBeTcTBYET Macea 0,012 xr, a macca oaHOH MOJEKYIIB]
yraepoaa mg: = 1,995+10°26 xr, 10 B OAEOM MoOJe YIJIEpoAa cofep-

HMHTCA YHCA0 MOJAEKY .

M
NA_ m_ﬂc,
0,012 RI‘/MOJIL 29 -1
N = .
A= 1,005 10-% 6,02+ 10= moasp ;

IT0 H €CTh IIOCTOAHHAN Asora.zzpo.

Bonpockl ana camonposepku

1. ChopMyarpyiiTe meppoe NONOMEHHE MOJEKYIAAPHO-KHHETHUECKOH
TeOpPHH CTPOEHEES BEUIECTBA.

2. lToacaure prpaxenue: <«MoleRyaa — Meapuadimas 4acTina Beme-
CTBa, COXPAHAKIAA ETO XAMHAYECKHE CBOHCTBA .

3. OnnuInTe OUBIT, MOSBOAAIIHE OLEHHTEL PASMEDS] MoJeKyanl. ITpes-
JOKHUTE cntocod HaMepeHRA 0fEeMa KAIINIH Macaa.

4. YTo HABBIBAKIT OTHOCUTEALHON MOJEKYAAPHON Maccolt; XOMEUecTBOM
BeII[eETRA; MONARHON MACCON; KOHIEHTDAINeN MOMeKYI; MOCTOSHHON
Aporagpo?

5. Yo TaKoe OgHH MONET

6. KaxoR NOpDAMOK 3HAYEHUY PASMEDOB, MACCH MOJEKVI, HX KOHIEH-
TPAUWY, THCIA MOJEKYN B OOHOM MOMe BeIIecTRa?

YnpaxHerdwne 10

1. CpapHHTe KOAAYECTBO BELIECTHS, COLEPMKAIILECH B TeNaX paBROf
Macchl H3 QIOMHEHES H XKEeJe3a,

2. Karoit 00bem saanmaror 10 Monn xeneza?

3. HafinwTe 9@CI0 ATOMOB B ANIOMUEHEBOH 0K Ke maccoii 30 r.
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4. Terans miomanbio 30 eM? MOKPBLIH c10eM cepefpa TONIIHHON 2 MKM.
CKOJIBKO aTOMOB cepefpa CoepyKUTCA B MOKPBITHH?

5. CpaBHHTe Macchl U 06bEMBI ABYX TeJI, CAeJIaHHBIX U3 CBHHIIA U MelH,
€cJIM B HUX COJeP’KaTcsA paBHbIe KOJINYECTBa BellecTsa.

6. BeluncauTe NOCTOAHHYIO ABOrajpo, ecjid U3BeCTHO, YTO Macca MoJie-
KyJsl Kuenopona 5,312+ 10726 kr,

§ 21. iBMXXeHne Mmonekyn

1. Inddysus. [louemy pacupocrpansiores sanaxu? Ilouemy,
ecJIM Ha JIHO CTAKaHa MOJIOYKUTh HECKOJIbKO KYCOUYKOB caxapa M akKy-
paTHO HAJUATH CBEPXY BOAY, TO Yepe3 HEKOTOpPOe BpeMsA BOJAA CTAHET
craakoi? Ilouemy TpyAHO BBIBEPHYTHL 00JIT, €CJAHU €ro HECKOJbKO JIeT
He BBIHUMAaIH?

OTBeT Ha 3TH BONPOCHI JaeT BTOPOE I0JIOKeHHe MOJEeKYIAPHO-KH-
HETHYeCKO! TeOPHH CTPOEHUA BelllecTBa:

yacTHIBI Beniecrsa (MOJIEKYJIbl, aTOMBbI, HOHBI) HAXOAATCA B Hempe-
PHIBHOM XaO0THYECKOM JBHIKEHHH.

HamoMHUM, 4TO TAKOE [BUKEHUe Ha3bIBAIOT TEILIOBBIM.

C10BO «HeIpephIBHOE» 03HAYAET, YTO ABUKEHHE MOJIEKYJ BeIecT-
Ba HHMKoOraa He npekpainaercda. CJI0BO «XaoTHYeCKoe» O3HAYAeT, UTO
HeNb3dA BBIJEJIHUTH KAKOe-TO IPeNMyIecTBeHHOe HallpaBJjieHue, B KOTO-
poM ABUTAIOCH ObI GOJBIINHCTBO MOJIEKYJ, HalpaBleHUe ABHIKEHUS
KaMJ0M MOJIEKYJIBI IOCTOSAHHO MEHSAETCH,

OZHUAM M3 AOKAa3aTeJNbCTB ABUKEHUS MOJIEKYJ CJIYXKUT ABJIeHUE

augpyaun.

NInddysus — sBIeHHe NPOHUKHOBEHHST MOJEKYJ OXHOTO BeuecTsa
B MPOMEJKYTKH MeJKIy MOJEeKyJaMH IpPyroro Beliecrsa.

Tenepb MOKHO OTBETHTH Ha BOIIPOCHI, ITOCTABJIeHHbLIe B HavYaJje Ia-
parpada. OfHON U3 NIPHYNH PACIPOCTPAHEHHA 3amaxa ABJAsgeTcA Aud-
(pysus: MOJIEKYJbl IaXy4ero BellecTsa, ABUrasiCh, IPOHUKAIOT B IPO-
MEXXYTKH My MOJeKyJaMH Bo3jyxa. Bojga CTAHOBHUTCA CIaAKOMH
MIOTOMY, YTO MOJIEKYJIbI caXapa NPOHHKAIOT B IPOMEKYTKHU MEeKAy MO-
JeKyJaM# BOAbI. BoJIT TPYAHO BBITAIIMTHL IOTOMY, YTO MOJIEKYJIBI Be-
II[ecTBa, M3 KOTOPOro ciejad 60T, IPOHUKAIOT B IPOMEKYTKH MEKAY
MOJIEKYJIAaMH TOrO BeIecTBa, B KOoTopoe oH BKpyueH. [Tomumo aroro,
cjefyeT UMeTh B BUAY, YTO BEIeCTBO, U3 KOTOPOro cesaH 60T, OKHUC-
AsieTcA ¥ HA HeM obpasyeTcs CJIoi PyKaBYMHBI, KOTOPBIN TOXe IpemnsT-
CTBYeT BBIKpY4YHMBaHHIO 6ojTa.
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2, Cropocts audvbpyznn. Tuddysna mporcxoJUuT BO BCEX arpe-
F4THBIX COCTOSHHMHX BEHIECTBA: B TBEPAOM, KHIKOM H Ta3000pa3HOM.
OnHako cropocTh AAPDHYIHA B HUX PABTHYHA! NOCKOJBKY IIPOMENYT-
KH MeXJy MQMIeKYJaMi ra3oB CPaBHUTENLHO O0/BHINE, TO H CKOPOCTH
puddyvsHE B HUX caMad 6oabmias (3anaxy pacopoCTPaHAIOTCA B BOSAY-
Xe OUeHEL OBIeTpo). B muaKocTax UMD YIHS TPOHCXOSUT MeleHHee,
YeM B rasax, MOCKOIEKY MOJIEKYIBI XKUAAKOCTEl pacnosaramres Gamxke
IPYT K Apyry. Pesras rpadmia Me:RAy BOLDH H MeIHBEIM KYIOPOCOM,
HAJHMTBHIMH B OLHH COCY/l, KAK BaM M3BECTHO, CTAHOBMTCS PA3MBITON d¢-
pes3 HeCKOJBKO CYTOK.

Eme mepiensee nporexaer anddyaua B TeepInX Tenax. Ecan
TIIIOTHO NPHKATEL APYT K APYTY TUTACTHHLL M3 30J0Ta X CBHHIA M IO-
MECTHUTE HX B eYL, UMEIOIIYIO JOCTATOYHC BRICOKYIO TEMIIEPATYPY, TO
yepes rojl ¢ HOMOINEID MAKPOCKOIA MOMHO Oyger 00HAPYKHUTE B3anM-
HOe IDOHHKHOBEHHE MOJEKYJ 3THX BEMIECTR B MEXKMOJeRYIAPHLIC
IIPOMEKYTKH.

Cropocts anddysui BospacTAET ¢ NOBLIMEHWEM TeMOepaTypbl.
Tax, BCAH OIVCTHTh HA JJHO ZBYX CTAKAHOB KPUCTANIHEKH IICDMAHIaHE-
T KAJWA ¥ OJMH CTAKAH MOCTABMTL B XOJOIHUIBHHK, a APYTOH OCTa-
BUTH B KOMHATE B TEJIOM MecTe (OKOJ0 DaTaped MM ILJIMTHI), TO MOM-
HO 3aMETHTE, 9TO BO/ia OBICTPEE OKPACUTCH B CTAKAHE, KOTOPBIH HaXo-
JUTCA B KOMHATE.

3. Bpoyrorexoe asw:xenue. OZHHM U3 CAMBIX OUEBMIHBIX J0-
KAAATETRCTB TOTO, UTO MOJNEKVILI ABHAKYTCH, fBJiAeTcHE OpOYHOBCKOE
apmakcnue. Amrauiickuil Gorannk PoGepm bBpoyn (1773—1858)
B 1827 r., Haba0ma A B MHKPOCKON B3BEIeHHEIE B BOJE YACTHIKH MBe-
TOYHOM HBIABLLI, 3AMETHJ, YTO 3TH YACTHYKH CoBepuIareT Gecliops-
HOYHOE IBHMKEHHE, OIMMCHIBAA IPW 3TOM CIOXHBle 3uraarcobpasHbie
TpaekTopuH. Ha precyare 60 TouraMu oTMedeHB! DOJOXKEHHA JACTHIL
Yepes PARHBIE MPOMEKYTKE BPCMEHH K COEJUHEHE]

UpAMBIMA JHHUAMH. JIBHMKeHHEe YacTHI[ He Ope-
Kpalajaoch, CKOJBLKO Dbl BpEMEHH HM BeJOCh Ha-
oawaenne,

ITopmobHoe ABUMKEeHHE MOMHO HAONOIATE, aCau
PACTEPETE TYIIE UK KPACKY A0 MeJIKHX KPYNHHOK
pasMepoM npumepuo 107% M 1 pazmemare Kpacky B
BOAe. PaccMaTPHBaA IIOJYVIEHHVID CMECE B MHEPO-

CHOTI, MOKHO BAMETHATL, YTO KPYITHHKY KPACKH He-
NPEepLIBEO ABHIKYTCA, B COMHEUHLIA AeHBP MOMHO
HabIIAATE B KOMHATE B COJIHeuHOM aAyue Gecnops- Puc. 60
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NOYHOE ABUXKEeHWe NBIINHOK, B3BEIIEHHBIX B BOo3Ayxe. Bce mpuBeneH-
Hble IIPUMEePbl — JTO IPUMEPLI OPOYHOBCKOTO JBHIKEHMS.

BPOYHOBCROE ABHeHHe — XaoTHYeCKoOe JIBHMKeHHe MeJIKHX YacCTHIL
TBEEepPA0ro BeliecTBa, B3BEIlIeHHBIX B KHIKOCTH HJIHM rase.

BpoyHOBCKOE nBH)KeHHe He MOTJH O00BACHUTHL B TedeHHe 80 jer.
Cam BpoyH paske mpeanosioKui BHAYAIe, YTO YACTUIBI IBLILIBI JBHU-
KYTCA MOTOMY, 9TO OHH sKuBble. OflHAKO ABH)KEHHNE He IPEeKPaTUIOCh
U TIOCJle KUNIAYeHUsA B3BecH B Boje. IlbiTanuck 00bACHUTL ABHIKEHHE
YacTHI] TeM, YTO B COCy/Je IPOMCXOAUT XHUMHUYECKAsds pPeaKkUus, 4YTO
JKUJKOCTh HEPABHOMEPHO HarpeBaercs moj AelicTBueM cseta u T. A. Ho
BCe 3THM T'MIIOTEe3bl OKAa3bIBAJMCh HECOCTOATEJNLHBIMH U OTBEPrajiuch
IIoCJIe TIIATeJbHBIX 9KCIIEPUMEHTOB.

4. Teopuss OGpoyHOBCKOro nBu:keHus. Teopus GPOYHOBCKOTO
ABuKeHUsA Oblna mocrpoeHa B 1905—1906 rr. HeMEUKHM YYEHBIM
OUHINTEHHOM M TOJLCKUM y4ueHbIM Mapuanom Cmonyxoeckum
(1872—1917), noarsep:xaeHa sxcnepuMesTaabHo B 1908 r. ppanmys-
ckuM yueHbIM JKanom IMeppernom (1870—1942).

H3yuenue GPOYHOBCKOrO ABMIKEHUSA MO3BOJIMJO CAENATH CIeLYIO-
IIIHe BbIBOIbBI.

1. IIpuunHOil GPOYHOBCKOrO JABMIKEHUSA YACTUIL] ABJIAETCH NBHKe-
HUe MOJIEKYJI Cpe/ibl, B KOTOPO# 3TH YaCTHIbl HAXOAATCA.

B ka)ablii MOMEHT BpeMeHU ¢ OPOYHOBCKON YacTHUIleH CTAJKUBA-
IOTCA MOJIEKYJIbl. YHCJI0 MOJIEKYJI, YIapPAIIUXCA O YACTHILY C PA3HBIX
CTOPOH, HEOJMHAKOBO, Pa3JIMYHbl 3HAYEHUSA M HAIPABJIEHUA HX CKO-
pocTeii, ciaefoBaTeNbHO, UMIYJILCHI, IepeJaBaeMble YJACTUIE C PA3HBIX
CTOPOH, He KOMIIEHCHPYIOT APYT APyra ¥ Ha YacTHUIY AeMCTBYeT CHJa,
HepaBHad HyJd0. YacTuna ABHIKeTCA B HAIIPABJIEHUH PABHOAEHCTBYIO-

Anvbepm uinwmerin (1879—1955) — Brigaomuiica
HeMeU KU (PUMK-TeOPeTHK, OJMH M3 co3JaTesieil coBpe-
MmeHHON (u3uku. MagecTen ceoumu paboraMu B obracTu
crnenuanbHON M 0DIIell TeOPpUH OTHOCHTENBLHOCTH, KBaH-
TOBOH TeOpHMH, cTaTHUcTHYecKoil (uauku. Coazan cme-
LUJIBHYIO U OOILIYI0 TEOPHIO OTHOCHUTEILHOCTH, U3MEHHB
KOpeHHbIM 00pasoM IpeAcTaBJeHUsA O IIPOCTPAHCTBE U
EBEpeéMeHH; OTKPBLJ 38KOH B3aMMOCBASH MACCHI M JHEPIrHMH,;
TeoOpeTH4YeCKH OTKPELI (POTOH M, HMCXOAA M3 KBAHTOBOM
IIPUPOAL]I U3JIyYeHUsA, 00 BACHUI TaKoe ABJIeHHe, KakK (¢o-
TO3(h(eKT; pa3BUJI CTATHCTHYECKYIO TEOPHIO GPOYHOBCKO-
ro IBUMEHUA.
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mei# cuanl. B caegyiomuil MOMeHT BpEMeHH HAIIPDABJIEHNE PABHOZEH-
CTBYIONIEH CHUIEI MEHASTCH, YTO JACTABAACT YACTHOY ABHATATECH B IPY-
I'YI0 CTOPOHY,

2. BpoyHOBCKOEe JABHIKEHHUE, ABAAACH CAEICTBHEM TEIJIOBOTO ABH-
JKEHHA MOIeKYJ, HAKOTIE He MOMEeT IPeKPATUThCHA,

3. [Ievsxenne DpOYHOBCKOH 4acTHIs! 6eclOpALOYHO, IOCKOABKY €€
CTOJKHOBEHHMA ¢ MOJEKYAAMHE caydaidnsl. Oguaxo 0pu B0IbIIOM dHCHE
HalIIOZEBH 3TO ZBMIKEHHE IONYHHAETCA HEKOTOPOMY CTAaTHCTAUe-
CKOMY 3aKOHY: CPeSHHM KBaApPAT NPOEeHIIHN ImepeMellleHUd OGpOYyHOB-
CcKoil gyacTriipl Ha ock OX NpAMO DPONOPIHOHANEH BPEMEHM XBHIKE-
HHEA 00 ASMEeHeHHA e10 HAIPABJIeHRH,

4. HHTeHCHBHOCTE GPOYHOBCKOTO ABHMEHUA PACTET ¢ LIOBLILIEHH-
&M TeMOepaTyphl. JJoKadago, 4TO CpeSHHHA KBaIPAT IPOeKIHA OepeMe-
ITeHMA YacTHUIR! Ha ochk OX NpaMo IPONOPIUOHAIECH TEMIEPATYDE.

Ha npumepe 6poyHOBCKOTO ABMIKEHAS 09€Hb X0POINO OPOCAE:KHBA-
eTesl MK N03HARUA B pUsMdecKoi HayKe: Habmogzesre (Habawaesne
Bpoyna) — runoress (npeamono:xedna Bpoynaa 0 BAMSHHH Pa3iEd-
HEIX GAKTOPOB HA ABMIXKEHHNEe UACTHI]) — IPOBEPKA HIIOTE3 (oKcoe-
pumenTn Bpoyna) — npumsTHe BepHOH THOOTeshHl M ce obbACHe-
HUE — TIOCTPOSHNE TeOPHH (ImOCTpeEeHMNEe TEOPHK OPOVHOBCKOIC JBH-
JMHMEHUA) ¥ TEOPETHUECKOE MOACHEHHE JKCIePAMERTANTEHEIX HAKTOB.

Bonpockl oA CaMenpoBepKu

1. Kagme OOEITE ¥ HAOMIOZEHRS MOATBEPIXAAIOT, UTO MOJEKVIRl HAXO-
AATCA B ABAKEHAM?

2. Kak BLI DoEHMEaeTE, ITO OBHKEHNEe MOACKY] HeIPepEIRHOE M XAOTH-
yecroe?

3. Uro HaswBamT AHbdhyaueii? Or uerc 3aBHCUT CKOPOCTE AH(GDVInn?
4, Yro HA3EIBAT GpoyHORCKEM ApHKerneM? Kax ofinacuaerea ABnxce-
Hieé GPOYHOBCKO JACTATIHI?

5. Kak 3apHCET MHTERCHRAOGCTE OPOYHOBCKOTD ABUEAHHA OT IIOTAOCTA
cpesnl?

YnpaxHedue 11

1. OfipACHHTE SENEHHE, BRIpaKAeMOe caosamy: ¢ J[biv TaeT 8 Bo3gyxes.
2. Ilouemy caxap ¥ ApyTHe NOPHCTHE MIPOAYKTE! HEJb3A XPAHHTE OKOJI0
TaXYUNX BellecTn?

3. Iowemy a1a HaGmofennsa SpOYHOBCKOTO JBHMKEHESA KpacKy Heobxo-
JAMO paSMBJII:':IHTL? SaBHEWUT A MHTCHCHBHOCTh ﬁpU};'HOBCROI‘O IBHE-
HHSA 0T PRAMEDOS BIEEIIBEHOM yacTUin §
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4. Yem 0GRACHATR, YTO PEANHOBLIA Iap, HATIOJIHEHHEH BOAODPOAOM, Ue-
pPE3s HECKQIRKO YACOR He 6yaeT NIONHAMaTLCH BBEPX?

5. PacoosioATe TPUREJSHHME HHME TADR TPAHHYATIIHX HRIeCTR B 1Mo-
PHAKE ROBPACTARHSA CKOPOCTY ANQQYINT: BOZAYX — [MAPEl 3hHPa; 20J0-
o — amoMmeHui (600 °C); soga — Mexueiii xymopoc (20 °C); Boma —
MegEBIE Kynopoc (80 °C),

§ 22. OnbiTHOE onpepeneHuve
CKOpOCTen ABVMKEeHUA MONEeKYN

1. OmwiT IlTepua. ¥Y9acTBYA B HEPePLIBHOM XAOTHYECKOM JBH-
WEeHWH, MOJEKVILI MOCTOAHHO CTAAKUBATCA MExAY codoll, IpH 9TOM
YHCHO CTANKEBAIOIMXCA HACTNI, B KaXKaplH MOMEHT BPEMEHY PASIHYHO.
ITosToMy EMOYNBCLI H CKOPOCTH YACTHUI] ITOCTOANHO H3MERAIOTCA, ¥ B TOT
HNIY HHOH MOMEHET BpeMcHH MX 3HAUEHUS Y Pa3HBIX MOJEKYI PABIHYHEL.
Bueperie ckopocTH ABHKEHHA MOJEKYJ rasa ObLIH M3MEpEeHLHL B
1920 r. remenxuM pusurom Ommeo HImeprom (1888—1969). Oxce-
NepUMEHTATBHAA VCTAHNBRA, KOTOPOH monnaorancH [lltepH, cocroana
H3 IBYX OUIMHAPOB A 1 B (puc. 61) c obmeit ocsio Bpamenua. B cren-
Ke quiameapa A Oni1a caenaHa yskad meds C, a BIOAL OCH ITHIMHAPA
HATAHYTA TOHKAA IJIATHHOBAA NPpOBOAOKa OO, MOKpEITAA CJIOEM Ce-
pebpa. Boagyx w3 nHauHapa oTKaqusBasica., IIpy npoxomJeHHy 0o
TIPOBOJIOKE 2JMEKTPHYLCKOTO TOKA OHA HATPEBAJACH, cIni cepebpa mc-
oapancsa X BHYTPeHHUN MHIUHID S3ATOIRAICSA TA30M U3 ATOMOB cepe6-
pa. HekoTopele aTOMEI IPOXOIUIN Yepea NIeAEs H OCETATH HA BHYTDOH-
Hell [IOEepPXHOCTH DAAMEApA B manporHe menay (puc. 62, a). Ocajgox
uMen gopmy nonocku (puc. 63, a).
Korjia nuIRHAPE OPHBOAHIR BO BPATIEHNE ¢ O{HHAKOBOHR YTJIOBOH
CKOPOCTDHIO, ATOMEL cepefipa DCaXAATHCH Ha BHYTPEHHEH TTOBEPXHOCTH
UHINHAPa B yKe He HanpoTHB IIeNH, a HA HEKOTD-
/"'ET‘A\ g DOM DACcCTOAHUM § OT TIOJOCKH, BanelAeHHOH DM He-

W MOABMMCHEBIX MUIAWHApax (puc. 62, #). 3a BpeMs, KO-
e Topoe Heobxoaumo aromam cepeflipa, 4rolnl mpone-
o TeTL PACCTOSIHHMEe OT IHAMHApa A o DuaIuaipa B,

! IMIHEIPL] YCNEBANH IOOBEPHYTLCA HA HEKOTODLIR
! yrox. IIpu sToM TonmyHa IOMOCKU GLiNa He Beage
| onunuaaroBa (puc. 63, ). 3to oObsAcHHETCA TeM, YTO
P = ATOMbI cepedpa HMeT pasHble CKOPOCTH U UM Tpely-

I e eTCH pPaszHoe BpeMsd, 9To0sl J0JAeTeTs A0 BHYTPEHHeH
Puc. 61 ToRePXHOCTH UnAnHApa B. YeM MeHBIE CKOPOCTH



aToMoB, TeM 0OJIbIlIe PACCTOSHUE S, HA KOTO- @)

POM OHM OCAAYT; 4eM GoJIbIlle CKOPOCTH aTO-

MOB, T€M MeHbIIIe 3TO PACCTOAHME. Ry
Oxasaynock, 4YTO KaK «MeJIeHHbIX», TAK H R,

«OBICTPBIX» ATOMOB HEMHOro. Bosbmiasa yacTs

U3 HAX UMeeT CKOPOCTH, OJIM3KHe K HEKOTOPO-

My 3Ha4eHHI0, Ha3blBaeMOMy Haubojiee Bepo-

ATHOM cKopocTsio. O6 9TOM CBUAETEILCTBYET

TOT (paKT, YTO TOJIIUHA CJIOA cepedpa B IEeHT-

pe — Hauboaeian (cM. puc. 63, 6).
Cxopocres atromoB B onsite IllTepra mo- 0)

’KeT OBbITh pacCUMTaHa CJeAYVIOIHM o0pa- \

3oM. Ecin wacrora BpalieHus QUJINHJIPOB 1,

pajuyc BHYTPEHHEro nuiuHapa R,, paguyc

BHEIIHero nujJuHIpa RB’ CMellleHHue aTOMOB I
S, TO CKOPOCTh UX JIBHXXEHHUA paBHAa: #,e'
8
Rp-R g /
U= B A; = — 3
t u

rfie 4 — JUHeHHas CKOPOCTh TOYEK IOBepX-
HOCTH OUJHHApaA B,

Tak kak u = 2nnRy, To d) 6) %

= :

B 3aBHCHMOCTH OT 3HAUEHUSA S MOJTYUAIOT
pa3Hble 3HAUYEHUA CKOPOCTH JABUMKEHHUS aTo- 9
MOB. Puc. 63

U3 onwira IllTepra HaiigeHo, 4TO NpH
remneparype 120 °C ckopoctr GosbIIMHCTBA aTOMOB cepebpa Jexar B
npezenax ot 500 xo 625 m/c. IIpn u3MeHeHUN YCIOBUIL ONBITA, HAIPH-
Mep TeMIepaTypbl BellleCTBa, U3 KOTOPOT'O cJeJiaHa IIPOBOJIOKA, IOJY-
4JalT UHbIE 3HAYEHUA CKOPOCTEH, HO XapaKTep paclipefesieHuss aTOMOB
B HallbLJIEHHOM cJioe He MeHsercs. OTcooja cieayer, 4To pacupezee-
HH€e aTOMOB U MOJIEKYJI II0 CKOPOCTAM IIpeJicTaBaseT coboil onpeaeeH-
HYI0O 3aKOHOMEPHOCTh, XapaKTEePHU3YIOI[YVIO X ABUIKEHHE,

2. Pacnipeesienne MoJIeKys mo ckopocrsiM. B rabaume 12
NpHABEJIeHO pacupeeseHue MOJeKyJ a30Ta 10 CKOPOCTAM IIPU KOMHAT-
HOH Temmeparype. M3 TabauIbl BUAHO, YTO HAUBGOIbIIEE YHUCIO MOJIe-
KyJ UMeIOT CKOPOCTH, 3HAYEHUS KOTOPHIX JeKaT B uHTepBajse ot 300
mo 500 m/c, 91% MoseKys UMEIOT CKOPOCTH, 3HAUEHHS KOTOPBIX 3a-
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Tabnuua 12

ITpoyenm monexysr om obuwezo 1ucaa,

Humepsan ckopocmeil, m/c UMenuux ckopocmu, 3HAYeHUS KOMopylx
Jdexcam 8 YKa3aHHbLX npedenax
' Mensme 100 ‘ T !
| 01100 20 300 | 25 E
Ot 300 110 500 | 42 S
Ot 500 0 700 | 24
Ot 700 o 900 7
Cabmme 900 | 1

KJIIoueHs! B uETepBate or 100 xo 700 m/c, n mums 9% MoJexys ume-
10T 3HaueHHuA cKopocreit merbuie 100 m/c u 6onpme 700 m/c.

TeopeTHUeCKH 3aKOH paclpefesieHUs MOJIEKYJ IO CKOPOCTAM ycC-
TAHOBHJI aHTJIMHCKUH dusuk Maxcsesn B 1859 r., T.e. 3agonro ao
onseiToB IlITepHa.

I'padux pacnpeneseHUs MOJEKYJ IO CKOPOCTAM IPUBEJEeH HA PHU-
cyHke 64. ITo ocu aberuce OTIOXKEHBI 3HAUEHUA CKOPOCTe MOJIEKYJI;
110 OCH OPAMHAT — JOJISA MOJIeKYJI, 00/1aJal0l[UX CKOPOCTAMH, 3HaYe-
HUA KOTODBIX Jexkar B uaTepsase Av (0—100, 100—200 m/c u T. 1.),

G AN
OTHeCeHHas K IIMpPHHEe HHTepBaJa CKopocTei Av, T. e. Nag® TRe N —

YUCJIO MOJIEKYJ B HEKOTOpOM o0beme rasza, AN — 4YHCJIO MOJIEKYI,
CKOPOCTH KOTODBIX JIEXKAT B HHTepBaje Av.

Hocetime Knepk Maxceenn (1831 —1879) — anranii-
cKHi (PU3HK, CO3AATENb TEOPHUH 3JEKTPOMATHHUTHOTO IIO-
a5, unen DauHOyprekoro M JIOHJZOHCKOrO KODPOJIEBCKHX
obmiecTs. MasecTed ceouMu paboraMmu B 06J1aCTH MOJIEKY-
JNAPHOH (PU3UKM, BJIEKTPOAUHAMHKH, ONTHKH. SIBiserca
OZHHUM M3 OCHOBATeJell KMHeTUYeCKOH TeopuH rasos; yc-
TAHOBMJI CTATHCTHYECKHI 3aKOH paclpejeleHUus MoJe-
KYJ 10 CKOPOCTAM; 0GOCHOBAJN CTATUCTHYECKHN CMBICI
BTOPOTO HAYAJA TePMOAMHAMMKM; CO3JaJl TEOPHIO 3JIEK-
TPOMATHUTHOIO I10JI5, J0OKAa3all, YTO CBET MMEeT 3JIEKTPO-
MarsMTHYIO NPUPOAY, BEIYUCINUI AaBJIeHue CBEeTa.
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Hossi MOJIeKY I, 3HAUEHHUA CKOPOCTeH .
KOTOPBIX JIeXKaT B HHTepBaJje OT v 10 Av, NAp /‘
YHCJEeHHO paBHA IIOIIaAU IPAMOYIOJb-

HHKa, IIOCTPOEHHOTO Ha HHTepBajle Av
Kak Ha ero CTOpoHe:

g = i‘t\iAv_ ‘ N
N NAv

ITocTpouB Ha Ka»aA0M MHTEpBaJe CKO-
pocTeil COOTBETCTBYIOINHE IIPSIMOYIOJIb-
HUKH, NOJYYUM paclpejiesieHue MOJEKYJI
o ckopocTaAM. Eciyu yMeHbIINTE WHTEPBAJBLI CKOPOCTEH, TO JIoMaHasd
JIMHUAA NPUOIN3UTCA K IJIABHON KPHUBOil. 3HAUEeHNEe CKOPOCTH, KOTOPO-
MY COOTBETCTBYET MaKCHMYM KPHBOM, ecTh HauboJiee BeposATHAA CKO-
POCTh.

IIpu DoBBIIIEHHMM TeMIepaTypbl MAKCUMyM rpaduKa cMellaeTrcs
B 06J1acTh 6OJBIIMX 3HAUYEHUN CKOPOCTH, IIPU MOHUKEHUHU TeMIIepaTy-
pbl — B obsacTe MeHbIIUX (cM. puc. 64).

Taxum 00pasom, U3 ONBITOB I10 ONPEAEJEHUIO CKOPOCTEH MOJIEKY.JI
¥ 13 Teopuu MakcBessia MOMKHO CAEJNIATh CJAeAYIOIINe BEIBOLBI:

1. PacnipesieieHe MOJIEKYJ II0 CKOPOCTAM IOAYHHSAETCS OIpefe-
JIEHHBIM 3aKOHOMEDPHOCTAM; OHO IIOCTOAHHO BO BpEMEHH IIPH HEeH3MeH-
HBIX BHEIIHUX YCIOBUAX.

2. 3HauyeHUsA CKOpocTed GONBIIMHCTBA MOJIEKYJ OJIM3KH K HEKOTO-
poMy 3Ha4YeHUIO, Ha3blBaeMOMYy HauboJiee BePOATHBIM.

3. IIpu mOBBIMIEHUH TEeMIIEPATYPhl CKOPOCTH MOJIEKYJI BO3pACTAaeT,
MaKCHUMyM KPHUBO# paclipefesieHus cMeliaerca B 006J1acTs GOJBIIUX
3HAYEeHUH CKOPOCTEeH.

3. Cpennmii kBaapar ckopoctu. Kpome Haubosee BeposaTHOM
CKOPOCTH, ABHKEHUE MOJIEKYJI XapaKTepH3yeTca CpeJHUM KBaJpaToM
ckopoctu. Ilycts MoAyIM CKOpOCTe# OTAENTBHBIX MOJIEKYJ Uy, Ug, ..y

Upe Torpa cCpelHee 3Ha4YeHHe KBajJjpaTa CKOPOCTH PaBHO CyMMe KBajpa-
TOB cr:opoc'reﬁ OTAEJIBHBIX MOJIEKY.JI, JleJIEHHO! Ha YUCJIO MOJIEKYJI N2

Puc. 64

EE_U%+U_§+...+@
= N \

KBagpaTHBIN KOPeHb U3 9TOH BeJIMUMHBI HA3BLIBAIOT CPeIHEH KBaJ-
PaTHYHOM CKOPOCTHIO.

Ecnu Mozynes CKOPOCTH HEKOTOPO# MOJIEKYJIBI PABEH U, TO IPOEK-
UM CKOPOCTH Ha KOOPAMHATHBIE OCH PABHbI COOTBETCTBEHHO U, U, U,
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(puc. 65). KBagpar Mmoaysisi CKOPOCTH paBeH
cyMMe KBaJpaToOB ero IMPOeKIIuii:

2 . 2 2 S
v vy + vy + vg. / ”
I x
CooTBEeTCTBEHHO, TAKOE YK€ COOTHOIIIeHUe " ey 3 28 E
CYIIIeCTBYeT MeXKJAy CPeAHUM 3HaueHHueM - I
KBaJpaTa CKOPOCTH ¥ CPeJHUM 3HayeHHeM 2 Puc. 85

KBaJIpaTOB IIPOEK $9970% CKOpPOCTH:

e 32 752
v +v; + vg.

MoJiekyJbl ABHIKYTCA XaOTHYECKH, IOITOMY HAIlpaBJeHUs ocel
OX, OY u OZ paBHONPAaBHEI, T. €. MOXKHO CUUTATh, UTO Cpe/JHee 3Ha-
YyeHHe KBaZPaTOB IPOEKIAIl CKOPOCTH PaBHBI APYT APYTY:

2 o 2 =
v2 v2

el
N o

, T. €. CDEJHUI KBaJpaT IPOeK-

o] %l

2 = Q1,2 o
Orryma v? = 3v2, unu vs =

UM CKOPOCTH HA KOOPAMHATHYIO OCh PaBEeH OJHOIl TpeThel cCpejHEro
KBajpaTa caMoil CKOPOCTH.

Panee roBopuocs o0 ToM, 4TO YyeM 60JIbIIIEe CKOPOCTE ABUKEHHUA MO-
JIEKYJI, TeM BhIlIe TeMIlepatypa Teja. IIpaBusibHee TOBOPUTEL O Cpel-
HEeM KBaJpaTe CKOPOCTH ABMIKEHHA, T. €. 4eM OoJibllle CpeJJHUN KBaj-
paT CKOPOCTH XaOTHYECKOT0 JBHIKEHHUA MOJIEKYJ TeJja, TeM BbIIIe ero
TeMIeparypa.

IIpu u3yuyeHUM BOIpPOCA O CKOPOCTAX ABUKEHUA MOJIEKYJ IO3HAa-
HUe MPOMCXOANJIO CJIeVIONMM 00pa3oM: cHavaJsa Obljia BhICKa3aHa I'-
1oTe3a 0 TOM, YTO MOJIEKYJIbI ABUIKYTCH C PA3HBIMH CKOPOCTAMH. OTH
CKODPOCTH CBA3aHBI C TEMIIEPATYPOH M CYIIeCTBYeT OIpeesIleHHBIN 3a-
KOH pacupefiesIeHus MOJIEKYJI 10 CKOPOCTAM, UTO CJIeA0BaIO U3 HabIi0-
JIeHUii, B 4aCTHOCTH, OPOYHOBCKOTO ABUKeHHUA. 3aTeM MakcBesns Te-
OpeTHYeCKH IIOJIYYUJI 3aKOH paclpeesieHusaA MOJIeKYJ II0 CKOPOCTAM,
KOTOpBIM HOCHUT HasBaHHWe pacupegeneHus Makcpesasna. ITOT 3aKOH
BIOCJIEACTBHH IIOJIVHHJII 3KCIIEPDHMEHTaJlbHOe IIoATBEpPKIAEeHHEe B OIIbI-
rax IItepHa.

OnsiT IlITepHa OTHOCHUTCA K 4YHCaAy (DYHZAMEHTAJIbHBIX (usudge-
CKHMX JKCIEePHMEHTOB KaK OIIbIT, KOTODPBIHl NOATBEPAUJ CIpaBersIH-
BOCTH OCHOBHBIX IIOJIOXKEHHMH MOJIEKYIAPHO-KMHETHYECKON TeopHUH
CTPOEHHA BelllecTBa.
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Borpocs! A1s caMonposepkm

1. Kaxonsl mene ooslra IIltepra u ero peayaeratei? Kax onwlT 6611 oCy-
miecteren?

2, Kaxyio CKOpOCTE HASLIBAIOT HauOoJee RepoATROHR?

3. IloueMy paclpefessAre MOJXEKYT MO CROPOCTAM SBIAETCA CTATHCTH-
YECKHM 38KOHOM?

4. Kaxopo agauenne ontita [ITepHa B pasBUTHH IPEACTABIEHHI O CTPO-
eHUH BeluecTBa?

YnpaxHeHune 12

1. KaK DOKABKIBAIOT PRAYABTATH IKCIIEPHMEHTA, MOMCKY/Ib TA30B IBH-
WRYTCH ¢ oueHb GONEOINMH cxopocramu. Ilogemy cxopocTe Audupysuu
CYHUIECTERHHO MEHBIIE CHOPOCTH JBMYKCHHA MOJIEKYI?

2, B KaKyio CTOPOHY CMECTHTCH MAaKCHMYM DACTIDEAENeRHA MOJEKYJI IO
CKOPOCTAM MDY NOBBIIIEHUH TEMIEPATYPHIT

3. HYexy cOOTHETCTBYPT IMAODIAAL NOK IpaditKoM KPHBOM pacHpenene-
HUA MOJEKYN N0 CKOPOCTAM?

4, HaMeHuTCA JM, M €CIH jla, TO KaK, 3HAYEHHE HauboIee BePOATHOH
CKOPOCTH IPH IOHMMKEHMH TeMNepATYDEL M'a3a U IPK €6 ODOBLIIIeREH?

5. MeMmennTen 71, W €CAM 14, TO KaK, YACIC MOJIEKY ), UMBIOIIWX CKO-
pocTs, GAIIKYID K HAUGOACC BePOATHON, OPH IOBRITEHMHA H MOHWKE-
HHMM TEMIEDATYDH Tasa’

§ 23. BsanmopeictBe MONEKyn u aToMoB

1. Cuasl B3AHMOAGHCTBHSA MeEKIY MONEEYJAMA H ATOMAMH.
[Towemy sxHAKOCTH M TBEDABIE TeIa He PACTIANAIOTCS HA OTALIbHBIE MO-
JEKYALI, XOTA MOJIEKYJIBI PA3AeTeHbl IPOMEeKYTKAMY ¥ GeCIIOpAIOUHO
Apmxyrea? Ilowemy TPyAHO CAOMATE MATKY, PACTAHYTEH MIH CHKATbH
Teepgoe Teno? IloueMy, cioMaE OANKY, HEAL3S BOCCTAHOBHTE ee oep-
BOHAYANLHLIH BHA?

OTBeT HA 9TH BONMPOCHK] AAET TPETHE IONOKEHUE MOJEKYJISPHED-Kil-
HETHYECKON TeOPHY CTPOCHUA ERIECTBAS

HACTHILI BEIECTBA B3aHMOACHCTBYIOT MEKAY CoDoM,

IIpoxenaem onelT. ONyCTHM HA NOBEPXHOCTL BOALI, HAJTUTOH B co-
CYR, CTEKIAHHY WIACTHHY, IPEABAPUTEILHO IPHKPEIINE K Hell JHHA-
Mometp (puc. 66, q). Ilonazoburca weroropoe yocHame, 4TOBEI OTO-
PBATE OJIACTHHY OT NOBEPXHOCTH BOARL. 00 pTOM GyAeT CBHAETEIBLCTBO-
BaTh PACTMHEHHe TPYMHHLI guHaMomerpa (puc. 66, 6). Ilpuuusa
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Pue. 66

HabJI01aeMOro SBJI€HHUSA 3aKJI0-
yaeTcA B TOM, YTO MEXAY MOJIe-
Kynamu Odelicmeyrom  CUJLbl
npumsaiceHus.

BosHuKaeT BOIpoOC: I0YeMy
HeCMOTpA HaA TO, 4TO MEMXAY MO-
JIEKyJIaM# eCTh IIPOMEXYTKH, Te-
Jla Tak e TPYAHO CXKaTh, Kak M
pactanyTs? Ileso B ToM, 4TO Ha-
pAAy C CHJIAMH TNPUTAXKEHUA
MeXKAY MOJIeKyjJamMu Jellcmay-
om cuabt ommanakuearus. Ec-
g OBl AeHCTBOBAJIM TOJBLKO CHJIBI
NPUTHKEHUS, TO MOJIEKYJIbI CJIMII-
JUCh OBl PYT C APYI'OM M MEXIY
HAMH He ObLJI0 ObI IIPOMEXKYTKOB,
a 3TOro He IMPOUCXOAMT.

2. [Ipuposa MeKMOJIEKY-

JAPHOTO B3auMopeicTBua. PaccMoTpuM, 1o4eMy Mexy MOJIeKY/IaMu
U ATOMaM4 JeiCTBYIOT CHUJIbI IPUTHAMXKEHUA U OTTAJIKMBaHUA, T. €. CH-
JIBI ME3XMOJIEKYJIAPHOTO B3auMOAeNCTBUA.

Kak u3BeCTHO, aTOM COCTOUT M3 MOJIOKUTEJIbHO 3aPAKEHHOro Al-
pa ¥ OTPUIATEJbHO 3aPAKEHHBIX DJIEKTPOHOB. B OOBIYHOM COCTOAHUHU
aToOM 3JIeKTPUUYECKM HeHTpaseH. dapa u 3JIeKTPOHBI COCEJHUX aTOMOB

© O
JORS

)

Puc. 67
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B3aUMOJeNCcTBYIOT Mexay coboit. Ilpu
9TOM BJIEKTDPOHBI OAHOI'O U3 aTOMOB OyAYyT
NPUTAIUBATH AJpa APYyroro, a sJeKTPOHEI
3TUX ATOMOB, TAK JKe KaK M uUX sjapa, 0y-
AYT OTTAJIKUBATHCA APYT OT Apyra. Takum
o0pasoM, MeHMONEKYIAPHOE B3AUMO-
deiicmeue umeem 3aeKMPOMAZHUM-
HY00 npupody u NpPoABILACMCs 6 Npu-
maMeHuuw u OommailKkueaHuu.
PaccMOTpUM XapakTep B3aMMOJeNCT-
BHuA AByX aromoB. Ha paccrosnuu, 60Jb-
meM Tpex AWaMeTpoOB aToMa, CHJia B3au-
MOJeHCTBUS MeXJAY HHUMHU NPAaKTHUYECKH
paBra HyJ0 (puc. 67, a). Ha paccroanun
mopA/Ka ABYX-TPEX AHMaMeTpoB aToMa, 3a-
MeTHA JIMIIL CHJIa IPUTAKEeHUd, CUIa OT-



TAJIKUBaHUA NPAKTUYECKH PABHA HYJO. ITO CBA3AHO C T€M, 4YTO B aTO-
Me MOXKeT IIPOU30MTH ePeOPUEHTAIUA 3aPAJOB IO AeHCTBUEM I0JIA
Apyroro aroma. AToM co3aeT BOKPYT cels dieKTpHUYecKoe IoJie, KOTo-
poe ze¥icTBYeT Ha 3apAABI APYroro aToMa ¥ BBI3BIBAET MX Ilepepacipe-
aesenue. ITockoJbKY pasHOMMEHHBIE 3apAABLI pacHmojoXKaTcs OJumKe
APYT K JApYyTy, TO CHJIa IIPUTSKEHUS HA PACCTOAHUAX, PaBHBIX 2—3
AuamMeTpaMm aroma, OyzeT 3HAYUTEJIbHO IIPEBOCXOUTE CUIY OTTAJIKUBA-
Hus (puc. 67, 6).

ITpu panbHeimeM cOMUKEHUN aTOMOB HAUHET BO3PACTATh KaK CH-
Jla IPUTAMKEeHUs, TaKk U cuja oTTaakuBaHuda. IIpu aTom cuia oTTanku-
BaHUA Oyzer Bo3pacTaTh GBICTPee, YeM CHJIa NPUTAKEHHUS, U Ha HEeKO-
TOPOM DAaCCTOSIHUM 7'y CHJIa IPUTAMKEHHUA CTaHeT PDaBHOH CHJIe OTTAaJ-
KUBaHHUA. JTO IPOUCXOAUT HA PACCTOAHMM, IPUMEPHO PABHOM CYMMe
paguycoB aromoB (puc. 67, 8). Ilpu nanpHelneM yMeHBIIEHUU pac-
CTOAHMUA MeXJy aTOMaMy CHJia OTTAJIKMBaHuUA OyaeT npeobaaszaTh HAJL
cunoi npursaxerud (puc. 67, 2). B arom ciyuae onpeaesonyo pob
UrpaeT OTTaJKWBaHNe 3JIeKTPOHHBIX 0007104€K U AJEepP aTOMOB.

Ha pucynke 68 npusBesens! rpad@uKu 3aBUCUMOCTH CHJI OTTAJIKHA-
BaHus F_ U NPUTAKEHUSA an, a TaK)Xe PaBHOJEHMCTBVIOIIEH CHJIBI
MEXXMOJIEKYJIAPHOTO B3auMozeiicTBusa F,. OT paccTOAHHA I MeXAY
OeHTpaM#u aTOMOB. HpHHﬂTO CUHTAaATDh CHJIBI OTTANKHBAHHA NNOJOMH-
TeJbHBIMH, & CHJIbI NPUTAXKEHUA — oTpunarenbHbiMu. Ilo rpadury
BU/JHO, YTO IPH 7 — OO cHJa B3aUMOAEHCTBUA CTPEMUTCH K HYJIIO
(F — 0). Ilpu r > r, paBHOAEHCTBYIOIIEH CUION ABIAETCH CHJIA IPUTSA-
JKeHU#, IpuYeM cHadaja ee MOJYJb BO3paCTaeT, a 3aTeM yMeHbIIaeT-
ca. Ha paccroanuu r = r, paBHOZelcTByOIIasA cuja pasHa HyJao. [Ipu
r < ry paBHOAEMCTBYIOIEl CTAHOBUTCA CHJIA OTTAJNKHUBAHUA, MOIYJb
€e IIPU YMEeHbIIIeHUU PACCTOSTHUA BO3paCTaeT.

Takum obpasom, B3ammojeiicTBue Mex- - \.l
Iy aTOMaMi HOCHT CJIEAYIOIIUI XapaKkTep. ¥
1. HaunnaeT 3aMeTHO IPOABIATHLCA Ha pac- \, "\ F
CTOAHMAX NOPAAKA 2—3 JUaMeTpPOB aTOMOB. \ e
2. OTHOBPEMEHHO [OeHCTBYIOT ¥ CHJbI i
NPUTSAXKEHUSA, ¥ CUJIbI OTTAIKABaHUA. 0 ’”n\/ e
3. CymecTByeT HEKOTOPOE PACCTOAHUE T, y
IPUMEPHO pPaBHOE CyMMe pPaZuycOB aTOMOB, W . P
Ha KOTOPOM CHJIbI NPUTSKEHUA DABHBI CH- S
JIaM OTTAJTKUBAHUA. Puc. 68
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E_\ 4. Ha paccTrosaHusaX r > r, CHJIbI IPUTH-

JKeHus O0JIbIlle CHUJI OTTAJIKUBAHUSA, II03TO-

MY PaBHOJEHCTBYIOIEH CHJI MEeXMOJEeKY-

JIAPDHOTO B3aMMOJEHCTBUA ABJAETCA CHJIA

To NPUTAKEHNA, a Ha PACCTOAHUAX I' < I,

0 i " paBHOAEWCTBYIOIEH ABJIAETCA CHJIA OTTAJ-
oI . N KUBaHUA.

3%, IloTeHMAIbHAA JHEPIrusa B3aH-

Puc. 69 MoOIeHCTBHA MOJIeKyJ. MojeKkynbl Tak e,

KaKk H Jo0ble B3aMMOJeHCTBYIOILUE TeJja,

obsagaoT moTeHIMaabHOU sHeprueil. Ilo rpaduKy 3aBHCHMOCTH CHJIBI

B3aMMOJIeICTBUA MEK/1Y aTOMaMU OT PACCTOAHUA MEXAY MX I EeHTPaMHu

(cm. puc. 68) MOXKHO MOCTPOUTH rPaGUK 3aBUCHMOCTHU IIOTEHIMAIbHOM

sHepruu E  B3aumMoJeicTBUA aTOMOB OT PACCTOAHHUA MeX]y HUMHU

(puc. 69).

IIpu 6eckoHEUHO GOJBIIOM PACCTOSHUM MexJy JacTuiamu (r — )
NOTeHIIMAIbHAA OHEPIUA UX B3aMMOAENCTBUA CTPEMHUTCA K HyJio. Ilpn
YMeHBIIeHNH PACCTOSHUSA MKy MOJIEKyJaMy OT GECKOHEYHOCTH JI0 Iy
npeobajaeT CUIa NPUTAKEHUsA, KOTopas COBepIIaeT IOJOXKHUTEeIbHYIO
paboty (MosieKyJbl cOommkaoTes). CooTBETCTBEHHO KHHETUYECKasA dHep-
r'MsA MOJIEKYJ YBeJWUYUBaeTcsd, a IOTeHIHaJbHasA YMeHbIIaeTcs (B 3aM-
KHYTOI CHCTeMe B OTCYTCTBHE TPEHHUs M3MEHEeHHe KMHeTHYeCKOH dHep-
I'MM PABHO M3MEHEeHUIO TIOTeHIMAIbHON SHEePIHH ¢ 00PaTHBIM 3HAKOM).

HaumeHpIllee 3HaUYeHHEe IIOTeHIMAJIBHASA dHePrus MMeeT Ha pac-
CTOAHUU I'j, HA KOTOPOM DaBHOJAEHCTBYIOINAA CHJI B3aMMOJIeMCTBUSA

MeXIy MOJeKyJaMyu paBHa HyJio. B aToM ciyuae B3aMMOJENHCTBYIO-
e MOJIEKYJIbl HAXOAATCA B COCTOSHUH yCTOHYMBOrO paBHOBECHS, KO-
TOPOMY M COOTBETCTBYET MHMHUMAJIBHOE 3HAUeHUE IOTeHIHaJbHOM
smeprun E__. . [loTreHnuanpHad dHePrus B COCTOAHUM PaBHOBeCHUA

XapaKTepuayeT NPOYHOCTH CBA3M dacTul,. Ee sHaueHWe IOKa3bIBaer,
Kakyio paboTy HYXHO COBEPIIUTH, YTOOBI «Pa30pPBaTh» CBA3U MEXIY
YACTUIIAMU.

IIpMHEIMI MHHMMYMa NOTEHIMAJIbHOH JHEPruM sABJsSeTCH obule-
HAY4YHBIM IPUHIIUMIIOM, CIPaBeJIMBBIM /JiA BCeX (PU3UYECKUX ABJIe-
"Huii. OH yuTaeTCA TaK:

cUcTEeMa CTPpeMUTCA K COCTOAHMIO C MHHHMYMOM HOTBHU;!I&JI_BHO]?I
3HePruu.

IIpuMepaMu 2TOTO MOTYT CIYKHUTh KoJebaHUA MafATHUKA, [BHKe-
HHe IapuKa 110 BOTHYTOH IIOBEPXHOCTH, CBOOOAHOE TajeHue Tesa 1 Ip.
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IIpu pasnbHEHIIEM YMEHBIIEHHH DACCTOAHUSA MeXAy MOJIeKYJIaMu
(r < r,) mOTeHIMANbHAS SHEPIHUsA BO3PACTAET, IIOCKOJbKY PABHOAEHCT-

BYIOIIEH CHJI B3AMMOJAEHMCTBUAA MeKJV MOJIEKYJIaMHi SABJIAETCA CHJia OT-
TAJIKWBaHKUs. JTa CHJIa COBepIIaeT OTPHUILATeIbHYI0 padoTy, 4To BeleT K
VMEeHBIIeHNI0 KHHeTHUYECKOM 9HEePIrUH U YBEJIMUYeHHIO NOTeHIUaJIbHOM.
OT COOTHOIIEHUS MEXKAY CPeHe KNHETUYeCKO dHepruei ABuxe-
HHMSA MOJIEKYJ BelllecTBa U HOTEHIMAJIbHON! 9Hepruei uX B3auMoencT-
BUA 3aBUCUT arperaTHoe COCTOsIHMe BellecTBa. Tak, eciu NoTeHIMalb-
Hasfi 9HepPrusi B3aMMOJEMCTBHA MOJIEKYJ MHOro 0OoJiblle UX CpegHeu
KMHEeTUUYeCKOH 3HEepruy, BelecTBO HaXOAUTCS B TBEPAOM COCTOAHUHU.
Ecau cpesHAs KMHETUYECKAs SHEPIUA ABUIKEHHUS YACTHI] ¥ IMOTEHIH-
aJbHAaA 9HEePIrusa UX B3aNMOAeHCTBUSA CPABHUMBI, TO BEIIIECTBO CYIECT-
BYeT B KHJIKOM cocTogHWHW. Eciau moTeHIUANbHAS 9HEPTrUus B3aHMO-
JedCTBUA MOJEKYJ MHOTO MEHbIIe CpefHell KUHEeTHUYeCKON JHEepIruu
WX IBUKEHHs, TO BEIIeCTBO HAXOUTCA B ra3000pa3HOM COCTOAHUM.

Bonpockl Ang camonposepku

1. Kaxkne Haba0JeHHA M ONBITHI [IOJATBEPIKAAIOT, YTO MOJIEKYJIEl B3aH-
MOAEHCTBYIOT APYT C Apyrom?

2. Ha KakHX pacCTOAHHAX MEKIY MOJEKyJaMy HPOABIAIOTCH CHJIBI
NPUTSKEHNS, 8 HA KAKNX — CHJIbI OTTAJIKABAHUA?

3. [Touemy rassl IpHHEAMAKOT (hopMy # 00'beM cOCyZa, B KOTOPOM OHH Ha-
xonarca? [oyemy KUIKOCTH NIPUHUMAIOT (DOPMY cOCyAa, HO HMEIOT co0-
cTBeHHBI 06beM? [Touemy TBepibie Tejla UMEIOT coGCTBeHHYI0 hopmy?
4% Kax cBA3aHO arperaTHoe COCTOAHME BelecTBa C COOTHOIIEHUEM
MeKAY KHHEeTHYECKOH SHeprueil IBMIKEeHNA MOJeKYI U IOTeHIHalbHON
9Heprueil ux BaauMogeicTBuA?

5%, ITokaskuTe HA IPUMepPax, UTO NPUHIMII MHHUMYMA MOTEeHIIUAJbHON
9HEPTrUU ABJIAETCHA OGIIEHAYYHBIM IIPUHIIMIIOM.

YnpaxHeHue 13

1. B uem cXOJCTBO AABJIEHHI ClIaMBAHUSA U CKJIEUBAHUA JeTaseil?

2. ITouemy He COEMHAIOTCA OCKOJIKH PA30MTOM TapeiaKu, ecjHu UX CJO-
JKUTh M IIPHIKATh APYT K Apyry? [loueMy npm cKIeMBaHHH UX COEIMHE-
HHe OyjeT A0CTAaTOYHO NPOYHBIM?

3. Kak 06bACHUTE XOPOUIVIO CHKMMAEMOCTD T'a30B U IJIOXYI0 — KHUAKOC-
Teii 1 TBepABIX Ten?

4. O0bACHUTE ABACHHUA CMAUMBAHNA M HECMAYUBAHHA KHIKOCTHIO IO-
BEPXHOCTH TBePJAOTO TeJd.

9. [louemy Ha KJaaccHOH AocKe OOBIMHO ITHIIYT MeJOM, a He KycKoM De-
Joro mpamopa?
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i' OcHOBHOe B rnase

1. B ocHOBe MOJEKYJAPHO-KMHETUYECKONH TEOPHH CTPOEHUSA
BeII[eCTBa JIeKAaT CJAeAYIOIINe II0JOXKEeHN .

1. Bce Tena (MakpoOCKONMYECKHE CHCTEMBI) COCTOAT M3 YaCTHIL
(MoJIeKyJI, AaTOMOB, MOHOB), MEMXAY KOTOPBIMHU ecTh mpoMexkyTKu. Cy-
IecTBOBAHUE MOJIEKYJ TOATBEpP:KIAaeTCsA MX HeIOoCpeACTBEHHBIM Ha-
OJI0eHUEeM ¢ IIOMOIIBIO 3JeKTPOHHOTO M HOHHOIO MHKpockomnos. Oc-
HOBHbIE XapaKTEePUCTUKHU MOJIEKYJ: Macca, pasMepnl, CKOPOCTH OIIpe-
JeJeHbl B HACTOsIlee BpeMs AOCTaTOYHO To4YyHO. OHM HMeIOT
clefyiolie 3HAUeHUA 110 TOPAAKY BeauuuHbl: guamerp 10710 m; macca
10726 kr; ckopocru (as1a rasos) 102 m/c.

2. YacTHOpl BellecTBA HAXOLATCA B HENPEPBIBHOM XAaO0THYECKOM
JBHKEHHUM, HA3bIBAEMOM TeILIOBhIM. Ilol0KeHHe U CKOPOCTh KarKIoH
MOJIEKYJIbI B IaHHBIII MOMEHT BpPeMEeHH CJIy4ailHbl, OJHAKO Ilepemelle-
HUSA ¥ CKOPOCTH BCeX YAaCTHUI] CUCTEMbl MOAYMHAIOTCA CTATUCTUUYECKUM
3aKOHaM.

3. Yactunsl BemiecTsa (MOJIEKYJIBI M ATOMbI) B3aUMOJEHCTBYIOT
Mesxay coboii. BaammoseiicTBie HMeeT 3JIeKTPOMArHUTHYIO IIPDUPOAY U
IPOABJIAETCA B IPUTAMNKEHHH H OTTAJKHBaHHUH. PaBeHCTBY CHJI IPpUTHA-
JKeHUA M OTTAJKMBAHUA COOTBETCTBYET MHHUMAaJIbHOE 3HaueHHue II0-
TeHIMAJbHO! 9HEPIrUY B3aUMOAENCTBUA YaCTHUI] CHCTEMBI.

2. ITookeHUss MOJEKYJISPHO-KMHETUYECKOH TeOpHH CTpO-
eHUA BellecTBa 000CHOBAHBI 3KCIePUMEeHTaNbHO (Taba. 13).

Tabauna 13

Ieav axcnepumenma Pesyarvmam

Onpepenenue pasMepoB MOIeKya d = 10710 m

H3yueHne IBUKEHHA MOJEKYJI CpenHuii KBaipaT NPOEKIIUHA NepeMelleHnsa

(onsiTel BpoyHa) OpOyHOBCKOI yacTHIH Ha ock OX mnpsamo
NPOMOPIHOHAJEH BPeMEHH JABHMKEHHA 10
M3MEHEeHUsA el HalpaBJeHHA W TeMIepary-

pe

Hamepenune cropocreii asuske- CylecTByeT ompejesleHHOe pacnpejeieHne

HuA mosaekya (onbiT IlITepHa) MOJIEKYJI 110 CKOPOCTAM. BONBIIMHCTBO MO-
JIEKYJI UMEIOT CKOpocTH, OauM3Kkue K Haubo-
Jiee BEPOATHOIH
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3. OcHOBHBIE BeJTWuuHEI (Taba. 14).

Tabauma 14
O6o-
Beauyuna 3nave- Edunuuya Onpedenenue Dopmyaa
Hue
Ornocu- M, Benuuuna, paBHag OT- my
TeJbHAadA momennio macest mo- M 1
MOJIEKY- nexkyasl (aToma) naH- 13Moc
JApHas HOTO BemecTsa K !/,
macca MacCHI ATOMA YTriepoxa
Konnyge- v MOJIb Benwmunna, paBHas oT- v=N ., _m
CTBO Be- HOLIEHHIO YHC/Ia MoJIe- N, M
IecTBa ' KyJ MJIN AaTOMOB B
JIAHHOM TeJe K YHCIY
aromos B 0,012 kr yr-
nepoga (k mocToAH-
HOH ABOraapo)
Mounsap- M Kr/moas Macca KonudectBa Be- | M = M.~ 1073;
Has Macca mecTBa 1 MOJb
m
M=—;
v
' Kormenr- @ n M3 Yucmo MoJIEKYJT B eU- _ N
panus ' ' Huue ofbema o
4. OcHOBHEBIE (hpU3UUECKUe IToCTOAHHBIe (Taba. 15).
Tabauua 15
O6o-
Hassanue 3Have- Onpedenenue 3HauerHue Dopmyaa
| Hue
TocTosuuasn | L Yucno monexkysnrasa | 2,68 1025 3 L N
Jlommuara | B eUHUIE 00'BeMa - Vv
ITocrosnnas N, Yncao monexyn unua - 6,02 - 1023 mons! N
Asorazpo ATOMOB B KOJIMUECT- AT Y
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OcHOBHDBIC NTOHATHUSA
M 3aKOHDbI TEPMOAMHAMMKMN

AOpo mepmoduHamuKy coCmMA8AAN0ON. MPU 3AKOHA
(unu, Kax ux unaxe nasovisarom, Havaia ). Hewomopoe
npedcmaenerue 00 3MUX 3AKORAX bl YM¥e umeeme.
B omoii zause 3HAHUR O 3GKORAX MePMOGUHAMUKL
Oydym paciiuperst.

§ 24. Tennosoe paBHOBecHne. Temneparypa

1. TemnoBoe parHORecHe, EsxeHeBHO0 Bl HMEETE J€JIO C Teaa-
MH, HAXOAAIIMMUACS B PASAHYHBIX COCTOSABHMAX, KOTOPbIE XaPaKTepPH-
ayioTCA oUpeiefeHHLIMH IapameTpamu., Hanpumep, MakpocKonmde-
CKHe CHCTEMBI: KYCOK JibJA, IPHHECEHHBIH B KOMHEAaTy 3uMoH, H BO3-
IyX B KOMHaTe HMEKT PASHYIO TeMNlepaTypy. depes HeKoTopoe BpeMa
B Pe3yJabLTaTe TennoobMeHa MeXJy JbIOM H BO3AYXOM TeMOeparypa
JABJA MOBBICHUTCA, A BOAYXA HECKOIBKO IOKHIUTCA, ek pacTaeT, obpa-
30BABIOAACA H3 HET'O BOJa HATPEETCA W TEMUEPATYyPa BOALI CTAHET PAB-
HOii TeMIIepaType BO3IyXa B KOMHATE.
FoBopAaT, uTo Mexay BOZOH H BO3AYXOM YCTAHOBHJIOCH TEILIOBOE,
UAY TepMOAMHAMHYECKOE, DPABHOBECHE, a 9TH MAKPOCKOMHYMECKHe
CHCTEMbI NPeACTARJIANT cob0H TEPMOIHHAMHYESCKYIO CHCTEMY.

TepMOAHHAMAICCKEA CHCTEMA — COBOKYNHOCTE MAKPOCKONMYSCKHX
CHCTeM, KOTOPbIe MOTYT OGMeHHMBATLCHA JHeprHeii Mexay colon m ¢
BHEIIHHMHA TENAMH.

Ecan B nasibHelleM HMKAKHX BHETHHUX BO3AeHcTeUit Ha paceMar-
PHBAEMYI0 TEPMOAMHAMHWUECKYVIO CHCTeMY oKasaHo He §yjer, T. e. He
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OyayT BKJIKHOYEHB HarperaTeNbHBIE UPHOOPELI, HE OTKPOKT OKHO H
ABEPSL U T. ., TO COCTOAHME TENNOBOTO PABHOBECHA 3TOM CHCTEMEI ¢BO-
ga — BO3Oyx» Be Hapymurcsa. CucreMa B JaHHOM CJAyvae ABIAETCA
TenNou30IHpoBaHHCH. TepMoIHHAMAYECKYI0 CHETEMY, He YYaCTBYIO-
VIO B TEMICOOMEHE ¢ OKPYKAII[MMH TeJAMH, HA3HBAIOT TEIL10M30-
JHPOBATHOM.

Temmuao.nmponaﬂﬂaa TepMOAHHAMHYECKAS CHCTEMAa ¢ TedeHHeM
BpeMeHH BCerja OpHXoAuT B COCTOAHHE TeILIOROTO DABHOBECHH, H3
KOoTOpPOTre CAMOIIDOHIBOJIBHO BHIHTH HE MOMKET.

oro VTREPMKIEHHEe COCTABAACT CYIIHOCTE 3aK0RA TEPMOAHHAMHY S
CKOr0 pABHOBECHA.

PagrogecHOe COCTOAHHE XAPAKTEPHIYCTCA HEH3IMEHHOCTHIO BO
BPeMeHH RCeX TepMOJUHAMHYIeCKHX MAPAMETPOR COCTOSHUA TeILIO-
HaoarporarHoil cucremsl. HanpuMep, €Ci1A HAJNATE B CTAKAaH MOPAYYIO
ROJY W OCTARHTE €0 B KOMHATE, TO YePes HEKOTOpOe BpeMs CTAKAH
W BOJIA B HEM TIPHAYT B COCTOSAHHNE TePMOAHHAMUIYECKOTC PABHOBECHU
¢ BO3AYXOM H TPEIMETAMH, HaXogamuMmucs B KomzaTte. [Ipu asrom
TeMmOepaTypa, ILAaBjeHMe H 06beM OCTAHYTCH HEHU3MEHHEBIME CEOJIb
YTOJIHO JOJTO NPH OTCYTCTBHH BHEIIHHX BO3/AEHCTBYH,

Ecau cucTeMa HAXOAUTCA B HEPABHOBECHOM COCTOAHMUH, TO IIPELO-
CTaBJIEHHAS caMol celbe ¢ TeweHHeM BPEMEHH OHA IIPHJET B PABHOBEC-
HO€ COCTOAHHE. B maibnHeliimeM BB GyIeTe M3yYaTh TOXBKC DABHOBEC-
Hble CECTEMEL,

2. Temneparypa. Kaxk BaM y’Ke M3BE€CTHO, TEPMOIMHAMHKERZ
Mayu9aeT Opollecchl, MPOHMCXOAAIIHEE ¢ MAKPOCKONINYECKHMHA CHCTEMA-
MH, M ¥X CBOMCTBA, CBAZAHHLIE C IPDEBPALLEHHEM JHEPrHUH,

Cpean mapaMeTpoOB, XAPAKTEPH3YIOILNX COCTOAHNE TEPMOAHHAMM-
JeCKOH CHCTEME], TEMIIEPATYDA SANAETCA 0CODLIM DapaMeTpoM.

TemnepaTrypa — napaMeTp, XapaKTePHIYIOLIHH COCTOAHHE TePMOIH-
HAMMYECKOrO PABHOBECU!, €€ 3HAMEHHE BO BCeX YACTHX PABHOBEC-
HOH CHCTEMBI OTHHAKOEO,

ATo CBOWCTBO OTJHYART TEMIEPATYPY OT APYTHUX [IapaMeTpPOR CO-
CTOAHHS, HAIpHMeD 00heMAa UMY JaBJIEHAA. VX 3HA9EHHA B COCTOH-
HHH TeNJOBCOI'C DABHOEECHSA CO BPEeMEHEM Takike He M3MEeHAKTCH, HO
He ABJAITCA OJMHAKOBBIMH B0 BCEX YaCTAX PABHOBECHOH CHCTEMHL,
Takr, ecid H3 XOJOLHOrO NOMEILIeHENA BHECTH B TEILJIYI) KOMHATY IyC-
TYIO CTEKJHAHHYI GYyTBUIKY, ILJOTHO 3AKPhITYK UPpOOKOHE, U OCTABHATH
HA HEeKOTOpOe BpeMA, TO ¢ TE€YEeHHEeM BPeMeHH TeMIleparypa Dyrsli-
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KM, BO3JYXA B Hell M TeMnepaTypa BO3AYXa B KOMHATE BRIPABEAIOTCH
H TeMIeparypa OyaeT OQUHAKOBOH X HEM3MEHHOH B0 BDEMEHU OpPH OT-
CYTCTBUY BHEUWIHUX BO3AerdcTBUH, OZHAKO JABJIEEHEe BO3AYXA B OYTHLI-
ke Oyger Hoaemre, 9eM AasieHHe BO3AyXa B Komaare. OHo GygeT ocra-
BATBCHA TAKHM CKOJb YTOAHO JOJATO IPH OTCYTCTBHH BHEIOHMX Bo3xel-
cremit, Takum 00pagzoM, eclId TEeMOepATYpa OZHMHAKOBA OAS BCEX TEMN
TePMOIHHAMMYIECKON CHCTEME!, HAXOIAIMeNAca B pABHOBECHOM COCTOMA-
HHH, TO 3HAYEHUA APYTHUX DAPAMETPOB — JAABJCHHUA B 00LEMa — MO-
TYT GBITH PAIELIMH T4 TeJ, BXOAAIIUX B CUCTEMY.

3aKOH TEepMOZMHAMHIECKOI'O PABHOBECHA ¥ NPHBEASHHOE OIIpene-
JleHHE NOHATUA TEMIOEPaTYPH COCTABJIAIT COACPKaHUe HYJEBOro 2a-
KOHA TePMOIHHAMHKM,

3. HaMepenue TemmepaTyprl ClOXKHOCTL HAMEPEHNA TEMIIE-
PATYPHL 3AKNI09AETCS B TOM, UTO €€ HENMb3s CPABHUTE C 3TAOHOM, KakK,
HaAMPHUMED, Maccy WM AanHy. [losToMy QA H3MEpPEeHUS TEMNEePATYDPEI
HCIOJb3YIOT 38BHCHMMOCTb OT Hee (PM3HYeCKMX CBOHCTR Texa: ofmeMa,
LABJEHHA, JeKTPHUECKOD0 COOPOTHBAEHHA H T.O. Heropugecku
BIOEPBbIE RNEA USMEPEHHA TEMIEPaTypsl 6bla HCIIOJAb30BAHA 3aBHCH-
MOCTB 00beMa KHUAKOCTH 0T TeMIIEDATYREL.

IlepBniit opubop ANA naMepeHHA TeMNepaTyYphl — TepMOCKON OBLT
ckoHCTpyupoBad B 1597 r. Tanuneem. TepMockon Iannaed cocToan B3
CTEKJIAHHOTO HIAPKKA, HATIONHEHHOTO BOALYXOM, M CTEKJIAEHOH TPYyO-
KH, YacTH4YHO sanojHeHHOM Bogo#. Kouern Tpybru 6b1n OHyIOEH B
cocyl ¢ Bojo#. Korga Bo3yx B MIapHKE PACHIHPAICA OIPH €ro HArpEBa-
HHH HJIH CKUMAICA NpE OXJaKIeHHH, YPOBEHb BOALI B TPYGKe H3Me-
panca. Ilockonbky aTtor npdbop He UMeN IIKaJABL, TO OH IIO3BOJAX
TOJBKO CPABHMBATH TEMIIEDATYPY PA3HEIX TeJ U CYIHUTH O ££ H3MeHe-
Huu, Kpome 1oro, npu Mcnorp30BaHUU TepMocKona aanned He y49m-
THIBAJIH, YTO BLICOTA CTOA0A HHUIKOCTH B TpYDOKe 3aBUCHT He TOJBKO OT
TeMIEPaTYPhl, HO H 0T arMocdepaoro ZaBineHus.,

Tepmocron Famunes TBITAMTHCL YCOBEPIIEHCTBOBATDL, OAHAKO JTH
npuGopsl He WMenNH OGMEenpHHATON MIRANL H KOXKABIH MOKASLIBAN
CHOIO TEMIOEpPaTypy,

Odng Toro uTo(il MBrOTOBHTbL TePMOMETD, HeobXoAHMO HOMHMO
TeDPMOMETPHICCKOr0 Tead — Tesa, 00bEM KOTOPOro M3MeHSAEeTCA NIPH
H3MeHEHHH TeMIEePATYPhl MOCTPOMTH IMKATY U OTMCTHTL Ha HeH pe-
nepHbie (ONOpPHBIE, OCHOBHBE) ToOYKK. PaccToaHue Mexxay 3THMH TOY-
KaMy A&JIAT Ha PaBHBIE DTDE3XKH H CTABAT COOTRETCTEVHIONINE 3HAME-
HHSA,
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CoBpemenHas mkana Llenscus Obuia npegioxena B 1742 r. Ilpnu
rpajiyupoBKe 3TOM IIKAaJIbl UCIOJB3YIOT JBe pelepHble TOYKU: TeMIIe-
paTypy TasHUA Jbja, KoTopoi npunuckiBaiT 0 °C, ¥ TeMneparypy KH-
neHud BojAbl, npuHATYIO 3a 100 °C. HHTepBas MeXAy HUMH JEIUTCH
Ha 100 paBHBIX 4YacTeif, ¥ OfHA COTaA ITOTO MHTEpBaJa IPUHUMAETCH
3a 1 °C. B KayecTBe TepMOMETPHUUYECKOI'O Tejla B 3aBUCHMOCTH OT Ha-
3HAUYEHUA TePMOMETPA UCHOJb3YIOTCA CIIUPT, PTYTH U T. II.

IMocTpoerHas TakuM 00pasoM IIKaja ABJISETCS JOCTATOYHO yA00-
HOM JIJIg NpPaKTUYECKHWX IleJiell, XOTA OHA MMeeT DsAJ HeJOCTaTKOB.
Bo-mtepBBixX, penepHble TOYKH BbIOpaHBI MPOM3BOJBHO, TaK e Kak
NIPOM3BOJILHBIM ABJSAETCA U Jle/leHue WHTepBaja MexaAy Humu Ha 100
yacTeil. Bo-BTOPBIX, MPH NOCTPOEHHWHM IIKAJBI IIOJArarmT, 4TO 00beM
TEPMOMETPHUUYECKOT0 Tejla IIPH M3MEHEeHUU TeMIepaTypbl H3MEHAeTCH
PaBHOMEPHO Ha BCeM TeMIIepaTypHOM MHTepBaJje, OAHAKO 3TO He TaK.
B pasHBIX TeMIlepaTypHBIX MHTEPBAJax TENJOBOE PACIIMPEHUEe TepMOo-
MEeTPHYECKOTO Tejia pasJudHo. Ilogo0HbIe HEAOCTATKY XapaKTepHbl U
naa mraa Papenreiita u Peomiopa, KOTOpbIe Tak e, Kak U IIKaja
Ienscus, ABIAIOTCA SMIUPUYECKUMHU.

ITosromy BO3HMKaeT HEOGXOAMMOCTH IIOCTPOEHHUA TeMIIepaTypHOI
IIKaJbl, JAIIEHHON 3TUX HEJOCTATKOB.

4, TepmoguHaMHUYEeCKas TeMliepaTypHas mkaJa. TepMoauHa-
Mmudeckasa (abcoyoTHAA) IIKajJa TeMIEepaTyp CTPOHUTCH CJAeAYIOIIUM
o6pasom. BeibupaeTcs ofHa perepHad TOYKa — MPOUHAA MOYLKA 60-
Obi, T. €. TeMIIepaTypa, Ipu KOTOPOil BOja, JieJ ¥ map CyIlecTBYIOT Of-
HOBpeMeHHO. OCyIIeCTBUTH TAKO€ COCTOSHHE BO3MOYKHO IIPH CTPOTO
ompeieIeHHOM JaBJjieHnU. TeMmnepaTypa TPOMHOM TOYKHU BOJABI COCTaB-
aser 0,01 °C, a pmaBieHuMe, Ipu KOTOPOM OHA CYIIECTBYET, PaBHO
609 ITa.

3a HyJIb TEPMOAMHAMHUYECKOH IIKAJIBI TeMIepaTyp IPUHATA TeM-
neparypa —273,15 °C. 9ty Temneparypy Ha3bIBalOT a0COJIOTHBIM HY-
Jdem Temmepatyp. MHTepBan Merxay abCOMIOTHBIM HYJIEM U TPOHHOM
TOYKOM BOABI genuTcda Ha 273,16 vacreit, u 1/273‘16 YacThb 9TOI'0 MHTEP-
BaJia nmpejacrtaBiasger coboit oquna keasBuH (1 K), T. e. exuHNLIy Temie-
PaTyphI 110 TepMOAMHaAMHAUECKOH mKajie. Obo3HadaeTcsa TeMIeparypa
0 TepMOAMHAMHUYECKOI IKase 6yxksoit T'.

1°C=1K.

HOna cpaBHeHus Ha pucyHke 70 mzobpakensr mxrana llenscus u
TepMOAMHAMHUYeCcKas mKaya. M3 pucyHKa BUAHO, 4TO abCONIOTHOMY
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K “c HYJIIO COOTBETCTBYET TeMmeparypa —273,15 °C,

TeMIepatype TagHuda abpaa — 273,15 K, a Tem-
neparype Kunesus Boasl — 373,15 K.
373.15 4 1100 CooTHOILIIEHNEe MEKAY 3HAUeHUSIMHU TeMIle-
3 patypsl no mkaie llenbcuss u mo TepMOaHHA-
273,157 10 MHIYeCKOil IKaJe BrIpaskaeTca (popMyaaMu:
hapey T =t + 273,15;
t=T-2738,15.
025 EJ~273,15 Yacro sBenuuunoit 0,15 npenebperaioT, Tak
Kak OHa MaJia 1o cpaBHeHHIo ¢ 273, U IpU pe-
Puc. 70 LIeHUH 3a7a4 3a aGCOJIOTHBIH HYJIb NPUHUMA-

o1 remueparypy —273 °C.

5. AbcomroTHelit Hyab. 3 Kypca (PU3MKH OCHOBHOU IIKOJbI
BBI 3HAETE, YTO CPEAHAA KHHEeTHUECKasa 3HEePIUa TEIJIOBOI'0 ABUXKEeHU A
MOJIEKYJI CBA3aHa C TeMIIepaTypoii Tesa: 4yem GoJiblire cpeiHAA KUHETH-
yecKas 9HepPrud ABHIKEHHS MOJIEKYJI, TeM BBILIe TeMIepaTrypa Teja.
HeiicTBUTENBHO, IIPHU IIEPEX0je TePMOAMHAMMYECKOH CHUCTEMBI K CO-
CTOAHUIO TEPMOJIMHAMHUYECKOrO PABHOBECHUSA ITPOUCXOJUT BhIPABHUBA-
HUe TeMIlepaTypbl TeJ CHCTeMBl M CpeJHell KUHeTUUEeCKOH sHepruu
BXOAAILIUX B UX cocTaB yacTull. CpegHAa KHHETHYECKAasA d9HEePrus JBU-
SKeHUSA MOJIEKYJI TeJia IIPSAMO IIPOIIOPIHMOHAIBHA €r0 TepMOAUHaAMHUYe-
CKO#f TeMIlepaTrype:

rae k=1,38-10"23 I /K.

CMmpicn Koa(hdHuIIMeHTa ITPONOPIHOHATBRHOCTH B OyJeT pacKpBIT
II03Ke.

W3 3anucaHHOr0 paBeHCTBA CJIeyeT, YTO YeM MeHbIIe TeMIlepary-
pa Teja, TeM MeHbIIe CKOPOCTh TEIJIOBOTO ABMKEHHUs COCTaBIAININX
ero gactun. OueBuaHO, IPK TEPMOAUHAMHUYECKONA TeMIepaType, pas-
HOM HYJI, B HyJb oOpaimaercd M cpeJHAA KHHETUYECKas dHeprud,
U cpeJHAA CKOPOCTh TEILJIOBOTO ABHUKEHHUA YaCTHIIL.

Taxum obpasom,

abCOJIOTHBINM HYJIb — 3TO TaKad TeMnepaTypa, IpH KOTOPOM npexpa-
IaeTcs TeIUIOBOe ABUI/KeHHEe YACTHUIL, COCTABJIAIONHUX TeJo'.

1 TIpu abconOTHOM HYJIe IpeKpallaeTcA TEIJIOBOe JBHKeHHe MOJIeKYJ ¥ aTo-
moB. OfHAKO IIpH 3T TeMIepaType YacTHILbI, BXOAIIAe B COCTAB MOJIEKYJ ¥ aTo-
MOB, COBEPILIAIOT TAK HasblBAeMbIe HYJIeBble KooebaHuA. JHePTrui0, KOTopoii obaa-
JAl0T 3TH YACTHIILI, HEJIb3A NepeaaTh.
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Bonpockl Ana caMonpoOBEPKW

1. Kakoe COCTOSHHEE HASHIBAIOT COCTOSHHEM TEILIOBOTO PABHOBECHA?

2, UeM TemMIOepaTypa KaK TapaMeTp COCTOAHKA TEIJOBOr(o PABHOBeCHA
OTIHYAETCA OT APYTHX OAPAMETROR?

8. Kax cTposarTed sMINpPHUeCKHE TeMIepaTypHele WIKANk? B yem Hx He-
AOCTATORT

4. Kax cTpouTes TepMoguHaMudeckasd mkaxa temneparypl! Kaxkwme Tou-
KH BbIOpAHEB Ha Heil B KAYCCTBS PemepHbIx?

5, Kax crAzafa CpefHSSA EUHETHYECKAA SHRPTHA IBHMEHKRA MOJEKYI
¢ TePMOAMHAMIUECKON TeMIepATYpoli?

YnpaxHeHve 14

1. Yeny paBHA TEMIEPaATypa KHICHHS CNEPTA MO TEPMOAMHAMAYECKOH
IIKANe, €CJAH OHA coeTaBader 18 °C?

2, TeMnepaTypa BeIECTRA B HeApax Seman Ha paccrogaaur 100 xM oT e
mopepxHocTH pasua 1200 K. HYemy paBHa ata TEMUepaTypa OC LIKale
IMenscua?

3. OnpeaenuTe TeMIOEpaTYpy Tasad, €Ay CpeIHAA KHHETHYECKAA SHep-
IHA TEIICROTO ABMIKEHHA Bro Moaexya 8,1- 10721 i,

4, PaccunTaiiTe ¥ cpaBHATE MeXKIY coDoH cpeHHEe KBANPATHUHEIE CRODOC-
TH TemnoBoro Apmxennd npy 0 °C mosexyn sogopoaa (m = 3,3 - 10727 kr),
rkmcaopoaa (m = 5,8+ 102 gr) u azora (m = 23,2+ 10727 xr).

§ 25. BHyTpeHHana sHeprua
MaKpPOCKOMUYECKOW CUCTEMbI

1, Mloaarse BAyTpeEHeH JSHepruH. [[0HATHE BHYTPCHHEH
SHEPIMHE BAM HIBECTHO M3 Kypca DHIMKK OCHOBHOH mKoabl. Bemom-
EEM ero. Maxpockonuyeckne Tejla COCTOAT M3 ABIMKYIIHAXCA M B3AM-
MOJEHCTBYIOIOUX YACTHI: MOJEKY/, 8TOMOR, MOHOB. B CROIG 04Yepe/ib,
ATOMEl ¥ SApa ATOMOB TOXE COCTOAT U3 ABMKYNIHXCA W B3IaHMOAEHCT-
BYIIIHX YACTHIL.

Kayx BARM HMERECTHO, ABMMYIIMECH Tena ofllazaloT KBEHeTHYeCKOol
HepTrHeil, CAeA0BATENBHO, YACTHIL! BEMICCTBA TOXE 00/1aJal0T KHHe-
TAYECKOH sHeprue.

BaauMoaeiicTBYIOmUe Teaa 061aJ210T MOTEHIHAILHON dHEPrHEH.
I[TocKOTLEY HACTHIILI BeIeCTBA B3aMMOZEHCTBYIOT MeXAy coloi, TO
onu o6IaAAI0T IOTEHIIEANLHOH DHEPIHeiL.
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CrnemoBaTelbHO, YaCTHIIBI, U3 KOTOPBIX COCTOAT MAaKPOCKOIIH-
YecKHe Tesa, 00s1ajal0T KMHEeTHYEeCKONH U IIOTeHI[MATLHON dHepruei,
X CyMMa M eCTh BHYTPEHHAS JHEPrus MaKpOCKOIMYEeCKOH cHucre-
MBI.

Bayrpenneii ssHeprueii U MaKpOCKONHYECKOH CHCTEMblI HAa3bIBAIOT
(DU3HYECKYI0 BeJIMUHHY, PABHYI0 CyMMe KHHETHYecKoi sHepruum E_
ABH/KEHHSA COCTABJAIIIMX €ro 4acTul (MOJeKyJ, aTOMOB, MOHOB) M
NOTeHUHANbHOH dHepruu E  wuX B3auMoJeicTBHA.

U=E +E,

Exununei Buyrpenseit snepruu B CU sapusiercs 0xcoynw (k).

K BHyTpeHHel 9HepPruH OTHOCAT U 3HEPruio ABUKEHHUA ¥ B3aHMMO-
AefCTBUA YacTHIl, BXOAAIIUX B COCTAB aTOMOB U sifep BemecTBa. Of-
HAKO B MOJIEKYJIADHOH (pM3HKe MMEIOT AEJIO C IIPOIlecCaMM, KOTOpPhIe
IPOUCXOAAT IIPH He CAUIIKOM BLICOKHX TEeMIepaTypax 1 He CBA3AHBI ¢
IpeBpallleHueM BelllecTBa. B aTUX mporeccax BHYTPHATOMHAA U BHY-
TpUAepHAA S9HEPIUA He U3MEeHATCH.

BHyTpeHHAA 9HEPrus Tejia 3aBUCHUT OT ero COCTOAHUSA, T. €. ABJA-
ercA (PyHKIHeHd COCTOAHUA, M ONpeJessieTcA OJHO3HAYHO IIapamMeTpa-
Mu p, V, T. 9TO 3HAYUT, YTO TEJIO, HAXOASCh B COCTOSSHUU C JAHHBIMH
3HAYeHUAMH IIapaMeTpPOB, UMeeT OJHO M TOJILKO OJHO 3HAYEeHHEe BHYT-
peHHel sHepruu. I[Ipu UBMeHEHNHU COCTOAHMSA TeJla U3MeHAeTCA 3Haue-
HHe BHYTPeHHEH sHepruu.

Kak BaM M3BeCTHO, KMHETHYECKAs SHEPrusA Tejia IPAMO IPOIOp-
IMOHAJIbHA KBaJpaTy ero cKopocTH. ITOCKONMBKY MOJEKYJbl MMEIOT
pasHbleé CKOPOCTH M, CJIel0BATEeJIbHO, Pa3HbIe KUHETHYECKHe dJHEepTUH,
TO UX COBOKYIHOCTh XapaKTepHU3YeTCs CpPeJHei KMHEeTHYeCKOH sHep-
rueM, KOTopas nNpAMO IPONOPIMOHATBHA CPeJHEMY KBaJgpaTy CKOpocC-
TH ABUKEHUSA MOJIEKYJI:

et

K. - 3

Tak kax TeMneparypa Teja IpAMO MPOIOPIUOHAILHA CPEIHeH K-
HETHYECKOM SHEPruM COCTABIAIOIIMX €ro 4YacTHll, TO BHYTDPEHHAA
9HEPI'UA TeJla 3aBHCHT OT €ro TeMIEPaTypsl 1 00 U3MEHEeHUH BHYTDEH-
Hell 9HepPruy MOKHO CYAUTH 110 U3MEHEHUIO TeMIIepaTyphl TeJa.

BryTpeHHAA dHEpPrus Teja 3aBHCUT U OT €r0 arperaTHoOro COCTos-
HusA. Tak, oHa Goxbine y CTOrpafyCHOro mapa, YeM y BOABI TAKOH e
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Macchl IPH TOH Ke TeMmepaTrype. 9To 00bACHAETCA pa3auvnueM IOTeH-
[HAJbHBIX SHEPruil B3auMOAeHCTBUA MOJIEKYJI IIapa U BOJABI.

Ha 3nayeHuWe BHYTPEeHHEH sHepPruu BiaudAeT H JedpopManufA Teja:
oHa Oosble v 1e)OpMHUPOBAHHOIO TeJia, 4eM y HeJleOpMHUPOBAHHOTO.

Caexyer uMeTh B BUAY, YTO BHYTPEHHAA JHEPrus Tejia He 3aBUCHUT
OT ero ABMKEHHS KakK IIeJIOTO M OT ero IOJIOKEeHHs B IIPOCTPAHCTBE.
Tax, 3HaYeHUA BHYTPEHHEI 9HEpPruu y lapukKa, Jekallero Ha noay u
MOJAHATON0 H& HEKOTOPYIO BEICOTY, OJMHAKOBBI IPX OJMHAKOBBIX IIPO-
YUX yca0BUAX (Temueparype, AedopManuu 1 mp.).

HanoMHuM, 4YTO IapaMeTpPaMH COCTOAHUA MaKPOCKOIMUYECKON
cHCTeMBbl ABJISAIOTCA JaBjeHue, o0beM u Temmeparypa. Temepb K HUM
MOXKHO J00aBUTh ¥ BHYTPEHHIOK dHEpruio. BEYTpeHHAs 9HEePrus Tak
)Ke, Kak TeMIepaTrypa, AaBjleHue U o0beM, xapaxkmepusyem Cco-
cmosHuUue CucCmembt.

2. Coco06bl M3MeHeHMsI BHYTPeHHeil sHeprum. Bosnuxaer
BOIIPOC, KaK OIpeJe]UTh BHYTPEHHIOI JHEPruio Teja. ITy 3amady
MOXKHO PeIIUTh JIMIIhL AJSA MPOCTENIINX MaKpPOCKOIHMYECKHUX CHUCTEM,
M HECKOJIBKO II03Ke BBl HAy4uTech 9TO JAenaTh. B OOJBIIMHCTBE XKe
cJIy4aeB pacCYMTATh BHYTPEHHIOK JHEPTrui0 CHCTEMbl HEBO3MOIKHO,
TaK KakK [OJd 3Toro norpeﬁonanocx; OBl 3HATH JHEepPruw [ABUXXEeHHA U
B3aMMOJEMCTBUA KaKAO0H MOJIEKYJIbI.

BcnoMEUTE, IPU H3YUEHUH TeOpeMbl 00 U3MeHeHUN KMHeTUYeCKON
JHEPru™W OTMEYasoch, YTO OOBIYHO MHTEpecyeT He caMO 3Ha4YeHHe KH-
HEeTHYEeCKON 2Heprum, a ee M3MeHeHHe. DTO CBA3aHO ¢ HEOOXOAMMO-
CTHIO 3HATH, KAKYI0 pab0OTy COBEPIIUT TEJIO 3a CUeT UMeloleiica y Hero
9Hepruu., 3HaUeHUe COBePIIeHHOH paboThl pAaBHO U3MEHEHHUIO dHEePTIUHU
TeJia.

M3 xypca GU3NKHU OCHOBHOM LIKOJIBI Bbl 3HaeTe, YTO BHYTPEHHIOIO
JHEPTrUI0 MaKPOCKONHMYECKOH CHCTeMbl MOKHO M3MEHMThb B IIpoIrecce
coBepIieHUusA paboThl UK IIyTeM TelJionepeaadu.

Ecau B3sATH MOHETY M IIOTE€PeTh €€ O IMOBEPXHOCTh
CcTOJIa, TO Yepe3 HEKOTOPOe BpeMs MOKHO OLIYTUTh, YTO
TeMIlepaTypa MOHEeTBhI IIOBBICHMJIACH, CJeJ0BaTeJIbHO,
yBeJMUYNIach ee BHYTPeHHAA sHeprud. Ha omyns MoxK-
HO OIpeneJJUTh IIOBBIILIEHHE TeMIepaTypbl I'BO314d, 3a-
6uBaeMoOro MOJIOTKOM.

BHYTpeHHsAS 3HEPrUs CUCTEeMbl YMEHbIIIaeTCsa, KOr-
Ia oHa cama copepiiaer patory. Ecau Ha AHO TOJICTO-
CTE@HHOI'0 CTeKJIAHHOI'O cOoCyJa HAJWTh HEMHOTI'O BOABI H
3aKpBITh COCYJA IPOOKOM, a 3aTeM HakKayuBaTh B HEro Pue. 71
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BO3AYX, TO IIPH HEKOTOPOM JaBJeHEHH IpoOKa M3 cocyXa BBLICTHT.
B cocyae npn aToM o0pasyercs TyMaH, KOTOPBIA Xoporro BUzes (pue. 71).
ITpobxa BRIIETENa M3 COCYLA NOA AeCTBHMEM HBGLITOYHOTO AABICHUSA
BO3AYXa B HeM. IIpH 3T0M BO3AYX COBEpLINI MeXaHUIeCKYIO paboTy 3a
cqeT ¢BoeH RHYTpeHHeH sHepraH. O0 yMeHbIUeRNYN BHYTPEHHEH a2HEep-
I'HH CBHIETENLCTBYET NORWIKEHHE TEMIEePaTYPh BO3AVXa B COCYIE U
KaK CJeICTBHE 9TOT0 — 0Dpazopanme TyMaHa.

BHYTpEeHHIOIO SHEPrHI0 MOXKHO M3MEeHHTh, HEe coBepinad paGoTy.
Hanpumep, BHYTPEHHSAA SHEPIrMA BO3AyXa B KOMHATE H BCEX IIPEJMe-
TOB, HAXOJAIMUXCH B HeH, HY/IeT YEeTHYHMBATRCA, €CIH IPA 3AKPHITHIX
OKHAX H IBepAX BKJWYHTH BaTaper mapoBOro OTOILIEHMA HAH 3aTq-
NUTEL Nedb. EcTH onyeTHTs B ropduyie BOAY JOMKRY, TO TEMIEPATYRa
JOXKHE TIOBEICHTCA, 4 TeMIIEpaTYpa BOJBI — OOHHIHWTCA. B stom CIYy-
©ac M3MEHEHHe BHYTPEHHeN 3HEPrHH¥ MaKpPOCKONHYIECKHX TEN MPOHC-
XoguT Bes coBepmeHuA paboThI B HPOIECCE TeTIONepeAadn (Ternaood-
MeHa).

Tennonepenayeil HA3HIBAIOT c€Iocol H3MeHeHHA BHYTpeHHeH JHep-
THM TeJd, NPH KOTOPOM IPOMCXOIUT epejavua JHepPrHH OT OJHOI
YacTH Tela K ApPYroi NI OT OfHOrO TeIa K JApyromy (e3 ComRepme-
HAA padoThl.

IIpn Tensicuepegave He LPOHCKXCAHT OPEBPAIDEHHA SHEDrHH H3
OJHOTO BUAZA B APYIOH, KaK OpPH COBepineAuy padoTel. 9TOT IPOLECT
XapaKTepU3yeTcd mepefadeil 3HePrvuy or 0oJiee HArpeTOTO TEJIa K Me-
Hee HarpeToMy. Kax BAM H3BeCTHO, CYIIECTBYET TPU BUJIA TEIJIOEeDe-
JATH: TRENAONPOSOTHOCT b, KORBCKUUS U URYHeHUe.

3. KoamgecTBO TenaoThl. ¥OeldhHad TellIOEMKOCTh BellecT-
Ba. Mepoiif uaMeHeHHA BHYTPeHHel 5Hepruy B IIpolecce TenJonepena-
IH ABIAETCHA KOAMYECTBO TEIIOTH. KoIHuecTB0 TelIoTH o603HagaeT-
ca OykeoH @, eguannA KornuecTBa TenaoTel B CH — ducoyas (Lx).

Konn4ecTBO TemJ0TH &, IONYUeHHOC HIH OTIAHHOE TeJoM Maccoit
M B IpOLIeCce TeNnJomepeaun, PACCUYHTLIBACTCA OO0 hopMy.ae:

Q@=cm(T,-T))

TAe ¢ — YASALHAA TelI0EeMKOCTE BelllecTsa, ') — HadannHAS TeMIle-
paTtypa tena, Ty, — ero KoEedHadA TeMIIepaTypa.

¥iaensHoll TeNIOEMKOCTEIO BEUIECTBA HA3IKMBANOT (QHIHYECKYIO
BeIMYHHY, PABHYIO KOJIHYECTBY TEILTOTHI, KOTOpOe HYIEKHO CO00IIHMTE
1 Kr BemiecTBa, YT0OBI MOBLICHTEL ero TemnepaTypy Ha 1 K (1 °C).
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Takoe XKe KOJIMYECTBO TEIJIOTHI OTAAcT 1 Kr BellecTBa IIPHU INOHU-
sxerun ero Temneparypsl Ha 1 K (1 °C). Exuenna yaenpHO# TemioeM-
koct B CU — Ik /(xr* K).

Kaxk caeayer us opMysabl AJis pacyeTa KOJAYECTBa TEIJIOTEI, eClIu
TeJI0 B Ipoliecce TeILIonepeAauyy IoaydaeT aHepruio, To Ty > T, u

Q > 0; ecsiu Tesio oraaer suepruw, 1o T, < T, u @ < 0.

Bonpock! Ans caMonpoBepku

1. Kakyio sHEepruio HasblBalOT BHYTPeHHEeH?

2. OT 4ero 3aBUCHT BHYTPEHHSA dHEPrUs MAKPOCKOIIMIECKOi cucTeMbl?
3. Or uero He 3aBHCHT BHYTPEHHAN 9HEPIUA MAKPOCKOIMUYECKON CHCTe-
MBI?

4, KakoBHI c1I0cO0bI M3MeHeHU s BHYTPeHHel aHepruu Tesa?

5. IlpuBeuTe NpUMEDPHI U3BMEHEHNA BHYTPeHHeH 9Hepruu Teja IpHu co-
BeplIeHuy paboThl; IyTeM Tellonepeaadu.

6. UT0 HA3LIBAIOT KOJHUUYECTBOM TeIIOThI?

ynpaxHeHve 15

1. B narynsOM cocyae maccoii 650 r maxonurcsa 400 r Bogsr u 100 r 1pa
npu temmepatrype 0 °C. Yemy paBHa Macca CTOTPagyCcHOIro BOJASHOIO
napa, KOTOPBIA HY)XHO BIYCTHUTHL B BOJY, UTOOBI JIe pacrasy U BOAa
Harpenack gm0 25 °C? ViensHas TemjoTa napoo6pa3oBaHUs BOJbI
2,3+106 I /Kr, yaenbHad Temsiora miaaBjieHus jabga 3,3+ 10° Ik/kr,
yieabHAS TemI0eMKocTh Boabl 4,2 + 108 ik /(kr - K)L.

2. Meansiit 3akpeIThIil cocyn Maccoit 1,5 kr cogepxut 10 Kr npaa npu
remneparype —10 °C. B cocyj BOycKalOT BOAAHOM Iap IpH TeMIepaTy-
pe 100 °C, npu aToM B cocyje ycramaBamBaerca temmeparypa 35 °C.
Yemy paBHaA Macca Iapa, BBeJIEHHOTO B cocy? ¥ ielbHas TEIJIOEMKOCTh
npaa papHa 2,1+108 [xk/(kr-K); yaenbHas TENNOEMKOCTh MeId —
380 Ik /(xr* K).

3. B cocyae maxoautea 0,5 a1 Boae! u 300 r nsaa npu remneparype 0 °C.
ITocsie Toro Kak B cocys Buyctuau 90 r BogsaHOTO napa nNpy TeMnepary-
pe 100 °C, B Hem ycranosujiack remueparypa cmecu 33 °C. Onpenenure
TeILIOEMKOCTE COCY/ia.

4. B crexknsunlil crakal maccoit 120 r, umeromuii remueparypy 20 °C,
Hanuau 200 r ropsigeit Bogel npu remmneparype 100 °C. Yepes 6 mun
TeMIeparypa BOAbl B crakaHe crasa pasHol 40 °C. Ilpeamonaras, 4To
noTepA SHEPrHHM IPOMCXOAMT PABHOMEDHO, ONpeAe]auTe KOJUYeCTBO
TeIJIOThl, KOTOPOE TEePAETC KarKAyI0 MUHYTY. ¥ AeJbHAA TellJIOEMKOCTh
crexnaa 830 [k /(kr - K).

1 BenmomHEUTE HeobxoauMble (popMyJibl BaM rmomMoxker Tabauna 16 na c. 127.
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§ 26. Pabora B TepmognHamuke

1. PaGora mpu uaMeHeHMH oObema rasa. Bel 3Haere, 4TO
BHYTPEHHIOIO 9HEPrui0 MAaKPOCKONMMYECKOM CHCTEeMBI MOIKHO H3Me-
HUTb, coBepmiuB pabory. [Tonyuyum dopmyny s BeryuciaeHus pabo-
ThI, COBEpPIIaeMOil MaKpPOCKONUYeCKOH cucremoit. PaccMorpum mpo-
CTEHIIYI0O CHCTEeMY — ra3, KOTOPBIH MOYKeT PaCIIMPATHCA HIH CHKH-
MAaThCA, HO KAK IIeJI0e OH He IlepeMelIaeTcs.

IIycTs B rOpM30HTAJBHO DACHOJIOKEHHOM HIUJIMHJADE II0J IIOpPII-
HEeM, KOTOPBIi MOJKeT IepeMeniaTbca 0e3 TpeHuA, HaXOAUTCA CHKATHIM
ras (puc. 72). B arom cocroaruu ras umeer ob6sem V, u nasieHue p.
Ecan npexgocraBuTh NOpIIHIO ¢BOOOAY, TO I'ad PACIIUPHUTCA K IIepeJIBH-
HeT nopmeHs. [IpeanonoKuM, 4TO NOPIIEHL COBEPIIHT TAKOe MaJioe
nepeMellesue, IPU KOTOPOM HM3MEHEHHEeM JaBJIEHHS MOKHO IIpe-
HeOpeub. Torja o6bem rasa craseT paBHbBIM V,, a aBlieHNe OCTaHETCA
OpeXKHUM.

IIpu pacmuperuu ras nepemeniaerca Ha paccroasaue [ — [y = Al mop
neficTBMeM cuibl AaBiaenus F. Paora, KOTOPYIO COBepIIaeT ras, paBHa
IIPOM3BELEHUIO MOAYJIA BeKTOpa cuJbl F' 1 MOAYJIA BeKTOpa Imepemelie-
HudA Al: A = FAL. Tlpu arom cuutaeM, 4To cusia F — mocTosiHHA.

Cuna naBieHus F rasa Ha NOpPIIEHb paBHA NPOM3BENEHUIO JaBJie-
HUA p HA ILIoLaAs S nmopiuHd, T. €. F = pS. Torga A = pSAl. IIpousse-
neaune SAl — usmenenue oosema rasa: AV = SAl, noaromy

A = pAV.
Taxkum o6pasom,

paboTa raza nmpH HEeM3MEHHOM [ABJEHMH PaBHA INPOM3BEINEHHUIO €ro
JaBJeHHMs M U3MeHeHHus o0bema.

Ecau ras pacmupsiercs, To ero odsem ysesrmuusaercsa, AV > 0 u pa6o-
Ta rasa — BeJuYHHA nojoxkurenbHas (A > 0). Ecau ras c:xxumaercs




(AV < 0), To pabora rasza orpunarenbsa (A < 0). Eciu npu nsMeHeHUn
COCTOSIHUSA rasa ero 00eM ocTaeTcs MOCTOAHHBIM, TO U3MeHeHHe 00'beMa
paBHO Hy0 (AV = 0) u pabora rasa Toxe paBHa HyJi0 (A = 0).

Ilpu caxaTuu rasa cuya gasiaesud F', 1eficTBYIOIasa Ha ra3 co CTO-
POHBI OpIIHA (puc. 73), paBHa 10 MOAYJIIO U HAaIlpaBJIeHa NPOTHBOIO-

n0kHO cuje F, geficTByromeit co CTOPOHBI ra3a Ha mopiueHs: F' = —F.
CnenoBarenbHo, pabora A’, coBepriiaeMas HaJi ra3oM BHEIIIHUMH TeJa-
MH, paBHa pabore rasa A ¢ NPOTHBOIOJOMKHBIM 3HAKOM: A = -A;
A’ =—-pAV.

IIpu cxxkaruu rasa (V, < V) pabora BHEIIHAUX CHJ IOJOXKHUTEJbHA

(A’ > 0), npu pacmupeHUH rasa paboTa BHEIIHHUX CHJ OTPHUIIATe bHA.

IMonyuyennas GopmyJsa AJs BbIYHUCIEHHA paboThEl MakKpOCKOIHNYe-
CKOIl cHCTeMBI CIIpaBeJINBa IIPU JIOOLIX U3MeHeHUAX 00'beMa rasa nmpu
MMOCTOSSHHOM aBjaeHun. PopMyJsIy MOXKHO IIPUMEHATH U B cJIydyae Ma-
JIOTO M3MeHeHHus oObeMa rasa, Ipu KOTOpoM npubopamu He PUKCHPY-
eTcA M3MeHeHHe AaBJIeHMs. BBIYMCIWB IOCTIeJ0oBaTEe/IbHO 3HAYEHUSA
paGoThl AN MaJdbiX U3MEeHEeHUil o0beMa M MPOCYMMHUPOBAB HX, MOJY-
YalnT HOJIHYIO paboTy.

2. I'pacuueckoe npexncrasienue padorel. Pabory rasa ansa
cy4yas MOCTOSHHOTO JaBJeHUS MOYKHO npeAcTaBuTh rpaduuecku. Ilo-
CcTpOMM rpadMK 3aBHCHUMOCTH AaBJIeHHA rasa ot ero oosema. Ilockoinb-
Ky JaBJieHHe ra3a He U3MeHseTrcsd, TO rpapu-
KoM OyaeT npaMas JAHHUA, HapajelbHasd 0CH
abeuucce (puc. 74).

PabGora rasa paBHa IIPOHM3BEIEHUIO JaBlie-
HUA rasa 1 UBMeHeHUud ero odo’bema:

A = pAV,

Ha rpaduxe sTomMy IpPOM3BEJEHHIO YHC-
JIEHHO paBHA ILIOLIAJb IIPAMOYIOJIbHMKA, OT-
paEuM4YeHHOro rpadurkom p = const, 0cChIO
V u nepneHAMKYJIApPaMH, BOCCTaABJIeHHBIMU K
ocu aberuce B Toukax VvV, u V!

A =DpAV =p(V, - V)).

Ecau gaBnenue rasa He ocTaercs INOCTOAH-
HBIM (puc. 75), TO AJA BBIYMCJIEHUA pPadOThHI
HeoOXoAuMO pas3bUTh MPOIlecC M3MEeHEeHHUsA CO-
CTOAHUS Trasa Ha 3JeMeHTapHble IIPOIEeCCHhI,
IIPOMCXOASAIINE IIPH HEU3MEHHOM /aBJIEHUH,
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A BBIYHMCJUTH 3HAUEHUs dJIEMEHTApDHOU paboThl, KOTOPHLIe YHCJIEHHO
PaBHBI IJIOIIAAAM IPAMOYTOJIBHUKOB, a 3aT€M BCe UX CJO0XKUTh. CyMm-
MapHas pabora Oyaer ¥ B 3TOM cJydae paBHa IIomaau GUrypsl, orpa-
HUYEeHHON rpaduKOM 3aBHCHMOCTH [aBJeHHSA OT o0bemMa, ochbio abc-

1I¥CcC ¥ NepPNeHANKYIAPaMi, BOCCTABJIEHHBIMHA K OCcH abCcIuce B TOUKaX
ViaV,.

Bonpocb! gns camonpoBepkm

1. Kak BBIUMCINTEL paboTy rasa Ipy HOCTOAHHOM JaBICHUU?

2. KaxkoBel 3Haku paboThl rasa [Py ero pacllMpeHu U CKaTHH?

3. KaxoBrl 3Haku paboThl BHEIIHUX CHJ TIPH PACIIMPEHWN M CHATUH
rasza?

YnpaxHeHue 16

1. Beruncanre paboTy, KOTOPYIO COBEPIINJI I'ad IPH PACIIMPEHUH, eCIH
npu gasiesun 1,5+10°ITa ero o6wem yBenmumica ¢ 0,2+-1072m3 no
0,6 +1072 M3,

2. Tlo rpacduky (puc. 76) onpenenure paboTy, COBEPIIEHHYIO I'a30M IIPH
mepexojie u3 cocroaHus I B cocrosuue 2. KakoB 3HaK padoOTEI B 3TOM
cayuae?

3. Ilepexon rasa U3 cOCTOAHMA A B COCTOSHHE B BO3MOYKEH C IIOMOIILIO
Tpex IIPOLecCoB, NpeACTABJEHHLIX Ha pucyHKe 77 rpaduxamu: ACB,
AB u ADB. Tlpn kakoM H3 IepexoJ0B rasza U3 CoCTOAHUA A B cOCTOA-
Hue B coBepinaercsa mamboabmas padora? B kaxom cayuae pabora 6y-
IeT HauMeHbIneit?

4, YeMy paBHO JaBJIeHHE ra3a, HAXOAAIIEr0CH MO MOPIIHEM B IIMJIMH/I-
pe, ecau pabora, COBepIIeHHAsA BHEIIHell CUJION IIpK C/KATHUHU rasa, pas-
nHa 30 [I:x? Ilnomans mopimHsA 15 cM?, mepeMelieHye TOPIIHS IPH CXKa-

Tun 20 cM.
5 A
p, 10°Ila o) |
59 r P Pit~ _A D
4 —
3
2
1 Paf - '(' B
012345677V, M 0 v, v, {,:;
Pue. 76 Puc. 77
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§ 27. lNepBbln 3aKOH TePMOSUHAMUWKHN

1. 3aK0H COXpAHEHHS MeXaHHYecKOH 3HepruH. Bl yiXe H3y-
YHIH 3AKOH COXPAHEHHS MEXAHUYECKOH aHeprun.

HanomHHM, 4TO €CJH B 3aMKHYTOH cHCTEMe JeHCTBYeT CKIA Tpe-
HMA, KOTOpad ABJIAETCH HeNOTeHUMaJbHOHN (ee paGoTa N0 3aMKHYTOW
TpaeKTOPHH HE DABHA HYJ0), TO MeXaHWUeCKad dHEDPruA cucreMsl y-
JeT YMeHBUIATHCH, T&E, Hanpumep, YMGHI:III&E.‘TCH MeXAHHYeCKAH
SHePIUA ABTOMOOM A, ABHKYIIErOCA IO TOPUBVHTAMBHOM IOPOTE € BEHI-
KJAYEHHLEIM IBUTATENEM, O YeM CBHJETENLCTBYST YMEHBIISHHE €T0
cxopoceti. [Ipu aToM HabaiogaeTca Harpepanue TPYIMMXCA NOBEPXHO-
creif, T. €. YBeIHUEHHe BEYTPEHHEH 3deprud. B »pToM TpuMepe MeXa-
HHYECKAHA HEPTrHsA CHCTEMbB HEe COXPAHAETCH, YACTL €2 IpespalaeTca
BU BHYTPEHHHIO 3HEPTHIO.

2. Ileperiii 3aKOH TepMOAMHaAMHKH. HamoMHUM, YTO BEYTPEH-
HIOH 3HEPTHK) MAKPOCKOTTMYECKO! CHCTEMEl MOXKHO HMBMEHHTDH IyTEM
TeILIoHePeIagH MU IPK COBEPITEHNN PAGOTLI.

IMpeaoonomuM, 4TO HaJ CHCTEMOH OJHOBPEMEHHO COBepIIaeTCH
pabora A’ K el coofImaeTcda HEKOTOPOE KOJAHYECTEO TeNJIoTH . Ha-
npHMep, Tas, HaXxoganwiicd B HHIUMHAPE HOA IIOPIDHEM, CKHEMAIOT
H MePefainT €My HeKOTOpOe KOJNHYECTBO TelnoTel. Mexanuuyeckad
PHEPIMA CHMCTEMEl IpH 3ToM He MeHAeTcA. ClesloRaTeNbHO,

H3MeHeHNe BHYTPeHHeH SHepruyx CHcTeMEl PABHO CyMMe paboThl, ¢o-
BePIIEHHON HAL CHCTEMOH, 1 mepeJaHHOTo el KOJIHYEeCTBa TelLIOThI.

AU = A' + Qo
JTa pABREHOTBO NpeAcTARIACT 0G0 MepBLId 3aKOH TEPMOAHHAMM-
KH, BJIH 3aK0B COXPAHEHNA HePriH IJf TeILADEBRIX IIPOLECcCos,
IIepRei#l 30KO0H TePpMOZHHAMMKH MOJKHO 3AIIMCATL MHAYE, YUUThI-

Bas 4To paboTa BHEIOIHHMX CIJI HaJ CHCTeMOoH A’ pasHa paGoTe cHcTeMbl
A ¢ npoTHBOOONCKHEBIM 3Hakom: A" = —A. Tlonyunm:

AU =-A + @, uau
Q = AU + Al

KoangecTso TenjoTHI, TMepelaHHOe CHCTeMe, HAeT HA coBeplleHue
cacTeMoil paboTsl MPOTHE BHEITHHX CHJ H HA yYBeJAHAUCHHE ee BHYT-
PEHHe# JHepPTHH,

3%. OKBHBAIEHTHOCTDh TeILIOTEI M patorsl IlepBLiii 3akoH Tep-
MOAMHAMHUEH OTDLXAeT TOT (PAKT, YTC BHYTPEHHHAA IHEPIHS CHCTEMBI
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Houcetime Ipeckomm Jacoynn (1818—1889) — anr-
Jniicknil (u3nuK, uyieH JIOHZOHCKOro KOpOJIEBCKOro 00-
mecrBa. M3BecTeH cBonmMH paboraMu B 06JIACTH 3JIEKTPO-
MarfHeTHs3Ma, TepPpMOJAMHAMMKH, MOJEKYJIADPHOH Teopuu
raszoB. OGHMM M3 TEpPBLIX OTKPBLI 3aKOH COXpaHeHHUf
SHEPruy; SKCIEePUMEHTANLHO J0KA3aJl 9KBHUBAJCHTHOCTH
TEeNJIOThl ¥ PAGOTHI; BEIYMCINI CKOPOCTh ABHIKEHUA MOJIe-
KVJ rasa ¥ YCTHOBHUJI ee 3aBHCHUMOCTb OT TeMIIePaATypPHhI;
yerasoBua Hapaay ¢ 9. X. JleHleM 3aK0H AJA Ompeeie-
HHUA KOJUYECTBA TEIJIOThI, BhIJEIAEMON 3JIeKTPHYECKUAM
TokoM (3akoH xoyna—Jlenua).

MOXKeT OBITHh M3MEeHeHa KaK B IIPOollecce COBepIIeHns paboThl, TAK 1 B pe-
gyJIbTaTe Tervionepenadun. Pabora ¥ KOJWUYECTBO TEILUIOThI ABJISAIOTCH Me-
paMH U3MEeHeHU s BHYTPEHHEelH 9HepPruy CUCTeMBI IIPDH Pa3HBIX IIPoIeccax.

OueBHUIHO, YTO BHYTPEHHAS dHEPTUs CHCTEMbI MOXKeT ObITh U3MEeHe-
Ha Ha OJHO U TO YKe 3HAYEHHUEe TOJIbKO IIPHU Iiepejiade el HEKOTOPOro KOJIH-
yecTBa TeIJIOTHI WJIN TOJLKO IPH COBeplIeHun paboTsl 6e3 TerioobMeHa.
Hanpumep, BHYTpEHHAA SHEPrus rasa B HUJIMHAPE MOXKeT ObITH yBEIH-
YyeHa Ha OJ[HO M TO Ke 3HaueHHe IIPU ero CKaTUHU U IIPH TerioodMeHe.

B sTom 3akouaeTcs NPHHIMI 9KBHBAJEHTHOCTH TEILJIOTHI B pabo-
ThI, KOTOPBIM OBl foKa3aH B 1843 r. onblTaMKM aHTJIMHCKOTO (DU3UKA
I>xoysia U APpYyrux yuyeHbIX. Boisio mokasaHo, 4To 3a cuer pabotsr 1 [k
BHYTPEHHSASA 9HEPrusA CHCTEMBI BCEr/la M3MEHseTCS Ha CTOJIBKO Ke, Ha
CKOJBKO OHA M3MEHAeTCs NPU COOOIIEeHUH el KOIUYeCTBA TeIIOTHI
0,24 xanl.

4. HeBo3MOKHOCTh CO3JaHHUS BewyHOro asurarenda. Ilojroe
BpeMs yUeHbIe IIPeJIPUHUMAJH HOIBITKH CO3aHIUA BEYHOI0 ABUraTe-
JIf, T. €. TAKOTO yCTPOMCTBa, KOTOPOE COBepIIaso Obl MeXaHUYEeCKYIO
paboTy TOJIBKO 3a CYeT BHYTPEHHEeHl 3Hepruu, He I0Jy4das 3HEepruu
u3He. VI3 nmepBOro sakoHa TepMOAMHAMUKY CJIeAyeT HEBO3MOMKHOCTH
CO3IaHMs TAKOTO JABUTaTeNsA. [[efiCTBUTEIbHO, €CIIM K CUCTEMEe He IOJ-
BOJAT 3HEPruio, T. e. @ = 0, To pabora OyaeT coBepUIaAThCA TOJBKO 3a
cueT BHYTPEHHEH 3Hepruy CHCTEeMbI, KOTOpas ¢ TeYeHHeM BpeMeHH 0y-
JeT YMEeHbINATHCSA U B KOHIlE KOHIIOB CTAHeT PaBHOH HYJIO, U ABHUIa-
TeJIb IIepecTaHeT p&ﬁOTaTh.

1 Kamopus (1 xan) — BHecHCTeMHASA eMHNUIIA KOJIHYECTBA TEIIOTHI. 1 Kam —
KOJHYEeCTBO TEeILIOThI, HeobxogumMmoe AJiA HarpesaHus Boabl maccoit 1 r Ha 1 °C.
1 kan = 4,16 Jx.
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Bonpockl 4nia camMonpoBepki

1. Yro aaasaercd Mepoil HIMEHCHHS BHYTDEHHEH 3HEDrHH TeJa npH £o-
repuiesnH paborr? Korga coBeplmaeTcs IoN0KHTENbHAR paboTa; oTpH-
marenrsHad padora?

2, Yo gBaAeTCA Mepoil H3AMeHEHNE BHYTPEHHEN pHePMMH TeJa OPH Tell-
nonepepgave?

3. ChopMynupyiiTe nepbHi 3aK0H TepMOTHBAMUARH,

4%, B ueM ARNMOUSETER [PUHIHI SKBEBAICHTHOCTH TEIIAGTH ¥ pafoThI?

YrnpaxueHue 17

1, MoxeT TH UBMEHeHHEE BHYTpEeHHeH aHeprum cueTeMbl GbiTe OTPHIIA-
TeNbHEM?

2. MomxeT A1 BHYTDCHIAA SHEDINA CHCTEME] OCTATRCA HEM3MEeHHOH, ec-
JIH OHA OJHOBPEMEHHO YYACTEYST B TEMI0OOMEHE H COBepmIaeT paboTy?
3. QupegenuTe H3MeHeHKHE BHYTPEHHEH DHEPrAN CHCTEMEI, CCAH COERED-
weHHad eio pabora pasHa 6 I, a coodmenHOe CHCTEME KOMMYICCTBO
renaoTsl 9 Mx.

4. Onpepenure pafoTy BHETTHWX CHJI HaZl CHCTEMOH, BCJIM CUCTeMA OTaa-
& KONHYeCTRO TemaoThl 3,2 kKJ[3 1 ee RHYTDEHHAS 3HEpPIus yBelHdYH-
nack Ha 2,2 k]JI*.

§ 28. Bropon 3akoH TepMOoagHaAMUKN

1. HeobpaTmele mponecchl. BaM H3BeCTHO, YTO IPH TEIIO0H-
MeHe TeJI0, AMelolnee (o/lee BEICOKYI) TEMIIEPATYPY, OTAAET HEKOTOpOe
KOJHYECTEO TeOJIOTE] I OCTHIEAST, 4 Teso, HMeree 00/1ee HEZKYID TeM-
NepaTypy, NOAYIAET HEKOTOPOe KOAHIEeCTRO TEIJIOTH] ¥ HAarperaeTed.

B cooTBeTCTBHH ¢ NEPBEIM 3dKOHOM TEPMOZMHAMHKH BO3MOMKEH H
TAKOH mponece, OPpH XKOTOPOM MeHee HarpeToe TeNo OTAART HEKOTOPDE
KOJHYLCTBO TeTA0TH 00/iee HATPETOMY TEIY H €1le CHJIbHEe OCTHIBALT,
a teno ¢ Goxeineil TeMuepatypoi, B CEOIO CUEpEanh, TOMTYHIAT HEKOTODOE
KOJHUYECTRO TeILIOTH!, eIrne CHJILIee HarpesaetTcs. IIpd sToM mosHaA
AHEPIHA CHCTEMEI COXPAHASTCS, eCJH OHA BAMKHYTAS H TEILIOH30AHPO-
padHafA. TakuM 00padoM, epBLIH 33aKOH TEPMOAMHAMKEKHA HIUEry He TO-
BOPHUT O HANPaBJIEHHH HPOLECCH TBHJIOOGMEHB., T. €. 0 TOM, KaKOE TEJD
OTJAeT JHEPTHUIo, A KAK0e e TOTYYAET, M He 3AIPEINAeT CAMOITPOA3BONL-
HYIO NIepeJady SHEPIPHH OT X0JIOAHOrO TeJa K TOPTIeMy. JTOT 3ampeT Ha-
KJAOBIBAET BTOPOH S8KOH TePMOAAHAMHKM, KOTODHIH cogepsuT yr-
BepIKJeHKE 0 HATPABJIECHHOCTH MPOIECCOB TemaoobmMeHa. Ipems e yem
O0CYsEJATH STOT 38K0H, PACCMOTPHM ITOHATHE HeoGPaTUMOCTH.
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Hrak, opu TenmoobMeHe sHepTrHA OepeXoAuT oT HoJiee HATPETOrO
Tesa K MeHee HarpetroMy. ODpaTHRIE npolecc nepegauu 3HEPTUH OT
XOJIOAROr0 TeJia K TOPAYEMY CaMONDOU3ROJEHO HPOACXOAHTE HE MO-
JKET, T. €. Tenaonepezaya — HeoOpaTHMEIH nponecc.

Ecan HanuTE B cOCY PACTEOP MEHOTO KVIOPOCd, & CBEPXY BOAY,
TO 4epe3 HeKOTOpoe BpeMA BeaejctBre AnddysHH BemecTsa NepemMe-
IMATCA ¥ PACTBOD CTaHET OAHOPOAHKIM. Judhdy3na TpoR30ILIa CaMo-
OpoH3E0ARED, OOpaTHHIA nMponece, T. €. PA3IEIEHAE CMECH HA BEeIIeCT-
Ba, CAMOIPOM3BOJBHO NpoH3oiTE He moxer. Huddysma — Taxxe
mpaMep HeobpaTHMoOro Tponecca.

Eme ogauM nmpuMepoM mogoGHOrO IpoIecca ABMAETCA JBHUIKEHHE
IMapHKa, YOABIIero ga ILIHTY M OTCKoYnBllero obpargo, [Ipx arom 1a-
PHK CAM He IOJHHUMETCS HA TV e BRICOTY, ¢ KOTOPOH OH yIast, TOCKO h-
KV YACTH MeXAaHHYEeCKONH DHEePTAHA OPEeBPATHTCS BO BHYTPEHHIOI SHED-
THIO BO3AYVX4, [HAPMKA H ILIATLI. Eoax 051 QTCYTCTBOBAJIO COIPOTHUBIAE-
HHE PO3AyXa X YIAp [ApHKa 0 NJIMTY OB abCONIOTHO YOPYTHM, TO
HMapHUK Mocae VAApA TOAHANCA Gbl HA MPEMKHIOK BEICOTY M €ro JBHIKe-
uue G110 OB O0OpaTuMEIM. MTaK: HeobpamuMbimy ASARAFMCS 1PO-
yeccot, 0OpaAmMHbLe KOMODHM CAMONPOUIAOALHO HE RPOUCXOOAMm.

Bee peansHBIe npolecchl HeOOpATHME!, B TOM YHEAE M TAKOH, Kax
CcTapeHMe JKHBLIX OPTAHH3MOB.

Bosuunkger BOOpoOC, YTO HYKHO CAenaTh, YTCOObl MADHK, YIADHB-
HIKCH O OJIHTY, MOJHANCA HA IPEe)KHIO BhIcOTY. OueBrano, Heobxoaun-
MO UMETE MCTOMHUK AHEPTAH, 0T KOTOPOro IMIAPHKY ¢ IOMOILBLIO CIe-
OHAJALHOTO YCTPOUCTEA IepejaBaiack Obl 3Heprud, paBHAd IHEPIHH,
3aTpadeHHON Ha coBepmeHMe pafoTh NPOTHR CHA TPCHUS B Ipenpa-
THBIIENCA BO BHYTPEHHIOK SHEPTHIO IPK AedopMaliii DIADUKA ¥ IJIK-
vel, HHAYe roBopsa, HeoOXOAMMO OCYINRCTBATH O0JIee CIHCKHEIR Npo-
Lece, YACThi0 KOTOPOTQ ABIANOCH OB ABHIKEHHE IMAPDAKA BBEDX IIOCJIE
yaapa o IIuTy,

AHATOrMYHO MOXHO NepeJaTh SHEPrHio OT Tesa ¢ MeHbIIeH TeMIe-
paTypoit Teny ¢ Gosee BpICOKOI TeMueparypoi. OgHAKO AJIA 3TOTO
HY’HaA CTegHANBHAA VCTAHOBKA, ¢ NOMOINBIO KOTOPOH IepedaBaiach
(L1 3Heprasa, T. €. He0OX0[HMO OCYIIECTRATE DoJiee CIo:KHBIH IIPoLece,
YACTHI0 KOTOPOrQ ABIAAACE Obl ITEpefaua sHEPTHH 0T MEHEE HATPeTOTO
Tesa K §0Jiee HATPETOMY.

HeodpaTHMBIM HA3LIBAIOT Ipollecc, OGPATHEIH KOTODOMY MOXKeT
NPOTEKATH JIHILL KAK OXHO M3 3BeHbeB 0oJlee CI0KHOr0 mpoiecca.

2. Bropoit sakor TepmoIuramMukH. [loaaTHe HeoOpPATAMOCTH
OPOLECCOB COCTABJIAET COALPIKAHHE BRTOPOTD 3aK0OHA TEPMOIHHAMHKH,
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KOTOPBIf YKasmBaeT HaNpaBlIeHHe 5HePreTHUeCKHX IpPEBPaLieHr# B
OPUPOLE. ITOT 3AKOH HMeeT HECKONBKO SKBUBATEHTHEX HOpMYyAHPO-
pok. Hemenkuii yuennii Pydoavgy FOauyc Imanysae Knaysuyc
(1822—18R88) cihopmynpoBas BTOPOH 3AKOH TEPMOAHMHAMHKH Cle-
IVIOUIMM obpas3om:

HEBO3MOKEH IIPoUece, eTUHHCTEEHHBM CAeJCTEHEM KOTOporo fs11 651
nepexon SHEPrd oT X0JOJHOre Teja K ropaIeny.

H3 npueeneEHOM GOPMYJIHPOBKY CJeAyeT, 94TO, €CJIH mporecc Ie-
pelady SHEPruHd 0T XOJOZHOTO TENA K ropiuemy oCyIIECCTBAALTCH, TO
TIPH 3TOM NPOHCXOAAT OODEAENCHHbIE USMEHEHHA B ORDYKAOIIUX Te-
aax, B wacTHOCTH, TAKOM NIpoIect MPORCXOAAT B XONOJUWIRHAKE: 3HEP-
rus TepejaeTci OT XOJoAUNsHON KaMepwl cpeie, HMewiei Gosnee
BLICOKYIO TEMIIEPATYPY, HO 3TOT IpPOLECe OCYINeCTRIAETCA IPH COBED-
nreHUNn paboTel HAX pPabouUM TeIOM, B [IPK 3TOM ITPOMCXOLAT oOpeje-
JeHHRIE H3MEHEHUA B OKPYKAIONIEN cpee.

3*. CraTucrnuecroe odnacHeAEHe HeoGparumocTH, HeolpaTH-
MOCTh MOXKEHO OOBACHHTE, 3HAS CTPOEHHE BEIeCTBa. TakK, COCTOAHHE
CHCTEMBI M3 ABYX TeJ) ¢ PasHOH TemuepaTypoil — ymnopafodyeHHOE (IO
3HAYEHMIO TEMIIEPATYPbl MOMHO HAeHTH(PHUIMDOBATE 3TH TeJa, Cpel-
HAA KHHOTUYLCKAA DHEPIrEA ABHIKEeHHA MOJEKY I KOTDPRIX TAK JKe pas-
augHa). Ilocne TOro KAk Tena MPHBENTH B KOHTAKT, COCTOAHHE CTAIO
HEeYIOpAJOYeHHKM B TOM CMLICJIe, YTO 3HAYEHHe TeMIEePaTypPhl He I0-
3BOJIAET PA3JIMUMThL 3TH JIBA Teaa. CuereMa mepeniaa U3 YIOPAZOYeH-
HOPO COCTOSHEA B Hecuopasounoe, Becnopagoaroe cOCTOAHNE XAPAK-
TepHayeTed BLIDABHHMBAHHEM TeMOEpaTyDhi M CPejJHed KHHeTHYeCKOH
SHEPIMH MOJIEKYJ Ten. JT0 cOCTOAHYE ABIAeTCA paBHoBecHEIM. OGpar-
HBIH nepexos u3 OeCIIOPAAOYHOTO COCTOAHNA B YIOPAAOUEHHOE CaM IO
cebe HEBO3MOHEH,

Boja ¥ MeIHBIA KYOOPOC B COCYJe B HAYUAJBHBIH MOMEHT BpeMeHH
HAXOAWJINCh B VIOPAZOYEHHOM COCTOSHHM: B HMMCHEH YACTH COCyAa
pasMeIaJdrCh MOJIEeKYJIEl MeTHOTe KYIopoca, B BepxHel — Boasl, C Te-
YyeHWeM BPEMEHH MOJEKYJEl TlepeMellaJdack H MOPAA0K HAPVIIAICH.
HPOHGOUIJIO BEIDABHHMBAHIE TAOTHOCTEM AHIKOCTH, T, €. CHCTEeMA
«MeJHEIIE KYIOPOC — BOJa» TaKXKe Mepenuia B3 yOOPALOYeHHOrO COo-
CTOAKHA B Heynopanouennoe. O6paraslil nepexod caMm no cefe gesoa-
MOIKEH,

TIpearnonoxus, YTO B COCye, PASAEIeHHOM HA ABE MONOBHHEI Ie-
PEroOpogKOil, HAXOLATCH ABA PASHEIX rasa HalpHMep, B JeBoH ICJIOBH-

125



He BOJIOPO/I, 4 B IpaBoii — Kucaopos (puc. 78).
Ecnu yOpaTs nmeperopojky, TO rassl ¢ Te4eHH-
eM BpeMeHH nepeMelnaiorca. Hacrynur paBHo-
BecHe: rasel OyAyT MMeTh OAMHAKOBYIO KOH-
LIeHTPAIlKIO BO Bcex obmacTax cocyaa. Cocros-
HHe Tra30B B Ha4yaJbHBII MOMEHT BpeMeHH
OBLJIO YIIOPAZOYEHHBIM, TAK KaK B IIePBOM YacTH COCYAa HaXOAUJIHUCH
MOJIEKYJIbI OTHOTO ra3a, a BO BTOPOH — APYyroro. 3aTeM BCJeJCTBHE Xa-
OTHYECKOI'0 JBUKEHUA MOJIEKYJbl IrasoB MepeMelIalnuch: IIPOU30LIeN
Iepexo/ OT YHOPAA0UYeHHOT0 COCTOAHUA K Oecropanounomy. Becnops-
JIOYHOE COCTOSAHME XapaKTepu3yeTcs BbIpaBHUBAHMEM KOHIIEHTPaIMH
rasa M APyrux napamMeTpoB COCTOAHHSA, €My CBOMCTBEHHO OTCYTCTBHE
BBIZIEJIEHHBIX OoOJsacTeil U HampapJeHU#. ITO COCTOSHUE — PaBHOBEC-
Hoe. U B aTOM ciiy4yae cucTeMa NEepPexXoAUT OT YIIOPAJOYeHHOr'0 COCTOA-
HuA K Oecriopsagounomy. CaMONpou3BOJIBHBINA 0OPATHHIN Iepexof He-
BO3MOJYKEH.

Takum obpasom, cucmema 6cezda cmpemumcsa nepeumu u3
YnopadoieHHo0z0 COCMOAHUAL 6 HeynopaodouerHHoe, a camMonpous-
B0JIbHbLLIL 00PAMHBLU Nepexod HeB03MONCEH.

Bonpock! Ans CaMonpoBepKu

1. Kaxkoii npomecc HassiBaioT HeobpatrumeiM? IIpuBenuTe npuMepsl He-
00paTHMBIX IIPOIIECCOB.

2. flpnsrores M KoseGaHNA MaATHUKA 00paTHMBIM IIpoLeccoM?

3. ITosicauTe ¢ MOMOIIBIO IpUMepa BeipakeHHe: «Cucrema ¢ TeyeHHEM
BPEMEHH IMepexoJuT U3 YIOPANOUYEHHOIO COCTOSHHUSA B HEyIOpPAAOYeH-
HOE».

4. Moxer Ju cucTeMa IepeiTH caMOIIPOM3BOJABHO U3 HEYNOPALOYEeHHO-
ro COCTOAHNA B ynopsaxodeHHoe? B KakoM ciyuae BO3MOXeH Iepexoj
13 HeYTIOPAAOUYEHHOTO COCTOAHUA B VIIOPAAOYeHHOe?

5. CopmynupyiiTe BTOPOI 3aKOH TePMOJHMHAMHKH.

.) OcHOBHOe B rnase

1. TepMoaAMHAMHAYECKHUI METOJ M3YYEHUS TEINJIOBBIX ABJEHUHN
HMCIIOJB3YeT CJIeAVIOI[e OCHOBHBIE IIOHATHA: MAKPOCKOIIMYECKadA CHC-
TeMa, COCTOTHUE MaKpPOCKOIIMUYECKON CUCTeMBI, IIapaMeTPhl COCTOAHUSA
CHCTEMBI, TEDMOJUHaAMHUYECKAas CUCTeMa, TePMOJAUHAMUAYECKOe PaBHO-
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Becue, HeobpaTuMocTs. K mapamMerpaM COCTOSHUSA MaKPOCKOIIMYECKON
CHCTeMBI OTHOCATCA 00beM, AaBJeHHe, TeMIeparypa, BHYTDEHHAA
9HEeprus.

2. Crocobpl H3MeHEeHUA BHYTPeHHe 9HePIruH.,

U3MEHEHUE BHYTPEHHEHN SHEPTUU

AU
TEILJIOIIEPETAYA COBEPIIEHUE PABOTEI
Q A

/

TenIonpoBOLHOCTE WUanyuenue

Kousexkmusa |

3. OcuoBHbIe BesuuuHbl (Tada. 16).

Tadauua 16
O6o-
Edu-
Beauwuna 3Have- Onpedenenue Dopmyaa
HUUa
Hue
Pa6ora B TepMozam- A I:x  Ilpu mnocroauHoM paasieHun A = pAV
HaMHKe paBHA IIPOM3BEIEHMIO JaBJle-
HUA U U3MeHeHudA obbeMa rasa
KoanuecTtBo Temio- Q IOx  Mepa uaMeHeHUs BHYTPeHHeH
THBI 9HEPI'HuH B IIpOIlecce TeIrIone-
peaaun
moJiyyaemMoe TeJoM @ =cmAT |
pU HATPeBAHHUU
HeoOxoamMoe  AJA Q=Aim
ILJIaBJIEHHA TeJa
Heobxoaumoe  Aud Q@=Lm

NpeBpalleHns HuI-
KOCTH B IIap
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4. 3akoHbI TepMoagnHaMuKu (tabua. 17).

Tabauua 17

3aKon

HyneBoii 3akoH Tep-
MOJAHHAMUKH

IlepBBlii 3aKOH TEepMoO-
AMHAMHKH (3aKOH CO-
XpaHeHUs DHEPruu
OIS TEeIJIOBBIX IIpO-
1[eCCOB)

Bropoii 3akoH TepMo-
AVMHAMUKH (3aK0H, OII-
peeNsomUil Hanpas-
JeHHe Tenyioobmena)

Mamema-
Dopmynuposra muyeckas
aanucs
Tenyson3oJNpOBAHHAS TEPMOJUHAMH-
YecKas CHCTEMa C TeYeHHEeM BPeMeHH
[IPUXOAUT B PABHOBECHOE COCTOSHHE,
M3 KOTOPOTO CAMOIPOM3BOJIBHO BBIHTH |
He moxer. Temmepatypa — mapamerp, |
3HAYEHUS KOTOPOro OJMHAKOBBI BO |
BCEX YACTAX PABHOBECHON CHCTEMBI
KonnuecrBo remnorsl, nepenanHoe Q=AU+ A
cucremMe, MAET HA COBEPILIEHUE CHCTe-
Mo paboThl HPOTUB BHEIIHUX CHJI ¥ HA |
VBeJIHYeHHE ee BHYTPEHHEH aHeprun

- =

HeposamosxkeH nponecc, eAMHCTBEHHBIM |
caeAcTBHEM KoToporo 6siy 661 mepexon |
9HEPTHH OT XOJIOJHOrO Tela K rops-
uyemy




CBoACcTBa rason

B dsyx npedeidyuwjux zassax Obiiu PACCMOMPEHbL OC-
HOBHBLE NOHAMUA 1 3QAKORb. Mevpuil, ONUCHWBAIWUX
MenioBblte ASJACHUA' MOJNCKYAAPHO-KUHEMULECKOU me-
OPUU CTMPOEHUA BCULECMBG U MEPMOJUHAMUKY U COOM-
BeMCMBEHHO CYULHOCMY G8YyX Memodos uayvwenus men-
A0BbIX ABACHUIL: MOREKYARPHO-KUHEMUYeCcKozo (cma-
mucmuxecxozo) u mepmodunamiiecrkozo. Ilpumenum
menepe amMu 3axK0Hb. U Memodst X AHAAUSY CECUCME He-
KOmMopbLX MAKPOCKORUHLECKUX CUCTEM.

IIpu usyvwernuu ceolcme MAKPOCKONUYECKUX CUCTEM
Oydem cHaxvara cmpPoumb MoGenrb CUCMeMbl, M. e. mo-
deauposamd xapaKmep pacnoioMenus, Jauicenus u
gsgumodeiicmeua vacmuy, U3 KOMophix COCHOUM ma
URU UHAA MAKDOCKONURECKAA CUCTMEeMR, SAMEM Noay-
YUM YPABHEHUS, ONUCHLBRIOULLE U3MEHEHUE UX COCMOA-
HUR, U nposepum ux sxcnepumenmanvio. Havnem ana-
AUS MAKPOCKONUYCCKUX CUCMEM € camoli npocmoil cuc-
memb. — C 2a3a.

§ 29. [laBneHWe naeanbHOro rasa

1. Aneansusiit ra3. Kax Bul yXe aHaeTe, B rasax MoOJEKYJb
pacmonaraxTcA Ha DOJBIIHX IO CPABHEHHIC C AX PAZMEDPAMHE DACCTOA-
HHAX Apyr oT Apyra. CHABI DDHTAKEEHA MEXIY HAMHU MAJbI, MOJEKY-
JIBl B3AHMOAEHCTBYIOT II0 CYLUICCTBY JUINL IIPH CTOJIKHOBeHHAX. Mex-
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Ay CTOJKHOBEHHAMHE OHH ABHIHYTCA NOCTYIa&TeThHO. YTobH! moCTpO-
UTh KOJHYECTBEHHYX TEOPHK) TAKOTO Trasa, HeobXoIHMO YYecTb
B2AMMOAEHCTBUA MeiKIY MOJAEKYNaMH, HX PA3Meps U T. O. JTO TPYA-
Hafa 3agada. IlosTomy paccMoTpuM Gojiee MTPOCTYIO MOIENhb, HA3biBae-
MYI0 HICAJbHBIM I'a3oM.

IIpy DocTpOSHUU OpOCTelIuel MOAeNLH T'aga MpeHehperamwT pasMe-
PAMH €TO MOJICKYI. DTO MOMKHO CAeJaTh MCXOAA M3 CACAYIOMUX c00b-
paxennii, B 1m® rasa npum HODMAaTBHBIX VCIOBHAX COAEDKHICA
2,7« 102% monexyn, JInHeHABIe PASMEDK MOJEKYJE COCTABASIOT IIPH-
gausurensro 10719 M, obneM MOJEKYJABl PaBeH, CJASAOBATENLHO,
10739 3, CooTReTcTBeHHO 0GBEM BeeX MoneRya B 1 M3 rasa paseH npu-
mepro 1073 M3 (10 cm3), Or mau no cpasrenuio ¢ 1 M3, Hosromy pasme-
pAMY MOJIEKYJ I'aza MOMHO OpeHefpedb MO CPARHEHHIO C Da3MepaMH
coeyna, B KOTODOM OH HAXOAHMTCH, M CIMTATH MOJEKYNBL [a3a MATEPH-
AJNLHLIME TOYKAMH.

Kpome Toro, mpH MOCTPOEEHEM MOAENH rassa y4HTHIBAIOT, YTO pac-
CTOARNA MEXKJTY MOMOKYIAaMHK rada JocTATOYHD RennKU. Tak, paceTos-
HHe MeR1y MOJIeKyI1aMH BOASHOro napa B 12 pas GoJklle, YeM Mexny
MOJERYEaMHE BOAL. IIOCKOIBRY CHIBI IPHTHAMEHHA MEXAY MOJNeKYNAa-
ME JOBOJIBHQ BBICTPO YBLIBAKIT ¢ PACCTOAHKEM, UMK IPH HeBOThIIUX
JAaBJEHHUAX MOMKHO NpeHebpeus.

IIpH CTONKHOBEHNAX MOJEKYJI MeXXJy HHMH JeHCTBYIOT CUJBI OT-
TarKUBaEMA. IIOCKOABKY BpeM#A CTOMHHROBEHNA MOJEKYJI 3BHAUYHTEILHO
MeHbIIE BPEeMEHE HX ABMMMEHHS MeMIy CTOIKHOBEHHSAMH, MOMHO
CUMTATH, 9TO GOJBOIVI0 YACTH BPEMEHT MONEK YL IBHKYTCA, He B3au-
MoOAeCTBYA MexAy coboi.

T'a3, MONEKY/IbI KEOTOPOro MPEICTABAAIT cofoi MaTepHansHbIe TOY-
KM, He B3aHMOIeHCTEYION[He MeR Iy cofoit, HA3LIBAIOT HIeasJbRBIM.

HpeanbHblil raz — MOJIeNTh, KOTOPAS TAK e, Rax U jawdasa gpyraa
MOZeJIE, BMeeT OIpeRIeHHRIe TDAHUILL IPMMEHHMOCTH. B 9acTHOCTH,
3Ta MOJEJb HeIPHMEHUMA TTPK HUBKHX TEMIEPATYPax H BRICOKHUX JaB-
JIEHHAX.

2, Jasaeume rasa. MoJexkyxsl rasa, HeIpepblBHO IBUTasCh,
CTANKHBAIOTCH CO CTEHKAM COCYAA, NeHCTBYA HA HEX ¢ HeXoTopol cH-
noit. IIpu vaape o MOKOSIIYIOCA CTEHKY MOJEKYJa MeperacT e M-
nyaec. [Ipy 3TOM WMIOyasC CAMOM MOJIEKY.Ib! H3MeHACTCA.

IlapneAnHe — napaMeTp MAaKPOCKOOHYECKHH, T. 8. XapaKTepHayio-
MU MAKPOCKONMYECKYIO CACTEMY B IeJIoM. Ero 3Hayenue 3aBHCHT OT
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MHUKDOCKOIIMYECKMX IapaMeTpoB: OT Macchl pi
MOJIEKYJI ¥ CKOPOCTH UX ABHUIKEHUH.

B pa3Hble MOMEHTEI BpDEMEHHU O CTEHKH CO-
cyda yaapAeTcs HEOAWHAKOBOE UHCJIO MOJIe- P fwatymmn
KyJI, IIO3TOMY M JaBJieHHEe Ha CTeHKH Ccocymaa
Oyzaer pasau4yHo (puc. 79). Bel 3HaeTe, uTO JaB- 0
JeHHe rasa M3MepsAT MaHoMeTpoM. BosHuka- Puc. 79
eT BOIIPOC: KaKoe 3HAUYEeHUE JaBJIeHUA IT0OKA3bl-

BaeT MmaHomerp?

IToCKONIBKY YMCI0O MOJIEKYJI, AeHCTBYIOIINX HA eAUHUILY IJIOIaLN
CTeHKH, OYeHb BEJIMKO, 8 MACChl MOJIEKYJ MaJibl, TO He3HAUYUTeJIbHOe
U3MeHeHHe UX 4YHucja He OyJeT 3aMeTHO CKa3blBATHCA HA U3MeHeHHU
3HAYEHUA JaBJI€HUs U PerucTpupoBaThcs MaHoMmeTrpoM. IloaTomy ma-
HOMeTp Oy/ZieT MOKa3hIBaTh CpefHee JaBJIEHHE P, KOTOPOEe MMeeT BIIOJ-
He oIlpejieIeHHOe 3HAYEHHE U IIPU HeM3BMEeHHBIX VCI0BUAX (Macce rasa,
ero ob’eeMe U TeMIIepaType) OCTAETCHA MOCTOSHHBIM.

3. OcHOBHOe ypaBHEHHEe MOJIEKYJIAPHO-KMHETHYECKOH Teo-
puu uaeaidbHOro rasa. JlaBieHue rasa Ha CTEHKY cOCy/Ja CO3JaeTcs
yAapaMu O Hee MOJIEKYJI rasa, IIPH KOTOPBIX HPOMCXOAUT M3MEHEHHe
HMIIYJIbCOB MOJIEKYJ U cTeHKH. OUueBHMAHO, JaBJIeHHE rasa Ha CTeHKU
cocyna Tem Oosabie, 4eM GOJBIIMN MUMIYJILC NEPEAAIOT MOJEKYJIbI
CTeHKe, a MMIIYJIbC MOJIEKYJbl, KaK BAM H3BEeCTHO, 3aBHCUT OT MAacChl
MOJIEKYJIBI My U OT CKOPOCTH ee ABMKeHHA U. IIoCKOJIBbKY MaKpoCKo-
OUYECKOe TeJIO COCTOMT M3 OOJIBIIOrO YMCJIa MOJIEKYJ U OHU HUMEIOT
pasHble CKOPOCTH, TO B (POPMyJTy AaBiIeHHUA BXOIUT CPEAHUN KBajapar

CKOPOCTH TEILJIOBOTO JBUKEHUA MOJIEKYJ v2,

Kpome TOro, uem Goiblne MoOJIeKyJ yaapsieTcs O CTEHKY COCYAa,
TeM OoJiblllee naBjeHMe OKasbIBaeT ras Ha Hee. IlosTomy B hopmyay
AaBJIEHUS rada BXOAHUT KOHIEHTPAIlUA MOJIEKYJ 1, paBHAsA YUCJAY MO-
JEeKYJI rasa, cofep;Kanuxca B efuHKUIe 00beMa.

@opmysly AaBleHUS HAEAJIBLHOIO rasa HAa CTEHKH COCYAa MOYKHO
BBIBECTHU MaTeMaTHYeCKH, OJHAKO 9TOT BEIBOJ JOCTATOUYHO CJIOMKEH, I10-
9TOMY IpHUBeaeM (POpMyJly B TOTOBOM BH/Ie:

p=%nm05§.

1
M=uoOxXUTENB 3 O3HavaeT, 4TO BCe HallPaABJIEHHUHA NBUXKEHHHA MOJIEKYJI

PaBHOIIPaBHLBI, U eClIH BhIﬁpaHLl TPHU KOODAWHAaATHEBIE OCH, TO BJOJb
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KAXKA0H M3 HUX B CPEAHEM ABUMETCA OTJHHAKOBOE UUCAO MOJIEKYN H
OPOSKIIMY CPEHeTo KBAAPATA CKOPOCTH HA KOOD/MHATHEE OCH OJMHA-
KOBBI, TakuM o0pasoM, JaRICHNE MAEANLHOrO rasa Ha CTEHKH cocy/ia
TpPAMO OPONOPHHOHAJIBHO MACCe MOJIEKYJ T43a, UX KOHUSHTPaluU 1
cpefHEeMY KBAJPATY CKOPOCTH X TEILIOBOI'0 JBHIKEHHA.

QopMyIy JaBACHUA KACANBHOT0 rasa Ha CTEEKH COCYAa MOMKHO 3a-
OHCATE 8 IPYTOM BHIE:

2 nmyv?
p = '3'. _2— »
mgr? =
rae = K, — cpeauas KKEHETHYECKaH SHEPIUsA MOJIEKYT rasa.
CiaemoBareabHo,

! 3

| p = 2nE,.

Taxkum obpazom,

AABJGHHE HAeANEHOTO ra3a IMIPAMO IPOIOPIHOKATEHO cpexHel KHHe-
THUECKOH JHEPrUH TelJIOROTO ABMKEHHA €ry MOJIEKYJ H YHCIY MO-
JeRyJ B eTHHHLE 00BemMa.

DTo ypaBHeHHE HA3BIBAIOT OCHOBHBLIM YDABHEHHEM MOJEeKYyIap-
HO-KHHeTHUYeCKOH TeopHMH MIeanbHOr( rasa.

MoayueHHAs (OPMYJia CRA3BIBAET MAKPOCKOIHYECKHIH mapaMeTp
COCTOSHHUSA Traga — AaBJleHHe, KOTOPOe MOMKET ObITL M3MEpPeHO MaNo-
MeTpPOM, ¢ MHKDOCKOIHTECKMME [apaMeTpaMHi COCTOAHHA — MacCcoK
MOJEKYJ U CPeRMM KBAAPATOM CcKopocTd (cpefHeit KHUIeTHYeCKOR
AHEepTHeH) NX TENIOBOrO ABHXKEGHH.

Bonpockl AN CaMONpoBEPKM

1. UTO HAzR ERIOT HALATLELIM Pa30M?
2. [loueMy IpA NIOCTROEHMY MORCAN «HISATBERIR Iass MOMCHO IIpeHC-
fipeys pasMepaMy MONEKYJ H HX BiauMoneiicTeEeM?

3. Kakoli us razoB — BOLOPOJ, KUCAOPOA uiud relwd — Hanbonee
LA TIO CROMCTEAM K HILANLIOMY, &CITH WX TRMIEpATYDA OZHHAKO-
Ba?

4. KakoBhi rpaHAIbl NPUMEHAMOCTH MOJBAM «MICANbEBIHE rags?
5. Yem obycnopieHo NaBIeHye Iasn ie CTeHKY cocyna?
6. OT 4ern sa8UCHT JabJelye TA3A HA CTEHKY coCyaat
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YnpaxHeHuve 18

1. B aByx cocyaax OAMHAKOBOro o6beMa HAXOAATCH a30T ¥ BOAOPOI,
IIpUYEeM CpPeJHHH KBaJpaT CKOPOCTH ABHKEHHSA MOJIEKYJ M WX UHCJO
B 0bomMX cocyaax onuHaKOBEI. CpaBHUTe HaBlIeHHE rasoB B COCYAaX.

2. Onpenenure gaBiaeHne Bo3ayxa B hyTooasHOM Maue obseMom 2500 cm3,
ecnu B HeM Haxoxutca 4,5+ 1023 monexysn. CpenHasa Macca MOJEKYJIbI
Bo3ayxa 4,8+ 10726 kr, cpequuMit KBaAPAT CKOPOCTH ABHKEHUA MOJEKY.JI
1,6 <105 m2/c2,

3. OnpefienuTe YMUCIO MOJIEKYJ rasa, COAEPIKAINeroca B TPeXJUTPO-
BOM COCYJle, eClIU CPefHHI KBaJpaT CKOPOCTH ABMIKEHHUA €ro MOJIEeKV.I
3,6+10° m?/c?, macca momexkyael rasza 4,6-10723r, naBirenue rasa
920 Ila.

4. Kaxoii o6'bem saiiMmer ras maccoii 4 kr npu gasaesnu 2 - 10° ITa, ecan
cpelHAA KBaJpaTH4YHasi CKOPOCTh ABMXXeHHUA ero Moyekya 500 m/c?

§ 30. YpaBHeHue cocTosHUSA naeanbHOro rasa

1. Cpennsia KMHETHYECKAs SHEPrUsi TeIUIOBOTO IBHIKEHHUS
MOJIEKYJI M TeMmepaTypa Teja. HanoMHUM, 4TO CpeIHAS KUHETHYE-
CKas 9HEePrud TEeNJIOBOI'O ABUIKEHUS MOJIEKYJI IPAMO IIPOIOPIIHOHATE-
Ha TepMOJAMHAMUYECKOHN TeMIlepaType:

E, = ng.

MoxxHO cKasaTh, UTO memnepamypa SAEIAEMCs Mepoil cpeod-
Hell KUHemu4eckoll 3Hep2uu mMmenJnioéozo O0BUNCEHUS MOJLEKYJL
seuwecmaa.

Koabdunuear nponopuuoHagbHOCTH k, BXOAAIIUN B (GopMyJy,
ABIAETCA PYHOAMEHMANLHOU PUIULECKOL NOCMOSAHHOUL U HOCHT
HazBaHUe MOCTOAHHOMH Boapimana. OHa nmoKasbIBaeT, Ha CKOJIBKO U3-
MeHsAeTCA CPeJHAA KUHeTUYeCKas DHEePrus TeIJIOBOTO JBHIKEHUS MO-
JIEKYJI IpY U3MEeHeHHuH TeMnepaTrypsl Tesa Ha 1 K.

IToncraBuB BhIpaKeHUE AJIA CpeAHEH KMHETHYECKOH dHEepPIUH Tell-
JIOBOTO JIBMJKEHUA MOJIEKYJ B (hOpMYJY AaBJIE€HUSA HAeajlbHOro rasa,
IMOJIYYUM

_2,.3,m.
p=3n 2kT,
| p=nkT. | oY
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W3 3TOro BEIpa)KeHUs CJeAyeT, YTO NPU OJAMHAKOBBIX 3HAYEHUSX
NAaBJEHUA U TeMIIepaTyphl KOHIEHTPAIMA MOJIEKYJ PA3JUYHBIX rasoB
OJlHA U Ta Ke.

Ilocroauryo BoablMana MOKHO BEIUMCIUTE, 3HAA, YTO KOHIEHT-
panusA MOJIEKYJI rasa IIpy HOPMAaJbHBIX YCJIOBUAX, T. €. IPU TeMIepa-
type T = 273,15 K u p = 101 325 Ila, paBHa nocrosaHo# Jlommuara
L= 2,68-102> M3, IloacTaBuB 3TH 3Ha4YeHUs B (POpMyJy AaBJIeHUd,
MOy YNM:

i B
k ik
101 325 I1a oy
- 5 =1,38-10"23 ;
k 273,15 K- 2,68-10% M3 38-10 e

Taxum o6pasom, rocrosaHas Boaprmana k = 1,38+ 10723 Ik /K.

2. YpaBHeHHe COCTOSHMA wHaeajbHOro rasa. Kak Bbl yxke
3HaeTe, COCTOAHNE MAKPOCKONMYECKO CHCTEMBI XapaKTepu3yeTcs OIl-
peneneHHbIMU napamerpaMu. K HuM otHOCcATCA 00beM V), naBienue p,
remneparypa T'. IIpu usMeHeHUN COCTOAHUA ra3a U3MEHAIOTCS ero na-
paMeTphl. Y paBHeHUE, KOTOPOe ONMUCHIBAeT U3MEeHEeHHe COCTOAHUA rasa
M yCTAHABJIMBAeT CBA3b MEXJAY llapaMeTpaMH ero HauyaJbHOro U KO-
HEYHOr0 COCTOSHMI, HA3bIBAIOT YPABHEHHEM COCTOAHHA HIEaJbHOrO
rasa.

N
Y4uThIBadA, YTO KOHIEHTPAIMA MOJIEKYJ 11 = 3; , 3aIUIIIEM ypaBHe-
Hue (1) unaye:

p=¥T, UIH

pV =NET. (2)
VpasHeHue (2) ¥ eCTh ypaBHEeHHE COCTOAHMSA HIEAJbHOIO rasa.

3. YpaBaenue Menneneesa—Kuaaneiipona. Yucio mosexrysn

N paBHO IPOU3BEAEHUIO IOCTOAHHON ABoraapo N, Ha KOJHUYECTBO Be-

IjecTBa V, KOTOpoe, B CBOIO O4Yepe/hb, PABHO OTHOIIEHUIO MAcChl rasza m
K ero MoJsApHOIi macce M, T. e.:

Nym

M

IMoxacraBuB aTO BEIpaskeHue B hopMmyay (2), moaydum:

N=N,v=

pV'= 7 N,kT. (3)
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IIpouseeaeHue nmocToaancii BoarwnMana £ Ha IOCTOAHEYIO ABOraz-
po N, Ha3LIBAalOT YRMBEPCAILHON rasoBoll NOCTOAHHON H 0603HATAIOT
ovkBoH 1.

R=EkN, = 8,31 Ix/(morms- K).

YHHBepcaAhHAA TA3BDBAA NOCTOSHHAA NOKAILIBAET, KAKVIC 2HEp-
ruo HeobxoguMo coofmuTk 1 MOJbh MAEaNbHOrO rasda, YTodbl yBeaK-
9UTE ero TeMnepaTypy Ha 1 K.

3amMeHHB npousseaeHue RN , Ha R B ypaBHeHRH (3), 3anKIIeM:

pV=2ZRT. (4)

Yparuenue (4) Tak xe, Kak u ypassesme (2), AsngeTcsa ypaBHEHH-
€M COCTOAHHMSA UACANLHOTO I'A38; OHO CBASBIBAET NAPAMETPRI KaKO-
ro-aubo COCTOAHHA ras3a IPOH3BOABHON MacceHl. 3TO YDPABHEHUE HASHI-
BaT ypasHeRMeM Menneneera—Kaaneiipona.

4, ¥Ypapuenne Kaaneitpona. Ilpenmono:kum, uTo ras mepe-
XOMHUT M3 HeKOTOPOI'D COCTOAHUA [, KOTODOE XapaKTepHa3yeTcs mapa-
MeTpaMmu p,, V,, T, B cocroanne 2, KOTOpoe XaPAKTEPHUAYETCH MAPA-
MeTpamH p,, V,, T,. IIpn sToM Macca rasa u ero XMMHYECKHH cocTas

OCTAIOTCA HEeHM3MeHHBIMU. 3amunieM ypaBHeHHe MeHgeneesa—Kna-
NeHPORa AJISA NePBOTO U AJIA BRTOPOTO COCTOAHWI rasa:

pVi=1 BTy pVy= 1 RT,

Pas,ue:mm IIepBOe YPpABHEHHEe HA BTOpOe, HDJ]Y‘JHM:

pava _ T, o2Vi_pVs

P2V a fITz’ T, Ty’
Hin L
| %V = const. (9)

Yparaenue (3) nasbiawT ypasHeExem Kaaneitpona. Oro ypasne-
HAE CBABLIBAET MAPAMETPH JABYX COCTOAHHH rasa IIpH HeHN3MeHHOH
Macce ra3s U eTo XUMHYECKOM GOCTABE.

IIponaBenenne NABAEHHA Iasa NANHON MACCEI H ero 00bEMa, NeJISHHOE
HA TEPMOIMHAMHYECKYI) TEMIEDATYPY, €CTh BEIHYHEA MOCTOSIHHAN.

5. BEyTpeBEAA 3HepTHA HACAJARHOTO rasa, HalloOMHEM, 9TO
MOJEeRyJabl UACANLHOIO Iasa He BAAHMOZcHCTBYIOT MeXOy coboi, mo-

135



3TOMY €0 BHYTPCHHAA 3HepPriua DABHA TOJIBKO KHHETHISCKOH SHEPruH
TEeNJA0BOTO ABHXKEHHA €TI0 MOIEKY.T.

U=E,umU=NE,.
IloacTaBus B ary GOpMYJ1Y BhIDAKEHNE AN CpeAHeR KHHEeTHIeCKoM
SHePTHH MOJIEKYJI ¥ BRIDAIKEHHE IJIA YHCIa MOJEKYJ rasa N = %N A

3aTHNIEM:
N,m3
M 2

U= kT, vin

ler 3 m

Dra dopMyaa MO3BOJAAET PRCCUHUTATH BEYTPEHHIOW JHEPrHI0 uie-
AnsLHOrO OHCATOMHOTO Tasd,

Bonpockl 4na caMonpoBepk

1. JoxoauTe Ha IPHMEPAX CBASEL MESKJY CpefHell KnHeTudecKoll sHED-
relt AEUREeHHT MOJCKYN I TeMIeDATYDOH Tesa.

2. Kaxos dusnuecknil cxeicx nocrosznoi Boarnmana?

8. Kakoe ypaBHeHWE HA3LIBAIOT YPARHEHHEM COCTOANUA HARANRHOTO I'a-
za?

4. CrAss mMemAy KAKEMH OAPAMCTPAME COCTOAHMA Ta3a BBEIPAMAET
vpasHenae Merneneepa—Knaneiipona?

5. KakoB (M3WYeCKHH CMBICT YHEBEDCATBHON raszoRo¥ TOCTORHHOM?
IMouemy OHa HASBAHE YHHBEPCAALHOM?

6. Kax unraercs vpaseenue Kaaneiipona?

7. OT “ero 38 BUCHT RHYTPEHHANA SHEPrud HAeaMRHOTO Tasda?

YrpaxHeHve 19

1. B Gaxnone Haxo;urrca ras opH Temneparype 27 °C M NaBIeHNH
3+ 10% Tla. [Tocse Toro Kax !/; rasa BEIMYCTHIN W3 Gannona, ARBAEHHE B
HeM cTano pasHeiM 1,8+ 10% [1a. OnpenennTe, Kakad remuepaTypa ycTa-
HOBHTCA B BasomHe.

2. Usmy paBeH ofbeM rasa NPpH HOPMAILHELIX YCIOBHAX, scin npHd 60 °C
i nasxenw 1,8 - 108 TTa raz asanmaer v6wem 0.5 137

3. Onpegenite MIOTHOCTD Kieaopoga mpu 100 °C 1 xanennn 2 - 10° I1a.
4., PeawHoRRIl wap, coaep:Rampl 2 71 Bo3AYXAa, HAXONHTCH NPHU TeMUe-
parype 20 °C i aapneruu 10° ITa. Kako# ofbem saiiMer BOBAYX, €CIH
Iap ONYCTHTE B BoAy Ha Tybury 10 m? Temnepartypa pozsl 4 °C,
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§ 31.la3oBble 3aKOHBbI

1. Hzonponeccsr. CocToAHMe WeaJbHOrO ra3a MOXMKeT H3Me-
HATHCA TAaKUM 00pas3oM, 4TO, IOMHUMO MaccChl, IOCTOAHHBEIM OyAeT oc-
TaBaThCA OJWH M3 MAKPOCKOIMUYECKHUX HapaMeTpoB cocrtosHud. Ha-
npuMep, €cJIM BHECTH C YJIHUILI B TEIJIOe IIOMeIl[eHue IyCcToM, IJI0THO
3aKPBITHIM COCYJ C JKECTKHMH CTEHKaMH, TO Yepe3d HEeKOTOpoe BpeMs
oH Harpeetcs. CocrosiHue BO3jayxa B cocyae OyaeT MHBIM, OJHAKO €ro
Macca ¥ 00'beM OCTAHYTCS MPEeXKHUMM, UBMEHATCA TOJIBKO JaBlIeHue U
TeMmueparypa. B 9Tom 1 Apyrux mofo6HbIX caydasaxX ypaBHeHHe COCTOsA-
HUA MOXKHO YVIIDOCTUTH H, IoJaras OJJMH U3 MaKPOCKOIIMYECKHUX Iapa-
MEeTpPOB HEeM3MEHHBIM, IOJYYHUTH CBA3bL MEXAY JABYMA NapaMeTpaMu,
KOTOpbIe U3MEHSAITCA. 3aKOHBI, BhIpajrkaloliue 3Ty CBA3b, HA3bIBAIOT
ra30BBIMH 3aKOHAMH.

IIpomecchl, IpoTeKawIIue Mpu HEM3MEeHHOM 3HAaYeHUH OJHOIo M3
MaKpPOCKONHYECKUX IIapaMeTPOB COCTOAHHUA ra3a, Ha3blBAIOT H30IPO-
ueccaMmu (0T rpeu. isos — paBHBIN, OJJMHAKOBEI).

2. U3oTepmuueckuit mpouece. PaccmorpuMm mporecc, KOTO-
PBIH IPOMCXOAUT IIPU IIOCTOAHHON TeMIeparype.

H3oTepMHYeCKHM HA3BIBAIOT MPOIECC U3MEHEeHHHA COCTOAHHUA TepMo-
AMHAMHYECKOH CHMCTeMBbl, IPOUCXOAANIUN IPH NMOCTOAHHON TeMIepa-
Type.

Taxoil Ipomecc MOKHO OCYILIeCTBUThb, €CJH MeIJIeHHO CIKHMATh
MOpIIIHEeM Ta3, HaxoaAmuiicsa B muauaape (puc. 80). [Ipu megnrerHom
CYKATHUH TEeILJI000MEeH MEXXAy ra3oM KM OKPY’KaIOIIUM BO3JYXOM yCIleBa-
eT IPOMCXOANTh, U TeMIIepaTypa rasa 0cTaeTcs HeM3MeHHOM.

ITonyunm ypaBHEeHHe, KOTOPBIM MOJKHO OIMCaTh H3MeHEHHe CO-
CTOAHUSA HIeaJbLHOTO rasa nIpu M3oTepMudeckom nponecce. [lia aToro
sanumeM ypaBHenue Knaneiipona:

PV, _ PV,
T, Ty

rge p, u V, — naBjieHue U 00'beM rasza B IePBOM COCTOSAHMH, Py B V, —

naBleHHe ¥ 00beM rasa BO BTOPOM COCTOS-
HUH.
Yuureisad, uro T, = T',, monyuum:

PV =DpP5V,,

HJIH

pV = const.
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p JlaBjeHue rasa JaHHOM MacChl IPH HEM3MEHHOM
\ TeMmneparype o00OpaTHO IIPOMOPUHOHAJBHO €ro
obbeMy; HJIM NMPOM3BEeNeHHE IaBJIeHUd rasa JgaH-
HOHM Macchl M ero o0’beMa NMpM HEM3MEeHHOH TeMIie-
paType ecTh BeJIMYHMHA MOCTOAHHAA.

ITOT 3aKOH HasBaH 3akoHoM Bolas—Mapuor-
v Ta. OH ObLI HE3aBUCHMO YCTAHOBJIEH QHIVIMHCKUM
Puc. 81 yuessim Po6epmom Boiinem (1627—1691) s
1662 r. u dpannysckum yuyeHeiM ddmom Mapu-
ommom (1620—1684) B 1667 r.
I'padbukom 3aBUCHMOCTH AaBJIE€HUA rasa oT ero oo’beMa npu mocTo-
AHHOM TeMIlepaType — H30TepMO# — sBJsAeTcsa runepbosia (puc. 81).
3aBUCHUMOCTB JaBJIEHUA ra3a JaHHON MacChl OT ero o0'bemMa IpHu I0-
CTOAHHON TeMIlepaType MOKHO OOBSACHHTH Ha OCHOBE MOJIEKYJIApD-
HO-KMHETHYECKOH TeOpHUHU CTPOeHHs BellecTBa. JleHCTBUTENBHO, BaM
yiKe U3BEeCTHO, UTO JaBJIeHHE ra3a Ha CTeHKH cocyjaa TeM OoJbine, yeM
00JIbIIIE KOHIIEHTPAallusa ero MoJeKya. IIpu ymMeHbiIeHUH 00'beMa KOH-
[eHTpaIusa MOJIEKYJI BO3pacTaer, cJIel0BaTeIbHO, YBeJINUYNBAETCA 1aB-
JIeHHe rasa; Py yBeJHYeHUH 00'beMa KOHIIEHTPaIuA MOJIEKYJ U JaB-
JIeHHe ra3a YBeJIHUHUBawTCH.
IIpuMeHNM K HM30TEepPMHUYECKOMY IIPOILECCY IIepPBBIM 3aKOH TepMO-
AUHAMHUKH:

Q=AU + A.

ITocKONMBKY IPH M30TEPMHUUYECKOM IIPOIleCcCe TeMIlepaTypa He MeHsd-
eTcs, TO BHYTPEHss sHepruda ocraercsa nocroasHoit AU = 0, . e.

Q=Aumu@Q=-4".

9TO 0O3HAaUYaeT, UYTO NPH HM30TEPMHUYECKOM Ipollecce KOJIUYECTBO
TeILJIOTHI, TlepeflaHHoe CHCTEMe, UAET Ha COBeplIeHHe cucTeMoi pabo-
ThI IPOTUB BHeIIHUX cui. Ilpu aToM, ecau cucreMa mnojydaeT HEKOTO-
poe KOJIMYeCTBO TEeIlJIOThI, TO OHA PACIIUPAETCA U COBEpIIaeT IMOJ0MKM-
TeJbHYIO pabory. Eciiu cucTema oTjlaeT HEKOTOPOE KOJMYECTBO TEILJIO-
ThI, TO OHA C)KMMaeTCd U COBepIIaeT OTpHIaTeNbHYI0 pabory. MHaue
TOBOP#A, €CJIM T'ad CHHUMAaKT M30TepMHUUYeCKH, TO OH OTJaeT HeKOTOopoe
KOJIM4YEeCTBO TEIJIOTEI,

3akon Boiina—Mapuorra nIpMMeHUM K HJAeaJbHOMY rasy, T.e.
MMeeT Te JKe I'PAHUIILI IPUMEHUMOCTH, YTO U MOJeJIb UAeaIbHOTO rasa:
HeNIPpUMEeHHUM IIPU HUBKHX TeMIepaTypax U BhICOKHX AaBJIeHHUAX.
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3. U3ob6apusni npouece. Kaxk u Bce [ T TnT
TeJjia, ra3dbl TP HAUDEBAHWHW DPACIIUPSAIOT-
ca. IIpogeMmoHCTPUPYEM 3TO. 3aKPOEM KOJI-
0y npoOKO#, B KOTOPYIO BCTaBJIeHa U30THY-
Tas NOJ NPAMBIM YIVIOM CTeKJAHHAA TPyO-
ka (puc. 82). B ropusoHTamsHON uacTu
TPYOKH IOMECTHM CTOJOUK IIOAKpAaIlleHHON
Boabl. IIpu HarpeBaHHMM KOJObI gake py-
kKaMu OyzeT BHAHO, KaK CTOJIOMK BOJBI Puec. 82
cMeljaeTcs BIIPABO, a IIPU OXJIAXKAEHUU —
BJIeBO. B aToM ciyuyae MeHAOTCA TeMIepaTypa 4 o0beM BO3AyXa B KOJI-
Oe, a JaBJIeHUE OCTAETCSA IIOCTOAHHBLIM, PABHBIM aTMochepHOMY.

H306apHbIM HA3BIBAIOT IPOLECC U3MEHEeHHA COCTOSIHMS raza, nNpouc-
XOAANMMN IIPH HeM3MEeHHOM JaBJeHHH.

YCTaHOBUTE 3aBUCHMOCTE 00b€Ma Irada JaHHON Macchl OT TeMIepa-
TYPH! IIPH IIOCTOAHHOM JaBJIEHHH MOXKHO C IIOMOIIbLIO OIIMCAHHOI'O BbI-
me npubopa, ecau INPUKPENUTh K HeMY IIKaly W 10 Hel cyauTh o6
o6beMe rasa, a TeMnepaTypy usMepsaTh TepMoMeTpoM. B aTom cayuae
3aBUCHMOCTE MeX 1y 00beMOM U TEMIEPATYPOH HOJYYUM IKCIIEePUMEH-
TaJbHO.

OTy e 3aBUCHUMOCTh MOXKHO IIOJYYHUTH TEOPETHUYECKH, UCIIOJIb3Ys

Vv v
ypaBHeHnue Kianeitpona: p,}, - p; E,
1 2
YUuTEIBasA, UTO P; = Py, MOTYUUM:
Vi _V,
7T
178001
L
T = const.!

O6vem raza JaHHON MacChl MPH IMOCTOAHHOM aBJIEHHH NPAMO IPO-
MOPIHOHAJIEH er0 TePMOAHHAMHYECKOH TeMIepaType; MJH OTHOIIe-
HHe o0’beMa ra3a JaHHOH Macchl K ero TepMOAMHAMHYECKOH Temiie-
paType IIpH HeM3MEeHHOM JaBJIeHHHM eCTh BeJIMYHHA IMOCTOAHHAA.

OTOT 3aKOH OBII YCTAHOBJIEH 9KCIEPUMEHTAJbHO (DPaHIY3CKUM
tpusuxom Mosegpom Jyu I'eii-JIroccakom (1778—1850) B 1802 r.
¥ HOCHUT €ro ums.

3akoH Ieii-Jlioccaka uHOrAa sanuceiBaloT uHauve. I[Ipeanosnomxum,
YTO ras NEePeBOAAT U3 COCTOAHHUA IPH HOPMAJbHBIX yCJOBUAX (P, —
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HOpMaJbHOe aTMochepHoe naBnenue, T, = 273,15 K, V; — coorsercr-

BylOIIUN 0o0beM) B cocrogHmue ¢ napamerpamu T u V. Torma sakoH
Ieii-JIroccaka 3anumeTcs cJeAyIOIIAM 00pasoM:

O603HAUYUB 1
TO

L.
VO TO,
VO
V‘_‘ T_UT.

O, TTIOJIYYHMM:

V=aV,T, rae o= s e,

273,15

KoahdunuerT o Ha3bIBAIOT TeMIepaTypHbBIM KO03I(Q@dHIHEHTOM
oO0peMHOro pacmupenus raza. On oduHakKo6 0asa 6cex 2a308 U no-
Kaavieaem, wmo npu Hazpesaruu Ha 1 K ob6zem zasza yseaunu-
saemca Ha /4315 Hacme mozo o6sema, KOMOpPbLL 243 3AHUMAL
npu 273,15 K (npu 0 °C).

HamomaMM, 4TO TepMOAMHAMHYECKasa TeMIeparypa U TeMIepary-
pa no mxaJje Ilenbcusa cBA3aHBI COOTHOIIEHUEM:

T=t+273,15.

Torga popmyna saxona Ieit-JIroccaka 6yaer UMeTh BUA:

a) V1

-

o

-273,15 0] t, %%
Puc. 83

140

V =Vt + 273,15).

VYuursiBasg, uto 273,15 = é, 3amuunIeM
V=V, + ot).

3aBUCUMOCTE 00beMa rasa JaHHOH MAaccChl
OT TeMIIepaTyphbl IPH HOCTOSHHOM JaBJIEHUU
ABJIAETCA JUHENHOI; rpaduK 9TOM 3aBUCUMOC-
TH — TpAMasA JUHHUA, HasblBaeMasa H300apoi
(puc. 83).

Ha pucynke 83, a npusezeH rpaduk 3aBu-
CHMOCTH 00beMa OT TepPMOAMHAMUYECKOH TeM-
nepaTrypsl, a Ha pucyHke 83, 6 — OT TeMnepa-
Typbl 1o mkaine Ilenbcusi. B mepsom ciyuae
rpaduK JO0JYKEeH ITPOXOAUTE Yepes Hauasio Koop-
auHar (mpu T = 0, V = 0). OgHaKko Npu HUSKUX
TeMIIepaTypax ras HeJb3d CYUTATh UAeabHBIM,
noaromy rpaduk IpoBOAAT NyHKTHPOM. Peass-



Hble rasbl IPU HU3KHUX TeMIepaTypax NpeBpamlaloTcd B KHAKOCTH, & K
sKuAKocTAM ypaBHeHMe Knameitpona Tax ke, kKak u 3akos I'eit-Jliocca-
Ka, HelIpMMEeHHNMO.

Bo BTOpOM cirydae rpaduk AossKeH ObLT 651 mepeceds och abeuuce B
Touke t = —273,15 °C.

CorsiacHO MOJIEKYJIAPHO-KMHETHYEeCKON TEOPHH CTPOEHHUA BellecT-
BA IIPH yBEJHWUYEHUH TEMIIePATyphl YBeJINUNBAETCH CPe/HAA KUHeTHYe-
cKad 3HEeprus TeIJIOBOTO ABMXKeHUSA MOJIEKYJ rasa #, ClIeA0BaTeJIbHO,
yBeJIMUNBaeTCs JaBjeHue rasa Ha CTeHKH cocyaa. [lisa Toro yTobsl 0HO
ocTasoch HeM3MeHHBIM (M300apHBIi Npolece), A0JKHA YMEHBIIUTHCA
KOHIIEHTPAIMA MOJEKYJ. OTO U IMPOMCXOAUT IPH yBeJMYEHUH 0OBeMa
rasa IIpM ero HeMu3MeHHOI macce.

ITpu nzobapHOM Ipoliecce nepejaHHOe CHCTEME KOJTHYeCTBO TerJio-
TBI pacxojyeTcs ¥ Ha W3MeHeHue BHyTPeHHel dHepruH CHCTEMbI, U Ha
COBEepIIIeHHe CUCTeMOM paboThl IPOTHB BHEIIHUX CHJI:

Q = AU + pAV.

Ecsnu rasy nepesaercs HeKOTOPOe KOJMYECTBO TEILIOTHI, TO OH pac-
mupserca (AV > 0 u pAV > 0) u ero BHyTpeHHAA d9HEPIUA Bo3pacTraeT
(AU > 0), ras marpesaercd (AT > 0).

Ecsiz ras oTAaeT HEKOTOpoe KoJamdecTBo Temnorsl (§ < 0), To oH
coxnmaeTted (AV < 0) 1 ero BHyTpeHHsAsA aHeprus ymeHbmaercs (AU < 0),
ras oxaaxkaaercs (AT < 0).

4. Usoxopubiii npouecc. Harpesasa raz B 3aKpbITOM cOCy/ie ¢
TBEpABIMH CTEHKAMHU, MOXKHO OCYIIECTBUTH IIPOIECC, MPOMUCXOAALIMI
IIPA HEU3MEHHOM o0beme.

M30X0pHBIM HA3BIBAKOT MPOLECC H3MEeHeHHs COCTOSAHUA rasa, npomc-
XOAAIMN NMPH HEM3MEeHHOM o0BeMe.

v V.
Banumem ypasHerue Kianeiipona: P:’p ! = p; 2.
1 2
VuursiBad, uro V,; = V,, nonyuum:
Py _ P2
Ti TZ ’
HJIH
P
= = const.
T

JlaBienue ra3a JaHHOH MAacCChl IPH MOCTOAHHOM O0'beMe IMPAMO Mpo-
MOPIHMOHAJBHO €r0 TePMOAHHAMHYECKON TeMIepaType; UK OTHOIIe-
HHEe JAaBJEeHHs rasa K ero TepMOJAMHAMMYECKOH TemIlepaTtype ecTh
BeJMYMHA MOCTOAHHAS A ra3a JaHHOM Macchl.
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9TOT 3aKO0H OBLT OTKPHIT QPAHIY3CKUM yueHBIM Jakom Anex-
candpom Ilesapom Ilapnem (1746—1823) B 1787 r. u HOCHT ero
HMA.

3akoH [llapisa rak ke, kak u 3axkoH I'eit-Jloccaka, MoxeT OBITH 3a-
nucaH uHauve. Eciu ras nepeBoguTCA U3 COCTOAHUS IIPU HOPMAaJIbHBIX
YCJIOBHAX B COCTOAHME ¢ mapaMerpaMu p u T M IpH 3TOM Macca rasa
ocTaeTcd HEM3MEHHOI, TO MOYKHO 3aIIUCATh:

Po _p
T, T’ TN
Po
==T.
P T,
O603HauYUB Ti = Y, HOJNYYUM:
0
1

pP= WOT' P.IEE'Y= m K_l.

KoapdumuerT y Ha3BIBAIOT TeMIepaTypHBIM Ko3(duuuerTOM
naBjaeHusa rasa. Ox oduHako8 0aA 6cex 2a308 U NnoKasvleaem,
ymo npu Hazpesanuu Ha 1 K dasaenue zaza yseauwusaemcesa Ha
1/27&15 yacms mozo 0asneHus, KOmopoe npou3eodun 2a3 npu
HOPMANbHBLX YCLOBUAX.

Bripaxxas Temmnepatypy B rpaaycax Ilesb-
a) p CHUfA, MOMHO 3aIlACaTh:

P =Dpy(1 +t).

I'padpmxom 3aBUCHMMOCTH JaBJeHUA rasa

IlaHHOﬁ MAacChI OT TeMIIepaTypPhI ABJIAETCHA IIPHA-

. Mas JUHHUA, HadbiBaeMasa H30Xopoi (puc. 84).

- 'padur Ha pucyHke 84, a momxeH Obla OBI

IPOXOAMTH Yepe3 HavyajJoO KOOpPAMHAT, OAHAKO

6) p IIPA HUBKHUX TeMIlepaTypax IPUMEeHHUTH K rady
3axoH lllapns yxe Heab3d.

/ CoryiacHO MOJIEKYJIAPHO-KUHETUYECKOM Te-

OPUH CTPOEHHWS BeIlleCTBA NPHU IOBBIIIEHUU
/ TeMIepaTyphbl YBeJIUYNBAETCA CPeAHAA KHHe-
THYECKas DHEPrud XaOoTHUYECKOro IBHIKEeHUSA

. MOJIEKYJI, a CJIeOBATeJIbHO, P HEeM3MeHHO
-273,15 O t,°C  KOHIEHTpaIUM MOJIEKYJ YBeJIWUYUBAETCHA AaB-
Puc. 84 JIeHHe rasa.
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[Ipu m3oxopEoM nponecce 06bEM rasa He H3MEHACTCHA, I0ITOMY pa-
foTa cMcTeME] NPOTHA BHEIIHMX CHJ pabBHa HyAo. [lepBEIf 3aK0H Tep-
MOJIUHAMMKH AJA H30XOPHOTO Opollecca HMeeT BAA:

Q = AU,

T, B, BCE IepeaHHOe CHCTeME KUOJHUYECTBD TEIAQTHI HAET Ha yBEeIHYe-
HYE £e BHYTPEeHHeN 3HEprumM.

daxon lllapaa Tak e, KAK d APYrHe TA30RhEle 3AKOHKI, 3GOHCAH
LA NAeaJBHOTO ra3a H TPHMEHAM TOIBKO B TeX CAYYAAX, KOTJA FAS IO
CBOMM cROMCTBAM GJIM30K K HAeaILHOMY.

5. AanabaTaeril mpouece. BcmOMHNM ONMLIT ¢ COCYAOM, HA KO-

TOPOTO TpPHM HATHETAHMM B HETO BO3AYX4 BHIeTana npobka (cM.
puc. 71). B cocyae npn sToM nGpa30BRIBAIICS TYMAH, TAK KaK BO3JAVX,
coBeprnaa paboTy, OXJTAMIANCA U COASPIKARINTHECA B HEM NaAphl AOALI
KoHgedcApoBanucsk. Ilpomece mpomexoAma HacTOABKC OLICTPC, YTO
TenM00OMEH ¢ OKpYHAaIonIel epefoii He yeIeBasl oCYIIeCTBAATLCA. Ta-
KO¥ Hpollecc HAZLIBAWT aTHAGATHEIM,

AnnafaTHRIM HA3BIBAIOT MPONece M3IMEHeHWS COCTOAHWA rasa, Ipo-
HCXOAAIMIA B TOIJOH3QIMPOBAHHOH CHCTEeMe, T. €. Mponece, IMPoMc-
xopamuit 6ez o6Mena aHeprMe ¢ OKPYHAIOMEH cPenoil.

IIpn agnabaTnom nponecce CUCTEME He mepena-
eTCA SHePrus, cAeJOBATeNLHO, & = ().

B cooTBeTCTENM ¢ IIEPBLIM 38KOHOM TepMOJAH-
HAMHKH IJA agxabaTHOro mponecca MOXMCHO 3aIl-
C&Tb:

AU =—-A.

W3 sToro ypaBHeHR A BHAHO, YTC IIPH PacIIUpe-
HHUU I'ag coBepmaeT padoTy, ero BHYTPEHHAAA JHEP-
ruf YMEHBIIAeTCA W TEeMIEePATypPa IIOHHKAETCH,
JeficreuTeibHO, TpM pacinppeHHH padora rasa
nonexuTeasEa (AV > 0), cneposaTenabHo, A > 0,
a4 H3MeHeHHe BHYTPEHHel 3HeprHH COTPMIATEJbHO
AU < (). TToaTBEePHACHHEM 3TOrD ABIASETCH ONMBIT MO
aruabaTHOMY DacITMPEHHIO BO3AYXA.

IIpu OBICTPOM CXKATHH rasa BHEIIEHE CHJLI COo-
BEPIIAKT LOJMOMHTENLHYI PADOTY, H BHYTPEHHASN
PHeprus Traka YBeJHYHBaeTcsa. [IpHMEPOM MOMKET
CNYIKHTE OTEIT ¢ BO3AYITHBIM OI'HUBOM {pHc, 85}, Puc. 85
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pl Ha gHO TONCTOCTEHHOrO HUJIMHAPA KJIAAYT BATKY,
Annabara CMOYEHHYIO 3UPOM, PEe3KO0 YAAPSAIOT 110 MOPIIHIO,
BaTKa BOCILJIaMeHseTcd. B 9TOM ciyuyae IpH agu-
abaTHOM C’KaTUU BO3AYyXa M IIapoB a(upa UX BHYT-
PEeHHAA 9HEPIrUA U, COOTBETCTBEHHO, TeMIepaTrypa

BO3pacTamT.
Ha pucynke 86 nsobpaxeHsl rpa)uKu 3aBUCH-
Puc. 86 MOCTH JaBJIEHUA OT o0beMa IIPU U30TePMHUYECKOM
u agmadbaTHOM mporeccax. Kak BuaHO, aguadara

HIEeT Kpy4e, YeM H30TepMa.

Haorepma

<Y

Bonpockl Ana camonposepku

1. Yro Takoe u3onpoieccs?

2. Kak ocymiecTBHTh HMB0TEPMHYECKHI, M30XOPHBIH, M300apHBIH IIpo-
neccol?

3. Chopmynupyiite 3axon Boitna—Mapuorra. O6'bACHUTE €r0 Ha OCHO-
Bé MOJIEKYJIAPHO-KUHETHUYECKOH Teopuu. 3aNHIIINTe IePBhIi 3aK0H Tep-
MOAMHAMMKHM AJI51 H30TEPMHYECKOro IIpoiecca.

4. Chopmyaupyiite sakoH eii-Jlroccaka. O6bscHATE ero Ha OCHOBE MO-
JIEKYJIAPHO-KHHETHYECKONH TeOpHH. 3alHNIINTe TIePBbIH 3aK0H TePMOIU-
HAMMKH 715 H300aPHOT0 IIPOIeCcCa.

5. Chopmynupyiite saxon Illapas. O6BACHUTE €ro Ha OCHOBE MOJIEKY-
JIAPHO-KUHETHYECKONH Teopuu. SamWIINTe NEpPBbI 3aKOH TepMOAHMHA-
MUKH JJI H30XO0PHOTO Ipolecca.

6. KaxkoBbl rpaHUIEl IPUMEHHMOCTH Fa30BLIX 3a8KOHOB?

7. Kaxoii mpomecc naspiBaoT aguabatHbim? Kak ero ocymecTBHTB?
Ilpuseaure npumep aguabaTHOrO MpoLecca.

YnpaxHeHve 20

1. 3akpeITHIT coCya, comepKamuMii 51 BO3AyXa IpPH AaBJIeHUH
1,6 - 10° I1a, coeAMHSAIOT € COCYAOM €MKOCTbIO 3 JI, U8 KOTOPOro OTKaYaH
Bo3yx. Kakoe faBieHne yCTAHOBUTCA B COCYAax IOCJE UX COeAMHEHU,
€CJIM CYUTATh, UTO TEMIIEPATyPa BO3JYXa OCTAeTCA HEM3MeHHO?

2. I110THOCTE BOZOPOAA IPU HOPMAJbHBIX yeaoBuax 9+« 1072 kr/m3. Ye-
My paBHA MJIOTHOCTH BOAOPO/A NP yBeJnYeHun Aasienus ao 3+ 10° ITa
IIpH HEN3MEeHHOH TeMmueparype?

3. Ha pucynake 87 npuseenbl rpaduKu IBYX U30TEPMUYECKHX IIPOILEC-
coB. Kakoii u3 npomeccos IPoOUCXOAMUT IIpu Gosiee BBHICOKOI TeMIepary-
pe? Macca u XMMUYeCKHMI COCTAB ra3oB, YYacTBYIOIIMX B IIpolieccax,
O/IMHAKOBHI.
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4. Kaxoii o6bem saiimer asor npu remneparype 200 °C, ecsim npu rem-
nepatype 0 °C ero o6sem pased 4 n? Cunrars, 4TO M3MEHeHHe o0beMa
NPOMCXOAHUT IPU IOCTOAHHOM JlaBJIeHUH.

5. T'OpM30OHTAJILHO PACIOJOKEeHHBIH 3aKPBITHIH HUJINMHAD pasgesied Ha
ABe YACTH MOABMIKHBIM nopurEeM. C o/{HO CTOPOHBI IIOPIIHA B LMIHHI-
pe cozepxuTcsA ra3 npu remneparype —73 °C, ¢ Apyroi CTOpOHbl — TOT
;e ras npu temneparype 27 °C. Tlopmeds HaXOAMTCSA B PaBHOBECHH.
Onpesenute 00beMbl, 3aHMMaeMble razaMH, ecau oOmUA 00beM IH-
aunapa 500 em2. Macesl rasza, HaxoAfAmerocsa ¢ of6eux CTOPOH OT IO-
PIIHS, OAHHAKOBBHI,

6. CpaBHHTE [aBJEHHSA, IPU KOTOPHIX MPOUCXOAAT M300apHbIe mpolec-
CBI, IpeJICTaBJIeHHbIE rpaduKaMu Ha pucyHKe 88.

7.B nuauHape mnoj IMOpPIIHEM HAXOAHTCHA BO3AYX NPH [AaBJIeHHH
2+10% ITa u remneparype 27 °C. I'py3 kaxkoif Macchl HY>KHO IOJOKUTh
HAa TIOPIIEHB TocJe HarpeBaHUA Bo3AyXa A0 Temneparypst 50 °C, urobn
o6beM BO3AYXA B HUJIMHJpPe ocrasncs HemsmeHHbIM? [lnomans nonepey-
HOTO ceueHus nopmHaa 30 em2,

8. Ha pucynke 89 mpexacraBieHbl rpa@uKH JBYX H30XOPHBIX Ipolec-
coB. CpaBHNTe 00BEMEI I'a30B, IIPH KOTOPBIX OHM IPOMCXOAAT, CUUTAA
OZIMHAKOBLIMHM MACCY M XMMHYECKHIl cocTaB ra3os.

§ 32. Kputnyeckoe coctosiHue Belecrea

1. Mogeuss peaabHoro rasa. MjeasbHblid ra3 — caMas npocrad
MOZeJb ra3a, caMad IpocTas MaKpOCKONUYecKas cucrema. PeanbHble
rasbl NOAYUHAIOTCH 3aKOHAM, 3aIIMCAHHBIM AJI 9TOM MOJENH, JHUIIb C
TOM MJIM MHOM CTEIEeHbI0 TOYHOCTU NPH ONpeJesIeHHBIX, He CIHIIKOM
BBICOKHMX 3HAUEHHMAX JaBJeHUSA U He CAUIIKOM HUSKHX 3HAYEHUAX TEeM-
neparypbl. Yem Gousibie (aKTOPOB YyUTEHO IPU MOCTPOEHUHM MOJENH,
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TeM TOUHee OHA OTpakaeT 00LEeKTUBHYIO PeabHOCTh., Y TOUHUM MOJENb
HIeaJIbHOTO Iasda ¥ IOCTPOMM MOJeJIb PeaJlbHOro rasa.

ITpu mocTpoeHHH MOZENH UAEATHLHOTO rasa CYUTAIOCH, YTO pa3Me-
PBI MOJIEKYJI MAJIBI IIO CPAaBHEHHUIO C pa3MepaMu cocy/1a ¥ MOJIEKYJIbI He
B3aMMOJENCTBYIOT MexX 1y coboii. Takoit ras nogunHseTcsa ypaBHEHUIO
MenpeneeBa—Kanamneitpona.

CaoiicTBa peaJbHOrO rasa 3aBUCAT OT B3aMMOAEHCTBHUA €r0 MoJIe-
KyJ 1 UX pa3dmepoB. PeanbHblil ra3 He mofluMHAETCA ypaBHeHUIO MeH-
neneesa—Kianeiipora B ToM BuJe, B KAKOM OH 3aIucaH I8 UIeallb-
HOro rasa. 4Yrobsl 5T0 ypaBHeHUE 60Jiee TOUHO OMMCHIBAJIO COCTOSHUE
PeaJIbHOI'0 ra3a, B Hero Heo0X0/JMMO BBECTH IONPABKH, VUUTHIBAIOIIUE
COOCTBeHHEBIH 06'beM MOJIeKyJ U B3aumojeiicTsue Mexay Humu. Cie-
AyeT MMeTh B BHIYy, 4TO UM ypaBHeHue MeHzeneeBa—Kiameiipona ¢
[IonpaBKaM¥y TaK:Ke CIpaBeAJHMBO JIMIIb AJA ONDPeAeSIeHHON MOomesu
peaJIbHOI'O rasa.

2. Kputnyeckoe cocrosaue BemectBa. Ec/iu uaeaabHbIH ras
CKUMAaTh, TO IPU JIOOBIX 3HAYEHUAX TeMIIepaTyphbl M JaBJIEHUA OH
JOJIXKEeH OCTaBAThCA B ra3doo0pa3HoOM cocTOAHUMU. PealbHBIN ra3 Bejer
cebs1 unaue. IIpu onpeseleHHBIX YCIOBUAX OH MOMKET ObITH epeBeieH
B JKHJIKO€ COCTOSITHHE.

Paccmorpum npomece cykaTus peanbHOro rasa. IlycTh B IUIMHApE
IO TOPIIHEM HaXOAMTCA BOAAHON Ilap IpH TeMIeparype, HampuMmep,
400 °C. Ilpu M30TEpMHUYECKOM CKaTUM map OyzaeT BecTH cedsa momo6HO
upeanbHOMY rasy (usorepma I Ha puc. 90). ITpu 6osiee HU3KOM TeMmepa-
Type, Hanpumep npu 200 °C, u He cAUIIKOM OOJBIIOM AaBJIEHUU IIap
nopuuHAeTca sakoHy Boitna—Mapuorra (yuactox AB usorepms! 4).

Hauunaa ¢ vexkoToporo sHaueHus obobema V,, NpH AajibHeHIIeM

CIKaTHUH Napa JaBjieHHe ocTaeTcsa Heu3MeHHBIM (ydacToxk BC msorep-
Mmbl 4). Tak IPOMCXOAUT A0 TeX NOP, MOKA BeCh Nap He IPeBPATHTCA B

HUAKOCTE (Touka C usorepmel 4). Ilpu nans-
p HeHIIeM C)KaTHH AJA HeDOJBLIIOro H3MeHe-
HUA 06beMa HeOOXOAUMO 3HAYUTENIBHOe [[aB-
JIEHUE.

ITo rpacukam Ha pucynke 90 BugHO, 4TO,
4eM BBIIIe TeMIepaTypa, TeM MeHbIIe rOpHU-
30HTAJBHBIN VYy4JacTOK H30TepMEbI, T. €. TOUKH
B u C, cooTBeTCcTBYIOIHE rasoodpasHOMY U
MUJKOMY COCTOSHHUAM CHCTEMBbI, COMMKAIOT-
ca (usorepma J3). IIpm HekoTopoi#l Temmepa-
Type 3TH JBe TOUYKH COBIIafaloT (u3orepma 2),




¥ TOPHM3OHTAJIbHBIH y4YacTOK IIpeBpamjaerca B P
TouKy nepernba K. 9ra TO4YKa COOTBETCTBYET CO-
CTOAHUIO, IPM KOTOPOM HCUE3aeT Pasiuure MesK- Hunxocrs
Iy KuaxocThio U mapom. CocTosiHMEe CHCTEMBI, A
CcOOTBeTCTBYIOIIEe Ha rpaduke Touke K, HasbIBa-
JOT KpuTHYeckMM. Temmeparypy, IpH KOTOPOM Map
cucTeMa HaXOJAWUTCSA B KPUTUYECKOM COCTOSIHUH, >
Ha3bIBAIOT KPUTHYECKOH TeMIlepaTypoi. T

ITo Mepe NOBBIIIIEHUA TeMIIEePATYPhI HKHUIKOC-
TH B 3aMKHYTOM COCY/€ ee IIJIOTHOCTh YMeHbIlIaeTcd, a IIJIOTHOCTh mapa
BO3pACTaeT, IOCKOJBKY KHIKOCTh, HHTeHCHBHee wncnapsercd. Ilpu
KPUTHYECKOM TeMIlepaType ILNIOTHOCTh XUAKOCTH CTAHOBUTCA MUHH-
MaJbHOHM, a IJIOTHOCTBL Iapa MmakcumaiabHoit (puc. 91). Ilpu Temnepa-
Type BBIIIIe KDUTHYECKON IMyTeM M30TePMHUYECKOI0 CKATUA Iap HeJlb-
35 IPEBPaTUTh B }KUAKOCTE (n3orepma I Ha puc. 90).

B rabauime 18 mpuBeneHbl 3HAUEHUA KPUTUYECKOH TeMIlepaTyphl
JJIsl HEKOTOPBIX BelllecTB.

Tabauna 18
Beu;ec_mso “__I;— - _Rpumuuer:xa.q mffr-t;bamypa
°C K

| Boma | 374,15 | 647,26
| Asoomax =~ | 28245 | 4058
Vraexucasi ras | 31,06  304,2 |
Kucnopon _ ] 118,85 1. 164,3
Bogopor o 239,95 33,2
T o  -267,9 ' 5,25

Tenuit
B xoune XVIII B. Bo3HUKIA ues crKuKeHUsa rasa. [lepBeiM B KU -
KOCTh OBLI mepeBejeH aMMuak. Anrauiickuil pusuxk Madxan Papa-
deti (1791—1867) BHec onpesesIeHHBIA BKJIAJ B pellleHUe 3TOi npobJe-
mbl. EMy yaasioch MOJYYUATH KUAKHN XJIODP M IepeBecTH B JKHUIAKOE CO-
CTOAHME PAN APYTUX radoB. OQHAKO KUCJIOPOA, a30T, BOAOPOJ CHHUKUTH
He yzaayiock. IIpuumny atoro npaBuibHo nousan . U. Mengenees. On
IIPEJAIIOJ0MKUI, YTO YV JaHHBIX I'a30B OUeHb HU3Kad KPUTUYECKas TeMIle-
parypa. Yrobbl IIepeBecTH UX B MKHUAKOCTH, HEOOXOAWMO OTH radbl CHa-
yaja oXJIQAUTh 10 TeMIIepaTyphbl HUKe KPUTHYECKOH, a 3aTeM CiKaTh.
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Bonpocst Ana caMonposepku

1. TloAaceATe TpadhHK SABMCEMOCTY IJIOTHOCTH SKHAKOCTH U ee Hapa or
TeMnaepaTyps! {(eM. prc. 91). YTo osuagaer Touka A Ha rpadiExe?

2. MoxxHO I IYTEM UFOTEPMHYECKOTO CKATHA IePeBecTy YTABKHCALIH
ras, HAXOAAMEHCS TpH TeMneparype 50 °C, B xugKoe cocToAHAE?

3. [loveMy MACRABHBIA I'a3 OCTABTCA B rasoobpasHOM COCTOAHVH TTPH
n:00bI¥ IHAUENFAX AABICHHA H TeMIepaTyphIT

4. OT KaxruxX IapaMeTPOl BABHCHT BHYTPEHHAA SHEPIHA PeasIhHOT
raza’?

§ 33. HacbiweHHbIN Nap

1. Ilapoo6pasosanne, Ilponecc nepexoia BeillecTBa M3 KHJ-
KOT'O COCTOAHHUA B razoobpa3Hoe HABKIBAIOT mapoobpaszoBanuem. Ilapo-
ofpasoBaEMe OCYIUECTBASETCs NPE UCIAPEHHN M OPH KHUICHHH.
BeonoMHUM, KAK IPOHCXOAWUT HCI&peHne,

MoJeRynsl MHAKOCTH, VYACTBYKILNHE E TEIJOBOM JABUIKEHIH,
VAEPIKHBAIOT APYT OKOJIO JApyra JAHCTBYIOLIME MEMAY HHUMM CHJEI
npuTaKenusa. OTHAKO €CTh MOJEKVAbL KHAKOCTH, KHHETHYECKAR
9HEPrusa KOTOPBIX JOCTATOYHO BEXMKA U MPEBOCXOAHT MOTEBONAJIBHYIO
SHEPTHIO UX B3auMOJeHCcTBHA. TakHue MOJCKYILI MOPYT COBCPITHATE Pa-
00Ty 10 IIPECAONIeHUI) CKJI OPHTAMEHHSA (paboTy BEIX04a) H MOKHHYTL
HHAIKOCTD.

Monexyasl, BEIAETEBIIHNE U3 HMHAKOCTH, GRCIIOPAZOYHD JBHKYTCH,
HeKOTODbIE U3 HUX H Pe3VNLTATE CTONKHOBEHHN MOTYT IPHODPECTH CO-
OTBETCTBYWILYH CKODOCTE H BEDHYTLCSA B HKHIKOCTE. QJHAKO TarMX
MOJIEKYJI MAJIO, OOJIBLIMHCTBO MOJIEKYJI DACCEHBAIOTCA B OKPYKAIOMIEM
OpOCTPAHCTBE, €CJIKM COCY ), H3 KOTOPOTre UHH EBIAETAIOT, OTKEpHT, Han
JKHAAKOCTRIO B 3TOM CJIy4ae HaXOAHTCH HeHachIIDeHHbIH nap. Mcnape-
gae OyAeT OPOUCXOANTE A0 TEX 0P, TIOKA BCHA IKHAKOCTH HE TPRRpA-
THETCA B Iap.

2, Hacoimennri#t nap. IIycTe Tenepr JXBEAKOCTL HAXOAHUTCI B
3aKPHITOM cocyfle. B sToM cioyuae MOJIEKYIbI, BBIJIETEBIINE U3 KUJ-
KOCTH, yie He 6ynyT paccenBaTeCA B atmocthepe. JacTs MOJTEKYT BO3-
BpPATHTCA B MKHUAKOCTL. B mauase mporecca UcOADEHUA UHUCTO MOJe-
KYJ, BRINETSRIITHY M3 XXHIKOCTH, ﬁy,I(ET 60.?'[]:!119, HeM YHCITO MOJNSKYI,
BEPHYBIIUXCA B Hee. [[0aTOMY NUIOTHOCTH Mapa BYALT NOCTENeHHD BO3-
pacraTtk. [Ipr sTOM yHCARO MOJEKYJI, BO3BPAITAIONIMXCA B XKHJKOCTH,
Toixe OyIeT MOCTENeEHO yBeIMUYHBAaThCH. HacTapeT Takoll MoMeHT,
KOTZA UKC0 MOJEKY, BELICTEBOIHX M3 KHIKOCTE, OyIeT pABHO THCIY
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MOJIEKYJI, BO3BPAIAIOIIUXCsi 00PaTHO B KUAKOCTE. Temneps uncjio Mo-
JIeKyJ Hajl }KUIKOCTHIO U COOTBETCTBEHHO IVIOTHOCTD l1apa H3MEeHATHCSA
ge Oyayr. I'oBopAT, UTO B ATOM cjydyae CYI[eCTBYeT NHHAMHYECKOe
paBHOBECHE MEX/JY IapoM U KHUJKOCTBIO M Iap fABJAETCH HACBHIIIEeH-
HBIM.

Hacmm,ennmm Ha3bIBAKOT Map, H&XOI[HII[HﬁCﬂ B COCTOAHMH JTHHaAMH-
YeCKOro paBHOBeCHA CO CBOEH JKHIKOCTHIO.

3. CpolicTBa HaCBIIEHHOr0 nMapa. PaccMOTpuM, KAKUMU CBOM-
cTBaMu obJsiajaeT HackImeHHbIH nap. [1ycTs B MUAMHAPe 110 MOPIIHEeM
HAXOLATCA KUJIKOCTh U ee HachleHHBIM map (puc. 92, a). Bynem
ONyCKAaTh MOPIIeHb, IPK 3TOM 00'beM ITapa YMEHBIIHUTCHA, & IJIOTHOCTh
¥ JaBJeHUe B IePBLI MOMEHT BO3PACTyT. OTO IPHUBEAELT K HAPYIIEHUIO
PaBHOBECHSA MEXJY HapoM M KHUAKOCTHIO: YHCJIO MOJIEKYJ, BO3Bpa-
IIAKIUXCA B dKUIKOCTh, CTAHET 0OJIbIIIe, YeM YHCJIO MOJIEKYJ, ITIOKH-
namomux ee (puc. 92, 6). Yucao MoJIeKyJ napa yMeHbIIUTCA, X BOCCTAa-
HOBHUTCSA IpeXKHee JaBJIeHHe.

9TO MOKHO IIOSACHUTh, HCIOJBL3ysA YpPaBHEHHE COCTOAHHA rasa:

p=nkT unup = %I kT. Eciiv ofHOBPEMEHHO B OZTHO U TO 3Ke YHCJO0 pas3

M3MEHAIOTCS YUCJIO MOJIEKYJI ra3a U ero obsem, To JaBjeHHe IIPU I10-
CTOSTHHO# TeMIlepaType OCTaeTcs HeM3MeHHBIM.

Byaem mogHMMAaTh IOpUIeHs B HUJIMHAPe (puc. 92, 8), noaaepxu-
Basfg HEM3MEHHOW Temmeparypy. IIpu arom oO6beM napa yBeJIUYHUTCH,
a ero IJIOTHOCTBH M JaBJI€HHE B IIepPBBI MOMEHT yMeHbIIaTCA. B aToM
caydae 4HMCJI0 MOJIEKYJI, BBIJIETAIOIIUX M3 KUAKOCTH, Oyaer OoJbie,
YeM 4HCJIO MOJIEKYJI, Bo3Bpawinuxca B Hee. [Il0THOCTE M AaBieHHe
rmapa Ha4HYT YBeJUYUBATHCHA A0 TeX Iop,
II0Ka He JOCTUTHYT IPeXHUX 3HAYeHU M.

Takum obGpasom, daé.ieHue HAaCbL-
wenHHoz0 napa npu OaHHOU memnepa-
mype He 3asucum om ezo obsema, u
Oan 0aHH020 Bewecmea €20 3HaveHue
NOCMOAHHO.

JlaBjieHue HACBIIEHHOTO mapa MpH
OJHOH M TOM Ke TeMIlepaType IJsd pas-
HBIX BemIecTB pas3iawdyHo. Tak, maBieHuHe
HAaCBHIIIEHHOI'0 Iapa BOALI IIPU TeMIepa-
type 45 °C pasuo 104 Ila, a prytTu — BCe-
ro 1,3 Ila.

a)
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Bynem HarpeBaTh JKHAKOCTB B 3aKpPLITOM cocyae. [Ipu noBslmenun
TeMIlepaTypsl 00JIbIIIee YHCIO MOJIEKYJ NPHOOpEeTeT dHEepruo, JocTa-
TOYHYIO JJIA NPEOJOJIeHUA CUJI NIPUTAKEHNASA COCEIHUX MOJIEKYJI U BbI-
JleTa M3 KUAKOCTH. B mepBBIii MOMEHT paBHOBECHE HAPYIIUTCH, €CJIH
NOANePKUBATE TeMIlepaTypy IOCTOSHHOMH, TO OHO BOCCTAHOBUTCH, HO
Tenepb HaJ MXUAKOCThIO OygeT HaxoauThcs OGoJibIe MOJIEKYJ IIapa,
yem 1npu Oosiee HuU3KOH Temmeparype. COOTBETCTBEHHO yBeJIHUYATCS
IJIOTHOCTH IIapa ¥ ero JaBJieHue.

Ecnn pacemaTpuBaeMyio CHUCTEMY «¥KHIKOCTh — HACBILIEHHBIN
nap» OxXJia)jgaTh, TO nmap OyAeT KOHIEHCHPOBATHCA. OTO O3HAYaeT,
YTO B MHJAKOCTH OyAeT BO3BpamaThcA GOJBIIE MOJIEKYJ, 4Y€M H3 Hee
BeLIeTaTh. IIJIOTHOCTH M AaBJeHME HACBHIIIEHHOTO mapa OyAyT yMeHb-
IIAThCA.

Taxkum obpasom, dasaeHue HACLLUWEHHO20 napa eo3pacmaem
C NOBbLUWEHUEM MmeMnepamypbl.

4. Touka pocsl. IIpespaniesnyue HeHACBIIEHHOrO ITapa B HACHI-
IIeHHbII MOXXHO OCYIeCTBUTh, IOHMIKAA €r0 TeMIIepaTypy. 9To ABJje-
Hue Habuonas Kaaslil u3 Bac. JIeTHUM BeuepoM IocJie KapKoro AHS
BBINAJZlaeT poca. JTO CBA3aHO C T€M, YTO B BO3AYXe COAEPIKUTCHA BOIA-
HOM I1ap; JAHeM 3TOT Hap SABJAETCSA HEHACHII[eHHBIM, & K Beuepy IpH
IIOHMIKEeHUHN TeMIlepaTypbl OH NEepPeXOJUT B COCTOSHUE HACBIIEHUS H
HauyMHaeT KOHJAEHCUPOBATHCH.

Temneparypy, IpH KOTOPOi HeHACHINIEHHBINA MApP CTAHOBHTCH HACHI-
IIeHHBIM, Ha3bIBAKOT TOYKOM POCHI.

Touka pocel 3aBUCHT OT [AaBileHWs. Tak, 0OPH AaBICHUH
2,3+ 103 I1a BogsHOI Map CTAHOBUTCH HACHIIEHHBLIM [IPU TeMIIepaType
20 °C, a npu gasaenuu 1,2+ 104 ITa — npu 50 °C. Yem Gosbiue gasie-
HHEe, TEM BBIIIIE TOYKA POCHI, T. €. IIpU HoJiee BBICOKOM JaBJIEHUH IIepe-
X0/l Iapa B COCTOAHME HACBIIIEHUA IIPOUCXOAUT Npu Oojiee BHICOKOM
TeMIlepaType.

Bonpocbl ans caMonpoBepku

1. Kakoii nap Ha3bIBAIOT HACKIIIEHHBIM 7

2. 3aBUCHUT JIM JaBJIeHHE HACHIIeHHOro napa ot ero oosema? Orser mo-
ACHHTE.

3. Kaxk HeHaCHIIEHHBIN IAD MOYKHO IIPEBPATUTD B HACBIII{EHHBIN?

4, Yro Ha3bIBAIOT TOYKOM poChI?

5. Kak n no4yemy TOYKAa POChI 3aBHCHT OT I[aBJIEHHH?
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YnpaxHenve 21

1. O6'bsICHATE 3aBHCHUMOCTD JaBJIeHUA HACBHIIIEHHOrO 1Mapa oT TeMmepa-
TYPhI HA OCHOBE MOJ'IGK)'JIRDHO-KHHETH‘{ECKOﬁ TEeOpHH CTPOEHHA Belle-
CTEA.

2. PassindaeTcs JIM 3aBUCHMOCTS JlaBJIeHUsA OT TeMIEPATYPBI AJs HACHI-
MIeHHOro napa u upeansHoro raza? OTBeT NOACHHUTE.

3. Bpau, ocMaTpuBas ropjo nmanueHTa, MoJb3yeTcs crenualbHbIM 3ep-
KaJblleM, ITpeJBApUTebHO Harpesas ero Bhille TemmepaTtypsl 37 ?C.
O6bACHUTE, 3a4eM OH HarpeBaeT 3epKaJiblle.

§ 34. BnaxHOCTb BO3AayXa

1. AGcoaroTHaA BJIAKHOCTH. B OKpy’kawlneM BO3JyXe Bcerjga
COJIEPIKUTCA OIpe/ieJIeHHOe KOJMYECTBO BOAAHOIO mapa. 9TO CBA3AHO
¢ TeM, YTO BOJa HEeIPepbIBHO McCIapseTcs ¢ IMOBEPXHOCTH BOJOEMOB,
pPacTUTEeNbHOCTH, MOUBHl U 1p. O6BIUHO BOAAHOM map, NPHUCYTCTBYIO-
muit B atMocdepe, HEHACBIIEHHBIN, OJHAKO DX OIIPe/IeIEHHbIX YCJI0-
BUAX OH MOJKET CTATh HACBIIIEHHBIM, HATIPMMED P HU3KO# TemMuepa-
Type WJaH cpasy ke mocye goxas. Copepskanne BOAAHOIO mapa B BO3-
AyXe XapakTepHU3yIOT BAAKHOCTHIO.

Ilnst Toro 4To6bI OLEHUTH BJIAXKHOCTb BO3yXa, BBOAAT JBE BEJIUYUH-
HBI: A0COJIOTHYIO ¥ OTHOCHTEJIBHYIO BJIAKHOCTb.

Bosgyx COCTOMT M3 CMeCH Das3JIMYHBIX I'ad0oB M BOAAHOrO Iapa.
IlaBieHne BO3JyXa CKJIAABIBAETCA U3 JaBJIEHUMU, IPOM3BOAMMBIX KaXK-
IBIM Ta30M B OTHEJIHHOCTH, B TOM UMCJIe U BOAAHBIMU mapamu. [lasie-
HUe, KOTOpOe IPOM3BOAUT KaKAblil ra3 He3aBUCUMO OT APYTHUX, HA3bI-
BAlOT mapuuaJsHbiM. ITo 3HaUeHNIO NapIHaIbHOrO JaBJIeHUA BOJAHO-
r'o 1apa MOMHO CYyAUTH 00 aGCOIOTHON BJIAXKHOCTH BO3AyXa.

AGcoaroTHAS BJAKHOCTL BO3JAYyXa p pPaBHA INapHuHajJbHOMY HdaBJje-
HUIO (MJIM MJIOTHOCTH) BOASHOTO Mapa NpH JaHHON TemIieparype.

Ecau mapuuajibHOe JaBJIeHHWE BOJAAHOIO Iapa paBHO, HAIpUMep,
1,08 « 102 Ila, To 3TO 3HAYEHHUE U eCTh a0COJNIOTHAA BJIAKHOCTH BO3AYyXa
npu JaHHOM TeMuepaType.

AGCOMIOTHYIO BJIAKHOCTH BO3JyXa BBIPAXKAIOT TaK)Ke depe3d IJIOT-
HOCThH BOASIHOTO Iapa, cojep:kamierocs B Boaayxe. IIpu BiaaXHOCTH
Bosayxa 8,3-10% kr/m® B 1 M® Bosayxa COAEPIKUTCA BOAAHON map
maccoit 8,3+ 1073 xr.
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Pue. 93

AGCONIOTHYIO BIAXKHOCTH BO3AYyXa M3MEPHIOT C MOMOMIILIO THIPO-
merpa. Ha pucyske 93, a nmokasan BHeIIHMIT BUJ KOHAEHCAIMOHHOI'O
rUrpoMeTpa, a Ha pucyHke 93, 6 — rurpomeTp B paszpese. ITOT Ipubop
COCTOMT U3 NPHUKPEIIEHHON K CTOWKe MeTaJIndyecKoil Kopobouku I,
nepeHsAs CTeHKa 2 KOTOpoii cenana 6aectsmeii. B kopo6ouke umeer-
CA OTBepCTHE, Yepe3 KOTOPOe B Hee BCTABAAIOT Tepmomerp 3. B npyroe
OTBepCTHeE NJIOTHO BXOAUT TPYOKa, IpUCOeJMHEHHASA K Pe3UHOBOMI Ipy-
e 4. Kopobouka okpy»KeHa N0JMPOBAHHBLIM KOJBIOM 5, OTAEJIeHHBIM
OT Hee TeIJIOU30JIMPOBAHHOM MPOKJIAAKOH 6.

B xopobouky HanmBaioT aup ¥ MpoAYBAIOT Uepe3 HEro BO3AYX C
IOMOINBIO I'PyIIH. IPup, 6BICTPO HCIAPAACH, OXJIAKIAET KOPOOOUKY,
U ee IIOBEPXHOCTH 3al0TeBaeT. ITO IPOUCXOAUT IIOTOMY, YTO BOAAHOMN
nap, HaXOAAIIUNCA B BO3AYyXe BOIM3M KOPOOGOUYKHM, NPH NOHHIKEHUH
TeMIlepaTypbl CTAHOBUTCA HACBIIEeHHBIM. JTa TeMIepaTypa Ha3bIBaeT-
cA, KaK BaM M3BECTHO, TOYKOH pockl. I3MEepHUB ¢ IOMOIIbLIO TEPMOMET-
pa TOYKy pOChl, o Tabjuie onpeaensioT AaBjeHHe (UIM IJIOTHOCTH)
HaCBILIEHHOI0 Mapa Npu AaHHOHM TeMIlepaType. OTO 3HAa4YeHHE U eCTh
abcoIoTHAA BJIAYKHOCTH BO3AYXa.

3HaueHU A IIaprnmajJdbsHOIr0O JABJIeHUSA MW IIJOTHOCTH HACBIIIIeHHOTO
BOAAHOIO Iapa pH pa3Hoil TeMIepaType NpuBeAeHb! B Tabaume 19.

Hanpuwmep, Heo6X0auMO onpese uTh aOCOTIOTHYIO BIAXKHOCTE BO3-
ayxa npu remneparype 16 °C. IIpogesas onbIT ¢ rurpoMeTpom, ycra-
HOBHWJIM, 4YTO To4Ka pockl paBHa 10 °C. Mcnonssysa Tabauny 19, on-
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pejileInIn, 4TO IIPHU 3TOKH TeMIepaType AaBjieHUe HACBIIMIEHHOTO Iapa
1,23+ 103 ITa. CnenoBarenbHo, abCOJIOTHAA BJIAXKHOCTH BO3JAyXa IPHU
remmeparype 16 °C paBra 1,23 + 103 I1a (uiuz 9,41 - 1073 kr/m3).

Taﬁmma 19
! Hasnenue f{iﬁ:" l Hasnenue ' f;‘:::
Temnepa- | nacviwen- | . 2 || Temnepa- | Hacwvluyen- L
mypa, °C | Hozo napa, | AR mypa, °C | Hozo napa, seosaor
«Ia HOZ0 napa, wifa HOZ0 napa,
| 10 3 KI'/M3 Il 1073 xr/m3
| 80 | 006 | 046 1 10 1,28 | 941
[ -20 | o100 | 08 | 15 1,70 | 12,84
-10 | 0,26 | 2,14 20 2,34 17 32 |
0o | 061 4,58 30 4,24 | 3030 |
5 | o8 | 68 | 40 | 738 | 5120

2. OTHOCHTeIBbHAA BJAaKHOCTH. 110 abCOIOTHON BJIAXKHOCTH
HeJIb3f CKas3aTh CYXOH 3TO BO3AYX WM BiakHbIM. [Ipu ogHOM M TOM
’Ke BHAUYEHWH TAapIMATBHOTO JaBJEHUSA Iapa BO3JyX MokeT ObITh 60-
Jlee UM MeHee CYXUM B 3aBUCHMOCTH OT TeMmepaTypbl. O1HO U TO ke
AaBJieHMe Iapa WM OfHA U Ta e ero miaoTHocTs npu 15 °C u npu 25 °C
ZenaioT BO3AYX B pasHOil crenmeHu BiaaxkHbIM. IIpn remneparype 15 °C
IpU JAaHHOM JAaBJEHHU BOAAHON nap OJMKe K HACBIIIEHUIO, YeM IPH
25 °C. IToaToMy CTeleHb BJIAXHOCTH BO3/yXa XapaKTepua3yloT OTHOCH-
TeJIbHOM BJIarKHOCTBIO.

OTHOCHUTEIHLHOM BJIAKHOCTHIO BO3JAyXa (¢ Ha3bIBalOT BeJHMUYHMHY, paB-
HYX0 OTHOLICHHIO a0COJIOTHOM BJAMKHOCTH P K INapuualbHOMY IaB-
JIeHMIO P, HAaCHIIIEHHOIO IIapa NPy TOW JKe TeMmepaTtype.

| .100%.
|_qi N Po _0 ]

A1y (bopMyJIy MOMXKHO 3aIlIMCATh UHAYE!
o=L£:100%.
Po

OTHOCHUTeIbHAA BIAMHOCTH BO3/yXa — OTHOIIEHHEe IIJIOTHOCTH P
BOASHOTO IIapa, coiep:Kalerocs B Boaayxe (a6COMIOTHON BJIAXKHOCTH),
K TJIOTHOCTH P, HACHIIEHHOT'0 I1apa pyu 9TOH e TeMIeparype. ObBIU-

HO OTHOCHUTEJIbHAA BJIAKHOCTH BEIPAKaeTCsA B IIPOIeHTax.
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Hrofp1 onpegelwTE: OTHOCH-
TeJAbHYI BIAXKHOCTE € OOMONILIO
rMTpoMeTDa, Haxozdar abcomamoT-
HYK BJAXHOCTE, & 3aATeM OO Talian-
e OOpeNeNsIIOT 3HAYeHHE [apIlHa-
AJBHOIQ XaBJEHMS HACLIIMEHHOTO
oapa INpH JanHo#t TeMmepatType.
Hanpuwvep, naBnenne HACHITIEHAO-
ro mapa mpH TeMmneparype 16 °C
pasao 1,81:108 ITa. CnegoBarens-
HO, OTHOCHTeNBHAA BJIAKHOCTH
1,23-10° T8 _ eoe,
1,81-103 IIa

OrHoCUTENLHY D BJAAMHOCTE
BO3IYXA MOMHO HZMEPHTL C IO0-
MOINBI0 TCHXpomMeTpa (puc. 94),
J1or npufop Bl MOrIW BHAETH
B My2edAX, KANTHHHBKX rajepedx H
APYyrvx TIOMELLEHHUAX, B KOTOPHIX TpebyeTcs NOAAEpPKIBATL OIpeIe-
JIEHHVIQ BAAMEQCTD.

IlcexpomeTp COCTOHT H3 ABYX TEPMOMETDOR, De3epByap OSHOrO M3
KOTOPEIX O0EPHYT KYCKOM TKAHH, ONYUEHHHM B BoAy. Takum ofpa-
30M, OIMH TEpMOMETD (BIAKHBIN) MOKARKIRAET TEMIEPATYPY BIAHCHON
TKAHH, ¢ KOTOPOH HCIapAETCs BOLA, & APYTOH (CyX0i) — TeMIepaTypy
BO3AyX4. [locko/nbky OPH HCOADEeHUU JKUAKOCTH TeMIepaTypa HOHH-
JKaeTcHd, TO NOKASAHUA TePMOMETPOR OYAYT PasHbIMH,

Ecin Bo3ayx B IOMEILIEeHIH COAEDHT HACKIIIEHHBIN 1ap, TO TEepMO-
METDH MOKAMYT OAHHAKOEYIO TEMTEPATYDY, TAK KAK BOAA C BIAMCHOTO
TePMOMeTpa He OyaeT HclapaTses. Yem Aaabplle BO3AYX OT COCTOSHES
HachIIleHUA, TEM HHTEHCHBHEE IPOMCXOAUT HNPALlece HCOAPeHHU, TeM,
COOTBETCTBERHHO, §OJIbIIe PA3SHOCTD MOKASAHHAN TEPMOMETPOB.

3HaA IOKa3aHHA CYXOro TePMOMeTPA i Pa3HOCTb NOKA3aHUI CyXo-
TO 4 BJIAKHOIO TEPMOMETDOB (pHc. 94, a), MOXKHO ONpeseTHTE OTHOCH-
TEABHYI BIA¥HOCTL BOAAYX& O NCHXpOMeTpudeckoi Tabmune. Hpu
H3MEPEHMK OTHOCHTEALHON BJAKHOCTH BO3LYyXA IICHXPOMETDOM Co-
BpeMEeHHOH KOHCTPYKUHE (pHC. 94, §) numl ¢ KpacHoOM onMGPOBKOI
[I0BOPAYHBAIOT TAK, YTOOH [OKA3AHUA CYXOro (KpacHue mUGph) H
BJIAXKHOTO (UepHbie THQPEI) TepMoMeTpos ORIK copMenenil. Ilo Kpac-
HOM CTPeJIKe Ha ITKaJe OOpefieIA0T OTHOCHTEARHYIO BIaKHOCTS,

BO3LYXA @ =

a)

Puce. 94
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BaasxHOCTH BO3AYyXa MrpaeT OOJBIIYIO POJIb B JKU3HH 4YeJIOBEKa,
JKUBOTHBIX ¥ pacreHuit. HopmManbHOM BJIaKHOCTHIO KUJIBIX IIOMeIIe-
Huit cuuTalor 60% , Tak Kak Haubosaee KOMMPOPTHO YeJOBeK cebsa dyB-
CTByeT OpH OTHOCUTEeNbHOH BiaaskHocTH Bo3ayxa 40—60%. Ecam
BJIAYKHOCTH MEHBbIIIe, TO 3TO BeJeT K YCHJIEHHOMY MCIapPEeHUI0 BOJBI U3
OpraHM3Ma ¥ BBICBIXAHHIO CAM3UCTON 060JI04KH HOCA, ropJia, Jerkux,
YTO MOBBIIIAET BEPOATHOCTh MPOCTYAHBIX 3aboneBanuii. B atux ciayya-
AX HEOOXOAMMO YBJIAXKHATH BO3AYX B KUJIBIX U CAYKeOHBIX TOMeIe-
Huax. [Ipy HUBKOU BJAKHOCTU OBICTPO MCIapseTcs Bjara, HaKOILJIeH-
Had PACTEHUSAMH, YTO BEJeT K UX BBICHIXAHUIO.

OT BNaKHOCTH 3aBHMCHUT KJIMMAT, TAK KaK BJIAKHOCTHIO OIpeJesis-
eTcs KOJHMYeCTBO OCaJKOB, oOpadoBaHue TymaHa u T. 1. Boneioe 3Ha-
yeHUe UMeeT 3HAHHWE BJIAXKHOCTU BO3AYyXa AJIA MeTeOPOJOruYecKuX Ha-
Oa0leHUH, JJIA IpeJcKa3aHusA Ioro/bl.

Bonpockl 4na camonpoBepku

1. Yro Ha3BIBAIOT A0COMIOTHOH BJIAMKHOCTEIO Bo3ayxa?

2. Yro HA3LIBAIOT OTHOCHTEJBHOHN BIA3KHOCTHIO BO3AyXa?

3. Kak u3aMepAIOT BIaKHOCTb BO3/lyXa C TOMOIIBIO rurpomerpa’?

4. Kax uaMepsIoT BIayKHOCTH BO3AYXA C IOMOMLIBIO IcUXpomerpa?

5. UeMy paBHa BJasKHOCTb BO3AYXA, €CJIH MOKA3aHHUA CYXOTO U BJIAMHO-
IO TEPMOMETPOB NICHXPOMETpa COBNAAaioT?

6. Kak BAMAET BIAKHOCTH BO3JYXA HA KU3Hb KUBBIX OPTaHU3MOB?

YnpaxHeHune 22

1. IIpn kakoit Temneparype — 15 umu 20 °C — nap 6audke K HACHIIe-
HUIO, €CJIH er'o NaphuajbHOe JaBJeHNe IPU aTHX TeMIlepaTrypax oJHHa-
KoBO?

2. OTHOCHUTeNbHAA BJIAXXHOCTh BO3AYyXa, cojepikanlerocsi B KOMHATe,
60% . Kakopa abcosioTHas BIayKHOCTh BO3/yXa, €CJIH B KOMHAaTe IOJ-
nep:xuBaercs remneparypa 20 °C?

3. Cyxoit TepmMomeTp mcuxpoMmerpa IokassiBaer Temmeparypy 20 °C,
a BaakHsiit — 14 °C. KakoBa oTHOCUTeIbHAA ¥ abcoMI0THAA BJIAKHOCTD
Boaayxa?

§ 35. NpumeHeHne ra3os

1. Ilpumenenune ciaroro Bosayxa. Illupokoe npuMmeHeHue B
TeXHUKe MMeIOT HHCTPYMEHTHI, KOTOpble paboTarT Ha CXKaTOM BO3IY-
xe. Takye MHCTPYMEHTHI Ha3bIBAOT nHesmamuieckumu. K aum or-
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HOCATCA 0TOOMHBIE MOJIOTKH, OYpBI, pasophI3arUBaTe N
Kpacku (IIyJIbBEPU3aTOPHI) U AP.

Ha pucynke 95 moxasano ycrpoiicTBo oT60HHOr0
mosoTka. OH npeacrasader coboit munueap I, B KOTO-
POM XOAHUT nopiueHs 2. B uuaueap no miadry 3 moja-
eTCSA CHKAThI BO3AYX, KOTOPBLIM HANpPaBIAETCA IooYe-
PEAHO TO B BEPXHIOIO, TO B HUKHIOI YaCTh IUJINHADA U
AaBUT Ha nopmeHb. [lopmeHs Ipu aTOM coBeplaer
OBICTPOE BO3BPATHO-TIIOCTYIATENIbHOE ABHMKEHHE U IIe-
penaer MMIIyJbC MOJIOTKY 4, KOTODBHIM BHeAPSAETCSA B
nopoay (yroJss, kamers). Ilopoga paspymaerces, obpa-
3ys JIYHKH.

CoxaTbiii BO3AYX HMCIOJB3YIOT B TOPMO3HBIX YCTPOHMCTBAX TpaHC-
nopra. [ITneBmMaTuyeckunit Topmos (puc. 96) paboraer ciaexyommum 06-
pasom. [unuuaap I ¢ mopmuem 2 coeauHeH ¢ Tpy6oil 3, mo KoTopoit
MOCTYMAaeT CXKATHIH BO3AYX, M ¢ pesepByapoM 4, rje BO3AYX HaKall-
auBaercs. Ilopmens coeflMHEH ¢ TOPMO3HOH Kosoakoit 5. Ilpu oxm-
HaKOBOM JIaBJIEHHH HAa IIOPIIeHb C 06eMX CTOPOH TOPMO3HafA KOJIOZKA
oTKaTa OT KoJsieca. Ecau OTKPBITHE TOPMO3HONW KpaH 6, TO CXKATHIM
BO3AyX ycrpemurcs B armocthepy. Ilox napnenmem Bosgyxa B pe-
3epByape KJanaH 7 3aKpoeTcs, U Ha MOPIIeHb CJeBa, T. €. CO CTOPOHBI
BO3AyXa B pesepByape, OyaeT aeiicTBOBATH OOJIbIlIee AaBIeHHUE, YeM
cupaBa. TopMo3Has Kologka NpIMKMeTCA K KoJecy. Ecau Temeps
3aKPBITh TOPMO3HOM KpaH 6, TO CHKATHIN BO3AYX OyJeT IOCTYIATH B
LUJIWHJD U PaBEHCTBO JaBJeHUIl Ha IOPIIeHb CIIpaBa M CJeBa BOCCTAa-
HOBHUTCH.

CoxaTbiil BO3yX, CMEIIaHHBIN C IECKOM, UCIOIb3YIOT AJISA OYHMCT-
KH CTeH IepejJ MX OKpacKoil. B cmenuanbHOM Tak HasbIBAEMOM IIec-
KOCTPYWHOM amnmnapare II0f AaBJeHUeM HaXOJUTCA CMeCh CHKATOIO BO3-
AyXa M IIeCKa, KOTopas BBIXOAWUT M3 HEro, eCJ¥ OTKPBITH KJIAlaH.
Crpys BO3ZyXa c meCKOM M3-3a PA3HOCTH JABJEHUI BHIPHIBAETCH W3
amnmapara ¢ 00JbII0M CKOPOCTHIO.

CoxaThlifi BO3JAYX HCIOJNB3yeTCA
B MeTpO, TpoJeibycax, aBrobycax
JJIS OTKPBIBAHUSA JIBEpei.

2. Iloryyenne M npuUMeHe-
HHe C/KM/KeHHBIX rasos. B rexnuxe
IIMPOKO NPUMEHSAIOT YHUCThIe rassbl.
Tak, KHCJIOPOA WMCIOJB3VIOT B JAO-
MEeHHBIX IIpoIeccax, aproH W HEeOH




HUCIIONB3YIOT [JJI 3alOoJIHEHUA
JIeKTPUYECKHUX JIaMI, a30T —
IS TIOJTYUeHUS aMMHUaKa U T. 1I.
B cmecH ¢ anleTHJIEHOM KHCJIOPO/
HCIIOJIb3YIOT AJIA CBAPKH U PEe3KH
METaJIJIOB.

Yucrele ra3dbl MOMKHO IIOJY-
YUTH U3 Bodayxa. [lia aToro Bos-
IYX B JKUJKOM COCTOSSHMHM pasje-
JISIOT HA COCTABJIAIONIAE ero ra-
3pl. IIpu mpeBpaleHuH KUJKOT0
BO3/lyXa B IIap CHAYaja ucnaps- Puc. 97
I0OTCHA rassl, UMewIe boee HUS-

KYIO TeMIIepaTypy KUIIeHHWsi: HeOH, a30T, a 3aTeM aproH, KMUCJIOpPO 1 Ap.

ITonyuenue »XUIKOTO BO3JyXa OCHOBAHO HA €ro OXJIAKJEeHUHU IIPH
6eicTpoM pacimupesuu. Bosayx, somexmuii B komnpeccop K (puc. 97),
C)KMMaeTCs W MOCTyIlaeT B 3MeeBUK. B 3MeeBHKe OH OXJaKJaeTcd BO-
0¥ ¥ mocTynaer B pacuupuTens [ (qerangep). B Hem Bo3ayx, pacmun-
pAsch ¥ coBepiuas paboTy, OXJIaXKAaeTca 0 TeMIepaTyphl HUXKe KPHU-
TudecKkoi. [Ipu obpaTHOM X0/€e MOPIIHA BO3JYX KOHIEHCHUDPYEeTCA U CO-
6upaeTcs B cocye.

B coBpemeHHOM ycTpo#CTBe IJIf IOJYYEHHUSA KHAKOIoO BO3AyXa,
npeanoKeHHoM pycckum ¢usukom Ilempom Jleonudoseuwem Ka-
nuyeu (1894—1984), BmecTo INUIAMHAPA C BO3BPATHO-IIOCTYIATeNb-
HBIM JBHMKeHHEeM IOPLIHA AeTaHjepa IPUMEHAIT TYpPOUHY, KOTOPYIO
BpAIIaIOT C}KATBIM BO3AyXoM (TypboaeTanziep).

I'naBHas 3ajmada NPH CIKUIKEHUM T'a30B CBOAHUTCA K IIOJYYEHUIO
HUBKUX TeMIlepaTyp. B Hacrosliee BpeMs IIOJyYeH KUIAKUN resui,
uMmerIuil remneparypy 4,2 K. Yto0sl ero nojay4uTs, reJMid 1npeasa-
PUTEJIBHO OXJIaXKAalT KUAKuM BogopoaoMm (20 K).

Ecau ucnapsmomiuics reJui 661CTPO OTKAYHUBATE, TO OH UHTEHCUB-
HO KMIITUT IPU MOHMYKEHHOM J[aBJIEHNUH; IIPUA 3TOM TeMIIepaTypy MOKHO
noru3uTs Ao 1 K. Bonee Hu3KKe TeMIepaTyphl IIOJAY4alOT HHBIMHU, JO-
CTATOYHO CJOXKHBIMHU criocobamu. B Hacrosniee BpeMs NoJiydeHa TeM-
neparypa 0,001 K.

CixmoKeHHBIe Ta3bl OBICTPO UCIIAPAIOTCHA, IO3ITOMY HUX CJIOMHO Xpa-
HATH, OOBIYHO AJIA 9TOH IeJIM MCIOJB3YIOT cocyabl [pioapa (Tepmo-
ChbI) — COCY[AbI C IBOMHBIMHM CTEHKAMH, MEXAY KOTOPHIMU HAXOAUTCH
BaKyyM, 4To oOecneuynBaeT TeIJION30JIAINIO BellleCTBa, HaXOAAIIerocsa
B cocyje.

Huaxui
BO3AYX
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Bonpockl Ans caMonpoBepKku

1. IIpuBeauTe NpHMepPLl HCIIOJIL30BAHUSA CHKATOrO BO3AYXA.

2. Kax yerpoen u kak paboraer nHeBMaTHYECKHIi TopMmoa?

3. Kaxk ycrpoen 1 kax pafoTaer mHeBMaTHYECKHI MOJOTOK?

4. Kax ocymiecTBIAIOT CKUKEHNe Bo3ayxa?

5. KakoB npHHIMN mOJyvYeHHS HHU3KHX TeMIEpPaTyp HPH CHHIKEHUHU
rasoB?

§ 36. MpuHUMNbI paboTbl TENNOBLIX ABUraTenen

1. OcHOBHBIe uYacTH TemIoOBOro aABurarensi. OgHUM U3 rias-
HBIX HallpaBJIeHUH Hay4YHO-TEXHUYECKOro Iporpecca ABJIsAeTCA pasBu-
THe dHEePreTHKH, B TOM YHUCJIe TemodHepreTuku. TennoanepreTuka —
3TO OTpacjib HAPOJAHOrO XO03AMHCTBa, CBA3aHHAA C HCIOJb30BAHUEM
BHYTpeHHel aHepruu rtei. [na Toro 4yTodbl MCIOJB30BATH BHYTPEH-
HIOIO OHEePruIo, HYKHBI ClleluaibHble YCTPOCTBa, KOTOPKIe MOTJIH ObI
3a cyeT 3TOH sHepruu cosepiaTe pabory.

YerpoiceTBo, coBepuiainee MeXxaHHdecKkyo padory 3a cyer BHyYTpeH-
Hel 9HePruH TOIJIMBA, HA3BIBAIOT TEILJIOBBIM JBHMIaTeJeM.

CymiecTByIOT pa3Hble THUIIBI TEILJIOBBIX ABUTAaTeJell: mapoBas Typ-
OuHa, ABUraTeJb BHYTPEHHEIr0 CropaHUsA, PEaKTHUBHBIN JIBHUraTesb
u ap. HecMoTps Ha pasiuuue KOHCTPYKIIANA ABUTraTes el 1 HEKOTOPBIe
0c00eHHOCTH UX padoThl, IPUHIUIIL! UX AeHCTBHA OAMHAKOBHI.

Bce TensioBele ABUTaTeNN, HE3aBUCUMO OT UX ocobeHHOCTeH, ume-
I0T TPH YacTH: Hazpesameav, pabouwee meno, xon00urbHukK. Pac-
CMOTPHM HX Ha3Ha4YeHHe.

B rennoBoM aBHraTese NpoOMCXOAHUT IpeobpasoBaHUe BHYTPEHHEH
dHEPTUM B MeXaHW4YecKyio a3Hepruo. CiexoBaTenbHO, HEOOXOAMMO
UMeTh CHCTeMY, 3a CUeT BHYTPEHHeH dHepruu KOTOpOM coBepIaiachk
Ob1 MexaHHN4YecKasa pabora. Takyio cucreMy Ha3blBaloT pabouHM TeJIOM
nsurartensa. Mexaruueckasa pabora copBeplnaeTcs INPH CXKATHHU M pac-
mupeEuu pabouero tesna. Yem GoJsbie crxaTHe UM paclIMpeHHe, TeM
6onpmasa pabora coBepuiaercd. I'adbl pacIIMpPAITCA U CIKUMAKOTCA
Jierdye, 4eM JKMAKOCTH U TeM OoJiee TBepAble Teja, I03TOMY B KayecTBe
pabouyero Tesia yame BCero MCIOJL3YIOT ra3 uau nap. Tak, B napoBoit
TypOuHe pabouyuM TeJIOM ABJAETCA Iap, B ABUrareie BHyTPeHHero cro-
paHus — ras, COCTOANIMI U3 cCMecH MapoB OeH3WHA U BO3AyXaAa.

ITockonbpKky pabora coBeplaeTcsa 3a CYeT BHYTPEHHEH OJHepruu
pabouero Tesa, TO AJIA YBeJIUYCHUS BHYTPeHHEH aHepruu padbodee Teso
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cJeAyeT HArpeTh A0 HEKOTOpoi Temnepatypsl 7. p

a
I[ToaToMy B COCTaB TEIJIOBOTrO JABUraTeJd BXOAUT x
HarpeBaTeb. T B

B aBurarese BHYTPEHHEro CropaHus Harpe-
BaHMe paboyero Tesia NPOMCXOAUT HEIOCPEeACT-
BEHHO B IMJIMHJpE IIPH CrOPaHUU roproyeil cMe-
cH, KOTOpas BIpPBICKMBaercd B uuaueap. Harpe- o7
BATEJh MOXKET OBITh M CAMOCTOATENbHBIM Pluc -
yCTPOMCTBOM, KaK B cjy4ae MapoBoil TypOMHEI. ’
PaGouee Tesi0 — map HarpeBaeTcsa B IapOBOM KOTJIe, IIDHA 3TOM d9HEePrus
TOILIMBA IIpeBpaIaeTcsa B 93Hepruo mnapa.

2. Kpyrosoit npouecc. Pa6odee Tesio, Harperoe B HarpesareJe
no temnepatypsl T, pacmupsscsk, coBepmaer pabory. Tak, map, mo-

majas Ha JOMAcTH TYpOMHBI, pacIIupsercsa M IPUBOAUT TYpOMHY BO
Bpamenue. ['opouyas cMech B JBUraTese BHYTDEeHHEro CropasHus, Io-
CcTHUIasA BHICOKOI TeMIlepaTyphl, OKasbiBaeT 00JIbIlIoOe AaBJieHKue Ha II0pP-
IIeHb, pacIuIupsaeTca U coBepiaeT padbory.

Ha pucynke 98 npuseseH rpapuk 3aBUCUMOCTH JaBJIeHHUA rasa oT
obbema. Ilnomans puryps! moj rpadpuxkom AaB paBHa pabore, KOTO-
pPyIo coBepuiaeT pabdodee TeJIO IIPH paCIIMPeHUH.

B cooTBeTcTBMHM ¢ MEPBBIM 3aKOHOM T€PMOAUHAMUKM HEBO3MOXK-
HO COBEpPIINTh HEOIPDaAaHMYEHHYI0 paborTy 3a cyeT nmepBOHA4Ya/bHO II0-
JIy4eHHOro 3amaca BHyTpeHHe#l sHepruu. Iloatomy oTrpaboTaHHBIM
nap A0JIKeH BePHYThCHA B MCXOJHOE COCTOAHNE U CHOBa Harperbed. Ta-
KM 00pa3oM, JJA TOTO 4TOOBI ABHUTraTelNib paboTasl HeNpepbIBHO, OH
JOJIXKEH KaKAblil pas BO3BpalllaThCA B MCXOJHOE COCTOSAHME, T. €, CO-
BEpIIATHL KPYroBOM Ipouece, Wi UK. Takoil ABUraTesb Ha3bIBAKOT
IMKJINYECKHM.

3. XonoguasauK. YTo0bl BEepHYTH pabodyee TeJi0 B UCXOJHOE
COCTOsAAHME, ero HeoOXoauMOo c:kaThb. Ec/IH cikaTHe IIPOU3BOAUTH IIPU
TexX )Ke 3HAaYeHMAX JaBJIeHUA, YTO U pacliupeHHe, TO pabora cixaTud
O6yner paBHa paboTe pacIIMpeHus, a moJHasA pabora oKakeTcs paBHOM
HyJa10. YT00BI MOAYYUTH IIOJHYIO paboTy, OTIUYHYIO OT HYJA, HYKHO
MPOU3BOAUTH CKATHE IIPM MEHbUIMX 3HAYEeHUAX JaBJIeHUs, YeM pac-
HINpeHue.

IIpomecc coxkaTus caeAyeT OCyIIeCTBIAATE NPHA 0oJjiee HU3KOU TeMIle-
parype, yem pacinupenue. IloaTtomy pabodee Teno HEOOXOAUMO OXJia-
AUTh. 1A 9TOrO €ro NpuBOAAT B KOHTAKT C TeJIOM, TeMIleparypa KOTo-
poro T, < T',. Takoe Tes0 HA3LIBAIOT XOJOAMIbHMKOM. [Ly1s1 mapoBoi

TYpﬁHHl:I XONMOAUJIBHUKOM SABAAETCA aTMocdepa HUJIU clHellUaJIbHOe

v
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YCTPOMCTBO AJNA OXJaXKAEHWs OTpabOTaHHOTO mapa; AJA JABUraTeNs
BHYTPEHHEro cropaiusa — armocdepa.

CnemoBaTeIbHO, TOJIBKO YaCTh KOJHMYECTBA TEILIOTHI @, MOJIYYeH-
HOT'0O OT HarpeBaTeJisi, IpeBpaljaeTcAa B MOJIE3HYI0O MEeXaHUUYECKYIO pa-
6oty A. OcTranbHOE KOJIHMYECTBO TEIJIOTH €, MepenaeTcs X0J0AUIbHH-
KY.

Ha pucynke 98 pabora c:xaTus COOTBETCTBYET ILIOIIALU (DUT'YyPHI
nox xpuBo# BbA. Toraga nonunas pabora, paBHas pasHOCTH MeXIY pa-
foToit pacmupeHusa u paboToit cXKAaTUA, COOTBETCTBYET ILIomaau pu-
T'yphl, OTPaHUYEeHHOU KpuBoit AaBbA.

Taxkum obpasom, s obecreueHNUa ITUKJINUYECKOH paboThl TEIIJI0BO-
ro ABurarejs HeoOXOAMMBI HarpepaTtejb ¢ Temneparypoir T';, xojo-
OUIBHUK ¢ TeMnepaTypoit T, u pabouee tesno. Pabouee Tesio mosyuaer
OT HarpesaTeJid KOJHUYECTBO TEIJIOTHI @, ¥ OTAAeT XOJOAUIbHUKY KO-
JIMYECTBO TeNJIOTHI &,. PasnocTs @, — @, paBHa noje3Hoi pabore:

A=Q, - Q,.

Urak, 8 yukauxwecku pabomaruieitc. menniooil mMauwluHe He-
B03MOJNCHO npeobpa3oéameb 6 MeXaAHUYeCKYl pabomy 6ce Koau-
Yecmaeo menJomost, NOAYHLEeHHOEe Om Hazpesameds.

Jasa Toro urobel BepHYTH pabodee Teso ABATATENSA B HCXOLHOE CO-
CTOAHWE, ero HeoOXOAMMO c)KaTh, 3aTPATHUB IIPH 3TOM SHEPTrHUIO OT
BHEIIHEro MCTOYHHMKA, NOCKOJIBKY, KaK cleayeT M3 BTOPOI'O 3aKOHAa
TePpMOAMHAMHKH, OHO CAMOIPOM3BOJBHO B 9TO COCTOAHUE BEPHYTHCHA
He MOXeT.

ITOT BBIBOJ JIEXKHUT B OCHOBE MHOH (JOPMYJIMPOBKH BTOPOTO 3aKOHA
TEPMOAUHAMUKH: HEB03MONCHO OCYUW,ecmaeums makxkoit nepuoduie-
cKuil npouecc, eOUHCMEBEHHbIM Pe3yibmamom Komopozo 0bLlo
ObL noayweHue pabombvL 3a cuem IHepauu, 63Amoil om 00H020
UCMOYHUKA.

4. Koappuuuenr mnomaesnoro aescreua (KIIL) rtemnosoro
aeurarenas. IpdeKTUBHOCTL paboThl TEIJIOBOTO ABUraTessl ONpeaead-
ercs ero KIIJI.

KoaddpuumeHTOoOM mMoIe3Horo AedcTBusa Ha3bIBalOT OTHOUIEHHE I10JIe3-
HOM paboThl A K KOJMYECTBY TeILIOTHI, IOJy4YeHHOMY pabdouuMm Te-
JI0OM OT Harpesareis Q.
n= A
Q,’
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Tak Kak ag MEeHBIIIe eIUHUIbI, TO Koaddu- D l Q 0
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LUEHT I10JIe3HOTO NeHCTBUA HHUKOTJA HE MOMKET (O Vv
6BITH paBHBIM eguHUIeE (N < 1). Puc. 99
5. HneanbHbI TEIUIOBOMW BHTraTelb.

®@pannysckuil yuensiit Kapao, pemas npo6iemMy moBbIIIEHHUS athdex-
TUBHOCTH TEIJIOBBIX JABHUraTesieil, NPEIJIOKHAI MOJeJb HUIAeaJbHOI0
TeIJIOBOro ABUraTess. Pabouyum TesIoM B HeM CIYIKHUT UAEAJbHBIN ras.
JHepreTUYeCKN Haubojee BBITOAHBIMHU ABJIAIOTCA anuabaTHBIN U U30-
TePMUYECKHUI IPOIECCHI, IPONUCXOAAIIMUE ¢ UAeadbHBIM ra3oM. B HuUX
BCA INOJIy4eHHas paboYMM TeJOM 9Heprus IpeBpamjaercs B pabory.
Hanomuum, uTo mpu msoxopHOM mpoiecce paGoTa He COBEpIIAETCS,
Ipyu U300apHOM Ha coBepIIeHHe paGoThl UAET TOJBKO YaCTh IIOJIYYEH-
HOT'0 paboyuM TEeJIOM KOJIMYeCTBa TEeILIOTH], APyras 4acTh PACXOAYeTCs
Ha U3MEHeHUe ero BHyTPeHHeH 9Hepruu.

Ha pucynke 99 npusegen rpaduk 3aBUCHMOCTY ZaBIEHUA OT 00h-
eMa B uJlealbHOM TelJoBoM ABurarene KapHo, HazbIBaeMblil IHKJIOM
Kapmno.

Yuacrok rpadpuxa AB COOTBETCTBYET H30TEPMHUECKOMY PaCIIHpe-
HUIO paboyero Tesna. [Ipu aTom oHO mosydaer oT HarpeBaTessi, TeMIIe-
parypa koroporo 7'y, KonuyecTso TemaoTsl Q,. YuacTok rpadpukxa BC

COOTBETCTBYeT aauabaTHOMY pacIIMpeHuI0 pabouyero Tema, IPH 3TOM

Huxona Jleonap Cadu Kapno (1796—1832) —
(pannysckuit GU3MK M MHIKeHep, OAMH M3 CO3jaTeJeil
TepMoauHaMuKku. Mssecren cBoumu paboramu B obiacTi
TeopmoanHamMuku. ChopmMyanposan BTopoe Hawalio Tep-
MOAMHAMHKH, TOKA3AaE, UTO NoJe3Had paboTa cosepmaer-
CA IpH mepegave sHepruu or OoJsiee Harperoro tenaa x 6o-
Jiee XOJIOAHOMY; BBeJI IOHATHE MALANLHOI0 IIMKJIA TEILIO-
BOHM MamuHBI, BhIYKCHMI Aus Hero KIIII u noxasan, urto
3TOT KO3(pUIHEeHT ABIALTCA MAaKCHMAJbHBLIM A J1060-
r'o PeajgbHOI0 TeIJIOBOI0 ABUTATENA.
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OHO OXJaMJaeTcA AO TeMOepaTypbl I1;, PABHOU TeMIepaType XoJo-
AUILHAKA. 3aTeM padodee TeJO H30TePMUILCKH CiKUMaeTcH (YUACTOX
rpadura CD) upu temneparype T,. [Ipu sToM X010AWIBHUKY DEpesa-
eTCA KOJWYECTBO TelnoTH @, M Eaxomen, paouee Teno aamabaTHO
COXUMAETCH, €TI0 TEMIEPATYPA IIPH 3TOM IIOBRIITTACTCA 40 TEMICDATYPEL
uarperarena T, (yaacTok rpadmea DA).

6. KIIA maeanssore Temioporo AsuraTend. Ilockojasxy Ten-
norol qeUTaTenh KapHO caMblii 3KOHOMUYHEIH, OH HMEeT H CAMBLH Bhi-
cokMi Koo HIHEHT MOME3HOr0 AefiCTBMA TpH JAHHON TeMIEDaType
HarpeBaTend ¥ XonoguasHuKa, OB papeH:

TI_T
n=—= 2.
: JE—— ..1.__
ANH
TE
n=1-=.
Tl

W3 sroit dhopmyanl creayer, uto KIIJ| uneansHoro TEMIOBOTC ABH-
raTeNd BCETHA MEHBIIe egUHHIUEBL, JasKe eClH YCTpPAHeHHl BCe IOTEDH
aHepPruyd. JTO CBAIAHO C TEM, YTC HEKOTOPOe KOMHYECTBO TEILIOTHI
Beerja mepelacTesd XOM0AANLHHKY,

Kapuo gorasan, vro KIIJ] moboro peajpHoro TIJIOROTO ABAraTes
e MoxKeT 6xiTh Gonbule KITJ naeasLHOro TENJNOBOrO ABUTATENA, HMEHK)-
IIETO Te YXe 3HAYCHHA TeMIepaTyphl HArpeRaTesl @ XOAOLUIbHIIKA.

CoBepiTeHCTBYA MeXaHUYeCKHe HAH 3JIEKTPHYESCKHE IBHrarTeid,
ux KIIJI erpemsarea npubausutsd K 100% , yMeHBIIAA IOTEPH SHEPTrHU.
TIpm COBEDIICHCTROBAHHM TEIUIOBBIX ABUTATENed pelIaeTcs 3azata
npubmmxenng ux KIIO me k 100%, a x KILJ| unearbEOro ABUIaTe s
Kapszo, paboTarlilero npH Tex ke TeMnepaTypax HarpeRaTeNld K X010~
INJBHUKA. A OH TeM (oJIkINe, YeM BhILIE TEMIEPATYDA HArPEBATE]A H
HIKe TeMIeparypa xoJoaurbeuka. [loaromy aas mossimenus KILM
TETLIOBOTO ABUIATENH CTPEMATCHA TOBLICUTEL TEMIEPATYPY HATPeBATENA
M TIOHMAUTL TEeMIIePATYPy XOoJoAUNbHHMKA. CHOMHOCThL 3AKJIIOYAETCH
B TOM, UTO HOBBIIIEHHE TeMIIepaTYpPbl HATPEBATENA OrPAHHYNBAETCH
CBOMCTBAMM IIPHMEESeMBIX B KOQHCTPYKIMM IBHTaTelell CILIABOB.
B YACTHOCTH, OHH ZOJIKHEI ObITh TETIOCTOMKUMH K APONPOYHEIMIA.
KpoMe TOro, COJABEl AOKHB 08787aTh BBLICOKOH MeXaHMueCcKOH
DPOYHOETHIO ¥ BHIAEPKHBATH BHICOKHE NABJEHNHA, He DaspyllafAch W
cOXpaHsisi CROW YIpPYTHe CBOMCTBA,
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B macrosamee BpemMa TemIeparypa mnapa, MCIOJb3yeMOIro B Iapo-
BeIX TypOuHax, gocturaer 580 °C. KIIJ] Takoii TypOMHBI cOCTaBISAET
40—41% . KII[1 naeanbHOro TEIJIOBOrO ABHTATENsA IPU TeMIepaType
HarpesaTtens 580 °C u xonoxzunsauka 27 °C pasen 65%.

Bonpockl ana camonpoBepku

1. Kakxue aBuraTenu HasbIBAIOT TeIJOBLIMHA?

2. Kax onpegientuTh pabory rasa 1o rpadMKy 3aBUCUMOCTH JaBJeHUA Ta-
3a or ero o6bema?

3. KakoBo HasHaueHMe XOJMOANJILHUKA B TEIJIOBOM JBHUTaTese?

4. Yemy pasen KIII[ peansroro tersosoro asuratensa? Moxer nu KILIT
TEIJIOBOTO ABUraTens 6u1Th paBHEIM 100% , ecim yerpaHuTs Bee moTepu
9HEeprum?

5. Yro coboit npeacrasnser nuka Kapro? ITouemy agnabaraslii u usorep-
MHYECKHH NPOLeCcChl ABJIAIOTCA SHEPreTHUeCKH Hanbosee BRITOAHBIMU?
6. Yemy pasen KIIJ] uneansuoro TennoBoro asurartens?

7. Kak mossicuts KIIJI peanpHOro TenioBoro gBUratess?

YnpaxHeHue 23

1. Yemy paBHO KOJIMYECTBO TEMJOTHI, MOJYYEHHOE TEILIOBLIM JBHUIaTe-
JieM OT HarpesaTeJisd, ecJH OH OT/JaJ XOJOANIbHUKY KOJUYeCTBO TeILI0-
o1 400 x>k, a ero KIIII cocrasaser 40% ?

2. Yemy nomxHa GbITH paBHA TEMIEPATYPa XOJOAHILHUKA UIAEATBHOIO
TEIJIOBOTO IBUraTeisi, 4To0ObI IpH TeMnepaType Harpesatenasd 127 °C ero
KII]I 6511 paBen 60% ?

§ 37. Tennosbie pBuratenu

1. ITapoBsie TypOmHBI. B HacTosmee BpeMs CyIleCTBeHHAS
YacTh 3JIEKTPOAHEPTUU B HAIlel cTpaHe BeIpabaThIBAETCS HA DJE€KTPO-
craHnuAX. Ha TenysoBeIX 5JIeKTPOCTAHIIUAX POTOPHI I'€HEPATOPOB ITPH-
BOAATCA BO BpallleHWe NapoBbIMH TypOuHaMu. B mapoBeix TypOuHax
MexaHMYecKas pabora coBepmiaeTcs 3a CYeT dHEPIrHM CTPYH IHapa.
C yerpoiicTBOM TYpOMHBI BBl 3HAKOMHUJIUCH B Kypce (DM3HKH OCHOBHOM
IIKOJIBI.
IToBbImenne MOIMHOCTH TYPOMH — Baj)KHAs WHKeHepHas 3ajava.
B Hacrosamee BpeMsA CKOHCTPYUPOBaHbI TyPOMHBI MOmHEOCTEHIO 1,2 MBT;
[IPOEeKTUPYIOTCA TypOHHEI MomHOCTHIO 1,8 MBT.
2. isuraTenn BHyTpeHHero cropauusA. J{BUraTesb BHYTPEH-
Hero CropaHuA — OAMH U3 Haubosee pacIpOCTPAHEHHBIX TENJIOBBIX
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